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Dr. Otto M. Radostits, August 31, 1934-December 15, 2006, 

Senior Author, Fifth to Seventh Editions; Lead Author, Eighth to Tenth Editions 


Otto Martin Radostits was a veterinary educator, clinician, and 
researcher who had a profound influence on students and practicing 
veterinarians throughout the world through his writings, not the least 
this text. Otto was closely involved with writing and editing the Fifth 
to Tenth Editions of Veterinary Medicine. 

Otto, the eldest son of Austrian immigrants, was raised on a small 
mixed farm in Alberta, Canada. His early farm experiences and those 
obtained from working with a local veterinarian while attending high 
school sparked an interest in pursuing a career in veterinary science 
and were the beginning of his lifelong passion for large-animal veteri¬ 
nary medicine. He was admitted to the Ontario Veterinary College in 
1954, at that time the only English-speaking veterinary school in 
Canada. During his undergraduate years, his clinical interests and 
potential were recognized such that following graduation, he was 
invited to join the faculty as a member of the ambulatory clinic prac¬ 
tice of the college—at that time a vigorous practice in a rural area. 
Otto spent the next 5 years teaching in this position, with the excep¬ 
tion of a year spent at the veterinary school at Purdue University in 
West Lafayette, Indiana. 

The Western College of Veterinary Medicine in Saskatchewan, 
Canada, was established under the leadership of Professor D. L. T. 
Smith in the mid-1960s, and Otto was one of the founding faculty 
members. He established the ambulatory practice and helped design 
the college clinical buildings and finalize the curriculum. He remained 
a faculty member at the Western College of Veterinary Medicine until 
he retired in June 2002 and was awarded the title Emeritus Professor. 
Here he matured as a clinical teacher to influence students and 
veterinarians locally and internationally through his writings and 
presentations at veterinary meetings. 

Otto’s international recognition in large-animal veterinary medi¬ 
cine rests mainly on the strength of his writing and authorship of 
veterinary texts. These span the spectrum of large-animal veterinary 
medicine, from the clinical examination of the individual animal to 
the epidemiology, diagnosis, treatment, and control of livestock dis¬ 
eases, to herd health and preventive medicine. 

The most notable are his contributions to this textbook, which has 
been used by veterinary students and practicing veterinarians around 
the world for over 50 years and through 11 editions, for 6 of which 
Otto was a senior or lead author. Otto joined the original authors, 
Doug Blood and Jim Henderson, for the Fifth Edition of this text in 
1979 and, in 1994, became the senior author for the Eighth, Ninth, 
and Tenth Editions. During his sojourn as senior author, the text 
continued its original design as a student textbook with many student- 
friendly features. It also continued its importance as a reference book 
including the available information on all of the diseases of large 
animals, a truly formidable task. Otto did a large part of the work and 
would surely have been very proud of this new Eleventh Edition. 

In the writing of these and his other texts, Otto read the veterinary 
literature and was a firm believer in evidenced-based medicine. He 
insisted that all statements in these texts were supported by references 
in the literature, and he maintained the format of a very large bibli¬ 
ography at the end of each disease description. He believed that other 
veterinary educators should also be current with the veterinary 


literature and had little regard for those who were not. He could be a 
forceful presence in discussions, but Otto was also one of the quickest 
to recognize new information that negated previous theories concern¬ 
ing a disease, and he was always responsive to reasoned argument. 

Otto taught that making a correct diagnosis was the crux to the 
solution of a disease problem, and he had a passion for the art and 
science of clinical examination. Many of his students affectionately 
remember his admonition, “We make more mistakes by not looking 
than by not knowing.” Ottos insistence on the need for accurate diag¬ 
nosis did not preclude this realization that what the practicing vet¬ 
erinarian needed as the final message from his books was the best 
current information on what to do to cure or prevent the disease in 
question. 

Otto has authored other texts. In the late 1990s he became con¬ 
cerned that the traditional skills of physical clinical examination were 
being supplanted by laboratory and instrumental analysis. As a con¬ 
sequence, he consulted with veterinary clinicians around the world 
and in 2000 was a senior author of the text Veterinary clinical examina¬ 
tion and diagnosis. From his work on farms, Otto recognized that 
disease in farm animals commonly was a population concern, and he 
recognized the limitations of “fire brigade” medicine. He authored the 
first major text in herd health and preventive medicine with its first 
edition in 1985. Otto published many other works of significance to 
global veterinary medical education and presented more than 250 
invited lectures and seminars in veterinary medicine in countries 
around the world. 

Dr. Radostitss contributions have been recognized by many 
awards. For him, probably the most important were the award of 
Master Teacher from his university and, nationally, the Order of 
Canada. 



Dr. Otto Radostits teaching at the Western College of Veterinary 
Medicine in Saskatchewan, Canada. (Image courtesy of Mrs. Ruth 
Radostits and family.) 
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Dr. Clive Collins Gay 


Dr. Clive Collins Gay, DVM (Guelph, 1960), MVSc (Guelph, 1962), 
MVSc (Ad Uendem Statum , Melbourne, 1970), FACVSc (1977), 
Diplomate of the American College of Veterinary Internal Medicine 
(honorary, 2008), and Doctor of Veterinary Science ( Honoris Causa , 
Melbourne, 2008) has a distinguished career as an agricultural 
animal veterinarian, scientist, author, and educator spanning five 
decades. 

After graduating from Guelph in 1960, he was appointed as an 
assistant lecturer in the Department of Veterinary Medicine at the 
University of Glasgow from 1962 to 1964. In 1964, he was a George 
Aitken Pastoral Research Fellow (Sheep) and worked at the Veterinary 
Investigation Centre, Edinburgh University (Scotland); the Veterinary 
Investigation Centre, Ministry of Agriculture, Penrith (England); and 
the Nuffield Institute for Medical Research, Oxford University. 

In 1965, Dr. Gay was recruited by his mentor Professor Douglas 
Blood to the newly reestablished veterinary school at the University 
of Melbourne as a senior lecturer in agricultural animal medicine. 
Ken ElinchclifF was one of Dr. Gays students at the University of 
Melbourne. Dr. Gay was a genuinely gifted clinician, with an enthu¬ 
siasm for veterinary science that inspired generations of undergradu¬ 
ate and postgraduate students and staff alike. Elis teaching attributes 
were recognized by various student accolades over the years, both in 
Australia and North America, and by the Washington State University 
(WSU) Faculty Award in 2000 from the Washington State Veterinary 
Medical Association (WSVMA). 

In 1979, Dr. Gay became a professor of food animal medicine at 
WSU, where he concentrated on agricultural animals, establishing the 
Field Disease Investigation Unit in 1982 and leading the unit until his 
retirement in 2005. The approach used by the Field Disease Investiga¬ 
tion Unit was groundbreaking at the time it was implemented in that 
it applied a multidisciplinary approach including university and 
private veterinarians, animal scientists, extension agents, and produc¬ 
ers to tackle economically important livestock diseases. Dr. Gay was 
also one of the earliest proponents of evidenced-based medicine. He 
served on several committees of the U.S. Department of Agriculture 
(USDA). In recognition of his extensive contribution in this area, he 
received the prestigious Calvin W. Schwabe Award for lifetime 
achievement in veterinary epidemiology and preventive medicine 
from the American Association of Veterinary Epidemiology and Pre¬ 
ventive Medicine in 2007. Dr. Gay became Professor Emeritus at WSU 
in 2005. His extensive contribution to veterinary medicine was recog¬ 
nized with a Distinguished Achievement Award from the Washington 
State Veterinary Medical Association in 2006, and he was made an 
Honorary Diplomat of the American College of Veterinary Internal 
Medicine in 2008. 

Dr. Gays research activities covered the breadth of veterinary 
science in regard to both species and systems, including topics as 
diverse as colic in horses, cardiology in dogs, diarrhea in pigs, colos- 
tral immunity in calves, and trace-element deficiency in ruminants. 
He supervised 13 PhD students and 14 master’s degree students. This 
work resulted in more than 90 articles in journals, more than 100 
proceedings and abstracts, and the delivery of more than 150 invited 
presentations to scientific groups, veterinary conferences, and agricul¬ 
tural groups. The latter reflected his commitment to “knowledge 


transfer” (extension work), which was a cornerstone of his approach 
to epidemiological studies and preventive medicine. 

Reflecting his international standing, Dr. Gay had been a Visiting 
Research Fellow in the following areas: the Department of Veterinary 
Microbiology, University of Guelph, in 1971; the Department of 
Veterinary Clinical Studies, University of Cambridge, in 1972; the 
Department of Veterinary Clinical Sciences, Massey University, in 
1993; the Central Veterinary Laboratory, Ministry of Agriculture 
Fisheries and Food, Pirbright, in 1994; and the Department of 
Geospatial Science, RMIT University (Melbourne), in 2001. 

Over the years, Dr. Gay contributed actively to national and state 
veterinary associations, serving as a committee member of the Victo¬ 
rian Division of the Australian Veterinary Association (1968-1971); 
and editor of the Victorian Veterinary Proceedings (1968-1971); and 
an executive committee member of the Washington State Veterinary 
Medical Association (1999-2005), where he held the positions of vice 
president (2000), and president (2003-2004). 

Dr. Gay was a contributing author of Veterinary Medicine, edited 
by Blood, Henderson, and Radostits in 1979, 1983, and 1989, and an 
author and editor for the Eighth (1994), Ninth (2000), and Tenth 
(2007) Editions. His most important contributions to those editions 
included diseases of the newborn, infectious diseases of sheep and 
goats, prion diseases, practical antimicrobial therapy, and selected 
metabolic and protozoan diseases, emphasizing the important roles 
that environment, management, host factors, and pathogen virulence 
factors play in disease occurrence and severity. Dr. Gay was largely 
responsible for bringing the Tenth Edition to print when Dr. Radostits, 
the lead author and editor, became ill during the final stages of prepa¬ 
ration of the text. 



Dr. Clive Gay and Professor Doug Blood, Veterinary Clinical Centre, 
University of Melbourne, 1978. (Courtesy of D. Blood's family.) 
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Professor Douglas Blood 


1920-2013 


Professor Douglas Blood came to Australia in 1926 from East Ham, 
London. His family settled in Richmond, New South Wales, and 
toughed out the Great Depression. Through a scholarship, he attended 
Hurlstone Agricultural High School, where he enjoyed studying 
animals, especially cows and dogs. Following high school, Doug 
entered the Bachelor of Veterinary Science program at the University 
of Sydney. During World War II, he and a group of colleagues con¬ 
vinced the university to allow them to complete an accelerated course 
so that they could graduate in 1942 and then enlist in the armed 
services. Doug became a captain in a surveillance unit called Curtins 
Cowboys in the Northern Territory. He returned to teach at the Uni¬ 
versity of Sydney Veterinary School for 12 years. Then, from 1957 to 
1962, Doug taught large-animal medicine at the Ontario Veterinary 
College at Guelph. It was during this time that he taught and mentored 
Otto Radostits and Clive Gay, both of whom were subsequently to 
become authors, along with Doug, of this text. 

In 1962, Doug was appointed Professor of Veterinary Medicine 
and Founding Dean of Veterinary Science at the University of Mel¬ 
bourne. Doug passed on the deanship in 1968, but he continued to 
teach, retiring in 1985 after 23 years of service. During his time at the 
University of Melbourne, Doug recruited Clive Gay to a faculty (aca¬ 
demic) position in the School of Veterinary Science and taught both 
Ken Hinchcliff and Peter Constable, both of whom followed him as 
authors of this text and deans of veterinary faculties—Hinchcliff at the 
University of Melbourne and Constable at the University of Illinois. 

In recognition of his service to veterinary science, Doug was the 
recipient of many awards and honorary degrees, including the Scho¬ 
field Medal from the University of Guelph, the Gilruth Prize for Meri¬ 
torious Service to Veterinary Science from the Australian Veterinary 
Association, and an Order of the British Empire. He was involved in 
the formation of the Australian and New Zealand College of Veteri¬ 
nary Scientists. He also served as a committee member of the Victo¬ 
rian Division of the Australian Veterinary Association and as a board 
member of the Veterinary Surgeons Registration Board of Victoria. 

In the early years, Doug Blood revolutionized the teaching of clini¬ 
cal veterinary medicine. For those of us privileged to have been taught 
by him at this time, he was a superlative teacher. Doug was one of the 
first teachers in clinical veterinary medicine to recognize that patho¬ 
physiology was the basis for teaching the disease processes in large 
animals. He also concentrated on the principles of pathophysiology 
in his explanations of disease syndromes and in teaching clinical 
examination and diagnosis. This was an approach that he developed 
from the teaching of his mentor, Oxford veterinary scientist H. B. 
Parry, to whom the first edition of this text was dedicated. This 
approach to clinical teaching was in marked contrast to the rote learn¬ 
ing that was common in many of the disciplines taught at that time 
and in stark contrast to the teaching method in clinical examination 
and diagnosis, which primarily relied on pattern recognition. 

Doug Blood also taught that the method of clinical examination 
should be system based, that it should be conducted in a systematic 
manner, and that it should be conducted using all available senses and 
techniques. He further taught that the intellectual diagnostic rule-out 
process should also incorporate a consideration of the presenting 
epidemiology of the disease problem, an examination of the environ¬ 
ment, and an estimation of the probability of disease occurrence, 
summarized with his often repeated adage “common diseases occur 
commonly.” Although these approaches might seem obvious to recent 
graduates, in the 1950s and early 1960s, they were revolutionary. In 
fact, they set the foundation for current teaching principles in large- 
animal clinical veterinary medicine. Students of that older vintage 
recall with great appreciation the understanding of clinical veterinary 
medicine imparted by Doug Blood and his particular contribution to 



Professors Ken Hinchcliff, Peter Constable, and Doug Blood (Werribee, 
Australia, 2008). (Source: Hinchcliff K.) 


their education. Throughout subsequent years in his teaching career, 
Doug had the ability to inspire students and is viewed with respect, 
admiration, and even veneration by the generations of students he has 
taught. 

The First Edition of this text was published in 1960 and authored 
by D. C. Blood and J. A. Henderson. It was entitled Veterinary Medi¬ 
cine: A Textbook of the Diseases of Cattle, Horses, Sheep, Pigs and Goats 
and was based on Doug Blood’s and Jim Hendersons lectures and 
Doug’s teaching and philosophical approach. At that time, there were 
few textbooks in the disciplines of veterinary science and up-to-date 
texts published in English that were primarily concerned with clinical 
veterinary medicine and diseases in agricultural animal species were 
not available. The original text was divided into two major sections. 
One section, “General Medicine,” covered system dysfunction, and the 
other, “Special Medicine,” covered the specific diseases of the large- 
animal species. This format was followed until the Eleventh Edition. 
The Second Edition was published in 1963 and had an additional two 
chapters covering parasitic diseases. Subsequently, new editions have 
been published approximately every 5 years, with major or minor 
changes in format in most editions, such as the addition of chapters 
dealing with new subjects or the addition of material in specific sub¬ 
headings to highlight, for example, the epidemiology or zoonotic 
implications of disease. However, always, with each edition, there was 
an extensive revision of disease descriptions based on current litera¬ 
ture. Professor Henderson’s involvement with the text ceased with the 
Fifth Edition, and that edition recruited Professor O. M. Radostits as 
senior author and others as contributing authors. Blood coauthored 
nine editions over a span of 45 years, with coauthors including 
Radostits, Gay, Hinchcliff, and Constable. 

In the preface to the First Edition, it was stated that the book was 
directed primarily to students of veterinary medicine, although it was 
expected that the book would be of value to practicing veterinarians 
and field workers. The latter expectation has certainly proved true, 
and the book has come to be extensively used as a reference by veteri¬ 
narians in large- and mixed-animal practice around the English- 
speaking world. Editions of the text have also been translated into 
French, Italian, Spanish, Portuguese, Japanese, Chinese, and Russian. 

In addition to his passion for the method and accuracy of diagno¬ 
sis of disease in individual animals and herds, Doug Blood also had 
a passion for preventive medicine and was a firm proponent of 
the thesis that subclinical disease is economically more important 
than clinical disease in agricultural animal populations. With other 
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colleagues at the University of Melbourne, he developed health pro¬ 
grams for dairy cattle, beef cattle, and sheep and conducted practical 
trials of these programs in private herds and flocks. These programs 
were based on a whole-farm approach and centered on the concept 
that performance targets could be tracked through computer-based 
productivity monitoring to detect deviation from target performance. 
Doug Blood was a very early proponent of the use of computers to 
manage and analyze data in clinical diagnosis and herd health man¬ 


agement. These herd health programs have been successfully com¬ 
mercially adopted in several countries. 

Doug had a formidable intellect combined with an inexhaustible 
work ethic. He was a generous family man who had a zest for life and 
dry wit and who was so proud of his family and their achievements. 
He loved his morning runs/walks with his beloved Border Collies, 
music, and literature, and Doug had a passion for baking bread, 
brewing beer, photographing birds, and wearing bow ties. 
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Preface to the Eleventh Edition 


We are delighted to present the Eleventh Edition of Veterinary Medi¬ 
cine, 56 years since the first “Blood and Henderson” Veterinary Medi¬ 
cine was published in 1960 and 9 years since the Tenth Edition was 
published in 2007. Veterinary Medicine focuses on diseases of rumi¬ 
nants, horses, and swine, and it is the most extensively cited textbook 
in veterinary medicine, with a recent total of 4,267 citations (Google 
Scholar, May 2016). Because the demand for this book remains strong, 
we assume that we have developed a philosophy, format, and price 
that are attractive and meet the demands of undergraduate veterinary 
students and graduate veterinarians working in the field of large- 
animal medicine. 

Substantial changes were made to the format of the book for the 
Eleventh Edition to keep current with the continuing expansion of 
knowledge about the diseases of large animals. The book has been 
extensively revised and reorganized based on the major organ system 
affected. The organ systems approach reflects the profound impact 
that Dr. D. C. Blood had on the practice of large-animal medicine 
worldwide (see Foreword); he emphasized that the clinical examina¬ 
tion procedure should be a systems-based method. We have extended 
the systems approach implemented in the First Edition through the 
assignment of diseases to the primary organ system affected or the 
most obvious clinical sign referable to an organ system. As a result, 
the Eleventh Edition contains 21 chapters, compared with 36 chapters 
in the Tenth Edition. Thirteen chapters deal with specific organ 
systems, including the alimentary tract of ruminants and nonrumi¬ 
nants; the liver and pancreas; and the cardiovascular, hemolymphatic/ 
immune, respiratory, urinary, nervous, musculoskeletal, and repro¬ 
ductive systems; in addition to metabolic/endocrine abnormalities, 
diseases of the mammary gland, and, finally, diseases of the skin, eye, 
and ear. Each of these chapters is organized in the following manner: 
general diseases; infectious diseases, listed in order of cause (bacterial, 
viral, prion, protozoal, fungal, metazoan) and species affected (all 
large animals, ruminants, horses, pigs); metabolic diseases; nutritional 
diseases; toxicologic diseases and environmental agents; neoplastic 
diseases; congenital and inherited diseases; and, finally, diseases of 
unknown etiology. The remaining eight chapters deal with specific 
medicine topics, as follows: clinical examination and making a diag¬ 
nosis; examination of the population; biosecurity and infection 
control; general systemic states; disturbances of free water, electro¬ 
lytes, acid-base balance, and oncotic pressure; practical antimicrobial 
therapeutics; perinatal diseases, and systemic and multi-organ dis¬ 
eases. A comprehensive index permits the reader to easily access rel¬ 
evant information in different chapters of the book. 

We have attempted to ensure that the book continues to have an 
international scope by including clinically important diseases occur¬ 
ring in large animals worldwide. The book notes the eradication of 
Rinderpest in 2011 and includes new or extensively revised sections 
on a variety of topics, such as biosecurity and infection control; the 
Schmallenberg and bluetongue viral epidemics of ruminants in 
Europe; Wesselsbron disease in cattle and hypokalemia in adult cattle; 
equine multinodular pulmonary fibrosis; Hendra virus infection; 
multisystemic, eosinophilic, epitheliotropic disease of horses; hypo- 
glycin A intoxication and equine metabolic syndrome; porcine repro¬ 
ductive and respiratory syndrome; porcine epidemic diarrhea and 
circovirus, and malignant catarrh in pigs; Torque teno, Menangle, and 
Japanese B viruses in pigs; and numerous recently identified congeni¬ 
tal and inherited disorders of large animals. 

Reflecting the international scope of the book, the four 
authors and nine coauthors were educated or have practiced vet¬ 
erinary medicine in 12 countries covering five continents, including 
Australia, Austria, Canada, Germany, Japan, the Netherlands, 
Nigeria, Turkey, Switzerland, the United Kingdom, the United 
States, and Zambia. 


We continue to emphasize the epidemiology and pathophysiol¬ 
ogy of each disease, which are important in understanding the ratio¬ 
nale for the diagnosis, treatment, and control. This means that we 
strive to maintain an optimum balance between published research 
and what field veterinarians find useful in their daily work. To make 
it easier for the reader to find particular pieces of information, long 
passages of prose have been divided into smaller sections using head¬ 
ings and subheadings. Key words, terms, and phrases have been 
emboldened for emphasis and to make it easier for the reader to 
identify important points. We also continue to include the zoonotic 
and bioterrorism implications of many diseases and how the large- 
animal veterinarian is becoming more involved in the control of dis¬ 
eases transmissible to humans. The use of individual diagnostic tests, 
described under Clinical Pathology for each disease, continues to be a 
challenge for all of us, especially with the increased availability of 
genomic or genetic testing and point-of-care testing. We have contin¬ 
ued to concentrate on those tests that are accepted through common 
use, to discuss their limitations if they are known, and to provide a 
reference to newer tests that have future promise in diagnosis. A 
common limitation of publications describing new diagnostic tests is 
the absence of, or inadequate, information on the characteristics (sen¬ 
sitivity, specificity, accuracy) of the test in the population of animals 
in which it will be used. 

Consistent with our deep commitment to practicing evidenced- 
based veterinary medicine, relevant references from 2006 onward 
have been cited, and important review and scientific papers, including 
Internet sites, are identified as Further Reading. We refer readers to 
previous editions of the book for references to earlier works. 

When permitted by the quality and number of peer-reviewed pub¬ 
lications, we have applied the Grading of Recommendations Assess¬ 
ment, Development and Evaluation (GRADE) process (see Foreword) 
to provide a summary of treatment and control recommendations in 
a box at the end of the section. This process distills information down 
to one of four recommendations that reflect “a judgment that most 
well-informed people would make”: Rl, “do it”; R2, “probably do it”; 
R3, “probably don’t do it”; and R4, “don’t do it.” We believe that the 
GRADE approach will prove helpful to large-animal veterinarians, 
and we look forward to expanding this approach in future editions of 
this book. 

Constraining the size of the book has been a constant preoccupa¬ 
tion and a difficult task with the ever-increasing volume of published 
information and the constantly growing list of diseases. Our intention 
has always been to provide information on all recorded diseases. 
Despite of reductions in reference lists and extensive editing to mini¬ 
mize repetition, the book is still large, necessitating a move to two 
volumes. More than 150 new figures have been added to the book to 
assist in presenting information. 

We continue to subscribe to the practice and philosophy of earlier 
editions of this book in having a small number of authors contribute 
the majority of the text, with contributions from content specialists 
for particular topics. We believe that analysis and review of the rele¬ 
vant literature by a small number of authors with a broad knowledge 
and global perspective of large animal medicine assures a consistency 
of approach to each topic. Our authors are based in the United States, 
Australia, Europe, the United Kingdom, and Canada and have exten¬ 
sive experience in international veterinary medicine. 

Dr. Peter Constable, Dean of the College of Veterinary Medicine, 
University of Illinois, USA, has assumed the responsibilities of senior 
author. He revised a number of sections related to specific ruminant 
diseases, in addition to major sections of the chapters on general 
systemic states and diseases of the ruminant alimentary tract, cardio¬ 
vascular system, urinary system, musculoskeletal system, nervous 
system, and mammary gland. Dr. Constable also revised the chapters 
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on examination of the population and disturbances of free water, 
electrolytes, and acid-base balance. 

Dr. Kenneth HinchclifF, CEO of Trinity College, University of 
Melbourne, and former Dean of the Faculty of Veterinary and Agri¬ 
cultural Sciences, University of Melbourne, Australia, revised all the 
equine diseases and major sections of the chapters on diseases of the 
respiratory system, nonruminant alimentary tract, hemolymphatic 
and immune systems, endocrine abnormalities, and diseases of the 
neonate. Dr. Hinchcliff also revised the chapter on clinical examina¬ 
tion and making a diagnosis and the Foreword of the book. Dr. Hinch¬ 
cliff acknowledges the support of St. Johns College, Cambridge, in 
appointing him as Overseas Visiting Scholar in 2013 during prepara¬ 
tion of parts of this text. Drs. Constable and Hinchcliff are responsible 
for the revised format of the book. 

Dr. Stanley Done, recently retired from the Animal Health and 
Veterinary Laboratories Agency, Thirsk, United Kingdom, joined our 
book as a coauthor and revised all the sections on diseases of pigs. 
This was a major task given the very large literature base on infectious 
diseases of pigs on a worldwide basis. 

Dr. Walter Grunberg, Farm Animal Internal Medicine Specialist, 
Tieraerztliche Hochschule, University of Veterinary Medicine, 
Hannover, Germany, is also a new coauthor. He revised a number of 
sections related to specific ruminant diseases and extensive sections 
of the chapters on diseases of the liver and pancreas and the skin, 
eye, conjunctiva, and ear. 

The legacies of Drs. D. C. Blood, C. C. Gay, J. A. Henderson, 
and O. M. Radostits continue in this edition of Veterinary Medicine. 
Dr. Doug Colwell, Principal Research Scientist at Agriculture and 
Agri-Food Canada, once again revised the sections on diseases 
caused by arthropod ectoparasites. Dr. Sara Connelly, Clinical Assis¬ 
tant Professor of Clinical Pathology, College of Veterinary Medicine, 
University of Illinois, USA, revised the appendices dealing with con¬ 
version tables and reference laboratory values. Dr. Levent Dirikolu, 
Professor of Pharmacology, School of Veterinary Medicine, Louisiana 


State University, USA joined our book as a contributor by revising 
the chapter on practical antimicrobial therapeutics. Dr. Robin 
Gasser, Professor of Veterinary Parasitology, Faculty of Veterinary 
and Agricultural Sciences, University of Melbourne, Australia, is a 
new contributor who revised the coverage of protozoal diseases. Dr. 
Lynn Hovda, Director of Veterinary Services, PLLC and Pet Poison 
Helpline, Minnesota, USA also joined our book by revising the sec¬ 
tions related to diseases caused by toxins in plants, fungi, cyano- 
phytes, clavibacteria, and venoms in ticks and vertebrate animals. 
Dr. Basil O. Ikede, recently retired from the Atlantic Veterinary 
College in Prince Edward Island, Canada, once again revised the 
sections on the major exotic viral and protozoan diseases. Dr. John 
Larsen, Director of the Mackinnon Project, Faculty of Veterinary 
and Agricultural Sciences, University of Melbourne, Australia, is a 
new contributing author and revised many chapters related to dis¬ 
eases of sheep and goats. Dr. William Witola, Assistant Professor of 
Parasitology, College of Veterinary Medicine, University of Illinois, 
USA, is also a new contributor to the book, revising chapters related 
to nematode, trematode, and tapeworm parasitic infection. Dr. 
Amelia Woolums, Professor of Pathobiology and Population Medi¬ 
cine, College of Veterinary Medicine, Mississippi State University, 
USA, joined the Eleventh Edition by authoring a new chapter on 
biosecurity. 

We believe that we have completed another authoritative and com¬ 
prehensive review of the peer-reviewed literature of large-animal 
medicine, at a standard at least equal to that of the previous 10 edi¬ 
tions. We hope that the Eleventh Edition of Veterinary Medicine pro¬ 
vides the information necessary to meet the needs of veterinary 
students and large animal clinicians for the next 5 to 8 years. 

P. D. Constable 
K. W. HinchclifF 
S. H. Done 
W. Grunberg 
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The first edition of this book established its role as a textbook of the 
diseases of traditional farm animals in the Western world, those being 
cattle, horses, sheep, pigs, and goats. The primary objective of this 
book was to offer the veterinary student and the practitioner the 
knowledge and information necessary to provide animal health man¬ 
agement for farm animals. Although this intent has not changed, the 
context of veterinary medicine and large-animal practice has changed 
markedly in the 56 years since publication of the first edition. 

VETERINARY MEDICINE IN THE ANTHROPOCENE 

Anthropocene is the proposed name for a new, and the current, geo¬ 
logical epoch following on from the Holocene and demarcated as the 
time when human activities began to have a substantial global effect 
on the Earth’s systems. 1,2 Although not universally accepted, the pro¬ 
posal recognizes that human activity has become the primary deter¬ 
minant of Earth’s biophysical conditions, influencing global systems 
and having profound effects on local and regional environments. The 
Anthropocene is also associated with marked political and economic 
changes, including regional instability and reductions in political or 
economic barriers to trade. All of these factors have influenced, and 
will continue to influence, veterinary practice and the management of 
the health, well-being, and productivity of animals used for produc¬ 
tion of fiber and human food. 3 

The concept of the Anthropocene allows veterinarians to consider 
how the veterinary profession will adapt to our changing environment 
and associated social, political, environmental, and economic chal¬ 
lenges to animal and human health. The challenges include, but are 
not limited to the following: 4 

• A changing climate with flow-on effects on the geographic 
distribution of diseases, emergence or reemergence of infectious 
and noninfectious diseases, and extension of diseases into 
species not historically affected 

• Altered farming patterns, and hence use of animals, as climatic 
changes force farmers to abandon decades or centuries old land 
and animal management practices 

• Increasing internationalization of trade and freedom of 
movement of people, animals, and potential fomite, with 
important implications for the biosecurity of countries, regions, 
and industries 

• Political instability, with subsequent loss of animal health 
monitoring and disease control 

• Economic pressures to produce more and safer food with no 
increase in water or land use 

• Societal expectations for increased animal welfare and the 
associated mandated changes in farm animal management 
practices, for example, housing of dairy cattle or mulesing of 
lambs 

As noted by the “Safeguarding Human Health in the Anthropo¬ 
cene Epoch: Report of the Rockefeller Foundation-Lancet Commis¬ 
sion on Planetary Health,” 2 the scale of human impact on the planet 
is immense and includes the following changes: 

• About a third of the ice-free and desert-free land surface of the 
planet has been converted to cropland or pasture. 

• Annually, roughly half of all accessible freshwater is appropriated 
for human use. 

• More than 2.3 million km 2 of primary forest has been cleared 
since 2000. 

• More than 60% of the world’s rivers are dammed, affecting in 
excess of 0.5 million km of river. 

• Extinction rate of species is more than 100 times that observed 
in the fossil record, and many remaining species are decreasing 
in number. 

xii 


• Concentrations of major greenhouse gases—carbon dioxide, 

methane, and nitrous oxide—are at their highest levels for at 

least the past 800,000 years. 

• The global temperature continues to rise above long-term 

historic levels, driving changes in climate and weather patterns. 

These changes have a profound impact on human and animal 

health, as evidenced by altered geographic distributions of diseases, 
emergence of new diseases, and reemergence of previously controlled 
or repressed diseases. Anthropogenic changes in the environment 
influence animal health by affecting the productivity of agricultural 
and animal production systems and increasing the likelihood of 
spread of diseases from animals to humans. One-half of the global 
emerging infectious disease events of zoonotic origin between 1940 
and 2005 are estimated to be the result of changes in land use, agri¬ 
cultural practices, and food production practices. 5 There is evidence 
of an increased risk of zoonotic disease transmission in disturbed and 
degraded habitats, as exemplified by the emergence of two diseases 
caused by henipaviruses in animals and humans. Both Nipah and 
Hendra henipaviruses “spill over” from bats to pigs and horses, 
respectively, and subsequently infect humans. In both instances, 
disease is associated with altered habitats, including land clearing that 
creates a pathway for the repeated transmission of virus from fruit bat 
reservoirs, emphasizing the role of intact ecosystems and the suit¬ 
ability of climatic conditions in regulating the transmission of 
diseases. 6 ' 8 

Change in weather systems and climate can profoundly influence 
the distribution of vectors for important pathogens. Climate is a major 
factor in determining the geographic and temporal distribution of 
arthropods, characteristics of arthropod life cycles, dispersal patterns 
of associated arboviruses, the evolution of arboviruses, and the effi¬ 
ciency with which arboviruses are transmitted from arthropods to 
vertebrate hosts. 9 For example, emergence of bluetongue virus infec¬ 
tion and disease in Europe has been attributed to climate change- 
induced alterations in distribution of hematophagous midges that 
transmit the virus, although this concept is disputed, and the impor¬ 
tance of other anthropogenic, vector, or virus factors in the spread of 
the disease is unclear. 10 ' 13 

There is concern that changes in land-use patterns and climate 
might provide for the spread of Rift Valley fever into new locations, 
including more frequent or deeper incursions into the Arabian Pen¬ 
insula. 14 The emergence of Schmallenberg virus, an orthobunyavirus, 
as a cause of disease in ruminants in Germany and the Netherlands 
in late 2011, and its subsequent rapid spread across Europe, highlights 
the potential for emergence of new diseases. The virus is apparently 
spread by culicoides midges, but its origin remains unknown. 
Its roughly concurrent occurrence with new strains of bluetongue 
virus (e.g., BTV-6) in the same region might be more than a 
coincidence. 15 

International transport of animals and animal products has the 
proven potential to introduce disease into areas in which it was not 
present. Introduction of African horse sickness into regions with 
populations of susceptible horses and competent midge (Culicoides 
spp.) vectors can result in spread of the disease, as occurred in the 
Iberian Peninsula in 1987. 16 ' 18 Equine influenza virus was inadver¬ 
tently introduced into Australia in August 2007 by importation of 
infected horses from Japan, with spread occurring because of appar¬ 
ently inadequate quarantine procedures. 19 Incursion of the virus, 
which was subsequently eliminated from the continent, had an 
adverse economic impact. 20 

Similarly, political instability and conflict, which might or might 
not be associated with climate change but in either case is clearly 
human-related, results in altered patterns of human movement, loss 
of control and eradication programs, and absence of surveillance, with 
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resultant resurgence of previously repressed diseases. Examples 
include the incursion of rinderpest into Turkey from Iraq in the after- 
math of the first Gulf War in the early 1990s, and spread of bovine 
contagious pleuropneumonia in Angola and the Horn of Africa as a 
result of civil wars. 21 

It is not just in infectious diseases that we will see changes in the 
Anthropocene. Increasing global temperatures and altered rainfall 
conditions will increase the potential for heat- and drought-associated 
illnesses in farm animals and for disruption to social systems by 
altered rainfall patterns causing flooding, droughts, and an increase 
in extreme weather events. 4 For instance, heat stress profoundly influ¬ 
ences milk production, weight gain, and fertility of cattle, with these 
effects extending beyond the period of actual exposure to heat. 4 Heat 
stress is a concern for dairy, feedlot, and range cattle in temperate and 
tropical regions of much of the world and has led to the introduction 
of management systems to accommodate the changes in weather. 3,22,23 
Increases in mean global temperature will increase the number of days 
annually, in some instances by over 100%, on which cattle are exposed 
to conditions that will cause heat stress. 4 

Veterinary input to animal productions systems will need to reflect 
these complex and changing climatic, political, social, and economic 
environments that represent the nature of contemporary livestock 
production of fiber and food for human consumption. 

CONTEMPORARY LIVESTOCK PRODUCTION 

Although traditional farms incorporating multiple livestock systems 
still exist, much more important economically and in terms of the 
numbers of animals involved are farms that concentrate on one or two 
livestock systems or species. For example, witness the almost absence 
in developed countries of farms on which pigs are run in extensive 
systems on pastures or fields shared with cattle, horses, or sheep. Much 
more common, and economically important, are the large piggeries 
that house hundreds to thousands of pigs, often with farms focusing 
on breeding pigs that are then transferred to other farms or facilities 
for finishing. Or consider the ascension of feedlots in which some¬ 
times massive numbers of cattle are aggregated from the many indi¬ 
vidual farms on which they were bred, or the change in dairies from 
small (50-100 cows) farms to large operations with thousands of 
cows. The disease issues confronting managers and their veterinary 
advisors in these facilities are much different from those encountered 
by a veterinarian responding to a call for a sick cow in a small dairy 
herd on a family-run farm that also produces sheep, pigs, and poultry. 
This edition of Veterinary Medicine reflects these changing circum¬ 
stances, which are discussed in more detail in this Introduction. 

Another important change confronting veterinarians is the 
increasing value of some individual animals, particularly horses. The 
manner in which this book deals with medicine of horses is discussed 
in detail during the planning of each edition. Increasing value of 
individual horses and desire by owners to protect the health or per¬ 
formance of these animals have driven the veterinary profession to 
develop sophisticated, and expensive, diagnostic and therapeutic 
modalities and interventions directed toward care of individuals. 
However, this is offset by the recognition that preservation of the 
health of bands of horses on studs or in stables, or in whole popula¬ 
tions in a country, is economically important and based on a thorough 
understanding of epidemiology and biosecurity—just as for food- and 
fiber-producing animals. For this latter reason, equine medicine 
in this book is dealt with as much from a population perspective 
as it is from the perspective of diagnosis and treatment of an 
individual horse. 

It is stating the obvious that veterinary medicine has advanced in 
ways that were unimaginable 56 years ago. For example, our under¬ 
standing of the genetic, and increasingly the genomic, basis of produc¬ 
tion and susceptibility to disease is something that is now included in 
discussions of almost every disease, and not just those diseases with 
a clear monogenetic basis. Associated with this is the incalculable 
value of use of diagnostic tests based on detection of all or part of the 


genome of a pathogen. Polymerase chain reaction tests now allow 
detection of infinitesimally small quantities of DNA or RNA with 
great rapidity and absolute specificity, often permitting detection of 
the presence of pathogen genetic material on the same working day 
as the samples were collected. Additionally, analysis of part (such as 
single-nucleotide polymorphisms, or SNIPs) or all of the genome of 
an animal or pathogen provides information critical to understanding 
the pathogenesis, pathogenicity, or epidemiology of the organism. The 
utility of this type of information is evident in discussion of many of 
the diseases—from detection of mutations in the genome of animals 
that cause them to display particular diseases, for example, bovine 
leucocyte adhesion deficiency, or, conversely, decrease their suscepti¬ 
bility to infectious diseases, such as occurs with scrapie in some breeds 
of sheep; to understanding of the pathogenicity of microbes, such as 
equine herpesvirus 1 neuropathic and less neuropathic strains, or 
their epidemiology, such as in strain typing of equine influenza 
H3N8 viruses. 

VETERINARY CLINICAL EPIDEMIOLOGY 

Important to our understanding of the basis of disease has been the 
emergence of clinical epidemiology as a means of interrogating the 
patterns of disease and disease spread and identifying risk factors for 
development of disease. Understanding patterns of disease spread is 
fundamental to developing and implementing sensible and effective 
biosecurity and control measures. Similarly, knowing the risk factors 
for development of disease and quantifying the relative importance of 
each (“relative risk” or “odds ratio,” depending on the context) are key 
to determining which of these factors can be modified to reduce risk 
of the disease and whether it is economical to do so. 

The importance of use of applied and analytical epidemiology in 
large-animal practice and veterinary medicine is clear. The tools of 
epidemiology are now readily available to allow the veterinarian to 
identify and quantify the risk factors associated with the disease, to 
provide a more accurate prognosis, to accurately assess treatment 
responses and not depend on clinical impressions, to scientifically 
evaluate control procedures, and to conduct response trials. There is 
a large and challenging opportunity for veterinarians to become 
involved in clinical research in the field where the problems are occur¬ 
ring. It will require that they become knowledgeable about the use of 
computerized databases. These now provide an unlimited opportunity 
to capture and analyze data and generate useful information, which 
heretofore was not considered possible. The technique of decision 
analysis is also a powerful tool for the veterinarian who is faced with 
making major decisions about treatment and control procedures. 

VETERINARY SCIENTIFIC LITERATURE AND 
HOW TO USE IT 

Perhaps the single greatest advance in veterinary medicine has been 
the collective increase in knowledge. The large increase in knowledge 
of animal diseases and animal health, including information about 
efficacy of diagnostic and therapeutic techniques and interventions, 
coupled with the ease of access of this information through online 
databases and web-based search engines, presents challenges in 
assessing the quality of information and in collating the information 
into a useable form. 

Development of formal methods for assessing information and 
providing a recommendation have led to the term evidence-based 
veterinary medicine. 2 *' 26 Evidence-based veterinary medicine is 
defined as the use of best relevant evidence in conjunction with clini¬ 
cal expertise to make the best possible decision about a veterinary 
patient, taking into account the circumstances of each patient and the 
circumstances and values of the owner/carer. 2 ' The questions related 
to use of an evidence-based approach can be summarized as follows: 
• Why do we need evidence of effectiveness of our clinical actions 

(assessment of clinical signs, diagnostic tests, interventions, 

prognostication) ? 
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• What are the levels of evidence, and how good are they? 

• How does one translate evidence into a recommendation or 
decision? 

• What factors contribute to the weighting of evidence? 

• Does weak evidence allow us to make a strong 
recommendation? 

• Does strong evidence not always allow us to make a strong 
recommendation? 

• How do I use this in practice? 

There are five steps to evidence-based veterinary medicine: 2 

1. Ask the pertinent question and thereby define what it is 
that needs to be known to allow for the most 
appropriate action. 

2. Acquire the evidence, usually by a review of the available 
literature or, less commonly, performing a new research 
study. 

3. Appraise the quality of evidence and its external validity 
(evidentiary value for the question being asked). 

4. Apply the evidence to practice, where appropriate. See 
comments that follow about the GRADE process. 

5. Audit—Assess whether the application of the new evidence 
has affected the outcome of interest. 

Quality of Evidence 

The confidence we have in our evidence-based approach to veterinary 
practice depends on our assessment of the quality of the evidence 
available to us. 28 Not all evidence is of equal merit or utility, and 
although there are slight differences in the ratings of quality of evi¬ 
dence from different sources, an approximate hierarchy of evidence 
from lowest to highest in terms of value of evidence for practical use 
is as follows: 

• Expert opinion/editorials/nonstructured consensus statements or 
opinion pieces 

• Case reports and case series 

• In vitro studies with an appropriate control group 

• Animal models of the disease of interest (induced disease in 
species other than the species in which the disease occurs 
naturally, e.g., mouse model of a disease in horses) 

• Case-control or cross-sectional studies 

• Nonrandomized trials, cohort studies, or models of induced 
disease in the species of interest (target species, e.g., induction of 
viral diarrhea in calves) 

• Randomized controlled trials under field conditions 

• Systematic review of randomized controlled trials 

• Systematic review, including meta-analysis 

The higher the quality of evidence, the greater is our confidence in 
making decisions based on this evidence. The highest-quality evi¬ 
dence is provided by systematic reviews, which might include a meta¬ 
analysis. Systematic reviews differ from narrative reviews, which 
have much lower evidentiary value, in that systematic reviews are 
approached in a manner and with methodology designed to ensure 
the validity of the conclusions. 29 Systematic reviews should be based 
on a clearly defined question and prespecified criteria for inclusion 
and evaluation of the literature, among other factors. Criteria and 
methodology for performing systematic reviews are available. 30 ' 32 

Assessment of the quality of evidence provided by scientific 
articles is dependent on the authors of the article reporting exactly 
what they did and how they did it. It is clear from studies in human 
medicine and small animals that poorer reporting of methodology in 
articles is associated with a greater proportion of positive outcomes, 
leading one to suspect that reports that are less well documented 
are more likely to provide unreliable evidence of efficacy. 33 There 
are increasing numbers of guidelines that provide advice for authors 
on how to adequately report on trials, and these guidelines are also 
useful as checklists for readers of articles. Available guidelines are 
CONSORT, REFLECT, STARD, STROBE, and others, which are avail¬ 
able through the EQUATOR website (http://www.equator-network. 
org/reporting-guidelines/). 34 


From Evidence to Recommendation 

The approach of using evidence to guide clinical decision making has 
been formalized in the last two decades in human medicine and is 
gaining traction in veterinary practice. As veterinary clinicians, we 
have ethical and legal obligations to use methods and practices that 
are most likely to provide the “best” outcomes for the animals we treat 
and their owners. A traditional approach to deciding on the “best” 
treatments, diagnostic tests or methods, and preventative measures 
has been to identify the highest-quality evidence of effectiveness and 
to adopt the approach with the strongest evidence of efficacy. The 
Cochrane Collaboration and the Cochrane Reviews exemplify and 
lead this approach in human medicine (http://www.cochrane.org/ 
cochrane-reviews). 

This “evidence-based” approach has the implicit assumption that 
one should rely on the highest-quality evidence and that high-quality 
evidence of efficacy necessarily leads to the adoption of that treatment, 
diagnostic test, or prophylaxis. However, this approach falls short 
when formulating recommendations for use in clinical practice. What 
practitioners need is recommendations that are based on the available 
evidence but that also take into account the other factors that must be 
considered when advising an owner or trainer on the “best” approach 
to dealing with their animal’s (and their) problem. This methodology 
has been developed in human medicine as the GRADE (Grading 
of Recommendations Assessment, Development, and Evaluation) 
process. 35 GRADE fundamentally works by providing a framework to 
determine a final recommendation on an intervention through use of 
the following: 

1. The quality of evidence (Cochrane and similar evaluations of 
quality of evidence stop here), 

2. Seriousness of the outcome, 

3. Magnitude of the treatment effect, 

4. Precision of the treatment effect, 

5. Risk of the target event (how frequent), 

6. Risk of adverse events associated with the intervention, 

7. Cost of the intervention, and 

8. The values and preferences of the end users (patients). 

All of these criteria have at least some applicability in veterinary 
medicine. Briefly, judgments about the quality of recommendations 
require consideration of the following factors: 

• The quality of evidence on which the recommendation is 
based. The quality of evidence is assessed on the type of study 
(with systematic reviews being designated a priori as the highest 
level of evidence and observational studies providing a lower 
quality of evidence), imprecision of the results over a number of 
studies, inconsistency of the studies, indirectness, reporting bias, 
magnitude of the effect, biological plausibility, and strength of 
association. 36 ' 40 

• The balance between benefits and harms. Will the intervention 
do more good than harm? What is the extent of the benefit and 
of the potential harm? 

• Feasibility of translating the evidence into the circumstance in 
which the intervention will be made. Can I apply this in my 
practice? Is it affordable? 

• Certainty of the baseline risk. How important is the problem? 

• Cost. Both monetary costs and expenditures in terms of 
resources must be considered. 

The balance between benefit and harm (the trade-off) can be catego¬ 
rized as follows: 

• Net benefits = the intervention clearly does more good than 
harm. 

• Trade-off = there are important trade-offs between the benefits 
and harms. 

• Uncertain trade-offs = it is unclear whether the intervention 
does more good than harm. 

• No net benefits = the intervention clearly does more harm than 
benefit. 

The quality of evidence informing the recommendation can be 
categorized as follows: 
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. High: We are very confident that the true effect lies close to that 
of the estimate of the effect. In other words, we can be very 
confident that both the direction of the effect and its magnitude 
are known with reasonable certainty and that the magnitude of 
the effect is clinically relevant. 

• Moderate: We are moderately confident in the effect estimate. 

The true effect is likely to be close to the estimate of the effect, 
but there is a possibility that it is substantially different. In other 
words, the direction of the effect is likely known, although the 
magnitude might change with further research. The magnitude 
of the effect is likely clinically significant. 

• Low: Our confidence in the effect estimate is limited. The true 
effect could be substantially different from the estimate of the 
effect. In other words, both the direction of the effect and its 
magnitude are very likely to change with further research. 

• Very low: Any estimate of the effect is very uncertain, and the 
direction and magnitude of the real effect of the intervention are 
unknown. 

Finally, all of the considerations just described can be distilled 
down to the following recommendations being “a judgement that 
most well-informed people would make”: 41 

• “Do it”—there is high-quality evidence of net benefits within 
appropriate resource constraints (costs) for a problem that has 
significant importance (a judgment that most well-informed 
people would make). 

• “Probably do it” = when the strength of evidence is moderate or 
when the benefit: harm trade-off is unclear or marginal. 

• “Probably don’t do it” = when the strength of evidence is low or 
very low, when the benefit: harm trade-off is unclear or 
marginal, or when the baseline risk is low. 

• “Don’t do it” = there is high-quality evidence of harm clearly 
exceeding benefits, the cost is too great compared with benefits, or 
the baseline risk is very low (i.e., the problem is not important). 
The GRADE guidelines, although not well established for veteri¬ 
nary medicine, have been used and provide the opportunity to make 
evidence-based recommendations to practitioners. 42 

FOOD- AND FIBER-PRODUCING ANIMALS 

Veterinary practice with food-producing animals provides service 
primarily to the owners of the meat-, milk-, and fiber-producing 
animals such as dairy and beef cattle, pigs, sheep, and goats. Veterinar¬ 
ians also provide service to owners of captive ungulates, such as red 
deer, elk, and bison, which are being raised under farm conditions for 
the production of meat and byproducts such as hides. Although some 
commercially processed horsemeat is consumed by humans, the 
market is small compared with that for beef and pork, and horses are 
not usually included in discussions about food-producing animal vet¬ 
erinary practice. Poultry, fish, and rabbits are also important sources 
of human food but are not the subject of this book. 

For the past several decades, the major activity in food-producing- 
animal practice, and a major source of income for veterinarians, was 
the provision of emergency veterinary service to the owners of herds 
or flocks in which a single animal was affected with one of the common 
diseases. Occasionally, outbreaks of disease affecting several animals 
occurred. In addition, routine elective veterinary services, such as 
castration, vaccination, dehorning, and deworming; the testing for 
diseases, such as brucellosis and tuberculosis; and the dispensing of 
veterinary drugs, pharmaceuticals, and biologicals accounted for a 
significant source of revenue for the veterinarian. Since about the early 
1970s, there has been a shift from emphasis and dependence on emer¬ 
gency veterinary medicine and routine procedures to more attention 
being paid by the veterinarian and the producer to planned animal 
health and production management using the whole-farm approach. 
Livestock producers are now much more knowledgeable about animal 
agriculture and are concerned about the cost-effectiveness and the 
scientific basis of the recommendations made by veterinarians and 
agricultural advisors. More and more producers are doing the routine 


elective procedures themselves. From firsthand experience and 
extension courses provided for them, they have also learned how to 
diagnose and treat many of the common diseases of farm livestock. 
Many veterinary pharmaceuticals antimicrobials and biologicals can 
now be purchased by producers from either veterinary or nonveteri- 
nary sources. 

INDUSTRIALIZED ANIMAL AGRICULTURE 

The intensification of animal agriculture has created complex animal 
health and production problems for which there are no simple and 
reliable therapeutic and preventive procedures, and this has made the 
task of the veterinarian much more challenging. For example, acute 
undifferentiated respiratory disease is a common disease of feedlot 
cattle that is difficult to treat and control effectively because the etiol¬ 
ogy and epidemiology are complex. Acute diarrhea of calves under 30 
days of age may be caused by several different enteropathogens, but a 
knowledge of the risk factors or epidemiologic determinants, such as 
colostral immunity and population density, is probably more impor¬ 
tant for effective clinical management and control of the disease. The 
rearing of pigs intensively and in complete confinement has exagger¬ 
ated a number of disease problems, many exacerbated by inadequacies 
of the environment. 

Suboptimal reproductive performance resulting from a variety of 
management and environmental factors is common, and pneumonia 
in growing and finishing pigs may be almost impossible to eradicate 
unless the herd is depopulated and repopulated with minimal-disease 
breeding stock. Infectious diseases such as porcine reproductive and 
respiratory syndrome are difficult to control. The solutions to these 
complex problems are not always readily apparent, in part because of 
insufficient research on etiology and epidemiology and different 
control strategies in the herds where the problems are occurring. The 
veterinarian must be knowledgeable and skillful in the principles of 
epidemiology, applied nutrition, and animal housing; the education 
and training of animal attendants; and the analysis of production 
indices, including profit and loss, which includes the use of comput¬ 
ers, in addition to being skilled in the traditional veterinary disciplines 
of medicine, reproduction, pharmacology, and pathology. Thus, the 
food-producing-animal practitioner must become more skilled in 
the simultaneous management of animal health and production; the 
modern livestock producer is cost-conscious, and anything veterinar¬ 
ians do or recommend must be cost-effective. 

COMPANION-ANIMAL PRACTICE 

In contrast, developments in companion-animal medicine (small 
animals) have followed in the footsteps of human medicine, with an 
ever-increasing emphasis and reliance on extensive use of clinical 
pathology for the in-depth evaluation of the hematology, clinical 
chemistry, enzymology, immune status, and many other body func¬ 
tions of the individual animal. 

Diagnostic techniques such as ultrasonography, endoscopy, 
nuclear imaging, and computed tomography are being used both in 
veterinary teaching hospitals and in referral veterinary practices. 
These in-depth “diagnostic workups” presumably lead to a greater 
understanding of the etiology and pathophysiology of disease, with 
the ultimate aim of a more accurate and early diagnosis that allows 
much more effective medical and surgical therapy than is economi¬ 
cally possible or necessary in food-producing animals. There is not 
the same emphasis on the efficiency of production, epidemiology, and 
cost-effectiveness that constantly faces the food-producing-animal 
practitioner. More and more companion-animal owners, because of 
the sentimental value of their animals and the growing importance of 
the human-companion animal bond, are willing to pay for the costs 
associated with extensive laboratory and sophisticated diagnostic tests 
and intensive and prolonged veterinary hospital care. Palliative care 
for dogs and cats affected with diseases that may not be curable over 
the long term is now a recognized fact in small-animal practice. 
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EQUINE PRACTICE 

Equine practice has evolved along similar lines to small-animal prac¬ 
tice. Some aspects of it, such as reproduction, intensive clinical care 
of the newborn foal, and the treatment of medical and surgical dis¬ 
eases of valuable athletic and competitive horses, have advanced a 
great deal. The great strides that have been made in our understanding 
of the diagnosis, prognosis, and medical and surgical therapy of colic 
in the horse are a result of the in-depth diagnostic laboratory work 
and the medical and surgical expertise that have been used. Our 
improved understanding of the prognosis of equine colic is in part 
attributable to prospective studies of the clinical and laboratory find¬ 
ings in horses with colic. However, the large advances in improvement 
in survival made in the early years of surgical and intensive medical 
treatment of colic have not continued, and there is an urgent need for 
appropriately designed prospective clinical trials to determine optimal 
treatment regimes in these horses. The same is true for intensive treat¬ 
ment of sick foals. In addition to the advanced diagnostic and thera¬ 
peutic procedures being done on valuable horses at veterinary teaching 
hospitals, there are now many privately owned equine veterinary 
centers that provide the same service. Undoubtedly the high financial 
value of some horses has provided the impetus for the development 
of these services. 

Although the increasingly sophisticated diagnostic and therapeutic 
techniques used in equine practice are readily noted, advances in the 
understanding of infectious and contagious diseases of horses have 
also increased markedly. This is particularly true for economically 
important diseases that have the potential to affect large numbers of 
horses, consequently causing disruption to important athletic events 
and the sale and shipment of horses. These diseases are typically the 
infectious respiratory diseases and those diseases, such as African 
horse sickness, that are exotic to most of the horse population world¬ 
wide. The economic incentive to control these diseases has resulted in 
considerable increases in knowledge of their etiology (and conse¬ 
quently vaccinology), epidemiology, immunology, diagnosis, and pre¬ 
vention. Few advances have been made in treatment of what are, for 
the most part, self-limiting diseases with low case-fatality rates. 

CONTRASTING OBJECTIVES 

It is clear that there are major differences between the objectives and 
principles of companion-animal practice and those of food- 
producing-animal practice. In comp anion-animal practice, the objec¬ 
tive is the restoration of the clinically ill animal to a normal state, if 
possible, or in some cases a less-than-normal state is acceptable pro¬ 
vided it is a quality fife, using all the readily available diagnostic and 
therapeutic techniques that can be afforded by the client. In sharp 
contrast, in food-producing-animal practice, the objective is to 
improve the efficiency of animal production using the most economi¬ 
cal methods of diagnosis, treatment, and control, including the dis¬ 
posal by culling or slaughter of animals that are difficult to treat and 
are economic losses. 

This growing dichotomy in the delivery of veterinary services to 
the food-producing-animal owner and to the companion-animal 
owner prompted us to present a short introductory commentary on 
the objectives and principles of food-producing-animal practice. 

The Objectives of 
Food-Producing-Animal Practice 

EFFICIENCY OF LIVESTOCK PRODUCTION 

The most important objective in food-producing-animal practice is 
the continuous improvement of the efficiency of livestock production 
by the management of animal health. This involves several different 
but related activities and responsibilities, which include the 
following: 


• Providing the most economical method of diagnosis and 
treatment of sick and injured animals and returning them to 
an economically productive status, or to a point where 
slaughter for salvage is possible, in the shortest possible time. 
The financially conscious producer wants to know the 
probability of success following treatment of a disease in an 
animal and to minimize the costs of prolonged convalescence 
and repetitive surgery. 

• Monitoring animal health and production of the herd on a 
regular basis so that actual performance can be compared 
with targets and the reasons for the shortfalls in production 
or increases in the incidence of disease can be identified as 
soon as possible, so that appropriate and cost-effective action 
can be taken. The routine monitoring of production records 
and the regular monitoring of bulk-tank milk somatic cell 
counts in dairy herds are examples. 

• Recommending specific disease control and prevention 
programs, such as herd biosecurity, vaccination of cattle 
against several important infectious diseases that occur under 
a variety of conditions, and the strategic use of anthelmintics 
in cattle and sheep. 

• Organizing planned herd and flock health programs for the 

individual farms with the objective of maintaining optimum 
productivity through animal health management. 

• Advising on nutrition, breeding, and general management 
practices. Food-producing-animal practitioners must be 
interested in these matters when they affect animal health. It 
is a large part of production-oriented health management, 
and it is now common for veterinarians to expand their 
health-oriented animal husbandry advisory service to include 
an animal-production advisory service. To do so is a matter 
of individual preference, an option that some veterinarians 
take up and others do not. Some veterinarians will rely on 
consultation with agricultural scientists. However, 
veterinarians still require a working knowledge of the 
relevant subjects, at least enough to know when to call in the 
collaborating advisor for advice. Members of both groups 
should be aware of the extensive list of subjects and species- 
oriented textbooks on these subjects, which should be used to 
support this kind of service. 

ANIMAL WELFARE 

Encouraging livestock producers to maintain standards of animal 
welfare that comply with the views of the community is emerging as 
a major responsibility of the veterinarian. The production of food- 
producing animals is an animal welfare concern that practitioners 
face and an area in which they must become proactive. 43,44 Increas¬ 
ing public concern for the welfare of animals, including those that 
produce food and fiber for human consumption, must be addressed 
using high-quality scientific evidence and a sound understanding 
of the arguments of individuals and groups opposed to such use 
of animals. 

ZOONOSES AND FOOD SAFETY 

Promoting management practices that ensure that meat and milk are 
free of biological and chemical agents capable of causing disease in 
humans must also become a preoccupation for food-producing- 
animal veterinarians. This is because the general public is concerned 
about the safety of the meat and milk products it consumes, and the 
most effective way to minimize hazards presented by certain infec¬ 
tious agents and chemical residues in meat and milk is to control these 
agents at their point of entry into the food chain, namely, during the 
production phase on the farm. Veterinarians will undoubtedly become 
involved in the surveillance of the use of antimicrobial compounds 
and other chemicals that are added to feed supplies to promote growth 
or prevent infections, and they will be expected to minimize the risk 
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of the occurrence of zoonotic disease agents in farm-animal 
populations. 

Principles of Food-Producing 
Animal Practice 

REGULAR FARM VISITS 

A unique feature of a food-producing animal veterinary practice is 
that most of the service is provided by the veterinarian who makes 
emergency or planned visits to the farm. In some areas of the world, 
where veterinarians had to travel long distances to farms, large-animal 
clinics were established, and producers brought animals that needed 
veterinary attention to the clinic. For the past 25 years these clinics 
have provided excellent facilities in which, for example, surgical pro¬ 
cedures such as cesarean sections could be done and intensive fluid 
therapy for dehydrated diarrheic calves could be administered much 
more effectively and at a higher standard than on the farm. However, 
much less veterinary service is being provided in these clinics now 
because of the high operating costs of providing hospital care and the 
limited economic returns that are possible for the treatment of food- 
producing animals, which have a fixed economic value. Producers 
have also become less enthusiastic about transporting animals to and 
from a veterinary clinic because of the time and expertise involved, 
and because of increasing concern about biosecurity and the potential 
impact of pathogen introduction on the health and productivity of 
their animals. 

CLINICAL EXAMINATION AND DIAGNOSIS 

The diagnosis, treatment, and control of diseases of food-producing 
animals are heavily dependent on the results of the clinical examina¬ 
tion of animals on the farm and the careful examination of the envi¬ 
ronment and management techniques. This means that the veterinarian 
must become highly skilled in obtaining an accurate and useful 
history on the first visit to an animal or group of animals and in con¬ 
ducting an adequate clinical examination to make the best diagnosis 
possible, and economically, so that the treatment and control mea¬ 
sures can be instituted as soon as possible. On the farm, during the 
day or in the middle of the night, the veterinarian will not have ready 
access to a diagnostic laboratory for the rapid determination of a cow’s 
serum calcium level if milk fever is suspected. The practitioner must 
become an astute diagnostician and a skillful user of the physical 
diagnostic skills of visual observation, auscultation, palpation, percus¬ 
sion, succussion, ballottement, and olfactory perception. On the farm, 
the clinical findings, including the events of the recent disease history 
of an animal, are often much more powerful, diagnostically, than labo¬ 
ratory data. It therefore becomes increasingly important that the clini¬ 
cal examination should be carefully and thoughtfully carried out so 
that all clinically significant abnormalities have been detected. 

An outline of the clinical examinations of an animal and the dif¬ 
ferent methods for making a diagnosis are presented in Chapter 1. 
Becoming efficient in clinical examination requires the diligent appli¬ 
cation of a systematic approach to the task and, most importantly, 
evaluation of the outcome. A most rewarding method of becoming a 
skillful diagnostician is to retrospectively correlate the clinical find¬ 
ings with the pathology of those cases that die and are submitted for 
necropsy. The correlation of the clinical findings with the clinical 
pathology date, if available, is also an excellent method of evaluation 
but is not routinely available in most private practices. The food- 
producing-animal practitioner must also be a competent field 
pathologist and be able to do a useful necropsy in the field, usually 
under less-than-desirable conditions, and to make a tentative etiologic 
diagnosis so that additional cases in the herd can be properly 
handled or prevented. Doing necropsies on the farm or having them 
done by a local diagnostic laboratory can be a major activity in a 
specialty pig or beef feedlot practice, where clinical examination of 


individual animals is done only occasionally, compared with dairy 
practice. 

EXAMINATION OF THE HERD 

The clinical examination of the herd in which many animals may be 
affected with one or a number of clinical or subclinical diseases, or in 
which the owner’s complaint is that performance is suboptimal but 
the animals appear normal, has become a major and challenging task. 
This is particularly true in large dairy herds, large pig herds, beef 
feedlots, lamb feedlots, and sheep flocks where the emphasis is on 
health management of the herd. Intensified animal agriculture may 
result in an increased frequency of herd epidemics or outbreaks of 
diseases such as bovine respiratory disease syndrome, bloat, and acute 
diarrhea in beef calves and peracute coliform mastitis in dairy cattle. 
Such well-known diseases are usually recognizable, and a definitive 
etiologic diagnosis can usually be made, and in some cases the disease 
can be controlled by vaccination. However, in some cases of herd 
epidemics of respiratory disease, salmonellosis, or Johne’s disease, for 
example, the veterinarian may have to make repeated visits to the herd 
to develop effective treatment and control procedures. The steps 
involved in the examination of the herd affected by a clinical disease 
or suboptimal performance are presented in Chapter 1. 

COLLECTION AND ANALYSIS OF ANIMAL 
HEALTH DATA 

With the shift in emphasis to the problems of the herd, the collection, 
analysis, and interpretation of animal health and production data will 
be a major veterinary activity. Livestock producers must keep and use 
good records if the veterinarian is to make informed decisions about 
animal health and production. The once tedious and unpopular work 
of recording and analyzing animal health and production data is now 
done by the computer. Veterinarians will have to move in the direction 
of developing a computer-based animal health and production profile 
of each herd for which they are providing a service. Veterinary col¬ 
leges will also have to provide leadership and provide undergraduate 
and graduate student education in the collection, analysis, and inter¬ 
pretation of animal health data. This activity will include methods of 
informing the producer of the results and the action necessary to 
correct the herd problem and to improve production. 

PUBLIC HEALTH AND FOOD SAFETY 

Veterinarians have a major responsibility to ensure that the meat and 
milk produced by the animals under their care are free from pathogens, 
chemicals, antimicrobials, and other drugs that may be harmful to 
humans. The prudent use of antimicrobials, including adherence to 
withdrawal times for meat and milk, are becoming major concerns of 
the veterinary associations, such as the American Association of Bovine 
Practitioners, the American Association of Small Ruminant Practitio¬ 
ners, and the American Associate of Swine Practitioners. Traditionally, 
veterinary public health was not a career option considered by new or 
recent graduates. However, because of the recent concern about the 
contamination of meat supplies by pathogens and xenobiotics (any 
substance foreign to an animal’s biological system), and the potentially 
serious economic effects of such contamination on the export markets 
of a country, it is now clear that veterinarians, using a variety of testing 
techniques, will become increasingly involved in monitoring the use of 
veterinary drugs so that treated animals are not placed in the food chain 
until the drugs have been excreted. The same principles apply to the 
contamination of milk supplies with antimicrobials, prevention of 
which is a major responsibility of the veterinarian. 

ECONOMICS OF VETERINARY PRACTICE 

The successful delivery of food-producing-animal practice will 
depend on the ability of the veterinarian to provide those services that 
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the producer needs and wants at a price that is profitable to both the 
producer and veterinarian. Several constraints interfere with this suc¬ 
cessful delivery. Maximizing net profit is not a high priority for many 
farmers. Being independent and making a living on the farm are com¬ 
monly ranked higher. Consequently, when veterinarians make recom¬ 
mendations to control a disease, their subsequent enthusiasm for 
giving advice may be dampened if farmers do not adopt the control 
procedures even though the advice is based on good information 
about expected economic returns. 

The frustrations that many veterinarians experience in attempting 
to get dairy producers to adopt the principles of an effective and 
economical mastitis control program are well known. In some cases, 
producers do not use modern methods of production and disease 
control because they are unaware of their importance. The variable 
financial returns that farmers receive for their commodities, particu¬ 
larly the low prices received during times of oversupply of meat and 
milk, may also influence whether they purchase professional veteri¬ 
nary service or attempt to do the work themselves. 

VETERINARY EDUCATION 

We have described our views on the state of food-producing-animal 
medicine and what it requires of veterinarians who practice it. Tradi¬ 
tionally, veterinary colleges have provided undergraduate students 
with the knowledge and clinical skills necessary to enter veterinary 
practice and begin to engage in food-producing-animal practice. Field- 
service units and large-animal in-clinics devoted to clinical teaching 
have been an integral part of most veterinary colleges. The clinical 
caseload is for the students, clinicians, and those in the paraclinical 
sciences such as microbiology, toxicology, clinical pathology, and 
pathology. However, recently, it seems that veterinary colleges have not 
maintained their farm-animal teaching clinics, and in fact, some of 
these teaching clinics have ceased to exist. The demise of in-house 
food-producing-animal practice in veterinary teaching hospitals, as 
opposed to the care of agricultural animals from hobby farms, is con¬ 
tributed to by the increasing use of stringent biosecurity measures on 
medium- and large-scale operations. Animals brought to veterinary 
teaching hospitals for diagnosis and possible treatment cannot be 
returned to the farm because of the fear of introducing infectious 
disease. Regardless, the demise of in-house food-producing-animal 
practice in some universities should be of major concern to the veteri¬ 
nary profession because universities have an obligation to serve the 
veterinary needs of animal agriculture. Some veterinary colleges have 
developed extensive programs in which undergraduate students spend 
time in private veterinary practice to gain clinical experience. However, 
the failure to maintain and support viable farm-animal teaching clinics 
will diminish the clinical experience of clinicians and those in the para¬ 
clinical sciences who have a primary responsibility for teaching. In 
addition, the lack of clinical cases will adversely affect the clinical 
research activities of clinicians. Clinicians must experience a critical 
number of clinical cases to maintain credibility as a veterinary scholar. 

To study the phenomena of disease without books is to sail an 

unchartered sea , while to study books without patients is not to go 

to sea at all. 

Sir William Osier (Books and Men, Boston Surgical Journal, 1901 ) 

The practicing veterinarian must become knowledgeable about 
various aspects of farm animal management, especially those that 
cause or contribute to clinical or subclinical disease and impaired 
animal production. Such veterinarians will become species-industry 
specialists who can provide totally integrated animal health and pro¬ 
duction management advice to those managing a dairy herd, a beef 
cow-calf herd, a beef feedlot, a pig herd, or a sheep flock. To be able 
to do this, veterinarians will need to undertake a postgraduate clinical 
residency program or develop the expertise on their own by diligent 
self-education in a veterinary practice that is committed to the concept 
of a total animal health management and allows the veterinarian the 
time and the resources to develop the specialty. 


OPTIMAL UTILIZATION OF THE FOOD- 
PRODUCING-ANIMAL PRACTITIONER 

All that we have said in this Introduction is related to enhancing and 
improving the performance of the professional food-producing- 
animal veterinarian. In developed countries, this could mean greater 
utilization of each veterinarian by farmers and improved financial 
viability of their farming enterprises. In developing countries, it could 
mean a greater volume of production at a time when malnutrition 
appears to be the fate of so many groups of the world community. 
These could be the outcomes if the worlds agricultural situation was 
a stable one. As it is, there is currently a great upheaval in agriculture; 
developed countries are heavily overproduced, and there is a sharp 
decline in farming as an industry and way of life. In developing coun¬ 
tries, the decisions governing the health and welfare of animals and 
the people that depend on them often seem to depend more on politi¬ 
cal expediency than on the basic needs of humans and their animals. 
In these circumstances we do not feel sufficiently courageous and 
farsighted to predict our individual futures, but with the hindsight of 
how far the human population and the attendant agricultural and 
veterinary professions have come in the past 56 years, we are confident 
that you will have an opportunity to properly pursue the objectives 
and principles that we have described. 

FURTHER READING 

Animal agriculture in a changing climate. Cornell University. <http://climatechange 
.cornell.edu/animal-agriculture-in-a-changing-climate/>. 

Centre for Evidence-Based Veterinary Medicine. University of Nottingham. <http:// 
www.nottingham.ac.uk/cevm/index.aspx>. 

Quammen D. Spillover: Animal Infections and the Next Human Epidemic. London: 
Vintage Books; 2013. 

Thornton PK, van de Steeg J, Notenbaert A, et al. The impacts of climate change on 
livestock and livestock systems in developing countries: a review of what we know 
and what we need to know. Ag Syst. 2009;101:113-127. 
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9-4 Acutely affected crossbred Merino with 
severe secondary photosensitization 
caused by pithomycotoxicosis (facial 
eczema). Note the presence of 
erythema and severe ulceration with 
crusting around the eyes and mouth, 
corneal edema, drooping ears, and 
puffy periocular and facial skin. 
(Reproduced with permission from 
Ozmen O, Sahinduran S, Haligur M, 


Albay MK. Trop Anim Health Prod 
2008;40:545-551.), 653 

10-1 Brisket and preputial edema caused by 
right-sided congestive heart failure in a 
Charolais bull. Heart failure was caused 
by infiltration of the atrial and 
ventricular myocardium by 
lymphosarcoma (see Chapter 11 for 
more details)., 661 

10-2 Typical base-apex lead 

electrocardiogram (ECG) from a 
healthy Holstein-Friesian cow. The 
waves, segments, and intervals are 
identified. The morphology is similar 
for the base-apex lead recording of 
the ECG in sheep, goats, horses, and 
pigs. Recorded at 25 mm/s. (Reprinted 
with permission from DeRoth L. Can 
VetJ 1980;21:271-277.), 667 

10-3 Typical base-apex lead 

electrocardiogram (ECG) from a 
healthy Holstein-Friesian cow. The ST 
peak interval is the interval between 
the apex of the S wave and the apex 
of the T wave in seconds. The SS 
interval is the interval between 
consecutive S waves in seconds. The 
corrected ST peak interval (STc) is 
calculated by dividing the ST peak 
interval in seconds by the square root 
of the SS interval in seconds. 

(Reprinted with permission from 
Itoh M, Sakurai Y, Nakajima V, 
Kawamoto S. J Vet Med Sci 
2016;77(12): 1655-7.), 667 

10-4 The Poincare plot from an adult cow. 
The duration of an interbeat interval 
(IBI) in milliseconds is plotted against 
the duration of the preceding IBI in 
milliseconds. An ellipse is then fitted 
along the line of identity that 
summarizes the variability 
perpendicular to the line of identity 
(SD1) and along the line of identity 
(SD2). (Reproduced with permission 
from Kovacs L, Jurkovich V, Bakony M, 
Szenci O, Poti P, Tozser J. Animal 
2014;8(2):316-330.), 669 
10-5 Base-apex electrocardiograms (ECGs) 
of large animals with normal sinus 
rhythm (A and B), supraventricular 
arrhythmias (C-H), hyperkalemia (H 
and I), or ventricular arrhythmias (J-L). 
All ECGs were recorded at 25 mm/s 
and 10 mm = 1 mV. Base-apex ECGs 
of large animals with normal sinus 
rhythm (A and B), supraventricular 
arrhythmias (C-H), hyperkalemia (H 
and I), or ventricular arrhythmias (J-L). 
All ECGs were recorded at 25 mm/s 
and 10 mm = 1 mV., 676 
10-6 Base-apex electrocardiograms (ECGs) 
of horses with selected arrhythmias. All 
ECGs were recorded at 25 mm/s and 
10 mm = 1 mV. A, An ECG (base-apex 
configuration) of a horse with atrial 
fibrillation. The typical characteristics 
include an irregularly irregular rhythm, 
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absence of P waves, coarse baseline 
irregularity called fibrillation ("f") 
waves, and "QRS" complexes of 
normal width and morphology. Note 
that for short RR intervals the T wave 
(arrow) has opposite polarity to the 
QRS complexes that follow longer 
diastolic intervals; the same 
phenomenon occurs in ECGs recorded 
during exercise compared with at rest. 

In the same horse, even in the same 
ECG trace, coarse and fine fibrillation 
waves can be present, representing the 
chaotic nature of the underlying 
electrical activation of the atria. B, 

Base-apex ECG obtained from a 
S-year-old trotter with a 14-day history 
of reduced athletic performance. The 
ECG shows atrial flutter with a cycle 
length of 268 ms (rate 224 beats/min). 

C, During exercise and during periods 
of excitement 1:1, 1:2, and 1 :3 
atrioventricular (AV) conduction of the 
flutter waves occurred and the horse's 
heart rate rhythm sounded regular by 
auscultation. This ECG recording was 
obtained during and immediately after 
pulling up from a trot on the lunge. A 
1 :1 conduction of F waves as 
parasympathetic tone is withdrawn 10-7 

results in an excessively high heart rate 
for the work being undertaken, but 
the horse's cardiac rhythm Is now 
completely regular. The horse was 
subsequently converted by transvenous 
electrical cardioversion at the first 
125-J shock, after which he returned 
to his previous level of exercise. D, 

Junctional ventricular premature 

depolarization in a horse presented 

with poor performance. The normal 

rhythm is broken by a ventricular 

premature depolarization (VPD) with a 

morphology that is only slightly 11-1 

different from the normal sinus beats 

(QRS). Within the QT interval of the 

VPD a P wave can be Identified (P 

wave indicated by arrow) because the 

normal sinus rhythm Is not interrupted. 

The P wave does not result in a QRS 
complex because the ventricle Is still 11-2 

refractory. This AV dissociation Is a 
hallmark of ventricular prematurity. 

Although the complex Is not noticeably 

wider than the sinus beats, it is still 

ventricular in origin. Its configuration 

suggests that it originates from the AV 11-3 

junctional, or His-Purkinje system, and 

has been conducted using (part of) the 

normal conduction pathways. Note 

that the T wave preceding the VPD is 

exactly the same as the other sinus T 

waves, so that an ectopic P' wave 

could not have been hidden within it. 

E, Third-degree AV block in a 
15-year-old Grand Prix dressage horse. 

There is complete AV dissociation 
because of third-degree AV block. PQ 


interval is highly variable because they 1 
have no relation; the fourth QRS 
complex occurs simultaneously with a 
P wave. Bifid "P" waves occur at a 
rapid rate because of associated 
hypotension. In this case the QRS 
morphologies are similar but their rate 1 
is slow and rhythm is irregular; they 
are junctional ventricular escape 
complexes. The gelding presented 1 

acutely after multiple episodes of 
collapse in a single day. The referring 
veterinarian administered antibiotics 
and corticosteroids and referred the 
horse for pacemaker implantation. At 
presentation, third-degree AV block 
was present but ventricular escape 
rhythm was sufficiently high to prevent 
collapse. Within 48 hours he reverted 
to normal sinus rhythm. No pacemaker 1 

was implanted. The gelding was 
closely monitored and returned to 
dressage after 6 months. He was 
retired 2.5 years later because of 
chronic tendinitis. (Reproduced with 1 

permission from Hinchcliff KW, Kaneps 
A, Geor R. Equine Sports Medicine and 
Surgery. 2nd edition. St. Louis, MO: 

Elsevier; 2013.), 678 1 

Persistent right aortic arch in a foal. 

Lateral positive contrast esophagram of 
the thorax of a 9-day-old pony foal 
that was observed to have milk 
coming from both nostrils when in 
lateral recumbency. The esophagus is 
distended proximally to the asterisk at 
the third Intercostal space with barium. 

The trachea is narrowed at this site of 
esophageal narrowing. (Reproduced 
with permission from Coleman 
MC, Norman TE, Wall CR. J Am Vet 
Med Assoc 2014; 244:1253- 
1255.), 706 

Schematic diagram of a representative 
thromboelastogram depicting 1 

coagulation time (CT), clot formation 
time (CFT), angle (a), and maximum 
clot firmness (MCF). (Reproduced with 
permission from Paltrinierl et al. 

2008. 8 ), 720 

Extremely pale bulbar conjunctiva in an 
anemic Holstein-Friesian cow. The cow 1 

had a packed cell volume of 13% 
secondary to massive acute 1 

hemorrhage into the lactating 
mammary gland., 736 
Lactating Brown Swiss cow with 
massive persistent proteinuria and 
severe hypoalbuminemla (serum 
albumin concentration, 0.7 g/dL) as a 
result of advanced renal amyloidosis. 1 

Note the ventral abdominal and 
submandibular edema secondary to 
the marked hypoalbuminemia. An 
enlarged left kidney was detected per 
rectal palpation, and renal biopsy 1 

confirmed the diagnosis of renal 
amyloidosis., 756 
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1-4 A and B, Urticaria In a Holstein- 
Friesian cow following antibiotic 
administration. Note the presence of 
multiple small raised bumps in multiple 
areas of the skin and the edema of the 
eyelid., 759 

1-5 Cheviot ewes with caseous 

lymphadenitis of the submaxillary 
lymph nodes., 763 

1-6 A, Ultrasonographic image of a liver 
abscess identified using a 5-MHz 
sector transducer. The characteristic 
"onion peel" appearance is highly 
suggestive of the presence of a 
Corynebacterium pseudotuberculosis 
abscess (caseous lymphadenitis). 

B, Cross-sectional image of the liver 
from the same sheep obtained at 
necropsy., 763 

1-7 Possible pathways after exposure to 
bovine leukosis virus (percentage 
figures indicate proportion of 
seroconverted animals that develop the 
particular form referred to 2 )., 789 

1-8 Clinical diagnosis frequency of 
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1-9 The developmental life cycle of Babesia 
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1-10 A, Ventral view from the front of a 
basketball-sized mass in the thoracic 
inlet of an 18-month-old Holstein- 
Friesian heifer with thymic 
lymphosarcoma. B, Dorsal view from 
the front of the same heifer exhibiting 
chronic mild ruminal tympany., 835 

1-11 Cutaneous lymphoma in a 2-year-old 
Holstein-Friesian heifer., 836 

1- 12 Transcutaneous ultrasound image of 

thymic lymphosarcoma obtained from 
the ventrolateral region of the caudal 
neck of the heifer pictured in Figure 
11-1. A 3.5-MHz sector scan 
transducer was used to identify a 
well-encapsulated tumor., 836 

2- 1 Decision tree for assessing thoracic 

radiographs of horses. RAO is recurrent 
airway obstruction or heaves. 
(Reproduced from Dunkel et al. 

2013. 14 ), 857 

2-2 Horse wearing equipment for 
overground endoscopy, including 
endoscope and water pump and 
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control, recording, and telemetry units. 
(Reproduced with permission van Erck 
2011 . 7 ), 868 

12-3 Endoscopic view of a progressive 
ethmoidal hematoma in a horse. 
(Reproduced with permission.’ 2 ), 876 

12-4 Lateral radiograph of the head of a 
horse with progressive ethmoidal 
hematoma (black arrow) and related 
hemorrhage into the paranasal sinuses 
(white lines). (Reproduced with 
permission. 12 ), 876 

12-5 Computed tomographic image of the 
head of a horse with advanced 
ethmoidal hematoma revealing 
extension into the paranasal sinuses 
(white arrow). (Reproduced with 
permission. 12 ), 876 

12-6 Lateral radiograph of the cervical 

region of an American Miniature horse 
revealing extensive tracheal collapse. 
(Reproduced with permission. 2 ), 880 

12-7 Ventrodorsal radiograph of the chest 
of a 7-day-old foal immediately after 
~30 minutes of enforced lateral 
recumbency. Note the consolidation of 
the previously dependent lung. Repeat 
radiographic examination 24 hours 
later, and without a period of 
recumbency, did not reveal lesions in 
the lungs., 883 

12-8 Epistaxis and hemoptysis in a cow with 
pulmonary hemorrhage and vena caval 
thrombosis. (Reproduced with 
permission from Braun 2008. 2 ), 883 

12-9 Marked subcutaneous emphysema on 
the dorsal midline of a Holstein 
Friesian cow with acute respiratory 
disease. The cow's head is to the right. 
The skin can be depressed 5 cm with a 
forefinger, creating a crinkling feeling 
that is slightly painful to the cow. The 
emphysema gradually disappeared over 
a few days after antimicrobial 
treatment for bacterial pneumonia was 
implemented., 884 

12-10 Mechanisms of failure of the 

respiratory defenses. The center 
column illustrates the layered 
arrangement of the respiratory 
defenses. At left is a partial summary 
of causes and mechanisms whereby 
each of these respiratory defenses is 
comprised of factors that predispose to 
bacterial pneumonia. At right is a 
partial summary of how pathogens 
further contribute to failure of the 
lung defenses. BVDV, bovine viral 
diarrhea virus; IFN, interferon; TLF, 
toll-like receptor. (Data from: Couetil, 
L.L. (2014) In Hinchcliff KW, Kaneps 
AJ, and Geor RJ (eds): Equine Sports 
Medicine and Surgery: Basic and 
clinical sciences of the equine athlete, 
ed. 2. Elsevier Health Sciences, 
p 614.), 887 

12-11 Pleural lavage of the right pleural 

cavity of a Holstein Friesian cow with 


septic pleuritis secondary to a localized 
abomasal perforation and subsequent 
development of an abomasal 
diaphragmatic fistula. Note the dorsal 
ingress chest tube that is clamped and 
pleural fluid drainage via the ventral 
egress chest tube. Ten liters of 
warmed sterile 0.9% NaCI solution 
was infused dorsally, and 20 L of 
pleural fluid was removed via the 
ventral tube., 899 

12-12 Lateral thoracic radiograph in a foal 
demonstrating presence of gas-filled 
intestinal loops in the caudodorsal 
thorax. (Reproduced with 
permission. 4 ), 901 

12-13 Ultrasonogram of intrahepatic vena 
cava of an adult cow demonstrating 
presence of a thrombus (white arrow) 
and dilated intrahepatic vessels (white 
arrowhead). (Reproduced with 
permission. 4 ), 902 

12-14 Cow with cranial vena cava thrombosis 
causing jugular vein distension and 
edema of the brisket. (Courtesy of Dr. 
Christian Gerspach, Vetsuisse Faculty 
University of Zurich)., 903 

12-15 Holstein Friesian heifer with enzootic 
pneumonia. Notice the poor body 
condition, anxious look, conjunctivitis, 
nasal discharge, open-mouth breathing 
with blood-tinged foamy saliva, and 
extended neck in an attempt to 
facilitate breathing., 943 

12-16 Development of the immune response 
in the calf from conception to puberty. 
The window of susceptible is the 
optimal time for vaccination against 
enzootic pneumonia and represents 
the time during which passive 
(maternal) immunity is waning and 
active immunity is increasing. 
(Reproduced, with permission, from 
Chase CCL, Hurley DJ, Reber AJ. 
Neonatal immune development in the 
calf and its impact on vaccine 
response. Vet Clin Food Aninn 2008; 
24:87-104.), 946 

12-17 A, Nasal adenocarcinoma in a Suffolk 
ewe. Notice the seromucous to 
seropurulent nasal discharge (left 
greater than right). Very little air 
movement was detected from the 
right nostril. B, Endoscopic view of a 
nasal adenocarcinoma (dorsal pink 
gray spherical mass) in a Suffolk ram 
with clinical signs of an upper 
respiratory tract obstruction., 970 

12-18 Endoscopic view of dorsal 

displacement of the soft palate in a 
resting Thoroughbred racehorse., 982 

12-19 Normal airway of a horse during 
exercise. (Reproduced with 
permission. 1 ), 983 

12-20 Palatal instability with no rima glottidis 
obstruction. The epiglottis has a 
flattened appearance, and the soft 
palate appears flaccid with no concave 


depression caudally. (Reproduced with 
permission. 1 ), 983 

12-21 Palatal instability with obstruction of 
the rima glottidis. The soft palate is 
billowing in front of the rima glottidis. 
(Reproduced with permission. 1 ), 983 

12-22 Chondroids removed at postmortem 
from the guttural pouch of a 
horse., 984 

12-23 Lateral radiograph of the head of a 
horse with rupture of the longus 
capitis muscle after rearing and falling 
over backward. There is loss of 
radiolucency of the guttural pouches 
and evidence of an avulsion fracture of 
the basisphenoid bone (white 
arrow)., 987 

12-24 Endoscopic view of the pharynx and 
larynx of a horse with entrapment of 
the epiglottis by the aryepiglottic 
folds., 988 

12-25 Lateral radiograph of the head of a 

yearling horse demonstrating presence 
of a retropharyngeal mass (identified 
by white arrow)., 989 

12-26 Thoroughbred racehorse with epistaxis 
secondary to exercise-induced 
pulmonary hemorrhage during 
racing., 999 

12-27 Grading of EIPH in Thoroughbred 

racehorses—Grades 1 (A), 2 (B), 3 (C), 
and 4 (D). (Reproduced with 
permission Hinchcliff et al. 

2005. 21 ), 1000 

12-28 Proportion of horses in Great Britain 
with recurrent airway obstruction 
(RAO) that display clinical signs of 
respiratory disease in each month. 
(Reproduced with permission. 12 ), 1005 

12-29 Endoscopic grading of tracheal mucus 
in horses. (Modified from Gerber V, 
Straub R, Marti E et al. Endoscopic 
scoring of mucus quantity and quality: 
observer and horse variance and 
relationship to inflammation, mucus 
viscoelasticity and volume, Equine Vet J 
2004,36: 576-582 with permission 
from the Equine Veterinary 
Journal.), 1008 

12-30 Abscess score based on 

ultrasonographic examination of foals 
on a farm with endemic R. equi 
infection administered a placebo, 
tulathromycin, doxycycline, doxycydine 
and rifampin, or azithromycin and 
rifampin. There was no effect of 
antimicrobial treatment on resolution 
of the abscess score. (Modified from 
Venner M, Astheimer K, et al.: Efficacy 
of Mass Antimicrobial Treatment of 
Foals with Subclinical Pulmonary 
Abscesses Associated with 
Rhodococcus equi, J Vet Int Med 
27:171, 2013.), 1018 

12-31 Phylogenetic tree illustrating evolving 
nature of equine influenza virus N3H8 
from the virus originally detected in 
1963. Note that there are two lineages 





(Eurasian and American) that diverged 
in the early 1980s; that the American 
lineage further evolved into Kentucky, 
Argentinian, and Florida sublineages 
(clades 1 and 2); and that these 
continue to evolve. Strains causing 
substantial outbreaks are highlighted 
in green, dates of large outbreaks are 
identified in the boxes, and vaccine 
strains are identified in yellow. 
(Reproduced with permission.’ 1 ), 1031 

12-32 Radiograph of the caudal thorax of an 
adult horse with pulmonary 
aspergillosis secondary to acute 
enterocolitis. Note the military and 
interstitial densities., 1046 

12-33 Granulomatous lesion caused by R. 

seeberi in a Belgian Warmblood horse. 
(Reproduced with permission.’), 1046 

12-34 Endoscopic view of a granular cell 
tumor in a horse., 1089 

12- 35 Lateral thoracic radiograph of an adult 

horse demonstrating presence of a 
granular cell tumor (outline by black 
arrows)., 1089 

13- 1 Lateral view of the urethra (a), vagina 

(b), and suburethral diverticulum (c) in 
adult female cattle as viewed from the 
left. A finger is inserted into the 
suburethral diverticulum on the ventral 
aspect to direct the tip of the catheter 
over the diverticulum and into the 
external urethral orifice. (Reprinted 
with permission from Rosenberger G. 
Clinical examination of cattle. Berlin: 
Parey; 1979; 453.), 1099 

13-2 Relationship between urine pH and net 
base excretion (equivalent to the 
negative value for net acid excretion) 
for cows fed diets of different dietary 
cation-anion difference. The dashed 
lines indicate that net base excretion = 
0 mEq/L (by definition) when pH 7.40. 
Notice that urine pH is poorly 
associated with net base excretion at 
pH <6.3 (dotted line); at this urine pH 
renal ammonium ion concentration 
«NH 4 1) becomes markedly increased. 
(Reproduced with permission from 
Constable PD, Gelfert CC, Furll M 
et al. Am J Vet Res 2009; 

70(7):915-925.), 1101 

13-3 Ultrasonographic image (left) and 

drawing (right) that illustrates a bovine 
left kidney imaged from the right 
paralumbar fossa obtained by placing 
the transducer parallel to the 
longitudinal axis of the cow just below 
the transverse processes of the lumbar 
vertebrae 3 to 5. The kidney is moved 
toward the right paralumbar fossa by 
palpation per rectum. 7, caudal vena 
cava; 2, renal cortex; 3, medullary 
pyramid; 4, renal sinus; a, hyperechoic 
line representing the perirenal fat; b, 
hypoechoic line representing the 
medial wall of the rumen; c, 
hyperechoic line (internal reverberation 
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artifact) reflecting from the tissue-gas 
interphase superimposed on the image 
of the medial wall of the rumen; Cr, 
cranial; Cd, caudal; M, medial. 
(Reproduced with permission from 
Imran S, Sharma S. Veterinarni 
Medicina 2014; 59:29-32.), 1106 

13-4 Drawing of the system for continuous- 
flow peritoneal dialysis in an adult 
horse. TPN, total parenteral nutrition. 
(Reproduced with permission from 
Gallatin LL et al. J Am Vet Med Assoc 
2005;226:756-759.), 1109 
13-5 Change in urine appearance during 

voiding in a Holstein-Friesian cow with 
chronic cystitis. Top left is from the 
initial urine stream, followed by the 
bottom left, and bottom right, and the 
top right is the last urine voided. 

Notice the presence of blood clots in 
the last urine sample., 1130 
13-6 Bilateral, severe, chronic pyelonephritis 
and ureteritis in an old Holstein- 
Friesian cow with profound azotemia 
and severe renal failure. Notice the 
extensive cortical thinning in response 
to hydronephrosis, particularly in the 
left kidney (left)., 1131 
13-7 Severe chronic cystitis in the same 
animal. The bladder is opened and 
focal areas of cystitis are 
evident., 1131 

13-8 Extensive precipitation of crystals on 
the preputial hairs of a steer with 
obstructive urolithiasis., 1146 
13-9 Holstein-Friesian steer with obstructive 
urolithiasis, urethral rupture, and urine 
collecting ventrally to the site of 
rupture., 1147 

13- 10 Luminal surface of bladders from cattle 

with bovine enzootic hematuria. A, 

The bladder contains multiple tumors, 
with the two tumors (arrows) 
diagnosed as hemangiosarcoma. B, 

The bladder contains a transitional cell 
carcinoma. (Reproduced with 
permission from Carvalho T, Pimto C, 
Peleteiro MC. J Comp Pathol 2006; 
134:336-346.), 1152 

14- 1 Abnormal mentation in Simmental 

calf with bacterial meningitis. 

The calf is exhibiting opisthotonus and 
is acting inappropriately for its 
surroundings., 1165 

14-2 A, Holstein Friesian calf with 

hydrocephalus caused by in utero 
infection with bovine viral diarrhea 
virus. The calf was able to suckle but 
appeared to have diminished 
responsiveness to its environment. B, 
Piglet with meningocele secondary to 
in utero hydrocephalus., 1181 

14-3 Holstein Friesian steer with acute lead 
toxicity. Notice the abnormal 
mentation, contraction of facial 
muscles, and marked dilatation of the 
pupils. The bandage around the neck 
protected an intravenous catheter that 


was used for daily intravenous 
Ca-EDTA treatment. The steer 
recovered following treatment., 1205 

14-4 A 3-month-old Toggenburg kid with 
advanced progressive neurologic signs 
caused by infection with caprine 
arthritis encephalitis virus. The goat 
has normal mentation but is exhibits 
asymmetric weakness (hindlimbs worse 
than forelimbs) and proprioceptive 
abnormalities., 1255 
14-6 Transmission cycle of Japanese 

encephalitis virus between amplifiers 
(pigs and wild birds) and mosquito 
vectors (especially Culex 
tritaeniorhynchus), including the 
infection of dead-end hosts (humans, 
horses, cattle), (reproduced with the 
permission of the World Organisation 
for Animal Health (OIE, www.oie.mt). 
Fig. 3 of Morita K., et al., Japanese 
encephalitis. In New developments in 
major vector-borne diseases. Part II: 
Important diseases for veterinarians (S. 
Zientara, D. Verwoerd & P.-P. 

Pastoret..., eds). Rev. Sci. Tech. Off. 

Int. Epiz., 34 (2), page 444. doi: 
10.20506/rst.34.2.2370.), 1263 
14-5 Distribution of Japanese Encephalitis 
Virus as of 2015. Viral genome has 
been detected in dead birds and 
mosquitos in Italy, but the virus has 
not been isolated nor disease 
consistent with Japanese encephalitis 
detected in that country, (reproduced 
with the permission of the World 
Organisation for Animal Health (OIE, 
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developments in major vector-borne 
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& P.-P. Pastoret..., eds). Rev. Sci. Tech. 
Off. Int. Epiz., 34 (2), page 443. doi: 
10.20506/rst.34.2.2370.), 1263 
14-7 Transmission cycles for infection with 
Western Equine Encephalitis Virus and 
Eastern Equine Encephalitis Virus in the 
Americas, (reproduced with the 
permission of the World Organisation 
for Animal Health (OIE, www.oie.mt). 
Adapted from Fig. 1 of Arechiga- 
Ceballos N. & A. Aguilar-Setien, 
Alphaviral equine encephalomyelitis 
(Eastern, Western and Venezuelan). In 
New developments in major vector- 
borne diseases. Part II: Important 
diseases for veterinarians (S. Zientara, 

D. Verwoerd & P.-P. Pastoret..., eds). 
Rev. Sci. Tech. Off. Int. Epiz., 34 (2), 
page 492. doi: 10.20506/ 
rst.34.2.2374.), 1266 
14-8 Epidemiology of Venezuelan Equine 

Encephalitis virus in enzootic (endemic) 
and epizootic (epidemic) cycles. Note 
the need for mutation of the virus for 
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epizootics, (reproduced with the 
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permission of the World Organisation 
for Animal Health (OIE, www.oie.int). 
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Alphaviral equine encephalomyelitis 
(Eastern, Western and Venezuelan). In 
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D. Verwoerd & P.-P. Pastoret..., eds). 
Rev. Sci. Tech. Off. Int. Epiz., 34 (2), 
page 492. doi: 10.20506/ 
rst.34.2.2374.), 1269 

14-9 Methodology for rapid antemortem 
diagnosis of equine herpesvirus-1 
(EHV-1) myeloencephalopathy in 
horses with signs of nervous system 
disease. Solid lines represent a 
diagnostic pathway. EDTA, 
ethylenediaminetetraacetic acid. 
(Reproduced, with permission, from 
Pusterla N, Wilson WD, Madigan JE, 
Ferraro GL. Equine herpesvirus-1 
myeloencephalopathy: a review of 
recent developments. Vet J 
2009;180:279-289.), 1277 

14-10 The number of reported bovine 

spongiform encephalopathy (BSE) cases 
in cattle and variant Creutzfeldt-Jakob 
(vCJD) cases in humans by date of 
onset in the UK and in the European 
Union (EU) excluding the UK from 
1988 to 2013. Note the different 
multiplier for BSE and vCJD cases in 
the UK and EU non-UK. (Published 
with permission from the European 
Centre for Disease Prevention and 
Control, http://ecdc.europa.eu/en/ 
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than the median; however, grades 0 
and 3 are condensed around the 
median illustrating better agreement, 
whereas grade 2 stretches from -2 to 
+ 1 grades from the median. (From 
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Introduction 

Illness is the situation of being unhealthy or 
having poor health and is caused by disease. 
One must recognize illness and then deter¬ 
mine the disease causing poor health. The 
focal point of any investigation of animal 
disease is the making of a diagnosis, and the 
critical part in making that decision is the 
clinical examination of the individual animal 
or group of animals. Similar to human medi¬ 
cine, 1 the diagnostic act is actually a process 
to categorize the animal’s illness. It is an 
attempt to recognize the group or class of the 
animal’s illness so that one can, based on 
prior individual or collective experience, 
determine the likely disease and what 
further acts or interventions are required to 
resolve or mitigate the effects of the illness. 
Collective experience refers to information 
about diseases assembled in scholarly arti¬ 
cles, accumulated in texts, and generally 
available to the relevant professional. The 
diagnostic act not only provides information 
about the identity of the illness, but also its 
severity and, with repeated examinations, 
progression of the disease. This information 
can then be used to determine a prognosis 
and for monitoring efficacy of interventions, 
if any. 

Disease can be defined as the “inability to 
perform physiologic functions at normal 
levels even though nutrition and other envi¬ 
ronmental requirements are provided at 
adequate levels.” 2 Traditionally, a disease was 
defined by a specific combination of clinical 
signs and pathologic and clinicopathologic 
abnormalities; for example, pneumonia was 
defined by a combination of fever, cough, 
increased respiratory rate, abnormal lung 
sounds, presence of inflammatory exudate in 
tracheal mucus, radiographic evidence of 
abnormalities in the lungs, an inflammatory 
leukogram, and distinctive lesions in lungs at 
postmortem examination. The definition has 
been widened to include those animals or 
herds that are not clinically ill but do not 
perform as expected, for example, subopti- 
mal growth rates in piglets, failure to perform 


to expectation for an athletic horse, or 
lower than anticipated reproductive rates. 
Veterinarians working with food-producing 
animals and horses are required to recognize 
individual animals that are affected with a 
particular, recognizable pathologic lesion, or 
biochemical or metabolic deficit, or nutri¬ 
tional deficiency, which results in recogniz¬ 
able clinical signs such as fever, dyspnea, 
convulsions, or lameness. This is traditional 
veterinary medicine based on a transposition 
of attitudes and behavior from human medi¬ 
cine. However, it is also necessary to investi¬ 
gate disease that the owner recognizes simply 
as failure to perform or to reach predeter¬ 
mined objectives. This is not necessarily sub- 
clinical disease: it is recognizable clinically 
but perhaps only as poor performance, such 
as unthriftiness, without any specific system- 
oriented clinical signs. In other situations, 
the owner might not recognize any abnor¬ 
mality unless productivity is measured, e.g., 
milk production or growth rate per day. 

There has been considerable emphasis on 
the clinical and laboratory examination of 
individual animals affected with clinical 
disease or that have not performed normally, 
and the large body of information now avail¬ 
able in laboratory medicine testifies to this 
preoccupation. Its greatest importance is in 
animals, such as companion and racing 
animals, which are kept as singles and, 
unless the diagnosis is simple and readily 
obvious, if a laboratory is available there can 
be a tendency to make one or more labora¬ 
tory examinations. The more valuable the 
animal, the greater is the tendency toward 
some laboratory work. Many biochemical, 
hematologic, and biophysical examinations 
of each body system can yield valuable clues 
about system or organ function, which 
usually lead to more accurate and detailed 
examination of that system or organ. In 
animals kept in herds or flocks, these labora¬ 
tory tests are also important but are equaled 
in importance overall by epidemiologic 
investigations. 

Epidemiologic information deals with the 
distribution and determinants of health and 
disease in groups, 1 and by extrapolation it 


provides diagnostically, therapeutically, and 
prognostically useful information for indi¬ 
vidual animals. Clinical epidemiology uses 
data regarding causes of disease, efficacy 
(sensitivity, specificity, etc.) of diagnostic acts 
and therapeutic interventions, and prognosis 
in the management of disease in individuals, 
herds, or flocks. 

With a herd of animals affected with 
clinical disease or failing to achieve expected 
objectives, an epidemiologic investigation, 
in addition to the clinical examination of 
individual animals, can make a valuable con¬ 
tribution to the diagnostic process. Epide¬ 
miologic investigations in these situations 
imply or involve the collection of data related 
to risk factors for disease, quantitative evi¬ 
dence of production shortfalls, clinicopatho¬ 
logic data from a large number of animals, 
and quantitative assessment of the outcomes 
of the disease. This is not to suggest that 
clinical and laboratory examinations are 
deemphasized in the examination of herd 
problems. In some instances, the clinical 
and laboratory examinations assume major 
importance to ensure that animals in a herd 
that is not performing normally are not clini¬ 
cally ill. When the presenting complaint is 
poor performance, it is necessary to collect 
all the pertinent epidemiologic data, includ¬ 
ing accurate production measurements, and 
to decide whether or not an abnormality is 
present and, if so, its magnitude. It is at this 
point that veterinarians become the arbiters 
of what is health and what is illness. In herd 
health programs this is a continuing and 
positive service provided by veterinarians to 
farmer clients. 

In this chapter the standard procedure for 
the clinical examination of an individual 
animal followed by some guidelines for the 
examination of the herd are described. The 
level of the examination is sufficient to enable 
the clinician to determine the nature of the 
abnormality and the system involved. For 
more detailed examination it is recom¬ 
mended that subsequent chapters, which 
deal with individual systems, be consulted. 
Each of them describes a method for a 
special examination of the particular system. 
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Chapter 1 


Clinical Examination and Making a Diagnosis 


Making a Diagnosis 

The practice of clinical veterinary medicine 
consists of two major facets: the making of a 
diagnosis and the provision of treatment and 
control measures. For treatment and control 
to be of optimum value the diagnosis must 
be as accurate as possible; thus, the diagnosis 
is the crux of all medical problems. 

A diagnosis is the identification of the 
disease affecting the animal, and to be com¬ 
plete should include three parts: 

1. Identification of the clinical 
manifestation of that abnormality 
produced by the causative agent- 
classification of the animal’s illness 

2. Abnormality of structure or function 
(the disease) produced by the causative 
agent 

3. The above two then usually allow 
identification of the specific cause of the 
illness 

The illness should be classified as precisely 
as possible and should, ideally, include the 
animal species (and if possible more detail), 
the causative agent, and the predominant 
body system affected, for example, equine 
Rhodococcus equi pneumonia and lung 
abscess or bovine neonatal colibacillosis. 
Many diagnoses fall short of this objective 
because of a lack of confirmatory labora¬ 
tory assistance and are assigned a classifi¬ 
cation (diagnosis) based on clinical 
signs, such as bovine chronic diarrhea 
or necropsy lesions (such as bovine 
polioencephalomalacia). 

DIAGNOSTIC METHODS 

At least five distinctly recognizable methods 
are used and are presented here in order of 
increasing complexity. 1 Generally, the expe¬ 
rienced clinician uses more of the simpler 
strategies, and the novice clinician uses more 
of the complex ones. This occurs because the 
simple method omits several steps in the 
clinical reasoning process or the appropriate 
and safe cutting of corners that it is possible 
to perform with confidence only after gaining 
wide experience and after paying a good deal 
of attention to assessing one’s own personal 
competence as a clinician, especially as a 
diagnostician. 

METHOD 1: THE SYNDROME 
OR PATTERN RECOGNITION 

Sometimes referred to as the Aunt Minnie or 
gestalt diagnostic technique, this method 
involves the rapid, almost instantaneous, 
arrival at a diagnosis. 1 It is gestalt because it 
involves the recognition of a pattern among 
apparently chaotic or confused information 
and Aunt Minnie because one instantly rec¬ 
ognizes a close acquaintance without the 
need to thoughtfully identify and assimilate 
their distinctive attributes. The diagnosis is 
made instantaneously and intuitively in the 


first few moments of viewing the animal, e.g., 
the behavior of a horse with abdominal pain 
or the skin lesions of ecthyma in a sheep or 
papillomatosis in a cow. The same experience 
can occur while taking the history—in fact 
most diagnoses in human medicine are 
made during collection of the history—in 
which the description of the clinical situation 
and signs are pathognomonic or highly sug¬ 
gestive of a disease. This recognition is based 
on the comparison of the subject case and 
previous cases in the clinician’s memory or 
training, and one is recognized as a replica 
of the other. There is no need to seek further 
supporting advice, and the definitive diagno¬ 
sis is made then and there. In the hands of 
experienced or well-trained clinicians this 
method is quick and accurate. 

METHOD 2: HYPOTHETICO- 
DEDUCTIVE REASONING 

As soon as the client begins to relate the pre¬ 
senting signs, usually commencing with the 
key clinical sign, the clinician begins to draw 
up a short list (usually three or four) of diag¬ 
nostic possibilities. This is the process of gen¬ 
erating multiple plausible hypotheses from 
initial cues. The clinician then begins to ask 
questions and conduct clinical examinations 
that test the hypotheses. The questions and 
examinations should be directed at support¬ 
ing or discounting the tentative diagnoses 
(the confirm/exclude technique) but can lead 
to the addition of more hypotheses and the 
deletion of some others. (The questions used 
here are search ones, aimed at supporting a 
hypothesis, and are distinctly different from 
scanning questions, which ar e fishing expedi¬ 
tions looking for more key signs about which 
search questions to ask.) This process of 
hypothesis and deduction is continued until 
one diagnosis is preferred over the others. 
The original list of hypotheses can be 
expanded but not usually to more than 
seven, and in the final stages it is usually 
reduced to two or three. These are then 
arranged in order of preference and become 
the list of diagnostic possibilities. 

In farm animal medicine there is usually 
a general absence of both hard primary data 
and ancillary data, such as clinical pathology; 
thus the clinician might be in the position of 
having to provide treatment for two or three 
possible illnesses. An example is the parturi¬ 
tion syndrome of recently calved dairy cows 
in which the treatment of subacute mastitis, 
metritis, and acetonemia is standard proce¬ 
dure because the clinician is uncertain about 
which disease is most accountable for the 
illness. In the more resource-rich arena of a 
veterinary hospital it might still be necessary 
to proceed in this way in the first instance but 
then to narrow down the list of hypotheses 
when additional information is received 
from the laboratory. This polypharmacy 
approach is inefficient and has a number of 
disadvantages, among which are the addi¬ 
tional expense and the increased possibility 


of contamination of food products of 
animal origin by medications, especially 
antibiotics. 

One of the important characteristics of 
this strategy is the dependence on the selec¬ 
tion of a critical or key clinical sign or cue on 
which to base the original hypotheses. The 
selection of the key sign and additional sup¬ 
porting clinical findings is done instinctively 
by experienced clinicians on the basis of 
prior experience in similar situations. For 
novice clinicians it might be necessary to 
examine two or more key signs. 

METHOD 3: THE ARBORIZATION 
OR ALGORITHM METHOD 

This is really an extension of Method 2, but 
the hypothetico-deductive reasoning method 
is formalized and performed according to a 
preplanned program. This reasoning method 
depends on the clinician remembering and 
being aware of an all-inclusive list of diag¬ 
nostic possibilities in the case under consid¬ 
eration. Because memory is unreliable and 
impressionistic, the hypothetico-deductive 
method is subject to error by omission. The 
arborization or algorithmic method similarly 
approaches a listed series of diagnoses and 
examines each one in turn with supporting 
or disproving questions; if they pass the 
proving test they stay in, if they fail the test 
then they are deleted. For example, a key sign 
of red urine in a cow promotes the question: 
Has the cow had access to plant substances 
that color the urine red? If the answer is no, 
the next question is: Is the red color caused 
by hemoglobinuria or hematuria? If the 
answer is hemoglobinuria, all the diagnoses 
on the hematuria branch of the algorithm are 
deleted and the questioner proceeds to the 
next question, which will attempt to deter¬ 
mine whether the cow has postparturient 
hemoglobinuria or any of the diseases char¬ 
acterized by intravascular hemolysis. 

This method works well provided the list 
of possible diagnoses is complete, is fre¬ 
quently updated as new diagnoses become 
available, and, just as importantly, new ways 
of supporting or discounting each hypothesis 
are added as soon as they are published. 
These algorithms are eminently suited to 
computerization and use of apps on smart 
phones or personal digital devices. The 
number of apps for personal digital devices is 
increasing almost daily, and readers are urged 
to consider these tools after appropriately 
considering their efficacy and accuracy. 

The arborization method is well suited to 
the clinician who has not had the necessary 
experience memorizing long lists of poten¬ 
tial diagnoses and the critical tests that 
confirm or exclude each of them. Because 
the algorithms are likely to include all the 
recorded diagnoses that have that particular 
key sign, error by omission is not a risk. Thus 
they are also valuable to the specialist, who 
is less able to afford an omission than the 
general practitioner and certainly cannot 
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really afford to miss even the most obscure 
and unlikely diagnosis. Another major 
advantage is that they provide a system of 
tests that should be performed and clinical 
findings that should be searched for, which 
is really a form of clinical protocol, acting as 
a reminder of the sequential diagnostic steps 
to be taken. The arrangement of the algo¬ 
rithm represents the clinical reasoning of 
the person who designed it and it should 
have considerable merit, assuming that the 
designer was an expert. This characteristic 
does arouse the comment that the method 
does away with the need for clinicians to do 
their own clinical reasoning. That might be 
so, but the interests of optimum clinical care 
of animals are probably better served by 
having inexperienced clinicians apply the 
clinical reasoning of a specialist and, conse¬ 
quently, achieve better results. 

METHOD 4: THE KEY 
ABNORMALITY METHOD 

This is a more time-consuming method than 
the previous ones that requires clinicians to 
rely on their knowledge of normal structure 


and function to select the key abnormality or 
clinical cue. This method consists of five 
steps and is summarized in Fig. 1-1. 

Determination of the Abnormality 
of Function Present 

Disease is an abnormality of function that is 
harmful to the animal. The first step is to 
decide what abnormality of function is 
present. In pursuing a diagnosis using this 
technique one should be aware of the parsi¬ 
mony principle, sometimes referred to as 
Occam’s razor, which is the principle that the 
simplest of several hypotheses is always the 
best when accounting for unexplained facts, 
i.e., always try first to explain the animal’s 
clinical signs as being caused by the fewest 
number of diseases. However, one should 
also be aware of Hickam’s dictum: “that 
patients (animals) can have as many diseases 
as they damn well please.” The practice 
attempts to explain the animal’s illness with 
as few diseases as possible while not defini¬ 
tively excluding any plausible explanations. 
Finally, there can be more than one abnor¬ 
mality detected, but some will be clinically 


unimportant, e.g., a physiologic cardiac 
murmur in a newborn foal. 

Definition of the abnormality is usually in 
general terms, such as paralysis, diarrhea, 
bloat, edema, and so on. These terms are 
largely clinical, referring to abnormalities of 
normal physiologic function, and their use 
requires a foreknowledge of normal physiol¬ 
ogy. It is at this point that the preclinical 
study of physiology merges with the clinical 
study of medicine. 

The necessary familiarity with the normal, 
combined with observation of the case at 
hand, makes it possible to determine the 
physiologic abnormality, e.g., hypoxia. The 
next step is to determine the body system or 
body as a whole or organ involved in the 
production of the hypoxia. 

Determination of the System or 
Body as a Whole or Organ Affected 

Having made a careful physical examination 
and noted any abnormalities, it is then pos¬ 
sible to consider which body system or organ 
is the cause of the abnormality. In some cases 
the body as a whole can be involved. This 



Fig. 1-1 Making a diagnosis. 
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might not be difficult with some systems; for 
example, hypoxia can be caused by failure of 
the respiratory or circulatory systems, and 
examination of these is not difficult. However, 
special problems arise when attempting to 
examine the nervous system, the liver, 
kidney, endocrine glands, spleen, and hemo¬ 
poietic systems. Here, routine physical 
examination by palpation, auscultation, and 
percussion is not very rewarding: special 
ancillary examination techniques with the 
aid of a laboratory are usually necessary. 
These are described in the special examina¬ 
tion methods done for the various systems. 
As a guiding principle, all functions of the 
organ under examination should be observed 
and any abnormalities noted. For example, if 
the integrity of the central nervous system is 
to be examined, the clinician would look for 
abnormalities of mental state, gait, posture, 
muscle and sphincter tone and involuntary 
movements, abnormal posture, and paraly¬ 
sis. Knowing the normal physiologic func¬ 
tions of systems, during examination one 
looks for aberrations. 

When only a simple physical examination 
is available, it can be difficult to choose 
between two or more systems as the possible 
location of the abnormality. For example, 
when an animal is unable to rise from the 
recumbent position it can be difficult to 
decide whether the nervous system or the 
musculoskeletal system or generalized weak¬ 
ness from a systemic illness is the origin of 
the clinical recumbency. If special diagnostic 
techniques and laboratory evaluations are 
inconclusive or not available, it can be 
necessary to resort to probability as a guide. 
For example, paresis caused by diseases 
of the muscles is most common in young 
calves, lambs, and foals and generally uncom¬ 
mon in mature farm animals, with the excep¬ 
tion of the myopathy associated with the 
downer cow syndrome in dairy cattle. 
However, paresis is common in mature cows 
affected with parturient hypocalcemia, per- 
acute coliform mastitis, and acute diffuse 
peritonitis. 

Determination of the Location 
of the Lesion Within the System 
or Organ Affected 

The location of the lesion within the body 
system involved is not always obvious and 
might require special physical and laboratory 
examination techniques. For example, a 
detailed neurologic examination will be nec¬ 
essary to localize the lesion in an animal with 
manifestation of disease of the nervous 
system. This might be combined with radio- 
graphic techniques such as myelography. 
An exploratory laparotomy with or without 
biopsy techniques might be necessary to 
determine the location of an intestinal lesion 
thought to be the cause of chronic diarrhea. 
Endoscopy is standard practice for the local¬ 
ization of lesions of the respiratory tract of 
the horse. Radiography is often necessary to 


localize lesions of the musculoskeletal system 
and diseases of the feet of horses and cattle. 

Determination of the Type of Lesion 

The abnormality observed may be produced 
by lesions of different types. Generally, 
lesions can be divided into anatomic or phys¬ 
ical lesions and functional disturbances. 
The physical lesions can be further subdi¬ 
vided into inflammatory, degenerative, or 
space occupying. These classifications are not 
mutually exclusive because a lesion may be 
both inflammatory and space occupying, for 
example abscesses in the spinal cord or lung. 
In these circumstances it is necessary to 
modify the diagnosis and say that such and 
such a lesion is space occupying and may or 
may not be inflammatory. 

The differentiation between functional 
disturbances and physical lesions is often 
extremely difficult because the abnormalities 
produced may be identical. For example, in a 
case of hypomagnesemia in a cow there is no 
physical lesion but differentiation from the 
encephalitis of furious rabies may be impos¬ 
sible. As a rule, functional disturbances are 
transient, often recurrent or fluctuating, and 
are readily reversible by treatment, whereas 
structural lesions cause changes that are rela¬ 
tively static or at least change slowly and are 
affected only gradually by treatment. This is 
by no means a regular rule: the acute abdomi - 
nal pain of intestinal obstruction usually 
fluctuates but the lesion is a physical one, 
whereas the paralysis of parturient paresis 
in cattle is static but the disturbance is 
functional. 

Differentiation among inflammatory, 
degenerative, and space-occupying lesions is 
usually simpler. Space-occupying lesions 
produce signs characteristic of pressure 
on surrounding organs and can often be 
detected by physical means. Inflammatory 
lesions are characterized by heat, pain, swell¬ 
ing, and a local or general leukocytosis and, 
in severe cases, a systemic toxemia. A total 
white blood cell count and differential is a 
sensitive but nonspecific test for the pres¬ 
ence of an infection. A leukopenia, neutro¬ 
penia, and a degenerative left shift suggest a 
severe infection. A neutrophilia and regen¬ 
erative shift suggest an active chronic infec¬ 
tion. The most common infections of cattle, 
which are often not readily obvious, are in 
the thoracic and abdominal cavities (pleuri- 
tis, pulmonary abscesses, pericarditis, and 
peritonitis). Degenerative lesions produce 
the same loss or abnormality of function as 
lesions of the other types but are not usually 
accompanied by evidence of inflammation 
unless they are extensive. If the lesion is 
accessible, biopsy should be considered as a 
means of determining its nature. 

Determination of the Specific Cause 
of the Lesion 

If the nature of the abnormality and the type 
of lesion can be satisfactorily determined, 


then the specific causative agent remains to 
be found. If, for example, it could be said that 
a particular case of paralysis in a calf was 
caused by a degenerative lesion of the mus¬ 
culature, only a few specific etiologic agents 
would have to be considered to make a final 
diagnosis. In many cases it is impossible to 
go beyond this stage without additional tech¬ 
niques of examination, particularly labora¬ 
tory examinations, and it is general practice 
to make a diagnosis without this confirma¬ 
tory evidence because of limitations of time, 
finances, or facilities. 

It is at this stage that a careful history 
taking and examination of the environment 
show their real value. It is only by a detailed 
knowledge of specific disease entities, the 
conditions under which they occur, the epi¬ 
demiology, and the clinical characteristics of 
each disease that an informed judgment can 
be made with any degree of accuracy. If the 
diagnostic possibilities can be reduced to a 
small number, confirmation of the diagnosis 
by laboratory methods becomes so much 
easier because there are fewer examinations 
to be made and confirmation by response to 
treatment is easier to assess. If it is necessary 
to treat with many drugs serially or in com¬ 
bination to achieve a cure, the expense is 
greater and the satisfaction of both the client 
and the veterinarian is diluted in proportion 
to the range of treatments. Accuracy in diag¬ 
nosis means increased efficiency, and this is 
the final criterion of veterinary practice. 

METHOD 5: THE 
DATABASE METHOD 

The basis of this method (also called the 
Weed or problem-oriented method) is to 
conduct a complete clinical and clinicopath- 
ologic examination of the animal to acquire 
a comprehensive animal database. The prob¬ 
lems (key signs) in this database are then 
matched with the diagnostic database, in 
which collections of signs or syndromes are 
labeled with diagnoses, to select the best fit 
with the animal’s data. 

This method also uses the problem- 
oriented veterinary medical record system, 
which is an excellent system for the daily 
recording of clinical and laboratory data in 
an orderly, systematic, and consistent manner 
that can be easily followed by clinicians and 
their colleagues. This system is now used 
widely by veterinary teaching hospitals. It 
has four components based on the four 
phases of veterinary medical action: 

• Database 

• Problem list 

• Initial plans 

• Progress notes 

The progress notes are created daily and 
divided into four parts known collectively 
by the acronym SOAP to designate the 
following: 

• Subjective information 

• Objective data 

• Assessment of problem 




• Plans, which may include diagnostic, 

therapeutic, or client education 
The method requires clinicians to be very 
painstaking in their examination and record¬ 
ing. It places great demands on the time 
spent by clinicians and clinical pathologists, 
on laboratory resources, and on clinical 
record storage. Much of the data have no 
diagnostic importance because the diagnos¬ 
tic decisions are made largely on the pres¬ 
ence or absence of relatively few key signs. It 
also has the disadvantage that there is a ten¬ 
dency to make the animal fit a category. It is 
the opposite of the key abnormality method, 
in which only the signs and other indicants 
relevant to the proposed diagnosis are sought 
and recorded. Because of its requirement of 
time and data recording and storage this 
method is not suitable for use in food animal 
medicine, in which speed is a vital compo¬ 
nent of the diagnostic process. As mentioned 
in the next section, it is an excellent system 
for the teaching clinical veterinary medicine 
(i.e., taught how to do it, but then taught 
never to do it). 

The method is really an expanded version 
of the hypothetico-deductive method, in 
which the hypotheses are made sequentially 
as further information becomes available. In 
the database method all the hypotheses are 
pursued in parallel because all the possible 
data have been put into the animal’s data¬ 
base. The source of error in the method is 
the possibility of undue importance being 
attached to a chance abnormality in, say, the 
clinical biochemistry. If the abnormality 
cannot be matched to a clinical sign, it 
should be weighted downward in value or 
marked for comment only. The same error 
can result from inclusion of a sign that is 
important, e.g., diarrhea, but that happens to 
be present at low intensity. 


Clinical Examination 
of the Individual Animal 

A clinical examination has three parts: 

• History 

• Animal 

• Environment 

The usual admonition is that one should 
collect a comprehensive history and perform 
a complete physical examination (a diagnosis 
by exhaustion 1 ) when investigating disease 
in an individual animal. This approach, in 
which one gathers all pertinent or potentially 
pertinent information before attempting to 
arrive at a diagnosis, is often taught to veteri¬ 
nary students as well as medical colleagues, 
but does not represent the behavior of expe¬ 
rienced clinicians. One authority in human 
medicine states that all medical students 
should be taught how to do a complete his¬ 
torical and physical examination, but once 
they have mastered its components they 
should be taught never to do use this exhaus¬ 
tive methodology. 1 
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Inadequate examination of any of these 
can lead to error. The examination of the 
affected animal represents only a part of the 
complete investigation. Careful questioning 
of the owner or attendant can yield informa¬ 
tion about the diet or the prior diet, about 
recent vaccinations or surgery, or about the 
introduction of animals into the group, 
which will provide the clues for a successful 
diagnosis. However, the most detailed exam¬ 
ination of the animal and the most careful 
questioning of the owner might fail to elicit 
the evidence necessary for a correct diagno¬ 
sis, for example, in lead poisoning of cattle. 
Only a careful physical search of the environ¬ 
ment for a source of lead can provide this 
information. Thus neglect of one aspect of 
the clinical examination can render valueless 
a great deal of work on the other aspects and 
lead to an error in diagnosis. 

HISTORY TAKING 

In veterinary medicine, history taking is 
often the most important of the three 
aspects of a clinical examination. The 
importance of the results obtained by exam¬ 
ination of the animal and the environment 
is liable to be modified by a number of 
factors. Animals are unable to describe their 
clinical symptoms (they have clinical signs, 
which are noticeable to an observer, but it 
can only be assumed that animals have 
symptoms or the subjective sensation of 
illness); they vary widely in their reaction to 
handling and examination, and a wide 
range of normality must be permitted in the 
criteria used in a physical examination. 
These variations are much greater in some 
species than in others. Dairy cattle, horses, 
sheep, and goats are usually easy to examine, 
whereas beef cattle and pigs can be difficult 
to examine adequately under some condi¬ 
tions. A satisfactory examination of the 
environment can prove difficult because of 
lack of knowledge of the factors concerned 
or because of the examiner’s inability to 
assess their significance. Problems such as 
the measurement of the relative humidity of 
a barn and its importance as a predisposing 
factor in an outbreak of pneumonia or the 
determination of pH of the soil with refer¬ 
ence to the spread of leptospirosis can 
present virtually insuperable difficulties to 
the veterinarian in the field. On the other 
hand, a search for a specific factor (a known 
poison), such as a pasture walk to detect 
toxic yew (Taxus spp.) offcuts in a field, can 
be relatively simple. 

Nevertheless, history taking is an impor¬ 
tant key to accurate diagnosis in veterinary 
medicine, and to be worthwhile it must be 
accurate and purposeful. A fit for purpose 
history requires the focused collection of 
data that progressively increase or decrease 
the likelihood of a diagnosis. Collection of 
information that does not address a clinically 
relevant question (hypothesis) is a waste of 


time and resources. Admittedly, human fal¬ 
libility must be taken into consideration: 
there might be insufficient time, the impor¬ 
tance of particular factors might not be 
appreciated, and there could be misunder¬ 
standing. Although these are excusable up to 
a point, failure to recognize the importance 
of the history can lead only to error. To avoid 
being misled, it is essential that the veterinar¬ 
ian assesses the accuracy of the history by 
careful examination of what the owner 
relates about his or her animals. 

The history should suggest not only the 
diagnostic possibilities but also the probabil¬ 
ities: a 1-year-old heifer is unlikely to have 
clinical Johne’s disease, and an adult cow is 
more likely to have parturient paresis than a 
first-calf heifer, which in turn is more likely 
to have maternal obstetric paralysis than is 
the adult cow. The history can often indicate 
that special attention should be paid to the 
examination of a particular system in the 
animal or a particular factor in the environ¬ 
ment. For example, in hypovitaminosis A in 
beef calves from 6 to 10 months of age, the 
animals might be seen when they are clini¬ 
cally normal, and the only means of reaching 
a diagnosis might be a consideration of the 
history of the clinical findings and the nutri¬ 
tional status. 

HISTORY-TAKING METHOD 

Good communication skills are an essential 
component of successful history taking and 
are increasingly taught as part of a veterinary 
curriculum. ’ Some suggestions are presented 
here as guidelines that might prove useful to 
the clinician. 

The veterinarian should establish the 
context for the consultation and ensure that 
the environment in which it occurs is safe, 
professional, and allows for effective interac¬ 
tion with the client and examination of the 
animal. 3 This includes an introduction so 
that both parties are aware of the other’s roles 
and responsibilities. For example, the veteri¬ 
narian might be consulting with the sole 
owner, one of several owners, the farm 
manager or animal trainer, or a stable hand 
or farm worker. Each of these might have 
different levels of authority (the sole owner 
presumably has the most authority) or 
knowledge (a stable hand might have better 
insight into the horse’s condition than a geo¬ 
graphically distant part-time owner). 

The next step is to establish rapport 
with the client. How can I help you today? 
is an effective opening question that pro¬ 
vides the owner the opportunity to relate 
his or her concerns about the animals. 
Importantly, this allows the client to iden¬ 
tify the reasons for the consultation. Recall 
that the role of a veterinarian in clinical 
practice is, in most instances, to solve the 
owner’s problems or address his or her 
concerns. A focus solely on the animal will 
not necessarily result in a good outcome for 
the owner. 
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The owner or attendant must be handled 
with diplomacy and tact. The use of non¬ 
technical terms is usually essential, because 
livestock owners can be confused by techni¬ 
cal expressions or reluctant to express them¬ 
selves when confronted with terms they do 
not understand. The veterinarian must be 
aware of the vernacular associated with par¬ 
ticular breeds or uses of animals and should 
be able to communicate in these terms. 
Statements, particularly those concerned 
with time, should be tested for accuracy and 
precision. Such terms as not long ago or a 
little while ago should be used to ascertain 
the number of hours, days, or weeks 
involved. One persons perception of recently 
might be considerably different to another 
person. Owners, and more especially herds¬ 
men and agents, can attempt to disguise 
their neglect by condensing time or varying 
the chronology of events. If a detailed cross- 
examination of the owner seems likely to 
arouse some antagonism, it is advisable for 
the veterinarian to forego further question¬ 
ing and be content with his or her own esti¬ 
mate of the dependability of the history. The 
clinician must try to separate owners’ obser¬ 
vations from their interpretations. A state¬ 
ment that the horse had a bout of bladder 
trouble may, on closer examination, mean 
that the horse had an attack of abdominal 
pain in which it assumed a posture usually 
associated with urination. Often, however, it 
is impossible to avoid the use of leading 
questions—Did the pigs scour?, Was there 
any vomiting?—but it is necessary to weigh 
the answers in accordance with the general 
veracity of the owner. 

Absence of a sign can only be determined 
by inquiring whether or not it occurred. 
Simply asking for a complete history of what 
has happened almost invariably results in an 
incomplete history. The clinician must know 
the right questions to ask; this knowledge 
comes with experience and familiarity with 
disease. Owners seldom describe clinical 
signs in their correct time sequence, and part 
of the clinicians task is to establish the chro¬ 
nology of events. 

For completeness and accuracy in history 
taking the clinician should conform to a set 
routine. The system outlined next includes 
animal data, disease history, and manage¬ 
ment history. The order in which these parts 
of the history are taken will vary. Generally 
it is best to take the disease history first. The 
psychological effect is good: the owner 
appreciates the desire to get down to the facts 
about his or her animal’s illness. 

ANIMAL DATA 

If records are to be kept at all, even if only 
for financial purposes, accurate identifica¬ 
tion of the animal is essential. An animal’s 
previous history can be referred to, the 
disease status of a herd can be examined, 
and specimens for laboratory examination 
can be dispatched with the knowledge that 


the results can be related to the correct 
animal. Accurate records are also necessary 
for the submission of accounts for veterinary 
services rendered, and the details of the 
owner’s address and of the animals exam¬ 
ined and treated must be accurate. These 
points might have no importance in estab¬ 
lishing the diagnosis, but they are of primary 
importance in the maintenance of a success¬ 
ful practice. 

The relevant data include the following: 

• Owner’s name and initials 

• Postal address and telephone number 

• Species, type, and breed (or estimate of 
parentage in a crossbreed) 

• Sex, age, name or number, and body 
weight 

• If necessary, a description, including 
color markings, polledness, and other 
identifying marks, of the animal 

Such a list can appear formidable but many 
of the points, such as age, sex, breed, and 
type (use made of animal, e.g., beef, dairy, 
mutton, wool), are often important to the 
diagnosis. A case history of a particular 
animal might suggest that further treatment 
is likely to be uneconomic because of age, or 
that a particular disease is assuming suffi¬ 
cient importance in a herd for different 
control measures to be warranted. 

Computers are routinely veterinary 
practices for recording the details of farm 
calls, the animals examined and treated, the 
amounts charged for travel and professional 
services, the costs of laboratory services, the 
drugs used and dispensed, and the diseases 
that occur on a particular farm on an ongoing 
basis. It is now possible for veterinary prac¬ 
tices to provide regular and annual health 
reports to herd owners so that planned 
health management programs can be 
assessed and evaluated. The ability to retrieve 
and summarize this information on an indi¬ 
vidual farm basis is a major step forward in 
providing optimal veterinary service to live¬ 
stock herds, regardless of their size and 
complexity. 

DISEASE HISTORY 

History taking will vary considerably 
depending on whether one animal or a group 
of animals is involved in the disease problem 
under examination. Generally, in large 
animal work, all disease states should be con¬ 
sidered as herd problems until proved to be 
otherwise. It is often rewarding to examine 
the remainder of a group and find animals 
that are in the early stages of the disease. 

Present Disease 

Attempts should be made to elicit the details 
of the clinical abnormalities observed by 
the owner in the sequence in which they 
occurred. If more than one animal is affected, 
a typical case should be chosen and the varia¬ 
tions in history in other cases should then 
be noted. Variations from the normal in 
the physiologic functions, such as intake of 


food or drink, milk production, growth, 
respiration, defecation, urination, sweating, 
activity, gait, posture, voice, and odor, should 
be noted in all cases. There are many specific 
questions that need to be asked in each case, 
and for the most part they are variations on 
the questions already suggested. 

If a number of animals are affected, infor¬ 
mation could be available from clinical 
pathologic examinations performed on 
living animals or necropsy examinations on 
fatal cases. The behavior of animals before 
death and the period of time elapsing 
between the first observable signs and death 
or recovery are important items of informa¬ 
tion. Prior surgical or medical procedures, 
such as castration, docking, shearing, or vac¬ 
cination, may be important factors in the 
production of disease. 

Morbidity, Case Fatality, and 
Population Mortality Rates 

The morbidity rate is usually expressed as the 
percentage of animals that are clinically 
affected compared with the total number of 
animals exposed to the same risks. The case 
fatality rate is the percentage of affected 
animals that die. The population cause- 
specific mortality rate is the percentage of all 
exposed animals that die of the disease of 
interest. The population mortality rate is the 
proportion of animals in the population of 
interest that die of any cause during the spec¬ 
ified period (a rate always includes a time 
element in the denominator). The estimates 
can be important in diagnosis because of the 
wide variations in morbidity, case fatality, 
and cause-specific mortality rates that occur 
in different diseases. An equally important 
figure is the proportion of animals at risk 
that are clinically normal but show abnor¬ 
mality on the basis of laboratory or other 
tests (so-called suhclinical disease). 

Prior Treatment 

It is important to determine whether the 
animal has had any previous treatment for 
this condition administered by the owner or 
another veterinarian. Exact details of the 
preparations used and doses given can be of 
value in eliminating some diagnostic possi¬ 
bilities. They could be of importance when 
assessing the probable efficiency of the treat¬ 
ment and the significance of clinical patho¬ 
logic tests, and in prescribing additional 
treatment. Drug withdrawal regulations now 
require that treated animals or their prod¬ 
ucts, such as milk, be withheld from slaugh¬ 
ter or market for varying lengths of time to 
allow drug residues to reach tolerable limits. 
This necessitates that owners reveal informa¬ 
tion about recent treatments. 

Prophylactic and Control Measures 

It should be ascertained whether preventive 
or control procedures have already been 
attempted. There could have been clinical 
pathologic tests; the introduction of artificial 
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insemination to control venereal disease; 
vaccination; or changes in nutrition, man¬ 
agement, or hygiene. For example, in an out¬ 
break of bovine mastitis careful questioning 
should be pursued regarding the method 
of disinfecting the cows’ teats after each 
milking, with particular reference to the type 
and concentration of the disinfectant used 
and whether or not back-flushing of teat 
cups is practiced. Spread of the disease can 
result from failure of the hygiene barrier at 
any one of a number of such points. When 
written reports are available they are more 
reliable than memory. 

Previous Exposure 

The history of the group relative to additions 
is of particular importance in establishing 
the animal’s exposure to the following risk 
factors: 

• Is the affected animal an established 
member of the group, or has it been 
introduced, and if so how long ago? 

• If the affected animal has been in the 
group for some time, have there been 
recent additions? 

• Is the herd a closed herd or are animals 
introduced at frequent intervals? 

Not all herd additions are potential carriers 
of disease: they might have come from herds 
in which control measures are adequate, they 
could have been tested before or after sale or 
kept in quarantine for an adequate period 
after arrival, or they could have received suit¬ 
able biological or antibiotic prophylaxis. 
Herd additions might have come from areas 
in which a particular disease does not occur, 
although a negative history of this type is less 
reliable than a positive history of derivation 
from an area in which a particular disease is 
enzootic. 

A reverse situation may occur in which 
imported animals have no resistance to 
endemic infection in the home herd or have 
not become adapted to environmental stress¬ 
ors, such as high altitudes, high environmen¬ 
tal temperatures, and particular feeding 
methods, or are not accustomed to poison¬ 
ous plants occurring in the environment. 

Transit 

The possibility of infection during transit is 
always a potential risk, and presale certifi¬ 
cates of health may be of little value if an 
animal has passed through a sale barn, a 
show, or communal trucking yards while in 
transit. Highly infectious diseases may be 
transmitted via trucks, railroad cars, or other 
accommodation contaminated by previous 
inhabitants. Transient introductions, includ¬ 
ing animals brought in for work purposes, 
for mating, or on temporary grazing, are 
often overlooked as possible vectors of 
disease. Other sources of infection are wild 
fauna that graze over the same area as 
domestic livestock and inanimate objects 
such as human footwear, car tires, and 
feeding utensils. 


Culling Rate 

There may be considerable diagnostic impor¬ 
tance in the reasons for culling and the 
number of animals disposed of for health 
reasons. Failure to grow well, poor produc¬ 
tivity, and short productive life suggest the 
possible occurrence of a number of chronic 
diseases, including some associated with 
infectious agents, caused by nutritional defi¬ 
ciencies, or caused by poisons. 

Previous Disease 

Information elicited by questioning on pre¬ 
vious history of illness can be helpful. If there 
is a history of previous illness, inquiries 
should be made along the usual lines, includ¬ 
ing clinical observations, necropsy findings, 
morbidity, case fatality rates, the treatments 
and control measures used, and the results 
obtained. If necessary, inquiries should be 
made about herds from which introduced 
animals have originated and also about herds 
to which other animals from the same source 
have been sent. 

MANAGEMENT HISTORY 

The management history includes nutrition, 
breeding policy and practice, housing, trans¬ 
port, and general handling. It is most impor¬ 
tant to learn whether or not there has been 
any change in the prevailing practice before 
the appearance of disease. Because a disease 
has occurred when the affected animals have 
been receiving the same ration, deriving 
from the same source over a long period, 
suggests that the diet is not at fault, although 
errors in preparation of concentrate mix¬ 
tures, particularly with the present-day prac¬ 
tice of introducing additives to feeds, can 
cause variations that are not immediately 
apparent. 

Nutrition 

The major objective in the examination of 
the nutritional history is to determine 
how the quantity and quality of the diet the 
animals have been receiving compares with 
the nutrient requirements recommended for 
a similar class of animal. Attention should be 
paid to both the macronutrients (protein, 
roughage, carbohydrate, and fat) and micro¬ 
nutrients (minerals and trace elements). 
Malnutrition can involve underfeeding (star¬ 
vation), overfeeding (obesity), or deficiency 
or excess of micronutrients. In some situa¬ 
tions it will be necessary to submit feed and 
water samples for analyses to assess quality 
and adequacy of feed. 

Livestock at Pasture 

Pastured livestock present a problem differ¬ 
ent from those being stall fed because they 
receive a diet that is less controlled and thus 
more difficult to assess. The risk of parasitic 
infestation and, in some cases, infectious 
disease is much greater in grazing animals. 
Inquiries should be made about the compo¬ 
sition of the pasture, its probable nutritive 


value with particular reference to recent 
changes brought about by rain or drought, 
whether rotational grazing is practiced, the 
fertilizer program, and whether or not min¬ 
erals and trace elements are provided by top- 
dressing or mineral mixtures. The origin of 
mineral supplements, particularly phos¬ 
phates, which can contain excess fluorine, 
and homemade mixtures, which can contain 
excessive quantities of other ingredients, 
should receive attention. Actual examination 
of the pasture area is usually more rewarding 
than a description of it. 

Hand-Fed/Stall-Fed Animals 

Hand-fed or stall-fed animals are subjected 
to a controlled feed supply but, because of 
human error, they are frequently exposed to 
dietary mistakes. Types and amounts of feeds 
should be determined. Examples of disease 
caused by inadequate hand-fed diets include 
osteodystrophia fibrosa in horses on diets 
containing excess grain, azoturia in the same 
species when heavy-carbohydrate diets are 
fed during periods of rest, and lactic acid 
indigestion in cattle introduced to high-level 
grain diets too rapidly. The sources of the 
dietary ingredients can also be important. 
Grains from some areas are often much 
heavier and contain a much greater propor¬ 
tion of starch to husk than grains from other 
areas; thus when feed is measured, rather 
than weighed, overfeeding or underfeeding 
can occur. 

Because the digestive enzyme capacity 
of newborn farm animals is most efficient 
in the digestion of whole milk, the use 
of nonmilk sources of carbohydrates and 
proteins in the formulation of milk replacers 
can result in indigestion and nutritional 
diarrhea. 

Exotic diseases can be imported in 
feed materials; anthrax, foot-and-mouth 
disease, and hog cholera are well-described 
examples. 

Variations in the preparation of ingredi¬ 
ents of rations can produce variable diets. 
Overheating, as in pelleting or the cooking 
of feeds, can reduce their vitamin content; 
contamination with lubricating oil can result 
in poisoning by chlorinated naphthalene 
compounds; and pressure extraction of 
linseed can leave considerable residues of 
hydrocyanic acid in the residual oil cake. 

Feeding practices may contribute to the 
production of disease. Pigs fed in large 
numbers with inadequate trough space or 
calves fed from communal troughs are likely 
to be affected by overeating or inanition, 
depending on their size and vigor. High-level 
feeding and consequent rapid growth may 
create deficiency states by increasing the 
requirement for specific nutrients. 

In both hand-fed and grazing animals 
changes in diet should be carefully noted. 
Movement of animals from one field to 
another, from pasture to cereal grazing, and 
from unimproved to improved pasture may 
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all precipitate the appearance of disease. 
Periods of sudden dietary deficiency can 
occur as a result of bad weather or transpor¬ 
tation or a change to unfamiliar feeds. Rapid 
changes are more important than gradual 
alterations, particularly in pregnant and lac- 
tating ruminants when metabolic diseases, 
including those caused by hypocalcemia, 
hypoglycemia, and hypomagnesemia, are 
likely to occur. 

The availability of drinking water must 
be determined and is ideally done by direct 
examination of the watering facilities. 

Reproductive Management 
and Performance 

In the examination of a single animal the 
breeding and parturition history might 
suggest or eliminate some diagnostic possi¬ 
bilities. For example, pregnancy toxemia 
occurs in sheep in late pregnancy, whereas 
ketosis in dairy cows occurs primarily 2 to 6 
weeks after parturition. Acute septic metritis 
is a possibility within a few days after partu¬ 
rition in any species but unlikely several 
weeks later. 

Breeding History 

The breeding history can be important 
regarding inherited disease. The existence of 
a relationship between sires and dams should 
be noted. Hybrid vigor in crossbred animals 
should be considered when there is apparent 
variation in resistance to disease between 
groups maintained under similar environ¬ 
mental conditions. A general relationship 
between selection for high productivity and 
susceptibility to certain diseases is apparent 
in many breeds of animal and even in certain 
families. The possibility of genetotrophic 
disease, i.e., the inheritance of a greater than 
normal requirement for a specific nutrient, 
should be considered. 

Reproductive History 

The examination of the herd reproductive 
history involves comparing past and present 
reproductive performances with certain 
optimum objectives. The mean length of the 
interval between parturition and conception, 
the mean number of services per conception, 
and the percentage of young animals weaned 
relative to the number of females that were 
originally exposed for breeding (calf or lamb 
crop and pigs weaned) are general measures 
of reproductive performance and efficiency. 

Using cattle as an example, certain obser¬ 
vations can assist in determining the cause of 
failure to reach reproductive performance 
objectives. These include the following: 

• Percentage of abortions 

• Length of breeding season 

• Percentage of females pregnant at 
specified times after the onset of the 
breeding period 

• Bull/cow ratio 

• Size and topography of breeding 
pastures 


• Fertility status of the females and males 
at breeding time 

The percentage of females that need assis¬ 
tance at parturition and the percentage of 
calves that die at birth are also indices of 
reproductive performance indicative of the 
level of reproductive management provided. 

Climate 

Many diseases are influenced by climate. 
Foot rot in cattle and sheep reaches its peak 
incidence in warm, wet summers and is rela¬ 
tively rare in dry seasons. Diseases spread by 
insects are encouraged when climatic condi¬ 
tions favor the proliferation of the vector. 
Internal parasites are similarly influenced by 
climate. Cool, wet seasons favor the develop¬ 
ment of hypomagnesemia in pastured cattle. 
Anhidrosis in horses is specifically a disease 
of hot, humid countries. The direction of 
prevailing winds is important in many 
disease outbreaks, particularly in relation to 
the contamination of pasture and drinking 
water by fumes from factories and mines and 
the spread of diseases carried by insects. 

General Management 

There are so many items in the proper man¬ 
agement of livestock that, if neglected, can 
lead to the occurrence of disease that they 
cannot be related here; animal management 
in the prevention of disease is a subject in its 
own right and is dealt with in all parts of this 
book. Some of the more important factors 
include the following: 

• Hygiene, particularly in milking parlors 
and in parturition and rearing stalls 

• Adequacy of housing in terms of space, 
ventilation, draining, and situation and 
suitability of troughs 

• Opportunity for exercise 

• Proper management of milking 
machines to avoid udder injury 

The class of livestock under consideration is 
also important; for example, enterotoxemia 
is most common in finishing lambs and pigs, 
parturient paresis in milking cows, obstruc¬ 
tive urolithiasis in lambs and steers in feed- 
lots, and pregnancy toxemia in ewes used for 
fat lamb production. 

EXAMINATION OF 
THE ENVIRONMENT 

An examination of the environment is a nec¬ 
essary part of any clinical investigation 
because of the possible relationship between 
environmental factors and the incidence 
of disease. A satisfactory examination of 
the environment necessitates an adequate 
knowledge of animal husbandry and, with 
the development of species specialization, it 
will be desirable for the veterinarian to 
understand the environmental needs of a 
particular species or class of farm animal. 

Depending on the region, some animals 
are kept outside year round, some are housed 
for part of the year during the winter months, 


and some are kept under total confinement. 
For animals raised on pasture, the effects of 
topography, plants, soil type, ground surface, 
and protection from extremes of weather 
assume major importance. For animals 
housed indoors, hygiene, ventilation, and 
avoiding overcrowding are of major concern. 
Some of these items will be briefly presented 
here as guidelines. Each observation should 
be recorded in detail for preparation of 
reports for submission to the owners. 
Detailed records and even photographs of 
environmental characteristics assume major 
importance when poisonings are suspected 
and where litigation proceedings appear 
possible. 

OUTDOOR ENVIRONMENT 
Topography and Soil Type 

The topography of grasslands, pastures, and 
wooded areas can contribute to disease or 
inefficient production and reproduction. 
Flat, treeless plains offering no protection 
from wind predispose cattle to lactation 
tetany in inclement weather. Low, marshy 
areas facilitate the spread of insect-borne 
diseases and soil-borne infections requiring 
damp conditions, such as leptospirosis; 
Johne’s disease and diseases associated with 
liver fluke infestation and lungworm pneu¬ 
monia are more prevalent in such areas. 
Rough grasslands with extensive wooded 
areas can have an adverse effect on reproduc¬ 
tive performance in beef herds because of 
the difficulty the bulls have in getting to 
the females during peak periods of estrus 
activity. 

The soil type of a district may provide 
important clues to the detection of nutri¬ 
tional deficiencies; copper and cobalt defi¬ 
ciencies are most common on littoral sands, 
and the copper deficiency/molybdenum 
excess complex usually occurs on peat soils. 
The surface of the ground and its drainage 
characteristics are important in highly inten¬ 
sive beef feedlots and in large dairy herds 
where fattening cattle and dairy cows are 
kept and fed under total confinement. 
Ground surfaces that are relatively imperme¬ 
able and/or not adequately sloped for drain¬ 
age can become a sea of mud following 
a heavy rainfall or snowstorm. Constant 
wetting of the feet and udders commonly 
results in outbreaks of foot rot and mastitis. 
Dirty udders increase the time required for 
udder washing before milking and can seri¬ 
ously affect a mastitis control program. 

In some regions of the world, beef cows 
are calved in outdoor paddocks in the spring 
when it is wet and cold with an excess of 
surface water; this increases the spread of 
infectious disease and results in a marked 
increase in neonatal mortality. A lack of suf¬ 
ficient protection from the prevailing winds, 
rain, snow, or the heat of the sun can seri¬ 
ously affect production and can exacerbate 
an existing disease condition or precipitate 
an outbreak. Dusty feedlots during the hot 






summer months may contribute to an 
increase in the incidence of respiratory 
disease or delay the response to treatment of 
disease such as pneumonia. 

Stocking Rate (Population Density) 

Overcrowding is a common predisposing 
cause of disease. There may be an excessive 
buildup of feces and urine, which increases 
the level of infection. The relative humidity 
is usually increased and more difficult to 
control. Fighting and cannibalism are also 
more common in overcrowded pens than 
when there is adequate space for animals to 
move around comfortably. The detection and 
identification of animals for whatever reason 
(illness and estrus) can be difficult and inac¬ 
curate under crowded conditions. 

Feed and Water Supplies 
Pasture and Feed 

In pastures the predominant plant types, 
both natural and introduced, should be 
observed because they are often associated 
with certain soil types and may be the cause 
of actual disease; the high estrogen content 
of some clovers, the occurrence of functional 
nervous diseases in pastures dominated 
by Phalaris aquatica (syn. P. tuberosa) and 
perennial rye grass, and the presence of 
selective absorbing converter plants on 
copper-rich and selenium-rich soils are all 
examples of the importance of the dominant 
vegetation. The presence of specific poison¬ 
ous plants, evidence of overgrazing, and the 
existence of a bone-chewing or bark-chewing 
habit can be determined by an examination 
of the environment. 

Vital clues in the investigation of possible 
poisoning in a herd may be the existence of 
a garbage dump or ergotized grass or rye in 
the pasture, or the chewing of lead-based 
painted walls in the barn, or careless han¬ 
dling of poisons in the feed area. The possi¬ 
bility that the forage has been contaminated 
by environmental pollution from nearby fac¬ 
tories or highways should be examined. In 
some cases the physical nature of the pasture 
plants may be important; mature, bleached 
grass pasture can be seriously deficient in 
carotene, whereas lush young pasture can 
have rachitogenic potency because of its high 
carotene content or it may be capable of 
causing hypomagnesemia if it is dominated 
by grasses. Lush legume pasture or heavy 
concentrate feeding with insufficient rough- 
age can cause a serious bloat problem. 

The feed supplies for animals raised in 
confinement outdoors must be examined for 
evidence of moldy feed, contamination with 
feces and urine, and excessive moisture 
caused by lack of protection from rain and 
snow. Empty feed troughs may confirm a 
suspicion that the feeding system is faulty. 

Water 

The drinking water supply and its origin may 
be important in the production of disease. 
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Water in ponds can be covered with algae 
containing neurotoxins or hepatotoxic 
agents, and flowing streams might carry 
effluent from nearby industrial plants. In a 
feedlot, water can suddenly become unavail¬ 
able because of frozen water lines or faulty 
water tank valves. This should not go unno¬ 
ticed if one recognizes the anxiety of a group 
of cattle trying to obtain water from a dry 
tank. 

Waste Disposal 

The disposal of feces and urine has become 
a major problem for large intensified live¬ 
stock operations. Slurry is now spread on 
pastures and may be important in the spread 
of infectious disease. Lagoons can provide 
ideal conditions for the breeding of flies, 
which can be troublesome to a nearby live¬ 
stock operation. The inadequate disposal of 
dead animals also can be an important factor 
in the spread of certain diseases. 

INDOOR ENVIRONMENT 

There are few aspects of livestock production 
that have aroused more interest, develop¬ 
ment, and controversy in the last few years 
than the housing and environmental needs 
of farm animals. Several textbooks on the 
subject have been written, and only some of 
the important items will be mentioned here, 
with the aid of some examples. The effects 
of housing on animal health have not 
received the consideration they deserve, 
partly because of insufficient knowledge of 
animals’ environmental needs and partly 
because there has been a failure to apply 
what is already known. 

Generally, it can be said that inadequate 
housing and ventilation, overcrowding, and 
uncomfortable conditions are considered to 
have detrimental effects on housed animals 
that make them not only more susceptible to 
infectious disease but also less productive. 
Moreover, this reduction in productive effi¬ 
ciency may be a greater cause of economic 
loss than losses caused by infectious disease. 
For this reason, the veterinarian must learn 
to examine and assess all aspects of an indoor 
environment, which may be the primary 
cause of, or a predisposing factor to, disease. 
For example, the major causes of preweaning 
mortality of piglets are chilling and crushing 
of piglets in the first few days of life and 
not infectious disease. These physical causes 
are commonly related to a combination of 
poorly designed farrowing crates, slippery 
floors, inadequate heating, and perhaps over¬ 
crowding of the farrowing facilities. 

Hygiene 

One of the first things to observe is the level 
of sanitation and hygiene, which is usually a 
reliable indicator of the level of management; 
poor hygiene is often associated with a high 
level of infectious disease. For example, the 
incidence of diarrhea in piglets may be high 
because the farrowing crates are not suitably 


cleaned and disinfected before the pregnant 
sows are placed in them. A similar situation 
applies for lambing sheds, calving pens, and 
foaling boxes. An excessive buildup of feces 
and urine with insufficient clean bedding 
will result in a high level of neonatal mortal¬ 
ity. The methods used for cleaning and dis¬ 
infection should be examined carefully. The 
removal of dried feces from animal pens that 
have been occupied for several months is a 
difficult and laborious task and often not 
done well. Undue reliance may be placed on 
the use of chemical disinfectants. 

The total length of time that animals have 
occupied a pen without cleaning and disin¬ 
fection (occupation time) should be noted. 
As the occupation time increases, there is a 
marked increase in the infection rate and the 
morbidity and mortality from infectious 
disease often increase. 

Ventilation 

Inadequate ventilation is considered to be a 
major risk factor contributing to the severity 
of swine enzootic pneumonia in finishing 
pigs. The primary infection has a minimal 
effect on the well-housed pig, but inadequate 
ventilation results in overheating of the barn 
in the summer months and chilling and 
dampness during the winter months. This 
commonly results in subclinical and clinical 
pneumonia, which severely affects produc¬ 
tive efficiency. Similarly, in young calves, 
which are raised indoors in most of the tem¬ 
perate zones of the world, protection from 
the cold during the winter is necessary. The 
effects of enzootic pneumonia of housed 
calves are much more severe when ventila¬ 
tion is inadequate than when the calves are 
comfortable and have clean, fresh air. 

Evaluating the adequacy of the ventila¬ 
tion of a farm animal barn filled to economic 
capacity with animals is a difficult task and a 
major subject. Ventilation is assessed by a 
determination of the number of air changes 
per unit of time, the relative humidity during 
the day and night, the presence or absence of 
condensation on the hair coats of the animals 
or on the walls and ceilings, the presence of 
drafts, the building and insulation materials 
used, the positions and capacities of the fans, 
and the size and location of the air inlets. The 
measurement of the concentration of noxious 
gases in animal barns, such as ammonia and 
hydrogen sulfide, may be a valuable aid in 
assessing the effectiveness of a ventilation 
system. 

Animals raised indoors are frequently 
overcrowded, which may predispose them to 
disease, and measurements of population 
density and observations of animal behavior 
in such conditions assume major impor¬ 
tance. When pigs are raised indoors in 
crowded conditions with inadequate ventila¬ 
tion, their social habits may change drasti¬ 
cally and they begin to defecate and urinate 
on the clean floor and on their penmates 
rather than over the slatted floor over the 
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gutter. This can result in outbreaks of dis¬ 
eases that are transmitted by the fecal-oral 
route. 

Flooring 

The quality of the floor is often responsible 
for diseases of the musculoskeletal system 
and skin. Poorly finished concrete floors 
with an exposed aggregate can cause severe 
foot lesions and lameness in adult swine. 
Recently calved dairy cows are very suscep¬ 
tible to slipping on poor floors in dairy 
barns, which is a common cause of downer 
cow syndrome. Loose-housing systems, par¬ 
ticularly those with slatted floors, have 
resulted in a new spectrum of diseases of the 
feet of cattle because of the sharp edges of 
some of the slats. The quality and quantity of 
bedding used should be noted. Bedding is 
now rarely used in intensified swine opera¬ 
tions. The use of sawdust or shavings in 
loose-housing systems for dairy cattle may 
be associated with outbreaks of coliform 
mastitis. Wet bedding, particularly during 
the winter months, is commonly associated 
with endemic pneumonia in calves. 

Floor Plan 

The floor plan and general layout of an 
animal house must be examined for evidence 
that the routine movements of animal atten¬ 
dants, the movements of animals, and 
feeding facilities may actually be spreading 
disease. Communal gutters running through 
adjacent pens may promote the spread of 
disease through fecal or urinary contamina¬ 
tion. The nature of the partitions between 
pens, whether a solid or open-grid type, may 
assist the control or spread of infectious 
disease. The building materials used will 
influence the ease with which pens, such as 
farrowing crates and calf pens, can be cleaned 
and disinfected for a new batch of piglets or 
calves. 

Lighting 

The amount of light available in a barn 
should be noted. With insufficient light it 
may be difficult to maintain a sufficient level 
of sanitation and hygiene, sick animals may 
not be recognized early enough, and errors 
in management are likely to occur. 

When investigating a herd problem of 
mastitis in dairy cattle the veterinarian 
should visit the farm at milking time and 
observe how the cows are prepared for 
milking, examine the teats and udders before 
and after they are washed, observe the use of 
the milking machine, and rate the level of 
sanitation and hygiene practiced. Several 
successive visits may be necessary to reveal 
possible weaknesses in a mastitis control 
program. 

EXAMINATION OF THE ANIMAL 

Clinical examination is a key component in 
any diagnostic process. More is missed by 


not looking than by not knowing, and care 
should be taken to ensure that clinical exam¬ 
inations are appropriate for the task at hand. 
Clinical examinations aid in the identifica¬ 
tion of abnormalities in form and function 
of the animal, provide invaluable informa¬ 
tion regarding the cause of the disease, help 
to define the severity of the disease, and aid 
in monitoring the progression of the disease. 
Increasingly the utility of abnormalities 
detected on clinical examination is improv¬ 
ing. For instance, determining the severity of 
the clinical abnormality and not just its pres¬ 
ence or absence is useful in establishing a 
prognosis. A simplistic example of this is 
equine colic, in which the heart rate of 
affected horses is directly correlated with the 
likelihood of death. More sophisticated 
examples include objective assessment of the 
severity of the neurologic grade made with 
knowledge of the interobserver agreement 
about severity and use of the FAMACHA 
(FAffa MAlan CFLArt) scoring system for 
anemia in small ruminants. To be useful, 
these signs of clinical abnormality have to be 
repeatable both within and between observ¬ 
ers and must have a demonstrated relation¬ 
ship with either the likelihood of diagnosis 
or outcome of the disease. 

A complete clinical examination of an 
animal includes, in addition to history taking 
and examination of the environment, physi¬ 
cal and laboratory examinations. A complete 
clinical examination of every animal is 
unnecessary because of the simplicity of 
some diseases and, as with history taking, a 
more targeted approach is favored by expe¬ 
rienced clinicians. However, a general clini¬ 
cal examination of every animal is necessary, 
and the inexperienced clinician should 
spend as much time and effort as is practi¬ 
cable and economical in carrying it out. This 
will help to avoid the sort of embarrassing 
error in which a calf is operated on for 
umbilical hernia when it also has a congeni¬ 
tal cardiac defect. 

As learned experience develops, the 
clinician will know the extent to which a 
clinical examination is necessary. All the 
laboratory tests that are likely to be informa¬ 
tive and that are practical and economical 
should be used. Because of the cost of labora¬ 
tory tests, the clinician must be selective in 
the tests used. The most economical method 
is to examine the animal and then select 
those laboratory tests that will support or 
refute the tentative clinical diagnosis. In this 
section a system for the examination of an 
animal is outlined in a general way. There is 
a great deal of difference between species in 
the ease with which this examination is done 
and the amount of information that can be 
collected. Additional detailed examination 
techniques are described under the individ¬ 
ual body systems. 

The examination of an animal consists of 
a general inspection done from a distance 
(the distant examination, and the particular 


distant examination of body regions) fol¬ 
lowed by a close physical examination of 
all body regions and systems. Only the 
major body systems that are routinely exam¬ 
ined are presented here as part of the general 
examination. 

GENERAL INSPECTION 
(DISTANT EXAMINATION) 

The importance of a distant examination of 
the animal cannot be overemphasized, and 
yet it is often overlooked. Apart from the 
general impression gained from observation 
at a distance, there are some signs that can 
best be assessed before the animal is dis¬ 
turbed. The proximity of the examiner is 
particularly disturbing to animals unaccus¬ 
tomed to frequent handling. 

Behavior and General Appearance 

The general impression of the health of an 
animal obtained by an examination from a 
distance should be assessed according to the 
following sections. 

Behavior 

Separation of an animal from its group is 
often an indication of illness. The behavior is 
also a reflection of the animal’s health. If it 
responds normally to external stimuli, such 
as sound and movement, it is classified as 
bright. If the reactions are sluggish and the 
animal exhibits relative indifference to 
normal stimuli, it is said to be dull or apa¬ 
thetic. Cattle with carbohydrate engorge¬ 
ment are commonly reluctant to move unless 
coaxed. A pronounced state of indifference 
in which the animal remains standing and is 
able to move but does not respond at all to 
external stimuli is the dummy syndrome. 
This occurs in subacute lead poisoning, liste¬ 
riosis, and some cases of acetonemia in 
cattle, and in encephalomyelitis and hepatic 
cirrhosis in horses. The terminal stage of 
apathy or depression is coma, in which the 
animal is unconscious and cannot be roused. 

Excitation States 

Excitation states vary in severity. A state of 
anxiety or apprehension is the mildest form: 
here the animal is alert and looks about con¬ 
stantly but is normal in its movements. Such 
behavior is usually expressive of moderate 
constant pain or other abnormal sensation, 
as in early parturient paresis or in recent 
blindness. A more severe manifestation is 
restlessness, in which the animal moves 
about a good deal, lies down and gets up, and 
may go through other abnormal movements 
such as looking at its flanks, kicking at its 
belly, and rolling and bellowing. Again, this 
demeanor is usually indicative of pain. 

More extreme degrees of excited 
demeanor include mania and frenzy. In 
mania, the animal performs abnormal move¬ 
ments with vigor: violently licking at its 
own body, licking or chewing inanimate 
objects, and pressing forward with the head 
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are typical examples. In frenzy the actions 
are so wild and uncontrolled that the animals 
are a danger to anyone approaching them. 
In both mania and frenzy there is usually 
excitation of the brain, as in rabies, acute 
lead poisoning, and some cases of nervous 
acetonemia. 

Voice 

Abnormality of the voice should be noted. It 
may be hoarse in rabies or weak in gut 
edema; there may be continuous lowing in 
nervous acetonemia or persistent bellowing 
indicative of acute pain. Soundless bellowing 
and yawning are commonly seen in rabid 
cattle, and yawning is a common sign in 
animals affected with hepatic insufficiency. 

Eating 

The appetite of the animal can be assessed by 
observing its reaction to the offering of feed 
or by the amount of feed available that has 
not been eaten. It is important to determine 
the total amount of feed that the animal is 
eating per day. In an animal that has retained 
its appetite, there may be abnormality of pre¬ 
hension, mastication, or swallowing and, in 
ruminants, of belching and regurgitation. 

Prehension may be interfered with by 
inability to approach feed, paralysis of the 
tongue in cattle, in cerebellar ataxia, and 
osteomyelitis of cervical vertebrae and other 
painful conditions of the neck. When there 
is pain in the mouth prehension may be 
abnormal, and affected animals may be able 
to take only certain types of feed. Mastica¬ 
tion may be slow, one-sided, or incomplete 
when mouth structures, particularly teeth, 
are affected. Periodic cessation of chewing 
when feed is still in the mouth is common in 
the dummy syndrome, when there are space- 
occupying lesions of the cranium, or an 
encephalomyelitis exists. 

Swallowing can be painful because of 
inflammation of the pharynx or esophagus, 
as is found in strangles in the horse, in calf 
diphtheria, and where improper use of 
bailing and drenching guns or bottles has 
caused laceration of the pharyngeal mucosa. 
Attempts at swallowing followed by cough¬ 
ing up of feed or regurgitation through the 
nostrils can also be the result of painful con¬ 
ditions but are most likely caused by physical 
obstructions such as esophageal diverticula 
or stenosis, a foreign body in the pharynx, or 
paralysis of the pharynx. It is important to 
differentiate between material that has 
reached the stomach and ingesta regurgi¬ 
tated from an esophageal site. Partial 
esophageal obstruction resulting in difficult 
swallowing is usually manifested by repeated 
swallowing movements often with associated 
flexion of the neck and grunting. 

In ruminants there may be abnormalities 
of rumination and eructation. Absence of 
cudding occurs in many diseases of cattle 
and sheep; violent efforts at regurgitation 
with grunting suggests esophageal or cardiac 


obstruction. There may be inability to control 
the cud (cud-dropping) caused by pharyn¬ 
geal paralysis or painful conditions of the 
mouth. Failure to eructate is usually mani¬ 
fested by the appearance of bloat. 

Defecation 

In constipation and rectal paralysis or steno¬ 
sis, the act of defecation may be difficult and 
be accompanied by straining or tenesmus. 
When there is abdominal pain or laceration 
of the mucocutaneous junction at the anus, 
defecation may cause obvious pain. Involun¬ 
tary defecation occurs in severe diarrhea and 
when there is paralysis of the anal sphincter. 
Consideration of frequency, volume, and 
character of feces is given later. Constipation 
must not be mistaken for scant feces, par¬ 
ticularly in mature cattle with diseases of the 
forestomachs and failure of movement of 
ingesta in a caudad direction. 

Urination 

This may be difficult when there is partial 
obstruction of the urinary tract and painful 
when there is inflammation of the bladder or 
urethra. In cystitis and urethritis there is 
increased frequency with the passage of 
small amounts of fluid, and the animal 
remains in the urination posture for some 
time after the flow ceases. Incontinence, with 
constant dribbling of urine, is usually caused 
by partial obstruction of the urethra or paral¬ 
ysis of its sphincter. If the animal urinates 
during the visual inspection, a sample of 
urine should be obtained, examined grossly, 
and submitted for urinalysis. 

Posture 

Abnormal posture is not necessarily indica¬ 
tive of disease, but when associated with 
other signs it may indicate the site and sever¬ 
ity of a disease process. One of the simplest 
examples is resting of a limb in painful con¬ 
ditions of the extremities; if a horse continu¬ 
ally shifts its weight from limb to limb it may 
indicate the presence of laminitis or early 
osteodystrophia fibrosa. Arching of the back 
with the limbs tucked under the body usually 
indicates mild abdominal pain; downward 
arching of the back and saw horse straddling 
of the legs is characteristic of severe abdomi¬ 
nal pain, usually spasmodic in occurrence; 
and a dog-sitting posture in the horse associ¬ 
ated with rolling and kicking at the belly is 
usually associated with abdominal pain and 
pressure on the diaphragm, such as occurs in 
acute gastric dilatation after engorgement on 
grain. This posture is commonly adopted by 
normal cattle but will occur in painful condi¬ 
tions of the pelvic limbs such as degenerative 
osteoarthritis in young cattle. Abduction of 
the elbows is usually synonymous with chest 
pain or difficulty in breathing. Elevation and 
rigidity of the tail and rigidity of the ears and 
limbs are good indications of tetanus in 
animals. The carriage of the tail in pigs is a 
useful barometer of their state of health. 


Sheep that are blind, as in early pregnancy 
toxemia, are immobile but stand with the 
head up and have an expression of extreme 
alertness. 

When the animal is recumbent there also 
may be abnormalities of posture. In cattle 
affected by dislocation of the hip or by sciatic 
nerve paralysis, the affected limb is not held 
flexed next to the abdomen but sticks straight 
out in an awkward position; unilateral pain 
in the chest may cause an animal to lie habit¬ 
ually on the other side; and a weak hindleg 
may be kept under the animal. The head may 
be carried around toward the flank in partu¬ 
rient paresis in cows and in horses with colic. 
Sheep affected with hypocalcemia and cattle 
with bilateral hip dislocation often lie in 
sternal recumbency with the hindlegs 
extended behind in a froglike attitude. 
Inability or lack of desire to rise are usually 
indicative of muscle weakness or of pain in 
the extremities such as in enzootic muscular 
dystrophy or laminitis. 

Gait 

Movements of the limbs can be expressed in 
terms of rate, range, force, and direction of 
movement. Abnormalities may occur in one 
or more of these categories. For example, in 
true cerebellar ataxia all qualities of limb 
movement are affected. In louping-ill in 
sheep it is the range and force of movement 
that are excessive, resulting in a high- 
stepping gait and a bounding form of pro¬ 
gression; in arthritis, because of pain in the 
joints, or in laminitis, because of pain in the 
feet, the range is diminished and the animal 
has a shuffling, stumbling walk. The direc¬ 
tion of progress may be affected. Walking in 
circles is a common abnormality and is 
usually associated with rotation or deviation 
of the head; it may be a permanent state as 
in listeriosis or occur spasmodically as in 
acetonemia and pregnancy toxemia. Com¬ 
pulsive walking or walking directly ahead 
regardless of obstructions is part of the 
dummy syndrome mentioned earlier and 
is characteristic of encephalomyelitis and 
hepatic insufficiency in the horse. 

Body Condition 

The animal may be in normal bodily condi¬ 
tion, or obese, thin, or emaciated. The differ¬ 
ence between thinness and emaciation is one 
of degree: the latter is more severe but there 
are additional signs that are usually taken 
into consideration. In an emaciated (cachec¬ 
tic) animal the coat is poor, the skin is dry 
and leathery, and work performance is 
reduced. Thin animals, on the other hand, 
are physiologically normal. The difference 
between fatness and obesity is of the same 
order. Most beef cattle prepared for the show 
ring are obese. To inject some degree of 
numerical assessment it is now customary in 
all farm animal species and in horses to use 
body condition on a scale of 1 to 5 or prefer¬ 
ably 1 to 10. 
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Body Conformation 

The assessment of conformation or shape is 
based on the symmetry and the shape and 
size of the different body regions relative to 
other regions. An abdomen that is very large 
relative to the chest and hindquarters can be 
classified as an abnormality of conformation. 
To avoid repetition, points of conformation 
are included in the description of body 
regions. 

Skin 

Skin abnormalities can usually be seen at a 
distance. They include changes in the hair or 
wool, abnormal sweating, the presence of 
discrete or diffuse lesions, and evidence of 
soiling by discharges and of itching. The 
normal luster of the coat may be absent. It 
may be dry as in most chronic debilitating 
diseases or excessively greasy as in sebor¬ 
rheic dermatitis. In debilitated animals the 
long winter coat may be retained past the 
normal time. Alopecia may be evident: in 
hyperkeratosis it is diffuse, and in ringworm 
it may be diffuse but more commonly occurs 
in discrete areas. Sweating may be dimin¬ 
ished, as in anhidrosis of horses; patchy as in 
peripheral nerve lesions; or excessive as in 
acute abdominal pain. Hypertrophy and 
folding of the skin may be evident, and 
hyperkeratosis is the typical example. Dis¬ 
crete skin lesions range in type from urti¬ 
carial plaques to the circumscribed scabs of 
ringworm, pox, and impetigo. Diffuse lesions 
include the obvious enlargements caused by 
subcutaneous edema, hemorrhage, and 
emphysema. Enlargements of lymph nodes 
and lymphatics are also evident when exam¬ 
ining an animal from a distance. 

INSPECTION OF BODY REGIONS 
(PARTICULAR DISTANT 
EXAMINATION) 

As a general rule, as much of a clinical exam¬ 
ination as possible should be performed 
before the animal is handled. This is partly to 
avoid unnecessary excitement of the animal 
but also because some abnormalities are 
better seen at a distance and in some cases 
cannot be discerned at close range. The 
general appearance of the animal should be 
noted and its behavior assessed. Some time 
should also be devoted to an inspection of 
the various body regions, which is a particu¬ 
lar distant examination. 

Head 

The facial expression may be abnormal. The 
rigidity of tetanus, the cunning leer or mani¬ 
acal expression of rabies, and acute lead poi¬ 
soning are cases in point. The symmetry and 
configuration of the bony structure should 
be examined. Doming of the forehead occurs 
in some cases of congenital hydrocephalus 
and in chondrodysplastic dwarfs, and in the 
latter there may be bilateral enlargement of 
the maxillae. Swelling of the maxillae and 
mandibles occurs in osteodystrophia fibrosa; 


in horses swelling of the facial bones is 
usually caused by frontal sinusitis; in cattle 
enlargement of the maxilla or mandible is 
common in actinomycosis. Asymmetry of 
the soft structures may be evident and is 
most obvious in the carriage of the ears, 
degree of closure of the eyelids, and situation 
of the muzzle and lower lip. Slackness of one 
side and drawing to the other are constant 
features in facial paralysis. Tetanus is accom¬ 
panied by rigidity of the ears, prolapse of the 
third eyelid, and dilatation of the nostrils. 

The carriage of the head is most impor¬ 
tant. Rotation is usually associated with 
defects of the vestibular apparatus on one side 
and deviation with unilateral involvement of 
the medulla and cervical cord. Opisthotonus 
is an excitation phenomenon associated 
with tetanus, strychnine poisoning, acute 
lead poisoning, hypomagnesemic tetany, 
polioencephalomalacia, and encephalitis. 

The eyes merit attention. Visible dis¬ 
charge should be noted. Protrusion of the 
eyeball, as occurs in orbital lymphomatosis, 
and retraction of the bulb, as occurs com¬ 
monly in dehydration, are important find¬ 
ings; spasm of the eyelids and excessive 
blinking usually indicate pain or peripheral 
nerve involvement; and prolapse of the nic¬ 
titating membrane usually characterizes 
central nervous system derangement, gener¬ 
ally tetanus. 

Dilatation of the nostrils and nasal dis¬ 
charge suggest the advisability of closer 
examination of the nasal cavities at a later 
stage. Excessive salivation or frothing at the 
mouth denotes painful conditions of the 
mouth or pharynx or is associated with 
tremor of the jaw muscles caused by nervous 
involvement. Swellings below the jaw may be 
inflammatory, as in actinobacillosis and 
strangles, or edematous, as in acute hypopro- 
teinemia, protein starvation, or congestive 
heart failure. Unilateral or bilateral swelling 
of the cheeks in calves usually indicates 
necrotic stomatitis. 

Neck 

If there is enlargement of the throat this 
region should be more closely examined later 
to determine whether the cause is inflamma¬ 
tory and whether lymph nodes, salivary 
glands (or guttural pouches in the horse), or 
other soft tissues are involved. Goiter leads 
to local enlargement located further down 
the neck. A jugular pulse, jugular vein 
engorgement, and edema should be looked 
for, and local enlargement caused by esopha¬ 
geal distension should be noted. 

Thorax 

Respiration should be examined from a dis¬ 
tance, preferably with the animal in a stand¬ 
ing position, because recumbency is likely to 
modify it considerably. Allowance should be 
made for the effects of exercise, excitement, 
high environmental temperatures, and 
fatness of the subject: obese cattle may have 


respiratory rates two to three times that of 
normal animals. The rate, rhythm, depth, 
and type of respiration should be noted. 

Respiratory Rate 

In normal animals under average conditions 
the rate should fall within the following 
limits: 

• Horses, 8 to 16 per minute 

• Cattle, 10 to 30 per minute 

• Sheep and pigs, 10 to 20 per minute 

• Goats, 25 to 35 per minute 

An increased respiratory rate is designated as 
polypnea, decreased rate as oligopnea, and 
complete cessation as apnea. The rate may be 
counted by observation of rib or nostril 
movements, by feeling the nasal air move¬ 
ments, or by auscultation of the thorax or 
trachea. A significant rise in environmental 
temperature or humidity may double the 
normal respiratory rate. Animals acclima¬ 
tized to cold outdoor temperatures are sus¬ 
ceptible to heat stress when exposed suddenly 
to warmer temperatures. When brought 
indoors the respiratory rate may increase to 
six or eight times the normal, and panting 
open-mouth breathing may be evident 
within 2 hours. 

Respiratory Rhythm 

The normal respiratory cycle consists of 
three phases of equal length: inspiration, 
expiration, and pause. Variation in the length 
of one or all phases constitutes an abnormal¬ 
ity of rhythm. The breathing pattern of the 
neonatal foal is markedly different from that 
of the adult horse and similar to that of other 
neonates. It has a higher respiratory rate, a 
higher airflow rate, and a higher minute ven¬ 
tilation on a body weight basis. In addition, 
in the standing neonatal foal, both the inspi¬ 
ratory and expiratory airflow patterns are 
essentially monophasic, whereas the adult 
horse typically has a biphasic inspiratory and 
expiratory airflow pattern. The transition 
from monophasic to biphasic flow patterns 
occurs within the first year of life. 

Prolongation of Phases 
Prolongation of inspiration is usually caused 
by obstruction of the upper respiratory tract; 
prolongation of expiration is often caused by 
failure of normal lung collapse, as in emphy¬ 
sema. In most diseases of the lungs there is 
no pause and the rhythm consists of two 
beats instead of three. There may be variation 
between cycles: Cheyne-Stokes respiration is 
a gradual increase and then a gradual 
decrease in the depth of respiration, and 
Biot’s breathing, which occurs in meningitis 
affecting the medullary region, is character¬ 
ized by alternating periods of hyperpnea 
and apnea, and the periods often are of 
unequal length. Periodic breathing also 
occurs commonly in animals with electrolyte 
and acid-base imbalances. There are periods 
of apnea followed by short bursts of 
hyperventilation. 





Clinical Examination of the Individual Animal 


13 


Respiratory Depth 

The amplitude or depth of respiratory move¬ 
ments may be reduced in painful conditions 
of the chest or diaphragm and increased in 
any form of anoxia. Moderate increase in 
depth is referred to as hyperpnea and labored 
breathing as dyspnea. In dyspnea, the acces¬ 
sory respiratory movements become more 
prominent. There is extension of the head and 
neck, dilatation of the nostrils, abduction of 
the elbows, and breathing through the mouth 
plus increased movement of the thoracic and 
abdominal walls. Loud respiratory sounds, 
especially grunting, may also be heard. 

Type of Respiration 

In normal respiration there is movement of 
the thorax and abdomen. In painful condi¬ 
tions of the thorax, e.g., acute pleurisy, and 
in paralysis of the intercostal muscles, there 
is relative fixation of the thoracic wall and a 
marked increase in the movements of the 
abdominal wall. There also may be an associ¬ 
ated pleuritic ridge caused by thoracic 
immobility with the thorax expanded. This 
syndrome is usually referred to as an 
abdominal-type respiration. The reverse sit¬ 
uation is thoracic-type respiration, in which 
the movements are largely confined to the 
thoracic wall, as in peritonitis, particularly 
when there is diaphragmatic involvement. 

Thorax Symmetry 

This can also be evaluated by inspection. 
Collapse or consolidation of one lung may 
lead to restriction of movements of the tho¬ 
racic wall on the affected side. The rachitic 
rosary of enlarged costochondral junctions is 
typical of rickets. 

Respiratory Noises or Stridors 

These include the following: 

• Coughing caused by irritation of the 
pharynx, trachea, and bronchi 

• Sneezing caused by nasal irritation 

• Wheezing caused by stenosis of the 
nasal passages 

• Snoring when there is pharyngeal 
obstruction, as in tuberculous adenitis 
of the pharyngeal lymph nodes 

• Roaring in paralysis of the vocal cords 

• Grunting is a forced expiration against 
a closed glottis, which happens in 
many types of painful and labored 
breathing 

An important part of the clinical examina¬ 
tion of a horse that produces an externally 
audible noise, usually a grunt, while working 
is to determine when the noise occurs in the 
respiratory cycle. This can be related to limb 
movement, such as expiration occurring as 
the leading foot hits the ground at the canter 
or gallop. Flexion of the head by the rider 
will exacerbate the noise. 

Abdomen 

Variations in abdominal size are usually 
appreciated during the general inspection of 


the animal. An increase in size may be 
caused by the presence of excessive feed, 
fluid, feces, flatus, or fat and the presence 
of a fetus or a neoplasm. Further differentia¬ 
tion is usually possible only on close exami¬ 
nation. In advanced pregnancy, fetal 
movements may be visible over the right 
flank of cattle. In severe distension of the 
intestines with gas, the loops of intestine 
may be visible in the flank, especially in 
calves. Intestinal tympany usually results in 
uniform distension of the abdomen, whereas 
fluid tends to result in increased distension 
ventrally. 

The term gaunt is used to describe an 
obvious decrease in the size of the abdomen. 
It occurs most commonly in starvation, in 
severe diarrhea, and in many chronic dis¬ 
eases in which appetite is reduced. An 
umbilical hernia, omphalophlebitis, or drib¬ 
bling of urine from a previous urachus may 
be apparent on visual inspection of the 
ventral abdominal wall. Ventral edema is 
commonly associated with approaching par¬ 
turition, gangrenous mastitis, congestive 
heart failure, infectious equine anemia, and 
rupture of the urethra caused by obstructive 
urolithiasis. A grossly enlarged asymmetric 
swelling of the flank may suggest herniation 
of the abdominal wall. Ruminal movements 
can be seen in the left paralumbar fossa and 
flank of cattle, but a complete examination 
of the rumen requires auscultation, palpa¬ 
tion, and percussion, which are described 
later. 

External Genitalia 

Gross enlargements of the preputial sheath 
or scrotum are usually inflammatory in 
origin, but varicocele or tumors can also be 
responsible. Degenerative changes in the tes¬ 
ticles may result in a small scrotum. Dis¬ 
charges of pus and blood from the vagina 
indicate infection of the genitourinary tract. 

Mammary Glands 

A disproportionate size of the udder suggests 
acute inflammation, atrophy, or hypertrophy 
of the gland. These conditions can be differ¬ 
entiated only by further palpation and exam¬ 
ination of the milk or secretions. 

Limbs 

General abnormalities of posture and gait 
have been described. Symmetry is impor¬ 
tant, and comparison of the various aspects 
of pairs of limbs should be used when there 
is doubt about the significance of an appar¬ 
ent abnormality. Enlargement or distortion 
of bones, joints, tendons, sheaths, and bursae 
should be noted as well as any enlargement 
of peripheral lymph nodes and lymphatic 
vessels. 

CLOSE PHYSICAL EXAMINATION 

Some of the techniques used in making a 
close physical examination are set out in the 
following sections. 


Palpation 

Direct palpation with the fingers or indirect 
palpation with a probe is aimed at determin¬ 
ing the size, consistency, temperature, and 
sensitivity of a lesion or organ. Terms used 
to describe palpation findings include the 
following: 

• Doughy: When the structure pits on 
pressure, as in edema 

• Firm: When the structure has the 
consistency of normal liver 

• Hard: When the consistency is bonelike 

• Fluctuating: When the structure is soft, 
elastic, and undulates on pressure but 
does not retain the imprint of the 
fingers 

• Tense: When the structure feels like a 
viscus distended with gas or fluid under 
some considerable pressure 

• Emphysematous: When the structure is 
puffy and swollen and moves and 
crackles under pressure because of the 
presence of gas in the tissue 

Percussion 

In percussion, the body surface is struck to 
set deep parts in vibration and cause them to 
emit audible sounds. The sounds vary with 
the density of the parts set in vibration and 
may be classified as follows: 

• Resonant: The sound emitted by organs 
containing air, e.g., normal lung 

• Tympanitic: A drumlike note emitted by 
an organ containing gas under pressure 
such as a tympanitic rumen or cecum 

• Dull: The sound emitted by solid organs 
such as heart and liver 

Percussion can be performed with the fingers 
using one hand as a plexor and one as a plex- 
imeter. In large animals a pleximeter hammer 
on a pleximeter disk is recommended for 
consistency. 

The quality of the sound elicited is gov¬ 
erned by a number of factors. The strength 
of the percussion blow must be kept constant 
because the sound volume increases with 
stronger percussion. Allowances must be 
made for the thickness and consistency of 
overlying tissues; for example, the thinner 
the thoracic wall, the more resonant is the 
lung. Percussion on a rib must not be com¬ 
pared with percussion on an intercostal 
space. The size and body condition score of 
the animal are also important consider¬ 
ations. The technique may be relatively inef¬ 
fective in a fat animal. Pigs and sheep are of 
a suitable size, but the fatness of the pig and 
the wool coat of the sheep plus the uncoop¬ 
erative nature of both species make percus¬ 
sion impracticable. In mature cattle and 
horses the abdominal organs are too large 
and the overlying tissue too thick for satis¬ 
factory outlining of organs or abnormal 
areas, unless the observer is highly skilled. 
The lungs of cattle and horses can be satis¬ 
factorily examined by percussion, but this 
requires practice and experience to become 
skillful and accurate. 
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Chapter 1 


Clinical Examination and Making a Diagnosis 


Percussion is a valuable aid in the diag¬ 
nosis of diseases of the lungs and abdominal 
viscera of all large animals. Increased dull¬ 
ness over the thorax indicates consolidation 
of the lung, a pleural effusion, or space- 
occupying lesion such as tumor or abscess. 
Increased resonance over the thorax suggests 
emphysema or pneumothorax. 

Ballottement 

Ballottement is a technique used to detect 
floating viscera or masses in the abdominal 
cavity. Using the extended fingers or the 
clenched fist the abdominal wall is palpated 
vigorously with a firm push to move the 
organ or mass away and then allow it to 
rebound on to the fingertips. Ballottement of 
a fetus is a typical example; the fetal promi¬ 
nences can be easily felt by pushing the 
gravid uterus through the abdominal wall 
over the right flank in pregnant cattle. Impac¬ 
tion of the abomasum, large tumors, and 
abscesses of the abdominal cavity may also 
be detected by ballottement. Ballottement 
and auscultation of the flanks of cattle is also 
useful to detect fluid-splashing sounds. Their 
presence on the left side suggests carbohy¬ 
drate engorgement and excessive quantities 
of fluid in the rumen or left-side displace¬ 
ment of the abomasum. Over the right flank, 
fluid-splashing sounds may indicate intesti¬ 
nal obstruction, abomasal volvulus, cecal 
dilatation and torsion, and paralytic ileus. 

Ballottement and auscultation of the 
abdomen of the horse with colic may elicit 
fluid-splashing sounds indicative of intes¬ 
tines filled with fluid, as in intestinal obstruc¬ 
tion or paralytic ileus. A modification of the 
method is tactile percussion, when a cavity 
containing fluid is percussed sharply on one 
side and the fluid wave thus set up is palpated 
on the other. The sensation created by the 
fluid wave is called a fluid thrill. It is felt most 
acutely by the palm of the hand at the base 
of the fingers. Diseases that cause ascites and 
accumulation of fluid in the peritoneal cavity 
are examples in which this technique is 
useful. 

Auscultation 

Direct listening to the sounds produced by 
organ movement is performed by placing the 
ear to the body surface over the organ. Indi¬ 
rect auscultation by a stethoscope is the pre¬ 
ferred technique. A considerable amount of 
work has been done to determine the most 
effective stethoscopic equipment, including 
investigation of such things as the shape and 
proportions of bell chest pieces, the thick¬ 
ness of rubber tubes, and the diameter and 
depth of phonendoscope chest pieces. A 
comparatively expensive unit from a repu¬ 
table instrument firm is a wise investment. 
For large animal work, a stethoscope with 
interchangeable 5-cm diameter phonendo¬ 
scope and rubber (to reduce hair friction 
sounds) bell chest pieces is all that is required. 
The details of the sounds heard on 


auscultations of the various organs are 
described in their respective sections. Aus¬ 
cultation is used routinely to assess heart, 
lung, and gastrointestinal sounds. 

Percussion and Simultaneous 
Auscultation of the Abdomen 

Percussion and simultaneous auscultation of 
the left and right sides of the abdomen is a 
useful technique for examination of the 
abdomen of large animals. The stethoscope 
is placed over the area to be examined, and 
the areas around the stethoscope and radiat¬ 
ing out from it are percussed. This is a valu¬ 
able diagnostic aid for the detection and 
localization of a gas-filled viscus in the 
abdomen of cattle with left-side displace¬ 
ment of the abomasum, right-side dilatation 
and volvulus of the abomasum, cecal dilata¬ 
tion and torsion, intestinal tympany associ¬ 
ated with acute obstruction or paralytic ileus, 
or pneumoperitoneum. 

Simultaneous percussion and ausculta¬ 
tion of the abdomen of the horse with colic 
is useful to detect pings indicative of intesti¬ 
nal tympany associated with intestinal 
obstruction or paralytic ileus. In diaphrag¬ 
matic hernia the presence of gas-filled intes¬ 
tines in the thorax may be determined by this 
method. To elicit the diagnostic ping, it is 
necessary to percuss and auscultate side by 
side and to percuss with a quick, sharp, light, 
and localized force. The obvious method is a 
quick tap with a percussion hammer or 
similar object. Another favored method is a 
flick with the back of a forefinger suddenly 
released from behind the thumb. A gas-filled 
viscus gives a characteristic clear, sharp, 
high-pitched ping, which is distinctly differ¬ 
ent from the full, low-pitched note of solid 
or fluid-filled viscera. The difference between 
the two is so dramatic that it is comparatively 
easy to define the borders of the gas-filled 
viscus. 

The factors that determine whether a 
ping will be audible are the force of the per¬ 
cussion and the size of the gas-filled viscus 
and its proximity to the abdominal wall. The 
musical quality of the ping is dependent on 
the thickness of the wall of the viscus (e.g., 
rumen, abomasum, small or large intestines) 
and the amount and nature of the fluid and 
gas in the intestines or viscus. 

Succussion 

This technique, which involves moving the 
body from side to side to detect the presence 
of fluid, is an adaptation of the previously 
mentioned method. By careful auscultation 
while the body is moved, free fluid in the 
intestines or stomach will result in fluid- 
splashing or tinkling sounds. 

Other Techniques 

Special physical techniques including biopsy 
and paracentesis are described under special 
examination of the various systems to which 
they apply. With suitable equipment and 


technique, one of the most valuable adjuncts 
to a physical examination is a radiographic 
examination. The size, location, and shape of 
soft tissue organs are often demonstrable in 
animals of up to moderate size. Radiology, 
other than of limbs and neonates, is not com¬ 
monly practiced in larger animals. Ultra¬ 
sound appears to have much more general 
application but is beyond the scope of this 
book. 

SEQUENCE USED IN THE CLOSE 
PHYSICAL EXAMINATION 

The close physical examination should be 
performed as quietly and gently as possible 
to avoid disturbing the animal and increas¬ 
ing the resting heart and respiratory rates. At 
a later stage it may be necessary to examine 
certain body systems after exercise, but 
resting measurements should be performed 
first. If possible the animal should be stand¬ 
ing, as recumbency is likely to cause varia¬ 
tion in heart and pulse rates, respiration, and 
other functions. 

The sequence used in the close physical 
examination will vary with the species 
being examined, the results of the distant 
examinations, the history obtained, and the 
diagnostic hypotheses that the clinician has 
generated. The various parts of the close 
physical examination that are described here 
can be modified according to individual cir¬ 
cumstances, but it is important to do a thor¬ 
ough clinical examination based on the 
circumstances. 

Following the distant examination, and 
the particular distant examination, it is rec¬ 
ommended that the vital signs are deter¬ 
mined before the animal is handled for 
examination of body regions such as the oral 
cavity. 

Generally, an appropriate sequence for 
the close physical examination would be as 
follows: 

• Vital signs: Temperature, heart and 
pulse rates, respirations, and state of 
hydration 

• Thorax: Fleart sounds (rate, rhythm, and 
intensity) and lung sounds 

• Abdomen: Nasogastric intubation 

• Flead and neck: Including eyes, oral 
cavity, facial structures, and the jugular 
veins 

• Rectal examination 

• Urinary tract 

• Reproductive tract 

• Mammary gland 

• Musculoskeletal system 

• Nervous system 

• Skin: Including ears, hooves, and horns 
The important principle is to determine the 
vital signs before handling and examining 
other body systems, which may distort the 
vital signs. The sequence that follows taking 
the vital signs can vary, based on individual 
circumstances; the urgency of the case, if 
any; and the ease of doing the particular 
examinations. For example, it may be very 
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Clinical Examination of the Individual Animal 


Table 1-1 Normal average temperatures 
with critical points 


Species 

Normal 

temperature 

Critical point 

Horse 

38.0°C (100.5°F) 

39.0°C (102.0°F) 

Cattle 

38.5°C (101,5°F) 

39.5°C (103.0°F) 

Pig 

39.0°C (102.0°F) 

40.0°C (103.5°F) 

Sheep 

39.0°C (102.0°F) 

40.0°C (104.0°F) 

Goat 

39.5°C (103.0°F) 

40.5°C (105.0°F) 

Temperature conversions are approximate. 


important to pass a nasogastric tube as one 
of the first diagnostic techniques in a horse 
with severe colic associated with gastric dis¬ 
tension. When presented with a lactating 
dairy cow with peracute mastitis, the 
sequence will be recording the temperature, 
heart rate and sounds, respirations and status 
of the lungs, and status of the rumen, 
followed by careful examination of the 
mammary gland. The close physical exami¬ 
nation of each body region or body systems 
is outlined in the following sections. 

Vital Signs 
Temperature 

Normally the temperature is taken per 
rectum. When this is impossible the ther¬ 
mometer should be inserted into the vagina. 
Ensure that the mercury column is shaken 
down, moisten the bulb to facilitate entry 
and, if the anus is flaccid or the rectum full 
of hard feces, insert a finger also to ensure 
that the thermometer bulb is held against 
the mucosa. When the temperature is read 
immediately after defecation, or if the ther¬ 
mometer is stuck into a ball of feces or is left 
in the rectum for insufficient time, a false, 
low reading will result. 

As a general rule the thermometer should 
be left in place for 2 minutes. If there is doubt 
as to the accuracy of the reading, the tem¬ 
perature should be taken again. The normal 
average temperature range for the various 
species at average environmental tempera¬ 
ture is shown in Table 1-1. 

The reference values in Table 1-1 indicate 
the average resting temperature for the 
species and the critical temperature above 
which hyperthermia can be said to be 
present. Normal physiologic variations occur 
in body temperature and are not an indica¬ 
tion of disease: a diurnal variation of up to 
1°C (2°F) may occur, with the low point in 
the morning and the peak in the late after¬ 
noon. There may be a mild rise of about 
0.6°C (1°F) in late pregnancy, but a precipi¬ 
tate, although insignificant, decline just 
before calving is not uncommon in cows and 
ewes and lower temperatures than normal 
occur just before estrus and at ovulation. The 
degree of change [about 0.3°C (0.6°F)] is 
unlikely to attract clinical attention. 


In sows the body temperature is subnor¬ 
mal before farrowing, and there is a signifi¬ 
cant rise in body temperature coinciding 
with parturition. This rise is commonly high 
enough to exceed the critical temperature of 
40°C and may be considered erroneously as 
evidence of disease. The elevation of tem¬ 
perature that occurs in sows at the time of 
parturition, of the order of 1°C, is main¬ 
tained through lactation and disappears at 
weaning. 

High environmental humidity and tem¬ 
perature and exercise will cause elevation of 
the temperature. The deviation may be as 
much as 1.6°C (3.0°F) in the case of high 
environmental temperatures and as much as 
2.5 to 3°C (4.5°F) after severe exercise. In 
horses, after racing, 2 hours may be required 
before the temperature returns to normal. 

If animals that have been acclimatized to 
cold outside temperatures are brought 
indoors to a warmer temperature their body 
temperatures may exceed the critical tem¬ 
perature within 2 to 4 hours. Marked tem¬ 
perature variations are an indication of a 
pathologic process: 

• Hyperthermia is the simple elevation of 
the temperature past the critical point, 
as in heat stroke 

• Fever or pyrexia is the state in which 
hyperthermia is combined with toxemia, 
as in most infectious diseases 

• Hypothermia, a subnormal body 
temperature, occurs in shock, 
circulatory collapse (as in parturient 
paresis and acute rumen impaction of 
cattle), hypothyroidism, and just before 
death in most diseases. 

Pulse 

The pulse should be taken at the middle coc¬ 
cygeal or facial arteries in cattle, the facial 
artery in the horse, and the femoral artery in 
sheep and goats. With careful palpation a 
number of characters may be determined, 
including rate, rhythm, amplitude, tone, 
maximum and minimum pulse pressures, 
and the form of the arterial pulse. Some of 
these characters are more properly included 
in special examination of the circulatory 
system and are dealt with under that heading. 

Rate 

The pulse rate is dependent on the heart 
alone and is not directly affected by changes 
in the peripheral vascular system. The pulse 
rate may or may not represent the heart rate; 
in cases with a pulse deficit, in which some 
heartbeats do not produce a pulse wave, the 
rates will differ. Normal resting rates (per 
minute) for the various species are shown in 
Table 1-2. 

Although there are significant differences 
in rates between breeds of dairy cow and 
between high- and low-producing cows, the 
differences would not be noticeable to a cli¬ 
nician performing a routine examination. In 
newborn thoroughbred foals the pulse rate is 


Table 1-2 Resting pulse rates 

Species 

Pulse rate per minute 

Adult horses 

30-40 

Foals up to 1 year 

70-80 

Adult cattle 

60-80 

Young calves 

100-120 

Sheep and goats 

70-90 


30 to 90 beats per minute in the first 5 
minutes, then 60 to 200 during the first hour, 
and then 70 to 130 during the first 48 hours 
after birth. Draught horses have heart rates 
slightly higher than those quoted, which are 
based on a light horse population. The pulse 
is not readily palpable in the pig but the com¬ 
parable heart rate is 60 to 100 per minute. 
The same techniques are used in intensive 
clinical examinations for horses afflicted 
with poor performance syndrome. 

Bradycardia, or marked slowing of the 
heartbeat, is unusual unless there is partial 
or complete heart block, but it does occur in 
cases of space-occupying lesions of the 
cranium, in cases of diaphragmatic adhe¬ 
sions after traumatic reticulitis in cattle, or 
when the rumen is much emptier than 
normal. 

Tachycardia, or increased pulse rate, is 
common and occurs in most cases of septi¬ 
cemia, toxemia, circulatory failure, and in 
animals affected by pain and excitement. 
Counting should be performed over a period 
of at least 30 seconds. 

Rhythm 

The rhythm may be regular or irregular. All 
irregularities must be considered as abnor¬ 
mal except sinus arrhythmia, the phasic 
irregularity coinciding with the respiratory 
cycle. There are two components of the 
rhythm, the time between peaks of pulse 
waves and the amplitude of the waves. These 
are usually both irregular at one time with 
variations in diastolic filling of the heart 
causing variation in the subsequent stroke 
volume. Regular irregularities occur with 
constant periodicity and are usually associ¬ 
ated with partial heart block. Irregular 
irregularities are caused by ventricular extra¬ 
systoles or atrial fibrillation. Most of these 
irregularities, except that caused by atrial 
fibrillation, disappear with exercise. Their 
significance lies chiefly in indicating the 
presence of myocardial disease. 

Amplitude 

The amplitude of the pulse is determined by 
the amount of digital pressure required to 
obliterate the pulse wave. It is largely a 
measure of cardiac stroke volume and may 
be considerably increased, as in the water 
hammer pulse of aortic semilunar valve 
incompetence, or decreased, as in most cases 
of myocardial weakness. 
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Clinical Examination and Making a Diagnosis 


State of Hydration 

The state of hydration is assessed by inspec¬ 
tion of the eyes for evidence of dehydration 
and evaluating the elasticity of the skin. 
Dehydration is characterized by sunken eyes 
of varying degrees, and the skin will tent 
when lifted with the fingers and remain 
tented for varying lengths of time. 

EXAMINATION OF BODY REGIONS 

After the examination of the temperature, 
pulse, and respirations the physical examina¬ 
tion proceeds with an examination of the 
various body regions. 

Thorax 

Examination of the thorax includes palpa¬ 
tion, auscultation, and percussion of the 
cardiac area (precordium) and the lung area. 
The wide variations between species in the 
thickness of the thoracic wall, the size of the 
animal, and the respiratory rate require 
careful and methodical examination. For 
example, in the adult horse the thick thoracic 
wall and the normally slow respiratory rate 
contribute to an almost soundless respiration 
on auscultation of the thorax. There is also 
the need to detect minor pulmonary lesions, 
which may reduce the work performance of 
the horse only slightly but, because of the 
importance of perfect fitness in a racing 
animal, may have major significance. 
Another important factor that emphasizes 
the care that must be taken with the exami¬ 
nation of the respiratory system of the horse 
is the ability of racing animals to compensate 
for even major pulmonary lesions from their 
immense functional reserve. Because of this, 
one is likely to encounter horses with massive 
pulmonary involvement with little obvious 
impairment of respiratory function. 

Cardiac Area 

Auscultation of the heart is aimed at deter¬ 
mining the character of normal heart sounds 
and detecting the presence of abnormal 
sounds. Optimum auscultation sites are the 
fourth and fifth intercostal spaces and, 
because of the heavy shoulder muscles that 
cover the anterior border of the heart, the use 
of a flat phonendoscope chest piece pushed 
under the triceps muscles is necessary. 
Extension of the forelimb may facilitate aus¬ 
cultation if the animal is quiet. Areas in 
which the various sounds are heard with 
maximum intensity are not directly over the 
anatomic sites of the cardiac orifices, because 
conduction of the sound through the fluid in 
the chamber gives optimum auscultation at 
the point where the fluid is closest to the 
chest wall. 

The first (systolic) sound is heard best 
over the cardiac apex, and the tricuspid 
closure is most audible over the right apex 
and mitral closure over the left apex. The 
second (diastolic) sound is heard best over 
the base of the heart, the aortic semilunar 


closure posteriorly, and the pulmonary semi¬ 
lunar anteriorly, both on the left side. 

In auscultation of the heart, the points to 
be noted are the rate, rhythm, intensity, and 
quality of sounds and whether abnormal 
sounds are present. Comparison of the heart 
and pulse rates will determine whether there 
is a pulse deficit caused by weak heart con¬ 
tractions failing to cause palpable pulse 
waves; this is most likely to occur in irregular 
hearts. Normally the rhythm is in three time 
and can be described as 

L UBB - D UPP - pause, 

with the first sound being dull, deep, long, 
and loud and the second sound sharper and 
shorter. As the heart rate increases the cycle 
becomes shortened, mainly at the expense of 
diastole, and the rhythm assumes a two-time 
quality. More than two sounds per cycle is 
classified as a gallop rhythm and may be 
caused by reduplication of either the first or 
second sounds. Reduplication of the first 
sound is common in normal cattle, and its 
significance in other species is discussed in 
Chapter 10. 

The rhythm between successive cycles 
should be regular except in the normal sinus 
arrhythmia associated with respiration. With 
irregularity, there is usually variation in the 
time intervals between cycles and in the 
intensity of the sounds—louder sounds 
coming directly after prolonged pauses and 
being softer than normal sounds after short¬ 
ened intervals, as in extrasystolic contrac¬ 
tions. The intensity of the heart sounds may 
vary in two ways, absolutely or relatively: 
absolutely when the two sounds are louder 
than normal, and relatively when one sound 
is increased compared with the other in the 
cycle. For example, there is increased abso¬ 
lute intensity in anemia and in cardiac 
hypertrophy. 

The intensity of the first sound depends 
on the force of ventricular contraction and is 
thus increased in ventricular hypertrophy 
and decreased in myocardial asthenia. The 
intensity of the second sound depends on the 
semilunar closure, i.e., on the arterial blood 
pressure, and is therefore increased when the 
blood pressure is high and decreased when 
the pressure is low. 

Abnormal sounds may replace one or 
both of the normal sounds or may accom¬ 
pany them. The heart sounds are muffled 
when the pericardial sac is distended with 
fluid. Sounds that are related to events in the 
cardiac cycle are murmurs or bruits and are 
caused mainly by endocardial lesions such as 
valvular vegetations or adhesions and by 
insufficiency of closure of valves and by 
abnormal orifices such as a patent interven¬ 
tricular septum or ductus arteriosus. Inter¬ 
ference with normal blood flow causes the 
development of turbulence with resultant 
eddying and the creation of murmurs. When 
attempting to determine the site and type of 
the lesion it is necessary to identify its time 


of occurrence in the cardiac cycle: it may be 
presystolic, systolic, or diastolic, and it is 
usually necessary to palpate the arterial pulse 
and auscultate the heart simultaneously to 
determine accurately the time of occurrence. 
The site of maximum audibility may indicate 
the probable site of the lesion, but other 
observations, including abnormalities of the 
arterial pulse wave, should be taken into 
account. In many cases of advanced debility, 
anemia, and toxemia, soft murmurs can be 
heard that wax and wane with respiration 
(hemic murmurs) and are probably caused 
by myocardial asthenia. In cases of local 
pressure on the heart by other organs, for 
example, in diaphragmatic hernia in cattle, 
loud systolic murmurs may be heard and are 
probably caused by distortion of the valvular 
orifices. 

Abnormal sounds not related to the 
cardiac cycle include pericardial friction 
rubs, which occur with each heart cycle but 
are not specifically related to either systolic 
or diastolic sounds. They are more superfi¬ 
cial, more distinctly heard than murmurs, 
and have a to-and-fro character. Local pleu¬ 
ritic friction rubs may be confused with peri¬ 
cardial sounds, especially if respiratory and 
cardiac rates are equal. 

Palpation of the heart beat has real value: 
the size of the cardiac impulses can be assessed 
and palpable thrills may on occasion be of 
more value than auscultation of murmurs. It 
is best performed with the palm of the hand 
and should be performed on both sides. An 
increased cardiac impulse, the movements of 
the heart against the chest wall during systole, 
may be easily seen on close inspection of the 
left precordium and can be felt on both sides. 
It may be caused by cardiac hypertrophy or 
dilatation associated with cardiac insuffi¬ 
ciency or anemia or to distension of the peri¬ 
cardial sac with edema or inflammatory fluid. 
Care should be taken not to confuse a readily 
palpable cardiac impulse caused by cardiac 
enlargement with one caused by contraction 
of lung tissue and increased exposure of the 
heart to the chest wall. 

Normally, the heart movements can be 
felt as distinct systolic and diastolic thumps. 
These thumps are replaced by thrills when 
valvular insufficiencies or stenoses or con¬ 
genital defects are present. When the defects 
are large the murmur heard on auscultation 
may not be very loud, but the thrill is readily 
palpable. Early pericarditis may also produce 
a friction thrill. The cardiac impulse should 
be much stronger on the left than the right 
side and reversal of this situation indicates 
displacement of the heart to the right side. 
Caudal or anterior displacement can also 
occur. 

Percussion to determine the boundaries 
of the heart is of little value in large animal 
work because of the relatively large size of the 
heart and lungs and the depth of tissue 
involved. The area of cardiac dullness is 
increased in cardiac hypertrophy and 





dilatation and decreased when the heart is 
covered by more than the usual amount of 
lung, as in pulmonary emphysema. More 
detailed examination of the heart by electro¬ 
cardiography, radiographic examination, test 
puncture, and blood pressure are described 
under diseases of the heart in Chapter 10. 

Lung Area 

Auscultation, percussion, and palpation 

are the major methods used for examination 
of the lungs. 

The lung area available for satisfactory 
auscultation is slightly larger than that avail¬ 
able for percussion. The normal breath 
sounds are heard over most of the lungs, par¬ 
ticularly in the middle third anteriorly over 
the base of the lung, and consist of a soft, 
sipping VEE-EFF, the latter, softer sound 
occurring at expiration. The sounds are 
heard with variable ease depending on the 
thickness of the chest wall and the amplitude 
of the respiratory excursion. In well-fleshed 
horses and fat beef cattle the sounds may not 
be discernible at rest. The amplitude or loud¬ 
ness of the breath sounds is increased in 
dyspnea and in early pulmonary congestion 
and inflammation. The amplitude of the 
breath sounds is decreased or totally inau¬ 
dible when there is pleural effusion and in 
space-occupying lesions in the lung or 
pleural cavity. Abnormal lung sounds include 
crackles, wheezes, and pleuritic friction rubs. 
They are the result of interference with the 
free movement of air in and out of the lungs, 
and of the presence of lesions that interfere 
with the normal movement of the lung creat¬ 
ing additional respiratory sounds, which are 
an indication of disease. The descriptions 
and interpretations of the normal and abnor¬ 
mal lung sounds, and other respiratory 
noises, are described in Chapter 12. 

The intensity of abnormal lung sounds 
may be increased and their clarity improved 
by measuring the rate and depth of respira¬ 
tions with forced mild exercise such as 
walking for a few minutes followed by imme¬ 
diate auscultation. If exercise is undesirable 
the occlusion of both nostrils for 30 to 45 
seconds will be followed by some deep inspi¬ 
rations and accentuation of abnormal lungs. 
An alternative maneuver, which is effective 
in both horses and cattle, is to pull a plastic 
bag over the muzzle and lower face. When 
respiratory movements become exaggerated 
the bag is removed and the lungs auscultated 
immediately. 

Sounds of peristalsis are normally heard 
over the lung area on the left side in cattle 
and in horses. In cattle, these sounds are 
caused by reticular movement and in horses 
caused by movements of the colon. Their 
presence is not of much significance in these 
species unless there are other signs. Also in 
cattle the sounds of swallowing, eructation, 
and regurgitation may be confused with 
peristaltic sounds; ruminal movements and 
the esophagus should be observed for the 
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passage of gas or a bolus to identify these 
sounds. Other techniques for examination of 
the thorax are described in Chapter 12. 

Palpation of the thoracic wall may reveal 
the presence of a pleuritic thrill, bulging 
of the intercostal spaces when fluid is present 
in the thoracic cavity, or narrowed intercos¬ 
tal spaces and decreased rib movement over 
areas of collapsed lung. 

Percussion may be done by the usual 
direct means or indirectly by tracheal percus¬ 
sion when the trachea is tapped gently and the 
sound is listened for over the lung area. By 
direct percussion within the intercostal 
spaces the area of normal lung resonance can 
be defined and abnormal dullness or reso¬ 
nance detected. Increased dullness may indi¬ 
cate the presence of a space-occupying mass, 
consolidated lung, edematous lung, or an 
accumulation of fluid. In a pleural effusion 
the upper limit of the area of dullness can be 
determined by percussion and the fluid line 
can be delineated and identified and used to 
assess the progress of therapy. 

An overloud normal percussion note is 
obtained over tissue containing more air 
than usual, e.g., emphysematous lung. A 
definite tympanitic note can be elicited over 
pneumothorax or a gas-filled viscus pene¬ 
trating through a diaphragmatic hernia. For 
percussion to be a satisfactory diagnostic aid, 
affected areas need to be large with maximum 
abnormality, and the chest wall must be thin. 

Abdomen 

Clinical examination of the abdomen 
includes the following: 

• Visual inspection of the abdominal 
contour for evidence of distension or 
gauntness 

• Auscultation of the gastrointestinal 
sounds 

• Palpation and percussion through the 
abdominal wall 

• Rectal palpation 

• Passage of the nasogastric tube 

• Paracentesis of the abdomen 

Auscultation 

Auscultation of the abdomen is an essential 
part of the clinical examination of cattle, 
horses, and sheep. It is of limited value in 
pigs. The intestinal or stomach sounds will 
indicate the nature of the intraluminal con¬ 
tents and the frequency and amplitude of 
gastrointestinal movements, which are valu¬ 
able aids in clinical diagnosis. The intensity, 
duration, and frequency of the sounds 
should be noted. All these characteristics will 
be increased in animals that have just eaten 
or immediately following excitement. 

Auscultation of the Rumen 
of Cattle and Sheep 
This is a very useful part of the clinical exam¬ 
ination. In normal animals there are one to 
two primary contractions per minute involv¬ 
ing the reticulum and the dorsal and ventral 


sacs of the rumen; the frequency depends on 
the amount of time that has elapsed since 
feeding and the type of food consumed. Sec¬ 
ondary contractions of the dorsal and ventral 
sacs of the rumen occur at about 1 per 
minute and are commonly associated with 
eructation. The examination is made in the 
left paralumbar fossa and a normal sequence 
of sounds consists of a lift of the flank with a 
fluid gurgling sound, followed by a second 
more pronounced lift accompanied by a 
booming, gassy sound. Auscultation over the 
lower left ribs will reveal the fainter fluid 
sounds of reticular contractions just before 
the contractions of the dorsal and ventral 
ruminal sacs described earlier. The reticular 
and ruminal sounds are the predominant 
abdominal sounds in the normal ruminant. 

A grunt, detectable by auscultation over 
the trachea, may occur during the reticular 
contraction phase of a primary contraction 
in cattle with traumatic reticuloperitonitis. 
The factors that result in a decrease in the 
intensity and frequency of ruminal sounds 
are discussed in detail in Chapter 8. 

The intestinal sounds that are audible on 
auscultation of the right flank of cattle and 
sheep consist of frequent faint gurgling 
sounds, which are usually difficult to inter¬ 
pret. Contraction of the abomasum and the 
intestines results in a mixture of sounds that 
are difficult to distinguish. 

Intestinal Sounds of the Horse 
These sounds are clearly audible and their 
assessment is one of the most vital parts of 
the clinical examination and surveillance of 
the horse with suspected abdominal disease. 
Over the right and ventral abdomen there 
are the loud, booming sounds (borborygmi) 
of the colon and cecum, which are at peak 
intensity about every 15 to 20 seconds. Over 
the left abdomen there are the much fainter 
rushing fluid sounds of the small intestines. 
An increase in the intensity and frequency of 
sounds with a distinct fluid quality are heard 
in enteritis and loud, almost crackling, 
sounds in spasmodic colic. In impaction of 
the large intestine there is a decrease in the 
intensity and frequency of the borborygmi, 
and in thromboembolic colic caused by ver¬ 
minous aneurysm and infarction of the 
colon there may be complete absence of 
sounds. In intestinal obstruction the intesti¬ 
nal sounds caused by peristalsis are markedly 
decreased and usually absent, and fluid tin¬ 
kling sounds occur infrequently. In intestinal 
stasis in the horse, auscultation in the right 
flank often detects the tinkling sound of fluid 
dropping from the ileocecal valve through 
gas into the dorsal sac of the cecum. 

Palpation and Percussion Through 
the Abdominal Wall 

Because of the thickness and weight of the 
abdominal wall in mature cattle and horses, 
deep palpation of viscera and organs through 
the abdominal wall has limited value in these 
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species compared with its usefulness in small 
animals. No viscera or organ, with the excep¬ 
tion of the fetus, can be palpated with cer¬ 
tainty through the abdominal wall in the 
horse. In cattle, the rumen and its contents 
can usually be palpated in the left paralum- 
bar fossa. Ruminal distension is usually 
obvious, whereas an inability to palpate the 
rumen may be caused by a small, relatively 
empty rumen or to medial displacement, as 
in left-side displacement of the abomasum. 

Percussion and Simultaneous 
Auscultation 

In left-side displacement of the abomasum, 
percussion and simultaneous auscultation 
over the upper third of the costal arch 
between the 9th and 12th ribs of the left side 
will elicit the typical high-pitched musical- 
quality sounds or ping. These may be mis¬ 
taken for similar sounds present in ruminal 
atony. A markedly enlarged liver in a cow 
may be palpable by ballottement immedi¬ 
ately behind the right costal arch. Using a 
combination of palpation, percussion, and 
simultaneous auscultation over the right 
paralumbar fossa and caudal to the entire 
length of the right costal arch, it may be pos¬ 
sible to detect any of the following in cattle: 

• Dilatation and torsion of the abomasum 

• Cecal dilatation and torsion 

• Impaction of the abomasum and 
omasum 

• Intestinal obstructions, including torsion 
of the coiled colon 

Percussion and auscultation over viscera that 
are distended with fluid and gas may be 
undertaken, and the size and location of the 
tympanitic area will provide some indication 
of the viscera likely to be involved. 

Tactile Percussion of the Abdomen 
This technique aids detection of an excessive 
quantity of fluid in the peritoneal cavity: 
ascites caused by a ruptured bladder, transu¬ 
date in congestive heart failure, and exudate 
in diffuse peritonitis. A sharp blow is struck 
on one side of the abdomen and a fluid wave, 
a blip or undulation of the abdominal wall, 
can be seen and felt on the opposite side of 
the abdomen. The peritoneal cavity must be 
about one-third full of fluid before a fluid 
wave can be elicited. 

Abdominal Pain 

The location of abdominal pain may be 
located by deep external palpation of the 
abdominal wall in cattle. Deep palpation 
with a firm uniform lift of the closed hand or 
with the aid of a horizontal bar held by two 
people under the animal immediately caudal 
to the xiphoid sternum is a useful aid for the 
detection of a grunt associated with trau¬ 
matic reticuloperitonitis in cattle. Superficial 
pain may be elicited by a firm poke of the 
hand or extended finger in cattle or horses. 
In cattle, pain may be elicited over the right 
costal arch when there are liver lesions or 


generally over the abdomen in diffuse 
peritonitis. 

The response to palpation of a focus of 
abdominal pain in cattle is a grunt, which 
may be clearly audible without the aid of a 
stethoscope. However, if there is doubt about 
the audibility of the grunt, the simultaneous 
auscultation of the trachea will detect a per¬ 
ceptible grunt when the affected area is 
reached. In calves with abomasal ulceration, 
a focus of abdominal pain may be present 
on deep palpation over the area of the 
abomasum. 

In cases of severe abdominal distension 
(ruminal tympany in cattle and torsion of the 
large intestine) it is usually impossible to 
determine, by palpation and percussion, the 
viscera that are distended. Pneumoperito¬ 
neum is rare; thus gross distension of the 
abdomen is usually caused by distension of 
viscera with gas, fluid, or ingesta. A combi¬ 
nation of rectal examination, passage of a 
stomach tube, paracentesis, and exploratory 
laparotomy may be necessary to determine 
the cause. 

The abdomen of pigs is difficult to 
examine by palpation because pigs are 
seldom sufficiently quiet or relaxed and the 
thickness of the abdominal wall limits the 
extent of deep palpation. In late pregnancy 
in sows the gravid uterus may be ballotted 
but it is usually not possible to palpate fetal 
prominences. 

In sheep, the rumen, impacted aboma¬ 
sum, and the gravid uterus are usually pal¬ 
pable through the abdominal wall. Positioning 
the sheep on its hindquarters will shift the 
viscera to a more easily palpable position. 

Nasogastric Intubation 

An important part of the examination of the 
abdomen and gastrointestinal tract of large 
animals, especially cattle and horses, is the 
passage of the nasogastric tube into the 
rumen of cattle and into the stomach of 
horses. Gastric reflux occurs commonly in 
the horse with colic, and it is important to 
determine whether the stomach is distended 
with fluid and to relieve it as necessary. This 
topic is presented in detail in Chapter 7. In 
cattle, when disease of the rumen is sus¬ 
pected, the nasogastric tube is passed into 
the rumen to relieve any distension and to 
obtain a sample of rumen juice for determi¬ 
nation of rumen pH and the presence or 
absence of rumen protozoa. 

Head and Neck 
Eyes 

Any discharge from the eyes should be 
noted: it may be watery in obstruction of the 
lacrimal duct, serous in the early stages of 
inflammation, and purulent in the later 
stages. Whether the discharge is unilateral or 
bilateral is of considerable importance. A 
unilateral discharge may be caused by local 
inflammation, and a bilateral discharge may 
denote a systemic disease. Abnormalities of 


the eyelids include abnormal movement, 
position, and thickness. Movement may be 
excessive in painful eye conditions or in 
cases of nervous irritability including hypo¬ 
magnesemia, lead poisoning, and encephali¬ 
tis. The lids may be kept permanently closed 
when there is pain in the eye or when the 
eyelids are swollen, for instance, in local 
edema caused by photosensitization or 
allergy. The membrana nictitans may be 
carried across the eye when there is pain in 
the orbit or in tetanus or encephalitis. There 
may be tumors on the eyelids. 

Examination of the Conjunctiva 
This examination is important because it is a 
good indicator of the state of the peripheral 
vascular system. The pallor of anemia and 
the yellow coloration of jaundice may be 
visible, although they are more readily 
observed on the oral or vaginal mucosa. 
Engorgement of the scleral vessels, petechial 
hemorrhages, edema of the conjunctiva as 
in gut edema of pigs or congestive heart 
failure, and dryness caused by acute pain 
or high fever are all readily observable 
abnormalities. 

Corneal Abnormalities 
These include opacity, varying from the faint 
cloudiness of early keratitis to the solid white 
of advanced keratitis, often with associated 
vascularization, ulceration, and scarring. 
Increased convexity of the cornea is usually 
caused by increased pressure within the 
eyeball and may be caused by glaucoma or 
hypopyon. 

Size of the Eyeball 

Eyeball size does not usually vary, but pro¬ 
trusion is relatively common and when uni¬ 
lateral is caused by pressure from behind the 
orbit in most cases. Periorbital lymphoma in 
cattle, dislocation of the mandible, and peri¬ 
orbital hemorrhage are common causes. 
Retraction of the eyeballs is a common man¬ 
ifestation of reduction in volume of perior¬ 
bital tissues, e.g., in starvation when there is 
disappearance of fat and in dehydration 
when there is loss of fluids. 

Abnormal Eyeball Movements 
Abnormal movements occur in nystagmus 
caused by anoxia or by lesions of the cerebel¬ 
lum or vestibular tracts. In nystagmus there 
is periodic, involuntary movement with a 
slow component in one direction and a quick 
return to the original position. The move¬ 
ment may be horizontal, vertical, or rotatory. 
In paralysis of the motor nerves to the orbital 
muscles there is restriction of movement and 
abnormal position of the eyeball at rest. 

Examination of the Deep Structures 
Assessment of the deep structures of the eye 
necessitates an ophthalmoscope but gross 
abnormalities may be observed by direct 
vision. Pus in the anterior chamber, 





hypopyon, is usually manifested by yellow to 
white opacity often with a horizontal upper 
border obscuring the iris. The pupil may be 
of abnormal shape or abnormal in position 
caused by adhesions to the cornea or other 
structures. An abnormal degree of dilatation 
is an important sign, and unilateral abnor¬ 
mality usually suggests a lesion of the orbit. 

Bilateral excessive dilatation (mydriasis) 
occurs in local lesions of the central nervous 
system affecting the oculomotor nucleus, or 
in diffuse lesions including encephalopa¬ 
thies, or in functional disorders such as botu¬ 
lism and anoxia. Peripheral blindness caused 
by bilateral lesions of the orbits may have a 
similar effect. Excessive constriction of the 
pupils (miosis) is unusual unless there has 
been overdose with organic phosphatic 
insecticides or parasympathomimetic drugs. 
Opacity of the lens is readily visible, espe¬ 
cially in advanced cases. 

Vision Tests 

Several tests of vision and of ocular reflexes 
are easily performed, and when warranted 
should be done at this stage of the examina¬ 
tion. Tests for blindness include the menace 
reflex and an obstacle test. In the former a 
blow at the eye is simulated with care being 
taken not to cause an air current. The objec¬ 
tive is to elicit the eye preservation reflex 
manifested by reflex closure of the eyelids. 
This does not occur in peripheral or central 
blindness, and in facial nerve paralysis there 
may be withdrawal of the head but no eyelid 
closure. An obstacle test in unfamiliar sur¬ 
roundings should be arranged and the ani¬ 
mal’s ability to avoid obstacles assessed. The 
results are often difficult to interpret if the 
animal is nervous. A similar test for night- 
blindness (nyctalopia) should be arranged in 
subdued light, either at dusk or on a moonlit 
night. Nyctalopia is one of the earliest indica¬ 
tions of avitaminosis-A. Total blindness is 
called amaurosis, and partial blindness is 
called amblyopia. The pupillary light reflex— 
closure and dilatation of the iris in response 
to lightness and darkness—is best tested with 
a strong flashlight. 

Nostrils 

Particular attention should be paid to the 
odor of the nasal breath. There may be a 
sweet sickly smell of ketosis in cattle or a 
fetid odor, which may originate from any of 
a number of sources including gangrenous 
pneumonia, necrosis in the nasal cavities, or 
the accumulation of nasal exudate. Odors 
originating in the respiratory tract are usually 
constant with each breath and may be uni¬ 
lateral. The sour smell of alimentary tract 
disturbance is detectable only periodically, 
coinciding with eructation. Odors originat¬ 
ing in the mouth from bad teeth or from 
necrotic ulcers associated with Fusobacte- 
rium necrophorum in calves may be smelled 
on the nasal breath but are stronger on the 
oral breath. 
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In certain circumstances it may be impor¬ 
tant to note the volume of the breath expelled 
through the nostrils: it may be the only way 
of determining whether the animal is breath¬ 
ing and, in some cases, of counting the respi¬ 
ratory rate. Variation in volume between 
nostrils, as felt on the hands, may indicate 
obstruction or stenosis of one nasal cavity. 
This can be examined further by closing off 
the nostrils one at a time; if obstruction is 
present in one nostril, closure of the other 
causes severe respiratory embarrassment. 

Any nasal discharge should receive 
special attention and its examination should 
be performed at the same time as an inspec¬ 
tion of the nasal mucosa. Discharges may be 
restricted to one nostril in a local infection 
or be bilateral in systemic infection. The 
color and consistency of the exudate will 
indicate its source. In the early stages of 
inflammation the discharge will be a clear, 
colorless fluid, which later turns to a white to 
yellow exudate as leukocytes accumulate in 
it. In Channel Island cattle the color may be 
a deep orange, especially in allergic rhinitis. 
A rust or prune juice color indicates blood 
originating from the lower respiratory tract, 
as in pneumonia and in equine infectious 
anemia in the horse. Blood clots derived 
from the upper respiratory tract or pharynx 
may be present in large quantities or appear 
as small flecks. Generally, blood from the 
upper respiratory tract is unevenly mixed 
with any discharge, whereas that from the 
lower tract comes through as an even color. 

The consistency of the nasal discharge 
will vary from watery in the early stages of 
inflammation, through thick, to cheesy in 
longstanding cases. Bubbles or foam may be 
present. When the bubbles are coarse it sig¬ 
nifies that the discharge originates in the 
pharynx or nasal cavities; fine bubbles origi¬ 
nate in the lower respiratory tract. In all 
species, vomiting or regurgitation caused by 
pharyngitis or esophageal obstruction may 
be accompanied by the discharge of food 
material from the nose or the presence of 
food particles in the nostrils. In some cases 
the volume of nasal discharge varies from 
time to time, often increasing when the 
animal is feeding from the ground, leading 
to infection of the cranial sinuses. 

Inflammation of the nasal mucosa varies 
from simple hyperemia, as in allergic rhini¬ 
tis, to diffuse necrosis, as in bovine malig¬ 
nant catarrh and mucosal disease, to deep 
ulceration as in glanders. In hemorrhagic 
diseases variations in mucosal color can be 
observed and petechial hemorrhages may be 
present. 

Mouth 

Excessive salivation with ropes of saliva 
hanging from the mouth and usually accom¬ 
panied by chewing movements occurs 
when a foreign body is present in the mouth 
and also in many forms of inflammation 
of the oral mucosa or of the tongue. 


Actinobacillosis of the tongue, foot-and- 
mouth disease, and mucosal disease are 
typical examples. Excessive salivation may 
also occur in diseases of the central nervous 
system, as in acute lead poisoning in young 
cattle. Hypersalivation is a characteristic sign 
in epidemic hyperthermia associated with 
the mycotoxins of Acremonium coenophi- 
alum and Claviceps purpurea and by the 
fungus Rhizoctonia leguminicola sometimes 
found on red clover. Dryness of the mouth 
occurs in dehydration and poisoning with 
belladonna alkaloids, or when fed high levels 
of urea. 

Abnormalities of the buccal mucosa 
include local lesions, hemorrhages in purpu¬ 
ric diseases, the discolorations of jaundice 
and cyanosis, and the pallor of anemia. Care 
must be taken to define the exact nature of 
lesions in the mouth, especially in cattle; dif¬ 
ferentiation between vesicles and erosive and 
ulcerative lesions is of diagnostic significance 
in the mucosal diseases of this species. 

Teeth 

Examination of the teeth for individual 
defects is a surgical subject, but a general 
examination of the dentition can yield useful 
medical information. Delayed eruption and 
uneven wear may signify mineral deficiency, 
especially calcium deficiency, in sheep; 
excessive wear with mottling and pitting 
of the enamel is suggestive of chronic 
fluorosis. 

Tongue 

The tongue may be swollen by local edema 
or by inflammation as in actinobacillosis of 
cattle or shrunken and atrophied in postin- 
flammatory or nervous atrophy. Lesions of 
the lingual mucosa are part of the general 
buccal mucosal response to injury. 

Pharynx 

Examination of the pharyngeal region in 
large animals requires some dexterity and the 
use of a speculum of appropriate size. The 
oral cavity and pharynx of calves, lambs, and 
goat kids is examined by holding the mouth 
open; depressing the base of the tongue with 
the fingers or a tongue depressor; and viewing 
the pharynx, the glottis, and the proximal 
part of the larynx and arytenoid cartilages. In 
adult cattle, a metal or Plexiglas cylindrical 
speculum, 45cm in length and 4cm in diam¬ 
eter, placed in the oral cavity and over the 
base of the tongue will allow viewing of the 
pharynx and the larynx. Foreign bodies, 
diffuse cellulitis, and pharyngeal lymph node 
enlargement can also be detected this way. 
The use of a speculum wedged between the 
upper and lower molar teeth in cattle allows 
manual exploration and evaluation of lesions 
of the pharynx and proximal part of the 
larynx. In the horse, the pharynx cannot be 
viewed from the oral cavity and manual 
exploration of the pharynx requires general 
anesthesia. Endoscopy is a useful method of 
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examination in this species, and the modern 
fiberscope has made it possible to visualize 
lesions in the posterior nares and pharynx- 
esophagus and larynx-trachea in the stand¬ 
ing, conscious horse or ox. 

Submaxillary Region 

Abnormalities of the submaxillary region 
that should be noted include enlargement of 
lymph nodes caused by local foci of infec¬ 
tion, subcutaneous edema as part of a 
general edema, local cellulitis with swelling 
and pain, and enlargement of salivary glands 
or guttural pouch distension in the horse. 
Thyroid gland enlargement is often missed 
or mistaken for other lesions, but its site, 
pulsation, and surrounding edema are 
characteristic. 

Neck 

The most important part of the examination 
of the neck of cattle and horses is to deter¬ 
mine the state of the jugular veins. Bilateral 
engorgement of the jugular veins may be 
caused by obstruction of the veins by com¬ 
pression or constriction or by right-sided 
congestive heart failure. A jugular pulse of 
small magnitude moving up the jugular vein 
about one third of the way up the neck is 
normal in most animals but it must be dif¬ 
ferentiated from a transmitted carotid pulse, 
which is not obliterated by compression of 
the jugular vein at a lower level. Variations in 
size of the vein may occur synchronously 
with deep respiratory movements but bear 
no relation to the cardiac cycles. When the 
jugular pulse is associated with each cardiac 
movement it should be determined whether 
it is physiologic or pathologic. The physio¬ 
logic pulse is presystolic and caused by atrial 
systole and is normal. The pathologic pulse 
is systolic and occurs simultaneously with 
the arterial pulse and the first heart sound; it 
is characteristic of an insufficient tricuspid 
valve. 

Local or general enlargement of the 
esophagus associated with vomiting or 
dysphagia occurs in esophageal diverticu¬ 
lum, stenosis and paralysis, and in cardiac 
obstructions. Passage of a stomach tube or 
probang can assist in the examination of 
esophageal abnormalities. 

Tracheal auscultation is a useful diagnos¬ 
tic aid. Normally, the sounds that are audible 
are louder and more distinct than breath 
sounds audible over the lung. In upper respi¬ 
ratory tract disease, such as laryngitis and 
tracheitis, the sounds are louder and harsher 
and may be whistling in the presence of ste¬ 
nosis. Very loud stenotic tracheal sounds are 
characteristic of calves with tracheal col¬ 
lapse. Abnormal tracheal sounds, regardless 
of their cause, are usually transferred down 
the major bronchi and are audible on auscul¬ 
tation over the thorax, primarily during 
inspiration. They are commonly confused 
with abnormal lung sounds caused by pneu¬ 
monia, but in pneumonia the abnormal 


sounds are usually present both on inspira¬ 
tion and on expiration. 

Rectal Examination 

Rectal exploration of the abdomen is a vital 
part of the complete examination of the 
abdomen of large animals, especially cattle 
and horses. Abnormalities that are com¬ 
pletely unexpected can be present and may 
be the cause of illness in animals in which 
no other significant clinical abnormalities 
were detected on clinical examination. 
Special care is necessary to avoid injuring the 
animal and causing it to strain. Suitable 
lubrication and avoidance of force are the 
two most important factors. Rectal examina¬ 
tion enables observations to be made on the 
alimentary, urinary, and genital tracts and on 
the vessels and peritoneum and pelvic struc¬ 
tures. The amount and nature of the feces in 
the rectum should be determined. 

Palpable abnormalities of the digestive 
tract include paralysis and ballooning of the 
rectum, distension of the loops of the intes¬ 
tine with fluid or gas, the presence of hard 
masses of ingesta such as in cecal and colonic 
impactions in the horse, and intestinal 
obstruction caused by volvulus, intussuscep¬ 
tion, or strangulation. The detection of tight 
bands of mesentery leading to displacement 
segments may be a valuable guide. In cattle, 
the caudal sacs of the rumen are readily pal¬ 
pable. When the rumen is distended as in 
bloat or vagus indigestion they may push 
well into the pelvis or be only just within 
reach when the rumen is empty. A distended 
abomasum may be felt in the right half of the 
abdomen in cases of abomasal torsion and 
occasionally in vagus indigestion. In healthy 
animals there is little to feel because of the 
space occupied by normal intestines. Palpa¬ 
ble objects should be carefully examined. 

The left kidney in the cow can be felt in 
the midline and distinct lobulations are 
evident. In the horse, the caudal pole of the 
left kidney is easily palpable, but the right 
kidney is not. There may be abnormalities of 
size and pain on pressure caused by pyelone¬ 
phritis, and abnormalities of size caused by 
hydronephrosis and amyloidosis. The ureters 
and empty bladder are not normally palpa¬ 
ble. A distended bladder or chronic cystitis 
with thickening of the wall can be felt in the 
midline at the anterior end of the pelvic 
cavity. Abnormalities of the bladder and 
ureters in cattle are also palpable through the 
ventral aspects of the vagina. Large calculi 
have a stonelike hardness and are occasion¬ 
ally observed in horses in the same position. 
Pain with spasmodic jerking of the penis on 
palpation of the urethra occurs in urinary 
obstruction caused by small calculi, cystitis, 
and urethritis. Enlarged, thickened ureters 
such as occur in pyelonephritis can be felt 
between the kidney and the bladder. 

On the peritoneum and mesentery one 
may feel the small, grapelike lesions of tuber¬ 
culosis; the large, irregular, hard masses of fat 


necrosis; and the enlarged lymph nodes of 
lymphomatosis. The abdominal aorta is pal¬ 
pable, and in horses the anterior mesenteric 
artery and some of its branches can be felt. 
This may be an important examination if a 
verminous aneurysm is suspected, in which 
case the vessels are thickened but still pulsate 
and have an uneven rough surface and may 
be painful. In horses the caudal edge of the 
spleen is usually palpable in the left abdomen. 
During a rectal examination in a horse it is 
advantageous in some cases to palpate the 
inguinal ring from inside the abdomen and, 
by pushing the other hand between the 
horses thighs, to palpate the external ring 
simultaneously. It is then easier to decide 
whether any abnormal structures are passing 
through the ring. 

Feces and Defecation 
Examination of the feces may provide valu¬ 
able information on the digestive and motor 
functions of the tract. They should be exam¬ 
ined for volume, consistency, form, color, 
covering, odor, and composition. A note 
should be made of the frequency and the 
time taken for material to pass through the 
tract. Laboratory examinations may be 
advisable to detect the presence of helminth 
eggs, occult blood, bile pigments, pathogenic 
bacteria, or protozoa. 

The volume of feces is usually described 
as scant, normal, or copious but, in certain 
circumstances, it may be advisable to weigh 
or measure the daily output. The normal 
output for each species is as follows: 

• Horses: 15 to 20 kg/day 

• Cattle: 25 to 45 kg/day 

• Pigs: 1 to 2.5 kg/day 

• Sheep and goats: 0.5 to 1 kg/day 

There is an increased bulk when fed too 
much fiber or during attacks of diarrhea. The 
consistency and form of the feces vary with 
each species and vary widely within a normal 
range, depending particularly on the nature 
of the food. Variations in consistency not 
explainable by changes in the character of the 
feed may indicate abnormalities of any of the 
functions of the tract. The consistency is 
more fluid in diarrhea and less fluid than 
normal in constipation. The consistency and 
form of the feces may provide some indica¬ 
tion of the location of the dysfunction of the 
gastrointestinal tract. Generally, large quan¬ 
tities of liquid feces suggest a dysfunction of 
the small intestine where normally most 
of the fluid is absorbed. Feces that contain 
large quantities of undigested feed could 
suggest overfeeding, incomplete mastication, 
a digestive enzyme deficiency, or an acute 
disorder of the small intestine or stomachs. 
Large quantities of soft feces that contain 
well-digested ingesta suggest a dysfunction 
of the large intestine. However, these are only 
guidelines and are subject to error. 

Color of the Feces. This also varies widely 
with the color of the food, but feces of a 





lighter color than normal may be caused by 
an insufficient secretion of bile or by simple 
dilution of the pigments, as occurs in diar¬ 
rhea. The effect of blood on the appearance 
of feces has already been described. Discol¬ 
oration by drugs should be considered when 
the animal is undergoing treatment. 

Fecal Odor. This depends largely on the 
nature of the food eaten, but in severe enteri¬ 
tis the odor is characteristically one of 
putrefaction. 

Composition. The composition of the feces 
should be noted. In herbivorous animals 
there is always a proportion of undigested 
fiber, but excessive amounts suggest incom¬ 
plete digestion caused by, for example, bad 
teeth and faulty mastication. Excessively 
pasty feces are usually associated with a pro¬ 
longed sojourn in the tract such as occurs in 
vagal indigestion or abomasal displacement 
in cattle. Foreign material of diagnostic sig¬ 
nificance includes sand or gravel, wool, and 
shreds of mucosa. Mucus is a normal con¬ 
stituent but, in excessive amounts, indicates 
either chronic inflammation, when it is asso¬ 
ciated with fluid, copious feces, or constipa¬ 
tion when the feces are small in volume and 
hard. Mucosal shreds or casts always indicate 
inflammation. 

Frequency of Defecation. Frequency and 
the length of sojourn in the gastrointestinal 
tract are usually closely allied, and increased 
frequency and decreased sojourn occur in 
diarrhea and the reverse in constipation. 
Most animals defecate eight to 12 times a day 
but the sojourn varies widely with the 
species. Omnivores and carnivores with 
simple stomachs have an alimentary sojourn 
of 12 to 35 hours, in ruminants it is 2 to 4 
days, and in it is horses 1 to 4 days, depend¬ 
ing on the type of feed. 

Other Observations 
Observation of other acts associated with 
the functions of the alimentary tract may 
provide information of diagnostic value. Pre¬ 
hension, mastication, swallowing, vomiting, 
and defecation should be observed and an 
attempt made to analyze the behavior of the 
animal when there is evidence of abdominal 
pain. 

Paracentesis of the Abdomen 

Paracentesis of the abdomen includes obtain¬ 
ing a sample of peritoneal fluid when perito¬ 
nitis or inflammation of the serosae of the 
intestines or other viscera of the abdomen is 
suspected. Aspiration of fluid from a dis¬ 
tended abdominal viscus is also possible and 
is often a useful aid in the diagnosis (see 
Chapter 7). 

Urinary System 

Examination of the urinary tract consists of 
observations of the act of urination, 
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evidence of difficult and painful urination, 
abnormal urine, collection of urine and uri¬ 
nalysis, and, depending on the species, pal¬ 
pation of the kidneys, bladder, and urethra. 
Details of the examination of the urinary 
tract are presented in Chapter 13. 

Reproductive Tract 

Examination of the reproductive tract is 
usually performed at this stage but is not dis¬ 
cussed here because it is beyond the scope of 
this book. In the immediate postpartum 
period, the vagina, cervix, and uterus should 
be examined thoroughly for evidence of 
gross abnormalities such as metritis, retained 
placenta, and ruptured uterus, which may be 
the cause of illness not obvious on examina¬ 
tion of other body systems. 

Mammary Gland 

The mammary gland(s) of all species is 
examined by inspection and palpation of the 
udder and teats and gross examination of the 
milk or abnormal secretions of the glands. 
Details of this examination are presented in 
Chapter 20. 

Musculoskeletal System and Feet 

Examination of the musculoskeletal system 
and feet is necessary when there is lameness, 
weakness, or recumbency. Inspection of 
the gait during the walk and trot is used to 
determine the origin of the lameness. The 
muscles, joints, ligaments, tendons, and 
bones are inspected and palpated to deter¬ 
mine abnormalities associated with lame¬ 
ness, weakness, or recumbency. The feet are 
examined by inspection, palpation, and the 
trimming of hooves in farm animals to iden¬ 
tify lesions associated with lameness. Medical 
imaging is commonly used to define lesions 
not readily recognizable by routine clinical 
examination. Details of examination of the 
musculoskeletal system and feet are pre¬ 
sented in Chapter 15. 

Nervous System 

In routine veterinary practice, veterinarians 
will commonly include several components 
of a neurologic examination in a complete 
clinical examination. Most often a diagnosis 
and differential diagnosis can be made 
from consideration of the history and the 
clinical findings. However, if the diagnosis is 
uncertain it may be necessary to conduct a 
complete neurologic examination, which 
may uncover additional clinical findings 
necessary to make a diagnosis and give a 
prognosis. 

A complete neurologic examination 
includes examination of the mental status, 
head and posture, cranial nerve function, gait 
and posture, function of the neck and fore¬ 
limbs, function of the trunk and hindlimbs, 
palpation of the bony encasement of the 
central nervous system, examination of cere¬ 
brospinal fluid, and medical imaging of the 
bony skeleton of the head and vertebral 


column. The details of the neurologic exami¬ 
nation are presented in Chapter 14. 

Skin Including Ears, Hooves, 
and Horns 

A systematic method for the examination of 
the skin is necessary to avoid misinterpreta¬ 
tion of the lesions. Inspection of the behavior 
of the animal and of the skin and hair and 
palpation and smelling of the skin are the 
most common physical methods used for 
clinical examination of the skin. The impor¬ 
tant prerequisites for an adequate examina¬ 
tion of the skin are good lighting such as 
natural light or day-type lamps, clipping the 
animal’s hair when necessary to adequately 
visualize lesions, magnification of the lesions 
with a hand lens to improve visualization of 
the changes, and adequate restraint and posi¬ 
tioning of the animal. Palpation can be used 
to assess the consistency of lesions, the thick¬ 
ness and elasticity of skin, and to determine 
the presence of pain associated with diseases 
of the skin. 

Close inspection and palpation of the 

skin and hair coat are necessary to identify 
and characterize lesions. Magnifying spec¬ 
tacles or an illuminated magnifying glass 
may prove useful. The dorsal aspect of the 
body is inspected by viewing it from the rear, 
as elevated hairs and patchy alopecia may be 
more obvious from that angle. All parts of 
the head including the nose, muzzle, and ears 
are examined. The lateral trunk and the 
extremities are then examined. The feet of 
large animals need to be picked up to 
examine the interdigital clefts and parts of 
the coronary bands. The skin of the udder 
and teats of cattle, sheep, goats, and horses 
must be observed. The ventral aspect of the 
body is carefully examined using a source of 
light to illuminate the underside of adult 
cattle and horses. The external and internal 
aspects of the ears and the hooves and horns 
must be examined by inspection and 
palpation. 

Every centimeter of the skin needs to be 
examined for the presence of lesions in dif¬ 
ferent stages of development. The visual, 
tactile, and olfactory senses are used to see, 
feel, and smell the lesions. The presence or 
absence of some ectoparasites can be deter¬ 
mined by direct inspection. For example, lice 
and ticks of cattle are usually easily visible. 
The odor of the skin in some diseases may be 
abnormal; dermatophilosis in cattle is char¬ 
acterized by a foul and musty odor. Parting 
the hairs with the fingers or by gently blowing 
them is necessary to evaluate the length of 
the hair shafts. Broken hairs, changes in hair 
color, and the accumulation of exudative 
material on hair shafts are noted. The texture 
and elasticity of the skin must be assessed by 
rolling the skin between the fingers. Careful 
digital palpation of the hair coat which 
appears normal on visual inspection may 
reveal underlying lesions such as pustules, 
which may be covered by the hair coat. In 
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some cases, tufts of hairs may be seen pro¬ 
truding through an accumulation of exudate. 
A combination of visual inspection of the 
wool coat of sheep is done carefully and sys¬ 
tematically by parting the wool coat and 
evaluating the condition of the wool fibers 
and the underlying skin. The hair coat 
should not be clipped, groomed, or washed 
before the lesions have been identified and 
characterized. 

DIAGNOSTIC IMAGING 

Use of advanced diagnostic imaging is 
increasing in large animal practice. Once the 
domain of university-associated veterinary 
teaching hospitals, imaging modalities 
such as digital radiography, computed 
tomography, fluoroscopy, and sophisticated 
ultrasonography are increasingly available 
in ambulatory practice or hospital-based 
private practices. Magnetic resonance 
imaging continues to be limited to veterinary 
teaching hospitals or major private referral 
hospitals. 

Routine ultrasonography is now an 
accepted part of most large animal practices 
and is essentially a continuation of the 
clinical examination usually performed by 
clinicians rather than imaging specialists. 
Ultrasonography has developed into a valu¬ 
able imaging technique in almost all animal 
species because of the rapid development of 
technically improved portable units and 
their potential for use on farms and stables. 

The ultrasonographic examination is 
unique in its animal application because it is 
a dynamic examination technique with 
minimal risk to the animal or the sonogra- 
pher. Ultrasonography is noninvasive and 
well tolerated in unsedated animals. It 
enables serial examinations to monitor the 
progression of an abnormality or response to 
treatment. Ultrasonography requires skill 
and experience to make a diagnosis, but this 
is readily and rapidly obtained by veterinar¬ 
ians. Continuing education courses and 
workshops are becoming more common and 
they provide excellent training and the latest 
concepts. Ultrasonography can be valuable 
in examining the contents of cavitary lesions, 
synovial cavities, cysts, or other fluid-filled 
lesions for the presence of liquid, semisolid, 
or solid contents and/or effusion. Centesis of 
synovial cavities or body cavities and biopsy 
of organs, such as the liver or kidney, are now 
frequently done as part of the clinical exami¬ 
nation. Ultrasonography enables accurate 
needle placement following ultrasono¬ 
graphic examination of the designated struc¬ 
ture, assisting with the measurement of the 
distance from the skin surface to the struc¬ 
ture when, for example, a freehand biopsy 
technique is to be performed. 

During a routine ultrasound examina¬ 
tion, real-time B-mode provides information 
regarding the physical form and structure 
of tissues, allows subjective assessment of 
movement such as peristaltic contractions 


within the intestine, and provides an over¬ 
view that guides the application of 
other ultrasound modes. M-mode is now 
an integral part of echocardiographic 
examinations. 

The benefits of ultrasound as a veterinary 
diagnostic imaging procedure are numerous. 
Routine ultrasound examinations have no 
harmful biological effects. It is a safe proce¬ 
dure for the animal, the operator, and nearby 
personnel, which allows it to be done in any 
location without the need for specific safety 
precautions. 

The ability of ultrasound to distinguish 
fluid from soft tissue and differentiate 
between soft tissues on the basis of their 
composition makes it more suited than 
radiography for examining soft tissue struc¬ 
tures. Ultrasonography can often provide 
information that was previously only avail¬ 
able through exploratory laparotomy. Ultra¬ 
sound is limited by its inability to penetrate 
gas-filled or bony structures; therefore 
acoustic windows must be found that avoid 
the interposition of bone or gas between 
the transducer and the region of interest, 
although this can often be achieved by judi¬ 
cious positioning of the animal. Transcuta¬ 
neous examinations in animals can require 
removal of the hair overlying the region 
of interest by clipping, because the beam 
cannot penetrate the air trapped between 
the hairs, or application of an acoustic cou¬ 
pling material such as gel or 70% alcohol 
in short-coated animals (horses, foals, cattle, 
and calves). 

Examples of the use of ultrasonography 
in bovine practice include the diagnosis of 
gastrointestinal disease, diseases of the 
mammary gland, thoracic disease, splenic 
disease, ruptured gallbladder in cows, and 
the blood flow patterns in the common 
carotid artery and external jugular vein for 
cardiac and blood vessel disease. 

The use of ultrasonography as a repro¬ 
ductive management aid in dairy cattle 
practice represents a major advance in 
understanding their reproductive biology. 
The literature on veterinary ultrasound 
equipment, imaging the bovine ovary 
(ovarian follicles, corpora lutea, and ovarian 
cysts), the bovine uterus (early pregnancy 
diagnosis, early embryonic loss, identifica¬ 
tion of cows carrying twins, and determina¬ 
tion of fetal sex), and the diagnostic 
limitations of ultrasonic imaging has been 
reviewed. Because nonpregnancy can be 
established 7 to 14 days earlier after artificial 
insemination (AI) using ultrasound com¬ 
pared with rectal palpation, nonpregnant 
cows can be detected earlier and returned to 
AI service, improving the pregnancy rate 
through an increased AI service rate. 

The use of ultrasonography to examine 
various body systems is described in a 
number of chapters in this textbook. 
Readers are encouraged to consult text¬ 
books dealing with ultrasonography. Short 


courses and laboratory workshops are now 
commonplace and readily available and 
highly recommended. The development of 
extension education programs to train 
bovine practitioners is a critical step toward 
rapid implementation of this technology into 
the dairy industry. 
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INTERPRETATION OF 
LABORATORY DATA 

WHY COLLECT 
LABORATORY DATA? 

Collection of a full history and performance 
of a purposeful physical examination are the 
most powerful tools available to the veteri¬ 
narian in determining the nature of an ani¬ 
mal’s disease and its likely cause, although as 
noted previously not all of these should be 
done for every case. However, laboratory 
data, including results of clinical, biochemi¬ 
cal, hematologic, serologic, radiographic, 
electrocardiographic, ultrasonographic, and 
other examinations, are often obtained from 
individual animals or groups of animals. The 
reasons for collecting paraclinical or labora¬ 
tory data are to 

• Confirm the presence or cause of a 
disease 

• Rule out the presence of a disease 

• Assess the severity of a disease 

• Predict the clinical course of a disease 
or to determine a prognosis 

• Estimate the likely response to therapy 

• Determine the response to therapy or 
monitor progression of a disease 

• Satisfy regulatory requirements 

• Determine the disease or immune status 
of an animal, herd, or flock 

Collection of laboratory data should not be 
viewed as a fishing expedition performed in 
the hope that “something will turn up.” The 
decision to collect laboratory data should 
always be made with one or more of the pre¬ 
viously listed aims, with the intention that 
the data collected will answer a particular, 
clearly stated question. It is very easy, when 
faced with a sick animal with clinical signs 
that are not clearly diagnostic or indicative 
of the organ system involved, to request a 
“serum biochemical profile” and complete 
blood count without having a clear idea of 
the usefulness of the information provided 
by the results of these tests. Although the 







usefulness of these tests in most cases is very 
clear, the results of the tests are most infor¬ 
mative when used to address a particular 
question, for instance: Does the animal have 
evidence of kidney disease? 

A test should never be performed unless 
one can anticipate all the likely results and 
provide a meaningful interpretation for each. 
Collecting laboratory data for the sake of 
running a test or as an act of diagnostic des¬ 
peration is wasteful of resources and will 
not, in all likelihood, contribute to the man¬ 
agement of the animal or group of animals. 
It is more likely that the results of the test will 
be uninterpretable and will muddy the diag¬ 
nostic picture. 

PROPERTIES OF DIAGNOSTIC TESTS 

Reporting of new diagnostic tests or refine¬ 
ment of current tests should be complete to 
permit the reader to determine the useful¬ 
ness of the test. Guidelines for determining 
whether the utility of a diagnostic test is 
adequately reported are provided as part of 
the standard for the reporting of diagnostic 
accuracy (STARD) document. 1 The follow¬ 
ing properties of a test, and of the population 
to which it is applied, should be known 
before it is considered to be reliable. 

• The test should be developed and 
validated in the population of interest. 
Tests developed in one population 
might not be valid in an animal from 
another population. For instance, tests 
developed for use in one species might 
not be reliable if used in another 
species. 

• The accuracy of the test should be 
known in the situation in which its use 
is intended. The test must be able to 
distinguish between animals with the 
disease and those that are disease free. 
This involves knowledge of the 
sensitivity, specificity of the test, its 
receiver operating curve characteristics, 
and likelihood ratios. 2 

• The specificity of the test, i.e., the ability 
of a positive result of the test to rule in 
the disease of interest, should be known. 
Although this is a property of the test 
that is usually independent of the 
prevalence of the disease in the 
population being tested, this might not 
always be the case. 

• The sensitivity of the test, i.e., the ability 
of a negative result of the test to rule out 
the disease of interest, should be known. 
Although this is a property of the test 
that is usually independent of the 
prevalence of the disease in the 
population being tested, this might not 
always be the case. 

• The pretest likelihood of the disease 

in the population should be known (i.e., 
the prevalence of the disease in the 
population of the animal being tested). 
This permits calculation of posttest odds 
of the animal having (positive predictive 
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value) or not having (negative predictive 
value) the disease for which it is being 
tested. 

• The likelihood ratios of the various test 
results should be known for the 
population of animals being tested. 

• The reliability of the laboratory 
performing the test should be known. 
There should be considerable confidence 
in the quality control of the laboratory 
such that test results are repeatable and 
reliable. 

• Are the reference ranges (values in 
animals without the disease or condition 
of interest) known and with what 
certainty are they known? The meaning 
of an abnormal test result should be 
clear. 

• The test should allow the clinician to 
rule in or rule out one of the differential 
diagnoses, or markedly influence the 
likelihood of the presence or absence of 
the target disorder, in the instance in 
which a test is being used for diagnostic, 
as opposed to monitoring or other 
purposes. 

• All test results should be interpretable. 

In other words, all results should 
provide information that will be of use 
in diagnosis or monitoring. 

Utility 

To be useful, a diagnostic test must be accu¬ 
rate. An accurate test reliably differentiates 
between normal and diseased animals, con¬ 
tributing to effective management of the 
animal or its disease. Inaccurate diagnostic 
tests provide unreliable data, which in the 
best scenario are useless and in the worst 
scenario cause mismanagement of the animal 
or its disease. The diagnostic accuracy of a 
test should be known before it is used in 
clinical practice, and a test of unknown diag¬ 
nostic accuracy should be assumed to be 
inaccurate until proven otherwise. 

The usefulness of a test to a veterinarian 
depends on a number of factors. First, the 
test must be accurate, as discussed earlier. 
Second, it should be technically feasible and 
reliable, i.e., the test must be readily per¬ 
formed and its characteristics (listed previ¬ 
ously) must be known. A test that cannot be 
readily performed has minimal usefulness, 
and unreliable tests are inaccurate. For 
testing of analytes, such as serum biochemi¬ 
cal analysis or serology, it is important that 
the analysis yields results that are accurate 
and precise. Laboratory tests that are accu¬ 
rate yield results that are the same or very 
close to the true value of the variable being 
measured. Precise tests yield results that have 
very little variability around the expected 
value. Note that a test can be precise without 
being accurate, i.e., it has little variability but 
yields a value different from the actual value. 
Tests that are inaccurate or are highly vari¬ 
able (have poor precision) are not useful 
because the results are unreliable. 


Third, the test must have diagnostic 
utility in that the results of the test should 
enable the veterinarian to make a decision 
that will affect the subsequent management 
of the animal or its disease. If the results of 
the test will not alter the animal’s manage¬ 
ment or treatment of its disease or improve 
its production or prognosis, then the test has 
no diagnostic utility and should not be per¬ 
formed. The diagnostic utility depends on 
the characteristics of the test in the popula¬ 
tion of animals being tested. The important 
characteristics, which should be known 
before the test is widely used, are the sensi¬ 
tivity and specificity of the test and the likeli¬ 
hood ratios associated with the possible 
results, in the population in which it will be 
used. That a test has sensitivity and specific¬ 
ity implies that there is a range of values 
expected in normal animals—the so-called 
reference range. 

Reference Range (Interval) 

An important aspect of evaluating laboratory 
data is to decide whether or not the result of 
a test is consistent with the animal being 
healthy or diseased. Healthy animals are 
assumed to have values within a certain 
range, whereas diseased animals will have 
values that differ from that expected in a 
healthy animal. The range of values in healthy 
animals is often referred to as in the normal 
range, although, because of the statistical 
connotation of this term, reference range or 
reference interval is preferred. 

The reference range represents the range 
of values of a test that are expected in a group 
of healthy animals. Animals with values 
outside the reference range are at increased 
risk of having the disease compared with 
animals with values within the reference 
range. The actual increase in risk of being 
diseased depends on the way in which the 
reference range was determined, the sensitiv¬ 
ity and specificity of the test, and the preva¬ 
lence of the disease in the population from 
which the animal was selected. Calculation 
of likelihood ratios, both positive and nega¬ 
tive, is a useful means of quantitatively 
assessing the results of a test provided that 
the pretest probability (prevalence) of the 
disease is known. 

The reference range for a particular test is 
usually developed by collecting values from 
a large number of healthy or normal animals 
and performing a statistical analysis of the 
values. For variables that have a range of 
possible values (e.g., serum urea nitrogen 
concentration), as opposed to being either 
present or absent (e.g., seropositive or sero¬ 
negative for antibodies to a disease), the 
range of values in normal animals will have 
a characteristic spread. For the range of 
values of the variable in normal animals, an 
upper and a lower value are chosen that rep¬ 
resent the upper and lower limits of the refer¬ 
ence range. These values are usually chosen 
to include 95% of the values from normal 
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animals. This can be calculated on the 
assumption (or after demonstration) that the 
distribution of values in a population of 
healthy animals is Gaussian (“normal” distri¬ 
bution) or when transformations of raw data 
are used to approximate a Gaussian distribu¬ 
tion or when nonparametric statistics are 
used. 

Problems With Reference Ranges 

There are problems with using the reference 
range of normal animals to diagnose dis¬ 
eased animals. First, and depending on the 
statistical methodology used to determine 
the reference range, approximately 5% of 
normal animals will have values for the test 
that are outside the reference range, and 
these animals can be incorrectly diagnosed 
as being diseased (false positive). Although 
a 5% false-positive rate is relatively low, the 
error is compounded when batteries of tests 
are run at the same time. This is a potentially 
serious problem when interpreting data from 
a serum biochemical profile analysis, in 
which 20 or more analytes are measured 
simultaneously from one animal. The risk of 
the value of any one analyte being outside the 
normal range is only 5%, but when 20 ana¬ 
lytes are measured simultaneously the chance 
of finding one analyte of the 20 with a value 
outside the reference range is almost 66% 
(100(1 -0.95 20 )). 

This problem can be mitigated in several 
ways. First, serum biochemical profiles often 
contain more than one variable that is indic¬ 
ative of a particular disorder. If disease 
affecting a particular organ system is present, 
then there should be appropriate changes in 
all variables indicative of disease in this 
system. For instance, most serum biochemi¬ 
cal profiles measure both serum creatinine 
and urea nitrogen concentrations. An eleva¬ 
tion in the serum urea nitrogen concentra¬ 
tion might be indicative of renal disease, but 
if the serum creatinine concentration is not 
also increased, then the likelihood of impor¬ 
tant renal dysfunction is much less than if 
both analytes were above the reference range. 
Second, disease can be associated only with 
marked increases in value of the variable 
such that unusually low values could be dis¬ 
regarded. For example, a serum creatinine 
concentration below the reference range is 
very unlikely to indicate the presence of 
renal disease, and a serum creatine kinase 
activity below the reference range has almost 
no diagnostic value. Third, the extent to 
which the variable is outside the reference 
range should be considered. A small differ¬ 
ence from the reference range is much less 
likely to indicate the presence of disease than 
is a much larger difference—calculation 
of likelihood ratios is one way of expressing 
this effect of variables that are markedly 
abnormal. 

Another problem with using the refer¬ 
ence range to detect disease is that not all 
diseased animals will have a value for the 


variable of interest that is outside the normal 
range. Some diseased animals will have 
values of useful variables that are within the 
reference range and these animals can be 
falsely diagnosed as not having the disease 
(false negative). This problem can be miti¬ 
gated by reducing the size of the reference 
range, although this will increase the false¬ 
positive rate, or by measuring other variables 
that are also useful in detecting the suspected 
disease. For instance, an animal with liver 
disease might have a value of the serum 
activity of a hepatic enzyme that is within the 
reference range, suggesting the lack of liver 
disease (a false-negative result, and not 
uncommon in animals with chronic liver 
disease). However, the same animal might 
have marked increases in serum bilirubin 
and bile acid concentrations, which are find¬ 
ings strongly suggestive of liver disease. 

Sensitivity and Specificity 
The sensitivity of a test is a measure of the 
test’s ability to detect animals that are dis¬ 
eased, and its numerical value represents the 
proportion of animals with the disease that 
are detected by the test (Table 1-3). A test 
with high sensitivity will detect most dis¬ 
eased animals within a population. The spec¬ 
ificity of a test is a measure of the test s ability 
to detect animals that are not diseased, and 
its numerical value represents the proportion 
of normal animals detected by the test. A 
positive result with a highly specific test will 
rule in the disease in most diseased animals 
(a low false-positive rate), and a negative 
result for a test with high sensitivity effec¬ 
tively rules out the disease being tested for (a 
low false-negative rate). 

Sensitivity and specificity are intrinsic 
properties of the test, and their values are not 
markedly influenced by the likelihood before 
the animal is tested that it has the disease for 
which it is being tested. The ability of a test 
to detect whether an animal has a particular 
disease depends on the likelihood that the 
animal has the disease at the time it is tested 
(the prevalence of disease in the population 
from which the animal being tested is drawn) 
as well as on the sensitivity and specificity of 
the test. The sensitivity and specificity can be 
combined to produce a single number, which 
is called the likelihood ratio. 


Likelihood Ratio 

The likelihood ratio is an overall measure of 
the efficiency of the diagnostic test, combin¬ 
ing both sensitivity and specificity (see Table 
1-3) and permitting the calculation of post¬ 
test odds of the disease from the pretest odds 
of disease. The likelihood ratio is a quality of 
the test and is not influenced in most 
instances by the prevalence of the disease in 
the population. The likelihood ratio is useful 
for quantifying the posttest odds of an 
animal having the disease. For instance, in 
hospitalized neonatal foals, a positive stall- 
side test for failure of transfer of passive 
immunity has a likelihood ratio of 4.86. A 
foal with a 50% pretest probability of having 
the disease that has a positive test (i.e., indic¬ 
ative of lack of passive immunity) therefore 
has a 81% posttest probability of having the 
disease. 

Positive and Negative 
Predictive Value 

The usefulness of the test depends on animal 
characteristics, the probability that it has the 
disease (prevalence) and the intrinsic char¬ 
acteristics of the test. The combined effects 
on the prevalence of the disease and the sen¬ 
sitivity and specificity of the test can be cal¬ 
culated and are called the positive predictive 
value (PPV) and negative predictive value 
(NPV), respectively. These are important 
values because they determine the usefulness 
of the test in detecting diseased or normal 
animals. The PPV is the likelihood that a 
positive test is from an animal with the 
disease. The NPV is the likelihood that a 
negative test is from an animal that does not 
have the disease. 

Both the PPV and NPV are inextricably 
linked to the prevalence of the disease in the 
population being tested. Reports of the PPV 
and NPV are therefore only useful for popu¬ 
lations of animals similar to those in which 
the values of these variables were deter¬ 
mined, especially regarding the prevalence of 
the disease in the population. The prevalence 
of the disease can also be viewed as the prob¬ 
ability that an animal selected at random 
from the population has the disease—it is the 
pretest probability of disease in the animal. 
For a test of given sensitivity and specificity, 
the likelihood that a positive test correctly 


Table 1-3 Method for determining sensitivity, specificity, likelihood ratio for positive 
and negative tests, positive predictive value, and negative predictive value of a test 

True disease status 

Disease present 

Disease absent 

Test positive 

True positive (TP) 

False positive (FP) 

Test negative 

False negative (FN) 

True negative (TN) 


Sensitivity = (TP/[TP + FN])x 100 

Specificity = (TN/[FP + TN]) x 100 

Likelihood ratio positive test = Sensitivity/(1 - Specificity) 

Likelihood ratio negative test = Specificity/(1 - Sensitivity) 

Positive predictive value = TP/(TP + FP) 

Negative predictive value = TN/(TN + FN) 
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predicts the presence of disease (the PPV) 
increases as the proportion of diseased 
animals in the population increases (the 
disease has higher prevalence). Conversely, 
the NPV increases as the prevalence of the 
disease decreases. 

The effect of changes in prevalence on the 
PPV and NPV of two tests with differing sen¬ 
sitivities and specificities is illustrated in 
Table 1-4 and Fig. 1-2. The probability that 
either test will detect the presence of disease 
in an animal with a high pretest likelihood of 
having the disease is very high. Similarly, the 
probability that a negative result is indicative 
of the absence of disease in an animal from 
a population with very low prevalence of 
disease is also very high. Importantly, the 
ability of a very good test (sensitivity and 
specificity both 95%) to correctly predict the 
presence of disease in an animal with a posi¬ 
tive test from a population with a low preva¬ 
lence (1% of animals affected) of the disease 
is very poor. Applied to an individual animal, 
this means that even a very good test is more 
likely to yield an incorrect result than a 


correct result in an animal that is unlikely to 
have the disease. 

Conversely, a positive result in an animal 
with a very high pretest probability of having 
the disease yields little further information; 
in other words, the test is inefficient in that 
it adds little additional information. The test 
result does not increase the likelihood of 
the animal having the disease by a clinically 
useful margin. The diagnostic test has its 
greatest utility when the pretest probability 
of disease is approximately 50% and the 
increase in PPV and NPV is much greater 
for a test with higher sensitivity and 
specificity. 

The pretest probability of disease, and 
thus the positive predictive value of the test, 
can be increased by selecting animals to be 
tested through careful physical examination 
and collection of an appropriate history. The 
PPV of a test in an animal that has signs of 
the disease it is being tested for is much 
higher than the PPV of a test in an animal 
without signs of the disease. Testing clini¬ 
cally normal animals is more likely to yield 


false-positive than true-positive results, and 
such indiscriminate testing is not wise. 
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COMPUTER-ASSISTED 

DIAGNOSIS 

In the 1980s there was considerable interest 
in computer-assisted diagnosis. The entry of 
the clinical and laboratory data from an 
animal into a computer program could yield 
a differential diagnosis list of diseases 
in order of highest to lowest probability. 
However, despite over 30 years of activity 
and interest in the use of computers for diag¬ 
nosis, the impact of computer-assisted diag¬ 
nosis in medical practice has been slight. 
Computerized programs have been useful in 
circumscribed areas such as the differential 
diagnosis of abdominal pain in humans and 
the diagnosis and treatment of meningitis. 
However, no program developed for use 
in a specific localized area of the body has 
been successfully adapted for generalized 
use. Theoretically, the computer could be 
expected to be useful to aid the clinician with 
the workup to make multiple and complex 
diagnoses. 

Research on clinical decision making has 
confirmed the importance of creating the 
list of differential diagnoses or diagnostic 
hypotheses. A clinician faced with a diagnos¬ 
tic problem must use clinical findings to 
develop a list of possible diagnoses. With 
knowledge of the epidemiologic and clinical 
characteristics of each disease, the veterinar¬ 
ian can confirm or exclude certain diagnostic 
possibilities. Diagnostic acumen depends on 
the ability to recognize the most important 
clinical abnormalities and to generate a list 
of differential diagnoses—a task that becomes 
more efficient with experience. 

Specialists can generate many differential 
diagnoses in a narrow area of expertise, but 
the breadth of knowledge required in general 
practice makes it difficult for generalists to 
keep current on rare or unusual conditions. 
If a disease is not considered by the clinician 
faced with a presenting problem, it is fre¬ 
quently overlooked as a possibility and may 
not be “stumbled-on” during the diagnostic 
process. This problem is complicated in vet¬ 
erinary education by the common practice of 


Table 1-4 Effect of changes in prevalence (pretest probability of disease) on the 
positive predictive value and negative predictive value of tests with 95% sensitivity 
and specificity (Test A) and 60% sensitivity and specificity (Test B) 

Prevalence or pretest 
probability of disease (%) 

Test A PPV (%) 

NPV (%) 

Test B PPV (%) 

NPV (%) 

1 

17 

99 

1 

99 

10 

67 

99 

14 

92 

25 

85 

98 

33 

82 

50 

95 

96 

60 

60 

75 

98 

86 

83 

31 

90 

99 

65 

94 

12 

99 

99 

19 

99 

1 



Prevalence of failure to recover (%) 

Fig. 1 -2 Effect of prevalence on positive and negative predictive values of a test with set 
sensitivity and specificity. The prevalence in this example is prevalence of failure to recover by 
recumbent cows (i.e., to stand), and the curves represent the consequent NPV and PPV for a 
serum aspartate aminotransferase activity of 171 U/L. (Reproduced with permission from 
Shpigel et al. Vet Rec 2003; 152:773.) 
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teaching according to disease entity. All the 
nosology of a disease is presented in a stan¬ 
dard format, but the information must then 
be used in reverse order in clinical practice: 
the clinician generates a list of diseases based 
on the history and clinical findings. Text¬ 
books that feature lists of differential diagno¬ 
ses for animals with similar clinical findings 
assist in this task, but rapidly become out¬ 
dated because of the many major and minor 
clinical findings that can be associated with 
a disease. The large storage capacity of com¬ 
puter databases and the ease of access to 
stored data make the computer useful for 
handling this sort of information. 

The success of a computer-assisted diag¬ 
nosis will depend first on the clinician deter¬ 
mining the important finding or forceful 
feature or pivot of the case, which can be 
useful in separating possible look-alike dis¬ 
eases. The second most important require¬ 
ment is to know the propensity for a certain 
clinical finding to occur in a disease syn¬ 
drome. The algorithm is the center of a 
computer-aided diagnostic system. Statisti¬ 
cal algorithms calculate the most likely diag¬ 
nosis from explicit statistical analysis of 
disease probabilities and the frequency of 
clinical findings in a particular disease. A 
statistical algorithm is based on the Bayes 
theorem. The posterior probability that an 
animal has a given disease can be calculated 
if one has access to the 

• Incidence (prior probability) of the 
disease 

• Probability of a given clinical finding if 
the animal has the disease 

• Probability of the same clinical finding 
occurring if the animal has the disease 

After receiving the data, the computer uses 
this theory to calculate the likelihood of 
various diseases. However, a major problem 
of a Bayesian system is the nonavailability of 
an order of probabilities of the incidence of 
diseases and clinical findings associated with 
them. There is a need in veterinary medicine 
to generate comprehensive databases from 
which the probabilities of incidence and 
clinical finding for each disease can be deter¬ 
mined from actual clinical practice. 

In spite of these limitations, some prog¬ 
ress is being made in the development of 
computer-assisted diagnosis in veterinary 
medicine. One computer-assisted diagnostic 
system for veterinary medicine was devel¬ 
oped at the College of Veterinary Medicine, 
Cornell University, Ithaca, New York. The 
CONSULTANT program designed by M. E. 
White and J. Lewkowicz is a web-based 
program facilitating compilation of differen¬ 
tial diagnoses based on presenting signs or 
by disease. 1 

The data bank contains a description of 
several thousand diseases of dogs, cats, 
horses, cattle, sheep, pigs, and goats. For each 
disease there is a short description including 
information on diagnostic testing, a list of 
current references, and a list of the clinical 


findings that might be present in the disease. 
The clinician enters one or more of the clini¬ 
cal findings present in an animal. The com¬ 
puter supplies a list of the diseases in which 
that clinical finding or combination of 
clinical findings are present. The complete 
description can be retrieved for any disease 
in the list of differential diagnoses. A major 
limitation of the program to date is that the 
list of differential diagnoses is not in order of 
probability from highest to lowest. This is 
because the program does not include the 
probability of incidence and clinical findings 
for each disease, information that, as men¬ 
tioned earlier, is not yet available. 

Experience with the Cornell CONSUL¬ 
TANT program has shown that computer- 
assisted diagnosis is not used in day-to-day 
management of routine cases but is used pri¬ 
marily when faced with an unusual problem, 
to provide assurance that a diagnosis was not 
overlooked. Computerized databases also 
offer a mechanism for the generalist to search 
through a complete list of differential diag¬ 
noses compiled from the recorded experi¬ 
ence of many specialists and kept current as 
new information is published. 
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Prognosis and Therapeutic 
Decision Making 

SYSTEMATIC REVIEWS 

Decision making, whether for diagnostic, 
therapeutic, or prognostic purposes, should 
involve consideration of the evidence con¬ 
tributing to the decision. Evidence-based 
medicine is the name given the process of 
using the best available evidence to arrive at 
a decision regarding health care in animals 
(or humans). In many instances, this involves 
consideration of evidence from a number of 
studies, often with conflicting outcomes and 
recommendations. This process can be chal¬ 
lenging for nonexperts not least because of 
the difficulty in maintaining familiarity with 
the scientific literature and more so because 
of the need for expertise in assessing trial 
design and quality of scientific reporting. 

An increasingly important contribution 
of evidence-based medicine to veterinary 
and human medicine is the process of devel¬ 
oping and publishing systematic reviews 
(see 1 ' 4 for recent examples). These reviews 
differ from the more historically common 
narrative review that systematic reviews 
explicitly define a specific review question, 
use methods to reduce bias in the selection 
and inclusion of studies that address the 
review question (including a systematic and 
specified search strategy and selection of 


studies based on explicit eligibility criteria), 
an assessment of the risk of bias for included 
studies, and objectively summarizing the 
results qualitatively or quantitatively such as 
by meta-analysis. 5 Detailed guidelines are 
available for preparing such reviews. 5 ' 12 
Systematic reviews provide readers with a 
transparent report and assessment of the sci¬ 
entific literature addressing a particular well- 
defined clinical question. The number of 
these reviews is limited and not all provide 
unequivocal outcomes or recommendations. 
An extension of the systematic review is the 
GRADE approach in which evidence is then 
used to make recommendations (systematic 
reviews typically provide only an assessment 
of the quality of evidence and not how or 
whether it should be used). 13,14 

The dilemma of whether or not to admin¬ 
ister a certain drug or perform a certain 
operation in an animal with or without an 
established diagnosis, or when the outcome 
is uncertain, is familiar to veterinarians. 
Owners of animals with a disease, or merely 
a minor lesion, expect to receive a reasonably 
accurate prediction of the outcome and the 
cost of treatment, but often considerable 
uncertainty exists about the presence or 
absence of a certain disease, or its severity, 
because confirmatory diagnostic informa¬ 
tion is not available. 

The information required for a reason¬ 
ably accurate prognosis includes the 
following: 

• The expected morbidity and case fatality 

rates for the disease 

• The stage of the disease 

• Whether or not a specific treatment or 

surgical operation is available or 

possible 

• The cost of the treatment 

If success is dependent on prolonged and 
intensive therapy, the high cost can be pro¬ 
hibitive to the owner who might then select 
euthanasia of the animal as the optimal 
choice. Veterinarians have an obligation to 
keep their clients informed about all possible 
outcomes and the treatment that is deemed 
necessary and should not hesitate to make 
clear recommendations regarding the options 
for treatment or disposal of a case. There are 
also different levels of outcome, which may 
affect the prognosis and therapeutic decision 
making. In the case of breeding animals, 
mere survival from a disease is insufficient 
and treatment is often not undertaken if it is 
unlikely that it will result in complete recov¬ 
ery and return to full breeding capacity. 
Slaughter for salvage may be the most eco¬ 
nomical choice. In other cases, e.g., a pleasure 
horse, the return of sufficient health to permit 
light work might satisfy the owner. 

DECISION ANALYSIS 

Veterinarians must routinely make decisions 
that have economic consequences for the 
client and the veterinarian. Questions, such 
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P-\ - Prognosis for a favorable outcome following intervention 1 
P 2 ~ Prognosis for a favorable outcome following intervention 2 
V'p = Revenue obtained from a favorable outcome 
V L , = Revenue obtained from an unfavorable outcome 
C, = Cost of intervention 1 
C 2 = Cost of intervention 2 

Fig. 1-3 A decision tree for choosing between two interventions. (With permission from 
Fetrow J et al. J Am Vet Med Assoc 1985; 186:792-797.) 


as whether to vaccinate or not, whether to 
treat an animal or recommend slaughter for 
salvage value, whether or not to perform 
surgery, or even which surgical procedure to 
use to correct a case of left-side displacement 
of the abomasum, are common. Many of 
these questions are complex, requiring 
several successive decisions, and each deci¬ 
sion may have more than one outcome. 
Clinical decisions are not only unavoidable 
but also must be made under conditions of 
uncertainty. This uncertainty arises from 
several sources and includes the following: 

• Errors in clinical and laboratory data 

• Ambiguity of clinical data and variations 
in interpretations 

• Uncertainty about the relationships 
between clinical information and 
presence of disease 

• Uncertainty about the effects and costs 
of treatment 

• Uncertainty about the efficacy of control 
procedures such as vaccination or the 
medication of feed and water supplies in 
an attempt to control an infectious 
disease 

The process of selecting a management plan 
from a range of options involves a mental 
assessment of the available options and their 
probable outcomes. Decision analysis pro¬ 
vides a framework for handling complex 
decisions so that they can be more objec¬ 
tively evaluated. Decision analysis is a sys¬ 
tematic approach to decision making under 
conditions of uncertainty. Because the tech¬ 
nique can be so useful in sorting out complex 
questions associated with the treatment and 
control of disease in individual animals 
and in herds, it is almost certain to become 
more commonly used by large-animal 
practitioners. 

Decision analysis involves identifying all 
available choices and the potential outcomes 
of each and structuring a model of the deci¬ 
sion, usually in the form of a decision tree. 
Such a tree consists figuratively of nodes, 
which describe choices and chances and out¬ 
comes. The tree is used to represent the strat¬ 
egies available to the veterinarian and to 
calculate the likelihood that each outcome 
will occur if a particular strategy is used. A 
probability value must be assigned to each 
possible outcome, and the sum of the prob¬ 
abilities assigned to the branches must equal 
1.0. Objective estimates of these probabilities 
may be available from research studies or 
from a veterinarians own personal records or 
it may be necessary to use subjective esti¬ 
mates. The monetary value associated with 
each possible outcome is then assigned, fol¬ 
lowed by calculation of the expected value at 
each node in the tree. At each decision node 
the value of the branch with the best expected 
value is chosen and that becomes the 
expected value for that node. The expected 
value establishes a basis for the decision. An 
example of a decision tree without probabil¬ 
ity values assigned is shown in Fig. 1-3. 


In the decision tree, choices such as the 
decision to use Intervention Number 1 or 
Intervention Number 2 are represented by 
squares called decision nodes. Chance 
events, such as favorable or unfavorable out¬ 
comes, are represented by circles called 
chance nodes. When several decisions are 
made in sequence, the decision nodes must 
be placed from left to right in the same order 
in which the decisions would have to be 
made, based on information available at that 
time. The tree may become very complicated, 
but the basic units of choice and chance 
events represented by squares and circles 
remain the same. Lines, or branches, follow 
each node and lead to the next event. The 
branches following each decision node must 
be exhaustive; for example, they must include 
all possible outcomes, and the outcomes 
must be mutually exclusive. After each 
chance node there is a probability that an 
event occurs. The probabilities following a 
chance node must add up to 1.0. The prob¬ 
abilities are placed on the tree following the 
chance node. The expected outcomes (V P 
and Vu in Fig. 1-3) are entered at the far right 
of the tree. The outcomes represent the value 
that would result if the events preceding 
them on the tree were to take place and must 
include the costs of the intervention. 

When a complete tree accurately repre¬ 
senting the problem has been constructed, 
the next step is to solve it for the best deci¬ 
sion to follow. This is done by starting at the 
right of the tree, in which outcome values are 
multiplied by the probabilities of outcome at 
the preceding chance node. The figures 


derived from this procedure are added 
together to obtain the equivalent of a 
weighted average value at the chance node, 
known as the expected value, which by con¬ 
vention is circled with an oval. This proce¬ 
dure is repeated from right to left on the tree 
at each chance node. When a decision node 
is reached when moving from right to left, 
the most profitable path is chosen and a 
double bar is drawn across the branches 
leading to the lesser cost-effective decisions. 
When the first decision node at the left of the 
tree is reached, a single path will remain that 
leads from left to right and has not been 
blocked by double bars. This path represents 
the best way to handle the problem accord¬ 
ing to the available information, including 
the outcome at the end of that path. 

An example of the construction and use 
of a decision tree to assist in deciding at what 
day postpartum an ovarian cyst should be 
treated, as opposed to waiting for spontane¬ 
ous recovery, is illustrated in Fig. 1-4. In 
structuring the problem, over time, the clini¬ 
cian knows that the cyst can be treated or left 
to be treated later. Retreatment is possible if 
the first treatment is ineffective. The struc¬ 
ture must include all alternatives. The other 
information needed to solve the problem 
includes the following: 

• The incidence or chances of 
spontaneous recovery 

• The response to treatment, both initially 
and following repeated treatments 

• When the response occurs 

• The cost of treatment and the cost of the 
disease 
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Fig. 1-4 Example of the construction and use of a decision tree. The sources of probabilities 
and dollar values are discussed in the text, (a) The skeleton of the decision tree with a decision 
[treat (Tx) versus do not treat) and chance outcomes [recovery (REC) or spontaneous recovery 
(SPREC) versus continued cyst (CYST)], (b) Probabilities and previously calculated outcome 
values are placed on the tree, (c) Expected costs of decision alternatives have been calculated 
and written in balloons above the chance nodes, (d) At this decision node, the correct choice is 
no treatment because it is cheaper ($72.96 versus $78.12). Double bars mark the pathway that 
is not chosen (treatment). The value $72.96 is then the outcome cost for this decision node. 

The value is used in the calculation of the best alternative to the previous decision node, 
because the process is repeated from right to left (not shown). (With permission from White 
ME, Erb HN. Comp Cont Educ Pract Vet 1982; 4:S426-S430.) 


The critical factor in each tree is the probabil¬ 
ity value for each possible outcome. The mon¬ 
etary value of each outcome can be estimated 
on a daily basis but, unless the probability of 
the outcome can be assessed as accurately as 
possible, the decision analysis will be unreli¬ 
able. Decision analysis has been used to 
determine the cost-effectiveness of heat 
mount detectors, the time at which to treat 
bovine ovarian cysts, the effectiveness of 
three alternative approaches to the control of 


Haemophilus meningoencephalitis in feedlot 
cattle, the economically optimal control strat¬ 
egy among several alternatives for the control 
of infection with Brucella ovis in a sheep flock, 
and the relative merits of testing or not testing 
calves entering a feedlot with a metabolic and 
cellular profile test as predictors of perfor¬ 
mance in the feedlot. Decision analysis can 
now be done on a microcomputer, which 
makes the process highly suitable for assisting 
the veterinarian in daily decision making. 


The details of the steps used in decision 
analysis of several different problems in 
food-animal practice have been described, 
and the reader is referred to the publications 
for further information. There are some limi¬ 
tations to using decision analysis in animal 
health programs, and the technique requires 
time and effort, which practitioners are 
reluctant to provide unless the benefits are 
obvious. The estimates of the probabilities 
associated with the respective branches of 
the tree are seldom readily available. 

A number of techniques that can be used 
to derive these probabilities and incorporate 
them in decision making have been recorded. 
The rapidly developing use of analytical 
veterinary clinical epidemiology can now 
provide the tools to generate the numerical 
data necessary to make reliable decisions. 
There is a need to apply epidemiologic prin¬ 
ciples to prospective clinical studies to deter¬ 
mine the most effective therapy or the efficacy 
of control procedures for the commonly 
occurring economically important diseases 
of food-producing animals. The inputs and 
outputs of a given strategy may not have a 
market value, or the market value may not 
be an appropriate measure, or they may not 
be tangible or measurable in the usual mon¬ 
etary units. For example, the market value of 
a dairy cow may not represent the true or real 
value of the cow to the farmer. The farmer 
may consider the value of the cow in relation 
to cattle replacement determinants such as 
herd size, the availability of replacements, 
and the genetic potential of the animal. The 
final selection of one option or the other is 
usually a complex process that will also vary 
from individual to individual depending on 
the decision criterion used. 

In summary, decision analysis provides 
a systematic framework for making ratio¬ 
nal decisions about major questions in 
animal health, and it is hoped that some 
veterinarians will adopt the technique for 
field use. 

FURTHER READING 
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The examination of the herd or flock assumes 
importance where there are outbreaks of 
disease or problems of population productiv¬ 
ity caused by subclinical disease. The purpose 
of a herd examination is to define the exact 
nature of the problem and to identify those 
dysfunctions within the herd environment 
that are associated with its occurrence. The 
ultimate objective in the examination of a 
herd is to establish strategies for the treat¬ 
ment, correction, and control of the disease 
problem at the herd level. This may involve 
strategies to increase the resistance of the 
animals or strategies that change adverse 
factors in the herd environment. 

There are a number of ways in which 
these objectives can be achieved, and they 
are not mutually exclusive. The methods for 
examination of the population include the 
following: 

• Initial definition of the problem to be 
examined 

• Clinical examination of individual 
animals in the population 

• Analysis of records of performance and 
disease 

• Examinations of the environment 

• Laboratory examination of the animal 
and nutritional and environmental 
sampling 

• Necropsy examinations of dead or 
sacrificed animals 

• Descriptive and analytical epidemiologic 
examinations 

Methods for correction of the problem 
include the following: 

• Treatment of individual sick animals 

• Selective or strategic prophylactic 
medication of the impacted group 
(metaphylaxis) 

• Immunoprophylaxis 

• Alterations to the nutrition, the 
environment, or the management of the 
herd or of selected groups within it 

One or several of these methodologies may 
be used in dealing with herd problems 
depending on the nature of the disease under 
consideration. 

Herd examinations can be expensive, and 
in clinical settings the depth of investigation 
must be justified by the degree of economic 
importance of the problem. Some diseases 
are well defined, they are easily and defini¬ 
tively recognized by clinical or postmortem 


examination, their determinants are well 
established, and there are established effec¬ 
tive methods for their control. In these 
instances a herd examination in a clinical 
setting would be limited to the initial exami¬ 
nations that establish the diagnosis and to 
the implementation of corrective strategies. 

Other diseases are less well defined. There 
may be several determinants of their occur¬ 
rence and, consequently, all facets of the 
examination methods may be needed to 
determine the most appropriate method for 
control. It is for this type of disease that 
epidemiologic investigations are of particu¬ 
lar importance and, where there is an 
economic justification, an in-depth epide¬ 
miologic investigation should be considered 
to determine the appropriate method of 
intervention. 


Approach to Examining 
the Population 

Chapter 1 discussed the approach to clinical 
examination of the individual animal and 
the methods for determining the presence 
of an organ system dysfunction and for 
reaching a diagnosis as to cause. Basically, 
these consist of a physical examination to 
assess the function of each body system 
coupled with laboratory or other ancillary 
diagnostic methods and information that 
can assist in this assessment and in the 
establishment of cause. In the individual 
animal, disease is usually diagnosed and 
classified by the system involved and the 
inciting agent, for example, pneumonia 
associated with Pasteurella multocida and 
myopathy caused by a deficiency of sele¬ 
nium. Subsequent treatment is based on this 
knowledge and usually consists of therapy 
directed against the cause and therapy aimed 
at correcting the system dysfunction. The 
traditional approach therefore emphasizes 
diagnosis and treatment of individual 
animals, with the assumption that a healthy 
individual leads to a healthy herd because 
a herd is composed of individuals. 

The approach to the examination of the 
herd has a similar logical and systematic 
approach, but it is obviously expanded 
beyond the examination of individual 
animals and involves different systems. It 
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also involves different approaches to the 
cause of disease. Herd examinations are con¬ 
ducted because there is an outbreak of 
disease or a problem of production ineffi¬ 
ciency. By definition this involves a group or 
a population of animals. Most outbreaks of 
this type in groups of animals result from 
faults or dysfunctions in the complex of 
interactions that occur within groups of 
animals and between the groups of animals 
and their management, environment, and 
nutrition. Thus the characteristics of the 
group of animals that are affected become 
the focus of the examination and the man¬ 
agement, environment, and nutrition are the 
broad systems that are examined in relation 
to this group of animals. The integrated 
animal health and production manage¬ 
ment program therefore emphasizes the 
management system, with the assumption 
that an optimized production system leads 
to a healthy herd. During the examination 
of the herd the following questions are asked: 

• What is the disease problem present? 

• What are the characteristics of the 
animals involved? 

• Why has this group of animals 
developed the disease? 

• Why are they at increased risk in 
relation to others within the herd? 

• What are the factors in their 
management, nutrition, or other 
environment that have led to his 
increased risk? 

• What intervention strategies can be used 
to correct the problem? 

A major objective of the examination is to 
establish a diagnosis of cause. In particular, 
the objective is to establish a diagnosis of 
cause that can be altered by an intervention. 
The diagnosis of cause in a herd disease 
problem is often different from the diagnosis 
of cause established in the examination of an 
individual. Disease occurrence in groups of 
animals is often multifactorial in cause and 
the result of the interaction of several risk 
factors, which may be characteristics of the 
animals, their environment, or of an inciting 
agent. In the context of the herd the cause or 
etiology of a disease can be a management 
fault. In making a diagnosis of cause, the cli¬ 
nician establishes and ranks the major deter¬ 
minants of the problem from among the 
various risk factors. 
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EXAMPLES OF MULTIFACTORIAL 
ETIOLOGY OF A DISEASE 


The examination of an individual animal that 
is representative of a group of young calves 
with respiratory disease may lead to a 
diagnosis of pneumonia associated with 
P. multocida. The diagnosis of the cause 
of the same problem following a herd 
examination that evaluates the numerous risk 
factors for pneumonia in calves might include 
the following: 

• Inadequate ventilation in the calf house 

• Failure of adequate transfer of colostral 
immunoglobulins 

• Lack of a vaccine program against 
respiratory pathogens 

• Failure to use all in, all out, housing 
changes 

• Presence of a calf that is persistently 
infected with bovine virus diarrhea 

• Most probably, a combination of one or 
more of these risk factors, plus other 
additional factors 


In making a diagnosis of cause, the clinician 
establishes and ranks the major determi¬ 
nants of the problem from among the various 
risk factors. With many diseases one pro¬ 
gresses to an examination of cause in the 
herd using the recognized risk factors for the 
disease. These risk factors usually have a 
logical relation to the disease being exam¬ 
ined, such as with the previous example of 
calf pneumonia. With other diseases the 
logic of these relationships may be less 
apparent. This occurs particularly with newly 
developing or recently recognized diseases, 
in which the pathogenesis of the disease is 
poorly understood but epidemiologic exami¬ 
nations have established certain relation¬ 
ships that have a causal association. The 
definition of circumstances of occurrence for 
a disease can lead to a method of control 
even though the cause of the disease, in the 
traditional sense, is not known and the rela¬ 
tionship between the inciting or associated 
circumstance and the disease is obscure. A 
current example would be the developing 
recognition of an association between dry 
cow nutrition in dairy cattle and metabolic 
and infectious diseases that occur early in 
lactation. 


EXAMPLE OF THE CONTROL OF A 
DISEASE WITHOUT KNOWLEDGE OF 
ITS ETIOLOGIC CAUSE 


It is now known that facial eczema in sheep is 
a toxicosis from fungal toxins produced in 
pastures. However, long before the toxic 
nature of this disease was fully understood, the 
epidemiologic circumstances of its occurrence 
were defined, and it was prevented by 
removing sheep from pastures at risk for the 
disease during predicted risk periods. 


Problems of disease and production inef¬ 
ficiency encountered in herds can present a 
considerable challenge in diagnosis and cor¬ 
rection. In part this is because disease in 
groups or herds is commonly multifactorial 
in cause and, for this reason, when examin¬ 
ing the herd all the factors that influence the 
behavior of a disease in that herd are impor¬ 
tant. The obvious approach is a quantitative 
definition of the disease and a quantitative 
examination of the relative importance of 
these risk factors. However, this approach 
can be difficult in practice. 

In clinical settings there is usually no dif¬ 
ficulty in achieving a quantitative definition 
of the animals affected and their characteris¬ 
tics. In large, well-recorded herds it is usually 
possible to conduct a quantitative examina¬ 
tion of risk factors if the records contain 
information that relates to them. In small 
herds, a quantitative examination of the rela¬ 
tive importance of risk factors may be limited 
by small numbers of animals. Knowledge of 
risk factors and their relative importance in 
disease causation is improving with epide¬ 
miologic research studies that involve large 
numbers of animals and several herds. The 
role of the clinician in the approach to a herd 
disease problem is to know and to be able to 
detect these established influences, to be able 
to quantify them where possible, and to be 
able to choose which influences are best cor¬ 
rected by intervention from both a practical 
and an economic standpoint. 


Examination Steps 

There is no single protocol that can be used 
for the examination of the herd, because this 
will depend on the type of disease problem 
and the type of herd. For example, the 
methods of examination that would be used 
in the examination and definition of a 
problem of ill-thrift in a flock of weaned 
lambs would be different from those used for 
a problem of lameness in dairy cattle. Most 
herd investigations will follow certain broad 
principles and steps, which are outlined in 
Fig. 2-1. A given herd examination does not 
necessarily follow all of these steps and does 
not necessarily proceed in the exact order 
given; however, the general principles apply 
to most investigations. 

Step 1: Defining the Abnormality 

It is essential first to define the abnormality 
in either clinical or subclinical terms. This 
definition must be accurate because this step 
of the examination determines the focus of 
the examination and the types of cases that 
will be included in the examination and ana¬ 
lytical procedures. The definition must also 
address the producer’s concerns because they 
must implement change, and will be reluc¬ 
tant to do so if they feel their concerns have 
not been addressed. A case is defined as an 
animal or a group of animals that have the 


characteristics of the disease or a defined 
deviation from targets of production. With 
some investigations the problem will have 
obvious clinical manifestations and the 
primary definition of cases will be made by 
clinical examination of affected individuals. 
With others the primary complaint may be 
lowered production in the absence of clinical 
disease. An apparent problem in production 
efficiency can be found by examining the 
records. In many herds this will prove to be 
an immediate major limitation to the inves¬ 
tigation because of a lack of sufficient records 
on reproduction, production, and associated 
management to define the complaint. In 
these circumstances the criteria of the pro¬ 
duction inefficiency considered in the exam¬ 
ination will need to be determined and some 
form of measurement established. 

Step 2; Defining the Pattern of 
Occurrence and Risk Factors 

This step of the examination is often con¬ 
ducted in conjunction with Step 1. It defines 
the characteristics of the animals that are 
affected in the disease problem and that have 
been established as cases. It also determines 
the differences between them, as individuals 
or as a group, and the nonaffected animals 
within the herd. These differences may be 
attributes of the animals themselves or of 
environmental influences that affect them. 

The initial examination is usually directed 
toward the determination of the characteris¬ 
tics of the animals involved and the tempo¬ 
ral (when) and spatial (where) patterns of 
the disease. Generally, the information that 
allows these examinations is collected at the 
same time and consists of the following 
factors: 

• A listing of the cases that have occurred 

• The date when disease was first 
observed in each case 

• The age, breed, and other individual 
information for each case, which may 
include information such as source, 
family association, vaccination history, 
and previous medication 

• Management group membership, which 
may be pen membership, milking string, 
pastoral group, and so forth 

• Type of ration and nutritional data 

• Management and other environmental 
information relevant to the problem 

To compute risk group analysis the number 
of animals present in both sick and well 
groupings must be recorded as well as any 
similarities and differences in their manage¬ 
ment and environment. After the identity of 
the abnormality has been established, all the 
available clinical, production, and laboratory 
data are examined according to the affected 
subgroups in the herd and according to time 
occurrence, management differences, nutri¬ 
tional and environmental influences, and 
factors such as vaccination history. 

In most herd examinations the analysis of 
these data is restricted to a cross-sectional 















Fig. 2-1 Examination of the herd with the objective of making a diagnosis. 
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study. Prevalence rates within the various 
groups are calculated and the population at 
risk can be determined. Animals or groups 
can be examined as those with and without 
disease and those with and without hypoth¬ 
esized risk factors using a 2 x 2 contingency 
table generated for each variable. Relative 
risk, odds ratios, or rate ratios can be calcu¬ 
lated as a measure of association of the vari¬ 
able with chi-square and Mantel-Haenszel 
procedures used for evaluation of the signifi¬ 
cance of the risk. These procedures attempt 
to determine whether any associations exist 
between certain groups of animals and those 
factors that can influence the behavior of 
disease. 

In some herds, in which there has been 
extensive historical recording, it may be pos¬ 
sible to examine the nature of the problem 
on the basis of a case-control study. However, 
in most herds this will not be possible 
because the factors important for defining 
the disease problem are less extensively 
recorded. Because the economic viability of 
the herd is very important, it may be neces¬ 
sary to establish recording systems that 
allow a prospective examination of disease 
problems. 

Temporal Pattern 

The temporal pattern of distribution of a 
disease in a population can be important 
in suggesting the type of disease that is 
occurring and its possible causes. Temporal 
recording and graphing of cases is valuable 
in indicating possible portals of entry of an 
infectious agent or sources of a toxic influ¬ 
ence. For this analysis the temporal occur¬ 
rence of the disease is determined by the 
collection and graphing of the time of onset 
of clinical cases (hours, days, and weeks) and 
by relating this information to management 
or environmental changes. 

Generally two types of epidemic curves 
are graphed. A point source epidemic curve 
is characterized by a rapid increase in the 
number of cases over a short period of time. 
This type of epidemic curve occurs when all 
the animals in a population are exposed at 
one time to a common agent. This may be a 
toxin or a highly infectious agent, with many 
animals affected at approximately the same 
time and, depending on the variation in the 
incubation period, a sharply rising or a bell- 
shaped curve of short time duration. The 
graphing of a sporadic outbreak suggests the 
occasional introduction of a disease agent 
into a susceptible population or the sporadic 
occurrence of factors suitable to the clinical 
manifestation of an endemic agent, as 
opposed to the relatively continual occur¬ 
rence of an endemic disease. 

When the infection has to be transferred 
from animal to animal after undergoing mul¬ 
tiplication in each animal, delay results and 
the epidemic curve develops a flatter bell- 
shaped occurrence of much longer duration 
and with varying peaks depending on tem¬ 
poral differences in, and opportunities for, 


transmission. This is known as a propagative 
epidemic. Although the occurrence and 
identification of an index case has consider¬ 
able value in epidemiologic examinations of 
this nature, it often cannot be identified in 
veterinary clinical settings. 

Spatial Examination 

The spatial examination of a disease problem 
requires gathering information on affected 
and nonaffected animals relating to housing 
environment, or pastures, or animal move¬ 
ments. A cluster of cases associated with a 
specific area may indicate the source of the 
problem. This is best analyzed by plotting the 
frequency of cases on maps of the environ¬ 
ment that include possible risk factors, such 
as pen locations within buildings, buildings 
themselves, water sources, pastures, rubbish 
dumps, roads, implement storage areas, and 
so forth. When spatial associations are estab¬ 
lished, further detailed examination of the 
location is indicated. 

Step 3: Defining the Etiologic Group 

Following characterization of the abnormal¬ 
ity according to groups within the herd, 
and having made comparisons of the preva¬ 
lence rates between groups, it may be possi¬ 
ble to discern to which etiologic category the 
abnormality most logically belongs. In many 
instances considerable difficulty may be 
encountered in deciding in which of the 
general areas of etiology the major determi¬ 
nant is located. In many cases herd problems 
are not the result of a single error but are 
multifactorial, with several determinants 
contributing to a greater or lesser degree, 
and the problem may fall into several 
categories. 

An example might be a problem of mor¬ 
tality in calves in which examinations have 
determined that population mortality rates 
are highest in the winter period, that most 
mortality occurs between 4 days and 1 
month of age, that calves that die early in this 
period have septicemia or have scours asso¬ 
ciated with rotavirus and cryptosporidial 
infections, that the body condition scores of 
the calves fall during the third and fourth 
weeks of life, and that calves that die later in 
the time period appear to die of starvation. 
Probable causes include improper feeding of 
colostrum, a poor environment leading to a 
high infection pressure and possibly also 
to excess cold exposure, and malnutrition 
resulting either from the residual effects 
of enteric disease on intestinal absorption 
of nutrients or from an inadequate caloric 
intake or both. This complex could be placed 
in the categories of infectious disease, nutri¬ 
tional disease, and management error, and 
further definition is the next step. 

The use of path models that summarize 
current knowledge of the causality of the 
disease under consideration can help in this 
aspect of the herd examination. Path models 
specific to the problem at hand can be con¬ 
structed and can show the interrelationships 


between various risk factors. These models 
can give some indication of the dependence 
of any one factor on the occurrence of 
another. This information can be used to 
estimate the relative contributions of the 
various etiologic categories and to give guid¬ 
ance as to the area where intervention is 
most likely to be effective. 

Step 4: Defining the Specific Etiology 

The final step is to select the probable most 
important determinant or combination of 
determinants from within one or more of the 
general areas and to make corrective inter¬ 
ventions based on this diagnosis. In many 
instances the primary cause may be clear, 
and the correction (alterations in nutrition, 
alterations in management, vaccination, 
etc.) can be made at this stage. In other 
cases further prospective examinations may 
be conducted for a better definition before 
an intervention is attempted. In the previous 
example, failure of transfer of colostral 
immunoglobulins and inadequate caloric 
intake would have been suspect or even 
identified as underlying determinants of the 
problem. However, with most farm record¬ 
ing systems there is likely to be no available 
data that would help delineate the specific 
reasons and the specific management defi¬ 
ciencies that require correction; thus a pro¬ 
spective study to provide these data would 
need to be established. 

It can be very difficult to obtain a clearly 
defined diagnosis of disease in a herd because 
of its complexity, but the known important 
relationships are given for the individual 
diseases in each chapter. Methods for practi¬ 
cal clinical quantitative assessment of the 
level of management expertise or, more 
importantly, the intensity with which it is 
applied, are not available. Consequently, this 
must be assessed qualitatively for most man¬ 
agement practices. Surrogates such as the 
percentage of cows presented for pregnancy 
diagnosis but not pregnant, bulk tank 
somatic count, rates of failure of passive 
transfer of colostral immunoglobulins, and 
so forth, can provide some indication. 


Techniques in Examination 
of the Herd or Flock 

In the following sections are some of the 
techniques used in examining a group or 
herd of animals. Any one or combination of 
the techniques may be used at the same time, 
depending on the nature of the problem 
and the availability of support facilities such 
as diagnostic laboratories and data analysis 
laboratories and their cost. Fundamental 
requirements for success are the veterinari¬ 
ans communication skills 1 and willingness 
to collaborate with other animal health 
professionals, 2 such as agricultural engi¬ 
neers, agricultural economists, nutritionists, 
crop scientists, and soil scientists. 






CLINICAL EXAMINATION 

A clinical examination is essential if clinical 
illness is a feature of the disease, and a rep¬ 
resentative sample of animals should be 
examined. The importance of this compo¬ 
nent of the examination cannot be overem¬ 
phasized. When there is clinical disease 
an accurate definition by clinical examina¬ 
tion may lead to a diagnosis of a disease with 
known and specific determinants, and 
further examination of the herd can focus 
specifically on these factors. When clinical 
examination does not lead to a finite defini¬ 
tion of the cause of the disease but gives a 
diagnosis of a disease of multifactorial deter¬ 
minants, the examination will still lead to the 
identification of risk factors that need to be 
included in the herd examination. 

Recording the findings is important and 
is greatly assisted by a structured report form 
so that the same clinical features are recorded 
for each animal. Often clinically affected 
animals are enrolled as cases in an investiga¬ 
tion on the basis of the presence of certain 
defined signs or clinical abnormalities, and a 
recording form aids in this selection. This is 
especially important when several veterinar¬ 
ians in a practice may be involved in the herd 
examination over time. 

Selection of the animals to be examined 
is vital. This should not be left to the farmer 
because that selection may be biased to 
include the sickest, the thinnest, and the 
oldest, and not necessarily the animals that 
are representative of the disease under exam¬ 
ination. This is particularly important if a 
group of animals is to be brought from the 
farm to a central site for detailed clinical 
examination as part of the workup of the 
problem. Strict instructions should be given 
to the owner to select 10 to 12 animals as a 
minimum. The groups should include eight 
sick animals, if possible four advanced and 
four early cases, and four normal animals as 
controls. If the situation permits, the inclu¬ 
sion of animals that can be sacrificed for 
necropsy examination is an advantage. 
Ideally, unless facilities will not allow it, the 
clinical examinations should be on the farm 
and the veterinarian should select the 
animals for examination. 

In outbreaks of disease in which there 
is mortality, necropsy examination and asso¬ 
ciated sampling is an extremely valuable 
investigative and diagnostic tool. Necropsy 
examination should not be ignored as the 
primary method of establishing a diagnosis 
of problems of disease or production ineffi¬ 
ciency in larger herds and flocks. With many 
diseases in swine herds and larger sheep 
flocks the costs associated with the sacrifice 
of a few animals for this purpose are far out¬ 
weighed by the benefits of an early and accu¬ 
rate diagnosis and the ability to intervene 
quickly with corrective strategies. Even in 
cattle herds, owners are willing to sacrifice 
affected cattle if it can facilitate a more accu¬ 
rate definition of their problem. It must also 
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be recognized that some diseases cannot be 
accurately defined on the basis of their clini¬ 
cal manifestation and epidemiology and a 
necropsy is required as part of the examina¬ 
tion system. 

SAMPLING AND LABORATORY 
TESTING 

Laboratory examination is conducted for a 
number of legitimate reasons. It may be con¬ 
ducted to aid in the establishment of a diag¬ 
nosis or it may be conducted following the 
establishment of a diagnosis to aid in the 
definition of risk factors or in the evaluation 
or the efficacy of treatment and control 
strategies. 

The validity of laboratory testing in the 
investigation of disease is only as good as the 
quality and relevance of the samples submit¬ 
ted. Frequently samples that can be most 
conveniently obtained are not the best for 
this purpose, and a sampling strategy spe¬ 
cifically directed to the question may need to 
be established. 

Laboratory analysis of samples is expen¬ 
sive and should not be undertaken unless 
there is a specific objective. Before submit¬ 
ting samples for examination the following 
questions should be asked: 

• Is the sampling strategy structured to 
answer specific questions or is it a 
random fishing expedition? 

• Has a sampling strategy been established 
that will allow a comparison of animals 
in the at-risk category with those 
thought not at risk for the disease or the 
exposure factor? Is pooling of samples 
appropriate, and if so, what is the 
optimal number of samples to be pooled 
and what impact does pooling have on 
overall test sensitivity? 

• Is there a gold standard for the analysis 
and its interpretation? 

• What information will be gained from 
the results of the laboratory examination 
that could not be gained by other 
examinations or logically inferred 
without these examinations? 

• What are the specific steps to be taken 
that depend on the results of these 
examinations, or will the steps be taken 
regardless of the results? 

This type of questioning may limit laboratory 
examination to situations where it is most 
cost-effective. 

The ideal laboratory test should provide 
immediate on-farm results and be low cost, 
widely available, simple to use and interpret, 
and have appropriate sensitivity and specific¬ 
ity. Six excellent examples of extremely useful 
laboratory tests are the California Mastitis 
Test (CMT) for detecting subclinical mastitis 
on a quarter or cow level, the urine nitro- 
prusside test for detecting subclinical or 
clinical ketosis, daily milk production on an 
individual cow and herd level that provides 
immediate feedback on nutrition and envi¬ 
ronmental stress, milk fat percentage that 
provides insight into rumen pH and diet 


formula, urine pH that provides information 
on the adequacy of acidogenic diet formula¬ 
tion in the late dry period, and body con¬ 
dition score using morphologic parameters 
or back-fat thickness determined ultrasono- 
graphically. Successful implementation of 
an integrated animal health and production 
management program requires more on- 
farm tests like these, and more validated 
indices of health based on behavior, such as 
rumination time per day and activity level 
based on pedometers. 

Laboratory examination of samples taken 
in association with clinical examination is 
usually conducted to help establish the pres¬ 
ence and severity of organ dysfunction, 
which generally cannot establish cause. The 
value and use of laboratory examinations in 
the assessment of organ function is discussed 
in the sections in this text that deal with 
system diseases relevant chapters of this text. 
Similarly the nature and value of sampling to 
establish the etiologic association of toxic or 
infectious agents with disease is discussed 
under specific disease headings. 

Laboratory testing can also be conducted 
to determine risk and exposure factors. 
When used for this purpose the sampling 
strategy must be directed and should be con¬ 
ducted after the preliminary diagnosis has 
been made. It must be aimed at answering 
the specific questions listed earlier, otherwise 
it will be inordinately expensive. An example 
would be the examination of specific feeds 
that have been implicated as potential 
sources for a toxin following the epidemio¬ 
logic examination and risk factor analysis in 
a herd in which a specific toxicity was estab¬ 
lished as the cause of mortality. Without this 
prior epidemiologic examination a mass 
sampling of the herd and its environment for 
the presence of the toxin would be extremely 
expensive and of limited value. 

At the time of the initial farm visit, it is 
advisable to collect samples that are perti¬ 
nent to the problem and its differential diag¬ 
nosis but are not of primary analytical 
significance in the initial definition of the 
problem. These can be stored and, depend¬ 
ing on the results of initial laboratory exami¬ 
nations, may be discarded or used to further 
define the problem. Duplicate samples are 
often desirable so that second thoughts on 
tests can be accommodated. This is particu¬ 
larly important in serologic work in which 
hindsight may occur much later and extra 
samples might be useful when one is attempt¬ 
ing a retrospective examination. 

In many outbreaks it is usually wise to 
collect samples from controls that are estab¬ 
lished specifically to evaluate the problem 
under investigation. These may be clinically 
normal animals that have not experienced 
the suspect exposure factor, animals that are 
clinically normal but have been exposed and 
are possibly in an incubation or subclinical 
stage, and from a third group of clinically 
affected animals. This system approximates 
the protocol for the Compton Metabolic 
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Profile, which is described in detail in 
Chapter 17. 

The other consideration is the number of 
animals to be included in each sampling 
group. The sample size required for the 
detection of an attribute varies with the con¬ 
fidence of detection that is desired and with 
the size of the population and the prevalence 
or frequency of the attribute in that popula¬ 
tion. There can be no set recommendation 
even for one disease. For example, the sample 
size required to confirm a diagnosis of 
copper deficiency in a group of animals with 
overt clinical deficiency disease will be much 
smaller than that required to establish a 
developing deficiency state or the risk for 
clinical disease in the face of deficient intakes 
when grazing pasture. Unfortunately, cost 
severely limits the size of the sample that can 
be tested in most circumstances, and the 
small size that is common can place severe 
restrictions on any meaningful interpreta¬ 
tion. The commonly recommended 10 
animals or 10% of the group would appear 
to have little validity in most examinations. 

Numerical Assessment 
of Performance 

Productivity indexes can be used as indica¬ 
tors of health; they can also be used to 
measure response to treatment or control 
measures. More and more they are used as 
guides to husbandry and management ques¬ 
tions to meet the present-day farmer’s con¬ 
cerns with costs and returns. If recording 
systems are present on the farm they can be 
invaluable data sources in the investigation 
of herd problems with disease. Monitors of 
production efficiency are used extensively in 
performance or production management 
veterinary practice and are detailed in texts 
on that subject in the reference sections. 

Intervention Strategies and 
Response Trials 

As the result of a herd examination, a clini¬ 
cian formulates a hypothesis concerning the 
disease. This may include hypotheses on 
the population of animals at risk, the deter¬ 
minants of the disease, and the source of 
the problem and its methods of transmission 
or propagation. There may be sufficient con¬ 
fidence in these hypotheses that they may 
result in intervention strategies to correct 
the problem without further analysis. In 
other outbreaks the hypotheses may be less 
secure and may require further examination 
of response trials. 

Response trials are often used in an 
approach to herd disease problems and prob¬ 
lems of production inefficiency. They have 
several purposes: they may be used to estab¬ 
lish or confirm a diagnosis, and when 
used for this purpose it is usually because 
of the difficulty in confirming the diagnosis 
by other methods. This may result from the 
lack of a suitable laboratory test or because 
the result of the test is supportive for the 


diagnosis but not confirmatory. Response 
trials can also be used to determine the 
degree of intervention that is required and 
the efficacy of the level of intervention that 
has been used. 


EXAMPLE OF REASON FOR 
RESPONSE TRIALS 


The finding of hypocupremia in a group of 
poorly growing calves would support a 
diagnosis of growth retardation caused by 
copper deficiency but does not confirm it, 
because calves with normal growth can also 
be hypocupremic. The only way to confirm 
the association and the diagnosis is to 
conduct a response trial with copper 
treatment as the variable. 


AN EXAMPLE OF MONITORING 
EFFICACY OF INTERVENTIONS 


Response trials can be used to determine the 
degree of intervention required and the 
efficacy of the level of intervention that has 
been used. Copper deficiency in grazing 
calves may occur as a simple deficiency or as 
a conditioned deficiency. Simple copper 
deficiency can usually be prevented by a 
single subcutaneous treatment of copper 
glycinate and this may protect the calves for 
several months. On the other hand, a 
conditioned copper deficiency may require 
treatment every 4 to 6 weeks. 

Some prediction as to the required 
treatment frequency can be made by pasture 
element analysis. A response trial with 
6-week-interval monitoring of blood copper 
concentrations and weight gain can monitor 
the efficacy of the treatment used and allow 
a corrective intervention, if indicated. In the 
absence of a treatment response trial, a 
nonresponse caused by an incorrect decision 
on treatment frequency could result in 
discarding the correct diagnosis. 


There are many limitations to conducting 
response trials in clinical situations in private 
herds, and their structure may not always 
meet the strict requirements of those con¬ 
ducted in research. It is not always possible 
to establish a controlled response trial in 
clinical practice but the efficacy of interven¬ 
tion strategies should still be monitored. The 
ultimate interest is in whether the disease or 
production problem is corrected; however, 
the efficacy of the individual strategies 
should be specifically monitored where pos¬ 
sible. In the earlier example of calf mortality 
a decision might have been made to change 
the method of feeding colostrum and to 
improve the caloric intake of the calves. 
There can be various ways that either of these 
changes could be achieved. The overall effi¬ 
cacy of these changes will be determined by 
improved survival of the calves. However, 
the efficacy of the colostrum management 


change in improving passive transfer should 
be determined specifically by measurements 
of serum immunoglobulin concentrations in 
the serum of a proportion of calves and the 
efficacy of caloric improvement by weight 
measurements. Should calf mortality drop, 
these latter measures are of limited value, but 
if it does not then there are ways to predict 
whether the failure was caused by misdiag¬ 
nosis of the problem or poor efficacy of the 
suggested corrective strategies in correcting 
their respective target areas. 

A diagnosis made on the basis of a 
response trial is often presumptive, and it has 
become customary to couch the diagnosis in 
terms of response to a treatment, for instance, 
selenium-responsive infertility in sheep. This 
is not a diagnosis in terms of satisfying 
the original concepts of Koch’s postulates, 
although it does satisfy the subsequent modi¬ 
fications of these postulates that are now gen¬ 
erally accepted and have been based on a 
broader interpretation of disease causation. 
In populations of animals, diseases are largely 
the result of a number of interacting factors 
of different genres, including management, 
nutrition, and environmental factors, and 
interacting with traditional agent-causes of 
disease, including microbiological and toxic 
agents. The answer for the practical problem 
may be most economically derived by finding 
the cure rather than the cause. This is espe¬ 
cially desirable if that course is cost-effective 
and finding the cause is more expensive than 
the wastage caused by the disease. 

A simple example would be mortality in 
a group of cattle that followed a change of 
feed to a more concentrated ration. An epi¬ 
demiologic examination, including a tempo¬ 
ral examination of cause or determinants, 
might closely link the mortality to the change 
in ration. This should be sufficient to indicate 
that the ration should be withdrawn or its 
method of feeding modified. The alternative 
approach would be to defer any decision for 
correction of the problem until the exact 
problem with the ration was established. This 
could involve a ration analysis and an exami¬ 
nation for unknown toxic components. 
These examinations would take considerable 
time, would involve considerable costs, and 
could give no additional information that 
would modify the immediate initial inter¬ 
vention strategy. 


Role of the Integrated 
Animal Health and 
Production Management 
Program 

Properly conducted integrated animal health 
and production management programs 
maintain accurate records on all matters of 
production and health. These are maintained 
against a background of epidemiologic data, 
including number of animals in the herd and 
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numbers of animals in the reproductive cycle 
segment group or age group that are at risk. In 
many instances all the data required to effec¬ 
tively diagnose a disease or monitor its preva¬ 
lence are already in the records of these herds. 
It does put the veterinarian and the farmer in 
the position of almost being able to do a herd 
examination simply by consulting the records. 
Goal setting and production evaluation are 
important components of the integrated 
animal health and production management 
program and are both highly valued by pro¬ 
ducers. The approach is detailed in texts on 
herd health and production medicine, such as 
those listed in Further Reading. 

An important issue yet to be clarified is 
whether integrated animal health and pro¬ 
duction programs provide a suitable return 
on investment for both the producer and vet¬ 
erinarian. Such programs must do more than 
increase production; they must improve 
profitability and sustainability of the agricul¬ 
tural enterprise while addressing animal 
welfare issues. Very few studies have evalu¬ 
ated the economic aspects of integrated 
animal health and production programs. The 
first such analysis, conducted by the pioneer¬ 
ing preventive medicine program at the 


University of Melbourne in Australia led by 
Blood, Morris, and Williamson, concluded 
that “the dairy health and management 
program tested in this study represents 
a highly profitable investment for dairy 
farmers.” 3 Similar detailed studies document¬ 
ing the return on investment of integrated 
animal health and production programs in 
other production systems and countries are 
scarce. Recent studies from The Netherlands 
examining dairy farms that participated or 
did not participate in veterinary herd health 
management programs failed to identify a 
beneficial effect of such programs on overall 
farm efficiency. 4,5 
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Definitions and Concepts 

Biosecurity has been defined in various 
ways; one informative definition is “the 
outcome of all activities undertaken by an 
entity to preclude the introduction of disease 
agents into an area that one is trying to 
protect.” 1 Thus biosecurity is the intended 
result of efforts to protect animals and 
humans from disease-causing materials of 
biological origin. Preventing infection of 
animals by various agents by preventing 
transmission of infectious agents between 
animals and the people who contact them is 
the most common focus of veterinary bio¬ 
security planning. A useful distinction can 
be made in applying the term biosecurity to 
efforts intended to prevent introduction of 
infectious agents onto an operation in which 
the agents are not present, and the term bio¬ 
containment to practices intended to mini¬ 
mize transmission of disease-causing agents 
that are already present. Biohazard is a 
general term for any material of biological 
origin that may be hazardous to animals or 
humans that contact the material; biosecu¬ 
rity or biocontainment planning can be 
aimed at limiting or preventing infection or 
disease caused by any biohazard. For the sake 
of brevity, the remainder of this section will 
focus on biosecurity and biocontainment to 
prevent infections that cause disease in 
animals on a single operation (farm, ranch, 
feedlot, or birthing or rearing facility). The 
term biosecurity will be used to refer to prac¬ 
tices that are relevant to either biosecurity or 
biocontainment. Readers are referred else¬ 
where for information on national biosecu¬ 
rity, on biosecurity for veterinary hospitals, 
and on control of agents that may cause 
foodborne illness in humans but not animal 
disease. 

Disease caused by infectious agents can 
have a negative effect on the health, welfare, 
and productivity of animals; therefore, some 
degree of attention to biosecurity is likely 
warranted on any operation in which 
animals are maintained, either permanently 
or transiently. However, determination of 


the exact biosecurity plan that is appropriate 
for an operation first requires an assessment 
of the risks for infection for animals on the 
operation in question. In recent years, 
increased recognition of the possible impact 
of infectious disease on domestic animal 
populations has led to the development of 
risk calculators for certain livestock species 
or diseases to be used in the assessment of 
the risk of introduction of specific diseases 
or infectious diseases in general. Many of 
these are available online through the World 
Wide Web. See examples of some websites 
providing risk calculators in Table 3-1. 
General information on biosecurity for 
animal operations can also be found on the 


World Wide Web, and some examples of 
sites with useful information are shown in 
Table 3-2. Like all information accessed 
via the Web, the qualifications and agenda of 
the person or group providing biosecurity 
information should be considered and deter¬ 
mined to be trustworthy before the informa¬ 
tion is used. Generally, information provided 
by regional or national organizations of 
animal health experts or animal producers 
should be reliable. 

Determination of the biosecurity plan 
will require identification of the infectious 
agents likely to cause important disease in 
the animals on the operation, and this will 
depend on the species and geographic 


Table 3-1 Examples of online risk calculators that can help veterinarians and producers 
estimate the risk of introducing diseases onto facilities in which animals are 
maintained 

Species 

Infectious agent 
or disease 

Source of information 

Website 

Swine 

Not specific 

U.S. Pork Board 

http://www.pork.org/filelibrary/ 
Biosecurity/Biosecu rityBook.pdf 

Cattle 

Bovine viral diarrhea 
virus (BVDV) 

Kansas State University, 

College of Veterinary 
Medicine 

http://www.bvdconsult.com 

Cattle 

Bovine leukosis 

New York State Cattle 

https://ahdc.vet.cornell.edu/Sects/ 


virus (BLV) 

Health Assurance Program 

NYSCHAP/docs/RiskAssessment.pdf 

Cattle 

Salmonella 

New York State Cattle 

Health Assurance Program 

https://ahdc.vet.cornell.edu/Sects/ 

NYSCHAP/docs/SalmonellaRisk 

Assessment.pdf 


Table 3-2 Examples of online sources of information regarding biosecurity practices 
appropriate for agricultural animal species 

Species 

Source of information 

Website 

Swine 

American Association of Swine 
Veterinarians 

http://www.aasv.org/aasv/PRRSV_ 

BiosecurityManual.pdf 

Cattle and 
sheep 

University of Nebraska, Great Plains 
Veterinary Education Center 

http://www.farmandranchbiosecurity.com 

Cattle, swine, 

Iowa State University, Center for 

http://www.cfsph.iastate.edu/lnfection_ 

and horses 

Food Security and Public Health 

Control/index.php 

Horses 

American Association of Equine 
Practitioners 

http://www.aaep.org/info/infectious- 

disease-control 
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Box 3-1 Diseases or agents that may be appropriate targets for biosecurity planning 


Dairy cattle 

Bovine herpesvirus-1 (BHV-1) 

Bovine leukosis virus (BLV) 

Bovine viral diarrhea virus (BVDV) 

Brucella abortus (brucellosis) 

Leptospirosis 

Mastitis: contagious causes 
Mycobacterium avium ssp. paratuberculosis 
(Johne's disease) 

Mycobacterium bovis (tuberculosis) 
Neospora caninum 

Salmonella enterica (including numerous 
serotypes) 

Beef cattle 

Bovine herpesvirus-1 (BHV-1) 

Bovine leukosis virus (BLV) 

Bovine viral diarrhea virus (BVDV) 

Brucella abortus (brucellosis) 

Campylobacter fetus ssp. venerealis 
Leptospirosis 

Mycobacterium bovis (tuberculosis) 
Trichomonas foetus 

Horses 

Equine herpesvirus-1 and -4 (EHV-1 and 
EHV-4) 

Equine infectious anemia virus (EIAV) 


Equine influenza virus (EIV) 

Salmonella enterica (including numerous 
serotypes) 

Streptococcus equi ssp. equi (strangles) 

Sheep or goats 

Caprine arthritis and encephalitis virus (CAEV) 
Corynebacterium pseudotuberculosis (caseous 
lymphadenitis) 

Mycoplasma mycoides ssp. mycoides (large 
colony type) 

Ovine progressive pneumonia virus (OPPV) 
Scrapie 

Swine 

Brucella suis 
Leptospirosis 
Porcine parvovirus 

Porcine respiratory and reproductive syndrome 
virus (PRRSV) 

Pseudorabies virus (Aujeszky's disease) 

Swine dysentery 
Swine influenza virus (SIV) 

Some examples of diseases or infectious agents 
that may be appropriate targets for biosecurity 
planning, by livestock species. This list is not 
exhaustive. Other agents or diseases not listed may 
also be appropriate to target in biosecurity 
planning. 


location of the animals in question as well as 
the degree to which the operation is open 
(receiving new animals either permanently 
or transiently from sources outside the oper¬ 
ation), because new introductions are an 
important source of biosecurity risk. Some 
examples of agents or diseases that may be 
the focus of animal biosecurity planning are 
shown in Box 3-1. Development of a biose¬ 
curity plan also requires an evaluation of the 
cost of biosecurity relative to the cost of the 
disease in the absence of biosecurity. Biose¬ 
curity measures, particularly when per¬ 
formed properly, cost time and money and 
can be seen as inconvenient. Time and 
money are limiting factors on all operations 
in which animals are maintained, but the 
degree to which this is true will vary among 
operations. Lack of information regarding 
the cost and benefit of biosecurity practices 
limits the willingness of farmers to under¬ 
take biosecurity practices. 2 Thus it is evident 
that there is no “one size fits all” biosecurity 
plan that can be applied to all operations; 
rather, the veterinarian and the owner or 
manager must work together to define the 
important infectious disease risks for the 
operation and then to develop a biosecurity 
plan that is cost-effective and feasible. On 
some operations, the manager may elect to 
undertake efforts to prevent introduction of 


an infectious agent or to eliminate an agent 
from the operation; on other operations, the 
manager may elect to tolerate a level of 
disease or production loss caused by an agent 
when exclusion is deemed to be too costly. 
Although veterinarians must be prepared to 
defend the welfare of animals by helping pro¬ 
ducers recognize when a level of disease is 
inconsistent with animal well-being, they 
must also recognize that efforts to exclude 
certain infectious agents may not be finan¬ 
cially feasible for some producers. In such 
cases, biocontainment efforts that minimize 
disease on the operation, combined with 
timely identification of affected animals and 
appropriate treatment, culling, or euthana¬ 
sia, may be the most appropriate approach to 
ensuring animal well-being. 

A biosecurity plan may be comprehen¬ 
sive, or it may be simple and focused on only 
a few high-risk areas. To be effective, the 
biosecurity plan should include a plan for 
periodic assessment of the efficacy of biose¬ 
curity through monitoring and record 
keeping to identify infection or disease 
events that should be impacted by the plan. 
Additionally, communication of the biosecu¬ 
rity plan to all parties involved in animal 
care, through training and written protocols, 
is necessary to ensure consistency of biose¬ 
curity practices. 


Development of a 
Biosecurity Plan 

INITIAL PLANNING 

For a given operation, development of a bio¬ 
security plan requires assessment and deter¬ 
mination of the following 1 : 


WHAT ARE THE INFECTIOUS DISEASE 
RISKS FOR THE OPERATION? 


Are these infectious agents already 
present on the operation? If so 

What are the costs from these agents? 
Consider treatment expenses, loss associated 
with animal deaths or early culling, decreased 
animal value, and decreased animal welfare. 
For zoonotic agents, costs associated with 
possible human infection should also be 
considered. 

How or where are these agents 
transmitted to susceptible animals? 

• What measures can be put into place to 
decrease or stop transmission at these 
points? 

• What is the likely cost in time and 
money of implementing these measures? 

• Can these measures be implemented on 
this operation? 

• If introduction of all possible control 
measures is not feasible, which control 
measures are likely to have the most 
impact? Which measures are the most 
feasible and cost-effective? 

• Can the most impactful and cost- 
effective subset of control measures be 
implemented on this operation? 


WHAT ARE THE INFECTIOUS DISEASE 
RISKS FOR THE OPERATION? 


For infectious agents not currently 
present on the operation, what is the 
likelihood of their introduction? 

If introduced, what are the likely costs? 

How can these infectious agents be 
introduced to the operation? 

• What measures can prevent introduction? 

• What is the likely cost of these 
measures? 

• Can these measures be implemented on 
this operation? 

• If introduction of all possible control 
measures is not feasible, which measures 
are likely to have the most impact? Which 
measures are the most feasible and 
cost-effective? 

• Can the most impactful and cost- 
effective measures be implemented on 
this operation? 


Such an assessment is similar to the 
Hazard Analysis and Critical Control Point 
system used to ensure food safety by mini¬ 
mizing the contamination of food by 




















38 


Chapter 3 


Biosecurity and Infection Control 


hazardous materials or agents. 3 Although 
this list of questions may seem daunting, at 
least a superficial evaluation of these issues 
will help to determine whether the cost and 
inconvenience of biosecurity practices are 
worthwhile to the producer. The cost of 
various biosecurity practices have not been 
thoroughly estimated, and they are likely to 
vary considerably for different operations 
based on the local cost and availability of 
materials and labor and the value of the 
animals in question. Although some produc¬ 
ers may be willing to undertake a thorough 
economic assessment of the costs and bene¬ 
fits of various biosecurity practices before 
deciding on a plan, in many cases the assess¬ 
ment will likely depend on rough estimates 
of the major costs and benefits. The veteri¬ 
narian and producer should be able to help 
each other in making these estimates, with 
each bringing their knowledge and experi¬ 
ence to the assessment. 


Practices to Aid in 
Maintaining Biosecurity 

TESTING AND/OR ISOLATION 
OF NEWLY INTRODUCED 
ANIMALS 

Bringing animals from outside sources onto 
an operation, either permanently or tran¬ 
siently, is an important means by which 
infectious agents can be introduced into the 
resident population. Although new intro¬ 
ductions may appear healthy at entry, they 
may manifest signs of disease within days, 
brought on in part by the stress and exposure 
to infectious agents that can occur during 
transport. Animals that have passed through 
competitions or sales have the added risk of 
recent exposure to many animals from other 
sources, amplifying their potential for 
contact with infectious agents. New intro¬ 
ductions may also be chronic shedders of 
infectious agents, even if they remain persis¬ 
tently healthy in appearance. Streptococcus 
equi ssp. equi, Mycobacterium avium ssp. 
paratuberculosis, BVDV, PRRSV, and some 
serotypes of Salmonella enterica are a few 
examples of transmissible agents that can 
be shed for weeks to months or years by 
carrier animals who may appear completely 
healthy. 

It is recognized that isolating new intro¬ 
ductions for some time after arrival should 
help decrease the chance of transmitting 
infectious agents to the resident population. 
In spite of this, it has been shown that a 
minority of cattle and horse producers 
observe this practice. 4 The exact length of 
time that new introductions should be iso¬ 
lated has not been well defined, and this 
depends on the agent in question. For dis¬ 
eases with short incubation periods caused 
by infectious agents that are shed only 


temporarily, such as many viral respiratory 
pathogens, a quarantine period of 14 to 28 
days is likely adequate to usefully decrease 
risk of infecting animals in the resident 
population. For diseases in which agents are 
shed for several weeks or longer, a quaran¬ 
tine period of a practical length is not likely 
to be helpful. Ideally, the isolated animals 
should be housed at a site remote from the 
resident population; if that is not feasible, 
then the isolated animals should have no 
possibility of direct contact with the resident 
herd, contact with feed or water consumed 
by the resident animals, or shared airspace. 
People caring for the newly introduced 
animals should wear different clothing and 
footwear than what is worn when caring for 
the resident herd, and they should clean 
their hands with antimicrobial soap and 
water or alcohol-based hand sanitizer after 
contacting the new introductions or associ¬ 
ated materials. Feed troughs, water buckets, 
tools, and tack used with the new introduc¬ 
tions should not be used with animals in the 
resident population, or they should be 
cleaned thoroughly and disinfected appro¬ 
priately before such use. 

Testing animals for the presence of infec¬ 
tious agents before introduction, or while 
they are in isolation after introduction, is one 
method of decreasing the chance of intro¬ 
ducing infectious agents. However, the 
veterinarian and producer must consider 
carefully how to use such testing so that it is 
reliable and cost-effective. It is not likely to 
be practical or cost-effective to test all new 
introductions for all infectious agents they 
could possibly be shedding. Also, the reli¬ 
ability of a test result is related to the sensitiv¬ 
ity and specificity of the diagnostic test 
used as well as the prevalence of disease in 
the population of animals tested. When 
testing an individual animal of unknown 
status to determine whether that individual 
is infected, the veterinarian is relying on the 
positive predictive value (PPV) and the 
negative predictive value (NPV) of the test 
being used; that is, the probability that the 
animal is infected, given a positive test result 
(PPV), and the probability that the animal is 
not infected, given a negative test result 
(NPV). The PPV and NPV of a test are 
related to the prevalence of disease in the 
population being tested; when the preva¬ 
lence of disease is low in a population of 
animals being tested, the PPV of any test will 
be lower than the PPV of the same test when 
it is used to test animals in a population in 
which the prevalence of disease is high. This 
is an important point to consider when 
deciding whether to test new introductions 
to exclude infectious disease, because a 
newly introduced animal is usually an animal 
that has no clinical signs of disease. Such an 
animal can be thought of as a member of the 
population of all animals that have no clini¬ 
cal signs of disease, in which the prevalence 
of any infectious disease is lower than it is in 


the population of all animals with signs of 
that disease. (In other words, an animal with 
no clinical signs of disease is less likely to be 
infected with an infectious agent than an 
animal that has signs of disease caused by 
that agent, generally speaking.) Therefore, 
the PPV of any diagnostic test run on an 
animal that appears completely healthy will 
be lower than the PPV for the same test if it 
is run on an animal with signs of the disease 
in question. Thus testing is more likely to 
give an erroneous result when animals that 
appear healthy are tested for any infectious 
disease. However, the degree to which an 
erroneous result is likely depends on the sen¬ 
sitivity and specificity of the test in question. 
A highly sensitive test will have a better PPV 
than a less sensitive test in a population with 
a low prevalence of disease. Therefore the 
decision to test new introductions to exclude 
infectious agents should be based on the reli¬ 
ability of the testing strategy, given the sen¬ 
sitivity and specificity of the test to be used 
and the likelihood of the disease being 
present in the animals tested, as well as the 
cost of testing relative to the cost of introduc¬ 
ing the infectious agent in question. Diag¬ 
nostic specialists at veterinary diagnostic 
laboratories should be able to give veterinar¬ 
ians information about the sensitivity and 
specificity of tests they offer to aid them 
in making such decisions. A helpful review 
of these points is available for further 
information. 8 

Another way to help decrease the likeli¬ 
hood of introducing infectious disease with 
new introductions is to introduce animals 
only from herds known to be free of 
disease, if possible. An animal originating 
from a herd certified to be free of a given 
infectious disease and transported directly 
from that herd of origin to the new opera¬ 
tion, without contact with any other 
animals in transit, is less likely to bring that 
disease onto the new operation than an 
animal purchased from a herd of unknown 
status. Although it may not always be pos¬ 
sible to obtain accurate and complete infor¬ 
mation about the presence of infectious 
diseases on source herds, when that infor¬ 
mation is available, selecting animals from 
such herds will help decrease the likelihood 
of introducing particular diseases. For 
infections that are not permanent and for 
which vaccines are available, requiring that 
animals be vaccinated before introduction 
should help decrease the chance that they 
will shed the agent around the time of 
introduction. For vaccination to be useful 
in this regard it is important that the 
animals are vaccinated when they have 
time to develop protective immunity before 
shipment. The length of time required 
varies for different vaccines, but generally 
the animal should receive an initial vaccine 
followed by a booster, with the booster 
occurring no less than 2 weeks before 
shipment. 






CONTROLLING CONTACT BY 
VISITORS TO THE OPERATION 

Visitors to the operation, which includes 
workers bringing materials (such as feed or 
fuel) or taking materials to and from the 
operation (such as manure or carcasses), 
animal health professionals such as farriers 
and veterinarians, and those coming to the 
operation just to observe, can all introduce 
infectious agents to resident animals. Addi¬ 
tionally, employees, family members, and 
others who are on the operation routinely 
can introduce infectious agents when they 
return from visits to outside operations in 
which animals are maintained. The impor¬ 
tance of visitors, vehicles driven by visitors, 
or visits by workers to outside farms as a 
source of infectious disease introduction has 
been shown in multiple research studies. 9 ' 11 
Visits by trucks from rendering facilities 
coming to pick up dead animals are a par¬ 
ticularly important risk, because dead 
animals on these trucks are likely to have 
been ill and shedding infectious agents 
before death, leaving their carcasses and the 
truck transporting them contaminated. 
Vehicles from outside sites should not be 
allowed on the operation if possible. In the 
example of visits by the rendering truck, car¬ 
casses should be placed for pick up at a site 
outside the operation, or at least at a site on 
the operation that is remote from resident 
animals. On-site disposal of carcasses is an 
alternative that removes the need for visits by 
the rendering truck, but the various methods 
for carcass disposal also have biosecurity 
risks that need to be addressed; this has been 
reviewed in detail. 12 

If visiting vehicles cannot be kept off the 
operation entirely, they should be directed to 
drive and park in areas that resident animals 
are unlikely to contact. If it is not possible to 
keep visiting vehicles away from resident 
animals, all parts of the vehicle that contact 
anything on the operation should be washed 
and disinfected before entry. However, in 
one study washing wheels was not protective 
against introduction of foot-and-mouth 
disease virus, but parking visitor vehicles 
away from areas in which animals were 
housed was protective, 9 suggesting that 
washing and disinfecting vehicles may not be 
sufficiently protective. Workers should 
shower and change their clothes after visiting 
outside sites and before contacting resident 
animals. High levels of biosecurity practiced 
by certain operations mandate that workers 
or visitors should not come into contact with 
resident animals for a particular period of 
time (usually 48 to 72 hours) after visiting 
other animal operations. Visitor access is 
best controlled by having all visitors enter the 
operation through monitored entry points; 
ideally visitors are met by someone repre¬ 
senting the operation to make sure contacts 
that could introduce infectious disease are 
prevented or minimized. 


Practices to Aid in Maintaining Biosecurity 


39 


CONTROLLING CONTACT BY 
WILDLIFE, NEIGHBORING 
LIVESTOCK, AND PETS 

Neighboring livestock and wildlife (includ¬ 
ing birds and rodents) are an important 
potential source for introducing infectious 
disease. Multiple research studies have shown 
that proximity to another farm is an impor¬ 
tant risk factor for introduction of certain 
infectious diseases, and this may be caused by 
direct contact between animals across fences 
or on shared range; common visits for the 
delivery or pick up of materials; shared use of 
equipment; or transmission of infectious 
agents among farms by wildlife, running 
water, or wind currents. 10 ' 13,14 Contact with 
neighboring animals across fence lines or on 
open range can nullify biosecurity efforts; 
therefore such contact should be prevented if 
possible. Pet animals (dogs, cats, or other 
species) can transmit infectious agents 
among livestock, so their contact with live¬ 
stock should be controlled or prevented. 
Because birds and rodents can shed patho¬ 
gens such as influenza (birds), Salmonella, 
and Leptospira (rodents), access of wild birds, 
poultry, and rodents to areas in which live¬ 
stock eat or drink should be prevented. This 
is done by fencing off areas in which birds 
may congregate and by undertaking efforts to 
limit access of wild birds and rodents to feed- 
stuffs and animal-housing areas. 

SEPARATING GROUPS OF 
ANIMALS BASED ON RISK 

A useful practice to decrease transmission of 
infectious agents if they are introduced, or 
to decrease transmission of agents already 
present on the operation, is to separate 
animals into groups based on their likeli¬ 
hood of shedding infectious agents and their 
susceptibility to infection. For example, sick 
animals are more likely to be shedding infec¬ 
tious agents than healthy animals, and this is 
particularly true for sick animals showing 
signs of acute respiratory disease or acute 
gastrointestinal disease, especially diarrhea. 
Therefore sick animals should be housed 
separately from healthy animals, and desig¬ 
nated workers should be assigned to care 
only for sick animals; or those who care for 
sick animals should change their clothes and 
footwear and clean their hands with antimi¬ 
crobial soap and water afterward. Materials 
(tools, tack, feed, water, and bedding) from 
sick animal housing should not be used for 
healthy animals, unless it is possible to first 
clean them thoroughly and disinfect them 
properly. 

Neonates and young animals (under 1 
year of age) are more likely to be susceptible 
to infection because of their naive immune 
status and waning maternal antibody, so 
these individuals should be separated from 
sick animals and, ideally, from other older 
animals who are not sick but who may 


shed infectious agents inapparently. Preg¬ 
nant females should not come into contact 
with juvenile animals (6 months to 2 years of 
age), because juvenile animals are commonly 
infected by acute respiratory viruses such as 
EHV-1 or BHV-1, which can cause disease 
and possibly induce abortion. Peripartum 
animals are also at increased risk for shed¬ 
ding infectious agents because the events 
around parturition can be immunosuppres¬ 
sive; their newborns are also at high risk for 
infection, especially before they consume 
colostrum. Thus birthing areas should be 
separate from areas in which sick animals are 
kept and separate from juvenile animals that 
are likely to shed infectious agents. Birthing 
stalls or pens should also be cleaned and 
disinfected between uses to minimize the 
exposure of newborns to infectious agents. 
Animals that give birth on pasture should 
not be crowded, and accumulation of mud 
and manure should be prevented, because 
these can be sites in which enteric pathogens 
persist for weeks or months. 

It is important not only to prevent direct 
contact between subpopulations on an oper¬ 
ation but also to prevent or limit sharing of 
airspace, feed, water, and materials between 
these groups. For example, it has been shown 
that calves are more likely to develop respira¬ 
tory disease if they are housed early in life in 
the same building as adult cows. 15 On dairy 
farms, feed refused by the lactating cows is 
sometimes fed to young animals to minimize 
waste. 16 However, this practice can expose 
susceptible young animals to infectious 
agents shed by the lactating cows; therefore, 
the practice should be avoided, or refused 
feed should only be fed to older juveniles 
that will likely have better immunity to any 
infectious agents in the feed, compared with 
younger animals. Pasteurization of colos¬ 
trum and waste milk fed to calves is another 
practice that can decrease transmission of 
infectious agents from adult cows to young 
calves on dairies. 

Contact by human caretakers can also be 
an important means of transmission of infec¬ 
tious agents among subpopulations on an 
operation. Thus different workers should be 
assigned to care for different subgroups, if 
possible. This may be feasible on large opera¬ 
tions in which the number of animals justi¬ 
fies the employment of several people. On 
smaller operations it may instead be neces¬ 
sary to have workers start each day caring for 
the most susceptible individuals (e.g., young 
animals and postpartum females) and then 
moving to the care of more resistant indi¬ 
viduals, or those more likely to be shedding 
infectious agents (e.g., sick animals). This 
order of care should help decrease the trans¬ 
mission of agents from high-risk animals to 
animals of high susceptibility. It may be 
helpful to have coveralls and boots dedicated 
for wear only in areas in which susceptible 
and sick animals are housed and to make a 
hand-cleaning station with water, soap, and 
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alcohol-based hand sanitizer available. This 
all makes it easy for workers to minimize the 
possibility of transmitting infectious agents 
among subpopulations. 

Manure from animals is an important 
source of many infectious agents, and fecal- 
oral transmission is a major route of infec¬ 
tion. Therefore feed troughs and water tanks 
should be constructed and situated so they 
are not inadvertently contaminated with feces 
from resident animals or wildlife such as birds 
or rodents. Moreover, equipment used to 
remove manure and soiled bedding from 
animal-housing areas should not be also used 
to transport feed. If the use of shared equip¬ 
ment cannot be avoided, the equipment must 
be cleaned thoroughly and effectively disin¬ 
fected before use with feedstuffs. 

CLEANING AND DISINFECTION 

A helpful review of cleaning and disinfection 
in the context of animal care is available. 17,18 
To summarize briefly, cleaning and disinfec¬ 
tion are practices of major importance to 
biosecurity, but if they are not practiced 
properly they will not be effective. Protocols 
for cleaning and disinfection should be 
established, communicated clearly to people 
responsible for cleaning and disinfecting, 
and written and placed where they are easy 
to reference so people can remind them¬ 
selves how to complete the protocol cor¬ 
rectly. Proper technique for cleaning and 
disinfection should be made as easy as pos¬ 
sible to maximize compliance. 

There is no single disinfectant that is 
appropriate for all uses; therefore, the choice 
of disinfectant to be used will depend on the 


site that requires disinfection and the type of 
infectious agents that must be removed. 
Also, disinfectants vary in their efficacy 
against different types of agents. In order of 
increasing resistance, disinfectants may kill 
or inactivate enveloped viruses, bacteria 
(nonmycobacterial agents), fungi, nonenvel- 
oped viruses, mycobacteria, bacterial spores, 
and prions. Many disinfectants are effective 
against enveloped viruses, but fewer are 
effective against mycobacteria and bacterial 
spores, and very few inactivate prions. Some 
chemicals can remove all infectious agents 
from a surface (sterilize), whereas others 
decrease the number of infectious agents of 
one or more types (disinfect), but they do not 
sterilize. Chemicals that can be sterilizing are 
also the most toxic and caustic to humans 
and animals; therefore, on most operations 
in which animals are maintained, disinfec¬ 
tants that do not actually sterilize will be 
used, for reasons of safety. Examples of some 
commonly used classes of disinfectants with 
some of their benefits and drawbacks are 
presented in Table 3-3. 

Important principles for effective clean¬ 
ing and disinfecting include the following: 

• Surfaces and items to be disinfected 
must be completely cleaned with 
detergent and water before disinfection, 
because organic material such as 
manure, nasal secretions, or feed on a 
surface can inactivate some disinfectants 
and can prevent any disinfectant from 
contacting the surface to be disinfected. 

• After cleaning, detergent should be 
rinsed completely from the surface with 
clean water, because detergent residue 
can inactivate some disinfectants. 


• Porous surfaces (such as unpainted 
wood) are difficult or impossible to 
disinfect thoroughly, because infectious 
agents can persist in microscopic 
crevices on such surfaces. Surfaces and 
items used around animals should be 
made only of smooth plastic, metal, 
concrete, or completely painted wood. If 
it is not possible for all surfaces to be 
made of such materials, they should at 
least be used consistently around 
animals that are isolated because of 
recent introduction or illness to allow 
for effective disinfection of materials 
contacting high-risk individuals. 

• Dirt floors in animal-housing areas 
cannot be disinfected, although it is 
possible to decrease pathogen load with 
thorough cleaning and scraping of dirt 
floors. Calcium oxide (lime) is often 
applied to dirt floors for disinfection, 
and although this may decrease 
pathogen numbers, evidence also 
indicates that lime may prolong survival 
of anthrax spores. 19 This suggests that 
lime should not be used in areas in 
which anthrax is a significant risk. 

• Disinfectant must be diluted to the 
appropriate concentration and applied 
to the surface for the required contact 
time for effective disinfection. The label 
on the container of the disinfectant 
product will indicate the concentration 
and contact time that must be used. 

• After the appropriate contact time, 
disinfectant should be rinsed off the 
disinfected surface with clean water, 
because many disinfectants can be toxic 
or can leave an unpleasant taste on 


Table 3-3 Examples of some 

classes of disinfectants with some of their benefits and drawbacks 


Disinfectant class 

Benefits 

Drawbacks 

Notes 

Alcohols 

Rapid acting, not very toxic, no residue 

Inactivated by organic material 

Most appropriate for skin prep 
and for objects that come in 
direct contact with patient skin 

Aldehydes 

Very broad spectrum, including sporicidal 

Relatively toxic, carcinogenic 


Biguanides (including 
chlorhexidine) 

Not very toxic, broad antibacterial spectrum but 
less consistent against viruses 

Inactivated by organic material 

As for alcohols 

Halogen chlorine compounds 

Effective against many bacteria including 

Inactivated by organic material. 

Appropriate for environmental 

(including bleach) 

mycobacteria, also viruses and fungi 

Inexpensive 

some soaps, and sunlight 
Irritating and corrosive 

disinfection of clean surfaces 

lodophors 

Effective against many bacteria including 

Inactivated by organic material. 

Products for skin prep are not 


mycobacteria, also viruses and fungi 

not inexpensive, may stain 

appropriate for disinfection of 


Rapid acting, not very toxic 

tissues or materials 

objects or surfaces 

Quaternary ammonium 

Antimicrobial spectrum of different formulations 

Inactivated by organic material 


compounds 

variable, not effective against nonenveloped 
viruses 

and some soaps 


Phenols 

Broad antimicrobial spectrum including many 

Inactivated by some detergents. 

Avoid using on surfaces used to 


nonenveloped viruses, retain activity in the 
presence of organic material 

toxic to some animals 

deliver milk, water, or food 

Oxidizing agents (hydrogen 

Broad antimicrobial spectrum including many 

Can be corrosive to materials 

Some products: good choice for 

peroxide based or 

nonenveloped viruses and some spores, 


footbaths because of prolonged 

peroxygen compounds) 

relatively nontoxic, retain activity in the 
presence of organic material 


stability efficacy in the presence 
of organic matter 











items used to deliver water, milk, or 
food. Disinfectants can also be irritating 
if they come into contact with human or 
animal skin, and they can be corrosive 
to surfaces of buildings and tools. 

Note that disinfectants are required to be 
labeled with detailed information regarding 
their chemical class, the infectious agents 
against which the product is effective, and 
the directions for effective use, including the 
concentration at which the product must be 
used and the required contact time for disin¬ 
fection. People devising cleaning and disin¬ 
fection protocols should read the label on the 
disinfectants they use to ensure that the pro¬ 
tocol is consistent with the product label and 
to ensure effective disinfection. 

Footbaths containing disinfectant are 
often used on operations so that caretakers 
can step into a footbath to disinfect their 
footwear when moving between areas of 
animal housing in which transmission of 
infectious agents is likely. The evidence sup¬ 
porting footbath efficacy is mixed; footbaths 
have been shown to be associated with 
decreased risk of introduction of infectious 
agents in some research studies but not in 
others. One research study showed that foot- 
mats containing phenolic disinfectant did 
not prevent transmission of Salmonella from 
a large animal clinic to the adjacent small 
animal clinic presumably on the feet of 
people walking between these areas. 20 Simi¬ 
larly, disinfection of footwear did not have a 
consistent impact on floor bacterial counts in 
another hospital. 21 Various disinfectants can 
decrease the number of bacteria on the soles 
of footwear significantly, but they do not 
sterilize footwear. 22 ' 24 A footbath does not 
decrease bacterial counts significantly if 
footwear is contaminated with feces. 23 For a 
footbath to significantly decrease bacteria on 
footwear, the soles of the footwear should be 
scrubbed free of feces and other organic 
matter in water, or in a primary footbath 
intended for cleaning footwear, before the 
wearer then steps into a second disinfecting 
footbath. People who are expected to use 
footbaths should be required to wear foot¬ 
wear that is nonporous and impervious to 
water or they are unlikely to step into the 
footbath completely, nullifying the value of 
the footbath. A footbath becomes less effec¬ 
tive with repeated use, likely because of con¬ 
tamination of the footbath with organic 
matter and inactivation of the disinfectant 
by chemical change occurring over time. 
Because traces of organic material are likely 
to persist on footwear even after scrubbing, 
only disinfectants that retain efficacy in the 
presence of organic matter should be used 
for footbaths (see Table 3-3). The length of 
time a disinfectant is effective at the working 
concentration should be indicated on the 
product label, and the disinfectant solution 
in footbaths should be changed regularly at 
an interval that ensures the disinfectant 
retains efficacy. 
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People may be more likely to step on foot- 
mats containing disinfectant, which only 
contact the soles of footwear. These have 
been shown to be equally efficacious at 
decreasing bacterial counts on the footwear 
soles compared with footbaths. 22 Disposable 
plastic boots can effectively protect footwear 
from contamination, 25 but because holes can 
form in the bottom of such boots when they 
are worn for long, they should only be used 
for short episodes. In summary, footbaths 
and footmats can decrease the number of 
microorganisms on the soles of footwear, 
and their use may decrease transmission of 
infectious agents, but they must be used 
properly to be effective. Proper use includes 
scrubbing footwear free of manure and other 
organic material before use of footbaths or 
footmats, use of disinfectants that retain effi¬ 
cacy in the presence of organic matter, and 
regular replacement of used disinfectant 
solution when it becomes heavily contami¬ 
nated with organic matter or when the 
expiration period has been met. 

Proper hand hygiene is another impor¬ 
tant component of biosecurity. Detailed infor¬ 
mation regarding effective hand hygiene, 
materials to support worker training regard¬ 
ing hand hygiene, and guidelines for moni¬ 
toring worker compliance are available. 26 
Briefly, hand hygiene should be practiced 
after any interaction with an animal likely to 
be shedding infectious agents, or after con¬ 
tacting any object or material that has con¬ 
tacted such an animal. If hands are visibly 
soiled with dirt, manure, urine, or secretions 
or excretions, they should be washed thor¬ 
oughly with antimicrobial soap and water. 
However, if hands are not visibly soiled, the 
use of alcohol-based hand sanitizer is more 
effective than hand washing. Moreover, 
because effective hand washing takes longer 
than effective use of hand sanitizer, and 
repeated hand washing can lead to chapped 
hands, the availability of hand sanitizer may 
improve hand hygiene compliance by people 
working with animals. Disposable examina¬ 
tion gloves should be worn when undertak¬ 
ing activities in which hands are likely to 
become heavily contaminated with infec¬ 
tious agents, but it is important to note that 
hands must still be cleaned by washing or use 
of hand sanitizer after gloves are removed, 
because microscopic holes in gloves can 
allow hand contamination. 

DISEASE MONITORING AND 
RECORD KEEPING 

Regular and consistent disease monitoring 
and record keeping are necessary for accu¬ 
rate assessment of the biosecurity risks for an 
operation and for evaluation of the efficacy 
of biosecurity practices. Caretakers should 
be trained to identify signs of common dis¬ 
eases, and they should know how sick or 
injured animals should be handled and 
treated and who should be informed when 


sick or injured animals are identified. On 
large operations written protocols outlining 
the criteria for identification of some 
common health problems may be estab¬ 
lished. Ideally all animals on an operation 
should be identified by some form of unique 
permanent identification, which allows 
accurate identification of diseased animals 
for monitoring and treatment. Unique 
animal identification also facilitates accurate 
record keeping, which is particularly impor¬ 
tant to ensure that appropriate withdrawal 
(withholding) times are observed before 
treated animals or their products are mar¬ 
keted for human consumption. 

Records of animal disease and treatment 
events should be periodically reviewed by 
the veterinarian who serves the operation, 
because this will facilitate identification of 
patterns of disease occurrence that reveal 
breakdowns in biosecurity or evidence of 
new biosecurity risks. Periodic assessment of 
records also provides the opportunity to 
track improvements in animal health and 
productivity that should result from effective 
bio security. 

COMMUNICATION, TRAINING, 
AND ASSESSMENT 

People caring for animals are more likely to 
implement biosecurity practices if they 
think the practices are effective, which is 
logical. If people working with livestock do 
not understand or think in the efficacy of 
biosecurity practices, it follows that efforts to 
establish a biosecurity plan may be fruitless, 
because individuals will not be motivated to 
observe biosecurity protocols consistently 
and effectively. Therefore veterinarians can 
help improve biosecurity by explaining the 
reason for biosecurity practices in clear and 
simple terms and by helping responsible 
parties to develop protocols that are accurate 
and complete, yet easy to understand and 
follow. It will likely be useful to develop 
written protocols for at least the most critical 
biosecurity practices and to have these dis¬ 
played prominently in areas in which the 
protocol should be followed. This is because 
people often forget the steps of a protocol, 
and a protocol performed incorrectly may be 
ineffective or may even lead to the harm of 
animals or people. 

Training and periodic review of training 
should be provided for animal caretakers and 
their supervisors to make sure that biosecu¬ 
rity protocols are being performed properly. 
Periodic assessment of protocols is impor¬ 
tant, because it has been shown that compli¬ 
ance deteriorates over time, even for people 
who understand why biosecurity is neces¬ 
sary. 27,28 Regular review of animal health 
records may lead to identification of either 
biosecurity breakdowns or biosecurity suc¬ 
cesses, and communicating these results to 
everyone working with animals may help 
reinforce the need for biosecurity. 
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LOCALIZED INFECTIONS 76 
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Several systemic states contribute to the 
effects of many diseases. Because these sys¬ 
temic states are common to many diseases 
they are considered here as a group to avoid 
unnecessary repetition. Hyperthermia, fever, 
septicemia, toxemia, and the acute phase 
response are closely related in their effects, 
and an appreciation of them is necessary if 
they are not to be overlooked in the efforts 
to eliminate the causative agent. Likewise, 
hypovolemic, hemorrhagic, maldistributive, 
and obstructive shock are best examined 
together. Anaphylactic shock is covered in 
Chapter 11. This chapter will also briefly 
introduce pain and stress as it relates to 
disease. Syndromes of poor performance, 
decreased appetite, and sudden and unex¬ 
pected death are also covered. 


Hypothermia, 

Hyperthermia, and Fever 

Hypothermia, hyperthermia, and fever— 
characterized by physiologically significant 
changes in core body temperature—are pre¬ 
sented here together, along with an introduc¬ 
tion to thermoregulation mechanisms of 
the body. 
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BODY TEMPERATURE 

Farm animals maintain a relatively constant 
body core temperature (homeothermy) 
during extreme ranges of thermal environ¬ 
ments. This homeothermic state is achieved 
by physiologic and behavioral mechanisms 
that modify either rates of heat loss from the 
body or the rate at which heat is produced by 
the metabolism of feed or body energy 
reserves. For the body temperature to remain 
constant in changing thermal environments, 
the rate of heat loss must equal the rate of heat 
gain. The body temperature is a reflection 
of the balance between heat gain from the 
environment (radiation, conduction, and 
convection) or caused by metabolic activity 
(maintenance, exercise, growth, lactation, 
gestation, and feeding) and heat loss to the 
environment (radiation, conduction, convec¬ 
tion, and evaporation) or caused by metabolic 
activity (milk removal, fecal elimination, and 
urinary elimination). Absorption of heat 
from the environment occurs when the exter¬ 
nal temperature rises above that of the body. 

HEAT PRODUCTION 

Heat production occurs as a result of meta¬ 
bolic activity and the digestion of feed, mus¬ 
cular movement, and the maintenance of 
muscle tone. Shivering thermogenesis is 
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a response to sudden exposure to cold and is 
a major contributor to enhanced heat pro¬ 
duction. Nonshivering thermogenesis is 
also induced by exposure to cold and is the 
mechanism by which heat is produced by the 
calorigenic effect of epinephrine and norepi¬ 
nephrine. In the neonate, heat is produced 
by the metabolism of brown adipose tissue, 
which is present in newborn farm animals 
and is a particularly important mechanism 
of heat production to prevent neonatal 
hypothermia. 

HEAT LOSS 

Heat is transferred to or from an animal 
by the four standard physical phenomena 
of convection, conduction, radiation, and 
evaporation. Convection is a transfer of heat 
between two media at different temperatures 
such as the coat surface and the air. As such, 
convective heat transfer depends on the tem¬ 
perature gradient between the coat surface 
and air, the surface area, and the air speed 
over the surface. Conduction is the transfer 
of heat between two media that are in direct 
contact such as the skin and water. Radiation 
is the absorption or emission of electromag¬ 
netic radiation at the body surface and 
depends on the skin surface temperature and 
area. Evaporative heat transfer is a process by 
which heat is lost by the evaporation of water 
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and is dependent on the water vapor pressure 
gradient between the epithelial surface and 
the environment and the air speed over the 
surface. 

Evaporation occurs by sweating, saliva¬ 
tion, and respiration, with the relative impor¬ 
tance of each varying between species. Losses 
by evaporation of moisture vary between 
species depending on the development of the 
sweat gland system and are less important in 
animals than in humans, beginning only at 
relatively high body temperatures. Horses 
sweat profusely, but in pigs, sheep, goats, 
New World camelids, and European cattle 
sweating cannot be considered to be an effec¬ 
tive mechanism of evaporative heat loss. In 
zebu cattle the increased density of cutane¬ 
ous sweat glands suggests that sweating may 
be more important. Profuse salivation and 
exaggerated respiration, including mouth 
breathing, are important mechanisms in the 
dissipation of excess body heat in animals. 
The tidal volume is decreased and the respi¬ 
ratory rate is increased at high body tem¬ 
peratures so that heat is lost but alkalemia 
caused by respiratory alkalosis is avoided. 

BALANCE BETWEEN HEAT LOSS 
AND GAIN 

The balance between heat gain and heat loss 
is controlled by the heat-regulating functions 
of the hypothalamus. The afferent impulses 
derive from peripheral hot and cold recep¬ 
tors and the temperature of the blood flowing 
through the hypothalamus. The efferent 
impulses control respiratory center activity, 
the caliber of skin blood vessels, sweat gland 
activity, and muscle tone. Heat storage occurs 
and the body temperature rises when there 
is a decrease in rate and depth of respiration, 
constriction of skin blood vessels, cessation 
of perspiration, and increased muscle tone. 
Heat loss occurs when these functions are 
reversed. These physiologic changes occur 
in, and are the basis of, the increment and 
decrement stages of fever. 

BREED DIFFERENCES 

Differences exist between breeds and races of 
cattle in coat and skin characters that affect 
heat absorption from solar radiation and 
heat loss by evaporative cooling; differences 
also exist in the metabolic rate, which influ¬ 
ences the basic heat load. Interest in this 
subject has been aroused by the demands for 
classes of animal capable of high production 
in the developing countries of the tropical 
zone. Detailed information on the physio¬ 
logic effects of, and the mechanisms of adap¬ 
tation to, high environmental temperatures 
are therefore available elsewhere but are not 
dealt with in this book because they appear 
to be minimally related to the development 
of clinical illness. 

Hypothermia, caused by exposure to low 
environmental temperatures, and hyper¬ 
thermia (heat stroke or heat exhaustion), 
caused by exposure to high environmental 


temperatures, are the major abnormalities of 
body temperature associated with extremes 
of environmental temperatures. Anhidrosis, 
occurring primarily in horses in hot humid 
climates and associated with the inability to 
sweat, is described in Chapter 16. 

HYPOTHERMIA 

Hypothermia is a lower than normal body 
temperature, which occurs when excess heat 
is lost or insufficient heat is produced. Neo¬ 
natal hypothermia is a major cause of mor¬ 
bidity and mortality in newborn farm 
animals within the first few days of life. Cold 
injury and frostbite are presented under that 
heading in Chapter 4. 

ETIOLOGY 

Excessive Loss of Heat 

Exposure to excessively cold air tempera¬ 
tures causes heat loss if increased metabolic 
activity, shivering and sustained muscular 
contraction, and peripheral vasoconstriction 
are unable to compensate. 

Insufficient Heat Production 

Insufficient body reserves of energy and 
insufficient feed intake result in insufficient 
heat production. Hypothermia also occurs 
secondary to many diseases in which there 
may be a decrease in the ability to shiver and 
skeletal muscle contraction associated with 
decreased cardiac output, decreased periph¬ 
eral perfusion, and shock. Examples include 
parturient paresis, acute ruminal acidosis 
(grain overload), during anesthesia and 
sedation, and the reduction of metabolic 
activity that occurs in the terminal stages of 
many diseases. A sudden fall in body tem¬ 
perature in a previously febrile animal, the 
so-called premortal fall, is an unfavorable 
prognostic sign. 

Combination of Excessive Heat Loss 
and Insufficient Heat Production 

A combination of excessive heat loss and 
insufficient heat production is often the cause 
of hypothermia. Insufficient energy intake or 
starvation of newborn farm animals in a cold 
environment can be a major cause of hypo¬ 
thermia. This may not occur under the same 
environmental conditions if the animals 
receive an adequate energy intake. Fatal 
hypothermia may also occur in other cir¬ 
cumstances such as in certain breeds of pig 
(pot-bellied) following general anesthesia or 
sedation with higher doses of azaperone. 
Mature pot-bellied pigs deprived of feed and 
kept outdoors during cooler months of the 
year may develop hypothermia, which would 
not normally occur in these conditions if the 
pigs were receiving adequate food. 

EPIDEMIOLOGY 
Neonatal Hypothermia 

Newborn farm animals are prone to 
hypothermia in cool environments, and 


hypothermia is a major cause of neonatal 
mortality. Neonates cannot maintain their 
core body temperatures at normal values 
during the first few hours after birth under 
cold environmental conditions. Hypother¬ 
mia and environmental thermoregulatory 
interactions are of particular importance in 
piglets and lambs because of their surface to 
volume ratio but are also relevant in calves 
and sick foals. 

At birth, the neonatal ruminant moves 
from a very stable thermal environment, of 
similar temperature to its core body tem¬ 
perature, to a variable and unstable thermal 
environment that is 10 to 50°C colder than 
its core temperature. The coat is wet with 
placental fluids, and energy loss is increased 
by evaporation and the low insulative value 
of a wet coat. The newborn calf becomes 
hypothermic in the first 6 hours after birth 
and only limited tissue substrates are avail¬ 
able as energy sources. Neonates also are 
exposed to a variety of environmental patho¬ 
gens against which they have little specific 
immunity. Thus the neonatal period is one of 
the most critical to the survival of an animal, 
and during this period the morbidity and 
mortality can be high under adverse envi¬ 
ronmental conditions. 

The continued emphasis in modern 
agriculture on the production of neonates 
throughout the year, including times of 
inclement weather and limited feed (late 
winter and early spring calving in beef herds 
in northern climates); the emphasis on short 
calving seasons; the use of high stocking 
densities; and the production of animals with 
high muscle growth potential, which may 
be associated with an increased incidence of 
dystocia resulting in decreased vitality of 
newborn animals at birth; all appear to 
combine to increase the incidence of mortal¬ 
ity caused by hypothermia and related dis¬ 
eases of the neonate. 

In lambs, more than 30% of deaths occur 
in the first few days of life, and mortalities 
may be greater than 10%, with more than 
half of the losses caused by hypothermia 
from either exposure or starvation. In calves, 
approximately 50% of deaths occur within 48 
hours of birth, and most losses are either 
directly caused by, or follow, dystocial partu¬ 
ritions in which stillbirths and early postna¬ 
tal mortality rates are about 20% compared 
with less than 5% in calves born without dys¬ 
tocia (eutocial). 

Thermoregulation in Neonatal 
Farm Animals 
Response to Cold Stress 

Neonatal ruminants, compared with many 
altricial neonatal mammals, are precocial 
in their development, with well-developed 
thermoregulatory mechanisms that allow 
them to maintain homeothermy in many 
environments. Prolonged exposure to heat 
or cold induces hormonal and metabolic 
changes specific to each stress. This involves 






secretion of glucocorticoid hormones and 
increased activity of the sympathetic nervous 
system augmented by increased secretion 
of catecholamines. The principal metabolic 
effect of these increases is greater availability 
and utilization of substrates (fat, glycogen, 
and protein) for catabolism, with increased 
production of heat. 

Cold-Induced Thermogenesis 
This is achieved by shivering thermogenesis 
in skeletal muscle tissue and nonshivering 
thermogenesis in brown adipose tissue. 
Shivering thermogenesis consists of invol¬ 
untary, periodic contractions of skeletal 
muscle. Heat is produced during contraction 
of muscle bundles in skeletal muscle tissue 
that has increased in tone as well as in skel¬ 
etal muscle contracting in overt tremors. 
Increased heat production in neonatal calves 
in the first several hours after birth can be 
significant when the animals first stand for 
10 minutes; this effect is reproduced later 
when the calves are stronger and stand for 
longer periods. The principal site of cold- 
induced nonshivering thermogenesis in 
animals is brown adipose tissue, which is 
present in neonatal lambs, kids, and calves 
but not in piglets. In neonatal lambs, approx¬ 
imately 40% of the thermogenic response 
during summit metabolism is attributed 
to nonshivering thermogenesis, with the 
balance of about 60% attributed to shivering 
thermogenesis. 

Control of Heat Loss 
The insulative nature of the external hair coat 
and cutaneous tissues to resist nonevapora- 
tive heat loss during cold exposure is critical 
in maintaining homeothermy. Total thermal 
insulation is the sum of tissue insulation and 
external insulation. 

Tissue Insulation. This is the resistance of 
cutaneous tissue to conductive heat loss from 
the body core to the skin surface. Tissue 
insulation is influenced by subcutaneous fat 
depth, which is minimal in neonates, and by 
vasoconstriction. Tissue insulation increases 
with age. 

External Insulation. This is the thermal 
resistance of the hair coat and air interface to 
radiative, convective, and conductive heat 
losses from the skin surface to the environ¬ 
ment. External insulation is a function of 
length and type of hair coat and the air inter¬ 
face. When exposed to dry, cold still air envi¬ 
ronmental conditions, external insulation as 
a proportion of total thermal insulation in 
neonatal calves ranges from 65% to 75%. 
Moisture and mud in the coat decrease the 
value of external insulation; wind and rain 
can also decrease external insulation. 

The neonate’s total thermal resistance to 
heat loss is a function of the physical proper¬ 
ties of the skin and hair coat and the ability 
to induce vasoconstriction of cutaneous 
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blood vessels and piloerection of the hair 
coat. Neonatal calves are remarkably cold 
tolerant in a dry, still air environment. The 
thermal demand of an outdoor cold environ¬ 
ment is a function of wind and precipitation 
as well as ambient temperature. 

Conductive heat loss is controlled by 
sympathetic regulation of blood vessels that 
supply cutaneous tissues, especially the ears 
and lower extremities. In response to cold, 
vessels constrict, peripheral blood flow 
diminishes, and heat transfer is limited. 
Vasoconstriction of cutaneous vessels during 
cold exposure occurs first in the ears, fol¬ 
lowed by the lower extremities, and then the 
skin surrounding the trunk. Phasic vasodi¬ 
lation in the skin of the ears and distal 
extremities at a point near freezing occurs by 
the sudden opening of arteriovenous anasto¬ 
moses to permit intermittent warming 
(called the hunting reaction). Phasic vaso¬ 
dilation does not occur on the skin of the 
trunk. 

Thermoregulating Mechanisms 

Heat exchange between any homeotherm 
and the environment is the result of the 
following: 

• Heat production by metabolism 

• Insensible heat loss by evaporation of 
moisture from the respiratory tract and 
skin 

• Sensible heat transfer by conduction, 
convection, and radiation 

There is a range in the effective thermal envi¬ 
ronment, called the thermoneutral zone, 
over which an animal maintains body tem¬ 
perature with minimal metabolic effort. 
Within this zone, body temperature is main¬ 
tained primarily by varying blood flow to the 
body surface, piloerection of the hair coat, 
and behavioral and postural changes. These 
responses adjust the physical processes of 
heat transfer to balance the body’s heat pro¬ 
duction. The lower limit of the thermoneu¬ 
tral zone (the lower critical temperature) is 
the minimum temperature that an animal 
can tolerate without actually increasing its 
rate of metabolic heat production to main¬ 
tain thermal balance (Fig. 4-1). The lower 
critical temperature of an animal is deter¬ 
mined by the animal’s ability to resist heat 
loss (thermal insulation) and the animal’s 
resting, thermoneutral heat production 
through metabolism. An increase in thermal 
insulation or an increase in thermoneutral 
metabolic rate decreases the lower critical 
temperature, improving cold tolerance. 

Estimates of lower critical temperatures 
of calves during the first day of life are not 
available, but some estimates for older calves 
include 13°C for 2-day-old Ayrshire calves 
and 8 to 10°C for dairy and crossbred calves 
at 1 to 8 weeks of age. In lambs, estimates are 
37 and 32°C for light (2-kg) and heavy (5-kg) 
birth weights immediately after birth while 
still wet with amniotic fluid, and 31 and 22°C 
when these lambs are more than 1 day old. 


The thermoneutral zone for lactating 
dairy cows is 5 to 25°C. Adult cattle are very 
cold tolerant, with lower critical tempera¬ 
tures of 0°C for 1-month-old calves, -16 to 
-37°C for lactating dairy cows depending on 
their level of milk production, and -36°C for 
finishing feedlot cattle. At the lower border 
of the cold zone is the cold lethal limit, the 
ambient temperature below which the calf is 
unable to generate sufficient heat to offset 
heat losses required to maintain thermal 
balance, and at which hypothermia begins. 
Prolonged periods of exposure below the 
cold lethal limit will result in death. The cold 
lethal limit also can be defined as the ambient 
temperature below which heat loss exceeds 
the animal’s summit or maximal metabo¬ 
lism. Because published values for lower 
critical temperatures assume still air, dry 
clean coats, standard radiation, and a 
standing animal given a maintenance level 
of feeding, there continue to be limitations 
to their use. Insulation of extremities 
decreases, and heat loss increases, at tem¬ 
peratures below freezing. Thus some lower 
critical temperatures for cattle are too low, 
which means that neonates may be affected 
by cold temperatures not normally consid¬ 
ered harmful. External insulation can 
change because of changes in air velocity and 
long-wave radiation. Behavioral changes of 
animals may occur to minimize heat loss. 
For example, animals may orient toward 
the wind to decrease their profile, and they 
may seek shelter, huddle, and change their 
posture. Solar radiation varies throughout 
the daylight hours depending on the quantity 
of cloud. Generally, radiation balance is posi¬ 
tive in the day, whereas at night, when the 
skies are clear, the radiation balance is usually 
negative. Heat production varies with the 
time of day and time since the last meal and 
physical activity. Rain will often depress 
intake of feed and illness, hypothermia 
severely depresses feed intake, and cold stim¬ 
ulates intake. 

Heat Production 

Heat produced by metabolism varies directly 
with the level of feed intake, particularly in 
adult ruminants in which the heat increment 
produced by forestomach fermentation is 
considerable. The more an animal eats, the 
greater the heat increment of feeding, and 
this results in an increase in core tempera¬ 
ture of up to 0.3°C in lactating dairy cows, 
compared with dry cows. Animals subjected 
to cold environmental temperatures will 
increase their feed intake if given the 
opportunity, with proportionate dry matter 
increases of up to 35% being typical. Heat is 
also generated from physical activity. When 
newborn calves stand for the first time and 
are able to stand for 10 minutes, the energy 
expenditure is increased proportionately 30 
to 100%. As calves become stronger and are 
able to stand for more than 30 minutes, heat 
production increases by 40%. 
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Fig. 4-1 Relationship between environmental temperature, heat production rate, and body core temperature in agricultural animals. LCT, lower 
critical temperature; UCT, upper critical temperature. (Adapted from Kadzere et al. Livestock Prod Sci, 2002; 77:59-91.) 


Cold Thermogenesis 
The major source of heat in cold thermogen¬ 
esis, whether it is induced by either shivering 
thermogenesis or by nonshivering thermo¬ 
genesis, is lipid. Glycogen is also important 
for maximum metabolic rates and for lipid 
metabolism. For the neonate, in the first 24 
hours there is little digestion of colostral pro¬ 
teins and little catabolism of amino acids. 

Shivering Thermogenesis. This is the most 
obvious sign of increased heat production of 
cold thermogenesis. 

Nonshivering Thermogenesis. Functional 
brown adipose tissue is present in newborn 
calves, lambs, and kids, and its primary func¬ 
tion is to generate heat by nonshivering ther¬ 
mogenesis. The release of norepinephrine 
during cold exposure in neonatal ruminants 
stimulates increased blood flow to brown 
adipose tissue. Thyroid hormones also have 
an essential role in regulating cold thermo¬ 
genesis. Glucocorticoids are essential for 
cold thermogenesis through the mobiliza¬ 
tion of lipid and glycogen to supply energy 
substrates. Large deposits of brown adipose 
tissue are present in the abdominal cavity 
(perirenal), around large blood vessels, and 
in the inguinal and prescapular areas. In 
calves, brown fat may represent 20 g/kg body 
weight (BW) and in lambs from well-fed 
ewes, brown fat may represent 6g/kg BW. 
At parturition, marked changes occur in 
both the neonate’s supply and demand for 


nutrients. In utero the fetal ruminant is pro¬ 
vided with high levels of carbohydrate and 
low levels of fat, whereas after birth it is pro¬ 
vided with colostrum high in fat and low in 
carbohydrate. Before colostrum is fed, the 
neonatal ruminant depends on mobilization 
of tissue glycogen and lipids to provide 
energy substrates for basal metabolism as 
well as thermogenesis in shivering muscle 
tissue and in brown adipose tissue. The 
major sources of energy substrates for ther¬ 
mogenesis in neonatal ruminants include 
glycogen and lipid in liver and muscle 
because protein catabolism is minimal 
during the early postnatal period. 

Summit Metabolism. This is the maximal 
rate of metabolism that occurs in response to 
cold without a decline in body temperature. 
The time for which summit metabolism can 
be maintained is usually short, e.g., a few 
minutes in neonatal lambs. Summit metabo¬ 
lism is approximately five times the resting 
metabolic rate and is associated with 
increased sympathetic activity, development 
of metabolic acidosis, and increased plasma 
concentrations of glucose, glycerol, free fatty 
acids, and L-lactate. Prepartum hypoxia is 
likely associated with postpartum depression 
of sympathetic nervous activity and of ther¬ 
mogenic responses to cold. 

Birth Weight and Summit Metabolism. 

The principal factor that determines an ani¬ 
mals resting, thermoneutral metabolism is 


body size. In newborn animals, thermoneu¬ 
tral metabolic rates and summit metabolic 
rates are proportional to their weight (W 1 ) 
rather than W 0 75 , which means that summit 
metabolism per unit of W is similar for all 
neonates regardless of size, but lightweight 
animals have more surface area per unit of 
W than heavyweight neonates. Therefore 
lightweight neonates have a lower summit 
metabolic rate per unit of surface area and, 
consequently, lightweight neonates will be 
less cold tolerant than heavyweight neonates. 
Lightweight neonates therefore have a more 
difficult time maintaining thermal balance 
during cold stress because of a lower cold- 
induced thermogenic rate per unit of skin 
surface area than heavier animals. This, in 
part, explains the higher incidence of neona¬ 
tal mortality in smaller piglets and lambs, 
and in smaller calves born to first-calf heifers, 
and even to mature cows. 

Factors Affecting Cold Thermogenesis 
Several factors affect the ability of the 
newborn calf to avoid hypothermia. Prompt 
activation of thermogenic mechanisms 
must occur immediately after birth when 
the demand for heat production is usually 
highest. The development of functional 
brown adipose tissue must occur in fetal life 
to enable calves to have maximal nonshiver¬ 
ing thermogenesis during the early postnatal 
period. Most of the functional brown adipose 
tissue is deposited in late gestation in lambs 
and calves. 
















Ambient temperature and nutrition 
during pregnancy can affect cold thermo¬ 
genesis of lambs. Maternal cold exposure by 
winter shearing of sheep increases lamb birth 
weight and the amount of perirenal adipose 
tissue independent of changes in prepartum 
feed intake. Thus newborn lambs from cold- 
exposed ewes are more cold tolerant. Acute 
cold exposure during late gestation increases 
glucose supply to the fetus, which stimulates 
insulin secretion, which in turn promotes 
fetal growth; recruitment and proliferation 
of brown adipose tissue occurs to enhance 
cold tolerance of the newborn lamb. There is 
some evidence that prepartum exposure of 
pregnant cows to a cold environment may 
result in heavier calf weights. 

Malnutrition of the Dam During Late Ges¬ 
tation. This can adversely affect neonatal 
calf survival. Prepartum energy restriction 
beginning at day 90 of gestation of ewes 
can also reduce the proportional weight of 
perirenal adipose tissue and reduce the non¬ 
shivering ability of newborn lambs. The 
influence of prepartum nutritional restric¬ 
tion on cold thermogenesis in newborn 
calves is unknown, but prepartum protein 
restriction during the last trimester reduced 
thermoneutral thermogenic rates by 12% 
without affecting birth weights, resulting in 
an estimated increase in the lower critical 
temperature. Maternal malnutrition also 
adversely affects the availability of energy 
substrates required by the neonate for cold 
thermogenesis. Nutritional restriction of 
pregnant ewes reduces total body lipid in 
fetal lambs but not muscle or liver glycogen. 
Thus nutritional restriction of the fetus 
impairs cold tolerance of the neonate by 
reducing body substrate reserves available 
for cold thermogenesis and reduces nonshiv¬ 
ering thermogenic capabilities. 

European or British breeds of cattle are 
also more cold tolerant and more adaptable 
to temperate climates, whereas zebu cattle 
are more adaptable to subtropical climates 
because of greater heat tolerance. The lack of 
cold tolerance of the newborn Bos indicus 
calf is associated with a higher mortality rate 
in purebred Brahman herds in the United 
States. These calves are less cold tolerant 
and more susceptible to the weak calf 
syndrome. 

Postnatal Changes in 
Cold Thermogenesis 
As calves and lambs grow during the early 
postnatal period, heat loss per unit of body 
weight declines because of improved thermal 
insulation and a decrease in the ratio of skin 
surface area to body weight. Nonshivering 
thermogenesis decreases during the first 
month of age in lambs and calves, which is 
associated with a decrease in summit metab¬ 
olism. This coincides with the conversion of 
brown adipose tissue to white adipose tissue 
by about 10 days after birth. Postnatal 
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exposure to cold delays the disappearance 
of brown adipose tissue, which enhances 
cold tolerance of the lamb and calf by 
delaying the normal decline in nonshivering 
thermogenesis. 

Risk Factors for 
Neonatal Hypothermia 
Calves 

Beef calves born outdoors during cold 
weather are susceptible to hypothermia. 
Wind, rain, and snow decrease the level of 
insulation and increase the lower critical 
temperature. Dairy calves born indoors are 
not usually exposed to cold environments 
that cause hypothermia; however, hypother¬ 
mia has been recognized in dairy calves 
reared outdoors in cold climates and in some 
calves affected with enteritis. 

Dystocia can affect cold thermogenesis. 
During a normal delivery, fetal hypoxemia 
may occur, causing anaerobic glycolysis, the 
production of lactic acid, and a mixed 
respiratory-metabolic acidosis that the calf 
can usually compensate for within hours 
after birth. In prolonged dystocia, a 
metabolic acidosis may occur, which will 
inhibit nonshivering thermogenesis and 
impair cold tolerance immediately after 
birth. Dystocia may result in a weak calf that 
has weak teat-seeking activity, a poor suck 
reflex, and a poor appetite for colostrum, 
resulting in colostrum deprivation and 
hypogammaglobulinemia. 

Colostrum supplies passive immunity to 
the calf and the nutrients to meet energy 
demands during the immediate postpartum 
period. For the calf to maintain thermal 
balance during cold exposure, it is critical 
that the calf ingests colostrum early to 
provide enough energy reserves to sustain 
cold thermogenesis. Thus it is vitally impor¬ 
tant that newborn calves consume adequate 
colostrum to ensure adequate passive immu¬ 
nity and to aid in the maintenance of thermal 
stability during the early postnatal period 
when rates of heat loss are greatest. The 
limited availability of energy substrates from 
body reserves also requires that adequate 
quantities of colostrum are ingested during 
long periods of cold exposure, especially in 
neonatal calves at higher risk for developing 
hypothermia. The thermoneutral mainte¬ 
nance requirements of a 40-kg calf can be met 
with about 2.4 L of cow colostrum; an addi¬ 
tional 125 mL of colostrum is required to 
supply the energy requirements for every 1°C 
decrease in effective environmental tempera¬ 
ture below the lower critical temperature. 

Young calves to be reared for veal are 
usually transported for 1 to 2 days during the 
first 2 weeks of life. These calves are prone to 
cold stress because they are very young and 
are being fed at a low level directly after 
transport. Veal calves arriving in a veal calf 
unit are dependent on body reserves to meet 
their energy requirement because of limited 
feed allowances, and ambient temperatures 


should not be below 14°C immediately after 
arrival to prevent extra mobilization of 
energy reserves. The thermal requirements 
of these calves are higher during standing 
than during lying, and the provision of 
bedding that stimulates lying will have a 
positive effect on thermal requirements. 

Lambs 

Cold exposure resulting in hypothermia is a 
primary cause of lamb mortality, as seen 
when large numbers of lambs die during or 
soon after periods of a few hours of low tem¬ 
peratures (<5°C) with wind and rain, or 
after prolonged rain. Deaths in “bad” weather 
cannot necessarily be attributed with cer¬ 
tainty to exposure as a primary cause, because 
lambs debilitated for other reasons, such as 
starvation, are highly susceptible to chilling 
and conditions such as low birth weight, 
birth injury, and sparse hair coat, which all 
predispose lambs to cold exposure. Under 
less harsh conditions such lambs may survive. 

Colostrum intake is also critical in 
lambs. Under field conditions in the United 
Kingdom it is estimated that lambs require 
180 to 210 mL colostrum per kilogram BW 
in the first 18 hours after birth to provide 
sufficient energy substrate for heat produc¬ 
tion. This colostral requirement exceeds that 
for adequate transfer of colostral immuno¬ 
globulins. The thermoneutral and summit 
metabolic rates are much higher in lambs fed 
colostrum compared with unfed lambs at 4 
to 5 hours of age. The increased metabolic 
rates are attributed to increased availability 
of energy substrates from colostrum: plasma 
concentrations of glucose and nonesterified 
free fatty acids are doubled from birth to 4 
hours of age in colostrum-fed lambs but 
remain unchanged in colostrum-deprived 
lambs. 

The heaviest losses in Australian sheep 
flocks, which occur in the form of outbreaks 
when the weather is very bad, are caused by 
hypothermia. The high mortality rates in 
newborn lambs caused by the effects of cold 
exposure and starvation occur because many 
of these lambs are born during the late winter 
and early spring, when adverse conditions 
are most likely to occur. This is also true in 
the northern United States and Canada. The 
lambs are often born outdoors in unpro¬ 
tected pens designed to accommodate a large 
number of ewes. Under these circumstances, 
the lambs may be severely cold stressed 
because the ambient air temperatures outside 
and within the lambing sheds are often 15°C 
or less, which is considerably lower than the 
critical temperatures described for heavy¬ 
weight (32°C) and lightweight (37°C) lambs. 
Cold-stressed lambs often become hypother¬ 
mic because of excessive heat loss from expo¬ 
sure to inclement weather and because of 
heat production caused by severe hypoxia at 
birth or to starvation. Factors that further 
increase the susceptibility of lambs to hypo¬ 
thermia include the following: 
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• Lambs from ewes in poor condition 

• Lambs from young or aged ewes 

• Lambs from multiple births 

• Lambs from dystocias 

• Lambs with a low birth weight or born 
prematurely 

• Breed differences in susceptibility to 
cold, and genetic differences within a 
breed 

• Length of the birth coat 

• Wetting of the birth coat 

• Exposure to wind 

The effects of experimental cold stress 
(0°C and —10°C) on pregnant ewes during 
the last weeks of gestation and their lambs of 
up to 3 days of age have been examined. 
Generally, ewes were unaffected by treat¬ 
ment. Cold-induced changes in lambs 
included physical weakness, depression, and 
poor nursing response. Serum concentra¬ 
tions of glucose and insulin decreased and 
cortisol increased. The mortality rate was 
40% in stressed lambs and 10% in lambs kept 
at the warmer temperatures. Cold-exposed 
lambs had reduced amounts of adipose tissue 
in perirenal areas and extensive subcutane¬ 
ous hemorrhages and edema in the distal 
portions of the thoracic and pelvic limbs. 

Wetness of the fleece is a major factor in 
determining whether or not lambs become 
hypothermic. Wet lambs suffer a reduction 
in coat insulation, primarily as a result of 
reduced coat depths, but this effect is small 
compared with the increase in the evapora¬ 
tive heat loss that occurs as a result of wetting. 
Lambs exposed to experimental air move¬ 
ment from a fan produce more body heat 
than those in still air, and differences in resis¬ 
tance to cold stress between single and twin 
lambs are largely caused by the correspond¬ 
ing differences in body weight and coat 
depth. 

The relative importance of environmental 
and maternal factors is not easy to deter¬ 
mine. Lamb mortality is typically related to 
birth weight by a U-shaped curve, with an 
optimal birth weight for survival between 4.5 
and 5.5 kg. Inclement weather kills many 
lambs, probably more than would otherwise 
die, but principally those that are at risk 
because of reduced vigor (dependent on 
poor preceding nutrition) or because of 
poor mothering (itself as dependent on poor 
nutrition of the ewe as on her inherited lack 
of mothering ability). The vigor of the lamb, 
principally manifested as sucking drive, is 
reduced by lack of reward, so that a vicious 
cycle is created if the ewe will not stand. 
Vigor is also greatly reduced by cold discom¬ 
fort, giving inclement weather two points at 
which it influences lamb survival rates. The 
lamb dies of hypothermia and inanition. 

Piglets 

At birth, the newborn piglet experiences a 
sudden and dramatic 15 to 20°C decrease 
in its thermal environment. Because the 
newborn pig is poorly insulated, maintenance 


of homeothermia depends almost exclusively 
on its capacity to produce heat. Unlike most 
other mammals the newborn pig does not 
possess brown adipose tissue. Consequently, 
neonatal pigs are assumed to rely essentially 
on muscular thermogenesis for thermoregu¬ 
latory purposes. Newborn pigs shiver 
vigorously from birth because it is the main 
heat-producing mechanism and the thermo¬ 
genic efficiency of shivering increases during 
the first 5 days of life. 

Thermoregulation in the newborn piglet 
is important in the first 2 days. Metabolic 
heat production and rectal temperature 
increase and the development of adequate 
thermal insulation helps to withstand the 
effects of a cold environment. Body reserves 
are important for the piglet to survive in the 
first few hours, and glycogen and fat reserves 
are used as major energy substrates for heat 
production within the first 12 to 24 hours. 
Thus ingestion of colostrum and a high 
ambient temperature in the first several days 
of life are crucial. Application of 0.5 to 1 kg 
of chopped straw on a daily basis combined 
with 2 kg for nest building when the sow was 
about to farrow decreased the percentage of 
stillbirths by 27% but increased the number 
of piglets that were crushed. 1 Coldness 
impairs the development of thermostability 
and induces hypothermia, which diminishes 
the vigor of the piglet and reduces colostrum 
intake and immunoglobulins. 

Foals 

Newborn foals that are premature, dysma- 
ture, or affected with neonatal maladjust¬ 
ment syndrome cannot maintain their rectal 
temperatures at normal values during the 
first few hours after birth under the environ¬ 
mental conditions usually encountered 
within foaling boxes in the United Kingdom. 
Their overall mean metabolic rate is about 
25% below the mean value for recumbent 
healthy foals. 

This difference in resting metabolic rate 
affects the lower critical temperature or the 
air temperature below which heat loss 
exceeds resting heat production. The lower 
critical temperature for healthy foals is esti¬ 
mated to be about 10°C and for sick foals is 
about 24°C. When wet with amniotic fluid, 
the lower critical temperature probably will 
be much higher. Covering these foals with 
rugs and providing thermal radiation using 
radiant heaters would increase the lower 
critical temperature. 

Premature foals are the most compro¬ 
mised compared with dysmature and those 
with neonatal maladjustment syndrome. 
They have small body masses, the lowest 
rates of metabolism, and the lowest rectal 
temperature. Premature foals are also likely 
to be deficient in energy reserves and thermal 
insulation, in addition to immaturity of 
organ systems, which could limit further 
energy availability. Colostrum intake is also 
crucial to their survival. 


Postshearing Hypothermia in Sheep 

Cold, wet, and windy weather can cause high 
mortality caused by hypothermia in newly 
shorn sheep; a fall in body weight in the 
period immediately preceding shearing is a 
major risk factor for mortality. In outbreaks 
in Australia in January the mean tempera¬ 
ture can be 10°C, with a high rainfall and 
high wind velocity, accounting for a wind 
chill factor (a function of temperatures, 
rain, and wind velocity). Other factors that 
increase heat loss include sunshine versus 
cloud and the depth of the wool cover. The 
speed of the wind at the location of 
the animals varies greatly depending on the 
presence of protective windbreaks such as 
trees. 

Cold Environments and 
Animal Production 

Farm animals maintain a relatively constant 
body core temperature during exposure to 
the extreme range of thermal environments 
experienced in countries such as Canada. 
The severity of the winter is particularly chal¬ 
lenging. Homeothermy is achieved by physi¬ 
ologic and behavioral mechanisms that 
modify either rates of heat loss from the 
body or the rate at which heat is produced by 
metabolism of feed or body energy reserves. 
Despite the extremely cold temperatures that 
occur in most of the agricultural regions of 
Canada, the effective severity of extremely 
cold temperatures is reduced because of the 
dryness of the frozen environment and the 
effective external insulation of the animal’s 
hair coat. The influence of wind can add to 
cold stress, and the provision of shelter from 
wind by natural tree shelter belts or manmade 
structures such as porosity fences is required. 

Prolonged exposure to cold results in 
subtle adaptation of hormonal and metabolic 
responses. Acclimatization to cold and 
winter conditions generally has little long¬ 
term effect on energy metabolism but 
increases thermal insulation and appetite. 
During prolonged exposure of cattle and 
sheep to cold environments down to -10 to 
-20°C there is a reduction in the apparent 
digestibility of the diet. To offset the lowered 
digestibility, the animals would accordingly 
need to consume more feed to achieve a 
similar digestible energy intake when kept 
outdoors during winter than if they were 
kept in a heated barn. 

PATHOGENESIS 

Sudden exposure of neonatal animals at 
birth and during the first few days of life to 
cold ambient temperature results in subnor¬ 
mal body temperature and shivering as well 
as decreased cardiac output, heart rate, and 
blood pressure. This results in muscular 
weakness and mental depression, respiratory 
failure, recumbency, and a state of collapse 
and, eventually, coma and death. The entire 
body, especially the extremities, becomes 
cold and the rectal temperature is below 





37°C and may drop to 30°C or lower in neo¬ 
nates. Cold injury or frostbite of the extremi¬ 
ties may occur in extremely cold conditions. 
Nonshivering-induced thermogenesis may 
occur, resulting in depletion of brown 
adipose tissue deposits. The neurologic signs 
of convulsions seen in some cases of hypo¬ 
thermia have not been adequately explained. 
The nervous signs observed in piglets with 
an inadequate intake of milk and exposed 
to cold environmental temperatures are 
probably caused by a marked hypoglycemia 
rather than hypothermia. 

In newborn lambs carbohydrate and lipid 
are the major energy substrates for heat 
production because protein catabolism is 
minimal during the first day after birth. Liver 
glycogen concentrations increase markedly 
during the last few days before normal par¬ 
turition. The amount of liver and skeletal 
muscle glycogen available in the newborn 
lamb at birth determines how long it can 
avoid hypoglycemia and hypothermia if not 
fed. The amount of lipid present in the 
newborn lamb can also affect the duration of 
the glycogen reserves. In growth-retarded 
lambs, lipid availability is decreased and gly¬ 
cogen exhaustion occurs earlier than normal. 
Such lambs are highly susceptible to hypo¬ 
thermia but this can be minimized by the 
early ingestion of colostrum, which is rich 
in lipid and extends the availability of 
glycogen. 

Death results from excessive body cooling 
caused by low temperature, driving winds, 
and starvation. Wetness may or may not be 
involved. The starvation results indirectly 
from poor mothering by the ewe, either 
because she is a poor mother, because 
the weather interferes with mothering, or 
because the lamb is weak from poor antepar¬ 
tum nutrition. These lambs often walk after 
birth but at postmortem examination there 
is little to see. They may have sucked but 
there is little digestion and the intestine on 
the recumbent side is flaccid. There are also 
subcutaneous hemorrhages of the limbs and 
depletion of brown fat stores. 

Hypothermia secondary to other diseases 
is caused by failure of the thermoregulation 
mechanism and is usually accompanied by 
varying degrees of shock and the inability to 
invoke shivering thermogenesis. 

CLINICAL FINDINGS 

A decrease in body temperature to below 
37°C represents hypothermia for most farm 
animal species. Weakness, decreased activity, 
cold extremities, and varying degrees of 
shock are common. Bradycardia, weak arte¬ 
rial pulse, and collapse of the major veins are 
characteristic. The mucous membranes of 
the oral cavity are cool and there is a lack of 
saliva. 

Neonatal Hypothermia 

Body temperatures may be as low as 35°C in 
neonatal calves, piglets, lambs, and foals 
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exposed to a cold environment within hours 
after birth or following 12 to 24 hours of 
profuse diarrhea accompanied by marked 
dehydration and acidemia. However, acute 
dehydration in a thermoneutral environ¬ 
ment is accompanied by a mild increase in 
rectal temperature. In the early stage of 
hypothermia, affected animals may be shiv¬ 
ering and trembling and the skin of their 
extremities and ears feels cool to touch. 
Hypothermic piglets will attempt to huddle 
together, are lethargic, do not suck, and 
eventually become recumbent and die. 
Hypothermic calves exposed to a cold envi¬ 
ronment will assume sternal recumbency, lie 
quietly, will have a weak suck reflex, and will 
die in a few hours. In later stages further 
weakness leading to coma is common. The 
mucous membranes of the oral cavity are 
cool and may be dry. The heart rate is slower 
than normal and the intensity of the heart 
sounds decreased. Death is common when 
the body temperature falls below 35°C, but 
field observations indicate that the tempera¬ 
ture may fall below 30°C and animals still 
survive if treated intensively. 

Shorn Sheep Hypothermia 

Sheep with hypothermia associated with 
recent shearing and inclement weather have 
a range of body temperatures from 35 to 
38°C. They huddle in tight groups and the 
animals that cannot maintain sufficient heat 
will become weak, recumbent, and die within 
a few hours. They may be found in lateral or 
sternal recumbency with their heads back 
over their shoulders. Palpebral reflexes are 
decreased, skin and extremities are cold, 
mucous membranes are pale to white, and 
generalized weakness similar to circulatory 
collapse is common. 

Hypothermia Secondary to 
Other Diseases 

Hypothermia secondary to other diseases is 
usually not marked, and there are clinical 
findings related to the underlying illness. 
Hypothermia is common in diseases, such as 
milk fever in cattle, but returns to normal 
within a few hours after successful treatment 
with calcium salts. Successful treatment of 
the primary disease will usually return the 
temperature to within the normal range. 

CLINICAL PATHOLOGY 

Clinical pathologic examinations are usually 
not done because the diagnosis is frequently 
obvious and the variability in biochemical 
changes makes them of limited value in 
reaching a diagnosis of hypothermia. The 
serum concentrations of glucose, nonesteri- 
fied fatty acids, and immunoglobulins are 
commonly reduced, and hypoglycemia may 
be profound. However, the glucose concen¬ 
tration depends on the level of starvation 
that coexisted with the hypothermia. In 
starvation-induced depletion of body lipid 
and glycogen reserves, there is a depression 


in cold thermogenesis and subsequent hypo¬ 
thermia. In neonatal calves and lambs with 
hypothermia caused by excessive heat loss 
during short cold exposure, the serum con¬ 
centrations of glucose, nonesterified fatty 
acids, and immunoglobulins may be at ade¬ 
quate levels. Hemoconcentration, azotemia, 
and metabolic acidosis may occur. 

Necropsy Findings 

Lesions associated with hypothermia depend 
on the duration and severity of the hypother¬ 
mia. Fatal hypothermia in lambs and calves 
is characterized by an absence of lesions. A 
relative absence of milk in the abomasum is 
common. Experimental cold stress may 
result in subcutaneous edema of the ventral 
body wall and subcutaneous edema and 
hemorrhages of the extremities. Marked 
reductions in the amount of perirenal 
adipose tissue may be obvious. However, 
intense cold exposure of short duration may 
cause death of calves with no significant 
changes in the visual appearance of perirenal 
and pericardial adipose tissue depots. 

TREATMENT 

Hypothermic Newborn Lambs 

A standardized approach for the detection 
and treatment of hypothermia in newborn 
lambs can improve the survival rate. Most 
lambs become hypothermic within 5 hours 
or at more than 12 hours after birth. Hypo¬ 
thermia in the first 5 hours of life is most 
commonly caused by a high rate of heat loss 
from the wet newborn lamb, whereas a 
depressed rate of heat production conse¬ 
quent to starvation is the most common 
cause in the older lamb. Twin and triplet 
lambs are more susceptible to hypothermia 
than singles because of lower body energy 
reserves; the ewe takes longer to lick dry two 
or three lambs, and the milk requirement of 
two or three lambs is higher than that of a 
single lamb and starvation is more likely. 

Using an electronic thermometer, the 
body temperature of any weak or suspect 
lamb is taken. Lambs of any age with mild 
hypothermia (37-39°C) are dried off if nec¬ 
essary to reduce heat loss, given ewe or cow 
colostrum by stomach tube, and placed in a 
sheltered pen with the ewe. Lambs less than 
5 hours of age with severe hypothermia 
(<37°C) are dried off and given an intraperi- 
toneal injection of 20% glucose at a tempera¬ 
ture of 39°C. A large lamb (>4.5 kg) is given 
50 mL, a medium lamb (3.0-4.5 kg) 35 mL, 
and a small lamb (<3.0 kg) 25 mL. Hypo¬ 
thermic lambs are then placed in warming 
pens, measuring 2 X 2 m and made of hori¬ 
zontally laid straw bales, two bales high. The 
pen is divided horizontally into two cham¬ 
bers by a sheet of weld mesh upon which the 
lambs lie. Warm air, at 38 to 40°C, is blown 
into the lower chamber from a domestic 
heater, and a sheet of polythene fitted over 
the entire pen retains the heat. When the 
lamb’s temperature reaches 37°C, it is 
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removed from the warmer and immediately 
fed ewe or cow colostrum by stomach tube 
at a rate of 50 mL/kg BW. Any lamb that is 
vigorous and able to suck is returned to its 
ewe in a sheltered pen and monitored over 
the next several hours. Colostrum can be 
hand milked from the ewe after administra¬ 
tion of oxytocin. 

The immersion of hypothermic lambs in 
water at 38°C can result in the recovery to a 
euthermic state in about 28 minutes at a 
reduced expense in metabolic effort by 
lambs. However, this requires extra labor and 
lambs must be quickly dried, otherwise the 
heat loss is exaggerated after removal from 
water because of the wet fleece. 

Hypothermic Newborn Calves 

Clinical management of hypothermic 
newborn calves is similar to that of lambs. 
Supplemental heat must be provided imme¬ 
diately. Rewarming can be done in small, 
enclosed boxes bedded with blankets and 
heat provided by infrared heat lamps. Colos¬ 
trum or milk should be warmed to 40°C and 
intubated using an esophageal feeder. Fluids 
given intravenously must be warmed but 
their temperature usually decreases to the 
ambient environmental temperature before 
entering the jugular vein. Submersion of the 
intravenous line in a sustained source of hot 
water and ensuring an appropriate environ¬ 
mental temperature can mitigate the cooling 
of intravenously administered fluids before 
they reach the calf. Intravenous dextrose 
(1 ml of 50% dextrose per kilogram BW) 
should be routinely administered to all hypo¬ 
thermic calves because most have moderate 
to severe hypoglycemia. This dosage rate of 
50% dextrose will increase the serum glucose 
concentration of the calf by approximately 
100 mg/dL, assuming that the extracellular 
fluid space is 50% of the calf’s body weight. 
The rectal temperature should be taken 
every 30 minutes during rewarming to assess 
progress. 

A more aggressive rewarming technique 
involves the repeated administration of 
warm (40°C) 0.9% NaCl enemas via a flexible 
soft tube; a 20 to 30 Fr Foley catheter works 
well in this regard when it is advanced 
through the anus and the bulb inflated to 
maintain the catheter in the rectum. Rectally 
administered fluid should be aspirated before 
infusing additional fluid volumes via the 
Foley catheter to maximize the warming 
ability of enema fluids. Use of enema fluids 
as part of the rewarming protocol makes it 
more difficult to monitor the increase in 
body temperature. Whether immersion of 
hypothermic calves in water at 38 to 40°C is 
beneficial has not been determined, but 
immersion presents practical difficulties. 

Hypothermic Newborn Foals 

The clinical management of sick foals that 
are prone to hypothermia is presented in the 
section Control. 


Hypothermic Newborn Piglets 

Hypothermic piglets must be placed in a 
warming box with a heat lamp and 
treated with intraperitoneal administration 
of glucose for the hypoglycemia (see 
Chapter 19). 

CONTROL 

Control and prevention of hypothermia is 
dependent on providing the necessary sur¬ 
veillance at the time of parturition in animals 
being born in cold environments. Early 
recognition and treatment of animals with 
diseases leading to hypothermia is also 
necessary. 

Lambs and Calves 

Prevention of hypothermia in calves depends 
on the planning and implementation of 
effective management strategies that will 
limit the risk factors known to predispose 
newborn calves to hypothermia and starva¬ 
tion. Management strategies to prevent 
hypothermia from excessive heat loss are 
most important in the first 24 hours after 
birth. These include changing the calving 
season to a warmer time of the year to mini¬ 
mize exposure to severe weather. Measures 
to minimize excessive heat loss include pro¬ 
viding a dry, draft-free environment for 
calving and lambing. Providing a protective 
shelter for beef cow/calf pairs for calving and 
during the first week after birth can reduce 
mortality from hypothermia. In extensive 
beef cow/calf herds, calf huts large enough 
for 8 to 10 calves provide excellent shelter 
from wind, rain, and snow. 

The provision of adequate surveillance 
and assistance at the time of lambing or 
calving is necessary to minimize the inci¬ 
dence of dystocia and its consequences for 
the neonate. The ingestion of adequate quan¬ 
tities of colostrum, beginning as soon after 
birth as possible, is important to provide 
immunoglobulin and energy sources for the 
neonate. 

Piglets 

The newborn piglet requires an adequate 
intake of colostrum within a few hours after 
birth, continued intake of milk after the 
colostral period, a warm external environ¬ 
ment of 30 to 34°C for at least the first 3 days 
of life (with heat lamps), and protection from 
traumatic injuries such as crushing by the 
sow. Sows do not instinctively remove the 
amniotic fluid from the surface of piglets; it is 
removed by contact with other surfaces or by 
evaporation. Smaller than normal piglets and 
weak piglets should be dried manually after 
birth to minimize excessive heat loss. Cross- 
fostering is used when gilts or sows have large 
litters that they cannot nurse adequately. 

Sick Foals 

Sick foals are prone to hypothermia, but cold 
stress can be reduced by good management 
procedures, including the following: 


• The foal should be housed in an 
environment with minimal draffs, in 
which the air temperature is controlled 
at a steady value and set according to 
the foal’s needs. Air temperature should 
be at, or a few degrees above, the lower 
critical temperature. This temperature 
may exceed 24°C for a sick, uncovered 
recumbent foal. Radiant heaters are 
useful but should not be placed too 
close to the foal. 

• Excessive moisture should be removed 
from the foal’s hair coat immediately 
after birth. A sick foal that cannot 
increase its metabolic rate is particularly 
susceptible to cold stress when wet with 
amniotic fluid. 

• Additional insulation with foal rugs and 
leg bandages will reduce heat loss from 
the dry body surface. The dry sick foal 
needs an additional 10 mm of insulation 
for each 10°C decline in air temperature 
below 24°C. Because sick foals are 
recumbent, they should lie on a heated 
pad or on thick bedding material to 
minimize heat loss by conduction to the 
floor. 

• Energy intake should be sufficient to 
sustain resting metabolism and can be 
given by the oral or parenteral route. 

• Frequent monitoring of both rectal and 
air temperature, as well as energy intake, 
will assist in the diagnosis of thermal 
stress, so that appropriate action can be 
taken. A lack of shivering does not 
indicate an absence of cold stress. 
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COLD INJURY (FROSTBITE 
AND CHILBLAINS) 


SYNOPSIS 


Etiology Exposure of extremities to cold 
temperatures, usually below freezing, 
without adequate protection. 

Epidemiology Cooler seasons of the year, 
primarily in young animals, especially beef 
calves, debilitated from other disease. Teats 
of lactating dairy cows also susceptible. 

Clinical findings Lesions can occur on 
extremities of limbs, especially hindfeet, 
ears, and tail. Demarcated lesions with 
initial swelling with edema followed by 
necrosis and sloughing. Teats and udder of 
adult cows can be affected. 

Clinical pathology None specific. 










Necropsy findings Subcutaneous edema and 
hemorrhage in affected areas. 

Diagnostic confirmation Clinical findings 
and history of exposure to cold. 

Treatment Warm, dry environment. Improve 
peripheral circulation. 

Control Remove debilitated calves from cold 
environments. Adequate and dry bedding. 


ETIOLOGY AND EPIDEMIOLOGY 

Injury occurs during cold weather in the 
winter or spring months and is most common 
in calves that are weak or in which the periph¬ 
eral circulation of the limbs is impaired, 
usually because of diarrhea and dehydration. 
In a retrospective study of frostbite in calves, 
80% of cases were associated with a concur¬ 
rent disease such as pneumonia, diarrhea, 
omphalitis, septicemia, and ocular disease. 
Hypothermia (<37.5°C) was present in about 
50% of the calves. The disease in calves 
appears more common in beef breeds, possi¬ 
bly because of management risk factors. 

In dairy herds with loose housing, access 
to outdoor exercise yards without adequate 
bedding can be a risk factor. There can be a 
high incidence of teat lesions in drylot- 
housed herds in temperate areas when freak 
cold weather fronts invade the region. 
Regional differences in teat chapping in 
winter are associated with regional differ¬ 
ences in winter temperature. 

PATHOGENESIS 

Physiologically, body heat is lost from the 
skin surface by radiation and convection and 
by conduction and evaporation when the 
skin and hair coat are wet. Newborn calves 
are particularly susceptible to cold because 
of their inadequate insulation and high 
ratio of body surface area (through which 
heat is lost) to body volume (in which heat 
is generated). The core and trunk body tem¬ 
perature is preferentially conserved during 
cold stress at the expense of the peripheral 
tissues, which are most susceptible to cold 
injury. 

Peripheral tissues are also most suscep¬ 
tible because of their contact with the 
ambient temperature and wet environments. 
When cattle are in sternal recumbency, the 
uppermost pelvic limb is fully exposed and 
the distal aspect of the opposite limb from 
the hoof to above the fetlock joint is exposed 
to the environment. The distal extremities of 
the thoracic limbs are usually covered by the 
thorax. Thus any situation that results in pro¬ 
longed sternal recumbency will allow the 
distal extremities of the pelvic limbs to cool 
excessively, and if there is impairment of cir¬ 
culation because of preexisting dehydration, 
varying degrees of cold injury can occur. 
Field observations suggest that if a weak calf 
does not move from a sternally recumbent 
position for several hours then the cold 
injury can progress to the stage of severe 
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irreversible frostbite before the clinical signs 
are recognized by the owner. 

The teats of dairy cows are also exposed 
when standing and lying. Residual teat dip 
after milking predisposes to cold injury. 

Cold injuries of extremities vary from 
mild to severe. Exposure to cold results in 
vasoconstriction and coolness of the affected 
part. Most dry-cold injury is superficial and 
the skin may become gangrenous resulting 
in a hard shell or carapace over healthier 
tissue. Deeper cold injury causes inflamma¬ 
tion, redness or cyanosis, local swelling, and 
pain or loss of sensation. 

CLINICAL FINDINGS 

Frostbite of the feet of calves is not readily 
obvious, even to the experienced observer. 
The normal hair covering and pigmentation 
of the skin often mask the early changes of 
frostbite. Commonly, cases are identified 
during the treatment with fluids of scouring, 
recumbent calves, when further clinical 
examination reveals that the hindfeet are 
cool and clammy. 

In the early stages of frostbite of the 
distal parts of the limbs, the tissues are 
swollen, edematous, and may have well- 
demarcated limits. After several hours of 
warming indoors, the feet remain cool and 
close examination reveals some moistness 
and dark red to bluish coloration of the skin. 
There may be a line of demarcation between 
normal and affected tissue at about the level 
of the fetlock joints. If the injury is not 
severe, complete recovery can occur in a 
few days. 

In more severe cases, within 24 to 48 
hours, necrosis and sloughing of the skin 
occur and the hooves become detached 
several days later. There is pain on palpation 
of affected tissues, especially at the line of 
demarcation. 

When there is avascular necrosis of the 
affected part, the skin will be hard like a shell 
(known as a carapace) and moderate palpa¬ 
tion will elicit pain. 

Freezing of the ears results in loss of pli¬ 
ability of the ears, gangrene, and loss of the 
affected parts and curling of the affected skin 
adjacent to the affected parts. Some slough¬ 
ing of affected parts will occur, and after 
several days the ears appear shortened. 

Freezing of the tail occurs most com¬ 
monly at the distal end, resulting in stiffness 
and loss of flexibility because of a carapace. 
Varying portions of the tail may be affected, 
but usually 5 to 10 cm of the distal end is 
involved. The distal parts of the tail of adult 
cattle may freeze in very cold weather. 

In adult cattle, freezing of the teats and 
base of the udder can occur in lactating 
cattle that have inadequate bedding and 
shelter from wind and snow. Affected teats 
are swollen and cold and the skin begins to 
vesiculate and peel. Freezing of the teats of 
cows may result in permanent injury, chronic 
thelitis, and the possibility of mastitis with 


gangrene. Less severe lesions predispose to 
mastitis. 

Freezing of the scrotum occurs in year¬ 
ling beef bulls kept outdoors during the cold 
winter months, but the lesions are not com¬ 
monly recognized until the spring of the 
year. 

NECROPSY FINDINGS 

Necrosis of the skin of the affected area with 
severe diffuse hemorrhagic subcutaneous 
edema is typical of frostbite. 

TREATMENT 

Affected calves should be moved to a warm, 
well-bedded dry environment and circula¬ 
tion should be improved by providing fluid 
therapy as necessary. In early cases, affected 
calves will recover in a few days and the 
swelling and pain will regress. Field observa¬ 
tions suggest that superficial freezing of the 
skin between the fetlock and coronets will 
heal over a period of several weeks providing 
the lesion does not extend into the coronary 
bands and the laminae of the feet, which 
commonly results in sloughing of the hoof. 

In severe cases with extensive necrosis, 
the skin will begin to slough. Such open 
wounds should be treated with suitable anti¬ 
biotic ointments and bandaged for several 
days. Calves with extensive freezing of the 
hindlimbs extending from the feet up to 
hock joints are incurable and should be 
euthanized. 

There is no specific treatment for freezing 
of the ears and tails of calves or the teats of 
cows. 

CONTROL 

The prevention of cold injury in newborn 
calves requires daily surveillance of calves to 
ensure that any animal that is inactive for any 
reason is examined for evidence of illness 
and treated immediately and placed in a pro¬ 
tected environment. 

When an exceptional cold period is fore¬ 
cast for dairy cows at risk, teat dipping 
should be temporarily suspended during the 
cold period. Additional bedding should be 
provided for loose-housed cows, and bedding 
with some manure can be piled in the center 
of drylot yards to provide composting heat 
upon which the cows can bed. 

HYPERTHERMIA (HEAT STROKE 
OR HEAT EXHAUSTION) 

Hyperthermia is the elevation of core body 
temperature caused by excessive heat pro¬ 
duction or absorption, or to deficient heat 
loss, when the causes of these abnormalities 
are purely physical. Heat stroke (heat exhaus¬ 
tion) is the most commonly encountered 
clinical entity. 

ETIOLOGY 

The major causes of hyperthermia are 
the physical ones of high environmental 
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temperature and prolonged, severe muscular 
exertion, especially when the humidity is 
high, the animals are fat, have a heavy hair 
coat, or are confined with inadequate ventila¬ 
tion such as on board ship or during road 
transportation. Fat cattle, especially British 
beef breeds, can be overcome by the heat in 
feedlots. Brahman cattle in the same pen 
may be unaffected. Angora goats are much 
more sensitive to high environmental tem¬ 
peratures than sheep, especially when they 
are young. 

High Environmental Temperature 

The upper border of the thermoneutral zone 
(the upper critical temperature) is the effec¬ 
tive ambient temperature above which an 
animal must increase heat loss to maintain 
thermal balance (see Fig. 4-1). The upper 
critical limit for dairy cows is 25 to 26°C. The 
upper critical temperature in sheep with a 
light wool coat on board ship appears to be 
35°C (95°F) at a humidity of 33 to 39 mm Fig 
(4.4-5.2kPa) vapor pressure. Differences 
between breeds of animal in their tolerance to 
environmental high temperatures, exposure 
to sunlight, and exercise are important in 
animal management and production. Hol¬ 
stein cows carrying the slick hair gene (pheno- 
typically having a short, sleek and sometimes 
glossy hair coat) are better able to regulate 
body temperature during heat stress than 
wild-typeHolsteins, with slick-haired animals 
having an increased sweating rate. 1 Water 
buffalo have been shown to be less heat toler¬ 
ant than Shorthorn steers, which were less 
tolerant than Javanese Banteng and Brahman 
crossbreeds (the last two appear to be equally 
tolerant). The differences appear to be at least 
partly caused by the capacity to increase cuta¬ 
neous evaporation under heat stress. 

There are similar differences in heat toler¬ 
ance between lactating and nonlactating 
cows; lactating animals show significantly 
greater increases in rectal temperature and 
heart and respiratory rates when the envi¬ 
ronmental temperature is raised. This is pri¬ 
marily a result of the greater dry matter 
intake and heat of fermentation in dairy 
cattle that must be dissipated. Heat stress is 
therefore an important production-limiting 
disease when dairy cattle are kept in condi¬ 
tions of high heat and humidity. 

Rested, hydrated horses are well able to 
maintain homeothermy in the hottest envi¬ 
ronmental conditions. Their most efficient 
mechanism in ensuring that body tempera¬ 
ture is kept low is their capacity for heavy 
sweating. 

Other Causes of Hyperthermia 

• Neurogenic hyperthermia: Damage to 
hypothalamus, e.g., spontaneous 
hemorrhage, may cause hyperthermia or 
poikilothermia 

• Dehydration: Caused by insufficient 
tissue fluids to accommodate heat loss 
by evaporation 


• Excessive muscular activity: For 
example, strychnine poisoning 

• Miscellaneous poisonings, including 
levamisole and dinitrophenols 

• Malignant hyperthermia in the porcine 
stress syndrome 

• Malignant hyperthermia in Quarter 
Horses 2,3 

• Hyperkalemic periodic paresis in 
horses 

• Fescue toxicity in ruminants and horses 

• Cattle with hereditary bovine syndactyly 

• Administration of tranquilizing drugs to 
sheep in hot weather 

• Specific mycotoxins, e.g., Claviceps 
purpurea and Acremonium 
coenophialum, are causes of epidemic 
hyperthermia; bovine idiopathic 
hyperthermia in cattle in Australia may 
be caused by Claviceps purpurea 

• Iodism 

• Sylade (possibly) poisoning 

PATHOGENESIS 

The means by which hyperthermia is induced 
have already been described. The physiologic 
effects of hyperthermia are important and 
are outlined briefly here. 

Unless the body temperature reaches a 
critical point, a short period of hyperthermia 
is advantageous in an infectious disease 
because phagocytosis and immune body 
production are facilitated and the viability of 
most invading organisms is impaired. These 
changes provide justification for the use of 
artificial fever to control bacterial disease. 
However, the metabolic rate may be increased 
by as much as 40 to 50%, liver glycogen 
stores are rapidly depleted, and extra energy 
is derived from increased endogenous 
metabolism of protein. Feed intake is 
decreased and there is a change in postab- 
sorptive carbohydrate metabolism in cattle, 
characterized by increased plasma insulin 
concentration and insulin release to a glucose 
tolerance test. If anorexia occurs because of 
respiratory embarrassment and dryness of 
the mouth, there will be considerable loss of 
body weight and lack of muscle strength 
accompanied by hypoglycemia and an 
increase in plasma urea nitrogen concentra¬ 
tion caused by the use of skeletal muscle for 
energy. 

There is increased thirst caused in part by 
dryness of the mouth. An increase in heart 
rate occurs directly because of the rise in 
blood temperature and indirectly to the fall 
in blood pressure resulting from peripheral 
vasodilatation. An increased respiratory rate 
cools by increasing salivary secretion and the 
rate of air flow across respiratory epithelial 
surfaces, increasing the rate of evaporative 
cooling. Urine secretion is decreased because 
of the reduced renal blood flow resulting 
from peripheral vasodilatation and because 
of physicochemical changes in body cells 
that result in retention of water and chloride 
ions. 


When the critical temperature is 
exceeded, there is depression of nervous 
system activity and depression of the respira¬ 
tory center usually causes death by respira¬ 
tory failure. Circulatory failure also occurs 
caused by myocardial weakness and the 
heart rate becoming fast and irregular. If the 
period of hyperthermia is unduly prolonged, 
rather than excessive in degree, the deleteri¬ 
ous effects are those of increased endogenous 
metabolism and deficient food intake. There 
is often an extensive degenerative change in 
most body tissues, but this is more likely to 
be caused by metabolic changes than by the 
direct effects of elevation of the body 
temperature. 

Malignant hyperthermia is an autosomal 
dominant trait in Quarter Horse lineages 
caused by a single missense point mutation 
in the ryanodine receptor 1 ( RyRl ) gene. 
Dysfunction of the RyRl gene leads to exces¬ 
sive release of calcium into the cytosol and a 
hypermetabolic state of the skeletal muscle 
cells, which in severe cases can result in 
rectal temperatures exceeding 43°C. Malig¬ 
nant hyperthermia is potentially fatal in 
horses carrying the genetic defect, with an 
estimated mortality rate of 34%. 2,3 

CLINICAL FINDINGS 

An elevation of body temperature is the 
primary requisite for a diagnosis of hyper¬ 
thermia, and in most species the first observ¬ 
able clinical reaction to hyperthermia occurs 
when the rectal temperature is increased 
by 3 to 4°C (4-7°F) above normal. In most 
instances the temperature exceeds 42°C 
(107°F) and may reach 43.5°C (110°F). An 
increase in heart and respiratory rates with a 
weak pulse of large amplitude, sweating, and 
salivation occur initially, followed by a 
marked absence of sweating. The animal may 
be restless but soon becomes dull, stumbles 
while walking, and tends to lie down. 

In the early stages there is increased thirst 
and the animal seeks cool places, often lying 
in water or attempting to splash itself. Addi¬ 
tional increases in rectal temperature lead to 
labored respiration and general distress is 
evident. Beyond this point the respirations 
become shallow and irregular, the pulse 
becomes very rapid and weak, and these 
signs are usually accompanied by collapse, 
convulsions, and terminal coma. Death 
occurs in most species when the core tem¬ 
perature exceeds the normal value by 
approximately 5 to 7°C (8-10°F). Abortion 
may occur if the period of hyperthermia is 
prolonged, and a high incidence of embry¬ 
onic mortality has been recorded in sheep 
that were 3 to 6 weeks pregnant. In cattle, 
breeding efficiency is adversely affected by 
prolonged heat stress and in intensively 
housed swine a syndrome known as summer 
infertility, manifested by a decrease in con¬ 
ception rate and litter size and an increase in 
anestrus, occurs during and following the 
hot summer months in most countries. A 
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case series of 4- to 6-month-old lambs exam¬ 
ined in summer with clinical signs of high 
rectal temperature, tachypnea, and neuro¬ 
logic disease has been reported in Texas. 4 
Neurologic signs included postural kyphosis 
and limb hyperextension to sternal recum¬ 
bency and was attributed to hyperthermia- 
induced spinal cord injury. 

Respiratory rate at the lower end of the 
thermoneutral zone is 20 breaths per minute 
in cattle and 25 to 30 breaths per minute in 
sheep and goats. An increase in respiratory 
rate above 40 breaths per minute in adult 
ruminants represents panting, which has the 
homeostatic goal of facilitating cooling by 
respiratory evaporation. The respiratory rate 
is therefore the most practical indicator of 
heat stress in adult ruminants, with respira¬ 
tory rates of 40 to 60, 60 to 80, and 80 to 120 
breaths per minute representing low, moder¬ 
ate, and severe heat stress, respectively. It is 
not uncommon in hot humid climates to see 
cattle open-mouth breathing with respira¬ 
tory rates exceeding 80 breaths per minute 
during periods of heat stress. In summary, 
the progression of changes in cattle with heat 
stress is increased respiratory rate, rectal 
temperature, and heart rate; followed by 
decreased urine concentration (caused by 
increased water intake); and finally decreased 
appetite and milk production. 

Heat stress in horses and donkeys is asso¬ 
ciated with increased respiratory rate and 
depth, flared nostrils, nodding of the head, 
and apathy. 5 Hyperthermic horses are 
fatigued and have profound fluid and electro¬ 
lyte losses, characterized by hypotonic dehy¬ 
dration caused by excessive sweating. The 
resultant clinical signs include decreased per¬ 
formance, depression, weakness, increased 
heart and respiratory rates, and marked 
increases in rectal temperature (usually 
exceeding 42°C). Because of the hyponatre¬ 
mia, affected horses may lose the stimulus to 
drink, exacerbating their dehydration. In 
advanced cases, the skin is dry and hot 
because sweating is impaired. Hyperthermic 
horses that have been participating in an 
endurance event may have synchronous dia¬ 
phragmatic flutter as a result of hypocalcemia 
and metabolic alkalosis. Coma and death can 
occur in extreme cases of hyperthermia that 
are not identified and treated until the condi¬ 
tion is advanced. 

CLINICAL PATHOLOGY 

No important clinicopathologic change is 
observed in simple hyperthermia. However, 
horses with advanced hyperthermia typically 
have hyponatremic dehydration and azote¬ 
mia. Horses with synchronous diaphrag¬ 
matic flutter are typically hypocalcemic. 

Necropsy Findings 

At necropsy there are only poorly defined 
gross changes. Peripheral vasodilatation 
may be evident, clotting of the blood is 
slow and incomplete, and rigor mortis and 


putrefaction occur early. There are no con¬ 
stant or specific histopathologic changes. 

TREATMENT 

The presence of adequate drinking water is 
essential and, together with shade and air 
movement, is of considerable assistance 
when multiple animals are exposed to high 
air temperature. 

If treatment of individual animals is nec¬ 
essary because of the severity or duration of 
the hyperthermia, affected animals should be 
immediately placed in the shade and hosed 
on the midline of the back with cold water 
so that their coats are saturated. Fans should 
be immediately placed in front of the animal 
to promote evaporative cooling, and cooled 
water, with and without added electrolytes, 
should be made available for the animal to 
drink. In severe cases of hyperthermia in 
which large volumes of water are not avail¬ 
able, very cold water (2-8°C) should be 
applied and immediately scraped off because 
the water becomes warm almost immedi¬ 
ately. The application of very cold water does 
not induce a clinically relevant degree of 
peripheral vasoconstriction and has not been 
associated with clinically relevant side effects. 
Water applied by hose does not need to 
be scraped off because heat is conducted 
to the applied water stream. Placement of 
wet sheets or towels over the head or neck is 
not recommended because they provide 
unneeded insulation. 

The rectal temperature should be moni¬ 
tored frequently during cooling, and water 
application should be stopped when the 
rectal temperature has returned to normal. 
Because affected animals may not be inter¬ 
ested in or capable of drinking, the intrave¬ 
nous administration of fluids such as 0.9% 
NaCl is indicated in animals that are weak, 
recumbent, or dehydrated. Horses often 
need 20 to 40 L of intravenous fluids over the 
first few hours of treatment. Horses with syn¬ 
chronous diaphragmatic flutter should be 
treated with intravenous calcium after veri¬ 
fying the presence of hypocalcemia. 

Fluids can also be administered orally to 
horses, but care should be taken to ensure 
that gastrointestinal motility is not impaired. 
A practical oral electrolyte solution is 
obtained by dissolving 20 g of table salt 
(NaCl) and 20 g of Litesalt (NaCl and 
KC1) in 5 L of water; this provides 107, 28, 
and 132 mmol/L of sodium, potassium, and 
chloride, respectively. Five liters of this fluid 
can be administered to an adult horse each 
hour by nasogastric tube. 

CONTROL 

Shade alone is the most important factor in 
maintaining the comfort of livestock and 
preventing heat stress. Shade reduces the 
heat gain from solar radiation and can be 
provided by trees or artificially by roofs or 
shades made from cloth or artificial material. 
Shades should be placed over feed and where 


the producer wants the animals to spend 
their time. The efficiency of metal shades can 
be increased by painting metal shades white 
on the topside and black on the underside. A 
north-south orientation will permit drying 
under the shades as the shaded area moves 
throughout the day; this may be helpful in 
decreasing the incidence of coliform mastitis 
if sprinklers are used under the shades and 
cattle prefer to lie under the shades than in 
freestalls. 

In dairy and feedlot cattle, the following 
measures should be taken to manage heat 
stress: 

• Provide cool clean water and plenty of 
trough space for drinking. 

• Use shades and intermittent sprinkler 
systems (wet time of 1-2 min with an 
adequate dry off time of 20-30 min); 
continuous application of water 
increases the local humidity and 
decreases the effectiveness of 
evaporative cooling. 

• Enhance airflow by fans or by providing 
mounds for cattle to stand on. 

• Adjust rations and feed a larger 
percentage of the ration in the evening 
when it is cooler. 

• Minimize handling during periods of 
greatest heat stress. 

• Select cattle based on breed and coat 
characteristics, and house the most 
susceptible cattle (heavy, black) on 
east-sloping lots with the most shade; 
genetic studies have identified genes 
associated with resistance to heat stress 
in dairy cattle. 1,6 

In exercising horses, periodic rests in the 
shade with fans and water sprinklers and 
maintaining a normal hydration status can 
be very helpful in preventing heat stress. 
Monitoring the heart rate is a useful and 
practical method of assessing the degree of 
heat stress in horses, because heart rates 
remain elevated for a longer period of time 
in horses undergoing heat stress. 

If animals have to be confined under con¬ 
ditions of high temperatures and humidity, 
the use of tranquilizing drugs has been rec¬ 
ommended to reduce unnecessary activity. 
However, care is needed because blood pres¬ 
sure falls and the animals may have difficulty 
losing heat if the environment is very hot and 
in some cases may gain heat. Chlorproma- 
zine, for example, has been shown to increase 
significantly the survival rate of pigs exposed 
to heat and humidity stress. 
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FEVER (PYREXIA) 

Fever is an elevation of core body tempera¬ 
ture above that normally maintained by an 
animal and is independent of the effects of 
ambient conditions on body temperature. It 
is important to realize that fever is a combi¬ 
nation of hyperthermia and infection or 
inflammation that results from an elevated 
set point for temperature regulation. 

ETIOLOGY 

Fevers may be septic, the more common 
type, or aseptic, depending on whether or 
not infection is present. 

Septic Fevers 

These include infection with bacteria, 
viruses, protozoa, or fungi as 

• Localized infection such as abscess, 
cellulitis, and empyema 

• Intermittently systemic, as in bacteremia 
and endocarditis 

• Consistently systemic, as in septicemia 

Aseptic Fevers 

• Chemical fevers, caused by injection 
of foreign protein and intake of 
dinitrophenols 

• Surgical fever, caused by breakdown of 
tissue and blood 

• Fever from tissue necrosis, e.g., 
breakdown of muscle after injection of 
necrotizing material 

• Severe hemolytic crises 
(hemoglobinemia) 

• Extensive infarction 

• Extensive necrosis in rapidly growing 
neoplasms such as multicentric 
lymphosarcoma in cattle 

• Immune reactions such as anaphylaxis 
and angioneurotic edema 

PATHOGENESIS 

Most fevers are mediated through the action 
of endogenous pyrogens produced by granu¬ 
locytes, monocytes, and macrophages. The 
most important and best known endoge¬ 
nous pyrogen is interleukin-1 (IL-1), pro¬ 
duced by monocytes and macrophages. The 


febrile response is initiated by the introduc¬ 
tion of an exogenous pyrogen into the body. 
Exogenous pyrogens include pathogens such 
as bacteria, viruses, bacterial endotoxins, 
antigen-antibody complexes, hemoglobine¬ 
mia in a hemolytic crisis, and many inor¬ 
ganic substances. In hypersensitivity states, 
soluble antigen-antibody complexes may act 
as mediators. One of the most potent exog¬ 
enous pyrogens is the lipopolysaccharide of 
gram-negative bacteria. 

Endogenous Pyrogens 

Endogenous pyrogens are proteins released 
from monocytes and, to a lesser extent, lym¬ 
phocytes. These proteins were originally des¬ 
ignated as monokines and lymphokines, 
respectively, but are now more commonly 
referred to under the more general term of 
cytokines. One of the pyrogenic cytokines 
is IL-1, formerly known as lymphocyte acti¬ 
vating factor. IL-1 stimulates T-lymphocyte 
proliferation in the presence of antigen, 
enhancing the immune response. The medi¬ 
ators between endogenous pyrogen and the 
hypothalamus appear to be prostaglandins, 
and the level of calcium in the hypothalamus 
appears to regulate its activity. 

Interleukin-1 initiates fever by inducing 
an abrupt increase in the synthesis of pros¬ 
taglandins, particularly prostaglandin E 2 , 
in the anterior hypothalamus. The elevated 
prostaglandin levels in the hypothalamus 
raise the thermostatic set point and induce 
the mechanisms of heat conservation (vaso¬ 
constriction) and heat production (shivering 
thermogenesis) until the blood and core 
temperature are elevated to match the hypo¬ 
thalamic set point. 

Prostaglandin precursors are thought to 
be the chemical mediators of fever according 
to the following sequence: 

1. Endogenous pyrogens cause the release 
of arachidonic acid, with subsequent 
synthesis of prostaglandins. 

2. Arachidonic acid breakdown products 
modulate the hypothalamic 
thermoregulatory mechanism, resulting 
in an increase in the set point value. 

3. Prostaglandin synthetase-inhibitor 
antipyretics lower fever by blocking the 
synthesis of prostaglandins or 
prostaglandin precursors from 
arachidonic acid. 

A cytokine known as tumor necrosis 
factor-a (TNF-a) reproduces many of the 
physiologic derangements observed in septic 
shock and mediates many of the deleterious 
effects of gram-negative bacterial infection, 
including fever. 

In addition to their pyrogenic activity, 
cytokines mediate the acute phase response, 
which is a term now being used to describe 
the reaction of animals to pathogen invasion, 
tissue injury, immunologic reactions, and 
inflammatory processes. The physiologic 
mechanisms involved in the production of 
fever after stimulation by pyrogens must be 


matured or sensitized by previous exposure 
to pyrogen. Injection of pyrogens into 
newborn lambs does not cause fever but sub¬ 
sequent injections do. 

Effect of Pyrogens on 
the Hypothalamus 

The effect of bacterial and tissue pyrogens is 
exerted on the thermoregulatory center of 
the hypothalamus so that the thermostatic 
level of the body is raised. The immediate 
response on the part of organs involved in 
heat regulation is the prevention of heat loss 
and the increased production of heat. This is 
the period of increment, or chill, which is 
manifested by cutaneous vasoconstriction, 
resulting coldness and dryness of the skin, 
and an absence of sweating. Respiration is 
reduced and muscular shivering occurs, and 
urine formation is minimal. The extremities 
are cold to the touch, the rectal temperature 
is elevated, and the pulse rate increased. 
When the period of heat increment has 
raised the body temperature to a new ther¬ 
mostatic level the second period of fever, the 
fastigium, or period of constant tempera¬ 
ture, follows. In this stage the mechanisms of 
heat dissipation and production return to 
normal. Cutaneous vasodilatation causes 
flushing of the skin and mucosa, sweating 
occurs and may be severe, and diuresis 
develops. During this period there is 
decreased forestomach motility in rumi¬ 
nants, metabolism is increased considerably 
to maintain the body temperature, and tissue 
wasting may occur. There is also an inability 
to maintain a constant temperature when 
environmental temperatures vary. 

When the effect of the pyrogenic sub¬ 
stances is removed, the stage of decrement, 
or fever defervescence, appears and the 
excess stored heat is dissipated. Vasodilata¬ 
tion, sweating, and muscle flaccidity are 
marked and the body temperature falls. The 
fall in body temperature after the initial 
rise is accompanied by a decline in plasma 
zinc and plasma total iron concentrations. 
If the toxemia accompanying the hyperther¬ 
mia is sufficiently severe, the ability of tissues 
to respond to heat production or conser¬ 
vation needs may be lost and as death 
approaches there is a precipitate fall in body 
temperature. 

Febrile Response 

The febrile response, and the altered behav¬ 
ior that accompanies it, are thought to be 
part of a total mechanism generated to con¬ 
serve the resources of energy and tissue 
being wasted by the causative infection. The 
febrile response has major effects on immune 
mechanisms. Endogenous pyrogens stimu¬ 
late T-cell proliferation. The increased body 
temperature causes increases in leukocyte 
mobility, leukocyte bactericidal and phago¬ 
cytic activities, and lymphocyte transforma¬ 
tion as well as enhances the effects of 
interferon and IL-1. 
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Some possible adverse effects of fever 
include anorexia, which can lead to excessive 
catabolism if prolonged. Rarely, extremely 
high fevers can result in disseminated intra¬ 
vascular coagulation and effects on the 
central nervous system (CNS) that may lead 
to convulsions. 

CLINICAL FINDINGS 

The effects of fever are the combined effects 
of hyperthermia and infection or inflamma¬ 
tion. There is elevation of body temperature, 
an increase in heart rate with a diminution 
of amplitude and strength of the arterial 
pulse, hyperpnea, wasting, oliguria often 
with albuminuria, increased thirst, anorexia, 
scant feces, depression, and muscle weak¬ 
ness. The temperature elevation is always 
moderate and rarely goes above 42°C (107°F). 

The form of the fever may vary. Thus the 
temperature rise may be 

• Transient 

• Sustained, without significant diurnal 
variation 

• Remittent, when the diurnal variation is 
exaggerated 

• Intermittent, when fever peaks last for 2 
to 3 days and are interspersed with 
normal periods 

• Atypical, when temperature variations 
are irregular 

A biphasic fever, consisting of an initial rise, 
a fall to normal, and a secondary rise, occurs 
in some diseases, e.g., in strangles in the 
horse and in erysipelas in swine. The out¬ 
standing example of intermittent fever in 
animal disease is equine infectious anemia. 

In farm-animal practice the most 
common cause of a fever is the presence of 
an inflammatory process such as pneumo¬ 
nia, peritonitis, mastitis, encephalitis, septi¬ 
cemia, viremia, etc. The clinical abnormalities 
that are typical of the particular disease must 
be detected and differentiated in the process 
of making a diagnosis. In the absence of 
physical causes of hyperthermia, the pres¬ 
ence of a fever indicates the presence of 
inflammation, which is not always readily 
apparent. A fever of unknown origin occurs 
commonly in farm animals and requires 
repeated clinical and laboratory examina¬ 
tions to elucidate the location and nature of 
the lesion. 

In horses, a fever of unknown origin is 

characterized by prolonged, unexplained 
fever associated with nonspecific findings 
such as lethargy, inappetence, and weight 
loss. In a series of horses with fever of 
unknown origin, the cause was found to be 
infection in 43%, neoplasia in 22%, immune 
mediated in 7%, and miscellaneous diseases 
in 19%. The cause remained undetermined 
in 10%. 

The magnitude of the fever will vary 
with the disease process present, and it is 
often difficult to decide at what point the 
elevated temperature is significant and rep¬ 
resents the presence of a lesion that requires 


specific treatment. This is especially true 
when examining groups of animals with 
nonspecific clinical findings including an 
elevated temperature. The typical example is 
a group of feedlot cattle affected with depres¬ 
sion, inappetence, dyspnea, and fever ranging 
from 39.5 to 40.5°C. The suspected disease 
may be pneumonic pasteurellosis but it may 
be impossible to make that diagnosis based 
on auscultation of the lungs of all the affected 
animals. Some of the animals may have a 
fever of unknown origin from which they 
will recover in a few days and specific therapy 
is not required. Under these circumstances 
and based on clinical experience, the ten¬ 
dency is to make a diagnosis of acute undif¬ 
ferentiated bovine respiratory disease or 
undifferentiated fever in animals with a 
temperature >40.5°C for 2 days in succes¬ 
sion. This emphasizes the need to select 
an upper threshold value that indicates a 
clinically and physiologically significant 
fever. Infrared thermography offers great 
promise as a noninvasive method of identify¬ 
ing pyrexic individuals in group housing, 
particularly pigs raised in confinement 
housing and feedlot cattle. 

CLINICAL PATHOLOGY 

There are no clinicopathologic findings that 
are specific for fever. The hemogram will 
reflect the changes associated with the cause 
of the fever. Inflammation is characterized by 
marked changes in the total and differential 
leukocyte count characteristic for each 
disease. A wide variety of tests can be per¬ 
formed to identify the location and nature of 
the lesion causing the fever. The most 
common tests include the following: 

• Microbiologic testing of blood samples 

• Analysis of serous fluids from body 
cavities 

• Cerebrospinal fluid analysis 

• Milk sample analysis 

• Reproductive tract secretion analysis 

• Joint fluid analysis 

• Biopsies 

• Exploratory laparotomy 

Medical imaging may be necessary to detect 
deep abscesses. 

Necropsy Findings 

The necropsy findings will be characteristic 
of the individual disease process and are 
commonly characterized by varying degrees 
of peracute, acute, and chronic inflammation 
depending on the severity of the disease, the 
length of illness, and whether or not treat¬ 
ment had been given. In the case of long¬ 
standing fevers, these findings are still 
characteristic but they may fluctuate in 
severity daily or over longer periods. 

Fever must be differentiated from hyper¬ 
thermia caused by a physical cause such as 
heat stroke or exhaustion or malignant 
hyperthermia of pigs and Quarter Horses. 
In fever of unknown origin, the history, 
physical examination, laboratory findings, 


and epidemiologic setting should be 
reviewed. Localizing clinical findings may 
provide a clue to the body system or organ 
involved. Common inflammatory processes 
include the following: 

• Abscesses of the peritoneum, pleura, 
and lungs 

• Septic metritis 

• Endocarditis 

• Polyarthritis 

• Pyelonephritis 

Many animals are placed in the category of 
fever of unknown origin because the veteri¬ 
narian overlooks, disregards, or rejects an 
obvious clue. No algorithms or computer- 
assisted diagnostic programs are likely to 
solve this diagnostic challenge. To improve 
the diagnostic accuracy veterinarians will 
have to work harder. This requires obtaining 
a detailed history, repeated physical exami¬ 
nations, reconsideration of the epidemio¬ 
logic characteristics of the affected animal, 
requesting consultations from colleagues, 
and the investment of time to consider the 
diagnosis and the circumstances. 

TREATMENT 
Antimicrobial Agents 

The most important aspects of the clinical 
management of fever should be directed at 
its cause. The main objective is to identify 
and treat the primary disease. Antimicrobial 
agents are indicated for the treatment of bac¬ 
terial infections. The selection of antimicro¬ 
bial, the route of administration, and the 
duration of treatment depend on the cause 
of the infection, its severity, and the accessi¬ 
bility of the lesion to the drug. The use of 
antimicrobial agents to prevent secondary 
bacterial infections in animals with viral dis¬ 
eases (e.g., viral interstitial pneumonia) is 
controversial and of doubtful benefit. 

In animals with a fever of unknown 
origin, broad-spectrum antimicrobial agents 
seem rational. However, blind therapy is not 
recommended because it may lead to drug 
toxicity, superinfection caused by resistant 
bacteria, and interference with subsequent 
accurate diagnosis by cultural methods. In 
addition, the fall of the temperature follow¬ 
ing treatment may be interpreted as a 
response to therapy, with the conclusion that 
an infectious disease is present. If such a trial 
is begun the response should be monitored 
daily to determine effectiveness, and contin¬ 
ued efforts should be made to determine the 
cause of the fever. In some cases it may be 
necessary to surgically remove by drainage 
techniques the source of the infection located 
in abscesses or body cavities such as the 
pleural cavity. 

Antipyretics 

Because fever ordinarily does little harm and 
usually benefits the animal’s defense mecha¬ 
nism, antipyretic agents are rarely essential 
and may actually obscure the effect of a 
specific therapeutic agent or of the natural 
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course of the disease. If the fever is high 
enough to cause discomfort or inappetence, 
or is so high that death from hyperthermia 
is possible, then nonsteroidal antiinflamma¬ 
tory drugs (NSAIDs) should be adminis¬ 
tered. Most NSAIDs, such as flunixin 
meglumine, are inhibitors of prostaglandin 
synthesis and act centrally to lower the ther¬ 
moregulatory set point. Rectal temperatures 
start to decline within 30 minutes of paren¬ 
teral NSAID administration but usually do 
not completely return to within the normal 
physiologic range. 

FURTHER READING 

Evans SS, Repasky EA, Fisher DT. Fever and the thermal 
regulation of immunity: the immune system feels 
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Acute Phase Response 

Acute phase proteins are plasma proteins that 
change their concentration when animals are 
subjected to external stressors, such as trans¬ 
portation, or internal stimuli, such as inflam¬ 
mation, bacterial infection, neoplasia, and 
surgical trauma. 1 Acute phase proteins have 
been categorized as positive or negative 
dependent on whether their concentration 
increases (positive) or decreases (negative) in 
response to an external or internal stimulus. 
There has been increased interest in measur¬ 
ing the serum concentration of acute phase 
reactants to monitor the severity of an infec¬ 
tious disease, assist in making a diagnosis, 
and to verify that an animal produced for 
food is healthy and fit for slaughter. During 
the hepatic acute phase response, the liver 
increases the synthesis of specific proteins 
(positive acute phase proteins) in response 
to release of IL-1 (3, IL-6, and TNF-a (proin- 
flammatory cytokines) from macrophages 
and monocytes, whereas albumin synthesis is 
reduced (negative acute phase protein). 
Interleukin-1 J3 induces type 1 acute phase 
proteins (serum amyloid A [SAA] 
and C-reactive protein) within 4 hours. 
Interleukin-6 induces haptoglobin at a later 
stage with serum concentrations remaining 
elevated for up to 2 weeks. A clinically impor¬ 
tant issue is that IL-1 (3 is the primary initiator 
of fever as well as an important upstream 
initiator of the acute phase response; there¬ 
fore, it remains to be determined whether 
laboratory measurement of acute phase reac¬ 
tant concentration in plasma provides practi¬ 
cal information beyond that provided by 
rectal temperature alone. It should be recog¬ 
nized that although the liver plays a central 
role in the acute phase response, extrahepatic 
tissues, such as the bovine mammary gland, 
can also synthesize acute phase reactants. 

Fibrinogen is the most widely studied 
positive acute phase protein in large animals. 


The interpretation of plasma fibrinogen con¬ 
centration is complicated by its involvement 
in the clotting cascade (and potentially 
decreasing in animals with severe coagu¬ 
lopathies such as disseminated intravascular 
coagulation) and its relatively narrow range 
of increase (typically no more than a three- 
to fourfold increase). Moreover, the plasma 
fibrinogen concentration is slower to 
increase in inflammatory conditions than 
other acute phase reactants, typically taking 
24 hours to increase with peak values at 2 
to 3 days. 

The SAA is a positive acute phase protein 
(apolipoprotein) that is rapidly synthesized 
and released primarily by hepatocytes in 
response to inflammation or bacterial infec¬ 
tion. The specific role of SAA in the inflam¬ 
matory response is incompletely understood, 
but amyloid A is thought to have immune- 
related functions including opsonization of 
gram-positive and gram-negative bacteria, 
increased chemotaxis of neutrophils and 
monocytes, and the clearance of plasma 
endotoxin and high-density lipoproteins 
including cholesterol. 

Haptoglobin is a positive acute phase 
protein and is thought to provide an exqui¬ 
sitely sensitive screening test for the release 
of endogenous glucocorticoids and proin- 
flammatory cytokines. Haptoglobin is the 
principal scavenger of free hemoglobin in 
plasma and therefore decreases growth of 
most bacteria by decreasing the availability 
of iron. A major confounder for the interpre¬ 
tation of an increased serum haptoglobin 
concentration is that trauma, and increased 
plasma cortisol and estradiol concentrations 
associated with parturition, increase serum 
haptoglobin concentrations. 2 

Lipopolysaccharide binding protein 
(LBP) is an antiinflammatory in low concen¬ 
trations and proinflammatory in high con¬ 
centrations. It binds to the lipopolysaccharide 
portion of gram-negative bacteria and the 
bound complex then attaches to membrane 
or soluble CD 14 receptors, initiating a sig¬ 
naling cascade. C-reactive protein and al- 
acid glycoprotein are also positive acute 
phase proteins that have been extensively 
investigated in humans but have not been 
well investigated in large animals. 

Several positive acute phase proteins have 
been evaluated in horses including SAA, 
C-reactive protein, haptoglobin, and fibrino¬ 
gen. The most clinically relevant acute phase 
reactant in the horse appears to be SAA, 
because SAA concentrations are extremely 
low in healthy horses, increase markedly and 
rapidly during the acute phase of inflamma¬ 
tion, and decrease rapidly after recovery 
because of its short half-life. 1,3,4 The clinical 
utility of SAA as a marker of infection is 
decreased in neonatal foals because SAA 
concentrations increase for up to 7 days in 
response to inflammation associated with 
vaginal delivery and absorption of amyloid 
A present in colostrum. 5 


Serum amyloid A, haptoglobin, and 
fibrinogen are important positive acute 
phase proteins in cattle and are produced by 
the liver in response to endogenous release 
of glucocorticoids and proinflammatory 
cytokines. Of these acute phase reactants, 
SAA is considered to have the most diagnos¬ 
tic utility in cattle. A potential confounder 
for the interpretation of SAA concentration 
in cattle is that its concentration normally 
increases at calving. 6 This means that an 
increased SAA concentration is not specific 
for inflammation or bacterial infection in the 
postparturient dairy cow and may be more 
associated with the extent of hepatic lipidosis 
than the presence of an inflammatory process 
in early lactation. 6,7 

Serum or plasma haptoglobin concen¬ 
tration is increased in cows with hepatic 
lipidosis, displaced abomasum, traumatic 
reticuloperitonitis, respiratory disease, mas¬ 
titis, metritis, pododermatitis, and renal 
amyloidosis. 6,8 ' 12 More research is needed to 
increase our understanding of changes in the 
concentration and kinetics of haptoglobin in 
cattle. C-reactive protein does not appear to 
be an acute phase reactant in cattle. The 
increase in SAA and haptoglobin in cattle 
appears to be dose dependent; therefore, 
the magnitude of the increase reflects the 
severity of the underlying inflammatory 

13 14 

process. 

Important negative acute phase proteins 
in cattle include albumin, transferrin, and 
paraoxonase. 8 Albumin does not appear to 
be as sensitive an acute phase reactant as SAA 
in cattle. Moreover, serum albumin concen¬ 
trations are decreased for 2 weeks after calving 
in lactating dairy cattle, partly as a result of 
increased plasma volume and decreased 
albumin synthesis, 6 further decreasing the 
clinical utility of serum albumin concentra¬ 
tion as an acute phase reactant in postparturi¬ 
ent cattle. The acute phase response in sheep 
appears similar to that in cattle. 18 

Plasma or serum iron concentrations 
decrease as part of the acute phase response; 
this has been attributed to sequestration of 
iron stores by the animal to make less iron 
available for bacterial growth. 16 Inflamma¬ 
tion causes the release of IL-6 that stimulates 
hepatocytes to release the peptide hormone 
hepcidin, which blocks iron efflux from 
macrophages, directly resulting in hypofer- 
remia. 16 Plasma iron concentration appears 
to be a better acute phase reactant than 
fibrinogen concentration in horses. 16 
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of infection and inflammation in veterinary 
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Sepsis, Septicemia, 
and Viremia 

Sepsis is a suspected or proven bacterial 
infection in conjunction with the presence of 
systemic inflammatory response syndrome 
(SIRS), which is defined as systemic inflam¬ 
mation in response to injury, being caused by 
infectious agents (e.g., bacteria, viruses, pro¬ 
tozoa, fungi) or by noninfectious causes (e.g., 
trauma, toxins, hyperthermia, burns). Accu¬ 
rate criteria for SIRS have yet to be identified 
in domestic animals, but the presence of at 
least two of the following abnormalities is 
used to identify the presence of SIRS in 
humans: 

• Hyperthermia or hypothermia 

• Tachycardia 

• Tachypnea or hyperventilation 

• Leukopenia, leukocytosis, or >10% band 
neutrophils 

These criteria for SIRS should not be applied 
when environmental conditions impact the 
measurement (such as heat stress or environ¬ 
mental cold or the presence of pain). 

Severe sepsis is sepsis accompanied by 
organ dysfunction. Septic shock is defined 
as severe sepsis with hypotension (mean 
arterial blood pressure <65 mm Hg) despite 
aggressive intravenous fluid therapy. Septi¬ 
cemia is the acute invasion of the systemic 
circulation by pathogenic bacteria accompa¬ 
nied by septic shock with possible bacterial 
localization in various body systems or 
organs. It is a common cause of morbidity 
and mortality in newborn farm animals that 
have not received a sufficient quantity of 
colostrum in the first 24 hours after birth. 
Bacteremia is different from septicemia in 
that bacteremia is not accompanied by sepsis 
or septic shock. The difference between 
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septicemia and bacteremia is one of degree. 
In bacteremia, bacteria are present in the 
bloodstream for only transitory periods and 
do not produce clinical signs; for example, a 
clinically unimportant bacteremia probably 
occurs frequently after rectal examination or 
other manipulations in which the mucosa 
is disturbed. In septicemia, the pathogen is 
present throughout the course of the disease 
and is directly responsible for initiation of 
the disease process. There is a current move¬ 
ment to eliminate the term septicemia from 
use and use the term multiple organ dys¬ 
function syndrome, which indicates dys¬ 
function to two or more organ systems, but 
the definitions stated earlier are clinically 
useful. 

Viremia is the invasion of the systemic 
circulation by pathogenic viruses with local¬ 
ization in various body tissues and in which 
the lesions produced are characteristic of the 
specific virus. Many infections associated 
with rickettsias, protozoa, and fungi are also 
spread hematogenously throughout the body 
but usually do not initiate a systemic inflam¬ 
matory response syndrome. 

ETIOLOGY: ALL SPECIES 

Many different infectious agents can result in 
septicemia or viremia. Some of the notable 
examples of septicemias and viremias are 
outlined next. Anthrax, pasteurellosis, and 
salmonellosis are found in all species of food 
animal. 

Neonatal Septicemias 

Neonatal septicemias are caused most com¬ 
monly by gram-negative bacteria. 

Calves 

Bacteremia and septicemia are often associ¬ 
ated with Escherichia coli and Salmonella spp. 
E. coli is most frequently isolated from the 
blood of calves, but gram-positive infections 
may be found in 10% of septicemic calves 
and polymicrobial infections in 28%. Calf 
septicemia is infrequently caused by bacteria 
similar to Actinobacillus suis bacteria. Thirty 
percent of severely ill calves with or without 
diarrhea are bacteremic, and the risk of bac¬ 
teremia is higher in calves with failure of 
transfer of colostral immunoglobulins. 

Piglets 

Septicemia caused by E. coli is possible along 
with septicemia with localization in the 
joints, endocardium, and meninges associ¬ 
ated with Streptococcus suis type 1. 

Foals 

Septicemia with localization associated 
withU. coli, A. equuli, Klebsiella pneumoniae, 
a-hemolytic Streptococcus, and Salmonella 
spp. are seen. 

Lambs 

Septicemia associated with E. coli occurs 
most frequently. 


Cattle 

Histophilus somni, Pasteurella multocida, 
Mannheimia haemolytica, Pasteurella (Yer¬ 
sinia) pseudotuberculosis, acute and chronic 
infections with bovine virus diarrhea 
virus, and bovine malignant catarrh are 
encountered. 

Sheep (Young Lambs) 

H. somni is the main pathogen. 

Pigs 

Hog cholera and African swine fever 
viruses and Erysipelothrix insidiosa are 
encountered. 

Horses, Donkeys, and Mules 

African horse sickness and M. haemolytica 
infection are implicated. 

Secondary Septicemias 

The principal cause of death in subacute 
radiation injury is septicemia resulting from 
loss of leukocyte production because of 
injury to bone marrow. Septicemia may also 
result when there is a congenital defect in the 
immune system or when immunosuppres¬ 
sion occurs in older animals as a result of 
corticosteroid therapy or toxin such as 
bracken. 

EPIDEMIOLOGY 

Systemic infections associated with bacteria, 
viruses, rickettsia, protozoa, and other 
pathogens occur in animals of all ages and 
under many different circumstances. The 
epidemiologic characteristics for each entity 
are presented under each disease described 
in this book. The risk factors for each infec¬ 
tious disease are categorized according to 

• Animal risk factors 

• Environmental risk factors 

• Pathogen risk factors 

For example, colostrum-deprived newborn 
animals are highly susceptible to septicemia. 
Failure of transfer of passive immunity 
(FTPI) in foals is defined by serum IgGi con¬ 
centrations of <400 mg/dL and partial failure 
of transfer of passive immunity between 400 
and 800 mg/dL. Serum IgG concentrations 
of >800 mg/dL are less frequently associated 
with sepsis in foals, and this is considered the 
threshold concentration for prophylaxis in 
foals. 

PATHOGENESIS 

Two mechanisms operate in septicemia: the 
exotoxins or endotoxins produced by the 
infectious agents initiate a profound toxemia 
and high fever because of their initiation of 
the release of host mediators and because of 
the rapidity with which the agents multiply 
and spread to all body tissues (see also 
Toxemia, Endotoxemia, and Septic Shock). 
The clinical manifestations are the result of 
the effect of the pathogens on monocytes and 
lymphocytes, which initiate SIRS. TNF-a 
is associated with clinical septicemia in 
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newborn foals and calves, and plasma TNF-a 
concentration is associated with the severity 
of clinical signs. 

Localization of certain pathogens occurs 
in many organs and may produce severe 
lesions in animals that survive the toxemia. 
Direct endothelial damage and hemorrhages 
may also be caused. The same general prin¬ 
ciples apply to a viremia, except that toxins 
are not produced by viruses. It is more likely 
that the clinical manifestations are the result 
of direct injury of the cells invaded by the 
virus. Transplacental infection can occur, 
resulting in fetal mummification, abortion, 
or infection of the fetus that may be carried 
to term. 

Disseminated Intravascular 
Coagulation 

Progression of SIRS can result in dissemi¬ 
nated intravascular coagulation (DIC) caused 
by intravascular fibrin formation, particu¬ 
larly in severe septicemic diseases. Dissemi¬ 
nated intravascular coagulation is initiated 
by vascular injury with partial disruption of 
the intima, caused by the circulation of 
foreign materials such as bacterial cell walls, 
antigen-antibody complexes, and endotoxin, 
with subsequent platelet adherence and the 
formation of platelet thrombi. Severe, uncon¬ 
trolled hypercoagulation results in a high 
mortality rate caused by MODS. Once coag¬ 
ulation proceeds, the initial hypercoagulable 
state changes to hypocoagulation as clotting 
factors and platelets are consumed. The acti¬ 
vation of the fibrinolysis system can be a 
major cause of the hemorrhagic diathesis 
present in this syndrome. 

CLINICAL FINDINGS 

The major clinical findings in septicemia 
are fever, cardiovascular dysfunction and 
shock, and submucosal and subepidermal 
hemorrhages that are usually petechial and 
occasionally ecchymotic. The hemorrhages 
are best seen under the conjunctiva and in 
the mucosae of the mouth and vulva. Tachy¬ 
cardia, tachypnea, and shock-induced organ 
dysfunction with cardiovascular hypoten¬ 
sion, myocardial asthenia, and respiratory 
distress may occur in severe cases if the 
pathogen initiates the release of the host 
mediators, causing SIRS. These features are 
described under Toxemia, Endotoxemia, and 
Septic Shock. 

Specific signs may occur as the result of 
localization of the infection in joints, heart 
valves, meninges, eyes, or other organs. The 
clinical findings characteristic of each disease 
in which septicemia and viremia occur are 
presented under each disease heading in this 
book. 

Neonatal Septicemia 

Neonatal septicemia is common in all farm 
animal species from a few hours up to 
several days of age. The following features 
are common: 


• Recumbency 

• Depression 

• Absence or marked depression of the 
suck reflex 

• Dehydration 

• Fever 

• Diarrhea 

• Injected or congested mucous 
membranes 

• Weakness 

• Rapid death 

Colostrum-deprived foals are commonly 
very ill and become comatose and die within 
several hours. Localized infections in the 
joints and lungs are frequent in foals that 
survive for several days. Septic polyarthritis 
is common and is characterized by heat, 
pain, synovial distension, and lameness, and 
occurs in 14% to 38% of neonatal foals with 
sepsis. About half the foals with septic arthri¬ 
tis have two or more joints clinically infected, 
with the femoropatellar and tarsocrural 
joints being most commonly involved. Pneu¬ 
monia is often observed and is characterized 
by dyspnea and abnormal lung sounds. The 
survival rate of foals with confirmed septice¬ 
mia in one series was 70%. 

In calves under 30 days of age with septi¬ 
cemia clinical findings can include evidence 
of shock with cold extremities, dehydration, 
weak pulse, prolonged capillary refill time, 
weakness, and recumbency. Findings indica¬ 
tive of localization include ophthalmitis, 
neurologic abnormalities, omphalophlebitis, 
and polyarthritis. 

Clinical Sepsis Score 
A clinical sepsis score for the early diagnosis 
of septicemia in newborn foals has been eval¬ 
uated and validated. It should be recognized 
that application of such scoring systems is 
statistically flawed, even if they assign differ¬ 
ent weights to predictors, because they assign 
equal weights to the change in severity within 
a given predictor. Nevertheless, such sepsis 
scores have been adopted by some and do 
have the value of facilitating the identifica¬ 
tion of neonates at risk for being septicemic. 
A score for predicting bacteremia in neonatal 
dairy calves from 1 to 14 days of age has also 
been suggested to predict clinically whether a 
sick calf has bacteremia. The calves are scored 
according to degrees of hydration status, 
fecal appearance, general attitude, appear¬ 
ance of scleral vessels, and umbilical abnor¬ 
mality. However, the sensitivity, specificity, 
and positive predictive value are too low to be 
of diagnostic value. 

CLINICAL PATHOLOGY 
Blood Culture 

Isolation of the causative bacteria from the 
bloodstream should be attempted by culture. 
Ideally, blood cultures should be obtained 
just before the onset of fever and from a 
major vein or any artery. The standard is 
three blood cultures or animal inoculation 
at the height of the fever. A minimum of 


10 mL of blood (preferably 30 ml) should be 
collected anaerobically after aseptic prepara¬ 
tion of the venipuncture site by clipping and 
scrubbing with povidone iodine scrub. Blood 
samples should be inoculated into a broth 
medium with the ratio of blood to broth 
being 1:10 to 1:20, and the culture bottles 
should be examined for growth daily for up 
to a week. Growth is manifested as turbidity 
and possibly by the presence of hemolysis. 

Hemogram 

The presence of leukopenia or leukocytosis 
is an aid in diagnosis and the type and degree 
of leukocytic response may be of prognostic 
significance, particularly the presence of 
band neutrophils, metamyelocytes, or toxic 
neutrophils. 1 

Plasma fibrinogen concentrations may be 
increased. Consumption coagulopathy is 
detected by falling platelet counts, prothrom¬ 
bin and fibrinogen concentrations, and by 
the presence of fibrin-linked degradation 
products such as D-dimer. In neonatal 
calves, plasma activated partial thrombo¬ 
plastin time was prolonged in calves sus¬ 
pected to have septic shock. 1 

Immunoglobulin Status 

Low concentrations of serum protein and 
immunoglobulins are associated with failure 
of transfer of colostral immunoglobulins in 
newborn farm animals with consequent sep¬ 
ticemia caused, most commonly, by gram¬ 
negative bacteria. 

Biomarkers 

Biomarkers of sepsis are becoming increas¬ 
ingly used to guide diagnosis and treatment 
in humans. The main challenges with the use 
of biomarkers of sepsis in domestic animals 
are their availability, cost, and time required 
to obtain a result. Calves with abnormal 
coagulation profile results indicating the 
presence of severe hemostatic dysfunction 
were much more likely to die despite inten¬ 
sive therapy. 1 Plasma or serum biomarkers 
that show promise for diagnosing sepsis in 
foals or adult horses are SAA, 2 a soluble form 
of the CD 14 molecule that binds endotoxin 
in plasma, 3,4 adrenomedullin, 5 arginine vaso¬ 
pressin, 6 and adrenocorticotropin hormone 
(ACTH). 6 C-reactive protein' and haptoglo¬ 
bin do not currently appear to be useful 
biomarkers for sepsis in foals. 

Serology 

Serologic tests are available for most infec¬ 
tious diseases described in this book; however, 
the rapid onset of septicemia in most 
instances precludes the use of immunoglobu¬ 
lin tests, with the possible exception of IgM. 

Necropsy Findings 

The lesions will reflect the specific disease 
causing the septicemia. Subserous and sub¬ 
mucosal hemorrhages may be present, 
together with embolic foci of infection in 






various organs accompanied by the lesions 
typical of the specific pathogen. 

TREATMENT 

The principles of treatment are similar to 
those described for the treatment of toxemia, 
endotoxemia, fever, and septic shock, and 
treatment should focus on broad-spectrum 
antimicrobial agents and general supportive 
measures. For neonatal septicemia the provi¬ 
sion of a source of immunoglobulins by 
plasma or blood transfusion is thought to be 
advantageous when there is FTPI. Whether 
such treatment alters the mortality rate is 
uncertain. Intensive care of the newborn 
with septicemia is described in Chapter 19. 
The frequency of bacteremia (approximately 
30%) is sufficiently high in calves with diar¬ 
rhea that are severely ill (as manifested by 
reduced suckle reflex, >6% dehydration, 
weakness, inability to stand, or clinical 
depression) that affected calves should be 
routinely treated for bacteremia, with 
emphasis on treating potential E. coli bacte¬ 
remia. Strict hygienic precautions to avoid 
spread of infection are also necessary. 
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Toxemia, Endotoxemia, 
and Septic Shock 

Toxemia is a clinical systemic state caused by 
widespread activation of host defense mech¬ 
anisms to the presence of toxins produced by 
bacteria or injury to tissue cells. Toxemia 
does not include the diseases caused by toxic 
substances produced by plants or insects 
or ingested organic or inorganic poisons. 
Theoretically, a diagnosis of toxemia can be 
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made only if toxins are demonstrable in the 
bloodstream. Practically, toxemia is often 
diagnosed when the endotoxemia is present. 
In most cases there is contributory evidence 
of a probable source of toxins, which in many 
cases are virtually impossible to isolate or 
identify. 

The most common form of toxemia in 
large animals is endotoxemia, caused by 
the presence of lipopolysaccharide cell-wall 
components of gram-negative bacteria in the 
blood and characterized clinically by abnor¬ 
malities of many body systems. Because of 
the overwhelming importance of endotox¬ 
emia in large animals with gram-negative 
bacterial infections, the focus of this discus¬ 
sion will be on endotoxemia. The abnormali¬ 
ties of endotoxemia include the following: 

• Marked alterations in cardiopulmonary 
function 

• Abnormalities in the leukon 
(neutropenia and lymphopenia) and 
thrombocytopenia that may lead to 
coagulopathies 

• Increased vascular permeability 

• Decreased organ blood flow and 
metabolism, leading to heart and renal 
failure 

• Decreased gastrointestinal motility 

• Decreased perfusion of peripheral 
tissues, leading to shock 

• The need for intensive and complex 
therapy 

• A high case fatality rate 

Current therapeutic regimens are only mod¬ 
erately successful in treating endotoxic large 
animals with clinical signs of septic shock 
(severe sepsis with hypotension [mean arte¬ 
rial blood pressure <65 mm Hg] despite 
aggressive intravenous fluid therapy). 

Gram-negative bacteria such as E. coli , 
Salmonella spp., Pasteurella spp., and H. 
somni, as examples, cause many diseases of 
ruminants in which endotoxemia is common. 
Varying degrees of severity of toxemia occur 
in diseases such as mastitis, peritonitis, 
pneumonia and pleuritis, pericarditis, septic 
metritis, septicemia of neonates, myositis, 
meningoencephalitis, and some enteritides. 
Endotoxemia is also one of the most common 
causes of death in horses affected with gastro¬ 
intestinal disease from a physical obstruction 
causing strangulation and ischemic necrosis. 

ETIOLOGY 

Toxins can be classified as antigenic or 
metabolic. 

Antigenic Toxins 

These are produced by bacteria and to a 
lesser extent by helminths. Both groups of 
pathogens act as antigens and stimulate the 
development of antibodies. Antigenic toxins 
are divided into exotoxins and endotoxins. 

Exotoxins 

These are protein substances produced by 
bacteria that diffuse into the surrounding 


medium. They are specific in their pharma¬ 
cologic effects and in the antibodies that they 
induce. The important bacterial exotoxins 
are those produced by Clostridium spp., for 
which commercial antitoxins are available. 
They may be ingested preformed, as in 
botulism, or produced in large quantities 
by heavy growth in the intestines, such as in 
enterotoxemia, or from growth in tissue, as 
in blackleg and black disease. 

Enterotoxins 

These are exotoxins that exert their effect 
principally on the mucosa of the intestine, 
causing disturbances of fluid and electrolyte 
balance. The most typical example is the 
enterotoxin released by enterotoxigenic E. 
coli, which causes a hypersecretory diarrhea 
in neonatal farm animals. 

Endotoxins 

The endotoxins of several species of gram¬ 
negative bacteria are a major cause of mor¬ 
bidity and mortality in farm animals. The 
endotoxins are lipopolysaccharides found in 
the outer wall of the bacteria. Endotoxins are 
released into the immediate surroundings 
when the bacteria undergo rapid prolifera¬ 
tion with production of unused sections of 
bacterial cell wall or, most commonly, when 
the bacterial cell wall breaks. Endotoxin 
gains access to the blood when there is a 
severe localized infection, such as a coliform 
mastitis in dairy cattle, or a disseminated 
infection, such as coliform septicemia in 
newborn calves. 

Gram-negative bacteria are present in the 
intestinal tract as part of the normal micro¬ 
flora and endotoxins are also present. The 
endotoxins are not ordinarily absorbed 
through the intestinal mucosa unless it is 
injured, as in enteritis or more particularly 
in acute intestinal obstruction. Ordinarily, 
small amounts of endotoxin that are absorbed 
into the circulation are detoxified in the liver 
but, if hepatic efficiency is reduced or the 
amounts of toxin are large, a state of endo¬ 
toxemia is produced. Endotoxins may also be 
absorbed in large amounts from sites other 
than the intestine including the mammary 
gland, peritoneum, abscesses and other 
septic foci, or from large areas of injured or 
traumatized tissue. The best known endotox¬ 
ins are those of E. coli, which have been used 
extensively as models for experimental endo¬ 
toxemia, and Salmonella spp. 

The most common causes of endotox¬ 
emia in horses are associated with diseases of 
the gastrointestinal tract including colitis, 
intestinal strangulation, or obstruction and 
ileus. Complications associated with foaling 
and grain overload are also common causes. 

Metabolic Toxins 

These may accumulate as a result of incom¬ 
plete elimination of toxic materials normally 
produced by body metabolism, or by abnor¬ 
mal metabolism. Normally, toxic products 
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produced in the alimentary tract or tissues 
are excreted in the urine and feces or detoxi¬ 
fied in the plasma and liver. When these 
normal mechanisms are disrupted, particu¬ 
larly in hepatic dysfunction, the toxins may 
accumulate beyond a critical point and the 
syndrome of toxemia appears. In obstruction 
of the lower alimentary tract there may 
be increased absorption of toxic phenols, 
cresols, and amines that are normally 
excreted with the feces, resulting in the 
development of the syndrome of autointoxi¬ 
cation. In ordinary circumstances in mono- 
gastric animals these products of protein 
putrefaction are not absorbed by the mucosa 
of the large intestine but when regurgitation 
into the small intestine occurs there may be 
rapid absorption, apparently because of the 
absence of a protective barrier in the wall of 
the small intestine. 

In liver diseases, many of the normal 
detoxification mechanisms, including oxida¬ 
tion, reduction, acetylation, and conjugation 
with such substances as glycine, glucuronic 
acid, sulfuric acid, and cysteine, are lost and 
substances that are normally present in 
insufficient quantity to cause injury accumu¬ 
late to the point where illness occurs. The 
production of toxins by abnormal metabo¬ 
lism includes the production of histamine 
and histamine-like substances in damaged 
tissues. Ketonemia caused by a dispropor¬ 
tionate fat metabolism, and lactic acidemia 
caused by acute ruminal acidosis (grain 
overload), are two common examples of 
toxemia caused by abnormal metabolism. 

PATHOGENESIS 

The specific effects of the particular bacterial 
exotoxins and metabolic toxins are presented 
in the relevant sections of specific bacterial 
diseases in this book. The principles of the 
effects of bacterial endotoxemia will be pre¬ 
sented here. 

The total toxic moiety of the lipopolysac- 
charide molecule is generally similar regard¬ 
less of the bacterial source. Endotoxemia 
results in an extraordinary array of patho¬ 
physiologic effects, involving essentially all 
body systems. Of the endotoxins produced 
by bacteria, the most is known of those pro¬ 
duced by E. coli. 

Endotoxins are normally present in the 
intestine and, although the intestinal mucosa 
provides a highly efficient barrier, limiting 
transmural movement of endotoxins, small 
quantities are absorbed into the portal blood. 
These endotoxins are removed by the liver 
and do not reach the peripheral blood. In 
hepatic failure the level of endotoxins in 
plasma is increased. Significantly greater 
quantities of endotoxins escape the intestine 
when the mucosal barrier is disrupted by 
intestinal ischemia, trauma, ionizing radia¬ 
tion, bacterial overgrowth, reduced luminal 
pH, or inflammatory intestinal disease. 
These conditions not only temporarily over¬ 
whelm the capacity of the liver to remove 


endotoxin from the portal circulation but 
also allow transmural movement of endotox¬ 
ins into the peritoneal cavity from which 
they reach the peripheral blood. 

Endotoxemia may also occur when 
gram-negative bacteria gain access to tissues 
and/or blood. Most of these organisms liber¬ 
ate endotoxin during rapid growth and gain 
access to the blood from primary foci of sys¬ 
temic or superficial tissue infections. One 
example is coliform septicemia in newborn 
farm animals. Once the endotoxins gain 
access to the blood, they are removed from 
the circulation by the mononuclear phago¬ 
cyte system, and the response of these 
phagocytes to the lipopolysaccharides deter¬ 
mines the severity of the clinical illness. 

Biochemical Mediators 

Endotoxins do not cause their effects via 
direct toxic effect on host cells; instead they 
induce the production of soluble and cell- 
bound mediators from a broad range of host 
cells, including endothelial and smooth 
muscle cells, polymorphonuclear granulo¬ 
cytes, platelets, thrombocytes, and cells of 
the monocyte/macrophage lineage. These 
cells release a series of phlogistic biochemical 
mediators, which include cytokines, platelet¬ 
activating factor, thromboxane A 2 , prosta¬ 
glandins, leukotrienes, proteinases, toxic 
oxygen metabolites, and vasoactive amines. 
Macrophages become highly activated for 
enhanced secretory, phagocytic, and cidal 
functions by the lipopolysaccharide. The 
cytokines derived from the macrophages are 
responsible for many of the pathophysiologic 
consequences of endotoxemia. Pulmonary 
intravascular macrophages are the most 
important producers of cytokines in large 
animals. 

Animals have evolved to recognize and 
respond to the lipopolysaccharide of gram¬ 
negative bacteria. Although lipopolysaccha¬ 
rides may directly injure the host tissue, many 
of its effects are indirectly mediated through 
inappropriate activation of host defense 
mechanisms, culminating in multiple organ 
dysfunction and failure. Importantly, the 
response to endotoxin can be attenuated with 
certain substances. Experimentally, the use of 
detergents, such as a nonionic surfactant, can 
attenuate the response of the horse given 
endotoxin. There is a large individual vari¬ 
ability in the response to endotoxin adminis¬ 
tration. Much of the variability remains 
unexplained but appears to have a genetic 
component. 1 Circulating lipopolysaccharide 
forms complexes in plasma with high-density 
lipoproteins or a unique plasma protein 
termed LBP and bound lipopolysaccharide is 
cleared from plasma within a few minutes by 
fixed and circulating macrophages in the 
bovine lung and liver that recognizes 
the lipopolysaccharide-LBP complex. The 
lipopolysaccharide-LBP complex binds to a 
membrane-bound receptor (mCD14) on 
mononuclear cells via a secreted linking 


protein called MD-2 and then attaches to toll¬ 
like receptor-4 (TLR-4) on the mononuclear 
cell membrane; the lipopolysaccharide-LBP- 
mCD14-MD-2 complex is then internalized 
and lipopolysaccharide is thought to be 
destroyed in the process. Internalization of 
lipopolysaccharide activates the intracellular 
signaling pathway via nuclear factor kB (NF- 
kB), which translocates to the nucleus and 
causes the transcription of many cytokine 
genes and release of proinflammatory cyto¬ 
kines, of which TNF-a, IL-1, and IL-6 are the 
most important. Some of the genes activated 
include those that code for cyclooxygenase 2 
(COX-2, the inducible form of cyclooxygen¬ 
ase); inducible nitric oxide; endothelial 
adhesion molecules, which promote the 
adhesion of neutrophils to endothelial 
surfaces; and chemokines. Some of the 
membrane-bound receptors (mCD14) are 
shed from the cell surface into the plasma; in 
plasma the shed receptors are termed soluble 
CD 14 receptors (sCD 14), which play a crucial 
role in the pathophysiology of endotoxemia. 
This is because sCD14 receptors can transfer 
bound lipopolysaccharide directly to mCD 14 
or the MD-2/TLR-4 complex, activating the 
intracellular signaling pathway. Increased 
serum concentrations of sCD14 are associ¬ 
ated with the severity of some clinical signs in 
critically ill horses. 2 

The plasma concentrations of the arachi- 
donic acid metabolites, thromboxane A 2 
and prostacyclin, increase in several species 
during endotoxemia, and these eicosanoids 
are probably responsible for the hemody¬ 
namic abnormalities caused by endotoxin. 
Endotoxin initiates cellular events that acti¬ 
vate a cell-membrane enzyme known as 
phospholipase A 2 . Activation of this enzyme 
leads to the hydrolysis of membrane-bound 
phospholipids; arachidonic acid is released 
from the phospholipid portion of damaged 
mammalian cell membranes. The enzyme 
cyclooxygenase converts arachidonic acid 
into intermediate endoperoxides, which are 
substrates for the formation of prostaglan¬ 
dins, thromboxane, and prostacyclin, by spe¬ 
cific synthetases. Platelets are the principal 
source of thromboxane, which acts as a 
potent vasoconstrictor and induces platelet 
aggregation. Most prostacyclins are synthe¬ 
sized in vascular endothelial cells and cause 
vasodilation and inhibit platelet aggregation. 
The generalized endotoxin-induced produc¬ 
tion of cyclooxygenase products may 
contribute to the multisystemic organ dys¬ 
function, shock, and disseminated coagu¬ 
lopathy that culminates in death. 

Tumor necrosis factor-a is released by 
macrophages and monocytes in a dose- 
dependent manner early in the course of 
endotoxemia, and circulating TNF-a activity 
correlates with the severity and outcome 
of disease. Infusion of TNF induces an 
endotoxemic-shock-like syndrome and 
TNF-a blockade confers marked protection 
against the effects of gram-negative sepsis and 
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lipopolysaccharide administration. Experi¬ 
mentally, pretreatment of horses with mono¬ 
clonal antibody to TNF-a can reduce the 
hematologic and clinical effects of endotoxin- 
induced TNF activity and IL-6 activity can 
be reduced by neutralization of TNF-a. 
Interleukin-1 release is proinflammatory and 
leads to pyrexia and the hepatic acute phase 
response. Interleukin-6 contributes to the 
hepatic acute phase response and promotes 
B-lymphocyte proliferation. Interleukin-6 
may have value as a prognostic indicator, 
because its plasma concentration appears to 
be a better predictor of mortality in humans 
than TNF- a or IL-1. 

The systemic effects of endotoxemia can 
be demonstrated experimentally by paren¬ 
teral injection of purified endotoxin, TNF-a, 
or IL-1. In naturally occurring disease, 
however, the total effect includes those of 
bacterial toxins plus those of mediators pro¬ 
duced by tissues in response to the toxins 
and the counterbalancing effects of antiin¬ 
flammatory molecules that are also secreted 
during sepsis such as IL-4, IL-10, IL-11, 
and IL-13, and soluble CD14 receptors. 
The pathophysiologic effects of endotoxemia 
associated with gram-negative bacteria are 
summarized here according to their effects 
on various body systems or functions. 

Cardiopulmonary Function 

The hemodynamic effects of endotoxemia 
are manifested in two phases. In the early 
stages, heart rate and cardiac output com¬ 
monly increase, although systemic blood 
pressure remains near or slightly less than 
normal. This is known as the hyperdynamic 
phase of endotoxemia. Oxygen demands of 
peripheral tissues are increased during the 
hyperdynamic phase, resulting in compensa¬ 
tory mechanisms that increase blood flow in 
an attempt to meet the increased metabolic 
demands. However, despite the absolute 
increase in cardiac output and oxygen 
delivery during this hyperdynamic phase, 
blood flow still may be inadequate to meet 
the needs of tissues in a hypermetabolic 
state. During the hyperdynamic state, 
affected animals hyperventilate and have 
decreased capillary refill time and red, con¬ 
gested mucous membranes. Microcircula- 
tory shunting of blood continues in organs 
such as the gastrointestinal tract and kidney. 
Ischemia of intestinal mucosa is manifested 
clinically by ileus and diarrhea may occur. 
Decreased renal perfusion will result in 
decreased urine output. 

With uncontrolled endotoxemia, the 
hyperdynamic phase progresses to the hypo- 
dynamic phase of shock. Changes include 
decreased cardiac output, systemic hypoten¬ 
sion, increased peripheral resistance, and 
decreased central venous return. Hypother¬ 
mia, rapid irregular pulses, prolonged 
capillary refill time, pale to cyanotic mucous 
membranes, acidemia, and hypoxemia 
provide clinical evidence of this advanced 


stage of endotoxemia. The skin and extremi¬ 
ties are cool. Severe pulmonary edema and 
increasing pulmonary hypertension occur. 
In horses, administration of endotoxin at 
high dosages can induce circulatory shock 
with increased heart rate, decreased cardiac 
output and stroke volume, and concomitant 
increases in peripheral vascular resistance. 
The slow intravenous infusion of low doses 
of endotoxin into conscious horses results in 
pulmonary hypertension without causing 
hypotensive hypovolemic shock. Intestinal 
vasoconstriction occurs as part of the 
compensatory response to endotoxemia 
following slow infusion of low dosages of 
endotoxin. 

Infusion of endotoxin into swine induces 
widespread changes including intense pul¬ 
monary vasoconstriction and hypertension, 
bronchoconstriction, increased vascular 
permeability, hypovolemia, systemic hypo¬ 
tension, pulmonary edema, hypoxemia, 
granulocytopenia, and thrombocytopenia. 
The vascular changes in endotoxemia include 
increased vascular permeability, changes in 
vascular tone, and microvascular obstruc¬ 
tion. Increased capillary permeability pro¬ 
motes transmural movement of albumin and 
other colloids that carry water to the intersti¬ 
tial space. The result is hypoalbuminemia, 
hypoproteinemia, interstitial edema, pulmo¬ 
nary edema, relative hypovolemia, decreased 
return to the heart, and further decreases in 
cardiac output. Arterial and arteriolar vaso¬ 
constriction develops in the systemic and 
pulmonary circulations. Prolonged infusion 
of endotoxin into sheep causes systemic 
hypotension, pulmonary hypertension, and 
acute lung injury with progressive respira¬ 
tory failure. 

Activation of the Renin-Angiotensin- 
Aldosterone System and Dysfunction 
of the Hypothalamic-Pituitary- 
Adrenal Axis 

The renin-angiotensin-aldosterone system 
(RAAS) system is activated in critically ill 
foals, characterized by increased plasma 
angiotensin-II and aldosterone concen¬ 
trations. Critically ill foals also have 
hypothalamic-pituitary-adrenal (HPA) axis 
dysfunction, which was originally called 
relative adrenal insufficiency (defined as an 
inappropriately low plasma cortisol concen¬ 
tration or a low ACTH to cortisol ratio). 3 In 
2008 a consensus statement developed by 
human critical care specialists recommended 
that the preferred term for the HPA axis dys¬ 
function in septic shock is critical illness- 
related corticosteroid insufficiency, which 
reflects an inadequate corticosteroid activity 
for the severity of the patient’s illness. 

Leukocytes and Platelets 

Foals in septic shock most commonly have 
gram-negative septicemia, but a minority 
have gram-positive septicemia or mixed bac¬ 
terial isolates identified on blood culture. 


The presence of leukopenia or lymphopenia 
in a foal with presumed sepsis makes it more 
likely that a gram-negative septicemia is 
present. 4 Endotoxemia causes an acute and 
severe neutropenia, which precedes neutro¬ 
philia and hemoconcentration. Neutropenia 
is caused mainly by leukocyte margination 
and sequestration; persistence of severe 
neutropenia is a poor prognostic indicator. 
Hemoconcentration is caused by movement 
of fluid from the vascular to extravascular 
spaces. Endotoxin administration causes an 
immediate accumulation, margination, and 
activation of leukocytes in the microcircula¬ 
tion, particularly in the alveolar capillaries. 
This is followed by degranulation and leuko¬ 
cyte migration into the interstitium and 
endothelial cell damage. Pulmonary seques¬ 
tration of neutrophils is preceded by endo¬ 
toxin uptake by pulmonary intravascular 
macrophages, indicating that the pulmonary 
macrophage response is pivotal to the subse¬ 
quent inflammatory response. Leukopenia 
appears to be an immediate response to 
endotoxin administration and is observed as 
early as 5 minutes after infusion. The rebound 
leukocytosis is caused by humoral effects on 
the bone marrow; a neutrophil-releasing 
factor that promotes release of neutrophils 
from bone marrow; and macrophage colony- 
stimulating factor, which stimulates granulo¬ 
poiesis. Colostrum-fed calves have a greater 
neutrophilia in response to endotoxin than 
colostrum-deprived calves, possibly because 
of absorption of a granulopoietic factor from 
colostrum. Endotoxemia also induces a lym¬ 
phopenia that is secondary to the release of 
endogenous corticosteroids and redistribu¬ 
tion of lymphocytes from peripheral blood 
and the spleen to lymphatic tissue. 

Thrombocytopenia is consistently ob¬ 
served after endotoxin administration, but 
occurs later than neutropenia, although it is 
sustained for a longer period of time. Endo¬ 
toxin affects platelet function by a number of 
different mechanisms. 

Hemostatic System 

Endotoxins cause endothelial injury directly 
or indirectly, exposing subendothelial colla¬ 
gen and tissue thromboplastin, initiating the 
intrinsic and extrinsic coagulation cascades, 
respectively. Endotoxin can initiate the 
coagulation cascade directly by activation of 
factor XII or by inducing platelet release of 
thromboxane and other procoagulant sub¬ 
stances. Endotoxin may induce coagulopa¬ 
thy indirectly by endothelial damage with 
secondary factor XII activation, or through 
the effects of complement activation. Macro¬ 
phages and leukocytes have been shown to 
release a procoagulant substance in response 
to endotoxin, which functions similarly to 
factor VII and may also have a role in per¬ 
petuating coagulopathy in endotoxemia via 
the extrinsic pathway. 

Disseminated intravascular coagula¬ 
tion is the cause of diffuse microvascular 
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thrombosis and eventual organ failure subse¬ 
quent to endotoxemia. The experimental 
injection of endotoxin can cause diffuse 
microthrombosis in multiple organ systems. 
The principal clinical finding of DIC in 
horses is petechial and/or ecchymotic 
hemorrhages on mucous membranes and 
sclerae with a tendency to bleed from 
venipuncture sites. Spontaneous epistaxis or 
prolonged hemorrhage after nasogastric 
intubation may also occur. The result of exag¬ 
gerated thrombin formation during DIC is 
widespread fibrin deposition in the microcir¬ 
culation causing circulatory obstruction and 
organ hypoperfusion that may lead to ische¬ 
mic necrosis and failure. The ultimate 
consequences are multiple organ failure and 
death. 

Thermoregulation 

Bacterial endotoxins are potent stimulators 
of macrophage interleukins, which belong to 
a family of polypeptides functioning as key 
mediators of various infectious, inflamma¬ 
tory, and immunologic challenges to the 
host. Interleukin-1 induces fever, an increase 
in the number and immaturity of circulating 
neutrophils, muscle proteolysis through 
increased prostaglandin E 2 production, 
hepatic acute phase protein production, and 
reduced albumin synthesis. Interleukin-1 
participates in the acute phase response, 
which is characterized by fever, hepatic pro¬ 
duction of acute phase proteins, neutro¬ 
philia, and procoagulant activity. 

Endotoxins commonly cause a fever fol¬ 
lowed by hypothermia. Serum IL-6 concen¬ 
trations are lower in endotoxin-induced 
colostrum-deprived foals and take longer to 
reach peak levels compared with colostrum- 
fed foals. The higher and more rapid con¬ 
centrations in colostrum-fed foals may 
be part of a resistance factor in equine neo¬ 
nates. Interleukin-6 plays a key role in host 
defense, regulating antigen-specific immune 
responses, hematopoiesis, cellular differen¬ 
tiation, and the acute phase reaction subse¬ 
quent to an inflammatory insult. Serum 
TNF-a responds in a similar pattern in 
colostrum-deprived and colostrum-fed foals 
given endotoxin, and the mean rectal tem¬ 
perature in colostrum-deprived foals is sig¬ 
nificantly less than in colostrum-fed foals. 

Gastrointestinal Function 

Endotoxemia can cause a profound inhibi¬ 
tion of gastrointestinal motility, including 
the stomach and small and large intestines. 
Postoperative ileus is a frequent and serious 
complication of equine colic surgery, and 
there is a good correlation between the inci¬ 
dence of ileus and the presence of ischemic 
intestine. Low doses of endotoxin infused 
into ponies produced profound disruption of 
normal fasting intestinal motility patterns, 
with an inhibition of gastric contraction 
amplitude and rate, left dorsal colon contrac¬ 
tion product, and small-colon spike rate. In 


the small intestine, there is an increase in 
abnormally arranged regular activity and a 
decrease in irregular activity. Experimental 
endotoxemia in the horse causes cecal and 
proximal colonic hypomotility (ileus) by a 
mechanism involving a-adrenergic recep¬ 
tors, which is reversible by yohimbine. 
Numerous mediators may interact with the 
sympathetic nervous system to induce this 
effect. 

The administration of endotoxin to adult 
dairy cows can reduce the frequency of retie- 
ulorumen contractions; this is caused by 
endotoxin-induced mediators and the effect 
can be abolished by flunixin meglumine. 
Endotoxemia also decreases the abomasal 
emptying rate in cattle and is suspected to 
play a role in the development of left dis¬ 
placed abomasum. 

Carbohydrate Metabolism 

The effects on carbohydrate metabolism 
include a fall in plasma glucose concentra¬ 
tion, the rate and degree varying with the 
severity of endotoxemia; a disappearance of 
liver glycogen; and a decreased glucose toler¬ 
ance of tissues so that administered glucose 
is not used rapidly. Endotoxic shock can 
result in lactic acidemia and both hypergly¬ 
cemic and hypoglycemic responses. Hyper¬ 
glycemia occurs early and transiently 
in endotoxic shock, 5 is accompanied by 
increased rates of glucose production, and is 
dependent on mobilization of hepatic glyco¬ 
gen. Hypoglycemia is very common in pro¬ 
longed or severe endotoxemia caused by 
decreased suckle and septicemia, and hypo¬ 
glycemia, hypertriglyceridemia, and low 
plasma insulin concentrations are commonly 
present in septic foals. 6 Plasma insulin and 
leptin concentrations may have predictive 
utility of clinical outcome in critically ill 
foals. 6 Experimental infusion of endotoxin 
into sheep results in transient hyperglycemia 
associated with increased hepatic glucose 
production followed by hypoglycemia 3 to 8 
hours later, when hepatic glucose production 
decreases. Sympathetic activation occurs 
early in endotoxemia and is probably respon¬ 
sible for the initial hyperglycemia and 
glycogenolysis. Blood pyruvate and lactate 
concentrations increase as a result of poor 
tissue perfusion and the anaerobic nature of 
tissue metabolism. 

Protein Metabolism 

There is an increase in tissue breakdown 
(catabolism) and a concomitant increase in 
serum urea nitrogen concentration. The 
changes observed include alterations in indi¬ 
vidual plasma amino acid concentrations, 
increased urinary nitrogen excretion, and 
increased whole-body protein turnover. The 
time course changes in the concentrations of 
plasma amino acids and other metabolites 
during and after acute endotoxin-induced 
fever in mature sheep have been described. 
Rapid and extensive changes occur in the 


patterns of tissue protein metabolism in the 
ruminant in response to endotoxin adminis¬ 
tration, and these changes may contribute to 
economic losses incurred during infectious 
disease outbreaks. There is also an alteration 
in the aminogram (the relative proportions 
of the amino acids present in blood) and the 
electrophoretic pattern of plasma proteins. 
The globulins are increased and albumin 
decreased as part of the acute phase 
reaction. 

Mineral Metabolism 

Negative mineral balances occur. These 
include hypoferremia and hypozincemia as 
part of the acute phase reaction as the animal 
attempts to sequester these microminerals 
from invading bacteria, but blood copper 
concentrations are commonly increased 
concurrently with an increase in blood ceru¬ 
loplasmin levels. 

Reproduction and Lactogenesis 

Endotoxemia can cause pregnancy failure in 
domestic animals, particularly when preg¬ 
nancy is corpus luteum-dependent. In 
horses and cattle, experimentally induced 
endotoxemia causes an immediate and 
pronounced release of prostaglandin F 2a . The 
intravenous administration of endotoxin 
may influence luteal function by the activa¬ 
tion of the arachidonic acid cascade, by a 
direct effect of prostaglandin F 2a on the 
corpus luteum. The administration of endo¬ 
toxin to mares pregnant 21 to 35 days results 
in a decrease in progesterone and fetal death, 
which can be prevented by daily treatment 
with a progesterone compound. Similar 
results have been produced in pregnant dairy 
cows during the first 150 days of lactation, 
and coliform mastitis in the first 5 months of 
lactation is becoming an increasingly impor¬ 
tant cause of early embryonic death and 
return to estrus. The uterus of the early post¬ 
partum cow is capable of absorbing endo¬ 
toxin, which may provoke changes in the 
serum concentrations of prostanoids and is 
thought to contribute substantially to the 
systemic signs of toxic metritis in cows. 
Endotoxin has a negative effect on the genital 
functions of the ram; the changes in lutein¬ 
izing hormone and testosterone are similar 
to those seen after heat-induced stress. 

In recently farrowed swine with the 
mastitis-metritis-agalactia syndrome, it is 
suggested that the endotoxin from the 
mammary glands affected with mastitis may 
be important in the pathogenesis of the 
agalactia. 

Combined Effects on Body Systems 

The combined effects of the hypoglycemia, 
hyper L-lactatemia, and acidemia interfere 
with tissue enzyme activity and reduce the 
functional activity of most tissues. Of these 
factors, acidemia is probably the most 
important in adult animals; in neonates low 
plasma glucose concentrations are probably 





Toxemia, Endotoxemia, and Septic Shock 


63 


as important as acidemia because profound 
hypoglycemia is more commonly encoun¬ 
tered in neonatal animals. 5 Experimental 
endotoxemia in calves at 24 to 36 hours 
of age causes severe hypoglycemia, lactic 
acidemia, and hypotension commonly asso¬ 
ciated with moderate to severe sepsis. The 
myocardium is weakened, the stroke volume 
decreases, and the response to cardiac stimu¬ 
lants is diminished. There is dilatation and in 
some cases damage to capillary walls, so that 
the effective circulating blood volume is 
decreased; this decrease, in combination 
with diminished cardiac output, leads to a 
fall in blood pressure and the development 
of circulatory failure. The resulting decline in 
the perfusion of tissues and oxygen con¬ 
sumption contributes greatly to the animal’s 
decline and to the clinical signs, such as the 
dark red coloration of the oral mucosa. Res¬ 
piration is little affected except as it responds 
to the failing circulation. 

There is decreased liver function, and the 
damage to renal tubules and glomeruli 
causes a rise in plasma nonprotein nitrogen 
and the appearance of albuminuria. The 
functional tone and motility of the alimen¬ 
tary tract is reduced and the appetite fails; 
digestion is impaired, with constipation 
usually following. A similar loss of tone 
occurs in skeletal muscle and is manifested 
by weakness and terminally by prostration. 

Apart from the effects of specific toxins 
on the nervous system, such as those of Clos¬ 
tridium tetani and C. botulinum, there is a 
general depression of function attended by 
dullness, depression, and finally coma. 
Because of the suspected role of E. coli in 
the etiology of edema disease of swine, it is 
noteworthy that some of the characteristic 
nervous system lesions of that disease are 
missing from experimentally induced 
porcine colitoxicosis. Changes in the hemo¬ 
poietic system include depression of hemo¬ 
poiesis and an increase in the number of 
leukocytes—the type of cell that increases 
often varies with the type and severity of 
the toxemia. Leukopenia may occur but is 
usually associated with aplasia of the leuko- 
poietic tissue associated with viruses or spe¬ 
cific exogenous substances such as radioactive 
materials. Most of these pathophysiologic 
effects of endotoxicosis have been produced 
experimentally, and it is apparent that very 
small amounts of endotoxin can contribute 
greatly to the serious effects of intestinal 
disease, especially in the horse. 

Endotoxin Tolerance 

The repeated administration of lipopolysac- 
charide results in attenuation of the host 
response, which is known as endotoxin 
tolerance. This refractoriness to endotoxin- 
mediated effects comprises two phases. Early 
phase tolerance is transient, occurs within 
hours or days, and is not associated with 
antiendotoxin antibody production. Late 
phase tolerance requires several days to 


develop and is long lasting, antigen specific, 
and the result of antibody production. By 
this mechanism it is possible for individual 
animals to survive a dose of endotoxin lethal 
to the nontolerant individual. Experimen¬ 
tally, horses develop endotoxin tolerance fol¬ 
lowing sequential sublethal infusions of 
endotoxin. 

Hypersensitivity 

A secondary effect produced by some toxins 
is the creation of a state of hypersensitivity at 
the first infection so that a second infection, 
or administration of the same antigen, causes 
anaphylaxis or an allergic phenomenon such 
as purpura hemorrhagica. Also, a general¬ 
ized Schwartzman reaction can be induced 
in pigs by an injection of E. coli endotoxin, 
especially if there are two injections properly 
spaced (in time). Pigs on a vitamin E- 
deficient diet are much more severely affected 
than pigs on a normal diet. Vitamin E is pro¬ 
tective, but selenium is not. 

Other Infectious Toxins 

In mycoplasmosis ( Mycoplasma mycoides 
var. mycoides), at least part of the toxic effect 
is attributable to galactans contained in the 
toxins. These have a noticeably local effect in 
causing hemorrhages in alveolar ducts and 
pulmonary vessel walls so that pulmonary 
arterial blood pressure rises as systemic 
blood pressure falls. Later lesions are pulmo¬ 
nary edema and capillary thrombosis, which 
are characteristic of the natural disease of 
pleuropneumonia. Disseminated intravascu¬ 
lar coagulation is also a characteristic of the 
lesions associated with the toxin of Pseudo¬ 
monas spp. 

CLINICAL FINDINGS 
Acute Toxemia 

The clinical findings of acute toxemia in 
most nonspecific toxemias are similar. The 
syndrome varies with the speed and severity 
of the toxic process but the variations are 
largely of degree. Depression, anorexia, and 
muscular weakness are common in acute 
endotoxemia. Calves do not suck volun¬ 
tarily and may not have a suck reflex. Scant 
feces are common but a low-volume diarrhea 
may also occur. The heart rate is increased 
and initially the intensity of the heart sounds 
is increased, but later as the toxemia worsens 
the intensity may decrease. The pulse is weak 
and rapid but regular. A fever is common in 
the early stages of endotoxemia but later the 
temperature may be normal or subnormal. 
In neonatal calves, foals, and lambs a fever 
may not occur because of failure of thermo¬ 
regulation or deprivation of colostrum. Ter¬ 
minally, there is muscular weakness to the 
point of collapse, and death occurs in a coma 
or with convulsions. 

Anterior uveitis, manifested as lacrima- 
tion, blepharospasm, photophobia, corneal 
edema, conjunctival hyperemia, and fibrin in 
the anterior chamber are commonly present 


in septicemic foals. 7 Posterior segment 
lesions, such as multifocal hemorrhages, 
exudates, and focal retinal detachments may 
also be visible during ophthalmic examina¬ 
tion in foals with minor anterior segment 
changes. The presence of uveitis is associated 
with a lower survival rate in foals. 7 

Endotoxemia 

When toxin formation or liberation into the 
circulation is rapid and the toxicity of the 
toxin high enough, the onset of cardiovascu¬ 
lar collapse is rapid enough to cause a state 
of toxic or septic shock. The remarkable clini¬ 
cal findings are 

• Severe peripheral vasodilatation with a 
consequent fall in blood pressure 

• Pallor of mucosa 

• Hypothermia 

• Tachycardia 

• Pulse of small amplitude 

• Muscle weakness 

The syndrome is discussed also in the section 
on Shock, Endotoxemia, and Septic Shock. 
Endotoxemia is most commonly associated 
with bacteremia or septicemia caused by 
infection with gram-negative organisms, 
especially E. coli. 

The clinical findings of severe endotox¬ 
emia include the following: 

• Depression 

• Hyperthermia followed by hypothermia 

• Tachycardia followed by decreased 
cardiac output 

• Decreased systemic blood pressure 

• Cool skin and extremities 

• Diarrhea 

• Congested mucosae with an increased 
capillary refill time 

• Muscular weakness, leading to 
recumbency 

Renal failure is common and is characterized 
by anuria. If DIC develops, it is characterized 
by petechial and ecchymotic hemorrhages 
on mucous membranes and sclerae with a 
tendency to bleed from venipuncture sites. 

Chronic Toxemia 

Lethargy, separation from the group, inap¬ 
petence, failure to grow or produce, and 
emaciation are characteristic signs of chronic 
toxemia. 

Localized Infection 

With localized infections there are, in addi¬ 
tion to the general signs of toxemia, the clini¬ 
cal effects of a space-occupying lesion. These 
are presented under Localized infections. 

CLINICAL PATHOLOGY 
Hematology 

Changes in total and differential leukocyte 
numbers occur in endotoxemia. Leukocyto¬ 
sis and neutrophilia occur with mild endo¬ 
toxemia and leukopenia, neutropenia, and 
lymphopenia increase in severity and dura¬ 
tion with increasing severity of endotoxemia. 
Endotoxin-induced rebound neutrophilia 
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may occur and is attributed to an accelerated 
release of neutrophils from the bone marrow 
reserve into the circulation through genera¬ 
tion of the neutrophil-releasing factor. 

In experimental sublethal endotoxemia 
in foals 3 to 5 days of age, there is leukopenia 
followed by leukocytosis, hypoglycemia, 
increased prothrombin time and partial 
thromboplastin time, and mild hypoxemia. 

Coagulopathies are common in critically 
ill foals, particularly those with sepsis and 
septic shock. 8,9 Clinical evidence of bleeding 
is associated with severity of shock in neona¬ 
tal foals, and is present in 67% of septic shock 
foals, 39% of septic foals, and 13% of non- 
septic foals. 8 Septic foals demonstrate marked 
activation of the coagulation and fibrinolytic 
systems, and many meet the criteria for DIC. 
As a consequence, plasma concentration of 
D-dimer, a fibrin-linked degradation product 
from fibrinolysis, is increased in septic foals, 
with a normal plasma D-dimer concentra¬ 
tion having clinical utility as a predictor for 
the absence of sepsis. 9 

Serum Biochemistry 

A low plasma glucose concentration, high 
serum urea concentration, and a low serum 
albumin and total protein concentration 
are usually present in acute endotoxemia. 
Decreased albumin and total protein con¬ 
centrations are in response to increased cap¬ 
illary permeability, whereas the azotemia 
reflects a decreased glomerular filtration 
rate. Adult herbivores have a mild hypocal¬ 
cemia, hypomagnesemia and hypokalemia, 
and hypophosphatemia, which most likely 
reflects inappetence and decreased gastro¬ 
intestinal tract motility. Plasma iron con¬ 
centration is decreased, which reflects 
redistribution of iron to intracellular storage 
sites, particularly in the liver. Plasma zinc 
concentration is decreased via a cytokine- 
mediated redistribution of zinc to the intra¬ 
cellular compartment, possibly through the 
zinc transporter Zip 14. 10 Hypoferremia and 
hypozincemia are focused on decreasing the 
availability of important mineral elements 
for bacterial replication. High plasma corti¬ 
sol concentrations are associated with a 
higher mortality rate in sick neonatal foals. 11 

In more chronic toxemic states, a high 
serum total protein concentration, with 
globulins noticeably increased on electro¬ 
phoretic examination, is more common. 

Endotoxin 

Endotoxin can be detected in the platelet- 
rich plasma of critically ill horses and cattle 
using the chromogenic Limulus amoebocyte 
lysate (LAL) assay, which is a biologic test 
using the hemolymph of the horseshoe crab. 
The results of most studies indicate that 
higher plasma endotoxin concentrations in 
critically ill animals are associated with an 
increased mortality rate. 12 However, the LAL 
assay is not widely available and is usually 
run as a research test. 


NECROPSY FINDINGS 

Gross findings at necropsy are limited to 
those of the lesion that produces the toxin. 
Microscopically, there is degeneration of the 
parenchyma of the liver and the glomeruli 
and tubules of the kidney and the myocar¬ 
dium. There may also be degeneration or 
necrosis in the adrenal glands. 

TREATMENT 

The principles of treatment of endotoxemia 
or septic shock include (1) removal of the foci 
of infection; (2) administration of antimicro¬ 
bial agents with a gram-negative spectrum; 
(3) aggressive fluid and electrolyte therapy to 
combat the relative hypovolemia, systemic 
hypotension, hypoglycemia, and electrolyte 
and acid-base disturbances; and (4) NSAIDs 
or glucocorticoids for the inhibition of prod¬ 
ucts of the cyclooxygenase pathway. These 
four treatments are routinely applied and are 
called goal-directed therapy. Other treat¬ 
ments that may be applied in selected cases 
include the administration of inotropic 
agents or vasopressors, intravenous or intra¬ 
mammary administration of polymyxin B, 
continuous rate infusion of lidocaine, 
and intravenous administration of hyperim¬ 
mune plasma containing antibodies directed 
against core lipopolysaccharide antigens. 
Potential therapeutic agents under investi¬ 
gation (such as pentoxifylline, dimethyl 
sulfoxide, 123 tyloxapol, and insulin) cannot be 
currently recommended for treating endo- 
toxemic animals because of the lack of clini¬ 
cal studies in animals with naturally acquired 
endotoxemia. 

Endotoxemic or septic shock occurs 
when the animal is overwhelmed by an 
infection or endotoxemia. This is a complex 
disease that requires a rapid and comprehen¬ 
sive treatment plan, including those inter¬ 
ventions in the following sections. 

Removal of Foci of Infection 

Removal of endotoxin before it can be 
absorbed is an important cornerstone of 
treatment in foals and calves with omphalo¬ 
phlebitis, horses with ischemic or necrotic 
bowel, and lactating dairy cattle with coli- 
form mastitis. 

Antimicrobial Agents 
Bactericidal gram-negative antimicrobial 
agents are always indicated whenever there 
is evidence of septicemia or a localized infec¬ 
tion causing endotoxemia. The choice and 
route of administration will depend on the 
pathogens suspected of causing the infection 
and endotoxemia and the site of infection. 
The speed of kill of gram-negative bacteria 
may be an important clinical issue, because 
antimicrobial agents with a rapid kill (such 
as moxalactam) can produce a bolus release 
of endotoxin into the bloodstream by punch¬ 
ing multiple holes in the bacteria, causing a 
rapid explosion of the bacteria caused by 
osmotic fluid shifts and bolus release of 


endotoxin. Antimicrobial agents that alter 
the cell wall of gram-negative bacteria can 
theoretically produce a bolus release of endo¬ 
toxin when administered to animals with 
gram-negative septicemia. On this basis, 
p-lactam antibiotics effective against gram¬ 
negative bacteria should theoretically be 
avoided; however, clinical experience has 
not indicated deleterious effects following 
administration of P-lactam antibiotics. 
Moreover, coadministration of aminoglyco¬ 
sides blocks the potential bolus release of 
endotoxin by P-lactam antibiotics. However, 
it is clinically prudent to ensure that when¬ 
ever antimicrobial treatment is initiated 
in endotoxemic animals that NSAIDs are 
administered concurrently. It is also impor¬ 
tant to adjust dosage rates of water-soluble 
antibiotics in neonatal animals because some 
antibiotics, such as gentamicin in foals and 
ceftiofur in calves, have a larger volume of 
distribution and slower clearance in neonatal 
animals. 13 

Aggressive Fluid Therapy 

The intravenous infusion of large quantities 
of fluids and electrolytes is a high priority in 
the management of endotoxemia. Mainte¬ 
nance of peripheral perfusion is essential to 
any therapeutic regimen for treatment of 
endotoxic shock. Large volumes of isotonic 
fluids have been standard practice. Recent 
studies have identified concerns with bolus 
fluid resuscitation in septic patients, such as 
20 to 40 mL/kg in the first hour. 14,15 These 
findings suggest that rapid resuscitation 
should focus on the use of low-volume 
hypertonic saline, and that traditional high- 
volume crystalloid solution resuscitation 
should not use bolus administration. Instead, 
traditional high-volume crystalloid fluid 
resuscitation should focus on slower rates 
of administration (<20 mL/kg/h); lactated 
Ringer’s solution or other balanced electro¬ 
lyte solution should therefore be adminis¬ 
tered over several hours. A beneficial 
response is noted by the following: 

• Correction of peripheral 
vasoconstriction 

• Restoration of an acceptable pulse 
quality 

• Return of urine output 

• Increase in the central venous pressure 

• Restoration of mean arterial blood 
pressure to >65 mm Hg 

• Restoration of cardiac output 

• Restoration of oxygen delivery to 
acceptable levels 

It may be necessary to deliver fluids in 
amounts equivalent to 0.5 to 1.0 times the 
estimated blood volume of the animal over a 
period of several hours. 

Hypertonic Solutions 

The use of hypertonic saline, 7.5% NaCl, may 
enhance tissue perfusion and decrease the 
volume of subsequent fluids required for a 
beneficial response. Experimentally, the use 
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of hypertonic saline in sublethal E. coli endo¬ 
toxemia in mature horses was associated 
with a more effective cardiovascular response 
than was an equal volume of isotonic saline 
solution. Cardiac output is increased and 
peripheral vascular resistance is decreased 
compared with results for isotonic saline 
controls. Hypertonic saline rapidly expands 
the plasma volume and increases preload by 
acting as an effective osmotic agent in the 
extravascular compartment, causing a trans¬ 
location of fluid from the intracellular space 
and gastrointestinal tract. 

Hypertonic sodium bicarbonate is widely 
used for the initial treatment of metabolic 
acidosis in endotoxemic adult horses. 
However, in horses with experimental 
endotoxemia, hypertonic sodium bicarbon¬ 
ate did not normalize blood pH, and it 
increased blood L-lactate concentrations and 
caused hypokalemia, hypernatremia, and 
hyperosmolality. 

Glucose and Insulin Administration 

Glucose should always be included in the 
infusion fluids because hypoglycemia, 
increased glucose utilization, and inappe¬ 
tence are usually present in endotoxemic 
animals. The appropriate target range for 
plasma glucose concentration in septic 
humans and domestic animals is unknown. 
Hyperglycemia, hyperinsulinemia, and low 
leptin concentrations are associated with 
increased morbidity and mortality in horses, 
and endotoxemic horses have impaired 
glucose metabolism and decreased insulin 
sensitivity. 6 ' 16 Originally, blood glucose 
concentration was maintained at <180 to 
200 mg/dL, but recent approaches have 
focused on maintaining blood glucose con¬ 
centrations within the reference range for 
each species. 1 ' Coadministration of glucose 
(37 mg/kg/h, equivalent to 30 kcal/kg/day) 
and insulin (0.07 U/kg/h) as continuous rate 
infusions is effective in preventing hypogly¬ 
cemia in healthy adult horses and adult 
horses with experimentally induced endo¬ 
toxemia. 1 ' Continuous rate infusions of 
insulin appear to provide better glycemic 
control than intermittent subcutaneous 
insulin injections. 17 It should be noted that 
insulin has an affinity for binding to fluid 
administration lines. 

Inotropic Agents, Vasopressors, 
and Local Anesthetics 

Critically ill neonates and adults may require 
the administration of positive inotropic 
agents and vasopressor agents. Inotropic 
agents increase cardiac contractility, increas¬ 
ing cardiac output and oxygen delivery. 
Vasopressor agents increase systemic arterial 
blood pressure. Inotropic and vasopressive 
agents are usually administered for short 
periods of time during anesthesia or recov¬ 
ery from anesthesia. 

Dobutamine (0.5-1 pg/kg BW/min in 
adults and 1-3 pg/kg BW/min in neonates) 


is the inotropic agent of choice in large 
animals, although human studies prefer 
dopamine and norepinephrine. Dobutamine 
should be diluted in 0.9% NaCl, 5% dextrose, 
or lactated Ringers solution and the dose 
carefully titrated by monitoring heart rate 
and rhythm and blood pressure. Norepi¬ 
nephrine (0.01-1 pg/kg BW/min) is the 
vasopressor agent of choice in hypotensive 
animals that have not responded to intrave¬ 
nous fluid loading or dobutamine. Norepi¬ 
nephrine should be diluted in 5% dextrose 
and the dose titrated because there is marked 
individual variability in the response to nor¬ 
epinephrine administration. 

Lidocaine 1.3 mg/kg as bolus intrave¬ 
nous injection followed by a continuous rate 
infusion of 0.05 mg/kg/minute mitigated 
some of the effects of endotoxin administra¬ 
tion in healthy adult horses, but the effects 
were not profound and lidocaine was admin¬ 
istered 20 minutes after endotoxin adminis¬ 
tration. 18 Clinical studies of animals with 
naturally acquired endotoxemia or septic 
shock are needed before lidocaine adminis¬ 
tration can be recommended. 

Nonsteroidal Antiinflammatory 
Drugs 

The NSAIDs have been in general use for the 
treatment of endotoxemia because of their 
analgesic, antiinflammatory, and antipyretic 
properties. They suppress production of 
thromboxane and prostaglandins and reduce 
the acute hemodynamic response to endo¬ 
toxemia. Although NSAIDs are routinely 
administered to endotoxemic animals, a 
large-scale study in humans with severe 
sepsis failed to demonstrate an effect of ibu- 
profen on mortality, despite improvement in 
a number of clinical indices and decreased 
production of arachidonic acid metabolites. 

Flunixin meglumine is the NS AID most 
commonly used in the treatment of endotox¬ 
emia in horses and cattle and remains the 
NS AID of choice for treating this condition. 
It is a potent inhibitor of cyclooxygenase and 
its action on this enzyme to inhibit the syn¬ 
thesis of eicosanoids, such as prostaglandin 
E 2 , may explain the antiinflammatory action 
of the drug. Flunixin meglumine also modu¬ 
lates the acute hemodynamic changes and 
hyper L-lactatemia commonly seen during 
endotoxemia, which may increase survival 
rate. Endotoxin-stimulated production of 
thromboxane B 2 (a metabolite of thrombox¬ 
ane) and prostaglandin F la are blocked by 
flunixin meglumine at 0.25 and 0.1 mg/kg, 
respectively, which resulted in a widespread 
clinical use of an antiendotoxemic dose of 
0.25 mg/kg. However, the term antiendotox¬ 
emic effect should be discouraged because it 
is misleading, and a dose rate of 1.1 mg/kg 
BW IV every 12 hours is recommended in 
horses. Care should be taken to ensure ade¬ 
quate hydration in endotoxemic animals 
receiving multiple doses of flunixin meglu¬ 
mine. It is usually given intravenously US 


label is only for IV use in cattle at 1.1 to 
2.2 mg/kg BW every 24 hours. The oral 
administration of flunixin meglumine at 
2.2 mg/kg BW before experimentally induced 
endotoxemia in cattle exerted an effect equal 
to that after intravenous administration by 
minimizing the fever and prostaglandin F 2a 
metabolite concentration induced by the 
endotoxin administration. However, flunixin 
meglumine did not prevent the decrease in 
peripheral mononuclear cells and polymor¬ 
phonuclear leukocytes seen after endotoxin 
administration. The bioavailability of flu¬ 
nixin meglumine in cattle ranges from 53% 
to 60% in cattle and 80% to 86% in horses. 

Flunixin meglumine was superior to 
prednisolone and dimethylsulfoxide in pro¬ 
viding protection and mitigating the effects 
of experimental endotoxemia in calves, but 
it was only partially protective against the 
hypotension and hyper L-lactatemia and 
failed to alter the hypoglycemic effect. 
Although flunixin meglumine is the most 
widely used NSAID in endotoxemia, there is 
little experimental evidence demonstrating 
its efficacy over other NSAIDs. Ketoprofen, 
flunixin meglumine, ketorolac, and phenyl¬ 
butazone have been compared for treating 
experimental endotoxemia in calves. Each 
drug modified the response to endotoxin but 
none was clearly superior to the others in 
modulating the clinical signs. Phenylbuta¬ 
zone given to calves at 5 mg/kg BW/day 
intravenously for 5 days suppressed the clini¬ 
cal response to experimental endotoxin in 
neonatal calves with progressively increasing 
amounts of endotoxin until large amounts 
were given. There were no significant differ¬ 
ences between ketoprofen and flunixin 
meglumine in in vitro studies of the effects 
of the drugs on equine peripheral blood 
monocytes. An interesting finding in adult 
dairy cows with experimentally induced 
endotoxemia was that flunixin meglumine 
and phenylbutazone delayed the plasma 
clearance of endotoxin by 2 to 3 and 6 to 12 
times, respectively, suggesting that both 
NSAIDs may prolong the clinical signs of 
endotoxemia in cattle, possibly by interfering 
with hepatic metabolism. The clinical signifi¬ 
cance of this finding is unknown. Flunixin 
meglumine has been associated with 
impaired healing of the intestinal tract, 
injury to the gastrointestinal tract and 
kidneys, and increased intestinal permeabil¬ 
ity to lipopolysaccharide. 19 

Glucocorticoids 

Glucocorticoids (corticosteroids) have been 
used extensively in the past for the treatment 
of endotoxemia and shock. The rationale 
for the use of glucocorticoids includes the 
following: 

• Organelle and cell-membrane 
stabilization 

• Improved cellular metabolism and 
gluconeogenesis 

• Improved microcirculation 
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• Decreased production of endogenous 
toxins such as myocardial depressant 
factor 

• Decreased leukocyte activation and 
degranulation 

• Minimal reticuloendothelial depression 
and histologic organ damage 

The corticosteroids most commonly used in 
endotoxic shock were hydrocortisone, pred¬ 
nisolone, methylprednisolone, and dexa- 
methasone. However, these corticosteroids 
have been most beneficial therapeutically 
when given as a pretreatment in experimen¬ 
tal situations. Published evidence, based on 
controlled clinical trials, that corticosteroids 
are efficacious in naturally occurring cases of 
endotoxemic shock in humans and farm 
animals is lacking. 

Glucocorticoids improve capillary 
endothelial integrity and tissue perfusion, 
decrease activation of complement and the 
clotting cascade, decrease neutrophil aggre¬ 
gation, stabilize lysosomal membranes, 
protect against hepatic injury, and improve 
survival rate. However, there are concerns 
about their use in septicemic animals because 
they may cause immunosuppression. Large 
doses are required, which are cost-prohibitive 
in farm animals when they are used most 
commonly in acute cases and in doses such 
as 1 mg/kg BW of dexamethasone intrave¬ 
nously every 24 hours. It is currently thought 
that glucocorticoids, if they are to be 
clinically effective, must be given as early as 
possible to endotoxemic animals. Glucocor¬ 
ticoids are less frequently administered to 
endotoxemic animals as a result of a number 
of studies supporting the use of NSAIDs. 

Polymyxin B 

Polymyxin B is a cationic antibiotic that has 
an appropriate charge distribution to stoi- 
chiometrically bind to the lipid A moiety of 
lipopolysaccharide. Parenteral administra¬ 
tion of antimicrobial doses of polymyxin can 
lead to nephrotoxicity, neurotoxicity, and 
ototoxicity, but lower, nonnephrotoxic doses 
are effective in ameliorating the effects of 
endotoxin in horses. Specific endotoxin 
binding agents, such as intravenous poly¬ 
myxin B, are therefore theoretically benefi¬ 
cial and have shown some efficacy in 
endotoxemic foals and adult horses when 
administered at a recommended dose of 
1 mg (6000 U)/kg BW administered at 
8-hour intervals. 20,21 The benefits attributed 
to polymyxin B administration in endotox¬ 
emic animals are not profound, and defini¬ 
tive efficacy studies have not been completed 
in endotoxemic calves or horses with natu¬ 
rally acquired endotoxemia. In particular, 
because the efficacy of polymyxin B is 
focused against circulating lipopolysaccha¬ 
ride before it is bound to LBP, it is currently 
thought that polymyxin B, like glucocorti¬ 
coids, must be given as early as possible 
to endotoxemic animals if it is to be clinically 
effective. Attractive features of polymyxin B 


are its shelf-life and ease of storage, ease of 
administration (intravenous bolus), cost, 
and 8-hour duration of effect. 

Hyperimmune Serum and 
Plasma Transfusion 
Hyperimmune serum is commercially avail¬ 
able for the treatment of endotoxemia in the 
horse. The rationale is that antilipid A anti¬ 
bodies bind circulating lipopolysaccharide, 
preventing the subsequent inflammatory 
cascade. On theoretical grounds it is difficult 
for an antibody to competitively inhibit the 
strong binding affinity and high specificity 
between lipopolysaccharide and LBP. There 
are also difficulties with spatial hindrance 
between IgG and the R-core subfraction of 
lipopolysaccharide that contains lipid A. It is 
therefore difficult to think that antiserum 
against core lipopolysaccharide antigens will 
ever be therapeutically successful in animals 
with naturally acquired endotoxemia, and 
large-scale studies in septic humans have 
failed to observe a decrease in mortality fol¬ 
lowing the administration of hyperimmune 
core-lipopolysaccharide plasma. However, 
the administration of plasma containing 
antiserum has many theoretical advantages 
separate from those of endotoxin neutraliza¬ 
tion, and it may be that plasma transfusion 
alone is beneficial. 

The use of antiserum to the rough mutant 
of E. coli 0111 :B4(J-5) as a treatment of 
experimental or naturally acquired endotox¬ 
emia has been demonstrated in some, but 
not all, studies in adult horses but not in foals 
and calves. One study in foals indicated that 
the administration of hyperimmune serum 
resulted in a worsening of the clinical signs 
and augmented release of TNF-a and IL-6. 
A later study identified a higher survival rate 
to discharge for septic and critically ill foals 
receiving hyperimmune plasma rich in anti- 
endotoxin antibodies; however, survival rate 
in a subset of the foal population that had 
gram-negative septicemia was not signifi¬ 
cantly altered by plasma administration. 22 
Antiserum does not appear as rational a 
treatment for neutralizing circulating lipo¬ 
polysaccharide as polymyxin B and, for this 
reason, the administration of hyperimmune 
plasma or serum should probably be reserved 
for animals that fail to improve after poly¬ 
myxin B administration. 

Pentoxifylline and Ethyl Pyruvate 

Pentoxifylline is a methylxanthine derivative 
that has been used in foals with septicemia 
because it has been shown to suppress pro¬ 
duction of TNF-a in a dose-dependent 
manner. Oral administration of pentoxifyl¬ 
line at 10 mg/kg BW produces serum con¬ 
centrations similar to those achieved at 
therapeutic levels in humans when adminis¬ 
tered every 12 hours. 23 Clinical trials admin¬ 
istering pentoxifylline in large animals with 
naturally occurring endotoxemia or septic 
shock have not been performed. 


Ethyl pyruvate is a stable derivative of 
pyruvate that has been shown to diminish the 
clinical effects of endotoxemia when rapidly 
administered to horses intravenously at 
150 mg/kg BW in lactated Ringer’s solution 
immediately after endotoxin administra¬ 
tion. 15,24 The mechanism of action is thought 
to be via binding to NF-kB and diminished 
expression of proinflammatory cytokines. 
There is a potential for synergism between 
ethyl pyruvate and flunixin meglumine in the 
treatment of endotoxemia in horses, but clin¬ 
ical trials have not been performed. 

Anticoagulants 

Disseminated intravascular coagulation 
(hypercoagulative states) can be treated with 
heparin in an attempt to impair intravascular 
coagulation. Much of the knowledge regard¬ 
ing DIC in endotoxemia has been extrapo¬ 
lated from species other than large animals, 
and there is little objective information avail¬ 
able to guide the clinical use of anticoagu¬ 
lants in endotoxemic large animals. Instead, 
the focus of treatment should be aggressive 
intravenous fluid administration to maxi¬ 
mize microcirculation. 

CONTROL OF ENDOTOXEMIA 

The hallmarks of a control program are to 
decrease the risk or prevent neonatal septi¬ 
cemia, institute early and aggressive treat¬ 
ment of gram-negative bacterial infections, 
and ensure prompt surgical removal of 
ischemic and damaged intestine. Vaccines 
based on core lipopolysaccharide antigens 
are widely used in North America to decrease 
the incidence and severity of gram-negative 
mastitis in lactating dairy cows (see Chapter 
20) and gram-negative infections in pigs, but 
similar vaccination protocols have not been 
developed for horses, small ruminants, and 
New World camelids, which are also at risk 
for endotoxemia. 

FURTHER READING 

Dellinger RP, Levy MM, Carlet JM, et al. Surviving 
sepsis campaign: international guidelines for 
management of severe sepsis and septic shock: 

2008. Crit Care Med. 2008;36:296-327. 

Dunkel B, Corley KTT. Pathophysiology, diagnosis and 
treatment of neonatal sepsis. Equine Vet Educ. 
2015;27:92-98. 

Lewis DH, Chan DL, Pinheiro D, et al. The 

immunopathology of sepsis: pathogen recognition, 
systemic inflammation, the compensatory 
anti-inflammatory response, and regulatory T cells. 

/ Vet Intern Med. 2012;26:457-482. 

Moore JN, Vandenplas ML. Is it the systemic 

inflammatory response syndrome or endotoxemia 
in horses with colic? Vet Clin Equine. 
2014;30:337-351. 

Osterbur K, Mann FA, Kuroki K, DeClue A. Multiple 
organ dysfunction syndrome in humans and 
animals. / Vet Intern Med. 2014;28:1141-1151. 

Patel GP, Balk RA. Systemic steroids in severe sepsis and 
septic shock. Am J Resp Crit Care Med. 
2012;185:133-139. 

Russell JA. Management of sepsis. N Engl J Med. 
2006;355:1699-1713. 





Taylor S. A review of equine sepsis. Equine Vet Educ. 
2015;27:99-109. 

Werners AH, Bryant CE. Pattern recognition receptors 
in equine endotoxemia and sepsis. Equine Vet J. 
2012;44:490-498. 

REFERENCES 

1. Elasser TH, et al. / Appl Physiol. 2005;98:2045. 

2. Silva A, et al. Vet Immunol Immunopathol. 
2013;155:264. 

3. Dembek KA, et al. / Vet Intern Med. 2013;27:331. 

4. Corley KTT, et al. Equine Vet J. 2007;39:84. 

5. Ballou MA, et al. Vet Immunol Immunopathol. 

2011;141:76. 

6. Barsnick RJIM, et al. J Vet Intern Med. 2011;25:123. 

7. Leiva M. / Vet Intern Med. 2010;24:391. 

8. Bentz Al, et al. J Vet Intern Med. 2009;23:161. 

9. Armengou L, et al. / Vet Intern Med. 2008;22:411. 

10. Wang J, et al. Am J Vet Res. 2007;68:529. 

11. Armengou L, et al. / Vet Intern Med. 2013;27:567. 

12. Senior JM, et al. Equine Vet J. 2011;43:585. 

12a. Kelmer G, et al. Equine Vet J. 2008;40:358. 

13. Burton AJ, et al. Equine Vet J. 2013;45:507. 

14. Maitland K, et al. N Engl J Med. 2011;364:2483. 

15. Hilton AK, Bellomo R. Crit Care. 2012;16:302. 

16. McGovern KF, et al. J Vet Intern Med. 2013;27:347. 

17. Han JH, et al. Am J Vet Res. 2011;72:522. 

18. Peiro JR, et al. / Vet Intern Med. 2010;24:940. 

19. Jacobs CC, et al. Equine Vet J. 2013;45:333. 

20. Wong DM, et al. / Am Vet Med Assoc. 2013;243: 
874. 

21. Morresey PR, et al. Am J Vet Res. 2006;67:642. 

22. Peek SF, et al. / Vet Intern Med. 2006;20:569. 

23. Liska DA, et al. Am J Vet Res. 2006;67:1621. 

24. Schroeder EL, et al. Equine Vet J. 2011;43:341. 


Toxemia in the Recently 
Calved Cow 

A special occurrence of toxemia of major 
importance in food-animal practice is that 
caused by several diseases in the period 
immediately after calving in the dairy cow 
(and less frequently the beef cow). The syn¬ 
drome is characterized clinically by lack of 
appetite, marked reduction in milk yield, 
reduced ruminal and intestinal activity, dull¬ 
ness, lethargy, and a fever. The term parturi¬ 
tion syndrome has been used in the past but 
is no longer recommended, because its 
general adoption could dissuade clinicians 
from seeking more accurate identification of 
the component disease. 

The diseases commonly included in the 
broad category of periparturient toxemia are 
as follows: 

• Acetonemia 

• Fat cow syndrome and pregnancy 
toxemia 

• Mastitis 

• Peritonitis 

• Puerperal metritis 

A brief account of puerperal metritis in cattle 
is provided here because of the common 
occurrence of puerperal metritis and the 
profound nature of the systemic signs of 
illness in affected cattle. All the other dis¬ 
eases are described under their respective 
headings in this book. 
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PUERPERAL METRITIS IN CATTLE 

Puerperal metritis occurs primarily in dairy 
cows within the first 7 days after parturition 
(but up to 21 days after parturition) and is 
characterized clinically by systemic signs of 
sickness including fever (>39.5°C); dullness; 
inappetence; increased heart rate; low milk 
production; an enlarged uterus for the 
number of days postpartum with poor 
uterine tone; and a copious, foul-smelling 
red-brown watery uterine discharge, with or 
without retention of the fetal membranes. 
Puerperal metritis is one of the most costly 
diseases of dairy cattle, with an estimated 
total cost per case of $329 to $386. Clinical 
metritis is defined as the presence of an 
abnormally enlarged uterus and a purulent 
uterine discharge detectable in the vagina 
within 21 days postpartum in an animal that 
is not systemically ill. This should be com¬ 
pared with clinical endometritis, which is 
characterized by the presence of a purulent 
(>50% pus) uterine discharge detectable in 
the vagina 21 days or more after parturition, 
or the presence of a mucopurulent (approxi¬ 
mately 50% pus and 50% mucus) discharge 
detectable in the vagina 26 days or more after 
parturition. 

ETIOLOGY 

The etiology is multifactorial. It is assumed 
that a combination of impaired neutrophil 
function; abnormal postpartum uterine 
involution, often with retained fetal 
membranes; and infection of the uterus 
precipitates the disease. A mixed bacterial 
flora is common, which includes organisms 
such as Trueperella (Arcanobacterium or 
Actinomyces or Corynebacterium) pyogenes, 
Fusobacterium necrophorum, Prevotella mel- 
aninogenica, Bacteroides spp. Streptococcus 
uberis; these commonly predominate as a 
mixed flora in cows with retained placenta 
and postpartum metritis, particularly after 5 
to 7 days postpartum. Other observations 
found that E. coli predominates in cows with 
retained placenta, particularly in the first 5 
to 7 days postpartum. Staphylococcus spp., 
Streptococcus spp., Pseudomonas aeruginosa, 
Proteus spp., and occasionally Clostridium 
spp. are also present; the last can occasionally 
result in tetanus if C. tetani proliferates. 
High-throughput automated DNA pyrose- 
quencing of uterine fluid from dairy cows 
with metritis on postpartum days 1 to 3 and 
8 to 10 indicated that Fusobacterium and 
Bacteroides accounted for more than 83% of 
all bacterial DNA. 1 Slow-growing facultative 
anaerobic gram-positive bacteria ( Helcococ- 
cus kunzii and FI. ovis) have also been cul¬ 
tured from the uterine fluid in dairy cows 
with puerperal metritis. 2 

The current view is that E. coli coloniza¬ 
tion within the first 3 days after parturition 
creates a suitable intrauterine environment 
that leads to puerperal metritis by facili¬ 
tating the establishment and persistence 


of F. necrophorum and other gram-negative 
anaerobic bacteria in the endometrium and 
uterine lumen. Early intrauterine coloniza¬ 
tion with E. coli strains that carry the viru¬ 
lence factor fimH that facilitate adhesion to 
endometrial epithelial and stromal cells 
increases the odds of developing metritis by 
4.6 to 4.7. 3 Clinical signs of puerperal metri¬ 
tis are most likely caused by intrauterine 
colonization with the strict anaerobic bacte¬ 
ria F. necrophorum and the facultative anaer¬ 
obe T. pyogenes, which are the most likely 
source for the fetid odor of affected cattle. 
Another important virulence factor for 
developing metritis appears to be IktA (leu- 
kotoxin) of F. necrophorum , 3 Together, this 
sequential colonization pathway suggests 
that decreasing fecal contamination of the 
vagina and uterine lumen (and therefore the 
colonization by E. coli ) in the immediate 
postpartum period should decrease the inci¬ 
dence of puerperal metritis in cattle. Inter¬ 
estingly, it appears that uterine colonization 
by E. coli in the early postpartum period 
increases the risk of puerperal metritis but 
decreases the risk of clinical endometritis, 
whereas uterine colonization by S. uberis in 
the early postpartum period increases the 
risk of clinical endometritis. 4 

EPIDEMIOLOGY 

The disease occurs in cows of all ages but is 
most common in mature dairy cows within 
2 to 10 days of parturition. Factors strongly 
associated with an increased incidence of 
puerperal metritis include: 

• Large herds 

• Dystocias 

• Retained fetal membranes 

• Decreased feed intake in the last 

2 weeks before parturition’ 

• Overconditioning or underconditioning 

of cows 

Puerperal metritis is most common in cows 
with fetal membranes retained for more than 
24 hours following parturition. Several cause 
and effect relationships have been implicated 
for retained placenta in cattle, with impaired 
neutrophil function being the most likely 
underlying cause. 

Retention of fetal membranes is associ¬ 
ated most commonly with abortion, dysto¬ 
cia, and multiple births. The most commonly 
used definition is the presence of fetal mem¬ 
branes 12 hours or more following parturi¬ 
tion but retention for more than 6 to 8 hours 
is the time limit set, particularly in older 
cows. Approximately 10% of dairy cows have 
retained fetal membranes after parturition. 
The incidence between herds ranges from 3% 
to 27%. In single calvings the incidence is 
about 10% and in twin calvings 46%. Puer¬ 
peral metritis occurs in about 50% of cows 
with retained placenta, and puerperal metri¬ 
tis is 25 times more likely to occur with 
retained placenta than without. Other less 
common risk factors for retained placenta 
include the following: 
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• Old age 

• Increased gestation length 

• Hormone-induced parturition 

• Fetal anasarca 

• Uterine prolapse 

• Fetotomy 

The factors that are associated with retention 
of the placenta are indirectly associated with 
the development of puerperal metritis. The 
forceful removal of retained placenta, par¬ 
ticularly in the first 4 days postpartum, is 
also considered to be a major predisposing 
factor to puerperal metritis. Recent work 
indicates that the fundamental cause of 
retained placenta is impaired neutrophil 
function, in which the ability of the maternal 
immune system to recognize the placenta as 
“foreign” tissue is impaired. Specifically, the 
separation of a placenta from healthy carun¬ 
cles in a normal calving depends on incom¬ 
patibility between maternal and fetal major 
histocompatibility complex Class I expressed 
on the epithelium within the fetomaternal 
unit. 5 In other words, retained placenta is an 
indication of an impaired immune system, 
which may be secondary to periparturient 
deficiency of vitamin E or selenium, or a 
greater degree of negative energy balance 
prepartum. Lack of uterine motility is 
thought to play a minimal to no role in the 
development of retained placenta and puer¬ 
peral metritis. 

Uncomplicated cases of retained fetal 
membranes in cattle have no significant 
effect on subsequent fertility and the calving- 
to-conception interval. However, it is signifi¬ 
cantly increased in cows that develop 
puerperal metritis as a sequel to retained 
fetal membranes. Vitamin E and selenium 
deficiency, placentitis, and vitamin A defi¬ 
ciency have also been suggested as factors. 

PATHOGENESIS 

Failure of normal uterine involution com¬ 
bined with retention of the fetal membranes 
and infection of the uterus with a mixed bac¬ 
terial flora results in puerperal metritis and 
a severe toxemia. There is diffuse necrosis 
and edema of the mucosa and wall of the 
uterus. There is marked accumulation of 
foul-smelling fluid in the uterus and enlarge¬ 
ment of the uterus. Absorption of toxins 
results in severe toxemia, particularly in fat 
cows, which may develop irreversible fatty 
degeneration of the liver. 

CLINICAL FINDINGS 

Affected cows become acutely anorexic and 
toxemic within 2 to 10 days after parturition. 
There is a marked drop in milk production. 
The temperature is usually elevated, in the 
range of 39.5 to 41.0°C, but may be normal 
in the presence of severe toxemia. A consen¬ 
sus has not been reached on the threshold 
rectal temperature cut point for a diagnosis 
of toxic metritis, because increased ambient 
temperatures in summer also increase 
core body temperature, and dystocia-related 
trauma in primiparous cattle appears to 


increase rectal temperature. The optimal 
rectal temperature cut point indicating a cow 
has puerperal metritis during the first 10 
days in milk in dairy cattle is approximately 
>39.5°C (range is >39.2°C to >39.7°C), with 
the cut point higher for primiparous than 
multiparous cattle. 6,7 It has become popular 
on some large dairies to measure the rectal 
temperature each morning for the first 10 
days of lactation, primarily as a screening test 
for puerperal metritis. One study suggested 
that rectal temperature measurement from 
day 5 to 10 of lactation was sufficient, because 
this protocol did not negatively impact the 
ability to successfully treat cases of puerperal 
metritis that are diagnosed before day 5 of 
lactation. 8 Although an elevated rectal tem¬ 
perature is considered a requirement for a 
diagnosis of puerperal metritis, it is impor¬ 
tant to recognize that some cows can have 
systemic signs of illness and a serosangui- 
nous uterine discharge and a normal rectal 
temperature. An elevated rectal temperature 
in the 5 to 10 day postpartum period should 
not be used as the sole criteria for a diagnosis 
of clinical metritis, because this will lead to 
overtreatment of healthy cows. For example, 
14% to 66% of healthy cattle exhibit at 
least one rectal temperature >39.5°C in the 
first 10 days of lactation, 59% of cows with 
clinical metritis maintain a rectal tempera¬ 
ture <39.5°C, and rectal temperature is 
impacted by the age of the animal, environ¬ 
mental conditions, and the method used to 
measure rectal temperature. 9 

The heart rate is usually elevated and may 
range from 96 to 120 beats/min. The respira¬ 
tory rate is commonly increased to 60 to 72 
breaths/min, and the breath sounds may be 
louder than normal. Rumen contractions 
may be markedly depressed or absent. A 
foul-smelling fluid diarrhea may occur. Mild 
to moderate dehydration is common because 
affected cows do not drink normally. 

Retention of the fetal membranes is 
common, and manual examination of the 
vagina reveals the presence of copious quan¬ 
tities of foul-smelling, dark brown to red 
fluid containing small pieces of placenta 
pooled in the vagina. When the fetal mem¬ 
branes are retained and protruding through 
the cervix, the hand can usually be inserted 
through the cervix and into the uterus. 
Manual exploration of the uterine cavity will 
usually reveal the state of adherence of the 
fetal membranes. Often the fetal cotyledons 
are firmly attached to the maternal caruncles, 
but occasionally they have separated from 
the caruncles and the placenta can be 
removed by simple traction. 

Rectal examination usually reveals that 
the uterus is large, flaccid and lacks the lon¬ 
gitudinal ridges that indicate normal rate of 
involution. In large cows the enlarged, flaccid 
uterus may be situated over the pelvic brim 
extending into the ventral part of the 
abdomen and thus may not be easily palpa¬ 
ble and examined. This is an important 
finding because the fetal membranes may be 


fully retained in the uterus and no evidence 
of their presence may be detectable on exam¬ 
ination of the vagina and the cervix, which 
may be almost closed, making examination 
of the uterus impossible. 

The presence of viscid, nonodorous 
mucus in the cervix and anterior part of the 
vagina usually, but not always, indicates that 
the fetal membranes have been expelled. 
When evidence of a retained placenta and 
puerperal metritis cannot be found on exam¬ 
ination of the reproductive tract, either 
by rectal palpation or vaginal examination, 
and if the history indicates some uncertainty 
about the disposition of the placenta, a 
retained placenta and puerperal metritis 
should be considered until proven other¬ 
wise. Persistent toxemia, tachycardia (100- 
120 beats/min), anorexia, and rumen stasis 
that cannot be explained by any other disease 
should arouse suspicion of septic metritis 
until proved otherwise. 

Tenesmus occurs most commonly when 
the fetal membranes are retained and this 
causes irritation in the vagina. Manual exam¬ 
ination of the vagina may also stimulate 
tenesmus. 

The course of the disease varies from 2 to 
10 days. Those cases with retained fetal 
membranes may be toxemic and not return 
to normal appetite until the membranes are 
fully expelled, which may take up to 10 days. 
Necrotic pieces of placenta may be passed for 
10 to 14 days after treatment is begun. 

CLINICAL PATHOLOGY 
Hematology 

Leukopenia, neutropenia, and a degenerative 
left shift occur in acute cases and the degree 
of change parallels the severity of the disease 
and reflects the absorption of endotoxin 
from the uterine lumen. Bacteremia caused 
by Bacillus spp. has been identified in 53% 
(9/17) of cattle with puerperal metritis; 
however, bacteremia did not reflect the most 
common isolates from the uterus of affected 
cattle. 10 The prevalence of bacteremia in 
healthy dairy cattle at the same stage of lacta¬ 
tion (53%, 8/15) was similar to that of cattle 
with puerperal metritis. 

Vaginal/Uterine Fluid 
Samples of fluid from the vagina and 
uterus reveal a mixed bacterial flora includ¬ 
ing E. coli, F. necrophorum, T. pyogenes, 
Proteus spp., Staphylococcus spp. and Strepto¬ 
coccus spp., with the predominant bacteria 
varying mainly with time since parturition. 
Generally, E. coli predominates in the first 5 
days after parturition, whereas F. necropho¬ 
rum and T. pyogenes predominate after the 
first 5 days in cattle with retained placenta. 
Uterine lochia of cattle with retained pla¬ 
centa had a much higher endotoxin concen¬ 
tration in the first 2 days postpartum than 
did lochia of healthy cattle or cattle that 
had undergone a dystocia but did not 
have retained placenta. Endotoxin was not 
detected in the plasma of cattle with high 
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lochial endotoxin concentrations, indicating 
effective systemic clearance. 

Other Samples and Tests 
Ketonuria may occur in animals that are 
overconditioned and mobilize excessive 
quantities of depot fat, resulting in ketosis. 
Liver function tests reveal a decrease in liver 
function, which may be irreversible in exces¬ 
sively fat cows. A study evaluating the detec¬ 
tion of the fetid smell of puerperal metritis 
indicated considerable subjectivity into the 
classification of healthy and diseased animals, 
whereas an instrument that acted as an “elec¬ 
tronic nose” was more repeatable but not 
sufficiently accurate for on-farm use. 11 A sub¬ 
sequent reanalysis focusing on days 2, 5, and 
10 using a proprietary algorithm suggested 
that test performance could be improved. 12 

NECROPSY FINDINGS 

The uterus is enlarged, flaccid and may 
contain several liters of dark brown, foul¬ 
smelling fluid with decomposed fetal mem¬ 
branes. The uterine mucosa is necrotic and 
hemorrhagic and the wall of the uterus is 
thickened and edematous. In severe cases, 
fibrin may be present on the serosal surface 
of the uterus. The liver may be enlarged and 
fatty and there is usually mild degeneration 
of the myocardium and kidneys. The pres¬ 
ence of perineal, perivulvar, and perivaginal 
gelatinous or hemorrhagic edema along 
longitudinal vulvar, vaginal, cervical, and 
uterine body tears is suggestive of infection 
with C. septicum. li 

Fat Cow Syndrome 

This is characterized by excessive body con¬ 
dition, anorexia to inappetence, ketonuria, a 
marked loss in milk production, decreased 
rumen movements, and delayed involution 
of the uterus. The temperature is usually 
normal but the heart and respiratory rates 
may be increased. The prognosis is poor in 
cows that are totally anorexic; those that are 
inappetent will usually recover after 5 to 7 
days of supportive therapy. 

Acute Diffuse Peritonitis 

This may occur in cows within a few days 
postpartum and is characterized by anorexia, 
toxemia, a spontaneous grunt, or one that 
can be elicited by deep palpation, rumen 
stasis, fever and the presence of an inflam¬ 
matory exudate in the peritoneal fluid. 

Peracute and Acute Mastitis 

This occurs in cows within a few days after 
parturition and is characterized by severe 
toxemia, swelling of the affected quarters, 
and abnormal milk. 

TREATMENT 
Conservative Therapy 

Uncomplicated cases of retained fetal mem¬ 
branes without any evidence of clinical 
toxemia usually do not require parenteral 
or intrauterine treatment. The placenta is 


typically retained for an average of 7 days. 
Cows with retained fetal membranes and 
tenesmus should be examined vaginally to 
ensure that there is no evidence of injury to 
the vagina or cervix. In cows with tenesmus, 
if the placenta is detached and loose it should 
be removed by careful traction. Forceful 
removal of the placenta should be avoided. 

Antimicrobial Agents 

Cows with retained fetal membranes but 
without systemic illness should be moni 
tored, but treatment with antimicrobial 
agents is not indicated. Antibiotic treatment 
with IV or IM oxytetracycline (10 mg/kg 
BW, daily) before placental shedding delays 
detachment of the placenta; this finding is 
consistent with the concept that intrauter¬ 
ine bacterial infection facilitates placental 
detachment. 

Cows with retained fetal membranes 
complicated by septic metritis and toxemia 

should be treated with antimicrobial agents 
daily for several days or until recovery occurs. 
Death can occur in untreated animals. 
Because of the mixed bacterial flora in the 
postpartum uterus with a retained placenta, 
broad-spectrum antimicrobials are recom¬ 
mended. Procaine penicillin (22,000 U/kg 
BW intramuscularly every 12-24 h) and cefti- 
ofur (1-2.2 mg/kg BW intramuscularly every 
24 h) for 3 to 5 days are preferred treatments, 
with some support from clinical trials for the 
administration of ampicillin (10-11 mg/kg 
BW intramuscularly) 14 or oxytetracycline 
(11 mg/kg BW intravenously every 24 h) for 3 
to 5 days. Ceftiofur increases the cure rate and 
milk yield and decreases rectal temperature 
when administered to dairy cows with fever 
and vaginal discharge or dystocia. Subcutane¬ 
ous administration of ceftiofur (1 mg/kg BW) 
achieves concentrations of ceftiofur deriva¬ 
tives in uterine tissue and lochial fluid that 
exceeded the reported minimal inhibitory 
concentrations for common metritis patho¬ 
gens. Treatment with a longer acting formula¬ 
tion of ceftiofur (ceftiofur crystalline free 
acid) subcutaneously into the base of the ear 
at 6.6 mg/kg may not provide an adequate 
duration of antibiotic concentration in endo¬ 
metrial tissue and lochia in cows with puer¬ 
peral metritis, and current data do not 
support using this one-dose ceftiofur treat¬ 
ment regimen instead of daily subcutaneous 
ceftiofur injections for 3 to 5 days. 15 A recent 
randomized clinical trial indicated that the 
administration of ceftiofur crystalline free 
acid (6.6 mg/kg) subcutaneously twice into 
the base of the ear on days 0 and 3 was effec¬ 
tive in treating puerperal metritis, with the 
second dose given in the opposite ear. 16 Care 
should be exercised when injecting ceftiofur 
crystalline free acid subcutaneously into 
the base of the ear because acute death has 
been associated with neurologic sequelae 
caused by intraarterial injection. Ampicillin 
increased the pregnancy rate and decreased 
the cure rate, compared with ceftiofur, in 
cattle that were also treated with intrauterine 


ampicillin and cloxacillin. Generally, oxytet¬ 
racycline use should be confined to the first 5 
to 7 days postpartum when E. coli predomi¬ 
nates, because it is likely to be ineffective 
against T. pyogenes in the endometrium. Oxy¬ 
tetracycline at 30 mg/kg BW intravenously as 
a single dose in cows with retained fetal mem¬ 
branes resulted in concentrations of the anti¬ 
microbial in uterine secretions, placenta, and 
cotyledon for 32 to 36 hours. Two intramus¬ 
cular injections of regular formulations of 
oxytetracycline at 25 mg/kg BW resulted in 
lower peak concentrations, but these were 
maintained for 144 hours. Parenteral oxytet¬ 
racycline appears to decrease endotoxin pro¬ 
duction, as indicated by the severity of 
leukopenia in cattle with retained placenta. 

In severely affected cases, large amounts 
of balanced isotonic crystalloid fluids, elec¬ 
trolytes, and glucose by continuous intrave¬ 
nous infusion may be necessary and often 
result in a marked beneficial response within 
24 to 48 hours. The uterus should always be 
examined by palpation per rectum and vagi¬ 
nally to determine the degree of uterine invo¬ 
lution, the thickness of the uterine wall, the 
volume of the uterus, the nature of the luminal 
contents, and the degree of attachment of the 
placenta to the cotyledons. This can be done 
daily to assess progress. Uterine fluids should 
be drained by creating a siphon if sufficiently 
liquid in nature, although care must be taken 
to ensure that the tube does not penetrate a 
friable uterine wall. The placenta will invari¬ 
ably be expelled within 6 to 8 days, and usually 
within 4 to 6 days, if parenteral antimicrobial 
and supportive therapy is provided. The use 
of antimicrobial agents must be accompanied 
by appropriate withdrawal periods for the 
milk produced by treated animals. 

Intrauterine Medication 

The necessity for intrauterine medication is 
controversial. There is limited evidence, if 
any, that the intrauterine infusion of antimi¬ 
crobial agents with or without lytic enzymes 
and estrogens has any beneficial effect on the 
treatment of puerperal metritis. Neverthe¬ 
less, a wide variety of antimicrobial agents 
have been used for intrauterine medication 
for retained placenta and metritis in cows, 
although generally (3-lactam-resistant anti¬ 
biotics should be administered because the 
uterine lumen can contain (3-lactamase- 
producing bacteria. Intrauterine infusion of 
0.5 g of the first-generation cephalosporin 
cephapirin improved the reproductive per¬ 
formance of cows with metritis, but only 
when administered after 26 days in milk. 
Intrauterine infusion of 1 g of the third- 
generation cephalosporin ceftiofur in 20 ml 
of sterile water once between 14 and 20 days 
of lactation had no effect on reproductive 
performance but decreased the risk of culling 
and increased the time to culling. 

Tetracycline products (5-6 g) are com¬ 
monly administered but should be adminis¬ 
tered as a powder dissolved in an appropriate 
volume of 0.9% NaCl, because vehicles such 
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as propylene glycol can irritate the endome¬ 
trium. Intrauterine infusion of oxytetracy- 
cline decreases lochial odor and the incidence 
of fever in cattle with retained placenta. The 
combination of 8 g of oxytetracycline dehy¬ 
drate (40 ml of solution) by intrauterine 
infusion through a disposable uterine cath¬ 
eter twice at 72 to 96 h apart and amoxicillin 
trihydrate (15mg/kg BW intramuscularly 
every 48 hours for a total of three injections) 
increased conception rate at first insemina¬ 
tion and percent pregnant at 150 days in milk 
compared with treatment with amoxicillin 
alone. 1 ' In cattle with retained placenta, 
intrauterine administration of a povidone- 
based oxytetracycline solution (5 g daily 
until expulsion) combined with fenpros- 
talene (1 mg subcutaneously) did not alter 
the time to detachment of the placenta but 
increased the frequency of pyometra; this 
finding was consistent with the concept that 
intrauterine bacterial infection facilitates 
placental detachment. Milk from cows 
treated by intrauterine infusion of antimicro¬ 
bial agents should be discarded for an appro¬ 
priate period of time to avoid illegal residues. 
Generally, intrauterine treatment may 
achieve effective endometrial antibiotic con¬ 
centrations, but antibiotic concentrations in 
deeper myometrial tissue are usually too low 
to be effective, hence, the preference for sys¬ 
temic treatment in cattle with puerperal 
metritis. 

Intrauterine administration of antiseptics 
(0.5% povidone iodine, 0.1% chlorhexidine), 
hyperosmotic agents (7.2% NaCl solution, 
50% dextrose), and proprietary organic for¬ 
mulations 18 as a lavage or infusion has been 
done, particularly on organic dairies, but 
studies with a negative control group dem¬ 
onstrating efficacy are lacking. 

Ancillary Treatment and Control 

Portions of retained placenta protruding 
from the vagina should be wrapped in a 
plastic rectal sleeve to minimize wicking of 
fecal bacteria after defecation, although this 
supposition has not been verified. Alterna¬ 
tively, protruding remnants of placenta can 
be excised, although this may prolong to the 
time to expulsion because the decreased pla¬ 
cental weight may interfere with traction on 
the remaining placenta in the uterine lumen. 
Complete manual removal is often requested 
by the producer but is not recommended 
because studies have not demonstrated its 
efficacy. 

Nonsteroidal antiinflammatory drugs are 
often administered as part of the initial treat¬ 
ment of toxic metritis, purportedly to address 
fever and clinical signs of endotoxemia. The 
administration of one dose of the NS AID 
flunixin meglumine (2.2 mg/kg intrave¬ 
nously) at the start of treatment of puerperal 
metritis in dairy cows in addition to antibiot¬ 
ics did not improve the outcome compared 
with administration of antibiotics alone. 19 
The addition of flunixin meglumine (1.1 mg/ 


kg, route not stated, daily for 3 days) to the 
treatment of puerperal metritis in dairy cows 
with parenteral ceftiofur (1 mg/kg, subcuta¬ 
neously or intramuscularly [route of admin¬ 
istration not clear] daily for 5 days) did not 
improve the clinical cure rate, serum or 
blood concentrations of inflammatory bio¬ 
markers such as serum amyloid A and fibrin¬ 
ogen, or the elimination of bacteria from the 
uterus. 20 

The infusion of collagenase solution 
(200,000 U dissolved in 1 L of 0.9% NaCl 
containing 40 mg calcium chloride and 
sodium bicarbonate) into the umbilical 
arteries within 12 hours of parturition is an 
effective treatment for retained placenta. 
Collagenase injection therefore provides an 
effective method for preventing septic metri¬ 
tis in cattle with retained placenta. However, 
the collagenase solution is expensive and not 
widely available, and the technique is diffi¬ 
cult in some animals because of difficulty in 
identifying intact umbilical arteries for injec¬ 
tion. As a result, collagenase injection is 
rarely performed in clinical veterinary prac¬ 
tice. The efficacy of umbilical artery infusion 
with antimicrobial agents has not been ade¬ 
quately evaluated. 

Ecbolic drugs have been proposed for 
the prevention and treatment of retained 
placenta in cattle. These include prostaglan¬ 
dins, ergot derivatives, oxytocin, and (32- 
adrenoceptor antagonists. The rationale for 
their use is that they stimulate uterine con¬ 
tractions and physically aid in the expulsion 
of the fetal membranes. Generally, the con¬ 
sensus is that they are ineffective after the 
diagnosis of a retained placenta is recog¬ 
nized. However, their use may be effective if 
used immediately after calving. In particular, 
the frequent intramuscular administration of 
oxytocin appears to provide the most effec¬ 
tive means of preventing metritis, with a rec¬ 
ommended protocol of 20 IU every 3 hours 
for postpartum days 0 to 3, 30 IU every 2 
hours for postpartum days 4 to 6, and 40 IU 
every 2 hours for postpartum days 7 to 10. A 
large study found that intramuscular injec¬ 
tion of oxytocin (30 IU) immediately after 
parturition and 2 to 4 hours later decreased 
the incidence of retained placenta and the 
calving-to-conception interval. Fenpros- 
talene at 1 mg subcutaneously, 25 mg 
dinoprost tromethamine intramuscularly, or 
20 IU oxytocin given to a large number of 
dairy cows in five commercial dairy herds 
did not reduce the incidence of retained fetal 
membranes or improve reproductive perfor¬ 
mance. A detailed review failed to identify 
any evidence supporting the use of estrogen 
or prostaglandins in the first 7 to 10 days 
postpartum. 21 

The finding that retained placenta can be 
caused by neutrophil dysfunction at calving 
provides the basis for epidemiologic evi¬ 
dence that deficiency of trace minerals or 
vitamins (such as selenium and vitamin E) is 
associated with an increased incidence of 


retained placenta. In regions deficient in 
selenium, supplementation of the diet up to 
0.3 ppm can decrease the incidence of 
retained placenta in herds that are fed a total 
mixed ration. Selenium can also be adminis¬ 
tered by intraruminal boluses or parenteral 
administration of vitamin E/selenium prepa¬ 
rations during the dry period. 

Subcutaneous vaccination with protein 
subunits or inactivated bacterial components 
of E. coli (expressing the fimH virulence 
factor), E necrophorum (producing the 
protein leukotoxin), and T. pyogenes (pro¬ 
ducing the protein pyolysin) can prevent 
puerperal metritis and result in improved 
reproductive performance. 22 It is anticipated 
that a commercial vaccine will be produced 
incorporating one or more of these agents. 

Identification of Affected Cows 

Cows affected with retained placenta and 
puerperal metritis should be identified and 
recorded in the records system and exam¬ 
ined 30 to 40 days after parturition for evi¬ 
dence of further complications such as 
pyometra. 


TREATMENT AND CONTROL 


Treatment 

For cows with fetid smelling metritis and 
rectal temperature >39.5°C: 

Procaine penicillin (22,000 U/kg body 
weight [BW] intramuscularly [IM] every 
12-24 h for 3-5 days). (R-1) 

Ceftiofur (1.1-2.2 mg/kg BW IM every 24 h 
for 3-5 days). (R-1) 

Ceftiofur crystalline free acid (6.6 mg/kg 
BW subcutaneously every 3 days for two 
treatments). (R-2) 

Ampicillin (10-11 mg/kg BW IM every 24 h 
for 3-5 days). (R-2) 

Oxytetracycline (11 mg/kg BW IV every 
24 h for 3-5 days). (R-2) 

Oxytetracycline dihydrate (8 g) by 

intrauterine infusion twice at 72 to 96 h 
apart combined with amoxicillin 
trihydrate (15 mg/kg BW IM every 48 
hours for a total of three injections). 

(R-2) 

Carefully siphon off voluminous uterine 
fluid. (R-2) 

Administer intrauterine treatment and 
manual removal of placenta. (R-3) 
Parenteral administration of nonsteroidal 
antiinflammatory drugs. (R-3) 

For cows with metritis and rectal temperature 
<39.5°C: 

Monitor rectal temperature daily, institute 
treatment when temperature >39.5°C. 
(R-1) 

Control 

Ensure adequate vitamin E and selenium 
status. (R-1) 

Wrap retained placenta with palpation sleeve 
or remove placenta hanging from 
perineum. (R-2) 
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Hypovolemic, 
Hemorrhagic, 
Maldistributive, and 
Obstructive Shock 


SYNOPSIS 


Etiology Shock caused by a reduction in 
venous return (circuit failure) secondary to 
hypovolemia, hemorrhage, maldistribution 
of blood or obstruction, to venous return. 

Clinical findings Depression and weakness, 
subnormal temperature, elevated heart rate 
with weak thready pulse, cold skin and 
extremities, prolonged capillary refill time. 
Progressive development without aggressive 
fluid therapy and collapse and death from 
irreversible shock. 

Clinical pathology Increased blood or plasma 
L-lactate concentration, decreased venous 
oxygen tension, evidence of multiple organ 
dysfunction. Decreased central venous 
pressure, low mean arterial blood pressure 
terminally. Changes in heart rate, activity 
level, and blood or plasma L-lactate 


concentration indicate the efficacy of 
treatment. 

Necropsy findings None specific for 

hypovolemic or maldistributive shock; the 
source of hemorrhage may be apparent in 
hemorrhagic shock. 

Diagnostic confirmation Clinical signs, 
blood or plasma L-lactate concentrations, 
venous oxygen tension. 

Treatment Aggressive fluid therapy based on 
intravenous isotonic crystalloid solutions 
and possibly colloid solutions. Blood 
transfusion or stroma-free hemoglobin 
administration for hemorrhagic shock. 

Initial treatment by rapid infusion with 
small-volume hypertonic saline solutions 
gives rapid but transient resuscitative effect. 
Antimicrobial agents and nonsteroidal 
antiinflammatory drugs in maldistributive 
shock caused by endotoxemia. 


ETIOLOGY 

The circulatory system consists of a pump 
(the heart) and a circuit (the vasculature). 
Circulatory shock can result from abnormal 
functioning of the pump or circuit, or both. 
It is clinically very important to differentiate 
pump failure (cardiogenic shock caused by 
acute or chronic heart failure) from circuit 
failure, because the diagnosis and treatment 
of cardiogenic shock is vastly different from 
that of circuit shock. Cardiogenic shock is 
covered in detail in Chapter 10, whereas 
circuit failure is addressed in the following 
section. 

Circuit failure occurs whenever the 
cardiac output is reduced below a critical 
point because of inadequate venous return to 
the heart. There are four main ways that 
circuit failure occurs: 

1. Hypovolemic shock occurs when there 
is a reduction in circulating blood 
volume caused by loss of blood, plasma, 
or free water. 

2. Hemorrhagic shock occurs when there 
is a reduction in circulating blood 
volume caused by the rapid loss of 
blood. 

3. Maldistributive shock occurs when 
there is a reduction in circulating blood 
volume caused by increased capillary 
permeability, pooling of blood in 
capacitance vessels (such as the veins in 
the splanchnic circulation), or pooling 
of plasma in a large third space such as 
the thoracic or abdominal cavities. 

4. Obstructive shock occurs when there is 
an acute reduction in venous return 
caused by a mechanical obstruction, 
such as pericardial tamponade or 
pulmonary artery thrombosis. 
Obstructive shock is extremely rare in 
large animals. 

Regardless of the initiating cause for circuit 
failure and inadequate venous return, tissue 
hypoperfusion results, leading to impaired 
oxygen uptake and anaerobic metabolism. 


The end result of inadequate tissue perfusion 
is the development of multiple organ failure, 
L-lactate acidemia, and strong ion (meta¬ 
bolic) acidosis, manifested as the hypody- 
namic stage of shock. Hypovolemia and 
poor tissue perfusion result in cold extremi¬ 
ties, elevated heart rate, a weak thready 
pulse, decreased capillary refill times, and 
altered mental status. Cardiac arrhythmias 
may occur because of myocardial ischemia 
and electrolyte and acid-base disturbance. 
There is anorexia and gastrointestinal stasis. 
Signs of renal failure include anuria or oligu¬ 
ria and azotemia. 

Common causes of circuit failure in large 
animals are as follows. 

Hypovolemic Shock 

• Fluid loss and dehydration, such as in 
neonatal calf diarrhea and burn injury, 
especially when fluid loss is severe and 
rapid 

• Fluid loss into the gastrointestinal tract 
caused by acute intestinal obstruction 

Hemorrhagic Shock 

Acute hemorrhage with loss of 35% or more 
of total blood volume, equivalent to an acute 
blood loss of 2.8% of BW (assuming blood 
volume is 8% of BW) will lead to clinical 
signs of severe hemorrhagic shock. In con¬ 
trast, acute hemorrhage with loss of less 
than 10% of total blood volume (equivalent 
to an acute blood loss of less than 0.8% of 
BW) produces minimal detectable clinical 
changes. 

Traumatic injury or spontaneous rupture 
of a large blood vessel are common reasons 
for acute hemorrhage. Any sort of minor sur¬ 
gical wound, e.g., castration or dehorning, 
may lead to excess hemorrhage after which 
there is a hemorrhagic tendency caused 
by defects of clotting. Some of the more 
common causes of hemorrhagic shock are as 
follows. 

Cattle, Sheep, and Goats 

• Spontaneous pulmonary hemorrhage 
associated with caudal vena caval 
syndrome 

• Abomasal ulcer, sometimes originating 
from a bovine viral leukosis lesion 
(cattle) 

• Enzootic hematuria with bleeding from 
a bladder lesion (cattle) 

• Pyelonephritis with bleeding from a 
renal lesion (cattle) 

• Intraabdominal hemorrhage as a result 
of arterial aneurysm, possibly associated 
with copper deficiency (cattle) 

• Laceration of arteries in the wall of the 
vagina as a result of dystocia 

• Ruptured middle uterine artery during 
uterine prolapse or torsion of uterus 

• Cardiac tamponade caused by rupture 
of the coronary artery or ventricular 
chamber, rupture of the aorta (see 
Chapter 1) 
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• Rupture of liver associated with dystocia 
in lambs, and in older lambs possibly 
associated with vitamin E deficiency 

Horses 

• Ethmoidal hematoma 

• Exercise-induced pulmonary 
hemorrhage 

• Rupture of the middle uterine, 
uteroovarian (especially right side), or 
iliac artery associated with parturition, 
more commonly in aged mares 

• Nasal bleeding from hemorrhage into 
the guttural pouch, from carotid or 
maxillary arteries with guttural pouch 
mycosis or associated with rupture of 
the longus capitis muscle following 
trauma 

• Rupture of mesenteric arteries 
secondary to strongyle larval migration 

• Splenic hematoma or rupture following 
blunt trauma 

• Rupture of liver with hyperlipemia 

• Hemangioma, hemangiosarcoma, 
squamous cell carcinoma of the 
stomach, and other neoplasia 

• Persistent bleeding from the vulva in 
association with ulcerated varicose veins 
on the dorsal wall of the vagina 

• Congenital venous aneurysm (rare) 

Pigs 

• Esophagogastric ulceration 

• Proliferative hemorrhagic enteropathy 

• Rupture of liver in hepatosis dietetica 

• Congenital neonatal bleeding, e.g., 
umbilical hemorrhage 

Maldistributive Shock 

• Endotoxemia in neonatal septicemia, 
salmonellosis, coliform mastitis in 
lactating dairy cattle, toxic metritis in 
cattle 

• Septic shock caused by gram-positive 
bacterial septicemia 

• Too sudden reduction of pressure in a 
body cavity, e.g., by rapid withdrawal of 
ascitic fluid 

Obstructive Shock 

• Pericardial tamponade 

PATHOGENESIS 
Hypovolemic Shock 

When cardiac output falls as a result of 
decreased venous return, the carotid and 
aortic baroreceptors stimulate the sympa¬ 
thetic nerves and adrenal medulla to release 
catecholamines resulting in vasoconstriction 
in vessels with a-adrenergic receptors. Vaso¬ 
constriction leads to decreased renal perfu¬ 
sion, which activates the RAAS, inducing 
sodium and water retention. The decrease in 
renal perfusion can result in renal ischemia 
and nephrosis if the ischemia is sufficiently 
severe and prolonged (see Chapter 13). 
Hypovolemia also stimulates the release of 
antidiuretic hormone (vasopressin). There is 


contraction of the spleen and venous capaci¬ 
tance vessels, an increased peripheral vascu¬ 
lar resistance, and an increase in heart rate 
in an attempt to maintain cardiac output and 
blood perfusion through the coronary and 
cerebral blood vessels. 

Water shifts from the interstitial space to 
the vascular space in response to the contrac¬ 
tion of precapillary arterioles. In the initial 
stages of hypovolemic failure the primary 
signs are those of interstitial fluid depletion 
and dehydration, with dry mucous mem¬ 
branes, sunken eyes, and decreased skin 
turgor. Peripheral vasoconstriction in the 
face of continued hypovolemia and falling 
cardiac output results in the opening of arte¬ 
riovenous shunts and decreased perfusion of 
organ systems, with resultant damage from 
hypoxia and tissue acidosis and the develop¬ 
ment of clinical signs of peripheral vascular 
failure and shock. Arterial blood pressure 
falls terminally, and a decrease in mean arte¬ 
rial pressure indicates a complete lack of 
cardiovascular reserve. The rate at which 
hypovolemia develops profoundly affects the 
outcome because compensatory mechanisms 
are more readily overcome by acute than 
chronic changes. 

Hemorrhagic Shock 

The major effects of hemorrhage are loss of 
blood volume (hypovolemic shock), loss of 
plasma protein (decreased plasma oncotic 
pressure), and loss of erythrocytes (decreased 
oxygen-carrying capacity and buffering 
capacity). 

With acute and severe hemorrhage, the 
rapid loss of blood volume results in hypo¬ 
volemic shock and the loss of erythrocytes in 
anemic anoxia. The combination of these 
two factors is termed hemorrhagic shock and 
is often fatal. With less severe hemorrhage, 
the normal compensatory mechanisms, 
including release of blood stored in the 
spleen and liver and the withdrawal of fluid 
from the tissue spaces, may maintain a suf¬ 
ficient circulating blood volume, but the 
anemia is not relieved and the oncotic pres¬ 
sure of the blood is reduced by dilution of 
residual plasma protein. The resulting 
anemia and edema are repaired with time 
provided the blood loss is halted. 

Maldistributive Shock 

In normal animals the healthy intestinal 
mucosa is an effective barrier to the absorp¬ 
tion of endotoxin that is present in the gut, 
and the small amounts of endotoxin that are 
absorbed into the portal blood are cleared by 
the liver and do not reach the systemic cir¬ 
culation. When the integrity of the intestine 
is compromised by factors such as ischemia, 
trauma, or inflammation, sufficient endo¬ 
toxin can be absorbed to overwhelm the 
clearance mechanisms of the liver, and endo¬ 
toxin may also leak to the peritoneal cavity, 
gaining access to the systemic circulation. 
Endotoxin can also be absorbed from sites of 


local infection, as with diffuse peritonitis, 
coliform mastitis, and toxic metritis, or 
released from gram-negative bacteria in the 
bloodstream. Intestinal mucosal integrity is 
lost in the terminal stages of circulatory 
shock caused by tissue hypoxia, and endo¬ 
toxin translocation from the intestinal tract 
is markedly increased in the terminal stages 
of shock, independent of the initiating cause. 

Endotoxin and other bacterial toxins 
cause direct endothelial damage. Endotoxin 
also activates macrophages and neutrophils 
provoking the release of a multitude of 
inflammatory mediators, including TNF, 
IL-1, IL-6, and platelet-activating factor, 
which lead to endothelial damage, leaky 
vessels, hypotension and vasculitis, and 
eventually decreased intravascular volume. 
Inadequate perfusion of tissue with appro¬ 
priately oxygenated blood impedes oxidative 
cellular metabolism and leads to the release 
of arachidonic acid, which is metabolized by 
the cyclooxygenase pathway to yield prosta¬ 
glandins and thromboxane A 2 or by the 
lipoxygenase pathway to yield leukotrienes. 
These eicosanoids are potent vasoactive 
compounds. They can act locally or be 
carried in the circulation to act at distant 
sites to further adversely affect vascular reac¬ 
tivity and vascular permeability. Endotoxin 
itself also provokes increased synthesis and 
release of eicosanoids, and many of the early 
effects of endotoxin are mediated by these 
metabolites of arachidonic acid. 

A further consequence to tissue hypoxia 
is damage to endothelium with exposure of 
collagen; tissue thromboplastin can initiate 
the intrinsic and extrinsic coagulation cas¬ 
cades, leading to damage to other organ 
systems and further complications from the 
development of coagulopathies, including 
DIC, which may be central to the develop¬ 
ment of irreversible shock. 

In the early hyperdynamic stage of endo¬ 
toxemia and sepsis, there is an increased 
oxygen demand by peripheral tissue and an 
increase in heart rate and cardiac output with 
pulmonary and systemic vasoconstriction. 
Pulmonary hypertension increases transvas- 
cular fluid filtration in the lung, and pulmo¬ 
nary edema can develop when hypertension 
is accompanied by increased vascular per¬ 
meability. There is systemic arterial hypox¬ 
emia caused by ventilation-perfusion 
inequalities in the lung and, despite the 
increase in cardiac output, blood flow may 
be inadequate to meet the needs of tissue in 
a hypermetabolic state. The late hypody- 
namic stage of endotoxemia and sepsis is 
characterized by decreased venous return, 
decreased cardiac contractility, decreased 
cardiac output and oxygen delivery, systemic 
arterial hypoxemia, and decreased mean 
arterial pressure. 

Obstructive Shock 

In severe pericardial tamponade, the rapid 
increase in pericardial fluid volume impedes 
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diastolic filling of the heart, resulting in 
decreased cardiac output. A similar response 
occurs in advanced traumatic reticuloperi- 
carditis in cattle that have ingested a wire; 
however, in the latter condition the obstruc¬ 
tion is slow to develop. 

CLINICAL FINDINGS 

Depression, weakness, and listlessness are 
accompanied by a fall in temperature to 
below normal. The skin is cold and skin 
turgor is decreased. The mucosae are pale 
gray to white and dry, and capillary refill 
time is extended beyond 3 to 4 seconds. 

There is an increase in heart rate to 120 
to 140 beats/min in horses and cattle, with 
abnormalities of the pulse including small 
and weak pressure amplitudes (manifested as 
a “thready” pulse). Cardiac arrhythmias are 
present terminally. Venous blood pressure is 
greatly reduced in hypovolemic and hemor¬ 
rhagic shock and the veins are difficult to 
raise in response to obstruction. Arterial 
blood pressure, measured either directly by 
arterial puncture or by indirect oscillometric 
methods, is decreased terminally and fails to 
provide an early indicator of the severity of 
the circulatory failure. 

Anorexia is usual but thirst may be 
evident and there is anuria or oliguria. 
Nervous signs include depression, listless¬ 
ness and obtusion, and coma in the terminal 
stages. 

During the early hyperdynamic stage of 

maldistributive shock the temperature is 
normal or elevated, mucous membranes are 
injected and brick-red in color, there is 
tachycardia but normal capillary refill time, 
and the extremities (particularly ears) are 
cool to the touch. Although these signs are 
not specific for shock, the recognition of this 
stage in animals that are at risk for maldis¬ 
tributive shock, such as the neonate or 
animals with early signs of acute intestinal 
accident, can allow the early institution of 
therapy, which will frequently result in a 
better outcome than therapy instituted when 
the later stages of shock have manifested. 

Therapeutic reversal of maldistributive 
shock in its later stages is difficult. In con¬ 
trast, circulatory failure that is a result of 
hypovolemic or hemorrhagic shock is rela¬ 
tively easily treated and can be successfully 
reversed, even at stages of profound 
depression. 

CLINICAL PATHOLOGY 

The use of clinical pathology is directed at 
determining the cause and severity of shock 
and at monitoring the effectiveness of 
therapy. Volume expansion and restoration 
of tissue perfusion will usually correct acid- 
base and strong ion (metabolic) acidosis 
in the majority of animals with shock, 
and abnormalities are addressed once fluid 
balance is established. 

Examination of the blood to determine 
the hematocrit and plasma protein 


concentration is invaluable in indicating the 
magnitude of the blood loss in hemorrhagic 
shock and providing a clinically useful index 
to the progress of the disease. However, there 
can be a delay in the fall of the hematocrit 
following hemorrhage for up to 4 to 6 hours 
because splenic contraction temporarily aug¬ 
ments circulating red cell numbers. The 
hematocrit and plasma protein concentra¬ 
tions usually fall to their lowest levels 12 to 
24 hours following hemorrhage, and deter¬ 
mination at this time provides a clinically 
useful index of the amount of blood lost. 
Signs of a regenerative response (increased 
hematocrit, presence of reticulocytes, and 
increased red blood cell volume) should be 
seen within 4 days of an acute hemorrhage 
in ruminants and pigs but cannot be used as 
a guide in the horse. Generally, the hemato¬ 
crit increases by 1% per day following acute 
hemorrhage in ruminants. 

Abdominocentesis, thoracocentesis, 
and ultrasound are used to identify sites of 
internal bleeding. Thrombocyte and clot¬ 
ting factor examinations are indicated in 
cases in which unexplained spontaneous 
hemorrhages occur. 

Monitoring in Shock 
Clinical parameters of heart rate, pulse 
character, mucous membrane color, tem¬ 
perature of the extremities (particularly the 
ears), and activity level provide extremely 
useful guides to the efficacy of treatment 
when performed serially over time. The 
single most valuable index is the heart rate, 
although, in animals housed in a stable 
ambient temperature, peripheral skin tem¬ 
perature is also a useful clinical guide but 
not during rapid intravenous fluid adminis¬ 
tration, because there is a thermal lag of at 
least 30 minutes before increased blood and 
heat flow to the periphery is manifested as 
an increase in skin surface temperature. 
Blood or plasma L-lactate concentration 
and venous oxygen tension provide the 
most useful measures of the adequacy of 
oxygen delivery and tissue perfusion and 
therefore the efficacy of treatment. These two 
laboratory parameters are much more infor¬ 
mative than measurement of central venous 
pressure or mean arterial blood pressure, 
and blood pressure measurement is dis¬ 
cussed mainly for historical interest. 

Blood or plasma L-lactate concentra¬ 
tion, preferably measured in arterial blood 
or blood from a large vein such as the jugular 
vein, provides an indication of prognosis and 
an even more valuable serial measure of the 
efficacy of treatment. In general terms, 
plasma L-lactate concentrations are normally 
less than 1.5 mmol/L and fluctuate slightly 
depending on diet and time since feeding. 
Plasma L-lactate concentrations of more 
than 4 mmol/L indicate the presence of 
widespread anaerobic metabolism and the 
need for aggressive therapy, and plasma 
L-lactate concentrations above 10 mmol/L 


are associated with a high mortality in 
humans, pigs, cattle, and horses. Blood 
L-lactate concentrations are increased in 
cows with abomasal volvulus; however, 
blood lactate concentration did not provide 
an accurate prognostic indicator for survival. 
Generally, it is the change in plasma 
L-lactate concentration after initiation of 
therapy that provides the most useful guide 
to treatment. This change may be monitored 
by the actual plasma L-lactate concentration 
or the area under the plasma L-lactate 
concentration-time relationship. In particu¬ 
lar, failure to decrease the plasma L-lactate 
concentration despite aggressive and appro¬ 
priate therapy is a poor prognostic sign. 

Venous blood oxygen tension (Po 2 ), 
preferably measured in a large vein such as 
the jugular vein, provides an indication of 
the adequacy of oxygen delivery and is a 
useful guide to the efficacy of treatment. 
In general terms, venous Po 2 is normally 
35 to 45 mm Hg, arterial Po 2 is normally 
90 mm Hg, and the difference between the 
venous and arterial Po 2 depends on the 
amount of oxygen extracted by tissues. 
The oxygen extraction ratio increases in 
tissues receiving inadequate blood flow as a 
consequence of the inadequate oxygen deliv¬ 
ery; this results in an increased difference 
between arterial Po 2 and venous Po 2 and a 
lower value for venous Po 2 . Venous Po 2 
below 30 mm Hg indicates inadequate 
oxygen delivery and the need for aggressive 
therapy, such as hemoglobin in erythrocytes 
or stroma-free solution in hemorrhagic 
shock and plasma volume expansion in 
hypovolemic and maldistributive shock. 
A venous Po 2 below 25 mm Hg indicates 
severe abnormalities in oxygen delivery, and 
venous Po 2 below 20 mm Hg indicates 
impending death. Aggressive resuscitation 
should always increase venous Po 2 to more 
than 40 mm Hg, and failure to substantially 
increase venous Po 2 despite aggressive and 
appropriate therapy is a poor prognostic 

sign- 

Central venous pressure (CVP) is 
another measure of hypovolemia, but indi¬ 
vidual measurements can be misleading and 
serial measurements should be used. By 
definition, CVP can only be measured by a 
catheter placed in a blood vessel within the 
thorax (typically the cranial vena cava), 
because this permits measurement of nega¬ 
tive values for CVP. Central venous pressure 
is frequently measured in the jugular vein 
through a short intravenous catheter; this 
pressure is more correctly termed jugular 
venous pressure and, because it cannot be 
negative, is of much less clinical value than 
measuring CVP in shocked animals. A 
general rule of thumb in horses is to admin¬ 
ister fluids as long as the CVP remains below 
2 cmH 2 0 (0.2 kPa), and to immediately 
discontinue fluid administration whenever 
CVP exceeds 15 cmH 2 0 (1.5 kPa). The 
main clinical utility of CVP measurement is 
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ensuring that volume overload is not occur¬ 
ring. More details on measuring CVP are 
available in Chapter 10. 

Mean arterial blood pressure is an 
insensitive but specific method for determin¬ 
ing the severity of shock and the efficacy of 
therapy, because mean arterial blood pres¬ 
sure only decreases in the terminal stages of 
shock, indicating a complete lack of cardio¬ 
vascular reserve. More details on measuring 
mean arterial blood pressure are available in 
Chapter 10. 

NECROPSY FINDINGS 

In hemorrhagic shock there is extreme 
pallor of all tissues, and a thin watery 
appearance of the blood may be accompa¬ 
nied by large extravasations of blood if the 
hemorrhage has been internal. When the 
hemorrhage has been chronic, anemia and 
edema are characteristic findings. In obstruc¬ 
tive shock there is a large increase in pericar¬ 
dial fluid (usually blood), or the presence of a 
large thrombus in the cranial or caudal vena 
cava or pulmonary circulation, or evidence of 
severe abdominal distension (such as in 
ruminal tympany). There are no specific 
findings in hypovolemic or maldistributive 
shock, although in maldistributive shock the 
capillaries and small vessels of the splanchnic 
area may be congested and there may be evi¬ 
dence of pulmonary edema. With death from 
septic shock the major findings relate to the 
changes as evidence of pulmonary edema. 
With death from septic shock the major find¬ 
ings relate to the changes associated with the 
infectious disease. Dehydration is evident in 
animals dying from hypovolemic shock. 


DIFFERENTIAL DIAGNOSIS 


Circulatory failure caused by a circuit 
abnormality can be diagnosed when there is 
no detectable primary cardiac abnormality and 
when a primary cause such as hemorrhage, 
dehydration, or endotoxemia is known to be 
present. Ideally, endotoxemic or septic shock 
should be diagnosed in its early hyperdynamic 
stage and aggressively treated at this stage. 
This requires knowledge of the risks for shock 
with various conditions in each of the animal 
species. Hypovolemic, hemorrhagic, or 
maldistributive shock should be anticipated: 

• In septicemic disease, especially of the 
neonate 

• In acute localized infections 

• With intestinal disease, but especially with 
those in the horse that have acute 
intestinal accident as part of the differential 
diagnosis 

• When severe trauma occurs 

• Where there is severe fluid loss for any 
reason 

• Where decompression of an area is to be 
practiced (i.e., removal of fluid from a body 
cavity) 

• When there is to be a significant surgical 
procedure 


TREATMENT 
Identification of Cause 

The identification and, if possible, the imme¬ 
diate elimination of the precipitating cause of 
the shock is important in cases in which cir¬ 
culatory failure is initiated by conditions that 
are amenable to surgical correction. Prompt 
surgical intervention coupled with aggres¬ 
sive fluid therapy may save an animal, 
whereas delaying surgery until shock is 
advanced is almost always followed by fatal¬ 
ity. This requires a full clinical examination 
and often ancillary laboratory examination 
to accurately identify the cause. 

The identification of cause will also give 
some indication of the likelihood of success 
in treatment. Generally, there is greater 
success in the treatment and management of 
hypovolemic and hemorrhagic shock, espe¬ 
cially if treatment is instituted early in the 
clinical course. Effective treatment and man¬ 
agement of maldistributive shock is less 
successful unless the sepsis can be controlled 
and the source of the endotoxemia 
eliminated. 

Hypovolemic and 
Maldistributive Shock 

The rapid administration of intravenous 
fluids is the single most important therapy in 
animals with hypovolemic or maldistributive 
shock. The goal is to increase venous return, 
restoring circulatory function and tissue 
perfusion. Crystalloid solutions (fluids that 
contain electrolytes) and colloid solutions 
(fluids that increase the plasma oncotic pres¬ 
sure and expand plasma volume) can be 
used. The general principles and practice 
of fluid therapy are extensively discussed in 
Chapter 5. 

Isotonic Crystalloid Solutions 

These are the least expensive and most com¬ 
monly used treatments for hypovolemic and 
maldistributive shock in large animals. Bal¬ 
anced electrolyte solutions, such as lactated 
Ringers solution, are preferable to 0.9% 
NaCl solutions. Fluids for the restoration of 
the extracellular fluid volume must contain 
sodium, but glucose solutions (fluids that 
provide free water when the glucose is 
metabolized) are not indicated in the treat¬ 
ment of shock. Large volumes of isotonic 
crystalloid fluids are required. There is no 
set dose and each case needs to be assessed 
individually; an initial administration of 
1\00 mL/kg by rapid intravenous infusion is 
not unusual and 50 mL/kg is probably the 
minimum. Isotonic crystalloid solutions 
expand the interstitial fluid volume and 
promote urine flow; however, beneficial 
responses are absent shortly after the cessa¬ 
tion of fluid administration unless the syn¬ 
drome is resolved. 

More fluids are administered as required 
on the basis of clinical response and the 
monitoring measures discussed earlier; gen¬ 
erally, this involves continuous intravenous 


infusion during the clinical course. In calves, 
ruminants, and horses the reestablishment of 
adequate tissue perfusion by intravenous 
fluid therapy can often be sustained by oral 
administration of large volumes of electro¬ 
lyte solutions. 

The disadvantages of the use of isotonic 
crystalloid solutions are the large volume 
required for treatment, the requirement for 
repeated treatment, and a sustained increase 
in pulmonary artery pressure with the risk 
for production of pulmonary edema in 
animals with maldistributive shock caused 
by endotoxemia. Moreover, the delivery of 
large volumes of isotonic fluid to large 
animals takes time and is difficult to accom¬ 
plish in the field. This has led to the wide¬ 
spread use of small-volume hypertonic 
saline solutions for the initial resuscitation 
of shocked animals. The intravenous admin¬ 
istration of small volumes of hypertonic 
salt solutions results in a transcompartmen- 
tal and transcellular shift of fluid into the 
vascular compartment, with an increase in 
the circulating volume, cardiac output, and 
stroke volume and an increase in blood pres¬ 
sure with a reduction in peripheral and pul¬ 
monary vascular resistance. However, there 
is little improvement in renal function, the 
improvement in hemodynamic function is 
very short lived, and their use must be fol¬ 
lowed by intravenous isotonic crystalloid 
fluids. 

Hypertonic Saline Solution 

This has been used successfully in fluid 
therapy of hypovolemic, maldistributive, and 
hemorrhagic shock and is of value for the 
rapid resuscitative effect and the lower 
risk for induction of pulmonary edema in 
animals with endotoxemia. Small volumes 
(4-5 mL/kg) of hypertonic saline (7.2%, 
2400 mOsm/L) are infused intravenously 
over 4 to 5 min, and the animal is allowed 
access to fresh water immediately upon com¬ 
pletion of the injection. 1 Too rapid an infu¬ 
sion will result in vasodilation and death and 
too slow an infusion will diminish the resus¬ 
citative effect. There is a risk of phlebitis if 
there is perivascular deposition of hyper¬ 
tonic fluid. Hypertonic sodium lactate solu¬ 
tion has been shown to improve fluid balance 
and mean arterial pressure in pigs with 
experimentally induced endotoxic shock. 2 

Colloids 

The intravenous administration of colloid 
solutions (plasma, dextran, gelatin polymers, 
and hydroxyethyl starches) induces a more 
sustained increase in plasma volume than 
crystalloid solutions and smaller volumes are 
required for therapy, but colloid solutions are 
expensive and are rarely used in cattle and 
occasionally used in horses, with the excep¬ 
tion of blood transfusion. Hydroxyethyl 
starches, such as hetastarch and tetrastarch, 
can interfere with coagulation but for the 
most part the effects are minor and clinically 









inapparent. 3 Colloid solutions also have a 
risk for the induction of pulmonary edema 
and may also increase risk for coagulopathy. 
For horses, equine plasma is available com¬ 
mercially but is expensive. The use of hyper¬ 
tonic saline in combination with colloids or 
infusions containing albumin gives a more 
sustained response and hypertonic saline- 
dextran solution (2400 mOsm/L sodium 
chloride with 6% Dextran 70) at a dose of 
5 mL/kg is more effective than hypertonic 
saline alone. 

Hemorrhagic Shock 

The source of the hemorrhage should be 
determined and the cause corrected. The 
other immediate concern is to replenish 
the blood volume and a decision must be 
made if this will be with fluids, whole blood, 
or stroma free hemoglobin solutions. Blood 
transfusion replaces all elements of the 
blood and in cases of severe hemorrhage 
blood transfusion is the most satisfactory 
treatment. However, a decision for blood 
transfusion should not be made lightly 
because the procedure is time-consuming, 
costly, and carries some risk. The decision to 
use whole blood in addition to fluids for 
treatment is based on the need to replace 
erythrocytes. The hematocrit can be a guide, 
in combination with clinical assessment, if 
the hemorrhage started at least 4 hours pre¬ 
viously. With acute hemorrhage (<4 hours), 
transfusion is indicated solely on the basis of 
the severity of clinical signs. In the period 
immediately following hemorrhage a hema¬ 
tocrit of 20% is indicative of a significant loss 
of erythrocytes and the hematocrit should be 
monitored over the next 24 to 48 hours. If 
there is a fall to less than 12%, a transfusion 
of blood is indicated, but a stable packed cell 
volume (PCV) between 12% and 20% is not 
usually an indication for transfusion. 

The best anticoagulant for immediate 
blood transfusion is sodium citrate, which 
is widely available and inexpensive. Citrate 
complexes calcium and inhibits coagulation; 
as such the amount of sodium citrate mixed 
with a volume of blood must be accurately 
known because excess sodium citrate will 
induce hypocalcemia when collected blood 
is transfused into the recipient. Sodium 
citrate (purchased as a white powder) is dis¬ 
solved in sterile water to provide a stock 
solution of 3.85% (weight/volume), which 
can be autoclaved; the stock solution is sub¬ 
sequently mixed at one part solution to nine 
parts blood. As an example, 500 mL of 3.85% 
stock sodium citrate solution is placed at the 
bottom of a glass bottle and 4.5 L of blood 
collected to provide a final blood volume of 
5 L. Approximately 20 mL of blood for each 
kg BW can be safely collected from a healthy 
blood donor (equivalent to 10 L from a 
500-kg horse or cow). Do not exceed this 
volume of collection from the donor, because 
40 mL of blood for each kg BW can be lethal. 
Heparinized blood is not recommended for 
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immediate transfusion because heparin has 
a much longer half-life in domestic animals 
than citrate; consequently, if hemorrhage is 
not controlled there is the potential for 
heparin to facilitate additional blood loss. 

If blood transfusion is to be delayed, 
then add citrate dextrose (ACD) also known 
as anticoagulant citrate dextrose is widely 
recommended based on the addition of dex¬ 
trose, which purportedly supports erythro¬ 
cyte metabolism. The beneficial effect of 
dextrose has probably been overemphasized 
in domestic animals relative to humans, 
because human erythrocytes have a similar 
glucose concentration to plasma. In contrast, 
erythrocytes from adult domestic animals 
have a glucose concentration that is much 
lower than that in plasma and, consequently, 
a much lower rate of glucose metabolism, 4 
potentially minimizing the need for addi¬ 
tional glucose. Enthusiastic supporters of 
using ACD solution can purchase commer¬ 
cial plastic collection kits (usually 450 mL) 
with the appropriate volume of ACD solu¬ 
tion present, but this becomes expensive 
when contemplating transfusion of an adult 
horse or cow. Alternatively, 3.6 mL of 50% 
dextrose solution, 1.6 g of sodium citrate, 
and 0.5 g citric acid can be dissolved in dis¬ 
tilled water to a total volume of 50 mL, 
which is sufficient to collect 450 mL of 
blood. 

The blood donor should be healthy and 
easily restrained during collection and free of 
infectious agents that can be transferred 
during blood transfusion, including prions. 
Crossmatching is not routinely performed in 
cattle, sheep, goats, or alpacas/llamas because 
these species have a large number of blood 
group factors and transfusion reactions are 
rare on the first transfusion. Consideration 
regarding crossmatching is required in these 
species if the animal in hemorrhagic shock 
has been previously transfused; however, 
often the results are not available fast enough 
to impact the decision to transfuse animals 
in shock. Crossmatching is routinely per¬ 
formed in horses if available in a timely 
manner because the incidence of incompat¬ 
ibility on the first transfusion is much higher 
in this species. The incidence of adverse 
events during transfusion in horses was 16% 
(7/44), characterized by mild urticarial reac¬ 
tions, acute anaphylactic shock, and exacer¬ 
bation of intravascular hemolysis. 5 Five of 
the seven horses had some level of incompat¬ 
ibility on major or minor crossmatching, 
confirming that crossmatching would be 
beneficial if there is sufficient time and the 
test is available. 

The jugular vein (or both veins) should 
be aseptically prepared and a bleb of 2% lido- 
caine placed under the skin to facilitate cre¬ 
ating a 5-mm long stab incision through the 
skin over the site of the jugular vein in the 
midcervical region (the skin is moved 
dorsally away from the vein while making 
the incision). The jugular vein should be 


distended by application of a knotted rope 
around the distal cervical region so the knot 
occludes the jugular vein and facilitates sus¬ 
tained venous distention. A sterilized 12- 
gauge bleeding trocar is then placed through 
the incision and advanced into the lumen of 
the jugular vein until the hub of the trocar is 
at skin level. Blood is collected directly into 
the glass jar as it flows freely, with gentle 
swirling of the jar contents to mix collected 
blood with citrate and minimize clot forma¬ 
tion. The addition of a connecting tube from 
the bleeding trocar to the glass jar is not rec¬ 
ommended because such tubes usually result 
in a narrowing of the blood flow with marked 
slowing of blood collection. Collection of 
blood into plastic bags is preferred to collec¬ 
tion into glass bottles because hemolysis is 
decreased and clotting factors are main¬ 
tained and the plastic bag is not easily broken 
when dropped; however, suitably sized 
plastic bags may not be readily available. At 
the completion of blood collection, sustained 
venous distention is released, the bleeding 
trocar removed, and one or more sutures are 
placed in the skin over the site of venipunc¬ 
ture to facilitate hemostasis. The bleeding 
trocar must be thoroughly cleaned and steril¬ 
ized after use because plasma adheres tena¬ 
ciously to the lumen of the trocar; the 
presence of foreign plasma protein will 
promote clotting and decreased luminal 
volume and flow rate when the trocar is used 
to collect blood from a different animal. 

Blood should be administered to the 
recipient intravenously with an in-dwelling 
14-gauge catheter through a commercially 
available in-line filter that will trap small 
blood clots. A test administration of 20 mL 
of blood should be administered and the 
animal monitored for clinical signs of ana¬ 
phylaxis, including tachypnea, tachycardia, 
urticaria, and edema. If these signs are 
observed the blood transfusion should be 
immediately stopped. Administration of 
blood at too rapid a rate may cause overload¬ 
ing of the circulation and acute heart failure, 
particularly in animals with both circuit and 
pump failure. An infusion rate of 10 to 20 
(mL/kg BW)/h is recommended and 5 to 
10 L of blood usually requires an hour to 
administer to a cow or horse. 

Hypertonic saline solution is recom¬ 
mended in the initial treatment of hemor¬ 
rhagic shock and has been shown to be 
effective in the treatment of experimental 
hemorrhagic shock in large animals. Hyper¬ 
tonic saline can be of particular value to the 
ambulatory clinician, because this therapy 
can be used in emergency situations for the 
initial resuscitation of cases of hemorrhagic 
shock pending transfusion. A further advan¬ 
tage to the ambulatory clinician is the ease of 
portability of this fluid. The use of hypertonic 
saline is contraindicated when the hemor¬ 
rhage has not been controlled, because its use 
in these cases will result in more protracted 
bleeding. 
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Chapter 4 


General Systemic States 


Drugs to assist coagulation and arrest 
hemorrhage are used in some cases, but there 
is limited information on their efficacy. Ami- 
nocaproic acid (10 g in 1 L of saline for an 
adult horse, administered intravenously) has 
been recommended for the management of 
hemoperitoneum in the horse. Formalin has 
traditionally been used to control hemor¬ 
rhage and 10 mL of a 37% solution of for¬ 
maldehyde or 30 to 150 mL of buffered 10% 
formalin in 1 L of 0.9% NaCl solution 
administered rapidly intravenously through 
an intravenous catheter has been recom¬ 
mended for the control of hemorrhage in 
horses; however, administration of formal¬ 
dehyde at levels that did not induce an 
adverse reaction did not alter measured 
hemostatic variables in healthy horses. 
Formaldehyde treatment for hemostasis 
cannot be recommended for use in horses 
with the current available data. However, 
administration of a 5% solution of formalin 
to healthy goats (at 1.1 mL/kg intravenously) 
had a transient but detectable effect on 
decreasing both clotting time and bleeding 
time. This suggests that the effect of intrave¬ 
nous formalin on hemostasis may be dose 
dependent, and the optimal dose has yet to 
be identified in horses. Ergonovine maleate, 
1 to 3 mg intramuscularly at 3-hour inter¬ 
vals, has also been used to control hemor¬ 
rhage in the postparturient mare. 

Animals should be kept quiet and in a 
dark stall to minimize excitement and the 
risk of further hemorrhage. Analgesic drugs 
should be given with hemorrhagic disease 
when there is pain, such as rupture and hem¬ 
orrhage of the broad ligament of the uterus. 

Obstructive Shock 

The source for the obstruction should be 
identified and specific remedies applied. 
Obstructive shock is a rare cause of shock in 
large animals. 

Ancillary Treatment 

A large number of drugs have been shown to 
influence various components of the inflam¬ 
matory response in septic shock, but none 
has been shown to alter the eventual outcome, 
and the interference of one aspect of the 
inflammatory cascade triggered by endo¬ 
toxin should not be expected to improve 
overall survival. The specific treatment of 
maldistributive shock has been discussed 
earlier in this chapter. 

Corticosteroids 

There is considerable controversy over the 
use of corticosteroids in shock. Experimental 
studies have shown that they may have value 
in the prevention of maldistributive shock, 
but for this to occur corticosteroids must be 
given before the bacterial or endotoxin chal¬ 
lenge. There is little evidence that they are of 
value in the treatment of hypovolemic, hem¬ 
orrhagic, or maldistributive shock in animals 
once clinical signs have developed. Despite 


this, corticosteroids are frequently used in 
the treatment of shock in animals. The dose 
that is used is considerably higher than that 
used for other indications, for example, a 
dose of 1 to 2 mg/kg BW of dexamethasone 
intravenously, which is expensive in adult 
cattle and horses. 

Cyclooxygenase Inhibitors 

The use of cyclooxygenase inhibitors such as 
IV flunixin meglumine (0.25 mg/kg BW) 
and IM ketoprofen (0.5-2.2 mg/kg BW) has 
attractions in that they inhibit the produc¬ 
tion of the vasoactive prostaglandins and 
thromboxane A 2 . This may not be entirely 
advantageous because the alternate path of 
metabolism of arachidonic acid is to leuko- 
trienes, which are also potent mediators of 
inflammation. Treatment of horses with 
endotoxemia with cyclooxygenase inhibitors 
does result in a better maintenance of blood 
pressure and tissue perfusion but does not 
influence the eventual mortality. Tirilazad 
mesylate suppresses eicosanoid production 
and TNF-a activity and has been shown to 
be of benefit in the treatment of experimen¬ 
tal endotoxemia in calves. 

Antibiotic Therapy 

With maldistributive shock the appropriate 
antibiotic therapy should be immediately 
instituted. Antibiotic therapy will not coun¬ 
teract the immediate effects of endotoxin 
and may theoretically increase the release of 
endotoxin in the short term, but this should 
not be a contraindication to antibacterial 
therapy. Pending the result of bacterial 
culture and susceptibility testing a broad- 
spectrum bactericidal antibiotic, or a combi¬ 
nation of antibiotics to achieve a broad 
spectrum, should be used. Gram-negative 
septicemia in calves or foals, or acute-diffuse 
peritonitis, must be treated with antibiotics 
as well as by aggressive fluid therapy if there 
is to be any chance of survival. 

Vasoconstrictors and Vasodilators 

The administration of vasoconstrictors and 
vasodilators in cases of shock remains prob¬ 
lematic unless the patients cardiovascular 
status is accurately known and can be con¬ 
tinuously monitored. Generally, their use is 
not currently recommended. The adminis¬ 
tration of a vasoconstrictor substance in a 
case of low-pressure distributive shock might 
seem rational because blood pressure would 
be elevated but it could reduce tissue perfu¬ 
sion still further. a-Adrenergic blockers 
improve tissue perfusion and cardiac func¬ 
tion once the circulating blood volume has 
been restored, but if hypotension is already 
present it will be further exacerbated. Dopa¬ 
minergic agonists may be useful in the early 
stages of maldistributive shock as long as 
monitoring is adequate. This is seldom pos¬ 
sible in large-animal ambulatory practice 
and their use in large animals is confined to 
referral hospitals. 


Immunotherapy 

Immunotherapy with antibody directed 
against the core lipopolysaccharide anti¬ 
gens of gram-negative bacteria may be of 
value in the therapy or prevention of shock 
produced by endotoxin in some diseases but 
not in others. Immunotherapy has shown 
some promise in the treatment of shock 
associated with experimental endotoxemia 
in horses but none for the control of maldis¬ 
tributive shock associated with gram¬ 
negative sepsis in the neonate. Hyperimmune 
serum is available commercially and may be 
indicated in those cases when endotoxemia 
is a risk, in which case it is given before the 
onset of severe signs. Vaccination with these 
antigens has proved of value in the reduction 
of clinical disease produced by endotoxemia 
and in a reduction of the occurrence of 
endotoxin-induced shock associated with 
gram-negative mastitis in cows, although it 
does not reduce the occurrence of infection 
of the udder. 
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Localized Infections 

Localized infections are common in farm 
animals and many are bacterial infections 
secondary to traumatic injuries. Because 
most of them have a surgical outcome, by 
incision and drainage or by excision or 
amputation, they are not usually included in 
medical textbooks. They are presented briefly 
here because of their importance in the dif¬ 
ferential diagnosis of causes of toxemia and 
also because of their space-occupying char¬ 
acteristics, which cause compression of other 
structures. Also, the initial treatment is often 
medical, especially if the location of the 
lesion cannot be identified. 

ETIOLOGY 

Abscesses and similar aggregations of 
pyogenic material in certain anatomic loca¬ 
tions are described elsewhere in this book. 
The common ones include pharyngeal, 
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submandibular, 1 retroperitoneal, hepatic, 2 ’ 3 
splenic, pulmonary, cerebral, pituitary, spinal 
cord, and subcutaneous abscesses. Other 
similar lesions include embolic nephritis, 
guttural pouch empyema, lymphadenitis, 
pharyngeal phlegmon, osteomyelitis tooth 
root abscesses, and infections of the umbili¬ 
cus and associated vessels. 

More widespread accumulations of 
necrotic/toxic pyogenic debris occur and are 
described under the headings of pericarditis, 
pleurisy, peritonitis, metritis, mastitis, men¬ 
ingitis, and pyelonephritis. 

Other pyogenic lesions worthy of note 
include the following: 

• Inguinal abscess in horses. Some of 
these probably originate as 
postcastration infections, but some 
obviously have other origins, possibly as 
a lymphadenitis arising from drainage of 
a leg with a chronic skin infection. 

• Traumatic cellulitis and phlegmon in 
soft tissue, especially skeletal muscle. 

The neck is a common site of infection 
in the horse, with lesions resulting from 
infected injection sites or the injection 
of escharotic materials, e.g., iron 
preparations intended only for 
intravenous administration. Penetrating 
traumatic wounds, often severely 
infected, are among the serious 
occurrences to the legs and hooves of 
horses and cattle. These commonly 
penetrate joint capsules, bursae, and 
tendon sheaths, and underrun 
periosteum. In cattle, the common 
causes are agricultural implements; in 
horses they are more commonly caused 
by running into protruding objects, 
including stakes and fencing material. 

• Abscessation and cellulitis of the tip or 
the proximal part of the tail. This 
occurs in steers in feedlots and rarely 
extends to the hindquarters and the 
scrotum; the cause is presumed to 
originate from the presence of an 
aggregate of feces on the tip of the tail 
(manure ball) that gets caught in fencing 
material. Bacteria isolated from the 
lesion indicates a mixed infection. 

• Perirectal abscess occurs in horses, 
caused usually by minor penetrations of 
the mucosa during rectal examination. 
Some of these rupture into the 
peritoneal cavity, causing acute, fatal 
peritonitis. Others cause obstruction of 
the rectum and colic because of the pain 
and compression that result. They are 
readily palpable on rectal examination. 

• Perivaginal abscess occurs in heifers 
and cows, caused by vaginal tears during 
parturition, particularly after dystocia. 
Occasionally these rupture into the 
peritoneal cavity, causing acute, fatal 
peritonitis. More commonly, the abscess 
causes obstruction of the rectum and 
urethra, with the animal exhibiting signs 
of abdominal pain and stranguria 


because of the resultant pain and 
compression during posturing for 
defecation and urination. Perivaginal 
abscesses are readily palpable on rectal 
and vaginal examination. 

• Urachal abscess. See omphalitis. 

• Pituitary abscess occurs in cattle, sheep, 
and goats 4 as a single entity or in 
combination with other lesions. 

Pituitary abscesses cause a wide range 
of signs with emphasis on dysphagia 
caused by jawdrop, blindness, and 
absence of a pupillary light reflex, ataxia, 
and terminal recumbency with 
nystagmus and opisthotonus. 

• Facial abscess in cattle and goats. 

Facial abscesses secondary to injury of 
the cheek mucosa caused by plant awns 
are common in beef cattle being fed hay 
containing a variety of awns that may 
penetrate the oral mucosa. T. pyogenes 
(formerly Arcanobacterium or 
Actinomyces or Corynebacterium 
pyogenes) is the commonly isolated 
bacterium. Localized abscesses of the 
face and neck are common in some 
flocks of goats and sheep. 5,6 
Corynebacterium pseudotuberculosis is 
most commonly isolated, followed by 

T. pyogenes and Staphylococcus spp. The 
abscesses are most common on the jaw 
and sternal, facial, and cervical regions. 

• Tooth root abscesses in llamas, 
alpacas, goats, and sheep. Tooth root 
abscesses are a common dental disease 
of llamas and alpacas and are thought to 
be caused by ingestion of rough or 
stemmy forages when permanent molars 
are erupting. Tooth root abscesses can 
arise without a known cause or may 
result from trauma, foreign body 
migration (such as grass seeds), 
malocclusion and abnormal tooth wear, 
and periodontal disease. T. pyogenes and 
F. necrophorum are most commonly 
isolated from tooth root abscesses in 
New World camelids. Tooth root 
abscesses are most frequently found in 
mandibular molar teeth in New World 
camelids, the mandibular incisors in 
pigs, and the first maxillary molar in 
horses. 

Bacterial Causes of 
Localized Infection 

These include those bacteria that are 
common skin contaminants in animals, 
including T. pyogenes, F. necrophorum, strep¬ 
tococci, and staphylococci. Clostridial infec¬ 
tions are common but occur sporadically. 
They are described under Malignant edema. 
Clostridium pseudotuberculosis is common as 
a cause of local suppuration in horses and is 
the specific cause of caseous lymphadenitis 
of sheep. Rhodococcus equi also causes 
pulmonary and subcutaneous abscesses 
in horses and cervical lymphadenitis in 
pigs. Strangles ( Streptococcus equi subsp. 


equi), R. equi infection in foals, melioidosis, 
and glanders are all characterized by exten¬ 
sive systemic abscess formation. Histophilus 
somni causes systemic abscess formation in 
sheep. Mycobacterium phlei and other atypi¬ 
cal mycobacteria are rare causes of local 
cellulitis and lymphadenitis/lymphangitis 
manifesting as “skin tuberculosis” in cattle. 
Streptococcal cervical abscess in pigs is 
another specific abscess-forming disease. 

PORTAL OF ENTRY 

Most localized infections begin as penetrat¬ 
ing wounds of the skin, caused accidentally 
or neglectfully because of failure to disinfect 
the skin adequately before an injection or 
incision, as in castration, tail docking, and so 
forth. 

Metastatic implantation from another 
infectious process, especially endocarditis, 
carried by blood or lymph, is the next most 
common cause. In this way a chain of lymph 
nodes can become infected. Cranial and 
caudal vena caval syndromes produce similar 
embolic showers in the lungs. 

PATHOGENESIS 

The local infection may take the form of a 
circumscribed aggregation of bacterial debris 
and necrotic tissue, known as an abscess. 
This may be firmly walled off by a dense 
fibrotic capsule or be contiguous with normal 
tissue. When such an abscess occurs in a 
lymph node it is called a bubo; when the 
infective material is purulent but diffusely 
spread through tissues, especially along 
fascial planes, it is known as a phlegmon; 
and when it is inflammatory but not puru¬ 
lent the same lesion is called cellulitis. 

The species of bacteria in the abscess 
determines the type of pus present and its 
odor. Staphylococci produce large quantities 
of thick yellow pus, and streptococci produce 
less pus and more serous-like exudates. Pus 
associated with T. pyogenes is deep-colored, 
yellow or green in color and very thick and 
tenacious. The pus of F. necrophorum is very 
foul-smelling and usually accompanied by 
the presence of gas. 

Deposition of bacteria in tissues is suffi¬ 
cient to establish infection there in most 
instances. Conditions that favor abscess 
development include ischemia, trauma, and 
the presence of a cavity or a hematoma. A 
continuing process of pus formation results 
in enlargement to the stage of pointing and 
rupturing of an abscess, or spread along the 
path of least resistance into a nearby cavity 
or vessel, or discharge to the exterior through 
a sinus. Continuing discharge through a 
sinus indicates the persistence of a septic 
focus, usually a foreign body, such as a grass 
seed, a sequestrum of necrotic bone, or an 
osteomyelitis lesion. 

CLINICAL FINDINGS 

The clinical signs of abscesses and other 
local aggregations of pyogenic lesions were 
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described earlier. General clinical findings 
that suggest the presence of a localized infec¬ 
tion, which is not readily obvious clinically, 
include the following: 

• Fever, depression, lack of appetite, all 
are signs of toxemia. 

• Pain resulting in abnormal posture, e.g., 
arching of the back, or gait abnormality, 
including severe lameness. 

• Weight loss, which can be dramatic in 
degree and rapidity. 

• Obstruction of lymphatic and venous 
drainage, which can cause local swelling 
and edema. Sequels to these 
developments include extensive cellulitis 
if there is a retrograde spread of 
infection along lymph drainage channels 
and phlebitis and thrombophlebitis 
when there is stasis in the veins. 

• Careful palpation under anesthesia or 
heavy sedation may be necessary to 
overcome the muscle spasm caused by 
pain. Calves with extensive abscessation 
emanating from the navel, and horses 
with inguinal abscesses, can only be 
satisfactorily examined by deep 
abdominal and rectal palpation. 

• Radiologic examination may elicit 
evidence of osteomyelitis, and 
examination of a fistulous tract may be 
facilitated in this way, especially if a 
radiopaque material is infused into the 
tract. 

CLINICAL PATHOLOGY 
Hemogram 

A complete blood count is helpful in sup¬ 
porting a diagnosis of local abscess. Unless 
the infection is completely isolated by a 
fibrous tissue capsule or is small in size rela¬ 
tive to the size of the animal (tooth root 
abscess or osteomyelitis), there will be a leu¬ 
kocytosis with a left shift and an elevation 
of polymorphonuclear leukocytes in acute 
lesions or of lymphocytes and monocytes in 
more chronic ones. A moderate normochro¬ 
mic anemia is usual in chronic lesions, and 
mild proteinuria is common. 

Sample of Lesion for Culture 
and Staining 

Attempts to identify the presence of an infec¬ 
tious agent and to establish its identity are 
usually undertaken, but care is necessary to 
avoid spreading infection from a site in 
which it is presently contained. Techniques 
used include paracentesis, careful needle 
aspiration from an abscess, blood culture 
(with the chances of isolation of bacteria 
being very small unless there is phlebitis or 
endocarditis), and aspiration of cerebrospi¬ 
nal fluid. Ultrasonographic guidance is 
helpful for percutaneous aspiration of deeper 
seated abscesses. 8 

The isolation of bacteria from a well- 
contained abscess may be difficult because of 
the paucity of organisms. Special techniques 


may be necessary and examination of a 
smear stained with Gram stain, and perhaps 
also with Ziehl-Neelsen stain if the circum¬ 
stances suggest it, is an essential part of the 
examination. Determination of sensitivity 
of the bacteria to antibiotics is usually 
undertaken. 

Necropsy Findings 

The presence and location of the local infec¬ 
tion can be demonstrated at necropsy. 

TREATMENT 
Drainage of Abscesses 

Surgical drainage of readily accessible intact 
abscesses is the treatment of choice and in 
most cases the only effective method of 
therapy. A needle aspirate may be indicated 
when the nature of the lesion is uncertain. 
The site is prepared surgically and the 
abscess is drained, flushed, and topically 
medicated, usually with a roll of gauze 
soaked in a 1% povidone iodine solution, 
which is a stable chemical complex of poly¬ 
vinylpyrrolidone and elemental iodine, for 
the first 24 to 48 hours. One roll is used to 
ensure that all the gauze is removed from 
the abscess. If the abscess is large then gauze 
rolls should be tied together to ensure all 
gauze is removed at the same time. If the 
abscess has not yet pointed with a soft spot, 
hot fomentations and hydrotherapy may aid 
in the maturation of a superficial abscess. 
An analgesic may be required during this 
stage of therapy. Deep-seated abscesses may 
benefit from ultrasonographic-guided aspi¬ 
ration, lavage of the abscess cavity with 0.9% 
NaCl solution, removal of the remaining 
saline solution, and injection of potassium 
penicillin into the abscess cavity. 8 Some 
abdominal abscesses may only be accessible 
by surgery. 4,9 Tooth root abscesses require 
extraction of the affected tooth to effect a 
cure. 

Antimicrobial Agents 

Antimicrobial agents given parenterally can 
be used for the treatment of deep abscesses 
not readily accessible to surgical drainage. 
Ideally, a sample of the contents of the 
abscess should be cultured and antimicro¬ 
bial susceptibility determined. The agent 
must achieve high plasma concentrations to 
facilitate penetration into an abscess, and 
daily treatment for several days is usually 
necessary. However, antimicrobial agents 
alone may be ineffective, even if the organ¬ 
ism appears sensitive to the drug in vitro 
in cases when the abscess is surrounded by 
a dense capsule—presumably the capsule 
prevents diffusion of the drug into the 
abscess cavity. Lipophilic antibiotics, such 
as rifampin, florfenicol, or macrolides, are 
theoretically advantageous in penetrating 
into abscesses. Rifampin should be admin¬ 
istered with another antimicrobial agent 
to delay the development of antibiotic 
resistance. 
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Pain 

THE PROBLEM OF PAIN 

Pain has been described in animals as “an 
aversive sensory and emotional experience 
representing an awareness by the animal of 
damage or threat to the integrity of its 
tissues.” Pain is basically a protective mecha¬ 
nism to ensure that the animal moves away 
from noxious (damaging) influences, but 
endogenous pain, arising from internal dam¬ 
aging influences, causes its own physiologic 
and pathologic problems that require the 
veterinarians intervention. In humans, there 
is an additional psychological parameter to 
pain and, although it is customary to trans¬ 
pose attitudes from pain in humans to 
animals, this is a courtesy rather than an 
established scientific principle. 

A major difficulty with pain in animals is 
the difficulty of pain measurement. Pain is a 
subjective sensation known by experience 
that can be described by illustration, but 
measurement of pain is an indirect activity 
related to its effects and is an objective phe¬ 
nomenon. A panel report on recognition and 
alleviation of pain in animals proposed a sim¬ 
plified classification for animal pain and dis¬ 
tress as pain, anxiety and fear, stress, suffering, 
comfort, discomfort, and injury. The recom¬ 
mendations are directed at academics, teach¬ 
ers, and researchers using laboratory animals, 
as well as the pharmaceutical industry. 

Pain is assessed in animals by three 
methods: (1) observation of behavior; 
(2) measurement of physiologic parameters, 
including heart rate, blood pressure, sweat¬ 
ing and polypnea, that indicate sympathetic 
activation; and (3) measurement of the 
plasma concentration of factors that indicate 
sympathetic activation, such as plasma 
cortisol, epinephrine, norepinephrine, and 
nonesterified fatty acid concentrations. 
Behavioral changes are increasingly being 
used as indirect indicators of pain, but 
studies lack standardization with respect to 
definition of behaviors, frequency and dura¬ 
tion of monitoring, and interpretation of 
results. More objective indirect techniques 
for quantifying pain include the use of 
force meters, vocalization measures, stride 
length, and activity using pedometers and 






accelerometers. 1 Because of the lability and 
expense of epinephrine and norepinephrine 
analyses, and the poor specificity of increased 
plasma nonesterified fatty acid concentra¬ 
tion for pain, the most commonly used labo¬ 
ratory measure of pain is plasma cortisol 
concentration. Cortisol concentrations have 
also been measured in saliva, urine, and feces 
to provide a more accurate indicator of basal 
stress, because plasma cortisol concentra¬ 
tions increase rapidly in response to han¬ 
dling and restraint for blood sampling. 

Pain in agricultural animals is a matter of 
ever-increasing concern, and there is an 
obvious need to identify, evaluate, prevent, 
and manage pain in large animals. Many 
agricultural practices that are thought to be 
necessary to avoid later painful disease or 
injury (e.g., disbudding or dehorning of 
cattle, sheep, and goats; 2 tail docking in 
piglets and lambs; 3 the Mules operation in 
Merino sheep; 4 and tooth clipping in baby 
pigs), to improve animal production and 
minimize fighting or reproductive-related 
injuries (e.g., castration, spaying), or to 
facilitate in animal identification (branding, 
eartagging, tattooing, or ear notching) are 
performed by producers without provision 
of an analgesic agent. It is not our purpose to 
engage in a discussion on the subject of 
animal welfare or the prevention of cruelty. 

ADVANCES IN ATTITUDE 
TOWARD PAIN 

There is now a greater awareness of the exis¬ 
tence and detrimental effects of pain in 
animals, which has led to widespread imple¬ 
mentation of postoperative pain control. 
New and improved analgesics are being 
developed and marketed as a result of 
increased basic and clinical research in pain. 
The detrimental effects of pain include the 
following: 

• Suffering and stress resulting in delayed 
healing 

• Increased catabolism and decreased feed 
intake 

• Prolonged recovery and longer 
recumbency, with a greater risk of 
postoperative complications 

• The potential to cause ineffective 
respiratory ventilation with the 
development of respiratory acidosis and 
acidemia 

• Self-mutilation 

• The potential of acute pain to lead to 
chronic pain 

Pain may be clinically beneficial by acting 
as a protective mechanism by moving the 
animal away from the noxious stimulus and 
providing immobility of the affected part, 
promoting healing. Pain is a valuable diag¬ 
nostic aid but, once identified, it is necessary 
to treat the pain and remove or modify its 
source if possible. 

Once it is accepted that pain is detrimen¬ 
tal it then becomes important to recognize 
and evaluate the severity of the pain. In the 
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past, veterinary science has used an anthro- 
pomorphologic approach to the assessment 
of whether or not an animal is in pain. It 
is a reasonable elementary approach to 
compare the effects of pain in animals with 
those in humans because there are many 
more similarities in the neuroanatomical, 
physiologic, and behavioral data between 
humans and animals than there are differ¬ 
ences. However, because of the inherent 
behavioral and social differences between 
humans and animals, this approach is 
limited. 

Current research on pain in animals 
includes visual and subjective assessment of 
pain supported by physiologic and clinico- 
pathologic measurements. These studies 
have increased the awareness of the problem 
of pain in veterinary medicine and resulted 
in improved information on the use of 
appropriate analgesics. Analgesics are now 
more commonly used perioperatively in 
food-producing animals and horses in 
New Zealand, Scandinavia, the United 
Kingdom, and the United States undergoing 
surgical and painful procedures. 5 ' 8 More 
research is needed to develop optimal anal¬ 
gesic protocols. 

ETIOLOGY 

Pain sensations are aroused by different 
stimuli in different tissues, and the agents 
that cause pain in one organ do not neces¬ 
sarily do so in another. In animals there are 
three types of pain: 

1. Cutaneous (or superficial) 

2. Visceral 

3. Somatic (or musculoskeletal) 

The causes of each type of pain are listed in 
the following sections. 

Cutaneous or Superficial Pain 

Cutaneous or superficial pain is caused by 
agents or processes that damage the skin, 
such as burning, freezing, cutting, and crush¬ 
ing. Fire burns, frostbite, severe dermatitis, 
acute mastitis, laminitis, infected surgical 
wounds, foot rot, crushing by trauma, con¬ 
junctivitis and foreign body in the conjunc¬ 
tival sac are all common causes of pain. 

Visceral Pain 

Examples of visceral pain include the 
following: 

• Inflammation of serosal surfaces, as in 
peritonitis, pleurisy, and pericarditis 

• Distension of viscera, including the 
stomach, intestines, ureters, and bladder 

• Swelling of organs as in hepatomegaly 
and splenomegaly 

• Inflammation, as in nephritis, peripelvic 
cellulitis, and enteritis 

• Stretching of the mesentery and 
mediastinum 

In the nervous system, swelling of the brain 
caused by diffuse edema, or of the meninges 
caused by meningitis, are potent causes 
of pain. Inflammation of (neuritis) or 


compression of (neuralgia) peripheral nerves 
or dorsal nerve roots are also associated with 
severe pain. 

Musculoskeletal (Somatic) Pain 

Muscular pain can be caused by lacerations 
and hematomas of muscle, myositis, and 
space-occupying lesions of muscle. Osteo¬ 
myelitis, fractures, arthritis, joint disloca¬ 
tions, and sprains of ligaments and tendons 
are also obvious causes of severe pain. 
Among the most painful of injuries are 
swollen, inflamed lesions of the limbs or 
joint caused by deep penetrating injury or, in 
cattle, by extension from foot rot. Amputa¬ 
tion of a claw, laminitis, and septic arthritis 
are in the same category. Ischemia of muscle 
and generalized muscle tetany, such as occurs 
in electroimmobilization, also appear to 
cause pain. 

The trauma of surgical wounds is a con¬ 
troversial topic in animal welfare, especially 
that associated with minor surgical proce¬ 
dures such as dehorning, tail docking, and 
castration in farm animals. From clinical 
observation supported by some laboratory 
examinations, e.g., salivary cortisol concen¬ 
trations after castration in calves and lambs, 
it appears that pain after these procedures is 
short-lived, up to about 3 hours, and the per¬ 
ception of pain is age dependent. 1,9 

PATHOGENESIS 

Pain receptors are distributed as end organs 
in all body systems and organs. They are con¬ 
nected to the CNS by their own sensory 
nerve fibers with their cell bodies in the 
dorsal root ganglion of each spinal nerve and 
via some of the cranial nerves. Intracord 
neurons connect the peripheral neurons to 
the thalamus, where pain is perceived, and to 
the sensory cerebral cortex, where the inten¬ 
sity and localization of the pain are appreci¬ 
ated and the responses to pain are initiated 
and coordinated. 

The stimuli that cause pain vary between 
organs. The important causes include the 
following: 

• Skin: cutting, crushing, freezing, 
burning 

• Gastrointestinal tract: distension, 
spasm, inflamed mucosa, stretching of 
mesentery 

• Skeletal muscle: ischemia, traumatic 
swelling, tearing, rupture, hematoma 

• Synovial membranes and cartilage of 
joints: inflammation 

Nociception is the normal physiologic 
process by which pain is perceived. When a 
tissue is injured by mechanical, thermal, or 
chemical means, peripheral nociceptors 
(specialized free nerve endings of afferent 
neurons) are depolarized and the initial 
stimulus is felt as pain. 

Peripheral nociceptors are located in 
skin, fascia, muscles, tendons, blood vessels, 
joint capsules, periosteum, subchondral 
bone, pleura, peritoneum, and viscera. Five 
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classes of peripheral nociceptor are currently 
recognized: (1) thermal nociceptors acti¬ 
vated by temperatures above 52°C or below 
5°C, (2) mechanoheat nociceptors activated 
by pressure and temperature, (3) polymodal 
nociceptors, (4) visceral nociceptors, and 
(5) silent nociceptors. The first pain or initial 
sharp stinging following injury is caused by 
activation of large-diameter fast-conduction 
myelinated nerve fibers called Type IA8 
fibers (thermal nociceptors) or Type HAS 
fibers (mechanoheat nociceptors). The 
second pain or slow pain following injury is 
caused by activation of small-diameter 
unmyelinated slow-conduction fibers called 
C-fibers; these fibers transmit a painful stim¬ 
ulus that is perceived as a sustained burning 
sensation that persists past cessation of the 
initial sharp painful sensation. Visceral noci¬ 
ceptors are activated by diffuse stimulation 
instead of direct local noxious stimuli. Silent 
nociceptors are mechanoheat nociceptors 
activated when sensitized by release of pro- 
inflammatory mediators (such as bradyki- 
nin, histamine, leukotrienes, eicosanoids, 
serotonin, substance P, adenosine triphos¬ 
phate [ATP], low tissue pH, and other con¬ 
stituents of inflammation) into damaged 
tissues, establishing peripheral hyperalge¬ 
sia. The hyperalgesia during acute pain is 
thought to promote healing at the injured 
site. 

Central Hypersensitivity and 
Preemptive Analgesia 

A state of altered central processing can also 
occur in response to chronic activation of 
peripheral nociceptors, which is called 
central hypersensitivity or “wind up.” This 
central hypersensitivity results in a modified 
response to subsequent afferent inputs, 
which last between 10 and 200 times the 
duration of the initiating stimulus. The net 
result is that stimuli previously perceived as 
innocuous, such as touch or pressure, 
become perceived as painful after the system 
is sensitized. Preinjury treatment with 
opioids or local anesthetics prevents or 
decreases the development of central hyper¬ 
sensitivity and behavioral indicators of pain, 
but opioids and local anesthetics are less 
effective if administered after the injury is 
initiated. It is the establishment of central 
hypersensitivity that makes pain much more 
difficult to control once it is established and 
why analgesics are less effective at this time. 
Thus the combination of peripheral hyperal¬ 
gesia (particularly associated with substance 
P) and central hypersensitivity results in 
what is called clinical pain. 

It has been suggested that by preventing 
the surgical afferent stimuli from entering 
the spinal cord, the facilitation of spinal 
nociceptive processing could be prevented 
and this would decrease the severity of post¬ 
operative pain. This is known as the concept 
of preemptive analgesia. Preoperative 
administration of an analgesic is more 


effective than postoperative administration 
of the same dose; this is relevant to the 
control of pain associated with elective 
surgery. Many studies (primarily in humans) 
have demonstrated that preoperative admin¬ 
istration of local anesthetic agents and the 
administration of NSAIDs or opioids before 
the patient is recovered from anesthesia are 
appropriate methods for instituting preemp¬ 
tive analgesia. 

The physiologic responses to pain are 
described in the following sections. Normal 
responses include the release of the 
morphine-like endorphin from the brain, 
providing an endogenous analgesic system, 
and also cortisol release from the adrenal 
cortex in response to any stress. The clinical 
response to pain varies not only with the per¬ 
sonality of the patient (some are more stoic 
than others) but also with various other 
influences. For example, distraction, as in 
walking a horse with colic, application of an 
alternative pain in the forced elevation of the 
tail of a cow (tail jack), and application of 
local anesthetic agents all tend to relieve 
pain. In agricultural animals pain elicits 
behavioral, physiologic, and clinicopatho- 
logic changes. The behavioral responses can 
be interpreted as a form of distraction, a 
displacement activity, or as providing an 
alternative pain. The physiologic and clinico- 
pathologic responses are part of the fight or 
flight phenomena and reflect sympathetic 
activation. 

CLINICAL FINDINGS 

The general clinical findings of pain are 
described here and the indications of pain 
associated with individual body systems or 
organs are described within each category. 

Physiologic Responses 

Physiologic responses to pain are manifested 
by the following signs, and the severity of the 
pain determines the degree of response: 

• Tachycardia 

• Polypnea 

• Pupillary dilatation 

• Hyperthermia 

• Sweating 

The cardiovascular responses of tachycardia 
and hyperthermia may contribute to a fatal 
outcome in animals with reduced cardiovas¬ 
cular reserve, for example, when dehydra¬ 
tion, acid-base imbalance, and endotoxic 
shock are also present. 

Behavioral Responses 

These include abnormal posture and gait 
when the pain is musculoskeletal (e.g., 
somatic). The gait abnormalities include 
lameness, a shuffling gait, and rapid shifting 
of weight from one leg to another. These are 
subjects of importance in orthopedic surgery. 

The behavioral responses to pain may 
also include unrelated activities such as 
rolling, pawing, crouching, or grinding of 
teeth when the pain is visceral. However, the 


behavioral activities may also be related to 
the site of the pain, e.g., the horse with colic 
that looks at its abdomen, or to a particular 
function, such as pain manifested on cough¬ 
ing, walking, defecating, urinating, and so 
forth. The behavioral aspects of severe pain 
are very important in the horse with severe 
unrelenting visceral pain caused by colic. 
The rolling, falling, and lunging upward and 
backward (often falling against walls) can 
result in severe injury and causes panic in 
many owners. 

Generally, somatic pain is more localized 
and easily identified than visceral pain. Inju¬ 
ries to limbs are usually identifiable by frac¬ 
tures or localized tendon strain or muscle 
injury. With severe somatic pain, as with a 
fracture or septic arthritis, the limb is carried 
off the ground and no weight is taken on 
the limb. With lesser lesions more weight¬ 
bearing activity is undertaken. 

One of the notable factors affecting pain 
in animals is the analgesic effect of the 
animal lying on its back or of its adopting a 
defeated, supine posture. This may be related 
to the release of endorphins. 

More general behavioral responses to 
pain include decreased appetite and average 
daily rate of gain, adoption of an anxious 
expression (ears retracted), disinclination to 
be examined, and aversion to returning to a 
particular location in which pain has been 
experienced previously. Moaning, grunting, 
and grinding of the teeth (odontoprisis or 
bruxism) are generally indicative of pain. If 
vocalization occurs with each respiration or 
rumination, the pain appears likely to arise 
from a lesion in the thoracic or abdominal 
cavities. When teeth grinding is associated 
with head pressing it is thought to indicate 
increased intracranial pressure such as 
occurs with brain edema or lead poisoning. 
Grinding of the teeth as a sole sign of pain is 
usually associated with subacute distension 
of segments of the alimentary tract. More 
extreme kinds of vocalization caused by pain 
include moderate bellowing by cattle, bleat¬ 
ing in sheep and goats, and squealing in pigs. 

Elicitation of Pain by 
the Veterinarian 

This is an essential part of a clinical examina¬ 
tion. The techniques include the following: 

• Pressure by palpation, including firm 
ballottement with the fist and the use of 
a pole to depress the back in a horse or 
to arch the back upward from below in 
a cow 

• Pressure by compression, as with hoof 
testers for detecting the presence of pain 
in the hoof 

• Movement by having the animal walk 
actively or by passively flexing or 
extending limbs or neck 

• Stimulation of pain related to coughing 
by eliciting the cough reflex 

• Relief of the pain by correction of the 
lesion 





81 


Periodicity and Duration of Pain 

Limited duration of pain can be the result of 
natural recovery or of surgical or medical 
correction of the problem. Constant pain 
results from a static state, whereas periodic 
or intermittent pain is often related to peri¬ 
odic peristaltic movement. In humans and in 
companion animals some importance also 
attaches to observing the time of onset of 
pain, whether it is related to particular func¬ 
tions or happenings and whether the patient 
gains relief by adopting particular postures 
or activities. These factors are unlikely to be 
of importance as an aid to a diagnosis in 
agricultural animals. 

TREATMENT 

Several aspects concerning the relief of pain 
in agricultural animals are important. Cost 
has always been a deterrent to the use of local 
anesthetics and analgesics. However, with 
changing attitudes toward animal pain, this 
issue is more frequently examined. Treat¬ 
ment of the causative lesion is a major prior¬ 
ity, but the treated lesion may remain painful 
for varying lengths of time. Relief and the 
control of pain should be a major consider¬ 
ation and the following principles require 
consideration: 

• Relief of pain is a humane act. 

Improved, less painful methods of 
castration, 9 dehorning, 2 tail docking, 3 
Mules operation in sheep, 4 spaying 
cattle, and treating painful lesions of the 
hooves of farm animals must be 
explored and implemented. Surgical 
operations, such as laparotomies, must 
be performed using appropriate 
analgesia. 

• Analgesia may obscure clinical findings 
that may be necessary to observe, 
properly diagnose, or maintain 
surveillance of a case. This is of major 
importance in equine colic. 

• Control of pain is necessary to prevent 
animals from inflicting serious self- 
injury associated with uncontrollable 
behavior as a result of severe visceral 
pain. 

• Analgesics for visceral pain are readily 
available and relatively effective. 

• A major problem in the clinical 
management of pain is for cases of 
severe, slowly healing, infected 
traumatic wounds of the 
musculoskeletal system. Pain is likely to 
be very severe, continuous, and to last 
for periods of up to several weeks. 
Affected animals cannot bear weight 
with the affected limb, have great 
difficulty in moving, lose a great deal 
of weight, and prefer prolonged 
recumbency. At the present time, there 
are no effective analgesics available that 
can be administered easily and daily for 
a few weeks without undesirable side 
effects. The development of such 
products is urgently required. 


Analgesia 

The analgesic agents and techniques avail¬ 
able include the following: 

• Surgical procedures, e.g., neurectomy by 
section of peripheral nerves, as 
practiced in horses 

• Local destruction of peripheral nerves 
by chemical means, e.g., the epidural 
injection of agents such as ethyl alcohol 
may prevent straining 

• Local destruction of peripheral nerves 
by thermal means, e.g., cautery of the 
wound edge after gouge dehorning in 
calves 

• Analgesia using nonopioid drugs when 
sedation is not required or is 
contraindicated 

• Opioid analgesics (narcotic analgesics) 

Analgesic Agents 

There are seven main types of analgesic agent 

administered parenterally or topically to 

large animals: 

1. Local anesthetic agents such as 
lidocaine (lignocaine), mepivacaine, and 
bupivacaine 

2. NSAIDs such as flunixin meglumine, 
ketoprofen, phenylbutazone, carprofen, 
and meloxicam 

3. a 2 -Agonists such as xylazine and 
detomidine 

4. Opioids such as morphine, fentanyl, 
butorphanol, and buprenorphine 

5. IV-methyl-D-aspartate receptor 
antagonists such as ketamine 

6. Vanilloids such as capsaicin 

7. y-Aminobutyric acid analogs such as 
gabapentin 


Generally, local anesthetic agents, a 2 - 
agonists, and opioids are used to provide 
short-term analgesia (hours), parenteral 
NSAIDs and topical vanilloids are used to 
provide long-term analgesia (days to 
months), and y-aminobutyric acid analogs 
are investigational. Effective analgesia is 
best achieved using a multimodal approach 
that incorporates the administration of two 
or more pharmaceutical agents that attenu¬ 
ate or abolish the transmission, modulation, 
and perception of pain, providing optimal 
pain relief (Fig. 4-2). Standard anesthesiol¬ 
ogy texts should be consulted regarding 
techniques for local analgesia using regional 
or peripheral nerve blocks and local anes¬ 
thetic agents, or for general analgesia using 
a 2 -agonists and opioids. 

Local Anesthetic Agents 

Lidocaine, mepivacaine, and bupivacaine 
exert their analgesic effect by addressing both 
the first pain and second pain after injury by 
blocking the voltage-gated sodium channels 
in peripheral nerves, preventing propagation 
of depolarization. Types IA5 and IIA5 and 
C-fibers are blocked before other sensory and 
motor fibers, meaning that it is possible (but 
sometimes a clinical challenge) to selectively 
block pain while maintaining the animal’s 
normal motor function. The main advan¬ 
tages of local anesthetic agents are their cost 
and predictable and local effect, and the main 
disadvantage is short duration of action. They 
are usually administered by perineural infil¬ 
tration in specific or regional nerve blocks. 
One challenge with lidocaine injection is that 
formulations are acidic and, consequently, 



Fig. 4-2 The nociceptive pathway in cattle, identifying the anatomic location of analgesic drug 
activity. Effective analgesia is best achieved using a multimodal approach that incorporates 
the administration of two or more pharmaceutical agents that attenuate or abolish the 
transmission, modulation, and perception of pain. (Reproduced with permission from Coetzee 
JF. Vet Clin North Am Food Anim Pract 2013;29:13.) 
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burn when injected. The injection pain can 
be mitigated by mixing 1 mL of 8.4% sodium 
bicarbonate solution with 10 mL of 2% lido- 
caine in a 12-mL syringe; this increases the 
solution pH and reportedly decreases the 
immediate pain associated with lidocaine 
injection. The bicarbonate-lidocaine mixture 
should be used immediately and not stored 
because the higher pH causes the lidocaine to 
come out of the solution. Topical formula¬ 
tions of lidocaine (2.5%) and prilocaine 
(2.5%) are available that appear to be useful 
for transdermal administration of a local 
anesthetic in large animals before intrave¬ 
nous catheter placement, venipuncture, 
arthrocentesis, or collection of cerebrospinal 
fluid. There is concern in the European Union 
regarding the use of lignocaine (lidocaine) in 
food-producing animals because of muta¬ 
genic activity and genotoxic characteristics of 
a lignocaine metabolite, 2,6-xylidine. Pro¬ 
caine is not metabolized to the same metabo¬ 
lite and offers a suitable alternative if 
lignocaine use is curtailed in food-producing 
animals. 

Nonsteroidal Antiinflammatory Drugs 

These drugs appear to exert most of their 
analgesic effect by addressing the second 
pain (slow pain) caused by sensitization of 
C-fibers by eicosanoids; NSAIDs are not cur¬ 
rently thought to exert a central analgesic 
effect. Animals receiving NSAIDs should be 
normally hydrated to minimize potential 
renal effects such as tubular nephrosis and 
papillary necrosis (see diseases of the 
kidney). Combined administration of a sys¬ 
temic NS AID with an intraarticular cortico¬ 
steroid appeared to be more successful in the 
treatment of joint pain in horses than single 
treatment of either agent alone. 10 

Although parturition is painful, current 
data do not support the routine administra¬ 
tion of NSAIDs at parturition because most 
of the studies completed in cattle have 
reported an increased incidence of retained 
placenta in animals treated with NSAIDs; 
this result is consistent with the current 
understanding that PGF 2a plays an impor¬ 
tant role in placental detachment. 11 Whether 
NSAIDs are beneficial in cattle experiencing 
dystocia remains to be determined. 12,13 

Flunixin Meglumine 
This NS AID has excellent antiinflammatory, 
antipyretic, and analgesic properties, and is 
the preferred NS AID for acute soft tissue or 
visceral pain, although it is also efficacious 
against musculoskeletal pain. Flunixin 
meglumine provides excellent analgesia in 
equine colic and postoperative pain. In a 
comparison of three NSAIDs used to mini¬ 
mize postsurgical pain in horses, flunixin 
meglumine (1 mg/kg BW), phenylbutazone 
(4 mg/kg BW), or carprofen (0.7 mg/kg BW) 
were administered once intravenously. 
All three NSAIDs were effective in control¬ 
ling postoperative pain, but the duration of 


clinical effect was longer for flunixin meglu¬ 
mine (12.8 hours) than carprofen (11.7 
hours) or phenylbutazone (8.4 hours). Flu¬ 
nixin meglumine (1.1 mg/kg intravenously) 
was an effective analgesic in 2- to 3-month- 
old bull dairy calves undergoing surgical 
castration; flunixin meglumine administra¬ 
tion attenuated the cortisol response and 
avoided some of the behavioral changes 
observed in calves castrated without drugs or 
with lidocaine infusion alone. 1 

The usual loading dose for flunixin 
meglumine is 1.1 to 2.2 mg/kg BW IV (rumi¬ 
nants) or 1.1 mg/kg BW (horses) followed by 
a maintenance dose of 1.1 mg/kg BW every 
24 hours, although some studies have admin¬ 
istered repeated injections at 8 to 12 hours. 
Flunixin meglumine is usually administered 
once or twice a day for its analgesic effect and 
is usually administered parenterally (prefer¬ 
ably intravenously because of the rare 
instances of myonecrosis following intra¬ 
muscular injections, particularly in horses), 
although oral formulations exist. Intramus¬ 
cular doses are rapidly absorbed, with the 
maximal concentration occurring within 1 
hour. Large doses given to individual ponies 
may, however, be toxic. Toxic effects are 
similar to those with phenylbutazone and 
include ulceration of the colon, stomach, and 
mouth; the latter two are most evident when 
administered orally. The major disadvantage 
with flunixin meglumine is the relatively 
short duration of action and label require¬ 
ments for intravenous injection in the United 
States. 14 

Ketoprofen 

This NSAID has antiinflammatory, anti¬ 
pyretic, and analgesic properties and is 
labeled in Europe for the treatment of pain 
in cattle associated with mastitis, lameness, 
and trauma (3.3 mg/kg BW intravenously or 
intramuscularly, every 24 hours for 3 days). 
Oral formulations are also available in 
Europe for the treatment of suckling calves. 
On theoretical grounds, ketoprofen may 
have analgesic properties superior to cur¬ 
rently available NSAIDs because it blocks 
both the cyclooxygenase and 5-lipoxygenase 
branches of the arachidonic acid cascade as 
well as potentially having antibradykinin 
activity. However, the latter two effects have 
not been demonstrated in large animals at 
recommended dose rates. Ketoprofen has 
been shown to provide analgesia for several 
hours after gouge dehorning of calves and 
surgical castration of calves. 

Phenylbutazone 

This NSAID is used extensively as an oral 
analgesic for horses, especially for long-term 
treatment of musculoskeletal pain. It is most 
effective for the relief of mild to moderate 
musculoskeletal pain. The half-life of the 
drug in plasma is about 3.5 hours so that 
repeated treatment is recommended. A 
plasma concentration of 20 pg/mL appears to 


be clinically effective in horses, whereas a 
plasma concentration of 60 to 90 pg/mL 
appears to be clinically effective in cattle. 
After oral use in horses the peak levels in 
plasma are reached at 2 hours, but after intra¬ 
muscular injection this does not occur until 
after 6 hours; thus, the oral or intravenous 
routes are the usual routes of administration. 
Unless care is taken to inject the drug 
slowly when using the intravenous route, 
severe phlebitis, sometimes causing complete 
obstruction of the jugular vein, may result. 
For horses the recommended dose rate is 
4.4 mg/kg BW daily for 5 days orally or intra¬ 
venously. Treatment on day 1 may be at 
4.4 mg/kg BW twice, constituting a loading 
dose. Treatment beyond 5 days may be 
continued at minimal effective dose rates. 
However, prolonged use, especially in ponies, 
at a dose of 10 to 12 mg/kg BW daily for 8 to 
10 days, may be followed by ulceration of 
alimentary tract mucosa, including the oral 
mucosa, and fatal fluid retention caused by 
hypoproteinemia. The pathogenesis of these 
lesions is thought to be caused by a wide¬ 
spread phlebopathy. Phenylbutazone should 
not be used if there is preexisting gastrointes¬ 
tinal ulceration, clotting deficits, or cardiac 
or renal dysfunction. Its use should be under 
close veterinary supervision so that the dose 
rate may be kept to a minimal effective level 
and so that it is used only when there is a clear 
clinical indication to do so. It should be with¬ 
drawn if there is no indication of a therapeu¬ 
tic response or if signs of toxicity appear. If 
there is doubt about toxicity or a prolonged 
course is advised, periodic hematologic 
examinations are recommended. 

For cattle, the recommended oral dose is 
10 to 20 mg/kg BW initially followed by daily 
doses of 4 to 6 mg/kg BW or every other day 
dose of 10 to 14 mg/kg BW. Clearance is 
slowed in neonates, so the dosage protocol 
would need to be adjusted in suckling calves. 
The general clinical impression is that phen¬ 
ylbutazone is the most effective analgesic 
available for the treatment of cattle with 
painful musculoskeletal conditions. Phenyl¬ 
butazone is no longer permitted to be 
administered to female dairy cattle > 20 
months of age in the United States because 
of concerns about meat and milk residues; 
phenylbutazone is known to induce blood 
dyscrasias in humans, including aplastic 
anemia, leukopenia, agranulocytosis, throm¬ 
bocytopenia, and death. In addition, phenyl¬ 
butazone is a carcinogen, as determined 
by the National Toxicology Program. Because 
of these concerns, phenylbutazone should 
not be administered to food-producing 
animals. 

Meloxicam 

Meloxicam is a longer acting NSAID than 
flunixin meglumine and has the additional 
advantage that it can be administered intra¬ 
muscularly. Meloxicam preferentially binds 
to COX-2 (the inducible isoform) and 





therefore theoretically has decreased side 
effects in large animals that may result from 
constitutive COX-1 isoform inhibition, 
including gastric or abomasal ulceration and 
proximal tubular injury of the kidneys. 
Meloxicam has been shown to be an effective 
analgesic in ruminants undergoing surgical 
procedures such as dehorning or castration, 
and it is effective when administered at 0.5 
to 1 mg/kg BW orally every 1 to 2 days. 
However, based on prescription guidelines in 
the United States, oral meloxicam should 
only be administered to ruminants when 
sustained analgesia (>3 days) is needed. 

Salicylates 

Aspirin or acetylsalicylic acid is the most 
commonly administered analgesic in cattle 
but is not very effective, and there is limited 
clinical evidence of its efficacy. The recom¬ 
mended dose rate is 100 mg/kg BW orally 
every 12 hours, and oral administration is 
most common. Because there may be limited 
absorption from the small intestine, the salic¬ 
ylates may be given intravenously (35 mg/kg 
BW every 6 hours in cattle; 25 mg/kg BW 
every 4 hours in horses), but this is no longer 
practiced with the widespread availability of 
flunixin meglumine and phenylbutazone. 

Carprofen 

This is the safest NSAID, because of its weak 
inhibition of peripheral prostaglandins. 

Diclofenac 

This NSAID, when given to lambs before cas¬ 
tration with bloodless castrators, signifi¬ 
cantly reduced the time spent trembling or 
in abnormal postures following the castra¬ 
tion procedure. Diclofenac was widely 
administered to cattle and water buffalo in 
south Asia until catastrophic declines in the 
local vulture populations was identified. It 
was determined that vultures scavenging on 
cattle carcasses that had been unsuccessfully 
treated with diclofenac were dying from 
diclofenac-induced renal failure. Diclofenac 
was subsequently banned for veterinary use 
across south Asia in 2006, and since that time 
vulture populations have made a remarkable 
comeback. 

a 2 -Agonists 
Xylazine 

Xylazine was the first widely used a 2 -agonist 
in large animals and remains the most com¬ 
monly administered a 2 -agonist in rumi¬ 
nants. Xylazine has been shown to be the 
most effective analgesic for the relief of 
experimentally induced superficial, deep, 
and visceral pain in ponies when it was com¬ 
pared with fentanyl, meperidine (pethidine), 
methadone, oxymorphone, and pentazocine. 
However, its short duration of action and 
the accompanying sedation and decreased 
gastrointestinal motility, respiratory activity, 
and increased urine formation limit its use 
as a short-term analgesic. Xylazine appears 


to produce minimal sedation and analgesia 
in pigs when administered as a sole agent. 

Xylazine is widely used in the horse. 
Medetomidine and dexmedetomidine are 
used in the horse when a longer duration of 
analgesia is required. 1 ' 

Narcotic Analgesics 

Meperidine (Demerol, pethidine) is exten¬ 
sively used as an analgesic for visceral pain 
in the horse. Methadone hydrochloride and 
pentazocine are also used, to a limited extent, 
and their use is detailed in the treatment of 
colic in the horse. Butorphanol, a synthetic 
narcotic used alone or in combination with 
xylazine, provides highly effective analgesia 
in horses. 16 

Generally, narcotic analgesics are not as 
effective in ruminants as in horses and pigs 
because they have a distribution of |i and K 
receptors different from monogastric animals. 
In ruminants, opioids produce brief analgesia 
or no analgesia (depending on the type of 
stimulus) and higher doses are needed for an 
effect than in monogastric animals. Opioids 
also produce behavioral side effects in rumi¬ 
nants. Concern that most opioids are sched¬ 
uled drugs necessitating extensive record 
keeping and secure storage, and about meat 
and milk residues in food-producing animals, 
further limit the use of opioids in ruminants. 

Narcotic agents are used in somatic pain 
in humans and may have wider applicability 
in animals. A recent clinical application has 
been transdermal delivery of fentanyl, which 
is a potent (J, and K agonist opioid analgesic 
drug that is highly lipid soluble. Fentanyl 
patches have been applied to the skin of 
horses, pigs, sheep, goats, and llamas. The 
rate and magnitude of uptake is dependent 
on core temperature and environmental 
temperature (and therefore blood flow to the 
skin at the site of the patch), thickness of the 
skin at the site of the patch, and adherence 
of the patch to the skin. A significant limita¬ 
tion to the use of opioids is their addictive 
nature in humans, necessitating storage 
under strict control with written records of 
their usage required in most countries. 

/V-methyl-D-aspartate receptor 
antagonists 

The prototype Xf-methyl-D-aspartate recep¬ 
tor antagonist is ketamine, which modulates 
central sensitization at subanesthetic doses 
exerting an antihyperalgesic effect. The anal¬ 
gesic effects of ketamine are most evident in 
animals with moderate to severe pain or 
those animals that appear hypersensitive to 
pain. 

Vanilloids 

Capsaicin is derived from hot chili peppers 
(Capsicum annuum) and is the main vanil- 
loid used in horses; these agents are charac¬ 
terized by their ability to activate a 
subpopulation of nociceptor primary affer¬ 
ent neurons. Capsaicin induces a transient 
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primary hyperalgesia that is followed by a 
sustained period of desensitization that is 
species, age, dose, and route of administra¬ 
tion dependent. The sustained desensitiza¬ 
tion is responsible for capsaicins efficacy as 
an analgesic agent. Capsaicin therefore has 
dual effects: initial transient primary hyper¬ 
algesia (manifested as a burning sensation) 
and long-term desensitization. Topical appli¬ 
cation of capsaicin ointment over the site of 
the palmar digital nerves has been used in 
horses as an adjunctive method of analgesia 
in equine laminitis, with demonstrated 
efficacy. The major clinical disadvantage of 
using capsaicin is the initial transient primary 
hyperalgesia. 

y-Aminobutyric Acid Analogs 

Gabapentin is the class representative and 
was originally developed as an antiepileptic 
agent in humans because it is a structural 
analog of the inhibitory neurotransmitter 
y-aminobutyric acid (GABA). The analgesic 
effect of gabapentin is focused primarily at 
chronic or neuropathic pain or as part of 
multimodal therapy, particularly with 
NSAIDs. The pharmacokinetics of gabapen¬ 
tin has been determined in horses, 1 ' beef 
cattle, 18 and dairy cattle. 19 Generally, gaba¬ 
pentin is rapidly but poorly absorbed in 
horses when administered orally at 5 mg/kg 
BW and is rapidly cleared in the horse with 
an apparent plasma elimination half-life of 
3.4 hours. This suggests that gabapentin must 
be administered frequently (at least every 8 
hours) when administered orally to horses. 

Balanced (Multimodal) Analgesia 

Because multiple mechanisms for pain mod¬ 
ulation all act together, the concept of bal¬ 
anced or multimodal analgesia has been 
proposed, similar to the way in which the use 
of different combinations of sedative and 
anesthetic agents results in the best aspects 
of each agent producing balanced anesthesia. 
Among horses receiving NSAIDs at the end 
of an anesthetic, those that received butor¬ 
phanol during surgery required less addi¬ 
tional analgesia compared with those that 
did not receive any opioid. Thus combina¬ 
tions of drugs can be used to produce 
sequential blocks in nociceptive pathways. 

Acupuncture is a popular complemen¬ 
tary treatment option for pain in human 
medicine. Adequate randomized clinical 
trials that have an appropriate control group, 
use blinding, and have clinically relevant 
primary endpoints have yet to be conducted 
in large animals to determine whether acu¬ 
puncture is an effective analgesic agent. 

Administration Routes 

The main routes used for administration of 
analgesics have been local infiltration, sub¬ 
cutaneous, intramuscular, and intravenous. 
Other routes, including oral, epidural, 
intraarticular, and topical, are now being 
explored. 
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Xylazine and lidocaine given as epidural 
analgesia abolished pain and tenesmus in 
cows with acute tail-head trauma, which was 
characterized by acute, intense pain and dis¬ 
comfort, severe tenesmus, and a limp tail. 
Extended pain relief was required for up to 3 
weeks. Xylazine in the epidural space has 
also been used to provide analgesia for the 
castration of bulls. In the horse epidural 
analgesia using a combination of butorpha- 
nol and local anesthetics has been used to 
provide perineal analgesia. 

Supportive Therapy 

The application of moist heat to a local lesion 
causing pain is effective and makes medical 
sense. Its value depends on how frequently 
and for how long it can be applied. Providing 
adequate bedding is important for an animal 
that is recumbent for long periods or that is 
likely to injure itself while rolling. A thick 
straw pack is most useful if it can be kept 
clean and densely packed. Sawdust is most 
practical but gets into everything, especially 
dressings and wounds. Rubber floors and 
walls, as in recovery wards, are effective but 
are usually available only for short periods. 
Distracting a horse with colic by walking 
it continuously is a common practice to 
prevent the animal from behavioral activities 
such as rolling, which may cause self-inflicted 
injuries. Walking is valuable, but has obvious 
limitations. 

The provision of adequate amounts and 
quality of feed and water is essential, espe¬ 
cially if the animal is immobilized and 
because appetite is often poor. 
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Stress 

Stress is a systemic state that develops as a 
result of the long-term application of stress¬ 
ors. It includes pain, which was discussed 
earlier. Stressors are environmental factors 
that stimulate homeostatic, physiologic, and 
behavioral responses in excess of normal. 
The most objective measures of the presence 
and magnitude of acute stress are activation 
of the sympathoadrenal medullary system 
and the HPA axis, manifested as increases in 
the plasma concentrations of catecholamines 
and cortisol, respectively. The importance of 
stress is that it may 

• Lead to the development of 
psychosomatic disease 

• Increase susceptibility to infection 

• Represent an unacceptable level of 
consideration for the welfare of 
animals 

• Reduce the efficiency of production 
The general adaptation syndrome, des¬ 
cribed in humans, has no counterpart in 
animals, and it is lacking in accurate defini¬ 
tions, precise pathogenesis, and general 
credibility. 

CAUSES OF STRESS 

For animals, a satisfactory environment is 
one that provides thermal comfort, physical 
comfort, control of disease, and behavioral 
satisfaction. An environment that is inade¬ 
quate for these factors will lead to stress. The 
environmental influences that elicit physio¬ 
logic responses from animals are outlined 
next and some can be classified as stressors. 
The effects of most of these influences on 
production or performance indices have 


been measured quantitatively, and many of 
them have been equated with blood levels of 
adrenal corticosteroids, which quantify them 
as stressors in the different species: 

• Road transportation for prolonged 
periods, especially during inclement 
weather and when overcrowded, is 
considered to be a major stress 
associated with an increased incidence 
of infectious disease in all farm 
animal species. The effects of prolonged 
road transportation have been measured 
in young calves, cattle, sheep, and 
horses. 

• Climate, especially temperature, either 
as excessive heat or cold, is a stressor. In 
particular, a change of climate places 
great pressure on heat production and 
conservation mechanisms in, for 
example, conditions of sudden wind and 
rain, which affect the comfort of animals. 

• Excessive physical effort, as in 
endurance rides for horses, struggling in 
restrained animals, fear, and the 
excitement and fear in capture 
myopathy syndrome in wildlife, are all 
potential stressors. 

• Pain, especially analgesia-masked pain 
in severe colic in horses, is a stressor. 

The pain of dehorning and castration of 
farm animals is also a transient stressor, 
depending on the species and method 
used. 

• Crowding factors, such as temperature, 
humidity, the physical exhaustion 
associated with standing up for long 
periods, being walked on, difficulty in 
getting to food and water, and so forth, 
are relevant. Two other factors could be 
important. One is the effect of crowding 
on behavior; for example, pigs in 
overcrowded pens appear to bite one 
another more than when they are 
housed at lower densities, and are more 
restless than normal when temperatures 
in the pens are high. The biting is much 
more severe between males than 
between females. Also, it is known that 
pigs bite each other when establishing 
precedence in a group, e.g., after mixing 
of batches, and that this is more severe 
when feed is short. The other possible 
factor that might affect the animal’s 
response to crowding is a psychological 
appreciation of the unattractiveness of 
crowding (or of isolation). This, 
however, is an unknown phenomenon 
in animals. 

• Presence or absence of bedding. This is 
a comfort factor separate from 
temperature and wetness. Whether 
comfort affects physiologic mechanisms 
is not currently known. 

• Housing generally includes the matter 
of comfort as well as that of maintaining 
moderate temperatures, but whether 
there is a factor other than the physical 
is not known. 






• Nutritional deficiencies including lack 
of energy, bulk, and fluid. 

• Quietness versus excitement. 

Harassment by humans or other animals 
sufficient to cause fear does elicit stress 
response in animals, and this is thought 
to be one of the significant causes of 
stress-related diseases in animals. Thus 
transportation, entry to saleyards, 
feedlots, fairs, and shows, and simply 
the mixing of several groups so that 
competition for superiority in the social 
order of the group is stimulated, are 
causes of stress. Entry to an abattoir, 
which has the additional fear-inspiring 
factors of noise and smell, is likely to be 
very stressful for those reasons, but it is 
unlikely that a fear of impending death 
is relevant. Such situations are stressful 
to the point of causing marked elevation 
of plasma epinephrine concentrations. 

• Herding and flocking instincts. Animal 
species that are accustomed to be kept 
as herds or flocks may be distressed for 
a period if they are separated from the 
group. 

PATHOGENESIS 

Stress is thought to develop when the ani¬ 
mal’s mechanisms concerned with adapting 
its body to the environment are extended 
beyond their normal capacities. The daily 
(circadian) rhythm of homeostatic and phys¬ 
iologic changes in response to normal daily 
changes in environment requires the least 
form of adaptation. Marked changes in envi¬ 
ronment, such as a dramatic change in 
weather, on the other hand, place a great 
strain on adaptation and are classified as 
stressors. 

The body systems that are principally 
involved in the process of adaptation to the 
environment are the endocrine system for 
the long-term responses and the nervous 
system for the sensory inputs and short-term 
responses. The endocrine responses are prin¬ 
cipally the adrenal medullary response, 
related to the “flight or fight” situation, which 
requires immediate response, and the adrenal 
cortical response, which becomes operative 
if the stressful situation persists. 

In humans, a large part of the “stress” 
state is the result of stimuli arising in the 
cerebral cortex and is dependent on the 
capacity to develop fear and anxiety about 
the effect of existing or anticipated stressful 
situations. Whether or not these psychologi¬ 
cal inputs play any part in animal disease is 
important, but undecided. The evidence 
seems to suggest that psychic factors do play 
such a part but that it is relatively minor. 

The critical decision in relating stress to 
disease is to decide when an environmental 
pressure exceeds that which the animal’s 
adaptive mechanisms can reasonably accom¬ 
modate, in other words, to define when each 
of the pressures outlined earlier does, in fact, 
become a stressor. There is a great dearth of 
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definition on the subject. Probably the most 
serviceable guideline is “stress is any stimu¬ 
lus, internal or external, chemical or physical 
or emotional, that excites neurons of the 
hypothalamus to release corticotrophin- 
releasing hormone at rates greater than 
would occur at that time of the day in the 
absence of the stimulus.” This definition uses 
stress where stressor would have been more 
commonly used. Other than that, it is accept¬ 
able. The critical threshold of stress occurs in 
the adrenal cortex, and its physical determi¬ 
nation is subject to a chemical assay of 
ACTH. This was the basis of the original 
“stress and the general adaptation syndrome” 
as set down by Selye in 1950. The original 
concept is still attractive because of its sim¬ 
plicity and logic. However, evidence sup¬ 
porting the hypothesis remains limited. The 
importance of the concept for our animals is 
unproven. The deficiency in evidence is that 
of obtaining a standard response to a stan¬ 
dard application of a stimulus. There is a 
great deal of variation between animals, and 
stimuli that should be significant stressors 
appear to exert no effect at all on adrenocor¬ 
tical activity. 

Stress and Road Transportation 

The response of different farm animal species 
to the effects of road transportation has been 
examined. In unaccustomed cattle that are 
forced to run and are then herded together, 
there are increases in the hematocrit and 
blood concentrations of catecholamines, 
cortisol, total lipid, glucose, and lactose. 
Transportation of calves, 4 to 6 months of 
age, for only 4 hours results in a leukocytosis 
with neutrophilia, a decrease in T-lymphocyte 
population, a suppression of lymphocyte 
blastogenesis, and enhancement of neutro¬ 
phil activity. The effect of road transporta¬ 
tion on cattle varies according to age: the 
transportation of 1- to 3-week-old calves for 
up to 18 hours was not as stressful as in older 
calves. The lack of response of the younger 
calves to transport may be caused by their 
lack of physiologic adaptation to coping with 
the transportation. During transportation, 
plasma cortisol concentrations and serum 
creatine kinase (CK) activities increase. 
There is clinical evidence of dehydration and 
increases in serum nonesterified fatty acid, 
(3-hydroxybutyrate, and urea concentrations, 
which reflect changes in normal feeding pat¬ 
terns. Based on the physiologic measure¬ 
ments and subjective measurements of 
behavior, a 15-hour transportation period 
under good conditions is not unacceptable 
regarding animal welfare. Transportation is 
exhausting and causes dehydration, but 
lairage facilitates recovery from both. When 
sheep are subjected to a journey of up to 24 
hours it is best to be done as an uninter¬ 
rupted trip, because it is the initial stages of 
loading and transport that are most stressful. 
In a 15-hour road journey with sheep, the 
major change in hormone release occurs 


during the first 3-hour period and is much 
less in the remaining 12 hours. 

The effects of road transport on indices of 
stress in horses have been examined. A road 
journey lasting up to 24 hours is not particu¬ 
larly stressful for horses, if they are healthy, 
accustomed to the trailer and their travel 
companions, permitted to stop at least as fre¬ 
quently as every 3.75 hours, and traveling in 
a well-ventilated trailer. There was no indica¬ 
tion that road transport was a risk factor for 
pulmonary disease; however, confinement of 
horses with their heads elevated for up to 24 
hours (similar to during transportation) 
results in bacterial colonization and multipli¬ 
cation within the lower respiratory tract. 
Horses are also less physically stressed when 
facing backward in a trailer. 

Based on plasma cortisol concentrations, 
confinement of young bulls on a truck and 
motion are considered stressful factors in 
road transport. Transport stress increases 
fecal, urine, and tissue losses, with most of 
the increased loss taking place during the 
first 5 to 11 hours of transport. During trans¬ 
portation of feeder calves (195 kg) the major 
portion of transport stress occurs during the 
early phases of transport; longer periods may 
not add significantly to the overall stress 
imposed on the calf. It is possible that 
the major stress may be related to the han¬ 
dling of the animals during loading and 
unloading. 

Other Possible Sources of Stress 

Dehorning dairy calves at 8 weeks of age 
resulted in an increase in plasma cortisol 
concentration within 1 hour after the proce¬ 
dure but there was no evidence of prolonged 
stress. 

The effects of maternal dietary restriction 
of protein and/or metabolizable energy on 
the humoral antibody response in cows and 
the absorption of immunoglobulins by their 
cold-stressed calves indicates that there were 
no major or sustained differences compared 
with controls. 

Different types of stress also result in dis¬ 
tinctive changes in the plasma concentra¬ 
tions of metabolites and hormones. An 
environmental stress, such as noise, will 
stimulate a hypothalamic-adrenal-cortex 
response, whereas a sympathetic-adrenal- 
medulla response occurs with a stressor such 
as transportation. 

CLINICAL PATHOLOGY 

The direct criterion of stress is the assay of 
plasma ACTH; stress may be indirectly 
assayed using plasma cortisol concentration, 
which is a less expensive and more widely 
available assay. Salivary or fecal cortisol con¬ 
centration is a good indicator of stress in 
sheep and cattle. Salivary and fecal samples 
are easy to collect, and the laboratory assay 
is simple to perform. Remember that eleva¬ 
tion of plasma, salivary, and fecal cortisol 
concentrations are a normal physiologic 
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response and do not necessarily imply the 
existence of a damaging state in the environ¬ 
ment. Assays of plasma catecholamines (epi¬ 
nephrine and norepinephrine) are confined 
to the research setting because these hor¬ 
mones are unstable using standard storage 
conditions. 

Stressors such as weaning, placement 
in solitary housing or with a new group, 
and transportation lead to an acute phase 
response, which is manifested as an immedi¬ 
ate increase in serum amyloid A concentra¬ 
tion and a slightly delayed increase in serum 
haptoglobin concentration. 1 The mechanism 
of the increase is not directly linked to an 
increased plasma cortisol concentration. 
Endogenous cortisol release also results in an 
acute neutrophilia with no left shift. 1 

During prolonged periods of road trans¬ 
portation of cattle and sheep, there are sig¬ 
nificant changes in serum concentrations 
of total proteins, nonesterified fatty acids 
(NEFAs), glucose, CK, |3-hydroxybutyrate, 
and urea. These changes can be used to assess 
the degree of nutritional stress and the depri¬ 
vation from feed and water during transpor¬ 
tation. 2 Prolonged feed deprivation reduces 
liver glycogen stores and increases concen¬ 
trations of NEFAs and ketones in the plasma. 
Dehydration will elevate the concentrations 
of plasma proteins and the osmolality of the 
blood. Physical stress, such as fatigue or 
exercise, will result in increases in CK. 
Psychological stressors such as fear result in 
elevations of cortisol and corticosterone. 

STRESS SYNDROMES 
Stress-Related Psychosomatic Disease 

In humans there is a significant neuronal 
input from the cerebral cortex to the hypo¬ 
thalamus in response to the psychological 
pressure generated by stress. The inability to 
monitor anxiety and feelings of harassment 
in our animals makes it impossible to deter¬ 
mine the presence of psychological stress in 
them. However, psychosomatic diseases as 
they occur in humans are almost unknown 
in farm animals. The pathogenesis of psycho¬ 
somatic disease appears to be based on the 
ability of the cerebral cortex to effectively 
override the normal feedback mechanisms 
by which the pituitary gland regulates 
the secretion of corticosteroids from the 
adrenal cortex. In other words, the normal 
adaptive mechanisms do not operate and 
hyperadrenocorticism and adrenal exhaus¬ 
tion develop. 

Stress and Susceptibility to Infection 

Field observations support the view that 
stress reduces resistance to infection. This 
seems to be logical in the presence of higher 
than normal adrenocortical activity. The 
most intensively explored relationship of this 
kind has been that of exposure of calves to 
weaning and transportation and their subse¬ 
quent susceptibility to shipping fever. The 
prevalence appears to be increased and is still 


further enhanced by the introduction of 
other stress factors. 

Stress and Animal Welfare 

The perceived harassment of domesticated 
animals by humans has become a matter of 
great concern for the community at large. 
Intensive animal housing has become an 
accepted part of present-day agribusiness, 
but sections of the consuming public are 
inclined to the view that these practices are 
cruel. The literature that has built up around 
this argument sets out to demonstrate that 
environmental stress in the shape of inten¬ 
sive housing, debeaking, tail docking, and 
so on, is sufficient to cause a stress reaction 
as measured by increased corticosteroid 
secretion. This has not turned out to be the 
case, and it is understandable in the light of 
the known variation among animals in their 
response to environmental circumstances 
requiring their physiologic adaptation. If it 
could be shown that this relationship did 
exist and that the increased adrenocortical 
activity caused reduction in resistance to 
infection, the task of the responsible animal 
welfare person would be much easier. The 
absence of this experimental data makes the 
continuing argument less resolvable, but it 
is now generally accepted that producers 
have a responsibility to their animals and 
to society generally to maintain an accept¬ 
able standard of humane care of animals. 
These arguments are usually expressed 
as codes of animal welfare, to which most 
concerned people conform. However, they 
are not statutory directives and are not 
capable of active enforcement. Some 
courts of law accept them as guidelines on 
what the human-animal relationship in 
agriculture should be. Many aspects of 
the codes are arbitrary and are understand¬ 
ably heavily sprinkled with anthropomor¬ 
phic sentiments. The study of ethology, 
which has expanded greatly during the 
recent past, may eventually provide some 
answers to this active, often bitterly fought - 
over field. 

There has been increased adoption of the 
belief that an animal’s welfare, whether on a 
farm, during transportation, or at a market 
or slaughterhouse, should be considered in 
terms of five freedoms that reflect ideal 
states rather than legal standards. The Five 
Freedoms concept originated with the Bram- 
bell Report released in 1965 (Report of the 
Technical Committee to Enquire into the 
Welfare of Animals kept under Intensive 
Livestock Husbandry Systems). This report 
indicated that livestock should have the 
freedom “to stand up, lie down, turn around, 
groom themselves and stretch their limbs.” 
The five freedoms are currently stated as 
follows: 

• Freedom from Hunger and Thirst: 

Ready access to fresh water and a 

suitable diet that maintains full health 

and vigor. 


• Freedom from Discomfort: Provide an 
appropriate environment including 
shelter and a comfortable resting area. 

• Freedom from Pain, Injury, or Disease: 
Prevent or rapidly diagnose and treat 
disease. 

• Freedom to Express Normal Behavior: 

Provide sufficient space, proper facilities, 
and an appropriate group structure. 

• Freedom from Fear and Distress: 
Ensure that conditions and treatment 
avoid mental suffering. 

Animal welfare can also be viewed using 
a conceptual framework, with three such 
frameworks being widely advocated (bio¬ 
logical functioning, affective state, and 
natural living). In the biological function¬ 
ing framework, animals use a variety of 
behaviors and physiologic responses to cope 
with the environment; poor production or 
injury occurs in severe circumstances in 
which they are unable to adapt to the envi¬ 
ronment. This framework has been criticized 
because it does not include an emotional 
component, although such activation may be 
inferred by evaluating the magnitude of sym¬ 
pathoadrenal medullary and HPA axes. In 
the affective state framework, animal welfare 
is viewed as the “net sum of the magnitude 
of pleasant and unpleasant experiences.” 
Although this is a useful concept, it has been 
difficult to quantify. Finally, the natural 
living framework is based on the concept 
that welfare is improved whenever animals 
can express their normal behaviors; this is 
best illustrated by “welfare-friendly” produc¬ 
tion systems, such as free range grazing of 
sheep flocks and beef cattle herds. When 
practiced to extremes, natural living can 
result in animal welfare concerns, such as 
increased neonatal losses caused by hypo¬ 
thermia in ruminants exposed to cold and 
windy weather. 

The status of animals used in research 
has always been a bone of contention 
between the experimenters and some sec¬ 
tions of the general public. Generally, these 
arguments revolve around anthropomorphic 
propositions that animals are subject to fear 
of pain, illness, and death in the same way 
as humans. There is no consistent evidence 
in physiologic terms that supports these 
views. However, the public conscience has 
again achieved a good deal of acceptance 
to the view that animal experimentation 
should be controlled and restricted and care¬ 
fully policed to avoid unnecessary experi¬ 
ments and hardship in animals under our 
control. 

Stress and Metabolic Disease 

There is an inclination to label any disease 
caused by a strong pressure from an environ¬ 
mental factor as a stress disease, for instance, 
hypocalcemia of sheep and hypomagnese¬ 
mia of cattle in cold weather, acetonemia and 
pregnancy toxemia of cattle and sheep on 
deficient diets, and white muscle disease of 
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calves and lambs after vigorous exercise. 
These diseases do have environmental 
origins, but their causes are much simpler 
than a complex interaction of the cerebral- 
cortical-hypothalamic-adrenocortical axis. 
They can be prevented and cured without 
any intervention in the stress disease patho¬ 
genesis. This is not to say that there is no 
adrenocortical basis for the pathogenesis of 
the previously listed diseases, but attempts to 
establish the relationship have so far been 
unsuccessful. 

Stress and Its Effect on 
Economic Performance 

The constant struggle for domination of 
other animals in an animal population is 
most marked in chickens and pigs, and the 
relationship between status in the hierarchy 
and productivity in these species has been 
established with the low-status animals pro¬ 
ducing less well. It is also known that birds 
that are highly sensitive and easily startled 
are poor producers, and they are easily iden¬ 
tified and culled. 

The relationship between stress and pro¬ 
duction appears to be a real one. For example, 
heat stress in the form of high environmental 
temperatures reduces roughage intake and 
hence milk production in lactating dairy 
cows, and the relationships between stress 
and infertility and stress and mastitis in 
cattle are also well documented. The sensitiv¬ 
ity of animals to environmental stress is 
greatest at times when they are already 
affected by metabolic stresses, e.g., during 
late pregnancy and early lactation. The adop¬ 
tion of a policy of culling erratic, excitable 
animals appears to have an economic basis. 

MANAGEMENT OF STRESS 

The widespread public debate about the 
welfare of food-producing domestic animals 
dictates that veterinarians, animal scientists, 
and the livestock industry must develop 
systems of handling and housing that will 
minimize stressors and provide an environ¬ 
ment that makes the animals most content 
and at the same time most productive. In 
civilized human society it should be realistic 
to expect that the animals that are used for 
food production or as companions should 
live their lives free from abuse or adverse 
exploitation. It will be necessary to deter¬ 
mine how best to monitor the well-being of 
animals and determine whether or not they 
are under stress. Guidelines dealing with 
codes of practice for livestock production are 
available in many countries. In addition to 
housing, handling, and experimental inter¬ 
vention, it will also be important to give due 
care to the appropriate selection and use of 
anesthetics and analgesics when pain is 
being inflicted, such as in dehorning and cas¬ 
tration. The effect of sedatives, such as 
acepromazine and xylazine on the stress 
response in cattle, has been examined but the 
results are inconclusive. 


The welfare of animals during transporta¬ 
tion is a major issue that has resulted in leg¬ 
islation governing the transport of animals 
and to define acceptable and unacceptable 
procedures. Welfare is determined by the 
length of the trip and the conditions under 
which animals are transported, including 
stocking density, ventilation, temperature 
and humidity, noise, and vibration. Pro¬ 
longed deprivation of feed and water during 
long transportation results in hunger and 
thirst, and methods to minimize these con¬ 
sequences have been developed. 
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Disturbances of Appetite, 
Food Intake, and 
Nutritional Status 

Hunger is a purely local subjective sensation 
arising from gastric hypermotility caused in 
most cases by lack of distension by food. 

Appetite is a conditioned reflex depend¬ 
ing on past associations and experience of 
palatable foods, and is not dependent on 
hunger contractions of the stomach. The 
term appetite is used loosely regarding 
animals and really expresses the degree of 
hunger as indicated by the food intake. 
When variations from normal appetite are 
mentioned, it means variations from normal 
food intake, with the rare exception of the 
animal that demonstrates a desire to eat but 
fails to do so because of a painful condition 
of the mouth or other disability. Variation in 
appetite includes increased, decreased, or 
abnormal appetite. 

Hyperorexia, or increased appetite, 
caused by increased hunger contractions, is 
manifested by polyphagia or increased food 
intake. Partial absence of appetite (inappe¬ 
tence) and complete absence of appetite 
(anorexia) are manifested by varying degrees 
of decreased food intake (anophagia). 
Undernutrition can be defined as a pro¬ 
longed inadequate supply of nutrients to 
sustain good health and, in the case of imma¬ 
ture or underweight animals, growth poten¬ 
tial. For comparison, malnutrition is a 
deficit, imbalance, or excess of nutrients with 
consequential adverse effects on health and 
growth potential. 1 


Abnormal appetites include cravings for 
substances, often normally offensive, other 
than usual foods. The abnormal appetite 
may be perverted, a temporary state, or 
depraved, the permanent or habit stage. Both 
are manifested by different forms of pica or 
allotriophagia. 

THIRST 

Thirst is an increased desire for water mani¬ 
fested by excessive water intake (polydipsia). 
The two main stimuli for thirst are increased 
plasma osmolality and hypovolemia/ 
hypotension. Osmolality is monitored by 
receptors in the anterior hypothalamus that 
are outside the blood-brain barrier, whereas 
“pressure” is monitored by high- and low- 
pressure baroreceptors in the vascular system 
and heart. Clinically, diabetes insipidus 
produces by far the most exaggerated 
polydipsia. 

Specific observations in ponies have 
shown that water intake is increased in 
response to either an increase in the osmotic 
pressure of tissue fluid (from previous water 
deprivation) or a decrease in the volume of 
their body fluids (such as from intravenous 
furosemide administration). Equidae can 
accommodate and rapidly recover after 72 
hours of water deprivation, particularly 
donkeys and burros, and, consequently, can 
be considered desert-adapted animals. 

The clinical syndrome produced by water 
deprivation is not well defined. Animals sup¬ 
plied with saline water will drink it with 
reluctance and, if the salinity is sufficiently 
great, die of salt poisoning. Cattle at pasture 
that are totally deprived of water usually 
become quite excited and are likely to knock 
down fences and destroy watering points in 
their frenzy. On examination they exhibit a 
hollow abdomen, sunken eyes, and the other 
signs of dehydration. There is excitability 
with trembling and slight frothing at the 
mouth. The gait is stiff and uncoordinated 
and recumbency follows. Abortion of 
decomposed calves, with dystocia caused by 
failure of the cervix to dilate, may occur for 
some time after thirst has been relieved and 
cause death in survivors. At necropsy there 
is extensive liquefaction of fat deposits, dehy¬ 
dration, and early fetal death in pregnant 
cows. 

Experimental water deprivation has been 
recorded in camels, lactating and nonlactat- 
ing dairy cows, and sheep. In camels death 
occurred on the seventh to ninth day of total 
deprivation; BW loss was about 25%. Lactat¬ 
ing cows allowed access to only 50% of their 
regular water supply become very aggressive 
about the water trough, spend more time 
near it, and lie down less. After 4 days milk 
yield is depressed to 74% and body weight to 
86% of original figures. There is a significant 
increase in serum osmolality with increased 
concentrations of urea, sodium, total protein, 
and copper. The PCV is increased, as are 
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activities of creatinine kinase and serum 
aspartate aminotransferase (AST) activity. 
With complete deprivation for 72 hours, the 
changes are similar but there are surprisingly 
few clinical signs at that time. The composi¬ 
tion of the milk does not change markedly 
and plasma electrolyte concentrations return 
to normal in 48 hours. Sheep, even pregnant 
ewes, are capable of surviving even when 
access to water is limited to only once each 
72 hours, but there is a significant loss (26%) 
of BW. Deprivation of water that allows 
access to water only once every 96 hours 
is not compatible with maintaining the 
pregnancy. 

POLYPHAGIA 

Starvation, functional diarrhea, chronic gas¬ 
tritis, and abnormalities of digestion, par¬ 
ticularly pancreatic deficiency, may result in 
polyphagia. Metabolic diseases, including 
diabetes mellitus and hyperthyroidism, are 
rare in large animals but are causes of poly¬ 
phagia in other species. Internal parasitism 
is often associated with poor growth response 
to more than adequate food intakes. 

Although appetite is difficult to assess in 
animals, it seems to be the only explanation 
for the behavior of those that grossly overeat 
on concentrates or other palatable feed. The 
syndromes associated with overeating are 
dealt with in Chapter 8. 

ANOPHAGIA OR APHAGIA 

Decreased food intake may be caused by 
physical factors, such as painful conditions 
of the mouth and pharynx, or to lack of 
desire to eat. Hyperthermia, toxemia, and 
fever all decrease hunger contractions of the 
stomach. In species with a simple alimentary 
tract a deficiency of thiamin in the diet will 
cause atony of the gut and reduction in food 
intake. In ruminants a deficiency of cobalt 
and a heavy infestation with Trichostrongyli- 
dae helminths are common causes of ano- 
phagia, and low plasma levels of zinc have 
also been suggested as a cause. In fact ali¬ 
mentary tract stasis from any cause results in 
anophagia. Some sensations, including 
severe pain, excitement, and fear, may over¬ 
ride hunger sensations and animals used to 
open range conditions may temporarily 
refuse to eat when confined in feeding lots 
or experimental units. Some sheep that 
have been on pasture become completely 
anophagic if housed. The cause is unknown 
and treatment, other than turning out to 
pasture, is ineffective. 

A similar clinical sign is feed aversion, 
seen most commonly in pigs, which is rejec¬ 
tion of particular batches of feed that are 
contaminated by fungal toxins, e.g., Fusar- 
ium spp., or by the plant Delphinium harheyi. 

One of the important aims in veterinary 
medicine is to encourage adequate food 
intake by sick and convalescing animals. 


Alimentary tract stimulants applied either 
locally or systemically are of no value unless 
the primary disease is corrected first. To 
administer parasympathomimetic drugs 
parenterally when there is digestive tract 
atony caused by peritonitis is unlikely to 
increase food intake. In cattle, the intrarumi- 
nal administration of 10 to 20 L of rumen 
juice from a normal cow will often produce 
excellent results in adult cattle that have 
been anorexic for several days, provided the 
primary cause of the anorexia is corrected. 
The provision of the most palatable feed 
available is also of value. 

Parenteral or oral fluid and electrolyte 
therapy is indicated in animals that do not 
eat or drink after a few days. For animals that 
cannot or will not eat, or in those with 
intractable intestinal disease, the use of total 
intravenous feeding (parenteral nutrition) 
may be indicated. The subject of therapeutic 
nutrition for farm animals that cannot or will 
not eat appears to have been ignored. 
However, in most cases farm animals will 
begin to eat their normally preferred diets 
when the original cause of the anophagia or 
aphagia is removed or corrected. Intensive 
fluid therapy may be necessary during the 
convalescence stage of any disease that has 
affected feed intake and that may result in a 
mild depression of serum electrolytes. 

A reduced feed intake in high-producing 
dairy cattle during the first few days or weeks 
of lactation and in fat beef cattle in late preg¬ 
nancy may result in fatty infiltration and 
degeneration of the liver and high mortality. 
Treatment with glucose parenterally and 
propylene glycol orally to minimize the 
mobilization of excessive amounts of body 
fat is indicated. 

In nervous anophagia the injection of 
insulin in amounts sufficient to cause hypo¬ 
glycemia without causing convulsions is 
used in human practice, and in animals the 
use of tranquilizing drugs may achieve the 
same result. 

In ruminants the effects of blood glucose 
levels on food intake are controversial, but it 
seems probable that neither blood glucose 
nor blood acetate levels are important factors 
in regulating the appetite. The anorexia that is 
characteristic of acetonemia and pregnancy 
toxemia of ruminants appears to be the result 
of the metabolic toxemia in these diseases. 
Electrolytic lesions in the hypothalamic 
region can stimulate or depress food intake 
depending on the area affected. This indicates 
the probable importance of the hypothala¬ 
mus in the overall control of appetite. 
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PICA OR ALLOTRIOPHAGIA 

Pica is the ingestion of materials other than 
normal food and varies from licking to actual 
eating or drinking. It is associated in most 
cases with dietary deficiency, either of bulk 
or, in some cases, more specifically fiber, or 
of individual nutrients, particularly salt, 
cobalt, or phosphorus. It is considered as 
normal behavior in rabbits and foals, where 
it is thought to be a method of dietary sup¬ 
plementation or refection of the intestinal 
bacterial flora. Boredom, in the case of 
animals closely confined, often results in the 
development of pica. Chronic abdominal 
pain caused by peritonitis or gastritis and 
CNS disturbances, including rabies and 
nervous acetonemia, are also causes of pica. 

The type of pica may be defined as 
follows: osteophagia, the chewing of bones; 
infantophagia, the eating of young; copro- 
phagia, the eating of feces. Other types 
include wood eating in sheep, bark eating, 
the eating of carrion, and cannibalism. Salt 
hunger can result in coat licking, leather 
chewing, earth-eating, and the drinking of 
urine. Urine drinking may also occur if the 
urine is mixed with palatable material such 
as silage effluent. Bark eating is a common 
vice in horses, especially when their diet is 
lacking in fiber, e.g., when they are grazing 
irrigated pasture. 

CANNIBALISM 

Cannibalism may become an important 
problem in housed animals, particularly 
swine, who bite one another’s tails, often 
resulting in severe local infections. Although 
some cases may be caused by dietary defi¬ 
ciencies in protein, iron, or bulk, many seem 
to be the result of boredom in animals given 
insufficient space for exercise. A high 
ambient temperature and generally limited 
availability of food also appear to contribute. 
Male castrates are much more often affected 
than females, and the bites are also much 
more severe in males. Provision of larger 
pens or a hanging object to play with, 
removal of incisor teeth, and the avoidance 
of mixing animals of different sizes in the 
same pen are common control measures in 
pigs. In many instances only one pig in the 
pen has the habit and his removal may 
prevent further cases. One common measure 
that is guaranteed to be successful in terms 
of tail biting is surgical removal of all tails 
with scissors during the first few days of life, 
when the needle teeth are removed. Unfor¬ 
tunately the cannibalistic tendency may then 
be transferred to ears. As in all types of pica, 
the habit may survive the correction of the 
causative factor. 

INFANTOPHAGIA 

Infantophagia can be important in pigs in 
two circumstances. In intensively housed 
sows, especially young gilts, hysterical savag¬ 
ing of each pig as it is born can cause heavy 








losses. When sows are grazed and housed at 
high density on pasture it is not uncommon 
to find “cannibal” sows who protect their 
own litters but attack the young pigs of other 
sows. This diagnosis should be considered 
when there are unexplained disappearances 
of young pigs. 

SIGNIFICANCE OF PICA 

Pica is defined as a depraved or abnormal 
appetite and may result from a nutritional 
deficiency or boredom. It may have serious 
consequences: cannibalism may be the cause 
of many deaths; poisonings, particularly 
lead poisoning and botulism, are common 
sequelae; foreign bodies leading to reticulo- 
peritonitis 1 or lodging in the alimentary tract 
leading to a luminal obstruction; accumula¬ 
tions of wool, fiber, or sand may cause 
obstruction; perforation of the esophagus or 
stomach may result from the ingestion of 
sharp foreign bodies; and grazing time is 
often reduced and livestock may wander 
away from normal grazing. In many cases the 
actual cause of the pica cannot be deter¬ 
mined and corrective measures may have to 
be prescribed on a trial and error basis. 

The majority of observational studies 
identify a relationship between phosphorus 
deficiency and pica, particularly in rumi¬ 
nants. Horses exhibiting pica may have iron 
or copper deficiencies. 2 

STARVATION 

Complete deprivation of food causes rapid 
depletion of glycogen stores and a change¬ 
over in metabolism to fat and protein. In the 
early stages there is hunger, increase in 
muscle power and endurance, and a loss of 
body weight. In sheep there is often a depres¬ 
sion of serum calcium levels sufficient to 
cause clinical hypocalcemia. The develop¬ 
ment of ketosis follows associated with 
increased fat utilization and an increased 
serum concentration of NEFAs. Plasma 
and urine concentrations of allantoin are 
decreased in goats and sheep during fasting 
as a result of depressed microbial protein 
production in the forestomach. 3 

A marked reduction in feed intake in 
pony mares in late pregnancy is often a pre¬ 
cursor of hyperlipemia, a highly fatal disease 
discussed in Chapter 17. In a case series of 
chronically starved horses, a low body condi¬ 
tion score was accompanied with a lower 
serum urea nitrogen concentration (caused 
by low protein intake), a normocytic and 
normochromic anemia, and an increased 
serum total bilirubin concentration. 4 The 
serum urea nitrogen to creatinine concentra¬ 
tion ratio is considered a better index of 
protein wasting than serum albumin or total 
protein concentrations, with a ratio <15 mg/ 
dL being indicative of protein deprivation or 
starvation in horses. 4 The most pronounced 
biochemical changes in ponies and mares 
occurring as a result of experimental food 
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deprivation is increased serum concentra¬ 
tions of triglycerides, cholesterol, and gluta¬ 
mate dehydrogenase, 5 which reach a peak by 
the eighth day of fasting but quickly return 
to normal when feeding is resumed. This 
degree of change in blood lipids appears to 
be a characteristic of ponies and horses; it is 
much higher than that in pigs. 

In lactating cows, a short period of star¬ 
vation results in depression of plasma glucose 
and an increase in plasma lipid concentra¬ 
tions. Milk yield falls by 70%. On refeeding 
most levels return to normal in 5 days but 
blood lipid and milk yield may take as long 
as 49 days to recover to normal levels. In 
horses, fecal output falls to zero at day 4 and 
water intake is virtually zero from that time 
on, but urine volume is maintained. In spite 
of the apparent water imbalance there is no 
appreciable dehydration, and plasma protein 
levels and PCV stay at normal levels. A sig¬ 
nificant loss of skin turgor (increase in skin 
tenting) caused by the disappearance of sub¬ 
cutaneous fat as cachexia develops may 
occur. Muscular power and activity decrease 
and the loss of body weight may reach as 
high as 50% to 60%. The metabolic rate falls 
and is accompanied by a slowing of the heart 
and a reduction in stroke volume, amplitude 
of the pulse, and blood pressure. The circula¬ 
tion is normal as indicated by mucosal color 
and capillary refill. 

In the final stages, when fat stores are 
depleted, massive protein mobilization 
occurs and a premortal rise in total urinary 
nitrogen is observed, whereas blood and 
urine ketones are likely to diminish from 
their previous high level. Great weakness of 
skeletal and cardiac musculature is also 
present in the terminal stages and death is 
caused by circulatory failure. During the 
period of fat utilization there is a consider¬ 
able reduction in the ability of tissues to use 
glucose and its administration in large 
amounts is followed by glycosuria. In such 
circumstances readily assimilated carbohy¬ 
drates and proteins should be given in small 
quantities at frequent intervals but fatty 
foods may exacerbate the existing ketosis. 
Diets for animals that have been through a 
period of great nutritional stress because of 
deprivation of food or because of illness are 
described in the following section. 

Starvation of farm livestock is an animal 
welfare issue with economic and ethical 
considerations. When starving animals are 
identified by a neighboring farmer or veteri¬ 
narian they are commonly reported to the 
appropriate authorities, which may be pro¬ 
vincial or state-appointed inspectors (animal 
care officers) who have the authority to take 
appropriate action. The animals are exam¬ 
ined and corrective action is taken, including 
possession of the animals and relocating 
them to a commercial feeding facility. 
Predicting survival of starved animals is a 
major challenge. Economics becomes an 
important aspect because the financial costs 


of stabilizing a group of starved horses may 
exceed their free market price. Responsible 
management of chronically starved commer¬ 
cial animals should include options for 
immediate euthanasia. Ethical consider¬ 
ations include deciding if certain severely 
starved animals should be euthanized. In 
some cases, enforcement officers may be 
reluctant to recommend mass euthanasia of 
otherwise healthy horses based on personal 
aversion. 

Chronically starved horses lose body 
weight, become weak, and their body condi¬ 
tion score may decline to below 2 on the 
basis of 1 to 9, and death is common, espe¬ 
cially during cold weather. Chronically 
starved horses frequently respond poorly to 
refeeding. About 20% of severely malnour¬ 
ished horses can be expected to die in spite 
of attempts at refeeding. Recovery of severely 
malnourished horses to an average body 
condition score may require 6 to 10 months. 

INANITION (MALNUTRITION) 

Incomplete starvation—inanition or malnu¬ 
trition—is a more common field condition 
than complete starvation. The diet is insuf¬ 
ficient in quantity; all essential nutrients are 
present but in suboptimal amounts. This 
condition is compatible with life, and gener¬ 
ally the same pattern of metabolic change 
occurs as in complete starvation but to a 
lesser degree. Thus ketosis, loss of body 
weight and muscular power, and a fall in 
metabolic rate occur. As a result of the reduc¬ 
tion in metabolic activity there is a fall in 
body temperature and respiratory and heart 
rates. In addition there is mental depression, 
anestrus in cows but not ewes, and increased 
susceptibility to infection. This increased 
susceptibility to infection that occurs in 
some cases of malnutrition cannot be 
accepted as a general rule. In the present 
state of knowledge it can only be said that 
some nutritional influences affect resistance 
to some forms of infection. 

A significantly reduced food intake also 
increases susceptibility to some poisons, and 
this has been related to the effects of starva¬ 
tion on hepatic function. In ruminants, the 
effects of starvation on the activity of liver 
enzymes is delayed compared with the effects 
in monogastric animals, apparently because 
of the ability of the ruminal store of feed to 
cushion the effect of starvation for some 
days. The most striking effect of short-term 
malnutrition in sheep and cattle compared 
with rats was the very rapid and large accu¬ 
mulation of neutral fat in hepatocytes. If 
there is a relative lack of dietary protein over 
a long period of time, anasarca occurs, par¬ 
ticularly in the intermandibular space. 

Malnutrition makes a significant contri¬ 
bution to a number of quasispecific diseases, 
“weaner ill-thrift” and “thin sow syndrome” 
among them, and these are dealt with in the 
following section. 
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Chapter 4 


General Systemic States 


Controlled malnutrition in the form of 
providing submaintenance diets to animals 
during periods of severe feed shortage is now 
a nutritional exercise with an extensive sup¬ 
porting literature. For pastured animals it is 
a fact of economic life that significant loss 
of body weight is planned and tolerated 
for some parts of each year because the 
well-known phenomenon of compensatory 
growth enables the animal to make up the 
lost weight, with no disadvantage, during the 
times of plenty. Animals fed on submainte¬ 
nance diets undergo metabolic changes 
reflected in blood and tissue values as well as 
the more significant changes in weight. 
Experimental restriction of feed intake to 
65% of normal levels in nonlactating, non¬ 
pregnant heifers does not cause significant 
falls in serum calcium and phosphorus 
levels, nor in plasma AST, lactate dehydroge¬ 
nase (LDH), or CK activities. Serum alkaline 
phosphatase (ALP) activity was also 
maintained. In sheep that are losing 
weight because of undernutrition there is a 
significant decrease in plasma creatinine 
concentration. 

Experimental feed restriction, followed 
by fasting, followed by ad libitum access to 
feed, such as might occur in nature, had no 
serious ill effects on goats. The goats lost 
weight significantly but did not overeat on 
being allowed access to feed. 

A deficiency of one or more specific 
dietary essentials also causes a form of partial 
starvation (see Chapter 4). 

Outbreaks of incomplete starvation 
may occur in cattle, sheep, and horses that 
are kept outdoors during the cold winter 
months in regions of the Northern Hemi¬ 
sphere. The feed usually consists of poor- 
quality grass hay or cereal grain straw and no 
grain supplementation. During prolonged 
exposure to the cold environment the 
animals will increase their daily intake in an 
attempt to satisfy maintenance requirements 
and, in cattle, abomasal impaction with a 
high case of mortality may occur. Field 
and postmortem findings indicate complete 
mobilization of fat in affected animals, 
including serous atrophy of fat in the bone 
marrow, and an inability to maintain core 
body temperature in cold ambient tempera¬ 
tures. The fat percentage in the bone marrow 
of the femur offers an excellent test to quan¬ 
tify whole-body fat reserves. The test requires 
drying a bone marrow sample to constant 
temperature; bone marrow percent fat = (dry 
weight x 100)/wet weight. Normal animals 
have a percent fat of 70% to 80% in femur 
bone marrow; animals dying of starvation 
usually have a bone marrow percent fat 
<10% and very low body condition score. 6 
Serous atrophy can also be quantified by 
magnetic resonance imaging of bone marrow 
fat in the distal limbs, but this appears to 
provide a complicated and expensive method 
compared with weighing to constant weight. 
Animals affected with severe inanition are 


usually weak and recumbent and may or may 
not eat when offered a palatable feed. 

Malnutrition and starvation may occur 
in calves under 1 month that are fed poor- 
quality milk replacers containing excessive 
quantities of nonmilk carbohydrates and 
proteins. The diet is not well digested by 
young calves and chronic diarrhea and 
gradual malnutrition occur. Affected calves 
recover quickly when fed cows’ whole milk 
for several days. At necropsy there is a 
marked reduction in muscle mass, lack of 
depot fat, and serious atrophy of fat. Starva¬ 
tion may also occur in beef calves sucking 
poorly nourished heifer dams with an insuf¬ 
ficient supply of milk. The mortality will be 
high during cold weather when the mainte¬ 
nance requirements are increased. Affected 
calves will initially suck vigorously and per¬ 
sistently, they will attempt to eat dry feed, 
drink surface water and urine, and bawl for 
several hours. Eventually they lie in sternal 
recumbency with their head and neck turned 
into their flanks and die quietly. The response 
to therapy is usually unsatisfactory and the 
case fatality rate is high. The convalescence 
period in survivors is prolonged and treat¬ 
ment is usually uneconomic. Affected 
animals must be brought indoors and kept 
warm and well bedded during treatment and 
realimentation. Initially, fluid therapy using 
balanced electrolyte solutions containing 
glucose and amino acids may be necessary to 
restore the animal’s strength and appetite. 
This is followed by the provision of con¬ 
trolled amounts of a highly palatable digest¬ 
ible diet. High-quality legume hay is 
excellent, small amounts of ground grain are 
of value, and the daily administration of a 
multiple B vitamin and mineral mixture will 
replenish those lost during inanition. Skim- 
milk powder is an excellent source of carbo¬ 
hydrate and protein for young animals that 
have been partially starved. Adult animals 
cannot digest large quantities of milk powder 
because of the relative lack of appropriate 
digestive enzymes. 

Horses that have been ill with a poor 
appetite should be tempted with green grass 
first, and failing that tried with good-quality 
hay, preferably alfalfa. It is best to dilute it 
with good grass hay to begin with, and 
increase the mix to 100% legume hay over a 
week. An average horse will require 1.5 to 
2 kg BW/day. Grain can be added mixed 
with molasses or as a mash. Low-fiber diets 
are recommended to ensure maximum 
digestibility. A supplement of B vitamins 
may be advantageous until full appetite and 
intake are regained. Horses with broken jaws 
or that are unable to eat at all for some reason 
can be allowed to go without food for 3 days, 
but beyond that time they should be fed by 
stomach tube. A suitable ration is as follows: 

• Electrolyte mixture (NaCl, 10 g; 

NaHC0 3 , 15 g; KC1, 75 g; K 2 HP0 4 , 60 g; 

CaCl 2 , 45 g; MgO, 24 g): 210 g 

• Water: 21 L 


• Dextrose, increased from 300 g/day in 7 
days to 900 g 

• Dehydrated cottage cheese, increased 
from 300 g/day in 7 days to 900 g 

The ration is divided into two or three 
equal amounts and fed during 1 day. Adult 
horses that are weak and recumbent may be 
supported in a sling to avoid decubitus ulcer¬ 
ation and other secondary complications 
associated with prolonged recumbency. 

FURTHER READING 

Hogan JP, Petherick JC, Phillips CJC. The physiological 
and metabolic impacts on sheep and cattle of feed 
and water deprivation before and during transport. 
Nutr Res Rev. 2007;20:17-28. 

Schott HC. Water homeostasis and diabetes insipidus in 
horses. Vet Clin North Am Equine Pract. 
2011;27:175-195. 
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Weight Loss or Failure to 
Gain Weight (Ill-Thrift) 

This section is concerned with the syndrome 
of weight loss, or low body condition score 
(BCS), in the presence of an apparently ade¬ 
quate food supply and a normal appetite. In 
the absence of any primary disease, an 
animal or group of animals that presents 
with this as the problem is a major diagnostic 
dilemma. Several poorly identified diseases 
in this category are weaner ill-thrift, thin sow 
syndrome, thin ewe syndrome, and weak calf 
syndrome (see other sections of this chapter). 

Body weight and BCS are sometimes 
used interchangeably and regarded as syn¬ 
onymous. This is incorrect as body weight, 
per se, is not a good indicator of BCS because 
it is closely related to the height and girth 
of the animal and provides only limited 
information about body composition. 1 Body 
weight (live weight) reflects changes in 
protein and in fat but is influenced by the 
relative percentages of protein, fat, and water 
in the body, which can vary depending on 
physiologic status. Body weight is not a good 
indicator of energy content per kilogram of 
body weight, and proportions of fat, protein, 
and water are highly variable in animals of 
the same weight. 2 For example, when body 
mass is depleted there can be selective deple¬ 
tion of fat mass with partial replacement by 
water so that the amount of mobilized fat can 
be larger than the loss of body weight. 13 
Additionally, body weight is substantially 
influenced by gut fill, and short periods of 
feed or water withholding, or feed supple¬ 
mentation, can result in marked changes in 
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body weight without similar changes in body 
energy content. 2 ' 4 Pregnancy can increase 
body weight, especially during mid to late 
gestation, solely because of the growing fetus. 

Body condition score is a more useful 
indicator of both fat-free mass and fat mass 
in many species. These variables, and in par¬ 
ticular fat mass, are closely associated with 
nutrient requirements, reproductive effi¬ 
ciency, cull value, and risk of disease (for 
example, laminitis in fat horses) of animal, 
and estimation of body fat from the BCS or 
back fat thickness is increasingly important 
in management of animals. 1,2,4 ' 9 The ideal 
body condition of an animal must be deter¬ 
mined while considering many factors 
including species, sex, age, reproductive 
status, lactation status, disease risk, and 
intended use. For example, the ideal body 
condition of dairy cows during each stage of 
lactation is that which optimizes milk pro¬ 
duction, minimizes reproductive and health 
disorders, and maximizes economic returns. 2,8 

Body condition score is determined sub¬ 
jectively by observers using a standardized 
grading system. These grading systems were 
not developed to assess the fat content (pro¬ 
portion) of the animal but rather to assess 
“flesh” or the general body condition and are 


limited because of their subjective nature. 10 
Additionally, body condition scoring systems 
do not provide an assessment of regional adi¬ 
posity, which might have greater clinical rel¬ 
evance in some species, including horses. 5 
Body condition scoring systems have not 
been validated in all major breeds and uses 
of animals (validation determines the rela¬ 
tionship between BCS and a gold standard 
measure of body fat, such as deuterium 
dilution space or carcass analysis) nor has 
their reliability (intrarater and interrater 
agreement/repeatability expressed as an 
intraclass correlation coefficient or, less opti¬ 
mally, a K or weighted K statistic) been dem¬ 
onstrated over large numbers of raters. There 
are reports of an intraclass correlation coef¬ 
ficient of 0.74 for four raters of 21 mares and 
75 ponies, and of 0.92 (without details). 11,12 
Interrater agreement (weighted K statistic) 
among three trained observers for dairy 
cattle was 0.67 for exact agreement, 0.82 for 
± 0.25, and 0.96 for + 0.5 BCS, based on a <2 
to 5 scale. 13 Training of observers markedly 
improved both interobserver and intraob¬ 
server repeatability. 13 

Furthermore, differing rating systems 
might be used within an industry or between 
countries such as the use of different body 


condition scoring methodologies in the 
United Kingdom (UKBCS) and the United 
States (USBCS) resulting in the need to 
develop conversion factors ( R 2 = 0.56): 14 
USBCS = 1.182 + 0.816 x UKBCS and, 
UKBCS = 0.131 + 0.681 x USBCS. 

A rating system for dairy cattle developed 
by Elanco Animal Health and subsequently 
modified is used in the United States 
(Fig. 4-3) and a methodology for equids is 
described in Chapter 17). 13 A similar BCS 
system in dairy cattle is depicted in Fig. 4-4. 

Estimation of body composition, includ¬ 
ing proportions of fat and fat-free mass, can 
be made using tracer dilution technologies 
(isotopes or chemical traces such as urea or 
antipyrine) or ultrasonographic imaging. 
The gold standard is the analysis of carcass 
composition, but this technique requires the 
death of the animal and is time-consuming 
and expensive. Use of tracer technologies 
and in particular deuterium oxide has 
become more common in experimental 
studies but has limited utility in clinical prac¬ 
tice situations. 4 More practical is the use of 
ultrasound to determine subcutaneous fat 
thickness, or retroperitonal fat depth (usually 
perirenal), as an indicator of body energy 
stores. This methodology has been well 
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Fig. 4-3 Summary of system to estimate body condition scoring (BCS) in dairy cattle, ranging in score from 1.0 (could not be skinnier) to 5.0 
(could not be fatter). 
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Fig. 4-4 Body condition scoring system modified from earlier work. (From Isensee A et al. Animal 2014; 8(12):1971-1977.) 


developed in cattle (Fig. 4-5) and pigs and 
less so in horses. 3 ' 5 ' 7 ’ 16 ' 18 

Measurement of bioelectrical impedance 
is used to assess carcass composition of cattle 
and to estimate changes in body water in 
horses. 19 ' 21 Thermal imaging and use of digi¬ 
tized images have been investigated for the 
assessment of BCS in dairy cows, with a view 
toward developing automated systems. 1 '’ 22 

Detailed next is a checklist of causes that 
should be considered when an animal has a 
weight loss problem in the absence of signs 
indicative of a primary wasting disease. 

NUTRITIONAL CAUSES 

“Hobby farm malnutrition” is a surprisingly 
common cause of poor body condition, espe¬ 
cially in companion horses. Inexperienced 
owners keep their animals where they are not 
able to graze pasture and are entirely depen¬ 
dent on stored feed but underfed for econo¬ 
my’s sake or out of ignorance of the nutritional 
requirements of the animal. Knowledge of 
the animals’ needs and of the approximate 
energy and protein values of feeds is neces¬ 
sary to prepare an appropriate ration. 

The feed and feeding conditions must be 
inspected as the first step in the diagnostic 
process to rule out malnutrition (broadly 
defined as either provision of insufficient 


feed or of feed that is not appropriate for the 
species, age, reproductive status, and use of 
the animal) as a cause of poor body condi¬ 
tion. Mature meadow hay might not provide 
sufficient calorie or protein intake for some 
animals and “shy” animals or those low in 
the hierarchy (pecking order) in group-fed 
animals can be physically prevented from 
getting a fair share of available feed, espe¬ 
cially if trough space is inadequate. 

This problem is also common when 
urban people try to raise a few veal calves or 
sheep to help defray the costs of their rural 
acreage. It is common in these circumstances 
to equate rough meadow grass with proper 
nutrition for young or pregnant ruminants. 
Other considerations are as follows: 

• Diets that are inadequate in total energy 
because they cannot replace the energy 
loss caused by the animal’s level of 
production can be important causes of 
weight loss in heavy producing animals. 
This subject is discussed under the 
heading of production disease. An 
example is acetonemia of high- 
producing cows in which body stores of 
fat and protein are raided to repair the 
energy deficiency of the diet. 

• Malnutrition as a result of a ration that 
is deficient in an essential trace element 


is unusual in the management situation 
being discussed. A nutritional deficiency 
of cobalt does cause weight loss in 
ruminants but is likely to have an area 
effect rather than cause weight loss in 
single animals. Copper, salt, zinc, 
potassium, selenium, phosphorus, 
calcium, and vitamin D deficiencies are 
also in this category. Experimental 
nutritional deficiencies of riboflavin, 
nicotinic acid, pyridoxine, and 
pantothenic acid in calves and pigs can 
also be characterized by ill-thrift. 

• Inadequate intake of an adequate supply 
of feed is dealt with under diseases of 
the mouth and pharynx and is not 
repeated here, but it is emphasized that 
the first place for a clinician to look in a 
thin animal is its mouth. The owner 
might have forgotten just how old the 
animal is and one often finds a cow 
without any incisor teeth attempting to 
survive on pasture. 

• Other factors that reduce an animal’s 
food intake when it is available in 
adequate amounts include anxiety, the 
excitement of estrus, new surroundings, 
loss of a newborn, bad weather, tick or 
other insect worry, and abomasal 
displacement. 
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Fig. 4-5 Location of the site for ultrasonographic measurement of backfat thickness in dairy 
cattle from the left lateral and dorsal views (top two panels) and ultrasound image from an 
overconditioned cow with a back fat thickness of 34 mm. (Reproduced with permission from 
Schroder UJ, Staufenbiel R. J Dairy Sci 2006;89:1-4.) 


EXCESSIVE LOSS OF PROTEIN 
AND CARBOHYDRATES 

• Protein loss in the feces. Cases of 

protein-losing gastroenteropathy are not 
unusual and can be caused by diseases 
as common as gastrointestinal 
parasitism or bovine or ovine 
paratuberculosis (Johne’s disease). The 
loss can occur through an ulcerative 
lesion, via a generalized vascular 
discontinuity, or by exudation through 
intact mucosa as a result of hydrostatic 
pressure in blood vessels, e.g., in 
verminous aneurysm, or lymphatics in 
cases of lymphangiectasia of the 
intestine. The identification of a 
neoplasm (lymphosarcoma or intestinal 
or gastric adenocarcinoma are the usual 
ones) or of granulomatous enteritis is 
not possible without laparotomy and 
biopsy of the alimentary segment. One 
is usually led to the possibility of this as 


a diagnosis by either a low serum total 
protein or low albumin level in a normal 
total protein level, and in the absence of 
other protein loss. 

• Proteinuria for a lengthy period can 
cause depletion of body protein stores, 
resulting in weight loss. Chronic 
glomerulonephritis is the usual cause. 
Examination of the urine should be part 
of every clinical examination of an 
animal being investigated for weight 
loss. 

• Internal and external parasitoses in 

which blood sucking is a part of the 
pathogenetic mechanism can result in 
severe protein loss, as well as anemia 
per se. 

FAULTY DIGESTION, ABSORPTION, 
OR METABOLISM 

Faulty digestion and absorption are com¬ 
monly manifested by diarrhea, and diseases 


that have this effect are dealt with under 
the heading of malabsorption syndromes 
(see Chapter 7). In grazing ruminants, 
the principal causes are the nematode 
worms Ostertagia, Teladorsagia , Nematodi- 
rus, Trichostrongylus, Chabertia, Cooperia, 
and Oesophagostomum and the flukes Fasci¬ 
ola and Paramphistomum. In cattle the addi¬ 
tional causes are tuberculosis, coccidiosis, 
sarcosporidiosis, and enzootic calcinosis. In 
sheep and goats there are Johne’s disease, viral 
pneumonia without clinical pulmonary 
involvement, and hemonchosis. In horses 
there are strongylosis, habronemiasis, and 
heavy infestations with botfly larvae. In pigs 
there are stephanuriasis, hyostrongylosis 
(including the thin sow syndrome), infesta¬ 
tion with Macracanthorhynchus hirudina- 
ceus, andascariasis. Gastrointestinal neoplasia 
must also be considered as a possible cause. 

• Chronic villous atrophy occurs most 
severely with intestinal parasitism or as 
a result of a viral infection. 

• Abnormal physical function of the 
alimentary tract, as in vagus indigestion 
of cattle and grass sickness in horses, is 
usually manifested by poor food intake 
and grossly abnormal feces. 

• Inadequate utilization of absorbed 
nutrients is a characteristic of chronic 
liver disease. It is usually distinguishable 
by a low serum albumin concentration 
(although this is an uncommon 
manifestation of liver diseases in 
horses), by liver function tests, and by 
measurement of activity in serum of 
liver-derived enzymes. A clinical 
syndrome including edema, jaundice, 
photosensitization, and weight loss is a 
common accompaniment. 

• Neoplasia in any organ. The metabolism 
of the body as a whole is often 
unbalanced by the presence of a 
neoplasm so that the animal wastes 
even though its food intake seems 
adequate. 

• Chronic infection, including specific 
diseases such as tuberculosis, 
sarcocystosis, East Coast fever, 
trypanosomiasis (nagana), maedi-visna, 
caprine arthritis-encephalitis, enzootic 
pneumonia of swine, metastatic 
strangles in horses, and nonspecific 
infections such as atrophic rhinitis of 
pigs, abscess, empyema, and chronic 
peritonitis reduce metabolic activity 
generally as well as reducing appetite. 
Both effects are the result of the toxemia 
caused by tissue breakdown and of 
toxins produced by the organisms 
present. Less well understood are the 
means by which systemic infections, 
e.g., equine infectious anemia, scrapie in 
sheep, and other slow viruses, produce a 
state of weight loss progressing to 
emaciation. 

• Food refusal is a well-recognized 
syndrome in pigs, which in some cases 
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is caused by mycotoxins in the feed, and 
“off feed effects” are similarly 
encountered in feedlot cattle on rations 
containing a large proportion of wheat 
grain. 

• Many diseases of other systems, e.g., 
congestive heart failure, are manifested 
by weight loss. 

• Determination of the specific cause of 
weight loss in an individual animal 
depends first on differentiation into one 
of the three major groups: 

• Nutritional causes, diagnosed by 
assessment of the animal’s total food 
intake 

• Protein or carbohydrate loss in the 
animal’s excretions, diagnosed by 
clinicopathologic laboratory tests 

• Faulty absorption of the food 
ingested diagnosed by tests 
of digestion, as set out in 
Chapter 7. 


SHORTFALLS IN PERFORMANCE 

The need for economically efficient perfor¬ 
mance by farm animals introduces another 
set of criteria, besides freedom from disease, 
to be taken into consideration when deciding 
an animal’s future. The same comment 
applies, and much more importantly, when a 
herd’s productivity is being assessed. This 
is usually done by comparing the subject 
herd’s performances to that of peer herds, or 
animals in similar environmental and man¬ 
agement conditions. 

It is usual to use the production indexes 
that are the essential outputs of the particular 
enterprise as the criteria of productivity. Thus 
in dairy herds the criteria could be as follows: 

• Milk or butterfat production per cow 
per lactation (liters per cow or liters per 
hectare) 

• Reproductive efficiency as the mean 
intercalving interval 

• Percentage calf survival to 1 year of age 

• Longevity as percentage mortality per 
year or average age of cows in herd plus 
culling rate per year 

• The culling rate needs to differentiate 
between sale because of disease or poor 
production and sale as a productive 
animal 

• Acceptability of product at sale, as 
indicated by bulk tank milk somatic cell 
count and rejection of milk because of 
poor-quality, low-fat content, and low 
solids-not-fat content 

If it is decided that performance falls too far 
short of the target, an investigation is war¬ 
ranted. Some targets for productivity in each 
of the animal industries are available, but 
they vary a great deal between countries 
depending on the levels of agriculture prac¬ 
ticed and the standards of performance 
expected. For this reason, they are not set 
down here and neither is the degree of 


shortfall from the target that is acceptable, 
which depends heavily on the risk aversion 
or acceptability in the industry in that 
country. For example, if the enterprise is 
heavily capitalized by high-cost housing 
and land, the standard of performance would 
be expected to be higher than in a more 
exploitative situation in which cattle are 
pastured all year. In the latter, a reasonable 
flexibility could be included in the assess¬ 
ment of productivity by permitting it to fall 
within the scope of 2 standard deviations of 
the mean productivity established by peer 
herds. 

If the performance is below permissible 
standards, then an investigation should be 
conducted that should include the following 
groups of possible causes: 

• Nutrition: Its adequacy in terms of 
energy, protein, minerals, vitamins, and 
water 

• Inheritance: The genetic background of 
the herd and the quality of its heritable 
performance 

• Accommodation: To include protection 
from environmental stress by buildings 
for housed animals and terrain and tree 
cover for pastured animals; also 
consideration of population density as 
affecting access to feed, water, and 
bedding areas 

• General managerial expertise: The 

degree of its application to the 
individual flock or herd; this is difficult 
to assess and then only indirectly, 
e.g., the efficiency of heat detection 
and achievement of planned calving 
pattern 

• Disease wastage: As clinical disease or, 
more particularly, subclinical disease; 
the latter may include such things as 
quarter infection rate as an index of 
mastitis, fecal egg counts relative to 
parasite burden, metabolic profile 
relative to metabolic disease prevalence 
rate, and so forth 

These investigations tend to require special 
techniques in addition to the clinical exami¬ 
nation of individual animals. They are mostly 
self-evident, but attention is drawn to the 
section on examination of a herd or flock in 
Chapter 2. It will be apparent that there is a 
great deal of merit in having herds and flocks 
under constant surveillance for productivity 
and freedom from disease, such as is prac¬ 
ticed in modern herd health programs. Mon¬ 
itoring performance and comparing it with 
targets is the basis of that system. 

The specific syndromes that fall within 
this category of disease, and which are dealt 
with elsewhere in this book, are ill-thrift of 
weaner sheep, thin sow syndrome, weak calf 
syndrome, poor performance syndrome of 
horses, and low butterfat syndromes and 
summer slump of milk cows. Two perfor¬ 
mance shortfalls encountered commonly by 
field veterinarians are ill-thrift in all species 
and poor performance syndrome in horses. 
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UNTHRIFTINESS IN WEANER 
SHEEP (WEANER ILL-THRIFT) 

ETIOLOGY 

Several factors have been associated with this 
syndrome in lambs, goat kids, and calves. 
Contributing causes include intestinal para¬ 
sitism, coccidiosis, infection with Myco¬ 
plasma ovis (eperythrozoonosis), suboptimal 
animal husbandry, and nutritional deficien¬ 
cies. The latter can be in the form of inade¬ 
quate gross nutrition (a lack of energy or 
protein) or a deficiency of trace elements 
(copper, cobalt, selenium, and zinc) or vita¬ 
mins (thiamin, vitamin A, vitamin D, and 
vitamin E). 

The syndrome is often multifactorial, 
with a combination of management, nutri¬ 
tional, and infectious causes involved that 
can be a challenge to identify and correct. 1 


SYNOPSIS 


Etiology Several, often interacting causes, 
including poor management and animal 
husbandry; parasitism; trace element and 
vitamin deficiencies; the amount, quality, 
and palatability of pasture and fungal 
infestations of pasture. 

Epidemiology Loss of weight after 

weaning, hence failure to achieve target 











weights for adequate survival and mating. 
This is often despite the presence of ample 
feed and at times when adult sheep are 
faring well. 

Clinical findings Poor body condition and 
wool growth, failure to thrive, and 
gradually accumulating mortalities. 

Lesions Inanition; little body fat, involution of 
rumen papillae, and poor mineralization of 
long bones and ribs, often with evidence 
of healing fractures. 

Diagnostic confirmation Examination of 
weight profile of mob and pastures being 
grazed. Laboratory testing for contributing 
causes, such as worm egg counts for 
internal parasitism or blood and tissue tests 
for trace element status. Response to 
treatment or provision of the required 
nutritional supplement, such as energy 
(usually most cost-effectively in the form of 
cereal grains), protein (legume grains such 
as field peas or lupins), trace elements, or 
vitamins. 

Treatment and control Correction of gross 
nutritional or trace element deficiencies 
and review of the management calendar, 
including length of mating period, month 
of lambing, and proactive monitoring of 
body weights and worm egg counts at and 
after weaning. "Imprint feeding" of cereal 
grains to lambs while they are still on the 
ewes; 20 g per head on at least three 
occasions will help weaner sheep recognize 
and start consuming supplementary grain 
rations before they start losing excessive 
weight. 


Poor quality or unpalatable pasture can be 
a cause of ill-thrift, or at least associated with 
it, and moving animals to a better quality 
pasture will often help alleviate the problem. 
This has been observed with many pasture 
species, especially rank or senescent swards, 
including phalaris ( Phalaris aquatica), peren¬ 
nial rye grass (Lolium perenne), setaria grass 
(Setaria sphacelata), tall fescue ( Festuca 
arundinaceae), and turnips ( Brassica repens). 
Infestation of pasture grasses with endophyte 
fungi may be a contributing factor to ill-thrift 
and poor growth rates, such as with Acremo- 
nium lolii in perennial rye grass and “summer 
syndrome” of calves associated with A. coeno- 
phialum infestation of tall fescue. Infection of 
pasture species with toxigenic Fusarium spp. 
has been associated with ill-thrift in lambs in 
South Africa, New Zealand, and Australia. 
Pasture and soil fungi have also been sus¬ 
pected of being associated with ill-thrift in 
sheep in eastern Canada. 

EPIDEMIOLOGY 

The syndrome appears to be most severe in 
the Southern Hemisphere, but this may be 
because Merino sheep are more prevalent. 
The disease is most common in this breed, 
which may be due in part to their timorous 
nature, which makes weaning, and the need 
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to graze as a mob by themselves, more stress¬ 
ful and traumatic than for most other breeds. 
For example, the average postweaning mor¬ 
tality in a national survey of 1400 sheep pro¬ 
ducers in Australia was 4.6%, with 44% of 
farms having “high” mortalities (exceeding a 
benchmark of 4% per annum). 1 High mor¬ 
tality was reported on 50% of farms with 
predominantly Merino sheep, but also on 
32% of farms with predominantly cross¬ 
breeds, and there was a postweaning mortal¬ 
ity >10% on 14% of farms. 

Factors that contribute to weaner ill-thrift 
include the following: 

• Overstocking (overcrowding) on 
pasture. 

• Poor quality or an inadequate amount of 
pasture. 

• Lambs that are light (<20 kg) at 
weaning, with the lightest 20% of a mob 
having three times the risk of mortality 
than the middle 20%. A target for a 
weaning weight of at least 22 kg for 
Merinos, or 45% of mature weight, is 
commonly used. 2 4 

• Merino ewes often have poor milk 
production, hence management of the 
ewe flock, such as maintaining ewes at 
target condition scores from mating and 
throughout pregnancy, is critical to 
achieve target weaning weights. 4 

• Postweaning growth rate: Increasing 
growth from 10 to 20 g/day reduces the 
risk of mortality by 70% J and a target 
for growth in the immediate 
postweaning period of 30g/day (1 kg/ 
month) is sufficient to significantly 
reduce the risk of mortality. 2,4 

• Other management factors likely to lead 
to low weaning weights and subsequent 
unthriftiness are extended mating 
periods (lambs born late in the season), 
ewes in low condition score (light lambs 
and poor milk supply), and multiple 
birth lambs. 

Weaner ill-thrift does occur in breeds 
other than the Merino 1 and is also reported 
in the Northern Hemisphere. The economic 
effects can be disastrous for individual flocks 
and have been estimated at up to USD$58M 
over the entire industry in Australia. 5 
Decreased growth and delayed maturation 
can mean a poor performance at the first 
(maiden) lambing. A high proportion of 
weaner deaths in wool flocks reduces the 
ability to select replacement ewes, decreasing 
the rate of genetic gain (although ram genet¬ 
ics are overwhelmingly more important in 
a wool flock). There is also a substantial 
decrease in the amount and quality of weaner 
wool which, in Merino flocks, is usually the 
finest and most valuable from any age group. 

CLINICAL AND NECROPSY 
FINDINGS 

As the name indicates, this syndrome in 
weaned sheep is manifested primarily by 
poor body condition and a failure to thrive. 


Within an affected group not all lambs are 
equally affected and there will be a range of 
weight or condition scores. Those lambs in 
very poor condition are often anemic, may 
have diarrhea, and there are sporadic but 
continuing mortalities. The sheep will often 
have been treated with anthelmintics with no 
favorable response. There are often no abnor¬ 
mal findings at gross postmortem, other 
than those associated with emaciation. Poor 
development of rumen papillae may be 
obvious grossly, villous atrophy is often 
found on histologic examination of the small 
intestine, and the mineralization of long 
bones and ribs may be reduced because of 
chronic malnutrition. This can lead to thin 
cortices and fractures when sheep are 
handled, such as for shearing or crutching. 


DIFFERENTIAL DIAGNOSIS 


When faced with this problem the initial 
approach should be to examine for the most 
likely cause, namely a deficiency in energy or 
protein intake. A physical examination of 
affected sheep should include an examination 
of the teeth to ensure that there is no 
excessive wear, or even breaking of the incisors 
(e.g., if the sheep are being fed roots). 

The internal parasite status of the group 
should be examined by appropriate 
techniques, such as worm egg counts or total 
worm counts. Clinical or subclinical 
infestations with nematodes are common 
occurrences at this time in the sheep's life, 
before immunity is properly developed and 
when pasture contamination can be high. 

Infections with coccidia, Cryptosporidia, or 
Mycoplasma ( Eperythrozoon) ovis are 
significant causes of ill-thrift and should be 
examined by fecal flotation and blood smears, 
respectively. 

The trace element status of the group 
should be examined if the cause cannot be 
attributed to gross nutritional deficiencies 
(inadequate energy or protein) or internal 
parasites. The most common trace element 
deficiencies are copper, selenium, and cobalt. 
These are typically associated with specific 
geographic areas, soil types, and differing 
patterns of soil ingestion through wet and dry 
seasons. If trace element deficiency is a 
contributing factor it is likely that there will be 
some prior history of this problem in the area. 
Diagnosis by response to supplementation is a 
common approach, and the diagnostic aspects 
of the trace element deficiencies are outlined 
under their specific headings. 

Examination of the previously mentioned 
possible causes can be time-consuming and 
costly, and there are a proportion of cases in 
which no clear cause can be identified. 

Infectious agents can produce enteric 
lesions and ill-thrift (e.g., coronavirus and 
yersiniosis), with the malabsorption of 
nutrients manifested by weight loss and by 
chronic diarrhea. These can be differentiated 
on the initial gross postmortem or in samples 
submitted for culture and histopathology. 
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PORCINE FAILURE TO THRIVE 

This is a clinical syndrome recognized in the 
United States and Canada since 2007 1 and in 
Spain. 2 It has also been called porcine 
cachectic syndrome or porcine cachexia. It is 
characterized by anorexia of nursery piglets, 
progressive loss of bodily condition, and 
lethargy over the next 1 to 3 weeks. Morbid¬ 
ity may be low but the case mortality is high 
and many require culling. 

ETIOLOGY 

The etiology for porcine failure to thrive has 
not yet been established. It may include both 
infectious and noninfectious factors. This 
syndrome was first identified in a high- 
health herd and all the usual culprits were 
ruled out, although both viral and bacterial 
agents were found. 3 ' 4 Some eminent pig vet¬ 
erinarians think that the disease is related 
mainly to suboptimum management before 
weaning. 

EPIDEMIOLOGY 

It occurs around weaning not just postwean - 
ing. Villous atrophy and enteritis are the 
main features. 

PATHOGENESIS 

Some think porcine failure to thrive is a post- 
weaning location issue, whereas others think 
it is a source farm issue. There are no infec¬ 
tious, nutritional, managemental, or envi¬ 
ronmental factors to explain the clinical 
signs. 

CLINICAL SIGNS 

At weaning affected pigs are of average to 
above average weight. Within 60 to 72 hours 
of weaning they are still active, alert, and 
without fever, but they are flat-sided and 
have an empty abdomen. Within 7 days they 
are anorectic with rough hair coats and 
lethargic. Their heads are down and their 
muscles are slack. They are unwilling to 
move and often sneeze. The pigs deteriorate 
and die within 2 to 3 weeks. 

Some groups from the same source are 
affected but not others. It may occur several 
times and then disappear for a long period. 
Some pigs on the affected farms show repeti¬ 
tive oral behavior such as licking, chewing, 
or chomping. The crucial time appears to be 


around 96 hours postweaning. At this time 
the pigs rest their heads on the backs of their 
fellows and start chomping. 

PATHOLOGY 

It is difficult to say whether the lesions are 
the cause of the condition or are the result of 
inappetence and starvation. Subgross pathol¬ 
ogy shows a severe villous atrophy, rhinitis, 
and gastritis but not in the pars esophagea. 
There are no fat reserves remaining in the 
carcass. 

In the early cases in 2007, the most 
obvious lesions were histologic and included 
superficial lymphocytic fundic gastritis, 
atrophic enteritis with many immature cells, 
villous atrophy, superficial colitis, lympho¬ 
cytic and neutrophilic rhinitis, mild nonsup¬ 
purative meningoencephalitis, and thymic 
atrophy. 

TREATMENT 

Until a cause is found it is difficult to work 
out a reliable treatment, and in many cases 
pigs are too badly affected for anything other 
than euthanasia. It is essential that pigs 
find food and water and it may be necessary 
to introduce gruel feeding. Few pigs respond 
to the special care they might have in 
hospital accommodation (supplemental 
heat, electrolytes, special high-milk feed 
supplements, moistened feed, and individual 
pig feeding). 

CONTROL 

There is none at the moment. 
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Physical Exercise and 
Associated Disorders 

The act of performing physical work requires 
expenditure of energy at rates above the 
resting metabolic rate. Increases in metabolic 
rate can be supported by anaerobic metabo¬ 
lism through the use of intramuscular ATP 
stores and conversion of glycogen or glucose 
to lactate for short periods of time. Ulti¬ 
mately, however, all energy is derived by 
aerobic metabolism and is limited by the 
rate of delivery of oxygen to tissue and its 
utilization in mitochondria. To support the 
increased energy expenditure required to 
perform work, such as racing, carrying a 
rider, or pulling a cart, the metabolic rate is 
increased. Increases in metabolic rate are 
supported by increases in oxygen delivery to 
tissue and carbon dioxide removal. Increased 
oxygen consumption is dependent on an 


increase in oxygen delivery to tissues, which 
is possible by increases in cardiac output, 
muscle blood flow and, in horses, an increase 
in hemoglobin concentration with a con¬ 
comitant increase in the oxygen-carrying 
capacity of blood. The increased transport of 
oxygen from the air to the blood is accom¬ 
plished principally by increases in respira¬ 
tory rate and tidal volume. Factors that affect 
oxygen transport from the air to the mito¬ 
chondria have the potential to impair perfor¬ 
mance. For instance, laryngeal hemiplegia 
reduces minute ventilation and exacerbates 
the normal exercise-associated hypoxemia in 
horses, atrial fibrillation decreases cardiac 
output and hence oxygen delivery to tissues, 
and anemia reduces the oxygen-carrying 
capacity of the blood. 

The increase in cardiac output with exer¬ 
cise of maximal intensity in horses is very 
large; horses have a cardiac output of about 
75 (mL/min)/kg at rest and 750 (mL/min)/ 
kg (300 L/min for a 400-kg horse) during 
maximal exercise. Associated with the 
increase in cardiac output are increases in 
right atrial, pulmonary arterial, and aortic 
blood pressures. Systemic arterial blood 
pressure during exercise increases as the 
intensity of exercise increases with values 
for systolic, mean, and diastolic pressures 
increasing from 115, 100, and 80 mm Hg 
(15.3, 13.3, and 10.6 kPa) at rest to 205, 160, 
and 120 mm Hg (27.3, 21.3, and 16kPa), 
respectively, during intense exercise. 

Pulmonary artery pressure increases 
from a mean of approximately 25 mm Hg 
(3.3 kPa) to almost 100 mm Hg (13.3 kPa) 
during intense exercise. The increase in pul¬ 
monary artery pressure with exercise may 
contribute to exercise-induced pulmonary 
hemorrhage. 

The increase in metabolic rate during 
exercise causes a marked increase in meta¬ 
bolic heat generation with a subsequent 
increase in body temperature. The increase 
in body temperature is dependent on the 
intensity and duration of exercise and the 
ability of the horse to dissipate heat from 
the body. Intense exercise of short duration 
is associated with marked increases in 
body temperature but such increases rarely 
cause disease. However, prolonged exercise 
of moderate intensity, especially if per¬ 
formed in hot and humid conditions, may 
be associated with rectal temperatures in 
excess of 42.5°C (108.5°F). Heat is dissipated 
primarily by evaporation of sweat from the 
skin surface. Sweating results in a loss of 
body water and electrolytes, including 
sodium, potassium, calcium, and chloride. 
The size of these losses can be sufficient to 
cause dehydration and abnormalities of 
serum electrolyte concentrations and also 
impaired cardiovascular and thermoregula¬ 
tory function. 

Recovery from exercise is influenced by 
the fitness of the individual, with fitter horses 
recovering more rapidly; the intensity and 
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duration of the exercise bout; and activity 
during recovery. Horses allowed to walk after 
a bout of intense exercise recuperate more 
quickly than do horses that are not allowed 
to walk. Recovery is delayed if the horse 
cannot drink to replenish body water or in 
hot and humid conditions. 
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EXERCISE-ASSOCIATED 

DISEASES 

Many exercise-induced diseases are associ¬ 
ated with specific activities. For instance, 
heat stroke and exhaustion are very rare in 
Standardbred and Thoroughbred horses 
raced over distances of up to 3 miles (5km) 
but common in horses participating in 
endurance races (50-100km) or the second 
day of 3-day event competitions. Conversely, 
exercise-induced pulmonary hemorrhage 
occurs only in horses that race or compete 
at high speed and is very uncommon in 
draft breeds. The exercise-associated diseases 
exertional rhabdomyolysis, synchronous 
diaphragmatic flutter, hyperthermia, and 
exercise-induced pulmonary hemorrhage 
are dealt with in other sections of this 
book. 

EXHAUSTION 

All physical work, if of sufficient intensity 
and duration, causes fatigue. The mecha¬ 
nisms underlying fatigue vary with the 
type of work or exercise performed. Thus 
fatigue in a racehorse running 3 km at high 
speed has a different genesis from fatigue 
than an endurance horse that has run 100 km 
at low speed. Typically, Standardbred and 
Thoroughbred racehorses recover quickly 
and exhaustion rarely occurs. However, 
horses performing endurance exercise 
require longer to recover, and the processes 
associated with fatigue may progress to the 
extent that recovery is delayed or impossible 
without treatment. 1 This results in illness in 
some competitors after racing and elimina¬ 
tion of some horses from competition during 
the endurance race. 2 The failure to recover 
and the clinical and clinicopathologic signs 
associated with this have been labeled 
exhausted horse syndrome. 

The exhausted horse syndrome is associ¬ 
ated with endurance races, 3-day eventing, 
trail riding, and fox and bird hunting; these 
are all activities in which there is prolonged 
submaximal exercise. The likelihood of the 
disorder is increased in unfit horses or when 
horses are exercised in hot and humid condi¬ 
tions, especially if they are not accustomed 
to such conditions. 


PATHOGENESIS 

The pathogenesis of exhaustion is compli¬ 
cated but probably involves depletion of 
body glycogen and electrolytes, especially 
sodium, chloride, and potassium; hypovole¬ 
mia caused by large losses of water in sweat; 
hyperthermia; and acid-base disturbances. 
Endurance exercise is associated with the 
production of large amounts of heat, which 
are dissipated primarily by evaporation of 
sweat. Approximately 11 L of sweat are lost 
each hour during submaximal exercise, and 
this loss causes a significant decline in total 
body water, sodium, potassium, and chlo¬ 
ride content and serum concentrations of 
these ions. Loss of chloride causes a meta¬ 
bolic alkalosis. Hypovolemia impairs ther¬ 
moregulation by reducing blood flow to the 
skin and probably results in a reduction in 
gastrointestinal blood flow contributing to 
intestinal ischemia and development of 
ileus. Body temperature increases to danger¬ 
ous levels (43°C; 109°F), and the horse 
cannot continue to exercise. Excessive 
increases in body temperature can over¬ 
whelm mechanisms to ensure that the brain 
of horses does not overheat, resulting in 
signs of CNS dysfunction. 1 If the exercise- 
induced abnormalities are sufficiently severe 
then the combination of hyperthermia and 
dehydration can initiate a cascade of events 
terminating in shock, multiple organ failure, 
and death. 

CLINICAL SIGNS 

The clinical signs of the exhausted horse syn¬ 
drome include failure to continue to exercise, 
depression, weakness, failure to eat and 
drink, delayed return of heart rate and rectal 
temperature to normal values, poor skin 
turgor and capillary refill time, a stiff stilted 
gait consistent with rhabdomyolysis, and 
decrease or absent borborygmi. Urine is 
concentrated and the horse ceases to urinate. 

Colic occurs in horses after endurance 
racing and can be related to abnormalities 
in gastrointestinal motility secondary to 
fluid and electrolyte abnormalities and 
hyperthermia. 3 ' 6 Lesions in horses taken to 
surgery most commonly involve the small 
intestine, and affected horses have signs 
typical of acute small intestinal obstruction 
compounded by signs of exhaustion. 3 Most 
endurance horses with postracing colic 
respond to cooling and correction of fluid 
and electrolyte abnormalities with develop¬ 
ment of surgical lesions. 4 

Clinicopathologic examination reveals 
hemoconcentration, hypochloremia, hypo¬ 
kalemia, and variable changes in serum 
sodium concentration. There is usually a met¬ 
abolic alkalosis (increased blood bicarbonate 
concentration), although some severely affec¬ 
ted horses will also have a metabolic acidosis 
associated with increased blood lactate con¬ 
centration. Serum creatinine and urea nitro¬ 
gen concentrations are increased because of 
dehydration and/or renal disease. Serum 


creatine kinase activity is markedly increased 
in horses with rhabdomyolysis. 

TREATMENT 

Treatment consists of rapid restoration of 
hydration status, correction of electrolyte and 
acid-base abnormalities, and reduction in 
body temperature. Fluid therapy is addressed 
in detail in Chapter 5. Suitable fluids for 
administration to exhausted horses are Ring¬ 
er’s solution, isotonic sodium chloride with 
added potassium chloride (10 mEq/L), and 
calcium gluconate (10-20 mL of 24% solu¬ 
tion per liter). Theoretically, lactated Ringer’s 
solution should not be given to horses with 
metabolic alkalosis, but clinical experience 
indicates its safety and efficacy. 

Horses should be aggressively cooled by 
application of cold water or water and ice. In 
spite of folklore to the contrary, application 
of ice cold water to hyperthermic horses is 
not dangerous or associated with rhabdomy¬ 
olysis. The NSAIDs for pain relief can be 
given when the horse is no longer hypovole¬ 
mic. Horses with colic should have a full 
examination for that condition, including 
passing of a nasogastric tube to ensure that 
there is no distension of the stomach. 

PREVENTION 

Prevention rests in ensuring that participat¬ 
ing horses are adequately trained for the 
event and acclimated to the environmental 
conditions. Horses should be healthy, prefer¬ 
ably as determined by a veterinary examina¬ 
tion before the race, and should be monitored 
during the event for signs of excessive fatigue, 
dehydration, or hyperthermia. 
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POOR RACING PERFORMANCE 
AND EXERCISE INTOLERANCE 
IN HORSES 

The definition of poor racing performance is 
difficult. Horses that have a proven record of 
performing well and then fail to perform at 
their previous level are readily apparent, and 
a physical cause of the reduction in perfor¬ 
mance can often be identified. More difficult 
are the horses that do not have a history of 
satisfactory performance and are best labeled 
as failure to perform to expectation. Horses in 
this group might indeed have a clinical 
abnormality, but commonly the reason is 
lack of innate ability or inadequate training. 
Both of these causes must be raised with the 
owner and trainer carefully and tactfully, 
and only after a thorough examination of 
the horse. 
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Exercise intolerance in racehorses is best 
defined as the inability to race at speeds previ¬ 
ously attained by that horse or attained by 
peers. In its most extreme form exercise intol¬ 
erance is evident as failure to complete the 
race, whereas its mildest form is evident as a 
slight decrement in performance, such as 
losing a race by several lengths or 1 or 2 
seconds, or failure to perform to expectation. 

APPROACH TO THE HORSE WITH 
EXERCISE INTOLERANCE 

Horses with a history of a recent decrement 
in performance or those that are not per¬ 
forming to expectation should be examined 
in a systematic fashion. 

History 

A detailed history should be collected that 
focuses on documenting the reduction in 
performance, its time course, and the pres¬ 
ence and evolution of any clinical signs. This 
can be accomplished by asking the following 
questions of the owner or trainer: 

• What evidence is there of poor 
performance? This query should focus 
on providing objective evidence of a 
reduction in performance through 
examination of race times or results. 

This also allows the severity of the 
reduction in performance to be 
documented. 

• What is the horse’s training schedule? 

The training regimen should be 
appropriate for the horse’s level of 
competition. 

• Describe the horse’s exercise 
intolerance. Does it start the race 
strongly and “fade” in the last part of 
the race, or is it unable to maintain a 
suitable speed for the complete race? Is 
the horse slow to recover its normal 
respiratory rate after exercise? Can it 
sweat? Does it consistently veer or “pull” 
toward one side? 

• Is there any history of illness in this 
horse or other horses in the same 
stable or at the race track? Has the 

horse had a fever or been inappetent? Is 
the horse on any medication? Specific 
attention should be paid to any history 
of respiratory disease. 

• Does the horse make an unusual noise 
associated with respiration when 
running? Horses with upper airway 
obstructions almost always make an 
abnormal noise during exercise. 

• Does the horse cough either at rest, 
during, or after exercise? Coughing can 
be an indication of lower respiratory 
tract disease. 

• Has the horse ever had blood at the 
nostrils after exercise or has it been 
diagnosed as having exercise-induced 
pulmonary hemorrhage? 

• Is the horse lame? Does it ever show 
signs of muscle stiffness or abnormal 
gait? 


• What is the history of anthelmintic 

administration ? 

Clinical Examination 

A thorough clinical examination should be 
performed. The physical examination should 
include a detailed examination of the mus¬ 
culoskeletal, cardiovascular, and respiratory 
systems and should include the collection 
of samples of body fluids for laboratory anal¬ 
ysis as indicated by the historical data or 
clinical examination. Ancillary testing, such 
as radiography, endoscopy, nuclear scintigra¬ 
phy, and stress testing, are available at larger 
centers and might be indicated in some 
cases. 

The horse should be examined at rest for 
evidence of musculoskeletal disease and 
then should be observed at the walk and 
trot for signs of lameness. Subtle lameness 
that is sufficient to impair performance 
can be difficult to detect in a horse slowly 
trotting, and other examinations, such as 
observation during and after high-speed 
running at a track, radiography, and nuclear 
scintigraphy, can be necessary. The major 
muscle groups, including the quadriceps, 
should be palpated for firmness or pain sug¬ 
gestive of rhabdomyolysis. 

The heart should be auscultated carefully 
for evidence of valvular incompetence or 
arrhythmias. Mild (grade II-III/VT) systolic 
ejection murmurs heard loudest on the left 
thorax are common in fit racehorses and 
should not be mistaken for evidence of val¬ 
vular disease. Electrocardiography to diag¬ 
nose abnormalities of rhythm (for example, 
atrial fibrillation) or echocardiography to 
demonstrate the extent of valvular lesions are 
indicated if abnormalities are detected on 
cardiac auscultation. 

The respiratory system should be care¬ 
fully examined by auscultation of the thorax 
in a quiet area. The thorax should be auscul¬ 
tated initially with the horse at rest; if no 
abnormalities are detected the horse’s tidal 
volume should be increased by rebreathing 
air from a large bag held over its nose, or 
by exercise. Radiography of the thorax 
may demonstrate changes consistent with 
exercise-induced pulmonary hemorrhage, 
recurrent airway obstruction, or pneumonia. 
Aspirates of tracheal fluid or bronchoalveo- 
lar lavage fluid should be examined for evi¬ 
dence of inflammation or hemorrhage. 1,2 The 
upper respiratory tract, including pharynx, 
larynx, trachea, and carina, should be exam¬ 
ined with a flexible endoscope. 

Laboratory Testing 

Collection of blood and urine samples for 
laboratory analysis is indicated if specific 
abnormalities are detected on physical exam¬ 
ination or there is historical data suggesting 
the need to more closely examine some body 
systems. For instance, exercise-associated 
rhabdomyolysis can be confirmed by mea¬ 
surement of serum CK and AST activity. 


However, blood samples are often submitted 
for analysis as a matter of routine. Specific 
attention should be paid to the hemogram, 
in particular the white blood cell count, for 
evidence of inflammation and the hemato¬ 
crit for evidence of anemia. Care should be 
taken to not assign minor abnormalities an 
undue importance until corroborating evi¬ 
dence is obtained. Tracheal or bronchoalveo- 
lar lavage fluid can provide evidence of lower 
respiratory tract disease. 2 Examination of 
feces for helminth ova might demonstrate 
parasitism. 

Exercise Stress Testing 

Examination of horses during and after high¬ 
speed exercise is now routine in many refer¬ 
ral centers and practices specializing in 
sports medicine. Such examinations in the 
past had to be conducted on a treadmill if 
dynamic endoscopic examinations or elec¬ 
trocardiographic examinations were to be 
performed, but this is no longer the case. 
Endoscopic and electrocardiographic exami¬ 
nations of horses exercising in the field, and 
ideally undertaking exercise tasks that mimic 
their day-to-day activities and competition, 
are now readily achieved in real time. 3 ' 8 
Dynamic endoscopy allows visualization 
of the upper airway of horses under 
actual working conditions (racing, dressage, 
and reining) and avoids the risks and limita¬ 
tions of horses exercising on a treadmill, ’' 7,9 
although this risk is comparatively small with 
0.6% of horses sustaining an important injury 
during examination. 10 Examination of ridden 
horses under saddle also provides the oppor¬ 
tunity to examine the horse-saddle-rider 
interaction, including saddle fit and girth 
tension, which is an important cause of poor 
performance in some classes of equitation. 11 

Values of a number of performance- 
related variables have been determined for 
Standardbred and Thoroughbred racehorses, 
with better athletes having greater aerobic 
capacity. However, at this time the main use 
of high-speed exercise testing is the detec¬ 
tion of exercise-induced arrhythmia (such as 
paroxysmal ventricular tachycardia or atrial 
fibrillation), rhabdomyolysis, and upper 
airway obstruction. Upper airway obstruc¬ 
tion is a common cause of poor performance 
that can often be diagnosed by rhinolaryn- 
goscopic examination of horses at rest or 
after brief nasal occlusion. However, some 
causes of obstruction are best diagnosed 
using rhinolaryngoscopy during exercise. 12 

CAUSES OF EXERCISE 
INTOLERANCE OR POOR 
PERFORMANCE 

Any disease that adversely affects the normal 
function of a horse has the potential to 
impair performance, and these are dealt with 
extensively in textbooks on equine sports 
medicine. Listed in the following sections are 
some common causes of exercise intolerance 
in racehorses. 
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Musculoskeletal System 

• Lameness is a common cause of poor 
performance. Subtle lameness can be 
difficult to detect but be sufficient to 
cause a decrement in performance. 
Causes and diagnosis of lameness are 
discussed in textbooks on that topic and 
are not further covered here. 

• Rhabdomyolysis (see Chapter 15) 

Cardiovascular System 

Poor performance attributable to cardio¬ 
vascular disease can be caused by the 
following: 

• Atrial fibrillation is usually readily 
detected on examination of heart 
sounds or pulse and confirmed by 
electrocardiographic examination. 
Paroxysmal atrial fibrillation induced by 
exercise that resolves soon after exercise 
ceases causes poor performance and is 
difficult to diagnose. 

• Ventricular arrhythmias 4,5 

• Valvular incompetence, such as mitral 
or tricuspid regurgitation secondary to 
acquired or congenital disease; 
endocarditis is rare in horses. 

• Congenital anomalies including 
ventricular septal defect 

• Myocarditis or myocardial disease 
(rare) 

• Aortoiliac thrombosis 

Respiratory System 

Upper Airways (See Obstructive 

Diseases of the Equine Larynx) 

• Laryngeal hemiplegia 

• Intermittent dorsal displacement of the 
soft palate 

• Epiglottic entrapment 

• Epiglottic hypoplasia 

• Arytenoid chondritis 

• Pharyngeal cysts 

• Upper air obstruction associated with 
hyperkalemic periodic paralysis 

• Guttural pouch empyema 

• Retropharyngeal abscesses 

• Redundant or flaccid alar folds 

Lower Airways 

• Pneumonia secondary to influenza virus 
or equine herpesvirus-1 or equine 
herpesvirus-4 infection 

• Parasitic pneumonia caused by 
Dictyocaulus arnfieldi 

• Severe exercise-induced pulmonary 
hemorrhage 

• Lower airway inflammatory disease and 
recurrent airway obstruction 

• Granulomatous pneumonia 

Hematologic and 
Biochemical Abnormalities 
Anemia 

• Parasitism, especially caused by 
Strongylus sp. and cyathostomes 

• Chronic disease, such as the presence of 
an abscess 


• Equine infectious anemia 

• Piroplasmosis 

• Gastric ulceration (anemia is an unusual 
manifestation of this disease) 

• Iron deficiency (which is rare) 

• Administration of inhibitors of folic acid 
synthesis or prolonged oral 
administration of inactive folic acid 

• Phenylbutazone toxicity 

• Excessive phlebotomy 

• Gastric squamous cell carcinoma 

• Administration of recombinant human 
erythropoietin 

Hypoproteinemia 

• Parasitism, especially caused by 
Strongylus sp. and cyathostomes 

• Malnutrition, especially inadequate 
protein intake 

• Protein-losing enteropathy such as 
lymphosarcoma or granulomatous 
enteritis 

Electrolyte Abnormalities 

• Elypokalemia and hyponatremia 
secondary to excessive losses in sweat 
and inadequate intake 

Nervous System Disease 

• Spinal ataxia caused by cervical 
compressive myelopathy (static or 
dynamic), equine protozoal 
myeloencephalitis, and equine 
degenerative myelopathy 

• Sweeney 

• Stringhalt 

Miscellaneous 

• Hypothyroidism (very rare) 

• Pituitary tumor (equine Cushing’s 
disease) 

• Iatrogenic hypoadrenocorticism 

• Hepatic disease of any cause, but beware 
of iron overload 

• Renal disease 

• Secondary nutritional 
hyperparathyroidism 

• Malnutrition 

• Performance-altering drug 
administration such as (3-adrenergic 
antagonists (beta blockers) or sedatives 

TREATMENT 

Treatment should be directed toward cor¬ 
recting the underlying disease. Routine 
administration of hematinics to horses with a 
normal hemogram is unnecessary. If after 
careful and comprehensive examination an 
organic cause for the poor performance is not 
found, attention should be given to the horses 
training program. Training programs for 
horses are described in Further reading (see 
below). 

FURTHER READING 

Hinchcliff KW, Kaneps AJ, Geor RJ. Equine Sports 

Medicine and Surgery: Basic and Clinical Sciences of 
the Equine Athlete. Edinburgh, UK: Elsevier Health 
Sciences; 2014. 
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Sudden or 
Unexpected Death 

When an animal is found dead without 
having been previously observed to be ill, a 
diagnosis, even after necropsy examination, 
is often difficult because of the absence of a 
detailed history and clinical findings. A 
checklist of diseases for consideration when 
sudden or unexpected death occurs in a 
single animal or group of animals is provided 
later. All death is sudden, but the focus on an 
investigation of sudden death is that it was 
unexpected. Details of each of the diseases 
listed are available in other sections of this 
book. This list applies particularly to cattle, 
but some occurrences in other species are 
noted. It is necessary to point out the differ¬ 
ence between “found dead” and “sudden and 
unexpected death.” 

When animals are observed infrequently, 
for example, at weekly intervals, it is possible 
for them to be ill with obvious clinical 
signs for some days without being observed. 
In these circumstances the list of possible 
diagnoses is very large. It is also correspond¬ 
ingly large when animals are kept together in 
large groups and are not observed as indi¬ 
viduals. This is likely to happen in beef cattle, 
especially in feedlots or as calves with dams 
at pasture, when the animals are unaccus¬ 
tomed to human presence and move away 
when approached. 

SUDDEN OR UNEXPECTED 
DEATH IN SINGLE ANIMALS 

SPONTANEOUS INTERNAL 
HEMORRHAGE 

This condition could be caused by cardiac 
tamponade in cows, ruptured aorta or 
atrium, inherited aortic aneurysm, or ver¬ 
minous mesenteric arterial aneurysm in 
horses and esophagogastric ulcer or intesti¬ 
nal hemorrhagic syndrome in pigs. Aortic 
rupture and aortopulmonary fistulation 
should be considered as a potential cause of 
sudden death in Friesian horses. 1 

RUPTURE OF INTERNAL CAROTID 
ARTERY ANEURYSM 

This condition may occur secondary to 
mycosis of the guttural pouch of the horse. 
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In one survey of sudden deaths in horses 
while racing, most (68%) were undiagnosed, 
although it was assumed that they died of 
exercise-associated ventricular arrhythmias. 
Of those that were diagnosed, most deaths 
were caused by spontaneous hemorrhage. 
Similar conclusions have resulted from other 
surveys. Most reported cases of sudden 
death in the horse are the result of cardiovas¬ 
cular accidents. Fracture of the pelvis can 
result in fatal hemorrhage within the gluteal 
muscles of the horse and rupture of the 
middle uterine artery at parturition in cattle 
may occur with uterine prolapse. 

PERACUTE ENDOGENOUS 
TOXEMIA 

Peracute endogenous toxemia can arise from 
rupture of the stomach of horses, abomasum 
of cows, and the colon in mares at foaling. 
Large amounts of gastrointestinal contents 
are deposited rapidly into the peritoneal 
cavity. In newborn animals, especially foals, 
fulminating infections are the commonest 
cause. 

Peracute exogenous toxemia in a single 
animal could be as a result of snakebite, but 
the snake would have to be very poisonous 
and the animal of small body weight (such as 
an adult sheep or goat) to cause death 
without any observable illness. 

TRANSPORTATION STRESS 

Transportation can result in sudden death in 
stress-susceptible animals. The best known 
example of this is porcine stress syndrome 
(PSS), during which stress appears to be the 
sole causative factor in death. Transportation 
results in a death rate from PSS of 2.0 per 
1000 slaughter age pigs in Germany and 0.6 
to 3.4 per 1000 slaughter age pigs in the 
Czech Republic. 2 

TRAUMA 

Trauma may cause death by either internal 
hemorrhage or damage to the CNS, espe¬ 
cially the brain or atlantooccipital joint suf¬ 
ficient to damage the medulla oblongata. In 
most cases the trauma is evident: there has 
been fighting, or a fall has occurred, or the 
animal has attempted to jump an obstacle. In 
horses a free gallop downhill may result in a 
serious fall or collision with, for example, a 
wall, especially if the ground is slippery. 

Inapparent trauma usually occurs when 
animals are tied up by halter and rush back¬ 
ward when frightened or are startled by an 
electric fence and the halter shank is long. 
Sometimes the animal will plunge forward 
and hit its forehead between the eyes on a 
protruding small object such as a bolt used 
in a fence. Sadism, especially by the insertion 
of whip handles or pitchfork handles into the 
anus or vulva, may also be inapparent. 

GASTROINTESTINAL CONDITIONS 

Gastric rupture in the horse may occur fol¬ 
lowing overeating highly fermentable feed, 


administration of excessive quantities of 
fluids by nasogastric tube, gastric impaction, 
or when gastric motility is markedly reduced 
in acute grass sickness or gastric distension 
with fluid. Peracute enteritis in the horse can 
cause rapid unexpected death. 

Volvulus or gastrointestinal accidents 
account for almost 50% of sudden deaths in 
sows, followed next by gastric ulceration, 
retained fetuses, and toxemia. 

Recumbent cattle that become lodged in 
a small hollow in the ground may die of 
bloat because the cardia becomes covered 
with ruminal fluid and eructation is not 
possible. 

IATROGENIC DEATHS 

Iatrogenic deaths may be caused by overdose 
with intravenous solutions of calcium salts in 
an excited cow, too-rapid fluid infusion in an 
animal with pulmonary edema, intravenous 
injection of procaine penicillin suspension, 
and intravenous injections of ivermectin in 
horses. These are not hard to diagnose and 
the producer or veterinarian is usually obvi¬ 
ously embarrassed. 

One of the most sudden death occur¬ 
rences is the anaphylactoid reaction in a 
horse to an intravenous injection of an aller¬ 
gen such as crystalline penicillin. Death 
occurs in about 60 seconds. Intraarterial 
injections of ceftiofur, penicillin, or pheno- 
thiazine tranquilizers have also been reported 
to cause sudden death. This has been docu¬ 
mented in a small number of cattle given 
subcutaneous injections of ceftiofur crystal¬ 
line free acid suspension at the base of the 
ear; 0.1% of cattle in one report died sud¬ 
denly and unexpectedly because of inadver¬ 
tent intraarterial injection with migration to 
the cerebral vasculature. 3 

SUDDEN DEATH IN HORSES 

An analysis of the cause of sudden death over 
a 20-year period was completed in Victoria, 
Australia. The risk in flat starts was 0.08 to 
0.10 per 1000 starts, whereas the risk in jump 
starts was three to four times higher at 0.26 
to 0.36 per 1000 starts. 4 An analysis was 
made of the causes of death in horses and 
ponies over 1 year of age that died suddenly 
and unexpectedly. No cause of death was 
found in 31% of cases and 16% died from the 
following causes: hemorrhage in the respira¬ 
tory tract and CNS and adverse drug reac¬ 
tions. Cardiovascular lesions were the cause 
in 14% and the remaining 3% had lesions of 
the gastrointestinal tract. 

Sudden death in racehorses is commonly 
caused by massive hemorrhage into the 
lungs, abdomen, or brain. In horses that were 
found dead but appeared normal when last 
seen, the cause of death was not determined 
in 33% of cases. Lesions of the gastrointesti¬ 
nal tract were the cause of death in 39% and 
respiratory tract lesions in 9%. Lesions of 
both the CNS and cardiovascular system 


were the cause of death in 5%, and the 
remaining 10% had miscellaneous causes. 

Hyperkalemic periodic paralysis should 
be considered as a potential cause of sudden 
death in certain lines of Quarter Horses, 
Appaloosas, and Paints because of a single 
point mutation in the a-subunit of the 
muscle sodium gene. 


SUDDEN OR UNEXPECTED 
DEATH IN A GROUP 
OF ANIMALS 

The following diseases could affect single 
animals if the animals were housed or run 
singly. 

LIGHTNING STRIKE OR 
ELECTROCUTION 

This usually affects a number of animals that 
are found together in a pile or group. Rarely, 
electrical current only electrifies a contact 
object intermittently and deaths will be 
intermittent. In most cases the history and 
an examination of the environment reveals 
the cause. 

NUTRITIONAL DEFICIENCY 
AND POISONING 

At pasture, sudden death may come from the 
sudden exposure of the cattle to plants that 
cause bloat, hypomagnesemia, cyanide or 
nitrite poisoning, fluoroacetate poisoning, 
microcystins (produced by algae in a stag¬ 
nant lake or pond), or acute interstitial 
pneumonia.’ Acute myocardiopathy in 
young animals on diets deficient in vitamin 
E or selenium is in this group, as is inherited 
myocardiopathy in Herefords. Gross nutri¬ 
tional deficiency of copper in cattle causes 
“falling disease,” which is a manifestation of 
acute myocardiopathy. 

Acute myocardiopathy and heart failure is 
associated with poisons in Phalaris spp. 
pasture; grass nematodes on Lolium rigidum; 
the hemlocks Cicuta and Oenanthe spp.; and 
the weeds Fadogia, Pachystigma, Pavetta, 
Asclepius eriocarpa, Cryptostegia and Albizia, 
and Cassia spp. The trees oleander and yew 
(Taxus spp.) may also be causes, and those 
species containing fluoroacetate, such as the 
gidgee tree and the weeds Gastrolobium, Oxy- 
lobium, Dichapetalum, and Ixiolaena spp., 
may be implicated. There are a number of 
plants that cause cardiac irregularity and 
some sudden deaths, e.g., Urginea and Kalan- 
choe spp., but more commonly congestive 
heart failure is caused. Monensin, lasalocid, 
and salinomycin toxicities are increasingly 
common causes in horses and, to a less extent, 
cows. 5 

ACCESS TO POTENT POISONS 

Access to potent poisons may occur in 
housed animals or in those fed prepared 
feeds. A select number of herbicides, 
insecticides, rodenticides, and metals 
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account for the majority of poisonings, with 
country to country variation and species 
differences. 6 ' 7 

There are few poisons that cause sudden 
death without premonitory signs. Cyanide is 
one, but is an unlikely poison in these cir¬ 
cumstances. Monensin, mixed in a feed for 
cattle that is then fed to horses, or fed in 
excess to cattle, does cause death by heart 
failure. Organophosphates are more likely, 
but clinical signs are usually apparent. Lead 
is in a similar category; however, very soluble 
lead salts can cause death quickly in young 
animals. 8 

DISEASES ASSOCIATED WITH 
INFECTIOUS AGENTS 

These diseases cause septicemia or toxemia, 
and include anthrax, blackleg, hemorrhagic 
septicemia, and (especially in sheep, but 
occasionally in cattle) peracute pasteurello- 
sis. In pigs, mulberry heart disease and 
perhaps gut edema should be considered. In 
horses, colitis is probably the only disease 
that will cause sudden death. In sheep and 
young cattle, enterotoxemia associated with 
Clostridium perfringens should be included 
and this may be involved in rumen overload 
in feedlot cattle on heavy grain feed. Circum¬ 
stances, feeding practices, climate, and 
season of the year usually give some clue as 
to the cause of death. 

NEONATAL AND YOUNG ANIMALS 

In very young, including neonatal, animals, 
congenital defects that are incompatible with 
life—prematurity, septicemia because of 
poor immune status or toxemia associated 
with particular pathogens, especially E. coli, 
and hypothyroidism—are important causes 
of sudden death. 

ANAPHYLAXIS 

Anaphylaxis after injection of biological 
materials, including vaccines and sera, is 
usually an obvious diagnosis, but its occur¬ 
rence in animals at pasture can cause obscure 
deaths. In these circumstances it usually 
affects one animal and clinical illness is often 
observed. A similar occurrence is sudden 
death in a high proportion of piglets injected 
with an iron preparation when their 
selenium-vitamin E status is low. 

PROCEDURE FOR 
INVESTIGATION OF 
SUDDEN DEATH 

The procedure for investigating sudden 
death is as follows: 

• Keep excellent records because of the 
probability of insurance enquiry or 
litigation. 

• Take a careful history, which may 
indicate changes of feed composition or 
source, exposure to poisons, or 
administration of potentially toxic 
preparations. 


• Make a careful examination of the 
environment to look for potential 
sources of pathogens. Be especially 
careful if electrocution is possible; wet 
concrete floors can be lethal when 
combined with electrical current unless 
rubber boots are worn. 

• Carefully examine dead animals for 
signs of struggle, frothy nasal discharge, 
unclotted blood from natural orifices, 
bloat, pallor or otherwise of mucosae, 
burn marks on the body (especially on 
the feet), or signs of trauma or of having 
been restrained. Pay particular attention 
to the forehead by palpating the frontal 
bones, because these may have been 
fractured with a heavy blunt object 
without much damage to the skin or 
hair. 

• Ensure that typical cadavers are 
examined at necropsy, preferably by 
specialist pathologists at independent 
laboratories, in which opinions are more 
likely to be considered authoritative and 
unbiased. 

• Collect samples of suspect materials 
for analysis. Preferably, collect two 
samples, one to be analyzed and one to 
be made available to a feed company, if 
indicated. 

FURTHER READING 

Lyle CH, Uzal FA, McGorum BC, et al. Sudden death in 
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CYANOBACTERIA (BLUE-GREEN 
ALGAE) TOXICOSIS 


SYNOPSIS 


Etiology Toxins from cyanobacteria in blooms 
on stagnant fresh or brackish water in 
lakes, ponds, reservoir, billabongs 

Epidemiology Outbreaks with high mortality 
when sole source of drinking water is 
polluted by toxigenic algae 

Clinical pathology Elevation of liver 
enzymes, electrolyte abnormalities, 
hypoglycemia (microcystins), or possible 
acetylcholinesterase depression 
[anatoxin-a(s)] 

Lesions Sudden death caused by massive 
hepatic necrosis (microcystins) or respiratory 
arrest (anatoxins). Hepatomegaly and 
hepatic necrosis (microcystins); no lesions 


Sudden or Unexpected Death 


(anatoxins); cyanobacteria in alimentary 
tract (both). 

Diagnosis confirmation Positive 

identification of toxin(s) in water source 
and animal fluids or tissue confirms 
diagnosis; liquid chromatography mass 
spectrometry using animal tissue available 
for some toxins (microcystins) 

Treatment None 

Control Avoidance of contaminated water; 
judicious use of algaecides; watershed 
management 


ETIOLOGY 

There are over 2000 species of cyanobacteria 
with at least 80 known to be toxigenic. 1 The 
cyanobacteria, commonly referred to as 
blue-green algae, form dense blooms in fresh 
or brackish bodies of warm, stagnant water. 
Ingestion of cyanobacteria or their toxins 
liberated from ruptured cells results in clini¬ 
cal signs. Toxicity is species specific and 
some species, such as Anabaena flos-aquae, 
produce more than one toxin. Cyanotoxins 
associated with large-animal poisonings 
include: 1 ' 3 

• Microcystins. These are potent 
hepatotoxins produced by many 
different cyanobacteria including several 
species of Anabaena , Anabaenopsis, 
Microcystis, Planktothrix, Nostoc, and 
Oscillatoria. 

• Anatoxins. Toxins in this group are 
potent neurotoxins produced primarily 
by several species of Anabaena and a 
few species of Planktothrix. 

• Various freshwater toxins. Included in 
this group are cyanotoxins known to 
cause toxicity in animals. Toxins, 
produced by a variety of cyanobacteria, 
include saxitoxins, cylindrospermopsin, 
nodularins, and most recently p-N- 
methylamino-L-alanine (BMAA). 4,5 

EPIDEMIOLOGY 

Occurrence 

Cyanobacterial toxins are associated with 
outbreaks of poisoning in farm animals that 
drink contaminated water. Lakes, reservoirs, 
ponds, waterholes, and other nonturbulent 
water sources are all affected, especially 
when the organisms are concentrated by 
onshore winds so that large quantities may 
be ingested. Typically the surface of the water 
has a bluish green sheen or pea green to 
iridescent neon green streaks. Often the 
algae accumulate along the shoreline where 
animals have easy access and the water is 
shallow and more stagnant. In small water- 
holes and reservoirs the surface water is 
often completely covered with a very thick 
coat of gelatinous organisms (algae bloom), 
and animals are unable to drink without 
ingesting some of the algae. Cyanobacteria 
are found in every continent except Antarc¬ 
tica and toxicoses has been recorded in most 
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countries, especially the United States, 
Canada, Scandinavia, Japan, South Africa, 
Australia, and New Zealand. 2 ' 3 ' 6 ' The cyano- 
bacterial toxins affect all animals and birds 
and those found in brackish and marine 
waters are associated with mortalities in 
fish. 3 Death, while the normal outcome, 
occasionally does not occur, especially if 
animals are able to avoid ingesting large 
amounts of contaminated water. 

Risk Factors 

Heavy growth commonly occurs in the late 
summer to autumn period. Factors promot¬ 
ing growth of the organisms and increasing 
the chances of animals being poisoned 
include warm water temperatures, low water 
depths, sunshine, and onshore winds. 1 ' 3 In 
addition, a high concentration of other 
nutrients such as nitrogen and phosphorus 
associated with fertilizer runoff or feces/ 
urine contamination may play a role. 2 ' 8 

PATHOGENESIS 

Microcystins 

These toxins are potent hepatotoxins affect¬ 
ing virtually every animal species as well as 
some plant species. The toxins are found 
inside the cyanobacteria and released by cell 
damage or death. When an animal drinks 
contaminated water, the acid pH of the 
stomach liberates microcystins from the 
algae and toxicosis occurs. The toxin enters 
hepatocytes via the bile acid carriers and 
inhibits protein phosphatases 1 and 2A 
resulting in cytoskeleton and actin filament 
changes, hepatocyte necrosis, and cell death. 1 
Other mechanisms such as free radical 
induction and mitochondrial changes affect 
the liver as well. 1 Animal death occurs from 
intrahepatic hemorrhage. 

Anatoxins 

Three important subgroups of anatoxins, 
all potent neurotoxins, have been identified 
in animal poisonings. One subgroup, 
homoanatoxin-a, has not yet been associated 
with large-animal poisonings, but with neu¬ 
rotoxicosis and death in New Zealand dogs. 9 

Anatoxin-a 

This neurotoxin is a potent agonist at nico¬ 
tinic acetylcholine receptors both at the 
neuromuscular junctions and neurons. 1 ' 6 
Prolonged and continuous stimulation at the 
neuromuscular junction results in weakness, 
respiratory paralysis, and death. Dopamine 
and norepinephrine are released secondary 
to modulation at the neuronal nicotinic ace¬ 
tylcholine receptors. 10 

Homoanatoxin-a 

Toxicologic properties of this toxin are 
similar to anatoxin-a. 9 

Anatoxin-a(s) 

The chemical structure and mechanism of 
action of this toxin are different from the 


other two anatoxins. Anatoxin-a(s) is an irre¬ 
versible acetylcholinesterase inhibitor with a 
mechanism of action similar to organophos- 
phorus containing pesticides. 111 Continued 
nicotinic receptor stimulation from increased 
amounts of acetylcholine result in ataxia, 
seizures, respiratory arrest, and death. 
Unlike organophosphorus compounds, 
anatoxin-a(s) affects only the peripheral 
nervous system (i.e., no central effects). 11 

Various Freshwater Toxins 

The toxins listed next are not as common as 
microcystins and anatoxins but worthy of 
note because they have been associated in 
some manner with large-animal poisonings. 

• Saxitoxins. Toxins in this group are 
generally associated with paralytic 
shellfish poisoning in small animals, but 
a group of Australian sheep became 
symptomatic and died after exposure to 
Anabaena circinalis , 3 Saxitoxin, a potent 
neurotoxin, selectively blocks voltage¬ 
gated sodium channels causing 
neuromuscular weakness, respiratory 
arrest, and death. 1,6 

• Cylindrospermopsin. This toxin, 
produced by several species 

of cyanobacteria including 
Cylindrospermopsis raciborskii, has been 
implicated in the death of cattle. It 
inhibits protein synthesis and thus 
affects several organs in the body 
including the heart, lungs, liver, and 
kidneys. 

• Nodularins. This potent hepatotoxin is 
produced primarily by the cyanobacteria 
Nodularia spumigena and has caused 
death in sheep and other livestock. 13 ’ 12 
The mechanism of action is similar to 
microcystins with death the normal 
outcome. 

• BMAA. This potent neurotoxin 
produced by the cyanobacteria Hydrilla 
verticillata was recently associated with 
the development of avian vacuolar 
myelinopathy. 4,5 The toxin has also been 
associated with several degenerative 
human neurologic diseases, and it has 
been hypothesized that BMAA may play 
a role in the onset of equine motor 
neuron disease. 1 ' 1 

CLINICAL FINDINGS 
Microcystins 

The clinical picture has been well described 
in livestock, swine, and horses. 1 ' 3 ' 8 Most are 
found dead or die within a few hours. Vomit¬ 
ing, diarrhea, ataxia, and shock occur in 
early deaths; those that live for a few hours 
show agitation and irritability, ataxia, recum¬ 
bency, and seizures before death. In the less 
acute cases there is severe liver damage man¬ 
ifested by anorexia, stupor or hypersensitiv¬ 
ity, ruminal atony, dehydration, recumbency, 
jaundice, and photosensitization in cattle 
and sheep. Many apparently unaffected and 
recovered animals die in the ensuing 3 


months. Affected pigs are anorexic and show 
dullness, vomiting, lethargy, tremor, frothing 
at the mouth, coughing, sneezing, dyspnea, 
and dysentery. 

Anatoxins 

Affected animals are commonly found dead. 
Clinical signs may become apparent within 
15 minutes after exposure. In acute cases the 
affected animals have muscle tremor, stupor, 
staggering, recumbency, and in some cases 
hyperesthesia to touch so that slight stimula¬ 
tion provokes a seizure with opisthotonus. 
Death is from respiratory arrest. Animals 
exposed to anatoxin-a(s) also have excess 
salivation as well as lacrimation, vomiting, 
and diarrhea. 

CLINICAL PATHOLOGY 
Microcystins 

Chemical analysis shows increased liver 
enzymes, electrolyte abnormalities (hyper¬ 
kalemia), hypoglycemia, and hypoalbumin- 
emia in all species. 1,3 Clinical pathologic 
findings rated in order of frequency in sheep 
exposed to microcystins are high serum con¬ 
centrations of bile acids, glutamate dehydro¬ 
genase, y-glutamyl transferase and serum 
bilirubin, and reduced serum concentration 
of albumin. 

Anatoxins 

There are no anatoxins. 

NECROPSY FINDINGS 

Necropsy findings in microcystin toxicity 
vary depending on when death occurred. 
Gross postmortem examinations show 
enlarged livers with dark-brown to a bluish 
parenchyma. 14 Microscopic lesions are con¬ 
sistent with centrilobular hepatic necrosis. 1 
Other lesions include generalized petechia- 
tion, plasma transudates in body cavities, 
and congestion of most viscera. Severe gas¬ 
troenteritis with intestinal hemorrhage and 
severe bloody diarrhea has also been 
observed in some outbreaks. There are no 
specific necropsy findings in animals dying 
of anatoxin toxicity. 

Diagnosis 

The presence of cyanobacteria in the source 
water and gastrointestinal tract is not diag¬ 
nostic. Identification of the specific toxin in 
the water and animal tissues or fluids is 
needed to make a diagnosis. The toxins may 
disappear from the water within 2 to 3 days 
so samples should be taken as soon as possi¬ 
ble after the poisonings occur. A specimen of 
the bloom material should be immediately 
preserved for identification, because degen¬ 
eration of cells is rapid during transport to 
the laboratory. Laboratory examination for 
the presence of high concentrations of known 
toxic cyanobacteria is required. Many assays, 
including ELISAs, are available to routinely 
confirm the presence of microcystins in 
suspect water, but few are useful for 





anatoxins. 15 Within the past few years, liquid 
chromatography mass spectrometry (LC/ 
MS/MS) has been successfully used to 
measure the microcystin concentration 
found in body tissues. No such test is rou¬ 
tinely available for anatoxins. 16 ' 1 ' The diagno¬ 
sis of anatoxin a(s) intoxication may be 
supported by acetylcholinesterase testing, 
although the presence of organophosphorus 
and carbamate pesticides needs to be ruled 
out. 1 


DIFFERENTIAL DIAGNOSIS 


Diagnosis confirmation is made by positive 
assay for the algal toxins in suspect water and 
animal body tissues or fluids. 

Microcystins 

• Alfatoxin toxicosis 

• Carbon disulfide ingestion 

• Hepatotoxic chemicals (chlorinated 
hydrocarbons, phenols, etc.) 

• Mushroom ingestion (amatoxins) 

• Paraquat toxicosis 

• Pyrrolizidine alkaloids, other hepatotoxic 
plants 

• Phomopsin toxicosis 

• Sporidesmin toxicosis 

Anatoxins 

• Anthrax 

• Atrial fibrillation 

• Cyanide toxicosis 

• Electrocution or lightning strike 

• lonophore toxicosis 

• Plant poisonings 

• Rupture of major vessel (aorta, uterine 
arteries) 

• Trauma 


TREATMENT 

There are no specific antidotes, and treat¬ 
ment is unrewarding. 

CONTROL 

The two principles involved are prevention 
of ingestion of floating bloom material by 
animals and preventing the addition of nutri¬ 
ents that promote cyanobacterial growth to 
the water. 2,8 

Prevent the Ingestion of Toxins 

• Prevent access to contaminated water. 
Move livestock to a clean water source 
or draw drinking water from a site away 
from the bloom. 

• Keep bloom away from water intake by 
use of a floating boom. 

• Add precipitants, e.g., lime, ferric alum, 
and gypsum, which remove algae 
without release of toxin and remove 
phosphates (see later). 

• Algaecides such as copper sulfate are 
still used but the routine, unregulated 
use is no longer recommended. The 
killed cyanobacteria release toxins into 
the water, so it cannot be used as 
drinking water for at least 5 days. The 
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algaecides also damage other vegetation 
and may ultimately promote further 
cyanobacterial blooms. 

Prevent the Addition of Nutrients 
to Water 

• Fence off water sources from direct 
livestock access so no manure or urine 
is added to the watershed or directly to 
the water. 

• Precipitate phosphates with lime, 
gypsum, and ferric alum. This is useful 
only for small reservoirs or ponds. 

• Mechanically aerate bottom layers of 
water body; this is useful only for large 
water reservoirs. 

• Exert catchment control and minimize 
use of phosphate fertilizers and inflow 
of sewage. 

• Filter the inflow by enhancing reed bed 
and wetland growth. 

• Buffer afforestation and vegetation 
generally along the banks of 
watercourses. 

FURTHER READING 

Puschner B, Galey FD, Johnson B, et al. Blue-green 
algae toxicosis in cattle. / Am Vet Med Assoc. 
1998;213:1571, 1605-1607. 

Toxic Cyanobacteria (Blue-Green Algae). An emerging 
concern. At <http://www.envirologix.com/library/ 
KU_Manuscript_Toxic_Algae.pdf>; Accessed 
08.10.13. 

Walker SR, Lund JC, Schumacher DG, et al. Nebraska 
experience. Adv Exp Med Biol 2008;619:139-152. 
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PLANTS CAUSING SUDDEN 
DEATH WITHOUT 
CARDIOMYOPATHY 

In many plant poisonings the identity of the 
toxin is unknown. The more common of 
these plants associated with sudden death 
without evidence of cardiomyopathy are 
listed next. Because the information about 
most of them is meager, no attempt is made 


to provide a complete picture of each of 
them. 

Arrabidaea bilabiata 

Burttia prunoides 

Eupatorium wrightii 

Lamium amplexicaule/ dead nettle 

Laurelia novae-zealandiae/ pukatea 

Nicandra physalodes/npp\e of Peru 

Viguiera annua/ annual goldeneye 


Diseases Associated With 
Physical Agents 

LIGHTNING STRIKE AND 
ELECTROCUTION 


SYNOPSIS 


Etiology Exposure to high-voltage electric 
currents 

Epidemiology Single or multiple cases. 
Following a thunderstorm dead animals at 
pasture may be under trees or along fence 
lines. Posterior paralysis in housed pigs 

Clinical findings Bone fractures, temporary 
unconsciousness, or immediate death. In 
recovered animals residual nervous signs 
may persist. Posterior paralysis in pigs 

Necropsy findings Singe and burn marks 
with some cases. Fractures of long bones in 
some cases and of lumbar vertebrae in 
swine 

Diagnostic confirmation Difficult. History 
and environmental evidence of lightning or 
electric shock exposure and no postmortem 
lesions of other causes of disease 


ETIOLOGY 

The three common causes are flashes of linear 
lightning during thunderstorms, broken 
overhead electrical transmission wires that 
usually carry very high voltages, and faulty 
electrical wiring in cowsheds and barns. 

Lightning-related injury or death can 
occur through five primary mechanisms 1,2 : 

1. Direct strikes 

2. Side flashes emanating from tall objects 
such as trees hit by lightning 

3. Ground currents (step potentials or step 
voltages) occur with each strike and are 
the most common mechanism in 
four-legged species because after 
injection of current into the earth, a 
potential gradient develops that can 
initiate current entering the animal from 
one set of feet, leaving the body by the 
other set of feet. In contrast to humans, 
this current crosses essential organs, 
such as the heart and liver, causing 
death. 

4. Contact, from touching long 
conductors, such as railings, cables, and 
fences can be fatal. 
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5. Upward leaders that emanate from high 
ground and tall objects when downward 
leaders approach ground 
During lightning strike trees, fences, 
barns, and pools of water may become elec¬ 
trified, and it is not unusual for damp ground 
to act as a conductor for electricity passing 
along the roots of stricken trees. Animals 
electrocuted by standing on electrified earth 
are unlikely to show burn marks on the body. 
Oak trees are particularly prone to lightning 
strike and because of their spreading foliage 
and extensive root system, are common 
mediators of electrocution deaths in pas¬ 
tured animals. Poplar, elm, walnut, beech, 
ash, and conifers are also mediators of elec¬ 
trocution to animals that shelter under them. 

Electrical transmission wires are most 
dangerous when they fall into pools of water, 
as they are likely to do during the storms that 
bring the wires down. In such cases, the 
entire pool is electrified and animals passing 
through it may be killed instantly. Electrocu¬ 
tion can also occur from this source without 
obvious evidence of line fault. 

In accidents caused by faulty wiring, 
voltages of 110 to 220 V are sufficient to 
kill adult cattle provided they make good 
contact with the source and the ground. 
Water pumps and milking machines are the 
common sources of electricity that may elec¬ 
trify water pipes or the milk line through the 
earth wire or a short circuit. The use of very 
heavy fuse wire (30-60 A) may cause con¬ 
tinuance of the trouble, which could be 
avoided if lower capacity fuses were used. In 
situations of electrical fault, certain farm 
owners will choose to try to circumvent it by 
improper use of fuse breakers that can lead 
to substantial risk of electrocution hazard. 

EPIDEMIOLOGY 

The area incidence is never high but 
heavy mortalities may occur on individual 
farms when a barn or a group of animals 
sheltering under a tree is struck. Approxi¬ 
mately 90% of deaths occur in cattle in 
Belgium. 2 Risk factors include documented 
cloud-to-ground lightning strikes at about 
the time of death of animals and the presence 
of open water and tall trees. 2 As many as 20 
head of cattle may be killed by one lightning 
flash. Most fatalities caused by lightning 
strike occur during the summer months 
when the animals are at pasture. 2,3 

Behavioral abnormalities of housed 
animals may indicate the presence of faulty 
wiring in barns. Deaths caused by electrocu¬ 
tion in barns can occur at any time. 

PATHOGENESIS 

Tissue damage from electrical trauma is 
induced by the direct effects of the electric 
current and the development of heat and 
tissue ischemia. Exposure to high-voltage 
electrical currents causes severe nervous 
shock with complete unconsciousness and 
flaccid paralysis. In some instances, focal 


destruction of nervous tissue occurs and 
residual signs of damage to the nervous 
system persist after nervous shock disap¬ 
pears. Death when it occurs is usually caused 
by paralysis of vital medullary centers. Ven¬ 
tricular fibrillation can also occur and con¬ 
tribute to death. Superficial burns may be 
evident at the site of contact with the current 
or along the path of flow from the point of 
contact to ground. The burn is produced by 
heat generated from the resistance of tissues 
to the passage of the electricity. Fractures are 
thought to be the result of sudden and pro¬ 
found muscular contraction. 

CLINICAL FINDINGS 

Deaths caused by lightning strike can be 
detected by an examination of the dead 
animal and its environment with additional 
information provided by lightning location 
data. 2 

Varying degrees of shock occur. With 
high-voltage currents and good earth con¬ 
tacts such as wet concrete floors, water, and 
damp earth, the animal may fall dead without 
a struggle. Singeing and burning are likely to 
occur because of the severity of the shock. 
The burns may be localized to the muzzle or 
feet and be in the form of radial deposits of 
carbon with or without disruption of tissue, 
or they may appear as treelike, branching 
patterns of singeing running down the trunk 
and limbs. Acute blindness linked to light¬ 
ning flash injury has occurred in a horse. The 
injuries were consistent with acute and 
severe flash injury. 4 

In less severe shocks, the animal falls 
unconscious, suddenly collapses, or may 
struggle, followed by a period of uncon¬ 
sciousness varying from several minutes to 
several hours. When consciousness is 
regained, or the animal is removed from the 
electric field, the animal may rise and be per¬ 
fectly normal, or show depression, blindness, 
ataxia, posterior paralysis, monoplegia, and 
cutaneous hyperesthesia. In some cases there 
may be more local signs including nystag¬ 
mus and unilateral paralysis. Sloughing of 
the skin at the sites of burns may occur after 
a few days. These signs may persist or disap¬ 
pear gradually over a period of 1 to 2 weeks. 
With electrocution in pigs caused either by 
lightning strike or wiring faults, the major 
signs are related to spinal injury or to frac¬ 
ture of the ileum, ischium, and the transverse 
processes of the lumbar vertebrae with a 
large number of animals exhibiting apparent 
lameness and especially posterior paralysis. 
Vestibular disease is described as a sequela to 
lightning strike in horses. 

The actual occurrence of electric shock 
often is not observed and electrocution 
should always be considered in the differen¬ 
tial diagnosis of spinal or pelvic fracture or 
injury in pigs. 

With minor shocks, especially as they 
occur in barns on low-voltage domestic 
current, the animal may be knocked down 


or remain standing. Consciousness is not 
lost and the clinical picture is one of restless¬ 
ness. The animal may kick violently at the 
stanchion or the dividing rail. The attacks 
may be intermittent and occur only when 
the cattle supply a good ground contact such 
as standing in the gutter, when they are 
drinking, or when they are wet. Dairy 
farmers are often unaffected in the same 
environment because their boots provide 
effective insulation. 

CLINICAL PATHOLOGY 

Laboratory examinations are of no value in 
diagnosis. 

NECROPSY FINDINGS 

If electrocution is suspected it is best to 
ensure that possible sources of electric 
power are shut off before proceeding with a 
postmortem examination. 

Diagnostic lesions are often minimal but 
singe marks on or under the skin, or damage 
to the environment, or both, occur in about 
90% of lightning deaths. Rigor mortis devel¬ 
ops but passes quickly. 

In cattle, anthrax is often a consideration 
as the carcass decomposes rapidly and blood 
may exude from the external orifices. The 
pupils are usually dilated and the anus 
relaxed. All viscera are congested and the 
blood is dark and unclotted. Petechial hem¬ 
orrhages may occur throughout the body, 
including the trachea, endocardium, menin¬ 
ges, and CNS. The superficial lymph nodes, 
particularly the prescapular and the interior 
cervical, are often hemorrhagic. Superficial 
singeing of the hair, burn marks on the feet 
or muzzle, and internal or subcutaneous 
extravasations of blood in arboreal patterns 
also occur. 

In some cases of electrocution there are 
longitudinal fractures of long bones and in 
incidents involving pigs, local hemorrhage 
and extensive fractures of the bones in the 
pelvic area are observed. Fractures of the 
lumbar vertebrae have also been described in 
electrocuted swine. 

Theoretically, the passage of electric 
current through tissue may cause cell nuclei 
to elongate and assume orientations parallel 
to one another. Skin lesions can be examined 
histologically for this change and hypercon¬ 
centration of skeletal muscle fibers may also 
be observed. 


DIFFERENTIAL DIAGNOSIS 


Great care must be taken in accepting an 
owner's suggestion that an animal has been 
killed or injured by lightning strike. Insurance 
against loss by lightning is commonly carried 
and the many other causes of sudden death 
or injury are seldom covered by insurance. To 
minimize the possibility of conflict and 
potential future legal problems it is wise to 
have a representative of the insurance 









company present at the autopsy so that all 
may agree on the diagnosis. 

To make the diagnosis, there should be a 
history of exposure and evidence of sudden 
injury or death. In the latter case, half-chewed 
food may still be present in the mouth. Burns 
on the skin, scorching of the grass, and 
tearing of the bark on nearby trees are also 
accepted as contributory evidence. The 
possibility of electrocution caused by faulty 
wiring should be considered when sudden 
shocks or death occur in animals confined in 
stanchions. Differentials include: 

• Other causes of sudden death 

• In pigs, other causes of posterior paresis/ 
paralysis 


DIAGNOSIS 

A model to predict the likelihood that death 
of an animal at pasture was caused by light¬ 
ning strike has been developed. Factors sig¬ 
nificantly associated with lightning strike 
death in the multivariable model were age, 
presence of a tree or open water in the 
near surroundings, tympany, and presence of 
feed in the oral cavity at the time of investiga¬ 
tion. 2 This basic model had a sensitivity (Se) 
of 54% and a specificity (Sp) of 88%. The 
predictive value was improved by combining 
the model based on the veterinary expert 
investigation (circumstantial evidence and 
pathologic findings), together with the detec¬ 
tion of cloud-to-ground (CG) lightning 
at the time and location of death (Se 89%; 
Sp 67%). 2 

TREATMENT 

Central nervous system stimulants and arti¬ 
ficial respiration should be provided for 
unconscious animals, but in most instances 
the animals are dead or recovered before 
treatment can be instituted. 

CONTROL 

Precautions taken to avoid lightning strike in 
animals are largely ineffective, but proper 
installation of all electric equipment in barns 
and milking parlors is essential to prevent 
losses. All motors should be earthed to a 
special iron spike or pipe driven at least 
2.5 m into the ground, preferably in a damp 
spot, and electrical machinery that has 
potential contact with animals should be 
shielded. Earthing to water pipes should not 
be permitted. Minimum amperage fuses 
should be used to provide protection in cases 
of short-circuiting. 

FURTHER READING 

Gomes C. Lightning safety of animals. Int J Biometerol. 
2012;56:1011-1023. 
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STRAY VOLTAGE 


SYNOPSIS 


Etiology Minor voltage (<10 V) in the animal 
environment causing mild electric shock 

Epidemiology Risk with any electrified 
housing system but most recognized in 
dairy cattle and pig housing 

Clinical findings Behavioral changes in 
feeding or eating patterns, reluctance to 
move freely in some areas of buildings at 
levels of 2 V or higher in some but not all 
animals. Claims for increased disease 
incidence and decreased production not 
substantiated experimentally 

Diagnostic confirmation Demonstration of 
stray voltage with amelioration of the 
problem when this is corrected 


ETIOLOGY 

The term stray voltage is used to denote 
minor (<10 V) electrical voltage between 
two points that can be accessed by an animal 
resulting in a current flow through the 
animal. Other terms that have been used for 
stray voltage include free electricity, tingle 
voltage, and transient voltage. The terms 
neutral to earth voltage or neutral to ground 
voltage usually apply to the voltage measured 
between the service entrance neutral bus and 
a reference ground rod. Cow contact voltage 
refers to voltage measured between a poten¬ 
tial cow contact, such as a drinker, and the 
ground. 

The source and cause of the problem is 
complex. Stray voltage can be caused by 
leakage of current from electrical installa¬ 
tions, electric and magnetic induction from 
high voltage lines, or faulty connections 
between the electrical circuit and earth. 1 

Depending on the current, exposure to 
stray voltage can produce minor electrical 
shock and discomfort to animals. Voltages 
occurring in barns at the level of the animal 
are usually low and are not felt by humans 
because of the insulation provided by cloth¬ 
ing and footwear. 

EPIDEMIOLOGY 

The potential presence of stray voltage has 
been recognized for many years. The possible 
relation to production and disease gained 
particular attention in the 1980s when differ¬ 
ent surveys indicated that over 50% of dairy 
farms had significant cow contact voltage, 
and more current studies indicate a continu¬ 
ing problem. Deteriorating wiring, poor 
wire insulation, and older buildings are risk 
factors. Heavy milking cows are thought 
more sensitive to electric shock; scratched, 
infected, and sore muzzles and hooves may 
increase sensitivity. 

PATHOGENESIS 

The reaction of the animal to stray voltage 
will depend on the current flow, or shock, 


which is related directly to the voltage and 
inversely to the impedance to flow in the 
animal. 2 The impedance decreases as body 
weight increases because of an increase of 
the surface of contact and the pressure 
exerted by the hooves on the floor and, with 
pigs, current flow at the same voltage is 
higher through a gilt or sow than through 
a piglet. There are some differences in 
impedance between different pathways in 
animals (e.g., mouth to hooves or udder to 
hooves), but there can also be individual 
animal variation in sensitivity to stray 
voltage. 3 Generally, the problem will only be 
suspected if the stray voltage is high enough 
so that a significant proportion of the herd 
shows signs. 

The reactivity of cows to different voltage 
levels has been studied, and the lowest 
behavioral perception is observed at 1 to 
2 V for the most sensitive cows and moder¬ 
ate behavioral responses at 1.5 to 3 V. With 
pigs, feeding and drinking behavior is 
affected at 5 V but not at 2 V, and resting 
time is disturbed at 8 V. 

CLINICAL FINDINGS 
Behavioral Changes 

The behavioral responses exhibited by cows 
exposed to stray voltage depend on the site 
at which the voltage occurs and the strength 
of the current flow. Stray voltage in the 
milking parlor results in a reluctance to 
enter the parlor, a reluctance to cross the 
floor grids, extreme nervousness while in the 
parlor, and rapid exit or stampeding from 
the parlor. Where stray voltage occurs at 
drinkers cows may show reluctance to drink, 
with lapping of water rather than full drink¬ 
ing and crowding at the drinker resulting in 
one cow being the ground while others 
drink. Cows that are experiencing current 
flow are restless, they may tremble, the back 
is arched and the head is elevated with the 
ears held back rigidly, and there is frequent 
urination and defecation. 

In pigs, restlessness, increased aggres¬ 
siveness, and changes in drinking and 
feeding patterns have been associated with 
stray voltage. 

Effects on Production and Disease 

Field observations suggested that stray 
voltage in the milking parlor at milking time 
may result in incomplete milk letdown, 
increased milking times, elevated somatic 
cell counts, an increased incidence of clinical 
mastitis, and poor production. However, 
controlled trials have consistently reported 
behavioral changes, as well as transiently 
elevated blood cortisol levels in cows exposed 
to stray voltage above a certain threshold, but 
failed to identify any effect on somatic cell 
counts, mastitis incidence, or milk produc¬ 
tion. 1,2,4 Similarly no effect of stray voltage on 
the incidence of disease in pigs could be 
identified. It was concluded that exposure to 
stray voltage at the levels of 2 to 4 V may be 
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a mild stressor but does not impair produc¬ 
tivity or increase the occurrence rate of pro¬ 
duction diseases. 


DIFFERENTIAL DIAGNOSIS 


The presence of stray voltage should be 
suspected where animals exhibit behavioral 
abnormalities and for the present, it is 
probably wise to consider it as part of the 
differential of problems of production 
inefficiency. 

Cow contact voltage can be measured with 
a sensitive voltmeter, but the ground must be 
well established. The measurement of the 
neutral to earth voltage does not give a good 
prediction of cow contact voltage and is not 
recommended as the sole measure for the risk 
of stray voltage on the farm. In most instances 
a qualified electrician is required to correct the 
problem. The use of a commercially available 
tingle voltage filter has been recorded to 
significantly reduce stray levels. 


FURTHER READING 

Reinemann DJ. Stray voltage and milk quality. A review. 
Vet Clin North Am Food Anitn Pract. 
2012;28:321-345. 
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ENVIRONMENTAL POLLUTANTS 
AND NOISE 

Pollution From Outside the Farm 

Deposition of contaminants in soil and water 
and on plants can derive from a large number 
of sources including atmospheric pollution, 
residues from the petroleum and metallifer¬ 
ous industries (both mining and smelting), 
persistent pesticides, and the application of 
sludge. Deposition in soil, but not on plants, 
does not preclude poisoning of animals 
because soil can comprise a significant pro¬ 
portion of the dry matter intake of grazing 
ruminants. Pollutants exert their effect 
through direct toxicity, immunosuppression 
or, in the case of some heavy metals, by the 
competitive induction of trace element 
deficiencies. 

Mine spills and smelter emissions have 
been associated with soil and water contami¬ 
nation with a number of different heavy 
metals. Aluminum smelter emissions result 
in fluorosis in Easter Grey Kangaroos in Aus¬ 
tralia. 1 ' 2 Cattle grazing near lead, zinc, or 
vanadium mines have increased concentra¬ 
tions of lead, cadmium, and vanadium in 
body tissues and biochemical evidence of 
intoxication. 3 " 7 Cattle grazing pasture and 
drinking water near former uranium mines 
have elevated concentrations of radionu¬ 
clides. 8 Water from mines is also potentially 


toxic to livestock that drink it. Pastures adja¬ 
cent to major roads and animals grazing 
them are also contaminated by heavy metals 
from vehicle emissions. Blood and tail hair 
can be analyzed to detect abnormal concen¬ 
trations of many pollutants, including heavy 
metals. 910 Cattle grazing near a lead and zinc 
industrial processing area had higher blood 
concentrations of lead, lower hematocrit 
and hemoglobin concentration, and higher 
serum activity of alanine transaminase and 
AST than did cattle from an uncontaminated 
area. 11 Similarly, young cattle grazing near a 
zinc and lead mine had evidence of subclini- 
cal toxicosis (blood lead 6-35 pg/dL and 
elevated blood aminolevulinic acid dehydro¬ 
genase activity) compared with reference 
ranges. 0 

Cattle will readily ingest petroleum prod¬ 
ucts, and the toxicology of oil field pollut¬ 
ants has been reviewed. Another important 
group of compounds is the polychlorinated 
biphenyls and the polybrominated biphe¬ 
nyls and the chlorinated hydrocarbons. 
These substances are extensively used in 
agriculture and in industry. They have very 
long half-lives and, although they are not in 
themselves dangerous, they cause a great 
deal of trouble if they get into the human 
food chain and become deposited in fatty 
tissues. 

Pollution From Farms 

Pollution of the environment by animal feces 
and urine is now a matter of great impor¬ 
tance, especially to intensive animal farmers 
located near population centers. There are 
increasing regulations governing livestock 
farming, effluent disposal, nitrogen and 
mineral cycles, and odor emission, and there 
are increasing regulatory actions or private 
lawsuits against farms that offend. This is 
not a subject for a text on veterinary medi¬ 
cine, although efforts to minimize nitrogen, 
phosphorus, and potassium fecal outputs 
by dietary manipulation and water restric¬ 
tion have potential veterinary and welfare 
implications. 

Slurry application to pastures and runoff 
to streams and groundwater introduce health 
problems such as salmonellosis, cryptospo- 
ridiosis, leptospirosis, and mycobacteriosis. 
Shallow wells near animal accommodation 
are also likely to contain high levels of nitrates 
derived from nitrogen filtering through sur¬ 
rounding earth. Such water is a potential 
source of nitrate poisoning, especially in pigs. 

One of the important pollutants for 
housed animals is ammonia from urine. 12 
When it is combined with dust, it can cause 
severe inflammation of the respiratory 
mucosae. Dust may be the carrier of patho¬ 
genic bacteria or viruses or antigens that 
provoke a hypersensitivity reaction, e.g., 
interstitial pneumonia. Carbon monoxide 
and hydrogen sulfide from slurry pits can 
cause mortality in both animals and humans. 
The highest risk is during agitation of the 


slurry, when they are released. Sulfur dioxide 
is also an environmental contaminant 
capable of causing respiratory tract irritation 
in animals. 

Noise 

Animals are more susceptible to high- 
pitched noise than are humans, and the 
elimination of such noises in working facili¬ 
ties improves the orderly handling of cattle 
and sheep. Pollution by noise, a matter of 
increasing importance for veterinarians who 
police codes of practice for animal welfare 
and for those who are called upon to act as 
expert witnesses in cases involving excessive 
noise and its effects on animals, is also an 
important subject. 

The effects of a sonic bang from aircraft 
are short-lived and are caused by fear reac¬ 
tions but include injury from sudden flight, 
killing of young by mink and rabbits, suffo¬ 
cation in panic-stricken chickens, and 
reduced egg production. Cattle and goats are 
unaffected and the effect on livestock and 
wildlife from the noise produced by low- 
flying aircraft appears minimal. 13 
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WIND FARMS AND ELECTRIC 
AND MAGNETIC FIELDS 

Electric and magnetic fields are generated 
from the transmission of electricity through 
high tension lines. Electrical transmission 
lines and electrically powered devices gener¬ 
ate an extremely low frequency magnetic 
field (50-60 Hz), whereas electronic devices 
emit a high-frequency electromagnetic 
radiation (300 MHz to 300 GHz). Livestock 
are exposed to these fields when high-voltage 
lines pass through rural areas. German vet¬ 
erinarians have expressed concern for live¬ 
stock health from the effect of radiofrequency 
electromagnetic fields associated with the 
establishment of a national mobile phone 
network. Current work suggests the major 
biological effect of high-frequency electro¬ 
magnetic radiation is localized heating, 
which is usually very minor relative to 
diurnal temperature changes and changes in 











core temperature in response to different 
ambient conditions. The evidence support¬ 
ing an effect of electromagnetic fields on cir¬ 
cadian rhythms in a variety of species such 
as cows and lambs, via alteration in melato¬ 
nin or cortisol secretion, is contradictory and 
the consensus view is one of no effect. 

There is no apparent effect of high-voltage 
transmission lines on any health outcome in 
humans, with the possible exception of an 
increased risk of childhood leukemia. There 
appears to be no effect on the behavioral 
or feeding patterns or the reproductive 
performance of cattle grazed under or near 
high-voltage transmission lines. There is no 
consistent detectable effect of high-voltage 
transmission lines on reproductive perfor¬ 
mance or growth rate in animals. 

Wind farms have become commonplace 
in parts of Europe, North America, and Aus¬ 
tralia as society is becoming increasingly 
interested in using alternative energy sources 
to fossil fuels. The environmental concern 
about wind farms is focused on four altera¬ 
tions produced by wind turbines: (1) an 
extremely low frequency magnetic field; 
(2) a high-frequency electromagnetic radia¬ 
tion; (3) a low-frequency noise and shadow 
flicker; and (4) infrasound, which is a sound 
wave inaudible to humans because of its 
extremely low frequency (1-20 Hz). No 
adverse health effects of exposure to wind 
farms have been identified, except for 
increased mortality of specific migrating 
bird species and bats by hitting rotating wind 
turbine blades and population shifts as a 
result of habitat alteration; the latter is pri¬ 
marily the result of building access roads and 
preparing ground to support large wind 
farms. 
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RADIATION INJURY 


SYNOPSIS 


Etiology Ionizing radiation from radionuclides 
in environment or feed resulting from 
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exploded nuclear bombs or nuclear power 
plant accidents 

Epidemiology Type, severity, and extent of 
exposure will depend on atmospheric 
conditions and the radionuclides released. 

Clinical findings Anorexia, depression, and 
severe diarrhea in acute sickness. Bone 
marrow depression with anemia and 
septicemic disease 

Clinical pathology Neutropenia and 

thrombocytopenia, bone marrow depression 

Necropsy findings Hemorrhagic and 
ulcerative lesions in the alimentary tract. 
Pneumonia, general septicemia 

Diagnostic confirmation Radiation exposure 
from nuclear disaster 

Public health considerations Animals 
exposed to radioactive material also serve 
as reservoirs for radioactive material that 
could be passed to humans in meat, milk, 
and other animal products. This hazard to 
humans is a problem of public health and 
is primarily addressed by establishing 
tolerance limits for contamination in animal 
products for human food and by changes 
in agronomic practices and policy. 15 The 
following discussion is restricted to the 
effects of irradiation on the health of 
animals exposed to it. 


ETIOLOGY 

Radiation injury can be caused in a number 
of ways including nuclear bombs, contami¬ 
nation from nuclear power plant accidents, 
and exposure to x-rays, but the effects on 
the tissues are the same, with differences 
occurring only in the depth of penetration 
and the degree of injury caused. The radia¬ 
tion emitted by radionuclides has a similar 
biological effect to external irradiation by 
x-rays because both sources are ionizing— 
they remove electrons from their orbits 
causing atoms within animal tissue to 
produce pairs of charged ions, which are the 
instruments of the biological damage. 
Atomic explosions can also injure through 
the effects of blast and heat. 

EPIDEMIOLOGY 
Incidence and Case Fatality 

There is considerable variation in the effects 
of an atomic explosion, or a nuclear power 
plant accident, depending on the distance 
from and the time after the blast, whether the 
explosion occurs in the air or on the ground 
surface, and the types of radionuclides 
released. With nuclear explosions, animals 
within the range of immediate irradiation are 
more severely affected than those exposed 
only to the “fallout” of radionuclides on 
pasture. However, grazing animals are 
exposed to very great risk because of this 
fallout. The area in which direct radiation 
effects occur is significantly smaller than that 
where “intervention levels” for radionuclides 
are exceeded. 


Risk Factors 
Animal 

Radiosensitivity differs between animal 
species when death is defined as the end¬ 
point. Horses are more resistant to whole- 
body radiation than other animal species. 
Sheep appear the most susceptible and die 
earlier than cattle at equivalent exposure 
doses. Pigs are the least susceptible to low 
radiation. Age is also a risk factor and calves 
are more susceptible than adult cattle and 
are prone to develop respiratory and enteric 
disease, effects that are uncommon in adult 
cattle that commonly show hemorrhagic 
disease. 

Nature of Radiation 

Of the radioactive materials produced by an 
atomic explosion, a number of radionu¬ 
clides, including iodine-131, barium-140, 
strontium-89 and strontium-90, and cesium- 
134 and cesium-137 are likely to enter bio¬ 
logical systems. Of these, radioactive iodine, 
barium, and strontium-89 are of less impor¬ 
tance because of their short half-lives. On 
the other hand, strontium-90, cesium-134, 
and cesium-137 may occur in very large 
quantities and have long half-lives and are 
therefore of greatest biological significance. 6 
If a sufficient amount of these radionuclides 
is ingested and tissue levels of them reach 
critical points, injury similar to that pro¬ 
duced by external irradiation will occur. 
Cesium-134 and cesium-137 are of particu¬ 
lar concern because of their biological mobil¬ 
ity. They behave metabolically like potassium 
and are distributed widely through the body. 6 
Both are beta and gamma emitters and effec¬ 
tively will administer a dose of whole-body 
radiation to an animal ingesting pasture con¬ 
taminated with them. Iodine-131 behaves 
like stable iodine and is concentrated in the 
thyroid gland. 

Soil type can influence radionuclide 
intake by animals grazing contaminated pas¬ 
tures. Persisting concentrations of radioce¬ 
sium in plants are associated with acid soils 
with high organic and low clay content. In 
mineral soils, cesium is strongly bound to 
clay particles, which limits its uptake by 
plants; clay minerals, such as bentonite, fed 
to ruminants will reduce the alimentary 
absorption of radiocesium. Animal contami¬ 
nation is further influenced by differences in 
uptake of radionuclides by different pasture 
species and animal breed differences in 
grazing behavior. 

Zoonotic Implications 

Radionuclides are excreted in the milk 2 of 
animals and are present in the meat/ posing 
a risk for humans consuming them. Radio¬ 
iodine transfer to the milk of sheep and goats 
is considerably greater than to that of cows. 
The half-life of radioiodine is sufficiently 
short that contaminated milk could be 
diverted to stored dairy products, although 
this would not have public acceptance. The 
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maximum permissible concentration of 

radioactive substances in meat is reached at 
much lower levels of pasture contamination 
than would be required to cause physical 
injury to the cattle or sheep; in most coun¬ 
tries it is set at around 1000 to 2000 Becquer- 
els (Bq) per kg fresh weight. 4 

PATHOGENESIS 

The acute radiation syndromes from acute 
radiation usually occur within the first few 
days after exposure to whole-body radiation 
to 30 to 60 days depending on the radiation 
dose. Based on the dose, the major manifes¬ 
tations have been divided into three major 
presentations, central nervous system (CNS), 
gastrointestinal, and hemorrhagic, but there 
is considerable overlap in clinical signs at all 
but the high doses that result in the peracute 
CNS syndrome. 

Doses greater than 80 to 100 Gray (Gy) 
induce rapid damage to blood vessels, 
changes in permeability, and an increase in 
intracranial pressure with death in 2 to 5 
days. Gastrointestinal disease results when 
the radiation dose ranges between 10 and 
80 Gy and results from damage to the rapidly 
dividing undifferentiated cells in crypts of 
intestinal villi, which are the progenitor cells 
to the differentiated enterocytes of the intes¬ 
tinal villi. Damage to bone marrow stem cells 
is the main cause of death at whole-body 
doses between 2 and 10 Gy with death in 
large animals occurring 6 to 8 weeks after 
exposure. Clinical disease is slow in develop¬ 
ment after exposure because the effect of this 
damage is not evident until the death of 
existing circulating blood cells. The effects 
are the result of decreased granulocytes, 
platelets, and red cells and are manifested 
with increased susceptibility to infection, 
bleeding syndromes, and anemia. 

Initially there is a lymphopenia followed 
by a depression of granulocyte and platelet 
counts. The leukopenia permits invasion by 
bacteria from the alimentary tract and bac¬ 
teremia and septicemia develop 1 to 4 weeks 
after irradiation. The clotting mechanism 
and antibody production are impaired and 
facilitate the invasion. Progressive necrosis of 
the gut wall without inflammation is charac¬ 
teristic. Thrombocytopenic hemorrhage into 
the lymphatic system and other tissues leads 
to the development of a profound anemia. 

The activity of germinative epithelium 
is also profoundly depressed; if the animal 
survives the early stages listed earlier, the 
hair commences to shed, the skin to ulcerate, 
and a gross reduction in fertility occurs. 
Degenerative changes in the lens of the eye, 
particularly cataract, may also occur. Long¬ 
term effects in animals are of less concern 
than in man because of the short life span 
of animals and any genetic damage can be 
removed by selective breeding. Very long¬ 
term effects of irradiation include a high 
rate of mutations and a high incidence of 
tumors, mostly of the hemopoietic system, 


and an increased risk for squamous cell car¬ 
cinoma of the skin. 

Thyroid damage by iodine-131 does not 
appear a major risk for ruminants. The 
thyroid gland of the sheep is more radiosen¬ 
sitive than that of the cow but very high and 
sustained doses of iodine are required to 
produce damage, and clinical signs in 
thyroid-damaged ruminants are minimal. 

CLINICAL FINDINGS 
Acute Syndrome 

After immediate irradiation with high doses 
death occurs from damage to the CNS. At 
lesser doses damage to the alimentary tract 
occurs and, particularly in young animals, 
there is a resulting intense, refractory diar¬ 
rhea. Death occurs in a few days from dehy¬ 
dration and electrolyte imbalance. Local 
contact of radioactive materials to skin 
causes changes within a few hours. Observ¬ 
able lesions vary from depilation and slight 
desquamation to extensive necrosis, depend¬ 
ing on the irradiation dose. 

Subacute Syndrome 

Immediately after irradiation with median 
doses there is an initial phase of “radiation 
sickness” characterized by anorexia, vomit¬ 
ing in pigs, and profound lethargy, which 
lasts from several hours to several days. 

The second phase is one of apparent nor¬ 
mality lasting until 1 to 4 weeks after irradia¬ 
tion. This is followed by a third phase in 
which most deaths occur associated with 
damage to stem cells in bone marrow and 
secondary infections. Clinical signs vary 
with the nature of the infection and the age 
of the animal. Calves commonly develop 
respiratory and enteric disease with fever, 
weakness, and diarrhea developing to melena 
and dysentery, sometimes with tenesmus. 
Anorexia is complete but there is great thirst. 
Weakness, recumbency, and hyperirritability 
are present. Respiration is rapid with panting 
and there is a profuse sometimes blood¬ 
stained nasal discharge. In adult cattle severe 
anemia and septicemia occur. 

Generally, if the animal survives this 
period, there is a long period of convales¬ 
cence, which is accompanied by failure to 
make normal weight gains, alopecia, sterility, 
and lenticular defects. The sterility may 
be permanent, or normal fertility may be 
restored by the end of 8 months in pigs and 
2 years in cattle. During the ensuing years, 
recovered animals may produce mutant off¬ 
spring. Tumors, especially of the hemopoi¬ 
etic system and of areas of skin that suffer 
radiation injury, are also likely to occur. 

Experimental irradiation of pregnant 
animals causes fetal death and resorption, 
defects of individual organ and limb devel¬ 
opment, decreased survival of young born 
alive, and depressed growth rate and fertility 
of surviving young. The type of abnormality 
depends on the stage of pregnancy at which 
exposure is experienced. 


Chronic Exposure 

Chronic exposure to gamma and mixed 
neutron-gamma radiation for several years 
produces lenticular opacities. Levels of irra¬ 
diation that cause lesions in the human lens 
are the same levels that create similar opaci¬ 
ties in the lens of cattle, but are not the same 
for pigs or burros. 

CLINICAL PATHOLOGY 

In cattle receiving median somatic doses, the 
total leukocyte count falls precipitately 
during the first few days after irradiation 
with the peak of fall at the 15th to 25th post¬ 
irradiation (PI) day. In this species, the most 
sensitive leukocyte is the neutrophil, in con¬ 
trast to the lymphocyte, which is most seri¬ 
ously affected by irradiation in humans. 

Platelet counts begin to decrease from a 
normal of 500,000/mm on PI day 7 to 40,000/ 
mm at about PI day 21. 

Erythrocyte counts and hematocrit 
levels also fall and prothrombin times 
increase in parallel to the other changes 
mentioned. The return to preirradiation 
levels requires about a year for granulocytes 
and platelets and from 4 to 5 years for 
agranulocytes. 

NECROPSY FINDINGS 

Gastroenteritis, varying from hemorrhagic 
to ulcerative, is constant and ulceration of 
the pharyngeal mucosa and pulmonary 
edema occur commonly. Hemorrhages into 
tissues are also characteristic and include 
all degrees from petechiae and ecchymoses 
to hematomas and large extravasations. In 
experimentally produced irradiation sick¬ 
ness, severe fibrinous pneumonia, pleuro¬ 
pneumonia, and pericarditis are common. 
Degeneration of many tissues, but especially 
bone marrow, intestinal mucosa, and lym¬ 
phoid tissue, is evident histologically. Evi¬ 
dence of secondary bacterial invasion is 
usually seen. Confirmation of the diagnosis 
usually requires documentation of exposure 
to radiation. 

Samples for Confirmation 
of Diagnosis 

Histology samples from the jejunum, lymph 
node, and bone marrow are used for 
confirmation. 


DIFFERENTIAL DIAGNOSIS 


The subacute syndrome closely resembles 
poisoning by bracken fern in cattle and by 
trichloroethylene-extracted soybean meal, but 
the diagnosis will usually depend on a 
knowledge of exposure to irradiation. 


CONTROL 

The problems of veterinary civil defense 
in the event of thermonuclear warfare are 
too extensive to discuss here, and the neces¬ 
sary information is provided by most 









governments. The use of clay minerals and 
iron-hexacyanoferrates in the feed can bind 
and restrict the uptake of radiocesium 
from the alimentary tract of ruminants 
but is impractical for widespread use. Long¬ 
term control of exposure rests can be 
accomplished with changes in agronomic 
practices. 
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VOLCANIC ERUPTIONS 

Active and potentially active volcanic chains 
exist in several countries in close proximity 
to significant livestock production areas. 
Major volcanic eruptions are rare, but the 
experiences of the eruptions of Mount Hecla 
in Iceland, Mount St. Helens in the United 
States, the Lonquimay complex in the South¬ 
ern Andes, Mount Ruape hu in New Zealand, 
and in Eyjafjallajokull, Iceland 1 suggest that 
while most are inconvenient to orderly live¬ 
stock production, and usually have minimal 
effects on animal health, some can cause 
catastrophic losses of livestock, long-term 
destocking, and have a large economic 
impact. The 1991 eruption of the Vulcan 
Hudson in South America directly killed 
over one million livestock through deposi¬ 
tion of ash on pasture resulting in severe 
continuing economic loss to the sheep 
grazing areas of Patagonia. 2 There is also 
the potential for volcanic ash to leach impor¬ 
tant mineral nutrients, such as sulfur, from 
soils, affecting productivity of grazing 
enterprises. 3 

Blast and Gas Damage 

Volcanic eruption can result in devastation 
of land areas from the effects of lateral blast 
and pyroclastic, laval, and mudflows. Live¬ 
stock losses that occur in this way can be 
total, but the affected areas are restricted to 
the immediate vicinity of the eruption. Toxic 
gases from the eruption may accumulate in 
close low-lying areas and result in the death 
of animals in those areas. 

Ash Hazards 

Significantly greater land areas can be 
affected by tephra fallout consisting of 
ash and rock fragments from the volcanic 
eruption. The size of the sector affected 
by ash fallout will be determined by the 
strength and direction of winds at the alti¬ 
tude reached by the ash column at the time 
of the eruption, but several thousand square 
kilometers can receive ash fallout varying 
from a light dusting to falls several centime¬ 
ters in depth. 


Diseases Associated With Physical Agents 
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The hazards to livestock during the fallout 
period appear minimal, although in areas 
where the ash fall is heavy, there is virtually 
total darkness. Animals, particularly sheep, 
mill about excessively and some die of 
suffocation or misadventure, including 
drowning. 

The immediate effect of the fallout is to 
blanket pastures with ash, and in heavy 
fallout areas taller succulents may become 
lodged and unavailable for grazing. 2 Live¬ 
stock may be forced to graze more robust, 
but toxic, plant species if stored feeds are not 
provided, and loss from plant poisoning was 
observed following the Mount St. Helens 
eruption. Hypocalcemia, apparently result¬ 
ing from food deprivation, was also observed 
in the immediate postfallout period with 
Mount St. Helens and was also recorded fol¬ 
lowing the Mount Hecla eruption. 

Ash fallout may have a devastating effect 
on insect life, and this may be followed soon 
afterward by death from starvation of insec¬ 
tivorous avian species. This might be misin¬ 
terpreted by the public as evidence of ash 
toxicity. 

Toxic Chemicals 

Potential hazards to livestock health exist in 
the chemical composition of ash. In the 
fallout from Mount St. Helens and from 
Mount Ruapehu several potentially toxic 
heavy metals and trace elements were 
present, but none in a concentration suffi¬ 
cient to be a hazard to livestock health. 
During the airborne stage, wind sorting of 
the dust into particles of varying size, shape, 
and density results in area variation in the 
composition of the fallout. Consequently, 
area variations in chemical analysis over the 
fallout area can occur. Analyses based on 
acid-leachable or water-soluble analysis are 
more relevant to immediate animal health 
than those reporting total content. 

Death resulted from acute fluorine poi¬ 
soning in association with high fluoride 
levels in ash and ash-contaminated grasses 
and water in the period immediately follow¬ 
ing the Mount Hecla, Lonquimay, and other 
eruptions. 4,5 It is therefore advisable to 
remove livestock from ash-contaminated 
pastures until this hazard is determined. In 
most circumstances, this will necessitate 
removal to indoor housing and feeding of 
stored feed and well water if they are 
available. 

Physical Properties 

The ash particulate count in air and the respi¬ 
ratory exposure to livestock is highest during 
the fallout period, but can remain high for 
long periods following the fallout when 
ground ash is disturbed by animal move¬ 
ment, winds, and normal farming practices. 
A significant proportion of this material is of 
small particulate size and is respirable. 
Chemical and/or physical irritation of the 
respiratory tract, with a significant increase 


in the prevalence of respiratory disease, 
might be expected in these circumstances. 
This did not occur following the Mount St. 
Helens eruption, even in animals with known 
preexisting respiratory disease, and it was not 
a reported problem following the eruption of 
Mount Hecla. Signs of irritation such as lac- 
rimation were observed widely but with no 
untoward sequelae. 

Long-Term Effects 

Volcanic ash is composed predominantly 
of pumiceous volcanic glass and crystalline 
mineral silicates such as feldspar. These 
materials have no innate pulmonary toxicity. 
Volcanic ash may also contain variable 
amounts of free crystalline silica such as 
quartz, cristobalite, and tridymite which, if 
present in respirable-sized particles for pro¬ 
longed exposure periods, can induce pulmo¬ 
nary fibrosis. 

Silicosis is primarily a human health 
concern, although spontaneous silicosis is 
recorded in livestock. While it is a concern 
with all eruptions, the long-term health 
history of animals and man following volca¬ 
nic eruptions suggests this hazard is minimal. 

In the vicinity of Mount St. Helens there 
have been two appreciable effects on live¬ 
stock health: 

• There has been a marked increase in the 
incidence of hypomagnesemia in cattle 
in the semiarid channeled scab lands of 
central Washington. This has possibly 
resulted from the reflective nature of the 
ash layer on the soil reducing soil 
temperature increase during early grass 
growth and thus reducing magnesium 
uptake. Grass magnesium 
concentrations are low and potassium 
levels are high, but there are no 
preeruption values for comparison. 

• There has been an increase in the 
severity of selenium deficiency. The 
association between selenium deficiency 
and recent volcanic origin soils is well 
recognized. Problems have been 
corrected by additional and more 
intensive selenium supplementation. 

Animals might ingest considerable quanti¬ 
ties of ash from grazing contaminated pas¬ 
tures or from hay subsequently prepared 
from these areas. There is little field evidence 
for disturbance of digestive function in live¬ 
stock following the Mount St. Helens or 
Mount Ruapehu eruptions, and feeding trials 
of ash to cattle and sheep have shown no 
clinical or postmortem evidence of untoward 
effects or any depression of production 
except that associated with decreased feed 
palatability at high ash feed levels. There is 
evidence that long-term inhalation of volca¬ 
nic gases exacerbates the lesions caused by 
lung worm infestation in sheep in Hawaii. 6 
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BUSHFIRE (GRASS FIRE) INJURY 
(THERMAL BURNS) 


SYNOPSIS 


Etiology Thermal or smoke inhalation injury 
from fire 

Epidemiology Large numbers of livestock 
with thermal burns in bush and grass 
(prairie) fires. Smoke inhalation injury more 
common in horses rescued from barn fires 

Clinical findings Edema and thermal injury in 
skin. Upper respiratory signs in the short 
term and lower respiratory disease in the 
longer term, with smoke inhalation 

Treatment Palliative local therapy, fluid 
therapy to prevent shock with superficial 
thermal injury. Maintenance of airway and 
lower respiratory function with smoke 
inhalation. The major dilemma with 
treatment is the conflict between the 
welfare of the animals and the 
responsibility to the owner. 


ETIOLOGY 

Heat, carbon monoxide, and toxic gases are 
the cause of injury and death in fires. Most 
fire victims have thermal burns. The treat¬ 
ment of burns is usually a surgical subject, 
but there are aspects of bushfire or forest fire 
injury that warrant discussion in a textbook 
of large-animal medicine. For example, 
when large numbers of animals are affected 
the most important questions are whether to 
treat them and what to treat them with. 
Alternatively, if they are not to be treated a 
decision must be made as to whether they are 
humanely destroyed or salvaged for meat. 
When large numbers of animals are burned 
there is also often a problem with pastures 
and supplementary feed, such as hay, being 
destroyed by the fire. There is also a moral 
conflict for the veterinarian between the 
welfare of the animals and his or her respon¬ 
sibility to the owner. 

EPIDEMIOLOGY 
Forest Fires 

Although no written information is readily 
available about forest fires in softwood 
forests it is assumed that few animals would 
survive the suffocating effects of intense heat 
and high smoke concentration. The intensity 
of the heat arises from the fact that the entire 
forest from leaves to trunks is burned. 

In hardwood forests, such as eucalyptus 
forests in Australia, the heat may not be so 
severe if only the tops of the trees are 
destroyed. Underbrush is burned but the tree 
trunks may only be scorched and usually 
survive to regrow. Depending on the density 


of the forest and the amount of underbrush, 
many badly burned animals may survive and 
will need to be assessed. The most severe 
burns are on the lower surfaces and under¬ 
surfaces of the body and are caused by 
burning of the litter on the forest floor. 

Grass Fires 

The most serious situation is caused by a 
grass or prairie fire which, because of the 
short period of intense heat generated by the 
wind-driven fire, will burn but not necessar¬ 
ily kill animals. The fires can be extensive and 
involve contingent farms and large numbers 
of animals. Many animals will die of suffoca¬ 
tion, especially sheep, but a majority will 
often survive with various states of burn 
injury. 

Barn Fires 

Animals may die of carbon monoxide poi¬ 
soning and asphyxiation, or be burned all 
over, but some may be rescued without burns 
but with the risk of smoke-induced respira¬ 
tory injury. Animals trapped, but subse¬ 
quently rescued, in barn fires are usually 
horses. 

There are a number of problems for vet¬ 
erinarians created by a large number of 
burned livestock: 

• National or regional disaster services are 
usually responsible for dealing with the 
damage to property and welfare 
problems of humans. They are often 
poorly equipped to deal with animal 
problems, yet assume authority over 
their fate in the temporary absence of 
the owners. The normal reaction of the 
average person is to judge that burn 
injuries are much more serious than in 
fact they are, hence many burned 
animals are often unnecessarily 
destroyed. 

• Facilities for penning and treating 
burned animals will often have been 
partially or completely destroyed by the 
fire, so mustering to inspect the affected 
animals may need improvised or 
temporary yards. 

• The presence and amount of insurance 
also exerts an influence on the owner’s 
decision on the course to be followed. If 
most livestock are protected by fire 
insurance there will be no argument 
with a veterinarian’s decision that 
severely burned animals should be 
immediately destroyed for humane 
reasons. 

• Salvage for slaughter is often difficult to 
arrange at short notice for such large 
numbers and often has logistical 
problems in the form of burned yards 
and fencing. Public sentiment is also 
often against this practice, and the 
quality of meat from burned animals 
can be severely downgraded. However, 
subsequent slaughter must be kept in 
mind as an option for animals that will 


have impaired functions because of 
burns, such as ewes and cows with teat 
injuries and rams and bulls with 
preputial and scrotal burns. 

CLINICAL FINDINGS 
Burn Injury 

The parts most affected by burning are the 
face, especially the eyelids; conjunctivae and 
lips; the undersurface of the body, especially 
udder, teats, and perineum; and the coronets. 
Badly damaged corneas take many weeks to 
heal, but badly swollen lips and eyelids can 
appear almost normal within 48 hours. 
Marked edema is always a feature of skin 
burns in animals, but badly burned skin will 
be dry and ready to slough in a week. 

The teats of dairy cows may be damaged 
to the point where they will not be milkable 
by machine, with heifers usually having the 
worst prognosis. Burns to the prepuce of 
wethers and rams may induce urethral 
obstruction. This will usually not be apparent 
until some days later; thus reinspection of 
groups assessed as not needing immediate 
destruction should always be a priority. 

Separation of the coronary band from 
the hoof is commonly seen after burns from 
grass fires. There is usually a serous exudate 
at the separation of the hoof and coronet, 
which can become struck by blowflies. 
Footbathing in appropriate insecticides, 
which may be an off-label use, can effec¬ 
tively prevent or treat strikes. Sloughing of 
the entire hoof may occur, especially fol¬ 
lowing fires that generate intense heat, and 
secondary infections can exacerbate these 
lesions. 

TREATMENT 
Decision Criteria 

An accurate assessment and prognosis for 
survival is essential if suffering is to be kept 
to a minimum, while at the same time allow¬ 
ing as many livestock that can be economi¬ 
cally salvaged the chance to recover. The 
extent of burns varies widely, depending on 
the nature of the fire and location of indi¬ 
viduals within a mob of sheep or cattle as the 
fire passes. Except for recently shorn sheep, 
the fleece, although charred, protects the 
sheep’s body from intense heat. Critical areas 
for burns are the bare areas of skin, such as 
on the legs, udder, and breech. 

Burned skin is inflamed and hot immedi¬ 
ately after the fire, then blackens over the 
next 2 to 3 days and goes hard and dry, with 
a leathery feel. Thus burns inspected within 
24 hours of a fire will appear progressively 
worse over the next few days. 

A major decision must be made at the 
outset whether to treat each affected animal 
or whether to destroy it on humane grounds. 
This decision is more easily made when 
assessing individual animals rather than 
mobs or whole flocks/herds. 

Recommended criteria for deciding the 
fate of sheep burned by pasture fire depend 
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Table 4-1 A simple method of categorizing livestock affected by burns and 
appropriate actions for each category 


Prognosis 

Action 

Group 1 

Survival unlikely 

Immediate humane destruction. If large numbers they are 
usually shot and buried in a pit. 

Group 2 

Better than a 50-75% 
chance of survival 

Treat and monitor in smaller paddocks on the farm; check 
every 1-2 days for dyspnea and recumbency: some may 
need to be subsequently destroyed and/or some sent 
for salvage slaughter at an abattoir; remainder retained 
in flock 

Group 3 

Minimal skin damage: often 
scorched wool and face/ 
ears (check feet) 

Minimal supervision; let out into a larger paddock and 
check for dyspnea and lameness (initially at 4-7 days) 


on the presence of burns to the hooves and 
legs below the carpal and tarsal joints, which 
cause local swelling and a dry leathery 
appearance of the skin. Such sheep are often 
recumbent or immobile, unable to graze, 
and likely to die and should be humanely 
destroyed as soon as practicable. Burns that 
do not cause swelling of the lower limbs, or 
to other parts of the body, are not likely to be 
fatal or to produce chronic ill health, unless 
they affect a large part (more than 15% to 
20%) of the body surface. A simple key for 
categorizing large numbers of sheep into 
three groups after a fire is shown in Table 4-1 . 

Animals that are unconscious or very dis¬ 
tressed, cannot walk, or have severe difficulty 
in breathing are poor prospects for recovery 
and are best euthanized as soon as possible. 
It may be necessary to monitor sheep after a 
fire before deciding what to do with them. 
Several reinspections of a mob at 7 to 14 
days, and then progressively longer intervals, 
may be required. It is necessary at all times 
to consider the need to avoid inflicting suf¬ 
fering on the animals and to consider the 
farmers need to retrieve his assets and 
recover his business after the fire. If the 
animals are insured against fire it is also 
highly desirable to keep written records and 
advise the insurer of what recommendations 
have been made. 

Animals that have been trapped in a 
burning building are likely to be burned all 
over and to have upper and lower respiratory 
damage from smoke inhalation. With indi¬ 
vidual animals of high value, bronchoscopy 
can aid in establishing the severity of this 
injury. Burning insulation and material from 
the ceiling can fall on animals and inflict 
severe (third-degree) burns along the back. 

The disposal of euthanized livestock 
also requires appropriate planning. In large 
events this is often in a pit constructed by 
local authorities on the farm or on nearby 
public land. 

Skin Burns 

Extensive skin burns are accompanied by 
fluid shifts, vascular leakage, protein loss, 


and the potential for hypovolemia. The 
initial therapy is with crystalloid and colloid 
fluids as discussed earlier. Tetanus prophy¬ 
laxis and topical antibiotics, silver sulfadia¬ 
zine, and aloe vera gel are appropriate 
therapies. Nonsteroidal antiinflammatory 
agents can decrease the inflammatory 
response and help in pain management, but 
glucocorticoids may potentiate burn sepsis 
and so prophylactic antibacterial treatments 
are often advisable. In horses, euthanasia is 
recommended if greater than 50% of the 
body surface is affected. 

Smoke Inhalation 

Tracheostomy may be required to maintain 
the upper airway. Bronchodilators such as 
aminophylline or terbutaline sulfate are used 
to relieve reflex bronchoconstriction and 
humidified oxygen and local hydration by 
fluid nebulization to relieve hypoxemia. 
Corticosteroids are used to reduce airway 
inflammation in animals with minimal cuta¬ 
neous burns. 
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Diagnosis of 
Inherited Disease 

Genetic disorders are a small but important 
cause of wastage in farmed animals and, with 
increasing access to genomic analysis and 
technology, are more readily recognized and 
categorized. Most occur in purebred animals 


and the simplest to understand and control 
are inherited as autosomal recessive traits 
with a clear phenotype and expression in the 
young animal. The recessive mode of inheri¬ 
tance means that heterozygotes can, in 
the absence of available testing, remain in 
the population, with disease only occurring 
when homozygous-affected animals are pro¬ 
duced as a result of mating of heterozygous 
parents. An example of this situation is that 
of severe combined immunodeficiency syn¬ 
drome in Arabian foals. 

Dominant disorders tend to be self- 
limiting because of lack of viability of affected 
offspring or because affected animals are 
readily identified and excluded from the 
breeding pool. 

A more complex situation is when het- 
erozygotic animals have characteristics that 
are desired and when the homozygotic 
animal is severely or lethally affected. In this 
situation there is an imperative to select for 
the mutation by breeding desired heterozy¬ 
gotes. An example is Quarter Horses with 
hyperkalemic periodic paralysis (see Chapter 
15) in which the heterozygote is favored 
because it performs better in halter class 
competitions. Another example is in the 
original Dexter cattle in which the slightly 
dwarfed Dexter phenotype is dominant to 
the normal and is selected for. Animals 
homozygous for the gene abort with a nonvi- 
able “bulldog” type fetus. Sex-linked disor¬ 
ders may occur but are uncommon. Some 
monogenic disorders may arise de novo 
because of new mutations of germ plasm. 
Those with a dominant mode of inheritance 
are present in offspring of the animal in 
question, usually affecting genes for struc¬ 
tural proteins such as collagen. A new muta¬ 
tion should be considered with disorders 
such as osteogenesis imperfecta or skin fra¬ 
gility. The proportion of offspring with the 
defect may vary depending on what stage of 
gametogenesis the mutation occurred. 

Inbreeding, knowingly or unknowingly 
practiced, is an important feature in the 
manifestation of most outbreaks of a reces¬ 
sive disorder. Founder effect is an aspect of 
this that has been important when new 
breeds have been introduced to a country by 
importation of genetic material from a small 
number of individuals. Artificial breeding on 
a large and international scale has sometimes 
exacerbated this, particularly in cattle but 
also in horses. 

Genetic disorders can be manifested as 
disease or bodily malformation. When diag¬ 
nosed, an entity may reflect the tip of an 
iceberg only, and it can be expected that 
many other cases go undiagnosed. Spread 
across an industry their economic impor¬ 
tance may be limited, but as particular disor¬ 
ders tend to be concentrated in certain 
herds/flocks they may have considerable 
importance to an individual breeder, partic¬ 
ularly those involved with pedigree breeding. 
Animal welfare is also a concern to be 
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addressed, which is driven by a greater 
awareness of ethical standards in livestock 
production and by potential market access 
requirements. 

The advent of genome-wide association 
studies has allowed the detection of poly¬ 
genic associations with production traits or 
propensity for disease. 1 ' 3 Examples include 
double muscling in Belgium Blue cattle, 3 
recurrent laryngeal neuropathy 4 and gut¬ 
tural pouch tympany in horses, and masti¬ 
tis 2 and resistance to mycobacterial disease 
in cattle. 2 Although these analyses are useful, 
the emphasis on genetic disease remains the 
determination of associations with muta¬ 
tions in single genes. This situation is chang¬ 
ing as more complex genomic analyses 
become more widely available. 

The two main problems for the clinician 
investigating a suspected inherited disorder 
are to confirm a primary genetic cause and 
then to institute control in a cost-effective 
manner. 

DIAGNOSIS 

For a number of inherited diseases or mal¬ 
formations known to occur in a breed, 
morphology or histopathology may be so 
characteristic as to be essentially pathogno¬ 
monic. However, for some disorders envi¬ 
ronmental agents (teratogens) may cause 
similar morphologic anomalies, e.g., arthro¬ 
gryposis, so care should be taken. Pedigree 
analysis may help if there are sufficient 
animals of known breeding to show that the 
incidence of the disorder follows a Mende- 
lian pattern. However, in many herds/flocks 
animals may be closely related and pedigree 
analysis can sometimes be misleading and 
produce a fictitious relationship between 
inheritance and disease. As the biochemical 
anomaly is now known for many diseases, or 
perhaps can be deduced from histopatho¬ 
logic lesions, laboratory tests may confirm a 
presumptive diagnosis. Test mating of a sire 
to daughters, related females, or females that 
have given birth to an affected animal is the 
ultimate confirmation of the genetic nature 
of a disorder, provided the appropriate 
numbers of progeny are generated. Disprov¬ 
ing a genetic cause of a disorder may be as 
important as proving it. Matings of a sire to 
produce a minimum of 24 progeny from his 
daughters or 12 from putative heterozygotes 
(females that have given birth to affected 
individuals) are usually considered satisfac¬ 
tory numbers to exclude a likely inherited 
cause if no affected individuals are born 
(P < 0.5). The birth of a proportion of affected 
offspring is strong evidence of inheritance. 


The use of superovulation and embryo 
transfer techniques may facilitate this, par¬ 
ticularly if insufficient daughters or putative 
heterozygotes are available. The time to 
accomplish this may be decreased by caesar¬ 
ian section of the surrogate dams if the defect 
can be detected in the fetuses. 

The degree of inbreeding is an important 
indicator of whether a congenital disorder is 
inherited or not. Consistency of the defect is 
a characteristic of inherited disorders, but 
there may be some variation in age of onset 
or expressivity of lesions. Other epidemio¬ 
logic factors include the occurrence of the 
defect over more than 1 year and occurrence 
or repetition of it in the same mating group, 
but not in others on the property. 

CONTROL OF INHERITED DISEASE 

Appropriate control measures may vary, 
depending on the importance of the disor¬ 
der, and may be aimed at the herd/flock level 
or at the breed as a whole. It may be prospec¬ 
tive but, at the farm level, it is mainly reactive 
with the purpose of preventing further losses 
by immediate action. This should include not 
breeding from putative heterozygous sires or 
females that should preferably be culled. 
Replacement sires are best acquired from 
another breeder but, if the defect is common 
in the breed, then the risk may remain and 
crossbreeding with a sire from another breed 
may be considered if the type of farm opera¬ 
tion permits it. If a test is available for detect¬ 
ing heterozygous animals then this can be 
used in new sire selection. 

Control of genetic disorders in pedigree 
herds is more complex and to be effective 
depends on ability to detect heterozygotes or 
prove animals do not carry the recessive gene 
in question. Test mating is time-consuming, 
expensive, and of limited application. The 
explosion of knowledge concerning the bio¬ 
chemical and molecular genetic basis of 
inherited diseases across species has opened 
up effective means of diagnosing genotype 
for many of them. Control may be at an indi¬ 
vidual herd/flock level or applied to all at 
risk. It is best instigated with the help of 
breed societies who may exert control over 
the fate of animals diagnosed as heterozy¬ 
gous through control of registrations. Apart 
from the accuracy of genetic tests in geno¬ 
type diagnosis, there is the added advantage 
that particularly valuable animals may be 
kept within the herd/flock for breeding 
because their offspring can in turn be tested 
as normal or heterozygous. 

The first generation of tests for heterozy¬ 
gotes was biochemical based on knowledge 


of the enzyme deficiency and the gene dosage 
phenomenon. Heterozygous animals with 
one normal and one mutant gene have 
enzyme values midway between normal and 
diseased values, although there may be some 
overlap. Supplementary tests or knowledge of 
the parents’ genotype may assist with clarifi¬ 
cation of equivocal results. Such tests were 
used to control the economically important 
lysosomal storage diseases a-mannosidosis 
in Angus and Murray Grey cattle in New 
Zealand and Australia and glycogen storage 
disease type II in Shorthorn and Brahman 
cattle in Australia. These have now given way 
to more accurate second-generation technol¬ 
ogy based on DNA for these diseases as well 
as a number of others. 

The genome for the major farm species is 
known and genome-wide analyses now 
routine. When the abnormal gene or genes is 
known then it is much simpler to define the 
mutation and through molecular diagnostics 
detect affected or carrier animals. 

Artificial breeding techniques have the 
capacity to spread undesirable genotypes 
widely before they are recognized. Many 
artificial breeding organizations involved in 
the dairy industry prospectively screen for 
genetic disorders by mating prospective sires 
over a proportion of their daughters. This is 
possible because of the time taken to prove a 
sire before he enters the industry on a large 
scale. 

ONLINE MENDELIAN INHERITANCE 
IN ANIMALS 

Online Mendelian Inheritance in Animals 
(OMIA) is a database of genes, inherited dis¬ 
orders, and traits in animal species (other 
than human and mouse) authored by Profes¬ 
sor Frank Nicholas of the University of 
Sydney, Australia, with help from many 
people over the years. 8 The database contains 
textual information and references as well 
as links to relevant records from Online 
Mendelian Inheritance in Man (OMIM), 
PubMed, Gene, and soon to be NCBI’s phe¬ 
notype database. 
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There are many diseases of farm animals in 
which there are disturbances of body fluids 
(free water), electrolytes, and acid-base 
balance. A disturbance of body water balance 
in which more fluid is lost from the body 
than is absorbed results in reduction in cir¬ 
culating blood volume and in dehydration 
of the tissues. In contrast, the rapid ingestion 
of large quantities of water can lead to over¬ 
hydration (water intoxication). 

Electrolyte imbalances occur com¬ 
monly as a result of loss of electrolytes, 
shifts of certain electrolytes, or relative 
changes in concentrations caused by loss of 
water. Common electrolyte imbalances 
include hyponatremia, hypokalemia, hyper¬ 
kalemia, hypocalcemia, hypochloremia, and 
hypophosphatemia. 

Acid-base imbalances, either acidemia 
or alkalemia, occur as a result of the addi¬ 
tion of acid and depletion of alkali reserve, 
or the loss of acid with a relative increase in 
alkali reserve. 

Decreased oncotic pressure is caused by 
hypoalbuminemia or hypoproteinemia and 
results from severe gastrointestinal disease, 
renal glomerular disease, peritonitis, pleuri- 
tis, extensive burns, hepatic failure, chronic 
malnutrition, and severe starvation (increased 
loss of plasma protein, decreased production 
of plasma protein, or third spacing of plasma 
protein). The most common clinical sign of 
decreased oncotic pressure is generalized 
edema. Increased oncotic pressure occurs 
less frequently, and the most common cause 
is decreased free water from dehydration. 

Under most conditions, disturbances of 
free water, electrolyte, acid-base balance, and 
oncotic pressure occur simultaneously, in 
varying degrees, depending on the initial 
cause. Each major abnormality will be 
described separately here with an emphasis 
on etiology, pathogenesis, clinical pathology, 
and treatment. However, it is important to 
remember that actual disease states in 
animals in which treatments with fluids and 
electrolytes are contemplated are rarely 
caused by single abnormalities. In most cases 
it is a combination of dehydration together 


with an electrolyte deficit, and often without 
a disturbance of the acid-base balance, that 
necessitates treatment. 


Dehydration 

ETIOLOGY 

There are two major causes of dehydration 
(decrease in free water): 

• Inadequate water intake 

• Excessive fluid loss 

Deprivation of water, a lack of thirst caused 
by toxemia, and the inability to drink water 
as in esophageal obstruction are examples of 
dehydration from inadequate water intake. 
The most common cause of dehydration is 
when excessive fluid is lost. Diarrhea is the 
most common reason for excessive fluid loss, 
although vomiting, polyuria, and loss of fluid 
from extensive skin wounds or by copious 
sweating may be important in sporadic cases. 
Severe dehydration also occurs in acute car¬ 
bohydrate engorgement in ruminants, acute 
intestinal obstruction and diffuse peritonitis 
in all species, and in dilatation and volvulus 
of the abomasum. In most forms of dehydra¬ 
tion (deprivation of drinking water being an 
exception), the serious loss, and the one that 
needs correction, is not the fluid but the elec¬ 
trolytes (Fig. 5-1). 

The ability to survive for long periods 
without water in hot climates represents a 
form of animal adaptation that is of some 
importance. This adaptation has been exam¬ 
ined in camels and in Merino sheep. In the 
latter, the ability to survive in dry, arid condi¬ 
tions depends on a number of factors, 
including the insulating ability of the fleece, 
the ability to carry water reserves in the 
rumen and extracellular fluid space, the 
ability to adjust electrolyte concentrations in 
several fluid locations, the ability of the 
kidney to conserve water, and the ability to 
maintain the circulation with a lower plasma 
volume. Dehydrated mammals in hot envi¬ 
ronments can save water by reducing the rate 
of panting and sweating and regulating body 


temperature above hydrated levels. Sweating 
is a significant avenue of evaporative heat 
loss in goats when they are hydrated and 
when exposed to high ambient temperatures 
above 40°C. 

Observations of drinking behavior of 
cattle transported to the abattoir indicate 
that those animals that had been sold in live¬ 
stock markets before arrival at the abattoir 
are thirstier and more tired than cattle sent 
directly from farms. This indicates inade¬ 
quate water intake and dehydration. 

PATHOGENESIS 

Two factors are involved in the pathogenesis 
of dehydration: 

• Depression of tissue water content with 
resulting interference in tissue 
metabolism 

• Reduction in the free water content of 
blood 

The initial response to negative water balance 
is the withdrawal of fluid from the tissues and 
the maintenance of normal blood volume. 
The fluid is drained primarily from the intra¬ 
cellular and interstitial fluid spaces. Essential 
organs, including the CNS, heart, and skele¬ 
ton, contribute little and the major loss 
occurs from connective tissue, muscle, and 
skin. The loss of fluid from the interstitial and 
intracellular spaces results in loss of skin elas¬ 
ticity, dryness of the skin and mucosa, and a 
reduction and retraction of the eyeball 
(enophthalmia) caused by reduction in the 
volume of the postorbital fat deposits. In the 
goat, total body water may be reduced as 
much as 44% before death occurs. 

The secondary response to continued 
negative water balance is a reduction in the 
fluid content of the blood causing a reduction 
in circulating blood volume (volume deple¬ 
tion) and an increase in the concentration of 
the blood (hemoconcentration). Because of 
the hemoconcentration, there is an increase 
in the viscosity of the blood, which impedes 
blood flow and may exacerbate peripheral 
circulatory failure. The loss in circulating 
blood volume also contributes to the mental 
depression of dehydrated animals, which is 
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Fig. 5-1 Etiology and pathogenesis of dehydration. 


also caused by varying degrees of acidemia 
and toxemia depending on the cause of the 
dehydration. In deprivation of water and elec¬ 
trolytes or in deprivation of water alone or 
inability to consume water in an otherwise 
normal animal (e.g., esophageal obstruction), 
the dehydration is minimal because the 
kidney compensates effectively by decreasing 
urine output and increasing urine osmolality. 
In addition, water is preserved by reduced 
fecal output and increased absorption, which 
results in dehydration of the contents of the 
rumen and large intestine, which in turn 
results in dry, scant feces. 

In calves with acute diarrhea there is 
increased fecal output of water compared 
with normal calves, but the total water losses 
are not much greater than in normal calves. 
In the diarrheic calf the kidney compensates 
very effectively for fecal water loss, and the 
plasma volume can be maintained if there is 
an adequate oral fluid intake. Urine excretion 
decreases, the urine becomes progressively 
more concentrated, and the renal insuffi¬ 
ciency may accentuate preexisting acidemia 
and electrolyte imbalance, hence, the impor¬ 
tance of restoring renal blood flow and renal 
function. The newborn calf is able to concen¬ 
trate urine at almost the same level as the 
adult. This illustrates the importance of 
oral fluid and electrolyte intake during diar¬ 
rhea to compensate for continuous losses. 
However, it is possible for metabolic acidosis 


to occur in diarrheic calves and goat kids that 
are not dehydrated. 

Goats are more sensitive to water depri¬ 
vation during pregnancy and lactation than 
during anestrus. Water deprivation for 30 
hours causes a marked increase in the plasma 
osmolality and plasma sodium concentra¬ 
tion in pregnant and lactating goats, which 
drink more than goats in anestrus. 

The dehydration in horses used for 
endurance rides is hypotonic, in which both 
sodium and water are lost through sweating. 
This may account for the lack of thirst in 
some dehydrated horses with exhaustion 
syndrome. Weight losses of 10 to 15 kg/h 
may occur in horses exercising in high 
environmental temperatures exceeding 32°C 
(89°F), and a horse weighing 450 kg can lose 
45 L of fluid in a 3-hour ride. 

Dehydration exerts important effects on 
tissue metabolism. There is an increase in the 
breakdown of fat, then carbohydrate, and 
finally protein to produce water of metabo¬ 
lism. The increased endogenous metabolism 
under relatively anaerobic conditions results 
in the formation of acid metabolites and the 
development of metabolic acidosis. Urine 
formation decreases because of the restric¬ 
tion of renal blood flow and this, together 
with the increased endogenous metabolism, 
causes a moderate increase in plasma con¬ 
centration of urea nitrogen. The body tem¬ 
perature may increase slightly initially (as 


in dehydration hyperthermia) because of 
insufficient fluid to maintain the loss of heat 
by evaporation. The onset of sweating in 
steers after exposure to high environmental 
temperatures has been shown to be delayed 
by dehydration. 

Dehydration may cause death, especially 
in acute intestinal obstruction, vomiting, and 
diarrhea, but it is chiefly a contributory cause 
of death when combined with other systemic 
states, such as acidosis, electrolyte imbal¬ 
ances, toxemia, and septicemia. 

CLINICAL FINDINGS 

The first and most important clinical finding 
in dehydration is dryness and wrinkling of 
the skin, which gives the body and face a 
shrunken appearance. The eyes recede into 
the sockets, and the skin subsides slowly after 
being picked up into a fold. The dehydration 
is usually much more marked if water and 
electrolyte losses have been occurring over a 
period of several days. Peracute and acute 
losses may not be obvious clinically because 
major loss will have occurred from the intra¬ 
vascular compartment and only minor shifts 
have occurred from the interstitial spaces. 
Sunken eyes and inelastic skin are not 
remarkable clinical findings of dehydration 
in the horse. 

The best indicator of hydration status in 
dairy calves has been demonstrated to be the 

degree of recession of the eye into the orbit. 
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Fig. 5-2 A, Association between eye 
recession into the orbit and dehydration as a 
percent of body weight in milk-fed calves 
with experimentally induced diarrhea and 
dehydration. The filled circles in the left 
panel are individual data points, the solid 
line is the linear regression line, and the 
dashed lines are the 95% confidence 
interval for prediction. Intravenous fluid 
is recommended when dehydration is 
estimated at 8% or more of body weight, 
equivalent to an eye recession into the orbit 
of 4 mm or more. B, The calf has an 8-mm 
eye recession into the orbit, equivalent to 
being 14% dehydrated. (Reprinted with 
permission from Constable PD et al. J Am 
Vet Med Assoc 1998;212(7):991-996.) 

Hydration status is assessed by gently rolling 
the lower eyelid out to its normal position 
and estimating the distance of eye recession 
in millimeters. This distance is multiplied by 
1.7 to provide an estimate of the degree of 
dehydration as a percentage of euhydrated 
body weight (BW; Fig. 5-2). The second best 
indicator of hydration status in calves is the 
elasticity of the skin of the neck and lateral 
thorax, which are assessed by pinching the 
skin between the fingers, rotating the skin 
fold 90°, and noting the time required after 
release of the skin fold for the skin fold to 
disappear (normally <2 s). The elasticity of 
the skin fold on the upper or lower eyelid is 
a poor indicator of hydration status in calves 
and is not recommended. The best method 
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for assessing hydration status in adult cattle 
and other large animals has not been deter¬ 
mined, but it is likely that eye recession and 
skin tent duration in the neck region provide 
the most accurate and sensitive methods for 
estimating hydration status. The presence or 
absence of mucous membrane moistness 
may provide a sensitive indication of dehy¬ 
dration in dairy calves, but it was not useful 
as a predictor of hydration status in Brahman- 
cross calves housed in a hot environment. 1 
Hydration status may also be more difficult 
to clinically evaluate in sheep. 2 

In diarrheic calves, the severity of dehy¬ 
dration, hypothermia, and metabolic acido¬ 
sis are associated with the degree of mental 
depression. The combined effects of acide¬ 
mia and dehydration also contribute to 
hypothermia. 

Loss of BW occurs rapidly in dehydra¬ 
tion, and muscular weakness and inappe¬ 
tence or anorexia is common. In horses 
deprived of water for 72 hours there is a 
mean BW loss of about 15%, and 95% of the 
animals have a urine specific gravity of 1.042, 
a urine osmolality of 1310 mOsm/kg, and a 
urine osmolality/serum osmolality ratio of 
4:14. Prerenal azotemia also develops. 

The degree of thirst present will depend 
on the presence or absence of other diseases 
causing an inflammatory response or endo- 
toxemia. In primary water deprivation, 
dehydrated animals are very thirsty when 
offered water. In dehydration secondary to 
enteritis associated with severe inflamma¬ 
tion, acidemia, and electrolyte imbalance 
there may be no desire to drink. Horses that 
become dehydrated in endurance rides may 
refuse to drink, and the administration of 
water by oral intubation and enemas may be 
necessary. In cattle on pasture and deprived 
of water for up to 9 days and then given 
access to water, there will be staggering, 
falling, convulsions, and some death—signs 
similar to salt poisoning in pigs. Experimen¬ 
tal restriction of the water intake in lactating 
dairy cattle for up to 4 days may reduce milk 
yield by 75% and decrease BW by 14%. A 
10% reduction in water intake causes a drop 
in milk production that may be difficult to 
detect. Behavioral changes are obvious: cows 
spend considerable time licking the water 
bowls. In cold climates, cattle are often forced 
to eat snow as a source of water. The snow 
must be soft enough so that it can be scooped 
up by the cattle and 3 to 5 days are necessary 
for the animals to adjust to the absence of 
water and become dependent on snow. 
During this time there is some loss of BW. 
Lactating ewes relying on snow as a source 
of free water reduce their total water turn¬ 
over by approximately 35%. 

CLINICAL PATHOLOGY 

Dehydration is characterized by an increase 
in the packed cell volume (PCV) and total 
serum protein concentration, although the 
latter response may be modified by the 


presence of severe enteritis, peritonitis, or 
proteinuria. 


Water Intoxication 


SYNOPSIS 


Etiology Rapid ingestion of large quantities 
of water 

Epidemiology Access to water by thirsty 
calves, or calves that have been marginally 
deprived of water for some time 

Clinical findings Dark red urine, weakness, 
and depression 

Clinical pathology Hemoglobinuria, 
hemoglobinemia, hypoosmolality, 
hyponatremia, and hypochloremia 

Necropsy findings Hemoglobinuria and renal 
cortical necrosis 

Diagnostic confirmation Epidemiologic, 
presence of hyponatremia and 
hypochloremia; rule out other causes of 
intravascular hemolysis 

Treatment Time, possibly intravenous 

hypertonic saline but usually too late to be 
effective 


The rapid ingestion of large amounts of water 
by young calves with normal serum sodium 
concentrations may result in intravascular 
hemolysis, hemoglobinemia, and hemoglo¬ 
binuria. In contrast, water ingestion in 
hypernatremic animals may result in cere¬ 
bral edema, but it does not produce hemo¬ 
globinuria. The cerebral edema syndrome is 
described in sodium chloride poisoning. 
Water intoxication (acute overhydration) is 
described here. 

ETIOLOGY 

The ingestion of excessive quantities of water 
when animals are very thirsty may result in 
overhydration, which is also called water 
intoxication. The primary cause of acute over¬ 
hydration is a rapid decrease in the osmolality 
of the small intestinal contents, which are nor¬ 
mally isotonic to plasma. Such a rapid decrease 
in luminal osmolality occurs within 5 minutes 
of water ingestion because thirsty calves close 
their esophageal groove when drinking. This 
results in a large volume of water in the 
abomasum, which is subsequently emptied 
into the duodenum. Free water rapidly moves 
from the small intestinal lumen into the intra¬ 
vascular compartment because of the large 
surface area for absorption in the small intes¬ 
tine and development of an osmotic gradient 
between the small intestinal lumen and intes¬ 
tinal capillary bed. The end result is a rapid 
decrease in plasma osmolality and expansion 
and rupture of erythrocytes, leading to intra¬ 
vascular hemolysis, hemoglobinemia, hemo¬ 
globinuria, hyponatremia, hypochloremia, 
and a decrease in plasma protein concentra¬ 
tion from preingestion. 
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EPIDEMIOLOGY 

The syndrome has been reported from 
several countries but is uncommon. Calves 2 
to 4 months of age are most commonly 
affected, but the disease is also recorded in 
adult cattle, sheep, and pygmy goats. Water 
intoxication occurs in calves in normal hus¬ 
bandry systems when animals that have had 
limited access to water are suddenly given 
free access. Commonly water intoxication 
occurs when calves previously fed a milk- 
replacer diet but no other fluid, or weaned 
calves that have been on a starter diet but 
limited water, are turned out to pasture or to 
yards where water is freely available. Calves 
that are not fed supplementary salt or that 
have lost salt as a result of severe exercise or 
high environmental temperatures may be at 
higher risk, but the syndrome also occurs 
where salt has not been restricted. The 
majority of calves show clinical signs within 
minutes to hours of access to water. 

The condition has been reproduced in 
calves by gavage with water at 12% of BW. 

CLINICAL FINDINGS 

Hemoglobinuria as a result of intravascular 
hemolysis is prominent, and there may be a 
moderate to severe hemolytic anemia. Dark 
red urine is passed shortly following access 
to water. Additional signs include tachycar¬ 
dia and hypothermia if the temperature of 
the water ingested is below body tempera¬ 
ture. Affected animals are usually depressed 
and weak. (Fig. 5-3) 

CLINICAL PATHOLOGY 

Hemoglobinuria and hemoglobinemia are 
evident and there is hypoosmolality, hypona¬ 
tremia, and hypochloremia. Serum total 



Fig. 5-3 Hemoglobinuria in a Holstein- 
Friesian heifer calf that had not been 
provided free access to water. The calf 
voluntarily drank 5 L in 5 minutes and 
voided red-tinged urine (on floor and in 
white container) 30 minutes later. 


protein and albumin concentration may be 
decreased, but are usually within the normal 
range, because animals are usually mildly 
dehydrated and thirsty before ingesting large 
volumes of water. 

Postmortem Findings 

Marked pallor of the carcass and renal corti¬ 
cal necrosis caused by hemoglobinemic 
nephrosis may be evident histologically. 


DIFFERENTIAL DIAGNOSIS 


• Other causes of intravascular hemolysis and 
hemoglobinuria 


TREATMENT 

Treatment of affected animals is usually not 
attempted because hypoosmotic lysis has 
already occurred when clinical signs have 
manifested, and serum osmolality is usually 
gradually increasing as the distal convoluted 
tubules eliminate excessive free water. 
Hypertonic saline (7.2% NaCl, 5 mL/kg BW 
over 5 minutes intravenously) is usually 
administered to correct the hyponatremia 
and hypochloremia, but treatment is not 
necessary in mild cases. Case fatality is low, 
and hemoglobinuria persists for only a few 
hours. 

CONTROL 

Water intoxication is not common and can 
be avoided by preventing thirsty animals 
from having unlimited access to water. 
Calves should have free access to water as 
soon as they are born. 

FURTHER READING 
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toxicity. Vet Clin North Am Food Anim Pract. 
1999;15:609-618. 
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Electrolyte Imbalances 

Most electrolyte imbalances are caused by a 
net loss of electrolytes associated with dis¬ 
eases of the alimentary tract. Sweating, 
excessive salivation and vomiting, and exu¬ 
dation from burns also result in electrolyte 
losses, but are of minor importance in farm 
animals, with the exception of sweating in 
the horse and dysphagia in ruminants. The 
electrolytes of major concern are sodium, 
chloride, potassium, calcium, phosphorus, 
and magnesium. Losses of bicarbonate are 
presented later. 

HYPONATREMIA 

Sodium is the most abundant ion in the 
extracellular fluid and is chiefly responsible 


for the maintenance of osmotic pressure of 
the extracellular fluid. The most common 
cause of hyponatremia is increased loss of 
sodium through the intestinal tract in 
enteropathies (Fig. 5-4). This is particularly 
marked in the horse with acute diarrhea and 
to a moderate extent in calves with acute 
diarrhea. The sodium is lost at the expense 
of the extracellular fluid. In calves with acute 
diarrhea caused by enterotoxigenic Esche¬ 
richia coli the sodium concentration of the 
intestinal fluid secreted in response to the 
enterotoxin is similar to that of plasma, and 
hyponatremia usually occurs (hypotonic 
dehydration). Animals affected with diar¬ 
rhea of several days’ duration continue to 
lose large quantities of sodium, and the 
hyponatremia may become severe. Hypona¬ 
tremia can become severe when sodium-free 
water or 5% dextrose are used as the only 
fluid therapy in animals already hypona- 
tremic. Hyponatremia can also occur in 
animals with proximal tubular dysfunction. 

Hyponatremia causes an increase in the 
renal excretion of water in an attempt to 
maintain normal osmotic pressure, which 
results in a decrease in the extracellular fluid 
space, leading to a decreased circulating 
blood volume, hypotension, peripheral cir¬ 
culatory failure, and ultimately renal failure. 
Muscular weakness, hypothermia, and 
marked dehydration are common findings. 

Isotonic dehydration occurs when there 
is a parallel loss of sodium and water. Hyper¬ 
tonic dehydration, which is uncommon, 
occurs when there is a loss or deprivation of 
water with minor losses or deprivation of 
sodium. Hypertonic dehydration can occur 
in animals that are unable to consume water 
because of an esophageal obstruction. The 
dehydration in isotonic and hypertonic 
dehydration is mild compared with the 
marked clinical dehydration that can occur 
in hypotonic dehydration accompanied by 
marked loss of water and concentration of 
the extracellular space (Fig. 5-5). 

There are no clinical signs that are char¬ 
acteristic of hyponatremia. There is usually 
dehydration, muscular weakness, and mental 
depression, which occur with other distur¬ 
bances of both water and electrolytes and 
with acid-base imbalance. Similarly, there 
are no clinical signs that are characteristic of 
hypochloremia. However, hyponatremia 
affects the osmotic pressure of the extracel¬ 
lular fluid, and hypochloremia promotes the 
reabsorption of bicarbonate and further 
development of alkalosis. Polyuria and poly¬ 
dipsia occur in cattle with dietary sodium 
chloride deficiency. 

Hypotonic hyponatremia results in cere¬ 
bral edema caused by water entry to the 
brain; however, if hyponatremia is slow to 
develop, solutes can leave brain tissue at a 
sufficiently fast enough rate to mitigate the 
development of cerebral edema. Clinical 
neurologic sequelae of hyponatremia are pri¬ 
marily determined by the speed of onset of 
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Fig. 5-4 Etiology and pathogenesis of hyponatremia. 



Fig. 5-5 Types of dehydration. 


hyponatremia and the rapidity by which 
marked hyponatremia (serum sodium con¬ 
centration <120 mEq/L) is corrected. Too 
rapid correction of chronic hyponatremia 
(defined as hyponatremia >48 hours) should 
be avoided because of the potential for 
demyelination of pontine and extrapontine 


neurons that can produce severe neurologic 
deficits. These deficits are not well described 
in agricultural animals, but in humans, rapid 
correction of chronic hyponatremia has been 
associated with improvement of neurologic 
abnormalities within 1 to 2 days, followed 
by the development of progressive ataxia. 


dysphagia, myoclonus, spastic tetraparesis, 
and death within 2 to 5 days. Current recom¬ 
mendations are to increase serum sodium 
concentration by 8 mEq/L/day in large 
animals with chronic hyponatremia. This is 
clinically managed by infusing 1 L of a 
mixture of 7.2, 5.0, and 0.9% NaCl solutions 
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(all commercially available), which are 
assumed to distribute 100% within the extra¬ 
cellular space. 1 To estimate the effect of 1 L 
of the NaCl infusate on serum sodium con¬ 
centration ([Na]), the following formula is 
applied: 

Change in serum [Mi] 

= (infusate [Na]-serum [No])/ 

(total body water +1 ) 

where total body water is estimated in liters 
from the BW in kilograms using a standard 
formula of 60% BW for adult animals. 
With a targeted increase of 8 mEq/L over 24 
hours and an infusion volume of 1 L, this 
equation can be rearranged to calculate the 
required infusate [Na] in mEq/L to be 
administered intravenously over 24 hours in 
1 L of fluid: 

Infusate [No] = 8x(0.6x{BW in kg} + l) 
-serum [Mi]. 

HYPERNATREMIA 


Hypernatremia is most commonly caused by 
water restriction or mixing errors in neona¬ 
tal animals, particularly in milk-replacer 
solutions or oral electrolyte formulations 
administered to neonatal calves with diar¬ 
rhea as part of the treatment of dehydration. 
Hypernatremia appears to be increasing 
in North America in dairy calves fed milk 
replacer because milk-replacer formulations 
are increasingly dependent on whey from 
cheese manufacture, and whey has a high 
sodium concentration. Less common causes 
of hypernatremia include high-salinity 
water. 2 Hypernatremia occurs transiently 
after hypertonic saline (7.2% NaCl) admin¬ 
istration, but serum sodium concentrations 
never exceed 170 mEq/L and may occasion¬ 
ally exceed 160 mEq/L for a few minutes. 
Transient episodes of mild hypernatremia 
caused by intravenous hypertonic saline 
administration are not thought to have any 
clinical consequences. 

Clinically relevant hypernatremia 
occurs when serum sodium concentrations 
exceed 160 mEq/L, with significant mortal¬ 
ity occurring whenever serum sodium con¬ 
centrations exceed 180 to 190 mEq/L before 
treatment is instituted. The clinical signs of 
hypernatremia are nonspecific and include 
weakness, depression, inappetence, abnor¬ 
mal posture, recumbency, apparent blind¬ 
ness, and muscle twitching, particularly of 
the facial muscles (Fig. 5-6). Some animals 
may convulse shortly before death. Cerebral 
depression is caused by inhibition of neuro¬ 
nal cell glycolysis. Less severely affected 
animals may exhibit a mania for water. 
Hypernatremia has been associated with 
persistent hyperglycemia in New World 
camelids, in which it has been assumed that 
hyperglycemia-induced diuresis has resulted 
in excessive free water loss with inadequate 
water intake. 


Correction of hypernatremia is challeng¬ 
ing because too rapid a rate of correction can 
result in cerebral edema and brain herniation 
through the foramen magnum, particularly 
in animals with chronic hypernatremia. 
Treatment of hypernatremia focuses on 
identifying and removing the underlying 
cause (such as incorrectly mixed milk 



Fig. 5-6 Calf with neurologic signs of 
hypernatremia, including abnormal 
mentation and posture and fasciculation of 
facial muscles. (From Byers SR, Lear AS, Van 
Metre DC: Sodium balance and the 
dysnatremias, Vet Clin Food Anim 
2014;30:333-350). 


replacer) and slowly reducing the serum 
sodium concentration, with a reduction of 
serum [Na] of 0.5 to 1.0 mEq/L/h being a 
goal (10 mEq/L decrease per day represent¬ 
ing an ideal goal). The preferred method for 
decreasing serum [Na] concentration is by 
oral administration of sodium containing 
electrolytes. The first equation presented 
earlier can be applied to the use of intrave¬ 
nous fluids for correction of hypernatremia. 

HYPOCHLOREMIA 

Hypochloremia occurs as a result of an 
increase in the net loss of the electrolyte in 
the intestinal tract in acute intestinal obstruc¬ 
tion, dilatation and impaction, and volvulus 
of the abomasum and in enteritis (Fig. 5-7). 
Normally a large amount of chloride is 
secreted in the abomasum by the mucosal 
cells in exchange for bicarbonate, which 
moves into the plasma. The hydrogen, chlo¬ 
ride, and potassium ions secreted in gastric 
juice are normally absorbed by the small 
intestine. Failure of abomasal emptying and 
obstruction of the proximal part of the small 
intestine will result in the sequestration of 
large quantities of chloride, hydrogen, and 
potassium ions, which leads to a hypochlo¬ 
remic hypokalemic metabolic alkalosis. A 
severe hypochloremia can be experimentally 
produced in calves by feeding them a low- 
chloride diet and daily removal of abomasal 
contents. Clinical findings include anorexia, 
weight loss, lethargy, mild polydipsia, and 
polyuria. A marked metabolic alkalosis 
occurs resulting in hypokalemia, hyponatre¬ 
mia, azotemia, and death. 



Fig. 5-7 Etiology and pathogenesis of hypochloremia. 
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HYPOKALEMIA 

Hypokalemia may occur as a result of 
decreased dietary intake, increased renal 
excretion, abomasal stasis, intestinal obstruc¬ 
tion and enteritis, and repeated administra¬ 
tion of corticosteroids with mineralocorticoid 
activity (Fig. 5-8). The prolonged use of 
potassium-free solutions in fluid therapy for 
diarrheic animals may result in excessive 
renal excretion of potassium and hypokale¬ 
mia. Calves with neonatal diarrhea can have 
marked depletion of their body potassium 
stores, particularly when a marked acidemia 
and metabolic acidosis is present, and the 
calves have had a low milk intake and a long 
history of diarrhea. 3 Alkalosis may result in 
an exchange of potassium ions for hydrogen 
ions in the renal tubular fluid, resulting in 
hypokalemia. Hypokalemia can cause muscle 
weakness, prolonged unexplained recum¬ 
bency, inability to hold up the head, anorexia, 
muscular tremors and, if severe enough, 
coma. The treatment of ketosis in lactating 
dairy cows with multiple dosages of isoflu- 
predone, a glucocorticoid with some miner¬ 
alocorticoid activity, can cause hypokalemia 
and recumbency, with a high case fatality 
rate. 

Hypokalemia (defined as serum or 
plasmapotassiumconcentration<3.9 mEq/L) 
is common in lactating dairy cows with left 


displaced abomasum (LDA), right displaced 
abomasum (RDA), abomasal volvulus (AV), 
abomasal impaction, clinical mastitis, dysto¬ 
cia, retained placenta, and hepatic lipidosis. 4 
The high prevalence of hypokalemia in sick 
lactating dairy cows is most likely caused by 
a combination of decreased dry matter 
intake; alkalemia from sequestration of chlo¬ 
ride in the gastrointestinal tract in cattle with 
LDA, RDA, AV, or decreased abomasal emp¬ 
tying rate; hyperinsulinemia secondary to 
hyperglycemia; 5,6 the obligatory loss of potas¬ 
sium in milk (1.4 g of potassium per liter of 
milk); sympathetic nervous system activa¬ 
tion; aldosterone release in response to hypo¬ 
volemia and the need for sodium retention; 
and decreased whole-body potassium stores 
caused by the relatively low muscle mass in 
dairy cows. Whole-body depletion of potas¬ 
sium may be present in healthy dairy cattle 
immediately after calving, based on the 
results of potassium balance studies, studies 
documenting decreased skeletal muscle 
potassium content at calving, and decreased 
urine potassium concentrations immediately 
after calving. A low serum potassium con¬ 
centration was a significant predictor of 
nonsurvival in cattle undergoing surgical 
correction of LDA or treatment of hepatic 
lipidosis. 4 

Metabolic alkalosis and hypokalemia in 
cattle are often accompanied by muscular 


weakness and paradoxical aciduria. Hypo¬ 
kalemia causes muscle weakness by lowering 
the resting potential of membranes, resulting 
in decreased excitability of neuromuscular 
tissue. Thus the differential diagnosis of the 
animal with muscle weakness should always 
include hypokalemia. 

Hypokalemia and alkalemia also are often 
directly related because of the renal response 
to either. Hypokalemia from true body 
deficits of potassium will cause decreased 
intracellular concentration of this ion. The 
intracellular deficit of potassium and excess 
of hydrogen will cause hydrogen secretion 
into the urine when distal sodium reabsorp¬ 
tion is required. This situation exists in alka¬ 
lemia and metabolic alkalosis, in which 
sodium bicarbonate reabsorption in the 
proximal nephron is decreased because of the 
excess of plasma bicarbonate. Distal nephron 
avidity for sodium is increased to protect 
extracellular fluid volume, and the increased 
distal sodium reabsorption is at the expense 
of hydrogen secretion, although it is contrary 
to the need of acid retention in the presence 
of alkalosis. In other words, the kidney 
prioritizes maintenance of plasma volume 
above that of acid-base balance, presumably 
because respiratory compensation can 
usually keep blood pH within the normal 
physiologic range. Because electroneutrality 
of extracellular fluid must be maintained by 



Fig. 5-8 Etiology and pathogenesis of hypokalemia. 
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reabsorbing an equivalent charge of cations 
and anions, the reabsorption rates of chloride 
and bicarbonate in the kidneys are inversely 
proportional to each other. Thus with excess 
trapping of chloride in the abomasum, the 
kidneys will compensate for the resulting 
hypochloremia by increasing bicarbonate 
reabsorption, which may proceed until meta¬ 
bolic alkalosis and alkalemia develop. 

Because potassium is the major intracel¬ 
lular cation, the measurement of plasma or 
serum potassium is not a reliable indication 
of whole-body potassium status. Extremely 
low plasma or serum concentrations or high 
concentrations are usually indicative of a 
potassium imbalance often associated with 
other electrolyte and acid-base imbalances. 
In alkalemia, for example, potassium leaves 
the extracellular space and becomes concen¬ 
trated in the cells. This may result in low 
serum potassium concentrations when there 
might not be potassium depletion of the 
body. Conversely, in severe acidemia and 
metabolic acidosis of calves with acute diar¬ 
rhea, the potassium leaves the cells and 
moves into the extracellular fluid. This results 
in hyperkalemia in some cases in which the 
body potassium is normal or even decreased. 
When changes occur in the concentration of 
intracellular and extracellular potassium, the 
ratio of intracellular to extracellular potas¬ 
sium may decrease by as much as 30% to 
50%, which results in a decrease in the 
resting membrane potential. This is thought 
to be the explanation for the effects of hypo¬ 
kalemia and hyperkalemia on muscle 
function. 

The potassium concentration of red 
blood cells does not appear to provide a more 
accurate indicator of whole-body potassium 
deficit in horses and ruminants than the 
actual plasma or serum concentration. 4 
There is marked cow-to-cow variability in 
the erythrocyte potassium concentration 
(7-70 mmol/L) and sodium concentration 
(15-87 mmol/L) of healthy cattle that has a 
genetic basis with no breed influence. More¬ 
over, no relationship between plasma and 
erythrocyte potassium concentrations could 
be identified in a study of 180 cows. Milk 
potassium concentration is theoretically 
more sensitive than serum or plasma potas¬ 
sium concentration in detecting whole-body 
potassium depletion in individual cows 
because milk potassium concentration is 
constant for an individual cow over a short 
time period. However, milk potassium con¬ 
centration changes during lactation, being 
42 mmol/L in early lactation, 40 mmol/L in 
midlactation, and 27 mmol/L in late lacta¬ 
tion, with a mean bulk milk tank potassium 
concentration of 37 mmol/L. Milk potas¬ 
sium concentration also increases in quarters 
with clinical or subclinical mastitis. As a con¬ 
sequence of these two factors, there is marked 
individual variation in milk potassium con¬ 
centration in healthy cattle, with variations 
of up to 50% occurring among cows. The 


large cow-to-cow variability in milk potas¬ 
sium concentration makes it difficult to iden¬ 
tify a suitable cut point that accurately 
predicts whole-body potassium depletion in 
sick lactating dairy cows. 4 However, moni¬ 
toring milk potassium concentration in indi¬ 
vidual cows without clinical or subclinical 
mastitis may have clinical utility as a moni¬ 
toring tool to gauge the response to therapy 
with KC1. 

Skeletal muscle potassium content pro¬ 
vides the most sensitive and specific method 
for assessing whole-body potassium status. 4,7 
Skeletal muscle is considered the best tissue 
to sample because it contains approximately 
75% of the whole-body stores of potassium. 
A standardized muscle should be obtained 
for analysis in cattle because differences in 
potassium content of greater than 15% are 
present in individual animals, and this 
muscle-to-muscle variation is greater than 
that produced by breed. 

The treatment of hypochloremic, hypo¬ 
kalemic alkalosis requires correction of 
extracellular fluid volume and sodium and 
chloride deficits with 0.9% NaCl infusions 
and oral KC1. The provision of adequate 
chloride ion allows sodium to be reabsorbed 
without bicarbonate. Increased proximal 
reabsorption of sodium will decrease distal 
acid secretion because less sodium is pre¬ 
sented to the distal nephron. As less bicar¬ 
bonate is reabsorbed and less acid secreted, 
the metabolic alkalosis is resolved. Specially 
formulated solutions containing potassium 
are necessary in cases of severe hypokalemia 
and small-intestinal obstruction. 

Potassium should be administered intra¬ 
venously or orally. The intravenous route is 
used only for the initial treatment of recum¬ 
bent ruminants with severe hypokalemia and 
rumen atony because it is much more dan¬ 
gerous and expensive than oral treatment. 
The most aggressive intravenous treatment 
protocol is an isotonic solution of KC1 (1.15% 
KC1), which should be administered at less 
than 3.2 mL/kg/h, equivalent to a maximal 
delivery rate of 0.5 mEq of K + /kg BW per 
hour. Higher rates of potassium administra¬ 
tion run the risk of inducing hemodynami- 
cally important arrhythmias, including 
ventricular premature complexes that can 
lead to ventricular fibrillation and death. A 
less aggressive intravenous treatment is an 
isotonic equimolar mixture of NaCl (0.45% 
NaCl) and KC1 (0.58% KC1), and the least 
aggressive intravenous treatment is the addi¬ 
tion of 10 mmol of KC1/L of Ringer’s solu¬ 
tion, which will increase the solution 
osmolarity to 329 mOsm/L. Clinical experi¬ 
ence with oral administration of KC1 has 
markedly decreased the number of adult 
ruminants treated with intravenous KC1. 

Oral potassium administration is the 
method of choice for treating lactating dairy 
cattle with hypokalemia. The absorption effi¬ 
ciency of potassium on a typical lactating 
dairy cow diet ranges from 74% to 88%, with 


potassium absorbed in the forestomach and 
small intestine and forestomach absorption 
predominating. Rumen fluid in cattle usually 
has a potassium concentration of 24 to 
85 mEq/L, and rumen fluid potassium con¬ 
centration and potassium absorption are 
strongly and linearly dependent on potas¬ 
sium intake. This indicates that increasing 
rumen potassium concentration by the oral 
administration of KC1 will directly lead to 
increased potassium absorption. Oral 
administration of KC1 therefore provides the 
optimal salt formulation for treating cattle 
with hypokalemia because potassium is 
needed in cattle with whole-body potassium 
depletion, and chloride is needed in cattle 
with alkalemia and pH-induced compart- 
mental shift of potassium to the intracellular 
space.' 

Current treatment recommendations are 
to administer 120 g of feed grade KC1 orally 
twice at a 12-hour interval to inappetent 
dairy cattle with hypokalemia, providing a 
total 24-hour dose of 240 g of KC1; this dose 
is equivalent to a daily KC1 dose of 0.4 g/kg 
BW for a 600-kg dairy cow. 4,7 Daily oral 
doses of KC1 exceeding 0.4 g/kg BW are not 
currently recommended, except in cattle 
with profound hypokalemia, because they 
have the potential to result in diarrhea, 
excessive salivation, muscular tremors of the 
legs, labored breathing, convulsions, and 
death. 4,7 Oral administration of 0.58 g of 
KCl/kg BW was toxic in 6-month-old Hol¬ 
stein calves, manifested by excessive saliva¬ 
tion, muscular tremors of the legs and 
excitability, and a peak plasma potassium 
concentration of 9.0 mEq/L. Extrapolating 
this toxic dose in normokalemic calves to 
hypokalemic 600-kg cows suggests that a 
daily dose of 240 g KC1 approaches the upper 
limit of safety. 

Hypokalemia also occurs following treat¬ 
ment of the horse affected with metabolic 
acidosis and hyponatremia, and probably 
reflects whole-body potassium depletion. 
Horses used for endurance rides may be 
affected by hypokalemia, hypocalcemia, and 
alkalosis caused by loss of electrolytes during 
the competition. Synchronous diaphrag¬ 
matic flutter also occurs, which may be the 
result of the electrolyte imbalance (particu¬ 
larly hypocalcemia) causing hyperirritability 
of the phrenic nerve. Inappetent horses often 
have whole-body potassium depletion and 
would benefit from supplementary dietary 
potassium (25-50 g/day KC1). 

HYPERKALEMIA 

Hyperkalemia is not as common in farm 
animals as hypokalemia, and is most 
common in severe metabolic acidosis and 
acidemia. The classic description for the 
development of hyperkalemia in metabolic 
acidosis involves a purported redistribution 
of potassium from the intracellular space 
to the extracellular space because a large 
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proportion of the excess hydrogen ions are 
buffered intracellularly. Thus potassium is 
supposedly exchanged with hydrogen ions 
across the cell membrane to maintain elec¬ 
troneutrality. Although widely accepted, this 
purported mechanism has never had a sound 
physicochemical basis because a decrease in 
plasma pH from 7.4 to 7.0 (equivalent to an 
increase in plasma hydrogen ion activity 
from 40 to 100 nEq/L) would decrease 
plasma [K] from 7.0 to 6.99994 mEq/L on 
the basis of electrochemical exchange of 
cations. Not only is such a decrease physio¬ 
logically irrelevant, but the decrease is unde¬ 
tectable using current laboratory equipment. 8 
An attractive hypothesis for the development 
of hyperkalemia in acidemic animals is that 
the low intracellular pH slows Na-K-ATPase 
activity causing potassium ions to leak down 
a concentration gradient from the intracel¬ 
lular to the extracellular space; however, 
there is no experimental data indicating that 
Na-K-ATPase activity is directly influenced 
by pH within the physiologic range. Low 
intracellular pH does exert a marked effect 
on phosphofructokinase activity in the 
glycolytic pathway; with Na-K-ATPase activ¬ 
ity dependent on ATP availability, decreased 
phosphofructokinase activity presents a 
potential pathway for acidemia-induced 
hyperkalemia. Hampered insulin-dependent 
cellular potassium uptake in states of acide¬ 
mia presents a second potential mechanism 
for the association between hyperkalemia 
and acidemia; mild declines in blood pH can 
induce insulin resistance. Because insulin 
triggers a transcellular shift of glucose and 
potassium, tissue resistance to insulin has the 
potential to contribute to hyperkalemia. A 
third potential mechanism for acidemia- 
induced hyperkalemia is activation of a cell 
membrane potassium channel called TREK-1 
by low intracellular pH, resulting in potas¬ 
sium efflux from the cell. 8 An interesting 
recent finding is that hyperkalemia is much 
less common in neonatal calves with acide¬ 
mia caused by hyper D-lactatemia than 
in calves with acidemia and plasma d- 
lactate concentrations within the reference 
interval. 9 

Hyperkalemia is potentially more life- 
threatening than hypokalemia. Hyperkale¬ 
mia (when over 7-8 mmol/L) has a profound 
effect on cardiac function. There is usually 
marked bradycardia and arrhythmia, and 
sudden cardiac arrest may occur. Electrocar¬ 
diogram (ECG) changes in experimentally 
induced hyperkalemia in the horse have 
been described. The changes include four 
successive stages as hyperkalemia increased. 
There was a widening and lowering of ampli¬ 
tude followed by inversion and disappear¬ 
ance of the P wave; an increase in the 
amplitude of the T wave; an increase in the 
QRS interval, with some irregularity in 
the ventricular rate; and periods of cardiac 
arrest that became terminal or were followed 
by ventricular fibrillation. The minimum 


plasma potassium concentration required to 
induce ECG changes was 6 to 7 mmol/L, and 
severe cardiotoxic effects occurred at levels 
between 8 and 11 mmol/L. The effects of 
hyperkalemia on the ECG are exacerbated by 
the presence of hyponatremia, which is 
common in neonatal calves with diarrhea. 

Hyperkalemia has traditionally been 
treated by intravenous administration of 
sodium bicarbonate, glucose, insulin, and 
sometimes calcium. Because hyperkalemia is 
most strongly associated with a decreased 
glomerular filtration rate, the primary 
treatment goal in hyperkalemia is to reestab¬ 
lish normal renal blood flow and rate 
of urine formation by the administration 
of sodium-containing fluids, 9 particularly 
sodium containing fluids that also produce 
rapid alkalinization, such as 1.3% sodium 
bicarbonate. 10 Hypertonic saline has been 
shown to be just as effective as hypertonic 
sodium bicarbonate in decreasing hyperkale¬ 
mia and hyperkalemia-associated bradyar- 
rhythmias as a result of sodium-induced 
intracellular movement of potassium, extra¬ 
cellular volume expansion, and the strong ion 
effect of increasing the serum concentration 
of a strong cation. 8 Calcium counteracts the 
effect of hyperkalemia on the resting mem¬ 
brane potential by increasing the threshold 
potential to a higher value, returning an 
appropriate difference between resting and 
threshold potentials. Calcium can be admin¬ 
istered intravenously at 0.2 to 0.4 mL of a 
23% calcium gluconate solution/kg BW. In 
summary, the focus of treatment in hyperka¬ 
lemia should be optimizing renal blood flow 
and glomerular filtration rate by plasma 
volume expansion, correction of acidemia, 
and increasing the serum sodium concentra¬ 
tion. Glucose and insulin are not routinely 
needed to correct hyperkalemia, but can be 
administered to animals not responding to 
reestablishment of a normal rate of urine 
production and correction of acidemia. 

Hyperkalemic periodic paralysis occurs 
in heavily muscled Quarter Horses. Affected 
horses become weak, may stand base-wide, 
and are reluctant to move. Sweating com¬ 
monly occurs and generalized muscle fas- 
ciculations are apparent. Affected horses 
remain bright and alert but may yawn and 
do not eat or drink. Some horses become 
recumbent and may appear to be in a state of 
flaccidity. Attacks may occur in a rest period 
following exercise or at random. During the 
episode the serum potassium concentration 
is elevated by up to twofold and returns to 
normal values when the animal recovers. 
Treatment consists of sodium bicarbonate, 
hypertonic saline, or 5% dextrose given 
intravenously, possibly with insulin. 

HYPOCALCEMIA 

The calcium fractions in plasma are in equi¬ 
librium and exist in three forms: free (43% 
of total); bound to proteins in a salt-type 


manner (49%); and complexed to other com¬ 
pounds in plasma such as bicarbonate, 
lactate, citrate, sulfate, and phosphate (8%). 
The ionized (free) calcium fraction is the bio¬ 
logically active form of calcium and there¬ 
fore is the preferred method of calcium 
measurement. The ionized calcium con¬ 
centration (cCa 2+ ) in bovine plasma is pri¬ 
marily dependent on the total calcium 
concentration, with total protein concentra¬ 
tion explaining 85% of the variation in cCa 2+ . 
Ionized calcium concentration is dependent 
to a lesser extent on pH, the plasma concen¬ 
tration of albumin (and therefore total 
protein), lactate, and chloride, and the tem¬ 
perature and ionic strength. 

Ionized calcium concentration should be 
measured on an anaerobically collected 
blood sample, and should be reported as the 
measured cCa 2+ at the actual pH of the 
patient. Correction of the measured ionized 
calcium concentration to a pH of 7.40 is rou¬ 
tinely applied in experimental studies to 
assist in the interpretation of measured 
values relative to a reference range. This 
should only be done in samples that were not 
anaerobically collected and where there is 
loss of carbon dioxide from the sample (such 
as in a vacutainer tube). In this case a 
pH-corrected cCa 2+ is used only to correct 
for C0 2 loss. The formula most commonly 
used for pH correction of cCa 2+ in ruminant 
and equine plasma is cCa 2+ corrected = cCa 2+ 
x 10 (-o.24x(7.4o- p h» Small differences in the 
measured value for cCa 2+ exist, depending on 
whether the blood sample is anaerobically 
collected using sodium heparin or calcium- 
balanced heparin. 

Hypocalcemia or milk fever may occur in 
recently calved mature dairy cows that have 
been inappetent or anorexic for a few days. 
Hypocalcemia can be caused by a reduction 
in dry matter intake because of illness or it 
may be the earliest stages of hypocalcemic 
parturient paresis. The clinical findings 
include anorexia; mild tachycardia with a 
reduction in the intensity of the heart sounds 
and occasionally an arrhythmia; a decrease 
in the frequency and amplitude of rumen 
contractions or complete ruminal stasis; and 
a decrease or complete absence of feces, 
which may last from 6 to 36 hours if 
untreated. 

Hypocalcemia cases often mimic intesti¬ 
nal obstruction and create problems in the 
differential diagnosis. Affected cattle may 
not exhibit any evidence of muscular weak¬ 
ness, and the detection of the hypocalcemic 
state can be elusive. The total serum calcium 
concentrations range from 1.5 to 2.0 mmol/L 
and the response to intravenous therapy is 
usually good, although recovery may require 
several hours before the appetite returns to 
normal and feces are passed. 

Calcium can be administered by the 
intravenous, subcutaneous, or oral route. 
Calcium gluconate and calcium borogluco- 
nate are the preferred forms for intravenous 






122 


Chapter 5 ■ Disturbances of Free Water, Electrolytes, Acid-Base Balance, and Oncotic Pressure 


and subcutaneous administration because 
CaCl 2 causes extensive necrosis and sloughs 
of tissue when administered perivascularly. 
Compared with calcium gluconate, calcium 
borogluconate has improved solubility and 
shelf-life. Plasma ionized calcium concentra¬ 
tions are increased to a greater extent follow¬ 
ing CaCl 2 treatment when high equimolar 
solutions of CaCl 2 and calcium gluconate 
are administered, leading to more cardiac 
arrhythmias during CaCl 2 administration. A 
typical treatment for an adult lactating dairy 
cow with periparturient hypocalcemia is 
500 mL of 23% calcium borogluconate by 
slow intravenous injection with cardiac aus¬ 
cultation; this provides 10.7 g of calcium. 
Although the calculated calcium deficit 
in a recumbent periparturient dairy cow is 
4 g, additional calcium should be provided 
to overcome the continued loss of calcium 
in milk. A field study comparing the effec¬ 
tiveness of different doses of calcium for 
treating periparturient milk fever deter¬ 
mined that 9 g of calcium was superior to 
6 g. A good rule of thumb for administering 
23% calcium borogluconate solutions (2.14 g 
calcium/100 mL) to cows with periparturi¬ 
ent hypocalcemia is therefore to administer 
1 mL/kg BW. There do not appear to be any 
clinically important advantages to slow 
administration of the solution over 6 hours, 
compared with over 15 min. 

The normal cardiac response to intrave¬ 
nous calcium administration is an increase 
in the strength of cardiac contraction and a 
slowing of the heart rate. Intravenous admin¬ 
istration is continued until the first arrhyth¬ 
mia is detected (a bradyarrhythmia such as a 
prolonged pause); the rate of intravenous 
administration is then slowed until a second 
arrhythmia is detected, at which time intrave¬ 
nous administration is discontinued and the 
remainder of the solution is placed subcuta¬ 
neously over the lateral thorax. This treat¬ 
ment method individually titrates the calcium 
dose required for each animal. Auscultation 
of the heart is an absolute requirement during 
treatment: visual monitoring of the jugular 
pulse at the base of the neck does not allow the 
early detection of bradyarrhythmias, making 
it more likely that the cow will receive a toxic 
and possibly lethal dose of calcium. The 
maximum safe rate of calcium administration 
in cattle is 0.07 mEq of Ca 2+ /kg BW per 
minute, which is equivalent to 0.065 mL 23% 
calcium borogluconate per kilogram BW per 
minute. For a 500-kg normocalcemic dairy 
cow, this corresponds to a maximum safe rate 
of administration of 33 mL/min. Typical rates 
of administration through a 14-gauge needle 
are 50 mL/min; this rate of administration is 
safe for cows with hypocalcemia, provided 
cardiac auscultation is performed during 
administration. Intravenous administration 
of calcium gluconate or calcium chloride 
to horses increased serum calcium con¬ 
centrations by approximately 35% and 
resulted in hypomagnesemia, hypokalemia, 


and hyperphosphatemia, induced diuresis, 
and increased excretion of calcium, magne¬ 
sium, potassium, sodium, phosphate, and 
chloride. 11 

Subcutaneous administration of calcium 
solutions has been practiced for many years 
as part of the treatment of hypocalcemic 
cattle. To facilitate calcium absorption, it is 
preferable to administer no more than 
125 mL at a site. A 14-gauge needle is placed 
subcutaneously over the lateral thorax, 
125 mL is administered, and the needle is 
redirected and another 125 mL is adminis¬ 
tered. The process is then repeated on the 
other side of the cow. The effectiveness of 
subcutaneous administration of calcium has 
been documented in healthy normal cows, 
and subcutaneous calcium injections appear 
to be absorbed by cows with periparturient 
hypocalcemia at a fast enough rate to be clini¬ 
cally effective. Subcutaneous administration 
of calcium gluconate in recumbent cows can 
therefore be expected to have some efficacy 
in improving plasma calcium concentrations; 
such treatment can be administered by 
producers until a veterinarian can arrive 
to administer intravenous calcium gluconate. 
Calcium chloride is not recommended 
for subcutaneous administration because 
of extensive tissue damage; the addition 
of dextrose to the administered calcium 
is also not recommended because it increases 
the tonicity of the solution and propensity 
for bacterial infection and development 
of abscesses. Rectal calcium administration 
is not recommended because it causes 
severe mucosal injury and tenesmus and 
does not increase plasma concentrations of 
calcium. 

Oral administration of calcium has also 
been practiced for many years, usually by 
ororuminal intubation of calcium boroglu¬ 
conate solutions designed for parenteral 
administration. Over the past decade there 
has been increased interest in improving the 
efficacy of oral calcium formulations. The 
results of a number of studies indicate that 
oral calcium salts are effective at increasing 
plasma calcium concentration; orally admin¬ 
istered calcium is absorbed by a dose- 
dependent passive diffusion process across 
ruminal epithelium and a dose-independent 
calcium-binding protein mechanism in the 
small intestine that is modulated by vitamin 
D. Rapid correction of hypocalcemia by oral 
calcium administration is predominantly by 
passive ruminal diffusion because small 
intestinal absorption is too slow to be of 
clinical value. 

Two calcium formulations are currently 
recommended for oral administration to 
ruminants, CaCl 2 and calcium propionate, 
but most commercially available products 
contain 50 g of CaCl 2 . Calcium lactate does 
not appear to be absorbed in appreciable 
quantities when administered orally to 
cows in a large volume of water (20 L) fol¬ 
lowed immediately by oral administration of 


sodium phosphate; this result may have been 
caused by formation of calcium-phosphate 
complexes in the rumen. 12 Calcium chloride 
has the advantage of low cost and low volume 
(because of its high solubility), but CaCl 2 can 
severely damage the pharynx and esophagus 
in ruminants with reduced swallowing 
ability, can lead to necrosis of the forestom¬ 
ach and abomasum when administered in 
high doses, and can lead to aspiration pneu¬ 
monia when administered as a drench. 
Calcium propionate has the advantage that it 
is less irritating than CaCl 2 while providing 
a gluconeogenic substrate (propionate), but 
the disadvantages of calcium propionate are 
higher volumes and cost. Oral calcium solu¬ 
tions should only be administered to cattle 
that have normal swallowing ability, preclud¬ 
ing their administration to animals with 
advanced clinical signs of hypocalcemia. 
Higher plasma calcium concentrations are 
obtained more quickly when calcium 
solutions are drenched after administration 
of vasopressin to induce esophageal groove 
closure, or when the calcium solution 
is administered as a drench instead of ororu¬ 
minal intubation. Calcium solutions are 
suspected to have a higher likelihood of aspi¬ 
ration pneumonia than calcium gels (with a 
consistency similar to toothpaste), although 
this supposition does not appear to have 
been verified. Commercially available for¬ 
mulations of calcium gels contain 50 g of 
CaCl 2 and increase plasma calcium concen¬ 
trations within 30 to 60 minutes and for at 
least 6 hours. Retreatment at 12-hour inter¬ 
vals (if needed) therefore appears to be 
indicated and provides 100 g of CaCl 2 and 
37 g of calcium over 24 hours, but more 
aggressive treatment protocols are not 
recommended. 

HYPOPHOSPATEMIA 

Hypophosphatemia occurs in cattle under 
conditions similar to those of hypocalcemia. 
A decrease in feed intake or alimentary 
tract stasis will result in a decrease in serum 
inorganic phosphate concentration. Acute 
recumbency in lactating dairy cattle may 
be associated with marginal phosphorus 
deficiency, although a cause-and-effect rela¬ 
tionship between hypophosphatemia and 
recumbency has not been established. 
However, many inappetent and weak cows 
have marginal hypophosphatemia and clini¬ 
cally appear to benefit from normalization of 
their plasma concentration of phosphate. As 
such, it is currently recommended that rumi¬ 
nants with marked hypophosphatemia and 
signs of illness should be treated with 
phosphorus-containing solutions. 

Almost all commercially available 
intravenous solutions for treating hypophos¬ 
phatemia use phosphite (P0 2 2- ) or hypo- 
phosphite (P0 3 3- ) salts as the source of 
phosphorus because these salts are very 
soluble, even in the presence of calcium and 
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magnesium. However, the phosphorus in 
phosphite and hypophosphite is unavailable 
to mammals, meaning that the vast majority 
of “phosphate”-containing solutions are not 
efficacious in treating hypophosphatemia. 13 
Instead, the monobasic monophosphate 
form of sodium phosphate (NaH 2 P0 4 ) 
should be administered. The pH of the solu¬ 
tion should be mildly acidic (pH 5.8) to 
maintain phosphate solubility in cold 
weather, but this is not needed when solu¬ 
tions are stored in warm ambient tempera¬ 
tures. A recommended treatment to an adult 
lactating dairy cow with severe hypophos¬ 
phatemia is 300 mL of 10% NaH 2 P0 4 (mono¬ 
hydrate) solution by slow intravenous 
injection; this provides 7 g of phosphate 
(2.3 g of inorganic phosphate), and increases 
plasma phosphate concentrations for at least 
6 hours. Human enema formulations that 
contain a mixture of monobasic sodium 
phosphate monohydrate and dibasic sodium 
phosphate heptahydrate in a buffered solu¬ 
tion have also been administered intrave¬ 
nously to cattle with hypophosphatemia but 
are not recommended. This human enema 
solution is extremely hypertonic and must be 
diluted before administration. A major draw¬ 
back with intravenous administration of 
phosphate solutions is that they should not be 
administered within 2 hours of intravenous 
calcium administration because of concerns 
that calcium-phosphate precipitates may be 
formed in the plasma of cattle with treatment- 
induced hypercalcemia and hyperphospha¬ 
temia. This has traditionally been evaluated 
by calculating the calcium-phosphorus 
product, in which metastatic calcification 
may occur if the product of serum calcium 
concentration and serum phosphate concen¬ 
tration (both in mg/dL) exceeds 70. 

Hypophosphatemia is more safely treated 
by administration of oral monosodium 
phosphate, and this is the preferred method 
of administration in ruminants with 
rumen motility. Oral administration also 
results in a more prolonged increase in 
plasma phosphorus concentration. Recom¬ 
mended dose is 200 to 350 g of feed grade 
monosodium phosphate (NaH 2 P0 4 .2H 2 0, 
contains 50-70 g of phosphate) adminis¬ 
tered in gelatin boluses, drench, or by ororu- 
minal intubation. 12 Phosphorus in other feed 
grade minerals (such as bone meal or dical¬ 
cium phosphate) is poorly available and is 
not recommended for the treatment of 
hypophosphatemia. 

HYPOMAGNESEMIA 

Magnesium is usually administered paren- 
terally only when a ruminant exhibits clini¬ 
cal signs of hypomagnesemia. Treatment of 
hypomagnesemia is more dangerous (to the 
animal and clinician) and less satisfying than 
treatment of periparturient hypocalcemia; 
the response to treatment is much slower 
in hypomagnesemia presumably because 


magnesium concentrations must be 
normalized in cerebrospinal fluid (CSF), 
which turns over at approximately 1% per 
minute. 

Treatment of hypomagnesemia has his¬ 
torically used 25% Epsom salts solution 
(magnesium sulfate heptahydrate; MgS0 4 . 
6H 2 0); this solution concentration was 
selected because it provided approximately 
1 mmol of magnesium per liter. It should be 
noted that 25% Epsom salts solution is mark¬ 
edly hypertonic (2028 mOsm/L). A typical 
treatment for an adult cow has been slow 
intravenous administration (over at least 
5 min) of 100 mL of the 25% Epsom salts 
solution, which provides 2.5 g of magnesium 
(25 mg of magnesium per mL of solution). 
More recently, hypomagnesemia has been 
treated using commercially available 
combined calcium and magnesium solu¬ 
tions; 500 mL of these solutions typically 
contain 1.6 to 2.7 g of magnesium in the 
form of a borogluconate, chloride, or hypo- 
phosphite salt. Although the calculated 
extracellular deficit in a cow with hypomag¬ 
nesemia is 2 g of magnesium, additional 
magnesium should be provided to correct 
presumed intracellular deficiencies and to 
overcome the anticipated urinary loss of 
magnesium. Combined calcium and magne¬ 
sium solutions are preferred for intravenous 
administration to 25% Epsom salts solution 
because ruminants with hypomagnesemia 
frequently have hypocalcemia, and hypercal¬ 
cemia provides some protection against the 
toxic effects of hypermagnesemia. Moreover, 
administration of solutions containing mag¬ 
nesium as the only cation increases the risk of 
developing cardiac and respiratory failure 
during treatment. The maximum safe rate of 
administration of magnesium in cattle is 
0.08 mEq Mg 2+ /kg of BW per minute, which 
is equivalent to 0.04 mL 25% Epsom salts per 
kilogram of BW per minute. For a 500-kg 
beef cow with hypomagnesemia, this corre¬ 
sponds to a maximum safe rate of adminis¬ 
tration of 20 mL/min. 

Magnesium-containing solutions (such 
as 25% Epsom salts solution) can also be 
administered subcutaneously, although this 
frequently leads to necrosis of the skin, par¬ 
ticularly when 50% Epsom salts solution is 
administered. Only combined calcium and 
magnesium solutions should therefore be 
administered subcutaneously. 

The oral bioavailability of magnesium is 
low and much lower than that of calcium. 
Accordingly, oral administration of magne¬ 
sium is not recommended for the treatment 
of hypomagnesemia, but is essential for the 
prevention of hypomagnesemia. Magnesium 
absorption from the rumen is facilitated by 
volatile fatty acids but decreased by potas¬ 
sium and the ammonium ion. 

Rectal administration may be the only 
practical and safe method for treating a con¬ 
vulsing hypomagnesemic beef cow. After 
evacuating the rectal contents, an enema 


containing 60 g of Epsom salts (magnesium 
sulfate heptahydrate) or magnesium chloride 
in 200 mL of water can be placed in the 
descending colon (and not the rectum) 
and the tail held down for 5 minutes; 
this increases plasma magnesium concentra¬ 
tions within 10 minutes. However, enema 
solutions can be prematurely evacuated, 
eliminating the chance for therapeutic 
success, and some degree of colonic mucosal 
injury is expected because of the high osmo- 
larity of 30% solutions (approximately 
2400 mOsm/L). The safety of this treatment 
protocol does not appear to have been evalu¬ 
ated, although a 50-mL enema of a 30% 
MgCl 2 .6H 2 0 solution rapidly and effectively 
increased serum magnesium concentration 
in 7- to 10-week-old calves and relieved 
clinical signs of hypomagnesemia. 

Oral administration of magnesium 
hydroxide and magnesium oxide excessively 
alkalinizes the rumen and can create a severe 
metabolic alkalosis (strong ion alkalosis), as 
absorption of magnesium leads to hyperma¬ 
gnesemia and increased plasma strong ion 
difference (SID). Because oral administra¬ 
tion of sodium bicarbonate causes expansion 
of the plasma volume and creates a metabolic 
alkalosis (strong ion alkalosis) without 
hypermagnesemia, it is likely that oral 
sodium bicarbonate is a more effective treat¬ 
ment for grain overload in ruminants. 
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Acid-Base Imbalance 

The pH of mammsalian blood is maintained 
within the normal range of 7.35 to 7.45 by its 
buffer systems, of which hemoglobin (Hb) is 
the most important, because it has the great¬ 
est buffering capacity. However, because the 
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blood Hb concentration is regulated on the 
basis of oxygen delivery instead of acid-base 
balance, rapid changes in Hb concentration 
occur only with marked changes in hydra¬ 
tion status or splenic contraction associated 
with exercise, and the bicarbonate system is 
an open buffering system via carbon dioxide 
loss through the respiratory system. The 
bicarbonate system has traditionally been 
considered to be the most important buffer. 
Other buffers in blood are plasma proteins 
and phosphate. The addition of relatively 
large amounts of acid or alkali to the blood 
is necessary before its buffering capacity is 
exhausted and its pH changed. Changes from 
normal acid-base balance toward alkalemia 
or acidemia are common in sick animals and 
make a significant contribution to the 
observed clinical signs. 

The traditional approach for assessing 
acid-base balance focuses on how plasma 
carbon dioxide tension (Pco 2 ), plasma bicar¬ 
bonate concentration ([HC0 3 ~]), the nega¬ 
tive logarithm of the apparent dissociation 
constant (pK/) for plasma carbonic acid 
(H 2 C0 3 ), and the solubility of C0 2 in plasma 
(S) interact to determine plasma pH. This 
relationship is most often expressed as the 
Henderson-Hasselbalch equation: pH = 
pK/ + log([HC0 3 “]/S X Pco 2 ). The evalua¬ 
tion of acid-base balance using the 
Henderson-Hasselbalch equation has his¬ 
torically used pH as an overall measure of 
acid-base status, Pco 2 as an independent 
measure of the respiratory component of 
acid-base balance, and extracellular base 
excess and actual HC0 3 ” concentration or 
standard HC0 3 “ as a measure of the nonres- 
piratory (also called metabolic) component 
of acid-base balance. 

When using the traditional Henderson- 
Hasselbalch approach, four primary acid- 
base disturbances can be distinguished: 
respiratory acidosis (increased Pco 2 ), respi¬ 
ratory alkalosis (decreased Pco 2 ), meta¬ 
bolic acidosis (decreased extracellular base 
excess or actual HC0 3 “ concentration), and 
metabolic alkalosis (increased extracellular 
base excess or actual HC0 3 ” concentration). 
The anion gap (AG) is easily calculated from 
the results of serum biochemical analysis and 
is used to determine whether unmeasured 
anions (UAs) are present. The Henderson- 
Hasselbalch equation has a long history of 
use and remains widely and routinely used 
in the clinical management of acid-base dis¬ 
orders. These advantages should not be over¬ 
looked. The principal disadvantage of the 
Henderson-Hasselbalch equation is that it is 
more descriptive than mechanistic, decreas¬ 
ing the value of the approach in explaining 
the cause of acid-base changes during 
disease. This is because the Henderson- 
Hasselbalch equation fails to distinguish 
among the effects of independent and depen¬ 
dent variables on plasma pH. 

Actual plasma HC0 3 concentration in 
units of mmol/L is not measured but 


calculated using the Henderson-Hasselbalch 
equation and measured values for pH and 
Pco 2 : 

[HC0 3 -] = S x Pco 2 x 1 0 {pH ~ pKt) 

The values for pK/ and S at 37°C are 
6.105 and 0.0307 per mm Hg, respectively, 
for normal mammalian blood. The equation 
at 37°C is 

[. HCOf] = 0.0307 xPco 2 XlO (pH ~ 6m) 

Because actual HC0 3 ” concentration is 
calculated from pH and Pco 2 , it can never 
provide an independent measure of the non- 
respiratory component of an acid-base dis¬ 
turbance. A primary decrease in Pco 2 
(respiratory alkalosis) at normal pH always 
is accompanied by a decrease in plasma 
HC0 3 ” concentration (which would be inter¬ 
preted as a metabolic acidosis). Likewise, a 
primary increase in Pco 2 (respiratory acido¬ 
sis) at normal pH always produces an 
increase in plasma HC0 3 “ concentration 
(which would be interpreted as a metabolic 
alkalosis). In both cases, the actual HC0 3 “ 
concentration is dependent on the pH and 
P co 2 , providing no additional information as 
to the cause of the acid-base imbalance other 
than that obtained by knowledge of the pH 


and Pco 2 . It is therefore illogical to use the 
actual HC0 3 “ concentration to define the 
nonrespiratory (metabolic) component of an 
acid-base disturbance. 

The current use of actual HC0 3 ” concen¬ 
tration in the evaluation of acid-base status 
results from Van Slykes work in 1924, in 
which pH and total C0 2 (which is highly 
correlated with actual [HC0 3 “]) could be 
measured more accurately than Pco 2 . This 
led to the graphical depiction of the curvilin¬ 
ear HC0 3 _ -pH relationship, the so-called 
Davenport diagram, to represent acid-base 
disturbances (Fig. 5-9). With the later devel¬ 
opment of accurate and practical laboratory 
methods in the 1950s to measure Pco 2 , acid- 
base derangements were graphically depicted 
as approximately linear log(Pco 2 )-pH rela¬ 
tionships. This development led directly to 
the base excess concept. 

The normal range of plasma bicarbonate 
in large animals is 24 to 30 mmol/L (this 
should be compared with the normal range 
in humans, which is 22-24 mmol/L). In mild 
metabolic acidosis the bicarbonate concen¬ 
tration is in the range of 20 to 24 mmol/L, 
moderate metabolic acidosis is 14 to 
18 mmol/L, and in severe cases the values 
are below 10 mmol/L and carry a grave 
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Fig. 5-9 Spider plot revealing the association between changes in two variables of the 
Henderson-Flasselbalch equation, plasma bicarbonate concentration (cHC0 3 “) and carbon 
dioxide tension (Pco 2 ), on venous blood pFH in 231 sick calves, most of which had diarrhea. The 
spider plot was obtained by systematically varying one input variable (cHCCV or Pco 2 ) while 
holding the remaining input variables at their reference values for calf venous plasma. 
Reference values for the two input variables for calf plasma were 29.5 mmol/L for cHCCV 
(large open circles) and 53 mm Fig for Pco 2 (open squares). The solid vertical and horizontal 
lines indicate that venous blood pH = 7.38 when cHCCV and Pco 2 are at their reference values. 
Note that the individual data points are displaced from the predicted pH-cHCCV relationship. 
This displacement indicates that changes in plasma cHCCV do not account for all of the 
changes in blood pH in sick calves. (Reproduced with permission from Constable PD, Vet Clin 
North Am Food Anim Pract 2014;30:295-316.) 
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prognosis. The levels of Pco 2 , Po 2 , plasma 
bicarbonate, and blood pH can be used to 
determine the degree of compensation, if 
any, that has taken place. In metabolic acido¬ 
sis there may be a compensatory decrease in 
Pco 2 caused by hyperventilation; in meta¬ 
bolic alkalosis there may be an increase in 
Pco 2 caused by hypoventilation. In respira¬ 
tory acidosis caused by severe pneumonia 
the arterial Po 2 will be markedly decreased. 

The base excess value directly expresses 
the amount (usually expressed in units of 
mEq/L) of strong base (or acid) added per 
liter of blood or plasma, when the normal 
mean base excess value is arbitrarily fixed at 
zero. As such, the base excess is defined as 
the amount of strong acid (such as HC1) 
needed to titrate the pH of 100% oxygenated 
human blood to 7.40 at 37°C and at a Pco 2 
of 40 mm Hg. By definition, the normal base 
excess value for humans is 0 mEq/L (range is 
-2 to +2 mEq/L), and a base excess of more 
than +2 mEq/L indicates metabolic alkalosis, 
whereas a value of less than -2 mEq/L (nega¬ 
tive base excess value or base deficit) reflects 
metabolic acidosis. The normal range of 
base excess in large animals is 0 to 6 mEq/L. 

Mathematical formulas and nomograms 
are available to calculate base excess from 
measured pH, Pco 2 , and blood Hb concen¬ 
tration. Base excess is usually expressed as 
BE ecf (also called standard base excess or in 
vivo base excess). Extracellular base excess 
is the preferred measurement because this 
formulation provides the best clinical esti¬ 
mate of the required mmol/L of HC0 3 ~ 
required to correct metabolic acidosis and 
because it assumes a fixed Hb concentration 
of 5 g/dL. Clearly, the BE ecf value will be 
incorrect when applied to animals with 
anemia or polycythemia; however, the error 
introduced by this approximation is small 
and usually clinically insignificant. 

Most blood gas analyzers calculate base 
excess in units of mEq/L using Siggaard- 
Andersens empirical equation derived from 
his nomogram with Hb concentration [Hb] 
and actual HC0 3 “ concentrations in mmol/L: 

BE blood = (1 - 0.023 x [Hb ]) x ([HCOf 1-24.4 
+ (7.7 + 2.3 x [Hb ]) X (pH - 7.40), 

which is equivalent to the following expres¬ 
sion when [Hb] =3.1 mmol/L = 5 g/dL: 

BE ecf = 0.93x([actual HCOf]-24.4 
+ 14.83x{pH-7.40) 

The calculated BE ecf value assumes normal 
serum protein concentration (7.2 g/dL) pro¬ 
viding an inaccurate estimate of the magni¬ 
tude of a metabolic acidosis or alkalosis in 
domestic animals with hypoproteinemia or 
hyperproteinemia. The ability of BE ecf and 
actual HC0 3 “ concentration to accurately 
characterize the metabolic component of 
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Fig. 5-10 Evaluation of acid-base balance 
using the traditional Henderson-Hasselbalch 
equation (A) and strong ion difference (SID) 
theory (B). The Henderson-Hasselbalch 
equation posits that blood pH is dependent 
on the respiratory system, as assessed by the 
partial pressure of carbon dioxide (Pco 2 ), and 
metabolism, as assessed by the bicarbonate 
concentration (cHCOy) or base excess. A, It 
highlights one of the fundamental flaws 
with using the Henderson-Hasselbalch 
equation in that blood pH cannot be 
dependent on cHCOy because bicarbonate 
concentration is calculated from blood pH 
and Pco 2 . B, For comparison, this conveys 
that the strong ion approach to acid-base 
balance posits that blood pH is dependent 
on the respiratory system, assessed by Pco 2 , 
and on metabolism, assessed by the SID and 
concentration of nonvolatile buffers (A tot , 
such as albumin, globulin, and phosphate) in 
plasma. (Reproduced with permission from 
Constable PD: Clinical assessment of 
acid-base status: Strong ion difference 
theory, Vet Clin North Am Food Anim Pract 
1999;15:447-71). 


acid-base status has been controversial 
for many years, although BE ecf has advan¬ 
tages compared with actual HC0 3 “ concen¬ 
tration. The major advantages of the base 
excess approach are that BE ecf is theoreti¬ 
cally related to SID and is independent of 
respiratory activity. On this basis, when 
using the traditional Henderson-Hasselbalch 
approach to acid-base balance, the recom¬ 
mended approach is to use pH as an overall 
index of acid-base status, Pco 2 as an index of 
the respiratory component, and standard (in 
vivo) base excess as an index of the nonres- 
piratory (metabolic) component (Fig. 5-10). 

The strong ion approach to acid-base 
balance provides a revolutionary method to 
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assess acid-base balance, which is becoming 
more widely adopted. In particular, the 
strong ion model is thought to provide a 
more accurate assessment of acid-base status 
than the traditional Henderson-Hasselbalch 
approach and can identify complex mixed 
acid-base disorders. 1 ' 2 ' 3 ' 4 This strong ion 
approach differs in three important areas 
from the traditional bicarbonate-centered 
application of the Henderson-Hasselbalch 
equation: (1) acid-base balance is examined 
using a systems approach, (2) a clear concep¬ 
tual distinction is made between dependent 
variables (such as pH and [HC0 3 “]) and the 
independent variables, and (3) the effects of 
protein concentration on acid-base balance 
are considered. 

The strong ion approach reduces the 
chemical reactions in plasma to that of 
simple ions in solution. This assumption can 
be made because the quantitatively impor¬ 
tant plasma cations (Na + , K + , Ca 2+ , and Mg 2+ ) 
and anions (Cl - , HC0 3 _ , protein, lactate, 
sulfate, and ketoacids) bind each other in a 
saltlike manner. Plasma ions (such as Cu 2+ , 
Fe 2+ , Fe 3+ , Zn 2+ , Co 2+ , and Mn 2+ ) that enter 
into oxidation-reduction reactions, complex 
ion interactions, and precipitation reactions 
are not categorized as simple ions but are 
assumed to be quantitatively unimportant in 
determining plasma pH, primarily because 
their plasma concentrations are low. 

Simple ions in plasma can be differenti¬ 
ated into two main types, nonbuffer ions 
(strong ions or strong electrolytes) and buffer 
ions. Strong ions are fully dissociated at 
physiologic pH and therefore exert no buff¬ 
ering effect. Strong ions do, however, exert 
an electrical effect because the sum of com¬ 
pletely dissociated cations does not equal 
the sum of completely dissociated anions. 
Stewart termed this difference the SID. 
Because strong ions do not participate in 
chemical reactions in plasma at physiologic 
pH, they act as a collective positive unit of 
charge. 

In contrast to strong ions, buffer ions are 
derived from plasma weak acids and bases 
that are not fully dissociated at physiologic 
pH. The conventional dissociation reaction 
for a weak acid (HA), conjugate base (A") 
pair is 

HA^H + +A~ 

and, at equilibrium, an apparent weak acid 
dissociation constant (Ka) can be calculated 
adopting the accepted convention regarding 
hydrated solutes as Ka = [H + ][A“]/[HA]. For 
a weak acid to act as an effective buffer, its 
pKa (defined as the negative logarithm of the 
weak acid dissociation constant Ka) lies 
within the range of pH + 1.5. 

Conceptually, the buffer ions can be sub¬ 
divided into volatile buffer ions (HC0 3 _ ) and 
nonvolatile buffer ions (non-HC0 3 ~). Bicar¬ 
bonate is considered separately because this 
buffer system is an open system in arterial 
plasma; rapid changes in carbon dioxide 
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tension and hence arterial plasma HC0 3 ~ 
concentration can be readily induced 
through alterations in respiratory activity. In 
contrast, the non-HCCV buffer system is a 
closed system containing a fixed quantity of 
buffer. Another important physiologic dis¬ 
tinction between these two buffer systems is 
that an open buffer system such as HC0 3 “ 
can be effective beyond the limits of pH = 
pfCa + 1.5. Finally, it should be appreciated 
that HC0 3 " is a homogeneous buffer ion, 
whereas the nonvolatile buffer ion (A - ) rep¬ 
resents a diverse and heterogeneous group of 
plasma buffers (albumin, globulin, and phos¬ 
phate) that is being modeled as a single 
buffer. Another assumption in Stewarts 
strong ion model is that HA and A~ do not 
take part in plasma reactions that result in 
the net destruction or creation of HA or A". 
This is because when HA dissociates it ceases 
to be HA (therefore decreasing plasma [HA]) 
and becomes A“ (therefore increasing plasma 
[A - ]). The sum of [HA] and [A“] (called 
A tot ) therefore remains constant through 
conservation of mass: 

[A ror ] = [HA] + [A ] 

In summary, the strong ion approach 
assumes that plasma ions act as either strong 
ions, volatile buffer ions (HC0 3 “), or non¬ 
volatile buffer ions (A“). Plasma therefore 
contains three types of charged entity: SID, 
HC0 3 “, and A - . The requirement for electro¬ 
neutrality dictates that at all times the SID 
equals the sum of bicarbonate buffer ion 
activity (HC0 3 “) and nonvolatile buffer ion 
activity (A"), such that SID - HC0 3 - A“ = 
0. This equation obviously assumes that all 
ionized entities in plasma can be classified as 
either a strong ion (SID), a volatile buffer ion 
(HC0 3 “), or a nonvolatile buffer ion (A“; see 
Fig. 5-9). 

An equation relating plasma pH to three 
independent variables (Pco 2 , SID, and 

A TOT ) and three constants (K a , K 3 , and S) has 
been developed based on these assumptions. 
The most important factors that determine 
plasma pH are Pco 2 , SID, and the concentra¬ 
tions of individual nonvolatile plasma buffers 
(albumin, globulins, and phosphate). A 
change in any one of these variables will 
produce a direct and predictable change in 
plasma pH. Using the strong ion approach, 
six primary acid-base disturbances can be 
distinguished (Fig. 5-11) instead of the four 
primary acid-base disturbances (respiratory 
acidosis, respiratory alkalosis, metabolic aci¬ 
dosis, and metabolic alkalosis) differentiated 
when using the traditional Henderson- 
Hasselbalch approach. The strong ion 
approach indicates that acidemia results 
from an increase in Pco 2 and nonvolatile 
buffer concentration, or from a decrease in 
SID. Alkalemia results from a decrease in 
Pco 2 and nonvolatile buffer concentration, 
or from an increase in SID. The unmeasured 
strong anion concentration is quantified by 
calculating the strong ion gap (SIG). 


ACIDEMIA 

ETIOLOGY 

The traditional Henderson-Hasselbalch 
approach to acid-base balance indicates that 
general causes of nonrespiratory (metabolic) 
acidosis can be divided into three categories 
on the basis of pathogenesis (Fig. 5-12): 

• Excessive loss of base (bicarbonate) 

• Accumulation of endogenous or 
exogenous acid 

• Combination of both of these 
processes 

For comparison, the strong ion approach 
indicates that general causes of nonrespi¬ 
ratory (metabolic) acidosis can be divided 
into two categories: strong ion acidosis 
caused by a decrease in strong cation con¬ 
centration (hyponatremia) or increase in 
strong anion concentration (hyperchloremia, 
hyper L-lactatemia, hyper D-lactatemia, and 
ketoacidosis), and nonvolatile buffer ion 


acidosis caused by an increase in albumin, 
globulin, and phosphate concentration. 

Some common specific causes include 
acute diarrhea in newborn animals, acute 
enteritis in adult cattle and horses, and 
carbohydrate engorgement in ruminants 
and horses. Metabolic acidosis without dehy¬ 
dration, which is probably caused by hyper 
D-lactatemia, has been described in neonatal 
goat kids and neonatal calves. 4 Respiratory 
acidosis also occurs when there is retention 
of carbon dioxide in the blood as a result 
of interference with normal respiratory 
exchange. Thus pneumonia, severe pulmo¬ 
nary emphysema, depression of the respira¬ 
tory center, and left-sided heart failure may 
all be accompanied by respiratory acidosis. 
Metabolic acidosis occurs in the newborn at 
the time of parturition if this is prolonged 
and difficult. It is also common in shock with 
peripheral circulatory failure and anaerobic 
oxidation. A decrease in renal excretion of 
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Fig. 5-12 Etiology and pathogenesis of acidemia. 


acid in renal insufficiency or renal failure 
also contributes to a metabolic acidosis. 
The administration of excessive quantities of 
acidifying solutions for the treatment of 
metabolic alkalosis also may cause acidosis. 
Acute intestinal obstruction in the horse is 
commonly accompanied by metabolic acido¬ 
sis, whereas in adult ruminants it is accom¬ 
panied by alkalosis, at least initially. 

PATHOGENESIS 

The traditional Henderson-Hasselbalch 
approach indicates that metabolic acidosis is 


characterized by a low arterial blood pH and 
a low plasma bicarbonate concentration, fol¬ 
lowing the loss of bicarbonate or the addition 
of hydrogen ions. Extracellular and intracel¬ 
lular buffering and respiratory compensation 
minimize the change in pH until the kidney 
can excrete sufficient hydrogen ions to 
correct the acid-base imbalance. Generally, 
the body will tolerate a pH range of 7.0 to 
7.6, although survival has been reported at 
pH values beyond these limits for short 
periods, particularly in neonatal animals 
with diarrhea. 


Acidemia generally depresses cardiac 
contractility and cardiac output in the dener- 
vated heart. In the intact animal, however, 
activation of the sympathetic nervous system 
in response to acidemia causes increased 
cardiac contractility, increased heart rate, 
and increased cardiac output. In acidemia, 
the myocardial response to catecholamines is 
not depressed until the blood pH is below 7.0 
to 7.1. The increased carbon dioxide tension 
of the blood and depletion of bicarbonate 
causes an increase in the depth and then the 
rate of respiration by stimulation of the 
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respiratory center (Kussmaul breathing). 
However, when hypovolemic shock is severe 
enough, there is often depressed respiratory 
function, resulting in the additional accumu¬ 
lation of hydrogen ions; thus the acidemia is 
accentuated. 

Acidemia causes varying degrees of 
depression of the central nervous system 
(CNS) and muscular weakness. Central 
nervous abnormalities may develop in neo¬ 
natal foals that develop severe respiratory 
compromise, resulting in hypoxemia and 
hypercapnia, because of the reduced ability 
of the CSF to buffer acid-base changes. 
Carbon dioxide concentration within the 
CNS may have an effect on respiratory rate, 
neurotransmitter activity, CNS activity, cere¬ 
bral blood flow, and cerebral extracellular 
fluid volume. If the blood-CSF and brain- 
CSF interfaces in the neonate are immature 
and unable to adequately compensate for 
vascular changes in C0 2 , the hypercapnia 
may contribute to the CNS abnormalities 
that are often seen in sick newborn foals. The 
increased cerebral blood flow may be associ¬ 
ated with cerebral edema, resulting in the 
depression of cerebral activity observed in 
these same foals. 

The increased urinary excretion of acids 
in acidosis also causes polyuria, which may 
be sufficiently severe to cause dehydration or 
accentuate concomitant dehydration. Urine 
pH is also likely to be decreased in herbi¬ 
vores; however, aciduria may not always be 
present because of concurrent electrolyte 
and free water abnormalities. 

CLINICAL FINDINGS 

The major clinical manifestation of metabolic 
acidosis is mental depression and varying 
degrees of muscular weakness, depending on 
the mechanism for acidemia. Newborn 
calves, lambs, and goat kids with profound 
acidemia and metabolic acidosis are 
depressed, weak, and reluctant to suck. In 
severe acidemia, affected animals may be in 
lateral recumbency and appear to be in a state 
of coma. The depth and rate of respirations 
may be increased because of the increased 
Pco 2 . Respiratory compensation is normally 
evident when the bicarbonate level is dimin¬ 
ished to 50% of normal. Calves affected with 
severe acidemia and dehydration caused by 
acute diarrhea may be unable to compensate 
because of depressed respiratory function. 
Their respiratory rate will be much slower 
and the depth of respiration much more 
shallow than normal. There is usually tachy¬ 
cardia, which becomes worse as the acidosis 
becomes more severe, and the amplitude of 
the pulse and blood pressure both decrease. 
A concomitant hyperkalemia will cause bra¬ 
dycardia, heart block, sudden collapse, and 
rapid death. This is particularly evident when 
animals with acidosis and hyperkalemia are 
transported and handled for treatment. The 
increased muscular activity appears to accen¬ 
tuate the abnormalities, and sudden death is 


not uncommon. Weakness, lassitude, and 
terminal coma are frequent observations. An 
interesting recent observation is that experi¬ 
mentally induced acute acidemia and meta¬ 
bolic acidosis (jugular venous blood pH 6.96; 
base excess -22 mEq/L) in healthy neonatal 
calves, following intravenous administration 
of 4 L of a mixture of HC1 and NaCl solu¬ 
tions, produced no clinically detectable 
abnormalities. This finding suggests acide¬ 
mia must be chronic to produce clinically 
apparent abnormalities, or that most of the 
clinical abnormalities observed in acidemic 
patients are caused by their disease process 
and concurrent electrolyte and energetic 
abnormalities. 

A syndrome of metabolic acidosis with 
minimal signs of dehydration or diarrhea has 
been described in calves from 1 to 4 weeks 
of age. 4 Affected calves are depressed, weak, 
and ataxic, and the suck and menace reflexes 
may be weak or absent. Some calves appear 
comatose. Similar clinical presentations have 
also occurred in lambs and goat kids with no 
apparent history of previous diarrhea. 6 ' 8 The 
abnormal laboratory findings include a 
reduced venous blood pH, Pco 2 and bicar¬ 
bonate ion concentration, marked hyper 
D-lactatemia, elevated blood urea nitrogen, 
increased AG, and a neutrophilic leukocyto¬ 
sis with a left shift. Many of the clinical signs 
appear to be primarily the consequence of 
hyper D-lactatemia. The intravenous admin¬ 
istration of 2.5 to 4.5 L of isotonic (1.3%) 
sodium bicarbonate solution, the amount 
depending on the severity of the condition, 
is necessary to return the neonatal calf to 
health. 

ALKALEMIA 

ETIOLOGY AND PATHOGENESIS 

Alkalemia is caused by an increased absorp¬ 
tion of alkali, excessive loss of acid, or a deficit 
of carbon dioxide (Fig. 5-13). Abomasal 
atony caused by dilatation, impaction, or 
torsion of the abomasum is one of the most 
common causes of alkalemia in cattle. There 
is continuous secretion of hydrochloric acid 
and potassium into the abomasum, with 
failure of evacuation of the abomasal con¬ 
tents into the duodenum for absorption. 
Sequestration of hydrochloric acid and 
potassium occurs in the abomasum, along 
with reflux into the rumen, all of which 
results in a hypochloremic, hypokalemic 
alkalosis. In metabolic alkalosis, potassium 
will shift from the extracellular to the intra¬ 
cellular space, resulting in a hypokalemia 
when there may not be depletion of total 
body potassium. In cattle with metabolic 
alkalosis there is a paradoxical aciduria, 
which is not well understood but may be 
caused by severe electrolyte depletion placing 
limits on the kidney to regulate acid-base 
balance. Paradoxical aciduria must be differ¬ 
entiated from postparturient aciduria, which 
has been reported to occur in dairy cows. 


Metabolic alkalosis has been recorded in 
cows with severe coliform mastitis, but the 
pathogenesis is unknown. 

CLINICAL FINDINGS 

The clinical findings of alkalosis are not char¬ 
acteristic enough to be recognized reliably. 
Alkalosis results in slow, shallow respirations 
in an attempt to preserve carbon dioxide. 
Muscular tremors and tetany with tonic and 
clonic convulsions may occur in extreme 
alkalemia (pH > 7.60) because of marked pH 
changes and possibly depression of the 
ionized fraction of serum calcium. Hyper- 
pnea and dyspnea may also occur in the ter¬ 
minal stages. 


Oncotic Pressure 
and Edema 

ETIOLOGY 

Decreased plasma oncotic pressure caused 
by hypoalbuminemia or hypoproteinemia is 
the most common cause of generalized sym¬ 
metric edema. However, edema can also 
result from three other causes: increased 
hydrostatic pressure in capillaries and veins 
caused by chronic (congestive) heart failure 
or obstruction to venous return; increased 
capillary permeability in endotoxemia, part 
of the allergic response, vasculitis, and 
damage to the vascular endothelium; or 
obstruction to lymphatic flow. 

Decreased Plasma Oncotic Pressure 

Decreased total protein concentration in 
plasma, and particularly decreased plasma 
albumin concentration, will result in sym¬ 
metric ventral edema. Hypoalbuminemia is 
more important than hypoglobulinemia in 
inducing edema formation because albumin 
provides the largest contribution to plasma 
oncotic pressure. Hypoalbuminemia can 
result from increased loss (caused by blood¬ 
sucking parasites or across the gastrointesti¬ 
nal tract, kidneys, or into a large third space 
such as the pleural or peritoneal cavities), 
decreased production (as in chronic hepatic 
failure), or decreased intake: 

• Chronic blood loss, especially in heavy 
infestations with blood-sucking parasites 
such as Strongylus spp. in the horse; 
Fasciola spp. in ruminants; Haemonchus 
spp. in ruminants of all ages, especially 
goats; and Bunostomum spp. in calves 

• Protein-losing gastroenteropathies as in 
Johnes disease and amyloidosis in adult 
cattle and right dorsal colitis in horses; 
proliferative enteropathy in foals caused 
by Lawsonia intracellularis; heavy 
infestation with nematode parasites in 
ruminants, particularly Ostertagia spp. 
in young cattle and cyathostomiasis in 
horses 

• Glomerulonephropathies, such as 
amyloidosis in adult cattle and inherited 
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glomerulonephritis in Finnish Landrace 
lambs 

• Chronic liver damage causing failure 
of plasma protein synthesis (rare and 
terminal in large animals) 

• Terminally in prolonged malnutrition 
with low dietary protein intakes, e.g., 
ruminants at range in drought time 

Increased Hydrostatic Pressure 

Increased hydrostatic pressure can be caused 

by the following: 

• Symmetric ventral edema in chronic 
(congestive) heart failure and symmetric 
pulmonary edema in acute heart 
failure 

• Generalized edema in enzootic 
calcinosis of cattle 

• Local symmetric ventral edema in udder 
edema in late pregnancy from 
compression of veins and lymphatics by 
the developing mammary gland (and 
possibly the enlarging fetus and uterus), 
causing mammary or ventral edema in 
cows (particularly heifers), mares, and 
occasionally ewes. Sodium and 
potassium intakes and cation-anion 


5-13 Etiology and pathogenesis of alkalemia. 


differences in the diet contribute to the 
severity of udder edema. Edema resolves 
5 to 10 days following parturition. 

• Local edema by compressive lesions on 
veins (as in thymic lymphosarcoma with 
compression of the cranial vena cava) 
draining other anatomic locations 

• Local edema in portal hypertension 
caused by hepatic fibrosis causing ascites 
(rare in large animals) 

Increased Capillary Permeability 

Increased capillary permeability can be 

caused by the following: 

• Endotoxemia 

• Allergic edema as in urticaria and 
angioneurotic edema caused by local 
liberation of vasodilators 

• Toxic damage to vascular endothelium 
or vasculitis such as in anthrax, gas 
gangrene, and malignant edema in 
ruminants; edema disease of pigs; 
mulberry heart disease in pigs; equine 
viral arteritis, equine infectious anemia, 
and purpura hemorrhagica in horses; 
and heartwater (cowdriosis) in 
ruminants 


Obstruction to Lymphatic Flow 

• Part of the edema caused by tumors or 
inflammatory swellings is lymphatic 
obstruction. Extensive fluid loss also 
originates from granulomatous lesions 
on serous surfaces. Ascites or 
hydrothorax may result. 

• Congenital in inherited lymphatic 
obstruction edema of Ayrshire and 
Hereford calves 

• Sporadic lymphangitis (big leg) of 
horses 

• Edema of the lower limbs of horses 
immobilized because of injury or 
illness 

PATHOGENESIS 

Edema is the excessive accumulation of fluid 
in the interstitial space of tissue caused by a 
disturbance in the mechanism of fluid inter¬ 
change among capillaries, the interstitial 
space, and the lymphatic vessels. At the arte¬ 
riolar end of the capillaries the hydrostatic 
pressure of the blood is sufficient to over¬ 
come its oncotic pressure, and fluid tends to 
pass into the interstitial space. At the venous 
end of the capillaries the position is reversed 


Fig. 

















130 


Chapter 5 ■ Disturbances of Free Water, Electrolytes, Acid-Base Balance, and Oncotic Pressure 


and fluid tends to return to the vascular 
system. The pressure differences are not 
great, but there is a large area for exchange, 
and a small increase in hydrostatic pressure 
or a small decrease in oncotic pressure leads 
to failure of the fluid to return to the 
capillaries. 

Increased fluid passage into the intersti¬ 
tial space can also occur where there is 
increased vascular permeability caused by 
vascular damage. Under these circumstances, 
fluid accumulates in the interstitial space 
when the fluid flux across the endothelium is 
greater than the ability of the lymphatic 
system to drain it. Alternatively, capillary 
hydrostatic pressure, oncotic pressure, and 
vascular permeability might be normal, but 
fluid and vascular permeability can accumu¬ 
late in the interstitial space when lymphatic 
drainage is occluded. 

Edema of the lower limbs of immobilized 
horses (filling ) is usually ascribed to poor 
lymphatic or venous return caused by inac¬ 
tivity of the foot pump. Lower limb edema in 
horses may also be related to changes in the 
hematocrit and plasma protein concentra¬ 
tion in the distal limb vasculature as a result 
of inactivity. 

CLINICAL FINDINGS 

Accumulation of edematous transudate in 
subcutaneous tissues is referred to as ana¬ 
sarca, in the peritoneal cavity as ascites, in 
the pleural cavities as hydrothorax, and in 
the pericardial sac as hydropericardium. 
Anasarca in large animals is usually confined 
to the ventral wall of the abdomen and 
thorax, the brisket and, if the animal is 
grazing, the intermandibular space because 
of the large hydrostatic pressure gradient 
between the submandibular space and heart. 
Intermandibular edema may be less evident 
in animals housed because they do not 
have to lower their heads to feed. Edema of 
the limbs is uncommon in cattle, sheep, and 
pigs but is quite common in horses when 
the venous return is obstructed or there is 
a lack of muscular movement. Hydrothorax 
is not common with generalized edema 
and is usually an indication of an obstructive 
intrathoracic lesion. Local edema of the 
head in the horse is a common lesion in 
African horse sickness and purpura 
hemorrhagica. 

Edematous swellings are soft, painless, 
and cool to the touch and pit on pressure. 

In ascites there is distension of the abdomen 
and the fluid can be detected by a fluid thrill 
on tactile percussion, fluid sounds on suc- 
cussion, and by paracentesis. A level top line 
of fluid may be detectable by any of these 
means. In the pleural cavities and pericardial 
sac the clinical signs produced by the fluid 
accumulation include restriction of cardiac 
movements, embarrassment of respiration, 
and collapse of the ventral parts of the lungs. 
The heart sounds and respiratory sounds are 
muffled, and the presence of fluid may be 


ascertained by percussion and thoracocente¬ 
sis or pericardiocentesis. 

More localized edemas cause more local¬ 
ized signs: pulmonary edema is accompanied 
by respiratory distress and in some cases by 
an outpouring of froth from the nose; cere¬ 
bral edema is manifested by severe nervous 
signs of altered mentation. A not uncommon 
entity is a large edematous plaque around the 
umbilicus in yearling horses. The plaque 
develops rapidly, causes no apparent illness, 
and subsides spontaneously after about 7 
days. Thrombophlebitis is a common cause of 
localized edema, particularly of the head in 
horses and cattle with thrombophlebitis of 
both jugular veins. Head edema usually 
occurs in affected animals only when there is 
rapid and complete occlusion of both jugular 
veins by thrombophlebitis; a slower rate of 
jugular vein occlusion permits development 
of collateral veins for venous drainage of the 
head. 

CLINICAL PATHOLOGY 

Cytologic examination of a sample of fluid 
reveals an absence of inflammatory cells in 
which edema is the result of decreased 
plasma oncotic pressure (hypoalbumin- 
emia), increased hydrostatic pressure, and 
increased vascular permeability or obstruc¬ 
tion to lymphatic flow. Thoracocentesis or 
abdominocentesis is useful to differentiate 
the causes of fluid accumulation, in conjunc¬ 
tion with measurement of serum albumin 
concentration and mean central venous 
pressure. 

Examinations should always be directed 
toward determining the mechanism for 
hypoalbuminemia; in particular, the renal 
and gastrointestinal systems and liver are 
examined for evidence of disease and altered 
function. Generally, the serum albumin con¬ 
centration is usually less than 15 g/L in 
animals with generalized edema caused by 
decreased plasma oncotic pressure. General¬ 
ized edema should always be expected when¬ 
ever serum albumin concentration is less 
than 10 g/L. 

NECROPSY FINDINGS 

The nature of the accumulation of fluid in 
most cases is obvious on gross postmortem 
examination, but the determination of the 
cause of the disease that has resulted in 
hypoalbuminemia may require further his¬ 
tologic and cultural examination. Necropsy 
findings for the specific diseases in which 
edema is a feature are given in later 
chapters. 


DIFFERENTIAL DIAGNOSIS 


• Rupture of urethra or bladder for 
differentiation of ascites 

• Peritonitis or pleuritis for accumulation of 
fluid in abdominal or pleural cavities 

• Cellulitis for local edema 


TREATMENT 

The treatment of edema should be aimed at 
correcting the cause, whether it is decreased 
plasma oncotic pressure, increased hydro¬ 
static pressure, increased endothelial perme¬ 
ability, or obstruction to lymphatic drainage. 
Hypoalbuminemia may require the adminis¬ 
tration of colloids such as plasma or Dextran 
70, although this is only a short-term 
measure and is expensive. Chronic (conges¬ 
tive) heart failure may need to be treated 
with digoxin and thrombophlebitis of the 
jugular veins may need specific treatment 
(see Chapter 10). Parasitic gastroenteritis 
requires administration of the appropriate 
anthelmintic, obstructive edema requires 
removal of the physical cause, and increased 
permeability edema requires resolution of 
the cause of endothelial damage. 

Ancillary nonspecific measures include 
restriction of the amount of salt in the diet 
and the use of diuretics. Diuretics may relieve 
the effects of pressure temporarily, but the 
primary cause needs to be addressed for a 
satisfactory outcome. Aspiration of edema 
fluid is rarely successful and is not routinely 
recommended but usually provides tem¬ 
porary relief because the fluid rapidly 
accumulates. 
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Naturally Occurring 
Combined Abnormalities 
of Free Water, Electrolyte, 
Acid-Base Balance, and 
Oncotic Pressure 

These abnormalities are seldom primary and 
are usually secondary to a serious disease 
state such as abomasal volvulus, rumen over¬ 
load, or acute intestinal obstruction—dis¬ 
eases that are in themselves life-threatening. 
Fluid and electrolyte abnormalities are 
also life-threatening and simple correction of 
the primary abnormality, for example, 
removal of a large section of a horse’s small 
intestine, is valueless unless the dehydration, 
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hyponatremia, and acidosis are also cor¬ 
rected. The variation that can occur in these 
naturally occurring errors of fluid, electro¬ 
lyte, and acid-base balance is what makes 
their diagnosis and treatment so difficult. If it 
were possible to have instant clinicopatho- 
logic advice on what the abnormalities were 
and how they were progressing as determined 
by constant laboratory monitoring, there 


would be little clinical challenge. The 
increased availability of point-of-care devices 
have made real-time clinicopathologic values 
rapidly available; however, economics may 
preclude use of such equipment. It is therefore 
necessary to have an understanding of the 
basic physiology and pathology of these dis¬ 
eases to be able to predict, by clinical exami¬ 
nation and examination of the history, the 


likely deficiencies and imbalances and their 
degrees of severity. 

In the preceding paragraphs the individ¬ 
ual abnormalities of fluid and electrolyte 
homeostasis were described. In most natu¬ 
rally occurring diseases, the abnormalities 
are complex. For example, the probable 
events in a case of acute diarrhea are set out 
diagrammatically in Fig. 5-14. It is important 



Fig. 5-14 The interrelationships among the changes in body water, electrolytes, and acid-base balance that can occur in diarrhea. 
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to remember that the variation in fluid and 
electrolyte imbalance is dynamic as a result 
of the compensatory changes occurring in 
various organs, especially the respiratory and 
circulatory systems and the kidneys. It is this 
volatility that makes clinicopathologic moni¬ 
toring so important. Some generalizations 
on the dynamics of fluid and electrolyte 
status are as follows: 

• Total body water and electrolytes are 
maintained at a homeostatic level by the 
buffering system of the blood, the lungs, 
and the kidneys. 

• In disturbances of body water and 
electrolytes, the changes that occur are 
also dynamic, and there is constant 
reaction by the homeostatic mechanism 
to restore the water and electrolyte 
relationship to normal. 

• With some exceptions, it is unusual to 
find an uncompensated alkalemia or 
acidemia. A partial compensation in the 
opposite direction of the primary 
acid-base imbalance is usually in 
progress, and it is important to 
determine the nature of the primary 
disturbance for the selection of rational 
therapy. A useful rule of thumb is that 
the primary disturbance (acidosis and 
alkalosis) is indicated by whether the 
blood pH is increased (alkalosis) or 
decreased (acidosis) relative to the mean 
value for the species examined. 

• Often, the nature of the primary 
disturbance can be determined from a 
consideration of the history and the 
clinical findings. 

• Dehydration caused by deprivation of 
water and electrolytes (lack of water or 
inability to drink) is mild and animals 
may appear only mildly dehydrated even 
after several days of water deprivation. 
The feces are hard and dry, the rumen 
contents are firm and dry, and urine 
volume is considerably decreased. 

• With the exception of clinical 
dehydration, the clinical findings of 
electrolyte and acid-base imbalances are 
not characteristic. 

• Without laboratory evaluation, the 
nature and degree of electrolyte and 
acid-base imbalance must be assumed 
and estimated based on the history of 
the affected animal and the changes that 
are most likely to have occurred. 

NATURE OF THE DISEASE 
AND HISTORY 

The history of the case, the length of time 

the animal has been affected, and the tenta¬ 
tive diagnosis will provide a clinical assess¬ 
ment of the possible nature and degree of 
electrolyte and acid-base imbalance. Animals 
affected with acute diarrhea caused by infec¬ 
tious enteritis are likely to be in a state of 
metabolic acidosis and hyponatremia. In 
intestinal obstruction of the horse, there 
are varying degrees of dehydration and 


metabolic acidosis. Obstruction of the upper 
intestinal tract, or abomasal stasis, is charac¬ 
terized by varying degrees of dehydration 
and metabolic alkalosis with hypochloremia 
and hypokalemia. Chronic renal disease is 
characterized by hyponatremia and hypo¬ 
chloremia. Chronic inappetence in herbi¬ 
vores is characterized by hypokalemia, 
particularly in lactating ruminants. A com¬ 
bination of the clinical assessment and the 
available laboratory evaluation will allow the 
clinician to make the most rational approach 
to treatment. 

The information on the duration of illness 
must be accurate or it will be misleading. The 
sequence of clinical findings in the history 
may indicate the trend in severity. Animals 
that have had a profuse watery diarrhea for 
18 to 24 hours may be severely acidemic. 
Acute intestinal obstruction in cattle is not 
as severe as in the horse. Acute gastric or 
intestinal rupture in the horse or in cattle is 
usually rapidly fatal. Acidosis in grain over¬ 
load in cattle may be fatal in 24 to 48 hours; 
acidosis in the horse with grain overload may 
be much more rapidly fatal because electro¬ 
lyte disturbances are more severe in the 
horse. 

CLINICAL FINDINGS 

Dehydration is usually obvious clinically 
and determination of the PCV and serum 
or plasma total protein concentration 
will improve the assessment and provide 
values for daily comparison of response to 
treatment. 

A normal rectal temperature is not a 
good prognostic guide, but a subnormal 
temperature suggests a worsening situation. 

A gradually progressive tachycardia indi¬ 
cates that the patient is deteriorating. Gener¬ 
ally, in the horse, a heart rate up to 60 beats/ 
min suggests a minor lesion (but not always), 
a heart rate of 60 to 80 beats/min is in the 
danger area, 80 to 100 beats/min is serious, 
and more than 100 beats/min is commonly 
premortal (except in intestinal tympany that 
may be relieved). 

A cold clammy skin that remains tented 
for more than 30 seconds suggests severe 
dehydration. Cyanosis of the oral mucous 
membranes and a capillary refill time of 
more than 4 seconds suggests a poor prog¬ 
nosis, as does rapid respiration (three to four 
times normal) with intermittent hyperpnea 
and apnea. 

Muscular tremors and leg buckling are 
grave signs in the horse and are commonly 
followed by collapse and death. The inability 
of any dehydrated animal to stand (other 
reasons being eliminated) is ominous. Severe 
depression and dullness are commonly 
observed in acute conditions, and coma is 
usually terminal. 

Metabolic acidosis is characterized by 
varying degrees of mental depression, 
decreased or absent suckle in neonatal 
animals, weakness, and ataxia. Some of the 


depression and weakness will be caused by 
dehydration, acidemia, or hyper D-lactatemia, 
although interestingly, acute and profound 
acidemia (jugular venous blood pH 6.96) in 
neonatal calves was not associated with 
depression or muscular weakness. 1 This is in 
contrast to the results of other studies in 
calves with more chronic and profound aci¬ 
demia that profound acidemia is associated 
with decreased suckle and other clinical 
signs. 2,3 In newborn animals with metabolic 
acidosis associated with diarrhea, a failure to 
suck and the lack of a suck reflex are 
common. 4,5 Hyper D-lactatemia should be 
suspected in neonatal calves with a slowed or 
absent palpebral reflex, and profound acide¬ 
mia and metabolic acidosis should be 
suspected in neonatal calves that stand 
unsteadily or have an inability to stand or 
have a delayed or absent reaction to acoustic, 
optical, or painful stimuli such as venipunc¬ 
ture. 4 Hyper D-lactatemia should also be sus¬ 
pected in neonatal lambs and goat kids with 
decreased or absent suckle that appear som¬ 
nolent with varying degrees of ataxia. 6 ' 8 

CLINICAL PATHOLOGY 

Some representative laboratory values in 
examples of body water and electrolyte dis¬ 
turbances are given in Table 5-1. 

Packed Cell Volume and Total Serum 
Protein or Plasma Protein 

The PCV and the total serum protein or 
plasma protein concentration (historically 
called total solids) will indicate the severity 
of water loss. Anemic animals and those 
affected with diseases causing hypoprotein- 
emia may provide misleading values. Neona¬ 
tal animals often provide misleading values 
because of the variability of PCV in newborn 
animals and large differences in the transfer 
of colostral immunoglobulins. 

The normal range depends on the age and 
species of animal, previous excitement, and 
the presence of anemia or hypoproteinemia. 
A PCV of 30% to 40% is considered normal; 
between 40% and 50%, fluid therapy may or 
may not be necessary; between 50% and 
60%, fluids are necessary for recovery; and 
above 60% intensive fluid therapy is neces¬ 
sary and the prognosis is unfavorable. A total 
serum protein concentration of 6.0 to 7.5 g/ 
dL is usually considered normal, at 8 to 10 g/ 
dL fluids are needed and the prognosis is 
favorable, and above 10 g/dL the prognosis 
is unfavorable. 

Total C0 2 

A useful screening test for acid-base status in 
animals without evidence of respiratory 
disease is the total C0 2 . Total C0 2 is defined 
as the amount of total carbon dioxide in 
plasma that can be liberated with a strong 
acid, and it can be calculated from the results 
of routine blood gas analysis as total 
C0 2 = [HC0 3 “] + dissolved C0 2 + [H 2 C0 3 ]. 
The [HC0 3 “] is calculated using the 
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Table 5-1 Representative laboratory values (mean ± sd) in body water and electrolyte 
disturbances 

Clinical 

pathology 

Acute 

diarrhea in 
horse 

Acute 

diarrhea 
in calf 

Metabolic alkalosis 
caused by abomasal 
dilatation impaction/ 
volvulus in cattle 

Acute 

intestinal 
obstruction 
in horse 

Acute 

carbohydrate 
engorgement 
in ruminants 

Packed cell 
volume (%) 

60 ± 7 

45.3 ± 7.0 

42 ± 6 

64 ± 5 

45 ± 6 

Total serum 
solids (g/dL) 

10 ± 2 

8.6 ± 1.5 

8.2 ± 1.5 

11.5 ± 1.5 

8.5 ± 1.8 

Blood pH 
(venous) 

7.10 ± 0.15 

7.08 ± 0.12 

7.49 ± 0.15 

7.15 ± 0.04 

7.10 ± 0.05 

Plasma 

bicarbonate 

(mmol/L) 

12 ±3 

13.7 ±4.2 

35.4 ± 5.7 

18 ± 6 

12.5 ± 3.5 

Partial pressure 
of carbon 
dioxide 
(mm Hg) 

45 ± 8 

46.8 ± 6.4 

46.4 ±7.5 

48 ± 6 

40 ± 6 

Serum sodium 
(mmol/L) 

126 ± 3 

138 ± 9.4 

138.5 ± 5.4 

135 ± 5 

132 ±4 

Serum chloride 
(mmol/L) 

99 ± 3 

101.4 ± 7.5 

88.6 ± 12.8 

98 ± 4 

93 ± 3 

Serum 

potassium 

(mmol/L) 

3.0 ± 1.2 

7.4 ± 1.6 

3.4 ±0.6 

3.8 ± 0.6 

5.0 ± 2.5 

Blood urea 
nitrogen 
(mg/dL) 

60 ± 30 

50.1 ± 30.5 

40 ± 15 

65 ± 35 

55 ± 25 


Henderson-Hasselbalch equation and the 
dissolved C0 2 is equal to S X Pco 2 , whereas 
[H 2 C0 3 ] is negligible. 

Many automatic serum biochemical ana¬ 
lyzers directly measure total C0 2 (instead of 
calculating its value from the results of blood 
gas analysis), but for total C0 2 measurement 
it is important that blood collection tubes are 
completely filled before serum is harvested: 
failure to completely fill the blood tubes pro¬ 
motes escape of C0 2 from serum into the 
partial vacuum above, resulting in measured 
total C0 2 values that underestimate true 
serum total C0 2 . It is also important that 
large partially evacuated tubes are used to 
collect the blood sample; this is because the 
air to blood sample ratio is higher in small 
tubes (3 mL or less in sample volume), 
leading to lower measured values for total 
C0 2 even with complete filling of the tube. 
As a consequence, total C0 2 is most accu¬ 
rately measured when partially evacuated 
tubes of 4- to 10-mL sample volume are 
used, 9 and samples are stored at 4°C. 10 
Because changes in total C0 2 reflect changes 
in actual bicarbonate concentration, total 
C0 2 can never provide an independent 
measure of the nonrespiratory component of 
an acid-base disturbance. Total C0 2 does, 
however, provide a useful screening test for 
the presence of acid-base disturbances in 


domestic animals without clinical evidence 
of respiratory disease. In the absence of 
respiratory disease, a decrease in total C0 2 
indicates a metabolic acidosis, whereas an 
increase in total C0 2 indicates metabolic 
alkalosis. Total C0 2 has historically been 
measured using the Harleco apparatus, 
although this methodology is no longer used 
because of the wide availability of point- 
of-care analyzers for blood gas and pH 
assessment. 

Blood Gas and pH Analysis 

Blood collected anaerobically into a glass 
syringe and stored in iced water represents 
the reference method for blood gas and pH 
analysis, but glass syringes are no longer used 
clinically because of their cost, fragility, and 
inability to be sterilized. Polypropylene 
syringes have replaced glass syringes for 
blood gas and pH analysis; however, clini¬ 
cians should be aware that small differences 
exist in blood pH and gas measurements 
when syringes from different manufacturers 
are used. 11 

The method used for collection of an 
anaerobically collected blood sample for 
blood gas and pH analysis differs depending 
on whether the clinical interest is on the 
respiratory system (which requires collec¬ 
tion of an arterial blood sample) or 


metabolic status (usually best evaluated 
using a blood sample from a large vein such 
as the jugular vein). Because respiratory 
disease that is clinically relevant can usually 
be detected during the physical examination 
of large animals, 12 most blood samples col¬ 
lected for blood gas and pH analysis are col¬ 
lected from the jugular vein. 

If the primary clinical interest is an acid- 
base assessment of a large animal, then a 
jugular venous blood sample should be 
anaerobically obtained in a 3-mL polypro¬ 
pylene syringe that has been previously 
coated internally with sodium heparin (by 
drawing sodium heparin into the syringe 
barrel and then expelling all heparin from 
the syringe into the barrel before blood col¬ 
lection). Three milliliters of air should then 
be drawn into the syringe and forcibly 
expelled; this process is repeated three times. 
Evacuating the syringe in this manner 
ensures that minimal heparin is retained to 
dilute the blood sample, but a sufficient 
quantity is still present to prevent coagula¬ 
tion. Alternatively, commercially available 
polypropylene syringes that contain lyophi- 
lized lithium heparin can be used, but these 
syringes are considerably more expensive 
than standard polypropylene syringes. 13 Air 
bubbles should be immediately removed 
from the blood in the syringe after collection 
by holding the syringe vertically and tapping 
the syringe forcefully with a finger so that 
bubbles are dislodged and float upward. 
Once all visible bubbles are removed, a small 
amount of blood is expelled with the syringe 
still held vertically so that the syringe hub 
and needle lumen no longer contain air 
bubbles. A cork is then placed on the end of 
the needle to prevent loss of C0 2 and addi¬ 
tion of O 2 to the blood sample. Jugular 
venous blood samples can predict arterial 
blood gas values of pH, Pco 2 , bicarbonate 
concentration, total C0 2 , and base excess in 
animals that do not have respiratory disease, 
but only accurately predict blood pH in 
animals with respiratory disease. 14,15 Changes 
in jugular venous Po 2 over time are reflective 
of the direction and magnitude of the change 
in arterial Po 2 . 16 

Generally, the blood sample should be 
analyzed as soon as possible and preferably 
within 30 minutes of collection. The method 
used for storage of an anaerobically collected 
blood sample for blood gas and pH analysis 
differs depending on whether the sample was 
collected from an artery or large vein. Venous 
blood samples should be stored in ice water 
(0°C) until analysis. 17 This will minimize any 
time-related changes in the measured values 
for pH and Pco 2 and therefore the calculated 
values for base excess and total C0 2 , 
which occur when blood is held at room 
temperature (20°C) or higher ambient tem¬ 
peratures, particularly in blood samples with 
high white blood cell concentrations. If the 
primary interest is evaluation of the respira¬ 
tory system, an arterial blood sample should 
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be obtained in the same manner as a venous 
sample; however, the sample should be kept 
at body temperature (preferable) or room 
temperature before blood gas and pH analy¬ 
sis is performed, which should be completed 
as soon as possible. This is because storing 
3-mL polypropylene syringes in ice water 
(0°C) facilitates oxygen diffusion through 
the barrel of the syringe, causing a preana- 
lytical increase in Po 2 . Partially evacuated 
blood collection tubes should never be used 
for blood gas and pH analysis because they 
are not completely evacuated; consequently, 
an anaerobic blood sample cannot be 
obtained for analysis. Use of partially evacu¬ 
ated tubes always results in higher values for 
blood Po 2 and lower values for blood Pco 2 
because oxygen and carbon dioxide in the 
blood equilibrate with the oxygen-rich and 
carbon dioxide-poor air within the tube. 18 

Use of point-of-care clinical analyzing 
systems has greatly facilitated routine evalu¬ 
ation of acid-base status in domestic animals 
and, generally, point-of-care systems are suf¬ 
ficiently accurate for clinical use. 19 A thor¬ 
ough assessment of acid-base status requires 
blood gas analysis and serum biochemical 
analysis, with blood samples obtained from 
a major vein or any artery. If serum total 
protein, albumin, and phosphate concentra¬ 
tions are approximately normal, then acid- 
base status should be evaluated using blood 
pH, Pco 2 , and extracellular base excess con¬ 
centration. This is the traditional Henderson - 
Hasselbalch approach. The presence of 
unidentified anions should be investigated 
by calculating the AG. If serum total protein, 
albumin, and phosphate concentrations are 
markedly abnormal, then acid-base status 
should be evaluated using blood pH, Pco 2 , 
measured SID, and A TO t- This is the simpli¬ 
fied strong ion approach. The presence of 
unidentified strong ions should be investi¬ 
gated by calculating the SIG. 

Normal blood pH for most domestic 
animals varies from 7.35 to 7.45 (venous 
blood). The degree of acidemia encountered 
includes moderate acidemia (pH 7.30-7.25), 
severe acidemia (pH 7.25-7.20), and grave 
acidemia (pH 7.10-7.00), which is associated 
with a high fatality rate, except in neonatal 
animals. 

Blood or Plasma L-Lactate 
Concentration 

The blood or plasma L-lactate concentration 
provides valuable information about the 
adequacy of oxygen delivery to the tissues, 
providing a means for assessing the severity 
of cardiovascular or pulmonary dysfunction, 
monitoring the response to treatment, and 
formulating a prognosis for survival. The 
normal plasma L-lactate concentration in 
large animals is generally considered to be 
less than 1.5 mmol/L. Increases in plasma 
L-lactate concentration have been catego¬ 
rized as mild (2.5-4.9 mmol/L), moderate 
(5.0-9.9 mmol/L), and severe (>10 mmol/L), 


with L-lactate concentrations greater than 
10 mmol/L associated with a high mortality 
in humans, pigs, and horses. 

A number of inexpensive handheld 
point-of-care devices are now available to 
measure blood L-lactate concentration. Most 
devices measure L-lactate concentration in 
whole blood through a two-step process on 
a specialized reagent strip. The L-lactate con¬ 
centration is measured by placing a drop of 
blood onto the reagent strip; the blood seeps 
through a protective mesh on which the 
erythrocytes are retained and only plasma 
reaches the detection area. A chemical reac¬ 
tion takes place, and a change in color or 
current is rapidly detected and converted to 
an L-lactate concentration using a proprie¬ 
tary algorithm. Values can be displayed as 
whole blood or plasma based on a mathe¬ 
matical function of the analyzer. A number 
of method comparison studies have shown 
these units to be clinically useful, particu¬ 
larly when blood L-lactate concentrations are 
<15 mmol/L. 

Studies in critically ill human patients have 
shown excellent correlations between blood 
L-lactate concentration in arterial blood, pul¬ 
monary arterial blood, central venous blood, 
and blood obtained from a peripheral vein, 
indicating that jugular venous blood L-lactate 
concentration provides an accurate reflection 
of pulmonary arterial or systemic arterial 
blood L-lactate concentrations, which are 
regarded as the gold standard sites for mea¬ 
suring blood L-lactate concentration. Conse¬ 
quently, jugular venous blood L-lactate 
concentrations are now routinely measured 
in critically ill large animals, with the clinical 
emphasis on evaluating the change in L-lactate 
concentration over time. 20 '* 2 This is because 
the change in L-lactate concentration over 
time (particularly to an intervention) has 
greater prognostic ability than the actual 
L-lactate concentration at one point in time. 

Serum Electrolytes 

Serum electrolyte concentrations indicate 
the severity of the electrolyte losses and 
the necessity for replacement with either 
balanced electrolyte solution or specific 
electrolyte solution. Serum concentrations 
of sodium, chloride, and potassium are 
usually determined. The total deficit for each 
electrolyte can be estimated using the stan¬ 
dard formula presented under calculation of 
electrolyte requirements. 

Serum electrolyte concentrations depend 
on the initial cause and the severity of the 
disease. For example, in most cases of acute 
diarrhea there is hyponatremia and meta¬ 
bolic acidosis, which are usually marked in 
the horse with acute diarrhea. The serum 
concentration of chloride may be normal or 
subnormal in acute diarrhea. The serum con¬ 
centration of potassium will be below normal 
initially, but as acidemia develops and 
becomes severe hyperkalemia may occur. In 
cattle with abomasal hypomotility there will 


be a hypochloremic hypokalemic meta¬ 
bolic alkalosis. 

Water and electrolyte abnormalities are 

classified into three types based on the mea¬ 
surement of electrolytes and osmolality 
(assuming plasma osmolality in healthy large 
animals approximates 285 mosm/kg): 

• Hypertonic dehydration (true 
dehydration/desiccation): Osmolality 
greater than 300 mosm/kg, associated 
with water deprivation, some acute 
gastrointestinal problems, and some 
types of diarrhea 

• Hypotonic dehydration (acute desalting 
water loss): Osmolality less than 

270 mOsm/kg, associated with acute 
diarrhea, particularly secretory diarrheas 
such as salmonellosis 

• Isotonic dehydration: Normal 
electrolyte and osmolality levels, as in 
horses losing electrolytes and water in 
almost equal proportions 

Urea and Creatinine 
Urea and creatinine are metabolic break¬ 
down constituents that can be used to assess 
the degree of dehydration and to distinguish 
among prerenal, renal, and postrenal uremia. 
The plasma/serum concentrations of urea 
and creatinine concentration will be elevated, 
depending on the severity of the dehydration 
and decrease in circulating blood volume. 
Following treatment with fluids and electro¬ 
lytes in prerenal uremia, the concentrations 
of urea and creatinine will decline. Plasma 
creatinine concentration varies directly with 
the muscle mass in healthy animals, and, con¬ 
sequently, is much higher in beef bulls than 
dairy cows. Plasma urea concentration varies 
directly with the protein intake in healthy 
animals, and, consequently, is increased in 
ruminants on a high-protein diet. 

Blood or Plasma Glucose 

Plasma glucose concentration can be deter¬ 
mined using conventional laboratory tech¬ 
niques (hexokinase assay), which require 
submission of heparinized blood samples to 
a laboratory as soon as possible to avoid 
erroneous results caused by erythrocyte gly¬ 
colysis. Quantitative, rapid, low-cost point- 
of-care methods for determining blood 
glucose concentrations are now widely avail¬ 
able, but many units are designed for analysis 
of human blood and are not suitable for use 
in large animals because they incorrectly 
assume intraerythrocyte glucose concentra¬ 
tion is the same as plasma glucose concentra¬ 
tion (which is the case in most primates). In 
all of the domestic animals examined, 
intraerythrocyte glucose concentration is 
lower than plasma glucose concentration, 
and, consequently, the measured blood 
glucose value depends on the hematocrit, 
which is usually assumed to be fixed and 
approximately 44%. Consequently, preferred 
point-of-care glucose meters should use a 
species-specific algorithm for correcting the 
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measured whole blood value, or should also 
measure hematocrit and use an additional 
algorithm to correct the measured whole 
blood value for deviations of hematocrit 
from the assumed value of 44%. 

Anion Gap 

Acid-base balance has traditionally been 
evaluated by using the Henderson- 
Hasselbalch equation to characterize four 
primary acid-base disturbances (i.e., respira¬ 
tory acidosis and alkalosis, metabolic acido¬ 
sis, alkalosis) and by calculating the AG to 
estimate the UA concentration. Evaluation of 
the AG has become routine in many medical 
institutions. The calculation takes little time, 
is essentially without cost, and is valuable in 
assessing a variety of clinical conditions in 
which electrolyte imbalances occur. 

The reference range for AG depends 
partly on the formula used for calculation. 
Some investigators prefer not to include the 
potassium concentration when calculating 
the AG on the basis that [K + ] varies to a 
much smaller degree than does [Na + ], [Cl - ], 
and [HC0 3 “]; therefore it exerts minimal 
influence on the AG. However, the consensus 
is that [K + ] should be included in the calcula¬ 
tion of AG in large animals. Other investiga¬ 
tors substitute the measured total C0 2 
value for [HC0 3 “], permitting calculation of 
the AG from serum or plasma biochemical 
analysis without the need for blood gas 
determination. 

The AG represents the difference between 
the concentration of [UA] and [UC] in 
serum (with square brackets representing 
concentration), which can be expressed in 
the equation: 

[Na*] + [K + ] + [UC] = [Cl~] + [HCOf ] + [UA], 
which can be rearranged to 

[UA\-[UC] = AG = {[Na + ] + [K + ]) 

-([ Cl~] + [HC0 3 -]) 

A change in [UA] or [UC] will cause a change 
in the AG. Under normal circumstances, 
approximately two thirds of the AG origi¬ 
nates from the net negative charge of serum 
proteins, and the remainder represents the 
serum concentration of phosphate and 
strong anions, such as L-lactate, sulfate, 
|3-OH butyrate, aceto-acetate, and anions 
associated with uremia. 

The reference range for an AG depends 
on the age and species. The normal range for 
2- to 3-week-old foals is 9 to 22 mEq/L, 
which is higher than that for 2-year-old 
horses (range 8-13 mEq/L). The 95% confi¬ 
dence interval for the range of AG for adult 
animals varies for different species: 8 to 
13 mEq/L (horse), 14 to 20 mEq/L (cow), 
and 17 to 29 mEq/L (sheep). The AG values 
greater than 30 mEq/L have been observed 
in critically ill cattle; the increase is attrib¬ 
uted to an increase in blood lactate and keto- 
acid concentration as well as to anions 
associated with uremia (Fig. 5-15). 



Fig. 5-15 Relationship between venous 
blood pH and anion gap (AG) in 806 
neonatal calves with diarrhea. The thick line 
represents the result of nonlinear regression 
analysis: pH = log 10 (39.7 - AG) + 5.92. 
(Reproduced with permission from Trefz FM, 
Constable PD, Lorenz I. J Vet Intern Med 
2015;29:678-687.) 


A potentially valuable clinical use for the 
AG is in estimating a value for plasma 
L-lactate concentration, and this is why cal¬ 
culation of the AG has been considered a 
“poor mans plasma L-lactate concentration.” 
The correlation between AG and plasma 
L-lactate concentrations is excellent in horses 
with intestinal disease. The AG in adult cattle 
is only moderately correlated with L-lactate 
concentrations and is similarly correlated 
with serum phosphate and creatinine con¬ 
centrations in neonatal calves and adult 
cattle, as well as with serum albumin and 
total protein concentrations in adult cattle. 24 
The AG determination is of limited useful¬ 
ness in predicting blood L-lactate concentra¬ 
tion in sick cattle, whereas the correlation 
between AG and serum concentration in sick 
cattle suggests that an increased AG should 
suggest the potential presence of uremic 
anions. 

In summary, the determinants and utility 
of the AG in predicting hyperlactatemia are 
as follows: 

• The AG in critically ill cattle is 
influenced by at least three factors: 
blood L-lactate concentration and the 
serum concentrations of phosphate and 
creatinine. 

• There is a substantial quantity of UAs in 
sick cattle (approximately 7 mEq/L), 
which implies that either unidentified 
cations or anions other than chloride, 
bicarbonate, L-lactate, pyruvate, |3-OH 
butyrate, or phosphate are present in 
critically ill cattle or that the formula 
used to assign protein charge was 
inaccurate. 

• The correlation coefficient between AG 
and blood L-lactate concentration is 
similar to that observed in human 
patients and less than that seen in sick 
horses. 

• The AG appears to predict blood 
L-lactate concentration more accurately 
in neonatal calves with experimental 


diarrhea than that in adult cattle with 
spontaneously occurring abomasal 
volvulus. The effects of acidemia on the 
AG and electrolyte concentration can 
vary depending on the cause of the 
acidosis and the species involved. 
Experimentally in horses, the infusion 
of L-lactic acid and d- and L-lactic acid 
results in acidosis with a high AG. An 
infusion of hydrochloric acid causes 
metabolic acidosis with a decreased AG. 
Infusions of isotonic saline (0.9% NaCl) 
cause mild acidosis with no significant 
change in AG. 

Strong Ion Gap 

The SIG represents the concentration of 
unmeasured strong ions in plasma and is 
more specific in detecting the presence of 
unmeasured strong ions in plasma than the 
AG. Moreover, the results of every study that 
has compared SIG with AG have demon¬ 
strated that SIG has greater explanatory 
power. 

The SIG concept is a logical extension of 
the AG concept and was developed using the 
SID approach to express SIG in terms of 
other factors: 

SIG = {A tot /(I + 10 ^ Ka ~ pH) )} - AG 

where SIG represents the difference between 
unmeasured strong cation concentration and 
unmeasured strong anion concentration in 
plasma or serum. Calculation of the SIG 
requires species-specific values for the total 
plasma concentration of nonvolatile weak 
acids (A TO t; i.e., the total concentration of 
plasma nonvolatile buffers such as albumin, 
globulin, and phosphate) and the negative 
logarithm to the base 10 (pX a ) of the effective 
dissociation constant (iQ for plasma non¬ 
volatile buffers. Values for A TO t an d pK a have 
been determined for the plasma of horses 
(A TO t, 15.0 mmol/L = 0.22 mmol/g of total 
protein or 0.47 mmol/g of albumin; p K a , 
6.66) and calves (A TO t, 23.1 mmol/L = 
0.41 mmol/g of total protein or 0.75 mmol/g 
of albumin; p K a , 7.08). 

The reference range for SIG is generally 
-5 to +5 mEq/L. An increase in SIG above 
5 mEq/L (which occurs rarely) reflects an 
increase in unmeasured strong cations or a 
decrease in unmeasured strong anions. A 
decrease in SIG below -5 mEq/L (a common 
occurrence) reflects a decrease in unmea¬ 
sured strong cations or, more likely, an 
increase in unmeasured strong anions 
(Fig. 5-16). 

The SIG offers a more accurate approach 
to identifying unmeasured strong ions in 
plasma than does the AG. The critical differ¬ 
ence between the AG and SIG is that the SIG 
provides an estimate of the difference 
between unmeasured strong cations and 
strong anions, whereas AG provides an esti¬ 
mate of the difference between UCs and 
anions (including strong ions and nonvola¬ 
tile buffer ions such as albumin, globulin, 
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Fig. 5-16 Relationship between venous 
blood pH and strong ion gap (SIG) in 806 
neonatal calves with diarrhea. The thick line 
represents the result of nonlinear regression 
analysis: pH = log 10 (SIG + 32.4) + 5.84. 
(Reproduced with permission from Trefz FM, 
Constable PD, Lorenz I. J Vet Intern Med 
2015;29:678-687.) 


and phosphate). A change in SIG therefore 
provides a more specific method for detect¬ 
ing a change in unmeasured strong ions 
(such as lactate) than a change in AG. 23 ' 24 

Osmolal Gap 

Evaluation of the osmolal gap is a means of 
detecting an increased amount of abnormal 
osmotically active solute in the blood. The 
osmolal gap is the difference between the 
measured plasma osmolality and the osmo¬ 
lality calculated from the plasma concentra¬ 
tion of normally measured solutes. Sodium 
and potassium and their associated anions, 
along with glucose and urea, constitute the 
majority of normal osmotically active solutes. 
The following formula is recommended with 
plasma/serum glucose and urea measured in 
units of mg/dL, 25 although many clinicians 
disregard the contribution of urea on the 
basis that it is an ineffective osmole that 
easily crosses cell membranes: 

1.90 x([Na + ] + [K*]) +(glucose/18) 

+ (urea/2.8) + 5.0. 

Examination of the triad of calculated 
osmolality, measured osmolality, and the 
osmolal gap is beneficial in the diagnosis 
and prognosis of a number of diseases. 

Arterial, Jugular, or Central Venous 
Blood Pressure 

Arterial blood pressure is occasionally mea¬ 
sured in referral centers in which the techni¬ 
cal assistance and instrumentation are 
readily available. Mean arterial blood pres¬ 
sure provides a rough guide for the presence 
and severity of terminal shock but not for the 
severity or extent of the initiating lesion. 
Methods for measuring mean arterial blood 
pressure are summarized in Chapter 10. 

Jugular venous pressure (or preferably 
central venous pressure) is occasionally mea¬ 
sured in referral centers to monitor the 
response to fluid administration. Normal 
pressure is 2 to 10 cmH 2 0 (0.3-1.0 kPa), 


referenced to the point of the shoulder 
(scapulohumeral joint). Below 2 cmH 2 0 
(0.3 kPa) requires fluid therapy; above 
15 cmH 2 0 (1.5 kPa) indicates cardiac failure 
and volume overload. Mean central venous 
pressure provided a sensitive method for 
detecting hypovolemia in horses having 
blood removed at 16 mL/kg; the significant 
reduction in mean central venous pressure 
occurred in the absence of a change in heart 
rate. 1 Methods for measuring jugular venous 
pressure or central venous pressure are sum¬ 
marized in Chapter 10. 

Total Body Water 

The most practical way to measure change in 
body water is to measure the change in BW 
by weighing the animal on admission and at 
a standard time each day, usually before the 
morning feeding. This is most valuable in 
animals admitted to a hospital with clinical 
signs consistent with severe dehydration. 
Simultaneous measurement of hematocrit 
and plasma protein concentration using 
refractometry provides a low-cost but clini¬ 
cally valuable method for monitoring 
changes in extracellular fluid volume from 
admission. The clinical utility of frequent 
weighing can be improved by periodically 
weighing the food offered and eaten as well 
as determining the weight of feces produced. 
More exact estimates are provided if urine is 
collected and weighed, although this is 
usually only feasible in neonatal calves and 
small ruminants. Losses in milk volume also 
need to be accounted for if the method is 
used in lactating dairy cattle. 

Bioelectrical impedance analysis has 
been used in horses to detect acute changes 
in fluid volume in horses, although imped¬ 
ance analysis appears to have more applica¬ 
tions in research studies than in the critical 
care of dehydrated or shocked animals. The 
method uses a head-tail configuration 
(although other configurations have been 
used) and requires shaving two areas of skin 
over the right cranial border of the first cer¬ 
vical vertebra and over the caudal aspect of 
the right tuber ischia and cleaning the skin 
with alcohol. Subdermal platinum electrodes 
are then fixed in place. 27,28 These electrodes 
provide the best signal-to-noise ratio but are 
not practical for use in the field; noninvasive 
carbon fiber electrodes appear to provide a 
good option for field work. Adhesive elec¬ 
trodes are used for humans but do not work 
well in horses. A multifrequency bioimped¬ 
ance analyzer measures the resistance and 
reactance between the electrodes at multiple 
frequencies at the two sites and uses propri¬ 
etary algorithms to calculate extracellular 
fluid volume, intracellular fluid volume, and 
total body water. As currently used, the 
method does not appear to have sufficient 
sensitivity for routine clinical use because 
it was unable to detect a 20% change in 
blood volume caused by hemorrhage and 
underestimated the actual contraction and 


expansion of the extracellular fluid volume 
in adult horses administered furosemide and 
intravenous large-volume crystalloid solu¬ 
tions. 27 In addition, when applied to 48 kg 
BW neonatal foals with an estimated extra¬ 
cellular fluid volume of 17.4 L, the 95% con¬ 
fidence interval for the volume estimated by 
bioelectrical impedance was 20% of the 
actual value with the estimate ranging from 
15.6 to 19.2 L. 28 

The sodium dilution principle has also 
been used to estimate changes in extracel¬ 
lular and intracellular volume in horses. The 
method requires measurement of serum 
sodium concentration, urine sodium con¬ 
centration, and BW, and makes the assump¬ 
tion that sodium ions and water remain 
constant over time in physiologic fluids, 
except for measured “ins” and “outs” that 
reflect intravenous fluid administration and 
urine production. The method requires vali¬ 
dation in clinically ill horses before recom¬ 
mending its use. 29 

The reference method for measuring total 
body water in horses before and after exer¬ 
cise uses orally administered deuterium 
oxide followed by a series of blood samples 
taken for analysis. Mean total body water 
content is about 62%. This method is not 
used clinically. 
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Principles of Fluid and 
Electrolyte Therapy 

The most important principle is to prevent or 
minimize dehydration and electrolyte loss 
whenever possible. This means the provision 
of an adequate water supply, adequate drink¬ 
ing space, and a continuous supply of salt 
and the necessary minerals. The next most 
important principle is to treat potential 
losses of fluid and electrolytes as quickly as 
possible to minimize the degree of dehydra¬ 
tion and acid-base imbalance that may occur 
in animals with diseases in which losses are 
occurring. 

The major therapeutic objectives are to 
correct the abnormalities that already exist 


and to monitor and provide maintenance 
therapy until the animal has recovered. Cor¬ 
rection of the abnormalities may require 4 to 
6 hours, and maintenance therapy may be 
necessary for 2 to 4 days, depending on the 
cause of the disease. Recent studies have 
identified concerns with bolus fluid resusci¬ 
tation in septic patients, such as 20 to 40 ml/ 
kg in the first hour. 1 ’ These findings suggest 
that rapid resuscitation should focus on the 
use of low-volume hypertonic saline, and 
that traditional high-volume crystalloid 
solution resuscitation should not use bolus 
administration. Instead, traditional high- 
volume crystalloid fluid resuscitation should 
focus on slower rates of administration 
(<20 ml/kg/h). 

There are at least five possible free water, 
electrolyte, acid-base, and oncotic pressure 
abnormalities that could exist at the same 
time and must be corrected: 

• Fluid volume deficit (free water) 

• Plasma osmolar deficits 

• Specific electrolyte imbalances 

• Acid-base imbalance 

• Oncotic pressure imbalances 

The two major problems are to determine the 
nature and degree of the abnormalities 
present and to decide which fluid and elec¬ 
trolyte replacement solution should be used. 

The ideal situation would be to make 
both a clinical and laboratory evaluation of 
the animal as described earlier. The history 
and the diagnosis will suggest the possibility 


of acidemia or alkalemia and the electrolyte 
imbalances that are likely to be present. The 
degree of dehydration can usually be recog¬ 
nized clinically. Severe dehydration and aci¬ 
demia should be treated as quickly as 
possible. A summary of the disturbances of 
fluid and electrolyte balance that occur in 
some common diseases of cattle and horses, 
and the suggested fluid therapy, is presented 
in Table 5-2. 

Calculation of Electrolyte 
Requirements 

The electrolyte deficits can be estimated 
using the serum electrolyte values of the 
affected animal. The total deficit of the elec¬ 
trolyte in mEq is the product of the deficit of 
the electrolyte in mEq per liter (AmEq/L) 
and the distribution space for the electrolyte. 
For sodium, chloride, and bicarbonate, the 
distribution space is the extracellular fluid 
volume, which approximates 30% of BW in 
normally hydrated adults and 50% in nor¬ 
mally hydrated neonates. In other words, for 
sodium, chloride, and bicarbonate, the total 
milliequivalent deficit = (AmEq/L) x (esti¬ 
mated euhydrated BW in kg) X (0.3 or 0.5). 

There is much less certainty about the size 
of the potassium space because potassium is 
predominantly an intracellular ion. 

Types of Intravenous Fluid 

Fluids are categorized on the basis of 
their physical nature (crystalloid or colloid) 


Table 5-2 Summary of disturbances of body water, electrolytes, and acid-base balance in some common diseases of cattle and horses, 
and suggested fluid therapy 

Disease 

Major abnormalities and deficits 

Flue and electrolyte requirements 

Neonatal calf diarrhea 

Metabolic acidosis, low plasma bicarbonate, 

Equal mixtures of isotonic saline and isotonic sodium bicarbonate with 

(including piglets and 
lambs) 

severe dehydration, loss of sodium, 
hyperkalemia when acidosis severe 

5% dextrose, balanced electrolytes, intravenous and orally 

D-lactic acidosis (carbohydrate 

Metabolic acidosis, low plasma bicarbonate, 

Sodium bicarbonate initially followed by balanced electrolytes, 

engorgement of ruminants) 

severe dehydration 

intravenously 

Acute diffuse peritonitis 

Dehydration, slight metabolic alkalosis 
caused by paralytic ileus 

Balanced electrolyte solutions in large quantities intravenously for 
hydration and maintenance 

Right-side dilatation/abomasal 

Metabolic alkalosis, marked hypochloremia, 

Balanced electrolyte solutions or high-potassium and chloride-acidifying 

volvulus of cattle, abomasal 
impaction (dietary or vagal 
nerve injury). 

hypokalemia, severe dehydration 

solution, intravenously; may give acidifying solutions orally; can also use 
mixture of 2 L of isotonic saline (0.9%), 1 L isotonic potassium chloride 
(1.1%), and 1 L isotonic dextrose (5%) 

Peracute coliform mastitis 

Severe dehydration, mild electrolyte deficits 
including mild hypocalcemia, metabolic 
acidosis if diarrhea present 

Balanced electrolyte solutions intravenously in large quantities for 
hydration and maintenance for 24-48 hours (100-150 mIVkg BW per 

24 hours) 

Acute diarrhea in the horse 

Severe dehydration, marked hyponatremia, 

Hypertonic sodium bicarbonate (5%) 3-5 17500 kg BW followed by 

(enteric salmonellosis) 

metabolic acidosis, hypokalemia occurs 
following bicarbonate therapy. 

high-sodium, high-potassium alkalinizing solution to correct 
hypokalemia following bicarbonate therapy, all by the intravenous route 

Acute grain engorgement in 
the horse 

Metabolic acidosis, dehydration, and shock 

Hypertonic sodium bicarbonate (5%) 3-5 17500 kg BW followed by 
balanced electrolytes intravenously 

Water and electrolyte 
deprivation, esophageal 
obstruction in horses 

Moderate dehydration 

Balanced electrolytes intravenously, when obstruction relieved, provide 
electrolyte solution orally 

Acute intestinal obstruction 

Metabolic acidosis or alkalosis dependent 
on level of obstruction, severe 
dehydration in horse, moderate in cow 

Isotonic sodium bicarbonate initially, 3-5 17500 kg BW followed by 
balanced electrolytes intravenously, horses may develop hypokalemia 
following bicarbonate therapy and must be given potassium chloride 
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Table 5-3 Summary of effective strong ion difference and osmolarity of parenterally 
administered crystalloid solutions 



and osmolarity (hypotonic, isotonic, or 
hypertonic). Isotonic or slightly hypotonic 
crystalloid solutions are most commonly 
administered parenterally, although under 
specific circumstances hypertonic crystalloid 
solutions or isotonic colloid solutions are 
preferred. 

Crystalloid Solutions 

A crystalloid is a substance that forms a true 
solution and is capable of being crystallized. 
Examples of crystalloid solutions are Ringer’s 
solution, lactated Ringers solution, acetated 
Ringer’s solution, 0.9% NaCl, 7.2% NaCl 
(hypertonic saline), 1.3% NaHC0 3 , 8% 
NaHC0 3 , calcium gluconate, and 50% dex¬ 
trose. Sodium chloride is the classic example 
of a crystalloid solution, as table salt (NaCl) 
exists as a crystal but dissolves completely 
when placed in water. Because crystalloids 
dissolve completely in water, crystalloid solu¬ 
tions containing sodium distribute through¬ 
out the entire extracellular fluid space; 
therefore they are not confined to the intra¬ 
vascular space. Sodium-containing crystal¬ 
loid solutions are always indicated in 
hypovolemia (circuit problem) but are con¬ 
traindicated in congestive heart failure 
(pump problem) because they provide an 
additional sodium load, and animals with 
heart failure have already retained too much 
sodium. Sodium-containing crystalloid solu¬ 
tions are also contraindicated in the presence 
of severe hypoalbuminemia because sodium- 
containing crystalloids will further decrease 
plasma albumin concentration and oncotic 
pressure, resulting in the movement of fluid 
into the interstitial spaces and exacerbating 
tissue edema. 

Crystalloid solutions are characterized in 
terms of the number of molecules (numera¬ 
tor) per volume of solution (denominator). 
The number of molecules is expressed in 
moles (abbreviated as mol), where 1 mol of 
compound is equivalent to the molecular 
weight of the compound in grams (formula 
weights for NaCl, NaHC0 3 , and KC1 are 58.5, 
85, and 74 g, respectively). Because body 
fluids are dilute, moles are expressed as mil¬ 
limoles (mmol = mol/1000) to facilitate 
readability. 

Crystalloid solutions are commonly 
expressed in terms of the number of charged 
components (numerator) per volume of 
solution (denominator). The number of 
charged components is expressed in equiva¬ 
lents (abbreviated as Eq), where 1 Eq is the 
number of each charged component that 
combines with or replaces 1 mol of hydrogen 
ion (this means that Eq is always a positive 
number). Because body fluids are dilute, 
equivalents are expressed as milliequivalents 
(mEq = Eq/1000) to facilitate readability. To 
calculate the number of mEq from mmol, 
simply multiply the number of millimoles by 
the valence (charge) or mEq/L = (mmol/L) X 
valence. For instance, 1 mmol of NaCl in 
solution provides 2 mEq: 1 mEq of Na + (1 X 


1) and 1 mEq of Cl" (1 x 1), assuming that 
NaCl acts as a strong electrolyte in water (i.e., 
it completely dissociates into Na + and Cl" in 
water). In comparison, 1 mmol of CaCl 2 in 
solution provides 4 mEq: 2 mEq of Ca 2+ (1 X 

2) and 2 mEq of Cl" (2 x 1), and 1 mmol of 
dextrose provides 0 mEq, because dextrose 
does not dissociate into charged components 
in water. 

The principal reason constituents of 
plasma are defined in terms of mEq instead 
of mmol is because electroneutrality must be 
preserved at all times; the difference between 
the charge assigned to all strong cations (Na + , 
K + , Ca 2+ , and Mg 2+ ) and strong anions (Cl“, 
lactate, sulfate, ketoacids, nonesterified fatty 
acids, etc.) in plasma is called the SID, and 
this factor independently and directly alters 
blood pH and therefore acid-base status. The 
normal SID of plasma is approximately 
40 mEq/L, although there are species differ¬ 
ences in the actual value. Electrolyte solu¬ 
tions with an effective SID greater than 
40 mEq/L are therefore alkalinizing because 
they create a strong ion alkalosis. Electrolyte 
solutions with an effective SID = 0 are acidi¬ 
fying because they create a strong ion acido¬ 
sis. Electrolyte solutions of intermediate SID 
may be alkalinizing or acidifying, depending 


on the change in plasma SID relative to the 
decrease in plasma protein concentration 
(which is alkalinizing; Table 5-3). 

Isotonic, Hypertonic, and Hypotonic 
Crystalloid Solutions 
The tonicity of the solution is an important 
clinical issue. Complete understanding of the 
tonicity concept requires differentiation of 
two terms, osmolality and osmolarity. 
Osmolality is the number of dissolved parti¬ 
cles per kilogram of solution and is expressed 
as mOsm/kg of solution. The normal plasma 
osmolality in large animals is approximately 
285 mOsm/kg, and plasma osmolality is 
aggressively defended by increasing water 
intake (osmolality >285 mOsm/kg) or 
promoting free water excretion (osmolality 
<285 mOsm/kg). The correct term in plasma 
and extracellular fluid is osmolality, because 
this factor is measured in the laboratory; 
however, frequently the term osmolarity is 
used because 1 L of lactated Ringer’s solution 
closely approximates 1 kg of lactated Ringer’s 
solution and because osmolarity can be easily 
calculated from the concentration of electro¬ 
lytes in the fluid solution. Osmolarity is the 
number of particles per liter of solution and 
is expressed as mOsm/L of solution. 










One kilogram (1 L) of plasma from 
an adult large animal has two components, 
70 g of protein and 930 g of plasma water. 
Accordingly, the osmolality of normal 
plasma (285 mOsm/kg) is equivalent to a 
plasma water osmolarity of 306 mOsm/L 
({285 mOsm/kg}/{0.93 L/kg}). Ringer’s solu¬ 
tion, 0.9% NaCl, and 1.3% NaHC0 3 are 
therefore considered isotonic solutions 
because they distribute in plasma water and 
have calculated osmolarities of 309, 308, and 
310 mOsm/L, respectively. 

The normal plasma osmolarity for solu¬ 
tions to be administered to large animals is 
approximately 306 mOsm/L; solutions can 
therefore be defined as isotonic (300- 
312 mOsm/L), hypertonic (>312 mOsm/L), 
or hypotonic (<300 mOsm/L). Using this 
categorization, it is readily apparent that 
some routinely used crystalloid solutions are 
hypotonic; in particular, lactated Ringers 
solution (275 mOsm/L) is mildly hypotonic 
and 5% dextrose (250 mOsm/L) is moder¬ 
ately hypotonic, although, as glucose is 
metabolized, 5% dextrose becomes an 
increasingly hypotonic solution. Erythro¬ 
cytes are resistant to increases in plasma 
osmolarity, whereas they are susceptible to 
mild decreases in osmolarity; this is the basis 
of the red blood cell fragility test in which 
red blood cell suspensions are placed in solu¬ 
tions of decreasing osmolarity. Because of 
hypotonic-induced hemolysis, parenterally 
administered fluids should ideally be iso¬ 
tonic or hypertonic. 

Hypotonic Crystalloid Solutions 
Lactated Ringer’s solution is a balanced, 
polyionic, alkalinizing, and hypotonic 
(275 mOsm/L) crystalloid solution contain¬ 
ing physiologic concentrations of Na + , K + , 
Ca 2+ , Cl“, and l- and D-lactate (CH 3 CH(OH) 
COO - ). Lactated Ringers solution alkalin- 
izes because lactate is predominantly metab¬ 
olized to the bicarbonate ion: 

CH 3 CH{0H)C00~+30 2 

-> 2C0 2 + 2H 2 0 + HCOf 

The lactate in lactated Ringer’s is a racemic, 
approximately equimolar mixture of l- and 
D-lactate. In healthy animals L-lactate is 
rapidly metabolized; however, animals have 
negligible D-lactate dehydrogenase activity, 
leading to slow clearance of D-lactate, which 
is primarily through the urinary system, dl- 
lactate solutions, such as lactated Ringer’s, 
therefore have approximately half the alka¬ 
linizing ability of L-lactate solutions. The 
effective SID of lactated Ringer’s solution is 
therefore less than the calculated value of 
28 mEq/L. Lactated Ringer’s solution is the 
standard intravenous fluid for neonates and 
adult horses, because these animals tend to 
become acidemic when inappetent. However, 
lactated Ringer’s solution is theoretically 
inferior to acetated Ringer’s solution, because 
critically ill animals may have increased 
blood L-lactate concentrations and it is 
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incongruous to add L-lactate in this 
situation. 

There has been recent interest in increas¬ 
ing the L-lactate concentration of lactated 
Ringer’s and decreasing the chloride con¬ 
centration to increase the alkalinizing effect. 
The inclusion of L-lactate at 56 or 84 mEq/L 
to an isotonic sodium solution provided a 
similar alkalinizing effect in healthy calves 
to the inclusion of bicarbonate at 56 or 
84 mEq/L. 4 

Acetated Ringer’s solution is a balanced, 
polyionic, alkalinizing, and hypotonic 
(294 mOsm/L) crystalloid solution. Com¬ 
mercially available formulations of acetated 
Ringer’s solution contain physiologic con¬ 
centrations of Na + , K + , Mg 2+ , Cl - , acetate 
(CH 3 COO - ), and gluconate (CH 2 (OH) 
{CH(OH)} 4 COO - ); the gluconate is problem¬ 
atic because calves (and presumably all 
large animals) slowly metabolize gluconate. 5 
Acetated Ringer’s solution alkalinizes 
because acetate is metabolized to the 
bicarbonate ion: 

CH 3 C00-+20 2 

co 2 +h 2 o+hco 3 - 

The strong ion approach to acid-base balance 
states that acetated Ringer’s solution is alka¬ 
linizing because it contains a metabolizable 
strong anion (acetate) that, when metabo¬ 
lized, increases the SID. Two acetated Ring¬ 
er’s solution formulations are commercially 
available in North America, Plasma-Lyte A 
and Normosol-R. Both have the same for¬ 
mulation, except Plasma-Lyte has a pH 
of 7.4 when administered compared with 
Normosol-R, which has a pH of 6.6 when 
administered. The difference in solution pH 
is unlikely to be of clinical significance. The 
main advantage of acetated Ringer’s solution 
is that the sodium concentration (140 mEq/L) 
is approximately the same as that of livestock 
animals, whereas the sodium concentration 
in lactated Ringer’s (130 mEq/L) is apprecia¬ 
bly lower. 

Five percent dextrose is 250 mOsm/L 
as administered, but plasma osmolarity 
decreases below 250 mOsm/L as the glucose 
is metabolized, leaving free water. Because 
5% dextrose has no sodium to expand the 
extracellular volume and has much less 
energy content than 50% dextrose on a 
volume basis, the only application of 5% dex¬ 
trose is to provide free water or as a vehicle 
for pharmacologic agents. 

Isotonic Crystalloid Solutions 
Ringer’s solution is a balanced polyionic 
nonalkalinizing isotonic crystalloid solution 
that contains physiologic concentrations of 
Na + , K + , Ca 2+ , and Cl - . This solution is mildly 
acidifying because its effective SID = 
0 mEq/L. Addition of a fluid with a SID of 
0 mEq/L to plasma (normal SID = 40 mEq/L) 
will decrease plasma SID and therefore 
directly and independently decrease plasma 
pH because a 1 mEq/L decrease in SID 


decreases plasma pH by approximately 
0.016. Ringer’s solution is the standard intra¬ 
venous fluid for adult ruminants because 
these ruminants tend to get alkalemic when 
inappetent. 

Isotonic saline (0.9% NaCl solution) is 

an isotonic crystalloid solution that has little 
merit in the routine treatment of sick rumi¬ 
nants, principally because ruminants usually 
develop hypocalcemia and hypokalemia 
when inappetent. Accordingly, the use of 
0.9% NaCl should be confined to horses, the 
irrigation of surgical sites and wounds, or as 
a vehicle for adding other electrolytes and 
dextrose. Like Ringer’s solution, 0.9% NaCl 
is mildly acidifying because effective SID = 
0 mEq/L. 

Isotonic sodium bicarbonate (1.3% 
NaHC0 3 solution) is an alkalinizing iso¬ 
tonic crystalloid solution that is used to treat 
severe acidemia (indicated whenever blood 
pH <7.20 as a result of metabolic acidosis). 
This solution is alkalinizing because it 
buffers hydrogen ion, HC0 3 - + H + <-> C0 2 + 
H 2 0, and increases SID (effective SID = 
155 mEq/L). Sodium bicarbonate is superior 
to sodium L-lactate and sodium acetate for 
the treatment of metabolic acidosis because 
it provides an immediate source of bicarbon¬ 
ate. On theoretical grounds, sodium bicar¬ 
bonate (NaHC0 3 ) should not be used to treat 
severe respiratory acidosis, because addi¬ 
tional C0 2 generated may worsen the respi¬ 
ratory acidosis. However, studies in critically 
ill large animals have failed to identify a 
clinically important effect of sodium bicar¬ 
bonate infusion on increasing arterial Pco 2 , 
inducing respiratory acidosis and further 
decreasing blood pH. Moreover, concern has 
been raised that rapid large-volume sodium 
bicarbonate administration can result in sys¬ 
temic alkalinization but not paradoxical 
CSF acidosis, which may produce adverse 
neurologic sequelae. An in-depth review 
of the studies on this topic indicates that 
paradoxical CSF acidosis has only been 
observed in anesthetized animals with con¬ 
trolled ventilation. In other words, when 
sodium bicarbonate is administered to 
animals that control their own ventilation, 
even under anesthesia, paradoxical CSF aci¬ 
dosis does not occur because the animal 
detects the increase in arterial Pco 2 and 
reflexively increases minute volume to 
combat the bicarbonate-induced respiratory 
acidosis. 6 

Tromethamine (THAM, Tris-hydroxy- 
methyl aminomethane, 300 mmol/L) is an 
isotonic solution of an organic amine that is 
a safe and effective buffer. After admini¬ 
stration, 70% of the neutral compound 
(CH 2 OH) 3 C-NH 2 in tromethamine is imme¬ 
diately protonated to the strong cation 
(CH 2 OH) 3 C-NH 3 + in plasma, with the net 
equation: 

(< CH 2 OH) 3 C-NH 2 +H + 

^ ±{CH 2 OH) 3 C-NH 3 + 
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Table 5-4 Estimated daily energy requirements of fasting cattle 


Body weight (kg) 

Metabolic body size 
(kg W 0 73 ) 

Metabolizable energy 
requirements (kcal) 

Glucose 50% 
(L/day) 

45 (1-month-old calf) 

16 

1760 

7 

90 

27 

2970 

1.2 

180 

45 

4950 

2.0 

360 

74 

8140 

3.3 

454 

87 

9519 

3.8 

544 

100 

12100 

4.8 


The remaining 30% of the administered tro- 
methamine remains unprotonated, and can 
therefore cross cell membranes and poten¬ 
tially buffer the intracellular compartment. 
Tromethamine provides an alternative 
alkalinizing agent to sodium bicarbonate; 
however, tromethamine does not currently 
appear to offer any important clinical advan¬ 
tages over sodium bicarbonate in spontane¬ 
ously breathing animals. 

Isotonic formulations are available for 
intravenous administration with or without 
electrolytes; administration of trometh¬ 
amine without electrolytes leads to hypona¬ 
tremia, and it would appear preferable to 
administer tromethamine in conjunction 
with electrolytes. 

Carbicarb is an isotonic buffer 
(300 mOsm/L) made from equimolar diso¬ 
dium carbonate (Na 2 C0 3 ) and sodium bicar¬ 
bonate; carbonate avoids generation of C0 2 
when buffering acidemic blood: 

CO/~+H + HCOf 

Carbicarb was suspected to decrease the 
incidence and magnitude of hypercapnia 
when rapid alkalinization was needed in 
animals with mixed metabolic and respira¬ 
tory acidosis. Despite numerous studies 
comparing Carbicarb with sodium bicarbon¬ 
ate, the potential clinical advantages of Car¬ 
bicarb have only been demonstrated in 
animals being ventilated or with extremely 
limited ventilatory ability. Carbicarb has 
been administered intravenously to diarrheic 
calves; however, these studies have failed to 
identify a clinically important advantage 
over conventional isotonic sodium bicarbon¬ 
ate administration. Accordingly, there does 
not appear to be a compelling reason to 
prefer Carbicarb to isotonic sodium bicar¬ 
bonate when rapid alkalinization of con¬ 
scious animals is required. 

Darrow’s solution is an isotonic poly¬ 
ionic solution formulated by Darrow in 1946 
for use in human infants; the solution has 
been administered to calves. Compared with 
other isoosmotic polyionic solutions, Dar¬ 
row’s solution is hyponatremic, hyperkale- 
mic, and hyperlactatemic and does not 
contain calcium or magnesium. As such, 
Darrow’s solution is not recommended for 
administration to large animals. 

McSherry’s balanced electrolyte solu¬ 
tion is an isotonic polyionic solution formu¬ 
lated by McSherry and Grinyer in 1954 for 
intravenous and intraperitoneal administra¬ 
tion to dehydrated diarrheic calves. On theo¬ 
retical grounds, this is an excellent parenteral 
fluid for resuscitating dehydrated diarrheic 
calves that deserves more frequent use. 
Unfortunately, commercial formulations are 
currently unavailable. 

Hypertonic Crystalloid Solutions 
Fifty percent dextrose is 2500 mOsm/L 
(approximately eight times normal osmolar- 
ity). Fifty percent dextrose solutions are 


commonly administered to ruminants with 
ketosis or hypoglycemia and produce a tran¬ 
sient increase in cardiac contractility. Some 
commercially available formulations in 
Europe contain an equimolar mix of dex¬ 
trose and fructose, although the addition of 
fructose does not appear to produce a more 
sustained increase in plasma glucose concen¬ 
tration than that produced by glucose alone. 

The necessity for glucose in fluid therapy 
has been controversial. Hypoglycemia occurs 
commonly in septicemic neonates and calves 
with diarrhea, but is uncommon in most 
other common diseases in which there is an 
acute fluid and electrolyte disturbance. Dex¬ 
trose will promote the movement of extracel¬ 
lular potassium into the cell, will provide 
metabolic water, and is a source of carbohy¬ 
drate. If glucose is indicated, large quantities 
of parenteral glucose are necessary to meet 
the maintenance energy requirements, and 
every effort must be made to restore the ani¬ 
mal’s appetite and to provide the necessary 
requirements through dietary intake. The 
energy requirements for maintenance are 
calculated on the basis of metabolic body 
size, kg 0 ' 73 , which is a measure of the fasting 
metabolism in an animal not eating and not 
doing any muscular work. If 1 g of dextrose 
given intravenously will provide 5 kcal 
(2.1 kj) of energy, the approximate amounts 
of dextrose solution needed to meet the 
energy needs for maintenance in cattle are 
shown in Table 5-4. Table 5-4 provides a 
rough estimate of the requirements and 
should be used as a general guideline only. 
Every effort should be made to supply the 
energy needs through oral intake of energy- 
containing foods. 

NaCl 7.2% (hypertonic saline) is 

2460 mOsm/L (approximately eight times 
normal osmolarity), and is used for the rapid 
resuscitation of animals with hypovolemia. 
Hypertonic saline should be administered at 

4 to 5m L/kg BW intravenously over 4 to 

5 min (l(mL/kg BW)/min). Faster rates of 
administration lead to hemodynamic col¬ 
lapse caused by vasodilation and decreased 
cardiac contractility, whereas slower rates of 
administration provide no advantages over 
isotonic crystalloid solutions. Like high- 
volume 0.9% NaCl, small-volume hypertonic 
saline consistently induces a mild strong ion 
acidosis as its effective SID = 0 mEq/L. 


Generally, the decrease in pH following 
hypertonic saline administration is less than 
0.08 pH units and rapidly dissipates with 
time. The effect of hypertonic saline on 
acid-base balance is therefore clinically 
inconsequential. 

The use of small volumes (4-5 mL/kg 
BW) of hypertonic saline solution, ranging 
in concentration from 7.0% to 7.5%, has 
been extensively evaluated for the treatment 
of various forms of hemorrhagic, septic, and 
endotoxic shock. Plasma volume is increased 
by the movement of free water from the 
intracellular space, increasing cardiac output, 
mean arterial blood pressure, systemic 
oxygen delivery, and glomerular filtration 
rate. Total peripheral vascular resistance and 
pulmonary vascular resistance decrease, and 
mean circulatory filling pressure increases. 
Urine output is restored and acid-base equi¬ 
librium returns toward normal in conjunc¬ 
tion with improved tissue perfusion. 

Hypertonic saline (7.2—7.5%), with or 
without Dextran 70, has been used success¬ 
fully in the initial resuscitation of diarrheic 
calves that have moderate to severe 
dehydration. 7 ' 9 When used in this manner, 
resuscitation is optimized if calves receive 
3 L of an isotonic oral electrolyte solution by 
esophageal intubation immediately before 
hypertonic saline is administered intrave¬ 
nously into the jugular vein through an 
18-gauge needle at 4 to 5 mL/kg over 4 to 5 
minutes. Combined intravenous hypertonic 
saline and oral electrolyte solution provides 
the fastest rate of resuscitation of dehydrated 
calves, as characterized by cardiac output 
and mean central venous pressure. It is 
important to note that the rate of resuscita¬ 
tion with hypertonic saline is even faster 
than that provided by administration of an 
equivalent sodium load of lactated Ringer’s 
solution at 80 mL/kg over the first hour. The 
rapid infusion of small volumes of hyper¬ 
tonic saline should therefore be considered 
the preferred treatment for the initial resus¬ 
citation of severely dehydrated diarrheic 
calves. Moreover, more of the administered 
sodium in hypertonic saline is retained by 
the calf, resulting in more sustained resusci¬ 
tation, whereas urinary sodium and free 
water loss is increased in calves administered 
lactated Ringer’s solution or 0.9% NaCl 
solution. 7,8,10 Although the first studies to 










demonstrate efficacy of hypertonic saline in 
resuscitating dehydrated calves also admin¬ 
istered dextran to assist in sustained plasma 
volume expansion, ,s subsequent studies 
have demonstrated that the addition of 
dextran is not required for a beneficial 

9,10 

response. 

Hypertonic saline solution is widely used 
for the treatment of dairy cattle with endo- 
toxic shock and endotoxemia associated with 
coliform mastitis. Affected cows are given 
2 L of hypertonic saline (4-5 mL/kg BW) 
intravenously, followed by immediate access 
to drinking water and other supportive 
therapy. The small volume of hypertonic 
saline followed by the oral water load 
increases circulatory volume rapidly, induces 
slight metabolic acidosis, increases renal per¬ 
fusion and glomerular filtration rate, and 
induces homeostatic changes in serum 
calcium and phosphorus. In experimental 
endotoxin-induced mastitis of cattle, small 
volumes of hypertonic saline given intrave¬ 
nously (7.5%, 5 mL/kg BW) resulted in 
expanded plasma volume and increased the 
cows’ voluntary water intake by about 12 
times compared with cows treated with iso¬ 
tonic saline. The rapid intravenous adminis¬ 
tration of hypertonic saline successfully, but 
transiently, resuscitates calves in experimen¬ 
tal endotoxic shock. 11 Hypertonic saline 
(7.2% NaCl, 2400 mOsm/L), 4 mL/kg BW 
intravenously over 4 minutes can be safely 
administered to endotoxic calves. On a com¬ 
parative basis, the rapid infusion of large- 
volume isotonic saline is superior to 
small-volume hypertonic saline for initial 
resuscitation of experimentally induced 
acutely endotoxemic calves. 

Hypertonic saline (7.2% NaCl, 2 L intra¬ 
venously over 10 minutes) has been admin¬ 
istered to cattle with RDA, followed by 10 L 
of 0.9% NaCl intravenously, and the resus- 
citative effects compared with cattle receiv¬ 
ing an equivalent sodium load of 0.9% NaCl 
(26 L). Hypertonic saline produced a faster 
rate of initial resuscitation, based on mean 
central venous pressure and changes in 
plasma volume. 12 Hypertonic saline (7.5% 
NaCl, 5 mL/kg intravenously over 15 
minutes) has been administered to cattle 
with experimentally induced acute ruminal 
acidosis, and the resuscitative effects com¬ 
pared with isotonic saline solution (0.9% 
NaCl). The response to both fluids appeared 
equivalent, except for a slighter larger reduc¬ 
tion in blood pH in cattle treated with 
hypertonic saline. 13 It should be noted that 
hypertonic saline should not be adminis¬ 
tered to ruminants with acute ruminal aci¬ 
dosis on theoretical grounds. This is because 
rumen osmolality is markedly increased 
in acute ruminal acidosis, which minimizes 
the osmotic gradient that is generated fol¬ 
lowing rapid intravenous small-volume 
hypertonic saline administration and the 
volume of free water translocated from the 
forestomach. 
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Hypertonic saline solutions have been 
extensively studied in horses and are widely 
used for the initial resuscitation of critically 
ill horses that are undergoing abdominal 
surgery for colic. Hypertonic saline has been 
associated with greater and more prolonged 
improvement in cardiopulmonary function 
and survival in horses with experimentally 
induced hemorrhagic and endotoxemic 
shock and in halothane-induced hypoten¬ 
sion in horses. When given intravenously to 
normal conscious horses at 5 mL/kg BW, 
there are increases in plasma osmolality and 
serum sodium and chloride, but clinically 
normal horses rapidly regulate variable 
sodium loads. In horses with experimentally 
induced acute endotoxemia, horses resusci¬ 
tated with intravenous hypertonic saline 
(5 mL/kg) and hydroxyethyl starch (10 ml/ 
kg) had a higher cardiac output, lower mean 
pulmonary artery pressure and mean central 
venous pressure, higher ionized plasma 
calcium concentration, and improved respi¬ 
ratory gas exchange and arterial oxygenation 
than horses resuscitated with high-volume 
isotonic acetated Ringer’s solution. 14 ' 15 These 
results were consistent with increased inter¬ 
stitial water in the lung and volume overload 
as a result of conventional rapid high-volume 
isotonic solution administration. 14 Similar 
findings were reported earlier in the resusci¬ 
tation of endotoxemic calves. 11 Hypertonic 
saline (7.2%) at 4 mL/kg provided a superior 
resuscitative solution than equivolume iso¬ 
tonic saline (0.9%) in horses eliminated from 
an endurance event because of dehydration. 
Dehydrated horses administered hypertonic 
saline had a greater plasma volume expan¬ 
sion and shorter time to first urination than 
horses receiving isotonic saline. 16 

Hypertonic solutions of sodium bicar¬ 
bonate are highly effective for the initial 
treatment of acidosis associated with D-lactic 
acidosis in calves, acute diarrhea in calves, 
and strong ion (metabolic) acidosis in 
newborn calves. Sodium bicarbonate 8.4% 
is 2000 mOsm/L (approximately seven times 
normal osmolarity). This solution is used for 
rapid alkalinization, particularly in the pres¬ 
ence of severe acidemia (pH <7.20). The 
solution osmolarity was selected because it 
provides 1 mEq of HC0 3 7mL of solution, 
which facilitates calculation of the volume to 
be administered. The speed of intravenous 
administration of 8.4% sodium bicarbonate 
should not exceed 1 (mL/kg BW)/min. There 
is one report of the intravenous administra¬ 
tion of 8.4% sodium bicarbonate to normo¬ 
volemic calves with experimentally induced 
mixed respiratory and metabolic acidosis; 
the study found that rapid administration of 
sodium bicarbonate (5 mL/kg intravenously 
over 5 min) rapidly corrected the metabolic 
acidosis, increased blood pH, and improved 
cardiovascular status without inducing 
paradoxical CSF acidosis, suggesting that 
this treatment may be of value in treating 
dehydrated diarrheic calves. 1 ' A study in 


dehydrated calves with naturally acquired 
diarrhea has been conducted comparing 
intravenous hypertonic sodium bicarbonate 
(8.4%, 10 mL/kg over 8 minutes) and hyper¬ 
tonic saline (5.9%, 5 mL/kg over 4 minutes); 
calves receiving either treatment also 
received 3 L of an oral electrolyte solution 5 
minutes after injection. As expected, the 
hypertonic sodium bicarbonate solution was 
more effective in correcting profound acide¬ 
mia and metabolic acidosis than hypertonic 
saline. 18 The results of a study that compared 
the intravenous administration of equivalent 
sodium loads of 8.4% to 1.3% NaHC0 3 to 
neonatal calves with naturally acquired diar¬ 
rhea and severe dehydration indicated that 
isotonic sodium bicarbonate was more effec¬ 
tive in rehydrating the calf, whereas the rapid 
administration of hypertonic sodium bicar¬ 
bonate was more effective in rapidly correct¬ 
ing the acidemia and strong ion (metabolic) 
acidosis. 19 

There are recent studies evaluating the 
effect of hypertonic solutions of sodium 
lactate (11.2% at 5 mL/kg/h administered 
over 270 minutes); lactate provides an energy 
substrate that can be used by most cells in 
the body, while being alkalinizing after 
metabolism to bicarbonate. In a pig endotox¬ 
emia model, infusion of hypertonic sodium 
lactate increased mean arterial blood pres¬ 
sure and cardiac output and improved oxy¬ 
genation, relative to hypertonic sodium 
bicarbonate or 0.9% NaCl solution. 20 

Sodium bicarbonate 5% is 1190 mOsm/ 
L (approximately four times normal osmo¬ 
larity). This solution is also used for rapid 
alkalinization in the presence of severe aci¬ 
demia (pH <7.20). The speed of intravenous 
administration of 5.0% sodium bicarbonate 
should not exceed 2 (mL/kg)/min. Three to 
five liters of 5% sodium bicarbonate may be 
necessary as initial therapy to correct the 
severe hyponatremia and strong ion (meta¬ 
bolic) acidosis that occurs in the horse 
with acute diarrhea. Following this initial 
treatment, hypokalemia characterized by 
muscular weakness commonly occurs, 
which can be treated using a high-sodium, 
high-potassium, alkalinizing solution. 

Calcium gluconate 23% or calcium 
borogluconate are 1069 mOsm/L (approxi¬ 
mately three and a half times normal 
osmolarity). Calcium borogluconate is the 
standard treatment for milk fever (hypocal¬ 
cemia) in cattle. D-gluconate is an aldose 
sugar produced by oxidation of D-glucose, 
and is the preferred salt for calcium- 
containing parenteral solutions because it 
does not cause tissue necrosis as severe as 
does CaCl 2 . Calcium gluconate should not be 
added to sodium bicarbonate solutions 
because a white precipitate (CaC0 3 ) forms 
immediately that interferes with normal fluid 
administration. Likewise, calcium gluconate 
should not be administered with tetracycline 
antibiotics because a yellow precipitate 
forms. 
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Chapter 5 ■ Disturbances of Free Water, Electrolytes, Acid-Base Balance, and Oncotic Pressure 


Colloid Solutions 

A colloid is a substance that is too large to 
pass through a semipermeable membrane. 
Examples of colloid solutions administered 
to ruminants are whole blood, stroma-free 
Hb, plasma, dextrans, hydroxyethyl starches, 
and gelatins. As a group, colloid solutions are 
excellent for sustained expansion of plasma 
volume, which is in marked contrast to the 
effect of crystalloid solutions. Colloid solu¬ 
tions are contraindicated in congestive heart 
failure because these animals have increased 
plasma volume. Colloid solutions are also 
contraindicated in the presence of oliguric or 
anuric renal failure because the sustained 
volume overload may lead to pulmonary 
edema. Although initial studies using colloid 
solutions appeared promising, influential 
studies promoting the use of commercially 
available solutions have been recently 
retracted from major journals, 21 and the 
majority of smaller reviews evaluating the 
safety and efficacy of colloid solutions were 
written by investigators that had or have 
since established ties to the manufacturers of 
colloid solutions. 22 Moreover, questions are 
being raised about the relative importance of 
the difference between plasma oncotic and 
interstitial oncotic pressures and trans¬ 
capillary fluid dynamics in patients with 
normal or decreased capillary pressures. 
The net result of these recent developments 
is decreased enthusiasm for the administra¬ 
tion of commercially formulated colloid 
solutions. 

Whole blood is the perfect balanced 
colloid/crystalloid solution, with great 02 - 
carrying capacity. It has a short shelf-life 
(<24 hours at 4°C) and is expensive to obtain. 
Whole blood administration runs the risk of 
disease transmission and allergic reactions; 
the latter are extremely rare in ruminants 
with the first blood transfusion but common 
enough in horses for blood typing or cross¬ 
matching to be required. Descriptions for 
collecting, storing, and administering blood 
are available in Chapter 4. 

Stroma-free Hb is a blood substitute 
containing a purified Hb glutamer-200 
solution (13 g Hb/dL) derived from cattle 
blood. A commercially available solution 
has a 2-year shelf-life at 20°C, an osmolar- 
ity of 300 mOsm/L, and an oncotic pres¬ 
sure of 43 mm Hg; the solution is therefore 
isotonic but hyperoncotic. Stroma-free Hb 
solutions are excellent at increasing oxygen 
delivery and carrying capacity while provid¬ 
ing similar plasma volume expansion to dex¬ 
trans and hydroxyethyl starches. The major 
theoretical concerns regarding admini¬ 
stration of stroma-free Hb solutions are 
potent vasoconstriction and hemoglobin- 
uric nephrosis. Some of the original experi¬ 
mental studies examining the effects of 
stroma-free Hb administration were com¬ 
pleted in sheep, and there are occasional 
reports of its successful administration to 
critically ill horses in a clinical situation. It 
is likely that the high cost of this product 


will minimize its administration to large 
animals. 

Plasma (fresh or frozen) is an excellent 
balanced colloid/crystalloid solution. Com¬ 
pared with blood, plasma has a much longer 
shelf-life (at least 1 year at -20°C) but is more 
expensive to obtain. Details for collection, 
harvesting, storing, and administering 
plasma are available elsewhere, and bovine, 
equine, and New World camelid plasmas 
are commercially available. Like blood, 
administration of plasma runs the risk of 
disease transmission and allergic reactions, 
although these risks are less than with blood 
transfusion. 

Plasma is routinely administered to foals 
with inadequate transfer of passive immu¬ 
nity. Hyperimmune plasma is occasionally 
administered to neonatal foals and adult 
horses with gram-negative septicemia and 
endotoxemia. There appears to be only one 
report documenting the efficacy of plasma 
administered to neonatal calves with diar¬ 
rhea, and these calves were probably colos¬ 
trum deprived. The 14-day survival rate in 
diarrheic calves that received 600 to 800 mL 
of bovine plasma (5 g protein per dL) and 
electrolytes intravenously was 93% (37/40), 
which was significantly greater than the sur¬ 
vival rate of calves receiving intravenous 
electrolytes alone (54%, 7/13). Another study 
failed to identify a beneficial effect of blood 
transfusion in treating diarrheic calves. 
Because blood is cheaper to obtain than 
plasma, whole blood transfusions are usually 
administered when a neonatal ruminant 
needs plasma. Human albumin solutions 
(5% or 25% human albumin in 0.9% NaCl) 
are available, but are very expensive relative 
to the use of other colloids such as plasma, 
blood, or Dextran 70. Consequently, there 
does not appear to be a persuasive reason for 
the administration of human albumin solu¬ 
tions to large animals. 

Dextran preparations (such as Dextran 
70 and Dextran 40) are high molecular 
weight glucose polymers obtained by bacte¬ 
rial fermentation of sucrose; the fermenta¬ 
tion metabolites then undergo acid hydrolysis 
and fractionation. The molecular weight of 
dextran can therefore be “selected,” and two 
dextran products, Dextran 70 (mean molec¬ 
ular weight 70,000 g) and Dextran 40 (mean 
molecular weight 40,000 g), are commer¬ 
cially available. Because the molecular weight 
of Dextran 70 is similar to albumin (molecu¬ 
lar weight 65,000 g), there is limited diffu¬ 
sion of dextran into the interstitial space. 
Therefore Dextran 70 acts clinically as a 
plasma volume expander; this is in contrast 
to isotonic crystalloid solutions, which 
act as extracellular fluid volume expanders. 
Dextran 70 has been the most widely used 
dextran formulation in large animals, and is 
therefore the recommended product for 
administration. It is supplied as a 6% concen¬ 
tration in 0.9% NaCl, which provides a 
hyperoncotic but isotonic solution. Reported 
administration rates of Dextran 70 are 5 to 


40(mL/kg)/h, but it is safer to administer 
Dextran 70 at less than 20(mL/kg)/h. One 
milliliter of Dextran 70 expands the plasma 
volume by 0.8 to 1.2 mL, but 50% of the 
administered dose is gone by 24 hours. 
Dextran administration runs the risk of 
exacerbating preexisting coagulopathies, 
although the clinical significance of dextran- 
induced prolongation of activated partial 
thromboplastin time (APTT) by decreasing 
factor VIILC is probably minimal. The risk 
of coagulopathy is dependent on the admin¬ 
istration rate, total dose administered 
(20 mL/kg is maximum 24-hour dose in 
humans), and the molecular weight of 
dextran. The deleterious effects of dextrans 
are usually associated with large doses or 
prolonged administration. 

The use of hypertonic saline-dextran 
solution (4 mL/kg, 2400 mOsm/L sodium 
chloride in 6% Dextran 70 administered 
intravenously once over 4 minutes) com¬ 
bined with an isotonic oral alkalinizing 
solution containing sodium chloride 
(3.22 g/L), potassium chloride (1.12 g/L), 
sodium acetate trihydrate (4.76 g/L), and 
glucose anhydrous (16.22 g/L), providing 
300 mOsm/kg of water and administered at 
55 mL/kg BW, was superior to either solu¬ 
tion alone for the treatment of experimen¬ 
tally induced hypovolemic diarrhea in calves. 
The combined treatment resulted in immedi¬ 
ate and sustained increases in plasma volume, 
cardiac output, and stroke volume, improv¬ 
ing tissue perfusion. Rapid and sustained 
rehydration after the combined treatment 
was indicated by improvement in hydration 
and clinical depression scores and decreases 
in hematocrit; blood lactate concentration; 
and serum creatinine, albumin, and phos¬ 
phate concentrations. Resuscitation with oral 
electrolyte solution alone was slower but was 
complete within 24 hours. Resuscitation with 
the hypertonic saline-dextran solution alone 
resulted in only transient benefit. 

The administration of hypertonic 
saline-dextran solution (7.2% NaCl solu¬ 
tion with 6% dextran at the rate of 4 mL/ 
kg BW, intravenously during a 4-minute 
period, combined with oral administration 
of isotonic electrolyte solution at the rate 
of 50-60 mL/kg BW) provided a rapid and 
effective method for resuscitating severely 
dehydrated calves with experimentally 
induced diarrhea or with naturally acquired 
diarrhea. 

Hydroxyethyl starch is a high molecular 
weight glucose polymer (mean molecular 
weight 450,000 g) that is chemically synthe¬ 
sized from amylopectin, producing a highly 
branched glucose polymer with a structure 
similar to that of glycogen. Hydroxyethyl 
starch is hydrolyzed in blood by a-amylase, 
and the addition of hydroxyethyl groups 
slows hydrolysis and prolongs the duration 
of plasma volume expansion. Hydroxyethyl 
starch solutions are categorized by the mean 
molecular weight and a molar substitution 
ratio (usually stated after a back slash) that 





reflects the number of hydroxyethyl substitu¬ 
tions per glucose unit, with a higher number 
indicating more substitutions and a slower 
rate of degradation. 23 A variety of hydroxy¬ 
ethyl starch formulations have been devel¬ 
oped world wide; Hetastarch (hydroxyethyl 
starch at 600,000 g/0.75 in 0.9% NaCl solu¬ 
tion or 670,000 g/0.75 in lactated Ringers 
solution), Pentastarch (200,000 g/0.4 in 
0.9% NaCl solution), and Tetrastarch 
(130,000 g/0.4 or 130,000 g/0.42 in 0.9% 
NaCl solution). Pentastarch (200,000 g/0.4 
in 0.9% NaCl solution), and Tetrastarch 
(130,000 g/0.4 in 0.9% NaCl solution). 
Because the molecular weight of hydroxy¬ 
ethyl starch is much greater than that of 
albumin (65,000 g), hydroxyethyl starch in 
Hetastarch preparations decreases endothe¬ 
lial permeability by sealing separations of 
endothelial cells. Hydroxyethyl starch is sup¬ 
plied as a 6% concentration in 0.9% NaCl; 
this provides a hyperoncotic but approxi¬ 
mately isotonic solution. Reported adminis¬ 
tration rates are 5 to 40(mL/kg BW)/h but, 
like Dextran 70, it is safer to administer 
hydroxyethyl starch at less than 20(mL/kg 
BW)/h. Like Dextran 70, hydroxyethyl starch 
administration runs the risk of exacerbating 
preexisting coagulopathies. The risk of coag¬ 
ulopathy is dependent on the administration 
rate, total dose administered (20 mL/kg BW 
is the maximum 24-hour dose in humans), 
and size of the hydroxyethyl starch particles. 
Administration of 6% hydroxyethyl starch to 
anesthetized horses at 5 to 15 mL/kg over 
90 minutes increased mean central venous 
pressure and cardiac output but did not 
correct inhalation anesthetic-induced sys¬ 
temic hypotension. 24 The rapid administra¬ 
tion of 6% hydroxyethyl starch to horses with 
naturally occurring gastrointestinal disease 
at 10 mL/kg increased colloid osmotic pres¬ 
sure by approximately 20%, but did not 
return values to within the reference range. 25 
High molecular weight hydroxyethyl starch 
formulations have been recently linked to 
nephrotoxicity, acute renal failure, and mor¬ 
tality in humans, particularly in septic 
patients or patients with preexisting renal 
disease, and the U.S. Food and Drug Admin¬ 
istration recommended in 2013 that they not 
be used in critically ill adults and patients 
with preexisting renal dysfunction or severe 
liver disease. Low molecular weight hydroxy¬ 
ethyl starch formulations do not seem to 
demonstrate similar adverse effects, but are 
cleared at a faster rate because of their small 
size, resulting in a shorter duration of action. 
The relevance of these findings to the use of 
hydroxyethyl starch formulations in large 
animals is uncertain, because clinically rele¬ 
vant coagulation abnormalities caused by 
hydroxyethyl starch were not identified 
when administered to horses with experi¬ 
mentally induced acute endotoxemia at 
10 mL/kg. 15 Hydroxyethyl starch solutions 
do exert dose-dependent in vitro effects on 
coagulation in horse blood, as assessed by 
platelet aggregation and function. 23 The 
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clinical relevance of these in vitro findings 
has not been determined. 

Pentastarch has two important differ¬ 
ences to Hetastarch (hydroxyethyl starch) 
formulations: it appears to have a less exac¬ 
erbating effect on preexisting coagulopathies 
and the rate of elimination is faster (elimina¬ 
tion half-life of 5.6 hours in healthy horses 
and possibly 2 hours in critically ill horses); 
however, similar to hydroxyethyl starch, 
pentastarch has been associated with an 
increased incidence of acute kidney injury in 
humans. 26 Pentastarch has been adminis¬ 
tered preoperatively to horses with colic at 
4 mL/kg, and this infusion produced a 
higher cardiac output in anesthetized horses 
for 150 minutes compared with the same 
volume of hypertonic saline (7.2% NaCl). 2 ' 
It should be noted that Pentastarch is con¬ 
siderably more expensive than 7.2% hyper¬ 
tonic saline when compared on a volume 
basis. 

Tetrastarch has been the most recently 
introduced colloid and, consequently, there 
are fewer studies examining its efficacy and 
safety. In vitro studies suggest Tetrastarch 
produces less impairment of coagulation 
caused by its lower molecular weight and 
lower molar substitution formulation. 
Studies in healthy adult horses indicated Tet¬ 
rastarch caused plasma volume expansion 
but a shorter duration of adverse effects on 
platelet function than a similar dose of 
Hetastarch. 28 The clinical significance of this 
difference remains to be determined. 

Gelatins (modified bovine collagens) 
are available for veterinary use. The formula¬ 
tion uses gelatin with a mean molecular 
weight of 30,000 g and is a 5.6% suspension 
in NaCl. Compared with dextrans and 
hydroxyethyl starches, gelatins have a shorter 
plasma half-life but appear to have less effect 
on coagulation. Generally, gelatins have not 
been evaluated as completely as dextrans and 
hydroxyethyl starches and, on this basis, are 
not currently preferred. 

Practical Administration 
of Electrolyte Solutions 

Under ideal conditions, with laboratory eval¬ 
uation of the animal, the deficits can be accu¬ 
rately assessed and fluids containing the 
deficient electrolytes can be formulated. 
However, under most practice conditions 
this is not possible and polyionic crystalloid 
solutions are in general use. These usually 
contain sodium, potassium, chloride, and 
calcium or magnesium at a concentration 
similar to the electrolyte composition of 
extracellular fluid; the solutions may also 
contain lactate or acetate as bicarbonate pre¬ 
cursors. Dextrose may be added to the solu¬ 
tion to make an initial mildly hypertonic 
solution. 

Polyionic crystalloid solutions are safe 
and can be used in large quantities without 
inducing electrolyte disturbances provided 
that circulating blood volume and renal 
function have been restored and 


are maintained. They can be used for most 
situations of dehydration and moderate aci¬ 
demia or alkalemia and moderate electrolyte 
imbalances. They are not usually adequate 
for the treatment of severe acidemia or alka¬ 
lemia, or severe hyponatremia, hypokalemia, 
or hypochloremia. 

For the treatment of severe acidemia or 
alkalemia, and severe hyponatremia, hypo¬ 
kalemia, and hypochloremia, specific elec¬ 
trolyte solutions are necessary. Generally, 
they consist of a mixture of the common 
simple solutions with supplemented electro¬ 
lytes to correct some major abnormality. 
These are considered necessary to correct 
abnormalities quickly that could not be cor¬ 
rected using balanced electrolyte solutions. 
These solutions are summarized in Tables 
5-3 and 5-5. Many intravenous solutions for 
fluid therapy in calf diarrhea are available, 
and it is recommended that they should 
contain 150 mmol/L of sodium, 5 mmol/L of 
potassium, and about 50 mmol/L of a 
mixture of bicarbonate and precursors. 

When acidemia is not present it is 
not necessary to use a fluid containing 
bicarbonate. 

Mature cattle affected with metabolic 
alkalosis associated with diseases of the 
abomasum are usually hypokalemic, hypo¬ 
chloremic, and dehydrated. For such cases, a 
balanced electrolyte solution containing 
sodium, chloride, and potassium is satisfac¬ 
tory. A solution containing sodium (135— 
155 mEq/L), chloride (150-170 mEq/L), and 
potassium (10-20 mEq/L) is effective. In 
recently calved dairy cattle, calcium boroglu- 
conate is commonly added to the mixture. 

Solutions containing potassium have 
been recommended for the treatment of the 
potassium depletion that occurs in calves 
with acute diarrhea and in inappetent rumi¬ 
nants and horses. However, in calves with 
severe acidemia and hyperkalemia, it is 
important to expand circulating blood 
volume, restore renal function, and correct 
the strong ion (metabolic) acidosis before 
providing additional potassium, which may 
be toxic. Solutions containing potassium 
may be indicated following correction of 
the acidosis and dehydration. However, if the 
animal’s appetite is returned to normal, the 
oral potassium intake will usually correct any 
existing deficiencies. 

In neonatal calves with dehydration 
caused by diarrhea, optimized decision trees 
for treatment have been developed based on 
clinical signs of hydration status and the 
presence of varying degrees of acidemia 
caused by metabolic acidosis (suckling 
strength, degree of enophthalmos, ability to 
stand, and presence or absence of palpebral 
reflex). 3,29 The decision tree is followed to 
determine the need for oral fluids or intrave¬ 
nous administration of isotonic solutions of 
sodium bicarbonate containing 250 mmol, 
500 mmol, or 750 mmol of sodium bicar¬ 
bonate, with supplemental glucose added 
when indicated 30 (Fig. 5-17). 
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Table 5-5 Composition (mmol/L) and indications for 

use of electrolyte solutions used in 

fluid therapy 









Lactate or 



Solution 

Na + 

K + 

cr 

Mg 2+ 

Ca 2+ 

hco 3 - 

acetate 

Dextrose Gluconate 

Major indications 

0.9% sodium chloride (isotonic saline) 

155 


155 






Expansion of circulation 










blood volume 

1.3% sodium bicarbonate (isotonic) 

155 





156 



Metabolic acidosis 

1.3% sodium bicarbonate in 5% 

155 





156 


5% 

Metabolic acidosis 

dextrose 










5% sodium bicarbonate (hypertonic) 

600 





600 



Severe metabolic acidosis 

Equal mixture of isotonic saline and 

155 


78 



78 



Metabolic acidosis and 

isotonic sodium bicarbonate 









dehydration 

Balanced electrolyte solution (i.e.. 

138 

12 

100 

5 

3 


50 (acetate) 


Metabolic acidosis 

McSherry's solution) 









electrolyte losses and 
dehydration 

Lactated Ringer's solution 

130 

4 

111 


3 


28 (lactate) 


Metabolic acidosis 

Normosol-R 

140 

5 

98 




27 

23 

Metabolic acidosis 

Plasma-Lyte A 

140 

5 

98 




27 

23 

Metabolic acidosis 

High sodium, alkalinizing solution, 

190 

4 

111 



60 

27 (lactate) 


Metabolic acidosis and 

lactated Ringer's solution plus sodium 
bicarbonate (5 g/L) 









hyponatremia 

High-sodium, high-potassium. 

190 

18 

125 



60 

27 (lactate) 


Metabolic, acidosis, 

alkalinizing sodium, lactated Ringer's 









hyponatremia, 

solution plus 1 g/L potassium chloride 
and 5 g/L sodium bicarbonate 









hypokalemia 

High-potassium acidifying solution, 

154 

35 

189 






Metabolic alkalosis, 

isotonic saline plus 2.5 g potassium, 









hypochloremia, 

chloride per liter, mixture of 1 L 









hypokalemia 

isotonic potassium chloride (1.1%), 









Metabolic alkalosis in 

2 L isotonic saline (0.9%), and 1 L 









cattle with abomasal 

dextrose 9% 









disease 



* Represents the intended amount of sodium bicarbonate 

A An infusion volume of 10 liters is recommended for calves with estimated enophthalmos > 7 mm. 


Fig. 5-17 Optimized decision tree for treating neonatal calves with diarrhea in a field setting. Examination of the ability to stand is evaluated by 
lifting recumbent animals. Enophthalmos reflects a visible gap of 3 to 4 mm between the corneal surface of the eye and the caruncula lacrimalis 
or normal position of the lower eyelid. (From Trefz FM et al. BMC Vet Res 2012;8:238.23). 
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For the treatment of hypochloremic 
hypokalemic metabolic alkalosis, acidifying 
solutions can be used but preferably only if 
constant laboratory evaluation of the animal 
is possible. Without laboratory evaluation, 
the use of Ringer’s solution, 0.9% NaCl, or 
hypertonic saline for correction of strong ion 
(metabolic) alkalosis in adult cattle is recom¬ 
mended, along with the oral administration 
of potassium in animals that are inappetent. 
In experimentally induced hypochloremic 
hypokalemic metabolic alkalosis in 40 to 
50 kg BW sheep, replacement of the chloride 
deficit using 2 L of hypertonic saline (1.8% 
sodium chloride) was effective in returning 
plasma sodium and chloride concentrations 
to normal within 12 hours, and the plasma 
potassium concentrations and acid-base 
balance returned to normal within 36 hours 
of treatment without providing potassium. 
Small volumes of hypertonic saline are also 
effective for the treatment of experimentally 
induced hypochloremic hypokalemic meta¬ 
bolic alkalosis in sheep. 

In summary, five different kinds of solu¬ 
tions are used in large-animal practice: 

• Polyionic crystalloid solutions, such as 
lactated Ringer’s solution and acetated 
Ringer’s solution, are indicated for 
dehydration and moderate degrees of 
acid-base and electrolyte imbalance. 

• Hypertonic saline solution and an oral 
water load represent a practical and 
inexpensive alternative to parenteral 
administration of large fluid volumes. 

• Hypertonic or isotonic sodium 
bicarbonates, such as 8.4, 5.0 
(hypertonic), or 1.3% (isotonic) 
solutions of sodium bicarbonate, are 
used for severe strong ion (metabolic) 
acidosis and hyponatremia, particularly 
in dehydrated depressed calves with 
diarrhea. 

• Chloride-containing acidifying 
solutions, such as Ringer’s solution, are 
used for treatment of strong ion 
(metabolic) alkalosis. 

• Colloid solutions, such as plasma or 
blood, are administered more frequently 
than Dextran 70 or hydroxyethyl starch 
solutions. 

Because cost is a major consideration in 
large-animal fluid therapy, it may not be 
possible to use sterile solutions. Most of the 
previously mentioned solutions can be for¬ 
mulated using the necessary salts mixed 
with distilled water, boiled water, or ordinary 
tap water and are therefore prepared 
inexpensively. 

Quantity of Fluids Required and 
Routes of Administration 

The amount of fluid required depends on the 
degree of dehydration (an estimate of the 
volume losses that have already occurred); 
the continuous losses that occur during treat¬ 
ment; and the maintenance requirements of 
the animal during treatment presuming its 


dietary intake of water, electrolytes, and 
nutrients is minimal. The fluids are usually 
given in two stages: 

• Hydration therapy in the first 4 to 6 
hours at a rate of 100 to 150 mL/kg BW 
intravenously. 

• Maintenance therapy (a combination of 
continuous losses and maintenance 
requirements) in the next 20 to 24 
hours, depending on the severity and 
the course of the disease, at 60 to 

80 mL/kg BW per 24 hours 
intravenously (approximately 3-4 mL/kg 
BW per hour). In some cases of profuse 
diarrhea, the continuous losses and 
maintenance requirements will be about 
150 mL/kg BW over a 24-hour period. 
The daily maintenance water 
requirements of adult horses range from 
54 to 83 mL/kg BW, with a mean of 
64 mL/kg BW. 

Some examples of the large quantities of fluid 
required for hydration and maintenance 
therapy in cases of acute diarrhea are out¬ 
lined in Table 5-6. 

Parenteral Fluid Therapy 

The total amount of the estimated necessary 
hydration therapy should be given intrave¬ 
nously using indwelling intravenous cathe¬ 
ters in the first 4 to 6 hours to expand and 
maintain circulating blood volume. If acide¬ 
mia or alkalemia is present, it also should be 
treated immediately. Thus the most impor¬ 
tant abnormalities—decreased circulating 
blood volume and acid-base imbalance—are 
treated first. Restoring circulating blood 
volume will restore renal function, which 
will assist in correcting acid-base and elec¬ 
trolyte balance. The immediate correction of 
acidemia will return the tissues to their 
normal physiologic activity. The intravenous 
route is preferred for hydration therapy and 
for the correction of severe acid-base and 
electrolyte imbalances. All other routes 
(intraperitoneal, subcutaneous, and oral) are 
unsatisfactory in the presence of decreased 
circulating blood volume. 

During the intravenous administration, 
the animal must be monitored for clinical 
and laboratory evidence of improvement or 
deleterious effects. A favorable response is 


indicated by urination within 30 to 60 
minutes, an improvement in mental attitude, 
and some evidence of hydration. Unfavor¬ 
able responses include dyspnea because of 
preexisting pneumonia or pulmonary edema 
because of too rapid administration, failure 
to urinate because of renal failure or paraly¬ 
sis of the bladder, and tetany because of the 
excessive administration of alkali. Unusual 
responses such as sweating, trembling, and 
depression within several hours following 
the intravenous administration of electro¬ 
lytes or other substances such as commercial 
amino acids may occur if the infusion is con¬ 
taminated during administration. If a labora¬ 
tory is available, the determination of PCV, 
bicarbonate, and blood pH will provide an 
excellent monitoring system during the 
administration of the fluids. 

Rate of Administration 
The rate of administration will depend on 
the size of the animal, the severity of the 
illness, the type of fluids administered, and 
the response of the animal to the fluids. In 
calves, isotonic saline (0.9% NaCl) and 
sodium bicarbonate solutions can be given at 
the rate of 1 to 3 L/h; in a mature horse, 
fluids may be given at the rate of 10 to 12 L/h. 
Hypertonic solutions such as 5% sodium 
bicarbonate can be given to a mature horse 
at the rate of 3 to 5 L/h, followed by balanced 
electrolytes at 10 to 12 L/h. Solutions con¬ 
taining added potassium should be given 
cautiously, at the rate of 3 to 5 L/h. In a cow 
with severe dehydration and acidosis caused 
by carbohydrate engorgement, fluids may be 
given at the rate of 10 to 12 L/h. 

Adverse reactions to intravenous fluid 
administration include sudden muscle 
weakness (suggests hypokalemia) and 
sudden tachycardia and hyperventilation, 
which suggest overhydration. When these 
occur the fluids should be stopped and the 
clinical findings assessed. If laboratory assis¬ 
tance is available, the determination of blood 
pH and bicarbonate may provide an explana¬ 
tion for the reaction. 

Special care is needed when administer¬ 
ing intravenous fluids to hypothermic 
animals because intravenous fluid therapy 
has the potential to further decrease core 


Table 5-6 Examples of approximate amounts of fluid required for rehydration and 
maintenance therapy 


Degree of 

FLUID REQUIRED FOR 

Animal 

dehydration (% BW) 

Rehydration (L) 

Maintenance (L/24 hours) 

Mature horse (500 kg) 

8 

40 

25-50 


12 

60 

25-50 

Newborn calf (50 kg) 

8 

4 

2.5-5 


12 

6 

2.5-5 

Mature cow (700 kg) 

8 

56 

35-70 


12 

84 

35-70 
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Fig. 5-18 Securing a 14-gauge 14-cm catheter into the jugular vein of a cow. The site of 
venipuncture is clipped and scrubbed for aseptic placement of a catheter. A 1-mL bleb of 2% 
lidocaine is placed intradermally at the proposed site of catheter insertion and a 5-mm long 
stab incision made through the skin, including the dermis. A, The catheter is then placed into 
the lumen of the vein and carefully advanced until the hub of the catheter is level with the 
skin. The catheter is secured by placing sutures through the skin using an 18-gauge needle and 
a synthetic multifilament suture material. The suture does a loop around the extension tubing 
near where it attaches to the hub of the catheter so that the catheter cannot back out. B, The 
18-gauge needle is then passed through the ventral skin fold adjacent to the catheter, and the 
suture tightened to create a tunnel. 


body temperature. Cooling is inevitable 
during intravenous fluid therapy whenever 
animals are housed at temperatures below 
their core body temperature. It is important 
to note that fluids initially warmed to 37°C 
are cooled after going through the fluid 
administration set. Placing commercially 
available heaters around the fluid adminis¬ 
tration line as close as possible to the catheter 
insertion site is effective in warming intrave¬ 
nous fluids to >36°C at flow rates between 60 
and 300 mL/h/ 1 When treating hypothermic 
neonates, many veterinarians place the distal 
part of the fluid administration set in a 
bucket of hot water to ensure that the fluid is 
as warm as possible when administered. The 
efficacy of this heating approach has not 
been evaluated, and because of the distance 
between the bucket and catheter insertion 
site, it is likely that this approach will not be 
as effective as use of commercially available 
heaters around the fluid line. 

Intravenous Catheters and 
Complications 

The administration of large quantities of 
fluids intravenously to farm animals is best 
done with an indwelling jugular vein flexible 
catheter (10-14 gauge) that is appropriately 
secured to the animal’s neck to prevent with¬ 
drawal from the vein (Fig. 5-18). Standard 
aseptic technique must be used. A plastic, 
springlike coiled tube and suitable rubber 
tubing are used to deliver the fluids from 
large 20- to 25-L plastic containers (Fig. 
5-19). The coiled plastic tubing allows the 
animal to lie down or stand up without dis¬ 
rupting the catheter and tubing. The use of a 
drip chamber in the rubber tubing system 
assists in determining the flow rate, which 
can be adjusted with a clamp. With a 
14-gauge catheter, 20 L of fluids can be deliv¬ 
ered as hydration therapy to a mature horse 
or cow over 4 hours. 

Auricular Vein of Cattle and Calves 
Intravenous fluids are commonly adminis¬ 
tered to adult cattle and calves in northern 
Europe using the auricular vein. The short 
neck, thick skin, and, in some breeds, pen¬ 
dulous dewlap of cattle make it difficult to 
introduce and secure indwelling jugular 
catheters for long-term use. The auricular 
vein of adult cattle can be successfully cath- 
eterized with an over-the-needle, 5-cm long, 
14-gauge catheter, permitting 20 L of rehy¬ 
dration solution to be delivered over 4 hours. 
The auricular vein of neonatal calves can be 
successfully catheterized with an over-the- 
needle, 2.5-cm long, 22-gauge butterfly cath¬ 
eter, after clipping the external pinna and 
applying a tourniquet at the base of the ear 
to facilitate visualization of blood vessels and 
catheter advancement (Fig. 5-20). 

Cecal Catheters in Horses 
Percutaneous cecal catheters have been used 
to deliver fluid solutions in ponies. The 


advantages include less cost, but complica¬ 
tions include peritonitis, diarrhea, laminitis, 
and hypocalcemia. 

Thrombophlebitis 

Long-term jugular vein catheterization (over 
a period of a few days) in adult cattle and 
particularly horses can result in thrombo¬ 
phlebitis, suppurative phlebitis, and catheter 
sepsis. Inspection of the affected jugular vein 
reveals swelling, firmness, and moderate 
pain. Careful digital and visual inspection is 


necessary to determine the patency of the 
vein; in about 50% of cases the vein is com¬ 
pletely thrombosed and occluded and cannot 
be used for intravenous administration for 2 
to 3 weeks. The extent and severity of the 
thrombophlebitis can be determined by 
ultrasonography of the neck, and patency of 
the vein can be assessed by compressing the 
vein with the transducer head. 

The development of thrombophlebitis 
is dependent on the method used for 
skin preparation and the catheterization 
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Fig. 5-18, cont'd C, Additional sutures are placed through the upper and lower skin folds to 
lengthen the tunnel and prevent excessive movement at the junction of the catheter with the 
hub. 



Fig. 5-19 Administering large-volume isotonic crystalloid solutions to Flolstein-Friesian cows by 
the jugular vein (A) and auricular vein (B). 


technique. Careful preparation of the skin 
and aseptic technique during insertion and 
placement of the catheter are crucial in pre¬ 
venting this complication. Heparin subcuta¬ 
neously, 150 IU/kg BW immediately after 
insertion of the catheter and repeated every 
12 hours, has been used prophylactically, but 
this is not deemed necessary with good tech¬ 
nique. Alternating catheters between jugular 
veins every 48 to 72 hours is standard prac¬ 
tice in equine fluid therapy, but despite this 
precaution complications occur in 20% to 
50% of horses whose jugular veins are cath- 
eterized for 48 hours. By using catheters 
made of materials that are less thrombo- 
genic, inserting them in an aseptic manner, 
and observing simple management practices, 
the duration of catheter survival increases to 
about 14 days. The least reactive catheter is 
Silastic followed by polyurethane; polytetra- 
fluoroethylene causes the most reaction. 
Catheters that are soft are superior to stiff 
and rigid ones. 

Intravenous fluids for large animals are 
often stored in a carboy (a Persian and Arabic 
term meaning big jug), which is used to 
describe a rigid container that can hold 20 to 
40 L of fluids. A retrospective study of the 
risk factors associated with vein thrombosis 
in horses treated with intravenous fluids in a 
veterinary teaching hospital found that the 
use of carboy fluids and diarrhea and fever 
were related; the incidence was lower in 
horses that had general anesthesia, surgery, 
and received antimicrobial agents. A variety 
of aerobic bacteria were cultured from about 
50% of the intravenous catheters removed 
from horses. Bacteria were isolated from 7% 
of skin swabs taken from the area around the 
catheter after surgical preparation with 
iodine soap and before and after removal of 
the catheter. However, there was no correla¬ 
tion between bacterial culture and venous 
thrombophlebitis. 

Oral Fluid Therapy 

Whenever possible, the oral route can be 
used to deliver the maintenance require¬ 
ments. Provided there are no abnormalities 
of the digestive tract that interfere with oral 
administration or the absorption of the 
fluids, the oral route is preferred for mainte¬ 
nance therapy. In ruminants such as adult 
cattle rumen function must be present for 
significant absorption of fluids and electro¬ 
lytes. The oral administration of large quanti¬ 
ties of fluid to cattle with rumen atony results 
in sequestration of the fluid in the rumen 
and the development of metabolic hypochlo¬ 
remic hypokalemic alkalosis. 

Oral Fluid Therapy in Calves 
and Adult Cattle 

A variety of oral electrolyte replacement 
solutions are available commercially. Most 
preparations are in the form of powders to 
be mixed with water or directly with milk. 
The formulations vary in their composition 
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Fig. 5-20 Placement of a 22-gauge 2.5-cm over the stylet butterfly catheter into the auricular 
vein of a calf. The ear is clipped and scrubbed for aseptic placement of a catheter, and a 
tourniquet is placed at the base of the ear to facilitate visualization of the auricular veins (A). 
The catheter is then placed into the lumen of the vein and carefully advanced (B). The 
tourniquet is removed and the catheter is secured to pinna by placing a 20-gauge needle 
though the pinna and butterfly section and tying, taking care not to distort the ear (C). 
Intravenous fluids are then attached and the ear bandaged, taking care not to bandage 
below the end of the catheter (D). (Pictures generously provided by Dr. Joachim Berchtold, 
Germany.) 


but typically contain sodium, chloride, 
potassium, glucose, glycine, and bicarbon¬ 
ate or its precursors (acetate, propionate, or 
citrate). Some formulations contain other 
agents such as lecithin-coated pectin fiber 
that is reported to decrease the prolifera¬ 
tion of E. coli and Salmonella spp., or other 
agents that facilitate normalization of the 
enteric bacterial population. Knowledge of 
the requirements for the ideal oral electro¬ 
lyte solution for diarrheic calves continues 
to evolve. However, much progress has 
been made over the last 30 years, and the 
critical issues in formulating the ideal oral 
electrolyte solution are osmolality, sodium 
concentration, source of the alkalinizing 
agent, and the energy content (which is 
intimately tied to osmolality). It remains to 
be determined whether oral electrolyte 
solutions should contain agents such as 
glutamine that may facilitate repair of 
damaged intestinal epithelium. This issue is 
being actively researched at the moment 
and a clear consensus has not yet been 
reached. 

Oral electrolyte solutions should be rou¬ 
tinely administered to all neonatal calves <21 
days of age at the first signs of diarrhea 
because it cannot be accurately predicted 
how quickly the calf will become dehydrated. 
Calves with a 4-mm or greater recession of 
the eye or calves that are unable to stand 
should receive intravenous fluids (small- 
volume hypertonic saline, small-volume 
sodium bicarbonate, or conventional large- 
volume isotonic crystalloid solution) in addi¬ 
tion to an oral electrolyte solution. The initial 
treatment of a dehydrated calf should use an 
oral electrolyte solution that is not added to 
milk replacer because this provides superior 
plasma volume expansion. 32 The osmolality 
of the oral electrolyte solution should range 
from isotonic (300 mosm/kg) to hypertonic 
(700 mOsm/kg). The effective osmolality at 
the tip of the intestinal villus is approximately 
600 mOsm/kg because of the presence of 
a countercurrent exchange mechanism. 
Although markedly hypertonic fluids should 
be avoided in animals with severe villous 
damage, it is currently not possible to predict 
which calves have severe villous damage on 
the basis of the physical examination findings 
and measurement of fecal pH or other body 
parameter. Low osmolality fluids (300 mosm/ 
kg) have inadequate energy content because 
they have insufficient glucose. For this 
reason, if milk is withheld, then hypertonic 
oral electrolyte solutions (-600 mosm/kg) 
should be administered. 33 ' 34 If milk is fed, 
then isotonic oral electrolyte solutions 
(300 mosm/kg) should be administered 
because inadequate energy content is no 
longer an issue. 34,35 Ideally fresh milk should 
be fed to diarrheic calves after 24 hours of 
treatment; fresh cows milk is preferred to 
milk replacer or pasteurized waste milk 
because fresh milk contains trophic factors 
that facilitate repair of damaged intestinal 
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epithelium, and the energy content of milk is 
required to maintain BW. Generally, milk 
should not be withheld from diarrheic calves 
for more than 24 hours. 3 ' 

The sodium concentration or the oral 
electrolyte solution should be between 90 
and 130 mmol/L. Adequate sodium absorp¬ 
tion is the fundamental determinant of suc¬ 
cessful expansion of the extracellular space, 
and is the main reason that oral electrolyte 
solutions are administered (the sodium 
concentration of milk is very low with 
an average value of 28 mmol/L). Sodium 
concentrations <90 mmol/L provide an 
inadequate sodium load, whereas sodium 
concentrations >130 mmol/L can lead to 
hypernatremia and additional free water loss. 

The oral electrolyte solution should also 
contain glucose and either acetate, propio¬ 
nate, or glycine to facilitate sodium absorp¬ 
tion and provide energy. There are cotransport 
mechanisms for sodium and glucose, sodium 
and volatile fatty acids such as acetate and 
propionate, sodium and citrate, and sodium 
and amino acids (such as glycine) in the 
luminal membrane of villous epithelial cells. 
Administration of glucose, acetate, propio¬ 
nate, glycine, or citrate therefore facilitates 
sodium absorption. These transport mecha¬ 
nisms are unimpaired in enterotoxigenic E. 
coli and are at least partially functional in 
malabsorptive/maldigestive diarrheas. A 
recent study in healthy normally hydrated 
neonatal calves raised questions about the 
relative importance of glucose-coupled 
sodium transport in rehydrating diarrheic 
calves with diarrhea, and suggested that the 
ratio of glucose to sodium (which is thought 
to range between 1.0 and 3.0 with an optimum 
ratio of 1.4 based on human infant oral rehy¬ 
dration solutions) may not be an important 
component of treatment efficacy in neonatal 
calves . 38 The choice of glycine in oral electro¬ 
lyte solutions as an amino acid coupled 
sodium transport was based primarily on its 
low cost and wide availability, and because 
glycine was included in early human infant 
oral rehydration solutions. 

The oral electrolyte solution must 
contain an alkalinizing agent, such as 
acetate, propionate, or bicarbonate, at a con¬ 
centration range of 40 to 80 mM/L 3941 
Acetate-containing fluids are as effective as 
bicarbonate-containing solutions at correct¬ 
ing mild to moderate acidosis: [acetate- = 
CH 3 COO"] + H + + 20 2 <-> 2C0 2 + 2H 2 0. 
Acetate must be metabolized to be effective, 
and metabolism may be impaired in severely 
dehydrated or acidemic animals, although 
this has not been proven in severely dehy¬ 
drated calves. Acetate- or propionate- 
containing fluids can be fed with milk as 
acetate and propionate do not raise abomasal 
pH or inhibit milk clotting. In comparison, 
bicarbonate containing oral electrolyte solu¬ 
tions, when fed without milk, excessively 
alkalinize the abomasum and proximal small 
intestine, decreasing the effectiveness of the 


“abomasal sterilizer” in killing ingested 
enteric pathogens, and potentially promot¬ 
ing enterotoxigenic E. coli attachment to epi¬ 
thelial cells and STa enterotoxin production. 
Moreover, bicarbonate does not inhibit 
growth of Salmonella in the intestinal lumen, 
whereas acetate and propionate both inhibit 
Salmonella growth. However, it is important 
to note that bicarbonate-containing oral 
electrolyte fluids are theoretically more effec¬ 
tive at rapidly correcting severe acidemia 
than acetate and propionate, because bicar¬ 
bonate reacts directly with H + ions (HCCV + 
H + <-> H 2 C0 3 H 2 0 + C0 2 ). The main 

disadvantage of bicarbonate-containing oral 
fluids is that the pH of the abomasum (a 
natural defense mechanism) is increased, 
raising concerns that bicarbonate may 
decrease the ability to form a clot in the 
abomasum. This theoretical disadvantage 
regarding bicarbonate does not appear to be 
true, at least when low concentration bicar¬ 
bonate solutions (25 mmol/L) are fed. 3 ' 

The alkalinizing potential of an oral elec¬ 
trolyte solution can be estimated by calculat¬ 
ing the effective SID of the formulation as 
fed. Because electroneutrality must be pre¬ 
served at all times, the difference between 
the charge assigned to all strong cations in 
an oral electrolyte solution (usually only 
sodium and potassium) and strong anions in 
an oral electrolyte solution (usually only 
chloride) is called the effective SID and 
reflects the concentration of metabolizable 
strong anions, such as acetate, propionate, 
and citrate, as well as the concentration of 
bicarbonate. 9 Oral electrolyte solutions 
should have an effective SID of approxi¬ 
mately 40 to 80 mmol/L. Electrolyte solu¬ 
tions with an effective SID = 0 are acidifying 
because they create a systemic strong ion aci¬ 
dosis; such solutions are not recommended 
for the treatment of dehydrated calves with 
diarrhea. 

The rate of abomasal emptying influ¬ 
ences the rate at which an oral electrolyte 
solution is delivered to the small intestine, 
which is the major site of fluid absorption. 
The rate of abomasal emptying is therefore 
an important determinant of the rate of rehy¬ 
dration in a dehydrated calf with diarrhea. 
The volume and caloric content of an 
ingested fluid meal are the most important 
determinants of abomasal emptying rate . 40 
Other important determinants of emptying 
rate are the type of protein or fat, osmolality, 
and duodenal pH, with a solution osmolality 
of 600 mosm/kg or a luminal pH of <2.0 or 
> 10.0 decreasing the abomasal emptying rate 
in suckling calves . 40 Studies in healthy calves 
suggest that oral electrolyte solutions that 
provide >2.4 g of glucose per kilogram BW 
may lead to a slower rate of rehydration as a 
result of a slower delivery of free water, 
sodium, and glucose to the small intestine, 
although it has been difficult to detect clini¬ 
cally important differences in the rate of 
resuscitation when oral electrolyte solutions 


are fed to calves with naturally acquired 
diarrhea. 

For diarrheic calves, the total 24-hour 
maintenance requirement is calculated and 
given orally in divided doses, ideally three 
times a day. Compared with parenteral 
therapy, there is less danger from overhydra¬ 
tion and electrolyte toxicity, and in acute 
diarrhea the maintenance of oral fluid and 
electrolyte intakes will replace continuous 
losses that occur during the diarrhea. Live¬ 
stock owners should be informed of the 
value of providing newborn animals affected 
with diarrhea associated with dehydration, 
depression, inactivity, or failure to suck with 
oral fluids and electrolytes as soon as possi¬ 
ble and of the value of continuing this treat¬ 
ment until the animal has returned to 
normal. Oral electrolyte solutions and water 
should be made available at all times to 
animals affected with diarrhea and other dis¬ 
eases in which there is continuous loss of 
fluid and electrolytes. 

The continued feeding of milk to diar¬ 
rheic calves while they are receiving oral 
fluids and electrolytes has been controver¬ 
sial. In the past, it was conventional to with¬ 
hold milk from diarrheic calves for 1 to 2 
days and then gradually reintroduce milk 
over the next few days when there is evidence 
of recovery. An extreme practice was to 
totally deprive the calf of milk until the diar¬ 
rhea ceased. The rationale for this practice 
was that the ability of the calf’s intestine to 
digest milk was impaired, particularly lactose 
digestion in the rotavirus and coronavirus 
diarrheas of young calves. It was also thought 
that the presence of milk in the intestine 
would provide a substrate for continued 
growth of enteric pathogens. Recent studies 
in calves with naturally acquired and experi¬ 
mentally induced diarrhea have demon¬ 
strated the benefit of feeding milk to diarrheic 
calves receiving oral electrolyte solutions 35 ; 
such practice results in more rapid recovery 
from diarrhea (fewer days of diarrhea), less 
debilitation, continued weight gain, greater 
fat stores, faster rate of regeneration of the 
intestinal mucosa, and less thymic atrophy 
than calves deprived of milk. Adding the oral 
electrolyte solution to the milk of calves with 
diarrhea is effective and practical; this treat¬ 
ment approach requires that water be readily 
available to treated calves at all times . 36 

In adult ruminants, both water and 
sodium must be absorbed to produce sus¬ 
tained expansion of the extracellular fluid 
space. Acetic, propionic, and butyric acids 
are absorbed rapidly from the forestomach in 
their nonionized form but are absorbed 
more slowly in conjunction with a sodium 
ion in their ionized form. Cattle produce up 
to 180 L of saliva per day with a sodium con¬ 
centration of 126 mEq/L, and approximately 
half of the sodium secreted with saliva is 
reabsorbed by the forestomach primarily 
through active transport mechanisms. Based 
on this physiology, orally administered 
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sodium is well absorbed in adult ruminants, 
and sodium absorption is accompanied by 
the passive movement of water from the 
rumen into the extracellular space. 

Oral sodium bicarbonate administration 
can be an important part of treating adult 
ruminants with grain overload. The oral 
administration of sodium bicarbonate to 
adult ruminants (2.5 g/kg BW) causes a pro¬ 
found metabolic alkalosis (strong ion alkalo¬ 
sis). Drenching of dairy cows with 700 mL of 
40% sodium bicarbonate solution or 46% 
sodium propionate solution (both markedly 
hyperosmotic) increases blood pH to an 
equivalent degree. Oral administration of 
sodium salts with a high effective SID there¬ 
fore causes a metabolic alkalosis (strong ion 
alkalosis) in adult ruminants, as they do in 
neonatal ruminants. 

The vast ruminal capacity for sodium and 
water absorption can be used by administer¬ 
ing hypotonic oral electrolyte solutions to 
dehydrated adult ruminants. The optimal 
formulation of an oral electrolyte solution for 
adult ruminants is unknown, but such a 
solution should contain sodium, potassium, 
calcium, magnesium, phosphate, and propi¬ 
onate to facilitate sodium absorption and 
provide an additional source of energy to 
the animal. Provided that the osmolality of 
the rumen contents remains hypotonic to 
plasma, there will be a slow but sustained 
absorption of electrolytes and water in an 
oral electrolyte solution because of the reser¬ 
voir function of the rumen. An isotonic fluid 
containing 6.17 g of NaCl, 0.34 g of KC1, and 
2.89 g of NaHCOj (providing 140 mmol/L of 
sodium, 4.5 mmol/L of potassium, and 
110 mmol/L of chloride) was effective in 
treating dehydrated goats when adminis¬ 
tered by nasoruminal intubation. 42 Another 
recommended formulation for adult rumi¬ 
nants, particularly those with hypochlore¬ 
mic hypokalemia metabolic alkalosis, 
contains 7 g of NaCl, 1.5 g of KC1, and 1 g of 
CaCl 2 (providing 120 mmol/L of sodium, 
20 mmol/L of potassium, 9 mmol/L of 
calcium, and 158 mmol/L of chloride). 44 
Formulation of a practical, effective, 
inexpensive, and commercially available oral 
electrolyte solution for adult ruminants 
remains an important need in fluid and elec¬ 
trolyte therapy. 

Oral Fluid Therapy in Horses 

Intravenous fluid and electrolyte therapy has 
been used extensively for the treatment of 
dehydration and electrolyte disturbances in 
the horse with diarrhea. However, oral fluid 
therapy, as used in calves and adult cattle, has 
not been used to the same extent. Oral fluid 
therapy offers may be an effective, practical, 
and economical method of rehydration of 
horses with diarrhea that has not yet been 
fully explored. 

In the horse with acute diarrhea, several 
factors contribute to the nature of the fluid 
and electrolyte losses. There are increases in 


fecal sodium and water loss, but the fecal 
potassium excretion may remain unchanged. 
The lack of feed intake, which affects primar¬ 
ily the potassium intake, can result in losses 
of 2500 to 3000 mmol of potassium per day. 
Although urinary water and potassium 
losses are reduced, potassium depletion con¬ 
tinues; thus potassium losses are very high 
and need to be replaced, especially in the 
anorexic horse. The large potassium deficit in 
diarrheic horses should also be considered 
when formulating the composition of 
oral fluids. Administration of 30 to 40 g of 
potassium chloride or, if chloride adminis¬ 
tration is inappropriate, 30 to 40 g of potas¬ 
sium bicarbonate in 2 to 4 L of water given 
by nasogastric tube several times daily to an 
inappetent horse with diarrhea, can comple¬ 
ment intravenous fluid therapy and replace 
the potassium deficit. 

The optimum electrolyte composition of 
oral fluids and the amount to be used have 
not yet been determined for the horse. The 
amount given depends on the degree of 
dehydration. Dehydration in horses becomes 
clinically apparent when about 5% of BW has 
been lost. In a 500-kg horse, assuming 90% 
water loss, the fluid deficit is about 23 L. 
Abdominal discomfort may occur following 
the nasogastric tube administration of a 
series of 8- to 10-L doses of oral rehydration 
fluid. The administration of large amounts 
may result in rapid transit through the 
stomach and intestines and decreased 
absorption. A slower rate of administration, 
such as 8 to 10 L every few hours, may be 
tolerated more effectively and the transit 
time in the intestine may be decreased, 
enhancing absorption. Volumes of 6 to 8 L 
can be given by nasogastric tube as often as 
every 15 to 20 minutes by funnel; as much as 
20 to 30 L is possible during the first hour 
and 40 L is possible during a 2-hour period. 
Oral fluids may also be administered through 
a small-diameter indwelling nasogastric 
tube, as is used for prolonged enteral nutri¬ 
tion of horses with dysphagia. 

Commercially available oral electrolyte 
solutions are inadequate for horses because 
the concentrations of sodium and potassium 
are too low to adequately replace losses. 
When treating horses with acute diarrhea, 
the ratio of sodium to chloride ions in the 
oral solution should be approximately 1.4:1, 
and the need for glucose in an oral rehydra¬ 
tion solution for adult horses has not been 
clearly demonstrated. One formulation con¬ 
tained 5.27 g of NaCl, 0.37 g of KC1, and 
3.78 g NaHC0 3 per liter of tap water; this 
produced a suitable electrolyte composition 
for oral administration (Na 135 mmol/L, 
K 5 mmol/L, Cl 95 mmol/L, and HC0 3 
45 mmol/L). 

Oral administration of bicarbonate will 
result in a pronounced alkalemia within 3 to 
6 hours, with the maximum change in pH 
occurring at a sodium bicarbonate dose of 
1 g/kg BW (which represents 40% of normal 


extracellular sodium). Doses above this level 
do not induce additional alkalinization, pre¬ 
sumably because of limited absorption of 
bicarbonate from the intestinal tract. The 
oral administration of sodium bicarbonate to 
normal mature resting horses without ad 
libitum access to water induces metabolic 
alkalosis, hypernatremia, hypokalemia, and 
hyperosmolality for at least 8 hours. The oral 
doses were 0.25,1, and 1.5 g/kg BW in 3 L of 
water; the intravenous dose was 0.25 g/kg 
BW in 3 L of water. The effects were dose 
dependent: in the horses given the 1 and 
1.5 g/kg BW oral doses the hypercapnia per¬ 
sisted for 12 hours, whereas hypercapnia 
lasted 2 hours in horses given the 0.25 g/kg 
BW dose orally or intravenously. The effects 
of these large doses of sodium bicarbonate 
on the renal function of horses indicated 
increases in urine flow, fractional clearance 
of electrolytes and bicarbonate, electrolyte- 
free water reabsorption, urine concentra¬ 
tions of sodium and bicarbonate, urine 
excretion, clearance of sodium and bicar¬ 
bonate, urine pH, and AG. 

The temperature or glucose concentra¬ 
tion of the fluid does not appear to be impor¬ 
tant because the rate of fluid absorption was 
similar in dehydrated horses administered 
an oral rehydration solution at 5°C, 21°C, or 
37°C or containing glucose at 0%, 2.5%, or 
3.5%. The tonicity of the oral rehydration 
solution is of minor clinical importance; 
however, oral administration of hypertonic 
solutions (628 mOsm/kg BW) to dehydrated 
horses caused a transient increase in plasma 
protein concentration that was attributed to 
movement of water into the bowel lumen. 
Continuous flow administration of a hypo¬ 
tonic solution at 15 (mL/kg)/h through a 
small-diameter nasoesophageal tube is 
effective in increasing plasma glucose con¬ 
centration in healthy adult horses, with 
maltodextrin (15 g/L) providing a greater 
glycemic response to that provided by 
glucose (15 g/L). This treatment protocol 
appears to provide a useful low-cost method 
for treating horses that are slightly dehy¬ 
drated and hypoglycemic, but safety studies 
using a larger number of horses are required. 43 
A practical limitation of oral rehydration 
solutions in horses is that they should be 
ingested voluntarily rather than by nasogas¬ 
tric intubation. This limitation has led to 
recent interest in the oral administration of 
pastes. 

The oral administration of an electrolyte 
paste has been shown to be effective in cor¬ 
recting mild to moderate dehydration in 
horses, provided animals are monitored to 
ensure that they drink water. Oral electrolyte 
pastes may be formulated as follows: 30 g of 
1:1 mixture of sodium chloride and potas¬ 
sium chloride, potassium chloride and 
sodium bicarbonate, or potassium chloride 
and potassium carbonate, and administered 
every 6 hours; 120 g of the latter mixture 
provides 1400 mmol or more of potassium 





in a 24-hour period. Administration of 
higher doses of oral pastes (0.5 g of NaCl/kg 
BW, 0.5 g of KCl/kg BW, or a mixture of 
0.25 g of NaCl/kg BW and 0.25 g of KCl/kg 
BW) to dehydrated horses induced a tran¬ 
sient period of hyperhydration and apparent 
plasma volume expansion that lasted 12 
hours. Although the absorbed electrolytes 
from an oral paste are subsequently elimi¬ 
nated via the urine, this treatment is poten¬ 
tially of benefit in horses with disease 
processes associated with ongoing fluid loss, 
such as diarrhea. 

There is no published information on the 
use of oral fluid therapy in horses that are 
diarrheic as a result of disease of the small 
intestine such as enteritis or proximal enteri¬ 
tis (duodenitis). It would seem unlikely that 
oral fluid therapy would be indicated or 
effective for anterior duodenitis. In horses 
with colitis, the small intestinal absorptive 
capacity is probably intact and oral fluid 
therapy before transport of the horse to a 
clinical center for intensive fluid therapy may 
delay the onset of more serious complica¬ 
tions. Horses with mild dehydration can be 
rehydrated effectively with oral fluid therapy. 
Horses treated with oral fluid therapy must 
be monitored clinically, and the hematocrit, 
total plasma protein concentration, and 
serum electrolytes should be measured. 

Oral fluid therapy provides an effective 
and inexpensive treatment in horses with 
impaction of the large colon and dorsal dis¬ 
placement of the colon. An absolute require¬ 
ment for oral fluid therapy in the horse is that 
there is no gastric reflux. Generally, although 
6 to 8 L of water can be administered by 
nasogastric tube and funnel (gravity flow) 
every 15 to 20 minutes, and the administered 
fluid is rapidly transported to the large intes¬ 
tine, some horses do not tolerate oral fluid 
administration at 10 L/h and exhibit mild 
signs of abdominal discomfort. Accordingly, 
oral fluid rates are more commonly admin¬ 
istered at 8 to 10 L every 2 hours using a 
nasogastric tube and a funnel. 45 Volumes 
exceeding 10 L should be administered over 
at least 15 minutes, 46 even though 90% of 
10 L of an electrolyte solution is emptied 
from the stomach within 15 minutes. 

It is generally recommended that the 
osmolality of the fluids should be isotonic, 
ranging from 280 to 360 mOsm/L; the upper 
range of tonicity that is safe to administer is 
unknown. Plain water has been administered 
at 50 to 150 mL/kg BW over 24 hours in four 
treatments to horses with experimentally 
induced dehydration. The administration of 
water was safe and effective in hydrating the 
large intestinal luminal contents. 46 One iso¬ 
tonic formulation that was successful in a 
case series involving 108 horses contained 6 g 
of sodium chloride and 3 g of potassium 
chloride per liter of tap water, equivalent to 
the following electrolyte concentration: 
103 mEq/L of Na, 40 mEq/L of K, and 
143 mEq/L of Cl. 45 Potassium is an important 
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component of the isotonic formulation in 
horses with impaction of the large colon or 
dorsal displacement of the colon. Oral 
administration of 60 L of lactated Ringers 
solution or an isotonic solution over 12 hours 
was superior in hydrating the contents of the 
right dorsal colon compared with intrave¬ 
nous administration of an equivalent volume 
of lactated Ringer s solution or enteral admin¬ 
istration of lg/kg BW of MgS0 4 .7H 2 0 
(Epsom salts) or anhydrous Na 2 S0 4 as a 1-L 
solution. Moreover, enteral administration 
of Epsom salts has been associated with 
hypermagnesemia, and anhydrous Na 2 S0 4 
has been associated with hypocalcemia. 

Fluid and Electrolyte Therapy in 
Newborn Piglets and Lambs 

The most common cause of fluid and electro¬ 
lyte imbalance in newborn piglets and lambs 
is acute neonatal diarrhea. There is severe 
dehydration, acidemia, hyponatremia and, in 
some cases, hyperkalemia caused by the aci¬ 
dosis. Balanced electrolyte solutions or iso¬ 
tonic saline and sodium bicarbonate initially 
followed by balanced electrolytes are indi¬ 
cated and successful. These are given subcu¬ 
taneously or intraperitoneally at the rate of 
15 mL per piglet every 2 hours plus the same 
amount orally. The safe amount of sterilized 
porcine serum or saline and 5% dextrose that 
can be given to piglets is equivalent to about 
8% BW intraperitoneally, in two divided 
doses given 8 hours apart. Lambs are also 
treated subcutaneously (30-40 mL) and 
orally (50-100 mL) every 2 hours. 

Parenteral Nutrition 

Parenteral nutrition is used to provide ade¬ 
quate nutrition intravenously, as long as nec¬ 
essary, when feeding by the gastrointestinal 
tract is impractical, inadequate, or impossi¬ 
ble. The term parenteral nutrition is pre¬ 
ferred to total parenteral nutrition because 
the complete nutritional requirements of 
large animals are either not completely 
known or not addressed by intravenous fluid 
administration. It should be recognized that 
enteral nutrition represents state-of-the-art 
medicine because enteral nutrition supports 
the repair, maintenance, and growth of the 
gastrointestinal tract to a much greater 
extent than parenteral nutrition. It should 
also be recognized that parenteral nutrition 
should only be contemplated after at least 5 
days of inappetence. 

The technique is used to supply the nutri¬ 
ent requirements, most importantly protein, 
of the animal until it returns to normal. In 
calves affected with persistent diarrhea 
caused by chronic disease of the alimentary 
tract, or that cannot or will not eat, total 
intravenous feeding may be indicated. High 
concentrations of glucose, protein hydroly¬ 
sates, lipid emulsions, and electrolytes are 
given by continuous slow intravenous infu¬ 
sion over a period of several days. Some 
encouraging results in calves have been 


published, but the cost-effectiveness of the 
technique has not been examined. 

Parenteral nutrition is an acceptable 
method of maintaining nutrition in the 
healthy horse over a period of 10 days. Body 
weight was maintained at 94% of initial 
values without clinical evidence of dehydra¬ 
tion. No problems were encountered with 
the long-term intravenous catheterization. 
The total daily amounts given are calculated 
on the basis of daily caloric requirement. The 
intravenous catheter must be inserted down 
into the cranial vena cava, in which a large 
volume of blood will dilute the hypertonic 
concentration of the solution. The potential 
problems associated with parenteral nutri¬ 
tion include difficulty in the maintenance 
of a steady intravenous drip, hypertonicity 
of the solutions used, venous thrombosis, 
excessive diuresis, catheter sepsis, and bacte¬ 
rial contamination of the solutions. 

Parenteral nutrition in foals usually starts 
with a parenteral daily initial digestible 
energy of 50 to 55 kcal/kg BW that is designed 
to address resting energy requirements; the 
daily energy intake is increased gradually up 
to a daily target of 120 kcal/kg using a combi¬ 
nation of parenteral and enteral nutrition. 47 
Because of the cost of components, energy 
density, and availability of products, there are 
two philosophical approaches to parenteral 
nutrition in foals: (1) intravenous dextrose 
and lipid emulsion with 30% to 40% of the 
caloric intake provided by lipids or (2) intra¬ 
venous dextrose, amino acids in a nonelec¬ 
trolyte solution, and lipid emulsion. The 
latter formulation has been used for paren¬ 
teral nutrition in alpacas. 48 B-complex vita¬ 
mins are usually added to the final parenteral 
nutrition solution, and there is no clear con¬ 
sensus on the need for concurrent insulin 
administration. Typical commercially avail¬ 
able products administered in North America 
are designed for use in humans in a critical 
care setting and include 50% dextrose solu¬ 
tion, an 8.5% amino acid solution without 
electrolytes, and a 20% lipid emulsion solu¬ 
tion, with the lipid solution as the most 
expensive component. In a retrospective 
study of 53 foals that received parenteral 
nutrition including lipids, 32% developed 
hypertriglyceridemia (>200 mg/dL), and this 
development was significantly associated 
with nonsurvival. 47 This finding suggests that 
parenteral nutrition in foals should use 
limited amounts of lipid for energy, and 
current recommendations in septic human 
patients are to provide no more than 5% of 
the caloric intake from lipid emulsions. 
Fifteen percent of the 53 foals developed 
catheter-related complications such as 
thrombophlebitis or sepsis. 4 ' This empha¬ 
sizes the need for strict aseptic technique 
whenever attaching or flushing fluid admin¬ 
istration lines and catheters in animals 
receiving parenteral nutrition. 

A practical and effective parenteral nutri¬ 
tion solution for sheep, goats, and New 
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World camelids contains the following com¬ 
ponents and is administered at a rate of 5% 
of BW per day: 43 ' 44 

• 5 L of a commercial balance electrolyte 
solution (such as lactated Ringer’s 
solution) 

• 1 L of 8.5% amino acids (commercially 
available) 

• 500 mL of 50% dextrose 

• 20 mL of B-complex vitamins 

• Potassium chloride (20-40 mEq/L) and 
calcium gluconate 23% (20-50 mL/L) as 
indicated 

The components should be mixed aseptically 
in this order. Administration is best per¬ 
formed using a centrally located catheter and 
strict attention should be given to aseptic 
technique. Hyperglycemia is a common 
finding in neonatal animals undergoing par¬ 
enteral nutrition, and the occurrence of 
hyperglycemia (glucose >180 mg/dL, equiva¬ 
lent to >10 mmol/L) has been associated with 
an increased likelihood of nonsurvival. 49 The 
widespread availability of low-cost blood 
glucose point-of-care units has made it much 
easier to monitor blood glucose concentra¬ 
tion every 1 to 2 hours and adjust the fluid 
administration rate accordingly. 

Parenteral nutrition in adult cattle focuses 
on the administration of 50% dextrose as a 
continuous rate infusion as part of the treat¬ 
ment of ketosis and hepatic lipidosis and in 
the supportive treatment in cows that are 
inappetent or recumbent or have gastrointes¬ 
tinal or infectious diseases. 50 Concentrated 
(50%) dextrose solutions are administered to 
keep the infused volume low and minimize 
plasma volume expansion and diuresis. 
Cows with hepatic lipidosis or prolonged 
anorexia sometimes require continuous 
intravenous infusion of dextrose for several 
days until they can maintain energy balance. 
The continuous intravenous infusion of 50% 
dextrose (0.3 g/kg/h) to healthy lactating 
dairy cows resulted in hyperglycemia and 
hyperinsulinemia and a marked reduction in 
plasma phosphorus concentration. Other 


effects of intravenous dextrose infusion 
included decreased plasma potassium con¬ 
centration, decreased dry matter intake and 
fecal production, and a transient increase in 
milk production followed by a sustained 
decrease. All of these effects were reversed 
after dextrose infusion was stopped. 50 The 
results suggest a slower rate of glucose 
administration (0.1-0.2 g/kg/h) is more 
appropriate in lactating dairy cattle. 
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This chapter is not intended as a treatise 
on pharmacology, pharmacodynamics, and 
antibacterial activity of antimicrobial agents. 
Other textbooks are available that deal with 
those subjects. However, antimicrobials are 
the most commonly used group of drugs 
in large-animal practice, and their use is 
recommended on many occasions in the 
following chapters. To avoid repetition, the 
principles of usage and considerations for 
dose schedules and for the selection of anti¬ 
bacterial agents for certain circumstances are 
given here and in the formulary. 

Some of the information or opinions pre¬ 
sented are based on clinical use rather than 
experimental evidence. However, this is often 
unavoidable because, unfortunately, many 
antimicrobial agents have in the past been 
released for use in large animals with minimal 
pharmacologic or clinical evaluation in the 
species concerned. As a result it has been 
assumed, often erroneously, that information 
obtained from studies in laboratory animals, 
dogs, and humans can be directly applied to 
the ruminant, horse, and pig. 


Principles of 
Antimicrobial Therapy 

The success of antimicrobial therapy depends 
on attaining and maintaining, at the site of 
infection, a drug concentration that will 
result, directly or indirectly, in the death or 
control of the infectious organism with 
minimal deleterious effect to the host. To 
achieve these aims the antimicrobial agent 
must have activity against the organism at its 
site of infection and it must be administered 
in such a way as to maintain an effective 
inhibitory or lethal concentration. These 


principles apply to therapy in all species and 
dictate the choice of antimicrobial agent to 
be used. However, in farm animal veterinary 
practice there are also other important 
considerations: 

• Cost is critical. This consideration 
includes not only the primary cost 
of the drug but also related factors 
such as the ease and frequency of 
administration and the duration of 
treatment. 

• Tissue residue problems and 
withdrawal periods must also be taken 
into consideration and are a primary 
determinant of treatment strategy. 

• Animal welfare becomes a 
consideration when a decision is made 
not to treat an animal because of 
concerns about cost or the occurrence 
of residues that would preclude 
marketing of the animal or its products 
in the future. 

• Antimicrobial resistance and the risk 
of contributing to the emergence and 
problem of antimicrobial resistance is an 
increasing concern, not so much with 
the therapeutic use of antimicrobials 
but certainly with the prolonged 
administration of antimicrobials in 
animal feeds for disease prevention. 

In the theoretically ideal situation, the fol¬ 
lowing steps would be taken before selecting 
an antimicrobial agent for therapy: 

• First, the site of infection would be 
located and the identity of the infecting 
organism established by culture. 

• Second, the minimal inhibitory 
concentration (MIC) of each 
antimicrobial agent for the infecting 
organism would be identified. 

• Third, an initial selection would be 
made based on the susceptibility of the 
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organism and the knowledge of the 
capacity of the individual antimicrobial 
agents to penetrate the site of infection 
and to achieve and exceed these 
concentrations at nontoxic dose 
rates. 

• Fourth, the dose rates, route of 
administration, and frequency of 
administration required to achieve these 
concentrations for each of the selected 
antibiotics, in the particular animal 
species being treated, would then be 
considered. 

• Finally, selection of a particular drug 
would be based on a consideration of 
the potential toxicity to the host, on the 
likely relative efficiency of each drug, on 
the cost and ease of administration and, 
in food animals, on costs associated 
with the relative withholding 
periods. 

For many clinical situations all of these steps 
cannot be followed before therapy is insti¬ 
tuted. It may take several days to establish 
the identity of the infectious agent unless it 
can be ascertained by clinical diagnosis. The 
identification of the organism helps in deter¬ 
mining its potential susceptibility, but even 
without identification the establishment of 
exact MICs by tube dilution for each antimi¬ 
crobial agent takes several days, and the 
results would frequently be historical by the 
time that they were received. Also, knowl¬ 
edge about each antimicrobial agent and of 
the varying tissue and organ levels achieved 
following varying doses given by different 
routes of administration is not easily remem¬ 
bered and, therefore, not easily available in 
large-animal field situations. Unfortunately, 
complete information of this type also is not 
available for each antimicrobial agent in all 
large-animal species. 
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Because of this uncertainty, some expedi¬ 
ents are adopted in clinical antimicrobial 
therapy. One of them is the concept of the 
recommended dose and another is the use of 
disk susceptibility testing, both of which are 
discussed later in this chapter. Regardless of 
these expedients, it should be recognized that 
rational antimicrobial therapy is based upon 
the principles outlined earlier. These impor¬ 
tant principles in antimicrobial therapy are 
discussed in greater detail individually. 

IDENTIFICATION OF THE INFECTION 
BY CLINICAL EXAMINATION 

In infectious disease, clinical examination 
aims to identify the nature and site of 
the infection and its cause. The importance 
of making an accurate clinical diagnosis 
cannot be overemphasized as the first pre¬ 
requisite for successful antimicrobial therapy. 
The establishment of a diagnosis in many 
instances immediately identifies the patho¬ 
gen, and previous clinical experience may 
suggest the specific antibiotic to be used and 
allow a confident prediction of success of the 
therapy. Equally, it may indicate the likeli¬ 
hood of unsuccessful or prolonged therapy. 
For example, the diagnosis of erysipelas in 
pigs or strangles in horses immediately iden¬ 
tifies the etiologic cause of the infection and 
the type of antimicrobial agent that will be 
required. It also gives some indication of the 
likely ease or difficulty of successful therapy 
and of the duration of therapy that might be 
required. 

The establishment of an accurate diagno¬ 
sis is also important in animals in which 
chemotherapeutic control of further disease 
may be required. Thus in pigs an accurate 
differentiation between the diarrhea of swine 
dysentery and that associated with coliform 
gastroenteritis is essential for effective pro¬ 
phylactic medication. 

It is often not possible to establish an 
exact diagnosis at the first examination; yet 
in almost every instance it is essential that 
treatment be instituted at that time, not only 
for the well-being of the patient but also for 
the maintenance of good client relationships. 
The lack of a definitive etiologic diagnosis 
should never preclude the initiation of 
therapy during the period when further tests 
are being performed. Rational therapy in 
these circumstances depends very much 
on clinical acumen. A detailed examination 
leading to a determination of the site and 
nature of the infection can frequently allow 
an educated guess at the likely pathogen and 
allow rational therapy during the period that 
specific diagnosis is being determined by 
culture. 

This approach is frequently used initially 
in field situations in large-animal medicine, 
but it requires good clinical knowledge. Cli¬ 
nicians should be familiar not only with the 
individual diseases of large animals but also 
with their differential diagnosis and with 
the relative prevalence of each condition in 


their area. They should also be familiar with 
the types of organism that may produce 
infections in various body areas with similar 
clinical manifestations and the relative prev¬ 
alence of each of these. Thus peracute masti¬ 
tis in recently calved cows is most commonly 
associated with infection by staphylococci 
but can also be associated with coliform 
organisms or, more rarely, Trueperella (Acti¬ 
nomyces or Corynebacterium) pyogenes or 
Pasteurella multocida. Treatment must be 
initiated immediately if the gland or even the 
cow is to be saved. There are subtle clinical 
and epidemiologic differences that may 
allow some clinical differentiation between 
these agents, but frequently treatment must 
begin with no sure knowledge of which agent 
is involved. There are two approaches in this 
type of situation: 

1. Therapy may be directed at the most 
prevalent or likely agent and, in 
situations where one particular 
infectious agent is the most prevalent 
cause of the condition, this is a rational 
approach. 

2. In other situations, when a disease could 
be associated with any one of several 
different organisms, each with a 
different susceptibility, and when clinical 
experience suggests that no one 
organism is the predominant infectious 
agent, it is more common to initiate 
therapy with a broad-spectrum 
antimicrobial agent or a combination 
that will have activity against all the 
possibilities. If indicated, the 
antibacterial agent used for therapy may 
have to be changed to a more specific 
one once the actual pathogen and its 
susceptibility have been determined. 

There are also clinical situations in which 
therapy must begin when there is little 
knowledge of the site of infection and, conse¬ 
quently, no knowledge of the identity of the 
infecting agent. This occurs when infection, 
such as abscessation, occurs in deep-seated 
and clinically inaccessible organs such as the 
liver or spleen. In these situations it also may 
not be possible to determine the nature and 
cause of the disease by laboratory examina¬ 
tion, although biochemical examinations 
and ultrasound may give some indication of 
the site. In these cases, therapy is generally 
started with a broad-spectrum antimicrobial 
agent or a combination of lesser ones, and the 
accuracy of the selection is determined by 
subsequent clinical response. 

TAKING SAMPLES FOR DIAGNOSIS 

In teaching hospitals, there is ready access to 
bacteriology laboratories, which frequently 
contain automated and rapid systems for sus¬ 
ceptibility testing. However, in practice the 
taking of samples for this purpose is generally 
restricted and limited by such factors as the 
availability of a diagnostic laboratory and by 
cost. Furthermore, in many cases the results 
of culture and susceptibility are historical by 


the time they are received. Nevertheless, 
information of this type is of value for future 
similar cases, and it provides prevalence data 
and data of antimicrobial susceptibility that 
can be used for background clinical knowl¬ 
edge and justification for extralabel drug use 
in food-producing animals. 

The recognition of when samples should 
be taken for microbiological examination 
and susceptibility testing comes with clinical 
experience. Generally, the approach to 
dealing with individual sick animals is differ¬ 
ent from dealing with groups of animals that 
have a contagious disease. In individual 
animals, cost and the time for processing 
usually limit sample taking to valuable stud 
animals and to horses. They should be taken 
from individual sick animals with life- 
threatening conditions so that, if a response 
is not obtained during initial therapy, the 
subsequent choice of antimicrobial agent can 
be based on laboratory data. They should 
also be taken from animals with disease 
syndromes that may be caused by one of 
several agents or by an organism that may 
show variable resistance patterns. Examples 
would be infective arthritis in foals or gram¬ 
negative sepsis. The increasing emergence of 
variable resistance patterns in veterinary 
pathogens places an increasing importance 
on sampling and susceptibility testing, and 
many practices have now established their 
own laboratories for this purpose. 

Samples are also frequently taken from 
chronic, poorly responsive conditions to 
determine the best course of treatment. In 
groups of animals where there is contagious 
disease, the taking of samples to establish or 
confirm the etiologic diagnosis and to deter¬ 
mine the best drug for chemotherapy is most 
important. Where there are a large number 
of animals at risk it is important to confirm 
the initial choice of therapy as soon as pos¬ 
sible so that remedial steps can be taken if 
the choice was incorrect. It is also important 
in these situations to have a confirmed accu¬ 
rate etiologic diagnosis so that control mea¬ 
sures can be instigated to prevent future 
problems. Thus an outbreak of diarrhea in 
postweaned pigs may be caused by coliform 
gastroenteritis, salmonellosis, or swine dys¬ 
entery. Clinical and pathologic examination 
may eliminate swine dysentery but not allow 
complete differentiation between salmonel¬ 
losis and coliform gastroenteritis. An amino¬ 
glycoside could be used for the initial therapy 
of the outbreak but, at the same time, samples 
are taken for culture and susceptibility to 
determine the exact antimicrobial suscepti¬ 
bility of the infectious agent in case there is 
resistance to this antibiotic. Also, by this pro¬ 
cedure the exact etiologic diagnosis will be 
determined, which will then determine rec¬ 
ommendations for future control of the 
disease. 

Consideration should be given to the 
nature of the sample for examination. In 
outbreaks of diarrhea there is little point in 





taking fecal samples from chronically scour¬ 
ing and runted animals. Samples should be 
taken from animals at the onset of diarrhea. 
The site of sampling can also have an influ¬ 
ence that may affect the relevance of the 
results. In animals with pneumonia, the 
nasal flora may not reflect that in the lung 
and cultures are best taken as transtracheal 
aspirates of the lower respiratory system. 

Similarly, fecal Escherichia coli strains are 
not always representative of small-intestinal 
strains in scouring calves. 

ANTIMICROBIAL SUSCEPTIBILITY 

TESTS 

Rationale 

Antimicrobial susceptibility testing is not 
required with all infections because many 
organisms are invariably sensitive to one or 
more antimicrobial agents, and in most cases 
these can be used for therapy. The clinician 
should be familiar not only with the spec¬ 
trum of each antimicrobial drugs, but also 
with the spectrum of susceptibility for the 
common organisms involved in diseases of 
large animals. Susceptibility testing is gen¬ 
erally reserved for members of those groups 
of organisms that show considerable varia¬ 
tion in sensitivity to individual antimicrobial 
agents. 

There can be considerable area-to-area 
variation and spatial and temporal clustering 
in the susceptibility patterns of individual 
organisms. It is wise to establish the broad 
patterns of general susceptibility or resis¬ 
tance for these groups in any practice area, 
and to monitor any change periodically so 
that therapy can be guided by this informa¬ 
tion. This also can provide information jus¬ 
tifying the extralabel use of antimicrobials in 
food-producing animals. 

The purpose of susceptibility testing is 
to attempt to determine whether the organ¬ 
ism under consideration is likely to be sus¬ 
ceptible to the action of an antimicrobial 
agent at the drug levels that can be achieved 
using the usual therapeutic dose rates. In 
clinical terms, organisms are considered to 
be either susceptible or resistant to the 
action of an antimicrobial. However, with 
many organism-antimicrobial associations, 
resistance or susceptibility is not an all-or- 
none phenomenon; it is dependent on drug 
concentration. Organisms that may be resis¬ 
tant to low levels of an antimicrobial agent 
are frequently susceptible to its action at 
higher concentrations. Thus an organism 
that is susceptible to the action of benzyl- 
penicillin at a concentration of 0.1 pg/ml 
would be considered susceptible because 
equivalent levels of benzylpenicillin can be 
easily achieved in the blood and tissues. One 
that was susceptible only at a concentration 
above 5 pg/ml might be considered resistant, 
even though it is possible to achieve and 
maintain this concentration of benzylpeni¬ 
cillin in the tissues with high and frequent 
dosing. 
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Susceptibility Test Methods 
Tube Susceptibility Tests 

Susceptibility tests may be quantitative or 
qualitative. Tube susceptibility tests, using 
serial dilutions of the antimicrobial drug 
against a standard dose of the test organism, 
provide quantitative information in terms of 
an exact MIC of the drug being tested. The 
MIC is the lowest antibiotic concentration 
that prevents the growth of bacteria within a 
defined period of time and under the condi¬ 
tions of the test. Tube susceptibility testing is 
the gold standard. With most antibiotics a 
mean plasma level two to five times the MIC 
needs to be sustained through the dosing 
interval for effective therapy. These tests are 
laborious and time-consuming and are 
seldom used in practice situations for these 
reasons. 

Disk Susceptibility Tests 
Disk susceptibility tests provide more 
limited qualitative information. They are 
generally a valuable adjunct in the choice of 
an antimicrobial agent for therapy, particu¬ 
larly for systemic diseases. However, the 
limitations of the usual method of testing 
and the limitations of interpretation should 
be recognized by the clinician. 

The Kirby-Bauer technique is the most 
commonly used method of disk diffusion 
susceptibility testing. With this technique, 
disks are impregnated with a standard 
amount of antibiotic that diffuses into the 
media to produce a zone of inhibition of 
growth. With a standard concentration of 
antibiotic in the disk and standard antibiotic 
sensitivity test media and test conditions, the 
concentration of the diffused antibiotic at 
any given distance from the disk is relatively 
predictable and constant. There is a linear 
relationship between the diameter of the 
zone of inhibition and the log 2 of the MIC. 
For each antibiotic MIC, breakpoints have 
been established and corresponding zone 
size breakpoints established above or 
below that which an organism is classified as 
resistant, susceptible, or of intermediate 
susceptibility. 

Although the Kirby-Bauer disk suscepti¬ 
bility testing system has a quantitative 
genesis, the results are qualitative, especially 
as used in most practice laboratories. The 
MIC breakpoints are specific values used to 
assign bacteria to one of three classifications: 
susceptible, intermediate, and resistant. 

The MIC breakpoints and thus the pub¬ 
lished reference zone sizes for resistance and 
susceptibility are often based on the pharma¬ 
cokinetic properties of each antimicrobial 
in humans. These frequently have a limited 
relationship to their pharmacokinetic prop¬ 
erties in animals, particularly ruminants. 

Also, a single antimicrobial considered to 
be representative of its class is used to test 
susceptibility to that class of antimicrobials, 
but this representative is not always the 
antibiotic agent present in commercially 


available antibiotic treatments for livestock. 
Further, the use of specific zone diameters 
to establish resistance and susceptibility 
assumes a standard test with standard media 
and under standard conditions. These condi¬ 
tions are frequently not met in veterinary 
practice laboratories. 

Despite these limitations, disk suscepti¬ 
bility tests can be used as a guide to the 
selection of antimicrobials for therapy in 
large-animal veterinary practice. They are of 
particular value in selecting a choice of anti¬ 
biotic with organisms that exhibit variable 
patterns of resistance and where this pattern 
for any one antibiotic is essentially bimodal 
in distribution. They may have limited value 
in the testing of organisms in which the 
sensitivities are clustered around the MIC 
breakpoint. However, there is a lack of vali¬ 
dation for susceptibility testing being predic¬ 
tive for treatment outcome in almost all 
large-animal diseases because the break¬ 
points have not been validated. There 
should not be overreliance on the results of 
testing for sulfonamide susceptibility because 
these are frequently misleading and a good 
clinical response can be achieved with 
therapy, even though the sensitivity test sug¬ 
gests resistance. 

Frequently, with disk susceptibility tests, 
the organism proves sensitive to a number of 
different antimicrobial agents. The selection 
of one of these for therapy is based on such 
factors as ease of administration and cost. 
The relative efficacy of any one of the agents 
cannot be determined by comparison of the 
size of the zones of inhibition. 

Microtiter Techniques 

The development of semiautomated microti¬ 
ter methodology for direct MIC determina¬ 
tions allows many reference diagnostic 
laboratories and teaching hospitals to deter¬ 
mine MIC concentrations directly in bacte¬ 
rial susceptibility testing. The results are 
more directly applicable to rational therapy 
and, in particular, have more relevance than 
disk diffusion tests for determining the sus¬ 
ceptibility of organisms that cluster around 
the MIC breakpoint for a given antibiotic. 

Other Considerations 

The antimicrobial susceptibility of an organ¬ 
ism can vary considerably depending on the 
species of animal from which it is isolated. 
E. coli isolates from pigs generally show a 
greater degree of antibiotic resistance than 
those isolated from adult cattle. Similarly, 
Campylobacter spp. isolates from pigs show 
substantially different antibiotic susceptibil¬ 
ity patterns from those isolated from sheep. 
Isolates from the same species may also vary 
significantly in susceptibility so that E. coli 
isolated from mastitis in cattle generally have 
a broader susceptibility pattern than those 
isolated from enteric disease in calves. In 
addition, there are area differences and 
changes with time. Low levels of antibiotic 
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fed for growth-promoting purposes may 
influence susceptibility patterns, and in 
herds where growth promoters are used it is 
generally wise not to use the same drug or 
members of the same group for therapeutic 
purposes without prior testing. 

Flaws and Limitations of Culture 
Susceptibility Testing 

Culture and susceptibility data (pharmaco¬ 
dynamics) increasingly are becoming an 
important tool in the selection of an anti¬ 
microbial. Culture and susceptibility testing 
might identify the target organisms, help to 
confirm the need for therapy, and confirm 
the susceptibility of the isolate to drugs of 
interest. Therefore culture and susceptibility 
testing is useful; on the other hand, this test 
represents an in vitro testing system and the 
results must then be applied to an in vivo 
situation. As such, culture and susceptibility 
results must be interpreted in the context 
of potential host and microbial factors that 
can alter concentrations achieved at the 
tissue site. It is extremely important to use 
proper technique for culture samples 
because culture data are only as good as the 
sampling method used for their collection. 
The following include the limitation of the 
application of the in vitro data to some 
patients: 

• Time, space, and other limitations 
exclude testing of all drugs. For some 
drug classes, one drug serves as a model 
for other members in the class. 

• Many laboratories include model drugs 
approved for use in humans but not in 
other animals. 

• For any culture and susceptibility 
method, active metabolites may not be 
included in the interpretive standards 
when some metabolites can contribute 
markedly to activity. 

• Culture and susceptibility testing may 
fail to represent in vivo behavior of 
bacterial organism. 

• The pharmacokinetics contributing to 
interpretative criteria of culture and 
susceptibility testing are largely based 
on total plasma concentrations. 

Culture and susceptibility testing does 
not take into account binding of the 
drug to plasma proteins, which 
overestimates efficacy of protein 
bound drugs. (Box 6-1) 
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Box 6-1 Pros and cons of empirical 
therapy versus culture and 
susceptibility-based antibiotic therapy 

Empirical choice 

Susceptibility-based 

choice 

Advantages 

Advantages 

• Quicker 

• Very likely to have 

• Cheaper 

the right antibiotic 

Disadvantages 

• More likely to have 

• More likely to 

correct dosing 

have the wrong 

regimen 

antibiotics (up to 

• Save time and 

50% of cases) 

money if wrong 

• More likely to 

antibiotics are 

have the wrong 

chosen empirically 

dosing regimen 

Disadvantages 

• Potential waste 

• Takes 24-48 h 

of time 

• Cost 

• Potential waste 

• One to two 

of money 

member(s) of each 

• Potential for 

class tested 

resistance (50% 

(assumption of 

of isolates 

similar results with 

resistant to 

other members) 

antibiotics 

• Laboratory protocol 

commonly used 

might not perfectly 

empirically) 

represent reality 


Antibiotic Resistance 

Development of antimicrobial resistance by 
microbial pathogens and commensals repre¬ 
sents a major threat to animal health and 
public health. Current concerns relating to 
antimicrobial resistance arise principally 
from the rapid rate of development of resis¬ 
tance relative to the slow rate at which new 
mechanistic groups of antibiotics are intro¬ 
duced, and the conviction that development 
of resistance is accelerated by overuse of anti¬ 
biotics. Antibiotic resistance can be catego¬ 
rized in three types: 

1. Natural or intrinsic resistance 
(predictable resistance) 

2. Mutational resistance (unpredictable 
resistance) 

3. Extrachromosomal or acquired 
resistance 

Microorganisms generally resist the 
actions of antimicrobial agents by (1) inter¬ 
fering with the specific targets necessary for 
binding of the drug to its target site, such as 
development of altered receptors or enzyme 
for antibiotics (altered penicillin binding 
proteins [PBPs] for (3-lactams and DNA 
gyrase for fluoroquinolones); (2) destroying 
or altering the conformational integrity of 
the drug (hydrolysis of the (3-lactam ring 
of penicillins and cephalosporins by (5- 
lactamases); and (3) preventing the drug 
from attaining an effective concentration at 
its site of action (alteration of porin channels 
or induction of efflux of drug). 

Antimicrobial resistance is a natural bio¬ 
logical phenomenon, and the introduction of 


antibiotics into clinical use has almost invari¬ 
ably been followed by the emergence 
of resistance to these drugs in bacterial popu¬ 
lations. When a microbial population is 
exposed to an antibiotic, the more susceptible 
organisms will succumb, and antimicrobial 
use in human medicine and in agriculture 
naturally must result in the selection of anti¬ 
microbial-resistant phenotypes. This occurs 
in nonpathogens as well as pathogens. Resis¬ 
tance is generally slow to reverse or is 
irreversible. 

There are a number of mechanisms in 
which resistance is engendered. Resistance 
that results from spontaneous mutation of 
chromosomal genes encoding a target site is 
probably of limited importance in clinical set¬ 
tings. It occurs more frequently with certain 
antibacterials, i.e., rifampin, and maybe com¬ 
bated by the inclusion of a second antibacte¬ 
rial in the treatment regimen. Plasmid- and 
transposon-determined drug resistance is 
much more important in clinical situations 
and has led to widespread multiresistance 
patterns in certain bacterial populations. 

Plasmids are extrachromosomal genetic 
elements that replicate independently of 
the chromosome. They can be transferred 
within, and in some cases between, bacterial 
species and may also act as vectors for trans- 
posons. They may encode for single or mul¬ 
tiple patterns of antibiotic resistance and, 
increasingly, multiple patterns of resistance 
are emerging. With veterinary pathogens, 
plasmid-determined resistance is particu¬ 
larly important in the Enterobacteriaceae, 
Staphylococcus aureus and to some extent in 
Pasteurella spp. 

Virtually all antibiotics given in thera¬ 
peutic doses cause marked changes in the 
microflora of sites in the host normally colo¬ 
nized by bacteria. There is suppression of 
the sensitive flora with subsequent selection 
and colonization by resistant bacteria. In 
pigs, there is some evidence that therapeutic 
use of antibiotics in individual animals does 
not greatly influence herd flora resistance 
patterns, but in-feed medication of post- 
weaned pigs selects for antibiotic resistance 
that maintains in finisher pigs. The feeding 
of antibiotics for growth promotion and the 
feeding of antibiotic-treated milk to calves 
will select for resistance among organisms 
within the alimentary tract. These resistant 
organisms can persist in the animal and in 
the environment and subsequently form part 
of the normal colonizing flora of other 
animals. Thus it is not unusual to isolate 
organisms, E. coli, for example, that are 
resistant to one or more antibiotics even 
though the animal from which they were 
isolated had never received antibiotic 
medication. 

There is a higher prevalence of antibiotic- 
resistant E. coli in the normal intestinal flora 
of young animals than adults. The prevalence 
is higher in young animals reared intensively, 
such as veal calves and pigs, and in 
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environments in which antibiotic usage has 
exerted selection pressure. The prevalence 
falls with increasing age, and the intestinal 
flora of adults generally shows a broader sus¬ 
ceptibility pattern. Although many of these 
resistant organisms are not pathogens, they 
contribute a pool of R plasmids that can be 
transmitted to pathogens, and therapy deci¬ 
sions should take into account what antibiot¬ 
ics are in routine use on the farm as 
growth-promoting additives. Tetracyclines 
and neomycin are commonly incorporated 
in calf milk replacers with the label claim 
that they are growth promoters and aid in the 
control of calf diarrhea. However, there are 
no published studies that support health 
benefits. There are studies that show 
improved growth of calves on medicated 
milk replacers compared with control calves, 
but this difference is lost after weaning and 
not of any production benefit. 

Feeding antimicrobials to livestock and 
poultry to reduce disease and promote 
weight gain has been standard practice in 
developed countries for several decades but 
is engendering increasing concern, and the 
occurrence of antimicrobial resistance is 
beginning to be considered to be a societal 
issue. The concern is that antimicrobial use 
in food-producing animals may affect human 
health by the presence of drug residues in 
foods and by promoting the presence of 
antibiotic-resistant strains in animals that 
can subsequently infect humans through 
food or from effluent contamination of the 
environment. The consequences of this also 
include an increased risk for resistant patho¬ 
gens to be transferred to humans by direct 
contact with animals. Although many of 
the growth-promoting antibiotics used in 
animals are not the same as those used for 
human therapy, antimicrobial exposure can 
initiate bacterial resistance to compounds of 
dissimilar structures. 

There is a particular risk to farmers, farm 
workers, and veterinarians from exposure to 
contamination in the farm environment and 
a risk from transfer of resistant bacteria 
through farm food and via environmental 
contamination from farm effluents. 

Public and medical concern about the 
ways in which antimicrobials are used in 
agriculture has particularly been aroused by 
the development of vancomycin-resistant 
enterococci (VRE) in humans associated 
with the use of the related drug avoparcin 
as a growth-promoter in animal feeds. In 
response to concerns about the emergence of 
antimicrobial resistance, Sweden banned all 
growth-promoting antibiotics in 1986. This 
was followed by a ban on avoparcin and vir- 
giniamycin in Denmark in 1995 and 1998, 
respectively. Finally, the European Union 
banned the use of avoparcin in 1997 and 
bacitracin, spiramycin, tylosin, and virginia- 
mycin for growth promotion in 1999. Fol¬ 
lowing the 1995 ban on avoparcin, several 
investigators reported a decline in animal 


VRE. In Denmark, frequencies peaked at 
73% to 80% and fell to 5% to 6% in poultry. 
In Italy, VRE prevalence in poultry carcasses 
and cuts decreased from 15% to 8% within 
18 months of the 1997 ban, and in Hungary 
a 4-year study showed not only a decline in 
prevalence of VRE among slaughtered cattle, 
swine, and poultry after removal of avopar¬ 
cin but also a decrease in vancomycin MICs. 
Increased virginiamycin use in Danish broil¬ 
ers during the mid-1990s correlated with a 
rise in resistant Enterococcus faecium preva¬ 
lence, from 27% to approximately 70%. Fol¬ 
lowing the ban, resistance declined to 34% in 
2000. Likewise, in Denmark the 1998 ban on 
the use of tylosin in swine resulted in a 
decline in erythromycin (a structurally 
related macrolide) resistance from 66% to 
30%. Avilamycin use in 1995 and 1996 
increased resistance in broiler E. faecium 
strains, from 64% to 77%, while declining 
applications after 1996 lowered the preva¬ 
lence to 5% in 2000. There has been an 
apparent reduction in vancomycin resistance 
in fecal enterococci isolated from humans 
and animals. There has also been an apparent 
increase in morbidity and mortality among 
pigs, associated with enteric infections, diar¬ 
rhea, and chronic infections caused by Law- 
sonia intracellularis. This increase in animal 
disease since the ban has resulted in a sub¬ 
stantial increase in the use of therapeutic 
antibiotics for food animals in Europe, pri¬ 
marily tetracyclines, trimethoprim/sulfon¬ 
amides, and macrolides. 

With respect to the emergence of antibi¬ 
otic resistance in zoonotic organisms, a par¬ 
ticular concern has been plasmid-determined 
multiple antibiotic-resistant strains of salmo¬ 
nella that have emerged and caused rapidly 
spreading epidemics of disease in young 
calves in England and throughout Europe. 
These multiple resistance patterns have 
been associated with particular phage types 
and biotypes of Salmonella typhimurium and 
S. dublin. 

Preventing the spread of multiresistant 
organisms is not easily achieved, and there 
are examples of spread involving virtually 
every major pathogenic bacterial group. An 
example is the emergence and spread of 
S. typhimurium DTI04, in which multiple 
antibiotic resistance is chromosomally 
determined. A pathogen of a variety of dif¬ 
ferent animal species, including humans, this 
organism spread globally in the 1990s. 
Because of the advanced salmonella surveil¬ 
lance system in the United Kingdom, this 
organism was first recognized as causing 
outbreaks of disease in cattle and humans in 
the United Kingdom and its emergence was 
initially attributed to the use of antimicrobi¬ 
als in cattle. There is, however, no evidence 
in support of this and its spread was caused 
by its colonizing ability and not to selection 
by the feeding of antimicrobials. The history 
of the emergence and spread of this organ¬ 
ism, which was unrelated to the use of 


antimicrobials in livestock and related more 
to the colonizing ability of DTI 04, should act 
as a brake on proposals to use changing pat¬ 
terns of antimicrobial resistance as a measure 
of the risk of the use of antimicrobials in 
livestock. 

Plasmid-determined multiple patterns of 
resistance are likely to increase in organisms 
in environments in which selection pressure 
is high as a result of frequent antibiotic 
usage. The use of antibiotics in agriculture 
is an obvious target to reduce this selection, 
and is frequently blamed for the problem of 
developing antibiotic resistance in human 
pathogens. Nosocomial infection with anti¬ 
biotic-resistant animal pathogens is an 
emerging problem in veterinary hospitals, 
and procedures for limiting their spread are 
available. 

Although the major concern has been 
directed at antibiotic use for growth promo¬ 
tion, there are also moves, in some countries, 
to restrict the use of certain antimicrobials, 
e.g., fluoroquinolones, from therapeutic use 
in farm animals. However, a European 
survey of antimicrobial susceptibility among 
zoonotic and commensal bacteria from 
food-producing animals found that, although 
there was variation among European coun¬ 
tries in the resistance of enteric organisms, 
this largely involved the older antimicrobials, 
and that resistance to the newer compounds 
used to treat humans was low. Equally, a 
study of mastitis pathogens over a 7-year 
period in the United States showed no trend 
toward increased resistance and reported a 
reduction of resistance to P-lactam antimi¬ 
crobials for several gram-positive mastitis 
pathogens. 
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WAYS TO MINIMIZE OR AVOID THE 
DEVELOPMENT OF ANTIMICROBIAL 
RESISTANCE 

Strategies considered effective in delaying 
development of resistance involve minimiz¬ 
ing the use of antimicrobial agents, and using 
dosage regimens to achieve drug concentra¬ 
tions at the site of infections that eliminate 
pathogenic organisms without promoting 
survival of more resistant microbial subpop¬ 
ulations. The guidelines of antimicrobial 
usage have been published by a variety of 
agencies, and these guidelines adhere to the 
following principles: 

• Use antibiotics whenever bacterial 
infection is confirmed. 

• Start treatment early: Logarithmic 
growth phase of infection 

• Dose adequately: Low dose (resistance) 
and high dose (cost and toxicity) 
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• Avoid prolonged use of antibiotics. 

• When possible, select narrow-spectrum 
agents, based on definitive identification 
of the infectious agent, rather than 
broad-spectrum agents. 

• Maintain the dosage: The general rule is 
to maintain dosing for 7 to 10 days or 
for 4 to 5 days after resolution of fever. 
Patients that have compromised host 
defenses should be treated for 10 to 14 
days. Chronic infections may require 4 
to 6 weeks of treatment. 

• Susceptibility tests: Not practical for 
each case, periodic testing will help 
establish a trend for a particular disease 
or on a particular premise. 

• Evaluate clinical effectiveness: 
Improvement by 4 days after initiation 
of treatment 

• Prevention and good management: As 
simple as controlling ventilation, 
humidity, sanitary environment, and 
avoiding stress 

AVOIDING ANTIMICROBIAL 
RESISTANCE (THREE Ds 
APPROACH) 

• De-escalate: No antibiotic usage when 
alternate therapy is available, limit 
duration of treatment (shortest course of 
therapy clinically acceptable), rotate the 
usage of antibiotics on a regular 
schedule 

• Design: Effective dosing regimen, 
selection of most appropriate antibiotic 
for the organism while narrowing 
spectrum of activity 

• Decontaminate: Reduce bacterial 
exposure (wearing gloves, hand 
washing, proper bandaging, strict 
asepsis during surgery, etc.). 
Investigations with fluoroquinolones 

resulted in the mutant prevention concen¬ 
tration (MPC) concept, which represents a 
novel in vitro measurement of fluoroquino¬ 
lone potency. The MPC is the concentration 
of the drug necessary to prevent (inhibit) the 
emergence of the first-step mutants. In other 
words, MPC represents the highest MIC of 
the isolates in patient. It was also reported 
that the MPC values combined with the 
pharmacokinetic (PK) profiles could be used 
to optimize the dosing regimen to prevent 
the emergence of resistant mutants. When 
MPC data are applied to achievable and sus¬ 
tainable serum drug concentrations in the 
body, estimation of the time the serum drug 
concentration exceeds both MIC and MPC 
values can be determined. These data, along 
with kill data, allow for an estimate of the 
amount of time drug concentration needs to 
exceed MIC/MPC values to not only result 
in significant kill, but also to minimize resis¬ 
tance development. On the other hand, there 
is little correlation between MIC and MPC, 
and the MIC/MPC ratio is both drug and 
pathogen specific. Currently, limited data are 
available to conclude if the MPC concept 


does or does not apply to other antimicrobial 
agents. 


Antibiotic Metaphylaxis 
to Control Respiratory 
Disease 

Metaphylaxis (mass medication) to manage 
respiratory disease in newly received high 
stress or recently weaned cattle is a common 
practice. Metaphylaxis is a newer term used 
to describe the treatment of an entire group 
of calves with an antibiotic upon arrival at 
the farm before the onset of overt illness. 
Several viruses and bacteria have been asso¬ 
ciated with acute bovine respiratory disease 
(BRD). This disease syndrome was originally 
termed shipping fever, because signs often 
occur shortly after arrival in the feedlot. 
Consistent prevention and control of BRD is 
costly and difficult. Metaphylaxis can be con¬ 
sidered as prevention and a curative treat¬ 
ment because cattle arriving to a Stocker or 
feedlot facility may be at risk for developing 
BRD as well as currently experiencing 
various stages of the disease process. Interac¬ 
tions among the respiratory pathogens and 
compromise of the innate respiratory defense 
mechanisms, especially as a result of envi¬ 
ronmental and management stresses such as 
heat or cold and weaning and transportation, 
seems to be critical to the development of 
clinical BRD. This results in considerable 
economic loss from deleterious effects on 
cattle health and performance. 

The decision to metaphylactically admin¬ 
ister any class of pharmaceutical product is 
based on clinical signs, expected illness rates 
in the group, and prior evidence of product 
efficacy. General guidelines that impact the 
decision to administer metaphylactic treat¬ 
ment for BRD include the following: 

• The clinical appearance of the cattle on 
arrival 

• Current (and expected) morbidity/ 
mortality patterns 

• Feed consumption 

• Elevated body temperature 

• Efficacy of products labeled for the 
control of BRD 

Metaphylaxis is most commonly admin¬ 
istered within a few days of arrival at the 
feedlot. Many antimicrobial products are 
labeled for metaphylactic administration to 
aid in control of BRD. Many antibiotics are 
used in metaphylaxis in calves considered 
high risk. When considering metaphylaxis, it 
is necessary to know that not all antibiotics 
used in therapy have a beneficial effect in 
reducing BRD; therefore only approved anti¬ 
biotics should be used. Antimicrobial drugs 
currently labeled for metaphylactic adminis¬ 
tration to cattle for control of BRD include 
the following: 

• Ceftiofur (Excede) 

• Chlortetracycline (Aureomycin) 


• Chlortetracycline/sulfamethazine 
(AS-700) 

• Florfenicol (Nuflor) 

• Oxytetracycline (Tetradure) 

• Tilmicosin (Micotil) 

• Tulathromycin (Draxxin) 

Clinical signs most commonly observed 
with BRD include high fever, depression, 
decreased appetite, nasal and ocular dis¬ 
charge, coughing, and varying degrees of 
dyspnea. The aim of metaphylaxis is to 
reduce the incidence of acute-onset BRD 
in highly stressed and newly received calves. 
An important strategy used to decrease the 
incidence of BRD is the preventative health 
program referred to as preconditioning, 
which is a planned management program 
used before shipment to the feedlot. Gener¬ 
ally, preconditioning programs ensure that 
the animals have been weaned for a prede¬ 
termined amount of time (usually 30-45 
days), vaccinated for various infectious 
agents (bacterial and viral vaccines), treated 
with anthelmintics, castrated, dehorned, and 
acclimated to feed bunks and water troughs 
before being shipped to feedlots. The cattle 
health industry should continue to identify 
means of BRD control though the develop¬ 
ment of and use of new technologies with the 
aim of enhancing resistance, reducing risk 
factors, and decreasing pathogen exposure. 
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Practical Usage of 
Antimicrobial Drugs 

ANTIBIOTIC DOSAGE: THE 
RECOMMENDED DOSE 

Theoretically, there is no set dose for any 
antimicrobial agent. The concentration of an 
antimicrobial drug required for effective 
activity against different microorganisms 
varies, and these requirements could be met 
by varying the dose rate of the drug. However, 
this is an impractical situation and in prac¬ 
tice one works from the recommended 
dose, which will give blood and tissue levels 
that will be effective against very susceptible 
organisms with minimal side effects to the 
host. In this respect the recommended dose 








should be considered as a minimum dose. If 
one is dealing with organisms that require 
higher concentrations of the drug for thera¬ 
peutic effectiveness, the recommended dose 
can be exceeded. With low-toxicity antibac¬ 
terials this dose may be exceeded severalfold, 
and with drugs such as benzylpenicillin this 
is a frequent therapeutic ploy. However, with 
antibacterials that have toxic potential the 
recommended dose should only be exceeded 
with caution and frequently it is wise to 
search for a different antimicrobial agent to 
which the organism is more sensitive. 

Similarly, the recommended dose may be 
exceeded in an attempt to increase the con¬ 
centration gradient in sensitive infections in 
which necrotic tissue produces long diffu¬ 
sion paths. The recommended dose may also 
be exceeded for management reasons, as in 
the case of the treatment of sheep with foot 
rot or mycotic dermatitis, where only a single 
treatment is administered for practical 
purposes. 

The label dose is the dose stated on the 
label of the drug and is the legal dose that 
can be used for that product. The label states 
the required withdrawal periods for avoid¬ 
ance of tissue or milk residues. The recom¬ 
mended doses given in the sections on 
individual diseases are based on our expecta¬ 
tions of therapeutic efficiency, and may 
exceed the label dose recommendations for 
certain drugs. The problem of persisting 
tissue residues should be recognized when 
label recommendations are exceeded and 
withdrawal periods should be adjusted 
accordingly. 

Label dose levels and dose intervals for 
many of the antimicrobial agents used in 
large animals are frequently too low and too 
long. In many cases, there are no obvious 
pharmacologic reasons for these dosing 
regimens. Unfortunately, pharmacokinetic 
studies of the earlier antimicrobial agents 
released for use in large-animal species were 
limited at the time of their release and it 
would appear that in many instances the 
label dose established at that time was inad¬ 
equate. Some estimate of the dose required 
for an antimicrobial drug can be obtained by 
a comparison of the MICs required for activ¬ 
ity against various organisms with the blood 
and tissue levels of the drug obtained at 
various dose levels. Usually, levels three to 
five times the MIC are considered necessary 
for effective therapy, and it is generally con¬ 
sidered desirable to maintain these levels 
over the treatment period, especially with 
bacteriostatic antimicrobials, although this is 
probably not essential. 

The ultimate proof for dose levels and 
dose intervals of an antimicrobial is by clini¬ 
cal trials of its efficacy in the treatment of 
infectious disease. It is apparent that antimi¬ 
crobial drugs are effective in many diseases 
in large animals at the dose rates and inter¬ 
vals currently in use. Nevertheless, as the 
results of pharmacokinetic studies in farm 
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animals become available it is quite probable 
that they will suggest changes in the dose 
levels and intervals for several of the antimi¬ 
crobial drugs in use. This may result in more 
efficacious therapy and lead to label doses 
that have a broader spectrum of activity 
against disease. 

ROUTES OF ADMINISTRATION 

INTRAVENOUS INJECTION 

Intravenously administered antibiotics attain 
high and immediate blood and tissue levels. 
This route should be used in the treatment of 
septicemia and other life-threatening dis¬ 
eases. The concentrations obtained are much 
higher than those obtained with equivalent 
doses of the same drug given intramuscu¬ 
larly or orally, and, consequently, greater 
diffusion concentrations are achieved at 
sites of infection. For this reason, this route 
of administration may also be used in an 
attempt to increase the drug concentration in 
areas where the antibiotic normally achieves 
only low concentrations and where areas of 
necrosis increase the length of the diffusion 
pathway. Intravenous (IV) administration 
may also be indicated in chronic infections 
such as corynebacterial pneumonia in foals, 
in which diffusion concentrations are 
required to penetrate the abscess areas and 
the capsular material of the organism. 

An initial IV loading dose (LD) may 
combat the development of stepwise resis¬ 
tant mutants. Because of the initial higher 
blood and tissue levels, the IV route may also 
be used for the treatment of infections that 
are only moderately sensitive to the antibac¬ 
terial drug being used. This is because effec¬ 
tive concentrations may be achieved by 
repeated IV dosing that would not be 
achieved by equivalent doses given intra¬ 
muscularly or orally. 

For practical reasons the IV route of 
administration is used for low-concentra¬ 
tion, high-volume antimicrobial agents such 
as sulfamethazine and oxytetracycline. It is 
also preferred to the intramuscular route in 
racehorses when there is a need to avoid 
muscular soreness. The need to avoid muscle 
damage in beef cattle close to marketing may 
also dictate IV administration. 

Administration by this route is not 
without its dangers. Inadvertent intracarotid 
injection can occur whenever IV injection 
is attempted into the jugular vein. Acute 
toxic reactions either to the drug or to its 
vehicle are more common when intravenous 
administration is used. Drugs specifically 
formulated for IV use should be used, or 
the manufacturer’s recommendations on the 
advisability of the use of this route for any 
preparation should be followed. Severely 
toxemic terminal cases may die immediately 
following injection, and in the owners mind 
death may be attributed to the therapy. 

Injections should be given slowly and 
not as a bolus. Therapy by repeated IV 


administration is generally restricted to hos¬ 
pital situations and can be expensive because 
of the added cost of the IV preparations. 
In field situations an initial IV LD followed 
by sustaining intramuscularly administered 
doses is frequently indicated in the treatment 
of infectious diseases and is sound therapeu¬ 
tic policy. 

The jugular vein is used in all species 
except the pig, in which the inaccessibility of 
superficial veins other than the ear veins 
makes the jugular route of administration 
generally impractical. Perivascular reac¬ 
tions and intravascular thrombosis are a 
hazard with this route, especially following 
the administration of irritant drugs such as 
sulfonamides and tetracyclines. 

INTRAMUSCULAR INJECTION 

Intramuscular injection is the most com¬ 
monly used method for antimicrobial 
administration in large animals. Where pos¬ 
sible this route should be avoided in meat- 
producing animals, especially with irritant 
preparations. Lesions can be detected at 
slaughter 12 months after the intramuscular 
injection of long-acting tetracyclines. If the 
drug must be given intramuscularly in a 
meat-producing animal it should be given in 
the muscles of the neck, because scar tissue 
and blemish are more likely to be detected at 
this site in the cutting process after slaughter 
and they can be trimmed. With certain anti¬ 
biotics, drug residues may persist at these 
sites for long periods, and the label recom¬ 
mendation for withdrawal or withholding 
time should be followed. 

Irritant drugs should be used with care in 
horses, or avoided, as this species more com¬ 
monly develops severe reactions at the site of 
injection. The development of such reactions 
is usually an indication to change to alterna¬ 
tive therapy. Oil-based vehicles frequently 
produce severe reactions at the site of injec¬ 
tion in horses and should not be used. 

There is evidence, for some antibiotics at 
least, that the site of intramuscular admin¬ 
istration can influence the rate of absorp¬ 
tion, the bioavailability, and the subsequent 
pharmacokinetics of the administered anti¬ 
biotic. In both cattle and horses, injection 
in the neck gives more favorable pharmaco¬ 
kinetic parameters than does injection into 
the gluteal or shoulder muscles. Injection 
into the dewlap gives the poorest bioavail¬ 
ability. These differences presumably result 
from differences in the spread of the injected 
drug within and between the muscles and 
differences in blood supply. With intermus¬ 
cular spread there is a greater absorption 
area and less compromise of capillary and 
lymphatic structures. Injection into the side 
of the neck of horses is considered to be 
malpractice in some countries. When irri¬ 
tant preparations must be given to horses it 
is wise to inject them into the muscle of 
the chest between the forelegs, as reactions 
in this area have less tendency to spread 
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and are more accessible to drainage and 
treatment. 

At all sites, care should be taken to ensure 
that the injection is not inadvertently given 
intravascularly by applying negative pressure 
to the syringe before injection. In adult 
animals no more than 10 ml should be given 
at any injection site. Large injection volumes 
can result in the formation of encapsulated 
antibiotic-filled cysts in muscle. Label direc¬ 
tions of the maximum amount to be given at 
any one site should not be exceeded. 

With most antimicrobial drugs, except¬ 
ing the repository forms and drugs of an 
irritant nature, peak blood concentrations 
are obtained within 30 to 120 minutes of 
injection. However, the bioavailability of 
drugs given by intramuscular injection is 
markedly influenced by their formulation 
and irritant nature. This is especially marked 
with oxytetracycline preparations. 

INTRAPERITONEAL INJECTION 

Intraperitoneal injection is occasionally used 
for antimicrobial administration, especially 
in cattle close to market size, and where IV 
administration for various reasons may be 
impractical. It is also occasionally used in 
pigs with diarrhea, during which the antibac¬ 
terial drug is combined with fluids for rehy¬ 
dration. In cattle the injection is given in the 
right flank midway between the last rib and 
the tuber coxae and at least 10 cm ventral to 
the lateral processes of the lumbar vertebrae. 
This is done to avoid retroperitoneal and 
perirenal deposition of the drug. An aseptic 
injection technique should be used. Animals 
with peritonitis are also occasionally addi¬ 
tionally treated by this route of injection. In 
horses with peritonitis the peritoneal cavity 
can be drained through a cannula inserted in 
the ventral midline as used for abdominal 
paracentesis, and the antimicrobial agent is 
injected via this route. Intraperitoneal injec¬ 
tion may also be used for the parenteral 
administration of the tetracycline group in 
acutely toxemic animals or in animals with 
severe respiratory distress when IV injection 
may result in collapse and even death. 

SUBCUTANEOUS INJECTION 

Subcutaneous injection has not been com¬ 
monly used in large-animal practice, but con¬ 
cerns regarding lesions in meat following 
intramuscular injections are leading to a 
greater use of this route. Providing the drug is 
not deposited in a fat depot, this route pro¬ 
vides a reasonable alternative to intramuscu¬ 
lar injection. With irritant preparations there 
is a danger of excessive reaction and the 
occurrence of sterile abscesses. Very small 
animals (piglets) are often treated by this 
route. A long-acting formulation of ceftiofur 
is labeled in North America for subcutaneous 
administration in the pinna of the ear of 
cattle. This location was selected because of 
ease of access and potential for decreased 
trim of injection site at slaughter. Widespread 


field use identified rapid death in a very small 
number of cattle after subcutaneous adminis¬ 
tration in the ear pinna. Subsequent investi¬ 
gation identified that the cause of sudden 
death was most likely inadvertent and rapid 
injection into the auricular artery, with the 
injection rapidly reaching the cerebral circu¬ 
lation. Recommendations are now available 
regarding the correct site of the ear pinna to 
inject to minimize the potential for intraau- 
ricular artery injection. One example is sub¬ 
cutaneous injection of the sterile suspension 
of ceftiofur free acid crystalline (Excede) into 
the posterior aspect of the ear where it 
attaches to the head or in the middle third of 
the posterior aspect of the ear (Fig. 6-1). 

ORAL ADMINISTRATION 

Oral administration of antimicrobial agents is 
generally restricted to preruminant animals, 
young foals, and pigs. The blood and tissue 
levels achieved following oral administration 
are considerably less than those achieved by 
an equivalent dose of the same antimicrobial 
agent given parenterally, and for this reason 
the oral dose rate is generally two to five times 
greater than the parenteral dose. Oral drugs 
are less reliable because absorption charac¬ 
teristics may vary with the volume of ingesta, 
the presence or absence of gastric and intesti¬ 
nal stasis, or hypermotility and the nature of 
the ingesta, which variably bind the orally 
administered drug. For example, oxytetracy¬ 
cline and trimethoprim have a much lower 
bioavailability to calves when administered 
in milk, rather than in water, because of the 
high degree of binding to milk. There is some 
evidence that the oral administration of 
antibiotics to calves in glucose-glycine- 
electrolyte solutions is associated with more 
favorable absorption characteristics. The 
aminoglycoside and polymyxin groups of 
antimicrobial agents are not absorbed from 
the alimentary tract, and benzylpenicillin is 
largely destroyed within the stomach. 


The oral route is the easiest method for 
administration, and where the cost of revisits 
is a significant consideration this route is 
often chosen for continuing medication, 
because it is within the capability of any 
owner. Generally, however, systemic infec¬ 
tions are better treated by parenteral injection 
and certainly treatment should be initiated 
by this route. The oral route is the one of 
choice for the treatment of enteric infections. 
Experimental studies have shown that the 
oral administration of antibiotics to healthy 
neonatal calves may induce villous atrophy 
within the intestine and malabsorption diar¬ 
rhea. This occurred particularly with neomy¬ 
cin and to a lesser extent with tetracycline 
and ampicillin. Although this does not negate 
the use of antibiotics for specific therapy of 
enteritis in young calves (when this is indi¬ 
cated), it does suggest that prophylactic use 
of oral antibiotics has a risk in young calves. 

Prolonged oral medication at therapeu¬ 
tic levels may result in superinfection in 
all animal species. Commonly a yeast, staph¬ 
ylococcus, or Pseudomonas aeruginosa is 
involved. It occurs most commonly in calves 
given courses of differing antimicrobial 
agents. It is more common following medica¬ 
tion involving tetracyclines, and usually a 
treatment period of at least 2 weeks is 
required for its development. 

Antimicrobial drugs are seldom given 
orally to ruminant animals. Exceptions are 
the use of sulfonamides, especially as a sus¬ 
taining medication following initial paren¬ 
teral treatment, and low-level antibiotic 
therapy to feedlot animals to reduce the inci¬ 
dence of liver abscess and respiratory disease. 
Blood levels following oral administration 
in ruminants are variable and frequently not 
achieved until 12 to 18 hours after dosing. 
Also, many antibacterials are destroyed or 
inactivated within the rumen. Orally admin¬ 
istered antimicrobials cause a significant dis¬ 
ruption of the ruminal flora and by itself this 



Fig. 6-1 Diagram of the approximate locations of the major arteries of the posterior ear and 
the recommended needle insertion locations. Administration of Excede Sterile Suspension into 
ear arteries is likely to be fatal. Excede can also be administered SC at the base of the ear in a 
rostral direction toward the eye on the same side of the head as the ear, or administered SC at 
the base of the ear in a ventral direction. (Courtesy of Zoetis, Inc., https://www.zoetisus.com/ 
products/pages/excede_beef/TechnicalResources.aspx Excede® (Cefiofur Crystalline Free Acid) 
Sterile Suspension.) 










may result in a syndrome of ruminal stasis, 
anorexia, and depression. If antibacterial 
agents are given orally to ruminants, the 
course should be followed by reestablish¬ 
ment of the ruminal flora by cud transfer. 

Contamination of Feedstuffs 

Antibiotic contamination of rations is a 

potential problem in feed mills that process 
medicated and nonmedicated feeds consecu¬ 
tively. The inadvertent feeding of antibiotics 
to cattle and horses can result in clinical 
disease, and the cause may not be immedi¬ 
ately apparent to the investigating clinician. 
This can occur when cattle and horses are fed 
medicated pig feed, but may also occur when 
regular rations become contaminated with 
antibiotics. Residual carryover of medicated 
material into other feedstuffs can occur with 
feed mixers of various types and also via resi¬ 
dues in conveyors, hoppers, and trucks. The 
risk for feedstuffs being contaminated can be 
quite high, and the most common contami¬ 
nating drugs are chlortetracycline, sulfon¬ 
amides, penicillin, and ionophores. 

Within 24 hours of being fed medicated 
feed, dairy cattle show anorexia, rumen stasis, 
and subsequently pass custard-consistency 
feces containing undigested fiber. There is a 
precipitous fall in milk production. Dullness, 
muscle fasciculation, ketosis, hypocalcemia, 
and recumbency have also been observed. 
Affected cattle usually recover when placed 
on nonmedicated feed, but milk production 
may be adversely affected for the remainder of 
the lactation. Feeds contaminated with dime- 
tridazole, lincomycin, and tylosin have been 
incriminated, although there is debate as to 
the role of tylosin in this syndrome. The car¬ 
ryover of medicated material into other feeds 
can also create violative tissue residues at 
slaughter. Sulfonamide contamination of 
swine rations is a particular problem. 

The use of orally administered antimicro¬ 
bial agents in horses over 3 months of age 
should be approached with great care. Their 
use can be followed by diarrhea, which is 
often intractable and results in chronic debil¬ 
itation or death. Clindamycin and lincomy¬ 
cin carry a high risk and are probably totally 
contraindicated, and macrolides, tetracy¬ 
clines, tylosin, and metronidazole are associ¬ 
ated with risk in stressed horses. 

Water Medication of Pigs 

The oral route is the most common and con¬ 
venient one for group medication of pigs. 
The antibacterial agent may be incorporated 
in the water or in the feed. For the treatment 
of disease in pigs, water medication is 
preferred as sick pigs may drink, whereas 
they frequently will not eat. Also, water 
medication can usually be started immedi¬ 
ately, whereas the mixing of an antibacterial 
agent with the diet for piggeries purchasing 
prepared diets may take 1 to 2 days. Antibi¬ 
otic bioavailability is also less in pelleted 
feeds. 


Practical Usage of Antimicrobial Drugs 


161 


In outbreaks of contagious disease in 
pigs, the sick pigs within the group are 
usually initially treated individually by par¬ 
enteral injection followed by mass medica¬ 
tion of the water supply. Large swine units 
usually have facilities for in-line medication, 
and small swine units may not. With pigs 
using troughs, water medication is no 
problem. However, with automatic watering 
systems, medication must be through the 
header tank, if this can be isolated, or more 
commonly the water is turned off and medi¬ 
cated water is provided for the pigs via por¬ 
table 200-L drums with a drinking bowl or 
nipple drinker inserted in the side. 

In determining the concentration of 
antibiotic required in the water, the total 
daily dose of the drug is computed by multi¬ 
plying the total weight of the group of pigs 
in kilograms by the daily dose of the drug 
in milligrams per kilogram. This dose must 
then be added to the amount of water that 
will be consumed in 1 day. It is obvious that 
this amount will vary according to climatic 
conditions and to the nature of the disease in 
the pigs. For example, diarrheic pigs may 
drink more than normal quantities. In prac¬ 
tice, a rule of thumb of 10% body weight 
water consumption of pigs between weaning 
and market age has been found to be satisfac¬ 
tory, with estimates of 15% for situations 
in which high water consumption can be 
expected. The total daily dose is thus added 
to the number of liters of water equivalent to 
10% to 15% of the estimated total body 
weight of the group. In pregnant sows, water 
consumption is usually 5 to 8 L/day, but lac- 
tating sows may drink 15 to 20L/day. When 
there is doubt as to the exact water consump¬ 
tion the medication can be added to the 
lower estimate and, when consumed, fresh 
water provided for the remainder of the day. 
Water medication is generally continued for 
a period of at least 5 days. Antibiotics may 
deteriorate rapidly in water, and a fresh mix 
should be prepared each day. Most drugs for 
water medication have label directions. 

Water Medication in Cattle 

There are some major limitations in the mass 
medication of water supplies of cattle. The 
daily amount of water consumed is usually 
directly proportional to the amount of dry 
matter intake. Anorexia or inappetence will 
result in a marked decrease in water intake 
to mere maintenance requirements. Depend¬ 
ing on the drug used, the palatability of the 
medicated water may affect intake. With 
large drinking water tanks that are replen¬ 
ished on a continuous basis, or even two or 
three times daily, it is difficult to determine 
how much drug should be added on a daily 
basis to maintain a reasonably steady con¬ 
centration. On a theoretical basis, automatic 
in-line water medicators should provide 
a uniform concentration of drug in the 
water supply. However, some medicators are 
extremely unreliable and regular surveillance 


and servicing may be necessary. In countries 
where below-freezing temperatures occur 
during the winter months, the medication of 
water supplies may be difficult and impracti¬ 
cal under certain management conditions. 

Dietary Medication 

This is generally used for long-term disease 
control. In many countries, the amount of an 
antimicrobial that can be added to a feed is 
restricted to the approved label level and the 
veterinarian has no legal right to alter this 
concentration. The drug is usually added at 
the feed mill. 

Ionophores 

Ionophores are feed additives used in cattle 
diets to increase feed efficiency and body 
weight gain. They are compounds that alter 
rumen fermentation patterns. Ionophores 
have been used widely in the beef and poultry 
industry for improved feed efficiency and 
control of coccidiosis. Similar to many other 
feed additives, ionophores are fed in very 
small amounts and supplied via another feed¬ 
stuff as carrier for intake. Some argued that 
ionophore resistance poses the same public 
health threat as conventional antibiotics. 

Commercially available ionophores 
include monensin (Coban and Rumensin), 
lasalocid (Avatec and Bovatec), salinomycin 
(Bio-cox and Sacox), narasin (Monteban and 
Maxiban), maduramicin (Cygro), semdu- 
ramicin (Aviax), and laidlomycin propionate 
(Cattlyst). Ionophores are classified as car¬ 
boxylic polyether antibiotics, and they 
disrupt the ion concentration gradient (Ca 2+ , 
K + , H + , and Na + ) across microorganisms, 
causing them to enter a futile ion cycle. Some 
ionophores (e.g., valinomycin) only move a 
single ion, but ionophores fed to cattle act as 
antiporters. The disruption of the ion con¬ 
centration prevents the microorganism from 
maintaining normal metabolism and causes 
the microorganism to expend extra energy. 
Ionophores function by selecting against or 
negatively affecting the metabolism of gram¬ 
positive bacteria and protozoa in the rumen. 
The affected bacteria are those that decrease 
efficient rumen digestive physiology and the 
energy supplied from the ruminal digestion 
of feedstuffs. By controlling certain protozoa 
and bacteria in the rumen, less waste prod¬ 
ucts (methane) are generated. The shift in 
ruminal bacteria population and metabolism 
allows beneficial bacteria to be more efficient 
through an increase in the amount of propi¬ 
onic acid and a decrease in the production 
of acetic acid and lactic acid. Therefore 
cattle experience an increase in the overall 
energy status and use feed resources more 
efficiently. 

Ionophores are classified as an antibiotic, 
but they are not therapeutic antibiotics. Anti¬ 
biotic resistance is an increasing concern in 
public discourse. However, the increase in 
antibiotic-resistant bacteria as a result of 
ionophore use is not well supported for a 
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number of reasons: (1) ionophores have 
never been (nor are likely to be) used as anti¬ 
microbials for humans; (2) ionophores have 
a very different mode of action from thera¬ 
peutic antibiotics; (3) ionophore resistance 
in bacteria seems to be an adaptation rather 
than a mutation or acquisition of foreign 
genes; (4) ionophores can translocate 
across cell membranes of animals, which 
limits their use as therapeutic antibiotics; 
and (5) ionophore resistance in targeted bac¬ 
teria shows complexity and a high degree of 
specificity. 

In vivo and in vitro experiments indicate 
that only some ruminal bacteria are inhib¬ 
ited by ionophores. Susceptibility and resis¬ 
tance of ruminal bacteria to ionophores are 
more closely correlated with differences in 
the cell envelope. Bacteria that produce iono¬ 
phores are naturally resistant with an 
unknown mechanism of resistance action. 
There are few toxicologic reports regarding 
toxicologic effects of ionophores in target 
animals and off-target animal species. Iono¬ 
phores are generally safe and effective if used 
at recommended doses. However, accidental 
overdose, misuse, mixing errors, and acci¬ 
dental ingestion in nontarget species could 
result in toxicity in a number of animals. 
Horses, cattle, avian species, dogs, cats, and 
rats are sensitive to ionophore toxicity. Toxic 
effects of ionophores are thought to be medi¬ 
ated by disrupting the normal ionic gradi¬ 
ents of cells leading to mitochondrial damage 
and lack of cellular energy. A well-known 
toxic effect of ionophores is cardiac toxicity 
and muscle degeneration in suspected 
species; however, the specific tissues affected 
and resulting clinical signs vary from species 
to species. However, one less commonly 
known effect of ionophores is associated 
with the nervous system, leading to neuropa¬ 
thy, which is manifested with myelin degen¬ 
eration and ataxia. Cardiac muscles are 
primarily affected in cattle, and both myo¬ 
cardium and skeletal muscles are damaged in 
horses. Of the off-target species, the horse 
appears to be the most sensitive to ionophore 
toxicosis. 

OTHER ROUTES 

Other routes of administration may be used 
to increase the level of antibacterial drug in 
areas in which diffusion following parenteral 
administration of the drug may be limited 
and when high local levels are required. 
These include intraarticular, intrapleural, 
and subconjunctival injection. Nonirritant 
preparations should be used with strict 
aseptic technique. In most cases these treat¬ 
ments should be supported by parenteral 
treatment. 

Intramammary infusion of drugs is dealt 
with in Chapter 20. Intratracheal administra¬ 
tion of antibiotics has its advocates for the 
treatment of pneumonia in cattle. In theory, 
this could result in higher levels of antibiotics 
at the site of infection, although with many 


pneumonias diffusion through the affected 
lung must be minimal. The antibiotics are 
administered in sterile physiologic saline 
equivalent to 2 mL/kg body weight. An 
extensive study has shown variation in 
absorption and persistence between antibi¬ 
otics administered by this route, compared 
with parenteral administration, but has con¬ 
cluded that there is no potentially useful 
advantage to its use. 

The local administration of antibiotics 
may not always be the preferred route despite 
historical precedence. For example, in the 
treatment of the genital tract, it has been 
shown that parenteral administration of 
antibiotics achieves tissue concentrations of 
drug in all areas of the genital tract, whereas 
intrauterine infusion results in comparable 
concentrations only in the endometrium and 
uterine secretions. Local and/or parenteral 
administration may be indicated in different 
cases of genital tract infection. 
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DRUG DISTRIBUTION 
ABSORPTION 

Antibiotics of the aminoglycoside group and 
polymyxins are not absorbed from the ali¬ 
mentary tract, and if circulating levels of 
these antibiotics are required they must be 
given by parenteral injection. Where both 
intestinal and systemic levels are required, as 
may be the case in neonatal colibacillosis, 
these drugs should be given both orally and 
parenterally. Benzylpenicillin and methicil- 
lin are destroyed by acid pH and significant 
blood levels are not achieved following oral 
administration, but blood levels are achieved 
with ampicillin and amoxicillin. Certain sul¬ 
fonamides (phthalylsulfathiazole, phthalyl- 
sulfacetamide, sulfaguanidine, and succinyl 
sulfathiazole) are not absorbed from the ali¬ 
mentary tract. The remaining antibiotics and 
sulfonamides are absorbed following oral 
administration in preruminant calves and 
lambs and in pigs and horses. However, gen¬ 
erally, blood and tissue levels obtained are 
considerably lower than those achieved with 
equivalent doses given parenterally. Whey 
feeding (calcium) will inhibit the absorption 
of tetracyclines in pigs. 

DISTRIBUTION 

Factors governing the distribution of antimi¬ 
crobial agents in the body fluids are complex, 
and distribution should be considered as 
involving a multicompartmental system with 


all body compartments being in contact 
directly or indirectly with the blood. The 
occurrence of exchange, and its rate, between 
the blood and the various tissue compart¬ 
ments is governed by the factors that influ¬ 
ence the diffusion of solutes, such as the 
concentration of the drug and the volume 
of blood flow through the tissues and the 
volume of the tissue. It is also considerably 
influenced by the extent of protein binding 
of the drug in blood and in the tissues, the 
ionization constant of the drug, pH differ¬ 
ences in the compartments, and the lipid 
solubility of the drug. Drug distribution is 
also influenced by age and the disease state 
of the animal. 

In most diseases infection occurs in the 
extravascular tissue compartments, and it is 
the concentration of the unbound drug at 
these sites that determines the efficacy of 
therapy. The majority of antibiotics diffuse 
relatively freely in extracellular fluids, but 
sulfonamides, the chloramphenicol group, 
tetracyclines, fluoroquinolones, and macro- 
lides have a distribution that more closely 
approximates total body water, and they can 
enter cells. 

There are several so-called barriers to 
antimicrobial diffusion and these include the 
brain and cerebrospinal fluid, serous cavities, 
joints and synovial fluid, the eye, and the 
placenta and fetus. Generally, sulfonamides, 
tetracyclines, and chloramphenicol have 
some ability to penetrate these barriers in the 
normal state, whereas penicillin may not. 
Erythromycin has the ability to penetrate 
intracellularly and across most barriers but 
will not produce effective levels in the brain 
or cerebrospinal fluid. Members of the ami¬ 
noglycoside group of antibiotics generally 
achieve effective levels in synovial fluid and 
the pleural and peritoneal fluid but not in the 
brain or eye. The importance of these barri¬ 
ers, especially those of serous cavities and 
synovia, in the presence of inflammation is 
open to doubt and effective therapy can often 
be achieved by the use of antibiotics that do 
not in normal situations reach these areas 
unless they are inflamed. An exception to 
this rule is infections involving the eyes 
where, to achieve effective levels, high circu¬ 
lating levels of the antimicrobial agent are 
required and IV injection to achieve this is 
usually necessary. Lipophilic drugs diffuse 
into tears and parenterally administered 
erythromycin, oxytetracycline, and gentami¬ 
cin, for example, may achieve bacteriostatic 
concentrations in tears. In many areas, espe¬ 
cially joints and the peritoneal, pleural, and 
pericardial cavities, high levels of the required 
antimicrobial agent can be achieved by local 
administration. 

Almost all antimicrobial agents are 
excreted via the kidney, and the urine usually 
contains high levels of them. This feature is 
not of great significance in large animals, in 
which urinary tract infections are compara¬ 
tively rare, but violative residue levels can 
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persist in the kidney for long periods with 
aminoglycosides. Penicillins and tetracy¬ 
clines have a significant enterohepatic cycle, 
and erythromycin also may obtain signifi¬ 
cant levels in bile. 

PHARMACOKINETIC PRINCIPLES 
FOR ANTIMICROBIAL USAGE 

A fundamental therapeutic concept is that 
the right drug must be selected for the right 
disease. An accurate diagnosis of the disease, 
knowledge of the clinical situation of the 
patient, and a sound understanding of 
the pharmacotherapeutics management of 
the disease is essential. Recently a second 
important aspect of therapeutics has emerged 
emphasizing that clinicians must do more 
than simply choose the proper drug. They 
must also select the dose, route of adminis¬ 
tration, and frequency of administration that 
will achieve and maintain an appropriate 
drug concentration at the site of action. 
Pharmacokinetics is a quantitative study of 
the time course of drug absorption, distri¬ 
bution, metabolism, and excretion. The 
ultimate goal of pharmacokinetics is to opti¬ 
mize the therapeutic management of indi¬ 
vidual patients through development of safe 
and effective drug-dosing regimens. The 
application of pharmacokinetic principles 
allows a more rational choice of therapeutic 
dosage regimen. In many cases, patient char¬ 
acteristics or specific disease states are 
known to alter the pharmacokinetic proper¬ 
ties of a particular drug within the body. If 
appropriate adjustments in the dosage 
regimen are made to compensate for these 
changes, then potential problems of drug 
ineffectiveness and/or toxicity may be 
avoided. The following pharmacokinetics 
parameters are discussed briefly to help clini¬ 
cians better establish an appropriate dosing 
regimen for antimicrobial compounds. 

Area under the curve (AUC) represents 
an estimated area under the plasma drug 
concentration versus time curve. The AUC 
provides a measure of the extent of drug 
exposure and has little clinical relevance. Its 
therapeutic interpretation rests on compar¬ 
ing it with other AUC values or to some 
other therapeutic measure (such as the MIC 
of antimicrobial agents). The AUC of an 
extravascular dose may be compared with 
the AUC following intravascular administra¬ 
tion for the determination of bioavailability. 
Bioavailability represents the rate and extent 
of drug absorption following extravascular 
administration of drugs. The AUC is also 
used during therapeutic drug monitoring to 
help identify factors that may affect drug 
pharmacokinetics, such as disease, food con¬ 
sumption, sex, age, breed, pregnancy, and 
lactation. It is also used in clinical pharma¬ 
cology to calculate systemic clearance (sys¬ 
temic clearance [C1J = Dose IV/AUC IV). 

Volume of distribution (V) is the con¬ 
stant that relates the amount of drug in the 


body (A) to the plasma drug concentration 
(C) (i.e., V = A/C), but does not necessarily 
correspond to any actual anatomic volume 
or compartment. By definition V is the 
proportionality rate constant between a 
plasma concentration and the corresponding 
amount of drug in the body. It is a character¬ 
istic of a drug rather than of the biological 
system, although it may change in the 
presence of disease, pregnancy, obesity, and 
other states. Among the antibacterial drugs, 
(3-lactams are ionized at physiologic pH and 
generally have a low V, whereas macrolides 
are concentrated in cells and have a high V. 
Three volumes of distribution are reported in 
the literature including volume of central 
compartment (VJ, the volume of distribu¬ 
tion during terminal elimination phase 
( V area ), and the steady-state volume of distri¬ 
bution (V„). In clinical pharmacology, V c is 
rarely used, but sometimes this parameter is 
useful to predict maximum plasma concen¬ 
tration after IV bolus injection. When 
administering an IV loading dose (LD) to 
achieve immediate steady-state drug concen¬ 
trations, the peak concentration associated 
with the LD can be estimated as how an IV 
dose/V ■ Varea relates the plasma drug con¬ 
centration during the terminal elimination 
phase to the corresponding amount of drug 
remaining in the body. V area is primarily used 
in clinical pharmacology to estimate the 
residual amount of drug in the body when 
drug decreases according to its elimination 
phase. V ss is useful in clinical pharmacology 
for calculation of an LD and also for predict¬ 
ing the fluctuation of plasma concentrations 
during a dosage interval. The V ss provides an 
estimate of drug distribution that is indepen¬ 
dent of elimination process. By knowing the 
value of V ss , it is possible to calculate the dose 
necessary to obtain a target plasma concen¬ 
tration (i.e., LD = V ss ■ C ss /F), where C ss rep¬ 
resents steady-state plasma concentrations 
and F represents bioavailability. The greater 
the volume of distribution of a drug, the 
higher the dose necessary to achieve a 
desired concentration (e.g., the larger the V ss , 
the smaller the fluctuation between peak and 
trough plasma concentrations). 

The Cl s describes the efficiency of irre¬ 
versible elimination of a drug from the body 
(principally by the major organs of biotrans¬ 
formation and elimination, the liver and 
kidney) and is defined as the volume of 
blood cleared of drug per unit time. Clear¬ 
ance determines the maintenance dose (MD) 
rate required to achieve a target plasma con¬ 
centration at steady state, because at steady 
state there is an equilibrium in which the rate 
of drug elimination is matched by the rate 
and extent of drug absorption (e.g., MD = Cl s 
X C ss /F). C/ s can only be calculated following 
IV injection of drugs (e.g., Cl s = IV dose/ 
AUC). 

First-pass effect is a type of drug clear¬ 
ance and is defined as the extent to which 
an enterally administered drug is removed 


before reaching the systemic circulation by 
prehepatic and hepatic metabolism. First- 
pass effects are important as a possible source 
of variability in clinical response to a drug 
and in explaining a component of the differ¬ 
ence in response between parenteral and 
enteral administration of the same drug. 

Half-life (ty) is the time taken for the 
amount of drug in the body (or the plasma 
concentration) to fall by half. In most cases 
it is the elimination half-life that is used to 
distinguish it from the absorption half-life, a 
parameter that describes the rate of drug 
absorption and increase in plasma concen¬ 
tration. Half-life is a function of V and Cl s 
(ty = 0.693 x V/C1 S ) and frequently deter¬ 
mines the duration of action after a single 
dose of a drug, the time taken to reach steady 
state with repeated dosing (generally three to 
five half-lives), and the dosing frequency 
required to avoid large fluctuations in peak 
and trough plasma concentration during the 
dosing interval (dosing at intervals of one 
half-life will lead to plasma concentrations 
covering a twofold range). The terminal 
elimination half-life is obtained as = 
0.693/Aa, where 0.693 is the natural loga¬ 
rithm of 2 and Aj is the slope of the terminal 
phase. Because ty is a derived parameter, 
compounds with’similar ty values may 
have markedly different rates of Cl s and vice 
versa. For this reason, ty is considered a 
poor indicator of the pharmacokinetics 
changes that can accompany disease, preg¬ 
nancy, lactation, and aging. 

Time to peak plasma concentration 
(T max ) represents the time after dosing at 
which the maximum plasma concentration 
is observed and indicates the time at which 
the rate of absorption equals the rate of dis¬ 
sipation (distribution and elimination). 

Maximum plasma concentration (C max ) 
represents the maximum concentration of 
the drug observed (or calculated) in plasma 
after administration and occurs at T max . 

Bioavailability (/•’) is defined as the rate 
and extent to which the active constituent or 
active moiety of a drug is absorbed from a 
drug product and reaches the circulation. 
For systemically active drugs, absolute 
(100%) bioavailability is assigned to intrave¬ 
nously administered drug (unless the drug is 
likely to precipitate in blood). The bioavail¬ 
ability of alternative formulations of the 
same drug administered by other routes is 
compared with that of the IV route. In this 
case relative bioavailability is assessed by 
determining the AUC and comparing it with 
the AUC following IV administration. For 
nonsystemically active drugs, bioavailability 
is frequently determined by nonpharmacoki- 
netic means, often by comparing the time 
course and degree of clinical response or 
effect of a test drug with a standard (or refer¬ 
ence) drug preparation. 

Bioequivalence is a clinical term refer¬ 
ring to formulations of a drug with rates and 
extents of absorption that are sufficiently 
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similar so that there are not likely to be any 
clinically important differences with respect 
to either efficacy or safety. To demonstrate 
bioequivalence for systemically active drugs, 
a comparative pharmacokinetic study is gen¬ 
erally undertaken, and the similarity (defined 
by statistical and biological criteria) of C mal 
and AUC of the formulations is assessed. For 
drugs not acting systemically, comparisons 
of clinical or other pharmacologic endpoints 
may be necessary. 

DURATION OF TREATMENT 

For certain infectious diseases there is an 
established regimen of therapy that is known 
from clinical experience to be therapeuti¬ 
cally effective. Where such regimens are 
known they are stated in the treatment 
section for the individual diseases in subse¬ 
quent chapters. As a rule of thumb in undif¬ 
ferentiated diseases, therapy should be 
continued for at least a 3- to 5-day period 
or longer if there is evidence of chronic 
infectious disease with localization. An 
alternative rule of thumb is that treatment 
should be continued for at least 1 day 
beyond the return of body temperature to 
normal, especially if bacteriostatic antibiot¬ 
ics are being used. Chronic pyogenic pro¬ 
cesses may require treatment for a 2- to 
4-week period or even longer. 

DRUG COMBINATIONS 

Combinations of antimicrobial drugs are fre¬ 
quently used in veterinary practice. Combi¬ 
nations of antimicrobial agents are used 
either to achieve a synergistic effect in the 
case of a single infection or to achieve a 
broad spectrum of activity in the case of 
infections involving more than one agent. 
Combinations may also be of value in com¬ 
bating the emergence of resistant mutants 
during therapy. 

The combination of two drugs may result 
in indifference, in which the effect is either 
that of the single most effective drug or is 
equal to the sum of the effects of the two 
individual drugs, or it may result in syner¬ 
gism or antagonism. There are, however, no 
hard and fast rules for combinations that will 
result in any of these effects. Knowledge of 
these effects results largely from laboratory 
animal studies and from some human thera¬ 
peutic trials. From these trials it is evident 
that the occurrence of synergism is very 
dependent on the type of infectious organ¬ 
ism, and to some extent the site of infection, 
and, whereas two drugs may show a syner¬ 
gistic effect with one type of infection, the 
effect may be indifferent or even occasionally 
antagonistic with other infective agents. 
Antagonism is equally not easily predict¬ 
able, but the drugs that most commonly 
result in an antagonistic effect when com¬ 
bined with others are the tetracyclines, 
chloramphenicol, and macrolides. 


A traditional approach has been that 
combinations of bactericidal drugs will gen¬ 
erally result in an indifferent effect or in 
synergism; combinations of bacteriostatic 
drugs generally give an indifferent effect, 
whereas combinations of a bactericidal with 
a bacteriostatic drug may result in antago¬ 
nism (Box 6-2). This approach is, however, 
too general for validity, because interactions 
are specific to individual infections and are 
dose dependent. 

In farm animals, synergistic activity 
between penicillin and streptomycin has 
been demonstrated in the therapy of mycotic 
dermatitis and foot rot in sheep. 

The synergism between aminoglycoside 
and )3-lactam antimicrobials is widely used 
in the approach to the therapy of sepsis in 
neonates. Carbenicillin and gentamicin in 
combination can be of value in therapy 
against P. aeruginosa, Klebsiella, and Proteus 
spp., and tylosin and oxytetracycline can be 
ofvalue in treating infection with Mannheimia 
and Pasteurella spp. Trimethoprim and sul¬ 
fonamide combinations are of special value 
in treating several infectious diseases in large 


Box 6-2 Mode of action of 
antimicrobial drugs 


Bactericidal antimicrobials 

(3-Lactams 
Penicillin 
Cephalosporins 
Semisynthetic penicillins 
Ampicillin 
Amoxicillin 
Cloxacillin 
Methicillin 
Carbenicillin 
Aminoglycosides 
Streptomycin 
Neomycin 
Gentamicin 
Paromomycin 
Tobramycin 
Glycopeptides 
Vancomycin 
Rifampin 
Bacitracin 
Polymyxins 
Fluoroquinolones 

Bacteriostatic antimicrobials 

All sulfonamides 
Trimethoprim 
Methotrexate 
Pyrimethamine 
Tetracyclines 
Macrolides 
Erythromycin 
Oleandomycin 
Spiramycin 
Tylosin 
Carbomycin 
Lincomycin 
Chloramphenicol 
Florfenicol 


animals. Rifampin and erythromycin show 
in vitro synergism against Rhodococcus equi, 
as does a combination of gentamicin and 
penicillin. Tiamulin and tetracycline show in 
vitro synergism against several swine respi¬ 
ratory pathogens, and herd studies show a 
measured response in the control of respira¬ 
tory disease greater than that achieved by 
chlortetracycline alone. 

Drug combinations are also used for 
broad-spectrum therapy. An accurate diag¬ 
nosis with consequent recognition of the 
likely infectious organism allows specific 
antibacterial therapy and obviates the need 
for broad-spectrum antibacterial therapy. 
However, there are clinical situations in 
which broad-spectrum therapy, including 
the possibility of combined drug therapy, is 
indicated. These include such problems as 
acute septicemia, in which a number of dif¬ 
ferent organisms, with differing antibacterial 
sensitivities, can produce identical clinical 
disease, and those infections associated with 
organisms that have a varying sensitivity 
depending on the isolate. The requirement 
for immediate treatment without knowledge 
of the bacterial sensitivity dictates the use of 
antimicrobial drugs designed to obtain a 
broad spectrum of activity. 

The availability of broad-spectrum 
drugs, such as ampicillin or amoxicillin and 
trimethoprim-potentiated sulfonamides, has 
lessened the need to use drug combinations, 
but the latter may still be necessary in certain 
situations and are fully indicated. Although 
antagonism has not been demonstrated in 
clinical veterinary situations, it is wise to 
avoid bacteriostatic and bactericidal drug 
combinations. 

Fixed-dose combinations are available 
commercially for some antibiotics, but they 
are not recommended for use and are grad¬ 
ually being withdrawn from the market or 
being declared not legal for use in food- 
producing animals. Fixed-dose combina¬ 
tions suffer from the deficiency that the dose 
level of any one of the drugs in the combina¬ 
tion is dictated by the level of the other. Also, 
the excretion rates of the two drugs may be 
markedly different. The most common of 
these, fixed-dose penicillin/streptomycin 
combinations, suffers from this deficiency. 

Where combinations of antibacterial 
drugs are used they should be given indi¬ 
vidually and at their respective recom¬ 
mended doses and repeats. Some antibiotics 
are physically incompatible when mixed 
together. The incompatibility may rest with 
the drugs or their vehicles and may be visible, 
as with crystalline benzylpenicillin and neo¬ 
mycin, or it may be inapparent, as with gen¬ 
tamicin and carbenicillin. The two drugs 
should be given separately at separate sites. 
Incompatibilities can also occur with antibi¬ 
otics and intravenous fluid solutions, espe¬ 
cially those containing protein hydrolysates. 

Antibiotics may influence the activity of 
other drugs. In particular, chloramphenicol 
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and tetracyclines inhibit liver microsomal 
metabolism and may significantly increase 
the half-life of drugs metabolized by this 
mechanism, such as digitalis or barbiturates, 
with resultant potential toxicity. 

FURTHER READING 

Toutain PL, Bousquet-Melou A. Plasma clearance. / Vet 
Pharmacol Ther. 2004;27:415-425. 

Toutain PL, Bousquet-Melou A. Plasma terminal 
half-life. / Vet Pharmacol Ther. 2004;27:427-439. 
Toutain PL, Bousquet-Melou A. Volume of distribution. 
/ Vet Pharmacol Ther. 2004;27:441-453. 


ADDITIONAL FACTORS 
DETERMINING SELECTION 
OF AGENTS 

In addition to the considerations of bacterial 
sensitivity to the antimicrobial agent, there 
are other important factors that dictate the 
selection of the antimicrobial agent to be 
used in a particular case. In most clinical 
situations several agents would be effective 
and a choice needs to be made among them. 

COST 

This is a major factor and includes not only 
the primary cost of the drug but also the 
ancillary costs that may be associated with 
its administration. This is a most important 
factor in agricultural animals but of less 
importance with pleasure horses. The impor¬ 
tance of the primary cost of the drug is 
obvious. For example, in most countries a 
5-day course of treatment with procaine 
benzylpenicillin will cost considerably less 
than one with, for example, oxytetracycline. 
If there is no specific indication for the use 
of the more expensive drug then the less 
expensive one should be used. The ancillary 
costs associated with repeat visits to admin¬ 
ister the drug may also be important. The 
practice of dispensing drugs for continuing 
intramuscular therapy varies between coun¬ 
tries and veterinary practices and has an 
influence on this consideration. 

EASE OF ADMINISTRATION 

This is a further factor that influences the 
nature of the drug and treatment used. Gen¬ 
erally, one avoids starting a course of therapy 
with an antibacterial such as tetracycline, 
which may require daily IV administration, 
in favor of one that can be administered 
more simply, unless there are good therapeu¬ 
tic reasons for choosing the former. In situ¬ 
ations where facilities are poor, where 
mustering or yarding is difficult, or where 
mass medication is required, long-acting 
repository preparations may be indicated. 
Irritant preparations are avoided where 
possible. 

TOXICITY 

This is always a consideration when dealing 
with infections that may require high dose 
rates of antimicrobial drugs, or in chronic 


infections that require a prolonged course of 
therapy. When a choice is available, antimi¬ 
crobial agents with a low incidence of toxic 
side effects at high doses are chosen. As in all 
clinical situations involving large animals, it 
is essential to make an assessment of the case 
and to attempt a prognosis. The possible cost 
and duration of treatment should be esti¬ 
mated and the owner advised of this. When 
examined in this light the decision may be 
against treatment and for salvage slaughter. 

BACTERICIDAL OR BACTERIOSTATIC 
ANTIMICROBIALS 

Antibiotics are either primarily bactericidal 
or primarily bacteriostatic in their activity 
(see Box 6-2). A given antibiotic may be bac¬ 
tericidal (i.e., the organisms are killed) and 
bacteriostatic (i.e., the organisms are pre¬ 
vented from growing) depending on the 
concentration and the target bacteria. Bacte¬ 
riostatic drugs temporarily inhibit the growth 
of organisms, but the effect is reversible once 
the drug is removed. For these drugs to be 
clinically effective, the drug concentration 
should be maintained above the MIC 
throughout the dosing interval. Many bacte¬ 
riostatic drugs can be bactericidal if drug 
exposure is sufficiently high or prolonged, 
and some of the bactericidal groups are bac¬ 
teriostatic at low concentrations. Both classes 
rely on intact and effective body defense 
mechanisms for full effect. Although in 
terms of clinical response little if any differ¬ 
ence can be detected between the two groups 
in most diseases, in certain situations it is 
probably advisable to choose a bactericidal 
antibiotic for therapy. This is especially true 
when dealing with acute septicemic infec¬ 
tion, in which there is frequently a significant 
leukopenia, and a quick maximal bactericidal 
effect is required and there is also the need 
to prevent subsequent localization. 

Bactericidal drugs cause the death of 
microbes. These are preferred in infections 
that cannot be controlled or eradicated 
by host mechanisms alone because of the 
nature or site of infection (e.g., bacterial 
endocarditis) or because of reduced immu- 
nocompetence of the host (e.g., patient with 
immunosuppressive illness or receiving 
immunosuppressive therapy). Bactericidal 
antimicrobials are also indicated for anti¬ 
bacterial treatment of secondary infection 


Bacteriostatic Agents 
- MBC 


in granulocytopenic syndromes such as 
bracken fern poisoning or chronic furazoli¬ 
done poisoning in calves. Bactericidal antibi¬ 
otics are also preferable in the treatment 
of heavily capsulated organisms, such as 
Klebsiella spp. and R. equi, which show anti¬ 
phagocytic activity. Infections in which sig¬ 
nificant intracellular parasitism occurs are 
a problem. The majority of antimicrobials 
that diffuse relatively freely into cells are 
bacteriostatic in activity and, although the 
disease may be controlled by their use, infec¬ 
tion may still persist in a latent carrier state. 

The MIC is the lowest concentration of 
antibiotic that prevents visible growth after 
18- to 24-hour incubation. The minimal bac¬ 
tericidal concentration is the minimal con¬ 
centration that kills 99.9% of the cells. 

Antimicrobial susceptibility is based on 
these assumptions: MIC > local drug con¬ 
centration: no effect: resistant (R); MIC = 
local drug concentration: doubtful: interme¬ 
diate (I); MIC < local drug concentration: 
successful therapy: susceptible (S). The S, I, 
and R designations are assigned by labora¬ 
tories based on safely achievable plasma 
concentrations. Breakpoint is an MIC 
(MICbp) selected to predict clinical outcome 
for a specific pathogen, in a specific disease, 
in a specific species, given a specific regimen 
(dose, route, duration, and frequency). The 
MICbp incorporates pharmacokinetic and 
pharmacodynamic considerations. Two 
breakpoints are provided for each drug. 
An isolate inhibited at a concentration at or 
below the lower threshold or susceptible 
MIC breakpoint is designated S, whereas an 
isolate that is able to grow after in vitro 
exposure to a drug concentration that equals 
to the upper threshold or the resistant MIC 
breakpoint is designated R. The MPC is the 
concentration of the drug necessary to 
prevent (or inhibit) the emergence of the 
first-step mutants. An alternative definition 
of the MPC is the highest MIC of isolates 
in the patient (Fig. 6-2). 

Postantibiotic Effect 

The persistent suppression of bacterial 
growth following the removal of an antimi¬ 
crobial agent is called the postantibiotic 
effect (PAE). Persistence of the antimicrobial 
effect exists after brief exposure to an antimi¬ 
crobial agent. 


Bactericidal Agents 
-MBC 


--MIC 

The ratio of the MBC to the MIC is 
,, small (<4—6) 

-- MIC 

The ratio of the MBC to 
the MIC is large 

Fig. 6-2 Relationship between minimum bactericidal concentration (MBC) and minimum 
inhibitory concentration (MIC) for bacteriostatic and bactericidal agents. 
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Bacterial killing curve studies show 
that antimicrobial agents exhibit either 
concentration-dependent or time-depen- 
dent bacterial killing. The relationship 
among efficacy, MIC, and the magnitude and 
time course of plasma drug concentration 
(PDC) is categorized as either concentration 
dependent (sometimes referred to as dose 
dependent) or time dependent (sometimes 
referred to as concentration independent). A 
third classification has emerged with charac¬ 
teristics from each of these classes (e.g., 
fluoroquinolones). 

Concentration-Dependent Killing 

High plasma concentration (C max ) relative to 
the MIC is the major determinant of clinical 
efficacy. These drugs also have prolonged 
PAE values, allowing long dosing intervals 
that maximize clinical efficacy and minimize 
side effects (e.g., aminoglycosides, fluoroqui¬ 
nolones, metronidazole). 

• Rate and extent of killing increase with 
increasing drug concentrations 

• Maximizing peak concentrations 
increases efficacy and decreases 
selection of resistant bacteria 

• Some can be both time and 
concentration dependent (AUC is a 
better predictor of efficacy) 

• Ratio of the AUC or C max to the MIC 
(AUC/MIC or C max /MIC) correlates best 
with efficacy (ratio of at least 8-10) 

• Some antibiotics (e.g. macrolides) can 
be either time- or concentration 
dependent based on organism 

Time-Dependent Killing 

The time that the antimicrobial concentra¬ 
tion exceeds the MIC determines the clinical 
efficacy (T > MIC). Once the MIC of the 
bacteria has been exceeded, further increases 
in the plasma concentrations do not increase 
the activity of these agents. The objective is 
to keep the average PDC above the MIC of 
the pathogen for the significant portion (at 
least 50%) of the dosing interval (e.g., peni¬ 
cillins, cephalosporins, vancomycin, other 
bacteriostatic agents). 

• Increasing concentrations above MIC 
does not result in proportionate 
increases in killing, but increasing the 
dose may be necessary to ensure that 
PDC > MIC severalfold. 

• Antimicrobial action continues as long 
as concentrations are above MIC and 
lack PAE. 

• PDC should be two to four times the 
MIC of the pathogen. 

• Variable T > MIC: 25% for 
carbapenems, 50% to 70% extended 
spectrum penicillins, and 100% 

for aminopenicillins and 
penicillins 

• For most time-dependent agents, 
exceeding MIC by 1 to 5 multiples for 
between 40 and 100% of the interdosing 
interval is appropriate. 


ANTIMICROBIALS PROHIBITED FROM 
USE IN ANIMALS INTENDED FOR FOOD 
IN THE UNITED STATES 


• Chloramphenicol 

• Dimetridazole 

• Ipronidazole 

• Other nitroimidazoles 

• Furazolidone, nitrofurazone, other 
nitrofurans 

• Sulfonamide drugs in lactating dairy cattle 
(except approved use of sulfadimethoxine, 
sulfabromomethazine, and 
sulfamethoxypyridazine) 

• Fluoroquinolones 

• Glycopeptides (e.g., vancomycin) 


DRUG DETERIORATION 

Many antibacterials lose their activity rapidly 
when kept under adverse conditions. Quality 
control in terms of purity, efficacy, and 
freedom from toxicity costs money, but for 
these reasons it is preferable to purchase 
from known reputable companies and follow 
their recommendations with respect to 
storage and expiration periods. The use of 
cheap antibacterial preparations, often pur¬ 
chased in bulk and simply packaged, and 
distributed with little consideration for 
factors influencing drug stability, often 
results in poor therapeutic results. Crystal¬ 
line or dry preparations that require recon¬ 
stitution to a solution before parenteral 
administration are frequently presented this 
way because their activity degenerates 
rapidly once they are in solution. Therefore 
once they have been prepared they should be 
used immediately, or the manufacturer’s rec¬ 
ommendations should be followed regarding 
storage. Attention should be paid to the 
length of activity expected following recon¬ 
stitution. Temperature and exposure to sun¬ 
light can be important factors in antibiotic 
stability and become especially important in 
farm ambulatory practice: car cold boxes 
should be used to store antibiotic prepara¬ 
tions and other sensitive drugs. 

UNFAVORABLE RESPONSE 
TO THERAPY 

In clinical cases that do not respond to anti¬ 
microbial therapy, the initial consideration 
should be that the wrong antimicrobial agent 
has been chosen for therapy. This is espe¬ 
cially true of infectious conditions of unde¬ 
termined etiology in which the drug has 
been chosen on the basis of an educated 
guess. In these circumstances adequate time 
should be given for an evaluation of the effi¬ 
cacy of the treatment before a change is 
made. Generally, a 3-day period of treat¬ 
ment is allowed for this evaluation provided 
there is no marked deterioration in the clini¬ 
cal state or further elevation of temperature 


during this period. If there is no response to 
initial therapy then, in the case of conditions 
of undetermined etiology, it is generally best 
to change to an entirely different class of anti¬ 
microbial agent. However, the possibility of 
viral or noninfectious etiology should always 
be considered in these cases, and the case 
and diagnosis should be reviewed before any 
change is made. 

In any situation in which there is a poor 
response to therapy the usual causes of this 
failure should be considered in any further 
adjustments to therapy or future therapy of 
similar cases. The first and most obvious of 
these is that the organism is either insensi¬ 
tive to the drug or that it is not susceptible 
to the level of the drug that is being used for 
therapy. There are two possible approaches. 
The first is to increase the dose rate and dose 
frequency and/or to change the route of 
administration so that higher and possibly 
effective levels will be achieved, bearing in 
mind the possible toxic consequences. The 
second, and safer, approach is to change the 
antimicrobial agent being used. This problem 
can be avoided if the organism and its poten¬ 
tial susceptibility can be identified, either by 
clinical examination or by appropriate sam¬ 
pling with culture and susceptibility testing. 
The development of resistance during anti¬ 
microbial treatment of an individual animal 
is not a recognized problem in large-animal 
medicine. 

Another common cause of poor response 
is that the infection is situated in an area to 
which the drug is poorly accessible. If this is 
associated with an area behind a barrier to 
the entry of the antibiotic, such as the joints 
or the eye, it may be necessary to resort 
to higher dose rates and frequency, or 
intravenous administration of the drug, or to 
ancillary local treatment into this area. Alter¬ 
natively, another drug with superior pene¬ 
trability may be used. 

Organisms must be actively metabolizing 
for antimicrobial agents to exert their effect. 
This feature can result in poor response to 
therapy or relapse following discontinuation 
of therapy in chronic infections such as 
endocarditis or where there is excessive 
necrotic or fibrotic tissue associated with the 
infection. In these instances, dormant organ¬ 
isms and the long diffusion tracks make 
effective cure difficult and high antimicrobial 
levels sustained over longer periods are 
required. In purulent conditions surgical 
drainage, where possible, is an essential 
adjunct to antimicrobial therapy. 

The importance of ancillary and sup¬ 
portive therapy to counteract the effects of 
shock, toxemia, and dehydration that may 
be associated with infection cannot be over¬ 
emphasized, and frequently such therapy 
may markedly influence the outcome of a 
case. It is obvious, for example, that 3 mL 
of antibiotic will do little to counter the 
effects of a 4-L fluid deficit in a scouring 
calf. 











DRUG WITHDRAWAL 
REQUIREMENTS AND 
RESIDUE AVOIDANCE 

In most countries there are requirements for 
the withdrawal of antimicrobial agents from 
the feed for specified periods before slaugh¬ 
ter, and animals or their milk cannot be 
marketed for certain periods following anti¬ 
microbial therapy. 

Antibiotic contamination of food prod¬ 
ucts can be a public health risk, although 
proven risk for toxicity or allergy from anti¬ 
biotics in humans is minuscule. An example 
would be allergic reactions to antibiotic resi¬ 
dues, particularly penicillin. There are also 
commercial considerations in which resi¬ 
dues of antibiotics in milk can cause consid¬ 
erable problems in the manufacture of milk 
products. Effects on starter cultures for 
cheese and yogurt can be particularly delete¬ 
rious and can result in downgrading or total 
loss of large quantities of manufacturing 
milk. 

The purpose of withdrawal requirements 
is to ensure that meat and milk for human 
consumption is wholesome and does not 
contain violative residues of drugs. The pub¬ 
lic’s concern for the wholesomeness of the 
food that it consumes will determine the 
food that it buys. Cooperative quality assur¬ 
ance programs involving both the producer 
and the veterinarian are a major answer to 
this concern. 

A withdrawal period is the time during 
which the animal must be held free of the 
drug before it can be marketed. For milk the 
term withholding period is commonly used 
and defines the period during which milk 
cannot be sent for human consumption fol¬ 
lowing the treatment of the animal with a 
drug. A tolerance for the pharmacologically 
active ingredient in tissues is set by regula¬ 
tory authorities for each drug. The tolerance 
level is the level below which tissue concen¬ 
trations must fall before they are considered 
safe for human consumption, and there is a 
large margin of safety. 

The required withdrawal and withhold¬ 
ing periods will vary between antimicrobial 
agents and also with the same antimicrobial 
agent depending on the amount of drug 
given; factors such as age and the disease 
state of the animal are also important. Unfor¬ 
tunately, the required withdrawal and with¬ 
holding periods to ensure freedom of food 
products from violative drug residues are not 
known for the variety of dose concentrations 
and dose intervals of the various antimicro¬ 
bials that could be used in clinical practice, 
and they not likely to be known in the near 
future. In many countries this has led to 
regulations that limit the quantity of antibi¬ 
otics in drug products. Label instructions 
explaining product usage and drug with¬ 
drawal times are required. These label 
instructions include what is generally called 
the label dose. 
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Label Dose and Extralabel Use 

The label dose (and dose interval) is a dose 
of an antimicrobial for which the specific 
withdrawal and withholding periods have 
been established, and these are stated in con¬ 
junction with the label dose. The label dose 
is the officially approved or legal dose rate for 
that drug. 

When an antimicrobial is used, it is 
incumbent upon the practitioner to notify 
the owner that the animal cannot be mar¬ 
keted (or milk sent for human consumption) 
before the accompanying withdrawal (or 
withholding) period has expired. The practi¬ 
tioner may be legally liable if a violation 
occurs and this notification has not been 
given. 

In the United States the label dose of a 
drug also includes use only in the species of 
animal for which the drug is labeled, the 
class of animal (lactating versus nonlactating 
dairy cow), the disease conditions indicated 
by the label, the route of injection, the 
amount of drug to be injected at one site, and 
the number of repeat treatments that can be 
given. These label directions, and the need 
to follow them, are directed primarily at lay 
users of these drugs and lay users may not 
use the drug in a nonlabel fashion. The label 
directions should also be followed by the vet¬ 
erinarian whenever possible. 


REQUIREMENTS FOR EXTRALABEL USE 
OF DRUGS IN THE UNITED STATES 


• Extralabel use of drugs (ELDU) is permitted 
only by or under the supervision of a 
veterinarian. 

• ELDU is allowed only for U.S. Food and 
Drug Administration (FDA)-approved animal 
and human drugs. 

• A valid veterinarian-client-patient 
relationship is a prerequisite for all ELDU. 

• ELDU must be for therapeutic purposes 
only (animal's health is suffering or 
threatened), not drugs for production use. 

• Rules apply to dosage form drugs and 
drugs administered in water—ELDU in feed 
is prohibited. 

• ELDU is not permitted if it results in a 
violative food residue or any residue that 
may present a risk to public health. 

• FDA prohibition of a specific ELDU 
precludes such use. 


Extralabel Use 

There are times where extralabel use of 
drugs is necessary and veterinarians can do 
this where they have established a proper 
veterinarian-client-patient relationship. It is 
the intention that the label dose should be 
one that is therapeutically effective for that 
drug. However, this is not always the case, 
and the label dose should not be confused 
with the term recommended dose as used 
elsewhere in this book. There are also cir¬ 
cumstances where, although the label dose 
may be therapeutically efficient in many 


cases, it is not for the particular case in hand. 
Optimal therapeutic dose regimens often 
require extralabel use of the drug. In these 
situations, antimicrobial drugs may need to 
be used at dose concentrations and dose 
intervals different from the label dose. Extra¬ 
label use of the drug may be therapeutically 
necessary for the successful treatment of the 
problem, but it is not officially approved and 
the establishment of the required withdrawal 
period is entirely incumbent upon the veteri¬ 
narian. The withdrawal period in these cir¬ 
cumstances cannot always be extrapolated 
from that for the label dose. 


DEFINITION OF VALID VETERINARIAN- 
CLIENT-PATIENT RELATIONSHIP 
(AMERICAN VETERINARY MEDICAL 
ASSOCIATION) 


An appropriate veterinarian-client-patient 

relationship will exist when 

1. The veterinarian has assumed the 
responsibility for making medical judgments 
regarding the health of the animal(s) and 
the need for medical treatment, and the 
client (owner or other caretaker) has 
agreed to follow the instructions of the 
veterinarian. 

2. There is sufficient knowledge of the 
animal(s) by the veterinarian to initiate at 
least a general or preliminary diagnosis of 
the medical condition of the animal(s). This 
means that the veterinarian has recently 
seen and is personally acquainted with the 
keeping and care of the animal(s) by virtue 
of an examination of the animal(s) and/or 
by medically appropriate and timely visits to 
the premises where the animal(s) are kept. 

3. The practicing veterinarian is readily 
available for follow-up in case of adverse 
reactions or failure of the regimen of 
therapy. 


WITHDRAWAL PERIODS 

Label dose withdrawal periods are deter¬ 
mined from pharmacokinetic studies of 
excretion following administration of the 
label dose. However, the rate of drug elimi¬ 
nation from the body can be influenced by 
drug dose and dose frequency. For example, 
the metabolism and excretion half-life of sul¬ 
fonamides in cattle is dose dependent. With 
repeated dosing of antibiotics, such as tetra¬ 
cycline and the aminoglycosides, there is 
deposition of the antibiotic in certain tissues, 
and following cessation of drug administra¬ 
tion there is a slow release from these tissues 
and a long washout period. During this 
washout period there are decreasing concen¬ 
trations of the drug in tissues and in milk, 
which, although not of therapeutic impor¬ 
tance, are sufficiently high to be violative. 
This presents a dilemma to the veterinarian 
trying to establish withdrawal periods. The 
occurrence of significant washout periods 
following prolonged therapy with antibiotics 
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has only recently been recognized, and there 
are few data on their duration at different 
dose concentrations and dose frequencies. A 
further problem is that most pharmacoki¬ 
netic parameters have been determined in 
healthy animals, and altered physiology in 
diseased animals can markedly alter elimina¬ 
tion half-lives; there is also considerable 
animal-to-animal variation. Rather than 
trying to guess the possible withdrawal 
period for an extralabel use, computer-based 
data information banks with easy access are 
established to provide this information. One 
of these is the Food Animal Residue Avoid¬ 
ance Databank (www.farad.org), which pro¬ 
vides recommendations for withdrawal 
intervals for extralabel drug use based on 
analysis of published pharmacokinetic data, 
foreign and domestic label drug withdrawal 
intervals, and established maximum residue 
limits. 

RESIDUE TESTING 

Currently, the only way to attempt to ensure 
nonviolation with extralabel use of antimi¬ 
crobials is to test for residues. There are a 
very large number of testing systems becom¬ 
ing available that vary in their method of 
detection of the presence of antibiotics. Tests 
such as the Swab Test on Premises (STOP), 
Calf Antibiotic and Sulfa Test (CAST), Live 
Animal Swab Test (LAST), Fast Antimicro¬ 
bial Screen Test (FAST) (which has a higher 
sensitivity and shorter analytical time and 
has largely replaced the use of STOP and 
CAST), the Delvotest P, the Charm Inhibi¬ 
tion Assay, and the Charm Farm and Disk 
Assays are based on the inhibition of growth 
of Bacillus stearothermophilus var. calidolac- 
tis or B. stearothermophilus. Although rela¬ 
tively cheap and easy to perform, they have 
a risk for false-positive results due to inhibi¬ 
tion of growth by inhibitory substances other 
than antibiotics in milk, particularly sub¬ 
stances in milk from inflamed mammary 
glands. They are sensitive for detecting peni¬ 
cillin and its derivative compounds but less 
sensitive to other classes of antibiotic. Other 
commercially available tests use a variety of 
different immunologic detection methods 
and test for a single antibiotic or class of 
antibiotics. 

TESTING FOR COMPLIANCE 

Most countries have a monitoring program 
to detect the occurrence of residues in meat. 
In the United States, sampling provides a 
95% probability of finding a violative residue 
when 1% of the population is violative. The 
occurrence of violative residues in red meat 
is very low because the prevalence of infec¬ 
tious disease is low in the period before 
slaughter. Feedlot cattle can have a high 
prevalence of disease in the early feeding 
period, but there is a substantial subsequent 
period on-feed before the animals are 
slaughtered, which exceeds the withholding 
period of most drugs used for treatment of 


disease occurring during the early feeding 
period. Violative drug residues occur pre¬ 
dominantly in cull dairy cows and in bob 
veal calves. 

The concentrations for the various antibi¬ 
otics that are violative are not stated in this 
chapter for two reasons: they vary from 
country to country and the violative concen¬ 
trations tend to be set by the sensitivity of 
the detection assay used by the regulatory 
authority and, as assay technology improves, 
legally acceptable minimal concentrations 
will be lowered. Local regulatory publi¬ 
cations should be consulted for current 
requirements. 

Assay techniques can be remarkably sen¬ 
sitive. An example is the occurrence of viola¬ 
tive residues of chloramphenicol in the milk, 
blood, and urine of cows that had teat or skin 
lesions sprayed with a 5% chloramphenicol 
solution, which is an illegal drug for use in 
animals for food in most countries. 

CAUSES OF RESIDUE VIOLATIONS 
IN MILK 

In a retrospective study of reasons for the 
presence of violative antibiotic residues in 
milk, failure to withhold milk for the full 
withdrawal period and accidental inclusion 
of treated milk in the shipment were the 
most common. Accidental inclusion of 
treated milk can occur when there is inad¬ 
equate identification of treated cows. The 
veterinarian should work with the producer 
to establish a system that easily identifies 
cows whose milk is subject to a withholding 
period. Colored leg markers are one system 
and are immediately visible to the milker. 

Contamination of recorder jars and 
milking equipment with the high concen¬ 
tration of antibiotic secreted in milk in the 
first milking after treatment is a further 
reason for residue violations. Treated 
cows should be milked last in large dairies, 
or milked with separate equipment, and 
are preferably kept separate as a hospital 
string. 


COMMON CAUSES OF ANTIBIOTIC 
RESIDUES IN MILK 


• Extended usage or excessive dosage 

• Failure to observe withdrawal times 

• Poor records of treatment 

• Prolonged drug clearance 

• Failure to identify treated animals 

• Contaminated milking equipment 

• Milker or producer mistakes 

• Products not used according to label 
directions 

• Lack of advice on withdrawal period 

• Withholding milk from treated quarters 
only 

• Early calving or short dry periods 

• Purchase of treated cows 

• Use of dry cow therapy for lactating cows 

• Milking dry cows 


Other reasons for residue violations 
include short dry periods, in which dry cow 
therapy has been used but the cow has calved 
earlier than expected. The infusion of dry 
cow treatments into the udder of heifers 
before calving for the prevention of summer 
mastitis has also been followed by the pres¬ 
ence of violative residues for as long as 26 
days. A less common cause is the accidental 
milking of dry cows, in which the latter are 
not kept as a separate group, and the with¬ 
holding of milk from only treated quarters. 
The use of dry cow infusion preparations for 
treatments during lactation can occur by 
mistake if drugs intended for the treatment 
of lactating cows are not kept in a separate 
storage area from other drugs. 

The risk for residues is higher for farms 
that have higher frequency of antibiotic 
usage and for those that use part-time labor. 
The use of records to document treatments 
and the day of exit from the withholding 
period is an important preventive measure. 
Sulfonamides, tetracyclines, penicillins, ami¬ 
noglycosides, cephalosporin, and chloram¬ 
phenicol have been found in milk in the 
United States. 

CAUSES OF RESIDUE VIOLATIONS 
IN BEEF CATTLE 

Violative drug residues occur predominantly 
in cull dairy cows and in bob veal calves. In 
one study the primary reasons for violations 
in this group were as follows: 

• Failure to observe the withdrawal 
periods (61%) 

• Use of an unapproved drug (10%) 

• Feeding calves milk or colostrum from a 
treated cow (9%); a greater risk for 
residues occurs in herds that feed larger 
volumes of colostrum, possibly 
reflecting contamination from dry cow 
therapy; waste milk, discarded from 
treated cows and fed to calves, is also a 
risk especially if extralabel doses of 
antimicrobials are used for udder 
infusions 

• Exceeding the label dose (6%) 

The major drugs involved with residues in 
meat are neomycin, streptomycin, penicillin, 
oxytetracycline, gentamicin, and sulfameth¬ 
azine. Intramuscular injection is the route of 
administration in 60% of the residue cases, 
oral administration in 28%, and intramam¬ 
mary infusion in 9%. The use of orally 
administered antimicrobial boluses in calves 
that were subsequently slaughtered as bob 
veal calves is also a problem. 

CAUSES OF RESIDUE VIOLATIONS 
IN SWINE 

Similar causes are recorded for the occur¬ 
rence of violative residues in pigs, but an 
additional problem in pigs is the tissue resi¬ 
dues resulting from antibiotic inclusions 
in feeds for growth promotion and disease 
control. Sulfonamides are a particular 
problem. Nonobservance of the required 
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withdrawal period can result in the rejection 
of market batches of animals with a substan¬ 
tial financial loss to producers. If feed 
inclusions have been for the purposes of 
medication, the prescribing veterinarian 
may be liable if adequate information on 
withdrawal periods has not been given. 

There is also a problem with sulfonamide 
residues resulting from carryover of sulfon¬ 
amides from medicated to nonmedicated 
feeds at the feed mill or on the farm. 
Mistakes in feed delivery, feed-mixing 
sequences, ingredient contamination and 
contamination within the bulk feed distribu¬ 
tion system, and delivery augers can cause 
residual contamination. Carryover concen¬ 
trations of sulfamethazine (sulfadimidine) 
of greater than 2 g/t in the finisher ration can 
result in violative residues in the liver at 
slaughter. The use of granular forms of sulfa¬ 
methazine markedly reduces the potential 
for carryover. 

A further source of contamination in the 
piggery is environmental contamination. 
Manure and pooled urine from swine fed 
100 g/t of sulfamethazine contain sufficient 
drug to contaminate swine to violative levels 
when contact with the material is main¬ 
tained, and this can continue for 6 to 7 weeks 
when pens are not cleaned after a drug is 
withdrawn from the feed. Dried urine has 
the potential for airborne contamination of 
pigs. Sulfamethazine is stable in manure and 
flush water for long periods and coprophagy 
by pigs can lead to significant intake of the 
drug. To avoid the risk of this occurring, it is 
recommended that 3 days after the medi¬ 
cated feed has been withdrawn, the pens 
should be thoroughly cleaned or the pigs 
moved to new housing. Water medication 
can also lead to buildup of residues in the 
water delivery system, so the watering 
systems should be flushed. Pigs destined for 
slaughter can be tested on the farm before 
shipping using commercially available 
testing systems, which can also be used for 
detection of the occurrence of sulfonamides 
in feed and water. 

TYPE OF THERAPY 

In the United States veterinarians are respon¬ 
sible for a very minor proportion of detected 
residue violations. Possible causes of viola¬ 
tions resulting from veterinary therapy 
include the selection of an inadequate with¬ 
drawal period following extralabel use of an 
antimicrobial and treatment modalities that 
may not be considered a risk. The local infu¬ 
sion of antibiotic solutions into the uterus 
of cows may result in circulating concentra¬ 
tions of antibiotic and residues in body 
tissues and in milk. This results from the 
absorption of the antibiotic through the 
endometrium and from the peritoneal cavity 
following passage through the fallopian 
tubes. Similarly, following infusion of antibi¬ 
otic solutions into one quarter of the udder, 
low concentrations of the antibiotic can 


occur in milk secreted from the remaining 
quarters. Gentamicin is generally considered 
not to be absorbed from the mammary 
gland, but more than 87% of an intramam¬ 
mary dose of gentamicin is absorbed from 
the inflamed udder. 

APPROVED DRUGS 

Whenever possible, approved antimicrobials 
should be used for therapy at label dose and 
a known withdrawal time to comply with 
regulatory requirements and to minimize 
the possibility of antibiotic residues in meat 
and milk. It may be necessary to use nonap- 
proved antimicrobial drugs in certain cir¬ 
cumstances and in minor species. The use 
of an approved antibiotic in a minor species 
for which it is not approved constitutes an 
extralabel use of the drug. The legality of the 
use of unapproved drugs, or of approved 
drugs in minor species for which they are not 
approved, is questionable. If such use is con¬ 
templated, it is probably wise to have culture 
and sensitivity data indicating that the use of 
the unapproved drug is therapeutically nec¬ 
essary. Certain nonapproved antibiotics are 
totally banned for use in food-producing 
animals in some countries (e.g., in the United 
States chloramphenicol, nitroimidazoles, 
sulfamethazine in dairy cattle over 20 months 
of age, furazolidone, the use of fluoroquino¬ 
lones in an extralabel fashion) and local 
regulations should be followed. The use of 
sulfamethazine in food-producing animals 
may be banned in some countries. The 
American Association of Bovine Practitio¬ 
ners has passed a voluntary moratorium on 
the use of aminoglycosides in cattle. 


Classification of 
Antimicrobial Agents: 
Mechanisms of Action and 
Major Side Effects 

AMINOGLYCOSIDES AND 
AMINOCYCLITOLS 

Aminoglycosides are a class of bactericidal 
antimicrobial compounds (e.g., amikacin, 
tobramycin, apramycin, streptomycin, gen¬ 
tamicin, neomycin, kanamycin, dihydro¬ 
streptomycin, spectinomycin) produced 
from strains of Streptomyces spp., Micro- 
monospora spp., and Bacillus spp. They are 
the drugs of choice for the treatment of 
serious aerobic gram-negative infections in 
animals. 

MECHANISM OF ACTION 

Aminoglycosides exert a bactericidal action 
by entering the bacterial cell and inhibiting 
protein synthesis. They are transported into 
bacteria based on an ionic association 
between cationic aminoglycosides and the 
anionic surface of the cell. Aminoglycosides 


penetrate through aqueous channels (porins) 
of gram-negative bacteria or the water-filled 
peptidoglycan wall of gram-positive bacteria 
into the periplasmic space. Transport across 
the cytoplasmic membrane (inner) is caused 
by an electrical potential gradient generated 
by an oxygen-requiring transport process 
linked to an electron transport system, which 
causes the bacterial cytoplasm to be nega¬ 
tively charged. This transport process is an 
energy-requiring aerobic step that does not 
occur in an anaerobic environment. The effi¬ 
cacy of aminoglycosides therefore depends 
on a high oxygen tension in the environ¬ 
ment, and, consequently, anaerobic bacteria 
are resistant to aminoglycosides. The trans¬ 
port mechanism can also be inhibited by 
divalent cations (i.e., Ca 2+ , Mg 2+ ). 

Aminoglycosides bind to one or more 
receptor proteins on the 30S subunit of bac¬ 
terial ribosome. This binding interferes with 
protein synthesis via restricting polysome 
formation and causing disaggregation to 
monosomes, misreading mRNA, nonsense 
and frameshift mutations of proteins, and 
cell death. 

TOXICITY 

Ototoxicity and nephrotoxicity are common 
side effects of aminoglycoside administra¬ 
tion because cellular matrixes in these organs 
contain large amounts of phospholipids 
(anionic aminoglycoside receptors) com¬ 
pared with other tissues of the body. As a 
result, aminoglycosides should not be used 
with other ototoxic or nephrotoxic drugs 
(i.e., furosemide, amphotericin B). 

Ototoxicity results from progressive 
damage to cochlear cells (more common 
with amikacin and neomycin) and can result 
in deafness in dogs, as well as damage to 
vestibular cells (more common with strepto¬ 
mycin and gentamicin) and can cause ataxia 
in cats. Ototoxicity is largely irreversible but 
has rarely been documented in large animals 
administered aminoglycosides. 

Nephrotoxicity (occurring most com¬ 
monly during prolonged therapy, longer 
than 10 days) is caused by the damage of the 
membranes of proximal tubular cells that 
have a high metabolic rate, resulting in a 
loss of brush border enzymes, proteinuria, 
decreased glomerular filtration rate, and azo¬ 
temia. The mechanism of renal toxicity is not 
fully understood. Risk factors for nephrotox¬ 
icity include high doses, long duration of 
treatment, preexisting renal dysfunction or 
dehydration, concurrent administration of 
nephrotoxic drugs or diuretics, persistently 
elevated trough concentrations, and very 
young or old age. 

Renal toxicity is largely reversible because 
of regeneration of tubules after the drug is 
cleared. Metabolic acidosis and electrolyte 
disturbances (e.g., hyponatremia, hypokale¬ 
mia) increase renal toxicity of aminoglyco¬ 
sides. High-protein diets increase the 
glomerular filtration rate and renal blood 
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flow, promoting aminoglycoside excretion 
and protecting against nephrotoxicity. 

Aminoglycosides cross the placental 
barrier and can produce nephrotoxicity and 
ototoxicity in a pregnant animal and its 
developing fetus. All aminoglycosides given 
rapidly IV cause bradycardia, decreased 
cardiac output, and lower blood pressure 
through an effect on calcium metabolism. 
Neuromuscular blockade is uncommon fol¬ 
lowing administration of aminoglycosides 
and is caused by prejunctional blockage of 
acetylcholine release caused by impaired 
calcium release at myoneural junctions 
(muscle paralysis and apnea). The IV admin¬ 
istration of calcium salt is used as a treatment 
for this toxicity. Because of this potential tox¬ 
icity, it is best not to administer an amino¬ 
glycoside when neuromuscular blocker 
administration is considered. 

Spectinomycin is much less toxic than the 
aminoglycosides; as much as 400 mg/kg IV 
can be tolerated. There are few important 
side effects of spectinomycin administration 
including no ototoxicity or nephrotoxicity. 
However, pain at the injection site; dizziness, 
nausea, and insomnia; and urticaria, chills, 
and fever have been reported. Administra¬ 
tion of lincomycin-spectinomycin oral prep¬ 
arations, by parenteral injection to cattle, has 
produced heavy losses associated with severe 
pulmonary edema. 

p-LACTAM ANTIBIOTICS: 
PENICILLINS, CEPHALOSPORINS, 
AND p-LACTAMASE 
INHIBITORS 

p-Lactam antibiotics are bactericidal. 
There are many congeners in this group 
of drugs. Members of this group differ 
in the 

• Organisms against which they can be 

used (spectrum of activity) 


• Pharmacokinetics, stability, and suitable 
route of administration 

• Type and extent of bacterial resistance 
encountered 

There are four major groups of penicillins: 
narrow spectrum, broad spectrum (amino- 
penicillins), extended spectrum, and penicil¬ 
linase resistant (Table 6-1). Penicillin-p- 
lactamase inhibitor combinations (potentiated 
penicillins) include amoxicillin-clavulanate 
(orally, PO), ampicillin-sulbactam (IV), 
ticarcillin-clavulanate (IV), and piperacillin- 
tazobactam (IV). 

Mechanism of Action 

Penicillins and cephalosporins induce their 
mechanism of action by inhibiting bacterial 
cell wall synthesis by interfering with the 
final stage of peptidoglycan synthesis. The 
peptidoglycan component of the cell wall is 
essential to the integrity of the bacterial 
envelope. The peptidoglycan is composed of 
glycan chains, which are linear strands of two 
amino sugars (AT-acetyl glucosamine and 
N-acetylmuramic acid) and pentapeptides 
that are cross-linked by peptide chains. For¬ 
mation of a rigid cell wall is through cross- 
linking between chains of peptidoglycan 
catalyzed by transpeptidase enzymes (PBPs 
in cell membrane). Penicillin occupies the 
D-alanyl-D-alanine substrate site of trans¬ 
peptidase and becomes linked to the enzymes 
by a covalent bond, inhibiting transpeptida- 
tion or cross-linkage. Penicillin is most 
effective against actively dividing bacterial 
colonies and should not be used with bacte¬ 
riostatic agents. Differences in susceptibility 
of gram-positive and gram-negative bacteria 
to penicillins results from structural differ¬ 
ences in cell walls, differences in receptor 
sites (PBPs) and binding affinity for the 
target PBP, the relative amount of peptido¬ 
glycan present, and to different types of 
(3-lactamase produced by bacteria. The 
composition of cell wall differs between 


gram-positive and gram-negative bacteria. 
The gram-positive cell wall is between 50 and 
100 molecules thick, whereas the gram¬ 
negative cell wall is one to two molecules 
thick. The lipopolysaccharide outer mem¬ 
brane forms a barrier to water-soluble peni¬ 
cillins, but porins inserted in this layer 
permit entry to some extended-spectrum 
penicillins, depending on size, charge, and 
hydrophobicity of R groups. As a result, 
many gram-negative bacteria are resistant to 
penicillins. 

Toxicity and Clinical Considerations 

Allergic reactions to penicillin and its metab¬ 
olites (penicilloic acid) occur when peni¬ 
cillin acts as a hapten to evoke antibody 
reactions, including hypersensitivity skin 
eruptions, hemolytic anemia, and anaphy¬ 
laxis. As a result, penicillin residues in 
food-producing animals constitute a public 
health risk. 

Superinfection can be a clinical problem 
during penicillin administration, reflecting 
the appearance of bacteriologic and clinical 
evidence of a new infection during the che¬ 
motherapy of a primary one. Penicillins can 
promote a single resistant microorganism to 
become dominant, invading the host and 
producing infection. Penicillins can alter 
normal intestinal flora and bowel function 
(anorexia, vomiting, and diarrhea) and can 
result in death in some species such as guinea 
pigs, hamsters, and rabbits. 

Central nervous system seizures and 
cardiac arrest can occur in humans with epi¬ 
leptogenic foci that receive large doses of 
penicillin G. To avoid the induction of fatal 
ventricular arrhythmias, care should be 
taken with the rate at which potassium 
penicillin G is injected IV because of the 
potassium content of the injection. 

Cephalosporins are (3-lactam antimicro¬ 
bials that have a mechanism of action similar 
to that of the penicillins (inhibition of bacte¬ 
rial cell wall synthesis). Different side chains 
exist in cephalosporins to create individual 
drugs (four generations of cephalosporins 
now exist). Unlike penicillins, cephalospo¬ 
rins contain a dihydrothiazine ring instead of 
a thiazolidine ring. 

TOXICITY 

Cephalosporins cause fewer hypersensitivity 
reactions than penicillins. Cephalosporins 
should not be used in animals with a known 
sensitivity to penicillins (cross-reactivity). 
Cephalosporins are potentially nephrotoxic 
and, consequently, caution should be used 
when administered with other nephrotoxic 
drugs such as aminoglycosides (e.g., genta¬ 
micin, amikacin, neomycin) and amphoteri¬ 
cin B. Cephalosporins in the urine can cause 
a false-positive reaction for glucosuria (cop¬ 
per-reduction technique) and proteinuria 
(sulfosalicylic turbidimetric test). 

Superinfection has been associated 
with oral administration of first-generation 


Table 6-1 The four major categories of penicillin: Narrow spectrum, broad spectrum, 
penicillinase resistant, and extended spectrum 

Narrow-spectrum 

penicillins 

Aminopenicillins 
(broad spectrum) 

Penicillinase-resistant 
penicillins 
(antistaphylococcal 
penicillins) 

Extended-spectrum 

penicillins 

(antipseudomonal 

penicillins) 

Crystalline penicillin 

G (IV) 

Penicillin V (PO) 
Aqueous penicillin 

G (IM) 

Amoxicillin (PO) 
Ampicillin (IV or PO) 
Hetacillin 

Methicillin (IV) 

Nafcillin (IV) 

Isoxazolyl penicillins 
(IV or PO) 

Cloxacillin 

Dicloxacillin 

Oxacillin 

Flucloxacillin 

Ureidopenicillins 
Piperacillin (IV) 
Azlocillin (IV) 

Mezlocillin (IV) 
Carboxypenicillins 
Ticarcillin (IV) 
Carbenicillin (IV) 

IV, intravenous; PO, orally; IM, intramuscular. 
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cephalosporins. Orally administered cepha¬ 
losporins may cause anorexia, vomiting, and 
diarrhea. 

CHLORAMPHENICOL 

Chloramphenicol inhibits protein synthesis 
by binding to the 50S ribosomal subunit near 
the site of action of macrolides and lincos- 
amides; antimicrobials in the latter two 
classes interfere with the binding of chloram¬ 
phenicol and may therefore interfere with 
each other’s actions if given concurrently. 
Chloramphenicol is usually bacteriostatic 
with a broad-spectrum activity (gram-posi¬ 
tive, gram-negative, aerobic, and anaerobic 
bacteria). 

MECHANISM OF ACTION 

Chloramphenicol binding to the 50S bac¬ 
terial ribosomal subunit inhibits peptide 
bond formation and protein synthesis 
by interfering with peptidyl transferase 
enzyme activity. This may affect mamma¬ 
lian mitochondrial protein synthesis, 
because mammalian mitochondrial ribo¬ 
somes have a strong resemblance to bacte¬ 
rial ribosomes. 

TOXICITY 

Dose-dependent anemia can occur in 
animals (especially in cats) and humans and 
is reversible. The anemia is caused by inhibi¬ 
tion of mitochondrial protein synthesis in 
bone marrow, as well as inhibition of iron 
uptake by erythrocytes, which slows the 
rate of maturation of erythrocytes in 
bone marrow. Dose-independent anemia 
(aplastic anemia) occurs in humans and is 
independent of treatment duration. The 
mechanism of toxicity is thought to involve 
nitroreduction of a para-nitro group, leading 
to the production of nitrosochloramphenicol 
and other toxic metabolites that trigger stem 
cell damage. Because of the occurrence of 
rare but fatal aplastic anemia in humans, the 
use of chloramphenicol in food-producing 
animals is banned by the Food and Drug 
Administration (FDA). As a result, humans 
should use gloves and eye protection when 
administering chloramphenicol and avoid 
repeated contact with or inhalation of the 
powder. 

Other side effects are uncommon but 
occur mainly in young animals because of 
impaired glucuronidation pathways. Depres¬ 
sion, dehydration, reduced fluid intake, 
weight loss, emesis, diarrhea, and anorexia 
have been reported with high or prolonged 
dosages of chloramphenicol. Administration 
is not recommended in lactating animals 
because of excretion in milk and possible 
toxicity risk in offspring (liver is not fully 
functioning in neonates and fetus). Drug 
interactions can occur, usually caused by 
inhibiting the activity of cytochrome P-450 
enzymes in the liver, resulting in impaired 
hepatic metabolism of drugs such as 


phenobarbital, pentobarbital, primidone, 
and phenytoin. 

CHLORAMPHENICOL ANALOGS 

Florfenicol and thiamphenicol are chlor¬ 
amphenicol derivatives. They were synthe¬ 
sized because of the rare occurrence of 
chloramphenicol-induced aplastic anemia 
in people and also the ban on the use of 
chloramphenicol in food-producing animals. 
Attempts were made to synthesize chloram¬ 
phenicol analogs to maintain broad-spec¬ 
trum antimicrobial activity and eliminate the 
induction of aplastic anemia in people. The 
mechanism of the antimicrobial activity and 
antimicrobial spectrum are similar to that of 
chloramphenicol. 

TOXICITY 

Signs of toxicity are varied and include diar¬ 
rhea and hyperbilirubinemia in horses, diar¬ 
rhea and decreased feed consumption and 
rumen activity in cattle, local tissue reaction 
following intramuscular and subcutaneous 
administration, and perianal inflammation 
and rectal eversion/prolapse in swine. Fatal 
bone marrow suppression with overdose or 
prolonged florfenicol administration has 
been reported. 

FLUOROQUINOLONES 

Fluoroquinolones are a class of synthetic 
antimicrobial compounds with broad-spec¬ 
trum antimicrobial activity (enrofloxacin, 
orbifloxacin, difloxacin, ciprofloxacin, mar- 
bofloxacin, danofloxacin, etc.). Fluoroquino¬ 
lones exhibit good activity againstmanygram- 
negative bacteria (e.g., E. coli, Enterobacter 
species, Klebsiella species, Pasteurella species, 
Proteus species. Salmonella species). Some 
gram-positive bacteria are also susceptible to 
fluoroquinolones (primarily Staphylococcus 
intermedius and S. aureus, including 13- 
lactamase producing gram-positive bacteria; 
however, the MIC values for staphylococci 
are typically higher than those for gram-neg¬ 
ative bacteria. Poor activity in general against 
anaerobes and fluoroquinolones should not 
be used to treat anaerobic infections. Chla¬ 
mydia, Rickettsia, Mycoplasma, Mycobacte¬ 
ria, Ehrlichia, Coxiella, and Ureaplasma sp. 
can also be susceptible to fluoroquinolones. 
New-generation fluoroquinolones, such as 
grepafloxacin, trovafloxacin, and premaflox- 
acin, have increased activity against gram¬ 
positive cocci and anaerobic bacteria. They 
are bactericidal, potent, and are well tolerated 
by animals and can be administered with a 
variety of routes (orally, subcutaneously, 
intramuscularly, and intravenously). 

MECHANISM OF ACTION 

Fluoroquinolones are bactericidal and 
exhibit good antibacterial activity, especially 
against gram-negative bacteria. They inhibit 
bacterial DNA gyrase or topoisomerase IV 


enzyme activity, which is necessary for the 
DNA supercoiling, because the replicating 
strands separate inhibiting bacterial DNA 
replication and transcription. Mammalian 
cells are resistant to the killing effects because 
topoisomerase II activity is only inhibited at 
much higher concentrations. 

TOXICITY 

Fluoroquinolones are relatively safe with no 
allergic and teratogenic activity in animals. 
They do not alter the anaerobic flora of the 
gastrointestinal (GI) tract, but high doses 
might generate reversible GI tract distur¬ 
bances (e.g., nausea, vomiting, diarrhea). 
Central nervous system toxicity (e.g., con¬ 
vulsion, seizure) caused by inhibition of the 
GABA neurotransmitter has been reported 
primarily in humans but has also been 
reported in horses. 

Arthropathy, characterized by formation 
of vesicles on the articular surface of the 
chondrocyte, has been reported to occur at 
recommended dosages in young dogs and 
foals, with other domestic animals appearing 
to be more resistant. This toxicity is thought 
to be caused by the ability of drugs to bind 
magnesium ions, which are necessary for the 
proper development of the cartilage matrix 
(loss of proteoglycan in the articular carti¬ 
lage). No effect on pregnancy has been 
observed, but it is better to avoid using fluo¬ 
roquinolones in pregnant animals unless no 
other antimicrobials are effective. Although 
enrofloxacin and orbifloxacin have been 
used in horses (in an unapproved manner), 
these drugs should not be used in young 
horses because of potential cartilage damage 
(enrofloxacin and orbifloxacin should 
not be administered to horses less than 3 
years of age, except as a last resort for severe 
infections not treatable with other 
medications). 

Inhibition of the activity of hepatic 
microsomal enzymes can alter the metabo¬ 
lism of certain drugs such as theophylline. 
Crystalluria has been reported in humans 
(primarily with ciprofloxacin) but not in 
animals. 

LINCOSAMIDES 

There are three antibiotics in the lincosamide 
group: lincomycin, pirlimycin and clindamy¬ 
cin. Like the macrolides, lincosamides 
are primarily used to treat gram-positive 
bacterial infections (including p-lactamase- 
producing gram-positive bacteria, Staphylo¬ 
coccus spp., and Streptococcus spp.), in which 
there is resistance or intolerance to penicil¬ 
lins. Lincosamides are highly effective against 
anaerobes with poor activity against gram¬ 
negative aerobes. 

MECHANISM OF ACTION 

Lincosamides bind to the 50S ribosome 
in which they inhibit protein synthesis. 
Because this binding site is similar to that of 
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chloramphenicol and the macrolides, con¬ 
current use of these antimicrobials decreases 
overall efficacy; therefore combination 
therapy should be avoided. 

TOXICITY 

Severe side effects in humans include pseu¬ 
domembranous colitis, and this has also 
been reported in animals with fermenting GI 
tracts (horses, ponies, ruminants, hamsters, 
rabbits, guinea pigs, and chinchillas). Oral 
administration is contraindicated because of 
severe, often fatal, diarrhea. In cattle, oral 
administration of lincomycin at concentra¬ 
tions as low as 7.5 parts per million in feed 
has resulted in inappetence, diarrhea, ketosis, 
and decreased milk production. Intramuscu¬ 
lar clindamycin injection is very painful. No 
serious side effects have been observed fol¬ 
lowing intramammary injection of pirlimy- 
cin in dairy cows. 

MACROLIDES 

Erythromycin is one of the macrolide anti¬ 
biotics (tylosin, spiramycin, tilmicosin, 
tulathromycin, gamithromycin, tildipirosin, 
azithromycin, clarithromycin, etc.). Macro¬ 
lides are usually regarded as being bacterio¬ 
static, but they can be bactericidal in high 
concentrations against susceptible organ¬ 
isms. Macrolides are highly effective against 
aerobic gram-positive cocci and bacilli and 
also against gram-positive anaerobes and 
Mycoplasma species. 

MECHANISM OF ACTION 

Macrolides bind to the 50S ribosomal 
subunit interfering with the binding of ami- 
noacyl-tRNA-to 50S and block peptide bond 
formation. This inhibits the translocation of 
a newly synthesized peptidyl tRNA molecule 
from the acceptor site to the peptidyl site. 

TOXICITY 

Macrolides are relatively safe, with toxicity 
most often reported in humans. Studies 
have been conducted documenting the pro- 
kinetic effects of erythromycin, spiramycin, 
tilmicosin, tulathromycin, and tylosin in 
cattle. 

There can be pain and irritation follow¬ 
ing intramuscular injection that is formula¬ 
tion dependent. Macrolides and lincosamides 
such as tylosin are associated with causing 
colitis and fatal diarrhea in horses, so their 
use is usually restricted to oral erythromycin 
for the treatment of R. equi infections in 
foals. Erythromycin has been associated 
with hyperthermia in foals; treated foals that 
are turned out on hot, sunny, humid days 
develop fever, tachypnea, and distress, which 
may result in fatal heat stroke. Diarrhea has 
been reported in horses and cattle. 

Cardiovascular toxicity has been 
reported in animals other than cattle, and 
has been particularly associated with tilmi¬ 
cosin. Deaths have been reported in humans 


related to accidental tilmicosin exposure. 
Tylosin and spiramycin may induce contact 
dermatitis in veterinarians. The intravenous 
administration of tylosin in cattle can cause 
shock, dyspnea, and depression, and fatal 
adverse events have been reported following 
the use of tildipirosin in swine. 

SULFONAMIDES 

The sulfonamides are synthetic antimicrobial 
agents with a wide spectrum encompassing 
most gram-positive and many gram-negative 
organisms. Sulfonamides are the oldest 
group of antibiotics used therapeutically. 
These drugs were the first efficient treatment 
to be used systematically for the prevention 
and cure of bacterial infections. Sulfon¬ 
amides are derived from the first sulfon¬ 
amide, sulfanilamide. The long-term use of 
these drugs may have resulted in resistance 
that now limits their use. To increase the 
efficacy of sulfonamides and convert them 
from bacteriostatic to bactericidal drugs 
(most of the time they function as bacterio¬ 
static antimicrobials), they are sometimes 
combined with other compounds such as 
trimethoprim and ormetoprim (also pyri¬ 
methamine) to potentiate their antibacte¬ 
rial effects. 

MECHANISM OF ACTION 

Folic acid is an essential nutrient necessary 
for protein and nucleic acid synthesis (DNA 
and RNA). Folic acid is synthesized by bac¬ 
teria from the substrate, para-amino-benzoic 
acid (PABA), and all cells require folic acid 
for growth. Folic acid (as a vitamin in 
food) diffuses or is transported into mam¬ 
malian cells. However, folic acid cannot cross 
bacterial cell walls by diffusion or active 
transport. For this reason, bacteria must syn¬ 
thesize folic acid from PABA. Sulfonamides 
act by competing with PABA as a substrate 
for the enzyme dihydropteroate synthase, 
which incorporates PABA into dihydrop- 
teroic acid, the immediate precursor of folic 
acid. 

Sulfonamides are bacteriostatic. Trime¬ 
thoprim, ormetoprim, and pyrimethamine 
are bacteriostatic, inhibiting dihydrofolate 
reductase activity necessary for purine 
and pyrimidine nucleotide synthesis. They 
also inhibit folic acid synthesis but at a dif¬ 
ferent point in the metabolic pathway 
from sulfonamides. Dihydropteroate syn¬ 
thase is not present in mammalian cells, 
whereas pyrimethamine and trimethoprim 
are more active against the parasites dihy¬ 
drofolate reductase than against the mam¬ 
malian enzyme. 

TOXICITY AND CLINICAL 
CONSIDERATIONS 

Sulfonamides can cause toxicity of multiple 
organs, including the liver, but there is no 
difference among the various sulfonamides 
in the risk of toxicity. Use can be limited 


in a small number of patients because 
of hypersensitivity drug reactions (Type 
II and III hypersensitivity reactions). Idio¬ 
syncratic reactions, including immune- 
mediated reactions such as drug fever, 
urticaria, skin rashes, anemia, leukopenia, 
thrombocytopenia, nonseptic polyarthritis, 
focal retinitis, and hepatitis, are reported in 
some species. 

Immune-mediated diseases of skin, 
kidney, liver, and eye (keratoconjunctivitis 
sicca) are not dose dependent and occur in 
response to any of the sulfonamides. Fortu¬ 
nately, these adverse reactions are rare when 
sulfonamides are used at recommended 
doses and for less than 2 weeks. 

High doses of sulfonamides (30 mg/kg 
twice a day) can alter thyroid function, espe¬ 
cially in dogs, causing decreased levels 
of thyroxin and thyronine (hypothyroidism). 
Decreases are clinically significant after 
3 weeks of administration and will return 
to normal by 3 weeks after the drug is 
discontinued. 

Renal crystalluria has been reported 
when administering high doses, and as a 
consequence it is important to ensure that 
the animal is well hydrated to avoid renal 
damage caused by precipitation of the sul¬ 
fonamide (crystalluria). Because herbivores 
generally have alkaline urine, crystallization 
is not as much a concern in herbivores as in 
carnivores with their acidic urine. 

Congenital defects are possible in foals 
born to mares treated for equine protozoal 
myeloencephalitis during pregnancy. 

Precautions and Contraindications 

As a general rule, sulfonamides should be 
used with caution or avoided in animals 
with liver disease, kidney disease, blood dys- 
crasia, or a history of hypersensitivity to 
sulfonamides. 

Although commonly administered orally 
to horses, potentiated sulfonamides are not 
for use in horses intended for food. Potenti¬ 
ated sulfonamides have been associated with 
inducing diarrhea in horses. The injectable 
formulations of potentiated sulfonamides are 
suspensions; rapid IV administration causes 
hypotension and collapse. 

TETRACYCLINES 

Tetracyclines (tetracycline, chlortetracycline, 
oxytetracycline, doxycycline, minocycline, 
etc.) possess a broad-spectrum bacteriostatic 
activity against aerobic and anaerobic gram¬ 
positive (not p-lactamase-producing gram¬ 
positive bacteria) and gram-negative bacteria. 
They are also effective against microorgan¬ 
isms that are resistant to other antibiotics, 
such as several Rickettsiae (Anaplasma, 
Ehrlichia and Haemobartonella), Spirochetes 
(including Lyme disease), Mycoplasma pneu¬ 
moniae, Chlamydia spp., and Plasmodium 
spp. Superinfections are rare with prolonged 
tetracycline administration. 
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MECHANISM OF ACTION 

Tetracyclines cross the outer bacterial cell 
membrane by diffusion through aqueous 
channels (porins). They enter the cytoplasm 
by a protein carrier system in gram-negative 
bacteria and by an energy-dependent 
process in gram-positive bacteria. Tetracy¬ 
clines then bind to the 30S ribosomal 
subunit of bacteria; binding interferes with 
bacterial protein synthesis in growing or 
multiplying organisms. This binding pre¬ 
vents the attachment of the aminoacyl-tRNA 
to the acceptor site on the mRNA ribosomal 
complex. 

TOXICITY 

Tetracyclines are considered relatively safe. 
The clinically most important toxicity occurs 
in animals administered high doses or 
animals administered with impaired renal 
function that are administered typical thera¬ 
peutic doses (except for doxycycline and 
minocycline). In addition, expired tetracy¬ 
cline and oxytetracycline can decompose to 
form a nephrotoxic compound that results in 
Fanconi syndrome and glucosuria because 
reabsorption of glucose from the glomerular 
filtrate is impaired. 

Most tetracyclines, except oxytetracy¬ 
cline, are too irritating to be administered 
intramuscularly or subcutaneously (sterile 
abscess), and great care is applied in the for¬ 
mulation of intramuscular products to mini¬ 
mize tissue damage. As a result, tetracyclines 
are often administered intravenously or 
orally. Rapid IV administration can cause the 
animal to collapse; to avoid this, the tetracy¬ 
cline should be injected slowly over a period 
of several minutes or administered diluted in 
normal saline solution free of polyvalent 
cations (as they bind tetracyclines and result 
in precipitation). Collapse is attributed to 
transient cardiovascular dysfunction such as 
atrioventricular block, ventricular bradycar¬ 
dia, and hypotension. The IV use of doxycy¬ 
cline in horses is associated with deleterious 
side effects on the cardiovascular system, 
which may result in fatalities. Undiluted pro¬ 
pylene glycol-based oxytetracycline prod¬ 
ucts can cause intravascular hemolysis and 
hemoglobinuria when administered by rapid 
IV injection. 

Impaired bone development in fetus and 
young animals (tetracyclines pass the placen¬ 
tal barrier readily and are administered for 
research purposes to monitor the rate of 
bone growth). As a result, tetracyclines 
should not be used in pregnant animals 
during the last half of gestation. Tooth mot¬ 
tling (discoloration of tooth enamel) also 
occurs if tetracyclines are administered 
during pregnancy (especially the last 2-3 
weeks of pregnancy) and during the first 
postnatal month when tooth development is 
occurring. This effect is caused by chelation 
of tetracyclines to the calcium deposits in the 
developing teeth. Tetracyclines are antiana¬ 
bolic because they decrease protein synthesis 
at high concentrations. 


MISCELLANEOUS ANTIBIOTICS 

Bacitracin 

Bacitracin is a complex labile polypeptide 
produced by Bacillus subtilis. It inhibits pep- 
tidoglycan synthesis during the second step 
of bacterial cell wall synthesis by interfering 
with the activity of phosphorylase and is 
bactericidal. 

Bacitracin has activity against gram¬ 
positive bacteria and is often combined with 
antibiotics that have gram-negative spec¬ 
trum of activity (such as polymyxin B, neo¬ 
mycin, or both). Bacitracin is not absorbed 
orally; systemic usage is associated with the 
development of nephrotoxicity in addition to 
pain, induration, and petechiae at the site of 
injection. As a result, bacitracin is most com¬ 
monly applied topically in ointments. 

Carbadox 

Carbadox is a newer synthetic antibiotic 
agent that is primarily effective against gram¬ 
positive bacteria with little efficacy against 
some gram-negative bacteria. The mecha¬ 
nism of antimicrobial action is not known, 
but carbadox is bactericidal. 

Carbadox is most commonly used as a 
feed additive to promote growth in swine 
and also to control swine dysentery ( Serpu- 
Una hyodysenteriae, formerly known as 
Treponema hyodysenteriae), bacterial enteri¬ 
tis (particularly Salmonella spp.), and nasal 
infections ( Bordetella bronchiseptica). It is 
carcinogenic and genotoxic in rodents and, 
consequently, the usage of carbadox is pro¬ 
hibited in Europe and Canada. 

Carbadox stimulates the renin-angioten¬ 
sin system and suppresses aldosterone pro¬ 
duction by inducing morphologic changes in 
adrenal cortex (plasma Nad- and KT). Clini¬ 
cal signs of reduced aldosterone production 
in pigs include growth retardation, dry feces, 
wasting, dehydration, urine drinking, and a 
strong interest in salt-containing products. 

Dapsone 

Dapsone is a chemical class different from 
sulfonamides but its mechanism of action is 
similar to sulfonamides via inhibition of 
bacterial synthesis of dihydrofolic acid by 
competing with para-aminobenzoate for 
the active site of dihydropteroate synthase. 
Dapsone is rapidly and well absorbed follow¬ 
ing oral administration and is primarily 
eliminated via the urine as conjugates and 
unidentified metabolites. 

There is no veterinary approved form of 
dapsone. It is potentially useful for the oral 
treatment of some protozoal infections in 
horses. Dapsone is carcinogenic and should 
be used with caution in pregnant and nursing 
animals. Toxic effects include hepatotoxicity, 
anemia, thrombocytopenia, neutropenia, 
and GI effects. 

Metronidazole 

Metronidazole is a bactericidal agent that is 
also effective against protozoa that cause 


intestinal disease such as Giardia organisms, 
Entamoeba histolytica, Trichomonas organ¬ 
isms, and Balantidium coli. It is effective 
against most obligate anaerobes including 
Bacteroides spp., Fusobacterium, Veillonella, 
Clostridium spp., Peptococcus, and Pepto- 
streptococcus. Metronidazole is primarily 
used as part of the treatment of anaerobic 
bacterial infections. It is taken up by anaero¬ 
bic bacteria and protozoa and reduced to 
a cytotoxic metabolite that disrupts DNA 
synthesis, which results in bacterial cell 
death. 

There is no veterinary-approved form of 
metronidazole, and its use is prohibited in 
food-producing animals in many countries 
because laboratory studies have demon¬ 
strated mutagenicity and carcinotoxicity. 
Human formulations are used for treatment 
of enteric bacterial infections caused by 
anaerobic bacteria in horses such as giardia¬ 
sis and clostridiosis. Metronidazole may be 
teratogenic; therefore the drug should be 
avoided if possible in pregnant animals, 
especially during the first few weeks of gesta¬ 
tion, and also in nursing animals. Metroni¬ 
dazole should not be used in debilitated 
animals. 

The most severe adverse effect is dose- 
related central nervous system toxicity 
including loss of balance, head tilt, nystag¬ 
mus, disorientation, tremors, and seizures 
with high doses of metronidazole in 
horses. 

Nitrofurans (e.g.. Nitrofurantoin, 
Nitrofurazone, Furazolidone) 

Nitrofurans are derived from 5-nitrofuran, 
and more than 3500 nitrofurans have been 
synthesized. The use of nitrofurans in food- 
producing animals is banned in many coun¬ 
tries because of potential carcinogenic 
effects in laboratory animals. Nitrofurans are 
broad-spectrum antibiotics that are highly 
effective against gram-negative bacteria, 
with some activity against gram-positive 
bacteria. Furazolidone also has activity 
against protozoa, Giardia, Trichomonas, and 
coccidia. 

Nitrofurans are bacteriostatic and inhibit 
bacterial carbohydrate synthesis by interfer¬ 
ing with the conversion of pyruvate to acetyl 
coenzyme A. They have been administered 
orally and topically, with oral bioavailability 
improved when administered with feed. 
Nitrofurans are no longer commonly used 
for the treatment of systemic infections 
because the effective MIC often approxi¬ 
mates the toxic concentration. Nitrofurans 
are also rapidly eliminated so it is difficult to 
achieve and sustain therapeutic concentra¬ 
tions in tissues. Nitrofurans (primarily nitro¬ 
furantoin) are very occasionally used in 
horses for the treatment of lower urinary 
tract infections because they are highly con¬ 
centrated in urine. 

The most common use of nitrofurans is 
in topical preparations for the eye, ear, 
mucous membrane, and skin. 
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Novobiocin 

Novobiocin is a dibasic acid derived from 
coumarin and is clinically used as a mono- 
(Na + ) or dibasic (Ca 2+ ) salt form. The mecha¬ 
nism of antibacterial activity is not known 
but is bactericidal. Several mechanisms of 
action have been proposed including non¬ 
specific inhibition of bacterial wall synthesis; 
inhibition of DNA, RNA, and protein syn¬ 
thesis; inhibition of respiration and oxidative 
phosphorylation; and induction of intracel¬ 
lular magnesium deficiency. 

Novobiocin has activity against gram¬ 
positive and gram-negative bacteria with 
higher efficacy against the gram-positive bac¬ 
teria (most gram-negative bacteria are resis¬ 
tant), especially S. aureus. Other susceptible 
organisms include Neisseria spp., Haemophi¬ 
lus spp., Brucella spp., and some strains 
of Proteus spp. Novobiocin is used occasion¬ 
ally as an alternative to penicillins against 
penicillin-resistant Staphylococcus spp. It 
has synergistic activity with tetracyclines, 
and combination novobiocin-tetracycline 
therapy has been used in an attempt to 
broaden the spectrum of activity and decrease 
the development of resistance. 

Toxic reactions to novobiocin include 
skin rashes, leukopenia, thrombocytopenia, 
agranulocytosis, anemia, nausea, vomiting, 
and diarrhea. Novobiocin is less toxic when 
used topically; its use in large animals is 
limited to topical application and intramam¬ 
mary administration in lactating dairy cattle. 

Polymyxins 

Polymyxin A, B, C, D, E, and M represent a 
group of N-monoacetylated decapeptide 
antimicrobial agents produced by Bacillus 
polymyxa. Sulfate salt forms of polymyxin B 
(mixture of polymyxin Bj and B 2 ) and E (also 
called Colistin) are used clinically. The usage 
is primarily limited to oral (Colistin) or 
topical (polymyxin B) use because of their 
systemic toxicity, although short-term IV 
administration of polymyxin B has been 
used as part of the initial treatment of endo- 
toxemia in horses. 

Polymyxins are surface-active cationic 
detergents and are bactericidal by interfering 
with bacterial cell membrane phospholipids 
and disrupting their structure. Development 
of bacterial resistance is rare for susceptible 
bacteria. 

Polymyxins and Colistin are primarily 
used in topical skin, mucous membrane, eye, 
and ear preparations and intramammary for¬ 
mulations for lactating dairy cattle. Antimi¬ 
crobial activity is markedly reduced in the 
presence of pus, in tissues containing acidic 
phospholipids, and in the presence of anionic 
detergents. Polymyxins have been used orally 


in cattle and swine for the treatment of gram¬ 
negative enteric infections, but they have a 
narrow safety margin. Toxic effects include 
nephrotoxicity, respiratory paralysis (rapid 
IV injection), and central nervous system 
dysfunction including anorexia, pyrexia, and 
depression. 

Rifampin 

Rifampin is a complex macrocyclic semi- 
synthetic antibiotic derived from rifamycin 
B. It is highly active against gram-positive 
bacteria ( Staphylococcus spp.), Mycobacte¬ 
rium spp., Haemophilus spp., Neisseria spp., 
and Chlamydia spp., but has limited activity 
against gram-negative bacteria because of 
differences in the ability of the antibiotic to 
pass through the bacterial cell wall. Rifampin 
also has some antifungal and antiviral (pox¬ 
viruses and adenoviruses) activity. In large 
animals, rifampin is most commonly admin¬ 
istered orally in conjunction with other anti¬ 
biotics to treat deep-seated abscesses such as 
liver abscesses in sheep caused by Corynebac- 
terium pseudotuberculosis (caseous lymphad¬ 
enitis) or pulmonary abscesses in foals 
caused by R. equi. Rifampin has also been 
used to treat individual valuable cattle with 
Johnes disease. Combined administration 
with another antibiotic is strongly advised 
because coadministration slows the develop¬ 
ment of resistance to rifampin. 

Rifampin is bactericidal and inhibits 
the activity of DNA-dependent RNA poly¬ 
merase, preventing the initiation of RNA 
synthesis by interfering with the activity of 
the (3-subunit of DNA-dependent RNA poly¬ 
merase. Rifampin metabolites may impart a 
red-orange color to the urine, feces, saliva, 
and tears. 

Rifampin is a potent inducer of hepatic 
microsomal enzymes (hepatotoxicity) and is 
also teratogenic, so the use in pregnant 
animals should be restricted. Rifampin 
administration accelerates the metabolism of 
chloramphenicol and corticosteroids (pred¬ 
nisone and dexamethasone). The most 
common toxic effect is hepatotoxicity, and 
animals on long-term administration should 
have a periodic serum biochemical analysis 
performed to monitor for signs of hepatic 
injury and dysfunction. 

Vancomycin 

Vancomycin is a glycopeptide bactericidal 
antibiotic that inhibits peptidoglycan synthe¬ 
sis in the bacterial cell wall during replica¬ 
tion. A variety of n- alkyl vancomycin 
forms have been synthesized with some 
forms being more active and with some 
having longer elimination half-lives than that 
of vancomycin. Vancomycin is primarily 


effective against gram-positive bacteria (in 
particular, Staphylococcus spp. and strepto¬ 
cocci), enterococci (£. faecium and E. faeca- 
lis), and Neisseria spp. It is also effective 
against gram-positive anaerobic cocci with 
no activity against anaerobic gram-negative 
bacteria. Its most important use in veterinary 
medicine is for the treatment of life- 
threatening methicillin-resistant S. aureus 
infections. 

Extralabel usage of vancomycin in food- 
producing animals is prohibited by the 
FDA. Vancomycin is not absorbed orally, 
intramuscular and subcutaneous injections 
are painful and irritating, and, conse¬ 
quently, vancomycin must be administered 
with slow IV infusion over at least 30 
minutes as a dilute solution. Rapid IV 
administration has been associated with 
flushing of the skin, pruritus, tachycardia, 
severe hypotension, cardiac arrest, and 
other signs associated with histamine 
release. Nephrotoxicity and ototoxicity are 
possible. Newer formulations are safer but 
might be associated with histamine release 
following IV injection. 

Virginiamycin 

Virginiamycin is a peptolide antibiotic 
consisting of a predominant M fraction 
(C 28 H 35 N 3 O 7 ) and the lesser S fraction 
(C43H49NO10). The S and M fractions have 
bacteriostatic and bactericidal activities 
when they are used separately and together, 
respectively. Virginiamycin is not known to 
have synergistic activity with other classes of 
antibiotics. 

Virginiamycin inhibits protein synthesis 
by binding to the 23S ribosomal subunit and 
blocking the translation process, with no 
effect on transcription. It is not commonly 
used to treat bacterial infections in domestic 
animals despite possessing a broad-spectrum 
antimicrobial activity. Most often it is used as 
a feed-additive formulation for growth pro¬ 
motion in animals such as swine, turkey, and 
broiler chickens. 
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Principles of Alimentary 
Tract Dysfunction 

The primary functions of the alimentary 
tract are the prehension, digestion and 
absorption of food and water, and the 
maintenance of the internal environment 

by modification of the amount and nature of 
the materials absorbed. 

The primary functions can be divided 
into four major modes and, correspondingly, 
there are four major modes of alimentary 
dysfunction. There may be abnormality of 
motility, secretion, digestion, or absorp¬ 
tion. The procedure in diagnosis of alimen¬ 
tary tract dysfunction should be to determine 
which mode or modes of function are dis¬ 
turbed before proceeding to the determina¬ 
tion of the site and nature of the lesion and 
ultimately of the specific cause. 


MOTOR FUNCTION 

NORMAL GASTROINTESTINAL 
MOTILITY 

The form and function of the small intestine 
of farm animals are similar between species, 
but the stomachs and large intestines vary 
considerably. The motility patterns in both 
the small and large intestine are similar 
among the species. In the small intestine, 
the fundamental unit of electrical activity 
is the slow wave, which is a subthreshold 
fluctuation in membrane potential. Slow 
waves are constantly propagated from the 
stomach to the rectum. When an additional 
stimulus causes the membrane potential to 
exceed the excitation threshold, a spike or 
electrical response activity occurs, which is 
usually accompanied by contraction. Almost 
all spike activity in the intestine is superim¬ 
posed on slow waves, which are important in 
controlling frequency and velocity at which 
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spiking events occur. The spiking activity, 
also known as the migrating myoelectric 
complex, is the myoelectric pattern in the 
stomach and small intestine of fasted nonru¬ 
minants, fed and fasted ruminants, and pigs 
and horses fed ad libitum. 1 There are three 
phases of the migrating myoelectric complex: 

• Quiescent phase, in which very little 
spike activity occurs 

• Irregular phase, characterized by 
intermittent spike activity 

• Activity front, characterized by intense, 
continuous spike activity 

There is very little muscle contraction 
or transit of gut contents during the quies¬ 
cent phase. During the irregular phase, con¬ 
tractions mix the intestinal contents and 
propel them in an aboral direction. The 
activity front is accompanied by intense 
muscular contraction that obliterates the 
lumen, preventing backflow of content as it 
propagates, or migrates, down the intestine. 







In nonruminants, and pigs and horses fed 
periodically, feeding abolishes the migrating 
myoelectric complex for several hours. It is 
replaced by the fed pattern, characterized by 
intermittent spike activity resembling the 
irregular phase. 

Normal cecal and colonic myoelectric 
activities, like those of the small intestine, are 
characterized by slow waves and spikes. 
However, unlike the small intestine, the pat¬ 
terns of spikes vary greatly with the species 
and the area of the large intestine. 

Abnormalities of stomach and intestinal 
motility represent the most common conse¬ 
quence of gastrointestinal tract disease. Dis¬ 
ruption in gastrointestinal tract motility can 
result in the following: 

• Hypermotility or hypomotility 

• Distension of segments of the tract 

• Abdominal pain 

• Dehydration and shock 

HYPERMOTILITY AND 
HYPOMOTILITY 

The most important functions of alimentary 
tract motility are the peristaltic movements 
that move ingesta from the esophagus to 
the rectum, the segmentation movements 
that churn and mix the ingesta, and the 
tone of the sphincters. In ruminants these 
movements are of major importance in the 
forestomach. Prehension, mastication, and 
swallowing are the other functions of ali¬ 
mentary tract motility that are essential for 
normal function. Eructation of ruminal 
gases is an additional crucial function of 
motility in ruminants. 

Abnormal motor function can take the 
form of increased or decreased motility. 
Peristalsis and segmenting movements are 
usually affected equally and in the same 
manner. Motility depends on stimulation 
via the sympathetic and parasympathetic 
nervous systems, and is thus dependent on 
the activity of the central and peripheral parts 
of these systems and on the intestinal muscu¬ 
lature and its intrinsic nervous plexuses. 
Autonomic imbalance, resulting in a relative 
dominance of one or other system, is mani¬ 
fested by hypermotility or hypomotility, and 
can arise as a result of stimulation or destruc¬ 
tion of hypothalamic centers, the ganglia, or 
the efferent or afferent peripheral branches 
of the system. Debility, accompanied by 
weakness of the musculature, or severe 
inflammation, such as occurs in acute perito¬ 
nitis or after trauma, or infarction, results in 
atony of the intestinal wall. Less severe 
inflammation, such as occurs in mild gastritis 
and enteritis, can result in an increase in 
muscular activity and increased propulsive 
activity. Abnormalities in intestinal motility 
can result in diarrhea or constipation and 
adversely affect digestion and absorption of 
ingesta. 

Increased irritability at a particular intes¬ 
tinal segment increases its activity, and dis¬ 
turbs the normal downward gradient of 
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activity that ensures the ingesta are passed 
from the esophagus to the rectum. Not only 
is the gradient toward the rectum made 
steeper, increasing the rate of passage of 
ingesta in that direction, but the increased 
potential activity of an irritated segment may 
be sufficiently high to produce a reverse gra¬ 
dient to the oral segments so that the direc¬ 
tions of the peristaltic waves are reversed 
orally to the irritated segments. 

DISTENSION 

One of the major results of abnormality of 
motility is distension of one or more seg¬ 
ments of the gastrointestinal tract. Disten¬ 
sion can be the result of accumulation of gas, 
fluid, or ingesta. Much of the accumulated 
fluid represents saliva and gastric and intes¬ 
tinal juices secreted during normal diges¬ 
tion. Gas distension occurs as a result of 
failure to expel gas, by eructation or as flatu¬ 
lence, which is produced either as a result 
of normal digestive processes or abnormal 
fermentation. 

Distension causes pain and, reflexively, 
increased spasm and motility of adjoining 
gut segments. Distension also stimulates 
further secretion of fluid into the lumen 
of the intestine, and this exaggerates the 
distension. When the distension passes a 
critical point, the ability of the musculature 
of the wall to respond diminishes, the initial 
pain disappears, and a state of paralytic 
ileus develops in which much muscle tone 
is lost. 

ABDOMINAL PAIN 

Visceral pain can arise in any abdominal 
viscus or organ, but the mode of its develop¬ 
ment is always the same, and alimentary tract 
disease is the major cause of visceral and, 
more specifically, of abdominal pain. The 
most important mechanism is stretching of 
the wall of the viscus, which stimulates free 
pain endings of the autonomic nerves in the 
wall. Contraction does not itself cause pain 
but does so by causing direct and reflex 
distension of neighboring segments. Thus 
spasm, an exaggerated segmenting contrac¬ 
tion of one section of intestine, will result in 
distension of the immediately oral segment 
of intestine when a peristaltic wave arrives. 
When there is increased motility for any 
reason, excessive segmentation and peristal¬ 
sis cause abdominal pain, and the frequent 
occurrence of intermittent bouts of pain 
depends on the periodic increases in muscle 
tone that are typical of the alimentary tract 
wall. Other factors that have some stimulat¬ 
ing effect on the pain of end organs are edema 
and failure of local blood supply, such as 
occurs in local embolism or in intestinal 
accidents accompanied by twisting of the 
mesentery. A secondary mechanism in the 
production of abdominal pain is the stretch¬ 
ing and inflammation of serous membranes. 

Clinically, abdominal pain can be 
detected by palpation and the eliciting 


of pain responses. However, it is unknown 
if the response elicited is caused by involve¬ 
ment of underlying organs or by referred 
pain. It is difficult to decide if referred pain 
occurs in animals. In humans it is largely a 
subjective sensation, although often accom¬ 
panied by local hyperalgesia. There are no 
known examples of referred pain that are of 
diagnostic importance in animals, and a 
local pain response on palpation of the 
abdomen is accepted as evidence of pain in 
the serous membranes or viscera that under¬ 
lie the point of palpation. 

DEHYDRATION AND SHOCK 

An immediate effect of distension of the 
stomach or small intestine by the accumu¬ 
lation of saliva and normal gastric and 
intestinal secretions is the stimulation of 
further secretion of fluid and electrolytes 
into the oral segments. The stimulation is 
self-perpetuating, and creates a vicious cycle 
resulting in loss of fluid and electrolytes to 
the point where fatal dehydration can occur. 
The dehydration is accompanied by acidosis 
or alkalosis, depending on whether the 
obstruction is in the intestine and accompa¬ 
nied by loss of alkali, or in the stomach and 
accompanied by a large loss of acid radicals. 
The net effect is the same whether the fluid 
is lost by vomiting or is retained in the gut. 

The same cycle of events occurs in rumi¬ 
nants that gorge on grain, but here the pre¬ 
cipitating mechanism is not distension but a 
gross increase in osmotic pressure of the 
ingesta caused by the accumulation of 
osmotically active compounds, including 
lactic acid. Dehydration is also of major 
importance in diarrhea, irrespective of the 
cause. An important additional factor in the 
production of shock, when there is distension 
of alimentary segments, is a marked reflex 
depression of vasomotor, cardiovascular, and 
respiratory functions. In diarrhea in calves in 
which there is no septicemia or toxemia asso¬ 
ciated with bacteria, the endpoint in the 
phase of dehydration can be cardiac failure 
caused by severe metabolic acidosis and elec¬ 
trolyte abnormalities. Renal ischemia leading 
to azotemia or uremia can result from 
decreased circulating blood volume and also 
contribute to a fatal outcome. These matters 
are discussed in detail in Chapters 5 and 6. 

SECRETORY FUNCTION 

Diseases caused by abnormalities of secre¬ 
tion of digestive enzymes are not generally 
recognized in farm animals. In humans, and 
to a lesser extent in small animals, defects 
of gastric and pancreatic secretion produce 
syndromes that are readily recognized, but 
they depend on clinical pathologic examina¬ 
tion for diagnosis. If they do occur in farm 
animals, they have so far only been recog¬ 
nized as aberrations of motility caused by the 
defects of secretion. However, it is reasonable 
to assume that some neonates are deficient 
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in lactase activity, which results in dietetic 
diarrhea. Undigested lactose causes diarrhea 
by its hyperosmotic effect, and some of the 
lactose can be fermented in the large intes¬ 
tine, the products of which fermentation 
exaggerates the diarrhea. A deficiency of 
lactase activity has been suspected in foals 
affected with diarrhea of undetermined 
origin when the definitive diagnosis has not 
been made. The intestinal lactase activity of 
foals is at its highest level at birth, gradually 
declines until the fourth month of age, and 
then disappears from adults before their 
fourth year. 

DIGESTIVE FUNCTION 

The ability of the alimentary tract to digest 
food depends on its motor and secretory 
functions and, in herbivores, on the activity 
of the microflora that inhabits the forestom¬ 
achs of ruminants or cecum and colon of 
Equidae. The flora of the forestomachs of 
ruminants is capable of digesting cellulose, 
of fermenting the end products of other car¬ 
bohydrates to volatile fatty acids, and of con¬ 
verting nitrogenous substances to ammonia 
and protein. In a number of circumstances, 
the activity of the flora can be modified so 
that digestion is abnormal or ceases. Failure 
to provide the correct diet, prolonged starva¬ 
tion or inappetence, and hyperacidity such 
as occurs in engorgement on grain all result 
in impairment of microbial digestion. The 
bacteria, yeasts, and protozoa may also be 
adversely affected by the oral administration 
of antibiotic and sulfonamide drugs or drugs 
that drastically alter the pH of the rumen 
content. 

Diseases of the stomach of ruminants are 
presented in Chapter 8. Information about 
the digestive and absorptive capacities of 
the equine gut is not exhaustive, but some 
basic data are available. The rate of passage 
of ingesta through the stomach and intes¬ 
tines is rapid but varies widely depending 
on the physical characteristics of the ingesta 
and dissolved material passaging more 
rapidly than particulate material; 75% of a 
liquid marker can be emptied from the 
stomach in 30 minutes and be in the cecum 
in 2 hours. Passage through the large bowel 
is much slower, especially in the latter part of 
the colon in which much of the fluid is 
absorbed. There is an obvious relationship 
between the great activity of the small intes¬ 
tine and the effect of a complete obstruction 
of it: the pain is very severe and often uncon¬ 
trollable with standard analgesics; fluid loss 
into the obstructed parts is rapid; and dehy¬ 
dration, loss of electrolytes, and disturbances 
of acid-base balance are acute, severe, and 
life-threatening. 

ABSORPTIVE FUNCTION 

Absorption of fluids and the dissolved end 
products of digestion can be adversely 


affected by increased motility or by disease 
of the intestinal mucosa. In most instances, 
the two occur together but, occasionally, as 
with some helminth infestations, lesions 
occur in the intestinal wall without accom¬ 
panying changes in motility. 


Manifestations of 
Alimentary Tract 
Dysfunction 

Inanition is the major physiologic effect of 
alimentary dysfunction when the disease is 
chronic, dehydration is the major effect in 
acute diseases, and shock is the important 
physiologic disturbance in hyperacute dis¬ 
eases. Some degree of abdominal pain is 
usual in most diseases of the alimentary tract, 
with the severity varying with the nature 
of the lesion. Other manifestations include 
abnormalities of prehension, mastication, 
and swallowing; and vomiting, diarrhea, 
hemorrhage, constipation, and scant feces. 

ABNORMALITIES OF 
PREHENSION, MASTICATION, 
AND SWALLOWING 

Prehension is the act of grasping for food 
with the mouth (lips, tongue, and teeth). It 
includes the ability to drink. Causes of faulty 
prehension include: 

Paralysis of the muscles of the jaw or 
tongue 

Malposition of incisor teeth caused by the 
following: 

• Inherited skeletal defect (inherited 
displaced molar teeth, inherited 
mandibular prognathism, inherited 
congenital osteopetrosis) 

• Rickets 

Absence of some incisor teeth 

Pain in the mouth caused by the following: 

• Stomatitis, glossitis 

• Foreign body in mouth 

• Decayed teeth, e.g., fluorosis 
Congenital abnormalities of tongue and lips: 

• Inherited harelip 

• Inherited smooth tongue of cattle 

A simple examination of the mouth usually 
reveals the causative lesion. Paralysis is indi¬ 
cated by the behavior of the animal as it 
attempts to ingest feed without success. In all 
cases, unless there is anorexia caused by sys¬ 
temic disease, the animal is hungry and 
attempts to feed but cannot do so. 

Mastication may be painful and is mani¬ 
fested by slow jaw movements interrupted by 
pauses and expressions of pain if the cause is 
a bad tooth, but in a painful stomatitis there 
is usually complete refusal to chew. Incom¬ 
plete mastication is evidenced by the drop¬ 
ping of food from the mouth while eating 
and the passage of large quantities of undi¬ 
gested material in the feces. 


Swallowing is a complex act governed 
by reflexes mediated through the glossopha¬ 
ryngeal, trigeminal, hypoglossal, and vagal 
nerves. It has been described endoscopically 
and fluoroscopically in the horse. The mech¬ 
anism of the act includes closure of all exits 
from the pharynx, the creation of pressure 
to force the bolus into the esophagus, and 
involuntary movements of the musculature 
of the esophageal wall to carry the bolus 
to the stomach. A defect in nervous control 
of the reflex or a narrowing of the lumen 
of the pharynx or esophagus may interfere 
with swallowing. It is difficult to differentiate 
clinically between physical and functional 
causes of dysphagia (difficulty in eating/ 
swallowing). 

Dysphagia is manifested by forceful 
attempts to swallow accompanied initially by 
extension of the head, followed by forceful 
flexion and violent contractions of the 
muscles of the neck and abdomen. Inability 
to swallow is usually caused by the same 
lesions as dysphagia, but to a greater degree. 
If the animal attempts to swallow, the results 
depend on the site of the obstruction. Lesions 
in the pharynx cause regurgitation through 
the nostrils or coughing up of the material. 
In the latter instance, there is danger that 
some of the material is aspirated into the 
lungs and could cause acute respiratory and 
cardiac failure or aspiration pneumonia. 
When the obstruction is at a low level in the 
esophagus, a large amount of material can be 
swallowed and then regurgitated. It is neces¬ 
sary to differentiate between material regur¬ 
gitated from the esophagus and vomitus: the 
former is usually slightly alkaline and the 
latter is acid. 

CAUSES OF DYSPHAGIA AND 
INABILITY TO SWALLOW 

• Foreign body, tumor, or inflammatory 
swelling in pharynx or esophagus 

• Painful condition of pharynx or 
esophagus 

• Esophageal obstruction by impacted 
feed material 

• Esophageal dilatation caused by 
paralysis 

• Esophageal diverticulum 

• Esophageal spasm at site of mucosal 
erosion (achalasia of cardia not 
encountered) 


DROOLING OF SALIVA AND 
EXCESSIVE SALIVATION 

Drooling saliva from the mouth, distinct 
from frothing such as occurs during convul¬ 
sions, can be caused by pain in the mouth 
and by an inability to swallow. Excessive sali¬ 
vation is caused by stimulation of saliva pro¬ 
duction by systemic toxins, especially fungal 
toxins, or by hyperthermia. With systemic 
poisonings the increased salivation is often 
accompanied by lacrimation. 
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LOCAL CAUSES OF DROOLING 

• Foreign body in mouth or pharynx 

• Ulceration, deep erosion or vesicular 
eruption of the oral mucosa 

• Inability to swallow (esophageal 
abnormality) 

SYSTEMIC CAUSES OF EXCESSIVE 
SALIVATION 

• Poisonous trees: Oleander spp., 
Andromeda spp. (rhododendron) 

• Other poisonous plants: kikuyu grass 
(or an attendant fungus) 

• Fungal toxins, e.g., slaframine and 
those causing hyperthermia, e.g., 
Claviceps purpurea and Acremonium 
coenophialum 

• Iodism 

• Watery mouth of lambs 

• Sweating sickness 

• Methiocarb poisoning 

VOMITING AND REGURGITATION 
VOMITING 

Vomiting is the forceful ejection of contents 
of the stomach and the proximal small intes¬ 
tine through the mouth, and is a complex 
motor disturbance of the alimentary tract. 
It is a vigorously active motion signaled by 
hypersalivation, retching, and forceful con¬ 
tractions of the abdominal muscles and dia¬ 
phragm. Vomiting is essentially a protective 
mechanism with the function of removing 
excessive quantities of ingesta or toxic mate¬ 
rials from the stomach. Note that vomition 
is exceedingly rare in horses and is usually a 
terminal event. Vomition occurs in two 
forms: projectile and true vomiting. 

Projectile Vomiting 

This is not accompanied by retching move¬ 
ments, and large amounts of fluid material 
are ejected with little effort. It is almost 
always as a result of overloading of the 
stomach or forestomach with feed or fluid. 

True Vomiting 

As it occurs in monogastric animals like the 
dog and cat, true vomiting is accompanied 
by retching movements including contrac¬ 
tion of the abdominal wall and of the neck 
muscles and extension of the head. The 
movements are commonly prolonged and 
repeated, and the vomitus is usually small in 
amount and of porridge-like or pasty consis¬ 
tency. It is usually a result of irritation of the 
gastric mucosa. Vomiting is commonly des¬ 
ignated as being either peripheral or central 
in origin depending on whether the stimula¬ 
tion arises centrally at the vomiting center or 
peripherally by overloading of the stomach 
or inflammation of the gastric mucosa, or by 
the presence of foreign bodies in the pharynx, 
esophagus, or esophageal groove. Central 
stimulation of vomiting by apomorphine 
and in nephritis and hepatitis are typical 


examples, but vomiting occurs rarely, if at all, 
in these diseases in farm animals. 

Vomiting can have serious effects on fluid 
and electrolyte balance because of the losses 
of gastric and intestinal contents. Aspiration 
pneumonia and laryngeal obstruction are 
potentially serious consequences of vomit¬ 
ing. Examination of any suspected vomitus 
to determine its site of origin should always 
be performed. 

True vomiting is rare in farm animals 

except in pigs with gastroenteritis and some 
systemic diseases. True vomiting does not 
occur in ruminants but abnormal regurgita¬ 
tion does (see later). True vomiting is not a 
feature of gastric disease in the horse for 
two reasons. First, the strong cardiac sphinc¬ 
ter inhibits the release of stomach contents; 
in horses rupture of the stomach is more 
likely to occur before vomiting takes place. 
Second, the soft palate and epiglottis com¬ 
bine to affect a seal between the oral and 
nasal parts of the pharynx so that any vom¬ 
ited stomach contents must be discharged 
through the nasal cavities and not through 
the mouth. Spontaneous nasal regurgitation 
or vomiting does occur occasionally, as man¬ 
ifested by the production of green stomach 
contents at the nostrils. This suggests extreme 
gastric distension or a dilated esophagus 
and cardiac sphincter and perhaps some 
underlying neurologic deficit. Thus vomiting 
of large quantities of material in the horse is 
usually a terminal event and suggests gastric 
rupture. 

REGURGITATION 

Regurgitation is the expulsion through the 
mouth or nasal cavities of feed, saliva, and 
other substances that have not yet reached 
the stomach. In most cases it is caused by 
abnormalities of the esophagus that interfere 
with swallowing. A common example in 
large animals is the regurgitation of feed, 
saliva, and perhaps bloodstained fluid from 
the esophagus of the horse with esophageal 
obstruction. Esophagitis is also a common 
cause of regurgitation. 

Ruminants regurgitate rumen contents as 
part of rumination, but the material is not 
expelled from the mouth or into the nasal 
cavities. The regurgitation of rumen contents 
through the mouth does occur in cattle occa¬ 
sionally, is abnormal, and is a dramatic event. 
It is usually associated with loss of tone of the 
cardia or inflammation of the cardia (see 
examples in the following sections). 

Nasogastric regurgitation or gastric 
reflux occurs in the horse. Stomach contents 
flow into the esophagus, and usually into the 
nasopharynx and nasal cavities, as a result of 
distension of the stomach with fluid (which 
usually originates in the small intestine). 
This involuntary process is usually slow and 
gradual, unlike true vomiting. Gastric reflux 
in the horse can be elicited by nasogastric 
intubation. Spontaneous efflux of stomach 
contents is indicative of high-volume and 


high-pressure fluid distension of the stomach. 
On other occasions the presence of seques¬ 
trated gastric fluids can be confirmed only by 
the creation of a siphon, using the nasogas¬ 
tric tube to infuse a volume of fluid then 
disconnecting its supply to retrieve the naso¬ 
gastric reflux. 

Causes of vomiting and regurgitation 
include the following: 

• Terminal vomiting in horses with acute 
gastric dilatation 

• “Vomiting” in cattle is really 
regurgitation of large quantities of 
rumen contents through the mouth. 
Causes include the following: 

• Third-stage milk fever (loss of tone 
in the cardia) 

• Arsenic poisoning (acute 
inflammation of the cardia) 

• Poisoning by plants including 
Eupatorium rugosum, Geigeria spp., 
Hymenoxys spp., Andromeda spp., 
Oleander spp., and Conium 
maculatum 

• Veterinary administration of large 
quantities of fluids into the rumen 
(regurgitation occurs while the 
stomach tube is in place) 

• Use of a large-bore stomach tube 

• Cud-dropping: a special case of 
regurgitation usually associated with 
abnormality of the cardia 

• Vomiting in pigs may be caused by the 
following: 

• Transmissible gastroenteritis (TGE) 

• Acute chemical intoxications 

• Poisoning by the fungus Fusarium 
spp., which also causes off-feed 
effects suspected to be analogous to 
nausea in humans 

• Regurgitation in all diseases causing 
dysphagia or paralysis of swallowing 

DIARRHEA, CONSTIPATION, 

AND SCANT FECES 

Diarrhea and constipation are the most com¬ 
monly observed abnormalities in fecal con¬ 
sistency, composition, and frequency of 
defecation. 

DIARRHEA 

Diarrhea is the increased frequency of def¬ 
ecation accompanied by feces that contain an 
increased concentration n of water and 
decrease in dry matter content. The 
consistency of the feces varies from soft to 
liquid. 

Abnormalities of peristalsis and segmen¬ 
tation usually occur together, and when 
there is a general increase in peristaltic activ¬ 
ity there is increased caudal flow, resulting in 
a decrease in intestinal transit time and diar¬ 
rhea. Because of a lack of absorption of fluid 
the feces are usually softer than normal, the 
dry matter content is below the normal 
range, and the total amount of feces passed 
per day is increased. The frequency of 
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defecation is usually also increased. Common 
causes of diarrhea are 

• Enteritis, including secretory enteropathy 

• Malabsorption, e.g., caused by villous 
atrophy and in hypocuprosis (caused by 
molybdenum excess) 

• Neurogenic diarrhea as in excitement 

• Local structural lesions of the stomach 
or intestine, including the following: 

• Ulcer, e.g., of the abomasum or 
stomach 

• Tumor, e.g., intestinal 
adenocarcinoma 

• Indigestible diet, e.g., lactose intolerance 
in foals 

• Carbohydrate engorgement in cattle 

• In some cases of ileal hypertrophy, 
ileitis, diverticulitis, and adenomatosis 

• Terminal stages of congestive heart 
failure (visceral edema) 

• Endotoxic mastitis in cattle (splanchnic 
congestion) 

• Small colon impaction in horses 

• Sand colic in horses 

• Chronic and acute undifferentiated 
diarrhea in horses 

• Vagus indigestion in cows causes pasty 
feces but bulk is reduced; these cases 
may be mistaken initially for other 
causes of diarrhea 

Malabsorption Syndromes 
Malabsorption syndromes are being recog¬ 
nized with increased frequency in monogas- 
tric farm animals. For example, in recently 
weaned pigs, there is villous atrophy with a 
resulting loss in secretory and absorptive 
function. Inefficient digestion originating in 
this way may or may not be manifested by 
diarrhea, but in malabsorption there is 
usually diarrhea. There is always failure to 
grow or maintain body weight (BW), in spite 
of an apparently normal appetite and an 
adequate diet. In horses, the lesions associ¬ 
ated with malabsorption, which can be with 
or without diarrhea, include villous atrophy, 
edema and/or necrosis of the lamina propria 
of the gut wall, and nodular tracts and aggre¬ 
gations of eosinophils indicating damage by 
migrating strongyle larvae. Special tests are 
now detailed for the examination of digestive 
efficiency in the horse. These are listed in 
the next section. Increased venous pressure 
in the portal circuit caused by congestive 
heart failure or hepatic fibrosis also causes 
diarrhea. 

The question of whether or not enteritis 
in animals causes intestinal hypermotility 
and increased peristalsis, resulting in diar¬ 
rhea, remains unresolved. If hypermotility 
and increased peristalsis cause diarrhea, 
antimotility drugs may be indicated in some 
causes of acute infectious diarrhea. Current 
concepts on the pathophysiology of the com¬ 
mon diarrheas associated with infectious 
agents (such as enterotoxigenic Escherichia 
coli) indicate that there is a net increase in 


the flow of intestinal fluid into the lumen 
and a decrease in outflow back into the sys¬ 
temic circulation, which causes distension of 
the intestine with fluid. The hydraulic effect 
of the distension can cause diarrhea, and 
hypermotility is probably not necessary. In 
addition, because of the temporary malab¬ 
sorption that exists in infectious enteritides, 
and the presence of infectious agents and 
enterotoxins in the lumen of the intestine, 
the emphasis should be on evacuation of the 
intestinal contents and not on the use of 
anticholinergic drugs to inhibit evacuation. 
Furthermore, it is unlikely that the anticho¬ 
linergics will have any significant effect on 
the secretory-absorptive mechanisms that 
have been altered by an enteropathogen. 

CONSTIPATION 

Constipation is the decreased frequency 
of defecation accompanied by feces that 
contain a decreased concentration of water. 
The feces vary in consistency from being 
hard to dry and of small bulk. True consti¬ 
pation, as it occurs in humans, is usually 
characterized by failure to defecate and 
impaction of the rectum with feces. When 
the motility of the intestine is reduced, the 
alimentary transit time is prolonged and 
constipation or scant feces occurs. Because 
of the increased time afforded for fluid 
absorption, the feces are dry, hard, of small 
bulk, and are passed at infrequent intervals. 
Constipation may also occur when defeca¬ 
tion is painful, such as in cattle with acute 
traumatic reticuloperitonitis. 

SCANT FECES 

Scant feces are small quantities of feces, 
which may be dry or soft. Scant feces are most 
common in cattle with abnormalities of the 
forestomach or abomasum resulting in the 
movement of only small quantities of ingesta 
into the small and large intestines (an outflow 
abnormality). The details are available in 
Chapter 8. When there is complete intestinal 
stasis the rectum may be empty except for 
blood-tinged, thick, pasty material. 

Common causes of constipation or scant 
feces are as follows: 

• Diseases of the forestomach and 
abomasum causing failure of outflow 

• Impaction of the large intestine in the 
horse and the sow 

• Severe debility, as in old age 

• Deficient dietary bulk, usually fiber 

• Chronic dehydration 

• Partial obstruction of large intestine 

• Painful conditions of the anus 

• Paralytic ileus 

• Grass sickness in horses 

• Cauda equina syndrome in any 
species 

• Polyneuritis equi 

• Chronic zinc poisoning in cattle 

• Terminal stages of pregnancy in 
cows. 


ILEUS (ADYNAMIC AND 
DYNAMIC ILEUS) 

Ileus is a state of functional obstruction of 
the intestines or failure of peristalsis. It is also 
known as paralytic ileus or adynamic ileus. 
Dynamic or mechanical ileus is a state of 
physical obstruction. In paralytic ileus there 
is loss of intestinal tone and motility as a 
result of reflex inhibition. This can occur 
in acute peritonitis, excessive handling of 
viscera during surgery, and prolonged and 
severe distension of the intestines as in intes¬ 
tinal obstruction or enteritis. Ileus can also 
be caused by acid-base imbalance, dehydra¬ 
tion, electrolyte imbalances such as hypocal¬ 
cemia and hypokalemia, and toxemia. Ileus 
can affect the stomach, causing delayed 
gastric emptying and subsequent dilatation 
with fluid and gas. The effect of ileus on the 
intestines is to cause failure of orocaudal 
movement of fluid, gas, and ingesta and 
accumulation of these substances, which 
results in intestinal distension and varying 
degrees of abdominal pain, dehydration, and 
a marked reduction in the amount of feces. 
Distension of the abdomen, fluid-tinkling, 
fluid-splashing sounds, and pings on percus¬ 
sion of the abdomen are common clinical 
findings. Impaction of the large intestine of 
horses is a form of ileus. 

Postoperative ileus of the small and 
large intestines is a common complication of 
surgical treatment for colic in the horse. 2 5 
The clinical findings include gastric reflux 
because of gastric distension with fluid, 
absence of or minimal intestinal peristaltic 
sounds, an absence of feces, abdominal pain, 
distended loops of intestine palpable per 
rectum, and varying degrees of shock and 
dehydration as a result of intestinal fluid 
sequestration and a decrease in fluid absorp¬ 
tion. Infarction of the intestinal wall associ¬ 
ated with an acute mechanical obstruction of 
the intestine also results in ileus. In throm¬ 
boembolic colic caused by verminous mes¬ 
enteric arteritis in the horse, large segments 
of the large colon and cecum can become 
infarcted, resulting in irreversible ileus. 

The etiology and pathogenesis of ileus in 
farm animals are not well understood. Sym¬ 
pathetic hyperactivity is thought to be a 
factor. The gastroileal reflex is one example 
of the influence of the activity of one part 
of the digestive tract on that of another; 
inhibition of gastric motility when the ileum 
is distended is called ileogastric reflex. 
Immediate cessation of all intestinal move¬ 
ment (adynamic ileus) follows distension 
of an intestinal segment, rough handling of 
the intestine during abdominal surgery, or 
peritoneal irritation. Adynamic ileus oper¬ 
ates through three pathways: general sympa¬ 
thetic discharge of the peripheral reflex 
pathway through the iliac and mesenteric 
plexuses and the intramural plexuses. The 
treatment of ileus depends on the original 
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Table 7-1 

Medications with potential prokinetic actions in 

horses (see text for references) 

Drug 

Mechanism of action Proposed dose 

Potential indications 


Parasympathomimetics 

Bethanechol Direct acting muscarinic 0.025 mg/kg BW, IV or SC every 4-6 h 

receptor agonist 


Neostigmine 

Benzamides 

Metoclopramide 

Cisapride 

Mosapride 

Tegaserod 


Indirect acting 
cholinesterase 


5-HT4 agonist, 5-HT3 
and D2 antagonist 

5-HT4 agonist, 5-HT1 
antagonist 

5-HT4 agonist 
5-HT agonist 


0.0044-0.022 mg/kg BW, IV, IM or SC; 

4 mg SC every 6 h; 2 mg SC every 2 h 

0.04 mg/kg BW/h, IV CRI 

0.1-0.25 mg/kg BW/h, IV over 60 min; 
0.1 mg/kg BW, IM 

1-2 mg/kg BW, PO, every 24 h 
0.27 mg/kg BW, PO every 12 h 


Disorders requiring promotion of gastric or cecal emptying. 
Postoperative ileus, gastroesophageal reflux in foals 

Caecal and large colon impactions inhibitor 


Disorders requiring promotion of gastric and small 
intestinal motility, post-operative ileus, anterior enteritis 

Disorders requiring promotion of gastric and small 
intestinal motility, post-operative ileus, anterior enteritis 

Gastric impactions, small intestinal ileus, cecal impactions 
Large colon impactions 


Sodium channel blockers 

Lidocaine Unknown 


Macrolide antimicrobials 

Erythromycin Stimulation of motilin 

receptors 

Dopamine antagonists 

Domperidone D2-receptor antagonist 


.3 mg/kg BW, IV (loading dose) followed Post-operative ileus, anterior enteritis 
by 0.05 mg/kg BW/min CRI 


0.5-1 mg/kg BW in saline, IV over 
60 min 


0.2 mg/kg BW, IV 


0.25 mg/kg BW in saline, IV over 60 min 
mg/kg BW in saline, IV 


a-Adrenergic antagonists 

Yohimbine oq-Adrenergic receptors 0.15 mg/kg BW, IV every 3 h 

antagonist 

Tolazoline oc 2 -Adrenergic receptors 

antagonist 

Atipamezole oc 2 -Adrenergic receptors 0.03-0.06 mg/kg BW, IM 

antagonist 

Acepromazine Nonspecific a-adrenergic 0.01 mg/kg BW, IV or IM 4 h 

receptors antagonist 


Opioid antagonists 

Naloxone Opioid antagonist 

/V-methyInaltrexone Opioid antagonist 


0.05 mg/kg BW, IV 

0.75 mg/kg BW, IV every 12 h 


Disorders requiring promotion of gastric and small 
intestinal motility, post-operative ileus, cecal impactions 

Disorders requiring promotion of gastric and small 
intestinal motility, post-operative ileus 

Post-operative ileus 

Unknown over 60 min 

Unknown; possible prevention of 
a-adrenergic-induced ileus 

Post-operative ileus 


Unknown, possible large colon impactions, opioid-induced 
ileus 

Unknown, possible large colon impactions, opioid-induced 
ileus 


BW, body weight; IM, intramuscularly; IV, intravenously; PO, orally; SC, subcutaneously; CRI, constant rate infusion. 


cause. Physical obstruction of the intestines 
and torsion of the stomach must be corrected 
surgically. 

Management of postoperative ileus and 

ileus associated with proximal duodenitis- 
jejunitis (anterior enteritis) includes correc¬ 
tion of fluid and electrolyte abnormalities, 
relief of gastric distension, and administra¬ 
tion of prokinetic drugs. Lidocaine (ligno- 
caine, loading dose 1.5 mg/kg followed by 
0.033 mg/kg/min intravenously) adminis¬ 
tered prophylactically to horses undergoing 
exploratory laparotomy because of abdomi¬ 
nal pain reduces the severity and duration of 
postoperative ileus. 46 

Motility of the gastrointestinal tract can 
be modified by administration of a number of 


compounds (Table 7-1).' 11 Clinical utility is 
documented for administration of lidocaine 
to horses with postoperative ileus (see earlier 
information) and for erythromycin in cattle 
following surgery for abomasal disease. 7,8 

ALIMENTARY TRACT 
HEMORRHAGE 

Hemorrhage into the stomach or intestine is 
a common occurrence in farm animals. The 
main causes include the following: 

• Gastric or abomasal (rarely duodenal) 
ulcers 

• Severe hemorrhagic enteritis 

• Structural lesions of the intestinal wall, 
e.g., adenomatosis, neoplasia 


• Infestation with blood-sucking 
nematodes, e.g., bunostomiasis, 

• Local vascular engorgement or 
obstruction as in intussusception and 
verminous thrombosis 

Hemorrhage into the stomach results in the 
formation of acid hematin, which makes 
vomitus a dark brown color like coffee 
grounds, and feces have a black or very dark 
brown, tarry appearance (melena). The 
change in appearance of the feces caused 
by hemorrhage into the intestine varies with 
the level at which the hemorrhage occurs. 
If the blood originates in the small intestine, 
the feces may be brown-black, but if it origi¬ 
nates in the colon or cecum, the blood is 
unchanged and gives the feces an even red 
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color. Hemorrhage into the lower colon and 
rectum may cause the voiding of feces con¬ 
taining or consisting entirely of clots of 
whole blood (hematochezia). 

If there is any doubt about the presence 
of blood in the feces or vomitus, biochemical 
tests should be performed. The hemorrhage 
may be sufficiently severe to cause anemia 
and, in particularly severe cases, acute peri¬ 
pheral circulatory failure. In cattle the most 
sensitive test is one using a dilute alcoholic 
solution of guaiac as the test reagent. It is 
capable of detecting a daily blood loss into 
the abomasum of as small a volume as 
70 ml. Transit time of blood from aboma¬ 
sum to rectum in normal cows varies from 7 
to 19 hours. 

ABDOMINAL PAIN 

The pain associated with diseases of the 
abdominal viscera causes similar signs 
regardless of the viscus or organ involved 
and careful clinical examination is necessary 
to locate the site of the lesion. The manifesta¬ 
tions of abdominal pain vary with the 
species, with horses being particularly sensi¬ 
tive, but they are comprised largely of abnor¬ 
malities of behavior and posture. Pain as a 
systemic state is presented in general terms 
in Chapter 5, including its effects on body 
systems and methods for its detection. 

Readily identifiable syndromes of abdom¬ 
inal pain referable to the alimentary tract 
include the following. 

Horses 

• Acute pain: Pawing, flank-watching, 
rolling 

• Subacute pain: Lesser degree of 
flank-watching, often excessive pawing, 
lying down frequently without rolling, 
stretching out as if to urinate, males 
may extrude the penis, walking 
backward, dog-sitting posture, lying on 
back, impulsive walking 

• Peritoneal pain: Rigidity of the 
abdominal wall, pain on palpation. 

Cattle 

• Acute pain: Downward arching of back 
with treading of the hind feet, lying 
down (rolling is uncommon), calves will 
lie down and bellow with severe 
abdominal pain, as in abomasal torsion 

• Subacute pain, including peritoneal 
pain: Back arched upward, grunting on 
walking or lying down, grunting on deep 
palpation of the abdomen, immobility 


DIFFERENTIAL DIAGNOSIS 


The disease states likely to be mistaken for the 
above categories of alimentary tract pain are 
• Acute pain: Paresthesia, e.g., in 
photosensitive dermatitis of cows; 


pleuropneumonia in the horse; uterine 
torsion in the mare and cow; urticaria as in 
milk allergy in cows; renal and urethral 
colic; compulsive walking, e.g., in hepatic 
disease; lead poisoning; dysuria or 
obstruction of urinary tract generally; 
laminitis; and lactation tetany in mares 
• Subacute pain: Encephalopathy, possibly 
hepatic insufficiency 


COMMON CAUSES OF 
ALIMENTARY TRACT PAIN 
Horses 

• Acute pain: All causes of intestinal 
obstruction, gastric dilatation, enteritis 
generally, acute colitis, rarely 
salmonellosis 

• Subacute pain: Thromboembolic colic, 
impaction of the large intestine, ileal 
hypertrophy 

Cattle 

• Acute pain: Intestinal obstruction, 
especially by phytobezoars; poisoning 
by kikuyu grass, Andromeda sp., 
Oleander sp., and water hemlock 

(Cicuta sp.) 

• Subacute pain: Traumatic 
reticuloperitonitis and peritonitis 
generally, abomasal volvulus 

TENESMUS 

Tenesmus, or persistent straining, is common 
in many diseases of the organs of the pelvic 
cavity; therefore, it is not necessarily a diag¬ 
nostic sign of disease in the lower alimentary 
tract. It is sometimes associated with fre¬ 
quent defecation caused by neurologic stim¬ 
ulation of peristalsis. Common causes of 
tenesmus are listed by species in the follow¬ 
ing sections. 

Cattle 

• Lower alimentary tract disease, 
e.g., colitis and proctitis caused by 
coccidiosis 

• Genital tract disease, e.g., severe 
vaginitis, retained placenta 

• Estrogen toxicity in steers, e.g., estrogen 
implantation, fusariotoxicosis 

• 4-Aminopyridine poisoning, methiocarb 
poisoning 

• Lower spinal cord lesions: spinal cord 
abscess, rabies 

• Idiopathic 

Horses 

• Tenesmus does not usually occur except 
during parturition. 

Pigs 

• Constipation in parturient sows; also 
dystocia 


SHOCK AND DEHYDRATION 

Acute rapid distension of the intestine or 
stomach causes reflex effects on the heart, 
lungs, and blood vessels. The blood pressure 
falls abruptly, the temperature falls below 
normal, and there is a marked increase in 
heart rate. In acute intestinal accidents in 
horses that terminate fatally in 6 to 12 hours, 
shock is the major cause of death. There 
appears to be some species difference in the 
susceptibility to shock because similar acci¬ 
dents in cattle rarely cause death in less than 
3 to 4 days; acute ruminal tympany is an 
exception and may exert its effects rapidly, 
causing death in a very short time after its 
onset. Less severe distension, vomiting, and 
diarrhea cause clinically recognizable dehy¬ 
dration and abnormalities of electrolyte 
concentration and acid-base balance. Deter¬ 
mination of the relative importance of shock 
and dehydration in a particular case at a par¬ 
ticular time is one of the challenges in gas¬ 
troenterology. The subject is considered in 
detail in a later section. 

ABDOMINAL DISTENSION 

Distension of the abdomen is a common 
manifestation of disease of the alimentary 
tract. Generally, abdominal distension asso¬ 
ciated with the alimentary tract is caused by 
distension of viscera with gas or fluid. The 
degree of abdominal distension depends on 
the viscera that are distended, the species 
involved, and the age of the animal. Abdomi¬ 
nal distension is most pronounced when 
large viscera of adult cattle and horses are 
distended. Distension of the small intestines 
in adult cattle and horses is not reliably 
detected on rectal examination but can be 
detected by percutaneous ultrasound exami¬ 
nation of the abdomen. 12 ' 14 

Occasional cases of abdominal distension 
are caused by pneumoperitoneum, which 
usually follows abdominal surgery. In rumi¬ 
nants the most common causes are disten¬ 
sion of the rumen, abomasum, cecum, and 
large intestine, and the details of which are 
presented in Chapter 8. Abdominal disten¬ 
sion in horses and pigs is usually caused by 
distension of the large intestine. Gastric dila¬ 
tation of the horse does not cause abdominal 
distension. Ascites is a cause of abdominal 
distension in all species but can be difficult 
to detect in horses. 

Abdominal distension can be symmetric, 
asymmetric, or more pronounced dorsally or 
ventrally on one or both sides. The severity 
can vary from mild and barely detectable to 
so severe that the skin over the abdominal 
wall has sufficient tension that it cannot be 
picked up or “tented.” Determination of the 
cause of the distension requires careful 
examination of the abdomen by inspection, 
palpation, percussion, and simultaneous 
auscultation. Rectal palpation is used to 
determine the location and nature of 















distended viscera. Diseases of other body 
systems that cause abdominal distension 
and must be considered in the differential 
diagnosis include advanced pregnancy and 
hydrops allantois. 

The alimentary tract diseases of simple- 
stomached animals in which abdominal dis¬ 
tension can be a manifestation include the 
following: 

• Intestinal tympany: Caused by excessive 
gas production caused by abnormal 
fermentation in the large intestine of 
horses and pigs 

• Obstruction of the large intestine: In 
horses and pigs as a result of their 
torsion or miscellaneous constrictions 
caused by adhesions, usually as a result 
of peritonitis 

• Retention of the meconium: In foals 
this is often accompanied by severe 
distension of the colon and abdomen 

Obstruction of the small intestine may cause 
abdominal distension but not to the degree 
that occurs in distension of the large intes¬ 
tine. In all the previously mentioned dis¬ 
eases, acute abdominal pain is common. 

ABNORMAL NUTRITION 

Failure of normal motor, secretory, digestive, 
or absorptive functions causes impairment 
of the nutrient supply to body tissues. Inani¬ 
tion or partial starvation results, and the 
animal fails to grow, loses BW, or shows 
other signs of specific nutritional deficien¬ 
cies. Ancillary effects include decreased 
appetite when gut motility is decreased; in 
many cases in which motility is increased 
and there is no toxemia, the appetite is 
increased and may be voracious. 


Special Examination 

The general aspects of the clinical examina¬ 
tion of the alimentary tract and abdomen of 
farm animals are described in Chapter 1. 
Some additional or special examination 
techniques and procedures are included in 
the following sections. 

NASOGASTRIC INTUBATION 

RUMEN OF CATTLE 

Examination of the rumen contents is often 
essential to assist in determination of the 
state of the rumen environment and digesta. 
Passage of a stomach tube into the rumen 
will determine the patency of the esophagus 
and if there is increased intraruminal pres¬ 
sure associated with a frothy or free-gas 
bloat. In a free-gas bloat, large quantities of 
gas are usually released within a minute. In 
a frothy bloat, the ruminal end of the tube 
may become occluded by the froth and very 
little if any gas is released. Moving the tube 
back and forth within the rumen and blowing 
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air into the tube to clear the ruminal end may 
result in the release of some gas. 

When the tube is in the rumen, some 
rumen juice can be siphoned or pumped 
out and collected in an open beaker for field 
and laboratory analysis. The color, depend¬ 
ing on the feed to a limited extent, will be 
green, olive-green or brown-green. In cattle 
on pasture or being fed good quality hay, 
the color is dark green. When silage or 
straw is the diet the color is yellow-brown. 
In grain overload the color is milky gray, 
and in rumen stasis of long duration with 
putrefaction, the color is greenish-black. 
The consistency of the rumen contents is 
normally slightly viscid, and watery rumen 
content is indicative of inactive bacteria and 
protozoa. Excess froth is associated with 
frothy bloat as in primary ruminal tympany 
or vagus indigestion. The odor of the rumen 
contents is normally aromatic and, although 
somewhat pungent, not objectionable to the 
nose. A moldy, rotting odor usually indi¬ 
cates protein putrefaction, and an intensely 
sour odor indicates an excess of lactic acid 
formation caused by grain or carbohydrate 
engorgement. The pH of the rumen juice 
varies according to the type of feed and 
the time interval between the last feeding 
and taking a sample for pH examination. 
The normal range, however, is between 6.2 
and 7.2. The pH of rumen juice should be 
examined immediately after the sample is 
obtained, using a wide range pH (1-11) 
paper. High pH values (8-10) will be 
observed when putrefaction of protein is 
occurring in the rumen or if the sample is 
mixed with saliva. Low pH values (4-5) are 
found after the feeding of carbohydrates. 
Generally, a pH below 5 indicates carbo¬ 
hydrate engorgement; this pH level will be 
maintained between 6 and 24 hours after 
the animal has actually consumed the car¬ 
bohydrate diet. Microscopic examination 
of a few drops of rumen fluid on a glass 
slide with a low-power field will reveal the 
level of protozoon activity. Normally five 
to seven protozoans are active per low- 
power field. In lactic acidosis the proto¬ 
zoa are usually absent or a few dead ones 
are visible. 

DECOMPRESSION OF 
DISTENDED RUMEN 

In adult cattle with severe abdominal disten¬ 
sion caused by gross distension of the rumen 
it is difficult, if not impossible, to assess the 
status of the abdomen. To determine whether 
the rumen is distended and/or to relieve the 
pressure a large-bore stomach tube should be 
passed (Colorado Kingman tube: 2 m long 
and 3-cm inside diameter). In vagus indiges¬ 
tion, the rumen may be grossly distended 
with fluid contents, which will gush out 
through a large-bore tube. In some cases 100 
to 150 L of rumen contents may be released. 
If no contents are released the contents may 
be frothy or mushy and the rumen end of the 


tube will plug almost instantly. Rumen lavage 
may then be attempted using a water hose to 
deliver 20 to 40 L of water at a time followed 
by back drainage using gravity flow. After the 
rumen is partially emptied it is usually pos¬ 
sible to more accurately assess the rumen 
and the abdomen. 

DECOMPRESSION OF THE 
HORSE'S STOMACH 

Attempts to pass a nasogastric tube in the 
horse will usually detect complete or partial 
obstruction of the esophagus. In gross dis¬ 
tension of the stomach in the horse, there 
is an immediate rush of fluid contents as 
soon as the cardia is passed (gastric reflux). 
The technique of gastric decompression is 
therapeutic and diagnostic. Gastric disten¬ 
sion is a highly painful feature of some colic 
cases, and the mere pain relief of gastric 
decompression facilitates the clinical exami¬ 
nation. The retrieval of significant volumes 
(2 L or more) of sequestrated gastric fluid is 
also an extremely specific indicator of intes¬ 
tinal obstruction, especially small-intesti¬ 
nal obstruction, and a reasonably specific 
indicator that surgical intervention is 
necessary. 

MEDICAL IMAGING 
RADIOGRAPHY 

Because of their large size, and the presence 
of substantial amounts of gas in the large 
intestine, abdominal radiography has not 
been used routinely as a diagnostic aid in 
mature horses with abdominal pain. Simi¬ 
larly, in mature cattle the sheer size of the 
abdomen and the gas in the rumen has not 
favored abdominal radiography except for 
identifying the presence of metal objects in 
the reticulum. Esophageal radiography is, 
however, useful for the diagnosis of disorders 
of swallowing in horses. 

Foals, calves, and small horses are too 
small to be palpated per rectum, and abdom¬ 
inal radiography, with and without contrast 
media, has been used diagnostically in colic 
of foals. A standard lateral abdominal radi¬ 
ography is a valuable diagnostic aid in the 
foal with colic. The site of the lesion, whether 
gastric, small, or large intestinal, or a combi¬ 
nation of all three, can be determined from 
the radiographs. The sensitivity of radiogra¬ 
phy in detecting gastrointestinal lesions in 
neonatal foals was found to be 96%, and the 
specificity was 71%. 

Knowledge of the radiographic appear¬ 
ance of the normal neonatal abdomen is 
important before lesions can be reliably 
detected. The standing lateral radiographic 
of the normal abdomen of the neonatal foal 
is characterized by the following: 

• A gas cap over fluid and ingesta in the 
stomach 

• Small collections of gas in the small 
intestine in the cranial and midcentral 
abdomen 
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• Gas caps over fluid and ingesta in the 
cecum and large colon, seen in the 
caudodorsal abdomen 

• Small amounts of gas in the small colon 
and inconsistent gas in the rectum, seen 
at the pelvic inlet 

Abdominal radiography has also been used 
for the diagnosis of enterolithiasis and sand 
accumulation as causes of colic. 15 ' 18 The tech¬ 
nique provides a high positive predictive 
value and is cost-effective in high-prevalence 
areas. 

ABDOMINAL ULTRASONOGRAPHY 

Abdominal ultrasonography has been used 
to identify small intestine intussusceptions, 
large-colon displacements, abdominal vis¬ 
cera, and neoplasms. The technique requires 
only several minutes in the hands of an expe¬ 
rienced clinician. 14 

Horse 

Abdominal ultrasonography is a diagnostic 
aid that is used for evaluation of equine colic 
and to assist in differentiation of medical 
from surgical colics. 19 ' 21 

It is accurate in identifying horses with 
abnormal small intestines. Completely dis¬ 
tended small intestine is associated with an 
increased risk of strangulating obstruction 
(odds ratio [OR] 6.3), inability to visualize 
the left kidney (OR 31 for left dorsal dis¬ 
placement), and thickened large colon (OR 
12 for large-colon strangulating volvulus). 22 
Detecting increased thickness of the wall of 
the large intestine during ultrasonography 
is a reproducible and accurate preoperative 
test for large-colon torsion in horses with 
surgical colic localized to the large colon. 20 
The duodenum of the horse can be evalu¬ 
ated by ultrasonography. The technique has 
been used to detect large-intestinal sand 
accumulations. 23 Gastrointestinal activ¬ 
ity patterns have been evaluated in healthy 
horses using B-mode and Doppler ultra¬ 
sonography. 24 The anatomy and biomet¬ 
ric analysis of the thoracic and abdominal 
organs in healthy foals from birth to 
age 6 months have been evaluated with 
ultrasonography. 25 

Cattle 

Abdominal ultrasonography is an ideal diag¬ 
nostic aid for the investigation of gastro¬ 
intestinal diseases, the most common of 
which include traumatic reticuloperitonitis, 
left and right displacement of the abomasum, 
duodenal obstruction, hemorrhagic bowel 
syndrome, omasal disease, ileus of the small 
intestine, and dilatation and displacement of 
the cecum. 12,13,26 The various divisions of the 
small intestine can be differentiated from 
one another with the exception that the 
ileum cannot be differentiated from the 
jejunum. In normal cows, in which the intes¬ 
tine is full of ingesta, all parts of the intestine 
have a relatively large diameter. In cows with 
ileus, the loops of intestine proximal to the 


ileus are distended, and those distal to the 
ileus are empty. 

ENDOSCOPY 

Gastroscopic examination is limited to 
monogastric animals and has particular 
utility in horses and foals. It is useful in con¬ 
firming the presence or absence of gastric 
ulcers, impaction, neoplasia, and inflamma¬ 
tory disease. The procedure involves passage 
of a flexible endoscope of at least 3 m in 
length for the adult horse and approximately 
13 mm in diameter. 27 Case preparation is 
important to ensure that the stomach and 
proximal duodenum can be completely visu¬ 
alized. Feed should be withheld for approxi¬ 
mately 16 hours and water for no less than 
1 hour. Horses are usually sedated before 
commencing the examination. Insufflation 
of the stomach is essential for a thorough 
examination, although it has been associated 
with segmental volvulus in a small number 
of cases. 28 

A complete examination of the stomach 
is important, and the presence or absence 
of squamous ulceration cannot be used as 
a predictor for the presence or absence of 
glandular ulceration. 27 Observation of the 
squamous mucosa is relatively easy, whereas 
passage through to the pyloric antrum is 
more technically demanding. However, 
observation of the pyloric antrum is critical 
because the majority of glandular ulceration 
occurs in this region. 29 ' 31 Observation of the 
most ventral portion of the fundus is typi¬ 
cally not possible because of the presence of 
fluid. The fluid can be suctioned out via the 
biopsy channel of the gastroscope; however, 
this is usually not necessary because ulcer¬ 
ation in this region is rare. 27 

LAPAROSCOPY 

In this procedure a laparoscope is passed 
through an incision in the abdominal wall of 
either the left or right paralumbar fossa. Feed 
must be withheld for 36 hours, analgesia is 
provided during the procedure, and abdo¬ 
minal insufflation with carbon dioxide is 
required to separate the viscera for viewing. 
Laparoscopy in standing horses is a valuable 
diagnostic aid for examination of the struc¬ 
tures in the dorsal regions of the abdomen. 
In the standing horse, the anatomic struc¬ 
tures of importance that can be viewed in 
the left half of the abdomen are the hepatic 
duct, left lateral and quadrate lobes of the 
liver, stomach, left kidney with associated 
nephrosplenic ligament, segments of the 
jejunum, descending colon and ascending 
colon, left side of the male and female repro¬ 
ductive tracts, urinary bladder, vaginal ring, 
and mesorchium. The important structures 
observable in the right side of the abdomen 
are the common hepatic duct, left lateral, 
quadrate and right lobes of the liver, caudate 
process of the liver, stomach, duodenum, 
right dorsal colon, epiploic foramen, omental 


bursa, right kidney, base of the cecum, seg¬ 
ments of jejunum, descending colon and 
ascending colon, urinary bladder, right half 
of the male and female reproductive tracts, 
and rectum. 

In the dorsally recumbent horse under 
general anesthesia, with laparoscopy the 
main structures of diagnostic relevance in 
the caudal region of the abdomen are the 
urinary bladder, mesorchium, ductus def¬ 
erens (left and right), left and right vaginal 
rings, insertion of the prepubic tendon, 
random segments of jejunum and descend¬ 
ing colon, the pelvic flexure of the ascending 
colon, body of the cecum, and cecocolic fold. 
The main structures observed in the cranial 
region of the abdomen are the ventral surface 
of the diaphragm; falciform ligament and 
round ligaments of the liver; ventral portion 
of the left lateral, left medial, quadrate, and 
right lateral lobes of the liver; spleen; right 
and left ventral colons; sternal flexure of 
the ascending colon; apex of the cecum; 
and stomach. Alterations in cardiovascular 
and respiratory functions in response to the 
pneumoperitoneum and various positional 
changes indicated a need for continuous 
and thorough anesthetic monitoring and 
support. 

EXPLORATORY LAPAROTOMY 
(CELIOTOMY) 

An exploratory laparotomy is useful for pal¬ 
pating and inspecting the abdominal viscera 
as a diagnostic aid in cattle, sheep, and horses 
of all ages. Cost and time are important 
factors, but if abdominal disease is suspected 
and other diagnostic techniques cannot 
identify the location and nature of the abnor¬ 
mality, a laparotomy is highly desirable. 

TESTS OF DIGESTION AND 
ABSORPTION 

Digestion and absorption of nutrients are 
complex, interrelated functions of the gastro¬ 
intestinal tract. Failure in one or more of 
normal motility and enzymatic digestion of 
food and absorption of simple sugars, fat, 
and protein by the small intestine can result 
in inadequate assimilation of nutrients from 
the gastrointestinal tract. Tests of small- 
intestinal digestion, absorption, or both have 
been devised for use in monogastrics. These 
tests take advantage of the rapid appearance 
in blood of products of digestion, or of com¬ 
pounds that are readily absorbed without 
digestion. 

Indications for these tests include the 
following: 

• Weight loss of undetermined cause 
suspected to be from failure of 
absorption of food by the small 
intestine 

• Diarrhea of suckling foals suspected to 
be from failure of the foal to digest 
lactose (lactase deficiency) 








• Suspected protein-losing enteropathy of 

older foals and adult horses 
Low serum protein and albumin concentra¬ 
tions with small-intestinal disease can be 
caused by failure of digestion of proteins and 
absorption of amino acids or leakage of 
plasma proteins into the intestine. Some 
horses with protein-losing enteropathy have 
abnormal tests of intestinal digestion and 
absorption of sugars. Contraindications 
include the presence of obstructive lesions of 
the gastrointestinal tract, risk of worsening 
the disease process by the period of fasting 
required for most of the tests (such as in 
ponies with hyperlipemia), or known adverse 
reactions of the animal to any of the test 
substances. 

Interpretation of the test is based on the 
concentration of the variable of interest 
(usually glucose or xylose) in blood over a 
period of time after administration of the test 
meal (usually by nasogastric intubation). 
Concentration of the metabolite or marker of 
interest in blood is plotted against time, and 
the shape of the curve, highest concentration 
attained, time to attain the highest concen¬ 
tration, and elevation over baseline values 
(i.e., those measured immediately before 
administration of the test meal) are com¬ 
pared against values obtained from clinically 
normal horses or foals. Blood concentrations 
of glucose or xylose that are lower than 
expected (so called “flat curve”) can be indic¬ 
ative of alterations in gastrointestinal func¬ 
tion that hinder propulsion, digestion, or 
absorption of nutrients. Thus tests of diges¬ 
tion and absorption alone rarely provided 
sufficient information to make a definitive 
diagnosis of the functional disorder. The 
exception to this rule is the modified lactose 
tolerance test in foals (see later). Interpreta¬ 
tion of the results of oral tests of absorption 
is often confounded by factors that alter 
gastrointestinal function, such as feed with¬ 
holding or enteritis or conditions that alter 
removal of the test compound from blood 
like reduced insulin sensitivity. This is par¬ 
ticularly the case for tests that depend on 
measurement of blood glucose concentra¬ 
tion. Blood glucose concentrations are deter¬ 
mined in the absorptive state by the difference 
in rates of absorption of glucose from the 
small intestine into blood and removal of 
glucose from blood by uptake into muscle, 
adipose tissue, and metabolically active 
tissues. Conditions that enhance glucose 
uptake from the blood can result in low 
peak blood glucose concentrations, and 
conditions that decrease insulin sensitivity 
(as is seen in fat horses) can result in high 
blood glucose concentrations. The use of 
D-xylose as an indicator of small-intestinal 
absorption is intended to avoid these effects 
of variable glucose disposal. Therefore the 
values obtained with oral tests of absorption 
and digestion should be interpreted with 
caution and should be considered in light of 
all clinical and laboratory data available for 
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the animal. Sedation does not affect D-xylose 
uptake in horses. 32 

GLUCOSE ABSORPTION TEST 

The oral glucose tolerance test is one of the 
simplest tests of small-intestinal absorptive 
capacity to perform. However, because of the 
many factors that affect blood glucose con¬ 
centration, including factors not related to 
small-intestinal absorptive capacity, results 
of the test can on occasion be difficult to 
interpret. Oral glucose tolerance testing can 
produce abnormal results in horses with dis¬ 
eases that do not involve the small intestine, 
such as lower motor neuron disease or poly¬ 
saccharide storage myopathy. On the other 
hand, the oral glucose tolerance test is often 
used because of the ready availability of 
glucose for oral administration and routine 
nature of measurement of blood glucose 
concentrations. 

The main indications for performing oral 
glucose tolerance testing include unex¬ 
plained weight loss believed to be associated 
with gastrointestinal disease and suspected 
protein-losing enteropathy. Contraindica¬ 
tions are those listed previously. In addition, 
care should be exercised in performing the 
test in horses at increased risk of laminitis, 
because rapid passage of unabsorbed glucose 
into the large colon and cecum can cause 
laminitis. 

Horses undergoing oral glucose tolerance 
testing are first fasted for 12 to 18 hours. 
Access to water should be provided. Glucose 
is given by stomach tube at 1 g/kg BW of 
anhydrous glucose (or comparable) as a 10% 
to 20% solution in water. Blood for measure¬ 
ment of glucose concentration is collected 
immediately before and every 30 minutes for 
4 to 6 hours after glucose administration. 
Some protocols involve less frequent (hourly) 
collection of blood. One protocol requires 
collection of blood samples before and 120 
minutes after administration of glucose. This 
last protocol is not recommended because 
early or delayed peaks in blood concentra¬ 
tion are not detected. The blood glucose con¬ 
centration in the normal horse increases 
by at least 85% (from 90 up to 180 mg/dL 
[5.0-10.0 mmol/L]) with peak blood con¬ 
centrations attained 90 to 150 minutes 
after administration of glucose. Horses with 
partial malabsorption have increases in 
blood glucose concentration of 15% to 85% 
of baseline values, and horses with complete 
malabsorption have no increase or less than 
15% increase in blood glucose concentration 
by 2 hours. Blood concentrations of glucose 
in normal horses return to resting values in 
approximately 6 hours. The shape of the 
curve is affected by the horse’s previous diet, 
and the curve is much lower in horses fed on 
stored feeds such as hay and grain compared 
with horses eating pasture of clover and 
grass. 

Horses with weight loss and complete 
failure of absorption of glucose are likely to 


have extensive infiltrative disease of the small 
intestine such as lymphosarcoma or granulo¬ 
matous enteritis. Of 25 horses with partial 
failure of glucose absorption, 18 (62%) had 
structural abnormalities of the small intes¬ 
tine. Clearly abnormal results of the oral 
glucose tolerance test appear to be fairly spe¬ 
cific for severe and widespread small-intesti¬ 
nal disease. Care should be taken when 
interpreting results that deviate only margin¬ 
ally from normal values. 

STARCH DIGESTION TEST 

A suitable test for the evaluation of gastric, 
small-intestinal, and pancreatic function is 
the starch digestion test. The test relies on the 
presence of amylase in the small intestine 
with subsequent cleavage of starch into 
glucose, which is then absorbed into the 
blood. The horse is fasted for 18 hours and 
then given corn starch (1 kg in 4 L of water 
or 2 g/kg BW) by stomach tube. A pretreat¬ 
ment blood sample is matched with others 
taken at 15, 30, 60, 90, and 120 minutes and 
then hourly to 6 hours. 

In the normal horse there is an increase 
in blood glucose levels of about 30 mg/dL 
(1.7 mmol/L; from 90 up to 120 mg/dL [5.0- 
6.7 mmol/L]), with the peak occurring at 1 
to 2 hours and the curve returned to pre¬ 
treatment level at 3 hours. The test can be 
affected by the diet of the horse before 
testing. 

LACTOSE DIGESTION TEST 

Newborn animals rely on ingestion of milk 
sugar (lactose) as an important source of 
energy until weaning. Lactose is digested in 
the proximal small intestine by lactase, a 
disaccharidase present in the brush border of 
intestinal epithelial cells that cleaves lactose 
into glucose and galactose. Loss of small- 
intestinal production of lactase, such as 
occurs in some bacterial and viral enteritides 
including rotavirus infection, results in 
failure to cleave lactose and passage of the 
sugar to the hind gut. Fermentation of lactose 
in the hind gut causes acute and sometimes 
severe osmotic diarrhea. A prime indication 
for the oral lactose tolerance test is therefore 
acute diarrhea in neonates being fed milk. 
The test is also important because a positive 
test (i.e., demonstration of lactose intoler¬ 
ance) provides a clear indication for feeding 
lactose-free milk or providing supplemental 
lactase in the animal’s diet. 

An oral lactose digestion test has been 
devised for foals. Lactose (1 g/kg BW) is 
given by stomach tube in a 20% solution to 
a foal that has been fasted for 2 to 4 hours. 
In foals and young horses up to 3 years of age 
there is a rise in blood glucose levels from 
86 ± 11 mg/dL (4.8 + 0.1 mmol/L) up to 153 
± 24 mg/dL (8.5 ± 1.3 mmol/L), with a peak 
achieved in 90 minutes, and the level returns 
to pretreatment levels in 5 hours. In foals of 
1 to 12 weeks of age the plasma glucose con¬ 
centration should rise by at least 35 mg/dL 
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(1.9 mmol/L) and peak within 40 minutes of 
the administration of the lactose. With this 
test no changes in blood sugar levels occur 
in horses over 4 years of age. Instead there is 
abdominal discomfort followed by diarrhea, 
with feces the consistency of cow feces for 
the next 24 hours. Sucrose and maltose are 
readily digested by the intestine of the adult 
horse, but not by newborn foals. Maximum 
levels of the relevant intestinal disacchari- 
dases (sucrase and maltase) are not achieved 
until 7 months of age. The oral lactose diges¬ 
tion test is likely to be of value as a monitor 
of epithelial damage in young horses. In 
humans the ability to hydrolyze lactose is 
one of the first functions of the intestinal 
mucosa to be lost in which there is epithelial 
damage in the gut. It is also one of the 
last functions to return in the recovering 
patient. The loss of intestinal lactase may be 
the pathogenetic basis of the diarrhea that 
occurs in rotavirus infections in neonates. 
Lactase digestion is impaired in calves with 
mild diarrhea. Calves with acute diarrhea are 
in a catabolic state and respond with a larger 
increase in plasma glucose concentration to 
a given amount of glucose than do healthy 
calves. 

A modification of the oral lactose toler¬ 
ance test in foals includes a second evalua¬ 
tion in foals in which there is failure of blood 
glucose concentrations to increase by the 
appropriate amount after oral administration 
of lactose. At least 8 hours after the first test, 
foals are fed a meal of lactose-free milk, or of 
milk to which lactase has been added. Blood 
glucose concentrations are measured, and an 
increase of at least 35 mg/dL (1.9 mmol/L) is 
interpreted as evidence of lactase deficiency. 
Such animals can then be maintained on a 
diet of lactose-free milk. Diarrhea usually 
resolves in 24 hours but returns within hours 
of feeding milk containing lactose. 

An alternative to the lactose tolerance 
tests described earlier is to simply feed the 
foal lactose free milk for several days. The 
foal must not have access to mares milk or 
milk-based feed supplements during this 
time. Some foals have prompt resolution of 
diarrhea when fed only lactose-free milk. 

XYLOSE ABSORPTION TEST 

D-Xylose is used to evaluate small-intestinal 
absorptive function because it is not metabo¬ 
lized by tissues, which is an advantage over 
the oral glucose tolerance test. D-xylose 
absorbed from the intestinal tract is excreted 
unchanged in the urine within 15 hours of 
dosing. Concentrations of D-xylose in blood 
are therefore dependent only on the rate of 
absorption from the intestine and rate of 
excretion into the urine. However, the com¬ 
pound is more expensive than glucose, and 
measurement of D-xylose in blood requires a 
particular analysis that might not be readily 
available. Indications for the test are the same 
as those for the oral glucose tolerance test 
described earlier. 


D-Xylose, at a dose rate of 0.5 g/kg BW as 
a 10% solution, is administered by stomach 
tube after a starve of 18 hours. A maximum 
blood xylose level of 30 mg/dL (2.0 mmol/L) 
at 1.5 hours is a normal result in adult 
horses. In normal foals the peak blood con¬ 
centration of xylose is reached in 30 to 60 
minutes, and the level attained varies with 
age, being highest (47 mg/dL[3.14 mmol/L]) 
at 1 month of age and lowest (19 mg/dL 
[1.25 mmol/L]) at 3 months (the pretreat¬ 
ment reading should be zero). In abnormal 
horses the xylose curve is flat (a peak of 
7-13 mg/dL [0.5 mmol/L] at 60 to 210 
minutes) contrasted with a peak of 20 mg/dL 
[1.3 mmol/L] at 60 minutes in normal 
horses. As an initial checking test, one post¬ 
dosing sample at 2 hours is recommended. 

Interpretation of the test is influenced by 
the customary diet of tested animals and feed 
deprivation. Horses receiving a high-energy 
diet have a lower absorption curve than 
horses on a low-energy diet. The test is also 
affected by the duration of deprivation of 
feed. In mares deprived of feed for 72 and 96 
hours, the rate of D-xylose absorption and 
the maximum concentrations of D-xylose in 
plasma were reduced. For example, apparent 
low absorption can be caused by increased 
transit time through the gut, perhaps from to 
excitement. 

Low blood concentrations of xylose occur 
in horses with small-intestinal infiltrative 
disease, such as lymphosarcoma or granulo¬ 
matous enteritis. The test appears to be quite 
specific (low false-positive rate) for small- 
intestinal disease, but the sensitivity (false¬ 
negative rate) is unknown. Peak xylose 
concentration is significantly (P = 0.048) 
higher in horses with suspected inflamma¬ 
tory bowel disease that survive (1.36 ± 
0.44 mmol/L) than nonsurvivors (0.94 ± 
0.36 mmol/L). 33 

A D-xylose absorption curve has been 
determined for cattle. The xylose (0.5 g/kg 
BW) is deposited in the abomasum by abo- 
masocentesis, and a peak of blood glucose is 
attained in about 90 minutes. 

SUCROSE ABSORPTION TEST 

The sucrose absorption test differs from the 
other tests in this section in that abnormal 
results are associated with detection of 
sucrose in blood or urine of horses. Sucrose 
is not normally absorbed intact; it is usually 
cleaved by disaccharidases in the small intes¬ 
tine into glucose and fructose, which are 
then absorbed. Intact sucrose is absorbed 
across compromised gastric mucosa, and 
detection of sucrose in blood or urine indi¬ 
cates the presence of gastric ulceration, 
because mammals neither synthesize nor 
metabolize sucrose. The sucrose absorption 
test involves administration of 250 g of 
sucrose to an adult horse that has been fasted 
overnight. Blood samples for measurement 
of serum sucrose concentration are collected 
at 0, 15, 30, 45, 60, and 90 minutes after 


dosing. Alternatively, a urine sample is col¬ 
lected 2 hours after dosing (the bladder 
must be emptied immediately before dosing). 
Peak serum sucrose concentrations occur 
45 minutes after administration, and peak 
values correlate with the severity of gastric 
ulceration. Horses with minimal lesions have 
serum sucrose concentrations of 103 pg/pL, 
whereas horses with the most severe lesions 
have concentrations of 3400 pg/pL. 

RADIOACTIVE ISOTOPES 

A technique used for determining whether a 
protein-losing enteropathy is present is based 
on the examination of feces for radioactivity 
after the intravenous administration of a 
radioactive agent. 51 Cr 13 C-labeled plasma 
protein has been used for this purpose. Simi¬ 
larly, administration of radioactively labeled 
leukocytes reveals the presence of small- 
intestinal inflammatory disease in horses. 
The test is quite specific, in that false-positive 
tests are uncommon, but not very sensitive. 

ABDOMINOCENTESIS FOR 
PERITONEAL FLUID 

Peritoneal fluid reflects the pathophysiologi¬ 
cal state of the parietal and visceral mesothe- 
lial surfaces of the peritoneum. Collecting a 
sample of peritoneal fluid is useful in the 
diagnosis of diseases of the peritoneum and 
the abdominal segment of the alimentary 
tract. It is of vital importance in horses in the 
differential diagnosis and prognosis of colic 
and in cattle in the diagnosis of peritonitis. 

EQUINE AND BOVINE 
PERITONEAL FLUID 

Normal peritoneal fluid is a transudate with 
properties as summarized in Tables 7-2 and 
7-3. It has functions similar to those of other 
tissue fluids. It contains mesothelial cells, 
lymphocytes, neutrophils, a few erythro¬ 
cytes, and occasional monocytes and eosino¬ 
phils. The following general comments apply: 

• It can be examined in terms of physical 
characteristics, especially color, 
translucence, specific gravity, clotting 
time, biochemical composition, cell 
volume, cell morphology, and cell type. 

• Examination of the fluid may help 
determine the presence in the peritoneal 
cavity of 

• Peritonitis (chemical or infectious) 

• Infarction of a segment of gut wall 

• Perforation of the alimentary tract 
wall 

• Rupture of the urinary bladder 

• Leakage from the biliary system 

• Intraperitoneal hemorrhage 

• Peritoneal neoplasia 

• The reaction of the peritoneum varies 
with time, and a single examination can 
be dangerously misleading. A series of 
examinations may be necessary, for 
example, in acute cases at intervals of as 
short as an hour. 
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Table 7-2 Guidelines for the classification and interpretation of bovine peritoneal fluid 




Classification 
of fluid 

Physical 

appearance 

Total 

protein 

(g/dL) 

Specific 

gravity 

Total RBC x 
10 6 /pL 

Total WBC 
x 10 6 /pL 

Differential WBC 

count 

Bacteria 

Particulate 

matter 

(plant 

fiber) 

Interpretation 

Normal 

Amber, crystal 
clear 1-5 mL 
per sample 

0.1-3.1 
(1.6) 

Does not 

clot 

1.005- 

1.015 

Few from 
puncture of 
capillaries 
during 
sampling 

0.3-5.3 

Polymorphonuclear 
and mononuclear 
cells, ratio 1:1 

None 

None 

Increased amounts 
in late gestation, 
congestive heart 
failure 

Moderate 

inflammation 

Amber to pink, 
slightly turbid 

2.8-7.3 
(4.5) 

May clot 

1.016- 

1.025 

0.1-0.2 

2.7-40.7 

(8.7) 

Nontoxic 
neutrophils, 
50%-90%; 
macrophages 
may predominate 
in chronic 
peritonitis 

None 

None 

Early stages of 
strangulation, 
destruction of 
intestine; 
traumatic 
reticuloperitonitis; 
ruptured bladder; 
chronic peritonitis 

Severe 

Serosanguineous, 

3.1-5.8 

1.026- 

0.3-0.5 

2.0-31.1 

Segmented 

Usually 

May be 

Advanced stages of 

inflammation 

turbid, viscous 
10-20 mL per 
sample 

(4.2) 

Commonly 

clots 

1.040 


(8.0) 

neutrophils, 

70%-90%; 

presence of 

(toxic) 

degenerate 

neutrophils 

containing 

bacteria 

present 

present 

strangulation 
obstruction; 
acute diffuse 
peritonitis; 
perforation of 
abomasal ulcer; 
rupture of uterus, 
stomachs, or 
intestine 

RBC, red blood cell; WBC, white blood cell. 









Table 7-3 Characteristics of equine peritoneal fluid in selected diseases of horses 



Disease 

Protein 

concentration 

Total nucleated cell 

count 

Cytological comments 

Other variables 

Comments 

Normal horse 

<2.1 g/dL 

<9 x 10 9 cells/L 

Approximately 50% each 

Lactate <1 mmol/L (always 

Clear and slightly yellow 


<21 g/L 

<9 x 10 3 cells/pL 
(TNCC is usually 
substantially lower in 
clinically normal horses) 

of nondegenerate 
neutrophils and 
mononuclear cells 

< plasma (lactate)); 

Glucose <2.0 mmol/L 
different from blood 
glucose; pH > 7.45; 
fibrinogen < 300 mg/dL 
(3 g/L) 

Creatinine = serum 
creatinine 

No red blood cells 

Not malodorous 

Culture does not yield 
growth 

Normal late 

<2.5 g/dL 

<0.9 x 10 9 cells/L 

<40% neutrophils; no 

Fluid usually readily 


gestation mare 

<25 g/L 

<900 cells/pL 

degenerative changes. 
<20% lymphocytes 

obtained; clear and 
slightly yellow 


Normal postpartum 

<2.5 g/dL 

<5.0 x 10 9 cells/L 

<50% neutrophils; no 

Fluid usually readily 


(<7 days) mare 

<25 g/L 

<5.0 x 10 3 cells/pL 

degenerative changes 
<10% lymphocytes 

obtained; clear and 
slightly yellow 


Dystocia but 

<2.5 g/dL 

2.7 x 10 9 (3.9) cells/L* 

50%-90% 

Fluid clear and yellow 


clinically normal 
mare (1 day) 

<25 g/L 

2.7 x 10 3 (3.9) cells/pL 

nondegenerate 
neutrophils; 40% 
mononuclear cells and 
10% lymphocytes 

Essentially normal fluid 
with small increases in 
TNCC and protein 
concentration 


Dystocia and 

4.4 (1.3) g/dL* 

27 x 10 9 (35) cells/L* 

70%-100% neutrophils, 

Increased red blood cell 

Fluid yellow or 

clinically 
abnormal mare 
(uterine rupture, 
vaginal tear) 

44 (13) g/L 

27 x 10 3 (35) cells/pL 

some of which are 
degenerate, <10% 
mononuclear cells and 
<10% lymphocytes 

count 

serosanguinous and 
cloudy; can be 
malodorous; culture 
can yield variety of 
bacteria; red cell count 
in mares with middle 
uterine artery rupture is 
high with normal TNCC 


Continued 
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Table 7-3 Characteristics of equine peritoneal fluid in selected diseases of horses—cont'd 


Disease 

Protein 

concentration 

Total nucleated cell 

count 

Cytological comments 

Other variables 

Comments 

Peritonitis, septic 

S.2 (4.0-6.0) g/dL 

131 (7-7 00) x 10 9 cells/L 1 

Almost all neutrophils. 

pH < that of blood; 

Fluid usually dark yellow. 


SO (40-60) g/L 

131 (7-700) x 10 3 cells/pL 

many of which have 
degenerative changes 
Some neutrophils 
contain bacteria in 
many cases; plant 
material with rupture 
of intestine 

glucose < blood 
(difference 

< 2.0 mmol/L or 50 mg/ 
dL); peritoneal glucose 

< 30 mg/dL 

(1.5 mmol/L); fibrinogen 
> 200 mg/dL (2.0 g/L) 

brown, or 
serosanguinous 

Can be green if severe 
rupture of intestine or 
stomach; cloudy. 
Malodorous; culture yields 
bacteria 

Peritonitis, 

2.7 (0.7-4.9) g/dL 1 

13 (0.4-516) X 10 9 cells/L 9 

Mostly neutrophils 

No abnormalities 

Fluid yellow and clear 

nonseptic (e.g., 
nonstrangulating, 
nonischemic 
obstructive lesion 
of the bowel) 

27 (7-49) g/L 

13 (0.4-516) x 10 3 cells/pL 

(>50%) 

Nondegenerate 

No bacteria detected 

No plant or foreign 
material 

pH > that of blood 

Not malodorous; no 
bacteria isolated on 
culture 

Strangulating 

S.2 (4.0-6.0) g/dL 1 

131 (7-7 00) x 10 9 cells/L 1 

Almost all neutrophils. 

Lactate 8.5 ± 5.5 mmol/L 

Serosanguinous fluid 

intestinal lesion 
or ruptured 
intraabdominal 
viscus 

Nonstrangulating 

obstruction 

50 (40-60) g/L 

131 (7-700) x 10 3 cells/pL 

many of which have 
degenerative changes 
Some neutrophils 
contain bacteria in 
many cases; plant 
material with rupture 
of intestine 

Lactate 2.1 ± 2.1 mmol/L 

Cloudy if ruptured 

Peritonitis caused 

2.5-8.4 g/dL 

46-810 x 10 9 cells/L 

>80% neutrophils, most 


Cream, orange, brown or 

by Actinobacillus 
equuli 

25-84 g/L 

46-810 x 10 3 cells/pL 

of which do not have 
signs of degeneration 
Low numbers of 
gram-negative 
pleomorphic rods, 
both intracellular and 
extracellular 


red fluid; turbid; not 
malodorous; growth of 
Actinobacillus equuli on 
culture 

Intraabdominal 

>2.5 g/dL 

>10 x 10 9 cells/L 

>80% nondegenerate 


Yellow to white; slightly 

abscess 

>25 g/L 

>10 x 10 3 cells/pL 

neutrophils; usually no 
bacteria detected on 
Gram stain 


cloudy; culture will 
occasionally yield x 
causative bacteria 
(usually Streptococcus 
equi) 

Hemoperitoneum 

3.2-6.3 g/dL 

<10 x 10 9 cells/L 

Differential similar to 

High red cell count 

Serosanguinous to frankly 


32-63 g/L 

<10 x 10 3 cells/pL 

blood 

Mostly nondegenerate 
neutrophils, 
erythrophages, and 
hemosiderophages as 
hemorrhage resolves 

(2.4-8.6 x 10 12 cells/L, 

2.4-8.6 x 10 6 cells/pL) 

bloody 

Intraabdominal 

<2.5 g/dL 

<10 x 10 9 cells/L 

Abnormal cells not 


Clear and yellow; often 

neoplasia 
(lymphosarcoma, 
gastric squamous 
cell carcinoma) 

<25 g/L 

<10 x 10 3 cells/pL 

detected in most cases 
Care should be taken 
not to mistake reactive 
lymphocytes for 
neoplastic lymphocytes 


subjective assessment 
of increased quantity 
(increased ease of 
collection of a large 
quantity of fluid) 

Uroperitoneum 

<2.5 g/dL 

<10 x 10 9 cells/L 

Normal differential, 

Creatinine > serum 

Large amount of fluid 


<25 g/L 

<10 x 10 3 cells/pL 

might see calcium 
carbonate crystals in 
adult horses with 
uroperitoneum 

creatinine concentration 
Urea nitrogen > serum 
urea nitrogen 
concentration 

Potassium > serum 
potassium 
concentration 

Clear to very pale yellow 
Uriniferous odor 

Data from Frazer G. et al. Theriogenology 1997; 48:919; van Hoogmoed L. et al. J Am Vet Med Assoc 1996; 209:1280; van Hoogmoed L. et al. J Am Vet Med Assoc 

1999; 214:1032; Pusterla N et al. J Vet Intern Med 2005; 19:344; Latson KM et al. Equine Vet J 2005; 37:342; Matthews S et al. Aust Vet J 2001; 79:536. 

TNCC, Total nucleated cell count. 

*Mean (standard deviation [SD]). 
f Median (range). 
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• A significant reaction in the peritoneal 
cavity may be quite localized, so a 
normal sample of fluid collected at 
one point in the cavity may not be 
representative of the entire cavity. 

• Changes in peritoneal fluid, especially 
its chemical composition, e.g., lactate 
level, may be a reflection of a systemic 
change. The examination of a 
concurrently collected peripheral 
blood sample will make it possible to 
determine whether the changes are in 
fact restricted to the peritoneal cavity. 

• As in any clinicopathologic examination 
the results must be interpreted with 
caution and only in conjunction with 
the history and clinical findings. 

Specific Properties of Peritoneal Fluid 
(Normal and Abnormal) 

Color 

Normal fluid is crystal clear, straw-colored 
to yellow. Turbidity indicates the presence 
of increased leukocytes and protein, which 
may include fine strands of fibrin. 

A green color suggests food material; 
intense orange-green indicates rupture of the 
biliary system. A pink-red color indicates 
presence of hemoglobin; degenerated eryth¬ 
rocytes; entire erythrocytes; and damage to 
the vascular system by infarction, perfora¬ 
tion, or hydrostatic pressure. A red-brown 
color indicates the late stages of necrosis of 
the gut wall, the presence of degenerated 
blood and hemoglobin, and damage to gut 
wall with hemorrhage. 

Whole blood, clear fluid streaked with 
blood, or heavily bloodstained fluid indi¬ 
cates that the sample has been collected from 
the spleen or a blood vessel or that there is 
hemoperitoneum. Rupture of the uterus or 
bladder or dicoumarol poisoning are also 
possibilities. 

A dark green sample containing motile 
protozoa with very few leukocytes and no 
mesothelial cells indicates that the sample 
has been collected from the gut lumen. 
Enterocentesis has little apparent clinical 
affect in normal horses, although an occa¬ 
sional horse will show a transient fever. 
However, puncture of a devitalized loop of 
intestine may lead to extensive leakage of gut 
contents and fatal peritonitis. The effect of 
enterocentesis of normal gut on peritoneal 
fluid is consistently to increase the neutro¬ 
philic count, which persists for several days. 

Cellular and Other Properties 

Surgical manipulation of the intestinal tract 
during exploratory laparotomy or intestinal 
resection and anastomosis in the horse 
results in a significant and rapid postopera¬ 
tive peritoneal inflammatory reaction. Mani¬ 
pulation of the viscera causes injury to the 
mesothelial surfaces. Total and differential 
nucleated cell counts, red blood cell numbers, 
and total protein and fibrinogen concentra¬ 
tions were all elevated on the first day after 


the surgery and remained elevated for up to 
7 days in a study of this phenomenon. 

In cattle, exploratory celiotomy and 
omentopexy result in an increase in the total 
nucleated cell count by a factor of 5 to 8, 
minor increases in specific gravity, and 
increases in total protein concentration by a 
factor of up to 2. These changes appear by 2 
days after surgery and continue to increase 
through to day 6. 

Particulate matter in peritoneal fluid 
suggests either fibrin clots/strands or gut 
contents caused by leakage from a perforated 
or ruptured gut wall. 

High specific gravity and high protein 
content are indicative of vascular damage 
and leakage of plasma protein, as in perito¬ 
nitis or mural infarction. 

The volume and viscosity of fluid varies. 
A normal flow is 1 to 5 ml per sample. 
A continuous flow with 10 to 20 mL per 
sample indicates excess fluid caused by a 
ruptured bladder or ascites (clear yellow), 
acute diffuse peritonitis (yellow, turbid), and 
infarction or necrosis of gut wall (thin, red- 
tinged). The higher the protein content, as 
the peritoneal fluid shifts from being a tran¬ 
sudate to an inflammatory exudate, the 
higher the viscosity becomes. Highly viscous 
fluid may clot. 

Cells 

A rapid staining method, using a modified 
Wright’s stain, makes a stained slide ready for 
examination within 5 minutes. The value of 
the technique is in indicating the number of 
leukocytes and other cells present, and in dif¬ 
ferentiating the types of cell. 

An increase in total white cell count 
of the fluid including a disproportionate 
number of polymorphonuclear cells indi¬ 
cates acute inflammation, which may have 
an infectious origin or else be sterile. An 
increase in mononuclear phagocytes from 
the peritoneum is an indication of chronic 
peritonitis. Degenerate and toxic neutro¬ 
phils suggest the probability of infection 
being present. An increase in the number of 
mesothelial cells with the distinctive pres¬ 
ence of actively dividing mitotic figures sug¬ 
gests neoplasia. 

Bacteria found as phagocytosed inclu¬ 
sions in leukocytes, or by culture of fluid, 
indicate an infective peritonitis, which may 
arise by hematogenous spread, in which case 
the infection is likely to be a specific one. If 
there has been leakage from a peritoneal 
abscess the same comment applies, but if 
there is leakage through a segment of devital¬ 
ized or perforated bowel wall there is likely 
to be a mixed infection and possibly particu¬ 
late matter from bowel contents. 

Entire erythrocytes, often accompanied 
by some hemoglobin, indicate either hemo¬ 
peritoneum, in which case there should be 
active phagocytosis of erythrocytes, or that 
the sample has been inadvertently collected 
from the spleen. The blood is likely to be 


concentrated if there has been sufficient time 
for fluid resorption across the peritoneum. 
Splenic blood has a higher packed cell 
volume (PCV) also, but there is no erythro- 
phagocytosis evident in the sample. A PCV 
of less than 5% in peritoneal fluid suggests 
extravasation of blood from an infarcted or 
inflamed gut wall; a PCV of more than 20% 
suggests a significant hemorrhage. 

Abdominocentesis in Horses 

In the horse the recommended site for para¬ 
centesis is on the ventral midline, 25 cm 
caudal to the xiphoid (or midway between 
the xiphoid and the umbilicus). Following 
surgical preparation and subcutaneous infil¬ 
tration of an anesthetic, a stab incision is 
made through the skin and subcutaneous 
tissues and into the linea alba. A 9-cm long 
blunt-pointed bovine teat cannula, or similar 
metal catheter, with the tip wrapped in a 
sterile swab to avoid blood and skin con¬ 
tamination, is inserted into the wound and 
manipulated until the incision into the linea 
alba can be felt. With a quick thrust the 
cannula is pushed through the linea alba into 
the peritoneal cavity. A “pop” is often heard 
on entry into the peritoneal cavity. Failure to 
incise into the linea alba first will cause many 
cannulas to bend and break. 

In most horses (about 75%) a sample of 
fluid is readily obtained. In others it takes a 
moment or two before the fluid runs out, 
usually spurting synchronously with the 
respiratory movements. Applying suction 
with a syringe may yield some fluid if there 
is no spontaneous flow. Normal fluid is clear, 
yellow, and flows easily through an 18-gauge 
needle. Two samples are collected, one in a 
plain tube and one in a tube with an anti¬ 
coagulant. If the fluid clots readily a few 
drops should be placed and smeared out on 
a glass slide and allowed to dry for staining 
purposes. 

In peritonitis, the total leukocyte count 
will increase markedly, but wide variation in 
the total count can occur between horses 
with similar conditions, and in the same 
horse within a period of hours. Variations are 
caused by the nature and stage of the lesion 
and by the total amount of exudate in the 
peritoneal cavity, which has a diluting effect 
on the total count. Total leukocyte counts 
ranging from 10,000 to 150,000 |TL have 
been recorded in peritonitis and in infarction 
of the intestine in horses. Experimentally, the 
intravenous injection of endotoxin into 
horses causes marked changes in the periph¬ 
eral blood cellular components, but there are 
no changes in the total white cell count of the 
peritoneal fluid. 

In healthy foals the reference values for 
peritoneal fluid are different from adult 
horses. The maximum peritoneal fluid nucle¬ 
ated cell counts in foals are much lower than 
in adult horses (1.5 X 10 /L versus 5.0 x 10 
/L). Nucleated cell counts greater than 1.5 x 
10 /L should be interpreted as elevated. 
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Peritoneal fluid abnormalities in mares 
within a week of foaling should be attributed 
to a systemic or gastrointestinal abnormality 
and not to the foaling event. The nucleated 
cell count, protein concentration, fibrinogen 
concentration, and specific gravity of perito¬ 
neal fluid from recently foaled mares should 
be normal; however, differential cell counts 
may be abnormal for up to 1 week after 
foaling. 

Risks 

Abdominocentesis is not without some 
danger, especially the risk of introducing 
fecal contents into the peritoneal cavity and 
causing peritonitis. This appears to be of 
major importance only if there are loops of 
distended atonic intestine situated on the 
ventral abdominal wall. This is a common 
occurrence in the later stages of intestinal 
obstruction that is still amenable to surgery. 
Puncture of a devitalized loop of intestine 
may cause a leakage of intestinal contents and 
acute diffuse peritonitis, which is rapidly 
fatal. Penetration of a normal loop of intestine 
occurs often enough to lead to the conclusion 
that it appears to have no ill effects. If a sample 
of peritoneal fluid is an important diagnostic 
need in a particular case, and the first attempt 
at paracentesis causes penetration of the gut, 
it is recommended that the attempt be 
repeated, if necessary two or three times, at 
more posterior sites. Repeated abdominocen¬ 
tesis does not cause alterations in peritoneal 
fluid constituents, and any significant changes 
are likely caused by alterations in the disease 
state present. The technique most likely to 
cause bowel penetration is the use of a sharp 
needle instead of the blunt cannula recom¬ 
mended, and forcibly thrusting the cannula 
through the linea alba without a prior inci¬ 
sion. When the suggested incision is made in 
the linea alba, the cannula can be pushed 
gently through while rotating it. 

Abdominocentesis in Cattle 

The choice of sites for paracentesis is a 
problem, because the rumen covers such a 
large portion of the ventral abdominal wall, 
and avoiding penetration of it is difficult. 
Cattle have a low volume of peritoneal fluid, 
and failure to obtain a sample is not unusual. 
The most profitable sites are those that, on an 
anatomic basis, consist of recesses between 
the forestomachs, abomasum, diaphragm, 
and liver. These are usually caudal to the 
xiphoid sternum and 4 to 10 cm lateral to the 
midline. Another recommended site is left of 
the midline, 3 to 4 cm medial, and 5 to 7 cm 
cranial to the foramen for the left subcutane¬ 
ous abdominal vein. A teat cannula similar 
to the one described for use in the horse is 
recommended but, with care and caution, a 
16-gauge 5-cm hypodermic needle may also 
be used. The needle or cannula is pushed 
carefully and slowly through the abdominal 
wall, which will twitch when the peritoneum 
is punctured. When this happens the fluid 


will usually run out into a vial without the 
aid of a vacuum. However, if it does not, a 
syringe may be used and the needle may be 
moved backward and forward in a search for 
fluid, with the piston of the syringe with¬ 
drawn. A further site is the right caudoven- 
tral abdominal wall medial to the fold of the 
flank, using a 3.8-cm 15-gauge needle. 

In calves, a reliable technique includes the 
use of sedation with intravenous xylazine 
hydrochloride and diazepam. The animal is 
placed in left lateral recumbency with the 
right hindlimb pulled dorsally and caudally. 
One site slightly dorsal and caudal to the 
umbilicus is prepared together with another 
site in the center of the inguinal region. The 
site is prepared with local anesthetic, and a 
14-gauge needle is introduced and directed 
slightly caudally and toward the midline 
while keeping it parallel to the inner abdomi¬ 
nal wall once the peritoneal cavity is entered. 
A 3.5-gauge urinary catheter (1.2 mm X 
56 cm sterile feeding tube) is inserted 
through the needle, and a 3-mL sterile 
syringe is attached to the catheter. Gentle 
suction is applied. The fluid is placed in a 
2-mL tube containing tripotassium ethylene- 
diaminetetraacetic acid (EDTA). A 14-gauge 
over-the-needle catheter can also be used, 
followed by insertion of a 3.5 French feeding 
tube. If fluid cannot be obtained from the 
first site, the inguinal site is used using the 
same basic technique and with the catheter 
directed slightly cranially toward the midline. 

Failure to obtain a sample does not pre¬ 
clude the possibility that peritonitis may be 
present: the exudate may be very thick and 
contain large masses of fibrin, or the perito¬ 
nitis may be localized. Also, animals that are 
dehydrated may have less peritoneal fluid 
than normal. Most animals from which 
samples cannot be obtained, however, are in 
fact normal. In animals in which peritonitis 
is strongly suspected for clinical reasons, up 
to four attempts at paracentesis should be 
made before aborting the procedure. The 
fluid should be collected into an anticoagu¬ 
lant, preferably EDTA, to avoid clotting. 

Abnormal peritoneal fluid in cattle is a 
highly sensitive indicator of peritoneal 
disease, but not a good indicator of the 
nature of the disease. The most pronounced 
abnormalities occur in acute diseases of the 
peritoneum; chronic peritonitis may be 
accompanied by peritoneal fluid that is 
almost normal. 

Examination of the fluid should take into 
account the following characteristics: 

• Large amounts (10-20 mL) of 
serosanguineous fluid suggest infarction 
or necrosis of the gut wall. 

• Heavily bloodstained fluid, whole blood, 
or fluid with streaks of blood through it 
are more likely to result from puncture 
of a blood vessel or from bleeding into 
the cavity, as in dicoumarol poisoning 
or with a neoplasm of the vascular 
system. 


• The same sort of bloodstained fluid as 
previously discussed may accompany a 
ruptured uterus or bladder or severe 
congestive heart failure. 

• Large quantities of yellowish-colored 
turbid fluid suggest acute diffuse 
peritonitis. The degree of turbidity 
depends on the number of cells and the 
amount of fibrin present. 

• Particulate food material in the sample 
indicates perforation or rupture of the 
gut, except that penetration of the gut 
with the instrument during collection 
may be misleading. Such samples are 
usually heavily fecal in appearance and 
contain no mesothelial cells. 

• Laboratory examination is necessary to 
derive full benefit from the sample. This 
will include assessment of the number 
and type of leukocytes present (the 
number is increased in peritonitis), 
neutrophils predominating in acute 
peritonitis, and monocytes in chronic 
forms; the number of erythrocytes 
present; whether bacteria are present 
inside or outside the neutrophils; and 
total protein content. 

The significant values for these items are 
included in Table 7-2. 

Reference values for peritoneal fluid con¬ 
stituents of normal adult cattle may be inap¬ 
propriate for interpretation of peritoneal 
fluid analysis in calves of up to 8 weeks of 
age. The peritoneal fluid nucleated cell count 
and mononuclear cell counts are higher in 
calves, and the eosinophil counts are lower 
than in adult cows. 

INTESTINAL AND LIVER BIOPSY 

An intestinal biopsy may be obtained from 
an exploratory laparotomy but is costly and 
time-consuming. Rectal biopsy is easily done 
and of low cost. It is a valuable diagnostic aid 
for evaluating certain intestinal diseases of 
the horse. Biopsy specimens are taken using 
minimal restraint and unaided by procto¬ 
scopic visualization in the standing horse. A 
rectal biopsy forceps is used to obtain the 
biopsy from the floor of the rectum approxi¬ 
mately 30 cm proximal to the anal sphincter. 
The technique for liver biopsy is presented in 
Chapter 9. 


Principles of Treatment in 
Alimentary Tract Disease 

Removal of the primary cause of the disease 
is essential, but a major part of the treatment 
of diseases of the alimentary tract is support¬ 
ive and symptomatic. This is aimed at reliev¬ 
ing pain and distension, replacement of 
fluids and electrolytes, correcting abnormal 
motility, and relieving tenesmus and recon¬ 
stitution of the digestive flora if necessary. 
Specific treatment for individual diseases is 







presented with each disease throughout this 
book. General principles are outlined here. 

RELIEF OF ABDOMINAL PAIN 

The relief of abdominal pain is of prime 
importance from a humane aspect, to prevent 
the animal from self-injury associated with 
falling and throwing itself against a wall or 
other solid objects, and to allay the concerns 
of the owner. No single analgesic is com¬ 
pletely satisfactory for every situation. Non¬ 
narcotic and narcotic analgesics that are in 
general use and the analgesics used in the 
important subject of equine colic are pre¬ 
sented later. 

RELIEF OF DISTENSION 

The relief of distension of the gastrointestinal 
viscera is a critical principle to minimize 
shock and to prevent rupture of the viscus. 
Relief of distension of the stomach of the 
horse with colic is accomplished by naso¬ 
gastric intubation. Distension caused by 
bloat in cattle can be relieved by stomach 
tube or trocarization of the rumen. Relief of 
distension of the large colon by percutaneous 
or per rectal trocarization is used in horses. 
Either technique can be useful in relieving 
distension and signs of abdominal pain, but 
potential complications include peritonitis, 
infection, and abscessation at the site of 
trocarization. 34 ' 35 

Relief of distension may be possible by 
medical means alone with the use of laxatives 
and purgatives when there is accumulation 
of ingesta without a physical obstruction. 
Surgical intervention is often necessary 
when the distension is associated with a 
physical obstruction. In functional disten¬ 
sion (paralytic ileus), relief of the atony or 
spasm can be effected by the use of drugs 
such as metoclopramide. Distension caused 
by intestinal or gastric accidents requires 
surgical correction. 

REPLACEMENT OF FLUIDS AND 
ELECTROLYTES 

Replacement of fluid and electrolytes lost in 
gastrointestinal disease is one of the most 
important principles of treatment. In gastric 
or intestinal obstruction, or when diarrhea is 
severe, it is necessary to replace lost fluids 
and electrolytes by the parenteral administra¬ 
tion of large quantities of isotonic glucose- 
saline or other physiologically normal 
electrolyte solutions. The amount of fluid lost 
may be very large and fluids must be given 
in quantities to replace losses and to support 
continuing losses and maintenance require¬ 
ments. In acute, severe dehydration in horses, 
such as occurs in acute intestinal obstruction, 
the amount of fluid required before and 
during surgery ranges from 50 to 100 mL/kg 
BW per 24 hours. It is critical that adminis¬ 
tration of fluid is commenced at the earliest 
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possible time because of the need to maintain 
homeostasis. Details of fluid therapy are 
given in Chapter 5. 

In young animals the need is much 
greater still and amounts of 100 mL/kg BW, 
given slowly intravenously, are commonly 
necessary and not excessive. The treatment 
of shock is also presented in Chapters 2 and 
9 and includes the administration of fluids, 
plasma or blood, and nonsteroidal antiin¬ 
flammatory drugs (NSAIDs). The use of 
intravenous administration of hypertonic 
saline followed by the ingestion of large 
quantities of water by the animal is another 
aspect of fluid therapy in gastrointestinal 
disease (see Chapter 5). 

CORRECTION OF 
ABNORMAL MOTILITY 

INCREASED MOTILITY 

When motility is increased, the administra¬ 
tion of atropine or other spasmolytics such 
as dipyrone or proquamezine is usually fol¬ 
lowed by the disappearance of the abdominal 
pain and a diminution of fluid loss. Meperi¬ 
dine, butorphanol, and pentazocine inhibit 
regular cyclic myoelectric activity in the 
jejunum. There is a need for some scientific 
clinical investigation into the desirability of 
treating intestinal hypermotility, if it does 
exist in enteritis, for example, and the effi¬ 
cacy of anticholinergics. Loperamide has 
an antidiarrheal effect in experimentally 
induced diarrhea in calves, but the mecha¬ 
nism of action does not involve changes in 
intestinal motility. 

DECREASED MOTILITY 

When gastrointestinal motility is decreased, 
the usual practice is to administer parasym¬ 
pathomimetic drugs or purgatives, usually 
combined with an analgesic. Prokinetic 
drugs such as metoclopramide hydrochlo¬ 
ride and cisapride monohydrate increase the 
movement of ingesta through the gastroin¬ 
testinal tract. They are useful because they 
induce coordinated motility patterns. 

Metoclopramide 

Metoclopramide, acting in the upper gas¬ 
trointestinal tract, increases acetylcholine 
release from neurons and increases cholin¬ 
ergic receptor sensitivity to acetylcholine. 
It is a dopamine antagonist and stimu¬ 
lates and coordinates esophageal, gastric, 
pyloric, and duodenal motor activity. It 
increases lower esophageal sphincter tone 
and stimulates gastric contractions, while 
relaxing the pylorus and duodenum. This 
results in accelerated gastric emptying and 
reduced esophageal reflux. The transit time 
of ingested material from the duodenum 
to the ileocecal valve is reduced because of 
increased jejunal peristalsis. It has little or no 
effect on colonic motility. The pharmacoki¬ 
netics of metoclopramide in cattle has been 
studied. 


Metoclopramide crosses the blood-brain 
barrier, where its dopamine antagonist activ¬ 
ity at the chemoreceptor trigger zone can 
result in an antiemetic effect. It can also 
result in involuntary activity including 
tremors, restlessness, and aggressive behav¬ 
ior characterized by charging and jumping 
walls. This can be reversed by the use of an 
anticholinergic such as diphenhydramine 
hydrochloride intravenously at 0.5 to 2.0 mg/ 
kg BW. 

Indications for metoclopramide include 
reflux esophagitis and gastritis, chronic gas¬ 
tritis associated with delayed emptying, 
abomasal emptying defects in ruminants, 
gastric stasis following gastric dilatation and 
volvulus surgery, and postoperative ileus. It 
is contraindicated in animals with physical 
obstruction of the gastrointestinal tract. 

In horses, the dose is 0.125 to 0.25 mg/kg 
BW diluted in multiple electrolyte solution 
and given intravenously over 60 minutes. It 
is used for stimulating equine gastric and 
small-intestinal activity at dose rates of 
0.25 mg/kg BW per hour when there is intes¬ 
tinal hypomotility. Given as continuous 
intravenous infusion of 0.04 (mg/kg)/h it can 
decrease the incidence and severity of persis¬ 
tent postoperative ileus following resection 
and anastomosis of the small intestine in 
horses without serious side effects. 

In cattle and sheep metoclopramide is 
used at 0.3 mg/kg BW subcutaneously every 
6 to 8 hours. Metoclopramide did not alter 
cecocolic myoelectrical activity in cattle. 

Cisapride 

Cisapride promotes gastrointestinal motility 
by enhancing the release of acetylcholine 
from postganglionic nerve endings of the 
myenteric plexus. It is more potent and has 
broader prokinetic activity than metoclo¬ 
pramide by increasing the motility of the 
colon as well as the esophagus, stomach, and 
small intestine. It is does not have dopami¬ 
nergic effects and does not have either the 
antiemetic or the extrapyramidal effects of 
metoclopramide. Cisapride is useful for the 
treatment of gastric stasis, gastroesophageal 
reflux, and postoperative ileus. In horses, it 
increases left dorsal colon motility and 
improves ileocecal junction coordination. 
The suggested dose is 0.1 mg/kg BW orally 
every 8 hours. Cisapride may have some 
value in the clinical management of cecal 
dilatation in cattle. 

Xylazine and Naloxone 
Although xylazine is used for alleviation of 
visceral pain in horses and cattle, it is not 
indicated in cecal dilatation in cattle because 
it reduces the myoelectric activity of the 
cecum and proximal loop of the ascending 
colon. Naloxone, a widely used opiate antag¬ 
onist with a high affinity for p-receptors, is 
also not indicated for medical treatment of 
cecal dilatation when hypomotility must be 
reversed. 
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Bethanechol and Neostigmine 
Bethanechol is a methyl derivative of carba- 
chol and classified as a direct-acting cholino¬ 
mimetic drug. Its action is more specific on 
the gastrointestinal tract and urinary bladder. 
Neostigmine, a cholinesterase inhibitor, is 
an indirect-acting cholinergic drug with 
motor-stimulating activities but only on 
the gastrointestinal tract. Bethanechol at 
0.07 mg/kg BW intramuscularly may be 
useful for medical treatment of cecal dilata¬ 
tion in cattle in which hypomotility of the 
cecum and proximal loop of the ascending 
colon must be reversed. Neostigmine at 
0.02 mg/kg BW intramuscularly increased 
the number of propagated spike sequences, 
but they were uncoordinated. 

RELIEF OF TENESMUS 

Tenesmus can be difficult to treat effectively. 
Long-acting epidural anesthesia and seda¬ 
tion are in common use. Combinations of 
xylazine and lidocaine may be used. Irriga¬ 
tion of the rectum with water and the appli¬ 
cation of topical anesthetic in a jelly-like base 
are also used. 

RECONSTITUTION OF RUMEN 
FLORA AND CORRECTION OF 
ACIDITY OR ALKALINITY 

When prolonged anorexia or acute indiges¬ 
tion occurs in ruminants, the rumen flora 
may be seriously reduced. In convalescence, 
the reconstitution of the flora can be has¬ 
tened by the oral administration of a suspen¬ 
sion of ruminal contents from a normal cow, 
or of dried ruminal contents, which contain 
viable bacteria and yeasts and the substances 
necessary for growth of the organisms. 

The pH of the rumen affects the growth 
of rumen organisms, and hyperacidity (such 
as occurs on overeating of grain), or hyper¬ 
alkalinity (such as occurs on overeating of 
protein-rich feeds), should be corrected by 
the administration of alkalinizing or acidify¬ 
ing drugs as needed. 

FURTHER READING 

Hudson NPH, Pirie RS. Equine post-operative ileus: a 
review of current thinking on pathophysiology and 
management. Equine VetEduc. 2015;1:39-47. 

Wong DM, et al. Motility of the equine gastrointestinal 
tract: physiology and pharmacotherapy. Equine Vet 
Educ. 2011;23:88-100. 
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Diseases of the Buccal 
Cavity and Associated 
Organs 

DISEASES OF THE MUZZLE 

Severe dermatitis with scab formation, devel¬ 
opment of fissures, and sloughing and gan¬ 
grene of the skin of the muzzle are common 
lesions in cattle affected with photosensitive 
dermatitis, bovine malignant catarrh, bovine 
virus diarrhea, and rinderpest. 

In sheep severe lesions of the muzzle are 
less common, but occur in bluetongue and 
ecthyma. 

In pigs, only the vesicular diseases— 
vesicular exanthema of swine (VES), swine 
vesicular disease, and FMD—cause such 
lesions on the snout and on other sites. The 
lesions are vesicular initially, and confusion 
has arisen in recent years because of isolated 
incidents in Australia and New Zealand in 
which such outbreaks occurred but no 
pathogenic agent was identified. 

Congenital lesions of solely the muzzle 
are rare; the congenital defect of harelip can 
be contiguous with a cleft palate. 

STOMATITIS 

Stomatitis is inflammation of the oral mucosa 
and includes glossitis (inflammation of the 
tongue), palatitis (lampas; inflammation of 
the palate), and gingivitis (inflammation 
of the mucosa of the gums). Clinically it is 
characterized by partial or complete loss of 
appetite, smacking of the lips, and profuse 
salivation. It is commonly an accompani¬ 
ment of systemic disease. 

ETIOLOGY 

Stomatitis can be caused by physical, chemi¬ 
cal, or infectious agents, with the last being 
the largest group of causes. The agents are 
listed next. 


Physical Agents 

• Trauma while dosing orally with a 
balling gun or similar instruments. 1 

• Laceration of the tongue. 

• Foreign body injury. 

• Malocclusion of teeth. 

• Sharp awns or spines on plants. The 
most common lesions are on the gums 
of cattle and sheep just below the corner 
incisors where tough grass is pulled 
around the corner of the incisor arcade. 
In spear grass country the alveoli are 
often stuffed full of grass seeds. Very 
young animals, e.g., 1- to 6-week-old 
lambs, are particularly susceptible to 
traumatic injury from abrasive feed. 
Among the most dramatic lesions are 
those in the mouths of horses. They are 
large (2-3 cm long and 5 mm wide) and 
linear in shape. They can be caused in 
horses or cattle by eating hairy 
caterpillars that infest pasture, 2 or by the 
awns in hay or chaff made from triticale 
(a hybrid of wheat and rye) and a yellow 
bristle grass ( Setaria lutescens ). 3 Foxtail 
awns can cause multiple painful nodules 
on the lips of horses that have eaten hay 
contaminated with the awns, 4 as can the 
seedheads of mouse barley ( Hordeum 
murinum ). 5 

• The strength and thickness of the awn 
in dwarf barley cultivars used to make 
silage fed to feedlot cattle in some 
regions is associated with mouth lesions. 
The incidence of tongue lesions in 
slaughter cattle in some areas can be 
about 19%, and the incidence is higher 
in cattle finished on silage from 
semidwarf rough awn (29.3%) compared 
with normal-stem rough awn (13.5%) 
and normal-stem smooth awn barley 
( 11 . 8 %). 

• Eating frozen feed and drinking hot 
water are recorded, but seem highly 
improbable. 

• Ulcers of the soft palate of horses can be 
caused by mechanical trauma associated 
with dorsal displacement of the soft 
palate. 

Chemical Agents 

• Irritant drugs, e.g., chloral hydrate, 
administered in excessive 
concentrations. 

• Counterirritants applied to skin, left 
unprotected, and licked by the animal, 
including mercury and cantharides 
compounds. 

• Irritant substances administered by 
mistake, including acids, alkalis, and 
phenolic compounds. 

• Manifestation of systemic poisoning, 
e.g., chronic mercury poisoning. 
Poisoning with bracken, Heracleum 
mantegazzianum , furazolidone, and 
some fungi ( Stachybotrys , Fusarium spp., 
and mushrooms) cause a combination 
of focal hemorrhages and necrotic ulcers 










or erosions. They are a common cause 
of confusion with vesicular or erosive 
disease. 

• Lesions associated with uremia 
syndrome in horses. 

Infectious Agents 

Cattle 

• Oral necrobacillosis associated with 
Fusobacterium necrophorum. 

• Actinobacillosis of the bovine tongue 
is not a stomatitis, but there can be 
one or two ulcers on the dorsum and 
sides of the tongue and on the lips. 
Characteristically, there is initially an 
acute diffuse myositis of the muscle of 
the tongue, followed by the development 
of multiple granulomas and 
subsequently fibrosis and shrinkage. 

• Ulcerative, granulomatous lesions 
may occur on the gums in cases of 
actinomycosis. 

• Stomatitis with vesicles occurs in FMD 
and in vesicular stomatitis (VS). 

• Erosive, with some secondary ulcerative, 
stomatitis occurs in bovine viral 
diarrhea (mucosal disease), bovine 
malignant catarrh, rinderpest, and rarely 
in bluetongue. Cases of infectious 
bovine rhinotracheitis in young calves 
may have similar lesions. 

• Proliferative lesions occur in papular 
stomatitis, proliferative stomatitis, and 
rare cases of rhinosporidiosis and 
papillomatosis where the oral mucosa is 
invaded. 

• Oral mucosal necrosis in bovine 
sweating sickness. 

• Nondescript lesions varying from 
erosions to ulcers occur late in the 
stages of many of the previously 
mentioned diseases when secondary 
bacteria have invaded the breaches 
in the mucosa. In some cases the 
involvement goes deeper still and a 
phlegmonous condition or a cellulitis 
may develop. Thus lesions that were 
initially vesicular are converted to what 
look like bacterial ulcers. Secondary 
infection with fungi, especially Monilia 
spp., may also occur. 

Sheep 

• Erosive lesions in bluetongue, rinderpest, 
and peste de petits ruminantes. 

• Vesicular lesions rarely in foot-and- 
mouth disease (FMD). 

• Granulomatous lesions caused by 
ecthyma are not unusual in the mouth, 
especially in young lambs. Similarly, oral 
lesions occur in bad cases of sheep pox, 
ulcerative dermatosis, coital exanthema, 
and mycotic dermatitis. 

Horses 

• Cheilitis and gingivitis (inflammatory 
nodules of the lips and gums caused by 
plant awns) 
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• Vesicular lesions in VS 

• Lingual abscess associated with 
Actinobacillus spp. 

Pigs 

• The vesicular diseases: FMD, VS, VES, 
and swine vesicular disease. 

Bullous Stomatitis 

• Bullous stomatitis has been reported in 
the horse and can be associated with a 
paraneoplastic pemphigus syndrome. 

Many other causes of stomatitis have been 
suggested, but the relationship of these con¬ 
ditions to the specific diseases listed previ¬ 
ously is unknown. It is common to find 
stomatitides that cannot be defined as 
belonging to any of these etiologic groups. 
An example is necrotic glossitis reported in 
feeder steers in the United States in which 
the necrotic lesions are confined to the ante¬ 
rior part of the tongue. 

PATHOGENESIS 

The lesions of stomatitis are produced by the 
causative agents being applied directly to the 
mucosa, or gaining entrance to it by way of 
minor abrasions, or by localization in the 
mucosa from a viremia. In the first two 
instances, the stomatitis is designated as 
primary. In the third, it is usually described 
as secondary because of the common occur¬ 
rence of similar lesions in other organs or on 
other parts of the body, and the presence of 
a systemic disease. The clinical signs of sto¬ 
matitis are caused by the inflammation or 
erosion of the mucosa and the signs vary in 
severity with the degree of inflammation. 

CLINICAL FINDINGS 

There is partial or complete anorexia and 
slow, painful mastication. Chewing move¬ 
ments and smacking of the lips are accompa¬ 
nied by salivation, either frothy and in small 
amounts, or profuse and drooling if the 
animal does not swallow normally. The 
saliva may contain pus or shreds of epithelial 
tissue. A fetid odor is present on the breath 
only if bacterial invasion of the lesion has 
occurred. Enlargement of local lymph nodes 
may also occur if bacteria invade the lesions. 
Swelling of the face is observed only in cases 
where a cellulitis or phlegmon has extended 
to involve the soft tissues. An increased 
desire for water is apparent and the animal 
resents manipulation and examination of the 
mouth. 

Toxemia may be present when the stoma¬ 
titis is secondary to a systemic disease or 
where tissue necrosis occurs. This is a feature 
of oral necrobacillosis and many of the sys¬ 
temic viremias. In some of the specific dis¬ 
eases, lesions may be present on other parts 
of the body, especially at the coronets and 
mucocutaneous junctions. 

Several different lesions of the oral cavity 
may be present and their characteristic 
appearances are as follows. The importance 


of vesicular diseases such as FMD means that 
the recognition and differentiation of these 
lesions assumes major importance. 

Erosions are shallow, usually discrete, 
areas of necrosis, which are not readily seen 
in the early stages. They tend to occur most 
often on the lingual mucosa and at the com¬ 
missures of the mouth. The necrotic tissue 
may remain in situ but is usually shed, 
leaving a very shallow discontinuity of the 
mucosa with a dark red base that is more 
readily seen. If recovery occurs, these lesions 
heal very quickly. 

Vesicles are thin-walled swellings 1 to 
2 cm in diameter filled with clear serous 
fluid. They are very painful and rupture 
readily to leave sharp-edged, shallow ulcers. 

Ulcerative lesions penetrate more deeply 
to the lamina propria and are painful, 
such as in necrotic stomatitis in calves asso¬ 
ciated with F. necrophorum. In lambs the 
tongue may be swollen and contain many 
microabscesses infected with Actinomyces 
(Corynebacterium) pyogenes. There is an 
accompanying abscessation of the pharyn¬ 
geal lymph nodes. 

Proliferative lesions are characterized by 
an abnormality raised above the surface of 
the mucous membrane such as in oral papil¬ 
lomatosis. Traumatic lesions are usually 
solitary and characterized by a discontinuity 
in the mucous membrane often with evi¬ 
dence of healing and the presence of granula¬ 
tion tissue. 

Catarrhal stomatitis is manifested by a 
diffuse inflammation of the buccal mucosa 
and is commonly the result of direct injury 
by chemical or physical agents. Mycotic sto¬ 
matitis is characterized by a heavy, white 
velvety deposit with little obvious inflamma¬ 
tion or damage to the mucosa. 

Deformity of or loss of tissue at the tip 
of the tongue may result in a chronic syn¬ 
drome of chewing and swallowing food in 
such a way that food is always oozing from 
between the lips. In sheep this may cause 
permanent staining of the hair around the 
mouth, creating an appearance similar to 
that of a tobacco chewer. Loss of the tip is 
usually the result of predator attack on a 
newborn or sick lamb. 

Laceration of the tongue can result in 
complete or partial severance of the organ, 
with the severed portion protruding from the 
oral cavity. In cattle, glossectomy interferes 
with prehension and the animal is unable to 
eat. Excessive loss of saliva is common 
because of interference with swallowing. 

Ulceration of the soft palate of horses 
may occur in 16% of horses with dorsal dis¬ 
placement of the soft palate and is character¬ 
ized clinically by reduced exercise tolerance, 
respiratory noise during light exercise or 
racing, dysphagia, and coughing after exer¬ 
cising. The ulcers can be viewed by upper 
respiratory airway videoendoscopy. Bullous 
stomatitis in the horse is characterized by 
intact or ruptured vesicles on the peripheral 
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margin of the tongue, the sublingual region, 
and the mucosa of the oral cavity and lips. 

CLINICAL PATHOLOGY 

Material collected from lesions of stomatitis 
should be examined for the presence of 
pathogenic bacteria and fungi. Transmission 
experiments may be undertaken with fil¬ 
trates of swabs or scrapings if the disease is 
thought to be caused by a viral agent. 

NECROPSY FINDINGS 

Oral lesions are easily observed, but complete 
necropsy examinations should be performed 
on all fatally affected animals to determine 
whether the oral lesions are primary or are 
local manifestations of a systemic disease. 


DIFFERENTIAL DIAGNOSIS 


• Particularly in cattle, and to a lesser extent 
in sheep, the diagnosis of stomatitis is most 
important because of the occurrence of 
oral lesions in a number of highly infectious 
viral diseases. The diseases are listed under 
etiology and their differentiation is 
described under their specific headings 
elsewhere in this book. 

• Careful clinical and necropsy examinations 
are necessary to define the type and extent 
of the lesions if any attempt at field 
diagnosis is to be made. 

• In cattle, lymphoma of the ramus of the 
mandible may spread extensively through 
the submucosal tissues of the mouth 
causing marked swelling of the gums, 
spreading of the teeth, inability to close the 
mouth, and profuse salivation. There is no 
discontinuity or inflammation of the buccal 
mucosa, but gross enlargement of the 
cranial lymph nodes is usual. 

• The differentiation of causes of 
hypersalivation must depend on a careful 
examination of the mouth (the causative 
gingivitis is often surprisingly moderate in 
horses) and an awareness of the volume of 
increased saliva output caused by toxic 
hyperthermia, e.g., in fescue and ergot 
poisonings. 

• Poisoning by the mycotoxin slaframine also 
causes hypersalivation. 


TREATMENT 

Affected animals should be isolated and fed 
and watered from separate utensils if an 
infectious agent is suspected. Specific treat¬ 
ments are described under the headings of 
the individual diseases. Nonspecific treat¬ 
ment includes frequent application of a mild 
antiseptic collutory such as a 2% solution of 
copper sulfate, a 2% suspension of borax, or 
a 1% suspension of a sulfonamide in glyc¬ 
erin. Indolent ulcers require more vigorous 
treatment and respond well to curettage or 
cauterization with a silver nitrate stick or 
tincture of iodine. 

In stomatitis caused by trauma, the teeth 
might need attention. In all cases, soft, 


appetizing food should be offered and feeding 
by stomach tube or intravenous alimentation 
may be resorted to in severe, prolonged cases. 
If the disease is infectious, care should be 
exercised to ensure that it is not transmitted 
by the hands or dosing implements. 
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DISEASES OF THE TEETH 

Surgical diseases of the teeth of animals are 
presented in textbooks of surgery. Some of 
the medical aspects of diseases of the teeth 
of farm animals are described here. 

ETIOLOGY 

The causes may be congenital or acquired. 

Congenital Defects 

• Polyodontia (excessive number of teeth) 
occurs in many species. It is detected in 
2.3% of donkeys. 1 

• Malocclusion of sufficient degree to 
interfere with prehension and 
mastication 

• Red-brown staining of inherited 
porphyrinuria of cattle 

• Defective enamel formation on all teeth 
combined with excessive mobility of 
joints is an inherited defect of collagen 
metabolism in Holstein/Friesian cattle 
identified as bovine osteogenesis 
imperfecta. The teeth are pink and 
abnormal in appearance. This defect is 
also recorded in a foal with severe 
epitheliogenesis imperfecta. 

Dental Fluorosis 

The teeth are damaged before they erupt and 
show erosion of the enamel. 

Enamel Erosion 

The feeding of acidic by-product feed such as 
sweet potato cannery waste, which is acidic 
because of the presence of lactic acid, can 
cause erosion of the enamel of the incisors of 
cattle. Exposure of incisor teeth in vitro to a 
supernatant of cannery waste or lactic acid at 
pH 3.2 results in removal of calcium from 
the surface enamel of bovine teeth. Neutral¬ 
izing the cannery waste to a pH of 5.5 does 
not cause detectable etching of the teeth. 
Feeding cattle with heavily compacted silage 
is also associated with loss of incisor enamel 
and severe incisor wear. 

Premature Wear and Loss of Teeth in 
Sheep (Periodontal Disease) 

Premature loss of incisor teeth or “broken 
mouth” causes concern because of the early 


age at which affected sheep have to be culled. 
Broken mouth is a chronic inflammatory 
disease of the tissue supports of the tooth. 
Between 60% and 70% of ewes sold at slaugh¬ 
ter in England and Scotland have loose or 
missing incisor teeth. Broken mouth is geo¬ 
graphically specific and it seems that once 
the disease is established on a particular 
farm, the animals are permanently suscepti¬ 
ble. Many sheep are culled before the end of 
their useful reproductive life because of 
broken mouth. The problem is particularly 
severe in New Zealand and the hill country 
in Scotland. The cause is uncertain, but envi¬ 
ronmental factors that result in periodontal 
disease are probably important. Broken 
mouth is associated with abnormal bacterial 
flora in the mouth with affected sheep having 
a preponderance of Mannheimia ruminalis 
and Moraxella caprae compared with sheep 
with healthy mouths. 2 Porphyromonas (Bac- 
teroides) gingivalis, an organism that is found 
in plaque from sheep’s teeth, has been found 
with increased frequency in diseased com¬ 
pared with unaffected animals. The depths of 
the gingival crevice of sheep are heritable 
and it is possible that deeper crevices may 
already be harboring greater numbers of 
periodontally pathogenic bacteria so that 
when the animals are exposed to a broken- 
mouth environment they may be more prone 
to the changes. Although nutrition and 
mineral deficiencies influence dental devel¬ 
opment and tooth eruption of sheep, there is 
no significant difference in calcium or phos¬ 
phorus status between control and affected 
populations of sheep. Low planes of nutrition 
have delayed eruption of the permanent den¬ 
tition and retarded mandibular growth, but 
these changes are not seen in broken mouth 
in sheep. The occurrence of this periodontal 
disease is higher in some soil types than on 
others. The ingestion of irritating materials 
such as sand and spiny grass seeds has been 
suggested as causes, but they are considered 
to be secondary complications in a preexist¬ 
ing disease. 

Another dental disease of sheep is also 
recorded on an extensive scale in New 
Zealand. There is excessive wear of decidu¬ 
ous incisors but no change in the rate of wear 
of the molar teeth. The incisor wear is epi¬ 
sodic and is not caused by any change in the 
supportive tissues, and there is no change in 
the intrinsic resistance to wear of the incisor 
teeth. The disease is not related to an inade¬ 
quate dietary intake of copper or vitamin D 
and is thought to be caused by the ingestion 
of soil particles. The two New Zealand dis¬ 
eases do not occur together and have no 
apparent effect on body condition score. 

Dentigerous cysts have been described in 
ewes in the South Island of New Zealand 
with a prevalence of 0.91%. 

PATHOGENESIS 

There are some limitations to the use of 
number of incisors for determining age in 
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sheep. In mixed-age female sheep flocks, the 
median age when two, four, six, and eight 
incisors come into wear is 15, 23, 30, and 42 
months of age, respectively. Errors will be 
made by assuming that all sheep gain a pair 
of permanent incisors at annual intervals 
between 1.5 and 4.5 years of age. 

In periodontal disease or broken-mouth 
disease of sheep the primary lesion is an 
acute gingivitis around permanent incisors 
and premolars at the time of their eruption. 
This subsides leaving a chronic gingivitis and 
an accumulation of subgingival plaque. On 
some farms, for reasons not understood, this 
gingivitis penetrates down into the alveoli, 
causing a severe periodontitis and eventual 
shedding of the teeth. The severity of the gin¬ 
givitis can vary between farms. The disease 
is episodic in nature, with discrete acute 
inflammatory incidents leading to periodon¬ 
tal injury that may resolve by healing. The 
balance between repair and the various 
short- and long-term acute episodes proba¬ 
bly accounts for the large variation in inci¬ 
dence and age onset of tooth loss both within 
and between flocks. The inflammatory peri¬ 
odontal disease markedly affects the tooths 
mobility. Collagen fibrils supporting the 
tooth become abnormal. The deepened peri¬ 
odontal pocket resulting from inflammation 
removes the major area of support for the 
tooth and abnormal loads are applied to 
fibers deeper within the tissue. Although the 
incisor teeth are usually most severely 
affected, the cheek teeth are also involved. In 
some unusual circumstances the gingivitis 
appears to arise from heavy deposits of 
dental calculus. In the Scottish disease there 
is local alveolar bone loss but no accompany¬ 
ing general skeletal deficiency. 

CLINICAL FINDINGS 

The most obvious evidence of broken-mouth 
disease is incisor tooth loss, which usually 
occurs when sheep are between 3.5 and 6.6 
years; normal sheep without broken mouth 
will retain their teeth beyond 7 years of age. 
Several dental health indices can assist to 
assess the amount of gingivitis, tooth move¬ 
ment, gum recession, and pocketing. Gingi¬ 
vitis is characterized by redness and edema 
of the attached gingiva. Bleeding from the 
gingivae is also a feature. Clinical gingivitis 
is evident as soon as the permanent teeth 
erupt. Chronic gingivitis results in a down¬ 
ward retreat of the gum margin; loss of its 
normal, scalloped shape; and fibrosis of the 
gingiva. Within a year before tooth loss, 
tissue damage around the incisors leads to 
deepening of the gingival sulcus and the for¬ 
mation of pockets, which are readily detected 
by the use of graduated dental measuring 
probes. The normal sulcus is 0.5 to 1.0 mm 
deep labially and up to 4 mm deep lingually; 
pockets may be over 1.0 cm in depth before 
tooth loss. Crown lengthening, protrusion, 
hemorrhages, loosening, and lingual peri¬ 
odontitis are characteristic. If sheep affected 


with broken mouth periodontal disease are 
examined over a 12-month period, only a 
few animals undergo clinically significant 
destruction. The relationship between peri¬ 
odontal disease and body condition score in 
sheep is variable. 

Secondary starvation occurs even with a 
plentiful feed supply. Inspection of the mouth 
may reveal the worn or damaged incisor 
teeth, but the molar teeth are not easily 
inspected in the living animal and tooth 
lesions can be missed. Because it is common 
to find that both incisors and molars are 
affected, damage to incisors should lead the 
clinician to suspect that molar disease is also 
present. 

Cattle fed sweet potato cannery waste 
develop black, stained teeth with severe 
enamel erosion. 

An abattoir survey of dental defects in 
cull cows, all over 30 months of age, found 
that 14.6% had one or more missing incisors, 
most of which were acquired losses. Rotation 
and overlapping of rostral teeth were com¬ 
mon, as was attrition. Congenitally absent 
first lower premolars; other missing teeth; 
large and often multiple interdental spaces; 
and a few cases of macrodontia, cavitation, 
multiple defects, and fractures were observed 
in cheek tooth arcades. There were also some 
unusual patterns of premolar and molar 
attrition, often attributable to malocclusion, 
one result of which was the formation of a 
hook at the posterior extremity of the third 
maxillary molar. 

CLINICAL PATHOLOGY 

None definitive. 

TREATMENT AND CONTROL 

There is no reliable treatment and control for 
broken mouth in sheep. The use of dental 
prosthetics glued to the incisors when the 
ewe has three pairs of incisors in place is 
being investigated. The use of antimicrobials 
has been proposed to control the gingivitis, 
but there is no apparent effect on the peri¬ 
odontal disease. Cutting the incisor teeth of 
ewes to control premature tooth loss has 
been explored, but the practice has been 
banned in the UK. 
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DISEASES OF THE PAROTID 
SALIVARY GLANDS 

Disease of the parotid gland includes par¬ 
otitis, which can be septic or associated 
with sialolithiasis, congenital abnormalities 
including brachial cyst remnants, neoplasia, 
and trauma. Inflammation of the salivary 
glands (sialadenitis) can be secondary to 
sialolithiasis. 


ETIOLOGY 

Parotitis can be parenchymatous, when the 
glandular tissue is diffusely inflamed, or it 
may be a local suppurative process. There 
are no specific causes in farm animals, with 
cases occurring only sporadically and usually 
caused by localization of a blood-borne infec¬ 
tion, invasion up the salivary ducts associated 
with stomatitis, irritation by grass awns in the 
duct, or salivary calculi. Avitaminosis A often 
appears to be a predisposing cause in cattle. 

Septic sialadenitis of horses is an uncom¬ 
mon disease that causes pain, inappetence, 
dysphagia, and localized swelling of the 
parotid or submandibular salivary glands. 1 
Some cases (one third) are associated with 
the presence of sialoliths. 1 Sialoliths can form 
around foreign bodies, such as grass seeds or 
grains. 2 

Local suppurative lesions are caused 
usually by penetrating wounds or extension 
from a retropharyngeal cellulitis or lymph 
node abscess. Neoplasia of the parotid glands 
of cattle, horses, and sheep occurs both as a 
primary tumor (adenocarcinoma and periph¬ 
eral nerve sheath tumor), manifestation of a 
systemic tumor (lymphoma), or local exten¬ 
sion of neoplasia in an adjacent structure, 
such as ocular squamous cell carcinoma. 3 7 

Trauma can injure the gland or draining 
duct. 8 

PATHOGENESIS 

In most cases only one gland is involved. 
There is no loss of salivary function and the 
signs are restricted to those of inflammation 
of the gland. 

CLINICAL FINDINGS 

In the early stages, there is diffuse enlarge¬ 
ment of the gland accompanied by warmth 
and pain on palpation. The pain can interfere 
with mastication and swallowing and induce 
abnormal carriage of the head and resent¬ 
ment when attempts are made to move the 
head. There can be marked local edema in 
severe cases. Diffuse parenchymatous paroti¬ 
tis usually subsides with systemic and local 
treatment within a few days, but suppurative 
lesions can discharge externally and form 
permanent salivary fistulae. 

Examination should include careful 
oral examination and ultrasonographic 
examination of the gland and associated 
ducts. 1 

Treatment for septic sialolithiasis includes 
correction of the underlying defect (abnor¬ 
mal dentition or sialolith) and administra¬ 
tion of antimicrobials. 

CLINICAL PATHOLOGY 

Bacteriologic examination of pus from dis¬ 
charging abscesses in horses reveals Fusobac- 
terium sp. and a variety of other bacteria. 1 

NECROPSY FINDINGS 

Death occurs rarely and necropsy findings 
are restricted to local involvement of the 
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gland or to primary lesions elsewhere in the 
case of secondary parotitis. 


DIFFERENTIAL DIAGNOSIS 


• Careful palpation is necessary to 
differentiate the condition from 
lymphadenitis, abscesses of the throat 
region, and metastases to the parotid 
lymph node in ocular carcinoma or 
mandibular lymphoma of cattle. 

• Acute phlegmonous inflammation of the 
throat is relatively common in cattle and is 
accompanied by high fever, severe toxemia, 
and rapid death. It can be mistaken for an 
acute parotitis, but the swelling is more 
diffuse and causes pronounced obstruction 
to swallowing and respiration. 


TREATMENT 

Systemic treatment with sulfonamides or 
antibiotics is required in acute cases, espe¬ 
cially if there is a systemic reaction. Abscesses 
might require draining. A salivary fistula is a 
common sequel. 
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Diseases of the Pharynx 
and Esophagus 

PHARYNGITIS 

Pharyngitis is inflammation of the pharynx 
and is characterized clinically by coughing, 
painful swallowing, and a variable appetite. 
Regurgitation through the nostrils and 
drooling of saliva may occur in severe cases. 

ETIOLOGY 

Pharyngitis in farm animals is usually trau¬ 
matic. Infectious pharyngitis is often part of 
a syndrome with other more obvious signs. 

Physical Causes 

• Injury while giving oral treatment with 
balling or drenching gun or following 
endotracheal intubation. The 
administration of intraruminal 
anthelmintic coils to calves under a 
minimum BW have also been associated 
with pharyngeal and esophageal 
perforation 

• Improper administration of a reticular 
magnet, resulting in a retropharyngeal 
abscess. 

• Accidental administration or ingestion 
of irritant or hot or cold substances. 


• Foreign bodies, including grass and 
cereal awns, wire, bones, and gelatin 
capsules lodged in the pharynx or 
suprapharyngeal diverticulum of pigs. 

Infectious Causes 
Cattle 

• Oral necrobacillosis and actinobacillosis 
as a granuloma rather than the more 
usual lymphadenitis 

• Infectious bovine rhinotracheitis 

• Pharyngeal phlegmon or 
intermandibular cellulitis is a severe, 
often fatal, necrosis of the wall of the 
pharynx and peripharyngeal tissues 
without actually causing pharyngitis. 

F. necrophorum is a common isolate 
from the lesions. 

Horses 

• As part of strangles or anthrax 

• Viral infections of the upper respiratory 
tract, including equine herpesvirus-1, 
Hoppengarten cough, parainfluenza 
virus, adenovirus, rhinovirus, viral 
arteritis, and influenza-1 A/El and 1A/ 
E2, cause pharyngitis. 

• Chronic follicular pharyngitis with 
hyperplasia of lymphoid tissue in 
pharyngeal mucosa giving it a granular, 
nodular appearance with whitish tips on 
the lymphoid follicles. 1 

Pigs 

• As part of anthrax in this species 
and in some outbreaks of Aujeszky s 
disease. 

PATHOGENESIS 

Inflammation of the pharynx is attended by 
painful swallowing and disinclination to eat. 
If the swelling of the mucosa and wall is 
severe, there may be virtual obstruction of 
the pharynx. This is especially so if the ret¬ 
ropharyngeal lymph node is enlarged, as it is 
likely to be in equine viral infections such as 
rhinovirus. 

In balling-gun-induced trauma of feedlot 
cattle treated for respiratory disease with 
boluses of sulfonamides, perforations of the 
pharynx and esophagus may occur with the 
development of periesophageal diverticula- 
tions with accumulations of ruminal ingesta 
and cellulitis. Improper administration of a 
magnet to a mature cow can result in a ret¬ 
ropharyngeal abscess. 

Pharyngeal lymphoid hyperplasia in 
horses can be graded into four grades (I-IV) 
of severity based on the size of the lymphoid 
follicles and their distribution over the pha¬ 
ryngeal wall. 2 

CLINICAL FINDINGS 

The animal may refuse to eat or drink or it 
may swallow reluctantly and with evident 
pain. Opening of the jaws to examine the 
mouth is resented and manual compression 
of the throat from the exterior causes 


paroxysmal coughing. There may be a muco¬ 
purulent nasal discharge, sometimes con¬ 
taining blood, spontaneous cough and, in 
severe cases, regurgitation of fluid and food 
through the nostrils. Oral medication in 
such cases may be impossible. Affected 
animals often stand with the head extended, 
drool saliva, and make frequent tentative jaw 
movements. If the local swelling is severe, 
there may be obstruction of respiration and 
visible swelling of the throat. The retropha¬ 
ryngeal and parotid lymph nodes are com¬ 
monly enlarged. 

In “pharyngeal phlegmon” in cattle 
there is an acute onset with high fever (41- 
41.5°C [106-107°F]), rapid heart rate, pro¬ 
found depression, and severe swelling of the 
soft tissues within and posterior to the man¬ 
dible to the point where dyspnea is pro¬ 
nounced. Death usually occurs 36 to 48 
hours after the first signs of illness. 

In traumatic pharyngitis in cattle, visual 
examination of the pharynx through the oral 
cavity reveals hyperemia, lymphoid hyper¬ 
plasia, and erosions covered by diphtheritic 
membranes. Pharyngeal lacerations are visi¬ 
ble, and palpation of these reveals the pres¬ 
ence of accumulated ruminal ingesta in 
diverticula on either side of the glottis. Exter¬ 
nal palpation of the most proximal aspect of 
the neck reveals firm swellings, which repre¬ 
sent the diverticula containing rumen con¬ 
tents. A retropharyngeal abscess secondary 
to an improperly administered magnet can 
result in marked diffuse painful swelling of 
the cranial cervical region. Ultrasonographic 
examination of the swelling may reveal the 
magnet within the abscess. 

Palpation of the pharynx may be per¬ 
formed in cattle with the use of a gag if a 
foreign body is suspected, and endoscopic 
examination through the nasal cavity is pos¬ 
sible in the horse. 

Most acute cases recover in several days 
but chronic cases may persist for many 
weeks, especially if there is ulceration, a per¬ 
sistent foreign body, or abscess formation. 

Pharyngeal lymphoid hyperplasia is the 
most commonly recognized abnormality of 
the upper respiratory tract of the horse. 2 ' 4 The 
disorder is characterized by chronic hyper¬ 
plasia of lymphoid tissue in the pharynx of 
young horses evident as multiple, often 
coalescing, raised nodules in the pharynx. Up 
to 60% of Thoroughbred horses are affected 
and without apparent association with per¬ 
formance. 2 The disease is not associated with 
other abnormalities of the upper airway in 
sport horses. 3 If secondary bacterial infection 
is present a purulent exudate is seen on the 
pharyngeal mucosa and in the nostrils. 

CLINICAL PATHOLOGY 

Nasal discharge or swabs taken from accom¬ 
panying oral lesions may assist in the identi¬ 
fication of the causative agent. Moraxella spp. 
and Streptococcus zooepidemicus can be iso¬ 
lated in large numbers from horses with 











lymphoid follicular hyperplasia grades III 
and IV. 

NECROPSY FINDINGS 

Deaths are rare in primary pharyngitis and 
necropsy examinations are usually under¬ 
taken only in those animals dying of specific 
diseases. In pharyngeal phlegmon there is 
edema, hemorrhage, and abscessation of the 
affected area, and on incision of the area a 
foul-smelling liquid and some gas usually 
escapes. 


DIFFERENTIAL DIAGNOSIS 


• Pharyngitis is manifested by an acute onset 
and local pain. 

• In pharyngeal paralysis, the onset is usually 
slow. 

• Acute obstruction by a foreign body can 
occur rapidly and cause severe distress and 
continuous, expulsive coughing, but there 
are no systemic signs. 

• Endoscopic examination of the pharyngeal 
mucous membranes is often diagnostic. 


TREATMENT 

The primary disease must be treated, usually 
parenterally, by the use of antimicrobials. 
Pharyngeal phlegmon in cattle is frequently 
fatal and early, intensive antimicrobial treat¬ 
ment is indicated. 

Pharyngeal lymphoid hyperplasia is not 
generally susceptible to antimicrobials or 
medical therapy and resolves as young 
horses age. 
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PHARYNGEAL OBSTRUCTION 

Obstruction of the pharynx is accompanied 
by stertorous respiration, coughing, and dif¬ 
ficult swallowing. 

ETIOLOGY 

Foreign bodies or tissue swellings are the 
usual causes. 

Foreign Bodies 

Foreign bodies include bones, corn cobs, and 
pieces of wire. Although horses are consid¬ 
ered discriminating eaters in comparison to 
cattle, they will occasionally pick up pieces of 
metal while eating. 

Tissue Swellings 
Cattle 

• Retropharyngeal lymphadenopathy or 
abscess caused by tuberculosis, 
actinobacillosis, or bovine viral 
leukosis 
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• Fibrous or mucoid polyps are usually 
pedunculated because of traction during 
swallowing and can cause intermittent 
obstruction of air and food intake. 

Horses 

• Retropharyngeal lymph node 
hyperplasia and lymphoid granulomas 
as part of pharyngeal lymphoid 
hyperplasia 

• Retropharyngeal abscess and cellulitis 

• Retropharyngeal lymphadenitis caused 
by strangles 

• Pharyngeal cysts in the subepiglottic 
area of the pharynx, probably of 
thyroglossal duct origin, and fibroma; 
also similar cysts on the soft palate 
and pharyngeal dorsum, the latter 
probably being remnants of the 
craniopharyngeal ducts 

• Dermoid cysts and goitrous thyroids 

Pigs 

• Diffuse lymphoid enlargement in the 
pharyngeal wall and soft palate 

• Food and foreign-body impaction in the 
suprapharyngeal diverticulum 

PATHOGENESIS 

Reduction in caliber of the pharyngeal lumen 
interferes with swallowing and respiration. 

CLINICAL FINDINGS 

There is difficulty in swallowing and animals 
can be hungry enough to eat but, when they 
attempt to swallow, cannot do so and the 
food is coughed up through the mouth. 
Drinking is usually managed successfully. 
There is no dilatation of the esophagus and 
usually little or no regurgitation through the 
nostrils. An obvious sign is a snoring inspira¬ 
tion, often loud enough to be heard some 
yards away. The inspiration is prolonged and 
accompanied by marked abdominal effort. 
Auscultation over the pharynx reveals loud 
inspiratory stertor. Manual examination of 
the pharynx can reveal the nature of the 
lesion, but an examination with a fiberoptic 
endoscope is likely to be much more infor¬ 
mative. When the disease runs a long course, 
emaciation usually follows. Rupture of 
abscessed lymph nodes can occur when a 
nasal tube is passed and can result in aspira¬ 
tion pneumonia. 

In horses with metallic foreign bodies 
in the oral cavity or pharynx, the clinical 
findings include purulent nasal discharge, 
dysphagia, halitosis, changes in phonation, 
laceration of the tongue and stertorous 
breathing. In case studies, most horses were 
affected with clinical signs for more than 2 
weeks and had been treated with antimicro¬ 
bials with only temporary improvement. 

CLINICAL PATHOLOGY 

A tuberculin test might be advisable in 
bovine cases in areas where bovine tubercu¬ 
losis is endemic. Nasal swabs can contain 


S. equi when there is streptococcal lymphad¬ 
enitis in horses. 

NECROPSY FINDINGS 

Death occurs rarely and in fatal cases the 
physical lesion is apparent. 


DIFFERENTIAL DIAGNOSIS 


• Signs of the primary disease can aid in the 
diagnosis in tuberculosis, actinobacillosis, 
and strangles. 

• Pharyngitis is accompanied by severe pain, 
systemic signs are common, and there is 
usually stertor. 

• It is of particular importance to differentiate 
between obstruction and pharyngeal 
paralysis when rabies occurs in the area. 
Esophageal obstruction is also accompanied 
by the rejection of ingested food, but there 
is no respiratory distress. Laryngeal stenosis 
can cause a comparable stertor, but 
swallowing is not impeded. Nasal 
obstruction is manifested by noisy 
breathing, but the volume of breath from 
one or both nostrils is reduced and the 
respiratory noise is more wheezing than 
snoring. 

• Radiography is useful for the identification 
of metallic foreign bodies. 


TREATMENT 

Removal of a foreign body can be accom¬ 
plished through the mouth. Treatment of 
actinobacillary lymphadenitis with iodides is 
usually successful and some reduction in size 
often occurs in tuberculous enlargement of 
the glands, but complete recovery is unlikely 
to occur. Parenteral treatment of strangles 
abscesses with penicillin can affect a cure. 
Surgical treatment has been highly success¬ 
ful in cases caused by medial retropharyn¬ 
geal abscess. 

PHARYNGEAL PARALYSIS 

Pharyngeal paralysis is manifested by inabil¬ 
ity to swallow and an absence of signs of pain 
and respiratory obstruction. 

ETIOLOGY 

Pharyngeal paralysis occurs sporadically, 
caused by peripheral nerve injury, and in 
some encephalitides with central lesions. 

Peripheral Nerve Injury 

• Guttural pouch infections in horses 

• Trauma to the throat region 

Secondary to Specific Diseases 

• Rabies and other encephalitides 

• Botulism 

• African horse sickness 

• As an idiopathic disease in neonatal 
foals 1 
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Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


PATHOGENESIS 

Inability to swallow and regurgitation are the 
major manifestations of the disease. There 
may be an associated laryngeal paralysis, 
accompanied by “roaring.” The condition 
known as “cud-dropping” in cattle might be 
a partial pharyngeal paralysis because there 
is difficulty in controlling the regurgitated 
bolus, which is often dropped from the 
mouth. In these circumstances, aspiration 
pneumonia is likely to develop. 

CLINICAL FINDINGS 

The animal is usually hungry but, on prehen¬ 
sion of food or water, attempts at swallowing 
are followed by dropping of the food from the 
mouth, coughing, and the expulsion of food 
or regurgitation through the nostrils. Saliva¬ 
tion occurs constantly and swallowing cannot 
be stimulated by external compression of the 
pharynx. The swallowing reflex is a complex 
one controlled by a number of nerves and the 
signs can be expected to vary greatly depend¬ 
ing on which nerves are involved and to what 
degree. There is rapid loss of condition and 
dehydration. Clinical signs of the primary 
disease may be evident but, in cases of primary 
pharyngeal paralysis, there is no systemic 
reaction. Pneumonia may follow aspiration of 
food material into the lungs and produces 
loud gurgling sounds on auscultation. 

In cud-dropping in cattle, the animals are 
normal except that regurgitated boluses are 
dropped from the mouth, usually in the form 
of flattened disks of fibrous food material. 
Affected animals may lose weight but the 
condition is usually transient, lasting for only 
a few days. On the other hand, complete pha¬ 
ryngeal paralysis is usually permanent and 
fatal. 

Pharyngeal dysfunction in neonatal foals 
is characterized by the inability to nurse with 
discharge of milk from the nares. Affected 
foals are often premature or have signs of 
neonatal maladjustment syndrome. Diag¬ 
nostic testing, including imaging studies, 
does not reveal abnormalities beyond a 
flaccid pharynx, persistent frequent dorsal 
displacement of the soft palate, laryngeal 
paralysis (unilateral or bilateral), and inabil¬ 
ity to swallow. 1 

CLINICAL PATHOLOGY 

The use of clinicopathologic examinations is 
restricted to the identification of the primary 
specific diseases. 

NECROPSY FINDINGS 

If the primary lesion is physical, it can be 
detected on gross examination. 


DIFFERENTIAL DIAGNOSIS 


• In all species, often the first clinical 

impression is the presence of a foreign body 
in the mouth or pharynx, and this can only 
be determined by physical examination. 


• Pharyngeal paralysis is a typical sign in 
rabies and botulism, but there are other 
clinical findings that suggest the presence 
of these diseases. 

• Neonatal dysphagia in foals results from 
cleft palate or soft palate masses, 
esophageal disease including 
megaesophagus or esophageal stricture, or 
primary muscle or central neurological 
disease, including hyperkalemic periodic 
paralysis.’ 

• Absence of pain and respiratory obstruction 
are usually sufficient evidence to eliminate 
the possibility of pharyngitis or pharyngeal 
obstruction. 

• Endoscopic examination of the guttural 
pouch is a useful diagnostic aid in the 
horse. 


TREATMENT 

Treatment is supportive in most cases in 
addition to management of any inciting 
disease, such as guttural pouch infection. 
Feeding by nasogastric tube allows for recov¬ 
ery of the ability to swallow in most (>90%) 
affected foals in 7 to 10 days. 
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ESOPHAGITIS 

Inflammation of the esophagus is accompa¬ 
nied initially by clinical findings of spasm 
and obstruction, pain on swallowing and 
palpation, and regurgitation of bloodstained 
slimy material. 

ETIOLOGY 

Primary esophagitis caused by the ingestion 
of chemical or physical irritants is usually 
accompanied by stomatitis and pharyngitis. 
Laceration of the mucosa by a foreign body 
or complications of nasogastric intubation 
can occur. Nasogastric intubation is associ¬ 
ated with a higher risk of pharyngeal and 
esophageal injury when performed in horses 
examined for colic. This can be related to the 
use of larger diameter nasogastric tubes to 
provide more effective gastric decompres¬ 
sion, the longer duration of intubation in 
some horses, or the presence of gastric dis¬ 
tension resulting in increased resistance to 
tube passage at the cardia. 1 In a series of six 
horses with esophageal trauma the lesions 
were detected 5 and 20 cm from the cranial 
esophageal opening. 

Death of Hypoderma lineatum larvae in 
the submucosa of the esophagus of cattle can 
cause acute local inflammation and subse¬ 
quent gangrene. 

Inflammation of the esophagus occurs 
commonly in many specific diseases, par¬ 
ticularly those that cause stomatitis, but the 
other clinical signs of these diseases domi¬ 
nate those of esophagitis. 


PATHOGENESIS 

Inflammation of the esophagus combined 
with local edema and swelling results in a 
functional obstruction and difficulty in 
swallowing. 

CLINICAL FINDINGS 

In the acute esophagitis, there is salivation 
and attempts to swallow, which cause severe 
pain, particularly in horses. In some cases, 
attempts at swallowing are followed by regur¬ 
gitation and coughing, pain, retching activi¬ 
ties, and vigorous contractions of the cervical 
and abdominal muscles. If the esophagitis 
is in the cervical region, palpation in the 
jugular furrow causes pain and edematous 
tissues around the esophagus can be palpa¬ 
ble. In specific diseases such as mucosal 
disease and bovine malignant catarrh, there 
are no obvious clinical findings of esophagi¬ 
tis, because the lesions are mainly erosive. 

Endoscopy of the esophagus will usually 
reveal the location and severity of the lesion. 

CLINICAL PATHOLOGY 

In severe esophagitis of traumatic origin a 
marked neutrophilia can occur, suggesting 
active inflammation. 

NECROPSY FINDINGS 

Pathologic findings are restricted to those 
pertaining to the various specific diseases in 
which esophagitis occur. In traumatic lesions 
or those caused by irritant substances, there 
is gross edema, inflammation and, in some 
cases, perforation. 


DIFFERENTIAL DIAGNOSIS 


• Esophagitis must be differentiated from 
pharyngitis, in which attempted swallowing 
is not as marked and coughing is more 
likely to occur. Palpation can also help to 
localize the lesion; however, pharyngitis 
and esophagitis usually occur together. 


TREATMENT 

Feed should be withheld for 2 to 3 days and 
fluid and electrolyte therapy can be neces¬ 
sary for several days. Parenteral antimicrobi¬ 
als are indicated, especially if laceration or 
perforation has occurred. Reintroduction to 
feed should be monitored carefully and all 
feed should be moistened to avoid the pos¬ 
sible accumulation of dry feed in the esopha¬ 
gus, which might not be fully functional. 

ESOPHAGEAL RUPTURE 

Rupture of the esophagus is usually trau¬ 
matic and can be life-threatening. 

ETIOLOGY 

Rupture of the esophagus occurs from local¬ 
ized ischemia and necrosis secondary to 
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long-standing impaction or obstruction by 
foreign bodies or feed material, external 
trauma, nasogastric intubation, and perfora¬ 
tion of ulcers in horses and cattle and death 
of Hypoderma lineatum larvae in cattle. In a 
series of six horses with esophageal trauma 
the lesions were detected 5 and 20 cm from 
the cranial esophageal opening. Spontaneous 
rupture can occur in horses with idiopathic 
muscular hypertrophy of the esophagus. 1 
The case-fatality rate is high, approaching 
100% for horses treated conservatively 
(without surgery), and somewhat better for 
horses subject to surgical intervention early 
in the disease. 2,3 

The administration of sustained-release 
anthelmintic boluses to young calves not 
large enough for the size of the bolus used 
can cause esophageal injury and perforation. 
The boluses are 8.5 cm in length and 2.5 cm 
in diameter and the calves 100 to 150 kg. The 
minimum BW for these boluses is 100 kg, 
but in the study some calves were younger 
than the recommended age and were also 
fractious when handled, which can have con¬ 
tributed to the injury. 

PATHOGENESIS 

Traumatic injury to the esophagus results 
in edema, hemorrhage, laceration of the 
mucosa, and possible perforation of the 
esophagus, resulting in periesophageal cel¬ 
lulitis, which spreads proximally and distally 
along the esophagus in fascial planes from 
the site of perforation. Perforation of the 
thoracic esophagus can result in severe and 
fatal pleuritis. There is extensive edema and 
accumulation of swallowed or regurgitated 
ingesta along with gas. The extensive celluli¬ 
tis and the presence of ingesta results in 
severe toxemia, and dysphagia can cause 
aspiration pneumonia. 

CLINICAL FINDINGS 

In the acute injury of the esophagus, there is 
salivation and attempts to swallow, which 
cause severe pain, particularly in horses. In 
some cases, attempts at swallowing are fol¬ 
lowed by regurgitation and coughing, pain, 
retching activities, and vigorous contractions 
of the cervical and abdominal muscles. 
Marked drooling of saliva, grinding of the 
teeth, coughing, and profuse nasal discharge 
are common in the horse with esophageal 
trauma with complications following naso¬ 
gastric intubation. Regurgitation can occur 
and the regurgitus contains mucus and some 
fresh blood. 

If the esophageal rupture is in the cervical 
region, palpation in the jugular furrow 
causes pain and edematous tissues around 
the esophagus can be palpable. When perfo¬ 
ration has occurred, there is local pain and 
swelling and often crepitus and swelling can 
extend to involve the head. Local cervical 
cellulitis can cause rupture through the skin 
and development of an esophageal fistula, or 
infiltration along fascial planes with resulting 


compression obstruction of the esophagus, 
and toxemia. Perforation of the thoracic 
esophagus can lead to fatal pleuritis. Animals 
that recover from esophageal traumatic 
injury are commonly affected by chronic 
esophageal stenosis with distension above 
the stenosis. Fistulae are usually persistent, 
but spontaneous healing can occur. 

Endoscopy of the esophagus will usually 
reveal the location and severity of the lesion. 
Lateral cervical radiographs can reveal for¬ 
eign bodies and extensive soft tissue swelling 
with pockets of gas. 

CLINICAL PATHOLOGY 

There is often hematological evidence of 
inflammation, dehydration, metabolic alka¬ 
losis, and toxemia. 2 

NECROPSY FINDINGS 

Gross necropsy findings are consistent with 
esophageal perforation and cellulitis. 


DIFFERENTIAL DIAGNOSIS 


• Tracheal laceration and subcutaneous 
emphysema 

• Skin wounds over the axilla with 
subsequent subcutaneous emphysema 

• Severe guttural pouch empyema 

• Clostridial myositis secondary to puncture 
wounds of the neck or cervical 
intramuscular injections 

• Pharyngeal phlegmon in cattle 


TREATMENT 

Treatment involves effective drainage of the 
site over the esophageal perforation, pre¬ 
vention of further contamination, control of 
infection and inflammation, and provision of 
water and food. 

Surgical treatment involves fasciotomy to 
provide drainage and access to the perforated 
esophagus. The perforation in the esophagus 
is debrided through a ventral fasciotomy. The 
fasciotomy wound is dressed and managed as 
an open wound. A stomach tube, of similar 
size as that used to perform nasogastric intu¬ 
bation on the animal (14-20 mm), is inserted 
through a separate incision in the esophagus 
in the midcervical region. The tip is placed in 
the distal esophagus. The horse is provided 
food (a pellet-based slurry) and water 
through this tube, as well as being offered 
water to drink. The tube remains in place 
until the esophageal perforation has sealed 
(5-7 days) and then removed. 2,3 

Loss of saliva can cause important abnor¬ 
malities in electrolyte and acid-base status, 
and horses should be supplemented with 
sodium and potassium chloride while there 
is significant loss of saliva from the fistula. 

Broad-spectrum antimicrobials and teta¬ 
nus prophylaxis should be administered. Pain 
and swelling can be controlled by administra¬ 
tion of NSAIDs. 
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ESOPHAGEAL OBSTRUCTION 

Esophageal obstruction can be acute or 
chronic and is characterized clinically by the 
inability to swallow, regurgitation of feed and 
water, continuous drooling of saliva, and 
bloat in ruminants. Acute cases are accom¬ 
panied by signs of distress including retching 
and extension of the head. Horses with choke 
commonly regurgitate a mixture of saliva, 
feed, and water through the nostrils because 
of the anatomic characteristics of the equine 
soft palate. 

ETIOLOGY 

Obstruction can be intraluminal and caused 
by swallowed material or extraluminal 
caused by pressure on the esophagus by sur¬ 
rounding organs or tissues. Esophageal 
paralysis can also result in obstruction, for 
example, in horses with grass sickness. 

Intraluminal Obstructions 

Intraluminal obstructions are usually caused 
by ingestion of materials that are of inap¬ 
propriate size and that then become lodged 
in the esophagus: 

• Solid obstructions, especially in 
cattle, by turnips, onions, potatoes, 
peaches, apples, oranges, and similar 
objects. 

• Fifteen-gram gelatin capsules in 
Shetland ponies. 

• Feedstuffs are a common cause of 
obstruction in horses and occasionally 
in other species. 1 Most impactions 
are caused by routine feedstuffs. 2 
Improperly soaked sugarbeet pulp, 
inadvertent access to dry sugarbeet pulp, 
and cubed and pelleted feed can cause 
the disease in horses when eaten 
quickly. 

• Eating while sedated 

• Foreign bodies in horses include pieces 
of wood, antimicrobial boluses, and 
fragments of nasogastric tubes. 

• A trichobezoar can cause esophageal 
obstruction cattle. 

• Poor dentition is often mooted as a 
cause 2 and, although sensible, there is 
no objective evidence of an association 
between dental abnormalities and 
esophageal obstruction. 

Extraluminal Obstructions 

• Enlarged lymph nodes in the 
mediastinum (tuberculosis, neoplasia, 
Rhodococcus equi, Corynebacterium 
spp., strangles, and secondary to 
pleuritis) 

• Cervical or mediastinal abscess 

• Persistent right aortic arch 
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• Thymoma 

• Megaesophagus and caudal esophageal 
muscle hypertrophy in Friesian horses 
can cause esophageal obstruction. 3 

• Secondary to esophageal strictures, 
which can occur subsequent to 
esophageal trauma or performation. 6 

Esophageal Paralysis 

Esophageal paralysis can be caused by con¬ 
genital or acquired abnormalities of the 
esophagus, and there are many examples of 
such abnormalities that interfere with swal¬ 
lowing and cause varying degrees of obstruc¬ 
tion, even though it may be possible to pass 
a stomach tube through the esophagus into 
the stomach or rumen. 

Esophageal paralysis, diverticulum, or 
megaesophagus has been recorded in horses 
and in cattle. Congenital hypertrophy of 
esophageal musculature and esophagotra- 
cheal fistula has been found in calves. Con¬ 
genital esophageal ectasia is recognized in 
foals, caused by degeneration of musculature 
and reduced ganglion cells in the myenteric 
plexus. Congenital esophageal dysfunction 
has also occurred in foals with no detectable 
histopathological lesion but with prolonged 
simultaneous contractions throughout the 
esophagus. 

Megaesophagus 

Megaesophagus is a dilatation and atony 
of the body of the esophagus usually associ¬ 
ated with asynchronous function of the 
esophagus and the caudal esophageal sphinc¬ 
ter. It occurs sporadically in cattle and in 
horses with preexisting esophageal disease. 
It is usually a congenital condition that 
causes regurgitation and aspiration pneumo¬ 
nia. A mild esophagitis has been observed in 
some cases and congenital stenosis of the 
esophagus in a foal has been associated with 
megaesophagus. Megaesophagus and caudal 
esophageal muscular hypertrophy occur in 
Friesian horses. 3 

Esophageal Strictures 

These arise as a result of cicatricial or granu¬ 
lation tissue deposition, usually as result of 
previous laceration or trauma of the esopha¬ 
gus. They can occur in the adult horse with 
a history of previous obstruction. Esopha¬ 
geal strictures resulting in obstruction occur 
in foals from 1 to 6 months of age without 
any history of ingestion of a foreign body. An 
esophageal stricture has also been described 
in a goat. 

Other Causes of Obstruction 

• Carcinoma of stomach causing 
obstruction of cardia 

• Squamous cell carcinoma of the 
esophagus of a horse 

• Esophageal hiatus hernia in cattle 

• Paraesophageal cyst in a horse 

• Combined esophageal and tracheal 
duplication cyst in a young horse 


• Esophageal duplication in a horse 

• Tubular duplication of the cervical 
portion of the esophagus in a foal 

• Cranial esophageal pulsion (pushing 
outward) diverticulum in a horse 

• Esophageal phytobezoar in a horse 

• Esophageal mucosal granuloma 

• Traumatic rupture of the esophagus from 
an external injury (e.g., a kick or striking 
the neck during transportation in a float 
involved in a motor vehicle accident or 
similar causing sudden slowing or 
stopping) or during treatment using a 
nasogastric tube 

• Esophageal paralysis can also be 
associated with lesions of encephalitis, 
especially in the brainstem 

The case-fatality rate for simple choke 
treated in the field is approximately 2%, 
while that in presumably more severe cases 
treated in referral institutions is approxi¬ 
mately 12%. Approximately 8% of horses (60 
of 758) examined by one author in primary 
care practice were caused by esophageal 
obstruction. 2 

Arabian horses and ponies appear to be 
overrepresented and Thoroughbreds under¬ 
represented among equids with choke. 2 ' 4 
There is no readily apparent sex predilection. 
Equids can be affected at any age. 

PATHOGENESIS 

An esophageal obstruction results in a 
physical inability to swallow and, in cattle, 
inability to eructate, with resulting bloat. 
In acute obstruction, there is initial spasm 
at the site of obstruction and forceful, pain¬ 
ful peristalsis and swallowing movements. 
Complications of esophageal obstruction 
include laceration and rupture of the esoph¬ 
agus, esophagitis, stricture and stenosis, and 
the development of a diverticulum. 

Acquired esophageal diverticula can 
occur in the horse. A traction diverticulum 
occurs following periesophageal scarring 
and is of little consequence. An esophageal 
pulsion diverticulum is a circumscribed sac 
of mucosa protruding through a defect in 
the muscular layer of the esophagus. Causes 
that have been proposed to explain pulsion 
diverticula include excessive intraluminal 
pressure from impacted feed, fluctuations in 
esophageal pressure, and external trauma. 
Complications associated with esophageal 
diverticula include peridiverticulitis, pul¬ 
monary adhesions, abscesses, and mediasti- 
nitis. Esophageal stricture and subsequent 
obstruction secondary to impaction of a 
diverticulum can also occur. 

In megaesophagus, the esophagus is dys¬ 
functional, dilated, and filled with saliva, 
feed, and water. This results in regurgitation 
and can lead to aspiration pneumonia. It can 
be congenital or secondary to other lesions 
and has been associated with gastric ulcer¬ 
ation in foals. 

Using esophageal manometry, the normal 
values for esophageal pressure profiles in 


healthy horses, cows, and sheep have been 
recorded. The body of the equine and bovine 
esophagus has two functionally different 
regions: the caudal portion and the remain¬ 
der of the esophageal body (cranial portion). 

CLINICAL FINDINGS 
Acute Obstruction or Choke 
Cattle 

The obstruction is usually in the cervical 
esophagus just above the larynx or at the tho¬ 
racic inlet. Obstructions can also occur at the 
base of the heart or the cardia. The animal 
suddenly stops eating and shows anxiety and 
restlessness. There are forceful attempts to 
swallow and regurgitate, salivation, cough¬ 
ing, and continuous chewing movements. If 
obstruction is complete, bloating occurs 
rapidly and adds to the animal’s discomfort. 
Ruminal movements are continuous and 
forceful and there can be a systolic murmur 
audible on auscultation of the heart. However, 
rarely is the bloat severe enough to seriously 
affect the cardiovascular system of the 
animal, such as occurs in primary legumi¬ 
nous (frothy) bloat. 

The acute signs, other than bloat, usually 
disappear within a few hours. This is caused 
by relaxation of the initial esophageal spasm 
and can or cannot be accompanied by 
onward passage of the obstruction. Many 
obstructions pass on spontaneously, but 
others can persist for several days and up to 
a week. In these cases, there is inability to 
swallow, salivation, and continued bloat. 
Passage of a nasogastric tube is impossible. 
Persistent obstruction causes pressure necro¬ 
sis of the mucosa and can result in perfora¬ 
tion or subsequent stenosis caused by fibrous 
tissue construction. 

Horse 

In the horse with esophageal obstruction 
caused by feed, the obstruction can occur at 
any level of the esophagus from the upper 
cervical region all the way to the thoracic 
portion. The ingestion of large quantities of 
grain or pelleted feed can cause obstruction 
over a long portion of the esophagus. 

The clinical findings vary with the loca¬ 
tion, nature, extent, and duration of the 
obstruction. Typically, the major clinical 
finding is dysphagia with nasal reflux of 
saliva, feed, and water. Affected horses will 
usually not attempt further eating but will 
drink and attempt to swallow water. External 
palpation of the cervical esophagus can 
reveal a firm cylindrical swelling along the 
course of the neck on the left side when the 
esophagus is obstructed with feed. 2 In cases 
of foreign-body obstruction such as a piece of 
wood, there can be no palpable abnormality. 

Horses with acute esophageal obstruction 
are commonly difficult to handle because 
they are panicky and make forceful attempts 
to swallow or retch. 2 They often vigorously 
extend and flex their necks and stamp their 
front feet. In some horses it can be difficult to 
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pass a nasogastric tube because they resist the 
procedure. During these episodes of hyper¬ 
activity they can sweat profusely, tachycardia 
can be present, and they can appear to be in 
abdominal pain. Such clinical findings on 
first examination can resemble colic, but 
attempted passage of a nasogastric tube as 
part of the examination of a horse with colic 
reveals the obstruction. 

Passage of a nasogastric tube is neces¬ 
sary to make the diagnosis and to assess the 
level of the obstruction. The level of obstruc¬ 
tion can be approximated by the amount of 
tube that has been passed. Care must be 
taken not to push the tube more than gently 
to avoid injury to the esophagus. Occasion¬ 
ally, a foreign body or bolus of feed will move 
distally into the stomach as the tube is gently 
advanced. 

The nature of the obstruction can be 
assessed more adequately with a fiberoptic 
endoscope, but visualization of the entire 
esophagus of an adult horse requires an endo¬ 
scope of 2.5 m length. The endoscope allows 
determination of the rostral but not the distal 
limit of the obstruction. Endoscopic exami¬ 
nation of the esophagus after relief of the 
obstruction is useful in identifying any preex¬ 
isting abnormalities or injuries caused by the 
obstruction. If radiographic equipment is 
available, standing lateral radiographs of the 
cervical and thoracic esophagus along with 
contrast media may be required to determine 
the extent and nature of an obstruction. 

Persistent obstruction can occur in the 
horse and death can occur in either species 
from subsequent aspiration pneumonia or, 
when the obstruction persists, from dehy¬ 
dration. In foals with esophageal obstruction 
the clinical findings include nasal reflux of 
saliva, feed, and milk; reluctance to eat solid 
feed; and dyspnea if aspiration pneumonia 
has occurred. Unthriftiness occurs if the 
obstruction has been present for a few weeks. 
Affected foals can have had several episodes 
of choke within the previous few weeks from 
which they appeared to recover spontane¬ 
ously. Passage of a nasogastric tube can be 
possible in some and not in others. 

Chronic Obstruction 

No acute signs of obstruction are evident and 
in cattle the earliest sign is chronic bloat, 
which is usually of moderate severity and can 
persist for several days without the appear¬ 
ance of other signs. Rumen contractions can 
be within the normal range. In horses and in 
cattle in which the obstruction is sufficiently 
severe to interfere with swallowing, a charac¬ 
teristic syndrome develops. Swallowing 
movements are usually normal until the 
bolus reaches the obstruction, when they are 
replaced by more forceful movements. Dila¬ 
tation of the esophagus can cause a pro¬ 
nounced swelling at the base of the neck. The 
swallowed material either passes slowly 
through the stenotic area or accumulates and 
is then regurgitated. Projectile expulsion of 


ingested material occurs with esophageal 
diverticula, but water is retained and there is 
no impedance to the passage of the stomach 
tube. In the later stages, there can be no 
attempt made to eat solid food, but fluids can 
be taken and swallowed satisfactorily. 

When there is paralysis of the esopha¬ 
gus, as in megaesophagus, regurgitation does 
not occur, but the esophagus fills and over¬ 
flows, and saliva drools from the mouth and 
nostrils. Aspiration into the lungs can follow. 
Passage of a stomach tube or probang is 
obstructed by stenosis but can be unimpeded 
by paralysis. 

Complications Following Esophageal 
Obstruction 

The risk of complications increases pro¬ 
portionate to the duration of obstruction. 4 
Complications following an esophageal 
obstruction are most common in the horse 
and include esophagitis, mucosal ulceration, 
esophageal perforation and esophageal stric¬ 
ture, and aspiration pneumonia. 4 Complica¬ 
tions developed in 51% of 109 horses 
hospitalized, with choke and the most fre¬ 
quent complication was aspiration pneumo¬ 
nia (39 of 109 horses). 4 The complication rate 
is much lower among horses treated in the 
field and in which resolution of the choke 
occurs within 24 hours. 2 

Mild cases of esophagitis heal spontane¬ 
ously. Circumferential full-thickness mucosal 
ulceration can result in a stricture, which will 
be clinically evident in 2 to 5 weeks and can 
require surgical correction or balloon dilata¬ 
tion. 4 Esophageal perforation can occur and 
is characterized by diffuse cellulitis of the 
periesophageal tissues, often with subcuta¬ 
neous emphysema, and a fistula can develop. 

CLINICAL PATHOLOGY 

Laboratory tests are not used in diagnosis, 
although radiographic examination is helpful 
to outline the site of stenosis, diverticulum, 
or dilatation, even in animals as large as 
the horse. Radiologic examination after a 
barium swallow is a practicable procedure 
if the obstruction is in the cervical esopha¬ 
gus. Viewing of the internal lumen of the 
esophagus with a fiberoptic endoscope has 
completely revolutionized the diagnosis of 
esophageal malfunction. Biopsy samples of 
lesions and tumor masses can be taken using 
the endoscope. Electromyography has been 
used to localize the area of paralysis of 
the esophagus in a cow with functional 
megaesophagus. 

TREATMENT 
Conservative Approach 

Many obstructions will resolve spontane¬ 
ously and a careful conservative approach is 
recommended. Of 60 cases first treated in the 
field, 45 resolved within 12 hours, 51 within 
24 hours, and 58 in 48 hours. 2 If there 
is a history of prolonged choke with consid¬ 
erable nasal reflux having occurred, the 


animal should be examined carefully for evi¬ 
dence of foreign material in the upper respi¬ 
ratory tract and the risk of aspiration 
pneumonia. It can require several hours of 
monitoring, reexamination, and repeated 
sedation before the obstruction is resolved. 
During this time, the animal should not have 
access to feed and water. 

Sedation 

In acute obstruction, if there is marked 
anxiety and distress, the animal should be 
sedated before proceeding with specific 
treatment. Administration of a sedative such 
as an a-2 receptor agonist, with or without 
an opiod, can also help to relax the esopha¬ 
geal spasm and allow passage of the impacted 
material. For sedation and esophageal relax¬ 
ation in the horse, one of the following is 
recommended: 

• Acepromazine 0.05 mg/kg BW 
intravenously 

• Xylazine 0.5 to 1.0 mg/kg BW 
intravenously 

• Detomidine 0.01 to 0.02 mg/kg BW 
intravenously 

• Romifidine 0.04 to 0.12 mg/kg 
intravenously. 


DIFFERENTIAL DIAGNOSIS 


• The clinical findings of acute esophageal 
obstruction in cattle and horses are 
usually typical but can be similar to 
those of esophagitis, in which local pain 
is more apparent and there is often an 
accompanying stomatitis and pharyngitis. 

• The excitement, sweating, and tachycardia 
observed in acute choke in the horse often 
suggests colic. Passage of a nasogastric 
tube reveals the obstruction. The use of a 
fiberoptic endoscope will usually locate the 
obstruction for visualization, and 
obstructions are easiest to see when the 
endoscope is being withdrawn rather than 
advanced. 

Chronic obstruction 

• Differentiation of the causes of chronic 
obstruction can be difficult. A history of 
previous esophagitis or acute obstruction 
suggests cicatricial stenosis. Contrast 
radiography of the esophagus is valuable in 
the investigation of horses with dysphagia, 
choke, and nasogastric reflux. The use of 
the sedative detomidine can affect the 
function of the esophagus and make 
interpretation of barium swallowing studies 
difficult. 

• Persistent right aortic arch is rare and 
confined to young animals. 

• Mediastinal lymph node enlargement is 
usually accompanied by other signs of 
tuberculosis or lymphomatosis. 

• Chronic ruminal tympany in cattle can be 
caused by ruminal atony, in which case 
there is an absence of normal ruminal 
movements. 


Continued 
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• Diaphragmatic hernia can also be a cause 
of chronic ruminal tympany in cattle and 
is sometimes accompanied by obstruction 
of the esophagus with incompletely 
regurgitated ingesta. This condition and 
vagus indigestion, another cause of chronic 
tympany, are usually accompanied by a 
systolic cardiac murmur, but passage of a 
stomach tube is unimpeded. Dysphagia can 
also result from purely neurogenic defects. 
Thus early paralytic rabies "choke" is often 
suspected, with dire results for the 
examining veterinarian. 

• Equine encephalomyelitis and botulism are 
other diseases in which there is difficulty in 
swallowing. 

• Cleft palate is a cause of recurrent nasal 
regurgitation in foals. 


For esophageal relaxation, analgesia and 
antiinflammatory effect hyoscine: dipyrone 
0.5:0.22 mg/kg BW intravenously can be 
used and for analgesia and antiinflammatory 
effect flunixin meglumine 1.1 mg/kg BW 
intravenously or phenylbutazone 2 to 4 mg/ 
kg intravenously are suggested. For analgesia 
butorphanol 0.02 to 0.1 mg/kg intravenously 
can be administered. 

Pass a Stomach Tube and Allow 
Object to Move Into Stomach 

The passage of the nasogastric tube is always 
necessary to locate the obstruction. Gentle 
attempts can be made to push the obstruc¬ 
tion caudad, but care must be taken to avoid 
damage to the esophageal mucosa. A fiber¬ 
optic endoscope can be used to determine 
the presence of an obstruction, its nature, 
and the extent of any injury to the esophageal 
mucosa. 

If the previously discussed simple proce¬ 
dures are unsuccessful it is then necessary 
to proceed to more vigorous methods. In 
cattle, it is usual to attempt further measures 
immediately, partly because of the animals 
distress and the risk of self-injury and partly 
because of bloat. Flowever, rarely is the 
bloat associated with esophageal obstruction 
life-threatening. The important decision is 
whether to proceed and risk damaging the 
esophagus or wait and allow the esophageal 
spasm to relax and the obstruction to pass 
spontaneously. This problem is most impor¬ 
tant in the horse. Attempts to push the 
obstruction too vigorously can injure the 
mucosa, causing esophagitis and even esoph¬ 
ageal perforation. Alternatively, leaving a 
large obstruction in place can restrict blood 
flow to the local area of mucosa and result in 
ischemic necrosis. Complications such as 
strictures and diverticula can occur but are 
uncommon. As a guide in the horse it is sug¬ 
gested that conservative measures (princi¬ 
pally sedation, waiting, and lavaging the 
esophagus) be continued for several hours 
before attempting radical procedures such as 


general anesthesia and manipulation or 
esophagotomy. 

Removal by Endoscope 

If a specific foreign body, such as a piece of 
wood, is the cause of the obstruction, it can 
be removed by endoscopy. The foreign body 
must be visible endoscopically, and suitable 
forceps or a snare through the scope is 
required. In some cases, impacted feed ante¬ 
rior to the foreign object must be lavaged out 
before the object is retrieved. 

Manual Removal Through Oral 
Cavity in Cattle 

Solid obstructions in the upper esophagus of 
cattle can be reached by passing the hand 
into the pharynx with the aid of a speculum 
and having an assistant press the foreign 
body up toward the mouth. Because of slip¬ 
pery saliva, it is often difficult to grasp the 
obstruction sufficiently strongly to be able to 
extricate it from the esophagus. A long piece 
of strong wire bent into a loop can be passed 
over the object and an attempt made to pull 
it up into the pharynx. The use of Thygesens 
probang with a cutting loop is a simple and 
effective method of relieving choke in cattle 
that have attempted to swallow beets and 
other similar-sized vegetables and fruits. If 
both methods fail, it is advisable to leave the 
object in situ and use treatments aimed at 
relaxing the esophagus. In such cases in 
cattle it can be necessary to trocarize the 
rumen and leave the cannula in place until 
the obstruction is relieved. However, this 
should not be undertaken unless specifically 
required. 

General Anesthesia in the Horse 

In horses, attempts to manually remove solid 
obstructions from the cranial portion of the 
esophagus require a general anesthetic, a 
speculum in the mouth, and a manipulator 
with a small hand. The fauces are much nar¬ 
rower in the horse than in the cow and it is 
only with difficulty that the hand can be 
advanced through the pharynx to the begin¬ 
ning of the esophagus. Fragments of naso¬ 
gastric tubes have been retrieved from the 
esophagus of horses using sedation with 
xylazine and butorphanol intravenously and 
the use of a fiberoptic endoscope. 

Esophageal Lavage in the Horse 

Accumulations of feedstuffs, which are most 
common in the horse, can be removed by 
careful lavage or flushing of the obstructed 
esophagus. Lavage can be performed in the 
standing horse or in lateral recumbency 
under general anesthesia. Small quantities 
of warm water, 0.5 to 1 L each time, are 
pumped through a nasogastric tube passed 
to the point of obstruction, and then the tube 
is disconnected from the pump and the 
liquid material is allowed to siphon out 
through the tube by gravity flow. Return of 
the fluid through the oral cavity and nostrils 


is minimized by ensuring that the tube is not 
plugged by returning material and by using 
only small quantities of fluid for each input 
of the lavage. Throughout the procedure, the 
tube is gently manipulated against the impac¬ 
tion. The use of a transparent tube assists in 
helping to see the amount and nature of the 
material coming through the tube. This is 
repeated many times until the fluid becomes 
clear. This procedure can require a few hours, 
but perseverance will be successful. After 
each lavage the tube can be advanced caudad 
a few centimeters and eventually all the way 
to the stomach. Care must be taken to avoid 
overflowing the esophagus and causing aspi¬ 
ration into the lungs. This is a constant 
hazard whenever irrigative removal is 
attempted and the animal’s head must always 
be kept as low as possible to avoid aspiration. 
Following relief of obstruction the horse can 
be offered water to drink and a wet mash of 
feed for several days. 

Lavage is similar in the recumbent horse 
under general anesthesia. A cuffed endotra¬ 
cheal tube is used to maintain an airway and 
to prevent aspiration of foreign material. 
Lavage under general anesthesia provides 
relaxation of the esophagus, which can 
enhance the procedure and allow a greater 
volume of water to be used. 

Surgical Removal of Foreign Bodies 

Surgical removal by esophagostomy can be 
necessary if other measures fail. Gastrotomy 
or rumenotomy can be necessary to relieve 
obstructions of the caudal portion of the 
esophagus adjacent to the cardia. Although 
stricture or fistula formation is often associ¬ 
ated with esophageal surgery, complications 
do not occur in every case and healing by 
secondary intention is common. 

Repeated Siphonage in Chronic 
Cases 

In chronic cases, especially those caused by 
paralysis, repeated siphonage can be neces¬ 
sary to remove fluid accumulations. Success¬ 
ful results are reported in foals using 
resection and anastomosis of the esophagus 
and in a horse using esophagomyotomy, but 
the treatment of chronic obstruction is 
usually unsuccessful. 

Cervical Esophagostomy 
Alimentation 

Alimentation of horses with esophageal rup¬ 
tures can be attempted by various means. 
Maintenance of nasogastric tubes through 
the nostrils is difficult but possible. Tube 
feeding through a cervical esophagostomy 
has some disadvantages, but it is a reasonably 
satisfactory procedure in any situation where 
continued extraoral alimentation is required 
in the horse. However, the death rate is higher 
than with nasogastric tube feeding. When 
the obstruction is caused by circumferential 
esophageal ulceration, the lumen is smallest 
at about 50 days and begins to dilate at that 







point so that it is normal again at about 
60 days. 

Antimicrobial Administration 

Animals with prolonged obstruction (>12- 
24 hours), fever, abnormal lung sounds, 
ultrasonographic or radiographic evidence 
of aspiration, or in which there is a suspicion 
of aspiration of regurgitus should be admin¬ 
istered broad-spectrum antimicrobials for 5 
to 7 days. 
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Diseases of the 
Nonruminant Stomach 
and Intestines 

Diseases that are accompanied by physical 
lesions, such as displacement or strangu¬ 
lation, or disturbances of motility, such as 
ileus, are presented first for the horse and 
pig. Bacterial and viral infectious diseases 
specific to the pig are then discussed, fol¬ 
lowed by bacterial infectious diseases of 
large animals (including horses, pigs, and 
neonatal and adult ruminants) such as 
salmonellosis and viral diseases of large 
animals such as VS. Bacterial, viral, and 
parasitic infectious diseases of the stomach 
and intestine are then presented for the foal; 
piglet; and neonatal calf, lamb, and kid. Dis¬ 
eases of the stomach and intestine for the 
horse and pig, as well as neonatal and adult 
ruminants, caused by toxins or those that are 
caused by congenital or inherited disease, 
are discussed last. Diseases associated with 
functional disturbances of secretion are 
not recognized in animals. Deficiencies of 
biliary and pancreatic secretion are dealt 
with in Chapter 9. Those diseases of the 
stomach and intestines peculiar to adult 
ruminants are dealt with separately in 
Chapter 8. 

GASTRITIS 

Inflammation of the stomach is manifested 
clinically by vomiting and is commonly asso¬ 
ciated with enteritis in gastroenteritis. 

ETIOLOGY 

Gastritis may be acute or chronic, but both 
forms of the disease may be caused by the 
same etiologic agents acting with varying 
degrees of severity and for varying periods. 
The inflammation may be associated with 
physical, chemical, bacterial, viral, or meta¬ 
zoan agents. 
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Cattle and Sheep 

Diseases of the rumen and abomasum are 
presented in Chapter 8. For comparative 
purposes the causes of abomasitis are listed 
here. For sheep there is no information other 
than about parasites. They are listed with 
cattle for convenience sake. 

Physical Agents 

Physical agents such as frosted feeds affect 
only the rumen. In calves, gross overeating 
and the ingestion of foreign materials may 
cause abomasitis. In adults, there is a very 
low incidence of foreign bodies in the 
abomasum, and half the cases are associated 
with traumatic reticulitis. 

Chemical Agents 

All of the irritant and caustic poisons (includ¬ 
ing arsenic, mercury, copper, phosphorus, 
and lead) cause abomasitis. Fungal toxins 
cause abomasal irritation, especially those of 
Fusarium spp. and Stachybotrys alternans. 
Acute lactic acidosis caused by engorgement 
on carbohydrate-rich food causes rumenitis 
with some runoff into the abomasum and the 
development of some abomasitis/enteritis. 

Infectious Agents 

Only the viruses of rinderpest, bovine virus 
diarrhea, and bovine malignant catarrh 
cause abomasal erosions. Bacterial causes are 
very rare and include sporadic cases of 
extension from oral necrobacillosis and 
hemorrhagic enterotoxemia caused by Clos¬ 
tridium perfringens Types A, B, C, rarely as 
an adjunct to colibacillosis and its enteric 
lesion in calves. Fungi, e.g., Mucor spp. and 
Aspergillus spp. complicate abomasal ulcers 
from other causes. 

Metazoan Agents 

Metazoan agents include nematodes such as 
Trichostrongylus axei , Ostertagia spp., Hae- 
monchus spp., and larval paramphistomes 
migrating to the rumen. 

Pigs 

Most often lesions are associated with ulcer¬ 
ation of the pars esophagea (PE), which is 
discussed under the separate topic of gastric 
ulceration. 

Physical Agents 

Foreign bodies, bedding, frosted feeds, 
moldy and fermented feeds are all possible 
causes. In older pigs, particularly outdoor 
sows, the presence of stones is a common 
feature and in some cases may be so bad as 
to be heard when sows move because consid¬ 
erable loss of weight is associated with the 
gastric fill. It may be one of the causes of the 
thin sow syndrome. 

Chemical Agents 

As listed under cattle, these are also possible 
causes of gastritis in pigs. It may also occur 
in the achlorhydria associated with diarrhea. 


Pigs are extremely inquisitive and will inves¬ 
tigate all compounds, but hopefully in this 
day and age there should be more care 
over on-farm storage. Bitterweed and blister 
beetle will also cause gastritis in pigs. 

Infectious Agents 

Venous hyperemia and infarction of the 
gastric mucosa occur in erysipelas, salmo¬ 
nellosis, porcine dermatitis and nephropathy 
syndrome (PDNS), TGE, swine dysentery 
and acute colibacillosis in weaned pigs. 
Similar lesions occur in classical swine fever, 
African swine fever, and swine influenza. 
Fungal gastritis also occurs secondarily par¬ 
ticularly to antibiotic therapy. 

Metazoan Agents 

The red stomach worm, Hyostrongylus 
rubidus , and the thick stomach worms Asca- 
rops strongylina and Physocephalus sexalatus 
are of low pathogenicity but cannot be disre¬ 
garded as causes of gastritis in pigs. Simond- 
sia spp. are found in Europe, Asia, and 
Australia and cause nodular gastritis. Gna- 
thostoma spp. occur in Asia and produce 
cysts in the submucosa. On most commer¬ 
cial units, especially if outdoors, routine 
medication is practiced, but backyard pigs 
are seldom treated because of unawareness. 
These agents are also found in many wild 
boar and feral pigs. 

Horses 

Physical and chemical agents as listed under 
cattle rarely may cause gastritis. Infectious 
causes of gastritis are rare in the horse, but 
emphysematous gastritis associated with C. 
perfringens has been recorded. 

Metazoan agents causing gastritis in 
horses include massive infestation with 
botfly larvae ( Gasterophilus spp.); Habro- 
nema muscae and H. microstoma infestation; 
H. megastoma causes granulomatous and 
ulcerative lesions and can lead to perforation 
and peritonitis. 

PATHOGENESIS 

Gastritis does not often occur in animals 
without involvement of other parts of the 
alimentary tract. Even in parasitic infesta¬ 
tions in which the nematodes are relatively 
selective in their habitat, infestation with one 
nematode is usually accompanied by infesta¬ 
tion with others, and gastroenteritis is pro¬ 
duced. It is dealt with as a specific entity here 
because it may occur as such, and enteritis is 
common without gastric involvement. The 
net effects of gastroenteritis can be deter¬ 
mined by a summation of the effects of gas¬ 
tritis and enteritis. 

The reactions of the stomach to inflam¬ 
mation include increased motility and 
increased secretion. There is an increase in 
the secretion of mucus, which protects the 
mucosa to some extent but also delays diges¬ 
tion and may allow putrefactive breakdown 
of the ingesta. This abnormal digestion 
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may cause further inflammation and favors 
spread of the inflammation to the intestines. 
In acute gastritis, the major effect is on motil¬ 
ity, and in chronic gastritis it is on secretion. 
In acute gastritis there is an increase in 
motility, causing abdominal pain and more 
rapid emptying of the stomach, either by 
vomiting or via the pylorus in animals unable 
to vomit. In chronic gastritis, the emptying 
of the stomach is prolonged because of the 
delay in digestion caused by excessive secre¬ 
tion of mucus. This may result in chronic 
gastric dilatation. The motility is not neces¬ 
sarily diminished and there may be subacute 
abdominal pain or a depraved appetite 
caused by increased stomach contractions 
equivalent to hunger pains. 

CLINICAL FINDINGS 
Acute Gastritis 

When the inflammation is severe, pigs and, 
rarely, horses and ruminants vomit (or rumi¬ 
nants regurgitate excessive quantities of 
rumen contents). In monogastric animals, 
such as pigs, the vomitus contains a great 
deal of mucus, sometimes blood, and is small 
in amount, and vomiting is repeated with 
forceful retching movements. The appetite is 
always reduced, and often absent, but thirst 
is usually excessive and pigs affected with 
gastroenteritis may stand continually lapping 
water or even licking cool objects. The breath 
has an offensive odor and there may be 
abdominal pain. Diarrhea is not marked 
unless there is accompanying enteritis, but 
the feces are usually pasty and soft. Addi¬ 
tional signs are usually evident when gastritis 
is part of a primary disease syndrome. 
Dehydration and alkalosis with tetany and 
rapid breathing may develop if vomiting is 
excessive. 

Chronic Gastritis 

Chronic gastritis is much less severe. The 
appetite is depressed or depraved and vomit¬ 
ing occurs only sporadically, usually after 
feeding. The vomitus contains much viscid 
mucus. Abdominal pain is minor and dehy¬ 
dration is unlikely to occur, but the animal 
becomes emaciated through lack of food 
intake and incomplete digestion. 

Anorexia, tympanites, gastritis, pyloric 
stenosis, and gastric ulcers are the clinical 
manifestations of abomasal foreign body in 
cattle. 

CLINICAL PATHOLOGY 

Specimens taken for laboratory examination 
are usually for the purpose of identifying the 
causative agent in specific diseases. Estima¬ 
tions of gastric acidity are not usually under¬ 
taken, but samples of vomitus should be 
collected if a chemical poison is suspected. 

NECROPSY FINDINGS 

The signs of inflammation vary in severity 
from a diffuse catarrhal gastritis to severe 
hemorrhagic and ulcerative erosion of the 


mucosa. In the mucosal diseases there are 
discrete erosive lesions. In parasitic gastritis 
there is usually marked thickening and 
edema of the wall if the process has been in 
existence for some time. Chemical inflam¬ 
mation is usually most marked on the tips of 
the rugae and in the pyloric region. In severe 
cases the stomach contents may be hemor¬ 
rhagic; in chronic cases the wall is thickened 
and the contents contain much mucus and 
have a rancid odor suggestive of a prolonged 
sojourn and putrefaction of the food. 

It is important to differentiate between 
gastritis and the erythematous flush of 
normal gastric mucosa in animals that have 
died suddenly. Venous infarction in the 
stomach wall occurs in a number of bacterial 
and viral septicemias of pigs and causes 
extensive submucosal hemorrhages, which 
may easily be mistaken for hemorrhagic 
gastritis. 


DIFFERENTIAL DIAGNOSIS 


• Gastritis and gastric dilatation have many 
similarities, but in the latter the vomitus is 
more profuse and vomiting is of a more 
projectile nature, although this difference is 
not so marked in the horse, in which any 
form of vomiting is severe. 

• Gastritis in the horse is not usually 
accompanied by vomiting but may occur in 
gastric dilatation. 

• In esophageal obstruction, the vomitus is 
neutral in reaction and does not have the 
rancid odor of stomach contents. 

• Intestinal obstruction may be accompanied 
by vomiting and, although the vomitus is 
alkaline and may contain bile or even fecal 
material, this may also be the case in 
gastritis when intestinal contents are 
regurgitated into the stomach. 

• Vomiting of central origin is extremely rare 
in farm animals. 

• Determination of the cause of gastritis may 
be difficult, but the presence of signs of 
the specific diseases and history of access 
to poisons or physical agents listed under 
etiology may provide the necessary clues. 

• Analysis of vomitus or food materials may 
have diagnostic value if chemical poisoning 
is suspected. 


TREATMENT 

Treatment of the primary disease is the first 
principle and requires a specific diagnosis. 
Ancillary treatment includes the withhold¬ 
ing of feed, the use of gastric sedatives, the 
administration of electrolyte solutions to 
replace fluids and electrolytes lost by vomit¬ 
ing, and stimulation of normal stomach 
motility in the convalescent period. 

In horses and pigs, gastric lavage may be 
attempted to remove irritant chemicals. 
Gastric sedatives usually contain insoluble 
magnesium hydroxide or carbonate, kaolin, 
pectin, or charcoal. Frequent dosing at inter¬ 
vals of 2 to 3 hours is advisable. If purgatives 


are used to empty the alimentary tract, they 
should be bland preparations such as mineral 
oil to avoid further irritation to the mucosa. 

If vomiting is severe, large quantities of 
electrolyte solution should be administered 
parenterally. Details of the available solutions 
are given under the heading of disturbances 
of body water. If the liquids can be given 
orally without vomiting occurring, this route 
of administration is satisfactory. 

During convalescence, the animal should 
be offered only soft, palatable, highly nutri¬ 
tious foods. Bran mashes for cattle and 
horses and gruels for calves and pigs are most 
suitable and are relished by the animal. 

ENTERITIS (INCLUDING 
MALABSORPTION, 
ENTEROPATHY, AND DIARRHEA) 

The term enteritis is used to describe inflam¬ 
mation of the intestinal mucosa resulting in 
diarrhea and sometimes dysentery, abdomi¬ 
nal pain occasionally, and varying degrees 
of dehydration and acid-base imbalance, 
depending on the cause of the lesion, its 
severity, and location. In many cases, gastri¬ 
tis also occurs together with enteritis. 

There are several diseases of the intestines 
of farm animals in which diarrhea and dehy¬ 
dration are major clinical findings, but clas¬ 
sical inflammation of the mucosa may not be 
present. The best example of this is the diar¬ 
rhea associated with enterotoxigenic E. coli 
(ETEC) which elaborates an enterotoxin that 
causes a large net increase of secretion of 
fluids into the lumen of the gut, with very 
minor, if any, structural changes in the intes¬ 
tinal mucosa. This suggests that a word other 
than enteritis may be necessary to describe 
alterations in the intestinal secretory and 
absorptive mechanisms that result in diar¬ 
rhea but in which pathologic lesions are not 
present. However, with these qualifications, 
for convenience, the term enteritis is used to 
describe those diseases in which diarrhea is 
a major clinical finding caused by malab¬ 
sorption in the intestinal tract. 

ETIOLOGY AND EPIDEMIOLOGY 

There are many causes of enteritis or malab¬ 
sorption in farm animals and the disease 
varies considerably in its severity depending 
on the causative agent. Enteropathogens 
include bacteria, viruses, fungi, protozoa, 
and helminths. Many chemicals and toxins 
can also cause enteritis (Tables 7-4 to 7-7). 
In addition to the primary etiologic agents 
of enteritis, there are many epidemiologic 
characteristics of the animal and the envi¬ 
ronment that are important in facilitating 
or suppressing the ability of the causative 
agent to cause enteritis. Thus newborn calves 
and piglets deficient in colostral immuno¬ 
globulins are much more susceptible to diar¬ 
rhea, and have a higher case-fatality rate 
from diarrhea than animals with adequate 
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Table 7-4 Epidemiological and clinical features of diseases of cattle in which diarrhea is a significant clinical finding 

Etiological agent or disease 

Age and class of animal affected and 
important epidemiological factors 

Major clinical findings and diagnostic criteria 

Bacteria 

Enterotoxigenic Escherichia coli 

Newborn calves <3-5 days of age, 
colostral immune status determines 
survival; outbreaks common 

Acute profuse watery diarrhea, dehydration and acidosis 

Culture feces for enteropathogenic type 

Salmonella spp. 

All ages; outbreaks occur; stress induced 

Acute diarrhea, dysentery, fever, and high mortality possible 

Culture feces 

Clostridium perfringens types B 
and C 

Young well-nourished calves <10 days 
of age 

Severe hemorrhagic enterotoxemia, rapid death; fecal smear 

Mycobacterium avium subsp. 
paratuberculosis 

Mature cattle, sporadic, single animal 

Chronic diarrhea with loss of weight, long course 

No response to therapy; special tests 

Proteus spp. and Pseudomonas 
spp. 

Calves treated for diarrhea with 
prolonged course of antibiotics 

Chronic to subacute diarrhea, poor response to treatment, 
progressive loss of weight; culture feces 

Fungi 

Candida spp. 

Young calves following prolonged use of 
oral antibacterials 

Chronic diarrhea, no response to treatment; fecal smears 

Viruses 

Rotavirus and coronavirus 

Newborn calves, 5-21 days old, explosive 
outbreaks 

Acute profuse watery diarrhea; demonstrate virus in feces 

Winter dysentery (Coronavirus) 

Mature housed cows, explosive outbreaks 

Acute epizootic of transient diarrhea and dysentery lasting 24 h; 
definitive diagnosis not possible currently 

Bovine virus diarrhea (mucosal 
disease) 

Young cattle 8 months to 2 years; usually 
sporadic but epidemics occur 

Erosive gastroenteritis and stomatitis; usually fatal; virus isolation 

Rinderpest 

Highly contagious, occurs in plague form 

Erosive stomatitis and gastroenteritis; high morbidity and mortality 

Bovine malignant catarrh 

Usually mature cattle, sporadic but small 
outbreaks occur 

Erosive stomatitis and gastroenteritis, enlarged lymph nodes, 
ocular lesions, hematuria and terminal encephalitis 



Transmission with whole blood 

Helminths 

Ostertagiasis 

Young cattle on pasture 

Acute or chronic diarrhea, dehydration, and hypoproteinemia 

Fecal examination; plasma pepsinogen 

Protozoa 

Eimeria spp. 

Calves over 3 weeks old and cattle up to 

12 months of age; outbreaks common 

Dysentery, tenesmus, nervous signs; Fecal examination diagnostic 

Cryptosporidium spp. 

Calves 5-35 days of age 

Diarrhea; fecal smear and special stain 

Chemical agents 

Arsenic, fluorine, copper, sodium 
chloride, mercury, molybdenum, 
nitrates, poisonous plants, 
mycotoxicoses 

All ages, history of access to substance 
Outbreaks occur 

All severities of diarrhea, dysentery, abdominal pain, in some 
cases nervous signs, dehydration, toxemia; fecal and tissue 
analyses 

Physical agents 

Sand, soil, silage, and feed 
containing lactic add (sour 
brewers' grains) 

Usually mature cattle, history of access; 
outbreaks occur 

Acute, subacute diarrhea, and toxemia; see sand in feces 

Rumen pH 

Nutritional deficiency 

Copper deficiency, conditioned by 
excess molybdenum 

Usually mature cattle on pasture with 
high levels of molybdenum 

Subacute and chronic diarrhea, osteodystrophy, no systemic 
effects, hair color changes; liver and blood analyses 

Dietary 

Overfeeding 

Simple indigestion 

Young calves overfed on milk 

Change of ration of mature cows (hay to 
silage) or grain to feedlot cattle 

Mild diarrhea, feces voluminous and pale yellow; clinical diagnosis 
Subacute diarrhea; normal in 24 h; Clinical diagnosis usually 
sufficient 

Inferior milk replacers 

Heat-denatured skim milk used in 
manufacturing of milk replacers for 
calves 

Subacute to chronic diarrhea, progressive emaciation, no response 
to conventional treatment except cow's whole milk 

Clotting tests on milk replacer 

Miscellaneous or uncertain etiology 

Intestinal disaccharidase deficiency 

May occur in young calves. Sporadic 

Subacute diarrhea unresponsive to usual therapy except 
withdrawal of milk; lactose digestion tests 

Congestive heart failure 

Toxemia (peracute coliform 
mastitis) 

Sporadic; mature cattle 

Sporadic 

Profuse watery diarrhea associated with visceral edema 

Acute diarrhea caused by endotoxemia from peracute mastitis 
Culture milk 
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Table 7-5 Epidemiological and clinical features of horses with diarrhea 



Age and class of animal affected and important 


Etiological agent or disease 

epidemiological factors 

Major clinical findings; diagnostic criteria 

Bacteria 

Salmonella spp. 

Young foals; mature horses, following stress 

Acute profuse diarrhea, severe dehydration, 
foul-smelling feces; leukopenia and neutropenia, 
culture feces, hyponatremia 

Rhodococcus equi 

Foals 2-5 months of age, some with history of 

Diarrhea associated with R. equi pneumonia; culture 


respiratory disease 

respiratory tract 

Clostridium perfringens or 

Mature horses administered antibiotics; young foals 

Profuse, watery diarrhea, hypovolemia, hyponatremia. 

C. difficile 


Fecal culture and demonstration of toxin in feces 

Aeromonas spp. 

Adult horses, tends to be more common in summer; 
often isolated from horses with diarrhea 

Definitive etiological role not proved 

Febrile, acute diarrhea; culture feces 

Viruses and rickettsia 

Neorickettsia risticii (formerly 

Endemic to certain regions in North and South 

Profuse watery diarrhea, fever, laminitis; IFA, PCR 

Ehrlichia risticii) 

America and Europe; ingestion of organism 
spread by insects (mayflies) 


Parasites 

Cyathostomes and large 

Individual horses; poor deworming history 

Acute to chronic diarrhea. Patent infections evident 

strongyles 

Seasonal occurrence of larval cyathostomiosis 

by fecal examination for parasite eggs 

Physical 

Sand accumulation 

Individual horses or farm problem; Ingestion of sand 

Watery diarrhea, not malodorous, not profuse; 


or gravel 

abdominal radiography or ultrasonography, 
examination of feces 

Overdosing of cathartics (DSS, 

Treated animals 

Moderate to profuse diarrhea; historical confirmation 

MgS0 4 , NaS0 4 , castor oil) 


of administration of compounds 

Miscellaneous or unknown 

Colitis X 

Single animal; adult horses; high death rate 

Acute, pyrexic diarrhea, hypovolemia, leukopenia; 
postmortem examination 

Granulomatous or 
eosinophilic colitis 

Single animal; adults 

Chronic diarrhea; necropsy or colonic biopsy 

Right dorsal colitis/ 

Administration of NSAIDs in large doses or 

Mild diarrhea; low-grade fever; Mild colic; 

phenylbutazone toxicity 

prolonged administration 

hypoproteinemia, hyponatremia; necropsy, surgery 

Antibiotic-induced diarrhea 

History of antimicrobial administration; high case- 

Acute onset diarrhea with or without fever; 


fatality rate 

leukopenia, hypovolemia; history 

DSS, dioctyl sodium sulfosuccinate; IFA, indirect fluorescence antibody test; NSAIDs, nonsteroidal antiinflammatory drugs; PCR, polymerase chain reaction. 


Table 7-6 Epidemiological and clinical features of diseases of the pig in which diarrhea is a significant clinical finding 

Etiological agent or disease 
epidemiological factors 

Age and class of animal affected and important 

Major clinical findings and diagnostic criteria 

Viruses 

Classical and African swine 
fever 

Hemorrhagic diarrhea at any age 

Many other signs (pyrexia); a variety of lab tests (isolation, 
ELISA, PCR etc.) 

Transmissible gastroenteritis 

Explosive outbreaks in newborn piglets; high morbidity 
and mortality 

Acute diarrhea, vomition, dehydration, and death; no 
response to treatment (lab tests include virus isolation, 
ELISA, EM, FATs) 

Rotavirus and coronavirus 
(epidemic diarrhea) 

Outbreaks in newborn piglets and weaned piglets 

May occur in well-managed herds 

Acute diarrhea and dehydration; may continue to suck the 
sow; death in 2-4 days; virus isolation and pathology of 
gut, EM, FATs (PED); PAGE for rotavirus 

Bacteria 

Enterotoxigenic Escherichia coli 

Common disease of newborn, 3-week-old and weaned 
piglets; outbreaks; colostral immune status important 

Acute diarrhea, dehydration; responds to early treatment 
Fecal culture and serotype; virulence factor determination 

Salmonella spp. 

All ages; most common in feeder pigs 

Acute septicemia or chronic diarrhea; responds to early 
treatment; culture and serotyping 
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Table 7-6 Epidemiological and clinical features of diseases of the pig in which diarrhea is a significant clinical finding—cont'd 

Etiological agent or disease 

epidemiological factors 

Age and class of animal affected and important 

Major clinical findings and diagnostic criteria 

Clostridium perfringens type C 

Newborn piglets; high mortality 

Acute and peracute hemorrhagic enterotoxemia; toxin 
demonstration and culture 

C. perfringens type A 

Slightly older pigs, first week of life, lower mortality 

As previously mentioned 

C. difficile 

Diarrhea in preweaned pigs 

Smears of colon wall, culture, FAT, PCR 

Brachyspira hyodysenteriae 

Usually feeder pigs; outbreaks common 

Dysentery, acute to subacute, fever; responds to treatment 

(swine dysentery) 


Culture, FATs, PCR on mucosal smears 

Lawsonia intracellularis (PIA, 

Growing and mature pigs; outbreaks common 

Acute dysentery and death; MZN on mucosal smears, 

PHE) 


PCR, silver-stained sections 

Brachyspira pilosicoli 

Usually weaned pigs 

PCR 

Protozoa 

Isospora spp. 

Newborn piglets 5-14 days of age; high morbidity, low 

Acute diarrhea; poor response to therapy with amprolium 


mortality 

Fecal examination for oocysts 

Other species ( Eimeria) 

In older pigs 

Histology of gut sections 

Parasites 

Ascaris suum and 

Young pigs 


A. iumbricoides 

All ages, usually older pigs 

Mild diarrhea for few days; worm egg count 

Trichuris suis 

Nutritional deficiency 


Diarrhea, dysentery, and loss of weight; fecal examination 
and gross pathology 

Iron deficiency 

Young piglets 6-8 weeks; not common in well- 
managed swine herds 

Mild diarrhea and anemia 

ELISA, enzyme-linked immunoassay; EM, electron micrograph; FAT, fluorescence antibody transfer; MZN, modified Ziehl-Neilson; RAGE, polyacrylamide gel 

electrophoresis; PCR, polymerase chain reaction; PED, porcine epidemic diarrhea; PHE, proliferative hemorrhagic enteropathy; PIA, porcine intestinal adenomatosis. 


Table 7-7 Epidemiological and clinical features of the diseases of sheep and goats in 

which diarrhea is a significant clinical finding 

Etiological agent or disease 

Age and class of animal affected and important 
epidemiological factors 

Major clinical findings and diagnostic criteria 

Bacteria 

Enterotoxigenic Escherichia 
coli (colibacillosis) 

Newborn lambs in crowded lambing sheds; cold 
chilling weather; outbreaks; inadequate colostrum. 
Mismothering problems; poor udder development 

Acute diarrhea (yellow feces), septicemia, and rapid 
death 

Culture feces for enterotoxigenic E. coli 

Clostridium perfringens type B 
(lamb dysentery) 

Newborn lambs up to 10 days of age; overcrowded 
lambing sheds 

Sudden death, diarrhea, dysentery, and toxemia; fecal 
smear 

C. perfringens type D 
(enterotoxemia) 

Adult lactating does 

Peracute, acute, and chronic forms occur; 
enterocolitis; watery diarrhea with feces containing 
blood and mucus, weakness, abdominal colic 

Salmonella spp. 

Newborn lambs; adult sheep in pregnancy 

Acute diarrhea and dysentery in lambs; acute 
toxemia, diarrhea in ewes followed by abortion; 
fecal culture and pathology 

Mycobacterium 

paratuberculosis 

Mature sheep and goats; several animals may be 
affected 

Loss of weight, chronic diarrhea, long course, no 
response to therapy; serological tests 

Viruses 

Rotavirus and coronavirus 

Newborn lambs; many lambs affected 

Acute profuse watery diarrhea; no toxemia; usually 
recover spontaneously if no secondary 
complications; virus isolation 

Parasites 

Nematodirus spp. 

Lambs 4-10 weeks of age on pasture 

Sudden onset; outbreaks; ideal environmental 
conditions for parasite are necessary 

Anorexia, diarrhea, thirsty, 10%-20% of lambs may 
die if not treated; fecal examination 

Ostertagia spp. 

Lambs 10 weeks of age and older lambs and young 

Many lambs develop diarrhea, weight loss; abomasitis 

Ewes on grass; types 1 and II 
Trichostrongylus spp. 

Older lambs 4-9 months of age 

Dull, anorexic, loss of weight and chronic diarrhea; 
fecal examination 


Continued 
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Table 7-7 Epidemiological and clinical features of the diseases of sheep and goats in 
finding—cont'd 

which diarrhea is a significant clinical 


Age and class of animal affected and important 


Etiological agent or disease 

epidemiological factors 

Major clinical findings and diagnostic criteria 

Protozoa 

Eimeria spp. 

Overstocking on pasture and overcrowding indoors, 
poor sanitation, and hygiene; commonly occurs 
following weaning and introduction into feedlot 

Acute and subacute diarrhea and dysentery; loss of 
weight 

Mortality may be high; fecal examination 

Cryptosporidium 

Lambs 7-10 days of age 

Dullness, anorexia, afebrile, diarrhea, may die in 2-3 
days, survivors may be unthrifty; examination of 
feces and intestinal mucosa; no specific treatment 


levels. Enteric salmonellosis is commonly 
precipitated by the stressors of transporta¬ 
tion or deprivation of feed and water. The 
stress of weaning in pigs is a risk factor for 
PWD. The prolonged use of antimicrobials 
orally in all species may alter the intestinal 
microflora and allow the development of a 
superinfection by organisms that would not 
normally cause disease. 

The salient epidemiologic characteristics 
and clinical findings of the diseases in which 
diarrhea, caused by enteritis or malabsorp¬ 
tion, is a principal clinical finding in each 
species are summarized by species in Tables 
7-4 to 7-7. There are many other diseases in 
which diarrhea might be present but in 
which it is only of minor importance. 

PATHOGENESIS 

Normal Intestinal Absorption 

Under normal conditions, a large quantity of 
fluid enters the small intestine from the 
saliva, stomach, pancreas, liver, and intesti¬ 
nal mucosa. This fluid and its electrolytes 
and other nutrients must be absorbed, 
mainly by the small intestines, although large 
quantities move into the large intestine for 
digestion and absorption, especially in the 
horse. The brush border membrane of the 
villous epithelial cells is of paramount impor¬ 
tance for the absorption of water, electro¬ 
lytes, and nutrients. 

Details of the physiology and pathophysi¬ 
ology of epithelial secretion in the gastroin¬ 
testinal tract are becoming clear, leading to 
new models of the mechanisms underlying 
diarrhea. The enteric nervous system is a 
critical component of the mechanism regu¬ 
lating fluid secretion in the normal intestine 
and a key element in the pathophysiology of 
diarrhea. Neural reflex pathways increase 
epithelial fluid secretion in response to 
several enteric pathogens of veterinary 
importance such as Salmonella spp., Crypto¬ 
sporidium parvum, rotavirus, and C. difficile. 
The enteric nervous system also has an 
important role in epithelial secretion trig¬ 
gered by products of activated leukocytes 
during inflammation. 


Mechanisms of Diarrhea 

Any dysfunction of the intestines will result 
in failure of adequate absorption and diar¬ 
rhea. Depending on the causative agent, 
intestinal malabsorption may be the result of 
at least four different mechanisms: 

• Osmotic diarrhea 

• Exudative diarrhea 

• Secretory diarrhea 

• Abnormal intestinal motility 

Osmotic Diarrhea 

There may be an osmotic effect when sub¬ 
stances within the lumen of the intestine 
increase the osmotic pressure over a greater 
than normal length of intestine, resulting 
in an osmotic movement of an excessive 
amount of fluid into the lumen of the intes¬ 
tine. The fluid is not reabsorbed and accu¬ 
mulates in the lumen. Examples include 
saline purgatives, overfeeding, indigestible 
feeds, and disaccharidase deficiencies. A 
deficiency of a disaccharidase leads to 
incomplete digestion and the accumulation 
of large quantities of undigested material, 
which acts as a hypertonic solution. 

Malabsorption is associated with several 
epitheliotropic viruses that affect the villous 
absorptive cells, causing a disaccharidase 
deficiency. Examples include the TGE virus 
in newborn piglets and rotavirus and corona- 
virus infections in newborn calves and other 
species. The usual pathogenetic sequence 
of events is selective destruction of villous 
absorptive cells, villous atrophy, loss of 
digestive and absorptive capacities (malab¬ 
sorption), diarrhea, crypt hyperplasia, and 
recovery. Recovery depends on the severity 
of the lesion, the relative injury done to the 
villous cells and crypt epithelium, and the age 
of the animal. Newborn piglets affected with 
TGE commonly die of dehydration and star¬ 
vation before there is sufficient time for 
regeneration of the villous cells from the 
crypt epithelium. In contrast, older pigs have 
a greater capacity for regeneration of the 
villous cells and the diarrhea may be only 
transient. 


Exudative Diarrhea 

Acute or chronic inflammation or necrosis of 
the intestinal mucosa results in a net increase 
in fluid production; inflammatory products, 
including loss of serum proteins; and a 
reduction in absorption of fluids and electro¬ 
lytes. Examples include many of the diseases 
associated with bacteria, viruses, fungi, pro¬ 
tozoa, chemical agents, and tumors that are 
summarized in Tables 7-4 to 7-7. The classic 
example is enteric salmonellosis, in which 
there is severe inflammation with the pro¬ 
duction of fibrinous, hemorrhagic enteritis. 
Other notable examples include swine dys¬ 
entery, bovine virus diarrhea, and inorganic 
arsenic poisoning. 

Secretory Diarrhea 

A secretory-absorptive imbalance results 
in a large net increase in fluid secretion with 
little if any structural change in the mucosal 
cells. The enterotoxin elaborated by ETEC 
results in intestinal hypersecretion. The villi, 
along with their digestive and absorptive 
capabilities, remain intact. The crypts also 
remain intact; however, their secretion is 
increased beyond the absorptive capacity of 
the intestines, resulting in diarrhea. The 
increased secretion is caused by an increase 
in cyclic adenosine monophosphate, which 
in turn may be stimulated by prostaglandins. 
The integrity of the mucosal structure is 
maintained and the secreted fluid is isotonic, 
electrolyte-rich, alkaline, and free of exu¬ 
dates. This is useful diagnostically in entero- 
toxic colibacillosis. 

An important therapeutic principle can 
be applied in secretory diarrhea disease. 
Whenever possible, because of the cost of 
parenteral fluid therapy, fluids and electro¬ 
lytes should be given orally. The mucosa 
remains relatively intact and retains normal 
absorptive capacity. Fluid replacement solu¬ 
tions containing water, glucose, and amino 
acids can be given orally and are absorbed 
efficiently. Glucose and amino acids enhance 
the absorption of sodium and water, replac¬ 
ing or diminishing fluid and electrolyte 
losses. 










There is also evidence that active electro¬ 
lyte secretion occurs in enterocolitis caused 
by salmonellosis in several species of animal. 
In diseases such as swine dysentery, the per¬ 
meability of the colon may remain normal or 
even decrease, but the absorption of water 
and electrolytes is decreased. This suggests 
that the primary cause of fluid and electro¬ 
lyte loss in some diseases of the colon may 
be failure of the affected epithelium to absorb 
fluids and electrolytes. 

Abnormal Intestinal Motility 

Hyperexcitability, convulsions, and the stress 
of unexpected sudden confinement may 
result in diarrhea, which may be caused by 
increased peristalsis, resulting in “intestinal 
hurry” and reduced intestinal absorption 
caused by rapid passage of intestinal fluids in 
an otherwise normal intestine. This can 
occur in animals that are being assembled for 
transportation and during transportation. 

Location of Lesion 

The location of the lesion in the intestinal 
tract may also influence the severity of the 
enteritis or malabsorption. Lesions involving 
the small intestine are considered to be more 
acute and severe than those in the large intes¬ 
tine, because approximately 75% to 80% of 
the intestinal fluids are absorbed by the small 
intestine and much lesser quantities by the 
large intestine. Generally, when lesions of 
the large intestine predominate, the fluid 
and electrolyte losses are not as acute or as 
severe as when the lesions of the small intes¬ 
tine predominate. However, the horse is an 
exception. The total amount of fluid entering 
the large intestine from the small intestine, 
plus the amount entering from the mucosa 
of the large intestine, is equal to the animal’s 
total extracellular fluid volume, and 95% of 
this is reabsorbed by the large intestine. This 
illustrates the major importance of the large 
intestine of the horse in absorbing a large 
quantity of fluid originating from saliva, the 
stomach, liver, pancreas, and small and large 
intestine. Any significant dysfunction of the 
absorptive mechanism of the large intestine 
of the horse results in large losses of fluids 
and electrolytes. This may explain the rapid 
dehydration and circulatory collapse that 
occurs in horses with colitis X. Moderate to 
severe ulcerative colitis of the right dorsal 
colon in horses treated with phenylbutazone 
results in marked dehydration, endotoxic 
shock, and death. 

Dehydration, Electrolyte, and 
Acid-Base Imbalance 

The net effect of an increase in the total 
amount of fluid in the intestinal lumen and 
a reduction in intestinal absorption is a loss 
of fluids and electrolytes at the expense of 
body fluids and electrolytes and the normal 
intestinal juices. The fluid that is lost consists 
primarily of water; the electrolytes sodium, 
chloride, potassium, and bicarbonate; and 
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varying quantities of protein. Protein is lost 
(protein-losing enteropathy) in both acute 
and chronic inflammation, leading to hypo- 
proteinemia in some cases. The loss of bicar¬ 
bonate results in metabolic acidosis, which 
is of major importance in acute diarrhea. The 
loss of sodium, chloride, and potassium 
results in serum electrolyte imbalances. In 
the horse with enteric salmonellosis, there is 
severe dehydration and marked hyponatre¬ 
mia. In the calf with neonatal diarrhea there 
are varying degrees of dehydration and a 
moderate loss of all electrolytes. With acute 
severe diarrhea, there is severe acidosis and 
reduced circulating blood volume, resulting 
in reduced perfusion of the liver and kidney 
and of peripheral tissues. This results in 
uremia, anaerobic oxidation, and lactic aci¬ 
dosis, which accentuates the metabolic aci¬ 
dosis. Hyperventilation occurs in some 
animals in an attempt to compensate for the 
acidosis. 

In acute diarrhea, large quantities of 
intestinal fluid are lost in the feces and large 
quantities are present in the intestinal lumen 
(intraluminal dehydration), which accounts 
for the remarkable clinical dehydration in 
some affected animals. The fluid moves out 
of the intravascular compartment first, then 
out of the extravascular compartment (inter¬ 
stitial spaces), followed last by fluid from the 
intracellular space. Thus in acute diarrhea of 
sudden onset the actual degree of dehydra¬ 
tion present initially may be much more 
severe than is recognizable clinically; as the 
diarrhea continues, the degree of clinical 
dehydration becomes much more evident. 

Chronic Enteritis 

In chronic enteritis, as a sequel to acute 
enteritis or developing insidiously, the intes¬ 
tinal wall becomes thickened and mucus 
secretion is stimulated, the absorption of 
intestinal fluids is also decreased but not of 
the same magnitude as in acute enteritis. In 
chronic enteritis there is a negative nutrient 
balance because of decreased digestion of 
nutrients and decreased absorption, result¬ 
ing in body wasting. The animal may con¬ 
tinue to drink and maintain almost normal 
hydration. In some cases of chronic enteritis, 
depending on the cause, there is continuous 
loss of protein, leading to clinical hypopro- 
teinemia. Intestinal helminthiasis of all 
species, Johne’s disease of ruminants, and 
chronic diarrheas of the horse are examples. 
Lymphocytic plasmacytic enteritis causing 
chronic weight loss occurs in the horse. 

Regional ileitis is a functional obstruc¬ 
tion of the lower ileum associated with gran¬ 
ulation tissue proliferation in the lamina 
propria and submucosa, with or without 
ulceration of the mucosa, and a massive 
muscular hypertrophy of the wall of affected 
areas of the intestine. It has been recognized 
with increased frequency in recent years in 
pigs, horses, and lambs. The lesion undoubt¬ 
edly interferes with normal digestion and 


absorption, but diarrhea is not a common 
clinical finding. 

Replacement of Villous 
Epithelial Cells 

The villous absorptive epithelial cells of the 
small intestine are involved in almost every 
type of enteritis or malabsorptive syndrome. 
These cells that line the villi and face the 
lumen of the intestine contain important 
digestive enzymes such as the disacchari- 
dases. They are also involved in absorption 
of fluids, electrolytes, monosaccharides such 
as glucose, and amino acids, and in the trans¬ 
port of fat micelles. Their replacement time 
is up to several days in the newborn calf and 
piglet, and only a few days when these 
animals are older (at 3 weeks). This may 
explain the relatively greater susceptibility of 
the newborn to the viral enteritides, such as 
TGE in piglets and rotavirus infection in all 
newborn farm animal species. Almost any 
noxious influence can increase the rate of 
extrusion of these cells, which are then 
replaced by cells that are immature and not 
fully functional. The villi become shortened 
(villous atrophy) and chronic malabsorption 
similar to the “sprue gut” of humans may be 
the result. The destruction of villous epithe¬ 
lial cells explains the long recovery period of 
several days in some animals with acute 
enteritis and the chronic diarrhea in others 
with chronic villous atrophy. 

The literature on the mechanisms of 
intestinal mucosal repair has been reviewed. 

Role of Neutrophils in Intestinal 
Mucosal Injury 

Neutrophils are critical elements of the 
cascade of events that culminates in mucosal 
injury in many inflammatory diseases of the 
gastrointestinal tract, including ischemia 
and reperfusion injury. Neutrophils mediate 
their detrimental actions by several mecha¬ 
nisms, especially physical disruption of the 
epithelium. These findings have resulted in 
consideration of strategies to attenuate neu¬ 
trophil-mediated mucosal injury by prevent¬ 
ing neutrophil transendothelial migration 
into the intestinal mucosa and subsequent 
activation during inflammation. Newer 
pharmacologic drugs that inhibit -(3-2- 
integrin activation, and therefore (3-2- 
integrin function, may be useful clinically to 
inhibit neutrophil-mediated injury during 
inflammation. 

Intestinal Motility in Enteritis 

The motility of the intestinal tract in animals 
with enteritis has not been sufficiently exam¬ 
ined and little information is available. It 
was thought for many years that intestinal 
hypermotility, and increased frequency and 
amplitude of peristalsis, was present in most 
enteritides as a response to the enteritis 
and that the hypermotility accounted for 
the reduced absorption. However, when the 
pathogenesis of the infectious enteritides is 
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considered, for example, the unique secre¬ 
tory effect of enterotoxin, it seems more 
likely that, if hypermotility is present, it is a 
response to the distension of the intestinal 
lumen with fluid rather than a response 
to irritation. With a fluid-filled intestinal 
lumen, very little intestinal peristalsis would 
be necessary to move large quantities of fluid 
down the intestinal tract. This may explain 
the fluid-rushing sounds that are audible on 
auscultation of the abdomen in animals with 
enteritis. It is possible that the intestines may 
be in a state of relative hypomotility rather 
than hypermotility, which makes the use of 
antimotility drugs for the treatment of enter¬ 
itis questionable. 

Concurrent Gastritis 

Gastritis commonly accompanies enteritis 
but does not cause vomition except perhaps 
in the pig. Gastritis (or abomasitis) may also 
be the primary lesion, resulting in a profuse 
diarrhea without lesions of the intestines. 
Examples are ostertagiasis and abomasal 
ulceration in cattle. Presumably the excessive 
amount of fluid secreted into the affected 
abomasum cannot be reabsorbed by the 
intestines. 

Effects of Enteritis on 
Pharmacodynamics of Drugs 

Enteritis may alter the pharmacodynamics of 
orally administered drugs. In acute diarrheal 
states there is delayed or impaired absorp¬ 
tion, resulting in subtherapeutic plasma con¬ 
centration. In chronic malabsorption states, 
decreased, increased, or delayed absorption 
may occur, depending on the drug. Also, 
gastric antacids, anticholinergic drugs, and 
opiates, administered orally for the treat¬ 
ment of diarrhea, may impair absorption of 
other drugs by altering solubility or delaying 
gastric emptying time. 

CLINICAL FINDINGS 

The major clinical finding in enteritis or 
malabsorption is diarrhea. Dehydration, 
abdominal pain, septicemia, and toxemia 
with fever occur commonly and their degree 
of severity depends on the causative agent, 
the age, the species of the animal, and the 
stage of the disease. 

In acute enteritis, the feces are soft or 
fluid in consistency and may have an unpleas¬ 
ant odor. They may contain blood (dysen¬ 
tery), fibrinous casts, and mucus or obvious 
foreign material such as sand. The color of 
the feces will vary considerably: they are 
usually pale yellow because of the dilution of 
the brown bile pigments, but almost any 
color other than the normal is possible and, 
with the exception of frank blood (hemato- 
chezia) or melena (black tarry feces), the 
color of the feces is usually not representative 
of a particular disease. When the feces are 
watery, they may escape notice on clinical 
examination. Some indication of the nature 
of the enteritis may be obtained from the 


distribution of the feces on the animal’s 
perineum. Thus in calves, the smudge pattern 
may suggest coccidiosis when both the stain¬ 
ing that accompanies it and the feces are 
smeared horizontally across the ischial 
tuberosities and the adjoining tail, or hel¬ 
minth infestation when there is little smear¬ 
ing on the pinbones, but the tail and insides 
of the hocks are liberally coated with feces. 
Straining may occur, especially in calves, and 
be followed by rectal prolapse, particularly 
when the lesions are present in the colon and 
rectum. Intussusception may occur when the 
enteritis involves the small intestine. 

There are a number of diseases in which 
dysentery with or without toxemia occurs 
and death may occur rapidly. These include 
lamb dysentery, hemorrhagic enterotoxemia 
of calves, acute swine dysentery, and hemor¬ 
rhagic bowel syndrome of pigs. 

Acute intraluminal hemorrhage caused 
by ulceration of unknown etiology in the 
small intestine has been recorded in adult 
cows. Duodenal ulceration may also occur in 
cattle in association with left-side displace¬ 
ment of the abomasum. 

Systemic Effects 

The systemic effects in enteritis vary con 
siderably. Septicemia, toxemia, and fever are 
common in the infectious enteritides. An 
increased body temperature may return to 
normal following the onset of diarrhea or if 
circulatory collapse and shock are imminent. 
Dehydration will vary from being just barely 
detectable at 4% to 6% of BW up to 10% to 
12% of BW, when it is clinically very evident. 
The degree of dehydration can be best 
assessed by tenting the skin of the upper 
eyelid or neck and determining the time 
taken for the skin fold to return to normal. 
The degree of recession of the eyeball is also 
a useful aid. In the early stages of acute enter¬ 
itis, the degree of clinical dehydration may 
be underestimated because of the time 
required for fluid to shift from the interstitial 
and intracellular spaces to the intravascular 
space to replace fluids already lost. Dehydra¬ 
tion is usually evident by 10 to 12 hours fol¬ 
lowing the onset of acute enteritis and 
clinically obvious by 18 to 24 hours. Periph¬ 
eral circulatory collapse (shock) occurs com¬ 
monly in acute and peracute cases. There 
may be tachycardia or bradycardia and 
arrhythmia depending on the degree of aci¬ 
dosis and electrolyte imbalance. In acute 
enteritis, there may be severe abdominal 
pain, which is most severe in the horse and 
is often sufficient in this species to cause 
rolling and kicking at the abdomen. Abdom¬ 
inal pain in enteritis is unusual in the other 
species although it does occur in heavy inor¬ 
ganic metal poisonings, such as arsenic and 
lead, and in acute salmonellosis in cattle. 
Some severe cases of enteric colibacillosis in 
calves are characterized by abdominal pain 
evidenced by intermittent bouts of stretching 
and kicking at the abdomen. The passage 


of intestinal gas also occurs commonly in 
horses with acute and chronic diarrhea. 

Intestinal Sounds in Enteritis 

Auscultation of the abdomen usually reveals 
sounds of increased peristalsis and fluid- 
rushing sounds in the early stages of acute 
enteritis. Later there may be paralytic ileus 
and an absence of peristaltic sounds with 
only fluid and gas tinkling sounds. The 
abdomen may be distended in the early 
stages because of distension of intestines and 
gaunt in the later stages when the fluid has 
been passed out in the feces. Pain may be 
evidenced on palpation of the abdomen in 
young animals. 

Chronic Enteritis 

In chronic enteritis, the feces are usually soft 
and homogeneous in consistency, contain 
considerable mucus, and usually do not have 
a grossly abnormal odor. Progressive weight 
loss and emaciation or “ranting” are common 
and there are usually no systemic abnormali¬ 
ties. Animals with chronic enteritis will often 
drink and absorb sufficient water to maintain 
clinical hydration, but there may be labora¬ 
tory evidence of dehydration and electrolyte 
loss. In parasitic enteritis and abomasitis 
there may be hypoproteinemia and subcuta¬ 
neous edema. In terminal ileitis, there is 
usually chronic progressive weight loss 
and occasionally some mild diarrhea. The 
lesion is usually recognized only at necropsy. 
Intestinal adenomatosis of pigs, rectal stric¬ 
tures in pigs, granulomatous enteritis of 
horses, and lymphosarcoma of the intestine 
of horses are examples of enteric disease 
causing chronic anorexia and progressive 
weight loss, usually without clinical evidence 
of diarrhea. These are commonly referred to 
as malabsorption syndromes. 

CLINICAL PATHOLOGY 

The laboratory testing of animals to obtain 
an etiologic diagnosis of enteritis can be a 
complex and expensive procedure, which 
requires careful consideration of the history, 
the clinical findings, and the number of 
animals affected. In outbreaks of enteric syn¬ 
dromes, it may be important to submit 
samples from both affected and normal 
animals. The details of the sampling tech¬ 
niques and the tissues required for the 
diagnosis of diseases of the digestive tract 
caused by feeding mismanagement, infec¬ 
tions, toxins, and other agents have been 
outlined and this is recommended as a 
reference. 

Fecal Examination 

Examination of the feces to determine the 
presence of causative bacteria, helminths, 
protozoa, viruses, and chemical agents is 
described under specific diseases throughout 
this book. It is important that fecal speci¬ 
mens are taken as the differentiation of 
the etiologic groups depends on laboratory 
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examinations. In outbreaks of diarrhea, fecal 
samples should also be taken from a repre¬ 
sentative number of normal animals in the 
same group as the affected animals. Com¬ 
parison of the fecal examination results 
between affected and normal animals will 
improve the accuracy of interpretation. 

Fecal samples can be examined for the 
presence of leukocytes and epithelial cells, 
which occur in exudative enteritis. 

Intestinal Tissue Samples 

In outbreaks of diarrhea, especially in neo¬ 
nates, it may be useful to do necropsies on 
selected early untreated cases of acute diar¬ 
rhea. The lesions associated with the entero- 
pathogens are well known, and a provisional 
etiologic diagnosis may be possible by gross 
and histopathological examination of the 
intestinal mucosa. 

Hematology and Serum 
Biochemistry 

With increasing sophistication in diagnostic 
laboratories and in large-animal practice, it 
is becoming common to do considerable 
laboratory evaluation to determine the actual 
changes that are present for purposes of a 
more rational approach to therapy. For each 
specific enteritis there are changes in the 
hemogram and serum biochemistry that aid 
in the diagnosis and differential diagnosis. 
In bacterial enteritis, such as acute enteric 
salmonellosis in the horse, there may be 
marked changes in the total and differential 
leukocyte count, which is a useful diagnostic 
aid. In most cases of acute enteritis there is 
hemoconcentration, metabolic acidosis, an 
increase in total serum solids concentration, 
a decrease in plasma bicarbonate, hypona¬ 
tremia, hypochloremia, and hypokalemia. 
However, abnormalities in body fluid com¬ 
partments caused by diarrhea depend on 
the pathogenetic mechanisms involved and 
the duration of the diarrhea. In horses with 
diarrhea of less than 6 days’ duration, the 
most common abnormality may be a com¬ 
bined anion gap, metabolic acidosis, and 
metabolic alkalosis characterized by hypona¬ 
tremia, hypochloremia, and hyperkalemia. 
The acid-base imbalances may vary consid¬ 
erably from case to case, and it is suggested 
that optimal fluid therapy should be based 
on laboratory evaluation of the animal’s 
blood gas and electrolytes. Hyperkalemia 
may occur in severe acidosis. An increase in 
serum creatinine may be caused by inade¬ 
quate renal perfusion associated with the 
dehydration and circulatory failure. 

Digestion/Absorption Tests 
Digestion and absorption tests are available 
for the investigation of chronic malabsorp- 
tive conditions, particularly in the horse. 
Intestinal biopsy may be necessary for a 
definitive diagnosis of chronic intestinal 
lesions that cannot be determined by the 
usual diagnostic tests. Examples include 


intestinal lymphosarcoma, granulomatous 
enteritis, and perhaps Johne’s disease. Serum 
electrophoresis and the administration of 
radioactively labeled albumin may be neces¬ 
sary to determine the presence of a protein¬ 
losing enteropathy. 

NECROPSY FINDINGS 

The pathology of enteritis or malabsorption 
varies considerably depending on the cause. 
There may be an absence of grossly visible 
changes of the mucosa, but the intestinal 
lumen will be fluid-filled or relatively empty, 
depending on the stage of examination in 
enterotoxigenic colibacillosis. When there is 


gross evidence of inflammation of the mucosa 
there will be varying degrees of edema, 
hyperemia, hemorrhage, foul-smelling intes¬ 
tinal contents, fibrinous inflammation, ulcer¬ 
ation, and necrosis of the mucosa. With acute 
necrosis there is evidence of frank blood, 
fibrinous casts, and epithelial shreds. The 
mesenteric lymph nodes show varying 
degrees of enlargement, edema and conges¬ 
tion, and secondary involvement of spleen 
and liver is not unusual. In chronic enteritis, 
the epithelium may appear relatively normal, 
but the wall is usually thickened and may be 
edematous. In some specific diseases there 
are lesions typical of the particular disease. 


DIFFERENTIAL DIAGNOSIS 


Approach 

• The approach to the diagnosis of diarrhea requires consideration of the epidemiological history 
and the nature and severity of the clinical findings. With the exception of acute enteritides in 
newborn farm animals, most of the other common enteritides have reasonably distinct 
epidemiological and clinical features. 

• In some cases, a necropsy on an untreated case of diarrhea in the early stages of the disease can 
be very useful 

• If possible, a hemogram should be obtained to assist in determining the presence or absence of 
infection. 

Appearance of feces 

• The gross appearance of the feces may provide some clues about the cause of the diarrhea. 
Generally, diarrhea caused by lesions of the small intestine are profuse and the feces are liquid 
and sometimes as clear as water. The diarrhea associated with lesions of the large intestine are 
characterized by small volumes of soft feces, often containing excess quantities of mucus. 

• The presence of toxemia and fever-marked changes in the total and differential leukocyte count 
suggest bacterial enteritis, possibly with septicemia. This is of particular importance in horses 
and cattle with salmonellosis. 

• The presence of frank blood and/or fibrinous casts in the feces usually indicates a severe 
inflammatory lesion of the intestines. In sand-induced diarrhea in horses the feces may 
contain sand. 

Weight loss 

• Chronic diarrhea with a history of chronic weight loss in a mature cow suggests Johne's disease. 

• Chronic weight loss and chronic diarrhea, or even the absence of diarrhea, in the horse may 
indicate the presence of granulomatous enteritis, chronic eosinophilic gastroenteritis, alimentary 
lymphosarcoma, tuberculosis, and histoplasmosis. 

Dietary diarrhea and toxicities 

• In dietary diarrhea the feces are usually voluminous, soft, and odoriferous. The animal is usually 
bright and alert and there are minimal systemic effects. An examination of the diet will usually 
reveal if the composition of the diet or irregular feeding practices are responsible for the diarrhea. 
Analysis of samples of new feed may be necessary to determine the presence of toxic chemical 
agents. 

• Arsenic poisoning is characterized by dysentery, toxemia, normal temperature, and nervous signs. 

• Copper deficiency conditioned by an excess of molybdenum causes a moderately profuse diarrhea 
with soft feces and moderate weight loss. There is usually normal hydration and possibly 
depigmentation of hair. 

Parasitism 

• Intestinal helminthiasis such as ostertagiasis causes a profuse diarrhea and marked loss of weight; 
the temperature is normal and there is no toxemia. 

Miscellaneous causes 

• In cattle, the oral cavity must be examined for evidence of lesions characteristic of viral diseases. 

• Many diseases of the stomach, including ulceration, parasitism, gastritis, and tumors, may result in 
diarrhea and must be considered in the differential diagnosis of chronic diarrhea. 

• The soft scant feces associated with some cases of incomplete obstruction of the digestive tract of 
cattle affected with the complications of traumatic reticuloperitonitis must not be confused with 
diarrhea. 
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TREATMENT 

The principles of treatment of enteritis 
include the following: 

• Removal of the causative agent 

• Alteration of the diet 

• Fluids and electrolytes 

• Intestinal protectants and adsorbents 

• Antidiarrheal drugs 

Removal of Causative Agent 

Specific treatment is usually directed at intes¬ 
tinal helminthiasis with anthelmintics, anti¬ 
protozoan agents against diseases such as 
coccidiosis, and antimicrobial agents against 
the bacterial enteritides. There are no specific 
treatments available for the viral enteritides 
in farm animals. 

Although a considerable number of 
investigations have been done on the enter¬ 
itides on farm animals, the emphasis has 
been on the immunology, pathology, micro¬ 
biology, and body fluid dynamics, each with 
different emphasis in different species. For 
example, there is considerable information 
on the microbiology and immunology of the 
common enteritides in calves and piglets in 
addition to the extensive knowledge of the 
body fluid dynamics in calves. In the horse 
there is some information on body fluid 
dynamics, but the microbiology of the diar¬ 
rheas is not well understood. In none of 
the species is there sufficient information on 
the effects of antibiotics on the intestinal 
microflora. 

Antimicrobials 

The use of antimicrobials, either orally or 
parenterally, or by both routes simultane¬ 
ously, for the treatment of bacterial enteriti¬ 
des is a controversial subject in both human 
and veterinary medicine. Those who support 
their use in acute bacterial enteritis claim 
that they are necessary to help reduce the 
overgrowth of pathogenic bacteria respon¬ 
sible for the enteritis and to prevent or treat 
bacteremia or septicemia that may occur sec¬ 
ondary to an enteritis. Those who suggest 
that they are contraindicated or unnecessary 
in bacterial enteritis suggest that the drugs 
may eliminate a significant proportion of the 
intestinal flora in addition to the pathogenic 
flora. This may reduce the effect of competi¬ 
tive antagonism in the intestine, which in 
turn may permit the development of a super¬ 
infection (the appearance of bacteriologic 
and clinical evidence of a new infection 
during the chemotherapy of a primary one). 
Also, the use of antimicrobials in infectious 
enteric disease allows the development of 
multiple drug resistance, which is a major 
public health concern. The use of antimicro¬ 
bials may also increase the length of time 
over which affected animals excrete the 
organisms which, for example, may occur in 
enteric salmonellosis. 

Many different antimicrobial prepara¬ 
tions for both oral and parenteral adminis¬ 
tration are available. The choice will depend 


on previous experience, the disease sus¬ 
pected, and the results of culture and drug 
sensitivity tests. Parenteral preparations are 
indicated in animals with acute diarrhea, 
toxemia, and fever. Many antimicrobials, 
when given parenterally, are excreted by the 
liver into the lumen of the intestine and oral 
preparations may not be necessary. In cases 
of subacute diarrhea with minimal systemic 
effects, the use of an oral preparation may be 
sufficient. Flowever, oral preparations should 
not be used for more than 3 days to avoid a 
superinfection. The preparations and doses 
of the antimicrobials commonly used in bac¬ 
terial enteritides are described under each 
disease. 

Mass Medication of Feed and 
Water Supplies 

Mass medication of the drinking water 
supply with antimicrobials for the treatment 
of outbreaks of specific infectious enteritides 
in animals is used commonly and with 
success. One of the best examples is the use 
of antimicrobials in the drinking water of 
pigs affected with swine dysentery. However, 
not all affected animals will drink a sufficient 
quantity of the medicated water and daily 
intake must be monitored carefully. Severely 
affected animals in an outbreak need indi¬ 
vidual treatment. 

Alteration of the Diet 

If the cause of the diarrhea is dietary in 
origin the feed should be removed until the 
animal has fully recovered; feed should then 
be replaced by another source or reintro¬ 
duced gradually. The question of whether or 
not a normally digestible diet should be 
removed temporarily or the total daily intake 
reduced in animals with acute enteritis is a 
difficult one. The rationale is that in acute 
enteritis the digestibility of nutrients is 
reduced considerably and undigested feed 
provides a substrate for fermentation and 
putrefaction to occur, the products of which 
may accentuate the malabsorptive state. 
However, temporary withdrawal of feed 
presents practical problems, especially in the 
young. For example, the temporary removal 
from the sow of newborn piglets affected 
with acute enteritis presents practical prob¬ 
lems and is of doubtful value, which is 
similar with beef calves nursing cows on 
pasture. With foals it is relatively easy to 
muzzle them for 24 hours. With weaned 
piglets affected with weanling diarrhea and 
feeder pigs with swine dysentery, it is 
common practice to reduce the normal daily 
intake by half for a few days until recovery is 
apparent. Mature horses affected with diar¬ 
rhea should not have access to any feed for 
at least 24 hours. During the period of tem¬ 
porary starvation, the oral intake of fluids 
containing glucose and electrolytes is desir¬ 
able and necessary to assist in maintaining 
hydration. In newborn calves with diarrhea, 
if oral fluid intake is maintained, the total 


loss of water from feces and through the 
kidney is not significantly greater than in 
normal calves, because in diarrheic calves 
the kidney will effectively compensate for 
fecal losses. When recovery is apparent, the 
animal’s usual diet may be reintroduced 
gradually over a period of a few days. 

Fluids and Electrolytes 

The initial goals of fluid and electrolyte 
therapy for the effects of enteritis are the 
restoration of the body fluids to normal 
volume, effective osmolality, and composi¬ 
tion and acid-base balance. The quality and 
quantity of fluids required to achieve these 
goals depend on the characteristics of the 
dehydration and acid-base electrolyte imbal¬ 
ance. Under ideal conditions when a labora¬ 
tory is available, the determination of PCV, 
total serum proteins, plasma bicarbonate, 
blood pH, serum electrolytes, and a hemo¬ 
gram would provide the clinician with a 
laboratory evaluation initially and through¬ 
out the course of therapy to assess the effec¬ 
tiveness of the treatment. However, such 
laboratory service is expensive and usually 
not readily available. The clinician must 
therefore assess the degree of clinical dehy¬ 
dration and, based on the history and clinical 
findings, estimate the degree of acidosis 
and electrolyte deficits that are likely to be 
present. A practical approach to fluid therapy 
in the horse has been described. Fluids 
should be given orally whenever possible 
to save time and expense and to avoid the 
complications that can arise from long-term 
parenteral fluid therapy. Also, fluids should 
be given as early as possible to minimize the 
degree of dehydration. With good kidney 
function there is a wider safe latitude in the 
solution used. 

The three major abnormalities of dehy¬ 
dration, acidosis, and electrolyte deficit are 

usually corrected simultaneously with fluid 
therapy. When severe acidosis is suspected, 
this should be corrected immediately with 
a hypertonic (5%) solution of bicarbonate 
given intravenously at the rate of 5 to 7 mL/ 
kg BW at a speed of about 100 mL/min. This 
is followed by the administration of electro¬ 
lyte solutions in quantities necessary to 
correct the dehydration. With severe dehy¬ 
dration, equivalent to 10% of BW, large 
amounts of fluids are necessary (Table 7-8). 

The initial hydration therapy should be 
given over the first 4 to 6 hours by continu¬ 
ous intravenous infusion, followed by main¬ 
tenance therapy for the next 20 to 24 hours, 
or for the duration of the diarrhea if severe, 
at a rate of 100 to 150 mL/kg BW per 24 
hours. Horses with acute enteritis have 
severe hyponatremia and following fluid 
therapy may become severely hypokalemic, 
as evidenced by weakness and muscular 
tremors. The hypertonic solution of sodium 
bicarbonate will assist in correcting the 
hyponatremia, but potassium chloride may 
need to be added to the large quantity of 
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Table 7-8 Fluid deficits (L) in horses, 
foals and calves with 10% dehydration 


Dehydration 

Fluid 

Animal 

(%) 

deficit (L) 

500-kg horse 

10 

50 

75-kg foal 

10 

7.5 

45-kg calf 

10 

4.5 


fluids given for dehydration; 1 g of potas¬ 
sium chloride added to each liter of fluid 
will provide an additional 14 mOsm/L 
(14 mmol/L) of potassium. In preruminant 
calves with diarrhea, the fluids and electro¬ 
lytes required for maintenance may be given 
orally in divided doses every few hours. In 
the early stage of acute diarrhea and for 
animals that are not severely dehydrated, the 
oral route can also be used successfully to 
correct dehydration and prevent it from 
becoming worse. The formula of oral 
glucose-electrolyte solutions are given in the 
section Colibacillosis. Piglets and lambs 
affected with dehydration are most effec¬ 
tively treated using balanced electrolyte solu¬ 
tions given subcutaneously at the dose rates 
of 20 mL/kg BW every 4 hours and orally at 
20 mL/kg BW every 2 hours. Details of the 
treatment of fluid and electrolyte distur¬ 
bances are given in Chapter 5. 

Intestinal Protectants and Adsorbents 

Kaolin and pectin mixtures are used widely 
to coat the intestinal mucosa, inhibit secre¬ 
tions, and increase the bulk of the feces in 
animals with enteritis. In children with diar¬ 
rhea, kaolin and pectin will result in formed 
rather than watery feces, but the water 
content of the feces is unchanged. It is not 
possible at this time to make a recommenda¬ 
tion on their use in animals. 

Antidiarrheal Drugs 
Antimotility Drugs 

Anticholinergic drugs and opiates are avail¬ 
able to decrease intestinal motility. The 
anticholinergic drugs block the action of 
acetylcholine on smooth muscle and glands. 
This results in decreased gastric secretion 
and emptying and a reduction on both seg¬ 
mental and propulsive movements of the 
intestines. Dosages of anticholinergics neces¬ 
sary to produce effectiveness may also cause 
side effects such as xerostomia, photophobia, 
tachycardia, urinary retention, and neuro¬ 
muscular paralysis. The opiates function by 
producing an increase in segmentation while 
reducing propulsive movements in the intes¬ 
tine. The net effect is an increase in resistance 
to passage of intestinal contents, and more 
complete absorption of both water and nutri¬ 
ents occurs with a subsequent decrease in the 
frequency of defecation. There are no pub¬ 
lished reports of clinical trials using antimo¬ 
tility drugs for the treatment of diarrhea 
in farm animals; therefore at the present time 


they cannot be recommended with any 
assurance of effectiveness. 

Antisecretory Drugs 

Antisecretory drugs are also available for the 
treatment of diarrhea caused by the hyperse¬ 
cretory activity of enterotoxin produced by 
bacteria such as ETEC. Loperamide hydro¬ 
chloride given orally to calves with experi¬ 
mentally induced diarrhea can delay the 
onset of diarrhea by its inhibition of fluid 
secretion. Antisecretory drugs include chlor- 
promazine, opiates, atropine, and prosta¬ 
glandin inhibitors. These have not yet been 
adequately evaluated and the provision of 
balanced fluids and electrolytes, containing 
sodium chloride, sodium bicarbonate, potas¬ 
sium chloride, and glucose, given both par- 
enterally and orally, are considered to be 
adequate and effective for treating the effects 
of the hypersecretion. 

Because prostaglandins have an impor¬ 
tant reparative role in the intestine, NSAIDs 
may retard recovery of ischemic-injured 
intestine and are contraindicated. 

CONTROL 

The control and prevention of enteritis in 
farm animals is a major topic and activity of 
large-animal practice. The control of each 
specific enteritis is presented under each spe¬ 
cific disease in Part II of this book. The prin¬ 
ciples of control include the following: 

• Reduce infection pressure by controlling 
population density 

• Ensure adequate nonspecific resistance 
by adequate colostrum intake of 
neonatal farm animals and maintaining 
adequate nutritional status 

• Vaccinate for those diseases for which 
there is an effective vaccine 

• Minimize managerial and 
environmental stressors 

• Monitor morbidity and mortality and 
ensure that a diagnosis is obtained so 
that control measures for newly 
introduced diseases into a herd can be 
instituted 

INTESTINAL HYPERMOTILITY 

A functional increase in intestinal motility 
seems to be the basis of a number of diseases 
of animals. Clinically there is some abdomi¬ 
nal pain and, on auscultation, an increase in 
alimentary tract sounds and, in some cases, 
diarrhea. Affected animals do not usually 
die and necropsy lesions cannot be defined, 
but it is probable that the classification as it 
is used here includes many of the diseases 
often referred to as catarrhal enteritis or 
indigestion. 

The major occurrence of intestinal hyper¬ 
motility is spasmodic colic of the horse. 
Other circumstances in which hypermotility 
and diarrhea occur without evidence of 
enteritis include allergic and anaphylactic 
states and a change of feed to lush pasture. 


DIETARY DIARRHEA 

Dietary diarrhea occurs in all species and all 
ages but is most common in neonatal animals 
in which there is either absolute or relative 
inability to digest food or to which inappro¬ 
priate food is provided. An absolute inability 
to digest food occurs in primary, or severe 
secondary, lactose intolerance in which the 
neonate does not have intestinal lactase activ¬ 
ity. The result is failure to cleave lactose to its 
constituent monosaccharides and therefore 
fermentation of lactose in the small or large 
intestine. Bacterial fermentation of lactose 
causes osmotic diarrhea. Relative lactose 
deficiency presumably occurs in neonates 
that ingest large quantities of milk that then 
exceed the digestive capacity of the intestine. 
The frequency with which this occurs is 
unclear and withholding or restricting of feed 
to neonates should be approached with cau¬ 
tion. The feeding of indigestible feedstuffs, 
such as inferior milk replacers, can cause 
diarrhea. 

ETIOLOGY 
Milk Replacers 

The use of inferior-quality milk replacers in 
young calves under 3 weeks of age is one of the 
most common causes of dietary diarrhea. The 
quality of the milk replacer may be affected by 
the use of skim-milk powder that was heat 
denatured during processing, resulting in a 
decrease in the concentration of noncasein 
proteins. This results in ineffective clotting in 
the abomasum and reduced digestibility. The 
use of excessive quantities of nonmilk carbo¬ 
hydrates and proteins in milk replacers for 
calves is also associated with a high incidence 
of diarrhea, loss of weight, emaciation, and 
starvation. The use of large quantities of 
soybean protein and fish protein concentra¬ 
tion in milk replacers for calves will result in 
chronic diarrhea and poor growth rates. 

Most attempts to raise calves on diets 
based on large amounts of certain soybean 
products, such as heated soybean flour, have 
been unsuccessful because the animals devel¬ 
oped diarrhea, lost appetite, and had lower 
weight or inferior growth rate. Preruminant 
calves develop gastrointestinal hypersensi¬ 
tive responses to certain soybean products 
because major proteases of the digestive tract 
do not denature soluble antigenic constitu¬ 
ents of the soybean protein. 

Diarrhea of nutritional origin has become 
one of the most important problems in 
which large numbers of calves are raised 
under intensive conditions. Because of the 
relatively high cost of good-quality skim- 
milk powder, large quantities of both 
nonmilk proteins and carbohydrates are 
used in formulating milk replacers. Although 
some calves in these large units can satisfac¬ 
torily digest the nutrients in these milk 
replacers, many cannot, and this leads to a 
high incidence of diarrhea and secondary 
colibacillosis and enteric salmonellosis. 
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Milk replacers made from bovine milk 
and milk by-products used to feed orphan 
piglets, lambs, and foals may cause nutri¬ 
tional diarrhea for the same reasons given 
earlier. In milk-replacer-fed calves, increas¬ 
ing the total daily fluid intake as a percentage 
of BW causes a greater incidence of loose 
feces, dehydration, and dullness than lower 
levels of fluid intake and higher dry matter 
concentration. This suggests that a greater 
amount of fluid intake increases the passage 
rate of dry matter and decreases absorption. 
The concentration of solids in the liquid diet 
should range between 10% and 13% and 
should be offered at 8% of BW in calves fed 
milk replacer once daily and allowed free 
access to calf starter. 

Overfeeding of Milk 

The feeding of excessive amounts of cows’ 
whole milk to hand-fed calves will result in 
large amounts of abnormal feces but usually 
not a profuse watery diarrhea with dehydra¬ 
tion and loss of weight. This suggests that 
simple overfeeding of milk might not be a 
cause of acute neonatal diarrhea of calves. 
There is some limited evidence that dietary 
diarrhea can occur in nursing beef calves 
ingesting milk that does not clot properly. 
Only the milk from cows with diarrheic 
calves showed evidence of impaired clotting 
in an in vitro test. 

The ingestion of excessive quantities of 
sows’ milk by piglets at 3 weeks of age is 
thought to be a contributory cause of 3-week 
diarrhea of piglets. This could be caused 
by the sow reaching peak production at 
3 weeks. 

Beef calves suckling high-producing 
cows grazing on lush pasture are often 
affected with a mild diarrhea at about 3 
weeks of age. The cause is thought to be 
simple overconsumption of milk. Similarly, 
vigorous lambs sucking high-producing 
ewes can develop diarrhea. 

Foals commonly have diarrhea at about 9 
days of age, which coincides with the foal 
heat of the mare. It has been thought for 
many years that the cause was a sudden 
change in the composition of the mare’s milk, 
but this has not been supported by analyses 
of mares’ milk at that time. Diarrhea is asso¬ 
ciated with age-related changes in the micro¬ 
biota of the foals’ gastrointestinal tract. 1 

There is considerable interest in the 
optimal conditions for feeding liquid diets to 
young calves. The temperature of the liquid 
when fed, feeding once or twice daily, and 
the amount of dry matter intake can affect 
the performance of calves. However, there is 
a range of safety in which the performance 
of the calves will not be significantly affected 
if management is good. 

Change of Diet 

Dietary diarrhea also occurs in all species 
following a sudden change in diet, but par¬ 
ticularly in animals at weaning time. This is 


particularly important in the pig weaned at 
3 weeks of age and not adjusted to the post- 
weaning ration. Diarrhea occurs commonly 
when animals are moved from a dry pasture 
to a lush pasture and when first introduced 
to liberal quantities of concentrates contain¬ 
ing a large percentage of the common cereal 
grains. 

PATHOGENESIS 
Digestion of Milk 

In calves, the ingestion of excessive quanti¬ 
ties of cows’ whole milk after several hours 
of no intake causes gross distension of the 
abomasum and possibly of the rumen. Under 
these conditions, the milk-clotting capacity 
of the abomasum may be limited, resulting 
in incomplete clotting. The flow of nutrients 
from the abomasum is more uniform in 
calves fed twice daily than once daily, which 
suggests that twice-daily feeding allows for 
more effective clotting and digestion. 

Under normal conditions, the milk clot 
forms in the abomasum within minutes after 
feeding, and the whey moves to the duode¬ 
num 5 to 10 minutes later. The dilution of 
cows’ whole milk will result in increased 
clotting time when treated with rennin (chy- 
mosin). Overfeeding could result in whole 
milk or excessive quantities of whey entering 
the duodenum, which cannot digest whole 
milk or satisfactorily digest and hydrolyze 
the substrates in whey. The presence of exces¬ 
sive quantities of such substrate, especially 
lactose, in the intestinal lumen would serve 
as a hydragogue and result in a large increase 
in intestinal fluid, failure of complete absorp¬ 
tion, and abnormal feces. The speed of drink¬ 
ing is probably also important. Prolongation 
of drinking time results in dilution of the 
milk with saliva and the production of a more 
easily digested milk clot. Failure of the esoph¬ 
ageal reflex in pail-fed calves may also be 
important. The milk enters the rumen, where 
it undergoes putrefaction. 

Milk Replacers and Diarrhea 

The pathogenesis of diarrhea in calves fed 
inferior-quality milk replacers is well known. 
In calves fed low-heat-treated skim-milk 
powder milk replacer, curd formation in 
the abomasum, compared with no curd for¬ 
mation, slows down the passage of total 
abomasal content (retained matter from the 
last feeding, residual matter from the penul¬ 
timate feeding, saliva, and gastric secre¬ 
tions), dry matter, crude protein, and fat 
from the abomasum to the intestine. Heat- 
denatured skim-milk powder is incompletely 
clotted in the abomasum, leading to reduced 
digestibility. 

Nonmilk carbohydrates and nonmilk 
proteins are not well digested by prerumi¬ 
nant calves under 3 weeks of age because 
their amylase, maltase, and sucrase activities 
are insignificant, and their pepsin-HCl activ¬ 
ity is not well developed until at least 3 weeks 
of age. Following the ingestion of these 


nutrients, there is reduced digestibility, mal¬ 
absorption, and diarrhea. This results in a 
negative nutrient balance, loss of BW, and 
gradual starvation, all of which are reversible 
by the feeding of cows’ whole milk. The 
digestion of fat is particularly affected, result¬ 
ing in varying degrees of steatorrhea. Preru¬ 
minant calves fed milk replacer containing 
corn oil will have diarrhea. 

The mechanism for the diarrhea, which 
may occur in all species following a sudden 
change in diet, is not well understood. 
However, several days may be necessary for 
the necessary qualitative and quantitative 
changes to occur in the digestive enzyme 
capacity. Not much is known about the 
development of intestinal enzymes in the 
fetus and newborn, but this is likely to be of 
importance in individual animals. In calves, 
lactase activity is fully developed at birth and 
in the period between birth and weaning 
there are significant changes in enzyme 
activity, some of which are influenced by the 
presence or absence of dietary substances. 

In dietary diarrhea, the presence of undi¬ 
gested substrate in the intestine can result 
in marked changes of the bacterial flora, 
which could result in excess fermentation 
of carbohydrates and putrefaction of pro¬ 
tein, the products of which accentuate the 
malabsorption. 

CLINICAL FINDINGS 
Nursing Beef Calves 

Dietary diarrhea of beef calves at 3 weeks 
of age on pasture is characterized by the 
passage of light yellow feces that is foul 
smelling and soft. The perineum and tail are 
usually smudged with feces. The calves are 
bright and alert and usually recover sponta¬ 
neously without treatment in a few days. 

Hand-Fed Dairy Calves 

When overfed on cow’s whole milk these 
animals are usually dull and anorexic and 
their feces are voluminous, foul smelling, 
and contain considerable mucus. The abdo¬ 
men may be distended because of distension 
of the abomasum and intestines. Secondary 
enteric colibacillosis and salmonellosis may 
occur, resulting in severe dehydration. Most 
uncomplicated cases will respond to oral 
fluid therapy and withdrawal from or depri¬ 
vation of milk. 

Milk-Replacer Diarrhea 

In calves fed inferior-quality milk replacers, 
there will be a chronic diarrhea with gradual 
weight loss. The calves are bright and alert, 
they usually drink normally, appear dis¬ 
tended after drinking, and spend consider¬ 
able time in recumbency. Not uncommonly, 
many treatments will have been tried unsuc¬ 
cessfully. The diarrhea and weight loss con¬ 
tinues and in 2 to 4 weeks emaciation is 
evident and death from starvation may 
occur. Affected calves will often have a 
depraved appetite and eat bedding and other 





indigestible materials, which further accen¬ 
tuates the condition. When large numbers of 
calves are involved, the incidence of enteric 
colibacillosis and salmonellosis may become 
high and the case mortality very high. This 
is a common situation in veal-calf-rearing 
units. 

Alopecia occurs occasionally in calves fed 
a milk replacer, but the cause is unknown. 

CLINICAL PATHOLOGY 

Laboratory evaluation of the animals with 
dietary diarrhea is usually not necessary 
other than for elimination of other possible 
causes of the diarrhea. When milk replacers 
are being used the determination of the 
rennet-clotting time of the milk replacer 
compared with whole milk is a useful aid 
in assessing the quality of the skim-milk 
powder for calves. 

NECROPSY FINDINGS 

Emaciation, an absence of body fat, dehy¬ 
dration, and serous atrophy are present in 
calves that have died from diarrhea and star¬ 
vation while being fed inferior-quality milk 
replacers. 


DIFFERENTIAL DIAGNOSIS 


• Dietary diarrhea occurs following a change 
in diet, the consumption of too much feed 
at once, or poor quality feed. There are 
usually no systemic signs and recovery 
occurs spontaneously when the dietary 
abnormality is corrected or the animal 
adapts to a new diet. 

• Dietary diarrhea must be differentiated 
from all other common causes of diarrhea 
in a particular age group within each 
species. 

• Examination of the recent dietary history 
and examination of the diet and its 
components will usually provide the 
evidence for a dietary diarrhea. 


TREATMENT 

Alter Diet of Hand-Fed Calves 

In hand-fed calves affected with dietary diar¬ 
rhea, milk feeding should be stopped and 
oral electrolyte solutions given for 24 hours. 
Milk is then gradually reintroduced. If milk 
replacers are being used their nutrient com¬ 
position and quality should be examined for 
evidence of indigestible nutrients. The 
feeding practices should be examined and 
the necessary adjustments made. 

The care and management of hand-fed 
calves to minimize the incidence of dietary 
diarrhea is an art. Much has been said about 
the use of slow-flowing nipple bottles and 
pails to reduce dietary diarrhea, but they are 
not a replacement for good management. 
Calves that are raised for herd replacements 
should be fed on whole milk if possible for 
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up to 3 weeks. When large numbers of calves 
are reared for veal or for feedlots the milk 
replacer used should be formulated using the 
highest quality milk and milk by-products 
economically possible. The more inferior the 
milk replacer the more impeccable the man¬ 
agement must become. 

Monitor Beef Calves With 
Dietary Diarrhea 

Beef calves affected with dietary diarrhea 
while sucking the cow and running on 
pasture do not usually require treatment 
unless complications develop. They must 
be observed daily for evidence of dullness, 
anorexia, inactivity, and profuse watery diar¬ 
rhea, at which point they need some medical 
care. 
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ABDOMINAL FAT NECROSIS 
(LIPOMATOSIS) 

Abdominal fat necrosis is a variant of gener¬ 
alized steatitis and is dealt with in more 
detail in Chapter 17. The hard masses of 
necrotic fat that occur relatively commonly 
in the peritoneal cavity of adult cattle, espe¬ 
cially the Channel Island breeds and possibly 
Aberdeen Angus, are commonly mistaken 
for a developing fetus and can cause intesti¬ 
nal obstruction. The latter usually develops 
slowly, resulting in the appearance of attacks 
of moderate abdominal pain and the passage 
of small amounts of feces. Many cases are 
detected during routine rectal examination 
of normal animals. The lipomatous masses 
are located in the small and large omentum 
and mesentery in cattle and more diffusely to 
other parts of the body in sheep and goats. 
The composition of the fatty deposits is iden¬ 
tical with the fat of normal cows and there is 
no suggestion that the disease is neoplastic. 
Sporadic cases are most common but there 
are reports of a herd prevalence as high as 
67%. The cause is unknown, but there 
appears to be a relationship between such 
high prevalence and the grazing of tall fescue 
grass, and an inherited predisposition is sug¬ 
gested. The rate of occurrence increases with 
age with the peak occurrence at 7 years of 
age. It has been suggested that excessive fat¬ 
tiness of abdominal adipose tissue may pre¬ 
dispose cattle to fat necrosis. An unusual 
form of the disease with many lesions in sub¬ 
cutaneous sites has been recorded in Hol¬ 
stein Friesian cattle and is regarded as being 
inherited. There is no treatment and affected 
animals should be salvaged. A generalized 
steatitis has been reported in pony foals. 

Pedunculated lipomas provide a special 
problem, especially in older horses. Their 
pedicles can be 20 to 30 cm long, and during 
periods of active gut motility these pedicles 
can become tied around a loop of intestine 
anywhere from the pylorus to the rectum. At 


the pylorus they cause acute intestinal 
obstruction with gastric dilatation. At the 
rectum they cause subacute colic and a char¬ 
acteristic inability to enter the rectum with 
the hand. This is accompanied by a folded 
coning down of the mucosa, not unlike that 
in a torsion of the uterus. Early diagnosis and 
surgical intervention can produce a resolu¬ 
tion, but delay in the acute disease is associ¬ 
ated with a poor prognosis because the blood 
supply is compromised. Less acute disease 
causing small-colon impaction or recurrent 
colic occurs. 1,2 
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Diseases of the 
Peritoneum 

PERITONITIS 

Inflammation of the peritoneum is accompa¬ 
nied by abdominal pain, fever, toxemia, and 
a reduction in the amount of feces. Signs 
vary in degree with the severity and extent of 
the peritonitis. 

ETIOLOGY 

Peritonitis can occur as a primary disease 
affecting the peritoneum or secondarily as 
part of a disease affecting primarily other 
organs with secondary involvement of the 
peritoneum. 1 Primary diseases of the perito¬ 
neum include malignancies of the perito¬ 
neum, Actinobaccillus equuli infection in 
horses, Haemophilus suis in pigs, or Pasteu- 
rella multocida infection in calves. 2,3 Primary 
causes of peritonitis are much less frequent 
than causes of secondary peritonitis. Sec¬ 
ondary peritonitis occurs most commonly 
from loss of integrity of the visceral perito¬ 
neum, often from injury to the alimentary 
tract within the abdomen, allowing gastro¬ 
intestinal contents to enter the peritoneal 
cavity. Less common is perforation of the 
abdominal wall from the exterior from trau¬ 
matic injury, perforation of the reproductive 
tract, or the introduction of pathogens or 
irritating substances as a result of injections 
into the peritoneal cavity or exploratory 
laparotomy. Some of the more common indi¬ 
vidual causes are as follows. 

Cattle 

• Traumatic reticuloperitonitis, which also 
occurs in camelids 4,5 

• Secondary to ruminal trocarization 

• Perforation or leakage of abomasal 
ulcer 

• Concurrent abomasal displacement and 
perforating ulcer 

• Necrosis and rupture of abomasal wall 
after abomasal volvulus 

• Rumenitis of cattle subsequent to acute 
carbohydrate indigestion 












216 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


• Complication of cesarean section 

• Rupture of vagina in young heifers 
during coitus 

• Deposition of semen into the peritoneal 
cavity, for example, during traumatic 
artificial insemination 

• Injection of sterile solutions, e.g., 
calcium preparations for milk fever 
or vitamin/mineral supplements 
(selenium) 6 

• Transection of small intestine when 
it becomes pinched between the 
uterus and the pelvic cavity at 
parturition 

• Intraperitoneal injection of nonsterile 
solutions 

• Spontaneous uterine rupture during 
parturition, or during manual correction 
of dystocia 

• Sadistic rupture of vagina or rectum 

• Spontaneous rupture of rectum at 
calving 

• As part of specific diseases such as 
tuberculosis, pasteurellosis, 3 or algal 
peritonitis 8 

Horses 

Peritonitis in horses is often secondary to 
gastrointestinal disease (colic) and can be a 
major complication after abdominal surgery. 
These diseases are discussed under the 
appropriate topic in the sections of this text 
dealing with equine colic. If cases attribut¬ 
able to gastrointestinal disease are excluded, 
most cases are idiopathic. 9 Primary causes 
are infrequent and include infection associ¬ 
ated with A. equuli. 2,10 Peritonitis can be sec¬ 
ondary to infectious, chemical, or parasitic 
peritoneal injuries: 

• Rupture of dorsal sac of cecum or colon 
at foaling 

• Cecal rupture in foals subjected to 
anesthesia and gastric endoscopy 

• Cecal rupture of adult horses 11 

• As a sequela to cecal trocarization 12 

• Secondary to torsion and infarction of a 
liver lobe 13 

• Rectal rupture or tear during rectal 
examination, predisposed to by 
inflammation of mucosa and 
overenthusiasm by the operator; this 
subject is presented separately in the 
section Rectal Tears 

• Extension from a retroperitoneal 
infection or intraabdominal abscess, 14 
e.g., S. equi, as a result of metastatic 
strangles, R. equi in foals under 1 year 
of age, 

• Gastric erosion or rupture related to 
ulceration associated with larvae of 
Gasterophilus or Habronema spp. or 
gastric ulceration (a rare sequel of 
gastric ulceration in adult horses) 11 ’ 

• Colonic perforation associated with 
aberrant migration of Gasterophilus 
intestinalis 

• Leakage from a cecal perforation 
apparently associated with a heavy 


infestation of Anoplocephala perfoliata 
tapeworms 

• Spontaneous gastric rupture 

• A. equuli infection, in some cases 
secondary to immunodeficiency 10,16 ' 17 

• Secondary to penetrating 
gastrointestinal foreign bodies 18 

• Rupture of the bladder or urinary 
tract 9 

• Periorchitis 19 

• Pancreatitis 20 

Pigs 

• Ileal perforation in regional ileitis 

• Glasser s disease associated with 
H. suis. 

Sheep 

• Spread from intestinal wall abscess 
following infestation with 
Esophagostomum sp. larvae 

• Serositis-arthritis associated with 
Mycoplasma sp. 

• Intraperitoneal injection of 
selenium 6 

Goats 

• Serositis-arthritis associated with 
Mycoplasma sp. 

All Species 

• Traumatic perforation from the exterior 
of the abdominal wall by horn gore or 
stake wound 

• Faulty asepsis at laparotomy, peritoneal 
injection, or trocarization for tympany 
of rumen or cecum 

• Leakage through wall of infarcted gut 
segment 

• Spread from subperitoneal sites 
in spleen, liver, and umbilical 
vessels 

PATHOGENESIS 

At least six factors account for the clinical 
findings and the various consequences of 
peritonitis: toxemia or septicemia, shock and 
hemorrhage, abdominal pain, paralytic ileus, 
accumulation of fluid exudate, and the devel¬ 
opment of adhesions. 

Toxemia and Septicemia 

Toxins produced by bacteria and by the 
breakdown of tissue are absorbed readily 
through the peritoneum. The resulting tox¬ 
emia is the most important factor in the pro¬ 
duction of clinical illness, and its severity is 
usually governed by the size of the area of 
peritoneum involved. In acute diffuse peri¬ 
tonitis, the toxemia is profound, but in local 
inflammation, it is negligible. The type of 
infection present is obviously important 
because of variations between bacteria in 
their virulence and toxin production. 

With rupture of the alimentary tract wall 
and the spillage of a large quantity of gut 
contents into the peritoneal cavity, some 
acute peritonitis does develop, but death is 


usually too sudden, within 2 to 3 hours in 
horses, for more than an early lesion to 
develop. These animals die of endotoxic 
shock caused by absorption of toxins from 
the gut contents. In acute diffuse peritonitis 
caused solely by bacterial contamination 
from the gut, the reaction depends on the 
bacteria that gain entry, the capacity of the 
omentum to deal with the peritonitis, and 
the amount of body movement that the 
animal has to perform. Cows that suffer pen¬ 
etration of the reticular wall at calving have 
lowered immunologic competence, a greater 
than normal negative pressure in the perito¬ 
neal cavity; are invaded by F. necrophorum, 
Cory neb acterium spp., and E. coli ; and are 
required to walk to the milking parlor, to 
the feed supply, and so on. They are likely 
to develop a massive diffuse purulent peri¬ 
tonitis and a profound toxemia and die 
within 24 hours. In contrast, horses that 
develop acute peritonitis from streptococci 
or A. equuli show little toxemia and manifest 
only abdominal pain caused by the inflam¬ 
matory reaction of the peritoneum. 

Shock and Hemorrhage 

The shock caused by sudden deposition of 
gut contents, or infected uterine contents, 
into the peritoneal cavity, plus the hemor¬ 
rhage resulting from the rupture, may be 
significant contributors to the common fatal 
outcome when an infected viscus ruptures. 
Following rupture of the uterus in cows, the 
shock and hemorrhage may be minor and 
peritonitis may not develop if the uterine 
contents are not contaminated. Failure of the 
uterus to heal or be repaired may be followed 
by peritonitis several days later. 

Abdominal Pain 

Abdominal pain is a variable sign in perito¬ 
nitis. In acute, diffuse peritonitis, the toxemia 
may be sufficiently severe to depress the 
response of the animal to pain stimuli, but in 
less severe cases the animal usually adopts an 
arched-back posture and shows evidence of 
pain on palpation of the abdominal wall. 
Inflammation of the serous surfaces of the 
peritoneum causes pain, which may be 
severe enough to result in rigidity of the 
abdominal wall and the assumption of an 
abnormal humped-up posture. 

Paralytic Ileus 

Paralytic ileus occurs as a result of reflex 
inhibition of alimentary tract tone and 
movement in acute peritonitis. It is also an 
important sequel to intestinal obstruction 
and to traumatic abdominal surgery, in 
which much handling of viscera is unavoid¬ 
able. Rarely, it arises because of ganglionitis 
and a loss of neural control of peristalsis, 
similar to the idiopathic intestinal pseu¬ 
doobstruction of humans. The net effect is 
functional obstruction of the intestine, 
which, if persistent, will increase the likeli¬ 
hood of death. The end result is a complete 






absence of defecation, often with no feces 
present in the rectum. 

Accumulation of Fluid Exudate 

Accumulation of large quantities of inflam¬ 
matory exudate in the peritoneal cavity may 
cause visible abdominal distension and, if 
severe enough, interfere with respiration by 
obstruction of diaphragmatic movement. It 
is a comparatively rare occurrence but needs 
to be considered in the differential diagnosis 
of abdominal distension. 

Adhesions 

Trauma to the peritoneum results in a 
serosanguineous exudate, which contains 
two closely bound proteins, fibrinogen and 
plasminogen. Fibrinogen is converted by 
thrombin to fibrin, forming an early fibrin¬ 
ous adhesion. Plasminogen may be con¬ 
verted by plasminogen activators to plasmin, 
a specific fibrinolytic enzyme favoring lysis 
of the early adhesion. Peritoneal mesothelial 
cells are a source of plasminogen activators 
and each species of domestic animal has its 
own baseline peritoneal plasminogen activ¬ 
ity. Cattle have a high capacity to respond 
to trauma with fibrin deposition. Intraab¬ 
dominal fibrin deposition and adhesion 
formation is the most important factor in 
localizing peritonitis after peritoneal trauma 
from penetrating foreign bodies or aboma- 
sal ulcers. However, these adhesions can 
cause mechanical or functional intestinal 
obstruction. 

In chronic peritonitis, the formation of 
adhesions is more important than either of 
the two preceding pathogenetic mechanisms. 
Adhesions are an essential part of the healing 
process and are important to localize the 
inflammation to a particular segment of the 
peritoneum. If this healing process is devel¬ 
oping satisfactorily and the signs of peritoni¬ 
tis are diminishing, it is common to find 
that vigorous exercise causes breakdown of 
the adhesions, spread of the peritonitis, and 
return of the clinical signs. Thus a cow 
treated conservatively for traumatic reticulo- 
peritonitis by immobilization might show an 
excellent recovery by the third day but, if 
allowed to go out to pasture at this time, 
could suffer an acute relapse. The secondary 
adverse effects of adhesions may cause partial 
or complete obstruction of the intestine or 
stomach, or fixation to the body wall, inter¬ 
fering with normal gut motility. Adhesions 
are important in the pathogenesis of vagus 
indigestion in cattle. 

CLINICAL FINDINGS 

Peritonitis is common in cattle, less common 
in horses and rarely, if ever, identified clini¬ 
cally in sheep, pigs, or goats. There are 
general signs applicable to all species and 
most forms of the disease in a general way. 
In addition, there are special findings pecu¬ 
liar to individual species and to various 
forms of the disease. 
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Acute and Subacute Peritonitis 
Inappetence and Anorexia 

Inappetence occurs in less severe and chronic 
cases, and complete anorexia in acute diffuse 
peritonitis. 

Toxemia and Fever 

Toxemia, usually with a fever, is often present, 
but the severity varies depending on the area 
of peritoneum involved, the identity of the 
pathogens, and the amount of tissue injury. 
For example, in cattle with acute local peri¬ 
tonitis the temperature will be elevated 
(39.5°C [103°F]) for the first 24 to 36 hours, 
but then return to normal even though the 
animal may still be partly or completely 
anorexic. A high fever (up to 41.5°C [106°F]) 
suggests an acute diffuse peritonitis, but in 
the terminal stages the temperature usually 
falls to subnormal. It is most noteworthy that 
a normal temperature does not preclude the 
presence of peritonitis. In horses with peri¬ 
tonitis, the temperature will usually exceed 
38.5°C, but the fever may be intermittent. 
There is usually a moderate increase in heart 
and respiratory rates, and the latter is con¬ 
tributed to by the relative fixation of the 
abdominal wall because of pain. In some 
cases there is spontaneous grunting at the 
end of each expiratory movement. 

Feces 

The amount and composition of feces is 
usually abnormal. The transit time of ingesta 
through the alimentary tract is increased 
and the dry matter content of the feces 
increases. The amount of feces is reduced, 
although in the early stages there may be a 
transient period of increased frequency of 
passage of small volumes of soft feces, which 
may give the false impression of increased 
fecal output. In some horses with peritonitis, 
periods of diarrhea can occur but the feces 
are usually reduced in amount. Feces may be 
completely absent for periods of up to 3 days, 
even in animals that recover, and the rectum 
may be so dry and tacky, because of the pres¬ 
ence of small amounts of tenacious mucus, 
that it is difficult to do a rectal examination. 
This might suggest a complete intestinal 
obstruction. 

In pastured cattle with peritonitis the 
feces are characteristically scant, dark, and 
like small fecal balls accompanied by thick, 
jelly-like mucus. The feces may alternatively 
have a thick, sludge-like consistency, be tena¬ 
cious and difficult to remove from a rubber 
glove, and have a foul smell. 

Alimentary Tract Stasis 

As well as absence of feces, there are other 
indicators of intestinal stasis. In cows with 
acute peritonitis ruminal contractions are 
reduced or absent; in chronic peritonitis the 
contractions may be present but are weaker 
than normal. In the horse, intestinal stasis is 
evidenced by an absence or reduction of 
typical intestinal peristaltic sounds on 


auscultation, although the tinkling sounds of 
paralytic ileus may be audible. It is very 
important to differentiate the two. 

Abdominal Pain Evidenced by 
Posture and Movement 

In cattle with acute peritonitis there is a dis¬ 
inclination to move, disinclination to lie 
down, lying down with great care, and grunt¬ 
ing with pain. The posture includes a charac¬ 
teristically arched back and a shuffling and 
cautious gait with the back held rigid and 
arched. Grunting at each step and when feces 
or urine are passed is common, and when 
urine is eventually passed it is usually in a 
very large volume. Sudden movements are 
avoided and there is an absence of kicking or 
bellowing or licking the coat. 

In horses these overt signs of peritonitis 
that characterize the condition in cattle are 
uncommon, which makes the diagnosis dif¬ 
ficult. In the horse peritonitis is often mani¬ 
fested as an episode of abdominal pain 
including flank watching, kicking at the belly, 
and going down and rolling, which suggests 
colic caused by intestinal obstruction. 

In a series of 51 cases of peritonitis asso¬ 
ciated with A. equuli in horses, most had 
tachycardia, increased respiratory rates, 
fever, and reduced intestinal borborygmi. 
Affected horses were depressed, lethargic, 
and inappetent. Mild to moderate abdominal 
pain was manifested as reluctance to move, 
pawing on the ground, lying down, or splint¬ 
ing of the abdominal musculature. The onset 
of clinical signs was acute (<24 hours) in 30 
horses, 1 to 4 days in eight horses, or longer 
and associated with weight loss in three 
horses. In 10 horses, there was no record of 
the duration of clinical signs. The disease 
is usually primary although recurrent or 
chronic cases can be attributable to immuno¬ 
deficiency, such as common variable immu¬ 
nodeficiency of aged horses. 1 ' 

Abdominal Pain as Evidenced by 
Deep Palpation 

In cattle, deep firm palpation of the abdomi¬ 
nal wall elicits an easily recognized pain 
response. It may be possible to elicit pain over 
the entire abdominal wall if the peritonitis is 
widespread. If it is localized the response may 
be detectable over only a very small area. 
Increased tenseness of the abdominal wall is 
not usually detectable in the cow, although it 
is responsible for the characteristic arched- 
back posture and apparent gauntness of the 
abdomen, because the wall is already tightly 
stretched anyway. 

Several methods are used to elicit a 
grunt in cattle with abdominal pain. In 
average-sized cows with acute local peritoni¬ 
tis (most commonly traumatic reticuloperi- 
tonitis), while listening over the trachea with 
a stethoscope, a controlled upward push with 
the closed fist of the ventral body wall caudal 
to the xiphoid sternum is most successful. In 
large bulls, especially if the peritonitis is 





218 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


subsiding, it may be difficult to elicit a grunt 
with this method. In these cases, the best 
technique is to use a heavy pole held hori¬ 
zontally under the area immediately caudal 
to the xiphoid sternum to provide a sharp 
lift given by assistants holding the pole on 
either side. Pinching of the withers while 
auscultating over the trachea is also used 
and with some clinical experience is highly 
reliable. 

In horses with acute or subacute perito¬ 
nitis, it is usually easy to elicit a pain response 
manifested by the animal lifting its leg and 
turning its head with anger when its lower 
flank is firmly lifted, but not punched. The 
abdominal wall also feels tense if it is lifted 
firmly with the heel of the hand. In all cases 
of peritonitis in all species a pain response is 
always much more evident in the early stages 
of the disease, and severe chronic peritonitis 
can be present without pain being detected 
on palpation. 

Rectal Examination 

The general absence of feces is characteris¬ 
tic. In cattle, it may be possible to palpate 
slightly distended, saggy, thick-walled loops 
of intestine in some cases. Also, it may be 
possible to feel fibrinous adhesions sepa¬ 
rating as the intestines are manipulated. 
Adhesions are not often palpable, and their 
absence should not be interpreted as preclud¬ 
ing the presence of peritonitis. Only adhe¬ 
sions in the caudal part of the abdomen may 
be palpable. Tough, fibrous adhesions may 
be present in long-standing cases. In horses, 
there are no specific rectal findings, other 
than a reduced fecal output, to indicate the 
presence of peritonitis. Distension of seg¬ 
ments of both the small and large intestines 
may provide indirect evidence of paralytic 
ileus. However, there is a lack of clarity as to 
what can be felt in chronic cases because of 
the presence of fibrin deposits and thickening 
of the peritoneum. There may also be more 
than usual pain when an inflamed area is 
palpated or a mesenteric band or adhesion is 
manipulated. 

In rupture of the rectum associated with 
a difficult dystocia, the rupture is usually 
easily palpable rectally in the ventral aspect 
of the rectum deep in the abdomen. Dis¬ 
tended loops of intestine may become 
entrapped in the rectal tear. 

Peracute Diffuse Peritonitis 

In those cases in which profound toxemia 
occurs, especially in cows immediately after 
calving or when rupture of the alimentary 
tract occurs, the syndrome is quite different. 
There is severe weakness, depression, and 
circulatory failure. The animal is recumbent 
and often unable to rise, depressed almost to 
the point of coma, has a subnormal tempera¬ 
ture of 37 to 37.5°C (99-100°F), a high heart 
rate (110-120 beats/min), and a weak pulse. 
No abdominal pain is evidenced spontane¬ 
ously or on palpation of the abdominal wall. 


In mares that rupture the dorsal sac of the 
cecum during foaling, the owner observes 
that the mare has been straining and getting 
results when suddenly she stops making 
violent muscular contractions, and progress 
toward expelling the foal ceases. Moderate 
abdominal pain followed by shock is a char¬ 
acteristic development. Death follows 4 to 15 
hours after the rupture. 

The outcome in cases of acute, diffuse 
peritonitis varies with the severity. Peracute 
cases accompanied by severe toxemia usually 
die within 24 to 48 hours. The more common, 
less severe cases may be fatal in 4 to 7 days, 
but adequate treatment may result in recov¬ 
ery in about the same length of time. 

In a series of 31 cases of generalized peri¬ 
tonitis in cattle most cases occurred peripar- 
tum. The most consistent clinical findings 
were depression, anorexia, decreased fecal 
output, and varying degrees of dehydration. 
The duration of illness ranged from 1 to 90 
days with a median of 4 days. In 19 animals, 
the duration of clinical disease was less than 
1 week, and in 12 cases the duration of illness 
was more than 1 week. All animals died or 
were euthanized. 

Chronic Peritonitis 
Cattle 

The development of adhesions, which inter¬ 
fere with normal alimentary tract move¬ 
ments, and the gradual spread of infection as 
adhesions break down combine to produce a 
chronic syndrome of indigestion and toxemia 
punctuated by short, recurrent attacks of 
more severe illness. The adhesions may be 
detectable on rectal examination, but they 
are usually situated in the anterior abdomen 
and are impalpable. If partial intestinal 
obstruction occurs, the bouts of pain are 
usually accompanied by a marked increase in 
alimentary tract sounds and palpable disten¬ 
sion of intestinal loops with gas and fluid. 
The course in chronic peritonitis may be 
several weeks and the prognosis is not favor¬ 
able because of the presence of physical 
lesions caused by scar tissue and adhesions. 
In some cases there is marked abdominal 
distension with many liters of turbid-infected 
fluid present. This may be restricted in its 
location to the omental bursa. Detection of 
fluid in the peritoneal cavity of a cow is not 
easy because of the fluid nature of the 
ruminal contents. Results obtained by testing 
for a fluid wave should be interpreted cau¬ 
tiously. Collection of fluid by paracentesis 
abdominis is the critical test. 

Horses 

Horses with chronic peritonitis usually have 
a history of ill-thrift for a period of several 
weeks. Weight loss is severe and there are 
usually intermittent episodes of abdominal 
pain suggesting intestinal colic. Gut sounds 
are greatly diminished or absent, and sub¬ 
cutaneous edema of the ventral abdominal 
wall occurs in some cases. There may also be 


a contiguous pleurisy. Identification of the 
cause of the colic depends on the examina¬ 
tion of a sample of peritoneal fluid. 

Diagnostic Medical Imaging 

In cattle with traumatic reticuloperitonitis, 
inflammatory fibrinous changes, and 
abscesses can be imaged (see also Chapter 8). 

In cattle, standing reticular radiography 
is a useful aid for the diagnosis and manage¬ 
ment of traumatic reticuloperitonitis. It can 
accurately detect the presence of a foreign 
body and in most instances if the foreign 
body is perforating the reticular wall. 

CLINICAL PATHOLOGY 
Hematology 

The total and differential leukocyte count is 
a useful aid in the diagnosis of peritonitis 
and in assessing its severity. In acute diffuse 
peritonitis with toxemia there is usually 
a leukopenia, neutropenia, and a marked 
increase in immature neutrophils (a degen¬ 
erative left shift). There is “toxic” granulation 
of neutrophils. In less severe forms of acute 
peritonitis of a few days’ duration there may 
be a leukocytosis caused by a neutrophilia 
with the appearance of immature neutro¬ 
phils. In acute local peritonitis, commonly 
seen in acute traumatic reticuloperitonitis 
in cattle, there is commonly a normal total 
leukocyte count, or a slight increase, with 
regenerative left shift. In chronic peritonitis, 
depending on the extent of the lesion (diffuse 
or local), the total and differential leukocyte 
count may be normal, or there may be a leu¬ 
kocytosis with a marked neutrophilia and 
occasionally an increase in the total numbers 
of lymphocytes and monocytes. The plasma 
fibrinogen levels in cattle generally tend to 
increase as the severity of acute peritonitis 
increases and may be a useful adjunct to the 
cell counts for assessing severity. 

In horses with peritonitis associated with 
A. equuli, there is hemoconcentration, hypo- 
proteinemia, and a neutrophilia count with a 
left shift. 

Abdominocentesis and 
Peritoneal Fluid 

Examination of peritoneal fluid obtained by 
paracentesis is a valuable aid in the diagnosis 
of peritonitis and in assessing its severity. It 
can also provide an indication of the kind of 
antibacterial treatment required. The values 
in healthy horses and horses with various 
intestinal or peritoneal diseases are pro¬ 
vided in Table 7-3. The maximum peritoneal 
fluid nucleated cell count in healthy foals is 
much lower than reported maximum values 
for adult horses and similarly for calves. 
Particular attention should be paid to the 
following: 

• The ease of collection of the sample 
as a guide to the amount of fluid 
present 

• Whether it is bloodstained, indicating 
damage to a wall of the viscus 





• The presence of feed or fecal material, 
indicating intestinal ischemic necrosis 
or rupture 

• Whether it clots and has a high protein 
content, indicating inflammation rather 
than simple transudation 

• The number and kinds of leukocytes 
present, as an indication of the presence 
of inflammation, and also its duration 

• Microbiological examination 

When these results are available they should 
be interpreted in conjunction with the 
history, clinical signs, and other results, 
including hematology, serum chemistry, 
and possibly radiology. In particular, it must 
be noted that failure to obtain a sample does 
not preclude a possible diagnosis of 
peritonitis. 

Interpretation of peritoneal fluid is also 
influenced by simple manipulation of the 
abdominal viscera, and the response is 
greater than that following opening and 
closing of the abdomen without manipula¬ 
tion of the viscera. Surgical manipulation 
results in a significant and rapid postopera¬ 
tive peritoneal inflammatory reaction. 

In peritonitis in horses associated with A. 
equuli, the peritoneal fluid was turbid and 
had an abnormal color in 98% of cases. The 
protein content was elevated above normal in 
50 samples (range 25-84 g/L, mean 44 g/L, 
normal <20 g/L). Total nucleated cell count 
was elevated in all samples (range 46-810 X 
10 cells/L, mean 230 x 10 cells/L, normal <10 
X 10 cells/L). A nucleated cell count above 
100 X 10 cells/L, was present in 88% of 
animals. Pleomorphic gram-negative rods 
were seen on cytology in 53% of samples, and 
a positive culture of A. equuli was obtained in 
72% of samples. 

Experimentally, resection and anastomo¬ 
sis of the small colon in healthy horses causes 
a different inflammatory response than does 
manipulation. Absolute values in the perito¬ 
neal fluid for cell count, total protein, and 
differential count are inadequate to differen¬ 
tiate between a normal surgical reaction and 
a postoperative infection. Cytologic exami¬ 
nation of peritoneal fluid is necessary to 
demonstrate degenerative cell changes and 
the presence of bacteria and ingesta. The 
peripheral leukon and fibrinogen concentra¬ 
tion should always be compared with the 
peritoneal fluid for evidence of postsurgical 
infection. The nucleated cell and red blood 
counts of peritoneal fluid are commonly 
elevated for several days in horses following 
open castration. These elevated counts may 
be mistaken for peritonitis. 

Septic Peritonitis in the Horse 

Diagnosis of septic peritonitis is routinely 
made on the basis of physical examination 
and hematologic findings and peritoneal 
fluid analysis. After abdominal surgery, dif¬ 
ferentiation between septic peritonitis and 
other postoperative complications can be 
difficult using physical and hematological 
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findings alone. As a result of the exploratory 
process itself, diagnosis of septic peritonitis 
is often complicated in horses after surgery 
because the total nucleated cell count and 
protein concentration in the peritoneal fluid 
are often high. Consequently, identification 
of bacteria on cytologic evaluation or isola¬ 
tion of bacteria from peritoneal fluid is a 
more definitive indicator of septic peritoni¬ 
tis, but sometimes there are false-negative 
results. Although bacterial cultures are con¬ 
sidered the standard criterion for the diagno¬ 
sis of sepsis, positive results may not always 
be obtained and results may be delayed by a 
minimum of 24 hours for aerobic organisms 
and up to 10 to 14 days for anaerobic organ¬ 
isms. Thus ancillary tests such as pH, glucose 
concentrations, and lactate dehydrogenase 
(LDH) activity in equine pleural and syno¬ 
vial fluid have been used to detect sepsis with 
the potential advantages of speed, ease of 
measurement, and lower cost relative to bac¬ 
terial cultures. 

Horses with septic peritonitis have signifi¬ 
cantly lower peritoneal fluid pH and glucose 
concentrations than horses with nonseptic 
peritonitis and healthy horses. Compared 
with other tests, serum-to-peritoneal fluid 
glucose concentration differences of more 
than 50 mg/dL had the highest diagnostic 
use for detection of septic peritonitis. A peri¬ 
toneal fluid pH below 7.3, a glucose concen¬ 
tration below 30 mg/dL, and a fibrinogen 
concentration above 200 mg/dL were also 
highly indicative of septic peritonitis. 

Peritonitis in Cattle 

Tests for total protein, albumin, glucose, 
cholesterol, fibrinogen, L-lactate, D-dimer, 
LDH, alkaline phosphatase, creatine phos- 
phokinase, white blood cells, and red blood 
cells are sometimes used to detect peritonitis 
in cattle. Peritoneal fluid D-dimer is most 
accurate in diagnosing peritonitis in cows 
(sensitivity and specificity >95.0% for con¬ 
centrations <0.60 mg/L), LDH and LDH 
ratio in serum and peritoneal fluid, and the 
serum-ascites albumin concentration gradi¬ 
ent have sensitivities between 49.0% and 
67.1% and specificities between 88.4% and 
95.5%. 21 A low-peritoneal fluid glucose con¬ 
centration is highly indicative of septic peri¬ 
tonitis, as it is in horses. 21 

NECROPSY FINDINGS 

In acute diffuse peritonitis, the entire perito¬ 
neum is involved, but the most severe lesions 
are usually in the ventral abdomen. Gross 
hemorrhage into the subserosa, exudation, 
and fibrin deposits in the peritoneal cavity 
and fresh adhesions that are easily broken 
down are present. In less acute cases, the 
exudate is purulent and may be less fluid, 
often forming a thick, cheesy covering over 
most of the viscera. In cattle, F. necrophorum 
and Actinomyces (Corynebacterium) pyo¬ 
genes are often present in large numbers and 
produce a typical, nauseating odor. Acute 


local peritonitis and chronic peritonitis are 
not usually fatal, and the lesions are discov¬ 
ered only if the animal dies of intercurrent 
disease such as traumatic pericarditis or 
intestinal obstruction. 

DIAGNOSIS 

The diagnosis of peritonitis can be difficult 
because the predominant clinical findings 
are often common in other diseases. The 
clinical features that are the most reliable as 
indicators of peritonitis include the 
following: 

• Abnormal feces, in amount and 
composition 

• Alimentary tract stasis based on 
auscultation and evaluation of the 
passage of feces 

• Abdominal pain evinced as a groan with 
each respiration or on light or deep 
percussion of the abdomen 

• Abnormality of intestines on rectal 
palpation 

• Fibrinous or fibrous adhesions on rectal 
palpation 

• Abnormal peritoneal fluid with an 
increased leukocyte count collected by 
paracentesis 

• A normal or low blood leukocyte count 
with a degenerative left shift 

• The peritonitis may be chemical, and 
although microbiological examination 
usually yields positive results, these 
are not essential to a diagnosis of 
peritonitis 

PROGNOSIS 

Case-Fatality Rate in Horses 

Peritonitis in the horse is a potentially life- 
threatening disease that must be treated 
promptly and aggressively. 1,22 Therapy must 
be aimed at reducing systemic shock and 
hypovolemia, correction of the primary 
cause, antibiotic therapy, and abdominal 
drainage and lavage. The case-fatality rates 
for peritonitis of any cause in horses range 
from 30% to 67%, although this includes 
cases with peritonitis secondary to colic, 
which have a worse prognosis than idio¬ 
pathic cases or those caused by A. equuli. The 
case-fatality rate in horses with peritonitis 
not related to colic or rupture of the gastro¬ 
intestinal tract is approximately 14%. 9 In a 
series of 67 cases of peritonitis in horses, 
of those that developed peritonitis after 
abdominal surgery, the case fatality was 56%. 
Peritonitis not associated with intestinal 
rupture or abdominal surgery had a lower 
case-fatality rate of 43%. Horses that died 
had higher heart rates, red blood cell count, 
serum creatinine concentration, PCV, and 
anion gap; lower venous blood pH; and a 
greater number of bacterial species cultured 
from the peritoneal fluid compared with 
survivors. Those that died were more likely 
to have clinical evidence of abdominal 
pain, shock, and bacteria in the peritoneal 
fluid. 
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DIFFERENTIAL DIAGNOSIS 


The diseases that could be considered in the 

differential diagnosis of peritonitis are as 

follows. 

Cattle 

• Acute local peritonitis: Traumatic 
reticuloperitonitis, acute intestinal 
obstruction, splenic or hepatic abscess, 
simple indigestion, abomasal displacement 
(right and left), postpartum metritis, ketosis 

• Acute diffuse peritonitis: Parturient 
paresis, coliform mastitis (peracute form), 
acute carbohydrate indigestion, perforation 
of or rupture at abomasal ulcer, acute 
intestinal obstruction, uterine rupture, 
postpartum metritis 

• Chronic peritonitis: Vagus indigestion, 
lipomatosis or extensive fat necrosis of the 
mesentery and omentum, persistent minor 
leakage from an intestinal lesion, large 
accumulations of fluid as in ascites, rupture of 
the bladder, chronic pneumonia and chronic 
toxemias from a great variety of causes 

• Ascites: Associated most often with 
primary or secondary cardiac disease, cor 
pulmonale with chronic pneumonia, 
endocarditis, thrombosis of the caudal vena 
cava, and diffuse abdominal epithelioid 
mesothelioma 

Florses 

• Acute and subacute peritonitis: Acute 
intestinal obstruction and thromboembolic 
colic 

• Chronic peritonitis: Internal abdominal 
abscess (retroperitoneal or mesenteric 
abscess) may be classified as chronic 
peritonitis but is dealt with separately 
under the heading Retroperitoneal Abscess: 
horses with both intraabdominal neoplasms 
and abscesses will have clinical findings 
including anorexia, weight loss, fever, colic, 
and depression; both groups may also have 
peritoneal fluid that can be classified as an 
exudate 

Pigs, sheep, and goats 

Peritonitis is not usually diagnosed 

antemortem in these species. 


TREATMENT 

The specific cause must be treated in each 
case, and the treatments used are described 
under the specific diseases listed earlier. An 
exploratory laparotomy may be indicated to 
determine the cause of the peritonitis and to 
effect repair. The literature on the treatment 
of peritonitis in horses has been reviewed. 

Antimicrobials 

Broad-spectrum antimicrobials given intra¬ 
venously or intramuscularly are indicated for 
the infection and toxemia. However, there 
are no published reports of clinical trials to 
evaluate the effectiveness of various antimi¬ 
crobials for the treatment of peritonitis in 
cattle or horses. Thus the recommendations 
are empirical. Generally, peritonitis in cattle 
is commonly treated with any of the broad- 
spectrum antimicrobials, with the choice 


dependent on ease of administration and 
drug withdrawal times necessary in lactating 
dairy cattle. Treatment for traumatic reticu¬ 
loperitonitis has commonly been restricted to 
the use of antimicrobials; supportive therapy 
has not been indicated with the exception of 
diffuse peritonitis. 

Peritonitis in horses associated with 
abdominal surgery or rupture of the gastro¬ 
intestinal tract is likely be accompanied by a 
mixed flora of bacteria, and broad-spectrum 
antimicrobials are necessary. They must be 
given at doses high enough to achieve high 
blood and tissue levels and maintained daily 
until recovery has occurred. In a series of 
cases of peritonitis in horses, the most com¬ 
monly used antimicrobials were gentamicin 
at 2.2 to 3.3 mg/kg BW intravenously every 
8 to 12 hours or 6.6 mg/kg BW intravenously 
every 24 hours, and penicillin at 22000 IU/ 
kg BW intravenously or intramuscularly 
every 6 to 12 hours. Metronidazole given 
orally at 15 to 25 mg/kg BW has also been 
used in horses with peritonitis. 

Horses with peritonitis associated with 
A. equuli respond quickly to treatment with 
penicillin at 22,000 units/kg BW intramus¬ 
cularly twice daily for 5 days to 2 weeks. Most 
isolates of the organism are sensitive to peni¬ 
cillin, but some are resistant and gentamicin 
sulfate at 6.6 mg/kg BW intravenously once 
daily for 5 days to 2 weeks in combination 
with the penicillin has also been used suc¬ 
cessfully. In a series of 51 cases in horses, the 
recovery rate following treatment with peni¬ 
cillin and gentamicin and supportive therapy 
was 100%. Most horses responded favorably 
within 48 hours following commencement of 
treatment. 

Administration of antimicrobials into 
the peritoneal cavity has been attempted on 
the basis that higher levels of the drug may 
be achieved at the site of the inflammation. 
However, there is no scientific evidence that it 
is superior to daily parenteral administration, 
and there is some danger of causing adhe¬ 
sions and subsequent intestinal obstruction. 

Fluid and Electrolytes 

Intensive intravenous fluid and electrolyte 
therapy are a vital part of treatment of peri¬ 
tonitis when accompanied by severe toxemia 
and shock, especially during the first 24 to 72 
hours following abdominal surgery in the 
horse. It is continued until recovery is appar¬ 
ent and the animal is drinking water volun¬ 
tarily; water can then be supplemented with 
electrolytes (see Chapter 5). 

Nonsteroidal Antiinflammatory Drugs 

Flunixin meglumine is recommended at 0.25 
to 1.1 mg/kg BW intravenously every 8 to 12 
hours when the peritonitis is accompanied 
by shock. However, no information is avail¬ 
able on efficacy. 

Lavage 

Peritoneal lavage with large volumes of 
fluid containing antimicrobials is rational 


and has been attempted when large quanti¬ 
ties of exudate are present. However, it is not 
easy to maintain the patency of drains, 
especially in cattle. Also, the peritoneum 
is highly susceptible to inflammation, and 
chemical peritonitis is common following 
the introduction of certain materials into the 
peritoneal cavity. Peritoneal lavage of ponies 
with saline and antimicrobials induces a 
mild, transient inflammatory response with 
minimal change visible at necropsy. Solu¬ 
tions containing povidone iodine-induced 
chemical peritonitis, which was severe when 
10% povidone iodine solution was used. A 
3% solution also causes peritonitis, and the 
use of these solutions is not recommended. 
Extreme caution is required when foreign 
materials are introduced into the cavity to 
avoid exacerbating the existing inflamma¬ 
tion. The peritoneum is also a very vascular 
organ and toxic material is rapidly absorbed 
from it. 

An active intraabdominal drain has 

been used successfully to treat abdominal 
contamination in horses. Closed-suction 
abdominal drains were placed, mostly 
under general anesthesia. Abdominal lavage 
was done every 4 to 12 hours, and about 
83% of the peritoneal lavage solution was 
retrieved. 

Prevention of Adhesions 

Attempts can be made to prevent the devel¬ 
opment of adhesions but the efficacy has not 
been demonstrated. 
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Abdominal Diseases of 
the Horse Including Colic 
and Diarrhea 

GENERAL PRINCIPLES 

Abdominal pain in horses, evident as a con¬ 
stellation of clinical and behavioral signs 
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Table 7-9 Origin 

and examples of visceral pain in the horse 


Origin 

Example: acute 

Example: chronic 

Thorax 

Lung 

Pleuropneumonia 

Pleural abscessation 

Pleura 

Choke 

Neoplasia 

Esophagus 

Trauma 

Pericarditis 

Heart 

Pericarditis 


Abdomen 

Stomach 

Most causes of acute colic 

Inflammatory bowel diseases 

Small intestine 

Pancreatitis 

Enterolithiasis 

Large intestine 

Nephrolithiasis 

Chronic diarrhea 

Cecum 

Uterine artery hematoma, rupture 

Nephrolithiasis 

Large colon 

Metritis 

Neoplasia 

Small colon 

Cholelithiasis 

Cholelithiasis 

Spleen 

Uterine torsion 


Liver 



Pancreas 



Kidneys 



Ureters 



Ovaries 



Uterus 



Pelvis 

Bladder 

Cystitis 

Cystitis 

Testicles 

Urolithiasis 

Urolithiasis 

Rectum 

Rectal tear 

Neoplasia 

Anus 

Foaling trauma 


Vagina 

Necrotic vaginitis 


Reproduced with permission. 2 


described next, is commonly referred to as 
colic. Colic is most often caused by gastro¬ 
intestinal disease, although it can manifest as 
a result of disease in any intraabdominal 
organ (Table 7-9). The discussion in this 
section deals with colic caused by gastro¬ 
intestinal disease, which is a frequent and 
important cause of death and is considered 
the most important disease of horses encoun¬ 
tered by practicing veterinarians. It is esti¬ 
mated to cost the horse industry in the 
United States approximately $115,000,000 
annually. 1 

ETIOLOGY 

Several classification systems of equine colic 
have been described including a disease- 
based system (Table 7-10) classifying the 
cause of colic as 

• Obstructive, nonstrangulating: Aboral 
movement of ingesta and secretions is 
prevented or hindered by luminal or 
extraluminal obstructions without a 
physiologically important reduction in 
blood flow to the gastrointestinal tract 
during the early stages of the disease 
(e.g., impaction of the large colon). 
Distension of the stomach or intestines 
can reduce blood flow in later stages of 
the disease. 


• Obstructive and strangulating: 

Obstruction of aboral movement of 
ingesta and secretions with impairment 
of blood flow caused by mechanical 
compression of the vessels (arterial, 
venous, or both). Both the obstruction 
and impairment of blood flow occur at 
the same time (e.g., small-intestinal 
volvulus). 

• Nonstrangulating infarctive: Reduction 
in nutritive blood supply (infarction) 
that is not attributable to mechanical 
compression of the vessels (e.g., 
thromboembolic colic). 

• Inflammatory (peritonitis, enteritis): 
Inflammation of the stomach, intestines, 
or parietal and visceral peritoneum (e.g., 
colitis, peritonitis). 

Colic cases can also be classified on the basis 
of the duration of the disease: acute (<24-36 
hours), chronic (>24-36 hours), and recur¬ 
rent (multiple episodes separated by periods 
of >2 days of normality). Another classifica¬ 
tion system is anatomically based and is 
listed in Table 7-11. 

Regardless of the classification system 
used, some estimates are that fewer than 
>25% of colic cases seen in the field do not 
have a definitive diagnosis. 3 Horses with 
acute transient colic relieved by analgesics 


are often referred to as having “spasmodic 
colic,” and this is the most common diagno¬ 
sis at the primary presentation of horses with 
colic (24%-35%). 3 Large-colon impaction 
(20%) and undiagnosed (13%—25%) are the 
other largest diagnostic categories. 1,3 


SYNOPSIS 


Etiology See Tables 7-9 to 7-11 and 7-13. 

Epidemiology Incidence of 2 to 30 cases per 
100 horse-years, mortality of 0.5 to 0.7 
cases per 100 horse-years, and case-fatality 
rate of 7% to 13%. Any age predisposition 
is weak, although certain diseases (e.g., 
meconium impaction, strangulation by 
pedunculated lipoma) have specific age 
distributions. Consumption of a diet high 
in concentrate increases the risk of colic, as 
does a poor parasite control program. 

Clinical signs Signs of abdominal pain 
include agitation, flank watching, flank 
biting, pawing, frequent lying down, 
kicking at the abdomen, frequent attempts 
to urinate or defecate, and rolling. 
Tachycardia is common. Normal gut sounds 
are absent and replaced by tympanitic 
sounds. Abdominal distension may develop. 
Reflux through a nasogastric tube may 
occur. Rectal examination may reveal 
abnormalities. 

Clinical pathology Few changes have 
diagnostic significance but many are used 
to monitor the severity of the disease. 
Hemoconcentration, azotemia, and 
metabolic acidosis are frequent findings. 
Peritoneal fluid may have increased protein 
and leukocyte concentration. 

Lesions Consistent with the particular disease. 

Diagnostic confirmation Physical 
examination, exploratory laparotomy, 
necropsy. 

Treatment Analgesia (Table 7-15), correction 
of fluid, acid-base and electrolyte 
abnormalities (Chapter 5), gastric 
decompression via nasogastric intubation, 
administration of fecal softeners or 
lubricants (Table 7-16), surgical correction 
of the lesion. 

Control Parasite control. Ensure adequate 
roughage in the diet. 


EPIDEMIOLOGY 

Most studies of the epidemiology of colic do 
not provide details of specific diseases; 
instead they consider colic as one disease. 
This inclusion of many diseases into one 
category, wile maximizing the statistical 
power of the studies, is unfortunate because 
it can obscure important details regarding 
the occurrence and risk factors of individual 
diseases. Furthermore, much of the informa¬ 
tion related to incidence, treatments, and 
outcome of horses with colic is derived from 
studies of horses examined at referral centers. 
Horses examined at these centers are in all 
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Table 7-10 Etiological classification of equine colic 

Type of colic 

Etiology 

Lesion 

Typical clinical signs 

Diagnosis 

Simple obstruction 
(not infarctive) 

Luminal obstruction 

Impaction of stomach, ileum or large 
intestine with dry ingesta 
Concretion-type body, e.g., fecalith, 
meconium, phytobezoar, enterolith, 
foreign body, sand colic, congenital 
atresia 

Mild to moderate pain, 
heart rate mildly 
increased initially, 
moderate dehydration 
Mild to moderate pain, 
moderate dehydration 

Usually subacute course 

Diagnosis on rectal exam or 
imaging: exploratory celiotomy 
Subacute to acute course 
Diagnosis on rectal exam or 
imaging: exploratory celiotomy 


Mural blockage 

Hematoma, neoplasm, idiopathic 
muscular hypertrophy 

Pain, moderate 
dehydration 

Rectal exam, reflux through 
nasogastric tube: exploratory 
celiotomy 


Extramural blockage 

Large colon displacement 

Mild to moderate pain, 
mild dehydration, 
abdominal distension 

Rectal exam: exploratory 
celiotomy 


Functional 

Spasm (spasmodic colic) 

Paralytic ileus 

Gastric reflux (acute gastric dilatation, 
gastric ulcer, anterior enteritis) 

Moderate to severe 
pain, moderate to 
severe signs of 
hypovolemia 

Rectal exam, gut sounds, 
nasogastric intubation, 
ultrasonographic examination 

Inflammation 
(irritation of 
peritoneal pain 
receptors) 

Infectious (e.g., Salmonella 
spp., Actinobadllus 
equuli), chemical 
irritation (urine, ingesta) 

Peritonitis 

Enteritis 

Mild pain, fever, 
toxemia, tachycardia, 
hypovolemia 

Leukocytosis, abdominal 
paracentesis, diarrhea 

Simple infarction 
(no obstruction) 

Infarction: ischemia 

Thromboembolic colic (verminous 
arteritis), arterial occlusion 
(pedunculated lipoma around 
mesentery), detachment of 
mesentery (traumatic or congenital) 

Mild to severe pain, 
toxemia 

Possibly blood loss 

Abdominal paracentesis, total 
white cell count: exploratory 
celiotomy 

Obstruction plus 
infarction 

Intestinal accidents 

Intussusception 

Torsion 

Strangulation (epiploic foramen, 
diaphragmatic, inguinal hernias, 
mesenteric tear or congenital 
defect, pedunculated lipoma) 

Intractable pain 
followed by profound 
depression, toxemia, 
severe tachycardia, 
hypovolemia 

Rectal exam: abdominal 
paracentesis, packed cell 
volume, total white cell count, 
nasogastric intubation, 
ultrasonographic examination 


Table 7-11 Disorders of the equine gastrointestinal tract causing colic, by anatomical site 


SITE DISORDER 

Stomach Gastric dilatation 

Primary 

Secondary to outflow obstruction, pyloric stenosis, ileus, or anterior enteritis 
Gastric impaction 
Gastroduodenal ulceration 
Small intestine Volvulus 

Intussusception 

Ileocecal 

Jejunojejunal 

Infarction or ischemia 
Thromboembolic disease 
Disruption of blood supply by mesenteric tear 

Strangulation, including entrapment through the epiploic foramen, mesenteric rents (including cecocolic fold, splenic 
ligament, uterine ligaments, spermatic cord), Meckel's diverticulum and hernias (diaphragmatic, inguinal/scrotal, umbilical) 

Strangulation by pedunculated lipoma 
Luminal obstruction 
Foreign bodies 
Ascarids 

Luminal compression 
Lipomas 

Intramural masses such as Pythium spp. and neoplasms (adenocarcinoma, lymphoma, eosinophilic enteritis) 

Adhesions 

Enteritis 
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likelihood not representative of horses with 
colic that are not referred for examination by 
specialists. Details of the epidemiology of 
specific etiologic entities are included under 
those headings. Only general principles are 
included here. 

Occurrence 

Equine colic occurs worldwide, although 
there are regional differences in the types of 
colic (for example, enterolithiasis), and is a 
common and important disease of horses. 
For cases of equine colic recognized in the 
field, as distinct from those referred for spe¬ 
cialized treatment, the incidence rate ranges 
between 3.5 and 10.6 cases per 100 horse 
years, although individual farms can have 
rates as high as 30 or more cases per 100 
horse years. Owners of horses in the UK 
report annual prevalence of colic, as a pro¬ 
portion of all health concerns, of 2.1% to 
5.6%. 4 These estimates are self-reported by 
owners and are not based on systematic 
reporting or collection of data. Estimates 
using a population of insured horses in Japan 


identified an annual incidence rate for colic 
of 18.6% (of -45,000 horses). 5 Mortality 
from colic is estimated to be between 0.5 and 
0.7 deaths per 100 horse years in the United 
States and 0.7% in Japan, representing 28% 
of overall horse deaths (2.5 deaths per 100 
horse years) in both populations. 1,5 The case- 
fatality rate is 6% to 13% of field cases, 
although a lower rate of 3.6% is reported for 
insured horses in Japan/’ Approximately 1% 
to 2% of colic events in the United States and 
the British Isles result in surgery. It should be 
borne in mind that these estimates of inci¬ 
dence and mortality are highly influenced by 
the population of horses studied and can be 
biased or unduly influenced by inclusion of 
farms or groups of horses with an extremely 
high, or low, incidence of colic. 

Risk Factors 

Risk factors for colic can be categorized as 
(1) intrinsic horse characteristics, (2) those 
associated with feeding practices, (3) man¬ 
agement, (4) medical history, (5) parasite 
control, and (6) season. 6 


Horse Characteristics 

Age 

There are conflicting results of studies that 
examine the association of colic and age. The 
conflicting results might be the result of 
varying study populations, study design, 
presence of varying confounding factors, and 
interpretation of data. Confounding factors 
are those that alter with the age of the horse, 
such as use, feeding, and management of 
horses, and mask an effect of age or give the 
impression of an effect of age when in fact 
such an effect is not present. Horses 2 to 10 
years of age are 2.8 times more likely to 
develop colic that horses less than 2 years. 
One large-scale study reported that foals less 
than 6 months of age had an incidence of 0.2 
cases of colic per 100 horses per year, whereas 
horses more than 6 months of age had an 
incidence of approximately 4 to 6 colic- 
affected horses per 100 horse years, with the 
incidence varying to a limited extent among 
older age groups. The mortality rate varies 
widely among insured horses in Japan, with 
a much higher incidence of death from colic 
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in older horses: 9% in horses >21 years of age 
compared with 1.5% in foals and yearlings. 5 
Other studies have not found a similar effect 
of age. However, each age group has a par¬ 
ticular set of diseases unique or common to 
it. Newborn foals can have congenital colon 
or anal atresia or meconium impaction (see 
the section Colic in Foals), diseases that do 
not affect older horses, whereas strangulat¬ 
ing or obstructive lesions caused by pedun¬ 
culated lipomas are found only in older 
horses. 

Sex 

There is no overall effect of gender on risk of 
colic, but certain diseases are restricted by 
gender. For instance, inguinal hernias occur 
only in males, whereas entrapment of intes¬ 
tine in the mesometrium is restricted to 
mares. Mares that have had a foal are at 
increased risk of developing volvulus of the 
large colon (adjusted OR of 12.9, 95% confi¬ 
dence interval [Cl] 3.2-52). 7 

Breed 

There is a generally consistent, although not 
universal, finding that Arabian horses are at 
increased risk of colic, but the reason for this 
apparently greater risk has not been deter¬ 
mined. Thoroughbreds are reported to be 
at increased risk of colic, independent of 
their use. 

Diet and Feeding Practices 

Horses on pasture are at a lower risk of 
developing colic than are stabled horses 
fed concentrate feeds. The risk of colic 
increases with the amount of concentrate 
fed, 8 such that a horse fed 5 kg of concen¬ 
trated feed per day has six times as great a 
risk of developing colic as a horse not fed 
concentrate. 1 However, another report did 
not detect an effect of diet composition on 
risk of colic. Changes to the horse’s diet 
through changes in quantity and quality of 
feed, feeding frequency, or time of feeding 
increase the risk of colic by two to five 
times. 

Management 

Watering 

Horses without constant access to water are 
at increased risk of developing colic, 8 whereas 
horses with access to ponds or dams have a 
reduced risk of colic compared with horses 
provided with water from buckets or troughs. 
This might represent a confounding effect of 
pasturing, in that horses with access to dams 
are probably on pasture and benefit from the 
lower risk of colic associated with that man¬ 
agement practice. Alternatively, horses pro¬ 
vided with water from buckets could be at 
greater risk of having periods when water is 
not available. 

Housing 

Increased duration of stabling per day is 
associated with an increased risk of colic. 


Horses cared for by their owner and horses 
in stables with large numbers of horses are 
less likely to develop colic. Horses with more 
than three carers are at greater risk of devel¬ 
oping large-colon volvulus.' 

Exercise 

Overall, there appears to be an increased risk 
of colic among horses undertaking physical 
activity or that have a recent change in the 
amount of physical activity. However, the 
finding of this association should be consid¬ 
ered in the context of other differences that 
exist between active and inactive horses, 
such as in feeding practices, housing (sta¬ 
bling versus pasture), and transportation. 
Increased stabling is associated with an 
increased risk of large-colon volvulus (5.5, 
95% Cl 1.03-29). 7 

Colic during the hours after endurance 
racing occurs in approximately 1.6% (47 of 
2832) of horses with small-intestinal volvu¬ 
lus common (13 of 15 horses) among those 
horses requiring surgery. 9 Most horses with 
colic associated with endurance racing do 
not require surgical exploration of the abdo¬ 
men or correction of abnormalities. 10 The 
etiology is unclear but could be associated 
with an exercise-induced reduction in intes¬ 
tinal blood flow. 

Colic associated with swimming is an 
important cause of colic in Thoroughbred 
horses in training with a 3-year incidence 
rate of 0.08%. n Over a 3-year period, 38% 
(136) of 361 colic cases were associated with 
swimming, of which 131 resolved spontane¬ 
ously or with medical care. 11 

Season and Weather 

There appears to be a seasonal distribution 
or pattern to some types of colic both in the 
field and in those examined at a referral hos¬ 
pital, with epiploic foramen entrapment, 
large-colon impaction and/or torsion, and 
medical colic having an apparent seasonal 
distribution. 5,12 There were increases in inci¬ 
dence of colic in early spring and autumn in 
the UK and increases in cases of acute 
abdomen during the summer in horses in 
Japan. 5 ' 12 The seasonal pattern might repre¬ 
sent changes in management and use of 
horses rather than a direct effect of weather. 
Despite the widespread belief that colic is 
associated with changes in weather, particu¬ 
larly thunderstorms, there is no conclusive 
evidence of such an association. 

Medical History 

Horses with a history of colic are more likely 
to have another episode, and horses that have 
had colic surgery are approximately five 
times more likely to have another episode 
of colic than are horses that have not had 
colic. There is no association between dental 
care and incidence of colic, although horses 
that “quid” (drop partially masticated food 
when eating) are at increased (7.8, 95% Cl 
1.8-33) risk of large-colon volvulus, 7 or 


recent vaccination and colic. Horses with a 
history of crib biting or wind sucking are at 
markedly increased risk of developing colic 
(~2-fold risk) and more specifically epiploic 
entrapment of the small intestine (adjusted 
OR 72, 95% Cl 14-359). 6 ' 13 A history of colic 
in the past 12 months (5.1,95% Cl 1.4-18.9), 
increased stabling in the past 4 weeks (3.7, 
95% Cl 1.4-9.7), and increased height (1.07, 
95% Cl 1.01-1.12 per cm) are also being sig¬ 
nificantly associated with increased risk of 
colic caused by epiploic entrapment. 6 Simi¬ 
larly, horses that have had colic in the previ¬ 
ous 12 months are at increased risk of a 
large-colon volvulus (adjusted OR of 8.7, 
95% Cl 1.8-43). 7 

Hospitalized horses are at increased risk 
of developing colic (see the section Cecal 
Impaction) and among horses hospitalized 
for treatment of ocular disease 21% devel¬ 
oped signs of colic with 14% of those horses 
having a cecal impaction. 14 Duration of hos¬ 
pitalization (>8 days) was a strong risk factor 
for colic. 14 

Parasite Control 

Inadequate parasite control programs have 
been estimated to put horses at two to nine 
times greater risk of developing colic, 
although other studies have not demon¬ 
strated a relationship between anthelmintic 
administration and colic. The presence of 
tapeworms (assessed by examination of 
feces) is associated with a three times greater 
risk of ileal impaction and 16 times increased 
risk of colic 15 likely because A. perfoliata 
infestation causes lesions at the ileocecal 
junction of horses. 16 The detection of expo¬ 
sure to A. perfoliata by detecting specific 
antibodies in the blood is either not associ¬ 
ated, or weakly associated, with the risk of 
colic. 15 ' 17 

Infestation by roundworms (Parascaris 
equorum ) is associated with severe colic in 
young horses as a result of impaction or 
obstruction of the small intestine. 18 Approxi¬ 
mately 75% of the affected horses had been 
administered anthelmintics in the previous 
24 hours, suggesting that death or paralysis 
of a large burden of ascarids resulted in 
obstruction of the lumen of the small intes¬ 
tine by the dead or dying parasites. 

There is an increased incidence of colic 
in horses on farms on which rotation of 
anthelmintics is practiced. This apparently 
paradoxical finding may be because farms 
with a higher incidence of colic are more 
likely to alter rotation of anthelmintics as a 
result of having more horses with colic. The 
apparently conflicting results of some of 
the epidemiologic studies should not deter 
veterinarians from recommending effective 
parasite control programs for horses, given 
the clear association at an individual level of 
the presence of tapeworms, cyathostomes, 
and/or large strongyles and ileocecal disease, 
diarrhea and ill-thrift, and verminous arteri¬ 
tis, respectively. 





Importance 

Losses caused by colic in horses are due 
almost entirely to death of the patient. 
However, the cost of treatment and the emo¬ 
tional trauma to the owners of their horse 
being afflicted with a potentially fatal disease 
are important considerations. A 1989 survey 
of veterinarians in the United States rated 
colic the most serious medical disease in 
horses, ahead of viral respiratory disease, and 
recent studies estimated the cost of colic to 
the horse industry in the United States at 
$115,000,000 annually. 

PATHOGENESIS 

The pathogenesis of equine colic is variable 
depending on the cause and severity of the 
inciting disease. A horse with a strangulating 
lesion involving 50% of its small intestine 
has a much more rapidly evolving disease, 
with severe abnormalities, than does a horse 
affected with mild spasmodic colic or impac¬ 
tion of the pelvic flexure of the large colon. 
Although equine colic often involves changes 
in many body systems, notably the gastroin¬ 
testinal, cardiovascular, metabolic, and endo¬ 
crine systems, there are several features and 
mechanisms that are common to most causes 
of colic that depend only on the severity of the 
disease for the magnitude of their change. The 
features common to severe colic, and often 
present to a lesser degree in milder colic, are 
pain, gastrointestinal dysfunction, intestinal 
ischemia, endotoxemia or toxemia, compro¬ 
mised cardiovascular function (shock), and 
metabolic abnormalities. 

Pain 

Pain is the hallmark of gastrointestinal 
disease in horses and is attributable to dis¬ 
tension of the gastrointestinal tract and stim¬ 
ulation of stretch receptors in the bowel wall 
and mesentery; stretching of mesentery by 
displaced or entrapped bowel; and inflamma¬ 
tion and irritation of the bowel, peritoneum, 
or mesentery. Methods for objectively assess¬ 
ing and scoring pain in horses have been 
developed but as yet have not been rigorously 
tested and validated in large numbers of 
horses in varying situations. 19 ' 21 Scoring 
systems that provide a composite score, and 
for which there is good interrater and intra¬ 
rater agreement, have usefulness in develop¬ 
ing prognostic criteria, for monitoring 
response to treatment, and for determining 
the need and efficacy of analgesia/hypalgesia. 

The intensity of the pain is often, but not 
always, related to the severity of the inciting 
disease. Horses with mild impaction of the 
large colon of short duration (<24 hours) 
often have very mild pain, whereas a horse 
with a strangulating lesion of the small intes¬ 
tine will have very severe pain. Horses that 
recovered from gastrointestinal tract surgery 
(colic surgery) had lower pain scores after 
surgery than did horses that did not survive. 19 

Gastrointestinal pain has an inhibitory 
effect on normal gastrointestinal function, 
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causing a feedback loop in which the pain 
inhibits normal gut motility and function, 
allowing accumulation of ingesta and fluid, 
resulting in distension and further pain. 
Horses can respond very violently to abdom¬ 
inal pain and may injure themselves when 
rolling or thrashing. 

Gastrointestinal Dysfunction 

Colic is almost invariably associated with 
impaired gastrointestinal function, usually 
alterations to motility or absorptive func¬ 
tion. Gastrointestinal motility may be 
increased, as is presumed to be the case in 
spasmodic colic, altered in its character or 
coordination, as in some cases of impaction 
colic, or absent, such as in ileus secondary 
to inflammation or ischemia of the bowel or 
to the presence of endotoxemia. Increased 
or uncoordinated gastrointestinal motility 
probably causes pain through excessive con¬ 
traction of individual segments of bowel or 
distension of bowel because of the loss of 
normal propulsive activity. Ileus is associ¬ 
ated with fluid distension of the small intes¬ 
tine and stomach and fluid and gas distension 
of the large colon, both of which cause severe 
pain and can lead to gastric or colonic 
rupture. The absorptive function of the intes¬ 
tine may be decreased by inflammation or 
ischemia, which results in distension of the 
small intestine or large colon, pain, and 
potentially rupture of the stomach or colon. 

Impairment of the barrier function of the 
gastrointestinal mucosa by inflammation or 
ischemia can result in leakage of endotoxin 
and other toxic compounds into peritoneal 
fluid with subsequent endotoxemia 1 , toxemia, 
and systemic inflammatory response syn¬ 
drome (see the section Endotoxemia). 

Ischemia of the Intestinal Wall 

Ultimately, most forms of lethal colic involve 
some degree of ischemia of the intestine, 
with subsequent loss of barrier function, 
evident in its most extreme form as rupture 
of the viscus, endotoxemia, bacteremia, car¬ 
diovascular collapse, and death. Ischemia 
may be the result of impaired blood flow to 
or from the intestine because of torsion or 
volvulus of the intestine, entrapment of the 
intestine and associated mesentery in rents 
or hernias, strangulation such as by a pedun¬ 
culated lipoma, or thromboembolic disease. 
Ischemia may also result from severe gastro¬ 
intestinal distension, such as occurs in the 
terminal stage of severe colon impaction. 
Mild ischemia probably impairs normal 
intestinal motility and function. The role of 
reperfusion injury in pathogenesis of ische¬ 
mic disease is uncertain at this time. 

Endotoxemia 

Death in fatal cases of colic in which the 
affected viscus ruptures secondary to disten¬ 
sion, or when ischemia and/or infarction 
damages a segment of bowel wall, is caused 
by the absorption of endotoxins and other 


compounds from the gut lumen into the sys¬ 
temic circulation (see the section Endotox¬ 
emia) . Endotoxin absorption causes increased 
concentrations of tumor necrosis factor and 
interleukin (IL)-6 in peritoneal fluid and 
blood concentrations. 

Rupture of the stomach or intestine is 
also a characteristic termination of disten¬ 
sion of the intestine in the horse. The result¬ 
ing deposition of large quantities of highly 
toxic ingesta or fecal contents into the peri¬ 
toneal cavity causes profound shock and 
death within a few hours. 

Shock 

The usual cause of death in severe colic is 
cardiovascular collapse secondary to endo- 
toxemia/toxemia and hypovolemia. In less 
severe colic, hypovolemia and cardiovascular 
dysfunction may contribute to the develop¬ 
ment of the disease, and rapid correction of 
hypovolemia is central to the effective treat¬ 
ment of colic. 

Hypovolemia is caused by the loss of 
fluid and electrolytes into the lumen of the 
gastrointestinal tract or loss of protein from 
the vascular space with subsequent reduc¬ 
tion in the circulating blood volume. Hypo¬ 
volemia impairs venous return to the heart 
and therefore cardiac output, arterial blood 
pressure, and oxygen delivery to tissues. Not 
surprisingly, measures of circulatory status 
are good predictors of the outcome of colic 
(see the section Prognosis). 

Cardiorespiratory function is impaired if 
there is severe distension of gut, such as in 
large-colon torsion, because of restricted res¬ 
piration by pressure on the diaphragm and 
reduced venous return to the heart because 
of pressure on the caudal vena cava. Cardiac 
function is impaired in some horses with 
colic, as indicated by the high incidence of 
arrhythmias, elevated serum concentrations 
of troponin, and abnormal contractile func¬ 
tion detected by echocardiographic exami¬ 
nation. The reduction in myocardial 
function is most evident as an increase in the 
ratio of preejection time to ejection time for 
the left ventricle. 24 

Coagulation and Fibrinolysis 

Severe colic, especially that involving isch¬ 
emia or necrosis of intestine, is associated 
with abnormalities in coagulation and fibri¬ 
nolysis characterized by hypercoagulation 
or hypocoagulation of blood and abnormal 
fibrinolysis. 26 ' 28 The particular abnormalities 
present at a point in time depend on the 
severity of disease and its duration. Initial 
increases in coagulability or fibrinolysis can 
progress to hypocoagulable and hypofibrino- 
lytic states as the severity of the disease 
increases. 28 

Disseminated intravascular coagulation 
is common among horses with ischemia or 
necrosis of the gut and is a good prognostic 
indicator of survival. 26,2 ' Changes in coagula¬ 
tion and fibrinolysis include decreases in 
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antithrombin activity and fibrinogen con¬ 
centration and increases in prothrombin 
time, activated partial thromboplastin time, 
and concentration of thrombin-antithrom- 
bin complexes in plasma. 27,29 Dynamic mea¬ 
sures of clotting function or fibrinolysis also 
reveal that hypocoagulation, indicated by 
abnormalities in one or more measures by 
thromboelastography, is indicative of a poor 
prognosis. 2 ' However, changes in these vari¬ 
ables do not always correlate well with more 
dynamic measures of clotting function, such 
as thromboelastography. 27,29 

Overview of the Pathogenesis of 
Common Colics 
Simple Obstructive 

Simple obstructive colics are those in which 
there is obstruction to the aboral passage 
of ingesta but no ischemia or strangulation 
of bowel. In the terminal stages there is 
often ischemia caused by distension of the 
intestine. 

Small-intestinal obstructive lesions 
include ileal hypertrophy, ileocecal intussus¬ 
ception, and foreign-body obstruction of the 
lumen. The course of the disease is often 24 
to 72 hours, and sometimes longer depend¬ 
ing on the extent of the obstruction, and 
partial obstructions have much less severe 
signs and disease of longer duration. The 
principal abnormality is reduced aboral flow 
of ingesta, with subsequent distension of 
intestine cranial to the obstruction, causing 
pain and, if the distension is severe, gastric 
rupture. 

Large-intestinal obstructive lesions 
include impaction and simple (nonstrangu¬ 
lating) displacements of the large colon. The 
course of disease is prolonged, often more 
than 72 hours. Signs of abdominal pain are 
caused by distension of the bowel. There is 
progressive distension with fluid and gas 
and ultimately ischemia of the bowel and 
rupture. 

Obstructive and Strangulating 

Diseases that cause both obstruction and 
strangulation as an initial event, such as 
torsion of the small intestine or volvulus of 
the large colon, result in severe and unrelent¬ 
ing pain that is difficult to relieve with anal¬ 
gesics. Obstruction causes distension and 
strangulation causes ischemia, loss of barrier 
function, and endotoxemia. These diseases 
have a short course, usually less than 24 
hours and sometimes as short as 6 hours, 
and profound clinical signs. Endotoxemia/ 
toxemia, systemic inflammation, and cardio¬ 
vascular collapse are characteristic of these 
diseases. 

Infarctive 

Infarctive diseases, such as thromboembolic 
colic, are characterized by ischemia of the 
intestinal wall with subsequent alterations in 
motility and absorptive and barrier func¬ 
tions. Ileus causes distension of the intestines 


and stomach and altered barrier function 
causes endotoxemia. The course of the 
disease is usually less than 48 hours and is 
terminated by cardiovascular collapse and 
death. 

Inflammatory 

Inflammation of the intestine or peritoneum 
alters gastrointestinal motility and absorp¬ 
tive function leading to accumulation of 
fluid and ingesta, distension, and abdominal 
pain. 

CLINICAL FINDINGS 

The bulk of the following description is gen¬ 
erally applicable to severe acute colic. Clini¬ 
cal findings characteristic of each etiologic 
type of colic are dealt with under their indi¬ 
vidual headings. The purposes of the clinical 
examination are diagnostic—to determine 
whether the pain is caused gastrointestinal 
tract disease and, if so, to determine the 
nature of the lesion—and prognostic—to 
provide some estimate of the likely outcome 
of the disease. Veterinary clinicians are able 
to accurately predict the site of lesions (small 
intestine versus large intestine), type of 
lesion (simple obstructive versus strangulat¬ 
ing or infarctive), and outcome. The ability 
to predict these events increases with train¬ 
ing and experience. 

Accurate diagnosis of the cause of the 
colic has some prognostic usefulness, but 
assessment of the horse’s physiologic state by 
measurement of heart and respiratory rates, 
mucous membrane color and refill time, 
arterial blood pressure, hematocrit and 
serum total protein concentration, as well as 
other measures, allows more accurate prog¬ 
nostication. Furthermore, the cause of colic 
is determined in only approximately 20% of 
field cases. 


Visual Examination 
Behavior 

Pain is manifested by pawing, stamping, or 
kicking at the belly or by restlessness evident 
as pacing in small circles and repeatedly 
getting up and lying down, often with exag¬ 
gerated care. Methodology for identifying 
and rating pain has been validated for horses 
and has high intraobserver (k = 0.9) and 
interobserver (intraclass correlation coeffi¬ 
cient 0.8) values indicating the repeatability 
of the assessments either by the same 
observer or by different observers. The pain 
scale also has good sensitivity and specificity 
for outcome (lived versus died, 70% and 
71%) and treatment (medical, surgical, 
euthanasia, 70% and 57%) 30 (Table 7-12). 

Other signs are looking or nipping at the 
flank, rolling, and lying on the back. Often 
the penis is protruded without urinating or 
with frequent urination of small volumes. 
Continuous playing with water without actu¬ 
ally drinking (sham drinking) is common. 

Pain may be continuous or, more com¬ 
monly, intermittent with bouts of pain lasting 
as long as 10 minutes interspersed with 
similar periods of relaxation. Generally, the 
intensity of the pain is of about the same 
severity for the duration of the illness; 
sudden exacerbations may indicate a change 
in the disease status or the development of 
another abnormality, such as a horse with 
impaction of the large colon developing a 
displacement of the colon or horses with 
diarrhea developing necrotizing enteritis. 
Horses in the terminal phase of the disease 
may have a marked diminution of pain asso¬ 
ciated with relief of pressure after rupture of 
distended bowel and depression caused by 
toxemia and shock. Pain responses in colic 
can be so severe, and uncontrolled move¬ 
ments so violent, that the horse might do 
















itself serious injury. Other causes of pain, 
such as pleuritis or rhabdomyositis, can be 
confused with colic, although a horse that 
goes down and rolls almost certainly has ali¬ 
mentary tract colic. 

Posture 

The posture is often abnormal, with the 
horse standing stretched out with the fore¬ 
feet more cranial and the hindfeet more 
caudal than normal or the so-called “saw¬ 
horse” stance. Some horses lie down on their 
backs with their legs in the air, suggesting a 
need to relieve tension on the mesentery. 

Abdomen Size 

Distension of the abdomen is an uncommon 
but important diagnostic sign. Symmetric, 
severe distension is usually caused by dis¬ 
tension of the colon, sometimes including 
the cecum, secondary to colon torsion, or 
impaction of the large or small colon and 
subsequent fluid and gas accumulation. If 
only the cecum is distended the abdomen 
can show an asymmetric enlargement in 
the right sublumbar fossa. Maximum dis¬ 
tension of stomach or small intestines does 
not cause appreciable distension of the 
abdomen. 

Vomiting 

Projectile vomiting or regurgitation of intes¬ 
tinal contents through the nose is very 
unusual in horses and is a serious sign sug¬ 
gesting severe gastric distension and impend¬ 
ing rupture. 

Defecation and Feces 

Defecation patterns can be misleading. It is 
often mistakenly assumed that there is no 
complete obstruction because feces are still 
being passed, but in the very early stages of 
acute intestinal obstruction there can be 
normal feces in the rectum, and the animal 
might defecate several times before the more 
usual sign of an empty rectum with a sticky 
mucosa is observed. 

Physical Examination 
Heart and Respiratory Rates 
The heart rate is a useful indicator of the 
severity of the disease and its progression but 
has little diagnostic usefulness. Horses with 
heart rates less than 40 beats/min usually 
have mild disease, whereas horses with heart 
rates above 120 beats/min are usually in the 
terminal stages of severe disease. Horses with 
obstructive, nonstrangulating disease often 
have heart rates between 40 and 60 beats/ 
min, whereas horses with strangulating 
disease or necrotic bowel will usually have 
heart rates over 80 beats/min. However, heart 
rate is not an infallible indicator of disease 
severity, as horses with torsion of the colon 
can have heart rates of 40 to 50 beats/min. 

The respiratory rate is variable and can 
be as high as 80 beats/min during periods of 
severe pain. 
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Mucous Membranes and Extremities 
Mucous membranes of normal horses and 
of horses without significantly impaired car¬ 
diovascular function are pink, moist, and 
regain their normal color within 2 seconds 
after firm digital pressure is removed. Dehy¬ 
drated horses have dry mucous membranes, 
although the capillary refill time and color 
are normal. Horses with impaired cardio¬ 
vascular function have pale, dry mucous 
membranes with delayed capillary refill (>2 
seconds). Endotoxemic horses will often 
have bright red mucous membranes with 
normal or delayed capillary refill. As the 
disease becomes more severe the mucous 
membranes develop a bluish tint and capil¬ 
lary refill is longer than 3 seconds. Terminal 
stages of disease are associated with cold, 
purple, dry mucous membranes with a capil¬ 
lary refill time of more than 3 seconds; 
necrosis of the mucosa of the gingival 
margins of the gums, the so-called “toxic 
line,” is often seen. 

Cool extremities can be indicative of 
compromised cardiovascular function but 
should be interpreted with caution and only 
in the context of the rest of the clinical exam¬ 
ination. Sweating is common in horses with 
severe abdominal pain and, when present in 
a horse with cool extremities and signs of 
cardiovascular collapse, is indicative of a 
poor prognosis. 

Auscultation and Percussion 
Auscultation of the abdomen can provide 
useful diagnostic and prognostic informa¬ 
tion and should be performed thoroughly 
and without haste. All four quadrants (dorsal 
and ventral, left and right sides) of the 
abdomen should be examined for at least 1 
minute at each site. Attention should be paid 
to the intensity, frequency, and characteris¬ 
tics of the spontaneous gut sounds (borbo- 
rygmi). Repeated observations are often 
necessary to detect intermittent or rapid 
changes in the character of the borborygmi. 

Continuous, loud borborygmi distrib¬ 
uted in all or most quadrants are indicative 
of intestinal hypermotility and consistent 
with spasmodic colic, impending diarrhea, or 
the very early stages of a small-intestinal 
obstructive/strangulating lesion. The absence 
of sounds, or the presence of occasional 
high-pitched, brief sounds, sometimes with a 
splashing character, is consistent with ileus. 
These sounds should not be mistaken for 
the rolling, prolonged sounds of normal 
peristalsis. 

Combined percussion and auscultation 

is a valuable procedure for defining the pres¬ 
ence of extensive gas caps; a flick or abrupt 
tap with a finger while auscultating with a 
stethoscope will elicit a pinging sound similar 
to that made by flicking an inflated balloon. 
The detection of such sounds indicates the 
presence of tightly gas-distended bowel near 
the body wall. Such bowel is almost always 
large colon or cecum and is consistent with 


gas distension secondary to ileus, small or 
large-colon impaction, gas colic, or colon dis¬ 
placement, including torsion. 

Rectal Examination 

A careful rectal examination is probably the 
most important part of the clinical examina¬ 
tion in colic and should not be neglected. 
The examiner must know the anatomy of 
the posterior abdomen to make reasonably 
accurate decisions about the location of 
various organs. Recognition that an impor¬ 
tant abnormality exists is a critical factor in 
the decision to refer the horse for specialized 
evaluation and care. 

Normal Anatomy 

The horse should be restrained so that the 
examination can be performed with minimal 
risk to both the examiner and patient. Frac¬ 
tious or horses in pain should be tranquil- 
ized. A twitch should be applied to all but the 
most cooperative horses to minimize strain¬ 
ing and the chance of kicking. Rectal exami¬ 
nation in small or unruly horses should be 
approached with caution. 

Only approximately 40% of the abdomen 
can be examined in a mature horse, because 
the cranial and ventral structures are outside 
the reach of the examiner. In the normal 
425-kg (1000-lb) horse there should not be 
any distended intestine and the small intes¬ 
tine should not be palpable. The cecum is 
readily palpable in the right caudal abdomen, 
with its ventral band running from the dorsal 
right quadrant ventrally and slightly to the 
left. The base of the cecum may be palpable 
as a soft, compressible structure containing 
fluid and gas. The caudal border of the spleen 
is readily palpable as it lies on the left side of 
the abdomen against the body wall. There 
should be no bowel between the spleen and 
the body wall, although occasionally the 
small colon can be detected dorsal to the 
spleen. Dorsal and medial to the spleen, 
the left kidney should be readily palpable, 
as should the nephrosplenic ligament and 
space. There should be no bowel in the 
nephrosplenic space, although some horses 
have portions of small colon in the region of 
the nephrosplenic space. Portions of large 
colon, especially the pelvic flexure, can be 
palpated in the caudal ventral abdomen if 
they contain ingesta. The inguinal rings may 
be palpated in males. The ovaries and uterus 
can be palpated in mares. The bladder can be 
palpated if it contains urine. 

Abnormal Findings 
Abnormalities associated with specific dis¬ 
eases are discussed under those headings 
(Table 7-13). One should be able to recognize 
gas and fluid distension of the cecum and 
colon, fluid distension of the small intestine, 
impaction of the large and small colon, and 
displacement of the large colon. 

Small-intestinal distension is evident as 
loops of tubular structures of up to 10 to 
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Table 7-13 Rectal findings and associated causes of 

equine colic 


Rectal abnormality 

Disease 

Clinical characteristics 

Treatment 

Distended small 
intestine 

Proximal jejunitis/duodenitis, 
anterior enteritis 

Small intestine mildly to moderately distended; voluminous 
gastric reflux; marked pain relief on gastric decompression 
Normal peritoneal fluid in most cases 

Supportive; repetitive 
decompression of stomach 


Strangulating intestinal lesion; 
small intestinal volvulus or 
entrapment 

Severe, tight distension of small intestine; gastric reflux 

Severe pain not relieved by gastric decompression; abnormal 
peritoneal fluid 

Surgery 


Ileal impaction 

Mild and progressive pain; gastric reflux only late in disease 
Impaction occasionally palpable per rectum 

Medical initially, then surgery 
if no resolution 


Ileal hypertrophy 

Mild to moderate chronic pain occurring after feeding 
Hypertrophy may be palpable 

Surgical resection 


Ileocecal intussusception 

Moderate to severe pain; gastric reflux later in disease 

Usually young horse 

Surgical correction 

Large colon distension 

Colon torsion 

Tenia dorsal in some cases; cecum displaced medially 

Severe pain; abdominal distension; no gastric reflux 

Short disease course 

Surgical correction 


Left dorsal colon displacement 
(renosplenic entrapment) 

Mild to moderate pain; bands on rectal examination leading 
to renosplenic space; ultrasonographic confirmation 

Replacement by rolling horse 
Surgery 


Right dorsal displacement of 
colon 

Moderate to severe pain; bands leading ventral to right 
dorsal quadrant; colon lateral to base of cecum 

Surgical correction 


Impaction of large colon 

Impaction palpable per rectum 

Fecal softeners and lubricants, 
oral and intravenous fluids 




Surgery in refractory cases 


Enterolith 

Obstruction usually of right dorsal or transverse colon 

Not palpable rectally; refractory pain; radiography 

Surgical removal 


Gas colic 

Gas distension of large colon; pain readily relieved with 
analgesics; short course with rapid recovery; major 
differential is colon torsion 

Analgesics, mineral oil 


Sand colic 

Mild to moderate pain; Sand auscultable in ventral 
abdomen; sand in feces; occasional watery feces 

Analgesics, psyllium orally 

Cecal distension 

Cecal impaction 

Mild to moderate pain, course of several days with sudden 
deterioration when cecum ruptures 

Analgesics, lubricants, fecal 
softeners; surgical correction 


Cecal torsion 

Acute, severe pain; rare 

Surgical removal or correction 

Displaced spleen 

Renosplenic entrapment of 
large colon 

See previously 



Large colon displacement 

Mild to moderate pain; ultrasonographic diagnosis 

Analgesics; surgery 

Intraabdominal masses 

Mesenteric abscess 

Fever, mild chronic or intermittent abdominal pain 

Increased leukocyte numbers in blood and peritoneal fluid 

Long-term antibiotics 


Neoplasia 

Neoplastic cells in peritoneal fluid; exploratory laparotomy 

None 


15 cm in diameter that may extend as far 
caudally as the pelvic canal. The structure 
is often compressible, akin to squeezing 
a fluid-filled tubular balloon, and slightly 
moveable. The presence of distended small 
intestine is an important sign suggestive of a 
small-intestinal obstructive lesion or ante¬ 
rior enteritis. 

Colonic distension, impaction and dis¬ 
placement can be evident on rectal palpa¬ 
tion. Gas and fluid distension of the large 
colon is evident as large (>20 cm) taut struc¬ 
tures often extending into the pelvic canal. 
Tenial bands are often not palpable because 
of the distension. The distended bowel may 
extend into the pelvic canal, preventing 


examination of the caudal abdomen. Impac¬ 
tion is evident as columns of firm ingesta in 
the large or small colon. The most common 
site is the pelvic flexure in the caudoventral 
abdomen and the inlet to the pelvic canal. 
The impacted material remains indented 
when pressed with the finger tips. 

Distension of the small colon is detect¬ 
able as loops of tubular structures in the 
caudal abdomen. The loops of intestine have 
a prominent antimesenteric band, a feature 
not present on small intestine. 

Displacement of the large colon is 
evident rectally as tight bands extending 
from the ventral abdomen cranially, dorsally, 
and to the left or cranially, dorsally, and to 


the right in left and right displacements of 
the colon, respectively. Displacement of the 
colon, if it obstructs aboral flow of ingesta 
and gas, may cause distension. 

Nasogastric Intubation 

Passage of a nasogastric tube is an essential 
part of the examination of a horse with colic 
because of the diagnostic information it pro¬ 
vides and because relief of gastric distension 
can be life-saving. 

The nasogastric tube must be passed into 
the stomach. This is usually evident by the 
release of a small amount of sweet-smelling 
gas as the stomach is entered. The tube should 
then be advanced further into the stomach 
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and, if reflux of material does not occur spon¬ 
taneously, a siphon should be established by 
filling the tube with approximately 500 mL of 
water and rapidly dropping the end of the 
tube below the level of the horses stomach. 
This procedure should be repeated at least 
three or four times if reflux is not obtained. If 
reflux is obtained, its volume and character 
should be noted. The volume should be mea¬ 
sured, and anything more than 2 L of net 
reflux is likely important. If reflux is obtained, 
the nasogastric tube should be left in place or 
replaced frequently (1-hour intervals) until 
the colic resolves. If there is no reflux but the 
horse remains colicky, then repeated attempts 
should be made to obtain reflux. Oral medi¬ 
cations should not be given to horses with 
nasogastric reflux. 

Ancillary Diagnostic Techniques 
Ultrasonography 

Ultrasonographic examination of the abdo¬ 
men of adult horses is useful in identifying a 
number of abnormalities, including small- 
intestinal distension, ileocecal intussuscep¬ 
tion, gastric distension, gastric squamous cell 



carcinoma, diaphragmatic hernia, peritoneal 
effusion, and other conditions. 31 ' 35 Ultraso¬ 
nographic examination is useful for detecting 
small-intestinal distension (such as occurs 
with anterior enteritis or small-intestinal 
accidents), reduced motility (anterior enteri¬ 
tis, enteritis, and obstruction), thickening 
of intestinal wall (>4 mm, enteritis, right 
dorsal colitis), volume and characteristics 
of peritoneal fluid (peritonitis and hemoperi- 
toneum 36 ), abnormalities in intestinal con¬ 
tents (such as presence of sand or excessively 
fluid ingesta), the presence of sacculations 
of the ventral colon (absence indicates dis¬ 
tension), abnormalities in intestinal architec¬ 
ture (intussusceptions), and the presence 
of abnormal structures (neoplasia 37 and 
abscess 38 ). Detection of colonic mesenteric 
vessels in an abnormal location (lateral or 
ventral to the colon) is strongly associated 
with a diagnosis of colon displacement or 
volvulus. 32,39 Ultrasonographic detection of 
small-intestinal distension is more sensitive 
than is rectal examination. (Fig. 7-1, A-D 33 ). 

Abdominal ultrasonography can be used 
for the accurate definitive diagnosis of 



some small-intestinal and large-intestinal 
diseases. Distended and nonmotile small- 
intestinal loops are associated with strangu¬ 
lated obstruction. Failure to visualize the left 
kidney is associated with renosplenic entrap¬ 
ment, and thickened large colon is associated 
with strangulating volvulus. 40 

Ultrasonographic examination reveals 
colon with a mural thickness of 9 mm or 
greater in horses with colon torsion. The test 
has a sensitivity of approximately 67% (i.e., 
correctly predicts the presence of colon 
torsion in two-thirds of horses that have the 
disease) and specificity of 100% (correctly 
rules out the diagnosis in 100% of horses that 
do not have the disease). Similarly, ultraso¬ 
nography has a sensitivity of 80% and a 
specificity of 98% for detection of dilated 
small intestine. 33 

The abdomen should be examined in a 
systematic fashion with a 2.0 to 3.5-mHz 
transducer, and a procedure allowing rapid 
examination of the abdomen of horses has 
been proposed (Table 7- 14). 33 The value of 
this protocol is that it ensures a systematic 
and thorough examination of the abdomen 
and thorax for signs of the cause of colic. The 
normal ultrasonographic anatomy of equids 
is described. 34 

Radiology 

The large size of the adult horse precludes 
detailed radiographic examination of intra¬ 
abdominal structures. Enteroliths can be 
detected by computed radiography with a 
sensitivity of 85% and a specificity of 93%. 
Sensitivity is lower for small-colon entero¬ 
liths than for large-colon enteroliths (50% 
and 94.5%, respectively) and is significantly 
affected by gas distension. 41 Computed (digi¬ 
tal) radiography provides some improve¬ 
ment in sensitivity over analog radiography, 
but both are useful techniques in diagnosis 
of enterolithiasis. Sand accumulation can be 
detected by radiographic examination of 
the abdomen. 42,43 Diaphragmatic hernias can 
be detected by radiographic (or ultrasono¬ 
graphic) examination of the thorax. 

Arterial Blood Pressure 

Arterial blood pressure is a very good indica¬ 
tor of the degree of shock in colic, and the 
availability of a simple technique makes it 
a practical aid in assessing prognosis in a 
clinical case. If normal systolic pressure is 
about 100 mm Hg (13.3 kPa), a pressure 
below 80 mm Hg (10.6 kPa) indicates a 
critical situation (it can be as low as 
50 mm Hg [6.6 kPa]). In horses with very 
severe pain but not shock, the systolic pres¬ 
sure is likelyto be veryhigh,up to250 mm Hg 
(33.3 kPa). 

Course of the Disease 

The course of the disease depends on its 
cause and the severity of the associated 
lesions. Spasmodic and gas colic usually 
resolves within hours of onset. Horses with 



Fig. 7-1 A, Ultrasonographic image obtained at site 1: an abnormal amount of anechoic fluid 
is visible. B, Ultrasonographic image showing nonturgid fluid-filled small-intestinal loops. 

C, Ultrasonographic image showing turgid small-intestinal loops without wall thickening in 
a horse with small-intestinal obstruction. D, Ultrasonographic image showing turgid small- 
intestinal loops with marked wall thickening in a horse with strangulated small-intestinal 
obstruction. 
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Table 7-14 Method for brief examination of the abdomen of a horse with colic 

Side 

Site 

Scanning procedure 

Left 

Ventral abdomen 

Place the probe just caudal to the sternum and move caudally 
to assess the most gravity-dependent area of the abdomen. 


Gastric window 

Visualize the stomach at the level of the 10th left ICS in the 
middle third (dorsoventrally) of the abdomen and then move 
the probe in the 2-3 ICSs cranial and caudal to the 10th one. 


Splenorenal window 

Place the probe between dorsal and middle third of the 
abdomen at the level of the 17th ICS. 


Left middle third of 
the abdomen 

Freely move the probe around in the middle third of the 
abdomen. 

Right 

Duodenal window 

Place the probe in the 14-15th right ICS in the dorsal part of 
the middle third (dorsoventrally) of the abdomen. 


Right middle third of 
the abdomen 

Freely move the probe around in the middle third of the 
abdomen. 


Cranial ventral thorax 

Place the probe on the cranial ventral thorax just caudal to the 
triceps muscle. 

Reproduced with permission from XX 33 

ICS, intercostal space. 


strangulating lesions have severe clinical 
signs and usually die within 24 hours of the 
onset of signs. Horses with nonstrangulating 
obstructive lesions have longer courses, often 
48 hours to 1 week, and die when distension 
causes bowel to become devitalized and 
rupture. 

When intestinal rupture does occur, there 
is a sudden onset of shock and toxemia, the 
acute pain that preceded it disappears, and 
the horse becomes quiet and immobile. The 
terminal stages after rupture of the intestine 
or stomach, or from profound endotoxemia, 
are very distressing. The horse might be 
recumbent but most continue to stand until 
the last few minutes, when they can literally 
drop dead. The respiration is sobbing and 
there is gross muscle tremor and profuse 
sweating, and there is often a delirious, stag¬ 
gering wandering. Euthanasia should be per¬ 
formed before this stage is reached. 

CLINICAL PATHOLOGY 

Examination of various clinical pathology 
variables is useful in assessing the severity 
of the changes occurring as a consequence 
of the disease rather than in providing a 
definitive diagnosis. Therefore some of these 
variables have prognostic significance (see 
“Prognosis”) and should be monitored 
repeatedly in severe cases. 

Hematology and Serum 
Biochemistry 

Measurement of hematocrit and plasma 
total protein concentration is useful in 
assessing hydration status (see Chapter 5). 
Hematocrit increases as a consequence of 
splenic contraction or dehydration, making 
the use of this variable as a sole indicator 
of hydration status unreliable. However, 
increases in both hematocrit and total 
protein concentration indicate dehydration, 


and these variables can be used as crude esti¬ 
mates of response to fluid therapy. Plasma 
total protein concentrations may decline if 
there is significant loss of protein into the gut 
lumen or peritoneal space. 

Measurement of the blood leukocyte 
count has little diagnostic significance, with 
the exception that the combination of leuko¬ 
penia and a left shift are consistent with the 
endotoxemia that accompanies devitalized 
bowel, enteritis, or peritonitis. Serum con¬ 
centrations of amyloid A, an acute phase 
protein, are higher in horses with colic than 
in healthy horses. 44 

Horses with severe colic often have 
abnormalities in coagulation, with nonsur¬ 
viving horses and horses with strangulating 
lesions having the most severe changes, char¬ 
acterized by low antithrombin activity and 
prolonged prothrombin and activated partial 
thromboplastin times. 215 ' 27 ' 29 Disseminated 
intravascular coagulation is common among 
horses with ischemia or necrosis of the gut 
and is a good prognostic indicator of sur¬ 
vival. 26,2 ' Changes in coagulation and fibri¬ 
nolysis include decreases in antithrombin 
activity and fibrinogen concentration and 
increases in prothrombin time, activated 
partial thromboplastin time, and concentra¬ 
tions of D-dimer and thrombin-antithrom- 
bin complexes in plasma. 26 ' 27 ' 29 ' 45 Dynamic 
measures of clotting function or fibrinolysis 
also reveal that hypocoagulation, indicated 
by abnormalities in one or more measures by 
thromboelastography, is indicative of a poor 
prognosis. 2- However, changes in these vari¬ 
ables do not always correlate well with more 
dynamic measures of clotting function, such 
as thromboelastography. 27,29 

There is evidence of abnormal cardiac 
function or cardiac injury in up to one-half 
of horses with severe colic. 25 ' 46 Plasma con¬ 
centrations of cardiac troponin I (cTnl) 


exceed the reference range for healthy 
horses in horses with strangulating or non¬ 
strangulating obstructive lesions of the small 
or large intestine or inflammatory (nonin- 
farctive) lesions of the intestines or perito¬ 
neum. 25,46 The cTnl concentration exceeded 
the upper reference range (>0.03 ng/mL) in 
36% (9/25) horses with strangulating lesions 
and 47% (9/19) with nonstrangulating 
inflammatory (9/19 [47%]) disease. 25 The 
proportion of horses with high cTnl con¬ 
centration was significantly greater among 
nonsurvivors (12/24 [50%]) than among 
survivors (10/45 [22%]). 25 Concentrations 
are higher in horses that do not survive and 
are negatively correlated with hematocrit 
and blood lactate concentration and nega¬ 
tively with left ventricular ejection time (a 
measure of cardiac function in which a 
shorter ejection time indicates compromised 
function). 25 

Measures of serum electrolyte concen¬ 
tration are important in providing an assess¬ 
ment of the horses electrolyte status and in 
tailoring fluid therapy (see Chapter 5). The 
nature of the abnormalities depends to some 
extent on the cause of the disease, but is 
more markedly affected by the severity of the 
disease. Mild hyponatremia is not uncom¬ 
mon but is clinically unimportant in the 
vast majority of cases. 4 ' Hyperkalemia is 
common in horses with severe acidosis and 
large sections of devitalized intestine. 

Hypokalemia is common in horses with 
more long-standing colic, for instance 
impaction of the large colon, that have not 
eaten for several days. Hypocalcemia and 
hypomagnesemia are common in horses 
with colic, especially horses with severe 
colic. 47,48 Measurement of total concentra¬ 
tions (ionized plus nonionized) can be mis¬ 
leading in that reductions in concentration 
of the physiologically important ionized 
component can be present in horses with 
normal concentrations of the total ion. Hos¬ 
pitalized horses with colic or diarrhea are 
more likely to have hypomagnesemia than 
are horses with other diagnoses. 

Serum enzyme activities are rarely useful 
in aiding diagnosis or treatment of horses 
with colic, with the exception that serum 
y-glutamyl transferase (GGT) activity is 
elevated in approximately 50% of horses with 
right dorsal displacement of the colon, 
whereas such elevations are rare in horses 
with left dorsal displacement. The elevated 
GGT, and less commonly serum bilirubin 
concentration, in horses with right dorsal 
displacement is attributable to compression 
of the common bile duct in the hepatoduo¬ 
denal ligament by the displaced colon. Serum 
and peritoneal alkaline phosphatase activi¬ 
ties are higher in horses with ischemic or 
inflammatory bowel disease than in horses 
with other forms of colic, although the dif¬ 
ferences are not sufficiently large as to be 
useful diagnostically. Serum creatine kinase 
activity above the normal range (385 U/L) is 
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associated with a fourfold increase in the 
likelihood that a horse with colic has small- 
intestinal ischemia. 

Serum urea nitrogen and creatinine 

concentrations are useful indicators of 
hydration status and renal function. Prerenal 
azotemia is common in horses with colic, 
and can progress to acute renal failure in 
severe cases of colic of sufficient duration. 
High plasma concentrations of intestinal 
fatty acid binding protein (>100 pg/mL) are 
associated with increased need for surgery in 
horses with colic. 

Hyperglycemia is common in horses with 
colic examined in referral institutions with 
45% of cases having blood glucose concen¬ 
trations about the reference range. 49 Blood 
glucose concentrations are indicative of the 
severity of disease with more severely ill 
horses having higher concentrations of 
glucose in blood. 49,50 

Horses that die of colic have higher cir¬ 
culating concentrations of epinephrine, cor¬ 
tisol, and lactate than do horses that survive, 
indicating a greater degree of sympathetic 
and adrenal cortical activation. 51 

Acid-Base Status 

Most horses with severe colic have meta¬ 
bolic acidosis, although respiratory acidosis 
and metabolic alkalosis also occur. Horses 
with less severe disease, such as simple 
obstructive disease or spasmodic colic, might 
not have abnormalities in acid-base status. 

Metabolic acidosis, when severe, is 
usually but not always attributable to L-lactic 
acidosis. Lactate is present as the L-isomer, 
which is produced by mammalian metabo¬ 
lism, and the D-isomer, which is produced 
only by bacterial metabolism. L-Lactate 
accumulates as a result of increased produc¬ 
tion or decreased clearance of L-lactate by 
the animal. D-Lactate accumulates because 
of the production of this isomer in the blood 
or peritoneal fluid as a result of the presence 
of bacterial infection of these anatomic 
spaces or because of leakage of D-lactate 
produced by bacteria in the gastrointestinal 
tract into the circulation through compro¬ 
mised mucosa or as a result of a ruptured 
viscus . 52 Increases in blood and peritoneal 
fluid D-lactate concentrations are signs of a 
poor prognosis . 52 

L-Lactate concentrations can be esti¬ 
mated by calculating the anion gap: 

Anion gap = (sodium + potassium) 

— (bicarbonate + chloride). 

(If bicarbonate concentrations are not avail¬ 
able, total serum carbon dioxide can be sub¬ 
stituted.) However, the increasing availability 
of laboratory-based or stall side (point-of- 
care) L-lactate analyzers means that direct 
measurement of plasma or blood L-lactate 
concentrations is feasible in a variety of clini¬ 
cal situations . 53 ' 56 Samples should be ana¬ 
lyzed within minutes of collection unless 
collected into evacuated tubes containing 


sodium fluoride/potassium oxalate in which 
case lactate concentration in plasma is stable 
in refrigerated samples for up to 6 hours (and 
perhaps longer). 55 Measurement of plasma 
lactate concentration is useful in assessing 
disease severity and likelihood of survival 
with one study documenting a 29% increase 
in odds of death (OR 1.20, 95% Cl 1.2-1.4) 
for every 1 mmol/L increase in plasma 
lactate concentration. 54 Others report similar 
evidence in horses with surgical lesions of 
the small or large intestine. 46 Similarly, 
increases in plasma lactate concentration 
over time are indicative of a worsening 

• 46.54 

prognosis. 

Anion gap of less than 20 mEq/L 
(mmol/L) is associated with 81% survival, 20 
to 24.9 mEq/L (mmol/L) with 47% survival, 
and 25 mEq/L (mmol/L) or more with 0% 
survival. 1 

Abdominocentesis 

Analysis of peritoneal fluid is an important 
component of the complete examination of a 
horse with colic. Details of the technique and 
interpretation of the results were discussed 
previously but, briefly, if there is an increase 
in the total protein concentration, a change 
in the color to red or blood-tinged, and an 
increase in the leukocyte count in peritoneal 
fluid, it is likely that there is some insult to 
intraabdominal structures. The color of peri¬ 
toneal fluid is also indicative of its L-lactate 
concentration, with yellow fluid an indicator 
of a low lactate concentration and red fluid 
having the highest concentrations. 50 Total 
protein concentration increases when there 
is an insult to the gastrointestinal tract that 
compromises the serosal surface of the 
bowel, for instance strangulating lesions of 
the small intestine or in the terminal stages 
of an impaction colic in which the bowel wall 
is devitalized. 

Increased concentrations of D-lactate or 
L-lactate are associated with more severe 
disease and decreased chances of survival. 50,52 
Peritoneal lactate concentrations increase 
with increasing disease such that 55% to 60% 
of horses with peritoneal lactate concentra¬ 
tions <2.0 mmol/L die, whereas 100% of 
horses with peritoneal lactate concentrations 
>10 mmol/L die. 50 

Concentrations of D-dimers in peritoneal 
fluid are increased in horses with increased 
fibrinolytic activity as a result of inflamma¬ 
tion of the peritoneum or impaired intestinal 
blood flow. 45,57 D-dimer concentrations in 
peritoneal fluid are highest in horses with 
endotoxin in the peritoneal fluid. 45 Prognosis 
for survival declines with increasing D-dimer 
concentration. 

The presence of intracellular bacteria, 
plant material, and degenerate neutrophils is 
indicative of gastrointestinal rupture pro¬ 
vided that one is certain that the sample 
came from the peritoneal space and not 
from the bowel lumen (by inadvertent 
enterocentesis). 


PROTOCOL FOR EVALUATING A 
COLIC PATIENT 

When evaluating a horse with colic the aims 
are to 

• Determine the nature and cause of the 
lesion 

• Establish a prognosis 

• Determine the most appropriate therapy, 
including consideration of euthanasia 

• Determine the need for referral for 
specialized care, including surgery 

The suggested protocol for evaluating a horse 
with colic is discussed in the following sec¬ 
tions. The time intervals between repeated 
examinations depend on a number of factors, 
including severity of the disease and the 
accessibility of the horse. For a horse with a 
possible intestinal obstruction this should be 
every hour, for a horse with probable colonic 
impaction examinations every 4 hours are 
adequate, and for a chronic colic with ileal 
hypertrophy an examination every day is 
usual. The following observations should be 
made. 

Behavior 

The following should be assessed: severity of 
pain, frequency and duration of attacks, 
whether food is taken, amount and character 
of feces, and frequency of urination. 

Clinical and Clinicopathologic 
Observations 

• Elevated pulse rate with a fall in pulse 
amplitude are among the most reliable 
indicators of the state of dehydration or 
shock. They can be temporarily 
misleading in a horse that is excited 
because it is in strange surroundings, or 
separated from its dam, foal, or close 
companion. They may also be 
marginally influenced by a bout of 
pain. A rate of more than 60 beats/min 
and a steady climb in heart rate of about 
20 beats/min at each hour in a series of 
monitoring examinations signal a 
deterioration in prognosis. A high rate 
that continues to worsen during a 
period of analgesia as a result of 
medication also indicates a bad 
outcome. A small-amplitude, “thready” 
pulse characterizes severe shock. 

• Mucous membrane color and capillary 
refill time are assessed. Deep congestion 
(dark red) or cyanosis (purple) and 
capillary refill times much longer than 

2 seconds are indicators of peripheral 
circulatory failure. 

• Temperature is infrequently taken 
unless there is some positive indication, 
such as suspicion of peritonitis, to do so. 

• Respiratory rate, also of minor 
importance except as an indicator of 
severity of pain, or in terminal stages of 
endotoxic shock or dehydration, when it 
becomes gasping. 

• Intestinal sounds. The disappearance 
of intestinal sounds indicates ileus. 
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Hypermotility is usually a sign of less 
serious disease, except in the very early 
stages of a small-intestinal accident. The 
development of a ping on auscultation- 
percussion indicates accumulation of 
gas under some pressure. 

• Rectal findings. The development of 
palpable abnormalities is an ominous 
finding. A decision to intervene 
surgically is often made at this point. 
The inherent inadequacy of the rectal 
examination is that only the caudal half 
of the abdominal cavity can be reached. 
Therefore large bowel and terminal ileal 
problems are more easily detected. With 
anterior abdomen small-intestinal 
lesions, distended loops do not usually 
come into reach until 6 hours after colic 
commences. They may reach back as far 
as the pelvis by 18 hours. 

• Amount and nature of feces is 
important. Failure to defecate within 12 
hours of treatment is a bad sign. The 
empty rectum with a dry, tacky feel, or 
with a smear of mucus and degenerated 
blood some hours after the last 
defecation, presages a completely 
blocked intestine. The passage of oil but 
no feces suggests a partial blockage of 
large bowel that will permit the passage 
of oil but not fecal balls. 

• Reflux through a nasogastric tube. 

Acute gastric dilatation or small- 
intestinal regurgitation of fluid sufficient 
to cause reflux of fluid via the stomach 
tube is a grim development. Large- 
bowel distension is also associated with 
fluid accumulations in the stomach. A 
negative test in a case suggestive of 
small-intestinal obstruction should be 
followed by repeated tests; reflux from a 
lesion well down in the small intestine 
may take some hours to reach the 
stomach. In ileocecal valve impaction 
gastric reflux may not develop until 24 
hours after the commencement of the 
colic. 

• Abdominal paracentesis. Repeated 
examinations are without serious risk 
and can herald the development of 
infarction and necrosis of gut wall, 
leakage and the development of 
peritonitis, or rupture and death caused 
by endotoxic shock. 

• Visible distension of the abdomen. 

• PCV and plasma protein. A rise in 
PCV of 5% (i.e., from 55%-60%) in an 
hour is a serious sign. A rise in PCV 
with a stable or declining serum protein 
concentration is often indicative of loss 
of capillary integrity and leakage of 
vascular proteins into extravascular 
spaces, such as the intestinal lumen. 

This is a sign of a poor prognosis. 

• Skin tenting on its own can be a very 
misleading indicator of the state of a 
horses dehydration, but significant 
changes from one examination to 


another are likely to confirm deductions 
made on the basis of heart rate and 
mucosal color. 

• Arterial blood pressure is one of the 
most reliable prognostic indicators in 
cases of colic. 

• Response to analgesics. Diminution in 
the relief of pain after administration of 
detomidine, xylazine, butorphanol, or 
flunixin meglumine can be interpreted 
as a serious decline in the status of the 
affected intestine. 

When to Refer the Patient 

The decision to refer a horse for specialist 
care and evaluation is often difficult. Most 
referrals occur because of the need for spe¬ 
cialized medical or surgical treatment and 
therefore involve considerable expense and 
inconvenience to the owner. However, early 
referral is critical because of the improved 
chances of survival associated with early 
medical and surgical therapy of horses with 
severe colic. 58 

The criteria for referral include: 

• Severe persistent pain without 
identifiable cause for more than 

24 hours. Referral should be sooner 
if there is evidence of compromised 
cardiovascular function, or any of the 
signs described next. 

• Recurrent attacks of colic over a period 
as long as several months. 

• Failure of an efficient analgesic to provide 
analgesia or relief for at least 20 minutes. 

• A rectally palpable lesion including 
distended small intestine, large colon, or 
small colon, or impaction of the large 
colon that does not resolve in 24 hours. 

• Reflux of more than 4 L of fluid through 
a nasogastric tube. 

• Abdominal distension. 

• Blood-tinged, high-protein peritoneal 
fluid with a high white cell count. 

• A rapid worsening of the pain and vital 
signs during a period of 2 to 4 hours 

Not all of these criteria need to be fulfilled to 
warrant a decision to refer, and in most cases 
the presence of one of these findings is suf¬ 
ficient to justify a recommendation to the 
owner to refer the horse for further evalua¬ 
tion and specialized care. 

Important in the decision to refer, or to 
perform a laparotomy, is the client’s under¬ 
standing of the costs involved and the likely 
outcomes. Because decisions to refer are 
often complicated by the emotional pressures 
on the owner and the need to make a decision 
quickly, it is important to take the time to 
fully inform the owner of the likely costs and 
outcomes before a final commitment is made 
to refer. If there is doubt—refer it! 

Surgery 

The decision to perform surgery is best 
made by trained specialists and is usually 
based on a variety of clinical and clinico- 
pathologic findings with most weight given 


to the presence of severe unrelenting or inter¬ 
mittent pain, severe abdominal distension, 
large quantities of reflux through a nasogas¬ 
tric tube, intestinal distension palpable per 
rectum, serosanguinous peritoneal fluid, evi¬ 
dence of cardiovascular compromise includ¬ 
ing a high (>60 beats/min) and increasing 
heart rate, poor capillary refill, discolored 
mucous membranes, and the absence of bor- 
borygmi. The presence of abnormal abdomi¬ 
nal fluid (turbid or serosanguinous) and 
peritoneal fluid with an elevated total protein 
concentration has good sensitivity (92%) and 
moderate specificity (74%) for the need for 
surgery. Formal modeling of the need for 
surgery in horses with colic at referral institu¬ 
tions provides a numerical estimate of the 
need for surgery, but is seldom used in most 
referral practices. 

Prognosis 

Given the enormous emotional and financial 
costs of having a severely ill horse with colic, 
there is an obvious need for accurate prog¬ 
nostication. The prognosis is heavily depen¬ 
dent on the underlying disease, and efforts to 
determine the diagnosis are useful in improv¬ 
ing the accuracy of the estimate of prognosis. 
For instance, strangulating infarctive lesions 
carry a poorer prognosis than does an 
uncomplicated impaction of the large colon, 
and a much worse prognosis than spasmodic 
colic. The case-fatality rates for the various 
causes of colic are provided in the sections 
addressing those diseases. 

Aside from the importance to prognosti¬ 
cation of determining an accurate diagnosis, 
much effort has been devoted to determining 
the prognostic value of various clinical and 
clinicopathologic factors. 59 Overall best pre¬ 
dictors of survival are those clinical and 
clinicopathologic factors that assess cardio¬ 
vascular and metabolic status. The important 
factors include arterial blood pressure or its 
clinical correlates, pulse pressure and/or cap¬ 
illary refill time, pulse rate, mucous mem¬ 
brane color, indicators of hydration status 
(hematocrit and serum urea nitrogen con¬ 
centration), blood lactate concentration, and 
anion gap. 

Arterial systolic blood pressure is one 
of the best predictors of survival, with 
horses with systolic pressures of 90 mm Hg 
(12 kPa) having a 50% chance of survival, 
whereas fewer than 20% of horses with 
a pressure below 80 mm Hg (10.6 kPa) 
survive. 

Capillary refill time, the clinical mani¬ 
festation of arterial blood pressure, is also a 
good predictor of the probability of survival. 
Capillary refill times of 3 seconds or more are 
associated with a survival rate of 30%. 
Similarly, increasing heart rate is associated 
with diminishing chances of survival—a 
horse with a heart rate of 80 beats/min has a 
50% chance of survival, whereas one with a 
heart rate of 50 beats/min has a 90% chance 
of survival. Increasing blood lactate 
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concentration and anion gap (see the section 
Clinical Pathology) are associated with 
increased chance of death. Measures of 
hydration status are also good indicators of 
prognosis. A hematocrit of 50% (0.50 L/L) 
is associated with a 50% chance of survival, 
whereas the chance of surviving drops to 
15% when the hematocrit is 60% (0.60 L/L). 
Horses with high circulating epinephrine, 
cortisol, or lactate concentrations are at 
greater risk of death. 

Although individual variables can be 
good prognostic indicators, their predic¬ 
tive utility improves when they are com¬ 
bined, although this introduces the need for 
either remembering models or keeping the 
model close at hand, something often not 
easily accomplished in the field. Further¬ 
more, these models have been developed 
from cases at specific referral institutions 
and are likely not be applicable to field 
cases or even cases at other referral sites. 
However, the general principles probably 
apply in all circumstances even if the precise 
weighting appropriate for each variable 
does not. 

NECROPSY FINDINGS 

The nature of the necropsy findings depends 
on the underlying disease. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnostic features of common 
causes of equine colic are provided in Table 
7-15. The following diseases may be mistaken 
for colic: 

• Laminitis 

• Pleuritis 

• Enterocolitis 

• Rhabdomyolysis 

• Obstructive urolithiasis 

• Uroperitoneum 

• Foaling and dystocia 

• Uterine torsion 

• Peritonitis 

• Cholelithiasis 

• Ovulation and ovarian pain 

• Esophageal obstruction 

• Duodenitis-proximal jejunitis 

• Gastric ulceration 

• Anthrax 

• Testicular torsion 

• Lactation tetany 

• Tetanus 

• Rabies 

• Botulism 

• Grass sickness 

• Purpura hemorrhagica 

• Clostridial myonecrosis (gas gangrene) 

• Psychogenic colic 


TREATMENT 
Medical Treatment 

The specific treatment of each case of colic 
varies and depends on the nature of the 
lesion and the severity of the disease. 
However, several principles are common to 
the treatment of most colic: 

• Provision of analgesia 

• Correction of fluid, electrolyte, acid- 
base and hemostatic abnormalities 

• Gastrointestinal lubrication or 
administration of fecal softeners 

• Treatment of underlying disease 

Analgesia 2 

Analgesia is important in that it relieves the 
horses discomfort; minimizes the physio¬ 
logic consequences of pain, including the 
pain-induced reduction in gastrointestinal 
motility; permits a thorough clinical exami¬ 
nation; and reduces the likelihood of the 
horse injuring itself while rolling or thrash¬ 
ing. Analgesics can be broadly divided into 
NSAIDs, sedating analgesics, opiates, and 
spasmolytics. The doses of these drugs are 
provided in Table 7-15. 

The analgesic and its dose rate should be 
chosen such that the horse’s pain is relieved, 
but signs of progressive cardiovascular com¬ 
promise indicative of the need for more 


Table 7-15 Analgesics and spasmolytics for use in equine colic 

Drug class 

Drug 

Dose 

Comments 

NSAIDs 

Flunixin meglumine 

0.25-1.0 mg/kg, IV or IM every 8-24 h 

Potent analgesic for up to 12 h 

May mask signs of surgical disease 


Ketoprofen 

2.2 mg/kg, IV every 12 h 

Potent analgesic for up to 12 h 


Phenylbutazone 

2.2-4.4 mg/kg, IV or PO every 12 h 

Weak analgesic for gastrointestinal pain 

Minimal effect on motility 


Dipyrone 

10 mg/kg, IV or IM every 4-6 h 

Weak analgesic; often combined with hyoscine in commercial 
preparations (Buscopan compositum) 

Opiates 

Butorphanol 

0.025-0.1 mg/kg, IV or IM as required 

Potent analgesia for 30-90 min; safe. 

Often combined with an a-2 agonist 

May cause ataxia 


Meperidine (pethidine) 

0.2-2.0 mg/kg, slowly IV or IM as required 

Moderate analgesia for 0.5-4 h; can cause excitement and/or ataxia 


Pentazocine 

0.5-1.0 mg/kg, IV or IM as required 

Moderate analgesia; may cause ataxia 


Morphine sulfate 

0.05-0.1 mg/kg slowly IV or IM as required 

Potent analgesia; can cause excitement 

a-2 Agonists 

Xylazine 

0.1-1.0 mg/kg, IV or IM, as needed 

Potent analgesia and sedation for up to 30 min; decreases intestinal 
motility 

Often combined with butorphanol 


Detomidine 

10-40 pg/kg, IV or IM as needed 

Potent analgesia and sedation for up to 120 min 


Romifidine 

0.04 to 0.12 mg/kg, IV or IM 

Potent analgesia and sedation 


Medetomidine 

0.01-0.02 mg/kg, IV or IM 

Potent analgesia for up to 120 min 

Sedation 

Spasmolytics 

Atropine 

0.01-0.04 mg/kg IV or IM 

Do not use because of induction of ileus 


Hyoscine butylbromide 

0.1-0.4 mg/kg, IV or IM every 6-12 h 

Reduces gastrointestinal motility; mild analgesic; often combined 
with dipyrone 

Other 

Acetylpromazine 

0.02-0.04 mg/kg, IV or IM every 6-24 h 

No analgesia but marked sedation; potent hypotensive agent; do 
not use 


Lidocaine 

1.5 mg/kg IV loading dose followed by 0.05 
(mg/kg)/min IV infusion 

substance P inhibitor; analgesic, antiinflammatory, promotility agent 

IM, intramuscularly; IV, intravenously; NSAIDs, nonsteroidal antiinflammatory drugs; PO, orally 
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aggressive therapy or surgery are not masked. 
Acupuncture does not provide effective 
analgesia in horses with colic and should not 
be used in these animals. 

Nonsteroidal Antiinflammatory Drugs 
Flunixin meglumine is a potent, long-acting 
analgesic with the ability to mask signs of 
surgical disease, with the consequence that 
surgery might be delayed and the chance of 
recovery diminished. Flunixin meglumine 
should only be used to control pain when the 
diagnosis is clear or when surgical interven¬ 
tion is not an option. It should not be used 
routinely in horses being monitored for pro¬ 
gression of disease unless such monitoring is 
frequent and thorough, which might not be 
the situation in field colics. A horse that 
remains painful 30 minutes after the admin¬ 
istration of flunixin meglumine is likely to 
have severe gastrointestinal disease and 
should be further evaluated. 

Comments similar to flunixin meglumine 
apply to ketoprofen but not to phenylbuta¬ 
zone, which has relatively weak analgesic 
effects in colic patients (as opposed to 
its potent analgesic effects in musculoskeletal 
disease). Dipyrone is a weak analgesic 
that is useful in treatment of mild cases 
of colic. 

Flunixin meglumine and etodolac retard 
recovery of equine jejunum and barrier func¬ 
tion and flunixin inhibits electrical activity in 
the ventral colon. However, these effects 
detected in vitro have not been demonstrated 
to have practical relevance to treatment of 
horses with colic with NSAIDs. Horses in 
pain should not, based on current informa¬ 
tion, be deprived of these drugs. 

a-2 Agonists 

The a-2 agonists (xylazine, detomidine, 
and romifidine) provide potent analgesia, 
especially when combined with the opiate 
butorphanol. Duration is relatively short 
(up to 90 minutes for detomidine), which 
means that signs of progressive disease are 
readily detectable. The effect of (3-2 agonists 
in reducing gastrointestinal motility is not 
clinically important in most colic cases and 
should not discourage use of these very 
useful drugs. 

Opiates 

Opiates, including butorphanol, meperidine 
(pethidine), morphine, and pentazocine, are 
potent analgesics useful in the management 
of abdominal pain in the horse. These drugs 
are often combined with an a-2 agonist. 
Morphine and meperidine can cause excite¬ 
ment or urticaria in some horses. All are 
drugs with the potential for human abuse 
and the consequent limitation on their avail¬ 
ability limits their use in horses. 

Other Agents 

Acetylpromazine has almost no analgesic 
properties, although it is a potent sedative, 


and should not be used in the routine treat¬ 
ment of colic. It is a potent hypotensive agent 
and should not be administered to any horse 
that is dehydrated or has compromised car¬ 
diovascular function. 

Hyoscine butylbromide, a parasympa¬ 
tholytic drug, is widely used in certain parts 
of the world as the drug of choice in the 
initial treatment of field cases of colic. It is 
often combined with dipyrone and is effec¬ 
tive in the field treatment of mild, uncompli¬ 
cated colic. 

Atropine causes gastrointestinal stasis in 
horses and should not be used in the routine 
treatment of colic. 

Lidocaine is a potent analgesic when 
administered systemically, but must be given 
by constant intravenous infusion. Overdos¬ 
ing results in central nervous system (CNS) 
excitement. 

Prophylaxis and Treatment 
of Endotoxemia 

Treatment of endotoxemia is provided else¬ 
where (see Chapter 4). Administration of 
plasma from horses hyperimmunized with 
Salmonella typhimurium or E. coli reduces 
the severity of clinical signs and shortens 
the duration of disease in horses with endo¬ 
toxemia secondary to enterocolitis or colic. 
Polymyxin (5000 IU/kg intravenously every 
8-12 hours) attenuates the effect of endo¬ 
toxin in experimental disease and is used for 
the prevention and treatment of endotox¬ 
emia in hospitalized horses. Its efficacy in 
clinical settings has not been determined. 
Aspirin (10 mg/kg orally every 48 hours) is 
administered to diminish platelet aggrega¬ 
tion around intravenous catheters. Flunixin 
meglumine (1 mg/kg intravenously every 
8-12 hours) or phenylbutazone (2.2 mg/kg 
intravenously every 12 hours) is given for 
analgesia and to prevent endotoxin-induced 
increases in plasma prostaglandins. Pentoxi¬ 
fylline (8 mg/kg orally every 8 hours) is 
administered for its putative effective in 
attenuating the effects of endotoxemia. The 
efficacy of these treatments in a clinical 
setting and their effect on measures of 
outcome of disease, such as duration of ill¬ 
ness, case-fatality rate, or incidence of 
complications, has not been determined, 
with the exception of hyperimmune plasma 
or serum. 

Antibiotics are often administered to 
horses with severe colic and evidence of tox¬ 
emia because of presumed bacteremia. The 
antibiotics of choice should have a broad 
spectrum including gram-negative, gram¬ 
positive, and anaerobic bacteria. A suitable 
regimen includes an aminoglycoside and a 
penicillin, possibly combined with metroni¬ 
dazole. NSAIDs are administered to prevent 
the increased production of prostaglandins 
induced by endotoxin and the associated 
clinical abnormalities including fever, mal¬ 
aise, and tachycardia. However, the effect of 
NSAIDs in improving survival or shortening 


the duration of treatment has not been 
demonstrated. 

Fluid and Electrolyte Therapy 

Horses with evidence of dehydration, com¬ 
promised cardiovascular function, or elec¬ 
trolyte imbalances should be administered 
fluids intravenously, preferably a balanced, 
isotonic, polyionic fluid such as lactated 
Ringers solution. Horses with severe colic 
and signs of cardiovascular collapse require 
urgent resuscitation by intravenous adminis¬ 
tration of large quantities of fluids or admin¬ 
istration of hypertonic saline followed by 
administration of isotonic fluids. Horses 
with hypoproteinemia could benefit from 
administration of plasma or colloidal fluids 
such as hetastarch (see Chapter 4 for details 
on fluid therapy and the section on Shock 
for a discussion of the treatment of this 
syndrome.) 

Intestinal Lubricants and 
Fecal Softeners 

The intestinal lubricant of choice is mineral 
oil (Table 7-16). It should be given only 
through a nasogastric tube because its aspi¬ 
ration is associated with severe and usually 
fatal pneumonia. Mineral oil is useful in 
cases of mild impaction colic and is often 
administered when the cause of the colic is 
not known, provided that there is no reflux 
of gastric contents through the nasogastric 
tube. 

Dioctyl sodium sulfosuccinate is a 

fecal softener with the potential to be toxic 
at therapeutic doses, and its use is now 
not generally recommended. Magnesium 
sulfate is an effective fecal softener useful in 
the treatment of impaction colic. However, 
it can cause hypermagnesemia and toxico¬ 
sis characterized by depression and signs 
of CNS dysfunction. Sodium sulfate is a 
safe and effective fecal softener, although 
it can induce mild hypernatremia and 
hypokalemia. 

Other Treatments 

Promotility agents (see Table 7-16) may be 
used in cases of ileus or large-colon impac¬ 
tion. Postoperative ileus is a common com¬ 
plication of surgical colic and should be 
treated by maintenance of hydration and 
electrolyte status and the administration of 
promotility agents. 60 Cisapride is apparently 
effective in reducing the incidence of postop¬ 
erative ileus and may be useful in the treat¬ 
ment of ileus from other causes. The clinical 
efficacy of other putative promotility agents 
has not been demonstrated. 

Heparin and low molecular weight hep- 
arins have been recommended for the 
treatment and prevention of coagulopathies 
associated with severe colic. The use of 
heparin or low molecular weight heparin is 
associated with increased risk of hemor¬ 
rhage and heparin use causes a decrease in 
hematocrit. The efficacy of this treatment 
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Table 7-16 Promotility agents, lubricants, and fecal softeners for use in horses with colic 

Drug group 

Drug 

Dose 

Comments 

Lubricants 

Mineral oil 

10-15 mlVkg, via nasogastric tube, every 

12-24 h 

Safe; lubricant only, does not soften feces; usually passed 
in 12-36 h* 

Fecal softeners 

Dioctyl sodium 
sulfosuccinate 

12-25 mg/kg, via nasogastric tube, every 

24 h 

No more than two doses; toxic at higher doses* 


Magnesium 

sulfate 

0.5-1.0 g/kg, via nasogastric tube, in water 

Osmotic cathartic; toxic (CNS signs caused by 
hypermagnesemia) with repeated dosing* 


Sodium sulfate 

1.0 g/kg, via nasogastric tube, in water, every 

12 h 

Osmotic cathartic; mild hypernatremia; safe* 


Psyllium 

1 g/kg, orally, every 24 h 

Bulk laxative; used for treatment of sand accumulation; 
efficacy uncertain but widely used* 

Promotility agents 

Lidocaine 

1.5 mg/kg slow IV, then 0.05 mg/kg/min 
infusion 

Analgesic, antiinflammatory, promotility; used to treat ileus; 
toxicity evident as CNS signs 


Metoclopramide 

0.25 mg/kg IV slowly over 30 min every 12 h 

Toxic; minimally effective 


Erythromycin 

1 (mg/kg)/h IV 

Questionable efficacy; may induce colitis 


Cisapride 

0.1 mg/kg, IV every 8 h 

Effective in prevention and treatment of postoperative ileus; 
may prolong cardiac Q-T interval (importance unknown) 


Neostigmine 

0.02 mg/kg, IM or SC, every 8-12 h 

Increases large-colon motility, decreases small-intestine 
motility; may cause colon rupture around hard impaction 

CNS, central nervous system; IM, intramuscularly; IV, intravenously; SC, subcutaneously 
*None of these agents should be given if there is reflux through the nasogastric tube. 


in improving survival has not been 
demonstrated. 

Trocarization 

Occasionally in severe cases of flatulent (gas) 
colic or in cases of colon torsion in which the 
abdominal distension is impairing respira¬ 
tion, it may be necessary to relieve the gas 
distension of the colon or cecum by troc¬ 
arization. Trocarization is usually performed 
through the right paralumbar fossa imme¬ 
diately caudal to the last rib. The exact place 
for trocarization can be located by simulta¬ 
neously flicking the body wall with a finger 
and listening with a stethoscope. The area 
of loudest ping will indicate the point of 
insertion of the trocar. A suitable trocar is a 
12.5- to 15-cm 14- to 16-gauge needle. The 
needle is inserted through the skin and 
advanced into the abdomen until there is an 
audible expulsion of gas through the trocar. 
The trocar should be kept in position as long 
as gas is escaping. It may need to be replaced 
as the bowel is decompressed and moves 
away from the trocar. The procedure is rea¬ 
sonably safe but will cause inflammatory 
changes in the peritoneal fluid. The major 
danger is laceration of the colon or cecum 
and leakage of ingesta. It is advisable to 
administer systemic antibiotics to horses that 
have been trocarized. 

A device for facilitating transrectal 
decompression of intestinal tympany is 
described with encouraging results. 61 
However, this technique cannot be recom¬ 
mended until there are further studies of its 
efficacy and safety. 


Management of Field Colic 

Initial treatment of field cases of colic that do 
not have signs indicative of the need for 
referral or surgery usually includes adminis¬ 
tration of an analgesic and an intestinal 
lubricant. Analgesics suitable for the initial 
treatment of colic in the field are an a-2 
agonist, such as xylazine, hyoscine butyl- 
bromide, dipyrone, butorphanol, or phenyl¬ 
butazone. If there is no reflux through the 
nasogastric tube, then mineral oil should 
be administered. Fluids should be adminis¬ 
tered intravenously if there are signs of 
dehydration, cardiovascular compromise, or 
electrolyte imbalance. The response to this 
therapy should be monitored as described 
under the section “Protocol for Evaluating 
a Colic Patient” in this chapter. Further 
doses of analgesic can be given as required, 
and the horse should be monitored for any 
evidence of deterioration. If referral is con¬ 
templated, the referral institution should be 
contacted for advice on analgesia during 
transportation. Horses should be trans¬ 
ported with a nasogastric tube in place. 

Surgery 

The only definitive treatment for many 
causes of equine colic is surgical correction 
or removal of the lesion. The availability of 
surgical facilities staffed by appropriately 
trained personnel has increased over the 
past two decades and there is often the 
opportunity to refer horses for examination 
by personnel with specialist training. Gastro¬ 
intestinal surgery should not be attempted by 
those untrained or inexperienced in the 


necessary techniques or without the facilities 
to provide postoperative care. 

The decision to perform an exploratory 
laparotomy on a horse with colic is based on 
a number of factors, including the provi¬ 
sional diagnosis, findings on physical and 
laboratory examination, and degree of pain. 
Horses with severe pain refractory to treat¬ 
ment with analgesics should have an explor¬ 
atory laparotomy even if no other significant 
abnormalities can be detected. Algorithms 
for the decision to perform surgery have 
been developed, but are not perfect and do 
not replace the opinion of an appropriately 
trained and experienced examiner. Examina¬ 
tion of peritoneal fluid contributes to the 
decision to perform surgery. The survival 
rate for horses undergoing surgical correc¬ 
tion of lesions depends on the nature and 
location of the underlying disease and its 
duration. However, survival rates range from 
50% to 75%, with approximately two-thirds 
of horses returning to their intended use. 62 
The survival rate of horses with small-intes¬ 
tinal lesions is less than that of horses with 
large-intestinal disease, and the survival rate 
for horses with strangulating disease is much 
less than that of horses with nonstrangulat¬ 
ing disease.® Thoroughbred racehorses that 
return to racing after colic surgery do so 
successfully. 63 

Prevention 

Minimization of colic episodes depends on 
management factors, including ensuring 
adequate parasite control, feeding large 
quantities of forage and minimizing the 
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amount of concentrate fed, and providing 
dental care. However, most cases of colic not 
attributable to parasites or dietary factors 
cannot be prevented. 

FURTHER READING 

Archer DC, Proudman CJ. Epidemiological clues to 
preventing colic. Vet J. 2006;172:29. 

Dukti S, White NA. Prognosticating equine colic. Vet 
Clin North Am Equine Pract. 2009;25:217. 

Robertson S, Sanchez LC. Treatment of visceral pain in 
horses. Vet Clin North Am Equine Pract. 

2010;26:603. 
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COLIC IN THE PREGNANT AND 
POSTPARTURIENT MARE 

Diagnosis and management of colic in preg¬ 
nant and immediately postparturient mares 
is challenging because of the variety of con¬ 
ditions that can cause the disease, the diffi¬ 
culty in examination of intraabdominal 
organs in late-term mares, and concern 
about the viability of the fetus. There are also 
substantial technical challenges in surgical 
correction of abnormalities of either the gas¬ 
trointestinal tract or reproductive tract in the 
presence of a gravid uterus. Colic in late- 
term mares can be caused by any of the 
causes of colic in adult horses (see the section 
Equine Colic), but some disorders are more 
common in late-term mares and, in addition 
to abnormalities of the reproductive tract, 
can cause signs of colic. 1 Causes of colic in 
the late-term mare include: 

• Idiopathic, chronic, or recurrent, 
low-grade colic 

• Large colon torsion 

• Large colon impaction 

• Incarceration of small intestine through 
a mesenteric rent 

• Rupture of the cecum or colon 

• Uterine torsion 

• Uterine rupture 

• Middle uterine or uteroovarian artery 
rupture 

• Abdominal wall hernia 

• Diaphragmatic hernia 

• Dystocia 

• Hydrops 

• Imminent foaling 

A common presentation of colic in late-term 
mares is chronic or recurrent, low-grade 
abdominal pain that is not associated with 
any signs of compromised cardiovascular or 
gastrointestinal function. It is assumed that 
the large gravid uterus interferes with normal 
motility or positioning of bowel, with subse¬ 
quent pain. Severe colic in late-term mares is 
rarely associated with the uterus, with the 
exception of uterine torsion. 

Colic in immediately postparturient 
mares (<24 hours after foaling) include: 

• Cramping associated with uterine 
contractions and involution, often 


coincident with nursing or 
administration of oxytocin 

• Rupture of the cecum or colon 

• Primary idiopathic ileus and gastric 
rupture 2 

• Incarceration of the small intestine 
through a mesenteric rent 

• Rupture of the mesocolon with 
segmental ischemia of the small colon 

• Rectal prolapse 

• Uterine tear, with or without prolapse of 
intestine 

• Uterine prolapse 

• Inversion of uterine horn 

• Bladder prolapse through urethra 

• Hemorrhage from uterine or 
uteroovarian artery 

• Retained fetal membranes 

• Uroperitoneum, usually secondary to 
rupture of the bladder 

Colic in postparturient mares that is any¬ 
thing more than transient and associated 
with passage of placenta or nursing of the 
foal should be considered important and 
the mare should be examined closely and, if 
the colic does not resolve, repeatedly. 

Idiopathic primary ileus and gastric 
rupture refers to a specific syndrome in post¬ 
parturient mares that present with moderate 
to severe colic secondary to gastric and small- 
intestinal distension and ileus. There can 
be rupture of the stomach and death. The 
disease is most common in mares with 1 week 
of foaling, but can occur up to 2 months after 
parturition. The colic is acute and moderate 
to severe. Nasogastric intubation returns 
excess gas and fluid, and rectal or ultraso¬ 
nographic examination reveals distended 
loops of atonic small intestine. Treatment is 
by relief of gastric distension by nasogastric 
intubation and supportive therapy (fluids 
and pain relief). Approximately 50% of mares 
require surgical exploration of the abdomen 
to confirm the diagnosis and allow decom¬ 
pression of the small intestine and stomach. 
Survival rate is approximately 90% with 
appropriate treatment. 2 

Survival rates for colic associated with 
anatomic abnormalities in late-term or 
postparturient mares are 50% and 30%, 
respectively. 

Clinical examination of late-term or 
postparturient mares with colic uses the 
same principles as applied to examination of 
nonpregnant adult horses with colic. Moni¬ 
toring of vital signs, passage of a nasogastric 
tube, rectal examination, and collection of 
peritoneal fluid should all be performed as 
indicated. However, the presence of a gravid 
uterus in late-term mares impairs rectal 
examination of the abdomen and often 
makes collection of peritoneal fluid impos¬ 
sible. Manual and visual (through a specu¬ 
lum) examination of the vagina and cervix 
should be performed. 

Rectal examination should be performed 
and careful attention should be paid 
to examination of the uterus, including 
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position and viability of the fetus and broad 
ligaments. Uterine torsion can be detected by 
examination of the broad ligaments, which 
in mares with uterine torsion will be taut 
and spiral in the direction of the torsion. 
Hemorrhage into the broad ligament, which 
can extend into the uterus and perivaginal 
regions, is detectable as swelling in these 
structures. Additionally, affected mares will 
have signs of hemorrhagic shock, including 
tachycardia, sweating, and pallor of mucous 
membranes. Palpation of gastrointestinal 
structures per rectum is limited in the late- 
term mare, although the cecum and small 
colon should be palpable. The spleen and left 
kidney can be palpated in almost all normal 
late-term mares. 

The reduced uterine size in postparturi¬ 
ent mares permits more thorough per rectum 
examination of the caudal abdomen. Again, 
careful attention should be given to palpa¬ 
tion of the uterus and associated structures 
for evidence of hemorrhage, prolapse, or 
rupture. Rectal prolapse and eversion of the 
small colon in a postparturient mare is an 
ominous finding because it is usually associ¬ 
ated with rupture of the mesocolon and isch¬ 
emic necrosis of the small colon, a condition 
that is almost always fatal. Prolapse of small 
amounts of anal or perirectal tissue is not a 
serious concern. 

The abdominal silhouette should be 
examined for evidence of abdominal disten¬ 
sion, such as can occur with colon torsion 
or uterine hydrops, and abnormalities in 
contour caused by rupture of the prepubic 
tendon and herniation of abdominal 
contents. 

Vaginal and cervical examination can 

reveal discharge associated with impending 
abortion or parturition. Vaginal examination 
for uterine torsion is of limited value because 
the torsion almost always occurs cranial 
to the cervix so that, unlike the cow, 
the torsion is not apparent as deforma¬ 
tion of the cervix. Manual examination 
of the vagina, cervix, and uterus of post¬ 
parturient mares with colic is important 
to detect uterine, cervical and vaginal 
trauma, uterine inversion, and retained fetal 
membranes. 

Ultrasonographic examination of the 

abdomen in the late-term mare, both per 
rectum and percutaneously, allows examina¬ 
tion of structures not palpable per rectum. 
The presence and any abnormalities in struc¬ 
ture, location, and motility of bowel should 
be noted. For example, small-intestinal 
distension caused by entrapment through 
a mesenteric rent may not be palpable 
per rectum but can be imaged. Peritoneal 
fluid should be examined for quantity and 
echogenicity. Intraabdominal hemorrhage 
caused by uterine artery rupture is evident 
as large quantities of echogenic fluid that 
has a characteristic swirling pattern similar 
to turbulent blood flow imaged ultrasono- 
graphically in the cardiac ventricles of some 


horses. The position, number, and viabil¬ 
ity of the fetus or fetuses should be ascer¬ 
tained. The nature of allantoic fluid should 
be noted. 

Collection of peritoneal fluid from 
late-term mares can be difficult because of 
contact between the gravid uterus and the 
ventral abdominal wall. Ultrasonographic 
examination can be useful in locating 
pockets of fluid for collection. Collection 
of peritoneal fluid is more readily accom¬ 
plished in the postpartum mare. Peritoneal 
fluid from late-term and postpartum mares, 
even those with assisted vaginal delivery, 
should have protein and cell concentrations 
within the reference range of normal horses. 
Abnormalities in peritoneal fluid in late- 
term or postparturient mares should be con¬ 
sidered to be indicative of intraabdominal 
disease. 

The differential diagnosis of colic is 
similar to that of nonpregnant horses except 
as indicated previously. 

Treatment of colic depends on its cause. 
Horses with low-grade to moderate, recur¬ 
rent colic respond to administration of low 
doses of NS AIDs, mineral oil, or fecal soften¬ 
ers. Clenbuterol is sometimes administered 
for its tocolytic effect, 3 but the efficacy of this 
practice is unclear. Progestins are sometimes 
administered in an attempt to prevent abor¬ 
tion of mares after resolution of colic, but 
there is evidence of their lack of efficacy in 
this respect. 4 

The risk of abortion in mares with colic 
is partially dependent on the severity of the 
colic and it cause, necessity for surgical inter¬ 
vention, the duration of colic, and the stage 
of gestation. 3 ' 6 Abortion rates in pregnant 
mares treated for colic at referral institutions 
vary from -20% to 50% depending on the 
particular disease. 3 ' 6 Severely ill mares with 
signs of toxemia have abortion rates of almost 
70%, whereas mares with less severe disease 
have abortion rates of 8% to 18%, which is 
not markedly different from the rate in mares 
without colic. 3 Mares treated surgically have 
a greater relative risk of abortion (3.5,95% Cl 
1.7-7.3) than mares treated medically. For 
mares treated surgically, hypotension during 
surgery and prolonged anesthesia are signifi¬ 
cant risk factors for abortion. 4 The need for 
surgical intervention, hypotension during 
surgery, and prolonged anesthesia are likely 
indicative of more severe disease, which 
could account for the higher abortion rate in 
these mares. 4 
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COLIC IN FOALS 


SYNOPSIS 


Etiology See Table 7-17. 

Epidemiology Sporadic. Some causes are 
congenital, others heritable. Inguinal and 
scrotal hernias occur only in males. 

Clinical signs Abdominal pain evidenced by 
kicking at the abdomen, flank watching, 
repeated tail movements as if chasing flies, 
repeated aborted attempts to suck, 
frequent lying down and standing within a 
short period, and rolling and lying in dorsal 
recumbency. Abdominal distension in some 
diseases and straining to defecate with 
meconium impaction. Radiography and 
ultrasonography are useful in identifying 
affected bowel. 

Clinical pathology Nonspecific. 

Lesions Are of the causative disease 

Diagnostic confirmation Physical 

examination, radiography, ultrasonography, 
laparotomy, and necropsy 

Treatment Pain control, fluid therapy, 
supportive care including consideration of 
the foal's nutritional requirements, and 
treatment of causative disease 


ETIOLOGY 

Diseases that cause colic in horses less than 
1 year of age include both congenital and 
acquired conditions and are listed in Table 
7-17. Fifty percent of neonatal Thoroughbred 
foals subjected to exploratory laparotomy 
had nonstrangulating lesions and 30% had 
enteritis. Among foals 2 weeks to 6 months 
of age, 30% of foals subjected to exploratory 
laparotomy had gastric ulcer disease, 27% 
strangulating lesions, 21% nonstrangulating 
lesions, and 17% enteritis. 1 The most common 
causes of colic in foals less than 30 days of 
age examined at a referral institution were 
enterocolitis (27%), meconium-associated 
colic (20%), transient colic of undetermined 
cause (19%), and necrotizing enterocolitis 
(16%). 2 Eight percent of foals examined had 
small-intestinal infarctive/obstructive lesions 
and 7% had other lesions, with 1.5% having 
overo lethal white syndrome. 2 

Diaphragmatic hernia is an uncommon 
cause of colic in newborn foals and can be 
congenital or acquired. 3 ' 5 Intestinal accidents 
including displacements of the large colon 
and extraluminal obstruction of the small 
colon by ovarian pedicle are uncommon. 6 ' 7 
Herniation of the large colon through umbil¬ 
ical hernia is reported. 16 Pancreatitis in foals 
can cause signs of colic. 8 Intestinal hyperam¬ 
monemia can cause colic, diarrhea, and signs 
of neurologic disease in foals. 9 
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EPIDEMIOLOGY 

Risk factors vary with the cause of colic, 
although congenital conditions such as ileo¬ 
colonic aganglionosis in white progeny of 
overo spotted horses are clearly heritable, 
whereas others, such as “short colon” are 
not. 10 Most conditions occur sporadically, 
although meconium impaction is more 
common in colt foals and occurs only in the 
newborn foal, intussusceptions are most 
common in foals of 3 to 5 weeks of age 
and particularly those with diarrhea or 


extraintestinal illness, and impaction of the 
small colon by fecaliths is common in min¬ 
iature horse foals. 1 Impaction by round- 
worms ( P. equorum ) is a common cause 
of small-intestinal obstruction in foals. 11 
Inguinal and scrotal hernias occur only in 
male foals. 

Case-fatality rate varies with the under¬ 
lying disease, but 75% of foals treated at a 
referral institution survived to discharge 
from hospital, with similar survival rates 
for medically and surgically treated foals. 2 


Foals with clinical or clinicopathologic 
signs of more severe disease (greater pain, 
absent borborygmi, abdominal disten¬ 
sion, and evidence of hypoperfusion) had 
a lower survival rate. 2 The long-term sur¬ 
vival rate and suitability for use is excellent 
for most foals that have recovered from 
colic (93%). 2 The mortality rate attrib¬ 
utable to colic in foals in Japan was 1.5% 
(74/4843). 12 

PATHOPHYSIOLOGY 

The pathophysiology of colic in foals does 
not differ qualitatively from that of adult 
horses (see the section Equine Colic). The 
importance of pain, gastrointestinal dis¬ 
tension, motility, and absorptive distur¬ 
bances and loss of barrier function are all 
similar in foals and adults. Additionally, in 
young foals gastrointestinal disease may 
prevent nursing and ingestion of colostrum, 
causing failure of transfer of passive immu¬ 
nity (FTPI) to the foal. Failure to nurse 
also results in hypoglycemia and dehydra¬ 
tion, which may exacerbate the abnor¬ 
malities induced directly by the disease 
causing colic. 

CLINICAL FINDINGS 

Pain is the cardinal feature of gastrointestinal 
disease of foals. Foals with mild abdomi¬ 
nal pain are apprehensive and walk con¬ 
tinuously with frequent but brief (<1 min) 
periods of sternal or lateral recumbency. 
Affected foals make frequent attempts to 
nurse but do not continue to suckle and 
may butt the mare’s udder even though 
there is a letdown of milk. The foal vigor¬ 
ously moves its tail as if chasing flies, looks 
at the abdomen, and may nip at its flanks. 
There are often frequent attempts to urinate 
or defecate but without passage of significant 
quantities of urine or feces. Severely affected 
foals will roll, often violently, and may 
spend considerable periods of time in dorsal 
recumbency, often propped up against walls 
or fences. 

Severely affected foals are tachycardic 
(>100 beats/min) and tachypneic (<40 beats/ 
min; recall that young foals have higher heart 
and respiratory rates and rectal temperature 
than do older foals and adults). Mucous 
membrane color and capillary refill time 
are similar to that of adult horses, and 
changes can be interpreted in the same 
manner as for adults. 

The external abdomen should be exam¬ 
ined closely for the presence of inguinal, 
scrotal, or umbilical hernias. Abdominal 
distension in foals can be the result of large- 
colon or small-intestinal distension (or 
uroperitoneum), although the abdominal 
distension is greater with large-colon disten¬ 
sion. Abdominal circumference should be 
monitored frequently by direct measurement 
to detect changes in the degree of abdominal 
distension. 
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Auscultation of the abdomen may reveal 
increased or decreased borborygmi and, if 
there is gas distension of the large colon 
or cecum, pinging sounds on simultaneous 
flicking and auscultation of the abdomen. 

Rectal examination in foals is limited to 
exploration of the rectum with one or two 
fingers. The presence or absence of feces 
should be noted. Lack of fecal staining of the 
rectum suggests a complete obstruction such 
as intestinal agenesis. 

Nasogastric intubation should be 
performed. The presence of more than 
300 ml of reflux in a foal is significant and 
suggestive of gastric dilatation secondary to 
an outflow obstruction or regurgitation of 
small-intestinal fluid into the stomach 
because of a small-intestinal obstruction. 

Meconium is usually passed within the 
first 10 to 12 hours (usually 3 hours) after 
birth. Retention of meconium is evident as 
signs of colic and the presence of firm meco¬ 
nium in the rectum. Palpation of the caudal 
abdomen may reveal firm material in the 
small colon. Enemas (see the section Treat¬ 
ment) usually provide rapid relief and con¬ 
firmation of the diagnosis. 

Ancillary Diagnostic Tests 
Diagnostic Imaging 

Radiography is useful in the evaluation of 
foals with colic, although it seldom pro¬ 
vides a definitive diagnosis, with the pos¬ 
sible exception of meconium impaction 
and contrast studies of foals with lesions of 
the small or large colon, or gastric outflow 
obstructions. Retrograde contrast radi¬ 
ography of the lower gastrointestinal tract 
of foals less than 30 days old is a sensi¬ 
tive technique for detection of anatomic 
anomalies such as atresia coli and obstruc¬ 
tion of the small colon. The technique is 
performed by the intrarectal infusion of 
up to 20 mL/kg of barium sulfate (30% 
w/v) in sedated, laterally recumbent foals. 
Meconium impaction can be evident as a 
mass of radiopaque material in the caudal 
abdomen with accumulation of fluid and 
gas oral to the obstruction. Upper gastro¬ 
intestinal contrast radiography is useful to 
detect abnormalities of the stomach and 
small intestine, in particular gastric outflow 
obstructions. 

Ultrasonographic examination of the 

foal abdomen can demonstrate intussuscep¬ 
tions, the presence of excessive peritoneal 
fluid (such as urine or blood), edematous 
intestine, hernias, and colonic impaction. 
The presence of atonic, distended small 
intestine suggests the presence of ileus, 
possibly secondary to a small-intestinal 
strangulating lesion. However, early ultraso¬ 
nographic differentiation of ileus secondary 
to enteritis from that accompanying a stran¬ 
gulating lesion is difficult. Detection of gas 
within the wall of the small or large intestine 
(pneumatosis intestinalis) is indicative of a 


poor prognosis and the presence of necro¬ 
tizing enterocolitis. 13 There is a high preva¬ 
lence of asymptomatic intussusceptions 
(-50%) detected in healthy neonatal foals 
by ultrasonographic examination. 14 Detec¬ 
tion of an intussusception in this way should 
be considered in light of the foal’s other 
clinical signs and in a healthy foal should 
not necessarily provoke more extensive 
examination. 

Endoscopy 

Endoscopic examination of the stomach 
is indicated in any foal with recurrent or 
continuous mild to moderate colic, bruxism, 
or ptyalism suggestive of gastric or duode¬ 
nal ulceration. Gastroscopy reveals the pres¬ 
ence of any ulcers and their extent and 
severity. 

CLINICAL PATHOLOGY 

There are few changes detected by routine 
hematological or serum biochemical exami¬ 
nation of foals with colic that provide a 
definitive diagnosis. However, changes in the 
hemogram and serum biochemical profile 
are useful in evaluating the physiologic state 
of the foal and the severity of the disease. 
Principles used in the evaluation of these 
variables in adult horses apply to foals. It 
should be appreciated that the normal range 
of values for many clinical pathology vari¬ 
ables in foals is age dependent and markedly 
different from that of adult horses. 

Profound leukopenia is more likely to be 
indicative of enteritis and colic secondary to 
ileus than of small-intestinal strangulating 
obstructions. Similarly, hyponatremia is 
uncommon with strangulating obstructions 
but is a common finding in foals with 
enteritis. 

Newborn foals with colic should have the 
adequacy of transfer of passive immunity 
examined by measurement of serum IgG 
concentration, or an equivalent test. 

Examination of abdominal fluid is useful 
in the assessment of colic in foals, as it is in 
adults. The normal values for abdominal 
fluid in foals differs from that of adult horses 
and white cell counts greater than 1500 
cells/piL (1.5 x 10 cells/L) should be consid¬ 
ered abnormal. 

NECROPSY FINDINGS 

The findings on necropsy examination 
depend on the nature of the disease. 

TREATMENT 

The principles of treatment of foals with colic 
are the same as those for adult horses: relief 
of pain, correction of fluid and electrolyte 
abnormalities, and treatment of the underly¬ 
ing disease. In addition, foals with FTPI 
should receive plasma. 

Foals with gastrointestinal disease that 
cannot eat may require parenteral nutrition 
to ensure adequate caloric intake. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic features of common causes of 
colic in foals are listed in Table 7-18. The 
principal differential diagnoses for 
gastrointestinal disease of foals with 
abdominal pain are 

• Enteritis caused by rotavirus infection, 
salmonellosis intestinal clostridiosis 

(Clostridium perfringens or C. difficile or 
other causes). 

• Uroperitoneum 

• Peritonitis 

• Gastroduodenal ulcer disease 


Meconium impaction can be treated by 
administration of an enema of soap and warm 
water, commercial enema preparations, 
or acetylcysteine. Soap and water enemas 
can be administered at a rate of 5 mL/kg 
through a soft Foley catheter inserted into 
the rectum. Acetylcysteine (8 g in 200 ml 
of water with 20 g sodium bicarbonate) has 
the advantage of actually dissolving part of 
the meconium, enhancing passage of the 
meconium. Affected foals may require anal¬ 
gesics to control pain, intravenous fluids to 
correct or prevent dehydration, oral laxa¬ 
tives such as mineral oil (300 mL via naso¬ 
gastric tube), and plasma to correct FTPI. 
Surgical correction of the impaction is rarely 
required. 

Surgical Treatment 

The proportion of foals surviving varies with 
the disease and age of the foal. 13 Younger 
foals (<6 months of age) appear to have a 
worse prognosis after surgical correction 
of intestinal lesions than do older foals. 
Fewer foals having surgery for colic live to 
race than do their normal cohorts, although 
affected foals that do race have similar racing 
careers. 1 Others have reported no adverse 
effect of surgical treatment for colic on 
surviving foals. 2 Foals with nonstrangulat¬ 
ing lesions and enteritis are more likely to 
survive than foals with gastric ulcer disease 
or strangulating lesions. Suckling foals are 
at greatest risk of development of postop¬ 
erative adhesions and need for repeated 
celiotomy. 1 

PREVENTION 

Although not proven, the suspected associa¬ 
tion between diarrhea and small-intestinal 
surgical lesions in foals suggests that mea¬ 
sures to reduce the incidence of enteri¬ 
tis in foals could reduce the incidence of 
colic. Adequate deworming programs that 
reduce or eliminate infestation with para¬ 
sites should be implemented. Care should 
be taken when deworming foals with 
heavy infestations of P. equorum, as rapid 
killing or paralysis of the ascarids can lead 
to impaction and obstruction of the small 
intestine. 11 









240 


Chapter 7 ■ Diseases of the Alimentary Tract: Nonruminant 


Table 7-18 Differential diagnosis of common foal colics 


Disease 

History 

Clinical findings 

Clinical pathology 

Treatment 

Intestinal atresia or 
hypoganglionosis 

White progeny of overo 
horses; Otherwise sporadic 
Newborn foals <4 days old 

Failure to pass feces 

Abdominal distension pain 

None specific 

None 

Small-intestinal 

volvulus 

Any age but more common 
at 3-6 months; abrupt- 
onset abdominal pain; 
diarrhea 

Severe pain; nasogastric reflux; abdominal 
distension 

Ultrasonography: distended, atonic intestine 
Radiography: gas and fluid distension of 
small bowel 

Increased protein 
and leukocytes in 
abdominal fluid 

Surgical; low survival rate 

Small-intestinal 

intussusception 

Any age, but usually 3-6 
weeks; diarrhea 

Severe pain, abrupt onset 

Nasogastric reflux 

Ultrasonography: intussusception 

Radiography: gas and fluid distension of 
small bowel 

Increased protein 
and leukocytes in 
abdominal fluid 

Surgery; 40% survival rate 

Ascarid impaction 

More than 3 months of age 
Recent history (<3 days) of 
anthelmintic administration 

Severe pain; nasogastric reflux 
Ultrasonography: distended, atonic bowel, 
ascarids 

Nonspecific 

Medical therapy; lubricants 
and analgesics; surgery 

Meconium 

impaction 

Newborn; no passage of 
meconium; more common 
in males 

Mild pain initially, becoming more severe; 
Abdominal distension 

Ultrasonography: distended large colon, may 
see impaction 

Radiography: contrast may outline impaction 

Nonspecific 

Warm soapy enemas 
Acetylcysteine; mineral oil 
orally; surgery for 
refractory cases 

Large-colon torsion 

Sporadic 

Severe pain and abdominal distension 
Ultrasonography: gas-distended colon 
Radiography: gas-distended colon 

Nonspecific 

Surgery; 20% recovery rate 

Large-colon 

impaction 

Sporadic; poor diet, eating 
sand-polluted feed 

Mild to moderate pain initially 

Progressive abdominal distension 
Ultrasonography: distended colon with 
impacted material 

Nonspecific 

Medical treatment of 
lubricants, fecal softeners 
and analgesics; surgery 

Small-colon 

impaction 

Common in Miniature horses 

Moderate to marked pain 

Lack of feces; abdominal distension 
Ultrasonography: gas-distended colon 
Radiography: impaction of small colon 

Nonspecific 

Medical as previously; 
surgery 

Gastroduodenal 

ulcer 

Common in foals with other 
disease or stress 

Usually clinically inapparent 

Colic, inappetence, teeth grinding, excessive 
salivation, diarrhea; gastroscopy diagnostic 

None diagnostic 

Antacids and antiulcer 
compounds (Table 7-20) 
Rarely surgery to correct 
gastric outflow obstructior 
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GASTRIC DILATION IN 
THE HORSE 


SYNOPSIS 


Etiology Gastric outflow obstruction. 
Idiopathic. Ingestion of excess fluid or 
feedstuffs 

Epidemiology Sporadic. No age, breed, or 
sex predilection 

Clinical signs Colic. Reflux from nasogastric 
tube. Gastric rupture, acute severe 
peritonitis, and death 

Clinical pathology Nondiagnostic. 

Inflammatory cells and ingesta in peritoneal 
fluid of horses with gastric rupture 


Diagnostic confirmation Nasogastric reflux 
without other identifiable cause 

Lesions Gastric dilatation. Gastric rupture 
with hemorrhage at margins of rupture 

Treatment Gastric decompression. Treat 
underlying disease. 

Control Prevent overeating. Control inciting 
diseases. 


ETIOLOGY 

Chronic gastric dilatation can be caused by 

the following: 

• Outflow obstruction, such as cicatricial 
constriction of the pylorus secondary to 
gastroduodenal ulceration or pressure 
by a tumor 

• Gastric atony in older horses or 
wind-sucking (aerophagic) horses 

















Acute gastric dilatation is associated with: 

• Reflux of intestinal contents secondary 
to acute intestinal obstruction, e.g., 
anterior enteritis, small-intestinal 
strangulation, or ileus 

• Ingestion of excess fluid or feedstuffs 
such as whey or grain 

• Acute idiopathic dilatation after 
racing 

EPIDEMIOLOGY 

The incidence of gastric rupture, the most 
severe sequela to gastric dilatation, in horses 
with colic is approximately 5%, although in 
horses subjected to exploratory laparotomy 
the rate may be as high as 11%. 1 There is no 
detectable effect of age, breed, or season on 
the risk of gastric rupture. Risk factors for 
gastric dilatation include consumption of 
excess grain, although horses routinely fed 
grain are at lower risk, and ingestion of palat¬ 
able fluids such as whey has been implicated. 
Acute idiopathic dilatation of the stomach 
occurs sporadically and is a common cause 
of gastric rupture, representing between 16% 
and 60% of cases of gastric rupture. Chronic 
dilatation secondary to pyloric obstruction 
caused by a tumor is a sporadic occurrence 
in older horses, whereas cicatricial obstruc¬ 
tion secondary to gastroduodenal ulceration 
is more common in younger horses and 
those at risk of developing gastroduodenal 
ulcers. 

Acute dilatation occurs secondarily to 
acute obstruction of the small intestine. 

PATHOGENESIS 

Acute obstruction of outflow from the 
stomach or aboral passage of ingesta and 
secretions through the small intestine results 
in gastric dilatation. This causes severe pain 
and signs of shock, including elevated heart 
rate, sweating, and delayed mucosal capillary 
refill time. Gastric rupture can occur within 
hours and death shortly thereafter. Chronic 
dilatation results from partial obstruction 
and delayed gastric emptying. The disease is 
more prolonged and clinical signs can be 
related to the primary disease. 

The obstruction can be as aboral as the 
ileocecal valve. Gastric distension with fluid 
also occurs late in the course of impaction of 
the large or small colon. Horses with large- 
intestinal volvulus have accumulation of 
fluid in the proximal small intestine and 
stomach because of tension on the duodeno- 
colic fold causing extramural compression of 
the duodenum. 

Gastric distension causes severe pain 
and there is often dehydration and hypo- 
chloremia as a result of sequestration of 
gastric secretions. Experimental disten¬ 
sion of the stomach of healthy horses with 
water increases the intraabdominal pressure 
from -2.7 cmH 2 0 (i.e., subatmospheric) 
to + 3.1 cmHjO after instillation of 20 L 
of water. Whether similar increases occur 
during gastric distension associated with 
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gastrointestinal disease and its contribution to 
intraabdominal hypertension awaits clinical 
studies. 2 

Engorgement of a readily fermentable 
carbohydrate, such as wheat, glucose, or calf 
feeds, results in a syndrome characterized by 
shock, ileus, and laminitis. Gastric dilatation 
can occur secondary to grain engorgement, 
but the clinical signs of gastric dilatation are 
often masked by more severe signs second¬ 
ary to endotoxemia. 

CLINICAL FINDINGS 

The clinical findings in gastric distension 
depend in large part on the underlying 
disease. However, horses with primary 
gastric distension have abdominal pain, 
often of 12 to 36 hours’ duration, that pro¬ 
gressively worsens. The heart and respiratory 
rates increase progressively as the distension 
worsens, and the horse may sweat and exhibit 
signs of increasingly severe abdominal pain. 
Paradoxically, some horses with gastric dis¬ 
tension, especially the type that develops 
over several days or in horses recovering 
from intestinal surgery and being treated 
with analgesics, may not exhibit any but the 
most subtle signs until rupture of the stomach 
occurs. 

Vomition in horses is very rare, is always 
associated with gastric distension, and is 
usually a terminal event. 

In grain engorgement dilatation abdom¬ 
inal pain is usually severe. Dehydration and 
shock develop rapidly, often within 6 to 8 
hours of ingestion of the grain, and can be 
severe. Death from gastric rupture can occur 
within 18 hours. 

Passage of a nasogastric tube usually 
results in the evacuation of large quantities 
of foul-smelling fluid, except in cases of grain 
engorgement, in which the fluid is absorbed 
by the grain. However, significant and life- 
threatening gastric dilatation can be present 
even though there is no reflux through a 
nasogastric tube. If gastric dilatation is sus¬ 
pected then repeated, persistent efforts 
should be made to obtain reflux. The naso¬ 
gastric tube should be left in situ until the 
disease has resolved. 

Acute postrace dilatation occurring 
immediately after racing is accompanied 
by more serious and acute signs. There is 
abdominal distension, coughing, and dys¬ 
pnea. Tympany is also detectable on per¬ 
cussion of the anterior abdomen and large 
amounts of foul-smelling gas, and usu¬ 
ally fluid, are passed via the stomach tube. 
This immediately relieves the animal’s 
distress. 

In chronic dilatation there is anorexia; 
mild pain, which is either continuous or 
recurrent; scanty feces; and gradual loss of 
BW persisting for a period of months. Vom¬ 
iting and bouts of pain may occur after 
feeding, but they are not usually severe. 
Dehydration may be present but is usually 
only of moderate degree. 


The distended stomach cannot be pal¬ 
pated on rectal examination, but the 
presence of distended loops of small intes¬ 
tine should alert the clinician to the prob¬ 
ability of gastric distension. Rupture of the 
stomach, or other viscus, is characterized 
during rectal examination by a negative 
pressure in the abdomen and the presence 
of particulate matter on the serosal surface of 
intestine. 

Ultrasonographic examination will 
reveal a distended stomach containing large 
quantities of fluid or ingesta and can reveal 
evidence of the predisposing lesion, such as 
the presence of distended small intestine. 
Radiographic examination, with or without 
a barium meal, can be of diagnostic value 
in young animals with chronic outflow 
obstruction. Gastroscopy performed after 
the stomach has been emptied can reveal 
lesions consistent with obstructed outflow, 
such as gastric squamous cell carcinoma or 
pyloric abnormalities secondary to gastric 
ulcer disease in foals. 

CLINICAL PATHOLOGY 

Horses with severe gastric dilatation often, 
but not always, have slightly low serum chlo¬ 
ride concentrations. Metabolic alkalosis, 
metabolic acidosis, or mixed disturbances 
can be present. Other abnormalities depend 
on the underlying disease. 

Abdominal fluid of horses with gastric 
dilatation is normal, whereas that of horses 
with gastric rupture is characterized by 
an elevated total protein concentration 
(>2.5 g/dL, 25 g/L) and leukocyte count 
(>10,000 cells/p.L, 10 x 10 cells/L) which is 
predominantly composed of degenerate neu¬ 
trophils. Microscopic examination of the 
fluid reveals intracellular and extracellular 
bacteria and plant material. 

NECROPSY FINDINGS 

After grain engorgement in horses, the 
stomach is distended with a doughy, mal¬ 
odorous mass of ingesta. In acute gastric 
dilatation caused by other causes, the 
stomach is grossly distended with fluid and 
the wall shows patchy hemorrhages. Rupture, 
when it occurs, is usually along the greater 
curvature and results in gross contamination 
of the abdominal cavity with ingesta. 


DIFFERENTIAL DIAGNOSIS 


See Table 7-19. 


TREATMENT 

Relief of the gastric distension should be 
considered an emergency because gastric 
rupture invariably causes death. Passage of a 
nasogastric tube, important in diagnosing 
the accumulation of fluid within the stomach, 
also provides a means for relieving the dis¬ 
tension. Repetition and persistence may be 
needed to relieve the gastric distension. 
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Table 7-19 Differential diagnosis of common equine 

colics 




Epidemiology and history 

Clinical findings 

Clinical pathology 

Response to treatment 

Acute gastric dilatation 

Feeding on grain or whey; 
Outflow obstruction 
Lipoma at pylorus 

Reflux with proximal 
enteritis 

Acute severe pain, gut sounds 
negative, rectal negative; 
voluminous reflux through 
nasogastric tube and relief of 
pain; regurgitation 

Depends on 
underlying disease; 
no diagnostic 
changes 

Good to relief of gastric 
distension; prognosis 
guarded and depends on 
underlying disease 

Acute obstruction and 
infarction of small 
intestine 

Sporadic 

Acute, severe intractable pain, no 
gut sounds, rectal exam reveals 
distended loops of small 
intestine, tight bands of 
mesentery at 12 h; no feces 
after 12 h; nasogastric reflux 

Flypovolemia; toxemia 
late in disease 

Packed cell volume 
(PCV) more than 

50% after 12 h 
Blood-tinged 
peritoneal fluid 

Pain intractable; surgical 
correction 

Acute obstruction of large 
intestine 

As previously 

As previously except abdomen 
visibly distended; rectal exam 
impeded by large loops of 
distended large colon 

As previously 

As previously 

Ileocecal valve impaction 

Feed includes finely 
chopped oat straw, or 
sorghum, Sudan grass, 
coastal Bermuda grass; 
infestation with 
Anoplocephala perfoliata 

Subacute pain for 24 h as small 
intestine descends; then as for 
small intestinal obstruction; 
impaction palpable rectally 

PCV normal first 24 h 
No characteristic 
changes 

Medical therapy initially, 
then surgery for 
refractory cases 

Spasmodic/tympanic colic 

Sporadic; increased 
incidence with poor 
worm control 

Acute moderate pain but heart 
rate up to 80 

Loud and gassy gut sounds; rectal 
exam and feces normal, recovers 
spontaneously, lasts only 1-2 h 

Normal 

Xylazine, detomidine, 
butorphanol, hyoscine all 
effective; mineral oil 
orally 

Impaction of large intestine 

Old horse, debilitated, poor 
teeth, indigestible feed; 
inadequate access to 
water; excessive 
consumption of 
low-energy grass 

Moderate pain, depressed or 
absent gut sounds, rectally long 
columns of dry hard fecal 
material, distinct from individual 
balls 

Normal 

Responds well to standard 
analgesics, mineral oil, 
fecal softeners, and fluid 
therapy 

Verminous mesenteric 
arteritis (thromboembolic 
colic) 

Poor worm control; rare 

Subacute pain continues for 

3-4 days; no gut sounds; 
rectally slightly distended loops; 
paralytic ileus 

Slight leukocytosis 
and shift to left 
Paracentesis yields 
bloody fluid 

Irreversible even if surgery 
performed 

Prevention includes 
adequate parasite control 

Enteroliths, colonic foreign 
bodies, phytobezoars 

Endemic in some areas 

Subacute or recurrent colic of 
moderate severity only; masses 
palpable in small colon 

No changes 

Surgery only 

Subacute obstruction of 
small intestine (adhesions, 
neoplasm, idiopathic 
muscular hypertrophy of 
ileum, etc.* 

FHistory of recurrent 
moderate or persistent 
mild colic 

Moderate pain; distended loops of 
small intestine on rectal exam; 
point of obstruction may be 
palpable; gut sounds normal to 
loud 

No changes 

Excellent to surgery 

Sand colic 

Access to polluted feed; 
grazing on sandy country 
when feed sparse; salt 
deficiency or boredom 
leading to soil eating or 
licking 

May be severe pain with acute 
impaction or chronic mild pain, 
often with intermittent bouts of 
diarrhea; may palpate impacted 
loops containing sand; 
auscultate sand in ventral 
abdomen; radiography; 
ultrasonography 

Normal; mixture of 
feces and water 
allowed to stand 
shows heavy sand 
sediment 

Analgesia and psyllium 
orally; prevent ingestion 
of sand 

Flatulent colic 

Mostly on succulent green 
feed 

Some secondary to physical 
obstruction of large 
intestine 

Severe acute pain; visibly distended 
abdomen 

Loud gut sounds present early; 
rectal exam difficult because of 
size of loops 

Not recorded 

Trocarization through right 
flank or exploratory 
laparotomy if time and 
analgesia not successful 
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Table 7-19 Differential diac 

nosis of common equine 

colics—cont'd 




Epidemiology and history 

Clinical findings 

Clinical pathology 

Response to treatment 

Dorsal displacement left 

Sporadic 

Intractable moderate pain 

No changes 

Rolling of anesthetized 

colon (nephrosplenic 


continues for days 

No changes 

patient to replace colon 

ligament entrapment) 


Pelvic flexure of colon missing, 


very successful; jogging 



spleen displaced medially 


with or without 





administration of 





phenylephrine 

Small intestine or colon 

Only horses older than 

Sudden onset moderate pain 

No changes 

Surgery 

strangulation by lipoma 

10 years 

without toxemia 




Sudden onset 

May be palpable per rectum 



The clinical picture varies with time: descriptions relate to clinical signs at 12-24 h of illness. 



| *Chronic intussusception, terminal ileal hypertrophy, constructive adhesions, Meckel's diverticulum, and fibroma at the root of the mesentery 


Passage of the nasogastric tube through the 
cardia can be difficult in horses with gastric 
distension. Blowing into the tube to dilate 
the esophagus or instillation of lidocaine 
(20 ml of 2% solution) can facilitate passage 
of the tube. If there is no spontaneous reflux 
of material, a siphon should be formed by 
filling the tube with 500 mL of water and 
rapidly lowering the end of the tube below 
the level of the horses stomach. The nasogas¬ 
tric tube should be left in place until there 
are no longer clinically significant quantities 
of reflux (1-2 L every 3 hours for an adult 
425-kg horse). 

Gastric dilatation caused by overeating 
of grain, bread, or similar material may be 
impossible to resolve through a nasogastric 
tube because of the consistency of the mate¬ 
rial. Gastric lavage using water or isotonic 
saline administered through a large-bore 
nasogastric tube may aid in removal of 
inspissated ingesta. Surgical decompression 
may be attempted in refractory cases, but is 
technically demanding because of the posi¬ 
tion of the stomach in the adult horse. 

The underlying disease should be treated 
to restore normal gastric emptying or stop 
reflux from the small intestine. Supportive 
therapy, including restoration of hydration 
and normal electrolyte and acid-base status, 
should be provided (see Chapter 5). Horses 
at risk of inhalation pneumonia should be 
treated with broad-spectrum antibiotics for 
at least 3 days. 
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GASTRIC IMPACTION 
IN HORSES 

Primary gastric impaction is a usual primary 
cause of colic in adult horses, comprising 


approximately 1.4% of 857 colic cases in one 
report and 20 of 653 (3.0%) horses with colic 
and 20/6097 admissions (0.3%) in another. 1,2 
The case-fatality rate is 10% to 50%. 1,2 There 
does not appear to be a breed or gender pre¬ 
disposition, and the disease occurs in mature 
horses. 2 

The etiology of gastric impaction is 
unclear in most cases, with poor dentition, 
rapid food intake, inadequate intake of water, 
and abnormal gastric motility being mooted 
as causes of the disease. 1 Gastric impaction 
occurs secondary to hepatic fibrosis and 
insufficiency associated with poisoning with 
Senecio jacobaea , 3 Ingestion of persimmon 
(Diospyros virginiana) causes gastric impac¬ 
tion, ulceration, and rupture in horses 
because of the formation of phytobezoars. 4 
Ingestion of thorn apple (Datura stramo¬ 
nium and other species of Datura ) cause 
colic and acute gastric rupture in horses. 1 ’ For 
cases of undetermined cause, there is usually 
a history of a diet of mature grass, alfalfa hay, 
corn, sorghum fodder, or ensilage. Other 
causes include insufficient access to water, 
poor teeth causing poor digestion, or the 
atony of old age. Some affected horses have 
histologic abnormalities of the stomach or 
intestine, but the clinical importance of these 
lesions in development of the disease is 
unclear. 1,2 

Horses can present with acute, chronic, or 
recurrent colic. Horses with acute disease 
usually have clinical signs of <3 days’ dura¬ 
tion, and half have had previous episodes of 
colic. 2 The most common clinical sign is 
inappetence with or without colic. 1,2 Heart 
rate and respiratory rate are usually not 
markedly elevated and rectal examination 
does not reveal diagnostic abnormalities. If 
the stomach has ruptured, there will be signs 
of septic peritonitis with toxemia and cardio¬ 
vascular compromise including sweating, 
tachycardia, delayed mucous membrane cap¬ 
illary refill time, and discolored mucous 
membranes. Signs of long-term (chronic) 
disease include weight loss; intermittent 
colic; anorexia; dullness; and passage of small 
amounts of hard, dry feces. 


Gastroscopy confirms the diagnosis by 
visualization of large amounts of ingesta in 
the stomach or phytobezoars, although visu¬ 
alization of the stomach is impaired by the 
presence of large quantities of ingesta causing 
the impaction. At exploratory laparotomy 
the stomach is enlarged with dry, fibrous 
feed material but is not grossly or acutely 
distended, and the intestines are relatively 
empty. 

Clinicopathologic examination com¬ 
monly reveals leucopenia and hyperfibrino- 
genemia, 1,2 although these findings are not 
consistent and present in every case. 

Treatment includes restoration of normal 
hydration, which can aid in passage of the 
impaction. Judicious administration of lubri¬ 
cants (mineral oil) or osmotic cathartics 
(magnesium sulfate and sodium sulfate) or 
water might aid in softening the impaction. 
Phytobezoars associated with ingestion of 
persimmon can be treated medically by the 
administration of fluids (intravenous or, if 
tolerated, oral), intragastric administration 
of cola or diet cola beverages, and feeding 
of pelleted food. 4 Analgesia should be pro¬ 
vided as needed preferably by use of drugs 
that do not inhibit gastrointestinal motility. 
Exploratory laparotomy with gastrotomy 
and removal of the impacted material might 
be required in a small proportion of cases. 1,2,6 
Rupture of the stomach can occur and is 
invariably fatal. 1 

FURTHER READING 

Freeman DE. Gastric impaction. Equine Vet Educ. 
2011;23:174-176. 

REFERENCES 

1. Bird AR, et al. Equine Vet J. 2012;44(suppl 43): 

105. 

2. Vainio K, et al. Equine Vet Educ. 2011;23:186. 

3. Radostits O, et al. Gastric Impaction in Horses. 
Veterinary Medicine: A Textbook of the Diseases of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 

London: W.B. Saunders; 2007:234. 

4. Banse HE, et al. JAVMA. 2011;239:1110. 

5. Soler-Rodriguez F, et al. Vet Rec. 2006; 158:132. 

6. Parker RA, et al. Equine Vet Educ. 2011;23:169. 












244 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


GASTRIC (GASTRODUODENAL) 
ULCER IN FOALS 


SYNOPSIS 


Etiology Unknown in most cases 

Epidemiology Foals from 1 day of age; 50% 
of normal foals have gastric mucosal 
ulceration. Clinical disease in 0.5% of foals. 
More severe ulceration in stressed foals or 
foals with other diseases 

Clinical signs None in most foals. Teeth 
grinding, excessive salivation, colic, 
diarrhea, inappetence, and weight loss. 
Ulcers in glandular mucosa are considered 
most clinically important. Sudden death 
with perforation. Ulcers present on 
gastroduodenoscopy 

Clinical pathology Nondiagnostic 

Lesions Gastric mucosal ulceration, duodenal 
ulceration and stenosis, and esophagitis. 
Peracute septic peritonitis 

Diagnostic confirmation Gastroscopic 
demonstration of ulcers in foals with 
appropriate clinical signs 

Treatment Treatment should be reserved for 
foals with clinically important disease. 
Ranitidine 6.6 mg/kg, orally every 8 to 12 h, 
or cimetidine 6.6 to 20 mg/kg orally or 
intravenously every 6 h, or omeprazole 1 to 
4 mg/kg orally or intravenously every 24 h 

Control Minimize occurrence of inciting or 
exacerbating diseases. Do not administer 
antiulcer medications as prophylaxis. 


Gastroduodenal ulcer disease in young 
equids has a variety of manifestations. 
Disease in neonates is characterized by 
ulceration of the glandular mucosa and 
occurs in foals that have other disease or are 
exposed to physiologically important stress¬ 
ors. Disease in suckling foals occurs in either 
or both of the squamous and glandular 
mucosa of the stomach and/or the duodenal 
mucosa. The disease in this age group can 
progress to scarring of the gastric outflow 
tract with subsequent gastritis, dysphagia, 
and esophageal ulceration leading to inap¬ 
petence, ptyalism, and death. Disease in 
weanlings usually affects the gastric squa¬ 
mous mucosa. There is no evidence that the 
widespread occurrence of lesions of the 
gastric squamous mucosa is clinically impor¬ 
tant in weanlings. 1 

ETIOLOGY 

There is no established etiology, although 
there is an association with stress (see later). 
There is no evidence of an infectious etiol¬ 
ogy, for instance, Helicobacter sp., in the 
development of ulcers in neonates or suck¬ 
ling or weanling foals. Nonsteroidal medica¬ 
tions administered above recommended 
doses can induce gastroduodenal ulceration. 


There is no evidence that at recommended 
therapeutic doses they are a common cause 
of gastric ulcers. 2 

EPIDEMIOLOGY 

Occurrence 

Gastric ulcers are reported in foals in North 
America, Europe, and Australia and proba¬ 
bly occur worldwide. The prevalence of 
erosion and ulcers of the gastric glandular 
and nonglandular mucosa, detected by gas¬ 
troscopic examination, averages 50% in foals 
less than 2 months of age that do not have 
signs of gastric ulcer disease. 3 Lesions of 
the squamous mucosa are present in 45% 
of foals, whereas lesions in the glandular 
mucosa occur in fewer than 10% of foals 
less than 4 months of age. Fifty percent of 
asymptomatic weanling foals (5-7.5 months 
of age) have gastric mucosal lesions evident 
on gastroscopy. 1 

Ulceration of the gastric and/or duodenal 
mucosa is evident in 22% (155 of 691) of 
foals at necropsy examination. 4 The study 
was performed at a referral institution, and 
the foals were examined as a result of their 
death or euthanasia at that institution. The 
relevance of these results to asymptomatic 
foals or foals that recovered from their illness 
is unknown. Foals examined were all less 
than 6 months of age and lesions were most 
common in the nonglandular gastric mucosa 
(70 of 155 foals). Twenty-five of 155 foals had 
lesions only in the glandular mucosa, 25 had 
lesions in both glandular and nonglandular 
mucosa, and 20 had lesions in both squa¬ 
mous and duodenal mucosa. There was no 
association of age with lesion distribution or 
prevalence. 4 Gastric ulcers were significantly 
associated with the presence of other gastro¬ 
intestinal disease, but not with the presence 
of any other disease category. 

Disease attributable to gastric or duode¬ 
nal ulcers occurs in approximately 0.5% of 
foals, although the prevalence is greater in 
foals with comorbid diseases such as pneu¬ 
monia and septicemia. 

Estimates of case-fatality rate are not 
available for any of the forms of gastroduo¬ 
denal ulcer disease in foals. 

Risk Factors 
Age and Sex 

Age is an important risk factor for ulceration 
of the squamous epithelium, with 88% of 
foals less than 9 days of age affected com¬ 
pared with 30% of foals more than 70 days 
of age. These estimates should be considered 
with caution, because findings considered 
as lesions in earlier studies (desquamation 
[sheeting] of the squamous mucosa) are not 
now considered to be abnormal or indicative 
of disease. 4 Gastric lesions occur in fewer 
than 10% of foals over 90 days of age. There 
does not appear to be an effect of age on 
the prevalence of ulceration of the gastric 
glandular mucosa, which is considered a 
much more clinically significant lesion. 


There is no effect of gender on the preva¬ 
lence of ulcers. 

Stress and Disease 

Stress and disease are important risk factors 
for development of ulcers of the glandular 
mucosa. Lesions of the gastric glandular 
mucosa occur in 27% of foals with another 
disease but in 3% of otherwise healthy 
foals. 

PATHOGENESIS 

The pathogenesis of gastric ulceration in 
foals has not been definitively determined 
and much is extrapolated from the disease 
in humans and other animals. It is assumed 
that ulcers occur because of an imbalance 
between the erosive capability of the low 
gastric pH and the protective mecha¬ 
nisms of the gastric mucosa. Low gastric 
pH was considered essential for the devel¬ 
opment of a gastric ulcer, but there is less 
certainty about this now that it is recog¬ 
nized that critically ill foals, and especially 
those that are premature or recumbent, 
often have high (less acid to alkaline) and 
highly variable gastric pH. 3 Additionally, 
administration of omeprazole to wean¬ 
lings is effective in reducing the prevalence 
of lesions of the gastric squamous mucosa 
but might worsen lesions of the glandular 
mucosa. 1 

The conventional wisdom is that preser¬ 
vation of adequate mucosal blood flow and 
the presence of an intact, bicarbonate-rich 
layer of mucus over the epithelium are essen¬ 
tial to maintaining the resistance of the epi¬ 
thelium to digestion by gastric acid and 
pepsin. Mucosal blood flow and bicarbonate 
secretion into the protective mucous layer 
are dependent in part on normal prostaglan¬ 
din E concentrations in the mucosa. Factors 
that inhibit prostaglandin E production, 
such as NSAIDs and ischemia, could con¬ 
tribute to the development of ulcers. Trauma 
to the gastric epithelium can disrupt the pro¬ 
tective layer and allow an ulcer to develop, as 
can the presence of compounds in duodenal 
fluid, such as bile salts that intermittently 
reflux into the stomach of normal foals. 

Normal foals develop the capacity for 
secretion of gastric acid and the ability to 
achieve gastric pH less than 4 within 1 to 2 
days of birth. Ingestion of milk increases 
gastric pH, and it is a generally held belief 
that frequent ingestion of milk provides a 
protective effect against the adverse effects of 
low pH on gastric mucosa. However, the 
development of gastric lesions in foals is not 
solely a result of prolonged exposure to low 
pH, although this might be a necessary 
factor, because ill neonatal foals that are at 
high risk of gastric erosion or ulceration have 
gastric pH that is often greater than 5 to 6.’ 
The elevated pH, which can be alkaline in 
severely ill foals at greatest risk of death, is 
not consistent with development of gastric 
lesions. 










Most ulcers do not produce clinical signs. 
Severe ulceration is associated with delayed 
gastric emptying, gastric distension, gastro¬ 
esophageal reflux, and subsequent reflux 
esophagitis and pain. Ulcers can perforate 
the stomach wall and cause a peracute, septic 
peritonitis or erode into a large blood vessel 
with subsequent hemorrhage and occasional 
exsanguination. Ulcers and the attendant 
inflammation and pain might cause gastro- 
paresis and delay gastric emptying, and 
chronic lesions can result in both functional 
and physical obstructions to gastric empty¬ 
ing with subsequent gastric dilatation and 
reflux esophagitis. 

CLINICAL FINDINGS 

There are six syndromes associated with gas¬ 
troduodenal ulcers in foals 3 : 

1. Ulceration or epithelial desquamation of 
the squamous mucosa of the greater 
curvature and area adjacent to the margo 
plicatus. These lesions are very common 
in foals less than 60 days of age and 
usually do not cause clinical signs. The 
lesions heal without treatment and are 
now considered variations of normal. 4 

2. Ulceration of the squamous epithelium 
of the lesser curvature and fundus. This 
is more common in older foals (>60 
days) and is sometimes associated with 
clinical signs including diarrhea, 
inappetence, and colic. 

3. Ulceration of the glandular mucosa, 
sometimes extending into the pylorus. 
This lesion occurs in foals of any age 
and is most common in foals with a 
comorbid disease. Clinical signs caused 
by the ulcer can be severe and include 
teeth grinding, excessive salivation, 
inappetence, colic, and diarrhea. There 
is often reflux esophagitis. 

4. Gastric outflow obstruction caused by 
pyloric or duodenal stricture secondary 
to pyloric or duodenal ulceration. This 
occurs in 2- to 5-month-old foals and is 
evident as colic, inappetence, weight 
loss, gastric dilatation, gastroesophageal 
reflux, excessive salivation, and teeth 
grinding. 

5. Peracute peritonitis secondary to gastric 
perforation. This usually occurs in foals 
that do not have a history of signs of 
gastric ulceration. Clinical signs include 
unexpected death, shock, dehydration, 
sweating, and an increased respiratory 
rate. 

6. Hemorrhagic shock secondary to blood 
loss into the gastrointestinal tract from a 
bleeding gastric ulcer. This is an unusual 
presentation. 

7. The typical signs of gastric ulcers in 
foals include depression, teeth grinding, 
excessive salivation, and abdominal 
pain that can range in intensity from 
very mild to acute and severe, similar 
to that of a foal with an acute intestinal 
accident. Diarrhea, with or without mild 
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to moderate abdominal pain, is often 
associated with gastric ulcer disease in 
foals. Treatment with antiulcer drugs is 
sometimes associated with resolution of 
diarrhea and signs of gastric ulcer 
disease. There might be pain evinced by 
deep palpation of the cranial abdomen, 
but this is not a reliable diagnostic sign. 
Definitive diagnosis is provided by gas- 
troscopic examination. The endoscope 
should be 2 m in length, although a 1-m 
endoscope might allow partial examination 
of the stomach of young or small foals. 
Diameter of the endoscope should be less 
than 1 cm. Foals can usually be examined 
without sedation, although sedation might 
facilitate examination in larger or fractious 
foals. Ideally, older foals should have food 
withheld for 12 hours before the examina¬ 
tion but this might not be necessary or advis¬ 
able in sick foals. Young foals (those relying 
on milk intake for their caloric needs) should 
have food withheld for 1 to 2 hours. Ade¬ 
quate examination of the nonglandular 
stomach can usually be achieved without 
fasting, especially in younger foals, but thor¬ 
ough examination of the glandular mucosa 
and pylorus requires fasting. 

Nasogastric intubation might cause pain 
and cause affected foals to gag. Foals with 
gastric outflow obstruction, caused either by 
pyloric or duodenal stricture or by gastropa- 
resis, will have reflux of material through a 
nasogastric tube. 

Contrast radiographic examination is 
useful in defining gastric outflow obstruc¬ 
tion and can demonstrate filling defects in 
the gastric wall that are consistent with 
ulcers. The principal use of radiography is 
to establish delays in gastric emptying. 
Normal foals have complete emptying of 
barium sulfate (10-20 mL/kg BW adminis¬ 
tered through a nasoesophageal or nasogas¬ 
tric tube) from the stomach within 2 hours 
of administration. Gastric ulcers are occa¬ 
sionally apparent as filling defects, but con¬ 
trast radiography is not sufficiently sensitive 
to justify its routine use for diagnosis of 
gastric ulceration. 

CLINICAL PATHOLOGY 

There are no diagnostic changes in the 
hemogram or serum biochemical profile. 
Serum pepsinogen values are of no use in 
diagnosing gastric ulcers in foals. Testing for 
fecal occult blood is not sensitive to or spe¬ 
cific for gastric ulceration in foals. Foals with 
perforation of the stomach have changes 
consistent with septic peritonitis. Measure¬ 
ment of an isoform of al-antitrypsin in 
serum is reported to be sensitive and specific 
for detection of gastric ulcers in foals, but 
these results have not been validated and the 
test is not widely available. 6 

NECROPSY FINDINGS 

Gastric ulcers and erosions are common 
findings in foals dying of unrelated disease 


and their presence should not be overinter¬ 
preted. 4 The gross characteristics of the 
gastric lesions were described earlier. Foals 
dying of gastric ulcer disease do so from per¬ 
acute diffuse peritonitis, exsanguination, or 
starvation secondary to the gastric outflow 
obstruction. 

DIAGNOSTIC CONFIRMATION 

The combination of compatible clinical 
signs, endoscopic demonstration of gastric 
ulcers, a favorable response to antacid 
therapy, and the elimination of other dis¬ 
eases permits a diagnosis of gastric ulcer 
disease. 


DIFFERENTIAL DIAGNOSIS 


The combination of teeth grinding, excessive 
salivation, depression, inappetence, and colic 
in foals is virtually diagnostic of gastric ulcer 
disease. Other causes of colic in foals are 
listed in Table 7-17. 


TREATMENT 

Treatment of clinically important gastric 
ulcer disease must be differentiated from 
prophylaxis of animals considered to be at 
high risk of disease or those in which lesions 
have been detected incidentally. The princi¬ 
ples of treatment of clinically important gas¬ 
troduodenal ulcer disease in foals include the 
following: 

• Promotion of healing by reducing 
gastric acidity and enhancing mucosal 
protection 

• Enhancement of gastric emptying 

• Provision of nutritional and metabolic 
support 

• Treatment of comorbid disease 
Reduction of gastric acidity is achieved by 
the administration of one of several drugs 
that reduce secretion of gastric acid and 
increase gastric pH (Table 7-20). These drugs 
are either histamine type 2 (H 2 ) receptor 
antagonists or inhibitors of the proton pump 
in the gastric parietal cells. Administration 
of ranitidine (6.6 mg/kg orally every 8 hour) 
effectively increases gastric pH in normal 
neonatal foals but does not affect gastric 
pH in hospitalized neonates. 3 Omeprazole 
(4 mg/kg orally every 24 hours), a proton 
pump inhibitor, increases gastric pH within 
2 hours of administration and for 24 hours 
in clinically normal neonatal foals and in 
clinically ill neonatal foals.' Omeprazole 
enhances healing of spontaneous ulcers in 
foals older than 28 days and is usually con¬ 
sidered to not have important or frequent 
adverse effects. However, recent evidence 
suggests that administration of omeprazole 
to clinically normal weanlings is associated 
with increased severity of lesions in the glan¬ 
dular mucosa. 1 

Sucralfate is used to provide protection 
of denuded gastric epithelium, although its 
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Table 7-20 Drugs used in the treatment of clinically important gastroduodenal ulcer disease of foals and adult horses and 
recommendations for treatment (not prophylaxis) 

Drug class 

Drug 

Dose, route, and frequency 

Comments 

H 2 -antagonists 

Cimetidine 

6.6-20 mg/kg PO every 6 h 

Potent acid suppression; short elimination half-life necessitates 
frequent administration 

Preferably use at the higher dose rate 


Cimetidine 

6.6 mg/kg IV every 6 h 

Rapid and potent acid suppression; use when oral 
administration is not feasible or rapid effect is required 


Ranitidine 

0.9-2.0 mg/kg IV or 6.6-8.8 mg/kg 

PO every 8-12 h 

Potent acid suppression and rapid resolution of clinical signs 

Proton pump inhibitor 

Omeprazole 

4 mg/kg PO as paste every 24 h 

Potent, rapid onset and long-lasting acid suppression 

Pantoprazole 


1.5 mg/kg IV every 12-24 h 

Potent acid suppression in foals 

Protectants 

Sucralfate 

40 mg/kg PO every 6 h 

Can be given at the same time as inhibitors of acid secretion 

Prostaglandin analogs 

Misoprostol 

5 pig/kg PO every 12 h 

Causes diarrhea and mild colic 

Effective as a prophylactic for NSAID-induced ulcers in humans 
but minimal efficacy in enhancing healing of existing ulcers 

Antacids 

Aluminum hydroxide 

1 -2 g PO every 4-6 h 

Ineffective; do not use 


Magnesium hydroxide 

1 -2 g PO every 4-6 h 

Ineffective; do not use 


Calcium carbonate 

1 -2 g PO every 4-6 h 

Ineffective; do not use 

Promotility agents 

Bethanechol 

0.025 mg/kg SC every 6 h 

Enhances gastric motility with minimally increased gastric acid 
secretion; used to treat gastroparesis; contraindicated if 
physical outflow obstruction exists 

H 2 , histamine type 2 receptor; IV, intravenously; NSAID, nonsteroidal antiinflammatory drug; PO, orally; SC, subcutaneously 


efficacy in preventing lesions or enhancing 
healing of existing lesions in foals with spon¬ 
taneous disease is doubted. 

A common treatment protocol involves 
administration of an H 2 antagonist or 
omeprazole. Treatment should begin as 
soon as the presence of a clinically relevant 
ulcer is suspected and should continue for at 
least 1 week after the resolution of clinical 
signs or until there is endoscopic confirma¬ 
tion of healing. Foals are often treated for 
2 to 6 weeks. 

Foals with gastroparesis secondary to 
severe gastroduodenal ulceration or gastritis 
can benefit from the administration of 
bethanechol (see Table 7-20) to increase 
gastric motility and enhance gastric empty¬ 
ing. Surgical bypass of pyloric or duodenal 
strictures can be necessary in foals with 
physical obstructions to gastric emptying, 
and when performed by experienced sur¬ 
geons have a reasonable (>50%) prognosis 
for recovery and survival to discharge from 
hospital. 8 

Nonsteroidal antiinflammatory drugs 

such as phenylbutazone or flunixin meglu¬ 
mine are ulcerogenic at high doses and 
should be used sparingly and at recom¬ 
mended doses in sick foals. There is no evi¬ 
dence that these compounds predispose or 
cause gastric ulcers when used at the recom¬ 
mended dose rate. 2 It would be prudent to 
minimize their use in foals with gastric or 
duodenal ulcers. 

Nutritional and metabolic support should 
be provided as necessary to foals that are 
unable to eat or drink or that have abnor¬ 
malities of fluid and electrolyte status. 


CONTROL 

Control of diseases that predispose foals to 
gastroduodenal ulcer might reduce the inci¬ 
dence or severity of ulcer disease. Prophylac¬ 
tic treatment of sick or stressed foals with 
H 2 antagonists, sucralfate, or omeprazole is 
widely practiced but has been questioned 
because the efficacy of pharmacologic pro¬ 
phylaxis in prevention of disease or death 
caused by gastric ulceration has not been 
demonstrated. 9 Indeed, suppression of gas¬ 
tric acidity (increasing gastric pH) in either 
sick or normal foals might be unwise because 
of the protective effect of low gastric pH on 
gastric colonization of bacteria. Foals in an 
intensive care unit administered acid sup¬ 
pressive medication were 2.0 (95% Cl 1.4- 
2.9) times as likely to develop diarrhea as 
those not administered these drugs. 9 Fur¬ 
thermore, the presence of detected ulcers 
was not different between foals administered 
antiulcer medication (15%) and those not 
administered these medications (21%). 9 

Administration of omeprazole to clini¬ 
cally normal weanlings is not recommended 
at this time. 1 Body condition score and BW 
of weanlings was not improved by adminis¬ 
tration of omeprazole, despite a reduction 
in prevalence of lesions in the squamous 
mucosa, and was associated with an increase 
in severity of lesions in the glandular mucosa. 1 
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GASTRIC ULCER IN 
ADULT HORSES 

Ulceration of the esophageal, gastric squa¬ 
mous, gastric glandular, or duodenal mucosa, 
either alone or in various combinations, 
occurs in adult horses. This constellation of 
lesions has been labeled the equine gastric 
ulcer syndrome (EGUS). 1 However, this 
label does not provide sufficient granularity 
to descriptions of the syndrome, which is 
composed of a variety of diseases each 
with its own etiology and pathogenesis, to 
permit focused discussion of the risk factors, 
etiology, prognosis, and treatment of each 
disease. 1 ' 2 For instance, ulceration and gastri¬ 
tis of the gastric squamous mucosa associ¬ 
ated with intense training programs has a 
different presentation and etiology from 
ulceration of the gastric glandular mucosa 
caused by injudicious use of NSAIDs. The 
etiopathogenesis of lesions of the gastric 
squamous mucosa might well differ from 
that of lesions of the glandular mucosa; 
therefore the presence and severity of lesions 
in each site should be specified. 2,3 Further¬ 
more, it is likely that optimal treatment of 
lesions of the squamous mucosa differs from 
that of lesions of the glandular mucosa. 












There is not sufficient information to 
warrant a separate description of each disease 
(with the exception of NSAID toxicosis). For 
this reason, the syndrome is described rather 
than having separate discussions of each 
disease or circumstances in which the disease 
occurs. However, there are differences among 
the various diseases and the discussion 
should be interpreted in that light. 

ETIOLOGY 

The etiology of the most common occur¬ 
rence of gastric ulcers in the horse is 
unknown but several risk factors have been 
identified, which are described in the section 
Epidemiology. 


SYNOPSIS 


Etiology Unknown in most cases. 

Nonsteroidal antiinflammatory drug 
intoxication. Not associated with 
Helicobacter sp. infection 

Epidemiology Common in horses in intense 
training programs and used in competitive 
endeavors such as Thoroughbred, 
Standardbred, and Quarter horses in racing 
or training and horses used for endurance 
racing. Common in horses with colic, but 
clinical importance in most cases is unclear. 
Associated with periods of feed deprivation 
or intermittent feeding, such as can occur 
with stabling or housing on dirt lots 

Clinical signs None in most horses. Poor 
appetite, failure to bloom, and mild colic in 
some horses. Ulcers or erosions present on 
gastroduodenoscopy 

Clinical pathology Nondiagnostic. Sucrose 
absorption test has potential utility. 

Necropsy lesions Gastritis and/or gastric 
ulceration, which is rarely a cause of death 

Diagnostic confirmation Gastroscopic 
demonstration of ulcers 

Treatment Omeprazole 1 to 4 mg/kg orally 
once daily. Ranitidine and cimetidine are 
used but are less efficacious and convenient. 

Control Minimize risk factors, including con¬ 
finement and intermittent feeding. Prolonged 

administration of omeprazole to at-risk horses 


Individual cases of gastric ulcers are asso¬ 
ciated with parasitic gastritis, such as in 
horses infested with Gasterophilus spp. 
and H. megastoma larvae. Tumors of the 
stomach, such as gastric squamous cell carci¬ 
noma or lymphosarcoma, cause ulceration of 
the gastric mucosa. Gastric phytobezoars and 
persimmon seeds ( D. virginiana) have been 
associated with gastric impaction, ulceration, 
and perforation of the glandular portion of 
the stomach of a horse. 4 Administration of 
NSAIDs at recommended dosages is not 
associated with increased risk of gastric 
ulcers. 5 
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There is only weak evidence that infec¬ 
tion by Helicobacter spp. or similar organ¬ 
isms are associated with gastric ulcer disease 
in horses. 5,7 A convenience sample of 20 
racehorses euthanized because of fractures 
of the limb during racing revealed that 18 
(90%) had lesions of either or both of ulcer¬ 
ation of the gastric mucosa or gastritis. 7 
Spiral-shaped bacteria were detected in 
lesions in two of the seven horses with ulcers, 
four of seven animals with gastritis, and five 
of six horses with both lesions. Helicobacter 
DNA was detected by PCR in a similar pro¬ 
portion of lesions and in one of the two 
horses that did not have lesions. Importantly, 
this study demonstrated the presence of the 
bacterium but not its causal role in the 
disease; it might be that similar proportions 
of horses that do not have gastric lesions are 
infected. A study of 63 horses slaughtered 
for human consumption revealed gastric 
mucosal lesions in 36 but no evidence of 
infection by Helicobacter spp. demonstrated 
by urease or fluorescence in situ hybridiza¬ 
tion testing. 5 There is at present no convinc¬ 
ing evidence for a role of Helicobacter spp. 
infection in the etiopathogenesis of gastric 
ulcer disease in horses. However, further 
studies that clearly define the disease being 
studied are needed. 

EPIDEMIOLOGY 

Occurrence 

The occurrence of gastric ulceration is 
detected by either postmortem examination 
or gastroscopic examination. The frequency 
with which gastric ulcers are detected 
depends on the method of examination, the 
group of horses examined, and the reasons 
for examining them. It is not uncommon for 
studies of large numbers of horses (>100) to 
report prevalence of gastric ulcers equal to or 
greater than 80%, although this is not uni¬ 
versal. 8,9 Studies reporting on incidence of 
gastric ulceration in horses with clinical 
abnormalities or at necropsy revealed a high 
frequency of gastric lesions in horses with 
colic (49%). 10 More recent studies have 
examined large numbers of horses without 
clinical signs of gastric ulcer disease but from 
populations at risk and have demonstrated a 
high prevalence in horses undertaking stren¬ 
uous exercise on a regular basis. 9,11 ' 13 

Gastric ulcer disease in horses is a recently 
recognized disease, with most reports origi¬ 
nating after 1990 and coinciding with the 
widespread availability of endoscopes of suf¬ 
ficient length to permit examination of the 
stomach of adult horses. However, a longitu¬ 
dinal study of horses submitted for postmor¬ 
tem examination in Sweden demonstrated 
that horses have been affected with gastric 
ulcers since 1924. 14 

The condition is common in racehorses 
and other breeds of horse used for athletic 
events, and this population represents the 
most important occurrence of the disease. 
That said, less active horses and horses on 


pasture can be affected and with relatively 
high prevalence. 3,11,15,16 Broodmares on pas¬ 
ture can have a high prevalence of gastric 
ulcers (71%, 44 of 62 horses examined) with 
42 of the 44 affected horses having ulcers 
only in the squamous mucosa. 16 There was 
no difference in prevalence of ulcers between 
pregnant and nonpregnant mares or between 
pregnant and recently foaled mares. 16 The 
presence of ulcers was not correlated with 
the weight of foals or placenta, raising the 
issue of the clinical importance of the pres¬ 
ence of the ulcers. Over 60% of a nonrandom 
selection of horses kept on pasture in Den¬ 
mark had gastric ulcer lesions >2. 3 

Thoroughbred and Standardbred horses 
in training or racing have a high prevalence 
of gastric lesions. 8,9,11,12 Gastroscopic studies 
of convenience samples of clinically normal 
Thoroughbred racehorses in training reveal 
a prevalence of lesions of the gastric mucosa 
of 82% to 93%. Gastric lesions are detected 
in 52% to 87% of Standardbred horses in 
training and actively racing. 9 Postmortem 
examination of Thoroughbred racehorses in 
Hong Kong, where many horses that retire 
from racing are examined postmortem, 
reveals a prevalence of gastric lesions of 66%, 
with the prevalence increasing to 80% when 
only horses that had raced recently were con¬ 
sidered. Among racehorses selected for gas¬ 
troscopic examination because of clinical 
abnormalities, including inappetence, failure 
to race to expectation, poor hair coat, or 
poor body condition, lesions of the gastric 
mucosa were detected in 86% to 90%. 14 

Lesions of the gastric mucosa occur in 
approximately 80% of endurance horses 
between racing seasons and in over 90% 
during racing. 15 Gastric lesions were present 
in 58% of show horses that had competed 
in the 30 days before gastroscopic 
examination. 14 

Lesions of the Squamous Versus 
Glandular Mucosa 

The frequency of ulcers of the squamous 
mucosa is usually, but not invariably, 1 ' 
greater than that of ulcers of the glandular 
mucosa with many horses having lesions at 
both sites. For example, of 201 horses of 
various breeds and uses examined in 
Denmark, 43% had lesions of both glandular 
and nonglandular gastric mucosa, 15% had 
lesions of only the glandular mucosa, and 
26% had lesions of only the nonglandular 
mucosa. 3 The majority (86%) of severe 
lesions (greater than or equal to grade 2, 
using a simplified grading system) were in 
the squamous mucosa. Most lesions are 
located adjacent to the margo plicatus. 
Lesions of the glandular mucosa are consid¬ 
ered to be of greater clinical importance than 
are lesions of the squamous mucosa, although 
severe lesions (EGUS > 2) of the squamous 
mucosa are considered clinically important. 
However, clear evidence of the importance 
of ulcers at either site, or of the relative 
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importance of ulcers of varying severity, is 
lacking. 

Risk Factors 

Risk factors for gastric lesions in horses 
include being in training for an athletic 
event, exercise and the amount of time exer¬ 
cising, and colic. Suspected risk factors 
include the disposition of the horse (nervous 
horses are at greater risk), 1 diet, feeding 
practices, housing (pasture versus stall), 
stress (although the definition of stress is 
often not clear), and administration of 
NSAIDs such as phenylbutazone. Although 
each of these risk factors can be considered 
separately, it is likely that many are related 
and act in concert to increase the risk of 
development of lesions of the gastric mucosa. 
For instance, being in training often coin¬ 
cides with confined housing, intermittent 
feeding, daily bouts of strenuous exercise, 
and administration of NSAIDs. The combi¬ 
nation of these factors, even without NSAID 
administration, reliably induces ulcers in 
Thoroughbred racehorses. Young horses (2 
years old) that had arrived at the track within 
the month before first gastroscopic examina¬ 
tion had a marked increase in severity of 
lesions at the time of a second gastroscopic 
examination 1 month later. 

Animal Risk Factors 

Among adult horses, age and gender are the 
only weak risk factors, if at all, for presence 
of gastric lesions. 1 ' Gastric lesions tend to be 
more severe in older horses. Among Stan¬ 
dardised racehorses, trotters are twice as 
likely as pacers to have gastric lesions. Horses 
with gastric lesions are more likely to have 
a nervous disposition, exacerbated stress 
hormone response to novel stimuli, and to 
paw more frequently. 17 Nonsteroidal antiin¬ 
flammatory drugs are ulcerogenic at high 
doses and often administered to horses in 
training. The impact of NSAIDs on gastric 
permeability varies among drugs, 19 although 
the risk of any NSAIDs causing gastric ulcers 
at doses effective for treatment of musculo¬ 
skeletal pain appears to be minimal.’ Fur¬ 
thermore, among Thoroughbred racehorses 
there is no clear association between admin¬ 
istration of these drugs and the risk of having 
gastric lesions. 14,17 

Colic is associated with presence of 
gastric lesions, although a cause and effect 
relationship is often not clear in individual 
cases. In a series of 111 horses with clinical 
evidence of abdominal discomfort of varying 
duration and severity, 91 had endoscopic evi¬ 
dence of gastric ulceration. Other abnormali¬ 
ties of the gastrointestinal tract or abdominal 
viscera were not found in 57 of the 91 horses 
with gastric ulcers. Thus gastric ulceration 
was the primary cause of colic, based on lack 
of concurrent abnormalities, clinical response 
to treatment with H 2 antagonists, and confir¬ 
mation of improvement or resolution of 
gastric ulceration by endoscopy. However, 


34 of the 91 horses with gastric ulceration 
had concurrent abnormalities of the gastro¬ 
intestinal tract, demonstrating that gastric 
lesions can develop in horses with colic. Thus 
colic can cause gastric lesions and gastric 
ulcers can cause colic. 

Management and Environmental 
Risk Factors 

Racehorses in training have a higher preva¬ 
lence of ulcers than do racehorses that are 
spelling (not in active training), and horses 
that are racing regularly have a higher preva¬ 
lence than resting horses or horses in train¬ 
ing but not racing. Standardbred racehorses 
in training are 2.2 times more likely to have 
gastric lesions, and those racing regularly are 
9.3 times more likely to have gastric lesions, 
than are horses not training or racing. 
Increasing time in training is associated 
with greater severity of gastric lesions in 
Thoroughbred racehorses. 20 Although, as 
discussed previously, many factors can con¬ 
tribute to the likelihood of a horse having 
gastric lesions, such as exercise. This is prob¬ 
ably because of the increase in intragastric 
pressure and decrease in pH in the proximal 
(nonglandular) stomach that occurs during 
exercise. 

Feed withholding causes gastric ulcers in 
horses, probably because of the lack of buff¬ 
ering of acid produced during periods when 
the stomach is empty. It is likely that the 
intermittent access to feed that occurs in 
many stables results in periods of time 
during each day when horses do not have 
feed within the stomach. The loss of buffer¬ 
ing is caused by lack of feed material in 
the stomach and by decreased production 
of saliva, which normally buffers gastric 
acid. Intragastric pH declines during periods 
of feed withholding in horses, which pro¬ 
vides an explanation for the mechanism of 
increased acid exposure as a consequence of 
management practices. 21 Horses grazing on 
pasture eat frequently and have food in the 
stomach almost all the time. 

Diet is suggested to be a risk factor for 
development of gastric ulcers, but definitive 
studies are lacking. Horses in training for 
racing are usually fed diets high in concen¬ 
trated rations, and this is suspected to pre¬ 
dispose these horses to gastric ulcers. Feeding 
of alfalfa hay and grain was associated with 
fewer gastric lesions in six research horses 
than was feeding brome grass hay. 

Confinement to stalls is associated with 
an increased prevalence of gastric lesions, 
although lesions do occur frequently in some 
groups of horses kept on pasture. Although 
horses with gastric lesions during confine¬ 
ment have healing of these lesions when they 
are pastured, this change is not explained by 
a higher pH in horses on pasture. 15 Horses 
on pasture do not have a higher pH of the 
proximal or ventral stomach than when the 
same horses are fed ad libitum in stalls, 15 sug¬ 
gesting that it is not the environment that is 


affecting intragastric pH. Again, there is con¬ 
siderable confounding among the various 
risk factors, because housing on pasture is 
associated with constant access to feed; thus 
there are no periods of feed withholding, 
changes in diet from that rich in concentrates 
to that predominated by grasses, and, often, 
cessation of forced exercise. 

PATHOGENESIS 

The equine stomach is comparatively small 
relative to the size of the gastrointestinal 
tract. The stomach mucosa is divided into 
two parts. The proventricular part is glisten¬ 
ing white in color, is composed of thick 
stratified squamous epithelium, and con 
tains no glands. It covers approximately one- 
third of the mucosal area and ends abruptly 
at the margo plicatus, a slightly raised irregu¬ 
lar serrated border with the glandular 
mucosa. Most gastric lesions in horses occur 
in squamous mucosa. 

The glandular mucosa has a velvet-like 
structure and is usually covered by a thick 
layer of viscous mucus. The mucosa contains 
three main gland types: mucous-secreting 
cardiac glands; fundic glands, which contain 
mucous-secreting cells, hydrochloric-acid- 
producing parietal cells and pepsinogen- 
secreting chief cells; and pyloric glands, 
which consist largely of mucous-secreting 
cells. The stratified squamous epithelial 
mucosa has minimal resistance to gastric 
acid. The glandular epithelium has elaborate 
mechanisms, including the mucus-bicar¬ 
bonate barrier, prostaglandins, mucosal 
blood flow, and cellular restitution, to protect 
itself from peptic injury. Hydrochloric acid 
and pepsinogens, which are converted to the 
proteolytic enzyme pepsin in an acidic envi¬ 
ronment, are secreted in the glandular 
mucosa by parietal cells and chief cells, 
respectively. The horse is a continuous, vari¬ 
able hydrochloric acid secretor, and the pH 
of equine gastric contents in the pylorus and 
antrum is often less than 2.0. Gastric pH is 
lowest, and acidity highest, when horses have 
been deprived of feed or have voluntarily 
stopped eating, often for as little as 2 hours. 
Thus there are periods during the day when 
gastric acidity is high (notably during the 
nighttime hours from midnight to 9 am). 15,21 
Periods of prolonged high gastric acidity (pH 
<2.0) can be induced in horses by intermit¬ 
tent deprivation of feed, which often results 
in severe ulceration in the gastric squamous 
epithelial mucosa. Concurrent administra¬ 
tion of the H 2 antagonist ranitidine during 
feed deprivation substantially reduces the 
area of lesion in the gastric squamous epithe¬ 
lial mucosa. 

The pathogenesis of gastric ulcer is 
uncertain. It is proposed that the stratified 
squamous epithelium reacts to excessive 
acidic exposure by thickening and becoming 
para/hyperkeratotic. 22 Sloughing of superfi¬ 
cial layers then predisposes to secondary 
infection when opportunistic bacteria and 





Abdominal Diseases of the Horse Including Colic and Diarrhea 


249 


inflammatory cells migrate to the area. The 
lesion deepens and progresses from an 
erosion to ulceration, exposing unprotected 
tissue to acid contents. 22 Subsequent healing 
might occur depending on factors influenc¬ 
ing acidity and healing capabilities of the 
individual animal. 22 Exposure of squamous 
mucosa to acid is probably involved in the 
development of ulcers in most horses and 
there is in vitro evidence that volatile fatty 
acids, in combination with hydrochloric 
acid, are important in the development of 
ulcers in the nonglandular mucosa. 23 

A particular circumstance appears to 
favor the development of gastritis and ulcer¬ 
ation in horses that undertake intense exer¬ 
cise. During exercise intragastric pressure 
increases from approximately 14 mm Hg at 
rest to as high as 50 mm Hg, stomach volume 
decreases, and the acidity of fluid within the 
proximal part of the stomach declines from 
pH 5 to 7 to pH 2 to 4. The combination of 
reduced blood flow and exposure to low pH 
increases the likelihood of mucosal damage, 
loss of protective mechanisms, and develop¬ 
ment of gastric mucosal lesions. 14 

Other factors, including physical injury 
to gastric mucosa, reflux of bile acids from 
the duodenum, and the presence of volatile 
fatty acids in the stomach all can contribute 
to the development of gastric lesions, but the 
definitive roles, if any, of each of these factors 
have not been determined. 

CLINICAL FINDINGS 

The vast majority of horses with lesions of 
the gastric mucosa, including ulceration, do 
not have clinical signs. Among racehorses, 
signs of poor performance, 24 feed refusal, 
fussy eating (not consuming all of the meal 
at a constant rate), and poor body condition 
have been associated with the presence of 
gastric ulcers. Of these signs only poor hair 
coat and poor body condition have been 
demonstrated to be associated with gastric 
ulcers, although the association of lower 
body condition scores with the presence 
of gastric lesions is not consistent across 
studies. 9-17 The high prevalence of some of 
the clinical signs, for instance, failure to 
perform to expectation, and gastric ulcers 
means that there is a high likelihood that 
horses with a given clinical sign will have an 
ulcer by chance. However, clinical experi¬ 
ence indicates that horses with more exten¬ 
sive or severe lesions will have more severe 
clinical signs, including colic and failure to 
perform. 

Colic is associated with the presence of 
lesions of the gastric mucosa, including 
ulceration. Ulceration can result from lesions 
elsewhere in the gastrointestinal tract, prob¬ 
ably because of feed withholding or feed 
refusal by horses with colic. Alternatively, 
gastric ulceration can cause colic. The four 
criteria to determine whether gastric ulcer¬ 
ation is the primary cause of colic in horses 
include the following: 


1. Endoscopic confirmation of gastric 
ulceration 

2. Absence of another alimentary tract 
abnormality 

3. Clinical response to treatment that 
effectively suppresses or neutralizes 
gastric acidity 

4. Confirmation of improvement or 
complete healing of gastric lesions 

Most gastric ulcers in horses are not associ¬ 
ated with hemorrhage and so signs of anemia 
or melena are unusual in horses. Horses 
with severe gastric ulceration and reflux 
esophagitis often have bruxism and retching. 
Rupture of gastric ulcers, perforation and 
subsequent peritonitis, and exsanguination 
from a bleeding ulcer are rare in adult horses. 

Involvement of the spleen in the horse 
with a perforating gastric ulcer, a rare event, 
results in fever, anorexia, toxemia, pain on 
deep palpation over the left flank, and leuko¬ 
cytosis with a left shift. 

Gastroscopic examination is the only 
means of demonstrating gastric lesions and 
assessing their extent and severity. Gastro¬ 
scopic examination of the adult horse 
requires an endoscope of at least 2.5 m in 
length, although 3 m is preferable. The pres¬ 
ence of feed material within the stomach 
prevents complete examination of the gastric 
mucosa, and in particular of the pylorus 
and antrum. The horse should be prepared 
by having feed withheld for at least 12 
hours and water withheld for 4 hours 
before examination. If the horse is stabled on 
edible material, such as straw or shavings, it 
should be muzzled to prevent it eating this 
material. The horse may need to be sedated 
before examination (xylazine hydrochloride 
0.1-0.3 mg/kg intravenously) and a twitch 
applied. The gastric mucosa is examined in a 
systematic fashion. As the end of the endo¬ 
scope passes through the cardia the greater 
curvature and margo plicatus are examined. 
The endoscope is then advanced and rotated 
so that the lesser curvature and cardia are 
examined. The stomach should be inflated 
with air during the procedure. Excess fluid in 
the pylorus and antrum can be aspirated to 
allow better visualization of these regions. 
Careful attention should be paid to the 
margo plicatus because this is the most 
common site for lesions. The gastric glandu¬ 
lar mucosa should be examined carefully for 
lesions because they are easily missed in this 
region. Material adherent to the mucosa 
should be washed away by flushing water 
through the endoscope. The endoscope can 
be passed into the duodenum to permit com¬ 
plete examination of the antrum. Endoscopic 
examination usually underestimates the 
number of gastric ulcers, compared with 
necropsy examination, and does not accu¬ 
rately predict the severity or depth of ulcers. 

Small-intestinal segmental volvulus 
occurs infrequently (0.3%-3.2% of examina¬ 
tions) in horses after gastroscopic examina¬ 
tion. 25 Signs of colic develop 10 min to 3 


hours after gastroscopy and are caused by 
nonstrangulating segmental volvulus of gas- 
distended small intestine. The cause is specu¬ 
lated to be gas distension of the small 
intestine, although this is not confirmed. 
Movement of air from the stomach into the 
small intestine after instillation of air into the 
stomach is a common occurance. 26 It is 
prudent to evacuate as much air as possible 
at completion of the gastroscopy. 

A number of grading systems for descrip¬ 
tion of gastric lesions in horses have been 
developed and proposed. Few have been 
validated and tested for diagnostic utility. 
The Gastric Ulcer Number/Severity score 
has been validated and compared with an 
unvalidated system proposed by a group of 
experts. 2 ' Notably, neither grading system 
makes explicit the anatomic location of the 
lesions. As this information is likely to be 
of diagnostic or prognostic importance, it 
should be recorded. 3 Specifically, esophageal 
lesions, gastric squamous lesions, gastric 
glandular mucosal lesions, and duodenal 
lesions should each be scored for location 
and severity regardless of the scoring system 
used. 

The simplified scoring system, when used 
by three experienced observers, has greater 
agreement among observers (intraclass cor¬ 
relation coefficient [ICC]of 0.97) than does 
the number/severity system (ICC = 0.94 for 
number of lesions and 0.93 for severity). 27 
The K values for agreement among observers 
were significantly lower when using the 
number/severity system. 27 The simplified 
system was reported by the observers to be 
quick and easy to use. 27 The simplified system 
appears to offer a useful method of classify¬ 
ing the severity of gastric lesions in horses, 
with the caveat that the site of the lesions 
should be recorded. 2 


Gastric ulcer number/severity score 


Number of 

Gastric ulcer 

Score 

lesions 

severity 

0 

No lesions 

No lesions 

1 

1-2 localized 
lesions 

Appears superficial 

2 

3-5 localized 
lesions 

Deeper structures 
involved (deeper 
than 1) 

3 

6-10 lesions 

Multiple lesions and 
variable severity 

4 

>10 lesions 

Same as 2 and in 
addition the 
presence of 
hyperemia or 
darkened lesion 

crater 

5 

>10 lesions 

Same as 4 but 
hemorrhage or 
blood clot 
adherent to ulcer 


Continued 
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Score 

Description 

0 

Intact mucosal epithelium 

1 

Intact mucosal epithelium with 
reddening or hyperkeratosis 

2 

Small single or small multifocal 
lesions 

3 

Large single or large multifocal 
lesions or extensive superficial 
lesions 

4 

Extensive often coalescing 
lesions with areas of 
apparent deep ulceration 


Most lesions in racehorses are in the 
gastric squamous mucosa with less than 20% 
of lesions in the glandular mucosa. The situ¬ 
ation is different in hospitalized adult horses, 
in which lesions in the squamous and glan¬ 
dular mucosa occur with about the same 
frequency (58%). Most lesions in the glandu¬ 
lar mucosa of hospitalized horses occur in 
the antrum or pylorus, as opposed to the 
glandular mucosa of the body of the stomach. 

Idiopathic gastroesophageal reflux disease 
occurs sporadically and rarely in adult horses. 
Affected horses have bruxism and ptyalism 
that can be severe. Endoscopic examination 
reveals ulceration and erosion of the esopha¬ 
gus that is more severe in the distal esopha¬ 
gus. Often there is no evidence of impaired 
gastric outflow, as is common in foals with 
this disease. 

CLINICAL PATHOLOGY 

Horses with gastric ulcers are reported to 
have higher concentrations of creatinine and 
activity of alkaline phosphatase in serum 
than do unaffected horses, but these differ¬ 
ences are not sufficient to be clinically 
useful. 14 Horses with gastric ulcer disease are 
typically not anemic. 

Permeability of the gastric mucosa can be 
assessed by measurement of concentrations 
of sucrose in blood (serum) or urine. Sucrose, 
a disaccharide, is degraded by sucrase in the 
small intestine to its component monosac¬ 
charides glucose and fructose, which are 
then absorbed. Sucrose is not absorbed 
intact in healthy animals. Abnormal gastric 
permeability allows passage of sucrose from 
the stomach into the blood with subsequent 
excretion in the urine. In horses with gastric 
lesions, sucrose concentrations in blood 
(serum) after nasogastric administration of 
250 g of sucrose (table sugar) as a 10% solu¬ 
tion in tap water increase after 30 minutes, 
with peak values at 45 minutes. The magni¬ 
tude of the increase correlates with the sever¬ 
ity of the lesions. 28 This test is quite sensitive 
for detection of abnormalities in permeabil¬ 
ity of gastric mucosa as evidenced by abnor¬ 
mal concentrations of sucrose in serum in 
the absence of lesions detectable by endo¬ 
scopic examination in horses after adminis¬ 
tration of high doses of phenylbutazone 


(4.4 mg/kg PO ql2h day 1, 2.2 mg/kg PO 
ql2h for 4 days, 2.2 mg/kg PO q24h for 
9 days). 19 A test using concentrations of 
sucrose greater than 0.7 mg/dL in urine after 
intragastric administration of a 10% sucrose 
solution (1 g/kg orally after feeding) has 
a sensitivity and specificity of 83% and 
90%, respectively, for detection of gastric 
ulceration. 14 

NECROPSY FINDINGS 

Ulcers may be singular or multiple and are 
most commonly located in the squamous 
epithelial mucosa adjacent to the margo pli 
catus along the lesser curvature of the 
stomach. They can be linear or irregular in 
shape; with the exception of those in the 
glandular mucosa, they are rarely circular in 
appearance. Ulcers in the squamous mucosa 
often have slightly raised brown-stained 
keratinized borders and contain small 
amounts of necrotic material at their base; 
frank blood is uncommon. Ulcers in the 
glandular zone are usually circular or oval 
depressions surrounded by an intense zone 
of inflammation. Classification of lesions 
within the squamous region included hyper¬ 
keratosis, punctate scars, diffuse erosions/ 
ulcerations, and margo injuria, and within 
the glandular region included hyperemia, 
focal erosions, ulcerations, and glandular 
metaplasia. 22 

When perforation has occurred, there 
is an area of local peritonitis, the stomach 
wall is adherent to the tip of the spleen, and 
an extensive suppurative splenitis may be 
present. In some cases, especially when the 
stomach is full at the time of perforation, a 
long tear develops in the wall and large quan¬ 
tities of ingesta spill into the peritoneal 
cavity. Tumor masses can be present and 
accompanied by several glandular ulcers. 


DIFFERENTIAL DIAGNOSIS 


Gastric ulceration of adult horses must be dif¬ 
ferentiated from the common causes of recur¬ 
rent colic. 


TREATMENT 

The goals of treatment of horses with gastric 
ulcer disease are healing of the ulcer, sup¬ 
pression of pain, and prevention of ulcer 
recurrence. The principle underlying treat¬ 
ment of gastric ulcers in horses is suppres¬ 
sion of gastric acidity (increase intragastric 
pH). This can be achieved by inhibiting acid 
production or increasing buffering of acid. 
Mucosal protectants are administered with 
the aim of preventing exposure of damaged 
mucosa to acid. Management changes may 
reduce the risk of horses developing disease. 

Acid Suppression 

The agents available to suppress acid produc¬ 
tion are compounds including omeprazole 


and lansoprazole, which block the proton 
pump on the luminal surface of gastric pari¬ 
etal cells, and H 2 receptor antagonists includ¬ 
ing cimetidine, ranitidine, and famotidine. 

Omeprazole 

Omeprazole is currently the favored treat¬ 
ment for gastric ulcer disease in horses. 
The pharmacokinetics, pharmacodynamics, 
safety, and efficacy of the drug have been 
extensively investigated in horses under a 
variety of conditions and management 
systems. Omeprazole (4 mg/kg BW orally 
every 24 hours) is effective in promoting 
healing of ulcers of the squamous mucosa in 
horses that continue to train or race, a situa¬ 
tion in which ulcers will not heal spontane¬ 
ously. Omeprazole is safe and no adverse 
effects from its administration have been 
reported. Omeprazole at a dosage of 4.0 mg/ 
kg once daily is more effective at healing 
ulcers of both the squamous and glandular 
portions of the stomach than is a dosage of 
0.8 mg/kg. 29 However, omeprazole is less 
efficacious at healing ulcers of the glandular 
mucosa than the squamous mucosa. 29 A fre¬ 
quently used treatment regimen is omepra¬ 
zole 4 mg/kg once daily for 14 days followed 
by maintenance therapy of 1 to 2 mg/kg 
once daily for as long as the horse is at risk 
of developing gastric ulcers. Administration 
of omeprazole (4 mg/kg once daily either 
before or after exercise) resulted in healing 
of 80% of squamous ulcers versus 21% of 
glandular ulcers (P = 0.0002), and improve¬ 
ment in 96% of squamous ulcers versus 
53% of glandular ulcers (P = O.OOl). 30 
Omeprazole paste administered at 1 mg/kg 
orally once daily is effective in both pre¬ 
venting development of ulcers in horses 
entering race training and preventing recur¬ 
rence of ulcers in horses in which ulcers have 
healed during treatment with a higher dose 
of omeprazole. 31,32 Omeprazole (0.5 mg/kg 
once daily) is as efficacious as 1 mg/kg once 
daily in treating Thoroughbred racehorses 
with ulcers in training. However, there was 
no untreated control group, or group admin¬ 
istered a higher dose of omeprazole, and 
results might have reflected healing that 
could be expected without medication.’ 3 
Administration of omeprazole (1 mg/kg) as 
an enteric-coated formulation is as effective 
as administration of omeprazole (4 mg/kg) 
as a paste in a nonplacebo controlled cross¬ 
over trial. Administration of the enteric- 
coated formulation resulted in lower plasma 
omeprazole concentrations than those 
achieved with the higher dose of the paste 
formulation. 34 

Rectal administration of omeprazole 
does not reliably decrease gastric pH. 35 Intra¬ 
venous administration of omeprazole (0.5 
mg/kg) significantly increases intragastric 
pH within 1 hour and appears to enhance 
healing of nonglandular ulcers. 36 

The addition of trimethoprim-sulfon¬ 
amide to treatment with omeprazole does 
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not enhance healing of ulcers of the glandu¬ 
lar mucosa. 37 

The composition of the excipients and 
form of omeprazole is important in deter¬ 
mining efficacy. Forms of omeprazole other 
than that in the commercial preparation are 
associated with reduced or nil efficacy. 
Omeprazole is more effective than cimeti- 
dine (20 mg/kg orally every 8 hours) for 
treatment of gastric ulcers in racehorses. 

Esomeprazole (0.5 mg/kg intravenously 
every 24 hours) is effective in raising intra- 
gastric pH in adult horses. 38 Its efficacy in 
treatment or prevention of gastric lesions has 
not been determined. 

Cimetidine 

Cimetidine is the prototypical H 2 receptor 
antagonist. It acts by blocking action of his¬ 
tamine on the basilar membrane of the 
gastric parietal cells. It is used for treatment 
of gastric ulcer disease in horses, for which 
is must be administered frequently and in 
high doses (20-25 mg/kg orally every 6-8 
hours). The drug has variable absorption 
after oral administration to horses. It is 
usually cheaper than omeprazole, but is less 
effective. Cimetidine can be administered 
intravenously (7 mg/kg every 6 hours) if 
rapid action is needed or the animal cannot 
take medication orally (e.g., a horse with 
colic). 

Ranitidine and Famotidine 

Ranitidine (6.6 mg/kg orally every 8 hours) 
effectively suppresses gastric acidity and 
prevents development of ulcers in horses 
deprived of feed. Ranitidine does not affect 
rates of gastric emptying. 39 Commercial 
preparations for its use in horses are mar¬ 
keted in some countries. 

Famotidine is an H 2 receptor antagonist 
marketed for use in humans. It is effective in 
suppressing gastric acidity in horses (3 mg/ 
kg orally every 12 hours or 0.3 mg/kg intra¬ 
venously every 12 hours) but is expensive. 

Gastric Antacids 

Gastric antacids given orally neutralize 
stomach acid to form water and a neutral 
salt. They are not absorbed and decrease 
pepsin activity, binding to bile salts in the 
stomach, and stimulate local prostaglandin. 
One oral dose of 30 g of aluminum hydrox¬ 
ide and 15 g of magnesium hydroxide can 
result in a significant increase in gastric pH 
for up to 4 hours. The short duration of 
action, minimal and transient effect on 
gastric pH, and need for administration of 
large volumes orally render these products 
less than optimal. Moreover, there is evi¬ 
dence that antacids are not effective in treat¬ 
ment of gastric ulcers in racehorses. 

Protectants and Other Treatments 
Sucralfate is an antiulcer drug with a cyto- 
protective effect on the gastric mucosa. 
Sucralfate dissociates in gastric acid to 


sucrose octasulfate and aluminum hydrox¬ 
ide. The aluminum hydroxide acts as an 
antacid and the sucrose octasulfate poly¬ 
merizes to a viscous, sticky substance that 
creates a protective effect by binding to 
ulcerated mucosa. This prevents back diffu¬ 
sion of hydrogen ions, inactivates pepsin, 
and absorbs bile acid. Sucralfate is adminis¬ 
tered to horses (22 mg/kg orally every 8 
hours) but is not effective in promoting 
healing in induced disease or associated with 
a lower risk of gastric ulcers in racehorses 
administered the compound. 

Pectin-lecithin complexes are not effec¬ 
tive in treatment of gastric ulcer disease in 
horses. A combination of pectin, lecithin, 
and bicarbonate in unspecified amounts fed 
as a supplement demonstrated limited effi¬ 
cacy in reducing gastric ulcer scores induced 
by feed deprivation. 40 

Administration of concentrates or 
extracts of sea buckthorn berries (Hippophae 
rhamnoides) does not reduce the incidence 
of nonglandular gastric lesions in horses 
with experimentally induced (intermittent 
feed deprivation) gastric ulcerative disease. 41 

Misoprostol, a prostaglandin E analog, is 
administered for treatment of gastric and 
other enteric lesions, 42 and especially those 
attributable to NSAID toxicosis. However, its 
efficacy in treating or preventing gastric 
ulceration in horses has not been deter¬ 
mined. It does appear to be safe to admin¬ 
ister to pregnant mares. 43 

Management Changes 

Horses with gastric ulcers experience spon¬ 
taneous healing when removed from training 
and kept on pasture. These management 
changes are not appropriate in most instances, 
and emphasis should be placed on feeding 
diets that have a low ulcerogenic potential 
(such as alfalfa hay) and using feeding prac¬ 
tices that minimize or eliminate periods 
when the horse does not have access to feed. 
Hay should be constantly available to horses, 
if at all possible. 

Overview of Treatment 

The usual approach to treatment is to 
promote healing of the ulcer by administra¬ 
tion of effective agents (omeprazole or pos¬ 
sibly ranitidine) at high dose until the ulcer 
has healed, as demonstrated by gastroscopy. 
The horse is then administered omeprazole 
at a lower dose (1-2 mg/kg orally every 24 
hours) for the duration of time that it is at 
risk of developing gastric ulcers. Changes in 
management, including feeding practices 
and diet, should be instituted at the start of 
treatment. While not statistically associated 
with risk of gastric ulceration, use of phenyl¬ 
butazone or other NSAIDs should be mini¬ 
mized in horses at high risk of disease. 

CONTROL 

Prevention of gastric ulcer disease in athletic 
horses centers on minimizing the effect of 


factors that promote ulcer development. This 
might involve the chronic administration of 
omeprazole (1 mg/kg orally once daily), 32 
but should include attention to dietary and 
feeding practices (discussed previously) that 
minimize the time that horses have no feed 
in their stomach. Ideally, horses at risk would 
be kept on pasture, but this is not feasible 
under many management or husbandry 
systems and it does not reliably prevent the 
development of ulcers. 16 All horses in athletic 
training and confined to stalls should be con¬ 
sidered at high risk of development of gastric 
ulcers and should be managed accordingly. 
Detailed recommendations about feeding 
practices are available. 44 

FURTHER READING 

Sykes BW, Jokisalo JM. Rethinking equine gastric ulcer 
syndrome: Part 1—Terminology, clinical signs and 
diagnosis. Equine Vet Educ. 2014;26:543-547. 

Reese R, Andrews F. Nutrition and dietary management 
of equine gastric ulcer syndrome. Vet Clin North 
Am Equine Pract. 2009;25:79-92. 
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INTESTINAL OBSTRUCTION 
IN HORSES 

Intestinal obstruction is an important cause 
of colic in horses, and can involve the small 
intestine, cecum, large (ascending) colon, or 
small (descending) colon. Because the clini¬ 
cal characteristics of obstruction of the 
various bowel segments are quite different, 
intestinal obstruction is discussed based on 
the site affected (small intestine, cecum, and 
large or small colon). 

SMALL-INTESTINAL 
OBSTRUCTION IN HORSES 


SYNOPSIS 


Etiology Volvulus; intussusception; 

incarceration and strangulation in epiploic 
foramen, Meckel's diverticulum, mesenteric 
rents, or umbilical, inguinal, or 
diaphragmatic hernia, or by pedunculated 
lipoma; obstruction caused by foreign 
bodies or ascarids, intramural tumors 
including hematomas, eosinophilic 
infiltrates, neoplasms, and abscesses; ileal 
hypertrophy; ileal impaction 

Epidemiology Mostly sporadic diseases, 
although the age affected can vary with 
the disease 

Clinical signs Strangulating lesions cause 
acute, severe disease with intense pain, 
tachycardia, dehydration and 
hemoconcentration, and usually distended 
loops of small intestine palpable rectally or 
detectable by ultrasonographic 
examination; death occurs in untreated 
horses within 48 h; obstructive, 
nonstrangulating lesions cause less severe 
pain and clinical abnormalities and have a 
longer course until death 

Clinical pathology Nondiagnostic; 
hemoconcentration and azotemia are 
indicative of dehydration; increases in 
blood (plasma) and/or peritoneal fluid 
lactate concentrations are useful for 
prognostication; leukopenia and left shift 
are consistent with endotoxemia and 
peritonitis; peritoneal fluid can be 
serosanguinous with infarcted intestine 

Lesions Consistent with the disease 

Diagnostic confirmation Surgical exploration 
or necropsy 

Treatment Surgical correction of lesion; 
analgesia; correction of fluid, electrolyte, 
and acid-base abnormalities 


ETIOLOGY 

A working classification is outlined next. 1 


Obstruction With Infarction 

• Volvulus or torsion of the mesentery 

• Incarceration in or strangulation by 

• Mesenteric rents 

• Epiploic foramen 

• Meckel’s diverticulum 

• Pedunculated lipoma 

• Neoplastic lesions (teratoma) 2 

• Adhesions 

• Inguinal hernia 

• Umbilical hernia 

• Diaphragmatic hernia 

• Rents in mesentery or 
intraabdominal ligaments (e.g., 
gastrosplenic) or spleen 

• Spermatic cord in geldings 

• Developmental defects in mesentery 

Obstruction Without Infarction 

• Intussusception: 

• Jejunojejunal, ileoileal, and 
other small intestinal 
intussusceptions 

• Acute and chronic ileocecal 

• Foreign body: 

• Wood chip or fencing material 
impaction of duodenum or jejunum 

• Phytobezoars 3 

• Linear foreign bodies such as string 
or baling twine 

• Impaction of the duodenum or 
jejunum by molasses-containing 
feedblocks 

• Impaction by P. equorum 4,5 

• Impaction of the terminal ileum 

• Muscular hypertrophy of the terminal 
ileum 

• Intramural masses such as neoplasms 
(intestinal adenocarcinoma, focal 
lymphosarcoma, and leiomyoma), 
hematomas, abscesses and fungal 
infections (intestinal pythiosis), focal 
eosinophilic enteritis, 6 and Lawsonia 
intracellularis (LI) proliferative 
enteropathy 

• Compression of intestine by 
intraabdominal masses including 
abscesses and neoplastic tumors 

Functional Obstruction 

• Anterior enteritis 

• Postoperative ileus 

• Myenteric ganglioneuritis 

• Intestinal ischemia of any cause 
(thromboembolic colic, mesenteric 
accidents, and postexertional ileus) 

The classification used above should be used 
only as a guide, because the actual clinical 
presentations vary. For instance, intussus¬ 
ceptions usually result in infarction of the 
intussuscepted segment but, because this 
segment is effectively isolated from the body, 
the clinical signs are often not characteristic 
of a horse with an infarctive lesion. Similarly, 
horses with small intestine entrapped in the 
epiploic foramen often have less severe clini¬ 
cal signs than anticipated for the severity of 
the lesion. 


EPIDEMIOLOGY 

The epidemiology of colic is covered in a 
previous section. There are no recognized 
risk factors for small-intestinal volvulus and 
for many small-intestinal accidents. Epide¬ 
miologic information is available for some 
small-intestinal obstructive diseases and is 
presented later. Obstructive diseases of the 
small intestine compromise approximately 
20% of colic cases referred for further evalu¬ 
ation and treatment. For small-intestinal 
diseases requiring surgical correction, the 
case-fatality rate is 100% if surgery is not per¬ 
formed. Short-term survival of horses under¬ 
going surgical correction of small-intestinal 
obstruction is 34% to 74%. The fatality rate 
is greatest in the perioperative period. Sur¬ 
vival rates vary depending on the nature and 
severity of the lesion, with long-term survival 
rates lower for horses that require resection 
of the intestine, especially for resections of 
more than 2 m or more than one surgery. 
Prognosis might be improved by accurate 
identification of compromised, but viable, 
intestine and its preservation rather than 
resection.' 

Intestinal Herniation Through the 
Epiploic Foramen 

This occurs in approximately 5% of horses 
with small-intestinal disease requiring sur¬ 
gery. Geldings are four times more likely 
than mares to be affected. Thoroughbreds 
were overrepresented in two studies, sug¬ 
gesting a breed predisposition, and there was 
no effect of age on incidence. There appears 
to be an increased in incidence of the disease 
between October and March in Britain. 
Horses in the UK with a history of crib biting 
or wind sucking (adjusted OR 72, 95% Cl 
14-359), with a history of colic in the past 12 
months (5.1, 95% Cl 1.4-18.9), increased 
stabling in the past 4 weeks (3.7, 95% Cl 
1.4-9.7), and increased height (1.07, 95% Cl 
1.01-1.12 per centimeter) are at markedly 
increased risk of developing epiploic entrap¬ 
ment of the small intestine. 8 Similar risk fac¬ 
tors are identified in horses from the United 
States, Ireland, and UK. 9 Horses with colic 
that crib (a behavioral abnormality in which 
horses grasp a fixed object such as a fence rail 
or post with the incisors, flex the neck, and 
draw air into the esophagus) are more likely 
to have herniation of the small intestine 
through the epiploic foramen than are horses 
that do not crib. 1,8,9 The reason for this asso¬ 
ciation is not known but might be related to 
factors that predispose horses to both crib¬ 
bing and intestinal herniation through the 
epiploic foramen, such as diet, exercise, or 
housing. Alternatively, cribbing might cause 
changes in intraabdominal pressure that 
favor herniation. There is no age predisposi¬ 
tion to development of this disorder. 

The case-fatality rate for horses sub¬ 
jected to surgery is between 30% and 50%, 
although older reports of the disease had a 
much higher case-fatality rate. 10 
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Pedunculated Lipomas 

The prevalence of colic caused by peduncu¬ 
lated lipoma is 1% to 2.6% of horses with 
colic and 1% to 17% of all horses that have a 
celiotomy because of small-intestinal disease. 
The prevalence varies depending on the 
population of horses studied. The propor¬ 
tion of horses with colic caused by peduncu¬ 
lated lipomas increases with age, and the 
median age of affected horses is 19 years. 
Pedunculated lipomas cause small-intestinal 
obstruction in older horses (>8 years) with 
geldings (2x) and ponies (4x) being at 
increased risk. Pedunculated lipomas occa¬ 
sionally (5 of 75 cases) cause strangulating 
obstructive lesions of the small colon. The 
case-fatality rate for horses subjected to 
surgery is over 60%. 

Inguinal Hernias 

Inguinal hernias occur only in males. Con¬ 
genital inguinal hernias are usually self- 
limiting, do not require medical or surgical 
therapy, and resolve by the time foals are 3 to 
6 months of age. Congenital inguinal hernias 
rarely cause a strangulating lesion of the 
small intestine (see the section Colic in 
Foals). Acquired inguinal hernias occur 
almost exclusively in stallions, and the disease 
is rare in geldings. There is no apparent breed 
or age predilection. The case-fatality rate for 
horses subjected to surgery is 25%. 

Intussusception 

Small-intestinal intussusception is more 
common in young horses and foals but also 
occurs in adult horses. Approximately 50% 
of intussusceptions in adult horses are asso¬ 
ciated with a luminal or mural mass, whereas 
this is not the case in younger horses and 
foals. The case-fatality rate of horses sub¬ 
jected to surgery is 25% to 60%. 

Both acute and chronic ileocecal intus¬ 
susceptions occur more commonly in young 
(6-30 months) horses, although they are rare 
in foals. There is no breed or gender predilec¬ 
tion. The disease is acute in approximately 
70% of cases and chronic in the remainder. 
Ileocecal intussusceptions constitute approx¬ 
imately 75% of all intussusceptions involving 
the small intestine and 60% of all intussus¬ 
ceptions. The case-fatality rate for horses 
with acute ileocecal intussusception when 
surgery is available is approximately 70%, 
whereas that for chronic intussusception is 
less than 10%. There is strong evidence of an 
association between tapeworm (A. perfoli- 
ata ) infestation and ileocecal disease causing 
colic in horses. 11,12 

Foreign Body 

Foreign-body obstructions occur most fre¬ 
quently in foals and yearlings, possibly 
because of their tendency to explore and eat 
unusual items. Impaction by P. equorum 
occurs in foals between 3 and 18 months of 
age and is often associated with the admin¬ 
istration of anthelmintics to previously 


untreated foals. 4,5 Small-intestinal obstruc¬ 
tions by feedblocks containing molasses is 
associated with ingestion of large quantities 
of the material. 

Impaction 

Ileal impaction is more common in mares 
and only in animals over 1 year of age. The 
disease represented 7% of surgical colic cases 
in one series. The case-fatality rate is as low 
as 8% in animals treated at a referral institu¬ 
tion, 13 although older reports are of much 
lower survival rates. 1 The disease is attributed 
to the feeding of finely ground, high-fiber 
feed such as Coastal Bermuda hay, but this is 
not the only cause. Horses with colic that 
have been fed coastal Bermuda hay are 
approximately three times more likely to have 
ileal impaction than are horses with colic that 
have not been fed this feedstuff. Similarly, 
lack of administration of a compound effec¬ 
tive against tapeworms is associated with a 
three times greater risk of ileal impaction 
among horses with colic, and tapeworm 
infestation is associated with an increased 
incidence of spasmodic colic and ileocecal 
impaction in Thoroughbred racehorses. 

Mesenteric Rents 

Incarceration of small intestine through 
mesenteric rents is a cause of colic in 
approximately 2% of colic patients undergo¬ 
ing exploratory celiotomy. The long-term 
survival rate is approximately 40%. There 
are no identified age, breed, or gender 
predilections. 

PATHOGENESIS 

The effects of intestinal obstruction and the 
particular influence of the related endotox- 
emia in horses were detailed earlier. The type 
of lesion is important, depending on whether 
the blood supply to a large section of intes¬ 
tine is occluded or whether effective circula¬ 
tion is maintained. Obstructions that do not 
cause widespread intestinal ischemia, such as 
those caused by focal external pressure or 
with some form of disease caused by pedun¬ 
culated lipomas or caused by internal foreign 
bodies such as phytobezoars, are less acutely 
lethal and do not cause as severe signs as 
volvulus and forms of intussusception that 
result in ischemia of large sections of intes¬ 
tine. In the latter case, endotoxins from the 
gut lumen pass through the devitalized 
tissues of the gut wall into the circulation, 
resulting in signs of toxemia and cardiovas¬ 
cular collapse. There does not appear to be 
an important role for translocation of intes¬ 
tinal bacteria into the bloodstream in horses 
with small-intestinal lesions. 14 

CLINICAL FINDINGS 

Acute Disease: Infarctive Lesions 

In acute, complete obstructions of the small 
intestine, with intestinal ischemia caused by 
volvulus, intussusception, or strangulation, 
there is usually an almost immediate onset of 


severe abdominal pain. The pain can be 
minimally or only transiently responsive to 
administration of analgesics. During this 
early stage intestinal sounds are still present 
and feces still passed. The pulse rate increases 
to 60 to 80 beats/min, the respiratory rate can 
be as high as 80 beats/min, and sweating 
begins in many horses. It might be 8 to 12 
hours before distended loops of intestine are 
palpable on rectal examination, and it is 
about the same time that clinical and labora¬ 
tory evidence of hypovolemia is first appar¬ 
ent. Depending on the site of the obstruction 
there can be reflux of fluid on passage of 
a nasogastric tube. More proximal lesions 
result in distension of the stomach earlier in 
the course of the disease. Small-intestinal dis¬ 
tension is readily detected by percutaneous 
or rectal ultrasonographic examination. The 
sensitivity and specificity of ultrasonographic 
examination for detecting small-intestinal 
distension (98% and 84%, respectively) is 
greater than that of rectal examination (50% 
and 98%, respectively). 113 

In the period 12 to 24 hours after obstruc¬ 
tion commences, the pulse rate rises to 80 to 
100 beats/min, loops of distended intestine 
can be palpated per rectum, gut sounds and 
defecation cease, and the rectum is empty 
and sticky to the touch. Abdominal paracen¬ 
tesis yields bloodstained fluid. From 24 
hours onward, signs of hypovolemia and 
toxic shock become marked, but the pain 
may not worsen. The horse will often appear 
depressed and poorly responsive to external 
stimuli. Sweating may persist. The heart rate 
increases to 100 to 120 beats/min, intestinal 
loops are easily palpable, and reflux filling of 
the stomach occurs, with a great deal of fluid 
evacuated via the stomach tube; the horse 
may vomit. Death from endotoxemia or 
rupture of the intestine usually occurs within 
48 hours. The terminal stage is one of severe 
endotoxic shock, with or without intestinal 
rupture and peracute diffuse peritonitis. 

Subacute Cases: 

Noninfarctive Lesions 

If there is no vascular involvement in the 
small-intestinal obstruction, such as occurs 
with ileal impaction, the pain is less severe 
than for horses with infarctive lesions, it is 
usually responsive to analgesics, and the 
heart rate is only mildly elevated (50-60 
beats/min). The pain can be low-level 
continuous or intermittent with moderate 
attacks of pain alternating with periods of 
uneasiness without signs of overt pain. Pain 
is usually responsive to the administration of 
analgesics. The duration of colic in these 
cases can be several days to several weeks. 
Palpable intestinal distension and clinical 
and laboratory evidence of hypovolemia can 
be evident; for example, ileal impaction is 
detectable by rectal examination in approxi¬ 
mately 25% of affected horses. 13 Surgical 
intervention becomes an option because of 
the failure of the horse to improve. 
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Intussusception of the Small 
Intestine 

This can cause a syndrome of acute, sub¬ 
acute, or chronic colic, depending on the 
degree of involvement of the blood supply. 
Horses with acute ileocecal intussusception 
have an abrupt onset of moderate to severe 
abdominal pain, tachycardia, reflux through 
a nasogastric tube, complete absence of bor- 
borygmi, and tightly distended small intes¬ 
tine evident on rectal palpation. The course 
of the disease is usually less than 24 hours. 
Horses with chronic ileocecal intussuscep¬ 
tion have a history of chronic, intermittent 
colic occurring after feeding, weight loss, and 
reduced fecal volume. The abdominal pain is 
mild and intermittent and the horses are not 
dehydrated or tachycardic. Rectal examina¬ 
tion may reveal the presence of mildly dis¬ 
tended small intestine, especially after a 
meal, and in approximately 25% of cases the 
intussusception can be palpated per rectum. 
Mild abdominal pain can be present for 
weeks without an abdominal crisis occur¬ 
ring. Ultrasonographic examination may 
reveal the intussusception in the right flank. 

Volvulus of the Small Intestine 

This presents a typical syndrome of acute 
intestinal obstruction and infarction. The 
onset of signs is abrupt and there is severe 
pain, tachycardia, sweating, and a rapid dete¬ 
rioration in the horses clinical condition. 

Strangulated Inguinal Hernia 

This entity is often missed in the early stages 
because the distension of the scrotum is 
easily overlooked unless a specific examina¬ 
tion of that area is performed. Severe pain in 
an intact male, even when distended loops 
of small intestine are not palpable, should 
prompt a thorough examination of the 
scrotum and, per rectum, the internal ingui¬ 
nal rings. 

Strangulated Diaphragmatic Hernia 

When acquired after birth, this lesion has no 
distinguishing characteristics and will be 
identified only on thoracic radiography or 
exploratory laparotomy. 10 There is often a 
history of trauma, such as dystocia or, in 
adults, a fall or being hit by a car. The clinical 
course is characteristic of any acute, strangu¬ 
lating intestinal lesion. Small intestine or 
large colon can herniate into the thoracic 
cavity and be evident on radiographic or 
ultrasonographic examination of the thorax. 

Epiploic Foramen Entrapment 

Entrapment of small intestine in the epiploic 
foramen is associated with an array of clinical 
signs, some of which are subtle. Strangulation 
of small intestine through the epiploic fora¬ 
men typically causes signs of acute abdomi¬ 
nal pain with reflux of material through a 
nasogastric tube. However, approximately 
40% of affected horses do not have signs of 
abdominal pain when examined at a referral 


center and 52% do not have nasogastric 
reflux. Horses with less severe clinical signs 
presumably have shorter lengths of incarcer¬ 
ated small intestine or incomplete obstruc¬ 
tions to passage of luminal material or blood 
flow. Herniation of the parietal (antimesen- 
teric) margin of the small intestine is some¬ 
times associated with incomplete obstruction 
of the small intestine and signs of mild dis¬ 
ease. Because of the anterior location of the 
lesion, distended small intestine cannot 
usually be palpated per rectum and is not 
identifiable without ultrasonographic exami¬ 
nation or surgical intervention. A fatal com¬ 
plication of epiploic foraminal herniation is 
rupture of the portal vein, leading to sudden 
death from internal hemorrhage. Tension by 
the incarcerated section of gut on the portal 
vein causes tearing of the wall and subse¬ 
quent hemorrhage. Hemoperitoneum in a 
horse with colic should prompt consider¬ 
ation of entrapment of small intestine in the 
epiploic foramen as a cause of the disease. 
The outcome of this combination of diseases 
is almost always fatal. 

Functional Obstruction 

Functional obstructions caused by anterior 
enteritis, intestinal ischemia, or postopera¬ 
tive ileus can be difficult to discriminate 
from obstructive lesions of the small intes¬ 
tine that require surgical correction. Postop¬ 
erative ileus is characterized by continued 
pain and reflux through a nasogastric tube 
after surgical correction of an intestinal 
lesion. The ileus is probably a result of the 
diffuse peritonitis and inflammation of the 
intestine that results from surgical explora¬ 
tion of the abdomen. If sufficient doubt exists 
over the cause of a horse’s signs of intestinal 
obstruction, then laparotomy or repeat lapa¬ 
rotomy should be performed. 

Foreign Body 

Foreign-body impaction of the duodenum 
by agglomerations of chewed wood or 
cracked corn kernels cause signs of acute 
obstruction but without the endotoxemia 
caused by infarction. 

Ileocecal Valve Impaction 

Impaction of the ileocecal valve is manifest 
as an initial period of 8 to 12 hours of sub¬ 
acute abdominal pain with mild increases in 
heart rate. Intestinal sounds are increased in 
frequency and intensity. Rectal examination 
may reveal the enlarged, impacted ileum 
in the upper right flank at the base of the 
cecum in approximately 10% of cases. It is 
easily confused with an impaction of the 
small colon. Reflux on nasogastric intuba¬ 
tion occurs in approximately 50% of cases. 
After 24 to 36 hours the pain increases in 
severity. There is severe depression, patchy 
sweating, and coldness of the extremities, 
and the animal stands with its head hung 
down, sits on its haunches, and rolls and 
struggles violently. The abdominal pain 


becomes severe and continuous, the pulse 
rate rises to between 80 and 120 beats/min, 
and the pulse is weak. The abdominal sounds 
are absent and there is reflux of sanguineous 
fluid through a nasogastric tube. On rectal 
examination the small intestine is tightly dis¬ 
tended with gas and fluid. Death usually 
occurs within 36 to 48 hours after the onset 
of illness without surgical or effective medical 
intervention. 

Idiopathic Muscular Hypertrophy 
(Terminal Ileal Hypertrophy) 

This causes a long-term chronic or mild 
intermittent colic, with reduced appetite and 
weight loss, which persists over a period of 
weeks, sometimes months, in horses more 
than 5 years and up to 18 years old. Colic 
pain is associated with feeding. On rectal 
examination the greatly thickened ileum can 
be palpated at the base of the cecum, and 
there may also be distended loops of thick- 
walled ileum. 

Difficulty can be experienced in differen¬ 
tiating ileal hypertrophy from chronic intus¬ 
susception, especially of the terminal ileum 
into the cecum. Fluid ingesta can pass the 
much constricted lumen of an intussuscep¬ 
tion so that mural hypertrophy occurs orally. 
A similar clinical picture results from steno¬ 
sis of the small intestine by adhesions, usually 
resulting from verminous migration. In all 
three diseases there is increased motility of 
the small intestine and there is no interfer¬ 
ence with the blood supply. 

Caudal Abdominal Obstructions 

Obstructive lesions of the small intestine in 
the caudal abdomen, and therefore more 
likely to be palpable, include strangulation 
through tears in the mesentery, through a 
defect in the gastrosplenic ligament, entrap¬ 
ment behind the ventral ligament of the 
bladder, or through a tear in the broad liga¬ 
ment of the uterus. 

Radiography is not useful in diagnosing 
the cause of small-intestinal obstruction in 
adult horses, but ultrasonographic exami¬ 
nation of the abdomen is rewarding and has 
greater sensitivity for detection of distended 
loops of small intestine than does rectal 
examination. If available, ultrasonographic 
examination is indicated in the initial or 
second examination of all horses with colic. 
Ultrasonographic examination can detect, in 
addition to distended small intestine, reduc¬ 
tions in or absence of motility associated 
with ileus, thickening of the intestinal wall, 
intussusceptions, increased volume of peri¬ 
toneal fluid, and abnormalities in the echo¬ 
genicity of peritoneal fluid. 

CLINICAL PATHOLOGY 

Although laboratory examinations of animals 
with intestinal obstruction may not be used 
in the diagnosis of the obstruction, they are 
useful in assessing its severity and providing 
an indication of survival. Generally, the 





laboratory findings in acute intestinal 

obstruction include the following: 

• Hemoconcentration (the PCV usually 
exceeds 50%) 

• Increase in serum creatinine 
concentration (depending on severity 
of the decrease in circulating blood 
volume) 

• Decreases in plasma bicarbonate and 
pH, with increases in lactate 
concentration and anion gap 

• Leukopenia and neutropenia caused by 
devitalization of infarcted intestine and 
the development of endotoxemia and, in 
some cases, peritonitis 

• An increase in the total number of 
leukocytes, erythrocytes, and the protein 
concentration in the peritoneal fluid 
obtained by paracentesis. In acute 
intestinal obstruction with infarction, 
the peritoneal fluid will be bloodstained. 
As necrosis and gangrene develop there 
is an increase in the total number of 
leukocytes with an increase in the 
number of immature neutrophils. As 
devitalization proceeds, but before 
perforation of the gut wall, intracellular 
and extracellular bacteria may be seen in 
the fluid. Peritoneal fluid from horses 
with intestinal infarctive lesions has a 
higher alkaline phosphatase activity than 
fluid from horses with nonstrangulating 
obstructions. Peritoneal fluid lactate 
concentrations can be measured and are 
associated with probability of survival. 
Lactate concentrations in peritoneal 
fluid of horses with colic of 1, 6, 12, and 
16 mM were associated with death rates 
of 11, 29, 63, and 82% in horses without 
strangulating lesions and 25, 52, 82, and 
92% in horses with strangulating 
lesions. 17 

• Serum alcohol dehydrogenase activity 
increases in horses with colic, with 
concentrations increasing from (median 
range) of 10.5 (8.7-11 u/L) in healthy 
horses, 16.5 (13.8-18 u/L) in horses 
with colon impaction, 40 (20-74.9 u/L) 
in horses with small-intestinal 
strangulation, and 63.2 (40-78 u/L) in 
horses with colon torsion. 18 

NECROPSY FINDINGS 

The physical lesions are characteristic of the 

disease. 


DIFFERENTIAL DIAGNOSIS 


Other diseases that may mimic pain caused by 
gastrointestinal disease are listed under 
differential diagnosis in the Equine Colic 
section. Gastrointestinal causes of colic that 
must be differentiated from small intestinal 
obstructive disease include: 

• Enteritis and acute diarrhea 

• Equine neorickettsiosis (Potomac horse 
fever) 
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• Anterior enteritis 

• Gastric ulcer in foals and adults 

• Disorders of the large or small colon 

• Intestinal tympany (gas colic) 

• Thromboembolic colic 

See also Table 7-10. 


TREATMENT 

The principles of treatment of horses with 
small-intestinal obstructive lesions are 
similar to those of any colic (see the section 
Equine Colic). 

Every attempt should be made to relieve 
the horses pain using appropriate doses of 
effective analgesics (see Table 7-15). Care 
should be taken when using flunixin meglu¬ 
mine that signs of a lesion requiring surgical 
correction are not masked until the severity 
of the disease makes successful treatment 
unlikely. 

Almost all obstructive lesions of the 
small intestine require surgical correction. 

Surgical techniques including the need to 
resect small intestine vary with the physical 
lesion and viability of the intestine. 19,20 In 
addition to surgery, attention should be paid 
to maintaining the horses fluid and acid- 
base and electrolyte status (see the section 
Equine Colic). Treatment of postoperative 
ileus should be aggressive and include cor¬ 
rection of acid-base, fluid, and electrolyte 
abnormalities; continued gastric decom¬ 
pression through a nasogastric tube; and 
administration of promotility drugs such as 
cisapride, lidocaine, erythromycin, and 
metoclopramide (see Table 7-16). 

Ileal impactions can be treated medically 
by the administration of intravenous fluids, 
gastric decompression, and administration 
of mineral oil. Horses treated medically 
should be closely monitored as prompt sur¬ 
gical intervention may be necessary if the 
horses condition deteriorates. 
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DUODENITIS-PROXIMAL 
JEJUNITIS (ANTERIOR ENTERITIS, 
PROXIMAL ENTERITIS) 

Duodenitis-proximal jejunitis is a syndrome 
of small-intestinal ileus characterized clini¬ 
cally by acute onset of abdominal pain and 
production of copious amounts of nasogas¬ 
tric reflux. It is idiopathic and associated 
with lesions in the duodenum and/or proxi¬ 
mal jejunum. 


SYNOPSIS 


Etiology Unknown—suspect strains of 
Clostridium difficile 

Epidemiology Sporadic disease. Case-fatality 
rate highly variable (6%-75%) 

Clinical signs Colic, voluminous reflux on 
nasogastric intubation, mild fever, 
resolution of pain on gastric decompression 

Clinical pathology Nondiagnostic 

Lesions Duodenitis, proximal jejunitis, gastric 
and small intestinal distension 

Diagnostic confirmation None antemortem, 
resolution of disease 

Treatment Gastric decompression, correction 
of fluid and electrolyte abnormalities 


ETIOLOGY 

The etiology of duodenitis-proximal jejunitis 
is unknown with both infectious (Salmonella 
spp. and C. difficile ) and toxigenic (aflatoxi- 
cosis, fusariotoxicosis) as putative causes. 
Salmonella spp. are isolated from some horses 
with duodenitis-proximal jejunitis, but this 
is not a consistent finding. C. difficile might 
be involved as evidenced by detection of toxi¬ 
genic strains of C. difficile from nasogastric 
reflux fluid of all 10 horses with duodenitis- 
proximal enteritis sampled but from only 
one of 16 horses with other diseases causing 
nasogastric reflux. 1 This observation is based 
on a small number of cases and demonstrates 
an association rather than causation and 
should be interpreted in that light. Experi¬ 
mental intoxication with culture media of 
F. moniliforme produces histologic, but not 
clinical, signs consistent with the disease. 

EPIDEMIOLOGY 

The disease is reported from the United 
States and Europe, 2 and there are anecdotal 
reports of it occurring in Australia and other 
countries. There is no apparent effect of age, 
with the exception that the disease is not 
reported in horses less than 1 year of age 
and is uncommon in horses less than 2 years 
of age. There is no demonstrated breed 
or gender predilection for the disease. 3 
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Feeding of large amounts of concentrated 
feeds to horses is a risk factor for the disease, 
as is grazing. 3 Duodenitis-proximal jejunitis 
occurs more commonly in the warmer 
months. 

There are anecdotal reports of farms with 
a high incidence of the disease, especially 
among , suggesting an unidentified cause or 
risk factor. There are no reports of the inci¬ 
dence, or morbidity/mortality rates of duo¬ 
denitis-proximal jejunitis. The case-fatality 
rate varies from 6% to 75% but in referral 
institutions is likely about 10%. 4 

PATHOGENESIS 

The primary lesion is inflammation and 
edema of the duodenum and jejunum with 
sloughing of villous epithelium and villous 
atrophy. These lesions are probably associ¬ 
ated with ileus and failure of small-intestinal 
absorptive function. Fluid accumulation in 
the atonic small intestine causes distension 
and pain and reflux of alkaline small-intesti¬ 
nal contents into the stomach. Sequestration 
of fluid, electrolytes, and bicarbonate in the 
stomach and small intestine causes a reduc¬ 
tion in blood volume, shock, and metabolic 
acidosis. Gastric and small-intestinal disten¬ 
sion and hypovolemia cause tachycardia. 
Disruption of the small-intestinal mucosal 
barrier allows absorption of toxins, including 
endotoxins, which further compromise car¬ 
diovascular and metabolic function. Death 
in untreated cases results from acute, diffuse 
peritonitis secondary to gastric rupture, or 
shock and metabolic disturbances secondary 
to hypovolemia and endotoxemia. Laminitis 
and persistent nasogastric reflux are causes 
of death (including euthanasia) in hospital¬ 
ized horses. 5 

CLINICAL FINDINGS 

The onset of clinical signs is usually abrupt 
and characterized by mild to severe colic. 
Affected horses are depressed, dehydrated, 
and have prolonged capillary refill time and 
heart rates between 50 and 80 beats/min. The 
respiratory rate is variable. The horse might 
sweat profusely and there are muscle fascicu- 
lations in severely affected cases. Approxi¬ 
mately two-thirds of cases are pyrexic. 5 
Borborygmi are absent, although there can 
be tinkling sounds of gas bubbling in fluid- 
filled atonic intestine. Rectal examination 
usually reveals the presence of multiple loops 
of moderately to severely distended small 
intestine. Reflux of fluid through a nasogas¬ 
tric tube is a consistent finding, and usually 
results in marked relief of pain and resolu¬ 
tion of tachycardia. The fluid is often san¬ 
guineous, malodorous, alkaline, and of large 
(10-12 L) volume. 

Gastric decompression and intravenous 
administration of fluids results in marked 
improvement of clinical signs, although 
affected horses can continue to have naso¬ 
gastric reflux for 24 hours to 10 days. Most 
cases resolve within 5 days. If untreated, 


horses develop severe gastric distension 
with subsequent rupture and death from 
peracute, diffuse peritonitis, or die as a 
result of hypovolemia and toxemia. A 
common sequela is the development of lami¬ 
nitis (approximately 8%). Approximately 
10% of horses with duodenitis-proximal 
jejunitis have cardiac arrhythmias, including 
ventricular depolarizations and atrioventric¬ 
ular conduction disturbances. Arrhythmia 
resolves with resolution of the duodenitis- 
proximal jejunitis or correction of hypokale¬ 
mia and acid-base disturbances. 

CLINICAL PATHOLOGY 

There is hemoconcentration with hemato¬ 
crits as high as 0.70 L/L (70%) and total 
serum protein as high as 96 g/L (9.6 g/dL) in 
severely affected horses. The leukogram is 
variable and not diagnostic, and leukocytosis 
and left shift are common. Serum potassium 
concentration can be mildly low and blood 
bicarbonate concentration and pH are low in 
most cases. Horses with duodenitis-proximal 
jejunitis have serum bilirubin concentrations 
and serum GGT, aspartate aminotransferase, 
and alkaline phosphatase activities higher 
than horses with small-intestinal infarctive 
lesions. However, the differences are not suf¬ 
ficiently large for these variables to be useful 
in the differentiation of horses with duode¬ 
nitis-proximal jejunitis from horses with 
small-intestinal infarctive lesions. 

Peritoneal fluid has a normal nucleated 
cell count in 65% of cases; in the remaining 
cases it is increased. Peritoneal fluid protein 
concentration is often normal in cases 
sampled early in the disease but can be 
increased in more severe or prolonged 
disease and is a useful prognostic indicator. 

NECROPSY FINDINGS 

Gross lesions are restricted to the stomach, 
duodenum, and jejunum in most cases. The 
affected stomach and small intestine are 
distended, and the serosal surface has 
numerous petechial and ecchymotic hemor¬ 
rhages. The mucosa is deep red and contains 
petechial hemorrhages and occasional foci of 
necrosis and ulceration. Histologic changes 
include neutrophilic inflammation, edema, 
hyperemia, epithelial sloughing, and villous 
atrophy. There is necrosis of mucosa, fibrin- 
rich edema and heavy neutrophil infiltration 
of the submucosa, and extensive hemorrhage 
in the tunica muscularis and serosa. A pro¬ 
portion of horses with duodenitis-proximal 
jejunitis have biochemical and histologic 
evidence of liver disease, including hepa¬ 
tocellular vacuolization and neutrophilic 
inflammation. Some horses with duodenitis- 
proximal jejunitis have myocarditis. 


DIFFERENTIAL DIAGNOSIS 


The most important differential diagnosis is a 
small intestinal obstructive lesion. 


DIAGNOSTIC CONFIRMATION 

Horses with small-intestinal obstructive 
lesions require urgent surgical correction, 
whereas most horses with duodenitis- 
proximal jejunitis respond well to medical 
therapy. The differentiation of duodenitis- 
proximal jejunitis and a small-intestinal 
obstructive lesion on clinical grounds is dif¬ 
ficult, and there is no one variable that allows 
the distinction to be made reliably. Horses 
with duodenitis-proximal jejunitis have a 
lower heart rate, higher rectal temperature 
(fever), lower volume of gastric reflux, and 
less turgid small intestine on rectal examina¬ 
tion than do horses with obstructive lesions, 
although others report that horses with duo¬ 
denitis-proximal jejunitis have a higher 
volume of reflux at first examination and 
during the first 24 hours of disease. However, 
these differences are not sufficiently great 
to be conclusive. Horses with duodenitis- 
proximal jejunitis more often have normal 
peritoneal fluid than do horses with small- 
intestinal obstructive lesions. The response 
to gastric decompression and intravenous 
administration of fluids is useful in discrimi¬ 
nating between diseases because horses with 
duodenitis-proximal jejunitis have marked 
resolution of abdominal pain and tachycar¬ 
dia within minutes of gastric decompression, 
whereas horses with small-intestinal obstruc¬ 
tion have minimal or no resolution of these 
signs. Generally, horses with a heart rate 
below 60 beats/min after gastric decompres¬ 
sion, mildly to moderately distended loops 
of small intestine, resolution of abdominal 
pain after gastric decompression, and normal 
peritoneal fluid probably have duodenitis- 
proximal jejunitis. However, horses should 
be examined frequently for changes in clini¬ 
cal condition. Worsening pain and cardio¬ 
vascular status in the face of adequate fluid 
therapy warrant reconsideration of a diagno¬ 
sis of duodenitis-proximal jejunitis. 

TREATMENT 

The principles of treatment of duodenitis- 
proximal jejunitis are gastric decompression; 
correction of fluid, acid-base, and electrolyte 
abnormalities and provision of maintenance 
fluid and electrolytes; relief of pain; and 
prophylaxis of laminitis. The decision on 
whether to elect surgical treatment for 
affected horses is dependent on the availabil¬ 
ity of surgical expertise and experience of 
clinicians in managing such cases medically 
or with surgical intervention. Horses for 
which surgical intervention is more likely are 
those with more severe signs of pain and 
absence of fever (each of which increases the 
likelihood of a small-intestinal obstructive 
lesion that requires surgical intervention for 
correction). 5 The duration of hospitalization 
is not different for horses treated medically 
(10 ± 4 days) or surgically (10 + 6 days), 
although the survival rate for surgically 
treated horses is lower (75% versus 91%). 5 
This could be a result of treatment modality, 
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Table 7-21 Agents used to treat ileus 

in horses with duodenitis and proximal jejunitis 

Medication 

Dosing 

Comments 

Recommendation 

Lidocaine 

1.3 mg/kg slow IV, 
then 0.05 mg/kg 
infusion 

Analgesic, antiinflammatory, 
promotility; used to treat ileus; 
toxicity evident as central 
nervous system signs 

R2 

Metoclopramide 

0.25 mg/kg IV 
slowly over 

30 min every 12 h 

Toxic; minimally effective 

R3 

Erythromycin 

1 (mg/kg)/h IV 

Questionable efficacy; might 
induce colitis 

R3 

Cisapride 

0.1 mg/kg, IV every 

8 h 

Effective in prevention and 
treatment of postoperative 
ileus; can prolong cardiac Q-T 
interval (importance unknown); 
availability very limited 

R3 

IV, intravenously. 





but it could also be related to the selection of 
horses for surgical treatment. Surgically 
treated horses are more likely to develop 
diarrhea (12% versus 28%). 5 

Gastric decompression is an urgent need 
in affected horses and can be accomplished 
by nasogastric intubation. The nasogastric 
tube should be left in place, or replaced fre¬ 
quently, for as long as there is reflux of clini¬ 
cally significant quantities of fluid (more 
than 2-4 L/4 h in a 425-kg horse). Discon¬ 
tinuation of gastric siphonage should be 
approached cautiously and the horse moni¬ 
tored for any increase in heart rate, develop¬ 
ment of abdominal pain, or ultrasonographic 
evidence of gastric or small-intestinal disten¬ 
sion that could indicate recurrence of gastric 
distension. After the nasogastric tube is 
removed, the horse should be reintroduced 
cautiously to oral fluids and food. Small 
amounts (1-2 L) of water should be offered 
frequently (every 1-2 hours) during the first 
12 to 24 hours. Horses should not be given 
immediate access to ad libitum water because 
some horses in the early convalescent period 
from duodenitis-proximal jejunitis will con¬ 
sume a large quantity of water and develop 
gastric dilatation and colic. Feed should be 
reintroduced gradually over 24 to 48 hours. 

Complications of prolonged or repeated 
gastric siphonage through a nasogastric tube 
are pharyngitis, esophagitis, esophageal 
stricture, and esophageal perforation with 
subsequent cellulitis. 

Fluid, electrolyte, and acid-base abnor¬ 
malities should be corrected by the intrave¬ 
nous administration of isotonic, polyionic 
fluids such as lactated Ringer’s solution. 
Affected horses lose considerable chloride 
and potassium in reflux fluid necessitating 
supplementation of fluids with potassium 
(up to 20 mEq/L of administered fluids). 

Analgesia can be provided by adminis¬ 
tration of any of a number of drugs, includ¬ 
ing flunixin meglumine or ketoprofen. If the 


diagnosis of duodenitis-proximal jejunitis is 
uncertain, potent analgesics such as flunixin 
meglumine should be used judiciously until 
there is no possibility that a lesion requiring 
surgical correction exists. 

Promotility agents such as lidocaine 
and cisapride (Table 7-21) and antacids such 
as cimetidine are sometimes administered. 
The efficacy of cimetidine has not been 
determined. There is evidence that lidocaine 
(lignocaine) is efficacious in reducing the 
duration of reflux, the amount of reflux, 
and the duration of hospitalization in horses 
with ileus of undermined cause (some of 
which presumably had duodenitis-proximal 
jejunitis) or after surgical correction of 
colic. 6 

Antibiotics, such as penicillin and an 
aminoglycoside, are often administered to 
affected horses because of the presumed bac¬ 
teremia associated with the disease. 

Surgical treatment of the disease is 
described and the outcomes were discussed 
previously. 5 
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DISEASES OF THE CECUM 

ETIOLOGY 

• Cecal impaction 

• Cecal rupture 

• Cecocecal and cecocolic 
intussusceptions 

• Cecal torsion 

• Cecal tympany 


• Cecal infarction 

• Congenital abnormalities (cecal 
duplication) 1 

• Ileocecal intussusception is discussed 
as an obstructive disease of the small 
intestine (see section on Small 
Intestinal Obstruction in Horses) 

There is strong support for a role of A. perfo- 
liata infestation in cecal disease of horses. 
Infestation with A. perfoliata results in edema, 
hyperemia, and hemorrhagic foci in the ileo¬ 
cecal valve mucosa with light parasitism 
through regional necrotizing enteritis, with 
extension of lesions to the muscularis mucosa 
and eosinophilic inflammation around arte¬ 
rioles and submucosal neural plexus with 
heavy parasitism. 2,3 The lesions are associated 
with local and systemic production of specific 
IgE and IgG(T) antibodies. 2 


SYNOPSIS 


Etiology Cecal impaction, perforation, 
cecocecal and cecocolic intussusceptions, 
cecal torsion, and cecal tympany. 

Epidemiology Sporadic diseases with 
exception of association with 
Anoplocephala perfoliata infestation. Cecal 
impaction and cecal perforation are 
reported in horses and foals hospitalized 
for unrelated conditions. Cecal rupture 
occurs in mares during parturition. 

Clinical signs Cecal impaction is evident as 
mild, intermittent colic that might not 
be noticed by a casual observer. Cecal 
perforation or rupture is evident as acute 
shock, sweating, and tachycardia secondary 
to diffuse peritonitis. Cecocolic 
intussusception causes acute severe colic 
and cecocecal intussusception causes mild, 
intermittent colic. Rectal examination and/ 
or rectal or percutaneous ultrasonographic 
examination can be diagnostic. 

Clinical pathology Nondiagnostic. 

Lesions Gross lesions consistent with the 
disease. 

Diagnostic confirmation Physical 

examination, exploratory laparotomy, or 
necropsy examination. 

Treatment Cecal impaction treated medically 
with overhydration, fecal softeners, and 
analgesics. No treatment for cecal rupture 
or perforation. Surgical correction of some 
cecal impactions and all cecocecal and 
cecocolic intussusceptions 


Larval cyathostomiosis is also associated 
with cecocolic and cecocecal intussusception 
in young horses. Other causes include intra¬ 
mural and extramural masses, including 
cecal abscesses and accumulations of fatty 
tissue (lipomatosis) 4 or neoplasia 5 that alter 
cecal motility and passage of ingesta as well 
as other alterations in cecal and colonic 
motility. 
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Cecal rupture occurs in foals with a 
reported age range of 1 to 6 months that have 
an association with previous anesthesia and 
administration of antiinflammatory drugs. 6 
Rupture is not exclusively associated with 
impaction of the cecum in affected foals. 6 

Disturbed cecal motility or dehydration 
of cecal contents secondary to dietary 
changes are thought to be the cause of most 
cases of cecal impaction and rupture. Horses 
with recurrent cecal impaction have lower 
neuron densities in muscle layers of the 
base of the cecum and cecal body than do 
normal horses, supporting the hypothesis 
that disturbed motility secondary to neuro¬ 
nal abnormalities is a cause of the disease. 
Administration of drugs that interfere with 
cecal motility or secretory function has the 
potential to increase the risk of cecal disease. 

EPIDEMIOLOGY 

Cecal disease accounts for approximately 4% 
to 10% of colic in horses examined for 
abdominal pain at referral centers. 

Cecal Impaction 

Cecal impaction is the cause of colic in 
approximately 2% to 5% of horses treated for 
colic in referral institutions.' This estimate 
probably reflects a selection bias, with horses 
with less severe disease not being referred for 
further examination. Cecal impaction is 
therefore probably much less common as a 
cause of colic in field cases. Cecal impaction 
is the most common cause of cecal disease 
(40%-50% of cases) and 5% of horses with 
intestinal impaction. 

There is no gender predisposition to the 
disease, although there are reports of a high 
proportion (22%) of affected mares having 
foaled within the previous 90 days or being 
pregnant (20%).' Older horses are dispropor¬ 
tionately affected with 50% of affected horses 
being between 10 and 17years of age. 7 Horses 
over 15 years are at increased risk compared 
with horses less than 7 years of age. 3 The 
disease occurs sporadically but is reported in 
horses and foals hospitalized or treated for an 
unrelated disease, and it is speculated that 
anesthesia, surgery, and/or administration of 
NSAIDs are risk factors for the disease. 3,6 ' 8 
Hospitalization and treatment for ocular 
disease are risk factors for impaction colic, 
with 10 of 72 (14%) of such horses in one 
study developing impaction of the cecum. 9 
Fasting, poor dentition, poor-quality feed, 
and restricted water intake might also be risk 
factors for the disease. The case-fatality rate 
is approximately 30% to 50%.' 

A particular form of cecal impaction is 
that involving only the cecal base (cecal 
cupula) without accumulation of impacted 
material in the cecal apex or body of the 
cecum. 10 There are no identified risk factors, 
and the outcome of surgical treatment is 
good (100% survival of 7 horses treated). 10 
The disease had a frequency of 0.45% of 
horses undergoing exploratory laparotomy. 10 


Cecal Perforation or Rupture 
Cecal rupture at parturition occurs in 0.1% 
of mares. It represents approximately 27% of 
cecal disease in horses, and that associated 
with concurrent but apparently unrelated 
disease is the most common (13%). Cecal 
rupture or perforation is otherwise a spo¬ 
radic disease that is often, but not always, a 
sequela to cecal impaction. The case-fatality 
rate is 100%. Cecal rupture, often without 
recognized preexisting disease, is a compli¬ 
cation of anesthesia and NSAID (usually 
phenylbutazone) administration. As with 
other cecal diseases, infestation with A. per- 
foliata has been implicated as a cause of cecal 
rupture, although not all horses with cecal 
rupture have tapeworms. 

Cecocecal or Cecocolic 
Intussusceptions 

Cecocolic and cecocecal intussusceptions 
are the cause of 1% of colic cases treated 
surgically and approximately 3% to 7% 
of cecal disease. The case-fatality rate is 
approximately 50% to 70%. 3,11 There are no 
recognized epidemiologic patterns to the 
occurrence of cecal or cecocolic intussus¬ 
ceptions, with the exception that younger 
horses (<3 years) and Standardbreds are 
disproportionately affected. Cecocolic and 
cecocecal intussusceptions appear to dispro¬ 
portionately affect younger horses (range 6 
months to 12 years of age) in New Zealand. 11 
This could represent a biologic effect or 
selection of cases presented to the referral 
institution. Infestation with tapeworm (A. 
perfoliata ) is suspected to increase the risk of 
cecal intussusceptions, although this suspi¬ 
cion is not universal. 

Cecal Torsion 

Cecal torsion occurs rarely and is associated 
with hypoplasia of the cecocolic fold in some 
but not all cases. 

Primary cecal tympany is rare. Cecal 
infarction is caused by thromboembolic 
disease secondary to Strongylus vulgaris arte¬ 
ritis or necrotizing enterocolitis. 

PATHOGENESIS 

Cecal impaction is probably a result of 
impaired or altered cecal motility, with 
resultant reduced cecal emptying into the 
right ventral colon. Accumulation of feed 
material causes cecal distension and exces¬ 
sive tension in the wall of the cecum 
with ischemia, necrosis, and rupture. Infesta¬ 
tion by tapeworms, including A. perfoliata, 
causes disruption of the cecal mucosa and 
submucosa, necrosis, and inflammation— 
changes that could contribute to cecal dys¬ 
function. Death results from peracute diffuse 
peritonitis. 

Cecal rupture at parturition is probably 
the result of high intraabdominal pressures 
associated with expulsion of the fetus. The 
pathogenesis of cecal rupture without cecal 
impaction is unknown. 


CLINICAL FINDINGS 

Cecal Distension and Impaction 

There are a variety of classification schemes 
for cecal distension and impaction, including 
the time frame for development of the 
disease (acute or chronic), the presence of 
identifiable risk factors (hospitalization, anti¬ 
inflammatory drug administration, and the 
presence of A. perfoliata), and the nature of 
the material distending the cecum (impacted 
ingesta and fluid). 10 Each provides the oppor¬ 
tunity to emphasize a particular aspect of the 
disease(s) and is useful in that respect. The 
simplified classification used previously with 
continue to be used. ’ 

Cecal distension occurs as two clinical 
syndromes: one caused by impaction of the 
cecum with inspissated feed material and the 
other caused by acute distension of the 
cecum by a mixture of fluid and ingesta. 

Cases in which the cecum is impacted 
and distended with inspissated feed material 
usually have signs of mild to moderate 
abdominal pain that is often intermittent 
over a 1- to 4-day period. The signs of pain 
can be mild enough to be missed by a casual 
observer. Affected horses are usually mildly 
depressed and have a diminished appetite. 
The heart rate is 40 to 60 beats/min, borbo- 
rygmi are reduced, and there can be mild 
dehydration. Nasogastric intubation yields 
reflux fluid only late in the course of the 
disease. Rectal examination reveals a doughy 
mass in the right caudal abdomen permitting 
diagnosis in approximately 85% of cases. 7 
The ventral, and occasionally the medial, 
tenia of the cecum are palpable, as is firm 
feed material in the base and body of the 
cecum. The mass extends cranially, ventrally, 
and across the midline of the abdomen. If 
not treated, the cecum ruptures, causing an 
acute onset of tachycardia, sweating, delayed 
capillary refill, and shock, with death occur¬ 
ring in hours. It is not unusual for the initial 
signs of the disease to be missed and the 
problem to be recognized only after the 
cecum ruptures. 

The outcome of horses with cecal impac¬ 
tion depends on the disease and its stage 
at presentation. The prognosis for horses 
treated medically is good with 81% surviv¬ 
ing to discharge from hospital. This likely 
reflects that horses treated medically are 
metabolically stable (and therefore do not 
have a ruptured cecum) and have less severe 
impaction. Exploratory laparotomy results 
in diagnosis of cecal rupture in approxi¬ 
mately one-quarter of horses,' all of which 
die, and a survival rate of approximately 65% 
to 90% in those horses allowed to recover 
from anesthesia. 7,8 

Horses with chronic, recurrent cecal 
impaction have a mild disease characterized 
by recurrent subtle to moderate signs of 
colic, reduced food intake, weight loss, and 
loose feces. 

Impaction of the base of the cecum (the 
cecal cupula) by ingesta causes a mild colic 
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of several days’ duration. Affected horses 
are metabolically stable and there are no 
diagnostic findings on rectal examination. 
Diagnosis is achieved during exploratory 
laparotomy. 

Cecal distension also occurs as a syn¬ 
drome in which fluid accumulates in the 
cecum. This disease has a much more acute 
course and is characterized by severe abdom¬ 
inal pain, tachycardia, and signs consistent 
with toxemia. Rectal examination demon¬ 
strates a cecum tightly distended with fluid 
ingesta. Without surgical intervention the 
outcome is cecal rupture and death. 

Perforation and Rupture 
Cecal perforation occurs secondary to cecal 
distension or as a primary entity. There are 
usually only very mild premonitory signs 
in either adults or foals, and the disease 
becomes apparent when the cecum ruptures 
and acute diffuse peritonitis develops. 6 
Twenty-five percent of horses with cecal 
impaction develop cecal perforation or 
rupture. 7 Detection of serosa with a gritty 
feel and free gas in the abdomen on rectal 
examination is diagnostic of a ruptured 
viscus and diffuse peritonitis. Subserosal and 
retroperitoneal emphysema in the region of 
the base of the cecum can be indicative of 
cecal perforation or rupture. 12 

Intussusception 

Cecocecal intussusception is the invagina¬ 
tion of the cecal apex into the body of the 
cecum and usually presents as a mild inter¬ 
mittent colic, depending on the degree of 
involvement of the apex of the cecum. Small 
intussusceptions that cause little obstruction 
and no infarction of the invaginated section 
cause only mild pain. 

Signs of cecocolic intussusception, in 
which the inverted cecum (the intussuscep- 
tum) progresses through the cecocolic orifice 
into the right ventral colon, occur over 1 to 
7 days, and vary from mild and recurrent to 
acute and persisting. Rectal examination can 
reveal a mass in the right dorsal quadrant, 
lack of a cecum, and pain on palpation of 
the right dorsal quadrant. Ultrasonographic 
examination of the right flank reveals the 
presence of the cecum in the colon, which is 
apparent in cross section as a “target-like” 
pattern or taurus. 11 

CLINICAL PATHOLOGY 

Cecal impaction with feed material is usually 
associated with mild hemoconcentration. 
Cecal perforation results in severe leukope¬ 
nia and left shift, hemoconcentration (hema¬ 
tocrit > 50%, 0.50 L/L), and azotemia. 

Peritoneal fluid from horses with cecal 
impaction is usually normal. However, if 
the cecum becomes ischemic, then the 
fluid is sanguineous with an elevated white 
blood cell count (>8000 cells/|LL, 8 x 10 
cells/L) and protein concentration (>2.5 g/ 
dL, 25 g/L). Cecal perforation is evident as a 


high proportion of degenerate neutrophils, 
intracellular and extracellular bacteria, and 
plant material. Peritoneal fluid is abnormal 
in 81% of horses with cecocolic intussus¬ 
ception and 67% of cases with cecocecal 
intussusception. 1 

NECROPSY FINDINGS 

The distended cecum and diffuse peritonitis 
are readily apparent. Cases of cecal perfora¬ 
tion without distension will have diffuse 
peritonitis, but the cause is only apparent on 
close examination of the intestinal tract. 


DIFFERENTIAL DIAGNOSIS 


See Table 7-10 for causes of colic. 


TREATMENT 

Medical treatment of cecal impaction 
involves control of pain, restoration of 
normal fluid, acid-base and electrolyte status 
(see Chapter 5), and administration of fecal 
softeners such as sodium sulfate. Mineral oil, 
although frequently used, is not sufficient 
alone to facilitate passage of the impaction 
because it does not cause fecal softening. 

Intravenous administration of fluid at 
two to three times maintenance needs is 
often used in an attempt to hasten fecal soft¬ 
ening by increasing secretion of water into 
the impaction. Oral administration of large 
quantities of water (4 L every 2 hours for 
24 hours) may soften the impaction. 

Horses with cecal impaction should be 
closely monitored for signs of deterioration, 
and especially for cecal ischemia, by frequent 
physical examinations and repeated abdomi- 
nocentesis. Lack of resolution within 24 
hours or signs of deterioration should 
prompt surgical exploration with typhlot¬ 
omy and evacuation of the cecum and pos¬ 
sible partial cecal bypass. The results of 
surgical treatment of horses with cecal 
impaction are good with survival rates of 
65% to 90% reported for horses that are 
recovered from surgery. 

Cecocecal and cecocolic intussuscep¬ 
tions must be corrected surgically. The sur¬ 
vival rate for horses with cecocecal or 
cecocolic intussusceptions is approximately 
50%, although estimates are variable because 
of the small number of animals reported. 11 

Horses with cecal perforation always die 
and should be euthanized without delay. 

FURTHER READING 

Mair TS, Sherlock CE. Caecal perforation. Equine Vet 
Educ. 2014;26:426-429. 
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DISPLACEMENT AND/OR 
VOLVULUS OF THE LARGE 
(ASCENDING) COLON 

Displacement and volvulus of the large 
(ascending) colon are evident as nephro- 
splenic entrapment, renosplenic entrapment, 
left dorsal displacement of the large colon, 
or right dorsal displacement of the large 
colon. 

ETIOLOGY 

• Left dorsal displacement of the large 
colon (renosplenic or nephrosplenic 
entrapment and entrapment of the large 
colon lateral to the spleen) 

• Right dorsal displacement of the large 
colon 

• Volvulus (both strangulating and 
nonstrangulating) 


SYNOPSIS 


Etiology Unknown, probably involves 
disturbance of colonic motility 

Epidemiology Volvulus is more common 
in mares during late gestation or after 
parturition. Left dorsal displacement 
(renosplenic entrapment) may be more 
common in large male horses. 

Clinical signs Left displacement of the large 
colon causes signs of mild to moderate 
colic. Rectal examination reveals large 
colon in the renosplenic space, and 
ultrasonographic examination confirms 
the diagnosis. Right dorsal colon 
displacement causes mild to moderate 
colic. Rectal examination reveals colon 
lateral to the base of the cecum. Volvulus 
of the large colon causes mild to extremely 
severe abdominal pain, tachycardia, shock, 
and abdominal distension. Rectal 
examination reveals the distended, 
displaced colon. 

Clinical pathology Nondiagnostic. 

Lesions Displaced large colon. 

Diagnostic confirmation Physical 

examination, laparotomy, and necropsy 
examination. 

Treatment Volvulus and right dorsal 

displacement should be treated by surgical 
correction. Left dorsal displacement can be 
corrected by rolling the anesthetized horse 
or jogging the horse after administration of 
phenylephrine. 
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Fig. 7-2 A, Left lateral view of abdomen of a normal horse. B, Left dorsal displacement of the 
left colon, left lateral view. The left ventral and dorsal colon is displaced lateral and dorsal to 
the spleen and occupies the renosplenic space. 1, liver; 2, stomach; 3, left dorsal colon; 4, left 
ventral colon; 5, spleen; 6, left kidney and renosplenic ligament; 7, pelvic flexure. (With 
permission from Johnston JK, Freeman DE. Vet Clin North Am Equine Pract 1997; 13:317.) 


The etiology of these conditions is unknown 
but presumably involves some disturbance 
to normal colonic motility. Other causes of 
obstruction of the large colon include con¬ 
genital abnormalities of the right ventral 
colon, cystic duplication of the ascending 
colon, defects in the mesocolon, and incar¬ 
ceration in epiploic foramen or gastrosplenic 
ligament. Intussusception of the large colon 
causes infarction and severe colic. 

The term volvulus refers to rotation of the 
segment of bowel about the long axis of its 
mesentery, and torsion refers to rotation 
about the long axis of the bowel. Because of 
the anatomic arrangement of the mesocolon, 
either term may be correctly used to describe 
displacements of the large intestine. 

EPIDEMIOLOGY 

Left dorsal displacement of the large colon 

(Figs. 7-2 and 7-3) is the cause of 2% to 10% 
of colic cases referred for specialist treat¬ 
ment. There is no breed, age, or gender pre¬ 
disposition, although some authors suggest 
that males and large horses are more likely to 
be affected. The case-fatality rate is approxi¬ 
mately 5% for horses treated correctly. 

Right dorsal displacement of the large 
colon (Fig. 7-4) occurs sporadically and 
without recognized risk factors. The case- 
fatality rate is reported to be as high as 43%. 

Risk factors for noninfarctive displace¬ 
ment of the large colon include cribbing or 
wind sucking (OR = 90), number of hours 
stabled per day (OR for 24-hour stabling = 
35), lack of regular exercise (OR 3.3), change 
in exercise program (OR 9), lack of anthel¬ 
mintic administration (OR 13), and history 
of transport in the previous 24 hours (OR 17). 

Volvulus of the large colon is the cause 
of colic in 11% to 17% of colic cases in which 
abdominal surgery is performed. The disease 
occurs commonly in mares, especially those 
late in gestation or having recently foaled. 
Risk factors for volvulus of the large colon 
include being a broodmare (OR 2.5 versus 
male horse), greater height, colic in the past 
12 months (OR 2.17), having a greater 
number of carers, larger number of horses 
on the premises, and a number of variables 
related to feed quality or quantity. 1 The 
disease has a recurrence rate of up to 15% in 
broodmares. The disease occurs in horses 
from 2 days of age and there does not appear 
to be an effect of breed on occurrence of the 
disease. The case-fatality rate varies depend¬ 
ing on the extent of the volvulus, with lesser 
degrees of volvulus (<270°) having a 30% 
fatality rate and volvulus of 360 degrees or 
more having a 65% fatality rate. The case- 
fatality rate for horses with strangulating 
large-colon volvulus treated surgically is 
approximately 30% (survival to hospital dis¬ 
charge), 52% at 1 year, and 67% at 2 years. 2 

PATHOGENESIS 

Proximate factors leading to volvulus or 
displacement are unknown, although risk 


factors have been identified (see earlier dis¬ 
cussion). A plausible scenario is that altered 
colonic motility and subsequent distension 
with gas or ingesta predisposes the colon to 
displacement, either spontaneously or as a 
result of the horse rolling or lying down in 
response to abdominal pain. 

Left dorsal and right dorsal displace¬ 
ments of the colon rarely compromise colon 
blood flow and represent nonstrangulating 
obstructive lesions ( see section Pathogenesis 
in Equine Colic). The displacement of the 
large colon (see Figs. 7-2 and 7-3) impedes 


aboral movement of ingesta and gas and may 
result in colonic distension. Should the dis¬ 
tension become sufficiently severe, colon 
blood flow will be impaired and cause ische¬ 
mia and necrosis of the colon. The obstruc¬ 
tion to blood flow is predominantly in 
venous drainage, resulting in hemorrhagic 
strangulating obstruction with progressive 
development of intramural edema, extrava¬ 
sation of red blood cells, microvascular 
thrombosis, mesothelial cell loss from the 
serosal surface, and mucosal necrosis with 
loss of colonic epithelium. 
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Fig. 7-3 Right dorsal displacement of the colon, right lateral view. The colon has passed lateral 
to the cecum, the pelvic flexure is displaced cranially, and the sternal and diaphragmatic 
flexures are displaced caudally. 1, right dorsal colon; 2, base of cecum; 3, right ventral colon; 

4, liver; 5, cecum; 6, left ventral colon; 7, pelvic flexure. (With permission from Johnston JK, 
Freeman DE. Vet Clin North Am Equine Pract 1997; 13:317.) 



Fig. 7-4 A 360° clockwise volvulus of the colon viewed from the right side. The volvulus has 
occurred in the direction of the arrow. 1, cecum; 2, right dorsal colon; 3, right ventral colon. 
(With permission from Johnston JK, Freeman DE. Vet Clin North Am Equine Pract 1997; 13:317.) 


Volvulus of the large colon of less than 
270 degrees does not compromise blood 
supply but does impede aboral movement of 
ingesta and gas. Volvulus of 360 degrees or 
more causes ischemia through occlusion of 
both arterial and venous circulation of the 
involved large colon with rapid loss of 


colonic mucosal integrity and colon viability. 
There is reduced microvascular perfusion 
in horses with large-colon volvulus. 3 Irre¬ 
versible mucosal damage occurs after 3 to 4 
hours of ischemia. Loss of mucosal integrity 
impairs normal barrier function and permits 
toxins and substances normally confined to 


the colonic lumen to enter the systemic cir¬ 
culation. Additionally, loss of barrier func¬ 
tion allows leakage of vascular proteins and 
in severe cases red blood cells into the 
colonic lumen. Subsequent signs are typical 
of strangulating obstruction (see section 
Equine Colic) with development of toxemia, 
cardiovascular collapse, and death within 12 
to 18 hours. 

The most common displacement is 
medial and dorsal movement of the ventral 
colon to complete a 360-degree volvulus of 
the large intestine (see Fig. 7-4). Lateral and 
dorsal displacement of the ventral colon is 
much less common. The volvulus is usually 
at the level of the cecocolic fold, although 
volvulus involving the cecum or at the dia¬ 
phragmatic and sternal flexures does occur. 

CLINICAL FINDINGS 
Left Dorsal Displacement 
(Renosplenic Entrapment) 

Left dorsal displacement usually has an acute 
onset and a duration of up to 4 days, although 
it can be a cause of chronic, recurrent colic. 
Abdominal pain in the initial stages is mild 
to moderate and becomes progressively more 
severe as distension of the large colon devel¬ 
ops. The heart rate is usually between 50 and 
70 beats/min, but may be as low as 30 beats/ 
min. Rectal temperature is within normal 
limits. Mucous membrane color and refill 
time are usually normal provided there is no 
ischemia of the colon. Abdominal disten¬ 
sion is appreciable in some affected horses. 
There is more than 2 L of reflux from a naso¬ 
gastric tube in approximately 28% of cases, 
although rarely is there profuse reflux. Rectal 
examination reveals the presence of bowel 
in the renosplenic space in approximately 
70% of cases with the typical finding of tenia 
of the ventral colon being traced into that 
space. Distension of the large colon may 
impair detection of bowel in the nephro- 
splenic space. The spleen is usually displaced 
caudally, medially, and ventrally from its 
normal position against the left body wall 
(see Fig. 7-2). 

Ultrasonographic demonstration of 
colon in the renosplenic space confirms the 
diagnosis with an accuracy of 88%. Gas in 
the displaced colon obscures the left kidney 
and dorsal border of the spleen normally 
visible on ultrasonographic examination of 
the left paralumbar region. 

Approximately 8% of horses with nephro- 
splenic entrapment have an additional lesion. 
Entrapment in which the sternal and dia¬ 
phragmatic flexures are displaced cranial to 
the stomach and liver occurs in less than 3% 
of cases. 

Right Dorsal Displacement 

Severity of colic varies from mild to severe 
in horses with right dorsal displacement of 
the colon. Tachycardia (50-80 beats/min) 
and mild abdominal distension are charac¬ 
teristic provided that the entrapped bowel 
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is not ischemic. There is usually no reflux 
from a nasogastric tube, although as the 
disease progresses gastric distension may 
occur. Rectal examination reveals the pres¬ 
ence of large colon lateral to the base of 
the cecum, although colonic distension 
may make detection of the displaced bowel 
difficult. Right dorsal displacement is a 
common sequela to impaction of the pelvic 
flexure. 

Volvulus 

The onset of pain is abrupt and the duration 
of the disease ranges from hours, in horses 
with strangulating lesions, to days in horses 
with torsion of less than 270 degrees. The 
pain ranges from mild to severe and intrac¬ 
table, with the horse violently throwing itself 
to the ground. Pain in horses with a volvulus 
of 360 degrees or greater is often unrespon¬ 
sive to any analgesics. Heart rate is variable 
and may be less than 40 beats/min in horses 
with severe disease, although usually it is 
more than 60 beats/min and increases with 
severity of the disease. Rectal temperature is 
within normal range. The mucous mem¬ 
branes are dark red to blue and capillary refill 
time is more than 3 seconds in severely 
affected horses. Abdominal distension is 
marked, usually severe, and may impair res¬ 
piration in horses with a 360-degree or 
greater volvulus. Auscultation of the abdo¬ 
men reveals a lack of borborygmi and the 
presence of high-pitched, tympanitic pings 
on simultaneous percussion and ausculta¬ 
tion. The pings are caused by the presence of 
gas in a tightly distended large colon or 
cecum. There is usually no reflux through a 
nasogastric tube. Rectal examination may 
be limited by the distended, gas-filled colon 
occupying the caudal abdomen. In untreated 
cases death occurs within 12 to 24 hours 
from cardiovascular collapse. Ultrasono¬ 
graphic examination reveals colon with a 
mural thickness of 9 mm or greater in horses 
with colon torsion. The test has a sensitivity 
of approximately 67% (i.e., correctly predicts 
the presence of colon torsion in two-thirds 
of horses that have the disease) and specific¬ 
ity of 100% (correctly rules out the diagnosis 
in 100% of horses that do not have the 
disease). 

CLINICAL PATHOLOGY 

Changes in the hemogram, serum biochemi¬ 
cal profile, and peritoneal fluid are nonexis¬ 
tent to mild in horses with uncomplicated 
left dorsal displacement, right dorsal dis¬ 
placement, and volvulus of less than 270 
degrees. Horses with ischemic colon as a 
result of strangulation usually have a leuko¬ 
penia with left shift, hemoconcentration, and 
increased anion gap. 

Serum GGT activity is elevated in 
approximately 50% of horses with right 
dorsal displacement of the colon, whereas 
such elevations are rare in horses with left 
dorsal displacement. The elevated GGT, and 


less commonly serum bilirubin concentra¬ 
tion, in horses with right dorsal displace¬ 
ment is attributable to compression of the 
common bile duct in the hepatoduodenal 
ligament by the displaced colon. 

Horses with large-colon volvulus have 
a high prevalence of abnormalities in 
hemostatic variables, including thrombin- 
antithrombin concentration, D-dimer 
concentration, antithrombin activity, pro¬ 
thrombin time, and platelet count. Nonsur¬ 
viving horses have lower platelet counts, 
increased prothrombin time, and reduced 
antithrombin activity. 

Peritoneal fluid often has an increased 
total protein concentration (>25 g/L, 2.5 g/ 
dL) and white blood cell count (>8000 
cells/pL, 8 x 10 cells/L) in horses with com¬ 
promised bowel. Examination of peritoneal 
fluid is often not necessary to achieve a diag¬ 
nosis in horses with colon torsion, although 
it does have prognostic value in that horses 
with blood-tinged peritoneal fluid have a 
poor prognosis. The risk of inadvertent 
enterocentesis is increased in horses with 
severe distension of the colon, and abdomi- 
nocentesis should be attempted with caution 
in such cases. Use of a bovine teat cannula or 
similar blunt instrument is preferred to the 
use of a needle. 

NECROPSY FINDINGS 

The colon is displaced as described earlier for 
each of the diseases. Death usually results 
from ischemic necrosis of the colon and the 
associated peritonitis, endotoxemia, and 
shock. Histologic lesions in horses dying 
of colon volvulus are more severe than of 
those that survive and are characterized by 
hemorrhage into the lamina propria, edema, 
and loss of the mucosal cells and crypt 
architecture. 


DIFFERENTIAL DIAGNOSIS 


See Table 7-19. 

Less common conditions of the large 
colon include: 

• Entrapment of the pelvic flexure in the 
epiploic foramen 

• Colocolic intussusceptions 

• Colonic adenocarcinoma 


TREATMENT 

Treatment should consist of pain control; 
correction of fluid, acid-base, and electrolyte 
abnormalities; support of cardiovascular 
function; and correction of the underlying 
disease (see the section Equine Colic). 
Decompression by trocarization of gas- 
distended colon or cecum may be beneficial. 
Correction of colon volvulus or right dorsal 
displacement of the colon requires surgical 
exploration of the abdomen and manual cor¬ 
rection of the displacement. 


Left Displacement 

Correction of left dorsal displacement can be 
achieved by either nonsurgical or surgical 
means. Nonsurgical correction is achieved 
by either rolling the anesthetized horse in 
a particular sequence that causes the dis¬ 
placed colon to return to its normal position 
in the abdomen or exercise after intravenous 
administration of phenylephrine. 4 Nonsurgi¬ 
cal correction is successful in approximately 
80% of cases, although complications are 
reported, and is recommended as the initial 
definitive treatment for horses with uncom¬ 
plicated left dorsal displacement. 

Rolling of anesthetized horses after intra¬ 
venous administration of phenylephrine has 
a somewhat higher success rate (42/50, 
84%) than exercise (trotting) after adminis¬ 
tration of phenylephrine (24/38, 63%). 4 The 
sequence of events following diagnosis of the 
condition is depicted in Fig. 7-5. Phenyleph¬ 
rine (0.02-0.04 mg/kg, intravenously as a 
10-minute infusion) causes splenic contrac¬ 
tion and is thought to increase the chances 
of the colon returning to its normal position. 
The horse is anesthetized within 10 minutes 
of phenylephrine administration and placed 
in right lateral recumbency. The horse is 
then slowly rolled into dorsal recumbency, 
and the abdomen is vigorously massaged in 
an attempt to cause the colon to move ven- 
trally and medially. If a hoist is available the 
horse can be lifted into dorsal recumbency. 
The sequence ends with the horse being 
rolled into left lateral recumbency and a 
rectal or ultrasound examination being per¬ 
formed to determine the position of the 
colon. Fatal hemoperitoneum can occur after 
phenylephrine administration. 

An alternative means of nonsurgical cor¬ 
rection involves administration of phenyl¬ 
ephrine (0.01 mg/kg, intravenously, slowly) 
and then jogging the horse. This technique 
was successful in correcting the displace¬ 
ment in 11 of 12 horses. It might be advanta¬ 
geous to relieve large-colon distension by 
percutaneous or per rectum trocarization 
before jogging. ’ 

Cases that are refractory to nonsurgical 
treatment require laparotomy (ventral 
midline or left flank) and manual correction 
of the displacement. Recurrence of the dis¬ 
placement occurs in 3% to 7% of cases. 
Horses with recurrent disease can benefit 
from surgical ablation of the nephrosplenic 
space. 

Right Dorsal Displacement and 
Colon Volvulus 

Right dorsal displacement and colon volvu¬ 
lus require surgical correction of the ana¬ 
tomic abnormality. 
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Fig. 7-5 Steps in correction of left dorsal displacement of the colon (renosplenic entrapment). A, Caudal view of abdomen of horse with left dorsal 
displacement of the colon. Entrapped colon is shown in black. K, left kidney; S, spleen. B, Injection of phenylephrine and contraction of spleen. 

C, Horse anesthetized and placed in right lateral recumbency. D-H, Horse rolled through dorsal recumbency to left lateral recumbency. Entrapped 
colon moves ventrally and then medially to the contracted spleen. (Modified with permission from Kalsbeek HC. Equine Vet J 1989;21:442.) 


IMPACTION OF THE LARGE 
(ASCENDING) COLON 
OF HORSES 


SYNOPSIS 


Etiology Idiopathic, often associated with 
restricted exercise, poor-quality diet, or 
restricted access to water 

Epidemiology Sporadic. Accounts for 
approximately 10% to 15% of colic cases 
at referral institutions and in primary 
practice. Case-fatality rate of 10% 

Clinical signs Mild to moderate colic often of 
several days duration. Rectal examination 
reveals impacted, distended large colon. 

Clinical pathology No diagnostic changes 

Lesions Impaction of large colon, usually 
pelvic flexure or right dorsal colon 

Diagnostic confirmation Physical 
examination 

Treatment Pain control. Administration of 
fecal softeners (sodium sulfate). Oral 
administration of water or isotonic polyionic 
fluids or intravenous administration of 
isotonic fluids at 100 ml/kg/day 


Impaction of the large (ascending) colon is 
a common disease of horses sometimes 
referred to as simple colonic obstruction and 
distension (SCOD). This does not include 
causes of colon obstruction caused by stran¬ 
gulation, volvulus, or displacement of the 
colon. 


ETIOLOGY 

The cause of most impactions of the large 

colon is unknown. Known or speculated 

causes include the following: 

• Poor dentition, such as occurs in older 
horses 

• Poor feeding regimens, such 
as infrequent feeding of stalled 
horses 

• Horses not fed, in preparation for 
surgery or racing, and then given 
unrestricted access to feed or allowed to 
eat bedding materials 

• Horses fed diets too high in fiber, e.g., 
mature sorghum or maize plants, or 
even mature Bermuda grass ( Cynodon 
spp.) meadow hay, especially if their 
water intake is limited; ingestion of large 
volumes of indigestible seeds, e.g., 
Crataegus crusgalli (cockspur hawthorn), 
may cause outbreaks of impaction of the 
right dorsal colon 

• Horses that come into loose boxes and 
are offered hard feed after being on soft 
grass on pasture are also likely to 
develop impaction colic. 

• American Miniature horses develop 
impaction of the colon 

• General debility 

• Enteroliths and fiber balls may also cause 
obstruction of the large intestine and 
usually result in recurrent attacks of 
colic. 

• Amitraz, a formamidine acaricide 
for cattle, causes impaction colic in 
horses. 


• Retention of the meconium in foals (see 
section Colic in Foals) 

• Administration of NSAIDs, which alter 
colonic motility and might predispose to 
impaction, although epidemiologic 
support of this etiology is not available 

• Restricted water intake, such as during 
winter when watering points freeze or 
water is unpalatable 

EPIDEMIOLOGY 

Simple colon obstruction and distension 
occurs in horses of any age. It might be 
slightly less common in females, 1 although 
this is not a consistent finding in across 
studies of the disease. There does not appear 
to be a breed predisposition. The disease is 
more common in winter in the UK (41% of 
cases). The disease represented 13% of colic 
cases treated at a referral facility and approx¬ 
imately 10% of colic cases seen in private 
practice in the UK. 1 An important risk factor 
is a change in management, especially one 
that involves a reduction in exercise and 
change in diet. 1 Risk factors for SCOD 
include cribbing or wind sucking, stabling 
with the risk increasing with the number of 
hours stabled per day, change in regular exer¬ 
cise program, travel within the previous 24 
hours, and lack of anthelmintic administra¬ 
tion. A recent or current musculoskeletal 
injury is common in horses with SCOD. 1 

Among 118 cases of SCOD examined 
in primary care practice in the UK, 53% 
resolved with minimal or no treatment, 37% 
required multiple visits or hospitalization, 
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and 9% required surgical intervention or 
died. 1 The case-fatality rate is approxi¬ 
mately 10%.' 

The disease is common in donkeys occur¬ 
ring at a frequency of 3.2 per 100 donkeys 
per year and is the most common cause of 
colic in donkeys. 2 ’ 3 Important risk factors 
were increasing age (OR 1.1 per year), lower 
BW (0.98 per kg), previous colic (6.80), and 
presence of dental disease (29). 2 The case- 
fatality rate was 58%. 

PATHOGENESIS 

Development of impaction of the large colon 
is frequently attributed to abnormal colonic 
motility. Other factors, including mild dehy¬ 
dration as a result of limited water intake or 
ingestion of poorly digestible material, can 
cause impaction. Stabling is associated with 
decreases in large-intestinal motility, fecal 
water content, and volume of feces compared 
with horses on pasture and could predispose 
to development of impaction colic. 4,5 The end 
result of abnormal motility, intestinal con¬ 
tents, or both is accumulation of a large mass 
of inspissated feed material in the large 
colon. Material usually accumulates first at 
the pelvic flexure or right dorsal colon, pre¬ 
sumably because of the reduction in lumen 
diameter at those points. Accumulation of 
inspissated material causes distension of the 
colon and prevents aboral passage of ingesta. 
Distension causes pain and changes in 
colonic motility that exacerbate or perpetu¬ 
ate the impaction. Changes in motility can 
lead to displacement of the colon, such as 
right dorsal displacement. If the distension is 
sufficiently severe or prolonged the colon can 
become ischemic and necrotic with subse¬ 
quent rupture, peracute diffuse peritonitis, 
and death. 

CLINICAL FINDINGS 

Moderate abdominal pain is the typical sign 
in horses with SCOD; pulse rate and respira¬ 
tion are relatively normal, and gastro¬ 
intestinal sounds are reduced. 1 There is no 
reflux on nasogastric intubation. This often 
continues for 3 to 4 days and sometimes for 
as long as 2 weeks. The horse is not violent, 
the principal manifestation of pain is stretch¬ 
ing out and lying down, and the bouts of pain 
are of moderate severity occurring at inter¬ 
vals of up to a half-hour. There is anorexia 
and the feces are passed in small amounts 
and are hard and covered with thick, sticky 
mucus. More severe clinical signs including 
elevated heart rate, signs of severe or unre¬ 
mitting abdominal pain, discolored mucous 
membranes, and absences of normal gut 
sounds are associated with vascular compro¬ 
mise of the colon, impending rupture, or 
displacement of the colon. 

On rectal examination impaction of the 
pelvic flexure of the large colon is the most 
common site, and the distended, solid loop 
of the intestine often extends to the pelvic 
brim or even to the right of the midline. Lying 


on the floor of the abdomen, it is easily pal¬ 
pated; the fecal mass can be indented with 
the fingers, and the curvature and groove 
between the dorsal and ventral loops of the 
left colon can be easily discerned. Careful 
attention should be paid to identifying caudal 
abdominal structures because impaction of 
the large colon can lead to displacement of 
the colon, such as right dorsal displacement, 
which necessitates surgical correction of the 
displacement. Impaction of the right dorsal 
colon cannot usually be palpated per rectum, 
and the only abnormality can be distension 
of the colon with soft ingesta that has accu¬ 
mulated behind the obstruction. 

CLINICAL PATHOLOGY 

Hemogram, blood chemistry, and peritoneal 
fluid are normal until the colon becomes 
ischemic, at which time there is a leukopenia 
with a left shift and an increase in the white 
blood cell count and protein concentration 
in peritoneal fluid. 

NECROPSY FINDINGS 

Necropsy findings include large intestine is 
packed full of firm, dry fecal material, and 
rupture may have occurred. 


DIFFERENTIAL DIAGNOSIS 


See Table 7-19. 

• Impaction of the pelvic flexure is readily 
diagnosed on rectal examination. 

• A clinical similar syndrome is produced by 
strictures of the large colon. 


TREATMENT 

The principles of treatment are pain control, 
correction of fluid and electrolyte abnormali¬ 
ties, and softening of ingesta to facilitate its 
passage. Pain control is discussed in Table 
7-15. Fluid therapy is discussed in Chapter 5. 

Softening of ingesta is achieved by rehy¬ 
drating the inspissated material and provid¬ 
ing lubrication to hasten its passage. Fecal 
softeners (see Table 7-16) such as magne¬ 
sium sulfate or sodium sulfate can be given 
to increase the fecal water content and soften 
the impacted, inspissated ingesta. Magne¬ 
sium sulfate is associated with a small risk 
of hypermagnesemia and neurologic signs, 
whereas sodium sulfate causes a mild hyper¬ 
natremia and hypokalemia. Oral adminis¬ 
tration of a balanced, polyionic electrolyte 
solution is associated with the greatest 
increase in colonic water content and no 
change in serum electrolyte concentrations. 
Enteral administration of 10 L/h (to a 500-kg 
horse) of a balanced, isotonic, polyionic elec¬ 
trolyte solution is more effective than intra¬ 
venous administration of the same quantity 
of water in combination with oral adminis¬ 
tration of Mg0 4 in hydrating colonic con¬ 
tents in normal horses. Oral administration 
of plain water (100 mL/kg/day) is effective at 
increasing fecal water content in healthy 


horses dehydrated by withholding of water. 
Oral administration of water resulted in 
equivalent increases in fecal water content as 
did intravenous administration of polyionic 
isotonic fluids, but with less urine output and 
less sodium loss. 6 

Mineral oil (see Table 7-17) is a lubricant 
that might not penetrate the impacted 
ingesta sufficiently to soften the material, 
although it is frequently given to horses with 
colon impaction. 

Softening of colonic contents is ideally 
achieved by enteral administration of water 
or polyionic, isotonic fluids. Water can be 
given by nasogastric tube at a rate of 4 to 10 L 
for a 450-kg horse every 1 to 2 hours until 
the impaction softens. Use of this regimen 
results in resolution of the impaction in 20 
hours (standard deviation 5 hours) in almost 
all horses with colon displacement and in 
-80% of horses with nonstrangulating dis¬ 
placement.' However, some horses develop 
decreased small-intestinal motility or ileus 
with the disease and have delayed gastric 
emptying and reflux of fluid through the 
nasogastric tube. Such horses should not 
be administered any medication or water 
through the nasogastric tube until reflux has 
resolved. Alternatively, isotonic fluids can be 
given intravenously at 100 mL/kg/day until 
the impaction is passed. 

Promotility agents such as neostigmine 
are usually contraindicated because of the 
risk of rupture of the distended colon 
when vigorous contractions are induced 
pharmacologically. 

Horses may need to be treated for 1 to 6 
days until the impaction resolves and should 
not be fed during this time. When feed is 
again provided it should be easily digestible 
and initially be of limited volume. Horses 
recovered from impaction of the large intes¬ 
tine have a higher than expected rate of 
recurrence of colic (30%). 

Surgical treatment may be needed for 
refractory cases (about 15%) but is associ¬ 
ated with a poor prognosis because of the 
risk of iatrogenic rupture of the colon during 
attempts to exteriorize it from the abdomen 
during surgery. Impaction of the right dorsal 
colon is more likely to require surgical 
treatment. 
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ENTEROLITHS AND FECALITHS 

ETIOLOGY 

Enteroliths are rock-like concretions, which 
are either spherical or tetrahedral, that form 
in the large colon of horses, usually around 










a foreign body and which can cause disease 
evident as obstructive enterolithiasis. Most 
enteroliths in the colon of horses are of two 
major types: magnesium phosphates/struvite 
and magnesium vivianite. There is wide 
variability in macro texture and ionic con¬ 
centrations between and within enteroliths 
of ammonium magnesium phosphate (stru¬ 
vite). Affected horses often have more than 
one enterolith and the enteroliths can weigh 
up to 12 kg. 

Fecaliths are aggregations of indigestible 
material such as fencing, plastic, or rope that 
often have an irregular shape. 

EPIDEMIOLOGY 

Enteroliths occur sporadically in horses in 
most regions of the world, but the disease is 
endemic with greater than expected inci¬ 
dence in certain areas, such as California. 
Equids with enterolithiasis represented 15.1% 
of horses admitted for treatment colic, and 
27.5% of patients undergoing celiotomy for 
treatment of colic in a study from California, 
but less than 2% of horses with colic exam¬ 
ined at a referral center in Texas. Of 1105 
horses subjected to exploratory laparotomy 
because of colic over a 16-year period, 21% 
had obstructive enterolithiasis of which 41% 
had an enterolith in the descending colon 
and 59% in the ascending (large) colon. 1 Of 
97 horses with obstructive enterolithiasis of 
the descending colon, 49 also had enteroliths 
in the large colon. Of the 139 horses with 
obstructive enterolithiasis of the large colon, 
32 had multiple enteroliths detected. 1 

Arabians and Arabian crosses, Morgans, 
American Saddlebreds, and donkeys are 
overrepresented, and Thoroughbreds, Stan- 
dardbreds, warmbloods, and stallions are 
underrepresented in some studies, suggest¬ 
ing a predilection of these breeds for the 
disease. 1 The disease is reported in American 
Miniature horses. 

Female horses are overrepresented among 
surgical cases of obstructive enterolithiasis, 
and horses with disease of the small colon are 
younger on average than those with disease 
of the large colon (13.2 versus 15.4 years). 1 
Enteroliths rarely occur in horses less than 4 
years of age and are more common in older 
horses (>11 years). Fecaliths associated with 
ingestion of foreign bodies occur more com¬ 
monly in young or adolescent horses. 

Feeding >50% of the diet as alfalfa hay, 
<50% as oat hay, and lack of daily access to 
pasture (stabling) are associated with 
increased risk of enterolithiasis in horses in 
California (OR of 4.7, 0.2, 0.2, and 2.8, 
respectively). 2 The mean pFl of colonic con¬ 
tents from horses with enterolithiasis is sig¬ 
nificantly higher than for control horses, and 
horses with enterolithiasis have a signifi¬ 
cantly lower percentage of dry matter in 
colonic fecal samples and higher mean 
mineral concentrations than controls. 

About 15% of cases examined at referral 
institutions that see large numbers of cases 
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develop a ruptured viscus caused by the 
enterolith and die. The long-term survival 
rate of horses treated surgically is approxi¬ 
mately 80% to 90% and does not differ for 
disease of the small or large colon. 

Fecaliths occur sporadically and appear 
to be more common in younger horses, 
perhaps because of their propensity to 
dietary exploration and ingestion of foreign 
materials. 

PATHOGENESIS 

The mechanism underlying enterolith forma¬ 
tion is not known. Enteroliths are formed 
in the large colon and, rarely, the cecum. 
They are clinically inapparent, even if quite 
large, until they cause obstruction of aboral 
passage of ingesta, usually by occluding the 
right dorsal or transverse colon. Occasional 
enteroliths pass into the small colon. Obstruc¬ 
tion of the colon causes mild to moderate, 
often intermittent, colic, presumably when 
the enterolith or fecalith obstructs the colon, 
with the pain resolving when the enterolith 
moves and the obstruction clears. Complete 
obstruction results in obstruction of aboral 
movement of ingesta, accumulation of gas 
and ingesta proximal to the obstruction, and 
distension of the large colon. There is no loss 
of integrity of the colon early in the disease 
but with time and distension there is ischemia 
and necrosis of the colon, with subsequent 
perforation, development of acute peritonitis, 
and death. 

CLINICAL FINDINGS 

Clinical signs of horses with obstructive 
enterolithiasis of the small (descending) 
colon differs somewhat from that of horses 
with disease of the large colon. Horses with 
disease of the small colon have shorter dura¬ 
tion of clinical signs and more severe disease 
than do horses with obstructive enterolithia¬ 
sis of the large colon. The most common 
historic manifestation of enterolithiasis of 
the large colon in horses is recurrent, inter¬ 
mittent colic (about one-third of cases), often 
with passage of enteroliths in feces (about 
10% of cases). 

A higher proportion of horses undergo¬ 
ing surgery for obstructive disease of the 
small colon were tachycardic (56% versus 
12%) and/or had a low white cell count (16% 
versus 5%) than did horses treated for disease 
of the large colon. Horses with enterolithiasis 
of the small colon had a shorter duration of 
clinical signs (median 5 hours, range 5-72 
hours) than did horses with enterolithiasis of 
the large colon (median 2 days, range 12 
hours to 3 months). 1 

Horses with acute obstruction have signs 
typical of obstructive, nonstrangulating 
disease of the large colon, including mild to 
moderate colic with failure to pass feces. The 
heart rate is 50 to 70 beats/min, borborygmi 
are decreased but not absent, and there is 
mild abdominal distension. Rectal examina¬ 
tion can reveal a mildly distended large 


colon but the offending enterolith is never 
palpable, except on the rare occasion that the 
enterolith or fecalith is lodged in the distal 
small colon. In horses with complete obstruc¬ 
tion of the small colon the severity of pain 
increases over the next 24 hours and there is 
readily apparent distension of the large 
colon. There is usually no reflux through a 
nasogastric tube. The terminal phase, which 
can take 72 hours to occur and is caused by 
rupture of a viscus, is marked by moderate 
to severe pain, abdominal distension, tachy¬ 
cardia (>80 beats/min), decreased capillary 
refill time, discolored mucous membranes, 
sweating, muscle fasciculations, and death. 
Rupture of a viscus and acute peritonitis 
occurs in approximately 15% of cases. 

Radiography of the abdomen is useful in 
identifying enteroliths in horses with colic 
(Fig. 7-6) and is more accurate for detection 
of enteroliths in the large colon than the 
small colon. 1,3,4 The accuracy of the diagnosis 
is approximately 80% for enteroliths in the 
large colon and 40% for those in the small 
colon, with sensitivity and specificity of 84% 
and 96% respectively. 4 Sensitivity is lower for 
enteroliths in the small colon (62%) because 
visualization is impeded by gas distension 
of the gastrointestinal tract. 4 Observation of 
an enterolith on radiographic examination 
of an equid with compatible clinical signs 
is very highly suggestive of the diagnosis of 
obstructive enterolithiasis. Failure to detect 
an enterolith does not rule out this disease, 
particularly for small-colon enterolithiasis 
(sensitivity of 62%). The most common 
reason for not detecting an enterolith is poor 
imaging of the abdomen because of inade¬ 
quate penetration by the x-ray beam, empha¬ 
sizing the need for appropriate radiographic 
equipment. 

CLINICAL PATHOLOGY 

There are no diagnostic changes in the 
hemogram, serum biochemical profile, or 
examination of peritoneal fluid. Horses 
with enteroliths have higher serum bilirubin 
concentrations on examination at referral 
centers, but this change is not sufficiently 
large to be useful as a diagnostic aid. Simi¬ 
larly, horses with enteroliths have higher 
protein and white cell counts in peritoneal 
fluid than do horses with other forms of 
colic, but again these differences are too 
small to be of diagnostic significance. 
Changes in hematological and biochemical 
variables during the terminal phases of the 
disease are characteristic of acute, diffuse 
peritonitis and include leukopenia with left 
shift, hemoconcentration, and azotemia. 

NECROPSY FINDINGS 

Enteroliths are frequent incidental findings 
at necropsy examination of mature horses, 
and their presence should not be overinter¬ 
preted. Obstructive disease caused by an 
enterolith is characterized by colon disten¬ 
sion, presence of an enterolith in the right 
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Fig. 7-6 Enterolith in the large colon of a horse with colic. The scale marker is 10 cm. 
(Reproduced with permission from Kelleher ME, et al. JAVMA. 2014;245:126. 4 ) 


dorsal, transverse, or small colon and, in 
cases dying of the disease, acute diffuse 
peritonitis resulting from colon rupture or 
perforation at the site of the enterolith. Tet¬ 
rahedral enteroliths with sharp points are 
believed to be more dangerous than are 
spherical enteroliths. 


DIFFERENTIAL DIAGNOSIS 


See Table 7-19. 

The main differential diagnosis is colon 
impaction, which can be difficult to 
differentiate from enterolith obstruction in the 
absence of radiographic examination of the 
abdomen. 


TREATMENT 

The definitive treatment is surgical removal 
of the enterolith. Supportive care including 
analgesia and fluid therapy should be pro¬ 
vided (see section Equine Colic). 

CONTROL 

Prevention of ingestion of foreign bodies, 
such as small pieces of metal, can decrease 
the incidence of the disease. Strategies that 
decrease fecal pH and mineral content of 
feces might also decrease the incidence of the 
disease. 
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SAND COLIC 

Ingestion of sand with its accumulation in 
the large colon causes mild to severe colic, 
which can be recurrent, and cause acute or 
chronic diarrhea and weight loss in equids. 1 
Sand colic is a disease of horses grazing 
sandy fields with short pasture, fed on sandy 
ground, or provided with feed contaminated 
with sand. It is often associated with under¬ 
feeding. Horses of all ages are affected, 
including foals that acquire the sand while 
eating dirt. The case-fatality rate for horses 
treated by surgical removal of sand is 20% to 
40%, whereas the survival rate for horses 
treated medically is approximately 90%.' The 
disease is attributable to sand accumulation 
in the right dorsal or transverse colon or 
pelvic flexure causing mucosal irritation, 
luminal obstruction, and abnormal motility. 
Sand in the ventral colon does not cause 
obstruction but is associated with colon vol¬ 
vulus or displacement. Sand does not accu¬ 
mulate in the small intestine. 

Clinical signs are of mild to severe colic 
that is often recurrent and can be associated 
with diarrhea (20%), abdominal distension 
(80%), and anorexia (10%). 1,2 The colic is 
often mild unless there is colon torsion or 
volvulus, in which case the signs are typical 
of that disease. Equids with signs of severe or 
persistent colic have an increased likelihood 
of having additional abnormalities such 
as colon volvulus or displacement. 1 The 
diarrhea is watery but not profuse or mal¬ 
odorous. Affected equids are frequently 
tachycardic and are sometimes mildly 


pyrexic. 1,2 Auscultation over the cranial 
ventral abdomen just caudal to the xiphoid 
reveals sounds similar to those made when a 
paper bag is partially filled with sand and 
rotated. This sound is diagnostic of sand 
accumulation in the ventral colon. 

Rectal palpation can reveal sand impac¬ 
tion in the ventral colon in approximately 
one-quarter of cases, but more frequently 
(50%) the colon, cecum, or both are dis¬ 
tended with gas. 2 Rectal palpation will not 
detect sand accumulation in the right dorsal 
or transverse colon because they are beyond 
reach. Feces collected during rectal examina¬ 
tion can be examined for sand by mixing it 
with water in a rectal sleeve, agitating the 
mixture of water and feces to suspend the 
sand, and allowing the mixture to sediment. 
Sand is evident in the dependent part of the 
glove and is detected in this way in approxi¬ 
mately 50% to 80% of affected equids. 1,2 

Radiography will demonstrate sand in 
the ventral and dorsal colons (Fig. 7-7) and 
can be used to monitor the efficacy of treat¬ 
ment. The severity of sand accumulation can 
be assessed radiographically and assigned a 
grade: 3 


0 = No sand 

1 = A small amount of sand (largest 

accumulation <5x5 cm), not ventrally 

2 = A small or moderate amount (largest 

accumulation -15x5 cm, or -5 x 15 cm) 
of sand, relatively ventrally or only a small 
part of the sand close to the ventral 
abdominal wall 

3 = A moderate amount of sand ventrally 

(largest accumulation -15x5 cm, or -5 x 
15 cm) 

4 = A large (>10 x >10 cm) sand 

accumulation ventrally 


Horses with sand impaction colic have sand 
accumulations of grade 2 to 4, with most 
having grade 4, and unaffected horses having 
grades 0 to 2. 4,5 Clinically normal equids can 
have small amounts of radiographically 
detectable sand in the colon. Additional 
information obtained radiographically and 
associated with a diagnosis of sand colic is, 
in addition to the presence of sand, the 
number of sand accumulations, opacity of 
the accumulation, location, and standard¬ 
ized height of the accumulation. ’ 

Ultrasonography has good sensitivity 
(88%) and specificity (88%) compared with 
a gold standard of radiography for detection 
of sand in the ventral colon. Ultrasonogra¬ 
phy is not as effective at detecting sand in the 
right dorsal or transverse colon. Ultrasonog¬ 
raphy can enable detection of associated 
abnormalities including evidence of colonic 
displacement or mural thickening and small- 
intestinal distension. 

Abnormalities in the hemogram and 
serum biochemistry profile are consistent 
with inflammation and dehydration and 
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Fig. 7-7 Lateral abdominal radiograph of a Miniature horse with severe sand accumulation. 
(Reproduced with permission from Hart KA, et al. Equine Vet J. 2013;45:465.') 


include a left shift in the leukogram, neu¬ 
trophilia, hyperfibrinogenemia, and mild 
azotemia. 1,2 Peritoneal fluid can be normal 
in mildly affected horses or indicative of 
inflammation and compromised intestine in 
severely ill equids. 1 

Treatment consists of pain relief, correc¬ 
tion of fluid and electrolyte abnormalities, 
prevention of continued ingestion of sand, 
and removal of the sand. In horses with 
severe colic consistent acute obstruction of 
the right dorsal or transverse colon by sand, 
volvulus, or displacement, surgical removal 
is indicated. Equids that require surgical 
correction of sand colic and associated 
gastrointestinal abnormalities have a worse 
prognosis than do equids requiring solely 
medical treatment. 1 

Medical treatment to effect sand removal 
is indicated in less acute cases. A widely 
used medical treatment is administration of 
psyllium mucilloid (0.5-1 g/kg orally every 
12 hours for 4-8 weeks) administered via a 
nasogastric tube or as a dressing on feed. 
However, in an experimental model of the 
disease this treatment was no more effective 
than no specific treatment in removal of sand 
from the cecum and colons. In contrast, 
administration of a combination of psyllium 
(0.5 kg orally twice daily) and mineral oil 
(2 L orally once daily) effectively removed 
51% of the administered sand load, whereas 
treatment with mineral oil resulted in the 
passage of 26% of the sand. The largest 
amount of sand was excreted after 24 hours 
of treatment with psyllium and oil and after 
5 days of treatment with oil only. 6 Mineral 
oil (1 mL/kg) or MgS0 4 (1 g/kg) orally may 
hasten sand removal. Administration of a 
combination of psyllium (1 g/kg BW) and 
MgS04 (1 g/kg BW) resulted in elimination 
of sand in 9/12 horses with naturally occur¬ 
ring sand accumulation, whereas MgS04 


alone resulted in elimination in 2/12 and 
psyllium alone in 3/12. 7 Pasturing of horses 
with sand accumulation that are otherwise 
housed in stables aids removal of the sand. 

Control of the disease is done by prevent¬ 
ing ingestion of sand by feeding horses hay 
and grain from clean feeding bins, providing 
adequate roughage in the diet, pasturing 
horses in fields with adequate grass cover, 
and perhaps, in areas where sand ingestion 
is unavoidable, daily administration of psyl¬ 
lium mucilloid. The recommendation for 
daily administration of psyllium is based on 
studies in healthy horses, anecdote, and 
extrapolation from treatment of affected 
horses. 8 

FURTHER READING 
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RIGHT DORSAL COLITIS 

This is a chronic disease caused by ulcerative 
colitis of the right dorsal colon. The disease 
is associated with prolonged administration 
of NSAIDs in most, but not all, cases. Ulcer¬ 
ative colitis occurs after administration of 
phenylbutazone. 1,2 The case-fatality rate is 
greater than 50%, although descriptions of 
large numbers of affected horses are not 
available. 


The pathogenesis involves inhibition of 
mucosal prostaglandin synthesis and con¬ 
sequent decreases in water, chloride, and 
bicarbonate secretion by mucosa of the right 
dorsal colon and apoptosis (programmed 
cell death) of mucosal cells. Loss of secretion 
of bicarbonate might be associated with 
failure of alkalinization of right dorsal colon 
contents and subsequent development of 
mucosal lesions. The right dorsal colon is the 
only section of the colon with net water 
secretion, and this unique activity may pre¬ 
dispose this section of colon to disease. 3 
Exposure of mucosal cells to phenylbutazone 
can occur both from the lumen and from 
blood. Luminal exposure may be related to 
release of phenylbutazone from ingesta in 
the right dorsal colon. Ulceration of the 
colonic mucosa allows leakage of plasma 
constituents into the colonic lumen, result¬ 
ing in hypoalbuminemia and loss of electro¬ 
lytes, 2 ' 4 and entry of colonic substances 
such as endotoxin into the systemic circula¬ 
tion, with consequent signs of endotoxemia 
and systemic inflammatory response (leu¬ 
kopenia, hyperfibrinogenemia, and fever). 
Chronic and extensive mucosal ulceration 
causes growth of granulation tissue and 
fibrosis of the right dorsal colon with subse¬ 
quent loss of secretory function, stricture, 
and partial obstruction. 

Clinical signs include depression, 
anorexia, mild fever (38.6-39.5°C [101.5- 
103°F]), mild intermittent colic, ventral 
edema, weight loss, and occasionally mild 
diarrhea. There is almost always a history of 
administration of an NSAID. The disease can 
persist for weeks and often prompts inap¬ 
propriate administration of NSAIDs. Rectal 
examination is unremarkable. Ultrasonog¬ 
raphy is useful in the diagnosis of right 
dorsal colitis by detecting the presence of a 
hypoechogenic submucosal layer and per¬ 
mitting measurement of the wall thickness of 
the right dorsal colon. The hypoechogenic 
layer in the wall of the right dorsal colon cor¬ 
responds with edema and cellular infiltrates 
observed histologically. The right dorsal 
colon in adult horses has a maximal thickness 
of 6 mm, whereas that in horses with right 
dorsal colitis is greater than 8 mm and can be 
as great as 16 mm. Additionally, the ratio of 
right dorsal colon to right ventral colon wall 
thickness is up to 1.6 in normal horses and 
greater than 2.0 in affected horses. Scinti¬ 
graphic detection of right dorsal colitis is 
achieved by the administration of 99m tech¬ 
netium hexamethylpropyleneamine oxime- 
labeled white blood cells. Images obtained 
20 hours after administration of labeled 
white cells demonstrated uptake of cells into 
the right dorsal colon (right cranioventral 
abdomen). 

There is often mild peritonitis (neutro¬ 
philia in peritoneal fluid). Leukopenia with 
a left shift and hypoproteinemia are charac¬ 
teristic. 4 Serum biochemical abnormalities 
include hypoalbuminemia, hyponatremia 
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(<135 mEq/L), hypochloremia (<90 mEq/L), 
and azotemia (serum creatinine >2 mg/dL, 
170 |imol/L). 

Necropsy examination reveals ulcerative 
colitis of the right dorsal colon. In chronic 
cases there may be stricture of the right colon 
with subsequent impaction of ingesta and 
colon rupture. 

Treatment is often unrewarding, although 
successful treatment by feeding of a low 
residue diet, such as a complete pelleted 
ration fed 4 to 6 times daily, is reported. Psyl¬ 
lium (120 g once daily) for 3 to 6 weeks might 
enhance healing of the colon. Administration 
of misoprostol (see Table 7-20) has been sug¬ 
gested but has no demonstrated efficacy. Sur¬ 
gical excision of the lesion is difficult because 
of its location in the abdomen, but bypass of 
the right dorsal colon can be beneficial. 5 
Control involves minimizing the amount of 
NSAIDs administered to horses. 

FURTHER READING 

Bueno AC, et al. Diagnosis and treatment of right dorsal 
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2000;22:173. 
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SMALL COLON OBSTRUCTION 

• Small colon impaction 1 

• Obstruction by enterolith or fecalith 
(see section Enteroliths and Fecaliths) 

• Meconium retention (see section Foal 
Colic) 

• Atresia coli (see section Foal Colic) 

• Strangulation by pedunculated lipoma, 
volvulus, intussusception, and 
herniation through mesenteric rents 
including the mesocolon or 
gastrosplenic ligament, ovarian pedicle, 2 
or enlarged ovary 

• Neoplasia (intramural), including 
lymphoma 3 

• Hematoma 

• Rectal prolapse 

• Rupture of mesocolon 

• Colonic lipomatosis 

• Perirectal abscess 

The likelihood of any particular cause of the 
obstruction is related to a number of factors 
including age, diet, and use. A review of 
84 cases of small-colon obstruction that 
underwent laparotomy revealed that the 
most common causes were impaction (37%), 
strangulation by a pedunculated lipoma 
(27%), focal eosinophilic colitis (6%), and 
adhesions of the small colon (6%). 4 

EPIDEMIOLOGY 

Small colon disease is present in approxi¬ 
mately 2.5% to 5% of horses treated for colic 


at referral institutions, and small-colon 
impaction represents approximately 2% of 
horses with colic. Aged female horses are 
most commonly affected, although the con¬ 
ditions can occur in horses of any age. Ara¬ 
bians, ponies, and Miniature horses are 
reported to be at increased risk of small- 
colon disease, although others have not 
detected this apparent predilection. Rupture 
of the mesocolon occurs during parturition. 
Small colon impaction can occur as limited 
outbreaks in a number of horses on a single 
farm over a period of days to weeks, without 
obvious predisposing causes or inciting 
events. The case-fatality rate depends on 
the condition and is 10% to 40% for impac¬ 
tion of the small colon. 1 The survival rates at 
discharge from hospital and 1 year and 2 
years after surgical correction of small-colon 
disease in horses that survived the surgery 
were 91, 81, and 74%. Approximately 80% of 
horses survived surgery in the short term. 4 

PATHOGENESIS 

Obstruction of the small colon causes accu¬ 
mulation of ingesta and gas in the small 
colon aboral to the obstruction and in the 
large colon, with subsequent distension, 
pain, and reduced motility. Distension of the 
small colon may impair blood flow with sub¬ 
sequent ischemia, necrosis, and rupture or 
perforation of the small colon. Incarceration 
of the small colon results in ischemia of the 
entrapped segment and restriction of flow of 
ingesta. Subsequent signs are characteristic 
of toxemia and intestinal obstruction. The 
high proportion of affected horses from 
which Salmonella spp. are isolated suggests a 
role for colitis in the pathogenesis of small- 
colon impaction. 

CLINICAL FINDINGS 
Nonstrangulating Lesions 
Nonstrangulating lesions manifest as mild 
to moderate colic that may persist without a 
change in severity for up to 36 hours. The 
heart rate depends on the severity of the 
colic but averages 60 beats/min with a range 
of 30 to 110 beats/min. There is mild dehy¬ 
dration. Abdominal distension is usually 
mild initially but increases as the disease 
progresses. Borborygmi are reduced and 
tympanitic sounds may develop as the large 
colon and cecum become distended. Rectal 
examination reveals the presence of dis¬ 
tended large colon but no evidence of colon 
displacement. 

Small colon impaction is palpable as a 
tubular column of material in the small 
colon, although it might not be detected if 
the impaction is in the cranial section of the 
small colon. Approximately 40% of cases 
have diarrhea and 13% strain to defecate. 1 
Fever is present in about one-third of cases. 1 
Rectal examination reveals impaction of the 
small colon, evident as a tubular mass in the 
caudal abdomen, in approximately 40% of 
cases, although complete examination per 


rectum can be difficult because of large- 
colon distension and accumulation of feces 
in the distal small colon. There is reflux 
through the nasogastric tube in approxi¬ 
mately 30% of cases. 

Strangulating Lesions 
Strangulating lesions that interfere with 
small-colon blood supply usually present as 
an acute colic of moderate to severe intensity. 
There is tachycardia and evidence of toxemia. 
Abdominal distension is usually marked and 
there is an absence of borborygmi. Rectal 
examination reveals distension of the large 
colon and occasionally soft, compressible 
distension of the small colon. 

Avulsion of the mesocolon occurs during 
parturition and is often evident as a rectal 
prolapse in the mare. Avulsion results in 
ischemia of the distal colon. Initially the 
mare does not display signs of pain but, as 
the section of the colon from which the 
mesocolon has avulsed becomes necrotic, 
signs of toxemia develop. 

CLINICAL PATHOLOGY 

There are no characteristic changes in the 
hemogram or serum biochemical profile. 
Peritoneal fluid is normal until the viability 
of the small colon is compromised, at which 
time the protein concentration and white 
blood cell count increase. Salmonella spp. are 
isolated from approximately 20% of cases of 
small-colon impaction, suggesting a role for 
colitis in the pathogenesis of the disease. 

NECROPSY FINDINGS 

Small colon impaction is evident as a tubular 
column of firm ingesta in the small colon 
with large-colon distension. Small colon 
accidents, such as rupture of the mesocolon 
at parturition and intussusception, are 
readily apparent. 


DIFFERENTIAL DIAGNOSIS 


See Table 7-19. 


TREATMENT 
Small-Colon Impaction 

The principles of treatment of small-colon 
impaction are relief of pain and of the impac¬ 
tion. Horses with signs of mild to moderate 
colic easily controlled with analgesics should 
be treated medically. Horses with intractable 
pain or progressively worsening pain, abdom¬ 
inal distension, or abnormal peritoneal fluid 
should be treated surgically. Horses treated 
surgically have a worse prognosis than do 
horses treated medically, probably because 
the former group has more severe disease. 

Medical treatment of small-colon impac¬ 
tion involves administration of analgesics 
(see Table 7-15); correction of fluid, elec¬ 
trolyte, and acid-base abnormalities; and 
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administration of fecal softeners (see Table 
7-16). Treatments to hasten softening and 
passage of the impaction include overhydra¬ 
tion, administration of sodium or magne¬ 
sium sulfate and a lubricant such as mineral 
oil, and occasionally administration of an 
enema to the standing horse. Overhydration 
should be achieved by either intravenous or 
oral administration of polyionic fluids at 
three to five times maintenance (10 mL/ 
kg/h). Administration of enemas to standing 
horses is controversial and should be done 
with care so as not to rupture the small 
colon. Trocarization of the large colon or 
cecum might be necessary in horses with 
severe abdominal distension. Trocarization 
can be associated with adverse outcomes 
including peritonitis and hemorrhage. 5,6 

Small-colon accidents including stran¬ 
gulation and intussusception require surgical 
correction including in some instance a 
parainguinal approach. 10 Surgical correc¬ 
tion of rupture of the mesocolon is not avail¬ 
able because of limited surgical access to the 
site of the lesion. 
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Prange T. Small colon obstructions in foals. Equine Vet 
Educ. 2013;25:293-296. 

Schumacher J, Mair TS. Small colon obstructions in the 
mature horse. Equine Vet Educ. 2002; 14:19. 

REFERENCES 

1. Frederico LM, et al. JAVMA. 2006;229:1612. 

2. Pilati N, et al. Equine Vet Educ. 2013;25:290. 

3. Smith KM, et al. Equine Vet Educ. 2013;25:74. 

4. de Bont MP, et al. Equine Vet J. 2013;45:460. 

5. Scotti GB, et al. Equine Vet Educ. 2013;25:184. 

6. Unger L, et al. Equine Vet Educ. 2014;26:430. 

7. Espinosa Buschiazzo CA, et al. Equine Vet Educ. 
2010;22:223. 

8. Prange T, et al. Vet Surg. 2010;39:748. 

9. Barrett EJ, et al. Equine Vet Educ. 2013;25:442. 

10. Klohnen A. Equine Vet Educ. 2013;25:447. 

SPASMODIC COLIC 

ETIOLOGY 

Spasmodic colic occurs sporadically and 
causative factors are not usually identified. 
Suggested causes include excitement, such as 
occurs during thunderstorms, preparations 
for showing or racing, and drinks of cold 
water when hot and sweating after work, 
although epidemiologic evidence of these 
associations is lacking. Presence of a heavy 
burden of tapeworms is associated with a 
high incidence of spasmodic (undiagnosed) 
colic. Mucosal penetration and submucosal 
migration of Strongylus vulgaris larvae are 
known to cause changes in ileal myoelectri- 
cal activity that could lead to the develop¬ 
ment of colic in horses. Psychogenic colic 
occurs rarely in horses. 

EPIDEMIOLOGY 

The condition is sporadic. It affects horses of 
all ages but is not recognized in young foals. 
No apparent breed or gender predisposition 
is noted. 


PATHOGENESIS 

The hypermotility of spasmodic colic in 
horses is thought to arise by an increase in 
parasympathetic tone under the influence of 
the causative factors mentioned earlier. 

CLINICAL FINDINGS 

Spasmodic colic of horses is characterized by 
brief attacks of abdominal pain. The pain is 
intermittent, with the horse rolling, pawing, 
and kicking for a few minutes, then shaking 
and standing normally for a few minutes 
until the next bout of pain occurs. Intestinal 
sounds are often audible some distance from 
the horse and loud, rumbling borborygmi 
are heard on auscultation. The pulse is ele¬ 
vated moderately to about 60 beats/min, and 
there may be some patchy sweating, but 
rectal findings are negative and there is no 
diarrhea. Rectal examination is usually unre¬ 
markable. The signs usually disappear spon¬ 
taneously within a few hours. 

CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

Laboratory examinations are not used in 
diagnosis and the disease is not fatal. 


DIFFERENTIAL DIAGNOSIS 


See Table 7-19. 


TREATMENT 

Acute hypermotility as manifested by spas¬ 
modic colic is usually transient, and the use 
of specific spasmolytics is not necessary. 
Detomidine, xylazine, or butorphanol are 
effective analgesics. Administration of hyo- 
scine is effective. Affected horses are often 
administered mineral oil (1 mL/kg) by naso¬ 
gastric intubation. 

INTESTINAL TYMPANY 
IN HORSES 

Intestinal tympany is one of the most 
common causes of colic, as illustrated by it 
reported as occurring in approximately 64% 
of horses with acute abdominal disease in 
Japan. 1 

ETIOLOGY 

The cause of most cases of idiopathic intesti¬ 
nal tympany is unknown, although the 
ingestion of highly fermentable green feed is 
considered to be a risk factor. Feeding of 
rations rich in grains is associated with 
changes in colonic contents that might pre¬ 
dispose to tympany. Intestinal tympany 
occurs secondary to obstructive diseases that 
prevent aboral passage of ingesta and gas. 

PATHOGENESIS 

The excessive production of gas or its reten¬ 
tion in a segment of bowel causes distension 


and acute abdominal pain. Intestinal disten¬ 
sion reduces intestinal motility and may con¬ 
tribute to the course of the disease. Severe 
tympany can interfere with normal respira¬ 
tion and cardiovascular function (see section 
Pathogenesis of Equine Colic). 

CLINICAL FINDINGS 

Abdominal distension is evident and pain is 
acute and severe. Peristaltic sounds are 
reduced, but fluid may be heard moving in 
gas-filled intestinal loops, producing a tin¬ 
kling, metallic sound. Pinging sounds con¬ 
sistent with tightly distended viscus may 
be heard on simultaneous flicking and 
auscultation of the abdomen. On rectal 
examination, gas-filled loops of intestine fill 
the abdominal cavity and make proper 
examination of its contents impossible. In 
primary tympany much flatus is passed. It is 
important to differentiate primary tympany 
from that occurring secondary to obstructive 
diseases such as enterolithiasis and displace¬ 
ment of the colon. 

CLINICAL PATHOLOGY 

Laboratory examinations are of no value in 
diagnosis. 

NECROPSY FINDINGS 

In cases of secondary tympany, the causative 
obstruction is evident. In primary cases, the 
intestines are filled with gas and the feces are 
usually pasty and loose. 



TREATMENT 

The principles of treatment are the relief of 
pain and distension, maintenance of hydra¬ 
tion, and reduction of gas production. In 
secondary tympany the primary disease 
should be identified and treated. 

Pain should be relieved by administration 
of xylazine, detomidine, or butorphanol, or 
similar agents (see Table 7-21). Distension of 
the bowel should be relieved by trocariza¬ 
tion, which should only be performed if 
there is no or minimal response to analgesic 
medication and no return of normal peristal¬ 
tic activity because of the risk of peritonitis, 
hemorrhage, or infection. 2 Trocarization can 
be performed percutaneously or per rectum/ 
Normal hydration should be restored by 
intravenous administration of polyionic 
fluids. Intestinal gas production should be 
minimized by the administration of mineral 
oil or a similar laxative (see Table 7-16). 
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VERMINOUS MESENTERIC 
ARTERITIS (VERMINOUS 
ANEURYSM AND 
THROMBOEMBOLIC COLIC) 

ETIOLOGY 

The etiology is unknown, although it is pre¬ 
sumed to result from thromboemboli origi¬ 
nating at sites of verminous arteritis in the 
cranial mesenteric artery. 

EPIDEMIOLOGY 

The disease is assumed to be more prevalent 
among horses on poor parasite control pro¬ 
grams; however, except in extreme cases that 
die and have a necropsy examination or 
exploratory laparotomy, the diagnosis is not 
confirmed. Therefore accurate measures of 
its incidence are not available. Cases can 
occur in foals as young as 3 to 6 months. The 
incidence of the disease has decreased 
remarkably with the advent of effective 
broad-spectrum anthelmintics and almost 
complete prevention of Strongylus spp. infec¬ 
tion in horses in developed countries. Post¬ 
mortem examination of 46 horses in Sardinia 
that were recorded as having been treated 
with broad-spectrum anthelmintics identi¬ 
fied gross lesions of the cranial mesenteric 
artery in all horses and S. vulgaris larvae in 
39% of the horses. 1 

PATHOGENESIS 

Migration of the larvae of Strongylus vulgaris 
into the wall of the cranial mesenteric artery 
and its branches occurs in horses. The pres¬ 
ence of larvae causes chronic-active inflam¬ 
matory lesions and thickening of the tunica 
intima and adventitial tunic of the ileocecal 
and colic arteries. 1 These lesions can cause 
thromboemboli that restrict blood supply to 
the intestines, with subsequent ischemia and 
dysfunction. The recurrent colic of vermin¬ 
ous arteritis is possibly caused by impairment 
of the vascular and nerve supply to the intes¬ 
tine. The disease is basically an infarction 
of bowel wall without displacement of the 
bowel. The small intestine, colon, and cecum 
can be affected. The disease has also been 
associated with larval cyathostomiosis. 

CLINICAL FINDINGS 

Signs vary depending on the severity of the 
disease. It is assumed that mild, intermittent 
colics that respond to analgesics in the short 
term and anthelmintics in the long term 
are caused by verminous arteritis. Affected 
horses are often depressed and spend long 
periods recumbent. Weight loss and inap¬ 
petence are features of the disease in some 
horses. The disease can have a course of 
weeks to months. 

Acute, severe cases of the disease are 
caused by infarction of parts or all of the small 
intestine, cecum, or colon. Affected horses 
have an acute onset of severe abdominal pain, 
tachycardia (>100 beats/min), and sweating. 
Auscultation reveals decreased borborygmi. 


There is mild distension of small intestine or 
large colon, depending on the segment of 
bowel affected, on rectal examination. There 
are rarely signs of intestinal obstruction. Pal¬ 
pation of the cranial mesenteric artery can 
reveal thickening and pain but is not a useful 
diagnostic sign for the acute disease. Death is 
caused by peritonitis secondary to devitaliza¬ 
tion of the intestine, 2 usually within 24 hours 
of the onset of signs. 

CLINICAL PATHOLOGY 

There are no diagnostic changes in the 
hemogram or serum biochemical profile. 
Horses with mesenteric artery lesions have 
higher mean corpuscular volume, mean 
corpuscular hemoglobin, concentrations of 
-a-2 globulins, -|3-globulins, and -y-globulins 
than in healthy horses. 1 Peritoneal fluid in 
mild cases can have mild elevations in 
protein concentration and white blood cell 
count. In severe cases, peritoneal fluid 
protein concentration is increased (>25 g/L, 
2.5 g/dL) as is white blood cell count (9000- 
100,000 cells/|i,L, 9-100 x 10 3 cells/L). 

NECROPSY FINDINGS 

Infarction of the colon and cecum is most 
common and evident as either gangrene of 
large sections of the organ or multifocal 
mottled lesions that are red and edematous. 
Histologic examination rarely reveals the 
presence of thrombi. There is often vermin¬ 
ous arteritis of the cranial mesenteric artery, 
evident as thickening of the intima and nar¬ 
rowing of the lumen. 1,3 



TREATMENT 

Mild, recurrent cases are treated with 
analgesics such as flunixin meglumine (see 
Table 7-15), laxatives such as mineral oil 
(see Table 7-16), and anthelmintics (iver¬ 
mectin 200 pg/kg orally once; or fenbenda- 
zole 50 mg/kg orally every 24 hours for 
3 days). 

Severe cases are treated with analgesics 
(see Table 7-15), intravenous administration 
of fluids (see Chapter 5), and supportive care. 
Usually the severity of the colic prompts sur¬ 
gical exploration of the abdomen with resec¬ 
tion of small lesions. Most severe cases do 
not survive. 

FURTHER READING 

White NA. Thromboembolic colic in horses. Compend 
Contin Educ. 1985;7:S156-S161. 
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RETROPERITONEAL ABSCESS 
(INTERNAL ABDOMINAL 
ABSCESS, CHRONIC 
PERITONITIS, AND 
OMENTAL BURSITIS) 

A recognized form of recurrent or intermit¬ 
tent colic is associated with an abscess in the 
abdominal cavity. The abscesses are usually 
retroperitoneal, sometimes involving the 
omental bursa, and chronic leakage from 
them into the peritoneal cavity causes 
chronic or recurrent peritonitis. Complete 
recovery is difficult to effect, and there is a 
high failure rate in treatment. These abscesses 
result from any of the following: 

• Infection of a verminous aneurysm, 
especially in young horses 

• Metastatic S. equi infection (metastatic 
strangles) 

• Minor perforations of intestinal wall 

allowing minimal leakage of intestinal 
contents so that omental containment 
of the leak occurs 

• Erosion through a gastric granuloma 
associated with Habronema sp. or a 
squamous cell carcinoma of stomach 
wall 

• In mares, development of an abscess 
in the pelvic fascia results after tearing 
of the rectal wall during pregnancy 
diagnosis. 

• Abscesses caused by R. equi in 
foals 

Clinical findings suggestive of the disease 
include persistent or intermittent chronic 
colic and weight loss. A fever is common and 
varying degrees of anorexia are typical. In 
cases with a concurrent chronic peritonitis 
or an omental bursitis, the amount of inflam¬ 
matory exudate may be large enough to 
cause abdominal distension. When the 
abscess is perirectal and in the pelvic fascia 
there may be straining and constipation 
caused by voluntary retention of feces. 

On rectal examination it can be possible 
to feel an abscess or adhesions to one. They 
are often multiple and quite large and adher¬ 
ent to one another, so that tight bands of 
mesentery can be felt that will lead the hand 
to the site of the abscess. Pain is usually elic¬ 
ited by rectal palpation of the infected sites 
and by firm palpation of the external abdom¬ 
inal wall. Ultrasonography through the 
abdominal wall has been used to locate large 
retroperitoneal abscesses in a foal. 

The hemogram, especially in acute cases, 
is characterized by a neutrophilia, which 
may be as high as 30,000/|xL with a left shift. 
Chronic anemia caused by bone marrow 
depression may occur as well as increased 
plasma fibrinogen and hypoalbuminemia. 
Abdominocentesis may yield turbid fluid 
with a protein content greater than 2.5 g/dL 
and an increase in leukocytes. If culture is 
possible the causative bacteria are usually 
S. equi, S. zooepidemicus, Corynebacterium 
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equi, C. pseudotuberculosis, or mixed infec¬ 
tions if there has been intestinal leakage. It 
is common, even when there is an active 
infection in a retroperitoneal abscess, to 
fail to grow bacteria from a peritoneal 
effusion. 

Intraabdominal abscesses must be dif¬ 
ferentiated from abdominal neoplasms in 
the horse. Anorexia, weight loss, fever, colic, 
and depression are common to both syn¬ 
dromes. The laboratory findings in both 
groups are similar, but cytologic examination 
of the peritoneal fluid may yield an accurate 
diagnosis in the case of neoplasms. 

Compromised or perforated stomach 
wall can result in adhesions to the spleen and 
development of splenic abscesses in horses. 1 
In these animals a sharp pain response can 
be elicited on firm palpation of the abdomen 
in the left flank just behind the last rib. 
Abscesses in liver are not so easily located. 
Abscesses in pelvic fascia are usually not very 
discrete but are instantly noticeable on 
inserting the hand into the rectum. 

TREATMENT 

Treatment with broad-spectrum antimicro¬ 
bials is indicated and the initial response is 
good but often transitory if the usual course 
of treatment is only 3 to 5 days’ duration. The 
prognosis is usually tentative because of the 
difficulty of completely eliminating the infec¬ 
tion. Treatment must be continued for at 
least 2 weeks and in some cases for a period 
of 2 to even 4 to 5 months. Surgical treatment 
might be possible, but is usually ineffectual 
because of the deformity of the area by adhe¬ 
sions, and the usual outcome of tearing the 
intestine and spillage into the peritoneal 
cavity while attempting to exteriorize the 
lesion. 

REFERENCE 
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RECTAL TEARS 

Iatrogenic tears of the equine rectum are a 
serious problem in equine practice. They are 
a leading cause of malpractice suits for the 
veterinarian, comprising approximately 7% 
of insurance claims against veterinarians in 
equine practice in the United States and can 
be a large economic loss for the owner. The 
occurrence of rectal tears is often an emo¬ 
tionally charged event because they are 
unexpected and they usually occur in other¬ 
wise healthy horses being subjected to 
routine rectal examination. Prompt diagno¬ 
sis and vigorous treatment, along with frank 
disclosure of the event to the horses owner 
or handler, is essential in increasing the like¬ 
lihood of a good outcome both for the horse 
and for the veterinarian-client relationship. 

Rectal tears also occur in cattle and 
sheep during reproductive procedures 
including manual pregnancy diagnosis in 


cattle and during insertion of ultrasound 
probes per rectum in sheep. The frequencies 
and risk factors are not recorded. 

ETIOLOGY 

The etiology of rectal tears is usually readily 
apparent, with the vast majority of rectal 
tears in horses being iatrogenic. Iatrogenic 
rupture occurs during rectal examination by 
veterinarians or laypersons for reproductive 
management (broodmare), or examination 
of other intraabdominal structures, for 
example, during evaluation of a horse with 
colic. 1 Spontaneous or noniatrogenic rupture 
can occur associated with infarctive lesions 
of the distal small colon or rectum, injuries 
during parturition or coitus, and malicious 
trauma caused by insertion of foreign objects 
by attendants. 2 It is important that rectal 
tears should not be assumed to be iatrogenic 
until a thorough evaluation of the animal 
and the history has been performed. 

EPIDEMIOLOGY 

Risk factors for rectal tears in horses have 
not been quantified. Reports of the frequency 
of occurrence do not provide information 
about the relative risk of occurrence in an 
individual animal. For example, rectal tears 
occur more frequently in mares, but the risk 
of a rectal tear occurring in a mare expressed 
as either the risk per examination or the risk 
per year might be less than that of a stallion. 
The less frequent occurrence in stallions (i.e., 
number of cases) might be because stallions 
are much less seldom subject to rectal exami¬ 
nation. Given this caveat, identified associa¬ 
tions with rectal tears include: 

• Age: Contrary to earlier speculation, 
increasing age is likely a risk factor for 
rectal tears in horses and it is more 
frequent in animals >9 years of age. 1 

• Gender: The condition is more common 
in mares, 1 likely because they are more 
frequently subject to rectal examination 
as part of routine reproductive 
management. The relative risk of mares 
versus stallions and geldings is 
unknown. 

• Breed: Arabian and American Miniature 
horses appear to be at increased risk of 
iatrogenic rectal tears. 1 

• Size: Smaller animals can be at 
increased risk. 

• Inadequate restraint: Horses must 
be adequately restrained for rectal 
examination (see section Prevention). 

• Inadequate preparation of the rectum: 
The rectum and distal small colon 
should be emptied of feces before an 
examination of the reproductive organs 
or gastrointestinal tract is performed. 

• The experience of the examiner is not a 
factor in the risk of rectal tears in 
horses. 

• The use of ultrasonographic probes per 
rectum does not appear to increase the 
risk of rectal tears. 


PATHOGENESIS 

Rectal tears occur in horses because the 
rectum of the horse is relatively sensitive and 
fragile and powerful contractions occur 
during rectal palpation. In contrast, the 
bovine rectum is relatively durable and, 
while often traumatized, is rarely ruptured. 
Tears occur because of excessive tension on 
the rectal wall. This usually occurs in horses 
by peristalsis and contraction of the rectum 
over the examiner’s hand, with splitting of 
the rectum often occurring over the back 
(knuckles) of the hand. 

Complete rupture of the peritoneal 
portion of the rectum results in fecal con¬ 
tamination of the abdomen and rapid onset 
of septic peritonitis and death. Tears in the 
nonperitoneal portion of the rectum (that is, 
caudal to the peritoneal reflection) cause 
perirectal cellulitis and abscessation. 

CLINICAL SIGNS 

The prominent clinical sign of the occur¬ 
rence of a rectal tear is the presence of blood 
on the rectal sleeve of the examiner. Slight 
bloodstaining of mucus or lubricant is 
usually not associated with rectal tears 
(although this should be verified by repeat 
examination), whereas the presence of frank 
hemorrhage on the sleeve is usually indica¬ 
tive of a rectal tear. The rectum in an adult, 
450-kg horse, is approximately 30 cm long 
and is partially within the abdomen, where 
it is covered by peritoneum, and partially in 
the pelvic canal, where it is not surrounded 
by peritoneum but is supported by thick con¬ 
nective tissue and muscle. The peritoneal 
portion of the rectum is supported dorsally 
by the mesorectum (mesocolon). Most iatro¬ 
genic rectal tears in horses occur within 25 
to 30 cm of the anus, but can occur up to 
60 cm from the anus, in the peritoneal 
portion of the rectum. The tears are almost 
always in the dorsal or dorsolateral wall and 
are longitudinal (parallel to the long axis of 
the rectum). It is speculated that the dorsal 
wall of the rectum is weaker than other seg¬ 
ments because it is not covered by serosa, 
and blood vessels perforate the muscularis 
layers, weakening it. 

Rectal tears in the horse have been 
classified according to the layers of the 
rectal wall disrupted. The classification 
is also a useful guide to the clinical signs 
to be expected and the treatment that 
is indicated (see the following section 
Treatment for management of each grade of 
tear): 

• Grade I: Disruption of the mucosa only, 
or the mucosa and submucosa. There 
are usually no clinical signs other than 
some blood on the examiner’s sleeve. 
Most of these injuries occur to the 
mucosa of the ventral aspect of the 
rectum. 

• Grade II: Disruption of the muscular 
layer of the rectal wall with the mucosal 
and serosal surfaces intact. This is a 
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rarely recognized form of tear. There are 
minimal clinical signs. 

• Grade Ilia: Tear includes mucosa, 
submucosa, and muscularis, but the 
serosal surface is intact. This degree of 
tear usually causes septic peritonitis. If 
the tear is caudal to the peritoneal 
reflection the pelvic fascia becomes 
infected, but the infection may remain 
contained within it for 7 to 10 days, 
forming a local cellulitis or abscess. 
During this period, the horse is likely to 
be affected by mild chronic peritonitis, 
with mild abdominal pain, fever, and 
mild toxemia. At the end of this time, 
the infection can erode through the 
peritoneum and cause an acute, severe, 
diffuse peritonitis or rupture through 
the perianal tissue causing a fistula. 

• Grade Illb: Tear is on the dorsal wall 
and includes the mucosa, submucosa, 
and muscularis. Because there is no 
serosa at this position, the tear extends 
into the mesocolon. There is usually 
septic peritonitis. 

• Grade IV: Complete rupture with 
leakage of fecal material into the 
peritoneal space. Clinical signs of septic 
peritonitis are severe and death is 
almost inevitable. 

Horses with a rectal tear will not display any 
immediate signs of discomfort. However, if 
there is a grade III or grade IV tear, the horse 
will have signs of septic peritonitis, including 
elevated heart and respiratory rates, sweat¬ 
ing, colic, increased capillary refill time, and 
discolored mucous membranes within 1 to 2 
hours. 

CLINICAL PATHOLOGY 

Hematological and serum biochemical 
changes in horses with grade III and grade 
IV tears are consistent with acute septic peri¬ 
tonitis. These changes include leukopenia 
and neutropenia, increased band cell count, 
elevated hematocrit, and total protein con¬ 
centration initially, after which serum total 
protein concentration can decline as protein 
leaks into the abdomen. Peritoneal fluid has 
a high white blood cell count and protein 
concentration. Cytologic examination reveals 
the presence of degenerate neutrophils, intra¬ 
cellular and extracellular bacteria, and plant 
material. Lipid material can be detected in 
the peritoneal fluid if there has been leakage 
of mineral oil through the tear. 3 

PROGNOSIS 

The case-fatality rate varies depending on 
the type of tear (see later section Clinical 
Signs). Horses with grade I or II tears almost 
all survive, whereas the survival rate for 
horses with grade III tears treated appropri¬ 
ately is 60% to 70%. Almost all horses with 
grade IV rectal tears die. Survival rates for 
grades I, II, III, and IV rectal tears are 100, 
100, 38, and 2% for horses treated at a refer¬ 
ral center. 1 


TREATMENT 

If the person doing the rectal examination 
feels the mucosa tear, if there is blood on the 
rectal sleeve, or if a horse that has had a rectal 
examination up to 2 hours previously starts to 
sweat and manifest abdominal pain, a rectal 
tear should be suspected. A thorough exami¬ 
nation should be conducted immediately but 
great care is necessary to avoid damaging the 
rectum further. The principles of care are to 
verify the presence of a tear, determine its 
severity, prevent leakage of fecal material into 
the peritoneum or tissues surrounding the 
tear, treat for septic peritonitis, prevent exten¬ 
sion of the tear, and provide pain relief. 

Immediate Care 

If a rectal tear is suspected the horse should 
be appropriately restrained and examined 
immediately. There should be no delay in 
conducting this examination. The client 
should be informed of the concern about a 
rectal tear. First-aid measures taken at the 
time of a grade III or IV tear can have a 
marked influence on the outcome. Horses 
with grade III or IV rectal tears should receive 
first-aid treatment and then be referred for 
further evaluation and treatment. 4 

The existence of a tear should be deter¬ 
mined and its severity assessed. This is best 
achieved by sedating the horse, providing 
local analgesia of the rectal mucosa and anus, 
and careful manual and visual examination of 
the rectal mucosa. Sedation can be achieved 
by administration of adrenergic agonists 
(xylazine, romifidine, and detomidine) with 
or without a narcotic drug (butorphanol, 
meperidine, pethidine, and morphine). Anal¬ 
gesia of the rectum and anus can be induced 
by epidural anesthesia (lidocaine or xylazine) 
or local application of lidocaine gel or lido¬ 
caine enema (10-15 mL of 2% lidocaine in 
50-60 mL of water infused into the rectum). 
Peristalsis can be reduced by administration 
of hyoscine (N-butylscopolammonium 
bromide, 0.3 mg/kg intravenously). 

Manual or visual examination of the 
rectum can then be performed. Manual 
examination is performed after generous 
lubrication of the anus and examiner’s hand 
and arm. Some authorities prefer to use bare 
hands, rather than gloves or a rectal sleeve, 
for this examination because of the decreased 
sensitivity when wearing gloves. However, 
one should be aware of the health risks to the 
examiner of not using barrier protection 
(gloves) during a rectal examination. The 
rectum should be evacuated of feces and a 
careful and thorough digital examination 
should be performed. If a tear is detected, the 
position, distance from the anus, and length 
and depth of the tear should be determined. 
Gentle digital examination should be used to 
determine the number of layers involved and 
if there is rupture of the rectum and com¬ 
munication with the peritoneal space. 

Alternatively, the rectum can be exam¬ 
ined visually through a mare vaginal 


speculum, or using an endoscope. Both of 
these approaches are likely to minimize the 
risk of further damage to the rectum. These 
examinations can be impaired by the pres¬ 
ence of fecal material. 

If a grade III or IV rectal tear is detected, 
then the horse should be administered broad- 
spectrum antibiotics (penicillin, aminogly¬ 
coside, and possibly metronidazole) and 
NSAIDs, and referred for further evaluation. 
Some, but not all, authorities recommend 
placement of a rectal pack to prevent further 
contamination of the rectal tear. This is 
formed from a 7.5-cm (3-inch) stockinette 
into which is inserted a roll of cotton (approx¬ 
imately 250 g). The roll is moistened with 
povidone iodine solution, lubricated, and 
inserted into the rectum in the region of the 
tear. Epidural anesthesia will prevent expul¬ 
sion of the roll in the short term. 

Prompt referral and care is essential for 
maximizing the likelihood of a good outcome 
in horses with grade III and IV tears. 

Grade I and II Tears 

Treatment of these tears is medical. Horses 
should be administered broad-spectrum 
antibiotics and feces should be softened by 
the administration of mineral oil. These 
wounds heal in 7 to 10 days. 

Grade III Tears 

Both medical and surgical treatments are 
effective in approximately 60% to 70% of 
cases of grade III tears. The choice of treat¬ 
ment depends on the expertise and experi¬ 
ence of the attending clinician and financial 
constraints imposed by the horse’s owner. 
Surgical treatment includes direct repair of 
the tear (for those lesions that can be readily 
exposed via the anus), placement of a rectal 
sheath by ventral laparotomy, and placement 
of a loop colostomy. Various techniques are 
described. 5 ' 6 Surgical repair is in addition to 
aggressive treatment of peritonitis. 

Medical treatment includes administra¬ 
tion of broad-spectrum antibiotics (such as 
penicillin, aminoglycoside, and metronida¬ 
zole), antiendotoxin drugs (such as hyperim¬ 
mune serum or polymyxin sulfate), NSAIDs, 
crystalloid fluids, colloidal fluids (hetastarch 
and plasma), and heparin, as well as other 
care. Peritoneal lavage might be indicated. 
Manual evacuation of the rectum at frequent 
intervals (every 1-2 hours for 72 hours and 
then 4-6 times daily for a further 7 days) was 
suggested to improve the prognosis, although 
others caution against manual evacuation of 
the rectum because of the risk of worsening 
the tear. 

Grade IV Tears 

Tears of this severity require immediate sur¬ 
gical intervention to minimize fecal contam¬ 
ination of the peritoneum. However, the 
grave prognosis and high cost of treatment, 
and poor success of surgical intervention 
in these cases, means that most horses are 





euthanized. If surgical care is attempted, 
there should also be aggressive medical treat¬ 
ment of the peritonitis. 

PREVENTION 

As noted earlier, rectal tears can occur during 
examination by even the most experienced 
operators. Ideally, the owner should be 
informed of the risks of rectal palpation 
and explicit consent to perform the examina¬ 
tion should be obtained. This is especially 
important for animals that are at increased 
risk of rectal tears. 

The examination should be performed 
only when there is a clear clinical reason for 
performing a rectal examination, when the 
animal is a suitable candidate for rectal 
examination, and when the animal can be 
adequately restrained to permit a thorough 
examination to be performed in relative 
safety for both the examiner and the animal. 

The examiner should proceed cautiously 
with the examination. The gloved hand and 
arm of the examiner should be well lubri¬ 
cated with a water-based lubricant. The anus 
should be gently dilated by using fingers 
shaped into a cone. Feces should be evacu¬ 
ated from the rectum such that the rectum is 
empty to the most cranial extent of the region 
to be examined. If the horse is anxious and 
straining, or if there is excessive peristalsis, 
then the animal should be sedated and anti- 
peristaltic drugs (such as hyoscine) should be 
administered. The examination should be 
halted if the horse begins to struggle or resist 
the examination excessively. Application of a 
nose twitch often facilitates the examination. 

During the examination care should be 
exercised not to resist peristaltic waves; the 
hand should be withdrawn in front of these 
advancing waves and reinserted as peristalsis 
passes. The fingers should not be opened 
widely during the examination and care 
should be taken not to put excessive pressure 
on a small region of rectum, such as might 
occur when trying to grasp an ovary or loop 
of distended intestine. 

A rectal tear in a horse is a common cause 
of a malpractice suit and the veterinarian 
involved with the case is advised to recom¬ 
mend to the owner that a second opinion be 
solicited from another veterinarian to mini¬ 
mize any misunderstanding. 
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ACUTE DIARRHEA OF 
SUCKLING FOALS 

ETIOLOGY 

The causes of diarrhea in suckling foals are 
listed in Table 7-22. In a large proportion of 
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foals the cause of diarrhea is not determined, 
in part because the disease is usually spo¬ 
radic, mild, and transient. The more common 
identified infectious causes of diarrhea in 
foals on breeding farms in Britain include 
rotavirus, C. perfringens, Salmonella, Crypto¬ 
sporidium sp., and Strongyloides westeri, 
although the relative importance of various 
pathogens varies from year to year, from farm 
to farm, and from region to region. 1 Potential 
pathogens can be isolated from both foals 
with diarrhea and healthy foals, 2 making 
etiologic diagnosis of the cause of diarrhea 
challenging. Of over 1000 foals examined at 
studs in the UK the most common disease 
was diarrhea with systemic disease (fever, 
tachycardia, depression, dehydration, or 
combinations thereof) affecting 5.9% of foals 
<30 days of age. Approximately one-half of 
these foals tested positive for rotavirus. 1 

Etiologic infectious organisms were iso¬ 
lated from 55% of 223 foals hospitalized in 
the United States for treatment of diarrhea, 
with 78% of the 122 positive foals having only 
one organism isolated. 3 Foals were tested for 
the presence of rotavirus, Salmonella spp., 
C. perfringens, C. difficile, coronavirus, hel- 
minthes, and Cryptosporidium. Rotavirus 
was the most commonly detected organism 
and was identified in 20% of the foals. 

C. perfringens causes diarrhea in young 
foals. There are five major types of C. perfrin¬ 
gens and, while the organism is clearly 
associated with disease, a definitive role for 
each of these types in causing disease has not 
been established, partly because toxin pro¬ 
duction for strains isolated from foals with 
diarrhea has not been routinely documented. 
However, there is clear evidence that C. per¬ 
fringens type C causes diarrhea in foals. C. 
perfringens types A, B, D, and E might be 
associated with disease in foals, but definitive 
proof is lacking. (3-2 toxigenic C. perfringens 
type A has been described as a cause of colitis 
in a foal. 4 C. difficile, alone or in coinfection 
with C. perfringens, is a cause of diarrhea in 
foals. 5 ' 6 

E coli, an important cause of disease in 
neonates of other livestock species, does not 
appear to be an important cause of diarrhea in 
foals, although some strains are pathogenic. 
Similarly, although there are reports of coro¬ 
navirus causing severe disease in foals, this 
does not appear to be a common cause of 
diarrhea in foals. Candida spp. can cause diar¬ 
rhea in critically ill foals and those adminis¬ 
tered antibiotics, but yeasts are app arently not 
causally associated with diarrhea in foals.' 
Yersinia spp. have been associated with diar¬ 
rhea in fo als but do not appe ar to be a common 
cause of disease. Bacteroides fragilis is an 
uncommon cause of diarrheal disease in 
foals. C. parvum or a specific horse-related 
Cryptosporidium causes diarrheal disease in 
foals and can be isolated from broodmares. 810 
The role of Campylobacter spp. in foal diar¬ 
rhea, if there is any, is unclear, although it has 
been isolated from foals with enteritis. 11 


Strongyloides westeri infection, although 
usually regarded as causing only mild 
disease, if any, can cause severe disease in a 
foals and an outbreak of diarrhea. 12 

Group A rotaviruses are an important 
cause of diarrhea in foals and are discussed 
separately. 13,14 

Most foals develop transient, clinically 
unimportant mild diarrhea in the first 2 
weeks of life. Colloquially referred to as foal 
heat diarrhea because of its temporal asso¬ 
ciation with postpartum estrus in the dam, 
the occurrence of diarrhea is not associated 
with estrus in the dam but rather changes in 
intestinal flora as the foal ages. 1,1 

Noninfectious causes of diarrhea in foals 
include foal heat diarrhea, overfeeding of 
orphan foals or feeding of incorrect milk 
replacers, primary or secondary lactose 
intolerance, and pica (allotriophagia), 
including eating of sand or dirt. Primary 
lactose intolerance, the congenital absence of 
lactase in foals, is reportedly rare. 16 Second¬ 
ary lactase deficiency occurs in foals recover¬ 
ing from enteritis and responds to feeding of 
lactose-free milk or administration of exog¬ 
enous lactase. Acute pancreatitis causes diar¬ 
rhea in foals, along with signs of abdominal 
pain and increases in lipase activity in blood 
and peritoneal fluid. 1 

Diarrhea is common in foals with sys¬ 
temic sepsis (septicemia) in which it can be 
attributable to the agent causing septicemia 
also causing colitis/enteritis (for example 
Salmonella spp.) or as a result of systemic 
organ dysfunction. 18 Approximately 50% of 
foals with diarrhea treated at a referral insti¬ 
tution were bacteremic, although bacteremia 
was not associated with risk of death. 18 

EPIDEMIOLOGY 

Diarrhea is common in suckling foals world¬ 
wide although studies of its incidence, risk 
factors, and outcome are exiguous. Diarrhea 
affects 21% of foals annually in Texas, being 
second only to respiratory disease (22%) as a 
cause of disease. The frequency of disease 
varies with age: 25% of foals 0 to 7 days 
of age have diarrhea, compared with 40% 
and 8% of foals aged 8 to 31 days and 32 to 
180 days, respectively. Although a common 
disease syndrome, diarrhea is not associated 
with a high death rate (2.6%). Results of the 
Texas study might not be applicable to foals 
in other regions as indicated by the finding 
of 5.9% of foals affected by diarrhea with 
systemic signs and an additional 2.9% with 
undiagnosed diarrhea without systemic 
signs on horse studs in the UK. 1 

Among the common causes of diarrhea 
the highest death rates are associated with 
diarrhea associated with C. perfringens, Sal¬ 
monella sp., and Cryptosporidium sp. 2 

Risk factors for development of the 
diarrhea vary depending on its etiology, 
but generally the disease is less common in 
foals born on pasture and at low stocking 
density. 11 
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Table 7-22 Epidemiological and clinical features of suckling foals with diarrhea 

Etiological agent or disease 

Important epidemiological factors 

Major clinical findings; diagnostic criteria 

Idiopathic 

Foal heat diarrhea 

Foals <2 weeks of age 

No systemic signs of disease; diarrhea is mild and pasty 

No specific diagnostic criteria 

Bacterial causes 

Septicemia (coliforms, 
Actinobacillus sp., 

Salmonella sp., Klebsiella sp., 
and others) 

Newborn foal to <2 weeks of age; failure of transfer of 
passive immunity 

Signs of systemic sepsis in addition to diarrhea; fever, 
depression, recumbency, failure to nurse, swollen joints, 
pneumonia, omphalitis, or omphalophlebitis; blood culture 

Salmonella sp. 

Outbreaks in newborn foals, even those with adequate 
passive immunity: mare is the likely carrier 

Acute onset diarrhea, depression, fever, and toxemia; culture 
of blood and feces 


Hygiene at parturition may prevent disease 


Escherichia coli 

Not a well-documented disease in foals (cf. calves and 
piglets) 

Nonfetid diarrhea; culture of feces yields heavy growth of 
mucoid E. coli (circumstantial evidence only) 

Enterococcus ( Streptococcus ) 

Young foals; disease is rarely reported 

Diarrhea; demonstration of S. durans in feces 

Rhodococcus equi 

Foals 2-5 months of age, some with history of 
respiratory disease 

Diarrhea associated with R. equi pneumonia; culture 
respiratory tract 

Clostridium difficile 

<2 weeks of age 

Colic, fever, ileus, hematochezia, toxemia, and depression; 
fecal culture and demonstration of toxin in feces 

C. perfringens type C 

Neonatal foals; sporadic disease to annual outbreaks on 
breeding farms; most foals excrete C. perfringens type 
A, which rarely causes diseases in foals 

Colic, fever, ileus, hematochezia, toxemia, depression 

Culture of C. perfringens type C in feces, demonstration of 
toxin in feces 

Lawsonia intracellularis 

Older suckling foals and weanlings; sporadic or 
outbreaks on farms 

Weight loss, mild to moderate diarrhea, ventral edema, 
depression, hypoproteinemia; serology and polymerase 
chain reaction on feces 

Yersinia pseudotuberculosis 

Suckling foals; outbreaks on breeding farms 

Watery diarrhea and suppurative pneumonia; culture of 
feces and lesions 

Aeromonas hydrophila 

Reports of disease are uncommon; uncertain importance 

Diarrhea; culture of feces 

Viral causes 

Rotavirus 

<3 months of age; occurs as outbreaks or endemic 
disease on farm; highly contagious 

Profuse watery diarrhea with variable hypovolemia and 
depression; detection of virus in feces by EM, IFA, ELISA 

Adenovirus 

Immunodeficient foals (Arabians with severe combined 
immunodeficiency) 

Diarrhea, depression; may be associated with other diseases 
including pneumonia; detection of virus in feces by EM 

Coronavirus 

Young foals (age range not well defined) 

Apparently rare cause of diarrhea in foals 

Diarrhea; detection of virus in feces by EM 

Parasites 

Cryptosporidium sp. 

Foals of any age; may be spread from other species, 
including calves and crias 

Inapparent infection to fulminant disease with diarrhea, 
hypovolemia, and collapse; chronic diarrhea 



Detection of oocysts in feces, IFA 

Strongyloides westeri 

Individual foals; uncertain importance as a cause of 
diarrhea 

Acute to chronic diarrhea; patent infections evident by fecal 
examination for parasite eggs 

Other 

Nutritional 

Sporadic; orphan foals fed inappropriate or poor-quality 
milk replacers; nursing foals fed inappropriate 
supplements 

Mild to moderate chronic diarrhea; failure to thrive; feed 
diet intended for foals (not plant-, protein-, or bovine- 
milk-based) 

Lactose intolerance 

Nursing foals 

Moderate to profuse diarrhea; historical confirmation of 
administration of compounds 

Overdosing of cathartics (DSS, 
MgS0 4 , NaS0 4 , castor oil) 

Sporadic; secondary to viral diarrhea; occurs only in 
milk-fed foals 

Moderate to severe watery, acidic diarrhea; oral lactose 
tolerance test or trial administration of lactase with milk 
feedings 

Enema 

History of administration; diarrhea short lived 

Bright alert and responsive foal with mild to moderate 
diarrhea; no specific diagnostic tests 

Antibiotic induced 

Administration of antibiotics 

Mild to moderate diarrhea; may be associated with Candida 
sp. or C. difficile' culture of feces, examination for 

C. difficile toxin 

DSS, dioctyl sodium sulfosuccinate; ELISA, enzyme-linked immunosorbent assay; EM, electron microscopy; IFA, indirect fluorescent antibody 









Rotavirus diarrhea is often endemic on 
farms, and the disease occurs as outbreaks on 
successive years. Affected foals range in age 
from less than 7 days to more than 3 months. 

Diarrhea caused by R. equi occurs in 
foals with R. equi pneumonia, and the disease 
is endemic on some farms. Not all foals with 
R. equi pneumonia develop diarrhea. The 
disease occurs in foals 2 to 5 months of age. 

Salmonellosis also occurs as outbreaks of 
disease among foals less than 8 days of age 
on breeding farms and is associated with a 
carrier status in mares. 12 

Diarrhea associated with C. perfringens 
type C occurs in foals less than 10 days of 
age with most foals being less than 6 days 
old, 4 and can occur as a farm problem with 
multiple foals affected on each of several 
successive years. 13 Farm risk factors include 
presence of other livestock, stock-horse-type 
foals, foals born on dirt, and stall or drylot 
confinement for the first few days of life. 14 
C. perfringens type A is excreted in feces of 
most normal foals, whereas C. perfringens 
type C is rarely isolated from feces of normal 
foals. 11 C. difficile causes diarrhea in foals 
not administered antibiotics, 16 in contrast to 
the situation in adult horses, and usually 
affects foals less than 14 days of age, although 
foals up to 120 days of age can be affected. 1 
FTPI is not a risk factor for C. perfringens or 
C. difficile enteritis in foals. 

L. intracellularis causes mild to moder¬ 
ate diarrhea in older suckling or weaned 
foals. The disease occurs as outbreaks on 
breeding farms. There are no recognized foal 
or farm risk factors. 

PATHOGENESIS 

The pathogenesis of diarrhea varies some¬ 
what depending on the inciting cause (see 
appropriate sections of this text for discus¬ 
sion of pathogenesis), although if sufficiently 
severe all cause excessive loss of fluid and 
electrolytes in feces and subsequent hypovo¬ 
lemia, electrolyte abnormalities, metabolic 
acidosis, and weakness. Although not dem¬ 
onstrated in foals, diarrhea in calves causes 
metabolic acidosis through loss of sodium 
and other cations in feces, which results in a 
decrease in the strong ion difference in 
blood, causing acidosis. Bicarbonate loss, per 
se, is not a cause of the metabolic acidosis, at 
least in calves. Infectious agents generally 
cause enteritis, although rotavirus infection 
is associated with loss of villous cells and 
subsequent loss of enzyme activity derived 
from the mature epithelial cell. The loss of 
enzyme activity, including that of disaccha- 
ridases, causes malabsorption of nutrients in 
milk and other feed. Failure to absorb nutri¬ 
ents in the small intestine causes them to be 
delivered to the cecum and large intestine 
where they are fermented. Subsequent reduc¬ 
tions in colonic pH and increases in osmotic 
activity of the colon contents result in excre¬ 
tion of large quantities of fluid and electro¬ 
lytes. C. difficile and C. perfringens produce 


Abdominal Diseases of the Horse Including Colic and Diarrhea 


275 


enterotoxins that cause damage to intestinal 
cells and accumulation of hemorrhagic fluid 
in the intestine. 16 !, intracellularis causes an 
infiltrative and proliferative enteropathy with 
subsequent protein loss and malabsorption 
of nutrients. 19 

CLINICAL SIGNS 

Clinical signs vary from mild, pasty diarrhea 
that adheres to the perineum and causes 
no detectable systemic signs of disease to 
profuse watery diarrhea with rapid develop¬ 
ment of loss of suckling, depressed menta¬ 
tion, tachycardia, increased skin tent, ileus, 
and recumbency. 

Signs of systemic disease include failure 
to nurse, increased frequency or prolonged 
duration of recumbency, foals on pasture 
failing to follow the mare, fatigue, less fre¬ 
quent urination or production of concen¬ 
trated urine (urine from normal foals is 
normally dilute), and weakness. Affected 
foals often have depressed mentation, tachy¬ 
cardia, fever (depending on the cause of the 
diarrhea), decreased capillary refill time, dry 
mucous membranes, increased skin tent, and 
eyes that are retracted into the orbit (consis¬ 
tent with dehydration). Depending on the 
cause of the diarrhea, foals can have signs of 
colic, which can range from mild with inter¬ 
mittent flank watching or biting and restless¬ 
ness, through profound agitation, rolling, 
and dorsal recumbency. Severely affected 
foals can have seizures as a result of profound 
hyponatremia. 18 

Chronic diarrhea and that caused by 
nutritional imbalance or lactose intolerance 
causes rapid weight loss, failure to thrive, 
poor hair coat, and lethargy. Chronic fecal 
contamination of the perineum and escutch¬ 
eon causes excoriation and loss of hair. 

Diarrhea associated with foal heat is 
usually mild and transient and not associated 
with systemic signs of disease. However, 
diarrhea caused by infectious agents is often 
severe and accompanied by systemic signs of 
disease. 

Diseases associated with Clostridium sp. 
are often severe with rapid onset of signs 
of toxemia, colic, hypovolemia, and death. 
Diarrhea is usually present and is often 
bloody, although it can be watery and 
profuse. Severely affected foals usually have 
signs of colic, toxemia, and ileus and may not 
develop diarrhea before dying. Salmonellosis 
can present as septicemia, with subsequent 
development of diarrhea, although in older 
foals diarrhea is a common presenting sign. 

CLINICAL PATHOLOGY 

Diarrhea with systemic signs of disease in 
foals can cause hyponatremia, hyperkalemia, 
hypochloremia, metabolic acidosis, hypo- 
proteinemia, and azotemia. The magnitude 
of abnormalities varies with the cause of 
disease and its severity. Hyponatremia can be 
profound (<100 mEq/L). Hypoproteinemia 
can be a result of loss of protein from the 


inflamed intestine, a reflection of FTPI, or a 
combination of both. All young foals with 
diarrhea should have serum or plasma 
immunoglobulin concentrations measured 
or some other test for transfer of passive 
immunity performed. 

Viral causes of diarrhea can be diagnosed 
by examination of feces by electron 
microscopy (EM). However, more rapid and 
sufficiently sensitive and specific tests exist 
for diagnosis of rotaviral disease (enzyme- 
linked immunosorbent assay [ELISA] and 
indirect fluorescent antibody [IFA]). Culture 
of feces will demonstrate Salmonella spp. in 
most cases if they are the cause of disease. 
Fecal culture yielding C. perfringens or C. 
difficile is insufficient for diagnosis of clos¬ 
tridial enterocolitis because these organisms 
can be recovered from normal foals. Confir¬ 
mation of the diagnosis is achieved by dem¬ 
onstration of clostridial toxins in feces, 
which can be problematic given that the 
toxins are very labile. 4 ' 6,20 

DIAGNOSTIC CONFIRMATION 

For diagnostic criteria for specific diseases, 
see the appropriate sections in this text. 

LESIONS 

Lesions associated with diarrhea in foals 
depend on the inciting cause. Characteristi¬ 
cally in severe cases there is enteritis and 
colitis with ulceration of intestinal mucosa. 
Foals with rotavirus diarrhea, most of which 
survive, have flattening of small-intestinal 
epithelium. 

TREATMENT 

The principles of treatment are 

• Correction and maintenance of 
hydration, acid-base, and electrolyte 
status 

• Ensuring adequate transfer of passive 
immunity 

• Ensuring adequate nutrition 

• Preventing complications of disease, 
including bacteremia 

Correction of hypovolemia and electrolyte 
abnormalities should follow the general 
guidelines presented elsewhere in this text. 
Mildly affected foals, such as those with no 
systemic signs of disease, might not require 
administration of fluids orally or parenterally 
and care involves watchful waiting and inter¬ 
vention as indicated by deterioration in the 
foal’s clinical status. More severely affected 
foals might require oral supplementation 
with balanced, isotonic electrolyte rehydra¬ 
tion solutions, such as those marketed for use 
in calves. The amount and frequency will 
depend on the size of the foal, severity of 
disease, and response to treatment. Foals that 
have clear signs of hypovolemia should be 
administered fluids intravenously. These 
fluids should ideally be selected based on the 
foal’s serum electrolyte concentrations, but in 
most instances a balanced, polyionic isotonic 
fluid such as lactated Ringer’s solution is 
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appropriate. Correction of hyponatremia in 
some but not all foals requires administration 
of hypertonic (7%) sodium chloride intrave¬ 
nously. However, rapid correction of hypo¬ 
natremia, especially if it is long-standing 
(more than 24 hours) might be associated 
with an increased risk of cerebral demyelin- 
ation. 21,22 Correction of hyponatremia will 
resolve seizure activity. 

Correction of acid-base usually occurs 
with correction of fluid and electrolyte 
abnormalities. Provision of fluids that are 
sodium rich and have a high strong ion 
gap, for instance, lactated Ringer’s solution, 
will usually correct the metabolic acidosis 
common in foals with diarrhea. However, 
in some foals the rate of fecal loss of 
cations including sodium and potassium 
prevents resolution of metabolic acidosis 
without administration of sodium bicarbon¬ 
ate. Sodium bicarbonate can be administered 
intravenously or orally. Oral administration 
has the advantages that it is convenient and 
does not require administration of large 
amounts of fluid or of hypertonic solutions. 
The dose of sodium bicarbonate can be cal¬ 
culated from the foal’s BW and base deficit. 
As a guideline, a 40-kg foal that is not hypo¬ 
volemic but has continued profuse watery 
diarrhea and metabolic acidosis should 
receive 30 g of sodium bicarbonate orally 
every 6 hours. Serum sodium and bicarbon¬ 
ate concentrations should be measured at 
least daily and doses of sodium bicarbonate 
should be adjusted on the basis of these 
values. Overdosing, or continued dosing 
when diarrhea has resolved, results in hyper¬ 
natremia and metabolic alkalosis. 

Foals with diarrhea should have serum 
immunoglobulin concentrations measured. 
Hypogammaglobulinemic foals should be 
administered plasma intravenously (20-40 
mL/kg BW). 

Ensuring that foals affected by diarrhea 
continue to ingest sufficient calories is criti¬ 
cal to the foal’s survival. Foals require up to 
150 (kcal/kg)/day for growth but can main¬ 
tain weight on as little as 50 (kcal/kg)/day, 
especially if the nutrients are provided intra¬ 
venously. Foals with mild to moderate diar¬ 
rhea should be permitted to nurse at will. If 
there is concern that the foal is not nursing 
sufficiently, a feeding tube can be placed and 
the foal’s diet supplemented with mare’s milk 
substitute lactose-free milk. Lactase is some¬ 
times added to the milk on the assumption 
that enteritis causes lactase deficiency (see 
section Tests of Absorptive Function for 
details of lactose tolerance testing in foals). 

Foals with severe diarrhea can benefit 
from parenteral administration of nutrition 
and gastrointestinal rest. Feed withholding 
results in a marked reduction in fecal volume 
and the extent of electrolyte and acid-base 
abnormalities. However, it is critical for 
foal recovery that complete feed withhold¬ 
ing is accompanied by partial parenteral 
nutrition. 


Antibiotics are usually administered to 
foals with severe diarrhea because approxi¬ 
mately 50% of such foals have bacteremia. 18 
Although there is no evidence that parenteral 
administration of antibiotics reduces mor¬ 
bidity or case-fatality rate, the precaution has 
merit, as it does in calves. Oral administra¬ 
tion of antimicrobials to foals with diarrhea 
is common but is not recommended because 
of the risk of exacerbating the disease, and 
unknown efficacy. Foals with suspected clos¬ 
tridial enterocolitis should be administered 
metronidazole (15-20 mg/kg, intravenously 
or orally, every 6-12 hours). 

Drugs that affect gastrointestinal motility, 
such as loperamide, parasympatholytics, and 
narcotics, have no demonstrated efficacy in 
reducing morbidity or case-fatality rate and 
their use is not recommended. 

CONTROL 

Control of foal diarrhea is problematic 
because it is very common, many cases are 
mild and transient, a definitive diagnosis is 
frequently not available in a timely fashion, 
and it can be associated with a wide variety 
of infectious and noninfectious agents. Basic 
principles include ensuring adequate trans¬ 
fer of passive immunity, reducing exposure 
to pathogens, and minimizing the effect of 
other risk factors. 23 

Of the important causes of disease, in 
terms of morbidity and case-fatality rate, 
control of diarrhea associated with rotavirus 
and clostridial species is most important. 
Control of rotaviral diarrhea is discussed 
elsewhere. Control of clostridial diarrhea on 
farms with an endemic problems includes 
vaccinating of mares, administration of met¬ 
ronidazole to at-risk foals, and supplemen¬ 
tation of passive immunity with antitoxins 
to clostridial toxins. Vaccination of mares 
with toxoids (C. perfringens type C and D 
toxoid) prepared for use in other species has 
been practiced, but there are no reports of 
safety or efficacy. Administration of antitoxin 
raised against C. perfringens C, D, and E 
might provide protection against the a-, p-, 
and e-toxins that have the potential to affect 
foals. The antiserum, which is intended for 
use in ruminants, is administered orally 
(50-100 mL per foal) soon after birth. The 
efficacy of this practice has not been deter¬ 
mined. Foals at risk may also be adminis¬ 
tered metronidazole (10 mg/kg every 12 
hours) for the first 4 to 5 days of life. Again, 
the efficacy of this practice has not been 
determined. Vaccination of mares with 
recombinant protein of C. difficile toxin 
resulted in production of specific antibodies, 
although the efficacy of the vaccine in pro¬ 
tecting foals was not tested. 24 

Administration of a probiotic containing 
Lactobacillus pentosus WE7 did not confer 
any protection against development of diar¬ 
rhea in foals, and was associated with an 
increased risk of clinical disease, including 
diarrhea. 


FURTHER READING 

Mallicote M, House AM, Sanchez LC. A review of foal 
diarrhea from birth to weaning. Equine Vet Educ. 
2012;24:206-214. 
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ACUTE DIARRHEA OF ADULT 
(NONSUCKLING) HORSES 


SYNOPSIS 


Etiology Salmonella spp., Strongylus spp., 
cyathostomes, Neorickettsia risticii, 
Clostridium difficile, antibiotic 
administration, coronavirus, 
idiopathic 

Epidemiology Usually a sporadic disease of 
young horses, often temporally associated 
with mild respiratory disease or a stressful 
event such as transport. Helminthiasis has a 
seasonal distribution and can occur as a 
herd problem. N. risticii has a defined 
geographical distribution. 

Clinical signs Vary from acute and transient 
diarrhea with minimal changes in vital signs 
to acute onset of profuse watery diarrhea 
with rapid development of severe clinical 
disease. Depression, fever, dehydration, and 
anorexia are common. Laminitis occurs as a 
sequela. 

Clinical pathology Leukopenia, 
hemoconcentration, hyponatremia, 
hypokalemia, or hyperkalemia, and 
metabolic acidosis. IFA or PCR for N. risticii, 
fecal culture or PCR of Salmonella spp. 

Fecal culture for Clostridium spp. and ELISA 
to demonstrate toxin in feces 

Lesions Colitis with or without enteritis 

Diagnostic confirmation Cause is frequently 
not confirmed. 










Treatment Maintenance of hydration and 
correction of acid-base and electrolyte 
abnormalities. Severe cases require 
more intensive care. Oxytetracycline for 
equine neorickettsiosis (monocytic 
ehrlichiosis). Metronidazole for 
C. difficile-associated diarrhea. 
Administration of anthelmintics 

Control None 

IFA, indirect fluorescent antibody; PCR, 
polymerase chain reaction. 


ETIOLOGY 

Causes are as follows: 

• Salmonellosis: Various Salmonella spp. 

• Helminthiasis: Strongylus sp., 
cyathostomes 

• Equine neorickettsiosis (Potomac horse 
fever): Neorickettsia risticii 

• Antibiotic administration: macrolides 
(lincomycin, tylosin, and erythromycin), 
tetracyclines, ciprofloxacin, 
trimethoprim- sulfonamide combination, 
penicillin, aminoglycosides, ceftiofur, 
and others 1 ’ 

• Intestinal clostridiosis: C. perfringens 
(types A and C 4 ), toxigenic strains of 
C. difficile, 55 and possibly C. cadaveris 

• Aeromonas spp.: Sometimes isolated 
from horses with diarrhea but definitive 
role as a causative agent has not been 
demonstrated 9 

• Coronavirus 10,11 

• Idiopathic 

• Intestinal hyperammonemia 12 ' 13 

• Excessive concentration of sulfate in 
drinking water 14 

• Administration of imidocarb for 
treatment of equine piroplasmosis 1 ’ 

• Intoxication with inorganic arsenic, 
cantharidin, or purgatives such as 
castor oil 

Unlike other species, E. coli does not appear 
to be an important cause of diarrhea in adult 
horses. 

In most cases (65%) of acute diarrhea in 
horses the cause is not determined, or if the 
cause is determined it is frequently at nec¬ 
ropsy examination or as a result of serologic 
or microbiological testing after the horse has 
recovered. 

EPIDEMIOLOGY 

Occurrence 

The syndrome of acute diarrhea occurs 
worldwide in adult horses of all breeds and 
both genders. The pattern of occurrence of 
the syndrome is dependent on the causative 
factors, with equine neorickettsiosis, associ¬ 
ated with N. risticii, having a geographic 
distribution and acute cyathostomiosis 
having a seasonal distribution. Salmonellosis 
can occur sporadically or as outbreaks in 
stables, barns, and veterinary hospitals. C. 
difficile enterocolitis is often associated with 


Abdominal Diseases of the Horse Including Colic and Diarrhea 


277 


hospitalization, antibiotic administration, or 
both to adult horses. 

Colitis X refers to an idiopathic peracute 
to acute enterocolitis with a high case-fatal¬ 
ity rate. It is usually a sporadic disease, but 
multiple cases can occur in a barn or racing 
stable over a period of weeks and cause con¬ 
siderable economic hardship. 

Estimates of incidence, morbidity and 
mortality, and case-fatality rate are not avail¬ 
able for all diseases and are discussed in 
greater detail in those sections of this text 
dealing with those diseases. 

The case-fatality rate for the spontane¬ 
ous disease can be 25% to 50% even in inten¬ 
sively treated horses, although these estimates 
are based on horses treated at referral prac¬ 
tices. The recovery rate for acute but tran¬ 
sient diarrhea in adult horses examined in 
primary practice is much higher. The case- 
fatality rate is higher for horses with 
C. difficile -induced diarrhea than for horses 
with acute diarrhea of other causes and 
for horses with antibiotic-induced diarrhea. 
The prognosis is worse in horses with tachy¬ 
cardia, severe dehydration (PCV > 45% 
[0.45 L/L]), azotemia, metabolic acidosis, 
low serum albumin concentration, or higher 
immature neutrophil (band cell) count in 
peripheral blood. 

Risk Factors 

The risk factors for salmonellosis, equine 
neorickettsiosis, and strongylosis/cyathosto- 
miosis are addressed under those topics. 

Stress 

Stressful episodes, such as shipping or racing, 
hospitalization, surgery, administration of 
antibiotics, or mild respiratory disease, fre¬ 
quently precede the onset of diarrhea. 

Celiotomy 

Celiotomy for colic is associated with an 
incidence of severe diarrhea of up to 27% in 
surviving horses. The risk of diarrhea is 
greatest in horses with large-colon disease or 
with enterotomy, but is not influenced by the 
type of antibiotic administered after surgery. 

Antibiotic Administration 

Antibiotic administration is associated with 
acute diarrhea in horses, and almost all anti¬ 
microbials can cause the disease although 
some are apparently associated with greater 
risk or more severe disease. For example, 
administration of macrolide antibiotics 
including lincomycin, clindamycin, and 
erythromycin are consistently associated 
with higher risk of diarrhea in adult horses. 
Diarrhea occurs in horses administered 
antimicrobials, but such horses frequently 
have other risk factors for development of 
diarrhea, and the link to antimicrobial 
administration is unclear. 1 The prevalence 
of antimicrobial-induced diarrhea in 5300 
adult horses in three referral hospitals over 1 
year was 0.6% and had an 18% case-fatality 


rate. 3 However, 6.3% of horses administered 
antimicrobials developed diarrhea within 7 
days of arthroscopic surgery compared with 
none of 44 horses after arthroscopic surgery 
and not administered antimicrobials. 16 

The macrolide antibiotic lincomycin 
causes acute, often fatal, disease of horses 
even when administered at relatively low 
doses, such as that resulting from horses 
ingesting medicated pig feed. Erythromcyin 
is associated with diarrhea in adult horses 
and in mares of foals administered the com¬ 
bination of erythromycin and rifampin. Tet¬ 
racyclines have been associated with the 
development of acute diarrhea but, when 
given intravenously at therapeutic doses 
(6.6 mg/kg every 12-24 hours) are probably 
no more likely to cause diarrhea than 
other broad-spectrum antibiotics. Tetracy¬ 
cline contamination of feed causes outbreaks 
of diarrhea on horse farms. Enrofloxacin 
can be a cause of diarrhea in horses. 3 The 
combination of trimethoprim and sulfadia¬ 
zine given orally caused diarrhea in 7% of 
hospitalized horses, whereas pivampicillin, a 
prodrug of ampicillin, caused diarrhea in 3%, 
although this difference was not statistically 
significant. The risk of diarrhea was greatest 
in hospitalized horses administered enro¬ 
floxacin or combinations of drugs including 
gentamicin. However, the number of horses 
with diarrhea was small and important asso¬ 
ciations might have not been detected. ’ 

PATHOGENESIS 

Diarrhea is the result of abnormalities in 
colonic water and electrolyte metabolism. 
Approximately 90 L of isotonic fluid enters 
the colon of an adult (450-kg) horse every 24 
hours, and any disruption to the normal 
absorption of this fluid results in increased 
fecal water and electrolyte excretion. Horses 
with colitis have markedly different fecal 
microbiota compared with healthy horses, 
with loss of predominance of clostridia nor¬ 
mally present in healthy horses and reduced 
diversity of microrganisms. 17 There appears 
to be a general dysbiosis of fecal microbiota 
in horses with colitis. 

The pathogenesis of antimicrobial- 
associated diarrhea is unclear but could 
involve one or more of altered gastrointesti¬ 
nal motility (e.g., erythromycin), disturbed 
enteric flora allowing overgrowth of patho¬ 
gens and subsequent enteritis or colitis, 
or altered microbial digestion of ingesta 
with abnormalities in water and electrolyte 
balance. 1 Antimicrobial administration mar¬ 
kedly alters the flora of healthy horses. 18 Oral 
administration of trimethoprim-sulfadiazine 
or intramuscular administration of ceftiofur 
to healthy horses for 1 week caused a >99% 
decrease in the number of viable cellulolytic 
bacteria in feces for at least 1 week after ces¬ 
sation of administration. 18 Ceftiofur resulted 
in a marked reduction in the number of 
viable lactobacilli in feces. Antibiotic-treated 
horses shed more Salmonella in feces and 
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horses only had C. difficile during and after 
administration of antimicrobials. 18 Potential, 
or identified, pathogens identified in horses 
with suspect antimicrobial diarrhea include 
C. difficile, C. perfringens, Salmonella sp., and 
coliforms. Almost all adult horses with diar¬ 
rhea from which C. difficile or its toxin can 
be isolated were administered antibiotics 
before onset of diarrhea. 

Colitis results from physical, chemical, or 
infectious causes that induce inflammation 
in the colon. The proximate causes vary with 
the etiology of the disease. For example, 
colitis caused by infection from toxigenic 
strains of C. perfringens type C is attributable 
to binding of (3-2 toxin to colonic mucosa, 
whereas colitis caused by salmonellosis is 
associated with invasion of the organism and 
loss of colonic mucosa. Colitis is associated 
with increased production of inflammatory 
cytokines, including tumor necrosis factor, 
in the colon, and with impaired mucosal 
absorptive function. Additionally, bacterial 
toxins and inflammation result in an increase 
in mucosal permeability with loss of plasma 
proteins into the colonic lumen and systemic 
absorption of toxins, including endotoxin. 
Loss of plasma proteins causes a reduction in 
plasma colloidal oncotic pressure with subse¬ 
quent extravasation of water and electrolytes 
and development of edema and decreased 
effective intravascular volume (hypovole¬ 
mia). The effect of the decrease in oncotic 
pressure becomes most apparent in horses 
that are treated aggressively with fluids. These 
horses, which often inadvertently receive 
excessive amounts of sodium as part of their 
treatment, rapidly develop edema of the 
ventral body wall and colon, among other 
tissues. Loss of other plasma proteins, includ¬ 
ing antithrombin III, and absorption from 
the gut of activators of coagulation, fibrinoly¬ 
sis, or inflammation, can contribute to the 
disseminated intravascular coagulation often 
observed in horses with enterocolitis. 

The large volume of diarrhea in horses 
causes a reduction in body water and elec¬ 
trolyte content. Hypovolemia, hyponatre¬ 
mia, hypochloremia, and hypoproteinemia 
develop. Derangements in acid-base and 
electrolyte status impair gastrointestinal 
motility. Hypovolemia impairs perfusion of 
peripheral tissues, which, combined with 
absorption of endotoxin through the dam¬ 
aged colonic mucosa, results in toxemia, 
lactic acidosis, and death. 

CLINICAL SIGNS 

The onset of clinical signs is usually abrupt, 
although in some horses diarrhea can be 
presaged for up to several days by inappe¬ 
tence, mild depression, and a mild fever. 
The disease varies in severity from short¬ 
lived with mild to moderate diarrhea and 
minimal systemic signs of disease to a ful¬ 
minant disease with death in hours. The 
description here is of the more severe forms 
of the disease. Once diarrhea occurs there is 
often rapid progression, with some horses 


dying within 12 hours of initial clinical signs, 
although most survive at least 24 hours. In 
a peracute form of the disease horses die, 
often within 6 hours, before developing 
diarrhea. 

Typically horses are often severely 
depressed and stand with their heads down. 
They may play in water, but rarely eat or 
drink. Horses are usually mildly pyrexic 
(101.5-103°F [38.6-39.5°C]) but markedly 
tachycardic (80-100 beats/min), tachypneic 
(30-40 beats/min), and dehydrated (8%- 
12%). There is slow capillary refill of mucous 
membranes, which are usually bright red ini¬ 
tially and then become bluish-purple as 
toxemia and dehydration become severe. The 
development of a purple line at the gingival 
margins is a sign of a poor prognosis. Most 
horses are oliguric. 

The diarrhea is profuse and watery. 
Abdominal pain is usually present but mild; 
the onset of severe abdominal pain is often 
associated with necrosis of the large colon or 
cecum and impending death. Rectal exami¬ 
nation reveals large amounts of fluid feces 
with minimal distension of the large colon. 

Complications of acute, severe entero¬ 
colitis include laminitis, thrombophlebitis 
of the jugular veins, thrombosis of vessels 
including arteries in the limbs, renal failure, 
pulmonary aspergillosis, and necrotizing 
enterocolitis. Laminitis develops within 1 to 
3 days of onset of diarrhea in approximately 
10% of cases and can occur in any horse with 
enterocolitis, but is most common in horses 
with Potomac horse fever (equine neorick- 
ettsiosis). Thrombophlebitis, which may 
or may not be septic, usually affects veins, 
usually the jugular, that have or have had 
catheters placed or are the site of frequent 
intravenous injections. Thrombosis of the 
vein can occur several days to a week after 
removal of the catheter, although most occur 
while the catheter is in place. Renal failure 
occurs as a result of the combined insults 
of hypovolemia, endotoxemia, and admin¬ 
istration of nephrotoxic drugs, including 
aminoglycosides and NSAIDs. Pulmonary 
aspergillosis is usually clinically inappar- 
ent. Clinically affected horses have rapidly 
progressive toxemia; respiratory distress; 
hypoxemia; and blood-tinged, frothy nasal 
exudates. Fatal necrotizing enterocolitis of 
horses is characterized by a brief course, with 
most horses dying within 48 hours of onset 
of diarrhea, profound dehydration, electro¬ 
lyte derangements, severe metabolic acidosis 
and, terminally, severe abdominal pain. 

Most horses that survive have resolution 
of diarrhea in about 7 days, although a small 
but clinically important proportion develop 
chronic diarrhea. 

CLINICAL PATHOLOGY 

Hematological examination reveals an 
increased hematocrit (45%—60%), variable 
changes in plasma protein concentration, 
and neutropenia with a marked left shift. 
As the disease progresses and horses are 


treated by intravenous administration of 
fluids, plasma protein concentrations and 
plasma oncotic pressure decline. Plasma or 
serum albumin concentration may be as 
low as 1.2 g/dL (12 g/L). Changes in coagu¬ 
lation and fibrinolysis are evident as 
increases in one or more of the following 
occur: one-stage prothrombin time, acti¬ 
vated partial thromboplastin time, and con¬ 
centration of fibrin degradation products, 
variable changes in plasma fibrinogen con¬ 
centration, and a reduction in blood platelet 
concentration. Approximately one-third of 
horses hospitalized for treatment of severe 
diarrhea have subclinical evidence of dis¬ 
seminated intravascular coagulation, which 
carries a reduced likelihood of recovery. 

Serum biochemical analysis usually 
reveals hyponatremia, hypochloremia, vari¬ 
able changes in serum potassium concentra¬ 
tion, hypocalcemia (both concentrations 
of ionized and total calcium), azotemia 
(increased serum urea nitrogen and creati¬ 
nine concentrations), hyperphosphatemia, 
and increased activities of enzymes indica¬ 
tive of muscle (creatine kinase) or intestinal 
damage (aspartate aminotransferase and 
alkaline phosphatase). 

Blood gas analysis often reveals a severe 
metabolic acidosis, and the more negative the 
base excess the worse the prognosis. Inter¬ 
pretation of acid-base status in horses with 
severe enterocolitis is difficult because of the 
opposing effects of hypoproteinemia and 
combination of lactic acidosis and electrolyte 
loss on blood pH. Hypoproteinemia causes 
a metabolic alkalosis, whereas increases in 
plasma lactate concentration and hyponatre¬ 
mia cause metabolic acidosis. The presence 
of hypoproteinemia therefore tends to dimin¬ 
ish the effect of lactic acidosis on blood pH, 
which underestimates the severity of the aci¬ 
dosis. Acid-base status in horses with severe 
abnormalities in plasma protein concentra¬ 
tion should be ascertained by examination of 
base excess, strong ion gap, or strong ion 
difference. 

Plasma endothelin concentrations are 
higher in horses with enterocolitis than in 
normal horses, although the clinical signifi¬ 
cance of this finding is unclear. 

Abdominal fluid is usually normal ini¬ 
tially but becomes bloody and has an 
increased white blood cell count and protein 
concentration if intestinal necrosis occurs. 

DIAGNOSTIC CONFIRMATION 

This depends on the results of fecal culture 
for Salmonella sp., fecal examination for 
helminth eggs or larvae, and IFA or PCR 
tests for AT. risticii. Demonstration of large 
numbers of salmonellas in feces on mul¬ 
tiple fecal samples, or in lymph nodes of 
horses dying of the disease, is persuasive 
evidence that the horse had salmonellosis. 
However, demonstration of low numbers of 
salmonellas in a single fecal culture is not 
definitive evidence that Salmonella sp. infec¬ 
tion was the cause of the horse’s diarrhea. 





Fecal examinations for helminth eggs may 
be negative in cases of acute cyathostomio- 
sis, although large numbers of fourth-stage 
larvae may be present in the feces. Diagnosis 
of N. risticii infection is based on a posi¬ 
tive IFA test. Isolation of Clostridium sp. and 
demonstration of clostridial enterotoxin in 
feces of horses with acute diarrhea supports a 
diagnosis of intestinal clostridiosis, although 
demonstration of toxin alone is usually con¬ 
sidered sufficient evidence for diagnosis. 
Latex agglutination tests are available for 
the detection of C. perfringens type A and C. 
difficile toxins. 

NECROPSY 

There are extensive lesions at necropsy 
examination, the most dramatic being in the 
large intestine, especially the cecum and 
ventral colon. These include hyperemia, 
extensive petechiation, and edema of the gut 
wall in the early stages, and later an intense, 
greenish-black, hemorrhagic necrosis. The 
contents are fluid, often foamy and foul 
smelling, and may be bloodstained. 

Histologic examination demonstrates 
mucosal necrosis with a fibrinohemorrhagic 
exudate and extensive inflammation of the 
mucosa and submucosa. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

• Salmonellosis 

• Equine neorickettsiasis (Potomac horse 
fever) 

• Cyathostomiosis 

• Antibiotic-induced diarrhea 

• Clostridium sp. infection (C. difficile) 

• Colitis X 

• Intoxication with inorganic arsenic, 
cantharidin, or purgatives such as castor oil 

• The incipient disease in horses before onset 
of diarrhea can resemble colon torsion or 
ischemia of the large colon secondary to 
verminous arteritis. 


TREATMENT 

Horses with mild disease, those that do 
not manifest systemic signs of disease, 
usually recover with symptomatic treatment. 
However, horses with severe disease require 
more specific treatment and supportive care, 
which is often intensive and expensive. 

The principles of treatment for horses 
with acute diarrhea are 

• Restoration and maintenance of normal 
hydration 

• Correction of electrolyte and acid-base 
abnormalities 

• Provision of analgesia 

• Prophylaxis and treatment of the effects 
of endotoxemia/toxemia including 
management of systemic inflammatory 
response syndrome 

• Prevention of absorption of toxins 

• Correction and prevention of 
disseminated intravascular coagulation 
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Restoration of Flydration 

Restoration of hydration should be consid¬ 
ered an emergency procedure in severely 
affected horses. Fluids should be adminis¬ 
tered intravenously until hydration is 
restored, after which hydration can be main¬ 
tained by either oral (via nasogastric tube) or 
intravenous administration of fluids. Suit¬ 
able fluids for restoration of hydration are 
sodium-rich, isotonic, preferably polyionic, 
electrolyte solutions such as lactated Ring¬ 
er’s or Ringers solution. Isotonic sodium 
chloride is also suitable. Isotonic dextrose 
solutions are not suitable because they do not 
contain any electrolytes. After correction of 
dehydration, attention should be paid to 
sodium balance because the administration 
of excessive quantities of sodium, especially 
to horses with plasma oncotic pressure that 
is lower than normal, may cause expansion 
of the extracellular fluid volume and edema. 

Fluid therapy is discussed elsewhere. 
Maintenance of hydration in severely 
affected horses can be challenging and is best 
accomplished by intravenous administration 
of fluids. Oral administration of fluids to 
horses with diarrhea, although not providing 
ideal rehydration or maintenance of hydra¬ 
tion, can be effective and less costly than 
intravenous administration. 

Horses that become hypoproteinemic 
can require transfusions of plasma or admin¬ 
istration of synthetic colloids such as hetas- 
tarch or pentastarch. Clinical signs indicating 
the need for transfusion include a persis¬ 
tently elevated heart rate and poor peripheral 
perfusion in spite of the administration of 
large quantities of fluids. Ventral edema and 
edema of the head and legs can develop in 
hypoproteinemic horses. Sufficient plasma 
should be administered to restore the plasma 
protein concentration to at least 40 g/L. Het- 
astarch or pentastarch provide none of the 
complex proteins present in plasma and 
essential for maintenance of normal clot for¬ 
mation and fibrinolysis and do not increase 
plasma protein concentration. Additionally, 
synthetic colloids can impair platelet func¬ 
tion. Efficacy of administration of synthetic 
colloids should be assessed by examination 
of clinical signs or by measurement of plasma 
oncotic pressure. 

Electrolyte and Acid-Base Status 
Hyponatremia and hypochloremia will 
usually be corrected by administration of iso¬ 
tonic, sodium-rich electrolyte solutions such 
as lactated Ringer s solution. If this does not 
occur, then sodium chloride or sodium bicar¬ 
bonate can be added to the intravenous fluids, 
or given orally. Hypocalcemia can be cor¬ 
rected by the addition of calcium gluconate 
(20 mL of 23% calcium gluconate per liter of 
fluids) to the fluids, provided that the fluids 
do not contain sodium bicarbonate. The 
mixture of sodium bicarbonate and calcium 
gluconate causes calcium to precipitate out of 
solution. Affected horses have total body 
potassium depletion, even though serum 


potassium concentrations may be normal or 
elevated, and maintenance fluids should 
contain potassium at up to 25 mEq/L. Fluids 
with high potassium concentration should be 
administered slowly. Alternatively, potassium 
chloride can be given orally (50-100 g per 
450 kg every 12 hours). 

The metabolic acidosis in horses with 
acute diarrhea often resolves either partially 
or completely when hydration is restored. 
However, severe acidosis can be treated 
with intravenous sodium bicarbonate. Oral 
administration of sodium bicarbonate (100 g 
per 450 kg every 8-12 hours) is often ade¬ 
quate in restoring and maintaining normal 
acid-base status. The serum sodium concen¬ 
tration should be monitored if large quanti¬ 
ties of sodium bicarbonate are administered. 

Antimicrobial Therapy 

Approximately one-third of adult horses 
with acute diarrhea requiring hospitalization 
have positive blood cultures within the first 
day. 19 Bacteria detected include Corynebacte- 
rium spp., Streptococcus spp., Pantoea agglo- 
merans, gram-negative rod, Bacillus spp., 
and yeast. Horses with positive blood cul¬ 
tures were sicker and 13 times more likely to 
die, 19 which could be a reflection of the 
lethality of bacteremia or that horses that 
were sicker and more likely to die were at 
greater risk of developing bacteremia. 
Administration of antimicrobials was not 
associated with outcome (lived versus died, 
risk of complications). 

Administration of tetracycline to horses 
with acute diarrhea associated with N. risticii 
is clearly indicated and is often curative. 
However, the administration of antimicrobial 
drugs to horses with acute diarrhea other 
than that associated with N. risticii is 
controversial. 

There is no evidence that administration 
of antimicrobials improves the prognosis of 
horses with acute diarrhea. The concern with 
antimicrobial administration is that antimi¬ 
crobials can exacerbate the diarrhea in some 
cases. Conversely, withholding antimicrobi¬ 
als from severely ill horses with damaged 
colonic mucosa, and therefore presumably 
increased risk of bacteremia, is problematic. 
Regardless, many clinicians choose to treat 
horses with acute diarrhea with broad-spec¬ 
trum antibiotics such as the combination of 
potassium penicillin (20,000 IU/kg, intrave¬ 
nously every 6 hours) and gentamicin (7 mg/ 
kg intravenously or intramuscularly every 24 
hours) or trimethoprim and sulfadiazine 
(30 mg/kg intravenously or orally every 12 
hours). Metronidazole (15-20 mg/kg orally 
every 6-12 hours) or vancomycin has been 
recommended for horses with intestinal clos¬ 
tridiosis, although the wisdom of veterinary 
use of vancomycin, a drug used for the treat¬ 
ment of methicillin-resistant staphylococci in 
humans, could be questioned. In areas in 
which equine neorickettsiasis is endemic, all 
suspected cases should be treated with tetra¬ 
cycline (6.6 mg/kg intravenously every 12 
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hours for 3 days), or another effective antibi¬ 
otic, pending confirmation of the disease. 
Isolates of toxigenic C. difficile from horses 
with diarrhea are almost always susceptible to 
metronidazole (15-29 mg/kg orally every 
6-12 hours). 

Prophylaxis and Treatment of 
Endotoxemia/Toxemia and Systemic 
Inflammatory Response 

Treatment of endotoxemia is covered else¬ 
where in this text. Administration of plasma 
from horses hyperimmunized with S. 
typhimurium or E. coli reduces the severity 
of clinical signs and shortens the duration 
of disease in horses with endotoxemia 
secondary to enterocolitis or colic. Poly¬ 
myxin (5000 IU/kg intravenously every 12 
hours) attenuates the effect of endotoxin in 
experimental disease and is used for the pre¬ 
vention and treatment of endotoxemia in 
hospitalized horses. Its efficacy in clinical set¬ 
tings has not been determined in appropriate 
clinical trials. Aspirin (10 mg/kg orally every 
48 hours) is administered to diminish platelet 
aggregation around intravenous catheters. 
Flunixin meglumine (1 mg/kg intrave¬ 
nously every 8-12 hours) or phenylbutazone 
(2.2 mg/kg intravenously every 12 hours) is 
given for analgesia and to prevent endotoxin- 
induced increases in plasma prostaglandins. 
Pentoxifylline (8 mg/kg orally every 8 
hours) is administered for its putative effec¬ 
tive in attenuating the effects of endotoxemia. 
The efficacy of these treatments in a clinical 
setting and their effect on measures of out¬ 
come of disease, such as duration of illness, 
case-fatality rate, and incidence of complica¬ 
tions, has not been determined, with the 
exception of hyperimmune plasma or serum. 

Binding of Toxins 

Smectite or activated charcoal is sometimes 
administered to horses with acute enteroco¬ 
litis in an attempt to adsorb toxins, such as 
those produced by Clostridium spp., and 
prevent systemic absorption. There is in vitro 
evidence that smectite can bind clostridial 
toxins and endotoxin, but evidence of effi¬ 
cacy in vivo is lacking. 

Disseminated Intravascular 
Coagulation 

Prevention and treatment of disseminated 
intravascular coagulation includes monitor¬ 
ing for changes in variables indicative of 
coagulation and fibrinolysis including D- 
dimer concentration; antithrombin III activ¬ 
ity; one-stage prothrombin; and activated 
partial thromboplastin times, platelet count, 
and fibrinogen concentration. Plasma can be 
administered to increase blood antithrombin 
III activity, often in conjunction with heparin 
or low molecular weight heparin (dalteparin 
orenoxaparin). Doses of 50 U of dalteparin or 
0.5 mg/kg of enoxaparin per kilogram subcu¬ 
taneously every 24 hours seem to be adequate 
for prophylactic anticoagulation treatment of 


horses. For treatment of coagulation disor¬ 
ders or for ill horses that are considered to be 
at high risk of developing thrombotic disease, 
dosages may need to be increased to 100 U of 
dalteparin or 1 mg/kg of enoxaparin per kilo¬ 
gram subcutaneously every 24 hours. 

CONTROL 

Specific control measures for Salmonella 
spp. infection, equine neorickettsiasis, and 
cyathostomiosis (strongylosis) are discussed 
under their respective headings. The 
incidence of antibiotic-induced colitis can 
be reduced by minimizing the frequency 
with which antibiotics are administered to 
horses. Administration of smectite to horses 
undergoing colic surgery reduced the pro¬ 
portion of horses with postoperative diar¬ 
rhea from 41% to 11%. 2U There is no evidence 
that probiotics reduce the severity of disease 
or shorten its duration, although most are 
regarded as safe and easy to administer. 21 

FURTHER READING 

McGorum BC, Pirie RS. Antimicrobial associated 

diarrhea in the horse. Part 1: overview, pathogenesis 
and risk factors. Equine Vet Educ. 2009;21:610-616. 
McGorum BC, Pirie RS. Antimicrobial associated 
diarrhea in the horse. Part 2: which antimicrobials 
are associated with AAD in the horse. Equine Vet 
Educ. 2009;22:43-50. 

Naylor RJ, Dunkel B. The treatment of diarrhea in the 
adult horse. Equine Vet Educ. 2009;21:494-504. 
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CHRONIC UNDIFFERENTIATED 
DIARRHEA OF HORSES 


SYNOPSIS 


Etiology Common sign of many enteric and 
nonenteric diseases 

Epidemiology Sporadic disease of adult 
horses, except for cyathostomiosis and 
salmonellosis, which are discussed under 
those headings 

Clinical signs Passage of unformed or liquid 
feces, either in increased or normal 


quantities. Weight loss, increased appetite. 
Otherwise normal physical examination. 
Rectal examination is usually normal. 

Lesions Colitis in most cases 

Diagnostic confirmation Examination of 
feces for cyathostome larvae, rectal 
biopsy demonstrating lymphoma or 
granulomatous enteritis, and Salmonella 
spp. in rectal mucosal biopsy or feces. 

Sand in feces or evident on abdominal 
radiography 

Treatment Supportive: anthelmintics, 
corticosteroids, antidiarrheal preparations 

Control As for cyathostomiosis and 
salmonellosis 


ETIOLOGY 

Chronic diarrhea is the final common sign 
of a number of causes of colonic dysfunction 
in horses. Diseases that cause chronic (more 
than 2 weeks’ duration) diarrhea in horses 
include: cyathostomiosis, chronic idiopathic 
colitis, salmonellosis, alimentary lymphosar¬ 
coma, 1 ' 2 granulomatous colitis, eosinophilic 
colitis, ingestion of sand, chronic liver 
disease, peritonitis, lymphangiectasia, and as 
a sequela to acute diarrhea. Immune defi¬ 
ciency, including variable adult-onset B-cell 
deficiency, can predispose a horse to the 
disease. Brachyspira sp. have been implicated 
as a cause of chronic diarrhea in horses. 3,4 
Campylobacter fetus subsp. fetus has been 
isolated from feces and rectal biopsy of a 
2-year-old Quarter Horse with chronic diar¬ 
rhea and weight loss. Administration of 
enrofloxacin was temporally associated with 
passage of formed feces, although this change 
did not persist. 5 

There are many causes and their relative 
importance varies between locations. Even 
with concerted effort, a definitive antemor¬ 
tem diagnosis is achieved in fewer than 30% 
of cases. 

EPIDEMIOLOGY 

The occurrence is sporadic, with only single 
cases occurring in a group. Other horses in 
contact are not affected. The case-fatality rate 
is 35% to 65%. There appears to be no age- 
related, gender-related, or breed-related vari¬ 
ation in incidence. Older horses do not appear 
to be at increased risk of having chronic diar¬ 
rhea. The epidemiology of cyathostomiosis 
(strongyloidosis) and salmonellosis are dis¬ 
cussed under their respective headings. 

PATHOGENESIS 

Diarrhea is attributable to colonic dysfunc¬ 
tion, which can result in excessive loss of 
electrolytes in feces and diminished absorp¬ 
tion of nutrients from the large colon. 
Disease of exclusively the small intestine 
does not cause diarrhea in horses. Protein¬ 
losing enteropathy might be present in addi¬ 
tion to the diarrhea. Colonic dysfunction 
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can be associated with inflammatory or 
infiltrative lesions of the colon but in many 
cases an anatomic lesion is not detected. 
However, the colonic contents of affected 
horses have a greater fermentative capac¬ 
ity than those of normal horses, suggesting 
that in some horses the disease is essen¬ 
tially one of abnormal colonic digestion and 
absorption. 

CLINICAL FINDINGS 

The characteristic finding is chronic diar¬ 
rhea. The feces vary in consistency from 
thick porridge (oatmeal), through undi¬ 
gested fibers in liquid, to liquid without fiber. 
The consistency of the feces in an individual 
horse can vary widely from one day to the 
next. The duration of the diarrhea is variable 
but might be lifelong. Death or euthanasia 
usually results from progressive weight loss. 
The onset of diarrhea is usually abrupt and 
can be associated with signs of toxemia and 
dehydration, as described earlier. However, 
often there is no toxemia or other systemic 
sign apart from weight loss, and affected 
horses are bright and alert and have a normal 
or increased appetite. 

Rectal examination usually fails to reveal 
any abnormalities, although horses with 
granulomatous enteritis or alimentary lym¬ 
phosarcoma can have enlarged mesenteric 
lymph nodes. 

Abdominal radiography will reveal the 
presence of excessive amounts of sand in the 
large colon in horses with that disease. 

CLINICAL PATHOLOGY 

• Hematological examination can reveal 
a mild neutrophilia and anemia, but 
these changes are of little use in 
determining the etiology of the diarrhea. 

• Serum biochemical examination 
typically demonstrates a mild 
hypoalbuminemia, hypoglobulinemia, 
hyponatremia, and hypokalemia, but 
again these changes are not specific for 
any particular disease. 

• Hypoalbuminemia is consistent with the 
presence of protein-losing enteropathies 
such as chronic colitis, alimentary 
lymphosarcoma, cyathostomiosis, or 
granulomatous colitis. 

• Hyperbilirubinemia and elevated 
serum concentrations of serum bile 
acids are suggestive of liver disease. 

• Increases in serum alkaline 
phosphatase activity, while common, 
are of no diagnostic utility. 

• Horses with cyathostomiosis usually 
have increased concentrations of 
P-globulins, although the sensitivity of 
this test is low. 

Peritoneal fluid has a neutrophilic leukocy¬ 
tosis and increased (>25 g/L) protein con¬ 
centration in horses with peritonitis but is 
normal in most horses with chronic diar¬ 
rhea, including those with alimentary lym¬ 
phosarcoma or granulomatous colitis. 


Fecal examination of horses with cya¬ 
thostomiosis can reveal strongyle-type ova or 
fourth-stage cyathostome larvae. The pres¬ 
ence of sand in feces, demonstrated by allow¬ 
ing feces to settle in a transparent rectal glove 
or similar container, suggests sand accumula¬ 
tion in the colon as a cause of the diarrhea. 
The presence of protozoa in feces has no 
diagnostic significance. Giardia spp. are 
commonly found in feces of normal horses of 
all ages and, despite earlier reports of their 
presence in feces of horses with diarrhea, they 
are not associated with disease. Coccidiosis is 
very uncommon in horses, and Eimeria 
leuckarti is probably not pathogenic. 

Demonstration of Salmonella spp. in feces 
or rectal mucosal biopsy, either by culture or 
PCR, is suggestive but not diagnostic of sal¬ 
monellosis, given the high proportion of 
normal horses that shed Salmonella spp. in 
feces. Isolation of R. equi from feces of young 
horses with diarrhea is suggestive of enteric 
disease associated with that organism. 

An abnormal D-xylose, glucose, or 
starch absorption test indicates small-intes¬ 
tinal disease and is suggestive of granuloma¬ 
tous enteritis, although most horses with this 
disease do not have diarrhea. 

Exploratory laparotomy, either ventral 
midline under general anesthesia or through 
the left flank under local anesthesia, and 
intestinal biopsy can demonstrate alimen¬ 
tary lymphosarcoma, granulomatous enteri¬ 
tis, eosinophilic enteritis, chronic colitis, and 
other abdominal disease. Rectal biopsy is 
less expensive and invasive but has a rela¬ 
tively poor sensitivity, although good speci- 
ficityforgranulomatousenteritis, eosinophilic 
enteritis, and alimentary lymphosarcoma. 

NECROPSY FINDINGS 

Necropsy findings are consistent with the 
underlying disease, although in many cases 
gross lesions are not evident. The histologic 
changes in some cases are restricted to a mild 
inflammatory response and can be difficult 
to correlate with the severity of clinical 
disease. In some of these cases the diarrhea 
probably reflects an imbalance in the micro¬ 
flora of the large bowel, and demonstration 
of a specific etiologic agent is an unrealistic 
goal. Conversely, isolation of Salmonella spp. 
from the gastrointestinal tract or mesenteric 
lymph nodes should be interpreted with 
caution in the absence of histologic evidence 
of salmonellosis. 

Because of the wide variety of potential 
causes of chronic diarrhea of horses it is not 
possible to list all the samples required to a 
“confirm” a diagnosis. In most instances, 
formalin-fixed samples from the liver, mes¬ 
enteric lymph nodes, and numerous levels of 
the gastrointestinal tract comprise the mini¬ 
mum diagnostic material required. Regard¬ 
less of what other testing is performed, it is 
prudent to hold back frozen segments of both 
large and small bowel (with content) in case 
other tests are deemed necessary. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

• Chronic idiopathic colitis 

• Salmonellosis 

• Cyathostomiosis 

• Granulomatous colitis 

• Sand ingestion 

• Lymphosarcoma 

• Peritonitis 

• Intestinal lymphangiectasia 

• Hyperlipemia 

• Liver disease 

• Basophilic enteritis 

• Eosinophilic gastroenteritis 


TREATMENT 

The principles of treatment are to deal with 
the underlying disease, correct fluid and elec¬ 
trolyte disturbances, give symptomatic treat¬ 
ment of diarrhea, and provide supportive 
care. Except in cases of cyathostomiosis or 
sand accumulation, treatment of horses with 
chronic diarrhea is frequently unrewarding. 

Specific Treatments 
Cyathostomiosis should be treated with lar- 
vicidal doses of anthelmintics such as fen- 
bendazole (50 mg/kg once, or 7.5 mg/kg 
daily for 3 days), moxidectin (400 pg/kg), 
or ivermectin (200 pg/kg). Treatment can be 
unrewarding if there is severe damage to the 
large colon. 

Diarrhea secondary to sand accumula¬ 
tion in the gastrointestinal tract should be 
treated by preventing the horse from ingest¬ 
ing sand and, although the efficacy is debat¬ 
able, with psyllium mucilloid (1-2 g/kg 
orally once daily for 4-5 weeks; see section 
Sand Colic). 

Chronic idiopathic colitis can be treated 
with corticosteroids (dexamethasone 0.2- 
0.4 mg/kg once daily) or prednisolone (0.5- 
1.0 mg/kg once daily) for 3 to 4 weeks and 
the dose reduced as clinical signs permit. 

Chronic salmonellosis has been treated 
with enrofloxacin (2.5-5 mg/kg orally every 
12 hours for 3-4 weeks), sometimes in com¬ 
bination with metronidazole (15-20 mg/kg 
orally every 6-12 hours), but one should be 
aware of the risk of articular cartilage damage 
in horses treated with enrofloxacin. 

Many diseases commonly associated with 
chronic diarrhea are not treatable. 

Symptomatic and Supportive 
Treatments 

Symptomatic treatments include metroni¬ 
dazole (7.5-20 mg/kg orally every 6-12 
hours) or iodochlorhydroxyquin (10-20 
mg/kg orally once daily). Although some 
horses have resolution of diarrhea while 
being treated with these compounds, there is 
no clear demonstration of their efficacy. Anti¬ 
biotic administration, other than as described 
previously, does not usually alter the course 
of the disease. Antidiarrheal preparations 
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such as codeine phosphate, loperamide, and 
bismuth subsalicylate often provide tempo¬ 
rary improvement in fecal consistency. Some 
horses with chronic diarrhea respond to 
transfaunation, in which 5 to 10 L of colonic 
fluid collected immediately after death from 
a horse without enteric disease is adminis¬ 
tered via nasogastric intubation. 

Supportive treatment includes provision 
of supplemental electrolytes, principally 
sodium, potassium, and bicarbonate, as a feed 
additive. Suitable supplements include some 
commercial products designed for fluid 
replacement in diarrhetic calves, or a mixture 
of potassium chloride (300 g), sodium chlo¬ 
ride (400 g), and sodium bicarbonate (300 g). 
This mixture is isotonic when dissolved at the 
rate of 90 g/12 L, or can be given orally at the 
rate of 30 to 90 g per 400-kg horse every 
24 hours. Unsupplemented water should be 
supplied without restriction and serum elec¬ 
trolyte concentrations should be monitored. 
Severely affected horses can require intrave¬ 
nous administration of polyionic isotonic 
electrolyte solutions or plasma. 

Nutritional support should include provi¬ 
sion of a diet of high-quality roughage and 
grain. Some trials can be needed to deter¬ 
mine the diet that is best for individual 
horses, but care should be taken that the diet 
contains adequate energy and is nutritionally 
balanced. Horses should be fed to attain, and 
then maintain, an ideal BW. 

Spontaneous recovery does occur, par¬ 
ticularly in young horses, and this, and the 
often lengthy duration (6-12 months) of the 
illness, make it difficult to decide accurately 
the value of the treatment. 

CONTROL 

Control of cyathostomiosis and salmonello¬ 
sis is discussed under their respective head¬ 
ings. Diarrhea caused by sand accumulation 
in the colon should be prevented by not 
feeding horses on the ground and by avoid¬ 
ing grazing of short pastures on sandy soil. 
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IDIOPATHIC CHRONIC 
INFLAMMATORY BOWEL 
DISEASES OF HORSES 

A syndrome of combinations of weight loss, 
ill-thrift, diarrhea, recurrent low-grade colic, 
intestinal malabsorption, and hypoprotein- 
emia attributable to chronic inflammatory 
disease of the small and/or large intestine of 
horses is described. 

The causes of idiopathic inflammatory 
bowel disease in horses are not well described, 
and the syndrome has been subdivided into 


granulomatous enteritis, eosinophilic enteri¬ 
tis, lymphocytic-plasmacytic enterocolitis, 
basophilic enterocolitis, and multisystemic 
eosinophilic epitheliotropic disease. Other 
causes of chronic inflammatory bowel 
disease in horses include parasitism, alimen¬ 
tary lymphosarcoma and other gastro¬ 
intestinal neoplasms, 1 tuberculosis, pythiosis, 
and histoplasmosis. 2 Intolerance to gluten, a 
protein found in wheat and similar grains, is 
a well-recognized cause of inflammatory 
bowel disease in humans. Although most 
horses with inflammatory bowel disease do 
not have evidence of gluten hypersensitivity, 
a horse with high concentrations of antibod¬ 
ies to gluten and which responded to a glu¬ 
ten-free diet is reported. ' 

Empirical treatment of 20 horses with 
a presumptive diagnosis of inflammatory 
bowel disease, based on a combination of 
hypoproteinemia, hypoalbuminemia, mal¬ 
absorption, increased intestinal wall thick¬ 
ness on ultrasonographic examination or 
characteristic changes in rectal mucosal 
biopsy with a larvicidal anthelmintic, and 
>3 weeks’ administration of corticosteroids 
resulted in a good response to treatment in 
15 of the horses with 13 surviving for at least 
3 years. 4 Peak xylose absorption was higher 
(1.36 + 0.44 mmol/L) in survivors than in 
nonsurvivors (0.94 + 0.36). 4 
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GRANULOMATOUS 
ENTERITIS OF HORSES 

Granulomatous enteritis is one of several 
inflammatory bowel diseases of horses. It is 
characterized by gradual onset of weight loss 
and ill-thrift. 

The etiology of granulomatous enteritis is 
unknown. Infection with Mycobacterium 
spp. is suggested as a cause but demonstra¬ 
tion of acid-fast bacteria in tissue sections or 
by culture of gut or mesenteric lymph nodes 
of affected horses is rare and inconsistent. 

The disease occurs with greatest inci¬ 
dence in Standardbred horses between 1 
and 6 years of age, although it does affect 
other breeds of horses. The disease is usually 
sporadic, although it has been recorded in 
siblings raised on the same farm. Estimates 
of incidence are not available. The disease 
has a case-fatality rate of almost 100%, 
although recovery is documented for a small 
number of horses. 

Accumulation of lymphocytes and multi- 
nucleated giant cells in the lamina propria is 
associated with villous blunting in the small 
intestine. There is malabsorption of carbohy¬ 
drates and fats and excessive loss of protein 
in feces with subsequent hypoalbuminemia, 
edema, and weight loss. 


Weight loss and anorexia are the most 
common presenting signs. Fever is uncom¬ 
mon. Approximately one-third of horses 
have diarrhea or a history of abdominal 
pain. Affected horses can have a diffuse, 
scaling alopecia and excoriations, especially 
of the coronary band. Rectal examination 
can reveal enlarged, soft mesenteric lymph 
nodes. Colic is an unusual manifestation. 

Hematological and serum biochemical 
examination reveals a mild, macrocytic 
anemia (hemoglobin <100 g/L, hematocrit 
< 30%) with a normal leukogram. Hypoalbu¬ 
minemia is a consistent finding (<25 g/L, 
<2.5 g/dL) whereas the globulin concentra¬ 
tion can be normal, low or, more commonly, 
high (>50 g/L, >5.0 g/dL). Plasma fibrinogen 
concentration is usually increased (>4 g/L, 
400 mg/dL), and there are no characteristic 
changes on serum biochemical analysis. 
Peritoneal fluid is normal. 

Absorption tests using D(+)-xylose, glu¬ 
cose, or starch indicate diminished absorp¬ 
tion of carbohydrate by the small intestine 
in many affected horses. The D(+)-xylose 
absorption test is performed by administer¬ 
ing D(+)-xylose at a dose of 0.5 or 1 g/kg as 
a 10% solution by nasogastric intubation after 
an overnight fast. The concentration of d(+)- 
xylose in blood samples collected at 0, 1, 2, 
3, 4, and 5 hours after dosing is determined. 
An abnormal test is one in which there is not 
an obvious peak in the d(+) -xylose curve and 
in which the peak concentration is lower than 
expected for a normal horse on a similar diet. 
In horses with a normal small intestine, 
administration of a 10% glucose solution 
orally at a dose of 1 g/kg BW results in an 
increase in the plasma glucose concentration 
of >85% of the baseline values. An increase 
of <15% over baseline is found in horses with 
small-intestinal disease that impairs glucose 
absorption. Intermediate values are found in 
both normal and diseased horses. 

Differential diagnoses include other 
causes of malabsorption syndrome in horses 
such as parasitism, chronic inflammatory 
disease (abdominal abscess), neoplasia, 1 mul¬ 
tisystem eosinophilic epitheliotropic disease, 
and malnutrition. 2 Diagnostic confirmation 
is achieved by histologic examination of a 
biopsy of the rectum or small intestine. 
Rectal biopsy has a low sensitivity (less than 
50%) but high specificity for diagnosis of 
granulomatous enteritis. Biopsy of small 
intestine and mesenteric lymph nodes has a 
much higher sensitivity than rectal biopsy 
and is the recommended test. Endoscopic 
duodenal biopsy might be useful in providing 
a diagnosis. 3 

Necropsy examination reveals that the 
intestinal wall is thickened uniformly, espe¬ 
cially in the jejunum and ileum. Mesenteric 
lymph nodes may be enlarged. There is 
villous atrophy with a diffuse and patchy 
granulomatous infiltration of the lamina 
propria of the small intestine. Crypt abscesses 
are common. Granulomas are also present 
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in the liver, spleen, kidney, and bone marrow 
of many cases. The predominant cell types 
are macrophages and epithelioid cells with 
occasional giant cells. The disease may be 
difficult to distinguish from alimentary 
lymphosarcoma. 

Attempts at treatment with a variety of 
antiinflammatory and antimicrobial drugs, 
including prednisone and sulfasalazine, have 
been almost university unsuccessful. Resolu¬ 
tion of the disease occurred for up to 7 
months, whereas a horse was treated with a 
decreasing dose of dexamethasone, begin¬ 
ning at 40 mg (0.1 mg/kg) intramuscularly 
every 4 days for 4 weeks, and then slowly 
decreasing. Surgical resection of defined, 
solitary lesions is reported, but this is an 
unusual manifestation of the disease. 

There are no effective control measures. 

FURTHER READING 

Schumaker J, Edwards JF, Cohen ND. Chronic 
idiopathic inflammatory bowel disease 
of the horse. / Vet Intern Med. 2000; 14: 

258-265. 
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LYMPHOCYTIC-PLASMACYTIC 

ENTEROCOLITIS 

This is an uncommon disease of horses, in 
contrast to dogs, which affects horses of any 
age and without discernible breed or gender 
predilection. The etiology is unknown. Pre¬ 
senting signs include weight loss, diarrhea, 
and lethargy. Clinicopathologic abnormali¬ 
ties include hypoproteinemia and hypoalbu- 
minemia in approximately one-half and 
three-quarters of cases, respectively. Results 
of an oral glucose tolerance test are abnormal 
in approximately 75% of cases. Histologic 
examination of a rectal mucosal biopsy 
reveals abnormal tissue suggestive of the 
disease in about one-half of cases. The diag¬ 
nosis is confirmed by biopsy of ileum or nec¬ 
ropsy examination. Differential diagnoses are 
similar to those for granulomatous enteritis. 
There is marked infiltration of the lamina 
propria with lymphocytes and plasma cells in 
the absence of granulomatous changes. 
Administration of dexamethasone improves 
clinical signs of disease in a small proportion 
of horses. Control measures are not 
available. 

FURTHER READING 

Schumaker J, Edwards JF, Cohen ND. Chronic 

idiopathic inflammatory bowel disease of the horse. 

J Vet Intern Med. 2000;14:258-265. 

IDIOPATHIC FOCAL 
EOSINOPHILIC ENTERITIS 

Focal, idiopathic eosinophilic enteritis 

is an uncommon disease of horses 


characterized by intestinal obstruction sec¬ 
ondary to constrictions of primarily the small 
intestine caused by an eosinophil-dominated 
chronic inflammatory reaction. 1,2 The cause 
of the disease is unknown, although hyper¬ 
sensitivity or immune-mediated mechanisms 
are likely important in the pathogenesis of the 
disease. The disease is recognized with 
increasing frequency in the UK. 3 

Idiopathic focal eosinophilic enteritis 
occurs without any apparent gender or breed 
predisposition. Younger horses (<5 years) are 
at increased risk. 3 The disease is more 
common during the July to November 
period in the Northern Hemisphere. 3 The 
disease is reported in the northern United 
States, UK, Ireland, and the Netherlands. 4 ' 6 

Clinical signs are usually caused by an 
acute intestinal obstruction and manifest as 
colic. 4,5 Affected horses rarely have weight 
loss or diarrhea. The common form of the 
disease is one in which the infiltration is 
segmental and associated with acute colic 
caused by obstruction of the small intestine 
or large colon by mural lesions. 4,5 The disease 
must be differentiated from other causes of 
colic. 

Histologically, the disease is characterized 
by the presence of eosinophilic infiltrates in a 
chronic active inflammatory reaction affect¬ 
ing the small or large intestines. The infiltrates 
are restricted to the intestinal tract. There are 
activated endothelial cells, eosinophils and 
neutrophils, and components indicating a 
duration of inflammation of greater than 3 
days. 2 Macrophages and eosinophils are the 
predominant cell type in the lesions. 2 

Antemortem diagnostic confirmation is 
achieved by small-intestinal biopsy. Pythium 
insidiosum infection can induce a similar 
focal enteritis. 

The prognosis for affected horses is good. 
The lesion is usually amenable to surgical 
resection, but this does not appear to be 
necessary for recovery unless there is acute 
luminal obstruction of the intestine. 1,4,5 
Control measures are not reported. 
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EQUINE GRASS SICKNESS 
(EQUINE DYSAUTONOMIA, 
GRASS DISEASE, AND 
MAL SECCO) 


SYNOPSIS 


Etiology Unknown 

Epidemiology Horses of all breeds and both 
sexes in the UK, Europe, and southern 


South America. Greatest incidence in 
spring/ early summer 

Clinical signs 

Acute grass sickness Colic, nasogastric 
reflux, absent gut sounds, depression, 
dysphagia, and small intestinal 
distension of <2 days' duration at time 
of death 

Subacute grass sickness Tachycardia with 
or without signs of colic, reduced 
intestinal sounds, impaction of the 
colon, and clinical course of 2-7 days 
Chronic grass sickness Insidious onset 
weight loss, intermittent colic, decreased 
appetite, rhinitis sicca, patchy sweating, 
and mild dysphagia 

Clinical pathology None is specific or 
diagnostic. 

Lesions Both forms of the disease have 
degeneration of neurons of the autonomic 
nervous system, especially of the myenteric 
and submucosal plexuses. 

Diagnostic confirmation Examination of ileal 
biopsy. Rectal biopsy is not reliable. 

Treatment 

Acute grass sickness/subacute grass 
sickness Supportive. None effective 
Chronic grass sickness Nursing care 

Control Nonspecific. Vaccination is not 
currently available. 


Equine grass sickness is a noncontagious 
acute, subacute, or chronic disease with a 
high case-fatality rate affecting equids in 
predominantly the UK and northwestern 
Europe. 

ETIOLOGY 

There is increasing confidence that equine 
grass sickness is a toxicoinfectious form of 
botulism caused by exposure of susceptible 
equids to C. botulinum type C toxin (BoNT/C 
and/or C2 binary toxin). 1,2 However, the 
hypothesis of a role for toxicoinfectious bot¬ 
ulism in grass sickness of horses does not 
completely explain the geographic distribu¬ 
tion of the disease. The presence of IgG anti¬ 
bodies to BoNT/C in serum of 30.8% (61 of 
198) of horses in Israel, where the disease is 
not recognized, suggests that factors other 
than simply exposure to BoNT/C are 
required for induction of the disease. 3 It is 
speculated that dietary factors (hence “grass 
sickness”) alter gastrointestinal biota of 
horses and allow proliferation of C. botuli¬ 
num type C or D, or promote increased 
production or absorption of neurotoxin, 
and initiate development of the disease. 4 
Interestingly, horses with grass sickness 
have a higher prevalence of C. perfringens in 
feces (7/9 detected by culture and 15/37 by 
ELISA) and ileal contents than do horses 
with colic (1/16) of other cause or grazing 
healthy horses (0/60 by culture and 1/74 by 
ELISA). 5 This is interpreted as indicative of 
altered gastrointestinal biota rather than as 
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indicating a causative role for C. perfringens 
in equine grass sickness. 5 

Evidence supporting a role for C. botuli¬ 
num toxins in the etiology of the disease 
included the isolation of toxin (BoNT/c) 
producing strains of C. botulinum type C 
from the ileum of 45% of horses with grass 
sickness and 4% of clinically normal control 
horses, the presence of higher concentrations 
of IgA antibodies to BoNT/C and BoNT/D 
in the ileum of horses with acute grass sick¬ 
ness than of unaffected controls, 6 and higher 
risk of the disease in horses with low serum 
concentrations of anti-BoNT/C IgG antibod¬ 
ies. Vaccination of horses with a botulinum 
toxoid markedly reduced the mortality rate 
among vaccinated, compared with unvacci¬ 
nated, horses providing evidence of a role for 
immunity to C. botulinum toxins in resis¬ 
tance to the disease. 1 Remarkably, this study 
was conducted in 1922 and 1923. There are 
plans to conduct further vaccine trials.' 

EPIDEMIOLOGY 

Occurrence 

Grass sickness is locally common in its 
restricted distribution to all parts of Great 
Britain (including possibly Ireland), the 
Czech Republic, Sweden, Switzerland, 
Hungary, Cyprus, and the northern and 
western coasts of Europe. 2,8 ' 10 A clinically 
and histologically indistinguishable disease, 
mal secco, occurs in the Patagonia region of 
Argentina, southern Chile, and in the Falk¬ 
land (Malvinas) Islands. Dysautonomia, with 
clinical signs and histologic changes consis¬ 
tent with equine grass sickness, is reported 
in a mule from Kansas in the United States. 11 

Horses, ponies, donkeys, zebras, Przew- 
alski’s horses, rabbits, and hares are affected. 
The incidence on farms with a history of the 
disease ranges between 0.4% and 16% per 
year or 2.1 grass sickness cases per 100 
horses per year. Approximately 47% of cases 
are acute, 20% subacute, and 33% have the 
chronic form of the disease. 12 

The case-fatality rate for acute grass 
sickness is 100%, whereas that for the chronic 
form of the disease in horses overall is 49%, 12 
and 60% to 70% for those treated at a referral 
hospital. Horses diagnosed in June are 2.7 
times (95% Cl 1.4-5.4) more likely to survive 
than those diagnosed in May. 12 

Horses that survive the initial phases of 
the chronic form of the disease are often 
destroyed because of weakness and emacia¬ 
tion, although they can make complete 
recoveries. 

Risk Factors 
Animal Risk Factors 

The risk and prevalence of disease is greatest 
in 4- to 5-year-old horses (adjusted OR of 
1.9 compared with 0-3 year olds) and 
then declines such that the risk of disease 
is lowest in horses >12 years old (OR 0.02 
compared with that of 0-3 year olds). 12 
Similarly, horses 11 to 20 years of age are at 


reduced risk compared with horses 2 to 10 
years of age (OR 0.32) when only horses in 
Scotland are considered. 13 The median age 
at diagnosis is 6 years (mode 5 years) and 
cases are recorded in horses 2 months to >30 
years of age. 12 Foals born of affected mares 
are clinically normal. There is no apparent 
breed predilection beyond that attributable 
to higher numbers of particular breeds of 
horses in at risk areas, 12 although native 
Scottish breeds are at increased risk com¬ 
pared with other breeds (OR 3.56) when 
only horses in Scotland are considered. 13 
There is no clear association with gender of 
the horse when age distribution of genders is 
considered. 1 ’ 

Horses on pasture are at increased risk 
(hence the colloquial name of the disease), 
and the disease rarely, if ever, occurs in 
horses that are denied access to pasture and 
grazing. A recent (<14 day) change of pasture 
carries an increased risk (OR 24) of develop¬ 
ment of the disease. Horses that have been 
on the farm for less than 2 months are at 
increased risk of developing the disease. 
Horses on farms with previous cases of the 
disease are at increased risk (OR 2.2-45) of 
the disease, although horses that have been 
in contact with animals with the disease 
are at reduced risk (OR 0.1). Horses with 
lower serum concentrations of antibodies 
to BoNT/C are at increased risk for the 
disease. 

Environmental Risk Factors 

The risk of disease in horses in Scotland 
increases with increasing latitude (northing) 
at a rate of OR 1.08 per 10 km. 13 The disease 
occurs year round with a marked seasonal 
distribution peaking with 61 % of cases occur¬ 
ring in April, May, and June in the UK. 12 
Outbreaks of the disease are associated with 
the occurrence of cooler and drier weather 
than normal during the 2 weeks preceding the 
outbreak. There is increased risk associated 
with more sun hours (OR 1.44-2.48 per addi¬ 
tional hour per month, after correction for 
latitude, as previously mentioned) and more 
frost days (OR 1.13-1.18 per day per month) 
and decreased risk with higher average tem¬ 
perature (0.82-0.76/°C). 13 

Pasture and Soil Risk Factors 

Access to grazing is an acknowledged risk 
factor. Examination of pasture and soil 
reveals that sites that have had horses with 
grass sickness have significantly higher con¬ 
centrations of soil nitrogen and herbage iron, 
lead arsenic, and chromium. 14 Ranunculus 
sp. (buttercup) was common at sites with 
affected horses. 14 The role, if any, for Ranun¬ 
culus sp. or the heavy metals in pathogenesis 
of the disease is unclear. 

Horses with grass sickness have plasma 
amino acid profiles expected of those with 
subacute or chronic cyanide intoxication. 
This has led to investigation of the cyanide 
concentration of common pasture plants 


in areas with affected horses. The concentra¬ 
tion of cyanogenic glycosides in white clover 
{Trifolium repens ) is higher in pasture asso¬ 
ciated with cases of equine grass sickness 
(497 mg cyanide/kg dry matter) than in 
white clover from control pasture (<300 mg/ 
kg). 4 Although white clover is a common 
pasture plant in many parts of the world, 
including areas with cases of equine grass 
sickness, a role for it in the pathogenesis of 
grass sickness is speculative. The amount 
of cyanide ingested by horses on pasture 
with a high cyanide concentration is pre¬ 
dicted to be insufficient to induce toxico¬ 
sis, but there might be other roles for the 
plant in predisposing the development of 
the disease. 4 Alternatively, the changes in 
pasture cyanogen content could be simply 
coincidental. 

Farm or Premise Risk Factors 

Farms with a history of horses with the 
disease are at increased risk of having further 
cases. 12 For premises with previous cases of 
grass sickness there is an increased risk of the 
disease developing as the number of horses 
on the farm increases, with the presence of 
young horses, on stud farms and livery/ 
riding schools, on farms having sandy or 
loamy soil, and those rearing domestic birds 
and using mechanical fecal removal. The risk 
of recurrence of disease on a farm decreased 
with the presence of chalk soil, cograzing 
ruminants, grass cutting of pastures, and 
manual removal of feces. There is no associa¬ 
tion between the disease and the type of 
pasture or with provision of supplementary 
feeds. Feeding hay or haylage is associated 
with a decreased risk of the disease. Any dis¬ 
turbance of the soil, such as when plowing, 
increases the risk of disease. 

Transmission 

The disease is not contagious. Injection of 
normal horses with serum of affected horses 
causes lesions, but not clinical signs, consis¬ 
tent with the disease. 

PATHOGENESIS 

The clinical signs are attributable to wide¬ 
spread damage to the autonomic nervous 
system, including the sympathetic neurons 
in prevertebral and paravertebral ganglia, 15 
resulting in sympathetic and parasympa¬ 
thetic dysautonomia that is most clinically 
evident in the gastrointestinal tract. Coinci¬ 
dent with damage to the autonomic nervous 
system are increases in plasma concentra¬ 
tions of dihydroxyphenylalanine, epineph¬ 
rine, norepinephrine, and dopamine, possibly 
because of increased secretion of these com¬ 
pounds from affected sympathetic ganglia 
and neurons. Lesions in the cranial nerves 
and brainstem are probably responsible for 
dysphagia and drooling evident in most 
cases. Rhinitis is associated with diminished 
noradrenergic, noncholinergic innervation, 
greatest in neurons positive for substance P 
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or calcitonin gene-related peptide, of the 
nasal mucosa in subacute and chronic cases. 

Electrocardiographic examination of 
affected horses reveals evidence of loss of 
parasympathetic innervation of the heart, 
which is consistent with lesions in the termi¬ 
nal cardiac ganglia. Splanchnic lesions are 
most severe in the myenteric and submucosal 
plexuses of the ileum, with less severe changes 
in the large colon and celiacomesenteric gan¬ 
glion. There is also a reduction in interstitial 
cells of Cajal (cells involved in pacemaker 
activity and autonomic transmission within 
the gut). These neuronal changes are associ¬ 
ated with a marked impairment of choliner¬ 
gic activity in ileal tissue of affected horses. 
Because of the altered autonomic activity, 
peristalsis decreases (in chronic cases) or 
ceases (in acute cases) with subsequent accu¬ 
mulation of ingesta in the small intestine, 
stomach, and large colon. Death is caused by 
emaciation in chronic cases or rupture of the 
stomach or intestine in acute cases. 

CLINICAL FINDINGS 

The clinical signs of grass sickness are varied, 
and accurate antemortem diagnosis on clini¬ 
cal signs alone is difficult. The diagnosis is 
usually made based on clinical signs, elimi¬ 
nation of disease with similar presentation, 
and consideration of the horses prove¬ 
nance. 16 The incubation period of the disease 
is approximately 10 to 14 days. 

Acute, subacute, and chronic forms of 
the disease are recognized, although some 
authorities use a designation of acute and 
chronic. In all cases, there is some dysphagia, 
resulting in drooling of saliva and trickling 
of ingesta from the nose. Dried food is 
impacted between the cheeks and the teeth 
and the animal plays at drinking. These signs 
are attributable to lesions in the cranial 
nerves. Most animals are depressed. 

Acute Cases 

The onset is sudden and the course of the 
disease is 1 to 4 days. Abdominal pain may 
be severe but also may be absent even in the 
presence of severe tachycardia. There is 
tachycardia (80-90 beats/min may be >100), 
decreased to absent gut sounds, lack of def¬ 
ecation, and abdominal distension. On rectal 
examination, the small intestine is distended 
with fluid and readily palpable in the caudal 
abdomen. Nasogastric intubation yields a 
large (20 L) quantity of fluid. Urination is 
frequent and may be accompanied by tenes¬ 
mus. Affected horses may wander about in a 
restless manner and a fine muscle tremor 
occurs constantly, especially in the upper 
forelimb. Periodic attacks of patchy sweating 
are common. There is noticeable salivation. 
Esophageal endoscopy reveals linear ulcer¬ 
ations resulting from reflux esophagitis. 

Subacute Cases 

These cases have signs of mild colic, or may 
not have any signs of colic, in the presence of 


tachycardia, depression, reduced gastro¬ 
intestinal sounds, and impaction of the large 
colon with characteristic corrugated appear¬ 
ance. The clinical course is 2 to 7 days and 
death is inevitable. Esophageal endoscopy 
reveals the presence of linear erosions in 
many affected horses. 

Chronic Cases 

The course is usually >7 days and is charac¬ 
terized by weight loss, patchy sweating, and 
intermittent colic. Horses stand with all four 
feet close together under them (“elephant 
on a tub stance”) and have a tucked up 
abdomen. Dysphagia is evident and the gut 
is empty except for the colon and rectum, 
which contain dry, hard feces. In the late 
stages the horse snores, the penis droops, 
and attempts are made to eat abnormal 
materials. Most cases of the chronic form 
have rhinitis, characterized by crusting of 
mucopurulent material on the turbinates and 
this is considered, in the presence of appro¬ 
priate history and other clinical signs, almost 
pathognomonic for grass sickness. There can 
be esophageal obstruction with secondary 
inhalation pneumonia. 

Application of phenylephrine (0.5 mL of 
a 0.5% solution) into one eye causes a dorsal 
deviation of the eyelashes of the upper eyelid 
in horses with grass sickness, but not in 
normal horses. 

There is a radiologic discernible defect in 
esophageal motility in horses with grass 
sickness. 

Horses with acute, subacute, or chronic 
grass sickness usually (12 of 14 examined) 
have abnormalities on electromyography 
including excessive spontaneous activity; 
fibrillation potentials; doublets, triplets, or 
quadruplets; neuromyotonic discharges; and 
complex repetitive discharges. 1 ' 

Recurrence of the disease in a horse is 
exceedingly rare. 

Antemortem diagnostic confirmation 
can only be achieved by examination of 
biopsy specimens of the ileum, although 
biopsy of nasal mucosa has been suggested 
as an alternative. Examination of rectal 
biopsy is specific (estimated 100% based on 
detection of at least three chromatolytic 
neurons), but not sufficiently sensitive (70%), 
for diagnosis of the disease based on a study 
of 14 cases and 10 controls. 18 Antemortem 
rectal biopsy is not reliable for diagnosis of 
the disease compared with ileal biopsy, 
which has a high sensitivity. 19,20 Ileal biopsies 
can be collected via conventional laparotomy 
or by laparoscopy. 20 The use of formalin- 
fixed ileum has both sensitivity and specific¬ 
ity of 100%. 21 Immunohistochemical staining 
for synaptophysin does not aid in the dif¬ 
ferentiation between autolytic tissue and 
tissue from horses with grass sickness. 22 

CLINICAL PATHOLOGY 

Serum biochemical profiles and hemato¬ 
logical examinations do not demonstrate 


pathognomonic changes. Serum amyloid A 
and plasma fibrinogen concentrations are 
significantly higher in horses with grass sick¬ 
ness than in healthy horses or horses with 
colic not caused by inflammatory disease, 
but similar to those in horses with enteritis, 
colitis, or peritonitis. 23 Signs of dehydration, 
electrolyte imbalances, hyperbilirubinemia, 
and elevations of serum activity of liver- 
derived enzymes are all secondary to the 
disease. Urine from horses with grass sick¬ 
ness has higher specific gravity, protein and 
creatinine concentrations, and lower pH 
than that from unaffected horses, consistent 
with dehydration and electrolyte imbalances 
that occur with the disease. Peritoneal fluid 
is often abnormal, with an increased protein 
concentration and leukocyte count but, 
because of the considerable overlap with 
values in horses with lesions of the gastro¬ 
intestinal tract requiring surgery, is of limited 
diagnostic value. 

NECROPSY FINDINGS 

In cases of short duration, the stomach and 
small intestines are distended with an excess 
of fluid and gas, and the colon is often 
impacted with corrugated ingesta coated 
with black material. In chronic cases, the ali¬ 
mentary tract is empty. 

Histologically there is extensive degen¬ 
eration of neurons of the autonomic nervous 
system without evidence of inflammation. 
These neurons include those of the ganglia 
(cranial cervical, stellate, celiacomesenteric, 
etc.) and those of the myenteric and submu¬ 
cosal plexuses of the intestines. Degenerative 
neuronal changes may also be observed in 
the CNS, including the oculomotor, facial, 
lateral vestibular, hypoglossal, and vagal 
nuclei; the ventral horns of the spinal cord; 
and the dorsal root ganglia. This neuropathy 
is difficult to confirm unless fresh, well-fixed 
samples are submitted for histologic exami¬ 
nation. Immunohistochemical staining for 
synaptophysin does not aid in the differen¬ 
tiation between autolytic tissue and tissue 
from horses with grass sickness. 22 

Samples for Postmortem 
Confirmation of Diagnosis 

Samples for light microscopic examination 
include formalin-fixed sympathetic ganglia, 
brainstem, spinal cord with dorsal root 
ganglia, gastric fundus, duodenum, jejunum, 
distal ileum, ventral colon, and dorsal colon. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

Acute grass sickness 

• Small intestinal strangulation or volvulus 
• Esophageal obstruction 

• Large colon displacement or torsion 

• Anterior enteritis 

• Peritonitis 


Continued 
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• Terminal ileal impaction 

• Ileocecal intussusception 

• Hemoperitoneum 

• Hypocalcemia (lactation tetany and 
exhaustion) 

Subacute or chronic grass sickness 

• Impaction of the large or small colon 

• Helminthiasis 

• Mesenteric abscessation or other chronic 
inflammatory disease 

• Gastric squamous cell carcinoma 

• Botulism 

• Equine motor neuron disease 

• Alimentary lymphosarcoma or other 
neoplasia 

• Inadequate diet 

• Poor dentition 

• Equine motor neuron disease 


TREATMENT 

Acute cases respond transiently to gastric 
decompression and intravenous fluid admin¬ 
istration, but death is inevitable. Selected 
chronic cases benefit from careful nursing 
care with provision of high energy, high- 
protein diet, and access to grazing. Adminis¬ 
tration of the promotility, indirect acting 
cholinergic agent, cisapride (0.5-0.8 mg/kg 
orally every 8 hours for 7 days) has been 
recommended but is not rewarding. 11 ' 
Administration of brotizolam (a putative 
appetite stimulant), acetylcysteine (antioxi¬ 
dant and neuroprotectant), and aloe vera gel 
(antioxidant, antiinflammatory, and laxative) 
was without beneficial effect in 29 cases. 

CONTROL 

Successful measures have not been satisfacto¬ 
rily established and no definitive recommen¬ 
dation can be made. However, consideration 
should be given to the factors identified as 
increasing the risk of disease, such as pastur¬ 
ing and movement to new properties, espe¬ 
cially those on which previous cases of this 
disease have occurred, and the disturbance of 
soil. Feeding of hay and haylage is associated 
with a reduced risk of developing the disease. 
Although administration of ivermectin is 
associated with an increased risk of the 
disease, appropriate parasite control should 
not be ignored in horses in areas in which 
grass sickness is endemic. 

There is no commercially available 
vaccine, although trials are planned. 

FURTHER READING 
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Vet Clin Equine. 2009;25:381-399. 
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INTESTINAL 

HYPERAMMONEMIA 

Intestinal hyperammonemia is a syndrome 
recently recognized in horses and character¬ 
ized by abnormally high concentrations of 
ammonium ion (NH 4 + ) in blood combined 
with signs of neurologic and gastrointestinal 
disease but in the absence of clinical or clini- 
copathologic evidence of hver disease. 16 The 
syndrome is associated with gastrointestinal 
dysfunction that results in increased produc¬ 
tion of ammonium (NH 4 + ), possibly as a 
result of altered gut microbiota, or increased 
absorption of ammonia (NH 3 ) caused by 
altered mucosal permeability. The disease 
is not a hepatic encephalopathy in which 
increased blood ammonium concentrations 
are secondary to hver disease and reduced 
clearance of ammonium. 

Ammonium is produced in the hind gut 
by urease-positive bacteria and in the small 
intestine by a glutaminase located in the 
enterocytes. Under normal circumstances 
ammonia is absorbed and transported as 
ammonium in the blood to the hver, where 
it is converted to urea or incorporated 
into amino acids. A decrease in hver func¬ 
tion or absorption from the gut of excessive 
amounts of ammonium can result in hyper¬ 
ammonemia. Increases in blood ammonium 
concentration adversely affect neuron and 
astrocyte function leading to depolarization, 
activation of N-methyl-D-aspartate receptors 
and cell swelling. There is only a poor cor¬ 
relation between blood ammonium concen¬ 
trations and signs of neurologic disease, 
although systemic inflammation combined 
with hyperammonemia results in more 
severe signs than hyperammonemia alone. 1 

The epidemiology of the syndrome is not 
well described. The disease is reported in the 
UK and the eastern and southeastern United 
States. Equids of any age can be affected 
including foals less than 1 day of age. 4 
Risk factors include gastrointestinal disease 
(colitis, enterocolitis, colic, and meconium 
impaction). 4 Case-fatality rate in equids 
treated at a referral hospital was 60% (22 of 


36 cases). Ingestion of black locust roots 
(Robinia pseudoacacia ) caused the disease in 
two ponies.' Infection with C. sordellii is a 
suspected cause in adult horses. 8 

The clinical signs include those of colitis, 
enterocolitis, or colic and can include diar¬ 
rhea and depressed mentation. Horses are 
usually tachycardic and tachypneic but not 
usually pyrexic. Signs of neurologic dysfunc¬ 
tion can be present at the initial examination, 
with signs of gastrointestinal disease, or can 
develop over the next 24 to 72 hours. Signs 
of neurologic disease include profound 
depression, head pressing, ataxia, central 
blindness, recumbency, personality changes, 
aggression, abnormal mentation, compulsive 
walking, circling, lip smacking, and seizures 
(petite mal or grand mal). 4 

Hyperammonemia (normal is less than 
~55 pmol/L) is present and an essential com¬ 
ponent of the diagnosis. Blood ammonium 
concentrations are usually over 100 pmol/L 
and can exceed 1000 pmol/L, although horses 
with severe systemic inflammation can have 
signs of neurologic disease with blood ammo¬ 
nium concentrations as low as 60 jimol/L. 4 
Affected horses have hematological signs 
consistent with inflammation (leukocytosis), 
hypovolemia (increased hematocrit, and 
serum total protein concentration), and some 
have mild increases in serum activity of liver- 
derived enzymes (GGT). 4 

Treatment is largely supportive, including 
correction of hypovolemia, protection from 
self-harm, control of seizures, efforts to 
reduce blood ammonium concentration, and 
reduction of systemic inflammation. The 
underlying disease should be treated as 
appropriate. Reduction of blood ammonium 
concentration can involve the administra¬ 
tion of oral neomycin, lactulose, or both. The 
efficacy of these treatments has not been 
determined. Lactulose (-300 mg/kg orally 
every 8 hours) is used, but the decrement in 
blood ammonium concentration in affected 
horses is undetermined and in healthy horses 
is modest (3 pmol/L). 4 Lactulose is proposed 
to act by acidifying the colon contents, favor¬ 
ing conversion of the freely absorbable 
ammonia (NH 3 ) to ammonium. Activated 
charcoal or mineral oil can be given to 
reduce absorption and increase excretion of 
ingested toxic materials. Sedatives might 
need to be administered to control abnormal 
ambulation or behavior. 

FURTHER READING 
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Abdominal Diseases of 
the Pig Including Diarrhea 

ACUTE GASTRIC 
DILATATION IN PIGS 

This occurs in pigs as a result of excessive 
intake of finely ground meal (grain) and 
water resulting in excessive fermentation 
and gaseous distension. In the pig, simple 
gastric distension is usually readily relieved 
by vomiting. 

ACUTE GASTRIC 
VOLVULUS IN SOWS 

This is a much more serious problem. It is 
most common with once-a-day feeding and 
is caused by the rapid intake of a large quan¬ 
tity of food followed by physical activity. Vol¬ 
vulus is thought to occur because the sow 
eats a large, sloppy meal very quickly. The 
occurrence is specifically related to intense 
excitement and activity at feeding time. 
Death occurs 6 to 24 hours after the pig’s last 
meal. At necropsy the stomach is enormous 
(50-60-cm diameter), with engorgement of 
vessels and hemorrhagic effusion into the 
stomach, which contains a large amount of 
gas, fluid, and usually a great deal of food. 
Rotation varies in degree from 90° to 360° 
around the mesenteric axis and can occur in 
both directions but is usually clockwise. The 
spleen is markedly displaced, the liver is 
bloodless, and the diaphragm encroaches 
deeply into the chest. It is easily prevented by 
twice daily feeding, especially if automatic 
feeding is implemented. 

GASTRIC ULCERS AND 
HYPERKERATOSIS OF SWINE 

Ulcers can occur in the fundic part of the 
stomach or in the PE (nonglandular part) of 
the stomach. The former are uncommon and 
occur usually as part of other diseases such as 
salmonellosis, H. rubidus infestation in sows, 
or transmissable gastroenteritis, and their 
significance in pig medicine is as yet not com¬ 
pletely understood. The latter are far more 
important as a cause of economic loss and 
clinical importance. They are single or mul¬ 
tiple bleeding ulcers often associated with 
varying degrees of hyperkeratosis. Experi¬ 
mental lesions in the stomach are usually pro¬ 
duced in the glandular part of the stomach as 
a model for the condition in humans. 


SYNOPSIS 


Etiology Fine particles and pelleted feed. 
Certain bacterial species and other factors 
contribute. 

Epidemiology Highly variable incidence but is 
increased with greater intensification of 
swine industry, emphasis on improving 
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digestibility and feed efficiency and use of 
fine particle and pelleted feed. Growing 
and finishing pigs, adult sows, and boars 

Signs Sudden death from peracute gastric 
hemorrhage. Subacute form causes 
anemia, pallor, unthriftiness, and black 
tarry feces. 

Clinical pathology Hemorrhagic anemia 

Lesions Hyperkeratosis, erosions, ulcers of 
pars esophagea, gastric hemorrhage, and 
anemia 

Diagnostic confirmation Lesions at necropsy 

Differential diagnosis list 

• Proliferative enteritis of swine 

• Enteric salmonellosis 

• Swine dysentery 
Treatment None that is effective 

Control Use of diets prepared through 
hammer mill screen of at least 6 mm. 
Incorporate S-methylmethionine-sulfonium 
chloride in diet and reduce stress. 


ETIOLOGY 

The etiology of ulceration of the PE is multi - 
factorial. Finely ground and pelleted feed are 
the important causes of ulceration of the PE. 
Certain environmental stressors may also be 
contributing factors. 

EPIDEMIOLOGY 

Occurrence 

There may be a genetic susceptibility which 
may be related to fastness of growth. Ulcer¬ 
ation is not mediated by glucocorticoids. 

The disease can occur in all ages but it is 
most common in pigs of 45 to 90 kg BW but 
may occur in pigs after weaning and in 
adults. All breeds are susceptible. Prevalence 
in groups of pigs may vary anywhere in the 
world from 1% to 90% depending on hus¬ 
bandry practices and feeding regimes. 

Examination of the stomachs of pigs at 
abattoirs in various countries has revealed a 
high proportion of pigs with varying degrees 
of hyperkeratosis, erosions, and ulcers of the 
PE. Extensive erosions of the PE may be 
present in up to 63% of sows and 36% of 
finishing pigs. In pigs at slaughter, a range 
from 4% to 57% has been seen. The ulcers 
were mild in 9.5% and severe in 13.4% of 
cases. The incidence is variable between 
countries, which may reflect differences in 
feeding or husbandry methods. The disease 
has assumed increased economic impor¬ 
tance with increased intensification of the 
swine industry. 

The feed manufacturing industry is faced 
with the dilemma of finely ground pelleted 
feed providing high digestibility and feed 
efficiency in growing and finishing pigs but 
with a high incidence of lesions of the PE, 
which may affect performance. Pelleting 
swine feed is also advantageous because it 
flows more easily and effectively in auto¬ 
mated distribution systems in swine farms 
compared with finely ground meal, which 


may bridge and clog in distribution systems, 
decrease dustiness and segregation of ingre¬ 
dients, and increase bulk density. Meal is less 
damaging than pellets. 

The incidence of clinical disease is low, 
but the case-fatality rate is high when severe 
hemorrhage occurs. The effects of the lesions 
on performance may vary considerably. In 
one study, pigs with extensive lesions gained 
50 to 75 g/day less than pigs with no lesions 
but another showed no effects. 

The disease has increased in significance 
with the occurrence of postweaning multi- 
systemic wasting syndrome and PDNS asso¬ 
ciated with porcine circovirus type 2 (PCV2). 
There is also an increased occurrence where 
there is a problem with porcine respiratory 
disease complex (PRDC) particularly during 
summer months. 

Risk Factors 

Many of the risk factors affect the speed 
of the passage of the ingesta through the 
stomach whether or not the stomach contains 
food. Generally, anything that increases the 
consistency of the stomach contents reduces 
ulceration and vice versa. For example, finely 
ground feed decreases the consistency. 1 

Anything that causes an empty stomach 
will potentially increase the acidity in the PE 
region of the stomach is a risk factor. Back in 
the 1960s all that was needed to produce an 
esophageal ulcer in a pig was to keep the pig 
restricted in a feeding or farrowing crate and 
deprive it of water and food for 24 hours. 
This would therefore include intermittent 
feeding and watering, respiratory disease, 
and hot weather. 

Dietary Risk Factors 

Generally, ulceration is influenced by grain 
component, milling procedures, and process¬ 
ing. A hammer mill increases the ulceration 
risk and in this type of milling wheat shatters 
more than when it is subjected to a rolling 
meal. The rolling mill squashes rather than 
shatters the grains; therefore is not so ulcero¬ 
genic. A rolling meal producing a diet based 
on barley or oats is the least ulcerogenic. 

The disease occurs primarily in penned 
pigs receiving a grain diet and growing 
rapidly. It has also occurred in pigs fed large 
quantities of cheese whey or skimmed milk. 
Too much copper and not enough zinc may 
also be a factor. The incidence is highest in 
pigs receiving diets containing a higher pro¬ 
portion of corn (maize) than other grains. 
The incidence is even greater if the corn is 
finely ground or is gelatinized or expanded. 

Finely Ground Feed 
This is the most important risk factor. One 
of the explanations of this may be the rapid 
emptying of the stomach when fine particles 
are used as the food in the stomach becomes 
more fluid and empties more quickly. There 
is normally a gradation of ascending pH 
from the cardia to the esophagus, but with 
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rapid emptying there is the possibility of the 
low pH reaching the esophageal region. 

Feeding a diet based on finely ground 
barley to pigs beginning at 10 to 11 weeks 
results in lesions as early as 1 month later, and 
the incidence and severity of lesions increased 
progressively over the next 2 months. Diets 
high in wheat or corn starch may be worse 
than diets based on barley or oats. 

The particle size and the physical form of 
the feed are important risk factors. The size 
of particles in feed is significant whatever 
feed is used. Finely ground diets (particularly 
wheat and maize) have detrimental effects on 
the gastric mucosa of finishing pigs. Grind¬ 
ing through a 4.68-mm screen approximates 
the screen size used most frequently for 
grinding barley for pigs in practice and is 
associated with a low incidence of ulcers. 
Reducing particle size and pelleting improves 
growth performance of finishing pigs. For 
every 100 pm of decrease in size of the article 
size there is an approximately 1.3% increase 
in gain efficiency but each time the level of 
ulcers increases. Fine diets have the effect of 
increasing pepsin levels as do pelleted diets. 

A pelleted diet uses grain that is finely 
ground before it is compressed into a pellet, 
but on reaching the stomach it reverts back 
to the fine particles that were compressed 
into the pellet. A diet finely ground through 
a 3-mm screen in a hammer mill and then 
pelleted will be associated with a 75% inci¬ 
dence of pigs with hyperkeratosis of the PE, 
and 11 % of the pigs may have severe erosions 
and ulceration of the PE. The incidence of 
lesions decreases when the diet is ground 
through a 6-mm screen. Even straw (coarsely 
ground barley straw at 5%-10% of the ration) 
gives almost complete protection. In growing 
pigs, dietary fiber rich in structural polysac¬ 
charides has been shown to be important in 
preventing the development of parakeratotic 
lesions in the PE. An increase in the crude 
fiber content of a diet that is finely ground 
does not affect the occurrence of severe ero¬ 
sions and/or ulcers of the PE. 

The processes have additive effects on 
digestibilities of dry matter, nitrogen, and 
energy, with maximum nutrient digestibility 
in pelleted diets with corn milled to a particle 
diameter size of 400 pm. Reducing the par¬ 
ticle size to below 400 pm causes practical 
problems with milling and an increased inci¬ 
dence of gastric lesions, and it is suggested 
that a particle size of 600 pm, or slightly less, 
is optimal for corn in either meal or pelleted 
diets for finishing pigs. 

Using endoscopic examination of the 
stomachs of pigs fed a fine-particle diet 
(geometric mean size of 578 pm) it was 
found that as ulcer severity increases, the 
growth performance of individually fed pig 
decreases. Feeding a coarse particle diet 
(geometric mean size of 937 pm) for 3 weeks 
resulted in a decrease in the severity of the 
ulcers. 

High levels of unsaturated dietary fat 
are not helpful, especially if they are 


accompanied by low levels of vitamin E. 
Similarly, pigs fed waste food had more 
severe gastric lesions. 

Environmental and Management 
Risk Factors 

It has been suggested that confinement, 
crowding, transportation, changes in envi¬ 
ronment, and exposure to other pigs are 
important in the etiopathogenesis of gastric 
ulcers of pigs. Method of feeding may also be 
important. Interruption of feeding may also 
increase dietary stress. All of these are 
stresses and many others including anxiety, 
fear, pain, fatigue, fasting, etc., will be associ¬ 
ated with an increase of ulcers. There is an 
even greater occurrence in summer when 
water demands are higher. Males are always 
more affected in prevalence and severity, but 
they may be more easily stressed. One of the 
most important factors is time in the lairage. 
Premortem handling is extremely important. 
Pigs kept overnight in the lairage have more 
ulcers than pigs killed on the day of arrival. 

Larger herds always show more of the 
problem, and it is probably a reflection of the 
different diets that they use (based on wheat 
and pelleted). The larger farms also have 
more infection pressure, more selection 
pressure, and more feed-related factors. 

Pigs that receive porcine somatotropin 
may have an increased level of ulcers possi¬ 
bly caused by the elevated circulating gastrin. 

There are a variety of foreign bodies 
reported from the pigs’ stomach including 
stones, which outside sows chew all the time, 
and also sand. The majority of the stones 
are probably passed in the feces, but may 
accumulate in and stretch the stomach. The 
stomach capacity is normally about 3 to 6 L. 
This may lead to reduced appetite and gastri¬ 
tis but is not believed to be a contributor to 
ulceration. Similarly, hairballs are a common 
finding, reaching 10 to 15 cm in size in the 
stomach. The occurrence of rubbish indicates 
pica or a depraved appetite, which is often an 
indicator of inadequate feeding. One of the 
other substances found in outdoor pigs stom¬ 
achs is the flakes of bitumen that remain from 
clay pigeon shooting, which are toxic. 

Pathogen Risk Factors 
Gastric Bacteria 

Ulcers in the fundic part of the stomach are 
often associated with gastritis. Helicobacter 
heilmannii and Gastrospillium suis (now 
called H. suis, have been found in gastric 
ulcers, but not ulcers of the PE of pigs and 
are unlikely to be the primary cause of the 
lesion. Helicobacters and Arcobacters are 
uncommon before weaning and increase 
with age; thus over 80% of market hogs may 
be infected 3 and 90% of adults have them in 
their stomachs. They are capable of causing 
ulcers in experimental challenges. 4 They 
have been found in some studies but not in 
others. They are normally found in the 
antrum of the stomach in close proximity to 
the acid-producing cells in the fundus, and 


the gastritis they produce may be related to 
parietal cell stimulation which leads to 
further hyperacidity and then the damage 
will extend to the PE. They may extend into 
the PE if there is gastritis. Experimental 
inoculation of these Helicobacter agents in a 
carbohydrate-enriched liquid diet has failed 
to produce ulcers of the PE, but inoculation 
of Lactobacilli spp. and Bacillus spp. did 
produce ulcers when they were given in the 
same substrate. This may all be related to the 
degree of fermentation produced, the pro¬ 
duction of short chain fatty acids, and then 
the acidity generated. 

The spiral-shaped H. suis has been found 
in 84% of the stomach of pigs with frank 
gastric ulcers of the PE. The organisms were 
mainly in the mucous layer and in gastric 
foveolae of the antral and oxyntic mucosa 
and only occasionally in the cardiac-PE 
region. The presence of the organism is now 
thought to be associated with lesions of the 
pyloric mucosa and gastritis in pigs. 2 

H. heilmannii type 1 has been found more 
frequently in the stomachs of pigs with ulcers 
(100%) and in those with preulcer lesions 
(90%) than in stomachs with macroscopi- 
cally normal PE (35%). 

PATHOGENESIS 

In pigs, nearly all naturally occurring gastro¬ 
duodenal ulcers are localized in the PE of the 
stomach. Excessive gastric acid production, 
depletion of the gastric buffering system 
resulting in prolonged activation of pepsino¬ 
gens, and changes in mucous composition 
are suggested as important factors related 
to gastric ulceration in swine. The physical 
texture of the feed can influence pepsin and 
acid secretion, and the fluidity of the stomach 
contents induced by ulcerogenic diets may 
alter the normal pH gradient within the 
stomach. This allows greater pepsin and acid 
contact to the esophagogastric area. 

The concentrations of short chain fatty 
acids are high in the proximal gastric con¬ 
tents of pigs and associated with intakes high 
in readily fermentable carbohydrates, like 
ground corn. These products of bacterial 
metabolism, principally acetate and lactate, 
reach high concentrations within 4 hours 
after feeding because of high pH in the proxi¬ 
mal gastric contents, which may allow some 
types of bacteria to proliferate. These weak 
acids are lipid soluble in their undissociated 
form and could penetrate and acidify under¬ 
lying tissue more readily than free hydrogen 
ions. In this way, rapid production of short 
chain fatty acids, followed by their absorp¬ 
tion and tissue acidification, may be similar 
to ruminal acidosis and rumenitis in rumi¬ 
nants following the ingestion of large quanti¬ 
ties of readily fermentable carbohydrates. 

The rumen epithelium, also a stratified 
squamous mucosa, is easily injured by 
short chain fatty acids at pH <5.0. The 
breaking of the barrier by short chain fatty 
acids could result in underlying inflam¬ 
mation and widespread tissue destruction. 





Abdominal Diseases of the Pig Including Diarrhea 


289 


Experimentally, exposing undissociated 
short chain fatty acids to swine gastric 
mucosa results in rapid penetration of the 
outer barrier and acidification of the under¬ 
lying viable tissue. This results in cell swell¬ 
ing and vesicle formation, followed by 
sloughing of the outer barrier, erosion into 
deeper zones, and finally, ulceration. 

Weak organic acids, at pH <2.5, induce a 
greater degree of functional and histologic 
injury in three stomach zones (squamous, 
cardiac, and oxyntic) than does hydrochloric 
acid. The predilection for the squamous 
mucosa in naturally occurring ulcers may be 
attributed to the lack of defense or repair 
mechanisms that are present in the cardiac 
and oxyntic mucosa, which are capable of 
HC0 3 “ and mucous secretion, which may 
raise the pH adjacent to these epithelial 
layers. Thus the increased digestibility asso¬ 
ciated with decreased particle size of the 
diet may promote rapid fermentation follow¬ 
ing eating resulting in the production of 
increased concentrations of short chain fatty 
acids. Any increase in fluid content will also 
contribute to the changes in pH gradient 
that exist in the stomach. Excessive gastrin 
is then stimulated and more acid secretion 
follows. 

Normally, the PE is white, smooth, and 
glistening and may be bile stained. The first 
stage in ulceration is hyperkeratosis. This is 
followed by erosions, ulcerations, and hem¬ 
orrhage. The erosions may heal, resulting in 
a fibrous contraction. Chronic ulceration 
may occur with the development of several 
ulcers in combination with fibrous tissue 
involving all of the squamous mucosa. 
Advanced hyperkeratosis may cause partial 
stenosis of the terminal esophagus. 

The erosion of a blood vessel within the 
ulcer will result in acute to subacute gastric 
hemorrhage. These cases are usually spo¬ 
radic, causing deaths of individuals within 
a group, with cases occurring over a period 
of several weeks. Clinical signs are often 
not observed, and affected pigs are found 
dead from acute hemorrhage into the 
stomach. 

The regurgitation of bile into the stomach 
and the intensity of bile staining of esopha¬ 
gogastric tissue have been linked to the 
pathogenesis of esophagogastric ulcers in 
pigs. Almost all stomachs of pigs contain bile 
and bile staining of the PE; there is no evi¬ 
dence for the hypothesis that the regurgita¬ 
tion of bile into the stomach is associated 
with esophagogastric lesions in finishing 
pigs. There is no evidence of an association 
between gastritis and ulcer. 

CLINICAL FINDINGS 

The clinical signs reflect the rate of blood 
loss, but an animal can go from perfectly 
healthy to ulceration within 24 hours. It is 
therefore possible to have sudden death 
(hyperacute) acute, subacute, and chronic 
stages of the condition. Usually there is no 
fever. Mortality may be in the range of 1% to 


2%, but in some cases where there is a group 
outbreak it may be higher. 

Most cases are subclinical but sows will 
die of blood loss. Pigs frequently die of ulcers 
during concurrent disease such as respira¬ 
tory disease and in this case anorexia may 
disturb the gastric contents and allow mate¬ 
rial of high acidity to reach the cardia. Simi¬ 
larly, where there is a reduced consumption 
of water the integrity of the mucus may be 
broken into plaques or flakes by desiccation 
of the mucosal surfaces. 

Gastric ulceration is most common 
in pigs over 6 weeks of age and occurs in 
adult sows and boars; the clinical findings 
are dependent on the severity of the ulcers. 
The effects of ulceration on production may 
be highly variable. Most pigs with esophago¬ 
gastric ulcers are clinically normal, and 
growth rate and feed intake appear unaf¬ 
fected. Some observations suggest that there 
is no effect of ulceration on growth rate, 
whereas others indicate that the presence of 
esophagogastric ulcers results in a marked 
decrease in growth rate and an increase in 
the length of time required for the pig to 
reach market weight. Some affected pigs 
also eat slowly and regurgitate frequently. 
Endoscopic monitoring of the stomachs of 
pigs fed ulcerogenic diets found that as the 
severity of the ulcer increased growth per¬ 
formance was decreased. The greatest eco¬ 
nomic losses were associated with sudden 
deaths caused by hemorrhage and marked 
decreases in performance associated with fine 
particle size. 

The erosion of a blood vessel within the 
ulcer will result in acute to subacute gastric 
hemorrhage. These cases are usually spo¬ 
radic, causing deaths of individuals within a 
group, with cases occurring over a period of 
several weeks. Clinical signs are often not 
observed, and affected pigs are found dead 
from acute hemorrhage into the stomach. 
When pigs are found dead from peracute 
hemorrhage, inspection of the in-contact 
pigs may reveal other animals with pallor 
and black tarry feces (melena), which repre¬ 
sent those with subacute hemorrhage. 

Cases with subacute gastric hemorrhage 
may survive for a few days and there is evi¬ 
dence of marked pallor, weakness, anorexia, 
and black pasty feces changing to mucous- 
covered pellets in small amounts. The weak¬ 
ness may be sufficient to cause recumbency. 
Vomiting frothy bile-stained fluid and grind¬ 
ing of the teeth may occur. Abdominal pain 
may be elicited by deep palpation over the 
xiphisternum and there may be a reluctance 
to walk along with a rigid back indicative 
of pain. Animals that survive are often 
unthrifty, which is usually caused by anemia 
from chronic blood loss, and a few cases are 
affected by chronic peritonitis. When the 
disease is occurring careful observation may 
detect early cases. Suggestive signs are a 
darkening of the feces and the development 
of pallor. Sows at parturition are also at risk. 
In cull sow surveys 60% may have stomach 


lesions and 10% to 15% may have ulcers. It 
is a common cause of sow mortality or the 
most common cause. Many sows have scars 
that indicate previous healed ulcers. 

CLINICAL PATHOLOGY 

Laboratory testing is not indicated. Animals 
with gastric ulceration generally have lower 
than normal hematocrit values, hemoglobin 
concentrations, and erythrocyte counts. The 
black tarry feces can be examined for the 
presence of blood. 

NECROPSY FINDINGS 

At postmortem animals are usually in very 
good condition. Ascarids have been found in 
the stomach, but these are not a factor in the 
field. If bleeding has been extensive then the 
carcass may be very pale. 

At necropsy, the ulcers are confined to the 
esophageal region of the stomach, although 
hyperkeratosis may block the exit from the 
esophagus and cause increase in the muscu¬ 
lar layers of that organ to force through the 
cardia. In this case pigs often vomit and then 
start eating again immediately as they have 
voided the food. Affected stomachs consis¬ 
tently have more fluid contents than unaf¬ 
fected ones. If severe blood loss from the 
ulcer has been the cause of death, then the 
carcass is pale and fresh blood is usually 
present in the stomach (there may be large 
blood clots) and intestines. The colonic con¬ 
tents may also appear melenic. Early lesions 
in clinically unaffected animals include 
hyperkeratinization of the mucosa (usually 
pale raised areas without bile staining ini¬ 
tially), which progresses to epithelial erosion 
without actual ulceration. Ulcers usually ini¬ 
tially occur along the junction of the PE with 
the glandular stomach but may enlarge to 
efface the entire squamous portion of the 
stomach. These more diffuse ulcers are easily 
missed on cursory examination because of 
their uniform appearance. Chronic gastric 
ulcers develop thickened, raised edges caused 
by ongoing fibrosis, occasionally resulting in 
a gastroesophageal stricture. The histologic 
appearance varies with the stage of lesion 
development, but in fatalities there is typi¬ 
cally complete loss of the epithelial layer, 
with exudation of neutrophils from a bed of 
mature granulation tissue. In one survey of 
apparently normal stomachs it was found 
that 32% had histologic parakeratosis, 38% 
had mild erosions, and 23% had severe ulcer¬ 
ations. Recent studies have demonstrated 
Helicobacter-like bacteria in porcine stom¬ 
achs, but further research is required to 
determine whether this infection plays a sig¬ 
nificant role in ulcer formation. Small clus¬ 
ters of H. heilmannii have been seen in the 
gastric crypts, but they are not associated 
with histologic changes. A recent survey sug¬ 
gested no correlation between infection in 
the cardiac mucosa and the severity of 
the lesions shown by the esophagogastric 
region. The macroscopic findings are usually 
sufficient for the confirmation of a diagnosis 
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of esophagogastric ulceration. The initial 
lesion of hyperkeratosis (often stained green 
by bile) leads to parakeratosis with fissures 
and the lamina propria is then exposed. The 
epithelium sloughs off and then ulcers of the 
epithelium develop with hemorrhage from 
the vessels. Chronic lesions may be seen as 
craters floored by smooth muscle. Histologi¬ 
cally, the lesions are thickened, with para¬ 
keratosis, and there are nucleated cells on the 
mucosal surface, the papillae are elongated, 
and there are infiltrations of neutrophils and 
eosinophils. Usually only the mucosa is 
ulcerated, but occasionally the submucosa is 
affected and then the muscularis and very 
rarely the serosa. 


Severity and extent of esophagogastric 
lesions can be graded according to the 
following scheme 


0 Intact epithelium 

1 Small degree of hyperkeratosis (<50% of 
total surface) 

2 Distinct hyperkeratosis (=50% of the total 
surface) 

3 Hyperkeratosis and less than five erosions 
smaller than 2.5 cm in size 

4 Hyperkeratosis and more than five erosions 
or erosions larger than 2.5 cm in size 

5 Hyperkeratosis and more than 10 erosions 
or erosions larger than 5 cm in size, and/or 
an ulcer (with or without bleeding) or 
stenosis of the esophagus toward the 
stomach 

No difference in lesion score was found 

between Duroc, Landrace, and Iberian pigs. 


DIFFERENTIAL DIAGNOSIS 


The occurrence of sudden death with a carcass 
that shows extreme pallor and marble white 
skin suggests the possibility of peracute 
hemorrhage from an esophagogastric ulcer. 
The disease must be differentiated at 
necropsy from proliferative hemorrhagic 
enteropathy, swine dysentery, and 
salmonellosis. Black tarry feces in growing 
and finishing pigs are characteristically 
caused by subacute hemorrhage associated 
with esophagogastric ulceration. There may 
be anemia and raised plasma pepsinogen 
levels. 

It is possible to detect stomachs with 

helicobacters by covering the stomach with 
urea gel containing an indicator sensitive to 
pH change. If there are large numbers of 
these urease-positive bacteria then the pH 
changes. 

Severe infestation with whipworms is a 
differential. The clinical diagnosis can be 
confirmed by endoscopy, which requires an 
empty stomach (may cause ulceration in 
itself) and anesthesia. 


TREATMENT 

In extremely valuable animals blood transfu¬ 
sions and intravenous fluid injections have 
been used. Ranitidine syrup at 300 mg per 
sow per day has been tried. Vitamin K and 
hematinics have been tried with little success. 
Bovine serum concentrate given as a 1% 
solution is supposed to have reduced the 
extent and severity of signs associated with 
ulcers in growing pigs, but generally medica¬ 
tion does not help. If a diagnosis is made 
euthanasia is advised. 

CONTROL 

Attention to social factors such as over¬ 
crowding, proper ventilation, slowing growth 
rate, and reducing stress is important. 
Administration of melatonin at 5 ppm 
(5 mg/kg feed) has been used. Methionine 
has been used but is not really proven as a 
treatment. 

Control of esophagogastric lesions of 
growing and finishing pigs is dependent on 
using diets with a particle size and physical 
form that will provide the most economical 
performance in terms of digestibility and feed 
efficiency and minimize the incidence of 
lesions. A diet based on barley and oats may 
be more beneficial than one based on wheat 
or maize. Meal may be better than pellets. 
Increasing fiber levels is important (oats and 
sugarbeet pulp). The use of a diet ground 
through a 6-mm screen instead of 3-mm 
screen using a roller rather than a hammer 
mill is recommended. However, screen size is 
not the only factor affecting particle size. 
Other factors include the condition of the 
screen and hammer, the type and variety of 
grain and its moisture content, the speed of 
the mill, the 3-week pelleting process, and the 
flow rate in the distribution of the feed to the 
pigs. A particle size of600 pm, or slightly less, 
is suggested as optimal for corn in either meal 
or pelleted diets for finishing pigs. Increasing 
the particle size to 750 pm, using meal instead 
of pellets for 3 weeks, and using straw as 
bedding have been shown to produce 
improvements when an outbreak occurs. 

The incorporation of S-methylmethio- 
nine sulfonium chloride often sold as vitamin 
U, a nutritional component of many vegeta¬ 
bles such as cabbage and carrots, has antigas- 
tric ulcer properties. Addition to the diet of 
this substance, ground through a 3-mm 
screen, and fed to grower pigs from 45 kg to 
107 kg live weight, at 400 parts per million 
(ppm) decreased the incidence of severe ero¬ 
sions or ulcers by about 50%. The addition of 
lucerne meal to increase the crude fiber 
content of one of the experimental diets did 
not have an effect on the incidence or sever¬ 
ity of the lesions. Others have reported the 
beneficial effects of alfalfa (high in the anti¬ 
oxidants vitamins E and K), but not when 
somatotropin was used and it produced 
ulcers. Sunflower hulls in the diet have also 
been used to reduce the speed of feed transi¬ 
tion from the stomach. 


Incorporation of zinc in the diet may 
help. The diet should contain adequate 
amounts of vitamin E and selenium. The 
reduction of environmental and manage- 
mental stressors with attention to stocking 
rates may be of value. 
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Noninfectious Intestinal 
Disease of Swine 

INTESTINAL REFLUX 

Acute dilatation also occurs in pigs second¬ 
ary to acute obstruction of the small intes¬ 
tine. The obstruction may be as far down 
as the ileocecal valve. The oral segment of 
intestine dilates and fills with fluid, and 
refluxes into the stomach, filling it. In the pig, 
vomiting follows. The outcome depends on 
whether sufficient gastric motility returns to 
evacuate the stomach. 

DIAGNOSIS 

The vomiting in gastric dilatation is more 
profuse and projectile than that of gastritis 
or enteritis, but may be simulated by that of 
obstruction of the upper part of the small 
intestine. 

INTESTINAL OBSTRUCTION 
IN PIGS 

ETIOLOGY 

Some causes of intestinal obstruction include 
the following: 

• Torsion of the coiled colon about its 
mesentery occurs in adult pigs. 

• Obstruction of the terminal small colon 
in young piglets causes very hard fecal 
balls, or barley chaff used as bedding 
may be implicated in obstruction. The 
use of wood shavings or peat as a 
bedding may cause piglets to become 
impacted as a result of large 
consumption of the material. 

• Heavy feeding on lactose causes a 
dilatation and atony of the intestine in 
the same way as grain feeding does in 
ruminants. 

Sometimes the presence of ascarid worms 
will block the intestine. Genetic and environ¬ 
mental factors may contribute to the incar¬ 
ceration of the intestine in a patent 
umbilicus. 

CLINICAL FINDINGS 

In pigs, distension of the abdomen, absence 
of feces, and complete anorexia are evident. 
The distension may be extreme in young pigs 
when the terminal colon is obstructed. Death 
usually occurs in 3 to 6 days. 
















IMPACTION OF THE LARGE 
INTESTINE OF PIGS 

ETIOLOGY 

• In pigs, impaction of the colon and 
rectum occurs sporadically, usually in 
adult sows that get little exercise and are 
fed wholly on grain. The disease also 
occurs in pigs that are overcrowded in 
sandy or gravelly outdoor yards. 

• In young weaned pigs there may be 
obstruction of the spiral colon. 

• A presumed inherited megacolon of 
fattening pigs is reported as a cause of 
abdominal distension, constipation, and 
wasting. There is no anal stricture. 

Torsion of the long axis of the mesentery is 
a common condition in pigs and leads to 
impaction and rapid death. It can involve the 
small intestine or the large intestine, 
or both. 

CLINICAL FINDINGS 

In impaction of the large intestine the effects 
appear to be caused largely by autointoxica¬ 
tion, although the commonly occurring pos¬ 
terior paresis seems more likely to be caused 
by pressure from inspissated fecal material. 

Retention of the meconium has no spe¬ 
cific signs. There is anorexia and dullness and 
the pig is recumbent much of the time. Feces 
passed are scanty, very hard, and covered 
with mucus. Weakness to the point of inabil¬ 
ity to rise occurs in some cases. Hard balls of 
feces in the rectum are usually detected when 
a thermometer is inserted. 

In paralysis of the rectum there is inabil¬ 
ity to defecate and usually some straining. 
The anus and rectum are ballooned and 
manual removal of the feces does not result 
in contraction of the rectum. Spontaneous 
recovery usually occurs 3 to 4 days after 
parturition. 

INTESTINAL TYMPANY IN PIGS 

This is usually an incidental finding at 
slaughter. 

ETIOLOGY 

• Primary tympany occurs with ingestion 
of excess whey. It has been recorded in 
adult dry sows. Distension of the 
proximal colon causes rupture with 
death from endotoxic shock. 

• Secondary large bowel tympany is 
usually secondary to acute intestinal 
obstruction. 

OSSEUS METAPLASIA 

The finding of metastatic plates of bone in 
the mesentery or wall of the small intestine 
is not an uncommon occurrence and 
probably results from an attempt to repair 
local damage by calcification. It does not 
seem to cause problems and is found at 
slaughter. 
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INTESTINAL HEMORRHAGE 
SYNDROME 

This is a sporadic occurrence but occasionally 
may involve all the finishing pigs in one batch, 
causing a significant economic loss through 
sudden death or enforced casualty slaughter. 
It has had a variety of other names including 
hemorrhagic bowel syndrome, porcine intes¬ 
tinal distension syndrome, “bloody gut,” or 
“whey bloat.” It is similar to intestinal disten¬ 
sion. Large pigs are affected usually from 
35 kg to adults. They become pale, have a 
distended abdomen, and die suddenly. 

ETIOLOGY 

The cause is raised intraabdominal pressure 
from+3.5 mm Hgor-15 mmto>30 mm Hg. 1 
The most pronounced cause is whey bloat, 
in which where there is excess fermentation 
of carbohydrate in the large intestine. This 
causes an anticlockwise torsion of the whole 
of the intestines so that the cecum is directed 
cranially. A twist of the mesentery does not 
usually involve the large intestine. Other pos¬ 
sible etiologic factors include allergy because 
there are large numbers of eosinophils in the 
gut wall, skim milk not whey and dry meal, 
and Lawsonia infections. 

EPIDEMIOLOGY 

On whey-fed units the deaths occur more 
frequently because the level of whey feeding 
increases. 

CLINICAL SIGNS 

The pigs are usually found dead or have 
abdominal colic. They occasionally appear 
pallid. There may be a distended abdomen. 

PATHOLOGY 

The small intestine is almost always autolytic, 
but there is an underlying loss of epithelium, 
villous loss, and inflammatory cell infiltra¬ 
tion with large numbers of clostridia in the 
gut. The small intestine is filled with blood¬ 
stained fluid and there may be volvulus with 
gross distension of the colon and blood¬ 
stained fluid in the abdomen. 

TREATMENT 

Usually there is no time for treatment. 

CONTROL 

The only possible control is to change the 
diet, particularly to reduce the whey concen¬ 
trations, but be aware that this may reduce 
the growth rate and the diet needs to be 
adjusted to compensate. 
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DIVERTICULITIS AND 
ILEITIS OF PIGS 

In this disease there is thickening of the wall 
of the ileum, particularly in the terminal 


portion, so that the intestine becomes thick 
and rigid. There is a close clinical similarity 
to Crohn’s disease in humans, and the etiol¬ 
ogy of both conditions is obscure. Familial 
predisposition is probable in humans and 
has been suggested in pigs. 

The signs are those of acute peritonitis 
caused by ulceration and, sometimes, perfo¬ 
ration of the affected ileum. Illness occurs 
suddenly with loss of appetite, excessive 
thirst, dullness, and disinclination to rise. 
The temperature is subnormal, the respira¬ 
tion is distressed, and there is a bluish discol¬ 
oration of the skin. Death occurs in 24 to 36 
hours. Acute cases occur in young pigs up to 
3 months of age, and chronic cases, caused 
by ulceration and chronic peritonitis, occur 
in the 7- to 8-month age group. 

At necropsy there may be diffuse perito¬ 
nitis caused by leakage of alimentary tract 
contents through perforating ileal ulcers. 
Gross thickening of the ileal wall with 
nodular proliferation of the ileal mucosa and 
enlargement of the mesenteric lymph nodes 
are common accompaniments. Although the 
macroscopic findings are similar to those of 
Crohn’s disease in man, the histopathological 
findings differ markedly. There is an obvious 
and significant protein loss through the intes¬ 
tinal lesion and a marked hypoproteinemia. 

RECTAL PROLAPSE 

Prolapse of the rectum is an occasional 
occurrence in cattle and is rarely seen in 
other species. Common causes include enter¬ 
itis with profuse diarrhea, violent straining 
such as occurs in coccidiosis in young cattle, 
in rabies sometimes, in spinal cord abscess, 
and also when the pelvic organs are engorged. 

RECTAL PROLAPSE IN PIGS 

Rectal prolapse is quite a common condition 
in pigs. It is a welfare issue often requiring 
casualty slaughter. 

ETIOLOGY 

It seems likely that any event producing an 
increase in intraabdominal pressure to an 
average of 29 mm Hg may cause prolapse. 
Such a happening occurs when sows are 
tethered and strain against the tethers while 
sitting. 

EPIDEMIOLOGY 

In a prospective study of rectal prolapse in a 
commercial swine herd, 1% of the pigs pro¬ 
lapsed between 12 and 28 weeks of age, with 
a peak incidence occurring at 14 to 16 weeks 
of age. Prolapse rates were highest during the 
winter and autumn months. 

Other risk factors included: 

• Male: Relative risk 2.3 

• Birth weight less than 1000 g: Relative 
risk 3.4 

• A particular Yorkshire boar: Relative 
risk 2.8 
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• Dams of litter number: 1, relative risk 
14.9; 2, relative risk 8.2; 3, relative risk 9.8 
There was no evidence to support the 
hypothesis that diarrhea and coughing are 
factors associated with a risk of prolapse. 

It has been suggested that low birth 
weight pigs may be particularly susceptible 
in that they have poor pelvic muscle develop¬ 
ment, which leaves a weakness at the point 
in the pelvis where perineal hernia is possi¬ 
ble, and there is no firm ligamentous attach¬ 
ment of the rectum to the pelvic wall. In the 
same context excessive anal nuzzling in very 
young pigs has been suggested as weakening 
these intrapelvic structures. 

Feeding rations with lysine concentra¬ 
tions in excess of the requirements is consid¬ 
ered a risk factor for rectal prolapse in swine. 
Other practitioners have suggested that it 
occurs when pigs are transported at high 
stocking densities. It may follow impaction 
of phosphate crystals in the urethra. Admin¬ 
istration of tylosin and lincomycin has also 
been suggested as a cause, but these effects 
disappear after 72 hours of treatment. 

The use of estrogens as a growth stimu¬ 
lant and access to estrogenic fungal toxins 
(zearalenone) predispose to rectal prolapse. 
It has been suggested that mycotoxins in 
swine rations are a cause of rectal prolapse, 
but there is insufficient evidence to prove 
such a claim. 

CLINICAL FINDINGS 

There is severe abdominal distension, which 
may be accompanied by coughing and the 
production of soft feces. Straining may or may 
not be present. The prolapse may reduce nat¬ 
urally. It may become strangulated, necrotic, 
drop off, or be bitten off by other pigs. 

PATHOLOGY 

There may be severe loss of blood and 
peritonitis. 

TREATMENT 

Mild cases should be hospitalized individu¬ 
ally and severe cases euthanized immedi¬ 
ately. Treatment is surgical by reduction 
under anesthesia. 

CONTROL 

One possible control is to place weaners in a 
straw yard for 3 weeks between rearing in a 
cage system and transferring to slatted floors. 

RECTAL STRICTURE 

The most common occurrence is as an 
acquired condition in pigs simply called 
rectal stricture. Rectal stricture occurs in 
feeder pigs of 2 to 3 months of age. Recto¬ 
vaginal constriction occurs as an inherited 
defect in Jersey cattle. 

ETIOLOGY 

The cause of rectal structure is unknown, but 
there a number of associations. A strong 


genetic component suggests it may be a 
developmental weakness in the structure of 
the rectum, which facilitates nonhealing at 
that particular point just proximal to the anal 
ring. This may be the inherited component. 
This point has a poor collateral blood supply 
as it is the point where the rectum is supplied 
from the caudal hemorrhoidal artery ros- 
trally (caudal mesenteric originally) and cau- 
dally from the perineal arteries from the 
internal pudendal artery originally from 
within the pelvis. 

EPIDEMIOLOGY 

• It may be a sequel to enteric 
salmonellosis, particularly S. enterica 
Typhimurium or possibly other 
infections such as Candida, 

Selenomonas, Chlamydia, or 
Lawsonia, but these may move in after 
the problem and not be an etiologic 
factor. 

• It may develop from a prolapse. 

• It may follow the use of tylosin. 

• Quite often it follows 10 days after 
dietary change. 

PATHOGENESIS 

The presumed pathogenesis is that a pro¬ 
longed enterocolitis with ulcerative proctitis 
results in an annular cicatrization of the rectal 
wall 2 to 5 cm anterior to the anorectal junc¬ 
tion. This results in colonic dilatation and 
compression atrophy of the abdominal and 
thoracic viscera. The disease can be repro¬ 
duced experimentally with S. Typhimurium 
or the surgical manipulation of the rectal 
arterial blood supply, resulting in ischemic 
ulcerative proctitis. 

CLINICAL SIGNS 

In a particular group it may affect up to 10% 
of the feeder pigs. The pigs are dull, depressed, 
and fail to grow. There is progressive abdom¬ 
inal distension, inappetence, emaciation, 
dehydration, and watery to pasty feces. The 
stricture of the rectum can be palpated on 
digital examination of the rectum. Some pigs 
with incomplete strictures are unaffected 
clinically. 

PATHOLOGY 

At necropsy there is a low-grade peritonitis 
and gross dilatation of the colon, and some¬ 
times the terminal ileum also. A stricture is 
present 2 to 5 cm from the anus, and may 
be so severe that it exists as a scirrhous cord 
with or without a narrow luminal remnant 
in the center. There may be abscessation 
at the site. Histologically, there is necrotic 
debris and granulation tissue at the site of the 
stricture. 

TREATMENT 

Most affected pigs die or are destroyed on 
humane grounds. Surgical treatment of the 
condition is described but it is rarely cost- 
effective. 


Bacterial and Viral 
Diseases of the 
Alimentary Tract 

SALMONELLOSIS IN SWINE 
(PARATYPHOID) 

Salmonella infections of pigs are important 
as a cause of salmonellosis in pigs and many 
serotypes in the pig may act as a potential 
source of infection for humans. 


SYNOPSIS 


Etiology Salmonella Typhimurium, Salmonella 
Choleraesuis, 5. Derby, and rarely others. 
Epidemiology Worldwide. Important 

zoonosis and food-borne illness. Prevalence 
of infection in healthy animals varies 
according to species and country. Incidence 
of clinical disease much lower than 
prevalence: outbreaks occur precipitated by 
stressors. Spread by direct or indirect 
means; infected animal is source and this 
contaminates feed and water supplies. 
Disease may become endemic on farm. 

Carrier animals shed the organism and may 
introduce infection into herd. Deprivation 
of feed and water, transportation, drought, 
intensive grazing and housing, and mixing 
animals from different sources contribute 
to the onset of disease. Antimicrobial 
resistance is a major public health problem 
with subclinical infection in pigs a potential 
zoonosis. 

Signs Septicemia in pigs up to 4 months of 
age with high case-fatality rate. Acute 
diarrhea and dysentery, fibrinous fecal 
casts, fever, marked dehydration, and 
toxemia; chronic enteritis; abortion; dry 
gangrene of extremities; and arthritis and 
foci of osteomyelitis 

Clinical pathology Culture organism from 
feces. Detect organism with special tests; 
use hematology for changes in leukocyte 
picture and clinical chemistry for electrolyte 
changes. 

Lesions Septicemic hemorrhages 

Mucoenteritis to marked fibrinohemorrhagic 
necrotic enteritis and enlarged mesenteric 
lymph nodes. Kidney petechiation, foci of 
necrosis and thickened intestinal wall in 
chronic enteritis. Culture organism from 
blood, spleen, liver, and lymph nodes. 

Differential diagnosis list 

• Septicemia of neonates 

• Coliform septicemia in piglets 

• Septicemia in growing pigs 

• Hog cholera 

• Erysipelas 

• Pasteurellosis 

• Swine dysentery 
Treatment Antimicrobials 

Control Prevent introduction of infection 
into herd. Limit spread of infection within 
herd by identification of carrier animals, 












prophylactic antimicrobials, restricting 
movement of animals, clean water supply, 
hygiene, and disinfection of buildings. 
Dispose of infective materials. Vaccines 
for immunization are available but not 
effective. 


ETIOLOGY 

Serovars of S. enterica subsp. I are associated 
mainly with warm-blooded vertebrates and 
are responsible for most Salmonella infec¬ 
tions in humans and domesticated animals. 
Salmonella serovars differ in the range of 
hosts they can infect and in the nature of 
disease that may result: this difference is 
referred to as serovar-host specificity. 
Some Salmonella serovars, for example, 
Typhimurium (STM) and Enteritidis, can 
infect a wide range of hosts and are termed 
ubiquitous. They are usually associated with 
a relatively mild enteric disease, although in 
some hosts, such as mice, the disease can be 
systemic and severe. 

Other serovars are very restricted in their 
host range, causing severe systemic disease 
in only one host, for example, S. Cholerae- 
suis (SCS). 

A third group of serovars is associated 
predominantly with disease in one species 
but may also infect a limited number of other 
hosts for example, S. Dublin (SD). The nature 
of disease associated with this third group of 
serovars is variable and usually systemic. 

The molecular methods are now available 
for epidemiologic investigation of S. enterica 
subsp. enterica infections. Of recent concern 
is the emergence of multiple-resistance iso¬ 
lates of SCS and also STM. 1 STM is the most 
common isolate from pigs in North America 2 
and most other parts of the world. Occasion¬ 
ally, other species are found in pigs such as 
S. Heidelberg, which may be associated with 
PWD, and SD has also been found in pigs. 

Localized epidemics of S. Typhisuis also 
occur, and recently it has been shown that it 
can exist on antibiotics alone. 3 Other sero¬ 
types are usually transient and may be asso¬ 
ciated with special factors. Salmonellas have 
been recovered from wild boar in Portugal, 
Spain, and Northern Italy, and STM is one of 
the serovars recovered. 

EPIDEMIOLOGY 

Salmonellas are marvelous at surviving 
because they have the ability to persist in res¬ 
ervoir hosts, have the ability to be shed from 
carriers, persist within the environment, and 
use transmission vectors effectively. 

Salmonellosis outbreaks are usually in 
intensively reared weaned pigs, but infection 
can also be in neonates (protected by colos- 
tral antibodies) and adults. 

In a survey of Salmonella in slurry tanks, 
in fresh pooled feces from finishers, sows, 
and weaners it was found that Salmonellas 
were not so easy to recover in winter and 
more likely to be recovered from slurry tanks 
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than fresh pooled samples. The four most 
common types were STM var Copenhagen 
(31%), SD (12.4%), STM (10.6%), and S. 
Agona (10.6%). 4 

In an interesting study of environmental 
samples, it was found that certain areas in the 
indirect environment (compartment aisles, 
driving boards, central aisle of the barn— 
areas which are often forgotten) had residual 
Salmonella. 5 

In a study in Germany, it was found that 
the main risk factors for the spread of salmo¬ 
nellosis were the moving of animals during 
the finishing period, not having a separate 
transporter for different age groups of pigs, 
and pigs having contact with other animals. 6 

In the United States, a study was made of 
Salmonella isolates in 2003 and 2008 from the 
Iowa State University diagnostic Laboratory. 7 
Group C, SCS var. Kunzendorf decreased but 
Group B strains increased, S. Typhimurium 
var 5 (formerly, Copenhagen), S. Agona, S. 
Derby, S. Heidelberg, and STM all increased. 

Prevalence and Occurrence 
of Infection 

The majority of Salmonella infections are 
subclinical, associated with a large number 
of serotypes. Factors influencing the preva¬ 
lence of Salmonella spp. in swine farms 
using a meta-analysis approach have been 
described in an attempt to explain the varia¬ 
tion between various estimates. 8 STM has a 
worldwide distribution and causes enteroco¬ 
litis in young pigs. 

The incidence has been increasing in 
some geographic areas. It is usually mani¬ 
fested as a septicemia. On the other hand, 
there is difficulty in isolating this organ¬ 
ism at all in the UK. SCS is frequently iso¬ 
lated from clinically ill pigs but rarely from 
pig feeds or nonporcine hosts. The major 
sources are shedding pigs and contaminated 
environments. Both vertical and horizontal 
transmissions occur. The presence of other 
Enterobacteriaceae and the composition of 
these were not found to be useful indicators 
of subclinical Salmonella infections. 9 

Belgium 

In a study in Belgium 10 7.8% of the pigs were 
seropositive (12 farms). Open farms (buying 
in) had twice as many seropositive pigs as 
closed farms. The results were also twice as 
high at slaughter age than halfway through 
finishing. STM was found in 65% of the 
cases, and 65% of these had a tetra-resistant 
antimicrobial resistance (AMR) profile. 

Canada 

In Canada a study of Salmonella serovars 
found that sows had 43% of the isolates, 
29% were in the nursery pigs, and 28% 
were in grow-finish units. There were 19 
different serovars and SD (28.5%) and STM 
var Copenhagen (19.15) were the most 
common. 11 In a study of approximately 90 
Alberta finishing farms it was found that the 


sample prevalence was 13.2% (most farms 
were below 20% seroprevalence) and the 
on-farm prevalence was 83.3%. 12 In addition, 
the status changed frequently over the visits. 
Meal feeding and antibiotics given in water 
were associated with lower seroprevalence. 

Czechoslovakia 

In Czechoslovakia, STM dominates in pigs 
but S. Enteritidis (SE) is also quite frequent 
because it is in several countries in Central 
Europe. 13 SE colonizes the intestinal tract in 
higher quantities but was shed in the feces in 
lower quantities. 

Denmark 

In Danish pig herds, Salmonella infections 
are usually subclinical. A survey from 1993 
to 1994 found that 22% of 1368 larger herds 
were infected with Salmonella. The most 
prevalent serotypes were STM (62% of 
infected herds), S. Infantis (10%), Salmonella 
4.12:b (8%), and S. Panama (5%). Phage 
typing of isolates of STM from pigs and 
humans reveals that pigs are probably a 
major source of the infection in humans in 
Denmark. A more recent survey in Denmark 
showed that STM (mostly DTI2 and DTI20) 
was most common in finishers (7.4% + ve in 
lymph nodes and 3.2% + ve in carcasses) and 
SD in breeding herds (40.9% were + ve in at 
least one sample). An AMR to one or more 
antibiotics was found in 35.2% and to four or 
more in 19.3%. 14 The prevalence of Salmo¬ 
nella in Danish pork decreased from 3.5% in 
1993 to 0.7% in 2000 following the introduc¬ 
tion of a national program to reduce the 
prevalence of salmonellas in pork. 

In Danish pig abattoirs it was found that 
by keeping the number of seropositive pigs 
below 50 it was possible to keep carcass prev¬ 
alence below 1%, and that improved hygiene 
practice would reduce the carcass contami¬ 
nation further. 15 

Italy 

A similar distribution was found in Italy. 16 

Japan 

SCS is also an important pathogen of pigs in 
Japan. 1 

The Netherlands 

In the Netherlands, the infection rate is 25% 
in healthy pigs at abattoirs, but similar inves¬ 
tigations elsewhere record a 10% (New 
Zealand) and 6% (UK) infection rate. 

The serotype and phage-type distribution 
of Salmonella strains isolated from pigs, in the 
Netherlands from 1984 to 2001, showed that 
in pig serovars Typhimurium and Dublin 
were the most common. Monitoring of the 
population and herd for Salmonella serop¬ 
revalence in finishing pigs and sows provided 
a baseline for the success of future interven¬ 
tion and control strategies for Salmonella in 
pork. The seroprevalence of Salmonella in 
sows and finishing pigs in the Netherlands 







294 


Chapter 7 ■ Diseases of the Alimentary Tract: Nonruminant 


was determined using indirect ELISAs on 
blood samples collected at the abattoirs. The 
population prevalence for finishing pigs 
in 1996 and 1999 was 23.7% and 24.5%, 
respectively, and for sows 40.5% and 60.4%, 
respectively. The prevalence in free-ranging 
finishing pigs was higher, at 44.6%, than in 
intensively housed finishing pigs. In 46 mul¬ 
tiplying sow herds, the average herd preva¬ 
lences were 54,44, and 19%, respectively. 

Spain 

In Spain, it was found that swine farms are a 
reservoir of Salmonella serovars, particularly 
STM and also Rissen and Derby. 18 A study in 
Spain of free-range pigs 19 showed that 33% 
of the herds had Salmonella, and the preva¬ 
lence was 3.3% and S. Anatum and STM 
were the most commonly isolated. 

Sweden 

In Sweden the prevalence of salmonellosis in 
food-producing animals is low because of 
the Salmonella control programs. 

Switzerland 

In Switzerland, there is a low rate of positiv¬ 
ity for Salmonella in meat juice ELISA from 
diaphragm samples (4%). 2U 

Thailand 

In a study in Thailand 21 it was found that 
there was fecal prevalence of 63% and a sero- 
prevalence of 72%, and the results were not 
significantly different. S. Rissen was found in 
49% and STM in 19% of farms. 

United Kingdom 

In the UK advisory visits were made to farms 
with Salmonella; 15,790 samples were col¬ 
lected from 296 farms and Salmonella was 
isolated from 28% of the samples. STM 
accounted for 64% of the samples (phage 
types U288 and DT193) and SD for 16%. 22 

Salmonella infections (seropositive pigs) 
on farrow to finish farms decreased from 21 
to 65 days and then increased from 65 to 165 
days of age. 23 A study in the UK 24 has shown 
that between 1994 and 2010 the number of 
Salmonella cases has greatly decreased (360- 
172) and STM has been the most common 
over the period, although the relative pro¬ 
portions have decreased. Today most cases 
are DT193 or U288. The numbers of DT104 
are much reduced and now are less than 5%. 
The percentage of monophasic STM has 
increased over the period and now reaches 
25%. The percentage showing AMR to six or 
more antibiotics has increased from 27.3% in 
1994 to 58.3% in 2010. Only 3.3% were fully 
sensitive to all antibiotics in 2010. 

United States 

American figures indicate a 10% to 13% 
infection rate. Salmonellas were isolated 
from the mesenteric lymph nodes and 
cecal contents of 84% of slaughtered sows 
in a Minnesota abattoir. These data are 
based on abattoir material and should be 


viewed with caution because of the very 
rapid increase in infection rate that occurs 
when animals are held over in yards for 
several days. 

The cecal carriage rate was 23.0%, 
although carcasses were only moderately 
contaminated at 5.3%. The meat juice ELISA 
results indicated that 15.2% of tissue fluid 
samples were positive at the 40% cutoff level 
and 35.7% at the 10% experimental cutoff 
level. This indicates that pigs are exposed to 
a relatively high level of Salmonella during 
the weeks before slaughter. A national U.S. 
survey for fecal Salmonella shedding by pigs 
most frequently found S. enterica serotypes 
Derby, Agona, Typhimurium, Brandenburg, 
Mbendaka, and Heidelberg. STM is most 
commonly isolated from clinically ill pigs 
in the United States. 25 In the Midwestern 
United States, salmonellosis associated with 
the host-adapted facultative intracellular 
SCS is an important cause of economic loss 
in pig herds because of death and reduced 
productivity. It is the most frequent serotype 
recovered from pigs and is isolated from 
more than 95% of porcine salmonellosis out¬ 
breaks in Iowa. In a study from the United 
States, it was found that Salmonella increased 
from the first to the second pull by 9.2% in 
bacteriologic prevalence and 31.3% in sero¬ 
logic prevalence. 26 

Morbidity and Case-Fatality Rate 

The morbidity rate in outbreaks of salmonel¬ 
losis in pigs is usually high, often reaching 
50% or more. The case-fatality rate in septi¬ 
cemia cases can be 100%. 

Methods of Transmission and 
Sources of Infection 

Salmonellas are spread by direct or indirect 
means. Infected animals are the source of the 
organisms; they excrete them and infect 
other animals, directly or indirectly, by con¬ 
tamination of the environment, primarily 
feed, and water supplies. The farm animal 
may be infected in different ways: by animal- 
to-animal transmission, especially of host- 
adapted serovars; by contaminated animal 
feed; and by a contaminated environment 
(soil, birds, rodents, insects, and water sup¬ 
plies). In most cases transmission is over 
short distances, i.e., within the same pen or 
room, with some transmission between 
rooms and buildings on the same site but 
with limited transmission between sites. 27 
Usually infection spreads from pen to pen, 
but it may be over some distances caused by 
fomites or vectors. Transmission of Salmo¬ 
nella between swine farms by the housefly 


has been shown. 28 Liquid wastes from 
infected animals may contaminate the envi¬ 
ronment directly. Bacteria may also be dis¬ 
seminated during the transport of infected 
animals and during the holding of animals in 
a lairage before slaughter. In both situations, 
the excretion of salmonellas is exacerbated 
by the stress imposed. 

When all animals become ill at the same 
time it is likely that a common source is 
involved such as water, feed, bedding, or con¬ 
tamination from one source. It is always 
higher in continuous flow systems in which 
there is no all-in/all-out systems with clean¬ 
ing and disinfection. Slatted floors are much 
better than simple drainage gutters. 

Salmonellas can be isolated from piggery 
wastewater, and the recirculation of contam¬ 
inated water through the piggery serves as a 
constant source of the organism. Housing of 
finishing-age pigs in barns with open-flush 
gutters may contribute to increased shedding 
of Salmonella compared with pigs housed on 
partially slotted floors. Methanogenic fer¬ 
mentation in waste ponds does not eliminate 
Salmonella from piggery waste; acidogenic 
fermentation with the production of free 
acid can destroy salmonellas and other 
potential pathogens. 

During slaughter, fecal contamination of 
the carcass commonly occurs and can be 
carried through all slaughter procedures up 
to the processing of the raw products. Air¬ 
borne transmission can be a primary mode 
of infection of STM. Studies have shown that 
the organism can survive in air long enough 
to present a significant hazard of airborne 
spread. 

In a study in Germany of 50 finishing 
herds with Campylobacter spp., Yersinia 
enterocolitica (YE), and S. enterica, 29 the sam¬ 
pling of feces, the direct environment, indi¬ 
rect environment, and flies and pests revealed 
the information shown in Table 7-23. 

Respectively, for the three groups, 22 
herds (80%), 12 herds (48%), and 7 herds 
(12%) were positive for both Campylobacter 
and YE, for both Campylobacter and S. 
enterica, and for both Y. enterocolitica and S. 
enterica, respectively. Campylobacter and YE 
were found more often in the low S risk group. 

This study provided evidence that the 
pigs’ environment should be studied when 
implementing control studies. 

Shedding and the Carrier State 

In experimental infections with SD it was 
found that all pigs shed bacteria constantly 
for 2 weeks and then intermittently for 
several weeks. 30 Pigs given a high dose of 


Table 7-23 Proportion of sampl 

es testing positive for 

one of the listed organisms 


Fecal 

Direct environment 

Indirect environment 

Flies/pests 

Campylobacter 

38.1% 

32.7 

5.3 

4.6 

Yersinia enterocolitica 

17.1 

8.1 

1.2 

3.1 

Salmonella enterica 

11.2 

7.1 

4.1 

1.5 
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bacteria also seroconverted, whereas those 
given a low dose did not. Shedding was 
reduced when pigs were given oral sodium 
chlorate, topical disinfection, and weaned 
younger. 31 Sows are more likely to be shed¬ 
ding virus than nursery or grow-finishers. 11 
The shedding can be increased by a long list 
of stressors including mixing of groups, 
transport, concurrent disease, antibiotic 
therapy, and food deprivation. 

A longitudinal study of Salmonella shed¬ 
ding in naturally infected finishing pigs has 
been studied, and it was discovered that 
most pigs shed intermittently and there are 
differences in pigs and within the cohorts. 32 
Feeding egg yolk containing anti -Salmonella 
immunoglobulin Y may not be effective in 
controlling shedding of Salmonella in pigs. 33 
In many ways shedding is more of a problem 
for contamination of the food chain for 
humans than a source of infection for other 
pigs. Pigs carry low numbers of Salmonella, 
but excretion will occur when there is over¬ 
crowding, and isolation for 24 hours will 
cause excretion. Feed withdrawal increases 
cortisone production and encourages 
shedding. 

Because salmonellas are facultative intra¬ 
cellular organisms that survive in the pha¬ 
golysosome of macrophages, they can evade 
the bactericidal effects of antibody and com¬ 
plement. Thus persistence of infection in 
animals and in the environment is an impor¬ 
tant epidemiologic feature of salmonellosis. 

For STM the donor can be any domestic 
animal species, including humans, or any 
wild animal or bird. Although all infected 
adults become carriers, it is rarely for any 
length of time. 

The carrier pig is a source of infection in 
the lairage at the abattoir, especially in the 
absence of cleaning and disinfection. STM 
was the most common serotype. At the start 
of the week following cleaning and disinfec¬ 
tion 6% of the swabs were positive, but by the 
end of the week 44% were positive. 34 

Experimental infection of pigs at 7 to 8 
weeks of age with a single oral dose of STM 
can persist continually, at least until market 
age. Regardless of the route of infection, SCS 
can persist in the tonsil and ileocolic lymph 
nodes, ileocolic junction and colon, and can 
be excreted in the feces of experimentally 
infected pigs for at least 12 weeks. The 
amount of shedding and persistence of infec¬ 
tion is dose dependent. Low doses of SCS can 
be easily cleared, moderate doses can persist 
for at least 2 months, and high doses result 
in long-term carrier states. After intranasal 
inoculation of STM the organism rapidly 
appears in the intestines, suggesting that the 
tonsils and lungs may be important sites for 
invasion and dissemination of Salmonella 
species. Experimental infection with a zoo¬ 
notic strain of S. Newport can also be estab¬ 
lished in pigs at 7 weeks of age to persist until 
market age (28 weeks). Long-term persis¬ 
tence of infection is limited generally to the 
palatine tonsils, the intestinal tract caudal to 


the midjejunum, and their lymph nodes. The 
prevalence of the organism in pigs creates 
a reservoir of infection for animals and 
humans. The transmission of salmonellosis 
in pigs can occur in a few days. Exposure 
to relatively low levels of SCS may result 
in high morbidity and initiate a severe out¬ 
break in naive pigs within several days of 
being exposed to infected pigs. Only a small 
fraction of carrier pigs are responsible for the 
maintenance of the pathogen in a pig popu¬ 
lation. SCS may persist for at least 3 months 
in wet feces and 6 months in dried feces. 

Risk Factors Predisposing to 
Clinical Disease 

The clinical characteristics of salmonellosis 
in large animals vary depending on the 
various management systems used, the inten¬ 
sity of stocking, whether or not the animals 
are housed, and the epidemiologic character¬ 
istics of the different Salmonella species. 

Animal Risk Factors 

The response to infection varies depending 
on the challenge dose and the immunologic 
status of the animal, itself dependent on 
colostrum intake in neonates, previous expo¬ 
sure to infection, and exposure to stressors, 
particularly in older animals. It is generally 
accepted that the intervention of some pre¬ 
cipitating factor such as transport, intercur¬ 
rent disease, dosing with antimicrobials, 
acute deprivation of food, or other stress is 
usually necessary to cause the disease Salmo¬ 
nellosis, which is distinct from infection with 
Salmonella spp. 

Infection is almost always via the mouth; 
thus the severity of the disease in an indi¬ 
vidual, or of an outbreak in a group, depends 
on the degree of contamination and the envi¬ 
ronmental conditions of temperature and 
dryness that determine the survival time of 
the salmonellas. Just as important is the influ¬ 
ence of the host on the outcome of the infec¬ 
tion. Many animals become infected naturally 
and are passive carriers; they shed Salmonella 
in their feces without clinical disease but only 
for the duration of their cohabitation with 
other infected animals. It is also possible to 
reproduce salmonellosis experimentally in 
most animals using a sufficiently large dose 
of a virulent strain of the organism. There still 
remains the common occurrence of the 
animal that is a subclinical carrier of the 
infection but develops clinical salmonellosis 
when exposed to stressors such as long 
transportation, hospitalization, severe feed 
deprivation, or parturition. Oropharyngeal 
secretions may contain salmonellas because 
the tonsils are rapidly colonized. 

Genetic Resistance to Salmonellosis in 
Domestic Animals 

There is evidence of a strong genetic asso¬ 
ciation with resistance to salmonellosis. 
However, as yet, selective breeding for resis¬ 
tance traits is not used in control of diseases 
or the carriage of Salmonella. The control 


of Salmonella colonization of the gastroin¬ 
testinal tract of food animals, particularly 
where intensive rearing occurs such as in pig 
units, would appear to be a particularly useful 
objective with enormous potential public 
health benefits. There may be a role for several 
inherited immunologic traits, including poly¬ 
morphonuclear leukocyte function and leci¬ 
thin-induced mitogenic proliferation. 

Salmonella Choleraesuis 
The epidemiology of SCS infection in pigs is 
well documented and has changed remark¬ 
ably since the mid-1960s, when explosive 
outbreaks occurred that could easily be mis¬ 
taken for classical swine fever. The morbidity 
and mortality rates were high and the disease 
spread rapidly through commercial pig-fin¬ 
ishing units. These outbreaks are now rare and 
small in scope, largely because of the restric¬ 
tion of garbage feeding, much less movement 
and mixing of pigs through public auction 
marts, and disease-prevention strategies such 
as the use of specific pathogen-free (SPF) 
pigs, an all-in/all-out policy in commercial 
finishing units, and the vertical integration 
of pig-producing enterprises. This ensures a 
constant supply of disease-free growing hogs 
to finishing units and the assumption of a 
pyramid-type responsibility at all levels of 
the enterprise. The marked decline in the 
prevalence of swine salmonellosis coincided 
with the decline in and eradication of classi¬ 
cal swine fever. However, modern methods of 
raising pigs in multisite production systems, 
using all-in/all-out management of finishing 
pigs, appear to have no benefit in reducing 
the prevalence of Salmonella compared with 
conventional farrow-finish systems. 

Subclinical Infections 
S. enterica does not normally cause clinical 
disease in pigs, but subclinical infections 
constitute an important food safety problem 
throughout the world. Comprehensive longi¬ 
tudinal studies of two multisite pig produc¬ 
tion systems in the United States revealed 
considerable temporal variability in Salmo¬ 
nella prevalence between cohorts of pigs. 
Cohorts of sows and individually identified 
growing pigs from their litters were serially 
sampled to determine the prevalence and 
serotypes of salmonellas in each stage of 
production based on fecal culture and feed 
and environmental samples. A total of 15 
different serotypes were isolated from the 
two systems. Pig prevalence estimates ranged 
from 0 to 48.1%. Environmental contamina¬ 
tion was frequently encountered despite 
cleaning and disinfection. Feed was only 
rarely contaminated. The prevalence of 
infection within and among cohorts of pigs 
was highly variable, which indicates that 
point estimates of Salmonella prevalence and 
serotypes are not reliable indicators of the 
Salmonella status on farms, and that uncon¬ 
trolled studies of interventions to control 
Salmonella on pig farms may yield mislead¬ 
ing results. 
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In the United States, new regulations 
regarding the safety of meat products have 
been implemented in response to public 
concerns about food-borne disease out¬ 
breaks. The salient features of the regulations 
are requirements for approved systems of 
microbiological monitoring of S. enterica, E. 
coli 0157:H7, and generic E. coli as an indi¬ 
cator of contamination by gastrointestinal 
contents. From the perspectives of public 
health, regulatory compliance, and interna¬ 
tional competitiveness, S. enterica is the most 
important food-borne pathogen for the U.S. 
pig industry. This has resulted in longitudi¬ 
nal epidemiologic studies of fecal shedding 
of S. enterica in both breeding and growing 
pig populations. 

The relationship between subclinical 
infections at the levels of the herd, the indi¬ 
vidual pig, and at slaughter is complex. The 
onset and duration of Salmonella shedding 
and the patterns of transmission between 
individual pigs and between different age 
groups during the growing period all have 
influence. Bacteriology and serology can be 
used to assess this relationship, but repeated 
sampling in different cohorts of animals is 
required to correctly assess the infection 
dynamics. 

Longitudinal studies of STM infection 
in farrow-finish pig herds in Denmark 
reveal that the Salmonella occurrence varies 
between and within age groups within herds, 
even in herds with an apparent moderate-to- 
high infection level. Salmonella was predom¬ 
inant in weaners, growers, and finishers, and 
was only occasionally detected in sows and 
gilts. This is contrary to the results of studies 
in the United States, in which Salmonella was 
found to be common in sows. In the Danish 
study, there was a rapid increase in Salmo¬ 
nella prevalence in the nursery, which may 
be associated with the stressors of weaning 
such as change in feed, commingling of 
litters, and piglets being deprived of the 
antibodies in sows milk before activation of 
their own immune response. The observa¬ 
tion that no piglets were shedding Salmo¬ 
nella just before weaning, but 3 to 4 weeks 
later in the nursery between 5% and 50% 
of the piglets were shedding, suggests that 
horizontal transmission occurred in the 
nursery. During the finishing period Salmo¬ 
nella shedding decreased, but with consider¬ 
able variation. Some pigs cleared themselves 
of the infection, whereas others continued 
shedding. Average shedding time was esti¬ 
mated to be 18 to 26 days. Seroprevalence 
peaked approximately 60 days after peak 
prevalence in culture. At slaughter there is a 
marked increase in the prevalence of Salmo¬ 
nella infection. This increase may be caused 
by rapid cross-contamination during trans¬ 
port and lairage. Rapid infection during 
transport, and particularly during holding, 
is a major reason for increased Salmonella 
prevalence in pigs. A high degree of carcass 
contamination occurs at slaughter from the 


delivery of Salmonella- positive pigs and 
cross-contamination from the slaughter¬ 
house environment. Contaminated feed 
trucks also may serve as a potential source of 
Salmonella contamination. The withdrawal 
of feed from pigs before slaughter does not 
increase the prevalence of Salmonella coloni¬ 
zation or the risk of carcass contamination. 
Over time in a swine production unit it was 
found that a particular genotype of Salmo¬ 
nella, if introduced into a breeding-gestation 
unit of a farm, would evolve only slowly over 
short time intervals; its spatial distribution 
would be limited primarily to adjacent or 
nearby pens. 35 

Risk factors associated with serologic Sal¬ 
monella prevalence in finishing pig herds in 
the Netherlands have been examined. Feeding 
a complete liquid feed containing fermented 
by-products and the omission of disinfection 
after pressure washing a compartment as part 
of an all-in/all-out procedure were both asso¬ 
ciated with a lower Salmonella seropreva- 
lence. A small to moderate herd size (<800 
finishing pigs), a previous diagnosis of clini¬ 
cal Salmonella infection in the herd, the use of 
tylosin as an antimicrobial growth promoter 
in finishing feed, and herds that have more 
than 16% of their pigs’ livers condemned at 
slaughter because of white spots were associ¬ 
ated with a higher Salmonella seroprevalence. 
There was no effect on experimental Salmo¬ 
nella infection of the use of tylosin as an 
antimicrobial growth promoter. 

In those herds in which the disease does 
occur, introduction is usually associated with 
the importation of infected carrier pigs. 
However, it is possible for the infection to be 
spread by flies and the movement of inani¬ 
mate objects such as cleaning equipment and 
utensils. Feedstuffs do not provide a favor¬ 
able environment for SCS, so food-borne 
infection is not common. Survival in soil and 
water is approximately 6 months and in 
slurry up to 5 weeks. Persistence in streams 
fouled by piggery effluent is unlikely. Suscep¬ 
tibility to salmonellosis in pigs is thought to 
be increased by intercurrent disease, espe¬ 
cially hog cholera, nutritional deficiency of 
nicotinic acid, and other nutritional stress 
such as a sudden change in diet. 

Immune Mechanisms 
Early immune responses have been 
described, 36 and there is a higher expression 
of proinflammatory cytokines and T-helper 
type 1 cells. 

In an experimental STM study, along the 
intestinal tract (jejunum, ileum, and colon) 
it was shown that there were different 
changes in gene expression along the tract. 37 
All chemoattractant cytokines were upregu- 
lated in the ileum and jejunum and IL-8 was 
overexpressed in the colon. 

Most information on the mechanisms of 
immunity to Salmonella, including the safety 
and immunogenicity of most Salmonella 
vaccines, has been done experimentally in 


mice. In primary infections in mice, early 
bacterial growth in the reticuloendothelial 
system is controlled by the contribution of 
both macrophages and polymorphonuclear 
cells and is affected by the virulence of the 
strain. In lethal infections, the early growth 
of the bacterins the tissues results in high 
bacterial numbers that lead to death of the 
animal. Following natural infection with Sal¬ 
monella antibody, responses to lipopolysac- 
charides (LPS) and protein determinants can 
be detected. Anti -Salmonella IgM appears in 
serum early after infection followed by IgG. 
T-cells have a critical role in the later stages 
of primary infection. The presence of STM 
in mesenteric lymph nodes was examined, 
and it was found that there was an immune 
response marked by a substantial infiltration 
of phagocytes and an upregulation of proin¬ 
flammatory genes. This resulted in a reduc¬ 
tion of STM but not the total elimination. It 
might be that STM interferes with dendritic 
cell-T-cell interactions. 38,39 

Environmental and Management 
Risk Factors 

Farming Practice in General 
There are a wide variety of contributing 
factors to Salmonella infections. These 
include other livestock on the farm, herd 
size, previous clinical cases, bowl-type drink¬ 
ers, dry feeding, pelleted feed, Salmonella¬ 
positive breeding herds, solid or partially 
slatted floors, reduced floor space allowance, 
persistent floor contamination, reduced floor 
space allowance, coinfections, porcine repro¬ 
ductive and respiratory syndrome (PRRS) 
infections, lack of hygiene and biosecurity 
practices, contact between pigs in adjacent 
pens, continuous flow systems, multiple pig 
suppliers, environmental temperature fluc¬ 
tuations, and Salmonella-contaminated feed. 
In a study of split marketing it was found that 
a significant increase in Salmonella preva¬ 
lence occurs between the first and last groups 
to leave the finishing lots with the close-out 
groups posing a higher risk for Salmonella 
contaminations. 

Longitudinal Dutch studies have shown 
that 25% of herds are never infected, 24% are 
constantly infected, and 50% are infected 
most of the time. There appear to be infection 
cycles when infection reaches a peak over the 
2 to 4 weeks following the arrival of an infec¬ 
tion, and between 5% and 30% may still be 
excreting by the end of the finishing period. 

Intensification of husbandry in all species 
is recognized as a factor contributing signifi¬ 
cantly to an increase in the new infection 
rate. A typical example is the carrier rate of 
54% observed in intensive piggeries in New 
Guinea compared with the 9% in village pigs. 
Any significant change in management of the 
herd or a group of animals can precipitate 
the onset of clinical salmonellosis if the 
infection preexists in those animals. Pelleted 
feed is associated with increased Salmonella 
prevalence. 40 





The association between biosecurity and 
Salmonella species prevalence on English pig 
farms was suggested. 41 Farms practicing bio¬ 
security had a lower muscle tissue ELISA 
score than those that did not. Effective imple¬ 
mentation of biosecurity in large herds may 
be the reason they have a shorter high serol¬ 
ogy period compared with smaller herds. 15 

Temperature and wetness are most 
important, because salmonellas are suscep¬ 
tible to drying and sunlight. STM can remain 
viable on pasture and in soil, still water, and 
feces for up to 7 months. Survival times of 
the bacteria in soil are influenced by too 
many variables to make any overall state¬ 
ment meaningful. 

The survival time of Salmonella spp. in 
cold liquid manure depends on several 
factors, including pH of the slurry and the 
serotype of the organism, and can be as long 
as 28 weeks. Drinking water can remain 
infected for long periods (up to 9 months). 
Thus infection can be introduced by infected 
domestic animal carriers. 

Housed Animals 

In housed animals the premixing of food 
into a liquid form for pumping to feeding 
stations in piggeries is an effective way of 
spreading salmonellosis if infection is present 
in the feedstuffs and the mix is allowed to 
stand before feeding. Nose-to-nose contact 
through pens is also associated with a raised 
prevalence. 40 

In a longitudinal study of nucleus breeder 
and multiplier units in England there was 
an association between the Salmonella 
serovar and the immediate environment of 
the pens. 42 Pens holding breeding stock 
designed for production units were fre¬ 
quently positive, and herds under common 
ownership frequently had the same serovar 
combinations. Serovars from the wildlife 
were similar to those found on the associated 
premises. 

Contaminated Feedstuffs 
Housed animals are generally more suscep¬ 
tible to infection from purchased feeds. 
Organic feedstuffs, including bonemeal, are 
being increasingly incriminated in the spread 
of salmonellosis and although the usual 
figure, for example, in the UK, is 23% of con¬ 
signments being infected, the figure may be 
as high as 70%. Most of the contamination of 
meat and bonemeal occurs after heat steril¬ 
ization, especially if the material is left in 
digester tanks. Fishmeal is one of the most 
frequently and badly contaminated feed¬ 
stuffs. For example, most of a recent increase 
in reported isolations of salmonellas in the 
United States was from S. Agona introduced 
in Peruvian fishmeal. These feed meals need 
to be heated at 82°C (180°F) for an hour to 
be sterilized. The infection of these materials 
may derive from antemortem infections in 
the animals used to make the by-product, 
but soiling of the material at the preparation 
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plant or abattoir or during storage may also 
occur. Stored feed not of animal origin, espe¬ 
cially grain, is also commonly contaminated 
by the droppings of rodents or birds that 
infest it, and this can lead to sharp outbreaks 
of salmonellosis caused by STM. All feed 
stores should be protected from birds and 
rodents. Dried milk products appear to be 
relatively safe. Vegetable material can also be 
a source of infection. 

Some serotypes such as STM have been 
isolated from 2.8% of pig feed and feed ingre¬ 
dient samples and from 46% of farm feed 
samples tested. SCS was not isolated from 
pig feed. 

The risk of culturing Salmonella with or 
without AMR was higher if pelleted feed was 
used compared with mash or liquid feed. 
Fecal samples from farrow to finish farms 
had a lower chance of testing positive than 
grow-finisher farms. 43 

Commercial feed is potentially a vehicle 
for Salmonella transmission. 44 In a study in 
the UK it was found that cereals could 
become contaminated, particularly with 
STM, and the most likely reason was the 
storage of grains on cattle farms with access 
for birds and wildlife. 4 ' The effect of carbo¬ 
hydrate composition in barley and oat culti- 
vars was studied in vitro, and it was shown 
that the population of salmonellas decreased 
with hull-less barley cultivars and increased 
with oat cell cultivars. 46 

Introduction of the Infection to 
a Farm 

Contaminated feedstuffs, carrier animals, 
and infected clothing of visitors and casual 
workers are the most common methods 
of introducing infection. Less common 
methods include free-flying birds, such as 
the herring gull, and nematode larvae that 
are already infected with salmonellas. Salmo¬ 
nellas have been isolated from a wide variety 
of wild animals, which could act as reservoirs 
for infection of domestic animals under 
certain conditions. 

Pathogen Risk Factors 
Salmonellas are facultative intracellular 
organisms that survive in the phagolyso¬ 
some of macrophages and can therefore 
evade the bactericidal effect of an antibody. 
Compared with other organisms of the same 
family, salmonellas are relatively resistant to 
various environmental factors. They multiply 
at temperatures between 8°C and 45°C, at 
water activities above 0.94, and in a pH range 
of 4 to 8. They are also able to multiply in an 
environment with a low level of or no oxygen. 
The bacterium is sensitive to heat and will 
not survive temperatures above 70°C. It is 
sensitive to pasteurization. Salmonellas have 
been shown to be resistant to drying, even 
for years, especially in dried feces, dust, and 
other dry materials such as feeds and certain 
foods. Prolonged survival in water and soil 
has also been described. They are quite 


sensitive to beta and gamma irradiation. The 
O-antigen LPS of salmonellas is toxic and an 
important virulence factor, and immunity 
directed against the LPS is thought to be of 
major importance in the host defense against 
salmonellosis. 

Fimbrial antigens of some Salmonella 
species have been described and character¬ 
ized. The fimbriae mediate a variety of viru¬ 
lence factors important for the maintenance 
and survival of the organisms in the host and 
environment, including initiation and stabi¬ 
lization of the organism to epithelial cells, 
colonization of the organism to receptor 
sites, maintenance of persistent infection in 
the host by mediating selective bacterial 
trapping by phagocytic cells, and evasion of 
the host’s specific immunologic defense 
mechanisms. The fimbriae are also useful in 
diagnostic tests. 

Naturally occurring strains with varying 
virulence factors and antimicrobial suscepti¬ 
bility patterns can be identified in herds with 
endemic infection. 

Antimicrobial Resistance 
of Salmonella 

Strains of Salmonella spp. with resistance to 
antimicrobials are now widespread. Since 
1990 there have been dramatic increases in 
the occurrence of multiresistant strains of 
Salmonella spp. in many developed coun¬ 
tries. Of particular note has been the epi¬ 
demic spread of STM DTI04, which now has 
a worldwide distribution. AMR in zoonoti- 
cally transmitted salmonellas is an undesir¬ 
able but almost inevitable consequence of 
the use of antimicrobials in food animals. 
Generally, such use is legitimate. Recom¬ 
mendations have been made that new anti¬ 
microbials with cross-resistance to those 
used in human medicine should not be used 
for prophylaxis in food-animal production. 
For example, it is argued that the use of 
antimicrobials in food animals has been a 
major factor in the development of decreased 
susceptibility to antibiotics such as cipro¬ 
floxacin in zoonotically transmitted salmo¬ 
nellas. Multidrug resistant strains that also 
carry specific virulence factors are more 
likely to be of clinical significance. 4 ' 

AMR of Salmonella has been a major con¬ 
troversial concern in veterinary medicine 
and human public health. Antimicrobials are 
used in food-producing animals for the treat¬ 
ment of infectious diseases and for growth- 
promoting effects. Their continued use has 
long been incriminated as a major cause of 
selective pressure that leads to the appear¬ 
ance and persistence of resistant strains. The 
resistance is usually to multiple antimicrobi¬ 
als and its existence is considered as a poten¬ 
tial risk factor. The significance of AMR is 
most obvious in its impact on the treatment 
of human infections. If the frequency of drug 
resistance increases, the choice of antimicro¬ 
bials for the treatment of systemic salmonel¬ 
losis in humans becomes more limited. There 
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is also an association between drug-resistant 
salmonellas and the routine clinical use 
of antimicrobials for infections other than 
salmonellosis. The AMR Salmonella infec¬ 
tions can complicate antimicrobial therapy of 
other infections; prior antimicrobial therapy 
allows fewer numbers of AMR Salmonella 
to cause symptomatic infections, and an 
increase in the proportion of Salmonella 
species that are AMR will increase the overall 
frequency of salmonellosis. 

Infections in humans associated with 
AMR Salmonella are increasing and have 
become a cause for public health concern. 
Prospective studies in the United States 
claim to show that human infections with 
AMR Salmonella are increasing, and that 
these resistant strains can be traced to foods 
of animal origin. There are wide variations 
from country to country in the percentage of 
Salmonella isolates that are AMR. Generally, 
AMR among Salmonella is much higher in 
the United States than in other countries. In 
the UK, over a period of about 20 years, little 
change has occurred in the AMR patterns 
of salmonellas isolated from animals. Most 
of the resistance in STM is associated with 
phage-type DT204C. Serotypes other than 
SD and STM show low levels of resistance to 
most antimicrobials, with the exception of 
sulfonamides and tetracyclines, to which 
resistance is increasing. 

AMR in Salmonella in the UK has been 
monitored since 1970 using disk diffusion 
tests. A total of 76% of all Salmonella isolates 
are still sensitive to all 16 antimicrobials used 
for testing. 

In the Netherlands, from 1984 to 2001, 
monitored resistance was most common in 
STM. Among the strains from humans, pigs, 
and chickens, the level of resistance to tetra¬ 
cycline, ampicillin, chloramphenicol, and 
trimethoprim- sulfamethoxazole increased 
over the 17 years. 

Since their introduction into veterinary 
medicine in Europe in the late 1980s and 
early 1990s, the susceptibility of several 
bacterial species to fluoroquinolones has 
increasingly been reported to be decreasing 
and their resistance to quinolones has been 
reported to be increasing. The incidence of 
quinolone resistance in strains of Salmo¬ 
nella-isolated pigs in Germany between 1998 
and 2001 has increased. 

In Canada, resistance in STM isolated 
from animals, animal food products, and the 
environment of animals to each of seven 
antibiotics (ampicillin, chloramphenicol, 
kanamycin, neomycin, streptomycin, sulfi- 
soxazole, and tetracycline) increased persis¬ 
tently during each of the years from 1994 to 
1997, and none of the isolates showed 
decreased sensitivity to ciprofloxacin. 

The prevalence of STM and SCS isolates 
from pigs and humans that are fluoroquino¬ 
lone and multidrug resistant has increased in 
Taiwan, and the isolates have become wide¬ 
spread across the country. The SCS isolates 


from humans and pigs were closely related 
genotypically, suggesting the nationwide dis¬ 
semination of the organism from pigs to 
humans. 

In Japan, Taiwan, and Thailand there is 
SCS resistance to many antibiotics and many 
are multiresistant, including fluoroquino¬ 
lone and cephalosporins. 1 ' 

AMR to an antibiotic was more common 
in fecal samples (98%) than environmental 
samples (65%), 48 and multidrug resistance 
followed a similar pattern (35.7% from the 
barns versus 56.4% in the feces). 

In the UK AMR was seen in 92% of iso¬ 
lates tested. 22 The highest frequencies were 
seen with tetracyclines (T), sulfonamide 
compounds (SU), ampicillin (AM), sulfa¬ 
methoxazole/trimethoprim (SXT), strepto¬ 
mycin (S), and chloramphenicol (C). 
Fifty-nine AMR patterns were observed with 
the one listed previously in 33% of cases. 

In a study in the United States between 
2003 and 2008, it was shown that SD had 
increased resistance to spectinomycin and 
sulfadimethoxine, as did S. Heidelberg (and 
also with florfenicol). Other species had 
increased resistance to spectinomycin, but 
only two or three isolates were resistant to 
enrofloxacin. 

In Korea, there was also a catalog of 
increased resistance in STM. All the isolates 
were resistant to 4+ antibiotics, particularly 
streptomycin (94.1%), tetracycline 90.1%, 
and ampicillin (64.7%). 49 

In a study in Belgium, 10 7.8% of the pigs 
were seropositive (12 farms). STM was found 
in 65% and of these 65% had a tetra-resistant 
AMR profile. 

A study in Spain of free-range pigs 19 
showed that multidrug resistance (four or 
more) was found in 36% of the pigs. Strepto¬ 
mycin (46%) and tetracyclines (30%) were 
commonly resistant. 

In a study of AMR in the United States, 
comparing the years 2000 and 2006, it was 
found that 6.2% and 7.2% of the samples 
(2000) and 34.2% and 52.6% (2006) of the 
farms were positive. STM, SD, and S. Agona 
were the most common serotypes. The most 
common AMR pattern was streptomycin, 
sulfisoxazole, and streptomycin. The propor¬ 
tion susceptible to all antibiotics was 38.1% 
in 2000 and 20.4% in 2006. The proportion 
resistant to three or more antibiotics was 
similar in both years (52.8% and 52.7%). 50 A 
later study at Purdue University in the United 
States showed similar results in AMR but they 
also noted that STM and others possessed 
multiple AMR to amoxicillin/clavulanic acid, 
ampicillin, ceftiofur, and cephalothin. ’ 1 

In a study of AMR in Korea, 52 it was 
found that STM, S. Rissen, and S. Schwarz- 
engrund were most commonly isolated in 
normal pigs, but STM was the most com¬ 
monly isolated in diarrheic pigs (89.7%). The 
most common were PT194 and PT203. Only 
3% were DT104. The most common resis¬ 
tance in Salmonella was to streptomycin, 


sulfamethoxazole, and tetracycline. Nearly 
all STMs were resistant to more than four 
antibiotics. 

The genetic diversity and AMR profiles 
of S. Derby in pigs in France have been 
described. 53 The patterns were very similar 
among pigs, pork, and humans. Only 15.5% 
S. Derby had no AMR. The majority (over 
70%) had AMR to more than three antimi¬ 
crobials. Only a few isolates had resistance to 
|3-lactams. The pig reservoir is the second 
largest contributor to human salmonellosis 
in the EU. 

A longitudinal study of salmonellas in a 
unit that did not use antibiotics and a con¬ 
ventional production unit showed a 4% 
AMR in the conventional unit pigs and 
11.7% in their environment and 0.2% in the 
pigs in the antibiotic-free unit and 0.6% in 
their environment. There were 42 serotypes 
(particularly Anatum, SD, STM, and Infan- 
tis) and they were resistant to tetracycline, 
streptomycin, and sulfisoxazole. Multidrug 
resistance was found in 27% of the pigs on 
the conventional unit. 54 

Zoonotic implications From Pigs 

The disease has assumed increasing impor¬ 
tance in recent years because of the much 
more frequent occurrence of human sal¬ 
monellosis, with animal salmonellosis as 
the principal reservoir. 2,25 Salmonella is 
the second most important zoonosis to 
Campylobacter. 

Human infection is usually through food 
and four are commonly isolated from swine 
(Typhimurium, Heidelberg, Agona, and 
Infantis), but there is also the possibility of 
direct contact as a source of human salmo¬ 
nellosis. 5 ' The important pathway today is 
pigs and poultry, and in Denmark this was 
an important source of human salmonellosis 
until control measures were instituted. In 
most instances the increase in human infec¬ 
tions is with exotic serotypes other than STM 
that come by animal feedstuffs to pigs and 
chickens and then to humans through pork 
and chicken products. The most serious risk 
is that the transmitted bacteria will have 
acquired resistance to specific antibiotics 
because the animals from which they origi¬ 
nate have been treated with the particular 
antibiotics repeatedly or over a long period. 
It is usually enteritis in humans with the 
exception of SCS, which often produces a 
septicemia. 

Infected pigs leaving the farm are the 
major source of infection for the abattoir in 
which the spreading of salmonellas occurs. 
The longer the length of time in the lairage the 
greater is the chance of spread of infection. 

The Salmonella status in lairages in 
Ireland in relation to the slaughter process 
has been assessed and it was found that 
the lairage, evisceration operatives, con¬ 
veyor belts, and equipment in the boning 
hall were significant sources of contamina¬ 
tion. 56 Cross-contamination within the plant 





accounted for up to 69% of the Salmonella 
carcass contamination. 

A study of the small abattoirs in Wiscon¬ 
sin suggested that contamination could be 
reduced by chilling carcasses 2 days before 
fabrication and by improving carcass-han¬ 
dling hygiene. 5 ' 

Salmonella Serovar 
Typhimurium DT104 

The increasingly common isolation of STM 
DT104 (definitive phage type) is of major 
concern for public health officials. STM 
DTI04 was first reported in the UK in 1984 
and emerged in the 1990s as an increasing 
cause of Salmonella infections in humans and 
animals in the UK and other European coun¬ 
tries such as Germany, France, Austria, and 
Denmark, as well as Canada. A wide range of 
potential reservoirs is associated with this 
infectious strain, from humans to the tradi¬ 
tional food animals such as poultry, cattle, 
sheep, and pigs. Over a 1-year period in Scot¬ 
land it was the predominant Salmonella iso¬ 
lated from nine species of animal (cattle, pigs, 
sheep, chickens, pigeons, horses, cats, dogs, 
and rabbits). All isolates were resistant to at 
least one antimicrobial and 98% were resis¬ 
tant to multiple antimicrobials. 

The organism has been found in a variety 
of human foods, including salami and sau¬ 
sages. Human infections may result from 
contact with farm animals and from con¬ 
sumption of contaminated foods such as 
pork, sausages, and meat pastes. 

Clinical signs in humans infected with 
DTI04 include diarrhea, fever, headache, 
nausea, and vomiting. Septicemia may 
develop in a small percentage of cases with 
potential complications of meningitis and 
foci of infection in bones and joints. 

The AMR factor of DT104 is a major 
concern. Resistance to ampicillin, chloram¬ 
phenicol, streptomycin, tetracyclines, and 
sulfisoxazole is characteristic of the organ¬ 
ism. There is now evidence that DTI04 is 
developing resistance to trimethoprim and 
fluoroquinolones such as ciprofloxacin, the 
drug of choice for treating human adult Sal¬ 
monella infections. 

Control and prevention of infection with 
DTI04 will depend on increasing surveil¬ 
lance activities, investigating outbreaks, and 
identifying vehicles and risks of infections. 

Various clinical forms of salmonellosis 
(gastroenteritis, bacteremia, and other sys¬ 
temic abnormalities) can occur in veteri¬ 
narians working with Salmonella- infected 
animals. 

Economic Importance 

Salmonellosis is a significant cause of eco¬ 
nomic loss in farm animals because of the 
costs of clinical disease, which include 
deaths, diagnosis and treatment of clinical 
cases, diagnostic laboratory costs, the costs 
of cleaning and disinfection, and the costs of 
control and prevention. In addition, when 
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the disease is diagnosed in a herd it can create 
considerable apprehension in the producer 
because of the difficulty in identifying 
infected animals. The veterinarian is also 
often in a difficult position because the diag¬ 
nosis, treatment, and control of the disease 
are less than reliable and it is difficult to 
provide advice with confidence. The losses 
incurred by livestock producers include 
reduced feed efficiency and reduced weight 
gains or deaths because of salmonellosis. 

PATHOGENESIS 

Infection is much more common than clini¬ 
cal disease. The development of disease is 
very variable. Severity is influenced by sero¬ 
type, virulence, host resistance, route, and 
quantity of the infective dose. Over 200 viru¬ 
lence factors have been identified. The estab¬ 
lishment of experimental infections requires 
large numbers of organisms (10 s —10 11 ). The 
initial infective dose in the field is probably 
much less than that required experimentally. 

The ability to invade is a requirement for 
pathogenesis and is encoded by a serotype- 
specific plasmid. STM resides as an extracel¬ 
lular pathogen in the tonsils independently 
of biofilm mechanisms. 58 

There are many virulence factors but two 
of the most important are genes encoding for 
two different type III secretion systems 
(T3SS) localized on the two major pathoge¬ 
netic islands 1 and 2. 59 Island 1 gets into the 
cell and it encourages the cell to take up Sal¬ 
monella. It is found in the tonsil (SPI-1) and 
SPI-2 is important for intracellular survival. 
The T3SS of SCS is important for the inva¬ 
sion of the intestine and causes enteropa¬ 
thy, 60 and one of its effector proteins, SipB, 
induces capsase-1-dependent apoptosis in 
macrophages and plays an essential role in 
Salmonella pathogenesis. STM SPI-1 genes 
promote intestinal but not tonsillar coloniza¬ 
tion in pigs 61 and start the initial influx of 
neutrophils. 

The replication of SCS and STM is asso¬ 
ciated with their differential virulence. 62 
Enteric virulence of STM is associated with 
rapid replication in the intestinal wall and 
with rapid induction of proinflammatory 
cytokines (tumor necrosis factor [TNF]-a, 
IL-8, and IL-18), whereas the systemic viru¬ 
lence of SCS is associated with enhanced per¬ 
sistence in mesenteric lymph nodes which 
may help it to evade host innate immunity. 
The induction of seroconversion and persis¬ 
tence of STM in pigs is strain dependent. 63 

The suppression of cytokine signaling in 
the palatine tonsils may facilitate the initial 
colonization of the palatine tonsils. 13 Septice¬ 
mic isolates may have a particular pattern of 
invasion. 64 

The pathogenesis of salmonellosis is a 
complex and multifactorial phenomenon. 
The nature of the disease that occurs follow¬ 
ing infection is dependent on the specific 
combination of serovar and host known 
as serovar-host specificity. A range of 


infections is included in the term salmonel¬ 
losis. The most common type of infection is 
known as “the carrier state,” in which car¬ 
riage of the organism is not accompanied by 
clinical abnormalities or clinical disease. In 
production animals, these carriers are of 
importance because they may serve as reser¬ 
voirs for further spread of infection through 
shedding and may be present as contami¬ 
nated food products. 

The infected oral secretions may lead 
to the possibility of aerosolized secretions, 
feces, or contaminated dust particles. 

The evolution of host-specific Salmonella 
serovars is considered to be associated with 
an increase in pathogenicity for the specific 
host. The hypothesis is based on the fact 
that broad-range serovars (Typhimurium 
and Enteritidis) are generally associated 
with severe disease only in young animals, 
whereas host-restricted serovars cause high 
mortality in both young and adult hosts. 

The mycotoxin deoxynivalenol promotes 
uptake of STM in porcine macrophages coin¬ 
ciding with cytoskeleton reorganization. 65 

Infection 

Salmonella infects animals and humans by 
the oral route. Following ingestion, a propor¬ 
tion of the organisms resists the low pH of 
the stomach, reach the distal ileum and the 
cecum, invade the mucosa, and replicate in 
the submucosa and Peyers patches. 

In young animals, and in adults whose 
resistance has been lowered, spread beyond 
the mesenteric lymph nodes occurs and the 
infection is established in the reticuloendo¬ 
thelial cells of the liver; from there it invades 
the bloodstream. These steps in the infec¬ 
tion process can occur very rapidly. Once 
systemic infection has been established, 
salmonellosis as a disease can develop. Its 
principal manifestations are as septicemia, 
enteritis, abortion, and a group of localiza¬ 
tions in various tissues as a result of bactere¬ 
mia. It is likely that stress increases the effects 
of the salmonellas, as the catecholamines 
released will result in decreased gastric acid 
production and increased intestinal motil¬ 
ity, aiding the passage of the salmonellas 
through the stomach and into the intestine 
and colon. 

During the invasion process there is 
induction of synthesis of new proteins that 
enhance intracellular survival. Many epithe¬ 
lial types may be infected, but the Peyers 
patches may be a major site of invasion. 

SCS localizes in the colon on the luminal 
surface of the ileal M-cells of Peyers patches. 
Attachment of epithelial receptors triggers 
microfilament-controlled uptake, vacuole 
formation, vacuole transport through the 
cell, and entry into the lamina propria via 
exostosis through the basement membrane. 
They cause mild and transient enterocyte 
damage. Salmonellas can synthesize over 30 
proteins, which in practice can make the bac¬ 
teria virtually intracellular parasites. Spread 
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to local lymph nodes can take place rapidly 
because of transport by CD 18+ phagocytes 
to the spleen and the liver and then the mac¬ 
rophages and dendritic cells. At the same 
time there is an acute macrophagic inflam¬ 
matory reaction and microvascular damage. 
Neither STM or SCS in a refeeding experi¬ 
ment produced changes in systemic TNF-a 
or II-1)3, although SCS reduced the growth 
rate by 25%. 66 Part of the first line of defense 
against invading pathogens is the innate 
immune system, and part of this is the release 
of antimicrobial peptides into the lumen of 
the intestinal tract, and a group of these are 
the defensins. Thus far in the pig 12 peptides 
have been identified, and the expressions of 
pBD-1 and pBD-2 have been described in 
the small intestine of the pig. 67,68 The porcine 
ileal cell line expressed increased levels of 
both when exposed to viable STM but not 
to SCS. 69 

STM does not spread effectively beyond 
the intestinal tract and draining lymph nodes 
in weaned pigs. 70 The lower cytokine signal¬ 
ing but higher toxicity of STM for macro¬ 
phages correlates with the higher virulence 
for pigs of this serotype compared with SD 
or S. Infantis.' 1 

Septicemia, Bacteremia, and the 
Carrier State 

After invasion of the bloodstream a febrile 
reaction follows in 24 to 48 hours, and the 
acute phase of the disease, similar to that 
seen in natural cases, is present 3 to 9 days 
later. The early septicemia may rapidly be 
fatal. If the systemic invasion is sufficient to 
cause only a bacteremia, acute enteritis may 
develop, and abortion is a common final 
sequel in sheep and cattle. Many animals 
survive this stage of the disease, but localiza¬ 
tion of the salmonellas occurs in mesenteric 
lymph nodes, liver, spleen, and particularly 
the gallbladder. In experimental STM infec¬ 
tion in pigs, the organism can persist from 6 
to 8 weeks of age until market age with long¬ 
term persistence in the palatine tonsils, 
gastrointestinal tract, and adjacent lymph 
nodes. In healthy adults there may be no 
clinical illness when infection first occurs, 
but there may be localization in abdominal 
viscera. In either instance the animals 
become chronic carriers and discharge sal¬ 
monellas intermittently from the gallbladder 
and foci of infection in the intestinal wall 
into the feces and occasionally into the milk. 
For this reason they are important sources of 
infection for other animals and for humans. 
Carrier animals may also develop an acute 
septicemia or enteritis if their resistance is 
lowered by environmental stresses or inter¬ 
current infection. Salmonellas can reside 
intracellularly where they are able to escape 
antibody-mediated killing, and the numbers 
of organisms are controlled by cellular 
defense mechanisms involving the macro¬ 
phages in which they reside. 

Septicemia in pigs associated with SCS 
can cause pneumonia in pigs similar to the 


pneumonia in pasteurellosis and infection 
with Actinobacillus pleuropneumoniae, hepa¬ 
titis, enterocolitis, and encephalitis. 

Enteritis 

Enteritis may develop at the time of first 
infection or at some other time in carrier 
animals. The best information available on 
the pathogenesis of enteritis is derived from 
the experimentally produced disease. In 
most instances the disease is produced by the 
administration of massive doses of bacteria, 
and this may result in the production of a 
different syndrome from that which occurs 
naturally. The pathogenesis of enteric salmo¬ 
nellosis is much more complex than cholera, 
involving an increase in mucosal cell cyclic 
AMP content and prostaglandin concentra¬ 
tion, as well as an inflammatory response 
to the invading bacteria. Intestinal inva¬ 
sion is a characteristic feature of Salmonella 
pathogenesis. The organism must invade 
the intestinal mucosal epithelium to cause 
disease. Neutrophil recruitment and trans¬ 
migration across the epithelium is important 
in the enteritis. Host-derived caspase-1 can 
act as a proinflammatory agent by cleav¬ 
ing IL-l-p and IL-18 into active molecules. 
SipA is a protein that Salmonella injects into 
the host cells, which has also been shown 
to contribute to the inflammatory response 
by activation of phosphokinase C. This acti¬ 
vates the transepithelial migration of neu¬ 
trophils into the intestinal lumen. Diarrhea 
is a result of decreased sodium absorption 
and increased chloride secretion caused 
by cholera-like and Shiga-like enterotox- 
ins. Certain Salmonella outer membrane 
proteins also mediate cell damage. Sur¬ 
vival within the phagocyte (O side chains, 
smooth LPS, and an LPS core are important) 
is also an important attribute of virulent 
salmonellas. 

STM requires a functional type III secre¬ 
tion system encoded by SPI-1 to cause diar¬ 
rhea. The SPI-1 secretion system mediates 
the translocation of secreted effector proteins 
into target epithelial cells. These effector 
proteins are key virulence factors required 
for Salmonella intestinal invasion and the 
induction of fluid secretion and inflamma¬ 
tory responses. 

Although there is sufficient obvious 
enteritis to account for the diarrhea that 
characterizes the disease, there appear to be 
other factors involved. For example, it has 
been shown experimentally that in Salmo¬ 
nella enteritis there is stimulation of active 
chloride secretion combined with inhibition 
of sodium absorption, but invasion of the 
mucosa is not essential for these changes to 
occur. These observations are of interest in 
light of the known hyponatremia that char¬ 
acterizes the disease. In pigs, ulcerative 
lesions may develop in the intestinal mucosa 
and may be of sufficient size to cause chronic 
intermittent diarrhea. In pigs it has also been 
observed that villous atrophy is a sequel to 
infection with SCS. 


In pigs, most clinical cases of salmonel¬ 
losis are associated with SCS or STM. SCS is 
host-adapted to pigs, causing a systemic, 
typhoid-like disease. STM is not host-adapted 
to pigs, and infection results in a localized 
enterocolitis. 

In the pig the development of enteritis 
associated with SCS begins 36 hours after 
infection with the appearance of erosions and 
edema of the cecal mucosa. At 64 hours the 
wall is thickened and there is diffuse case¬ 
ation overlying the erosions. Microvascular 
thrombosis and endothelial necrosis in the 
submucosa and lamina propria, probably 
caused by endotoxins, are important early 
lesions in porcine salmonellosis. This then 
facilitates the ischemia that results in the 
mucosa mediated via IL-1. They have direct 
effects on the tissues or have effects 
on a variety of cytokine mediators. The 
necrotic membrane sloughs at 96 hours, and 
at 128 hours all function is lost, and the entire 
intestinal wall is involved in the inflamma¬ 
tory process with the muscular coat obliter¬ 
ated by 176 hours. The colon is usually the 
major organ affected in STM infections in 
pigs, causing either focal or diffuse necrotiz¬ 
ing colitis. The organisms proliferate in the 
intestine, invade the intestinal epithelium, 
stimulate fluid secretion, and disseminate 
from the intestine to mesenteric lymph nodes 
and other organs. SCS invades enterocytes by 
penetration of the brush border, resulting in 
focal loss of microvilli, and the bacteria are 
endocytosed into membrane-bound vacu¬ 
oles. Experimental infection of ileal-gut 
loops of pigs with S. enterica results in prefer¬ 
ential bacterial adherence to M-cells within 5 
minutes, and by 10 minutes, bacterial inva¬ 
sion of the apical membrane occurs in 
M-cells, goblet cells, and enterocytes. Experi¬ 
mental perfusion of porcine livers with poly¬ 
saccharide or live SCS results in the release of 
mediators that mediate biological activities 
that have an important role in reducing the 
severity of bacterial infections. 

CLINICAL FINDINGS 

The disease is most satisfactorily described 
as three syndromes, classified arbitrarily 
according to severity as septicemia, acute 
enteritis, and chronic enteritis. These are 
described first, but the differences between 
the animal species are sufficiently significant 
to justify describing the disease separately in 
each of them. There are no significant differ¬ 
ences between infections associated with the 
different Salmonella species. 

Porcine Salmonellosis 

In pigs, the disease varies widely and, 
although all forms occur in this species, 
there is often a tendency for one form to be 
more common in any particular outbreak. 
In the septicemic form in pigs affected by 
SCS a dark red to purple discoloration of the 
skin is evident, especially on the abdomen 
and ears, and subcutaneous petechial hem¬ 
orrhages may also be visible. Nervous 





signs, including tremor, weakness, paraly¬ 
sis, and convulsions, may be prominent 
and occur in a large proportion of affected 
pigs. The case-fatality rate in this form is 
usually 100%. 

A semispecific entity occurring in pigs up 
to 4 weeks old is manifested by meningitis 
and clinical signs of prostration and clonic 
convulsions. 

In the acute form there is also a tendency 
for pulmonary involvement to occur, but 
the main feature of the disease is enteritis, 
with pneumonia and occasionally encephali¬ 
tis present as only secondary signs. In some 
situations, pigs dying of septicemia more 
commonly yield SCS, whereas those with 
acute enteritis are usually infected with STM. 
Acute pneumonia is a common accompani¬ 
ment of this form of the disease in pigs, and 
nervous signs and cutaneous discoloration 
as described in the septicemic form may also 
be present. Meningitis caused by STM DTI04 
in 1-week-old piglets has been reported. 
Incoordination, paralysis, opisthotonus, pad¬ 
dling, and polyarthritis resulting in runts 
and deaths were common. Bronchopneumo¬ 
nia resembling pasteurellosis, and pleuro¬ 
pneumonia resembling A. pleuropneumoniae 
infection can be associated with SCS. 

A syndrome of rectal stricture occurs in 
feeder pigs as a sequel to enteric salmonel¬ 
losis associated with STM and is described 
under that heading. 

Septicemia 

This is the characteristic form of the disease 
in young pigs up to 4 months old. Com¬ 
monly, there is profound depression, dull¬ 
ness, prostration, high fever (40.5-42°C; 
105-107°F), and death within 24 to 48 hours. 
There is often a soft, moist cough with 
dyspnea. There may be cyanosis of the 
extremities. Diarrhea is not a feature until 3 
to 4 days. Rarely nervous signs may be seen. 
Pregnant sows may abort. Morbidity is 
usually low (<10%), but case mortality rates 
may be high. 

Acute Enteritis 

This is the common form in adult animals of 
all species. It is most commonly associated 
with STM. There is a high fever (40-41°C; 
104-106°F) with severe, fluid diarrhea; some¬ 
times dysentery; and occasionally tenesmus. 
The fever often subsides precipitously with 
the onset of diarrhea. The feces are often a 
watery yellow without mucus or blood ini¬ 
tially; have a putrid smell and contain mucus, 
and sometimes blood; have fibrinous casts, 
which may appear as complete tubular casts 
of intestine; and have intestinal mucosa in 
sheets or casts. There is complete anorexia 
and in some cases increased thirst. The heart 
rate is rapid, the respirations are rapid and 
shallow, and the mucosae are congested. 
Pregnant animals commonly abort. The case- 
fatality rate without early treatment may 
reach 75%. In all species, severe dehydration 
and toxemia occur and the animal loses 
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weight, becomes weak and recumbent, and 
dies in 2 to 5 days. Newborn animals that 
survive the septicemic state usually develop 
severe enteritis, with diarrhea becoming 
evident at 12 to 24 hours after the illness 
commences. If they survive this stage of the 
illness, residual polyarthritis or pneumonia 
may complicate the recovery phase. 

Chronic Enteritis 

This is a common form in pigs following a 
severe outbreak. Although chronic enteritis 
may occur initially, it usually succeeds an 
acute episode. Episodes may occur at regular 
intervals. Affected pigs may have pyrexia, 
decreased feed intake, and are dehydrated. 

CLINICAL PATHOLOGY 

There is heterogeneity in diagnostic accuracy 
revealed by using a review/metaregression 
approach.' 

A definitive etiologic diagnosis of salmo¬ 
nellosis depends on culture of the organism 
from feces, blood, and other body fluids or 
tissues. Feed and water samples may also be 
cultured to determine the source of the 
organism. Numerous serologic tests are 
available but lack sensitivity and specificity. 
Clinicopathologic support helps: 

• Diagnosis in the individual animal, 
when its treatment and prognosis 
depend on a definitive diagnosis 

• Diagnosis of a herd problem to ensure 
that expensive herdwide control 
measures are not implemented 
unnecessarily 

The diagnostic techniques available are as 
discussed in the following sections. 

Bacterial Culture and Detection 

This is the only way of making a definitive 
etiologic diagnosis of salmonellosis and of 
exactly determining the serotype. However, 
culturing the organism may be unreliable for 
various reasons, including the method used 
to collect samples, the amount of sample 
submitted, variation in the shedding of the 
organism, and the bacteriologic method 
used. A major complicating factor is the 
occurrence of apparently healthy carriers, 
which shed the organism intermittently in 
the feces, and silent carriers, which do not 
shed but harbor the organism in mesenteric 
lymph nodes or in the mucosa of the cecum 
and colon. The difficulty varies according 
to genotype. The conventional drag swab 
method probably gives a better recovery than 
the Swifter wipe method. 48 

A discussion of enrichment media sug¬ 
gests that the modified semisolid Rappaport- 
Vassiliadis medium (MRSV) is beneficial in 
isolating Salmonella. 73 In a study in Japan it 
was shown that this method of culture was as 
good as flow-through immunocapture PCR. 74 

Fecal Culture 

The culturing of salmonellas from feces is 
common but can be unreliable. This diffi¬ 
culty is noticeable with SCS infections in 


pigs. The difficulties relate to dilution by 
diarrhea and the heavily contaminated 
nature of the sample; a sample of fluid feces 
collected in a container is superior to a fecal 
swab. Clinical laboratories generally require 
at least 48 hours for presumptive diagnosis 
of Salmonella spp. in feces. Biochemical and 
serologic confirmation of the genotype and 
the antibiogram may require an additional 
24 to 48 hours. The use of extended enrich¬ 
ment of fecal samples with tetrathionate 
broth is superior to primary enrichment for 
detection of salmonellas from cattle. 

Multiple Fecal Cultures 

An antigen-capture ELISA with enrichment 
culture for detection of salmonellas from 
fecal samples is more rapid than routine 
culture techniques, with a test sensitivity of 
69% and specificity of 97%. 

DNA Probes 

The use of the DNA probe encoding a well- 
conserved VG of the Salmonella virulence 
plasmid is a sensitive method for screening 
large numbers of samples to detect poten¬ 
tially virulent Salmonella spp. 

A reverse transcriptase-polymerase chain 
reaction (RT-PCR) may be a useful alterna¬ 
tive to culture for screening large numbers of 
samples particularly when Salmonella preva¬ 
lence is low.' 5 

Serology 

In a study of pulsed-field gel electrophoresis 
(PFGE) subtypes there was a correlation of 
serotype to PFGE subtype. PFGE using Xbal 
restriction provided a possible method for 
screening and identifying swine Salmonella 
serotypes. 76 

Serum Enzyme-Linked 
Immunosorbent Assay 

The Danish mix-ELISA (DME) is a combina¬ 
tion of LPS extractions of SCS (O antigens 6 
and 7) and STM (O antigens 1, 4, 5, and 12), 
used to assay serum samples collected from 
live animals on the farm or from meat juice 
(collected when a meat sample from the 
carcass is frozen and thawed). The DME was 
designed for surveillance and is recom¬ 
mended for monitoring herds and detecting 
high levels of Salmonella infection. The test 
has been the basis for national Salmonella 
control programs in Denmark (SALIN- 
PORK), Germany, and the UK and is being 
considered in the Netherlands and Belgium. 
In a series of studies using pigs experimen¬ 
tally infected with either STM or S. infantis, 
the sensitivity of the DME was more than 
95% and the specificity 100% compared with 
culture used to determine the positive or 
negative status of the pigs. There is a strong 
association between herd serology and the 
prevalence of Salmonella measured at three 
sampling sites: cecal content, pharynx, and 
carcass surface. A comparison of three com¬ 
mercial ELISAs showed that the results from 
the three different tests were very different.'' 





302 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


The meat juice ELISA results are always 
lower than the serum ELISA results.' 8 

Indirect Tests 

These include a total and differential white 
cell count. A leukopenia, neutropenia, and 
severe degenerative left shift are highly sug¬ 
gestive. There is also a marked hyponatremia 
and a mild hypokalemia. 

A positive diagnosis depends on culture 
of the organism, usually from feces but pos¬ 
sibly from blood in the septicemic stage. If 
serologic diagnosis is available a serum 
sample should also be submitted. Indirect 
tests are very valuable and, if laboratory 
availability is good, a total white cell count 
and estimation of serum sodium levels 
should be undertaken urgently. A presump¬ 
tive diagnosis is often all that can be stated, 
and this may be supported by a herd diagno¬ 
sis—a diagnosis that the disease or infection 
is present in the herd and that it is presumed 
that the subject case is one of the group. 

Herd Diagnosis 

A serologic examination of a sample of 
animals is a first step. A completely negative 
serologic test would indicate that the infec¬ 
tion is not present. Positive results indicate a 
need for further examination, and periodic 
fecal cultures at 15-day intervals using 
enriching media should be undertaken. 
When STM is the causative bacteria, the 
feces of other species of animals on the farm 
should be examined, because ducks, dogs, 
horses, pigs, sheep, and cattle may be sources 
of infection for each other. It is always advis¬ 
able to examine the drinking water and feed 
for evidence of infection. 

Detection of Clinically Normal 
Carrier Animals 

The most difficult diagnostic problem in sal¬ 
monellosis is the detection of the clinically 
normal carrier animal. 

The reliability of diagnosis based solely 
on culture of fecal swabs is not high and rep¬ 
resents the major difficulty in detecting car¬ 
riers. A combination of fecal culture and 
serologic tests offers some improvement in 
accuracy, but even with the agglutination or 
complement fixation (CF) tests, accuracy is 
insufficient. 

Determination of Prevalence of 
Infection in Population of Animals 

It is particularly important to determine the 
prevalence of Salmonella infection in a popu¬ 
lation of pigs. Pork and pork products are 
important sources of nontyphoidal Salmo¬ 
nella for humans consuming these products 
if they are not handled with care. Pigs enter¬ 
ing the abattoir that are carriers of Salmo¬ 
nella are the most important source of 
carcass and product contamination. To be 
able to estimate the number of infected 
animals entering the abattoir and estimate 
the size of the Salmonella problem in pig 


herds, the population and herd level preva¬ 
lence of Salmonella have to be investigated. 
An estimation of the prevalence of S. enterica 
infection in finishing pigs in Iowa was 
done using on-farm fecal cultures, culture 
of on-farm necropsy and abattoir-collected 
samples, and serum ELISA using serum 
exudate (meat juice). Fecal samples collected 
on the farm detected only 13.3% of all posi¬ 
tive pigs necropsied on the farm. Abattoir 
and on-farm results combined, the fecal 
sample detected 57.4% of positive pigs. Abat¬ 
toir-collected samples provided prevalence 
estimates much higher than on-farm col¬ 
lected samples (39.9% versus 5.3%). Thus 
fecal samples have a low sensitivity for 
detecting infected pigs, and abattoir-col¬ 
lected samples overestimate the on-farm S. 
enterica prevalence. A study of subiliac 
lymph nodes at slaughter showed that they 
had a low rate of detection compared with 
the on-farm incidence.' 9 Pigs can become 
infected during routine testing or holding 
periods during marketing when exposed 
to relatively low numbers of Salmonella in 
the preslaughter environment. Intervention 
at this step on the production process may 
have a major impact on the safety of pork 
products. 

The probability of detecting Salmonella in 
seropositive pig herds with a correlation 
between serologic and fecal culture results 
was examined in pig herds as part of an 
international research program sponsored 
by the European Commission, Salmonella 
on Pork. Samples were examined from herds 
in Denmark, the Netherlands, Greece, and 
Germany. The serologic herd status was 
determined by blood sampling 50 finishing 
pigs. There was an increased probability 
of recovering Salmonella with increasing 
within-herd seroprevalence, but the correla¬ 
tion was only moderate. 

NECROPSY FINDINGS 
Septicemia 

There may be no gross lesions in animals that 
have died peracutely, but extensive submu¬ 
cosal and subserosal petechial hemorrhages 
are usually evident. The petechiae are very 
prominent and may give the kidney the “tur¬ 
key-egg” appearance usually associated with 
hog cholera. A rhomboidal area of gastric 
mucosal infarction is usually present in pigs 
sometimes with frank hemorrhage. Conges¬ 
tion and hepatization of lung tissue may 
also be present with bronchopneumonia. 
Skin discoloration is marked and, depending 
on the severity of the case, this varies 
from extreme erythema with hemorrhage, to 
plaques and circumscribed scabby lesions 
similar to those of swine pox. There may be 
infarction of the tips of the ears, which may 
slough completely. The lymph nodes are 
often enlarged, moist, congested, and hem¬ 
orrhagic. The liver may have focal areas of 
necrosis and the wall of the gallbladder may 
be thickened and edematous. In some cases 


the necropsy findings may include spleno¬ 
megaly and pinpoint white foci in the liver 
(paratyphoid nodules). The histologic lesions 
are extensive, but none specific with the 
exception of the somewhat granulomatous 
character of the older paratyphoid nodules. 
There are areas of coagulative necrosis, with 
neutrophils and histiocytes. There may be 
fibrinoid thrombi in the venules of the gastric 
mucosa, in cyanotic skin, glomerular capil¬ 
laries, and pulmonary vessels. The spleen 
and lymph nodes show reticular cell hypo¬ 
plasia and histiocytosis. 

Acute Enteritis 

The most common lesion is an enterotyph- 
locolitis usually involving the ileum, cecum, 
and spiral colon. In the past, in the UK, 
infection with SCS has been associated with 
significant “button ulcers” in the affected 
segments, particularly near the ileocecal- 
colic junction. The mesenteric lymph nodes 
are consistently markedly enlarged and 
moist. The stomach contents are usually 
scant and bile-stained. Often cecal or colonic 
contents are black or are sand-like and gritty. 

Some of the changes associated with the 
septicemic form are often present, but the 
most consistent damage is found in the large 
and small intestines. The character of the 
inflammation here varies from a mucoen- 
teritis with submucosal petechiation to 
diffuse hemorrhagic enteritis. Congestion 
and infarction of the gastric mucosa is often 
seen. Infections with STM are characterized 
by severe necrotic enteritis in the ileum and 
large intestine. The intestinal contents are 
watery, have a putrid odor, and may contain 
mucus or whole blood. In cases that have 
survived for longer periods, superficial 
necrosis and fibrin exudation may proceed 
to the development of an extensive diphthe¬ 
ritic pseudomembrane and fibrin casts. The 
mesenteric lymph nodes are enlarged, edem¬ 
atous, and hemorrhagic. The wall of the gall¬ 
bladder may be thickened and inflamed. 

Histologic lesions are most common in 
the cecum and spinal colon but may be 
found elsewhere. The lamina propria and the 
submucosa are typically infiltrated by neu¬ 
trophils and then macrophages and a few 
lymphocytes. Fibrin thrombi are frequently 
observed in the capillaries. There may be a 
fibrinonecrotic crust on the surface of the 
mucosa often containing other bacteria and 
Balantidium coli. 

Survivors of the septicemic and acute 
enteric forms of salmonellosis may develop 
rectal strictures. Lesions in pigs with S. Hei¬ 
delberg are mild or nonexistent. 

Chronic Enteritis 

In pigs the lesions in chronic enteritis are 
diffuse. Less commonly the lesions are dis¬ 
crete in the form of button ulcers, occurring 
most frequently in the cecum around the 
ileocecal valve. The mesenteric lymph nodes 
and the spleen are swollen. In all species. 





chronic pneumonia and a variety of other 
localized inflammatory processes such as 
polyarthritis and osteomyelitis may be found. 

DIAGNOSIS 

Clinical signs and lesions may lead to a pre¬ 
sumptive diagnosis of salmonellosis, but all 
porcine septicemias are superficially similar. 

Salmonellas are present in the heart, 
blood, spleen, liver, bile, mesenteric lymph 
nodes, and intestinal contents in both septi¬ 
cemic and acute enteric forms. In the chronic 
form, the bacteria may be isolated from the 
intestinal lesions and less commonly from 
other viscera. Culture is more successful if 
enrichment media such as tetrathionate broth 
are used. In pigs experimentally infected with 
STM and SCS the organisms can be detected 
with peroxidase-antiperoxidase immunoen- 
zymetric labeling and Immunogold tech¬ 
niques. Surveys that set out to determine the 
percentage of carriers in animal populations 
by examining abattoir material show that by 
far the largest number of isolations are made 
from the lymph nodes draining the cecum 
and lower small intestine. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Ileocecal lymph node, 
ileum, colon, spleen, lung, liver, culture 
swab from gallbladder (CULT). It 
requires brilliant green bismuth sulfite, 
blood agar, or MacConkey agar. 
Enrichment is not required unless there 
is fecal contamination or mishandling. 

In these cases, tetrathionate broth at 
42°C to 43°C is the enrichment medium 
of choice. Selenite broth is inhibitory for 
SCS. Ileum is not good for septicemia 
confirmation. 

• Histology: Formalin-fixed samples from 
these tissues plus kidney, stomach, brain 

Other tests are not used routinely. PCR has 
a high cost and lacks sensitivity without 
preenrichment. 

Serology (ELISAs) is used for herd diag¬ 
nosis. Mixed ELISA meat juice is most impor¬ 
tant for assessing infection at slaughter. 

Note the zoonotic potential of these 
organisms when handling carcasses and sub¬ 
mitting specimens. 


DIFFERENTIAL DIAGNOSIS 


The clinical diagnosis of salmonellosis is 
difficult because of the number of diseases 
that resemble each form of the disease. 
Salmonellosis is characterized by septicemia in 
young animals and acute and chronic enteritis 
in adults, although acute enteritis can occur in 
neonates. Thus the septicemic form of the 
disease must be differentiated from all other 
causes of septicemia and the enteric forms 
from all other causes of diarrhea in both 
young and adult animals. At necropsy the 
isolation of salmonellas from tissues and 
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intestinal contents, although suggestive of the 
presence of salmonellosis, does not of itself 
confirm the diagnosis, and care must be taken 
to ascertain whether other disease is present. 

Pigs 

Septicemic salmonellosis occurs in pigs 1-4 
months of age and is characterized by fever, 
depression, skin color changes, diarrhea, and 
rapid death. 

• Hog cholera, African swine fever, 
coliform gastroenteritis of recently 
weaned pigs, and pasteurellosis may 

resemble septicemic salmonellosis very 
closely and laboratory examination is 
usually necessary for identification. 

• Acute erysipelas is characterized by 
typical skin lesions, fever, swollen joints, 
and typical lesions at necropsy. 

• Swine dysentery is characterized by 
mucoid feces with dysentery and typical 
lesions of the large intestine. 

Acute enteritis 

The differential diagnosis of diarrhea includes: 

Swine dysentery 

Proliferative enteropathy 

Coronaviruses 

Circovirus 

Colibacillosis 

Coccidiosis 

Trichuriasis 


TREATMENT 
Primary Treatment: 

Antimicrobial Therapy 

The choice of antibiotic should depend on 
the use of an antibiogram and the practitio¬ 
ner’s previous knowledge and experience. In 
most salmonellas AMR is plasmid mediated. 

The DTI04 is especially worrying because 
it has a chromosomally integrated multiple 
AMR. 

The use of antimicrobials for the treat¬ 
ment of clinical salmonellosis is controver¬ 
sial and different approaches to the problem 
exist among veterinarians. The controversy 
centers on two parts of the response to treat¬ 
ment and which view is taken depends to a 
large extent on the experience one has with 
respect to them. 

The first issue is that of the success of 
treatment in saving the lives of clinically 
affected animals. It is the author s experience 
that early treatment with broad-spectrum 
antimicrobials is highly effective in reducing 
mortality and returning animals to normal 
function. It is generally agreed that treatment 
must be early, because delay means loss of the 
integrity of intestinal mucosa. A common 
pattern of response to treatment in a herd is 
that the first one or two cases are regarded 
lightly by the owner and they are treated 24 
to 48 hours after diarrhea begins. When these 
cases die, a more prompt regimen is insti¬ 
tuted in which the farmer has the approved 


drug on hand and begins treatment as soon 
as diarrhea with fever is observed. The cure 
rate is then likely to be around 100%. 

The second issue in the controversy about 
antimicrobial therapy for salmonellosis is the 
risk of inducing “carrier” animals. In humans 
and in animals there is some evidence that 
antimicrobials can prolong the duration of 
the period after clinical recovery during 
which the causative bacteria can be isolated 
from the intestine. It is accepted that this can 
occur and that the use of antimicrobials can 
theoretically contribute to the spread of 
disease. However, because of the way in 
which animals are kept, and because they 
constantly ingest contaminated pasture or 
other feed, there is an almost universal 
carrier segment in animal populations, and 
to regard another survivor from salmonel¬ 
losis as a significant contributor to the carrier 
frequency seems an exaggeration. In many 
situations this appears to be the correct view, 
but in other situations an animal can become 
infected, for example, in a veterinary hospital 
or at an exhibition or show, recover clinically 
with treatment and, after returning to its 
parent herd, initiate an outbreak of fatal and 
debilitating salmonellosis. Both epidemio¬ 
logic patterns occur, and they seem to occur 
in different places, so that the most appropri¬ 
ate attitude to take seems to be the one that 
fits local circumstances. In an area in which 
only sporadic cases of the disease occur in 
herds, it would be professionally negligent 
not to treat infected animals with appropri¬ 
ate antimicrobials. In endemic areas, recov¬ 
ered animals should not be sent into herds 
until they are known not to be carriers. 

Other related issues are the creation of 
drug-resistant strains of the bacteria and the 
effect on the normal intestinal flora that 
results from oral medication. The problem 
with resistant strains would not have become 
significant if only individual animals had 
been treated, but mass medication of in¬ 
contact animals and prophylactic treatments 
have generally resulted in a large population 
of resistant strains. 

Oral treatment in pigs is recognized as a 
satisfactory treatment. In summary, antimi¬ 
crobials are recommended for all clinically 
affected animals (see later). The choice of 
antimicrobials depends on a test of drug sen¬ 
sitivity in each case or outbreak, but failing 
this the following generalizations can be 
applied. 

For pigs with septicemic salmonellosis, 
trimethoprim-sulfadoxine is recommended, 
along with a combination of mass medica¬ 
tion of the water supply with chlortetracy- 
cline and sulfamethazine (75 mg of each per 
liter of water). Where large numbers of pigs 
are affected, mass medication via the feed or 
drinking water is usually practiced. Because 
sick pigs do not eat, water treatment is neces¬ 
sary, and if drugs are unpalatable individual 
treatment is the last recourse. Drugs that dis¬ 
solve readily and are palatable are therefore 
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in demand. Experimental disease of pigs 
with S. typhisuis can be controlled by the 
inclusion of low concentrations of chlortet- 
racycline, penicillin, and sulfamethazine in 
the feed. 

CONTROL 

It has become clear that successful interven¬ 
tions must be based on a range of preventive 
approaches. 80 Although in theory increased 
hygiene and establishing all-in/all-out pro¬ 
duction should reduce the level of Salmonella 
in practice, it is not easy to do so. 81 

Control of Salmonella in pigs can be 
divided into three main areas. Herd inter¬ 
ventions are not sufficient to reduce Salmo¬ 
nella to <1% the desired target of the Danish 
schemes. 82 The cost-effectiveness of abattoir 
interventions varies with the size of the plant, 
and the most likely to succeed are steam 
vacuum and steam ultrasound. As yet these 
have not been tested for effectiveness. 

Preventing Infection From Entering 
the Herd (Biosecurity) 

In a simulation study in France, it was found 
that if the movement of animals was based on 
the level of prevalence, and movement was 
not allowed from herds with high herd preva¬ 
lence to those of low herd prevalence, then 
Salmonella could be significantly reduced. 83 

Avoidance of infection is the major objec¬ 
tive but is not easily achieved. The principal 
sources of infection are carrier animals and 
contaminated feeds containing foodstuffs of 
animal origin. 

Breeding stock should only be bought 
from herds that are certified free if the receiv¬ 
ing herd is free from salmonellas. Buying in 
gilts or sows is a much greater risk than 
buying in boars. 

For the pig finishers the following rules 
apply: 

• Introduce the animals directly from the 
farm of origin. Avoid auction marts, 
saleyards, and public transport, all of 
which are likely to be sources of 
infection. Ensure that the farm of origin 
is free of salmonellosis. Finishers 
receiving growers that were positive had 
a much higher level of seroprevalence in 
the finishers than those that did not. 

• If possible, purchase animals when they 
are older to provide an opportunity for 
specific and nonspecific immunity to 
develop. Animals from vaccinated herds 
are desirable but not always available. 

• The premises of dealers, saleyards, and 
transport vehicles must be under close 
surveillance, and the need for frequent 
vigorous disinfection must be stressed. 
With decreasing levels of infection 

it is important that the infections in 
transport systems and the lairage are 
managed. 84 Introduce only those 
animals likely not to be carriers. 
Unfortunately the detection of carriers is 
inaccurate and expensive. To have any 


confidence in the results, fecal samples 
for culture must be submitted on at least 
three occasions. Even then, occasional 
carriers with lesions in the gallbladder 
or tonsils will escape the net and be 
capable of reviving the disease on the 
farm or transferring it to another one. 
Rodent and bird control is essential. Control 
of access to potential human fomites is also 
important, and they should be provided with 
clean protective clothing and boots before 
entering the herd. The significance of various 
environmental sources is often neglected and 
should be studied more intensely, such as 
lairages and truck-washing facilities. 85 

Increased Hygiene to Prevent 
Intraherd Spread 

Possibly the most effective method for the 
control of Salmonella infection in weaners 
appears to be segregated early weaning (no 
extra benefit before 3 weeks) into clean 
accommodations. 86 

When an outbreak occurs, procedures for 
limiting spread, as set out next, need to be 
strictly enforced, and medication of affected 
groups, and of susceptible groups at high 
risk, must be performed. The drugs to be 
used are those listed under treatment as well 
as the choice of the individual drug depend¬ 
ing on its efficiency and cost. 

• Identify carrier animals and either 
cull them or isolate and treat them 
vigorously. Treated animals should be 
resampled subsequently to determine 
whether a “clean” status has been 
achieved. 

• The prophylactic use of antimicrobials 

such as oxytetracycline in the feed at the 
rate of 10 g/tonne, or chlortetracycline 
in the drinking water at the rate of 
55 mg/L, is used but not recommended, 
because results are poor and there is a 
risk of developing resistant strains. 

• Restrict the movement of animals 
around the farm and limit the infection 
to the smallest group. Pasture and 
permanent buildings are both important, 
although the major source of infection 
in most cases is the drinking water. 

• The water supply should be provided 
in troughs that are not susceptible to 
fecal contamination. Static drinking 
water or pasture may remain infected 
for as long as 7 months. 

• Rigorous disinfection of buildings is 
important. An all-in/all-out policy 
should be adopted and steam cleaning 
and chemical sterilization performed 
after each batch of animals. Piglets can 
be reared free of Salmonella infections 
up to 6 weeks of age by removing the 
piglets from infected herds to isolation 
facilities when they are weaned at 10 to 
21 days of age. The movement of pigs 
either at weaning, from the nursery, or 
from the grower unit to newly built or 
rigorously cleaned and disinfected 


finishing units with a known history of 
Salmonella infection is highly successful. 
If economics permit, individual pens for 
calves are beneficial. Where calves are 
reared indoors these pens are common 
and economical. Pig houses need 
especially careful treatment. Dirt yards 
present a problem, especially those used 
for sheep and calves, but, provided they 
can be kept dry and empty, two 
sprayings, 1 month apart, with 5% 
formalin are recommended. Disinfection 
greatly reduces the numbers but does 
not eliminate the organism, 48 irrespective 
of which disinfectant is used. 

• Suitable construction of housing is 
important. Impervious walls to stop 
spread from pen to pen, pen design to 
permit feeding without entering the pen, 
avoidance of any communal activity, and 
slatted floors to provide escape routes for 
manure all assist in limiting the spread 
of enteric diseases. Deep litter systems 
are satisfactory provided they are kept 
dry and plenty of bedding is available. 
With pigs the opportunity for oral-fecal 
cycling of the organism and buildup and 
spread of infection within and between 
groups must be kept to a minimum. Pen 
design and the environment should 
encourage proper eliminative behavior 
and good pen hygiene. Drinkers should 
be sited at one end of the pen, preferably 
on a narrow end with oblong pens, to 
encourage defecation in this area. Wet or 
damp areas of the floor in other parts of 
the pen will encourage defecation and 
urination there and should be 
eliminated. Drinkers of the nipple type 
rather than bowls are preferable for 
hygienic reasons. Communal dunging 
alleys increase the possibility of spread, 
especially during the cleaning procedure, 
and the trend is toward slatted or 
meshed areas over a channel. A totally 
slatted or mesh floor for pigs from 
weaning until 10 to 12 weeks of age will 
markedly reduce the opportunity of 
oral-fecal cycling of organisms in this 
age group, which is especially susceptible 
to enteric disease. Feeders should allow 
the ingress of the pig’s head and should 
be constructed to avoid fecal and other 
contamination of feed. Pigs need to be 
grouped according to size, and 
overcrowding, which may result in 
improper pen hygiene, must be avoided. 
Space requirements vary according to 
pen and housing design but generally 
fall in the region of 0.3 m 2 for recently 
weaned piglets to 0.6 to 1 m 2 for 
market-size pigs. In conventionally 
floored or partially slatted floored pens, 
approximately % of the area should be 
available for the dunging area. The 
construction of the pen should allow for 
easy and efficient cleaning. In problem 
herds an especial vigilance for the 





occurrence of enteric disease is needed 
following the breakdown of pen hygiene 
on very hot days. 

• Disposal of infective material should 
be done with care. Carcasses should 
be burned or, better still, sent to an 
institution for diagnosis, rather than to a 
rendering plant to be converted into still 
more contaminated bonemeal. Slurry 
decreasing the storage time and manure 
for disposal should be placed on crops 
rather than on pasture. Slurry does not 
constitute a danger via hay, and 
salmonellas do not survive silage 
making. When slurry is used on pasture 
it should be stored for at least a month 
beforehand and even longer if silo 
effluent is included. Slurried pasture 
should not be grazed for 1 month, and 
for young animals a 6-month delay is 
recommended. Pig slurry is most 
dangerous and should always be 
avoided. Urea and to a lesser extent 
ammonia may be used to disinfect 
Salmonella-contaminated slurry, 
decreasing the storage time required 
while increasing its fertilizer value. 8 

• All persons working on infected 
premises should be warned of the 
hazards to their own health. Other 
peripatetic species, especially dogs, 
should be kept under close restraint. 
Restrictions on staff movements within 
the unit may also prevent cross-infection. 

• No moving back of animals from pen to 
pen is essential. 

Reducing Exposure to Pathogens 

• Promoting appropriate personal hygiene 

• Using effective methods for cleaning 
and disinfection 

• Controlling the flow of human and 
animal traffic 

• Implementing protocols for prompt 
identification of patients with signs of 
contagious disease 

• Controlling birds, rodents, and flies 

Avoiding Increasing Susceptibility to 

Pathogens 

• Controlling ambient temperature 

• Using antimicrobials appropriately 

• Aiding in establishing normal intestinal 
or rumen flora 

• Controlling endotoxemia 

Monitoring Effectiveness of the 

Infectious Disease Control Program 

• Bacterial culture of fecal samples of 
animals admitted to the hospital 

• Regular culture of environmental 
samples 

Feed Interventions to Aid the 
Pigs' Defenses 

Physical Form of the Feed 

Herds that use pelleted feed have on average 

three times the seroprevalence of herds that 
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mix their own feed. This is surprising because 
most pelleted feed follows stringent rules 
for production and home-mixed diets use 
nonheat-treated soya. Home-mixed feed and 
coarse ground feed protect pigs against 
Salmonella , although there is a loss of 
productivity. 

The addition of 25% of nonheat-treated, 
nonpelleted wheat or barley does have a ben¬ 
eficial effect in those herds with a high sero¬ 
prevalence. Meal feeding increased the 
viscosity of the stomach contents compared 
with pelleted feed and a higher content of 
organic acid producing lactobacilli were 
found in the stomach. Increasing the amount 
of barley also has a protective effect. 

The use of organic acids in dry pelleted 
feed could reduce the seroprevalence in fin¬ 
ishers, and 0.8% of formic acid or lactic acid 
could also reduce Salmonella prevalence. 88 
The same can be achieved by placing organic 
acids in drinking water. They seem to be 
more beneficial in weaner diets than in fin¬ 
isher diets. These effects are probably much 
reduced in sows. In a study of direct-fed 
microbials or organic acids, there was no 
effect on the treatments except for the in-feed 
antibiotic. 89 

The effect of organic acids on Salmonella 
colonization and shedding in weaner pigs in 
a seeder model has shown that the organic 
acids could reduce fecal shedding and 
numbers of coliforms and salmonellas in 
cecal digesta. Colonization of tonsils and 
ileocecal colic lymph nodes by salmonellas 
was not affected. 90 

Liquid feed for finishers seems to reduce 
the level of seroprevalence by two-thirds 
compared with herds using dry feed. The key 
seems to be to keep the pH of the feed below 
5.5 so that the piped feed is also acidic by 
encouraging fermentation or by the addition 
of formic acid. 

Oxygenated drinking water enhances 
the immune activity and response of pigs 
exposed to STM. 91 

Organic Acids 

In a study of the effects of a mixture of formic 
acid and lactic acid (both 0.4% w/v) or 1.0% 
lactulose influenced the numbers of Salmo¬ 
nella in the ileum and cecum of experimen¬ 
tally challenged pigs. 92 

The administration of organic acids to 
drinking water during the last 2 weeks before 
slaughter on Salmonella shedding by slaugh¬ 
ter pigs and the contamination of carcasses 
was shown to be ineffective in reducing the 
levels of bacteria. 93 The effect of the addition 
of organic acids in drinking water or feed 
during part of the finishing period on the 
prevalence of Salmonella in finishing pigs has 
been described. 94 Pigs received a mixture of 
acids (lactic, formic, and propionic) or potas¬ 
sium diformate. At the end of the trial the 
proportion of seropositive pigs was less with 
either treatment than in the controls. The 
frequency of fecal shedding was also lower. 


Heat treatment of feed is an effective 
procedure for pigs. Heating during pelleting 
greatly reduces the bacterial content of feed, 
and the special treatment is worthwhile 
because of the very high proportion of ani¬ 
mal-derived feeds that are infected. The 
availability of such feeds guaranteed to be 
Salmonella- free would be an advantage. 

Feed Withdrawal 

As feed withdrawal times increased before 
slaughter, so the numbers of salmonellas 
increased as the numbers of lactobacilli 
decreased. 95 

Other Options 

In the future there is the potential use of bac¬ 
teriophages to reduce the populations of sal¬ 
monellas, 96 but this study showed that they 
were at very low levels in the commercial 
swine population. Experimental phage cock¬ 
tail therapy of slaughter pigs significantly 
reduced the cecal STM concentrations and 
reduced numerically the ileal Salmonella . 9 

It may be possible to use 2-nitro-l- 
propanol and 2-nitroethanol with added 
chlorine as feed additives to control 
Salmonella , 98 

Immunization 
Salmonella Vaccinology 

A successful vaccine should prevent coloni¬ 
zation of the host, shedding of the organism 
to the environment, the development of the 
carrier state, and the development of the 
clinical state. 80 At present no vaccine fulfills 
all these criteria, but vaccines can reduce the 
on-farm pressure. 99 ' 103 An attenuated vaccine 
reduced STM numbers in a model simulat¬ 
ing preslaughter stress. 104 

A live attenuated STM expressing swine 
interferon (IFN)-a has antiviral activity 
and alleviates clinical signs of TGE. The 
result indicates the value of attenuated Sal¬ 
monella vaccines as delivery systems of 
cytokines. 105 

An inactivated STM bacterin was shown 
to reduce the shedding and horizontal trans¬ 
mission of STM as well as the proportion of 
shedders or carriers at slaughter. 94 

Immunization of pregnant sows with a 
novel virulence gene (VG) deleted live Sal¬ 
monella vaccine, and protection of their 
suckling piglets against salmonellosis has 
been successful. The systemic and mucosal 
immune responses were highly induced by 
the vaccine candidate, especially when this 
was administered by both routes of intra¬ 
muscular prime and oral booster and oral 
prime and booster. 106 

The literature on Salmonella vaccines has 
been reviewed. Host resistance to Salmonella 
relies initially on the production of inflam¬ 
matory cytokines leading to the infiltration 
of activated inflammatory cells in the tissues. 
Thereafter, T-cell- and B-cell-dependent 
specific immunity develops, allowing the 
clearance of Salmonella from the tissues and 
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the establishment of long-lasting acquired 
immunity to reinfection. The increased resis¬ 
tance that develops after primary infection 
or vaccination requires T-cell cytokines such 
as IFN-y, TNF-a, and IL-2, in addition to 
opsonizing antibody. Seroconversion and/or 
the presence of detectable T-cell memory do 
not always correlate with the development of 
acquired resistance to infection. 

Immunization with live salmonellas 
induces early resistance rechallenge with 
virulent organisms that appear 1 day after 
infection or vaccination with live but not 
killed organisms. Early protection is nonspe¬ 
cific and effective against different Salmo¬ 
nella serotypes. Long-term immunity using 
live attenuated vaccines is serotype specific 
and involves the recall of immunologic 
immunity. Killed vaccines induce strong 
antibody responses but trigger insufficient 
T-helper-1 (Thl)-cell responses. 

Vaccines have been developed and tested 
in pigs. If vaccination is combined with the 
hygienic precautions described, the vaccines 
are an aid to management. Killed bacterins 
and live attenuated vaccines are available. 
Either can be used as a prenatal vaccine 
to provide passive immunization of the 
newborn. It is now generally accepted that 
live Salmonella vaccines are more effective 
immunogens in calves than are killed vac¬ 
cines. Experimentally, a live STM vaccine 
delivering recombinant E. coli, K88ab, K88c, 
Fed A, and Fed F has been shown to be 
highly immunogenic. 106 

A commercial vaccine containing living, 
attenuated SCS has also been shown to 
protect neonatal pigs after vaccination of 
sows and weaned pigs. Because of the early 
age at which pigs need to be immune, it is 
recommended that sows be vaccinated three 
times at 7- to 14-day intervals. The young 
pigs are vaccinated at 3 weeks of age. A live 
avirulent SCS vaccine has been developed 
and evaluated for protection against experi¬ 
mental challenge. Vaccinated pigs were able 
to maintain normal BW gains during a 
4-week observation period following chal¬ 
lenge inoculation with a high dose of a viru¬ 
lent strain. It has consistently been safe and 
efficacious in pigs as young as 3 weeks and 
provides protection for at least 20 weeks. An 
STM live negative-marker (OmpD) vaccine 
has been constructed and given to pigs that 
will not interfere with meat juice ELISA 
diagnosis 10 and this holds hope for the 
future. A sophisticated plasmid-cured and 
CRP gene-deleted SCS live vaccine has been 
described, and the mutant may form the 
basis for a new vaccine. 108 

Most cases of salmonellosis in pigs are 
subclinical and caused by S. Typhimurium. 
The ideal vaccine against STM would prevent 
colonization, shedding of the organism in 
the environment, development of carriers 
and clinical salmonellosis, and promote 
elimination of the organism from infected 
animals. Live vaccine strains are considered 


to provide superior protection compared 
with inactivated vaccines. 

Monitoring 

Statistical methods to categorize pig herds 
based on serologic data have been 
described 109,110 as well as descriptive spatial 
epidemiology. 111 

Flerds can be classified quite differently 
according to the test used 112 when three 
ELISAs were compared and their results 
examined. 

Nationwide Surveillance and 
Control Programs 

In 1993, the Ministry of Food, Agriculture, 
and Fisheries of Denmark and the Danish 
Bacon and Meat Council initiated an ambi¬ 
tious program to eliminate pork as an impor¬ 
tant source of human salmonellosis. In the 
early 1990s pork had become recognized as 
an increasingly important source of human 
salmonellosis in Denmark. In Denmark, the 
proportion of human salmonellosis attribut¬ 
able to pork was estimated to be 10% to 15% 
in 1997 and 1998. In the Netherlands, it was 
estimated that approximately 15% of human 
cases of salmonellosis were associated with 
the consumption of contaminated pork. 

The Danish Salmonella Surveillance and 
Control Program for pigs operates at all 
stages of the production chain and has been 
applied nationally since 1995. As a result 
of the program the level of Salmonella in 
Danish pork declined from 3.5% in 1993 to 
0.7% in 2000. Simultaneously, the number 
of human cases of salmonellosis caused by 
pork declined from approximately 1444 in 
1993 to 166 in 2000. Quality control has been 
described. 113 

The control program is integrated from 
“feed to food.” It is based on routine testing 
and classification of slaughter pig herds and 
the subsequent slaughter of pigs according to 
the inherent risk, as measured by the con¬ 
tinual test program. In a study of culture and 
ELISA testing, it was found that results 
cannot be compared easily, because some 
seronegative pigs were + ve on culture and 
some culture - ve pigs were + ve on serology, 
so the test has to be selected to answer a 
specific question. 114 Methodological prob¬ 
lems related to the optical density data 
obtained from meat juice ELISAs have been 
shown to require recalculation; otherwise 
there would be an underestimation of actual 
serop revalence. 1 15 

The Danish Control system and a descrip¬ 
tion of an extended preharvest surveillance 
and control program has been described. 116 
Only hot-water decontamination was socio¬ 
economically profitable in a comparison 
with the control plan as it operated in 2006. 11 

Basically, the level of Salmonella is con¬ 
trolled at various stages. The UK plan has 
been described. 118 The barriers to the adop¬ 
tion of measures to control Salmonella in 
pigs in the UK has been reviewed 119 and one 


of the most important measures was the 
failure of farmers to recognize the impor¬ 
tance of Salmonella control. Other factors are 
the low awareness of pork as a risk for Sal¬ 
monella, the low incidence of Salmonella 
associated with pork, and the food chain 
members do not want to raise the problems. 
It is important to recognize that pooled sam¬ 
pling is highly efficient compared with indi¬ 
vidual sampling and that clustering at pen 
level influences the results; thus it is impor¬ 
tant to take this into account in the estima¬ 
tion of appropriate sample sizes and the 
estimation of prevalence from pooled sample 
data. 120 These data can be used to study 
spatial disease epidemiology. 121 

Feedstuffs 

Compounded feeds are heat treated at 
81°C to eliminate Salmonella. The national 
program requires mandatory Salmonella 
testing in all plants producing animal feeds. 
In 2000 the level of Salmonella spp. in final 
products was only 0.3%. 

Low-level nitrate or nitroethane precon¬ 
ditioning enhances the bactericidal effect 
of chlorate treatments, and this may offer 
opportunities to control Salmonella in the 
future. 122 The supplementation of meal 
diets with potassium dichromate signifi¬ 
cantly reduced the duration of survival 
and increased the rates of decline in 
Salmonella. 123 

The direct feeding of microencapsulated 
bacteriophages has been shown experimen¬ 
tally to reduce colonization and shedding. 124 

A probiotic strain of E.faecium fed to pigs 
resulted in an enhanced infection but also 
an increased level of specific antibodies to 
STM DT104. 12 ' Fligh-dosage dietary zinc 
oxide had no protective effects on weaned 
pigs with DT104. 126 Caprylate in the form of 
encapsulated beads or as an oil might be a 
Salmonella- reducing additive in pig feed. 127 

Breeder and Multiplier Herds 

Each month all herds are blood sampled and 
examined for Salmonella antibodies. Based 
on the level of antibodies, a Salmonella index 
is calculated. If the index exceeds 5, pen fecal 
samples must be taken and examined for the 
presence of Salmonella spp. When the index 
exceeds 15, a sales ban on breeding pigs is 
imposed until the index has declined below 
15 again. 

Weaner Producers 

If a sow herd sells weaners to a Salmonella 
level 2 or 3 finishing herd, pen fecal samples 
must be taken and examined for Salmonella. 

Slaughter Pigs 

In a study of slaughter pigs, ileal contents 
were 18.7% + ve, the lymph nodes 17.8%, 
7.2% in the rectal contents, and 3.6% in the 
carcass swabs. 93 

Slaughter herd pigs are monitored con¬ 
tinuously by serologic testing of meat juice. 
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Meat samples are frozen, and meat juice 
(harvested after thawing) is examined for 
specific antibodies against S. enterica using 
an ELISA. The ELISA combines several S. 
enterica O antigens and allows detection of 
antibody response after a variety of serovar 
infections. The meat samples for testing 
are collected at the slaughter line, and the 
number of samples and frequency of sam¬ 
pling are determined by the size of the herd. 
Herds sending fewer than 200 pigs to slaugh¬ 
ter per year are not examined, which amounts 
to about 1.6% of slaughter pigs. The herds are 
categorized in four levels based on the pro¬ 
portion of seropositive meat juice samples 
during the previous 3 months. Based on the 
optical density percent of the ELISA test, the 
herds are classified into the following levels: 

Level 0: Herds having only seronegative 
over 3 months or more 
Level 1: Herds with acceptable low 
Salmonella prevalence 
Level 2: Herds with moderate Salmonella 
prevalence 

Level 3: Herds with unacceptable high 
Salmonella prevalence 

The herd information as to status can be 
used to direct the risk-based approaches to 
surveillance. 128 ' 130 

A herd categorized as level 2 or 3 must 
receive an advisory visit by a practicing vet¬ 
erinarian and a local extension specialist, and 
certain management precautions must be 
adopted. In a level 3 herd, the finishing pigs 
must be slaughtered under special hygiene 
conditions. In a study in the UK, an increased 
risk of carriage at slaughter was associated 
with >12 hours in the lairage, pigs trans¬ 
ported from northeast UK, and not feeding 
when there was no bedding available. 131 

The proportion of serologically positive 
meat juice samples collected during 1995 
ranged from a mean of 2.9% in small herds 
to 6.1% in large herds. 

Segregated transport to the abattoir has 
additional costs but may reduce contamina¬ 
tion. 1 ’ 2 Costs were governed by the percent¬ 
age of changed shipments and the additional 
distance of a changed shipment. 

In a study of hog carcasses in Canada it 
was shown that the cleanliness of the hogs 
and the status of the scald water were the two 
most important factors involved in the Sal¬ 
monella carriage at the end of the slaughter 
process. 133 Decontamination of pork car¬ 
casses can be achieved using hot water and 
acidified sodium chlorite. 134 

The use of lactic acid sprays as a decon¬ 
tamination measure when used with good 
manufacturing processes during processing 
will significantly reduce Salmonella contami¬ 
nation of pork variety meats (liver, heart, 
intestines, and stomachs). 135 

Cleaning and disinfection in the slaugh¬ 
terhouse, particularly the lairage area, is an 
area that can influence the presence of Sal¬ 
monella on the carcass. 34 


Enumeration of Salmonella in feces of 
naturally infected pigs has been described. 136 
Most exposures to Salmonella of swine are at 
doses below the infectious dose. Doses >10 3 
CFU increase the probability of infection in 
swine. 13 ' Only a few high concentrations of 
Salmonella in feces were clustered within the 
pig and the pen. Identification and removal 
of high shedders may be very effective to 
reduce carcass condemnation. The robust¬ 
ness and rapidity of the direct q-PCR assay 
can be a very useful screening tool for 
removal of the high shedder at the lairage. In 
an experimental evaluation of on-farm inter¬ 
ventions, five activities were ranked feeding 
meal > inclusion of acids in ration > feeder 
pen disinfection or > Salmonella spp. vacci¬ 
nation > in-feed tetracyclines. 138 

Slurry 

The addition of urea to pig slurry will add 
additional antimicrobial ammonia and car¬ 
bonate anions. It could greatly reduce the 
time needed to eliminate Salmonella in slurry 
and reduces the pathogen recycling risks 
associated with using porcine waste as a 
fertilizer. 139 

At Abattoir 

Lesion profiling at processing can be used to 
predict Salmonella contamination of swine 

140 

carcasses. 

The roles of slaughtering in Salmonella 
spreading and control in pork production 
has been reviewed, 141 and they have indi¬ 
cated that there is a continuous source of 
infection from the farm. At the slaughter¬ 
house there are some dressing activities that 
can reduce the carcass contamination but 
others may jeopardize carcass hygiene. 
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INTESTINAL CLOSTRIDIOSIS 
IN THE PIG 

There are three Clostridia involved in intes¬ 
tinal clostridiosis in the pig. 

• C. perfringens type C (CPC) affects 
pigs of 1 to 14 days, usually less than 
7 (rarely older) and produces 
hemorrhagic, watery diarrhea and 
sudden death. 

• C. perfringens type A (CPA) affects pigs 
of 2 to 10 days (rarely older) and 
produces creamy, watery mild diarrhea 
and decreased growth rate. 

• C. difficile (CD) affects pigs of 1 to 5 
days of age (rarely older) and produces 
creamy diarrhea, dehydration, and 
death. 

CD is an important cause of diarrhea in 
humans associated with antibiotic usage. It 
may also present as a colitis, or fulminant 
colitis followed by ileus, toxic megacolon, 
and bowel perforation. It may also cause 
diarrhea in antibiotic treated foals, hamsters, 
and guinea pigs. Some authors highlight the 
high level of relatedness of CD ribotypes 
found in human and porcine isolates. 1-2 It 
was originally associated with hospital infec¬ 
tions but now approximately 40% may be 
community-associated CD infections. 3,4 The 
ribotype 078 is an emerging strain in 
humans and pigs. 5 There is still confusion as 
to whether this is a potential zoonotic or 
food-borne disease. 6 It is likely that there is 
little food-borne risk because the level of 
infection in slaughter pigs is greatly reduced.' 
It has been suggested that humans and pigs 
may be exposed to the same environmental 
sources of CD. The comparative pathology of 
CD-associated disease has been described. 8 
It may be the most important uncontrolled 
cause of neonatal diarrhea in the pig. 9 

ETIOLOGY 

CPC is a primary pathogen but can colonize 
other lesions. It is a large, gram-positive rod 
that only occasionally forms spores and pro¬ 
duces the a- and p-toxins (CPA and CPB 
toxins). The P-toxin is more important and 
is sensitive to protease/trypsin. A second 
toxin, the P-2 toxin, has been found in 
necrotic enteritis, and the function of this is 
not yet clear. Variable amounts of a-, P- and 
8-toxin are produced. C. perfringens type B 
is found occasionally. 

CPA is a normal inhabitant of the intesti¬ 
nal microflora of the newborn piglet but can 
also cause severe disease via the a-toxin, 
which it produces. Immediately after birth, 
there are large numbers in the stomach of 
piglets and later large numbers in the colon. 
Quite often, there are greater numbers in the 
healthy piglets than diarrheic piglets. The 
cpb2 gene and its expressed protein a 27.6-kD 
toxin (CPB2) was first described in an isolate 
from necrotic enteritis. It was subsequently 
demonstrated by PCR in a variety of animals 
with diarrhea and necrotic enteritis. 10 The 


CPB2 toxin is encoded by either a “consensus 
gene” or by an “atypical gene” with 80.4% 
similarity between the two proteins. 11 In a 
study of cpb2 encoding CPA and diarrhea it 
was shown that the consensus cpb2 was 
present in 93% of the isolates in healthy and 
diarrheic piglets and the atypical gene was 
shown in only 56% healthy and 32% diar¬ 
rheic piglets. 12 The presence of CPB2 toxin in 
the intestinal contents of normal and diar¬ 
rheic piglets did not differ significantly. 
There is a role for p-2 toxin, and nearly all of 
the strains of type A also produce this toxin. 
There are also some strains that produce 
enterotoxin. 

CD can be asymptomatic or can cause 
diarrhea in piglets. Spores germinate in the 
ileum, cecum, and colon. It has emerged as 
a cause of enteritis in pigs. It is classified by 
ribotype (O) and toxin types, e.g., 076 toxin 
type V. It produces two major toxins, A (lyses 
epithelial cells) and B (damages underlying 
tissues), both of which are involved in the 
pathogenicity, as well as a third binary toxin. 
Ribotype 078 was found in 83% of pig iso¬ 
lates from North America. 13 

EPIDEMIOLOGY 

The prevalence and diversity of toxigenic 
CPC and CD among the swine herds of the 
Midwest United States was studied. 14 CPC 
was isolated from 89.8% of the pigs and CD 
from 57.7% of the pigs. Most of the CD iso¬ 
lates were toxinotype V, but there was con¬ 
siderable diversity in the CD isolates. 

In a study from Poland, CPC was found 
in 92% of feces samples and all the isolates 
belonged to type A and 48.7% of them con¬ 
tained the cpb2 gene. Type A subtype (3-2 
isolates showed expression of cpa genes in 
100% of strains and cpb2 gene in 71% of the 
analyzed strains. The isolate from 1-day-old 
piglets demonstrated both cpa and cpb2 , 15 

CPC occurs in most pig-producing coun¬ 
tries; necrotic enteritis has even been seen in 
isolated communities in Switzerland. 16 In 
Switzerland it occurs on breeding farms that 
do not vaccinate for CPC. 17,18 

It may be transmitted from piglet to piglet 
but the source is usually sows’ feces. It often 
follows the introduction of new stock to a 
farm and then may occur for a few months. 
If regular imports are made it may last for 15 
months. They are usually present in small 
numbers in the feces of sows but are capable 
of outgrowing the other flora in the neonatal 
pig gut and eventually multiply in huge 
numbers. 

The organism persists in the environment 
as spores that are resistant to heat, disinfec¬ 
tants, and ultraviolet light. 

The epidemiology of CPA has been 
studied on Ontario farms with special refer¬ 
ence to cpb2-positive isolates. 19 The conclu¬ 
sion was that if type A strains were involved 
in neonatal enteritis then there might be 
strains that were not identified by the exist¬ 
ing genotyping system. In this study the 
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cpb2-positive and expressing CPB2 popula¬ 
tion was clonal, and this lineage appeared to 
be adapted to the young piglet. This was the 
first time this was established at the farm 
level. 

CPA infections usually occur in the first 
week of life and sows are the source of infec¬ 
tion. It is ubiquitous in the gut and the soil, 
and there are some strains that cause disease 
and others that do not, but at the moment it 
is not possible to tell them apart unless CBP2 
positivity is shown on PCR. There are likely 
to be spores formed and the organism can be 
found in feed. 

CD has appeared worldwide but particu¬ 
larly in Canada, the United States, France, 
and recently the Netherlands. Nearly two- 
thirds of piglets in major swine-producing 
areas in the United States have CD with some 
herds having 100% infection. It may reflect 
the routine use of antibiotics and also bad 
husbandry and hygiene. In a study in Spain, 20 
the bacteria were recovered from newborn 
piglets (25.9%) and were not recovered from 
1- to 2-month-old pigs. Genes for the pro¬ 
duction of both toxins were found in most of 
the isolates, and only a few had neither of the 
toxin genes. In this study there was no clear 
link between bacterial isolation and neonatal 
porcine diarrhea. A longitudinal study com¬ 
paring CD in conventional and antimicro¬ 
bial-free pigs at farm and slaughter 21 showed 
that CD was at its highest in both systems in 
the farrowing house and decreased with age. 
At slaughter it was very low in both carcasses 
and equipment. Toxinotype V was the most 
common type isolated at about 90% and the 
others were type XIII. The authors found 
antibiotic resistance regardless of antibiotic 
use on the farm. 

In a study of acquisition of CD by piglets 
in the Netherlands a group of six sows, their 
crates, and their litters were studied. 22 Within 
48 hours of birth all 71 piglets were positive 
for CD. One was positive within 1 hour. All 
six sows were positive within 113 hours, and 
the crates were intermittently positive. CD 
was found in the air and on the sow’s teats. 
All were 078 and as in most of the Nether¬ 
lands the same clonal spread except one 
isolate. This study showed that 078 spreads 
easily through the sows, piglets, and the 
environment. Vertical transmission was not 
found and is not likely to be a factor. 

Piglets may be infected within 1 hour of 
birth, but there is no vertical transmission. 
The high prevalence of CD ribotype 078 in 
Iberian wild pigs has been demonstrated 23 as 
well as its occurrence in feral pigs. 24 

In a study in Switzerland, 2 no CD was 
found in pigs or ground meat. 

In a study of slaughter pigs in the Neth¬ 
erlands, a higher incidence of CD was found 
than was expected. 26 The prevalence was 
8.6%, and 16 different ribotypes were identi¬ 
fied with 078 the most common. No specific 
farm factors were identified associated with 
the prevalence of CD. 


A similar study in 2011 showed a high 
prevalence of CD ribotypes in pigs arriving 
at the slaughterhouse. 2 The results showed 
that pigs had CD ribotypes after they were 
stunned and bled in a slaughterhouse. Pigs 
from 9/10 different farms were positive with 
seven different PCR ribotypes, and 015 was 
the predominant ribotype. 

In a recent study in the United States, 28 
88% of the pigs had a single strain of CD 
(196/223 pigs) but 12% carried multiple 
strains. This was the first report of multiple 
strains in one pig. Overall this study showed 
that a significant percentage of strains were 
toxigenic and often are associated with AMR 
genes, although they are not resistant to 
drugs that are used to treat CD infections. 

C. difficile genotypes in piglet populations 
in Germany have been described. 29 The 
organism was isolated from 73% of rectal 
swabs from piglets. The rate of isolation was 
at 68% postpartum, 94% in animals from 2 
to 14 days of age, and declined to 0% after 49 
days of age. There was no link between isola¬ 
tion and antibiotic treatment. This study 
demonstrated that the human pathogenic 
PCR ribotypes 078 and 126 are dominant in 
piglets in Germany. The presence of CD in 
pigs is correlated with animal age but not 
with antibiotic treatment or clinical disease. 

PATHOGENESIS 

The type C organisms colonize the neonatal 
bowel within 24 hours of birth. They can mul¬ 
tiply very rapidly in the absence of colostral 
immunity and attach to the jejunal epithelial 
cells at the tips of the villi. These then slough 
off and the organisms proliferate along the 
basement membrane. Necrosis is extensive 
and hemorrhage follows. The necrosis may 
extend through the gut wall to the muscular 
layers. Then there may be perforation and 
peritonitis. The lethal and necrotizing |3-toxin 
is the key factor. 30 The |3-toxin binds to the 
endothelial lining of vessels showing early 
signs of thrombosis. Initially, it binds to 
small-intestinal mucosal endothelial cells in 
the early stages of experimentally induced 
CPC. 31 It disrupts the actin cytoskeleton of 
the cell and causes cell border retraction and 
cell shrinkage followed by cell death. 32 

Trypsin secretion deficiencies and colos¬ 
tral protease inhibitors probably account 
for the susceptibility of piglets less than 
4 days old. 

The toxin has been found in the intestinal 
contents and the peritoneal fluid. This sug¬ 
gests that death may be caused by the effects 
of intestinal damage and toxemia. 

Type A pathogenesis is not understood 
but it is likely to be similar to type C without 
the attachment of organisms to the epithe¬ 
lium. Attachment and invasion do not occur 
in experimental infections, but epithelial 
necrosis does occur in these, although less 
obviously than in natural cases. There is a 
minimum of lesions, which suggests this is 
a secretory diarrhea. CPB2 is likely to be a 


marker of virulence because it occurs in 
>90% of natural enteritis cases but is rarely 
found in normal pigs. The role of the toxins 
is still uncertain, and the association of neo¬ 
natal diarrhea requires the isolation of large 
numbers of cpb2-positive bacteria and the 
exclusion of other causes. In swine the CPB2 
is nearly always the consensus type and is 
almost invariably expressed. The CPA nearly 
always belongs to a clonal type. Diarrhea 
disease isolates nearly all carry the CPB2 
compared with a smaller proportion of 
CPB2-positive isolates from healthy pigs. 

CD is likely to possess pili, capsule, and 
degradative enzymes but toxins are essential 
to produce the clinical picture. The two 
toxins produced by CD are the largest 
known bacterial toxins. A type of enterotox- 
emia is associated with the presence of 
monomeric CD toxin A (TcdA; 308 kDa). It 
causes fluid production in the intestine. 
Toxin B ((TcdB; 270kDa) does not appear to 
bind to any tissue nor does it produce lesions 
in explants, 34 but it appears to be a cytotoxin 
that is extremely toxic to cultured cells. Both 
toxins are internalized by target cells and 
disrupt the cytoskeleton. There is cessation 
of enzyme production and cell division. 
Degranulation of mucosal mast cells and 
release of inflammatory mediators follows 
with resultant tissue damage. The key event 
appears to be the receptor-mediated endocy- 
tosis in intestinal epithelial cells. ’ 5 

A pore-forming toxin has been identi¬ 
fied in necrotic enteritis strains of C. 
perfringens. 36 

A large survey of AMR and toxin genes 
in commercial swine was undertaken. 37 In 
young pigs, sampled at farrowing time, 73% 
had CD, and it was isolated from 47% of 
sows. Only one pig was positive in the 
nursery and no finishing pigs were positive. 
Resistance to ciprofloxacin was found in 
91.3% in young pigs and in 94% of sows. 
The profile ciprofloxacin-erythromycin- 
tetracycline was detected in 21.4% of the 
piglets and 11.75 of the sows. Most had 
TcdA (65%), TcdB was found in 84%, and 
the binary toxin CdtB was found in 77%. 
The presence of CD spores in the feces of 
food-producing animals represents a risk 
for contamination of meat products. 38 In 
colon explants, toxin A produces cell swell¬ 
ing, swelling of mitochondria and other 
organelles, distension of cytoplasmic vesi¬ 
cles, expansion of paracellular spaces, apop¬ 
tosis, and necrosis. 35 

C. perfringens type E rarely causes 
damage in the pig gut but it can in weaned 
pigs and does so when maternal antibodies 
have disappeared. 

CLINICAL SIGNS 

In all three forms of intestinal clostridiosis it 
is likely that the picture varies with immune 
status and age of the pig. 

In CPC the pigs are normal at birth, and in 
peracute cases there is often sudden death 
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without other clinical signs. There may also 
be hemorrhagic diarrhea with perineal stain¬ 
ing. Affected pigs are weak, reluctant to move, 
and become rapidly moribund. They may 
then be crushed or starve to death. Many pigs 
are found dead within 12 to 36 hours. 

In acute cases, the piglets may survive 1 
to 2 days after the onset of clinical signs. The 
feces may be reddish brown (bloodstained) 
with tissue debris and perineal staining, and 
they rapidly become dehydrated, weak, and 
die. 

In subacute cases there is yellow diarrhea 
without blood, but they become progres¬ 
sively emaciated, may pass tissue flakes, and 
become very thin, dehydrated, and then die 
usually at about 5 to 7 days of age. 

Chronic cases may have intermittent 
diarrhea for more than 1 week. The feces are 
yellowish gray and mucoid, and the tail and 
perineum may be fecal stained. Lesions are 
not visible through the serosa. 

In CPA cases the condition may occur 
over 10 to 21 days, but there is often a creamy 
diarrhea within 2 days of birth, the piglets 
have a rough hair coat, and there is perineal 
fecal staining. Diarrhea may last up to 5 days 
and may become mucoid and pink. Most 
piglets recover but some may be growth 
retarded. 

In CD cases the piglets are affected 
between 1 and 7 days of age and quite often 
they are born to gilts. The prevalence 
decreases with age and is uncommon after 
60 days of age. They present with a history 
of early onset scours, and occasionally with 
respiratory distress. The piglets develop 
dyspnea, emaciation, abdominal distension, 
and scrotal edema. Diarrhea occurs and 
animals rapidly dehydrate with sunken eyes 
and perineal staining. It can cause prewean¬ 
ing losses up to 90% but 50% is the norm. 
There is a suggestion that piglets born to 
sows that have been treated with fluoroqui¬ 
nolones are more susceptible to CD. 

PATHOLOGY 

The pathology of hyperacute CPC is charac¬ 
terized by severely hemorrhagic small intes¬ 
tines full of bloodstained pasty feces and 
bloodstained fluid in the peritoneal cavity. 
Lesions are usually in the jejunum (may be 
only a part) and ileum but can almost reach 
forward to the pylorus. Mesenteric lymph 
nodes may be congested. 

Histologically, there may be necrotic villi 
with a surface pack of gram-positive organ¬ 
isms on the epithelial surface. The crypts 
may be necrotic and there may be significant 
hemorrhage. 

The pathology of acute CPC is less severe. 
The lesions are usually localized and there 
may be emphysema. Often these lesions are 
segmental. There may be a fibrinous perito¬ 
nitis, and the intestinal wall may be thick¬ 
ened with blood and necrotic debris. In the 
subacute cases, there may be a thickened 
intestinal wall. The chronic cases may have a 


diphtheritic membrane over the jejunum, 
and the contents are more watery. 

Histologically, there is severe villous 
necrosis with an overlying carpet of necrotic 
debris, blood, and fibrin with large numbers 
of gram-positive bacteria. 

The pathology of CPA is much less severe. 
The intestine is usually thin-walled, gas-filled 
with watery contents, and without blood. 
The small intestine is often congested. The 
necrotic areas may be seen on the intestinal 
surface. The inflammation is mild occasion¬ 
ally with adherent debris. The large intestine 
does not usually have lesions but may be full 
of pasty contents. Usually there is nothing to 
see outside of these gut lesions. 

Microscopically, there may be villous tip 
necrosis. There may be large numbers of 
organisms on the surface or in the lumen. 
There is no hemorrhage. The stomach usually 
has no lesions. 

Enterotoxigenic strains may produce 
superficial mucosal necrosis and villous 
atrophy. Experimentally, these cases have 
creamy diarrhea and emaciation with low 
mortality to profuse bloodstained diarrhea, 
enteritis, and death. 

In CD infections, there is sometimes 
mesocolonic edema, and the intestines 
are filled with pasty to watery yellow 
feces. Many piglets are toxin positive in 
an infected barn and piglets without signs 
may be toxin positive. 39 ' 41 Focal suppura¬ 
tion in the colonic lamina propria is the 
key lesion, and colonic and serosal edema is 
common. There is frequently an inflamma¬ 
tory infiltrate. There is frequently segmental 
erosion of colonic mucosal epithelium, and 
exudation of neutrophils and fibrin into the 
lumen also occurs. The association of CD 
toxins and gross and microscopic lesions was 
evaluated. 42 There was no significant corre¬ 
lation between CD toxins and mesocolonic 
edema. There was a significant correlation 
between toxins and colitis and typhlitis. The 
toxins were isolated in a significant propor¬ 
tion of the healthy pigs, which may repre¬ 
sent a significant subclinical reservoir in 
swine. 

DIFFERENTIAL DIAGNOSIS 

A presumed diagnosis of type C is formed 
when the clinical signs, pattern of mortality, 
and gross and microscopic lesions are 
evaluated. 

A more chronic form may require detec¬ 
tion of type C organisms in the lesions. 
Although it may be confused with coccidio- 
sis, rotavirus, TGE, porcine epidemic diar¬ 
rhea (PED), it is most likely to be confused 
with CPA, especially in the less severe forms. 
This requires bacteriologic culture, toxin 
detection, or genotyping. 

Diagnosis of type A is more difficult 
because the clinical signs and epidemiology 
are more equivocal. You can find large 
numbers of gram-positive organisms par¬ 
ticularly in the stomach but also the small 


intestine and from feces. Genotyping reveals 
type A organisms with CBP2 toxin ((3-toxin). 
In a summary of a recent study, 12 it was said 
that it was impossible to separate healthy and 
diarrheic piglets on the basis of bacterial 
numbers in the intestine, the presence of 
consensus CPB2 in CPA isolates, the expres¬ 
sion of CPB in the intestine of pigs, and 
between diarrheic piglets with known or 
unknown causes of diarrhea. There was also 
no association between histologic findings 
and the presence of CPB2. The exclusion of 
other agents is not an adequate diagnostic 
criterion, 12 and the large numbers of cpb2- 
positive type A CP should be regarded as 
normal. 

A very interesting document was sent to 
swine practitioners and veterinary patholo¬ 
gists to see how they diagnosed CPA infec¬ 
tions. 43 Most practitioners diagnosed it based 
on the age of the pig alfected (1-7 days), 
and 41% of pathologists were not certain of 
the diagnosis even based on the isolation of 
the organism, genotyping, or detection of the 
toxins and ruling out other pathogens 
through histopathology. 

Diagnosis of CD is by finding the lesions 
in the colon and by finding TcdA and TcdB 
in the feces or colonic contents using com¬ 
mercially available enzyme immunoassays. 

LABORATORY DIAGNOSIS 
Bacteriology 

It is possible to smear the intestinal contents 
and the mucosal lesions. Large gram-positive 
rods are visible. In culture the organisms are 
3 to 5 mm in diameter, gray, and circular 
after 24 hours on horse or bovine blood agar. 
The CPC produces an inner zone of hemoly¬ 
sis associated with theta toxin (perfringoly- 
sin O) and an outer less complete area caused 
by the |3-toxin. A large gram-positive rod 
that grows anaerobically and has a double 
layer of hemolysis is C. perfringens. 

Toxin testing is then essential. The 13- 
toxin is demonstrated in the intestinal con¬ 
tents or peritoneal fluid. Clonal relationships 
can be detected by multilocus sequence 
typing (MLST). 33 

Enzyme immunoassays are now in use to 
detect the genes for the toxins. An RT-PCR 
can be used for the detection of CP toxin 
genes in animal isolates. 43 

The presence of enterotoxin in fecal infil¬ 
trates can be confirmed using commercial 
reversed passive latex agglutination tests, 
counter electrophoresis, ELISA, and Vero 
cells. An antigen-capture ELISA for CP 13-2- 
toxin has been developed. 45 PCRs for the 
genes are also in use. The detection of toxi¬ 
genic CD in pig feces has been described. 46 
The authors developed three different 
sequences: the triose phosphate isomerase 
gene tpi, specific for CD, and the TcdA and 
TcdB genes, which code for the A and B 
toxins of CD, respectively. 

Four different diagnostic tests were used 
to detect CD in piglets. 47 It was concluded 
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that all four tests had a low performance as 
a test for CD in pigs. The RT-PCR was the 
most appropriate test to screen for negativity 
in a herd as a first step, followed by toxigenic 
culture as the second part of the two-step 
algorithm. 

HISTOLOGY 

Large gram-positive rods can be seen in sec¬ 
tions. The hemorrhagic lesions can be almost 
diagnostic. 

In many instances the clostridia are found 
in association with other agents causing diar¬ 
rhea in the neonate (e.g., rotavirus, TGE, 
PED, coccidia, cryptosporidiosis). 

TREATMENT 

Treatment is of little use in type C cases and 
prophylaxis is the most important. Protec¬ 
tion against type C can be achieved by the 
use of equine antitoxin in nonimmune sows, 
or given to the piglets parenterally immedi¬ 
ately after birth, when it will usually protect 
for about 3 weeks. 

Treatment is of more use in type A infec¬ 
tions and antimicrobials will work. 

Treatment of CD may be successful using 
tylosin. A North American study showed 
99% resistance to ciprofloxacin, while 1% 
showed resistance to tetracycline and 6% to 
erythromycin. 21 

CONTROL 

For type C infections oral antibiotics such 
as ampicillin or amoxicillin should be given 
immediately after birth and continued daily 
for 3 days. There may be resistance and 
tetracycline-resistant plasmids have been 
identified. 

Sows should be vaccinated with type C 
toxoid at breeding or midgestation and 2 to 
3 weeks before farrowing. The disease is 
usually eradicated after one farrowing cycle. 
Booster injections should be given 3 weeks 
before the next farrowing. Even after repeated 
vaccinations and the absence of clinical 
necrotic enteritis on the farm, CPC can still 
be detected. 18 

To prevent type A infections autogenous 
vaccines can be made and toxoids for a- 
toxin and p-2-toxin have been used in sows 
for protecting piglets or some other products 
used off license. In addition, avoparcin and 
salinomycin have been used in feed. 

For CD there is a limited approach with 
Bacitracin methylene disalicylate, which can 
be used in the sows to protect the piglets. It 
is given at 250 g/tonne for 2 weeks in the feed 
prefarrowing and in the lactation ration at 
the same level for 3 weeks. 

In a recent study the use of recombinant 
C. perfringens toxoids a and p produced in 
E. coli elevated antepartum and passive 
humoral immunity and could possibly be 
used for the development of a commercial 
vaccine. 48 

There has also been a suggestion that 
competitive exclusion with nontoxigenic 


organisms can also inhibit CD toxigenic 
strains. 49 Spores were given to the dams or 
sprayed on the teats or given orally to the 
piglets. 
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ESCHERICHIA COLI INFECTIONS 
IN WEANED PIGS 

Diarrhea is most frequent when pigs are 
exposed to pathogenic E. coli strains. The 
effect of weaning is to produce a marked 
decrease in the diversity of coliforms in the 
individual piglet. Different strains of E. coli 
were predominant in different animals, 
which may in turn facilitate the spread of 
pathogenic strains. 


Many strains are nonpathogenic. Non- 
pathogenic E. coli supports the physiologic 
intestinal balance of the host. Pathogenic E. 
coli with VG profiles can cause outbreaks of 
diarrhea. It was concluded that VG carrying 
E. coli are a normal part of the intestinal bac¬ 
terial population. 1 Pathogenic E. coli can be 
divided into a variety of pathotypes, but 
there are three major types. These are ETEC, 
verotoxin-producing E. coli (VPEC), and 
attaching and effacing E. coli (AEEC). 

There are two major complicating factors 
in pigs: one of these is that the intestine has 
different distributions of receptors with 
changing age. The other is that nearly all iso¬ 
lates (94.8%) that carry the enterotoxin genes 
also carry genes for one of the fimbrial 
adhesins. The two most prominent geno¬ 
types are K88, LT1, STb and F18, STa, STb, 
and SLT. 

Enterotoxigenic Escherichia coli 

ETEC have two major virulence factors: 
(1) adhesins or fimbriae and (2) enterotox- 
ins. The adhesins promote or control the 
adherence to small-intestinal epithelial cells 
and include K88, K99, F41, 987P, and F18. 
Only F18 and K88 are frequently associated 
with disease in weaned pigs. Only young pigs 
are susceptible to K99 or 987P. Age-related 
susceptibility is related to the presence or 
absence of the appropriate receptors in the 
small intestine. The enterotoxins belong to 
two groups; heat-labile enterotoxin (LT) and 
the heat-stable enterotoxins STa or STb. Only 
weaned pigs are susceptible to F18, and resis¬ 
tance develops by 8 weeks of age, because the 
binding appears to be blocked. The receptor 
for F18 has not yet been identified, but it is 
a glycoconjugate in which the attached car¬ 
bohydrate acts as a target for the fimbriae. 
The F18 adhesin occurs in two forms: ab 
found in VTEC and ac found in ETEC. 

There is also an F4 fimbrial antigen that 
is on a different chromosome from F18. F4 
ETEC cause problems in the first week after 
weaning, but F18 VTEC cause problems 1 to 
2 weeks after weaning. 

Verotoxin-Producing Escherichia coli 

These strains produce Shiga toxin or Shiga- 
like toxins (verocytotoxins) and cause edema 
disease (ED). Swine VTEC colonize the 
intestine via the FI8 pilus, as do some swine 
ETEC. It is not uncommon to find F18- 
positive strains that produce enterotoxins 
and verotoxins and can cause both diarrhea 
and ED. 

Attaching and Effacing 
Escherichia coli 

These bacteria possess the eae gene, which 
encodes for intimin. This is an adhesin factor 
that facilitates the attachment of bacteria to 
intestinal epithelial cells. It is on a plasmid 
that is distinct from the K88-encoding 
plasmid in ETEC and ETEC strains that 
produce attaching and effacing lesions. 
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The following strains are found: 

• K88 ab, ac, and ad 

• F18ab (more associated with ED) and 
F18ac 

• F41, usually associated with K99 fimbriae 

• Strains containing LT, STa, STb, 
Shiga-like toxin 2e (Stx2e), and possibly 
enteroaggregative E. coli 

Twenty years ago most of the pig strains were 
987 or K99 positive. The genes for Stx2e and 
FI8 were rare then, but are much more 
common now. 

0157 in Pigs 

In a recent survey in Sweden only two 
0157:H7-positive and four 0157:H7-nega- 
tive strains were found. Pathogenicity is indi¬ 
cated by genes encoding for one or more of 
the Shiga toxins, but several other factors 
may also be necessary. Most strains do not 
possess Shiga toxins but do carry the F4 or 
FI8 fimbrial adhesins. A third of the strains 
examined produced STa or STb, but less than 
a third produced STx and half the eae gene. 

Postweaning diarrhea (PWD) and ED 
are two common E. coli infections of weaned 
pigs. In PWD, there is diarrhea, dehydration, 
and often death. In ED or enterotoxemia 
there is subcutaneous edema of the forehead 
and eyelids, and neurologic clinical signs 
such as ataxia, convulsions, recumbency, and 
death. ETEC strains isolated from cases of 
PWD mainly belong to O Groups 08, 0141, 
0147, 0149, and 0157. Strains associated 
with ED predominantly have O Groups 
0138, 0139, or 0141. PWD is a significant 
cause of mortality between weaning and 
slaughter in some herds. Although the clini¬ 
cal signs in these two diseases are different, 
they occur in similar age groups, and the 
same type of management change may 
precede their occurrence. Weaning and 
weaning age are both associated with signifi¬ 
cant effects on the microbial populations. In 
PWD the bacteria disappear more quickly, 
usually by about 7 days postinfection (DPI), 
but in ED they may still be there 9 DPI but 
with a slower buildup to a peak within 3 to 
5 DPI. A typical scenario would be 4 to 5 
days PWD followed by clinical ED with mor¬ 
tality reaching as high as 50%. Both are asso¬ 
ciated with the proliferation of predominantly 
hemolytic serotypes of E. coli within the 
small intestine. However, it is rare to encoun¬ 
ter both diseases concurrently on the same 
farm. In PWD the serotypes are ETEC and 
the major manifestation is diarrhea resulting 
from enterotoxin activity at the time of pro¬ 
liferation. In ED nonenterotoxigenic strains 
produce a verotoxin that, after a period of 
time, indirectly produces the neurologic syn¬ 
drome characteristic of this disease. 

One of the features of virulence in E. coli 
is the presence of mobile genetic elements 
such as plasmids, bacteriophages, and patho¬ 
genicity islands. A pathogenicity island 
coding for F18-positive fimbriae has been 
found. Cytolethal distending toxins have also 


been described. In many countries the preva¬ 
lence of ED has decreased, whereas coliform 
gastroenteritis has increased. It is possible 
that this change reflects the trend toward 
earlier weaning of pigs, although the emer¬ 
gence and spread of new ETEC strains may 
also be a factor. More recently a third disease, 
cerebrospinal angiopathy, has been attrib¬ 
uted to the effects of infection with E. coli. 
Although there are some similarities in the 
etiology and epidemiology of these diseases, 
they are sufficiently different to warrant a 
separate description. 

One of the major features in common is 
the process of weaning, which is probably the 
most serious disturbance a young piglet may 
face. This change of diet from liquid to solid 
is also accompanied by a multitude of other 
changes such as moving, mixing, environ¬ 
mental, and managemental. It also alters 
immune functions and produces stress and 
profoundly alters the intestinal microflora, 
particularly the coliform flora. Some strains 
may increase but others may decrease. 

It is also important to realize that some E. 
coli may also cause fatal shock. They are 
usually F4 (K88-positive) ETEC (0149, 
0157, or 08) or ED causing E. coli (Stxe). 
Death occurs before either the diarrhea or 
the edema is produced. It is probably caused 
by the rapid release of large amounts of LPS 
by colonizing ETEC, which then produce a 
cytochrome storm (TNF-a, IL-1, and IL-6). 
There are usually no clinical signs and 
minimal lesions including congestion and 
blood-tinged enteritis. 

Systemic E. coli infections also occur in 
pigs of any age but often in the very young 
when there is little colostral protection. 
Usually, the infections are ETEC. The clinical 
signs are quite variable and develop within 
12 hours, with as little as distended abdo¬ 
mens on or piglets are found dead within 48 
hours on the other. 

EDEMA DISEASE (GUT 
EDEMA, ESCHERICHIA COLI 
ENTEROTOXEMIA) 

ED occurs in weaner and grower pigs and is 
characterized by subcutaneous and subsero- 
sal edema, progressive ataxia, recumbency, 
and death. Although isolated strains from 
pigs are unlikely to be associated with severe 
human disease, healthy pigs cannot be 
excluded as a potential source of human 
infection with Stx2e-producing STEC (Shiga 
toxin producers). 2 


SYNOPSIS 


Etiology Escherichia coli strains producing 
verocytotoxin and Shiga-like toxin 

Epidemiology In rapidly growing weaner 
pigs between 4 and 12 weeks of age 
following change in diet or feeding 
practices and waning of maternal antibody 


Sign Sudden death. Incoordination, falling, 
edema of eyelids and face; piglets die in 
6-36 h. 

Clinical pathology Culture E. coli from feces. 

Lesions Facial edema, full stomach, and 
mesenteric edema 

Diagnostic confirmation Culture specific 
organism 

Differential diagnosis list 

• Pseudorabies 

• Viral encephalomyelitis of pigs 

• Encephalomyocarditis 

• Streptococcal meningitis 

• Salt poisoning 

• Organic arsenic poisoning 

• Mulberry heart disease 

Treatment None 

Control Avoid drastic changes in diet. 


ETIOLOGY 

ED is associated with E. coli strains produc¬ 
ing a Stx,Stx2e toxin, which enters the blood¬ 
stream and damages vessel walls. Three 
serogroups cause ED: 0138,0139, and 0141 
and sometimes 0147. They are called EDEC 
and are nearly all a-hemolytic. The strains 
have adhesins that enable the bacteria to 
colonize the intestine and elaborate protein 
exotoxins. The biochemical phenotypes were 
studied in Sweden and 0138, 0139, and 
0141 are dominated by one phenotypic 
type, even though others do occur within 
the serotype. The entire pathogenicity island 
known as ETT2 is necessary for the ED viru¬ 
lence factors in 0138, 0139, or 0141. Iso¬ 
lates of E. coli have been found in which the 
toxin or F18 fimbrial types were not related 
to selected electrophoretic types. This sug¬ 
gests that toxin and FI8 genes in the isolates 
from pigs with PWD or ED occur in a variety 
of chromosomal backgrounds. The bacteria 
colonize the small intestine without causing 
significant changes by means of the adher¬ 
ence factor F18 (F107), usually F18ab or 
occasionally F18ac, as the fimbrial adhesin. 
The E. coli strains with the highest mucin¬ 
binding capacity belonged to potential ST 
toxin producers, whereas strains without 
genes encoding for toxin production dis¬ 
played a much weaker binding to mucin 
capacity. In a recent outbreak in Denmark, 
in which ED had not previously been 
observed, most isolates were 0139, but a few 
were untypeable. All the isolates from the 
Danish pigs with ED were in one cluster in 
contrast to isolates from other countries, 
which did not form any clusters. In the 
Denmark study, 563 isolates were serotyped 
and 0149 was found in 49.9% of the isolates, 
0138 in 14.9%, 0139 in 6.9%, 0141 in 4.1%, 
and 08 in 3.7%. The VGs were examined and 
they fell into six pathotypes that covered 
65.7% of all isolates. The F107 fimbriae are a 
major colonization factor in E. coli that 
causes ED. 












Inheritance of Susceptibility to ED 

Inheritance of resistance to intestinal coloni¬ 
zation with E. coli causing ED is thought 
to be under the control of one locus con¬ 
sisting of two alleles with susceptibility 
(S)-dominating resistance(s). Genetic sus¬ 
ceptibility to ED is caused by the ability of 
F107-expressing E. coli to adhere to and 
colonize intestinal brush border cells and not 
toxin susceptibility. There is a high correla¬ 
tion between intestinal FI 8 receptor geno¬ 
type and susceptibility to disease, but pigs 
with resistant FI8 receptor genotypes were 
not entirely protected against colonization by 
E. coli. 

EPIDEMIOLOGY 

Possibly the most significant factor in the 
development of ED is the loss of milk anti¬ 
bodies at weaning. The environment of the 
weaner unit is the most likely source of the 
E. coli, either from other weaned pigs or from 
a dirty environment. Not all infected pigs 
develop the disease. 

The specific serotypes of E. coli that may 
cause disease are introduced into a piggery 
and become part of the normal intestinal 
flora. They may not cause disease until a 
particular set of environmental conditions 
arises, such as when they proliferate exces¬ 
sively within the intestine to produce toxin. 
The disease occurs predominantly in pigs 
between 4 and 12 weeks of age. It may occur 
sporadically but more commonly occurs 
as an outbreak affecting up to 50% of the 
pigs within the group. Characteristically, 
the larger and faster growing pigs within 
the group are affected. The disease is not 
common in runt or poorly thriving pigs. Age 
at weaning, diet, overcrowding, chilling, 
transportation, and other factors influence 
the susceptibility of pigs to E. coli -producing 
SLTIIe, and could determine whether sub- 
clinical or clinical ED occurs following infec¬ 
tion. Piglets fed high-protein diets are more 
susceptible to experimental clinical ED than 
piglets fed low-protein diets. The disease fre¬ 
quently occurs within 1 week following a 
change in diet or ad libitum feeding but may 
also follow such factors as weaning, vaccina¬ 
tion, pen change, and regrouping. A study 
even found VPEC 0139 in water storage 
tanks and drinking water. 

FI8 fimbriae have increased greatly since 
1997 from 10% to 70%, and this may be 
tied into the genetic selection of the stress 
gene. 

The outbreak is sudden in onset but 
short-lived, averaging 8 days and seldom 
exceeding 15 days. The epidemiology of the 
disease in affected herds is not characteristic 
of a highly contagious disease, and it does 
not usually spread to involve other pens of 
pigs on the same farm. 

The disease follows proliferation of the 
relevant serotypes within the intestine. Sero¬ 
types of E. coli associated with gut edema 
may be isolated from the feces of healthy 
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pigs. The factors initiating proliferation are 
unknown, but changes in the composition or 
amount of diet commonly precipitate the 
onset. Management factors that potentiate 
oral-fecal cycling of these organisms are 
likely to be important to spread within the 
group. 

PATHOGENESIS 

A number of F18ab or F18ac strains produce 
both enterotoxins and Stx2e, and in these 
cases PWD is usually more common than 
ED. There may also be mixed infections of 
both ETEC and EDEC strains in which diar¬ 
rhea usually predominates. 

The FI8 receptors important in ED are 
not fully expressed in pigs under 20 days of 
age. The F18-positive strains cause ED about 
5 to 14 days after weaning. The fimbrial 
receptors can be moderated by lectins in the 
diet, and this may be the reason that the 
FI8 colonization is reduced after weaning. 
Toxemia resulting in severe edema in specific 
sites that have absorbed Stx2. Colonization 
by EDEC develops on the tips and sides of 
the villi in the distal jejunum and ileum. The 
Stxe is absorbed into the circulation and 
causes vascular damage to the target organs. 
It is not normally absorbed, but is under 
the influence of unknown factors that may 
include bile. Absorption causes a degenera¬ 
tive angiopathy of small arteries and arteri¬ 
oles. In the brain the changes may be 
exacerbated by the anoxia that results from 
the slow blood flow. 

It is a simple progression. The intestine 
of a susceptible pig, which is usually fast¬ 
growing and without maternal antibody, 
has receptors for FI8 pili. This appears to be 
the major factor, and then colonization by 
E. coli occurs with toxin production, absorp¬ 
tion of toxin, and damage to vascular epithe¬ 
lium. The endothelium appears to have a 
specific toxin receptor for Stx2e, and finally 
edema develops in target tissues. Epithelial 
receptors for pathogenic ED are not found 
in all pigs. The receptors for both F14 are 
on one chromosome (13) and for F18 on 
another. 3,4 The numbers of E. coli rapidly 
proliferate when infected to levels of 10 9 /g 
feces. 

Nutritional factors and gastrointestinal 
stasis result in proliferation of the E. coli 
strains in the small intestine and toxin pro¬ 
duction. There is generally a delay between 
the initial period of maximal intestinal pro¬ 
liferation and the onset of clinical signs. In 
the experimental disease, clinical signs occur 
5 to 7 days following initial oral challenge 
with bacteria and up to 36 hours following 
intravenous inoculation with toxin. The 
delay appears to be related to the develop¬ 
ment of vascular lesions, with increased 
vascular permeability leading to edema for¬ 
mation and encephalomalacia. The experi¬ 
mental oral inoculation of the ED-producing 
E. coli results in colonization of the small 
intestine, and lesions of the vessels of the 


intestinal mucosa are detectable as early as 2 
days after infection. An experimental model 
for subclinical ED in weaned pigs has been 
described. Microscopic vascular lesions were 
found in pigs 14 days after oral inoculation 
with a SLT2-positive strain of E. coli. Once 
PWD occurs there is an increased intestinal 
permeability that predisposes to ED, and 
once developed the influx of SLT toxin into 
the bloodstream is facilitated further, pre¬ 
cipitating the disease. ED is associated with 
metabolic acidosis, which might be explained 
by endogenous acid production and small- 
intestinal acidosis. Intestinal acidosis is 
known to cause mucosal hyperexcitability. 

CLINICAL FINDINGS 

PWD and ED can occur simultaneously. The 
case mortality rate varies from 50% to 90%. 
It may appear suddenly and disappear sud¬ 
denly. Recurrence on premises is not unusual. 
It usually occurs after weaning but can occur 
at any time. 

The diseases occur sporadically and 
unexpectedly in a group, often affecting a 
number of pigs within a few hours, and show 
no tendency to spread from group to group. 
The thriftiest pigs are most likely to be 
affected and, once the diagnosis is made, all 
pigs in the pen should be examined in an 
attempt to detect other animals in the early 
stages of the disease. The incidence in a litter 
will vary up to 50% or more. 

Quite often pigs may become inappetent, 
with swelling of the eyelids and forehead. 
The earliest and most obvious sign is incoor¬ 
dination of the hindlimbs, although this may 
be preceded by an attack of diarrhea. The pig 
has difficulty in standing and sways and 
sags in the hindquarters. There is difficulty 
in getting up and in getting the legs past 
each other when walking because of a stiff, 
stringhalt-like action affecting either the 
forelegs or hindlegs. In some cases there are 
obvious signs of nervous irritation mani¬ 
fested by muscle tremor, aimless wandering, 
and clonic convulsions. Complete flaccid 
paralysis follows. A peculiar squeal may also 
be heard. There is usually no diarrhea or 
fever. There may be pruritus. In the terminal 
stages there may be a watery diarrhea. 

Subclinical disease may occur when pigs 
are clinically normal and may then develop 
vascular lesions and have a slow growth rate. 

On close examination, edema of the 
eyelids and conjunctiva may be visible. This 
may also involve the front of the face and 
ears but cannot usually be seen until nec¬ 
ropsy. The voice is often hoarse and may 
become almost inaudible. Blindness may be 
apparent. The feces are usually firm, and 
rectal temperatures are almost always below 
normal. The course of the disease may be 
very short, with some pigs being found 
dead without signs having been observed. 
In most cases, illness is observed for 6 to 
36 hours, with a few cases being more 
prolonged. Recovery does sometimes occur, 
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but some degree of incoordination may 
persist. 

CLINICAL PATHOLOGY 

As an aid to diagnosis, while affected animals 
are still alive, fecal samples should be cul¬ 
tured to determine the presence of hemolytic 
E. coli. Knowledge of the drug sensitivity of 
the organism may be important in prescrib¬ 
ing control measures. The ED principle is 
cytotoxic to Vero cells and may be useful in 
an assay system for diagnosis. The toxin 
Stx2e has been detected in the peripheral 
blood of pigs with clinical disease, which not 
only shows that toxin is transported but may 
eventually lead to a technique for the detec¬ 
tion of early cases. 

NECROPSY FINDINGS 

The pig is well grown for its age, the stomach 
is full of feed, and the feces are usually 
normal. Edema is variable. Edema of the eye¬ 
lids, forehead, belly, elbow and hock joints, 
throat, and ears is accompanied by edema of 
the stomach wall and mesocolon in classical 
cases. The gelatinous edema may be very 
thick around the stomach and mesentery. 
The mesocolon is also edematous and edema 
of the gallbladder is sometimes observed. The 
lymph nodes may be swollen and edematous. 
Quite often the stomach is full of dry food. 
Colonic contents may be reduced. There 
may be pulmonary edema and petechial 
hemorrhages in the epicardium and pericar¬ 
dium. Excess pleural, peritoneal, and pericar¬ 
dial fluid is also characteristic, and the 
skeletal muscles are pale. The edema may 
often be slight and quite localized, so exami¬ 
nation of suspected areas should be per¬ 
formed carefully, using multiple incisions, 
especially along the greater curvature of the 
stomach near the cardia. Hemolytic E. coli 
can be recovered in almost pure culture 
from the intestine, particularly the colon 
and the rectum, and in some cases from the 
mesenteric lymph nodes. Polyclonal antisera 
directed against serotypes of£. coli associated 
with ED are used to confirm the diagnosis 
via an agglutination test. 

In some cases, an atypical hemorrhagic 
gastroenteritis has been described with 
marked edema, but the mucosae of the small 
and large intestine show extensive hemor¬ 
rhage and there is a watery diarrhea, fol¬ 
lowed by death. 

There may be multifocal encephalomala- 
cia in the brainstem together with typical 
lesions in small arteries and arterioles. 

Histologically, the important lesions are 
mural edema, hyaline degeneration, and 
fibrinoid necrosis in arteries and arterioles. 
Sometimes the lesions are minimal and dif¬ 
ficult to recognize. In subacute to chronic 
cases this angiopathy may result in focal 
brain hemorrhages and encephalomalacia. 
Patchy layers of bacteria are adherent to 
distal jejunal and ileal mucosa but have often 
disappeared by the time the pig dies. 


Samples for Confirmation 

of Diagnosis 

• Bacteriology: Ileum and colon (CULT); 
culture of the types of E. coli and 
confirmation of serotype and virulence 
factors is essential. In ED a large 
number of the E. coli may have 
disappeared. The presence of hemolytic 
E. coli is not diagnostic for ED because 
there are some strains of EPEC that can 
cause ED but are nonhemolytic. There 
are more cases of mixed infections 
with E. coli now than before. The 
differentiation of pathogenic and 
nonpathogenic E. coli can be achieved 
through PCR. A multiplex PCR has 
been developed for STa, STb, K99, 987P, 
and F41.' A multiplex PCR assay for 
nine different virulence factors 
associated with E. coli that cause ED in 
swine is available. 6 The tests tell you that 
the gene is present but not whether it is 
actually encoding for the proteins. 

• Histology: Formalin-fixed colon, ileum, 
jejunum, gastric fundus, brain, and 
mesenteric lymph node (LM). 


DIFFERENTIAL DIAGNOSIS 


The appearance 2 weeks postweaning is 
suggestive, as are visible edema and nervous 
signs. Although there are a number of 
diseases of pigs in the susceptible age group 
in which nervous signs predominate, gut 
edema is usually easy to diagnose because of 
the rapidity with which the disease strikes, the 
number of pigs affected at one time, the 
short duration of the outbreak, and the 
obvious edema of tissues. Affected pigs are 
usually in prime condition. The ataxia and 
recumbency must be differentiated from 
diseases of the nervous system of pigs that 
cause ataxia and recumbency. These include 
pseudorabies, viral encephalomyelitis (Teschen 
disease), encephalomyocarditis, streptococcal 
meningitis, salt poisoning, and organic arsenic 
poisoning. Mulberry heart disease and 
encephalomyocarditis can produce similar 
signs, and differentiation on necropsy findings 
and histopathology is necessary. In poisoning 
by Amaranthus spp. and Chenopodium album 
the signs may be roughly similar, but the 
edema is limited to the perirenal tissues. 


TREATMENT 

Sick pigs should be treated initially with 
antimicrobials and electrolytes parenterally 
because they do not eat or drink. Adminis¬ 
tration in water may then follow. Treatment 
is ineffective. Elimination of the toxin- 
producing bacteria may be attempted by use 
of antimicrobials in the feed or water sup¬ 
plies. The choice of antimicrobial will vary 
depending on area variations of the drug 
sensitivities of E. coli. The drug should be 
highly active in the lumen of the gut (possibly 
fluoroquinolones, cephalosporins, apramy- 
cin, ceftiofur, neomycin, or trimethoprim), 


depending on the prescribing rules in each 
country. The feed consumption of the unaf¬ 
fected pigs in the group should be reduced 
immediately and then gradually returned to 
previous levels over a period of a few days. 
Recovered pigs have protective antibodies 
to Stx2e. 

CONTROL 

Nurseries should be managed as all-in/ 
all-out facilities and properly cleaned, disin¬ 
fected and dried, and rested before the next 
arrivals. Correct temperatures for weaning 
and the avoidance of cooling draffs are espe¬ 
cially significant. 

The strains of PWD and ED of all the 
E. coli are the ones that are likely to show the 
most antibiotic resistance. 

Pigs should be kept on the same creep 
feed for at least 2 weeks after weaning, and 
the change in feed should be made gradually 
over a 3- to 5-day period. Feed restriction 
through the critical period is frequently 
practiced and may reduce the occurrence of 
ED. Similarly, an increase in crude fiber and 
decrease in nutrient quality of the diet 
through this period may reduce the inci¬ 
dence. However, it is evident that a severe 
restriction and marked decrease in nutrient 
quality is required to fully achieve this effect, 
and this is not compatible with the purpose 
of growing pigs. It is essential that pigs on 
restricted intakes be provided with adequate 
trough space to allow an even intake of food 
among the group. For similar reasons, litters 
of pigs that are batched at or after weaning 
should be divided into groups of approxi¬ 
mately equal BW. 

The strategic incorporation of an antimi¬ 
crobial into the feed during the risk period 
may be necessary on some farms. A reduc¬ 
tion in the potential for oral-fecal cycling of 
organisms in the group may reduce the inci¬ 
dence of ED. A reduction in the age of 
weaning may also reduce the incidence. Both 
organic acids and medication with 50 ppm 
of enrofloxacin are useful in controlling and/ 
or preventing PWD or ED. 

Treatment with anti-VT2E serum can 
provide protective immunity against ED 
in pigs. 

Spray dried porcine plasma has helped 
because it contains specific anti-ETEC anti¬ 
bodies. The use of eggs from previously vac¬ 
cinated hens has also been used. 

No successful vaccine is available to 
produce the increased levels of IgA required 
to neutralize the attached E. coli. A new 
recombinant vaccine has been developed for 
a Stx22e subunit vaccine.' Only vaccines 
with the preformed fimbriae induce protec¬ 
tion, and this is limited to the homologous 
variant but, experimentally, vaccination of 
piglets with a genetically modified Shiga-like 
toxin 2e prevents ED following challenge 
with the Shiga-like toxin after weaning. The 
concentration of protein in the diet also 
influenced susceptibility to ED. Pigs fed a 









low-protein diet and not vaccinated devel¬ 
oped subclinical ED. Pigs fed a high-protein 
diet and not vaccinated developed clinical 
ED. Pigs fed a high-protein diet and vacci¬ 
nated had a reduction in the incidence of 
subclinical edema and did not develop clini¬ 
cal ED. 
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POSTWEANING DIARRHEA 
OF PIGS (COLIFORM 
GASTROENTERITIS) 

PWD is common within several days after 
weaning and is characterized by a reduced 
growth rate associated with alterations in the 
mucosa of the small intestine and, in some 
pigs, by acute coliform gastroenteritis char¬ 
acterized by sudden death, or severe diar¬ 
rhea, dehydration, and toxemia. It is a major 
cause of economic loss from both mortality 
and inferior growth rates for several days to 

2 weeks following weaning. The etiology, epi¬ 
demiology, and pathogenesis are multifacto¬ 
rial and complex because of the several 
weaning-associated factors that may interact. 
In some instances the PWD may be followed 
by ED. 


SYNOPSIS 


Etiology Specific serotype of enterotoxigenic 
Escherichia coli 

Epidemiology Three to 10 days postweaning; 
high morbidity and case-fatality rates. 
Stressors of weaning are risk factors 
(change of feed, loss of maternal contact 
and maternal antibody, mixing litters, and 
environmental changes) 

Sign Some pigs found dead. Outbreaks of 
severe diarrhea a few days postweaning. 
Fever, dehydration, anorexia, loss of 
weight, and death in a few days 

Clinical pathology Culture organism from 
feces and intestinal contents. 

Lesions Dehydration, serofibrinous peritonitis, 
fluid-filled intestines, and mesenteric 
edema 

Diagnostic confirmation Isolate specific 
serotypes of E. coli. 

Differential diagnosis list 

• Gut edema 

• Swine dysentery 

• Salmonellosis 

• Erysipelas 

• Pasteurellosis 
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Treatment Antimicrobials in water supply 
Control Minimize stress at weaning. 
Antimicrobials in feed and water 
postweaning. Intestinal acidification. Zinc 
oxide in diet postweaning 


ETIOLOGY 

Some strains of E. coli can cause both ED and 
PWD. The key feature is the disappearance 
after weaning of antibodies to E. coli previ¬ 
ously provided by milk. The disease is associ¬ 
ated with ETEC that produce adhesion 
factors that allow colonization of the intes¬ 
tine and mediated by enterotoxins that 
induce the intact intestinal mucosa to secrete 
fluid. It can also be caused by EPEC that do 
not possess any of the virulence factors of 
PWD or ED. A summary would be that PWD 
is associated with fimbrial types F4 (K88) and 
FI8 variants (F18ac or F18ab as fimbrial 
adhesins) 1,2 and carrying the genes for the 
Shiga-like toxin 2(SLT-2E), LT, and/or Shiga 
toxin A and B (STa or STb). Toxin and F18 
fimbrial genes in E. coli isolated from pigs 
with PWD or ED occur in a variety of chro¬ 
mosomal backgrounds. The three F4 recep¬ 
tors (F4ab, F4ac, and F4ad) are encoded on 
distinct loci. 1 2 * Nearly all are a-hemolytic and 
belong to a limited number of serotypes. 

The presence of the F4 receptor was asso¬ 
ciated strongly with pigs being high shedders 
of E. coli. 4 Most commonly, F4 is serotype 
0149, and F18 is serotype O 139, 0138, 
0141, 0149, and 0157, which are associated 
with the disease. Most serotypes appear to 
be 0149:STaSTbLT:F4 (K88). The strains of 
0149 isolated in recent years from weaned 
pigs with diarrhea possess the gene for an 
additional enterotoxin STa, which older 
strains lack. Of the new strains that corre¬ 
spond to 0149 FI10, 92% code for this gene. 
This enteroaggregative E. coli heat-stable 
enterotoxin 1 ( EAST 1 ) gene is found in iso¬ 
lates from weaned pigs that have diarrhea or 
ED. The FI07 fimbriae can be found in asso¬ 
ciation with PWD isolates, and other adhe¬ 
sive fimbriae such as Av24 and 2134P have 
been described. Many ETEC isolates colo¬ 
nize the small intestine of weaned pigs but 
lack known colonization factors. The sero- 
groups of E. coli isolated from pigs with 
PWD in piggeries in Spain include strains 
that produce the ETEC and VTEC E. coli 
and cytotoxic necrotizing factor toxins. The 
disease can be reproduced consistently in 
weaned pigs, provided the pig’s epithelial cell 
brush borders are susceptible to the adhesin 
of strains of E. coli with fimbrial antigen F4 
(K88). The DNA sequences coding for the 
FI8 fimbrial antigens and AIDA adhesin are 
on the same plasmid in E. coli isolated from 
the cecum. Usually they were LTSTb or STb 
(13%) and 12% were hemolytic and F18- 
positive. The remainder were nonhemolytic, 
belonging to the K48 serogroup. 


Although there is an etiologic similarity 
between PWD and neonatal enteric colibac- 
illosis in suckling piglets, the relationship is 
not exact. Strains associated with neonatal 
enteric colibacillosis may not have the 
ability to produce PWD, and many strains 
isolated from coliform gastroenteritis lack 
K88 + antigen. 

Cytotoxic necrotizing factor strains of 
E. coli have been isolated from weaner pigs 
with necrotic enteritis in South Africa. 

Some nonenterotoxigenic 045 isolates of 
E. coli associated with PWD produce AEEC, 
and their proliferation may be associated 
with diet. Dual infection with AEEC may 
also be associated with PWD. 

Infection with rotavirus may be an etio¬ 
logic factor. The rotavirus may infect and 
destroy villous epithelial cells of the small 
intestine, which may allow colonization of 
the E. coli. Experimentally, a high nutrient 
intake fed three times daily to piglets weaned 
at 3 weeks of age produced the most pro¬ 
longed diarrhea, colonization of the intestine 
by hemolytic ETEC, and persistent shedding 
of rotavirus. However, other observations 
cast doubt on the importance of rotaviruses 
as a cause of the diarrhea, because rotavi¬ 
ruses may be found in the feces of pigs 
without diarrhea a few days after weaning. 
The acute disease can be reproduced using 
K88 E. coli strains without concomitant 
infection with rotavirus. 

A number of F18ab-positive or F18ac- 
positive strains produce enterotoxins and 
Stxe, and in these strains it is more likely that 
PWD will occur rather than ED. 

EPIDEMIOLOGY 

It is found worldwide and in a single geo¬ 
graphic area a serotype may predominate. 46 
Occasionally different serogroups may be 
involved in an outbreak. 

PWD occurs predominantly in pigs 3 to 
10 days after they are weaned. There is 
considerable variation in the morbidity and 
mortality between groups, rooms of pigs, 
and buildings. The age group clinically 
affected varies with pig age and diet. F4 
receptors are expressed in pigs of all ages, but 
FI8 is not fully expressed until pigs are 2 to 
3 weeks of age. The diet may push back the 
time of PWD to as far as 6 to 8 weeks after 
weaning if substances such as zinc or acidify¬ 
ing agents are added to the diet. 

Most outbreaks are in early weaned pigs. 
Infections are usually picked up from the 
environment. Most commonly, pigs are first 
observed sick or dead on the fourth or fifth 
day. The spread within affected groups is 
rapid and a morbidity rate of 80% to 90% of 
the group within 2 to 3 days is not uncom¬ 
mon. Frequently, other pens of susceptible 
pigs within the same area will also develop 
the disease within a short period of the initial 
outbreak. The problem may persist within a 
herd, affecting successive groups of weaned 
pigs over a period of weeks or months. The 
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onset of the problem may be associated with 
the introduction of a different batch or for¬ 
mulation of the creep feed. The case-fatality 
rate may be as high as 30%, and survivors 
may subsequently show a reduced growth 
rate. The weaning of piglets at 3 weeks of age 
is commonly followed in a few days by a 
postweaning reduction in growth rate, varia¬ 
tions in total dietary intake, and the develop¬ 
ment of diarrhea. Piglets weaned at 3 to 4 
weeks of age into an uncomfortable dirty 
environment appear especially susceptible. 

The proliferation of E. coli in the intestine 
following weaning appears secondary to 
some underlying gastrointestinal distur¬ 
bance. After weaning there is a progressive 
increase in viscosity of the intestinal con¬ 
tents, which alters the intestinal structure 
and growth and stimulates the proliferation 
of ETEC in newly weaned pigs. In all groups 
of pigs examined the number of serotypes or 
diversity of intestinal flora was reduced in 
the first week after weaning. The disease is 
associated with an earlier, more prolonged 
and greater proliferation of ETEC in the 
small intestines than occurs in healthy pigs 
after weaning. Some studies have shown that 
susceptibility to adhesion with K88 + ETEC 
is a requirement for the production of the 
disease. Experimentally, pigs that did not 
have the adhesin receptor did not develop 
diarrhea when challenged with K88 + E. coli 
and when in the same environment as the 
adhesin-positive pigs. 

It is believed that several factors com¬ 
monly associated with weaning predispose 
pigs to PWD associated with ETEC. Some of 
these risk factors include: 

• Stress from loss of maternal contact 

• Introduction to strange pens and 
penmates 

• Inadequate ventilation in the 
weaning pens 

• Reduction in ambient temperature 

• Change in diet 

• Cessation of lactation immunoglobulins 

• Decreased gastric bactericidal activity 
attributable to a temporary increase in 
gastric pH 

• Preweaning exposure (creep feeding) to 
the dietary antigens fed after weaning 

Hand-washing and donning clean outerwear 
did not prevent the transmission of E. coli , but 
showering and donning clean outerwear did. 

Experimentally, there is some evidence 
that the stress of cold ambient temperature 
(15°C) can result in a greater incidence of 
diarrhea in weaned pigs than in those housed 
at 30°C. 

The nature and the amount of the diet that 
the piglet consumes before and after weaning 
may be a predisposing factor. One hypothesis 
suggests that a transient hypersensitivity of 
the intestine may occur if piglets are primed 
by small amounts of dietary antigen before 
weaning (creep feeding), followed by inges¬ 
tion of greater quantities of the diet after 
weaning. Pigs that develop diarrhea tend to 


be those that consume more food after 
weaning than their contemporaries. 

Generally, weaning at 3 weeks of age is 
associated with alterations in the villous epi¬ 
thelium of the small intestine that result in 
varying degrees of malabsorption and a 
reduction in daily growth rate that may last 
for 2 weeks. There are large rapid reductions 
in intestinal lactase activity that coincide 
with reductions in growth rate and a reduced 
ability to absorb xylose. There is a reduction 
in villous height and an increase in crypt 
depth in the small intestine, but these altera¬ 
tions are not necessarily associated with the 
consumption of creep feed before weaning, 
which does not support the hypothesis that 
hypersensitivity to a dietary antigen caused 
by priming before weaning is a factor. There 
is now considerable doubt about the validity 
of the intestinal hypersensitivity hypothesis. 
Recent experimental work indicates that 
creep feeding is not required for the produc¬ 
tion of the diarrhea and does not induce mor¬ 
phologic changes characteristic of an allergic 
reaction in the small intestine. The presence 
of nondigested food in the gut lumen favors 
proliferation of ETEC. Proteins of animal 
origin may provide some protection. 

Dietary manipulation can modify several 
changes that normally occur in the small 
intestine of the piglet after weaning. Feeding 
a sow milk replacer or a diet based on hydro¬ 
lyzed casein reduces the increases in crypt 
depth and the reductions in brush border 
enzymes. The use of an antibiotic to suppress 
the microbial activity does not alter the 
changes in the mucosa after weaning. 

The ecology of E. coli and rotavirus in the 
stomach and intestines of healthy unweaned 
pigs and pigs after weaning has been exam¬ 
ined. Gastric pH is higher in weaned pigs 
and may not reach a level sufficient to prevent 
significant numbers gaining access to the 
small intestine. This factor can be of impor¬ 
tance in pigs weaned in pens where oral- 
fecal cycling of E. coli may provide a massive 
challenge. After weaning, the hemolytic 
ETEC serotype 0149:K91, K88ac (Abbots- 
town strain), commonly colonizes the rostral 
small intestine from lower down the intesti¬ 
nal tract. This serotype has never been found 
in the gastric contents of weaned pigs. When 
this serotype is present it tends to dominate 
the E. coli flora at all levels of the intestine. 
Although rotaviruses are common in the 
intestinal contents of weaned pigs, the pres¬ 
ence of the virus is not necessary for produc¬ 
tion of PWD. 

The loss of lactogenic immunity at 
weaning may be a risk factor. Milk from sows 
whose progeny develop PWD contain anti¬ 
bodies capable of neutralizing the entero¬ 
toxigenic effect of the homologous E. coli. 
This suggests that the presence of antibody- 
mediated activity against ETEC may be 
important in preventing the disease during 
the nursing period. At weaning this protec¬ 
tion is removed and the piglet is unable to 


produce its own antibodies rapidly enough 
to prevent the disease. The stress of weaning 
does not appear to affect the immune mecha¬ 
nisms of the pig. 

The weaning of piglets at birth or at 1 day 
old is associated with a high mortality rate 
caused by diarrhea and septicemia. The high 
mortality rate is associated with a lack of 
colostral antibodies and the strict hygienic 
conditions required for the artificial rearing 
of pigs weaned at birth. 

PATHOGENESIS 

Different parts of the porcine intestinal tract 
may harbor different strains of E. coli , and it 
may be that these strains have different 
characteristics. 5 

The colonization and proliferation of 
E. coli in the small intestine originates from 
organisms in the lower part of the intestinal 
tract. There is a rapid increase in numbers 
of the organisms in the small intestine epi¬ 
thelium or the mucus covering from the 
midjejunum to the ileum serotypes of E. coli 
associated with PWD, which may be found 
in the feces of healthy pigs. The virulence 
factors for PWD are associated with the F4 
and F18 fimbrial antigens that carry the 
genes for the production of toxins (STa, STb, 
LT, SLT2a, and SLX2e). The receptor for the 
F4 adhesin is not found in all pigs. There are 
five phenotypes based on the susceptibility of 
brush borders of different pigs to adherence 
of isolates producing variants F14ab (K88ab), 
F4ac (K88ac), and F4ad (K88ad). Pigs with 
at least one copy of the dominant allele for 
the receptor are susceptible to epithelial cell 
adherence and therefore colonization. The 
F18ab variant is expressed by the£. coli 0139 
strain producing Shiga-like toxin and causing 
ED. The F18ac fimbrial E. coli strains often 
relating to 0141 or 0157 cause diarrhea by 
expressing enterotoxins (STa or STb) either 
together or with or without Shiga-like toxins. 
STb binds to a particular receptor. 6 The 
PWD strains also produce LT, which lead to 
hypersecretion of electrolytes and water. 7 ' 8 
Following weaning, their numbers in feces 
normally increase markedly, even in pigs that 
remain healthy. The E. coli proliferate in the 
small intestine and produce an enterotoxin 
that appears to attach to the receptors. This 
triggers the uptake of calcium into the cell, 
which results in the excretion of water and 
electrolytes into the lumen. This causes a net 
loss of fluid and electrolytes to the lumen 
and subsequent diarrhea. After weaning, the 
net absorption of fluid and electrolytes in 
the small intestine of pigs is temporarily 
decreased. 

In porcine EPEC the intimin binds to its 
receptor on the apical surface of the cells of 
the small and large intestine 9 ' 10 with most in 
the colon and the duodenum. How they 
produce diarrhea is not really understood. 

Heat-labile enterotoxins type Ila and type 
lib are involved in the pathogenesis of ETEC 
for neonatal pigs. 48 
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The number of hemolytic E. coli present 
in the proximal portion of the jejunum may 
be 10 3 to 10 5 times higher in affected pigs 
than healthy weaned pigs of the same age. 
The susceptibility of the small intestine to 
the enterotoxin varies according to area; the 
upper small intestine is highly susceptible, 
and susceptibility decreases down through 
the more distal portions. Unlike many other 
species, the weanling pig depends largely on 
its large intestine for absorption of fluid and 
electrolytes with only small changes in net 
fluid movement occurring along the jejunal 
and ileal segments. In fatal cases, death 
results from the combined effects of dehydra¬ 
tion and acidosis resulting from fluid and 
electrolyte losses. In the peracute and acute 
forms of the disease, there is a shock-like 
syndrome with marked gastric and enteric 
congestion, hemorrhagic enteritis, and death. 

The experimental model of the disease is 
characterized by the three syndromes: 

• Peracute fatal diarrhea 

• Moderate diarrhea of 3 to 4 days’ 
duration, accompanied by fecal 
shedding of the inoculated organism 
and reduced BW gain 

• Fecal shedding of the organism with 
reduced weight gain but without 
diarrhea 

The role of the rotavirus in the pathogenesis 
of PWD is uncertain. It can be found in the 
feces of healthy unweaned and weaned pigs. 
The virus is capable of infecting and destroy¬ 
ing villous epithelial cells that could contrib¬ 
ute to the partial villous atrophy, loss of 
digestive enzyme activity, malabsorption, 
and reduced growth rate. Experimental inoc¬ 
ulation of an ETEC and the rotavirus causes 
a more severe disease than either agent does 
alone. 

Changes in the mucosa of the small intes¬ 
tine of recently weaned pigs have been 
observed and are the subject of much con¬ 
troversy. There is a reduction in the length of 
the villi, a marked reduction in intestinal 
disaccharidase activity, and an increase in 
the depth and activity of the intestinal crypts. 
These changes are maximal at 3 to 7 days 
following weaning, persisting until the 
second week and coinciding with the reduced 
growth rate. 

CLINICAL FINDINGS 

PWD and ED can occur simultaneously. 
Usually in PWD mortality is 1.5% to 2.0% 
but in prolonged outbreaks may reach 25%. 
The mortality is similar to the neonatal 
disease but is less severe, and there is a lower 
mortality. Morbidity may reach 100%. The 
post weaning reduction in growth rate may 
affect 50% to 100% of the pigs within a few 
days after weaning and persist for up to 2 
weeks. In some situations diarrhea may not 
develop in any of the pigs in the group or 
may be delayed for 6 to 8 weeks. A reduction 
in feed intake, gaunt abdomens, and luster¬ 
less hair coats are characteristic findings of 


piglets with postweaning “check.” They may 
appear unthrifty for 10 days to 2 weeks, by 
which time they will improve remarkably. 

It is common for one or two pigs, in good 
nutritional condition, to be found dead with 
little seen in the way of premonitory signs. 
At this time the others within the group 
may appear normal, but closer examination 
will reveal several pigs showing mild depres¬ 
sion and moderate pyrexia. A postmortem 
examination of dead pigs should be con¬ 
ducted early in the examination. A propor¬ 
tion of the group will develop diarrhea within 
6 to 24 hours, and by 3 days after the initial 
onset the morbidity may approach 100%. 
Feed consumption falls precipitously at the 
early stages of the outbreak, but affected pigs 
will still drink. Affected pigs may show a 
pink discoloration of the skin of the ears, 
ventral neck, and belly in the terminal stages. 
Diarrhea is the cardinal sign—the feces are 
very watery and yellow in color but may be 
passed without staining of the buttocks and 
tail. Pyrexia is not a feature in individual 
pigs once diarrhea is evident. Affected pigs 
show a dramatic loss of condition and luster 
and become progressively dehydrated. Voice 
changes and staggering, incoordinated move¬ 
ments may be observed in the terminal stage 
in some pigs. The course of an outbreak 
within a group is generally 7 to 10 days, and 
the majority of pigs that die do so within the 
initial 5 days. Surviving pigs show poor 
growth rate for a further 2 to 3 weeks, and 
some individuals show permanent retarda¬ 
tion in growth. In outbreaks in early weaned 
pigs diarrhea is usually evident before death 
occurs. There is some evidence to show that 
PWD may be activated by PRRS. 

CLINICAL PATHOLOGY 

Culture of the feces and intestinal contents 
for ETEC strains of E. coli is indicated. 

NECROPSY FINDINGS 

Pigs dying early in the course of the outbreak 
are in good nutritional condition, but those 
dying later show weight loss and dehydration 
and occasionally cyanosis. Mild skin discol¬ 
oration of the ears and ventral areas of the 
head, neck, and abdomen is usually present. 
In acute cases there is a moderate increase 
in peritoneal fluid, and barely perceptible 
fibrinous tags between loops of the small 
intestine may be present. The vessels of the 
mesentery are congested and occasionally 
petechial hemorrhages and edema are 
present. The stomach may be distended with 
dry food, and the small intestine may be 
dilated with slight edema and hyperemia. 
The gastric mucosa is congested, and an 
infarct (ulceration) may be present along the 
greater curvature. The small intestines are 
dilated and contain yellow mucoid liquid 
or occasionally bloodstained material. The 
mucosa of the small intestine is congested 
and sometimes there are hemorrhagic areas. 
The content of the large intestine is fluid to 


porridge like in consistency, and the mucosa 
may be congested. Pigs dying later may be 
emaciated and smell of ammonia. In some 
cases mild mesocolonic edema is visible. 
Hemolytic E. coli can be isolated in large 
numbers from the small intestine and mes¬ 
enteric lymph nodes. Polyclonal antisera 
directed against known pathogenic serotypes 
are usually used to test the isolate, but a nega¬ 
tive result does not preclude the strain from 
being an enteropathogenic organism. 

Microscopically, there may be no lesions, 
but there is usually bacterial adherence to 
intestinal villi. This is at its worst in the duo¬ 
denum and the colon. There may be bacteria 
in the cells in enterocytes, and sometimes 
these cells disintegrate and lead to sloughing. 
Other changes are those commonly associ¬ 
ated with endotoxemia, especially microvas- 
cular thrombosis in a variety of organs. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Mesenteric lymph node, 
segment of ileum, colon (CULT); in 
PWD cases the culture usually yields of 
hemolytic (ETEC) and nonhemolytic 
(EPEC) E. coli. An RT-PCR assay for the 
detection of E. coli F14 in pig fecal 
samples by targeting part of the rfb 
sequence specific for this group has 
been used. 11 A multiplex PCR for nine 
different virulence factors associated 
with E. coli that cause diarrhea and ED 
in swine has been described. 13 An 
RT-PCR for the differentiation of F4 
(K88) variants (F4ab, F4ac, and F4ad) of 
ETEC from diarrheic piglets has been 
described. 4 

• Histology: Formalin-fixed stomach, 
several segments of small intestine, 
colon, liver, lung, spleen (LM); 
colonization of the epithelium can be 
seen by light microscopy, and confirmed 
using immunohistochemistry (IHC) or 
in situ hybridization (ISH). 


DIFFERENTIAL DIAGNOSIS 


Postweaning diarrhea is the prime 
consideration in pigs that are scouring or 
dying within a 3- to 10-day period after a 
feed or management change with marked 
dehydration and low to moderate mortality. 

The gross lesions and the associated smell are 
helpful. 

Swine dysentery and salmonellosis are 
manifested by diarrhea and death but they 
are not necessarily related to weaning or feed 
change, and both are more common in older 
growing pigs. Salmonellosis poses the greatest 
difficulty in initial diagnosis from coliform 
gastroenteritis. In salmonellosis, the feces are 
generally more fetid with more mucus, 
mucosal shreds, and occasionally blood, and 
the skin discoloration is more dramatic. On 
necropsy examination enlarged hemorrhagic 

Continued 
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peripheral and abdominal lymph nodes and 
an enlarged pulpy spleen are more suggestive 
of salmonellosis: however, cultural 
differentiation is frequently required. If there is 
doubt, the pigs should be treated to cover 
both conditions until a final decision is 
obtained. The onset of swine dysentery is 
comparatively more insidious than that of 
postweaning diarrhea: the characteristic feces, 
clinical and epidemiological pattern, and 
postmortem lesions differentiate these two 
conditions. 

Swine fever should always be a 
consideration in outbreaks in pigs manifested 
by diarrhea and death. However, the 
epidemiological and postmortem features are 
different. 

Other common causes of acute death in 
growing pigs such as erysipelas, pasteurellosis, 
and Actirobacillus pleuropneumoniae 
infection are easily differentiated on necropsy 
examination. 

Edema disease occurs under similar 
circumstances to coliform gastroenteritis, but 
the clinical manifestation and postmortem 
findings are entirely different. 


TREATMENT 

Antimicrobial Resistance and E. Coli 

In a study in Spain, 13 it was shown that E. coli 
in the pig fecal microbiome were highly 
dynamic and show a high level of diversity. 
The finishing pigs showed the lowest levels of 
AMR. On-farm AMR did not select for the 
VGs in E. coli carried by a population of 
healthy pigs. 14 

In a study of pigs fed antibiotics it was 
shown that bacterial biotypes shifted after 14 
days of treatment, with the medicated pigs 
showing an increase in Proteobacteria (1%- 
11%) compared with the nonmedicated pigs. 
Antibiotic resistance genes increased in diar¬ 
rhea and diversity. Some of the new genes 
conferred resistance to antibiotics that had 
not been given. 11 ’ 

The E. coli stored in a storage tank was 
more diverse than that in fresh feces. The 
detection of resistance to specific antibiotics 
was not significantly different. 16 

There may a horizontal exchange of AMR 
genes. Almost half (47%) of E. coli and Sal¬ 
monella isolated from the same fecal samples 
showed the AMR genes at the same level. 17,18 

Significant space-time clusters of resistant 
E. coli were found in parts of Denmark. 19 In 
a study of E. coli isolated from pigs in China 
it was found that most isolates were geneti¬ 
cally unrelated. AMR was found in 89% of 
E. coli strains. Most prevalent VG was East 1, 
followed by Stx2e and eae. The authors 
stressed that there was a great need to 
monitor changes as a result of the high inci¬ 
dence of VG and AMR. 20 The pharmacody¬ 
namics of antimicrobials at different levels of 
the intestinal tract of pigs and their relation¬ 
ship to E. coli resistance patterns in the pig 
have been described. 21 A study of AMR and 


virulence profile genes in multidrug-resistant 
ETEC isolated from pigs with PWD in Aus¬ 
tralia 22 has shown that nine serogroups were 
identified, particularly 0149. None showed 
resistance to ceftiofur or enrofloxacin, and 
9.4% were resistant to florfenicol. 0141 had 
a higher AMR index than other serogroups. 
There were few associations between AMR 
and VGs. The multidrug-resistant ETEC 
ARG/VG profiles suggested that there was a 
considerable strain and plasmid diversity 
reflecting various selection pressures at the 
individual farm level rather than emergence 
and lateral spread of multidrug-resistant 
clones. 

A Swedish study showed that, except for 
resistance to tetracyclines, sulfamethoxazole, 
and streptomycin, antibiotic resistance is 
not equally spread across E. coli isolates. Tet¬ 
racyclines should not be the first choice of 
treatment because of the rapid acquisition 
of resistance. Nearly all isolates are highly 
susceptible to enrofloxacin, gentamicin, and 
neomycin. 

It is imperative that treatment of all pigs 
within the group is instigated at the initial 
signs of the onset of PWD, even though at 
that time the majority of pigs may appear 
clinically normal. Delay will result in high 
mortality rates. Any pig within the group 
that shows fever, depression, or diarrhea 
should be initially hospitalized, treated indi¬ 
vidually, both parenterally and orally, and the 
whole group should then be placed on oral 
antibacterial medication. Water medication 
is preferable to medication, although the feed 
is easier to institute, but affected pigs will 
generally drink (less than usual if sick) even 
if they do not eat. Neomycin, tetracyclines, 
sulfonamides, or trimethoprim-potentiated 
sulfonamides and ampicillin are the usual 
drugs of choice. Danofloxacin is safe and 
highly effective. Experimental infection with 
K88-positive E. coli was controlled by ceftio- 
fur sodium given intramuscularly daily for 
three consecutive days. When pulse dosing 
is used there appears to be less resistance. In 
herds with PWD problems, prior sensitivity 
testing will guide the choice of the antibacte¬ 
rial to be used. Antibiotic medication should 
be continued for a further 2 days after diar¬ 
rhea is no longer evident and is generally 
required for a period of 5 to 7 days. 

Consideration should be given to the 
medication of at-risk equivalent groups of 
pigs within the same environment. Intra- 
peritoneal fluid and electrolyte replacement 
for severely dehydrated pigs and electrolytes 
in the drinking water should also be 
considered. 

CONTROL 

Recommendations for effective and econom¬ 
ical control of postweaning reduced growth 
rate and PWD in pigs weaned at 3 weeks of 
age are difficult because the etiology and 
pathogenesis of this complex disease are 
not well understood. Epidemiologically, the 


disease is associated with weaning and the 
effects of the diet consumed before and after 
weaning. In all cases the piglet should be 
4.5 kg (10 lb) and preferably 5.5 kg (12 lb) at 
weaning. Protective antibodies are produced 
in recovered animals. 

A whole variety of techniques, including 
intestinal acidification; antimicrobial medi¬ 
cation in water or feed; environmental 
modifications; competitive exclusion; feed¬ 
ing probiotics; binding agents such as eggs, 
milk, or bacterial by-products (most of these 
studies show they do not work); zinc oxide; 
or vaccination of sows and piglets with 
toxoids have been tried. The use of dietary 
egg yolk antibodies may or may not be 
effective. 

Spray dried plasma powder obtained 
from pigs immunized with a vaccine contain¬ 
ing ETEC fimbrial subunit F4 and LT can 
reduce diarrhea because of spontaneous anti¬ 
bodies against ETEC. 23 This study showed 
that the combination of anti-LT and anti-F4 
antibodies is most effective. 

Intestinal acidification reduces the bind¬ 
ing of the E. coli to the epithelial surface, and 
a pH of 3.5 to 4.0 at the trough or nipple 
drinker is best. Citric acid, formic acid, pro¬ 
pionic acid, or a citric acid/copper sulfate 
mixture can be used. 

Zinc oxide in particular stabilizes the 
intestinal flora. It impacts both host cell and 
pathogen metabolism and may provide 
insight into the mechanisms for diarrhea 
reduction. 24 Piglets given lactose and fiber 
were least affected, and the next least affected 
were animals that received zinc oxide. Pigs 
fed dietary antibiotic growth promoters and 
zinc oxide had lower counts of anaerobic 
bacteria in their feces than control piglets. 
The removal of these ingredients from the 
diet will increase days to slaughter. In a study 
of the effect of feeding kaolin on ETEC infec¬ 
tions in weaned pigs, 25 it was found that there 
was a protective effect on the course of 
ETEC. Colonization and shedding of ETEC 
by piglets fed the kaolin were milder and of 
shorter duration. 

It has been traditionally accepted, without 
reliable evidence, that the sudden transition 
in diet at weaning is the major predisposing 
factor, but the experimental observations are 
conflicting. One set of observations indicates 
that, if pigs eat a small quantity of creep feed 
before weaning, they are then “primed” and 
develop an intestinal hypersensitivity that, 
following the ingestion of the same diet after 
weaning, results in PWD. On the other hand, 
it has been suggested that piglets should 
consume at least 600 g of creep feed before 
weaning to develop a mature digestive 
system. Another set of observations indicates 
that those pigs that consumed an excessive 
quantity of feed after weaning developed the 
disease. 

The complete withholding of creep feed 
followed by abrupt weaning at 3 weeks of age 
seemed to have a protective effect, possibly 







Bacterial and Viral Diseases of the Alimentary Tract 


319 


associated with a low dietary intake. Farms 
with lower rates of PWD used their first piglet 
ration (phase 1 feeding) for much longer and 
also changed over to the second ration over a 
much longer period. Competitive exclusion 
has been shown to be beneficial. 

The recommendations set out here are 
based on the hypothesis that the consump¬ 
tion of adequate quantities of creep feed 
before weaning is the most effective and eco¬ 
nomical practice. Every effort should be 
made to minimize the stress associated with 
weaning. Stressors influence the fecal shed¬ 
ding of ETEC by young piglets by a mecha¬ 
nism that may not involve modulation of the 
immune response. To avoid a sudden transi¬ 
tion in diet at weaning, creep feed should be 
introduced to the suckling piglets by at least 
10 days of age. It is important that the creep 
feed and feeder area be kept fresh to main¬ 
tain palatability. The same feed should be fed 
for at least 2 weeks following weaning, and 
all subsequent feed changes should be made 
gradually over a 3- to 5-day period. Feed 
restriction in the immediate 2-week period 
following weaning may reduce the incidence 
but generally is not successful. It is a common 
field observation that the incidence of diar¬ 
rhea varies with different sources of feed, but 
experimental studies to confirm this rela¬ 
tionship are not available. 

The addition of fiber to the diet may be 
beneficial but leads to a reduced growth rate. 
In a study 26 of the role of fiber in the control 
of PWD it was found that there were two 
major means of reducing enteric disorders: 
(1) by minimizing the use of nonstarch poly¬ 
saccharides (NSPs) such as pearl barley and 
guar gum, which lead to increased digesta 
viscosity and (2) by including moderate 
levels of NSPs that do not increase digesta 
viscosity, such as oats and inulin, especially 
where there are levels of high crude protein. 
NSP fractions affect the taxonomic composi¬ 
tion and metabolic features of the fecal 
microbiota. 27 

The use of low-protein diets may reduce 
the toxic products and reduce PWD. A diet 
with decreased protein content reduces 
protein fermentation and the incidence of 
PWD challenged with ETEC. 28 The develop¬ 
ment of greater digestibility or stimulation of 
higher feed intake may also be responsible 
for reduction of PWD. 29 Zinc oxide in the 
diets at 300 to 4000 ppm may stop PWD by 
preventing colonization of the epithelial 
lining of the intestine. A variety of feedstuffs 
reduced the adhesion of ETEC to a porcine 
intestinal cell line and reduced the inflam¬ 
matory response. 30 

A symbiotic preparation of starch and 
anti-ETEC K88 probiotic in the presence of 
raw potato starch is an effective method for 
reducing the negative effects of ETEC in the 
piglet model. 31 

Organic acid administration in drinking 
water to reduce the pH to 4.0 has shown that 
there was a reduction in the excretion of 


fecal E. coli, but there was also a significantly 
decreased water intake. 32 

p-Glucans also reduce susceptibility to 
ETEC, 33 and in this study there was a reduced 
excretion of F4 + E. coli and a reduced 
F4-specific serum antibody response. 

Colicin also reduced PWD 34 , as did pre- 
biotics. 35 One study of a probiotic has shown 
promise. 36 

A tryptophan-enriched diet improved 
feed intake and growth performance of 
ETEC-challenged (K88 +) pigs 37 and E. coli 
F4. 38 

Where possible, at weaning, the sow 
should be removed and the pigs should be 
kept as single litters in the same pen for the 
immediate postweaning period. If grouping 
of litters is practiced at this time, or later, the 
pigs should be grouped in equivalent sizes. 
Multiple suckling in the preweaning period 
may reduce stress associated with groupings 
of part-weaned pigs. With all pigs, but espe¬ 
cially those weaned earlier than 6 weeks, the 
pen construction should encourage proper 
eliminative patterns by the pigs and good 
pen hygiene to minimize oral-fecal cycling 
of hemolytic E. coli. The environment also 
appears especially important in this group, 
and draft-free pen construction should 
encourage proper ventilation. It is preferable 
to wean pigs on weight rather than age, and 
in many piggeries a weaning weight of less 
than 6 kg is associated with a high incidence 
of PWD. 

There is a development of bacterial resis¬ 
tance against a wide range of antibiotics. This 
means that the susceptibility of microorgan¬ 
isms should be tested before their use. 

The inclusion of an antimicrobial in the 
feed or water to cover the critical period 
of susceptibility (generally for 7-10 days 
after weaning) can be used as a preventive 
measure. Apramycin at the rate of 150 g/ 
tonne of feed for 2 weeks after weaning may 
be associated with improved growth rates 
and a reduction in mortality. The high inci¬ 
dence of drug resistance in isolates of E. coli 
makes prior sensitivity testing mandatory, 
and the antibiotic may need to be changed if 
new strains gain access to the herd. The 
routine use of prophylactic antibiotics for 
this purpose needs to be considered in rela¬ 
tion to the problem of genetically transmit¬ 
ted drug resistance; however, it is currently 
often necessary for short-term control of a 
problem. 

Vaccination may offer an alternative 
method of control. Injectable vaccines for 
sows are designed to produce an improved 
colostral provision of antibodies but do not 
increase suitable IgA antibodies in the 
weaned pig intestine. 

However, currently there are no vaccines 
available for the control of colibacillosis in 
weaned pigs. Oral inoculation with 5 X 10 s 
to 10 9 of nontoxigenic strains can be followed 
with K88 at day 1 of move, K88/F18ab at day 
7, and F18 at days 13 to 15. Only the oral 


vaccines with the preformed fimbriae appear 
to produce any protection from the homolo¬ 
gous fimbrial variant. The results vary, and 
some authors think that the prolonged tran¬ 
sit time in the stomach after weaning may 
deactivate the F4 fimbriae when this has 
been used as a fimbrial vaccine. Microencap¬ 
sulated ETEC and detached fimbriae have 
been used for peroral vaccination in pigs. 
Parenteral vaccination for the control of coli- 
form gastroenteritis has proved of variable 
value, probably because parenterally admin¬ 
istered antigens do not usually stimulate the 
production of IgA antibodies and intestinal 
immunity. Oral immunization by the incor¬ 
poration of E. coli antigens into creep feed 
has been shown to reduce the incidence and 
severity of PWD. A live avirulent experimen¬ 
tal E. coli vaccine with K88 + , LT + ETEC in 
weaned pigs provided protection. Rearing 
early-weaned piglets artificially for the pur¬ 
pose of increasing the efficiency of the sow is 
an attractive management concept. However, 
high death losses from diarrhea have slowed 
progress in this new development. The incor¬ 
poration of antibodies in the diet of such 
piglets as a prophylactic measure should be 
possible and is being explored. 

Bacteriophages can be used to prevent 
and treat diarrhea caused by experimental 
ETEC 0149 infection. 39 

A vaccine candidate expressing ETEC 
adhesins ( K88ab, K88ac, K99, FasA, and 
F41fimbrial genes) inserted into a plasmid 
and transferred to Salmonella produced a 
significantly increased antibody response. 40 
The study showed that the candidate vaccine 
can effectively protect their young pigs 
against colibacillosis. 

A commercial vaccine of F4 fimbrial 
origin has shown to be useful in preventing 
a virulent F4 ETEC challenge. 41 ' 42 An F18 
fimbrial vaccine did not induce protective 
immunity. 43 

Chitosan-alginate microcapsules for oral 
delivery of egg yolk immunoglobulin (IgY) 
has been evaluated in a pig model of enteric 
colibacillosis, 44 and it has been shown that it 
is useful and may be a future method for 
preventing E. coli disease. 

The ultimate control of PWD is to remove 
the receptor gene in the population. Although 
this has been done experimentally, these 
animals are not yet available in large numbers 
commercially. The MUC13 gene may provide 
potential markers for the selection of ETEC 
F14ab/ac (K88ab/ac)-resistant animals. 45 

Oral antimicrobials increase AMR in 
porcine E. coli. 46 

FURTHER READING 
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CAMPYLOBACTERIOSIS 
IN PIGS 

Several species of the genus Campylobacter 
are known to cause disease in farm animals; 
some are potentially zoonotic and the role of 
some is uncertain. The organisms are a cause 
of diarrhea, often with mucus, in 3-day-old 
to 3-week-old pigs and in nonimmune pigs 
in older age groups. They are often not diag¬ 
nosed because they are not suspected. 

ETIOLOGY 

There are two main species in the pig, C. coli 
(CC) and C. jejuni (CJ). Both are gram-neg¬ 
ative, microaerophilic rods that are catalase 
positive and cause disease naturally and in 
experimental infections. 1 Other species have 
been given experimentally to pigs and have 
caused disease (C. hyointestinalis, C. sputo- 
rum ) and some have been found naturally, 
often in high numbers, in the pig and have 
been sometimes associated with disease (C. 
hyointestinalis subsp. hyointestinalis, C. hyo¬ 
intestinalis subsp. lawsonii, C. mucosalis, C. 
hyoilei, C. lari, and C. lanienae). They also 
have been found in wild boar and feral pigs. 
Virulence factors include motility, secreted 
toxins, 2 flagella, virulence proteins, 3 inflam¬ 
mation, and invasion. 4 3 Six species of Cam¬ 
pylobacter were isolated from feral swine in 
California. 6 

EPIDEMIOLOGY 
Prevalence of Infection 

The prevalence of Campylobacter infections 
in both diarrheic and nondiarrheic piglets 
may average around 50%, but there is no cor¬ 
relation between the occurrence of the 
organism in the feces and the presence of 
diarrhea. However, the presence of these 
organisms constitutes a potential zoonosis 
among animal handlers. 

CJ, CC, and C. lari can be isolated from 
pigs in commercial swine herds. The organ¬ 
isms are present worldwide. CC is isolated 
from the intestinal contents of 99% of pigs at 
slaughter. Approximately 60% of the speci¬ 
mens of healthy slaughter pigs may yield 
C. jejuni (CJ). 

The prevalence of CC may be 100% in 
young pigs and others such CJ may be under 
10% in young pigs. Both can be isolated from 
the intestines of healthy pigs. Carriage of the 
organism is in the gallbladder, ileal mucosa, 
and large-intestinal mucosa. 

Risk Factors 

Possible risk factors for CJ were application 
of manure with broadcast spreaders, feeding 
of whole cottonseed or hulls, and accessibil¬ 
ity of feed to birds. 

Transmission 

The organisms are spread by the fecal/oral 
route from the dam, infected feces, or water. 
Piglets have the same genotypes of CC as 
their dams at the start of their lives, but 


these are then partially replaced by strains 
from elsewhere so that by 66 days of age 33% 
of piglet isolates were from other sources. 
Infected animals may secrete organisms at a 
high level (10 3 -10 4 /g feces) for months. It 
will survive at 4°C for 24 hours and at 22°C 
for 6 days. Parturition enhances fecal shed¬ 
ding by the sow and accounts for the piglet 
infection. 8 Piglets are infected when young 
and the infection then spreads. Management 
factors are correlated with herd size with the 
smaller farms having a higher prevalence of 
Campylobacters. 9 

Pathogen Risk Factors 

Wild birds probably constitute the main 
natural reservoir of infection but possibly 
also other farm livestock and rodents. 

The distribution and diversity of Campy¬ 
lobacter in a large-scale farming environ¬ 
ment in the UK was determined by systematic 
sampling of feces, soil, and water. Warmer 
months, large farms, and individual housing 
were identified as risk factors for shedding by 
sows. 10 The annual increase in Campylo¬ 
bacter infections in England and Wales 
begins in early May and reaches a peak in 
early June, and this seasonal incidence may 
be associated with transmission of the organ¬ 
ism by flies. 

There is an unprecedented level of hetero¬ 
geneity in the CC in the United States. 11 

CJ is adapted to the intestinal tract of 
warm-blooded animals and does not nor¬ 
mally replicate outside this environmental 
niche. The single polar flagellum and cork¬ 
screw shape facilitates motility in the viscous 
intestinal mucus. The bacterium gradually 
dies outside the hosts intestinal tract. CJ 
strains could not be isolated from water after 
3 weeks but may survive for up to 60 days in 
unstirred water. 12 

CC was widespread, with low levels of 
antibiotic resistance, high genetic diversity, 
and a strain of CC i, which may have become 
adapted to survival or persistence in water. 
The pig farm may become a reservoir for CC 
for transmission to poultry. 

Antimicrobial Resistance 

Increasing AMR in Campylobacter is being 
recognized worldwide, and resistance to 
the quinolones is most common in isolates 
of both CJ and CC from food-producing 
animals, especially poultry. In Switzerland, 
there were many novel sequence types in pigs 
with macrolide resistance, 1 ’ and the use of 
tylosin selects for resistance. 14 In Canada, a 
study showed a high level of resistance to 
macrolides, lincomycin, and tetracyclines 
but not to fluoroquinolones. 15 In a study in 
eight states in the Midwest United States 
where there was no antibiotic usage on a pig 
farm there were fewer resistant organisms. 16 
A high prevalence of CC in the stomach 
of pigs at slaughter in France was recorded, 
and a high proportion of the strains were 
resistant to tetracyclines and erythromycin. 
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In Japan, AMR was associated with the resis¬ 
tance in CC both within and between classes 
of antimicrobials. 17 Tetracyclines are most 
often used to treat pig diseases, followed by 
p-lactams and macrolides. 18 Most CC were 
resistant to one or more antibiotics in some 
form. 19 In Australia, pigs are more resistant 
to oxytetracycline than poultry. A dose- 
response relationship between macrolide use 
and macrolide resistance has been shown. 20 
The use of fluoroquinolones was the most 
important factor associated with the emer¬ 
gence of fluoroquinolone-resistant CC. 21 The 
resistant strains are persisting environmental 
isolates that have been acquired by the dif¬ 
ferent livestock species. 

Zoonotic Implications 

Campylobacter is the leading bacterial cause 
of diarrhea in humans in many industrial¬ 
ized countries. The most important cause of 
indigenous food-borne disease is contami¬ 
nated chicken. Red meats (beef, lamb, and 
pork) also contribute to illness despite the 
lower risk. 

There is a strong association of Campylo¬ 
bacter infection in humans living on farms, 
and contact with diarrheic animals is a major 
risk for Campylobacter enteritis in humans. 
Fecal contamination is the main cause in 
retail raw meats (chicken, turkey, pork, and 
beef) sampled in supermarket chain stores at 
levels of 1 % to 10%. 22 Both of the main organ¬ 
isms have been identified in pig meat 23 and in 
livers at abattoirs, 24 but the pig is not a signifi¬ 
cant contributor to human disease, 25 although 
it can pose a threat to human health through 
the food chain. 26,27 In addition, antibiotic 
treatment of farm animals may have increased 
resistance in CC isolated from food. 28 

There is good evidence that isolates of CJ 
from human disease and farm animals are 
very similar. The use of MLST is being used 
to compare the genotypes of CJ from farm 
animals and the environment with those 
from retail food and human disease. The risk 
of a meat product being contaminated is 
associated with pigs that shed higher concen¬ 
trations of Campylobacter before slaughter. 29 

PATHOGENESIS 

The role of CJ as primary pathogens in farm 
animals is uncertain. The organism is not 
normally pathogenic in farm animals. In 
humans, the infectious dose is considered to 
be <1000 Campylobacter organisms. 

The flagellated motile organisms are more 
invasive than the nonflagellated nonmotile 
ones. They can survive for long periods of 
time inside both phagocytes and epithelial 
cells. The attachment, invasion, and translo¬ 
cation of CJ in pig small-intestinal cells have 
been described. 30 

Following infection the organism rapidly 
multiplies, particularly in the ileum in close 
contact with the mucosa, but it does not 
appear to invade the mucosa in large 
numbers. They may then spread to the 


gut-associated lymphoid tissues, tonsils, 
spleen, and gallbladder. 1 It may, however, 
produce a cytotoxin. The organism then 
spreads to the large intestine. 

It has been shown recently that the secre¬ 
tion of IL-4 damages the paracellular junc¬ 
tions and allows the increased invasion of CJ 
into cells. 31 

CLINICAL FINDINGS 

The disease may be so mild as to be unappar- 
ent, without fever, and may be manifested 
only by mild depression and soft feces with 
occasional strands of mucus. The incubation 
period may be 1 to 3 days. 

Maternal immunity usually protects 
against clinical disease but not infection, and 
most piglets have antibody by 5 to 7 weeks 
of age. 

The clinical signs include a mild fever for 
2 to 3 days and a watery or creamy diarrhea 
with mucus and occasional flecks of blood 
for a few days. In older pigs with CC there 
may be a chronic mucoid diarrhea with 
weight loss. 

CLINICAL PATHOLOGY 

The information on the various methods 
used for the detection and identification 
of Campylobacter in laboratory samples 
has been reviewed. Because of the unique 
growth characteristics of Campylobacter, iso¬ 
lation of these organisms from field samples 
requires the use of special media and culture 
conditions and is generally laborious and 
time-consuming. However, isolation of Cam¬ 
pylobacter from feces is possible with high 
success rates. Recovery of Campylobacter 
from environmental samples can be difficult 
because the organism does not propagate in 
the environment. The use of molecular detec¬ 
tion methods has greatly facilitated the spe¬ 
cific and rapid detection and identification of 
Campylobacter, but has not replaced the gold 
standard of traditional culture methods. 
Detection and quantification of CJ in the 
feces of naturally infected cattle is possible 
using real-time quantitative PCR. 

NECROPSY FINDINGS 

At necropsy, lesions are restricted to the 
small intestine; there may be diffuse catarrhal 
to severe hemorrhagic enteritis of the jeju¬ 
num and particularly the terminal ileum. 
The lymph nodes may be enlarged, and the 
terminal ileum may be thickened. There may 
be ileal villi loss, and the mucosa may be 
slightly inflamed. Histologically, the most 
important finding is proliferation of the lym¬ 
phoid tissue in the terminal ileum. Large 
numbers of Campylobacters may be seen on 
smears from the mucosa and isolated in 
culture. 

DIAGNOSIS 

If there is a mucoid diarrhea with some 
mucus and perhaps a little blood in young 
piglets with no great morbidity and no 


mortality, then campylobacteriosis should be 
suspected. 

Culture is sufficient but can be supple¬ 
mented by DNA probes and PCR and 
improved by using RT-PCR. 32 Discrimina¬ 
tion of the major capsular types of CJ is pos¬ 
sible using multiplex PCR. 33 It is possible in 
some laboratories to use ELISA for serum 
antibody, but this has limited commercial 
availability. 

TREATMENT 

Treatment is rarely performed, which is good 
as a high proportion of CC are resistant to 
erythromycin (5%—62%) and streptomycin 
(70% in Canada). 34 Potential macrolide resis¬ 
tance is associated with farms that use tylosin 
for the treatment of diarrhea in young pigs. 26 
A high resistance was also reported for pig 
CC for ciprofloxacin. 2 ’ 

CONTROL 

Control depends on sanitation and hygiene 
in livestock barns to reduce the bacterial 
populations in the environment of the 
animals. A high dosage of zinc oxide dietary 
supplement has an inhibitory effect on CC 
excretion in weaned piglets. ’ 5 

FURTHER READING 

Jacobs-Reitsma WI. Campylobacter in the food chain. 

In: Nachamkin I, et al., eds. Campylobacter. 3rd ed. 
Washington, DC: American Society of 
Microbiology; 2008:627-644. 
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PORCINE PROLIFERATIVE 
ENTEROPATHY 


SYNOPSIS 


Etiology Lawsonia intracellularis (ileal 
symbiont intracellularis) 

Epidemiology Four to 8 weeks after 
weaning; feeder pigs, and young 
gilts, sows, and boars. Risk factors not 
known 

Signs Diarrhea, weight loss, inappetence, and 
may recover. Outbreaks of bloody diarrhea 
and rapid death may occur in feeder pigs, 
young gilts, and boars. 

Clinical pathology Demonstrate organism. 
Lesions Proliferative ileitis. Proliferative 
hemorrhagic enteropathy, fibrinous casts, 
and blood clots 

Diagnostic confirmation Demonstrate 
organism in tissues. 

Differential diagnosis list 

• Esophagogastric ulceration 

• Intestinal hemorrhage syndrome 

• Clostridium perfringens type C 
hemorrhagic enteritis 

Treatment Antimicrobials in feed 
Control No reliable strategies. Medication 
of feed 


Porcine proliferative enteropathy (PPE) has 
been called a variety of names in the past, 
including ileitis regional ileitis, porcine 
proliferative enteritis complex, porcine 
intestinal adenomatosis (PIA), PPE, 
necrotic enteritis, regional enteritis, and 
proliferative hemorrhagic enteropathy 
(PHE) of pigs. All of these terms are a reflec¬ 
tion of the lesions caused by LI. 

PPE causes considerable economic loss. 
There is a close relationship to the Desulfovi- 
brio species, and it is closely related to 
Bilophila wadsworthii, which is a known 
inhabitant of the human colon and associ¬ 
ated with appendicitis. It is widely found in 
pigs in Australia. There are no known asso¬ 
ciations with human disease. 1 It does cause 
disease in young horses and can be isolated 
from laboratory animals. 2 There may be two 
biovars, one for pigs and one for the other 
species. 3 The pig LI are >99% similar world¬ 
wide in 16S rDNA and outer membrane pro¬ 
teins. Most work has been performed using 
a mucosal homogenate challenge model. 4 


ETIOLOGY 

The causative agent, first described in Iowa 
in the 1930s, is LI, which was isolated and 
Kochs postulates fulfilled in 1993. It is a 
gram-negative, curved rod (vibrioid shaped) 
obligate intracellular bacterium in the cyto¬ 
plasm of intestinal epithelial cells. Molecular 
typing of the organism and sequencing of the 
genome and the three small plasmids have 
been described. The isolates worldwide are 
similar. 

Both pure cultures and mucosal homog¬ 
enates of LI will produce clinical signs, 
lesions, and shedding. It is best cultivated in 
cell-free media and also in a rat enterocyte 
cell line. 3 

The disease is complex, often just called 
ileitis, and occurs in two forms. There is 
an acute form called porcine hemorrhagic 
enteropathy or regional ileitis that occurs 
from 4 to 12 weeks and a chronic form 
usually referred to as PIA or necrotic enteri¬ 
tis, which occurs from 6 to 20 weeks. 

EPIDEMIOLOGY 

Occurrence 

There is a worldwide occurrence. The PPE 
complex affects pigs from weaning age to 
feeder pigs and also young gilts, sows, and 
boars. It is characterized clinically by diar¬ 
rhea, loss of BW and inappetence in recently 
weaned pigs, and sudden death in feeder pigs, 
young gilts, and boars. The essential lesions 
are proliferative, and there seems to be an 
etiologic and pathologic relationship between 
PIA, necrotic enteritis, regional enteritis, and 
hemorrhagic enteropathy. Nonhemorrhagic 
proliferative enteritis occurred most often in 
pigs 6 to 24 weeks of age. 

PHE usually affects pigs over 16 weeks of 
age but occurs in pigs as young as 6 weeks 
and as old as 4 years of age. PHE is one form 
and appears to occur in most countries. It 
probably has a worldwide distribution with 
30% to 60% of herds affected depending on 
the country. In Germany, 82.7% of finishing 
herds had seroconversion. It is especially 
common in hysterectomy-derived or SPF 
herds and has a higher prevalence in the hot 
summer period. In some countries its preva¬ 
lence is increasing, and it is emerging as a 
major syndrome in SPF herds. 

The disease in all ages is frequently asso¬ 
ciated with the concurrent occurrence of 
PIA, but it is unknown whether the hemor¬ 
rhagic syndrome results from some insult to 
the intestine that also predisposes to a pro¬ 
liferative enteropathy or whether it is simply 
an acute manifestation of this disease. The 
related syndromes of necrotic enteritis and 
regional ileitis can be found in apparently 
healthy pigs examined at slaughter. Because 
the disease is common in pigs, suboptimal 
growth of pigs in nutritional studies may be 
caused by the disease complex. 

It has been suggested that it can live 
extracellularly within the environment for 2 
weeks at 5 to 15°C. It appears highly resistant 


to a lot of cleaning agents such as povidone 
iodine or potassium permanganate, but may 
be susceptible to 3% cetrimide. In one study 
transmission occurred despite cleaning, use 
of footbaths, dedicated boots, etc. 

It has been suggested that it normally 
lives in organic matter in weaner units await¬ 
ing the arrival of batches of susceptible pigs, 
with the resultant sudden increase in shed¬ 
ding 4 to 12 weeks after weaning. The recent 
finding of LI in the tonsil may be a coinci¬ 
dental finding, as they may have just been 
trapped in the crypts after licking infected 
material, because they were only found in 
this site in 2/32 pigs. Mixed infections are 
found in 10% of growers, and there is a 
strong association between diarrhea and 
prevalence of Brachyspira hyodysenteriae and 
B. pilosicoli. 

Prevalence of Infection 

A study in Belgium suggested that 24% of 
slaughtered pigs had a thickened ileum with 
a range in farm batches from 10% to 49%. In 
Denmark 94% of herds were infected with a 
mean within herd prevalence of 30%. In 
Canada, there is a widespread distribution 
between 50% and 100% of herds in the prov¬ 
inces with 5% to 89% of pigs affected. In the 
United States it was found using the immu- 
noperoxidase monolayer (IPMA) test to 
study antibodies that 75% of growing herds 
had antibodies, and within the herd the prev¬ 
alence was 11% to 91%. Of the breeding 
herds 78% had antibodies with two peaks at 
the time of infection and 9 to 18 weeks later 
and with an overall prevalence of 5% 
to 61%. 

In Canada, studying 96 cases of PPE, it 
was found that 15% were in weaners (8-10 
weeks), 36% in growers from 10 to 18 weeks, 
and 14% among finishers of 18 to 26 weeks. 
A further 16% were in mature pigs of >26 
weeks. 

Estimation of the incidence of disease is 
complicated by the difficulties in making an 
accurate clinical and pathologic diagnosis. 
Surveys of pig farms in Australia indicated 
that 56% had either observed the disease or 
the veterinarian had made the diagnosis. 

Surveys of fecal samples from swine 
herds in Taiwan revealed an overall preva¬ 
lence of infection of LI in 30% of herds and 
5.5% of pigs. 

Morbidity and Case Fatality 

The disease can occur in all ages of post- 
weaned pigs, but it has a high incidence in 
young replacement gilts and boars at 6 to 9 
months of age and in pigs approximately 4 to 
8 weeks after weaning. The high incidence in 
replacement gilts may be caused by suppres¬ 
sion of the disease by low-level feeding of 
antibacterial agents during the growing 
period, but frequently the syndrome appears 
first in gilts and some time later in the 
growing pigs. In gilts, outbreaks may be 
explosive, but generally are short lived with 










morbidity rates of up to 50% of the group 
occurring within a 2- to 3-week period. The 
case-fatality rate does not usually exceed 
10%. In large herds with continual addition 
to the replacement gilt herd and in herds 
where the disease occurs in grower pigs, out¬ 
breaks may be more prolonged. The disease 
in growers generally has equivalent morbid¬ 
ity and case-fatality rates. It is more severe 
in that runting of surviving and contempo¬ 
rary pigs may occur, necessitating further 
economic loss through culling. 

When given experimentally at a high 
level of 10 9 to 10 10 LI per pig, mortality in the 
untreated groups varied from 10% to 50%, 
which is considered much higher than in the 
natural outbreak. 

Risk Factors 

There may be two patterns of infection. One 
is an early infection and the second is a 
delayed infection, which is seen in farms that 
separate pigs at weaning and have all-in/ 
all-out methods of production. 

Very little is known about the risk factors 
of PPE. A gene has been discovered that 
encodes for a surface antigen (LsaA) that is 
believed to be associated with attachment to 
and entry into cells and that is synthesized 
during infections. A study of recorded out¬ 
breaks of PHE indicated the disease often 
occurred within 12 months after repopula¬ 
tion of the herd and following withdrawal of 
antimicrobials from the feed. It has been pro¬ 
posed that the introduction of breeding 
stock from herds in which the disease is 
endemic may be a risk factor, but this is 
not documented. In a study in the UK 
showed there seemed to be a higher risk 
when there were more than 500 sows. An 
older parity structure in the sow population 
seemed to reduce infection. There seemed to 
be a higher risk if buying in boars. Fully 
slatted or fully meshed floors also carried a 
higher risk of infection compared with solid 
floors or straw. A higher risk was seen in 
those herds in which large numbers of pigs 
entered the finishing units simultaneously. 
Pigs on concrete slats may also be predis¬ 
posed. Intensive systems were more severely 
affected than outdoor systems. There was a 
reduced risk if there was thorough cleaning 
and disinfection (all-in/all-out) before the 
next group of pigs arrived. Seroconversion 
usually occurred as the pigs entered the fin¬ 
ishing site suggesting that the exposure takes 
place in the nursery. There may be five major 
types of risk factor: comingling, temperature 
fluctuations (overheating/ chilling), trans¬ 
portation, depopulation, and new buildings. 
Sows may have low levels of antibody and are 
capable of passing on colostral protection to 
the piglets. Maternal antibodies have usually 
declined by 3 to 5 weeks of age but may be 
extended to 42 days by repeated sow vaccina¬ 
tion, by which time exposure may have 
occurred and there may be both active and 
passive antibodies. 
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Methods of Transmission 

The organism is found in hamsters, ferrets, 
foxes, hares, deer, emus, ostriches, and pri¬ 
mates. Colonization of rodents and wild 
rodents has been described. 0 The significance 
of these alternative hosts has not yet been 
ascertained. The role of vectors is not clear, 
but the main source of infection is the 
incoming pig (both growing pigs and adults). 
Gilts can be shedders and carriers, and the 
organism can probably survive in the extra¬ 
cellular world for 1 to 2 weeks at 5°C to 15°C. 
It may be transmitted on boots, other fomites, 
and by insects and flies.' The method of 
transmission between pigs is assumed to be 
the fecal-oral route. 8 

PATHOGENESIS 

Contact-dependent excretion systems, such 
as the type III secretion system (T3SS), play 
an important role in the pathogenicity of 
many gram-negative organisms. 9 ' 10 This sys¬ 
tem transfers bacterial proteins (effectors) 
into the cell where they disrupt the various 
cellular processes 11 and promote bacterial 
pathogenicity. They have shown that the sys¬ 
tem is operative in LI. 9 

The infection is by oral means and enters 
the epithelial cells of the crypts of the small 
intestine. The process appears to go ileum 
first then colon, to cecum, and finally 
rectum. 4 The infection process appears to 
take about 3 weeks to peak with the organ¬ 
isms appearing in the feces about 1 week 
after experimental infection. The histologic 
lesions may have cleared from the ileum by 
day 29 following inoculation. Considerable 
progress has been made using porcine ileal 
models. 12 

Proliferative enteropathy is character¬ 
ized by the hyperplasia of the epithelial 
cells of the intestinal crypts, particularly in 
the ileum and colon. The presence of non¬ 
membrane bound, curved bacteria free in 
the cytoplasm of the affected enterocytes 
is a consistent feature of the disease. The 
bacteria associate with the enterocyte and 
enter through an entry vacuole, which then 
breaks down and the LI live freely in the 
cell. The organisms infect the immature cells 
of the mucosal glands and stop them from 
maturing. 1 ’ The goblet cells decrease and 
then disappear. The cells lose protein and 
fail to absorb nutrients, which then contrib¬ 
utes to the weight loss that occurs. 14 This 
causes them to multiply without leaving the 
gland, and the cells then degenerate prob¬ 
ably by apoptosis and the glands continue to 
proliferate. 15 

Gross and microscopic lesions typical of 
acute proliferative enteritis can be repro¬ 
duced by inoculation of cell-cultured LI into 
pigs 3 or 7 weeks of age. The incubation 
period is about 7 to 14 days with the early 
lesions appearing in the terminal ileum. 
Fecal shedding usually occurs about 7 days 
postchallenge and the animals seroconvert 
about 14 days postchallenge. The disease 


peak is about 21 days postinfection. The 
clinical signs decrease, and the lesions begin 
to resolve after 28 days. The disease process 
results in a 2-week delay in marketing. Inoc¬ 
ulation of gnotobiotic pigs does not cause the 
disease. It now seems certain that LI is the 
causative agent of the disease complex. Infec¬ 
tion of intestinal epithelial cells is causally 
linked to marked hyperplastic proliferation 
of affected tissue. 

The organism internalizes and multiplies 
within the cells, and it is proposed that the 
organism is capable of affecting, directly or 
indirectly, the cell cycle within the intestinal 
epithelium. This may or may not be con¬ 
cerned with the role of cyclin kinase p27, 
which regulates differentiation of immature 
crypt cells into the differentiated form. The 
changes in the experimental disease are 
similar to those in the natural disease. Fol¬ 
lowing experimental infection there is almost 
complete replacement of normal ileal mucosa 
by adenomatous mucosa. Affected crypts are 
enlarged and branched, with loss of goblet 
cells and marked proliferation of crypt epi¬ 
thelial cells. Hyperplastic lesions may develop 
2 to 3 weeks after challenge and persist for 
several weeks. In older animals, the lesions 
may be complicated by acute mucosal hem¬ 
orrhage or necrosis. In the progressive stage 
of the disease, 3 weeks after infection, numer¬ 
ous organisms are consistently present within 
affected intestinal epithelial cells but not else¬ 
where. In the developed and recovering stage 
of the disease, 7 to 9 weeks after infection, 
ultrastructural features in affected intestinal 
tissues consist of pale, swollen, protruding 
epithelial cells and shrunken epithelial cells. 
This is followed by the appearance of apop- 
totic bodies in both epithelial cells and mac¬ 
rophages, the reappearance of normal goblet 
cells, and reduced numbers of organisms 
within the lesions. Bacteria are released from 
cells via cytoplasmic and cellular protrusions 
into the intestinal lumen and can be found 
in fecal samples. 

In the experimental disease in pigs, sero¬ 
conversion to the organism does not occur, 
confirming the weak response characteristic 
of the natural disease. 

The proliferative lesion may result in sub- 
optimal performance in otherwise normal 
pigs or unthriftiness, or be manifested as 
acute intestinal hemorrhage during the 
recovery stages of intestinal adenomatosis. 
The hemorrhagic lesions are more difficult to 
explain, but there may be direct or indirect 
toxic damage to the endothelium of the 
blood vessels. 

It has been suggested that there is a close 
association between the presence of LI and 
reduced T-cell and B-cell numbers. This pro¬ 
vides evidence of an immunosuppressive 
effect operating in this disease. It seems also 
that macrophages have an important func¬ 
tion with activated macrophages accumulat¬ 
ing in the infected hyperplastic glands. At 
day 14 postinfection there were a few 
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pinpoint lesions, and the percentage of 
infected crypts was minimal. At the same 
time the number of CD3+ cells was reduced 
and the number of intraepithelial CD3+ cells 
was also reduced, while the CD8 and CD4 
cells showed no changes. Apparently there is 
an induction of an immunosuppressive phe¬ 
notype with downregulation of an adaptive 
immune response through the reduction in 
the CD8+ T- and B-cells. 

CLINICAL FINDINGS 

The disease can occur in pigs from a few 
weeks of age to adults and lasts about 6 weeks 
on average. It is most common in the newly 
weaned. Morbidity may reach 12% and the 
mortality rarely exceeds 6%, even when the 
hemorrhagic form is very severe. 

This disease is one of the common causes 
of failure to grow, weight variation in batches 
of pigs, and delay to market. In many cases, 
the clinical signs are not obvious as they are 
growth effects. Pigs may appear gaunt and 
may pass watery stools. 

Between 6 and 20 weeks the endemic form 
is called porcine intestinal adenomatous with 
wasting and ill-thrift. In vaccination studies 
the improvement has been of the order of 
5% for average daily gain or feed conver¬ 
sion ratio. 16 A 56 g/day reduction in average 
daily gain for each log 10 unit increase in LI 
excretion has been found. In a German study, 
LI PCR positivity had a significant negative 
effect on average daily gain. 1 ' 

Regional ileitis is the most common dif¬ 
ferential diagnosis of the granulomatous 
enteritis that is seen in PCV2-associated 
enteric disease. In many cases both PCV2 
and LI have been seen in the same case as 
both target the ileum. 

PPE or ileitis occurs in pigs 6 to 16 weeks 
of age. In the chronic form, a reduction in 
growth rate and failure to thrive are common. 
Affected pigs are afebrile and diarrhea occurs 
but is unremarkable. Most cases recover 
spontaneously within 6 weeks of the onset of 
signs. When inflammation and necrosis have 
resulted in necrotic enteritis and regional 
ileitis, diarrhea and severe weight loss occur 
followed by death, often by ileal perforation 
in the case of regional ileitis. 

PHE occurs in older pigs, such as young 
gilts and boars, and is manifested primarily 
by bloody diarrhea and sudden death. Others 
within the group may show skin pallor and 
hemorrhagic feces with fibrin casts but oth¬ 
erwise appear clinically normal. In some 
pigs there is continual blood loss, and death 
occurs within 48 hours of the onset of hem¬ 
orrhage, but in the majority of pigs the hem¬ 
orrhage is transient. In outbreaks, up to 70% 
of pigs affected with dysentery may die 
within 24 hours after the onset of signs. Fever 
is not a feature and the majority of pigs 
suffer only a minor setback for a 2-week 
period. A small percentage will develop 
chronic ill-thrift. 


In grower pigs the disease is economically 
more severe. As in gilts, acute death with 
marked skin pallor and without premonitory 
signs can occur, but survivors show ill-thrift, 
and as the outbreak progresses contempo¬ 
rary pigs may show a chronic syndrome of 
ill-thrift with the periodic passage of bloody 
feces. 

When sows are affected in early preg¬ 
nancy they may abort. Usually about 6 days 
after the onset of clinical signs and in late 
pregnancy they can infect their newborn 
litter. 18 

Pigs that have been experimentally 
infected are resistant to later reinfection. 19 

CLINICAL PATHOLOGY 

Many affected pigs are pale and anemic and 
the packed cell blood volume may be only 
20% of normal. In these instances there may 
be black feces (melena) from the digested 
blood. 

The organism can be detected in the feces 
of healthy 10- to 25-week-old growing/fin¬ 
ishing pigs, which is probably the age group 
of pigs serving as the main source of infec¬ 
tion for younger nursery pigs. 

A PCR assay is highly reliable for the 
detection of the organism in feces and intes¬ 
tinal tissues. It may detect as few as 2 x 10 2 
bacterial cells per gram of feces, but it is 
more likely that the PCR detects shedding of 
10 3 or greater per gram of feces. 

Positive results with the PCR are only 
present in animals with active lesions of pro¬ 
liferative enteropathy. Shedding as detected 
by PCR may start as early as 6 to 8 weeks and 
continue to 28 weeks. From seroconversion 
to first shedding was 2 to 8 weeks. 

A fluorescent ISH technique targeting 
16S ribosomal RNA using an oligonucleotide 
probe successfully identified LI. The indirect 
IF test works as soon as 2 weeks postshed- 
ding of LI. 

Seroconversion may commence between 
12 and 27 weeks. The range for positivity 
from first detection was 7 to 23 weeks. 
Maternal antibody appears not to prevent 
infection of piglets. ELISAs detect antibodies 
21 to 28 days postinfection. 

NECROPSY FINDINGS 

The immediate impact of PPE is a thickened 
ileum and cecum and less frequently a spiral 
colon. Not all cases have lesions. Some may 
be so mild they are overlooked. Obvious 
gross lesions occur in severe cases, but in the 
less severe cases histology is needed. The 
pathology is related to the dose. As long as 
you remember these facts you can monitor 
LI in the abattoir. 

A complex gross, histologic, and immu- 
nohistochemical study of LI has been made 
in which the pigs showed complete recovery 
and were IHC -ve by 35 days postinfection. 
The antigen was detected in the intestine, 
lymph node (macrophages), and tonsils (free 


living in the crypts). They were found in the 
rectum and in several portions of the large 
intestine. The first site of colonization was 
the jejunum and ileum and then the lower 
intestinal segments. On day 29 there was 
nothing in the small intestine, but the LI 
were still observed in the cecum, proximal 
colon, and rectum. Mucosal IgA was first 
detected on day 15 and was still detectable 
on day 29, but in all cases the titers varied 
from only 1:4 to 1:16. 

The macroscopic lesions of proliferative 
enteropathy were first detected at 11 days 
postinfection, which is the same time as 
histologic identification with enterocyte 
hyperplasia and reduced goblet cells. Immu- 
nohistochemical identification can be seen 
at 5 days postinfection and continues until 
day 29. 

In PIA, the prominent lesions are in the 
terminal ileum and proximal portion of the 
large intestine. There is gross thickening of 
the mucosa and submucosa of the terminal 
ileum, and the colonic mucosa may also 
appear congested and slightly thickened. 

In both forms of the disease the mucosal 
surface may be eroded and may look granu¬ 
lar with abundant adherent material in the 
form of fibrinonecrotic debris. There may 
also be a fibrinonecrotic core filling the 
lumen. In PHE the only difference may be 
that the surface of the mucosa may be 
covered by large undigested blood clots. 

Histologically, the mucosal change con¬ 
sists of marked proliferation of immature 
epithelial cells and a suppurative cryptitis. 
In many cases the affected crypts are 5 to 10 
or more cells thick with numerous mitotic 
figures. 

In necrotic enteritis the lining of the 
intestine may be covered in yellow or gray 
masses of necrotic material. 

In regional ileitis (called hosepipe gut) 
the distal ileum is rigid from thickening of 
the intestinal wall caused by muscular hyper¬ 
trophy and granulation tissue formation. 
The initiating mucosal damage is often 
somewhat masked because of colonization of 
the ulcerated mucosa by secondary bacterial 
invaders. 

In PHE, the carcass is usually very pale, 
and massive amounts of blood are often 
present within the intestinal tract. The 
mucosa and submucosa of the ileum are 
thickened and may be coated in fibrin. Fibrin 
casts are also sometimes present. Although 
the intestinal wall is dark red and hemor¬ 
rhagic, there may be no obvious points 
of hemorrhage. Histologically, there is evi¬ 
dence of vascular congestion, fibrin thrombi, 
increased permeability of blood vessels, and 
necrosis of the intestinal mucosa. The char¬ 
acter of the vascular lesion resembles an 
acute bacterial infection and type I hypersen¬ 
sitivity reaction. Again, the key microscopic 
feature is the presence of proliferating imma¬ 
ture epithelial cells with basophilic nuclei, 
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which line the greatly elongated crypts. There 
are no goblet cells in this site. In an analysis 
of histologic lesions crypt abscesses were 
seen in 20% of pigs, decreased goblet cells in 
90%, hypertrophy and hyperplasia in 3%, 
hypertrophy of both muscle coats in 78%, 
increased eosinophils in 34%, and lymphoid 
hyperplasia in 90%. 

In chronic cases the lesions described 
previously are nearly all replaced by fibrous 
connective tissue, and the diagnosis may rely 
on seeing just isolated pieces of mucosa. 

Lawsonia are also a common cause of 
colitis. In 70% of cases of colitis LI are also 
found in the colonic mucosa. In three cases, 
LI were found only in the colon, and in these 
infected large bowels there was an excess of 
mucus on the surface. 

Staining of smears of ileal mucosa with 
modified acid-fast stains may reveal typical 
curved bacterial rods in the apical cytoplasm 
of the infected proliferating enterocytes, per¬ 
mitting a presumptive diagnosis. It is not 
always specific for Lawsonia. They are not 
always present in necrotic debris or auto- 
lyzed tissue. IHC or silver stains (Warthin- 
Starry) of formalin-fixed gut are usually 
sufficient to detect the intracellular organ¬ 
isms in all forms of proliferative enteritis. LI 
can also be identified using a PCR assay. It is 
possible to find bacterial antigen in the 
lamina propria and draining lymph nodes of 
the ileum. This is a result of the natural 
process of infection clearance. 

There has been a considerable interest in 
the relationship between PCV2 and LI and 
the difficulties in separating the two. 20,21 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Distal ileum, proximal 
colon (direct smear and PCR); the 
organism needs to grow on tissue cell 
lines at oxygen and C0 2 concentrations 
that mimic the small intestine. It is 
not really an option because these 
techniques are difficult and the 
organism is an obligate intracellular 
organism. A simple staining with 
Ziehl-Neelsen or a modified Gimenez 
stain will show up the organisms. 

There has been a considerable development 
in PCR techniques for feces as an antemor¬ 
tem technique. This is a variable sensitivity 
that is affected by sample quality and the 
presence of inhibitory factors in feces, but the 
specificity is around 97%. It appears to be 
very useful in the clinically ill but not so reli¬ 
able in the subclinically affected. The PCR is 
more specific when applied to the ileal 
mucosa rather than to feces. It has been 
reported that fecal samples are more likely to 
be PCR-positive in herds with PHE rather 
than in PIA herds. It is more sensitive than 
either WS staining or immunofluorescence 
antibody test (IFAT). Shedding commences 
around 7 weeks and is observed most between 


13 and 16 weeks. A one tube-nested PCR has 
been developed that is very sensitive and less 
prone to false positives compared with a stan¬ 
dard nested PCR. A S' nuclease assay has 
been developed with a detection limit of one 
LI cell per PCR tube. A real-time PCR has 
been designed as a high-throughput test for 
use on feces. It is as specific as a conventional 
PCR but is more sensitive. It can be quanti¬ 
fied and performed with pure cultures, tissue 
homogenate, or bacteria shed in feces. 

A multiplex PCR has also been described 
for B. hyodysenteriae, B. pilosicoli, and LI. 22 It 
has a 100% specificity for the three species 
and does not generate false positives. The 
PCR can detect 10 2 to 10 5 LI per gram feces. 
A TaqMan quantitative PCR for use on feces 
and tissue samples 23 was shown to be more 
sensitive and more specific than conven¬ 
tional PCR on tissues. 

There is also an indirect fluorescent tech¬ 
nique, but this requires expertise and a reli¬ 
able Lawsoniana -specific antibody, and again 
is not 100% for subclinically affected animals. 
The percentage of agreement between IFAT 
and IPMA was 98.6%. It has been suggested 
that IFAT is more sensitive than PCR in ante¬ 
mortem testing. 

• Histology: Distal ileum, proximal colon 

(LM, IHC); IHC was described. 24 

• Serology: Serum antibody response in 

pigs to LI is specific and involves both 

IgM and IgG. 

Methods utilize LI grown in enterocytes 
or LI prepared on slides as the antigen. These 
assays are specific because cell cultures or 
slides are examined microscopically, and spe¬ 
cifically stained bacteria can be distinguished 
from any background. Staining of bacteria is 
either by fluorescent (IFA), which detects 
antibodies 28 days after infection, or peroxi¬ 
dase-labeled IPMA. The IPMA test is highly 
specific (100%) and fairly sensitive (90%) in 
experimentally infected animals. It is an 
appropriate diagnostic test for herd screening 
but not for diagnosing PPE on an individual 
animal basis. The IgG antibodies may be only 
short lived and found only between 18 to 24 
weeks. These have proved useful for routine 
PPE diagnosis, although the humoral 
response is often weak and short lived. Titers 
of 1:30 to LI appear about 2 weeks after 
infection, and 90% become positive by about 
3 weeks after challenge with 5% having titers 
of 1:480 or above. They are, however, already 
decaying by about 4 weeks after challenge. 
Antibody was not detected until 16 weeks of 
age and often not until 19 to 22 weeks. Today 
there are ELISAs for herd diagnosis. 

A cell-mediated response can be 
detected in the research laboratory using an 
enzyme-linked immunospot assay (Elispot- 
T-cell assay) that measures the Li-specific 
secretion of IFN-yby lymphocytes. It appears 
to follow the same pattern as the humoral 
response, and it also starts to decay from 
about 3 weeks although more slowly. 


Both humoral and cell-mediated 
responses can still be detected 13 weeks after 
challenge or vaccination. 

DIAGNOSIS 

In a comparative review of diagnostic 
methods in 2009, it was suggested in that 
gross and histopathological examinations 
including the use of Warthin-Starry staining 
(34% sensitive but 100% specific) of tissue 
sections were of limited value. 24 The authors 
suggested that PCR examination of feces was 
the most useful in terms of sensitivity but less 
specific (95%) than either IHC (99%) or ISH 
( 100 %). 


DIFFERENTIAL DIAGNOSIS 


Porcine intestinal adenomatosis 

Characteristic clinical findings are inappetence, 
loss of weight, and mild diarrhea in recently 
weaned pigs. Must be differentiated from 
postweaning coliform gastroenteritis, which is 
clinically much more severe, and death rapidly 
occurs. The postweaning drop in average daily 
gain (postweaning check) occurs within 
several days after weaning, and recovery 
occurs within several days following 
consumption of a normal daily intake of feed. 

Proliferative hemorrhagic enteropathy 

Occurs in feeder pigs, young gilts, and boars 
and is characterized by sudden death and 
extreme pallor of the skin. Must be 
differentiated from fatal hemorrhagic 
esophagogastric ulceration, acute swine 
dysentery, and intestinal hemorrhage 
syndrome 

Esophagogastric ulceration 

Occurs in all ages of pigs but especially in 
growers. The necropsy finding of ulceration 
in the nonglandular portion of the stomach 
at the esophageal entrance along with 
hemorrhage into the stomach with passage 
into the intestines provides easy 
differentiation. Acute death with intestinal 
hemorrhage occurs occasionally in swine 
dysentery. More common in adults affected 
with the disease and at the onset of an 
outbreak. Skin pallor is not as marked, and 
hemorrhage is restricted to the large intestine 
and associated with the characteristic lesions 
of swine dysentery in this area. Contemporary 
pigs show clinical and necropsy findings 
typical for this disease, and the diagnosis can 
be confirmed with laboratory studies. 

Intestinal hemorrhage syndrome 

More difficult to differentiate from the 
proliferative hemorrhagic enteropathy. Occurs 
most commonly in 3- to 6-month-old pigs that 
are well nourished, and many but not all 
outbreaks have been associated with whey 
feeding. Typically associated with abdominal 
distension and evidence of abdominal pain 
preceding death and the presence of marked 
intestinal tympany on postmortem 
examination. In many cases, hemorrhage in 

Continued 
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the intestine appears to result from torsion, 
which occludes the mesenteric veins. It occurs 
in all areas of the intestine except the proximal 
duodenum and stomach, which have separate 
drainage. Because of intestinal distension the 
torsion may be easily missed, but it is best 
determined by the abnormal cranial direction 
of the blind end of the cecum and palpation of 
the mesentery. This distribution of hemorrhage 
may occur without the occurrence of torsion, 
and the etiology in these cases is unknown. 

Other diseases 

Infectious necrotic enteritis associated 
with Clostridium perfringens type C may 

cause hemorrhage into the intestine but it is 
easily differentiated on clinical, epidemiologic, 
and laboratory findings. Mild brachyspirai 
enteritis, salmonellosis, porcine circovirus 
type 2, and nutritional diarrheas are 
alternative diagnoses. 


TREATMENT AND CONTROL 

Treatment is via antimicrobials, and control 
relies on biosecurity, antimicrobial therapy, 
and biosecurity and resolute hygiene, par¬ 
ticularly between buildings, is also impor¬ 
tant. Strict rodent control and fly control is 
advisable. 

Biosecurity to prevent the entry of infec¬ 
tion is the key to control. Quarternary 
ammonium compounds are very effective 
disinfectants, 25 and iodine and Virkon S also 
are effective. Beware of carrier pigs; isolate 
for 30 to 60 days, use preventive antibiotics 
as outlined later, use laboratory diagnostics, 
and vaccinate using the new water vaccine. 

A program for the monitoring of LI in 
breeding herd gilts has been described 18 in 
which gilts were tested at regular intervals 
before sale in an infected herd and on arrival 
at the recipient herd. In addition, the growing 
pigs in the recipient herd were also tested. It 
was found that it was possible to establish 
herd profiles and to prevent transmission 
from herd to herd. 

Eradication using early weaning is not a 
possibility, but using medication and vacci¬ 
nation is a possibility. It has been said that 
pigs between 30 to 50 kg shed fewer LI in the 
feces when they are fed nonpelleted and non- 
heated (home-mixed) feed. An eradication 
scheme for LI used in Denmark following 
the use of antimicrobials (tiamulin, lincomy- 
cin, and tylosin) failed. A control program 
was tried in the UK using PCR to identify 
affected animals and medication with chlor- 
tetracycline and tiamulin for control. The 
number of PCR-positive animals declined 
from 50% to 70% to 0%. In pigs over 14 
weeks there were some PCR positives derived 
from treated groups. Another farm used 
tylosin phosphate and these remained clean. 

Antimicrobials 

It is likely that administration of antibiotics 
is necessary in the early stages in water or in 
feed. This is usually around 8 to 11 weeks of 


age. A preferred treatment would be tiamulin 
120 ppm or tylosin 100 ppm for 14 days. 

In acute disease, water medication and 
particularly individual medications are more 
effective than treatment through in-feed 
medication. 

Continuous medication for LI can prevent 
infection but is frowned upon because it can 
prevent the development of immunity and 
extend susceptibility to infection. In fact, the 
timing of any medication can affect the 
immune response, subsequent fecal shed¬ 
ding, and the development of lesions. 

There is no published information avail¬ 
able on the treatment of individually affected 
pigs. The disease is usually treated on a herd 
basis by medication of the feed. 

There appears to have been no changes 
in the in vitro minimum inhibitory concen¬ 
trations (MICs) since the 1980s and 1990s. 
There are probably four reasons why medica¬ 
tion does not work: (1) underdosing; (2) 
concurrent infections; (3) some other disease 
or nutrition problem, i.e., misdiagnosis; and 
(4) antibiotics given too late to be effective. 

If antimicrobials are going to be used, it 
is a good idea to start at least 3 weeks before 
the anticipated acquisition of the infection. 

In a study of 10 North American and 
European LI isolates it was found that for 
extracellular activity valnemulin was the 
most active with intermediate activity from 
chlortetracycline, tylosin, and tiamulin, but 
lincomycin showed the least activity. 26 For 
intracellular activity carbadox, tiamulin, and 
valnemulin were the most effective. Tylosin 
and chlortetracycline showed intermediate 
activity, and lincomycin was the least 
effective. 

The antimicrobial susceptibility of the 
organism isolated from pigs with prolifera¬ 
tive enteropathy was determined in a tissue 
culture system. Penicillin, erythromycin, 
difloxacin, virginiamycin, and chlortetracy¬ 
cline were the most active compounds tested. 
Tiamulin and tilmicosin were the next most 
active, and the aminoglycosides had the 
highest minimum inhibitory concentrations. 
Both lincomycin and tylosin were relatively 
inactive against the strains of the organism 
tested. 

In the field Bacitracin, virginiamycin, and 
salinomycin are useless as are penicillins and 
fluoroquinolones. 

Oral chlortetracycline, one of the oldest 
drugs, is still used; at 300 ppm or 600 ppm it 
can prevent challenged pigs from developing 
clinical disease. Chlortetracycline at 300 ppm 
and tylosin at 600 ppm have prevented the 
clinical signs of PPE. 

Tylosin is ideal for treatment by injection, 
in feed, or through water and was successfully 
used for treating PPE at 100 ppm. For effec¬ 
tiveness, the antimicrobial would have to 
accumulate in the cytoplasm of the intestinal 
cell and block bacterial protein synthesis. The 
macrolides, tetracyclines, and virginiamycin 
act by selectively blocking protein synthesis 


in ribosomes. The oral administration of 
tylosin phosphate at a dose of 100 ppm or 
40 ppm in the feed to pigs for 4 days before 
experimental challenge and continued for 16 
days when the dose was reduced to 40 and 
20 ppm was effective in preventing the clini¬ 
cal signs and lesions of proliferative enteropa¬ 
thy. It does not appear to block the pattern of 
seroconversion to LI. Tylosin at 110 ppm sig¬ 
nificantly reduced fecal shedding of LI and 
histologic lesions consistent with PPE. Injec¬ 
tion of tylosin produced an improved diar¬ 
rhea score and clinical impression score, 
which improved weight gain. Tylosin tartrate 
in drinking water for the treatment of ileitis 
was effective in reducing clinical signs, 
lesions, and reduction in growth rate. 

Lincomycin is ideal for injection, water 
treatment, and in-feed treatment. Linco- 
Spectin at 80 ppm used consecutively was 
shown to be useful for treatment of PPE. 
Lincomycin at 44 and 110 ppm for 21 con¬ 
secutive days was effective in controlling 
the clinical signs of PPE and at 110 ppm 
also reduced the mortality associated with 
PPE. Lincomycin water-soluble powder at 
250 mL/gal is also effective. 

Aivlosin was found to be useful at con¬ 
centrations 25% less than those used for 
tylosin. 7 Valnemulin was also shown to be 
effective at 75 ppm in the feed. Tiamulin is 
useful for in-feed medication and water 
administration. Tiamulin given 50 ppm, 2 
days before experimental challenge and kept 
for 3 weeks prevented clinical disease. In 
addition, pigs given 150-ppm tiamulin 7 
days after challenge remained clinically 
normal and had no specific lesions of prolif¬ 
erative enteropathy at necropsy. Tiamulin in 
water is very useful, but a study showed that 
in water it interfered with seroconversion, 
whereas administration in feed did not. 

The use of Bacitracin Zinc in the feed 
of growing/finishing pigs at 300 ppm or 
200 ppm from weaning up to 100 days of age, 
or 200 ppm or 100 ppm from 100 to 125 days 
of age, and 100 ppm or 50 ppm from 125 to 
156 days of age was effective in controlling the 
effects of proliferative enteropathy in pigs on 
a farm with a previous history of the disease.' 

Carbadox and zinc oxide might have 
some effect against LI. It has been shown to 
be useful if fed in the final 2 weeks in the 
nursery. It reduces fecal shedding, clinical 
signs, and no IHC + ve or PCR + ve animals 
were found in one study. 

Hyperimmune chicken eggs fed to the 
swine have been suggested for controlling LI 
infection in growing swine. 

Vaccines 

The main difference between respiratory and 
alimentary diseases in the last few years has 
been the development ofvaccines for the former 
but not the latter. The recent development of 
an ileitis vaccine is the first of these for the 
enteric diseases. 28,29 This vaccination 30 may 
increase daily gain by as much as 46 g/day, 







increase the carcass weight, and shorten the 
finishing period. It is given orally from 3 weeks 
of age or in clean drinking water. Be careful 
with the use of antimicrobials before vaccina¬ 
tion because this may reduce the response to 
the vaccine. In a recent study in Denmark, 29 
the use of oxytetracycline for treatment of LI 
was reduced by 79% with a significantly lower 
number of pigs being treated. 

Vaccinating pigs through the administra¬ 
tion of drinking water using the water pro- 
portioner is a safe, labor-saving, efficient, and 
easy method of vaccination. In the presence 
of feed medication, vaccinated pigs per¬ 
formed better than the nonvaccinated pigs 
when exposed to an LI challenge. The per¬ 
centage morbidity was reduced, the feed con¬ 
version better, and the average daily gain 
increased by about 6%. There was also a 23% 
reduction in culls. It is best given in a 7-day 
antibiotic-free period. The present vaccine is 
given in water to 70- to 90-lb (30-40 kg) gilts. 
It can be dispensed with antimicrobials and 
produce protective immunity. There is a 
reduction in gross and microscopic lesions in 
the complete absence of antimicrobials when 
the gilts are vaccinated as finishers and the 
animals receive a booster vaccination every 6 
months. 
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BRACHYSPIRAL COLITIS (SWINE 
DYSENTERY, PORCINE 
SPIROCHETAL COLITIS) AND 
NONSPECIFIC COLITIS 

The postweaned pig is susceptible to several 
severe enteric bacterial diseases causing 
considerable economic loss. Brachyspira 
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hyodysenteriae (BH) (swine dysentery), Law- 
soniana and Campylobacter infections, post- 
weaning E. coli infections including bowel 
edema and B. pilosicoli (BP; porcine spiro¬ 
chetal colitis [PCS]) are the main contenders. 
In addition ulcers, torsion, rectal stricture, 
and rectal prolapse add to the gamut of gut 
disorders of the older pig. 

SWINE DYSENTERY 

Swine dysentery is a highly fatal disease 
characterized by mucohemorrhagic diarrhea 
and death if untreated for a few days. It 
causes economic loss (circa $10-$ 15 per pig) 
from mortality, morbidity, slow growth and 
poor feed utilization, and high costs of medi¬ 
cation and biosecurity. It is of no public 
health significance. Human intestinal spiro¬ 
chetes are distinct. 


SYNOPSIS 


Etiology Brachyspira hyodysenteriae 

Epidemiology Probably the most 

economically important enteric disease in 
growing pigs, 8-16 weeks of age. 
Transmitted by fecal-oral route. Crowding 
and high stocking density are risk factors. 
High morbidity and moderate mortality if 
not treated 

Signs Mucohemorrhagic diarrhea, and weight 
loss that are commonly persistent if not 
treated 

Lesions Colitis and typhlitis 

Diagnostic confirmation Detection of 
organism, in intestine. Serological diagnosis 
in herd 

Treatment Tiamulin, valnemulin, tylosin, and 
lincomycin by injection and in water and in 
feed. Organic arsenicals in feed and water 
supplies and carbadox and monensin in 
feed and water in some countries 

Control Eliminate infection with treatment in 
the feed and water supplies. Prevent 
reinfection and avoidance of introduction 
of carrier animals into herd. Eradicate by 
depopulation and repopulation, 
medication, and biosecurity measures. 


ETIOLOGY 

The genus Brachyspira contains seven species 
including others not yet officially named. 
They are gram-negative, filamentous, snake¬ 
like organisms. The seven species that are 
known to occur in swine are listed in 
Table 7-24. The species characterization has 
recently been described. 1 

These species can be distinguished by 
their zones of fl-hemolysis, ability to produce 
indole, and enzymic profiles. They all have 
subtypes with unusual phenotypes and geno¬ 
types. All are distinct from B. hyodysenteriae 
on ultrastructure, gene sequences, biochemi¬ 
cal tests, and antigenic grounds. B. hyo¬ 
dysenteriae has two specific antigens, the 
36-kDa protein and the 46-kDa periplasmic 


Table 7-24 Biochemical characteristics 
of species of Brachyspira isolated 
from pigs 

Species 

Main features 

Brachyspira 
hyodysenteriae 
(swine dysentery) 

Strongly hemolytic, 
indole +ve, 

some -ve 

B. pilosicoli (porcine 
spirochetal colitis) 

Weakly hemolytic, 
some +ve 

B. suanatina (pigs 
and mallard) 2 

Strongly hemolytic, 
indole weakly +ve 

B. murdochii (rarely, 
mild colitis in pigs) 

Weakly hemolytic, 
indole -ve 

B. intermedia (rarely 
diarrhea and 
colitis) 3 ' 4 

Weakly hemolytic, 
indole -ve 

B. innocens (rarely 
diarrhea, 

Weakly hemolytic, 
indole -ve 

commensal?) 


B. hampsonii (new 
species, colitis) 

Strongly (3-hemolytic 


flagellar protein. There is much antigenic 
heterogeneity among isolates of B. hyodysen¬ 
teriae. There are 11 serogroups with subdivi¬ 
sions into serovars. Serotyping of isolates of 
the organism is important in terms of diag¬ 
nosis and epidemiologic evaluation. The 
range of serologically distinct strains of the 
organism is much wider than previously 
realized. B. hyodysenteriae has heteroge¬ 
neous antigens in the LPS portion of the 
outer membrane, and several serotypes of B. 
hyodysenteriae have been described on the 
basis of agar gel double immunodiffusion 
precipitation. Some serotypes predominate 
in certain geographic areas. 

B. hyodysenteriae (formerly Serpulina 
and before that Treponema), a large strongly 
p-hemolytic spirochete, is the principal caus¬ 
ative agent. It is supposedly indole positive, 
but in a study in Belgium half were indole 
negative. It will cause typhlocolitis in captive 
rheas. Rats and mice may act as reservoirs. 
They are all anaerobic organisms, but they are 
oxygen tolerant and will grow in the presence 
of 1% oxygen. The genomes have been 
studied. 5 ' 8 The diversity of isolates has been 
shown by MLST 2 9 and multilocus variable 
number tandem-report analysis. 10 B. hyo¬ 
dysenteriae can be confirmed using random 
amplified polymorphic DNA analysis. 11 It 
seems that they have the ability to acquire 
genes from each other and other enteric bac¬ 
teria. They can be differentiated by pulsed 
field electrophoresis and multilocus electro¬ 
phoresis, and the former is particularly good 
at differentiating strains that are genetically 
53% to 100% similar. Strains of B. hyodysen¬ 
teriae possess several antigens, some of which 
are shared by both B. hyodysenteriae and 
BP species. Organisms have been described 
that are phenotypically characteristic of B. 
hyodysenteriae, but their 23s RNA genetic 
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signature and sequence are consistent with 
B. innocens. Within the genus of B. hyodysen- 
teriae there are some strains that are appar¬ 
ently nonvirulent or of reduced virulence 
potential. In some cases there may be clonal 
groups of B. hyodysenteriae. 12 The compara¬ 
tive virulence of Brachyspira isolates has 
recently been compared 13 and it was sug¬ 
gested that the phenotypic cultural character¬ 
istics results may be a more sensitive indicator 
of potential to induce dysentery-like disease 
than molecular identification alone based on 
current PCR assays. The virulence factors of 
B. hyodysenteriae have also been examined, 11 
and although several factors were isolated 
only the nox gene was found in all the isolates 
and tlyA and WyA/ACP were restricted to 
some B. hyodysenteriae isolates only. In this 
study a high degree of heterogeneity was seen. 

EPIDEMIOLOGY 

Occurrence 

A Swedish study showed that brachyspirae 
species were isolated from 58.5% of all 
samples. Of these 25.4% were B. hyodysente¬ 
riae, 16.4% were BP, and 58.2% were B. inter¬ 
media, B. innocens, or B. murdochii. 

Swine dysentery occurs worldwide and is 
an important disease of pigs in South 
America, South East Asia, and Europe. The 
disease had until recently declined in North 
America, probably because of strict biosecu¬ 
rity and the use of carbadox. It is most 
common in the 7- to 16-week-old age group 
but may affect older pigs to 6 months. Adult 
pigs and suckling pigs are seldom affected. 
The overall occurrence is probably around 
10% with control through drugs, particularly 
growth-promoting antibiotics. Once a farm 
is affected the organism will remain, evolve, 
or acquire new antibiotic resistance unless 
there is depopulation, disinfection, and 
restocking or whole herd medication. 

Risk Factors 

In a recent study of an outbreak in East 
Anglia, UK, that began on one farm follow¬ 
ing the movement of 400 pigs to an outdoor 
unit in mid-2006, it was found that by early 
2009 it had spread to 29 units by a variety of 
methods (Table 7-25). 


Table 7-25 Importance of fomites and 
animals in spread of Brachyspira sp. on 
one farm 



Animal Risk Factors 

Pigs from 8 to 16 weeks of age are most sus¬ 
ceptible to swine dysentery. Most outbreaks 
occur after purchasing infected animals from 
herds known to have the disease or where the 
disease is not acknowledged (sold as weaners) 
and trading continues. Infection is spread 
within and between swine herds by carrier 
pigs. It has been found in feral pigs and wild 
boar and occasionally affects birds, mice, 
rats, and dogs on infected farms. Mice are 
capable of carrying the organism for up to 
180 days after inoculation. 

Pathogen Factors 

There are many latent infections without clin¬ 
ical signs. There is some evidence that the 
organism destabilizes the microbial commu¬ 
nity in the large intestine. Experimentally, the 
oral inoculation of gnotobiotic pigs with a 
combination of B. hyodysenteriae and B. vul- 
gatus or F. necrophorum will result in the 
development of the characteristic clinical 
signs and lesions of swine dysentery. The 
disease has been reproduced with pure cul¬ 
tures of B. hyodysenteriae in conventional 
and SPF pigs. Challenge of gnotobiotic pigs 
with pure cultures results in colonization, but 
disease does not occur until other intestinal 
organisms are given, which suggests that the 
disease is the result of a mixed synergistic 
infection of the spirochete and other intesti¬ 
nal anaerobic organisms. These results and 
others are consistent with the concept that B. 
hyodysenteriae is the primary causative agent 
of swine dysentery and that the presence of 
one or more other anaerobes is a prerequisite 
for expression of pathogenicity of B. hyo¬ 
dysenteriae. This prerequisite can be met by a 
variety of anaerobes. There is considerable 
variation in virulence among strains of differ¬ 
ent serotypes of B. hyodysenteriae when 
given orally to SPF piglets or mice. A virulent 
B. hyodysenteriae has been isolated from a 
herd free of clinical swine dysentery, which 
indicates that the organism can still be present 
in herds considered to be free of the disease. 

The major polypeptides of B. hyodysente¬ 
riae are strong immunogens and present in the 
various serotypes, but there is considerable 
diversity in the antigenicity of LPS between 
those same serotypes. A PCR-based DNA 
fingerprinting technique can analyze genetic 
profiles of isolates of the organism from cases 
of swine dysentery in different herds, which 
could be important epidemiologically. 

Potentially pathogenic weakly p- 
hemolytic intestinal spirochetes may be 
present in swine herds with a high incidence 
of diarrhea and can be distinguished from 
nonpathogenic strains by the hippurate 
hydrolysis test. The prevalence of these 
strains is reduced in herds medicated with 
olaquindox. 

Environmental and Management 
Risk Factors 

The usual source of infection is through the 
import of pigs. It is, however, difficult to 


control these because of asymptomatic carri¬ 
ers. Investigation has shown that it may be 
the dirty truck that is important. In other 
words, biosecurity has failed. 

Overcrowding and the buildup of fecal 
wastes in pens contribute to an increased 
incidence of swine dysentery. The failure to 
clean solid floor pens on a regular basis 
results in an accumulation of fecal wastes, 
which increases the infection pressure. The 
contamination of pens with fecal effluent 
from adjacent pens or by open flush gutter 
systems allows pigs access to the flush water 
and can provide sources of infection and 
reinfection. The continuous introduction of 
young pigs into pens that have not been pre¬ 
viously cleaned out and washed provides 
sources of infection. The mixing of weaner 
pigs from different sources is often a source 
of infection for susceptible pigs. 

Several factors affect the survival of the 
organism from the feces of infected pigs. It 
can survive 10 days in soil at 10°C and up to 
78 days if there is 10% pig feces in the soil. 
The organism can survive for up to 48 days 
in dysenteric feces at 0 to 10°C (32-50°F); 
survival is reduced to 7 days at 25°C (77°F) 
and to less than 24 hours at 37°C (98.6°F). 
Dilution of dysenteric feces with tap water 
(1:10) enhances survival to 61 days at 5°C 
(41°F). It has been found in feces after 112 
days. Drying and disinfection rapidly elimi¬ 
nates the organism from the environment. 
Phenolic and sodium hypochlorite disinfec¬ 
tants are most effective. The organism can 
survive in lagoons for up to 60 days. In swine 
herd facilities with an open gutter-flush 
system that has housed dysentery-infected 
swine, the lagoon water is used to expel feces 
from the building, allowing the pigs to drink 
the effluent as it flows through the gutter. 
Under these conditions the organism may 
survive for 5 to 6 days after the removal of 
infected shedders. The organism has been 
isolated from the lagoon of a waste-handling 
system of a swine farm, which could be par¬ 
tially responsible for maintenance of swine 
dysentery within a herd. 

The effects of dietary constituents on the 
commensal bacterial flora of the large intes¬ 
tine are not well understood. It was thought 
that nonstarch polysaccharide was drawn 
into the distal parts of the colon and was then 
available for fermentation. The inclusion of 
wheat and soybean and/or the addition of 
exogenous enzymes to pig diets might influ¬ 
ence the large intestine microflora, but did 
not prevent swine dysentery. The coloniza¬ 
tion of the gut by spirochetes was highly 
related to soluble nonstarch polysaccharide, 
and the development of swine dysentery was 
influenced by the resistant starch content of 
the diet. Feed containing large amounts of 
soya bean meal and group housing of pigs 
were considered to be the major contributing 
factors in the experimental production of 
swine dysentery. Feed containing high levels 
of soluble nonstarch polysaccharides results 
in an increase in viscosity of gut contents, an 










increased amount of gut fluid, a low pH, and 
an increased number of coliforms in the 
intestines. A recent experiment with feeding 
and swine dysentery showed no effect of 
feeding rice in the diet. The feeding of rice 
was not able to prevent swine dysentery, and 
the increase of nonstarch polysaccharide or 
resistant starch was not able to reduce the 
incidence or prevalence of swine dysentery; 
in fact the clinical signs were worse. 

Methods of Transmission 

B. hyodysenteriae is present in the feces of 
affected pigs. Infection is by ingestion, and 
transmission is enhanced by conditions 
leading to fecal-oral cycling. Spread of infec¬ 
tion within a group is slow, taking up to 7 to 
14 days, and it may spread to other pens of 
pigs over a 2- to 3-week period. Pigs that 
have recovered from clinical disease with or 
without treatment may become carriers and 
still have the ability to shed the organism and 
infect in-contact animals for 50 to 90 days. 
Clinical disease may initially be precipitated 
by stress, but infection subsequently spreads 
by direct contract. The frequency of shed¬ 
ding varies with time, and only a small pro¬ 
portion of a convalescent population may be 
expected to be carriers. Every method of 
fecal transmission is a likely source (trucks, 
people, clothing, boots, etc.). 

PATHOGENESIS 

B. hyodysenteriae survives gastric acid and 
reaches the large intestine. In viscous envi¬ 
ronments B. hyodysenteriae has an improved 
movement. The agent possesses several outer 
membrane proteins including a 29.7-kDa 
lipoprotein (B. hyodysenteriaelp29.7) and a 
39-kDa variable surface protein. 15 It also has 
an LPS in the outer envelope that may help 
it to disrupt the colonic epithelial barrier. In 
addition, NADH oxidase activity protects it 
from oxygen toxicity. Hemolytic activity is an 
essential virulence factor possibly controlled 
by four genes, tly A, B, and C and LlyA. 

A hemolysin with cytotoxic activity 
extracted from a virulent strain of the organ¬ 
ism causes severe epithelial damage when 
injected into ligated loops of the ileum and 
colon of germ-free pigs and is a virulence 
factor in swine dysentery. The organism can 
adhere to a culture of intestinal cells in vitro, 
which may be one of its virulence factors. 
The organism is also highly motile, which 
provides it with the ability to move through 
mucus and facilitates penetration into the 
mucosa. This may be a very important viru¬ 
lence factor. A wide variety of other viru¬ 
lence factors may be important. The organism 
probably does not attach to the epithelial 
surface of cells; instead it colonizes the over- 
lying mucous layer. Chemotactic attraction 
of the organism to sites containing mucus 
is also a potentially important factor. It 
penetrates the mucus and moves down into 
the crypts and disrupts the colonic epithe¬ 
lium, causing mucohemorrhagic colitis 
while resisting oxygen toxicity. The organism 


Bacterial and Viral Diseases of the Alimentary Tract 


329 


colonizes the intestinal mucosa by associa¬ 
tion with intestinal mucus in both the 
mucous gel covering the epithelium and the 
mucous-filled crypts (on the other hand, the 
weakly (3-hemolytic B. pilosicoli [BP] attaches 
by one cell end to the luminal surface of the 
colonic epithelium to form a dense carpet of 
adherent spirochetes). 

It is still not known if invasion is a neces¬ 
sary feature of infection for swine dysentery. 
Where it lives normally is unknown, but in 
the intestine it can obviously breed more 
quickly than it is evacuated. The pattern of 
colonization appears to be random. The 
hemolysin lyses the intestinal mucosal cells, 
which then supply the brachyspirae with the 
vital sterols from the membranes. Several 
genes may be involved in virulence including 
tlyA and LlyA. For infection to become 
established, it seems that a gene for the pro¬ 
duction of NADH oxidase is required 
because it protects against the effects of 
oxygen toxicity. Similarly, there may be a 
Brachyspira iron transport system, and the 
presence of this may correlate with the 
pathogenicity of B. hyodysenteriae. Another 
gene of interest is the mglB gene, which may 
eventually be shown to be of great impor¬ 
tance. Lipooligosaccharide production may 
also be a virulence factor. 

Chemotactic- or motility-regulated 
mucous association appears to be the pre¬ 
dominant mechanism of mucosal associa¬ 
tion. There is progressive erosion of superficial 
epithelium, excess mucous production, 
edema, and hemorrhage of the lamina 
propria and pseudomembrane production. 
When the numbers of organisms reach 10 6 / 
cm 2 of mucosa then lesions begin to appear. 
The spirochetes appear in the feces about 1 
to 4 days before the diarrhea starts. The 
erosive colitis is the cause of the diarrhea, 
dysentery, and excessive quantities of mucus 
in the feces. Some CD8+ cells may be associ¬ 
ated with susceptibility to experimentally 
induced swine dysentery, whereas mono¬ 
cytes and CD4+CD8+ T-cells appear to be 
the major responding leukocytes during the 
disease. Death results from chronic dehydra¬ 
tion and bacterial toxemia. In some animals, 
an acute shock syndrome results in rapid and 
sudden death. Early in the disease it activates 
IL-1 and IL-6 and stimulates macrophages. 
In the later stages T-cells play an important 
part in defense. 

The diet has a major effect on the outcome 
of B. hyodysenteriae infections. Colonization 
can be controlled by feeding diets high in 
digestibility, which alter the colonic micro¬ 
biota and encourage species that inhibit spi¬ 
rochetes to flourish. 16 ' 1 ' Diets rich in inulin 
will do the same. 18,19 

CLINICAL FINDINGS 

The disease usually affects growers and fin¬ 
ishers a few weeks after moving from the 
nursery, and rarely weaners. Occasionally it 
affects sows at farrowing or in midlactation. 
It usually affects 6- to 12-week-old pigs, but 


can be of any age. The incubation period in 
the field may be 7 to 60 days but experimen¬ 
tally is usually 4 to 14 days. 

Morbidity within a group of pigs can 
range from 10% to 75%, mortality from 5% to 
25%, and if untreated the case-fatality rate 
can be as high as 50%. Most often, initially, 
only a few pigs are affected within a group, but 
spread occurs over a period of a few days to 2 
weeks to involve the majority. Affected pigs 
are slightly depressed, have a reduced appe¬ 
tite, and a moderate fever (40.0-40.5°C). The 
feces are only partially formed, usually of a 
porridge-like consistency, and are passed 
without apparent conscious effort and splat¬ 
ter on contact with the pen floor. Affected 
pigs commonly defecate almost anywhere 
and on anything in the pen. The feces are light 
gray to black and on close inspection a great 
deal of mucus is present and flecks of blood 
and epithelial casts may be seen. In some pigs, 
the presence of larger amounts of blood will 
discolor the feces accordingly. The occur¬ 
rence of blood in the feces generally occurs 2 
to 3 days after the initial onset of diarrhea. 
Affected pigs become progressively dehy¬ 
drated and their abdomens appear gaunt and 
sunken. Death usually occurs some days to 
weeks after the initial onset of signs and 
results primarily from dehydration and 
toxemia. Pigs with a severe hemorrhagic diar¬ 
rhea die more quickly. Skin discoloration is 
not a feature except in the terminal 
stages. 

In untreated pigs the disease may persist 
for 3 to 4 weeks before clinical recovery. Less 
commonly an outbreak may start with the 
sudden death of one or two pigs with no 
evidence of premonitory signs or a terminal 
hemorrhagic diarrhea. This occurs more 
often in market-age pigs and adults in herds 
in which swine dysentery has been intro¬ 
duced for the first time. It also is a rare cause 
of sporadic death of gilts and sows in con¬ 
ventional herds. 

The disease responds well to treatment, 
but following withdrawal of treatment the 
disease may recur within the same group of 
pigs. It can also recycle on farms at 3- to 
4-week intervals and reappear after the ces¬ 
sation of antibiotic therapy. A chronic form 
of the disease with persistent diarrhea and 
failure to grow occurs in some pigs with irre¬ 
versible lesions of the colonic mucosa. 

Immunity 

Maternal antibody must be present to protect 
the young pigs. Clinical disease is associated 
with development of specific IgG, IgA, and 
IgM antibodies in serum and local produc¬ 
tion of IgA in gut mucosal tissues. The IgG 
levels correlate with detection of clinical 
signs. IgA in the large intestine indicates 
recent infection. Treated and untreated con¬ 
valescent pigs develop elevated titers that are 
maintained as long as 150 days after infec¬ 
tion. The relationship between the magni¬ 
tude of the agglutinin titers and protective 
immunity is not clear. Carrier pigs shed B. 
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hyodysenteriae while elevated agglutination 
titers against the organism are present. 

Untreated pigs that recover from swine 
dysentery are resistant to experimental chal¬ 
lenge for up to 16 to 17 weeks postinfection, 
and these are partially species specific. In 
herds affected with swine dysentery, the 
disease may reappear at 3- to 4-week inter¬ 
vals following treatment, and the more effi¬ 
cacious drugs may inhibit the development 
of immunity. 

CLINICAL PATHOLOGY 

Hematology may well show an elevation of 
the leukocytes with a shift to the left. The 
acute phase proteins may increase. There is 
an early increase in the erythrocyte sedimen¬ 
tation rate and fibrinogen levels. Total plasma 
proteins may be elevated. The blood levels of 
sodium, chloride, and bicarbonate decrease. 
A marked metabolic acidosis and terminal 
hyperkalemia may follow. In experimental 
swine dysentery, neither blood glucose nor 
lactate showed any changes, but the serum 
concentrations of glucogenic nonessential 
amino acids such as serine, alanine, gluta¬ 
mine, and tyrosine decreased. 20 Lysine 
increased during the swine dysentery and 
leucine increased during the recovery. 

Detection and Culture of Organism 

The organism may be detected in the feces of 
affected pigs by dark-field microscopy as 
highly motile organisms with a characteristic 
serpentine motility or in dried smears with 
Giemsa or Victoria blue 4R staining. The best 
diagnosis is achieved by taking samples from 
the upper colon. Fecal samples submitted for 
laboratory examination should be diluted 
(1:10) in phosphate-buffered saline or rectal 
swabs placed in Amies medium to avoid 
death of the organisms, which will occur 
when the samples are stored at room tem¬ 
perature or sent in the mail. Microagglutina¬ 
tion tests (MATs), slide agglutination tests, 
and indirect and direct FATs are also used to 
detect the organisms. 

The organism can be cultured on Trypti- 
case soy agar containing 5% defibrinated 
bovine blood under specific atmospheric 
conditions. 

Florescent antibody staining aids con 
siderably in its demonstration, but may 
not distinguish nonpathogenic strains and 
false-positive and false-negative results are 
common. The presumptive diagnosis from 
the fluorescent antibody test (FAT) can be 
supplemented with a variety of laboratory 
tests that serve to identify the spirochetes as 
pathogenic. The slide agglutination test is a 
useful and specific means of identifying an 
organism but requires an appreciable amount 
of growth of spirochetes on the surface of the 
agar to perform the test. The microscopic 
agglutination test is a rapid test for the 
definitive laboratory identification of B. hyo¬ 
dysenteriae, but it cannot distinguish the 
avirulent strains of the organism. 


A major diagnostic problem has been the 
identification of carrier pigs that are infected 
with the organism and are a potential source 
of infection to other pigs. Indirect and direct 
FATs used to examine feces and colonic 
material from pigs for B. hyodysenteriae 
have not been sensitive or specific enough to 
identify individual infected pigs. 

Any diagnostic test must be able to distin¬ 
guish between the different Brachyspira spp. 
Some are harmless commensals, whereas 
others are potentially pathogenic. B. inno- 
cens, a nonpathogenic inhabitant of the 
porcine large intestine, is very similar to 
B. hyodysenteriae in both morphology and 
growth characteristics and shares many of 
the same surface antigens. Numerous sero¬ 
logic tests with sera from pigs that have 
recovered from B. hyodysenteriae infec¬ 
tion have demonstrated the presence of 
cross-reactive antibodies between B. hyo¬ 
dysenteriae and B. innocens, which makes 
differentiation difficult. 

Antigen detection methods based on the 
use of DNA probes or PCR have recently 
been developed and show considerable 
promise. They use portions of the 16sRNA 
and 23sRNA gene or the nox gene or tylA 
gene. The PCR is usually performed on the 
primary isolation plate (3-5 days), which can 
also be used for antimicrobial sensitivity. 

A PCR was developed that could detect 
10 3 to 10 4 organisms, and this was more rapid 
and detected more positive samples than did 
fecal culture and isolation. 

The duplex PCR developed was also more 
sensitive than the culture and biochemical 
tests, which were shown to detect 10 2 bacte¬ 
ria per gram of tissue and would be used to 
differentiate B. hyodysenteriae from BP. 

A multiplex PCR has been developed that 
will differentiate B. hyodysenteriae, BP, and 
L. intracellularis , 21,22 RT-PCR enables detec¬ 
tion of the numbers of the bacteria. ISH will 
also work for B. hyodysenteriae. 

The most definitive method for differen¬ 
tiating B. hyodysenteriae, B. innocens, and 
BP is the DNA-DNA relative reassociation 
method. 

Serologic Tests 

Monoclonal antibodies against the serotype- 
specific LPS antigens of B. hyodysenteriae 
can be used in ELISA, 23 indirect immuno¬ 
fluorescence, and immunoblot assays to dif¬ 
ferentiate between B. hyodysenteriae and B. 
innocens. 

Serologic tests such as microtiter aggluti¬ 
nation tests and ELISAs can be used on a herd 
basis to identify infected herds. It is 100% 
sensitive and specific but cannot confirm 
individual infected animals. The ELISAs will 
detect 10 2 organisms per milliliter of feces. 

A variety of serologic tests have been used, 
and typically these tests have used whole cul¬ 
tures or LPS as the antigen. 9 The former tends 
to increase false positives, and the latter 
increases false negatives but gives fewer false 


positives. Generally, these techniques are 
useful for detecting infected herds but are 
unable to detect individual infected pigs that 
may be acting as carrier animals. Recently a 
30-kDaouter membrane lipoprotein (BMPB), 
which is specific to B. hyodysenteriae and is 
recognized in both experimentally and natu¬ 
rally infected pigs, was identified, the gene 
cloned and sequenced, and specific epitopes 
on BMPB are being identified. 

Serologic tests can assist in the identifica¬ 
tion of carrier pigs. An evaluation of several 
serologic tests for detection of antibodies 
against B. hyodysenteriae concluded that 
only the MAT detected antibodies to the 
organism. The ELISA has been used to detect 
antibodies in individual pigs, but cross¬ 
reactions between B. hyodysenteriae and 
B. innocens are common. An ELISA using 
serotype 2 B. hyodysenteriae as antigen could 
not differentiate between stages of infection 
but could indicate if the pig had been infected. 

NECROPSY FINDINGS 

Lesions are restricted to the cecum and colon 
and occasionally the rectum, 24 and these can 
be found in healthy pigs. Sometimes the 
lesions extend over the whole large intestine 
or are localized. There may be hyperemia and 
edema of the large-intestinal walls and mes¬ 
entery. The mesenteric lymph nodes may 
be swollen with edema fluid. The mucosal 
lesions vary from catarrhal to fibrinonecrotic 
to hemorrhagic typhlocolitis. They are often 
covered by mucus and fibrin and flecks of 
blood. Colonic contents are soft to watery. 
With progression the edema and mucosal 
lesions become more severe with increased 
fibrin exudation and the formation of a 
thick mucinous pseudomembrane contain¬ 
ing blood. Goblet cell hyperplasia is very 
prevalent. The cells at the base of the crypts 
may be elongated and hyperchromic. There 
may be spirochetes in the goblet cells and in 
disrupted epithelial cells. Some spirochetes 
may be found around blood vessels. 

The carcasses of pigs that have died from 
swine dysentery usually show weight loss, 
dehydration, and a microscopically visible 
typhlitis and colitis. The colitis is initially 
present in the apex of the spiral colon but 
subsequently spreads to involve the whole 
colon and the cecum. In the early stages, 
there is inflammation and necrosis with 
varying degrees of hemorrhage into the 
lumen. The submucosal glands are enlarged 
and frequently visible through the serosa of 
the colon as opaque spots. In advanced cases 
a fibrinonecrotic exudate is adherent to a red¬ 
dened and granular mucosal surface. Intesti¬ 
nal contents may also adhere to the mucosa. 
The crypts are often thickened with edema. 
The draining lymph nodes are enlarged and 
congested. The small intestine is spared 
except for involvement of the terminal ileum 
in advanced cases. Spirochetes may be dem¬ 
onstrated in large numbers using Warthin/ 
Starry stains in smears from the mucosal 
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surface of these lesions, especially in early 
cases, but there is no systemic invasion. 

Electron microscopic examination of the 
colon of pigs with swine dysentery reveals 
changes indicative of stasis in the microcir- 
culatory vessels of the lamina propria. The 
earliest colonic lesion consists of superficial 
vascular congestion and dilatation, edema of 
the lamina propria, and intercellular separa¬ 
tion of the epithelial cells at the crypt shoul¬ 
ders. This lesion progresses to epithelial cell 
necrosis and extrusion with extravasation of 
red blood cells into the lumen. Degeneration, 
necrosis, and extrusion of superficial colonic 
enterocytes follows progressively. Large spi¬ 
rochetes are present in the crypts, in the 
cytoplasm of damaged epithelial cells, and in 
cavities around vessels of the lamina propria. 
The characteristic lesion of swine dysentery 
is necrosis of the superficial colonic epithe¬ 
lium. This feature maybe difficult to appreci¬ 
ate in partially autolyzed tissues, or if the 
animals sampled are recovering from the 
infection or being treated with antibiotics. In 
subacute lesions the crypt hyperplasia and 
goblet cell hyperplasia is more pronounced, 
and the extensive mucous production dis¬ 
tends all the crypts. 

B. hyodysenteriae is difficult to culture, 
requiring anaerobic conditions and selective 
media. This has promoted the development 
of alternative diagnostic techniques such as 
PCR and immunohistochemical stains. Wet 
mount preparations from the colonic mucosa 
are often used to make a presumptive diag¬ 
nosis and an FAT is available to confirm. 

A consecutive study was made of the 
pathology of lesions by repeated endoscopy 
and biopsy samplings was made. 24 On the 
third day, endoscopy showed a hyperemic 
reactive mucosa and excessive amounts of 
mucus. Histologically, there was crypt hyper¬ 
plasia, depletion of goblet cell mucus, and 
epithelial erosions. At the same time there 
were elevations of acute phase proteins, cir¬ 
culating monocytes, and decreased numbers 
of CD3+ cells. After 5 days the pigs returned 
to normal. 

DIAGNOSIS 

The history and clinical signs indicate either 
B. hyodysenteriae or B. hampsonii and are 
more severe than those of BP. Confirmation 
can be started by smears of feces or mucosal 
smears and finding typical spirochetes. The 
rest of the confirmation requires laboratory 
testing using the methods described earlier, 
particularly culture on selective media. Spi¬ 
rochetes can be confirmed by growth inhibi¬ 
tion tests and by specific antisera, and 
enzyme analysis using the API ZYM system 
is useful because B. hyodysenteriae lacks 
a-galactosidase. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Colon culture (culture 

has special requirements such as an agar 


gel plate with added spectinomycin, 
colistin, and vancomycin media or BJ 
medium). Direct smear (modified 
acid-fast stains), FAT, PCR 
• Histology: Formalin-fixed colon, several 
sites (LM, IHC). ISH and an IFA can be 
used on fixed tissue. 


DIFFERENTIAL DIAGNOSIS 


Swine dysentery must be differentiated from 
other diseases in which there is diarrhea in 
growing pigs. Pigs with swine dysentery are 
usually emaciated, dehydrated, have a rough 
hair coat and fecal staining of the perineum, 
and have mucohemorrhagic colitis. 
Identification of the new species Brachyspira 
hampsonii also requires laboratory 
identification. 

Porcine colonic spirochetosis: This is the 
most difficult differential diagnosis of swine 
dysentery and is associated with a mild 
diarrhea in weanlings and growing pigs. It 
requires laboratory confirmation. 

Coliform gastroenteritis, salmonellosis, 
and hog cholera: Characterized by more 
rapid onset and spread within a group than 
with swine dysentery and death occurs 
earlier. In coliform gastroenteritis and 
salmonellosis, the initial sign may be 
sudden death or severely depressed and 
weak pigs with fever, skin discoloration, 
anorexia, and a profuse watery diarrhea. 
Coliform gastroenteritis occurs within a few 
days after weaning, whereas hog cholera 
occurs in all ages of pig with a high 
mortality. Swine dysentery is more insidious 
at onset, the appetite is rarely completely 
lost, and the feces are soft and 
mucohemorrhagic. At necropsy the lesions 
of swine dysentery are confined to the 
large intestine, whereas in coliform 
gastroenteritis, salmonellosis, and hog 
cholera lesions are also present in the small 
intestine. Salmonellosis has deep 
hemorrhagic, necrotic lesions with 
coagulative necrosis. Other diseases may 
result in the passage of bloody feces. 
Trichuris suis is usually grossly visible in 
large numbers. 

Intestinal hemorrhage syndrome: Generally 
persists as a severe hemorrhagic diarrhea 
with rapid death rather than as a chronic 
syndrome, but pathological differentiation 
may be necessary. It is usually associated 
with whey feeding. Swine dysentery does 
not affect the small intestine. Chronic 
hemorrhage caused by esophagogastric 
ulcer results in melena; the epidemiological 
findings are different, and the necropsy 
findings are characteristic in the intestine 
and other organs. 


TREATMENT 

Affected pigs may need supportive therapy. 

Antimicrobial Therapy 

Some authorities have suggested that the 
recurrence of B. hyodysenteriae in the United 


States may be caused by increasing antibiotic 
resistance as has happened in Europe and 
Asia. In a recent study, the MICs against lin- 
comycin and gentamicin were high, as were 
the patterns shown by B. murdochii and 
Brachyspira species rather than B. hyodysen¬ 
teriae. The other antibiotics had MICs at the 
low end of the range. 

Antimicrobials are usually administered 
by mass medication to all pigs within the 
affected group. Treatment by water medica¬ 
tion rather than feed medication is prefera¬ 
ble, because it is generally easier and quicker 
to put into place, and affected pigs usually 
continue to drink (but perhaps not in the 
same quantities as when unaffected) while 
they are anorexic. Pigs with severe hemor¬ 
rhagic diarrhea and toxemia may not drink 
sufficient medicated water and must be 
treated initially by parenteral injection. 

Medication of feed is most suitable for 
subsequent prophylaxis. When outbreaks 
occur, all severely affected pigs should be 
treated individually, and the drinking water 
medicated for several days at therapeutic 
levels, followed by possible medication of the 
feed for up to 3 weeks or longer at prophy¬ 
lactic levels. 

Choice of Antimicrobials 

Several antimicrobials are suitable for the 
treatment and control of swine dysentery, 
and the choice is largely dependent on avail¬ 
ability, cost, efficacy, and the regional with¬ 
drawal regulations. The antimicrobials and 
their dosages given here are used in treat¬ 
ment and control. 

Currently, tiamulin, lincomycin, and the 
nitroimidazoles (dimetridazole, ronidazole, 
and ipronidazole) are the most effective anti¬ 
microbials for treatment by water medica¬ 
tion. In some countries, certain antimicrobials 
may not be approved for use in pigs. The 
most efficacious antimicrobials for use in the 
feed are carbadox, the nitroimidazoles, tiam¬ 
ulin, and lincomycin. 

A macrobroth dilution in vitro technique 
determined the antimicrobial sensitivity of a 
group of isolates of B. hyodysenteriae from 
Australia, the United States, and Canada. 
Dimetridazole and tiamulin were effective 
against most of the isolates. Lincomycin 
inhibited the growth of some isolates, and 
tylosin failed to inhibit most of the isolates 
tested. A group of isolates of B. hyodysente¬ 
riae from the UK were all sensitive to tiamu¬ 
lin, and there was no evidence that the 
organism was developing resistance to the 
drug. A large number of strains of B. hyo¬ 
dysenteriae isolated in Hungary between 
1978 and 1992 were tested against seven che¬ 
motherapeutic agents commonly used for 
the treatment of swine dysentery, and the 
changes in patterns of resistance were also 
monitored. All strains remained sensitive to 
carbadox. The sensitivity to dimetridazole 
gradually decreased with about 50% of 
strains still sensitive. Most strains were 
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Table 7-26 Antibiotic therapy in use for swine dysentery 

Antibiotic 

Dosages 

Tiamulin 

10 mg/kg BW IM for 3 days 

8 mg/kg for 5-7 days in water 
(60 mg/L for 5 days in water) 

106-120 ppm (30-40 g/tonne) for 7 days in feed 

Followed by 30-40 mg/tonne for 2-4 weeks 

Recovery often occurs in 24 h 

Valnemulin 

3-4 mg/kg BW/day for 3-4 weeks in feed 

For prevention 25 ppm (1.0-1.5 mg/kg) for 7-28 days 

Both valnemulin and tiamulin cross-react with ionophores (salinomycin, 
narasin, and monensin) and they should not be given together. 

Carbadox 

50 mg/kg of feed for 30 days to 35 kg only or combined with 
sulfamethazine at 100 mg/kg of feed 

Lincomycin 

11 mg/kg BW IM daily for 3 days, <10 days 

In water at 44 ppm (8 mg/kg BW) in water for <10 days 

In feed at 100 g/tonne for 3 weeks or until signs disappear 

Followed by 40 g/tonne 

Not suitable for animals over 110 kg 

Resistance occurs at an MIC of 30 mg/L. 

Lincomycin/spectinomycin 

66 ppm of both in the feed for 8 days 

Followed by 44 ppm for 20 days 

Tylosin 

10 mg/kg BW IM twice daily for 3-5 days 

5-10 mg/kg BW in water for 5-7 days 

Then next 100 g/tonne for 3 weeks in feed 

Followed by 40 g/tonne in feed 

Widespread resistance, but where sensitive it works 

Aivlosin 

Can be used when there is tylosin resistance 25 

Imidazoles 

Nitroimidazole 

(Not in the United States or Europe) 260 ppm in water for 7-14 days 

Dimetridazole 

200 g/tonne in feed 

Ronidazole 

60 ppm in water for 3-5 days, 120 ppm (60 mg/tonne) in feed. 
Resistant strains will develop. 

Monensin 

100 ppm in feed for 56 days 

Followed by 50 ppm from 56-84 days, and 25 ppm until 112 days 
Toxicity if used with pleuromutilins 

Arsenicals (formerly in 

common use) 

Sodium arsanilate 

In water at 175 ppm for 6 days 

Arsanilic acid 

500 g/tonne for 21 days in feed (monitor for signs of toxicity) 

BW, body weight; IM, intramuscularly; MIC, minimum inhibitory concentration; ppm, parts per million. 


resistant to tylosin. Resistance to lincomycin 
gradually increased but about 50% remained 
sensitive. Tiamulin was most effective but 
some resistant strains have emerged. Monen- 
sin was effective for prevention but resistance 
may evolve quickly. Sedecamycin, a macro- 
lide antimicrobial, was effective but the MICs 
were much higher than expected. Isolates of 
B. hyodysenteriae in Denmark were sensitive 
in vitro to virginiamycin, but medication of 
the feed at 20 ppm was ineffective for control. 
A combination of tiamulin and salinomycin, 
and salinomycin alone in the feed for 105 
days in diminishing doses is effective in con¬ 
trolling naturally occurring disease and in 
the first 30 days (60 ppm salinomycin and 
30 ppm tiamulin), in the next 60 days 
(30 ppm each), and the next 15 days (30 ppm 
salinomycin). For salinomycin alone the 
diminishing dose is the first 30 days 
(60 ppm), the next 60 days (30 ppm), and 
the next 15 days (30 ppm; Table 7-26). 

Organic arsenicals are the least expensive 
and are recommended as the first drug of 
choice when available in the country. When 
given in either the feed or water, there is a 
risk of toxicity. The general recommendation 
is to administer the medication for a 7-day 
period and then withdraw it for a 7-day 
period before reintroduction. However, this 
is frequently impractical, and continuous 
medication at 250 ppm in the feed is often 
used as follow-up therapy. Toxicity does not 
usually occur below levels of 500 ppm, but it 
has occurred at levels as low as 200 ppm 
where continuous medication is practiced, 
and constant surveillance for signs of toxicity 
is necessary. Although resistance to organic 
arsenicals has been suspected, it has not 
been documented. There has been a marked 
decline in the use of arsenicals for the clinical 
management of swine dysentery. 

It is essential to use agar or broth dilution 
methods to reach MICs for the various anti¬ 
bacterials, because there is a need to stan¬ 
dardize at this time of decreasing sensitivity 26 
and increasing transfer of resistance genes. 27 

Failure to Respond to Therapy 

For elimination of B. hyodysenteriae the 

selection of an effective drug is necessary. 

The major problems with the treatment of 
swine dysentery are the failure of some out¬ 
breaks of the disease to respond favorably to 
treatment, and relapses or new cases that may 
occur following withdrawal of medication of 
the feed or water. Several drug-related prob¬ 
lems have been postulated to explain these 
problems. 

Drug-delayed swine dysentery occurs 
several days after withdrawal of medicated 
feed. It may be caused by either an ineffective 
drug or inadequate dosage of an effective 
drug and failure to eliminate the causative 
organism from the colon. However, reinfec¬ 
tion from other swine must also be consid¬ 
ered. The nitroimidazoles at high levels will 
apparently prevent the delay or recurrence of 
dysentery. 


In experimentally induced swine dysen¬ 
tery using colon from affected pigs, oral 
inoculums such as tiamulin in the drinking 
water at 45 mg/L or 60 mg/L for 5 days were 
also effective in treating clinical disease. 
However, diarrhea commonly recurred 2 to 
10 days after withdrawal of the drug and 
repeated medication of the water with tiamu¬ 
lin was necessary to reduce the severity of 
diarrhea and prevent deaths. After one to 
three retreatments, the pigs were immune to 
experimental exposure and there was a sig¬ 
nificant increase in their serum anti-B. hyo¬ 
dysenteriae antibodies. This supports the 
observation that when certain antimicrobial 
agents such as dimetridazole, which are 


highly effective in preventing the develop¬ 
ment of diarrhea, are withdrawn, the affected 
pigs do not become immune. 

Drug-diminished swine dysentery 
occurs when suboptimal levels of the drug are 
used. The severity of the diarrhea is reduced 
and deaths do not occur, but the disease is not 
eliminated. However, severe disease may 
follow withdrawal of medication. 

The feeding of ronidazole at 60 ppm for 
10 weeks, or carbadox at 55 ppm or lincomy¬ 
cin at 110 ppm for 6 weeks eliminated an 
experimental infection, and swine dysentery 
did not recur during a 9-week period after 
withdrawal of the medication. The feeding of 
sodium arsanilate at a level of 220 ppm for 3 











weeks to pigs, which had been fed ronidazole 
for only 6 weeks, did cause the development 
of swine dysentery. 

In both drug-delayed and drug-dimin¬ 
ished swine dysentery, there are chronic 
lesions in the colon. In drug-resistant swine 
dysentery, medication of the feed is not effec¬ 
tive and diarrhea and deaths occur. Certain 
outbreaks of the disease may be resistant to 
both tylosin and sodium arsanilate. The sen¬ 
sitivity of B. hyodysenteriae to dimetridazole 
has not decreased significantly following use 
of the drug over several years. 

Drug-augmented swine dysentery is a 
more severe form of the drug-resistant 
disease in which affected pigs are more 
severely affected than nonmedicated con¬ 
trols. The cause is unknown. The disease 
occurs in a severe form several days or weeks 
following withdrawal of successful medica¬ 
tion for a previous outbreak of the disease. 
This form appears to occur most commonly 
in pigs that did not have clinical disease 
during an earlier outbreak but received medi¬ 
cation. The concentration of the drug admin¬ 
istered was sufficient to prevent diarrhea, but 
not sufficient to eliminate the spirochetes 
from the colon. During the delay of the initial 
diarrhea by the drug, there may have been 
intraglandular recolonization of spirochetes 
throughout the colon. After withdrawal of 
medication, rapid intraglandular multiplica¬ 
tion of the large spirochetes may occur and 
result in clinical disease. Drug-delayed aug¬ 
mented dysentery usually occurs only in 
those pigs that have been infected but did not 
develop clinical disease, which usually results 
in immunity. The occurrence of diarrhea is 
necessary for its development, which occurs 
4 to 13 weeks after infection. Treatment of 
swine dysentery with the more efficacious 
drugs has been shown to inhibit the develop¬ 
ment of this immunity and serum antibody 
to B. hyodysenteriae. However, the clinical 
significance of this is undermined, and at 
present it is suggested that outbreaks of swine 
dysentery be treated vigorously. 

It should be possible to minimize these 
drug-related problems of swine dysentery by 
the use of therapeutic levels of effective drugs 
in the drinking water for short periods fol¬ 
lowed by prophylactic levels in the feed for 3 
weeks or more. This must be combined with 
proper management techniques and waste 
disposal systems that minimize or prevent 
reexposure. 

Regardless of the drug used, many pigs 
are reinfected following withdrawal of medi¬ 
cation because of the continual presence 
of the organism in the environment. The 
sources of the organism include in-contact 
carrier pigs shedding the organism and sur¬ 
vival of the organism in waste materials (see 
the section Epidemiology). 

Cleaning and Disinfection 

After the institution of treatment, thor¬ 
ough cleansing of the contaminated pens 
is necessary to prevent reinfection or the 
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transmission of infection to new groups of 
pigs. This is usually done after 3 to 6 days, 
when all diarrhea has ceased. The decision 
to continue with prophylactic medication 
depends on the hygiene and a knowledge of 
past patterns of the disease on the farm. It 
is generally recommended to continue pro¬ 
phylaxis for at least 2 weeks. Swine housing 
units with open gutter-flush systems in 
which swine dysentery-infected pigs have 
been maintained should remain idle for a 
longer period than 5 or 6 days to eliminate 
B. hyodysenteriae. 

CONTROL 

Experimentally, a highly digestible diet can 
protect pigs from swine dysentery. Diet 
cannot influence the colonization of B. hyo¬ 
dysenteriae. 28 Diets containing inulin but not 
lupins helped to prevent swine dysentery in 
experimentally challenged pigs. 18 

Effective control of swine dysentery is 
dependent on the control of infection in the 
herd and the limitation of reinfection, eradi¬ 
cation by depopulation, and repopulation or 
mass medication without depopulation. 

Control of Infection/Limitation 
of Reinfection 

Control of the clinical disease can be 
achieved by early treatment with adequate 
levels of antimicrobials for a sufficient length 
of time. This must be combined with ade¬ 
quate removal of fecal wastes to prevent rein¬ 
fection. Pigs destined for market should be 
moved out as a group and their pens cleaned, 
disinfected, and allowed to dry for a few days 
before pigs are restocked. Where possible the 
purchase of feeder pigs should be restricted 
to private sales from herds with no history 
of the disease. Communal trucks should 
not be used for transport. Where this is not 
possible pigs should be placed in isolation 
pens for 3 weeks and provided with medi¬ 
cated feed or water to eliminate the carrier 
state in infected pigs. Every effort should be 
made to avoid potential fecal-oral cycles and 
contamination by feces between pens. Pre¬ 
venting the buildup of fecal wastes is also of 
paramount importance. Pigs from different 
source farms should not be grouped in the 
same pen. It is also necessary to reduce the 
stress of transportation and overcrowding on 
the pigs. 

In farrowing-to-market enterprises where 
the disease is always a threat, routine pro¬ 
phylactic medication may also be necessary. 
This is commonly performed following 
weaning and during the early growing phase. 
In countries where withdrawal periods are in 
force, the use of certain microbials is pre¬ 
cluded for this purpose. 

The feeding of tiamulin at a dose of 
20 mg/kg BW to pregnant sows, beginning 
10 days before farrowing and continuing 
until 5 days after farrowing when the piglets 
are weaned and transferred to an isolation 
unit, has been successful in the prevention of 
infection of newborn piglets. This is known 


as the “barrier method,” which can be an 
efficient method of eradicating endemic 
infections. To reduce the risk of postnatal 
infection of the progeny, the piglets should 
stay with the latently infected sows for the 
shortest time possible. Furthermore, early 
weaning is necessary, and strict isolation is 
an important condition to success. The 
disease is spread primarily by carrier pigs, 
and contact between infected and uninfected 
pigs must be avoided. 

The administration of tiamulin at 10 mg/ 
kg BW IM daily for 5 days to all animals in a 
large herd, combined with cleaning, disinfec¬ 
tion, and rodent control, was effective in con¬ 
trolling the disease, and no further clinical 
signs occurred in the subsequent 2.5 years. 

Mass Medication and Sanitation 
Program Without Depopulation 

With the strategic use of antimicrobials, 
effective sanitation, serial depopulation of 
possible carrier animals, and the introduc¬ 
tion of infected animals, it is possible to vir¬ 
tually eradicate the infection from a herd. 

Elimination of infection from closed 
swine herds is possible using antimicrobials 
(see the section Treatment), and there are 
various options. 

Dietary Modification 

Experimentally, modification of the diet 
can assist in the control of swine dysentery. 
Feeding a highly digestible diet reduces fer¬ 
mentation in the large intestine and is asso¬ 
ciated with a failure of colonization by B. 
hyodysenteriae when challenged orally. Pigs 
fed on a diet based on steam-flaked maize 
and steam-flaked sorghum had a decreased 
incidence of disease. Pigs fed on a diet 
based on cooked white rice were fully pro¬ 
tected from experimental infection with B. 
hyodysenteriae. 

Depopulation and Repopulation 

The infection can be eradicated by depopula¬ 
tion of the entire herd and repopulation with 
breeding stock free of infection. However, 
this can be uneconomical unless it is part of 
the long-term plans for the herd and the 
producer. 

The disease can be eradicated through the 
use of minimal disease or high-health-status 
herds that are free of several infectious dis¬ 
eases and maintain disease-free status. In 
such herds, diseases such as swine dysentery 
occur only rarely and almost never over a 
period of several years. 

Biosecurity 

Strict biosecurity measures are necessary to 
prevent introduction of infected carrier pigs. 
This requires knowledge of the infection 
status of the herd of origin. It also requires a 
highly reliable test to detect the infected 
pig. Particular attention should be paid to 
the state of vehicles visiting the farm. The 
farm staff and the truck drivers should not 
cross over the gate at the loading point. The 
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loading gate should be at the perimeter of 
the unit. 

Monitoring of the herd for continuous 
freedom is essential. This includes clinical 
observations, examination of colons at abat¬ 
toir, culture of feces, ELISA monitoring, 23 
and PCR examination of feces. 

Vaccines 

Pigs that have recovered from clinical swine 
dysentery may be protected against subse¬ 
quent challenge, but attempts to immunize 
pigs with B. hyodysenteriae have been proven 
to provide incomplete protection and involve 
complex procedures that may have limited 
practical value. The development of effective 
vaccines will require attention to serospeci- 
ficity of the organisms used to formulate the 
vaccines. 

Effective vaccines are not widely available 
as yet. A commercial vaccine using a protein- 
digested bacterin has shown efficacy in 
the reduction of disease caused by B. hyo¬ 
dysenteriae. It produced both a systemic and 
mucosal immunity. Both IFN-y and lympho¬ 
cyte blastogenesis responses were stimulated. 
A recombinant outer membrane lipoprotein 
has also been shown to be a hopeful vaccine. 

An inactivated, adjuvant, whole-cell 
vaccine against B. hyodysenteriae has been 
tested experimentally. The vaccine provided 
significant protection in two small trials, but 
some of the vaccinated and unvaccinated 
pigs developed late-onset swine dysentery, 
which is unexplainable. Field trials to test the 
vaccine are required. An experimentally 
inactivated B. hyodysenteriae vaccine with 
mineral oil adjuvant resulted in exacerbation 
of the clinical disease following challenge; a 
majority of the vaccinated pigs developed the 
disease earlier and to a more severe degree 
than the unvaccinated pigs. 
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BRACHYSPIRA HAMPSONII 

In every respect B. hampsonii produces the 
same clinical and pathologic syndrome as 
B. hyodysenteriae. It is possible that several 
unrecognized Brachyspira species play an 
important role in clinically relevant swine 
intestinal disease. Recently a novel strongly 
hemolytic Brachyspira species was encoun¬ 
tered in North America in cases similar to 
those caused by B. hyodysenteriae 1 and sub¬ 
sequently found in Spain. In other words, 
swine dysentery was caused by an entirely 
different agent. The isolates were found to be 
different from all known Brachyspira spp. on 
the basis of the nox gene, 16S ribosomal RNA 
sequencing, and biochemical testing. The 
organism is called B. hampsonii after David 
Hampson, who contributed so much to the 
study of Brachyspira. To identify the organ¬ 
ism, the duplex PCR was first used to dif¬ 
ferentiate or eliminate B. hyodysenteriae and 
BP, and then PCR was used to identify the 
nox gene. The PCR products were then 
sequenced and then multilocus typing was 
used. 2 3 The results of this typing grouped the 
isolates into two clades (I and II), which 
formed a cluster independent of each other. 
Most of clade I was positive for (3-glucosidase 
and clade II negative for this enzyme. This 
organism is strongly fS-hemolytic but is 
indole negative, which distinguishes it from 
B. hyodysenteriae and B. suanatina, which 
are the other p-hemolytic Brachyspira. 

The disease has been almost absent from 
the United States until quite recently, but a 
number of recent outbreaks of severe bloody 
diarrhea have been seen in the United States 
and Canada. 4 Since 2008, more than 50% of 
isolates from query swine dysentery cases 
have been nontypeable at the Minnesota 
laboratory, 1 and only 36% at the Iowa labora¬ 
tory 4 in the first 9 months of 2010 were type- 
able to the species level. The others may turn 
out to all be B. hampsonii. All the isolates 
were associated with severe bloody diarrhea 
in the field. 

In October 2009, two herds in Saskatch¬ 
ewan in Canada had a disease indistinguish¬ 
able from swine dysentery. All pigs had 
characteristic lesions in the large bowel, and 
abundant spirochetes were seen in smears 
from the colonic mucosa of affected pigs but 
not from the nonaffected pigs. They were 
unable to identify B. hyodysenteriae. A quan¬ 
titative (q)RT-PCR was developed, and it 
showed that 10 5 to 10 6 organisms per gram 
of tissue or cecal contents were found. ’ In 
2011 a similar condition was reported in 
Iowa and Minnesota. 6 Recently the organism 
was found in Spain and isolated from geese 


and ducks, which suggests that wildfowl may 
transmit the organism around the world to 
pigs. 
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NONSPECIFIC COLITIS IN PIGS 

This condition is found worldwide and as yet 
has no known definitive causes. It can be 
found in all ages from weaning to slaughter 
but particularly from weaning to 40 kg. Non¬ 
specific colitis was first seen in the UK in 
intensive management systems. 

ETIOLOGY 

At the moment the role of the various pos¬ 
sible players is not clear. It might involve 
feed ingredients, feeding practices, predis¬ 
posing viral enteritis, poor management, 
poor hygiene, or even sudden changes in 
husbandry. 

The condition is ill defined but nutrition 
and infection are thought to be important. 
Undigested food ingredients reach the colon 
as a result of poor digestion of feed. This 
undigested feed allows fermentation in the 
colon, and all these factors may not allow the 
colon to absorb water. Sometimes the condi¬ 
tion is found on feeding pellets but not on 
meal. The pelleting has the capacity to cara¬ 
melize carbohydrates, alter particle size, and 
destroy micronutrients. 

It may be associated with variations in a 
wide variety of factors including feed ingre¬ 
dients, feed formulations, feed availability, 
absence of fiber, or high salt in the water. 1 

EPIDEMIOLOGY 

The epidemiology may be individual farms, 
breeding stock suppliers, unhygienic condi¬ 
tions, and different suppliers of feed involved 
in the spread of the condition. 

PATHOGENESIS 

Many infections may contribute to disorders 
of the colon, particularly brachyspirae and 
Lawsoniana and those organisms that con¬ 
tribute to villous atrophy in the small 
intestine. 

Any abnormalities of the small intestine 
will further increase the amount of undi¬ 
gested and harmful food entering the large 
intestine. It has now been shown that some 
diets induce a colonic acidosis and enhance 
colonization by spirochetes. Many of these 
cases have no involvement of any of the 
brachyspirae, and the possibility exists that 
there may be a syndrome of colonic dysfunc¬ 
tion without direct spirochetal involvement. 







It is possible that any event that leads to 
the disturbance of colonic microflora may 
lead to colonic lactic acidosis and damage 
to the colonic mucosa and then a reduction 
in colonic fluid absorption, resulting in 
diarrhea. 

CLINICAL SIGNS 

The clinical signs of nonspecific colitis are 
mild and characterized by mild persistent 
diarrhea in pigs 5 to 14 weeks of age. Growth 
retardation and partial anorexia are com¬ 
mon. Morbidity and mortality data are not 
available. 

Pigs showed a sporadic diarrhea with 
soft, wet feces, which may bubble on passing, 
occasional mucus in the stools, growth 
depression, and hollow flanks in 18- to 35-kg 
pigs and with a morbidity of 20% to 30%. 
Pigs may be ill for up to 3 weeks. Most 
pigs continued to thrive but some grew 
poorly. 

PATHOLOGY 

Pigs had enlarged colons with frothy con¬ 
tents and most had a reddened mucosa. In 
a study of nonspecific colitis there was 
increased crypt depth in the colon of weaned 
pigs with diarrhea. 2 There was no association 
with any of the common infectious causes of 
colitis, but there was an association with a 
diet high in protein and wheat. The total level 
and digestibility of protein is believed to 
affect the intestinal microbiota. The further 
fermentation of the undigested protein in the 
colon may then result in the production of 
toxic by-products, and this may be the expla¬ 
nation for protein-associated diarrhea. The 
increased crypt depth in the colon may result 
from the protein degradation in the colon as 
well as the more usual diet rich in dietary 
fiber and coarsely ground cereals. In this 
study 2 it is possible that the increased crypt 
depth may be associated with the feed par¬ 
ticle size. Microscopically, they have a mild 
erosive colitis. A grossly distended large 
intestine is sometimes seen. The contents are 
fluid, contain bubbles, and sometimes seem 
oily. An increased crypt depth was discov¬ 
ered in these colitis cases. 1 Sometimes there 
may be colonic lesions. 

DIAGNOSIS 

Clinical signs may indicate nonspecific 
colitis, and the absence of any positive diag¬ 
nostics on laboratory testing may further 
suggest this. 

TREATMENT 

Identify any specific causes and treat these, 
and provide general antibiotic treatment 
such as oxytetracycline. 

CONTROL 

Control coincident infections such as 
PCV2 and porcine reproductive and respi¬ 
ratory syndrome virus (PRRSV) through 
vaccination. 
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Introduce a general cleanup of the 
hygiene and in particular use all-in/all-out 
by age and then thorough cleaning, disinfec¬ 
tion, and drying. Examine the nutrition 
and in general change from pelleted feed 
to meal. Also eliminate or reduce the anti- 
tryptic factors in the food (reducing trypti- 
case in soya meal) and reduce indigestible 
carbohydrates. Some varieties of wheat and 
peas should be avoided, and wheat can be 
replaced by barley. Enzymes can also be used 
to reduce nonstarch polysaccharides enter¬ 
ing the colon. 
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PORCINE INTESTINAL 
SPIROCHETOSIS (SPIROCHETAL 
COLITIS, PORCINE COLITIS, 

AND PORCINE COLONIC 
SPIROCHETOSIS) AND 
NONSPECIFIC COLITIS 

INTRODUCTION 

Porcine intestinal spirochetosis is a nonfatal, 
colonic disease of recently weaned, grower 
and finisher pigs. The causative organism, 
BP, was first recognized in 1980 and is a 
gram-negative, anaerobic, but oxygen-toler¬ 
ant spirochete found in the colon. 

It is found in a wide variety of hosts 
including immunocompromised humans, 
primates, dogs, opossums, commercial 
chicken production, and various species of 
birds. There appears to be no risk to pig 
workers. The human strains can cause colitis 
in pigs, and the wide species occurrence may 
cause concern for zoonotic risk but this has 
not yet been confirmed. A cause of special 
concern is that in some parts of the world 
the level of infection in humans is quite high, 
and this may be an indicator that spread is 
possible from some of the other species to 
humans. 

Porcine colonic spirochetosis (PCS) and 
nonspecific colitis may be two different syn¬ 
dromes, or the former may contribute to the 
latter with other organisms and nutritional 
contributions. Even now the effect of various 
intestinal combinations of flora and fauna to 
the pathogenicity of various organisms is 
unknown. As yet, there is no way to intro¬ 
duce a known intestinal microbiota that 
encourages well-being. The interrelationship 
between what goes on in the small intestine 
and the results in the large intestine in pigs 
is still largely unknown. 

A nonspecific colitis can be part of 
Brachyspira, Salmonella, Lawsoniana, Trichu- 
ris, or Balantidium infections. PCS is cer¬ 
tainly associated with BP, formerly known as 
Serpulina pilosicoli. B. hyodysenteriae and BP 
are the only two confirmed pathogens of the 
brachyspirae group together with the newly 
described B. hampsonii, B. innocens, B. inter¬ 
media, 1 B. suanatina, 2 and B. murdochii, 3 ' 4 


which are still considered nonpathogenic for 
the most part. 

Large, anaerobic weakly P-hemolytic 
non-B. hyodysenteriae spirochetes have been 
associated with porcine colitis and are 
capable of inducing disease in gnotobiotic 
pigs, but their role as primary or opportunis¬ 
tic pathogens in colitis in conventional pigs 
is uncertain. 

ETIOLOGY 

BP is the cause of PCS. It is a weakly |3- 
hemolytic spirochete usually typed by PFGE. 
It has 4 to 7 flagella and no plasmids. 2 The 
outer membrane has LPS, which are sero¬ 
logically heterogeneous. There are a number 
of outer membrane proteins. The organism 
is more tolerant of oxidative stress than B. 
hyodysenteriae. 

Swedish workers grouped the intestinal 
spirochetes isolated from pigs into four 
groups based on phylogenetic studies, 
although they are closely related. Groups I 
and II were isolated only from pigs with dys¬ 
entery or diarrhea. Group II was differenti¬ 
ated from Group I only by weak p-hemolysis. 
In Sweden, members of Group II are often 
isolated from young weaned pigs up to 25 kg 
in herds where a nonspecific diarrhea, which 
is clinically distinct from swine dysentery, 
occurs frequently. These strains seem to be 
absent or rare in herds without such diar- 
rheic pigs. Group III included the type strain 
for B. innocens. Group IV (detected by PCR) 
included the pathogenic, weakly P-hemolytic 
strain P43 (BP) shown to cause spirochetal 
diarrhea in pigs. Most farms have distinct BP 
genotypes, and common genotypes between 
and among herds are rare. 

A complex investigation of 20- to 40-kg 
pigs (8-16 weeks of age) on 85 pig units in 
Scotland from 1992 to 1996 showing diar¬ 
rhea and slow growth provided much needed 
information on the occurrence of mixed 
infections. BP was found on 25% of the units; 
atypical brachyspirae on 7%; B. hyodysente¬ 
riae on 6%; with S. typhimurium on 4%, Y. 
pseudotuberculosis (YP) on 4%, and LI on a 
mere 3%. Mixed infections of BP with Yer¬ 
sinia, Salmonella, other combinations, and B. 
hyodysenteriae were found on 27%. On 6 of 
the 85 units no pathogens were detected. 

Occurrence 

PCS probably has a worldwide occurrence. 
Herds using carbadox had a lower preva¬ 
lence of Brachyspira species than the ones 
using olaquindox. It has been seen in 
minimal disease herds in which no antibiot¬ 
ics are used, and it is also seen in herds where 
no growth promoters are used. There may be 
multiple strains on a farm or a farm with just 
one strain. 

Risk Factors 
Transmission 

PCS is usually introduced into herds by other 
pigs. The shedding may be continuous over 
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several weeks or intermittent. It is likely that 
the common route of transmission is fecal- 
oral but there may be a role for mice and birds. 
It has been recorded in a wide range of species 
that may be naturally infected (pigs, dogs, and 
birds), but rodents are probably not a long¬ 
term host. 6 It is possible that feral water birds 
may be a reservoir. 

Managemental and 
Environmental Factors 

The organism has a greater environmental 
survival than B. hyodysenteriae, particularly 
in slurry lagoons and manure heaps and the 
soil itself. It will survive in lake water at 40°C 
for 66 days and remains viable at 10°C for 
119 days in soil and 210 days in soil with 10% 
pig feces added. It is susceptible to most dis¬ 
infectants, but not when there is organic 
matter present. 

There may be a close association between 
this agent and other nonspecific factors in 
the gut. Changes in colonic microenviron¬ 
ment may predispose to colonization and 
damage associated with BP. There is a lower 
incidence if antibiotics are fed compared 
with no antibiotics. 

Feed 

Consumption of a rice-based diet signifi¬ 
cantly reduced the onset of excretion of BP 
after experimental challenge. In a recent set 
of experiments five diets were used in con¬ 
junction with BP. They included pelleted 
feed, nonpelleted standard food, standard 
diet plus lactic acid, formulated liquid diet, 
and a diet based on cooked rice. The group 
of pigs that were fed rice did indeed excrete 
BP for less time in their feces and in fewer 
numbers than the other groups. The pigs on 
the pelleted diet were worst. Nonpelleted and 
home-mixed diets were better. 

PATHOGENESIS 

The initial colonization of the colon appears 
to be mediated by the motility-regulated 
mucin association in which there is a positive 
chemotaxis toward mucin. Galactosamine 
and glucosamine are important constituents 
of intestinal mucin, and BP uses both of 
these substrates when it is grown in vitro. 
The organisms penetrate the mucus. This is 
followed by the multiplication of the spiro¬ 
chetes in close proximity to the mucosal 
surface and inside the lumen of the crypts. 
Intimate attachment of BP to the apical 
membrane of the colonic enterocytes occurs 
and causes destruction of the enterocyte 
microvilli. The cell junctions are the target. 
No receptors have been found as yet. These 
lesions are only seen in the first three weeks 
postinoculation in the experiments that have 
been performed. There may be a specific spi¬ 
rochete ligand and host cell membrane 
receptor interaction. BP can invade between 
the enterocytes and reach the lamina propria, 
where it may remain extracellularly or be 
seen in macrophages. BP can virtually eat its 


way through from the lumen to the lamina 
propria. They spread extracellularly in 
the underlying lamina propria and are 
phagocytosed by the macrophages and also 
enter the capillary blood vessels. They are 
taken up by a novel mechanism called coiling 
phagocytosis in which the BP are localized 
and replicate in the endoplasmic reticulum 
(ER) of the infected cells, which suggests 
intracellular trafficking. 

Penetration of the epithelium may involve 
disassociation of the intercellular junctional 
areas by the action of a subtilisin-like serine 
protease present in the outer membrane of 
the spirochete. The proliferation of the 
organism raises the levels of IL-1|3 and IL-8. 

CLINICAL FINDINGS 

Porcine colonic spirochetosis is character¬ 
ized by mild persistent diarrhea in pigs and 
loss in weight and increased days to slaugh¬ 
ter. It affects mostly young weaned animals 
of 20 to 40 kg but can occur in finishers and 
sows. There is believed to be an incubation 
period of 5 to 20 days. It occurs often after a 
change in diet. There may a slight fever 
(40°C), and growth retardation and partial 
anorexia occur commonly. 

The clinical signs of porcine intestinal 
spirochetosis (PIS) are difficult to distinguish 
from nonspecific colitis (NSC) and are 
similar to those seen in other forms of colitis, 
including early swine dysentery. In one 
study, prevalence was found to be 5% to 15% 
and the mortality <1% in affected batches. 

Typically, PIS occurs 7 to 14 days after 
weaning or after they have been mixed. Mor¬ 
bidity is in the region of 5% to 30%, and the 
signs last for 2 to 6 weeks. It is distinct clini¬ 
cally and pathologically from swine dysen¬ 
tery. Clinical findings include a mucoid 
nonbloody diarrhea, which is greenish or 
gray, often soft and wet to start, forming 
puddles like “wet cement,” and then becom¬ 
ing watery. It is usually self-limiting and 
lasts 2 to 14 days. There may be a stained 
perineum. During recovery and in chronic 
cases there may be large amounts of mucus. 
Affected pigs are usually alert and active but 
may become depressed, gaunt, and found 
with starry, rough coats. Affected pigs rarely 
die and eventually recover. Chronic infection 
and relapses are sometimes recorded. Mixed 
infections took longer to recover and had a 
more profound effect on growth rates and 
often persisted unless there was medication. 

PATHOLOGY 

Gross lesions are usually subtle or not recog¬ 
nized. They are restricted to the cecum and 
colon in all species. The spiral colon is flaccid 
and full of watery contents with a variable 
amount of mucus. The large bowel is usually 
full of content. Mucosal lesions are most 
obvious in the midregion of the spiral colon 
followed by the proximal spiral colon. The 
cecal mucosa is usually not involved or only 
mildly. The mucosa is reddened or thickened 


by edema, and it may even form ridges. 
There are a variable number of erosions. If 
there are a few erosions, then there appears 
to be nothing visible, but if they are many 
erosions then the surface appears granular, 
and it may be necessary to gently wash the 
mucosa with water to see these erosions. 
Fibrin may be mixed with mucus or blood, 
and there may be variable amounts of either 
loose in the lumen of the colon. In mixed 
infections with BP the lesions were more 
extensive and sometimes affected the cecum 
as well as the colon. 

Microscopically, with time the surface 
epithelium becomes eroded and attenuated, 
but these changes are not specific to BP. There 
is a mild to moderately severe erosive colitis 
that can be multifocal or diffuse. The extent 
and severity of this is probably a function 
of the colonic microflora. The lesions may 
extend to the muscularis. There are often 
adherent fibrinonecrotic exudates and feed 
particles. Goblet cell hyperplasia with dis¬ 
tended mucous-filled crypts, mucosal edema, 
and lymphoplasmacytic infiltrates are also 
found. Crypt abscesses are not uncommon. 

The characteristic histologic feature is a 
dense mat or false brush border of spirochetes 
that are closely packed parallel to one another 
and are attached by one end to the colonic 
epithelium resembling a brush border. This 
may be a feature only in the first 2 to 3 weeks 
of infection. With time the spirochetes persist 
in the lumen of the colonic glands, which are 
dilated and filled with mucus. In chronic 
infections there may be a large increase in 
chronic inflammatory cells. On EM spiro¬ 
chetes can be seen in the epithelial cells. 

IMMUNOLOGY 

Immunity to BP is not understood. There is 
a low level of IgG produced after 2 to 3 
weeks. BP may be able to evade the immune 
system. Recovered pigs may have serum 
immunoglobulins, but in experimental 
infections there seems to be a lack of a sys¬ 
temic response. 

LABORATORY DIAGNOSIS 

The laboratory diagnosis of PCS is similar to 
that for swine dysentery. The identification 
of spirochetes in fresh wet smears of feces 
viewed by phase contrast microscopy may 
provide evidence of spirochetal infection, 
but this method alone is not reliable and 
cannot differentiate between the various 
groups of pathogenic and nonpathogenic 
spirochetes. It can be improved with fluores¬ 
cent-labeled antibodies. 

Primary isolation is the technique of 
choice for confirmation of the disease, and it 
is then necessary to show BP in the mucosa 
or feces by culture or PCR. The weakly 
p-hemolytic BP organisms can then be dem¬ 
onstrated and provisional identification is 
done by hippurate hydrolysis, although there 
are organisms that are hippurate negative, 
but have been confirmed as BP by 





Bacterial and Viral Diseases of the Alimentary Tract 


337 


16S ribosomal DNA analysis. Most have the 
hippurate cleaving capacity. It is safer to 
remember that biochemical analysis is not 
definite as they can be both hippurate 
negative or positive. For this reason, it is 
worth checking on their reaction with 13 - 
glucuronidase because they should be nega¬ 
tive if they are true BP. 

Microscopic lesions are not diagnostic 
because they may be confused with salmo¬ 
nellosis or swine dysentery but the organ¬ 
isms in the hematoxylin and eosin sections 
can be seen, and they may be confirmed in 
Warthin-Starry silver-stained sections. Spe¬ 
cific identification requires IHC staining 
with BP-specific mouse monoclonal anti¬ 
bodies. Fluorescent ribosomal RNA can also 
be detected in ISH. Scanning EM shows 
degenerating epithelial cells and spirochetal 
colonization of the epithelium with BP but 
nothing with B. intermedia. The presence of 
B. intermedia can then be detected by PCR 
using 23S rDNA genes. Specific PCRs target¬ 
ing 16S RNA or 23S RNA or nox genes' are 
available. The duplex and multiple PCRs 
have been designed to differentiate BP from 
B. hyodysenteriae and Lawsoniana. RT-PCR 
is available, and restriction fragment length 
polymorphism analysis can be used to iden¬ 
tify the BP isolates. There are no antibody 
detection systems as yet. 

TREATMENT 

Treatment and control uses the same prin¬ 
ciples as those used for swine dysentery. In 
an old study in the United States, all isolates 
were susceptible to tiamulin and carbadox; 
over 50% were resistant to gentamicin; and 
42% were susceptible to lincomycin, 15.8% 
resistant, and 42% had an intermediate sus¬ 
ceptibility. Few strains are susceptible to 
tylosin. In all time-related studies of resis¬ 
tance there seems to be an increasing resis¬ 
tance. In those countries where olaquindox 
can be used 100 ppm is useful. 

In experimental infections when given 
after challenge valnemulin significantly 
reduced diarrhea and colonization by spiro¬ 
chetes. More recently in-feed valnemulin has 
also been shown to be useful at 25 ppm for 
14 to 27 days giving lower lesion scores and 
less widespread colitis. 

CONTROL 

An effective rodent control policy and pre¬ 
vention of bird entry is probably essential for 
the control of PSC. Treatment and control 
of PIS and PSC are achieved using the 
same principles as those used for swine 
dysentery. Control can produce significant 
savings where there is all-in/all-out manage¬ 
ment and multiple site production. Improv¬ 
ing hygiene and reducing contact with feces 
are the essential ingredients for successful 
control. If there is a lot of contamination 
then it is always better to allow exposure 
for about a week before giving antibiotics 
because this allows at least some immunity 


to be produced. Because other species may 
be a source of infection it is necessary to 
control mice and birds. Rational use of anti¬ 
biotics may be useful. Rotation of antibiotic 
usage may make the occurrence of resistance 
less likely. The three most likely successful 
treatments are valnemulin, carbadox, and 
tiamulin, although carbadox cannot be used 
in many countries. 

• Rations shown to contain 33 and 
110 ppm of lincomycin provided an 
effective control. 

• In Finland the use of tiamulin at 
200 ppm for 18 to 30 days combined 
with thorough cleaning removed PCS 
from a 60 farrow-to-finish operation. 

• Valnemulin at 25 ppm (1.25 mg/kg) was 
shown to be effective in controlling 
spontaneous PCS. 

Vaccination 

Vaccination seems to induce a primary and 
secondary serologic response to BP, but an 
experimental whole-cell bacterin was not 
protective when administered parenterally. 
There is no vaccine in widespread use. 
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YERSINIOSIS IN PIGS 

The principal disease of pigs is caused by Y. 
enterocolitica (YE) as well as YP. It causes 
enteritis and typhlocolitis in pigs and similar 
conditions occur in man. Contamination of 
carcasses during the slaughtering process 
may lead to carcass contamination and prob¬ 
lems in the food chain (biotypes 4, 2:09, 
and 1:03), and may pose a threat to abattoir 
workers. Yersinia also has significance in that 
cross-reactions of 09 with Brucella are a 
frequent cause of problems in Brucella 
testing. 

ETIOLOGY 

The organisms are gram-negative coccoba- 
cilli. There are biotypes and serotypes and 
some of the human food-poisoning types 
have virulence factors. 

EPIDEMIOLOGY 

Both species are widespread in pigs 1 and car¬ 
riage may persist for a long time in both 
tonsils and feces. Shedding is low in weaners 
(30%), increases in growers, reaches a peak 
in finishers (70%), declines in gilts (20%), 
and is usually absent in sows and boars. 
Antibody has a similar trend, and is low in 
neonates and weaners and increases so that 
usually 100% of sows have antibodies. It 
can survive in the environment and infects 


other species including rats, mice, flies, and 
humans. 

PATHOGENESIS 

Infection is carried in the tonsils where it 
sometimes may lodge, and multiplication 
occurs in the ileum and large intestine. Shed¬ 
ding occurs between 5 and 21 days post infec¬ 
tion (DPI) and may continue for up to 10 
weeks. Antibodies appear after about 18 days 
and may also last about 10 weeks. Septicemia 
may occur with YP, and in these cases there 
may be abscesses in the liver, spleen, lymph 
nodes, and guts, as well as the enteritis. 

CLINICAL SIGNS 

There may be mild fever, watery diarrhea 
(3-5 days), dark-colored feces, and blood¬ 
stained mucosa and soft feces in YE cases. 
Rectal stricture may also be seen. In YP cases 
there may be dullness, inappetence, edema, 
and bloodstained diarrhea, and it has also 
been isolated from rectal stricture cases. 

PATHOLOGY 

In former clinical cases at necropsy there 
may be a catarrhal enteritis. In YP cases the 
lesions are perhaps more severe with button 
ulcers in the colon, gut, mesenteric lymph 
nodes, and liver. 

DIAGNOSIS 

Clinical signs do not make a provisional diag¬ 
nosis of yersiniosis likely, but the organism is 
usually found at postmortem or on bacterio- 
logic testing. They can be isolated on culture 
from enrichment media or broths. DNA 
probes or PCR will also detect both organ¬ 
isms, and YE can also be detected in feces by 
PCR in feces at 5 CFU/mL feces. Diagnosis 
usually depends on the pathology associated 
with demonstration of the organism by 
culture or PCR. Serology (ELISAs) can be 
useful for detecting herd infection from 2 
weeks after infection to a peak at around 30 to 
35 days and disappearance at around 70 days. 

TREATMENT 

If there is a problem it will usually respond 
to antimicrobial treatment in water or feed, 
particularly tetracyclines, synthetic penicil¬ 
lins, fluoroquinolones, and furazolidone (not 
in the EU). 

CONTROL 

Hygiene and biosecurity are the best con¬ 
trols, aided by rodent and fly control. 
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VIRAL DIARRHEA IN 
NEONATAL PIGS 

Neonatal diarrhea in the pig involves princi¬ 
pally viruses such as PED, rotaviruses, and 
the TGE virus, probably in that order of 
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importance, since 2013. In addition, there 
are several other viruses of lesser or unknown 
importance. 

Additional major groups in neonatal pigs 
include the bacterial diseases and principally 
clostridial infections (C. perfringens type A 
and C and C. difficile). In addition, there are 
the protozoal conditions of coccidiosis and 
cryptosporidiosis to further complicate the 
situation. Multiple infections are probably 
more common than realized because there is 
a temptation to not look for a further diag¬ 
nosis once the initial culprit is found. 

OVERVIEW OF VIRAL DIARRHEA 

Emerging and reemerging swine viruses 
have been reviewed. 1 The etiologic agents 
of diarrhea are varied but the predomi¬ 
nant group are the viruses. These include 
TGE and PED, which are the most severe 
infections causing considerable mortality. 
The latter is a cause of much recent disease 
in Asia (China, Thailand, Vietnam, and 
Korea) in which 50% of the cases may be 
caused by this agent 2 ' 5 and the mortality 
approached 100% and now, since May 2013, 
a large epizootic has occurred in North 
America. 

The most common agent is porcine rota¬ 
virus. In addition there are several newly 
emerging agents including porcine kobuvi- 
rus and porcine bocavirus. 6 ' 9 

A systematic study was made in China of 
these viruses. 10 In finishing pigs, 5% to 10% 
had diarrhea and usually recovered within 1 
week. Sows had diarrhea in 15% to 20% of 
cases when pregnant and were usually well 
within 1 to 3 days. Piglets were ill within 1 
week of farrowing. These outbreaks spread 
rapidly within 3 to 5 days. Clinical signs 
included yellow, watery diarrhea, vomiting, 
depression, anorexia, and death from dehy¬ 
dration from within 2 to 3 days. The stomach 
contained a mass of curdled and undigested 
milk. The small intestine was thin walled and 
almost transparent. Mortality often reached 
80% to 100% but supportive therapy might 
reduce this to 20% to 30%. If piglets were 
infected at >14 days then mortality was low. 
The pathologic changes were mostly in the 
jejunum and the ileum with little change in 
the duodenum. There was often villous 
atrophy. 

The pathogens causing diarrhea are 
diverse with over 96% of the cases having at 
least one cause in Korea, 4 in Italy, 8 and in 
Thailand. 11 

In this Chinese study from 2013, 10 not 
surprisingly 82% had PED. Kobuvirus was 
frequently detected in single infections but 
more importantly in mixed infections. Boca¬ 
virus and rotavirus were also often detected 
in mixed infections and only occasionally in 
single infections. Over 75% in this study were 
mixed infections. Dual infections were 43.9%, 
triple 26.1%, and quadruple 2.3% of cases. 

Various viruses may coexist with PED. 
Different infection patterns are observed in 


different age groups. The viral load of PED 
tended to be higher in the infected pigs than 
in the healthy. TGE and rotavirus were not 
detected in healthy pigs. The viability of 
enteric viruses after waste treatments has 
been examined. 11 
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PORCINE ROTAVIRUSES 

This virus is a major cause of diarrhea in the 
pig. The zoonotic potential is unknown, 
although pig and human strains do reassort. 1 
In a recent case in an infant in China it was 
shown that the rotavirus responsible was a 
pig-cattle reassortant. 2 

ETIOLOGY 

The virus has 11 segments of double-stranded 
RNA (dsRNA), and each segment encodes 
for a viral structural protein (VSP) or a non- 
structural protein except segment 11, which 
encodes for both.’ The virus is a triple¬ 
layered particle, and if the outer proteins are 
removed (VP4 and VP7) by a disinfectant 
then there is a double-layered particle 
remaining; in an EM picture both particles 
can be seen. Only the triple-layered are 
infectious. 4 There are seven groups that are 
morphologically similar but antigenically 
different based on the VP6. Of these Group 
A is the most important in the pig, 4 but 
Group C has become more of a problem 
recently 5 7 and Group E was detected in the 
UK many years ago. The classification of 
rotaviruses has been the subject of much dis¬ 
cussion. 8 ' 9 In the United States, there has 
been a substantial diversity. 10 

The Group A rotaviruses are a common 
cause of diarrhea in nursing pigs from 1 to 5 
weeks of age with peak occurrence from 1 to 
3 weeks of age, and weanling pigs at 3 to 5 
weeks of age and within 3 to 5 days of 
weaning. Groups A, B, and C occur in diag¬ 
nostic surveys with about 90% belonging to 
Group A. Substantial diversity of Group B 
viruses has recently been described in the 
United States. 10 Group C rotavirus has also 
been found to be the cause of enzootic neo¬ 
natal diarrhea in a minimal disease herd. 
They are divided into two serotypes, G (15 +) 
and P (25), and different types predominate 
in different outbreaks. 


Multiple rotavirus G serotypes and P 
types have been detected in swine. In a recent 
survey in Europe 14% of the pig samples 
were positive for rotavirus and the number 
of G-P combinations was high and confirms 
the high diversity of genetic diversity. 11 New 
combinations are being discovered all the 
time, for example, the discovery of a G2-like 
virus with a novel VP4 type P32 in Ireland 11 
and the G9 P 13 in Ohio in nursing piglets. 
There is little or no cross-protection between 
porcine rotaviruses with distinct G and P 
types, but viruses that share common G and 
P types induce at least partial cross-protec¬ 
tion in experimental studies. This is why it is 
sometimes essential to know which types are 
present on the farm. The most common are 
G3, G4, G5, and Gil. 

In some countries a certain genotype may 
be more common, e.g., P23 in Thailand. 14 
Variant serotypes of porcine rotavirus such 
as G3 may cause severe outbreaks of diarrhea 
in piglets. Subclinical infections are common, 
and age resistance to rotavirus infection may 
not occur. 

EPIDEMIOLOGY 

The serotypes are present worldwide, and up 
to 100% of adult pigs may be serologically 
positive for Groups A, B, C, and E, and mul¬ 
tiple serogroups and serotypes have been 
found in the pig. 15 ' 18 

Fecal-oral transmission is common and 
possibly by aerosol, although this is not con¬ 
firmed. In the past most infections were 
Group A, but recently in the United States 6 
and Brazil 19 Group C has flared up. The infec¬ 
tion dynamics on farms have been described. 20 
Reassortants have occurred between pigs on 
one hand and cattle, horses, and humans on 
the other. 9 ' 21 ' 23 

In an infected herd, piglets become 
infected between 7 and 35 days of age, and 
the virus cannot be detected usually in 
piglets under 10 days of age, presumably as 
a result of protection by lactogenic antibody. 
Virus shedding can occur from 1 to 14 days 
for the Group A viruses and rather less for 
the Group B viruses. It is suggested that in 
an intensive piggery, with a constant shed¬ 
ding of viruses in feces of sows before and 
after farrowing leads to a continuing cycle of 
rotavirus infection, with a buildup of host 
immunity against a circulating strain in the 
pig population. A virus such as CRW-8 prob¬ 
ably could undergo changes through muta¬ 
tions over a period of time, leading to 
antigenic drift. 

In piglets, rotaviral diarrhea is most 
common in pigs weaned under intensive 
management conditions, and the incidence 
increases rapidly from birth to 3 weeks of 
age. There is no age-dependent resistance up 
to 12 weeks of age. The disease resembles 
milk scours, or 3-week scours of piglets. 
Mortality caused by rotavirus varies from 
7% to 20% in nursing pigs and 3% to 50% 
in weaned pigs, depending on the level of 
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sanitation. In the United States the peak inci¬ 
dence occurs in February and a moderate 
rise occurs in from August to September. 

A case-control epidemiologic study 
examined the relationship between Group A 
rotavirus and management practices in 
Ontario over a 5-year period. In rotavirus¬ 
positive herds, herd size was larger and 
weaning age was younger compared with 
rotavirus-negative herds. Pigs raised in 
all-in/all-out nurseries were three to four 
times more likely to have a positive Group A 
rotavirus diagnosis than pigs in a continuous 
flow system. Pigs in the all-in/all-out system 
were weaned at an earlier age. 

The sow is the source of infection. Sero¬ 
positive sows can shed rotavirus from 5 days 
before to 2 weeks after farrowing, when 
piglets are most susceptible to infection. 
There are increased secretory IgA and IgG 
antibodies to rotavirus in the milk of sows 
after natural rotavirus infection or following 
parenteral inoculation of pregnant or lactat- 
ing sows with live attenuated rotaviruses. The 
early weaning of piglets at a few days of age 
or at 3 weeks of age results in the removal of 
the antibody supplied by the sow’s milk and 
predisposes to infection. 

Continuous transmission of the virus 
from one group to another is an important 
factor in maintaining the cycle of rotaviral 
infection in a piggery. The virus can be found 
in dust and dried feces in farrowing houses 
that have been cleaned and disinfected. This 
suggests that the environment is also an 
important source of infection. The porcine 
rotavirus can survive in original feces from 
infected pigs for 32 months at 10°C. Gilts and 
sows shed virus antigen before farrowing and 
during lactation, which makes it next to 
impossible to eliminate the infection from a 
herd. As sows increase in age they develop 
increasing levels of lactogenic IgA rotavirus 
antibodies but do not transfer increasing 
levels of protection to their piglets. 

Different electrophore types of Group A 
rotavirus and different groups of rotaviruses 
may occur at the same time in a single 
piggery, which must be considered when 
developing vaccines. The subgroups of Group 
A porcine rotaviruses have been classified, 
and there are differences in virulence of iso¬ 
lates. Most isolates from outbreaks of diar¬ 
rhea belong to Group A, whereas a small 
percentage are atypical rotaviruses. Some 
porcine rotaviruses are related antigenically 
to human rotavirus serotypes 1 and 2. Porcine 
rotaviruses displaying the typical bovine 
P[l], P[5], P[11], G[6], and G8 genotypes 
have been detected in pigs, which indicates 
the high frequency of rotavirus transmission 
between cattle and pigs. The various G and P 
types of the virus have been examined and 
compared in Poland and the United States. 

Atypical rotaviruses and other enterovi¬ 
ruses are often present in preweaning and 
PWD in swine herds and should be consid¬ 
ered as potential pathogens. Some atypical 


rotaviruses are associated with villous epi¬ 
thelial cell syncytia in piglets with enteritis. 
Single and mixed infections of neonatal 
piglets with rotaviruses and enteroviruses 
have been described. Combined rotavirus 
and K99 + E. coli infection causes an additive 
effect when induced experimentally in gno- 
tobiotic pigs. The inoculation of calici-like 
viruses into gnotobiotic piglets can result in 
diarrhea and villous atrophy. Diarrhea in 
unweaned piglets 1 to 3 weeks of age has 
been associated with a combined infection 
of rotavirus and Isospora suis. There can 
be an important synergistic effect with other 
viruses such as PED. 24 The combined effect 
of a dietary change at weaning and rotavirus 
infection in gnotobiotic piglets is a tempo¬ 
rary villous atrophy, and there is no evidence 
of persistent atrophy of the small intestine. 

PATHOGENESIS 

They replicate in enterocytes of the small 
intestinal villi and the cecal and colonic epi¬ 
thelial cells. Jejunum and ileum are the most 
affected. Within 12 to 48 hours of an experi¬ 
mental inoculation, the affected cells lyse 
and disruption of villous architecture follows. 
To some extent this is age dependent and 
strain and serogroup dependent. Groups A 
and C produce the most serious effects. 
Malabsorption results as a result of 
impaired glucose-regulated sodium trans¬ 
port, impaired disaccharidase production, 
and increased thymidine kinase activity. 

CLINICAL SIGNS 

The incubation period may be 18 to 96 hours. 
Rotaviral diarrhea may occur in nursing 
piglets from 1 to 4 weeks of age and in pigs 
1 to 7 days following weaning. If the condition 
is uncomplicated by other agents then the 
disease is often mild. Lactogenic immunity is 
very protective. Direct experimental infec¬ 
tions are always more severe than the natural 
infections. In older piglets it is less severe, 
and in pigs of 4 to 5 weeks it produces only 
a very slight diarrhea. The disease in nursing 
piglets resembles milk scours or 3-week 
scours. Most of the pigs in the litter are 
affected with a profuse liquid to soft diarrhea 
with varying degrees of dehydration. Recov¬ 
ery usually occurs in a few days unless com¬ 
plicated by ETEC or unsatisfactory sanitation, 
overcrowding, and poor management. The 
disease is often most severe in herds in which 
there is continuous farrowing with no period 
of vacancy for cleaning and disinfection in 
the farrowing barn. The disease may also 
occur in pigs a few days after weaning and 
may be a major factor in PWD of piglets 
weaned at 3 weeks of age, or earlier in the 
case of weaning pigs at 1 to 2 days of age. 

PATHOLOGY 

Gross lesions are most severe in 1 - to 14-day- 
old pigs when the stomach is empty and the 
intestine is thin walled, flaccid, and full of 
watery flocculent fluid. The lacteals in the 


mesentery are empty and the lymph nodes 
are small. In pigs older than 21 days there are 
no gross lesions in the uncomplicated cases. 

Histologically, there is loss of the villi tips 
within 16 to 18 hours postinoculation. Sig¬ 
nificant villous atrophy occurs within 24 
hours and reaches its height at 24 to 72 
hours. Then there is a flattened squamous 
epithelium and crypt hyperplasia. 

DIAGNOSIS 

Porcine rotaviruses grow in cell cultures with 
a characteristic rounding of the cells, and the 
virus can be detected in these cultures by 
immunofluorescence or IHC. The latter is 
also used directly on tissue sections from the 
small intestine. 

A whole variety of methods are used to 
detect rotavirus, but many rely on the com¬ 
mercial ELISA kits for rotavirus A, and 
monoclonal antibody capture ELISAs have 
been developed for Groups B and C. Nucleic 
acid hybridization and viral RNA have been 
detected by RT-PCR. The latter is often 
used for the detection of serogroups and 
genotyping. 1,6,15 ' 17,25 

Because the infection is so widespread 
there is little point in measuring antibodies, 
but a whole variety of techniques can be used 
to detect high levels of IgA and IgM, which 
will indicate recent infection. 

IMMUNITY 

The immune response appears to be specific 
for either the P or G type. There appears to 
be little cross-protection between the groups. 
The presence of a neutralizing IgA antibody 
in the small intestine appears to be the most 
important feature in the immune response. 
This is the reason the pig is most prone to 
infection when the level of maternal anti¬ 
body has decreased. 


DIFFERENTIAL DIAGNOSIS 


Transmissible gastroenteritis is most common 
in piglets under 1 week of age and explosive 
outbreaks are common. There is acute profuse 
diarrhea and vomiting. Affected piglets may 
continue to nurse for several hours after the 
onset of the diarrhea. The case-fatality rate is 
high in piglets under 7 days of age; older pigs 
usually survive. 

Porcine epidemic diarrhea type I affects 
piglets under 4-5 weeks of age and is 
characterized by profuse watery diarrhea, high 
morbidity, and low mortality. 

Porcine epidemic diarrhea type II causes a 
profuse fluid diarrhea in pigs of all ages, 
including nursing piglets. Explosive outbreaks 
may occur and the morbidity may reach 
100%. Mortality is usually restricted to piglets 
under 3 weeks of age. 

Enteric colibacillosis usually occurs in 
piglets under 3 days of age. There is acute 
diarrhea, dehydration, and rapid death. Pigs 
with coliform septicemia may die without 

Continued 
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obvious diarrhea and usually appear cyanotic. 
Entire litters may be affected and the 
case-fatality rate may be 100%. Early 
treatment with antibiotics and subcutaneous 
fluids will result in recovery. Coccidiosis occurs 
in piglets from 5 to 10 days of age and is 
characterized by an acute diarrhea in which 
the feces are foul smelling and vary in 
consistency from cottage cheese-like to 
liquid, and gray or yellow and frothy. The 
diarrhea is persistent for several days and 
nonresponsive to antibiotics. Some pigs 
recover spontaneously, whereas others die in 
2 to 4 days. Coccidial oocysts can be detected 
in the feces. The morbidity rate varies from 
50% to 75% and the case-fatality rate from 
10% to 20%. 

Hemorrhagic enterotoxaemia caused by 
Clostridium perfringens type C affects entire 
litters of pigs under 1 week of age; is 
characterized clinically by severe toxemia, 
dysentery, and rapid death; and at necropsy 
there is a hemorrhagic enteritis. 

Coccidiosis 
C. perfringens type A 
C. difficile 

Other pig diarrhea viruses (calicivirus, 
sapovirus, norovirus, adenovirus, etc.) 


TREATMENT 

Diarrhea causes dehydration and electrolyte 
imbalance, so rehydration and energy provi¬ 
sion is essential using oral electrolytes. The 
younger the pig is, the worse the effect, 
because in these animals reserves of energy 
and cold tolerance are largely reduced. It is 
therefore essential to maintain a warm envi¬ 
ronment and to provide the correct creep 
feeds for young piglets to encourage food 
consumption. Regular cleaning and disinfec¬ 
tion will reduce the level of virus challenge. 

CONTROL 

A variety of disinfectants including phenols, 
formalin, and chlorine have been used to 
deal with a virus that is resistant to a variety 
of environments. It can survive for 9 months 
at the temperatures normally found in a far¬ 
rowing house. As yet there is no good porcine 
rotavirus vaccine. 26 
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PORCINE HEMAGGLUTINATING 
ENCEPHALOMYELITIS VIRUS 

Porcine hemagglutinating encephalomyeli¬ 
tis virus (HEV) is also known as vomiting 
and wasting disease. It is also a disease of 
neonatal pigs. It can be seen as different 
manifestations, and there is no public health 
significance. 

ETIOLOGY 

The cause is a Betacoronavirus of the Coro- 
naviridae , and the natural host of the virus is 
the pig. It was originally described in the UK 
and Canada, and there is only one serotype. 
There are mostly inapparent infections with 
occasional outbreaks in nonimmune herds, 1,2 
and it has a tropism for neural tissues. 

EPIDEMIOLOGY 

The condition occurs worldwide. The condi¬ 
tion affects neonates and is maintained by 
the infection of piglets from sows. Because 
most sows are protected there are few out¬ 
breaks. A new herd of 6000 sows with 55% 
gilts and first or second litter sows was 
severely affected. 2 The piglet is affected 
before 3 to 4 weeks of age if born to nonim¬ 
mune sows. It is transmitted in nasal secre¬ 
tions probably resulting in nose-to-nose 
transmission and possibly aerosols. Excre¬ 
tion of the virus following infection probably 
lasts 8 to 10 days. The presence of maternal 
antibody, which lasts up to 15 weeks, protects 
the piglet against neural damage. Pigs over 3 
to 4 weeks do not get nervous signs. 

The virus will also spread rapidly among 
newly weaned finishing pigs, and immunity 
develops within 8 to 16 weeks. The virus is 
rapidly destroyed by ultraviolet light. 

PATHOGENESIS 

After oronasal infection signs begin within 
3 to 5 days. These signs are affected by age at 
infection and possibly also by any strain differ¬ 
ences in the virus. Replication is widespread 
in the respiratory tract, particularly lungs, 
tonsils, and small intestine. It may spread to 
the CNS via the peripheral nervous system, 
particularly the trigeminal, vagus, and intes¬ 
tinal plexuses to the spinal cord. On reaching 
the brain it particularly affects the vomit¬ 
ing and appetite centers to produce wasting. 
Virus replication in the gastric nerve plexi 


causes damage and disturbs gastric emptying 
and starvation. Viremia is of no importance. 

CLINICAL SIGNS 

Piglets between 5 days and 3 weeks are 
affected. They will often try to suckle, then 
stop and vomit. The first signs are vomiting 
and huddling together, which indicates a 
raised temperature that may last 1 to 2 days. 
Anorexia, dehydration, and constipation 
follow, and the vomiting increases in fre¬ 
quency and is usually followed by death or 
wasting. Nervous signs may follow in some 
pigs with hindleg weakness, difficulty in 
swallowing, and persistent retching and 
vomiting. Older pigs nearer 3 weeks may just 
lose their appetite and become emaciated, 
and may require euthanasia. Morbidity may 
be 100% if totally susceptible, and mortality 
may also be high under similar circum¬ 
stances. Pigs in outbreaks of the so-called 
motor encephalomyelitic form may huddle, 
sneeze, cough, and vomit as early as 7 days 
after birth. They may then huddle, show 
tremors, hyperesthesia, jerky gait, walk back¬ 
ward, or adopt a dog-sitting posture. Blind¬ 
ness, opisthotonus, nystagmus, and paddling 
on the side in lateral recumbency, followed 
by coma and death, are also seen. 

PATHOLOGY 

There are usually no gross lesions. The 
abdomen may be swollen. The intestinal 
tract and particularly the stomach are usually 
empty. There may be intestinal dilatation. 

Histologically, there may be nonsuppura¬ 
tive inflammation in the tonsils or lungs. In 
the V and W form there may be degenera¬ 
tion of the ganglia in the stomach and peri¬ 
vascular cuffing in the stomach. If there is an 
encephalitic form, a nonsuppurative enceph¬ 
alitis is found that is most pronounced in the 
pons, medulla, and the dorsal horns of the 
spinal cord with perivascular cuffing, gliosis, 
and neuronal degeneration. 

DIAGNOSIS 

The clinical signs in young pigs less than 
3 weeks of age are highly suggestive. Virus 
isolation in the first 2 to 3 days of an acute 
infection is possible using PK cells and 
then using hemadsorption, immunofluores¬ 
cence, neutralization or hemagglutination, 
or the presence of syncytia to confirm. IHC 
on tonsils, brainstem, and lungs will also 
confirm the diagnosis. 

RT-PCR on tonsils, brainstem, and lungs 
will also demonstrate the agent. An antibody 
that arises 7 to 10 DPI can be detected 
by plaque reduction, virus-neutralization 
(VN), or hemagglutination inhibition tests. 
Antibody concentrations increase rapidly 
after infection but there presence does not 
indicate active disease. 

DIFFERENTIAL DIAGNOSIS 

The most likely differential diagnoses are 
pseudorabies or Teschen-Talfan. 








TREATMENT AND CONTROL 

There is no treatment or control. If you know 
the herd is free, keep it so by biosecurity, 
purchase new stock from a known-free 
source and quarantine on arrival, and then 
adapt to the unit to encourage immunity to 
the strains present on the farm; otherwise 
maintain a high herd immunity by mixing 
ages of sows to encourage circulation of the 
virus, increasing colostral immunity. 
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PORCINE ADENOVIRUSES 

Porcine adenoviruses cause mild diarrhea 
and pneumonia in pigs. 

ETIOLOGY 

Porcine adenoviruses are DNA viruses and 
can be cultured in cells to show cytopathic 
effects and intranuclear inclusions. They are 
resistant to the environment and may live 
up to 1 year at 4°C but are susceptible to 
most disinfectants. Seven types have been 
found in pigs and types 1 and 4 are the most 
common. 

EPIDEMIOLOGY 

Porcine adenoviruses are found worldwide; 
for example, antibodies have been found in 
80% of slaughter pigs in the UK and similarly 
in Japan. Antibody positivity increases with 
age. Virus has been isolated from nasal dis¬ 
charges, abortions, and from stillborn piglets 
following transplacental infection, and from 
normal animals. In one herd 24% of piglets 
to 8 weeks were positive as well as 60% of 
finishers and 90%+ of the sows. 

PATHOGENESIS 

Intestinal strains colonize the tonsils and the 
intestines and infect the intestinal cells of the 
villi of the lower jejunum and the ileum. 
Intranuclear inclusions can be seen in the 
cells that have nuclear swelling and lose 
microvilli, and then villous shortening 
follows. The affected cells migrate to the tips 
of the villi. 

Type 4 also has a predilection for the 
respiratory tract, where it causes interstitial 
pneumonia and occasionally encephalitis. 

CLINICAL SIGNS 

Pigs less than 3 weeks of age are affected in 
the main, but there can be infection from 5 
days to 24 weeks. The incubation period is 3 
to 5 days, and the diarrhea lasts for 3 to 6 
days. It is yellow, intermittent, and of variable 
consistency. Dehydration does occur but 
death is rare. 

PATHOLOGY 

There is thinning of the intestinal wall in the 
jejunum and ileum. Histologically, there are 
intranuclear inclusions in the enterocytes, 
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particularly over the Peyer’s patches, and 
these are of the Cowdry type (eosinophilic or 
amphophilic surrounded by a clear halo). 

DIAGNOSIS 

Diagnosis is based on the detection of virus 
particles in the gut contents by EM, demon¬ 
stration of inclusions in histologic sections, 
and the detection of the virus by PCR and 
qPCR. 

PORCINE CALCIVIRUSES 

Porcine enteric caliciviruses 12 have been 
found in Europe, 3 Korea, 4 and Japan. 5,6 They 
are common and of unknown pathogenicity. 
It is not known if they are zoonotic, but 
they are of no public health concern at the 
moment. 7,8 They are RNA-containing viruses. 
Infection of gnotobiotic piglets causes diar¬ 
rhea lasting 3 to 7 days. The viruses are 
found in the usual place on the sides and 
base of the villi and caused significant villous 
atrophy. 

The family Caliciviridae is divided into 
four genera: Norovirus, Sapvirus, Lagovirus, 
and Vesivirus. An unassigned fifth genera 9 
and both the sapoviruses and noroviruses 
are of uncertain pathogenicity in the pig. 8 
The pig viruses are called porcine sapovi¬ 
ruses (PoSaVs) and the porcine noroviruses 
(PoNoVs). The prevalence and molecular 
characteristics of these viruses has been 
studied in the United States. 9 

No clear relationship between diarrhea 
and infection has been demonstrated, 10 and 
they are often recovered from normal 
pigs. 11,12,13 
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PORCINE SAPOVIRUSES 

The first of the PoSaVs was isolated in 1980 
in a diarrheic piglet using EM. The prototype 
was known as the Cowden virus, and most 
of the ones studied since are similar to this 
virus. It was originally known as the porcine 
enteric calicivirus. Experimental infections 
with this virus produced severe diarrhea, 
anorexia, and intestinal lesions. 

They are found in all age groups of pigs 
including those with diarrhea and those 
without clinical signs. It is suggested that 
sapoviruses play a part in enteritis in piglets. 1 
A Korean-like sapovirus was recently identi¬ 


fied in the United States. 2 Sapovirus charac¬ 
terization has been described.’ 

A survey of pigs with diarrhea showed 
that 32.5% had sapoviruses, but there 
was no proof that these were the cause 
of the problem. 4 They have evolved by 
recombination.’ 

Both sapoviruses and noroviruses are 
resistant to environmental conditions. At 
least six sapovirus genotypes have been iden¬ 
tified and they are widespread on European 
farms. 3 They also have been identified in 
Japan. 6 They are highly diverse, but PoSaVs 
belong to genotypes GUI, GVI, GVII, GVIII, 
and GIX, and GX and GUI are the most 
common in pigs. Double infections with two 
or more sapoviruses are common. 

In experimental infections sapoviruses 
do produce diarrhea. The virus produces 
lesions in the small intestine and replicates 
in the enterocytes. When given orally to 
piglets the virus is shed for up to 9 days. 

In histologic examination it produces 
shortening, blunting, and fusion or destruc¬ 
tion of the villi in the duodenum and the 
jejunum. There is crypt cell hyperplasia and 
reduction of the villus:crypt ratio (villous 
atrophy). 

The incubation period with the original 
Cowden virus was 2 to 4 days after oral inoc¬ 
ulation, and diarrhea and anorexia persisted 
for 3 to 7 days. 

In another study, the viruses were homog¬ 
enously distributed among the different age 
groups of pigs and were not associated with 
disease. 4 

In a serologic survey in Spain, 6 85 samples 
from pigs of 8 to 34 weeks were examined 
and 62% were positive. 

A high maternal antibody is probably 
developed in the first few weeks of life, which 
then falls, and by 3 months has risen again 
(active immunity). 

No human sapoviruses were detected in 
pigs by the authors who analyzed sapoviruses 
across Europe. 3 They detected the virus in 
80/1050 samples (7.6%) collected from 39 
farms in 6 countries. The highest prevalence 
was in 2- to 8-week-old pigs, and there was 
no difference in prevalence between healthy 
and diseased piglets. Six old genotypes and 
two new types were discovered. 

Diagnostic tests are available in research 
laboratories (e.g., EM PCR, RT-PCR). 7,8 

Little is known about immunity, although 
it is assumed that sows produce colostral 
antibodies. 

REFERENCES 

1. Alcala AC, et al. Vet Immunol Immunopathol. 

2010;137:269. 

2. Sisay Z, et al. Arch Virol. 2013;158:1583. 

3. L’Homme Y, et al. Arch Virol. 2010;155:839. 

4. Martella V, et al. Virus Genes. 2008;36:365. 

5. Dos Anjos K, et al. Arch Virol. 2011;156:1953. 

6. Nakamura K, et al. / Clin Microbiol. 2010;48: 

1215. 

7. Reuter G, et al. / Clin Microbiol. 2010;48:363. 

8. Wang QH, et al. / Clin Microbiol. 2006;44:2057. 








342 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


PORCINE NOROVIRUS 

It is not certain whether the pig and human 
noroviruses are antigenically distinct or 
related. These viruses have not been detected 
in nursery or postweaning pigs but have 
been found in healthy finishing pigs. 1 ' 2 

A PoNoV was found in asymptomatic 
finishers and adult pigs. 1 It has positive sense 
single-stranded (ss)RNA viruses with three 
ORFs. Genetically diverse, they have five 
genotypes 3 and Gil is the one found in pigs 
and humans. There are three separate geno¬ 
types (11, 18, and 19) in pigs, and they have 
a worldwide distribution. 4 ' 11 Epidemiologi- 
cally, it will survive waste treatments. Little 
is known about their pathogenicity. 

In an experiment with human norovirus 
in gnotobiotic pigs, a mild diarrhea was pro¬ 
duced with lesions in the proximal small 
intestine. 12 It replicated in some pigs and 
produced antibody in some pigs. No diag¬ 
nostic tests are available commercially, but a 
variety have been used in research laborato¬ 
ries (e.g., EM, RT-PCR, and PCR). 9 
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PORCINE ASTROVIRUSES 

Porcine astroviruses, although isolated from 
pigs, are of unknown importance. They are 
not zoonotic, and they were first isolated 
from pigs in the 1980s. 

ETIOLOGY 

The viruses from the different species are 
probably antigenically different, and five 
types have been recognized. 13 All five types 
have been found in the United States, 6 and in 
some cases more than one type was found 
in a pig. The porcine strains are different 
from the human strains.' They are members 
of the family Astroviridae and of the genera 
Mamastrovirus; are positive sense, ssRNA 
viruses; and are highly diverse. They have 
partially clustered genomes 4,8 and are of two 
different lineages (PAST-1 and PAST-2). 

EPIDEMIOLOGY 

Porcine astroviruses have a worldwide dis¬ 
tribution. A recent survey 9 suggested that 
perhaps 62% of pigs had astrovirus (260 pigs 
with diarrhea were studied). The transmis¬ 
sion is presumed to be the usual fecal-oral 
route such as for most enteric pathogens. 


PATHOGENESIS 

The viruses are only known to cause disease 
in association with other agents. In an exper¬ 
imental infection given with PAST-1, only 
mild diarrhea was produced, which occurred 
within 1 day and continued for 5 to 6 days. 

CLINICAL SIGNS 

The association between these viruses and 
clinical disease is obscure because they are 
found in pigs with diarrhea and in healthy 
pigs. The clinical signs are more likely to 
be found in association with simultaneous 
infection with rotavirus, coronavirus, or 
calicivirus. 9 

DIAGNOSIS 

EM, cell culture, and RT-PCR have been 
used to detect the antigen. VN and IFA tech¬ 
niques have been used to detect antibodies. 10 

TREATMENT AND CONTROL 

Treatment and control are probably not pos¬ 
sible, and if affected then supportive therapy 
may be instituted. 
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PORCINE TOROVIRUS 

The link between these viruses and clinical 
disease is obscure. They are probably found 
worldwide and most recently have been 
found in Spain. 1,2 These kidney-shaped 
viruses are members of one of the four 
species within the Torovirus genus of the 
Toroviridae subfamily of the Coronaviridae 3 
and have been identified in a variety of pigs 
with diarrhea including the following: 

• A 3-week-old pig with diarrhea 

• Four-week-old pigs from Italy had 
greenish-yellow diarrhea and 30% 
morbidity and 8% to 10% mortality. 

• Korean torovirus strains cause sporadic 
infections. 

• In South Africa, 6- to 8-week-old pigs 
showed a sudden increase in mortality 
with piglets showing a reduction in 
appetite, weakness, tremors, 
recumbency, and death. 

Generally, they are probably endemic in 
most pig herds and probably occur in closely 
related clusters in an area. Most pigs are 
affected postweaning. There is a high preva¬ 
lence in subclinically infected weaned pigs. 4,5 
There is probably endemic subclinical infec¬ 
tion in neonates and young pigs and possibly 
there is a low incidence in adults. 4 In Korea, 
they are genetically diverse. 5 


Toroviruses can be demonstrated by 
PCR, RT-PCR, and qRT-PCR for antigen, 
and ELISA and VN for antibodies. 

Antibodies can be demonstrated using 
ELISAs using recombinant viral proteins. 
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PORCINE ORBIVIRUSES 

Porcine orbiviruses have been found in por¬ 
cine feces and seem to have no clinical 
significance. 

PORCINE PICOBIRNAVIRUSES 

Porcine picobirnaviruses have been found in 
the UK, Argentina, Venezuela, and Hungary. 
Their clinical significance is unknown, but 
on one farm 11% of the samples from 15- to 
35-day-old pigs were positive. Excretion has 
been followed from birth to slaughter. 1 
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PORCINE KOBUVIRUSES 

The virus was first identified in Hungary in 
2008. 1 These viruses are also Picornaviridae 
and belong to the genus Kobuvirus, and the 
virus is found in pigs with diarrhea and in 
healthy pigs. 1,2 No significance has as yet 
been attributed to them. They have been 
found worldwide by RT-PCR, and infection 
rates seem to vary from 45% to 99%. It has 
been reported that as many as 84.5% of pigs 
have the virus. 3 These infections are most 
commonly observed in nursery pigs and 
also as single infections. The viral load in 
healthy and infected pigs is also similar. 
They have been found in Brazil and the 
Netherlands, 4 Thailand, 5 Japan, 6 Korea, 3 and 
China.' 8 They have also been found in the 
Czech Republic 9 and in 2013 found in the 
United States. 10 
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PORCINE NEW VIRUS 

A new circular ssDNA virus was isolated 
from porcine feces, 1 and these viruses can 
affect a wide range of species including pigs. 2 
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PORCINE BOCAVIRUS 

Studies have indicated that Bocavirus, 1 which 
has a close relationship with enteric disease 
in domestic animals, had a high prevalence 
in stool samples of pigs. 2,3 It is commonly 
found in grower pigs, 4 and the level of virus 
load is not different between healthy and 
infected pigs. It can be detected using Taq- 
Man-based RT-PCR. 5 A bocavirus causing 
respiratory tract signs has been found in 
China. 6 It has been found in pigs in Sweden, 7-8 
China, 910 and in Northern Ireland." 

REFERENCES 

1. Manteufel J, Truyen U. Intervirology. 2008;51:328. 

2. Cheng WX, et al. PLoS ONE. 2010;5:el3583. 

3. Zhang HB, et al. Epidemiol Infect. 2011;139:1581. 

4. Zhang Q, et al. Arch Virol. 2013;158:1631. 

5. Li B, et al. Virol J. 2011;8:357. 

6. Zhai S, et al. Arch Virol. 2010;155:1313. 

7. Blomstrom A, et al. Virus Res. 2009; 146:125. 

8. Blomstrom A, et al. Virus Res. 2010;152:59. 

9. Shao Lun Z, et al. Arch Virol. 2010;155:1313. 

10. Cheung AK, et al. Arch Virol. 2010;155:801. 

11. McKillen J, et al. Vet Microbiol. 2011;15:39. 


A NEW NEONATAL 
DIARRHEA SYNDROME 

A French study 1 has suggested that there is a 
new neonatal diarrhea syndrome (NNDS) in 
France and Denmark characterized by a 
mortality rate of up to 40% in suckling pigs, 
of unknown cause, with 15% to 20% of 
French herds supposedly having experienced 
this outbreak and with over 80% of submis¬ 
sions to Danish laboratories having been 
associated with this outbreak. It has been 
suggested that the herds are mainly the high- 
yielding well-managed herds. There is con¬ 
siderable variability between the litters; 
particularly the gilts and second litter sows 
may be affected. The length of parturition in 
the affected litters was longer than in the 
unaffected herds. The proportion of piglets 
born late was higher. Levels of antibodies in 
colostrum varied, but there was no evidence 
of differences in quality of colostrum. No 
consistent pattern emerged in the herds, and 
no consistent pattern of microbiological 
observations has been found. Piglet serum 
IgG is a reflection of the rate of absorption 
from the gut, which depends on the level of 
IgG in the colostrum and in turn depends on 
the level of maternal antibody in the sow. 
There were normal amounts of milk in the 
stomach of affected pigs; there were no 
obvious gross lesions; they were not dehy¬ 
drated; the small intestines were contracted, 
or atonic, and dilated; hyperemia was rare, 
and intestinal contents were yellowish and 
aqueous. The intestinal mucosa was not 
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inflamed and the lymph nodes were reactive. 
The colon had no changes, and the contents 
were creamy or watery. In the Danish labo¬ 
ratories 55% of the cases had nonhemolytic 
E. coli and 7% hemolytic E. coli that was 
mostly 07, 16% had ETEC, C. perfringens 
type A was found in 80%, C. difficile was 
found in 12%, and rotavirus was also found 
in 12%. Only 1/220 samples had C. perfrin¬ 
gens type C. 

Four Danish pig herds with NNDS were 
investigated. 2 This has occurred since 2008 
and is characterized by a nonresponse to 
treatment or to management therapies. No 
pathogens have been detected in the past, 
and in this investigation no pathogens were 
detected either. Macroscopically, these pigs 
had filled stomachs and flaccid intestines 
without mucosal changes. The predominant 
histologic changes were villous atrophy in 
the jejunum and ileum. Epithelial lesions 
were seen in the colon in one-third of the 
cases. In the Danish cases it was found that 
(1) microbiological testing was not sufficient 
to explain the problem, (2) histopathology 
was generally inconclusive, (3) E. coli and C. 
perfringens type A are found in normal pigs 
and are therefore not considered to be 
important, and (4) the role of C. difficile 
under Danish conditions has not been 
elucidated. 

A suggested case definition was nonhem- 
orrhagic diarrhea during the first week of life 
without detection of known infectious 
pathogens characterized by milk-filled stom¬ 
achs and flaccid intestines at necropsy. 
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TRANSMISSIBLE 
GASTROENTERITIS IN PIGS 


SYNOPSIS 


Etiology Transmissible gastroenteritis virus, 
member of the Family Coronaviridae 

Epidemiology Highly contagious disease of 
newborn piglets but may affect pigs of all 
ages in susceptible herds. High morbidity 
and high case-fatality rate in piglets under 
10 days of age. Over 5 weeks of age, 
mortality is low. Large economic losses. 
Epidemics of disease occur in susceptible 
herds. Transmission by oral and aerosol 
routes. Recrudescence of infection and 
endemic disease commonly follows 
epidemics. Infection of pregnant sows 
results in protection of piglets by secretory 
IgA in milk. Porcine respiratory coronavirus 
mutant of transmissible gastroenteritis (TGE) 
virus has reduced the incidence of TGE. 

Signs Epidemic disease'. Acute diarrhea, 
vomiting, dehydration, and death in piglets 
under 10 days of age. Less severe diarrhea 
in older pigs of all ages. 


Endemic disease: Diarrhea in young pigs 6 days 
of age and older, including weaned pigs. 
Clinical pathology Detection of virus in 
tissues. Serology. 

Lesions Fluid-filled intestines. Villous atrophy. 

Diagnostic confirmation Detection of virus 
in mucosal scrapings of intestine. 

Differential diagnosis list 

• Enteric colibacillosis 

• Coccidiosis 

• Clostridium perfringens types A and C; 
Clostridium difficile 

• Rotavirus enteritis 

• Porcine epidemic diarrhea, especially 
new strains 

• Vomiting and wasting disease 

• Diarrhea of adult sows, gilts, and boars 
Treatment Supportive therapy. Fluids and 

electrolytes. No specific treatment. 

Control Isolation of sows due to farrow. 
Planned exposure to virus. Biosecurity and 
acquisition of virus-free replacement stock. 
All-in, all-out management system. 
Vaccination. 


ETIOLOGY 

Gastroenteritis is associated with the trans¬ 
missible gastroenteritis (TGE) virus, an 
alphacoronavirus 1 and member of the 
Family Coronaviridae 1 belonging to the 
Order Nidoviridales. The nucleotide 
sequences from 20 TGE virus isolates 
obtained from eight countries between 1946 
and 1996 have been compared. The virion is 
an enveloped, large, single-stranded RNA 
genome with positive polarity. It has three 
major structural polypeptides: 200-Kda 
spike protein (S protein), 30-Kda membrane 
protein (M), and a minor 10-Kda protein (E). 
These are produced by open reading frames 
(ORFs) 2, 5 and 6. The function of ORF 
products from 3a and 3b are not known, but 
they have been postulated as an important 
determinant of virulence. 

In Europe, TGE-like strains of coronavi¬ 
rus have recently emerged. 2 These might be 
novel recombinants and are associated with 
the winter season, possibly occur in nonpor- 
cine hosts (cats, dogs, and foxes), and can be 
spread by starlings and houseflies. 3 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

The disease occurs in pig-producing areas of 
North America, Europe, and many parts of 
Asia, principally in the northern hemisphere. 
During the past three decades, TGE has 
changed from a sporadic disease that histori¬ 
cally occurred in the midwestern United 
States to an endemic disease in most coun¬ 
tries of the northern hemisphere. It can cause 
severe disease even in seronegative herds, 
especially if the protection of porcine respi¬ 
ratory coronavirus (PRCV) is missing. In 
Asia, TGE and porcine epidemic diarrhea 
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(PED) often cocirculate. In densely swine- 
populated areas, such as the midwestern 
United States, the disease is one of the major 
causes of morbidity and mortality in young 
pigs. The disease has not been diagnosed 
in Australia and New Zealand. In 1990, 
the prevalence of infection in the United 
Kingdom was low, with 0.6% of sows sampled 
being seropositive compared with 3% in 
1984. No major epidemics have occurred 
since 1981. In 1984, a seroconversion to the 
TGE virus occurred in a closed herd in the 
absence of any clinical disease. The TGE 
virus was not isolated, and it is possible that 
the seroconversion resulted from the emer¬ 
gence of PRCV throughout Europe and the 
United Kingdom beginning in 1986. PRCV 
is a deletion mutant of the TGE virus, and its 
high rate of prevalence has markedly reduced 
the number of TGE outbreaks in European 
swine herds. The TGE virus probably coex¬ 
ists in these herds together with PRCV. In 
1999, a single case was diagnosed in East 
Yorkshire as a one-off. Other isolated out¬ 
breaks in herds that were seropositive for 
PRCV were also reported. An outbreak of 
TGE occurred in the United Kingdom in 
1996 in which the virus was a variant with 
an intact spike gene but with a large deletion 
in ORF 3a, which therefore may not be nec¬ 
essary for enteric virulence. 

The prevalence of infection with the 
TGE virus based on serological surveys of 
swine herds varies with the size of the herd, 
the distance between herds, and the purchase 
of breeding stock from nonspecific patho¬ 
gen-free herds. Depending on the geographi¬ 
cal location, up to 50% of herds may be 
seronegative, and in 45% of herds, the preva¬ 
lence of infection in sows will vary from 10% 
to 80%. In the United States in 1990, a 
national survey of swine herds found that 
36% of herds were positive for the TGE virus, 
and 24% of the producers’ herds were vac¬ 
cinated for the virus. By 1997, up to 100% of 
surveyed herds and 91% of the sampled 
sera were positive for both the TGE virus 
and PRCV, which indicates a marked 
increase, probably as a result of subclinical 
infections. 

The disease is highly contagious and 
affects piglets primarily under 10 days to 2 
weeks of age. Pigs over 5 weeks of age often 
have milder clinical signs. Epidemic TGE 
occurs when the virus is first introduced into 
a susceptible herd and is usually of short 
duration and no longer clinically evident 
after herd immunity develops. Epidemics of 
the disease occur most commonly during the 
winter months. Endemic TGE occurs when 
the virus persists in a partially immune herd 
into which susceptible swine are introduced 
or if the epidemic form is not well managed. 
Endemic TGE is a common sequela to a 
primary epidemic in herds of more than 300 
sows in which diarrhea occurs in piglets 
from 6 days of age to approximately 2 to 3 
weeks after weaning. Recurrence of clinical 


TGE often occurs in endemically infected 
herds approximately 9 months after the 
first outbreak as the piglets of susceptible 
sows are exposed to the virus. Recurrence 
has been associated with the following 
factors: 

• Breeding herd sizes of over 100 sows 

• Presence of finishing pigs in large herds 

• Introduction of purchased gilts 

Morbidity and Case Fatality 

Typically, an epidemic in a herd is explosive 
and dramatic. Rapid spread and high mor¬ 
bidity occur in pigs of all ages within 2 to 3 
days, but major clinical disease is restricted 
to pigs prior to weaning and lactating sows. 
Case-fatality rates can approach 100% in pigs 
under 10 to 14 days of age but are much 
lower with increasing age, and mortality is 
low in postweaned and adult pigs. The epi¬ 
demic commonly terminates in 3 to 5 weeks 
with the loss of young, susceptible pigs and 
the development of herd immunity, and, 
generally, the disease does not recur again for 
a 3- to 6-year period. 

Risk Factors 
Animal Risk Factors 
Level of Herd Immunity. Epidemics of 
clinical disease occur following the introduc¬ 
tion of the virus into a susceptible herd with 
no previous exposure to the virus. All age 
groups will become infected, and most pigs 
will be affected clinically to variable degrees. 
Nursing piglets under 2 to 3 weeks of age are 
most susceptible to clinical disease and expe¬ 
rience the highest case-fatality rate. Clinical 
disease disappears when the herd becomes 
immune. Endemic TGE develops when the 
virus and clinical disease persist within par¬ 
tially immune herds, as a result of continual 
or periodic introduction of susceptible pigs. 
In endemic situations, diarrhea is generally 
observed in pigs from the age of approxi¬ 
mately 6 days until approximately 14 days 
after weaning. Overall pig mortality is lower 
and generally occurs in recrudescent epi¬ 
sodes. After weaning, piglets no longer have 
the protection provided by TGE-specific 
secretory IgA antibody in milk and are sus¬ 
ceptible to infection and clinical disease if 
the infection rate in the weanlings is high. 
Thus, weanling pigs serve as a major reser¬ 
voir of infection. 

Sow parity may be a risk factor. Parity-1 
sows with no previous exposure to the virus 
may be a risk factor on some farms. On other 
farms, parity-3 sows were at increased risk 
for unknown reasons. A single boar may be 
a high-risk animal on some farms. 

Herd Size. There is a higher likelihood that 
sows will be seropositive if the herd size 
exceeds 500 sows and if more than 25 
replacement breeding animals are purchased 
from nonspecific pathogen-free herds. A 
mathematical model of the detection 
and dynamics of the disease in Australia 


indicates that the disease is likely to be estab¬ 
lished in breeding and finishing swine herds 
of average size. The threshold number of sus¬ 
ceptible pigs for establishment of the infec¬ 
tion is 90 to 160. Swine herds most at risk are 
those with large numbers of susceptible pigs, 
continuous breeding of susceptible pigs, high 
numbers of purchased pigs, and close contact 
between feral pigs and susceptible domestic 
pigs. The risk is highest in herds that do not 
receive a rapid diagnosis, such as when there 
is little or no veterinary involvement in 
health and disease management. In small 
farms (containing 15-40 sows), outbreaks of 
TGF are characterized by rapid spread of 
infection to most animals of all ages but a 
duration of only 3 to 5 weeks. 

Environmental and Management 
Risk Factors 

Climatic factors appear to be important in 
the occurrence and establishment of the 
disease. Climate does not yet have signifi¬ 
cance in the tropics or southern hemisphere, 
and there is evidence that spread of the 
disease is limited in hot climates. In areas 
where the disease is endemic, it has a distinct 
seasonal occurrence, with the majority of 
outbreaks occurring from midwinter to 
spring, and cyclic occurrence has been 
recorded. The virus is labile above 21° C and 
is very sensitive to sunlight. It is also killed 
by most disinfectants. The disease tends to 
occur in area outbreaks in which herds in 
close proximity are affected within several 
weeks. Within swine barns, the location of 
the farrowing crates may be a risk factor if 
the cold-air inlets are directly above the 
crates. 

The use of a continuous-flow system of 
production in a herd is a major risk factor. 
The constant overlap of farrowing sows in 
farrowing rooms, overlap of weaned pigs in 
nursery rooms, and a continuous flow of fin¬ 
ishing pigs without adequate cleaning and 
disinfection between each group of pigs are 
major risk factors and perpetuate persistent 
infection and the endemic form of the 
disease. An all-in, all-out system for each 
group of pigs reduces the risk of infection 
between pigs. 

Lack of adequate biosecurity is a major 
management risk factor. Infection can be 
introduced into herds by the importation of 
infected breeding stock, by contaminated 
trucks and other vehicles, or on workers’ 
clothing and boots. 

Pathogen Risk Factors 

The virus has a long survival in slurry, water, 
and sewage. It is readily destroyed by stan¬ 
dard solutions of phenol and formalin, by 
boiling, and by drying but not by freezing. 
The virus is highly photosensitive, which 
may account for the more frequent occur¬ 
rence of the disease during the winter and 
spring months. The virus survives freezing, 
and infected pork scraps or offal may provide 





a source of infection either directly through 
feeding of uncooked garbage or possibly 
indirectly via dogs. Purposeful infection by 
the feeding of frozen infected piglet intestine 
to sows to induce immunity can also be a 
significant source of continued infection of a 
herd or area. 

The genome and the genetic basis for 
the pathogenesis of the virus have been 
described. Antigenic differences between 
TGE viruses have been examined, and the 
nucleotide sequences of isolates from various 
countries have been compared. 

The TGE virus is not antigenically related 
to the two other porcine coronaviruses, hem- 
agglutinating encephalomyelitis virus and 
porcine epidemic diarrhea virus, but it is 
related to PRCV. 

Porcine Respiratory Coronaviruses 

PRCV is a deletion mutant of the TGE virus 
with altered tissue tropism to the respiratory 
tract, first recognized in Belgium in 1984. It 
has a partially deleted receptor binding 
protein. The virus closely resembles the TGE 
virus antigenically, and pigs infected with 
PRCV develop a serological response that 
cannot be distinguished by virus-neutraliza¬ 
tion tests from the response of pigs infected 
with the TGE virus. In other words, it pro¬ 
vides cross-protection. Infection with PRCV 
produces high levels of interferon and nitric 
oxide in the lungs. 4,5 Despite the antigenic 
relation of PRCV and the TGE virus, they 
can be differentiated with monoclonal anti¬ 
bodies. All PRCV strains have around 600 to 
700 nucleotide (nt) deletions within the 
amino-terminal S gene, resulting in the loss 
of hemagglutination activity and two anti¬ 
genic sites. European PRCVs have an identi¬ 
cal deletion of 672 nt at the same position, 
whereas U.S. strains have 621 to 681 nt dele¬ 
tions located at different positions, which 
suggests that they arose separately. Natural 
infection of the sow with PRCV induces 
natural antibodies that neutralize classic 
TGE. The virus has spread throughout 
Europe and has been identified in the United 
States and Canada. Spread of the virus has 
been explained in part by airborne transmis¬ 
sion, and infection shows a seasonal pattern, 
affecting farms during winter and spring. 
Seroprevalence studies in Belgium indicate 
that 95% of sows are PRCV positive. Nearly 
all piglets are infected by 10 to 15 days of age. 
The infection is widespread in swine herds in 
Spain. The risk factors associated with sero- 
positivity in Danish swine herds include (a) 
increasing herd size, (b) certain geographical 
locations, (c) presence of a slurry system with 
slatted floors, and (d) purchase of pigs. The 
serological status of neighboring herds is also 
a risk factor; closeness of a seropositive herd 
has been associated with an increased risk of 
a herd becoming serologically positive. 

PRCV replicates in the respiratory 
tract of pigs and to a very limited extent 
in the intestines. 6,7 Its pathogenicity is 
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controversial. Some studies indicate that the 
virus causes only subclinical respiratory 
infections, whereas others have linked the 
virus with field outbreaks of respiratory 
disease. Experimentally, inoculation of the 
virus intratracheally into 8-week-old piglets 
resulted in clinical respiratory disease and 
bronchointerstitial pneumonia, and the virus 
was recovered from the respiratory tract. 
Some isolates of the virus produce interstitial 
pneumonia in neonatal piglets with no 
recognizable clinical respiratory disease. 
The administration of dexamethasone will 
produce severe lung lesions, 8 as will concur¬ 
rent infection with porcine reproductive and 
respiratory syndrome virus (PRRS). In a 
recent study in Japan, it was shown that most 
pigs are seropositive for PRCV, but TGE is 
present on some of the farms. 9 

Methods of Transmission 

The exact mode of transmission of the TGE 
virus is uncertain. Virus shedding in the 
feces of infected pigs usually ends at or 
within a few weeks of recovery, although 
recovered pigs may harbor the virus in pul¬ 
monary or intestinal tissue for periods of 
more than 100 days. The shedding period is 
thought to be 14 days. After weaning, the pig 
is no longer protected by specific secretory 
IgA antibody of the sow’s milk and is highly 
susceptible to infection if the rate of infection 
is high in the weanling population. The 
weanling pig is a major reservoir of infection 
for continuous infection in the herd. Feeder 
pigs with no clinical signs can be an impor¬ 
tant reservoir of the virus. The virus has also 
been isolated from pharyngeal swabs taken 
from farm-raised sows sent to slaughter. 

Epidemics commonly follow the intro¬ 
duction of pigs into a herd, and the carrier 
pig is a major source of infection. Fre¬ 
quently, the disease first appears in older pigs 
in the herd and then subsequently spreads to 
newborn pigs and sows in the farrowing 
area. Spread is much more rapid in a 
continuous-flow system of production 
compared with an all-in, all-out system, 
whereby groups of pigs of the same age or 
production stage are handled as groups 
and their housing facilities are cleaned and 
disinfected before and after being occu¬ 
pied. Visitors and their boots, transport 
vehicles, equipment, and starlings have also 
been incriminated in the transfer of infection 
to new locations. Starlings may act as vectors 
in spreading the disease to adjacent farms. 
The virus can also multiply in houseflies 
{Musca domestica ), and they may be a vector. 
Feral pigs are not a significant reservoir for 
the TGE virus in the southern United States 
but are capable of becoming infected and 
developing virus-neutralizing antibodies 
against the virus. Subpopulations of infected 
pigs may exist within the herd, and although 
shedding normally lasts for 14 days, it 
is possible for animals to be infected for 
100 days. 


Once the infection has gained access to 
a herd, transmission occurs by both oral 
and respiratory routes. The speed of spread 
without direct contact indicates that the 
virus can be spread by aerosol. Respiratory 
transmission appears significant in adults, 
and replication in the respiratory tract is fol¬ 
lowed by excretion in nasal secretions and 
milk within 1 day of infection and also in 
feces. Excretion in milk results in rapid 
transmission to suckling piglets, which in 
turn may excrete large quantities of the virus 
within 2 days of infection. 

Immune Mechanisms 

Immunity to clinical disease in newborn 
piglets is dependent on the level of TGE- 
specific secretory IgA antibody in the colos¬ 
trum of the sow and is known as lactogenic 
immunity. When pregnant sows are infected 
orally with the virulent TGE virus, specific 
IgA precursor cells are sensitized in the 
intestine. These sensitized cells migrate to 
the mammary glands and differentiate into 
plasma cells that secrete IgA-class TGE virus 
antibody in colostrum and milk. This 
immune mechanism to induce protective 
antibody for suckling pigs is termed the gut- 
mammary gland link or the gut-associated 
lymphoid tissue (GALT) system. Following 
natural infection with TGE during preg¬ 
nancy, the recovered sow or gilt is capable of 
protecting her litter against the disease. After 
farrowing, the colostrum contains antibodies 
of the IgG, IgM, and IgA isotypes derived 
from serum. After the third day, milk is pro¬ 
duced, and the only antibody it contains is 
the IgA antibody, which is synthesized in the 
mammary gland. The IgA antibodies of 
immune sows are the most critical in the 
protection of mucosal surfaces such as the 
gastrointestinal tract, and this immunoglob¬ 
ulin is the most abundant isotype in porcine 
milk. These IgA antibodies are not induced 
after the parenteral administration of viral 
antigens, which explains the relative ineffec¬ 
tiveness of parenteral vaccines. Serum anti¬ 
body induced by vaccination of the pregnant 
sow does not provide protection of piglets 
through colostrum or milk. 

Secretory IgA is the predominant anti¬ 
body class in milk and is responsible for 
lactogenic protection of pigs and active pro¬ 
tection of the intestine. It is stimulated by 
oral inoculation with nonattenuated TGE 
virus, but it is not associated with attenuated 
TGE virus. Although high concentrations of 
IgA and IgG originating from the serum are 
present in colostrum, IgG does not persist in 
the milk, whereas IgA does persist because 
of local mammary secretion. After the first 
week of lactation, secretory IgA constitutes 
50% to 60% of the total immunoglobulin 
concentration in swine milk, and IgG makes 
up 20% to 30%. 

Suckling pigs are protected from infec¬ 
tion by continued ingestion of antibody of 
the IgA class secreted in milk. The level of 





346 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


serum IgA antibody as an indicator of immu¬ 
nity to transmissible gastroenteritis can be 
measured using the indirect immunoperoxi- 
dase antibody test. Young pigs of 6 weeks of 
age that are exposed to experimental infec¬ 
tion with the virus develop both a humoral 
and cellular immunity, which reach peaks at 
21 and 28 days, respectively. 

In recent years, less typical forms of the 
disease have been observed. With continuous 
farrowing and the continual introduction of 
susceptible pigs into an infective environ¬ 
ment, outbreaks may be considerably pro¬ 
longed, and prolongation or recrudescence is 
more likely than when pregnant sows are kept 
in relative isolation on pasture or elsewhere. 
Atypical endemic forms of the disease with a 
low morbidity and mortality and frequently 
with the onset of clinical disease delayed until 
piglets are 2 to 4 weeks of age have been 
observed and may go unrecognized because 
of the atypical clinical findings. They are more 
likely to occur in large continuous-farrowing 
units and may be associated with partial herd 
immunity and low-virulence strains. Some 
sows do not develop a significant immunity 
following a single infection, and in large 
herds, there may be a sufficient number of 
these to allow the disease to perpetuate in a 
low-incidence, endemic form. 

A recrudescence of the disease may occur 
after a period of several months and is 
thought to result from inadequate exposure 
and immunity of some pigs, particularly dry 
stock during the initial outbreak followed by 
reinfection from a carrier pig. Recrudescence 
of clinical disease is usually of much shorter 
duration than the primary outbreak and 
commonly lasts only 6 to 10 days. The periods 
of recrudescence are commonly precipitated 
by the simultaneous farrowing of several sus¬ 
ceptible gilts in the same farrowing room. Of 
greater long-term concern is that approxi¬ 
mately 50% of some large herds continue to 
experience clinical recrudescences for almost 
2 years or more. The endemic form of the 
disease appears to be correlated with herds of 
more than 100 sows and herds in which fin¬ 
ishing pigs were kept. In large herds, the virus 
may spread more slowly, and replacement 
gilts entering the herd may take several 
months to become infected and to serocon- 
vert. In large herds, the rapid turnover of 
breeding stock, continuous farrowing, and 
early weaning also contribute to the perpetu¬ 
ation of an endemic infection, and thus TGE 
can maintain itself through the slow and 
incomplete spread of the virus among adult 
pigs, particularly herd replacements. Joint 
infection with PRRS and TGE does not 
appear to affect the clinical effects, shedding, 
or persistence of either virus. 

Economic Losses 

A herd epidemic of TGE causes economic 
losses through the following routes: 

• Death of pigs 

• Increased downtime of the swine 

enterprise 


• Increased labor 

• Disturbance of the breeding program 

• Subsequent reduced growth of young 
pigs destined for slaughter 

• Curtailed performance of older pigs 
The economic losses can be very large. 

Simulation of the economic losses resulting 
from an outbreak of disease in Australia, 
where the disease is exotic, estimated a 
reduction in net revenue of 70% in the 6 
months after a moderate outbreak (50% 
mortality of piglets under 1 week of age) and 
100% for a severe outbreak (95% mortality of 
piglets under 1 week of age). An analysis of 
the economic losses resulting from the 
disease in swine farms in some areas in the 
United States over a 2-year period estimated 
the average loss to be between 13% and 18% 
of the average return earned above total pro¬ 
duction costs. It has been assumed that the 
growth of surviving pigs was depressed by 
10% and their feed conversion by 18%, but 
pigs surviving or born shortly after an epi¬ 
demic of TGE are profitable to raise. 

PATHOGENESIS 

The S protein of the viral membrane of the 
TGE virus (TGEv) has four major antigenic 
sites and is the major inducer of neutralizing 
antibodies. The protein mediates the binding 
of the virus to the cell surface and the subse¬ 
quent fusion of the viral and cellular mem¬ 
branes. 3 High titers of serum IgG and 
virus-neutralizing antibody to TGEv proba¬ 
bly reflect the amount of S protein the pig has 
received. Two different ligands have been 
shown to interact with the S protein, and 
binding to the porcine aminopeptidase N, 
the cellular receptor for TGEv, is essential for 
infection of the cells. TGEv is also able to 
recognize sialic acid residues and attach to 
sialylated macromolecules. A second binding 
site on the N-terminal division of the S 
protein allows TGEv to interact with termi¬ 
nal sialic acid residues on glycoproteins or 
glycolipids and to agglutinate red blood cells 
(RBCs). TGEv also recognizes a porcine 
intestinal brush-border protein called 
mucin-type glycoprotein (MEP), and TGEv 
binds to this mucin produced by goblet cells. 
A mutant virus that has lost its sialic acid 
binding capability is not pathogenic because 
it is unable to attach to goblet cells. Sialic acid 
binding activity is a pathogenicity factor for 
TGEv, and it is important to note that the 
sialic acid binding sites for TGEv and Esch¬ 
erichia coli are different. 

The virus infects the upper respiratory 
tract and the intestines, but the major clinical 
effects result from intestinal infection. Fol¬ 
lowing oral challenge of susceptible piglets, 
the incubation period may be as short as 24 
hours. After 12 to 24 hours, there is massive 
necrosis, and no enzyme activity in the epi¬ 
thelium remains. The virus infects mature 
differentiated columnar epithelial cells of the 
intestinal villi but not the undifferentiated 
cells of the crypts. Replication occurs within 
4 to 5 hours, with sloughing of the infected 


cells and release of the virus, and after several 
replication cycles, there is a marked reduc¬ 
tion in villous size with villous atrophy. The 
loss of epithelial cells results in increased 
migration of undifferentiated cells from the 
crypts to line the shortened villi. With viru¬ 
lent virus, epithelial cells at all levels of the 
small intestine are infected, with major 
lesions occurring at the proximal jejunum 
and, to a lesser extent, at the ileum. In most 
cases, the duodenum is not affected. The 
lesser virulence of attenuated strains of the 
virus may be associated with their inability 
to infect and produce lesions in the villi of 
the more cranial portions of the jejunum. 
Gnotobiotic pigs inoculated orally with a 
TGE vaccine will develop lesions similar to 
those in the naturally occurring disease. 

Diarrhea results from a combination of 
malabsorption, the osmotic effects subse¬ 
quent to the loss of intestinal surface area and 
disaccharidase activity, and impaired lumen- 
to-extracellular fluid flux of sodium caused 
by the occurrence of undifferentiated cells 
lining the stunted villi. The virus invades the 
villus, but not the crypt epithelium of the 
small intestine, within hours after experi¬ 
mental administration. The infected villus 
cells are quickly shed and replaced by 
relatively undifferentiated enterocytes. As 
infected cells are shed, the epithelium prolif¬ 
erates, and migration of cells from the crypts 
accelerates. There are marked abnormalities 
in ion transport function in the jejunum and 
ileum at the peak of the diarrhea. There is a 
failure of the intestine to actively transport 
sodium and chloride, and there is a defect 
of glucose-mediated sodium ion transport. 
Macromolecular hyperpermeability of the 
small intestine also occurs, but its signifi¬ 
cance is uncertain. Experimentally induced 
infection of 3-week-old pigs results in villous 
atrophy, crypt hyperplasia, and a marked 
decrease in the secretory response of the 
villous epithelium to E. coli enterotoxins. The 
disease is more severe in gnotobiotic pigs that 
are infected with E. coli in addition to the TGE 
virus, suggesting that bacterial factors also 
influence the severity of the diarrhea. 

In the experimental disease in 2-day-old 
pigs, vomiting and diarrhea occur 12 to 24 
hours after oral inoculation of the virus, and 
affected piglets are moribund 1 or 2 days 
later. Before becoming moribund, most 
piglets become lethargic and comatose. In 
addition to dehydration and metabolic 
acidosis, there is a severe hypoglycemia 
resulting from a combination of inadequate 
glucose metabolism inherent to neonatal 
piglets and the acute maldigestion and 
malabsorption from the diffuse and severe 
villous atrophy. The high death rate is attrib¬ 
utable to a combination of dehydration, aci¬ 
dosis, and severe hypoglycemia. 

The age-dependent resistance to TGE can 
be explained in part by a decreased suscepti¬ 
bility of the epithelial cells of older pigs to 
infection and by an increased proliferative 
capacity of crypt cells with much more rapid 
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regeneration of atrophic villi in pigs over 2 
weeks of age. It may be that the virus has 
developed strategies to evade apoptosis in 
intestinal enterocytes by producing huge 
amounts of the virus. 

A recent experiment comparing a Korean 
strain with two U.S. strains showed that the 
progression of the Korean virus was much 
slower (i.e., much less virulent), possibly 
because there was only replication in the 
ileum and jejunum, whereas the U.S. strains 
also replicated in the duodenum. The more 
virulent strains attack a wider area of entero¬ 
cytes. Most only attack the villous rather 
than the crypt enterocytes. An outbreak of 
reduced-virulence TGEv was associated with 
the presence on the farm of three strains of 
PRCV that had variable-sequence changes in 
ORF 3, 3a, and 3b. 

CLINICAL FINDINGS 

In a primary or epidemic outbreak, the clini¬ 
cal findings of typical acute TGE are char¬ 
acteristic. The appearance of the disease is 
not significantly altered by a concurrent 
infection with PRRS. Sows may become ill 
when lactating and may develop anorexia 
and agalactia, further contributing to piglet 
mortality. 

Piglets 

After an incubation period of 18 to 72 hours, 
there is a sudden onset of vomiting and diar¬ 
rhea. The diarrhea is profuse and frequent; 
the feces are watery and usually yellow-green 
in color. The feces may contain clots of white 
undigested milk and have an offensive odor. 
The vomitus is yellow, foamy, and slimy. 
There may be a transitory fever, but in most 
cases the temperature is normal. Depression 
and dehydration are pronounced, the hair 
coat is ruffled, and weakness and emaciation 
progress to death on days 2 to 5. Some piglets 
may continue to suck to within a few hours 
of death; those that survive are severely ema¬ 
ciated and gain weight slowly. The illness 
may commence as soon as 24 hours after 
birth. It is not uncommon on an individual 
farm for the disease to become less severe 
(endemic), and in these cases, it resembles 
rotavirus infection and spreads more slowly 
with the passage of time. 

Older Pigs 

In older pigs, there may be signs similar to 
those that occur in piglets, but many animals 
become infected without clinical abnormali¬ 
ties. Diarrhea may occur first in the dry 
sows. In older pigs, recovery is much more 
likely to occur, with the illness lasting for up 
to 10 days. Lactating sows may or may not 
be affected clinically. Fever and inappetence 
occur, with or without diarrhea, and agalac¬ 
tia is a common complication in sows. In 
endemically affected herds with continuous 
farrowing and partial sow immunity, the 
disease is milder, with diarrhea affecting 
piglets approximately 6 days of age or older 
and diarrhea in weaned pigs. Brief periods of 


clinical disease occur in some parts of the 
herd, mortality is low, and affected pigs sub¬ 
sequently grow poorly. 

CLINICAL PATHOLOGY 
Serum Biochemistry 

Severe dehydration with metabolic acidosis 
and marked hypoglycemia is common. 

Detection of the Virus 

TGE virus can be grown in pig kidney (PK) 
cells and PRCV in PK cells and swine testicle 
cells. 

The virus can be detected in the mucosal 
scrapings and feces using an enzyme-linked 
immunosorbent assay (ELISA), immune 
electron microscopy, fluorescent antibody 
staining, or the immunoperoxidase test. A 
capture-enzyme immunoassay has also been 
developed. A reversed passive hemagglutina¬ 
tion test for detection of the virus in feces is 
also available. A solid-phase immune elec¬ 
tron microscopic technique for detection of 
the virus in feces is also useful for diagnosis 
in living animals. PRCV can be isolated by 
tissue culture. 

DNA Probe 

DNA probes can differentiate PRCV from 
TGEv. Polymerase chain reactions (PCRs) 
were described quite early on for identifying 
TGE. The real-time PCR (RT-PCR), a rapid 
RT-TaqMan, has been shown to be a very 
good sensitive test for TGEv in pig fecal 
samples. 10 Tests are now available to differen¬ 
tiate PRCV from TGEv. 

In situ hybridization (ISH) has been 
described, and a nested RT-PCR has been 
developed that is very sensitive. A multiplex 
RT-PCR for differentiating the PED virus 
(PEDv) from TGEv in clinical samples has 
been described. It has also proved possible to 
use formalin-fixed tissue for multiplex PCR, 
nested-PCR, and ISH with 100% conformity. 

A multiplex RT-PCR has been developed 
for the simultaneous detection of both TGEv 
and PEDv. 11 A multiplex microassay can be 
used for the rapid differential diagnosis of 
eight viruses, including TGEv. 12 

Serology 

Several serological tests can detect and 
measure antibody to the virus in live animals. 
The serum neutralization test is sensitive 
and reliable, but it is time-consuming and 
requires facilities for cell culture techniques. 
Neutralizing antibodies appear in the serum 
7 to 8 days after infection and persist for at 
least 18 months. An ELISA is more sensitive 
than the virus neutralization test, and a com¬ 
petitive ELISA differentiates between TGEv 
and PRCV. A blocking ELISA to differentiate 
TGEv and PRCV has also been described. 13,14 

NECROPSY FINDINGS 

The lesions are confined to the intestine and 
stomach, although he changes may be minor 
in many field outbreaks and in the experi¬ 
mental disease. The intestinal wall is thin and 


translucent, and the intestine is distended 
with fluid ingesta. Despite the presence of 
milk in the intestine, there is little evidence 
of fat absorption in the draining lymphat¬ 
ics. The important histopathological change 
is atrophy of villi with failure of epithelial 
cell differentiation in the small intestine. The 
atrophy is evident 24 hours after infection, 
and regeneration occurs 5 to 7 days later. 
The marked reduction in the size of intestinal 
villi may even be detected at low magnifica¬ 
tion with a stereomicroscope. In the stomach, 
there may be engorgement of vessels and 
necrosis of the epithelium deep in mucosal 
crypts. No inclusion bodies are detectable. 
When secondary pathogens contribute to the 
disease, there may be inflammatory lesions 
in the intestines. In chronic cases, a thick¬ 
ening of the intestinal wall identical to that 
seen in terminal (regional) ileitis has been 
described. 

In Europe, the disease is characterized by 
more severe mucosal lesions, often including 
fibrin exudation. There is also degeneration 
of the heart muscle and, in some cases, of the 
skeletal muscle. 

A simple test for the presence of intestinal 
lactase in intestinal washings may assist in 
the laboratory diagnosis. Examination of 
frozen sections of jejunum from acutely ill 
piglets by the fluorescent antibody technique 
is a rapid and effective method for the detec¬ 
tion of virus in tissues. The intestine may be 
segmentally affected, so multiple areas must 
be sampled. Viral antigen is detectable for 
only 24 to 36 hours when utilizing most fluo¬ 
rescent antibody (FA) conjugates. This makes 
the selection of acute cases critical. Electron 
microscopy is often utilized to identify the 
presence of coronavirus, but this method is 
not specific for TGEv. PCR methods for 
TGEv detection are being developed, and 
immunohistochemical techniques are avail¬ 
able for use in formalin-fixed tissues. 

The use of apoptotic markers shows that 
most of the cells are undergoing apoptosis 
but are not infected with TGEv; they are 
termed bystander cells. It has been previously 
suggested that apoptosis does not occur in 
the enterocytes of piglets infected with TGEv. 
An accumulation of interferon-alpha-pro¬ 
ducing cells occurs in the GALT of TGEv- 
infected piglets. It has been suggested that 
these are the mucosal counterparts of the 
dendritic cells recently shown to produce 
interferon (IFN) alpha after in vitro viral 
induction. The TGEv challenge of pigs pro¬ 
duces an increase in CD4+/CD8+ cells, an 
increase in natural killer cells and cytotoxic 
T cells, an increase in the expression of 
IL-2 receptors, and a decrease in null cell 
phenotypes. 

Samples for Confirmation 
of Diagnosis 

• Histology—several segments of jejunum 

and ileum, stomach (LM, IHC) 

• Virology—several segments of jejunum 

and ileum (FAT), feces (EM) 
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DIFFERENTIAL DIAGNOSIS 


The epidemiological and clinical characteristics 
of transmissible gastroenteritis (TGE) should 
make possible a presumptive diagnosis, but 
confirmation must depend on the finding of 
compatible histological lesions, the detection 
of antigen, transmission experiments, and 
evidence of seroconversion. It is unusual to 
encounter outbreaks of diarrhea in piglets 
that appear to be typical of TGE where there 
is porcine respiratory coronavirus (PRCV) on 
the same farm. Either the virus can be 
demonstrated in the tissues by fluorescent 
antibody test (FAT), but serum antibodies 
cannot be detected in the breeding animals: 
or serum antibodies can be detected in the 
adults, but the virus cannot be demonstrated 
in the tissues by either immunofluorescence 
or tissue culture. 

Villous atrophy is not pathognomonic for 
the disease because it occurs in 3-week-old 
piglets affected with diarrhea and steatorrhea, 
in rotavirus infections of piglets, in coccidiosis, 
and in some herds for undetermined causes 
immediately following weaning. In some 
instances, diagnosis in suckling or recently 
weaned pigs is difficult. 

In piglets, TGE must be differentiated from 
the following: 

• Enteric colibacillosis A common disease 
of piglets under 10 days of age with 
profuse diarrhea, no vomiting, dehydration, 
and a good response to therapy if treated 
early. 

• Clostridium perfringens type C 

Enterotoxemia occurs in piglets under a 
few days of age and causes marked 
depression, diarrhea, dysentery, reddening 
of the anus, and rapid death. Lesions at 
necropsy are characteristic. 

• Clostridium perfringens type A 

• Clostridium difficile 

• Coccidiosis Affects newborn piglets 5 to 
15 days of age, causing profuse diarrhea, 
depression, dehydration, and unthriftiness. 
Affected piglets may continue to suck. 
There is high morbidity, low mortality, and 
oocysts in the feces. 

• Rotavirus enteritis Rotavirus causes 
diarrhea in suckling and weaned piglets, 
with a high morbidity and low mortality. 
Most affected piglets recover in a few days, 
and epidemics are commonly associated 
with continuous farrowing. 

• Porcine epidemic diarrhea A coronavirus¬ 
like virus causes diarrhea in pigs similar to 
that in TGE, except much less severe and 
with reduced mortality. Porcine epidemic 
diarrhea type I causes diarrhea only in 
pigs up to 4 to 5 weeks: whereas porcine 
epidemic diarrhea type II causes diarrhea in 
pigs of all ages. The morbidity may reach 
100%, but mortality is low. The disease 
may start in the finishing pigs and spread 
rapidly to pregnant sows and their nursing 
piglets. The diarrhea may persist in the 

6- to 10-week-old pigs, and seronegative 
gilts introduced into the herd may become 
infected and develop profuse diarrhea 


lasting a few days. The recent strains 
appearing in Korea, Vietnam, China, and 
now the United States are much more 
similar to TGE. 

• Vomiting and wasting disease Affects 
piglets under 10 days of age in epidemics 
similar to TGE. However, vomiting is 
characteristic, diarrhea is not a feature, and 
laboratory differentiation is necessary. 

In adults (gilts, sows, and boars), TGE 
must be differentiated from diarrhea resulting 
from the following diseases: 

• Swine dysentery 

• Salmonellosis 

• Porcine proliferative enteritis 

TREATMENT 

There is no specific treatment, but good hus¬ 
bandry in the form of warm, dry, draught- 
free conditions with ad lib water and nutrient 
provision helps. Treatment aims at alleviat¬ 
ing starvation, dehydration, and metabolic 
acidosis, which result in hypoglycemia. 
Treatment with fluids and electrolytes con¬ 
taining glucose is indicated. Because there is 
loss of intestinal villi and the enzyme lactase, 
the ideal treatment would be to reduce the 
intake of milk for up to 5 days and admin¬ 
ister a glucose-glycine-electrolyte solution 
orally every few hours to maintain hydra¬ 
tion. However, removal of affected piglets 
from the sow is impractical and not recom¬ 
mended. Oral fluid therapy should improve 
the survival rate, with affected piglets recov¬ 
ering in a few days following treatment. In 
experimentally induced TGE, removal of the 
milk diet and the use of an oral glucose- 
glycine-electrolyte solution plus a 5% dex¬ 
trose solution given intraperitoneally at the 
rate of 25 mL/kg body weight (BW) once 
daily decreased the severity of the diarrhea, 
dehydration, and metabolic acidosis but did 
not prevent or significantly improve the renal 
failure and severe hypoglycemia. A newborn 
piglet weighing 1.25 kg has an energy expen¬ 
diture of approximately 170 kcal/d (711 kj) 
if maintained at 30° C (86° F); 30 ml of a 5% 
dextrose solution supplies 1.5 g of glucose 
for a total of approximately 5.6 kcal/d (the 
gross energy of glucose is 3.74 kcal/g). 
Because the volume of 5% dextrose solution 
injected daily into piglets should not exceed 
8% of their body weight, it is unlikely that the 
hypoglycemia can be prevented or treated. 

The use of natural human interferon 
given orally to piglets 1 to 12 days of age 
affected with the disease increased survival 
rates compared with placebo-treated piglets. 

CONTROL 

Endemic infection will persist as long as sus¬ 
ceptible or partially immune sows are 
exposed to the virus. 

Control of the disease is complex because 
it is so highly contagious and because of the 
dynamics of infection between the different 
age groups of animals within large swine 
herds. Although there is considerable 


information available about the biology of 
the virus and the nature of the disease, there 
is little documented reliable information 
about the control in a swine-breeding herd. 
Most of the recommendations for control are 
empirical and based on clinical experience 
without any controlled field trials to evaluate 
the different strategies. The following guide¬ 
lines for the control of TGE are based on the 
characteristics of the virus and the disease: 

• The disease is highly contagious and 
spreads rapidly between groups of pigs 
in a herd. Most epidemics last 6 weeks. 

• Newborn piglets are highly susceptible 
to disease if the sows milk does not 
contain specific TGE secretory IgA 
antibody. 

• Infection of pregnant sows with the 
virulent virus results in protective 
immunity for their piglets. Recovered 
sows are immune, usually do not harbor 
or shed the virus, and need not 
necessarily be culled. 

• Weaned pigs are a major reservoir of 
infection in farrow-finish herds. 

• Vaccination of pregnant sows with any 
of the available vaccines is not as 
effective as natural infection in 
providing protection for piglets. 

• The disease is controlled either by 
elimination of the virus from the herd 
or by controlled natural immunization 
and use of the all-in, all-out system of 
production. 

Control During and After an 
Outbreak 

The highly contagious nature of the disease 
makes the immediate control of an outbreak 
in a herd virtually impossible. Epidemics 
usually last approximately 6 weeks, during 
which time many piglets die, and the herd 
eventually becomes immune. Successful 
control depends on planning and implemen¬ 
tation of certain strategies, which must be 
understood and implemented by the pro¬ 
ducer and monitored by the veterinarian. 
Failure of the producer to fully understand 
or accept the diagnosis and apply the prin¬ 
ciples of control will result in failure to 
control the disease and the persistence of an 
endemic form of the disease in the herd. 
Several strategies are used to control the 
infection pressure and to enhance immunity 
where possible. 

Isolation of Sows Due to Farrow 

To avoid further new infections of newborn 
piglets, sows due to farrow within 2 to 3 weeks 
should be isolated under strict hygienic con¬ 
ditions. However, this is usually impractical 
in most intensive swine production enter¬ 
prises, where isolation facilities are usually 
not available. The disease is so highly 
contagious that isolation is ineffective. 
There should be no movement of pigs 
between the farrowing or nursery rooms. An 
all-in, all-out system for movement of pigs, 











especially in the farrowing rooms and nurser¬ 
ies, with complete cleaning and disinfection 
between groups should be established (see 
later discussion of all-in, all-out practices). 

Discontinuation of Breeding Stock 
Sales and Purchases 

Once a diagnosis of TGE has been confirmed 
in a breeding herd that sells breeding stock, 
all sales should be discontinued. Likewise, all 
purchases of breeding stock from other herds 
should be discontinued for a few months 
until the epidemic has subsided and the 
future production plans of the herd, includ¬ 
ing disease control, are reviewed. 

Partial Depopulation and Culling 

If possible and feasible, all weaned pigs ready 
for finishing units should be moved off the 
farm to contract finishing units. This allows 
for a general cleanup of facilities, a break in 
the production cycle, and an intensive all-in, 
all-out system. All culled pigs should be 
destroyed to prevent a reservoir of pigs 
actively shedding the virus. 

Planned Exposure to Virulent Virus 

To minimize the duration and severity of the 
outbreak, all pregnant sows due to farrow 
more than 3 to 4 weeks ahead should be 
given an inoculum of virulent TGEv obtained 
from virus-infected intestines, ideally from 
piglets in which the disease began within the 
last 12 to 24 hours. The piglets should be 
submitted for necropsy and TGE confirmed 
by a diagnostic laboratory. It cannot be 
assumed that all piglets that die in an epi¬ 
demic of TGE will be infected with the virus. 
The intestines of the confirmed cases should 
be homogenized in special media and centri¬ 
fuged, and supernatants should be poured 
into capsules and frozen for storage. The con¬ 
tents of the capsules are then thawed and 
poured onto the feed of the sows. The inocu¬ 
lum is given daily for 3 days. Preparation and 
use of the inoculum will ensure adequate 
uniform inoculation of sows, compared with 
earlier recommendations to feed feces and 
intestines of piglets that died of the disease 
to the other pigs. More inoculum can be pre¬ 
pared by inoculating weaned piglets in isola¬ 
tion and collecting their small intestines 1 to 
2 hours after onset of diarrhea, which is 
usually 16 to 21 hours after inoculation. The 
boars are also fed the inoculum. An alterna¬ 
tive to the inoculum is to mix the intestines 
from two affected piglets in 25 L of water and 
feed 50 mL of the solution daily for 3 days. 

If there is sufficient time for immunity to 
develop, the piglets born 3 to 4weeks later 
will be protected through the colostrum and 
milk, which will contain the TGEv-specific 
IgA antibodies. Piglets sucking such sows are 
resistant to infection while sucking, but they 
become fully susceptible if transferred to a 
nonimmune sow. Natural infection by mouth 
produces a high level of secretory antibody, 
particularly IgA, in the colostrum and milk, 
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whereas vaccination produces a good IgG 
response but a much lower IgA response. The 
newer recombinant vaccines have also been 
shown to be immunogenic but are still not 
able to produce lactogenic immunity. 

An alternative to the feeding of infectious 
material to pregnant gilts and sows is vacci¬ 
nation using the available vaccines. The gilts, 
sows, replacement stock, boars, and newborn 
piglets are vaccinated according to the indi¬ 
cations of the vaccines used. However, the 
efficacy of the vaccines is questionable. Over 
the last two decades, the aim has been to 
produce TGEv protein subunit vaccines. The 
most novel approach has been to feed recom¬ 
binant immunoproteins (capable of neutral¬ 
izing TGEv in vitro) to confer protective 
immunity. 15 

Biosecurity and Acquisition of 
Replacement Breeding Stock 

Following recovery from an epidemic in a 
herd, replacement breeding stock should be 
introduced as a group at one time and 
exposed to animals in the herd, monitored 
for clinical disease, and tested. Serological 
testing using paired sera at 30 and 60 days 
after entry will indicate seroconversion to 
the virus. The usual precautions to prevent 
transmission of infection between units of 
the herd and between herds are necessary, 
including the following: 

• Washing of boots 

• Sanitation of trucks 

• Use of separate clothing for each unit of 

large herds 

• Showering of personnel moving between 

units 

Washing hands and changing into clean 
outerwear or showering and changing into 
clean outerwear after being in contact with 
TGEv-infected pigs was found to be suffi¬ 
cient to prevent mechanical transmission of 
TGEv to susceptible pigs. 

All-in, All-out Management System 
The all-in, all-out management and produc¬ 
tion system is based on the principle of han¬ 
dling, feeding, and housing pigs in small 
subgroups as they move through the various 
stages of production. These subgroups either 
remain free of certain infectious agents, if 
absent, or all animals in the group become 
infected and immune to the infectious agents 
that are present in some pigs and transmitted 
to others in the subgroup but not to other 
subgroups. With this system, breeding gilts 
and sows are handled and bred as subgroups, 
kept in the gestation units as subgroups, far¬ 
rowed as subgroups, and nurse their pigs as 
subgroups. The pigs are weaned as subgroups 
at the same time, the weaned pigs are placed 
in the nursery facilities as a subgroup at the 
same time, and all of the pigs are moved out 
of the nursery to the finishing facilities at the 
same time. The pigs are handled in finishing 
units as subgroups, and all pigs are marketed 
as a subgroup. At each stage of production, 


the housing facilities should be cleaned and 
disinfected following removal of the pigs and 
left vacant for a few days before a new sub¬ 
group of pigs is introduced into the previ¬ 
ously cleaned rooms. This system avoids the 
mixing of pigs back and forth between groups 
and ages, which is often done to maintain 
uniformity of size and age of pigs. During an 
epidemic, the use of a strict all-in, all-out 
system in the farrowing and nursery units will 
aid in the control of clinical disease. Approxi¬ 
mately 2 months after the epidemic and the 
absence of clinical disease, sentinel seronega¬ 
tive pigs of 2 to 4 months of age can be intro¬ 
duced to each part of the herd and monitored 
serologically for evidence of viral activity. 

Complete Depopulation and 
Repopulation or Establishment of 
New Herd 

In some situations where the disease cannot 
be controlled, complete depopulation of the 
herd is the best option. This should be fol¬ 
lowed by repopulation with breeding stock 
derived from specific pathogen-free herds or 
minimal disease-free herds that are known 
to be free of the virus. Serological testing can 
be used to test the animals before they are 
moved into the facilities. The establishment 
of new swine herds now commonly depends 
on the acquisition of breeding stock from 
disease-free herds. 

TGEv Vaccines and Vaccination 

In many instances, TGEv vaccines do not 
provide reliable, complete protection for 
suckling pigs against a challenge exposure. 
However, priming piglets with PRCV was 
shown to be very beneficial in providing 
resistance to TGEv and also resulted in a 
much better maternal antibody response. 

Vaccination of Pregnant Sows 

Because of the effectiveness of acquired 
immunity following natural infection, vac¬ 
cination of the pregnant sow would appear 
to be the method of choice for control of the 
disease. However, the available vaccines have 
not been efficacious enough to be a reliable 
control strategy. Circulating virus-neutraliz¬ 
ing (VN) antibodies, acquired actively or 
passively, provide insufficient protection 
against clinical disease, and parenteral vac¬ 
cines have been relatively ineffective. Protec¬ 
tion against the disease requires the presence 
of secretory IgA antibody, either actively or 
passively acquired, in the intestine (see 
“Immune Mechanisms”). 

TGE Vaccines 

Several live-attenuated and inactivated virus 
vaccines are available for use in pregnant sows 
and neonatal pigs. Vaccines for oral and intra¬ 
nasal administration were developed on the 
basis that vaccination by the oral or intranasal 
route would induce the production of secre¬ 
tory IgA antibody. However, these vaccines 
have not been efficacious. 
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The vaccination of pregnant sows with 
attenuated strains of TGEv by either the par¬ 
enteral or oral route does not provide suffi¬ 
cient lactogenic immunity to protect their 
piglets against virulent strains of TGEv. 
Some litters sucking vaccinated sows may 
achieve partial protection in which the onset 
of diarrhea is delayed, the diarrhea is less 
severe, and the case-fatality rate is decreased. 
Villous atrophy is inhibited to varying 
degrees in pigs sucking immunized sows, 
depending in part on the antibody titer in the 
colostrum and milk. 

The severity of the losses in a vaccinated 
herd after exposure to the virus will vary, 
depending on the following factors: 

• Herd management 

• Environmental conditions 

• History of previous exposure 

• Severity of viral exposure 

After natural infection or experimental 
oral infection of pregnant sows with a viru¬ 
lent strain of TGEv, lactogenic immunity is 
highly protective for piglets, and neutralizing 
antibodies in milk are mainly associated with 
the IgA fraction. Vaccination of sows orally 
with a nonattenuated vaccine provides 
greater levels of lactogenic protection than 
does orally or parenterally administered 
attenuated-virus vaccine. In vaccinated sows, 
the levels of colostral antibody correlate with 
the percentage of survivability of their piglets 
when challenge-exposed at 3 to 5 days, 
whereas the serum antibody to TGEv does 
not. There is also a significant relationship 
between milk antibody and percentage sur¬ 
vivability when pigs are challenge-exposed at 
5 days of age but not at 3 days of age. There 
is a need to develop an attenuated virus 
strain that is completely avirulent for pigs but 
that also replicates sufficiently in the small 
intestine of sows after oral administration 
and induces secretory IgA antibody. It 
appears that no strains of the virus have been 
identified that are sufficiently attenuated and 
safe for pigs while still being able to provide 
a sufficient immune stimulus in the intestine 
of the sow. The Nouzilly strain, which is a 
mutant type of TGEv resistant to acidity and 
the proteases of the digestive tracts of adult 
pigs, is being evaluated as a vaccine. 

Vaccine Schedule 

If vaccines are used, it is generally recom¬ 
mended that the two vaccinations, 14 days 
apart, be given during the last trimester of 
pregnancy. Vaccines are available for vacci¬ 
nation of neonatal piglets, weaner pigs, and 
finishing pigs, but there is insufficient pub¬ 
lished information available on the efficacy 
of the vaccines based on randomized clinical 
trials using controls under field conditions. 

Subunit TGEv Vaccine 

Experimentally, a recombinant TGE virus 
S glycoprotein subunit vaccine given 
subcutaneously or intramammarily to preg¬ 
nant sows induced colostral and milk IgG, 


but not IgA, antibodies to the virus. Piglets 
born from vaccinated sows were challenged 
at 4 to 5d ays of age with the virulent virus, 
and the morbidity was 100%, with mortality 
ranging from 20% to 80%. The same vaccine 
given subcutaneously to 11-day-old piglets 
induced VN antibodies. This is consistent 
with the well-known observation that secre¬ 
tory IgA antibody in the milk is necessary for 
protection in piglets. Compared to VN anti¬ 
bodies, antibodies of the secretory IgA class 
are more effective at neutralizing TGEv 
because they are at higher titers in milk, are 
more resistant to proteolytic enzymes, and 
bind to gastrointestinal enterocytes. Protec¬ 
tive immunity to transmissible gastroenteri¬ 
tis correlates with milk whey secretory IgA 
antibody titer to the TGE virus when pigs are 
challenge-exposed with the virulent virus at 
3 to 5 days of age. 

Immunity to PRCV 

There is considerable cross-protection 
between TGEv and PRCV. There is indirect 
evidence that a bronchial-associated lym¬ 
phoid tissue (BALT)-mammary gland link 
similar to the gut-associated lymphoid tissue 
(GALT)-mammary gland link described for 
TGEv may exist in pregnant, multiple-PRCV- 
exposed sows. In herds infected with PRCV, 
multiple exposures of pregnant sows are asso¬ 
ciated with higher IgA and IgG antibody titers 
to TGEv in milk, and these titers contribute to 
protection against TGEv. The immunization 
of pregnant gilts with PRCV induces lacto¬ 
genic immunity and partial protection of 
piglets from challenge with TGEv. An overall 
survival rate of 70% was found for piglets 
nursing PRCV-infected gilts compared with a 
16% survival rate for piglets nursing control 
gilts. The highest degree of protection occurs 
in sows primed with PRCV, then given a 
booster vaccination with TGEv 2 weeks later. 
Infection of pigs with PRCV primes the sys¬ 
temic and mucosal humoral immune system 
against TGEv, and subsequent challenge 
with TGEv results in a secondary antibody 
response and decreased duration of excretion 
of the virus. Protective immunity to TGEv 
infection can also be induced in piglets 
exposed to PRCV at 2 to 6 days of age. 
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PORCINE EPIDEMIC DIARRHEA 

PED was first described in Britain in 1977, 
although it probably first appeared in 1971, 
and spread globally and rarely occurred after 
the 1970s and 1980s. It is a highly contagious 
disease in pigs of all ages but particularly 
young pigs. It was thought to be similar but 
not as severe as TGE. Before 2012 in Asia and 
2013 in the United States and then Canada, 
the disease was sporadic in Asia and Europe. 
It was not found in the Western Hemisphere 
before May 2013. 

Recently in a new wave of severe infec¬ 
tions it was mostly associated with Asia, par¬ 
ticularly China, 1 ' 2 Vietnam, 3 Thailand, 4 and 
Korea (originally but has recently reappeared 
in Europe’). 

It was detected for the first time in U.S. 
swine in May 20 1 3 6 and by November 9, 
2013, 1069 PED virus (PEDV) cases had 
been found in over 19 states (www.aasv.org/ 
pedv). 

The 2013 outbreak in the United States of 
this Chinese strain is particularly severe 
because within 3 to 4 months of the start of 
the outbreak there may have been 250,000 to 
300,000 deaths in Oklahoma, Indiana, and 
Iowa. The total number of deaths between 
April 2013 and June 2014 may have been 7 
million. 

ETIOLOGY 

There are several porcine coronaviruses: 
TGE was described in 1946, HEV in 1962, 
PEDV in 1977, PRDC in 1984, and the newly 
discovered Deltacoronavirus described in 
Hong Kong in 2012. They are the largest 
RNA viruses. All of the coronaviruses are 
very closely related. They are subject to dele¬ 
tions and insertions of their genetic material, 
and two of these may have occurred in the 
new PEDV in the United States. 

PEDV is a positive-sense RNA virus of 
the family Coronaviridae and subfamily 
Coronavirinae and the genus Alphacorona- 
virus, which contains PEDV, TGE, and 
PRCV. 

It is a coronavirus with three major non- 
structural protein antigens. The virus genome 
is similar to that of TGE and is composed of 
seven ORFs that encode four structural pro¬ 
teins. It can be cultured in Vero cells. Chinese 
and Korean isolates form clusters distinct 
from European isolates. 7 ' 10 Recent Chinese 
strains 2 differ from Korean isolates. It has 
also been found in India and reemerged in 
Thailand, 5 where it is now endemic. It caused 
massive losses in Vietnam in 2009. Recent 
Korean strains differ from European and 
vaccine strains. 

The complete genome sequence of the 
virus been described from a pig infected with 
the PEDV strain USA/Colorado/2013. 11 It 
has 96.5% to 99.5% homology with other 
PEDV in the gene bank and 99.5% homology 
with a recent Chinese strain. Thus far, the 
initial cases in Colorado, Oklahoma, and 






Kansas have similar S gene sequences 
(99.8-100%). 

The genetic properties of endemic 
Chinese strains of PEDV have been 
described. 12 The study showed that 10 post- 
2010 isolates shared high homology with 
each other and were clustered together with 
the virulent DR13 strains from South Korea 
and one earlier Chinese strain. 

This virus has been observed in various 
parts of China since December 2010. Ten 
post-2010 isolates showed homology with 
one another. 12 They were all clustered close to 
the Korean strain and to an earlier strain 
from China. It is suggested that the current 
strains are derived by similar genetic changes 
from the Korean strains or earlier Chinese 
strains. 

Viruses recently isolated in Iowa (five 
cases) have a different gene sequence from 
those investigated from April 2013 showing 
greater similarity to strains isolated from 
China between 2004 to 2012. The first isolate 
has been described. 11 They show only 93.9 to 
94.6% nucleotide identities to those previ¬ 
ously found since April 2013 but are 99.5% 
to 100% similar to each other. 

The virus causes a distinct cytopathic 
effect with characteristic cell fusion, syncytia 
formation, and eventual cell death. The U.S. 
isolates are closely related to one another 
and are 96.3% to 99.5% related at the nucleo¬ 
tide level to the 23 non-U.S. PEDV strains, 
and are closest to the Chinese 2011 to 2012 
strains. 16 

Recent studies suggest that there are two 
distinctly different groups of PEDV circulat¬ 
ing in the United States. The first group has 
a 99.1% to 100% identity with the initial 
Chinese strains. The second group has a 
99.6% to 100% identity with each other but 
only 93.4% to 94.4% nucleotide identity with 
the original U.S. strain, showing that muta¬ 
tion has already started to occur. 

A new virus, porcine Deltacoronavirus, 
closely related to avian coronaviruses, was 
discovered in Hong Kong in 2012. 19 It causes 
severe diarrhea and vomiting in mature pigs 
but is not so severe in suckling pigs. Recov¬ 
ery seems to follow. It is not cross-protective. 
It was found in the United States in August 
2013. 20 ’ 21 

EPIDEMIOLOGY 

The severity and outcome of the disease 
depend on age, challenge dose, immunity, 
and other on-farm conditions. Under experi¬ 
mental conditions 4-week-old pigs inocu¬ 
lated with PEDV did not gain much weight 
for 7 to 10 days after challenge. 

The virus is usually introduced by carrier 
pigs, which is usually new stock coming onto 
the farm. Pig movements through sale or 
purchase of pigs are an important source of 
infection. It is easily spread in markets. Con¬ 
taminated transport trucks, boots, and other 
fomites are also a possibility for spread. 
There is no semen transmission. 
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The recommendation to use feedback in 
Asia has probably contributed to it becoming 
endemic in Asia. 

In studies in the United States, in the 
recent outbreak, larger herds are more likely 
to be affected, positive sites had more feed 
truck deliveries, half the frequency of the 
visits of company service persons were found 
on the positive sites, and trucks removing 
pigs (x2) and trucks removing trash were 
also associated with positivity (x5). Staff or 
family workers working off the site were also 
associated with positivity. 

Recent studies of the partial S gene have 
shown that the Thai and Vietnamese strains 
originated from the original Chinese strain 
JS-2004-2. 

Transmission is by the fecal-oral route, 
and shedding of the virus begins at the time 
of the development of the diarrhea. There is 
a high concentration of the virus in feces and 
the virus is very stable, so fomites, equip¬ 
ment, and people are easily contaminated. 
Truck transport of infected feces is a consid¬ 
erable risk. 

The virus excretion may be 10,000 to 
1,000,000 times more in PEDV compared 
with a TGE case, and the virus is much more 
infectious. 

The recent epidemic in the United 
States began in Colorado and Ohio in 
April 2013 and has rapidly spread to at 
least 16 states by July 2013, with possibly 
over 400 cases. The virus is 99.4% similar 
to the 2012 Chinese virus when sequenced. 
It has been difficult to find out the origin 
because it seemed to occur separately in 
several sites. 

A recent study of the original Chinese 
virus has already suggested that new variants 
are appearing. 

The fecal and nasal shedding was first 
observed 24 hours postinfection. Some 
studies have suggested that the greatest virus 
shedding is greatest at 12 to 18 hours of the 
onset of diarrhea. Peak fecal shedding occurs 
5 to 6 DPI and was much greater than nasal 
shedding. Some pigs still shed 21 and 28 DPI 
and even 35 DPI without clinical signs. 1 ' Pigs 
remain PCR positive for up to 6 weeks. Only 
tissues from the gastrointestinal tract appear 
to be positive. No aerosol transmission was 
detected but virus was found in the walls, 
pens, and food bins. The virus is highly infec¬ 
tious and is highly stable in the environment 
(>28 days in fecal slurry at -20°C, >28 days 
in wet feed mixture, <2 weeks in dry feed at 
room temperature, >14 days and <28 days in 
fecal slurry at room temperature, and 28 days 
at 40°C in fecal slurry at room temperature). 
There was no effect of relative humidity on 
virus survival. 

During acute infections in a boar stud the 
virus has been detected in feces, blood, and 
semen. 18 There is also evidence for area 
spread of the virus and it may travel through 
the area on dust particles and not as a true 
aerosol. Virus has been detected by PCR in 


air samples collected up to 10 miles from an 
infected farm. 

In the United States, there has been con¬ 
siderable discussion of how it spreads: air, 
people, feeds, or fomites. At the moment it 
seems most likely that it reached the United 
States either in feeds or in processed plasma. 
The PCRs are not designed to find the virus 
in feeds, but spiked feeds have been shown to 
be capable of infecting pigs in experimental 
studies. Samples from feed bins have proved 
positive for live virus. Live virus has also been 
found in air samples and in bird feces. 

Recent studies have suggested that plasma 
proteins, particularly those that are imported, 
are a possible means of infection. A statement 
by the Canadian Food Inspection Agency on 
February 18, 2014, stated that testing with a 
swine bioassay has determined that the 
plasma ingredients contain PEDV capable of 
causing disease in pigs. The epidemiology 
clearly links the live PEDV-contaminated 
plasma shipment to the 18 infected herds in 
Ontario. These infected imports originated in 
the United States. As of March 5, 2014, there 
were 25 pig sites in Ontario with PED. At this 
date only 6% of the 1063 trailers tested for 
PED had turned up positive. An assembly 
yard also tested positive. The Ontario author¬ 
ities suggested that the virus would not be as 
easily transmitted in the warmer months as 
it is in March. The Canadian authorities said 
that plasma products, spray dried plasma, 
and feed were PCR positive. 

OCCURRENCE 

In April 2013 in west central Iowa piglets 
were described with fetid, watery diar¬ 
rhea and mortality in 90% of the pigs. It 
then spread rapidly to sites in northwest 
and northeast Iowa and then Indiana with 
a piglet mortality greater than 90%. There 
was no connection between the production 
systems, there were no known relationships 
and no common trucking or feed service. 
In May, confirmation occurred through 
EM of the presence of a coronavirus. The 
virus was then confirmed as being similar 
to the Chinese 2012 PEDV strain, and PCR 
and sequencing at the National Veterinary 
Services Laboratories in the United States 
confirmed this. On June 13, 2013, it had 
reached 12 states; by September 15 five more 
states; by December 15 another nine states; 
and by July 5, 2014, 29 states had reported 
infected pigs. 

After occurring widely in the United 
States it has now spread to Canada. In March 
2014 there were 25 cases in Ontario and one 
each in Quebec, Prince Edward Island, and 
Manitoba. 

PATHOGENESIS 

The virus appears to need trypsin for its rep¬ 
lication to open up the Spike protein, which 
is why it is particularly attached to the intes¬ 
tinal enterocytes, which are a source of 
trypsin. 
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The virus resembles TGE in its behavior 
but does not replicate in the respiratory tract. 

The major structural gene of the 28-kb 
PEDV genome encodes the multifunctional 
virulence factor, Spike (S), which is respon¬ 
sible for viral receptor binding, induction of 
neutralizing antibody and host cell fusion. 
These S gene sequences are a distinguishing 
feature of the PEDV strains, which affect 
virulence and evolution. The new strain 
began life in China in 2010. 

The virus localizes in the porcine intesti¬ 
nal epithelial cells via receptors particularly 
on the sides and tips of the villi. Porcine 
amino-peptidase N is a functional receptor 
for the PEDV coronavirus. The PEDV N 
protein then localizes in the ER of the cell 
and inhibits intestinal epithelial cell growth 
and prolongs the S-phase of the cell cycle. It 
then causes the expression of IL-8, which 
further induces ER stress. The N protein also 
binds to the virion RNA and provides a 
structural basis for the helical nucleocapsid 
giving stability to the virus. The level of pro¬ 
duction of the digestive enzymes is rapidly 
reduced and malnutrition results in starva¬ 
tion very quickly followed by dehydration. In 
partially immune pigs only a small portion 
of the intestine is affected. 

IMMUNITY 

PEDV antibodies have been reported to 
persist for at least 1 year. Colostral protection 
may last for up to 2 weeks in the piglet (spe¬ 
cific IgG antibodies). Lactogenic immunity is 
said to be poor. The length of protection 
depends on the titer in the dam. Colostral 
IgA is a better method of assessing protec¬ 
tion than serum levels. It is more resistant to 
enzyme degradation in the gut and therefore 
better at neutralizing gut infections. It also 
has greater activity than IgM and IgG. One 
of the characteristics of the recent Chinese 
strains is that there is poor herd immunity, 
with recurrent outbreaks every 6 months. 

CLINICAL SIGNS 

In the 1970s, when it first occurred in Europe, 
there were two types described. Epidemic 
virus diarrhea type 1 occurred in mature pigs 
and not suckling pigs and was similar to a 
mild form of TGE. The more severe type, 
which occurred in suckling pigs and was 
associated with a much higher mortality, was 
called epidemic virus diarrhea type 2. 

It is exactly the same as a severe TGE 
outbreak because it spreads very rapidly 
to affect all nursery pigs. Sows may have 
anorexia and diarrhea but the picture is more 
variable in adults. Now with the new strains 
preweaning mortality will be 100% over a 
3.5- to 5-week period. In the nursery, there 
will be diarrhea with a slight increase in mor¬ 
tality and a reduction of growth rate. 

It affects pigs of all ages with an incuba¬ 
tion period of 1 to 3 days. Most sows are ill 
within 12 to 36 hours with diarrhea and 


sometimes with vomiting. Affected pigs are 
unwell, dull, and unwilling to rise, but 
pyrexia is rare. The piglets then produce an 
extremely watery diarrhea, may vomit, and 
are inappetent. In the old style PED the mor¬ 
bidity was often 100% but the mortality was 
low, which distinguished the condition from 
TGE. It also rarely occurred if there was 
access to water. The clinical signs may then 
last 2 to 3 days before death or recovery of 
the damaged piglets. This recovery may take 
7 to 8 days. In older stock there may just be 
100% inappetence without other signs. Only 
20% to 80% of older stock may have vomit¬ 
ing or diarrhea. Sometimes the piglets under 
about 30 kg are not affected and this may be 
because of maternal antibodies, which may 
last 5 to 13 weeks. 

In the United States, the new cases in 
2013 have had severe diarrhea and vomiting. 
The death rate in many cases has been 100% 
below 7 days of age, and up to 3 weeks of age 
the morbidity is 90% but falls as the piglets 
become older. 

There is severe watery diarrhea, dehydra¬ 
tion, and milk curd in the stomach in all 
affected naive piglets. Death is caused by 
dehydration and loss of electrolytes. 

In the new outbreaks in Vietnam the 
morbidity reached 100% and the mortality 
ranged from 65% to 91%, and the disease 
appeared milder in Vietnam than in Thai¬ 
land. In Asia, there appears to be poor herd 
immunity with outbreaks recurring at 
6-month intervals. 

In the new outbreaks in the United States 
the clinical signs are characterized by acute 
vomiting, anorexia, watery diarrhea, and 
heavy mortality in pigs less than 10 days old. 
It is highly contagious and can be seen in all 
ages of pigs. It took nearly 6 weeks to return 
to baseline production after an outbreak. 
(Villous cells are replaced about three times 
more quickly in 3-week-old pigs than in 
1-week-old pigs.) 

There was also an effect on the sows with 
a 12% decrease in farrowing rate if infected 
in the first 30 days of pregnancy. A 2.2 piglet 
decrease in born-alive to gilt litters if affected 
at a similar time and a severe effect on sub¬ 
sequent reproduction in gilts more than 
sows. 

PATHOLOGY 

The stomach is usually empty or may be full 
of undigested milk curd. The intestines are 
thin walled and pale with watery contents. 
There is a severe atrophic enteritis with 
shortened blunted villi (villous atrophy) and 
fused villi within 24 hours of the onset of 
clinical signs. The atrophy is as severe as 
those seen in TGE. The villous height/crypt 
ratio falls from 7:1-9:1 to 3:1. Under exper¬ 
imental conditions, in weaned pigs, there 
was severe villous atrophy occurring by 3 
DPI and remained until 7 days but was 
repairing by 14 days. In neonatal pigs the 


villous atrophy was visible within 12 hours 
postinfection and was significant at 24 hours. 

The pathology is milder than TGE except 
in the new post-2010 Chinese type outbreaks 
in which the pathology was as severe as TGE. 
A study of the U.S. outbreak in 2013 shows 
that the disease is exactly the same as TGE. 
Degenerate tips and sides of villi with swollen 
epithelial cells full of eosinophilic cytoplasm 
were described. Some cells were loose from 
their surrounding cells, and sometimes there 
were syncytia. Initial investigations showed a 
coronavirus on EM, but the tissues were 
negative for TGE and rotavirus A on RT-PCR. 
Subsequent testing by sequencing showed 
that all the PCR products were PEDV and 
99+% similar to the Chinese strains. 

DIAGNOSIS 

The clinical signs suggest either TGE virus or 
PEDV and in the past PEDV was mild and 
differentiated by the lack of mortality. The 
new strains of PEDV are identical to TGE. 
TGE and PED have the same morphology 
under EM, so immunoelectron microscopy 
is necessary to differentiate the strain, using 
intestinal contents or feces. Fecal samples 
from clinically affected pigs are considered 
the gold standard. The virus is difficult to 
grow, which is why PCR technology was 
developed. The virus can be demonstrated 
by ELISAs; RT-PCR; multiplex RT-PCR, 13 
which is rapid, cost-effective, and sensitive; 
and qRT-PCR. 14 The new multiplex PCRs 
with specific primers are useful for simulta¬ 
neous detection of TGE, PED, and rotavirus 
type A in field samples. Immunoperoxidase 
techniques can be used to detect virus in the 
intestinal epithelium. The PCR targets the 
conserved portion of the N gene. 

Most diagnostic labs in the United States 
now offer a PEDV/TGE differential PCR. It 
is very sensitive and can be performed on 
intestinal tissue, feces, or oral fluid samples. 

Specific antibodies can be detected by 
immunofluorescence, and there are ELISAs 
for the detection of specific antibody in pig 
sera and milk from recovered pigs. 

Very recently, Iowa State University vali¬ 
dated an IFA test that measures exposure to 
the virus, and the best time to test is 3 to 4 
weeks after the onset. It is labor intensive and 
the antibody titers fall very quickly but will 
rise erratically on reexposure. 

There is now a differential multiplex PCR 
that can be used to differentiate the two 
groups of virus in the United States. 

Oral fluids were as good as fecal samples 
in a study from the United States. 17 Accord¬ 
ing to PCR results on both oral fluids and 
fecal swabs, viral shedding began on day one 
and reached its peak during 3 to 4 DPI. There 
were no clinical signs of virus infection 
present 10 DPI. In oral fluids and fecal swabs, 
viral nucleic acid continued to be found at the 
limits of detection from 10 to 35 DPI. A slight 
increase in viral shedding was seen in days 14 
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to 17 in oral fluids. It was surprising to find 
that viral shedding occurred for nearly 30 
days after the clinical signs ceased. 1. Where 
the virus is endemic there may be no clinical 
disease and the PCR may be positive. 

TREATMENT 

There is no real treatment. You can make sure 
there is adequate water provision, give milk 
substitute, and provide glucose: glycine elec¬ 
trolyte solutions for the old style PEDV infec¬ 
tion. The new Chinese strains now in the rest 
of Asia, Europe, and the United States are 
usually too quickly fatal to necessitate early 
treatment. Euthanasia is often required for 
the very badly affected animals and for the 
lesser affected hospitalization is necessary. 

There is no cross-immunity with TGE or 
PRCV. On a breeding unit the old style PED 
was self-limiting. Serum antibody titer levels 
become detectable 2 weeks after infection 
and rise to levels of 1:1000 and then decline 
to 1:20 to 1:640. Passive antibody levels 
from a previously exposed sow may protect 
piglets for 5 to 13 weeks, but antibody in the 
sow does not always mean that the piglet is 
protected. 

Immunity from previous natural infec¬ 
tions and the previously used Asian vaccines 
do not appear to give any protection to this 
recent strain. In China, a bivalent live vaccine 
has been used for protection against TGE 
and PED since 1977, but there is little evi¬ 
dence that this works for the new virulent 
strains of PED. 

CONTROL 

Disinfectants used for TGE work effectively 
for PEDV. Heating at 160°F for 10 minutes for 
trailers will kill the virus as will exposure to 
68°F for 7 days. 

The key thing for producers to realize is 
that after the disappearance of clinical signs, 
the virus may be shed for up to 35 days, and 
therefore there has to be care when moving 
pigs (which are then stressed and may well 
reexcrete the PEDV). 

The only control is very tight biosecurity 
and strict sanitation measures including iso¬ 
lation before integration for new incoming 
stock. 

Authors in the United States have drawn 
attention to the risk that may be associated 
with pig diets and their ingredients. Some 
producers are choosing not to use any porcine 
products in pig diets and many choose to 
remove any porcine plasma from the diet and 
replace it with bovine plasma. Other suitable 
products would be fermented soybean meal, 
soy protein concentrate, whey protein con¬ 
centrate, skim milk powder, and poultry meal 
among others. Specific use of feedback may 
be applied with sows when efforts to control 
sporadic outbreaks of PEDV fail. The material 
to be used in feedback occurs within 24 hours 
of the onset of diarrhea when the virus count 
is very high. Exposure of pregnant sows to 


virus using feces from infected piglets will 
stimulate rapid lactogenic immunity and 
shorten the outbreak on the farm. 

The old method for the control of TGE 
may work for pigs with PEDV. The methods 
used for the control of TGE are as follows: 

• Addition of 4 to 6 months of 
replacements and then close the herd. 

• Feedback (forced exposure) of the entire 
herd, feces, intestines, and intestinal 
contents from acute farrowing/nursery 
cases is used. 

• Strict all-in/all-out and one-directional 
flows should be practiced until after 
the clinical signs have disappeared. 

• Introduction of sentinels about 30 days 
after the clinical signs have disappeared 
to confirm there is no circulation of 
virus 

• Strict control of unidirectional flow of 
pigs and people to allow the PEDV to 
be walked out of the premises 

In another study Dufresne 18 suggested: 

• That all piglets down to 10 days of age 
be weaned off the farm 

• Expose all gilts and sows 2 to 5 weeks 
prefarrow with scours wiped from the 
heat lamps in the farrowing areas with 
tissues. This can then saturated in water 
and placed in the water trough daily for 
3 days. 

• Delay feedback until they have sufficient 
intestines from scouring piglets. Ideal 
material appears to be intestines from 
euthanized piglets 24 hours after the 
outbreak has started. 

• The author repeats the feedback three 
times in 2 weeks using one intestine for 
10 sows. 

This sort of approach seems to lead to a sta¬ 
bilization at around 18 to 20 weeks after 
commencement of the protocol. The process 
is more difficult than for PRRSV because 
there is greater transmission of virus, a 
greater virus stability, and sow immunity is 
lower. On the other hand, the persistence of 
viral infection in the host is much shorter. 

Most herds return to normal mortality 5 
weeks after exposure. In the experience of 
one veterinarian, 18 about 70% of herds’ 
prewean mortality remains normal for an 
extended period but the remainder has 
varying degrees of clinical relapse. It is 
believed that the relapse is not just an example 
of failure of exposure, but it is possible that 
the relapse occurs because of waning herd 
immunity. They have seen relapses in herds 
with little or no closure time, in very large 
sow farms (5000+), and where there is pen 
gestation rather than crate gestation. 

Control relies only on biosecurity and 
making sure that all blood products are 
properly heat treated to 80°F followed by 
storage at room temperature for 6 weeks. In 
2014 the disease was made reportable in the 
United States so that a record of its spread is 
possible. 


FURTHER READING 

Song D, Park B. Porcine epidemic diarrhea virus; a 
comprehensive review of the molecular 
epidemiology, diagnosis and vaccines. Virus Genes. 
2012;44:167-175. 

Stevenson GW, et al. Emergence of porcine epidemic 
diarrhea virus in the United States: clinical signs, 
lesions and viral genomic sequences. / Vet Diag 
Invest. 2013;25:649. 
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SWINE VESICULAR DISEASE 


SYNOPSIS 


Etiology Enterovirus of family Picornaviridae 
Epidemiology Important because it 
resembles foot-and-mouth disease. No 
outbreaks since 2011 in Europe and in Asia 
since 2000. Transmitted by direct contact, 
movement of pigs, and feeding uncooked 
garbage containing pork products 
Signs Fever, lameness, vesicles on coronary 
bands, and recovery in 2-3 weeks 
Clinical pathology Demonstrate antigen in 
tissues. 

Lesions Vesicles 

Diagnostic confirmation Demonstrate virus 
in tissues. Isolate virus. RT-PCR 

Differential diagnosis 

• Foot rot of pigs 

• Differentiate from other vesicular 
diseases by laboratory examination and 
virus identification. 

Treatment None needed 

Control Control of garbage feeding and 
movement of infected pigs 


The importance of swine vesicular disease is 
that the clinical signs of this economically 
unimportant disease are indistinguishable 
from those of FMD, which is an economic 
disaster if it occurs in your country. It can 
mask FMD as was the case in Taiwan in 1997, 
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although diagnosis is now easier and possi¬ 
ble on farm. 1 

ETIOLOGY 

The disease is associated with an enterovirus 
(family Picornaviridae) related to human 
coxsackie B5 virus. A variant of this virus 
may have become adapted to swine. It was 
once regarded as porcine coxsackie (75%- 
85% homogeneity with the human virus) 
virus. Human isolates of coxsackie B5 virus 
do not cause disease in pigs, although swine 
vesicular disease virus once infected humans, 
but this is not considered likely with the 
current strains. The disease is restricted to 
pigs, although experimental challenge of 
sheep has produced subclinical infection. 

EPIDEMIOLOGY 

Occurrence and Prevalence of 

Infection 

The disease was first recognized as a limited 
outbreak in Italy in 1966 and was eradicated 
by slaughter. It then appeared in a variety of 
countries in Asia (last was in Chinese Taipei 
in 2000) and in Europe but recently only in 
Portugal (2007) 2 and Italy (2011). This latter 
outbreak was associated with the rapid rise 
in pig numbers in Lombardia and the 
increase in animal movements combined 
with weak biosecurity methods. 3 North and 
South America and Australasia remain free 
from infection. 

Eradication programs based on a slaugh¬ 
ter policy were instituted and in most cases 
were effective. There has been some variation 
in virulence, which is determined by two 
amino acids in the capsid, and there may be 
seven antigenic strains, although there is no 
wide genetic variation. The epidemiologic 
pattern of the disease in the various out¬ 
breaks is presumably caused by different 
strains of the virus. 

Methods of Transmission 

Infection generally occurs through minor 
abrasions on the feet but may occur through 
other routes. The incubation period is 2 to 14 
days, and the virus may be excreted before 
the onset of clinical signs. During and for a 
short period following the viremic phase, the 
virus is excreted in oral and nasal secretions. 
It is excreted in feces for periods up to 3 
weeks, and vesicular fluid and shed vesicular 
epithelium are potent sources of infection. A 
chronic infection with shedding of virus for 
periods up to 3 months has been described. 
Contact within a contaminated environment 
may lead to viremia within 1 day and clinical 
signs within 2 days. 

Large amounts of virus are shed in the 
immediate vicinity of infected pigs. Trans¬ 
mission occurs by direct contact or contact 
with infected food or water or infected feces, 
and the disease spreads rapidly between pigs 
within the same group. Airborne transmis¬ 
sion of the virus is not a feature, and the 
spread between groups of pigs is less rapid 


than that which occurs with FMD. The resis¬ 
tance of the virus and its persistence within 
the environment allows spread by mechani¬ 
cal methods such as trucks and contami¬ 
nated boots. Areas that have housed infected 
pigs may remain infective for a considerable 
period of time. The potential for conta¬ 
minated communal livestock trucks and 
markets to spread infection is considerable 
because of the occurrence of minor foot 
abrasions that occur during the movement of 
pigs and the presence of persistently infected 
organic matter. 

In the UK epidemic in the 1970s, the 
major methods of spread were movement of 
pigs (48%), contaminated vehicles (21%), 
feeding contaminated waste (15%), and 
contact at markets (11%). Other methods 
included movement of equipment or person¬ 
nel, local spread, and recrudescence of previ¬ 
ous infection. The outbreaks were fewer in 
the summer when less pork was consumed, 
and this resulted in much reduced pig 
movements. 

The disease may be sufficiently mild to 
escape clinical detection. This, plus the 
occurrence of subclinical infection, and the 
reluctance of farmers to report suspicions of 
its occurrence, facilitates spread by the 
movement of infected pigs to other farms or 
through markets. Vertical transmission has 
not been demonstrated. 

The disease may also be spread by the 
feeding of uncooked garbage, but it is 
believed that more of the virus is needed to 
infect pigs via this route. Pigs killed during 
the incubation period of the disease or with 
subclinical infection possess a considerable 
amount of virus in body tissues. There is little 
reduction in infectivity with cold storage, 
and the virus can persist in pork and pork 
products indefinitely. 

Risk Factors 
Pathogen Factors 

There are minor antigenic differences and 
variation in virulence between some isolates 
of swine vesicular disease virus from differ¬ 
ent countries and two genetically and anti- 
genically distinct variants exist in Europe. 
Swine vesicular disease virus can be grown 
in tissue culture and has characteristics dis¬ 
tinguishing it from the viruses associated 
with FMD, VS, and vesicular exanthema. The 
virus is extremely resistant to chemical and 
physical influences, which has made control 
of the disease very difficult. It is inactivated 
only at extremes of pH (it can survive at pH 
2-12) and temperatures. It may remain 
infective in the environment and in manure 
for periods of at least 6 months. It is resistant 
to the action of many disinfectants, and rec¬ 
ommendations for disinfectants include 2% 
sodium hydroxide, 8% formaldehyde, and 
0.04% sodium hypochlorite if organic mate¬ 
rial is not present. It is easily transmitted in 
infected meat. The virus survives the pro¬ 
cessing of pork and pork products, especially 


salami, except when heated at greater than 
68°C (154°F). It can persist in these products 
indefinitely (salami, 40 days). 

Infected carcasses can be held in cold 
storage for months and then released at 
neutral pH and 40°C and the virus can still 
be found after 160 days. It is very stable and 
therefore difficult to decontaminate the envi¬ 
ronment, particularly where swine are 
housed on the soil. The virus can be found 
in earthworms from above the burial pits. 

Economic Importance 

Although the economic effects of the primary 
disease are minor, the cost of the slaughter 
method for eradication is high. Although the 
morbidity rate with most strains is high, the 
disease generally runs its course in 2 to 3 
weeks and produces a negligible mortality 
and only a minor setback to production. The 
major importance of the disease is its close 
clinical similarity to other vesicular diseases 
and the effects of a ban on export animals to 
other countries. The necessity for immediate 
differentiation of an outbreak from FMD and 
the problem of having such a similar clinical 
entity present in the pig population has 
made eradication of the disease desirable. In 
most countries this has proved extremely 
expensive. 

PATHOGENESIS 

There is variation in the susceptibility of dif¬ 
ferent sites of the body to invasion by swine 
vesicular disease virus, and in natural out¬ 
breaks initial infection is most likely through 
damaged skin, particularly damaged feet. It 
has been suggested that 90% of the infection 
may be through the tonsil. A large amount of 
virus is in the tissues before the clinical signs 
develop. Once infection is established in a 
pig, virus excretion is so massive it results in 
infection of others in the group through the 
tonsil and gastrointestinal tract as well as 
through skin abrasions. Massive amounts of 
the virus are excreted in the feces. Experi¬ 
mentally, the disease can be reproduced by 
intravenous, intramuscular, subcutaneous, 
and intradermal inoculation of virus. Virus 
spreads at the site of infection and enters the 
bloodstream through the lymphatics. It is 
followed by viremia, which may last 2 to 3 
days. Recent research has suggested that the 
virus can persist for a longer length of time 
for up to 63 days, but at 119 DPI the virus 
was again found in feces when two groups of 
pigs were mixed. This suggests that the virus 
and RNA can persist for a long time and 
possibly suggests a carrier state, but the same 
authors also suggest that persistent infection 
is rare. Most virus is produced during the 
first week, but lesions are infective for a long 
time. The virus has a special affinity for epi¬ 
thelium of the coronary band, tongue, lip, 
and snout, and for myocardium. Lesions in 
the brain, especially the brainstem, are seen 
histologically, but nervous signs are not a 
common clinical finding. 
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CLINICAL FINDINGS 

The incubation period varies from 2 to 14 
days. The disease is usually mild or even inap - 
parent. It may be seen initially just as lame 
pigs. The morbidity rate varies from 25% to 
65% and up to 100% of pigs within a pen may 
be affected. A transient fever (40-41°C; 104- 
105°F) and temporary mild inappetence may 
be seen. Lameness, arching of the back, and 
other signs of foot discomfort are evident but 
are less severe than with FMD. Very occa¬ 
sionally they walk on the knees or scream. 
The incidence of lameness and of foot lesions 
are influenced by management and are less 
severe on bedding or with soft conditions 
underfoot. Characteristic vesicles occur at 
predilection sites frequently associated with 
trauma. They are most common on the coro¬ 
nary band of the claws, especially at the heel, 
and of the supernumerary digits. They start 
as areas of blanching and swelling and pro¬ 
gress in 1 to 2 days to thick-walled vesicles 
that rupture, giving the appearance of an 
ulcer. Sometimes pigs may have a retracted 
recovery. In severely affected pigs, the lesions 
will encircle the coronary band and the horn 
may be shed as in FMD. Lesions also occur 
on the tongue, lips, and snout and the skin of 
the legs and belly. They are much less fre¬ 
quent in these areas and frequently do not 
progress to typical vesicles. An examination 
of the feet of other apparently normal pigs 
within the group will often reveal the pres¬ 
ence of minor lesions, and the extent of 
involvement of pigs within the group may be 
underestimated without careful examina¬ 
tion. In some outbreaks, the incidence of 
clinical lesions has been minimal and even a 
single vesicle on the pig’s foot should be 
treated as suspect. Some pigs show no clinical 
signs but develop significant titers of neutral¬ 
izing antibody. The course of the disease 
within a group is generally 2 to 3 weeks, mor¬ 
tality is very uncommon, and there is only a 
minor setback to production unless complete 
separation of the horny foot occurs. Nervous 
signs with ataxia, circling, head pressing 
and convulsions, and paralysis have been 
observed rarely. Recovered pigs have immu¬ 
nity that protects against reinfection. 

CLINICAL PATHOLOGY 

Tests for the identification of swine vesicular 
disease include the demonstration of antigen 
in tissue and the detection of antibody. 
Vesicular epithelium provides the best mate¬ 
rial for direct antigen demonstration, and it 
may be present even in the remnants of 
10-day-old lesions. The virus can also be 
grown on tissue culture and identified. An 
RT-PCR has been developed, and PCR and 
PCR-ELISA have been described including 
those to differentiate between the various 
vesicular diseases. 4,5 A lateral flow device for 
the detection of swine vesicular disease and 
differentiation from FMD in clinical samples 
has also been developed. 1 ’ It has potential for 
being used next to the animal in providing a 


rapid support to clinical diagnosis as a rapid 
pen-side test. 

Specific antibody is produced within 4 to 
6 days and may be demonstrable before clini¬ 
cal disease is evident. With FA or direct CF, 
a result may be obtained within 8 to 12 
hours. Antibody may be detected by VN or 
ELISA for the diagnosis and surveillance of 
the disease. Isotype-specific ELISAs have 
been described. The direct liquid-phase 
blocking ELISA (LP-ELISA) correlates well 
with the neutralization test, which is used 
by the European Community authorities. 
Monoclonal antibody trapping ELISA was 
used in Canada, Italy, and England to test 
results against other tests, and it was found 
that VN should be used as a definitive test. 
Virus isolation and RT-PCR are the first 
choices for detection of swine vesicular 
disease virus in feces or organs. 

NECROPSY FINDINGS 

There are no gross or histologic findings that 
differentiate swine vesicular disease from 
FMD. Lesions in the skin consist of areas 
of coagulative necrosis with intraepithelial 
vesicle formation. Additional necrotic foci 
are present in the tonsils, renal pelvis, 
bladder, salivary glands, pancreas, and myo¬ 
cardium. There is also nonpurulent menin¬ 
goencephalitis. Intranuclear inclusions are 
present in the ganglion amphicytes. An 
ELISA used on vesicular fluid or epithelium 
can give a result in 4 to 24 hours. It grows 
well in culture in swine kidney cells and may 
show effects within 6 hours. The intracere¬ 
bral infection of mice causes paralysis and 
death. 


DIFFERENTIAL DIAGNOSIS 


The occurrence of vesicles differentiates this 
disease from other nonvesicular diseases of 
pigs. So-called foot rot in pigs is associated 
with lesions on the sole and horn of the claw 
rather than the epithelial area of the coronary 
band. The differentiation of swine vesicular 
disease from other vesicular diseases relies on 
laboratory examination and virus identification 
as detailed previously. 


TREATMENT AND CONTROL 

No treatment is described and none is war¬ 
ranted. In most countries where outbreaks 
have occurred, control has been attempted or 
achieved by slaughter eradication. Depopu¬ 
lation is followed by thorough cleansing 
and disinfection and limited repopulation 
effected after a period of 2 to 3 months. The 
disposal of infected carcasses can be impor¬ 
tant because the disposal site may remain 
infective. 

The detection of infected herds can be a 
problem. The mild nature of the disease 
means that it can easily escape detection, 


especially in darkened pig houses or where 
conditions underfoot obscure observation of 
the feet. Mild infections may produce little 
clinical disease and any vesicular lesions 
should be treated with suspicion. The reluc¬ 
tance of some farmers to report suspicious 
lesions can also be important, and it is essen¬ 
tial to institute educational programs that 
emphasize the necessity for early detection 
and diagnosis of outbreaks. Serologic surveys 
to identify present or past infections have 
proved of value in aiding detection of the 
disease. Serologic single reactors cause a lot 
of trouble in trade. Piglets receive maternal 
antibodies from the sow and these may last 
for 30 to 50 days. 

The three most important methods of 
spread are 

1. Feeding of garbage containing infected 
pig meat 

2. Movement of pigs from infected farms 
either directly from farm to farm or 
indirectly through markets 

3. Movement of pigs in contaminated 
transport vehicles 

Control of these methods of spread must 
include: 

• Strict enforcement of garbage-cooking 
regulations 

• Closing of markets, except perhaps for 
holding areas for pigs going directly to 
slaughter 

• Strict control of movement and sale 
of pigs 

• Adequate cleansing and sanitation 
of infected areas and transport 
vehicles 

Transmission through feeding of infected 
meat in garbage appears the most difficult to 
control, and the latent period of this cycle 
means that outbreaks can recur at a time 
when eradication was thought to be com¬ 
plete. Disinfection of slurry is also difficult 
but can be attempted by treatment with 
sodium hydroxide. 

In the UK, the most crucial item for 
control was the introduction of a 21-day 
movement prevention after the initial move¬ 
ment. Sentinels are put in after 8 weeks after 
the initial disinfection and are observed for 
about 3 weeks. If they are free after this time 
they are allowed to restock. 

Vaccination has not been used for control 
in most countries, although experimental 
vaccines are available but not commercially. 

FURTHER READING 

Kitching P. Swine vesicular disease. In: Morilla A, Yoon 
KJ, Zimmermann JJ, eds. Trends in emerging viral 
infections of swine. Ames, LA: Iowa State Press; 
2002:205-208. 
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VESICULAR EXANTHEMA 
OF SWINE 

VES is an acute, febrile, infectious disease of 
swine associated with a calicivirus. At least 
34 types of calicivirus have been recognized 
in the ocean and new outbreaks continue to 
occur. The relationship between these viruses 
and VES is a continual source of speculation. 
The virus isolated in 2000 from sea lions was 
shown to be infectious for swine. It is indis¬ 
tinguishable clinically from FMD in swine, 
VS, and swine vesicular disease. It has not 
been a problem for the pig industry for over 
50 years. 

ETIOLOGY 

The causative virus is a calicivirus, and 13 
antigenic strains have been isolated with 
some variation in virulence between strains. 
Even in one herd the virus isolated may 
have been antigenically different from 
others. At least 17 antigenic types have 
been isolated since 1972. Only pigs are sus¬ 
ceptible, although experimental transmis¬ 
sion to horses can be effected with some 
strains. All ages and breeds of pigs are sus¬ 
ceptible to infection. The initial outbreak in 
pigs was traced to the feeding of meat from 
sea mammals. 

EPIDEMIOLOGY 

Occurrence 

VES was first diagnosed in Southern Califor¬ 
nia in 1932. In 1952 it was diagnosed outside 
California and by 1953 had occurred in 42 
states. However, rigid control eradicated it by 
1956 with particular importance being paid 
to garbage-feeding control. 

Except for isolated outbreaks in Hawaii 
and Iceland, the disease has occurred only 
in the United States. This is important 
because of its direct effect and because of 
its resemblance to FMD. Although VES is 
a mild disease with a low mortality rate 
(usually less than 5% and there may be many 
deaths in unweaned pigs), affected animals 
may suffer a severe loss of BW and convales¬ 
cence may require several weeks. Pregnant 
sows may abort and lactating sows may go 
dry with resultant heavy losses in baby pigs. 
The disease was eradicated from the United 
States in 1959, 27 years after its initial 
appearance. 

Methods of Transmission 

The sources of infection are infected live pigs 
and infective pork. Infected pigs excrete the 
virus in saliva and feces but not in the urine 
for 12 hours before vesicles develop and for 
1 to 5 days afterward. Raw garbage contain¬ 
ing infective pork scraps is the most common 
medium of spread from farm to farm. On 
infected premises the disease is spread by 
direct contact and, although the virus is resis¬ 
tant to environmental influences, spread by 
indirect means does not occur readily. Pigs 
frequently become infected, as evidenced 


by the development of immunity, without 
evidence of clinical disease. Ingestion of 
infected material is sufficient to produce 
infection. 

The isolation from marine animals of an 
identical virus, which is capable of producing 
a disease identical to vesicular exanthema 
when inoculated into pigs, has led to the 
hypothesis that the primary reservoir for 
vesicular exanthema is in marine animals. 
Epizootics in pigs may have been initiated by 
the feeding of marine meat or garbage con¬ 
taining marine animal products. 

Risk Factors 
Pathogen Risk Factors 

The virus is resistant to environmental influ¬ 
ences and persists in frozen and chilled 
meats. It is readily destroyed by several dif¬ 
ferent commonly used disinfectants includ¬ 
ing sodium hypochlorite, sodium hydroxide, 
and phenol. A good immunity develops after 
an attack and persists for about 20 months. 
There is no appreciable cross-immunity 
between the strains of the virus, and a series 
of outbreaks, each associated with a different 
strain of the virus, may occur in the one herd 
of pigs. 

A similar if not identical virus, San 
Miguel sea lion virus, has been isolated from 
sea lions and fur seals off the coast of Cali¬ 
fornia in the United States. It is physically, 
chemically, and morphologically identical to 
the vesicular exanthema virus, although the 
same antigenic types have not been found. 
The virus produces an identical disease to 
vesicular exanthema when inoculated into 
pigs and appears to have a similar host range. 
The VES virus is infective for the harp seal, 
but the disease is inapparent and self-limit¬ 
ing. The intradermal inoculation of VES into 
otrariid (fur) seal pups will result in plaque¬ 
like lesions. Feeding swine the seal tissues 
from the inoculation experiments resulted in 
seroconversion in swine that were fed tissues 
from seals infected with VES virus but not in 
those fed tissues from seals infected with the 
San Miguel sea lion virus. Antibody to this 
virus has also been detected in California 
gray whales and in feral swine inhabiting 
coastal areas. 

PATHOGENESIS 

As in other vesicular diseases there is a 
viremia, lasting for 72 to 84 hours and com¬ 
mencing 48 hours before vesication, with 
localization occurring in the buccal mucosa 
and the skin above the hooves. The intrader¬ 
mal inoculation of the VES virus and the San 
Miguel sea lion virus into swine results in 
fluid-filled vesicles at the sites of inoculation 
in the snout, coronary band, and tongue. 
Lesions are usually limited to the nonhaired 
portions of the integument and tongue. A 
mild viral encephalitis occurs in pigs inocu¬ 
lated with the swine virus, and the sea lion 
virus can be recovered from the brain tissue 
of pigs infected with the virus. 


CLINICAL FINDINGS 

The incubation period varies with the viru¬ 
lence of the causative strain of virus but is 
usually 1 to 3 days. Morbidity is always high 
but mortality is low. There is an initial high 
fever (40.5-41°C; 105-106°F) followed by the 
development of vesicles in the mouth, on the 
snout, on the teats and udder, as well as on 
the coronary skin, the sole, the heel bulbs, 
and between the claws. This is accompanied 
by extreme lassitude and complete anorexia. 
The initial lesion is a blanched area that soon 
develops into a vesicle full of clear fluid. The 
vesicles rupture easily leaving raw, eroded 
areas. This usually occurs about 24 to 48 
hours after they appear and is accompanied 
by a rapid fall of temperature. Secondary 
crops of vesicles often follow and may cause 
local swelling of the face and tongue. Lesions 
on the feet may predominate in some out¬ 
breaks, whereas in others they may be of little 
significance. The affected feet are very sensi¬ 
tive and there is severe lameness. Healing of 
the oral vesicles occurs rapidly, although sec¬ 
ondary bacterial infection often exacerbates 
the lesions on the feet. Recovery in uncom¬ 
plicated cases is usually complete in 1 to 2 
weeks. It may occasionally cause encephalitis, 
myocarditis, and diarrhea as well as failure to 
thrive. When sows become infected late in 
pregnancy, abortion frequently occurs and 
lactating sows may go dry. 

CLINICAL PATHOLOGY 

Fluid from the vesicles is used in transmis¬ 
sion experiments and for tissue culture. 
Blood serum is used for the CF, viral neutral¬ 
ization in cell culture, and gel diffusion pre¬ 
cipitin tests. 

NECROPSY FINDINGS 

Postmortem examinations are not of much 
value in the diagnosis of vesicular exan¬ 
thema, but the pathology of the disease has 
been defined. The lesions are limited to epi¬ 
thelial lesions in which there are vesicles, 
necrosis, sloughing, and rapid healing with 
mild scarring. Diagnosis involves virus isola¬ 
tion in cell culture, with EM as a possibility 
and various serologic tests including FATs 
for the antigen. PCR tests have also been 
developed. 


DIFFERENTIAL DIAGNOSIS 


Because of its case-for-case similarity to 
foot-and-mouth disease (FMD), prompt and 
accurate diagnosis of the disease is essential. 
In most countries the disease is notifiable. 

All species 

• FMD and other vesicular diseases 

Cattle 

• Bovine virus diarrhea 

• Bovine malignant catarrh 

• Pseudocowpox 
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Horses 

• Blister beetle toxicosis 

• Bullous pemphigoid 

• Phenylbutazone toxicity 

• Grass seed awns 


TREATMENT 

There is no effective treatment. The immu¬ 
nity is solid following infection, but heterolo¬ 
gous infection is possible. 

CONTROL 

Eradication of the disease should be 
attempted whenever practicable. In most 
instances it is essential to report to the regu¬ 
latory authorities. The first step is to quaran¬ 
tine infected premises and restrict movement 
of pigs in the area. Infected animals should 
be slaughtered, but the carcasses may be sal¬ 
vaged for human consumption provided the 
meat undergoes special treatment to ensure 
destruction of the virus. Normal freezing 
and chilling procedures are not sufficient to 
destroy it. All garbage fed to pigs must be 
boiled. Infected premises should be thor¬ 
oughly cleaned and disinfected with a 2% 
sodium hydroxide solution before restock¬ 
ing. The implementation of these measures 
was eminently successful in eradicating the 
disease from the United States. 

In view of the reservoir of virus in marine 
animals and apparent infection in feral swine 
in the coastal areas of California, it is possi¬ 
ble that the disease could recur in domestic 
swine in the United States. Possible methods 
of reintroduction that need to be guarded 
against have been described. 

Active immunization may be practicable 
if the disease reappears and other control 
measures fail. A formalin-killed virus prepa¬ 
ration produces an immunity lasting for at 
least 6 months. Multivalent vaccines may be 
required if more than one strain of the virus 
is involved. 

Recently the pathogenic class of VES 
virus-like caliciviruses (genus Vesivirus ) 
endemic in certain ocean species and 
U.S. livestock has possibly caused 
vesicular disease on the hands and feet of 
humans. 


SALMONELLOSIS IN 
RUMINANTS AND HORSES 


SYNOPSIS 


Etiology Salmonella spp. Cattle: S. 

Typhimurium, S. Dublin, and S. Newport. 
Sheep and goats: 5. Typhimurium, S. 
Dublin, S. Abortusovis, and S. enterica 
subsp. diarizonae. Horses: S. Typhimurium 
and S. Enteritidis. Differentiation between 
host-specific, host-restrictive, and 
ubiquitous serovars 


Epidemiology Worldwide occurrence. 

Important zoonosis and food-borne illness. 
Prevalence of infection in healthy animals 
varies according to species and country. 
Incidence of clinical disease lower than 
prevalence, and outbreaks occur 
precipitated by stressors. Spread by direct 
or indirect means; the infected animal is 
the source of organism, which 
contaminates feed and water supplies. 

Disease may become endemic on farm. 

Carrier animals shed organism and may 
introduce infection into herd. Deprivation 
of feed and water, transportation, drought, 
intensive grazing and housing, and mixing 
animals from different sources contribute 
to onset of disease. Antimicrobial resistance 
is a major public health issue and is more 
common in isolated sick animals than from 
healthy carriers. 

Signs Septicemia in neonatal ruminants and 
foals with a high case-fatality rate. Acute 
diarrhea and dysentery, fibrinous fecal 
casts, fever, marked dehydration, and 
toxemia; chronic enteritis; abortion; dry 
gangrene of extremities; and arthritis and 
foci of osteomyelitis. Severe diarrhea and 
dehydration characteristic in the horse 

Clinical pathology Culture of organism from 
feces, repeated culture of feces required to 
identify carrier animals, serology in blood 
or milk, use hematology for changes in 
leukon and clinical chemistry for electrolyte 
changes 

Lesions Septicemic hemorrhages. 

Mucoenteritis to marked fibrinohemorrhagic 
necrotic enteritis; enlarged mesenteric 
lymph nodes. Foci of necrosis and thickened 
intestinal wall in chronic enteritis 

Diagnostic confirmation Culture of 

organism from feces, tissue, or body fluids; 
polymerase chain reaction and antigen- 
ELISA to detect specific DNA 

Treatment Antimicrobials in cases of 

bacteremia, antiinflammatory therapy, and 
supportive fluid and electrolyte therapy 

Control Prevent introduction of infection into 
herd. Limit spread of infection within the 
herd by identification of carrier animals, 
prophylactic antimicrobials, restricting 
movement of animals, clean water supply, 
hygiene, and disinfection of buildings. 

Avoid spread of infection in veterinary 
clinics and dispose of infective materials. 
Vaccines for immunization are available but 
not effective. 


ETIOLOGY 

Salmonella are gram-negative, rod-shaped 
bacilli belonging to the family Enterobacte- 
riaceae. Salmonella spp. belong to the most 
important food-borne pathogens causing 
human infection. The bacterium is a faculta¬ 
tive intracellular organism with worldwide 
occurrence in all mammal species. The 
genus Salmonella consists of only two species, 


S. enterica and S. bongori. Based on molecu¬ 
lar characteristics S. enterica is further 
divided into six subspecies that are subsp. 
enterica (formerly subgenus I), subsp. 
salamae (formerly subgenus II), subsp. arizo- 
nae (subgenus Ilia), subsp. diarizonae (sub¬ 
genus Illb), subsp. houtenae (subgenus IV), 
and subsp. indica (subgenus VI). Subgenus V 
is now assigned to S. bongori to avoid confu¬ 
sion with serovar names of S. enterica subsp. 
enterica. 1 Within each subspecies different 
strains are classified into serovars (or sero¬ 
types) based on their LPS antigen (O) and 
flagellar antigen (H) characteristics accord¬ 
ing to the Kauffmann-White scheme. Cur¬ 
rently over 2600 serovars are recognized, of 
which most of the ones causing infection in 
people and mammals belong to S. enterica 
subsp. enterica. 2 In practice for S. enterica 
subsp. enterica, the subspecies name does 
not need to be indicated as only serovars of 
this subspecies bear names. Serovars of the 
other subspecies are designated by their anti¬ 
genic formula. The name of the serovar is no 
longer italicized but is capitalized. 1 

Before this novel taxonomy and nomen¬ 
clature for the genus Salmonella was intro¬ 
duced in 1986, subspecies were treated as 
subgenera and serovars were considered 
species. This change in taxonomy has caused 
and will be causing confusion as long as both 
terminologies appear in the medical litera¬ 
ture. The way former Salmonella species and 
now serovars were designated changed with 
time. Initially the serovar name denoted a 
syndrome (e.g., S. typhi) or host-syndrome 
combinations (e.g., S. abortus-ovis, S. abor- 
tus-equi). Later serovars were designated by 
the geographic origin of the first identified 
strain of the serovar in question (e.g., S. 
dublin, S. london ). When the new nomencla¬ 
ture was introduced names were retained for 
serovars of subspecies enterica, which com¬ 
prises the great majority of isolated serovars, 
because these names were so familiar. In 
contrast, serovars of other subspecies are 
now designated by their antigenic formula. 1 

Salmonella serovars differ in the range of 
hosts they can infect and in the nature of 
disease that may result: this difference is 
referred to as serovar-host specificity. So- 
called ubiquitous serovars such as S. 
Typhimurium or S. Enteritidis can affect a 
wide range of hosts and produce acute but 
self-limiting illness. Host-specific serovars, 
such as S. Typhi in humans or S. Gallinarum 
in poultry affect only a single species, and are 
associated with severe illness that does not 
necessarily include diarrhea. Host-restricted 
serovars primarily affect one specific species, 
but can also cause illness in a limited number 
of other species. Such serovars are, for 
example, SD, primarily affecting cattle or 
SCS, primarily affecting pigs. 3 The serovars 
that most commonly cause salmonellosis in 
farm animal species are as follows: 

• Cattle: S. Typhimurium, SD, 

S. Newport, S. Enteritidis 
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• Sheep and goats: S. Typhimurium, SD, 

S. enterica subsp. diarizonae, S. 

Abortusovis 

• Horses: S. Typhimurium, S. 

Abortusequi, S. Newport, S. Enteritidis 

EPIDEMIOLOGY 

The epidemiology of salmonellosis is com¬ 
plex, which often makes control of the dis¬ 
ease difficult. The epidemiologic patterns of 
prevalence of infection and incidence of dis¬ 
ease differ greatly between geographic areas 
depending on climate, population density, 
land use, farming practices, food harvesting 
and processing technologies, and consumer 
habits. In addition, the biology of the serovars 
differs so widely that consideration of salmo¬ 
nellosis, Salmonella infection, or Salmonella 
contamination are inevitably complex. 

Prevalence of Infection 

Surveys investigating the prevalence of fecal 
shedding indicate considerable variation 
between countries and animal species. In the 
following section the literature of the preva¬ 
lence of infection or fecal shedding in healthy 
animals is reviewed by species. 

Cattle 

The prevalence of positive culture results in 
feces from dairy cattle in the United States 
has been studied in three comparable studies 
conducted in 1996, 2002, and 2007 and 
including over 90 operations from at least 17 
states. 4 In the most recent study, 39.7% of 
participating herds and 13.7% of tested 
animals were culture positive for Salmonella 
spp., which is double the herd and animal 
prevalence reported in the first study of 
1996. 4 Overall larger herds with more than 
500 cows were found to be more likely to 
have culture-positive fecal samples (61.0%) 
than smaller herds with less than 500 cows 
(41.5%). The most common serovars isolated 
in the 2007 study were, in descending order, 
S. Cerro, S. Kentucky, S. Montevideo, S. 
Muenster, S. Meleagridis, S. Mbandaka, and 
S. Newport. 

A study conducted in one large U.S. 
feedlot receiving calves from the Midwest 
and High Plains found a prevalence of 
culture-positive environmental samples in 
cohorts at the time of feedlot entry of 64.7%. 5 
The predominantly isolated serotypes in this 
study were S. Anatum, S. Montevideo, S. 
Orion, S. Kentucky, S. Mbandaka, and S. 
Newport. The geographic distribution of the 
serotypes differs: S. Typhimurium has a uni¬ 
versal distribution and SD has a patchier 
habitat. In the United States, up until 1948, 
it was limited to California and as recently as 
1971 it had not been reported in cattle east 
of the Rocky Mountains. In 1980 the first case 
of SD occurred in Indiana. The movement of 
infected adult cattle and calves is responsible 
for the introduction of infection to areas in 
which it had not previously been diagnosed. 
In a California survey of 60 dairy herds, milk 


samples and serum samples tested with an 
ELISA for antibodies against Salmonella 
serogroups B, Cl, and D1 antigens found that 
75% of dairy herds surveyed had cows with 
serologic evidence of recent exposure to sal- 
monellas, especially S. Typhimurium and SD. 

Data from bacteriologic monitoring of 
Salmonella in cattle herds were reported by 
several member states of the European Union 
(EU) in 2009. 6 Finland and the Netherlands 
reported a herd prevalence of 0% and 5.5% 
of culture-positive fecal samples, respec¬ 
tively. Animal prevalence levels determined 
either at the farm or at the time of slaughter 
between 0% and 3.4% were reported from 
8 European member states and Norway. 
The results of microbiological examinations 
of bovine meat conducted in Denmark, 
Germany, Ireland, Italy, and the Netherlands 
indicate that the most prevalent serovars, in 
descending order, were S. Typhimurium, SD, 
S. Infantis, S. Derby, and S. Enterididis. 6 

An Australian study investigating the 
prevalence of culture-positive fecal samples 
in slaughter age cattle reported an estimated 
animal level prevalence of 1.7% for dairy, 
0.8% for feedlot beef, and 0.5% for pasture 
beef cattle. The determined herd level preva¬ 
lence for non-Dublin Salmonella spp. posi¬ 
tive fecal samples in this study was 17% for 
dairy, 13% for feedlot beef, and 5.5% for 
pasture beef herds.' The most prevalent 
serovars in cattle were SD, S. Typhimurium, 
and S. Anatum. 

The prevalence of culture-positive fecal 
samples from cattle and calves hospitalized 
in a veterinary teaching hospital in the 
United States that were cultured as part of a 
Salmonella surveillance program but were 
not clinical Salmonella suspects was 3.2% for 
calves and 2.3% for adult cattle. 8 The most 
prevalent serotypes in these non -Salmonella- 
suspect patients were, in the order of occur¬ 
rence, S. Newport, S. Typhimurium, and 
S. Agona. 8 

Sheep 

The literature on infection prevalence in 
sheep is scant. The recent U.S. Department 
of Agriculture-Animal and Plant Health 
Inspection Service (USDA-APHIS) “Sheep 
2011” study included 247 sheep operations 
from 22 states to investigate the prevalence 
of enteric pathogens and commensal organ¬ 
isms in the U.S. sheep population. 9 In this 
study a herd prevalence of culture-positive 
fecal samples of 66.4% was determined. 
The proportion of positive composite fecal 
samples stratified by sheep type was 38.2% 
for ewes nursing lambs; 30.9% for the group 
of nursing lambs, market lambs, and replace¬ 
ment ewes; and 29.1% for pregnant ewes 
and others. 9 By far the most prevalent 
serovar was S. enterica subsp. diarizonae 
IIIb:61 -: 1,5,7 accounting for 94.6% of all 
isolates. S. Enteritidis and S. Newport com¬ 
bined accounted for only 4% of all isolates, 
whereas S. Typhimurium was not isolated. 9 


Abattoir studies conducted in different 
countries reported prevalences of culture¬ 
positive samples of sheep between 0.1% in 
the UK and 40% in Australia. 10 In a recent 
Australian abattoir study, Salmonella spp. 
were isolated from 20% of fecal samples 
and 13% of fleeces in slaughtered sheep. 11 
Another Australian study used a multiplex 
qPCR to determine the prevalence of S. 
enterica in fecal samples collected from 
lambs at weaning, postweaning, and pre¬ 
slaughter from eight farms across four states. 
The overall prevalence of Salmonella- positive 
fecal samples was 5.0%, but wide variations 
among states were found. Highest prevalence 
rates were determined in New South Wales 
in lambs at weaning (18.1%) and postwean¬ 
ing (23.8%). 10 

S. Abortusovis is an ovine-restricted 
serovar that represents a common cause of 
abortion and mortality in newborn lambs in 
Western Asia. 12 Infections have been reported 
from France, Spain, Germany, Cyprus, Italy, 
Switzerland, Russia, and Bulgaria, but few 
infection prevalence studies are available. A 
recent Swiss study determined the sero- 
prevalence of S. Abortusovis infection in 
sheep flocks in 2007 after a series of abortion 
storms that had occurred between 2003 and 
2007 throughout the country. Before 2003 
abortion caused by S. Abortusovis had not 
been reported for several decades in this 
country. Overall an animal seroprevalence of 
1.7% and a flock prevalence of 16.3% were 
found. 13 

Horses 

Few infection prevalence studies conducted 
in nonclinical horses have been conducted. 
The National Animal Health Monitoring 
System Equine 1998 study that included over 
8000 horses on nearly 1000 operations across 
the country reported prevalence of culture¬ 
positive fecal samples of 0.8%. At least one 
horse on 1.8% of operations was estimated to 
shed salmonellas in feces. 14 A total of 14 dif¬ 
ferent serotypes were isolated with the most 
common serotype being S. Muenchen. 

Four percent of specimens of equine 
origin submitted to a diagnostic laboratory 
in the United Arab Emirates were found to 
be Salmonella positive. The two predominant 
Salmonella serovars were S. Typhimurium 
and S. Kentucky, followed by S. Anatum and 
S. Agona. 15 

Occurrence 

Salmonellosis occurs universally in all 
species. 

Cattle 

The disease has assumed major importance, 
particularly for the dairy industry. Apart 
from having implications for health and pro¬ 
ductivity on an individual animal and on a 
herd level, infections and outbreaks in dairy 
cattle present an important risk of zoonotic 
transmission. Remarkably the prevalences of 





the different Salmonella serovars isolated in 
samples in clinically healthy animals differ 
considerably from the prevalence rates of 
serovars isolated in fecal samples from sick 
animals. 

A recent U.S. field study conducted in 831 
dairy herds from New York, Pennsylvania, 
Vermont, Massachusetts, and Connecticut 
that agreed to submit fecal samples of 
Salmonella- suspect clinical animals to a 
diagnostic laboratory reported culture-posi¬ 
tive results in 22.5% of over 2500 cultured 
samples. 16 The herd level incidence rate was 
8.6 positive herds per 100 herd years, and the 
animal-level incidence rates for preweaned 
heifers, postweaned heifers, and adult cows 
was 8.1, 0.04, and 1.8 cases per 1000 animal 
years, respectively. 16 In this study S. Newport 
was the most prevalent serovar with 41%, 
followed by S. Typhimurium (including var. 
Copenhagen) with 19.1%, S. Infantis (8.2%), 
4,5,12:i:- (6.1%), S. Agona (5.2%), and S. 
Muenster (4.2%). 16 

Among 768 Salmonella suspect clinical 
cases of a veterinary teaching hospital in 
New York State 6.5% were identified as fecal 
shedders based on culture results. 8 The prev¬ 
alence of culture-positive fecal samples of 
clinical cases was 9.1% in calves and 3.6% in 
adult cows with highest proportions of posi¬ 
tive samples in the fall and lowest during 
spring. 8 The most common serovars were S. 
Typhimurium, S. Typhimurium var. Copen¬ 
hagen, and S. Newport with similar numbers 
of isolates. 8 

In the UK, with a cattle population of 8.26 
million in 2013, a total of 52.922 samples 
from clinical cases have been submitted for 
diagnostic purposes; salmonellas were iso¬ 
lated from 604 samples. The most prevalent 
serovars isolated in cattle were SD (72.5%), 
S. Mbandaka (7.5%), S. Typhimurium (5.0%), 
and S. Montevideo (3.3%). 17 SD was the most 
common serovar isolated from cattle with 
clinical disease for the past 15 years in the 
UK. The prevalence of S. Typhimurium, 
which was the most prevalent serovar with 
over 60% at the end of the 1990s in the 
UK and other countries, has continuously 
declined over the past years, and in particular 
S. Typhimurium definitive type (DT)104 that 
was associated with outbreaks of salmonel¬ 
losis in dairy cattle and humans in the UK 
and the United States subsided. 

In Germany the number of outbreaks of 
bovine salmonellosis has decreased over the 
past years from 258 outbreaks in 2002 to 81 
outbreaks in 2009. From 2009 to 2011 this 
number had increased again to 109 out¬ 
breaks of bovine salmonellosis in 2011. 18 S. 
Typhimurium (including var. Copenhagen) 
was the most common serovar associated 
with approximately 40% of all outbreaks 
between 2009 and 2011, followed by SD 
(22%), S. Enteritidis (6.4%), and S. Abony 
(5.5%). 18 

A recent study investigated the preva¬ 
lence of different serovars of culture-positive 
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fecal samples from diarrheic calves in Aus¬ 
tralia including a total of 597 samples from 
84 herds. 19 The most common serovars in 
these diarrheic calves were SD (27.4%), S. 
Typhimurium (14.5%), S. Zanzibar (11.3%), 
and S. Bovismorbificans (9.7%). 

S. Montevideo has been the cause of large 
economic losses from abortion and cow 
mortality in an outwintered beef herd in 
Scotland. Up to 25% of the cows aborted and 
the overall herd mortality was 7%. The 
organism had been the cause of abortion in 
a neighboring sheep flock. 

Sheep 

Salmonellosis is commonly encountered 
when sheep are assembled at high stocking 
rates. In the UK, with a sheep population of 
30.95 million, approximately 9500 ovine 
samples from Salmonella- suspect clinical 
cases have been processed by official diag¬ 
nostic laboratories in 2013. 20 The most 
common serovars were Salmonella enterica 
subsp. diarizonae 61:k:l,5,(7) and variants 
(36.6%), followed by S. Montevideo (32.1%), 
SD (11.6%), and S. Agama (8.9%). 20 There 
were no S. Typhimurium or S. Abortusovis 
cases in sheep in the UK in 2013. 

Serovar Dublin can cause both enteritis 
and abortion in adult sheep, and the disease 
is often associated with metritis, anorexia, 
and loss of wool. Newborn lambs may 
develop diarrhea with a high mortality rate. 
Serovar Typhimurium is associated with 
acute disease, enteritis but not usually abor¬ 
tion. S. Brandenburg has affected livestock 
and humans in the South Island of New 
Zealand. The strain has caused abortions in 
sheep and cattle as well as gastroenteritis 
in calves and adult cattle. The same strain 
also caused disease in horses, goats, deer, 
pigs, and humans. Spread of the disease on 
farms was strongly associated with aborting 
ewes, which resulted in considerable envi¬ 
ronmental contamination. During the abor¬ 
tion season, black-backed gulls appeared to 
spread the disease to other farms. Other 
potential sources of infection were carrier 
sheep, contaminated water sources, and con¬ 
taminated sheep dust. 

Outbreaks of S. Abortusovis infections 
causing abortion storms in sheep have 
occurred in different European and West 
Asian countries. Most recently such out¬ 
breaks occurred in Switzerland during the 
lambing seasons of 2003/2004 to 2007/2008 
with up to 70% fetallosses in affected flocks. 13 

Horses 

The incidence of salmonellosis has been 
increasing in the horse population, particu¬ 
larly where horses are assembled at large 
clinical centers and breeding farms. Nosoco¬ 
mial salmonellosis is an important problem 
for horses in veterinary hospitals. 21 It is also 
possible that many of the unidentified enter - 
itides of horses may have been associated 
with Salmonella spp. 


In the UK 44 isolations of Salmonella 
spp. from clinical cases were reported in 
2013. Unlike previous years Salmonella 
4,5,12:i:-, and not S. Typhimurium was the 
most commonly isolated serovar (25%). 22 

Morbidity and Case Fatality 

The morbidity rate in outbreaks of salmonel¬ 
losis in calves and sheep is usually high, often 
reaching 50% or more. Morbidity and mor¬ 
tality are usually highest in calves under 12 
weeks of age. In all species the case-fatality 
rate often reaches 100% if treatment is not 
provided. In outbreaks in outwintered 
suckler cattle herds, the morbidity varied 
from 14% to 60% and mortality in adult 
cattle from 0% to 14%. In a review of 40 cases 
of clinical salmonellosis in horses that were 
diagnosed in one clinic, the case-fatality rate 
was 60%. Epidemics of salmonellosis affect¬ 
ing up to 40% of foals under 8 days of age on 
one Thoroughbred horse farm have been 
reported. 

Methods of Transmission 

Salmonellas are spread by direct or indirect 
means. Infected animals are the source of the 
organisms; they excrete bacteria and infect 
other animals, directly or indirectly, by con¬ 
tamination of the environment, primarily 
feed and water supplies. The farm animal 
may be infected in different ways: by animal- 
to-animal transmission, especially of host- 
adapted serovars; by contaminated animal 
feed; and by a contaminated environment 
(soil, birds, rodents, insects, and water sup¬ 
plies). Liquid wastes from infected animals 
may contaminate the environment directly, 
including streams, rivers, and pastures. Bac¬ 
teria may also be disseminated during the 
transport of infected animals and during 
the holding of animals in a lairage before 
slaughter. In these situations, the excretion 
of salmonellas is exacerbated by the stress 
imposed. 

The mixing of young susceptible calves 
and their subsequent transportation is an 
efficient mechanism for the rapid dissemina¬ 
tion of Salmonella. Saleyards and dealers’ 
premises can serve as reservoirs of infection 
despite cleaning and disinfection. Many 
vehicles and markets are contaminated with 
Salmonella. The introduction of infected 
carrier animals into a herd is a common 
cause of outbreaks of clinical salmonellosis 
in dairy herds that are expanding in size. 

The organism can persist for an average 
of 14 months in the environment where 
calves are reared. Salmonella spp. do not 
survive for more than 5 days in bovine urine 
not mixed with feces but will survive in dried 
bovine feces for up to 6 years. After a clinical 
outbreak of salmonellosis, for example, in 
a dairy herd raising its own replacements, 
the premises cannot be declared to be Sal¬ 
monella free solely on the basis of freedom 
from clinical cases over the next few years 
or on the basis of comparatively high herd 
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performance. In large dairy herds with 
modern free stalls that recycle water in their 
manure flush systems, it may be possible to 
isolate Salmonella serovars for several years 
following an outbreak of clinical salmonel¬ 
losis. The organisms may be found in recy¬ 
cled water samples, bulk tank milk filters, 
and the feces of calves and adult cows. 

During slaughter, fecal contamination of 
the carcass commonly occurs and can be 
carried through all slaughter procedures up 
to the processing of the raw products. Milk 
can be contaminated directly by cows that 
excrete the organism in the udder, especially 
those cattle infected with SD and S. Muen- 
ster, both of which have adapted to colonize 
the bovine mammary gland. Although S. 
Typhimurium is not usually excreted in milk, 
except during the febrile stage of clinical 
disease, it has been reported to have been 
persistently isolated from the milk of a 
healthy cow. S. Enteritidis has been isolated 
from milking filters, milk from a bulk tank, 
and milk from one-quarter of a 5-year-old 
dairy cow that persistently shed the organ¬ 
ism in the milk for several months. Milk is 
most likely to become contaminated by feces, 
either from an animal with clinical salmonel¬ 
losis or from a healthy carrier animal, during 
the milking process. Additional sources of 
contamination during milking are use of pol¬ 
luted water or contaminated equipment. 
Workers who lack personal hygiene skills 
and have clinical salmonellosis or are chronic 
shedders of the organism may also contami¬ 
nate milk supplies. 

Airborne transmission can be a primary 
mode of infection of S. Typhimurium. 
Studies have shown that the organism can 
survive in air sufficiently long to present a 
significant hazard of airborne spread. 

Carrier State 

Because salmonellas are facultative intracel¬ 
lular organisms that survive in the pha¬ 
golysosome of macrophages and other cells, 
they can evade the bactericidal effects of 
antibody and complement. Thus persistence 
of infection in animals and in the environ¬ 
ment is an important epidemiologic feature 
of salmonellosis. A cow infected with SD 
may become a clinical case or an active 
carrier, shedding organisms constantly or 
intermittently in the feces. It may alterna¬ 
tively become a latent carrier with infection 
persisting in lymph nodes or tonsils but no 
salmonellas in the feces, or even a passive 
carrier, which is constantly acquiring infec¬ 
tion from pasture or the calf-pen floor. In 
passive carriers invasion of tissues does not 
occur, and when the animal is removed from 
the environment the infection disappears. 
However, passive carriers probably multiply 
the salmonellas, contributing to the epidemi¬ 
ology of the pathogen. Latent carriers can 
become active carriers or even clinical cases 
under stress, especially at calving time or 
during illness. A major problem with the 


control of SD infection is that latent carriers 
of the organism, unlike persistent excreters, 
cannot be readily identified by fecal culture 
or serologic methods. In a 3-year study of 
one dairy herd, the organism was isolated 
occasionally from the feces of adult cattle, 
from some cattle after parturition, and from 
some calves within 24 hours after birth. In 
some dairy herds, the organism may persist 
for many years with a low incidence rate of 
clinical disease. 

For S. Typhimurium, which is one of the 
most common serovars associated with 
human disease, the donor can be any domes¬ 
tic animal species, including humans, or any 
wild animal or bird. Although all infected 
adults become carriers, it is rarely for any 
length of time, and calves rarely become car¬ 
riers. In sheep and cattle the carrier state may 
persist for as long as 10 weeks, and in horses 
up to 14 months. 

Risk Factors Predisposing to 
Clinical Disease 

The clinical characteristics of salmonellosis 
in large animals vary depending on the 
various management systems used, the inten¬ 
sity of stocking, whether or not the animals 
are housed, and the epidemiologic character¬ 
istics of the different Salmonella species. Thus 
salmonellosis in cattle is a very serious and 
persistent disease in areas where it is caused 
principally by the host-adapted serovar SD. 
In contrast bovine salmonellosis associated 
with S. Typhimurium is sporadic and, even 
though it is fatal to individual animals, it is 
not a serious disease. Although there are 
probably similar differences with the other 
species, they are not particularly well defined. 
The difference between the diseases associ¬ 
ated with SD and S. Typhimurium is the 
marked tendency for SD to persist in adult 
cattle and create a significant reservoir of 
carrier animals. S. Typhimurium does not 
do so as much, so that the disease is likely 
to subside after an initial exposure and to 
recur only when the source of infection, 
from rodents or feedstuffs, or sewage or 
slurry, reappears. This does not preclude the 
disease from persisting in a flock or herd 
for long periods. S. Typhimurium infection 
persisted in a large dairy herd for 3.5 years. 
Although the incidence rate of clinical 
disease declined over the study period, the 
organism could still be cultured from the 
bulk tank milk filters, which may have been 
associated with one cow identified as a milk 
excretor. Several incidents of human illness 
associated with S. Typhimurium infection 
following the consumption of raw milk are 
documented. 

In hospitalized horses several studies 
determined an increase of developing a 
nosocomial Salmonella infection following 
treatment with antimicrobial drugs or naso¬ 
gastric intubation as well as in horses pre¬ 
senting with colic at the time of admission. 21 
Other studies reported an increasing risk of 


developing salmonellosis with prolonged 
duration of parenteral treatment with peni¬ 
cillin G potassium. 21 

Animal Risk Factors 

Except in the newborn, especially foals, 
infection with a Salmonella sp. is usually not 
sufficient to cause clinical salmonellosis. The 
response to infection with a Salmonella sp. 
varies depending on the size of the challenge 
dose and the immunologic status of the 
animal, itself dependent on colostrum intake 
in neonates, as well as previous exposure to 
infection and exposure to stressors, particu¬ 
larly in older animals. It is generally accepted 
that the intervention of some precipitating 
factor such as transport, intercurrent disease, 
anesthesia and surgery, dosing with antimi¬ 
crobials or anthelmintics, acute deprivation 
of food, or parturition is usually necessary to 
cause clinical disease distinct from infection 
with Salmonella spp. 

The portal of infection in salmonellosis is 
almost always the mouth, so that the severity 
of the disease in an individual, or of an out¬ 
break in a group, depends on the degree of 
contamination and the environmental con¬ 
ditions of temperature and dryness that 
determine the survival time of salmonellas. 
Just as important is the influence of the host 
on the outcome of the infection. Many 
animals become infected naturally and are 
passive carriers; they shed salmonellas in 
their feces without clinical disease but only 
for the duration of their cohabitation with 
other infected animals. It is possible to repro¬ 
duce salmonellosis experimentally in most 
animals using a sufficiently large dose of a 
virulent strain of the organism. There still 
remains the common occurrence of the 
animal that is a subclinical carrier of the 
infection but develops clinical salmonellosis 
when exposed to stressors such as long trans¬ 
portation, hospitalization, severe feed depri¬ 
vation, or parturition. 

Genetic Resistance to Salmonellosis in 
Domestic Animals 

There is evidence of a strong genetic associa¬ 
tion with resistance to salmonellosis in 
several economically important domestic 
animal species. However, selective breeding 
for resistance traits is not used in control of 
diseases or the carriage of Salmonella in any 
of these species. The value of a particular 
resistance trait in reduction of disease must 
be balanced against other factors, such as 
productivity of meat and milk. The control 
of Salmonella colonization of the gastro¬ 
intestinal tract of food animals would appear 
to be a particularly useful objective with 
enormous potential public health benefits. 
There may be a role for several inherited 
immunologic traits, including polymorpho¬ 
nuclear leukocyte function and lecithin- 
induced mitogenic proliferation. 

The interrelationships between the risk 
factors of the host, the environment, and the 





pathogen are described here according to 
species differences. 

Dairy Cattle 

In calves, the disease is usually endemic on 
a particular farm, although outbreaks can 
occur. 

S. Typhimurium is commonly associated 
with enteritis or septicemia in calves younger 
than 2 months, whereas serovar Dublin is 
identified with similar frequency in young 
(>2 months) and adult cattle. 23 Spread 
between calves of a group is by the fecal-oral 
route. Infection of the newborn calf may 
be from the dam because many cows that 
are latent shedders become active shedders 
at parturition. The calves are not infected 
at birth but become infected from the 
environment. 

In adult cattle, SD is the common infec¬ 
tion and occurs sporadically, but as out¬ 
breaks when stressors occur. Spread is 
usually by the oral route and in cattle at 
pasture is greatly enhanced by persistently 
wet conditions. Wild mice are potential res¬ 
ervoirs of SD in dairy herds. 

Beef Cattle Herds and Feedlots 
Although salmonellosis can cause significant 
economic losses in beef herds and feedlots, it 
is not as important as in dairy cattle. Low 
numbers of beef cattle are found to shed Sal¬ 
monella at the time of slaughter, and beef 
cattle do not appear to be a major risk of 
carcass contamination. 

Sheep 

Salmonellosis in sheep may occur with a 
range of different syndromes of variable 
severity, depending mainly on the particular 
serovar involved. Salmonella enterica subsp. 
diarizonae are most commonly found in 
sheep. Serovars of Salmonella enterica subsp. 
enterica commonly found in sheep include 
S. Montevideo, SD, S. Typhimurium, and S. 
Agama. 

Horses 

Horses are frequently passive carriers, 
hosting Salmonella in internal organs such as 
lymph nodes but not or only intermittently 
shedding them in feces. Accordingly the 
search for a carrier can be laborious and even 
fruitless. At least five negative cultural exam¬ 
inations of feces should be made before 
acquitting a suspected donor. 21 

As in other species age is an important 
risk factor for developing clinical diseases, 
with foals at increased risk of developing 
severe clinical disease and septicemia. Risk 
factors in foals include a history of dystocia, 
immaturity or prematurity, FTPI, an unsani¬ 
tary environment, infection with a concomi¬ 
tant pathogen, or other debilitating disease 
and poor health of the dam. 

The occurrence of salmonellosis in horses 
hospitalized for another disease has become 
a major problem and can at least in part be 
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attributed to increased stress and immune 
suppression caused by illness and debilitat¬ 
ing procedures such as anesthesia or surgery. 

Immune Mechanisms 
Most information on the mechanisms of 
immunity to Salmonella, including the safety 
and immunogenicity of most Salmonella vac¬ 
cines, has been found experimentally in mice. 
In primary infections in mice, early bacterial 
growth in the reticuloendothelial system is 
controlled by the contribution of both mac¬ 
rophages and polymorphonuclear cells and 
is affected by the virulence of the strain. In 
lethal infections, the early growth of the bac¬ 
teria in the tissues results in high bacterial 
numbers that lead to death of the animal. 
Following natural infection with Salmonella 
antibody, responses to LPS and protein deter¬ 
minants can be detected. Anti -Salmonella 
IgM appear in serum early after infection fol¬ 
lowed by IgG. T-cells have a critical role in 
the later stages of primary infection. 

Environmental and Management 

Risk Factors 

Cattle 

Intensification of husbandry in all species is 
recognized as a factor contributing signifi¬ 
cantly to an increase in the new infection 
rate. Any significant change in management 
of the herd or a group of animals can precipi¬ 
tate the onset of clinical salmonellosis if the 
infection preexists in those animals. The risk 
factors for fecal shedding of Salmonella and 
clinical salmonellosis in dairy herds were 
herd size, rodent activity in housing and feed 
areas, use of flush water systems, and feeding 
brewers’ products to lactating cows. Large 
herd size and intensive management are 
likely to provide an environment conducive 
to Salmonella shedding and chronic dairy 
herd infection. 

Nutritional stress caused by transition 
diets and heat stress was associated with out¬ 
breaks in some herds. Feed withdrawal, 
transport stress, and the commingling of 
animals before slaughter can affect the 
number of cattle that are contaminated with 
bacterial pathogens such as Salmonella. 
However, none of the risk factors evaluated 
before or throughout the transport process 
had an impact on fecal shedding and hide or 
carcass contamination. The pH of rumen 
contents has been shown to affect the number 
of salmonellas surviving passage through the 
rumen. A high volatile fatty acid content 
and a low pH, such as prevails when a rumi¬ 
nant is on full feed, is unfavorable to salmo¬ 
nellas passing through the forestomachs. 
Feed intake depression as a result of trans¬ 
portation or around calving may further 
contribute to the risk of clinical or subclini- 
cal infection. In some herds there are spo¬ 
radic cases in periparturient cows, usually 
within 1 week of calving. 

Pastures contaminated by the feces of 
infected animals present an important source 


of infection for grazing animals. In grazing 
cattle there is a distinct seasonal incidence in 
late summer, fall, and early winter, probably 
because of greater exposure to infection at 
pasture. Temperature and wetness are most 
important, as salmonellas are susceptible to 
drying and sunlight. S. Typhimurium can 
remain viable on pasture and in soil, still 
water, and feces for up to 7 months. The use 
of “slurry” as a means of disposal of animal 
manure from cow housing is a highly effi¬ 
cient means of spreading Salmonella infec¬ 
tions. The chance of cows becoming infected 
increases considerably if they are grazed 
soon after the slurry is applied, and is less 
likely during dry, sunny periods and when 
there is sufficient pasture growth to avoid it 
being eaten right down to the ground surface. 
The survival time of Salmonella spp. in cold 
liquid manure depends on several factors, 
including pH of the slurry and the serotype 
of the organism. It can be as long as 28 weeks. 

Salmonella contamination of water sup¬ 
plies of calves and cows was identified as a 
potential source of exposure. Water offered 
to weaned dairy calves in a continuous 
water-tank-filling method was a risk factor 
compared with a valve on demand and a 
water pH of more than 8. Drinking water can 
remain infected for long periods, as long as 9 
months, and in cattle at extensive pasture 
infected drinking water in stagnant ponds is 
a significant source of infection. Feedlot 
playas (temporary shallow lakes) are fre¬ 
quently contaminated with many Salmonella 
serotypes. Using playas as a source of water 
for feedlots can be a source of Salmonella, 
and they should not be used to cool cattle 
in the summer months, or for dust abate¬ 
ment, or for irrigation of crops. Wildlife, 
birds, and migratory waterfowl have access 
to these bodies of water and, because of 
their size and number, there is little that can 
be done to prevent them from becoming 
contaminated. 

Infection can be introduced by infected 
domestic animal carriers. For example, in 
large-scale calf-rearing units many of the 
calves are infected when they are picked up 
from their home farms and, if they are 
penned in groups, all calves in the group are 
soon infected. The infection can spread 
among calves penned individually, which 
suggests that aerosol spread may occur. S. 
Typhimurium can survive for several months 
in calf-rearing premises despite depopula¬ 
tion, cleansing, and disinfection. However, 
because of the failure of most calves to con¬ 
tinue as carriers, they are usually free of 
infection within 6 weeks of arrival. 

Contaminated feedstuffs, carrier animals, 
and infected clothing of visitors and casual 
workers are the most common methods 
of introducing infection. Less common 
methods include free-flying birds and nema¬ 
tode larvae that are already infected with 
salmonellas. Salmonellas have been isolated 
from a wide variety of wild animals that 





362 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


could act as reservoirs for infection of 
domestic animals under certain conditions. 

Previous antimicrobial treatment of cattle 
or calves with laboratory-confirmed Salmo¬ 
nella infections increases the probability of 
isolating salmonellas. Vaccination with a 
modified-live vaccine producing a systemic 
reaction, treatment with irritant compounds 
such as carbon tetrachloride for fluke, and 
fluke infestation can also precipitate clinical 
disease. 

Sheep 

In range sheep, the most common occur¬ 
rence of the disease is during a drought when 
sheep are concentrated in small areas of sur¬ 
viving grass heavily contaminated by feces. 
Sheep held in holding yards or transport 
vehicles previously occupied by sheep for 
long periods are also susceptible to clinical 
disease. This is most likely to occur when 
they drink from puddles of water, especially 
in heavily contaminated yards, or when they 
are exposed to recycled dip wash. In sheep, 
the disease is commonly associated with 
deprivation of feed when animals are assem¬ 
bled for vaccination, anthelmintic adminis¬ 
tration, or shipment over long distances. 
Lambs in feedlots are susceptible to salmo¬ 
nellosis within a few weeks after arrival in 
the lot. 

The modern development of pen lambing, 
in which ewes about to lamb are brought into 
small pens, is also a means of potentiating 
spread from a chronic shedder. In all these 
situations feed stress by deprivation is likely 
to contribute to susceptibility. Field out¬ 
breaks in range sheep have been recorded. In 
some instances they have been caused by the 
use of unsterilized bonemeal as a phospho¬ 
rus supplement. Outbreaks occurring in 
sheep on a number of farms in the same area 
at the same time have been ascribed to con¬ 
tamination of drinking water by birds eating 
carrion. Heavy dosing with zinc oxide as a 
prophylaxis against facial eczema is also 
credited with precipitating outbreaks of sal¬ 
monellosis in young sheep. 

Horses 

In adult horses, most clinical salmonellosis 
occurs after the stress of transport and 
mostly in horses that are overfed before ship¬ 
ment, receive little or no food or water for 
the duration of a protracted journey, and are 
fed excessively on arrival. Cases can appear 
1 to 4 days later. Groups of horses that have 
been exposed to a contaminated environ¬ 
ment, such as saleyards or railroad yards, 
may experience outbreaks in which up to 
50% are affected. Multiple serotypes of S. 
Enteritidis have been isolated from the mes¬ 
enteric lymph nodes of 71% of healthy horses 
examined at an abattoir, which indicates that 
extraintestinal infection occurs in the horse 
as it does in other species. In the light of the 
high carrier rate in this species, it is surpris¬ 
ing that there are not more outbreaks. 


The occurrence of salmonellosis in horses 
hospitalized for another disease has become 
a major problem for veterinary teaching hos¬ 
pitals and private equine practices that 
provide surgical veterinary care. In these cir¬ 
cumstances there is a constant reintroduction 
of carriers of the disease, a persisting con¬ 
tamination of the environment, and a large 
population of horses, all of which are under 
stress because of anesthesia, surgical inva¬ 
sion, or intercurrent disease and many of 
which are exposed to oral and parenteral 
treatment with antimicrobials, which appears 
to greatly increase their chances of acquiring 
salmonellosis. Horses in which nasogastric 
tubes were passed were at 2.9 times greater 
risk of having salmonellas isolated than 
horses that did not undergo this procedure. 
Horses treated with antibiotics parenterally 
were at 6.4 times greater risk, and those 
treated with antimicrobials orally and paren¬ 
terally were at 40 times greater risk of devel¬ 
oping salmonellosis, compared with horses 
not receiving such treatment. In hospitalized 
horses, the factors found to be associated with 
fecal shedding of salmonellas included diar¬ 
rhea at the time of admission as well as fever 
and a change of diet while hospitalized. 

Outbreaks of nosocomial salmonellosis 
among horses in a veterinary teaching hos¬ 
pital have been described. Case-fatality rates 
may be high, necessitating closure of the hos¬ 
pital for complete disinfection and system¬ 
atic sampling of the environment to detect 
the presence of persistent Salmonella. Strict 
isolation of hospitalized horses that have 
been shedding Salmonella and the planning 
and implementation of infectious disease 
control (IDC) throughout the hospital are 
necessary. Bleach is an effective disinfectant 
on the largest number of surfaces. The factors 
potentially associated with Salmonella shed¬ 
ding among horses hospitalized for colic at a 
veterinary teaching hospital were examined. 
Salmonella spp. were detected in the feces of 
9% of patients at least once during hospital¬ 
ization. They were more likely to shed Salmo¬ 
nella if diarrhea was evident 6 hours or less 
after hospitalization and the duration of hos¬ 
pitalization exceeded 8 days (OR 20.3), lami- 
nitis developed during hospitalization (OR 
12.0), results of nasogastric intubation were 
abnormal (OR 4.9), leukopenia was evident 
6 hours or less after hospitalization (OR 4.6), 
or travel time to the teaching hospital 
exceeded 1 hour (OR 3.5). Horses treated 
with a probiotic did not differ from control 
horses in likelihood of fecal shedding of Sal¬ 
monella (OR 1.5) or prevalence of clinical 
signs. 

Salmonellosis is also one of the common 
causes of neonatal septicemias of foals, and 
the disease may occur as endemic on par¬ 
ticular studs, or there may be outbreaks with 
many foals being affected at one time. The 
common management strategy on “visiting 
stud-farms” of bringing mares and newborn 
foals to communal studs and then bringing 


them daily to a central point for observation 
and teasing is also likely to facilitate spread 
of an infection through a group of foals. 

Contaminated Feedstuffs 
Housed animals are generally more suscep¬ 
tible to infection from purchased feeds con¬ 
taining animal by-products than are pastured 
animals, which are again more susceptible 
to animal-product-based fertilizers. Organic 
feedstuffs, including bonemeal, are being 
increasingly incriminated in the spread of 
salmonellosis. Most of the contamination of 
meat and bonemeal occurs after heat steril¬ 
ization, especially if the material is left in 
digester tanks. Fishmeal is one of the most 
frequently and badly contaminated feed¬ 
stuffs. These feed meals need to be heated at 
82°C (180°F) for an hour to be sterilized. The 
contamination of these materials may derive 
from antemortem infections in the animals 
used to make the by-product, but soiling of 
the material at the preparation plant or abat¬ 
toir or during storage may also occur. Stored 
feed not of animal origin, especially grain, is 
also commonly contaminated by the drop¬ 
pings of rodents that infest it and this can lead 
to sharp outbreaks of salmonellosis caused by 
S. Typhimurium. Of special importance is 
colostrum stored without refrigeration. If the 
colostrum is contaminated initially, multipli¬ 
cation of salmonellas may occur and trans¬ 
mission of the infection is likely. Dried milk 
products appear to be relatively safe. 

Pathogen Risk Factors 

Salmonellas are facultative intracellular 
organisms that survive in the phagolysosome 
of macrophages and other cells and can 
therefore evade the bactericidal effect of 
antibodies. Compared with other organisms 
of the same family, salmonellas are relatively 
resistant to various environmental factors. 
They multiply at temperatures between 8°C 
and 45°C, at water activities above 0.94, 
and in a pH range of 4 to 8. They are also 
able to multiply in an environment with a 
low level of or no oxygen. The bacterium is 
sensitive to heat and will not survive tem¬ 
peratures above 70°C. It is sensitive to pas¬ 
teurization. Salmonellas have been shown to 
be resistant to drying, even for years, espe¬ 
cially in dried feces, dust, and other dry 
materials such as feeds and certain foods. 
Prolonged survival in water and soil has also 
been described. They are quite sensitive to 
beta- and gamma-irradiation. 

Salmonella spp. have 13 predicted fim- 
brial loci, of which most are deployed in vivo. 
Fimbriae are required for the attachment 
onto host cells, colonization, and biofilm for¬ 
mation, but not specifically for intracellular 
survival. 24 

Flagella have been implicated as viru¬ 
lence factors because they may enhance 
motility and the invasiveness of the bacte¬ 
rium. This view, however, remains contro¬ 
versial because flagella that consist of flagellin 





monomers are potent inducers of innate 
immunity. In the intestinal epithelium flagel- 
lin induces inflammation while inhibiting 
apoptosis. 24 

Like in other gram-negative bacteria, the 
cell membrane of salmonellas contain LPS 
(endotoxins), which on release, can induce 
shock in the host organism, contributing to 
its virulence. The O-antigen LPS of salmo¬ 
nellas is toxic and an important virulence 
factor, and immunity directed against the 
:LPS is thought to be of major importance in 
the host defense against salmonellosis. 

Salmonellas possess a type three secre¬ 
tion system (TTSS) that is required for inva¬ 
sion of epithelial cells of the intestine. The 
TTSS functions like a needle allowing the 
bacterium to inject its outer proteins, the so- 
called effector proteins, into the host cell to 
which it is attached. Effector proteins signal 
the host cell to take up the bacterium, which 
consequently is engulfed into the host cell 
encased in a vesicle called the Salmonella- 
containing vacuole. 25 

Salmonellas have acquired at least five 
SPIs through horizontal gene transfer. SPI-1 
and SP-2 in particular are important deter¬ 
minants of the pathogens virulence. 

The capacity to produce superoxide dis- 
mutase is another virulence factor that pro¬ 
tects salmonellas from reactive oxygen 
species produced by the host cells to kill 
intracellular pathogens. 24 

In states of iron deprivation salmonellas 
have the capacity to produce two potent sid- 
erophores, enterobactin and salmochelin, 
allowing them to overcome this limitation. 24 

Antimicrobial Resistance of 
Salmonella 

Strains of Salmonella spp. with resistance to 
antimicrobials are now widespread in both 
developed and developing countries. Since 
1990 there have been considerable increases 
in the occurrence of multiply-resistant 
strains of Salmonella spp. in many developed 
countries. 

AMR of salmonellas has been and is a 
major point of concern and controversy in 
veterinary medicine and human public 
health. The continued use of antimicrobials 
in veterinary medicine, and in food animals 
in particular, is believed to be a major cause 
of selective pressure that leads to the appear¬ 
ance and persistence of resistant strains. The 
resistance is usually to multiple antimicrobi¬ 
als and its existence is considered as a poten¬ 
tial risk factor. The significance of AMR is 
most obvious in its impact on the treatment 
of human infections. AMR of Salmonella 
spp. causing clinical disease leads to increased 
morbidity, mortality, and treatment costs 
and limits the choice of antimicrobials for 
the treatment of systemic salmonellosis 
in humans. 26 Antimicrobial-resistant Salmo¬ 
nella infections can further complicate anti¬ 
microbial therapy of other infections; prior 
antimicrobial therapy allows fewer numbers 
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of antimicrobial-resistant salmonellas to 
cause symptomatic infections, and an 
increase in the proportion of salmonellas 
that are antimicrobial resistant will increase 
the overall frequency of salmonellosis. Infec¬ 
tions in humans associated with antimicro¬ 
bial-resistant salmonellas are increasing 
and have become a cause for public health 
concern. Resistance to third- and fourth- 
generation cephalosporins and fluoroquino¬ 
lones is considered of greatest public health 
importance, because these are the antimicro¬ 
bials of particular relevance for the treatment 
of human salmonellosis. 27 

The prevalence of Salmonella isolates that 
are antimicrobial-resistant varies widely 
between countries, animal species, and 
serovars. National and species-specific dif¬ 
ferences have been attributed to differences 
in the practice of antimicrobial use between 
animal species, production systems, and 
countries. Generally, AMR among salmonel¬ 
las is higher in the United States than in 
other countries, is more common in isolates 
from swine than from other species, and is 
more common in serovar Typhimurium 
than in other Salmonella serovars. The com¬ 
parison of AMR levels in different studies 
consistently showed that AMR is much less 
common in isolates from healthy individuals 
than in isolates from diseased animals. 

During the 1990s AMR of Salmonella 
became an important issue because of a 
global epidemic of the S. Typhimurium 
DTI04 in animals and humans that was fre¬ 
quently resistant to a wide range of com¬ 
monly used antimicrobials for the treatment 
of salmonellosis in humans. Multidrug-resis¬ 
tant S. Newport has been spreading on an 
epidemic scale in both animals and humans 
throughout the United States. In addition to 
the resistance to five drugs found in S. 
Typhimurium DTI04, S. Newport, called 
Newport MDR-AmpC, is also resistant to 
amoxicillin-clavulanic acid, cephalothin, 
cefoxitin, and ceftiofur and exhibits decreased 
susceptibility to ceftriaxone. The emergence 
of Newport MDR-AmpC strains in humans 
has coincided with the emergence of Newport 
MDR-AmpC infections in cattle. Although 
the role of farm animals as a primary source 
of Salmonella infection in humans is not 
undisputed, it should be noted that transfer 
of AMR between species does not necessarily 
require pathogen transfer. 28 Resistance genes 
can be carried on plasmids or integrons, 
which are potentially independently mobile 
DNA elements encoding a site-specific inte¬ 
gration system responsible for the acquisition 
of multiple small mobile elements called gene 
cassettes which, in turn, encode antibiotic 
resistance genes. Integrons have also been 
described on plasmid DNA in S. Enteritidis. 
Plasmids and integrons can be transferred 
between animal-associated Salmonella and E. 
coli, and identical CMY-2 genes carried by 
similar plasmids have been identified in 
humans, suggesting that the CMY-2 plasmid 


has undergone transfer between different 
bacterial species and may have been trans¬ 
mitted between food animals and humans. 

A survey including 380 Salmonella¬ 
positive samples from diseased animals sub¬ 
mitted to different diagnostic labs in the 
United States revealed that 82% of the 
samples were resistant to at least one antimi¬ 
crobial and 70% to at least three antimicrobi¬ 
als. 29 When stratified by animal species the 
highest prevalence rates of resistance to at 
least one antimicrobial were found for swine 
(92%), followed by cattle (77%), chickens 
(68%), and horses (29%). 29 Approximately 
35% of cattle isolates and 10% of equine iso¬ 
lates were resistant to over 9 antimicrobials. 
The serovars showing resistance to 5 to 8 
antimicrobials were S. Typhimurium (71%), 
SD (69%), and SCS (40%). In this study 
resistance was most often observed to tetra¬ 
cyclines (78%), streptomycin (73%), sulfa¬ 
methoxazole (68%), and ampicillin (54%). 29 
Worryingly, 36% of cattle isolates exhibited 
resistance to ceftiofur, a third-generation 
cephalosporin extensively used in cattle 
practice in the United States. Resistance to 
nalidixic acid, a compound used to detect 
emerging resistance to fluoroquinolones, 
was observed in isolates from chicken (9%), 
cattle (8%), and turkeys (6%). 

The annual UK survey of 2013, including 
a total 2886 isolates from submissions of 
clinical cases to diagnostic laboratories, 
reported resistance to at least one antimicro¬ 
bial in 35.8% but 87.1% of swine isolates. 27 
When stratified by serovar 69.7% of S. 
Typhimurium but only 5.1% of SD isolates 
were resistant to at least one antimicrobial. 
Of the serovars other than S. Typhimurium 
and SD 38.8% were resistant to at least one 
antimicrobial substance. 27 AMR was most 
often observed to tetracyclines (26.1%), sul¬ 
fonamide compounds (24.8%), streptomycin 
(18.8%), and ampicillin (13.2%). Resistance 
to nalidixic acid was observed in 5% of all 
isolates and was most common in turkeys 
(20.2%), other avian species (14.6%), chick¬ 
ens (8.0%), and dogs (6.0%). Isolates from 
cattle were resistant to this compound in 
1.4%. Resistance to ceftazidime occurred in 
0.03% of all samples. 2 

A smaller study from Australia including 
76 Salmonella- positive fecal samples from 
diarrheic calves reported resistance to at 
least one antimicrobial in 27.6% of all iso¬ 
lates. Resistance to over four antimicrobials 
occurred in 14.3%. 19 Most common resis¬ 
tance was to streptomycin (25.5%), a com¬ 
bination of sulfonamides (21.1%), and 
ampicillin (18.4%). Resistance to nalidixic 
acid was not observed in this study. 

Zoonotic Implications 

Salmonellosis, a common human intes¬ 
tinal disorder primarily associated with 
Salmonella-contaminated meats and poultry, 
causes over 90 million human cases every 
year. Annual costs of human salmonellosis 
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have been estimated to be approximately 
€3 billion in the EU and $2.7 billion in the 
United States. 30 The Centers for Disease 
Control estimate approximately 1 million 
illnesses per year, 19,000 hospitalizations, 
and 380 annual deaths. 31 In the EU approxi¬ 
mately 109,000 confirmed cases of human 
salmonellosis have been reported in 2009, 
corresponding to 23.7 cases per 100,000 
population. 30 

The disease has assumed increasing 
importance in recent years because of the 
much more frequent occurrence of human 
salmonellosis, with animal salmonellosis as 
the principal reservoir. S. Enteritidis and S. 
Typhimurium are the serovars most com¬ 
monly associated with human illness. Human 
S. Enteritidis cases are most commonly 
associated with the consumption of conta¬ 
minated eggs and poultry meat, whereas 
infection with S. Typhimurium is typically 
associated with the consumption of pig, 
poultry, or bovine meat. 30 The most serious 
risk is that the transmitted bacteria will have 
acquired resistance to specific antibiotics 
because the animals from which they origi¬ 
nate have been treated with the particular 
antibiotics repeatedly or over a long period. 

Various clinical forms of salmonellosis 
can occur in veterinarians working with 
Salmonella-miected animals. Gastroenteri¬ 
tis, bacteremia, and other systemic abnor¬ 
malities can occur. Cutaneous salmonellosis 
has been reported in veterinarians attending 
to infected cattle at the time of parturition. 
The disease was characterized by pustular 
dermatitis from which S. Virchow and SD 
were isolated. Veterinarians may develop 
skin lesions after obstetric deliveries, even 
after hygienic precautions and the use of 
abundant amounts of disinfectant creams 
and careful washing of the arms and hands. 

Salmonella Typhimurium DTI04 

Throughout the 1990s there was a global epi¬ 
demic of multidrug-resistant S. Typhimurium 
DTI04 (DT stands for definitive phage type) 
in animals and humans. It was important 
because of its widespread prevalence, its pre¬ 
sumed zoonotic nature, and the high fre¬ 
quency of multiple AMR. S. Typhimurium 
DTI04 was first reported in the UK in 1984 
and emerged in the 1990s as an increasing 
cause of Salmonella infections in humans and 
animals in England, Wales, and Scotland, as 
well as other European countries such as 
Germany, France, Austria, and Denmark and 
Canada. A wide range of potential reservoirs 
is associated with this infectious strain, from 
humans to the traditional food animals such 
as poultry, cattle, sheep, and pigs. Over a 
1 -year period in Scotland it was the predomi¬ 
nant Salmonella isolated from nine species of 
animal (cattle, pigs, sheep, chickens, pigeons, 
horses, cats, dogs, and rabbits). A large out¬ 
break of salmonellosis caused by multiply- 
resistant (mr) DTI04 occurred in people in 
England who had consumed milk from a 


dairy that received raw milk supplied by two 
farms. The DTI04 was isolated from the milk 
filter, and failure of on-farm pasteurization 
was thought to be the cause. Strains of the 
organism from humans, the dairy cattle, and 
the milk filter showed decreased susceptibil¬ 
ity to ciprofloxacin. 

All isolates were resistant to at least one 
antimicrobial and 98% were resistant to 
multiple antimicrobials, with R-type ACTSp 
being the predominant resistance pattern. 
In the UK, a clonal strain of mrDT104 
resistant to at least five antimicrobials (ampi- 
cillin, chloramphenicol, streptomycin, sul¬ 
fonamides, and tetracycline; R-type ACSSu 
T) was detected in humans in 1984 and cattle 
in 1988. The organism has emerged as an 
important cause of diarrhea in horses in 
Ontario. 

The organism has been found in a variety 
of human foods, including salami, sausages, 
chicken, burgers, oysters, and vegetables. 
Human infections have been associated with 
contact with farm animals and from con¬ 
sumption of contaminated foods such as 
chicken, pork, sausages, meat pastes, and 
beef. The organism’s ecology, its precise reser¬ 
voirs, and its distribution in the human food 
chain are unclear. Clinical signs in humans 
infected with DTI04 include diarrhea, fever, 
headache, nausea, and vomiting. Septicemia 
may develop in a small percentage of cases 
with potential complications of meningitis 
and foci of infection in bones and joints. 

Economic Importance 

Salmonellosis is a significant cause of eco¬ 
nomic loss in farm animals because of the 
costs of clinical disease, which include 
deaths, diagnosis, and treatment of clinical 
cases, diagnostic laboratory costs, the costs 
of cleaning and disinfection, and the costs of 
control and prevention. In addition, when 
the disease is diagnosed in a herd it can 
create considerable apprehension in the pro¬ 
ducer because of the difficulty in identifying 
infected animals. The veterinarian is also 
often in a difficult position because the diag¬ 
nosis, treatment, and control of the disease 
are less than reliable, and it is difficult to 
provide advice with confidence. An estima¬ 
tion of the economic impact of an outbreak 
of SD infection in a calf-rearing unit indi¬ 
cated that the cost of disease represented a 
substantial proportion of the gross margin of 
rearing calves. The losses incurred by live¬ 
stock producers include reduced feed effi¬ 
ciency and reduced weight gains or deaths 
because of salmonellosis. 

PATHOGENESIS 

The pathogenesis of salmonellosis is a com¬ 
plex and multifactorial phenomenon. The 
nature of the disease that occurs following 
infection is dependent on the specific com¬ 
bination of serovar and host known as 
serovar-host specificity. A range of infec¬ 
tions is included in the term salmonellosis. 


The most common type of infection is known 
as “the carrier state,” in which carriage of the 
organism is not accompanied by clinical 
abnormalities or clinical disease. In produc¬ 
tion animals, these carriers are of impor¬ 
tance because they may serve as reservoirs 
for further spread of infection through shed¬ 
ding and may be present as contaminated 
food products. 

The evolution of host-specific Salmonella 
serovars is considered to be associated with 
an increase in pathogenicity for the specific 
host. The hypothesis is based on the fact 
that broad-range serovars (Typhimurium 
and Enteritidis) are generally associated 
with severe disease only in young animals, 
whereas host-restricted serovars cause high 
mortality in both young and adult hosts. 

The pathogenesis of different Salmonella 
serovars possessing different degrees of host 
restriction have been studied in young lambs 
to evaluate the basis of the serovar-host 
specificity in sheep. Infection with S. Abor- 
tusovis resulted in clinical signs of salmo¬ 
nellosis, including a fever and bacterial 
dissemination to systemic tissues. This con¬ 
firms the virulence of the strain with sheep. 
S. Gallinarum caused relatively mild disease 
but is virulent in chickens. SD was virulent 
in sheep, confirming its association with 
ovine salmonellosis. The apparent specificity 
of a serovar for a particular host or range of 
hosts as defined by epidemiologic data is 
influenced not only by bacterial virulence 
but also by the ability of the serovar to circu¬ 
late within the population of the host. 

Infection 

Salmonella infects animals and humans by 
the oral route. Following ingestion, a propor¬ 
tion of the organisms resists the low pH of 
the stomach, reach the distal ileum and the 
cecum, invade the mucosa, and replicate in 
the submucosa and Peyer s patches. 

In young animals, and in adults whose 
resistance has been lowered, spread beyond 
the mesenteric lymph nodes occurs, and the 
infection is established in the reticuloendo¬ 
thelial cells of the liver, and from there it 
invades the bloodstream. These steps in the 
infection process can occur very rapidly. 
For example, in newborn calves, SD when 
taken by mouth can be found in the blood¬ 
stream 15 minutes later. In older calves bac¬ 
teria can be isolated from the intestinal 
lymph nodes 18 hours after their oral admin¬ 
istration. Provided a sufficient number of a 
sufficiently pathogenic serotype is used, the 
disease is reproducible with pure cultures, 
for example, of S. Typhimurium in lambs, 
SCS in pigs, SD, S. Typhimurium, and S. 
Enteritidis in calves, and S. Typhimurium in 
horses. Once systemic infection has been 
established, salmonellosis as a disease can 
develop. Its principal manifestations are as 
septicemia, enteritis, abortion, and a group 
of localizations in various tissues as a result 
of bacteremia. 





Septicemia, Bacteremia, and the 
Carrier State 

After invasion of the bloodstream occurs, a 
febrile reaction follows in 24 to 48 hours, and 
the acute phase of the disease, similar to that 
seen in natural cases, is present 3 to 9 days 
later. The early septicemia may be rapidly 
fatal. If the systemic invasion is sufficient to 
cause only a bacteremia, acute enteritis may 
develop, and abortion is a common final 
sequel in sheep and cattle. Many animals 
survive this stage of the disease, but localiza¬ 
tion of the salmonellas occurs in mesenteric 
lymph nodes, liver, spleen, and particularly 
the gallbladder. In healthy adults there may 
be no clinical illness when infection first 
occurs, but there may be localization in 
abdominal viscera. In either instance the 
animals become chronic carriers and dis¬ 
charge salmonellas intermittently from the 
gallbladder and foci of infection in the intes¬ 
tinal wall into the feces and occasionally into 
the milk. For this reason, they are important 
sources of infection for other animals and for 
humans. Carrier animals may also develop 
an acute septicemia or enteritis if their resis¬ 
tance is lowered by environmental stresses 
or intercurrent infection. Salmonellas can 
reside intracellularly where they are able to 
escape antibody-mediated killing, and the 
numbers of organisms are controlled by cel¬ 
lular defense mechanisms involving the mac¬ 
rophages in which they reside. 

Enteritis 

Enteritis may develop at the time of first 
infection or at some other time in carrier 
animals. The best information available on 
the pathogenesis of enteritis is derived from 
the experimentally produced disease. In 
most instances the disease is produced by the 
administration of massive doses of bacteria, 
and this may result in the production of a 
different syndrome from that which occurs 
naturally. The pathogenesis of enteric salmo¬ 
nellosis is much more complex than cholera, 
involving an increase in mucosal cell cyclic 
AMP content and prostaglandin concentra¬ 
tion as well as an inflammatory response to 
the invading bacteria. Intestinal invasion is a 
characteristic feature of Salmonella patho¬ 
genesis. Within minutes of injecting ileal 
loops in calves, Salmonella can be seen to 
invade both M-cells and enterocytes that 
overlie domed villi associated with lymphoid 
follicles and absorptive villi. The organism 
must invade the intestinal mucosal epithe¬ 
lium to cause disease. 

After oral infection with SD, invasion 
occurs through the intestinal wall in the ter¬ 
minal ileum and cecum and progresses only 
as far as the mesenteric lymph nodes. Pro¬ 
gress beyond this point, and the develop¬ 
ment of salmonellosis, is determined by 
factors such as immune status and age of the 
animal, whether or not it is exposed to stress, 
and the virulence of the strains. A number of 
characteristics of the bacteria influence their 
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virulence, including the presence of adhesin 
pili and flagella, cytotoxin, enterotoxin, LPS, 
and the inflammatory response that they ini¬ 
tiate in the intestinal wall. The effects of some 
of these factors are not limited to the intesti¬ 
nal tract and also contribute to the systemic 
complications of salmonellosis. The SD viru¬ 
lence plasmid mediates systemic infection in 
cattle by causing macrophage dysfunction. 

SD infections in calves have been used to 
create the disease experimentally. In calves 6 
to 7 weeks of age, an oral dose of the organ¬ 
isms is fatal within 24 hours, with the animals 
dying of septicemia and an acute necrotizing 
panenteritis. Calves 12 to 14 weeks of age 
developed a progressive fatal diarrhea within 
1 week following infection. Experimental 
infection of ligated ileal loops from calves 
with S. Typhimurium results in an acute neu¬ 
trophilic inflammatory response associated 
with invasion of Peyers patches. 

In calves, infection is initiated by bacterial 
invasion of the mucosal epithelium of the 
distal ileum or proximal colon causing exten¬ 
sive local tissue damage that leads to shorten¬ 
ing of the villi and degeneration of the 
enterocyte layer. Salmonella invasion induces 
potent inflammatory response characterized 
by a massive infiltrate of polymorphonuclear 
cells into the lamina propria and submucosa 
and secretion of fluid into the intestinal 
lumen. Damage to the enterocyte layer and 
the secretion of fluid into the intestinal lumen 
results in diarrhea, and the fever is caused by 
circulating inflammatory cytokines. 

Experimentally induced Salmonella 
infection in calves results in an increase in 
serum haptoglobin levels within 3 days of 
challenge. By day 3 after experimental infec¬ 
tion the serum haptoglobin levels increased 
to a median level of 212 |Xg/mL, whereas 
placebo controls had median levels of 0 pg/ 
mL. The increased levels closely reflected the 
clinical findings of infection and are consid¬ 
ered useful markers of infection severity in 
salmonellosis in calves. 

In sheep, the experimental disease pro¬ 
duced by oral dosing with S. Typhimurium 
includes an early acute enteritis of the small 
intestine at 24 hours. At 5 to 8 days there is 
hemorrhagic and necrotic typhlitis and the 
infection is established in mesenteric lymph 
nodes and the liver. Experimental SD infec¬ 
tion of the mammary gland of dairy cattle 
results in a persistent infection associated 
with a chronic active mastitis similar to car¬ 
riers with naturally acquired SD infection. 

In ponies with experimental infection 
with S. Typhimurium orally, there is much 
variation in the time after infection that the 
various signs appear. Pyrexia, neutropenia, 
and high fecal Salmonella counts coincided 
on the second and fourth days, but diarrhea 
occurred in only some ponies and then on 
the third to eleventh days after inoculation. 
Positive agglutination tests were recorded 
from day 1 but were mostly during the 
period 6 to 12 days postinoculation. The 


neutropenia of the early stages of the disease 
is transient, and neutrophilia occurs when 
diarrhea commences. 

The characteristic fever and leukopenia 
of equine salmonellosis have been attrib¬ 
uted to the release of endotoxin from the 
bacteria during invasion of, and replication 
within, the intestinal epithelium. The equine 
colonic mucosa can respond to cholera 
toxin, which causes an increased secretion 
of chloride, sodium, and water into the 
intestinal lumen. The enterotoxin activity of 
S. Typhimurium of equine origin has been 
compared with cholera enterotoxin. 

Although there is sufficient obvious 
enteritis to account for the diarrhea that 
characterizes the disease, there appear to be 
other factors involved. For example, it has 
been shown experimentally that in Salmo¬ 
nella enteritis there is stimulation of active 
chloride secretion combined with inhibition 
of sodium absorption, but invasion of the 
mucosa is not essential for these changes to 
occur. These observations are of interest in 
light of the known hyponatremia that char¬ 
acterizes the disease. Studies of calves with 
salmonellosis have shown that the fluid loss 
associated with the diarrhea of this disease is 
much greater than in other calf diarrheas. 
This, together with a large solid matter 
output, contributes to the significant weight 
loss occurring in salmonellosis. 

Abomasitis 

S. Typhimurium DT104 has been associated 
with some independent outbreaks of aboma¬ 
sitis in veal calves. Abomasitis was repro¬ 
duced experimentally by oral infection of 
calves. 

Abortion 

Abortion is a common manifestation of sal¬ 
monellosis in cattle between days 124 and 
270 of gestation. When infection is associated 
with SD, the organism multiplies in the pla¬ 
centa, having been seeded there from a 
primary lesion in other maternal tissues. 
Fetal death has already occurred in many 
cases, because of its invasion by bacteria, but 
live calves also occur, suggesting that the pla¬ 
cental lesion is the critical one. S. Montevi¬ 
deo, S. enterica subsp. diarizonae , and S. 
Abortusovis all are frequently associated with 
a significant number of outbreaks of abortion 
in ewes. 13,20 Abortion caused by S. Abortuso¬ 
vis infection typically occurs during the 
second half or last third of pregnancy. In 
horses S. Abortusequi is typically associated 
with late abortion (7-8 months of gestation). 

Terminal Dry Gangrene, Osteitis, 
and Polyarthritis 

Terminal dry gangrene caused by endarteri¬ 
tis of the extremities of the limbs, ears, 
and tail may occur in calves with SD infec¬ 
tion. Epiphyseal osteomyelitis affecting the 
metaphyses, and polysynovitis and arthritis 
are also possible sequelae. 
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CLINICAL FINDINGS 

The most common clinical manifestation of 
salmonellosis is enteritis, but a variety of 
other conditions including acute septicemia, 
abortion, arthritis, and respiratory disease 
are frequently observed. 

The disease is most satisfactorily 
described as three syndromes classified arbi¬ 
trarily according to severity as septicemia, 
acute enteritis, and chronic enteritis. These 
are described first, but the differences 
between the animal species are sufficiently 
significant to justify describing the disease 
separately in each of them. 

Septicemia 

This is the characteristic form of the disease 
in newborn foals, calves, and lambs. Com¬ 
monly, there is profound depression, dull¬ 
ness, prostration, high fever (40.5-42°C, 
105-107°F), and death within 24 to 48 hours. 

Acute Enteritis 

This is the common form in adult animals of 
all species. There is a high fever (40-41°C, 
104-106°F) with severe, fluid diarrhea, some¬ 
times dysentery, and occasionally tenesmus. 
The fever often subsides precipitously with 
the onset of diarrhea. The feces have a putrid 
smell and contain mucus, sometimes blood, 
and fibrinous casts, which may appear as 
complete tubular casts of intestine, and intes¬ 
tinal mucosa in sheets or casts. There is com¬ 
plete anorexia but in some cases increased 
thirst. The heart rate is rapid, the respirations 
are rapid and shallow, and the mucosae are 
congested. Pregnant animals commonly 
abort. The case-fatality rate without early 
treatment may reach 75%. In all species, 
severe dehydration and toxemia occur and 
the animal loses weight, becomes weak and 
recumbent, and dies in 2 to 5 days. Newborn 
animals that survive the septicemic state 
usually develop severe enteritis, with diar¬ 
rhea becoming evident at 12 to 24 hours after 
the illness commences. If they survive this 
stage of the illness, residual polyarthritis or 
pneumonia may complicate the recovery 
phase. 

Chronic Enteritis 

This is a common form in pigs following a 
severe outbreak, and occurs occasionally in 
cattle and adult horses. In calves there is 
intermittent or persistent diarrhea, with the 
occasional passage of spots of blood, mucus, 
and firm fibrinous casts; intermittent moder¬ 
ate fever (39°C, 102°F); and loss of weight 
leading to emaciation. Although chronic 
enteritis may occur initially, it usually suc¬ 
ceeds an acute episode. 

Bovine Salmonellosis 

The disease associated with SD is usually 
endemic on a particular farm, with sporadic 
cases occurring when individual animals are 
exposed to stress. Severe outbreaks are rare 
but do occur when there is severe stress, 


usually acute nutritional deprivation, applied 
to the entire herd. 

When S. Typhimurium is the cause, it is 
usual to have a single animal or a small 
number of animals affected at one time. 
When the disease is in the calf population it 
is usual for it to be much more severe, with 
many affected, either as a point outbreak or, 
when there is a succession of calves, a con¬ 
tinuing occurrence of the disease. The empha¬ 
sis therefore is generally on the occurrence 
of individual, sporadic cases in newborn 
calves and recently calved cows. Depending 
on the geographic region other less com¬ 
monly occurring serovars that have been 
associated with clinical disease in cattle and 
calves include S. Newport, S. Agona, S. Infan - 
tis, S. Enteritidis, S. Mbandaka, S. Muenster, 
and S. Bovismorbificans. 16 ' 19 S. Muenster in a 
dairy herd has been associated with abor¬ 
tions, diarrhea in adults and calves, and shed¬ 
ding of the organism in the milk of about 8% 
of the cows. 

Septicemia is the common form of the 
disease in newborn calves under a few weeks 
of age. There is depression, toxemia, fever, 
dyspnea, and weakness, and nervous signs, 
including incoordination and nystagmus, 
may occur. Diarrhea and dysentery may 
occur but are not common. 

Calves older than a week and adults are 
usually affected by acute enteritis, followed 
in survivors by abortion in pregnant cows 
and polyarthritis in calves. In severe cases of 
enteritis, there is often dysentery, with whole 
blood passed in large clots, and complete 
agalactia in lactating cows. Abdominal pain, 
with kicking at the abdomen; roiling; crouch¬ 
ing; groaning; and looking at the flanks, may 
occur in adult cattle. Rectal examination at 
this stage usually causes severe distress. 

Chronic enteritis with inappetence, 
reduced weight gain, and unthriftiness may 
follow an attack of acute enteritis or be the 
only manifestation of the disease. Abortion 
is a common sequel in pregnant cows that 
survive an attack of acute enteritis. However, 
infection with SD is also a significant cause 
of abortion in cattle without there having 
been any clinical signs other than retained 
placenta. A sequel to some cases of apparent 
enteric salmonellosis is the development of 
terminal dry gangrene caused by endarteritis 
of the extremities, including ear tips, tail tips, 
and the limbs from the fetlock down. 

Terminal dry gangrene of the extremi¬ 
ties of calves is characterized by lameness, 
swelling of the hindlimbs below the fetlocks, 
and separation of the skin above the fetlock. 
The distal portion of the limb is cool, not 
painful, and the skin is dry or moist. There is 
a clear line of demarcation of the skin at the 
level of the fetlock joints between the normal 
proximal skin and the distal necrotic tissue. 
The phalanges may be separated from the 
metatarsus. The tips of the ears may be indu¬ 
rated and deviated medially, and the distal 
aspect of the tail may be dry and shriveled. 


Abortion caused by SD may occur spon¬ 
taneously without any previous clinical evi¬ 
dence of salmonellosis in the herd and occurs 
from days 124 to 270 of gestation. Cows that 
abort may be ill with a fever, anorexia, and 
hypogalactia, and some will retain fetal 
membranes. In a number of cases, calves 
may be born shortly before term and die in 
the perinatal period. S. Muenster has also 
been implicated in abortions in a dairy herd. 

The experimental disease produced by 
infecting adult cattle with SD by mouth 
varies from no clinical illness to fatal dysen¬ 
tery. Abortion occurs in some pregnant 
females. Many suffer pyrexia, anorexia, and 
mild diarrhea. Experimental infection of 
calves with S. Typhimurium has the same 
general effect, with more severe syndromes 
occurring in younger calves. Chronic cases 
may develop bone lesions, including osteo¬ 
periostitis and osteomyelitis, sometimes with 
epiphyseal separation. Experimental infec¬ 
tion with S. Enteritidis causes profuse yellow 
diarrhea, fever, dehydration, frequent cough, 
and a mucopurulent nasal discharge. 

Ovine and Caprine Salmonellosis 

Depending on the geographic region the 
serovars most commonly associated with 
clinical disease in sheep include S. Typhi¬ 
murium, S. enterica subsp. diarizonae, S. 
Montevideo, SD, S. Abortusovis, and S. 
Enterididis. 13 ' 20,32 Salmonellosis in sheep may 
occur as acute enteritis or abortion on a flock 
scale. However, in the early stages of the 
outbreak and young lambs the infection 
may present as septicemic form. After 
experimental infection of sheep with SD, 
fever and diarrhea are followed in pregnant 
ewes by abortion. Abortion is also common 
in the naturally occurring disease associated 
with all serovars causing clinical disease, not 
just S. Abortusovis. Some ewes die after 
abortion, and many of the lambs born alive 
die subsequently. Fever and diarrhea, fol¬ 
lowed by abortion, have also been produced 
experimentally in sheep by the administra¬ 
tion of SD. 

In goats, naturally occurring cases are not 
often reported. SD is the usual pathogen in 
those countries where it is a resident, but S. 
Typhimurium is also recorded as a cause. 
Peracute septicemia, in newborn animals, 
and acute enteritis occur with signs and 
lesions similar to those in cattle. 

Equine Salmonellosis 

Salmonellosis is one of the common causes 
of infectious diarrhea in horses, and S. 
Typhimurium and S. Agona are the most 
commonly isolated serovars from clinical 
cases. The disease in horses usually occurs in 
a single animal and is sporadic. However, 
outbreaks do occur in newborn foals, in 
groups of horses recently transported, and in 
horses hospitalized in veterinary clinics. 
Analysis of spatial and temporal clustering of 
horses with salmonellosis in an intensive 





care unit of a veterinary teaching hospital 
suggested that affected horses were grouped 
in time. Experimental infection of horses 
by oral administration of S. Typhimurium 
produces a disease similar to the natural 
disease. The incubation period may be as 
short as 24 hours. The following four syn¬ 
dromes occur: 

• Asymptomatic shedding of S. 

Typhimurium in feces intermittently 
or continuously for short periods of 4 to 
6 days 

• A subacute enteric form in adult 
horses on farms in which the disease is 
endemic, with fever, depression, and 
anorexia but without severe diarrhea, 
although the feces may have the 
consistency of soft bovine feces. There is 
no other obvious intestinal abnormality. 
There may be a neutropenia with a left 
shift. 

• Severe, acute fulminating enteritis 
with diarrhea, fever, dehydration, and 
neutropenia occurs. There is abdominal 
pain, which may be sufficiently severe to 
stimulate violent actions. This is the 
common form of the disease, occurring 
commonly in adults that are exposed to 
stress in one form or another. Newborn 
and young foals up to 8 days of age also 
often have this form of the disease, 
characterized by depression, anorexia, 
and diarrhea. 

• In foals up to about 2 days of age 
there is a highly fatal septicemia. 

Localization in survivors includes 
lesions in the brain, causing 
meningoencephalitis and polyarthritis. 
Fatal meningoencephalomyelitis caused 
by S. Agona has been described in a 
7-day-old foal. Clinical findings 
included head tilt, seizures, and 
diarrhea. 

S. Abortusequi has become a rare, only 
occurring in few countries worldwide. Infec¬ 
tion with this serovar is associated with abor¬ 
tion in the last third of gestation, followed by 
retained placenta and metritis. Foals born 
alive may develop acute septicemia in the 
first week of life or polyarthritis in the second 
week of life. In stallions orchitis, pneumonia, 
arthritis, and more rarely tendovaginitis have 
been described. 

CLINICAL PATHOLOGY 

A definitive etiologic diagnosis of salmonel¬ 
losis depends on the isolation of the organ¬ 
ism from tissue aseptically collected at 
necropsy and from feces, blood, milk, and 
other body fluids. In the case of abortion 
suitable material for culture include placenta, 
vaginal swabs, and fetal stomach contents. 33 
Feed, water, and environmental samples may 
be cultured to confirm the presence of the 
pathogen in a herd or flock or to determine 
the source of the organism. The type of 
sample required and frequency of sampling 
will largely depend on the objective of the 
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testing strategy, the clinical presentation (if 
any), and the degree of precision of preva¬ 
lence estimates that is required. Samples 
from individual animals should be obtained 
as aseptically as possible to prevent cross¬ 
contamination. Clinical cases are best 
sampled during the acute phase of the disease 
and before initiating antimicrobial therapy. 
In the case of herd/flocks testing environ¬ 
mental samples, such as pooled feces or 
swabs from floor swabs or boots, may be 
most cost effective. 33 Identifying subclinical 
infection may require repeated sampling and 
a larger sample size because so-called carrier 
animals may shed the bacterium only inter¬ 
mittently and in low numbers. 

The diagnostic techniques available are as 
follows. 

Bacterial Culture 

Bacterial culture is the only way to make a 
definitive etiologic diagnosis of salmonello¬ 
sis and to exactly determine the serotype. 
However, culturing the organism, particu¬ 
larly from feces, is unreliable for various 
factors including the method used to collect 
samples, the amount of material submitted, 
variation in the fecal shedding of the organ¬ 
ism, and the bacteriologic method used. A 
major complicating factor is the occurrence 
of apparently healthy carriers, which shed 
the organism intermittently and in low 
numbers, and silent carriers, which do not 
shed Salmonella in feces but harbor the 
organism in mesenteric lymph nodes or in 
the mucosa of the cecum and colon. The dif¬ 
ficulty varies according to genotype. Host- 
adapted serovars (e.g., SD in cattle or S. 
Abortusovis in sheep) are more difficult to 
isolate from feces than serovars with a 
broader host range such as S. Typhimurium. 
In cattle with SD infection, the bacteria are 
present in the blood and milk for a very brief 
period during the bacteremic phase and 
before diarrhea commences. Cows near 
calving are most likely to be shedding Salmo¬ 
nella in the feces. Multiple cultures at 24-hour 
intervals were found to be superior to single 
fecal cultures for the diagnosis of clinical sal¬ 
monellosis in horses; currently at least five 
consecutive fecal samples are recommended 
to rule out the carrier state in an individual 
animal with over 95% confidence. 21 

The organism can be cultured from tissue, 
body fluids, fecal samples, bulk tank milk, 
milk filters, water, feed, and environmental 
sites. When sampling dairy farms weekly for 
7 to 8 weeks, the prevalence of fecal shedding 
from different groups of cattle may vary 
widely among herds, indicating that herds 
with infected cattle may be classified incor¬ 
rectly if only one group is tested. 

Clinical laboratories generally require at 
least 48 hours for presumptive diagnosis of 
Salmonella spp. in feces because of required 
preenrichment and enrichment steps. Bio¬ 
chemical and serologic confirmation of the 
genotype and the following susceptibility 


testing may require an additional 24 to 
48 hours. 

There are numerous methods to culture 
Salmonella , and the choice of the appropriate 
method depends on the suspected serovars, 
the source and type of the sample, and the 
affected animal species. 

Preenrichment Media 

The use of preenrichment media, such as 
buffered peptone water or preenrichment 
broth, can increase the sensitivity of the fecal 
culture by resuscitating severely damaged 
salmonellas that may otherwise not grow on 
selective culture media. The use of preen¬ 
richment media may, however, not be ideal 
to isolate host-specific serovars that are less 
vigorous and may suffer from overgrowth of 
competing bacteria during this nonselective 
enrichment process. 33 

Enrichment Media 

Enrichment media contain additives that 
selectively stimulate growth of Salmonella 
while inhibiting the growth of competing 
organisms. Examples of selective growth 
media include sodium tetrathionate, selenite 
cysteine, or brilliant green broth. Some of 
these specific enrichment media are, however, 
toxic to the certain Salmonella serovars; for 
example, brilliant green is toxic to many SD 
strains. 33 

Selective Plating Media 

Selective media are solid agars inhibiting 
growth of bacteria other than Salmonella spp. 
while giving information on some of the 
principal biochemical characteristics, such 
as nonlactose fermentation and hydrogen 
sulfide production of Salmonella spp. ” 1 Selec¬ 
tive agars are usually incubated for 24 to 48 
hours at 37°C and Salmonella are present as 
characteristic colonies on these agars that can 
be differentiated from colonies of other bac¬ 
teria. There are, however, certain organisms 
such as Proteus, Pseudomonas, or Citrobacter, 
which may be difficult to differentiate from 
Salmonella on selective agars. In positive 
samples additional biochemical tests are 
required to identify specific serovar variants. 

DNA Recognition and 
Immunologic Methods 

A variety of rapid Salmonella detection 
methods such as electrical conductance/ 
impedance immunomagnetic separation, 
ELISA, and DNA probe PCR methods are 
available. Many of these methods have been 
developed for the use in human foodstuffs 
but have not been fully validated for environ¬ 
mental or fecal samples. Samples containing 
fecal material present a problem for PCR- 
based methods because of the presence of 
inhibitors of the PCR reaction in the test 
sample matrix. 33 In most cases selective or 
nonselective enrichment stages and DNA 
extraction techniques are required when 
using DNA-based methods, resulting in 
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more steps and operator time for the isola¬ 
tion procedure. 

Serology 

Serum Enzyme-Linked 
Immunosorbent Assay 

Serologic testing using ELISA tests on serum 
or milk can be used in herds to identify S. 
Typhimurium or S. Enteritidis infections in 
farm animals and has also been used as a 
diagnostic aid to identify SD carriers. The 
test is based on immunoglobulins to the O 
antigens of the LPS of the organism and is 
usually designed to detect a limited range of 
Salmonella serovars or serogroups. 33 

Salmonella antibody ELISAs are now in 
routine use and are widely available com¬ 
mercially. The tests can be run on individual 
blood or milk samples to identify potentially 
infected individuals or to determine a 
vaccine response; it can also be used to iden¬ 
tify infected herds or flocks by determining 
the presence or absence of antibody in bulk 
milk samples. 33 Bulk tank milk testing for 
antibodies to SD is used as a national screen¬ 
ing diagnostic aid in some countries. Using 
a variety of ELISA tests, muscle fluid samples 
from cattle taken at slaughter can be used as 
an alternative to serum to detect antibodies 
to Salmonella polysaccharide. 

Serologic results of individual animals 
should be interpreted cautiously because 
serologically positive animals may no longer 
be infected with Salmonella. On the other 
hand, infected and shedding individuals 
may not have seroconverted. Particularly in 
regions with low prevalence of Salmonella 
infection the specificity issue means that 
most positive results will be false.’ 3 Repeated 
positive serology in individual animals may, 
however, be used as a diagnostic aid to selec¬ 
tive culling of chronic carrier animals. 

Laboratory Diagnosis in a Suspected 
Sick Animal 

A positive diagnosis depends on culture of 
the organism, usually from feces but possibly 
from blood in the septicemic stage. In case 
of abortion fetal material and placenta 
should be submitted for culture. If serologic 
diagnosis is available a serum sample should 
also be submitted. Indirect tests are very 
valuable and, if laboratory availability is 
good, a total white cell count and estimation 
of serum sodium levels should be under¬ 
taken. A presumptive diagnosis is often all 
that can be stated, and this may be supported 
by a herd diagnosis. 

Herd Diagnosis 

A serologic examination of a sample of 
animals is a first step. A completely negative 
serologic test would indicate that the infec¬ 
tion is not present. Positive results indicate a 
need for further examination, and periodic 
fecal cultures at 15-day intervals should be 
undertaken. When S. Typhimurium is the 
causative bacteria, the feces of other species 


of animals on the farm should be examined, 
because ducks, dogs, horses, pigs, sheep, and 
cattle may be sources of infection for each 
other. It is always advisable to examine the 
drinking water and feed for evidence of 
infection. 

Detection of Clinically Normal 
Carrier Animals 

The most difficult diagnostic problem in sal¬ 
monellosis is the detection of the clinically 
normal carrier animal. The recommended 
procedure is to do fecal cultures on all cows 
at 14-day intervals for three examinations 
and repeat the examination on the day of 
calving. At that time, swabs are taken from 
feces and the vagina of the cow and the feces 
of the calf. The sampling should preferably 
be done when the cows are tied in stanchions 
and not grazing pasture, because of the large 
number of passive carriers of the infection in 
the latter circumstance. In horses at least five 
samples should be submitted for fecal culture 
as a diagnostic procedure to identify carrier 
horses to have over 95% confidence that the 
tested animal is negative for Salmonella spp. 21 

The reliability of diagnosis based solely 
on culture of fecal swabs is not high and rep¬ 
resents the major difficulty in detecting car¬ 
riers. A combination of fecal culture and 
serologic tests offers some improvement in 
accuracy, but even with the agglutination or 
CF tests accuracy is insufficient. 

Determination of Prevalence of 
Infection in Population of Animals 

In food-producing animals it is particularly 
important to determine the prevalence of 
Salmonella infection in a population of cattle. 

NECROPSY FINDINGS 
Septicemia 

There may be no gross lesions in animals that 
have died peracutely but extensive submuco¬ 
sal and subserosal petechial hemorrhages are 
usually evident. In some cases the necropsy 
findings may include splenomegaly and pin¬ 
point white foci in the liver (paratyphoid 
nodules). The histologic lesions are nonspe¬ 
cific, with the exception of the somewhat 
granulomatous character of the older paraty¬ 
phoid nodules. The placentas of cattle and 
sheep aborting because of Salmonella spp. 
often contain very large numbers of intravas¬ 
cular bacteria. 

Acute Enteritis 

Some of the changes associated with the sep¬ 
ticemic form are often present, but the most 
consistent damage is found in the large and 
small intestines. The character of the inflam¬ 
mation here varies from a mucoenteritis with 
submucosal petechiation to diffuse hemor¬ 
rhagic enteritis. Similar lesions may be 
present in the abomasum, and in SD infec¬ 
tions in calves multiple mucosal erosions 
and petechiation of the abomasal wall are 
common. Infections with S. Typhimurium 


are characterized by severe necrotic enteritis 
in the ileum and large intestine. The intesti¬ 
nal contents are watery, have a putrid odor, 
and may contain mucus or whole blood. In 
cases that have survived for longer periods, 
superficial necrosis and fibrin exudation may 
proceed to the development of an extensive 
diphtheritic pseudomembrane and fibrin 
casts. The mesenteric lymph nodes are 
enlarged, edematous, and hemorrhagic. The 
wall of the gallbladder may be thickened and 
inflamed. 

Chronic Enteritis 

In cattle, the chronic form is usually mani¬ 
fested by discrete areas of necrosis of the wall 
of the cecum and colon. The wall is thick¬ 
ened and covered with a yellow-gray necrotic 
material overlying a red, granular mucosal 
surface. Less commonly the lesions are dis¬ 
crete in the form of button ulcers, occurring 
most frequently in the cecum around the 
ileocecal valve. The mesenteric lymph nodes 
and the spleen are swollen. In all species, 
chronic pneumonia and a variety of other 
localized inflammatory processes such as 
polyarthritis and osteomyelitis may be found. 

Salmonellas are present in the heart, 
blood, spleen, liver, bile, mesenteric lymph 
nodes, and intestinal contents in both septi¬ 
cemic and acute enteric forms. In the chronic 
form, the bacteria may be isolated from the 
intestinal lesions and less commonly from 
other viscera. Culture is more successful if 
enrichment media such as tetrathionate 
broth are used. Surveys that set out to deter¬ 
mine the percentage of carriers in animal 
populations by examining abattoir material 
show that by far the largest number of isola¬ 
tions are made from the lymph nodes drain¬ 
ing the cecum and lower small intestine. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Ileocecal lymph node, 
ileum, colon, spleen, lung, liver, and 
culture swab from gall bladder (CULT) 

• Histology: Formalin-fixed samples from 
these tissues plus kidney, stomach, and 
brain (LM) 

Note the zoonotic potential of these organ¬ 
isms when handling carcasses and submit¬ 
ting specimens. 


DIFFERENTIAL DIAGNOSIS 


The clinical diagnosis of salmonellosis is 
difficult because of the number of other 
diseases that resemble each form of the 
disease. Salmonellosis is characterized by 
septicemia in young animals and acute and 
chronic enteritis in adults, although acute 
enteritis can occur in neonates. Thus the 
septicemic form of the disease must be 
differentiated from all other causes of 
septicemia, and the enteric forms 
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differentiated from all other causes of diarrhea 
in both young and adult animals. At necropsy 
the isolation of salmonellas from tissues and 
intestinal contents, although suggestive of the 
presence of salmonellosis, does not of itself 
confirm the diagnosis, and care must be taken 
to ascertain whether other disease is present. 

Cattle 

Septicemia 

The septicemic form of salmonellosis in 
calves resembles coliform septicemia, 
and differentiation is possible only by 
bacteriological examination of blood, feces, 
and tissues. Salmonellosis occurs most often 
during the second and third weeks of life in 
contrast to coliform septicemia, which occurs 
most often in the first few days of life. Both 
are characterized by weakness, depression, 
polypnea, tachycardia, fever or hypothermia, 
scleral injection and hemorrhages, diarrhea, 
and rapid death. 

Acute enteritis 

Acute enteric salmonellosis in adult cattle or 
calves is characterized by fever, anorexia, 
toxemia, abdominal pain, diarrhea and 
dysentery, excessive mucus and fibrinous casts 
and strands in the feces, and dehydration. 

• Coccidiosis is most common in young 
cattle 2-8 months of age and is 
characterized by diarrhea with frank blood 
in the feces, tenesmus, only occasionally 
systemic signs of dehydration and anemia, 
and spontaneous recovery in a few days; 
rarely there are nervous signs and death. 

• Acute intestinal obstruction is 
characterized by abdominal pain, scant or 
absent feces, bloodstained feces, tenesmus, 
anorexia, and palpable abnormalities on 
rectal examination. 

• Hemorrhagic bowel syndrome is 

characterized by acute onset and 
pronounced abdominal pain associated 
with signs of systemic disease but no fever. 
Feces contain large amounts of dark red, 
partially or entirely clotted blood resembling 
blackberry jam. The condition typically 
affects individual adult midlactating cows. 

• Winter dysentery occurs in explosive 
outbreaks in housed adult cattle; the feces 
are gray with flecks of blood, there is no 
toxemia, no dehydration, and the disease is 
self-limiting in 24-48 h. 

• Mucosal disease is characterized by 
typical oral erosions, anorexia, fever, 
persistent diarrhea, dehydration, lesions in 
the interdigital clefts, and a high case- 
fatality rate. 

• Bracken fern poisoning is characterized 
by dysentery, scleral hemorrhages, and a 
history of access to the bracken plant. 

• Other poisonings, especially arsenic and 
to a lesser extent lead and a number of 
miscellaneous weeds, may cause a similar 
acute enteritis. 

Chronic enteritis 

Chronic enteric salmonellosis may resemble 

paratuberculosis (Johne's disease) or 
chronic molybdenum poisoning, but 
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dysentery and epithelial casts do not occur in 
these diseases. Massive stomach fluke 
infestations may also cause diarrhea and 
dysentery. 

Abortion 

Abortion caused by salmonellosis requires 
laboratory examination of the fetus, fetal 
fluids, vaginal mucus, feces, and milk of the 
aborting animals. 

Sheep 

Diarrhea associated with infections with 
coccidia or Campylobacter spp. or by parasitic 
infestation may resemble enteric salmonellosis 
in sheep, but the latter is usually more acute 
with a higher fatality rate. Salmonella- related 
abortion requires laboratory examination of 
the fetus, fetal fluids, vaginal mucus, feces, of 
the aborting animals. 

Horses 

Septicemia 

Septicemic salmonellosis in foals may resemble 
the septicemias associated with Escherichia 
coli and Actinobacillus equuli. 

Acute enteritis 

Acute enteric salmonellosis in adult horses 
causes profuse diarrhea, dehydration, severe 
depression, and weakness. A history of recent 
transportation often helps in suggesting the 
diagnosis of salmonellosis in adult horses, in 
which colitis X is the important differential 
diagnosis. 

Idiopathic equine colitis X is a severe 
enterocolitis of adult horses characterized by 
profuse diarrhea, marked dehydration, and a 
high case-fatality rate in spite of intensive 
fluid therapy. Many cases are considered to be 
enteric salmonellosis, but the definitive 
etiological diagnosis is often not obtained. 

Other diagnoses that must be considered 
include: 

• Clostridiosis caused by C. perfringens 
type A and C. difficile may result in 
peracute hemorrhagic diarrhea, marked 
dehydration, and rapid death. 

Chronic enteritis 

Chronic diarrhea caused by salmonellosis may 
resemble parasitism, granulomatous 
enteritis, or lymphosarcoma. 


TREATMENT 

Primary Treatment: Antimicrobial 
Therapy 

The use of antimicrobials for the treatment 
of clinical salmonellosis is controversial. 
Concerns with this treatment approach 
include the risk of creating so-called carrier 
animals and the selection for AMR particu¬ 
larly when using antimicrobials not only on 
clinically affected individuals but metaphy- 
lactically on a group of exposed animals. 
Issues are in part derived from experience in 
human medicine where invasive infection 
with Salmonella is uncommon and antimi¬ 
crobial therapy is discouraged. 23 However, 
bacteremia is frequently encountered in 
cattle with acute enteritis, and septicemia is 
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a feature of clinical salmonellosis in foals, 
calves, and lambs. In acute cases of clinical 
salmonellosis with suspected or confirmed 
bacteremia it would be professionally negli¬ 
gent not to treat affected animals with 
appropriate antimicrobials. There is indeed 
evidence that antimicrobials can prolong the 
duration of the period after clinical recovery 
from acute and in particular from chronic 
enteritis in humans and animals during 
which the causative bacteria can be isolated 
from the intestine. It is accepted that this can 
occur and that the use of antimicrobials may 
contribute to the spread of disease. 

Another related issue is the creation of 
drug-resistant strains. The problem with 
resistant strains would not have become a 
significant one if only individual animals had 
been treated, but mass medication of in¬ 
contact animals and prophylactic treatments 
have generally resulted in a large population 
of resistant strains. 

Oral treatment in cattle and pigs is recog¬ 
nized as a satisfactory treatment, but it is 
not recommended in horses in which an 
immediate worsening of the diarrhea, or its 
prolongation as a persisting chronic diar¬ 
rhea, may be encountered. It is thought that 
both sequelae result from an alteration of 
the normal population of intestinal micro¬ 
flora resulting from the 8 to 10 times greater 
concentration of drug that occurs in the 
intestine after oral treatment, compared with 
the concentration resulting from parenteral 
injection. 

If antimicrobial therapy is considered, the 
choice of antimicrobials should be based on 
antimicrobial susceptibility testing whenever 
this is possible. Because salmonellas are fac¬ 
ultative intracellular pathogens, it is critical 
to choose an antimicrobial with good tissue 
penetration that attains adequate intracellu¬ 
lar concentrations. 

Ruminants 

Currently many countries lack antimicrobi¬ 
als labeled for treatment of bovine salmonel¬ 
losis. In cases of acute and severe disease in 
which antimicrobial therapy is most appro¬ 
priate and treatment cannot be delayed, 
broad-spectrum antibiotics are often used 
because of the considerable turnaround time 
of bacterial culture and susceptibility testing 
in the case of Salmonella. As a result, treat¬ 
ment of salmonellosis in cattle is largely 
empirical, and extralabel use of certain anti¬ 
microbials is common in veterinary practice. 

Salmonella spp. are gram-negative bacte¬ 
ria that are generally resistant to penicillin, 
erythromycin, and tylosin. Resistance to 
other antimicrobials such as ampicillin, 
amoxicillin, ceftiofur, florfenicol, sulfon¬ 
amides, ceftiofur, trimethoprim-sulfas, and 
tetracyclines is variable. 16-23 Multidrug resis¬ 
tance is encountered more often in strains 
isolated from calves than from adult cows. 16 

Historically ampicillin, chloramphenicol, 
and trimethoprim-sulfas have been widely 
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used for the treatment of salmonellosis in 
cattle, but with resistance to these com¬ 
pounds becoming increasingly common and 
food safety concerns with the use of chlor¬ 
amphenicol in food-producing animals the 
use of ceftiofur has become more common, 
particularly in the United States. Chloram¬ 
phenicol is now banned for use in food- 
producing animals in many countries. 
Nitrofurazone given orally to calves and adult 
cattle was commonly used for the treatment 
of salmonellosis but is now similarly banned. 
In countries where it is permitted fluoroqui¬ 
nolones are widely used for the treatment of 
clinical cases. The use of third- and fourth- 
generation cephalosporins and fluoroquino¬ 
lones that are considered critically important 
antimicrobial agents in human and veteri¬ 
nary medicine for veterinary use is, however, 
discouraged by the World Organization of 
Animal Health (OIE); the use of these com¬ 
pounds should be limited to cases in which 
resistance to other antimicrobials is con¬ 
firmed or at least must be assumed. 

Horses 

As in other species antimicrobial therapy in 
horses infected with Salmonella is controver¬ 
sial. Although antimicrobials are indicated in 
cases of bacteremia or septicemia as it occurs 
in foals, their efficacy for the treatment of 
enterocolitis or healthy shedders is question¬ 
able. In any case the choice of an antibiotic 
should be based on drug sensitivity of the 
organisms isolated whenever possible. Based 
on some studies of isolates from horses, gen¬ 
tamicin at 3 mg/kg BW combined with ampi- 
cillin at 20 mg/kg BW given intravenously 
at 8- to 12-hour intervals has been recom¬ 
mended. An alternative is trimethoprim- 
sulfonamide given twice daily intravenously 
at a combined dose of 30 mg/kg BW or ceft- 
iofur at 2 to 4 mg/kg BW, twice daily. Sulfa¬ 
diazine, sulfadoxine, and sulfamethoxazole 
are the best sulfonamides to combine with 
trimethoprim for salmonellosis in the horse. 
Care needs to be exercised when treating 
adult horses for salmonellosis because of the 
tendency for antimicrobials, especially tetra¬ 
cyclines, to precipitate attacks of diarrhea. 

Foals with septicemic salmonellosis are 
usually treated both systemically and orally 
with antimicrobials, sometimes a different 
one by each route. Treatment must be 
given at least at 6-hour intervals and accom¬ 
panied by a supportive fluid therapy. Antimi¬ 
crobials recommended include gentamicin, 
ampicillin, sulfonamide combinations, and 
chloramphenicol. 

Supportive Therapy 

Supportive therapy includes the use of oral 
electrolyte solutions and polyionic ion fluids 
administered intravenously to replace fluid 
and correct electrolyte and acid-base imbal¬ 
ances (see Chapter 5). 

NSAIDs have been recommended to alle¬ 
viate endotoxin-related symptoms, control 


pain, and possibly prevent the risk of lami- 
nitis in horses. Maintaining adequate hydra¬ 
tion is particularly important when using 
NSAIDs that decrease renal perfusion and 
may become nephrotoxic in dehydrated indi¬ 
viduals. Prolonged use of NSAIDs has been 
associated with gastric/abomasal ulceration 
in different species and colonic ulceration in 
horses. Their use should therefore be limited 
in time and at the lowest possible dose. 
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Antimicrobial therapy in cases of 
suspected/confirmed bacteremia 

The use of antimicrobials for the treatment of 
chronic enteritis or healthy shedders is highly 
controversial. 

Cattle/calves 

Trimethoprim-sulfonamide (20 mg combined/ 
kg) IV/IM every 12-24 h) (R2) 

Amoxicillin (10 mg/kg IM every 12 h) (R2) 
Amoxicillin-clavulanate (12 mg combined/kg 
IM every 12 h) (R2) 

Ampicillin (10 mg/kg PO/IM every 12 h) (R2) 
Enrofloxacin* (2.5-5.0 mg/kg SC/IM every 
24 h) (R2) 

Ceftiofur* (1.1-2.2 mg/kg BW every 24 h SC/ 
IM for 3 days) (R2) 

Horses/foals 

Trimethoprim-sulfonamide (30 mg combined/ 
kg IV/IM/PO every 12 h) (R2) 

Ampicillin (20 mg/kg IV/IM every 8-12 h) (R2) 
Amoxicillin trihydrate (20 mg/kg IM every 
12 h) (R2) 

Ceftiofur* (2-4 mg/kg every 24 h SC) (R2) 
Fluoroquinolones* (R3) 

Foals 

Gentamicin 6.6 mg/kg IV every 24 h or 
4.4 mg/kg IV every 12 h, ensure adequate 
hydration (R2) 

Chloramphenicol (50 mg/kg IV every 6-8 h) 

(R2) 

Antiinflammatory therapy 

Flunixin meglumine (2.2 mg/kg IV as a single 
dose) (R2) 

Meloxicam (0.5 mg/kg SC/IV as a single dose) 
(R2) 

Fluid therapy 

Oral and parenteral fluid therapy to substitute 
water and correct acid-base and electrolyte 
imbalances’ 

IM, intramuscularly; IV, intravenously; PO, orally; 

SC, subcutaneously. 

*Are classified as critically important 
antimicrobials in human and veterinary medicine. 
Use as first line treatment is discouraged. 

CONTROL 

Prevention of Introduction of 
Infection (Biosecurity) 

Avoidance of infection is the major objective 
but is not easily achieved. The principal 
sources of infection are carrier animals and 


contaminated feeds containing foodstuffs of 
animal origin. There is a critical need to 
develop methods to control the spread of 
Salmonella infections on dairy farms by 
instituting biosecurity and biocontainment 
practices in addition to enhanced farm man¬ 
agement. This would result in a reduction in 
the use of excessive antibiotic treatment of 
individual animals or herds. 

A closed herd minimizes the risk of infec¬ 
tion but is not a practicable procedure for the 
types of animal producer (the calf-rearer and 
the commercial pig fattener) for which sal¬ 
monellosis is a major problem. For such pro¬ 
ducers the following rules apply: 

• Introduce the animals directly from the 
farm of origin. Avoid auction marts, 
saleyards, and public transport, all of 
which are likely to be sources of 
infection. Ensure that the farm of origin 
is free of salmonellosis. 

• If possible, purchase animals when they 
are older, such as 6 weeks of age for 
calves, to provide an opportunity for 
specific and nonspecific immunity to 
develop. Animals from vaccinated herds 
are desirable. 

• The premises of dealers, saleyards, and 
transport vehicles must be under close 
surveillance and the need for frequent 
vigorous disinfection must be stressed. 
The infection rate in calves delivered to 
calf-dealers’ yards in the UK was less 
than 1%, but the infection rate increased 
to 36% if the calves were kept on the 
premises over the weekend. 

• Introduce only those animals likely not 
to be carriers. Unfortunately the 
detection of carriers is inaccurate and 
expensive. To have any confidence in 
the results, fecal samples for culture 
must be submitted on at least three 
occasions. Even then, occasional carriers 
with lesions in the gallbladder or tonsils 
will escape the net and be capable of 
reviving the disease on the farm or 
transferring it to another one. 
Management practices to reduce the risk 

of S. Brandenburg on a sheep farm include 
reducing stocking density; avoiding strip 
grazing; maintaining adequate nutrition; 
minimizing yarding of ewes and the time 
spent in yards; dampening down yards before 
yarding; providing stock with a fresh clean 
source of drinking water; avoiding the pur¬ 
chase and/or grazing of stock from known 
affected farms, as they may contain carrier 
animals; preventing dogs from scavenging; 
and preventing scavenging by black-backed 
gulls by removing and burying aborted 
fetuses frequently during the lambing season. 

Limitation of Spread Within a Herd 

When an outbreak occurs, procedures for 
limiting spread, as set out next, need to be 
strictly enforced, and medication of affected 
groups, and of susceptible groups at high 
risk, must be performed. 










Identify carrier animals and either 
cull them or isolate and treat them 
vigorously. Treated animals should be 
resampled subsequently to determine 
whether a “clean” status has been 
achieved. 

The prophylactic use of antimicrobials 
is used but not recommended because 
results are poor and there is a risk of 
developing resistant strains. Probiotics 
intended for the prevention of shedding 
of Salmonella in the postoperative 
period in horses with colic have been 
evaluated and found to be ineffective. 
Restrict the movement of animals 
around the farm and limit the infection 
to the smallest group. Pasture and 
permanent buildings are both important, 
although the major source of infection 
in most cases is the drinking water. 

The water supply should be provided 
in troughs that are not susceptible to 
fecal contamination. Static drinking 
water or pasture may remain infected 
for as long as 7 months. 

Rigorous disinfection of buildings is 
important. An all-in/all-out policy 
should be adopted and steam cleaning 
and disinfection performed after each 
batch of animals. If economics permit, 
individual pens for calves are beneficial. 
Where calves are reared indoors they 
are common and economical. Dirt 
yards present a problem, especially 
those used for sheep and calves, but, 
provided they can be kept dry and 
empty, two sprayings, 1 month apart, 
with 5% formalin is recommended. 

The control of salmonellosis in 
veterinary clinics and veterinary 
teaching hospitals requires special 
attention to the possible sources of 
infection and containing and preventing 
the spread of infection. Following the 
diagnosis of the disease in a clinic, 
an environmental survey should be 
performed using bacteriologic culturing 
of stalls, wall padding, stomach pumps, 
nasogastric tubes, alleyways, water 
drains, and other equipment used 
routinely. This is followed by a thorough 
cleaning and disinfection of the entire 
animal-holding premises. The surfaces 
are then recultured to determine the 
presence of residual contamination. 
Medical and surgical equipment are 
cleaned and sterilized. Traffic flow 
patterns in the clinic are reviewed and 
modified accordingly. Use of disposable 
gloves and thorough washing of hands 
after handling suspect animals are 
recommended. Stalls in which horses 
with salmonellosis were housed should 
only be used to accommodate newly 
hospitalized horses after samples 
(collected after two cycles of cleaning 
and disinfection) from stall drains, 
cracks, and corners yield negative results 
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on bacteriologic culture. Using PCR 
assay for Salmonella DNA, samples from 
floor drains and drainpipes yield the 
greatest proportion of positive results. 
The PCR results should be confirmed by 
bacteriologic culture, because a positive 
PCR in itself is not considered to pose 
a risk of salmonellosis to hospitalized 
horses. When a hospitalized horse leaves 
its stall permanently, it should be 
cleaned of organic matter using a cold 
water hose and scrubbed with a steel 
wool mop. This is followed by an 
application of generic bleach solution. 
This is then followed 24 hours later by 
another cleaning and disinfection with 
a peroxygen solution (Virkon) and 
allowed to dry. Virkon is a balanced 
stabilized blend of peroxygen 
compounds, surfactants, organic acids, 
and inorganic buffer system. Active 
ingredients are potassium 
peroxymonosulfate, sodium chloride, 
and other ingredients. It is effective 
against a wide range of bacteria, virus, 
and fungi, including: S. pyogenes, C. 
pyloridis, Klebsiella pneumoniae, E. coli, 
and S. Typhimurium. 

• Suitable construction of housing is 
important. Impervious walls to stop 
spread from pen to pen, pen design to 
permit feeding without entering the pen, 
avoidance of any communal activity, and 
slatted floors to provide escape routes 
for manure all assist in limiting the 
spread of enteric diseases. Pen design 
and the environment should be such 

as to encourage proper eliminative 
behavior and good pen hygiene. 
Drinkers should be sited at one end of 
the pen, preferably on a narrow end 
with oblong pens, to encourage 
defecation in this area. Wet or damp 
areas of the floor in other parts of the 
pen will encourage defecation and 
urination there and should be 
eliminated. Drinkers of the nipple type 
rather than bowls are preferable for 
hygienic reasons. Communal dunging 
alleys increase the possibility of 
spread, especially during the cleaning 
procedure, and the trend is toward 
slatted or meshed areas over a channel. 

• Disposal of infective material should 
be done with care. Carcasses should 
be burned or, better still, sent to an 
institution for diagnosis, rather than to a 
rendering plant to be converted into still 
more contaminated bonemeal. Slurry 
and manure for disposal should be 
placed on crops rather than on pasture. 
Slurry does not constitute a danger via 
hay, and salmonellas do not survive 
silage making. When slurry is used on 
pasture it should be stored for at least a 
month beforehand and even longer if 
silo effluent is included. Slurried pasture 
should not be grazed for 1 month, and 


for young animals a 6-month delay is 
recommended. Pig slurry is most 
dangerous and should always be 
avoided. 

• All persons working on infected 
premises should be warned of the 
hazards to their own health. Other 
peripatetic species, especially dogs, 
should be kept under close restraint. 

Principles of Infectious Disease 
Control for Prevention of Nosocomial 
Gastrointestinal and Respiratory 
Diseases in Large-Animal Hospitals 

The principles of an IDC program for the 
prevention of gastrointestinal and respira¬ 
tory diseases in a large-animal hospital have 
been described and are applicable to the 
control of salmonellosis. The three basic 
strategies are reducing exposure to patho¬ 
gens, avoiding increasing susceptibility to 
pathogens, and monitoring effectiveness of 
the IDC program. The major procedures are 
summarized here. 

Reducing Exposure to Pathogens 

• Promoting appropriate personal hygiene 

• Using effective methods for cleaning 
and disinfection 

• Controlling the flow of human and 
animal traffic 

• Implementing protocols for prompt 
identification of patients with signs of 
contagious disease 

• Controlling birds, rodents, and flies 

Avoiding Increasing Susceptibility 
to Pathogens 

• Controlling ambient temperature 

• Using antimicrobials appropriately 

• Aiding in establishing normal intestinal 
or rumen flora 

• Controlling endotoxemia 

Monitoring Effectiveness of the 
Infectious Disease Control Program 

• Bacterial culture of fecal samples of 
animals admitted to the hospital 

• Regular culture of environmental 
samples. 

Recommended Steps in Developing 
an Effective Infectious Disease 
Control Program for a Large-Animal 
Hospital 

An effective IDC program is necessary for all 
large-animal veterinary teaching hospitals 
and private veterinary clinics. The recom¬ 
mended steps are outlined here. 

• Have all clinicians work together to 
develop and approve the IDC program, 
because grassroots buy-in is vital. 

• Develop a specific, written IDC program 
and disseminate it widely among staff 
members. 

• Identify a veterinarian who is active in 
the large-animal hospital to serve as the 
IDC officer; this individual will oversee 
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the IDC program and should report to 
the hospital director and practice 
partners. 

• Provide the resources, both human and 
monetary, needed for the IDC officer to 
effectively perform the approved IDC 
program; prevention costs less than the 
alternatives. 

• Make students, residents, and staff aware 
of the key points of the IDC program 
and the importance that clinicians place 
on compliance. 

• Teach the barn crew, particularly those 
actually responsible for cleaning, 
disinfecting, and feeding, about the 
goals of the IDC program and the 
methods to be used. 

• Monitor the effectiveness of cleaning 
and sanitation by means of bacterial 
culture of environmental samples and 
give regular feedback to the barn crew, 
staff, students, and clinicians. 

• Hold a seminar at least yearly to 
distribute written information about 
the IDC program and results of 
monitoring. 

Animals Being Transported 

Animals being transported are a special case. 
They should be unloaded or exercised at least 
once every 24 hours and given water and 
feed, with the feed provided first and at least 
2 hours before watering. Hay or chopped hay 
is preferred to succulent feeds. All railroad 
cars and feeding and watering troughs 
should be properly cleaned and disinfected 
between shipments. Horses that are to be 
transported should be yarded and hand-fed 
on hard feed for 4 to 5 days beforehand. If 
the disease is likely to occur, prophylactic 
feeding with sulfonamides or antimicrobials 
has been shown to decrease the incidence 
in all species. Apart from the risk that this 
practice will produce resistant bacteria, there 
has been a suggestion that it may so change 
the normal bacterial flora of the gut as to 
encourage the proliferation of salmonellas 
and lead to the development of the clinical 
disease. 

Immunization 
Salmonella Vaccinology 

Host resistance to Salmonella relies initially 
on the production of inflammatory cyto¬ 
kines leading to the infiltration of activated 
inflammatory cells in the tissues. Thereafter, 
T- and B-cell-dependent specific immunity 
develops, allowing the clearance of Salmo¬ 
nella from the tissues and the establishment 
of long-lasting acquired immunity to rein¬ 
fection. The increased resistance that devel¬ 
ops after primary infection or vaccination 
requires T-cells, cytokines such as IFN-y, 
TNF, and IL-2, in addition to opsonizing 
antibody. Seroconversion and/or the pres¬ 
ence of detectable T-cell memory do not 
always correlate with the development of 
acquired resistance to infection. 


Long-term immunity using live attenu¬ 
ated vaccines is serotype specific and involves 
the recall of immunologic immunity. Killed 
vaccines induce strong antibody responses 
but trigger insufficient Thl-cell responses. 

Vaccination can decrease the number of 
bacteria shed in feces and the number of 
blood-culture-positive calves, thus decreas¬ 
ing the number of carriers and reducing 
environmental contamination. Many types 
of vaccines have been developed and tested 
in cattle and pigs. If vaccination is combined 
with the hygienic precautions described, the 
vaccines are an aid to management. Killed 
bacterins and live attenuated vaccines are 
available. Either can be used as a prenatal 
vaccine to provide passive immunization of 
the newborn. It is now generally accepted 
that live Salmonella vaccines are more effec¬ 
tive immunogens in calves than are killed 
vaccines. 

Cattle 

In cattle, SD is the infection likely to be 
endemic in a herd and a commercial vaccine, 
to be effective, must have a strong SD com¬ 
ponent. Live organisms are better able to 
stimulate anti-LPS antibodies and to stimu¬ 
late cell-mediated immunity. Calves vacci¬ 
nated at 1 to 3 weeks of age with a 
modified-live aromatic-dependent SD bac- 
terin have detectable anti-LPS immunoglob¬ 
ulins after immunization. Safe five oral 
vaccines against S. Typhimurium and SD 
have been constructed and shown to confer 
protection against experimental infection 
with virulent wild-type strains of the organ¬ 
ism. Vaccination of calves orally with a 
genetically altered stable nonreverting aro- 
SD as a modified-live vaccine provided 
a measurable systemic immune response, 
but the vaccine volume makes it unlikely 
to be practical for field use. Vaccinated 
calves responded with increases in humoral- 
mediated and cell-mediated immunity, as 
measured by ELISA and skin testing. It is 
claimed that the combination of humoral 
immunity and cell-mediated immunity stim¬ 
ulated by live-organism vaccines provides 
superior protection. Other genetically altered 
vaccines consisting of hybrid strains derived 
from SD and S. Typhimurium are being 
evaluated. An avirulent live SCS vaccine is 
efficacious experimentally against salmonel¬ 
losis caused by SD infection in calves. 

The vaccine strain 51, produced in the 
UK from a rough variant strain of this organ¬ 
ism, has been found to be efficient and safe 
and provides good protection against S. 
Typhimurium as well as SD. It has the disad¬ 
vantages of a living vaccine, but calves can be 
vaccinated successfully at 2 to 4 weeks of age. 
In limited experiments other living, attenu¬ 
ated, and killed, adjuvanted vaccines have 
given calves protection, and a comprehensive 
program of vaccination, hygiene, and adop¬ 
tion of a closed herd policy has been success¬ 
ful in controlling the disease. Reports on 


killed S. Typhimurium vaccines used in 
calves indicated good results provided the 
antigenic mass in the vaccine is kept high, 
but commercial killed vaccines are of doubt¬ 
ful value. 

Attenuated S. Typhimurium (strain 
SL1479) given orally or intramuscularly has 
shown good efficiency, and attenuated SD 
(strain SL1438) has been similarly effective. 
The S. Typhimurium vaccine also gives some 
protection against SD. 

The autogenous bacterin, which must be 
precipitated on aluminum hydroxide to have 
any significant effect, is given as two injec¬ 
tions 2 weeks apart. Good immunity is pro¬ 
duced but calves and pigs less than 6 weeks 
of age are refractory, and anaphylactic reac¬ 
tions may cause the loss of a significant 
number of animals. To protect young calves 
the best program is to vaccinate the cows 
during late pregnancy. This will give passive 
protection to the calves for 6 weeks, provided 
they take sufficient colostrum, and the calves 
can be vaccinated at that time if danger still 
exists. Vaccination of pregnant cattle with 
a formalin-killed S. Typhimurium vaccine 
approximately 7 weeks and then 2 weeks 
before parturition protected their calves 
against experimental infection. Reports of 
results have not been enthusiastic, but if 
proper attention is given to the detail of the 
program it has been sufficient, in the author s 
hands, to provide almost complete protec¬ 
tion. A similar observation has been made 
with respect to vaccination of calves against 
S. Typhimurium. 

Horses 

In horses, a similar regimen with a booster 
dose for all mares in late pregnancy appears 
to be effective. In foals, an autogenous S. 
Typhimurium bacterin has been used in 
several bad field situations and has been 
credited with preventing further clinical 
cases and with reducing environmental con¬ 
tamination, in spite of continued poor 
hygiene and management practices. 

Sheep 

Results in sheep have been unconvincing. 
Some live S. Typhimurium vaccines are 
being evaluated for their efficacy against sal¬ 
monellosis in sheep. 
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ACUTE UNDIFFERENTIATED 
DIARRHEA OF NEWBORN FARM 
ANIMALS (PARTICULARLY 
CALVES AND PIGLETS) 

Diarrhea in newborn farm animals, particu¬ 
larly calves under 30 days of age and piglets 
in the first week of life, is one of the most 
common disease complexes that the large- 
animal clinician encounters in practice. It is 
a significant cause of economic loss in cattle 
and pig herds and continues to assume major 
importance as livestock production becomes 
more intensified. Considerable progress has 
been made in the treatment of the effects of 
diarrhea, such as dehydration and acidemia, 
but less so in the control of these disease 
complexes. 

The causes of calf and piglet diarrhea are 
complex and usually involve an interaction 
between enteropathogenic bacteria, viruses, 
protozoa, the colostral immunity of the 
animal, and the effects of the environment 
(Table 7-27). Thus the term acute undiffer¬ 
entiated diarrhea of newborn calves is used 
to describe the type of acute diarrhea that 
occurs in newborn calves under 30 days of 
age, characterized clinically by acute profuse 
watery diarrhea, progressive dehydration, 
acidemia, and death within days, or earlier 
if not treated. Based on clinical findings 
alone, it is not usually possible to differenti¬ 
ate between the common known causes of 
diarrhea in newborn calves, which include 
ETEC, enteropathogenic (attaching and 
effacing) E. coli (EPEC), necrotoxigenic E. 
coli, rotavirus, coronavirus, bovine torovirus 
(Breda virus), norovirus, Cryptosporidium 
spp., Giardia spp., and Salmonella spp. The 


common necropsy findings are dehydration, 
emaciation, and a fluid-filled intestinal tract, 
with no other obvious gross lesions. The 
exceptions are enteritis associated with Sal¬ 
monella spp., C. perfringens types B and C, 
Eimeria spp., and EPEC, in which there are 
usually typical gross lesions at necropsy. 

Thus the disease is considered to be a 
complex syndrome because one or any com¬ 
bination of more than one of the specific 
etiologic agents is isolated in clinical cases. 
Animal and environmental risk factors 
play an important predisposing role in the 
development of clinical disease, and disease 
may not occur or may occur with lower inci¬ 
dence and/or severity in absence of such pre¬ 
disposing factors. 

RISK FACTORS 

Many interrelated risk factors have been 
associated with increased incidence of calf 
diarrhea and have added to the difficulty of 
understanding the complexity of the disease 
and controlling it. The identification and 
modification or removal of these risk factors 
can be very effective in the clinical manage¬ 
ment and control of epidemics of the disease. 

Animal Risk Factors 

The host risk factors, some of which are 
interrelated, include the following: 

• Primiparous dam (higher risk of 
dystocia, lower quality of colostrum ...) 

• Immaturity/low birth weight of the 
neonate 

• Difficult birth (mechanical trauma, 
asphyxia, acidemia, and impaired 
vigor) 

. FTPI 


Table 7-27 Differential diarrhea 
farm animals 

Most likely causes of acute neonatal diarrhea in 

Calves 

Piglets 

Lambs and kids 

Foals 

Acute neonatal diarrhea 

Enteropathogenic and 
enterotoxigenic Escherichia coli 

Enteropathogenic E. coli 

C. perfringens 
type C 

Foal-heat 

diarrhea 

Rotavirus 

Salmonella spp. 

C. perfringens 
type B 

Rotavirus 

Coronavirus 

Transmissible 
gastroenteritis virus 

(lamb dysentery) 

C. perfringens 
type B 

Bovine torovirus (Breda virus) 


Rotavirus 


Bovine calicivirus 

C. perfringens type C 
(rarely A) 

Caprine 

herpesvirus 


Bovine norovirus 




Cryptosporidium spp. 

C. difficile 



Giardia spp. 

Rotavirus 



Salmonella spp. 

PRRSV 



Eimeria spp. (calves at least 3 
weeks old) 

Isospora spp. 



Clostridium perfringens type C 




PRRSV, porcine reproductive and respiratory syndrome virus. 
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Table 7-28 Calf diarrhea risk factors: Risk factors and their role in acute 
undifferentiated diarrhea of newborn calves 

Risk factor 

Role of risk factor 

Colostral immunity 
of calf 

Low levels of serum immunoglobulins render calves highly susceptible to 
death from diarrhea. 

Dystocia 

Calves born at a difficult calving were at increased risk of developing 
and dying of diarrhea. 

Parity of dam 

Calves born from heifers may not acquire sufficient levels of colostral 
immunoglobulins. 

Residence time in 
maternity pen 
(dairy) 

Dairy calves remaining in the maternity pen with their dam for longer 
than 24 h were found to be at increased risk of developing diarrhea, 
presumably caused by longer exposure to pathogens and/or lower 
amounts of ingested colostrum. 

Group housing 
(versus hutches) 

Calves housed in groups were at higher risk of developing diarrhea, 
presumably because of facilitated fecal-oral transmission of pathogen. 

Overcrowding 

Increased population density increases infection rate and high morbidity 
and mortality. 

Preventive 
antimicrobial use 

Calves with adequate colostrum supply were at higher risk of developing 
diarrhea when treated preventively with medicated milk replacer. 12 

Meteorological 

Changes in weather; wet, windy, and cold weather commonly precedes 
outbreaks of diarrhea in beef calves; higher mortality in dairy calves 
exposed to hot environmental temperatures; high environmental 
temperatures precipitate outbreaks 

Quality of diet 

Heat denatured skim milk used in milk replacers is less digestible than 
whole milk and precipitates diarrhea. 

Calf rearer 

The concern and care provided by the calf rearer will have a direct effect 
on morbidity and mortality associated with diarrhea. 

Herd size 

Conflicting reports over the effect of herd size on the incidence rate of 
calf diarrhea and calf mortality have been published. 


• Nutrition of the pregnant dam (reduced 
quantity and altered nutrient content of 
colostrum) 

• Litter size (increased morbidity and 
mortality with increasing litter size in 
piglets) 

• Disease of the dam around or after 
parturition (e.g., mastitis-metritis 
complex in sows) 

Colostrum 

The role of colostrum in protecting the 
newborn calf from infectious disease in early 
life cannot be overemphasized. The failure of 
the neonate to ingest an adequate quantity of 
colostrum containing a high level of colostral 
immunoglobulin within a few hours after 
birth is a major risk factor contributing to 
development of diarrhea and other infec¬ 
tious diseases. Complete or partial FTPI 
occurs with an incidence of between 5% and 
over 20% in different farm animal species, 
with highest incidence rates in dairy calves 
(see also Failure of transfer of colostral 
immunoglobulins (transfer of passive immu¬ 
nity) in Chapter 19). 

Causes for FTPI can be various and include 
impaired vigor of the calf with low drive to 
suck (e.g., immaturity, acidemia, asphyxia, 
birth-related trauma), inadequate immuno¬ 
globulin content of colostrum (e.g., colostrum 
leaking before calving, colostrum collected 
later than 6 hours after calving), inadequate 
volume of colostrum available to the calf (e.g., 
agalactia, mastitis, poor mothering skills of 
the dam), or delayed ingestion of colostrum. 

Cases of diarrhea caused by specific 
nutritional deficiencies are reported rarely 
and not well documented. However, field 
observations indicate that outbreaks of diar¬ 
rhea in suckling beef calves may have been 
associated with specific nutrient deficiencies 
such as copper or selenium. These are not 
documented but should be considered in 
certain situations in which these deficiencies 
are known to be present in the herd. An epi¬ 
demic of intractable diarrhea in 2-month- 
old beef calves was associated with deficient 
tissue and plasma levels of vitamin E in the 
affected calves, which also had lesions of 
skeletal and myocardial muscular dystrophy 
with adequate levels of selenium. An inade¬ 
quate supply of vitamin E and (3-carotene to 
the neonate though colostrum from dams 
that were vitamin E and |3-carotene deficient 
during late gestating has been incriminated 
as a predisposing factor for neonatal diarrhea 
in dairy calves. 1 A combination of low 
vitamin E status and low immunoglobulin 
status may contribute to neonatal diarrhea 
by impairing the immune cell function of 
calves, but this is not well documented. 

Environmental and Management 
Risk Factors 

A number of environmental and manage¬ 
ment risk factors have been identified as pre¬ 
disposing diarrhea in different farm animal 
species and different production systems. 


Calves 

A wide range of management practices from 
housing and feeding of the pregnant dam, to 
over calving management, to calf housing 
and feeding have been associated with an 
increased risk of enteric disease in dairy 
calves (Table 7-28). 

Nutrition of the Dam in the 
Preparturient Period 
Nutrient deficiencies in cows during the late 
trimester of pregnancy have been associated 
with decreased birth weights and impaired 
efficiency of intestinal IgG absorption of the 
calves born to cows fed a protein deficient 
diet. 2 ' 3 Although little effect of the dam’s 
nutrition on the colostral immunoglobulin 
content has been reported, |3-carotene and 
tocopherol deficiency of the dam during late 
gestation was associated with deficiency of 
these substances in their calves. Because 
deficiencies in |3-carotene and tocopherol 
were more common in herds with high inci¬ 
dence rates of neonatal diarrhea, this has 
been incriminated as a potential predispos¬ 
ing factor. 1 ' 4 

Calving Management: Dairy 
The calving management has a great impact 
on the calf’s health and development during 
the neonatal period and beyond. Calves 
born in a separate maternity facility are 
at decreased risk of developing neonatal 


diarrhea compared with calves born in 
regular stalls (either stanchion or free stalls), 5 
and calves born in individual maternity pens 
had a lower risk of diarrhea than animals 
born in a group maternity pen. 6 Prolonged 
residence time of the neonate in the mater¬ 
nity pen (over 24 hours) was associated with 
increased risk of diarrhea and calf mortality. 
These effects have been attributed to differ¬ 
ences in exposure to pathogens and differ¬ 
ences in colostrum intake associated with the 
different management systems. 

The degree of calving supervision and 
quality of obstetric care also affects the 
disease incidence in neonatal calves. Lack of 
calving supervision can lead to prolonged 
calvings resulting in more severe acidemia 
and asphyxia, which will impair the calf’s 
vigor in early life. Good obstetric technique 
will reduce stress and reduce the risk of 
birth-related trauma in dams and calves. 5 

Calving Management: Beef 
Crowding of maternity or wintering lots and 
calving cows and heifers on the same grounds 
is considered an important risk factor for calf 
diarrhea in cow-calf operations. A decrease 
in the surface of the effective calving yard per 
cow is generally associated with poor drain¬ 
age and wetness and results in increased 
pathogen exposure. Similarly, the odds of 
diarrhea occurring in calves born toward the 
end of the calving season are twice that of 










calves born in the first part of the calving 
season. This also may be because of increased 
pathogen exposure as the calving season 
progresses. 

Colostrum Management: Dairy 
Although in most farm-animal species ade¬ 
quate colostrum intake can be anticipated in 
the large majority of spontaneously delivered 
healthy neonates, this is not the case in dairy 
calves. Numerous studies have demonstrated 
that a considerable number of calves allowed 
to voluntary nurse from their dam after birth 
suffer from FTPI, which is the major risk 
factor for diarrhea and other neonatal infec¬ 
tious diseases (see also Failure of transfer 
of passive immunity). 4,6 Assuring adequate 
colostrum intake in a timely manner by 
separating the calf from its dam and hand¬ 
feeding colostrum is associated with signifi¬ 
cantly lower rates of FTPI and a significantly 
lower risk of neonatal diarrhea. 

Other colostrum management practices 
that can affect the occurrence of disease are 
avoiding fecal contamination during collec¬ 
tion, pasteurization of colostrum, and proper 
storage. 

Calf Housing and Feeding: Dairy 
Group housing of calves during their first 
month of life is associated with higher diar¬ 
rhea incidence than housing calves in indi¬ 
vidual hutches, and the overall morbidity 
rate of neonatal calves is higher when calves 
are housed in groups of 6 to 30 calves com¬ 
pared with small groups of up to 6 calves.' 
Similarly indoor housing was associated with 
higher morbidity and mortality rates in neo¬ 
natal dairy calves than housing calves in 
outdoor hutches. 

Overall disease occurrence and mortality 
of neonatal calves has been shown to be 
influenced by feeding practices. Adequate 
energy and nutrient supply are critically 
important for proper immune function. In 
the dairy industry it is customary to limit 
the daily feed supply of unweaned calves 
to 10% to 15% BW, a procedure also known 
as “restricted feeding.” The objective of 
restricted feeding is to facilitate early weaning 
and to decrease the risk of diarrhea. Not¬ 
withstanding the voluntary intake of calves 
fed whole milk ad libitum can easily exceed 
double this amount, and it was shown that 
calves can safely ingest milk equivalent to 
20% of their BW and achieve markedly 
higher daily weight gains than calves on 
restricted feeding. 8 The effect of feeding 
larger amounts of milk on the incidence of 
diarrhea was studied with inconsistent 
results; some studies have reported higher 
diarrhea incidence when feeding larger 
volumes while others did not. 8 

Feeding milk replacer instead of whole 
milk also presents a form of undernutrition, 
particularly during the cold season of the 
year, when the energetic requirements of the 
calf are increased. The energy density and 
the digestibility of proteins contained in 
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commercial milk replacers are generally 
speaking lower than in whole milk, which 
has been proposed to predispose to impaired 
immune function and thus to disease. A 
study comparing calves fed the same amount 
of whole milk or milk replacer in a commer¬ 
cial dairy farm found that mortality rates in 
both groups were similar during summer but 
differed dramatically during winter between 
calves fed whole milk (2.8%) and milk 
replacer (21.0%). 9 

Some studies have shown that the 
major contributing factor to dairy calf mor¬ 
tality is the care provided by the calf 
attendant. 

Calf Housing and Feeding: Beef 
In beef herds veterinarians have commonly 
observed a relationship between adverse 
climatic conditions and epidemics of diar¬ 
rhea in calves. During inclement weather, 
such as a snowstorm, a common practice in 
beef herds is to confine the calving cows in a 
small area where they can be fed and watered 
and observed more easily. The overcrowd¬ 
ing may be followed by an outbreak of calf 
diarrhea. 

Disease Control and 
Management: Dairy 
Antibiotics are widely used for the control 
and treatment of diarrhea and other diseases, 
particularly in dairy and veal calves. A 
common practice is feeding medicated milk 
or milk replacer during the first weeks of life, 
which is a practice that has been associated 
with reduced calf morbidity and mortality 
and increased daily weight gains particularly 
in herds with a high prevalence of FTPI 
and high infectious pressure. 10 In contrast, 
this effect was much less pronounced over 
even the opposite in a well-managed herd 
with low FTPI prevalences. In well-managed 
herds calves fed a medicated milk replacer 
had over 30% more days with diarrhea than 
herd mates receiving nonmedicated milk 
replacer. 10 

Although antimicrobial therapy is clearly 
indicated in diarrheic calves with signs of 
systemic disease, antibiotics may be coun¬ 
terproductive in scouring calves without 
systemic illness. 11 Scouring calves without 
systemic illness that were treated with anti¬ 
biotics in addition to oral rehydration had 
70% more days with diarrhea than calves 
without systemic disease that received oral 
rehydration without antibiotics. 12 

Other Environmental and 
Management Factors 
Cold, wet, and windy weather during the 
winter months in temperate climates and hot 
humid weather during the summer months 
may be associated with an increased inci¬ 
dence of dairy calf mortality caused by diar¬ 
rhea. Changes in weather and wet, windy, 
and cold weather are commonly associated 
with subsequent outbreaks of the disease in 
beef calves raised outdoors. Increases in 


population density in calf barns, and on 
calving grounds, resulting in highly contami¬ 
nated calving grounds, are important risk 
factors. 

Increasing the percentage of heifers 
calving in the herd is associated with an 
increased risk of diarrhea because calves 
born to heifers may be about four times 
greater than in calves born to cows. 

Large herd size was found to be associ¬ 
ated with increased diarrhea incidence and 
overall calf morbidity and mortality in some 
studies but not in others. 7 

Piglets 

Epidemics of diarrhea in piglets are com¬ 
monly associated with inadequate sanita¬ 
tion and hygiene in the farrowing facility, 
which may be under continuous use without 
sufficient time for cleaning and disinfec¬ 
tion between farrowings. Producers that 
managed their farrowing barns as all-in/ 
all-out facilities had lower diarrhea-related 
morbidity and mortality rates. 13 Herd size 
was found to have a positive association with 
piglet morbidity but not mortality related to 
diarrhea. 13 

Piglets in litters receiving milk replacer as 
feed supplement were at increased risk of 
developing diarrhea (OR 1.9) compared with 
piglets that did not. Although the explana¬ 
tion for this observation is not evident, it was 
suggested that feed supplementation might 
either be associated with increased occur¬ 
rence of hypogalactia or agalactia in sows, or 
the provision of milk replacers reduces the 
voluntary intake of sows milk. 13 

Other management practices that were 
associated with reduced diarrhea incidence 
in piglets were the parenteral administration 
of iron to piglets and vaccination of the sow 
herd against E.coli. 13 Increasing the percent¬ 
age of gilts among the sow population was 
associated with increasing diarrhea inci¬ 
dence in the herd. 14 

Seasonal effects have also been reported 
with highest diarrhea incidence rates in 
piglets occurring during the cold season of 
the year. 15 

Lambs 

Management factors associated with diar¬ 
rhea in neonatal lambs were animal density 
in pens, cleaning frequency of lambing pens, 
and the use of anthelminthic drugs. 16,17 

Conflicting results regarding the effect of 
the flock size on diarrhea incidence in lambs 
have been published. Although some authors 
reported an increased risk of diarrhea with 
increasing flock size, this was not confirmed 
by others. 1 ' 

Pathogen Risk Factors 
Calves 

The distribution and occurrence of entero- 
pathogens in the feces of diarrheic and 
normal healthy calves vary depending on the 
geographic location, the farm, the age and 
type of calves being examined, and the extent 
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to which the diagnostic laboratory is capable 
of isolating or demonstrating the pathogens. 
Rotavirus, Cryptosporidium spp., coronavi- 
rus, and ETEC, collectively, are responsible 
for 75% to 95% of infections in neonatal 
calves worldwide. The relative frequencies of 
each of the four differ between locations and 
between seasons and years. Any one of the 
common pathogens may predominate or be 
absent in a certain group of animals. Mixed 
infections are common. Rotavirus will be 
most common in some groups, especially 
housed calves. Coronavirus may predomi¬ 
nate in beef calves in some countries, and 
Cryptosporidium spp. may occur in 30% to 
50% of diarrheic calves on a worldwide basis. 
Cryptosporidium spp., rotavirus, and corona- 
virus are the most commonly identified 
enteropathogens in intensively reared veal 
calves. In dairy calves, the prevalence of giar¬ 
diasis and cryptosporidiosis may be high and 
both parasites may be associated with diar¬ 
rhea. C. parvum is an important pathogen in 
calves under 1 month of age, but Giardia 
duodenalis may be more important in older 
calves. Calves may clear C. parvum infec¬ 
tions within 2 weeks, whereas G. duodenalis 
infection may become chronic in the same 
calves. The combination of Cryptosporidium 
spp. and rotavirus may predominate in some 
situations. Cryptosporidium spp. were the 
second most commonly detected pathogens 
next to rotavirus, and case-control studies 
indicated a highly significant association 
with diarrhea. Enteropathogens may not be 
detectable in up to 30% of diarrheic calves. 
Eimeria spp. can cause coccidiosis in calves 
any time after about 21 days after birth, but 
the disease is more common in calves several 
months old. 

In some countries, enterotoxigenic F5 
(K99 + ) E. coli may occur in 30% to 40% of 
diarrheic calves, whereas in others the inci¬ 
dence may be as low as 3% to 6%. AEEC that 
causes hemorrhagic colitis and blood in the 
feces of diarrheic calves about 2 weeks of age 
is being recognized with increasing fre¬ 
quency. It may occur concurrently with other 
enteropathogens (Cryptosporidia, rotavirus, 
coronavirus, ETEC, bovine viral diarrhea 
virus [BVDV], and coccidia). 

The age occurrence of the common 
enteropathogens associated with diarrhea in 
calves is shown in Table 7-29. Case-control 
studies of diarrheic and healthy calves from 
the same groups indicate that the entero¬ 
pathogens commonly found in diarrheic 
calves can also be found in healthy calves but 
at a lower frequency, with the exception of 
rotavirus, which may be excreted by up to 
50% of healthy calves. It appears that healthy 
calves may be infected more often with 
ETEC, Cryptosporidium spp., coronavirus, 
and rotavirus in herds in which some calves 
have or recently have had enteric disease 
than in herds free from major enteric disease. 

Campylobacter spp. and Yersinia spp. are 
well adapted to the bovine host and can be 


Table 7-29 Calf enteropathogens: Age 
occurrence of the common 
enteropathogens in calves 

Enteropathogen 

Age (days) 

Enterotoxigenic 

<3 

Escherichia coli 


Attaching and effacing 

20-30 

E. coli 


Rotavirus 

5-15 

Coronavirus 

5-21 

Other viruses (Breda virus. 

14-30 (and 

parvovirus, bovine virus. 

older, up to 

diarrhea virus) 

several weeks) 


found in the feces of diarrheic and healthy 
calves at a similar prevalence. Their signifi¬ 
cance as pathogens in newborn calves is 
uncertain. They are probably part of the 
normal enteric flora of ruminants. However, 
as they represent a source of gastrointestinal 
infections in humans, management factors 
limiting intestinal colonization of these bac¬ 
teria should be considered in beef cow/calf 
herds. 

Rotavirus and coronavirus occur with 
almost equal frequency in the intestinal 
tracts of normal and diarrheic calves of some 
studies. Intestinal lesions compatible with 
the viral infection are found in about 70% of 
diarrheic calves. Thus these viruses are wide¬ 
spread in the bovine population and only 
under some predisposing circumstances will 
the infection be severe enough to cause clini¬ 
cal disease. Other viruses, such as parvovi¬ 
rus, astrovirus, Breda virus, and norovirus, 
have been isolated from the feces of diarrheic 
calves, but their role in the etiology is yet to 
be defined. 

A necrotizing enteritis of suckled beef 
calves 7 to 10 weeks of age on pasture in 
Scotland has been reported. Fever, acute 
diarrhea and dysentery, and a case-fatality 
rate of 25% are characteristic. No etiologic 
agent has been identified. 

Lambs and Goat Kids 

The E. coli strains isolated from diarrheic 
lambs and goat kids on Spanish farms are not 
generally toxigenic and belong to a large 
number of O serogroups. 

Piglets 

In outbreaks of diarrhea in neonatal piglets 
during the first 5 days of life, the entero¬ 
pathogens that are commonly present in the 
feces include the TGE virus, ETEC, Isospora 
spp., rotavirus, C. perfringens, and adenovi¬ 
rus. C. difficile has emerged as an important 
pathogen causing enteritis in suckling piglets. 
The TGE virus causes diarrhea in piglets 
under 15 days of age, Isospora sp. between 5 
and 15 days of age, and rotavirus in piglets 
over 10 days of age. ETEC was found to 


be preferentially shed by weaned diarrheic 
piglets. Suckling diarrheic piglets had a low 
prevalence of ETEC shedding that decreased 
from the first to third week of life. 18 During 
the second and third weeks of life, I. suis is 
the most common pathogen in outbreaks of 
diarrhea in litters of piglets. Although indi¬ 
vidual piglets may be infected by a single 
pathogen, it is common for more than one 
pathogen to be present in the litter. 

A seasonal occurrence of the common 
enteropathogens has also been observed. The 
prevalence of the TGE virus may be highest 
during the fall, winter, and spring months, 
and coccidia and E. coli are more common 
during the summer, fall, and early winter, 
with the lowest prevalence in the spring. 

Foals 

Diarrhea in foals is common but most cases 
are mild, transient, and not associated with 
infectious agents. Diarrhea is the most com¬ 
monly reported disease in foals under 7 days 
of age. The most common occurrence is 
associated with “foal heat” in the mare. Diar¬ 
rhea is a common clinical finding in septic 
foals and is presumably the result of mucosal 
hypoperfusion and sepsis-related inflamma¬ 
tory mediators rather than bacterial or viral 
enteritis. 

Rotavirus group A (RVA) is the most 
common cause of epidemics of diarrhea in 
foals and most commonly occurs in foals 
under 30 days of age. 19 Clostridial infection 
associated with diarrhea is most commonly 
caused by C. perfringens type C or C. diffi¬ 
cile. 19 Salmonella spp. have been associated 
with diarrhea in foals but can cause diarrhea 
in horses of any age. A variety of other patho¬ 
gens have occasionally been isolated from 
diarrheic foals, such as E. coli, B. fragilis, 
Enterococcus spp., and Aeromonas spp. 

CLINICAL MANAGEMENT 
OF EPIDEMICS 

When faced with an outbreak of acute diar¬ 
rhea in neonatal calves (less than 30 days 
old) in which there is profuse watery diar¬ 
rhea, progressive dehydration, and death 
within a few days or earlier, the following 
steps are suggested: 

1. Visit the herd and do an epidemiologic 
investigation to identify the risk factors 
that may be responsible for the 
outbreak. Most outbreaks are 
multifactorial and an interaction among 
the environment, management, feeding, 
and the pathogens is probable. The 
investigation of the underlying causes 
of the outbreak should involve an 
examination of the following: 

• Dry cow management (including 
vaccination protocols) 

• Calving management 

• Colostrum management 

• Calf management (housing, 
prophylactic treatments, 
vaccinations ...) 
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• Calf feeding (whole milk or milk 
replacer, type of milk replacer, 
amount fed, feeding frequency, 
feeding hygiene ...) 

• History of the present outbreak 

• Farm history of previous disease 
outbreaks (not only affecting 
neonatal calves) 

• The affected calves (which calves are 
affected?, age, vigor, housing type ...) 

• Results of necropsy, clinical 
pathology, and microbiology if 
available 

• Treatments used in the current 
outbreak and their efficacy 

• Recent changes in management and 
environment or changes of the herd 
that may be associated with the 
outbreak 

2. Each of the commonly recognized risk 
factors must be examined for its 
possible role in the particular outbreak: 

• Overcrowding of calving yards in 
beef herds 

• Recent changes in incidence rate of 
dystocia and perinatal mortality in 
calves and periparturient disease in 
cows 

• Recent changes in climate and recent 
stress of any kind on the herd 

• In dairy herds feeding milk replacer, 
the feeding plan should be 
investigated. 

• Any recent introductions of 
replacement calves into the herd 
should be considered as possible 
sources of pathogens. 

• Prevalence of FTPI can be crudely 
assessed by checking 10 to 12 healthy 
calves between 24 hours and 7 days 
of age for the serum protein or 
preferably the serum IgG 
concentration (see Failure of transfer 
of passive immunity); the prevalence 
of FTPI should certainly not exceed 
20 %. 

3. Affected calves should be examined 
clinically, dead ones by necropsy, and a 
case definition should be determined to 
ensure that diarrhea is the major 
problem. 

4. All affected calves should be identified, 
isolated, and treated immediately with 
oral and parenteral fluid therapy as 
indicated. The use of oral fluid and 
electrolyte therapy for the treatment of 
dehydration and acidemia as soon as the 
calves are seen to be diarrheic must be 
emphasized. 

5. Antimicrobial therapy should be 
considered for diarrheic calves with 
systemic illness but not for alert calves 
with diarrhea as the only clinical sign. 

6. Fecal samples (30-50 g) should be 
collected from diarrheic calves at the 
first sign of diarrhea and from normal 
calves and submitted to a laboratory for 
the attempted isolation and 


characterization of ETEC as well as 
rotavirus and coronaviruses, Salmonella 
spp., and Cryptosporidium spp. A 
rapid ELISA test is available for the 
simultaneous detection of E. coli F5 
(K99 + ) antigen, bovine coronavirus 
(BCoV), and rotavirus in the feces of 
diarrheic calves during the acute phase 
of the infection. Commercial test kits 
that can be used calf-side for the 
detection of BCoV, RVA, F5 (K99 + ) 

E. coli, and Cryptosporidium spp. antigen 
have become available in recent years. 

7. Pregnant cows that are due to calve 
shortly should be moved to a new 
calving area. In a dairy herd this means 
a different, clean calving stall, preferably 
in another barn not previously occupied 
by cattle; in beef herds it may mean 
moving a large number of cows to a 
new, uncontaminated calving pasture. 

8. The control of the disease in future 
calf crops will depend on application 
of the principles of control, which are 
described under Acute undifferentiated 
diarrhea of newborn farm animals and 
Viral diarrhea of calves, lambs, kids, 
piglets and foals. If a significant number 
of cows are due to calve in more than 3 
to 6 weeks, vaccination with the calf 
diarrhea vaccines can be considered. 

9. A report should be submitted to the 
owner that records the observations 
made at the farm visit and outlines 
specific recommendations for clinical 
management of affected calves and for 
control of the disease in the future. 

CONTROL 

The principles of control are presented in 
detail in the sections on colibacillosis of 
newborn calves, piglets, lambs, kids, and 
foals, and viral diarrhea in calves, lambs, 
kids, piglets, and foals, using the following 
principles: 

• Reduction of the degree of exposure of 
the newborn to the infectious agents 

• Provision of maximum nonspecific 
resistance with adequate colostrum and 
optimum animal management 

• Increasing the specific resistance of the 
newborn by vaccination of the dam or 
the newborn 

FURTHER READING 

Andrews AH. Calf enteritis—diarrhea in the preweaned 
calf—strategic investigation of outbreaks. Cattle 
Pract. 2004;12:109-114. 

McGuirk S. Disease management of dairy calves and 
heifers. Vet Clin Food Anim Pract. 2004;24:139-153. 

REFERENCES 

1. Torsein M, et al. Prev Vet Med. 2011;99:136. 

2. Cartsens GE, et al. / Anim Sci. 1987;65:745. 

3. Blecha F, et al. J Anim Sci. 1981;53:1174. 

4. Godden S. Vet Clin Food Anim Pract. 2008;24:19. 

5. Lorenz I, et al. Irish Vet J. 2011;64:10. 

6. Mee JF. Vet Clin Food Anim Pract. 2008;24:1. 

7. Svenson C, et al. J Dairy Sci. 2006;89:4769. 

8. Khan MA, et al. / Dairy Sci. 2011;94:1071. 


9. Godden SM, et al. / Am Vet Med Assoc. 
2005;226:1547. 

10. Berge ACB, et al. J Dairy Sci. 2005;88:2166. 

11. Constable PD. Vet Clin Food Anim Pract. 
2009;25:101. 

12. Berge ACB, et al. / Dairy Sci. 2009;92:4707. 

13. Dewey CE, et al. Swine Health Prod. 1995;3:105. 

14. Svensmark B, et al. Acta Vet Scand. 1989;30:43. 

15. Chang G, et al. Can J Vet Res. 2013;77:254. 

16. Sweeney JPA, et al. Vet J. 2012;192:503. 

17. Andres S, et al. Small Ruminant Res. 2007;70:272. 

18. Wieler LH, et al. J Vet Med B. 2001;48:151. 

19. Mallicote M, et al. Equine Vet Edu. 2012;24:206. 

ENTEROCOLITIS ASSOCIATED 
WITH CLOSTRIDIUM DIFFICILE 


SYNOPSIS 


Etiology Toxigenic strains of Clostridium 
difficile. Common bacterial etiology in 
antibiotic-associated diarrhea. Fecal-oral 
spread 

Epidemiology Horses: occurs in foals and 
adults. Commonly precipitated by therapy 
with antimicrobial agents and/or 
hospitalization. Pigs: diarrhea and death in 
piglets in first week of life 

Clinical findings Profuse watery diarrhea, 
tachypnea, dehydration, and metabolic 
acidosis. High case fatality, especially in 
very young foals 

Necropsy findings Fibrinous to necrotic 
enterocolitis. Edema of mesocolon in 
pigs 

Diagnostic confirmation Demonstration of 
organism and toxins 

Treatment Fluids and electrolytes. Horses: 
metronidazole, if sensitive, or vancomycin 
(noting public health concern) 

Control Isolation and barrier protection and 
prophylactic metronidazole 


ETIOLOGY 

C. difficile is a gram-positive, spore-forming, 
anaerobic bacterium. It is a recognized cause 
of antibiotic-associated diarrhea and pseu¬ 
domembranous colitis in humans suffering 
perturbation of the bowel flora from antibi¬ 
otic therapy or other causes. C. difficile 
causes enterocolitis in horses of any age and 
is associated with diarrhea in neonatal pigs. 

Strains of C. difficile pathogenic to horses 
produce two toxins, A and B, and the degree 
of pathogenicity is related to the capacity 
for toxin production. 1 There are numerous 
strains of C. difficile (>50 ribotypes by one 
estimate), although a much smaller number 
(~4) constitutes the predominant isolates in 
animals. 2 Ribotype 078 is the most com¬ 
monly reported in animals, especially in pigs 
and cattle, 3 although common human ribo¬ 
types (014/020 and 002) also occur in 
animals. C. difficile is isolated commonly 
from cattle. All C. difficile isolates from pigs, 
cattle, and poultry in the Netherlands were 
toxinogenic. 3 
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EPIDEMIOLOGY 

Occurrence 

Horses 

The disease can occur as outbreaks or, more 
commonly, is sporadic and associated with 
the risk factors of antimicrobial administra¬ 
tion, hospitalization, or both. 1 It appears to 
occur worldwide. In young foals within the 
first 2 weeks of life it may occur without 
apparent predisposing causes but in adult 
horses it commonly follows the use of anti¬ 
microbial agents. 4 Case-fatality rates are 
highest in very young foals, in which the 
disease can be complicated by other existing 
neonatal diseases. 

The microbiota of horses is complex 
and clostridial species are common in the 
feces of healthy horses, although C. difficile 
(mostly nontoxinogenic) is isolated from 
<10% of horses on single sampling. 5 ' 7 How¬ 
ever, monthly sampling of 25 healthy horses 
for 1 year detected toxinogenic C. difficile in 
40% of horses at least once, 8 and toxinogenic 
C. difficile was detected in 7 of 55 healthy 
race horses examined once during summer 
in Ohio, suggesting that asymptomatic car¬ 
riage of toxinogenic strains by some popula¬ 
tions of healthy horses is relatively common. 9 
Detection of toxigenic C. difficile is often, but 
not always, associated with disease in horses 
of any age, as demonstrated by the dispro¬ 
portionate representation of this organism in 
feces of horses with diarrhea. 6 ' 8,10 ' 14 Seven of 
14 foals with diarrhea had C. difficile toxin 
(A/B) identified in feces, whereas none of 
139 healthy foals were positive. 15 C. difficile 
was detected only in foals with gastro¬ 
intestinal disease, and not in healthy foals 
(OR 5.4), in central Kentucky. 14 C. difficile 
toxin(s) is detected in approximately 5% of 
hospitalized foals with diarrhea, 10 and C. dif¬ 
ficile was isolated from 10 of 73 hospitalized 
horses, 7 of which were positive for toxin A 
and/or B. 16 There was no association of C. 
difficile with a particular disease in this 
study. 16 One or both animals in mare-foal 
pairs can be subclinically infected with C. 
difficile and are potentially a source of infec¬ 
tion for the other. 11 This is exemplified by the 
development of acute C. difficile enterocolitis 
in mares of foals treated with erythromycin 
and rifampin. Both C. perfringens (type A) 
and C. difficile can simultaneously infect 
foals with severe enterocolitis not associated 
with administration of antimicrobials, sug¬ 
gesting the potential for an interaction 
resulting in more severe disease. 4 

There is a strong anecdotal association of 
C. difficile- associated enterocolitis in horses 
with the administration of antimicrobials. 
Although most clinicians would agree that 
this association exists, there is no evidence 
that quantifies the increase in risk of a horse 
developing C. difficile- associated disease 
with the administration of antimicrobials 
or particular antimicrobials. Antimicrobial 
administration was not significantly more 
likely in horses with C. difficile- associated 


diarrhea than in horses with diarrhea from 
which C. difficile was not identified, and only 
26% of hospitalized horses with C. difficile- 
associated diarrhea had been administered 
antimicrobials. 17 Thirty-two of 33 (97%) 
horses and all adult horses with C. difficile- 
associated diarrhea had been administered 
antimicrobials before onset of diarrhea com¬ 
pared with 48% to 79% of horses with diar¬ 
rhea of other causes. 18 

Horses with longer duration of hos¬ 
pitalization before onset of diarrhea are 
more likely to develop C. difficile- associated 
diarrhea. 18 

Pigs 

C. difficile has increasing reportage, or recog¬ 
nition, and occurs predominantly in young 
piglets but also is recorded as a major cause 
of disease and mortality in sows. 19 The 
disease occurs worldwide and is an impor¬ 
tant cause of loss of young piglets. 20,21 The 
disease in piglets occurs predominantly in 
the first week of life, when the majority of 
the litter can be affected, and the case fatality 
can approach 50% but is usually lower. Stunt¬ 
ing is a common sequel. Outbreaks occur 
with or without a history of processing with 
antibiotics. 

The disease has not been effectively 
reproduced with simple challenge of conven¬ 
tional animals, suggesting that C. difficile in 
itself is not a sufficient cause. Challenge of 
adult horses with C. difficile with and without 
pretreatment with penicillin did not result in 
clinical disease in any of the horses, but C. 
difficile was subsequently isolated at greater 
frequency from the feces of the horses pre¬ 
treated with penicillin. Challenge of newborn 
foals with C. difficile has resulted in enteric 
disease and diarrhea, but only in foals not 
receiving adequate transfer of colostral anti¬ 
bodies. C. difficile has been reproduced in 
gnotobiotic but not conventional pigs. 

Routine prophylactic antimicrobial treat¬ 
ment of periparturient sows for diseases such 
as mastitis-metritis-agalactia has resulted in 
outbreaks of enterocolitis. 

Pathogen Risk Factors 

Pathogenic strains of C. difficile produce 
an enterotoxin (toxin A) and a cytotoxin 
(toxin B). There are degrees of virulence 
between strains, but nontoxigenic strains are 
considered nonpathogenic. Other virulence 
factors, including an actin-specific adenos¬ 
ine diphosphate-ribosylating toxin and an 
outer cell surface coat S layer, have been pro¬ 
posed as additional virulence factors. 

The organism can be isolated from a 
number of environmental samples, including 
soil and the environment of veterinary hos¬ 
pitals. Although it appears that the organism 
is not commonly present in the feces of 
normal horses, it can be isolated from those 
of other animal species and has high preva¬ 
lence in the feces of dogs and cats. The 
organism can survive in feces for at least 4 


years. Spores are resistant to common disin¬ 
fectants, but a 5% bleach solution is stated to 
be effective for disinfection. 

Zoonotic Implications 

C. difficile is a cause of diarrhea in humans 
and most commonly occurs following the 
administration of antibiotics, although spo¬ 
radic cases without these risk factors also 
occur. The disease in humans may be mild 
and self-limiting or develop to severe pseu¬ 
domembranous colitis with risk of intestinal 
perforation. In one study using molecular 
typing, 25% of isolates from humans were 
indistinguishable from isolates from animals. 
The risk for zoonotic infection should be 
considered, but barrier protection and atten¬ 
tion to personal hygiene when handling 
animal cases should limit the risk for infec¬ 
tion. Veterinarians and animal handlers 
undergoing antimicrobial therapy are par¬ 
ticularly at risk. 

PATHOGENESIS 

The disease is associated with severe watery 
diarrhea and a hemorrhagic necrotizing 
enterocolitis. The enterotoxin A damages 
villous tip and brush border membranes and 
causes necrosis and increased intestinal per¬ 
meability. The cytotoxin B is lethal to cells 
once the gut wall has been damaged. Com¬ 
plete erosion of the mucosa may result. Both 
toxins induce the production of TFN and 
proinflammatory interleukins, with a resul¬ 
tant inflammatory response and pseudo¬ 
membrane formation. Lactose intolerance 
may develop secondary to infection. 

CLINICAL FINDINGS 
Horses 

C. difficile occurs in horses of any age. In 
foals, it is part of the complex of diseases 
causing diarrhea and with a variety of 
clinical severity characteristic of these dis¬ 
eases. 10,14 In adults, infection causes hemor¬ 
rhagic or necrotizing enterocolitis with 
classical signs of that syndrome. 22 

The disease in foals ranges from mild, 
self-limiting diarrhea to acute, rapidly fatal 
enterocolitis. Disease occurring with onset 
in the first 2 weeks of life is initially mani¬ 
fested with a decreased interest in suckling, 
often with signs of colic with increasingly 
prolonged and severe episodes of rolling and 
kicking at the abdomen and the occurrence 
of profuse watery and occasionally hemor¬ 
rhagic diarrhea. Rectal temperatures are 
within the normal range but there is severe 
dehydration, an elevation of heart rate and 
respiratory rate, acidemia attributable to 
metabolic acidosis, and the development of 
septic shock. There is progressive enlarge¬ 
ment of the abdomen, and transcutaneous 
ultrasound shows thickened, fluid-filled 
loops of intestine and fluid in the ventral 
abdomen. 

In adult horses the disease is manifested 
with acute and often fatal colitis with profuse 
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diarrhea, toxemia, hypovolemia, and meta¬ 
bolic acidosis and is reported in individuals 
and as outbreaks in horses hospitalized and 
treated for various diseases. 13,17 18 The clinical 
signs of horses with C. difficile-associated 
disease are not distinguishable from those 
with non-C. difficile- associated disease, 1 ' 
although horses with C. difficile- associated 
diarrhea have higher rectal temperatures, 
band neutrophil counts, hematocrit, and 
hemoglobin concentration than do horses 
with diarrhea not associated with toxino- 
genic C. difficile. Horses with C. difficile- 
associated diarrhea have longer duration of 
hospitalization after onset of diarrhea than 
do horses with diarrhea of other causes. 18 
The case-fatality rate for adult horses is 
approximately 25%. 18 

Pigs 

Affected piglets are depressed and have a 
yellow, mucoid diarrhea with occasional 
piglets passing feces with specks of blood. As 
the condition progresses, affected pigs show 
abdominal distension and tachypnea, and 
some have scrotal edema. There is progres¬ 
sive dehydration and hypoglycemia. 

CLINICAL PATHOLOGY 

There is a leukopenia, a toxic left shift, a 
high hematocrit, and hyperfibrinogenemia. 
Plasma protein may be normal to low and 
there are high bilirubin and elevated liver 
enzyme values. Metabolic acidosis, as evi¬ 
denced by an increase in anion gap and 
decrease in total C0 2 concentration, hypona¬ 
tremia, and azotemia are present. 1 '' 18 Blood 
IgG concentrations of affected foals are com¬ 
monly within the normal range. 

Classic methods of diagnosis are by 
examination of feces by culture of the organ¬ 
ism and demonstration of toxins A and B by 
cytotoxin assays and enzyme immunoassays, 
some of which have been validated for use in 
horses with acute diarrhea and in foals. 12,23 
Cycloserine-cefoxitin-fructose agar is com¬ 
monly used to isolate C. difficile from feces, 
and detection is improved by use of PCR 
technology. 24 The isolation of C. difficile, in 
itself, is generally not considered to be diag¬ 
nostic and should be accompanied by dem¬ 
onstration of toxin A in the feces by ELISA, 
or by tissue culture cytotoxin assays, to allow 
a putative diagnosis. Fecal toxin testing in 
live animals is an effective method of diag¬ 
nostic conformation and correlates highly 
with toxin tests on intestinal contents at 
postmortem. 

The organism, but not the toxins, is labile 
when kept aerobically at 4°C, with a signifi¬ 
cant decrease in recovery after 24 hours. 
Consequently, samples for culture should 
be taken in anaerobic transport media and 
shipped on ice. 

PCR can provide a more reliable method 
of detection of genes encoding toxin A and 
toxin B. 11, 13,15 Feces, or isolates, can be tested 
for genes encoding toxins A and B by PCR, 


and PCR can also be used retrospectively fol¬ 
lowing postmortem for diagnosis in forma¬ 
lin-fixed tissues. 

Human assays are not all suitable for 
diagnosis of the disease in piglets, with per¬ 
formance of molecular tests designed for 
humans being inadequate for diagnosis of 
disease in pigs. 25 

NECROPSY FINDINGS 
Horses 

Gross findings are of necrotizing or hemor¬ 
rhagic enterocolitis with histologic findings 
that vary from a superficial fibrinous colitis 
with hemorrhage and edema to a severe 
hemorrhagic multifocal necrosuppurative 
and ulcerative enterocolitis. 22 

Pigs 

The contents of the small intestine are scant 
and those of the large intestine yellow to dark 
yellow in color. Edema of the mesocolon is a 
common finding, along with increased fluid 
in the peritoneal and pleural cavities. Histo¬ 
logic findings vary from necrosis and exfolia¬ 
tion of the intestinal mucosa to segmental 
transmural necrosis in the large intestine. 11,15 



TREATMENT 

Horses should be aggressively treated with 
fluids, plasma, and pressors to correct the 
fluid and electrolyte imbalance, correct the 
metabolic acidosis, and control pain. Anti¬ 
microbial therapy should be based on sensi¬ 
tivity testing if possible, but most isolates of 
C. difficile are susceptible to commonly used 
antimicrobials. 26 Isolates are usually resistant 
to trimethoprim-sulfamethoxazole and baci¬ 
tracin, variably resistant to rifampicin, and 
susceptible to vancomycin. Metronidazole, 
10 mg/kg intravenously four times daily or 
15 mg/kg orally four times daily, has been 
commonly used for therapy, but there is geo¬ 
graphic variation in sensitivity and there are 
reports of clinically important resistant 
strains. 2 ' Metronidazole and vancomycin are 
not approved for use in food animal species 
in most countries, and use of vancomycin is 
not prudent on public health grounds. Phar¬ 
macokinetics of metronidazole in foals are 
highly age dependent, and dosing should be 
adjusted in foals by increasing the period 
between administration of the drug from 
every 6 hours to every 12 hours until foals 
are 2 to 3 weeks of age. 28 

In vitro studies have shown that di-tri- 
octahedral (DTO) smectite can bind C. dif¬ 
ficile toxins A and B, and that this can occur 
without inhibiting the antibacterial action 
of metronidazole. Clinical trials of efficacy 
have not been conducted but pharmacologic 


considerations indicate that an initial dose of 

I. 4 kg of DTO smectite, administered by 
stomach tube, followed by 454 g every 6 to 8 
hours, could be of therapeutic value. Experi¬ 
mental studies in hamsters indicate promise 
for the use of immune sera and vaccines, but 
these are not currently available in agricul¬ 
tural animals. 

CONTROL 

There is no definitive control procedure. The 
organism is commonly present in veterinary 
environments and equine environments 
where there are foals. Foaling areas should be 
clean and disinfected with a sporicidal disin¬ 
fectant. Metronidazole, 500 mg adminis¬ 
tered orally twice a day for 2 weeks, may be 
indicated for at-risk horses. Clinical cases 
should be isolated and, in a veterinary envi¬ 
ronment, strict barrier protection established 
between them and other animals under anti¬ 
microbial therapy. Orally administered pro¬ 
biotics and lactic-acid-producing bacteria 
are in use as an aid to prevention, but there 
are data indicating lack of efficacy. 29 

FURTHER READING 

Diab SS, et al. Clostridium difficile infection in horses: a 
review. Vet Microbiol. 2013;167:42-49. 
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PROLIFERATIVE ENTEROPATHY 
IN HORSES 

ETIOLOGY 

Proliferative enteropathy is associated with 
LI, an obligate intracellular gram-negative 
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bacterium associated with proliferative 
enteropathy in pigs, horses, hamsters, dogs, 
deer, rabbits, rats, camels, 1 and ratites. The 
disease in foals can be reproduced by experi¬ 
mental oral infection of foals with a virulent 
organism. 1 The organism can be isolated 
from feces of a large number of mammalian 
species including striped skunks, Virginia 
opossums, jackrabbits, and coyotes. 3 There 
is close similarity in DNA among isolates 
from a variety of species, although strains 
of the organism isolated from one species 
vary in their capacity to produce disease 
in other species. Infection of foals with an 
organism derived from clinically affected 
foals, foals with an organism derived from 
pigs, pigs with an organism derived from 
foals, and pigs infected with an organ¬ 
ism derived from pigs demonstrated more 
severe disease in species-specific isolates. 
Such isolates resulted in the development of 
clinical signs, longer fecal shedding of the 
organism, and high serologic response than 
non-species-specific isolates. 4 There is also 
evidence of varying infectivity and pathoge¬ 
nicity in laboratory animals (hamsters and 
New Zealand rabbits) of equine or porcine 
isolates from clinically affected foals or 
piglets. 5 

EPIDEMIOLOGY 

The disease was initially reported from 
North America and has subsequently been 
detected in most, if not all, areas of the 
world with commercial horse studs, includ¬ 
ing Japan, Europe, South America, Australia, 
and Israel. 6 ' 11 Prevalence of serum antibod¬ 
ies against the organism increases with 
increasing age, for instance, 15% of foals 
before weaning, 23% in weanlings, 89% in 
yearlings, and 99% in horses >2 years of age. 8 
Serum antibodies are detected, by ELISA, in 
14% to 100% of horses on individual farms 
in Kentucky, with seroprevalence posi¬ 
tively related to occurrence of the disease. 
Farms without evidence of endemic clini¬ 
cal disease had lower mean titers and lower 
maximal titers in individual horses than did 
farms on which the disease was endemic. 
Whether this finding is a reflection of prev¬ 
alence of the disease (i.e., a consequence 
of high disease prevalence on some farms) 
or reflects greater exposure of horses that 
subsequently develop disease is unclear. 12 
Approximately 50% of mares on farms with 
endemic disease are seropositive and -50% 
of foals acquire passive immunity (become 
seropositive after nursing) from mares, 
and these maternally derived antibodies 
persist for 1 to 3 months. 13 Thirty percent 
of foals have evidence of infection, but not 
disease. 13 

The organism was not detected in foals 
with signs of gastrointestinal disease in Ken¬ 
tucky in one study, 9 although the disease is 
endemic in the area. 14 The disease occurs 
almost exclusively during late summer and 
early winter in Kentucky. 14 


Affected foals are usually 3 to 13 months 
of age and disease in adults is rare. 15 There 
is insufficient information to determine 
whether there is a breed predisposition to 
the disease. The disease is presumably 
transmitted by the fecal-oral route, with 
mares a potential, but unproven, source of 
infection. 16 

Proliferative enteropathy in foals occurs 
as isolated cases and as outbreaks on breed¬ 
ing farms. There is evidence that outbreaks 
begin after introduction of foals or weanlings 
to farms with no history of the disease, 
although whether this is coincidence or rep¬ 
resents the mechanism of introduction of 
infection to the farm is unknown. Morbidity 
among foals and weanlings on affected farms 
is 20% to 25%, although this is based on 
disease outbreaks on only two farms. Case- 
fatality rate is as low as 7% in treated foals. 14 

PATHOGENESIS 

The pathogenesis of the disease in foals 
has not been determined, but it is probably 
similar to that of the disease in pigs. Infec¬ 
tion results in development of an enteropathy 
characterized by proliferation of intestinal 
crypt epithelial cells and infiltration of the 
lamina propria with mononuclear inflam¬ 
matory cells. Subsequent malabsorption of 
small-intestinal contents and protein loss 
from diseased intestine cause weight loss 
and hypoproteinemia characteristic of the 
disease in foals. There is decreased or absent 
absorption of glucose in foals that can persist, 
with decreasing severity, for >2 months. 17 
Colic and diarrhea result from intestinal 
dysfunction and malabsorption. Hypopro¬ 
teinemia and the subsequent decrease in 
plasma oncotic pressure result in edema 
and signs of hypovolemia. Death is associ¬ 
ated with severe hypoproteinemia, inanition, 
and colic. 

CLINICAL SIGNS 

The disease may present as one with a short 
course characterized by rapid weight loss, 
colic, and death within 2 to 3 days of onset 
of clinical signs or as a more chronic disease 
characterized by gradual development of 
weight loss and depression. Weight loss and 
poor body condition are consistent findings 
among foals affected by the chronic disease. 
Most affected foals have diarrhea that ranges 
in severity from acute profuse watery diar¬ 
rhea to, more commonly, excessively soft 
feces. Foals are often depressed although 
they continue to nurse. Edema of the ventral 
abdomen and intermandibular space is 
common. 14 Fever is not a consistent feature 
of the disease. 

An acute form of the disease results 
from ulcerative and necrotizing hemorrhagic 
enteritis. 18,19 Affected foals might be found 
dead or die after a brief illness (usually <8 
hours) characterized by mild fever and rapid 
development of mild to severe colic and signs 
of sepsis. 


Ultrasonographic examination of the 
abdomen reveals multiple loops of mildly 
distended small intestine with thick¬ 
ened walls. Loops of intestine can have 
walls of 5 to 8 mm thick (normal <3 mm; 
Fig. 7-8). 

Many affected foals, and especially those 
that die of the disease, have concurrent dis¬ 
eases including parasitism and pneumonia. 

The incubation period in pigs is 2 to 3 
weeks but that in horses is unknown. Foals 
that recover from the disease may take 
several weeks to regain normal BW. Recov¬ 
ered foals that recover sell for approximately 
70% of the sale price of unaffected siblings 
and peers. 14 

CLINICAL PATHOLOGY 

Hypoproteinemia with moderate to severe 
hypoalbuminemia is present in most affected 
foals. Serum albumin concentrations can be 
as low as 0.6 g/dL (6 g/L). Hyperfibrinogen- 
emia and mild anemia are common but not 
consistent findings. White cell count is ele¬ 
vated (>14 X 10 cells/L) in most foals. Serum 
sodium and chloride concentrations are 
lower than normal and serum creatinine 
concentrations higher than normal in about 
50% of affected foals. 

Detection of exposure can be by detec¬ 
tion of antibodies in serum (IPMA or 
ELISA) or detection of LI DNA in feces or 
rectal swabs. 12 ' 14,20,21 PCR examination of 
feces for LI is specific for detection of the 
organism in affected foals. Examination of 
feces detects LI in approximately 80% of 
samples, of rectal swabs approximately 75%, 
and of both combined approximately 90% 
of samples from affected foals. 21 An indi¬ 
rect immunofluorescent assay detects serum 
IgG antibody to LI in foals, although the 
specificity of this finding for detection of the 
disease in foals is unknown. Foals with pro¬ 
liferative enteropathy have titers of 1:30 or 
greater. 

NECROPSY 

Gross lesions are mainly thickening and 
irregular corrugation of the small intestine. 
There is proliferation of intestinal crypt epi¬ 
thelium with projection of crypt cells into the 
intestinal lumen. The lamina propria is infil¬ 
trated by mononuclear inflammatory cells. 
Silver staining of intestinal sections reveals 
numerous short, curved bacteria in apical 
cytoplasma of crypt epithelial cells. 

Samples for Confirmation 
of Diagnosis 

• Histopathology of small intestine 

• Silver staining of small intestine to 
demonstrate intracellular bacteria 
associated with hyperplastic cryptic 
cell 

• Bacteriology is culture (which can be 
difficult as it requires cell cultures) and 
PCR examination of small-intestinal 
tissue 





381 


Bacterial and Viral Diseases of the Alimentary Tract 



Fig. 7-8 Percutaneous ultrasonographic image of an 8-month-old filly with enteritis caused by 
Lawsonia intracellularis and demonstrating markedly thickened small-intestinal wall (9 mm; 
normal <3 mm). (Reproduced with permission. Arroyo LG, et al. Can Vet J. 2013;54:853. 18 ) 


DIFFERENTIAL DIAGNOSIS 


Antemortem diagnosis of proliferative 
enteropathy in foals should be based on the 
presence of characteristic clinical, hematologic, 
and biochemical signs; positive serology; and 
detection of Lawsonia intracellularis DNA in 
feces by polymerase chain reaction. 

The primary differential diagnosis is 
parasitism by Parascaris equorum, 
cyathostomes, and large strongyles (in older 
foals). Examination of feces for helminth ova 
is diagnostic in cases with patent infections, 
but parasite infestations are often not patent 
in young foals. A history of an adequate 
parasite control program makes parasitism less 
likely but does not rule it out. Malnutrition 
caused by inappropriate or inadequate 
feeding practices or agalactia should be ruled 
out as a cause of failure to thrive. 

Protein-losing enteropathy secondary to 
enteritis and colitis may be associated with 
Salmonella sp., Rhodococcus equi, or 
Cryptosporidium sp. Other intestinal diseases 
that cause enteritis but less often cause 
protein loss include the intestinal clostridioses, 
equine granulocytic anaplasmosis, and 
Bacteroides sp. infection. Intraabdominal 
abscesses associated with R. equi or 
Streptococcus sp. can cause chronic weight 
loss and hematological signs similar to 
proliferative enteropathy. 

Hypoproteinemia can occur secondary to 
gastrointestinal ulceration. Neoplasia is rare in 
foals of this age, but intestinal lymphosarcoma 
can cause hypoproteinemia and weight loss. 


Intoxication by nonsteroidal 
antiinflammatory drugs can cause a 
protein-losing enteropathy. 

Diarrhea and ill-thrift caused by colitis and 
typhlitis associated with Brachyspira sp. (a 
spirochete) are reported from Japan. 


TREATMENT AND CONTROL 

Principles of treatment are eradication of 
infection and correction of hypoprotein¬ 
emia. Administration of antibiotics is cura¬ 
tive in many foals, and response to treatment 
does not appear to vary markedly with 
administration of oxytetracycline, chloram¬ 
phenicol, or clarithromycin. 14 Isolates of the 
organism from pigs are sensitive in vitro to a 
wide range of antimicrobials including peni¬ 
cillin, erythromycin, difloxacin, virginiamy- 
cin, and chlortetracycline. Antibiotics used 
to treat LI infection in foals include oxytet¬ 
racycline (6.6 mg/kg every 12 hours intrave¬ 
nously), doxycycline (10 mg/kg every 12 
hours orally), chloramphenicol (50 mg/kg, 
every 6 hours orally), clarithromycin 
(7.5 mg/kg orally), or erythromycin estolate 
or similar product (15-25 mg/kg every 6-8 
hours orally), sometimes in combination 
with rifampin (5-10 mg/kg every 12 hours 
orally). Erythromycin or oxytetracycline/ 
doxycycline appear to be effective in the 
treatment of affected foals. Chloramphenicol 
is used in place of erythromycin in foals that 
develop intractable or severe diarrhea when 
treated with erythromycin, but its use is 


illegal in some countries and is not recom¬ 
mended because of the risk of aplastic 
anemia in people exposed to the drug. Enro- 
floxacin might be effective, based on MIC 
values, but should be reserved as a drug of 
last resort because of the arthropathy associ¬ 
ated with its use in foals. 

Mildly or moderately affected foals require 
only administration of antimicrobials and 
nursing care. More severely affected foals can 
require intensive supportive care including 
intravenous administration of plasma and/ 
or hetastarch to restore plasma oncotic pres¬ 
sure and minimize edema formation, fluid 
and electrolyte supplementation because of 
hypovolemia and abnormalities in serum 
electrolyte concentration, calorie-enhanced 
diets or parenteral nutrition, and antiulcer 
medications if signs of gastric ulceration are 
present. 

Specific control measures to prevent 
spread of the disease among horses have not 
been developed. Given the putative fecal- 
oral cycle of infection and association of out¬ 
breaks of the disease in pigs after introduction 
of new stock or mingling of groups, hygiene 
measures that minimize fecal contamination 
of the environment by potentially infected 
foals are sensible. The organism from pigs 
can survive in feces for up to 2 weeks. Foals 
with the disease should be isolated from 
healthy foals, although the duration of this 
isolation is not known, and should not be 
transported to other farms until clinical and 
hematological signs of the disease have 
resolved. The role for wildlife hosts, if any, in 
the disease of foals is unknown. 

Administration of an avirulent, modified 
live vaccine intrarectally appears to protect 
foals from disease after experimental expo¬ 
sure or on farms with endemic disease. 22 ' 24 
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EQUINE NEORICKETTSIOSIS 
(EQUINE MONOCYTIC 
EHRLICHIOSIS, EQUINE 
EHRLICHIAL COLITIS, AND 
POTOMAC HORSE FEVER) 


SYNOPSIS 


Etiology Neorickettsia risticii, which is a 
rickettsia. Infection occurs by ingestion of 
infected immature trematodes (the aquatic 
cercariae), trematode-infected snails, or 
aquatic insects (including adults capable of 
flight, e.g., mayflies). 

Epidemiology An infectious, but not 
contagious, sporadic disease of horses in 
North and South America and parts of 
Europe. Localized epidemics occur. Disease 
is most common near large rivers, but can 
occur elsewhere. 

Clinical signs Fever and diarrhea with colic 
and laminitis in severe cases. Abortion is 
a sequela of clinical disease in some 
mares. 

Lesions No gross lesions, except for laminitis. 
Histologic evidence of typhlitis and colitis 

Diagnostic confirmation Demonstration of 
N. risticii by polymerase chain reaction or 
cultivation, in blood or feces of sick horses. 
More commonly the presence of a high 
antibody titer in horses with appropriate 
clinical signs is considered diagnostic. 

Treatment Oxytetracycline (6.6 mg/kg, 
intravenously every 12-24 h), fluids, and 
supportive care. Prophylaxis for laminitis 

Control Vaccination, which is of questionable 
efficacy and not recommended 


ETIOLOGY 

The causative agent is N. risticii , a small 
gram-negative coccus that is closely related 
to the agents of human ehrlichiosis ( Ehrlichia 
sennetsu) and salmon poisoning of dogs 
(N. helminthoeca). 1 

EPIDEMIOLOGY 

This disease is infectious, but not contagious, 
and usually has a sporadic occurrence. 
Localized epidemics occur. 

Occurrence 

Equine neorickettsiosis is recorded in the 
United States, Canada, Europe, Uruguay, and 
southern Brazil. Although it might have 
wider occurrence, evidence of infection 
based on the commonly used indirect FAT 
should be interpreted with caution because 
of the high rate of false-positive results. The 
highest prevalence of disease is near large 
rivers, apparently related to the infection 
of horses by ingestion of infected aquatic 
insects, although the disease can occur else¬ 
where, for instance, when strong winds carry 
infected insects (mayflies, Hexagenia spp.) 
from water sources. 2 


Clinical disease is sporadic and seasonal, 
with the predominance of cases occurring 
during the summer and the autumn periods 
in areas with cool to cold winters. In warmer 
areas, such as Florida and Texas, cases occur 
year round. The prevalence of horses in the 
Midwest and East Coast of the United States 
with antibodies to N. risticii varies with geo¬ 
graphic region, but can be as high as 86% 
of horses tested, although the overall rate 
appears to be closer to 25%. The prevalence 
of horses with serologic evidence of exposure 
is much less in California. There is a marked 
seasonal variation in the prevalence of sero¬ 
positive horses, with the highest prevalence 
in the summer months (July and August) 
and the lowest prevalence in the winter. 

Animal Risk Factors 

Clinical disease is believed to be uncommon 
in horses under 1 year of age (14% in one 
case series), 3 although peracute disease can 
occur in foals, and there is no age difference 
in prevalence of disease in adult horses. Sim¬ 
ilarly, there is no evidence that breed and sex 
influence susceptibility to disease. The risk 
for disease is greater in horses housed on 
premises with a history of previous infection 
or those that have other livestock. 

The clinical attack rate varies consider¬ 
ably, but estimates range between 0.44 and 
19 cases per year per 1000 horses at risk. 
During epidemics, the clinical attack rate 
may be as high as 20% to 50% of horses on 
affected farms. Case-fatality rates range 
from 7% to 30%. 3 

The risk of horses being seropositive in 
some areas is related to breed (Thorough¬ 
breds are three times more likely to be sero¬ 
positive than are non-Thoroughbreds and 
non-Standardbreds), sex (females are 2.7 
times more likely to be exposed than are 
stallions and geldings), and age (increasing 
risk up to 12 years of age). Horses that 
have had clinical signs compatible with 
neorickettsiosis are more likely to be sero¬ 
positive than are horses with no such history. 

Transmission 

The disease is infectious but not contagious. 
Horses develop infection and disease after 
ingestion of aquatic insects including cad- 
disflies ( Dicosmoecus gilvipes ) or mayflies 
(Hexagenia spp.). 1,2 The disease can be trans¬ 
mitted experimentally to horses by paren¬ 
teral administration of N. risticii or blood 
from infected horses. Studies of a tick ( Der- 
macentor variabilis), black flies ( Simulium 
spp.), fleas, flies ( Tabanus spp., Hybomitra 
spp., Stomoxys spp., Haematobia spp.), and 
mosquitoes have failed to demonstrate trans¬ 
mission of infection. 

N. risticii infects trematodes stages (cer¬ 
cariae and xiphidiocercariae) found in 
freshwater snails (Juga yrekaensis and Planor- 
bella subcrenata in California and northwest¬ 
ern United States and Elimia sp. including E. 
livescens and E. virginica in the eastern United 


States) , 4 N. risticii infects metacercariae found 
in adults and juveniles of aquatic insects 
including caddisflies (Trichoptera), mayflies 
(Ephemeroptera), damselflies (Odonata, 
Zygoptera), dragonflies (Odonata, Anisop- 
tera), and stoneflies (Plecoptera). N. risti¬ 
cii DNA has been detected in trematodes 
(Lecithodendriidae) infecting bats and swal¬ 
lows. N. risticii DNA is present in eggs of 
the trematodes ( Acanthatrium oregonense) 
found in bats demonstrating vertical (adult to 
egg) transmission of infection in trematodes. 
Furthermore, N. risticii DNA was detected 
in the blood, liver, or spleen of bats infected 
with the trematode, suggesting that N. risti¬ 
cii can also be transmitted horizontally from 
trematode to bat. These results indicate that 
the trematode A. oregonense is a natural res¬ 
ervoir and probably a vector of N. risticii. This 
information suggests that insectivorous bats 
and birds are the definitive hosts of trema¬ 
todes that maintain the natural reservoir of 
N. risticii. Briefly, it appears that horses are 
accidentally infected by N. risticii that nor¬ 
mally cycles between trematode life stages in 
bats, freshwater snails, and aquatic insects. 
Infection by horses occurs when they ingest 
N. risticii- infected immature trematodes (the 
aquatic cercariae) directly while drinking 
from waterways or trematode-infected snails 
or aquatic insects while drinking or feeding. 

Infected horses develop a sterile immu¬ 
nity and so are unlikely to be a source of 
subsequent infection. 

PATHOGENESIS 

Infection is followed by monocyte-associ¬ 
ated bacteremia and the organism is present 
in monocytes, macrophages, and the glandu¬ 
lar epithelial cells of the intestinal tract. The 
number of N. risticii in blood is greatest 
before the development of clinical signs, 
which in experimentally infected horses and 
ponies occurs approximately 19 days after 
infection by ingestion of infected aquatic 
insects. The prominent clinical sign of diar¬ 
rhea is caused by colitis and typhlitis and is 
associated with a neorickettsia-induced dis¬ 
ruption of sodium and chloride absorption 
by the large colon. Fluid and electrolyte 
losses associated with diarrhea cause dehy¬ 
dration, hyponatremia, and acidosis. 

Transplacental infection with N. risticii 
occurs and causes abortion, which can be 
weeks to months after resolution of clinical 
disease in the dam. 5 

CLINICAL FINDINGS 

The classic manifestation of N. risticii infec¬ 
tion in horses is fever, depression, anorexia, 
diarrhea, colic, and laminitis. A retrospective 
review identified diarrhea (66% of 44 horses), 
fever (50%), anorexia (45%), depression 
(39%), colic (39%), and lameness (18%) as 
the most common clinical signs of the 
disease in horses at each of two referral 
clinics. 3 However, infection can result in a 
variety of clinical abnormalities ranging 










from inapparent infection, through transient 
fever and depression, to the severe signs 
described earlier. Equine neorickettsiosis 
should be considered in any horse living in 
an endemic area that demonstrates fever and 
depression. 

In naturally occurring cases of severe 
clinical disease there is typically an acute 
onset with depression, anorexia, tachycardia, 
congested mucous membranes, and fever. 
There are decreased intestinal sounds on 
abdominal auscultation in the early stages of 
the syndrome and subsequently tinkling 
sounds before the onset of diarrhea, which 
usually occurs 24 to 72 hours later. The sever¬ 
ity of the diarrhea varies, but it is usually 
profuse and projectile. It persists for up to 10 
days and there can be sufficient fluid loss 
resulting in severe and rapid dehydration and 
hypovolemic shock. Colic is a presenting sign 
in some horses and may be mild or present 
as an acute abdomen. There can also be sub¬ 
cutaneous edema in the ventral abdomen and 
limbs. Less severe clinical manifestations of 
infection include the occurrence of fever and 
anorexia without other signs or the occur¬ 
rence of mild colic or subcutaneous edema. 

Laminitis occurs in up to 40% of horses 
and is usually apparent within 3 days of 
initial signs of disease. 3 One retrospective 
review of 44 cases identified laminitis present 
on admission (12 hours to 5 days after first 
developing clinical signs of equine neorick¬ 
ettsiosis) in 18% of cases with a further 18% 
developing laminitis during hospitalization 
(0-4 days after admission, median of 24 
hours). 3 Laminitis is often severe, involving 
all four feet in most horses (88% of those 
with laminitis) and with rotation of the distal 
phalanx in 60% of cases that had radio- 
graphic examination of the feet (likely the 
most severely affected horses). 3 

Abortion occurs as a result of N. risticii 
infection and, in experimental and natural 
infections, occurs 65-111 days after infection 
of the dam. 5 The dams that aborted all became 
clinically ill after infection, but clinical signs 
of disease had resolved at the time they 
aborted. Abortion was presaged by ventral 
edema and enlargement of the udder in 
experimental disease, and placenta was 
retained in some cases including that with 
natural infection. 

CLINICAL PATHOLOGY 

Hematological examination usually reveals 
leukopenia (<5000 leukocytes per microli¬ 
ter) with neutropenia (74% of cases) and a 
marked left shift, mild thrombocytopenia, 
and hemoconcentration (hematocrit 50%- 
60%, 0.5-0.6 L/L) in 38% of cases. Serum 
biochemical analysis often reveals hypo¬ 
calcemia (76% of 32 horses), hyponatremia 
(64%), hyperglycemia (59%), hypochlore- 
mia (53%), azotemia (50%), hyperbilirubi¬ 
nemia (50%), and hypoalbuminemia (34%). 3 
Hyperlactatemia and metabolic acidosis are 
common. Peritoneal fluid is usually normal. 
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Horses with hemoconcentration are less 
likely to survive. 3 

Diagnostic confirmation is achieved by 
demonstration of N. risticii in blood or feces, 
or serologic evidence of infection, in horses 
with clinical signs compatible with the 
disease. Routine diagnosis is based on dem¬ 
onstration of a high serum antibody titer on 
the IFA test. Most horses with disease caused 
by N. risticii have titers >1:80 at the onset of 
clinical signs, whereas horses with titers 
<1:40 probably do not have the disease. The 
presence of a high titer at the time of onset 
of clinical signs is a result of the 8- to 12-day 
incubation period during which there is a 
high level of neorickettsemia and the pro¬ 
duction of a strong IgM antibody response. 
The IgM antibody response wanes rapidly 
and can be undetectable by 60 days after 
infection, although a prominent IgG response 
occurs. Therefore by the time clinical signs 
are apparent the horse has a high titer that 
might decline, making the use of acute and 
convalescent (2 weeks after clinical signs 
resolve) serum titers potentially misleading. 
A rising titer in samples collected several 
days apart soon after the onset of disease is 
indicative of the disease, but a declining titer 
does not rule it out. The IFA test performed 
in some laboratories has a high rate of false¬ 
positive reactions and should be interpreted 
with caution. The preferred diagnostic test 
is a demonstration of antigen or DNA of 
N. risticii. 

Detection of the organism in white blood 
cells by microscopic examination of stained 
blood smears is usually not possible because 
of the low level of infection of blood mono¬ 
cytes. The organism can be cultivated, but 
this is time-consuming and expensive. How¬ 
ever, nest PCR detects the presence of N. 
risticii nucleic acid with a sensitivity similar 
to that of blood culture in experimental 
infection. PCR testing depends on the pres¬ 
ence of the organism in the blood and could 
lack sensitivity because of variables levels of 
the organism in blood. 3 The specificity of the 
test, in the presence of compatible clinical 
signs, is assumed to be high. 

Similarly, AT. risticii can be detected by a 
PCR test in feces of horses. The sensitivity is 
not reported, but specificity is assumed to be 
high in the presence of compatible clinical 
signs. 

NECROPSY FINDINGS 

The gross changes in horses dying of equine 
neorickettsiosis usually include subcutane¬ 
ous edema of the ventral body wall and a 
very fluid consistency to the contents of the 
large bowel. Congestion, hemorrhage, and 
mucosal erosions can occur throughout the 
alimentary tract but are concentrated in the 
cecum and colon. The mesenteric lymph 
nodes are often swollen and edematous. 
There may be lesions of laminitis. Histo¬ 
logic examination confirms the alimentary 
mucosal erosion and ulceration, which is 


accompanied by an infiltrate of a mixed 
population of leukocytes within the lamina 
propria and submucosa. The causative organ¬ 
isms can be demonstrated in tissue sections 
using Steiner’s silver stain. Detection using 
EM or PCR techniques are other options. 

Fetuses that are aborted as a result of AT. 
risticii infection of the dam have gross lesions 
consisting of enlarged liver, spleen, and mes¬ 
enteric lymph nodes and histologic evidence 
of enterocolitis, hepatitis, myocarditis, and 
lymphoid hyperplasia with necrosis of mes¬ 
enteric lymph nodes. 3 

Samples for Postmortem 
Confirmation of Diagnosis 

The parasite can be demonstrated in cecum, 
colon, and mesenteric lymph node by a poly¬ 
merase reaction test or EM. Formalin-fixed 
tissue for light microscopy should include 
cecum, colon, liver, and mesenteric lymph 
node. 


DIFFERENTIAL DIAGNOSIS 


The main differentials are as follows 
(Table 7-5): 

• Diarrhea caused by salmonellosis, 
Clostridium difficile colitis, massive 
emergence of hypobiotic cyathostomes, 
colitis X, and antibiotic-induced 

colitis 

• Abortion caused by equine herpesvirus-1, 
leptospirosis, congenital anomalies, and 
Salmonella abortusequi 


TREATMENT 


TREATMENT AND PROPHYLAXIS 


Treatment of equine neorickettsiosis 

• Oxytetracycline 6.6 mg/kg intravenously 
every 12-24 h for 5 days (R1) 

Prophylaxis 

• Vaccination (R3) 


The specific treatment of equine neorickett¬ 
siosis is oxytetracycline (6.6 mg/kg BW 
intravenously every 12-24 hours for 5 days), 
and horses treated early in the disease 
respond well. Administration of oxytetracy¬ 
cline increases the likelihood of survival by 
nine times (OR 95% Cl 1.2-70), with 6/14 
horses not treated with oxytetracycline (usu¬ 
ally treated with another antibiotic) surviving 
compared with 26/30 oxytetracycline-treated 
horses. 3 Administration of metronidazole 
with oxytetracycline offers no clear survival 
advantage. 3 

Given the effectiveness of oxytetracycline 
in the treatment of the disease and the lack 
of clear evidence that oxytetracycline at the 
recommended dose induces or exacerbates 
diarrhea, this drug should be adminis¬ 
tered to all horses that live in an endemic 
area and that develop signs consistent with 
equine neorickettsiosis. Treatment does not 
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interfere with the development of immunity. 
Other antibiotics that have been used include 
combinations of a sulfonamide and trim¬ 
ethoprim or rifampin and erythromycin. 
Doxycycline has been used, but intravenous 
administration is associated with cardiovas¬ 
cular abnormalities and sudden death. 

Treatment of horses with acute diarrhea 
is discussed in Chapter 7. Prophylaxis for 
laminitis is indicated in Chapter 15. 

CONTROL 

Control centers on vaccination, although 
this is inadequate in controlling disease in 
field situations. 6 The apparent lack of efficacy 
of vaccination in the United States might be 
caused by the inclusion of only one strain of 
N. risticii in the vaccine, and this strain is 
immunologically distinct (based on the P51 
surface protein) from most strains from the 
eastern or midwestern United States and 
from most strains isolated after 2000. 6 There 
are a number of strains of the organism, with 
associated variation in surface-expressed 
proteins and in particular P51, and the 
vaccine might not confer immunity to all 
these strains. 1,6 P51 is strongly recognized by 
sera from horses with IFA titers of 1:80 and 
above, and it could be useful for inclusion in 
vaccines or diagnostic tests. 6 

Infection is followed by the development 
of a neutralizing antibody response that is 
associated with clearance of N. risticii and 
the presence of a sterile immunity to the 
homologous strain, which persists for at least 
20 months. An inactivated whole-cell adju- 
vanted vaccine is available, and vaccinated 
animals have resistance to experimental 
challenge. However, protection from vacci¬ 
nation is not complete and wanes within 
6 months. Survival rate of horses with clini¬ 
cal equine neorickettsiosis is not different 
among horses that were vaccinated (7 of 9, 
78%) before development of the disease from 
that of all horses studied (« = 44, 79% sur¬ 
vival rate). 3 In an area with a low attack rate 
of the disease (0.44-1.7 horses/1000 per 
year) the risk of neorickettsiosis in horses 
vaccinated once per year is almost identical 
(OR 0.93) to that of unvaccinated horses, and 
there is no difference in the severity of the 
disease in vaccinated and unvaccinated 
horses. Furthermore, it is more economical 
not to vaccinate horses in areas with a low 
attack rate. In areas with a high attack rate it 
may be appropriate to provide an initial vac¬ 
cination of two doses 3 weeks apart, with 
revaccination at 4-month intervals during 
the disease season. 

Current recommendations from the 
American Association of Equine Practitio¬ 
ners included details on vaccination of horses 
against equine neorickettsiosis. 7 Because 
of evidence demonstrating the limited, 
or lack of, efficacy of vaccination with the 
currently available product, routine vac¬ 
cination of horses is not recommended at 
this time. 
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EQUINE CORONAVIRUS 
INFECTION 

Coronavirus infection is associated with diar¬ 
rhea in foals, although rarely, 1 and is also 
incriminated as a cause of acute lethargy, 
fever, and signs of gastrointestinal dysfunc¬ 
tion in adult horses. The putative causative 
agent is equine coronavirus (ECoV), and 
the strains identified in Japan, France, and 
the United States are virtually identical 
to the strain initially isolated from foals in 
North Carolina. 1 J There is some variation 
in the virus, principally within p4.7 and the 
noncoding region following the p4.7 gene. 5 
ECoV is of the genus Betacoronavirus and the 
species Betacoronavirus- 1, which includes 
BCoV, porcine HEV, and canine respiratory 
coronavirus. 6 Experimental inoculation of 
adult horses reproduces the disease.' 

The association between coronavirus 
infection and clinical disease in adult horses 
is reported in Japan, North America, and 
Europe. 1-5,8 Animal risk factors have not been 
identified, and the disease occurs in horses 
from 1 to 29 years of age. 2,5,8 The disease in 
adult horses is most commonly reported as 
an outbreak in stables affecting 15% to 60% 
of horses. 2,4,5 The case-fatality rate is approxi¬ 
mately 0% to 7% with deaths caused by acute, 
profuse diarrhea; septicemia; or signs of neu¬ 
rologic disease. 2,5,8 A case-fatality rate of 27% 
is reported in two outbreaks of disease in 
Miniature horses and Miniature donkeys. 8 

Transmission is assumed to be fecal-oral, 
but the importance of fomites is spread 
within a stable, and longevity of the virus in 
the environment is not reported. The virus 
can be detected in feces for at least 12 to 14 
days after oral inoculation of horses, 7 
although the median shedding time from 
onset of clinical signs in horses with sponta¬ 
neous disease is 4 days. 8 

The incubation period for horses experi¬ 
mentally infected with ECoV is 2 to 4 days 
before development of fever or anorexia.' 
The main clinical signs are anorexia, leth¬ 
argy, and fever (43). Approximately 10% of 
affected horses have diarrhea and colic in 
approximately 2% of horses. 2,5 Horses that 
die do so with rapid progression of the 
disease including profuse diarrhea, septice¬ 
mia, or neurologic disease. Depression, 
ataxia, and recumbency with abnormally 


high blood ammonia concentrations are sug¬ 
gestive of intestinal hyperammonemia. 8 
Clinical signs generally resolved within 1 to 
4 days with supportive care. Outbreaks last 
approximately 3 weeks. 2 ’ 

Affected horses are leukopenic (neutro¬ 
penic). 2,5 Serum amyloid A concentrations 
increase in experimentally infected horses 2 
to 4 days after inoculation with the virus. 7 
Serology is useful for demonstrating sero¬ 
conversion to ECoV or high titers in recov¬ 
ered horses. 3 5 The virus can be detected in 
feces and blood, but not nasal discharges, 
in nonexperimental cases using PCR tech¬ 
nology. 2,3 Reverse transcription and loop- 
mediated isothermal amplification (LAMP) 
assay are less sensitive but cheaper than 
RT-PCR technology for detection of the 
virus. 9 The virus is more frequently recov¬ 
ered from feces of clinically affected horses 
during outbreaks, and viral load in feces is 
associated with severity of disease. 2,3,8 

Treatment is supportive. There is no 
vaccine. Control is facilitated by implemen¬ 
tation of measures to reduce viral spread, 
such as strict limitations on movement of 
horses within the facility, use of sanitary 
procedures including disinfectants, and ces¬ 
sation of racing or competition until the 
outbreak has abated. Most commonly used 
disinfectants are efficacious in reducing 
infectivity of coronavirus on surfaces, includ¬ 
ing benzalkonium and glutaraldehyde as well 
as alcohol-based hand disinfectants. 

REFERENCES 

1. Miszczak F, et al. Vet Microbiol. 2014;171:206. 

2. Pusterla N, et al. Vet Microbiol. 2013;162:228. 

3. Oue Y, et al. Vet Microbiol. 2011;150:41. 

4. Narita M, et al. J Jpn Vet Med Assoc. 2011;64:535. 

5. Oue Y, et al. J Vet Med Sci. 2013;75:1261. 

6. Zhang J, et al. Virology. 2007;369:92. 

7. Nemoto M, et al. Arch Virol. 2014;159:3329. 

8. Fielding CL, et al. / Vet Int Med. 2015;29:307. 

9. Nemoto M, et al. / Virol Methods. 2015;215:13. 


VIRAL DIARRHEA IN CALVES, 
LAMBS, KIDS, PIGLETS, 

AND FOALS 


SYNOPSIS 


Etiology Rotaviruses, coronaviruses, 
toroviruses, and parvoviruses 
Epidemiology Common cause of diarrhea in 
newborn farm animals, usually in calves 
but also in lambs, kids, piglets, and foals. 
Rotaviruses ubiquitous in environment and 
50%-100% of adults seropositive. Spread 
by feces. Protection dependent on specific 
antibody in colostrum in intestinal lumen. 
Bovine coronavirus is also pneumotropic 
and causes respiratory disease. 

Signs 

Calves Outbreaks of diarrhea at 5-14 days 
of age and older up to 3-4 weeks. 
Recovery occurs in a few days. 
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Piglets Outbreaks of diarrhea at 1-4 
weeks of age and following weaning. 
Porcine epidemic diarrhea type I at 4 to 
5 weeks of age; type II at all ages. 
Recovery occurs in a few days. 

Foals Profuse diarrhea, slight fever, and 
dehydration. Recovery occurs in a few 
days. 

Lesions Fluid-filled intestine and dehydration. 
Villous and crypt atrophy. Diagnostic 
confirmation. Many diagnostic tests to 
identify viruses in fecal samples 

Treatment Oral and parenteral fluid and 
electrolyte therapy; correction of acid-base 
disturbances 

Control Reduce infection pressure, ensure 
adequate transfer of passive immunity, and 
vaccination of dam to provide specific 
colostral antibody. 


ETIOLOGY 

Several families of viruses cause diarrhea in 
neonatal farm animals, and occasionally in 
adults. These include Reoviridae, Corona- 
viridae, Toroviridae, Parvoviridae. 

Rotaviruses 

Rotaviruses are nonenveloped, dsRNA 
viruses pertaining to the family Reoviridae 
and are a primary cause of diarrhea in 
humans, calves, lambs, kids, piglets, and 
foals. All members of the group of viruses 
share a common morphology and were pre¬ 
viously designated as reovirus-like viruses. 
Rotaviruses of human infants, calves, pigs, 
and foals are morphologically indistinguish¬ 
able from each other and from the virus of 
infant mice; the lamb rotavirus is similar to 
both calf and pig viruses. 

Rotaviruses are assigned to serogroups 
with group members sharing distinctive 
common antigens. Currently, seven sero¬ 
groups (A through G) are recognized, which 
are antigenically and electrophoretically dis¬ 
tinct. Rotaviruses belonging to groups A-C 
are associated with clinical disease in humans 
and animals, whereas groups D-G have only 
been isolated from diarrheic animals. RVA is 
by far the most prevalent group in humans 
and animals. 

Rotavirus serogroups are further classi¬ 
fied into serotypes based on specificity of 
the outer capsid proteins VP7 (G type, for 
glycoprotein) and VP4 (P type, for protease 
sensitive protein). At least 27 G serotypes 
and 35 P serotypes of Group A rotavirus are 
recognized. 1 

Coronaviruses 

Coronaviruses are ssRNA viruses pertaining 
to the family Coronaviridae. They are associ¬ 
ated with acute enteritis in neonatal calves 
and piglets and possibly also in foals. In rumi¬ 
nants coronavirus infection can be associated 
with calf diarrhea, calf respiratory disease, 
diarrhea in adult cattle (winter dysentery), 
and respiratory disease in adult cattle. 2 


The coronavirus-like virus of pigs is 
similar to, but distinct from, the virus of TGE 
and is the cause of PED type II. 

Toroviruses 

The family Toroviridae includes the Berne 
virus of horses and the Breda virus, which 
has been isolated from cattle. 

Parvovirus 

Parvoviruses have been associated with diar¬ 
rhea in calves but are not significant patho¬ 
gens in cattle. 

Other Viruses and Mixed Infections 

Although the rotavirus and coronavirus are 
the most common causes of viral diarrhea 
in newborn farm animals (other than TGE 
of piglets), the adenovirus and small viruses 
resembling astroviruses and caliciviruses 
have been isolated from diarrheic calves 
and foals, but their etiologic significance is 
uncertain. 3 

Multiple mixed viral infections are being 
recognized more frequently as diagnostic 
techniques are improved. Both rotavirus and 
coronavirus may occur in the same diarrheic 
calf with or without the presence of ETEC. 

EPIDEMIOLOGY 

The general aspects of the epidemiology of 
viral diarrheas of newborn farm animals are 
described here, followed by the specific epi¬ 
demiologic features in calves, lambs and 
kids, piglets, and foals. The rotavirus is used 
as a model. 

Occurrence 

The rotavirus is ubiquitous in the environ¬ 
ment of domestic animals, and serologic 
surveys indicate that 50% to 100% of adult 
cattle, sheep, horses, and pigs have antiviral 
antibody. Although different animal species 
commonly host different coronavirus geno¬ 
types there is evidence for interspecies trans¬ 
mission not only between animal species but 
also between animals and humans. Two routes 
for interspecies transmission have been pro¬ 
posed, direct interspecies transmission and 
transmission coupled with reassortment. 4 
However, the significance of interspecies 
infection under field conditions has not been 
evaluated. Cross-infection between species is 
not a property shared by all rotaviruses. 

Methods of Transmission 

The intestinal tract is the site of multiplica¬ 
tion of the rotavirus and the virus is excreted 
only in the feces. Infected feces may contain 
as many as 10 10 virus particles per gram. 
Rotaviruses are considered to be highly 
contagious; studies in pigs showed infection 
can be achieved with as little as 90 virus 
particles. Because rotaviruses are stable 
in feces and relatively resistant to com¬ 
monly used disinfectants, it is extremely 
difficult to prevent gross contamination of 
animal housing once infection has been 


introduced. The adult animal is the primary 
source of infection for the neonate. The sur¬ 
vival of the bovine rotavirus in air and on 
surfaces is directly influenced by the level of 
relative humidity. The rotaviruses generally 
survive well in an aerosol state, and medium- 
range of relative humidity and air may be one 
of the vehicles for dissemination of the virus. 

Immune Mechanisms 

An important epidemiologic characteristic 
of rotavirus and coronavirus infections in 
newborn farm animals is that protection 
against disease is dependent on the presence 
of specific colostral antibody in the lumen of 
the intestine of the newborn. Colostral anti¬ 
body in serum does not directly protect but 
contributes to mucosal immunity through 
re-secretion into the gut lumen. Protection 
against clinical disease depends on the 
amount of immunoglobulin in the lumen of 
the intestine. The daily oral administration of 
colostrum containing specific antibody or 
hyperimmune serum to neonates beyond the 
time of “gut closure” (intestinal absorption of 
colostral antibody) will improve resistance to 
clinical rotavirus enteritis. 

The protection is against clinical disease 
but not necessarily against infection, which 
means that calves, lambs, and piglets can shed 
virus in feces while being protected from clin¬ 
ical disease. The protection lasts only as long 
as colostral antibody is present within the 
lumen of the intestine, which explains why 
rotaviral diarrhea occurs commonly after 5 to 
7 days of age. Survival from rotavirus diarrhea 
in calves may be dependent on a high level of 
serum colostral immunoglobulin. 

Calves: Bovine Rotavirus 

Many of the epidemiologic characteristics of 
neonatal calf diarrhea associated with the 
rotavirus and coronavirus must be consid¬ 
ered in the context of “acute undifferentiated 
diarrhea of newborn calves,” because mixed 
infections are more common than single 
infections. 

Occurrence and Prevalence 
of Infection 

Worldwide prevalence rates for bovine rota¬ 
virus infection range from 7% to 94% depend¬ 
ing on the geographic region, although most 
studies report prevalences in the range of 30% 
to 40%/’ RVA is by far the most prevalent 
group and is the group most commonly asso¬ 
ciated with clinical disease, although sero¬ 
groups B and C have also been isolated from 
diarrheic calves. Diarrhea caused by RVA 
occurs in calves from 1 to 2 weeks of age. 

In cattle RVA strains belonging to at least 
12 G types (G1-G3, G5, G6, G8, G10, Gil, 
G15, G17, G21 and G24) and 11 P types 
(P[l], P[3], P[5—7], P[ll], P[14], P[17], 
P[21], P[29], and P[33]) have been identi¬ 
fied. Most common strains belong to G6, G8, 
and G10 in association with P[l], P[5], and 
Pill]. 1 Serotypes G6 and G10 are the most 
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prevalent RVA serotypes in dairy and beef 
calves with diarrhea in the United States. 
Rotavirus strains belonging to G10 P[ll] 
constitute the largest proportion of bovine 
rotaviruses in cattle throughout India. This 
has major zoonotic implications because this 
strain is related to those found in newborn 
children in India. 

The prevalence of subclinical infection 
may be greater than that indicated by 
isolation of the virus from feces. Rotavirus- 
immunoglobulin and coronavirus-immuno- 
globulin complexes may be present in the 
feces of 44% and 70% of adult cattle, respec¬ 
tively, whereas the free rotavirus and corona- 
virus may be absent or present in only 6% of 
fecal samples, respectively. Clinically normal 
cows can shed the virus for several weeks in 
the presence of fecal and serum antibody. 
Repeated bovine rotavirus infection and 
reexcretion can occur in calves several 
months of age, even in the presence of serum 
antibodies. Clinically normal calves may also 
shed the virus and there may be histologic 
evidence of lesions of the small intestine 
caused by rotavirus infection. 

Concurrent Infections 

Rotavirus was detected in the feces of 43% of 
neonatal diarrheic dairy calves in Spain. A 
concurrent infection was detected in 58% of 
the rotavirus-infected calves, and the most 
common mixed infection was rotavirus- 
Cryptosporidium. The detection rates of the 
other enteropathogens with rotavirus infec¬ 
tion were 20% for coronavirus, 85% for Cryp¬ 
tosporidium spp., 17% for F5 (K99) E. coli , 
and 2% for Salmonella spp. As the age of the 
calf increased, the detection rates of other 
enteropathogens decreased. Similar results 
were recently reported from dairy calves in 
the Netherlands. 6 

Risk Factors 
Animal Risk Factors 

The factors that influence rotavirus infec¬ 
tion and its clinical severity include the 
following: 

• Age of the animal 

• Immune status of the dam and 
absorption of colostral antibody 

• Ambient temperature 

• Degree of viral exposure 

• Occurrence of weaning 

• Presence of other enteropathogens 
Calves are most susceptible to rotavirus 

diarrhea between 1 to 3 weeks of age. This 
age occurrence is related in part to the rapid 
decline in specific colostral antibody to 
rotavirus. 

The mortality is highest in the youngest 
animals that have received insufficient colos¬ 
trum and are subjected to severe weather 
conditions. 

Environmental Risk Factors 

Although the rotavirus has been most com¬ 
monly associated with outbreaks of diarrhea 


in beef calves raised in groups outdoors, it 
has also been recovered from dairy calves 
raised together in large groups in large dairy 
herds. The morbidity rate in beef herds varies 
from herd to herd and from one year to 
another. 

The survival of the bovine rotavirus in air 
and on surfaces is directly influenced by the 
level of relative humidity. Rotaviruses gener¬ 
ally survive well in an aerosol state and 
medium range of relative humidity, and air 
may be one of the vehicles for dissemination 
of the virus. 

Pathogen Risk Factors 

There are differences in virulence among the 
bovine rotaviruses, which may explain the 
variability in the severity of disease in natural 
outbreaks and must be considered when 
developing vaccines. 

Rotaviruses possess two outer capsid pro¬ 
teins, VP4 and VP7. The neutralization spec¬ 
ificity related to VP7 is the G (for glycoprotein) 
serotype and that associated with VP4 is 
referred to as the P (for protease sensitive 
protein) serotype. Specific G and P types 
have been associated with specific animal 
species. As more rotaviruses have been char¬ 
acterized from diverse locations worldwide, 
the host species specificity of P and G types 
has become less distinct. G types 6, 8, and 10, 
once thought to be specific to cattle, have 
been found in humans. 

In contrast to natural recovery from 
infection, which results in high titers of 
P- specific neutralizing antibodies, parenteral 
administration elicits primarily G-specific 
neutralizing antibodies. Thus failure in 
passive protection with a monovalent vaccine 
for prevention of rotavirus-associated diar¬ 
rhea in neonatal calves may be less than 
optimal because of the diversity of P and G 
types occurring in nature. 

Natural subclinical infections are com¬ 
mon in calves in the second week of life, 
which raises doubts about rotavirus pathoge¬ 
nicity. Experimentally, the clinical outcome 
of infection is dependent on both age and 
rotavirus isolate. Age-dependent resistance 
to infection was not found. Bovine rotavi¬ 
ruses differ in virulence for calves in the 
second week of life, and older calves are sus¬ 
ceptible to rotavirus infection and disease. 

The calf rotavirus can be experimentally 
transmitted to piglets and has been isolated 
from natural outbreaks of diarrhea in piglets. 
The isolation of a rotavirus from neonatal 
deer affected with diarrhea in a zoo in Aus¬ 
tralia raises some interesting epidemiologic 
possibilities. 

Morbidity and Case Fatality 

In some herds the disease starts at a low rate 
of 5% to 10% in the first year, increases to 
20% to 50% in the second, and to 50% to 80% 
in the third year. In other herds, explosive 
outbreaks affecting 80% of the calves have 
occurred in the first year. The case-fatality 


rate has also been variable (in some herds as 
low as 5%), whereas in other herds it has 
been as high as 60%. The mortality rate prob¬ 
ably depends on the level of colostral immu¬ 
nity in the calves, the incidence of enteric 
colibacillosis, and the level of animal hus¬ 
bandry and clinical management provided in 
the herd. 

Method of Transmission 

The virus is excreted by both calves and adult 
cattle in large numbers (up to 10 lo /g of feces) 
and excretion may last for several weeks. 
Transmission is by the fecal-oral route via 
contaminated feces or fomites. The minimal 
infectious dose in cattle does not appear to 
have been determined, but as few as 90 virus 
particles were found to be sufficient to induce 
infection in piglets, making this a highly 
infectious pathogen. 

Even under open-range conditions, there 
is a rapid spread of the virus throughout 
calves that come into frequent contact with 
each other, particularly during the calving 
season. Calves are infected after birth from 
the dam’s feces or from other infected diar¬ 
rheic calves. Pregnant cows excrete the rota¬ 
virus intermittently throughout pregnancy, 
from one calving to the next, and provide a 
direct source of infection for the newborn 
calf. Both subclinically infected and diarrheic 
calves infected by rotavirus can be a source 
of infection for other in-contact calves. 

Immune Mechanisms 

Newborn calves are protected from the rota¬ 
virus only during the first few days after 
birth, when colostrum contains a specific 
rotavirus antibody that is active in the lumen 
of the intestine. This correlates well with the 
peak incidence of rotavirus diarrhea, which 
is at 5 to 7 days of age, and coincides with a 
marked drop in colostral immunoglobulin 
by the third day after parturition and an 
incubation period of 18 to 24 hours for the 
disease to occur. The serum colostral immu¬ 
noglobulin of the calf may also be re-secreted 
from the serum into the intestine and com¬ 
plement the role of colostral and milk anti¬ 
bodies in the lumen of the intestine. 

Bovine Coronavirus (Calf Diarrhea) 

BCoV is associated with diarrhea in adults 
(winter dysentery) and calves (calf diarrhea). 
Diarrhea in both dairy and beef calves asso¬ 
ciated with BCoV has a worldwide preva¬ 
lence and occurs from 1 day to 3 months of 
age but mostly between 1 and 2 weeks of age. 
Disease is more common during the winter 
months, which may reflect enhanced sur¬ 
vival of the virus in a cool, moist environ¬ 
ment. The virus is ubiquitous in cattle 
populations, and the majority of adult cattle 
are seropositive. The coronavirus may be 
present in both diarrheic and healthy calves; 
the incidence rates range from 8% to 69% 
and 0% to 24% for diarrheic calves and 
healthy calves, respectively. 
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The virus can be shed by up to 70% of 
adult cows despite the presence of specific 
antibodies in their serum and feces. The 
peaks of shedding are during the winter 
months and at parturition. Calves born to 
carrier cows are at a higher risk of diarrhea. 
Subclinical persistence and recurrent infec¬ 
tions are also common in both neonatal 
and older calves, and virus excretion from 
these animals may maintain a reservoir of 
infection. 

Vaccination of the cows with a modified- 
live rotavirus-coronavirus-£. coli combina¬ 
tion vaccine does not influence seasonal 
shedding, but in vaccinated cows the inci¬ 
dence of shedding does not increase at par¬ 
turition as it does in nonvaccinated cows. 
The BCoV isolates all belong to a single sero¬ 
type as polyclonal sera have detected only 
minor antigenic variations. 

The BCoV is also a pneumotropic virus 
that can replicate in epithelium of the upper 
respiratory tract. In dairy calves, initial infec¬ 
tions occur when the calves are 1 to 3 weeks 
of age, but there are multiple episodes of 
shedding of viral antigens or seroconversion 
when the calves are several weeks of age. 
Clinical signs of respiratory disease occur 
between 2 and 16 weeks of age but are mild. 
A more severe lower respiratory tract infec¬ 
tion causing minor lung lesions has been 
reported but is also not severe enough to 
warrant treatment. Such infections are prob¬ 
ably common in closed herds with recurrent 
subclinical infections occurring in older 
calves. Persistence of infection or reinfection 
of the upper respiratory tract with the virus 
is also common. The amount and specificity 
of BCoV maternal antibodies in calves at the 
time of infection with the virus may interfere 
with the development of an active antibody 
response in serum and mucosal secretions. 
The fecal-oral route is the presumed method 
of transmission, but aerosol transmission 
may also occur. 

The BCoV has been isolated from wild 
ruminants with diarrhea. Feces from diar- 
rheic sambar deer, one waterbuck, and one 
white-tailed deer in wild animal habitats 
contained coronavirus particles identified as 
BCoV. Gnotobiotic and colostrum-deprived 
calves inoculated with the isolates developed 
diarrhea and shed coronavirus in their feces 
and nasal discharge. Thus wild ruminants 
may harbor coronavirus strains transmissi¬ 
ble to cattle. 

The BCoV of winter dysentery in adult 
cattle is closely related to the BCoV causing 
diarrhea in young calves. 2 There is no evi¬ 
dence for serologic or in vivo antigenic dif¬ 
ferences between these two BCOVs. 

Parvovirus 

The parvovirus has been associated with out¬ 
breaks of PWD in beef calves, but its patho¬ 
genicity is uncertain. Seroprevalence studies 
found 49% to 83% of adult cattle seropositive 
to the virus over a 2-year period. 


Bovine Torovirus (Breda Virus) 

Breda virus, a member of the genus Torovi¬ 
rus, has been isolated from the feces of neo¬ 
natal calves with diarrhea in Iowa, Ohio, 
several areas in Europe, and in Canada. In 
Ohio, the virus was detected in 9.7% of fecal 
samples from cattle with diarrhea; it occurred 
in 26% of the total calf samples. It is a 
common virus in the feces of calves with 
diarrhea on farms in Ontario. In veal calf 
operations in Ohio, 24% of calves shed the 
virus during the first 35 days after arrival, 
which was associated with diarrhea. Calves 
shedding additional pathogens were more 
likely to have diarrhea than those shedding 
less than one pathogen. Calves that were 
seronegative or had low antibody titer to the 
Breda virus on arrival were more likely to 
shed the virus than those calves that were 
seropositive on arrival. 

More than 88% of adult cattle are sero¬ 
positive for the Breda virus. More than 90% 
of newborn calves have high maternal anti¬ 
bodies to the virus that wane at a few months 
of age, followed by active seroconversion 
between 7 and 24 months of age. 

Bovine Norovirus 

Noroviruses, formerly known as Norwalk- 
like viruses, are ssRNA viruses belonging to 
the family Caliciviridae and have been rec¬ 
ognized as the most common pathogens 
involved in outbreaks of acute nonbacterial 
gastroenteritis in humans. Noroviruses can 
be genetically classified into five genogroups, 
GI-GV. Genogroups I, II, and IV are consid¬ 
ered as human pathogens, whereas geno- 
group III is isolated from bovines. The 
prototype strains identified in cattle are the 
Newbury-2 strain (formerly Newbury agent 
2) and the Jena virus. The seroepidemiologic 
prevalence of the Jena virus, a bovine enteric 
calicivirus, is 99% in some selected cattle 
populations in Germany. In the Netherlands 
Norovirus is endemic in veal calf operations 
and in a selected dairy herd. The highest 
number of norovirus-positive veal calf farms 
was found in the regions with the highest 
number of veal calf farms. The virus is 
endemic in cattle populations and geneti¬ 
cally distinct from human norovirus/ Noro¬ 
virus genotype III strains were isolated from 
healthy and diarrheic calves in Hungary, 
Italy, and recently in France.' 9 Although the 
clinical significance of the presence of noro¬ 
virus in diarrheic calves remains unclear, a 
significant quantitative difference in the 
amount of virus particles shed in feces 
between healthy and diarrheic calves has 
been demonstrated in a recent case-control 
study. 10 

Lambs and Kids 
Rotavirus 

Rotavirus has been associated with diarrhea 
in lambs 7 to 30 days of age. 11 Rotavirus 
infection associated with diarrhea in lambs 
has been reported from several countries 


including the UK, United States, Australia, 
Japan, Spain, Egypt, Morocco, and India. 
Rotavirus groups A and B have been isolated 
from diarrheic lambs, but there appear to be 
geographic differences in the occurrence 
between groups A and B. Although group B 
has predominantly been isolated in the 
United States and the UK, RVA is most 
common in India. 12 

The prevalence of rotavirus infection in 
diarrheic lambs was recently assessed in 
India by screening 500 fecal samples from 
diarrheic lambs collected over a period of 
3 years. RVA was isolated from 13.2% of 
all samples. 13 A similar study from Egypt 
reported a prevalence of rotavirus infection 
among diarrheic lambs of 12.3%. 14 

Atypical rotaviruses, possibly group B, 
have been isolated from the feces of diarrheic 
goat kids. Affected kids were 2 to 3 days of 
age, and the disease was severe with marked 
dehydration, anorexia, and prostration. 

The prevalence of rotavirus infection in 
lambs appears to be influenced by the season 
of the year, because an increase in the 
number of outbreaks with high morbidity 
and mortality has been reported in the early 
spring months. 11 

The experimental disease in lambs is mild 
and characterized by mild diarrhea, abdomi¬ 
nal discomfort, and recovery in a few days. 
The mortality in lambs is much higher when 
both the rotavirus and EPEC are used. 

Piglets 

Porcine Rotavirus 

Rotavirus is recognized as an important etio- 
logic agent of diarrhea in weaned and 
unweaned piglets. At least four of the rotavi¬ 
rus groups (A-E) have been associated with 
diarrhea in piglets, but RVA is by far the most 
prevalent. Within the RVA the genotypes 
G3-G5, G9, and Gil in combination with 
P[6], P[7], P[13], and [P19] are most preva¬ 
lent in pigs and there are differences in viru¬ 
lence of isolates. 4 Different genotypes of RVA 
and even different groups of rotaviruses 
may occur at the same time in a single 
piggery. Some porcine rotaviruses are related 
antigenically to human rotavirus serotypes. 
Porcine rotaviruses that display the typical 
bovine P[l], P[5], P[11], G6, and G8 geno¬ 
types have been detected in pigs, which 
indicates the high frequency of rotavirus 
transmission between cattle and pigs. 

There is little or no cross-protection 
between porcine rotaviruses with distinct G 
and P types, but viruses that share common 
G and P types induce at least partial cross¬ 
protection in experimental studies. Variant 
serotypes of porcine rotavirus such as G3 
may cause severe outbreaks of diarrhea in 
piglets. Subclinical infections are common, 
and age resistance to rotavirus infection may 
not occur. 

Rotaviruses have a worldwide occurrence 
and are highly prevalent in the swine popula¬ 
tion. Infected gilts and sows shed the virus 
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before farrowing and during lactation, which 
makes it next to impossible to eliminate the 
infection from a herd. Continuous transmis¬ 
sion of the virus from one group to another 
is an important factor in maintaining the 
cycle of rotaviral infection in a piggery. The 
virus can be found in dust and dried feces in 
farrowing houses that have been cleaned and 
disinfected. This suggests that the environ¬ 
ment is also an important source of infec¬ 
tion. The porcine rotavirus can survive in 
original feces from infected pigs for 32 
months at 10°C (50°F). 

In an infected herd, piglets become 
infected between 19 and 35 days of age, and 
the virus cannot be detected in piglets under 
10 days of age, presumably as a result of pro¬ 
tection by lactogenic antibody. There are 
increased secretory IgA and IgG antibodies 
to rotavirus in the milk of sows after natural 
rotavirus infection or following parenteral 
inoculation of pregnant or lactating sows 
with live attenuated rotaviruses. Early 
weaning of piglets at 3 weeks of age results 
in the removal of the antibody supplied by 
the sows milk. 

In piglets, rotaviral diarrhea is most 
common in pigs weaned under intensive 
management conditions, and the incidence 
increases rapidly from birth to 3 weeks of 
age. There is no age-dependent resistance up 
to 12 weeks of age. The disease resembles 
milk scours or the 3-week scours of piglets. 
Mortality caused by rotavirus varies from 7% 
to 20% in nursing pigs and 3% to 50% in 
weaned pigs depending on the level of sani¬ 
tation. In the United States the peak inci¬ 
dence occurs in February, and a moderate 
rise occurs from August to September. 

A case-control epidemiologic study 
examined the relationship between RVA and 
management practices in Ontario over a 
5-year period. In rotavirus-positive herds, 
herd size was larger and weaning age was 
younger compared with rotavirus-negative 
herds. Pigs raised in all-in/all-out nurseries 
were 3.4 times more likely to have a positive 
RVA diagnosis than in pigs in a continuous 
flow system. Pigs in the all-in/all-out system 
were weaned at an earlier age. 

Concurrent infection of rotavirus with 
other enteric pathogens such as ETEC, Sal¬ 
monella spp., or TGE virus is common and 
causes an additive effect resulting in more 
severe clinical disease and higher mortality 
rates. 

Porcine Coronavirus 
The PEDV is a corona-like virus that causes 
diarrhea in pigs. This is similar to TGE 
except much less severe and with less mortal¬ 
ity. Two clinical forms of the disease have 
been described: PED types I and II. PED 
type I causes diarrhea only in pigs up to 4 to 
5 weeks of age. PED type II causes diarrhea 
in pigs of all ages. The morbidity may reach 
100% but mortality is low. The disease may 
start in the finishing pigs and spread rapidly 
to pregnant sows and their nursing piglets. 


The diarrhea may persist in the 6- to 10-week- 
old pigs, and seronegative gilts introduced 
into the herd may become infected and 
develop a profuse diarrhea that lasts a few 
days. 

A PRCV with close antigenic relationship 
to the TGE virus has been identified as 
enzootic in the UK and in some European 
countries. A Canadian isolate of the virus 
inoculated into 8-week-old piglets caused 
polypnea and dyspnea and diffuse bronchio¬ 
loalveolar lesions. Seroprevalence studies in 
Spain revealed that 100% of large herds and 
91% of small herds had animals with anti¬ 
bodies. Only mild or inapparent respiratory 
signs occur and the growth of finishing pigs 
may be temporarily affected. 

Foals 

Equine Rotavirus 

Rotavirus is the most common viral cause of 
diarrhea and is endemic in most if not all 
horse populations, as has been concluded 
from high seroprevalence rates in unvacci¬ 
nated adult horses. 15,16 RVA is the group most 
commonly associated with diarrhea in foals 
up to 3 months of age. Most equine rotavi¬ 
ruses are distinct from those of other species 
with a distinctive electropherotype and sub¬ 
group reaction. Six G types and six P types 
have been described among equine rotavi¬ 
ruses thus far; however, the majority of cir¬ 
culating equine rotaviruses are G3 P[12] and 
G14 P[12]. 17 

The virus can be isolated from the feces 
of healthy foals and from diarrheic foals in 
outbreaks of diarrhea. Outbreaks of the 
disease occur on horse farms with a large 
number of young foals in which the popula¬ 
tion density is high. A case-control study of 
foal diarrhea in the UK over a 3-year period 
revealed rotavirus was a significant pathogen 
associated with diarrhea in foals. The other 
common pathogens were C. perfringens, S. 
westeri, and Cryptosporidium spp. A survey 
of the enteric pathogens in diarrheic Thor¬ 
oughbred foals in the UK and Ireland 
revealed a prevalence of 37% rotaviruses and 
8% in normal foals. 

Dual infection with different rotavirus 
strains as well coinfection with other entero- 
pathogens including Salmonella spp., Cryp¬ 
tosporidium spp., and ECoV have been 
reported, but their clinical significance 
remains to be determined. 1 ’ 

PATHOGENESIS 

Rotavirus 

The rotavirus infects mature brush border 
villous epithelial cells in the small intestine 
and to a lesser extent in the large intestine. 
The infected cells are sloughed, leading to 
partial villous atrophy, and the atrophic villi 
are rapidly recovered with relatively undif¬ 
ferentiated crypt cells that mature over a few 
days and result in the healing of the lesion. 
The activity of the mucosal (3-galactosidase 
(lactase) in the brush border of the villous 
epithelium is less than that found in normal 


animals, which results in decreased utiliza¬ 
tion of lactose. This reduction in enzymes 
is associated with immature enterocytes on 
the villi during rotavirus infection. In vitro 
studies have suggested that lactase may be the 
receptor and uncoating enzyme for rotavirus, 
which may explain the high degree of suscep¬ 
tibility of the newborn with high levels of 
lactase. The net effect of the morphologic and 
functional changes in the intestine is malab¬ 
sorption resulting in diarrhea, dehydration, 
loss of electrolytes, and acidemia. 

The pathogenesis is similar in calves, 
lambs, pigs, and foals. Lesions occur within 
24 hours after infection, villous epithelial 
cells of the small intestine are infected and 
become detached, and regeneration occurs 
within 4 to 6 days after the onset of the diar¬ 
rhea. The intestinal villi usually return to 
near normal within about 7 days after recov¬ 
ery from the diarrhea. However, calves and 
pigs may require 10 to 21 days to fully 
recover to a normal growth rate following 
rotavirus infection. Experimental rotaviral 
infection in 3-week-old piglets results in 
diarrhea, anorexia, and vomiting. Villous 
atrophy of the small intestine is the most 
severe lesion but returns to normal in 6 days. 
Infection and clinical disease developed in 
the presence of serum-neutralizing antibody 
obtained from seropositive sows. 

Although it has been generally accepted 
that lactose malabsorption is an important 
factor in the pathogenesis of diarrhea, the 
experimental infection of gnotobiotic lambs 
with rotavirus did not result in lactose intol¬ 
erance, as assessed by the measurement of 
reducing substances in the feces or by the 
clinical effects and blood glucose levels after 
a lactose load. Lactose intolerance could be 
demonstrated by using extremely high doses 
of lactose, three to four times the normal 
dietary intake. Thus lactose-containing feeds 
such as milk are not necessarily contraindi¬ 
cated in rotavirus diarrhea. 

A combined infection with rotavirus 
ETEC may result in a more severe disease 
than produced by rotavirus infection alone, 
particularly in calves several days of age 
when the rotavirus normally produces a mild 
disease and when calves are resistant to 
enterotoxigenic colibacillosis. The intestinal 
lesions of villous atrophy are also more 
severe and extend into the colon in dual 
infections. Naturally occurring cases of the 
dual infection in calves are considered to be 
more severe than single infections. Under 
field conditions more than one enteropatho- 
gen is likely to be involved in the pathogen¬ 
esis of the diarrhea. 6,12,15 

Experimentally, in gnotobiotic 1 -day-old 
calves, concurrent infection with BVDV and 
bovine rotavirus results in a more severe 
enteric disease than that associated with 
either virus alone. The BVDV potentiated 
the effect of the rotavirus. Severe lymphoid 
depletion was associated with BVDV infec¬ 
tion regardless of the concurrent rotavirus 
infection. The clinical findings of induced 





combined BVDV and rotavirus infections in 
neonatal calves at 8 to 9 days of age are much 
more severe and the duration of diarrhea 
much longer than in rotavirus infection 
alone. 

Coronavirus 

The pathogenesis of coronaviral enteritis in 
calves is similar to the rotavirus infection. 
The villous epithelial cells of the small and 
large intestines are commonly affected. The 
crypt epithelium is also affected, which 
makes regeneration of villous epithelial cells 
much longer, which in turn results in persis¬ 
tent diarrhea for several days and death from 
dehydration and malnutrition. Experimental 
infection of calves with virulent BCoV 
results in depletion of lymphocytes in the 
mesenteric lymph nodes and Peyer’s patches, 
low levels of immunoglobulin, and general¬ 
ized immune suppression. Experimental 
infection with the attenuated virus results in 
lower levels of intestinal immunoglobulin 
titers than with the virulent virus. Experi¬ 
mentally, newborn calves are capable of 
mounting an intestinal immune response to 
BCoV and vaccine failures may be the result 
of overattenuation of the virus. The patho¬ 
physiological changes caused by coronavi- 
rus-induced diarrhea in the calf have been 
described and are similar to the changes that 
occur in acute diarrheal disease in the calf 
associated with other enteropathogens. 

Porcine Coronavirus 

This virus replicates in the villous epithelial 
cells of both the small and large intestine and 
clinically resembles TGE of piglets. There is 
no evidence that rotavirus infection in piglets 
is accompanied by increased permeability of 
the intestine to macromolecules. 

Calicivirus-Like (Norovirus) Agent 

Norovirus causes degeneration of the villous 
epithelial cells of the proximal part of the 
small intestine leading to villous atrophy, a 
reduction in disaccharidase activity, and 
xylose malabsorption. In gnotobiotic calves 
experimentally infected with the Breda virus, 
the villous epithelial cells of the ileum and 
colon are affected, including the dome epi¬ 
thelial cells. 

Parvovirus 

Experimental infection of calves with the 
parvovirus results in lymphopenia and 
viremia and damage to the small-intestinal 
crypt epithelium and the associated mitoti- 
cally active lymphoid tissues. Villous atrophy 
occurs because of failure of replacement of 
villous epithelial cells. By 5 days after inocu¬ 
lation there was evidence of repair of the 
intestinal lesions. Following experimental 
challenge, the tonsillar tissues, intestinal 
mucosa, and mesenteric lymph nodes all 
become infected. Subsequent spread also 
results in greater involvement in the large 
intestine and the upper jejunum, Peyers 
patches, and mesenteric lymph nodes. 
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CLINICAL FINDINGS 
Calves 

The naturally occurring disease usually 
occurs in calves over 4 days of age and is 
characterized by a sudden onset of a profuse 
liquid diarrhea. The feces are pale yellow, 
mucoid, and may contain flecks of blood. 
Recovery usually occurs in a few days. 
Explosive outbreaks occur, and up to 50% of 
calves from 5 to 14 days of age in the affected 
population may develop the disease. If ETEC 
are present, the disease may be acute; dehy¬ 
dration is severe and deaths may occur. Mul¬ 
tiple mixed infection with E. coli, coronavirus, 
and Cryptosporidium spp. are common in 
calves over 4 days of age; thus it may be 
impossible to describe a typical case of 
uncomplicated naturally occurring rotavirus 
or coronavirus-like diarrhea. There is a ten¬ 
dency for viral diarrhea in newborn calves to 
occur in explosive outbreaks; the calves are 
usually not toxemic, but the character of the 
diarrhea cannot be differentiated clinically 
from that associated with the other common 
enteric pathogens of newborn calves. 

A coronaviral enteritis affecting calves 
from 1 to 7 days of age has been described, 
but there are no distinguishing clinical char¬ 
acteristics. The diarrhea may be persistent 
for several days, followed by death in spite of 
fluid therapy and careful realimentation with 
milk. The feces are voluminous, mucoid and 
slimy, and may be dark-green or light-brown 
in color. 

Lambs 

Experimentally, newborn gnotobiotic lambs 
develop diarrhea 15 to 20 hours following 
oral inoculation and show dullness and mild 
abdominal discomfort. There are only a few 
documented descriptions of naturally occur¬ 
ring rotaviral diarrhea in newborn lambs. 
Affected lambs under 3 weeks of age develop 
a profuse diarrhea, and the case-fatality rate 
is high. It is not clear if outbreaks of uncom¬ 
plicated rotaviral diarrhea occur in newborn 
lambs. 

Piglets 

Rotaviral diarrhea may occur in nursing 
piglets from 1 to 4 weeks of age and in pigs 
following weaning. The disease in nursing 
piglets resembles milk scours or 3-week 
scours. Most of the pigs in the litter are 
affected with a profuse liquid to soft diarrhea 
with varying degrees of dehydration. Recov¬ 
ery usually occurs in a few days unless com¬ 
plicated by ETEC or unsatisfactory sanitation, 
overcrowding, and poor management. The 
disease is often most severe in herds in which 
there is continuous farrowing with no period 
of vacancy for cleaning and disinfection in 
the farrowing barn. The disease may also 
occur in pigs a few days after weaning and 
may be a major factor in PWD of piglets 
weaned at 3 weeks of age or earlier in the case 
of weaning pigs at 1 to 2 days of age. 

PED type I affects piglets only up to 4 to 
5 weeks of age and is characterized by profuse 


watery diarrhea, high morbidity, and low 
mortality. 

PED type II causes a profuse fluid diar¬ 
rhea in pigs of all ages, including nursing 
piglets. Explosive outbreaks may occur and 
the morbidity may reach 100%. Mortality is 
usually restricted to piglets under 3 weeks 
of age. 

Foals 

Affected foals—usually from 3 days to 5 
months of age—appear depressed, fail to 
suck, and become recumbent. The tempera¬ 
ture ranges from 39.5 to 41.0°C (103-106°F) 
and respirations may be rapid and shallow. 
There is a profuse, watery, nonfetid diarrhea 
that results in severe dehydration and elec¬ 
trolyte imbalances. Recovery following treat¬ 
ment usually occurs within 2 to 4 days. 
Death may occur within 24 hours after the 
onset of diarrhea. 

CLINICAL PATHOLOGY 
Detection of Virus 

Fecal samples (20-30 g) should be collected 
from affected animals as soon possible after 
the onset of diarrhea and submitted to the 
laboratory in a chilled state. Samples of intestinal 
mucosa from several sections of the small and 
large intestine should be submitted chilled for 
virus detection and possible isolation. 

Because multiple mixed viral and bac¬ 
terial infections are common, the request 
for a laboratory diagnosis must include 
consideration of all of the common patho¬ 
gens. The viruses are much more difficult 
to detect than bacterial enteropathogens. In 
herd outbreaks, fecal samples from several 
affected animals and some normal animals 
should be submitted. The rotavirus will 
usually be present in both normal and diar- 
rheic animals, which presents problems in 
interpretation and requires evaluation of the 
clinical and epidemiologic findings. 

Several laboratory tests are available for 
detection of rotaviruses and coronaviruses in 
the feces and intestinal contents and tissues. 
The particular test used will depend on the 
facilities and equipment available. 

Electron Microscopy 

Demonstration of the virus in feces using EM 
has been a standard diagnostic technique. It 
is easier to see the virus if it has been con¬ 
centrated by ultracentrifugation or clumped 
by immunoelectron microscopy using spe¬ 
cific antiserum. With EM, the virus can be 
detected for up to 6 to 10 days after the onset 
of diarrhea. Protein A-gold immunoelectron 
microscopy is a valuable test to detect BCoV 
in the feces and nasal secretions of infected 
calves. However, because the equipment and 
expertise necessary for EM are not available 
in many laboratories, alternative diagnostic 
techniques have been developed. 

Immunofluorescence 

Several tests are based on immunofluores¬ 
cence. These include immunofluorescent 
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staining of fecal smears and cell culture 
immunofluorescence of fecal preparations. 
Immunofluorescent staining of a fecal smear 
is a more convenient test for diagnostic labo¬ 
ratories because a diagnosis can be made in 
a few hours, and an EM is not necessary. 
However, the immunofluorescence tests may 
not be as reliable as some other tests. The FA 
technique will only detect the virus within 
epithelial cells which are present in the feces 
for 4 to 6h after the onset of diarrhea. In some 
studies the FA technique detects the virus in 
only 20% of samples, whereas EM detected 
the virus in about 60% of the samples. 

Immunodiffusion and 
Electron Microscopy 

Immunodiffusion and EM are superior to 
the FA technique. Treatment of the feces with 
chymotrypsin improves the detection rate. 
Monoclonal antibodies to porcine Group C 
rotavirus can be used in an immunofluores¬ 
cent test and may have wider applications 
in the study of Group C rotavirus diarrheas 
in swine, cattle, and potentially, other 
species. 

Testing immunofluorescent sections of 
spiral colon is the diagnostic method of 
choice for the detection of coronavirus in 
calves; fecal samples are unreliable. Isolation 
of coronavirus in tracheal organ culture is the 
most sensitive in vitro culture technique. A 
hemadsorption-elution-hemagglutination 
assay test for the detection of coronavirus 
in the feces of calves is a simple and rapid 
procedure. A counterimmunoelectrophore- 
sis test is available for the detection of coro¬ 
navirus in calves. An immunohistochemical 
technique can be used to detect the virus of 
PED in the small intestine. 

ELISAs are more sensitive and simple 
than immunoelectroosmophoresis, CF, im¬ 
munofluorescence on inoculated cell cul¬ 
tures, or EM for the detection of rotavi¬ 
rus in calf feces. The ELISA is effective in 
detecting the presence of porcine rotavirus 
in feces and was confirmed in two-thirds of 
the samples tested using EM, immunofluo¬ 
rescence, and polyacrylamide gel electro¬ 
phoresis (PAGE). A blocking-ELISA using 
monoclonal antibodies can detect the PEDV 
in feces and serum antibodies in both natu¬ 
rally and experimentally infected piglets and 
earlier than an indirect immunofluorescence 
test. 

A competitive blocking-ELISA is consid¬ 
ered most suitable for routine detection 
of porcine epidemic virus in the feces 
of pigs. 

The ELISA and EM of feces are equally 
reliable in detecting the rotavirus and coro¬ 
navirus in the feces of experimentally 
infected calves. The agreement between the 
two tests was 95% for coronavirus and 84% 
for rotavirus. There will always be borderline 
samples containing antigen in quantities 
near the detection limit for each test. Some 
samples will be positive for one test and 


negative for the other and vice versa. This 
problem can be minimized if several indi¬ 
vidual samples from a disease outbreak are 
examined. The morphologic identification of 
rotavirus is usually straightforward, but the 
pleomorphism of BCoV can present prob¬ 
lems. The ELISA may also fail to detect viral 
antigen in feces that also contain antibody. 
The test can provide diagnostic results within 
24 hours after collection of the fecal samples. 

Reverse Passive Hemagglutination, 
ELISA, and Polyacrylamide Gel 
Electrophoresis 

The three techniques for the detection of 
rotavirus in fecal samples from diarrheic 
calves have been compared. The reverse 
passive hemagglutination (RPHA) was at 
least as sensitive as the ELISA, and both 
were compared with the PAGE. The overall 
agreement between RPHA and PAGE was 
96%; the ELISA was not as sensitive. The 
commercial ELISA has a slightly higher sen¬ 
sitivity than agglutination, PAGE, and con¬ 
centrated PAGE, but the specificity of ELISA 
is lower. The latex agglutination test has a 
lower sensitivity than ELISA, but its specific¬ 
ity is higher. The latex agglutination test is 
easy to perform, more sensitive than EM, 
and more specific for detection of rotavirus. 
A dot hybridization assay can detect and 
differentiate two serotypes of porcine 
rotavirus. 

The fast and inexpensive ELISA com¬ 
bined with the highly specific and sensitive 
RT-PCR is a practical approach in epidemio¬ 
logic studies of bovine rotavirus. 

PCR assays are now available for the 
detection of BCoV in feces. Nonradioactive 
PCR-derived cDNA probe assays can be used 
to detect rotavirus serotypes. 

A rapid ELISA using monoclonal anti¬ 
bodies can be used for the simultaneous 
detection of BCoV, rotavirus serogroup A, 
and E. coli K99 antigen in the feces of calves. 
The specificity of all of the components was 
more than 90% specific and the sensitivity 
for BCoV, F5 (K99) E. coli, and rotavirus, 77, 
93, and 100%, respectively. 

Immunochromatography is used for the 
detection of RVA in the feces of calves, 
piglets, and foals, and has a sensitivity of 89% 
and specificity of 99% compared with ELISA, 
and its reproducibility is 100%. It is a one- 
step procedure, simple to use, very rapid, and 
can be performed on the farm. 

A field enzyme immunoassay test (Rota- 
zyme test) is highly accurate and reliable for 
the detection of rotavirus in the feces of 
horses with and without diarrhea. The test is 
a simple, rapid, and specific procedure that 
can take the place of a more expensive and 
slower procedure such as EM. 

ImmunoCardSTAT Rotavirus is a human 
group A assay that can be used as an on-site 
diagnostic test for bovine rotavirus with a 
sensitivity and specificity of 87.0% and 
93.6%, respectively. The assay is a 10-minute 


one-step test with all the necessary reagents 
included in the kit and with no need for any 
laboratory equipment. 

Serology 

Several serologic tests are available for the 
measurement of rotaviral antibody in serum 
and lacteal secretions. An ELISA is used 
to detect PED coronavirus antibodies in 
swine sera. The radioimmunoassay is the 
most sensitive test compared with the agar 
gel immunodiffusion, CF, hemagglutination, 
and hemagglutination inhibition tests. 

NECROPSY FINDINGS 

The pathology of experimentally induced 
rotavirus and coronavirus diarrhea in colos¬ 
trum-deprived and gnotobiotic calves, lambs, 
and piglets has been described. Grossly, the 
changes are unremarkable and consist of 
dehydration, fluid-filled intestinal tract, and 
distension of the abomasum. The micro¬ 
scopic changes consist of shortening of the 
length of the villi and replacement of the tall 
columnar villous epithelial cells by cuboidal 
and squamous cells. Segments of the small 
intestine may reveal villous fusion, rounded 
absorptive cells, villous atrophy, and expo¬ 
sure of lamina propria. Crypt hyperplasia 
occurs in response to the loss of columnar 
epithelial cells from the villi. Histologic 
lesions caused by previous rotavirus infec¬ 
tion may be present in the upper small intes¬ 
tine of clinically normal calves. The rate at 
which enterocytes are affected in older dis¬ 
ease-resistant calves is caused by the slowing 
of the virus from entering the cells. 

In coronavirus enteritis in calves, there is 
commonly villous atrophy of both the small 
and large intestines and destruction of the 
crypt epithelium; destruction does not occur 
in rotavirus enteritis. The changes are more 
severe in field cases of acute diarrhea in 
calves in which both viruses and ETEC can 
be isolated. Concurrent infection with 
BVDV has also been demonstrated to be 
synergistic in bovine rotaviral diarrhea. 

The histologic appearance of the intesti¬ 
nal lesions of experimental infection of 
calves with Breda virus, calicivirus-like 
agent, and parvovirus have been described. 
Generally, the lesions are similar to those 
associated with rotavirus and coronavirus 
infection. 

The wide array of diagnostic tests avail¬ 
able to confirm the presence of enteric 
viruses has already been discussed. Because 
of the frequency of subclinical infection with 
these agents, it is important to histologically 
confirm concurrent atrophy of villi. 

Samples for Confirmation 
of Diagnosis 

• Histology: Duodenum, jejunum, ileum, 
colon (LM, IHC) 

• Virology: Colonic content (EM, ELISA, 
latex agglutination); colon, ileum, 
jejunum (FAT, culture) 
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DIFFERENTIAL DIAGNOSIS 


The cause of acute diarrhea in newborn farm 
animals cannot be determined clinically. 

All of the common bacterial and viral 
enteropathogens can cause an acute profuse 
fluid diarrhea, with progressive dehydration 
and death in a few days. 

When outbreaks of diarrhea are 
encountered, a detailed examination of the 
possible risk factors should be made, and the 
appropriate fecal samples and tissues from 
affected animals should be submitted to the 
laboratory. The most reliable specimens 
include fecal samples obtained from animals 
within a few hours after the onset of 
diarrhea, and untreated affected animals are 
submitted for necropsy and microbiological 
examination within a few hours after the 
onset of diarrhea. 

The clinical and epidemiological 
characteristics of the common acute diarrheas 
of neonatal farm animals are as follows: 

Calves 

Enterotoxic colibacillosis occurs primarily 
in calves under 5 days of age and is 
characterized clinically by an acute, profuse 
diarrhea. Recovery following treatment 
usually occurs in 2 days. Outbreaks occur in 
beef and dairy calves. Rotavirus and 
coronavirus diarrhea usually occur in calves 
over 5-10 days of age and up to 3 weeks 
of age. Explosive outbreaks occur, 
characterized by an acute profuse liquid 
diarrhea with recovery in 2-4 days. 

Recovery is assisted by oral fluid therapy. 
Cryptosporidiosis occurs in calves from 5 to 
15 days of age and is characterized by a 
persistent diarrhea that may last for several 
days. The Cryptosporidia may be detected 
by Giemsa stain of fecal smears or by fecal 
flotation. 

Bovine viral diarrhea virus (BVDV) 

Whether or not BVDV causes clinically 
significant diarrhea with lesions of the 
small intestine of calves 3-6 weeks of age 
is unknown. Diagnostic laboratories report 
the presence of intestinal lesions such as 
villous atrophy and crypt cell destruction in 
calves 3-6 weeks of age that have been 
affected with intractable diarrhea and from 
which the BVDV was isolated from the 
feces. However, there is no evidence of a 
cause-and-effect relationship. 

Piglets 

Transmissible gastroenteritis is most 
common in piglets under 1 week of age, 
and explosive outbreaks are common. 

There is acute profuse diarrhea and 
vomiting. Affected piglets may continue to 
nurse for several hours after the onset of 
the diarrhea. The case-fatality rate is high 
in piglets under 7 days of age; older pigs 
usually survive. 

Porcine epidemic diarrhea type I affects 
piglets under 4-5 weeks of age and is 
characterized by profuse watery diarrhea, 
high morbidity, and low mortality. 


Porcine epidemic diarrhea type II causes a 
profuse fluid diarrhea in pigs of all ages, 
including nursing piglets. Explosive 
outbreaks may occur and the morbidity 
may reach 100%. Mortality is usually 
restricted to piglets under 3 weeks 
of age. 

Enterotoxic colibacillosis usually occurs in 
weaned and unweaned piglets. There is 
acute diarrhea, dehydration, and rapid 
death. Pigs with endotoxemia (Shiga-toxin 
producing Escherichia coli) may die without 
obvious diarrhea and usually appear 
cyanotic. Entire litters may be affected 
and the case-fatality rate may be 100%. 
Early treatment with antibiotics and 
subcutaneous fluids will result in 
recovery. 

Coccidiosis occurs in piglets from 5 to 10 
days of age and is characterized by an 
acute diarrhea in which the feces are foul 
smelling and vary in consistency from 
cottage cheese-like to liquid and gray or 
yellow and frothy. The diarrhea is persistent 
for several days and nonresponsive to 
antibiotics. Some pigs recover 
spontaneously; others die in 2-4 days. 
Coccidial oocysts can be detected in the 
feces. The morbidity rate varies from 50% 
to 75% and the case-fatality rate from 
10% to 20%. 

Flemorrhagic enterotoxemia caused by 
Clostridium perfringens type C affects 
entire litters of pigs under 1 week of age; 
is characterized clinically by severe toxemia, 
dysentery, and rapid death; and at necropsy 
there is a hemorrhagic enteritis. 

Lambs 

Enterotoxic colibacillosis occurs in lambs 
most often under 1 week of age and is 
characterized by dullness, failure to suck, 
and acute diarrhea, which responds to 
antibiotic and fluid therapy. 

Coliform septicemia affects lambs under a 
few days of age and usually causes sudden 
death. Lamb dysentery occurs most often 
in lambs under 10 days of age, and there 
may be sudden death or acute toxemia, 
tucked-up abdomen, and a severe 
diarrhea and dysentery. At necropsy the 
characteristic finding is hemorrhagic 
enteritis. 

Foals 

Rotaviral diarrhea occurs in foals from 5 to 
35 days of age, but is most common in 
foals under 2 weeks of age. There is acute 
profuse watery diarrhea, failure to suck, 
recumbency, and dehydration. Recovery is 
common within 1 week. A mild fever is 
common. 

Foal heat diarrhea occurs in foals 6-10 days 
of age whose dams are in estrus 7-10 days 
after foaling. 

Salmonellosis, C. perfringens type B, and 
dietary diarrhea from excessive 
consumption of milk are less common 
causes of diarrhea in newborn foals. 


TREATMENT 

The treatment of viral diarrheas in newborn 
farm animals is essentially the same as 
described for acute undifferentiated diarrhea 
of newborn calves. There is no specific 
therapy for viral diarrhea, but antimicrobial 
agents may be used both orally and paren¬ 
tally for the possible occurrence of second¬ 
ary enteric and systemic bacterial infections. 
In the absence of complications, recovery 
from viral enteritis usually occurs without 
specific treatment in 2 to 5 days, which paral¬ 
lels the replacement of the villous epithelial 
cells whose complete replacement and matu¬ 
ration requires several days after the cessa¬ 
tion of diarrhea. 

Oral and parenteral fluid therapy as 

indicated is essential (Chapter 5). Affected 
foals may require fluid and electrolyte 
therapy for up to 72 hours. A glucose-glycine 
electrolyte formulation is an effective fluid 
therapy for pigs affected with experimental 
rotaviral diarrhea. The formula is glucose 
67.53%, sodium chloride 14.34%, glycine 
10.3%, citric acid 0.8%, potassium citrate 
0.2%, and potassium dihydrogen phosphate 
6.8%. A weight of 64 g of this formula is dis¬ 
solved in 2 L of water to produce an isotonic 
solution. 

When possible, affected animals, particu¬ 
larly calves and foals, should be separated 
from other neonates. When outbreaks of 
the disease occur in any species, the princi¬ 
ples of good sanitation and hygiene should 
be emphasized to minimize the spread of 
infection. 

CONTROL 

The principles of control of viral diarrhea are 
similar to those described for acute undif¬ 
ferentiated diarrhea of newborn calves: 

• Reduce infection pressure 

• Ensure adequate transfer of passive 
immunity 

• Vaccinate the dam to induce specific 
immunity in the colostrum (passive 
immunization of the neonate) 

Management and Colostral Intake 

Colostrum management strategies are dis¬ 
cussed in detail (see the section Failure of 
transfer of Passive Immunity). 

Vaccination 

Vaccination of the dam before parturition is 
a common strategy to control rotavirus 
infection in calves, piglets, and foals. 

Two major approaches are used to 
provide specific immunity for the control 
of rotavirus and coronavirus diarrhea in 
calves: 

1. Stimulation of active immunity by 
vaccinating the newborn calf with an 
oral vaccine containing MLVs 

2. Enhancement of lactogenic 
immunity by vaccinating the dam 
during pregnancy (passive 
immunization) 
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Oral Vaccines to Newborn Calves 

An MLV rotavirus vaccine for oral adminis¬ 
tration to calves immediately after birth has 
been available commercially for many years. 
Initially, good results were claimed but 
vaccine field trials did not include contem¬ 
porary controls, and the efficacy of the 
vaccine was uncertain. The incidence of diar¬ 
rhea in herds not vaccinated in the previous 
year was compared with the incidence during 
the year of vaccination, which is inadequate 
to assess the efficacy of the vaccine. 

Field trials using the oral vaccine indicate 
a failure of protection of calves against rota¬ 
virus infection and rotavirus-coronavirus 
infection. Effective oral vaccination of calves 
may be hindered by the presence of specific 
antibodies in the colostrum (the colostrum 
barrier) and may explain the failure of the 
vaccine under field conditions. The intestinal 
antibody response of young calves to an 
enteric viral infection is associated with the 
production of IgM and IgA antibodies locally 
in the intestine. This response is absent or 
diminished in calves that have ingested ade¬ 
quate amounts of colostrum with specific 
antibodies to the viruses. Most of the efficacy 
trials with the vaccine were performed on 
colostrum-deprived gnotobiotic calves that 
were vaccinated orally at birth and experi¬ 
mentally challenged a few days after birth. It 
is probably futile to vaccinate calves orally 
immediately after birth, particularly in herds 
in which the disease is endemic, because the 
colostrum will contain high levels of specific 
antibodies. 

Fecal shedding of oral vaccine rotavirus 
seldom occurs after oral inoculation of gno¬ 
tobiotic calves with a commercial modified- 
live bovine rotavirus-BCoV vaccine. Because 
of low shedding of virus in gnotobiotic calves 
that do not have the interfering effects of 
colostral antibodies, it seems unlikely that 
vaccine rotavirus will be shed in quantities 
from orally vaccinated conventional calves 
that have ingested colostrum containing 
antibody. Thus detection of the virus by neg¬ 
ative stain EM in feces from orally vaccinated 
calves is most likely to be virulent field virus 
rather than vaccine virus. 

Vaccination of Pregnant Dam 
(for Passive Immunization of the 
Neonate Through Colostral 
Immunoglobulin) 

Vaccination of the pregnant dam to enhance 
specific colostral immunity can provide 
passive protection against enteric viral infec¬ 
tion of newborn farm animals. The success 
of this method depends on the continuous 
presence of a sufficient amount of specific 
antibody to the rotavirus and coronavirus in 
the intestinal lumen. Normally, the colostral 
levels of antibody are high in the first few 
milkings after parturition. However, there is 
a rapid decline in colostral antibodies 
to below protective levels within 24 to 48 
hours following parturition. Most cases of 


rotavirus and coronavirus diarrhea occur 
from 5 to 14 days after birth when the anti¬ 
body levels in the postcolostral milk are too 
low to be protective. 

The parenteral vaccination of the preg¬ 
nant dam before parturition with a rotavirus 
and coronavirus vaccine will usually increase 
the level and duration of specific antibody in 
the colostrum. The use of a modified-live 
rotavirus-coronavirus vaccine stimulated a 
small but insignificant increase in colostral 
and milk antibodies. However, by 3 days after 
parturition, the rotavirus and coronavirus 
antibody titers in the milk of vaccinated 
heifers had declined to low or undetectable 
levels. 

Inactivated rotavirus vaccines given to 
pregnant cows in the last trimester will sig¬ 
nificantly increase rotavirus antibody in 
colostrum and milk from vaccinated dams 
compared with controls, but the severity of 
diarrhea may be the same in calves from 
both groups. The increased milk antibody 
delays the establishment of infection but 
does not reduce the severity of clinical 
disease that was experimentally induced. 

Experimental Studies of Maternal 
Bovine Rotavirus Vaccines 

The use of an adjuvanted rotavirus vaccine 
given simultaneously intramuscularly and 
by the intramammary route significantly 
enhanced serum, colostrum, and milk rota¬ 
virus antibody titers, whereas intramuscular 
vaccination with a commercial modified- 
live rotavirus-coronavirus vaccine did not. 
Colostrum supplements, from the cows vac¬ 
cinated by the intramammary and intramus¬ 
cular routes, fed to rotavirus-challenged 
calves at a rate of 1% of the total daily intake 
of milk, provided protection against both 
diarrhea and shedding. The 30-day milk 
antibody titers from these experimental cows 
were also considered to be protective for 
calves by which time the calves should have 
developed a high degree of age-specific resis¬ 
tance to rotavirus infection. The use of an 
inactivated rotavirus vaccine in an oil adju¬ 
vant given to pregnant cows 60 to 90 days 
before calving and repeated on the day of 
calving resulted in a significant increase and 
prolongation of colostral antibodies up to 28 
days after calving. Diarrhea in calves from 
vaccinated cows was less common and less 
serious. Similar results were obtained with a 
combined inactivated adjuvanted rotavirus 
and E. coli vaccine. Similar results have been 
achieved by vaccination of pregnant ewes. 
Vaccination of ewes can result in an elevation 
of specific colostral antibody and prolong the 
period over which the antibody is present 
in the lumen of the intestines of the lambs. 
The vaccination of cows with a monovalent 
vaccine results in a heterotypic response to 
all serotypes of rotavirus to which the 
animals have been previously exposed, 
which suggests that single serotype vaccina¬ 
tion may be sufficient. 


The lactogenic antibody responses in 
pregnant cows vaccinated with recombinant 
bovine rotavirus-like particles (VLPs) of two 
serotypes or inactivated bovine rotavirus 
vaccines have been evaluated. Bovine rotavi¬ 
rus antibody titers in serum, colostrum, and 
milk were significantly enhanced by the use 
of triple-layered VLPs, and inactivated vac¬ 
cines but higher antibody responses occurred 
in VLP-vaccinated cows. 

Bovine Coronavirus Vaccine 

An oil-adjuvanted vaccine containing BCoV 
antigen to enhance lactogenic immunity in 
the calf by vaccinating pregnant cows and 
heifers between 2 and 12 weeks before 
calving increased serum antibody in the 
dams, which was reflected in a similar 
increase in the titer and duration of specific 
antibody in colostrum and milk for up to 28 
days after calving. The overall response was 
dependent on an adequate antigen payload 
being incorporated within the single dose 
vaccine. 

Commercial Bovine Rotavirus- 
Coronavirus and E. Coli F5 (K99) 
Vaccines 

The original rotavirus and coronavirus vac¬ 
cines for use in pregnant cows to provide 
passive immunization were not sufficiently 
efficacious because of the rapid decline in 
specific colostral antibodies, which renders 
the calves susceptible to the viral diarrhea 
several days after birth. The relative success 
of the enterotoxigenic F5 E. coli bacterins 
has resulted in a shift of the epidemic curve 
for acute diarrhea in calves under 30 days 
of age from a few days of age to 2 to 3 weeks 
of age. 

More recently developed vaccines are 
efficacious. An inactivated combined vaccine 
against rotavirus, coronavirus, and E. coli F5 
administered 31 days before the first expected 
calving date has been evaluated and com¬ 
pared with controls. There was a significant 
increase in serum antibody against all three 
antigens in vaccinated animals, which was 
accompanied by increased levels of protec¬ 
tive antibodies to rotavirus, coronavirus, and 
E. coli in their colostrum and milk for at least 
28 days. The levels of specific rotavirus and 
coronavirus antibodies in the milk of vacci¬ 
nated cows were greater than the fourfold 
increase seen in the control cows for at least 
28 days after calving. 

The primary vaccination of pregnant 
cows with a trivalent commercial vaccine 
containing live attenuated bovine rotavirus 
and coronavirus and E. coli F5 followed by 
an annual booster at 6 weeks and 3 weeks 
before calving, or using the same protocol 
with an inactivated trivalent vaccine resulted 
in significant increase in the serum antibody 
of all vaccinated animals compared with 
controls. The antibody titers were higher in 
cows receiving the live vaccine compared 
with those receiving the inactivated vaccine. 
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The colostral antibodies against all three anti¬ 
gens increased in all live vaccinated groups, 
whereas inactivated vaccinated animals had 
only significant increases in F5 titers. The 
colostrum of live vaccinated cows contained 
much higher specific antibody titers. Thus 
the MLV vaccine can significantly enhance 
the specific response to rotavirus and coro- 
navirus and E. coli F5 after a primary vaccina¬ 
tion followed by a booster annually. 

Stored Colostrum 

The high levels of viral antibody in the colos¬ 
trum of the first two milkings of cows can be 
used to advantage in hand-fed calves. The 
daily feeding of stored colostrum from the 
first milkings of cows from the affected herd 
will reduce the incidence of clinical disease 
in the calves. The colostrum must be fed 
daily—beyond the time of gut closure (i.e., 
intestinal absorption of colostral immuno¬ 
globulin)—because rotavirus antibody is not 
retained in the intestinal lumen for more 
than 2 to 3 days. In affected herds the specific 
antiviral antibody in the stored colostrum 
may be sufficient to prevent the disease if 
colostrum is fed daily for up to 20 to 30 days. 
If a large number of cows are calving over a 
short period of time, the colostrum from 
immunized cows can be pooled and fed to 
the calves daily. Even small amounts of 
colostrum from immunized cows are effica¬ 
cious if mixed with cows’ whole milk or milk 
replacer. This supplemental feeding of colos¬ 
trum may be required for only 3 to 4 weeks, 
because older calves generally possess a high 
degree of age-specific resistance to rotavirus 
infections. 

Systemic Colostral Antibody 

For many years it was uncertain if circulating 
colostral antibody in calves was transferred 
back into the intestinal tract. Evidence shows 
that passive immunity to calf rotavirus diar¬ 
rhea can be achieved by adequate calf serum 
colostral antibody titers. Calves fed colos¬ 
trum on the first day of life had significant 
rotavirus-neutralizing antibody titers in 
their small-intestinal lumina for 5 and 10 
days later. The intestinal antibody titers cor¬ 
related with the serum antibody titers 
derived from colostrum and were predomi¬ 
nantly of the IgGi isotype. Intestinal anti¬ 
body titers were approximately equivalent in 
5- and 10-day-old calves, suggesting that 
antibody transfer to the intestinal tract is a 
continuing process for up to 10 days after 
birth. Additional evidence that transfer of 
passive immunity occurs is that calves can be 
protected from rotavirus challenge by the 
administration of colostral immunoglobulin 
by parenteral injection. This protection was 
not caused by lactogenic antibody, because 
the calves received no source of dietary anti¬ 
body. The transfer of circulating antibody 
into the intestinal tract may be the mecha¬ 
nism that results in the decreased morbidity 
and case fatality caused by diarrhea in calves 


with high concentrations of passive serum 
immunoglobulin. 

Porcine Rotavirus Vaccines 

Although oral porcine rotaviral vaccines 
have been unsuccessful, the use of either 
modified-live or inactivated rotavirus vac¬ 
cines for parenteral immunization of the sow 
before farrowing is common practice. In 
pigs, as in ruminants, IgG antibodies to rota¬ 
virus are predominant in colostrum and 
decline 8- to 32-fold in the transition to milk. 
However, secretory IgA is the primary 
isotype of rotavirus antibody in the milk of 
pigs. Increased levels of IgA and IgG anti¬ 
bodies to rotavirus occur in the milk of sows 
after natural rotavirus infection of nursing 
piglets or following parenteral inoculation of 
pregnant or lactating sows with live attenu¬ 
ated rotaviruses. But titers decline by the end 
of lactation, suggesting that repeated natural 
rotavirus infection of sows or parenteral 
revaccination may be necessary to maintain 
high IgA antibody to rotavirus in milk. This 
observation may account for the higher 
prevalence of rotavirus infection during the 
first week of life in pigs born to gilts (38%) 
than in those born to sows (3%). 

Equine Rotavirus Vaccine 

Several inactivated equine rotavirus vaccines 
are available. These vaccines were shown to 
significantly increase serum antibody con¬ 
centration in vaccinated mares and their 
foals. Notwithstanding it was shown that 
foals can acquire rotavirus infection despite 
having a high rotavirus antibody titer. The 
incidence of rotaviral diarrhea was lower in 
foals born to vaccinated mares, compared 
with foals born to control mares but the dif¬ 
ference was not significant. Because most 
clinical trials found that foals of vaccinated 
mares can still contract a rotavirus infection 
and develop clinical disease, these vaccines 
can at most be considered to be partially 
protective. 15 Parenteral vaccination of mares 
with inactivated rotaviral vaccine stimulates 
production of high levels of specific IgG, and 
not IgA, in colostrum and milk. 

Subunit Vaccines 

Subunit rotaviral vaccines consisting of VLPs 
given parenterally can enhance bovine rota¬ 
virus antibody titers in serum, colostrum, 
and milk. These vaccines offer advantages 
over conventional modified-live or inacti¬ 
vated vaccines including: 

• Exclusion of adventitious agents 
associated with live vaccines 

• Consistent production of outer capsid 
proteins 

• Genetic engineering to allow updating 
of efficacious vaccines for boosting 
lactogenic immunity 

FURTHER READING 
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VESICULAR STOMATITIS (SORE 
MOUTH, INDIANA FEVER) 


SYNOPSIS 


Etiology Vesicular stomatitis virus, genus 
Vesticulovirus in the family Rhabdoviridae 

Epidemiology Disease of cattle, horses, and 
pigs occurring only in the Americas. Affects 
predominantly adult animals. Seasonal 
disease occurrence with clustered outbreaks 
in summer and autumn. Vector-borne, 
direct, and mediate transmission. World 
Organization of Animal Health List A 
disease (reportable in most countries). 

Prime importance as differential diagnosis 
for foot-and-mouth disease 

Clinical findings Vesicular lesions or healing 
ulcers on oral mucosa, coronary bands, 
teats, and prepuce 

Diagnostic confirmation Virus isolation, 
indirect sandwich ELISA, complement 
fixation, and polymerase chain reaction. 
Serology (paired samples) via liquid-phase 
blocking ELISA, virus neutralization, or 
complement fixation 

Treatment None specifically, just supportive 

Control Notifiable disease. Quarantine and 
movement control 

ELISA, enzyme-linked immunosorbent assay. 


ETIOLOGY 

The causative agent of VS is the vesicular sto¬ 
matitis virus (VSV), genus Vesiculovirus, 
pertaining to the family Rhabdoviridae. 
Two distinct immunologic classes of the 
virus have been recognized: VSV New Jersey 
(VSV-NJ) and VSV Indiana (VSV-IND). 
There are three subtypes of VSV-IND based 
on serologic relationships, including IND-1 
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(classical IND), IND-2 (cocal virus), and 
IND-3 (alagoas virus). The serotype NJ is the 
most virulent and most common. 

The virus is much less resistant to envi¬ 
ronmental influences than the virus of FMD. 
It is readily destroyed by sunlight, boiling, 
and the use of common disinfectants but can 
survive in the environment for prolonged 
periods in a dark and cool environment. 1 

VS is listed on “List A” of the OIE and as 
such is a reportable disease to the OIE for 
member states. Accordingly it is a reportable 
disease in most countries of the world. The 
disease is of major importance because it is 
clinically indistinguishable from FMD in 
ruminants and swine. It is considered as a 
minor zoonosis because it can cause disease 
in humans. 

EPIDEMIOLOGY 

Occurrence 

Geographic Occurrence 

The disease is limited to the Americas, 
although historically it has been reported 
from South Africa (1896-1897) and France 
(1915 and 1917). VS is endemic in Mexico, 
Central America, northern South America, 
and eastern Brazil as well as in limited areas 
of the southeastern United States in which 
area outbreaks occur annually. 2 Periodic 
incursions to the north and south of the 
endemic area into the United States, Brazil, 
and Argentina produce epizootic disease. It 
is also enzootic in Ossabaw Island, off the 
shore of Georgia in the United States. 
Ossabaw Island is the only recognized enzo¬ 
otic focus of VSV-NJ. The VSV-NJ antibodies 
have been detected only from feral swine, 
cattle, horses and donkeys, deer, and rac¬ 
coons. However, despite high transmission 
rates, clinical disease is rarely detected. 

Strains of VSV-NJ are endemic in south¬ 
ern Mexico, Central America, Venezuela, 
Colombia, Ecuador, and Peru and account 
for more than 80% of clinical cases. Sporadic 
activity of these strains has been observed in 
northern Mexico and the western United 
States. Cases of the disease reported from 
Brazil and Argentina were related to VSV- 
IN2 and VSV-IN3. 1 VSV-IN2 has only been 
isolated in these two countries and only from 
horses. Cattle in close proximity to affected 
horses neither developed clinical disease nor 
antibodies against VSV. 1 

In endemic areas, outbreaks are seasonal, 
often associated with the transitions between 
rainy and dry seasons. In these regions the 
disease occurs seasonally every year, emerg¬ 
ing from tropical areas to cause sporadic 
outbreaks in cooler climates during the 
summer months. 

In the United States outbreaks occur peri¬ 
odically in the late summer and autumn; a 
major outbreak occurred in 14 western states 
from 1982 to 1983, one in 1995 involving six 
states, and another one in 2005 involving nine 
states, with sporadic disease in the interven¬ 
ing and following years. The outbreaks occur 


in the southwestern and western states, start 
in the south and progress northerly, and 
cluster in areas of high livestock density in 
irrigated and green zone areas. 3 

In the 1995 outbreak the disease occurred 
in Arizona, Colorado, New Mexico, and 
Utah. The epidemic curve suggested a 
propagating epidemic; the number of posi¬ 
tive premises peaked during week 39 and 
then rapidly declined. As in previous out¬ 
breaks in the southwestern United States, 
there was a northerly progression of the 
disease over time. Nationwide, horses 
accounted for 88% of examinations done for 
the disease, and 97% of the premises on 
which species of infected animals were iden¬ 
tified recorded horses to be positive. Cattle 
accounted for 10% of examinations per¬ 
formed, and 3% positive premises on which 
species were identified were cattle positive. 

The first major occurrence of the disease 
or “sore tongue” in horses, cattle, and swine 
in the United States was in 1801. The disease 
disabled 4000 horses needed to fight the Civil 
War in 1862. Major epidemics in U.S. cattle 
and horses occurred in the southwestern 
states from 1889 to 2005. A major outbreak 
occurred in military horses in the United 
States during the 1914 to 1918 war but in 
recent years, in addition to clinical disease in 
horses, it has come to assume greater impor¬ 
tance in cattle and pig herds. 

Host Occurrence 

VS primarily affects equids including horses, 
donkeys, and mules, as well as cattle and 
swine. Camelids and possibly sheep and 
goats as well as humans occasionally develop 
clinical signs. Domestic animals appear to 
be dead-end hosts in which the virus does 
not persist and does not return to its natural 
cycle. Outbreaks of the disease are most 
common in horses followed by cattle and to 
a lesser extent in pigs. Calves are much more 
resistant to infection than adult cattle. Sero¬ 
logic surveys have found that in endemic 
areas of Mexico and Central and South 
America in addition to domestic livestock, 
many species of wild animals such as deer, 
pronghorn antelope, bighorn sheep, bats, 
raccoons, opossums, bears, coyotes, foxes, 
dogs, monkeys, rabbits, rodents, turkeys, 
ducks, and humans are exposed to the infec¬ 
tion and develop neutralizing antibodies. 2 
Experimental infection is possible in guinea 
pigs, mice, ferrets, hamsters, and chicken. 
The reservoir and amplifying host of VSV 
has thus far not been identified. 

Humans are susceptible with the infec¬ 
tion causing an influenza-like disease, and 
the development of high antibody titers in 
humans often accompanies outbreaks in 
cattle. 

In the 1995 outbreak in the United States, 
the overall seroprevalence in livestock in 
Colorado was lower than the seroprevalence 
in epidemic areas, and seroprevalence rates 
in epidemic areas were greater for horses 


than cattle. The seroprevalence results sug¬ 
gest that some animals had subclinical VS 
infection during epidemics, and that animals 
may be exposed to the virus between epidem¬ 
ics. Sentinel premises in Colorado visited 
quarterly during a 3-year period, when there 
was no clinical disease, found evidence of 
seroconversion to both serotypes of virus. 

Morbidity and Mortality 

The morbidity rate varies considerably; 5% 
to 10% is usual but it may be as high as 80%. 
There is usually no mortality in horses and 
dairy herds, but overall case-fatality rates 
ranging from 0% to 15% are recorded for 
beef herds. Higher mortality rates than in 
other species have been reported in pigs 
infected with VSV-NJ. Most cases occur in 
adult animals, whereas animals under 1 year 
of age are rarely affected. Outbreaks in an 
area are usually not extensive, but the disease 
closely resembles FMD and has achieved 
considerable importance for this reason. 

Method of Transmission 

The mechanisms of VSV transmission are 
still not entirely understood. Vector-borne 
transmission is considered the epidemio- 
logically most relevant route, although trans¬ 
mission through direct skin-to-skin contact 
is likely to contribute to the spread of the 
disease within a herd. 4 There is strong epide¬ 
miologic evidence corroborating the assump - 
tion of vector-borne transmission. Apart 
from an obviously seasonal pattern of disease 
occurrence, the disease incidence was deter¬ 
mined to be increased with an increasing 
population of potential insect vectors, with 
proximity of affected animals to running 
water as well as with a lack of use of shelters. 4 
Biological transmission by blood-feeding 
insects, which have been demonstrated 
repeatedly to be abundant on case-positive 
premises, also indicates that the insect- 
vector hypothesis is plausible. Biological 
transmission of VSV has been verified in 
blackflies ( Simulium vittatum), phleboto- 
mine sandflies ( Lutzomyia spp.), and biting 
midges ( Culicoides spp.). 4 Mechanical trans¬ 
mission through flies ( Musca domestica, and 
M. autumnalis) and eye gnats ( Hippelates 
spp.) on which the virus has been isolated 
may also occur. Experimentally, VSV-NJ- 
infected blackflies readily transmitted the 
virus to domestic swine. Transmission was 
confirmed by seroconversion or by the pres¬ 
ence of clinical VS. 

Vector-borne virus transmission has 
been debated because viremia, which is 
considered to be essential for disease trans¬ 
mission by blood-sucking insects, is not 
commonly observed in animals infected with 
VSV. As in other domestic animal species 
in which viremia has not been detected 
naturally or experimentally, viremia did not 
occur in the pigs experimentally infected by 
infected blackflies. Furthermore, the natural 
vertebrate host required to maintain the 





virus between outbreaks has not been iden¬ 
tified. Antibody to VSV has been demon¬ 
strated in a large number of wildlife species 
in Central America, but their significance 
as wildlife reservoirs remains to be deter¬ 
mined. Feral pigs are believed to be the 
reservoir and amplifying host on Ossabaw 
Island. 

Another proposed hypothesis is that VSV 
is actually a plant virus that would be ingested 
with forages and then undergo an adaption 
process to infect its host. 1 

Mediate or immediate contagion occurs 
by contact or ingestion of contaminated 
materials, especially in large intensive dairies 
where there is a great deal of communal use 
of water and feed troughs. It also occurs by 
the ingestion of contaminated pasture. Spread 
within dairy herds also appears to be aided 
by milking procedures. The importation of 
embryos from infected areas is considered a 
minimal risk for introduction of infection. 

Convalescent cattle have been suspect as 
perpetuating disease and spreading it with 
movement to other herds. VSV has been iso¬ 
lated from convalescent cattle 38 days after 
the disappearance of clinical signs, and 
disease can recur in convalescent cattle. Viral 
RNA can be detected in the tongue and 
draining lymph nodes of cattle 5 months 
after experimental inoculation, but there is 
no evidence for the long-term persistence of 
replication-competent virus in cattle. 

Risk Factors 
Host Risk Factors 

Differences in susceptibility of different 
species are well established with horses 
followed by cattle and then swine, which 
are considered most susceptible to clinical 
disease. 1 Age is another well-documented 
risk factor predisposing to clinical disease, 
with foals and calves less than 1 year old 
being less likely to develop clinical disease, 
although infection and seroconversion still 
occur. 1 In Costa Rica, which is an endemic 
area for VS in dairy cattle, parity was associ¬ 
ated with clinical disease (animals of parity 
4 or 5 were 5.3 times more likely to exhibit 
clinical signs of VS than animals of parity 3 
or lower). Animals of parity 6 and higher had 
an OR of 4.6 times greater than animals of 
parity 3 and lower. Factors associated with 
seropositivity at birth were also found to be 
breed associated (Jersey calves had an OR of 
14.7 times greater than Holstein calves). 5 

Environmental Risk Factors 
There is a marked seasonal incidence of the 
disease, with cases decreasing sharply with 
the onset of cold weather. The disease is 
enzootic in low-lying coastal countries with 
tropical climates, heavy rainfall, and high 
insect populations. There is also a greater 
incidence in geographically protected areas 
with heavy rainfall, such as valleys in the 
mountains and foothills. Areas of low inci¬ 
dence are protected by natural barriers to 
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insect migration. These observations pro¬ 
mote the importance of biting insects in the 
spread of the disease both locally and from 
infected to clean areas. In enzootic areas 
there is a much higher risk for dairies in 
forest land, the presence of sandflies, and a 
higher risk for clinical disease in older cows 
and cows in lactation. 

The management factors affecting the 
risk for VS in horses, cattle, and sheep during 
the 1997 outbreak in Colorado, New Mexico, 
Utah, and Arizona were examined. Animals 
with access to a shelter or barn had a reduced 
risk of developing the disease with an OR of 
0.6. This was more pronounced for horses at 
an OR of 0.5. When horses had access to 
pasture, the risk of developing disease was 
increased with an OR of 2.01. On all prem¬ 
ises where owners reported insect popula¬ 
tions were greater than normal, the OR was 
2.5. Premises with animals housed <0.5 miles 
from running water were more than twice as 
likely to have clinical signs of VS (OR 2.6). 
This suggests that rivers are a pathway or a 
risk factor for VS, which is consistent with 
outbreaks of the disease following major 
waterways northward during the summer. 

Pathogen Risk Factors 

The two major VSV serotypes, VSV-IN and 
VSV-NJ, are distinct viruses with only 50% 
similarity in the glycoprotein gene sequence. 
VSV-NJ is more predominant than VSV-IN 
in North America. 

In the last 70 years, each sporadic out¬ 
break in the southwestern United States has 
been associated with viral lineages distant 
from those causing previous outbreaks in the 
United States but closely related to viruses 
maintained in endemic areas in Mexico. This 
pattern of viral occurrence contrasts with 
that observed in endemic areas in Central 
and South America where viral genetic lin¬ 
eages are maintained in specific ecological 
areas over long periods of time. Thus the 
phylogenetic data and the geographic and 
temporal distribution of outbreaks indicate 
that VS does not have a stable endemic cycle 
in the western United States. 

Experimental Reproduction 

Livestock can be infected with VSV by injec¬ 
tion or aerosol exposure but not by rubbing 
virus on intact skin. Intradermal injection 
causes obvious skin lesions at the inoculation 
site. Experimental inoculation with the virus 
kills neonatal mice and chick embryos, and 
most guinea pigs, hamsters, ferrets, and 
mice, and chicks. 

Experimentally, VS-NJ virus-infected 
blackflies when exposed to the abdomen or 
snout of young pigs results in lesions devel¬ 
oping postinfection day 1. The entire surface 
of the snout ventral to the nostrils becomes 
reddened and swollen with pinpoint pale 
raised areas. This proceeds to vesiculation on 
day 2, and subsequent rupture, erosion, and 
crusting by day 3. Erosion persists for several 


days, and by day 7, the vesiculated area is 
almost healed. Secondary vesicles develop on 
the upper lips and the tip of the tongue by 
day 3. Virus can be recovered from tissues 
surrounding the snout lesions but cannot be 
isolated from whole blood or plasma. 

Viremia has not been detected in any 
domestic animal species naturally or experi¬ 
mentally infected with the New Jersey sero¬ 
type of the virus. 

Economic Importance 

Most cases of VS recover within days. The 
economic losses on large dairy farms are 
largely caused by decreased milk production 
and mastitis occurring secondary to VSV 
infection. There is also a great deal of incon¬ 
venience and the temporary inability to feed. 

There are also losses associated with 
quarantine such as loss of market opportuni¬ 
ties and pasture damage from overgrazing of 
pastures used for quarantine. Other eco¬ 
nomic effects result from the cancellation of 
animal events such as fairs and the cost of 
loss of international markets. 

In the 1995 epidemic of VSV-NJ in the 
western United States, the direct costs for 
increased labor and veterinary expenses 
incurred in caring for horses with the disease 
were estimated at $382.00 per case. In a dairy 
herd, losses were estimated at $787.00 per 
animal from increased culling, and in beef 
ranches the costs were $15,565.00 per ranch. 
State regulations restricting the movement of 
animals within a zone of 10 miles around 
premises with confirmed cases for 30 days 
after the last lesion healed, and declaring a 
quarantine, all added to economic losses. 

VS is classified by the OIE as a so- 
called List A disease, making it a reportable 
disease in all member countries of the 
OIE. 6 In the United States, all livestock 
with clinical signs of vesicular disease must 
be inspected by personnel from USDA- 
APHIS. Premises confirmed to have VS- 
positive animals remain quarantined until 
30 days after all clinical signs of the disease 
have disappeared from livestock on the 
premises. Thus local and national activities 
involving horses and cattle may be disrupted, 
and international exports may be prohibited 
because of meat and livestock embargoes. 

Zoonotic Implications 

Occasional human infections give the disease 
some public health significance, but the 
disease is mild, resembling influenza, and is 
considered as minor zoonosis. 1 

PATHOGENESIS 

Local infection of the mucous membrane of 
the mouth and the skin around the mouth 
and coronets is followed by the development 
of vesicles on the lips, muzzle, tongue, as well 
as on the teats and interdigital clefts. The 
frequent absence of classical vesicles on the 
oral mucosa of affected animals in field out¬ 
breaks has led to careful examination of the 
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pathogenesis of the mucosal lesions. Even in 
experimentally produced cases, only 30% of 
lesions develop as vesicles; the remainder 
dehydrate by seepage during development 
and terminate by eroding as a dry necrotic 
lesion. 

Immune Mechanisms 

Following infection, serum-neutralizing 
antibodies develop within a few days and 
may persist for 8 to 10 years. Reinfection can 
occur in the presence of a high antibody titer. 
In cattle, horses, and swine, high titers of 
virus are found at the margins of lesions and 
in vesicular fluids for a short period after 
infection. However, viremia is undetectable 
and there is no known carrier state in cattle, 
horses, or swine. 

CLINICAL FINDINGS 
Cattle 

In cattle after an incubation period of 3 to 
15 days, there is a sudden appearance of mild 
fever and the development of vesicles on the 
dorsum of the tongue, dental pad, lips, and 
buccal mucosa. The vesicles rupture quickly 
and the resultant irritation causes profuse, 
ropy salivation and anorexia. Confusion 
often arises in field outbreaks of the disease 
because of failure to find vesicles. In some 
outbreaks with thousands of cattle affected, 
vesicles have been almost completely absent. 
They are most likely to be found on the 
cheeks and tongue where soft tissues are 
abraded by the teeth. At other sites there is 
an erosive, necrotic lesion. In milking cows 
there is a marked decrease in milk yield. 
Lesions on the feet and udder occur only 
rarely except in milking cows where teat 
lesions may be extensive and lead to the 
development of mastitis. Lesions are very 
painful and cause a decline in feed intake and 
resistance to be milked in dairy cattle. Recov¬ 
ery is rapid, affected animals are clinically 
normal in 3 to 10 days, and secondary com¬ 
plications are relatively rare. 

Horses 

In horses, the signs are broadly similar. 
There is fever, depression, inappetence, 
drooling of saliva, and affected horses may 
rub their lips on troughs and jaw champ. 
Vesicles coalesce and rupture with detach¬ 
ment of the epithelium and the formation of 
shallow ulcers. The period of fever and vesi¬ 
cles is short lived. Not infrequently the 
lesions seen are limited to the dorsum of the 
tongue or the lips and are in the coalescing 
ulcer stage. Other less common sites include 
the udder of the mare and the prepuce of 
males. Lesions may occur at the coronary 
band and lead to lameness and deformity of 
the hoof wall. 

Pigs 

In pigs, vesicles develop on or behind the 
snout, the lips, or on the feet, and lameness 
is more frequent than in other animals. 


CLINICAL PATHOLOGY 

Vesicle fluid, epithelium covering unrup¬ 
tured vesicles, epithelial flaps of freshly rup¬ 
tured vesicles, or swabs of vesicles are ideal 
diagnostic specimens for virus isolation. If 
unavailable, oropharyngeal fluid from cattle 
or throat swabs from pigs may be submitted. 
Samples should be placed in containers with 
Tris-buffered tryptose broth with phenol red 
at pH 7.6. Glycerophosphate buffer, pH 7.2- 
7.6, can be used for specimens intended for 
CF. 1 Samples need to be kept refrigerated for 
shipping for up to 48 hours or otherwise 
frozen. 

The indirect sandwich ELISA (IS- 
ELISA) is currently the diagnostic method of 
choice for identification of viral serotypes of 
VSV and other causative agents of vesicular 
diseases. Virus isolation can also be per¬ 
formed by inoculation into Vero cell cul¬ 
tures and subsequent staining with anti-VSV 
FA conjugate. CF is less sensitive than the 
IS-ELISA and is affected by procomplemen¬ 
tary or anticomplementary factors. 1 Nucleic 
acid recognition by PCR has been used to 
detect presence of viral DNA. 

Serologic tests include VN, CF, and a LP- 
ELISA, all of which are prescribed tests for 
international trade. LP-ELISA is currently 
considered the method of choice for the 
detection and quantification of antibodies 
against different VSV serogroups. The ELISA 
has advantages in speed and expense and has 
comparable specificity and gives fewer false¬ 
negative results than VN. 1 

NECROPSY FINDINGS 

Necropsy examinations are not usually 
undertaken for diagnostic purposes. 


DIFFERENTIAL DIAGNOSIS 


Because of its case-for-case similarity to 
foot-and-mouth disease (FMD), prompt and 
accurate diagnosis of the disease is essential. 
In most countries the disease is notifiable. 

Cattle 

• FMD 

• Pseudocowpox 

• Bovine papular stomatitis 

• Bovine viral diarrhea/mucosal disease 

• Infectious bovine rhinotracheitis 

• Bovine malignant catarrh fever 

• Bluetongue 

• Epizootic hemorrhagic disease 

• Rinderpest 

• Chemical or thermal burns 

Horses 

• Blister beetle toxicosis 

• Bullous pemphigoid 

• Equine infectious arteritis 

• Equine herpes virus infection 

• Calicivirus infection 

• famestown Canyon virus infection 

• Phenylbutazone toxicity 

• Equine exfoliative eosinophilic dermatitis 
and stomatitis 


• Squamous cell carcinoma 

• Melanoma 

• Grass seed awns 

Swine 

• FMD 

• Swine vesicular disease 

• Vesicular exanthema of swine 

• Foot rot 

• Thermal or chemical burns 


TREATMENT 

Treatment is seldom undertaken, but nonste¬ 
roidal antiinflammatories may contribute to 
the comfort of the animal and the rapidity of 
recovery. 

CONTROL 

Hygienic and quarantine precautions to 

contain the infection within a herd are suf¬ 
ficient control, and the disease usually dies 
out of its own accord. Animal movement off 
the farm should be prohibited until 30 days 
after all lesions have healed. There are usually 
restrictions of movement of animals from 
infected areas to different jurisdictional areas 
that are free of clinical disease, and VS is an 
OIE List A disease. 

Immunity after an attack appears to be of 
very short duration, probably not more than 
6 months, but serologic titers persist much 
longer. An autogenous killed vaccine was 
approved for use in dairy cattle in infected or 
at-risk areas during the 1995 outbreak in the 
United States, but vaccine efficacy could not 
be determined. 

A DNA vaccine expressing the glycopro¬ 
tein gene from VS-NJ virus elicits neutral¬ 
izing antibody titers in mice, cattle, and 
horses. The level of protection of antibody 
required for protection is unknown. 

A recombinant VSV-IND expressing 
NJ and IND glycoproteins has been gener¬ 
ated and examined as vaccine candidate. 
When inoculated into pigs it induced neu¬ 
tralizing antibodies and the pigs were pro¬ 
tected against homologous high-dose 
challenge. 

FURTHER READING 
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OIE Terrestrial Manual 2010; Chapter 2.1.19. Vesicular 
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Parasitic Diseases of the 
Alimentary Tract 

CRYPTOSPORIDIOSIS 


SYNOPSIS 


Etiology Usually Cryptosporidium parvum, 

C. andersoni, and/or C. bovis 

Epidemiology Infection common in ruminant 
neonates. May cause diarrhea, particularly 
if there is intercurrent infection with other 
enteropathogens and nutritional or 
environmental stress 

Clinical findings Malabsorption-type 
diarrhea 

Clinical pathology Oocysts in feces 
demonstrated by immunofluorescent or 
oocyst DNA detected by polymerase chain 
reaction 

Lesions Villous atrophy 

Diagnostic confirmation Demonstration of 
lesions and the organism 

Treatment Supportive. Halofuginone in cattle, 
if approved 

Control Hygiene and management to ensure 
passive transfer of colostral antibodies and 
minimization of infection pressure 


ETIOLOGY 

Cryptosporidium spp. are apicomplexan (coc- 
cidial) protozoans. 114 They have direct life 
cycles, and infections are transmitted via the 
fecal-oral route. Currently, based primarily 
on molecular data, more than 16 Cryptospo¬ 
ridium species and more than 44 genotypes 
have been reported to parasitize the epithelial 
cells (usually in the gastric or intestinal tract) 
of hosts representing all classes of verte¬ 
brates. 2 4 C. parvum is a common infection 
in young animals, including ruminants, and 
is found in many species of mammals, 
including humans. C. parvum is considered 
a significant cause of varying degrees of natu¬ 
rally occurring diarrhea in neonatal farm 
animals. This agent can act in concert with 
other enteropathogens to produce intestinal 
damage and diarrhea. 

EPIDEMIOLOGY 
Occurrence and Prevalence 

Cryptosporidiosis has been recognized 
worldwide in numerous host animals, 
including cattle, lambs, goat kids, foals, and 
piglets. 4 Many studies report prevalence of 
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infection, but this does not imply clinical 
disease. 

Calves 

Many studies have found limited association 
between infection and diarrhea, but there 
are many reports that associate infection in 
calves with diarrhea occurring between 5 
and 15 days of age. A study of preweaned 
(5-60 days of age) and postweaned (3-11 
months of age) calves has shown strong evi¬ 
dence of an age-related association between 
host and cryptosporidiosis. The prevalence 
of Cryptosporidium in preweaned calves 
has been shown to be -50% (of 503) and 
can decrease to -20% (of 468) calves fol¬ 
lowing weaning. Interestingly, although 
most of the infections in preweaned calves 
relate to C. parvum, only a small percent¬ 
age (e.g., <1%) of weaned calves have been 
found to be infected with this species; the 
dominant species in weaned calves, based 
on DNA studies, are C. andersoni and C. 
bovis. This information suggests that young 
calves represent a more significant zoonotic 
risk than older cattle. Infection of calves is 
often followed by the development of resis¬ 
tance to reinfection, and oocyst excretion is 
less common and intermittent in older and 
adult cattle, although high excretion rates 
can be found in adult cattle in some herds 
(which likely relate to species other than 
C. parvum). 

Because calves are likely to be infected by 
C. parvum shortly after birth, and clinical 
signs of disease are typically limited to a 
period of intense, self-limiting diarrhea, and 
the high cost and limited effectiveness of 
chemotherapeutic and supportive treatment, 
there appears to have been little incentive 
for developing husbandry practices to limit 
bovine cryptosporidiosis. However, intensive 
farms (e.g., dairy and feedlots) can represent 
a significant source of human-infective 
oocyst contamination in the environment, 
which is presumably exacerbated by the 
presence of newborn calves. 

Sheep and Goats 

C. parvum is also a common enteric infec¬ 
tion in young lambs and goats, and diarrhea 
can result from a monoinfection, but more 
commonly it is associated with mixed infec¬ 
tions. The features of infection(s) and pattern 
of excretion of the cryptosporidial oocysts is 
similar to that in calves. 1 Infection can some¬ 
times be associated with outbreaks of diar¬ 
rhea, with high case fatality in lambs from 4 
to 10 days of age and goat kids from 5 to 21 
days of age. 1 

Pigs 

Cryptosporidial infection in pigs occurs over 
a wider age range than in ruminants and has 
been observed in pigs from 1 week of age 
through to market age. Infection seems to be 
common between 6 and 12 weeks of age. 
Many cryptosporidial infections appear to be 


asymptomatic, although cryptosporidiosis 
might contribute to malabsorptive diarrhea 
after weaning. 

Foals 

Cryptosporidial infection in foals appears to 
be less prevalent. Diarrhea has been recorded 
in foals from 5 days to 6 weeks of age. Disease 
might occur in Arabian foals with inherited 
combined immunodeficiency. 

Farmed Deer 

Cryptosporidiosis is also recorded in young 
deer and can be a cause of diarrhea. Infection 
has also been recorded in red deer calves 
dying at 24 to 72 hours of age, following a 
syndrome of severe weakness and depression 
accompanied by a terminal uremia. 1 

Source of Infection and Transmission 

Experiments have shown that a small number 
of oocysts are required for infection. The 
replicative cycle in the intestine amplifies 
a minor infective dose, and studies in gnoto- 
biotic animals indicate a minimum infec¬ 
tious dose as low as one oocyst. The source 
of infection is feces that contain oocysts 
that are already sporulated and infective 
when excreted. Large numbers of oocysts 
are excreted during patency in calves, result¬ 
ing in heavy environmental contamination. 
Transmission may occur directly from calf to 
calf, indirectly via fomite or human trans¬ 
mission, and from contamination in the 
environment or fecal contamination of the 
feed or water supplies. Infection in newborn 
animals and an increase in contamination of 
their immediate environment might occur as 
the result of a periparturient rise in fecal 
output oocysts by the dam. 

Risk Factors 

The factors that make animals susceptible 
to infection and that predispose infected 
animals to develop clinical disease are still 
not well understood. 4 Cryptosporidiosis in 
young agricultural animals is often associ¬ 
ated with infection with C. parvum. Other 
enteric infections can occur concurrently 
with Cryptosporidium/cryptospovidiosis. The 
site of infection with Cryptosporidium is pre¬ 
dominantly on the enterocyte where it results 
in cell damage, loss of brush border enzymes, 
and a reduction of villous surface area. 

Pathogen Risk Factors 

Oocysts are resistant to most disinfectants 
and can reportedly remain viable for >18 
months in a cool, damp, or wet environment 
and can survive for several months in soil 
and slurry, but are susceptible to desiccation, 
temperatures of more than 60°C, and ultra¬ 
violet light. The infectivity of the oocysts 
can be destroyed by ammonia, formalin, 
freeze-drying, and exposure to temperatures 
below0°C (32°F) and>65°C (149°F). Ammo¬ 
nium hydroxide, hydrogen peroxide, chlo¬ 
rine dioxide, 10% formol saline, and 5% 
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ammonia are effective in destroying the 
infectivity of the oocysts. The infectivity of 
oocysts in calf feces is reduced after 1 to 4 
days of drying. 

Concurrent Infections 

Infections with other enteropathogens, par¬ 
ticularly rotavirus and coronavirus, are com¬ 
mon, and epidemiologic studies suggest that 
diarrhea is more severe with mixed infec¬ 
tions with other pathogens. The rates of 
single and mixed infections vary among 
studies. Generally, mixed pathogen infec¬ 
tions are most common, but cryptosporidial 
infection can be very significant in its own 
right. Immunologically compromised ani¬ 
mals are more susceptible to cryptosporidi- 
osis than immunocompetent animals, but 
the relationship between disease and failure 
of passive transfer of colostral immunoglob¬ 
ulins is not entirely clear. Disease can be 
reproduced in both colostrum-deprived and 
colostrum-fed calves and, in the field, clini¬ 
cal disease can occur, for example, in calves 
with adequate passive transfer of colostral 
immunoglobulins. However, the shedding 
of oocysts has been observed to be higher 
in calves with low absorptive efficiency of 
IgG from colostrum and low serum IgG 
concentrations. 

Case-fatality rates in cryptosporidiosis 
are usually low and the disease self-limiting, 
unless there are other complicating factors. 
In addition to concurrent infections, these 
include deficits linked to an inadequate 
intake of colostrum and milk and chilling 
from adverse weather conditions. Age- 
related resistance, unrelated to prior expo¬ 
sure, has been observed in lambs but not 
calves. Infection may result in a serum anti¬ 
body response, but both cell-mediated and 
humoral responses are important in immu¬ 
nity against Cryptosporidia. 

Zoonotic Implications 

Infections in domestic animals may be a res¬ 
ervoir for infection to susceptible humans. 4 ' 9 
In humans, Cryptosporidium is recognized 
as a relatively common nonviral cause of 
self-limiting diarrhea in immunocompetent 
persons, particularly children. In symptom¬ 
atic, immunocompetent patients, cryptospo¬ 
ridiosis most commonly presents with 
diarrhea that can lead to rapid weight loss 
and dehydration and require parenteral fluid 
therapy. The disease is usually self-limiting, 
with symptoms normally lasting between 3 
and 12 days. In immunologically compro¬ 
mised persons, clinical disease may be 
severe. This is particularly serious in human 
patients with acquired immune deficiency 
syndrome or who are immunocompromised 
or immunosuppressed. The infection can 
be transmitted from person to person, but 
direct infection from animals and indirect 
water-borne infection from surface water 
and drinking water contaminated by 


domestic or wild animal feces can also be 
significant. Animal manures and slurry may 
contain Cryptosporidium oocysts, and there 
is potential for contamination of the food 
chain as a result of runoff into adjacent 
surface waters or from direct application of 
the untreated wastes to crops. 

Direct animal contact can result in 
human infection where there is hand to 
mouth transmission and infection. Crypto¬ 
sporidiosis has been recorded in veterinary 
students and is a concern for children at fairs, 
petting zoos, and sometimes during educa¬ 
tional visits to farm settings. Cryptosporidi¬ 
osis is one of a number of zoonotic infections 
that have recently emerged in these settings. 
The apparent increase in prevalence of these 
infections might be caused by the general 
movement of populations from rural to 
urban communities and the consequent 
removal from early exposure to farm animal- 
derived zoonotic agents. Similarly, it could 
result from better detection and reporting by 
public health authorities. Regardless, the risk 
of transmission of zoonotic agents associated 
with petting zoos, farm animal exhibits, fairs, 
etc., is real and veterinarians are increasingly 
asked for advice on this issue. This can be in 
association with an official capacity as a fair 
veterinarian or in consultation with farm 
owners, who desire to bridge the increasing 
estrangement of urban populations to farm 
activities. Animal handlers on cattle farms 
can be at high risk of diarrhea caused by 
cryptosporidiosis transmitted from calves 
infected with Cryptosporidium, and immu¬ 
nocompromised people might be restricted 
from access to young animals and possibly 
from access to farms. 

PATHOGENESIS 

Cryptosporidium is usually transmitted via 
the fecal-oral route and exhibits a monoxe- 
nous (single-host) life cyle. 4 Briefly, a sporu- 
lated oocyst (containing four infective 
sporozoites) is ingested by the host and exo¬ 
cysts usually in either the intestine or the 
stomach (abomasum) (depending on the 
species of Cryptosporidium). Each motile 
sporozoite migrates, by gliding motility, 
along the exterior surface of the epithelial 
cells of the gut (e.g., microvilli in the small 
intestine) and penetrates the cell, eliciting an 
invagination in the cell membrane (of 
enterocytes in the small intestine) and 
forming a bilayered membranous vacuole 
(outer layer is host derived; inner layer is 
parasite derived, parasitophorous vacuolar 
membrane [PVM]). The host-derived outer 
layer of the vacuole disintegrates, and the 
inner PVM thickens and acts as the interface 
between the developing parasite and the host 
cytoplasm, which results in the parasite 
being located intracellularly but external to 
the cell cytoplasm (i.e., extracytoplasmic). 
Intracytoplasmic invasions are possible in 
rare instances, but appear to be limited to the 


invasion of macrophages within the Peyer’s 
patches. 

Within the cell, the sporozoite develops 
into a trophozoite, which subsequently 
undergoes asexual reproduction (schizogony 
or merogony; longitudinal binary fission) to 
produce type 1 meronts (schizonts). Each of 
these type 1 meronts contains 16 merozoites, 
which are released from the enterocyte. Each 
merozoite infects a new enterocyte, then rep¬ 
licates and develops into new type 1 meronts 
to repeat the cycle, or enters into the repro¬ 
ductive phase to replicate and develop into a 
type 2 meront, each of which contains four 
merozoites. After entering a host cell, each 
type 2 merozoite initiates the sexual cycle 
(gametogony) and eventually develops either 
into a microgamont (containing 12-16 
microgametes) or a macrogamont (maturing 
into a macrogamete). Microgametes (male) 
are released and fertilize macrogametes 
(female) to form zygotes. The zygote then 
develops, within the PVM into an oocyst. In 
another asexual reproductive phase (spo- 
rogony), the oocyst sporulates to produce, 
internally, four naked sporozoites. Two types 
of oocyst are produced and slough off the 
epithelial layer. The thin-walled oocysts 
(-20% of the overall population of oocysts) 
remain in the alimentary tract and have the 
ability to sustain an autoinfection, whereas 
the thick-walled oocysts (-80%) are passed 
in the feces. The thin-walled oocysts are of 
particular relevance in immunocompro¬ 
mised, immunodeficient, or immunosup¬ 
pressed individuals, as the likely cause of 
chronic cryptosporidiosis. In cattle, Crypto¬ 
sporidia are most numerous in the small 
intestine or abomasum (C. andersoni). The 
prepatent periods can range from 2 to 7 days 
in calves, and from 2 to 5 days in lambs. 
Oocysts are usually passed in the feces of 
calves for 3 to 12 days, but there is consider¬ 
able variation in both prepatency and 
patency. 

Cryptosporidium infection usually most 
directly and severely impacts the intestinal 
tract. Cryptosporidial infection in the intes¬ 
tine is best characterized and is initiated 
when zoites infect vicinal enterocytes and 
endogenous forms spread to the enterocytes 
of both the villi and crypts. Severe diarrhea 
occurs mainly as a result of proximal infec¬ 
tion of the small intestine, whereas infections 
confined to the distal ileum and/or the large 
bowel tend to be associated with intermittent 
diarrhea or can be asymptomatic. Endoge¬ 
nous forms of Cryptosporidium disrupt the 
microvillous border, which leads to the loss 
of mature enterocytes, a shortening and 
fusion of villi, and a lengthening of crypts 
caused by increased cell division and edema. 
This leads to the loss of membrane-bound 
digestive enzymes; diminishes the absorptive 
capacity of the intestine; and reduces the 
uptake of fluids, electrolytes, and nutrients 
from the intestinal lumen. 





Parasitic Diseases of the Alimentary Tract 


399 


CLINICAL FINDINGS 

There are no clinical findings that are pathog¬ 
nomonic for cryptosporidiosis in calves. 4 
Affected calves are usually 5 to 15 days old 
and have a mild to moderate diarrhea, which 
persists for several days, regardless of treat¬ 
ment. The duration of diarrhea tends to be a 
few days longer than that associated with 
rotavirus, coronavirus, or ETEC. Feces are 
yellow or pale and watery and can contain 
mucus. Persistent diarrhea can result in a 
marked loss of BW and emaciation. In most 
cases, the diarrhea is self-limiting after 
several days. Varying degrees of apathy, 
reduced feed intake, and dehydration are 
common. Only rarely does severe dehydra¬ 
tion, weakness, and collapse occur, which is 
in contrast to other causes of acute diarrhea 
in neonatal calves. Case-fatality rates can be 
high in herds with cryptosporidiosis when 
the calf feeder withholds milk and feeds only 
electrolyte solutions during the episode of 
diarrhea. The persistent nature of the diar¬ 
rhea leads to a marked energy deficit in these 
circumstances, and the calves can die of ina¬ 
nition at 3 to 4 weeks of life. This syndrome 
may be particularly common in the winter 
months when cold stress can affect energy 
requirements. 

In the experimentally induced cryptospo¬ 
ridiosis in calves, depression and anorexia 
are the earliest and most consistent clini¬ 
cal findings. Feed intake is reduced and, 
combined with the persistent diarrhea over 
several days, may cause emaciation. Recov¬ 
ery can occur between 6 and 10 days after 
the onset of diarrhea. In the experimentally 
induced cryptosporidiosis in lambs and 
kids, depression, diarrhea, and reduced 
feed intake are common, and recovery 
can occur within a few days. Severe clini¬ 
cal manifestations have been observed in 
the field in lambs subject to environmental 
cold stress and those that are energy defi¬ 
cient because of an inadequate intake of 
colostrum. 

CLINICAL PATHOLOGY 

Traditionally, diagnosis of cryptosporidiosis 
has been based on the detection of Crypto¬ 
sporidium oocysts or DNA in host feces. 
Oocysts can be detected in the feces by 
examination of fecal smears with particular 
stains, by fecal flotation, and by immunologi- 
cally or DNA-based methods. 4 Diagnostic 
techniques include the immunofluorescent 
assay detection of fecal oocysts. It has been 
suggested that, if the diarrhea is associated 
with Cryptosporidia, the feces might contain 
10 5 to 10 7 oocysts per milliliter. The oocysts 
are small (5-6 pm in diameter), relatively 
nonrefractile, and difficult to detect by 
light microscopy. They can be detected by 
phase-contrast microscopy. Oocysts can be 
concentrated from fecal samples by centrifu¬ 
gal flotation in high specific gravity salt or 
sugar solutions. The modified Ziehl-Neelsen 


is a simple and rapid staining procedure 
suited for large-scale routine diagnosis. 4 
Immunofluorescence and other immuno¬ 
logic techniques are relatively widely used, as 
are a range of PCR-coupled DNA methods 
for the specific detection and genetic charac¬ 
terization of Cryptosporidium stages present 
in fecal samples. 4 

NECROPSY FINDINGS 

Varying degrees of dehydration, emaciation, 
and serous atrophy are present in calves that 
suffer from persistent diarrhea over many 
days. There is atrophy of villi in the small 
intestine. Histologically, large numbers of 
different stages of the parasite, including 
meronts or schizonts, are at the tips of the 
enterocysts (microvilli). In low-grade infec¬ 
tions, only small numbers of parasite stages 
are detected, with no apparent or limited 
histopathological changes in the intestine. 
The villi are shorter than normal, and crypt 
hyperplasia and infiltration with a mixture of 
inflammatory cells are common. 

Samples for Confirmation 
of Diagnosis 

• Parasitology: Feces (microscopic 
examination, ELISA, IFAT) 

• Histology: Formalin-fixed intestine 
(several sites) or abomasum (e.g., 

C. andersoni) 


DIFFERENTIAL DIAGNOSIS 


The disease must be differentiated from other 
common infectious diarrheas in calves, which 
are covered in the section Acute 
undifferentiated diarrhea of newborn farm 
animals. 


PREVENTION AND CONTROL 

In animals, the key components for pre¬ 
vention and control of cryptosporidiosis 
include the maintenance of a clean environ¬ 
ment and the introduction of effective man¬ 
agement strategies to minimize the potential 
for rapid spread from animal to animal, farm 
to farm, and from animal to human. 4 The 
prevention of Cryptosporidium infection is 
challenging in intensively farmed animals, 
because the infective dose can be very low; 
thus exclusion or elimination of the parasite 
from the farm environment is almost impos¬ 
sible. Although the maintenance of “closed” 
herds or flocks can control the introduction 
of cryptosporidiosis from animals purchased 
from external sources (e.g., saleyards), addi¬ 
tional external factors, such as parasite 
transport via “mechanical” means and para¬ 
site introduction through contaminated 
water or feed, can introduce infection on to 
a farm and are difficult, if not impossible, to 
control. In addition, oocysts shed by wildlife 


and/or introduced into water supplies from 
wildlife may represent another potential 
source of infection for herds of domestic 
animals. The role of wildlife as a reservoir 
and its involvement in transmission to and 
disease in livestock and humans are not yet 
well understood, requiring further investiga¬ 
tion using advanced molecular methods. 

Because the prevention of infection in 
livestock herds is not always practical, 
control is a critical feature of a sound man¬ 
agement strategy. However, limiting infec¬ 
tion of neonatal animals and minimizing the 
risk of spread from infected to uninfected 
animals is a significant challenge. Numerous 
scientists have studied the factors linked to 
the prevalence of Cryptosporidium and the 
associated impact of cryptosporidiosis. 
Although useful for highlighting potentially 
important factors either contributing to or 
protecting against infection and disease, 
such studies are usually limited to showing a 
statistical association between any “factor” 
and increased or decreased “risk” caused by 
unavoidable limits of the experimental 
designs of such surveys. Specifically, because 
these surveys are conducted in herds, mul¬ 
tiple factors (e.g., housing, frequency of pen 
cleaning, proximity to other livestock herds, 
food and water sources) can vary among 
herds, all of which can contribute to disease 
prevalence. None of these factors can be spe¬ 
cifically isolated, making the determination 
of the actual impact of any single factor dif¬ 
ficult. Acknowledging this, herd manage¬ 
ment practices, which appear to be associated 
with protection against infection by Crypto¬ 
sporidium and/or affliction with cryptospo¬ 
ridiosis, include calving in winter rather 
than summer, removing neonates from the 
dam within 1 hour of birth, ensuring the 
neonate receives an adequate initial dosage 
of colostrum (either from the dam, from 
another animal, or via bottle feeding from a 
frozen supply), and ensuring optimal 
housing for calves. 

Environmental factors considered impor¬ 
tant in decreasing the risk of cryptosporidi¬ 
osis in neonates include low population 
density for calves; use of concrete flooring 
over straw, gravel, or sand; and the routine 
cleaning of pens (i.e., hygiene) and feeding 
utensils. The regular cleaning of pens and 
feeding apparatus is considered to be essen¬ 
tial to a rigorous management strategy of 
cryptosporidiosis; however, because of the 
robust nature of Cryptosporidium oocysts, 
care must be taken to ensure that such clean¬ 
ing regimens are effective. Oocysts remain 
viable for long periods of time and are resis¬ 
tant to various disinfectants suitable for 
use in agricultural settings (e.g., bleach- 
based disinfectants). Ammonia-based disin¬ 
fectants can kill Cryptosporidium oocysts, 
but they release irritating fumes and can 
only be used after destocking. Disinfectants 
containing hydrogen peroxide plus either 
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peracetic acid or silver nitrate have also been 
shown to have a deleterious effect on the 
survival of C. parvum oocysts and are com¬ 
mercially available for application in a farm 
setting. Steam cleaning is another supportive 
measure, has been shown to be effective for 
killing Cryptosporidium oocysts on instru¬ 
mentation in hospitals, and may be suitable 
for decontaminating instrumentation used 
in farming for feeding or milking. 

Mechanical removal of oocysts daily 
from concrete surfaces using a high-pressure 
hose appears to be an effective means of 
reducing the spread of Cryptosporidium and 
is preferable to sweeping, which imposes an 
increased risk of cross-contamination among 
pens via the mechanical transfer of oocysts. 
Importantly, the desiccation of oocysts 
appears to be a highly effective means of 
parasite control and further highlights the 
benefit of using concrete floors in pens 
instead of porous or absorptive materials to 
facilitate drying. 

Treatment Options 

Compared with the previous management 
strategies, immunotherapeutic or chemo¬ 
therapeutic options are limited. 410,11 The 
demonstrated host age stratification of Cryp¬ 
tosporidium in many animal species suggests 
that passive immunity is possible and likely 
results from prior exposure to disease, but 
the effective eliciting of passive immunity via 
colostrum is still unclear. Passive immuno¬ 
therapy using colostrum from dams immu¬ 
nized with native or recombinant antigens of 
Cryptosporidium has been explored and 
shown to be a protective infection of young 
calves in some studies but not in others. 4 

“Risk-factor” surveys indicate that neo¬ 
nate calves have a reduced probability of 
infection by Cryptosporidium following the 
ingestion of colostrum; however, the preva¬ 
lence of infection in neonates, even after 
colostrum ingestion, is high before weaning, 
indicating that the passive transfer of immu¬ 
nity is limited. Overall, evidence indicates 
that the passive transfer of immunity via 
colostrum is unlikely to be effective as a 
single means of defense against cryptospo- 
ridiosis in young calves. 

Although various avenues have been 
explored for the development of a vaccine 
against cryptosporidiosis, none are yet com¬ 
mercially available. Recently the use of a 
whole oocyst-based vaccine from an attenu¬ 
ated line of C. parvum (gamma irradiated) 
has been revisited and shown to show a 
protective response in calves. Other efforts 
have focused on assessing immune responses 
against antigens derived from oocysts or the 
cell surface of sporozoites. 10 The proteins 
CP15 and P23, involved in zoite motility 
and/or host cell invasion, have been expressed 
using recombinant methods and appear to 
be promising immunogens. Although overall 
success has been limited, the availability 
of the complete nuclear genome sequences 


for some Cryptosporidium spp. and devel¬ 
opments in molecular and computer tech¬ 
nologies might provide opportunities for 
identifying novel proteins as vaccine targets. 

In the absence of a vaccine, supportive 
and chemotherapeutic treatment options 
have been an area of significant research. 
The simplest, but at present one of the 
more effective, means of treating crypto¬ 
sporidiosis cases in livestock is oral or intra¬ 
venous rehydration of clinically affected, 
dehydrated animals. Chemotherapy has been 
explored with only limited success. Numer¬ 
ous organic-based antimicrobial compounds, 
including various quinones, aminoglycosides 
(e.g., paromomycin and streptomycin) and 
folate antagonists (e.g., sulfanitran and tri¬ 
methoprim), have been evaluated with mixed 
success. Halofuginone lactate (HFL) has 
been used as a supportive measure to treat¬ 
ment of clinical cryptosporidiosis in calves. 
Studies have indicated that administering 
HFL to infected calves at a dosage of 60 to 
125 (J.g/kg BW (e.g., for 7 days from 1 day 
of age) decreased the severity of clinical 
disease as well as oocyst numbers in feces 
shortly after treatment. Other studies have 
provided further support of these findings, 
indicating that HFL is an effective chemo¬ 
therapy in calves for the purpose of reducing 
the severity of bovine cryptosporidiosis, and 
suggesting that HFL decreases the spread 
of Cryptosporidium from animal to animal 
because of decreased fecal oocyst output. 
However, although HFL may be useful in 
diminishing the severity of disease symp¬ 
toms, this drug delays rather than eliminates 
the excretion of oocysts in feces. In spite 
of the use of HFL as a supportive measure, 
its recommended dosage must be strictly 
adhered to (given its limited safety index), 
and severely dehydrated calves should not be 
treated to prevent toxic effects. Paromomy¬ 
cin sulfate given orally at a dose of 100 mg/ 
kg BW daily for 11 consecutive days from the 
second day of age seems to prevent disease 
in goat kids and to reduce, but not completely 
prevent, diarrhea in infected lambs. 1 

Supportive Treatment 

Affected calves should be supported with 
fluids and electrolytes, both orally and par- 
enterally, as necessary until spontaneous 
recovery occurs. 4,12 Cows’ whole milk should 
be given in small quantities several times 
daily to optimize digestion and to minimize 
loss of BW. It is important to continue to 
feed milk to the full level of requirement 
despite the presence of diarrhea, because a 
reduction in intake may lead to death from 
inanition. Several days of intensive care and 
feeding may be required before recovery is 
apparent. Parenteral nutrition could be 
considered for valuable calves. 

Management Strategies 

In addition to treatment and control regi¬ 
mens to limit the impact of Cryptosporidium 


infection on herds, management strategies 
are critical to limit the spread of infective 
Cryptosporidium oocysts to other farms, and, 
for C. parvum, to the human population. 4 
Cryptosporidiosis is difficult to control. 
The rational approach to prevention is to 
minimize transmission between the source 
of the organism and neonatal farm animals 
and between the animals. Reducing the 
number of oocysts ingested may reduce the 
severity of infection and allow immunity to 
develop. Calves should be born in a clean 
environment, and adequate amounts of 
colostrum should be fed at an early age. 
Calves should be kept separate without calf- 
to-calf contact for at least the first 2 weeks of 
life, with strict hygiene at feeding. Disinfec¬ 
tants detailed earlier should be used in 
hygiene. 

Diarrheic calves should always be iso¬ 
lated from healthy calves during the course 
of the diarrhea and for several days after 
recovery. Sick calves are commonly treated 
by the same person who feeds the healthy 
calves, and great care must be taken to avoid 
mechanical transmission of infection. Calf¬ 
rearing houses should be vacated and cleaned 
out on a regular basis; an all-in/all-out man¬ 
agement system, with thorough cleaning and 
several weeks of drying between batches of 
calves, should be used. 

Manure from animals is a major contrib¬ 
utor of Cryptosporidium oocysts in the envi¬ 
ronment on farms, and measures also need 
to be implemented to reduce the risks of pol¬ 
lution to drinking water. 4,13,14 Adequately 
controlled storage and handling of manures 
and slurry (e.g., from cattle yards or dairies) 
or leachate from bedding will assist to reduce 
the risk of contamination in waterways. 
Runoff into water catchments presents a sig¬ 
nificant risk, particularly during and after 
heavy rainfall; although the risk posed by 
oocysts in water runoff varies depending on 
the soil type and the density of vegetation 
in the surrounding area. Generally, grazing 
animals should be excluded from access to 
water catchments and water sources through 
the introduction of buffer zones. 
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COCCIDIOSIS 


SYNOPSIS 


Etiology Many different Eimeria spp., 

Isospora spp. 

Epidemiology Mainly young calves, lambs, 
piglets, and kids. Infection rate can be 
high, clinical disease relatively common; 
high morbidity with low case-fatality rate. 
Occurs most often in crowded conditions 
both in barns and on pasture, particularly 
in calves and lambs moved from pasture to 
feedlot. Transmitted by fecal-oral route; 
oocysts shed from infected animals. 
Immunity develops after infection; clinical 
disease occurs rarely in adult cattle. 

Signs Diarrhea, dysentery, tenesmus, appetite 
normal or inappetence, mild abdominal 
pain in lambs, nervous signs in calves with 
coccidiosis in cold climates, loss of body 
weight, and anemia in some cases but it is 
uncommon. Epidemics occur in calves and 
lambs, particularly in feedlot animals. 


Parasitic 


Diarrhea without blood in feces of 
piglets 

Clinical pathology Diagnostic number of 
oocysts in feces 

Lesions Ileitis, cecitis, and colitis 

Diagnostic confirmation Oocysts in feces; 
asexual stages (schizonts or merozoites) in 
intestinal tissues 

Differential diagnosis 

Calves: Rotavirus and coronavirus diarrhea; 
Clostridium perfringens type C 
enterotoxemia; colibacillosis caused by 
attaching and effacing Escherichia coli 
Lambs: Salmonellosis; helminthiasis; 

C. perfringens type C enterotoxemia 
Piglets: Transmissible gastroenteritis; 
colibacillosis; Strongyloides ransom'r, 

C. perfringens type C enterotoxemia 

Treatment Supportive therapy. Coccidiostats 

Control Control population density to 

minimize number of oocysts ingested while 
immunity develops. Use of coccidiostats in 
feed and water supplies. Sanitize the 
environment if possible. 


ETIOLOGY 

Coccidial species are as follows: 

• Cattle: Eimeria zuernii, E. bovis, and 
E. ellipsoidalis ; E. alabamensis, 

E. auburnensis, and E. wyomingensis 
may also cause disease in calves 

• Sheep: E. arloingi A (ovina), E. 
weybridgenis (£. arloingi B), 

E. crandallis, E. ahsata, and E. 
ovinoidalis (previously known as 
E. ninakohlyakimovae), and E. gilruthi 

• Goats: E. arloingi, E. faurei, and 
E. gilruthi, E. caprovina, E. 
ninakohlyakimovae, 1 and E. christenseni 

• Pigs: I. suis-, numerous species of Eimeria 
(no clinical importance), including 

E. debliecki, E. neodebliecki, E. polita, 

E. perminuta, E. scabra, and E. suis 

• Horses and donkeys: E. leuckarti 
(ubiquitous, but of no clinical 
significance) 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

Coccidiosis is most frequently seen in live¬ 
stock animals housed or confined in small 
areas contaminated with oocysts. 2,3 Coccidia 
are usually host specific, and there is no 
cross-immunity between species of coccidia. 
Clinical disease is common in cattle and 
sheep. Coccidiosis causing diarrhea in new¬ 
born piglets is a major problem in some 
swine herds. 

Coccidiosis is most common in young 
animals, with a seasonal incidence that may 
be associated with the time of year young 
calves and lambs are brought together for 
weaning or moved into feedlots or fed 
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in small areas for the winter months. The 
prevalence of infection and the incidence 
of clinical disease are also age related. In 
housed dairy cattle, the prevalence of infec¬ 
tion in calves and in yearlings can be high 
(40%-50%). 

Calves 

In North America, the disease is most 
common in beef calves after weaning in the 
fall and when confined and fed in small, 
overcrowded areas during the winter 
months. Infection occurs most often when 
weaned calves are fed on the ground, result¬ 
ing in continuous fecal contamination of the 
feed. The prevalence of infection in calves 
in the northwestern and midwestern part 
of the United States is highest in summer, 
fall, and spring compared with midwinter 
(January) and early summer (June). In 
Canada, for example, winter coccidiosis 
occurs in beef calves 6 to 10 months of age, 
most commonly following a prolonged cold 
period or a sudden change from a moderate 
winter to severely cold temperature. Cold 
weather may act as a stressor to precipitate 
clinical disease in animals previously 
infected. Acute coccidiosis and a marked 
increase in the numbers of oocysts dis¬ 
charged will occur following the treatment 
of infected calves with a corticosteroid on 
the 20th day after infection, when clinical 
signs are apparent, or from the 12th to 15th 
day after infection. 

Occasional outbreaks occur in nursing 
beef calves on pasture when they mingle 
near water supplies. Postweaning coccidiosis 
occurs in beef calves grazing on pastures in 
the subcoastal, dry tropics (e.g., northern 
Queensland, Australia). It may be more 
severe in dry years, suggesting that oocyst 
challenge is less important than immuno¬ 
suppressive effect of weaning and dietary 
stress in precipitating clinical disease. Calves 
are usually weaned and yarded for 3 weeks 
and then turned out to graze. Severe E. 
zuernii coccidiosis causing diarrhea, dysen¬ 
tery, weight loss, and death occurs with up 
to 10% of calves clinically affected. The 
disease is most severe in hot, dry, and sunny 
conditions when, despite heavy fecal con¬ 
tamination, the yard conditions remain dry 
and dusty, and oocysts are difficult to find. 
Coccidiosis caused by E. alabamensis along 
with other species is a common cause of 
diarrhea and unthriftiness in calves 2 to 4 
months of age within the first few weeks 
after being placed on permanent pasture in 
the spring. 

In dairy calves, the disease occurs under 
overcrowded and dirty, wet conditions, and 
when feed is contaminated with feces. Some 
surveys of dairy farms reveal that coccidiosis 
is one of the most common health-related 
problems, particularly in crowded situations. 
Dairy farmers quite frequently elect to treat 
animals, or feeding a coccidiostat, for the 
control of coccidiosis. 
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Adult Cattle 

Coccidiosis is uncommon in adult cattle, but 
occasional cases and even epidemics can 
occur, sometimes in dairy cows that have 
calved 6 to 8 weeks earlier. Older animals can 
serve as a source of infection for younger 
calves in the herd. 

Sheep and Goats 

Coccidiosis can be a major problem in 
housed lambs. In some countries, such as 
Germany, the cumulative incidences of E. 
ovinoidalis and E. weybridgensis/E. crandallis 
have been found to increase rapidly, resulting 
in an incidence of almost 100% in 8-week- 
old lambs. Acute coccidiosis in intensively 
grazed lambs occurs at about 6 to 8 weeks of 
age when the oocyst output is very high in 
healthy and in clinically affected lambs. 
There is no periparturient rise in oocyst 
output in ewes. The fecal oocyst excretion 
rates in grazing lambs are very high com¬ 
pared with those of ewes. Disease can occur 
commonly in lambs following introduction 
into a feedlot situation with problems of 
overcrowding and other stressors. Lambs 
with no previous exposure to coccidia are 
highly susceptible to infection. 

Coccidiosis is one of the most important 
diseases of goats kept in large numbers 
under intensive management conditions. 
The prevalence of infection may be as high 
as 100% in some goat farms. Kids are the 
major source of pasture contamination, and 
newly weaned kids can have high oocyst 
counts. More than 13 different species of 
Eimeria have been described in different 
parts of the world. 

Pigs 

Observations suggesting neonatal porcine 
coccidiosis include repeated episodes of 
diarrhea in piglets 5 to 15 days of age, no 
response to therapy with antimicrobials, and 
a failure of vaccination of the pregnant sow 
with E. coli bacterins to control neonatal 
piglet diarrhea. Peak incidence occurs 
between 7 and 10 days of age, most com¬ 
monly during the warm summer months 
when high temperatures favor the sporula- 
tion of the oocysts. I. suis is a common 
parasite on pig farms; 1 ' 3 it can be found in 
90% of herds and 25% to 50% of litters. The 
prevalence may be higher when piglets and 
their sows are kept on solid concrete floors 
compared with self-cleaning floors. The 
morbidity rates are variable, and case-fatal¬ 
ity rates can be up to 20%. Rotavirus infec¬ 
tion may occur concurrently with I. suis 
infection in piglets of 1 to 3 weeks of age, 
which may be important causes of steator¬ 
rhea or unspecified diarrhea, known as milk 
scour, white scour, or 3-week diarrhea. I. suis 
infection commonly occurs in large pig- 
producing farming systems; the highest rate 
of infection occurs in litters at 3 to 4 weeks 
of age. 


Morbidity and Case Fatality 

Generally, for most species of farm animals, 
the infection rate is high, and rate of clinical 
disease is usually low (5-10%), although epi¬ 
demics affecting up to 80% can occur. The 
case-fatality rate is usually low, with the 
exception of the high case-fatality rate in 
calves with winter coccidiosis accompanied 
by nervous signs. 1 The case-fatality rate may 
be high in calves or lambs with no previous 
exposure to coccidia. In calves, BW gains 
and feed consumption are commonly 
reduced for many weeks after acute clinical 
coccidiosis, and affected calves do not regain 
losses in BW compared with uninfected 
controls. 

In lambs on pasture, subclinical infec¬ 
tions are common but there is no docu¬ 
mented evidence that growth rate is affected, 
even with high levels of infection. Although 
medication with a coccidiostat may lower 
the infection rate, there is no apparent differ¬ 
ence in performance between medicated and 
nonmedicated sheep. In lambs raised under 
crowded conditions indoors, the acquisition 
of infections with multiple species of Eimeria 
does not appear to affect growth rates, 
but artificial infection with E. ninakohlyaki- 
movae has been shown to cause severe 
clinical disease and a case-fatality rate of 
up to 50%. 

Piglets infected with I. suis have signifi¬ 
cantly reduced BW at 7, 14, and 21 days of 
age. The reduction in weight at 3 weeks is 
economically important, because this weight 
is factored into the “sow productivity index,” 
which is used as a management aid to help 
producers assess the potential value of gilts 
as replacement animals. 

Methods of Transmission 
The source of infection is the feces of clini¬ 
cally affected or carrier animals, and infec¬ 
tion is acquired by ingestion of feed and 
water contaminated with sporulated coccid- 
ial oocysts or by licking the hair coat con¬ 
taminated with such oocysts. Unsporulated 
oocysts are passed in the feces and require 
suitable environmental conditions to sporu- 
late. Moist, temperate, or cool conditions 
favor sporulation, whereas high tempera¬ 
tures and dryness impede it. Depending on 
the species of coccidium, oocysts sporulate 
at a range of 12°C to 32°C (53.5°F-89.5°F) 
and require oxygen. They can resist freezing 
down to approximately-7°C to -8°C (19.5°F- 
17.5°F) for 2 months, but -30°C (—22°F) is 
usually lethal. 1 It has been suggested that 
oocysts might sporulate in the winter months 
on the hair coats of animals contaminated 
with feces. This may explain the continual 
production of several different species of coc¬ 
cidia during the cold winter months, when 
sporulation on the ground is not possible. 1 
Dry conditions and high temperatures also 
destroy sporulated oocysts within a few 
weeks, but the oocysts may survive for up to 


2 years under favorable conditions. Tempera¬ 
tures of >35°C, humidity of <25%, and 
sunlight for at least 4 hours are fatal for 
E. zuernii. 

Ingestion of the sporulated oocysts results 
in infection. Large numbers of oocysts 
usually arise by continual reinfection and 
a buildup of the degree of environmental 
contamination. This is most common when 
calves or lambs are crowded into small pens 
or confined in feedlots. Lambs can become 
infected within a few weeks after birth from 
lambing grounds heavily contaminated by 
the ewes. Overcrowding of animals on irri¬ 
gated pastures, or around surface water holes 
in drought conditions, may also lead to 
heavy infections and disease. Feeder lambs 
and calves brought into feedlots from sparse 
grazing may carry a few oocysts, which build 
up into heavy infections in the lots, particu¬ 
larly if conditions are moist. In such situa¬ 
tions, clinical signs of the disease usually 
appear several weeks to a month after the 
animals are confined. Young calves and 
lambs on pasture may shed large numbers of 
oocysts for long periods, which results in a 
buildup of coccidial populations. In cow-calf 
herds, the prevalence and intensity of oocyst 
excretion can vary with time, resulting in 
peak values around the time of parturition 
(periparturient rise). 

Sows do not play a significant role in the 
transmission of I. suis infection from one 
generation of piglets to the next through 
contamination of the farrowing pen. Oocysts 
of I. suis cannot usually be found in the feces 
of sows on swine farms where neonatal coc¬ 
cidiosis occurs. 

Risk Factors 
Animal Risk Factors 

Acute coccidiosis occurs primarily in young 
animals, but may occur at any age when 
resistance is affected by intercurrent disease 
or inclement weather. The prevalence of 
infection is usually higher in calves than 
yearlings or adults in the same herd, but 
there is also evidence of variation in resis¬ 
tance against Eimeria species. A concurrent 
experimental infection of calves with the 
viruses and E. bovis can result in clinical 
disease and lesions that are more severe than 
those caused by either infection alone. 

Nutritional status of the animal as a risk 
factor for clinical coccidiosis is well known. 
Early weaning of lambs at 21 days of age, 
followed by experimental infection, results 
in a failure of growth. In addition, field 
observations have shown that lambs that are 
weaned early are more susceptible to coc¬ 
cidiosis than those weaned at a later date. 
This observation might be a reflection of a 
lack of immunity in the younger lambs, but 
dietary stress in early weaned lambs can con¬ 
tribute to disease. Lambs kept on a low plane 
of nutrition have been reported to be less 
affected by clinical coccidiosis than those 





kept on a high plane of nutrition. The planes 
of nutrition can also be associated with dif¬ 
ferences in the prevalence of Eimeria spp. 
Considerable numbers of oocysts can be 
excreted into the environment, even by well- 
fed sheep 14 to 16 months of age. 

In many countries in Europe, for example, 
coccidiosis is common in housed lambs 
weaned at 6 to 8 weeks of age and reared on 
straw with a high stocking density, which 
provides an ideal environment for oocyst 
survival and sporulation. Often the use of 
coccidiostats does not affect the oocyst excre¬ 
tion rate, which suggests either inconsisten¬ 
cies in the effect of in-feed medication, or the 
infection may be controllable in nonmedi- 
cated flocks without the use of coccidiostats. 

Environmental and Management 
Risk Factors 

Coccidiosis occurs in livestock when envi¬ 
ronmental and managemental conditions 
result in oral exposure of large numbers of 
sporulated oocysts to nonimmune animals. 
Overcrowding, overstocking, feeding animals 
on the ground, or situations in which the feed 
and water supplies are contaminated with 
feces and oocysts increase coccidial infection 
pressure and promote transmission. The 
disease is common in small beef cattle herds 
that raise their own replacements and finish 
their own feedlot cattle in small pens that are 
overcrowded; in these situations, feed and the 
environment become heavily contaminated 
with fecal matter. Grazing calves for the first 
time on permanent pastures can be associ¬ 
ated with clinical coccidiosis caused by the 
ingestion of oocysts that have survived over 
the winter. 

In parts of Europe, the rare occurrence of 
clinical coccidiosis in housed dairy cattle 
appears to be associated with management 
practices, in which calves are individually 
housed during the first few weeks and sub¬ 
sequently housed in small groups in rela¬ 
tively large pens. Hygiene standards are high, 
and manure is frequently removed. These 
measures reduce the intake of high numbers 
of oocysts and are favorable; the intensity of 
coccidial infections is usually associated with 
the number of oocysts in the environment 
and ingested by animals. 

The production system can influence the 
development of subclinical and clinical coc¬ 
cidiosis. Two production systems are com¬ 
monly used for the fattening of lambs. In 
the extensive system, lambs are not weaned 
until slaughter, with little or no concen¬ 
trate feeding. In the intensive system, the 
lambs receive a high level of concentrates. 
Even if no clinical signs of coccidiosis are 
observed, lambs are likely to be subclini- 
cally affected in both systems. Straw and 
high stocking density predispose lambs to 
a heavy contamination of the environment, 
which supports oocyst survival and rapid 
sporulation. 
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Multiinfections 

Natural infections commonly involve multi¬ 
ple species of coccidian. A single species of 
coccidia might be a major pathogen, but 
others likely contribute to disease. In some 
cases, clinical coccidiosis in cattle happens 
only when E. bovis and E. zuernii occur 
together. Although E. bovis and E. zuernii are 
the species most commonly associated with 
bovine coccidiosis, 2 many more species have 
been described. In sheep and goats, the preva¬ 
lence of multiple species can be high (> 80%). 
I. suis is a major cause of neonatal or weanling 
diarrhea in pigs, 3 whereas E. debliecki is not 
pathogenic. Coccidia often have a widespread 
distribution in livestock animals. 

Immune Mechanisms 

Immunity against intestinal coccidia con¬ 
sists of both cellular and humoral compo¬ 
nents. 1 Cellular immunity appears to be 
more important in “resistance” against rein¬ 
fection than humoral immunity. Field obser¬ 
vations suggest that coccidiosis in cattle is 
immunosuppressive, which can increase 
their susceptibility to other common infec¬ 
tions. In experimental coccidiosis, neutro¬ 
phil function may be inhibited, and the 
feeding of decoquinate may prevent this 
inhibition. 

The administration of dexamethasone to 
calves suppresses the immunologic response 
of the animal, and allows the life cycle of 
the coccidia to proceed uninterrupted. Estra¬ 
diol and progesterone can enhance cell- 
mediated immunity and can provide some 
protection against the often severe wasting 
and debilitation in calves associated with 
E. bovis infection. 

Coccidiosis is an important disease in 
young lambs on pasture after having been 
raised indoors, as is also the case in Euro¬ 
pean countries, for example. In this situation, 
lambs spend the first few weeks of their life 
indoors and have little exposure to infective 
oocysts, and little or no immunity is acquired. 
When the lambs are turned out on to pas¬ 
tures grazed by sheep in the previous grazing 
season, they rapidly become infected with 
overwintered oocysts. Coccidiosis develops 
in such nonimmune lambs 2 to 3 weeks later. 
The immunity induced by the first infection 
seems to protect most lambs from reinfec¬ 
tions later in the grazing season. If lambs are 
treated with sulfadimidine at 200 mg/kg BW 
on days 12, 13, and 14 after turnout, then a 
marked reduction in the severity of the coc¬ 
cidial infections is seen. 

Specific immunity to each coccidial 
species develops after infection, so that young 
animals exposed for the first time are often 
more susceptible to a severe infection and 
clinical disease than other animals. A single 
initial infection with as few as 50 oocysts can 
induce strong immunity to reinfection with 
the same species, and oocyst production 
can cease after about 10 days. Under field 


conditions, animals (e.g., sheep) are probably 
continually ingesting oocysts from pastures 
that become increasingly contaminated as 
the season progresses. Thus immunity to a 
range of species of coccidia is boosted by 
frequent reinfection or reexposure. 

Very young lambs are relatively resistant 
to infection with a mixture of pathogenic 
species of coccidia, but susceptibility increases 
progressively up to at least 4 weeks of age. 1 
Lambs inoculated at 4 to 6 weeks of age 
develop severe diarrhea, whereas the same 
inoculum given at 1 day of age causes no clini¬ 
cal disease. Early subclinical infection 
improves the resistance of lambs to later chal¬ 
lenge. When lambs receive a relatively large 
inoculum of oocysts during their first week of 
life, they are relatively resistant to the patho¬ 
genic effects of some coccidia, are able to 
respond immunologically, and seem to be 
protected from subsequent challenges. This 
information suggests that early exposure or 
infection of lambs with coccidia, before they 
are susceptible to the parasites’ pathogenic 
effects, may assist in reducing the incidence, 
prevalence, and severity of subsequent coc¬ 
cidiosis. In calves, resistance to E. zuernii 
infection can occur after chemotherapy, or 
experimental infection, with monensin or 
amprolium. Both drugs suppress the develop¬ 
ment of disease, during which time immunity 
can develop. An effective immunity develops 
in piglets following natural or experimental 
infection with I. suis, which appears to be the 
most immunogenic coccidial parasite of pigs. 
Susceptible piglets are infected by this species 
from infected older pigs. Piglets develop a 
disease that is more severe when infected with 
I. suis at 1 to 3 days of age than when infected 
at 2 weeks of age. 3 

PATHOGENESIS 

The coccidia of livestock pass through most 
stages of their life cycle in the gastro¬ 
intestinal tract. Individual species of coc¬ 
cidia have their particular predilection sites. 
For instance, E. zuernii and E. bovis occur 
primarily in the cecum, colon, and the distal 
ileum, whereas E. ellipsoidalis and E. arloingi 
affect the small intestines. E. gilruthi local¬ 
izes in the abomasum and occasionally the 
duodenum. 

Life Cycle 

The life cycles of Eimeria spp. are direct. 
Unsporulated oocysts are passed in the feces 
from an infected host and develop into the 
infective stage (sporulated oocysts) in the 
environment. The original single cell of 
Eimeria divides, forming four sporoblasts, 
each of which develops into one sporocyst, 
and within each sporocyst two sporozoites 
develop (1:4:2 configuration of the oocyst 
for Eimeria). When ingested, the wall of the 
oocyst breaks down, and sporocysts and spo¬ 
rozoites are released. The sporozoites then 
enter epithelial cells. Once within the cells, 
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the sporozoites transform to merozoites, 
which then undergo asexual replication 
(schizogony or merogony) and produce 
first-generation schizonts, which contain 
many merozoites. After the schizont matures, 
the merozoites are released by rupture of the 
epithelial cell. New epithelial cells are again 
invaded, and second-generation and third- 
generation schizogony occur. The second- 
generation and/or third-generation schizonts 
(depending on Eimeria species) are deeper in 
the mucosa than first-generation schizonts 
and usually lead to the sloughing of the epi¬ 
thelium, associated hemorrhage, and tissue 
destruction; therefore these schizonts cause 
pathogenic effects and lead to enteritis 
(bloody in severe infections) and clinical 
disease, but also induce immunity. Following 
schizogony, the final merozoites that are 
released invade epithelial cells and “switch” 
to produce sexual stages, called the macro- 
gametocyte (female) and the microgameto- 
cyte (male) during the phase of gametogony. 
The microgametocyte eventually produces 
microgametes, which fertilize macrogametes 
(from microgametocyte; within the mucosa) 
to produce zygotes. These zygotes become 
oocysts, which slough from the epithelium 
and are excreted in the feces. The sloughing 
of the epithelial layer during gametogony 
can also lead to bleeding. The prepatent 
period varies depending on the species of 
coccidian. 

In cattle, E. zuernii and E. bovis are patho¬ 
genic, and their life cycles are similar. In 
infected calves, first-generation schizogony 
occurs in the lower ileum, and second-gen¬ 
eration schizogony and gametogony occur in 
the cecum and proximal colon. Both phases 
cause pathogenic effects for these two para¬ 
sites and cause rupture of the cells they 
invade, with consequent exfoliation of the 
epithelial lining of the intestine. It is notable 
that the oocyst count is often low when the 
disease is at its peak, because the oocysts have 
not yet formed. Exfoliation of the mucosa 
causes diarrhea, and in severe cases, hemor¬ 
rhage into the intestinal lumen, and the resul¬ 
tant hemorrhagic anemia may be fatal. If the 
animal survives this stage, the life cycle of the 
coccidia terminates without further damage, 
and the intestinal mucosa will regenerate and 
return to normal. The patent periods of E. 
zuernii and E. bovis are 15 to 17 and 18 to 21 
days, respectively. Treatment of calves with a 
corticosteroid can convert subclinical infec¬ 
tion in calves to acute disease, which suggests 
that environmental, nutritional, and man- 
agemental factors can also act as stressors in 
inducing disease. 

Severely affected calves surviving the 
acute phase of the disease do not regain 
losses in BW unless they are fed for an addi¬ 
tional 3 to 4 weeks, suggesting that bovine 
coccidia can have a marked effect on per¬ 
formance. A subclinical coccidial infection 
superimposed on an established, low-grade, 
subclinical nematode infection in the small 


intestine may have a marked effect on the 
mineralization of the skeletal matrix in 
young adult ruminants, predisposing them 
to osteodystrophy. 

That infections with multiple species of 
Eimeria are so common in livestock may 
explain the variations in oocyst discharge 
from infected animals, but, more impor¬ 
tantly, in groups of animals. New cases may 
develop every few days for some weeks, 
because of the variation in length of the pre¬ 
patent periods among species of coccidia. 

The pathogenesis of the neurologic 
signs associated with coccidiosis in calves is 
unknown. Examination of a series of cases 
excluded possible explanations such as alter¬ 
ations in serum electrolytes, vitamin A and 
thiamin deficiencies, lead poisoning, uremia, 
H. somnus meningoencephalitis, severity of 
disease, and gross alteration in intestinal 
bacterial flora and hepatopathy. 

The pathogenesis of bovine winter coc¬ 
cidiosis, which occurs during or following 
very cold weather in Canada and the north¬ 
ern United States, is not understood. In 
January, February, and March, the outside 
temperatures may reach -40°C (-40°F) 
with daily mean temperatures of —10°C to 
—15°C (14°F-5°F) for several consecutive 
days. Such temperatures should be too cold 
for sporulation of oocysts in feces on the 
ground. There is speculation that sporulation 
could occur on the moist hair coats of cattle, 
or the endogenous stages of E. zuernii may 
be in a latent phase and reactivated by the 
stress of cold weather. 

In lambs, most natural infections are 
composed of multiple different species of 
coccidia, and there is a wide range of values 
in the production of oocysts from individual 
lambs, either in the feces from the same lamb 
over a period of time or in the feces from a 
number of lambs on anyone occasion. Under 
field conditions, constant reinfection occurs 
and waves of pathogenic stages succeed each 
other. The occurrence of villous atrophy in 
the intestinal mucosa of lambs affected by 
coccidiosis is probably related to recurrent 
diarrhea. However, in lambs, there is some 
doubt about the effects of coccidial infection 
on growth rate, feed consumption, and clini¬ 
cal signs. There may be no obvious relation¬ 
ship between infective dose, the fecal oocyst 
production, and disease. This information 
suggests that, in lambs, the mere presence of 
large numbers of fecal oocysts does not con¬ 
stitute a diagnosis of coccidiosis and that a 
range of factors may lead to disease. In many 
cases, it is possible that a large number of 
oocysts in sheep feces, in the absence of 
disease, may relate to nonpathogenic species 
of Eimeria. 

I. suis has at least three asexual and one 
sexual intraintestinal replication cycles. ’ All 
stages are most prominent in the distal half 
of the small intestine, but also occur in the 
proximal small intestine, cecum, and colon. 
The prepatent period is 5 to 7 days; patency 


is usually 4 to 16 days. Disease relates to 
diarrhea, villous atrophy, and necrosis of 
intestinal epithelium, and is character¬ 
ized by high morbidity and low mortality. 
In the temperature range of 32°C to 35°C 
(89.5°F-95°F), the oocysts of I. suis can 
sporulate and become infective within 12 to 
16 hours. Pathogenic changes are most pro¬ 
nounced in the small intestine and consist of 
villous atrophy and focal ulceration from the 
destruction of villous epithelial cells, princi¬ 
pally during the peak of asexual reproduc¬ 
tion. A fibrinonecrotic pseudomembrane 
may develop in severe cases. Extraintestinal 
stages of I. suis have been detected in lymph 
nodes, liver, and spleen, and their signifi¬ 
cance is unclear. Piglets develop more severe 
clinical signs of coccidiosis when inoculated 
with I. suis at 3 days of age than at 19 days 
of age, and affected piglets that survive 
develop immunity to reinfection. Rotavi¬ 
rus and other infections can complicate 
disease. 

CLINICAL FINDINGS 

The prepatent period depends on the caus¬ 
ative agent(s) and the host animal. It usually 
ranges from 1 to 3 weeks in cattle, from 2 to 
3 weeks in sheep, and can be as short as 
5 days in piglets. The clinical syndromes 
associated with the various coccidia are 
similar in all animals. 

Cattle and Sheep 

A mild fever may occur in the early stages, 
but in most clinical cases body temperature 
is normal or subnormal. The first sign of 
clinical coccidiosis is the sudden onset of 
diarrhea with foul-smelling, fluid feces con¬ 
taining mucus and/or blood. Blood may 
appear as a dark, tarry staining of the feces 
or as streaks or clots, or the evacuation may 
consist entirely of large clots of fresh, red 
blood. The perineum and tail are commonly 
smudged with bloodstained feces. Severe 
straining is characteristic, often accompa¬ 
nied by the passage of feces, and rectal pro¬ 
lapse may occur. The degree of hemorrhagic 
anemia is variable, depending on the amount 
of blood lost, and in most naturally acquired 
cases in calves anemia is not a feature. None¬ 
theless, in exceptional cases, anemia can 
occur with pale mucosa, weakness, stagger¬ 
ing, and dyspnea. Dehydration is common, 
but is not usually severe if affected animals 
continue to drink water. 

Inappetence is common and, in excep¬ 
tional cases, there may be anorexia. The 
course of the disease is usually 5 to 6 days, 
but some animals undergo a long convales¬ 
cent period in which feed consumption and 
BW gains are reduced. Severely affected 
calves do not rapidly regain BW losses that 
occurred during the clinical phase of the 
disease. In mild cases of coccidiosis, diarrhea 
and reduced growth rate may occur. Sub¬ 
clinical cases may show inferior growth rates 
and chronic anemia only. 
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Clinical coccidiosis occurs only rarely in 
adult cattle. Young dairy cows may be 
affected, commonly 6 to 8 weeks after calving. 
Diarrhea, dysentery, tenesmus, pale mucous 
membrane, thickening and corrugation of 
the rectal wall, and rapid recovery often 
without treatment are common signs. 

Coccidiosis With Nervous Signs 

Nervous signs consisting of muscular trem¬ 
ors, hyperesthesia, clonic-tonic convulsions 
with ventroflexion of the head and neck 
and nystagmus, and high mortality rate 
(80%-90%) can occur in calves with acute 
clinical coccidiosis. Outbreaks of this “ner¬ 
vous form” have occurred, in which 30% to 
50% of all susceptible calves are affected. It is 
most common during, or following, severely 
cold weather in midwinter in the northern 
United States and in Canada. Affected calves 
may die within 24 hours of the onset of dys¬ 
entery and the nervous signs, or they may 
live for several days, commonly in a laterally 
recumbent position with a mild degree of 
opisthotonus. In spite of intensive supportive 
therapy, mortality is high. Nervous signs 
have not been described in experimentally 
induced coccidiosis in calves, which suggests 
that the nervous signs may be unrelated 
to the dysentery or, indeed, even to 
coccidiosis. 

Lambs 

Coccidiosis in lambs is similar to that in 
calves, but with much less dysentery. In 
groups of lambs raised and fed under inten¬ 
sive conditions, inferior growth rate, diar¬ 
rhea (with or without blood), low-grade 
abdominal pain, gradual onset of weak¬ 
ness, inappetence, fleece damage, mild 
fever, recumbency, emaciation, or death 
with a course of 1 to 3 weeks have been 
described. The diarrhea may escape cursory 
examination, but clinical examination of 
affected lambs reveals a perineum smudged 
with feces, and soft feces in the rectum. 
Lambs moved directly from range pasture 
to a feedlot and with little or no previous 
exposure to coccidia often develop acute 
disease with a high morbidity and case- 
fatality rate. 

Piglets 

In piglets, severe outbreaks of coccidiosis 
occur between 5 and 15 days of age, irrespec¬ 
tive of time of the year. Anorexia and depres¬ 
sion are common. There is profuse diarrhea; 
the feces are yellow, watery, and sometimes 
appear foamy. The diarrhea may persist for 
several days when dehydration and unthrifti¬ 
ness are obvious. Although affected piglets 
continue to suck, they become dehydrated 
and lose weight. Vomition may occur. Entire 
litters may be affected, and the case-fatality 
rate may reach 20%. The disease may persist 
in a herd for several weeks or months, 
particularly where a continuous farrowing 
program is used. 


CLINICAL PATHOLOGY 
Fecal Oocyst Counts 

Animals with acute coccidiosis will be excret¬ 
ing oocysts in the feces only if the infection 
is patent (i.e., multiple generations of schi¬ 
zogony have occurred and gametogony has 
led to the production of oocysts). In rumi¬ 
nants with a patent infection and/or disease, 
a count of more than 5000 oocysts per 
gram of feces is considered “significant.” 
Although counts of <5000 oocytes per gram 
of feces do not usually suggest clinical 
disease, they indicate a source of infection 
and spread, depending on management and 
environmental conditions. Oocyst counts of 
>10 5 /g are common in severe coccidiosis out¬ 
breaks, although similar counts may also be 
encountered in asymptomatic animals (e.g., 
sheep). The output of oocysts following an 
acute infection or disease can fall sharply 
after a peak. If oocysts are not found and the 
disease is suspected, fecal smears can be 
examined for merozoites; these zoites can 
also be detected upon fecal flotation. Depend¬ 
ing on the host animal, some species of coc¬ 
cidia can be identified and differentiated 
based on the size and characteristics of the 
oocysts (particularly following sporulation), 
although there can be some size overlap 
among species. 

Calves 

Affected animals exposed to oocysts may 
develop severe dysentery a few days before 
oocysts appear in the feces. However, when 
the feces from several affected animals are 
examined, and usually within 2 to 4 days 
after the onset of dysentery, oocysts can be 
detected in the feces. The period during 
which oocysts are discharged in significant 
numbers (patent period) varies among 
species of coccidia, the age of the animal, and 
the degree of immunity; therefore it is useful 
to examine a number of animals in a group 
or herd (preferably multiple times) rather 
than to rely only on the results from a single 
animal. 

Lambs 

In lambs at pasture, oocysts first appear in 
the feces at about 2 weeks of age. The oocyst 
count continues to rise in lambs until about 
8 to 12 weeks when the counts can reach 10 5 
to 10 6 /g of feces. Thereafter, the counts will 
decline to approximately 500/g when lambs 
are 6 to 12 months of age. There is also con¬ 
siderable variation, both among individual 
lambs and from day to day, in the numbers 
and species of oocysts present in the feces. 
Hence, it is useful to examine several samples 
over a period of several days to assess oocyst 
output. 

Piglets 

In piglets, the prepatent period varies from 5 
to 7 days, and oocysts are shed in the feces 
for 5 to 8 days after the onset of clinical signs. 
Piglets may develop coccidiosis at 5 days of 


age, and oocysts may not be present in the 
feces until 3 days later. The use of a saturated 
sodium chloride with glucose as a flotation 
solution is recommended when examining 
piglet feces for I. suis oocysts. 

Necropsy examination of selected, 
untreated clinical cases is often useful to 
make a diagnosis. The disease should be 
suspected when piglets 5 to 8 days of age 
develop diarrhea that responds poorly to 
treatment. Outbreaks of diarrhea in piglets 
under 5 days of age are usually associated 
with £. coli or TGE. However, mixed infec¬ 
tions are common, and extensive laboratory 
investigations are often necessary to isolate 
the causative agents. The diagnosis often 
requires a combination of consideration of 
the history of diarrhea in piglets of 5 to 15 
days of age, gross and microscopic lesions, 
the presence of coccidial stages in mucosal 
scrapings and/or histologic sections, and 
the identification of oocysts in intestinal 
contents and feces. In heavy infections, 
piglets may die before the sexual stages of 
the parasite have developed, and the diag¬ 
nosis is dependent on finding lesions and, 
in particular, schizonts and merozoites 
of I. suis in the jejunum and ileum. These 
developmental stages can also be detected 
on fecal smears or mucosal scrapings. A 
rapid field diagnostic procedure consists of 
staining glass slide impression smears of the 
mucosa of the ileum and jejunum. Auto¬ 
fluorescence microscopy and PCR-based 
methods can be used as complementary 
tools for the detection of I. suis and other 
coccidia. 

NECROPSY FINDINGS 

Carcasses often have generalized tissue 
pallor, and there is usually fecal staining of 
the hindquarters. In cattle, congestion, hem¬ 
orrhage, and thickening of the mucosa of the 
cecum, colon, rectum, and ileum are the 
characteristic gross changes seen at necropsy. 
The thickening may be severe enough to 
produce ridges in the mucosa. Small, white 
cyst-like bodies, formed by large schizonts, 
may be visible on the tips of the villi of the 
terminal ileum. Ulceration or sloughing of 
the mucosa might occur in severe cases. 
Infections in the small and large intestines 
can be characterized by a fibrinous typhlitis 
and colitis. Clotted blood or bloodstained 
feces might be present in the lumen of the 
large intestine. Histologically, there is a 
denudation of the epithelium, and merozo¬ 
ites might be detected in some cells. Smears 
of the mucosa or intestinal contents should 
be examined for the various developmental 
stages. 

The necropsy findings in sheep are 
marked by more severe involvement of the 
small intestine than in cattle. Characteristic 
intestinal changes seen in sheep are hemor¬ 
rhagic typhlitis and colitis (£. ovinoidalis ), 
focal epithelial desquamation (£. crandallis ), 
focal mucosal lesions with the formation of 





406 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


polyps ( E. bakuensis), and catarrhal enteritis 
(E. ahsata and E. faurei ), associated with the 
presence of one or more stages of the para¬ 
sites (schizonts = meronts and/or gamonts). 
In sheep affected with E. gilruthi, the aboma¬ 
sum contains numerous nodules of 1 to 
2 mm in diameter, similar (superficially) in 
gross appearance to nodules caused by Oster- 
tagia. These nodules contain the large schiz¬ 
onts of E. gilruthi. 

In piglets, the small intestines are usually 
flaccid, but occasionally a fibrinonecrotic 
enteritis may be observed. Clinical signs 
precede the production of oocysts, such 
that mucosal scrapings should be examined 
for the presence of earlier stages of the life 
cycle. 

Samples for Confirmation 
of Diagnosis 

• Parasitology: Feces (fecal 
flotation); segments of jejunum, 
ileum, and colon (direct 
smear) 

• Histology: Formalin-fixed 
duodenum, jejunum, ileum, cecum, 
and colon (LM) 


DIFFERENTIAL DIAGNOSIS 


Calves Clinical coccidiosis is characterized 
by dysentery, tenesmus, mild systemic 
involvement, and dehydration. The 
presence of large numbers of oocysts 
supports the diagnosis, and necropsy 
findings are usually characteristic. When 
nervous signs occur in calves appearing to 
have coccidiosis, differentiation from other 
diseases causing brain dysfunction must be 
made. 

Sheep The diagnosis is dependent on the 
clinical findings of diarrhea and/or 
dysentery, the presence of large numbers 
of oocysts in the feces, and the intestinal 
lesions at necropsy. Large numbers (10 5 /g) 
of oocysts may occur in the feces of 
asymptomatic lambs; thus the observation 
of large numbers of oocysts in the feces of 
lambs affected with diarrhea and/or 
dysentery may not, in itself, constitute a 
diagnosis of coccidiosis. In lambs that have 
had previous exposure to coccidia, and that 
may be relatively immune, other causes of 
diarrhea, such as helminthiasis, 
salmonellosis, Clostridium perfringens type 
C enterotoxemia and helminthiasis, should 
be considered. See Table 7.7 for 
epidemiological and clinical features of the 
diseases causing diarrhea in small 
ruminants. 

Piglets Diarrhea caused by coccidiosis must 
be differentiated from enteric colibacillosis, 
transmissible gastroenteritis, rotavirus 
infection, Strongyloides ransomi, and 


C. perfringens type C. See Table 7.6 
for epidemiological and clinical features 
of the diseases causing diarrhea 
in pigs. 


TREATMENT 

Coccidiosis is usually a self-limiting disease, 
and spontaneous recovery without specific 
treatment is common when the schizogony 
(merogony) stages have passed. Many treat¬ 
ments have been recommended without 
taking this into account, and it is unlikely 
that any of the chemotherapeutic agents in 
common use for clinical coccidiosis has any 
effect on the late (gametogony) stages of the 
coccidia. Most of the coccidiostats have a 
depressant effect on the early, first-stage 
schizonts and are used for prevention or 
control. 

In an outbreak, the clinically affected 
animals should be isolated and given sup¬ 
portive oral and parenteral fluid therapy, as 
necessary. The population density of animals 
in pens should be reduced. All feed and 
water supplies should be elevated from the 
ground to avoid fecal contamination. Mass 
medication of the feed and water supplies 
may be indicated, in an attempt to prevent 
new cases and to minimize the effects of 
an outbreak. Cattle with coccidiosis and 
nervous signs should be brought indoors, 
kept warm and on bedding, and given fluid 
therapy orally and parenterally. However, the 
case fatality of bovine coccidiosis can be 
high, in spite of intensive supportive therapy. 
Sulfonamide therapy parenterally may be 
indicated to control the development of sec¬ 
ondary bacterial enteritis or pneumonia, 
which may occur in calves with coccidiosis 
during very cold weather. Corticosteroids are 
contraindicated. 

Calves and Lambs 

The chemotherapeutic agents recommended 
for treatment and control of coccidiosis in 
calves and lambs are summarized in Table 
7-30. There is insufficient information avail¬ 
able to make reliable recommendations for 
the specific treatment of acute clinical coc¬ 
cidiosis. Most of these chemotherapeutic 
agents have not been adequately tested in 
clinical trials. Sulfadimidine is used widely 
empirically for the treatment of acute coc¬ 
cidiosis in calves. Amprolium is also used 
for treatment, and there may be a beneficial 
effect in terms of increased BW gains and 
feed consumption compared with untreated 
controls recovering spontaneously. 

Piglets 

Symmetric triazinetriones are effective 
against the asexual and sexual stages of 
experimental I. suis infection in piglets and 
are most effective before the onset of clinical 
signs. 1 


Table 7-30 Chemotherapeutics 
recommended for treatment and 
control of coccidiosis in calves 
and lambs 


Chemotherapeutic agent treatment 

prevention 

Sulfadimidine (sulfamethazine) Calves and 
lambs: 140mg/kg BW orally daily for 3 days 
individually Calves: in feed 35mg/kg BW for 
15 days 

Lambs: daily dose 25mg/kg BW for 1 week 

Amprolium Calves: individual dose at lOmg/kg 
BW daily for 5 days or 65mg/kg BW one 
dose Calves: in feed at 5mg/kg BW for 21 
days 

Lambs: in feed, 50mg/kg BW for 21 days 

Monensin Lambs: 2mg/kg BW daily for 20 
days beginning on 13th day following 
experimental inoculation Lambs: 20mg/kg 
feed fed continuously 

Calves: 16.5 or 33g/tonne for 31 days 

Lasalocid Lambs: 25-100mg/kg feed from 
weaning until market. Also, in ewe's diet 
from 2 weeks before and until 60 days 
after lambing. 


CONTROL 

The control of coccidiosis assumes greatest 
importance in calves, lambs, and pigs, and 
can sometimes be challenging to achieve. 

Management of Environment 

Successful control will depend on avoiding 
the overcrowding of animals while they 
develop a specific anticoccidial immunity. 
Only small numbers (50 per day) of oocysts 
are required for the development of solid 
immunity in lambs. Lambing and calving 
grounds should be well drained and kept as 
dry as possible. Lambing pens should be kept 
dry, cleaned out frequently, and bedding dis¬ 
posed of, such that oocysts do not have time 
to sporulate and become infective. 1 All mea¬ 
sures that minimize the amount of fecal con¬ 
tamination of hair coats and fleece should be 
practiced. Feed and water troughs should 
be elevated to avoid fecal contamination. 
Feeding cattle on the ground should be 
avoided if possible, particularly when over¬ 
crowding is a problem. 

Lambs at Pasture 

In groups of lambs at pasture, the frequent 
rotation of pastures for parasite control will 
also assist in the control of coccidial infec¬ 
tions. However, when lambs are exposed to 
infection early in life as a result of infections 
from ewes and a contaminated lambing 
ground, a solid immunity can usually 
develop; only when stocking density is 
extremely high will a problem arise. 















Feedlot Cattle and Lambs 

Control of coccidiosis in feeder calves and 
lambs brought into a crowded feedlot 
depends on the management of population 
density, or the preventative use of chemo- 
therapeutics to suppress infections in animals 
while effective immunity develops. Manage¬ 
ment procedures include establishing a suit¬ 
able stocking density, which can be assessed 
by visual inspection. When animals are over¬ 
crowded, they usually become dirty, there is 
excessive competition for feed supplies, and 
their growth rate can be affected. 

Piglets 

The control of coccidiosis in newborn piglets 
infected with I. suis has been unreliable. The 
use of coccidiostats in the feed of sows for 
several days or a few weeks before and fol¬ 
lowing farrowing has been recommended 
and used in the field, but the results are vari¬ 
able. Amprolium and monensin have been 
evaluated for the prevention of experimental 
coccidiosis in piglets and are ineffective. An 
effective control program consisting of 
proper cleaning, disinfection, and steam 
cleaning of the farrowing housing to decrease 
oocysts in the environment has been recom¬ 
mended. Amprolium (25% feed grade) at the 
rate of 10 kg/tonne of sows’ feed, beginning 
1 week before farrowing and continuing 
until piglets are 3 weeks of age, has been 
recommended, but results are reported to be 
unsatisfactory. A single oral dose of 1.0 mL 
of toltrazuril, given to piglets of 3 to 6 days 
of age, reduces considerably the occurrence 
of coccidiosis and the patency period by 
approximately half. 1 A single treatment of 
toltrazuril at 20 mg/kg BW (oral) is highly 
effective against I. suis at an early stage of 
infection (e.g., 2 days) in suckling pigs. 1 

Coccidiostats 

Coccidiostats are used for the control of 
naturally occurring coccidiosis, mainly in 
calves and lambs. The ideal coccidiostat sup¬ 
presses the full development of the life cycle 
of the coccidia, allows immunity to develop, 
and does not interfere with production per¬ 
formance. Drugs that have been used for 
treatment are summarized in Table 7-30. 

To be effective, coccidiostats must be 
given beginning early in infection. In any 
group of animals, there will be several dif¬ 
ferent species of coccidia at different stages 
of the life cycle, some at the drug-susceptible 
stage (before 13-15 days in calves) and some 
beyond the drug-susceptible stage (after 
16-17 days), which explains why coccidio¬ 
stats appear to be effective in some epidemics 
and ineffective in others. In an epidemic in 
calves, new cases may develop for up to 12 to 
15 days after the commencement of feeding of 
an effective coccidiostat to in-contact calves. 
However, precise commencement of infec¬ 
tion is unknown and the prepatent period 
cannot be established; the most that can be 
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done is to medicate the feed and water sup¬ 
plies with a coccidiostat of choice, treat new 
cases that develop, and avoid the stressors of 
overcrowding and nutritional disorders. 

Some comments about some of the coc¬ 
cidiostats are made here. Routine prophylac¬ 
tic medication of the feed and water supplies 
of feeder calves and lambs with an effective 
coccidiostat will usually control the disease 
and allow the development of effective 
immunity, but drug resistance can develop. 

Antimicrobials 

Sulfonamides in the feed at a level of 25 to 
35 mg/kg BW for at least 15 days are effective 
for the treatment of coccidiosis in calves and 
lambs. Sulfadimidine at 55 g/tonne is also 
effective in goats. A combination of chlortet- 
racycline and a sulfonamide has provided 
protection in calves and lambs. 

lonophores 

Monensin is an effective coccidiostat and 
growth promotant in cattle, sheep, and goats. 
The recommended doses are 16 to 33 g/ 
tonne feed for calves and 20 g/tonne of feed 
for lambs. Levels of 11 g/tonne feed are not 
as reliable as the higher dose for calves. The 
recommended level for goats is 16 g/tonne 
of feed. A concentrated ration containing 
monensin at 15 g/tonne can be fed to ewes 
from 4 weeks before lambing until weaning, 
and to lambs from 4 to 20 weeks of age. 
Monensin can markedly reduce the oocyst 
output from ewes and lambs when fed before 
and after lambing. Withdrawal of monensin 
may be followed by the development of fatal 
coccidiosis in some animals, presumably 
because the drug suppressed infection and 
the development of immunity. Coccidiosis in 
beef calves after weaning has been treated 
with monensin from intraruminal continu¬ 
ous release devices. The toxic level of monen¬ 
sin for lambs is 4 mg/kg BW. 

Lasalocid is related to monensin and is 
also an effective coccidiostat for use in rumi¬ 
nants. For maximum benefit, lasalocid 
should be used daily in the feed of coccidia- 
susceptible lambs for as long as possible. An 
effective method of control is to medicate the 
feed of the ewes beginning approximately 2 
weeks before lambing and continuing the 
medication until the lambs are weaned. The 
lambs begin to receive lasalocid in their 
creep ration and subsequently in their rations 
from weaning until market. For the treat¬ 
ment of coccidiosis and improved feedlot 
performance, lasalocid should be given 
before and during the time that coccidia- 
naive lambs are first exposed to the natural 
occurrence of oocysts. A dose as low as 
25 mg/kg of feed will control coccidiosis and 
improve performance when fed to lambs 
early in life. Improvements in feedlot perfor¬ 
mance do not usually occur in heavier lambs 
already passing oocysts and being fed lasalo¬ 
cid at 25 mg/kg feed. 


Lasalocid fed at a dose rate of 40 mg/kg 
of starter to dairy calves beginning at 3 days 
of age, and up to 12 weeks of age, is effective 
in reducing fecal oocyst excretion rates and 
increasing mean daily BW gain, dry-matter 
intake, and improved feed efficiency. Mixing 
lasalocid in the milk replacer of calves begin¬ 
ning at 2 to 4 days of age is an effective 
method of preventing or controlling coc¬ 
cidiosis. It is also effective as a coccidiostat 
when fed free choice in salt at a level of 
0.75% of the total salt mixture. Lasalocid at 
levels from 0.75 to 3 mg/kg BW are effective 
in preventing experimental coccidiosis in 
calves. The level of 1 mg/kg BW is the most 
effective and rapid and is recommended 
when outbreaks of coccidiosis are predicted 
or imminent in cattle. Lasalocid and deco- 
quinate are effective in suppressing coccidial 
infections in young calves under conditions 
of apparent low exposure and good manage¬ 
ment. However, evidence shows that neither 
lasalocid nor decoquinate, or both, added to 
the feed of 16-week-old dairy calves natu¬ 
rally infected with subclinical coccidiosis for 
56 days, have any significant effect on weight 
performance. 1 

Monensin, lasalocid, and decoquinate at 
the manufacturers recommended levels are 
equally effective. A combination of monen¬ 
sin and lasalocid at 22 mg/kg and 100 mg/kg 
of diet, respectively, is an effective prophylac¬ 
tic against naturally occurring coccidiosis in 
lambs weaned early under feedlot condi¬ 
tions. lonophores have been used in the feed 
continuously from weaning to market, and 
control coccidiosis and improve feedlot per¬ 
formance. The continuous feeding of lasalo¬ 
cid, decoquinate, or monensin will effectively 
control coccidiosis; cessation of medication 
might result in the appearance of oocysts in 
the feces and of diarrhea. 

Decoquinate in the feed at a dose of 0.5 to 
1.0 mg/kg BW can suppress oocyst produc¬ 
tion in experimentally induced coccidiosis of 
calves. 1 It is effective in preventing coccidial 
infections when fed continuously in dry feed 
at 0.5 mg/kg BW. 1 When fed to dairy calves 
from 9 weeks to 24 weeks of age, there appears 
to an improvement in growth rate. A level of 
0.5 mg/kg BW is also effective in goats. 

Toltrazuril is an efficacious compound. 
Used at 20 mg/kg BW as a single oral dose, 
10 days after being turned out to pasture, will 
prevent coccidiosis in cattle and sheep. In 
addition, medication of naturally infected 
lambs with toltrazuril on day 10 after turnout 
markedly reduces the excretion of oocysts 
for a prolonged period, and lessens the con¬ 
tamination of pasture with oocysts. A single 
treatment of toltrazuril can reduce the oocyst 
output in naturally infected lambs for a 
period of approximately 3 weeks after admin¬ 
istration. Weekly oral treatment of suckling 
lambs with 20 mg/kg BW of toltrazuril can 
reduce oocyst output and increases weight 
gain over a 10-week period. 1 
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Vaccines 

Although subunit vaccines might offer theo¬ 
retical advantages, limited detailed under¬ 
standing of the immunobiology of coccidioses 
in livestock and the relatively large number 
of species remain obstacles to developing 
effective anticoccidial vaccines. 
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GIARDIASIS 


SYNOPSIS 


Etiology Giardia duodenalis. Zoonotic and 
livestock-specific assemblages 

Epidemiology High prevalence of infection in 
young farm animals. Fecal-oral cycle of 
infection from excreting young animals, the 
dam, and fomite contamination in 
environment. Cross-species and water 
transmission possible 

Clinical findings May result in intermittent 
pasty feces and growth suppression. Some 
infections are asymptomatic. 

Clinical pathology Demonstration of cysts in 
feces by phase microscopy or fluorescent 
antibody 

Necropsy findings Villous atrophy 

Treatment and control Benzimidazoles, 
metronidazole, and hygiene 


ETIOLOGY 

Giardia duodenalis (synonym G. lamblia, G. 
intestinalis ) is a flagellate (binucleated) pro¬ 
tozoan that infects a variety of vertebrates, 
particularly mammals. 1 ' 8 It is a major cause 
of diarrhea in humans and has been recog¬ 
nized to causing diarrhea in agricultural 
animals. Currently, there are numerous 
genetic variants within G. duodenalis, and 
the genotypic assignment of members of 
G. duodenalis is evolving. Genetic variants 
(genotypes) are called assemblages. Cattle 


are susceptible to infection with the zoonotic 
assemblage A, which infects several different 
animal species, and assemblage E, which 
appears to be restricted to hoofed animals. 

The organism develops in the small intes¬ 
tine, where it multiplies by longitudinal 
binary fission on the surface of the intestinal 
mucosa at the trophozoite stage, and is 
excreted in feces as a cyst. 2,3 

EPIDEMIOLOGY 

Occurrence 

Giardia infection, as opposed to disease, has 
been reported from most continents and 
has been identified in all of the common 
agricultural animals. 4 There is a wide varia¬ 
tion in reported prevalence among regions, 
which probably reflects sampling strategies 
and methods of detection. The excretion of 
Giardia cysts may be continual but is also 
usually intermittent in young animals. Most 
prevalence studies have been in calves, and 
reported point prevalence infection rates of 
1% to 100% in different countries, with the 
majority of studies showing prevalences of 
between 20% and 80% in calves. 1 A similar 
range is evident for more limited studies in 
lambs, kids, foals, and piglets. 1 Longitudinal 
studies of excretion patterns in grazing beef 
cattle, feedlot cattle, dairy cattle, calves, and 
foals sometimes show high infection rates. 1 

Source of Infection 

Young animals are the primary source of 
infection, and infection is transmitted 
through the fecal-oral route. High cyst 
excretion rates in young animals result in the 
contamination of the environment and 
infection via fomites. 

The dam is also a source of infection for 
young animals. Linked to a decrease in 
immunity in terminal pregnancy, a peripar- 
turient rise in Giardia cyst shedding has 
been shown in ewes, where cyst excretion 
increased 2 weeks prepartum, peaked at 0 to 
4 weeks postpartum, and declined to low 
levels at 6 to 8 weeks postpartum. 1 A peripar- 
turient rise is suspected to occur also in 
mares. Cross-infection from other animal 
species and infection from contaminated 
water and feed are other possible sources of 
infection. 

Pathogen Risk Factors 

The infectious dose of Giardia is thought 
to be very small. Giardia cysts are rela¬ 
tively resistant to environmental influences, 
can survive at 4°C for 11 weeks in water, 
7 weeks in soil, and 1 week in cattle feces, 
but do not survive freezing. They are resis¬ 
tant to chlorination, and extensive disinfec¬ 
tion of the environment does not prevent 
reinfection. 

Animal and Management 
Risk Factors 

Age is a determinant of infection; cyst excre¬ 
tion rates in feces are much higher in the 


young livestock than in adults. Cyst excre¬ 
tion rates in groups of calves are usually 
highest between 3 and 10 weeks of age, with 
the number of cysts in feces being highest at 
1 to 6 weeks of age. Cyst excretion falls after 
weaning, but may persist intermittently into 
adulthood. Similar patterns are seen in 
lambs. The influence of age on infection in 
pigs may be confounded by prophylactic 
medicants routinely used in pig operations. 
No effect of housing, feeding water manage¬ 
ment, or season has been observed in cattle, 
but hygiene in management practices can 
influence exposure and infection dynamics. 
The high and early infection rates in calves 
and lambs compared with other livestock 
species are probably a reflection of this. Pigs 
reared on wire floors are infected later in life 
than pigs reared on porous concrete floors. 
The prevalence of infection is higher in 
calves left with their dams to nurse colos¬ 
trum for 3 days than in calves removed from 
the dam at birth to individual housing and 
fed colostrum by a nipple bottle. 

Experimental Studies 

Based on experiments in calves, Giardia has 
a prepatent period of 7 to 8 days and a 
patency of 60 to 112 days without evidence 
of giardiasis. 1 Infection of 6-week-old SPF 
lambs with Giardia trophozoites resulted in 
the occurrence of episodes of diarrhea and 
soft feces that were temporally associated 
with the detection of Giardia cysts in feces. 1 
Compared with controls, infected lambs had 
a reduced rate of weight gain without reduc¬ 
tion in food intake and took longer to reach 
market weight. 

Economic Importance 

Evidence for a significant economic 
importance for the majority of Giardia 
infections in agricultural animals is not 
convincing. 

Zoonotic Implications 

The majority of giardial infections in cattle 
are with the livestock-associated assemblage 
E, with a small proportion of infections with 
the zoonotic assemblage A. 2 ' 6 Contact with 
farm livestock is a risk factor for disease in 
humans. There is considerable concern in 
public health circles that infection of humans 
could also occur via water bodies receiving 
agricultural effluent and pasture runoff, 
leading to drinking water contamination. 
There is also concern for fecal dispersion of 
Giardia in back-country watersheds from 
pack animals. 

PATHOGENESIS 

Ingested cysts excyst and release trophozo¬ 
ites, which multiply and colonize the surface 
of small intestine. Trophozoites adhere to the 
villi of the small intestine by means of a 
sucking disk on their ventral surface. The 
parasite induces an inflammatory response, 
villous atrophy, a reduced villus to crypt 
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ratio, and a reduction in brush border disac- 
charidase enzymes. 1 Disease is believed to 
result from increased motility in the gut (as 
a consequence of inflammation) and conse¬ 
quent diarrhea and nutrient maldigestion 
and malabsorption. 

CLINICAL FINDINGS 

There are several reports that detail the dem¬ 
onstration of giardial infection in individual 
animals with a chronic, malabsorptive type 
of diarrhea, and most imply an association 
with diarrheal disease. Most of these reports 
relate to young animals at an age when both 
undifferentiated diarrhea and Giardia cyst 
excretion are common, but the evidence for 
a causal association is not always entirely 
convincing, because other possible causes of 
diarrhea are not excluded. There are also 
various studies in animals that describe that 
infection is sometimes not accompanied by 
evidence of clinical disease. 3 5 In calves and 
lambs, giardial infection has been associated 
with a semifluid, pasty, intermittent diarrhea 
containing mucus, lasting 2 to 3 days but up 
to 6 weeks in some animals, and growth 
depression despite a normal appetite. Con¬ 
trolled experimentation demonstrating loose 
feces and reduced weight gain in experimen¬ 
tally infected lambs has indicated that 
Giardia can be pathogenic in sheep. 

CLINICAL PATHOLOGY 

Giardia cysts can be demonstrated in feces 
by phase contrast microscopy or immuno- 
fluorescent microscopy following flotation. 
Saturated salt or sugar solutions may disfig¬ 
ure the cyst, and the demonstration of infec¬ 
tion is best conducted by sucrose gradient or 
zinc sulfate solution flotation. Immunofluo¬ 
rescence might be more sensitive than 
microscopy for the detection of cysts, and 
PCR-coupled methods are commonly used 
for the detection and genetic characteriza¬ 
tion of G. duodenalis.' 

NECROPSY FINDINGS 

Findings are in the upper small intestine. 
Although there is often no macroscopic 
change, microscopically there may be an 
increase in intraepithelial lymphocytes in the 
jejunum, with moderate to severe diffuse 
inflammation, villous atrophy, crypt distor¬ 
tion, and a reduction in the villus to crypt 
ratio. Trophozoites can be detected histologi¬ 
cally on the mucosa and in stained mucosal 
scrapings taken from the small intestine. 

TREATMENT AND CONTROL 

Giardial infections in agricultural animals 
have been successfully treated with dime- 
tridazole at an oral dose of 50 mg/kg BW 
daily for 5 days 1 and are also susceptible to 
furazolidone, but both drugs are illegal for 
use in food animals in many countries. 

Oral administration of the benzimid¬ 
azoles albendazole (20 mg/kg BW daily for 3 
days) and fenbendazole (10 mg/kg BW daily 


for 3 days) are effective for the treatment of 
Giardia infection or giardiasis in calves. 8 The 
3-day course is required for effective treat¬ 
ment; some calves become reinfected follow¬ 
ing treatment. The principles for the control 
of giardiasis are similar to those used for 
cryptosporidiosis, but have not really been 
developed specifically for livestock. Recom¬ 
mended procedures described to achieve a 
reduction of exposure (in the section Acute 
undifferentiated diarrhea of newborn farm 
animals) are appropriate. 
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ASCARIASIS IN PIGS, HORSES, 
AND CATTLE 


SYNOPSIS 


Etiology Nematode worms from the ascarid 
family: Ascaris suum in pigs, Parascaris 
equorum in horses, and Toxocara vitulorum 
in buffalo and cattle 

Epidemiology Transmission is by ingestion of 
highly resistant and long-lived larvated 
eggs; T. vitulorum is also transferred via 
colostrum. 

Signs Heavy infestation leads to poor growth 
and afebrile diarrhea, sometimes with 
obstructive jaundice, intestinal obstruction, 
and respiratory signs. 

Clinical pathology Characteristic eggs in 
feces and a marked eosinophilia 

Lesions Petechial hemorrhages in lungs and 
fibrotic spots on the liver 

Diagnostic confirmation Demonstration of 
characteristic eggs in feces 


Treatment 

Pigs: Ivermectin, abamectin, doramectin, 
flubendazole, febantel, oxibendazole, 
thiophanate, pyrantel tartrate, and 
levamisole 

Horses: Febantel, fenbendazole, 
mebendazole, and oxibendazole 

Control 

Pigs and horses: Keep young stock 
away from sites in which eggs may 
accumulate. 

Cattle/buffalo: Prophylactic anthelmintic 
treatment of 10- to 16-day-old calves 


ETIOLOGY 

Each species has its own ascarid: Ascaris 
suum in pigs and Parascaris equorum in 
horses are cosmopolitan, whereas Toxocara 
vitulorum is an important cause of mortality 
in buffalo calves in India and Southeast Asia. 1 
Genetic studies show that although A. suum 
of the pig is very similar to A. lumbricoides of 
man, host-specific differences do exist, 2 and 
cross-infections occur only infrequently. 3 
There is no ascarid specific for sheep, but they 
may rarely become infected with A. suum. 

LIFE CYCLE 

A. suum and P. equorum have similar life 
cycles. The adult worms are long (females are 
20-40 cm and males are 15-25 cm in length), 
cylindrical, and pointed at both ends and 
have a thick, glistening, yellow-white cuticle. 
They live in the small intestine and lay very 
large numbers (0.5-2 million eggs per day) 
of thick-shelled eggs. 4 These are not infective 
until a larva has developed inside. This 
process needs suitable warmth and humidity 
and takes place over a period of several 
weeks. When swallowed, infective eggs hatch 
quickly in the intestine of the host and the 
larvae migrate through the intestinal wall, 
reach the portal vein, and are transported to 
the liver. They cross to the hepatic venous 
system and travel to the lungs, are passed up 
the bronchi and trachea to the pharynx, and 
are swallowed and come to rest in the intes¬ 
tine where they mature. The prepatent period 
(time from infestation to the appearance of 
eggs in the feces) is 6 to 8 weeks for A. suum 
and 11 to 15 weeks for P. equorum. 

T. vitulorum has a more complex life 
cycle. When eggs are ingested by cattle or 
buffalo more than 4 to 5 months of age, the 
larvae settle in somatic tissues without devel¬ 
oping or growing instead of traveling to the 
intestine. Subsequently they become acti¬ 
vated around calving and migrate to the 
udder. They transfer to the calf in the colos¬ 
trum and grow to the adult stage in the intes¬ 
tine over a period of 3 to 4 weeks and produce 
large numbers of eggs for about 4 weeks. 1 
After 8 weeks of infection, the worm counts 
in the infected calf decline because of 
strengthened host immunity. 1 
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EPIDEMIOLOGY 

In pigs and horses the only route of infection 
is by ingestion of larvated eggs. Because the 
eggs have very thick walls the infective stage 
is protected from deleterious environmental 
influences. Few disinfectants will harm 
them, and they are very resistant to cold but 
survive most readily in cool, moist sur¬ 
roundings. Periods of survival of up to 5 
years have been recorded. In the UK, A. 
suum eggs shed from September to May, 
become infective more or less synchronously 
in July, and the number of eggs becoming 
infective then falls away rapidly. This coin¬ 
cides with the prevalence of damaged livers 
recorded at bacon factories. Transmission is 
therefore seasonal but as ascarid eggs are 
very resistant and can overwinter, pigs and 
horses may in the absence of good hygiene 
become infected at all periods of the year. 
Clinical ascariasis is usually associated with 
conditions that allow infective eggs to accu¬ 
mulate. This may happen where, for example, 
the stocking rate is high and the same pad- 
docks are used year after year, or when 
indoor pens are inadequately cleaned. 
Although the eggs in the environment are 
resistant to drying and freezing, exposure 
to sunlight will kill them within a few 
weeks. 4 

Protective immunity develops and con¬ 
sequently only the young are seriously 
affected. Ascarid worms are very immuno¬ 
genic and induce strong Th2 immune 
responses characterized by eosinophilia and 
high levels of antiinflammatory cytokines, 
resulting in worm expulsion. 5 However, this 
strong Th2 induction may inhibit Thl 
responses against bacterial and viral infec¬ 
tions, reducing the efficacy of vaccinations. 6-7 
Under field conditions, eggs are passed by 
foals from 12 to 13 weeks of age and sponta¬ 
neous expulsion of worms occurs 6 to 9 
weeks later. Eggs are seen occasionally in the 
feces of very young foals, but this is thought 
to be from the ingestion of uninfective eggs 
during coprophagia. In older animals no 
clinical signs are observed but infested 
animals, particularly adult sows and yearling 
horses, continue to contaminate their sur¬ 
roundings and are an important link in the 
chain of infection. 

T. vitulorum larvae are present in greatest 
numbers in the colostrum 2 to 5 days after 
calving, and few are present after day 9. 
Mature worms are present in the intestine of 
the calf by 10 days of age, and eggs are passed 
by 3 weeks. Worms are expelled by 5 months 
of age; thus toxocariasis is a calfhood disease. 

PATHOGENESIS 

Migration of larvae through the liver results 
in hemorrhage and fibrosis, the latter appear¬ 
ing as white spots under the capsule. In 
heavy infection diffuse fibrosis may occur. 
The most serious damage occurs in the lungs 
where the larvae provoke alveolar injury 
with edema and consolidation. This damage 


can exacerbate preexisting lung infections or 
provide a portal of entry into the body for 
pyogenic organisms. Immunity to migrating 
larvae is acquired and can be transferred 
through colostrum or immune serum. 

In animals other than pigs, A. suum 
larvae migrate and develop, but the worms 
do not normally reach the small intestine. 
During this process severe clinical signs of 
pulmonary involvement may appear. The 
disease has been produced experimentally in 
lambs and calves and has also been observed 
as a field occurrence in yearling cattle. 

Foals with P. equorum have reduced gut 
motility, an increase in the ratio of body 
water to body solids, and a lowering of the 
body pool of albumin. 

CLINICAL FINDINGS 

In pigs up to 4 to 5 months old, clinical signs 
associated with heavy infestation are poor 
growth, an afebrile diarrhea, and lowered 
resistance to other disease. There is some evi¬ 
dence that exposure to parasites during the 
growing phase without anthelmintic treat¬ 
ment causes permanent damage to growth 
potential. Adult worms may be vomited up 
and occasional cases of obstructive jaundice 
and intestinal obstruction or rupture occur. 
There may be coughing while larvae are 
passing through the lungs, but this is not 
marked, and there is seldom sufficient 
damage to cause a noticeable increase in 
respiratory rate or depth. In rare cases the 
infestation may be so severe that pigs mani¬ 
fest severe dyspnea or die of acute hepatic 
insufficiency. Enzootic pneumonia of pigs 
and swine influenza are reported to be much 
more serious diseases when accompanied by 
heavy A. suum infections, and breaks in hog 
cholera vaccination with live virus have been 
attributed to this cause. A. suum in other 
host species produces fever, dyspnea, and 
anorexia about the 8th day after infestation. 

Effects in foals and calves caused by heavy 
infestation with P. equorum and T. vitulorum 
are similar to those observed in young pigs 
and include poor coat, diarrhea, and occa¬ 
sionally colic. In addition, in foals, convul¬ 
sions, intestinal obstruction, and perforation 
may occur. Lung damage may give rise to 
fever, coughing, and a mucopurulent nasal 
discharge. 8 In calves, anemia and steatorrhea 
are additional signs. 

CLINICAL PATHOLOGY 

Characteristic eggs are usually present in 
large numbers in the feces of clinically affected 
animals. A marked eosinophilia and systemic 
elevated expression of IL-4' often accompany 
the early stages of infestation in pigs and in 
other species, with the eosinophilia shown to 
persist in calves for at least 1 year. 

NECROPSY FINDINGS 

In the early stages of a massive infestation, 
there are subpleural hemorrhages and edema 
and congestion of the lungs. The pleural 


cavity may contain bloodstained fluid. The 
liver is enlarged and congested, and there 
may be hemorrhages under the capsule. 
Microscopically, necrotic tracts and sections 
of larvae are observed. In species other than 
the pig, infestation with A. suum is accom¬ 
panied by emphysema, alveolar wall thicken¬ 
ing with fibrin, eosinophils and hemorrhage 
in the lungs, and necrotic tracts in the liver. 

In chronic cases the capsule of the liver is 
marked with small-diameter white spots 
which may, in severe cases, be confluent and 
constitute a network of connective tissue. 
Histologically, the necrotic tracts have been 
replaced by fibrous tissue. The carcass is 
usually in poor condition and may be jaun¬ 
diced. Large numbers of mature worms may 
almost fill the lumen of the small intestine. 

DIAGNOSTIC CONFIRMATION 

Ascarid eggs are brown and have thick walls 
with a pitted surface. Fecal egg counts 
in excess of 1000 epg (eggs per gram) are 
considered to be indicative of significant 
infection. Migrating larvae are too small to 
be observed by the naked eye at postmortem 
examination. They can be recovered from 
macerated lung tissue by the Baermann tech¬ 
nique or seen microscopically in scrapings of 
bronchial mucus. Experimentally, for T. vitu¬ 
lorum, species-specific and highly sensitive 
molecular diagnostic PCR and LAMP DNA- 
based tests have been developed for accurate 
identification and diagnosis of Toxocara spp., 
overcoming the inherent limitations of the 
traditional approaches. 8-9 


DIFFERENTIAL DIAGNOSIS 


Early stages of massive infection: 

• Enzootic pneumonia in pigs 

• Chronic form of Rhodococcus equi 
pneumonia in young foals 

• Other forms of pneumonia in calves 

Chronic infection: 

• Other causes of unthriftiness including 
malnutrition and chronic enteritis caused 
by infections with Salmonella and 
Brachyspina spp. 


TREATMENT 


TREATMENT AND PROPHYLAXIS 


Treatment 

Pigs 

Ivermectin or doramectin (0.3 mg/kg by IM) 

(R1) 10,11 

Abamectin (0.1 mg/kg/day for 7 days in feed) 
(R1) 10 

Flubendazole (S mg/kg as a single dose or 
30 g/tonne finished feed given for 5-10 
days) (R2) 

Fenbendazole (5 mg/kg in feed as a single 
dose or divided over 7-14 days) (R3) 
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Parasitic 


Febantel (5 mg/kg, orally) (R3) 

Oxibendazole (15 mg/kg or 1.6 mg/kg/days 
orally for 10 days) (R3) 

Horses 

Febantel (6 mg/kg, orally) (R1) 
Fenbendazole (7.5 mg/kg, orally) (R1) 
Mebendazole (5-10 mg/kg, orally) (R1) 
Oxibendazole (10 mg/kg, orally) (R1) 
Buffalo 

Pyrantel (12.5 mg/kg, orally) (R2) 17 


Pigs 

In pigs, ivermectin, abamectin, or doramec- 
tin and flubendazole are effective against 
adult and fourth-stage (intestinal) larvae of 
A. suum, whereas fenbendazole, febantel, 
oxibendazole, thiophanate, pyrantel tartrate, 
and levamisole are effective against the adult 
worm. Ivermectin, fenbendazole, flubenda¬ 
zole, thiophanate, and pyrantel may be given 
in feed as divided doses over several days. 
Ivermectin may have some activity against 
migrating larvae. 

Horses 

In horses, febantel, fenbendazole, mebenda¬ 
zole, and oxibendazole are all effective 
against adult P. equorum. Fenbendazole is 
also active against immature forms in the 
intestine. P. equorum has been shown to be 
resistant to ivermectin and pyrantel. 11 ' 15 

Buffalo Calves 

In buffalo calves, the limited data available 
suggest that pyrantel has good efficacy against 
both immature and adult worms. 16 Other 
compounds such as levamisole, febantel, 
oxfendazole, and even piperazine can be used 
for treatment but may not expel all worms. 

CONTROL 

Important life cycle features that must be 
taken into account when devising a control 
program for ascarid infections include the 
following: 

• Worms are prolific egg layers 

• Infective eggs are very resistant and long 
lived 

• Young animals are most susceptible 
Emphasis must be placed on preventing 

the environment from becoming contami¬ 
nated. This is achieved by periodic treatment 
of the animals likely to be shedding eggs, 
which are asymptomatic adult carriers and 
the more vulnerable young stock. Exposure 
of young pigs and foals to contaminated soil 
or bedding should be avoided. 

Unnecessary treatments can be avoided 
by regular monitoring with fecal egg counts. 
In intensive pig-raising systems on concrete 
floors, the risk of ascarid infestation can be 
greatly reduced, but rarely eliminated, with 
good standards of hygiene. In the case of 


straw yards, epidemiologic studies in the UK 
suggest that all bedding should be removed 
at the end of June (to remove eggs shed in 
preceding months before they become infec¬ 
tive) and again at the end of August (to 
remove eggs deposited in the summer). If 
pigs are allowed access to small earthen 
yards, these must be kept well drained and 
the manure removed frequently. Control is 
difficult in free-range systems because the 
eggs become infective in 4 to 6 weeks in 
summer and many persist over the winter. 
Deep plowing of contaminated soil after use 
will reduce risk of A. suum and Trichuris suis 
eggs infecting future batches of pigs. 

If farrowing pens are regularly cleaned 
with high-pressure water and sows are 
treated immediately before entry, it may be 
possible to control infection in piglets 
without anthelmintic treatment. Breakdowns 
may occur as ascarid eggs are adhesive and 
not all will be washed away by hosing. For 
the same reason, eggs are easily introduced 
from outside on boots, etc. It may therefore 
be necessary to treat piglets at weaning. 
Ascarids may be controlled in growing pigs 
by periodic anthelmintic treatments, but this 
has to be combined with rigorous hygiene to 
eliminate liver damage caused by migrating 
larvae. 

Young foals present more of a problem 
because they often run on permanent 
pasture used by foals in previous years. Such 
pastures may become heavily contaminated 
with eggs. Recommendations for control 
include: 

• Thorough cleaning and disinfection 
of the maternity stall after each 
foaling 

• Use of small exercise paddocks that 
should preferably have been rested from 
occupation by horses for a year 

• Weekly removal of manure from the 
pasture. The foals should be routinely 
treated at about 10 to 12 weeks of age 
when the worms are first becoming 
mature and again at bimonthly intervals. 
In this way heavy egg contamination of 
the pasture can be avoided. 

Anthelmintic resistance in P. equorum in 

recent years been widely reported. 11 ' 14 ' 

In buffalo calves, a single anthelmintic 
treatment at 10 to 16 days of age using a 
compound with high activity against larval 
stages gives good control of T. vitulorum , 18 

FURTHER READING 

Matthews JB. Anthelmintic resistance in equine 
nematodes. Int J Parasitol Drugs Drug Resist. 
2014;4:310. 

Roepstorff A, Mejer H, Nejsum P, Thamsborg SM. 
Helminth parasites in pigs: new challenges in pig 
production and current research highlights. Vet 
Parasitol. 2011; 180:72. 
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STRONGYLOSIS 
(CYATHOSTOMINOSIS) 
IN HORSES 


SYNOPSIS 


Etiology Two nematode subfamilies: the 
Strongylinae (large strongyles) and 
Cyathostominae (known variously as small 
strongyles, small redworms, trichonemes, 
cyathostomes, or cyathostomins) 
Epidemiology Eggs are shed by horses of all 
ages, the life cycle is direct, infective larvae 
develop seasonally on pasture, and 
hypobiotic cyathostomin larvae can cause 
severe disease when they resume 
development in late winter. 

Signs 

General strongylosis: Ill-thrift, weight 
loss, poor hair coat, and impaired 
performance 

Verminous arteritis (associated with 
Strongylus vulgaris) Variable, 
including colic and diarrhea 
Larval cyathostominosis: Rapid 
weight loss, often with sudden onset 
diarrhea 

Clinical pathology Strongylid eggs in feces 
(except disease caused by larvae): reduced 
hemoglobin, erythrocyte counts, and 
packed cell volumes: leukocytosis: 
eosinophilia (with migrating larvae): 
hyperglobulinemia, particularly IgG(T): 
hypoalbuminemia 
Lesions 

General strongylosis: Large numbers of 
adult worms in cecum and colon; 
hemorrhagic inflammation of mucosa 
with multiple small ulcers, and large and 
small nodules 

Larval cyathostominosis: Mucosa grossly 
inflamed with large numbers of larvae 
appearing as brown specks 
Verminous arteritis: Wall of cranial 
mesenteric artery greatly thickened, 
organizing thrombi and larvae on 
internal surface; and ischemia or 


Continued 
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necrosis of parts of the intestinal wall 
caused by emboli 

Migratory larvae: Seen in various 

subserosal sites: some cause nodules in 
the liver 

Diagnostic confirmation Few 

pathognomonic indicators; judgment made 
on overall appraisal of clinical history, 
presenting signs, and laboratory findings; 
arteritis of cranial mesenteric artery 
sometimes palpable per rectum; immature 
worms are sometimes in feces in larval 
cyathostominosis 

Treatment 

General strongylosis: Ivermectin, 
moxidectin; benzimidazoles, e.g., 
febantel, mebendazole, oxibendazole 

Migrating strongyles: Ivermectin, 
moxidectin 

Larval cyathostominosis: Ivermectin, 
moxidectin 

Control Twice-weekly removal of feces from 
pastures, mixed or alternate grazing, and 
routine dosing to prevent contamination of 
pasture with eggs 


ETIOLOGY 

The redworms (strongyles) are nematodes 
commonly found in the large intestine of 
horses and other Equidae. They belong to two 
subfamilies: the Strongylidae (large stron¬ 
gyles) and Cyathostominae (known variously 
as small strongyles, small redworms, tricho- 
nemes, cyathostomes, or cyathostomins). 1 
The large strongyles include S. vulgaris, S. 
edentatus, and S. equinus, which migrate 
extensively through the body, and Triodon- 
tophorus spp. and Oesophagodontus robustus, 
which do not. The cyathostomins consist of 
a complex of 50 species from 14 genera 
including Cylicostephanus, Cyathostomum, 
Cylicocyclus, Cylicodontophorus, Poteriosto- 
mum, Gyalocephalus, and Cylindropharynx. 1 
Of these, about 10 species are common. 

LIFE CYCLE 

Eggs are passed in the feces, and under suit¬ 
able climatic conditions produce infective 
third-stage larvae from 7 days onward. As in 
many other parasitic conditions, the survival 
of eggs and larvae is favored by shade, mois¬ 
ture, and moderate temperature. Desiccation, 
ultraviolet light, and repeated freezing and 
thawing are particularly detrimental to their 
development and survival. 2 Some eggs and 
larvae may withstand freezing temperatures, 
but development ceases below 7.5°C (46°F) 
to be resumed when temperatures increase. 
Optimum chances for infection of the host 
occur in the early morning or evening, when 
dew produces a moisture film on plants, or 
after rain, both of which give conditions that 
encourage larvae to migrate onto pasture. 3 
The pasture’s soil moisture content influenced 
by rainfall in the days before fecal deposition 
on pasture influences larval development and 
migration onto herbage. 4 The life cycle of all 


species is direct; horses become infected by 
ingestion of the infective larvae. 

After ingestion, the larvae of nonmigra- 
tory strongyles, such as the cyathostomins, 
exsheath and enter the walls of the cecum 
and colon, where they remain in small sub- 
serous nodules for 7 to 18 weeks before 
breaking out into the lumen of the intestine. 
The time spent in the mucosa depends on the 
following: 

• Species 

• Season of the year 

• Age and degree of immunity of the host 

They can become arrested in their muco¬ 
sal development, and their synchronous 
emergence some weeks later may provoke 
severe clinical signs. This may occur sponta¬ 
neously, particularly in late winter, or may be 
induced by anthelmintic treatment. Expul¬ 
sion of the adult worm population seems to 
remove an inhibitory feedback mechanism 
and may provoke clinical signs. Hypobiotic 
early third-stage larvae are present in the 
mucosa at all seasons of the year. 

Larvae of S. edentatus penetrate the 
intestine and travel via the portal vessels to 
the liver, where larvae remain and produce 
hemorrhagic tracts for a month or so. They 
then migrate via the hepatorenal ligament to 
the connective tissue under the peritoneum 
and form hemorrhagic nodules. After about 
3 months, they return via the root of the 
mesentery to the large bowel wall and again 
form hemorrhagic nodules, which finally 
rupture and release the worms into the 
lumen. Adult egg-laying females are present 
from 40 weeks. Larvae may be found in other 
organs, e.g., the testes, but these larvae do not 
return to the intestine. S. equinus migrates 
via the liver to the pancreas and peritoneal 
cavity but how they return to the intestine is 
uncertain. 

Larvae of S. vulgaris penetrate the intes¬ 
tinal wall, molt to the fourth larval stage in 
the submucosa, and then pass into and up 
small arteries. By day 14, they have reached 
the cranial mesenteric artery, where they 
develop to late fourth-stage larvae. In 3 to 4 
months they molt and the young adults then 
return to the intestine via the lumina of the 
arteries. Nodules are formed in the intestine 
wall and later rupture, releasing adults into 
the lumen of the intestine. The prepatent 
period is 6 months. 

EPIDEMIOLOGY 

Strongylosis is a common disease of horses 
throughout the world and causes death when 
control measures are neglected. In areas with 
cold winters and mild summers, egg deposi¬ 
tion peaks in spring and remains high over 
summer. At this time, temperatures are suit¬ 
able for larval development, and massive 
contamination of infective larvae may occur 
in late summer and early autumn, when 
young susceptible horses are present. S. vul¬ 
garis larvae can overwinter in considerable 
numbers in Europe. If the summers are hot 


and dry, only a small proportion of strongyle 
eggs develop to larvae and these may be 
short lived, but continual reinfestation keeps 
pasture contamination high. 

In subtropical regions, eggs can hatch 
throughout the year, and larval availability is 
influenced more by rainfall than tempera¬ 
ture. For example, in Florida fecal egg counts 
remain high throughout the year, and there 
is an autumn rise in infective larvae. Such 
associations between disease risk and local 
climate have important implications in the 
timing of treatments. 

The onset of disease following ingestion 
of large numbers of larvae depends on the 
maturation period of the parasite in the host 
and whether it is the immature or adult 
stages that are pathogenic. Outbreaks of 
disease caused by the emergence of small 
strongyles after hypobiosis are commonly 
seen in Europe in late winter and early spring 
(winter or larval cyathostominosis), whereas 
arterial lesions caused by larval S. vulgaris 
are first seen in late summer and reach a 
maximum by midwinter. 

Mares are the main source of infection for 
younger horses because many adults carry 
appreciable burdens of adult stages of stron¬ 
gyle worms and pass large numbers of eggs. 5 
Nevertheless, horses do gain some acquired 
immunity to infection, so young stock are 
the most susceptible. Possibilities for vacci¬ 
nation are being investigated, but a commer¬ 
cial product seems an unlikely prospect in 
the short term. 

The extensive use of anthelmintics with 
high efficacy at regular intervals has resulted 
in a marked decline in the prevalence of S. 
vulgaris in many regions. The cyathostomins, 
on the other hand, are becoming increas¬ 
ingly important. This may be caused by any 
of the following factors: 

• Insusceptibility of mucosal 

cyathostomins to many drugs 

• Selection for benzimidazole-resistant 

worms 

• Selection for shorter egg reappearance 

periods 

PATHOGENESIS 

The disease processes associated with the 
strongyles can be divided into those 
produced by migrating larvae, those pro¬ 
voked by the mass emergence of mucosal 
larvae, and those associated with adult 
worms. Heavy intestinal infection can alter 
intestinal motility, permeability, and 
absorption. 

The larvae of S. vulgaris are the most 
pathogenic, causing arteritis, thrombosis, 
and thickening of the wall of the cranial mes¬ 
enteric artery. Emboli may break away and 
lodge in smaller blood vessels, leading to 
partial or complete ischemia in part of the 
intestine, thus producing colic. The result of 
this depends on the length of the segment of 
intestine affected and the ability of the col¬ 
lateral blood supply to become established 
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before necrosis and gangrene occur. It is not 
clear whether the ischemia is directly caused 
by the mechanical effects of embolism or 
by consequent pathophysiological events. 
Whatever the cause, greatly enhanced mobil¬ 
ity proximal to the lesion follows and can 
cause volvulus or torsion. Intussusception is 
seen occasionally. Colic may also be caused 
by pressure of the thickened cranial mesen¬ 
teric artery on the mesenteric plexus. 

Other arterial lesions associated with 
migrating S. vulgaris larvae include aneu¬ 
rysm of the cranial mesenteric artery, but 
this is a relatively rare occurrence. More 
often, larvae aberrantly migrating beyond 
the cranial mesenteric artery cause migra¬ 
tory tracts and thrombi in other blood 
vessels. Multiple lesions may be seen in the 
cecal and colic arteries, which may com¬ 
pletely occlude the lumen and cause gan¬ 
grene in parts of the bowel. Smaller lesions 
are occasionally seen in iliac, renal, splenic, 
hepatic, and coronary arteries. Aortic and 
iliac thrombosis may result in hindlimb 
lameness. Field and experimental cases of 
cerebrospinal nematodosis caused by 
S. vulgaris invasion of the CNS have been 
reported. 

Strongylus sp. larvae returning to the 
intestine cause large nodules in the 
wall of the cecum and colon. Considerable 
hemorrhage may follow when these rupture 
to release the worm into the lumen of 
the intestine. In very heavy burdens, bleed¬ 
ing sufficient enough to cause death can 
occur. 

Developing cyathostomin larvae pro¬ 
voke the formation of small nodules, which 
maybe superficial or submucosal, depending 
on species. In heavy infections, the emer¬ 
gence of large numbers of larvae over a short 
period causes inflammation of the cecum or 
ventral colon, with small ulcers where larvae 
have emerged; hemorrhages of varying sizes; 
and excess mucous production. Typically, 
this leads to weight loss, diarrhea, and some¬ 
times a variety of other clinical manifesta¬ 
tions including colic and cecocecal 
intussusception. Affected animals may 
sometimes secrete Salmonella. 

Adult strongyles can be divided into 
those that cause blood losses and those that 
are superficial tissue feeders. Strongylus spp. 
have large buccal cavities, which they use to 
draw in and digest plugs of mucosa, while 
secreting anticoagulants to aid the ingestion 
of blood. Hemorrhage continues from 
feeding points after worms detach to find 
new attachment sites. Triodontophorus spp. 
and O. robustus feed similarly but are less 
harmful because they have smaller buccal 
capsules. An exception is T. tenuicollis, 
because this species attaches in groups in the 
right dorsal colon and can cause large ulcers. 
The small strongyles (cyathostomins) have 
even smaller buccal cavities and produce 
only superficial damage, so that even rela¬ 
tively large numbers (tens or hundreds of 


thousands) of adults often cause little appar¬ 
ent harm. 

CLINICAL FINDINGS 

In natural infestations it is often impossible 
to quantify the effects of individual stron- 
gyle species because the clinical picture 
usually represents the combined effects of a 
mixed infestation. Ill-thrift, poor hair coat, 
impaired performance, weight loss, and 
anemia are signs associated with a “wormy” 
horse. The greatest losses are probably 
caused by the failure of young horses to 
grow optimally and the less efficient perfor¬ 
mance of moderately parasitized working 
horses and donkeys. 

Clinical syndromes caused by arteritis 

in the cranial mesenteric artery, aorta, and 
iliac artery are described in other chapters. 
Experimentally, the migratory phase of S. 
vulgaris infection is associated with pyrexia, 
inappetence, depression, leukocytosis, and 
intermittent or continuous colic. In more 
chronic cases there is a 

• Persistent low-grade fever 

• Poor appetite 

• Intermittent colic 

• Poor weight gain 

Diarrhea may be present. Adult mares 
exposed to heavy S. vulgaris in late preg¬ 
nancy may become very weak to the point of 
recumbency. On clinical examination the 
mucosae are pale, the heart rapid and loud, 
and respiration moderately increased. Intes¬ 
tinal sounds are increased although the feces 
are normal. Abortion may occur and the 
mare usually dies. 

The simultaneous maturation of large 
numbers of hypobiotic larvae induces the 
condition known as winter or larval cya- 
thostominosis, which is potentially life- 
threatening and associated with development 
of large numbers of immature worm stages 
in the wall of the large intestines, typically in 
horses 1 to 3 years old. This is usually char¬ 
acterized by severe loss of weight, weakness, 
acute or chronic diarrhea, subcutaneous 
edema, pyrexia, and colic. 6 Numerous cya¬ 
thostomin larvae may be passed with the 
feces or may be seen adhering to the glove 
after rectal examination. Larval cyathos- 
tominosis can occur in horses of all ages but 
are most common in adults under 5 years 
old. Unless treated early, prognosis is 
guarded. 

CLINICAL PATHOLOGY 

Examination of feces for strongylid eggs con¬ 
firms the presence of adult strongyles but 
does not differentiate species. To do this it is 
necessary to hatch the eggs and examine the 
infective larvae. This has to be done by an 
expert parasitologist and delays results by at 
least 10 days. Experimentally, specific ampli¬ 
fication of ribosomal DNA in feces can be 
used for the detection and identification of 
strongyle infections and may lead to diag¬ 
nostic tests. 


Hematological values, particularly 
reduced hemoglobin levels, erythrocyte 
counts, and PCVs are often taken as a non¬ 
specific indication of the degree of infesta¬ 
tion with strongyles. Leukocytosis is a feature 
of heavy infection, whereas eosinophilia may 
reflect the presence of migrating larvae. 
Serum analysis reveals a marked increase 
in (3-globulins, particularly IgG(T), and a 
decrease in albumin. 

NECROPSY FINDINGS 

Adult strongyle worms may be seen attached 
or close to the mucosal surface. The three 
Strongylus spp. are red in color and 2 to 5 cm 
long. Triodontophorus and Oesophagodontus 
are smaller, up to 2 cm. Less easy to see are 
the small strongyles (cyathostomins), which 
are more slender and generally under 2 cm 
long with smaller buccal capsules. Because 
most cases of strongylosis are caused by 
mixed infestations with all genera, necropsy 
findings usually include most of the lesions 
characteristic of each worm. 

In cases of general strongylosis, very 
large numbers of adult worms will be found 
in the cecum and colon. There may be so 
many that they appear to form a living cover 
to the contents of these organs. Catarrhal, 
hemorrhagic, or fibrinous inflammation of 
the cecum and ventral colon with multiple 
small ulcers is associated with the emergence 
of cyathostomin larvae. There may be edema 
with excessive mucous production or numer¬ 
ous punctate hemorrhages. Fewer adult 
worms may be present in winter cyathos- 
tominosis but large numbers of larvae 
(several per square centimeter) can be seen 
as brown specks in the mucosa, especially if 
this is illuminated from behind. Adult T. 
tenuicollis are often found in large numbers 
in the right dorsal colon in association with 
small circular hemorrhages, and they are 
sometimes attached in groups at the base of 
deep mucosal ulcers. 

Strongylus larvae occur in many sub- 
serous sites, especially in nodules in the 
intestinal wall, and the body cavities may 
contain an excess of bloodstained fluid. Ver¬ 
minous arteritis lesions of varying size asso¬ 
ciated with S. vulgaris are common at the 
root of the cranial mesenteric artery and 
occasionally in the iliac artery. The affected 
arterial wall is greatly thickened and contains 
loculi on its internal surface, many of which 
contain living larvae. Lamellated thrombi 
are also common at this site and these are 
sometimes infected. The thickening of the 
arterial wall often extends along the cecal 
and colic arteries and complete occlusion of 
these may be followed by gangrene of a 
segment of intestine. Similar lesions of arte¬ 
ritis may be present at the base of the aorta. 
Spontaneous rupture of the vessel occasion¬ 
ally occurs. A significant correlation has 
been reported between lesions in the proxi¬ 
mal aorta and the presence of focal ischemic 
lesions in the myocardium. These are thought 
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to be caused by microembolization causing 
arteriosclerotic lesions in the myocardial 
arterioles. 

Larvae of S. edentatus cause hemor¬ 
rhagic tracts and nodules in the liver and 
adhesions and disruptions of omental archi¬ 
tecture. Hemorrhagic nodules 1 to 3 cm in 
diameter are produced in the subperitoneal 
region, and these are reported to cause colic 
and anemia. 

DIAGNOSTIC CONFIRMATION 

A specific diagnosis is difficult to achieve in 
every case. Few clinical observations or labo¬ 
ratory results are pathognomonic for the 
disease syndromes associated with strongyle 
infection. Often a judgment has to be made 
on an overall appraisal of clinical history, 
presenting signs, and laboratory findings. 
For example, only 7 of 14 cases of larval 
cyathostominosis were diagnosed antemor¬ 
tem in a series of adult horses with chronic 
diarrhea investigated at university referral 
clinics. 

A diagnosis of general strongylosis 

should be considered when poor growth, 
inappetence, diarrhea, and some degree of 
anemia are the presenting signs. It is gener¬ 
ally accepted that strongylosis is an impor¬ 
tant cause of anemia in horses. Fecal egg 
counts are generally high (over 800 epg) but 
are difficult to interpret. They have little 
direct correlation with worm burden because 
they are influenced by immunity and species 
composition. Also, they do not differentiate 
between different strongyle genera or 
between these and Trichostrongylus axei 
infection of the stomach. In foals, eggs 
observed during the first few weeks of life are 
obtained by coprophagia and are not indica¬ 
tive of a patent infection. 

The diagnosis of verminous arteritis 
also presents difficulty. The thickening of the 
cranial mesenteric artery may be palpable 
per rectum; the artery is situated below the 
aorta at the level of the posterior pole of the 
kidneys. Low serum albumin and increased 
p-globulins, particularly IgG(T), are the 
most useful laboratory tests, and arteriogra¬ 
phy may demonstrate lesions in a number of 
arteries. Transrectal ultrasonography may 
also be useful. 

In larval cyathostominosis marked 
weight loss, diarrhea, leukocytosis, microcy¬ 
tosis, hyperglobulinemia, elevated serum 
fibrinogen, and hypoalbuminemia are usually 
seen. 6 Peripheral edema is present in a pro¬ 
portion of cases. Fecal egg counts may be 
low or zero because it is the immature stages 
that cause this disease, and owners have 
often wormed the animal before advice is 
sought. Consequently, species-specific sero¬ 
logic diagnostic tests using larval antigens are 
being investigated/' 8 Additionally, experi¬ 
mental PCR assays targeting the intergenic 
spacer region of ribosomal DNA have been 
developed for the identification of cyathosto- 
min larvae at species level. 9 ' 11 


DIFFERENTIAL DIAGNOSIS 


General strongylosis: 

• Other causes of anemia in the horse, 
including: 

• Babesiosis 

• Equine infectious anemia 

• Dietary deficiency in stabled stock and 
the effect of racing for long periods 

• Other causes of ill-thrift in horses, 
including: 

• Ascariosis in the foal 

• Gross nutritional deficiency or agalactia 
in the mare 

Larval cyathostominosis: 

• Other causes of chronic diarrhea including: 

• Other parasitic infections, particularly 
migratory strongyles 

• Granulomatous enteritis 

• Alimentary neoplasia 

• Salmonellosis 

• Chronic liver disease 

• Peritonitis 

• Sand enteropathy 

• Hyperlipidemia 


TREATMENT 


TREATMENT AND PROPHYLAXIS 


Treatment and prophylaxis 

Ivermectin (0.2 mg/kg, orally) (R1) 

Moxidectin (0.4 mg/kg, orally) (R1) 

Febantel (6 mg/kg, orally) (R3) 

Mebendazole (10 mg/kg, orally) (R3) 

Oxibendazole (10 mg/kg, orally) (R3) 

Prophylaxis 

Ivermectin (0.2 mg/kg orally every 8-10 
weeks) (R3) 

Moxidectin (0.4 mg/kg orally every 13-16 
weeks) (R3) 

Oxibendazole (10 mg/kg orally every 4-6 
weeks) (R3) 

Febantel (6 mg/kg orally every 4-6 weeks) 
(R-3) 

Mebendazole (5—10 mg/kg orally every 4-6 
weeks) (R3) 


Treatment may be targeted against immature 
and adult large and small strongyle worms in 
the lumen of the intestine, against migrating 
Strongylus larvae, particularly S. vulgaris, or 
against cyathostomin larvae in the intestinal 
mucosa. The latter may be developing 
third- or fourth-stage, or hypobiotic early 
third-stage larvae. Anthelmintics vary in 
their efficacy against these larval stages. This 
influences the egg reappearance period (i.e., 
the time from treatment to the reappearance 
of eggs in the feces as new adult worm popu¬ 
lations establish). This in turn determines the 
treatment interval in control programs. 

For elimination of adult worms there is 
a wide choice of compounds and formula¬ 
tions for use in feed, as pastes, or by tubing. 


Most of these, however, belong to just three 
chemical groups that are administered orally: 

1. Avermectin/milbemycins, also known as 

macrocyclic lactones (ivermectin 

0.2 mg/kg, moxidectin 0.4 mg/kg) 

2. Benzimidazoles (febantel 6 mg/kg, 

mebendazole 5-10 mg/kg, oxibendazole 

10 mg/kg) 

3. Tetrahydropyrimidines (pyrantel 19 mg 

pyrantel embonate [pamoate]/kg or 

6.6 mg pyrantel base/kg) 

In both Europe and North America, a 
high prevalence of cyathostomin popula¬ 
tions resistant to the benzimidazoles and 
pyrantel has been reported. 12 Cyathostomin 
resistance to fenbendazole is ubiquitous in 
many regions, and this anthelmintic is now 
not recommended for use to control cya- 
thostomins. 13 ' 17 There are also reports of 
emerging resistance to macrocyclic lactones 
(both ivermectin and moxidectin). 18,19 Where 
resistance to any of the three groups is a 
problem, the choice of effective anthelmin¬ 
tics can be extended by use of products con¬ 
taining piperazine, which may be synergized 
with phenothiazine. An alternative is the 
cautious use of selected organophosphorus 
compounds such as dichlorvos or haloxon 
(which should not be given to foals). 

Mucosal cyathostomin larvae are more 
problematic. Publications on this topic are 
difficult to interpret because results may 
be influenced by experimental design and 
methodology. Moxidectin 0.4 mg/kg orally 
has activity against hypobiotic and develop¬ 
ing third-stage larvae as well as the fourth 
stage. Consequently, this compound has a 
prolonged egg reappearance period allowing 
a treatment interval of 13 weeks for preven¬ 
tion of egg output onto pasture. Ivermectin 
seems at best to be variable in its activity 
against mucosal stages, and a treatment 
interval of 8 to 10 weeks is generally recom¬ 
mended. Other anthelmintics at adulticidal 
doses have little or no effect on mucosal cya¬ 
thostomin larvae, and treatment intervals of 
4 to 6 weeks are necessary during periods of 
heavy pasture challenge. 

Migrating S. vulgaris and S. edentatus 
can be controlled with ivermectin 0.2 mg/kg 
orally or fenbendazole at 60 mg/kg orally 
(single dose) or, more reliably, 7.5 mg/kg 
orally daily for 5 days. In cases of verminous 
arteritis, it may take some months after 
removal of the parasites for the lesion to 
resolve. 

CONTROL 

Eradication of all horse strongyles is not fea¬ 
sible, because infections are ubiquitous and 
no drug currently available can completely 
eliminate the mucosal larvae. Adult horses 
can pass substantial numbers of eggs 
throughout their lives; stocking densities are 
often high and foals usually graze with their 
dam. Infective larvae on grass can be long 
lived and there are usually few opportunities 
for the long-term resting or reseeding of 
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pastures on horse farms. Consequently, the 
primary objective of control programs is to 
minimize the numbers of infective larvae 
accumulating on pasture. There is no pasture 
treatment that is economically or environ¬ 
mentally acceptable. The possibility of using 
nematophagous fungi that will destroy larvae 
in the feces is an exciting prospect. Options 
for control by grazing management are 
limited. Alternate or mixed grazing with 
ruminants can reduce pasture infectivity, as 
horse strongyles will not establish in these 
hosts. The stomach worm T. axei, however, 
is a shared parasite. Removal of all horse 
feces from fields twice weekly is highly effec¬ 
tive provided heavy rainfall does not disperse 
the material. This approach can be cost- 
effective where valuable animals are at risk 
or labor is relatively inexpensive. Tractor- 
mounted mechanical devices are available 
for this purpose. A further benefit of fecal 
removal is that the area within the field 
grazed by the horses is enlarged, i.e., the ratio 
of lawn to rough increases. Harrowing is 
effective in hot, dry conditions when eggs 
and larvae are quickly desiccated, but at 
other times is likely to have a deleterious 
effect by spreading infective larvae. 

Prophylactic chemotherapy is used to a 
greater or lesser extent at most stables 
because land and labor constraints often 
limit the effectiveness of nonchemical 
approaches. The latter should, nevertheless, 
be used wherever possible to minimize the 
number of treatments needed during the 
year, which in turn reduces the risk of devel¬ 
opment of anthelmintic resistance. The 
purpose of prophylactic chemotherapy in the 
control of strongylosis is to prevent the 
output of strongylid eggs onto the pasture. 
Under conditions of heavy pasture challenge, 
regular dosing at 4 to 6 weeks with benz¬ 
imidazoles (other than fenbendazole), 8 to 
10 weeks with ivermectin, or 13 to 16 weeks 
with moxidectin is necessary throughout the 
period of risk. Once pasture larval counts 
have been reduced to insignificant levels, the 
time between doses can be extended. Routine 
fecal egg counts are an important component 
of any control strategy because they are a 
direct measure of the rate at which pasture 
contamination is taking place. They also 
confirm the continuing efficacy of the drugs 
used and can be used to determine optimum 
treatment intervals. 

Parasitism is a herd problem and all 

horses on a property should be treated 
simultaneously, even if they have different 
owners. If routine fecal examinations are 
performed, dosing can be restricted to those 
horses with significant egg counts. Untreated 
animals then provide parasite refugia for 
conserving anthelmintic efficacy. As horses 
and ruminants generally harbor different 
worm parasites, disease risk can be reduced 
by grazing these species together or by alter¬ 
nating the use of paddocks between each 
species. As most eggs are deposited on the 


pasture in spring and summer in temperate 
regions, concentration of treatments at this 
time should reduce contamination and give 
much lower pasture larvae counts in the fol¬ 
lowing autumn and winter. Intensive treat¬ 
ment programs are often adopted on stud 
farms, where maximum reduction of con¬ 
tamination is required. Less frequent dosing 
may be necessary on properties with lower 
stocking intensities or where horses are run 
with other stock. As the mare is the main 
source of contamination for the foal, she 
should be treated about 2 months before 
foaling, again at foaling, and regularly there¬ 
after. Treatment of foals should commence at 
10 weeks of age to remove small strongyles 
before they start to lay eggs and should be 
repeated at intervals, depending on the 
choice of drug. 

Delaying the onset of resistance is an 

important consideration in the design of any 
control program. The major equine anthel¬ 
mintics belong to just three chemical groups 
and worm populations resistant to one com¬ 
pound are usually insusceptible to, or more 
tolerant of, the effects of others in that chem¬ 
ical group. The level of resistance in a herd 
can be estimated by means of the fecal egg 
count reduction technique. At least six 
horses with high egg counts are weighed 
(e.g., with a weigh band) and treated with an 
accurately measured dose of anthelmintic. A 
reduction in mean egg count after 7 to 14 
days of less than 90% is suggestive of resis¬ 
tance. More stringent tests are required for 
confirmation. Recommendations for extend¬ 
ing the useful life of existing products similar 
to those listed earlier for ruminants have 
been published for horse anthelmintics. 

FURTHER READING 

Nielsen MK, Kaplan RM, Thamsborg SM, Monrad J, 
Olsen SN. Climatic influences on development and 
survival of free-living stages of equine strongyles: 
implications for worm control strategies and 
managing anthelmintic resistance. Vet J. 
2007;174:23-32. 

Nielsen MK. Universal challenges for parasite control: a 
perspective from equine parasitology. Trends 
Parasitol. 2015;31:282-284. 

Peregrine AS, Molento MB, Kaplan RM, Nielsen MK. 
Anthelmintic resistance in important parasites of 
horses: does it really matter? Vet Parasitol. 
2014;201:1-8. 
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OXYURIS EQUI (PINWORM) 

Oxyuris equi is a nematode that provokes 
irritation of the perianal region of horses, 
causing them to rub and bite their tails. This 
can result in hair loss and sometimes physi¬ 
cal damage to the tissues of the area. The 
parasite is ubiquitous but of greater preva¬ 
lence in areas of high rainfall. 

The life cycle is direct. The mature worms 
are gray in color and inhabit the cecum and 
colon. The male is 1 to 2 cm long, but the 
female is much longer, up to 15 cm, and has 
a long tapering tail. When full of eggs, the 
female migrates down the gut and crawls 
onto the perianal area, where she exudes her 
eggs onto the skin in yellow clusters and then 
shrivels up and dies. An embryo develops in 
about 3 days within the egg, which is then 
infective. Eggs may be licked off the skin and 
swallowed or they may eventually fall to the 
ground. They resist desiccation, may become 
airborne in dust, and remain viable in stables 
for long periods. Transmission then occurs 
via contaminated feedstuffs. 

Diagnosis is by detection of operculated 
eggs, slightly flattened on one side, on trans¬ 
parent adhesive tape that has been pressed 
against the perianal skin and then placed 
on a microscope slide for examination or by 
the chance observation of an adult worm in 
the feces. 



Treatment comprises the application of a 
mild disinfectant ointment to the perianal 
region and the administration of ivermectin, 
moxidectin, pyrantel, and any of the newer 
broad-spectrum benzimidazoles at the stan¬ 
dard dose rate for horses. 1 Piperazine salts 
are also effective. However, recent studies in 
Europe and the United States have found that 
O. equi resistance to ivermectin and mox¬ 
idectin is emerging. 2,3 

FURTHER READING 

Reinemeyer CR. Anthelmintic resistance in non- 
strongylid parasites of horses. Vet Parasitol. 
2012;185:9-15. 










416 


Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


REFERENCES 

1. Reinemeyer CR, et al. Vet Parasitol. 2010;171:106. 

2. Durham A, Coles G. Vet Rec. 2010;167:913. 

3. Wolf D, et al. Vet Parasitol. 2014;201:163. 


STRONGYLOIDES 

(THREADWORM) 

Farm animals in many countries are exposed 
to infection with the nematode genus Stron- 
gyloides. Disease outbreaks occur in young 
pigs, foals, calves, and lambs, but the overall 
economic importance of this parasite does 
not appear to be very great. Different species 
occur in each host: S. ransomi in pigs, S. 
westeri in horses, and S. papillosus in sheep 
and cattle. All are parasites of the small intes¬ 
tine. They are threadlike and less than 1 cm 
in length. 

Only female worms are present in the 
intestine, so eggs are produced by partheno¬ 
genesis. The eggs are thin shelled and contain 
an embryo. The larvae that hatch out may 
develop into infective or nonparasitic forms. 
The latter become free-living males and 
females that live in decaying organic material 
and produce fertilized eggs that give rise to 
infective larvae. Transmission occurs when 
infective larvae enter the host either by 
ingestion or by skin penetration. In older 
animals they accumulate in subcutaneous 
tissues and migrate to the mammary gland 
when lactation starts. Thus neonates are 
infected via milk, and egg-laying females 
may be present in the intestine from about 1 
week after birth. Infective larvae penetrating 
the skin of young animals travel via the 
blood to the lungs, where they break into 
alveoli, ascend the air passages to the 
pharynx, and are then swallowed. 

Diarrhea in young animals is the most 
common clinical sign, but the passage of 
massive numbers of larvae through the skin 
may also provoke dermatitis. Experimental 
infections in calves cause pallor and cough¬ 
ing, but cases of sudden death without previ¬ 
ous symptoms have been ascribed to heavy 
burdens with many migratory larvae. In 
bulls, balanoposthitis may be seen. In lambs, 
dermatitis, pulmonary hemorrhage, and 
enteritis occur. Sheep may also develop 
lameness or be more susceptible to foot rot 
when subject to heavy infestations. Experi¬ 
mental infection of young goats produced 
transient diarrhea, dehydration, cachexia, 
gnashing of teeth, foaming at mouth, anemia, 
and nervous signs. Pigs may show anorexia, 
listlessness, and anemia but diarrhea is the 
principal clinical sign. Infestation in pigs has 
been shown to reduce intestinal enzyme 
activity, to increase intestinal plasma and 
blood loss, and to reduce protein synthesis in 
the liver. In foals, high egg counts may be 
recorded in apparently healthy animals but 
may coincide with the onset of diarrhea 
(independent of the first heat of the mare) in 
other individuals. Episodes of frenzy in foals 


lasting approximately 30 minutes have been 
attributed to percutaneous larval invasion. 
Within 2 days skin lesions developed on the 
lower limbs that persisted for 2 to 3 weeks. 
Experimental PCR assays targeting the 18S 
ribosomal DNA sequence have been devel¬ 
oped for species-specific identification of 
Strongyloides species. 1 



Most broad-spectrum anthelmintics are 
effective in eliminating this parasite. In foals, 
ivermectin is used at the standard equine 
dose, but elevated doses of oxibendazole 
(15 mg/kg) are needed. The treatment of 
mares with ivermectin on the day of parturi¬ 
tion did not prevent transmammary trans¬ 
mission but markedly reduced egg counts in 
the foals. Treatment of infected sows was 
effective in removing arrested larvae from 
the subventral fat. In sheep derquantel, 
which belongs to a new class of anthelmintics 
called spiroindoles, when used in combina¬ 
tion with abamectin, has been shown to have 
consistently high efficacy against Strongyloi¬ 
des infections. 3 

Control depends on the elimination of 
warm, moist areas such as damp litter or 
bedding, which is suitable for parasite 
multiplication. 
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TRICHURIS (WHIPWORM) 

Three species of whipworms are found in 
ruminants: Trichuris ovis, T. discolor, and 
T. globulosa, whereas T. suis occurs in pigs. 
Whipworms in farm livestock are usually 
considered to be relatively innocuous. 
Indeed, induced T. suis infections are being 
evaluated in human medicine for ameliora¬ 
tion of chronic inflammatory bowel disease, 
because whipworm-induced Th2 immune 
responses dampen harmful Thl activity 
in some patients. 1 Heavy infestations can, 
nevertheless, produce serious disease with 


diarrhea and dysentery, and the mortality 
rate can be high in recently weaned pigs. 
Severely affected animals are anorexic and 
rapidly lose weight. The feces may contain 
bloodstained mucus and strips of necrotic 
mucosa. The nematodes lie with their thin 
anterior end superficially embedded in the 
wall of the cecum, and in heavy infections 
the colon may also be involved. The activities 
of the worms produce little tissue reaction 
per se but enable microorganisms in the gut 
microflora to become invasive. This is the 
main cause of the severe inflammation and 
clinical signs associated with whipworm 
infestation. A synergy has also been demon¬ 
strated between T. suis and C. jejuni. 

The life cycle of the whipworm is direct. 
The eggs are very resistant to external envi¬ 
ronmental conditions and can survive for 
up to 6 years in old pigsties, and for at least 
2 years on pasture in the south of England. 
An infective larva develops inside the egg, 
but a relatively high temperature is required 
for rapid growth. In temperate climates, 
embryonation of T. suis eggs may take more 
than 1 year. When swallowed by a suitable 
host, the eggs hatch and develop to mature 
adults in about 12 to 20 weeks after infec¬ 
tion in lambs and goats and 6 to 7 weeks in 
pigs. 2 The disease in sheep is most common 
after hot, dry weather, which effectively 
cleanses the pasture of other nematode 
larvae, but the resistant Trichuris spp. eggs 
survive and are ingested when the sheep eat 
close to the ground to obtain grain given as 
drought feed. 

Diagnosis depends on detection in the 
feces of the yellow oval eggs, which have a 
transparent plug at each end. The eggs are 
heavier than many others and do not always 
float well in saturated salt (NaCl) solution. 
An alternative flotation fluid such as zinc 
sulfate or sugar is more reliable. At necropsy, 
the adult worms, which are 2 to 5 cm long, 
are easily recognized by their whiplike 
appearance—the anterior third is much 
thinner than the handle-like posterior end. 



Chemotherapy 

Low uptake of benzimidazoles by Trichuris 
worms is responsible for low pharmacologic 
efficacy of this class of anthelmintics against 
Trichuris infestations. 5 Therefore dosages 
that are five times higher than recommended 
are used to treat Trichuris infestations. 6 
Similarly, high efficacy of ivermectin and 















abamectin is achieved when they are admin¬ 
istered repeatedly for seven consecutive 
days. 3 
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PARASITIC GASTRITIS IN PIGS 


SYNOPSIS 


Etiology The nematodes Hyostrongylus 
rubidus, Ascarops, and Physocephalus 

Epidemiology Infections occur in outdoor 
husbandry systems; H. rubidus has a 
direct life cycle, but Ascarops and 
Physocephalus use dung beetles as 
intermediate hosts. 

Signs Generally asymptomatic but heavy 
infections can produce gastritis; sows with 
H. rubidus may become thin during 
lactation. 

Clinical pathology Eggs of Ascarops and 
Physocephalus in feces are characteristic; 
those of H. rubidus are similar to 
Oesophagostomum. 

Lesions Excess mucus; gastritis; often 
ulceration of glandular part of 
stomach; nodular hyperplasia in 
hyostrongylosis 

Diagnostic confirmation Demonstration of 
eggs of Ascarops or Physocephalus ; 
examination of larvae from fecal culture for 
H. rubidus 

Treatment 

H. rubidus Doramectin, abamectin, 
ivermectin, fenbendazole, flubendazole, 
febantel, oxibendazole, thiophanate, 
levamisole, and dichlorvos 
Ascarops. Ivermectin 

Control Good husbandry practices, such as 
rotating pastures, normally suffice. 


ETIOLOGY 

Three categories of nematode inhabit the 
stomach of the pig. The first is a trichostron- 
gylid, Hyostrongylus rubidus. This is closely 
related to the Ostertagia spp. of ruminants 
and occurs in most countries where pigs are 
kept. The next group comprises members 
of several related genera including Ascarops 
strongylina, A. dentata, and Physocephalus 
sexalatus, which occur in the United States, 
Southeast Asia, and Australia, and Simondsia 
paradoxa, found in parts of Europe and 
India. Finally, Ollulanus tricuspis is a very 
small nematode (0.7-1.0 mm) that causes 
gastritis on rare occasions in pigs, cats, foxes, 
and dogs. 
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LIFE CYCLES 

H. rubidus is a small (0.5-1.25 cm) thin, red 
worm with a life cycle very similar to that of 
O. ostertagi. Eggs develop at temperatures 
between 10°C and 27°C (50°F and 80°F). In 
the UK, eggs deposited outdoors from May 
to October develop into infective larvae. 
These larvae survive on pasture for up to 10 
months but are rapidly killed by desiccation 
and by freezing. Transmission occurs by 
ingestion of the infective larvae, which spend 
the next 13 to 14 days in the gastric glands. 
They then return to the lumen, and the first 
eggs are passed 20 to 25 days after infection. 
In some circumstances larvae become hypo- 
biotic and remain in the gastric mucosa for 
several months. 

Ascarops and Physocephalus are thick, 
white worms 1 to 2.5 cm long. They have 
indirect life cycles; eggs passed in the feces 
of the pig are eaten by dung beetles, in which 
hatching and development to infective larvae 
occur. Infestation of the final host occurs 
when pigs eat infested beetles. Little is known 
of the biology of Simondsia paradoxa. 

EPIDEMIOLOGY 

The stomach worms of pigs are almost exclu¬ 
sively confined to outdoor management 
systems. The reason for this is different in 
each group. With Ascarops and Physocepha¬ 
lus, it is a consequence of the essential role 
of the dung beetle in the life cycle. With H. 
rubidus, it is because the daily output of eggs 
by each female is so sparse that the life cycle 
is unlikely to persist in pig houses practicing 
a reasonable standard of hygiene. Young pigs 
are the most susceptible to hyostrongylosis 
but adult sows, especially when lactating, 
may also be affected. Hypobiosis is seasonal, 
but disease outbreaks analogous to type II 
ostertagiosis have not been reported. 

PATHOGENESIS 

Developing H. rubidus provokes hyperplas¬ 
tic nodular lesions in the glandular part of 
the stomach. These and consequent bio¬ 
chemical and physiologic sequelae are 
similar to those described for O. ostertagi. 
Ascarops and Physocephalus lie close to the 
gastric mucosa where they stimulate exces¬ 
sive mucous production. Heavy infections 
cause a catarrhal gastritis. 

CLINICAL FINDINGS 

The effect of H. rubidus on young pigs is 
not usually clinically apparent. Heavy infes¬ 
tations may be associated with anemia, 
unthriftiness, poor growth, and diarrhea. 
Signs in adult sows are usually seen during 
lactation. Affected animals lose more weight 
than normal and are slow to regain condition 
after weaning. In severe cases, sows may 
become emaciated. There may be pallor 
caused by anemia and often a depraved appe¬ 
tite, but no diarrhea. Adult sows often carry 
heavy infestations without clinical illness, 
but sudden death caused by hemorrhage 


from gastric ulcers or to peritonitis by ulcer¬ 
ative perforation has been observed on rare 
occasions. 1 Although Ascarops and Physo¬ 
cephalus are common in many areas, most 
infections are low grade and without clinical 
effect. Heavy infections can lead to inappe¬ 
tence and other signs of gastritis. 

CLINICAL PATHOLOGY 

Fecal examination is not very useful for the 
diagnosis of hyostrongylosis, because the 
eggs of H. rubidus are indistinguishable from 
those of the less pathogenic but more prolific 
Oesophagostomum spp. Physocephalus and 
Ascarops spp. eggs are small, thick shelled, 
and contain a larva when laid. 

NECROPSY FINDINGS 

The presence of H. rubidus is easily missed 
as the worms are slender and often lie 
beneath a thick layer of mucus. Adult worms 
are <10 mm in length and are bright red 
when first removed from the host. The gas¬ 
tric mucosa is hyperemic and nodular lesions 
are present. There may be one or more deep 
ulcers in the glandular region of the stomach. 
These may contain clusters of adult H. rubi¬ 
dus. In severe cases the mucosa is thickened 
and edematous and covered with a diphthe¬ 
ritic pseudomembrane. 1 In Physocephalus 
and Ascarops infections, adult worms are 
readily visible lying in mucus on the gastric 
mucosa. There is an obvious gastritis in 
heavy infections and ulceration may occur. 

DIAGNOSTIC CONFIRMATION 

Confirmation of infection with H. rubidus is 
made by examination of larvae from fecal 
cultures. Those of H. rubidus are longer 
and more vigorously motile than those of 
Oesophagostomum spp. As H. rubidus pro¬ 
duces so few eggs, even small numbers of 
larvae may indicate a pathogenic worm 
burden. Elevated serum pepsinogen concen¬ 
trations may also be indicative of infection. 


DIFFERENTIAL DIAGNOSIS 


Hyostrongylus rubidus must be differentiated 
from other causes of unthriftiness or 
emaciation such as: 

• Swine dysentery 

• Necrotic enteritis 

• Coccidiosis 

• Infestation with Oesophagostomum spp. 

• Thin sow syndrome 

• Malnutrition 


TREATMENT 


TREATMENT AND PROPHYLAXIS 


Treatment 

Doramectin (0.3 mg/kg, IM) (R1) 

Abamectin (0.1 mg/kg of feed/day for 7 days) 
(R1) 2 

Continued 
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Ivermectin (0.3 mg/kg BW by SC or IM 
injection or 0.1 mg/kg of feed/day for 
7 days) (R2) 3 

Fenbendazole (5 mg/kg BW in feed as a single 
dose or divided over 7-14 days) (R3) 

Flubendazole (S mg/kg BW as a single dose or 
30 g/tonne finished feed given for 5-10 
days) (R3) 

Febantel (5 mg/kg BW) (R4) 

Oxibendazole (15 mg/kg BW or 1.6 mg/kg 
BW/day for 10 days) (R4) 


Doramectin, abamectin, ivermectin, fenben¬ 
dazole, and flubendazole are active against 
fourth-stage and adult H. rubidus. Febantel, 
oxibendazole, and thiophanate have label 
claims only for the adult worms. Levamisole 
and dichlorvos have also been widely used in 
the treatment of pig nematodes. In-feed iver¬ 
mectin is also effective against A. strongylina. 

CONTROL 

Standard hygienic precautions including fre¬ 
quent removal of manure, the provision of 
drainage in outside pens, and rotation of 
pastures will reduce environmental contami¬ 
nation. Control of the dung beetle interme¬ 
diate hosts of Physocephalus and Ascarops is 
impracticable. 

Hyostrongylosis is most likely to affect 
sows during lactation, so animals at risk 
should be dosed before farrowing. The 
behavior of H. rubidus larvae on pasture is 
similar to that described for Oesophagosto- 
mum, and control schemes should be effec¬ 
tive for both parasites. 
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GASTEROPHILUS SPP. 
INFESTATION (BOTFLY) 

Infestations with larvae of Gasterophilus spp. 
have a widespread distribution. They cause a 
chronic gastritis and a loss of condition in 
infested horses, donkeys, and mules. Reduced 
performance is often attributed to this infes¬ 
tation. On rare occasions they cause perfora¬ 
tion of the stomach and death. 


SYNOPSIS 


Etiology Six species of Gasterophilus spp. 
that inhabit the gastrointestinal tract of 
horses 

Epidemiology Eggs are laid on the hair of 
the body or around the lips; eggs hatch 
spontaneously or are stimulated to hatch 
by oral grooming, larvae penetrate oral 
mucosa or external epithelium of cheek 
and migrate to inner regions of mouth, 


and congregate at epithelial surface around 
teeth for 6-10 weeks before migration to 
the stomach and intestine. Larvae attach in 
stomach or intestine and remain there for a 
number of months before being passed in 
the feces. One species attaches near the 
rectum. Larvae pupate and adults emerge 
after 3-5 weeks. Adults only live a few 
days and are mainly active in the summer, 
and the larvae overwinter in the stomach. 

Clinical signs Adult flies frighten horses and 
larvae cause nonspecific signs of 
unthriftiness. 

Clinical pathology Eggs can be seen on hairs 
on legs or around the lips by direct 
inspection. 

Lesions Area of larval attachment is pitted 
and the gastric wall may be thickened. 

Diagnostic confirmation Eggs present on 
hairs, and there are characteristic lesions at 
autopsy. 

Differential diagnosis Unthriftiness usually 
caused by helminth infection 

Treatment Ivermectin, moxidectin 

Control Treatment given when fly activity has 
ceased and when larvae are in stomach, 
usually two treatments in mid and late 
winter. Fringes and tassels protect against 
worry associated with one species of fly 


ETIOLOGY 

Six species of flies have larvae that are known 
to parasitize domestic equids: Gasterophilus 
nasalis, G. intestinalis, G. haemorrhoidalis, 
G. pecorum, G. nigricornis, and G. inermis. 
Their larvae are the “stomach bots” of horses, 
donkeys, and mules. Three species, G. intes¬ 
tinalis, G. nasalis, and G. haemorrhoidalis, 
are the most important and have a world¬ 
wide distribution, although G. pecorum is 
noted as becoming more important, particu¬ 
larly in parts of Asia and in the UK. 1,2 The 
later larval stages inhabit the stomach and 
duodenum. These creamy pink larvae are 
thick, segmented, and about 5 to 15 mm 
long. The adult flies are golden brown, hairy, 
and about the size of a bee, with two wings 
and vestigial mouth parts. 

LIFE CYCLE AND EPIDEMIOLOGY 

Flies do not feed and only live a few days. 
They are active during the summer months 
and there may be overlap among the species 
in their periods of activity In areas with mild 
winters the flies may be active throughout 
the year. In colder regions fly activity ceases 
with the first frost, and there is usually only 
a single generation per year. In these regions 
the second and third instars remain in the 
stomach over the winter. 

Eggs are attached to hairs while the fly 
hovers close to the horse. Fecundity is 
roughly correlated to the size of the fly G. 
haemorrhoidalis matures about 50 to 200 
eggs, G. nasalis 300 to 500 eggs, and G. intes¬ 
tinalis up to 1000. Eggs of the various species 
are laid in specific locations and are attached 


in a specific manner, allowing identification 
of eggs to species. The eggs are laid on the 
horses coat except for G. pecorum, which lays 
up to 2000 eggs in batches of 100 to 200 on 
pasture plants. The eggs of G. pecorum and 
G. haemorrhoidalis are dark brown; the eggs 
of the others are yellow and are readily visible 
glued to the hairs, usually one to a hair. The 
eggs of G. intestinalis, the most common fly, 
are laid on the front legs, particularly the 
lower parts; those of G. nasalis in the inter- 
mandibular area; and the others species’ eggs 
are laid on the cheeks and lips. 

The eggs are ready to hatch in about 2 to 
10 days, and the first instars enter the mouth 
either by host biting or licking or by subcuta¬ 
neous migration from the cheeks into the oral 
cavity. The eggs of G. intestinalis and G. 
pecorum require a stimulus, provided by 
licking (moisture) or rubbing (friction), 
before they will hatch. The larvae penetrate 
oral mucosa, migrate to inner surfaces, and 
emerge in the interdental spaces. The larvae 
of G. intestinalis penetrate the anterior end of 
the tongue and burrow in the buccal mucosa 
for about 3 to 4 weeks before invading pockets 
between the teeth or between the gum and 
molars. G. nasalis may also accumulate in 
pockets alongside the molar teeth and cause 
mouth irritation. G. haemorrhoidalis can 
penetrate the skin of the cheek and after wan¬ 
dering in the tissues of the mouth may attach 
in the pharynx. The second instar of G. intes¬ 
tinalis may also attach for a few days to the 
pharynx and the sides of the epiglottis before 
passing to the stomach. The first instars of G. 
pecorum burrow into the mucous membranes 
of the hard palate, cheek, and tongue where 
they develop into second instars. They then 
move to the pharynx where they develop into 
the third instar. Occasional larvae migrate to 
abnormal sites including the brain, the cranial 
sinuses, the heart, and lungs. 

Third instars of G. intestinalis larvae are 
found attached to the mucosa, usually in 
bunches, at the junction of the glandular and 
nonglandular portion of the stomach, where 
they become attached to the mucosa. G. 
nasalis larvae are found in the pyloric region 
of the stomach and the duodenum. G. 
pecorum larvae may be found in the pharynx 
and upper part of the esophagus and in the 
fundus of the stomach. G. haemorrhoidalis 
larvae are found in the tongue, the pharynx, 
and the gastric fundus. 

In the host, two molts are made and the 
larvae pass out in the droppings 10 to 12 
months after infestation, usually in the 
spring and early summer. Some larvae may 
attach temporarily to the rectal mucosa on 
their way through. The larvae migrate into 
the ground, pupate, and adult flies emerge 
after 3 to 5 weeks to recommence the late 
summer attacks on horses. 

PATHOGENESIS 

The adult fly causes considerable annoyance 
when ovipositing. The droning noise and the 
sudden attacks to lay eggs cause head tossing 
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and running in the host. G. nasalis is particu¬ 
larly troublesome because it darts at the lips 
and throat. 

There is some doubt as to the importance 
of the lesions caused by the larvae. At the sites 
where they adhere there is an area of thicken¬ 
ing and inflammation, and in rare cases gas¬ 
tric perforation occurs. It is probable that 
there is some chronic gastritis and interfer¬ 
ence with digestion in most infestations. G. 
intestinalis, the most common species, 
attaches to the squamous epithelium, and this 
has a relatively slight impact on the digestion 
in the horse. However, the ulceration, edema, 
and abscessation caused by this species 
cannot be overlooked, and one must expect 
some effect from such lesions, although it is 
difficult in practice to separate these findings 
from those caused by a concurrent worm 
burden. Occasional perforation of the gut has 
been documented The larvae do not remove 
sufficient blood to cause anemia, feeding 
mostly on tissue exudate. In rare cases pleu¬ 
risy may occur following perforation of the 
esophagus close to the cardia. In very heavy 
infestations with G. pecorum the presence of 
large numbers of larvae (100-500) on the soft 
palate and base of the tongue can cause sto¬ 
matitis and some deaths. Migration of first 
instars in the tongue and interdental gingiva 
and the aggregation of larvae in periodontal 
pockets may produce irritation or pain and 
may prevent foals from eating. 

A recent proteomic analysis using two- 
dimensional (2D) gels and other techniques 
has described the influence of larvae on 
the development of immune responses. 1 
Novel antigens that were identified could 
be developed as a vaccination for a control 
option. 

CLINICAL FINDINGS 

A nonspecific syndrome of unthriftiness, 
poor coat, occasional mild colic and lack of 
appetite, plus bad temper and unwillingness 
to work is usually ascribed to hot infesta¬ 
tions. Adult flies frighten horses by their 
hovering, darting flight, especially around 
the head of the horse, and may be a cause of 
shying and balking. 

CLINICAL PATHOLOGY 

The eggs on the hairs can be seen by direct 
inspection, but the presence of larvae in the 
stomach and intestines can only be detected 
after treatment with a suitable insecticide. 

NECROPSY FINDINGS 

A few larvae are present in the stomach of 
most horses at necropsy, but clinical illness 
is usually associated with very large numbers. 
The areas of larval attachment are pitted and 
the gastric wall thickened. There may be an 
adhesive peritonitis and attachment and 
abscessation of the spleen over such areas. 

DIAGNOSIS 

The syndrome produced is not sufficiently 
characteristic to make antemortem diagnosis 


possible, and hot infestations are commonly 
associated with helminth infestations, which 
produce most of the signs observed. A tenta¬ 
tive diagnosis of infestation of the gums can 
be made by signs of pain on mastication and 
the presence of botfly eggs on the horse at 
that time. A variety of serologic tests, includ¬ 
ing an ELISA, have been evaluated and 
found to be generally specific and sensitive. 
There has been no further development of a 
practical test. Endoscopy using an video gas- 
troscope has been applied to the diagnosis of 
gasterophilosis, although its use has been 
confined to use in drug efficacy studies. 

TREATMENT 

Macrocyclic lactone-based compounds 
administered as a paste are the most effective 
products for treatment. 

CONTROL 

Treatment should be administered after fly 
activity has ceased and the larvae have 
reached the stomach but before gastric 
damage has occurred. Single treatments are 
usually all that is required for control. Recent 
combination therapies containing a macro- 
cyclic lactone plus praziquantel are used for 
control of gastrointestinal worms, tape¬ 
worms, and hots in a single dose. In foals 
showing pain on mastication, treatment with 
ivermectin paste should be given as needed 
throughout the fly season. 

Treatment Recommendations 

Treatment with a macrocyclic lactone-based 
product is strongly advised to increase pro¬ 
ductivity and to maintain overall health of 
the animals. 

FURTHER READING 
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Management. CABI; 2006:1-376. 
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THORNY-HEADED WORM IN 
PIGS (MACRACANTHORHYNCUS 
HIRUDINACEUS) 

Macracanthorhynchus hirudinaceus is 
included with other nematodes for conve¬ 
nience, but it is not a nematode. It belongs to 
a different phylum, the acanthocephalans. 
These resemble roundworms in appearance 
but in some ways are more similar to tape¬ 
worms because they lack, for example, a 
digestive tract. The name “thorny-headed 
worm” denotes the hook-covered proboscis 
they all possess. 

M. hirudinaceus infestations in pigs are 
not usually heavy and cause relatively little 
loss. The worms have thick bodies (0.5- 
1.25 cm), are long (up to 38 cm), and are 
transversely wrinkled. They inhabit the small 


intestine and pass eggs that are very resistant 
to environmental stress and survive for up 
to 2 years. The life cycle is indirect with a 
variety of beetles acting as intermediate 
hosts. Transmission occurs when a pig eats 
an infested grub or adult beetle, and eggs are 
passed about 2 to 3 months later. The female 
worm is a prolific egg layer and lives in the 
host for about 1 year. 

Heavy infestations cause slow growth or 
loss of BW. The head of the worm pushes 
deeply into the intestinal mucosa and causes 
nodules that are clearly visible from the 
serous surface. Occasional deaths may occur 
because of intestinal perforation. Sedimenta¬ 
tion techniques are better than flotation 
methods for detecting eggs in feces. Treat¬ 
ment is rarely given because the condition is 
usually only diagnosed at necropsy. 



A single dose of doramectin is only partly 
effective. Control, if necessary, involves suit¬ 
able disposal of pig manure and avoidance of 
contact with the intermediate hosts (beetles). 

TAPEWORM INFESTATIONS 

LARVAL TAPEWORM INFESTATION 

Livestock may act as the intermediate hosts 
for the tapeworms of humans and other 
animals. The larval tapeworms (metaces- 
todes) develop as fluid-filled cysts, each at a 
typical site in the body. They act as space- 
occupying lesions and cause condemnation 
at meat inspection. Cattle around the world 
may harbor the metacestode of Taenia sagi- 
nata (the beef tapeworm of humans), also 
known as Cysticercus bovis, in their striated 
musculature. T. solium (the pork tapeworm 
of humans) occurs similarly in pigs (known 
as C. cellulosae), mainly in poorer regions. 1 
The recently discovered T. asiatica, found 
only in East Asia, is closely related to T. sagi- 
nata but uses pigs as its intermediate host. 
Cysts in the musculature of sheep (known as 
C. ovis ) are the intermediate form of a dog 
cestode ( T. ovis). Hydatid cysts ( Echinococcus 
granulosus), which develop in the lungs and/ 
or liver of sheep, cattle, and horses, are also 
acquired from tapeworm eggs excreted by 
infected dogs and wild canids. These meta- 
cestodes rarely cause clinical disease in vet¬ 
erinary species (although some are serious 
zoonoses), so the reader is referred to para¬ 
sitology textbooks for detailed information. 

Clinical disease is, however, associated 
with two other metacestodes. T. ( Multiceps) 
multiceps metacestodes cause coenurosis 
(“gid”) in sheep, 1 which is described later. 
T. hydatigena metacestodes are normally 
asymptomatic, but if a sheep or goat swal¬ 
lows a whole tapeworm segment, which may 
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contain 100,000 eggs, sudden death may 
occur as massive numbers of developing 
metacestodes (known as cysticerci) migrate 
through the liver parenchyma. This condi¬ 
tion (hepatitis cysticercosis) resembles acute 
hepatic fasciolosis but is an individual rather 
than a flock problem. 

FURTHER READING 

Cardona GA, Carmena D. Vet Parasitol. 2013;192:10. 
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ADULT TAPEWORM 
INFESTATION 


SYNOPSIS 


Etiology Cestodes belonging to the 

anoplocephalid family, including Moniezia 
spp. in ruminants and Anoplocephala spp. 
in horses 

Epidemiology Transmission by ingestion of 
infected free-living pasture (oribatid) mites 

Signs Little pathogenicity but heavy 

infestation may cause failure to thrive and, 
in horses, increased risk of ileocecal colic. 

Clinical pathology Demonstration of 
tapeworm eggs in feces 
Lesions 

Horse: Mild inflammation of intestinal 
mucosa with small ulcers 

Diagnostic confirmation Tapeworm 
segments around tail base or on feces; 
eggs in feces 

Treatment 

Ruminants: Albendazole, febantel, 

fenbendazole, mebendazole, netobimin, 
oxfendazole, and praziquantel 
Horses: Pyrantel, praziquantel 

Control If necessary, periodic dosing is the 
only feasible option. 


ETIOLOGY 

The common anoplocephalid tapeworms of 
ruminants, Moniezia expansa, M. benedeni, 
and Thysaniezia (syn. Helictometra giardi 
also known as T. ovilla) are cosmopolitan, 
whereas Avitellina spp. occur mainly in 
Mediterranean countries and India, Stilesia 
hepatica in Africa, and Thysanosoma actini- 
oides in North America. 

In horses, Anoplocephala magna, A. per- 
foliata, and Anoplocephaloides (syn. Paran- 
oplocephala mamillana ) are cosmopolitan in 
their distribution. 

LIFE CYCLE 

The life cycles of all the anoplocephalid tape¬ 
worms are very similar. Eggs, which are 
immediately infective, pass in the feces of 
the host, either singly or protected within a 
tapeworm segment. These are ingested by 
free-living pasture (oribatid) mites and the 


intermediate stage (the metacestode) forms. 
Mature tapeworms develop when the primary 
host accidentally swallows infected mites 
while grazing. Most species establish in the 
small intestine, but T. actinioides also invades 
biliary and pancreatic ducts, whereas A. per- 
foliata is found around the ileocecal junction 
and S. hepatica lives in the bile ducts. Lengths 
vary with species: A. perfoliata grows to 4 to 
8 cm and Moniezia may be over 2 m. 

EPIDEMIOLOGY 

Oribatid mites are ubiquitous but most 
numerous on permanent pastures in the 
summer months. All grazing animals are 
therefore potentially at risk. 

PATHOGENESIS 

In ruminants, anoplocephalid tapeworms 
have little apparent effect on health. In heavy 
infestations, it has been postulated that they 
may compete for nutrients, excrete toxic 
materials or, because of their length, interfere 
with the motility of the gut. Very heavy 
burdens of M. expansa in lambs have been 
associated with outbreaks of enterotoxemia. 
Pancreatic and biliary duct species cause 
little harm, but liver damage may cause rejec¬ 
tion at meat inspection. 

In horses, A. perfoliata causes a mild local 
inflammatory response around its site of 
attachment. Where 20 or more tapeworms 
are clustered, ulceration and other degenera¬ 
tive changes may occur. This may be accom¬ 
panied by diphtheresis, granulomatosis, and 
occasionally polyp formation. The ileocecal 
valve may be thickened. Heavy infestations 
may interfere with gut motility and increase 
the risk of ileocecal colic. A recent matched 
case-control study indicated that 22% of a 
series of spasmodic colic cases were likely to 
have been tapeworm associated. Evidence is 
accumulating to implicate A. perfoliata as a 
significant risk factor in ileal impaction cases. 

CLINICAL FINDINGS 

In ruminants, there is disagreement over the 
importance of anoplocephalid tapeworms 
in causing disease; farmers usually over¬ 
emphasize their importance and veterinari¬ 
ans underestimate it. Most infestations are 
asymptomatic but, on occasion, heavy bur¬ 
dens may result in unthriftiness; poor coat; 
vague digestive disturbances including con¬ 
stipation, mild diarrhea, and dysentery; and 
sometimes anemia. These signs are restricted 
chiefly to animals less than 6 months of age 
on an inadequate diet. With T. actinioides, 
signs maybe delayed until the animal reaches 
a later age. Infested animals may be more 
susceptible to the effects of other internal 
parasites and to other diseases or adverse 
environmental conditions. 

Infections in horses are usually asymp¬ 
tomatic 1 but, occasionally, heavy infestations 
may be associated with a range of abdominal 
conditions including colic 2 ; perforation of 
the cecum; ileocecal, cecocolic, and ileoileal 


intussusception; colonic and cecal torsion; 
and ileal thickening and obstruction. 

CLINICAL PATHOLOGY 

Shed tapeworm segments may be visible 
macroscopically on the skin and hair around 
the tail base or in the feces. Eggs may be 
present in feces. 

NECROPSY FINDINGS 

The site of attachment on the intestinal 
mucosa may be indicated by the presence of 
a small ulcer and a mild inflammatory 
response. In the case of infestations with T. 
actinioides and S. hepatica, the presence of 
worms in the biliary and pancreatic ducts is 
accompanied by fibrosis and thickening of 
duct walls. In horses, A. perfoliata can cause 
inflammation of the lamina propria and 
mucosal damage at the region of the ileocecal 
junction, and there is an association between 
the number of worms present and the sever¬ 
ity of the histologic changes. 3 ' 4 Significant 
gross thickening and fibrosis of the ileocecal 
junction and several changes in neuronal 
cells in horses have been observed where 
more than 20 tapeworms were present. 4 

DIAGNOSTIC CONFIRMATION 

Shed segments are much wider than they are 
long. They can be seen to be full of charac¬ 
teristic eggs if broken in a drop of water on 
a slide and examined microscopically. Anop¬ 
locephalid eggs are roughly D shaped, thick 
shelled, and contain an embryo within a chi- 
tinous ring. They are not easy to find in feces. 
Centrifugation/flotation using a saturated 
sugar solution is recommended for diagnosis 
in horses. At best the sensitivity of such tech¬ 
niques is only 60% for light infections rising 
to 90% for heavy burdens, so repeat samples 
may be needed to demonstrate the presence 
of the parasite. Methods have been devised 
for detection of specific antibodies in serum 
or antigen in feces 1 ' but are not as yet gener¬ 
ally available. Experimentally, a species- 
specific and highly sensitive molecular 
diagnostic PCR has been developed for accu¬ 
rate identification and diagnosis of Moniezia 
species targeting the parasites’ 18S regions of 
the ribosomal DNA. 6 ' 8 In equines an experi¬ 
mental multiplex PCR assay for simultane¬ 
ous detection of various Anoplocephala spp. 
targeting the hypervariable SSUrRNA gene 
regions has been developed. 9 


DIFFERENTIAL DIAGNOSIS 


• Other causes of unthriftiness 

• In horses, other causes of colic 


TREATMENT 
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Horses 

Pyrantel (38 mg/kg) (R2) 

Praziquantel (2.5 mg/kg BW, orally) (R2) 


For ruminants, praziquantel 3.75 mg/kg is 
highly effective against Moniezia , but higher 
doses are required for Thysaniezia spp. 
(5 mg/kg), Avitellina (7.5 mg/kg), and S. 
hepatica (15 mg/kg). Some benzimidazole 
and probenzimidazole drugs have cestocidal 
activity in ruminants, including albendazole, 
febantel, fenbendazole, mebendazole, neto- 
bimin, and oxfendazole. The efficacy of some 
of these compounds against Moniezia may be 
variable. Albendazole at 7.5 mg/kg orally is 
effective against cestodes in the bile ducts. 

For horses, pyrantel embonate at 38 mg/ 
kg orally (i.e., double the standard dose for 
roundworm control) is an established treat¬ 
ment for A. perfoliata but is ineffective against 
A. mammillana. Although toxic effects have 
not been fully evaluated at this high dose rate, 
pyrantel is generally regarded as having low 
toxicity in herbivores when administered 
orally. More recently praziquantel has been 
shown to provide high efficacy against A. 
perfoliata at doses of 1 to 2.5 mg/kg BW orally 
and A. mammillana. Such treatment may half 
the estimated risk of tapeworm-associated 
colic. 


Control 

Control of the mites that act as intermediate 
hosts is impractical. If a potential problem is 
perceived in, for example, valuable horses, 
consideration could be given to reducing the 
numbers of oribatid mites by plowing per¬ 
manent pasture and reseeding. Otherwise 
stabling or tactical dosing, in early summer 
and autumn, are the only options. 

FURTHER READING 

Nielsen MK. Sustainable equine parasite control: 
perspectives and research needs. Vet Parasitol. 
2012;185:32-44. 
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Toxins Affecting the 
Alimentary Tract 

PHOSPHORUS TOXICOSIS 

Poisoning from phosphorous-contain¬ 
ing products rarely occurs anymore. 


Rodenticides, once a common source of 
phosphorus intoxication for animals, are no 
longer used, and current exposure occurs 
primarily from ingestion of old products 
found in abandoned sheds and buildings. 
Animals may also be exposed either by 
grazing on pastures or drinking water con¬ 
taminated with white phosphorous used for 
military ammunitions training. 1,2 Occasion¬ 
ally, animal feeds inadvertently contain an 
excess concentration of dietary phosphates 
disrupting the Ca:P balance and causing 
clinical signs. In ruminants, this may result 
in urinary or bladder calculi, and in horses, 
secondary hyperparathyroidism. ’ 

Phosphorus has a local caustic action, 
and ingestion is associated with severe irrita¬ 
tion of the gastrointestinal mucosa with 
signs of gastroenteritis appearing within an 
hour or two. Some phosphorus may be 
absorbed and is associated with acute hepatic 
necrosis, but signs do not appear for several 
days. Toxic effects are increased when the 
phosphorus is finely divided and mixed with 
oils or fats that facilitate absorption. 

CLINICAL FINDINGS 

Common signs include salivation, acute 
abdominal pain, intense thirst, and diarrhea. 
Pigs vomit violently and the vomitus is lumi¬ 
nous with a garlic odor. The animal often 
dies of acute shock during this stage. Survi¬ 
vors show jaundice, weakness, anorexia, oli¬ 
guria, and hematuria. Death may occur 
suddenly or be accompanied by convulsions. 
Phosphorus can be detected in the vomitus 
and feces of affected animals. 

NECROPSY FINDINGS 

Macroscopically there is congestion and 
hemorrhage of the gastrointestinal mucosa. 
The carcass is often jaundiced and the liver 
is swollen and pale. Flistologically there is 
fatty degeneration of both the liver and 
kidney, sometimes accompanied by hepatic 
necrosis. The acute stages of phosphorus poi¬ 
soning may appear similar to acute stages 
of inorganic arsenic, mercury, or selenium 
poisoning. 

DIAGNOSTIC CONFIRMATION 

Diagnostic confirmation requires evidence 
of access to the poison and the detection of 
large amounts of it in the gastrointestinal 
tract. 

Samples for Analysis 

• Toxicology: Use 50 g of liver, kidney, 
and a portion of gastrointestinal tract 
with content 

• Histology: Formalin-fixed liver, 
kidney (LM) 

TREATMENT 

The use of emetics to remove the contents 
from the stomach is generally not recom¬ 
mended because phosphorous is caustic 
and can cause significant damage to the 


esophageal lining during emesis and because 
vomiting normally occurs. Gastric lavage 
followed by activated charcoal with a cathar¬ 
tic may be beneficial in solitary animals 
when used early after ingestion. Further 
treatment is supportive and includes analge¬ 
sics and intravenous fluids for dehydration. 
Hypotension and shock as well as coagulopa¬ 
thy may occur and should be treated sup- 
portively as needed. 
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ARSENIC TOXICOSIS 


SYNOPSIS 


Etiology Insecticidal dips or sprays; 
herbicides; wood preservatives, 
pharmaceuticals, and feed additives. 
Inorganic compounds are the most 
toxic, and organic arsenicals are the least 
toxic. 

Epidemiology Outbreaks caused by 

accidental access; use of excessive amounts 
in feed, spray, or dip. Most cases result 
from ingestion, but percutaneous 
absorption is also possible. 

Clinical signs Enteric form a highly fatal 
gastroenteritis with diarrhea; dehydration. 
Neurological form with incoordination and 
blindness or a syndrome of incoordination, 
restlessness, squealing, and convulsions 

Clinical pathology High levels of arsenic in 
feces, urine, and milk for 5 days (organic 
arsenicals) and 10 days (inorganic arsenic). 
Chronic cases best assayed in hair or skin 

Necropsy lesions Gastroenteritis in enteric 
form, and no lesions in neurological form 

Diagnostic confirmation Higher than normal 
levels of arsenic in body fluids or tissues 

Treatment Decontamination, antidotes, and 
supportive care 

Control Remove from environment and do 
not exceed label directions. 


ETIOLOGY 

Background Information 

• Inorganic arsenicals most often have a 
valence of +3 (trivalent; arsenite) or +5 
(pentavalent; arsenate) and arsenite is 
more toxic than arsenate. 

• Organic arsenicals most often have 
valences of +3 (trivalent) or +5 
(pentavalent) and by definition contain 
at least one carbon atom. 

The toxicologic profile of arsenic is compli¬ 
cated. The absorption and toxicity of arsenic 
depend on many factors other than the 
valence and chemical form. Absorption is 
dependent on particle size, solubility, and 
species, with other factors such as animal 
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health playing a role. Large, less soluble par¬ 
ticles of an inherently toxic arsenical com¬ 
pound may not be well absorbed, whereas a 
less toxic but more soluble substance may 
have greater absorption. 1 ' 2 Animals in poor 
health with compromised gastrointestinal 
systems may have far greater absorption than 
those in good health. Species plays an impor¬ 
tant role with humans and dogs the most 
susceptible to arsenic toxicity and the devel¬ 
opment of clinical signs. 

Arsenic compounds likely to be encoun¬ 
tered by large animals are numerous and 
varied but include the following: 

Inorganic compounds used as insecticidal 
dips or as herbicides 

• Oxide, e.g., arsenic trioxide (+3) 

• Trivalent, e.g., sodium arsenite (+3), 
copper acetoarsenite (Paris green) 

• Pentavalent, e.g., sodium arsenate 

(+5) 

Inorganic compounds used as wood 
preservatives 

• Chromated copper arsenate (+5) 
Inorganic compounds used as medicinals 

• Inorganic lead arsenate (+5) 

• Potassium arsenite (+3), e.g., Fowler’s 
solution and others 

Organic compounds used as herbicides 

• Monosodium and disodium 
methanearsonates (+5), e.g., MSMA 
and DSMA 

Organic compounds used as medicinals 

• Trivalent phenylorganic arsenicals 
(+3), e.g., thiacetarsamide and 
melarsoprol 

• Pentavalent phenylorganic arsenicals 
(5), e.g., arsanilic acid, roxarsone 
(4-hydroxy-3-nitrophenylarsonic 
acid), and nitarsone 
(4-nitrophenylarsonic acid) 

Relative Toxicities 

The organic pharmaceuticals are least toxic, 
the insoluble oxides are of medium toxicity, 
and the trivalent inorganic compounds are 
associated with the most severe syndrome. 1,2,4 
Toxic oral doses may range from 1 to 25 mg/ 
kg for the arsenites, 30 to 100 mg/kg for the 
arsenates, 25 mg/kg daily for 8 to 10 days for 
cacodylic acid, and 10 to 25 mg/kg for 5 to 6 
days for the methanearsonates. 

Aromatic organic arsenicals are toxic 
when the cumulative dose is exceeded by 
two to four times the recommended dose, 
delivered by either exceeding the recom¬ 
mended percentage in the feed, or feeding it 
for too long. Seven to 10 days’ feeding of 
arsanilic acid at 500 mg/kg diet or 3-nitro, 
4,hydroxyphenylarsonic acid at 250 mg/kg 
diet will be associated with toxicosis in 
swine; approximately twice these concentra¬ 
tions will result in poisoning of poultry. 

EPIDEMIOLOGY 

Occurrence 

Arsenic toxicosis usually occurs after inges¬ 
tion of the toxic substance, but dermal 


absorption can occur especially if the skin 
is abraded or hyperemic. Today, arsenic is less 
commonly associated with generalized live¬ 
stock poisoning, but poisoning still occurs in 
some areas of the world because of its pres¬ 
ence in groundwater. 3 In addition, arsenic can 
still be found in the following products. 

Dips and Sprays 

Fluids used for dipping and spraying of 
animals to control ectoparasites are a very 
common source of poisoning. Animals may 
swallow the solution while in the dip or in the 
draining yards after dipping. Animals that are 
not allowed to drain completely as well as 
faulty disposal of drainage from yards and 
dips may contaminate the pasture. Opened 
containers of dipping solutions or powders 
may accidentally contaminate feed or be mis¬ 
takenly applied as a skin dressing. Apprecia¬ 
ble amounts of arsenic are absorbed through 
the skin after dipping in sodium arsenite. The 
absorption is increased if the animals are 
dipped when hot, if the fleece is long, if they 
are crowded too tightly in draining yards, or 
driven too soon after dipping. However, in 
most outbreaks of poisoning some ingestion 
appears to occur and supplements the cutane¬ 
ous absorption. There is some danger in 
dipping rams at mating time when erythema 
of the skin of the thighs and scrotum is 
present. Dipping immediately after shearing 
and jetting at too high pressure or with exces¬ 
sively strong solutions may also be associated 
with increased absorption. 

Herbicides 

These include sodium or potassium arsenite, 
arsenic pentoxide, and monosodium or 
disodium acid methanearsonate sprays used 
to kill weeds. Grass clippings taken from 
lawn areas treated 6 months earlier with 
arsenical herbicides may carry 15,000 mg/kg 
arsenic. 

Insecticidal Sprays 

These are often used in orchards and pasture 
applied to kill Colorado beetle grubs and 
other pests. In most instances poisoning 
occurs when animals accidentally gain access 
to recently sprayed areas, although drifting 
of windblown spray may result in accidental 
contamination of pasture. 

Leaded Gasoline 

The major effects are usually ascribed to the 
effects of the lead, but this does not always 
appear to be so. 

Insect Baits 

Paris green (copper acetoarsenite) has his¬ 
torically been mixed with bran and applied 
to large areas of land in an attempt to control 
grasshopper plagues. 

Wood Preservatives 

Wood products such as fence boards, posts, 
calf hutches, and old buildings treated with 
a chromated copper arsenate preservative 


remain a source of arsenic exposure. The 
compound has a salty taste and arsenic con¬ 
centrates in the ashes when the wood is 
burned. 

Metal-Bearing Ore Deposits 

Several natural deposits, including iron 
arsenic pyrites in volcanic soils as well as 
gold and copper ores, contain large quanti¬ 
ties of arsenic that may be licked in situ 
or carried off in the fumes from smelters 
and contaminate surrounding pastures and 
drinking water supplies. 

Pharmaceuticals and Growth 
Stimulants 

These include arsanilic acid and sodium 
arsanilate, as well as phenylarsonic acid 
preparations such as roxarsone and nitar¬ 
sone, which are used as feed additives, 
growth promotants, antidotes for selenium 
toxicosis, and in the control and treatment of 
animal dysentery. Overdosing can occur by 
continuing the administration for too long 
or when there is an error in mixing a batch 
of feed. The toxicity of feed containing arsa¬ 
nilic acid depends to a certain extent on the 
intake of drinking water, but moderate water 
restriction does not make normal dose rates 
dangerous. 

Animal Risk Factors 

Soluble salts are highly poisonous; arsenic 
trioxide and sodium arsenate are much less 
soluble and thus less toxic than sodium arse¬ 
nite. The LD 50 of sodium arsenite varies 
between species with pigs, horses, cattle, and 
sheep requiring increasing doses to be 
affected. Organic chemicals used as herbi¬ 
cides are as poisonous as the arsenite, but 
organic arsenicals used as growth stimulants 
are less toxic, although they are absorbed 
rapidly. 

In cases in which gastroenteritis is the 
predominant lesion, the case-fatality rate 
approximates 100%. 4 In cases characterized 
by nervous system involvement the illness 
is incidental and losses minimal if access to 
the poison denied, but residues become a 
problem. 

Human Risk Factors 

Meat and milk residues reduce the safety of 
the products for human consumption. 1,5 
Arsenic is excreted rapidly after absorption, 
chiefly in the urine, and after the ingestion of 
nontoxic amounts by the cow there is no 
detectable secretion into the milk. 6 When 
much larger doses are consumed arsenic may 
be excreted in the milk, as well as in urine 
and feces, but the concentration is still low. 
The biological half-life of arsenic taken orally 
in the form of arsanilate is 4.2 days in liver, 
5.7 days in kidney, and 15 days in muscle. In 
pigs receiving arsanilic acid at 200 mg/kg in 
the feed the level of arsenic in muscle is still 
more than the admissible level of 0.1 mg/kg 
18 days after withdrawal. The usual recom¬ 
mendation is to withdraw arsanilic acid 5 to 





7 days before slaughter. This is adequate at 
normal dose levels. 

Environmental Risk Factors 

The presence of arsenic in groundwater is 
well documented in various parts of the 
world, especially in some parts of Asia. 7 ' 8 
This is associated with suboptimal milk pro¬ 
duction in cows as well as the potential for 
further soil and water contamination from 
arsenic excreted in the urine. 8 

PATHOGENESIS 
Mechanism of Action 

Inorganic trivalent salts and trivalent organic 
compounds exert their toxic effects by 
combining with sulfhydryl groups on pro¬ 
teins and inhibiting tissue enzymes such as 
a-keto oxidase, pyruvic acid oxidase, and 
a- oxyglutaric acid oxidase. 2,4,9 Trivalent arsen - 
icals are most toxic because of their greater 
affinity for these sulfhydryl groups. The effi¬ 
ciency of sulfur-containing compounds such 
as dimercaptopropanol (British antilewisite 
or BAL) as antidotes depends on the ability 
of these compounds to compete with sulfur- 
containing compounds of enzyme systems 
for the available arsenic. 2,4 Pentavalent inor¬ 
ganic arsenates work by uncoupling oxida¬ 
tive phosphorylation, perhaps by substituting 
phosphate into the reaction. The mechanism 
of action for pentavalent organic compounds 
is unknown, but interference with the actions 
of pyridoxine and thiamine may be involved. 2 
In ruminants, pentavalent arsenicals can be 
converted to trivalent arsenicals. 

Tissue Susceptibility 

Once absorbed into the bloodstream, arsenic 
is well distributed to all body organs, accu¬ 
mulating in the liver before distribution. 
Others organs such as the kidneys, lungs, 
and spleen also accumulate arsenic. 2,4,9 The 
body areas affected are primarily those with 
tissues rich in oxidative enzyme systems. 
Thus the alimentary tract wall, liver, kidney, 
spleen, and lung are most susceptible to the 
general depression of metabolic activity and 
development of clinical signs. Gastro¬ 
intestinal tract lesions produce the most 
obvious clinical signs because of the exten¬ 
sive damage to capillaries causing increased 
permeability and exudation of serum into 
tissue spaces. The mucosa lifts from the 
underlying muscle coat and is shed with a 
resultant loss of large quantities of body 
fluids. Arsenic does not precipitate protein, 
and there is no direct local effect on alimen¬ 
tary tract mucosa; this is indicated by the fact 
that the parenteral injection of arsenic pro¬ 
duces lesions in the gut wall, which are iden¬ 
tical with those associated with ingestion. 

Time Lag 

Because arsenic does not precipitate protein it 
does not limit its own absorption, and there is 
a considerable time lag after ingestion before 
clinical signs appear; corrosive substances 
produce lesions and signs immediately. 
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Percutaneous Absorption 

Arsenic absorbed from the skin may be asso¬ 
ciated with local necrosis without systemic 
signs if the peripheral circulation is poor or 
the concentration of arsenic is excessively 
high, but if the cutaneous circulation is good, 
the arsenic is quickly carried away and is 
associated with a systemic disease without 
skin necrosis. 

Chronic Poisoning 

The chronic toxicity of arsenic at low levels 
of intake is caused by its accumulation in 
particular organs, especially the skin, bone, 
hooves, and hair. 1,4,10 

Nervous Tissue Lesions 

Pentavalent organic arsenicals cause degen¬ 
erative changes in peripheral nerves. These 
appear as demyelination and axonal degen¬ 
eration in prolonged cases. 2 Animals recum¬ 
bent longer than 7 days are unlikely to 
recover and will remain paralyzed until 
death from other associated conditions. In 
poisoning with arsanilic acid compounds the 
lesions occur primarily in the optic nerves, 
causing blindness. In poisoning with the 
phenylarsonic acid group the nerves to the 
limbs appear to be most affected. 

CLINICAL FINDINGS 

The occurrence of clinical signs depends on 
the specific form of arsenic to which animals 
are exposed. As a general rule, all inorganic 
arsenicals and trivalent organic arsenicals 
affect the capillaries and gastrointestinal 
tract, and pentavalent organic arsenicals 
affect the neurologic system. 

GASTROINTESTINAL SYNDROME 
Peracute Cases 

These animals show little except depression 
and prostration and generally die before 
signs of enteritis develop. 4,11 Death occurs 
minutes to a few hours after exposure and 
may be preceded by clonic convulsions and 
diarrhea. 

Acute and Subacute Cases 

In ruminants, the onset of signs of illness 
is often delayed 20 to 50 hours from inges¬ 
tion of the poison, with the length of time 
depending on the fullness of the fore¬ 
stomachs. 4,11 Distress develops suddenly, 
beginning with severe abdominal pain, rest¬ 
lessness, groaning, an increased respiratory 
rate, salivation, grinding of the teeth, com¬ 
plete rumen stasis, and vomiting (even in 
cattle), followed by a fluid and fetid diarrhea 
that may be hemorrhagic. Tachycardia, rapid 
and weak pulse, dehydration, and oliguria 
are marked. 

Horses show similar signs with a marked 
congestion of the mucous membranes and a 
very sudden onset of severe colic. Severe 
diarrhea (± blood) may be followed by a 
period of complete stasis of the alimentary 
tract with diarrhea recurring just before 
death. 


Subacute cases give the same signs as 
acute cases, but the course may extend over 
2 to 7 days. Nervous signs of muscle tremor, 
incoordination, and clonic convulsions are 
followed by terminal coma. 

Chronic Cases 

Commonly observed signs include low 
BW; a dry, rough coat that is easily shed; 
fatigue; bouts of indigestion; conjunctival 
and mucosal erythema; eyelid edema; and 
conjunctivitis. Buccal mucosal ulceration 
may extend to the muzzle. Milk yield is seri¬ 
ously reduced and abortions and stillbirths 
may occur. Local skin lesions include initial 
hyperemia followed by necrosis and slough¬ 
ing, leaving indolent lesions that are 
extremely slow to heal. 

NEUROLOGICAL SYNDROME 

Chronic poisoning resulting from arsanilic 
acid overdose occurs primarily in pigs and 
lambs. It is manifested by incoordination 3 to 
7 days after ingestion; blindness may or may 
not occur. Consciousness, body tempera¬ 
ture, and appetite are unaffected. If feeding is 
continued the signs gradually worsen; if feed 
is changed the signs disappear within a few 
days. Some pigs remain permanently blind 
or paralyzed. In chronic poisoning with rox- 
arsone and nitarsone the emphasis is on rest¬ 
lessness, frequent urination and defecation, 
incoordination caused by loss of balance, 
frequent shrill “screaming,” tremor, and 
convulsions, all of which are stimulated by 
rousing the pig. If left alone in a recumbent 
position it may appear normal. Almost all 
animals have some form of gastrointestinal 
irritation. 

CLINICAL PATHOLOGY 

Arsenic can be detected in the urine, feces, 
and milk for periods of up to about 10 days, 
beginning shortly after the toxic material is 
ingested. The rate of excretion is faster with 
organic compounds than with inorganic 
arsenic, and urine levels may be back to 
normal in 5 days. The most satisfactory 
material for laboratory examination from a 
living animal is a large volume (about 1 L) of 
urine in which arsenic levels may be as high 
as 16 mg/kg. Levels in milk are low. 6 Normal 
levels of up to 0.25 mg/kg in cows’ milk may 
be elevated to 0.34 to 0.47 mg/kg in cases of 
acute poisoning and to 0.8 to 1.5 mg/kg in 
the milk of normal cows that graze arsenic- 
contaminated pasture for long periods. 
Deposition in the hair occurs and arsenic 
persists there until the hair is shed, making 
possible the detection of prior arsenic inges¬ 
tion in the absence of arsenic from the blood 
and feces. The hair of animals not exposed to 
arsenic should contain less than 0.5 mg/kg, 
and that of exposed animals may contain as 
much as 5 to 10 mg/kg. 

NECROPSY FINDINGS 

In acute and subacute cases of inorganic 
arsenic poisoning there are pronounced 





424 


Chapter 7 ■ Diseases of the Alimentary Tract: Nonruminant 


hyperemic and patchy submucosal hemor¬ 
rhages in the stomach, duodenum, and 
cecum. Hemorrhage and multifocal ulcer¬ 
ation of the cecum and large colon have 
been observed in horses. In ruminants, the 
mucosa of the forestomachs is unaffected, 
but typical lesions are present in the aboma¬ 
sum and intestines. Renal tubular necrosis, 
suppurative pyelonephritis, and petechiation 
of bladder mucosa are found in cattle. 4 The 
gut contents are very fluid and contain 
mucus and shreds of mucosa. Profuse suben¬ 
docardial hemorrhages are common, and 
ulceration of the gallbladder mucosa is often 
observed in sheep. Macroscopic lesions 
may be minimal in cases that die after a 
very short course. Histologically, most of 
the hemorrhages can be attributed to the 
necrosis of capillaries, although damage to 
the walls of larger vessels may sometimes 
be found. Severe intravascular hemolysis 
has been observed in sheep. Degenerative 
changes are common in the liver and kidney 
of animals suffering from arsenic toxicosis, 
and these changes become more pronounced 
if the disease course is prolonged. In some 
cases of chronic poisoning, loss of myelin 
may be observed in the peripheral nerves, 
with secondary neural degeneration in the 
CNS. 

The liver is the best organ for assay of 
acute arsenic poisoning, whereas the kidney 
may contain high levels in subacute or 
chronic poisoning. Levels of over 10 to 
15 mg/kg wet matter of arsenic trioxide in 
the kidney or liver are considered to be diag¬ 
nostic of arsenic poisoning. However, it is 
probable that many animals die of arsenic 
poisoning when their hepatic levels are much 
lower than this. Maximum concentrations 
of arsenic in tissues occur about 8 hours 
after ingestion, and animals that survive for 

2 to 3 days may have levels as low as 3 mg/ 
kg. Diagnostic levels in the urine and feces 
are between 10 and 20 mg/kg. Conversely, 
normal animals that are dipped routinely in 
arsenical dips may have hepatic levels of the 
element as high as 8 mg/kg. Levels of 1 to 

3 mg/kg are obtained in cattle dying from 
arsenic poisoning after percutaneous expo¬ 
sure, and levels of over 10 mg/kg are found 
in cattle that ingest arsenical dip. Assay of the 
arsenic level in hair may be useful in chroni¬ 
cally poisoned animals. 

Animals poisoned with organic arseni- 
cals show no significant gross pathologic 
changes. Histologically, degeneration and 
demyelination of the optic nerves, optic 
tracts, and peripheral nerves are apparent. 
The animals maintain tissue levels of arsenic 
for as long as exposure continues, although 
the levels fall rapidly during the first 7 days 
after feeding of the arsenic ceases, and 
normal levels are not reached for another 7 
days. The liver and kidney obtained from 
pigs dying of roxarsone toxicosis contained 
an average arsenic content of 2.9 and 1.8 mg/ 
kg (wet weight), respectively. 


Samples for Confirmation 
of Diagnosis 
TOXICOLOGY: 

• Liver and kidney, segment of 
stomach/intestine including content, 
sample of suspected poison, and hair 
(chronic) 

HISTOLOGY: 

• Inorganic arsenic: Formalin-fixed 
stomach, intestine, cecum, large 
colon, liver, kidney, and peripheral 
nerve 

• Organic arsenic: Formalin-fixed 
optic nerve and tract and peripheral 
nerve 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation in all arsenic 
poisoning is by detection of toxic levels of 
arsenic in animal tissues and fluids. 

Differential diagnosis list: 

• Acute inorganic arsenic toxicosis 

Bovine malignant catarrhal fever (peracute, 
gastrointestinal form) 

Lead toxicosis 

Mushroom toxicosis (amatoxins) 

Poisonous plants (bracken, mustards, etc.) 
Salmonellosis 

• Chronic inorganic arsenic toxicosis 

Parasitism (ostertagiasis, trichostrongylosis, 
and oesophagostomiasis) 

Starvation 

• Organic arsenical toxicosis 

Encephalitis 

Mercury (organic) toxicosis 
Salt toxicosis 
Selenium toxicosis 
Tri-ortho-cresyl phosphate or other 
industrial chemical toxicosis 


TREATMENT 


TREATMENT AND PROPHYLAXIS 


Treatment and prophylaxis 2,4 

Sodium thiosulfate (20-40 mg/kg 

intravenously every 8 h; 80 mg/kg orally 
every 24 h or 30-60 mg/kg orally every 6 h 
for 3-4 days) (R2) 

2,3-Dimercaptopropanol (1.S-5 mg/kg 
intramuscularly every 4-6 h for 10 days) 
(R2) 

Thioctic acid (SO mg/kg intravenously every 
8 h)(R2) 


In acute cases, treatment is of little value 
because of the large amount ingested and the 
delay between ingestion and the onset of 
clinical signs. Affected animals are unsuit¬ 
able for human consumption, so treatment is 
not usually undertaken. Although BAL has a 
general beneficial effect and is recommended 
as a treatment, the drug is quite toxic itself 
and in the doses required may be associated 


with death in sheep. It also is associated with 
a reaction at the injection site that is some¬ 
times serious enough to warrant the animal’s 
destruction. 

The most commonly used antidotes are 
sodium thiosulfate, dimercaptopropanol 
(BAL), and thioctic acid. 2,4 There is a wide 
variation in results as well as recommended 
dose and dosage. A comparison of these anti¬ 
dotes used in experimentally poisoned cattle 
showed little benefit from sodium thiosulfate 
administration, and most benefit with a 
combination of BAL and thioctic acid. 
Dimercaptosuccinate, a water-soluble analog 
of dimercaprol, is less toxic than BAL, may 
be available in the United States, and should 
be more effective than BAL. The antioxidants 
zinc, methionine, and cysteine, used with 
chelation therapy, have been reported to 
enhance excretion of arsenic in experimental 
poisoning. Their use may be helpful as 
adjuncts to recommended chelation therapy. 

Further therapy is supportive. Attempts 
should be made to adsorb the residual arsenic 
in the gut by administering charcoal (1-4 g/ 
kg orally), and moved through the gastro¬ 
intestinal tract with the administration of 
an oil demulcent or osmotic agent like mag¬ 
nesium sulfate. Drastic purgatives should 
be avoided. Severe dehydration occurs, and 
outcome improves when supportive treat¬ 
ment includes the provision of ample fluids, 
preferably by parenteral injection. 4 An ade¬ 
quate supply of drinking water containing 
electrolytes should be provided, and the 
animals should be disturbed as little as pos¬ 
sible and provided shelter from the sun and 
elements. Recovering animals should receive 
a bland diet and high-quality protein. 

CONTROL 

Arsenical preparations must be handled and 
stored with care and contamination of feed 
and pasture avoided. Old products should 
not be left in abandoned sheds or buildings. 
Wood treated with chromated copper arse¬ 
nate should not be used for fences, posts, or 
buildings inhabited by animals. When treated 
wood is destroyed, animals should not be 
allowed access to the ashes, and the ashes 
should not be spread on the pasture or 
drylots. Therapeutic preparations containing 
arsenic should be labeled “Poison” and strict 
instructions given on dosage, particularly the 
length of time for which administration 
should continue. Animals to be dipped in 
arsenical solutions should be allowed to cool 
off before dipping, drain properly afterward, 
and dry before being driven. They should 
be watered before dipping to prevent them 
from drinking the dip. Much mortality has 
occurred when instructions for mixing dip 
solutions were not closely followed. Dipping 
solutions containing more arsenic than is safe 
usually occur when tanks, which have lost 
water by evaporation, are reconstituted by 
guesswork. The maximum safe concentration 
of arsenic trioxide in a dip for cattle is 0.20%. 
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MOLYBDENUM TOXICOSIS 
(MOLYBDENOSIS) 


SYNOPSIS 


Etiology Ingestion of toxic amounts of 
molybdenum 

Clinical pathology High serum levels of 
molybdenum, low serum levels of 
copper 

Necropsy lesions No significant lesions 

Diagnostic confirmation High levels of 
molybdenum in feed and blood 

Treatment 

Primary: Copper salts orally 
Supportive: None necessary 

Control Dietary supplementation with 
copper 


ETIOLOGY 

Molybdenum is an essential element needed 
by humans and animals for activity of the 
biological enzymes xanthine oxidase, alde¬ 
hyde oxidase, and sulfite oxidase. 1 It is 
involved in a variety of metabolic processes 
including protein and sulfur metabolism 
and iron transport. Signs of molybdenum 
toxicosis may be associated with inhibition 
of these processes and other enzymes, such 
as glutaminase and cytochrome oxidase, but 
many are linked to specific deficiencies in 
copper-containing enzymes. 1,2 Species varia¬ 
tion occurs, with cattle the most susceptible 
to poisoning, followed by sheep and goats, 
pigs, and finally horses. 3 The toxic dose 
varies widely with the intake of sulfate, 
copper, and other factors. 2,3 
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EPIDEMIOLOGY 

Occurrence 

The major occurrence of molybdenum poi¬ 
soning is associated with ruminants grazing 
on pasture growing on molybdenum-rich 
soils, usually derived from particular geo¬ 
logical formations, e.g., the “teart” pastures 
of Somerset (UK), the United States, and 
Canada; marine black shales in the UK; pas¬ 
tures containing excess molybdenum intake 
with or without a marginal deficiency of 
copper in New Zealand, Canada, Ireland, and 
Australia. 4 Soil in areas of mining operations, 
metallurgical industries, paint manufactur¬ 
ers, and refineries may be heavily contami¬ 
nated with molybdenum, and animals grazing 
there or ingesting water or plants grown there 
may develop molybdenum toxicosis. 4 ' 6 

Acute poisoning has occurred in cattle 
ingesting 7400 mg molybdenum/kg of diet 
ingested or approximately 30 mg molyb¬ 
denum/kg BW per day. 2,7 Acute toxicosis 
occurred in sheep receiving 132 to 137 mg 
molybdenum/kg for 2 to 3 days. 

Chronic toxicosis occurs in cattle receiv¬ 
ing only 3 mg molybdenum/kg BW per day. 7 
Diets providing less than 3 mg/kg BW are 
usually considered to be safe, but signs of 
toxicosis may occur when the diet contains 
as little as 1 mg/kg BW if the sulfate intake 
is high and the copper status low; the level of 
molybdenum at which the interference with 
the metabolism of copper may occur is 
2.4 mg/kg dry matter in the diet. 

Forage containing 10 mg/kg must be 
considered dangerous at all times and, on 
pasture, affected by aerial contamination 
levels of 10 to 200 mg/kg may be encoun¬ 
tered. Such intakes can be provided by the 
following: 

• The use of molybdenum in fertilizer 
mixtures to increase nitrogen fixation by 
legumes may lead to excessive amounts 
of molybdenum in soils. 

• Contamination of pasture by motor 
oil containing molybdenum as an 
additive 

• Industrial fallouts of 5 to 40 ng/m 3 
of air or 2 mg/m 2 per month on 
pasture 

Aerial contamination by fumes from alumi¬ 
num and steel alloy factories and oil refiner¬ 
ies using molybdenum is associated with 
secondary copper deficiency. 

Drinking water may not be as toxic as the 
same amount in fresh forages. For calves, the 
minimum toxic concentration in drinking 
water is between 10 and 50 mg/kg when 
dietary copper and sulfur intake in the diet 
is normal. 

Risk Factors 
Animal Risk Factors 

Cattle, sheep, and goats are clinically affected 
in field outbreaks of the disease and signs are 
most marked in young growing animals. 
Cattle are much more susceptible than 
sheep. 3 Horses and pigs are susceptible to 


a lesser extent, presumably because of a 
decreased absorption and lack of a rumen. 3 

Environmental Risk Factors 

The concentration of molybdenum in forage 
varies with the season; it is highest in the 
spring and autumn and with the plant 
species, legumes, and particularly alsike 
clover taking up molybdenum in much 
greater quantities than grasses. Soil and 
plants in pastures and other grazing areas 
near mining industries or using molybde¬ 
num may be contaminated. 4 ' 6 

Transmission 

Animals are primarily poisoned by ingesting 
plants or soil high in molybdenum, but the 
amount of dietary sulfur/sulfates and copper 
in the diet plays an integral role. 

PATHOGENESIS 

Molybdenum, sulfur, and copper are all inti¬ 
mately involved in the development of poi¬ 
soning. The mechanism of action differs 
for ruminants and monogastrics. Sulfur or 
sulfate in the rumen is converted to sulfide, 
which combines with molybdenum to form 
four thiomolybdates (mono-, di-, tri-, and 
tetra-). 2,3,8 In the digestive tract, these thio¬ 
molybdates bind to copper forming a cupric- 
thiomolybdate complex that prevents copper 
absorption; once systemic, they bind to 
copper preventing further copper utilization 
and increasing copper excretion. 2,3,9 In addi¬ 
tion, some free molybdenum is absorbed 
throughout the intestinal tract. 2 Monogastric 
animals, who lack a rumen, do not form 
thiomolybdates; instead molybdenum is 
absorbed beginning with the stomach and 
continuing throughout the intestinal tract. 9 

Once absorbed molybdenum is rapidly 
distributed to many body tissues, with the 
highest concentrations in the liver, kidney, 
spleen, and bone. 3,10 Excretion is rapid and 
occurs primarily in the urine and bile (rumi¬ 
nants), with milk a concentration-dependent 
route in lactating animals. 9,11 

Most signs of molybdenum poisoning 
result from some form of copper deficiency, 
either real or functional. The situation is 
exacerbated by a high intake of sulfur or a low 
intake of copper. The syndrome of molybde¬ 
num intoxication resembles that of copper 
deficiency, and treatment and prevention by 
the administration of copper is effective. 

Not all signs of molybdenum poisoning, 
particularly diarrhea, are characteristic of 
copper deficiency and may represent a spe¬ 
cific toxic effect of molybdenum. An identi¬ 
fied toxic effect specific to molybdenum 
occurred in sheep experimentally fed 
molybdenum. Exostoses and hemorrhages 
about the long bones developed, as well as 
separation of the great trochanters of the 
femur. The lesions appear to be caused by 
defects in connective tissue at muscle inser¬ 
tion points and by defects in the epiphyseal 
growth plates. 
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CLINICAL FINDINGS 
Acute Intoxication 

Cattle and sheep show anorexia and inappe¬ 
tence, profuse salivation, weakness and pro¬ 
gressive ataxia beginning with the hindlimbs, 
recumbency, and death. 9 

Chronic Intoxication 

Cattle, sheep, and goats show the following 
signs 1,8 ' 9,11 : 

• Persistent diarrhea within 8 to 10 days 
of the animals having access to affected 
pasture 

• Emaciation and a dry coat 

• Profound decrease in milk production 

• Depigmentation of black hair with the 
appearance of a red or gray tinge to hair. 
This may be particularly noticeable 
around the eyes, giving a bespectacled 
appearance. 

• Intense craving for copper supplement 
has been noted. 

• Young cattle (3 months to 2.5 years) 
show abnormalities of locomotion, 
including marked stiffness of the legs 
and back, difficulty in rising, and great 
reluctance to move. The gait is 
suggestive of laminitis but the feet 
appear normal. The lameness may be 
caused by the periosteal lesions 
described earlier. The appetite remains 
good. 

Horses, although rarely affected, show diar¬ 
rhea and impaction colic. The mortality rate 
is high. 

CLINICAL PATHOLOGY 

Blood copper levels are reduced from the 
normal of 1.0 |Xg/mL to 0.25 (Xg/mL. Sea¬ 
sonal variations occur depending on the 
intake of molybdenum. 

Blood molybdenum levels in normal 
animals are of the order of 0.05 mg/kg and 
rise to about 0.10 mg/kg when excess molyb¬ 
denum is ingested. Levels as high as 0.70 and 
1.4 mg/kg have been recorded in cattle and 
horses grazing on pasture contaminated by 
smelter fumes. On very large intakes of 
molybdenum cattle, which are clinically 
normal, may have molybdenum levels of 
1000 mg/kg in feces, 45 mg/kg in urine, 
10 mg/kg in blood, and 1 mg/kg in milk. 

Goats treated with ammonium molyb¬ 
date orally at 20 mg/kg BW per day for 30 
days developed significant declines in the 
mean values of hemoglobin, PCV, total leu¬ 
kocyte count, total erythrocyte count, and 
mean corpuscular hemoglobin concentra¬ 
tion, with significant increases in neutrophil 
count and mean corpuscular volume. 1 These 
did not occur in a similar group treated 
with molybdenum and copper sulfate (II) 
pentahydrate. 

NECROPSY FINDINGS 

There are no gross or histologic findings that 
characterize the disease, and enteritis is con¬ 
spicuously absent. The carcass is emaciated 


and dehydrated and there may be anemia 
if there is an accompanying copper defi¬ 
ciency. Tissue copper levels will be below 
normal. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic diagnosis list: 

• Copper toxicosis 

• Internal parasitism, e.g., trichostrongylosis, 
ostertagiasis 

• Paratuberculosis 

• Acute enteritides including salmonellosis, 
winter dysentery, and virus diarrhea 


TREATMENT 

Effective treatment depends on removing 
the source of molybdenum and providing 
copper to the affected animals. The most 
effective method is to treat affected animals 
orally with copper sulfate (2 g daily or 5 g 
weekly for adult cattle and 1.5 g for adult 
sheep). The diarrhea should stop in 2 to 3 
days, and improvement in the other signs 
is rapid. Care should be used in sheep not 
to overdose and cause copper toxicoses. In 
monogastric animals, sulfate may enhance 
elimination. 9 



CONTROL 

If animals cannot be removed from the 
source (i.e., grazing on contaminated lands), 
then copper sulfate should be added to their 
diet. 0 For long-term control, the recom¬ 
mended ratio of Cu:Mo is 4:1 to 10:1, and 
a S: Mo ratio of <100:1 is considered safe as 
opposed to copper accumulation. 
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AMITRAZ TOXICOSIS 
ETIOLOGY 

Amitraz is a topical acaricide and insecticide 
widely used in most large-animal species 
including cattle, sheep, goats, and ostriches. 1 
It is not labeled for use in horses because 
they are easily poisoned when amitraz 
is applied to their skin or accidentally 
ingested. 1 Most commercial products on the 
market contain 12.5 to 50% amitraz in a 
solvent such as xylene and must be diluted 
before use. 1,2 

PATHOGENESIS 

Amitraz is a centrally acting a-2 adrenergic 
agonist that also inhibits monoamine oxidase 
and prostaglandin synthesis. It is highly 
soluble and rapidly absorbed through skin 
and mucous membranes. 3 Concentration of 
the dipping fluid, solvent carrier, environ¬ 
mental temperature, and the condition of the 
skin may influence absorption of the com¬ 
pound, clinical signs, and susceptibility of 
the animal. 

CLINICAL FINDINGS 

Clinical signs occur in horses within 12 to 
48 hours and include anorexia, depression, 
sedation, ataxia, incoordination, and large 
intestine impaction. Resolution of signs may 
take 7 to 8 days. 1 Equine susceptibility to 
amitraz is likely caused by prolonged persis¬ 
tence in the body. Salivation, depression, 
anorexia, ataxia, tremors, and coma are signs 
attributed to amitraz in other species. 

TREATMENT 

Decontamination with activated charcoal 
and a cathartic may be used in an ingestion 
if clinical signs have not yet occurred. Resid¬ 
ual topical amitraz should be removed from 
affected animals by bathing with soap and 
tepid water. Further therapy is supportive 
and includes oral or intravenous fluids, anal¬ 
gesics, and treatment of the impaction colic. 
The use of a-2 adrenergic antagonists such 
as yohimbine and atipamezole has been 
suggested. 1 
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PROPYLENE GLYCOL TOXICOSIS 

Propylene glycol is an unlikely poison, but it 
is used extensively as an oral treatment for 
acetonemia in cattle and can be associated 
with poisoning if it is accidentally adminis¬ 
tered to horses, when mistaken for mineral 
oil. Dose rates of 3 L to horses of 500 kg BW 
by stomach tube is associated with an imme¬ 
diate but short duration episode of abdomi¬ 
nal pain, sweating, salivation, severe ataxia 
and depression, and a fetid odor of the feces. 
Much larger doses (8 L) can be fatal. Moder- 
ate-to-severe inflammation of the lining of 
the gut and edema of the brain are noticeable 
at necropsy examination. 

FURTHER READING 

Dorman DC, Hascheck WM. Fatal propylene glycol 
toxicosis in a horse. / Am Vet Med Assoc. 

1991;198:1643. 


PLANT MATERIALS CAUSING 
PHYSICAL DAMAGE 

COLIC IN HORSES FROM 
INGESTION OF INDIGESTIBLE 
FIBER IS ASSOCIATED WITH 

• Gastric impaction ( Senecio 
jacobaea ) 

• Impaction of the ileocecal valve 
(Sorghum spp.) 

RUMINAL IMPACTION IN 
CATTLE IS ASSOCIATED WITH 
INGESTION OF CUTTINGS FROM 

• Fraxinus excelsior (ash tree) 

• Chrysocoma tenuifolia (bitter 
weed) 

• Eriocephalus spp. 

• Pinus taeda (loblolly pine) 

• Prosopis juliflora (mesquite) 

• Eremocarpus setigerus (turkey 
mullein) 

Gastric impaction in pigs is associated with 
ingestion of Nicotiana spp. stalks. 

The tough fiber in Romulea rosea (onion 
grass, rosy sandcrocus) is associated with an 
enzootic problem of bovine intestinal and 
abomasal impaction by phytobezoar in parts 
of Australia. 1 Phytobezoars can be a problem 
wherever indigestible fiber is available to 
ruminants. Cocoon silk of Gonometa spp. 
(Molopo moth) can be associated with 
ruminal impaction in cattle that eat foliage 
of Acacia erioloba or A. mellifera trees, the 
preferred habitat for the moth larvae. 

Other physical injuries associated with 
plant material include persistent corneal 
ulcers from the bristles of Arctium lappa 
(burdock seeds) and ulcers in the mouth 
from the spines of Setaria lutescens (yellow 
bristle grass) and the awns of S. geniculata 
(prairie foxtail) and Triticosecale (triticale 
varieties). 2 S. lutescens carries heavy bristles 


that are associated with mechanical stomati¬ 
tis in cattle and horses. S. geniculata awns are 
associated with ulcerative stomatitis and 
glossitis and gingivitis in horses. 2 Triticale is 
a hybrid between wheat and rice used mainly 
for grain production. If it is harvested green 
as a crop and made into hay the dried awns 
are irritating to the pharynx and mouth of 
cattle and horses. Affected horses are slow 
eaters, refuse hay, and show excess salivation. 
Clinical signs result in about a week and 
include cough, mucoid nasal discharge, foul 
breath, hypersalivation, quidding, and loss of 
BW. Some horses develop submandibular 
edema and there are severe ulcerations at 
the gum-tooth margins, with many awns 
embedded in the ulcers. The ulcers are very 
painful and up to 5 cm in diameter at the 
labial-gingival junction, the lingual frenu¬ 
lum, the base of the lingual dorsum, soft 
palate, and the sides of the tongue. After 
careful cleaning, the lesions heal slowly over 
about 3 weeks. 

Grass seed abscesses are frequent when 
there is a large population of Stipa and Stipa- 
grostis spp. (spear grass), Tagetes spp., Aristida 
arenaria (silver or kerosene grasses), Opuntia 
spp. (prickly pear), and Hordeum jubatum 
(barley grass) in the pasture. The hairs on the 
plant Dittrichia graveolens (stinkwort) are 
thought to be associated with the fatal enteri¬ 
tis that occurs in sheep eating the plant. 

FURTHER READING 
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PLANT TOXINS AFFECTING THE 
ALIMENTARY TRACT 

ANDROMEDOTOXIN 

Andromedotoxin (syn. acetylandromedol, 
grayanotoxin, rhodotoxin) is a resinoid sub¬ 
stance, a member of the diterpenoid group 
of substances, and found in plants of the Eri¬ 
caceae family including: 

Agarista spp. 

Agauria salifolia 
Clethra arborea 
Kalmia spp. (laurels, lambkill) 

Ledum spp. (labrador tea) 

Leucothoe spp. (sierra laurel, hanahiri) 
Lyonia ligustrina (staggerbush) 

Menziesia ferruginea (mock azalea) 

Pieris (Andromeda) spp. 

Rhododendron spp. (rhododendrons and 
azaleas) 

Andromedotoxins, or more commonly gray- 
anotoxins, are found in the flowers, leaves, 
twigs, and stems of plants in the Ericaceae 


family. 14 More than 25 different grayano¬ 
toxin isoforms (e.g., grayanotoxin I, graya¬ 
notoxin II, etc.) exist depending on the 
species of plant. 1 Plants in this family are 
very poisonous to animals and humans. 
Cattle, horses, sheep, and goats have all 
become symptomatic or died shortly after 
exposure. 1,2 Death occurs most often when 
livestock or horses have access to clippings 
thrown into their pastures or drylots. Differ¬ 
ent grayanotoxin isoforms do not degrade in 
a similar manner during composting but are 
not expected to be a risk to animals coming 
into contact with the waste. 5 Humans are 
exposed by ingesting honey produced by 
bees obtaining nectar from rhododendrons 
(mad honey disease), herbal teas, and other 
natural products. 1 

The toxins interfere with the function of 
voltage-gated sodium channels resulting in a 
continuous state of cell membrane depolar¬ 
ization. 1,2 Clinical signs are related to the 
gastrointestinal, cardiovascular, nervous, 
and respiratory systems. Signs generally 
begin within 3 to 14 hours after the plant or 
clippings are eaten and include dullness, sali¬ 
vation, projectile vomiting, bloat, repeated 
swallowing or belching, tenesmus, abdomi¬ 
nal pain, a staggering gait, recumbency, con¬ 
vulsions with opisthotonus, tremor, dyspnea, 
and groaning and bleating. Tachycardia, 
hypotension, and cardiac arrhythmias occur 
in some cases. Aspiration pneumonia is a 
common sequel and is the only common 
gross necropsy finding. Histopathological 
changes are limited to minor lesions in the 
gray matter of the spinal cord. 

ANTHRAQUINONE 

Anthraquinones are extracted commercially 
from plants for use as irritant cathartics. 
Plants growing wild that contain these com¬ 
pounds include: 

Cassia occidentalis (syn Senna occidentalis) 

(coffee senna) 

Senna obtusifolia (sicklepod) 

C. roemierana 
C. italica 

Frangula alnus (alder buckthorn) 

Rhamnus spp. (buckthorn) 

Horses, pigs, and cattle may be poisoned by 
S. occidentalis seeds that contaminate pre¬ 
pared rations. 6 All of these plants are associ¬ 
ated with severe gastroenteritis manifested 
by diarrhea, often with transitory signs of 
abdominal pain if the dose is large. Liver 
damage is a common lesion in experimental 
and field cases and may dominate the nec¬ 
ropsy findings. 6,7 Smaller doses of Senna spp. 
over a period of a week are associated with 
necrosis of striated muscle fibers character¬ 
ized by limb weakness, incoordination, drag¬ 
ging the hind toe tips, and eventually paralysis 
in sternal or lateral recumbency. Necropsy 
lesions are cardiac and skeletal muscle necro¬ 
sis, but these have not been shown to be 
direct effects of anthraquinones. 
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Chapter 7 


Diseases of the Alimentary Tract: Nonruminant 


COLCHICINE 

The alkaloid colchicine, found in Colchicum 
autumnale (autumn crocus, meadow saffron) 
and Gloriosa superba (flame or glory lily), is 
associated with acute fetid diarrhea ± blood), 
abdominal pain, tenesmus, vomiting, and 
salivation in sheep, cattle, and pigs. 2,8 Colchi¬ 
cine interferes with mitotic spindle forma¬ 
tion, and the rapidly dividing, sensitive cells 
of the gastrointestinal tract are most fre¬ 
quently affected. 8 Consumption of 8 to 10 g 
of fresh leaves/kg BW has been associated 
with severe diarrhea. Mortalities are likely 
when cattle graze dense patches of C. autum¬ 
nale in pasture or are fed hay containing the 
plant. Excretion is primarily through the bile 
with extensive enterohepatic recirculation; a 
small percentage (10%-30% in humans) is 
excreted unchanged in the urine. The toxin 
is excreted in the milk for an unspecified 
time period. 8 Confirmation of colchicine in 
the serum, urine, or milk can be made with 
several laboratory methods; liquid chroma¬ 
tography/mass spectrometry is the most 
current. 2,8 Treatment is limited as sudden 
death is the normal result, but would include 
multiple doses of activated charcoal and 
intravenous fluid and electrolyte therapy. 
In human cases, colchicine-specific antibod¬ 
ies (colchicine-specific Fab fragments) have 
been used successfully. 8 At necropsy, subse- 
rosal hemorrhages and gastroenteritis are 
evident. 

IRRITANT DITERPENOIDS 

The two important irritant diterpenoids are 
12-deoxyphorbol found in Euphorbia spp. 
(spurges) and simplexin, an irritant diter¬ 
penoid daphnane ester found in Pimelia 
simplex, P. trichostachya, and others. 

Poisoning by 12-deoxyphorbol is associ¬ 
ated with a syndrome of stomatitis and 
enteritis presumably related to the irritant 
nature of the latex sap. 9 Cattle generally avoid 
leafy spurge (£. esula), apparently because 
they develop a conditioned aversion to it, but 
sheep and goats will graze it. 

Simplexin is primarily associated with a 
syndrome of congestive heart failure with 
diarrhea and anemia in cattle in eastern Aus¬ 
tralia called St. George disease or Marree 
disease. 10,11 The syndrome is only rarely 
reported in horses. 12 St. George or Marree 
disease is associated with ingestion of P. 
trichostachya, P. simplex, P. contunua, and 
P. elongata (desert rice flower, flaxweed, 
wild flax, mustard weed, broom bush) and is 
characterized clinically by massive edema 
under the jaw and down the brisket, dis¬ 
tended jugular veins, persistent diarrhea, 
anemia, loss of condition, and death. Ingested 
simplexin is associated with constriction 
of pulmonary venules, pulmonary venous 
hypertension, and right heart failure. 12 Diar¬ 
rhea is caused by direct irritation of the intes¬ 
tinal lining. Inhalation of the powdered plant 
is associated with the pulmonary-cardiac 
lesion only. A severe anemia caused by 


a significant hemodilution of unknown 
pathogenesis occurs. The usual field picture 
is that of cattle looking for feed between old, 
dry flaxweed plants and inhaling it, so the 
pulmonary-cardiac form is most common in 
summer. Experimentally, it has been possible 
to produce two forms of the disease: the sub¬ 
acute with diarrhea, weakness, and anemia 
as the predominant signs, and the chronic 
form characterized by circulatory failure as 
evidenced by anasarca, hydrothorax, and 
cardiac dilatation. 

Severe diarrhea and colic without other 
cardiac effects have occurred in cattle, sheep, 
and horses consuming Pimelea plant mate¬ 
rial. 11,12 The difference between the signs 
present in St. George disease and acute diar¬ 
rhea/colic, among other things, is likely 
related to lower concentrations of simplexin 
in various species of Pimelea . 10,11 

IRRITANT OILS 

Irritant oils in plants are associated with gas¬ 
troenteritis, salivation, oral mucosal lesions, 
abdominal pain, diarrhea, and sometimes 
dysentery. Plants known to contain these oils 
include: 

Actaea spicata (baneberry) 

Artemisia filifolia 

Barbarea vulgaris (yellow rocket) 

Bryonia dioica (white bryony) 

Croton spp. (croton) 

Cryptocarya pleurosperma (poison walnut; 
contains cryptopleurine and 
pleurospermine) 

D. graveolens (stinkwort) 

Inula conyza (ploughmans spikenard) 
Sambucus spp. (elders, elderberry) 

Bryonin is an irritant oil found in the roots 
and seeds of B. dioica (white bryony or 
British mandrake) and is associated with a 
syndrome of depression, dyspnea, diarrhea, 
polyuria, stumbling gait, tremor, recum¬ 
bency, and convulsions. Sweating, agalactia, 
and sudden death are also recorded. 

LYCORINE 

Lycorine, an alkaloid found in the bulbs or 
roots of many garden plants, e.g., Amaryllis, 
Clivia, Daffodil, Lycoris, Narcissus, and Nerine 
spp., is associated with salivation, vomiting, 
and diarrhea when eaten by animals. 

PODOPHYLLIN POISONING 

Podophyllin, a resin found in Podophyllum 
peltatum, is associated with enteritis with 
excessive salivation and severe, acute 
diarrhea. 

PROTOANEMONIN POISONING 

Protoanemonin exists in the plant as a glu- 
coside ranunculin, which releases protoane¬ 
monin when the leaves are macerated. Plants 
containing ranunculin include: 

Anemone spp. 

Caltha palustris 


Clematis spp. 

Pulsatilla spp. 

Ranunculus spp. (buttercups) 

Thalictrum spp. 

Trollius spp. 

Ingestion of these plants may be associated 
with salivation, stomatitis, abdominal pain, 
diarrhea, dysentery, hematuria, blindness, 
ataxia, and convulsions. 

TOXALBUMINS (LECTINS) 

Plants known to be associated with toxalbu- 
min poisoning are: 

Abrus precatorius (abrin is toxin; jequirity, 
rosary pea, Crabs eye) 15 
Adenia spp. 

Jatropha curcas (purging nut, Barbados nut) 
Phaseolus vulgaris containing 
phytohemagglutinin ( Phaseolus 
hemolytic agent) 

Robinia pseudoacacia (robinin is toxin; 

black locust, false acacia) 2,16 
Ricinus communis (ricin is toxin; castor 
bean, wonder tree) 2,13,14 
Wisteria sinensis (wisteria, Chinese 
wisteria) 

Lectins are important glycoproteins in 
human nutrition because of their common 
occurrence in foods. Many of the toxalbu- 
mins, however, are poisonous to animals. 
Horses appear to be the most susceptible 
to toxicosis followed by sheep, cattle, and 
pigs. 2,13,14 Toxalbumins are associated with 
inhibition of protein synthesis and damage to 
the gut epithelium, leading to defective diges¬ 
tion and absorption and increased permea¬ 
bility of the intestinal mucosa. 13,15 The toxins 
are present in foliage and seeds but are con¬ 
centrated in the latter. 14 The clinical syndrome 
includes inappetence, vomiting, severe diar¬ 
rhea, dehydration, dyspnea, rapid weight loss, 
recumbency, and death in most cases. Neuro¬ 
logic signs including depression, weakness, 
and encephalopathy may occur. 2,15,16 PCV, 
serum liver enzymes, and blood urea nitro¬ 
gen (BUN) and creatinine levels are elevated. 14 
Necropsy lesions include abomasal and intes¬ 
tinal hemorrhage and erosions, hepatocyte 
and renal tubular injury, pulmonary hemor¬ 
rhage, edema, and emphysema. 

FURTHER READING 

Poppenga R. Poisonous Plants. In: Luch A, ed. 

Molecular, Clinical and Environmental Toxicology, 
Volume 2. Basel: Birkhauser; 2010:123-175. 
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PLANTS (UNIDENTIFIED 
TOXINS) AFFECTING THE 
GASTROINTESTINAL TRACT 

The following plants affect the gastro¬ 
intestinal tract in some manner. Toxins are 
believed to be involved but have not yet been 
identified. 

DIARRHEA: WITHOUT 
GASTROENTERITIS AS A LESION 

Anredera cordifolia (lambs tail) 

Blechnum spp. (bungwall fern) 

Bulbine bulbosa (native leek) 

Cadaba rotundifolia 
Centaurium spp. 

Chaerophyllum sylvestre 
Cichorium intybus (chicory) 

Chlorozophora spp. 

Datisca glomerata (Durango root) 
Dichrocephalia chrysan themifolia 
Juncus inflexus (blue rush) 

Linum catharticum (purging flax) 

Mentha australis (native mint) 

Pipturus argenteus 

Philydrum languinosum (woolly water lily) 

Polygala klotzchii 

Salvia coccinea (red salvia) 

Synadenium arborescens (African milk bush) 

DIARRHEA: WITH GASTROENTERITIS 
AS A LESION, OFTEN WITH 
ABDOMINAL PAIN AND 
INCOORDINATION, SOMETIMES 
WITH DYSENTERY AND VOMITING 
Azadirachta indica (neem) 

Brunfelsia australis (B. bonodora; yesterday, 
today, and tomorrow) 

Buxus sempervirens (common box bush) 
Centaurium beyrichii (rock centaury) 
Chrysocoma tenuifolia (bitter bush) 

Cissus quadrangularis 
Cuscuta spp. (dodder) 

Datisca glomerata (Durango root) 
Dichrocephalia chrysan themifolia 
Dipcadi glaucum (poison onion) 

Diplocyclos palmatus 
Diplolophium africanum 
Drymaria spp. 

Ephedra viridis 

Fagus sylvatica (European beech tree) 
Galanthus nivalis (snowdrop) 

Gymnocladus dioica (Kentucky coffee tree) 
Ligustrum vulgare (privet hedge) 

Ludwigia peploides (water primrose) 


Ornithogalum longibracteatum 
(chincherinchee) 

Robinia pseudoacacia (black locust, locust 
tree) 

Rudbeckia spp. 

Sapium sebiferum (Chinese tallow wood) 
Scrophularia aquatica (water betony) 
Sisyrinchium spp. (scour weed) 

Sium angustifolium 
Tulipa spp. (tulips) 

Turraea robusta 

DYSPHAGIA 

Buxus sempervirens (box tree) 

Descurainia pinnata (tansy mustard); 
difficulty in swallowing caused by 
paralysis of the tongue and the masseter 
and pharyngeal muscles is accompanied 
by spasmodic contractions of neck 
muscles, causing head bobbing in 
sheep, and may occur after sheep ingest 
D. pinnata; there is doubt about the 
relationship. 

Prosopis juliflora 

ESOPHAGEAL ULCERATION 

Crotalaria aridicola (horses only) 

C. medicaginea (horses only) 

SALIVATION WITH OR WITHOUT 
STOMATITIS 

Arenaris serpyllifolia (thyme-leaved 
sandwort) 

Puccinia graminis 
Scabiosa succisa (devil’s bit) 

VOMITING 

Cephaelis ipecacuanha 
Tamus communis (black bryony; plus colic, 
paralysis, and death) 


SLAFRAMINE TOXICOSIS 
(SLOBBERS, BLACK 
PATCH DISEASE) 


SYNOPSIS 


Etiology Contamination of leguminous 
pasture plants with slaframine, a mycotoxin 
produced by the fungus Rhizoctonia 
leguminicola 

Epidemiology Ingestion of slaframine 
from contaminated hay or pasture is 
associated with a syndrome identified as 
"slobbers": the term black patch disease 
refers to the discoloration of pasture or 
stored hay. 

Clinical pathology Nothing in particular 

Lesions The primary clinical sign in horses 
and ruminants is profuse salivation 
occurring within 4-6 h of ingestion. 

Diagnostic confirmation The diagnosis is 
made based on the clinical sign of profuse 
salivation after ingestion of contaminated 
hay or pasture. The toxin can be identified 


in legumes by gas chromatography/mass 
spectrometry. 

Treatment Treatment is generally not needed. 
Signs resolve 24-48 h after removal from 
contaminated pasture or hay. 

Control Remove animals from contaminated 
food source, dispose of hay, and plant 
chemically treated seeds. 


ETIOLOGY 

Slaframine is an indolizidine alkaloid pro¬ 
duced by the fungus Rhizoctonia leguminic¬ 
ola that contaminates leguminous pasture 
plants, in particular red clover ( Trifolium 
pretense) and Medicago sativa (alfalfa or 
lucerne). Swainsonine, the phytotoxin found 
in Swainsona and Astragalus spp., is very 
similar to slaframine and has also been iso¬ 
lated from this fungus. Infested plants carry 
bronze to black spots or rings, and the hay is 
usually discolored by black patches on the 
stems and leaves. 

EPIDEMIOLOGY 

Occurrence 

Ingestion of slaframine is associated with a 
syndrome, identified colloquially as “slob¬ 
bers.” Horses and cattle are primarily affected, 
although sheep, goats, llamas, and swine 
have also developed signs of toxicosis after 
ingestion. 1 ' 3 Slaframine poisoning has been 
reported most often in the United States, 
but domestic animals in South America 
(Uruguay, Argentina, and Brazil), Japan, 
France, and the Netherlands have been 
affected. 2 ' 4 The fungus R. leguminicola grows 
well in hot, humid weather and remains 
active in stored hay for at least 10 months 
and perhaps as long as 2 years. 2,4 

Risk Factors 
Animal Risk Factors 

There are no animal risk factors. 

Environmental Risk Factors 

The fungus grows well in hot, humid weather 
and survives growth cycles once the pasture 
or field is contaminated. 2 

Farm or Premise Risk Factors 

Intoxication is primarily associated with 
ingestion of contaminated red clover or 
alfalfa, either in the field or stored hay, but 
other legumes such as white clover, alsike 
clover, soy beans, kudzu, cowpea, blue 
lupine, and black medic can become infected 
under the right weather conditions. 4 The 
fungus appears as black patches or rings in 
the pasture or black to brownish discolored 
areas on the plant stems or leaves. 1 

Transmission 

Animals are intoxicated by grazing on 
pastures or eating hay infected with R. legu¬ 
minicola. The fungus is seedborne and con¬ 
taminates hay and pasture in this manner. 1 
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PATHOGENESIS 

Slaframine, a mycotoxin, undergoes metabo¬ 
lism in the liver into 6-ketoimine. 2 ' 5 Structur¬ 
ally, ketoimine is very similar to acetylcholine, 
a parasympathetic neurotransmitter. Phar¬ 
macologically, ketoimine is a cholinergic 
agonist with action at the muscarinic recep¬ 
tors. Stimulation of muscarinic receptors by 
slaframine results in stimulation of exocrine 
glands, in particular the salivary glands and 
pancreas. 1,2 Swainsonine, another alkaloid 
produced by R. leguminicola, may also be 
involved with the production of some of the 
clinical signs. 1,5 

CLINICAL FINDINGS 
Horses 

Hypersalivation (and thus the term slobbers ) 
is most frequent and often the only sign 
observed. 1,2,4 Other signs such as anorexia, 
diarrhea, polyuria, epiphora, and abortion 
have been reported but are uncommon. 2,4 
Salivation occurs 4 to 6 hours after ingestion 
and lasts for 24 to 48 hours after the horses 
have been removed from contaminated pas¬ 
tures or hay. 1 

Ruminants 

Hypersalivation occurs in ruminants as well 
but is often accompanied by decreased milk 
production, epiphora, and piloerection. 1,2 
Other less common signs are polyuria, bloat, 
dyspnea, and stiffness. Occurrence and 
regressions of signs is similar to horses. 

Swine 

Vomiting, dyspnea, and stiffness have been 
reported. 

NECROPSY FINDINGS 

No necropsy lesions are recorded. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis is generally made based on the 
clinical sign of hypersalivation and 
consumption of contaminated hay or pasture. 
The toxin can be identified in hay by gas 
chromatography/mass spectrometry. 4 
Differential diagnosis list: 

Horses 

Cholinesterase toxicosis (e.g., carbamates 
[imidocarb], organophosphorus insecticides) 
Dental abnormalities 
Esophageal choke 

Foreign body (oral cavity, plant awns in hay) 
Glossitis 

Other infectious diseases (rabies, botulism, etc.) 
Trauma 

Vesicular stomatitis virus 

Ruminants 

Bluetongue virus 

Caterpillar hairs ( Thaumetopoea processioned, 
oak processionary caterpillar) 


Cholinesterase toxicosis (e.g., carbamates 
[imidocarb], organophosphorus insecticides) 
Food-and-mouth disease 
Foreign body (oral cavity, plant awns in hay) 
Vesicular stomatitis 


TREATMENT 

No treatment other than removing animals 
from the contaminated source is generally 
needed. 2,4 Atropine may be used to reverse 
hypersalivation but must be used with 
caution in horses and ruminants. 2 

CONTROL 

The presence of the fungus R. leguminicola 
cannot be controlled once the pastures and/ 
or hay are contaminated. Grazing animals 
should be removed from contaminated 
pasture, contaminated hay disposed, and 
seeds chemically treated before planting. 4 

FURTHER READING 

Crump MH. Slaframine (Slobber factor) toxicosis. / Am 
Vet Med Assoc. 1973;163:100. 
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CANTHARIDIN TOXICOSIS 
(BLISTER BEETLE POISONING, 
CANTHARIASIS) 


SYNOPSIS 


Etiology Blister beetle ( Epicauta occidentalis, 

E. temexa, etc.) 

Epidemiology Cantharidin, the toxin present 
in blister beetles, is incorporated into alfalfa 
hay and ingested by animals 

Clinical pathology Hemoconcentration, 
azotemia, profound hypomagnesaemia and 
hypocalcaemia, hematuria, hyposthenuria 

Lesions Oral and gastrointestinal ulcers and 
erosions 

Diagnostic confirmation History, presence of 
beetles in hay, GCMS or LCMS using urine, 
blood, gastrointestinal contents, and feed 

Treatment Activated charcoal, intravenous 
fluids, electrolyte replacement as needed, 
analgesics, gastrointestinal protectants 

Control Know beetles in area, examine hay, 
do not harvest infested fields. 

GCMS, gas chromatography-mass spectrometry; 

LCMS, liquid chromatography-mass spectrometry. 


ETIOLOGY 

Cantharidin toxicosis has been reported in 
horses as well as a number of other species 
including emu, sheep, goats, and cattle. 1,2 
Horses are more susceptible and generally 
poisoned by the consumption of blister 
beetles (Epicauta spp.) present in hay. Can¬ 
tharidin, a potent vesicant, is found in the 
hemolymph and leg joints of blister beetles. 3 
There are over 200 named species of the 
beetle, and the most common association 
with toxicosis in horses are the three striped 
blister beetles E. occidentalis and E. temexa. 

EPIDEMIOLOGY 

Occurrence 

Blister beetles feed on flowering foliage, pri¬ 
marily alfalfa, and are incorporated into hay 
when it is harvested. Cantharidin is stable in 
the environment and persists for extended 
time periods. Toxicosis was originally con¬ 
fined to the Southern states, but outbreaks 
now occur elsewhere because of the wide¬ 
spread shipment of alfalfa hay, and occasion¬ 
ally weedy meadow hay, infested with the 
beetles. 

Risk Factors 

The greatest risk factor for horses is the 
ingestion of blister beetle-contaminated hay. 
The beetles contain cantharidin, and admin¬ 
istration of 1 g of ground beetles by nasogas¬ 
tric tube is fatal to a pony. The ingested lethal 
amount in adult horses is 0.5 to 1 mg/kg or 
about 4 to 6 g of dried beetles. 2,3 The can¬ 
tharidin content of the beetles varies widely 
(0.77%—3.31% dry weight) between species, 
and male beetles contain more toxin than 
females. 

Transmission 

Whole or crushed blister beetles can be 
incorporated into hay and fed to horses and 
other livestock. It is possible that cantharidin 
released from crushed beetles may contami¬ 
nate hay without any evidence of their 
presence. 

PATHOGENESIS 

The mechanism of action of cantharidin 
is not well established but may include 
inhibition of phosphatase 2A and protein 
mitochondrial damage from inhibition of 
enzymes responsible for active transport. 13 

Cantharidin is rapidly absorbed across all 
mucous membranes and to some extent the 
skin. It produces a strong irritant effect on 
the esophagus, stomach, and intestines. 
Once absorbed it is transferred to several 
body organs in which it produces systemic 
effects. It is not metabolized but is excreted 
unchanged in the urine where the irritant 
effect continues in the bladder, ureters, and 
urethra. 3 

CLINICAL FINDINGS 

Clinical signs are dose dependent. Horses 
ingesting large amounts may die within 4 
















hours of ingestion. The ingestion of smaller 
doses may result in gastroenteritis (anorexia, 
diarrhea + blood and/or mucus, severe colic), 
myocarditis (tachycardia, decreased capillary 
refill), nephritis (polyuria, oliguria), cystitis, 
or urethritis. 1,3,4 Generalized systemic signs 
include hyperthermia, depression, dehydra¬ 
tion, sweating, synchronous diaphragmatic 
flutter, dyspnea, and rales. Death occurs in 
approximately 50% of cases. Prognosis is 
good for those horses surviving 7 days or 
more. 3 

CLINICAL PATHOLOGY 

Serum protein and PCV will be elevated, 
indicating hemoconcentration, dehydration, 
and shock. Other laboratory abnormalities 
include an elevation in BUN, profound 
hypocalcemia and hypomagnesemia, hypos¬ 
thenuria, and hematuria. 1,3 

NECROPSY FINDINGS 

Vesiculating gastropathy of the gastric squa¬ 
mous mucosa is highly diagnostic, but no 
necropsy findings occur in many cases. Mass 
spectrometric and gas or liquid chromato¬ 
graphic methods facilitate detection of can- 
tharidin in field specimens of blood, urine, 
stomach and intestinal contents, and feed. 
Cantharidin is rapidly excreted and may not 
be present in samples taken more than 4 to 
5 days after ingestion. 3 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

• Arsenic toxicosis 

• Cyanobacteria toxicosis 

• lonophore (monensin) toxicosis 

• Colic (impaction and tympanic) 

• Gastrointestinal enteriditis (colitis, proximal 
enteritis, peritonitis) 


TREATMENT 

There is no antidote and treatment is symp¬ 
tomatic. In early cases, activated charcoal or 
smectite may be used to decrease absorption 
of cantharidin. 1,1 The use of mineral oil is 
not recommended because it may actually 
increase cantharidin absorption and worsen 
morbidity. 1,2 Intravenous fluid therapy should 
be used to correct fluid and electrolyte defi¬ 
cits, with specific attention to calcium and 
magnesium supplementation. 1,5 Analgesics 
and gastrointestinal protectants should be 
used as needed. Broad-spectrum antibiotics 
may be used in animals with gastrointestinal 
erosions; the use of nephrotoxic antibiotics is 
contraindicated. 


TREATMENT AND PROPHYLAXIS 


Activated charcoal (1-3 g/kg per nasogastric 
x 1)(R2) 

Mineral oil (4-6 L per nasogastric tube x 1) 
(R4) 
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Furosemide (1 mg/kg intramuscularly or 
intravenously every 6 h) (R3) 

Sucralfate (20 mg/kg orally every 6-8 h) (R1) 


CONTROL 

Veterinarians should be aware of the presence 
of blister beetles in their area, and infested 
fields should not be harvested. Hay purchased 
from unknown sources should be inspected 
for the beetles, although cantharidin may still 
be present in the absence of beetles. 
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Neoplasms of the 
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MOUTH 

Oral neoplasms in ruminants, other than 
viral papillomas, may be associated with 
heavy bracken intake. The tumors are usually 
squamous cell carcinomas arising from the 
gums and cause interference with mastica¬ 
tion. They are most common in aged animals 
and probably arise from alveolar epithelium 
after periodontitis has caused chronic hyper¬ 
plasia. Sporadic occurrences of other tumors, 
e.g., adenocarcinoma, cause obvious local 
swelling and dysphagia. 

PHARYNX AND ESOPHAGUS 

Papillomas sometimes involve the pharynx, 
esophagus, esophageal groove, and reticu¬ 
lum and cause chronic ruminal tympany in 
cattle. A high incidence of malignant neopla¬ 
sia affecting the pharynx, esophagus, and 
rumen has been recorded in one area in 
South Africa. The tumors were multicentric 
in origin and showed evidence of malig¬ 
nancy on histologic examination. The clini¬ 
cal disease was chronic and confined to adult 
animals, with persistent, moderate tympany 
of the rumen and progressive emaciation as 
typical signs. A similar occurrence has been 
recorded in cattle in western Scotland and 


related to the long-term consumption of 
bracken. The tumors were squamous cell car¬ 
cinoma in the pharynx and dorsal esopha¬ 
gus. The principal clinical abnormality was 
difficulty in eating and swallowing. Many of 
the carcinomas arise in preexisting papillo¬ 
mas, which are associated with a virus infec¬ 
tion. The carcinomas occur only in cattle 
more than 6 years of age. 

STOMACH AND RUMEN 

Squamous cell carcinomas occasionally 
develop in the mouth and stomach of horses 
and the rumen of cattle. In the stomach of 
the horse, they occur in the cardiac portion 
and may cause obscure indigestion syn¬ 
dromes, lack of appetite, weight loss, anemia, 
obstruction of the lower esophagus, dyspha¬ 
gia, colic, and occasionally chronic diarrhea. 
Also, a tumor may ulcerate to terminate with 
perforation of the stomach wall and the 
development of peritonitis. Metastases may 
spread to abdominal and thoracic cavities 
with an accumulation of fluid. Subcutaneous 
edema is a common accompanying sign. 
There may also be pleural effusion caused by 
metastases in the pleura. Metastases in the 
female genital tract have also been noted. 
Most affected animals are euthanized because 
of anorexia and chronic weight loss. Large 
masses of metastatic tumor tissue may be 
palpable on rectal examination. In such cases 
an examination of paracentesis fluid sample 
cells should be valuable. 

Lymphoma in horses is classified into 
multicentric, alimentary, mediastinal, cuta¬ 
neous, and solitary tumors of extranodal 
sites. The alimentary form accounts for 
approximately 19% of the equine lymphoma 
cases and is often manifested by chronic 
diarrhea caused by massive infiltration of 
the intestinal wall. 1 There is severe weight 
loss, even in the absence of diarrhea in some 
cases, usually a large appetite and often 
severe ascites, and anasarca and sometimes 
colic. The same signs are recorded in a 
case of mesothelioma in a horse. The oral 
glucose absorption test is abnormal with a 
poor absorption response. Rectal examina¬ 
tion may reveal large masses of hard nodular 
tissue, and hematological examination may 
be of assistance in diagnosis. Pseudodiver- 
ticula or intestinal obstruction may develop 
in the small intestine associated with tumor 
tissue. 2,3 Paracentesis and examination of 
cells in the fluid for the presence of mitotic 
figures is an essential part of an examination 
in suspected cases of neoplasia in the abdom¬ 
inal cavity. Nasal fibrogastroscopy is an 
obvious technique for visualizing proximally 
located tumors but is limited because stan¬ 
dard instruments are usually not long 
enough. The course of this disease in horses 
is quite variable, with the period of illness 
lasting from 3 weeks to 3 months. 

In a large case series from Brazil, the 
alimentary tract was the most common 
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location for tumor development (comprising 
24% of 586 tumors), with squamous cell car¬ 
cinoma of the upper gastrointestinal tract 
predominating. 4 Lesion locations were pref¬ 
erentially located at the base of the tongue, 
in the esophagus, and adjacent to the cardia 
in the ruminal wall. Lesion location was typi¬ 
cally associated with clinical signs, including 
dysphagia and coughing for proximal tumors 
and bloating for tumors in the dital esopha¬ 
gus or ruminal wall. 5 Almost all affected 
cattle had access to bracken fern (Pteridium 
aquilinum), and it was speculated that 
chronic bracken fern ingestion was the cause 
for the tumors. Small numbers of lingual 
fibroma, abomasal adenoma, small-intesti¬ 
nal adenocarcinoma, ruminal fibrosarcoma, 
peritoneal mesothelioma, peritoneal fibroma, 
and anal squamous cell carcinoma were also 
reported. Ruminal tumors in cattle include 
papilloma/fibropapilloma, and bovine papil¬ 
lomavirus-1, -2, and -5 were associated with 
some of these lesions. 6 Squamous cell carci¬ 
noma of the reticulum with metastasis to the 
liver has been reported in a Simmental cow.' 
Although most ruminal tumors are small, if 
large enough they may obstruct the cardia 
and cause chronic tympany. 

Small omasal and abomasal papillomas 
have been reported in 1-week-old calves and 
were associated with papillomavirus infec¬ 
tion. 8 In lymphomatosis of cattle, there is 
frequently gross involvement in the aboma¬ 
sal wall causing persistent diarrhea. Ulcer¬ 
ation, hemorrhage, and pyloric obstruction 
may also occur. 

INTESTINES 

A higher than normal rate of occurrence of 
carcinoma of the small intestine has been 
recorded in sheep in Iceland, Norway, and 
New Zealand and in cows only in New 
Zealand. A series of intestinal carcinomas is 
also recorded in Europe and another series 
in Australia. The tumors in the Australian 
series were located at abattoirs and were 
causing intestinal stenosis. Metastasis to 
regional lymph nodes occurred readily. In 
New Zealand there appeared to be a much 
higher prevalence in British-breed ewes 
(0.9%—0.15%) compared with Merino and 
Corriedale ewes (0.2%-0.4%), and a report 
of intestinal adenocarcinomas in three gen¬ 
erations of sheep is suggestive of a genetic 
predisposition. 9 Significantly higher tumor 
rates were observed in sheep that had been 
pastured on foodstuffs sprayed recently with 
phenoxy or picolinic acid herbicides. The use 
of the herbicides 2,4-D, 2,4,5-T, MCPA, 
piclorum, and clopyralid has been associated 
with an increased incidence of these tumors. 
A higher prevalence in sheep kept at higher 
stocking rates was also suggested. 

Occasional tumors of the intestine are 
recorded in abattoir findings, but they can 
cause clinical signs such as chronic bloat and 
intermittent diarrhea in cattle, persistent 


colic caused by partial intestinal obstruction 
in horses, and anorexia and a distended 
abdomen in sheep. A series of cases of lym¬ 
phoma in horses was characterized by mal¬ 
absorption without diarrhea but with some 
cases of anemia. 

Occasional tumors recorded as causing 
colic in horses include an intramural ganglio¬ 
neuroma occluding the jejunum, a jejunal 
myxoma that resulted in jejunoileocecal 
intussusception, 10 a stromal tumor in the 
cecum 11 or colon, 12 an intraluminal leiomy¬ 
oma causing an intussusception of the small 
colon, a granulosa cell tumor of an ovary 
causing external pressure and occlusion of 
a small colon, and a ganglioneuroma in 
the small colon. 13 A juvenile granulosa cell 
tumor in a weanling filly caused a fatal vol¬ 
vulus and severe continuous colic. Anorexia, 
weight loss, abdominal distension, and con¬ 
stant chewing and swallowing movements 
are the prominent signs in gastric leiomyoma 
and squamous cell carcinoma. Leiomyoma 
may also be confined totally to the omentum 
and cause colic because of its size or excessive 
tension on the omentum. 14 Metastases in 
the peritoneal cavity are palpable in some 
cases. Leiomyosarcomas have caused chronic 
intermittent colic caused by constriction of 
the duodenum and partial intestinal obstruc¬ 
tion. A colonic adenocarcinoma has caused 
weight loss, intermittent colic, poor appetite 
and scant feces, and a mass palpable in the 
abdomen. 

Carcinoma of the stomach, small intes¬ 
tine, and colon are occasionally encountered 
in pot-bellied pigs. 15,16 

Tumors of the anus are rare; a mucoepi¬ 
dermoid carcinoma is recorded in a goat, but 
most tumors of the perineal area are ano¬ 
genital papillomata. A rectal carcinoma has 
been reported in an aged Holstein cow. 17 
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TUMORS OF THE PERITONEUM 

Primary tumors of the peritoneum are rare. 
Most tumors of the peritoneum occur by 


metastasis from adjacent organs, such as 
with gastric squamous cell carcinoma, or dis¬ 
seminated disease such as lymphosarcoma. 
Primary tumors include leiomyomatosis and 
mesothelioma. 

Disseminated peritoneal leiomyomatosis 
has been reported to occur in a mature 
Quarter Horse. Clinical findings included 
inappetence, weight loss, intermittent fever, 
chronic abdominal pain, and enlargement of 
the abdomen. Rectal examination revealed a 
prominent, firm, smooth-walled mass in the 
ventral aspect of the abdomen. Transabdom¬ 
inal ultrasonography was used to detect the 
mass, which was a friable, polycystic struc¬ 
ture occupying a large portion of the abdom¬ 
inal cavity and weighing 34 kg. The mass was 
removed and recovery was complete. 

Mesothelioma has been reported in cattle 
and goats, predominantly in the peritoneal 
cavity, but mesothelioma can also occur in 
the pleural cavity and the vagina of adult 
cattle. The cause of mesothelioma in cattle 
is unknown, but pleural mesothelioma in 
humans is associated with asbestos exposure. 
One report suggested that the frequency of 
diagnosis in cattle is increasing. All ages of 
cattle can be affected with peritoneal meso¬ 
thelioma, but affected animals are typically 
young, with fetal and neonatal cases also 
being reported. Calves and adult cattle most 
frequently present with moderate abdominal 
distension. Other presenting signs include 
scrotal edema in intact males and ventral 
pitting edema. Occasionally, small 2- to 
20-mm, well-demarcated “bumps” can be 
felt on all serosal surfaces during palpation 
per rectum in adult cattle. Peritoneal fluid is 
easily obtained by ventral abdominal para¬ 
centesis and has the characteristics of a 
modified transudate with a moderate to 
marked increase in phagocytically active 
mesothelial cells. Definitive diagnosis is 
made during a right-sided exploratory lapa¬ 
rotomy, in which numerous raised, white, 
and well-demarcated masses are palpated on 
all serosal surfaces, with copious abdominal 
fluid present. Biopsy of these masses and 
microscopic examination confirms the pre¬ 
sumptive diagnosis of mesothelioma. Exten¬ 
sive peritoneal mesothelioma is fatal and 
there is no known treatment. All cases 
reported have been sporadic, and there is no 
apparent association with asbestos or other 
toxic agent in cattle. 
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Congenital Defects of the 
Alimentary Tract 

HARELIP AND CLEFT PALATE 

Harelip may be unilateral or bilateral and 
may involve only the lip or extend to the 









nostril. It may be associated with cleft 
palate and cause dysphagia and nasal 
regurgitation of milk and food, and a risk 
of inhalation pneumonia. It may be inher¬ 
ited or a result from poisoning of lambs 
with Veratrum californicum. Cleft palate 
is difficult to correct surgically, especially 
in foals, in which it is a common congeni¬ 
tal defect. Cleft palate (palatoschisis) is a 
common inherited defect in calves and is 
described later. 

ATRESIA OF THE 
SALIVARY DUCTS 

Congenital atresia of salivary ducts usually 
results in distension of the gland followed by 
atrophy. Rarely the gland may continue 
secreting, resulting in a gross distension of 
the duct. 

AGNATHIA, MICROGNATHIA, 
AND BRACHYGNATHIA 

These are variations of a developmental defi¬ 
ciency of the mandible, which is relatively 
common in sheep. The mandible and its 
associated structures are partially or com¬ 
pletely absent. Single cases of a similar defect, 
combined with cleft palate, are recorded in 
calves. 

Brachygnathia is an abnormal shorten¬ 
ing of the mandible, resulting in malocclu¬ 
sion of the maxillary and mandibular dental 
arcades and creating the appearance of a 
maxillary overbite. It is considered to be a 
congenital abnormality but may be acquired 
within the first few months of life. The inci¬ 
sive malocclusion is of little consequence to 
the nursing foal but can affect the ability to 
prehend and masticate as the animal matures. 
It is not known to spontaneously regress, and 
surgical intervention is necessary to correct 
the malocclusion. 

The cause may be genetic or environ¬ 
mental. Some reports indicate a genetic 
influence but the mode of inheritance is 
controversial. One report suggests that 
brachygnathia in Angus calves was transmit¬ 
ted by a single autosomal recessive gene, but 
such mode of inheritance has not been sup¬ 
ported in other studies. In a series of 20 
horses with brachygnathia the amount of 
disparity between the mandible and premax¬ 
illa varied between 0.75 and 3.0 cm. Surgical 
correction of the abnormality resulted in 
improved incisive occlusion. Complete cor¬ 
rection of the malocclusion was more likely 
to occur if foals were treated before 6 months 
of age. 

PERSISTENCE OF THE 
RIGHT AORTIC ARCH 

Persistence of the right aortic arch as a 
fibrous band may occlude the esophagus 
and cause signs of obstruction, particularly 
chronic bloat in young calves. 
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CHOANAL ATRESIA 

Failure of the bucconasal membrane to 
rupture during fetal life prevents the animal 
breathing through the nostrils. The mem¬ 
brane separates the alimentary tract and the 
nasal cavities in the pharynx. It is incompat¬ 
ible with life in foals, lambs, and llama and 
alpaca crias, the species in which it is identi¬ 
fied. The defect is usually bilateral; a unilat¬ 
eral lesion is tolerable. Surgical correction is 
likely to be only partially effective. 

CONGENITAL ATRESIA OF 
THE INTESTINE AND ANUS 

Congenital intestinal atresia is character¬ 
ized by the complete closure of some segment 
of the intestinal tract. Intestinal atresia has 
been reported in calves, lambs, foals, and 
piglets, and the affected newborn usually 
dies of autointoxication within a few days of 
birth. The incidence of intestinal atresia in 31 
Irish dairy herds monitored over 1 year was 
0.3% of all calves born. 

INTESTINAL ATRESIAS 

Congenital atresia of the intestine can be 
differentiated from retention of meconium 
in foals, and rarely calves, by the passage of 
some fecal color in the latter. Animals with 
intestinal atresia die at about 7 to 19 days 
of age unless the defect is corrected surgi¬ 
cally. The intestine is grossly distended 
by then, and the abdomen is obviously 
swollen as a result. There is marked absence 
of feces. 

Intestinal atresias have been classified 
into type I (membrane atresia caused by a 
diaphragm or membrane), type II (cord 
atresia caused by blind ends joined by a small 
cord of fibrous or muscular tissue or both, 
with or without mesentery), and type III 
(blind-end atresia, caused by absence of a 
segment of the intestine, with disconnected 
blind ends and a gap in the mesentery, and 
often a short small intestine). 

Atresia of the ileum and colon is probably 
conditioned by inheritance in Swedish High¬ 
land cattle. 

ATRESIA OF THE TERMINAL COLON 

Atresia of the terminal colon occurs in foals, 
especially those of the Overo breed; the 
ileum and colon are affected in calves and 
the small intestine in lambs. Atresia coli has 
been reported in Holstein, Ayrshire, Short¬ 
horn, Simmental, Hereford, Angus, and 
Maine Anjou breeds and in crossbred cattle. 
In one dairy herd over a 10-year period the 
overall incidence of atresia coli in calves was 
0.76%. All the affected calves were related to 
one another, some were inbred, and the fre¬ 
quency was higher in males than females. 
Some affected calves were aborted or born 
dead at term. More calves were born with 
atresia coli from dams in which pregnancy 
was diagnosed before 41 days of gestation 


than from dams diagnosed as pregnant at a 
later date. 

It is suggested that atresia coli in calves 
has an inherited basis and that affected calves 
are homozygous recessives for the defective 
allele for atresia coli. This is supported by 
planned matings between putative carrier 
sires and putative carrier dams. The esti¬ 
mated minimum gene frequency of atresia 
coli in cattle is 0.026, and it is thought that 
the defective allele for atresia coli is at high 
frequency in Holstein cattle in the United 
States. It is also plausible that early preg¬ 
nancy diagnosis by palpating the amniotic 
sac before 40 days of gestation may be a con¬ 
tributing factor, but it is not essential for all 
cases. Intestinal atresia can be produced 
experimentally by terminating the mesen¬ 
teric blood supply to some parts of the intes¬ 
tine during development. 

In atresia coli, the abdomen may be 
grossly distended before birth when the 
defect is in the small intestine, and the dis¬ 
tension may interfere with normal parturi¬ 
tion. In defects of the large intestine, 
distension usually occurs after birth. In these 
the anus is normal, and the part of the intes¬ 
tine caudal to the obstructed section may be 
normal or absent. The principal clinical find¬ 
ings are depression, anorexia, and abdominal 
distension. Frequently the owner has not 
seen the calf pass meconium or feces. Thick 
mucus may be passed through the anus if it 
is patent or through the vagina in heifers 
with concomitant rectovaginal fistula. In 
many cases the animal has not sucked since 
the first day, and 5- to 6-day-old animals are 
very weak and recumbent. The intestine may 
rupture and acute diffuse peritonitis develop. 
Intestinal segmental atresia has been pro¬ 
duced experimentally by occluding the blood 
supply to the intestine in fetal lambs. In one 
large series of congenital defects in calves the 
most common site of atresia was the midpor¬ 
tion of the spiral loop of colon. The passage 
of a rectal tube or the infusion of barium and 
radiography may assist in the detection of 
atresia of the intestine, but care must be exer¬ 
cised during this procedure or the rectum 
and descending colon may be perforated. 
There are usually large quantities of thick 
tenacious mucus in the rectum with no evi¬ 
dence of meconium or feces. In the latter 
case only exploratory laparotomy can reveal 
the extent and nature of the defect. The dif¬ 
ferential diagnosis of atresia coli in calves 
includes acute intestinal obstructions such as 
volvulus and intussusception, diffuse perito¬ 
nitis, and septicemia. The presence of feces 
in the rectum rules out the presence of 
atresia coli. 

Surgical repair appears to be a satisfac¬ 
tory outcome in 30% to 50% of cases, and 
may be better with placement of a colostomy 
or cecostomy rather than a colocolic anasta- 
mosis. 1 ' 3 In a series of intestinal atresia 
in calves admitted to a veterinary teaching 
hospital over a period of 10 years, the 
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survival rate was influenced by the atretic 
segments affected. In a series of 58 cases of 
intestinal atresia in calves, 7 of 18 cases cor¬ 
rected surgically made a satisfactory recov¬ 
ery; the remaining 40 calves were euthanized 
for different reasons. 

The incidence of atresia coli in foals has 
been reported at 0.44% of foals under 2 weeks 
of age admitted to veterinary teaching hospi¬ 
tals over a period of 27 years. Clinical findings 
included progressive abdominal distension, 
colic, lack of feces, and lack of response 
to enemas. A neutropenia may reflect the 
presence of toxemia. The large transverse 
or small colon is commonly involved. 
Agenesis of the mesocolon in a 1-month- 
old foal with colic has been described. The 
prognosis for most cases is grave and sur¬ 
gical correction is usually unsuccessful. 
Atresia coli has also been reported in an 
alpaca cria. 4 

The common causes of colic in newborn 
foals include ileus with or without gas disten¬ 
sion, intussusception, diaphragmatic hernia, 
gastroduodenal ulcers, necrotizing enteroco¬ 
litis, small and large-intestinal strangulation, 
large intestine displacement, intraluminal 
obstruction other than meconium, ruptured 
bladder, and congenital abnormalities of the 
gastrointestinal tract. 

ATRESIA OF THE ANUS 

This is recorded as a congenital defect in 
pigs, sheep, and calves. Its occurrence is 
usually sporadic and no genetic or manage¬ 
ment factors can be indicated as causes. 
When the rectal lumen is quite close to the 
perineum, surgical intervention is easy and 
the results, in terms of salvaging the animals 
for meat production, are good. These animals 
can usually be identified by the way in which 
the rectal distension bulges in the perineum 
where the anus should be; pressure on the 
abdomen provokes a tensing or further dis¬ 
tension of this bulge. 1 

MULTIPLE ORGAN DEFECTS 

In many animals the congenital defects of the 
intestine are accompanied by defects in other 
organs, especially the lower urinary tract, so 
that reparative surgery is not possible. For 
example, multiple gut and urogenital defects 
are recorded in one calf and gut defects plus 
defects of the pancreas and gallbladder in 
another. 

Congenital constriction of the anus and 
vagina is an inherited defect of Jersey cattle 
and discussed later. The defect may be com¬ 
bined with rectovaginal fistula manifested by 
the passage of feces via the vulva or penile 
urethra. 
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Inherited Defects of the 
Alimentary Tract 

INHERITED DEFECTS OF THE 
MOUTH AND JAW 

Harelip in cattle often has a distinct familial 
tendency but little work appears to have been 
done on the mode of inheritance. An appar¬ 
ently inherited harelip combined with poor 
growth and accompanying cryptorchidism 
is recorded in Holstein-Friesian cattle. Bilat¬ 
eral cleavage of the lip, which also involves 
the maxilla, is recorded in Texel sheep as 
being conditioned by a single recessive auto¬ 
somal gene. 

Cleft Palate 

Cleft palate is inherited as a simple recessive 
character in Hereford and Charolais cattle, 
concurrent with arthrogryposis in the latter, 
and is commonly thought to be inherited 
in sheep and pigs. The progeny of a com¬ 
mercial swine herd (Landrace x Duroc) and 
Large White Boar contained a number of 
piglets with cleft palates. Chromosomal 
analysis of affected piglets found all had 
identical unbalanced karyotype with partial 
monosomy of chromosomes 16 and partial 
trisomy of chromosome 3, compared with 
normal piglets in the litters with balanced 
karyotypes. 

Jaw Deformity 

Shortness of the maxilla is thought to be 
inherited in Jersey cattle and Large White 
pigs, sometimes in association with chon¬ 
drodysplasia. Shortness of the mandible is 
also inherited in cattle, and in Angus in com¬ 
bination with cerebellar hypoplasia and 
osteopetrosis. 

Smooth Tongue (Epitheliogenesis 
Imperfecta Linguae Bovis) 

Smooth tongue is a defect of Holstein- 
Friesian and Brown Swiss cattle, and it is 
inherited as an autosomal recessive factor. 
The filiform papillae on the tongue are small, 
there is hypersalivation and poor hair coat, 
and the calves do not fare well. The hetero¬ 
zygote is normal. 

Tongue Aplasia 

Congenital absence of the median part of the 
tip of the tongue occurs rarely in piglets, 
often in association with cleft palate and/or 
harelip. 

Rectal Prolapse 

Rectal prolapse may be inherited in piglets 
as a result of agenesis of the anal sphincter 
(see Inherited atresia of alimentary tract 
segments). 


INHERITED RECTOVAGINAL 
CONSTRICTION 

The rectovaginal constriction defect is inher¬ 
ited in Jersey cattle and is manifested as ste¬ 
nosis of the rectum in either sex and stenosis 
of the vaginal vestibule in females. The tone 
of both rectal and vaginal sphincters is 
increased, but attempts to detect heterozy¬ 
gotes by electromyographic measurement 
of these tones have been unsuccessful. The 
defect is regulated by an autosomal recessive 
gene. Affected cows are difficult to insemi¬ 
nate and have difficulty in calving. Their 
udders are small and hard and productivity 
is low. The condition is caused by the pres¬ 
ence of bands of nonelastic fibrous tissue. 
Edema of the udder is also a common com¬ 
plication. Some assistance in the identifica¬ 
tion of affected animals is available by the 
detection of collagen type II in muscle biop¬ 
sies. Fifty percent of heterozygotes also test 
positively as well as a small percentage of 
normals. 

INHERITED ATRESIA OF 
ALIMENTARY TRACT SEGMENTS 

Anal sphincter atresia occurs rarely in 
piglets and causes rectal prolapse. Atresia 
ani is quite common in pigs, sheep, and, to 
a less extent, cattle. Affected animals may 
survive for up to 10 days, and are identified 
by their depression, anorexia, colic, marked 
abdominal distension and lack of feces, and 
feces being replaced by thick white mucus. 
Abdominal distension in utero occasionally 
causes dystocia. Surgical repair is possible in 
some cases, but in others a large segment of 
rectum is missing, and creation of a colonic 
fistula in the inguinal region is necessary. The 
condition is thought to be inherited in pigs 
and calves, but supporting evidence is slim, 
and the evidence is less clear still in sheep. A 
suggestion that the defect may be also associ¬ 
ated with the manipulation of the fetus 
during pregnancy examination has not been 
supported. A calf with atresia ani and diphal¬ 
lus and separate scrota has been described. 

Inherited atresia coli, with complete 
closure of the ascending colon at the pelvic 
flexure, has been recorded in Percheron 
horses. A clinically similar defect in overo 
horses, described in the section on pseudo¬ 
albinism, is in fact an aganglionosis. Death 
occurs during the first few days of life. The 
defect appears to be inherited as a simple 
recessive character. 

Inherited atresia ilei has been recorded 
in Swedish Highland cattle. Affected calves 
manifest marked abdominal distension 
causing fetal dystocia. The distension is 
caused by accumulation of intestinal con¬ 
tents. Inheritance of a single recessive gene 
conditions the occurrence of the defect in 
some species and breeds, but the prevalence 
may be higher than would be expected with 









that form of inheritance, especially in Jersey 
cattle with atresia coli. 

LETHAL WHITE SYNDROME 
IN FOALS AND LAMBS 
(INTESTINAL AGANGLIONOSIS) 

White foals and white lambs of certain breeds 
or matings are affected by this syndrome, 
which is attributable to a mutation in the 
endothelin type B receptor gene (EDNRB). 1 ' 2 
Lethal white foal syndrome (OMIA #000629- 
9796) is an autosomal-recessively inherited 
condition of newborn foals born to Ameri¬ 
can Paint Horse parents of the overo coat- 
pattern lineage. 3 In addition to foals of 
American Paint Horses, Quarter Horses 
and, rarely, Thoroughbreds are affected. 1 The 
overo coat-color pattern is characterized by 
pigment spreading down both sides from 
the dorsal midline, giving way to lack of 
pigment (i.e., white) primarily on the ventral 
surfaces. 3 

A mutation in the EDNRB of two nucleo¬ 
tides (TC > AG) in the coding EDNRB 
sequence results in the substitution of a 


Inherited Defects of the Alimentary Tract 


435 


single amino acid (Ilell8Lys) and interfer¬ 
ence with migration of neural crest cells to 
the intestine causing intestinal agangliono- 
sis, leading to a functional obstruction 
(megacolon) and death. Both melanocytes 
and myenteric ganglia cells are of neural 
crest origin, and their failure to migrate from 
the neural crest results in the absence of 
melanocytes in the skin and aganglionosis of 
the intestine. 1 

Over 94% of frame overo, highly white 
calico overo, and frame blend overo horse 
are heterozygotes, whereas fewer than 20% 
of tobiano, sabino, minimally blend overo, 
and breeding-stock solid are carriers. 1 Many 
solid (nonwhite coat-color pattern) horses 
with Paint horse bloodlines are heterozy¬ 
gous; therefore the genotype cannot neces¬ 
sarily be inferred from coat-color patterns. 1 
White coat color can result from other 
genetic conformations and is not invariably 
associated with lethal white syndrome. Some 
affected foals may have flecks of black hair in 
the mane and tail or a small black body spot. 1 

Affected foals and lambs die within hours 
to several days of birth. Affected foals are all 


white or nearly all white and die of colic 
shortly after birth because of functional 
intestinal obstruction. Rectal examination 
reveals a lack of meconium. Radiographic 
examination of the abdomen reveals a dis¬ 
tended large colon. Diagnosis is based on 
characteristic coat color and confirmation of 
megacolon. Diagnostic testing for the caus¬ 
ative mutation is available commercially. 
Control is by testing and detection of hetero¬ 
zygotes and implementation of appropriate 
breeding programs. 

A similar hypopigmentation syndrome 
occurs in Cameroon sheep and is associated 
with a homozygous 110-kb interstitial dele¬ 
tion on chromosome 10, including the entire 
EDNRB gene. The disease is inherited as an 
autosomal recessive trait. 
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Diseases of the 
Forestomach of Ruminants 

Forestomach motility of ruminants, espe¬ 
cially cattle, is of major concern to the veteri¬ 
narian. Evaluation of forestomach motility is 
an integral part of the clinical examination 


and differentiation of forestomach abnormal¬ 
ities into primary and secondary causes and is 
essential for diagnosis and accurate therapy. 
Application of the knowledge of the physiol¬ 
ogy of normal reticulorumen motility can 
improve the diagnosis, prognosis, and therapy 
for diseases of the forestomach. A brief review 


of the clinical aspects of the motility of the 
reticulorumen is presented here. 

ANATOMY AND PHYSIOLOGY 

The ruminant forestomach compartments, 
consisting of the reticulum, rumen, and 
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omasum, are like a fermentation vat. The 
animal exerts some control over the fermen¬ 
tation process by selecting the feed, adding a 
buffer-like saliva, and providing continual 
agitation and mixing with specialized con¬ 
tractions of the forestomach. Reticulorumen 
motility ensures a consistent flow of partially 
digested material into the abomasum for 
further digestion. 

The forestomach can be divided 
into primary structures such as the reticulo¬ 
rumen and the omasum, and they are func¬ 
tionally separated by a sphincter called the 
reticuloomasal orifice. The reticulorumen of 
an adult cow occupies almost the entire left 
half of the abdominal cavity and has a capac¬ 
ity of up to 90 kg of digesta. Because of its 
large size and ease of clinical examination, 
rumen motility is considered to represent 
digestive functions in the ruminant. 

Both parasympathetic and sympathetic 
nerves supply the reticulorumen, but only 
the former nerves stimulate motility. Para¬ 
sympathetic innervation occurs through the 
vagus nerve, which is predominantly sensory 
from the forestomach. Sympathetic innerva¬ 
tion to the forestomach consists of numer¬ 
ous fibers from the thoracolumbar segment; 
these fibers join at the celiac plexus to form 
the splanchnic nerve. The splanchnic nerve 
can inhibit motility, but normally there is 
little or no tonic sympathetic drive to the 
forestomach. 

RETICULORUMEN MOTILITY 

Four different specialized contraction pat¬ 
terns can be identified in the forestomach: 

1. Primary or mixing cycle 

2. Secondary or eructation cycle 

3. Rumination (associated with cud 
chewing and associated with the 
primary cycle) 

4. Esophageal groove closure (associated 
with sucking of milk) 

It is important for the clinician to under¬ 
stand the motility pattern of each cycle. 
Specific diseases of the forestomach have 
characteristic alterations in motility, which 
aid in the diagnosis and prognosis. 

Primary Contraction Cycle 

The primary cyclic activity results in the 
mixing and circulation of digesta in an orga¬ 
nized manner. The primary contraction in 
cattle begins with a biphasic contraction of 
the reticulum. The first reticular contraction 
forces ingesta dorsal and caudad into the 
rumen, as does the much stronger second 
reticular contraction. The dorsal ruminal sac 
then begins to contract as the ventral sac 
relaxes, causing digesta to move from the 
dorsal to the ventral sac. Sequential contrac¬ 
tions of the caudoventral, caudodorsal, and 
ventral ruminal sacs force digesta back into 
the reticulum and cranial sac. After a brief 
pause the contraction sequence is repeated. 
During each reticular contraction fluid and 
food particles, particularly heavy grain, pass 


into the reticuloomasal orifice and into the 
omasum and abomasum. 

Reticulorumen motility results in stratifi¬ 
cation of ruminal contents, with firmer 
fibrous material floating on top of a more 
fluid layer. Solid matter remains in the rumen 
until the particle size is sufficiently small 
(1-2 mm in sheep, 2-4 mm in cattle) to pass 
through the reticuloomasal orifice. The size 
of digested plant fragments in ruminant 
feces can therefore be considered an indirect 
measurement of forestomach function. 

Identification of ruminal contractions 
requires both auscultation and observation 
of the left paralumbar fossa. Sound is pro¬ 
duced when fibrous material rubs against the 
rumen during contraction. Only slight sound 
is produced when the rumen contains small 
quantities of fibrous material. 

External palpation of the rumen is valu¬ 
able in determining the nature of ruminal 
contents. The normal rumen feels doughy in 
the dorsal sac and more fluid ventrally; the 
difference in consistency is attributable to 
stratification of ruminal contents. Very liquid 
ruminal contents that splash and fluctuate on 
ballottement (fluid-splashing sounds) are 
suggestive of lactic acidosis, vagal indiges¬ 
tion, ileus, or prolonged anorexia. 

Rumen hypomotility or hypermotility is 
usually associated with a change in the type 
of sounds heard during auscultation, with 
gurgling, bubbling or distant rustling sounds 
replacing the normal crescendo-decrescendo 
crackling sounds. The rumen can be exam¬ 
ined and evaluated using a combination of 
auscultation and simultaneous ballottement 
or percussion, by palpation through the left 
flank, and by rectal examination. Inspection 
and laboratory analysis of rumen contents is 
also possible. 

Control of Primary Contractions 

The primary contraction cycle of the reticu¬ 
lorumen is a complex and organized con¬ 
traction that is initiated, monitored, and 
controlled by the gastric center in the 
medulla oblongata. These cycles are medi¬ 
ated by the vagus nerve. The reticulorumen 
is under extrinsic nervous control compared 
with the remainder of the gastrointestinal 
tract. It is also affected by hormones and 
smooth muscle tone. 

The gastric center is bilaterally paired and 
located in the dorsal vagal nucleus in the 
medulla. It has no spontaneous rhythm of its 
own but acts as a processor and integrator of 
afferent information. Various excitatory and 
inhibitory inputs are brought together to 
determine both the rate and strength of 
contraction. 

Ruminal Atony 

Ruminal atony, seen in lactic acidosis and 
endotoxemia, can be attributed to one or 
more of the following factors: 

• Direct depression of the gastric center, 

usually associated with generalized 


depression and severe illness 
(toxemia) 

• Absence of excitatory inputs to the 
gastric center 

• Increase in excitatory inhibitory inputs 
to the gastric center 

• Failure of vagal motor pathway 
(Table 8-1). 

Hypomotility 

Hypomotility is a reduction in the frequency 
or strength of extrinsic contractions, or both, 
and usually is caused by either a reduction in 
the excitatory drive to the gastric center or 
an increase in inhibitory inputs. 

Properties of Contractions 
The frequency of primary contractions is 
determined from information accumulated 
during the quiescent phase of motility. Fre¬ 
quency provides a rough estimate of the 
overall health of a ruminant. In cows, the 
frequency of primary contractions averages 
60 cycles per hour but decreases to 50 cycles 
per hour during rumination and even lower 
when the cow is recumbent. Feeding increases 
the rate to up to 105 cycles per hour. Because 
of this variability, the clinician should auscul¬ 
tate the rumen for at least 2 minutes when 
determining the frequency of contractions. 

The strength and duration of each con 
traction are determined by information 
obtained just before and during the contrac¬ 
tion and are therefore more dependent on the 
nature of the forestomach contents than is 
frequency of contraction. The strength of 
contraction is subjectively determined by 
observing the movement of the left paralum¬ 
bar fossa and assessing the loudness of any 
sounds associated with ruminal contraction. 

The distinction between frequency and 
strength is important clinically, particularly 
in reference to therapy of reticulorumen 
hypomotility. When feed is withheld from 
sheep for 4 days, the rate of forestomach 
contractions remains unchanged, but the 
strength of contractions progressively 
decreases because of changes in ruminal 
contents. 

Extrinsic Control of 
Primary Contractions 
Excitatory Inputs to the 
Gastric Center 

Tension and chewing movements are two 
major excitatory inputs to the gastric center. 
Low-threshold tension receptors deep in the 
circular smooth muscle layer detect reticulo¬ 
rumen distension. The greatest density of 
receptors is found in the medial wall of the 
reticulum and dorsal ruminal sac. These low- 
threshold tension receptors send afferent 
impulses along the dorsal or ventral vagus 
nerve to the gastric center in which they 
excite extrinsic reticulorumen contractions. 
Prolonged anorexia, leading to a smaller 
reticulorumen volume, decreases this excit¬ 
atory input. Feeding increases reticulorumen 
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Table 8-1 Effects of some common clinical excitatory and inhibitory influences on primary cycle movements of the reticulorumen 

Clinical afferent input 

Clinical findings and responses to treatment 

Excitatory inputs: low threshold reticular tension receptors 

Increased reticular tension 

After feeding 

Mild ruminal tympany 

Increases frequency, duration, and amplitude of primary cycle contractions and 
mixing promotes fermentation 

Decreased reticular tension 

Starvation 

Anorexia 

Decreases frequency, duration, and amplitude of primary cycle contractions and 
decreases fermentation 

Lesions of medial wall of reticulum 

Chronic induration and fibrosis caused by traumatic 
reticuloperitonitis 

Cause hypomotility of rumen contractions and may be an explanation for atony 
in some cases of vagus indigestion; some cases are characterized by erratic 
hypermotility 

Acid receptors in abomasum 

Increases in abomasal acidity following emptying of organ 

Increase primary cycle movements, which increases flow of ruminal contents into 
abomasum to maintain optimum volume and to decrease acidity 

Buccal cavity receptors 

Following eating 

Inhibitory inputs 

Increased reticulorumen activity 

High-threshold reticular tension receptors 

Peak of reticular contraction 

Severe ruminal tympany 

Ruminal impaction with forage, hay, straw (not necessarily grain 
overload) 

Depression of primary cycle movements, ruminal hypomotility, depression of 
fermentation because of failure of mixing 

Abomasal tension receptors 

Impaction, distension or displacement of abomasum 

Abomasal impaction, dilatation and volvulus may result in complete ruminal 
stasis; left-side displacement of abomasum usually does not cause clinically 
significant hypomotility 

Pain 

Visceral pain caused by distension of abomasum or intestines; severe 
pain from anywhere in body 

Moderate to total inhibition of reticulorumen movements possible with visceral 
pain. The degree of inhibition from pain elsewhere will vary 

Depressant drugs 

Anesthetics, central nervous system depressants 

Prostaglandin E 

Inhibition of primary and secondary cycle movements and of eructation, resulting 
in ruminal tympany 

Changes in rumen content 

Marked decrease (<5) or increase (>8) in pH of ruminal fluid; 
engorgement with carbohydrates or protein-rich feeds 

Inhibition of primary and secondary cycle movement and lack of fermentation; 
transfer ruminal fluid from a healthy animal promotes return to normal activity 

Absence of protozoa in ruminal acidosis and in lead and other 
chemical poisoning 


Changes in body water, electrolytes and acid-base balance 

Hypocalcemia 

Dehydration and electrolyte losses, acidosis, and alkalosis 

Inhibition of primary and secondary cycle movements and of eructation, resulting 
in ruminal tympany which responds to treatment with calcium 

Peritonitis 

Traumatic reticuloperitonitis 

Inhibition of primary and secondary cycle movements and of eructation, resulting 
in ruminal tympany; return of primary movements is good prognostic sign; 
lesions must heal without involvement of nerve receptors or adhesions that 
will interfere with normal motility 

Toxemia/fever 

Peracute coliform mastitis 

Acute bacterial pneumonia 

Inhibition of primary and secondary cycle movements, which return to normal 
with treatment of endotoxemia 

Ruminal distension 

Early ruminal tympany 

Increased frequency of secondary cycle movements and of eructation 

Covering of cardia (fluid or form) 

Ruminal tympany 

Recumbent animal 

Cardia does not open; failure of eructation, resulting in ruminal tympany; 
clearance of cardia results in eructation 

Most of the sensory inputs are transmitted to gastric centers in the dorsal vagal 
motor nerve fibers. 

Source: modified from Leek BF. Vet Rec 1969; 84:238. 

nerve nuclei from which the efferent outputs originate and pass down the vagal 









volume, leading to a prolonged increase in 
forestomach motility. 

Buccal receptors, which are stimulated 
during feeding, are also excitatory to the 
gastric center. These are mechanoreceptors, 
and their effect is mediated by the trigeminal 
nerve. This reflex increases the rate of 
primary contractions only but is short-lived 
and wanes with time. The stimulatory 
response of feeding also has a higher brain 
center component: the sight of feed can 
increase the frequency of primary contrac¬ 
tions by 50% during a period of 4 to 5 
minutes. Rumination, in comparison with 
feeding, is accompanied by a lower than 
normal primary contraction rate. 

Other relatively minor excitatory inputs 
to the gastric center include milking, envi¬ 
ronmental cold, and a decrease in abomasal 
pH. Milking or udder massage of dairy goats 
markedly increases the frequency and 
strength of primary contractions. In a cold 
environment, the ruminant increases the fre¬ 
quency of forestomach contractions, maxi¬ 
mizing the fermentation rate and helping to 
maintain body temperature. 

Inhibitory Inputs to the 
Gastric Center 

The four most important inhibitory inputs to 
the gastric center are fever, pain, moderate 
to severe rumen distension, and increased 
ruminal volatile fatty acid concentrations. 

Fever 

Fever has been associated with decreased 
rumen motility. Endogenous pyrogens may 
cause prolonged forestomach hypomotility 
or atony often seen in cattle with endotox- 
emia caused by bacterial infections. Pyro¬ 
gens directly affect the gastric center in the 
hypothalamus, and opioid receptors mediate 
their action. 

Endotoxemia 

Endotoxemia is common in cattle and often 
associated with fever, anorexia, and rumen 
atony. Inhibition of forestomach motility 
during endotoxemia is thought to be a 
combination of two different pathways: 
a prostaglandin-associated mechanism and a 
temperature-independent mechanism. The 
former can be attenuated by administration 
of nonsteroidal antiinflammatory drugs 
(NSAIDs). Therapy for endotoxin-induced 
hypomotility or atony includes the use of 
antimicrobials for the underlying cause of 
the inflammation and NSAIDs for the effects 
of the endotoxemia. 

Pain 

Pain may be associated with rumen hypo¬ 
motility or atony. Painful stimuli act directly 
on the gastric center, although modification 
of reticulorumen motility in response to 
painful stretching of viscera can be partially 
attributed to catecholamine release. The 
sympathetic nervous system response to 
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pain can also stimulate splanchnic motor 
nerves, directly inhibiting reticulorumen 
motility. 

Because of their stoic nature, the only 
clinical evidence of pain in ruminants may 
be anorexia and depressed forestomach 
motility. Prostaglandins have been impli¬ 
cated in increasing the sensitivity to pain 
both locally and centrally, and NSAIDs are 
indicated for alleviation of pain associated 
with inflammation. Other analgesics are of 
limited usefulness in the treatment of pain- 
induced forestomach hypomotility. Xylazine, 
an excellent sedative-analgesic for rumi¬ 
nants, causes a dose-dependent inhibition of 
reticulum contractions. 

Distension of Forestomach 
Moderate to severe forestomach distension 
exerts an inhibitory influence on reticuloru¬ 
men motility. Epithelial receptors located in 
the ruminal pillars and papillae of the reticu¬ 
lum and cranial rumen sac respond to 
mechanical stimulation (stretch) as well as 
changes in ruminal volatile fatty acid con¬ 
centration. These receptors, also known as 
high-threshold tension receptors, are stimu¬ 
lated continuously during severe rumen dis¬ 
tension. The opposing actions of low- and 
high-threshold tension receptors help to 
control the fermentation process and main¬ 
tain an optimum reticuloruminal volume. A 
good example of their activities is the motil¬ 
ity changes evident with some forms of vagus 
indigestion. 

Ruminal Volatile Fatty Acids 
The ruminal volatile fatty acid concentration 
also influences forestomach motility. Epithe¬ 
lial receptors detect the concentration of 
nondissolved volatile fatty acids in ruminal 
fluid, which is normally high enough to 
produce a tonic inhibitor input to the gastric 
center. Volatile fatty acids in the reticuloru¬ 
men exist in both the dissociated and non- 
dissociated forms, with the degree of 
ionization governed by the rumen pH and 
the logarithm to the base 10 of the equilib¬ 
rium acid dissociation constant (pKa) of 
each particular acid. Ruminal atony in 
animals with lactic acidosis results from 
elevated levels of nondissociated volatile 
fatty acids in ruminal fluid, with the decrease 
in rumen pH changing more of the volatile 
fatty acids into a nondissociated form. Sys¬ 
temic acidosis does not appear to contribute 
to ruminal atony, although increased volatile 
fatty acid concentrations in the abomasum 
may reduce forestomach motility. 

Abomasal Disease 

Diseases of the abomasum influence fore¬ 
stomach motility. Abomasal distension may 
contribute to the decreased forestomach 
motility often observed with abomasal 
volvulus (AV), impaction, or right-side 
dilatation. Abomasal tension receptors 
detect overfilling and reflexively decrease 


reticuloruminal movements, reducing the 
rate of flow of ingesta into the abomasum. 
Ruminal hypomotility is not always observed 
in left-side displacement of the abomasum 
even though appetite may be decreased. 

Effect of Depressant Drugs 
General anesthetics and other depressant 
drugs acting on the central nervous system 
also inhibit reticulorumen motility by a 
direct effect on the gastric center. 

Acid-Base Imbalance and 
Blood Glucose 

Reticulorumen activity can be inhibited 
by alterations in blood pH, electrolyte 
imbalances, deprivation of water, and 
hyperglycemia. 

Hormonal Control of 
Primary Contractions 
Forestomach motility can be influenced by 
the action of hormones. Both cholecystoki- 
nin and gastrin can reduce feed intake and 
forestomach motility observed in sheep with 
certain intestinal nematodes. 

Intrinsic Control of 
Primary Contractions 

The contribution of intrinsic smooth muscle 
tone to forestomach motility is not 
well understood. Intrinsic contractions are 
involved in maintaining normal reticuloru¬ 
men tone, directly influencing the discharge 
of low-threshold tension receptors to the 
gastric center. Calcium is required for 
smooth muscle contraction, and hypocalce¬ 
mia will usually cause ruminal atony. The 
administration of calcium borogluconate to 
cattle, sheep, and goats with hypocalcemia 
will restore rumen motility, and eructation 
commonly occurs after the intravenous 
administration of the calcium. 

Treatment of Forestomach 
Hypomotility 

Anorexia and forestomach hypomotility 
usually exist together. Reduced feed intake 
reduces the two primary drives for reticulo¬ 
rumen activity: moderate forestomach dis¬ 
tension and chewing activity. A wide variety 
of drugs have been used for many years to 
induce forestomach motility with the aim 
of stimulating anorexic cattle with fore¬ 
stomach hypomotility to begin eating. Most 
if not all of these drugs have been unsuc¬ 
cessful. Ruminatorics such as nux vomica, 
gentian, and tartar given orally have not 
been effective, but ginger shows potential 
promise as a prokinetic in cattle (see section 
on simple indigestion elsewhere in this 
chapter). Parasympathomimetics, such as 
neostigmine or carbamylcholine, should 
not be used to treat forestomach atony. 
Neostigmine requires vagal activity to be 
effective and therefore cannot incite normal 
primary contractions in atonic animals. 
Neostigmine may increase the strength 
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of a primary contraction without altering 
rhythm or coordination. Carbamylcholine 
causes hypermotility in sheep, but the con¬ 
tractions are uncoordinated, spastic, and 
functionless. 

Any effective drug must be able to induce 
forestomach motility in a coordinated 
sequence so that the ingesta move through 
the reticuloomasal orifice, into the omasum, 
out of the omasum, and into the abomasum, 
and out of the abomasum into the small 
intestine. This means that there must be a 
coordinated sequence of contractions and 
relaxations of sphincters. 

Secondary Cycle Contraction 
and Eructation 

Secondary cycles are contractions that 
involve only the rumen and are associated 
with the eructation of gas. They occur 
independently of the primary cycle con¬ 
tractions and usually less frequently (about 
once every 2 minutes). The contraction rate 
depends on the gas or fluid pressure in the 
dorsal sac of the rumen. Secondary cycles 
can be inhibited by severe distension of the 
rumen. 

Normally, the dorsal sac of the rumen 
contains a pocket of gas composed of C0 2 , 
N 2 , and CH 4 . Gas is produced at a maximum 
rate of 1 L/min in cattle, with the rate 
depending on the speed of microbial degra¬ 
dation of ingesta. Eructation occurs during 
both primary and secondary contraction 
cycles, but most gas is removed during the 
latter. Eructation is capable of removing 
much larger quantities of gas than is pro¬ 
duced at the maximum rates of fermentation; 
therefore free gas bloat does not occur 
because of excessive gas production but 
rather from insufficient gas elimination. 

Ruminal contractions are essential for 
eructation. Tension receptors in the medial 
wall of the dorsal ruminal sac initiate the 
reflex by means of the dorsal vagus nerve. 
Contractions begin in the dorsal and cau- 
dodorsal ruminal sacs and spread forward to 
move the gas cap ventrally to the cardia 
region. Contraction of the reticuloruminal 
fold is necessary to stop fluid from moving 
forward to the reticulum and covering the 
cardia. Receptors in the cardia region detect 
the presence of gas; the cardia remains firmly 
closed if fluid or foam (as in frothy bloat) 
contacts it. Injury to the dorsal vagal nerve 
decreases the efficiency of eructation but 
either the ventral or dorsal vagus nerve alone 
can initiate enough eructation activity to 
prevent bloat. 

Despite the presence of normal second¬ 
ary contractions, eructation may not occur 
in recumbent animals when the cardia is 
covered with fluid. Bloat is often observed in 
ruminants in lateral recumbency. Eructation 
occurs after the animal stands or attains 
sternal recumbency as fluid moves away 
from the cardia. Bloat can also result from 
peritonitis, abscesses or masses that distort 


the normal forestomach anatomy, and pre¬ 
venting active removal of fluid from the 
cardia region. Esophageal obstructions asso¬ 
ciated with intraluminal, intramural, or 
extraluminal masses are a common cause of 
free gas bloat. Passage of a stomach tube 
usually identifies these abnormalities, and 
forestomach motility is unimpaired unless 
the vagal nerve is damaged. 

Bloat is often observed in cattle with 
tetanus. Distension of the rumen is usually 
not severe and can be accompanied by strong 
and regular ruminal contractions. Because 
the ruminant esophagus is composed of stri¬ 
ated muscle throughout its length, tetanus- 
associated bloat may be caused by spasm of 
the esophageal musculature. 

Persistent mild bloat is often observed in 
ruminants that have rumen atony or hypo- 
motility secondary to systemic disease. 
Although the fermentation rate is lower than 
normal in these cases, ruminal contractions 
are not strong enough to remove all the gas 
produced. The bloat usually requires no 
treatment and resolves with return of normal 
forestomach motility. 

Secondary contractions cannot be distin¬ 
guished from primary contractions by aus¬ 
cultation of the left paralumbar fossa only, 
unless a synchronous belch of gas is heard. 
However, primary contractions can be iden¬ 
tified by simultaneous palpation of the left 
paralumbar fossa and auscultation with the 
stethoscope over the left costochondral junc¬ 
tion between the seventh and eighth ribs. 
Reticular contractions indicating the begin¬ 
ning of a primary contraction can be heard 
followed by contraction of the dorsal sac and 
lifting of the paralumbar fossa. 

Secondary contractions are relatively 
autonomous and are not subject to the same 
central excitatory and/or inhibitory influ¬ 
ences as are primary contractions. Agents 
that inhibit reticulorumen motility by a 
central action have a lesser effect on eructa¬ 
tion than on primary contraction cycles. 
However, high doses of xylazine can inhibit 
secondary contractions, and the duration of 
inhibition is dose dependent. 

No drugs are yet available to improve sec¬ 
ondary contractions as a means of treating 
bloat. Severe bloat usually arises from 
mechanical or diet-related causes, and 
therapy should be directed specifically to 
those causes. 

Rumination 

Rumination is a complex process and con¬ 
sists of the following: 

• Regurgitation 

• Remastication 

• Insalivation 

• Deglutition 

Rumination is initiated by the rumination 
center close to the gastric center in the 
medulla oblongata. Rumination allows 
further physical breakdown of feed with the 
addition of large quantities of saliva and is an 


integral part of ruminal activity. The time 
devoted to rumination is determined by the 
coarseness of ruminal contents and the 
nature of the diet. Rumination usually com¬ 
mences 30 to 90 minutes after feeding and 
proceeds for 10 to 60 minutes at a time, 
resulting in up to 7 hours per day spent on 
this activity. 

The epithelial receptors located in the 
reticulum, esophageal groove area, reticulo¬ 
rumen fold, and ruminal pillars detect coarse 
ingesta and initiate rumination. The recep¬ 
tors can be activated by increases in volatile 
fatty acid concentration, stretching, and 
mechanical rubbing. 

An intact dorsal or ventral vagus nerve 
is necessary for regurgitation to proceed. 
Regurgitation is associated with an extra 
contraction of the reticulum immediately 
preceding the normal reticular biphasic con¬ 
traction of the primary cycle. The glottis is 
closed, and an inspiratory movement lowers 
the intrathoracic pressure. The cardia then 
relaxes, and the distal esophagus fills with 
ingesta. Reverse peristalsis moves the bolus 
up to the mouth in which it undergoes 
further mastication. Abnormal rumination 
can occasionally result in “dropped cuds,” 
during which the regurgitated bolus is 
dropped on the ground (Fig. 8-1). 

The usual causes for a reduction or 
absence of rumination are the following: 

• Reticulorumen hypomotility or atony 

• Central nervous system depression 

• Excitement, pain, or both 

• Liquid ruminal contents such as a 

high-concentrate diet with no coarse 

fiber 

• Mechanical injury to the reticulum 

(peritonitis) 

Other less common causes include chronic 
emphysema (difficulty in creating a negative 
thoracic pressure) and extensive damage to 
the epithelial receptors that incite the reflex, 
as occurs in rumenitis. 

Reticulorumen motility is required for 
rumination to proceed. The extra reticular 
contraction is not essential for regurgitation 
because fixation or removal of the reticulum 
does not prevent rumination from occur¬ 
ring. Rumination can be easily inhibited by 
higher brain centers, as disturbance of a 
ruminating cow often stops the process and 
is absent when animals are stressed or in 
pain. Milking commonly elicits rumination 
in cows and goats. 

Pharmacologic stimulation of regurgita¬ 
tion is not attempted. 

Esophageal Groove Closure 

The esophageal groove reflex allows milk in 
the sucking preruminant to bypass the fore¬ 
stomach and directs milk from the esopha¬ 
gus along the reticular groove and omasal 
canal into the abomasum. Milk initiates the 
reflex by chemical stimulation of receptors in 
the oral cavity, pharynx, and cranial esopha¬ 
gus. Once the reflex is established in neonatal 
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Closure of the esophageal groove in cattle 
younger than 2 years of age can be induced by 
solutions of sodium chloride, sodium bicar¬ 
bonate, or sugar. From 100 to 250 mL of 10% 
solution of sodium bicarbonate induces 
esophageal groove closure in 93% of cattle 
immediately and it lasts for 1 to 2 minutes. 
Any other oral solution administered during 
this time is directed into the abomasum to 
avoid dilution in the rumen. Closure of the 
groove may be used to treat abomasal ulcers 
if magnesium hydroxide or kaolin-pectin 
solutions are given orally immediately after a 
sodium bicarbonate solution. 


Fig. 8-1 A and B, Two-year-old Flolstein Friesian heifer demonstrating dropped cuds while 
being retained in a head-gate. The heifer had a tooth root abscess. 


ruminants, sensory stimuli (visual, auditory, 
and olfactory) can cause esophageal groove 
closure without milk contacting the chemo- 
receptors. This occurs in calves teased with 
milk or given water in an identical manner 
to which the calf previously received milk. 
The esophageal groove reflex continues to 
operate during and after the development of 
a functional rumen, provided the animal 
continues to receive milk. 


Liquid administered to calves with an 
esophageal feeder (tube) does not cause 
groove closure. In calves younger than 3 
weeks of age, overflow of liquid from the 
rumen into the abomasum begins when 
400 mL of liquid are given. Thus if the goal 
of oral feeding is to ensure that fluid admin¬ 
istration by esophageal tube rapidly enters 
the abomasum, more than 400 mL of liquid 
must be given. 


RUMINANT GASTROINTESTINAL 
DYSFUNCTION 

Clinical findings that suggest primary rumi¬ 
nant gastrointestinal dysfunction include the 

following: 

• Inappetence to anorexia, failure to 
ruminate. 

• Dropping regurgitated cuds (see 
Fig. 8-1) occurs occasionally and is 
associated with teeth abnormalities 
including tooth root abscess, straw 
impaction of the rumen, vagus 
indigestion, esophageal dilatation, and 
rumenitis. 

• Visible distension of the abdomen, 
which may be asymmetric or 
symmetric, dorsal or ventral, or both. 
Distension of the left dorsal abdomen 
because of ruminal tympany is most 
common. 

• The abdomen may appear gaunt or 
empty. 

• The rumen may feel abnormal 
on palpation through the left 
paralumbar fossa. It may feel more 
doughy than normal, distended with 
gas, fluid filled, or it may not be 
palpable. 

• Ruminal atony or hypermotility 
observed visually and detectable on 
auscultation and palpation. 

• Abdominal pain is usually subacute and 
characterized by humping of the back, 
reluctance to move, or acute colicky 
signs of kicking at the abdomen and 
stretching. Pain may also be detectable 
on deep palpation of the abdomen if 
there is peritonitis, either local or 
diffuse. 

• Abnormal feces: they may be absent, 
reduced in amount or voluminous, and 
the composition may be abnormal. In 
carbohydrate engorgement the feces are 
usually increased in amount and are 
sweet-sour smelling. In most other 
diseases of the ruminant stomachs the 
feces are reduced in amount (scant), are 
pasty and foul-smelling, and appear 
overdigested because of the increased 
transit time in the alimentary tract. A 
complete absence of feces for 24 to 
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48 hours is not uncommon with 
diseases of the ruminant stomach and 
may be confused with an intestinal 
obstruction or the earliest stages of 
hypocalcemia in a recently calved 
mature cow, 

• The temperature, heart rate, and 
respirations are variable and may be 
within normal ranges. With an 
inflammatory lesion such as acute 
peritonitis, a fever is usually present. 
In acute diffuse peritonitis with 
toxemia, the temperature may be 
normal or subnormal; in subacute and 
chronic peritonitis the temperature is 


usually normal. In most other diseases 
of the ruminant stomachs except 
carbohydrate engorgement and 
abomasal volvulus, in which 
dehydration, acidosis and gastric 
infarction occur, vital signs may be 
within the normal range. 

The differential diagnosis of the diseases 
associated with gastrointestinal dysfunction 
in cattle is summarized in Table 8-2. 

In contrast with most other parts of the 
ruminant alimentary tract, and with the 
stomach of nonruminants, specific lesions of 
the mucosa of the forestomachs are uncom¬ 
mon. Penetration of the reticular wall by 


metallic foreign bodies is a common disease 
and is dealt with under the heading of trau¬ 
matic reticuloperitonitis, but it is peritonitis 
that causes interference with ruminal motil¬ 
ity. Rarely, there are actinomycotic or neo¬ 
plastic lesions at the fundus of the reticulum 
that interfere with the proper functioning of 
the esophageal groove and lead to a syn¬ 
drome of vagus indigestion described later. 
Rumenitis is common but only as a second¬ 
ary change in acute carbohydrate engorge¬ 
ment and it is this that has such damaging 
effects on gut motility and fluid and electro¬ 
lyte status and eventually kills most cows. 
The rumenitis may have a long-term effect 


Table 8-2 Differential diagnosis of causes of gastrointestinal dysfunction of cattle 

Disease 

Epidemiology and history 

Clinical findings 

Clinical pathology 

Response to treatment 

Simple indigestion 

Dietary indiscretion, too much 
of a palatable, or 
indigestible, or change of, 
or damaged, or frozen 
food; can be outbreak. 

Consumption of excessive 
quantities of finely chopped 
straw 

Simple gastrointestinal atony 

Voluminous feces during recovery 

Gross distension of the rumen and 
abdomen in straw impaction 

All values normal 

Slight changes in ruminal 
acidity, should be 
self-buffered 

Simple indigestion 

Excellent just with time 

Usually a mild purgative 
Rumenotomy necessary in 
case of straw impaction 

Carbohydrate 

engorgement 

Access to a large amount of 
readily fermentable 
carbohydrate when not 
accustomed; enzootic in 
high-grain rations in 
feedlots 

Severe gastrointestinal atony with 
complete cessation of ruminal activity 
Fluid splashing sounds in rumen 

Severe dehydration, circulatory failure 
Apparent blindness, then recumbency and 
too weak to rise 

Soft odoriferous feces 

Flemoconcentration with 
severe acidosis, pH of 
rumen juice <5, serum 
phosphorus concentration 
up to 3-5 mmol/L, serum 
calcium levels depressed 

No living protozoa in rumen 

Intensive intravenous fluid 
and electrolyte therapy 
necessary for survival 
Rumenotomy or rumen 
lavage may be necessary 
Alkalinizing agents 

Ruminal tympany 

Frothy bloat on lush legume 
pasture or low-roughage 
feedlot ration, especially 
lucerne hay 

Free gas bloat secondary, 
occasionally primary on 
preserved feed 

Gross distension of abdomen, especially 
high up on left. 

Sudden onset 

Severe pain and respiratory distress. 

Rumen hypermotility initially 

Liquid feces 

Resonance on percussion over rumen 

None 

Excellent if in time; stomach 
tube for free gas 
Froth-dispersing agent in 
frothy bloat 

Severe cases may require 
trocarization or emergency 
rumenotomy 

Acute traumatic 
reticuloperitonitis 

Exposure to pieces of metal. 
Sporadic; usually adult cattle 

Sudden-onset reticulorumen atony, mild 
fever 

Pain on movement and deep palpation of 
ventral abdomen caudal to xiphoid 
Reduced amount of feces 

Lasts 3 days, then improvement begins 

Neutrophilia and shift to left 
If no recovery after 3 days 
consider rumenotomy 

Good response to 
antimicrobials for 3 days, 
magnet, immobilize in 
stall 

Chronic traumatic 
reticuloperitonitis 

Previous history of acute local 
peritonitis 

Inappetence to anorexia; loss of weight; 
temperature, heart rate and respirations 
normal; rumen small and atonic, 
chronic moderate bloat common, feces 
scant, grunt may be detectable on 
deep palpation over xiphoid, reticular 
adhesions on laparotomy 

Hemogram depends on 
stage and extent of 
inflammation 

Antimicrobials for several 
days 

Consider rumenotomy 

Small percentage will 
respond 

Vagus indigestion 

May or may not have history 
of acute local peritonitis. 

Inappetence and progressive 
distension of abdomen 
during late pregnancy and 
no response to treatment 
with laxatives 

Progressive distension of abdomen, scant 
soft sticky feces containing undigested 
feed, anorexia, rumen distended with 
well-macerated and frothy contents, 
persistent moderate bloat, hypermotile 
initially and atonic later, temperature 
normal, heart rate variable, large 
L-shaped rumen rectally, abomasal 
impaction in some, marked loss of 
weight, eventual recumbency, 
dehydration and weakness 

Varying degree of 
dehydration, alkalosis, 
hypochloremia, and 
hypokalemia; increase in 
rumen chloride 

Inadequate response to 
treatment medically or 
surgically 

Mild cases near term may 
respond spontaneously 
following parturition 
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Table 8-2 Differential diagnosis of causes of gastrointestinal dysfunction of cattle— 

-cont'd 


Disease 

Epidemiology and history 

Clinical findings 

Clinical pathology 

Response to treatment 

Jejunal hemorrhage 

Sporadic cases, sometimes 

Anorexia, abdominal discomfort, 

Dehydration, 

Surgical treatment is 

syndrome 

several in one herd over a 
few months. 

History of sudden death or 
decreased milk production, 
anorexia, dark tarry feces, 
abdominal distension 

High-producing lactating dairy 
cattle, and beef cows. 
Clostridium sp. may be 
factor 

depression, abdominal distension, ping 
or fluid splashing sounds on 
ballottement over right abdomen, 
melena and distended loops of 
intestines on rectal examination. 

Black tarry feces 

hypochloremia, 
hypokalemia fluid and 
electrolyte therapy, and 
surgery to remove 
damaged jejunum and 
obstructive luminal 
blood dot 

occasionally successful if 
very early in disease 
course, but generally 
prognosis of affected 
cows is very poor 

Rumen collapse 
syndrome 

Diseases causing complete 
anorexia, fever, and 
toxemia for several days 

Rectangular-shaped "pong" (low-pitched 
tympanitic sound) in left paralumbar 
fossa; rumen pack not easily palpable 
through abdominal wall; on rectal 
examination can feel collapsed dorsal 
sac of rumen 

None 

Treat primary disease causing 
anorexia and ruminal 
stasis 

Rumen transfaunation often 
beneficial if primary cause 
identified and treated 

Early hypocalcemia 

Usually within 48 h following 
parturition in mature dairy 
cow 

Anorexia, rumen hypotonic or atonic, 
scant or absence of feces for 12-24 h, 
temperature normal, heart rate 
increased and possibly arrhythmia, still 
milking and may appear normal in all 
other aspects 

Total serum calcium 
<1.5 mmol/L 

Good response to calcium 
administered intravenously 
or subcutaneously 

May require several hours to 
return to normal 

Abomasal 

Excessive intake of poor- 

Anorexia, moderate abdominal distension. 

Alkalosis, hypochloremia, 

Excellent response to 

impaction 

quality roughage during 

weight loss, scant feces, weak. 

hypokalemia, and 

surgical treatment if 

(dietary) 

cold weather outbreaks; 
cattle eating crops 
contaminated with sand or 
small stones 

recumbent 

Abomasum palpable through abdominal 
wall or rectally 

dehydration 

impaction confined to 
pyloric antrum 

High case-fatality rate in 
advanced cases 

Fluids, laxatives 

Slaughter for salvage may 
be indicated 

Left displaced 
abomasum 

High-level grain diets, 
immediately postpartum, 
dairy cows, inactivity 

Acetonemia in cow within days after 
parturition, inappetence, feces soft and 
amount variable (usually reduced) 
Ketonuria 

Rumen sounds present but faint 

Ping on percussion and auscultation of 
left upper abdomen between the 9th 
and 12th ribs and paralumbar fossa 

Ketonuria 

Excellent response following 
surgical correction unless 
concurrent hepatic 
lipidosis 

Right displaced 

Usually 2-4 weeks 

Anorexia, scant feces, reduced milk 

Alkalosis, hypochloremia. 

Some recover spontaneously 

abomasum 

postpartum 

production, moderate dehydration, 
rumen sluggish, fluid-filled viscus under 
right costal arch, ping over large area; 
tense viscus palpable per rectum in 
right lower quadrant, progressive and 
commonly results in volvulus 

hypokalemia 

Calcium borogluconate 
intravenously and hay 
diet 

Surgery is immediately 
indicated. 

Prognosis good if treated 
early. 

Fluid therapy 

with medical therapy, but 
cannot definitively 
differentiate from 
abomasal volvulus without 
abdominal surgery. 

Abomasal volvulus 

Sequel to RDA 

History of right displaced abomasum 
followed by sudden onset of acute 
abdominal pain, distension of right 
abdomen, loud ping 

Distended tense abomasum palpable per 
rectum in right lower quadrant, marked 
circulatory failure, weakness, 
bloodstained feces, death in 48-60 h if 
not treated surgically 

Dehydration alkalosis, 
hypochloremia 

Laparotomy and 
omentopexy, 
abomasotomy and 
drainage only if 
abomasum cannot be 
safely returned to its 
normal anatomic location 
Survival rate at least 75% if 
treated early 

Fluid therapy required 

Primary acetonemia 
(wasting form) 

Insufficient intake of energy 
in early lactation 

Dullness, anorexia, reduced feces, lose 
body condition, milk yield down 

Rumen activity depressed 

Ketonuria and hypoglycemia 

Dextrose intravenously and 
propylene glycol orally, or 
intramuscular 
corticosteroids 

Usually excellent response 


Continued 
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Table 8-2 Differential diagnosis of causes of gastrointestinal dysfunction of cattle— 

-cont'd 


Disease 

Epidemiology and history 

Clinical findings 

Clinical pathology 

Response to treatment 

Acute intestinal 
obstruction 

Often no particular history 

Sudden onset, short period acute 
abdominal pain 

Kicking at belly, rolling 

Complete anorexia, failure to drink, and 
alimentary tract stasis. 

Progressive dehydration 

Distended loops of intestine may be 
palpable 

Gray to red foul-smelling rectal contents 

Progressive dehydration and 
hemoconcentration over 
3-4 days 

Surgery is necessary 

Idiopathic paralytic 
ileus 

Few days postpartum, may be 
change in diet 

Anorexia, complete absence of feces for 
24-48 h; may detect ping over right 
flank 

None 

Usually recover 
spontaneously 

Obstruction of 

Single animal usually 

Sudden onset acute abdominal pain 

Hypochloremia, 

Depends on nature of 

small intestine 

Area prevalence may be high 

Attack brief, often missed; then anorexia, 

hypokalemia, severity 

phytobezoar: dense fiber 

by phytobezoar 

some years 

Depends on frequency of 
fibrous plants, e.g., 

Romulea spp. 

ruminal stasis, heart rate increases to 

120 beats/min over 3-4 days 

Abdomen distends moderately, splashing 
sounds and tympany right flank 

Rectal examination shows distended loops 
of intestine if obstruction in distal small 
intestine, may feel 5- to 6-cm diameter 
fiber ball; feces pasty, gray-yellow, 
foul-smelling, small amount only 
Untreated and fatal cases have course of 
4-8 days 

depends on location 

balls require surgery, 
crumbly masses may pass 
after mineral oil for 
several days 

Abomasal ulcer 

Soon after (2 weeks) 
parturition 

High producers on heavy 
grain feed 

In intensive feeding systems 
disease is becoming 
enzootic in some areas 

Gastrointestinal atony with melena and 
pallor 

May be sufficient blood loss to cause 
death; prompt recovery after 4 days 
more likely 

Perforation and rupture of ulcer leads to 
death in a few hours 

Melena or occult blood in 
feces 

On perforation with local 
peritonitis may be 
leukocytosis and left shift 
Anemia caused by 
hemorrhage 

Alkalinizing agents orally 
Surgery if medical treatment 
unsuccessful 

Pregnancy toxemia 

Fat beef cattle deprived of 

Complete anorexia, rumen stasis, scant 

Ketonia, increase in 

Poor response to therapy 

of beef cattle 

feed in last month of 
pregnancy 

Commonly have twin 
pregnancy 

feces, ketonuria, weak and commonly 
recumbent 

nonesterified fatty acids, 
ketonuria, increase in liver 
enzymes 

Fluids, anabolic steroids, 
insulin 

Fatty liver (fat cow) 

Fat dairy cow, a few days 

Complete anorexia, rumen stasis, almost 

Ketonemia, increase in liver 

Poor response to therapy in 

syndrome 

following parturition or 
may have had LDA for 
several days 

no milk yield, ketonuria initially but 
may have more later 

enzymes 

cattle that are not eating 
Oral propylene glycol, 
intravenous glucose, 
intramuscular 
corticosteroids 

Cecal dilatation or 

Single case 

Systemically normal 

Nothing diagnostic, but has 

Good response to surgical 

cecocolic 

Dairy cow, early lactation, 

Rumen only slightly hypotonic, high- 

hemoconcentration, 

correction 

volvulus 

inappetence, feces may be 
scant 

Severe cases have history of 
mild abdominal pain 

pitched ping on percussion over right 
upper flank, which may be distended 
Rectally enlarged cylindrical movable 
cecum with blind end can be felt 

compensated 
hypochloremia, 
hypokalemia, and 
alkalosis 

Unfavorable prognosis with 
severe volvulus and 
gangrene of apex 

Acute diffuse 
peritonitis 

Following acute traumatic 
reticuloperitonitis, uterine 
rupture at parturition, 
rupture of rectum, 
postsurgical 

Acute toxemia, fever followed by 
hypothermia, weakness, tachycardia, 
recumbency, groaning, moderate 
distension, scant feces; palpate 
fibrinous adhesions rectally 

Leukopenia, neutropenia, 
degenerative left shift 
Hemoconcentration 
Paracentesis positive 

Usually die 

Chronic ruminal 
tympany in 
feeder calves 

Beef calves 6-8 months of 
age following weaning; 
feeder cattle after arrival in 
feed lot 

Chronic free-gas bloat, relapses after 
treatment, no other clinical findings 

None 

Good response to surgical 
ruminal fistula or insertion 
of corkscrew-type trocar 
and cannula left in place 
for a few weeks 

Omasal impaction 

Uncommon 

Single cases in pregnant cows 
with vagus indigestion 
Feedlot cattle with abomasal 
impaction dietary in origin 

Inappetence to anorexia 

Scant feces, abdominal distension 

Rectally, large distended round hard viscus 
below kidney can be felt 

None 

Effectively impossible to 
confirm diagnosis without 
exploratory laparotomy 
Slaughter for salvage 

Treat for abomasal impaction 
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on ruminal motility, but its main significance 
is as a portal for infection leading to the 
development of hepatic abscesses. Ingested 
animal hairs, plant spicules, and fibers are 
also credited with causing rumenitis, but no 
clinical signs have been associated with the 
lesions. Because of the high prevalence of 
rumenitis lesions in cattle on heavy concen¬ 
trated feed, especially when the feed is awned 
barley, the awns have been incriminated as 
traumatic agents. In acute arsenic poisoning 
there is an early postmortem dehiscence of 
the ruminal mucosa but no apparent lesions 
during life. 

Other lesions of the forestomachs are 
parakeratosis, discussed later in this chapter, 
and villous atrophy, sometimes encountered 
in weanling ruminants on special diets low 
in fiber, even succulent young pasture, but 
these are not known to influence stomach 
function or motility. The factors that princi¬ 
pally affect ruminal motility are those chemi¬ 
cal and physical characteristics of its contents 
that are dealt with in simple indigestion and 
acute carbohydrate engorgement. Lesions in, 
and malfunctioning of, the abomasum are 
much more akin to abnormalities of the 
stomach in monogastric animals. 

Some of the physiologic factors that affect 
reticulorumen function and the clinical 
factors, which cause reticulorumen dysfunc¬ 
tion, are summarized in Table 8-1. When 
reticulorumen hypomotility is present, the 
problem is to decide if the cause is directly 
associated with the forestomach and aboma¬ 
sum, or both, or other parts of the alimentary 
tract, or if the cause is from an abnormality 
of another system. Differentiation requires 
a careful clinical examination, including 
simple laboratory evaluation of the rumen 
contents. 

The factors that affect the motility of the 
rumen are presented in the section on simple 
indigestion, as are the principles of treatment 
in cases of ruminal atony. 
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Special Examination of 
the Alimentary Tract and 
Abdomen of Cattle 

When gastrointestinal dysfunction is sus¬ 
pected, a complete special clinical and labo¬ 
ratory examination may be necessary to 
determine the location and nature of the 


lesion. A systematic method of examination 
is presented here. 

HISTORY 

A complete history with as much detail as is 
available should be obtained. The stage of the 
pregnancy-lactation cycle, days since partu¬ 
rition, the nature of the diet, the speed of 
onset, and the duration of illness may suggest 
diagnostic possibilities. An accurate descrip¬ 
tion of the appetite will suggest if the disease 
is acute or chronic. The previous treatments 
used and the response obtained as well as any 
evidence of abdominal pain and its charac¬ 
teristics should be determined. The nature 
and volume of the feces may suggest enteritis 
or alimentary tract stasis. 

SYSTEMIC STATE, HABITUS, 

AND APPETITE 

The vital signs indicate the severity of the 
disease and suggest whether it is acute, 
subacute, or chronic. In acute intestinal 
obstruction, AV, acute diffuse peritonitis, 
and acute carbohydrate engorgement, the 
heart rate may be 100 to 120 beats/min and 
dehydration is usually obvious. Pallor of 
the mucous membranes is an indicator of 
alimentary tract hemorrhage, especially if 
there is concurrent melena. If cattle with 
any of these diseases are recumbent and 
unable to stand, the prognosis is usually 
unfavorable. A marked increase in the rate 
and depth of respirations associated with 
alimentary tract disease usually indicates 
the presence of fluid or electrolyte distur¬ 
bances and possible subacute pain. Grunt¬ 
ing or moaning suggests abdominal pain 
associated with distension of a viscus or 
acute diffuse peritonitis. 

The appetite and the presence or 
absence of rumination is very reliable indi¬ 
cators of the state of the alimentary tract, 
including the liver. Complete anorexia per¬ 
sisting for more than 3 to 5 days is unfavor¬ 
able. The return of appetite and rumination 
with chewing of the cud following medical 
or surgical treatment for alimentary tract 
disease is a favorable prognostic sign. 
Persistent inappetence suggests a chronic 
lesion, which usually has an unfavorable 
prognosis. 

ORAL CAVITY AND ESOPHAGUS 

The oral cavity is easily examined by inspec¬ 
tion and manual palpation with the aid of a 
suitable mouth speculum. The patency of the 
esophagus is determined by passage of a 
stomach tube into the rumen through the 
oral cavity, with the aid of a cylindrical metal 
speculum, or through the nasal cavity. The 
cylindrical metal speculum should always 
have a rope or chain handle on one end so 
that the veterinarian can maintain hold of 
the speculum while passing a stomach tube 


into the rumen. Adult cattle can swallow a 
45-cm (18-inch) long metal speculum, and 
then a rumenotomy is required to remove 
the speculum from the thoracic portion of 
the esophagus. 

INSPECTION OF THE ABDOMEN 

The contour or silhouette of the abdomen 

should be examined from the rear and each 
lateral region viewed from an oblique angle. 
Examination of the contour can assist in 
determining the cause of abdominal disten¬ 
sion, which may be unilateral, bilaterally 
symmetric, or asymmetric or more promi¬ 
nent in the dorsal or ventral half. Recogni¬ 
tion of the anatomic region of maximum 
distension suggests diagnostic possibilities, 
which are shown in Fig. 8-2. The differential 
diagnosis of abdominal distension of cattle is 
summarized in Table 8-3. 

DISTENSION OF THE ABDOMEN 

The cause of distension of the abdomen of 
cattle is determined by a combination of the 
following examinations: 

• Inspection of the contour or silhouette 
of the abdomen to determine the region 
of maximum distension. 

• If necessary, relief of rumen contents 
with a stomach tube to determine 
whether the distension is caused by an 
enlarged rumen. The ruminal contents 
can also be examined grossly at the 
same time. 

• Percussion or ballottement and 
simultaneous auscultation to detect 
fluid-splashing sounds indicating the 
presence and location of gas-filled and 
fluid-filled viscera. 

• Palpation per rectum to feel any obvious 
enlargements or abnormalities. 

• Abdominocentesis to determine the 
nature and amount of peritoneal fluid, 
which may indicate the presence of 
ischemic necrosis of intestines or 
peritonitis. 

• Trocarization of severely gas-filled 
distended regions that are impeding 
respiration, such as an AV in a calf. 

LAVAGE OF DISTENDED RUMEN 

In adult cattle presented with severe abdomi¬ 
nal distension caused by gross distension of 
the rumen it is difficult, if not impossible, to 
assess the status of the abdomen. To deter¬ 
mine whether the rumen is distended and/or 
to relieve the pressure, a large-bore stomach 
tube should be passed into the rumen. In 
vagus indigestion, the rumen may be grossly 
distended with fluid contents that will gush 
out through a large-bore tube. In some cases 
100 to 150 L of rumen contents may be 
released. If no contents are released, the con¬ 
tents may be frothy or mushy and the rumen 
end of the tube will plug almost instantly. 
Rumen lavage may then be attempted using 
a water hose to deliver 20 to 40 L of water at 
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E. Dilated rumen 
(vagus indigestion) 





H. Pneumoperitoneum 



I. Right-side abomasum 
dilated/volvulus 



Fig. 8-2 Silhouettes of the contour of the abdomen of cattle, viewed from the rear, with different diseases of the abdominal viscera, a, normal; 
b, left flank filled; c, free-gas bloat; d, frothy bloat; e, dilated rumen (vagus indigestion); f, hydrops; g, paralytic ileus; h, pneumoperitoneum; 

/, right-side abomasal dilation/volvulus; j, abomasal impaction. (From Stober M, Dirksen G. Bovine Pract 1977; 12:35-38.) 


a time, followed by back drainage by gravity 
flow. After the rumen is partially emptied, it 
is usually possible to more accurately assess 
the rumen and the abdomen. 

LEFT SIDE OF ABDOMEN 
AND RUMEN 
Inspection and Palpation 
The primary and secondary cycle contrac¬ 
tions of the reticulorumen are identified by 
simultaneous auscultation, palpation, and 
observation of the left paralumbar fossa and 
the left lateral abdominal region. During 
contractions of the rumen there is an alter¬ 
nate rising and sinking of the left paralumbar 
fossa in conjunction with abdominal surface 
ripples. The ripples reflect reticulorumen 
contractions and occur during both the 
primary (or mixing) cycle contraction and 
the secondary (or eructation) cycle contrac¬ 
tions. As the left paralumbar fossa rises 
during the first part of the primary cycle con¬ 
traction, there are two horizontal ripples that 
move from the lower left abdominal region 
up to the paralumbar fossa. When the para¬ 
lumbar fossa sinks, during the second part of 
the primary cycle, the ripple moves ventrally 
and fades out at the lower part of the left 
abdominal region. Similar ripples follow up 
and down after the rising and sinking of the 


paralumbar fossa associated with the sec¬ 
ondary cycle movements. 

In early vagus indigestion, there may be 
three to five vigorous incomplete contrac¬ 
tions of the reticulorumen per minute. These 
contractions may not be audible because the 
rumen contents are porridge-like and do not 
cause the normal crackling and rustling 
sounds of a rumen containing coarse fibrous 
ingesta. However, the contractions are 
visible and palpable as waves of undula¬ 
tions of the left flank. If reticulorumen 
motility is assessed only on the basis of 
inspection and palpation, the results will 
be misleading. 

Nature of Rumen Contents 

The nature of the rumen contents can be 
assessed by palpation of the rumen through 
the left paralumbar fossa. In the roughage- 
fed animal, the rumen contents are doughy 
and pit on pressure. In cattle that have con¬ 
sumed large quantities of unchopped cereal 
grain straw, the rumen is large and the con¬ 
tents feel very firm but not hard, and they 
always pit on pressure. In the dehydrated 
animal the contents may feel almost firm. In 
the grain-fed animal the contents may be soft 
and porridge-like. When the rumen contains 
excessive quantities of fluid, the left flank 


fluctuates on deep palpation. In the atonic 
rumen distended with excess gas, the left 
flank will be tense, resilient, and tympanitic 
on percussion. 

In mature cattle that have been anorexic 
for several days, the rumen may be smaller 
than normal and the dorsal sac will be col¬ 
lapsed (rumen collapse). There will be a 
“pong” (low-pitched ping) in the left upper 
abdomen extending dorsally to the trans¬ 
verse processes of the lumbar vertebrae, lack 
of abdominal distension, absence of fluid on 
succession of the area of the ping, and on 
rectal palpation the dorsal sac of the rumen 
will feel collapsed. 

Auscultation of the Rumen and 
Left Flank 

In the normal animal on a roughage diet 
there are two independent contraction 
sequences of the reticulorumen. The primary 
cycle recurs approximately every minute and 
consists of a diphasic contraction of the 
reticulum followed by a monophasic con¬ 
traction of the dorsal ruminal sac and then 
by a monophasic contraction of the ventral 
ruminal sac. These movements are con¬ 
cerned primarily with “mixing” the rumen 
contents and with assisting the passage of 
rumen contents into the omasum. 
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Table 8-3 Differential diagnosis of abdominal distension in cattle 

Cause 

Major clinical findings and methods of diagnosis 

Distension of rumen 

Acute ruminal tympany 

Marked distension of left abdomen, less of right; very tense distended left paralumbar fossa, dull resonance on percussion; 
pass stomach tube and attempt to relieve gas or froth 

Vagal indigestion 

Marked distension of left abdomen, less of right "papple-shaped" abdomen; fluctuating rumen on palpation; excessive 
rumen activity or complete atony; large L-shaped rumen on rectal examination; pass large-bore stomach tube to remove 
contents to aid in diagnosis 

Acute ruminal acidosis 

Moderate distension of left flank, less of right; rumen contents are doughy or fluctuate; fluid-splashing sounds may be 
audible on ballottement; rumen static and systemic acidosis; rumen pH below 5 

Simple indigestion 

Moderate distension of left flank; rumen pack easily palpable and doughy; contractions may be present or absent 
depending on severity; systemically normal 

Distension of abomasum 

Right displaced abomasum 
and abomasal volvulus 

Right flank and paralumbar fossa normal to severely distended; ping; rectal palpation of fluctuating or tense viscus in right 
lower quadrant 

Abomasal impaction 

Right lower flank normal to moderately distended; doughy viscus palpable caudal to costal arch; rectal palpation feel 
doughy viscus in right lower quadrant 

Left displaced abomasum 

Abdomen usually gaunt; occasionally distended left paralumbar fossa because of displaced abomasum; ping on percussion 
over upper aspects of ribs 9-12 

Abomasal trichobezoars 

Older calves (2-4 months); right lower flank distended; fluid-splashing sounds; painful grunt on deep palpation 

Confirm by laparotomy and abomasotomy 

Distension of intestines 

Enteritis 

Slight to moderate distension of right abdomen; fluid-rushing and splashing sounds on auscultation and ballottement 
Diarrhea and dehydration 

Intestinal obstruction 

Slight to moderate distension of right abdomen; fluid tinkling, percolating, and splashing sounds on auscultation and 
ballottement; may palpate distended loops of intestine or intussusception rectally; scant dark feces; paracentesis 
abdominis 

Paralytic ileus 

Slight to moderate distension of right abdomen; tinkling sounds on auscultation; tympanitic ping on percussion 

Loops of distended intestine palpable per rectum; scant feces but recover if no physical obstruction 

Cecal dilatation and cecocolic 
volvulus 

Right flank may be normal or moderately distended; ping present in right paralumbar fossa; palpate movable blind end 
cecum on rectal examination (cecal dilatation) or multiple loops of distended large intestine (cecocolic volvulus); confirm 
by laparotomy 

Enlargement of uterus 
physiologic 

Pathologic 

Hydrops amnion 

Gross distension of both flanks, especially right; normal pregnancy with more than one fetus; may palpate rectally 

Gradual enlargement of lower half of abdomen in late gestation; flaccid uterus; fetus and placentomes are easily palpable 
per rectum 

Hydrops allantosis 

Gradual distension of lower half of abdomen in late gestation; palpable uterus rectally, cannot palpate placentomes or 
fetus 

Fetal emphysema 

History of dystocia or recent birth of one calf, twin in uterus and emphysematous; diagnosis obvious on vaginal and rectal 
examination 

Fluid accumulation in peritoneal cavity 

Ascites 

Congestive heart failure, Bilateral distension of lower abdomen; positive fluid waves; paracentesis abdominis; may feel enlarged liver behind right 

ruptured bladder costal arch 

Pneumoperitoneum 

Perforated abomasal ulcer, 
postsurgical laparotomy 

Not common; bilateral distension of dorsal half of abdomen; ping both sides 


The secondary cycle movements occur at 
intervals of about 2 minutes and are confined 
to the rumen and consist of a contraction of 
the dorsal sac followed by a contraction of 
the ventral sac. The former causes the fluid 
contents of the dorsal sac to be forced ven- 
trally and the gas layer to be forced cranially 
to the region of the cardia in which eructa¬ 
tion takes place. Contractions of the dorsal 
and ventral sacs cause undulations of the left 
paralumbar fossa and lower flanks that are 
readily visible and palpable. 


The clinical recognition of the presence 
or absence of either the primary cycle or sec¬ 
ondary cycle contractions or both may aid in 
determining the cause and severity of the 
disease and the prognosis. These are outlined 
in Table 8-1. 

Auscultation of Rumen 

To auscultate the rumen, the stethoscope is 
placed in the middle of the left paralumbar 
fossa. After two complete contractions have 
occurred, the stethoscope is moved cranially 


in the fossa and cranial to the fossa over the 
dorsal third of the 10th to 13th ribs to deter¬ 
mine whether rumen contractions are audible 
in the region, which commonly becomes 
occupied with a left-side displacement of the 
abomasum. In the normal animal, ruminal 
contractions are audible in this region. 

The type, strength, and frequency of 
rumen movements should be noted. The 
rumen sounds of the normal animal con¬ 
suming roughage are rasping, rustling, 
exploding, and booming-crackling sounds. 
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When the rumen contains less coarse rough- 
age or primarily grain, the sounds may be 
much less distinct but still possess a crack¬ 
ling characteristic. 

Fluid-Tinkling or Fluid-Splashing 
Sounds 

The presence of fluid-tinkling or fluid- 
splashing sounds over the left paralumbar 
fossa, usually along with an atonic rumen, 
suggests the presence of an excessive quan¬ 
tity of liquid contents in the rumen and that 
the coarse ingesta is not floating on the fluid 
layer of the rumen contents as in the normal 
animal. Fluid-splashing sounds suggest dis¬ 
eases such as grain overload or an atonic 
rumen associated with prolonged anorexia 
(chronic diffuse peritonitis and abomasal or 
omasal impaction). Fluid-splashing and 
fluid-tinkling sounds can also be elicited by 
ballottement and simultaneous auscultation 
of the left lower flank in left-side displace¬ 
ment of the abomasum, because of its liquid 
contents. To assist in the differential diagno¬ 
sis, the outline of the rumen can be auscul¬ 
tated and percussed to observe a much wider 
area of metallic sound than is normally 
expected in left-side displacement of the 
abomasum. 

In early vagus indigestion with an 
enlarged hypermotile rumen, the contrac¬ 
tions of the rumen occur more frequently 
than normal, at 3 to 6 contractions per 
minute, and are easily visible as prominent 
abdominal ripples over the left flank. Char¬ 
acteristically, the ruminal sounds are 
usually not audible or barely so because the 
rumen contents are homogeneous and 
porridge-like as a result of prolonged mac¬ 
eration in the rumen. The absence of coarse 
fiber in the ingesta and the lack of coordi¬ 
nated reticulorumen primary and secondary 
contractions minimize the intensity of the 
ruminal sounds. The lack of effective second¬ 
ary cycle contractions and eructation results 
in frothy bloat. Complete atony and gross 
distension of the rumen is characteristic of 
advanced vagus indigestion. 

Percussion and simultaneous ausculta¬ 
tion of the left paralumbar fossa over an area 
extending from the midpoint of the 9th rib 
to the 13th rib is used to detect the presence 
of a “ping” or high-pitched metallic tym¬ 
panic sound associated with left-side dis¬ 
placement of the abomasum. Percussion is 
performed with a flick of the flexed finger or 
most reliably with a percussion hammer. The 
causes of pings on percussion of the left 
abdomen in mature cattle include left-side 
displacement of the abomasum, atonic 
rumen and, rarely, pneumoperitoneum. 
The tympanic sound associated with an 
atonic rumen is lower-pitched than that 
associated with a left-side displacement of 
the abomasum and may be called a pong. 

For special investigations of reticuloru¬ 
men motility radiotelemetry capsules that 
measure motility, ruminal pH, and tempera¬ 
ture can be placed in the rumen. 


RIGHT SIDE OF ABDOMEN 

The contour of the right side of the abdomen 
should be examined by inspection for evi¬ 
dence of distension, which may be caused by 
a viscus filled with fluid, gas, or ingesta; 
ascites; or a gravid uterus. In severe disten¬ 
sion of the rumen, the ventral sac may also 
distend the lower half of the right flank. 

A combination of deep palpation, bal¬ 
lottement and simultaneous percussion and 
auscultation, and succussion (slightly 
rocking the animal from side to side) is used 
to detect the presence of viscera that are dis¬ 
tended with gas and/or fluid, or ingesta. 

The causes of pings audible on ausculta¬ 
tion and percussion over the right abdomen 
include the following: 

• Right-side dilatation and volvulus of the 
abomasum 

• Cecal dilatation and cecocolic volvulus 

• Obstruction of the spiral colon 

• Gas-filled descending colon and rectum 
in a cow with persistent tenesmus 

• Intestinal tympany of unknown etiology 

• Volvulus of the root of the mesentery in 
young calves 

• Intussusception causing intestinal 
tympany 

• Pneumoperitoneum 

• Postpartum intestinal tympany, which 
occurs in the postparturient cow (for 
the first few days following parturition) 

The causes of fluid-splashing sounds on bal¬ 
lottement and auscultation of the right flank 
include the following: 

• Fluid-filled intestines in acute 
intestinal obstruction and enteritis 

• Fluid-filled abomasum in right-side 
dilatation, but more prominently in 
AV. 

Palpation of a firm viscus in the right flank 
caudal or ventral to the right costal arch may 
be caused by the following: 

• Enlarged ventral sac of the rumen, 
which extends over to the right 
abdominal wall 

• Abomasal impaction 

• Omasal impaction 

• Enlargement of the liver; the liver 
must be grossly enlarged before it is 
palpable caudal to the right costal arch 

A rectal examination is necessary to identify 
the distended viscus associated with these 
abnormal sounds, and often a laparotomy is 
required. 

EXAMINATION OF 
RUMEN FLUID 

Examination of the rumen fluid is often 
essential to establish an accurate diagnosis of 
diseases of the forestomach. Rumen fluid can 
be obtained with a stomach tube passed into 
the rumen, with the fluid being withdrawn 
with the vacuum of a stomach pump. The 
major difficulty is avoiding contamination of 
the sample with saliva, which can be avoided 
if a free flow of fluid is obtained. Specialized 
stomach tubes are available that are weighted 


and can be directed into the ventral sac to 
collect up to 500 mL of fluid. Rumen fluid 
samples can also be obtained by rumenocen- 
tesis, which is percutaneous aspiration of the 
ventral sac of the rumen on the lower left 
ventrolateral abdominal quadrant, horizon¬ 
tal with the patella, and 20 cm caudal to the 
last rib. The site is prepared, xylazine seda¬ 
tion given, and a 12- to 15-cm 14- or 16-gauge 
needle is thrust firmly and quickly perpen¬ 
dicular to the skin into the rumen. Rumen 
fluid is quickly withdrawn with a syringe and 
pH is measured immediately with a portable 
pH meter or wide-range pH paper (pH 
values of 2-12). 

ANALYSIS OF RUMEN FLUID 

The color, depending on the feed to a limited 
extent, will be a green, olive green, or brown 
green. At pasture, the color is very green, 
with root crops the color tends to be gray, 
and with silage or straw the color is mostly 
yellow-brown. The color of the rumen con¬ 
tents is milky-gray in grain overload and 
greenish-black in cases in which rumen 
stasis is of long duration and in which putre¬ 
faction is occurring within the rumen. 

The consistency of the rumen fluid is 
normally slightly viscid, and watery rumen 
contents are indicative of inactive bacteria 
and protozoa. Excess froth is associated with 
frothy bloat as in primary ruminal tympany 
or vagus indigestion. The odor is normally 
aromatic and, although somewhat pungent, 
not objectionable to the nose. A moldy, 
rotting odor usually indicates protein 
putrefaction, and an intensely sour odor 
indicates an excess of lactic acid formation, 
which is caused by grain or carbohydrate 
engorgement. 

The pH of the rumen fluid varies accord¬ 
ing to the type of feed and the time interval 
between the last feeding and taking a sample 
for pH examination. The normal range, 
however, is between 6.2 and 7.2. High pH 
values (>8.0) will be observed when putre¬ 
faction of protein is occurring in the rumen 
or if the sample is mixed with saliva. Low pH 
values (4-5) are found after the feeding of 
carbohydrates. Generally, a value below 5 
indicates carbohydrate engorgement, and 
this pH level will be maintained for 6 to 24 
hours after the animal has actually consumed 
the carbohydrate diet. 

For experimental purposes, continuous 
monitoring of the pH of the rumen contents 
is possible with a pH probe containing a 
commercial microelectrode and a reference- 
electrode with a pressure-equalizing system 
placed in the reticulum. By feeding diets with 
changing composition it is possible to 
provoke marked changes in rumen pH. The 
probes are programmed to sample pH and 
temperature every 30 seconds. 

Microscopic examination of a few drops 
of rumen fluid on a glass slide with a low- 
power field will reveal the level of protozoon 
activity. Normally five to seven protozoans 
are active per low-power field. In lactic 







acidosis the protozoa are usually absent, or a 
few dead ones are visible. The rumen fluid 
can be stained with Gram stain to determine 
the predominant bacterial flora, which are 
normally gram-negative but in grain over¬ 
load become gram-positive. 

Chloride concentration can be deter¬ 
mined by centrifuging the fluid and analyz¬ 
ing the supernatant for chloride levels. These 
are normally 10 to 25 mEq/L in cattle and 
<15 mEq/L in sheep. Elevated rumen chlo¬ 
ride concentrations result from abomasal 
reflux, ileus, or high salt intake. Current 
laboratory analyzers that use ion-selective 
potentiometry to measure chloride concen¬ 
tration are not accurate when measuring 
rumen chloride concentration. This is 
because the electrode is also sensitive to 
acetate and bicarbonate concentration; 
typical concentrations of these anions in 
rumen fluid often result in erroneously high 
rumen chloride values when measured using 
ion-selective potentiometry. 

PALPATION PER RECTUM OF 
THE ABDOMEN 

Some of the specific abnormalities of the 
digestive tract, which are commonly detected 
on palpation per rectum, include the follow¬ 
ing, which relates to Fig. 8-3, a-l, illustrating 
the abnormalities through a transverse 
section of the abdomen. 

(a) Normal. 

(b) L-shaped rumen: occurs commonly in 
vagus indigestion and other diseases of 
the rumen characterized by gradual 
distension of the rumen. 

(c) Cecocolic volvulus: commonly 
palpable as long distended organ, 
usually movable, may feel the blind 
end. 

(d) Abomasal volvulus: commonly palpable 
as tense viscus in lower right half of 
abdomen. 

(e) Abomasal impaction: not usually 
palpable per rectum except in extreme 
cases in which it needs to be 
differentiated from an enlarged ventral 
sac of the rumen. This is most easily 
accomplished by monitoring the 
location of the viscus over a 2-minute 
period; typically during this time 
interval the ventral ruminal sac will 
contract at least once and move away 
from the hand. 

(f) Left-side displacement of the 
abomasum: usually cannot palpate the 
displaced abomasum but can often feel 
rumen, which is usually smaller than 
normal and may be displaced a little to 
the right side of the midline. 

(g) Intussusception: only palpable per 
rectum in approximately 25% of cases; 
the ability to detect is dependent on the 
location of intussusception and the size 
of the animal. 

(h) Mesenteric volvulus: usually tight 
bands of mesentery are palpable, along 
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with distended loops of small 
intestine. 

(i) Intestinal incarceration: rarely 
palpable. 

(j) Peritonitis: only palpable if peritoneum 
of posterior aspect of abdomen is 
affected. 

(k) Lipomatosis: commonly palpable as 
“bricks” in the abdomen and pelvic 
cavity. 

(l) Omental bursitis: not common and 
usually not palpable per rectum. 

In Fig. 8-3, m-p is included for the diffe¬ 
rential diagnosis of the diseases each 
represents. 

As part of the differential diagnosis of 
digestive tract disease in the postparturient 
cow, the uterus should be examined carefully 
for evidence of retained placenta and metri¬ 
tis. Both vaginal and rectal examinations 
should be performed. The toxemia caused by 
retained fetal membranes and postpartum 
metritis may cause anorexia, rumen stasis, 
paralytic ileus, scant feces, and sometimes an 
idiopathic postpartum ping in the right 
flank, all of which may be misinterpreted as 
a primary digestive tract disease. 

GROSS EXAMINATION OF FECES 

The gross appearance of the feces of cattle 
is not only an indicator of disease of the 
digestive tract but can provide valuable clues 
for the differential diagnosis of disease 
elsewhere. 

AMOUNT 

In adult cattle, the passage of ingesta through 
the digestive tract takes 1.5 to 4 days. Mature 
cattle generally pass some feces every 1.5 to 
2 hours, amounting to a total of 30 to 50 kg/ 
day in 10 to 24 portions. 

A reduction in the bulk of feces can be 
caused by a decrease in feed or water intake 
or a retardation of the passage through the 
alimentary tract. In diarrhea, the feces are 
passed more frequently and in greater 
amounts than normal and contain a higher 
water content (>90%) than normal. 

ABSENCE OF OR SCANT FECES 

Failure to pass any feces for 24 hours or more 
is abnormal, and the continued absence of 
feces may be caused by a physical intestinal 
obstruction. However, in many cases the 
intestine is not physically obstructed; instead, 
there is a functional obstruction. Diseases 
causing disturbances of motility of the 
rumen and abomasum often result in a rela¬ 
tive absence of feces. Paralytic ileus of the 
intestines caused by peritonitis or idiopathic 
intestinal tympany also results in a marked 
reduction in feces, sometimes a complete 
absence, for up to 3 days. The marked reduc¬ 
tion of feces that occurs in functional 
obstruction is a major source of diagnostic 
confusion because it resembles physical 
obstructions of the intestines. The causes of 
physical and functional obstruction of the 


alimentary tract of cattle are summarized in 
Fig. 8-4. 

COLOR 

The color of the feces is influenced by the 
nature of the feed, the concentration of bile 
in the feces, and the passage rate through 
the digestive tract. Calves reared on cows’ 
milk normally produce gold-yellow feces, 
which become pale brown when hay or 
straw is eaten. The feeding of milk substi¬ 
tutes adds a gray component to a varying 
degree. 

The feces of adult cattle on green forage 
are dark olive-green, on a hay ration more 
brown-olive, and the ingestion of large 
amounts of grain produces gray-olive feces. 
A retardation of the ingesta causes the color 
to darken. The feces become ball-shaped and 
dark brown with a shining surface caused by 
a mucous coating. Diarrheic feces tend to be 
paler than normal because of their higher 
water content and lower concentration 
of bile. 

The presence of large amounts of bile pro¬ 
duces a dark olive-green to black-green color 
such as in cattle with hemolytic anemia. In 
cattle with obstruction of the common bile 
duct, the feces are pale olive-green because 
of the absence of bile pigments. 

Blood in the feces may originate from the 
following locations: 

• Hemorrhage into the abomasum: acute 
hemorrhage usually appears as black, 
tarry feces (melena); chronic 
hemorrhage as occult blood. 

• Hemorrhagic enteritis of small 
intestines: the feces are uniformly 
dark red. 

• Hemorrhagic enteritis of the large 
intestines: in the cecum or colon, blood 
appears evenly distributed throughout 
the feces (dysentery); in the rectum, 
blood appears as streaks or chunks of 
frank blood unevenly distributed 
throughout the feces 
(hematochezia). 

• “Occult blood” is not visible grossly; 
the color of the feces may be normal or 
dark. A variety of commercially 
available fecal occult blood tests have 
been developed for humans and adapted 
for use in ruminants. The most widely 
used occult blood tests in ruminants 
have been the o-tolidine 
(orthotolidine) tablet test (such as 
Hematest) and the guaiac paper test, 
which are performed following the 
manufacturers’ instructions. A positive 
o-tolidine test is a blue color change that 
develops on the paper at the periphery 
of the test tablet within 2 minutes. 

This test is based on hemoglobin’s 
peroxidase-like ability to catalyze the 
oxidation of a chromogen, 
tetramethylbenzidine, and the test is 
reported to detect 6 mg of hemoglobin 
per gram of feces. A positive guaiac test 
is the development of a blue color on 
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A. Normal 




C. Cecocolic volvulus 


D. Abomasal volvulus 





M. Hydrops 





N. Enlarged kidney 


O. Palpation lymph nodes 


P. Cystitis, Ureteritis 


Fig. 8-3 Schematic illustration of the rectal findings in cattle affected with different diseases of the abdominal viscera, a, normal; b, L-shaped 
rumen; c, cecocolic volvulus; d, abomasal volvulus; e, abomasal impaction; f, left displaced abomasum (LDA); g, intussusception; h, mesenteric 
volvulus; /, intestinal incarceration; j, peritonitis; k, lipomatosis; /, omental bursitis; m, hydrops; n, enlarged kidney; o, palpation lymph nodes; 
p, cystitis, ureteritis. (From Stober M, Dirksen G. Bovine Pract 1977; 12:35-38). 
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Fig. 8-4 Some common causes of physical and functional obstruction of the alimentary tract of cattle. 


the test paper following the addition of 
hydrogen peroxide. This test is also 
based on hemoglobins peroxidase-like 
ability to oxidize a phenolic compound 
in guaiac (a-guaiaconic acid) to a 
quinone, and the test is reported to 
detect 10 mg of hemoglobin per gram of 
feces. One report in cattle indicated that 
a dilute alcoholic solution of guaiac was 
the most sensitive and reproducible 
method, but this test is no longer 
commercially available. Occult blood 
occurs most commonly when there are 
only small quantities of blood in the 
alimentary tract, as with minimal 
hemorrhage insufficient to result in 
melena. It also may be caused by 
swallowing blood coughed up from a 
pulmonary hemorrhage such as in 
caudal vena cava thrombosis. The 
minimum transit time of blood from 
abomasum to rectum was 7 to 19 hours 
in adult cattle. 

ODOR 

Fresh bovine feces are not normally mal¬ 
odorous. Objectionable odors are usually 
caused by putrefaction or fermentation of 
ingesta, usually associated with inflamma¬ 
tion. For example, the feces in cattle with 
salmonellosis may be fetid, whereas in 
advanced pericarditis with visceral edema 
caused by passive congestion the feces are 
profuse but not odoriferous. 

CONSISTENCY 

The consistency of the feces is dependent on 
the water content, the type of feed, and the 
length of time the ingesta has remained in 


the digestive tract. Normally, milk-fed calves 
excrete feces of a medium to firm porridge¬ 
like consistency. After transition to a plant 
diet, the first solid particles begin to appear. 
Normal bovine feces are of a medium 
porridge-like consistency. A moderate thick¬ 
ening leads to the passage of fecal disks of a 
more solid consistency, and severe dehydra¬ 
tion causes the formation of firm balls of 
feces arranged in facets inside the rectum, 
the surfaces of which are dark and coated 
with mucus. The feces of cows with left-side 
displacement of the abomasum are com¬ 
monly pasty in appearance. Sticky and tena¬ 
cious feces are commonly seen in obstruction 
of the forestomachs (vagus indigestion and 
chronic peritonitis). 

DEGREE OF DIGESTION 

The proportion of poorly digested plant 
particles in the feces is dependent on the 
duration and adequacy of rumination and 
the rate of passage of ingesta through the 
forestomach and abomasum. The length 
of time the ingesta is in the postruminal 
digestive tract seems to have no apprecia¬ 
ble influence on its digestion. Inadequate 
digestion indicates failure in rumination 
or accelerated passage of ingesta through 
the forestomach. Thus in some cattle with 
acute traumatic reticuloperitonitis, the feces 
may contain small walnut-sized chunks of 
undigested plant fibers that have escaped 
the cellulose digestive processes of the fore¬ 
stomachs. The presence of large numbers 
of kernels of grain in the feces is associ¬ 
ated with the ingestion of large quantities of 
unprocessed grain such as whole wheat or 
barley. 


OTHER SUBSTANCES IN THE FECES 
Mucus 

The presence of excessive mucus on the 
surface of feces suggests increased transit 
time of the ingesta in the large intestine. 
The presence of a plug of mucus in the 
rectum is suggestive of a functional obstruc¬ 
tion (paralytic ileus). In enteritis, large 
quantities of clear, watery mucus may be 
passed, which sometimes clot to form gelat¬ 
inous masses. 

Fibrin 

In fibrinous enteritis, fibrin may be excreted 
in the form of long strands, which may mold 
into a print of the intestinal lumen (intesti¬ 
nal fibrinous casts). 


DETECTION OF 
ABDOMINAL PAIN 

Cattle with acute local or diffuse peritonitis 
may grunt spontaneously with almost every 
expiration; this is usually exaggerated in the 
recumbent position. However, grunting may 
also be caused by severe pneumonia, pleu¬ 
risy, and severe pulmonary emphysema. 
Careful auscultation and percussion of the 
lungs is therefore necessary to exclude the 
presence of pulmonary disease. 

Not all grunts occur spontaneously. Deep 
palpation of the cranial part of the 
abdomen using the closed hand or knee is 
often necessary to elicit a grunt in cattle. 
Auscultation over the trachea is often neces¬ 
sary to hear the grunt, which is best elicited 
if pressure is applied to the abdomen at the 
end of inspiration and the beginning of 
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expiration. The inspiratory and expiratory 
sounds are noted for six to eight respirations 
by auscultation over the trachea and then, 
without warning to the animal, firm palpa¬ 
tion is applied to the abdomen. A grunt indi¬ 
cates the presence of a peritoneal lesion 
(stretching or inflammation of the perito¬ 
neum regardless of cause). The absence of a 
grunt does not preclude the presence of a 
peritoneal lesion. In acute traumatic reticu- 
loperitonitis the grunt may be present for 
only 3 to 5 days after the initial penetration 
of the reticulum. 

A rigid bar or wooden pole may be neces¬ 
sary to apply pressure in large cattle (large 
cows and bulls). The bar is held by two 
people in a horizontal position just behind 
the xiphoid sternum while a third person 
auscultates over the trachea when the bar is 
lifted firmly up into the abdomen. Simulta¬ 
neous auscultation over the trachea ensures 
that the grunt is heard. Several attempts 
should be made to elicit a grunt before con¬ 
cluding the absence of one. The ventral 
aspect and both sides of the abdomen should 
be examined beginning at the level of the 
xiphoid sternum and moving caudally to 
appr oximately the umbilicus. This will 
ensure that the cranial and caudal aspects of 
the abdomen are examined for the presence 
of points of abdominal pain. 

Pinching of the withers is also used to 
elicit a grunt. In the average-sized cow, 
pinching of the withers causes the animal to 
depress its back. In an animal with a painful 
lesion of the peritoneum, depression of its 
back will commonly result in a grunt, which 
is clearly audible by auscultation over the 
trachea and is often audible without the use 
of the stethoscope. 

The term anterior abdominal pain is 

used to characterize the pain associated with 
several diseases of the anterior abdomen of 
cattle, which would include traumatic retie - 
uloperitonitis, hepatic abscesses, abomasal 
ulcers, and intestinal obstruction. The dif¬ 
ferential diagnosis of the anterior abdominal 
pain would include diseases that cause tho¬ 
racic pain such as pleuritis, pericarditis, and 
severe pulmonary disease. 

ULTRASONOGRAPHY 

Ultrasonography has become a routine diag¬ 
nostic method in ruminants suspected of 
having gastrointestinal tract disease. This is 
because of the widespread availability of rea¬ 
sonably priced portable battery powered 
units and the many advantages of “on-farm” 
diagnostic tests. 

Ultrasonography provides an excellent 
method for investigating the presence and 
nature of reticular contractions in healthy 
ruminants and for the diagnosis of traumatic 
reticuloperitonitis in cattle. 1-2 In contrast to 
radiography, ultrasonography provides more 
precise information about the contour of the 
reticulum and the frequency of reticular 



Fig. 8-5 Ultrasonographic findings and interpretation with respect to stratification of the 
rumen contents of pasture-fed domestic cattle, a, 7, abdominal wall; 2, rumen wall; 3, 
reverberation lines indicative of a gas-filled space (gas dome); b, abrupt transition from gas 
dome (3) to fiber mat (4); c, ingesta with gaseous inclusions; fiber mat; (4) at the rumen wall; 
d, transition from fiber mat (4) to a comparatively sharp demarcating ruminal wall with no 
signs of gaseous ingesta (fluid layer, 5). (Reproduced, with permission from Tschuor A, Clauss 
M. EurJ Wildl Res 2008; 54:627-633.) 


contractions. Ultrasonography also provides 
information on the stratification of rumen 
contents (dorsal gas dome, fiber mat, and 
ventral fluid layer; Fig. 8-5). 30 The gas dome 
in the cow rumen can be identified ultraso- 
nographically by reverberation lines that run 
parallel to the line identifying the rumen 
mucosa. The fiber mat presents a patter indi¬ 
cating gaseous inclusions, whereas the fluid 
layer appears darker without reverberation 
lines. 

Ultrasonography provides an ideal diag¬ 
nostic aid for the examination of the 
omasum, 6-7 and abomasum of adult cattle, 8-9 
the reticulum, rumen, omasum and aboma¬ 
sum of calves up to 3 months of age, 10-11 the 
reticulum, rumen, omasum, abomasum, 
liver, spleen, and greater omentum of adult 


goats, 12 ' 15 and the diaphragm and abdominal 
wall of adult cattle, 16-1 ' as well as left and right 
displacement of the abomasum, abnormal 
motility of the small and large intestines, and 
cecal dilatation. 

Ultrasonography is performed on the 
standing nonsedated animal using a 3.5-MHz 
linear transducer. The techniques used are 
presented under the specific headings for 
each disease. 

RADIOGRAPHY 

Radiography of the cranial abdomen and 
reticulum of mature cattle with the animal in 
a standing position can only be performed 
at referral centers because of the need for 
high-powered radiographic units. Radiologic 














examination of the reticulum with the animal 
in dorsal recumbency (dorsal reticulography) 
should not be performed in cattle with sus¬ 
pected traumatic reticuloperitonitis because 
of the potential for the breaking down of 
adhesions and dissemination of infection 
throughout the abdomen. Specific techniques 
for radiography of standing animals sus¬ 
pected to have traumatic reticuloperitonitis 
are presented under that heading. 

ENDOSCOPY OF THE RUMEN 

Endoscopic examination in ruminants has 
been most commonly used to examine the 
upper respiratory tract, pharyngeal area, 
and esophagus. Nasoruminal endoscopy is 
very challenging in calves, sheep, and goats 
because endoscopes that are sufficiently 
small to pass through the nasal passages are 
usually not long enough to reach the rumen. 
Ororuminal endoscopy using a mouth gag 
has been infrequently performed because of 
the risk of damage to the instrument as well 
as poor visualization of the rumen and retic¬ 
ulum. Visualization through a rumen fistula 
in 1- to 2-month-old calves was superior 
to visualization though the oral cavity; 18 
however, removal of rumen contents using a 
siphon and lavage method improved visual¬ 
ization ability. 

COMPUTED TOMOGRAPHY 

Increased insight into normal anatomy has 
been obtained in calves, sheep, goats, alpacas, 
and llamas using computed tomography 
(CT) with the animal placed in sternal 
recumbency. In contrast to cattle, CT has 
demonstrated that the rumen in goats 
extends to the right of the midline, and metal 
objects causing traumatic reticulitis are very 
visible on CT. 19,20 

RUMINATION MONITORS 

The time spent ruminating provides an 
excellent indicator of health in cattle, sheep, 
and goats. Moreover, the return of rumina¬ 
tion is a positive clinical sign in a ruminant 
that has been inappetent, leading to the 
adage “never give up on a ruminating 
animal.” At least two technologies have been 
developed to monitor the time spent chewing 
each day. These use a microphone placed in 
the cranial cervical region in a neck band, 
with rumination having a different acoustic 
signal than eating, 21 or a noseband pressure 
sensor that is incorporated in a halter. 22 The 
microphone system appears to work better 
for dairy cattle than beef cattle. Typical 
values for confinement-fed dairy cattle are 16 
daily eating phases, each with a mean dura¬ 
tion of 28 minutes, and 13 rumination 
phases, each with a mean duration of 30 
minutes. The total time spent ruminating per 
day was 6 to 7 hours, with 410 cuds per day 
and 60 chewing cycles per cud. 22 It is likely 
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that as confinement operations adopt more 
precision agriculture methods that rumina¬ 
tion monitors become a routine monitoring 
tool for periparturient dairy cattle or dairy 
cattle in the sick pen. 

SERUM BIOMARKERS OF 
GASTROINTESTINAL FUNCTION 

Pepsinogen, a proenzyme that is the inactive 
form of pepsin, is the most important proteo¬ 
lytic enzyme in abomasal fluid. A small 
amount of pepsinogen is present in the serum 
of healthy ruminants. Abomasal injury, par¬ 
ticularly caused by abomasal parasitism, 
causes a marked increase in serum pepsino¬ 
gen concentration, 23,24 providing a useful 
clinical test for gastrointestinal parasitism 
and the magnitude of the injury that can 
guide treatment. Serum pepsinogen concen¬ 
tration is increased in ruminants with aboma¬ 
sal ulcers and cattle with ostertagiasis. 

Gastrin is a hormone secreted from G 
(gastrin) cells of the pyloric region of the 
abomasum into the blood from where it 
reaches the parietal cells and subsequently 
stimulates acid and pepsinogen secretion. 23 
Serum gastrin concentration is increased in 
ruminants with abomasal ulcers, cattle with 
left displaced abomasum (LDA) or right dis¬ 
placed abomasum (RDA), 25 and sheep with 
hemonchosis. 

Serum motilin and ghrelin concentra¬ 
tions are increased in cattle with LDA and 
RDA. 2 ' Motilin is increased by cells in the 
proximal gastrointestinal tract and promotes 
abomasal emptying rate. Ghrelin is also a 
gastrointestinal regulating hormone. 

INTERPRETATION OF 
CLINICAL FINDINGS 

A guide to the interpretation of the clinical 
findings associated with diseases of the 
digestive tract and abdomen of cattle is sum¬ 
marized in Table 8-4. In conjunction with 
the history and the laboratory findings, a dif¬ 
ferential diagnosis list can be generated. 

EXPLORATORY LAPAROTOMY 

An exploratory laparotomy can usually assist 
in the diagnosis of diseases of the digestive 
tract or abdomen. Identification and evalua¬ 
tion of the abnormality allows for a more 
accurate diagnosis, prognosis, and rational 
treatment. However, because a properly done 
laparotomy is time-consuming and expen¬ 
sive, the veterinarian would like to minimize 
the number of laparotomies in which no sig¬ 
nificant lesions are present. Therefore the 
challenge is to improve the accuracy of diag¬ 
nosis and to evaluate the prognosis as much 
as possible before doing a laparotomy 
unnecessarily. 

There are some well-recognized diseases 
in which, if a clinical diagnosis can be made, 
a laparotomy is indicated (Table 8-5). (In 


some cases slaughter for salvage may be 
more economical.) 

Other than the rumenotomy for the treat¬ 
ment of grain overload and the cesarean 
section, the most common indication for a 
laparotomy in cattle is for the surgical cor¬ 
rection of displacement or obstruction of 
parts of the digestive tract (i.e., abomasal dis¬ 
placement, abomasal dilatation and volvulus, 
intussusception and volvulus, volvulus of the 
root of the mesentery, luminal obstruction of 
the spiral colon, cecal dilatation and ceco- 
colic volvulus). If any of these diagnoses can 
be made, a laparotomy is indicated. 

In other cases, the diagnosis may be sus¬ 
pected, but is not obvious and the indications 
for a laparotomy, slaughter, euthanasia, or 
conservative medical treatment are not clear. 
The major question is under what conditions 
is a laparotomy indicated if the history and 
clinical and laboratory findings suggest an 
obstruction (strangulation obstruction or 
functional) but the obstruction cannot be 
located on clinical examination? 

Some examples of diseases that may elude 
diagnosis before laparotomy and that are or 
may be amenable to surgical correction are 
included in the following sections. 

INTUSSUSCEPTION AND OTHER 
STRANGULATION OBSTRUCTIONS 
OF THE SMALL INTESTINES 

An intussusception may be located in the 
anterior part of the abdomen and not pal¬ 
pable per rectum. A clinical history of acute 
onset of colic, absence of feces, and serosan- 
guineous exudate on peritoneal tap are 
indications for a laparotomy. However, phy¬ 
tobezoars and trichobezoars can cause acute 
intestinal obstruction that may not be pal¬ 
pable rectally and which becomes progres¬ 
sively more severe with time, and only 
minimal, if any, changes may occur in the 
peritoneal fluid. A progressively worsening 
systemic state warrants a laparotomy. 

"ATYPICAL" LEFT-SIDE 
DISPLACEMENT OF THE 
ABOMASUM 

A small percentage of cases are difficult to 
detect on auscultation and percussion. When 
the typical left-side displacement of the 
abomasum ping cannot be detected after 
several examinations over a period of a few 
days, a presumptive diagnosis may be made 
on the basis of ketosis in a recently calved 
cow (within the last week); the presence of 
rumen contractions, but reduced intensity; 
normal vital signs (unless fatty liver is 
present); and spontaneous fluid-gurgling 
sounds audible over the left flank or 
fluid-splashing sounds on ballottement and 
auscultation of the lower left flank. Ultraso¬ 
nographic examination of the left ventral 
abdomen using a 3-MHz transducer will 
identify the abomasal position within the 
abdomen (see section on left displaced 
abomasum in this chapter). 
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Table 8-4 Pathogenesis and interpretation of clinical findings associated with diseases of the digestive tract and abdomen of cattle 

Clinical findings 

Pathogenesis, interpretation 

Anorexia, inappetence 

Toxemia, distension of intestines and stomachs, enteritis, peritonitis 

Scant feces, includes small-volume 

Reduced feed intake, functional obstruction of forestomachs and abomasum, paralytic ileus, strangulation 

diarrhea 

obstruction or obstruction of lumen of intestine with phytobezoar or trichobezoar 

Large-volume diarrhea 

Profuse, watery diarrhea usually associated with enteritis, simple indigestion or carbohydrate engorgement 

Dehydration 

Failure to drink adequate amounts of water (caused by toxemia or lesions of oral cavity), malabsorption caused by 
enteritis, diseases of the forestomachs interfering with absorption of water, e.g., vagus indigestion 

Tachycardia 

Toxemia, acid-base imbalance, abdominal pain, distension of intestines 

Polypnea 

Acid-base imbalance (abomasal volvulus, severe enteritis, and vagus indigestion), distension of the abdomen caused 
by gas-filled or fluid-filled intestines 

Weakness and recumbency 

Toxemia, severe dehydration, severe distension of abdomen, peritonitis 

Colic (abdominal pain) 

Sudden onset of distension of forestomachs, abomasum, or intestines 

Stretching of mesenteric bands, strangulation of intestine in mesenteric tear or scrotal hernia 

Grunting with every respiration 

Diffuse peritonitis (also pleuritis, pulmonary emphysema, and advanced pneumonia), distension of stomachs or 
intestines 

Presence of grunt on deep palpation 

Presence of peritoneal lesion (stretching of the peritoneum, inflammation, edema, and recent adhesions) 

of ventral abdominal wall 

Abdominal distension 

Most commonly caused by gas-filled or fluid-filled intestines and/or forestomachs and abomasum; rarely caused by 
pneumoperitoneum 

Also caused by ascites and hydrops allantois/amnion 

Rumen distension 

May be distended with gas, fluid, or ingesta; primary dietary ruminal tympany and grain overload; secondary 
ruminal tympany caused by peritonitis, vagus indigestion 

Rumen stasis 

Toxemia, metabolic (hypocalcemia), fever, ruminal acidosis, distension of omasum or abomasum, peritonitis, vagal 
nerve injury 

Hypermotile rumen 

Early stages of primary dietary ruminal tympany; vagal nerve injury 

Acidic rumen pH 

Ruminal acidosis associated with carbohydrate engorgement; almost no other cause known 

Alkaline rumen pH 

Ruminal alkalosis associated with accidental consumption of high-protein diet, urea poisoning 

Reduced or absent rumen 

Ruminal acidosis (lactic acid inactivates protozoa); primary starvation lasting more than 2-3 days; ingestion of lead, 

protozoon activity 

arsenic, and other poisonous substances 

Abnormal foul-smelling 

Putrefaction of rumen contents in static and defaunated rumen contents 

Presence of ping or pong over left 

Left displacement of abomasum (ping), atonic rumen with a gas cap (pong), pneumoperitoneum (rarely) 

flank 

Ping over right flank 

Right-side dilatation displacement and volvulus of the abomasum, cecal dilatation and cecocolic volvulus, 
obstruction of the spiral colon, gas in distended colon and rectum 

Presence of low-pitched pings not 

Tympany of right paralumbar fossa in recently calved cows (2-3 days); gas in distended colon and rectum; 

clearly distinct over right flank 

fluid- and gas-filled intestines with enteritis 

Distended upper right flank 

Dilatation and volvulus of abomasum; cecal dilatation and cecocolic volvulus; obstruction to the spiral colon 

Distended lower right flank 

Impaction of the abomasum; enlarged L-shaped rumen and distension of ventral sac to the right flank; advanced 
pregnancy 

Fluid-splashing sounds on 

Fluid-filled intestines or forestomachs or abomasum; usually associated with enteritis, paralytic ileus, or obstruction; 

ballottement of abdomen or 

fluid-splashing sounds are rarely caused by fluid in the peritoneal cavity; percolating fluid sounds audible over 

succussion 

right flank are common in cattle with acute intestinal obstruction 

Dropping cuds 

Cattle rarely regurgitate uncontrollably (dropping cuds); it is usually associated with chronic inflammatory lesions of 
the reticulum and cardia resulting in lack of control of regurgitation and a larger than normal bolus of rumen 
contents being regurgitated that cannot be controlled by the animal; also occurs in certain heavy-metal 
poisonings such as arsenic poisoning; cattle affected with straw impaction of the rumen will also drop large, dry, 
fibrous cuds 


TRAUMATIC RETICULOPERITONITIS 

In traumatic reticuloperitonitis with a persis¬ 
tently penetrating foreign body, conservative 
medical treatment of immobilization in a 
stanchion, antimicrobials, and a magnet may 
be unsuccessful even after several days of 
antimicrobial therapy. Diagnosis depends on 
continued anorexia, mild fever, grunt, rumen 
stasis, a hemogram indicating infection, and 
peritoneal fluid containing predominant 


neutrophils (typically >90% in traumatic 
reticuloperitonitis). Recent reports of refer¬ 
ence ranges for peritoneal fluid constituents 
in healthy cattle are available, 26 as well as 
changes in peritoneal fluid constituents in 
cattle with peritonitis. 2 More information 
on peritonitis is available in Chapter 7. 

The guidelines for the indications of an 
exploratory laparotomy when a tentative 
diagnosis is not made are listed in Table 8-6. 


LAPAROSCOPY 

Endoscopy of the abdomen through the right 
paralumbar fossa, left paralumbar fossa, and 
cranioventral midline provides a safe alter¬ 
native to exploratory celiotomy in cattle. 
Feed and water are withheld for 24 hours, 
and the animals are sedated with aceproma- 
zine for both right and left paralumbar 
fossa laparoscopies and xylazine for the 
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Table 8-5 Diseases of the digestive tract and abdomen of cattle in which a laparotomy is indicated if the diagnosis can be made 


Disease 


Major clinical findings 


Left displaced abomasum 
Right displaced abomasum and volvulus of 
the abomasum 

Cecal dilatation and cecocolic volvulus 
Obstruction of the spiral colon 
Intussusception 
Phytobezoars or trichobezoars 
Severe life-threatening ruminal tympany 

Unidentifiable lumps palpable on rectal 
examination, i.e., fat necrosis 
Peracute grain overload 


Ping over ribs 9-12 and other well-recognized findings 

Distension of upper right flank, ping on percussion over ribs 9-12, viscus palpable per rectum 

Distension of upper right flank, ping in right paralumbar fossa, long cylindrical mass palpable per rectum 
Distension of upper right flank, ping, distended loops of intestine easily palpable 
Abdominal pain, absence of feces, distended loops of intestine, palpable intussusception 
Scant feces, subacute abdominal pain, distended loops of intestine and hard lumps palpable rectally 
Severe distension of rumen, skin over rumen cannot be picked up, animal grunting, is lying down, 
mouth breathing, cannot relieve with stomach tube or trocar 
Chronic gastrointestinal atony, scant feces, large hard lumps palpable per rectum 

Weakness, recumbency, dehydration, tachycardia, rumen pH 5 
(see Table 8-8 for guidelines in the treatment of grain overload) 


Table 8-6 Clinical and laboratory indications for an exploratory laparotomy in cattle when the diagnosis is not obvious 

Parameter/criterion 

Significance and interpretation of criteria 

History 

Abdominal distension 

Does the history suggest an acute surgically correctable condition? 

Laparotomy indicated if distension of abdomen caused by distension of abomasum, cecum, or intestines with fluid and 
gas 

Scant or absence of feces for more than 36-48 h indicates a physical or functional obstruction. 

In functional obstruction (i.e., peritonitis) some dark feces are usually present; in physical obstruction (intussusception) 
feces are very scant and dark red because of leakage of blood into intussusceptum 

Laparotomy indicated unless can determine that cause of absence of feces is not surgically correctable (diffuse peritonitis 
or impaction of abomasum or omasum) 

Volume and nature of feces 

Rectal findings 

Distended viscera other than rumen (abomasum, cecum, and small and large intestines) warrant laparotomy 

Palpable "bread and butter" fibrinous inflammation in caudal part of abdomen suggests acute diffuse peritonitis and 
laparotomy would not be rewarding 

Peritoneal fluid and hemogram 

Bloodstained peritoneal exudate and a degenerative left shift in the leukocyte count suggest leakage of the intestinal wall 
and warrants laparotomy if history and clinical findings suggest a strangulation obstruction 

Abdominal pain (colic) and 
grunting 

Behavioral and postural signs of acute abdominal pain (colic), such as kicking at the belly and stretching the body, 
suggest acute distension of the stomachs or intestines with fluid and gas 

Spontaneous grunting with each respiration, which usually becomes pronounced in sternal recumbency, or the presence 
of a grunt on deep palpation of the abdomen suggests inflammation or stretching of the peritoneum 


cranioventral approach. For laparoscopy 
through the fossae, the sites are prepared 
aseptically and a 2-cm incision is made 
through the skin and abdominal muscula¬ 
ture after infiltration with 2% lidocaine. Each 
incision is made 8 cm ventral to the tip of the 
transverse process of the third lumbar verte¬ 
bra and 5 cm caudal to the caudal aspect of 
the last rib. The laparoscope is introduced by 
standard technique and carbon dioxide gas 
is used to insufflate the abdominal cavity, 
after introduction of the trocar and cannula 
and before introduction of the laparoscope. 
The abdominal cavity is insufflated to a pres¬ 
sure of 20 to 24 mm Hg. Each examination is 
completed by directing the laparoscope cra- 
nially then moving counterclockwise to 
examine the caudal portion of the abdomen. 
After the laparoscopy, the abdomen is pas¬ 
sively deflated through the cannula and the 
skin is closed with sutures. 

Cranioventral laparoscopy is performed 
with the animal positioned in dorsal 


recumbency. The incision for entry is made 
on the midline, through the linea alba, 10 cm 
caudal to the xiphoid process. Examination 
of the cranioventral portion of the abdomen 
is begun at the central aspect of the dia¬ 
phragm then circularly moving the laparo¬ 
scope counterclockwise. 

Right paralumbar fossa laparoscopy pro¬ 
vides excellent viewing of the caudal and right 
cranial portions of the abdomen for evalua¬ 
tion of diseases involving the right kidney, 
liver, diaphragm, small intestine, cecum, 
colon, reproductive tract, and cranial part of 
the pelvic canal. Inadvertent penetration of 
the greater omentum or mesoduodenum may 
be avoided by careful placement of the trocar 
and periodic examination with the laparo¬ 
scope to assess proper positioning of the 
cannula. Left paralumbar fossa laparoscopy 
provides excellent viewing of the left cranial 
portion of the abdomen and is appropriate 
for evaluation of diseases involving the left 
kidney, rumen, spleen, and diaphragm. 


The cranioventral midline laparoscopy 
provides excellent visibility of the cranioven¬ 
tral portion of the abdomen. It allows evalu¬ 
ation of diseases involving the abomasum, 
liver, reticulum, spleen, and diaphragm. 

CLINICAL EXAMINATION OF 
THE DIGESTIVE TRACT AND 
ABDOMEN OF THE CALF 

Clinical examination of the digestive tract 
and abdomen of the calf may be more diffi¬ 
cult than in the adult animal. The rumen in 
the preruminant calf is not yet functional and 
thus cannot be used as an indicator of the 
state of the alimentary tract as in adult cattle. 
Also, rectal examination is not usually pos¬ 
sible until the animal is about 10 to 12 months 
of age, depending on the breed. A digital 
examination of the rectum of young calves is 
useful for determining the nature and amount 
of feces. This may provide an indication of 
the presence of impending diarrhea. 
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A complete absence of feces suggests the 
presence of an acute intestinal obstruction, 
acute diffuse peritonitis, or atresia coli. 

The oral cavity of the calf is easily exam¬ 
ined and should be part of the clinical exami¬ 
nation of every sick calf. 

ABDOMINAL DISTENSION 
IN CALVES 

Abdominal distension is common in calves 
under 2 months of age. If the distension is 
symmetric, it may be difficult to determine 
whether it originates in the rumen, aboma¬ 
sum, intestines, or peritoneal cavity. 

Examination of the abdomen of the 
young calf includes inspection of the contour 
of the abdomen to determine the maximum 
area of any distension, deep palpation and 


ballottement of each flank to determine the 
presence of fluid-splashing sounds that indi¬ 
cate a fluid-filled viscus, and percussion and 
auscultation to determine the presence of a 
gas-filled viscus. Placing the calf’s hindquar¬ 
ters on the ground and allowing the viscera 
to move to the caudal part of the abdomen 
may allow visual inspection and palpation of 
a distended abomasum below the xiphoid 
sternum. With the calf in lateral recumbency, 
careful palpation and simultaneous ausculta¬ 
tion may reveal the location of the distended 
viscus. However, it is often necessary to do 
an exploratory laparotomy to determine the 
cause. A stomach tube should always be 
passed into the rumen to relieve any pressure 
caused by the accumulation of gas or fluid. 
In the case of severe distension of the 


abdomen accompanied by severe abdominal 
pain (kicking, bellowing, rolling, and getting 
up and lying down) it may be necessary to 
relieve intraabdominal pressure with a large- 
gauge needle (12- to 14-gauge, 75-100 mm; 
3-4 inches). The most common cause of 
severe abdominal distension in a young calf 
that can be relieved by trocarization 
is AV. 

Abdominocentesis is easily done in the 
calf and at least three punctures should be 
attempted before concluding the absence of 
fluid. To avoid puncture of the abomasum, 
sites that are caudal to the umbilicus are used 
(see Chapter 7). 

The differential diagnosis of the common 
causes of abdominal distension in the calf is 
summarized in Table 8-7. 


Table 8-7 Differential diagnosis of diseases of the digestive tract and abdomen of young calves presented with distension of 
the abdomen 


Disease 


History, clinical and laboratory findings, treatment 


Abomasal volvulus 


Abomasal dilatation (fluid, 
milk, hairballs, and 
often abomasal ulcers) 
Perforated abomasal 
ulcers 


Volvulus of root of 
mesentery 

Acute diffuse peritonitis 
(not caused by 
perforated abomasal 
ulcer) 

Atresia coli 


Intussusception 


Peracute to acute 
enteritis 


Omphalitis, 
omphalophlebitis, 
umbilical abscess 
Gastrointestinal tympany 
of dietary origin 


Intestinal hairball 


Always acute to peracute, 1 week to 6 months of age, acute abdominal pain, bellowing, up and down, severe tight distension 
of abdomen, loud ping and fluid-splashing right side, emergency surgery necessary; recovery about 50% if recognized and 
corrected early 

Chronic or acute onset, calves 1-6 months of age, history of abnormal feces, may be unthrifty, mild to moderate abdominal 
distension and pain, fluid-splashing sounds over right flank, dehydration, negative peritoneal fluid, laparotomy and 
abomasotomy required 

Acute onset, sudden collapse, calves 2 weeks to 3 months, hand-fed or nursing calves, weakness, recumbency, tachycardia, 
mild to moderate abdominal distension, mild or no abdominal pain, abdominal splinting occasionally, positive paracentesis, 
feces variable 

Laparotomy required; survival about 25% 

Sudden onset, found in state of collapse, abdominal pain common, moderate abdominal distension, distended loops of 
intestine visible and palpable over right flank, bloodstained peritoneal tap, fluid-splashing sounds on palpation and 
auscultation, scant feces, emergency surgery 

Usually in calves under 3 weeks of age, toxemia, temperature variable, weak, may be grunting, splinting of abdominal wall, 
mild abdominal distension, scant feces, fluid-splashing sounds over right flank (caused by paralytic ileus), abnormal peritoneal 
fluid, commonly associated with enteric colibacillosis, polyarthritis and umbilical and urachal abscess 

Exploratory laparotomy, prognosis poor 

Calf usually under 10 days of age, progressive distension of abdomen, bright and alert for first few days then becomes 
depressed, no feces only thick mucus from rectum, surgery indicated but only a minority have a successful lactation as a first- 
calf heifer, potential genetic component in Holstein Friesian cattle 

May have history of diarrhea, now scant bloodstained feces, depressed, will not suck or drink, dehydrated, contour of 
abdomen may appear normal or slightly distended, fluid-splashing sounds and small ping may be audible, bloodstained 
peritoneal fluid, presurgical diagnosis often difficult, surgery necessary 

Recovery rate moderate if diagnosis early 

Usually in calves under 3 weeks of age, acute onset of abdominal pain (kicking and stretching), will not suck or drink, may not 
yet appear dehydrated, temperature variable, mild to moderate abdominal distension, fluid-splashing sounds on auscultation 
and succussion of abdomen, continuous loud peristaltic sounds on auscultation, diarrheic feces may not be present on first 
examination, digital examination of rectum may stimulate defecation of foul-smelling, soft, watery feces, peritoneal tap 
negative 

Single calf, usually 2-6 weeks of age. May be unthrifty, chronic toxemia. Large, painful swelling of umbilicus that may be 
obvious externally or deep palpation dorsal to umbilicus reveals firm swellings directed toward liver or bladder. Surgical 
excision required, usually with excellent outcome 

Calves under 10 days of age, nursing calves sucking good cows. 

May be caused by ingestion of excessive quantities of milk and excessive gas formation in abomasum and large intestine 

Abdominal pain (kicking at abdomen), and pain on palpation of abdomen 

Marked to severe abdominal distension 

At laparotomy there is gaseous distension of the abomasum and cecum 

Recovery is usually good 

Calves 3-8 weeks of age, sudden onset of failure to suck, normal vital signs, total absence of feces, slight to moderate 
distension of the abdomen, fluid-splashing sounds over right abdomen, and normal peritoneal fluid; will remain anorexic, 
and fail to pass any feces for up to several days; hemogram normal; metabolic alkalosis with hypokalemia, and 
hypochloremia may occur 

Laparotomy and surgical removal of hairball required 
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Diseases of the Rumen, 
Reticulum and Omasum 

SIMPLE INDIGESTION 

ETIOLOGY 

Indigestion is common in dairy cattle and 
stall-fed beef cattle because of the variability 
in quality and the large amounts of feed con¬ 
sumed. It is not common in pastured beef 
cattle or sheep because they are less heavily 
fed. The common causes are minor dietary 
abnormalities including indigestible rough- 
age, particularly when the protein intake is 
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SYNOPSIS 


Etiology Excessive feed intake (grain and 
silage); indigestible roughage; sudden 
change in diet. 

Epidemiology Usually in hand-fed dairy 
cattle and stall-fed beef cattle. 

Signs Inappetence, drop in milk production, 
lack of rumination, rumen usually full and 
reticulorumen contractions decreased or 
absent, vital signs are normal. Spontaneous 
recovery in 12-24 h. 

Clinical pathology None needed except to 
rule out differential diagnoses. Lesions not 
fatal. 

Diagnostic confirmation A diagnosis of 
exclusion associated with spontaneous 
recovery. 

Differential diagnosis list Early parturient 
hypocalcemia, acetonemia, traumatic 
reticuloperitonitis, carbohydrate 
engorgement, left-side displacement of the 
abomasum, right-side dilatation of 
abomasum, abomasal volvulus, vagus 
indigestion, phytobezoars, and secondary 
ruminal atony in toxemia. 

Treatment None required except consider 
need for rumen transfaunation. 

Control Feeding management and provision 
of digestible feeds. 


low, moldy, overheated, and frosted feeds, 
and moderate excesses of grain and concen¬ 
trate intake. 

Cases occur under excellent feeding regi¬ 
mens and are usually attributed to overfeed¬ 
ing with grain or a sudden change in feed. 
Although the difference between simple 
indigestion and carbohydrate engorgement 
(grain overload) is one of degree, their 
separation can be justified by the marked 
clinical difference between the two syn¬ 
dromes. Gross overfeeding usually occurs 
when cattle or sheep gain accidental access 
to large quantities of grain or are suddenly 
introduced to high-grain diets in feedlots. 
Indigestion is more common when heavily 
fed cows are fed a little more concentrate 
than they can digest adequately. A sudden 
change to a new source of grain, especially 
from oats to wheat or barley, may have the 
same effect. 

Indigestible roughage may include 
straw, bedding, or scrub fed during drought 
periods. It is probable that limitation of the 
available drinking water may contribute 
to the occurrence of the disease during 
dry seasons. Depraved appetite may also 
contribute to the ingestion of coarse indi¬ 
gestible material. Although good-quality 
ensilage cannot be considered an indi¬ 
gestible roughage, cases of indigestion can 
occur in cattle that are allowed unlimited 
access to good-quality ensilage. This is most 
likely to happen in heavy-producing cows 


running outside in cold weather whose 
hay and grain rations are limited. It is not 
uncommon for large Holstein cows to eat 
45 to 50 kg of ensilage daily in such circum¬ 
stances, and the high intake of acetate and 
acetic acid may be sufficient to depress their 
appetite. Prolonged or heavy oral dosing 
with antimicrobials may cause indigestion 
from inhibition of the normal ruminal flora. 
An unusual circumstance is the feeding of 
a special diet to produce milk, and dairy 
products, with a high content of polyun¬ 
saturated fats for special diets in humans. 
Fats in the diet are protected against 
hydrogenation in the rumen by a coating 
of formalin. The efficiency and safety of 
the diet depends on a thorough mixing of 
the formalin with the concentrates. If this 
is not done, the free formalin causes severe 
rumenitis. 

PATHOGENESIS 

Primary atony caused by dietary abnormality 
is difficult to explain. Changes in the pH of 
its contents markedly affect the motility of 
the rumen, and in cases caused by overeating 
on grain an increase in acidity is probably 
of importance. High-protein diets, includ¬ 
ing the feeding of excessively large quanti¬ 
ties of legumes or urea, also depress motility 
because of the sharp increase in alkalinity 
that results. Atony that occurs after feeding 
on damaged feeds may have the same basis 
or be caused by other unidentified agents 
in the food. The simple accumulation of 
indigestible food may physically impede 
ruminal activity. Putrefaction of protein may 
also play a part in the production of atony. 
The toxic amides and amines produced may 
include histamine, which is known to cause 
ruminal atony when given intravenously 
and to be reversed by the administration of 
antihistamine drugs. Histamine may con¬ 
tribute to the ruminal atony that occurs in 
allergy, or after heavy grain feeding, but the 
absorption of histamine from the forestom¬ 
achs in any circumstances is probably very 
limited. 

A marked fall in milk yield occurs, caused 
probably by the sharp decrease in volatile 
fatty acid production in a hypotonic reticu¬ 
lorumen. Rumen contractions appear to play 
the same role as hunger contractions in 
simple stomachs and the decreased food 
intake is probably caused by the ruminal 
hypomotility or atony. 

CLINICAL FINDINGS 

A reduction in appetite is the first clinical 
finding, followed closely in milking cows by 
a slight drop in milk production. Both occur 
suddenly; the anorexia may be partial or 
complete but the fall in milk yield is relatively 
slight. The animal’s posture is unaffected but 
there is mild depression and dullness. Rumi¬ 
nation ceases and the ruminal movements 
are depressed in frequency and amplitude 
and sometimes are almost absent. The rumen 
may be larger than normal if the cause is 
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sudden access to an unlimited supply of pal¬ 
atable feed. There may be moderate tympany, 
especially with frozen or damaged feeds or 
in allergy, but the usual finding is a firm, 
doughy rumen without obvious distension. 
The feces are usually reduced in quantity and 
are drier than normal on the first day. 
However, 24 to 48 hours later the animal 
is commonly diarrheic; the feces are softer 
than normal, voluminous, and commonly 
malodorous. 

There is no systemic reaction and the 
heart rate, temperature, and respirations 
are usually within normal ranges. Pain 
cannot be elicited by deep palpation of the 
ventral abdominal wall, although cows that 
have consumed an excessive quantity of a 
highly palatable feed such as silage, after not 
having had any for a long period of time, 
will have a grossly distended rumen, and 
mild abdominal discomfort may be present 
for several hours. The discomfort usually 
resolves when the rumen movements return 
to normal and the rumen returns to its 
normal size. Most cases recover spontane¬ 
ously or with simple treatments in about 
48 hours. 

CLINICAL PATHOLOGY 

Examination of the urine for ketone bodies 
is usually necessary to differentiate indiges¬ 
tion from acetonemia. Two simple labora¬ 
tory tests have been introduced to assess the 
activity of the ruminal microflora. The sedi¬ 
ment activity test is performed on aspirated 
ruminal fluid strained to remove coarse par¬ 
ticles. The strained fluid is allowed to stand 
in a glass vessel at body temperature, and 
the time required for flotation of the par¬ 
ticulate material is recorded. The time in 
normal animals varies between 3 minutes, if 
the animal has just been fed, and 9 minutes, 
if the last feeding has occurred sometime 
previously. Settling of the particulate mate¬ 
rial indicates gross inactivity, and less severe 
degrees are manifested by prolongation of 
the time required for flotation. The cel¬ 
lulose digestion test is also performed on 
aspirated rumen fluid and depends on the 
time required to digest a thread of cotton. 
A bead is tied to the end of the thread to 
indicate when separation occurs. Diges¬ 
tion times in excess of 30 hours indicate 
abnormality; the time required to obtain the 
test results has meant that the test is rarely 
performed. 

The rumen fluid can be examined for 
pH using wide-range indicator paper. 
Values between 6.5 and 7.0 are considered 
normal. In cattle on grain diets, the pH 
may range from 5.5 to 6.0 normally but 
in cattle that have been on roughage diets 
such low values should arouse suspicion 
of lactic acidosis and careful monitoring is 
necessary. 

NECROPSY FINDINGS 

Simple indigestion is not fatal. 


DIFFERENTIAL DIAGNOSIS 


Simple indigestion is a diagnosis of 
exclusion and as such must be differentiated 
from all the diseases of the forestomachs and 
abomasum in which ruminal atony is a 
common clinical finding, and from diseases of 
other body systems that cause secondary 
ruminal atony: 

• Acetonemia: the appetite and milk 
production decrease over a few days, there 
is ketonuria and the rumen contractions 
are present but weaker than normal. 

• Traumatic reticuloperitonitis: there is a 
sudden onset of anorexia and agalactia, 

a mild fever, a painful grunt on deep 
palpation of the xiphoid sternum, and the 
rumen is static with an increase in the size 
of the gas cap. 

• Carbohydrate engorgement: 

characterized by depression, dehydration, 
tachycardia, staggering, recumbency, 
diarrhea, and ruminal stasis with the 
presence of fluid-splashing sounds, and the 
pH of the ruminal fluid is usually below 6 
and commonly down to 5. 

• Left displaced abomasum (LDA): usually 
occurs within a few days after parturition 
and the rumen is usually smaller than 
normal, the contractions are usually 
reduced in amplitude, there is a ping on 
percussion over the lower left flank, and 
ketonuria. 

• Right displaced abomasum: is most 
common in dairy cows 2-4 weeks 
postpartum, there is inappetence, reduced 
feces, ruminal atony, reduced milk 
production and a ping over the right flank, 
and a distended viscus is palpable per 
rectum in the lower right quadrant. 

• Abomasal volvulus: anorexia, depression, 
reduced feces, dehydration, tachycardia, a 
ping over the right flank, and a distended 
viscus in the lower right quadrant are 
common. 

• Vagal indigestion: characterized by 
gradual distension of the abdomen caused 
by distension of the rumen over a period 
of several days, progressive dehydration, 
and scant feces. Initially there is 
hypermotility of the rumen and the 
development of secondary frothy bloat. 

This is commonly followed by ruminal 
atony. 

• Phytobezoars: cause inappetence to 
anorexia and scant feces, and on rectal 
examination distended loops of intestine 
and the firm masses may be palpable. 

• Secondary ruminal atony: occurs in 
many diseases in which septicemia or 
toxemia (coliform mastitis) are present, but 
there are usually additional clinical findings 
to indicate their presence. 

• Ruminal atony with mild bloat is common 
in the early stages of hypocalcemia, which 
may last for 6-18 hours, and is usually 
accompanied by anorexia and a decreased 
amount of feces. The ruminal motility and 
appetite return to normal following 
treatment with calcium borogluconate. 


• The rumen is also atonic in allergic and 
anaphylactic states and returns to normal 
following treatment. 


TREATMENT 
Spontaneous Recovery 

Most cases of simple indigestion recover 
spontaneously. Small quantities of fresh, 
good-quality, palatable hay should be pro¬ 
vided several times daily to encourage eating 
and to stimulate reticulorumen motility. 
Because anorexia and forestomach hypomo- 
tility usually exist together, the objective is to 
stimulate both appetite and motility. Reduced 
feed intake reduces the two primary drives 
for reticulorumen activity: moderate fore¬ 
stomach distension and chewing activity. 

Rumenatorics 

A wide variety of oral preparations contain¬ 
ing rumenatorics were available for many 
years and it was conventional to administer 
these to “stimulate” reticulorumen motility 
and to stimulate appetite. These preparations 
contained nux vomica, ginger, and tartar 
emetic in powder form to be added to water 
and pumped into the rumen. However, there 
is no evidence that nux vomica and tartar 
emetic are effective and they are not recom¬ 
mended. Ginger may be an effective proki- 
netic agent in ruminants, based on the results 
of a preliminary study demonstrating that the 
daily oral administration of ginger extract 
(40 mg/kg body weight [BW]) increased the 
frequency of reticular and ruminal contrac¬ 
tions in healthy sheep within 24 hours. 1 

Parasympathomimetics 

These agents have also been used to stimulate 
reticulorumen activity but have the disad¬ 
vantage of inducing undesirable side effects 
and being uncoordinated and transitory in 
effect. Large doses depress reticulorumen 
activity, and there is no data indicating they 
increase ruminal activity in normal animals. 
The normal flow of rumen contents from the 
reticulorumen to the abomasum is the result 
of a complex of synchronized contractions 
and relaxations of various parts of the fore¬ 
stomachs, orifices, and abomasum occurring 
simultaneously. One of the major limitations 
of injectable parasympathomimetics used as 
rumenatorics is that they do not provide 
these synchronized movements; therefore 
minimal effective movement of ingesta can 
occur. Carbamylcholine chloride, physostig- 
mine, and neostigmine have been most 
commonly administered to ruminants. Car¬ 
bamylcholine acts on the musculature only 
and causes uncoordinated and functionless 
movements. Neostigmine at 0.02 to 0.04mg/ 
kg subcutaneously has no effect on the rate 
and strength of reticular contractions in 
healthy cattle. 2 These drugs are not without 
danger, especially in very sick animals or 
those with peritonitis, and are specifically 
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contraindicated during late pregnancy. Their 
use is no longer recommended. 

Experimentally, metoclopramide increa¬ 
ses the rate of ruminal contractions and 
therefore might be beneficial in rumen hypo- 
motility or motility disturbances associated 
with vagal nerve damage. However, a posi¬ 
tive prokinetic effect of metoclopromide was 
transient and only seen when administered 
at 0.3mg/kg intramuscularly, at which dose 
rate mild neurologic signs were evident and 
manifested as restlessness followed by 
depression. 2 Similarly, Epsom salts (0.5- 
1.0 kg per adult cow) and other magnesium 
salts have not been demonstrated to be effec¬ 
tive and are not recommended. 

Alkalinizing and Acidifying Agents 

If an excessive quantity of grain is the cause 
of the simple indigestion, the use of alkalin- 
izers, such as magnesium hydroxide, at the 
rate of 400 g per adult cow (450 kg BW), is 
recommended when the rumen contents 
are excessively acid. Magnesium hydroxide 
should be used only if ruminal acidosis is 
present. A sample of rumen fluid can be 
readily obtained and the pH determined. If 
the rumen contents are dry, 15 to 30 L of 
water should be administered by stomach 
tube. The oral administration of boluses of 
magnesium hydroxide (162 g) or a powdered 
form (450 g) dissolved in 3.5 L of water daily 
for 3 days resulted in a significant increase in 
rumen pH after 48 and 24 hours, respec¬ 
tively. Both the boluses and the powder 
forms of magnesium hydroxide decreased 
rumen protozoal numbers and increased 
methylene blue reduction times compared 
with baseline values. There was no change in 
blood pH, bicarbonate, or base excess values. 

Acetic acid or vinegar, 5 to 10 L, is used 
when the rumen contents are alkaline as a 
result of the ingestion of high-protein con¬ 
centrates. This is a very uncommon 
occurrence. 

Reconstitution of Ruminal Microflora 
(Rumen Transfaunation) 

In cases of indigestion that have run a course 
of more than a few days, and in animals that 
have been anorexic for prolonged periods, 
there will be significant loss of ruminal 
microflora, especially if there have been 
marked changes in pH. Reconstitution of the 
flora by the use of rumen fluid transfers from 
healthy cows is highly effective. An abattoir 
is the best source of rumen contents (espe¬ 
cially rumen fluid). Sufficient quantities of 
rumen fluid cannot be obtained from live 
animals by reaching into their mouth during 
rumination when the bolus is regurgitated, 
and “stealing the cud.” Rumen fluid may also 
be removed from healthy animals by siphon¬ 
ing from the rumen with a stomach tube or 
by vacuum withdrawal with a special pump. 
The best results are obtained if 20 to 30 L of 
water is pumped into the rumen and then 
allowed to siphon by gravity flow (rumen 


lavage). The rumen fluid to be transferred 
should be strained and administered as an 
oral drench or preferably by stomach tube. 
At least 5 L of rumen fluid should be trans¬ 
ferred to be effective, although a dose- 
response study verifying this volume has not 
been completed. 3 Repeated daily dosing is 
advisable, and rumen fluid will keep for 
several days at room temperature. Commer¬ 
cial products comprising dried rumen solids 
are available and provide some bacteria and 
substrate for their activity when reconsti¬ 
tuted with warm water at 37°C. 

When affected animals resume eating, 
they are best tempted by good, stalky 
meadow or cereal hay. Good-quality alfalfa 
(lucerne) or clover hay, green feed, and con¬ 
centrate may be added to the diet as the 
appetite improves. 


TREATMENT AND CONTROL 


Treatment 

Feed palatable grass hay and discontinue 
grain feeding (R-2) 

Rumen transfaunation, 5 L daily for at least 3 
days(R7-2) 

Metoclopramide IM, neostigmine SC, 
carbamylcholine (R-3) 

Oral magnesium hydroxide without 
determining rumen pH (R-3) 

Control 

Change rations gradually over 7-14 days (R-1) 

IM, intramuscularly; SC, subcutaneously. 


FURTHER READING 

Constable PD, Hoffsis GF, Rings DM. The 

reticulorumen: normal and abnormal motor 
function. Part I. Primary contraction cycle. 

Compend Contin Educ Pract Vet. 

1990;12:1008-1014. 

Constable PD, Hoffsis GF, Rings DM. The 

reticulorumen: normal and abnormal motor 
function. Part II. Secondary contraction cycles, 
rumination, and esophageal groove closure. 
Compend Contin Educ Pract Vet. 

1990;12:1169-1174. 
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RUMEN IMPACTION DUE TO 
INDIGESTIBLE FOREIGN BODIES 

Foreign body ingestion is common in rumi¬ 
nants because of a general lack of alimentary 
finesse, particularly in cattle. Ingestion of 
metallic foreign bodies can lead directly to 
penetration of the reticular or ruminal wall, 
and this common disease is covered else¬ 
where in this chapter in the section on 
traumatic reticuloperitonitis. Ingestion of 
nonmetallic foreign bodies is addressed in 


this section, and if extensive or located in the 
reticulum, such ingestion can result in 
decreased feed intake, weight loss, and elec¬ 
trolyte and acid-base abnormalities. Nonme¬ 
tallic foreign bodies are most frequently 
found in the rumen. 

Foreign bodies were detected in 42% of 
400 cattle, 21% of 320 sheep, and 12% of 320 
goats at slaughter in northern Ethiopia. 1 In a 
related study, foreign bodies were detected in 
43% of 332 cattle, 57% of 193 sheep, and 59% 
of 169 goats at slaughter in eastern Ethiopia. 2 
The foreign bodies were predominantly 
located in the rumen and consisted of plastic 
bags, cloth, rope, and leather (Fig. 8-6); con¬ 
sequently, increased use of paper bags is 
recommended wherever possible. Foreign 
bodies were detected in 17% of 1261 cattle at 
slaughter in Rwanda. 3 The foreign bodies 
were primarily plastic bags, despite a ban on 
the use of plastic bags in supermarkets. 
Cattle with foreign bodies present in the 
rumen were much thinner than cattle 
without foreign bodies. In a study in Jordan, 
cattle with nonmetallic foreign bodies in the 
rumen were more likely to exhibit signs of 
ruminal tympany than unaffected cattle. 4 
Cattle with foreign body ruminal impaction 
have serum biochemical changes consistent 
with low BW and decreased feed intake. 3 

Rumen impaction in sheep with indigest¬ 
ible foreign bodies has been described in a 
semiarid region of Nigeria. The sheep had 
visited refuse dumps around a town. Only 
certain breeds of sheep, the Yankasa, Uda, 
and their crossbreeds, were found feeding on 
refuse dumps. Rumen-indigestible foreign 
bodies were present in 19% of the sheep 
slaughtered in the local abattoir. The foreign 
bodies were plastic materials, ropes, dry 
seeds, caked sand, metallic objects, paper, 
fiber, and hairballs. The plastic materials 
were present in 82% of the sheep. Clinically, 
the rumen impaction was characterized by 
emaciation, abdominal distension and sym¬ 
metry, lack of feces in the rectum, foamy 
salivation, recumbency, and inappetence. At 
necropsy, the foreign bodies were usually 
loosely matted together and impacted with 
rumen ingesta. Hyperglycemia, metabolic 
alkalosis, hyponatremia, hypochloremia, 
hypocalcemia, hypoproteinemia, and hypo- 
albuminemia occurred in some cases. The 
impaction was related to the sheep scaveng¬ 
ing on refuse dumps and the blood biochem¬ 
ical changes, along with the clinical signs, 
might be of some diagnostic significance. 

Ultrasound of the rumen using a 3.5-MHz 
transducer at the left 11th- 12th intercostal 
space after intraruminal placement of 1.5 to 
2.0 L of water was helpful in identifying the 
presence of intraruminal foreign bodies in 
goats. 6 Foreign bodies appeared as a hyper- 
echoic band with acoustic shadowing. 
Esophageal and ruminal endoscopy was 
helpful in resolving esophageal obstruction 
and removing foreign bodies in calves, with 
a low rate of complication. The use of 
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Fig. 8-6 Rope rumen foreign body removed during a rumenotomy on a dairy cow with chronic 
weight loss, weakness, and clinical signs of vagal indigestion. 


duck-billed loop snares or Dormi baskets 
facilitated capture of foreign objects located 
in the esophagus. 

Foreign bodies are more common in 
sheep and goats that graze at the outskirts of 
urban areas. The lower prevalence of foreign 
bodies in goats in some studies is consistent 
with decreased exposure because they feed 
mainly on bushes and shrubs. 
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INDIGESTION IN CALVES FED 
MILK REPLACERS (RUMINAL 
DRINKERS) 

A form of indigestion known as ruminal 
drinking occurs in veal calves and is charac¬ 
terized clinically by recurrent ruminal 
tympany, inappetence, unthriftiness, and the 
production of clay-like feces. The disease is 
most common in calves 5 to 6 weeks after 
being placed on a milk diet and being fed 
with a bucket. 

The cause is insufficient closure of the 
reticular groove while drinking milk. The 
ingested milk enters the rumen in large 
quantities instead of flowing directly into the 
abomasum. The experimental intraruminal 
administration of milk to calves at 6 weeks 
of age induces changes in the rumen similar 


to those seen in spontaneous cases of the 
disease. The pH of the rumen decreases 
and L-lactate and D-lactate concentrations 
increase rapidly. The daily oral administra¬ 
tion of untreated whole milk via stomach 
tube into calves 5 to 23 days of age results in 
a D-lactic metabolic acidosis within a few 
days. The onset of ruminal acidosis occurred 
quickly, and mean ruminal pH values fell 
from 6.7 to 4.9 after the first feeding. In the 
following days the rumen pH values varied 
between 4 and 5, and rumen fluid usually has 
a milky appearance and a sour smell. During 
ruminal acidosis, both L-lactic acid and 
D-lactic acid are produced abundantly by 
bacterial fermentative activity. Both isomers 
of lactic acid are absorbed from the rumen, 
or from the intestines, in which they exert an 
acidemic effect by inducing a strong ion 
(metabolic) acidosis. 1 The L-lactate can be 
metabolized quickly by the body and does 
accumulate despite the continuous influx 
into the blood. However, D-lactate cannot be 
metabolized at the same rate because of a 
lack of specific metabolic pathway, and it 
accumulates with the consequence of the risk 
of hyper-D-lactatemia. This will result in aci¬ 
demia caused by strong ion acidosis, depres¬ 
sion, and reluctance to move, with impaired 
palpebral reflex being the best clinical indi¬ 
cator of hyper-D-lactatemia in calves with 
ruminal drinking or diarrhea. 2 

There is marked ruminal hyperkera¬ 
tosis. Villous atrophy occurs in the proxi¬ 
mal jejunum accompanied by a reduction 
in brush border enzyme activities. Clini¬ 
cal recovery occurs within several days 
after returning to normal feeding prac¬ 
tices, with restoration of villous length 
and brush border enzyme activities in 3 to 
4 weeks. 


On clinical examination the temperature, 
heart rate, and respiratory rates are within 
normal range. The abdominal contour is 
increased in size, especially over the ventral 
half of the abdomen. Distension is more 
obvious on the left side. Ballottement of the 
left abdominal wall commonly reveals fluid- 
splashing sounds. Auscultation of the left 
paralumbar fossa while the calf is drinking 
reveals loud fluid-splashing sounds. Large 
volumes of foul-smelling or acid-smelling, 
grayish-white fluid can be siphoned off from 
the rumen. Examination of the rumen con¬ 
tents after calves have consumed milk reveals 
the presence of a casein clot. Radiologic 
examination reveals that ingested milk enters 
the rumen and reticulum and is only slowly 
moved on to the abomasum. An acetamino¬ 
phen absorption test can be performed in 
equivocal cases, in which acetaminophen 
(paracetamol) is added to a 2-L test solution 
of milk or milk replacer at 20 to 50 mg/kg 
and the calf allowed to ingest the test solu¬ 
tion. 3,4 Calves that are ruminal drinkers 
have a very flat acetaminophen absorption 
curve and delayed time to maximal plasma 
acetaminophen concentration, indicating 
failure of the esophageal groove closure and 
ruminal drinking syndrome. Alternatively, 
the dimensions of the abomasum can be 
measured on the ventral midline before and 
after the calf suckles a 2-L volume of milk or 
milk replacer. From the abomasal dimen¬ 
sions and assuming the abomasum can be 
modeled as an ellipse, abomasal volume can 
be calculated as length x width X depth x 
7t/6; 5 ’ 6 in healthy calves the calculated aboma¬ 
sal volume should have increased by 2 L. 
Alternatively, an ultrasound can be per¬ 
formed on the ventral abdomen and the 
reticulum examined for the presence of milk. 
Immediately after suckling, the reticulum is 
displaced dorsally by the enlarged aboma¬ 
sum, which lies on the ventral abdominal 
floor. In calves with ruminal drinking syn¬ 
drome, the reticular content could be visual¬ 
ized and consisted of a heterogeneous echoic 
liquid content. Milk can also be visualized 
in the ventral aspects of the rumen after milk 
ingestion by calves with ruminal drinking 
syndrome.' 

Affected calves remain unthrifty while 
they continue to drink milk. Esophageal 
groove reflex dysfunction may be a compli¬ 
cation in some milk-fed calves affected with 
diarrhea. Treatment should initially start 
with draining of the rumen contents by 
passing an ororuminal tube. Drainage may 
require the addition of 1 to 2 L of warm tap 
water to create a siphon and facilitate empty¬ 
ing of the rumen. Calves should not be 
bucket fed, but should be fed milk with a 
small nipple hole to ensure slower ingestion. 
This is done because the disease is rarely 
diagnosed in calves that are left suckling 
their dam. Retraining the calf to suckle on a 
nipple by allowing the calf to suck on a finger 
before offering the nipple can be important. 
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In older calves that can be weaned, weaning 
on to hay and concentrates returns the calf 
to normal very quickly. Rumen movements, 
via eructation reflex, and ruminations 
become normal within 1 to 2 weeks. 

The administration of colostrum and 
other fluids to calves using an esophageal 
feeder does not induce the esophageal groove 
reflex. However, colostrum and other fluids 
administered directly into the rumen with a 
feeder does move from the forestomach 
into the abomasum within minutes. Feeding 
colostrum to newborn calves by means of an 
esophageal feeder is a labor-saving and effec¬ 
tive method of obtaining optimum levels of 
serum immunoglobulins. This is particularly 
useful in large dairy herds because colostrum 
can be given to calves immediately after 
birth. 

At necropsy the rumen of calves with 
ruminal drinking syndrome is enlarged and 
there are varying degrees of hyperkeratosis 
and parakeratosis. Villous atrophy is promi¬ 
nent in the small intestine, which is partially 
restored to normal when the reticular groove 
reflex is restored. 

Affected calves can be treated by inducing 
them to suck on the herdsmans fingers while 
they are being fed a small quantity of cows’ 
whole milk or milk replacer. Ideally, calves 
recovering from ruminal drinking syndrome 
should be fed multiple small meals of milk 
or milk replacer frequently. 
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ACUTE CARBOHYDRATE 
ENGORGEMENT OF RUMINANTS 
(RUMINAL LACTIC ACIDOSIS, 
RUMEN OVERLOAD) 

AND SUBACUTE RUMINAL 
ACIDOSIS 

ETIOLOGY 

Acute ruminal acidosis is most commonly 
caused by the sudden ingestion of toxic doses 
of carbohydrate-rich feed, such as grain. Less 
common causes include engorgement with 
apples, grapes, bread, baker’s dough, sugar 
beet, mangels, sour wet brewers’ grain that 
was incompletely fermented in the brewery, 
and concentrated sucrose solutions used 
in apiculture. Subacute ruminal acidosis 
(SARA) in dairy cattle is a disorder of 
ruminal fermentation in dairy cattle caused 
by the ingestion of large amounts of concen¬ 
trates and inadequate amounts of fiber 
administered to increase milk production in 
early lactation. 


SYNOPSIS 


Etiology Sudden ingestion of large amounts 
of highly fermentable carbohydrates. 

Epidemiology Accidental consumption by 
ruminating cattle of excessive quantities of 
highly digestible feeds such as cereal 
grains, corn, baker's bread, grapes, apples, 
and the like. In beef and lamb feedlots the 
rapid introduction of high-level grain diets 
is a major risk factor. Outbreaks occur 
when animals gain access to a large 
quantity of grain. High mortality rate when 
large quantity of grain ingested. Subacute 
ruminal acidosis is considered an important 
problem in dairy herds. 

Signs Anorexia, depression, dehydration, 
ruminal stasis, profuse diarrhea with 
sweet-sour odor of feces that may contain 
undigested kernels, weakness, and ataxia 
leading to recumbency. Rumen may or may 
not feel full, but atonic and fluid-splashing 
sounds are audible on ballottement. 
Laminitis and mycotic rumenitis are 
complications. 

Clinical pathology Ruminal fluid pH below 
5, rumen protozoa absent or inactive in 
rumen fluid; hemoconcentration, blood 
L-late and D-lactate concentration 
increased, hypocalcemia. 

Lesions Acute congested and inflamed 
rumenitis, sloughing ruminal mucosa; 
mycotic inflammation and necrosis of 
forestomach and fungal hepatitis if disease 
lasts several days. 

Diagnostic confirmation Ruminal fluid pH 
below 5. 

Differential diagnosis list Simple 
indigestion, parturient hypocalcemia, 
peracute coliform mastitis, acute diffuse 
peritonitis. 

Treatment Triage to determine which animals 
need medical treatment, rumen lavage, 
or rumenotomy. Correct ruminal and 
systemic acidosis with alkalinizing agents 
parenterally or orally depending on severity. 
Fluid and electrolyte therapy as necessary. 
Restore forestomach and intestinal motility 
by providing palatable hay. 

Control Prevent accidental access to grain. 
Gradual introduction to high-level grain 
diets in feedlots. Total mixed rations 
containing chopped roughage and grain to 
ensure controlled intake of carbohydrates. 
Careful feeding management of dairy cattle 
during late pregnancy and early lactation. 
Use of ionophores in feed alter rumen 
metabolism and potentially can control 
ruminal acidosis. 


EPIDEMIOLOGY 

Occurrence 

All types of ruminant cattle and sheep are 
susceptible to acute ruminal acidosis, but the 
disease is most common in feedlot cattle. It 
also occurs in lamb feedlots and has been 
recorded in goats, wild deer, and farmed 


ungulates. SARA is most common in dairy 
cattle fed high-level grain diets. 

Previous Diet and Change of Ration 

Because the type and level of ration con¬ 
sumed by a ruminant affects the numbers 
and species of bacteria and protozoa in the 
rumen, a change from one ration to another 
requires a period of microbial adaptation, 
which is a variable interval of time before 
stabilization occurs. Animals being fed a 
low-energy ration are most susceptible to a 
rapid change to a high-energy ration because 
satisfactory adaptation cannot occur quickly 
enough. This results in the rapid onset of 
abnormal fermentation. 

Accidental Consumption of 
Excess Carbohydrates 

The disease occurs is common following 
accidental consumption of toxic amounts of 
grain by cattle gaining sudden access to large 
quantities of grain. A single animal or a 
group of hungry cows may break into a grain 
storage bin or find a large supply of unpro¬ 
tected grain, which is not uncommon on a 
mixed cattle-grain farm. Another common 
occurrence is when cattle are left under the 
care of an assistant who, being unaware of 
the feeding schedule, gives the cattle an 
unaccustomed quantity of grain. Outbreaks 
have occurred in dairy herds following mal¬ 
function of automatic feeders, which deliv¬ 
ered many times more than the usual amount 
of grain. In a similar outbreak, recently 
calved cows consumed an excessive amount 
of feed delivered by an automatic feeder but 
not eaten by other cows because of hot 
weather. 

Outbreaks have occurred when cattle 
have been turned into unripe, green corn 
standing in the field, when cattle or sheep 
have been placed on stubble fields in which 
considerable grain lost by the harvester was 
available on the ground, and following the 
irregular feeding of large quantities of other 
less common animal feeds and by-products, 
such as bread, baker’s dough, and wet 
brewers’ grain. Problems usually arise with 
these feeds when a larger than usual amount 
is fed to cattle either for the first time or 
because the usual supplementary feed is in 
short supply. 

Feedlot Cattle 

The occurrence of grain overload in feedlot 
cattle, however, has gained the most atten¬ 
tion, presumably because of its economic 
impact. Digestive disorders account for 
approximately 25% to 35% of deaths in 
feedlot cattle and may contribute to decreased 
performance and efficiency of production. 
The economics of feedlot beef production 
dictate that cattle should gain weight at their 
maximum potential rate, and this usually 
involves getting them on to a full feed of a 
high concentration of grain quickly. Eco¬ 
nomics also favor the processing of grain by 
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one of several methods available that will 
increase the availability of starch, increase 
the rate of degradation in the rumen. All 
these factors set the stage for a high inci¬ 
dence of grain overload in feedlot cattle. 

There are some critical periods during 
which grain overload occurs in feedlot cattle. 
When starting cattle on feed, animals with 
previous experience of eating grain will com¬ 
monly consume a toxic dose if offered a 
ration with a high percentage of grain. The 
disease is common in feedlot cattle in which 
the total daily feed intake has been brought 
up to what is considered the same feed on an 
ad libitum basis, and they gorge themselves. 
When increasing the concentration of grain 
in the ration from one level to another, if the 
increment is too high the total amount of 
grain consumed by some cattle will be exces¬ 
sive. Rapid changes in barometric pressures 
may affect the voluntary intake of cattle. A 
rapid change to cold weather may result in a 
moderate increase in feed intake in animals 
that are fed ad libitum and outbreaks of grain 
overload may occur. When rain is involved 
and feed becomes wet and possibly even 
moldy, feed intake will drop, but when fresh 
dry feed is offered again there may be a 
marked increase in feed intake that results in 
grain overload. 

The disease also occurs when cattle that 
have been on a high-level grain ration (full 
feed) have become hungry because they have 
been out of feed for 12 to 24 hours as a result 
of a breakdown in the feed mill or handling 
facilities. Offering an unlimited supply of 
feed to these cattle will often result in severe 
cases of grain overload. In large feedlots, in 
which communications can be a problem, 
the accidental feeding of a high-level grain 
ration to cattle that are on a high-level 
roughage ration is a common cause of the 
disease. 

The ruminal lesions of rumenitis and 
ruminal parakeratosis, which are common in 
feedlot cattle at slaughter, are thought to be 
associated with the continuous feeding of 
grain. These lesions are often remarkable at 
slaughter in well-nourished cattle, and their 
effect on live weight gain and feed conversion 
is not known. 

Beef Breeding Herds 

Cows in beef cow-calf herds may develop 
acute ruminal acidosis if offered a high- 
energy grain ration during the winter feeding 
period without a period of adjustment. 

Lamb Feedlots and Liquid-Fed Calves 

Outbreaks of the disease occur in lamb feed- 
lots in which lambs are started on a high- 
level grain ration without a period of 
adjustment. The disease is not as common in 
lambs as in cattle, perhaps because lambs are 
usually fed on oats. 

Rumenitis and metabolic acidosis have 
also been reported when newborn calves 
were force-fed liquid feeds or nutrient- 


electrolyte solutions containing easily digest¬ 
ible carbohydrates. 

Dairy Cattle Herds 

SARA occurs in dairy cattle herds fed high- 
grain, low-fiber rations in early lactation. It 
is considered of major economic importance 
because of the possible association with lam- 
initis in dairy herds. 

The transition from the pregnant, nonlac- 
tating state to the nonpregnant, lactating 
state is the period during which the majority 
of metabolic diseases occur in the dairy cow. 
During this period, which ranges from 3 
weeks before until 3 weeks after calving, the 
cow is changed from a high-fiber, low- 
concentrate diet to a diet that is higher in 
concentrate feeds and lower in fiber. Cows 
that have not adapted to these high-grain 
diets are particularly susceptible to ruminal 
acidosis. SARA is characterized by repeated 
bouts of depressed rumen pH between 5.2 
and 5.6. The abnormality often results from 
a large intake of rapidly fermentable carbo¬ 
hydrates that leads to the accumulation of 
organic acids in the rumen. Up to 20% of 
cows on commercial dairy farms in early to 
midlactation have a rumen pH of less than 
5.5, indicative of SARA. The economic losses 
associated with SARA have been estimated 
at $1.12 per cow per day. 

Field observations suggest that peripartu- 
rient cows are at risk of SARA because of the 
time required for the rumen microflora and 
papillae to adapt to increased intakes of con¬ 
centrates immediately before parturition and 
during early lactation when feed intake 
increases rapidly to meet the energy needs of 
high-producing dairy cows. The adaptation 
of the ruminal microflora and papillae from 
a system appropriate for forage to a system 
capable of using high-energy lactation 
rations requires a gradual change during a 
period of 3 to 5 weeks. 

The need for individual cows to adapt to 
high-energy rations and the common prac¬ 
tice of feeding dairy cows as groups results 
in periparturient cows being at risk of devel¬ 
oping SARA. For practical reasons, as total 
mixed rations have become more common, 
many dairy herds limit the number of rations 
to a single dry-cow ration and a single 
lactating-cow ration, because of the time and 
labor required to mix each ration. This 
system has made it difficult to introduce con¬ 
centrates to individual cows in the first few 
weeks after calving. If the dry-cow ration has 
not resulted in adaptation of the ruminal 
microflora required for high-energy rations, 
acidosis may occur when the cow is fed the 
lactating-group ration. The net energy of a 
ration can be safely increased in 10% incre¬ 
ments. For example, a change from an energy 
density of 0.70 Mcal/lb NEJ (net energy, lac¬ 
tation) to 0.77 Mcal/lb NEi would be consid¬ 
ered safe. The National Research Council 
recommends that dry-cow total mixed 
rations have 0.57 Mcal/lb NEj and that a 


high-production lactation cow ration have 
0.78 Mcal/lb NE!. Using the 10% guideline 
for gradual energy change would require at 
least two intermediate rations. 

Dairy producers attempt to minimize the 
negative energy balance of lactating cows in 
early lactation by maximizing concentrate 
intake early in the period after parturition. 
The early lactation period is a high-risk 
period for lactating dairy cows if they are fed 
rations as separate components, for three 
reasons: 

1. Concentrates are consumed by the cow 
in preference to forage. 

2. Forage consumption is not usually 
measured on an individual cow basis 
and is commonly assumed to 
approximate the herd average. 

3. Dry matter intake of periparturient 
cows is lower than commonly thought 
and is very dynamic through this 
period. 

Thus high-producing lactating dairy cows 
consuming large quantities of high-energy 
grains are susceptible to SARA during early 
lactation. 

Field recommendations for feeding 
component-fed concentrates during the first 
3 weeks of lactation are usually excessive. 
Feeding excessive quantities of concentrate 
and insufficient forage results in a fiber- 
deficient ration likely to cause subacute aci¬ 
dosis. The same situation may occur during 
the last few days before parturition if the 
ration is fed in separate components; as dry 
matter intake drops before calving, dry cows 
will preferentially consume too much con¬ 
centrate and insufficient fiber, and develop 
acidosis. 

SARA may also be caused by formulation 
of rations that contain excessive amounts of 
rapidly fermentable carbohydrates, a defi¬ 
ciency of fiber, or errors in delivery of the 
rations. Recommendations for the fiber 
content of dairy rations are available in 
the National Research Council (Nutrient 
Requirements of Dairy Cattle). Dry matter 
content errors in total mixed rations are 
commonly related to a failure to adjust for 
changes in moisture content of forages. 

Morbidity and Case-Fatality Rates 

Outbreaks of the disease occur in cattle 
herds kept on grain farms and in feedlots. 
Depending on the species of grain, the total 
amount eaten and the previous experience 
of the animals, the morbidity will vary from 
10% to 50%. The case-fatality rate may 
be up to 90% in untreated cases, whereas 
in treated cases it still may be up to 30% 
to 40%. 

Types and Toxic Amounts of Feeds 

Wheat, barley, and corn grains are the most 
toxic when ingested in large quantities. Oats 
and grain sorghum are least toxic. All grains 
are more toxic when ground finely or even 
crushed or just cracked, which are processes 





that expose the starch component of the 
grain to the ruminal microflora. The experi¬ 
mental feeding of unprocessed barley to 
cattle did not result in rumenitis, whereas 
feeding rolled barley was associated with 
ruminal lesions. An unrestricted supply of 
stale bread can cause outbreaks. 

The amount of a feed required to cause 
acute illness depends on the species of grain, 
previous experience of the animal with the 
grain, its nutritional status and body condi¬ 
tion score, and the nature of the ruminal 
microflora. Dairy cattle accustomed to high- 
level grain diets may consume 15 to 20 kg of 
grain and develop only moderate illness, 
whereas beef cows or feedlot cattle may 
become acutely ill and die after eating 10 kg 
of grain to which they are unaccustomed. 
Amounts of feed that are lethal range from 
50 to 60 g of crushed wheat per kilogram BW 
in undernourished sheep to 75 to 80 g/kg 
BW in well-nourished sheep, and in cattle 
doses ranging from 25 to 62 g/kg BW of 
ground cereal grain or corn produced severe 
acidosis. 

PATHOGENESIS 

A summary of the events that occur in the 
rumen and the systemic effects on the animal 
with acute ruminal acidosis is presented 
here. The disease provides an excellent 
example of strong ion (metabolic) acidosis in 
ruminants. 

Changes in Rumen Microflora 

The ingestion of excessive quantities of 
highly fermentable feeds by a ruminant is 
followed within 2 to 6 hours by a marked 
change in the microbial population in the 
rumen. There is an increase in the number of 
Streptococcus bovis, which use the carbohy¬ 
drate to produce large quantities of lactic 
acid. In the presence of a sufficient amount 
of carbohydrate (a toxic or a lethal amount) 
the organism will continue to produce lactic 
acid, which decreases the rumen pH to 5 or 
less, which results in the destruction of the 
cellulolytic bacteria and protozoa. When 
large amounts of starch are added to the diet, 
growth of S. bovis is no longer restricted by 
energy source and it multiplies faster than 
any other species of bacteria. 

Volatile Fatty Acids and Lactic Acid in 
the Rumen 

The concentration of volatile fatty acids 
increases initially, contributing to the fall in 
ruminal pH. The low pH allows lactobacilli 
to use the large quantities of carbohydrate in 
the rumen to produce excessive quantities of 
lactic acid, resulting in ruminal lactic acido¬ 
sis. Both d and l forms of the acid are pro¬ 
duced, which markedly increases ruminal 
osmolality, and water is drawn in from the 
systemic circulation, causing hemoconcen- 
tration and dehydration. Ruminal osmolality 
increases from a normal of 280 mOsm/kg to 
almost 400 mOsm/kg, and this increase in 
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rumen osmolality plays an important role in 
decreasing appetite and increasing dehydra¬ 
tion, because extracellular fluid volume is 
translocated into the rumen. 

Some of the lactic acid is buffered by 
ruminal buffers, but large amounts are 
absorbed by the rumen and some moves into 
and is absorbed further down the intestinal 
tract. Lactate is a 10 times stronger acid than 
the volatile fatty acids, and accumulation of 
lactate eventually exceeds the buffering 
capacity of rumen fluid. As the ruminal pH 
declines, the amplitude and frequency of the 
rumen contractions are decreased, and at 
about a pH of 5 there is ruminal atony. The 
increased concentration of undissociated 
volatile fatty acids in the rumen is thought 
to be more important than increased lactic 
acid concentration or decreasing ruminal pH 
in causing ruminal atony. Experimentally, 
ruminal atony occurs in sheep within 8 to 
12 hours after grain engorgement, but the 
precise pathophysiological mechanism for 
loss of forestomach motility is uncertain. The 
diarrhea is thought to be osmotic because 
of the large increase in rumen osmolality 
and, consequently, small and large intestinal 
osmolality, which is similar to the cathartic 
effects of orally administered magnesium 
sulfate. 

In experimental lactic acidosis using 
sucrose in sheep, feed intake does not resume 
until rumen pH has returned to 6.0 or higher 
and lactic acid is no longer detectable in the 
rumen. Renal blood flow and glomerular fil¬ 
tration rate are also decreased, resulting in 
anuria. Eventually there is shock and death. 
All these events can occur within 24 hours 
after engorgement of a lethal dose of carbo¬ 
hydrate; with toxic doses the course of events 
may take 24 to 48 hours. 

Systemic Lactic Acidosis 

The absorbed lactic acid acts as a strong 
anion, and when absorbed in sufficiently 
large enough amounts results in a decreased 
strong ion difference (the net difference in 
charge between strong cations and strong 
anions) and a strong ion acidosis and acide¬ 
mia. The L-lactate is rapidly metabolized to 
bicarbonate, increasing the plasma strong in 
difference and increasing blood pH toward 
the normal range. D-lactate is very slowly 
metabolized and plasma concentrations 
decrease primarily by renal excretion, which 
is low in advanced cases of ruminal acidosis 
because of marked dehydration. In animals 
with mild or moderate dehydration that 
survive the acute form of the disease, the 
rapid clearance of L-lactate and D-lactate and 
other compensatory mechanisms may over¬ 
compensate, resulting in alkalosis. In severe 
cases of lactic acidosis the reserves of plasma 
bicarbonate are reduced, the blood pH 
declines steadily, and the blood pressure and 
renal blood flow decline, causing a decrease 
in perfusion pressure and oxygen supply to 
peripheral tissues. This results in a further 


increase in lactic acid from cellular respira¬ 
tion and decreased elimination of D-lactate 
in the urine. 

Both d- and L-lactic acids are produced. 
The L-lactic acid is used much more rapidly 
than the D-isomer, which accumulates and 
causes a severe D-lactic acidosis. If the rate of 
entry of lactic acid into body fluids is not too 
rapid, compensatory mechanisms are able to 
maintain the blood pH at a compatible level 
until the crisis is over, and recovery is usually 
rapid. This may explain the common obser¬ 
vation that feedlot cattle may be ill for a few 
days after being introduced to a grain ration 
but quickly recover, whereas in other cases 
when the rate of entry is rapid the compensa¬ 
tory mechanisms are overcome and urgent 
treatment is necessary. 

Chemical and Mycotic Rumenitis 

The high concentration of lactic acid in the 
rumen causes chemical rumenitis, which is 
the precursor for mycotic rumenitis in those 
that survive; this occurs about 4 to 6 days 
later. The low pH of the rumen favors the 
growth of Mucor, Rhizopus, and Absidia spp., 
which invade the ruminal vessels, causing 
thrombosis and infarction. Inoculation of A. 
corymbifera orally into sheep with experi¬ 
mental ruminal acidosis produced with 
barley causes desquamation of the superficial 
layers of the mucosae and focal necrosis from 
lamina propria to muscular layers. Severe 
bacterial rumenitis also occurs. Widespread 
necrosis and gangrene may affect the entire 
ventral half of the ruminal walls and lead to 
the development of an acute peritonitis. The 
damage to the viscus causes complete atony 
and this, together with the toxemia resulting 
from the gangrene, is usually sufficient to 
cause death. Mycotic omasitis and rumenitis 
may also occur without a history of grain 
engorgement in cattle. Anorexia and fore¬ 
stomach atonicity associated with a primary 
illness in other body systems may predispose 
the mucosae to fungal infection because of 
abomasal reflux of acid and the prolonged 
use of antimicrobials. 

Chronic rumenitis and ruminal paraker¬ 
atosis are common in cattle fed for long 
periods on grain rations, and the lesions are 
attributed to the chronic acidosis, but it is 
possible that barley awns and ingested hair 
may contribute to the severity of the lesions. 

Hepatic Abscesses 

In uncomplicated chemical rumenitis, the 
ruminal mucosa sloughs and heals with scar 
tissue and some mucosal regeneration. 
Hepatic abscesses commonly occur as a 
complication as a result of a combination of 
rumenitis caused by lactic acidosis and 
allowing Fusobacterium necrophorum and 
Trueperella (formerly Arcanobacterium or 
Cory neb acterium) pyogenes to enter directly 
into ruminal vessels and spread to the liver, 
which may have also undergone injury from 
the lactic acidosis. Severe diffuse coagulation 
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necrosis and hyperplasia of the bile duct epi¬ 
thelium and degeneration of renal tubules 
may also be present histologically. A small 
proportion of cattle with hepatic abscesses 
proceed to develop caudal vena caval syn¬ 
drome, which is addressed in Chapter 12. 

In cattle being placed on a grain ration, 
even with control of the daily intake, hepatic 
cell damage and liver dysfunction occur even 
though dietary adaptation may have occurred 
in 2 to 3 weeks. The biochemical profile indi¬ 
cates that complete metabolic adaptation 
requires at least 40 days following the start of 
grain feeding. 

Laminitis 

Laminitis occurs in acute, subclinical, and 
chronic forms associated with varying 
degrees of severity of ruminal acidosis. The 
association between acidosis and laminitis 
appears to be associated with altered hemo¬ 
dynamics of the peripheral microvascula¬ 
ture. Vasoactive substances are released 
during the decline of rumen pH and the bac¬ 
teriolysis and tissue degradation. These sub¬ 
stances cause vasoconstriction and dilatation, 
which injure the microvasculature of the 
corium. Ischemia results, which causes a 
reduction in oxygen and nutrients reaching 
the extremities of the corium and cell swell¬ 
ing. Ischemia causes physical degradation of 
junctures between tissues that are structur¬ 
ally critical for locomotion, and cell swelling 
within an enclosed noncompliant structure 
such as the hoof can result in further decrease 
in blood flow within the digit. The insidious 
rotation of the distal phalanx (pedal bone) 
can result in permanent anatomic change. 
Manifestations of subclinical laminitis are 
sole hemorrhages and yellowish discolor¬ 
ation. Other clinical manifestations include 
double soles, heel erosion, dorsal wall con¬ 
cavity, and ridging of the dorsal wall. 

Other Toxic Substances Produced 

Several toxic substances other than lactic 
acid have been suggested as contributory to 
the disease. Increased concentrations of his¬ 
tamine have been found in the rumen of 
experimentally engorged cattle, but its pos¬ 
sible role in the disease remains unknown. 
Histamine is not absorbed from the rumen 
except at abnormally high pH values, but is 
absorbed from the small intestine. Laminitis 
occurs in some cases of rumen overload, but 
the pathogenesis is unknown. 

Other substances that have been recov¬ 
ered from the rumen in grain overload 
include a suspected endotoxin, ethanol, and 
methanol. In experimental lactic acidosis 
induced in cattle with 70 g of barley per 
kilogram BW, endotoxin and arachidonic 
acid metabolites are produced and may be 
important. However, the role of the endo¬ 
toxin is uncertain but appears to be minor 
because of effective hepatic clearance. Endo¬ 
toxin administered into the intestine of lactic 
acidotic sheep is not absorbed. Clostridium 


perfringens and coliform bacteria have also 
been found in increased numbers, but their 
significance is uncertain. The electrolyte 
changes that occur include a mild hypocal¬ 
cemia caused by temporary malabsorption, 
loss of serum chloride caused by sequestra¬ 
tion in the abomasum as a result of gastro¬ 
intestinal hypomotility, and an increase in 
serum phosphate concentration caused by 
renal failure. 

Experimental Lactic Acidosis 

The disease can be reproduced in cattle and 
sheep with a variety of grains, fruits, sugars, 
and pure solutions of lactic acid. The oral 
administration of sucrose at 18 g/kg BW to 
goats can cause lactic acidosis. In cattle the 
sucrose is used to induce rumen lactic acido¬ 
sis experimentally. The severity of the experi¬ 
mental disease and the magnitude of the 
pathophysiological changes vary depending 
on the substance used, but changes similar to 
the natural disease occur. 

Lesions in the brain have been recorded 
in the experimental disease in sheep and 
naturally occurring cases in cattle, but their 
pathogenesis and significance are uncertain. 
There are detectable changes in the cellular 
and biochemical composition of the cerebro¬ 
spinal fluid, which suggests that the blood- 
brain barrier may be affected. Experimentally, 
sublethal doses of volatile fatty acids, lactate, 
and succinate have an effect on liver func¬ 
tion. Toxic and lethal doses of butyrate can 
cause sudden flaccid paralysis and death 
from asphyxia. 

Subacute Ruminal Acidosis 
(Dairy Cattle) 

There continues to be disagreement as to the 
consensus definition of SARA, although 
there is agreement that the definition should 
focus on rumen pH. Part of the disagreement 
is caused by differences in mean rumen pH 
measured by stomach tube or rumenocente- 
sis in which it appears that stomach tube pH 
values are approximately 0.3 units higher 
than those obtained by rumenocentesis. This 
difference may reflect handling differences in 
the sample, because the pH of free-catch 
urine samples are often 0.2 to 0.3 pH units 
higher than those obtained with an anaerobi¬ 
cally collected sample from a bladder cathe¬ 
ter; loss of carbon dioxide is thought to 
account for the difference in pH values. Part 
of the disagreement is caused by SARA 
being the result of repetitive transient and 
moderate decreases in rumen pH, com¬ 
pared with acute ruminal acidosis, which is 
the result of a sustained and marked 
decreased in rumen pH. There is a growing 
consensus that a definition of SARA is a 
rumen pH (measured by rumenocentesis) 
<5.5; 1,2 preferably this low pH should be sus¬ 
tained for at least 3 hours of each day. 3 ' 4 
However, it should be noted that in vitro 
fiber digestibility is decreased when pH is 
below 6.2. 5 


The pathogenesis of SARA in lactating 
dairy cows is not as well understood as acute 
ruminal acidosis associated with the sudden 
ingestion of large amounts of readily fer¬ 
mentable carbohydrates, for example, it is 
most common in beef cattle that gain acci¬ 
dental access to large quantities of grain. In 
early-lactating dairy cows, SARA is usually 
caused by the consumption of diets with high 
levels of rapidly fermentable carbohydrates 
or marginal, often deficient, levels of physi¬ 
cally active fiber. SARA has been docu¬ 
mented most frequently in confinement 
herds fed a total mixed ration or component 
feeds; however, it can also occur in pasture- 
fed cattle in Ireland and New Zealand in 
which there are lush pastures with high con¬ 
centrations of rapidly fermentable carbohy¬ 
drates and low levels of effective fiber. 5,6 

The biochemical changes that occur in 
lactating dairy cows in early lactation that are 
affected with SARA have not been examined 
in detail. In SARA, fermentation of non- 
structural carbohydrates leads to the produc¬ 
tion of large quantities of volatile fatty acids 
and lactate, which accumulate in the rumen 
and subsequently decrease rumen pH. It has 
been difficult to reproduce SARA in early- 
lactation dairy cows even with diets such as 
high-moisture corn, cracked dried corn 
grain, and rolled barley. These feeds did not 
induce SARA, either because of an inability 
of the feeds to depress the rumen pH rapidly 
enough or because of the cow’s refusal to 
consume them. 

Wheat/barley pellets were readily con¬ 
sumed by lactating dairy cows and did result 
in a sustained reduction in rumen pH. When 
cows with experimental SARA are given a 
choice between alfalfa hay and alfalfa pellets, 
cows will choose the alfalfa hay more often, 
which implies that dairy cows would increase 
their dietary preference for a feed of longer 
particle size when given the appropriate 
choice during a bout of SARA. As intake of 
long hay will result in more saliva production 
and rumen buffering than intake of pelleted 
alfalfa, this indicates that cows select feeds 
with high rumen-buffering capacity in an 
attempt to prevent SARA. When cows with 
SARA were offered sodium bicarbonate ad 
libitum, they did not select the compound to 
attenuate the ruminal acidosis. When cows 
with SARA were offered a choice between 
two test pellets, one containing 4% sodium 
bicarbonate and the other 4.5% sodium 
chloride, the intake of the sodium bicarbon¬ 
ate pellets increased over time, but the 
intake of sodium chloride pellets remained 
unaltered. 

There is some evidence that lactic acid is 
not the causal reason for the prolonged 
reduction in pH of the ruminal contents. 
Studies have shown only low lactate levels 
between 0.45 and 0.74 mmol/L in cows with 
suspected SARA. Excessive volatile fatty acid 
production may be a more important con¬ 
tributor to SARA in lactating dairy cows. 





The induction of SARA by excess feeding 
of wheat/barley pellets reduces the rumen 
digestion of neutral detergent fiber from grass 
hay, legume hay, and corn silage. It is thought 
that SARA affects the productivity of dairy 
cows by reducing the fiber digestion, because 
low pH negatively affects cellulolytic bacteria. 
The induction of SARA in lactating dairy 
cows by replacing 25% of the total mixed 
ration intake with pellets consisting of 50% 
wheat and 50% barley reduced the in situ dry 
matter and neutral detergent fiber digestion 
of mixed hay. Disappearance of neutral deter¬ 
gent fiber was reduced from 39.5% to 30.9%. 

Rumen pH drops considerably in dairy 
cows after calving when the diet is changed. 
Monitoring rumen pH throughout the transi¬ 
tion period of dairy cows in which the con¬ 
centrate to forage ration was changed from 
70:30 to 55:45 at calving found that 1 week 
before calving the average daily pH was 6.83, 
the average daily time with rumen pH below 
6 was 26 minutes, and the average daily time 
with rumen pH below 5.6 was 6 minutes. 
During the first week after calving, the average 
daily pH was 6.51, and the average daily time 
with rumen pH below 6 and 5.6 were 312 and 
60 minutes, respectively. The drop in rumen 
pH is associated with an increase in the rate of 
production of volatile fatty acids, which tem¬ 
porarily increases the concentration of vola¬ 
tile fatty acids in the rumen, until the 
absorptive capacity of the rumen mucosa for 
volatile fatty acids has been increased. 

The pathogenesis of rumenitis, hepatic 
abnormalities, and laminitis associated with 
SARA is considered to be similar to those 
described earlier for acute ruminal acidosis. 

CLINICAL FINDINGS 
Speed of Onset and Severity 

The speed of onset of the illness varies with 
the nature of the feed; it is more rapid with 
ground feed than with whole grain. The 
severity increases with the amount of feed 
eaten. If cattle are examined clinically within 
a few hours after engorgement, the only 
abnormalities that may be detectable are a 
distended rumen and abdomen, and occa¬ 
sionally some abdominal discomfort, evi¬ 
denced by kicking at the belly. In the mild 
form, affected cattle are anorexic and still 
fairly bright and alert, and the feces may be 
softer than normal. Rumen movements are 
reduced but not entirely absent. Affected 
cattle do not ruminate for a few days but 
usually begin to eat on the third or fourth 
day without any specific treatment. 

In outbreaks of the severe form, within 
24 to 48 hours some animals will be recum¬ 
bent, some staggering, and others standing 
quietly alone. Most affected cattle are 
anorexic, apathetic, and depressed. Teeth 
grinding may occur in about 25% of affected 
sheep and goats. Once they are ill they 
usually do not drink water, but cattle may 
engorge themselves on water if it is readily 
available immediately after consuming large 
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quantities of dry grain. In an outbreak, 
inspection of the feces on the ground will 
usually reveal many spots of soft to watery 
feces. 

Individual Animals 

Depression, dehydration, inactivity, weak¬ 
ness, abdominal distension, diarrhea, and 
anorexia are typical. The temperature is 
usually below normal, 36.5°C to 38.5°C 
(98°F-101°F), but animals exposed to the sun 
may have temperatures up to 41°C (106°F). 
In sheep and goats, the rectal temperatures 
may be slightly higher than normal. The 
heart rate in cattle is usually increased and 
continues to increase with the severity of the 
acidosis and circulatory failure. Generally, 
the prognosis is better in those with heart 
rates below 100 beats/min than those with 
rates up to 120 to 140 beats/min. In sheep 
and goats, the heart rate may be higher than 
100 beats/min. The respirations are usually 
shallow and increased up to 60 to 90 beats/ 
min. A mucopurulent discharge is common 
because animals fail to lick their nares. 

Diarrhea is almost always present and 
usually profuse, and the feces are light- 
colored with an obvious sweet-sour odor. 
The feces commonly contain an excessive 
quantity of kernels of grain in grain overload 
and have pips and skins when grapes or 
apples have been eaten. An absence of feces 
is considered by some veterinarians as a 
grave prognostic sign, but diarrhea is much 
more common. The dehydration is severe 
and progressive. In mild cases, the dehydra¬ 
tion is about 4% to 6% BW with severe 
involvement up to 10% to 12% BW. Anuria 
is a common finding in acute cases, and 
diuresis following fluid therapy is a good 
prognostic sign. 

Careful examination of the rumen is 
important. The rumen contents palpated 
through the left paralumbar fossa may feel 
firm and doughy in cattle that were previ¬ 
ously on a roughage diet and have consumed 
a large amount of grain. In cattle that have 
become ill on smaller amounts of grain, the 
rumen will not necessarily feel full but rather 
resilient because the excessive fluid contents 
are being palpated. Therefore the findings on 
palpation of the rumen may be deceptive and 
a source of error. The primary contractions of 
the reticulorumen are usually totally absent, 
although low-pitched tinkling and gurgling 
sounds associated with the excessive quan¬ 
tity of fluid in the rumen are commonly 
audible on auscultation of the rumen. The 
ruminal fluid is a milky green to olive brown 
color and has a pungent acid smell. Collec¬ 
tion of a sample of ruminal fluid in a glass 
beaker will reveal an absence of foam. The 
pH of the rumen fluid is usually below 5. 

Severely affected animals have a stag- 
gery, drunken gait and their eyesight is 
impaired. They bump into objects and their 
palpebral eye preservation reflex is sluggish 
or absent. Recent investigations in calves 


with diarrhea have associated high plasma 
D-lactate concentrations with depressed pal¬ 
pebral reflex, 7 and presumably the same is 
true in adult ruminants. The pupillary light 
reflex is usually present but slower than 
normal. Acute laminitis may be present and 
is most common in cases that are not severely 
affected and appear to be good treatment 
risks. Affected animals are lame in all four 
feet, shuffle while they walk slowly, and may 
be reluctant to stand. The lameness com¬ 
monly resolves if the animal recovers from 
the acute acidosis. Evidence of chronic lami¬ 
nitis may develop several weeks later. 

Recumbency usually follows after about 
48 hours but may occur earlier. Affected 
animals lie quietly, often with their heads 
turned into the flank, and their response to 
any stimulus is much decreased so that they 
resemble parturient paresis. A rapid onset 
of recumbency suggests an unfavorable 
prognosis and the necessity for urgent treat¬ 
ment, because death may occur in 24 to 72 
hours after the ingestion of the feed. Evi¬ 
dence of improvement during this time 
includes a fall in heart rate, rise in tempera¬ 
ture, return of ruminal movement, and 
passage of large amounts of soft feces. 

The clinical findings described previously 
are the most common, but when a group of 
animals has been exposed to overfeeding 
there are all degrees of severity from simple 
indigestion, cases of which recover spontane¬ 
ously, to the severe cases that need intensive 
therapy. The prognosis varies with the sever¬ 
ity, and the clinical variables that are useful 
when deciding on a course of treatment or 
action are summarized in Table 8-8. 

Ultrasonography 

Transabdominal ultrasonography of the 
rumen mucosa has the potential to be a 
useful noninvasive diagnostic tool for identi¬ 
fying SARA in cattle. 8 The thickness of the 
rumen mucosa is inversely associated with 
rumen pH caused by pH-induced epithelial 
changes, particularly in the upper portion of 
the ventral rumen sac. The optimal site for 
ultrasonographic imaging can be obtained by 
identifying the intersection of a horizontal 
line going through the costochondral junc¬ 
tion and a vertical line centered on the third 
lumbar vertebrae. In a preliminary study 
using an 8-MHz linear transducer, a ruminal 
mucosal thickness >7.3 mm at this location 
was associated with a ruminal fluid pH <5.5 
approximately 4 hours postfeeding. 8 

Mycotic Rumenitis 

Some animals appear to recover following 
treatment but become severely ill again on 
the third or fourth day. Mycotic rumenitis is 
common in these animals and is character¬ 
ized by a fluid-filled atonic rumen, dehydra¬ 
tion in spite of fluid therapy, diarrhea, 
anorexia, weakness leading to recumbency, 
and death in 2 to 3 days caused by acute 
diffuse peritonitis. 
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Table 8-8 

Guidelines for the use of clinical findings in assessing the severity of grain overload in cattle for the selection of the 

treatment of choice 











CLINICAL PARAMETERS 





Degree of 




State of rumen; fullness, 


Degree of 

Mental state and 

dehydration 

Abdominal 

Heart rate 

Body temp. 

consistency of contents, 


illness 

muscular strength 

(% of BW) 

distension 

(min) 

(° C) 

movements and pH 

Treatment 

Peracute 

Severely depressed, weak, 

8-12 

Prominent 

110-130 

35.5-38.0 

Distended with fluid and 

Rumenotomy 


in lateral recumbency, 





soft rumen contents, 

Sodium bicarbonate 5 L (5%) 


unable to stand, 





complete stasis, 

IV in 30 min (for 450 kg 


apparent blindness, 





sweet-sour smelling 

BW) followed by isotonic 


pupils dilated and slow 





fluid contents 

balanced fluids and 


response 





Rumen juice pH below 5 

electrolytes at 150 mIVkg 







and usually about 4 

No protozoa 

BW for 6-12 h 

Acute 

Depressed, still able to 

8-10 

Moderate 

90-100 

38.5-39.5 

Distended with fluid, 

Consider immediate slaughter 


walk but ataxic, 





complete stasis, 

Rumen lavage or rumenotomy 


complete anorexia, 





sweet-sour smelling 

Sodium bicarbonate and fluids 


may want to drink 





fluid contents 

IV as in peracute case 


water, pupils slightly 





Rumen pH between 5 

Feed hay 


dilated and slow 





and 6 



response 





No protozoa 


Subacute 

Fairly bright and alert, 

4-6 

Mild or 

72-84 

38.5-39.0 

Moderate distension with 

Magnesium hydroxide 


able to walk, no ataxia. 

(Just barely 

none 



fluid, some doughy 

500 g/450 kg BW into 


may eat, usually wants 

detectable 




ruminal ingesta 

rumen 


to drink, pupils normal 

clinically) 




palpable, some weak 

Fluids if indicated 







ruminal contractions, 

Feed hay 







rumen pH between 5.5 

Should begin eating in 







and 6.5 

Some protozoa alive 

24-36 h 

Mild 

Bright and alert, able to 

Not 

Not 

Normal 

Normal 

No detectable distension. 

Feed hay and observe for 


walk, no ataxia, eats 

detectable 

significant 


38.5-39.0 

ruminal contents 

48 h 


and drinks normally 

clinically 




palpable, ruminal 
contractions still present 
but not as strong as 
normal, rumen pH 

6.5-7 

Watch for anorexia 







Almost normal protozoal 








activity 


BW, body weight; IV, intravenously. 


Complications 

Chronic laminitis may occur several weeks 
or months later. This is particularly impor¬ 
tant in dairy cattle herds affected with SARA. 
The mechanism remains undetermined and 
does not appear to be related to systemic 
endotoxemia, because endotoxin is rarely 
detected in cattle with acute ruminal acido¬ 
sis. However, it is hypothesized that endo¬ 
toxin absorbed into the portal circulation 
creates a proinflammatory response, but 
that the endotoxin is subsequently cleared 
by resident macrophages (Kupffer cells) in 
the liver. 

Abortions may occur 10 days to 2 weeks 
later in pregnant cattle that survive the severe 
form of the disease. 

Subacute Ruminal Acidosis in 
Dairy Cattle 

SARA is being recognized with increased 
frequency in dairy herds. However, the case 
definition is not yet well described. Clinical 
findings include laminitis, intermittent 


diarrhea, suboptimal appetite or cyclic feed 
intake, a high herd culling rate, loss of body 
condition in spite of adequate energy intake, 
liver abscesses, and hemoptysis and epistaxis 
associated with venal caval thrombosis and 
pulmonary hemorrhage. Milk-fat depression 
and suboptimal milk production in the 
second-lactation and subsequent-lactation 
cows compared with the first-lactation cows 
may occur. 

A decrease in dry matter intake is com¬ 
monly reported in herds with SARA. The 
causes of a lowered dry matter intake are 
uncertain but may be related to weaker 
rumen motility during low pH phases, bacte¬ 
rial endotoxins, and changes in the osmolal¬ 
ity of the rumen contents. 

The laminitis is characterized by ridges in 
the dorsal hoof wall, sole ulceration, white 
line lesions, sole hemorrhages, and mis¬ 
shapen hooves. It is suggested that when the 
incidence of laminitis exceeds 10% of the 
herd, it should be considered a herd problem 
related to the feeding program. 


CLINICAL PATHOLOGY 

The severity of the disease can usually be 
determined by clinical examination, but field 
and laboratory tests are of some additional 
value, particularly in diagnosing SARA in 
lactating dairy cattle. 

Ruminal Fluid pH 

The pH of the ruminal fluid obtained by spe¬ 
cially designed stomach tubes or by rumeno- 
centesis through the left ventral abdominal 
region can be measured in the field using 
wide-range pH (2-12) indicator paper. The 
ruminal fluid must be examined immedi¬ 
ately because the pH will increase on expo¬ 
sure to air. Cattle that have been fed a 
roughage diet will have a ruminal pH of 6 to 
7; for those on a grain diet it will be 5.5 to 6. 
A ruminal pH of 5 to 6 in roughage-fed cattle 
suggests a moderate degree of abnormality, 
but a pH of less than 5 suggests severe grain 
overload and the need for aggressive 
treatment. Feedlot cattle that have been on 
grain for several days or weeks and are 











affected with grain overload usually have a 
pH below 5. 

Rumen fluid pH measurement has not 
been widely adopted because of producer 
concern regarding the safety of the rumeno- 
centesis procedure and the time taken 
and facilities required to obtain a suitable 
rumen fluid sample using a stomach 
tube. 8 Whether rumen fluid obtained by a 
specially designed stomach tube provides an 
accurate reflection of rumen pH remains con - 
troversial. Challenges with sampling rumen 
fluid using a tube are to ensure that the tube 
opening is ventral to the rumen mat and in 
the fluid layer, and that the sample is not con¬ 
taminated with saliva. Use of specialized 
designed tubes and rapid collection of a large 
rumen fluid volume increase the likelihood 
that the sample accurately reflects intrarumi- 
nal pH. 9 There is no doubt that the agreement 
between rumen pH values collected by 
rumenocentesis and a standard stomach tube 
is poor in some studies, most likely because of 
excessive saliva contamination and sustained 
exposure of a large surface are of the sample 
to air. What remains in dispute is the level of 
agreement between pH values for rumen 
fluid collected by rumenocentesis or by spe¬ 
cially designed stomach tubes. 9 The consen¬ 
sus is that rumenocentesis of the ventral 
ruminal sac provides the most accurate 
method for measuring ruminal pH. 

Rumenocentesis has become a com¬ 
monly used diagnostic test for SARA but few 
studies have been published documenting its 
safety, and anecdotal reports of decreased 
milk production for 24 to 48 hours following 
the procedure exist. One German report 
revealed complications in 6% of 164 sampled 
cows, with hematoma and abscess formation 
as the most common side effects. It needs to 
be recognized that rumenocentesis is a tran¬ 
sient planned hardware except the wire 
transverses the rumen wall from outside-in, 
compared with the typical hardware case in 
which the wire transverses the reticular wall 
from inside-out and stays in that location for 
some time. Rumenocentesis does not appear 
to be any more painful or stressful than 
restraint or injection of local anesthetic agent 
in the same location 10 ; consequently there 
does not appear to be a need to infiltrate 
the abdominal musculature and skin with 
local anesthetic at the proposed cite for 
rumenocentesis. 

A hypodermic needle of 2.1 (outer diam¬ 
eter) x 80 mm (length) is inserted into the 
ventral rumen and rumen contents aspirated 
with a syringe. Landmarks for the puncture 
site are the left side, on a horizontal line level 
with the top of the patella about 15 to 20 cm 
posterior to the last rib. The hair of the site 
is clipped and prepared using a standard 
scrub. The cow is restrained in a stanchion 
or head-gate and one assistant elevates the 
tail of the cow while another assistant inserts 
a “nose leader” and pulls the cow’s head to 
the right side. The needle will usually become 
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obstructed by ingesta, which is cleared by 
forcing a small amount of air or fluid back 
through the needle. When the needle 
becomes obstructed, it is important to avoid 
creating a negative pressure within the 
syringe because carbon dioxide will leave the 
fluid and increase the pH. Typically, 3 to 
5 mL of rumen fluid can be collected with 
minimal difficulty. 

The pH is measured immediately using a 
pH meter with a digital readout. Samples 
should be collected when the pH is likely 
to be near the lowest point of the day. If 
the ration is fed as separate components, 
rumenocentesis should be performed 2 to 4 
hours after the cows are fed the primary con¬ 
centrate of the day. If the ration is fed as a 
total mixed ration, the samples should be 
collected 4 to 8 hours after the start of 
feeding. A pH of 5.5 is recommended as the 
cut-point between normal and abnormal, 
but this cut point has not been validated 
against any performance metric. At least 12 
or more cows should be sampled from any 
group in which acidosis is suspected. If 30% 
of 10 or more sampled cows are below 5.5, 
the group is classified as in a state of ruminal 
acidosis. A subsample of 12 cows from a herd 
or diet group and a critical number of three 
cows with a ruminal pH <5.5 may effectively 
differentiate between herds with 15% or less 
or greater than 30% prevalence of cows with 
a low ruminal pH. 

Ruminal Protozoa 

Microscopic examination of a few drops of 
ruminal fluid on a glass slide (with a cover- 
slip) at low power will reveal the absence of 
ruminal protozoa, particularly medium- and 
large-sized protozoa, which is a reliable indi¬ 
cator of an abnormal state of the rumen that 
is usually acidosis. The predominantly gram¬ 
negative bacterial flora of the rumen is 
replaced by a gram-positive one. 

Serum Biochemistry 

The degree of hemoconcentration, as indi¬ 
cated by hematocrit, increases with the 
amount of fluid withdrawn from the extra¬ 
cellular fluid space into the rumen and prob¬ 
ably provides the best single indicator of 
clinical severity in ruminal acidosis. 11 The 
hematocrit rises from a value of approxi¬ 
mately 34% to 50% to 60% in the terminal 
stages and is accompanied by a fall in blood 
pressure. The acute phase reactants serum 
amyloid A (SAA) and haptoglobin are mark¬ 
edly increased within 6 to 12 hours and 18 
to 36 hours, respectively, of experimental 
induction of acute ruminal acidosis, whereas 
a much smaller increase in serum fibrinogen 
concentration was present after 24 hours. 12,13 
The acute phase response is consistent 
with the presence of damaged ruminal 
epithelium and systemic effects of proinflam- 
matory cytokines. Surprisingly, there is at 
the most only a mild increase in the white 
blood cell count, 12 ' 13 and endotoxin (core 


lipopolysaccharide [LPS] from gram¬ 
negative bacteria) is rarely identified in the 
plasma of cattle with acute ruminal acidosis 11 
or SARA.' 1,4 This result is attributed to effec¬ 
tive clearance by macrophages in the liver. 

Increased permeability of the forestom¬ 
ach and possibly abomasum is present in 
cattle with acute ruminal acidosis, based on 
histologic examination of affected tissues 
and marked increases in plasma concentra¬ 
tion of lactulose after its oral administration. 
This indicates disruption to the epithelial 
tight junctions and impaired epithelial 
barrier integrity of the forestomach. 12 Mild 
disruption to rumen epithelial integrity is 
present in cattle and sheep with SARA, and 
the disruption is pH dependent and more 
severe at a rumen pH of 5.2 than 5.5. 14,15 

Blood pH, bicarbonate, and base excess 
fall markedly whereas plasma L-lactate and 
inorganic phosphate concentrations rise. In 
almost all cases there is a mild hypocalcemia, 
which is presumably caused by a temporary 
decrease in feed intake and gastrointestinal 
motility. Serum concentrations may drop to 
between 6 and 8 mg/dL (1.5-2.0 mmol/L). 

Fecal pH 

It would appear logical that fecal pH should 
be directly and positively correlated with 
rumen pH. However, because of fermenta¬ 
tion and buffering of ingesta in the large 
intestine, there is generally a poor correla¬ 
tion between fecal pH and ruminal pH, 
unless large amounts of starch escape the 
rumen undegraded and are fermented in the 
large intestine. 

Urine pH 

The urine pH falls to 4.5 to 5.0 in advanced 
cases of acute ruminal acidosis and becomes 
progressively more concentrated as the 
animal becomes more dehydrated; termi¬ 
nally there is anuria. An experimental study 
involving 40 steers with experimentally 
induced acute ruminal acidosis identified a 
good linear relationship between blood pH 
and urine pH (r = 0.75) in which blood pH 
= 0.062 x urine pH + 6.90. A similar linear 
relationship (r = 0.80) existed between Base 
excess in mEq/L and urine pH, in which Base 
excess = 4.44 x urine pH -32. 7. 16 

Low Milk-Fat Percentage 

Ruminal pH is positively correlated with 
milk-fat concentration for cows more than 
30 days in milk, and a number of studies 
have indicated a milk fat percentage to milk 
protein percentage of <1.15:1 is indicative 
of the presence of SARA in lactating dairy 
cattle. This index is readily available with 
monthly herd tests and is underutilized as a 
monitoring tool, mainly because it is only 
available on a monthly basis. The proposed 
mechanism is SARA, which is associated 
with increased intraruminal propionate pro¬ 
duction; once absorbed, propionate is energy 
sparing resulting in increased lipogenesis in 
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fat tissues and lowered milk fat content. This 
mechanism is particularly active in cattle 
past peak milk that are not in a state of 
negative energy balance. The increased pro¬ 
duction of transoctadecenoic acids in the 
rumen of cattle with lower rumen pH may 
also play a role in SARA-induced milk-fat 
depression. 

An argument can be made that rumen 
pH measurements obtained by rumenocen- 
tesis provide no more additional information 
to that provided by the milk fat to protein 
ratio on the same day. A good rule of thumb 
is that additional investigation is indicated if 
more than 10% of cows have a lower milk-fat 
percentage than milk-protein percentage. 

NECROPSY FINDINGS 

In acute cases in which the animal dies in 24 
to 48 hours, the contents of the rumen and 
reticulum are thin and porridge-like and 
have a typical odor suggestive of fermenta¬ 
tion. The cornified epithelium may be mushy 
and easily wiped off, leaving a dark, hemor¬ 
rhagic surface beneath. This change may be 
patchy, caused probably by the production of 
excess lactic acid in pockets in which the 
grain collects, but is generally restricted to 
the ventral half of the sacs. Abomasitis and 
enteritis are also evident in many cases. The 
abomasum may contain large quantities of 
grain. There is a pronounced thickening and 
darkening of the blood, and the visceral 
veins stand out prominently. 

In cases that have persisted for 3 to 4 days 
the wall of the reticulum and rumen may be 
gangrenous. This change is again patchy but 
may be widespread. In affected areas the wall 
may be three or four times the normal thick¬ 
ness, show a soft black mucosal surface raised 
above surrounding normal areas, and have 
a dark red appearance visible through the 
serous surface. The thickened area is very 
friable and on cutting has a gelatinous appear¬ 
ance. Histologic preparations show infiltra¬ 
tion of the area by fungal mycelia and a severe 
hemorrhagic necrosis. A fungal hepatitis is 
common in those with fungal rumenitis. In 
the nervous system, in cases of 72 hours’ or 
more duration, demyelination has been 
reported. A terminal ischemic nephrosis is 
present in varying degrees in most fatal cases 
of more than several days’ duration. 

If the examination takes place less than 
an hour after death, estimation of ruminal 
pH may be of value in confirming the 
diagnosis, but after 1 hour the pH of the 
rumen contents begins to increase and its 
measurement may not be reliable. A second¬ 
ary enteritis is common in animals that have 
been ill for several days. 


DIFFERENTIAL DIAGNOSIS 


When outbreaks of the disease with an 
appropriate history are encountered, the 
diagnosis is usually readily obvious and 


confirmed by the clinical findings and 
examination of the ruminal fluid for pH and 
rumen protozoa. 

When the disease occurs in a single 
animal without a history of engorgement, the 
diagnosis may not be readily obvious. The 
anorexia, depression, ruminal stasis with 
gurgling fluid sounds from the rumen, 
diarrhea, and a staggery gait with a normal 
temperature are characteristics of rumen 
overload. 

Acute and subacute carbohydrate 
engorgement must be differentiated from the 
following: 

• Simple indigestion. The consumption of 
large quantities of palatable feed, such as 
ensiled green feed offered to cattle for the 
first time, may cause simple indigestion, 
which may resemble grain overload. The 
rumen is full, the movements are reduced 
in frequency and amplitude, and there may 
be mild abdominal pain from the 
distension, but the ruminal pH and 
protozoan numbers and activity are normal. 

• Parturient paresis Severe cases that are 
recumbent may resemble parturient paresis, 
but in the latter the feces are usually firm 
and dry, marked dehydration does not 
occur, the absolute intensity of the heart 
sounds is reduced, and the response to 
calcium injection is favorable. 

• Toxemias. Common toxemias of cattle 
that may resemble ruminal overload include 
peracute coliform mastitis and acute diffuse 
peritonitis, but clinical examination will 
usually reveal the cause of the toxemia. 

• Subacute ruminal acidosis must be 
differentiated from diseases of dairy cows in 
early lactation in which there is reduced 
appetite and milk production. These include 
simple indigestion, left-side displacement of 
the abomasum, and ketosis, as well as other 
causes of suboptimal milk production in 
dairy cows in early lactation. Feeding 
management problems such as poor-quality 
forage or poor feeding bunk management 
are common causes of suboptimal 
performance in lactating dairy cows that are 
not affected with SARA. 


TREATMENT 

The following are principles of treatment: 

• Correct the ruminal and systemic 
acidosis and prevent further production 
of lactic acid. 

• Restore fluid and electrolyte losses and 
maintain circulating blood volumes. 

• Restore forestomach and intestinal 
motility to normal. 

There are at least two common clinical situ¬ 
ations encountered. One is when cattle have 
been found accidentally eating large quanti¬ 
ties of grain, are not yet ill, and all appear 
similar clinically except for varying degrees 
of distension depending on the amount each 
animal has consumed. In the other situation, 
the engorgement occurred 24 to 48 hours 
previously and the animals have clinical evi¬ 
dence of lactic acidosis. 


When cattle are found engorging 
themselves, the following procedures are 
recommended: 

• Prevent further access to feed. 

• Monitor water intake and prevent the 
rapid intake of excessive quantities of 
water. 

• Offer a supply of good-quality palatable 
hay equal to one-half of the daily 
allowance per head. 

• Exercise all animals every hour for 12 to 
24 hours to encourage movement of the 
ingesta through the digestive tract. 

Those cattle that have consumed a toxic 
amount of grain will show signs of anorexia, 
inactivity, and depression in approximately 
6 to 8 hours and should be identified and 
removed from the group for individual treat¬ 
ment. Those cattle that did not consume a 
toxic amount are usually bright and alert and 
will usually begin eating hay if it is offered. 
Not all cattle found engorging themselves 
with grain will have consumed a toxic dose, 
and careful monitoring over a 24- to 48-hour 
period will usually distinguish between 
those that need treatment and those that 
do not. 

After 18 to 24 hours, those cattle that have 
continued to eat hay may be allowed free 
access to water. Those with clinical evidence 
of grain overload must be identified and 
treated accordingly. They will engorge them¬ 
selves with water if allowed free access to it. 
The rumen becomes grossly distended with 
fluid and affected cattle may die 18 to 24 
hours later from electrolyte disturbances and 
acid-base imbalance. 

In certain situations, if feasible and war¬ 
ranted by economics, such as when finished 
beef cattle have accidentally engorged on 
grain, emergency slaughter may be the most 
economical course of action. 

Triage 

The recommendations for treatment given 
in Table 8-8 are guidelines. In an outbreak, 
some animals will not require any treatment, 
whereas severely affected cases will obviously 
need a rumenotomy. For those that are not 
severely affected, it is often difficult to decide 
whether to treat them only medically with 
alkalinizing agents orally and systemically 
or to do a rumenotomy. Each case must be 
examined clinically and the most appropriate 
treatment selected. The degree of mental 
depression, muscular strength, degree of 
dehydration, heart rate, body temperature, 
and rumen pH are clinical parameters that 
can be used to assess severity and to deter¬ 
mine the treatment likely to be most 
successful. 

Rumenotomy 

In severe cases, in which there is recum¬ 
bency, severe depression, hypothermia, 
prominent ruminal distension with fluid, a 
heart rate of 110 to 130 beats/min and a 
rumen pH of 5 or below, a rumenotomy 











469 


Diseases of the Rumen, Reticulum and Omasum 



Fig. 8-7 Rumenotomy of a beef bull with grain overload. Forty kilograms of barley was 
removed and 10 L of fresh rumen fluid and some chopped grass hay was placed back into the 
rumen. 


is the best course of action (Fig. 8-7). 
Descriptions of the surgical procedures 
are available. 1 18 

The rumen is emptied, washed out with a 
siphon and examined for evidence of and the 
extent of chemical rumenitis, and rumen 
transfaunation (10-20 L of rumen juice) 
placed in the rumen along with a few hand¬ 
fuls of hay for “scratch factor.” The rumen¬ 
otomy will usually correct the ruminal 
acidosis and prevent subsequent production 
of L-lactate and D-lactate and an alkalinizing 
agent in the rumen is not necessary. A large 


quantity of the lactic acid and its substrate 
can be removed. The oral or intraruminal 
administration of compounds such as mag¬ 
nesium oxide or magnesium hydroxide to 
cattle following complete evacuation of the 
rumen may cause metabolic alkalosis for up 
to 24 to 36 hours (see section on simple indi¬ 
gestion in this chapter). Not all of the feed 
consumed will be removed because consid¬ 
erable quantities may have moved into the 
omasum and abomasum in which fermenta¬ 
tion may also occur. The major disadvan¬ 
tages of a rumenotomy are time, cost, and 


access to appropriate facilities, particularly 
when many animals are involved. 

Intravenous Sodium Bicarbonate and 
Fluid Therapy 

The systemic acidosis and the dehydration 
are treated with intravenous solutions of 5% 
sodium bicarbonate at the rate of 5 L for a 
450-kg animal given initially over a period of 
about 30 minutes. This will usually correct 
the systemic acidosis. This is followed by iso¬ 
tonic sodium bicarbonate (1.3%) at 150 mL/ 
kg BW intravenously over the next 6 to 12 
hours. Cattle that respond favorably to the 
rumenotomy and fluid therapy will show 
improved muscular strength, begin to 
urinate within 1 hour, and attempt to stand 
within 6 to 12 hours. 

Rumen Lavage 

In less severe cases, in which affected cattle 
are still standing but are depressed, their 
heart rate is 90 to 100 beats/min, there is 
moderate ruminal distension, and the rumen 
pH is between 5 and 6, an alternative to a 
rumenotomy is rumen lavage if the neces¬ 
sary facilities are available. A large 25- to 
28-mm inside-diameter rubber tube is 
passed into the rumen and warm water is 
pumped in until there is an obvious disten¬ 
sion of the left paralumbar fossa; the rumen 
is then allowed to empty by gravity flow after 
creating a siphon. The rumen can be almost 
completely emptied by 10 to 15 irrigations, 
but there is the risk of aspiration pneumonia 
and cattle may become recumbent during 
the procedure. Challenges with completing 
this on many animals is access to warm 
water, a knowledgeable assistant, and physi¬ 
cal fatigue. With successful gastric lavage, 
alkalinizing agents are not placed in the 
rumen, but the systemic acidosis is treated as 
described earlier. 

Intraruminal Alkalinizing Agents 

In moderately affected cases, the use of 500 g 
of magnesium hydroxide per 450 kg BW or 
magnesium oxide in 10 L of warm water 
pumped into the rumen, followed by knead¬ 
ing of the rumen to promote mixing, will 
usually suffice. 

Magnesium hydroxide is a potent alkalin¬ 
izing agent for use in ruminants as an antacid 
and mild laxative. It can significantly decrease 
rumen microbial activity and should be used 
only in cattle with confirmed ruminal acido¬ 
sis and not for symptomatic therapy of idio¬ 
pathic rumen disorders or hypomagnesemia. 
The oral administration of boluses of magne¬ 
sium hydroxide (162 g) or a powdered form 
(450 g) dissolved in 3.5 L of water daily for 
3 days resulted in a significant increase in 
rumen pH after 48 and 24 hours, respec¬ 
tively. Both the boluses and the powder 
forms of magnesium hydroxide decreased 
rumen protozoal numbers and increased 
methylene blue reduction times compared 
with baseline values. There was no change in 
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blood pH, bicarbonate, or base excess values. 
Serum magnesium values were significantly 
increased in cows receiving the powder. 

Ruminal Transfaunation 

It is widely thought that animals with acute 
ruminal acidosis benefit from rumen trans¬ 
faunation, but randomized clinical trials are 
lacking. General recommendations are to 
transfer at least 5 L of fresh rumen fluid from 
a healthy animal 19 to adult cattle with acute 
ruminal acidosis, but only after rumen lavage 
or rumenotomy has been performed, exces¬ 
sive amounts of grain have been removed, 
and ruminal pH is within the normal range 
of 6.0 to 7.0. 

Large volumes of rumen fluid can be 
obtained by use of specially constructed 
rumen fluid collection tubes (such as the 
Dirksen or Geishauser tubes). 20 Alterna¬ 
tively, large dairies may maintain one animal 
with a large-diameter rumen cannula that is 
readily available to provide up to 20 L of 
rumen fluid at a time. In some regions, pro¬ 
ducers join together to maintain a rumen- 
fistulated cow for joint use. Descriptions 
for the surgical procedure for rumen 
cannula placement in cattle and sheep are 
available. 21 ' 22 

Ancillary Therapy 

Ancillary treatment has included antihista¬ 
mines for laminitis, NSAIDs for their antiin¬ 
flammatory and analgesic effects, thiamin or 
brewers yeast to promote the metabolism of 
lactic acid, and parasympathomimetics to 
stimulate gut motility. Their efficacy has been 
difficult to evaluate, and it is unlikely that any 
of them would be of much value. Calcium 
borogluconate is used widely because there 
is a mild hypocalcemia and a beneficial but 
temporary response does occur, but it is of 
doubtful value. 

Orally administered antimicrobials, 
including penicillin and the tetracyclines, 
have been used to control growth of the bac¬ 
teria that produce lactic acid, but they appear 
to be of limited value. 

Monitor Response to Therapy 

Regardless of the treatment used, all cases 
must be monitored several times daily until 
recovery is obvious for evidence of unex¬ 
pected deterioration. Following treatment, 
cattle should begin eating hay by the third 
day, some ruminal movements should be 
present, large quantities of soft feces should 
be passed, and they should maintain hydra¬ 
tion. In those that become worse, the heart 
rate increases, depression is marked, the 
rumen fills with fluid, and weakness and 
recumbency occur. During treatment, the 
water supply should be restricted because 
some cattle, either immediately after they 
have engorged themselves or once they 
become ill, appear to have an intense thirst 
and will drink excessive quantities of water 
and die precipitously within a few hours. 


The fungal rumenitis that may occur 
about 3 to 5 days after engorgement is best 
prevented by early effective treatment of the 
ruminal acidosis. There are no randomized 
clinical trials supporting the administration 
of antifungal agents to affected animals. 

CONTROL AND PREVENTION 

Cattle can be started, grown, and finished on 
high-level grain rations successfully, pro¬ 
vided that they are allowed a gradual period 
of adaptation during the critical period of 
introduction. The important principle of 
prevention is that the ruminant can adapt to 
an all-concentrate ration. For animals that 
have just arrived in the feedlot, the length of 
the adaptation period required will depend 
on the immediate nutritional history of the 
animals, their appetite, and the composition 
of the ration to be used. Dietary manage¬ 
ment should emphasize ensuring adequate 
fiber, a sufficiently long daily chewing time, 
and a “grazing” eating behavior rather than 
“slug” feeding. 

Total Mixed Rations 

One of the safest procedures is to feed a 
milled mixed ration, consisting of 50% to 
60% roughage and 40% to 50% grain, as the 
starting ration for 7 to 10 days and monitor 
the response. If results are satisfactory, the 
level of roughage is decreased by 10% every 
2 to 4 days down to a level of 10% to 15% 
roughage, with the remainder grain and 
vitamins-mineral-salt supplement. The use 
of roughage-grain mixtures ensures that 
cattle do not engorge themselves on grain, 
and adaptation can occur in about 21 days. 

Small Incremental Increases 
in Concentrate 

Another method is to begin with small 
amounts of concentrate 8 to 10 g/kg BW, 
which is increased every 2 to 4 days by incre¬ 
ments of 10% to 12%. A source of roughage 
is supplied separately. The disadvantages of 
this system are that hungry or dominant 
cattle may eat much more than their calcu¬ 
lated share and there is no assurance that 
sufficient roughage will be consumed. In this 
system, on a practical basis, the cattle are 
usually fed twice daily and brought up to a 
daily intake of concentrate that satisfies their 
appetite and then the concentrate ration is 
offered free choice from self-feeders. Unless 
there is sufficient feeding space in the self- 
feeders, competitive and dominant animals 
will often overeat, so careful monitoring is 
necessary. 

Feedlot Starter Rations 

Feedlot starter rations consisting of a mixture 
of roughage and grain, offered free choice 
along with hay and gradually replaced by a 
finishing ration have successfully adapted 
cattle in 10 days. The starter ration contains 
about 2500 kcal (10,460 kj) digestible energy 
(DE) per kilogram of feed. The finishing 


ration contains about 3100 kcal (12,970 kj), 
and controlling the rate of increase of DE 
concentration of the ration was a major 
factor in getting cattle on feed. 

A comparison of the effect of rapid or 
gradual grain adaptation on subacute acido¬ 
sis and feed intake by feedlot cattle indicates 
a range of individual responses to grain chal¬ 
lenge and current management strategies for 
preventing acidosis in pens of cattle are 
based on responses of the most susceptible 
individuals. Using this approach requires 
consideration of individual animal responses. 
The data suggest that most cattle can be 
rapidly adapted to high-grain diets in few 
incremental steps; minimizing acidosis in 
the most susceptible individuals requires 
decreasing the pace of grain adaptation for 
the entire group. 

Dietary Buffers 

The incorporation of buffers, such as sodium 
bicarbonate, into the ration of feedlot cattle 
has been studied extensively, but the results 
are inconclusive and reliable recommenda¬ 
tions cannot be made. A level of 2% dietary 
sodium bicarbonate, sodium bentonite, or 
limestone provided some protection from 
acidosis during the early adaptation phase of 
high-concentrate feeding; but they were no 
more effective than 10% alfalfa hay. Buffers 
have been most effective in reducing acidosis 
early in the feeding period and have little or 
no effect later. Buffers may also be associated 
with an increased incidence of urinary 
calculi, bloat, and vitamin deficiencies. The 
experimental results are conflicting. Some 
trials indicate that buffers maintain a gram¬ 
negative rumen flora in sheep fed grain com¬ 
pared with a shift to gram-positive rumen 
flora in animals not fed buffers. Live weight 
performance is also improved in some trials 
but not in others fed 0.75, 1.0, or 2.25% of 
diet as sodium bicarbonate. 

The potential efficiency of products for 
the control of ruminal acidosis has been 
examined through the measurement of the 
increase in buffer capacity and acid- 
consuming capacity. Sodium bicarbonate 
provided the highest increment in buffering 
capacity and acid-consuming capacity com¬ 
pared with calcium carbonate. Magnesium 
oxide provided higher acid-consuming 
capacity but had no effect on buffer capacity. 

Dietary supplementation of sodium 
bicarbonate at a level of 1.5% for 90 days in 
high-concentrate diets fed to lambs improved 
cellulose digestibility, ciliate protozoal 
number, ruminal pH, and total nitrogen con¬ 
centration, resulting in improved growth of 
lambs maintained on a high-concentrate 
diet. 

lonophores 

The ionophores salinomycin, monensin, and 
lasalocid have been compared for their pro¬ 
tective effects, and salinomycin is more effec¬ 
tive than the other two; monensin also shows 
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some promise. Laidlomycin propionate does 
not prevent ruminal acidosis but may reduce 
the severity of ruminal acidosis during adap¬ 
tation to a 100% concentrated diet. Monen- 
sin decreases meal size and therefore 
increases the frequency of eating, both of 
which minimize the daily range in rumen 
pH and should therefore be beneficial in 
addressing SARA. 

Subacute Ruminal Acidosis in 
Dairy Cattle 

The basic principles of preventing SARA in 
dairy herds include the following: 

• Limiting the intake of rapidly 

fermentable carbohydrates 

• Providing adequate ruminal buffering 

• Allowing for ruminal adaptation to 

high-grain diets 

Prevention of SARA includes proper adap¬ 
tation of rumen papillae during the pre- 
partum period, adequate intake of forage 
in early lactation, and adequate fiber nutri¬ 
tion throughout lactation. Successful man¬ 
agement of energy balance through the 
periparturient transition period depends 
on providing adequate energy density in the 
prepartum diet. Increasing energy density of 
the prepartum diet also promotes dry matter 
intake before and after calving. The energy 
density in the prepartum diet should be 1.54 
to 1.63 Mcal/kg NE^ 

Dry cows should be fed according to their 
needs; cows in the early and middle portion 
of the dry period (far-off cows) and cows in 
the final 3 weeks before calving (prefresh 
cows) have different nutritional require¬ 
ments to achieve optimal milk production 
and maintain the health and fertility of early- 
lactation cows. 

Prepartum diets should be offered, start¬ 
ing at least 3 weeks before calving. Because 
of the different calving dates of dry cows fed 
in groups, the use of a prepartum diet over a 
prepartum feeding period of 21 days will 
usually allow each cow to consume the diet 
for a minimum of 5 days. The nutrient 
requirements for the prefresh dry cow are 
controversial. The National Research Council 
does not provide recommendations for pre¬ 
fresh cows, and it is recommended that a 
dairy cattle nutritionist be consulted for for¬ 
mulation of such rations. Generally, a pre¬ 
fresh diet will provide about 0.50 to 0.75% 
BW per day as concentrates. Prefresh diets 
should be similar to early lactation diets so 
that the transition occurs effectively. The 
forages fed in the prefresh diet should be 
similar to those fed in early lactation. 

Dairy cows are usually fed total mixed 
rations in which the concentrates and forages 
are mixed and fed as a total ration or separate 
component rations in which the concen¬ 
trates and forage are fed independently. In 
herds using separate component diets, the 
concentrates in the prefresh diet should be 
gradually introduced over a period of 3 to 5 
days and preferably fed individually. Forages 


should also be fed individually so that intake 
can be evaluated. Delivering new feed twice 
daily facilitates dairy cattle to take more fre¬ 
quent but smaller meals, and moving on the 
continuum from slug feeding to grazing, 
which should minimize large changes in 
ruminal pH. 

Limiting the Intake of Rapidly 
Fermentable Carbohydrates 

As a guideline, cows should not receive more 
than 8 to 12 lb (3-5 kg) of dry matter from 
grain in the first week after calving. Grain 
feeding should then increase by about 0.25 
to 0.50 lb (110-220 g) per cow per day until 
peak grain feeding is reached at 6 to 8 weeks 
postcalving. 

The physical form of the feed ingredients 
is as important as their chemical composi¬ 
tion in determining how rapidly and com¬ 
pletely they are fermented in the rumen. 
Grains that are finely ground, steam-flaked, 
extruded, and/or very wet will ferment more 
rapidly and completely in the rumen than 
unprocessed or dry grains. Starch from 
wheat or barley is more rapidly and com¬ 
pletely fermented than starch from corn 
(maize). Corn silage that is very wet, finely 
chopped, or kernel processed is also a greater 
risk for SARA than drier, coarsely chopped, 
or unprocessed corn silage. Particle size anal¬ 
ysis of grains is a useful adjunct test when 
assessing the risk for SARA in a dairy herd. 
Grain particle size length can be determined 
using metal sieves. 

Providing Adequate Ruminal 
Buffering 

Ruminal buffering includes dietary and 
endogenous buffering. Dietary buffering is 
the inherent buffering capacity of the diet 
and is dependent on the dietary cation- 
anion difference (DCAD). Diets high in 
sodium and potassium relative to chloride 
and sulfur have higher DCAD concentra¬ 
tions, tend to support higher ruminal pH, 
and increase dry matter intake and milk 
yield. Optimal DCAD ((Na + K) - (Cl + S)) 
for early lactation diets is approximately 
+400 mEq/kg dry matter (40 mEq/100 g of 
dry matter). Midlactation cows have an 
optimal DCAD of +275 to +400 mEq/kg 
(28-40 mEq/100 g of dry matter). Formulat¬ 
ing diets with a high DCAD requires the 
addition of buffers such as sodium bicarbon¬ 
ate. Alfalfa forages have a higher DCAD than 
corn (maize) silage, depending on the 
mineral composition of the soil. Concentrate 
feeds typically have a low or negative DCAD, 
which adds to their already high potential to 
cause ruminal acidosis because of their high 
fermentable carbohydrate content. 

Endogenous buffers are produced by the 
cow and secreted into the rumen via saliva. 
The amount of physical fiber in the diet 
determines the extent of buffer production 
by the salivary glands. Coarse, fibrous feeds 
contain more effective fiber and stimulate 


more saliva production during eating than 
do finely ground feeds or fresh pasture. 
Coarse, fibrous feeds also make up the mat 
layer of the rumen, which is the stimulus for 
rumination. Fiber particles must be at least 
4 cm in length to contribute to mat layer for¬ 
mation. Rumination promotes a great deal of 
chewing activity and the secretion of large 
amounts of saliva into the rumen. Ruminal 
pH increases during bouts of rumination. 

The ability of a diet and feeding program 
to promote maximal amounts of ruminal 
buffering must be evaluated in herds with 
SARA. Wet chemistry analysis of a carefully 
collected total mixed ration bunk sample can 
be used to determine the DCAD of the diet 
actually consumed by the cows. Diets with 
measured DCAD ((Na + K) - (Cl + S)) 
values below +275 to 400 mEq/kg of dry 
matter (28-40 mEq/100 g dry matter) 
should be supplemented with additional 
buffers to provide more Na or K relative to 
Cl and S. 

Endogenous buffering can be estimated 
by observing the number of cows ruminating 
(a goal is at least 40% of cows ruminating at 
any given time) and by measuring the par¬ 
ticle length of the total mixed ration actually 
consumed by the cows using the Pennsylva¬ 
nia State Forage Particle Separator. Diets 
with less than 7% long particles render cows 
at increased risk of SARA, especially if the 
diets are also borderline or low in chemical 
fiber content. Diets with excessive (over 
15%) long forage particles can paradoxically 
increase the risk of SARA if the long particles 
are unpalatable and sortable. Sorting of the 
long particles occurs soon after delivery of 
the feed, resulting in the cows consuming a 
diet low in physically effective fiber after 
feeding. The diet consumed later in the 
feeding period is then excessively high in 
physically effective fiber and low in energy. 
Socially dominant cows are particularly sus¬ 
ceptible to SARA in this situation because 
they are likely to consume more of the fine 
total mixed ration particles soon after deliv¬ 
ery of the feed. Cows lower on the social 
order then consume a very low-energy diet. 
Limiting feed bunk space to less than 75 cm 
per cow exacerbates the effect of total mixed 
ration sorting in a group of cows. 

Allowing for Ruminal Adaptation to 
High-Grain Diets 

Cows in early lactation are susceptible to 
SARA if they are poorly adapted for the 
lactation diet. Ruminal adaptation to diets 
high in fermentable carbohydrates depends 
on microbial adaptation (particularly the 
lactate-utilizing bacteria, which grow more 
slowly than the lactate-producing bacteria) 
and the length of the ruminal papillae (longer 
rumen papillae promote greater volatile fatty 
acid absorption and thus lower ruminal pH). 

In herds with total mixed rations, the pre¬ 
fresh diets can be offered to prefresh cows as 
they approach calving, usually with success. 
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With total mixed rations, cows cannot eat 
excessive quantities of concentrate at the 
expense of forage. Cows that have become 
adapted on a well-formulated precalving 
total mixed ration during the prepartum 
period can go directly on to the high- 
producing lactating total mixed ration after 
calving without any further adaptation. 

In summary, one of the most challenging 
aspects of diet formulation for lactating dairy 
cows is balancing for carbohydrates. Ade¬ 
quate effective fiber must be provided to 
stimulate chewing and secretion of salivary 
buffers. However, effective fiber is more filling 
than other nutritional components of the 
diet, and the filling effect often limits the 
energy intake of high-producing cows. There¬ 
fore diets for high-producing cows should be 
balanced to provide adequate effective fiber 
with the least filling effect. A balance must 
also be attained for ruminal carbohydrate 
fermentation, which is desirable to provide 
nutrients for microbial growth and protein. 
However, the fermentability of the diet must 
be limited to prevent excessive production of 
acids of fermentation. 

Feeding Management in 
Early Lactation 

This consists of ensuring that concentrates 
are introduced gradually, and preferably at 
the same rate as dry matter intake increases 
in the first 6 weeks of lactation. Formulation 
strategies for feeding concentrates in the first 
6 weeks of lactation without compromising 
fiber nutrition have been developed. Weekly 
dry matter predictions were used, and the 
proper increase in concentrate feeding is 
only 0.9 to 1.6 kg/week. At the same time, it 
is necessary to ensure that cows receive ade¬ 
quate dietary energy to prevent primary 
acetonemia. 

Routine monitoring of the dry matter 
content of feed ingredients is an important 
strategy in preparing total mixed rations for 
dairy cattle. Electronic silage testers are 
available and recommended. 

Ionophores, such as monensin sodium, 
alter rumen metabolism and have the poten¬ 
tial to control ruminal acidosis in dairy 
cattle, increase milk production, modify 
milk composition, and improve health. 
Monensin alters the volatile fatty acid profile 
in the rumen toward increased propionate 
production, which induces glucogenesis. 
Milk production is increased but the per¬ 
centage of milk fat is depressed, which is 
effective in reducing the incidence of ketosis. 
Monensin decreases the population of S. 
bovis in the rumen, resulting in a reduction 
in the production of lactic acid; it increases 
the clearance of lactate from the rumen and 
increases ruminal pH. This has the potential 
to reduce the incidence of SARA in dairy 
cattle and the sequelae of rumenitis, lamini- 
tis, and hepatic abscessation. Monensin also 
decreases ruminal methanogenesis, ruminal 
ammonia, and blood levels of ketone bodies. 


Thus monensin has the potential to improve 
the health of dairy cows and prevent ruminal 
acidosis during the transition period of the 
periparturient cow as described previously. 
Ionophores have not yet been approved for 
use in lactating dairy cows in North America, 
but extensive studies are under way. 

Vaccination Against Lactic Acidosis 

Some preliminary research has investigated 
the immunization of cattle against lactic- 
acid-producing bacteria, S. bovis, and Lacto¬ 
bacillus. Immunization induced high levels 
of persistent saliva antibody responses 
against S. bovis and Lactobacillus, which 
reduced the risk of lactic acidosis in cattle. 


TREATMENT AND CONTROL 


Treatment 

Triage to determine which animals need 
medical treatment, rumen lavage, or 
rumenotomy (R-1) 

Provide palatable grass hay and access to 
water (R-1) 

Transfaunate selected cases with at least 5 L 
of fresh rumen fluid (R-1) 

Correct ruminal and systemic acidosis with 
alkalinizing agents orally (magnesium 
hydroxide) or parenterally (1.3% sodium 
bicarbonate, Ringers solution) depending 
on severity (R-1) 

Administer parenteral procaine penicillin G or 
oxytetracycline to severely affected cases to 
treat presumed rumenitis and as a 
preventative against liver abscess 
development (R-2) 

Administered vitamin B, to assist in 
metabolizing L-lactate (R-2) 

Control 

Prevent accidental access to grain (R-1) 

Introduce dietary changes gradually over 7-14 
days(R-1) 

Feed two times a day if confinement housed 
(R-2) 

Use of ionophores in feed to alter rumen 
metabolism (R-2) 
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RUMINAL PARAKERATOSIS 

Parakeratosis of the ruminal epithelium is 
associated with subacute lactic acidosis and 
ruminal tympany in calves, and its presence 
indicates a lack of fiber and rumen buffering. 
Opinions vary as to whether parakeratosis 
has a direct effect on weight gain and pro¬ 
ductivity. There is evidence that the develop¬ 
ment of parakeratosis increases and then 
reduces the absorption of volatile fatty acids 
from the rumen and that the addition of 
volatile fatty acids to a calf starter ration 
increases the incidence of the condition. The 
abnormality is most common in cattle and 
sheep fed high-concentrate rations of alfalfa 
pellets that have been subjected to heat treat¬ 
ment, and it does not occur in cattle fed 
on rations containing normal quantities 
of unpelleted roughage. The incidence 
of the disease does not appear to be related 
to the feeding of antibiotics or protein 
concentrates. 

In affected rumens the rumen papillae are 
enlarged, leathery, dark in color, and often 
adhered to forming clumps (Fig. 8-8). Histo¬ 
logically there is an increase in thickness of 
the cornified portion of the ruminal epithe¬ 
lium and a persistence of nuclei in the corni¬ 
fied cells. Some of the affected cells contain 
vacuoles. The greatest severity of lesions is 
present on the dorsal surface of the rumen 
about the level of the fluid ruminal contents, 
and parakeratosis in the region of the cardia 
is thought to increase the likelihood of 
ruminal tympany because receptors in this 
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Fig. 8-8 Ruminal parakeratosis in the dorsal 
rumen of a 3-month-old Holstein Friesian 
calf with recurrent free gas bloat and poor 
weight gain. Note the clumping of rumen 
papilla and excessive cornification of papilla. 


region can no longer detect the presence of 
free gas. This supposition needs to be veri¬ 
fied. It is thought that parakeratosis is caused 
by the lowered pH and the increased volatile 
fatty acid content in the rumen liquor. The 
fact that unprocessed, whole grain—on 
which animals gain weight as readily as on 
processed grain—does not lead to the devel¬ 
opment of the disease is probably related to 
the higher pH and higher concentration of 
acetic versus longer chain volatile fatty acids 
in the ruminal liquor. The incidence of 
affected animals in a group may be as high 
as 40%. 

RUMINAL TYMPANY (BLOAT) 

Ruminal tympany is abnormal distension of 
the rumen and reticulum caused by excessive 
retention of the gases of fermentation, either 
in the form of a persistent foam mixed with 
the rumen contents or as free gas separated 
from the ingesta. Normally, gas bubbles pro¬ 
duced in the rumen coalesce, separate from 
the rumen contents to form pockets of free 
gas above the level of the contents, and finally 
are eliminated by eructation. 


SYNOPSIS 


Etiology Ingestion of bloating forages or 
interference with eructation mechanism. 

Epidemiology Primary ruminal tympany 
(frothy bloat) is a major problem in cattle 
pastured on bloating forages (legumes) and 
in feedlot cattle fed high-level grain rations 
with minimal roughage. Occurs within a 
few days after turning into bloating 
pasture. High morbidity and mortality 
possible and cost of control makes pasture 
bloat an economically important disease. 
Bloating forages most dangerous in 
prebloom stage and when covered with 
dew in the morning. Feedlot bloat common 
when feed contains 80% grain and is 
ground fine. Secondary ruminal tympany 
(free-gas bloat) occurs in single animals 
caused by interference with eructation 
because of physical obstruction of 


esophagus or eructation mechanism, as in 
reticular adhesions. 

Clinical signs Cattle may be found dead on 
pasture. Mild to marked distension of left 
abdomen, which is tympanic; when severe 
it distends right abdomen also. Severe 
distress, dyspnea, protrusion of tongue. 
Passage of stomach tube in frothy bloat 
reveals froth and failure to release a 
significant amount of gas; in secondary 
free-gas bloat, large quantities of gas 
released with ease. If severe, animal may 
die within a few hours if tympany not 
relieved. 

Lesions Marked congestion and hemorrhages 
of tissues of cranial aspect of body 
(tongue, nasal sinuses, lymph nodes, and 
proximal part of esophagus—bloat line) 
compared with caudal because of ruminal 
tympany. Distended rumen, frothy contents 
if examined early; later the froth dissipates. 

Diagnostic confirmation Excessive quantity 
of froth or free gas in rumen. 

Differential diagnosis Primary bloat is easily 
recognizable, and there are no other 
diseases of the reticulorumen that result in 
ruminal tympany. Secondary bloat must be 
differentiated from causes of failure of 
eructation, including esophageal 
obstruction, chronic reticuloperitonitis, 
vagus indigestion, and tetanus. 

Treatment Remove animals from bloating 
pasture. In severe cases, emergency 
rumenotomy. In less severe cases, passage 
of stomach tube or trocar and cannula to 
release rumen gas. Antifoaming agents into 
rumen 

Control Pasture bloat Management strategies 
to reduce rate of rumen fermentation. Use 
of grass-legume mixtures. Delay grazing 
each day until dew is off; feed hay before 
grazing. Feed forage supplements before 
grazing. Strategic use of antifoaming 
agents to pastured cattle. Sustained-release 
antifoaming agents such as monensin. 
Feedlot bloat Use total mixed rations 
containing chopped roughage and grain 


ETIOLOGY 

Primary Ruminal Tympany 
(Frothy Bloat) 

Primary ruminal tympany or frothy bloat is 
caused by the production of a stable foam 
that traps the normal gases of fermentation 
in the rumen. The essential feature is that 
coalescence of the small gas bubbles is inhib¬ 
ited and intraruminal pressure increases 
because eructation cannot occur. 

Pasture and Feedlot Bloat 
Leguminous or pasture bloat is caused by 
the foaming qualities of the soluble leaf pro¬ 
teins in bloating legumes and other bloating 
forages ingested by cattle on pasture. Alfalfa 
hay may also cause bloat. 

Feedlot bloat is caused by feeding finely 
ground grain, which promotes frothiness of 


rumen contents. The cause of this is not 
clear. Feeding large quantities of grain to 
cattle results in marked changes in the 
total numbers and proportions of certain 
ruminal protozoa and bacteria. Some 
species of encapsulated bacteria increase in 
numbers and produce a slime that may 
result in a stable foam. Feedlot bloat may 
also be of the free-gas type based on the 
observations that gas may be easily released 
with a stomach tube. Feedlot cattle are sus¬ 
ceptible to esophagitis, ruminal acidosis, 
rumenitis, overfill, and ruminal atony, each 
of which can interfere with eructation and 
cause secondary ruminal tympany and free- 
gas bloat. 

Frothy Rumen Contents 

Frothiness of the ruminal contents is the vital 
factor in pasture bloat. The froth in the 
rumen contents is not a true foam but rather 
a dispersion of gas and particles in liquid. 
The liquid lamellae between the bubbles are 
wide, and fragments of chloroplast mem¬ 
branes are dispersed in the fluid. The stable 
dispersion of small feed particles is primarily 
responsible for the frothiness of the rumen 
fluid. The concentration of chloroplast mem¬ 
brane particles (measured as chlorophyll) is 
higher in frothy rumen fluid than in non- 
frothy liquid. 

The soluble leaf cytoplasmic proteins 
were once considered to be the principal 
foaming agents, but their role is now ques¬ 
tioned. It is now accepted that bloat-causing 
legumes are more rapidly digested by rumen 
microflora than nonbloat-causing forages 
and that rupture of leaf mesophyll cells leads 
to the release of chloroplast particles. These 
particles are readily colonized by rumen 
microflora and gas bubbles are trapped 
among the particles, which prevent coales¬ 
cence of bubbles by preventing drainage of 
rumen fluid from the liquid lamellae between 
the bubbles. The higher foam production in 
bloat-prone cattle is attributed to slower rates 
of passage of the liquid phase of ruminal 
contents. The slower clearance enhances 
microbial activity and promotes gas produc¬ 
tion, which contributes to stable foam for¬ 
mation. Rapid clearance decreases microbial 
gas production, enhances protein bypass, 
and reduces the probability of bloat. Gener¬ 
ally, bloat-causing legumes are susceptible 
to rapid digestion by rumen microflora, 
whereas bloat-safe legumes are digested 
more slowly. 

The condition of the rumen before 
feeding is an important factor in the imme¬ 
diate susceptibility of an animal to pasture 
bloat. A predisposed rumen is character¬ 
ized by an excess of dispersed particulate 
matter with adherent microbes, which pro¬ 
vides an active inoculum for the fermenta¬ 
tion of incoming feedstuffs. The soluble leaf 
protein may contribute to the frothiness but 
is not the primary foaming agent. The chlo¬ 
roplast particles in the rumen have a slower 
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rate of clearance from the rumen in bloating 
animals than in nonbloating ones. It is also 
known that bloating animals have larger 
rumen volumes than nonbloating animals. 
Because chloroplast particles are negatively 
charged, it is possible that the concentrations 
of ions such as sodium, potassium, calcium, 
and magnesium in the rumen fluid 
before feeding are associated with the onset 
of bloat. 

The froth in feedlot bloat is associated 
with high-level grain diets. The viscosity of 
the ruminal fluid is markedly increased 
because of the production of insoluble slime 
by certain species of bacteria that proliferate 
to large numbers in cattle on a high- 
carbohydrate diet. The slime may entrap the 
gases of fermentation. The delay in occur¬ 
rence of feedlot bloat suggests that a gradual 
change in the microbial population of the 
rumen may be an important factor in 
explaining the cause. The physical form of a 
grain ration appears to be related to grain 
bloat. As in frothy legume bloat, in which a 
rapid release of leaf nutrients is important in 
producing bloat, it seems likely that the small 
particle size of ground feed could have the 
same effect. 

Fine particulate matter can markedly 
increase foam stability. The feeding of ground 
grain of fine particle size (geometric mean 
particle size 388 pm) was associated with 
more rumen froth than the use of a coarse 
particle size (715 pm). The pH of the rumen 
contents also plays an important part in the 
stability of the foam (maximum stability 
occurs at a pH of about 6), and the composi¬ 
tion of the diet and the activity and composi¬ 
tion of the rumen microflora are known to 
influence this factor. 

Role of Saliva 

The rate of flow and composition of the saliva 
has an effect on the tendency for bloat to 
occur. Saliva may have a buffering effect on 
the pH of the rumen contents or it may influ¬ 
ence the contents because of variation in its 
content of mucoproteins. The physical effects 
of dilution of ruminal ingesta by saliva may 
also be important. There is a negative cor¬ 
relation between the moisture content of the 
feed and the incidence of bloat. Feed of a low 
fiber and high water content depresses the 
volume of saliva secreted. Also, bloat- 
susceptible cows secrete significantly less 
saliva than nonsusceptible cows, and there 
are differences in the composition of saliva 
that are genetically determined. 

In summary, primary frothy pasture 
bloat occurs when there is rapid digestion 
of leaf material by rumen microorganisms, 
leading to the release of chloroplast par¬ 
ticles into the liquid phase of the rumen 
contents, which prevents the coalescence 
of the gas bubbles. In addition, there is a 
slower rate of clearance of these particles 
from the rumen in bloating cows, which also 
have larger rumen volumes. In primary 


frothy feedlot bloat, the fine particle size of 
the feed and the presence of rumen micro¬ 
organisms that produce slime may be 
important factors. 

Secondary Ruminal Tympany 
(Free-Gas Bloat) 

Physical obstruction to eructation occurs in 
esophageal obstruction caused by a foreign 
body, by stenosis of the esophagus, by pres¬ 
sure from enlargements outside the esopha¬ 
gus, such as tuberculous lymphadenitis or 
bovine viral leukosis involvement of bron¬ 
chial lymph nodes, or by obstruction of the 
cardia. Interference with esophageal groove 
function in vagus indigestion and diaphrag¬ 
matic hernia may cause chronic ruminal 
tympany and the condition also occurs in 
tetanus, particularly in young animals and in 
poisoning with the fungus Rhizoctonia legu- 
minicola, probably as a result of spasm of the 
esophageal musculature. Carcinoma, granu¬ 
lomatous lesions associated with Actinomy¬ 
ces bovis near the esophageal groove and 
in the reticular wall, and papillomata of 
the esophageal groove and reticulum are 
less common causes of obstructive bloat. 
Tetanus in cattle is usually accompanied by 
secondary free-gas bloat caused by spasm 
of the esophagus and inability to eructate 
normally. 

Interference with the nerve pathways 
responsible for maintenance of the eructa¬ 
tion reflex may also occur. The receptor 
organs in this reflex are situated in the dorsal 
aspect of the reticulum and can discriminate 
between gas, foam, and liquid. The afferent 
and efferent nerve fibers are contained in the 
vagus nerve, but the location of the central 
coordinating mechanism has not been 
defined. Depression of this center or lesions 
of the vagus nerve can interrupt the reflex, 
which is essential for removal of gas from the 
rumen. 

Normal tone and motility of the muscu¬ 
lature of the rumen and reticulum are also 
necessary for eructation. In anaphylaxis, 
bloat is common because of ruminal atony 
and is relieved by the administration of epi¬ 
nephrine or antihistamine drugs. A sudden 
marked change in the pH of the rumen con¬ 
tents caused by either acidity or alkalinity 
causes ruminal atony but the tympany that 
results is usually of a minor degree only, 
probably because the gas-producing activity 
of the microflora is greatly reduced. Hypo¬ 
calcemia in milk fever of cattle is commonly 
associated with secondary free-gas bloat 
caused by ruminal atony, which is reversible 
following treatment with calcium salts. 

Although most cases of feedlot bloat 
associated with outbreaks are of the frothy 
type (primary) and cannot be easily relieved 
with a stomach tube, sporadic cases are of the 
free-gas type, which suggests that they are 
secondary. Possible causes of the ruminal 
atony and failure of eructation include 
esophagitis, acidosis, rumenitis, and failure 


of rumination because of an all-grain diet. 

Feedlot cattle on high-level grain diets for 
long periods will not ruminate normally, and 
their rumen movements are significantly 
reduced. 

Chronic Ruminal Tympany 
Chronic ruminal tympany occurs in calves 
up to 6 months of age. Persistence of an 
enlarged thymus, continued feeding on 
coarse indigestible roughage, and the passage 
of unpalatable milk replacer into the rumen 
in which it undergoes fermentation and gas 
production, instead of into the abomasum, 
have all been suggested as causes, but the 
condition usually disappears spontaneously 
in time and in most cases the cause is 
undetermined. Necropsy examination of a 
number of cases has failed to detect any 
physical abnormality, although a develop¬ 
mental defect appears to be likely because of 
the age at which it occurs. Unusual postures, 
particularly lateral recumbency, are com¬ 
monly characterized by secondary tympany. 
Cattle may die of secondary tympany if they 
become accidentally cast in dorsal recum¬ 
bency in handling facilities, crowded trans¬ 
portation vehicles, irrigation ditches, and 
other restrictive positions. 

In some cases of vagus indigestion char¬ 
acterized by ruminal hyperactivity the sec¬ 
ondary bloat may be of the frothy type 
because of ruminal hyperactivity. 

EPIDEMIOLOGY 
Occurrence 
Pasture Bloat 

Pasture bloat occurs in both dairy and beef 
cattle that graze pastures consisting of bloat¬ 
ing forages. The incidence is highest when 
the pasture is lushest. Spring and autumn are 
the most dangerous seasons, when the pas¬ 
tures are lush and young and the leaves of 
the plants contain a high concentration of 
soluble proteins. Dry hot conditions and 
matured plants, and thus midsummer, are 
the forerunners of a decline in incidence. 
Sheep can also be affected but appear to be 
much less susceptible than cattle. 

Feedlot Bloat 

Feedlot bloat occurs in feedlot cattle 
during the 50 to 100 days when cattle are fed 
large quantities of grain and small quantities 
of roughage. In some cases the use of pel¬ 
leted, finely ground feed has been associated 
with outbreaks of feedlot bloat. High- 
producing dairy cows that are fed 12 to 
22 kg of grain daily may also develop grain 
bloat. 

Morbidity and Case Fatality 
Pasture Bloat 

Reliable current field data on the incidence 
of pasture bloat in cattle are not available. 
Canadian observations in 1975 indicated 
that cattle fed fresh alfalfa typically bloat on 
35% of the feeding days and 10% of the total 





animal days. Frothiness of rumen contents, 
observed in fistulated cattle, occurs on about 
50% of the feeding days and 25% of the 
animal days. In dairy herds in New Zealand, 
the average death rate from legume pasture 
bloat has ranged from 0.3% to 1.2%. A survey 
of 312 dairy farms in New Zealand over a 
period of 2 months revealed that 87% of all 
farms experienced bloat, ranging from mild 
to severe. The percentage of lactating cows 
dying of bloat in the spring of 1986 averaged 
0.8%. The highest death rate of milking cows 
in an individual herd was 16% and in young 
stock 48%. The majority of variation among 
farms in bloat severity was not accounted for 
by any of the management, soil, or pasture 
factors measured. 

Feedlot Bloat 

In a survey of Kansas feedlots (60 feedlots 
totaling 450,000 head of cattle) the incidence 
of deaths from bloat was 0.1%; 0.2% of cattle 
had severe bloat and 0.6% moderate bloat. In 
a Colorado feedlot, during one full year, 
bloat was the cause of 3% of all mortalities. 
In the same study, bloat was among the four 
most common causes of sudden death or of 
cattle found dead without having been obvi¬ 
ously ill. Outbreaks of feedlot bloat are 
usually of the frothy type (primary), whereas 
the sporadic cases are of the free-gas type 
and secondary to lesions that cause dysfunc¬ 
tion of eructation. 

Risk Factors That Influence 
the Occurrence of Primary 
Ruminal Tympany 

Several risk factors have an influence on the 
occurrence of primary bloat and possibly 
contribute to its causation. Dietary, weather, 
and animal factors have received the most 
attention. 

Dietary Risk Factors 
Bloating Forages 

Alfalfa (Medicago sativa ), red clover ( Trifo¬ 
lium pratense), and white clover (T. repens ) 
are the principal bloat-causing legumes. 
Alfalfa has been recognized for its superior 
yield and quality in seeded pastures. Alfalfa 
is the most productive and most widely 
adapted forage species and is considered the 
“queen of forages.” Sweet clover and alsike 
clover are also bloat-causing forages. 

Bloat also occurs occasionally when cattle 
are grazed on cereal crops; rape; cabbages; 
leguminous vegetable crops, including peas 
and beans; and young grass pasture with a 
high protein content. An increasing occur¬ 
rence of bloat is noted when cattle are grazed 
on young green cereal crops such as winter 
wheat, especially if it is heavily fertilized and 
irrigated. 

Frothy bloat may also occur in cattle fed 
alfalfa hay, even when mixed with cereal 
grains and another hay. Outbreaks are com¬ 
monly associated with particular lots of hay, 
often containing fine particles. Alfalfa hay 
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produces a frothy bloat with a typical viscous 
consistency of the rumen contents, but it is 
commonly more subacute and chronic rather 
than acute and peracute as in pasture bloat. 

Nonbloating Forages 
Bird’s foot trefoil ( Lotus corniculatus), cicer 
milkvetch ( Astragalus cicer), arrowleaf clover 
{T. vesiculosum), sainfoin ( Onobrychis vici- 
ifolia ), and crown vetch ( Coronilla varia ) are 
the bloat-safe forages. These contain tannins 
that bind with soluble proteins and inhibit 
microbial digestion. 

Crop Maturity 

The maturity of the forage is the major plant 
factor affecting the incidence of pasture 
bloat. Grazing very succulent pasture— 
immature, rapidly growing legumes in the 
prebloom stage—is the biggest single risk of 
bloat in cattle. The bloat potential of alfalfa 
varies significantly with the phenologic stage 
of the plant. The greatest risk to cattle occurs 
during the vegetative stage of growth, and 
the risk declines during the bud stage and 
may be absent during the bloom stage. 
Feeding cattle freshly chopped alfalfa herbage 
daily at different stages of growth resulted in 
animal-days of bloat of 62, 10, and 0, respec¬ 
tively, for the vegetative, bud, and bloom 
stages of the alfalfa. The leaf: stem ratio 
decreased from 1.2 to 0.5 and 1.5 to 0.4 in 
two different years as the crop matured from 
vegetative to bloom stage. The absence of 
bloat during bloom can be attributed to the 
much lower leaf: stem ratio at that stage. As 
most chloroplasts are within the leaves, the 
lower leaf: stem ratio at bloom would reduce 
the concentration of these fragments. A 
leaf: stem ratio of less than 0.5 (1:2) could be 
used as an indicator of a low potential for 
bloat in alfalfa. 

The rapid rate of digestion of the imma¬ 
ture bloating forages results in the produc¬ 
tion of a stable foam. In the summer months, 
especially under irrigated conditions when 
the growth rate of alfalfa is rapid, bloat 
occurs in cattle fed alfalfa herbage at the veg¬ 
etative to prebud stages of growth. Alfalfa’s 
potential for causing bloat is highest when 
moisture conditions are optimal for vegeta¬ 
tive growth. Under these conditions the 
stems become turgid and fleshy but not 
fibrous; the leaves are soft and easily crushed 
between the fingers. In autumn, the growth 
rate of alfalfa is slower because of lower 
temperatures. A rapid rate of growth of the 
alfalfa is a necessary condition for bloat. 
Field observations of the relationship 
between plant factors to alfalfa bloat found 
that the percentages of dry matter and acid 
detergent fiber were lower, and the concen¬ 
tration of chlorophyll, total nitrogen, and 
soluble nitrogen were higher on days when 
bloat occurred. 

Ingestion of the more succulent parts of 
plants and avoidance of the more mature 
portions can be a precipitating factor, and 


tympany is less likely to occur if the crop is 
harvested and fed than if it is grazed. Restric¬ 
tion of the grazing area has a similar effect; 
it forces the cattle to eat the entire plants. A 
high incidence is recorded when pasture is 
wet, but this is probably caused by the rapid 
growth of the plants during heavy rainfall 
periods rather than to the physical wetness 
of the crop. Under experimental conditions 
the production of tympany is not influenced 
by the water content of clover or by wilting. 
Other plant factors that are known to be 
associated with an increased tendency to 
bloat are liberal administration of urea to the 
pasture; a high intake of glucose, calcium, 
and magnesium; and a high nitrogen intake. 

A high herbage potassium to sodium 
ratio can increase the risk of bloat in cattle, 
which may be caused by digestion rate. There 
is some indication that sodium fertilizer can 
affect the digestion rate of perennial ryegrass 
and white clover. Sodium fertilizer increased 
maximum gas output from grass and rate of 
production, which was associated with an 
increase in grass digestibility; however, in 
clover it had the opposite effect, potentially 
reducing bloat in cows fed a high-legume 
diet. 

The risk of bloat is reduced by waiting 
until the dew was off the alfalfa before allow¬ 
ing cattle to graze, leading to the practice of 
many cattlemen of delaying morning grazing 
“until the dew has dried.” Bloat was observed 
2 to 17 times more often when cattle were fed 
between 0700 and 0800 hours than when 
they were fed 4 hours later in both grazing 
and feedlot trials. Ruminal chlorophyll was 
higher before the early feeding than before 
the late feeding, suggesting that feeding later 
in the morning reduced the predisposition of 
cattle to bloat by increasing particle clear¬ 
ance from the rumen. The risk of bloat was 
also reduced when cattle grazed alfalfa con¬ 
tinuously than when grazing was interrupted 
and cattle were allowed to graze for only 6 
hours daily. Pasture management systems 
that promote continuous and rapid ruminal 
clearance (more bypass and less gas produc¬ 
tion) are most likely to reduce the incidence 
of bloat. 

Weather Risk Factors 

The relationship of weather conditions to the 
occurrence and incidence of pasture bloat 
has been examined under conditions in 
Canada. Under ordinary grazing conditions, 
bloat occurs sporadically over large parts of 
the growing season. The occurrence of 
pasture bloat was not associated with a 
simple, unique weather variable. The effect of 
temperature on the incidence of bloat is 
complex. Bloat seems to occur when moder¬ 
ate daytime temperatures (20°C-25°C) 
permit optimum vegetative growth. Cool 
overnight temperatures in combination with 
moderate daytime temperatures may induce 
bloat in the fall. Cool temperatures delay 
maturation and extend the vegetative growth 
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phase of forage crops and optimize condi¬ 
tions for bloat. On a daily basis, bloat tended 
to be preceded immediately by nights and 
days that were cooler than usual. Bloat can 
also occur after a killing frost. 

Feedlot Bloat 

Feedlot bloat occurs in hand-fed cattle con¬ 
fined in feedlots and barns when insufficient 
roughage is fed or the feed is too finely 
ground. Two separate sets of circumstances 
conducive to feedlot bloat have been identi¬ 
fied. In one, the cattle are being fed a high- 
level grain finishing ration in which grain 
comprises more than 80% of the weight of 
the ration. The effect of these rations on the 
rumen is a tendency to acidity and a shortage 
of rumen-stimulating roughage, which may 
interfere with motility and eructation. In the 
other situation, grain comprises 30% to 70% 
of the ration, with the same but less marked 
effect as mentioned previously, but the 
roughage component is alfalfa hay with its 
own bloat-inducing capacity. 

Animal Risk Factors 

Cattle vary in their susceptibility to primary 
ruminal tympany, especially that caused by 
legumes, and this individual susceptibility 
may be inherited. Cows can be classified 
according to their susceptibility to pasture 
bloat into high or low susceptibility and 
their progeny are similar. Total exchange of 
rumen contents between high-susceptibility 
and low-susceptibility animals produces a 
temporary exchange of susceptibilities that 
lasts about 24 hours. A number of inherited 
characteristics are related to bloat. They 
include ruminal structure and motility, com¬ 
position of salivary proteins, rate of saliva¬ 
tion, and the greater capacity of the rumen 
contents of high-susceptibility animals to 
degrade mucoproteins that would either 
reduce antifoaming activity or increase 
foam-stabilizing activity. A salivary protein, 
bSP30, is correlated with susceptibility to 
bloat in cattle herds selected for high or low 
bloat susceptibility. One obvious application 
for such a protein marker for bloat would be 
to screen cattle to eliminate highly suscepti¬ 
ble herds. Blood and urinary metabolites in 
cattle have also differed with respect to sus¬ 
ceptibility to bloat. 

There may also be differences between 
animals in the rate and extent of physical 
breakdown of feed in the rumen and the rate 
of passage of solids out of the rumen. 
However, neither differences in gas produc¬ 
tion nor foam production nor the stability of 
the foam are important factors in distin¬ 
guishing between high-susceptibility and 
low-susceptibility cows. One major physio¬ 
logic difference between high and low sus¬ 
ceptibility is the volume of rumen fluid. It is 
suggested that low-susceptibility cows do 
not bloat because they have a lower relative 
volume of rumen digesta than high- 
susceptibility cows. 


Under experimental conditions the pro¬ 
duction of tympany is not influenced by the 
rate of intake or the total intake of dry matter. 
Susceptibility increases with time when a 
tympany-producing diet is fed for a relatively 
short period. However, animals accustomed 
over very long periods to grazing bloating 
pastures may be less susceptible than other 
animals. Accordingly, the mortality rate in 
young cattle is much higher than in mature 
animals. 

There may be a common biological basis 
for partial preference for grass and clover in 
sheep and cattle. Dairy heifers select between 
50% and 65% white clover when given a free 
choice between adjacent ryegrass and white 
clover monocultures. There is also a diurnal 
pattern to preference, with a stronger prefer¬ 
ence for clover in the morning, with the pref¬ 
erence for grass increasing toward evening. 
Providing animals with antibloat treatment 
(slow-release monensin capsules) did not 
have any effect on the proportion of clover 
selected. 

Economic Importance 

Primary ruminal tympany causes heavy 
losses through death, severe loss of produc¬ 
tion, and the strict limitations placed on the 
use of some high-producing pastures for 
grazing. For example, it is estimated that 
bloat costs the dairy industry in New Zealand 
$50 million annually. The incidence of the 
disease has increased markedly with the 
improvement of pastures by heavy applica¬ 
tions of fertilizers and the use of high- 
producing leguminous pasture plants, and 
losses in cattle at times have reached enor¬ 
mous proportions. 

The most obvious form of loss is sudden 
death. Although this is the dramatic loss, 
especially when a large number of cattle are 
unexpectedly found dead, an equivalent 
loss occurs as the result of reduced food 
intake. For example, on clover-dominant 
pasture (60%-80% white clover) in which 
bloat was common the weight gains of 
cattle grazing it were 20% to 30% less than 
normal. It has been argued that the returns 
achieved by good bloat prevention in pas¬ 
tured cattle would not compensate for the 
costs incurred, but the opposite view is 
strongly held. 

PATHOGENESIS 

Normally, gas bubbles produced in the 
rumen fluid coalesce, separate from the 
rumen contents to form pockets of free gas 
above the level of the contents, and are finally 
eliminated by eructation. Much of the gas of 
fermentation will be eructated. A grass-fed 
cow can produce 100 L during the first hour 
of feeding. A cow maintained on a legume 
diet may produce 200 L/h. In frothy bloat, 
the gas bubbles remain dispersed throughout 
the rumen contents, producing an abnormal 
increase in the volume of the ruminoreticu- 
lar contents and, consequently, inhibiting 


eructation. The characteristic frothiness of 
ruminal contents is caused by inadequate 
coalescence of gas bubbles. In free-gas 
bloat the gas bubbles coalesce and separate 
from the rumen fluid, but the animals cannot 
eructate the pockets of free gas because of 
abnormalities of the reticulorumen or 
esophagus. 

Most cases of naturally occurring pasture 
or feedlot bloat are not accompanied by 
ruminal atony. In the early stages there is 
unusually pronounced hypermotility. Most 
of the gas is mixed with the solid and fluid 
ruminal contents to form a dense, stable 
froth. Some free gas is present but the 
amount that can be removed by a stomach 
tube or trocar and cannula does little to 
relieve the distension of the rumen. Gener¬ 
ally, free-gas bloat characterized by the accu¬ 
mulation of free gas is caused by esophageal 
obstruction or ruminal atony. If the eructa¬ 
tion reflex is functional, the experimental 
introduction of very large amounts of gas 
does not cause tympany, because eructation 
removes the excess. Bloat-producing forages 
do not produce more gas than safe feeds, and 
the simple production of excessive gas is 
known not to be a precipitating factor. 

Frothiness of the ruminal contents 
interferes with function of the cardia and 
inhibits the eructation reflex. Rumen move¬ 
ments are initially stimulated by the disten¬ 
sion, and the resulting hypermotility 
exacerbates the frothiness of the ruminal 
contents. Terminally there is a loss of muscle 
tone and ruminal motility. 

The most distinctive aspect of bloated 
cattle is abdominal distension, particularly 
the left abdomen, caused by distension of the 
rumen. Experimentally there is a relation¬ 
ship between reticulorumen volume, intraru- 
minal pressure, and the abdomen of cows fed 
fresh alfalfa. The volumes of gas in a bloated 
cow are large, 50 to 70 L, and there is an 
exponential increase in intraruminal pres¬ 
sure with increasing rumen volume, espe¬ 
cially as the potential for further increases in 
the abdomen diminishes. Most severely 
bloated cows will attempt to urinate and def¬ 
ecate when intraruminal pressures exceed 25 
cmH 2 0 but some cows can tolerate pressures 
in excess of 50 cmH 2 0. As the intraruminal 
pressure increases, occlusion of the vena cava 
occurs, causing congestion of the caudal part 
of the body. In addition, the pressure exerted 
by the distended rumen on the diaphragm is 
very high, which results in reduced lung 
capacity and death from hypoxia. 

CLINICAL FINDINGS 

Primary Pasture or Feedlot Bloat 

Bloat is a common cause of sudden death (or 
found dead) in cattle. Pastured beef cattle 
that die of bloat are usually found dead 
because they are not observed as regularly as 
dairy cattle. Feedlot cattle that die of bloat 
are commonly found dead in the morning, 
which may be from their relative inactivity 
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during the night or to the lack of observa¬ 
tion, detection, and treatment. Dairy cattle 
that are being milked and observed regularly 
will commonly begin to bloat within 1 hour 
after being turned into a bloat-producing 
pasture. There is commonly a lag period of 
24 to 48 hours before bloating occurs in 
cattle that have been placed on a bloat- 
producing pasture for the first time. They 
may bloat on the first day but more com¬ 
monly they bloat on the second and third 
days. A similar situation has been observed 
in pastured beef cattle that have been on a 
particular pasture for several days or weeks 
before bloat occurs. This is always a surprise 
to the owner and the veterinarian, who find 
it difficult to explain why bloat suddenly 
becomes a problem on a pasture that cattle 
have grazed safely for some time. 

In primary pasture bloat, obvious dis¬ 
tension of the rumen occurs quickly, some¬ 
times as soon as 15 minutes after going on to 
bloat-producing pasture, and the animal 
stops grazing. The distension is usually more 
obvious in the upper left paralumbar fossa, 
but the entire abdomen is enlarged. There is 
discomfort and the animal may stand and lie 
down frequently, kick at its abdomen, and 
even roll. Frequent defecation and urination 
are common. Dyspnea is marked and is 
accompanied by mouth breathing, protru¬ 
sion of the tongue, salivation, and extension 
of the head. The respiratory rate is increased 
up to 60 breaths/min. Occasionally, projec¬ 
tile vomiting occurs and soft feces may be 
expelled in a stream. 

In mild bloat, the left paralumbar fossa 
is distended, the animal is not in distress, and 
5 to 7 cm of skin over the left paralumbar 
fossa may be easily grasped and “tented,” 
which provides a measure of the degree of 
abdominal distension and tautness of the 
skin. In moderate bloat, a more obvious dis¬ 
tension of the abdomen is evident, the animal 
may appear anxious and slightly uncomfort¬ 
able, and the skin over the paralumbar fossa 
is usually taut but some can be grasped and 
tented. In severe bloat, there is prominent 
distension of both sides of the abdomen and 
the animal may breathe through its mouth 
and protrude the tongue. The animal is 
usually uncomfortable, anxious, and may be 
staggering. The skin over the left flank is very 
tense and cannot be grasped and tented. 

Ruminal contractions are usually 
increased in strength and frequency in the 
early stages and may be almost continuous, 
but the sounds are reduced in volume 
because of the frothy nature of the ingesta. 
Later, when the distension is extreme, con¬ 
tractions are decreased and may be com¬ 
pletely absent. The low-pitched tympanic 
sound produced by percussion over the 
rumen is characteristic. Before clinical 
tympany occurs, there is a temporary 
increase in eructation, but this disappears in 
the acute stages. The course in ruminal 
tympany is short but death does not usually 


occur in less than 3 to 4 hours of the onset 
of clinical signs. Collapse and death almost 
without struggle occur quickly. 

If animals are treated by trocarization or 
the passage of a stomach tube, only small 
amounts of gas are released before froth 
blocks the cannula or tube. In a group of 
affected cattle, some will be bloated and the 
remainder will have mild to moderate dis¬ 
tension of the abdomen. These animals are 
uncomfortable, graze for only short periods, 
and their milk production is decreased. The 
drop in production may be caused by depres¬ 
sion of food intake or by failure of milk 
letdown. 

Secondary Bloat 

In secondary bloat, the excess gas is present 
as a free gas cap on top of the ruminal con¬ 
tents, although frothy bloat may occur in 
vagus indigestion with increased ruminal 
motility (see vagus indigestion). There is 
usually an increase in the frequency and 
strength of ruminal movements in the early 
stages followed by atony. Passage of a stomach 
tube or trocarization results in the release of 
large quantities of gas and subsidence of the 
ruminal distension. If an esophageal obstruc¬ 
tion is present, it will be detected when the 
stomach tube is passed. 

Dyspnea and Tachycardia in 
Severe Bloat 

In both severe primary and secondary bloat 
there is dyspnea and a marked elevation of 
the heart rate up to 100 to 120 beats/min in 
the acute stages. A systolic murmur may be 
audible, caused probably by distortion of the 
base of the heart by the forward displace¬ 
ment of the diaphragm. This murmur has 
been observed in ruminal tympany associ¬ 
ated with tetanus, diaphragmatic hernia, 
vagus indigestion, and esophageal obstruc¬ 
tion and disappears immediately if the bloat 
is relieved. 

CLINICAL PATHOLOGY 

Laboratory tests are not necessary for the 
diagnosis of ruminal tympany. 

NECROPSY FINDINGS 

In cattle that have died from bloat within an 
hour previously there is protrusion and con¬ 
gestion of the tongue; marked congestion and 
hemorrhages of lymph nodes to the head and 
neck, epicardium, and upper respiratory 
tract; friable kidneys; and mucosal hyperemia 
in the small intestine. The lungs are com¬ 
pressed and there is congestion and hemor¬ 
rhage of the cervical portion of the esophagus, 
but the thoracic portion of the esophagus is 
pale and blanched. Generally, congestion is 
marked in the front quarters and less marked 
or absent in the hindquarters. The rumen is 
distended but the contents are much less 
frothy than before death. A marked erythema 
is evident beneath the ruminal mucosa, espe¬ 
cially in the ventral sacs. The liver is pale 


because of expulsion of blood from the organ. 
Occasionally, the rumen or diaphragm have 
ruptured. In animals dead for several hours 
there is subcutaneous emphysema, almost 
complete absence of froth in the rumen, and 
exfoliation of the cornified epithelium of the 
rumen with marked congestion of submuco¬ 
sal tissues. 

TREATMENT 

The approach to treatment depends on the 
circumstances in which bloat occurs, 
whether the bloat is frothy or due to free 
gas, and whether or not the bloat is 
life-threatening. 

First-Aid Emergency Measures 
Emergency Rumenotomy 

It is often necessary to advise an owner to use 
some first-aid measures before the veterinar¬ 
ian arrives on the farm. All animals should 
be removed immediately from the source of 
the bloating pasture or feed. In severe cases 
in which there is gross distension, mouth¬ 
breathing with protrusion of the tongue, and 
staggering, an emergency rumenotomy is 
necessary to save the life of the animal. Once 
the animal falls down, death occurs within a 
few minutes, and many animals have died 
unnecessarily because owners are unable or 
reluctant to do an emergency rumenotomy. 
Using a sharp knife, a quick incision 10 to 
20 cm in length is made over the midpoint 
of the left paralumbar fossa through the skin 
and abdominal musculature and directly 
into the rumen. There will be an explosive 
release of rumen contents and marked relief 
for the animal. There is remarkably little con¬ 
tamination of the peritoneal cavity, and irri¬ 
gation and cleaning of the incision site 
followed by standard surgical closure usually 
results in uneventful recovery with only 
occasional minor complications. 


DIFFERENTIAL DIAGNOSIS 


When presented with ruminating cattle with a 
distended abdomen and marked distension of 
the left paralumbar fossa, the most obvious 
diagnosis is ruminal tympany. 

• Primary bloat is likely if the dietary 
conditions are present and the passage of 
a stomach tube reveals the presence of 
froth and the inability to release gas. 

• Secondary bloat is likely if the history 
indicates that distension of the abdomen 
and left flank has been present for a few 
days or if the bloat has been intermittent 
within the last several days. Passage of a 
stomach tube will detect esophageal 
obstruction or stenosis, both of which are 
accompanied by difficult swallowing and, 
in acute cases, by violent attempts at 
vomiting. 

• In secondary bloat associated with vagus 
indigestion, the history usually indicates 
that distension of the abdomen has been 
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progressive over the last several days or 
few weeks with loss of weight and scant 
feces. In addition, the rumen is grossly 
enlarged and the ventral sac is commonly 
enlarged and distends the right lower 
flank. 

• Tetanus is manifested by limb and tail 
rigidity, free-gas bloat, prolapse of the third 
eyelid, and hyperesthesia. 

• Carcinoma and papillomata of the 
esophageal groove and reticulum and 
actinobacillosis of the reticulum cannot 
usually be diagnosed antemortem without 
exploratory rumenotomy. 

• Animals found dead One of the difficult 
situations encountered in veterinary 
practice is the postmortem diagnosis of 
bloat, especially in animals found dead at 
pasture in warm weather. Blackleg, 
lightning strike, anthrax, and snakebite 
are common causes of cattle being found 
dead, and the necropsy findings are 
characteristic. A diagnosis of bloat must 
depend on an absence of local lesions 
characteristic of these diseases, the 
presence of marked ruminal tympany in the 
absence of other signs of postmortem 
decomposition, the relative pallor of the 
liver, and the other lesions described earlier. 


Trocar and Cannula 

The trocar and cannula have been used for 
many years for the emergency release of 
rumen contents and gas in bloat. However, 
the standard-sized trocar and cannula does 
not have a large enough diameter to allow 
the very viscous stable foam in peracute 
frothy bloat to escape quickly enough to save 
an animal’s life. A larger-bore instrument 
(2.5 cm in diameter) is necessary, and an 
incision with a scalpel or knife must be made 
through the skin before it can be inserted 
into the rumen. If any size of trocar and 
cannula fails to reduce the intraruminal 
pressure and the animal’s life is being com¬ 
promised by the pressure, an emergency 
rumenotomy should be performed. If the 
trocar is successful in reducing the pressure, 
the antifoaming agent of choice can be 
administered through the cannula, which 
can be left in place until the animal has 
returned to normal in a few hours. Owners 
should be advised on the proper use of the 
trocar and cannula, the method of insertion 
and the need for a small incision in the skin, 
and the care of cannulas left in place for 
several hours or days. 

A corkscrew-type trocar and cannula has 
been recommended for long-term insertion 
in cases of chronic bloat that occur in feedlot 
cattle and in beef calves following weaning. 
The etiology of these is usually uncertain; 
insertion of a cannula for several days or use 
of a rumen fistula will often yield good results. 

Promote Salivation 

For less severe cases, owners may be advised 
to tie a stick in the mouth like a bit on a horse 


bridle to promote the production of exces¬ 
sive saliva, which is alkaline and may 
assist in denaturation of the stable foam. 
Careful drenching with sodium bicarbonate 
(150-200 g in 1 L of water) or any nontoxic 
oil as described later is also satisfactory. 

Stomach Tube 

The passage of a stomach tube of the largest 
bore possible is recommended for cases in 
which the animal’s life is not being threat¬ 
ened. The use of a Frick oral speculum and 
passage of the tube through the oral cavity 
permits the passage of tubes measuring up to 
2 cm in diameter, whereas this may not be 
possible if passed through the nasal cavity. In 
free-gas bloat, there is a sudden release of gas 
and the intraruminal pressure may return to 
normal. While the tube is in place, the anti¬ 
foaming agent can be administered. In frothy 
bloat, the tube may become plugged imme¬ 
diately on entering the rumen. A few attempts 
should be made to clear the tube by blowing 
through the proximal end of the tube and 
moving it back and forth in an attempt to 
locate large pockets of rumen gas that can be 
released. However, in frothy bloat it may be 
impossible to reduce the pressure with the 
stomach tube, and the antifoaming agent 
should be administered while the tube is in 
place. 

If the bloat cannot be relieved but an anti¬ 
foaming agent has been administered, the 
animal must be observed closely for the next 
hour to determine whether the treatment 
has been successful or if the bloat is 
becoming worse, which requires an 
alternative treatment. 

Feedlot Bloat 

In an outbreak of feedlot bloat, the acute and 
peracute cases should be treated individually 
as necessary. There may be many “swellers,” 
which are moderate cases of bloat that will 
usually resolve if the cattle are coaxed to 
walk. After a few minutes of walking they 
usually begin to eructate. Shaking of experi¬ 
mentally reproduced foam results in loss of 
stability of foam and coalescence into large 
bubbles and the movement of walking has 
the same effect. If walking is effective in 
reducing the foam, the animals should be 
kept under close surveillance for several 
hours for evidence of continued bloating, 
which is unusual. 

Antifoaming Agents 

Details of the oils and synthetic surfactants 
used as antifoaming agents in treatment are 
described in the section on control because 
the same compounds are used in prevention. 
Any nontoxic oil, especially a mineral one 
that persists in the rumen, that is not biode¬ 
gradable, is effective and there are no other 
significant differences between them. Their 
effect is to reduce surface tension and foam. 
A dose of 250 mL is suggested for cattle but 
doses of up to 500 mL are commonly used. 


An emulsified oil or one containing a deter¬ 
gent such as dioctyl sodium sulfosuccinate 
is preferred because it mixes effectively 
with ruminal contents. Of the synthetic sur¬ 
factants, poloxalene is the one in most 
general use for leguminous bloat, and a dose 
of 25 to 50 g is recommended for treatment. 
Poloxalene is not as effective for feedlot or 
grain bloat. Alcohol ethoxylates are also 
used as bloat remedies and both poloxalene 
and the ethoxylates are more effective and 
faster than oil, which is relatively slow and 
better suited to prevention than treatment. 
All three are recommended as satisfactory 
for legume hay bloat, but poloxalene is not 
recommended for feedlot bloat. All of them 
can be given by drench, stomach tube, or 
through a ruminal cannula. The effect of all 
treatments is enhanced if they are thoroughly 
mixed with the ruminal contents; if rumen 
movements are still present mixing will 
occur. If the rumen is static, it should be 
kneaded through the left flank while the 
animal is encouraged to walk. 

A polyoxypropylene-polyoxyethylene 
glycol surfactant polymer (Alfasure), which is 
a water-soluble pluronic detergent available 
in Canada, is effective for the treatment of 
alfalfa bloat when 30 mL is given intrarumi- 
nally using a 6-cm 14-gauge hypodermic 
needle directly into the rumen through the 
abdominal wall in the middle of the paralum- 
bar fossa. The median time of disappearance 
after treatment was 25 minutes; the swelling 
returned to normal within 52 minutes. 

Return to Pasture or Feed 

Following the treatment of the individual 
cases of bloat. The major problem remaining 
is the decision about whether or not, or 
when, or under what conditions, to return 
the cattle to the bloat-producing pasture or 
to the concentrate ration in the case of 
feedlot cattle. The possible preventive mea¬ 
sures are presented under control but, unless 
one of the reliable ones can be instituted, the 
cattle should not be returned until the haz¬ 
ardous period has passed. This is difficult on 
some farms because the bloat-producing 
pasture may be the sole source of feed. 

CONTROL 
Pasture Bloat 

Management Strategies to Reduce 
Rate of Rumen Fermentation 

The prevention of pasture bloat is challeng¬ 
ing. Grazing management strategies are the 
principal methods used for the prevention of 
pasture bloat, along with controlling pasture 
yields and quality. Several different manage¬ 
ment practices have been recommended, 
including the prior feeding of dry, scabrous 
hay, particularly Sudan grass, cereal hay and 
straw, or orchardgrass hay, 1 restricting the 
grazing to 20 minutes at a time or until the 
first cow stops eating, harvesting the crop and 
feeding it in troughs, and strip grazing to 
ensure that all available pasture is used each 
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day. The principle of each of these strategies 
is to decrease the rate of rumen fermenta¬ 
tion. These methods have value when the 
pasture is only moderately dangerous but 
may be ineffective when the bloat-producing 
potential is high. In these circumstances the 
use of simple management procedures is 
unreliable because the occurrence of bloat is 
unpredictable. In other cases, the strategies 
such as limited grazing are impractical. Gen¬ 
erally, the farmer does not know if the pas¬ 
tures are dangerous until bloat occurs and, 
once effective prophylactic methods are being 
used, it is difficult to know when they are no 
longer required. The bloat-producing poten¬ 
tial of a pasture can change dramatically 
almost overnight, and the management strat¬ 
egy can be quickly nullified. 

Stage of Growth 

The probability of legume bloat decreases 
with advancing stages of plant maturity 
because of a decrease in the soluble protein 
content of the legume. Alfalfa at the vegeta¬ 
tive stage of growth results in the highest 
incidence of bloat compared with the bud 
and bloom stages, with moderate and no 
bloat, respectively. These results indicate the 
potential for grazing management through 
selection of plant phenology (periodic phases 
of plant growth) as a method of bloat control. 
In practice, it would be essential to recognize 
the predominant stage of growth of the stand 
before turning cattle into the pasture. The 
leaf: stem ratio should also be considered as 
a factor. 

Choice of Forages 

Seeding cultivated pastures to grass-legume 
mixtures is the most effective and least costly 
method of minimizing pasture bloat, par¬ 
ticularly for beef herds grazing over large 
areas under continuous grazing systems. In 
a grass-legume mixture, a legume content of 
50% is suggested as the maximum bloat-safe 
level. However, this ratio may be impractical 
for large areas, especially on rolling terrain, 
in which it is impossible to maintain a 
uniform 50:50 stand. If cattle have a ten¬ 
dency to avoid the grass and select the 
legume, the potential for bloat increases. 
Bloat can occur in mixed pastures in which 
the proportion of legume is less than 15%, 
possibly because of selective grazing. 

Because of the potential for causing bloat, 
grasses alone or nonbloating forages may be 
used. Sainfoin, bird’s foot trefoil, cicer 
milkvetch, and crown vetch are useful bloat- 
safe legumes in regions in which they are 
adapted. However, their yield, vigor, 
regrowth, winter-hardiness, and persistence 
are well below the superior growth and pro¬ 
duction characteristics of alfalfa. Seeding 
grasses alone avoids the problem of bloat but 
the benefits of including a legume in the 
mixture include much greater production, 
higher protein and nutritional value, and 
lower fertilization costs. A decision to use 


grass with or without bloat-safe legumes 
should be based on the economic benefits of 
the greater protein from alfalfa or clover 
compared with the possible losses from 
bloat. At present, a pasture comprising equal 
quantities of clovers and grasses comes 
closest to achieving this ideal, but with avail¬ 
able pasture plants and current methods of 
pasture management this clover:grass ratio 
is not easy to maintain. Research work in this 
area is directed toward selecting cattle that 
are less susceptible to bloat. More practical 
are the moves being made to breed varieties 
of legume that are low on bloat-producing 
potential. The incidence of frothy bloat can 
be substantially reduced if alfalfa herbage 
contains as little as 25% orchardgrass. 

Alternative Temperate Forages 
Forages comprise a major proportion of the 
diet in most ruminant animal-production 
systems. Grazed forages are used especially 
during the late spring, summer, and early 
autumn in many countries, whereas in some 
regions, such as Australasia and South 
America, ruminant animal production is 
based on year-round grazing of forages, with 
no indoor housing. Grazing systems are gen¬ 
erally based on swards of which the major 
portion consists of grasses (perennial rye¬ 
grass [Lolium perenne] in the case of New 
Zealand), with a legume (white clover [T. 
repens ] in the case of New Zealand) forming 
a minor portion (approximately 20%), 
mainly to fix atmospheric nitrogen and to 
provide a higher quality feed. Different 
grasses and legumes form the grazed pas¬ 
tures in other countries. The grazing of alter¬ 
native forages is being developed for the 
sustainable control of internal parasites, with 
reduced anthelmintic use, for increasing 
reproductive performance in sheep and the 
growth rate in young animals, and for reduc¬ 
ing the incidence of bloat in cattle. 

It has been long accepted in ruminant 
nutrition that the feeding value of legumes is 
greater than that of grasses, because of their 
more rapid particle breakdown, faster rumen 
fermentation, lower rumen mean retention 
time and, consequently, greater voluntary 
feed intake. Despite these advantages, 
legumes have never attained their true 
potential in many grazing systems because of 
three principal disadvantages: legumes gen¬ 
erally grow slowly in winter, producing less 
feed per hectare than grasses; rumen frothy 
bloat in cattle is caused by rapid solubiliza¬ 
tion of protein in many legumes; and the 
presence in some legumes of estrogenic sub¬ 
stances depresses reproductive performance 
when grazed by ewes during the breeding 
season. Thus the identification of legumes 
that could overcome these limitations would 
offer major advantages. 

Grazing Management 

Uniform and regular intake is the key to man¬ 
aging cattle on legume pastures. Waiting until 


the dew is off before placing animals on 
pasture is a common practice and is probably 
useful when animals are first exposed to a 
legume pasture. Before animals are placed on 
a legume pasture they should be fed coarse 
hay to satiety. This prevents them from 
gorging themselves and overeating the fresh 
and lush legume forage. Thereafter, they 
should stay on pasture. Mild bloat may occur 
on first exposure, but the problem should 
disappear in a few days because animals 
usually adapt to legume pastures with con¬ 
tinuous grazing. If the legume pasture contin¬ 
ues to have a high bloat potential, the animals 
should be removed until the legume becomes 
more mature and less bloat provoking. 

Grazing Patterns and Strip Grazing 
Bloat is often associated with discontinuous 
grazing such as removal of animals from the 
legume pasture for a period of time, e.g., 
overnight. Similarly, outbreaks may occur 
when grazing is interrupted by adverse 
weather, such as storms, and by biting flies 
or other insect pests. These factors alter 
normal grazing habits, generally resulting in 
more intensive, shorter feeding periods that 
may increase the incidence of bloat. 

In strip grazing, the field is grazed in 
strips that are changed every 1 to 3 days. This 
is done by careful placement of an electric 
fence so that the grazing strip is moved 
further and further away from the entrance. 
In this way the animals are forced to graze a 
greater proportion of the entire plant, which 
increases the dry matter intake and propor¬ 
tionately decreases the intake of soluble 
protein, which results in a decrease in the 
rate of digestion in the rumen. In some situ¬ 
ations, the most reliable methods for the pre¬ 
vention of bloat in dairy cows are either strip 
grazing of pasture sprayed daily with oil or 
pluronics, or twice-daily drenching with the 
same preparations. 

Swathing and Wilting 
The frequency of alfalfa bloat can be 
decreased by grazing pastures that have been 
swathed and wilted. Wilting swathed alfalfa 
for 24 hours produces changes in the protein 
configuration of the sulfhydryl and disulfide 
content of the proteins. Compared with 
feeding a fresh swath, wilting a swath for 24 
or 48 hours reduces the incidence of alfalfa 
bloat. The reduction is greatest by 48 hours 
and may be eliminated after 48 hours. A 
reduction in moisture content during wilting 
may be sufficient to eliminate the risk of 
bloat. Alfalfa silage is virtually bloat free 
because of protein degradation by proteoly¬ 
sis during ensiling. 

Alfalfa Flay Bloat Prevention 
The bloat potential of alfalfa hay is unpre¬ 
dictable. The best indicators are leafy, imma¬ 
ture hay with soft stems. Hay grown under 
cool, moist conditions is more likely to cause 
bloat than hay produced in hot, dry areas. 
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Chapter 8 


Diseases of the Alimentary Tract-Ruminant 


Reports of bloat on damp, moldy hay are 
common but not documented and are unex¬ 
plained. Because fine particles and leaves 
are especially dangerous, chopping hay 
can increase the incidence of bloat. When 
alternative roughages are available, a coarse 
grass hay, cereal grain hay, or straw can 
be substituted for a portion of the bloat- 
causing hay. In dairy herds, alfalfa hay can 
be fed in the morning and grass hay in the 
evening. Animals should be adjusted gradu¬ 
ally to new lots of alfalfa hay; old and new 
lots should be mixed for the first 5 days of 
feeding. 

Rations containing a 50:50 mixture of 
alfalfa hay and grain are most dangerous, but 
the risk of bloat is low when grain consists of 
less than 35% of the mixture. 

Antifoaming Agents 

One satisfactory strategy for the prevention 
of pasture bloat is the administration of anti¬ 
foaming agents. 

Oils and Fats 

Oils and fats have achieved great success for 
the control of pasture bloat in New Zealand 
and Australia. 

Individual Drenching 
Individual drenching is sometimes practiced 
but because of the time and labor involved it 
is most suited to short-term prophylaxis. It is 
popular as an effective standard practice in 
pastured cattle in New Zealand. The common 
practice is to administer the antifoaming 
agent (antibloat drench) at the time of milking 
using an automatic dose syringe that is moved 
up and down to reach each cow in the milking 
parlor. Cows become conditioned quickly 
and turn their heads to the operator to receive 
their twice-daily dose of 60 to 120 mL of the 
oil. The duration of the foam-preventing 
effect is short, lasting only a few hours, and 
increasing the dose does not significantly 
lengthen the period of protection. 

The combined use of sodium chloride 
and antibloat drenching of lactating dairy 
cows in New Zealand may stimulate the 
closure of the reticular groove, causing the 
swallowed fluid to bypass the reticulorumen, 
rendering the drenching with the antibloat 
solution ineffective. The proportion of 
antibloat-sodium-chloride fluid bypassed 
was considered to be of no practical signifi¬ 
cance to the protection from bloat in most 
animals. However, there may be decreased 
protection in 10% to 15% of drenched cows. 
Thus cows should be drenched with these 
compounds at separate times, morning for 
one, evening for the other, or, if drenching at 
the same milking, drench with the antibloat 
solution first, followed by a separate drench 
with sodium chloride. 

Application of Oil to Pasture 

If the oil or fat is emulsified with water it can 

be sprayed onto a limited pasture area that 


provides part or all of the anticipated food 
requirements for the day. Back-grazing must 
be prevented, and care is required during 
rainy periods when the oil is likely to be 
washed from the pasture. The method is 
ideal where strip-grazing is practiced on irri¬ 
gated pasture but is ineffective when grazing 
is uncontrolled. 

Addition to Feed and Water 
The oil can be administered at the rate of 120 g 
per head in concentrates fed before the cattle 
go on to the pasture or by addition to the 
drinking water to make a 2% emulsion. Oil 
can be added to water in all available troughs, 
turning off the water supply and refilling the 
troughs when they are emptied. However, the 
actual intake of the oil cannot be guaranteed. 
Climatic conditions also cause variations in 
the amount of water that is taken, with conse¬ 
quent variation in the oil intake. Thus it is best 
to make provision for a daily intake of 240 to 
300 g of oil per head during those periods 
when the risk of bloating is highest. The rec¬ 
ommended procedure is to provide an auto¬ 
matic watering pump that injects antifoaming 
agents into all the drinking water supplies in 
amounts that will maintain a concentration of 
1 % of the antifrothing agent. Hand replenish¬ 
ment means that the preparation must be 
added twice daily. Surfactants are preferred to 
oils because of their faster action, the smaller 
dose rates (5-8 mL in 10-20 mL of water), 
and their longer period of effectiveness 
(10-18 hours). 

Application to Flanks 
Antifoaming agents can be applied with a 
large paintbrush to the flanks of cows as they 
go out of the milking shed. A preparation 
that is palatable to cattle and encourages 
them to lick their flanks is preferred. This has 
been a popular method of controlling 
bloat in dairy cows in Australia, but failures 
are not infrequent, especially in individual 
cows. 

Types of Oil 

Many different oils have been used and most 
vegetable oils, mineral oil, and emulsified 
tallow are effective. The choice of oil to be 
used depends on local availability and cost. 
If the oils are to be used over an extended 
period, some consideration must be given to 
the effects of the oil on the animal. Contin¬ 
ued administration of mineral oil causes 
restriction of carotene absorption and 
reduces the carotene and tocopherol content 
of the butter produced. Linseed oil, soya oil, 
and whale oil have undesirable effects on the 
quality and flavor of the milk and butter. 
Peanut oil and tallow are the most satisfac¬ 
tory. In most areas the tympany-producing 
effect of pasture is short-lived and may last 
for only 2 to 3 weeks. During this time the 
pasture can be grazed under the protection 
of oil administration until the bloat- 
producing period is passed. 


Water-Soluble Feed Supplements 
Commercially available sources of Proan- 
thocynanidins (condensed tannins), and 
plant extracts of Yucca schidigera (yucca) are 
a natural source of steroidal saponins. Both 
compounds were ineffective in preventing 
bloat in cattle fed fresh alfalfa herbage when 
used as a water-soluble feed supplement 
added to the drinking water or given as a 
top-dressing. 

Synthetic Nonionic Surfactants 
Polyoxythylene-Polyoxypropylene 
Block Polymer 

Poloxalene is a nonionic surfactant (surface 
active agent) that has been used successfully 
for the prevention of leguminous bloat for 
more than 30 years. It is a polyoxythylene- 
polyoxypropylene block polymer that is 
highly effective for use in cattle grazing lush 
legume pasture or young cereal crops such as 
wheat pasture. Poloxalene moderates the 
ingestive behavior of cattle grazing immature 
alfalfa. In cattle the recommended daily level 
for prevention of bloat is 2 g/100 kg BW. In 
high-risk situations it may be advisable to 
administer the drug at least twice daily. 
Poloxalene is unpalatable and its use in 
drinking water was not possible until the 
introduction of the pluronic L64, which is 
suitable for mixing with drinking water and 
is effective. It needs to be introduced to the 
cattle several weeks before the bloat season 
commences. It is commonly used as an addi¬ 
tive to grain mixtures, in feed pellets, and in 
mineral blocks. The use of pluronics admin¬ 
istered by mixing with molasses to be licked 
from a roller drum was popular for a short 
period of time for the control of bloat in 
pastured beef cattle, but consumption was 
erratic and the control of bloat unreliable. 
The alternative of mixing pluronics with the 
drinking water is also not dependable. 

Po lyoxyp ropylene-Po Iy ox ye thylene 
Glycol Surfactant Polymer (Alfasure) 
Alfasure, a polyoxypropylene-polyoxye- 
thylene glycol surfactant polymer, is very 
effective for the prevention of bloat when 
used at 0.05% in drinking water of cattle fed 
fresh alfalfa herbage and when added as a 
top-dressing. An Alfasure spray on pasture is 
completely effective in eliminating the occur¬ 
rence of bloat in cattle grazing alfalfa at the 
vegetative to bud stage of growth. 

Alcohol Ethoxylate Detergents 
These products are known to have equal 
foam-reducing qualities to poloxalene and 
have the advantage of better palatability so 
that they can be administered by a voluntary 
intake method such as medicated blocks. 
Small-scale field trials show that these blocks 
are palatable and attractive and should be 
satisfactory in reducing the severity and 
prevalence of bloat. Not all cattle visit them 
voluntarily, so some cases of bloat are likely 
to occur. The blocks contain 10% of the 
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alcohol ethoxylate, known as Teric, and a 
daily consumption of 17 to 19 g of it is usual. 
Application of Teric to the flanks of cows has 
not been as successful as a bloat prevention 
as other similar application of oils. Alcohol 
ethoxylate and pluronic detergents con¬ 
trolled the occurrence of bloat in sheep fed 
freshly harvested alfalfa in confinement and 
in grazing studies in which the products 
were added to the water supply. In cattle 
grazing early to late bud alfalfa stands, the 
addition of the products to the water supplies 
prevented the occurrence of bloat. 

lonophores 

Rumen modifiers such as the ionophore 
monensin have been used to control bloat 
using controlled-release capsules and liquid 
formulations. 

Controlled-Release 
Monensin Capsules 
Sustained-release capsules containing anti¬ 
foaming agents are available for the control 
of pasture bloat. The capsule is administered 
into the rumen, where it opens, exposing an 
antifoaming agent, which diffuses slowly 
from a matrix. Monensin, a polyether iono¬ 
phore antibiotic, is potentially an important 
agent for bloat relief in dairy cows 
grazing legume-based pasture. A monensin 
controlled-release intraruminal capsule is 
available that releases approximately 300 mg 
per head per day for 100 days. Experimental 
and field studies indicate that monensin can 
reduce the severity of bloat and increase milk 
production in dairy cows grazing legume 
pastures. In dairy farms in Australia, 
sustained-release monensin capsules were 
effective in reducing the incidence of clinical 
bloat in pasture-fed cattle. There was also a 
significant decrease in the use of pasture 
spraying, drinking water administration, and 
flank-spraying of antifoaming agents on the 
farms using the capsules, with no compensa¬ 
tory rise in the use of other bloat-prevention 
techniques. 

A controlled-release monensin capsule 
reduced the incidence of bloat by about 50% 
in experimental steers fed alfalfa at the veg¬ 
etative to early bud stages of growth. 

Liquid Formulation of Monensin 
Oral drenching with a liquid formulation of 
monensin is effective in reducing bloat in 
milking cows grazing white-clover-ryegrass 
or red-clover pastures. A daily dose of 
300 mg per cow given as an oral drench in a 
volume of 100 mL daily provided protection 
for 24 hours. 

Feedlot Bloat 
Roughage in Ration 

Feedlot high-level grain rations should 
contain at least 10% to 15% roughage, 
which is cut or chopped and mixed into a 
complete feed. This ensures that cattle will 
consume a minimum amount of roughage. 


The roughage should be a cereal grain straw 
or grass hay. The use of leafy alfalfa hay may 
be hazardous. The roughage may be fed sepa¬ 
rately in the long form as a supplement to the 
grain ration, but this practice is dangerous 
because the voluntary intake of roughage will 
vary considerably. The more palatable the 
grain ration, the less total roughage will be 
eaten, and outbreaks of feedlot bloat may 
occur. 

Consistency of Grain 

The best results in feedlot bloat are achieved 
by the incorporation of nonbloating rough- 
ages in the grain ration at a level of at least 
10% and avoiding fine grinding of the grain. 
Grains for feedlot rations should be only 
rolled or cracked, not finely ground. If the 
grain is very dry, the addition of water during 
processing will prevent pulverization to fine 
particles. The use of pelleted rations for 
feedlot cattle cannot be recommended, 
because a fine grind of the grain is normally 
necessary to process a solid pellet. When the 
pellet dissolves in the rumen, a fine pasty 
rumen content forms, which may be associ¬ 
ated with the development of a stable foam. 
In addition, it is difficult to incorporate a 
sufficient quantity of roughage into a pellet. 

Antifoaming Agents 

The use of dietary antifoaming agents for the 
prevention of feedlot bloat has had variable 
success. The addition of tallow at the level of 
3% to 5% of the total ration has been success¬ 
ful and judged empirically, but controlled 
trials did not reduce bloat scores. If animal 
fats are effective in preventing feedlot bloat, 
they would be useful as a source of energy 
and for the control of dust in dusty feeds. 
Poloxalene is ineffective for the prevention of 
feedlot bloat. 

Dietary Salt 

The addition of a 4% salt to feedlot rations 
has been recommended when other methods 
are not readily available. However, feed 
intake and rate of BW gain will be reduced. 
A high salt diet increased water intake, 
causes an alteration in the proportion of dis¬ 
rupted cells in the forage due to changes in 
fermentation, and increases the rate of flow 
of particulate material out of the rumen. 
Other management factors considered to be 
important in the prevention of feedlot bloat 
generally include avoid overfeeding after a 
period of temporary starvation (e.g., after 
bad weather, machinery failure, transporta¬ 
tion, or feed handling failure), and ensure 
that the water supply is available at all times. 

Genetic Control of Pasture Bloat 

Because of the high costs of bloat from 
deaths, lost production, treatment costs, and 
extra labor, one possible long-term solution 
is to breed cattle with reduced susceptibility 
to bloat. Bloat score on a single day is herita¬ 
ble, but the required testing procedures are 


expensive in labor and can put the lives of 
otherwise valuable animals at risk. Selection 
on bloat score has been achieved successfully 
in an experimental herd, and genetic markers 
and candidate genes for bloat susceptibility 
are now being explored. The ultimate aim is 
to assist the dairy industry to identify bloat- 
susceptible animals, so that they can be culled 
or used less frequently as parents in the 
national herd. Work in New Zealand suggests 
that the prospects are good for providing the 
dairy industry with a means of removing 
bloat-susceptible cattle. Carrier sires could be 
identified, using a marker, and these sires 
could be withheld from the teams of widely 
used proven sires available for commercial 
use. The use of noncarrier artificial insemina¬ 
tion sires in the dairy cattle industry could 
minimize the bloat problem in one genera¬ 
tion by removing all homozygous bloat- 
susceptible progeny from the population. 
There has been no recent research on this 
aspect of bloat in cattle. 

General Comments 

Apart from the impressive reduction in clini¬ 
cal and fatal cases of ruminal tympany 
resulting from the prophylactic use of oils, 
there are the added advantages of being able 
to use dangerous pasture with impunity and 
the reduction of subclinical bloat and its 
attendant lowering of food intake. Produc¬ 
tion may rise by as much as 25% in 24 hours 
after the use of oil. Nevertheless, these pre¬ 
ventive methods should be considered as 
temporary measures only. The ultimate aim 
should be the development of a pasture of 
high net productivity in which the maximum 
productivity is consistent with a low inci¬ 
dence of bloat and diarrhea. 


TREATMENT AND CONTROL 


Treatment of pasture bloat 

Immediately remove animals from bloating 
pasture (R-1) 

In severe cases, emergency trocar/cannula 
(2.5-cm diameter) into left paralumbar 
fossa to release rumen foam (R-1) 

In less severe cases, passage of stomach tube 
to release rumen foam and administer 
synthetic antifoaming agents (such as 
polyoxythylene-polyoxypropylene block 
polymer, alcohol ethoxylate, or 
polyoxypropylene-polyoxyethylene glycol) 
into rumen (R-1) 

Treatment of feedlot bloat 

Passage of stomach tube to release rumen 
foam and administer antifoaming agent 
(mineral oil preferred) into rumen, followed 
by walking for 20 minutes to disperse 
antifoaming agent (R-1) 

Control of pasture bloat 

Strategic daily use of synthetic antifoaming 
agents or sustained-release antifoaming 

Continued 
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agents such as monensin to pastured cattle 
(R-1) 

Use of grass-legume mixtures (R-2) 

Delay grazing each day until dew is off (R-2) 
Feed hay before grazing (R-2) 

Control of feedlot bloat 

Increase ingestion of coarse roughage and 
minimize sorting of feed (R-2) 


FURTHER READING 

Wang Y, Majak W, McAllister TA. Frothy bloat in 
ruminants: cause, occurrence, and mitigation 
strategies. Anim Feed Sci Tech. 2012;172:103-114. 
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TRAUMATIC 

RETICULOPERITONITIS 

Perforation of the wall of the reticulum by a 
sharp foreign body initially produces an 
acute local peritonitis, which may spread to 
cause acute diffuse peritonitis or remain 
localized to cause subsequent damage, 
including vagal indigestion and, in rare 
cases, diaphragmatic hernia. The penetration 
of the foreign body may proceed beyond the 
peritoneum and cause involvement of other 
organs resulting in pericarditis; cardiac tam¬ 
ponade; pneumonia; pleurisy and mediasti- 
nitis; and hepatic, splenic, or diaphragmatic 


abscess. These sequelae of traumatic perfora¬ 
tion of the reticular wall are shown diagram- 
matically in Fig. 8-9. 

This complexity of development makes 
diagnosis and prognosis difficult, and the 
possibility that a number of syndromes 
may occur together further complicates the 
picture. For convenience and to avoid repeti¬ 
tion, all these entities except endocarditis are 
dealt with together here, even though many 
of them are diseases of other systems. 

ETIOLOGY 

Traumatic reticuloperitonitis is caused by 
the penetration of the reticulum by metal¬ 
lic foreign objects that have been ingested 
in prepared feed. Baling or fencing wire 
that has passed through a chaff cutter, feed 
chopper, or forage harvester is one of the 
most common causes. In one series of 1400 
necropsies, 59% of lesions were caused by 
pieces of wire, 36% by nails, and 6% by mis¬ 
cellaneous objects. The metal objects may 
be in the roughage or concentrate or may 
originate on the farm when repairs are made 
to fences, yards, and in the vicinity of feed 
troughs. 

The wire from motor vehicle radial tires 
may be the cause. Used tires are commonly 
used to hold down plastic sheeting over 
silage piles. The wire is gradually released 
from the tires, which are in a state of deterio¬ 
ration, and is mixed with the feed supply, or 
the tires may be inadvertently dropped into 


a feed mixer wagon and become fragmented, 
mixing the pieces of wire throughout the 
ration. 


SYNOPSIS 


• Etiology Penetration of reticulum by 
metallic foreign objects such as nails and 
pieces of wire, including tire wire, which 
were ingested by the animal and located in 
the reticulum. 

• Epidemiology Most common in adult 
dairy cattle fed prepared feeds. 

• Signs Sudden anorexia and fall in milk 
yield, mild fever, ruminal stasis, and local 
pain in the abdomen. Rapid recovery may 
occur, or the disease may persist in a 
chronic form or spread widely to produce 
an acute, diffuse peritonitis. 

• Clinical pathology In acute local 
peritonitis, neutrophilia and regenerative 
left shift; in chronic form, leukopenia and 
degenerative left shift. Peritoneal fluid 
contains marked increase in nucleated cells 
and total protein. Plasma protein 
concentration increased. Ultrasonography 
and radiography of the anteroventral 
abdomen. 

• Lesions Localized reticuloperitonitis and 
varying degrees of locally extensive 
fibrinous adhesions. Abnormal peritoneal 
fluid. Abscesses and adhesions possible 
throughout the peritoneal cavity 



Fig. 8-9 Sequelae of traumatic perforation of the reticular wall. 

















































• Diagnostic confirmation 

Reticuloperitonitis and metallic foreign 
body. 

• Differential diagnosis list: 

• Acute local traumatic reticuloperitonitis 
must be differentiated from simple 
indigestion, acute carbohydrate 
engorgement, acute intestinal 
obstruction, abomasal volvulus, 
pericarditis, acute pleuritis, perforated 
abomasal ulcer, postpartum septic 
metritis, pyelonephritis acute hepatitis, 
and acetonemia. 

• Acute diffuse or generalized peritonitis 
must be differentiated from those 
diseases causing severe toxemia or 
acid-base imbalance, dehydration, and 
shock, which include the following: 
carbohydrate engorgement, acute 
intestinal obstruction, advanced vagus 
indigestion, abomasal volvulus, 
perforated abomasal ulcer, and 
miscellaneous causes of generalized 
peritonitis. 

• Chronic traumatic reticuloperitonitis 
must be differentiated from early stages 
of vagus indigestion, hepatic 
abscessation, traumatic splenitis, chronic 
pneumonia and pleuritis, and 
miscellaneous causes of chronic 
peritonitis such as peritoneal abscesses 
secondary to intraperitoneal injections. 

• Treatment Antimicrobials daily for several 
days, reticular magnet, and immobilization 
in stall to promote adhesions. Rumenotomy 
to remove foreign body if medical 
treatment is unsuccessful or in valuable 
animal. 

• Control Prevent exposure of cattle to 
metallic foreign objects that can be 
ingested. Feed-processing equipment 
should be equipped with magnets to 
remove metallic foreign bodies. 


In an ab attoir survey of the gastrointestinal 
tract of 1491 slaughter cows in Denmark, 
foreign bodies were found in 16% of the cows. 
Of 286 foreign bodies, 11% were tire wires, 
14% fencing wires, 5% screws, 9% nails, 37% 
mixed pieces of metal, 2% copper, and 22% 
remnants of boluses containing antiparasitic 
drugs. A significant association was found 
between the type of foreign body and the 
presence of lesions, and a significant associa¬ 
tion between the cross-section of the foreign 
body and the presence of lesions. There was 
also an association between the end shape of 
the foreign body and the presence of lesions. 
Tire wire was the most common traumatizing 
foreign body, because 81% of all lesions were 
associated with tire wires. 

EPIDEMIOLOGY 

Occurrence 

Adult dairy cattle are most commonly 
affected because of their more frequent 
exposure but cases occur infrequently in 
yearlings, beef cattle, dairy bulls, sheep, and 
goats. In the series of 1400 referred to earlier, 
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93% were in cattle over 2 years old and 87% 
were in dairy cattle. In the Danish abattoir 
survey of cows (see earlier in Etiology), 
foreign body lesions were present in 10% of 
the cows. Magnets were found in only 7% of 
the cows. All magnets collected iron filings 
and fencing wire (30%), and “other pieces of 
metal” (39%) were the predominant contents 
of the magnet. There were no lesions in 97% 
of the cows with magnets, and a significant 
association was found between the use of 
magnets and the absence of lesions. 

Reticuloperitonitis is much more 
common in cattle fed on prepared feeds, 
especially those fed inside for part of the 
year. It is almost unknown in cattle fed 
entirely on pasture. Accordingly, it is much 
more common in the winter months in the 
Northern Hemisphere. The incidence is 
much lower in sheep and goats because they 
are rarely fed chopped forages. 

The incidence is usually sporadic but 
outbreaks have occurred when sources of 
wire have become mixed into feed supplies, 
as in the case of perforation of the alimen¬ 
tary tract by pieces of tire wire. Over a 
period of 6 months, 30% of 170 lactating 
dairy cows in one herd exhibited clinical 
signs suggestive of hardware disease associ¬ 
ated with the ingestion of tire wire in the 
feed supplies. 

Risk Factors 

There are few studies of the epidemiology of 
traumatic reticuloperitonitis. The effects of 
23 veterinary diagnoses, host characteristics, 
and production were examined on the risks 
of ruminal acidosis and traumatic reticulo¬ 
peritonitis. The lactational incidence risk for 
the disease in Finnish Ayrshire dairy cattle 
was 0.6%, which is similar to observations 
made in Holstein Friesian cows. The risk of 
the disease in the former study increased 
with early metritis, nonparturient paresis, 
ketosis, acute and chronic mastitis, and foot 
and leg problems. It is unknown how metri¬ 
tis and mastitis could be risk factors for trau¬ 
matic reticuloperitonitis. The median day of 
occurrence was on 113 days after calving, 
which makes it unlikely that calving was a 
risk factor. Similarly, dystocia was not found 
to be a risk factor. 

When several or more cases occur in a 
cluster outbreak, the nature of the feed 
supply should be considered as a risk factor. 
The use of used tires to secure plastic sheet¬ 
ing over silage piles may be an important risk 
factor. 

Economic Importance 

The disease is economically important 
because of the severe loss of production it 
causes and the high mortality rate. Many 
cases go unrecognized and many more make 
spontaneous recoveries. In industrialized 
countries, metallic foreign bodies may be 
present in the reticulum in up to 90% of 
normal cattle, and residual traumatic lesions 


may be present in as many as 70% of dairy 
cows. Among the clinically affected animals, 
about 25% develop incurable complications. 
The other 75% can be expected to recover 
completely with conservative treatment or 
routine surgical intervention. 

PATHOGENESIS 
Ingestion of Foreign Body 

Lack of oral discrimination by cattle leads to 
the ingestion of foreign bodies that would be 
rejected by other species. Swallowed foreign 
bodies may lodge in the upper esophagus 
and cause obstruction or in the esophageal 
groove and cause vomiting, but in most 
instances they pass to the reticulum. Radio- 
logic examination of goats that have been fed 
foreign bodies experimentally indicate that 
they may first enter various sacs of the reticu- 
lorumen before reaching the reticulum. 
Many lie there without causing harm but the 
honeycomb-like structure of the reticulum 
provides many sites for fixation of the foreign 
body, and contractions of the reticulum are 
sufficient to push a sharp-pointed object 
through the wall. 

Penetration of Reticulum 

Most perforations occur in the lower part of 
the cranial wall of the reticulum but some 
occur laterally in the direction of the spleen 
and medially toward the liver. 

If the reticular wall is injured without 
penetration to the serous surface, no detect¬ 
able illness occurs, and the foreign body may 
remain fixed in the site for long periods and 
gradually be corroded away. A piece of wire 
can disappear in 6 weeks, but certain nails 
last much longer and are unlikely to corrode 
away in less than 1 year. The ease with which 
perforation occurs has been illustrated by the 
artificial production of the disease. Sharp¬ 
ened foreign bodies were given to 10 cows in 
gelatin capsules. Of 20 pieces of wire and 10 
nails, 25 were found in the reticulum. Of the 
20 pieces of wire, 18 had perforated or were 
embedded in the wall or plicae. Only one of 
the nails was embedded. Complete perfora¬ 
tions were caused by 13 foreign bodies and 
incomplete by 6. All cows suffered at least 
one perforation, showed clinical signs of 
acute local peritonitis, and recovered after 
surgical removal of the foreign bodies. 

Many foreign bodies may not remain 
embedded but are commonly found free in 
the reticulum if surgery is performed about 
72 hours after illness commences. This may 
be from necrosis around the penetrating 
object and the reticular contractions moving 
the foreign body back into the reticulum. 
Objects that are deeply embedded or have 
kinks, barbs, or large diameters tend to 
remain in situ and cause persistent 
peritonitis. 

Acute Local Peritonitis 

The initial reaction to perforation is one of 
acute local peritonitis and, in experimentally 
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induced cases, clinical signs commence 
about 24 hours after penetration. The perito¬ 
nitis causes ruminal atony and abdominal 
pain. If the foreign body moves back into the 
reticulum, spontaneous recovery may occur. 

Resolution of acute fibrinous local peri¬ 
tonitis is characterized by the development 
of fibrous adhesions, which gradually 
become long, stringy strands over a period 
of weeks and months; motility of the reticu¬ 
lum is restored and the animal may recover 
fully. Follow-up ultrasonographic examina¬ 
tions of cows with traumatic reticuloperito- 
nitis in which rumenotomies were done 
showed that the adhesions disappeared in 
most of the animals by 6 months. 

Depending on the severity of the local 
peritonitis, the ventral aspect of the reticu¬ 
lum becomes adherent to varying degrees 
to the abdominal floor and diaphragm. 
This results in decreased reticular motility. 
Ultrasonography of cows with traumatic 
reticuloperitonitis reveals that the biphasic 
contractions of the reticulum are slower 
than normal or indistinct and the number 
of contractions are reduced. Reticular 
abscesses are common complications and 
may be located between the reticulum and 
the ventral body wall, between the reticulum 
and the right thoracic wall, and between the 
reticulum and the spleen. Persistent local 
peritonitis with or without abscesses results 
in reduced reticulorumen motility, inappe¬ 
tence to anorexia, a capricious appetite (may 
eat hay not concentrate), chronic ruminal 
tympany, persistent mild fever, abdominal 
pain on deep palpation, and changes in the 
hemogram and feces. Immobilization of the 
reticulum impairs the clearance function of 
the reticulum, which results in the passage of 
poorly comminuted feces characterized by 
an increased proportion of large particles. 

Generalized Peritonitis and Extension 
of Disease 

Spread of the inflammation causing general¬ 
ized or diffuse peritonitis may occur in 
cows that calve at the time of perforation and 
in cattle that are forced to exercise. Immobil¬ 
ity is a prominent clinical finding and may 
be a protective mechanism so that adhesions 
are able to form and localize the peritonitis. 
Animals made to walk or transported long 
distances frequently suffer relapses when 
these adhesions are broken during body 
movements. Generalized peritonitis results 
in toxemia, alimentary tract stasis, dehydra¬ 
tion, and shock. 

During the initial penetration of the 
reticulum, the foreign body may penetrate 
beyond the peritoneal cavity and into the 
pleural or pericardial sacs. This may be 
more common in cows in advanced preg¬ 
nancy than in nonpregnant cows, because of 
the gravid uterus, although this is uncertain. 
Complications such as pericarditis are most 
common in cows after the sixth month of 
pregnancy. 


Details of the pathogenesis of the more 
common complications are presented under 
traumatic pericarditis, vagus indigestion, 
diaphragmatic hernia, and traumatic 
abscess of the spleen and liver. Less common 
sequelae include laceration or erosion of the 
left gastroepiploic artery causing sudden 
death from internal hemorrhage and the 
development of a diaphragmatic abscess, 
which infiltrates tissues to the ventral 
abdominal wall at the xiphoid process, rup¬ 
turing to the exterior and sometimes dis¬ 
charging the foreign body. Hematogenous 
spread of infection from a diaphragmatic 
abscess or chronic local peritonitis is a 
common cause of endocarditis and its 
sequelae of polysynovitis and arthritis, 
nephritis, and pulmonary abscessation. Pen¬ 
etration into the pleural cavity causes acute 
suppurative pleuritis and pneumonia. In 
rare cases the infection is localized to the 
mediastinum causing abscessation, which 
causes pressure on the pericardial sac and 
congestive heart failure. Rarely, the foreign 
body penetrates to the abomasum, causing 
abomasitis, pyloric stenosis, and abomasal 
ulceration. Even more rarely, puncture of the 
reticular vein by a migrating metal wire may 
lead to fatal hemorrhage causing sudden 
death. 

CLINICAL FINDINGS 
Acute Local Peritonitis 

Characteristically, the onset is sudden with 
complete anorexia and a marked drop in 
milk yield, usually to about one-third or less 
of the previous milking. These changes occur 
within a 12-hour period and their abrupt 
appearance is typical. Subacute abdominal 
pain is common in most cases. The animal 
is reluctant to move and does so slowly. 
Walking, particularly downhill, is often 
accompanied by grunting. Most animals 
prefer to remain standing for long periods 
and lie down with great care; habitual recum¬ 
bency is characteristic in others. Arching of 
the back occurs in about 50% of cases, along 
with the appearance of tenseness of the back 
and the abdominal muscles so that the 
animal appears gaunt or “tucked-up.” Defe¬ 
cation and urination cause pain, and the 
acts are performed infrequently and usually 
with grunting. This results in constipation, 
scant feces, and in some cases retention of 
urine. Rarely, acute abdominal pain with 
kicking at the belly and stretching occurs. 
In others there is recumbency and reluctance 
to stand. 

A moderate systemic reaction is 
common in acute localized peritonitis. The 
temperature ranges from 39.5°C to 40°C 
(103°F-104°F), rarely higher, the heart rate is 
about 80 beats/min, and the respiratory rate 
about 30 per minute. Temperatures above 
40°C (104°F) accompanied by heart rates 
greater than 90 beats/min suggest severe 
complications. The respirations are usually 
shallow and, if the pleural cavity has been 


penetrated, are painful and accompanied by 
an audible expiratory grunt. 

Rumination is absent and reticuloru¬ 
men movements are markedly depressed 
and usually absent. The rumen may appear 
to be full because of the presence of a free- 
gas bloat with moderate distension of the left 
paralumbar fossa. On palpation of the fossa, 
the ruminal gas cap is usually larger than 
usual and the rumen contents more doughy 
than normal. Deep palpation of the gas cap 
in the fossa may be required to feel the 
rumen pack below the gas cap. 

Pain can be elicited by deep palpation 
of the abdominal wall just caudal to the 
xiphisternum. Palpation is done using short, 
sharp pushes with the closed fist or knee over 
an imaginary band about 20 cm wide cover¬ 
ing the ventral third of the abdomen from 
the left to the right side with the cranial 
border of the band being the point just 
caudal to the xiphisternum. This area should 
be probed with at least six deep palpations 
on both sides of the abdomen while listening 
with a stethoscope over the trachea for evi¬ 
dence of a grunt. Pinching the withers to 
cause depression of the back and eliciting a 
grunt is also an effective diagnostic aid, 
except in large adult cows and bulls; for these 
the sharp elevation of a solid rail held hori¬ 
zontally under the abdomen is a useful 
method for eliciting a grunt. A positive 
response to any of these tests is a grunt of 
pain, which may be audible some distance 
away but is best detected by auscultation of 
the trachea. Rarely, a grunt may also be 
audible by auscultation over the trachea 
when infrequent reticulorumen contractions 
occur. 

The course of acute local peritonitis is 
short and the findings described previously 
are most obvious on the first day; in most 
cases they subside quickly and may be diffi¬ 
cult to detect by the third day. In these cases, 
in addition to persistent anorexia and 
ruminal atony, the most constant finding is 
the abdominal pain, which may require deep 
palpation for its demonstration. In cases that 
recover spontaneously or respond satisfacto¬ 
rily to conservative treatment there may 
be no detectable signs of illness by the 
fourth day. 

Chronic Local Peritonitis 

In chronic peritonitis the appetite and milk 
yield do not return to normal after prolonged 
therapy with antimicrobials. The body con¬ 
dition is usually poor, the feces are reduced 
in quantity, and there is an increase in undi¬ 
gested particles. In some cases, the tempera¬ 
ture may be within the normal range, which 
makes the diagnosis uncertain. A persistent 
slightly elevated temperature is supportive 
evidence of the presence of a chronic inflam¬ 
matory lesion. The grunt test may be positive 
or negative; often it is uncertain. The 
gait may be slow and careful and, occasion¬ 
ally, grunting may occur during rumination, 
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defecation, and urination. Rumination activ¬ 
ities are infrequent, the rumen is usually 
smaller than normal, chronic moderate bloat 
is common, and there is ruminal atony or 
some moderate reticulorumen activity. 

Reticular abscesses in cows are charac¬ 
terized by poor body condition, a relatively 
full rumen but with reduced ruminal con¬ 
tractions or almost complete ruminal atony, 
persistent mild bloat, an arched back with a 
tense abdomen and a grunt indicating 
abdominal pain, and undigested particles in 
the feces. Most have a clinical history of not 
responding to prolonged therapy with anti¬ 
microbials. These can be diagnosed with 
radiography and ultrasonography. 

Rectal Examination 
Rectal examination of cattle with acute or 
local traumatic reticuloperitonitis may cause 
a painful grunt when the animal strains 
during the examination. The feces are usually 
dry and firm and covered by a thin coating 
of mucus because of prolonged retention. In 
acute localized peritonitis the rumen may 
feel larger than normal and the gas cap is 
easily palpable. In acute and chronic general¬ 
ized peritonitis, fibrinous adhesions may be 
palpable between the rumen and the left 
abdominal wall or between loops of intes¬ 
tine, or in the pelvic cavity. 

Acute Diffuse (Generalized) 

Peritonitis 

Acute diffuse peritonitis is characterized by 
the appearance of profound toxemia within 
a day or two of the onset of local peritonitis. 
Alimentary tract motility is reduced, mental 
depression is marked, and the temperature is 
elevated or subnormal in severe cases, espe¬ 
cially those that occur immediately after 
calving. The heart rate increases to 100 to 120 
beats/min and a painful grunt may be elic¬ 
ited by deep digital palpation at almost any 
location over the ventral abdominal wall. 
This stage is usually followed by rapid col¬ 
lapse and peripheral circulatory failure and 
an absence of pain responses. Terminally, 
recumbency and depression are common. 

Sudden Death 

There is a record of sudden death in a 
20-month-old pregnant heifer in which the 
reticular vein was punctured by a migrating 
piece of metal wire, causing fatal hemorrhage 
into the reticulum. At necropsy, a large blood 
clot was present in the reticulum, the rumen 
contents were red-brown, and no reticular 
adhesions were present. 

Iatrogenic Reticulitis 

There is a record of iatrogenic reticulitis that 
occurred as a result of the oral administration 
of intraruminal anthelmintic boluses, which 
may have lodged in the reticulum and become 
filled with other foreign objects ingested by 
the animal, resulting in a syndrome similar 
to acute traumatic reticuloperitonitis. 


Inappetence, reduced milk production, 
reduced reticulorumen motility, abdominal 
pain, and scant feces were present. On explor¬ 
atory rumenotomy the reticulum contained 
two cylindrical boluses filled with stones, 
nuts, and bolts. Removal of the boluses was 
followed by prompt recovery. 

CLINICAL PATHOLOGY 
Hemogram 

The total and differential leukocyte counts 
provide useful diagnostic and prognostic 
data. The differential leukocyte count is 
usually considerably more indicative of acute 
peritonitis than the total count. 

In acute local peritonitis a neutrophilia 
(mature neutrophils above 4000 cells/pL) 
and a left shift (immature neutrophils above 
200 cells/pL) are common. This is a regen¬ 
erative left shift. Both the neutrophilia and 
the left shift will be increased on the first day 
and will last for up to 3 days, when in uncom¬ 
plicated cases the count begins to return to 
normal. In chronic cases the levels do not 
return completely to normal for several days 
or longer periods and there is usually a 
moderate leukocytosis, neutrophilia, and a 
monocytosis. 

In acute diffuse peritonitis a leukopenia 
(total count below 4000 cells/pL) with a 
greater absolute number of immature neu¬ 
trophils than mature neutrophils (degenera¬ 
tive left shift) occurs, which suggests an 
unfavorable prognosis if severe. The degree 
of lymphopenia (lymphocyte count below 
2500-3000 cells/pL) is an indication of a 
stress reaction to inflammation. 

Plasma Protein, Fibrinogen, 

Acute Phase Reactants, and 
Coagulation Profile 

There is a significant difference in total 
plasma protein (TPP) levels between cattle 
with traumatic reticuloperitonitis and those 
with other diseases of the gastrointestinal 
tract that might be confused with the former. 
The mean plasma protein concentrations, 
measured before surgery, were 88 + 13 g/L 
for traumatic reticuloperitonitis and 77 ± 
12 g/L for controls. In severe diffuse perito¬ 
nitis the fibrinogen levels may be increased 
up to 10 to 20 g/L. 

Cutoff points for TPP and plasma fibrino¬ 
gen (PF) were determined to differentiate 
between traumatic reticuloperitonitis and 
other gastrointestinal diseases with similar 
clinical findings. There was moderate nega¬ 
tive dependence between sensitivities of TPP 
and PF at the 8.8 g/dL and 766 mg/dL 
cutoff points, and mild negative dependence 
between their specificities at the 7.8 g/dL 
and 691 mg/dL cutoff points, respectively. 
Acceptable accuracy (98% or 86% specificity 
with 62% or 88% sensitivity, respectively) 
was obtained with serial interpretation of 
the tests. 

Cattle with active peritonitis caused by 
traumatic reticuloperitonitis have an acute 


phase response, manifested as an increased 
plasma concentration of SAA and haptoglo¬ 
bin, and a decreased plasma albumin 
concentration. Optimal cut points for the 
diagnosis of traumatic reticuloperitonitis 
were >68 jig/mL for SAA (sensitivity = 1.00; 
specificity = 0.86) and >0.74 g/L for serum 
haptoglobin concentration (sensitivity = 
1.00; specificity = 0.86), 1 with PF concentra¬ 
tion > 380 mg/dL having a lower test sensi¬ 
tivity and specificity. 

Affected cattle have prolonged prothrom¬ 
bin time, thrombin time, and activated 
partial thromboplastin time and thrombocy¬ 
topenia, indicating the presence of abnormal 
coagulation. 2 This was attributed to diffuse 
peritonitis and hepatocellular dysfunction. 
Cattle with traumatic reticuloperitonitis also 
have increased serum nitric oxide concentra¬ 
tion and decreased total antioxidant capacity, 
which probably reflects the diverse bacterial 
population associated with the peritonitis. 3 

Abdominocentesis and 
Peritoneal Fluid 

Abdominocentesis and analysis of peritoneal 
fluid can be a valuable diagnostic aid. The 
best site for abdominocentesis is uncertain 
because the rumen occupies a large portion 
of the ventral abdominal wall and avoiding 
penetration of it is difficult. Cattle have a low 
volume of peritoneal fluid and failure to 
obtain a sample is not unusual. Empirically, 
the best sites are those in which, on an ana¬ 
tomic basis, there are recesses between the 
forestomachs, abomasum, diaphragm, and 
liver. These are usually 10 to 12 cm caudal to 
the xiphisternum and 10 to 15 cm lateral to 
the midline. A blunt-ended teat cannula is 
recommended, but with care and caution a 
16-gauge or 18-gauge 5-cm hypodermic 
needle may also be used. The hair of the site 
is clipped, the skin is prepared aseptically, 
and a local anesthetic is applied. The skin in 
incised with a stab scalpel and the cannula is 
pushed carefully and slowly through the 
abdominal wall. The latter will twitch and a 
“pop” will be felt when the peritoneum is 
punctured. When the cannula is in the peri¬ 
toneal cavity, the fluid may leak out without 
the aid of a vacuum. If it does not, a syringe 
may be used to apply a vacuum while the 
needle is manipulated in an attempt to locate 
some fluid. 

If no fluid can be obtained, a trocar and 
cannula 80 mm long and with a 4-mm inter¬ 
nal diameter can be used with success. The 
trocar and cannula are inserted into the 
abdomen, the trocar is removed and an 
80-cm long 10-French gauge infant feeding 
tube is inserted into the abdomen through 
the cannula, leaving about 10 to 20 cm 
outside. The tube acts as a wick and within 
several minutes fluid can be collected into 
vials. At least three different sites should be 
attempted to obtain peritoneal fluid. Perito¬ 
nitis in cattle is characterized by a marked 
fibrinous response and localization of a 
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lesion, and the amount of exudative fluid 
available at the abdominocentesis sites 
may be minimal. Thus the failure to obtain 
fluid does not preclude the presence of 
peritonitis. 

Laboratory evaluation of peritoneal 
fluid consists of determinations of total 
white blood cell count, differential cell count, 
total protein, and culture for pathogens. The 
interpretation of the analysis of the perito¬ 
neal fluid can be unreliable because only a 
few correlations have been made between 
the laboratory findings and the presence or 
absence of peritoneal lesions. A nucleated 
cell count above 6000 cells/(tL and total 
protein above 3 g/dL is consistent with the 
diagnosis of peritonitis in 80% of cases. 
Using a differential cell count, a relative neu¬ 
trophil count more than 40% and a relative 
eosinophil count less than 10% was fre¬ 
quently associated with the diagnosis of 
peritonitis. A D-dimer concentration of peri¬ 
toneal fluid higher than the reference range 
(0-0.6 mg/L) provides an excellent method 
for identifying the presence of peritonitis 
in cattle, with sensitivity = 0.96 and 
specificity = 0.99. 4 

RADIOGRAPHY OF CRANIAL 
ABDOMEN AND RETICULUM 

Radiologic examination of the reticulum is 
an accurate diagnostic method for the evalu¬ 
ation of cattle with suspected traumatic 
reticuloperitonitis and should be done with 
the animal standing. Although there are 
some reports of reticular radiography with 
the cow in dorsal recumbency, this method 
is not recommended because of the potential 
for breaking down adhesions and dissemi¬ 
nating peritonitis throughout the entire 
abdomen, as well as decreased diagnostic 
accuracy. There are also technical difficulties 
in positioning an unsedated animal in dorsal 
recumbency, and sedatives are not recom¬ 
mended because of the risk of aspiration 
pneumonia. The availability of ultrasono¬ 
graphic equipment and lack of adequate 
radiographic equipment in private veteri¬ 
nary practices has resulted in the decreased 
use of radiography to diagnose traumatic 
reticuloperitonitis. However, the technique 
provides clinically useful information for 
valuable animals that may warrant referral to 
a veterinary medical center. 

The cranioventral abdomen of cattle can 
be evaluated using two cranial abdominal 
and one caudal thoracic radiograph. An 
x-ray machine with a capacity of 1000 to 
1250 mA and 150 kV is necessary, which is 
usually only available in veterinary teaching 
hospitals. However, such techniques may be 
appropriate in valuable animals in which an 
accurate diagnosis and prognosis for surgical 
treatment may be desirable. In a consecutive 
series of standing lateral cranial abdominal 
radiographs, the sensitivity and specificity 
for detecting traumatic reticuloperitonitis or 
pericarditis was 83% and 90%, respectively. 


These values are higher than those achieved 
with the animal being placed dorsal recum¬ 
bency. In standing lateral radiographs, an 
enlarged reticulum was associated with a 
final diagnosis of vagal indigestion. Altera¬ 
tion in reticulodiaphragmatic separation 
does not correlate with any specific disease 
process. The presence of focal perireticular 
gas collections and reticular foreign bodies 
greater than 1 cm in length unattached to a 
magnet were good indicators of traumatic 
reticuloperitonitis. Radiography is best 
suited for identification of radiodense foreign 
bodies in and outside the reticulum (these 
cannot be visualized ultrasonographically). 
A magnet should be administered before 
radiographs are taken in cattle with a magnet; 
orally administered magnets rapidly find 
their way to the reticulum and in this loca¬ 
tion provide a helpful anatomic landmark 
and indicate if wire located in the reticulum 
is free floating or imbedded in the reticular 
wall (see Fig. 8-16). There is minimal value 
in performing a rumenotomy if radiographs 
identify that a wire is fully attached to a 
magnet and therefore not capable of repen¬ 
etration of the reticulum. 

Features found to be reliable in the diag¬ 
nosis of traumatic reticuloperitonitis using 
lateral radiographs of the reticulum include 
the following: 

• Atypically positioned foreign bodies 

• Abnormal gas shadows in the region 
of the reticulum 

• Depressions in the cranioventral 
margin of the reticulum 

The reticulum is often markedly displaced 
caudally from the diaphragm or dorsally or 
caudodorsally from the ventral abdominal 
wall. Space-occupying masses of the density 
of soft tissue, with or without gas inclusions, 
gas shadows, and gas-fluid interfaces in the 
region of the reticulum, were highly predic¬ 
tive of peritonitis (specificity 97%, positive 
predictive value 96%). 

ULTRASONOGRAPHY OF 
THE RETICULUM 

Ultrasonography is a suitable method for 
investigation of reticular contractions in 
healthy ruminants and in cattle for the diag¬ 
nosis of traumatic reticuloperitonitis. 

The reticulum and adjacent organs of 
cows can be examined with ultrasonography 
using a 3.5-MHz linear transducer applied to 
the ventral midline of the thorax over the 
sixth and seventh intercostal spaces and 
from the left and right sides of the midline. 
It may not be possible to image the reticulum 
in large cows in good body condition because 
of the high proportion of fat in the muscle 
layers. In older cows, calcification of the 
xiphisternum may interfere with imaging. 
The most common reason for being unable 
to visualize the reticulum in sick animals 
is the displacement of the reticulum by a 
markedly distended rumen or by space- 
occupying lesions such as abscesses and 


fibrin-containing effusions. The pattern, 
number, amplitude, and duration of the 
interval between contractions can be visual¬ 
ized. The contour of reticulum, the reticular 
contractions, and the organs adjacent to the 
reticulum can be imaged. The biphasic retic¬ 
ular contractions can be visualized at the rate 
of four contractions during a 4-minute 
period. During the first incomplete contrac¬ 
tion, the reticulum contracts by a mean of 
about 7.2 cm, and during the second con¬ 
traction the reticulum disappears from the 
screen. 

Ultrasonography for Traumatic 
Reticuloperitonitis 

In contrast to radiography, ultrasonography 
provides more precise information about the 
contour of the reticulum and reticular motil¬ 
ity. In cattle with traumatic reticuloperitoni¬ 
tis, ultrasonography can be used to identify 
morphologic changes in the region of the 
cranial, ventral, or caudal reticular wall. The 
caudoventral reticular wall is the most fre¬ 
quently affected, often in association with the 
craniodorsal blind sac of the rumen. The 
changes in the contour of the reticulum 
depend on the severity of the inflammatory 
changes. 

The reticulum can be visualized in more 
than 90% of cows in spite of interference by 
the ribs and sternum. In cows with disturbed 
reticular motility, biphasic contractions are 
slower than normal, or indistinct, and the 
number of contractions is reduced. Fibrin¬ 
ous material appears as echogenic deposits, 
sometimes accompanied by hypoechogenic 
fluid. Reticular abscesses have an echogenic 
capsule with a hypoechogenic center. 
Involvement of the spleen, omasum, liver, 
and abomasum may also be imaged. Neither 
magnets nor foreign bodies can be visualized 
by ultrasonography. 

Reticular activity is almost always affected 
in cattle with traumatic reticuloperitonitis. 
The frequency, amplitude, or velocity of con¬ 
tractions, singly or combined, may be abnor¬ 
mal. The frequency can be reduced from 3 
to 2, 1, or no contractions per 3 minutes 
(normal rate is approximately one contrac¬ 
tion per minute). The reticular contraction 
rate is increased to 1.5 per minute at the 
onset of feeding. The reduction in the ampli¬ 
tude of contractions varies: when formation 
of adhesions is extensive, reticular contrac¬ 
tions appear indistinct. Although the pattern 
of biphasic contraction is often maintained, 
the reticulum contracts only 1 to 3 cm. The 
velocity of reticular contractions may be 
normal but can be markedly reduced. In 
cattle with reticuloomasal obstruction 
caused by a foreign body, the frequency of 
reticular contractions may be increased. 

Reticular abscesses associated with trau¬ 
matic reticuloperitonitis can be visualized by 
ultrasonography (Fig. 8-10). The amplitude 
of reticular contractions is reduced to only 
1 to 3 cm, the reticulum is displaced from 
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Fig. 8-10 A, and B, Ultrasonogram and schematic of a reticular abscess in a cow with chronic 
traumatic reticuloperitonitis. The abscess is between the reticulum and the ventral abdominal 
wall. The ultrasonogram was obtained from the sternal region with a 5.0-MHz linear 
transducer. 1, Ventral abdominal wall; 2, abscess; 3, capsule of the abscess; 4, reticulum; Cr, 
cranial; Cd, caudal. (Reproduced with permission of U. Braun.) 


the ventral body wall, and the abscesses 
have hypoechogenic centers and echogenic 
capsules. 

Peritoneal effusion is visible as an accu¬ 
mulation of fluid without an echogenic 
margin and restricted to the reticular area. 
Depending on the fibrin and cell content, the 
fluid may be anechoic or hypoechogenic. 
Fibrinous deposits are easily identified in the 
fluid, and bands of fibrin are sometimes seen 
within the effusion. Occasionally, the perito¬ 
neal effusion is considerable and extends to 
the caudal abdomen. 

The spleen, particularly its distal portion, 
is often affected. Fibrinous changes are fre¬ 
quently seen as echogenic deposits of varying 
thickness, often surrounded by fluid, between 
the spleen and reticulum or rumen. The 
spleen may be covered by fibrinous deposits. 
Occasionally, one or more splenic abscesses 
are visible, and the vasculature may be 
dilated, indicating splenitis. 

Ultrasonography and Radiography of 
Cattle With Traumatic 
Reticuloperitonitis 

These two techniques have been compared 
in cows with traumatic reticuloperitonitis. 
The major advantages of radiography are 
that metallic foreign bodies can be visual¬ 
ized and their position determined. It has a 
specificity of 82%, a positive predictive value 
of 88%, and a sensitivity of 71%. Abnormal 
gas shadows or gas-fluid interfaces observed 
on radiographs are highly diagnostic for the 
disease and have a specificity of 97% and 
positive predictive value of 88%. Flowever, 
they are seldom seen on radiographs and 
their sensitivity is only 19%. The position 
of the reticulum is a good criterion for 


the diagnosis of traumatic reticuloperito¬ 
nitis, with a specificity of 80% and a posi¬ 
tive predictive value of 82%. Thick-walled 
changes or abscessation should be suspected 
when the reticulum is displaced caudodor- 
sally from the sternum. Changes in the 
contour of the reticulum such as indenta¬ 
tions are highly suggestive of inflamma¬ 
tion, with a specificity of 95% and positive 
predictive value but a low sensitivity of 
only 34%. 

The major advantage of ultrasonography 
is being able to visualize and assess reticular 
motility. Even in the presence of severe adhe¬ 
sions and abscessation, the reticulum may 
maintain its basic contractile rhythm, but it 
will be quite reduced. Abscesses have an 
echogenic capsule of varying width and a 
central cavity filled with hypoechogenic 
material. Purely fibrous deposits are echo¬ 
genic, and fibrinous deposits containing an 
accumulation of fluid from inflammatory 
processes are echogenic interspersed with 
hypoechogenic accumulations of fluid (Fig. 
8-11). Radiography and ultrasonography 
complement each other, and the combined 
results can be used to decide whether an 
exploratory laparotomy is indicated, if the 
animal should be treated conservatively with 
antibiotics, or if it should be slaughtered for 
salvage. 

METAL DETECTION 

Metal detectors were used at one time to aid 
in the diagnosis of traumatic reticuloperito¬ 
nitis. Ferrous metallic foreign bodies can be 
detected with metal detectors but the instru¬ 
ments are of limited use because most dairy 
cows eating chopped forages are positive for 
metal over the reticular area. 


Rumen, Reticulum and Omasum 



Fig. 8-11 A, and B, Ultrasonogram and 
schematic of the reticulum in a cow with 
chronic traumatic reticuloperitonitis. The 
reticulum is covered with fibrinous deposits. 
The ultrasonogram was obtained from the 
sternal region with a 5.0-MHz linear scanner. 
1, Lateral abdominal wall; 2, fibrinous 
deposits; 3, anechoic fluid; 4, reticulum; Cr, 
cranial; Cd, caudal. (Reproduced with 
permission from U. Braun.) 
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LAPAROSCOPY 

Right flank laparoscopy using a flexible fiber¬ 
optic laparoscope, 14 mm in diameter and 
1.1 m in working length, is a reliable diag¬ 
nostic aid for the presence of traumatic retie- 
uloperitonitis, but the diagnostic technique 
has been replaced by ultrasonography of the 
reticular region. 

NECROPSY FINDINGS 

Localized traumatic reticuloperitonitis is 
characterized by varying degrees of locally 
extensive fibrinous adhesions between the 
cranioventral aspects of the reticulum and 
the ventral abdominal wall and the dia¬ 
phragm. Adhesions and multiple abscesses 
may extend to either side of the reticulum 
involving the spleen, omasum, liver, aboma¬ 
sum, and ventral aspects of the rumen. Large 
quantities of turbid, foul-smelling peritoneal 
fluid may be present, containing fibrinous 
clots. Some cases of reticular abscesses are 
solitary and there are adhesions between the 
reticulum, diaphragm, and ventral body 
wall, which are strictly localized. The size of 
the abscess varies. It may be from 5 to 10 cm 
in diameter or a single one may be irregularly 
shaped and measure 30 x 10 X 10 cm, along 
with multiple smaller ones measuring 
around 3x3x3 cm. The foreign body can 
usually be found perforating the cranioven¬ 
tral aspect of the reticulum, although it may 
have fallen back into the reticulum, leaving 
only the perforation site and its surrounding 
inflammation as evidence of the site of pen¬ 
etration. A reticular magnet with many 
pieces of metallic foreign bodies stuck to it 
may be present in the reticulum, the mucosa 
of which is usually normal. 


In acute diffuse peritonitis a fibrinous or 
suppurative inflammation may affect almost 
the entire peritoneal cavity with extensive 
fibrinous adhesions of various stages of 
development involving the forestomach, 
abomasum, small and large intestines, liver, 
bladder, reproductive tract, and pelvic cavity. 
Large quantities of turbid, foul-smelling fluid 
containing clots of fibrin are usually present. 
Loops of intestine and omenta are com¬ 
monly stuck together by thick layers of fibrin. 


DIFFERENTIAL DIAGNOSIS 


Typical acute traumatic reticuloperitonitis is 
characterized by a sudden onset of complete 
anorexia, marked drop in milk production, 
mild fever, ruminal atony, pain on deep 
palpation of the ventral abdomen, an elevated 
leukocyte count with a left shift in the 
hemogram, and a peritoneal fluid sample that 
indicates inflammation. 

However, the times at which cases of 
traumatic reticuloperitonitis are seen varies 
from day 1, when the syndrome is typical, to 
day 3 or 4, by which time the acuteness has 
subsided so much clinically that confusion 
with other diseases is a significant possibility. 
The sudden onset of anorexia and marked 
drop in milk production will usually be noted 
in lactating dairy cattle but not in dry dairy 
cattle or beef cattle, including mature bulls 
whose feed intake and behaviors are not 
monitored daily. In these animals the clinical 
findings can change in a few days and be 
characterized by anorexia to inappetence, 
normal temperature, ruminal hypotonicity or 
atony and no evidence of abdominal pain on 
deep palpation of the abdomen. 


The clinician must review the history 
carefully, conduct a thorough clinical 
examination, and attempt to intensify the 
diagnostic efforts on those abnormalities that 
are present. 

The differential diagnosis of 
gastrointestinal dysfunction of cattle is 
summarized in Table 8-2. An algorithm for 
the causes of grunting in cattle is shown in 
Fig. 8-12. 

Acute local traumatic reticuloperitonitis 

Acute local traumatic reticuloperitonitis must 
be differentiated from those diseases in which 
sudden anorexia, sudden drop in milk 
production, ruminal atony, abdominal pain, 
and abnormal feces are common. They 
include the following: 

• Simple indigestion characterized by 
sudden anorexia or inappetence, normal 
mental state, full rumen but atonic, 
perhaps uncomfortable if ingested large 
quantities of palatable feed like fresh 
silage, normal vital signs, abnormal feces, 
and spontaneous recovery in 24 hours are 
typical. 

• Obstruction of reticuloomasal orifice 

with a foreign body such as a roll of 
polyethylene twine causes intermittent 
inappetence, a slightly enlarged rumen 
with normal motility slight reduction in the 
amount of feces, a decrease in milk yield 
for 24-48 h followed by a return to normal 
and then subsequent relapses. A grunt is 
not present: the temperature, heart, and 
respiratory rates are normal; and the 
hemogram is normal. Obstruction of the 
reticuloomasal orifice with foreign bodies 
such as rope can cause distension and 
hypermotility of the rumen and persistent 



Fig. 8-12 Causes of grunting in cattle. 
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vomiting. A rumenotomy must be done to 
make the diagnosis. 

• Acute carbohydrate engorgement 

characterized by sudden anorexia, diarrhea 
and dehydration, weakness, tachycardia, 
staggering, ruminal distension and atony, 
fluid-splashing sounds in the rumen with a 
rumen pH of less than 5, and a history of 
access to grain. 

• Acute intestinal obstruction 

characterized by sudden anorexia, mild 
abdominal pain perhaps with kicking at the 
abdomen and stretching, ruminal atony, 
mild dehydration, scant feces or complete 
absence of feces, straining on rectal 
examination, dark bloodstained feces, and 
perhaps distended loops of intestine 
palpable on rectal examination. 

• Abomasal volvulus (following right- 
side dilatation) characterized by 
anorexia, dehydration, tachycardia, 
distended right abdomen, ping audible 
over right flank, distended viscus palpable 
on rectal examination. Usually in lactating 
dairy cows a few weeks after parturition 
and following the clinical findings of 
right-side dilatation of the abomasum that 
lasts several days culminating in the 
volvulus but may occur spontaneously in 
some cows with no immediate history of 
previous illness. 

• Pericarditis. Continued high fever, 
toxemia, anorexia, tachycardia, and muffled 
heart sounds suggest pericarditis, which is 
marked by markedly elevated total 
leukocyte and neutrophil counts. In 
pericarditis, the heart sounds are muffled 
and the typical to and fro fluid-splashing 
sounds are audible. The jugular veins are 
engorged and other signs of congestive 
heart failure such as anasarca are present. 
Pericardiocentesis to obtain foul-smelling, 
turbid fluid is diagnostic. 

• Acute pleuritis is characterized by a fever, 
toxemia, anorexia, painful respirations that 
may be accompanied by a grunt, pain on 
digital palpation of intercostal spaces, 
ruminal atony, and abnormal and muffled 
lung sounds. Fluid on thoracentesis. 

• Perforated abomasal ulcer causes acute 
local peritonitis characterized by marked 
pain on palpation over a much larger area 
of the abdominal wall, and in the early 
stages is most marked on the right-hand 
side. If, as is usual, the peritonitis becomes 
diffuse, the syndrome cannot be 
distinguished clinically from that caused by 
traumatic reticuloperitonitis. Extension from 
a metritis to involve the peritoneum is 
suggested by other signs of the primary 
disease. 

• Postpartum septic metritis occurs a few 
days after parturition and is characterized 
by anorexia, fever, tachycardia, ruminal 
hypotonicity to atony, reduced amount of 
feces and foul-smelling vaginal discharge, 
and retained placenta may be present. Very 
important to examine the uterus 
vaginally for the presence of the placenta, 
which may be protruding through the 
cervix. 


• Acute local peritonitis caused by 
penetration of the uterine wall by a catheter 
or of the rectal wall by a foreign body thrust 
sadistically into the rectum may be difficult 
to differentiate unless the painful area of the 
peritoneum can be determined. Acute local 
peritonitis can be differentiated from 
indigestion, acute ruminal impaction and 
acetonemia by the presence of fever, local 
abdominal pain, and the abrupt fall in milk 
yield and appetite. 

• Pyelonephritis is occasionally 
accompanied by mild abdominal pain but 
can be distinguished by the presence of 
pus and blood in the urine. 

• Acute hepatitis or severe hepatic 
abscess is characterized by anorexia, fever, 
decreased ruminal movements, reluctance 
to move, a painful grunt on deep palpation 
over the cranial aspects of the right lower 
flank, icterus if obstruction of the bile ducts 
has occurred, and a poor response to 
therapy. A marked neutrophilia is typical of 
hepatic abscessation secondary to 
traumatic reticuloperitonitis. 

• Acetonemia. Traumatic reticuloperitonitis 
usually causes a secondary acetonemia 
when it occurs during early lactation, and 
the presence of ketonuria should not be 
used as the sole basis for differentiation of 
the diseases. Differentiation may be 
extremely difficult if the peritonitis is of 3-4 
days' duration. Response to treatment may 
also serve as a guide. The history is often 
helpful; the appetite and milk yield fall 
abruptly in traumatic reticuloperitonitis but 
slowly over a period of several days and 
not to the same degree in acetonemia. 

Acute diffuse or generalized peritonitis 
Acute diffuse peritonitis is characterized by 
anorexia, fever, toxemia, tachycardia, 
dehydration, weakness leading to recumbency, 
distended abdomen, ruminal atony, 
spontaneous grunting or a grunt on deep 
palpation over the abdomen, fluid-splashing 
sounds and pings on auscultation and 
percussion or ballottement of the abdomen 
caused by ileus, scant feces, perhaps palpable 
fibrinous adhesions on rectal palpation, 
profuse quantities of abnormal peritoneal 
fluid, and marked changes in the hemogram. 

It must be differentiated from those diseases 
causing severe toxemia or acid-base 
imbalance, dehydration, and shock, which 
include carbohydrate engorgement, acute 
intestinal obstruction, advanced vagus 
indigestion, abomasal volvulus, perforated 
abomasal ulcer, and miscellaneous causes of 
generalized peritonitis. 

Chronic reticuloperitonitis 

The clinical findings of chronic traumatic 
reticuloperitonitis are not typical. Each chronic 
case may have a different combination of 
clinical findings, which makes the diagnosis 
uncertain. The clinical findings that may be 
present include inappetence to anorexia, mild 
fever, loss of body condition, lack of 
rumination, ruminal hypotonicity to atony, 
moderate bloat, scant feces containing 
increased amounts of undigested feed 


particles, possibly a grunt on deep palpation 
of the abdomen, and changes in the 
hemogram. The presence of abnormal 
peritoneal fluid is highly supportive. It must be 
differentiated from early stages of vagus 
indigestion, hepatic abscessation, traumatic 
splenitis, chronic pneumonia and pleuritis, and 
miscellaneous causes of chronic peritonitis 
such as peritoneal abscesses secondary to 
intraperitoneal injections. 


TREATMENT 

Two methods of treatment are in general use: 
conservative treatment with or without the 
use of a magnet and rumenotomy. Both have 
advantages and each case must be considered 
when deciding on the form of treatment to 
be used. 

Conservative Medical Therapy 

Conservative treatment comprises immobi¬ 
lization of the animal, administration of anti¬ 
microbials for the inflammation, and the oral 
administration of a magnet to immobilize 
the foreign body. Despite the decreased retic- 
uloruminal motility, 85% of magnets are in 
the reticulum 1 to 4 days after administra¬ 
tion, and 32% of penetrating foreign bodies 
are attached to the magnet. The cow is tied, 
stanchioned, or confined in a box stall for 
several days. Immobilization of the animal 
facilitates the formation of adhesions. 

Antimicrobials 

Penicillin or broad-spectrum antimicrobials 
given parenterally daily for 3 to 5 days are 
widely used with empirical success. Because 
of the high probability that a mixed gastro¬ 
intestinal flora is the cause of the lesion, 
it is more rational to use a broad-spectrum 
antimicrobial such as the tetracyclines 
or trimethoprim-potentiated sulfonamides 
rather than procaine penicillin, which is 
commonly used because of cost and a short 
withdrawal period in the event that the 
animal does not respond favorably in a few 
days. For lactating dairy cattle, those antimi¬ 
crobials with a short milk withdrawal period 
are desirable. However, there are no pub¬ 
lished clinical trials to indicate the preferen¬ 
tial value of any particular antimicrobial. The 
general effect appears to be good and a high 
rate of recovery is recorded with antimicro¬ 
bials parenterally combined with immobili¬ 
zation provided treatment is begun in the 
early stages of the disease. 5 Cows past their 
sixth month of pregnancy are unlikely to 
recover completely and commonly relapse. 

Rumenotomy 

Surgical removal of the foreign body through 
a rumenotomy incision is the optimal initial 
treatment and is, consequently, widely used as 
a primary treatment. 6 It has the advantage of 
being both a diagnostic procedure in the first 
instance and a definitive but satisfactory 
treatment. The recovery rate varies, depend¬ 
ing on when the surgery is done relative to the 
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time of initial penetration, but is approxi¬ 
mately the same as that obtained with the 
conservative treatment described earlier. In 
both instances, 80% to 90% of animals recover 
compared with about 60% in untreated 
animals. Failure to improve is usually from 
involvement of other organs or to the devel¬ 
opment of locally extensive peritonitis and 
reticular abscesses associated with persistent 
penetration of the foreign body or, uncom¬ 
monly, generalized peritonitis. 

Based on follow-up ultrasonography of 
cows that had surgery for traumatic reticulo- 
peritonitis, the inflammatory adhesions 
resolved and disappeared in the majority of 
animals by 6 months. As a consequence, 
reticular function normalizes. In animals 
with severe adhesions, there is a marked dis¬ 
turbance of digesta passage and, in these 
animals, extensive abscesses are present. 

Persistent penetration by the foreign 
body necessitates removal for optimum 
results, but a rumenotomy is necessary to 
determine the extent of the lesion. Radiogra¬ 
phy and ultrasonography as described earlier 
may assist in determining the presence and 
location of the foreign body. A single preop¬ 
erative dose of antimicrobial such as potas¬ 
sium penicillin G at 10 million IU given 
intravenously is recommended to avoid 
complications after a rumenotomy in cattle. 

The recovery rate after surgery is likely to 
be much lower if only complicated cases are 
selected for rumenotomy and conservative 
treatment is given to the early mild cases. In 
one series the recovery rate in the cases 
treated conservatively was 84% and in those 
difficult cases treated surgically it was 47%. 

Drainage of Reticular Abscesses 

Reticular abscesses may be drained through 
an ultrasound-guided transcutaneous 
incision. 

Choice of Treatment 

The choice of treatment is largely governed 
by economics and the facilities and time 
available for surgery. A rumenotomy, satis¬ 
factorily performed, is the best treatment but 
is unnecessary in many cases because of the 
tendency of the foreign body to return to the 
reticulum. A commonly used practice is to 
treat the animal conservatively for 3 days and 
if marked improvement has not occurred by 
that time to consider a rumenotomy. A 
rumenotomy is highly desirable in cows in 
the last 3 months of pregnancy if severe 
sequelae are to be avoided. Movement of the 
cow during the early stages of the disease is 
undesirable because of the risk of disrupting 
the adhesions that localize the infection. 

Cases of chronic traumatic reticuloperi- 
tonitis are best treated by rumenotomy 
because of the probability that the foreign 
body is still embedded in the wall. Acute 
diffuse peritonitis is highly fatal, but if 
detected early daily treatment with broad- 
spectrum antimicrobials may be effective. 


PREVENTION 

All processed feed should be passed over 
magnets to remove metallic material before 
being fed to cattle. The use of synthetic string 
instead of wire has resulted in a major 
decrease in the incidence of the disease. 

Reticular Magnets 

Small cylindrical or bar magnets, 7.5 cm 
long by 1.0 to 2.5 cm diameter with rounded 
ends, are used to prevent reticuloperitonitis 
but are also used in acute cases to minimize 
penetration of the foreign body. When given 
orally to normal healthy animals, the 
magnets locate in the reticulum within a few 
days, where they remain indefinitely and 
maintain their magnetic pull. The magnets 
attract foreign bodies, which then do not 
penetrate the reticular wall as easily as when 
they are free. The extensive prophylactic use 
of these magnets in a dairy herd has reduced 
the incidence of the disease and its compli¬ 
cations by 90% to 98%. The magnets are 
given to herd replacement heifers at 18 
months to 2 years of age as part of a herd 
health program. 

The effects of magnets in traumatic retic- 
ulitis was examined in the Danish study of 
cows at slaughter (see under Etiology). Two 
magnets tested were cylindrical cage magnets 
with different fields of magnetic force. 
Magnet I had a magnetic force of attraction 
of 110 mT; magnet II had a force of 210 mT. 
Magnets were found in only 7% of the cows. 
There were no lesions in 97% of the cows 
with magnets. Magnet II was superior to 
magnet I in attracting all types of foreign 
bodies, including tire wires. Thus the pro¬ 
phylactic use of magnets should be promoted 
to reduce the occurrence of foreign body 
lesions. 

It is unlikely that magnets will extract a 
firmly embedded foreign body from the wall 
of the reticulum, but loosely embedded ones 
with long free ends may be returned to the 
reticulum and loose foreign bodies will be 
immobilized. The position of the foreign 
body within the reticulum greatly influences 
the efficacy of treatment with a magnet. A 
foreign body at an angle to the ventral aspect 
of the reticulum of more than 30 degrees is 
less likely to become attached to a magnet 
than a foreign body situated horizontally on 
the ventral aspect of the reticulum. There 
have been only a few reports of physical 
injury to the wall of the reticulum being 
caused by the magnets or the foreign bodies 
that may be attached to them. A compass can 
be used to locate the presence and position 
of the magnet. 


TREATMENT AND CONTROL 


Treatment 

Oral administration of the strongest magnet 
possible to cattle without a magnet (check 
with compass) (R-1) 


Procaine penicillin 22,000 U/kg BW IM daily 
for at least 5 days (R-1) 

Oxytetracycline 16.5 mg/kg IV daily for at 
least 5 days (R-2) 

Minimize movement by keeping confined in a 
small stall (R-2) 

Rumenotomy and wire removal for cattle of 
higher economic value or after 3 days of 
medical treatment with no improvement 
(R-2) 

Control 

Routine oral administration of the strongest 
magnet possible to dairy cattle eating 
chopped feed (R-2) 

Ensure feed chopping equipment have 
magnets attached to remove metal from 
feed (R-2) 


BW, body weight; IM, intramuscularly; IV, 
intravenously. 


FURTHER READING 

Braun U. Ultrasound as a decision-making tool in 

abdominal surgery in cows. Vet Clin North Am Food 
Anim Pract. 2005;21:33-53. 

Braun U. Ultrasonography of the gastrointestinal tract 
in cattle. Vet Clin North Am Food Anim Pract. 
2009;25:567-590. 
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VAGUS INDIGESTION 


SYNOPSIS 


Etiology Reticular adhesions from traumatic 
reticuloperitonitis and failure of passage of 
ingesta from the reticulorumen or 
abomasum resulting in accumulation of 
fluid in the forestomach and abomasum. 
Abomasal emptying defect in sheep 
(uncertain etiology). 

Epidemiology Primarily mature dairy cattle; 
also in mature beef cows and bulls. Also 
occurs in sheep as abomasal emptying 
defect of uncertain etiology. 

Signs Gradual distension of abdomen, 

especially left upper abdomen and bilateral 
aspects of ventral abdomen. Inappetence 
to anorexia and scant feces containing 
undigested long particles. Large L-shaped 
rumen viewed from rear. Hypermotility or 
hypomotility of the rumen and reticulum 
determined by auscultation or 
ultrasonography, respectively. Dehydration. 

Clinical pathology Hemoconcentration, 
metabolic alkalosis with hypochloremia and 
hypokalemia, increased ruminal chloride 
levels. 

















Lesions Reticular adhesions. Enlarged rumen 
containing pasty and frothy material or 
fluid contents. Abomasum impacted with 
semidry ingesta. 

Differential diagnosis 

Ruminal distension with hypermotility: 
indigestion of late pregnancy, 
obstruction of the reticuloomasal orifice. 
Ruminal distension with atony: chronic 
traumatic reticuloperitonitis. 

Abomasal impaction: abomasal impaction, 
dietary in origin. 

OmasaI impaction: phytobezoars blocking 
the abomasal pylorus, abomasal 
ulceration without melena. 

Treatment Fluid and electrolyte therapy, 
rumen lavage with large diameter tube, 
rumenotomy, drain reticular abscess, 
slaughter for salvage. 

Control Prevent traumatic reticuloperitonitis. 


ETIOLOGY 

The etiology of vagus indigestion has been 
controversial but has been divided into two 
major subcategories of complications of 
traumatic reticuloperitonitis: vagal nerve 
injury and reticular adhesions, with the latter 
being the most common cause. In addition, 
there are some other causes. 

Complications of Traumatic 

Reticuloperitonitis 

Vagal Nerve Injury and Dysfunction 

Historically, it was thought that vagal indi¬ 
gestion was caused by vagal nerve dysfunc¬ 
tion caused by injury to the vagus nerve 
injury associated with complications of trau¬ 
matic reticuloperitonitis. It was hypothesized 
that the inflammatory and scar tissue lesions 
affected vagal nerve fibers supplying the 
forestomach and abomasum. The naturally 
occurring syndrome was similar to the 
Hoflund syndrome created by experimen¬ 
tally sectioning the vagus nerves and thus the 
term “vagal indigestion” was coined. 

The prevailing explanation was that 
dorsal vagal nerve injury resulted in achala¬ 
sia of the reticuloomasal orifice (anterior 
stenosis) and inhibited the passage of ingesta 
from the reticulorumen into the omasum 
and abomasum, resulting in an enlarged 
rumen with abnormal rumen contents. Simi¬ 
larly, injury of the pyloric branch of the 
ventral vagus nerve resulted in achalasia of 
the pylorus (posterior stenosis) and inhib¬ 
ited the flow of ingesta from the abomasum 
resulting in abomasal impaction. Both 
abnormalities resulted in scant feces contain¬ 
ing undigested long feed particles. 

However, although in many cases of vagal 
indigestion there are extensive adhesions 
between the reticulum and adjacent organs, 
there is little evidence of vagal nerve injury. 
It is also known that the syndrome can occur 
without any gross evidence of inflammation 
of the serosa of the forestomach and 
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abomasum over which the vagus nerves are 
located. In the absence of gross lesions, it has 
been suggested that microscopic lesions of 
the medial reticular wall in which vagal 
tension receptors are located may interfere 
with forestomach motility and esophageal 
groove reflexes. 

New information based on clinicopatho- 
logic examination of clinical cases has 
questioned the long-held view that vagal 
nerve injury is an important cause of this 
syndrome. 

Reticular Adhesions 

Mechanical impairment of reticular motility 
and esophageal groove dysfunction as a result 
of reticular adhesions is probably the most 
important cause of vagal indigestion syn¬ 
drome. An examination of 42 dairy cows with 
complications of traumatic reticuloperitoni¬ 
tis found that the primary mechanism was a 
disturbance in particle-separation pro¬ 
cesses in the reticulorumen attributable to 
mechanical inhibition of reticular motility 
associated with extensive inflammatory 
parareticular adhesions. Based on examina¬ 
tion of necropsy tissue grossly and histologi¬ 
cally, there was no evidence of vagal nerve 
injury. Definitive evidence for this being the 
primary mechanism was provided by a study 
in sheep in which the placement of magnets 
in the reticulum inducing abomasal impac¬ 
tion and forestomach distension and long 
particles in the feces; removal of the magnet 
(and therefore removal of the reticular “fixa¬ 
tion”) led to resolution of the abomasal 
impaction, return to normal feces, and reduc¬ 
tion in ruminal volume. 

Other Causes 

Several causes unrelated to traumatic reticu¬ 
loperitonitis have been recorded. Actinobac- 
illosis of the rumen and reticulum is a less 
common cause. Perireticular abscesses near 
the reticuloomasal orifice of cattle can cause 
the disease. In sheep, peritonitis associated 
with Sarcosporidia and Cysticercus tenuicol- 
lis 1 may be a cause. Fibropapillomas of the 
cardia can mechanically occlude the distal 
esophagus and cause interference with fore¬ 
stomach motility, and there is one report of 
vagal indigestion caused by a fibromyxoma 
of the reticuloomasal orifice of a cow. 2 
Abomasal impaction in sheep has been 
recorded, but the etiology and pathogenesis 
have not been determined. 

Disturbances similar to those that occur 
under natural conditions have been pro¬ 
duced by sectioning the vagus nerve. Follow¬ 
ing surgery for abomasal volvulus, some 
cattle develop a vagal indigestion-like syn¬ 
drome characterized by anorexia, scant feces, 
ruminal distension, and abdominal disten¬ 
sion. It has been suggested that distension of 
the abomasum and thrombosis of its vessels 
may have caused injury to the ventral vagus 
nerve, which has been documented in a 
small number of cases. 


Pyloric achalasia is described as part of 
a secondary indigestion caused by septicemia 
and toxemia, but this is not well documented. 
There is also ruminal distension with fluid 
material, abomasal reflux into the reticuloru¬ 
men, dehydration, hypochloremia, hypoka¬ 
lemic metabolic alkalosis, and uremia. 

Indigestion of late pregnancy of cows is 
considered a type of vagus indigestion (type 
IV) in which the rumen and abomasum are 
grossly distended, but the cause is uncertain. 3 
There is no direct evidence that the effects of 
an advanced pregnancy alone will cause a 
vagal indigestion-like syndrome; however, 
in some pregnancies the uterus is located 
entirely within the omental sling, decreasing 
abomasal emptying rate. 

Peripheral nerve sheath tumors, such as 
a solitary schwannoma, have been described 
causing a syndrome similar to vagus indiges¬ 
tion in a mature cow. 

A vagal indigestion-like syndrome may 
be a postsurgical complication of AV. 
Gastric wall injury, peritonitis, and vagal 
nerve lesions may be causative factors. It 
occurs in 14% to 21% of cases, and only 12% 
to 20% of cases return to normal production 
(see under right-side displacement of the 
abomasum and abomasal volvulus). 

EPIDEMIOLOGY 

Vagal indigestion is most common in dairy 
cows that have a history of traumatic reticu¬ 
loperitonitis, which may have occurred 
several weeks or a few months previously. 
The disease is not restricted to dairy cows; it 
also occurs in beef cattle and in mature bulls. 

PATHOGENESIS 

The syndrome of vagal indigestion is charac¬ 
terized by disturbances in the passage of 
ingesta through the reticuloomasal orifice 
(failure of omasal transport and anterior 
functional stenosis) and disturbances in the 
passage of ingesta through the pylorus 
(pyloric stenosis and posterior functional 
stenosis). Stenosis is a misnomer because 
there is no evidence of stenosis but achalasia 
of the sphincters may occur, which mimics a 
functional stenosis. The characteristic clini¬ 
cal findings are distension of the rumen 
with pasty or frothy contents because of 
increased time and maceration in the reticu¬ 
lorumen; alterations in reticulorumen motil¬ 
ity, with consequences such as dehydration; 
an increase in undigested particles in the 
feces; scant feces; acid-base imbalance; 
and secondary starvation. It is an outflow 
abnormality of the reticulorumen and 
abomasum. 

Based on careful clinicopathologic obser¬ 
vations of 42 cows with complications of 
traumatic reticuloperitonitis including vagal 
indigestion, it is now proposed that the dis¬ 
turbances in the flow of ingesta are associ¬ 
ated with particle separation in the 
reticulorumen caused by mechanical inhibi¬ 
tion of reticular motility associated with 
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extensive adhesions of the reticulum. Experi¬ 
mentally impaired reticular contractions in 
sheep support the central role of reticular 
motility for the separation of particles in the 
forestomach, the outflow of digesta from the 
reticulorumen, and transpyloric digesta flow. 

Normally, reticulorumen motility results 
in stratification of ruminal contents into 
three layers of ingesta in addition to the 
most dorsal gas pocket. The top layer, con¬ 
sisting of firm fibrous material of low-density 
particles (coarse hay), floats on the middle 
layer of liquid ingesta, consisting of particles 
of medium density; the bottom layer con 
sists of fine particles of high density. The 
solid material remains in the rumen and is 
digested until the particle size is sufficiently 
small (1-4 mm in cattle) to pass through the 
reticuloomasal orifice. The size of the 
digested plant fragments in ruminant feces 
can be considered an indirect measurement 
of forestomach function. In cows, the pres¬ 
ence of large plant particles (>0.5 cm) in the 
feces indicates inadequate rumination or 
abnormalities in forestomach motility. 

In normal cattle, the mean retention time 
of particles in the reticulorumen depends on 
particle size and density. The density of large 
feed particles is low because of their air-filled 
interior. During biphasic reticular contrac¬ 
tions, most of these large, light particles are 
pushed caudodorsally in the rumen. Thus 
large particles are retained in the reticuloru¬ 
men, because outflow through the reticulo¬ 
omasal orifice occurs mainly during the 
maximum portion of the second reticular 
contraction. Feed particles with a high 
density (small and well digested) are moved 
out of the reticulorumen preferentially, 
because the majority of them remain in the 
reticulum during the biphasic contraction. 

If reticular motility is inhibited, the 
balance of particle retention time and parti¬ 
cle outflow in the reticulorumen is disturbed. 
Immobilization of the reticulum experimen¬ 
tally causes a decrease in feed intake, an 
increase in ruminal volume, a decrease of 
mean retention time of light plastic particles, 
a fourfold increase in mean retention time of 
heavy plastic particles, a marked increase in 
the amount of large particles in the feces, 
and an increase in abomasal volume. Such 
changes reflect the changes occurring in 
naturally occurring vagus indigestion. An 
increase in the amount of large particles in 
the feces of cows with traumatic reticuloperi- 
tonitis is indicative of inhibited clearance 
function of the reticulum. 

Liquid consistency of the abomasal con¬ 
tents is important to ensure physiologic 
transpyloric flow. In cows with uncompli¬ 
cated traumatic reticuloperitonitis, the 
process of particle separation in the reticulo¬ 
rumen is disturbed, which results in an 
increase in the amount of large particles 
in the feces. In uncomplicated traumatic 
reticuloperitonitis, the reticulorumen is not 
large and the abomasum is not impacted 


because the fluid outflow is probably ade¬ 
quate to flush even large particles out of the 
abomasum. 

In cows with pyloric stenosis and an 
increase in the size of the abomasum, the 
rumen contents are homogeneous and pasty 
and not stratified. Thus consistency of rumen 
outflow contents changes markedly. Nor¬ 
mally, transpyloric digesta flow depends 
predominantly on hydrodynamic factors, 
especially viscosity. Even small increases in 
viscosity of abomasal contents may cause a 
marked decrease in abomasal outflow. 

Disturbances of the passage of digesta 
in cows with traumatic reticuloperitonitis 
develop in three phases. 

• In the first phase, reticulorumen 
motility is decreased because of 
immobilization of the reticulum caused 
by the inflammation, pain, and fever. 
Immobilization of the reticulum impairs 
clearance function of the reticulum, 
resulting in poorly comminuted feces. 

• The second phase occurs when the 
adhesions are extensive enough to cause 
additional impairment of reticular 
motility. Particle distribution within the 
reticulorumen is changed, resulting in a 
loss of stratification. Although feed 
intake decreases, the volume of the 
reticulorumen increases because rumen 
outflow is decreased. During the second 
phase, comparatively small amounts of 
rumen outflow contents can exit the 
abomasum, because the dry matter 
content of the material is similar to that 
of a clinically normal cow. During this 
phase, the rumen may become 
hypermotile because of excitation of 
low-threshold tension receptors as a 
consequence of moderate rumen 
distension. 

• The third phase is characterized by a 
further change in the consistency of 
rumen contents, resulting in a 
homogeneous pasty mass of relatively 
high viscosity. The increase in dry 
matter content of the rumen outflow 
material inhibits transpyloric digesta 
flow. The abomasum enlarges, and reflux 
of abomasal contents may occur. It is 
suggested that the primary underlying 
process of reflux of abomasal contents in 
cows with posterior stenosis is a 
disturbance of ruminal outflow. 

In summary, the current hypothesis for the 
pathogenesis indicates that disturbances of 
the passage of ingesta consist of two phases 
of the same syndrome. Pyloric stenosis rep¬ 
resents the phase with the most severe clini¬ 
cal consequences. The prognosis is poorer 
for cows with anterior stenosis than for those 
with uncomplicated traumatic reticuloperi¬ 
tonitis and is poorer for cows with posterior 
stenosis than for those with anterior stenosis. 
Only a small percentage of cows with trau¬ 
matic reticuloperitonitis develop distur¬ 
bances of digesta passage through the 


reticuloomasal orifice and not all cows with 
anterior stenosis develop posterior stenosis. 
The extent and location may determine the 
course of the syndrome and how rapidly it 
develops. In cows with acute traumatic retic¬ 
uloperitonitis, the consistency of the adhe¬ 
sions changes from a widespread fibrous type 
to a stringy type after several months, and 
with time the reticulum may regain sufficient 
motility to provide its clearance function. 

Anterior Functional Stenosis 
(Achalasia) 

This is characterized by accumulation of 
ingesta in the reticulorumen, known also as 
failure of omasal transport. If the ruminal 
wall is atonic, the ingesta accumulates 
without bloat occurring; if it has normal 
motility, the ruminal wall responds to the 
distension by increased motility and the pro¬ 
duction of frothy bloat. Ruminal motility will 
be almost continuous (3-6 contractions per 
minute) but the contractions are ineffective 
in propelling the ingesta into the omasum. 
As a result, the rumen enlarges to fill the 
majority of the abdomen, which accounts for 
the gross distension of the abdomen. The 
dorsal sac of the rumen enlarges to the right 
of the midline, and the ventral sac enlarges 
to fill most or all of the right lower quadrant 
of the abdomen; this results in the “L-shaped” 
rumen as viewed from the rear of the animal. 
The continuous rumen contractions also 
result in frothy rumen contents, which can 
be fatal if progressive and not relieved. Occa¬ 
sionally there is free gas bloat. Bradycardia is 
common and has been attributed to increased 
vagal tone of the injured nerve, causing para¬ 
sympathetic slowing of the heart, but it is 
much more likely to be caused by decreased 
feed intake. 

Obstruction of the reticuloomasal orifice 
by foreign bodies such as polyethylene twine 
ingested by the animal may cause a syn¬ 
drome indistinguishable from anterior func¬ 
tional stenosis. 

Posterior Functional Stenosis 
(Achalasia) 

This is characterized by failure of transpylo¬ 
ric outflow resulting in abomasal impaction 
with large particles. Abomasal fluid contain¬ 
ing hydrochloric acid may reflux into the 
rumen if the fluid does not move from the 
abomasum into the small intestines. This is 
known as the abomasal reflux syndrome. 
The chloride concentrations in the rumen 
fluid increase and there is a hypochloremia 
and hypokalemia. Bile acids may also reflux 
from the duodenum into the rumen of 
animals with an ileus of the small intestine. 
Associated with pyloric achalasia there is, in 
some cases, an apparent failure of the esoph¬ 
ageal groove to permit the passage of ingesta 
into the rumen, with this organ containing 
only fluid. The syndrome observed depends 
on the stage of the disease at which the 
animal is first examined. 
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Metabolic Alkalosis and 
Abomasal Reflux 

Depending on the location and severity of 
the functional obstruction and distension or 
impaction, there will be varying degrees of 
dehydration and a tendency toward a meta¬ 
bolic hypochloremic, hypokalemic alkalo¬ 
sis. In pyloric stenosis with abomasal 
impaction, there is sequestration of aboma¬ 
sal fluid in the abomasum and a reflux of 
abomasal contents into the rumen, resulting 
in a ruminal chloride concentration of more 
than 20 mmol/L. In anterior stenosis, the 
abomasal fluid can pass into the duodenum 
and neither metabolic alkalosis nor dehydra¬ 
tion can be expected. 

Postsurgical Complication in 
Abomasal Volvulus 

A vagal indigestion-like syndrome may 
occur in cattle treated for AV. Possible mech¬ 
anisms include vagus nerve injury, over¬ 
stretching of the abomasal wall during 
prolonged distension resulting in neuromus¬ 
cular junction alterations and autonomic 
motility modification, thrombosis and 
abomasal wall necrosis, and peritonitis. 

Abomasal Impaction in Sheep 

Abomasal emptying defects associated with 
dilatation and impaction of the abomasum 
in Suffolk sheep and other sheep breeds have 
been reported. The electrolyte imbalances 
that occur in cattle with abomasal impaction 
do not occur in sheep. 

CLINICAL FINDINGS 

Three similar but separate clinical syndromes 
have been recognized, with some clinical 
findings characteristic of all three, including 
the following: 

• Inappetence for several days or complete 
anorexia with evidence of loss of BW. 

• An enlarged papple-shaped abdomen 
(pear-shaped on the right and apple¬ 
shaped on the left) with or without bloat 
(Fig. 8-13). The upper left abdomen is 
distended and the lower half of the 
abdomen is distended bilaterally. 

• Dehydration and electrolyte imbalance 
with metabolic alkalosis. 

• Enlarged rumen palpable on rectal 
examination. 

• Scant feces with an increase in 
undigested particles. 

• Enlarged ingesta-impacted or fluid- 
distended abomasum palpable through 
right flank or on rectal examination 
(except cannot be easily palpated in 
advanced pregnancy). 

• Vital signs within the normal range. 

• Inadequate response to treatment. 

Ruminal Distension With 
Hypermotility 

The occurrence of ruminal distension with 
hypermotility is not particularly related to 
pregnancy or parturition. Moderate to severe 



Fig. 8-13 A, Classic papple shaped 
abdominal profile of vagal indigestion in a 
Holstein Friesian cow, with an apple on the 
left and a pear on the right. B, Figure 
depicting the rumen enlargement that 
causes the classic papple-shaped abdominal 
profile of vagal indigestion (pear on the 
right side, apple on the left side), ft, rectum. 
(Reproduced with permission from Constable 
PD, Hoffsis GF, Rings DM. Compend Contin 
Educ Pract Vet 1990; 12:1169-1174.) 


bloat is common. There is evidence of loss of 
BW. The animal has usually been inappetent 
or anorexic intermittently for the past few 
weeks. The abdomen is prominently dis¬ 
tended and the rumen movements repre¬ 
sented by the abdominal ripples are often 
unusually prominent and may occur at the 
rate of 4 to 6 per minute. The sounds of the 
rumen contractions are often reduced or 
almost absent in spite of hyperactivity 
because the rumen contents are pasty and 


frothy. Initially, this contradiction is mislead¬ 
ing because the hyperactivity of the rumen 
tends to indicate normal reticulorumen 
activity. Fluid-splashing sounds may be 
audible on ballottement of the left and right 
flanks if the rumen is distended with exces¬ 
sive quantities of fluid. The feces are scant 
and pasty and contain undigested particles. 
The temperature is usually normal and bra¬ 
dycardia (44-60 beats/min) may be present 
because of decreased feed intake and not 
because of stimulation of the vagus nerve. A 
systolic murmur that waxes and wanes with 
respiration, being loudest at the peak of 
inspiration, may be present because of the 
ruminal distension and tympany causing 
compression of the heart and distortion of 
the valves. The murmur disappears when the 
tympany is relieved. 

Ruminal distension is obvious on rectal 
examination. The dorsal sac of the rumen is 
grossly distended to the right of the midline 
and is pushed back against the brim of the 
pelvis; the ventral sac is also enlarged and 
occupies much of the right lower quadrant of 
the abdomen. This may be difficult to appre¬ 
ciate in advanced pregnancy. Viewed from 
the rear the enlarged rumen is L-shaped, 
giving an external silhouette with the left 
flank distended from top to bottom and the 
right flank distended only in the lower half— 
the papple-shaped abdomen. 

An important aspect of the clinical 
history of vagal indigestion cases is that stan¬ 
dard treatments for ruminal tympany and 
impaction usually have no effect on the 
course of the disease. If the acid-base imbal¬ 
ances can be corrected and hydration main¬ 
tained and adequate nutritional status 
maintained until parturition occurs in these 
cows, the prognosis is favorable and the 
recovery rate is high. 

The frequency of reticular contractions 
determined using ultrasonography ranges 
between 2.7 and 4.5 per 3 minutes. Of 144 
cattle with vagal indigestion, 15% had <2.7 
contractions per 3 minutes, and 41% had 
>4.5 contractions per 3 minutes; the latter 
finding was more commonly associated with 
proximal functional stenosis. 4 

Ruminal Distension With Atony 

Ruminal distension with atony is most 
common in late pregnancy and may persist 
after calving. The cow is clinically normal in 
all respects except that she is anorexic; passes 
only scant amounts of soft pasty feces; 
and has a distended abdomen and will 
not respond to treatment with purgatives, 
lubricants, or parasympathetic stimulants. 3 
Ruminal movements are seriously reduced 
or absent and there may be persistent mild 
bloat. Fluid-splashing sounds may also be 
audible on ballottement of the left and right 
flanks if the rumen is distended with exces¬ 
sive quantities of fluid. The temperature and 
heart rate are usually normal. There is 
no pain on deep palpation of the ventral 
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abdomen. On rectal examination the primary 
abnormality is gross distension of the rumen, 
which may almost block the pelvic inlet. The 
animal loses weight rapidly, becoming weak 
and recumbent. At this stage the heart rate 
increases markedly. The animal dies slowly 
of inanition. 

Pyloric Obstruction and 
Abomasal Impaction 

Most cases of abomasal impaction also occur 
late in pregnancy and are manifested by 
anorexia and a reduced volume of pasty 
feces. There may be no abdominal distension 
and no systemic reaction until the late stages, 
when the heart rate rises rapidly. The dis¬ 
tended and impacted abomasum may be 
palpable in the lower right abdomen as a 
heavy, doughy viscus. On rectal examination 
the impacted abomasum may be palpable as 
a doughy viscus that pits on pressure in the 
right lower quadrant. If the animal is in 
advanced pregnancy, the impacted aboma¬ 
sum may not be palpable through the 
abdominal wall or by rectal palpation, but 
the gravid uterus may feel as if it is displaced 
into the pelvic cavity by the enlarged aboma¬ 
sum. Rumen movements are usually com¬ 
pletely absent. As in the first type, affected 
animals usually become weak and recum¬ 
bent and die slowly of inanition and electro¬ 
lyte and acid-base imbalances. In some cases, 
the impacted abomasum may rupture and 
cause death in a few hours. 

Combinations of these types may occur; 
in particular, distension of the rumen 
with atony combined with abomasal impac¬ 
tion is the most commonly observed 
syndrome. 

Indigestion of late pregnancy in cattle 
characterized by distension and hypermo¬ 
tility of the rumen with distension of the 
abomasum has been described but is prob¬ 
ably not caused by advanced pregnancy 
alone. In late pregnancy, the abomasum is 
difficult to examine clinically either through 
the abdominal wall or by rectal examina¬ 
tion. The presence of fluid-splashing sounds 
on ballottement and auscultation over the 
right lower flank is indirect evidence of dis¬ 
tension of the abomasum with fluid. The 
distended abomasum can be palpated and 
evaluated by left or right side laparotomy 
(celiotomy). 

CLINICAL PATHOLOGY 
Hemogram 

In most cases there are no abnormalities 
on hematological examination although a 
moderate neutrophilia, a shift to the left, 
and a relative monocytosis may suggest the 
presence of chronic traumatic reticuloperito- 
nitis. Hemoconcentration is common, asso¬ 
ciated with the clinical dehydration. TPP 
concentrations may be increased and a posi¬ 
tive glutaraldehyde test and hyperfibrino- 


genemia is present, similar to traumatic 
reticuloperitonitis. 5 ' 6 

Peritoneal Fluid 

Peritoneal fluid be indicative of a chronic 
reticuloperitonitis. 

Serum Biochemistry 

In abomasal impaction there is metabolic 
hypochloremic, hypokalemic alkalosis. 

Ruminal Chloride Concentrations 

Ruminal chloride concentrations are nor¬ 
mally below 30 mmol/L and stay low in 
cattle with proximal functional stenosis 
(reticuloomasal stenosis). Rumen chloride 
concentrations are increased in posterior ste¬ 
nosis to above 40 mmol/L caused by aboma¬ 
sal reflux. 3 Levels of 66 mmol/L have been 
recorded in cows with indigestion of late 
pregnancy. 

NECROPSY FINDINGS 

The rumen is grossly enlarged and the con¬ 
tents are pasty and may be frothy and may 
have undergone some putrefaction. In some 
cases the rumen is grossly distended with 
liquid rumen contents containing floating 
large particles of ingesta. The reticulum and 
omasum are usually grossly enlarged and the 
reticuloomasal orifice is commonly dilated 
and filled with rumen contents. The omasum 
may be almost twice its normal size and is 
firmer than normal. Sectioning of the 
omasum reveals rumen contents impacted 
between its leaves. The abomasum may be up 
to twice its normal size and firm on palpa¬ 
tion. It is impacted and grossly distended 
with semidry partially digested ingesta that 
resembles partially dried rumen contents. 
Erosions and ulcers may be present in the 
pyloric part of the abomasum. The intestines 
may be relatively empty and the feces in the 
large intestine are pasty, containing an 
increased amount of undigested particles. 

Lesions between the reticulum and 
ventral abdominal floor and the diaphragm 
vary considerably from thick fibrinous sup¬ 
purative adhesions to multiple abscesses 
containing a foreign body or noninflamma¬ 
tory fibrous bands and strings. 


DIFFERENTIAL DIAGNOSIS 


The salient clinical features of vagal 
indigestion in cattle are inappetence for 
several days leading to anorexia; a gradually 
enlarging abdomen, especially on the left 
side; scant feces; failure to respond to 
common medical therapy; loss of body 
condition and varying degrees of dehydration. 
Obtaining an accurate history is of paramount 
importance. Most cases of vagal indigestion 


have been affected for at least several days or 
a few weeks. The diagnosis can be perplexing 
in those cases that occur in late pregnancy 
because the animal has usually been housed 
and fed with other dry cows and daily 
observation of feed intake and fecal output 
have not been made, so it is difficult to 
obtain an accurate and helpful history. The 
clinical examination should focus on the state 
of the rumen and the abomasum. In valuable 
animals, a left-side exploratory laparotomy 
and rumenotomy will often be necessary to 
make a diagnosis. This will allow the 
determination of the presence of reticular 
adhesions, obstructions of the reticuloomasal 
orifice and the state of the abomasum. 

The various forms of vagal indigestion 
must be differentiated from diseases of the 
forestomach and abomasum resulting in 
distension and hypermotility or atony of the 
rumen and enlargement of the abomasum. 

• Ruminal distension with hypermotility 
is typical of vagus indigestion and, if 
accompanied by anorexia, dehydration, 
scant and abnormal feces, and a large 
L-shaped rumen on rectal examination, it 
must be differentiated from: 

• Indigestion of late pregnancy: 
characterized by anorexia; lethargy; 
dehydration; grossly distended 
papple-shaped abdomen; ruminal 
distension with hypermotility; abomasal 
distension with fluid; elevated ruminal 
chloride levels and hypochloremic, 
hypokalemic alkalosis. 

• Obstruction of the reticuloomasal orifice 
by ingested baling twine, plastic sleeves 
and bags may cause distension of the 
rumen indistinguishable from vagus 
indigestion. The rumen is moderately 
distended but its size will vary daily and 
reticulorumen motility is normal. The 
animal is bright and alert but the feed 
intake, amount of feces, and milk 
production varies daily from normal to 
subnormal for no obvious reason. 
Rumenotomy is the only method of 
making the diagnosis. The ruminal 
foreign body will be floating in the 
rumen or may be partially lodged in the 
reticuloomasal orifice 

• Ruminal distension with atony must be 
differentiated from diseases of the 
forestomach and abomasum in which there 
is failure of passage of ingesta. These 
include: 

• Chronic traumatic reticuloperitonitis, 

which is characterized by inappetence to 
anorexia, a usually smaller than normal 
rumen with atony, but in some cases the 
rumen feels larger than normal with 
free-gas bloat, loss of body weight, 
persistent slight fever, perhaps the 
presence of a grunt, an absence of 
rumination, scant feces with an 
increased amount of undigested 
particles, and changes in the 
hemogram indicating chronic 
inflammation. 
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• Abomasal impaction in vagal 
indigestion, characterized by a 
papple-shaped abdomen; perhaps 
prominent enlargement of the right lower 
abdomen; ruminal distension with 
hypermotility or atony; the presence of a 
palpable heavy viscus in the right lower 
abdomen; scant feces with long 
undigested particles of ingesta; loss of 
body weight; dehydration; and 
hypochloremic, hypokalemic alkalosis. The 
gravid uterus is easily palpable on rectal 
examination, and the fetus may be 
displaced into the pelvic cavity because of 
the impacted and enlarged abomasum. 
Ruminal chloride levels are elevated. 

• Abomasal impaction dietary in origin 
caused by ingestion of straw or sand 
occurs in cattle with unlimited access to 
chopped straw during cold weather or 
consuming tuber crops contaminated 
with sand. The rumen is grossly 
distended with coarse ruminal ingesta or 
liquid contents and is atonic. 
Ballottement of the rumen elicits 
fluid-splashing sounds. The right flank is 
distended and the impacted abomasum 
can be palpated as a heavy, firm viscus 
in the right lower flank (except in late 
pregnancy when it cannot be palpated). 
Hypochloremic, hypokalemic alkalosis is 
present. 

• Omasal impaction occurs sporadically 
and is usually part of the vagus 
indigestion syndrome, but its cause is 
uncertain. Anorexia, ruminal distension 
and atony, scant inadequately digested 
feces. 

• Phytobezoars blocking the abomasal 
pylorus cause loss of body weight; 
abomasal distension with fluid-splashing 
sounds on ballottement over the right 
lower flank; ruminal distension and 
hypotonicity; anorexia; and 
hypochloremic, hypokalemic alkalosis. 
Right flank laparotomy and 
abomasotomy is necessary to make the 
diagnosis. 

• Abomasal ulceration without melena 

is uncommon but occurs in dairy cows 
with a history of chronic inappetence 
and decreased milk production. There is 
distension of the abomasum with 
fluid-splashing sounds on ballottement, 
ruminal hypotonicity, inappetence and 
loss of body weight, occult blood, and 
moderate dehydration. Diagnosis is only 
made surgically or at necropsy. 

• Peripheral nerve sheath tumors of 
the vagus nerve may cause a syndrome 
similar to vagus indigestion. Clinically, 
there is chronic ruminal stasis and 
tympany, persistently distended loops of 
intestine palpable per rectum, and 
inappetence to anorexia and progressive 
loss of body weight. The diagnosis 
cannot be made clinically; lesions are 
present on the vagus nerve above the 
base of the heart. 


TREATMENT 

The prognosis in most cases in unfavorable 
but also unpredictable. The problem is 
to determine the location and extent of 
the lesion, which may be difficult or impos¬ 
sible even on exploratory laparotomy or 
rumenotomy. 

Rumen Lavage 

If the rumen is grossly distended with fluid 
or mushy rumen contents, it can be emptied 
using a large-diameter (25-mm inside diam¬ 
eter) stomach tube followed by flushing 
warm water into the rumen and lavaging it 
by gravity flow. The contents are usually well 
macerated and foul smelling. Emptying the 
rumen not only relieves the pressure but 
allows for easier examination of the abdomen 
(Fig. 8-14). 


Fluid and Electrolyte Therapy 
and Laxatives 

Some cases respond beneficially following 
fluid and balanced electrolyte therapy for 3 
days combined with the oral administration 
of mineral oil (5-10 L) daily for 3 days or 
dioctyl sodium sulfosuccinate as described 
under the treatment of abomasal impaction 
of dietary origin. Other cases do not respond, 
but there is no reliable method of knowing 
which ones will respond other than by 
attempting treatment for a few days. Valuable 
pregnant cows near parturition may be 
maintained on fluid and electrolyte therapy 
for several days or until near enough to term 
to induce parturition and hopefully obtain a 
live calf. Some cows will recover following 
parturition, but the syndrome may recur in 
the next pregnancy. 


Fig. 8-14 A, Passage of a large-diameter tube through a wooden mouth gag to decompress 
the rumen in a Guernsey cow with vagal indigestion. B, Rapid emptying of ruminal contents 
through a large-diameter tube. 
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Rumenotomy 

Rumenotomy and emptying of the rumen is 
usually followed by slow recovery over a 
period of 7 to 10 days when there is ruminal 
hypermotility. The creation of a permanent 
ruminal fistula to permit the escape of gas in 
cases in which gas retention is a problem 
may cause dramatic improvement. Surgical 
correction of abomasal distension or impac¬ 
tion by abomasotomy is usually unsatisfac¬ 
tory because the motility of the abomasum 
does not return. Surgical drainage of perire¬ 
ticular abscesses into the reticulum or 
omasum at the site of the lesion through a 
rumenotomy incision has been successful in 
prolonging survival of affected cattle for at 
least 1 year. Reticular abscesses may be 
drained successfully by ultrasound-guided 
transcutaneous incision. For some cases of 
vagal indigestion, the most satisfactory pro¬ 
cedure may be to recommend slaughter for 
salvage. In suspected cases of obstruction of 
the reticuloomasal orifice by rope or twine, 
an exploratory rumenotomy is required to 
remove the foreign object. Descriptions of 
different approaches to rumenotomy in 
cattle are available. 7 ' 8 

PREVENTION 

Prevention is dependent on preventing 
traumatic reticuloperitonitis through man¬ 
agement of the environment and the admin¬ 
istration of reticular magnets. 


TREATMENT AND CONTROL 


Treatment 

Rumen decompression using large-diameter 
tube or rumenotomy (R-1) 

Daily administration of 4 L of mineral oil for 3 
days (R-1) 

Correction of fluid, electrolyte, and acid-base 
imbalances (R-1) 

Control 

Prevent ingestion of metallic and nonmetallic 
objects (R-1) 

Administer rumen magnet to all animals 
eating chopped forage or with access to 
metal objects (R-2) 


FURTHER READING 

Chanie M, Tesfaye D. Clinico-pathological findings in 
metallic and non-metallic foreign bodies in dairy 
cattle: a review. Acad ] Anim Dis. 2012;1:13-20. 
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DIAPHRAGMATIC HERNIA 

Herniation of a portion of the reticulum 
through a diaphragmatic rupture causes 
chronic ruminal tympany, anorexia, and dis¬ 
placement of the heart. 

ETIOLOGY 

Most cases of diaphragmatic hernia occur 
because of weakening of the diaphragm by 
lesions of traumatic reticuloperitonitis, but 
diaphragmatic rupture can occur indepen¬ 
dently of a foreign body and congenital 
defects of the diaphragm may be a cause in 
some animals. An unusually high incidence 
of herniation of the reticulum through the 
diaphragm, sometimes accompanied by the 
abomasum, has been recorded in water 
buffalo. 

PATHOGENESIS 

The usual syndrome is similar to that of 
vagus indigestion in which ruminal hyper¬ 
motility is present. It seems probable that 
there is either achalasia of the reticuloomasal 
sphincter caused by involvement of the vagus 
nerve or impairment of function of the 
esophageal groove caused by the fixation of 
the reticulum to the ventral diaphragm. The 
disturbance of function in the forestomachs 
suggests that food can get into the rumen but 
cannot pass from there to the abomasum. 
The hypermotility is thought to be caused by 
overdistension of the rumen and to be the 
cause of frothy bloat. 

There is usually no interference with res¬ 
piration without major herniation, but dis¬ 
placement and compression of the heart is 
common. 

CLINICAL FINDINGS 

There is a capricious appetite and loss of con¬ 
dition for several weeks before abdominal 
distension caused by accumulation of fluid 
and froth in the rumen, persistent moderate 
tympany of the rumen, occurs. Grinding of 
the teeth may occur, and the feces are pasty 
and reduced in volume. Rumination does 
not occur but occasionally animals regurgi¬ 
tate when a stomach tube is passed. 

The temperature is normal and bradycar¬ 
dia may be present (40-60 beats/min). 
Breathing is usually normal. A systolic 
murmur may be present and the intensity of 
the heart sounds may suggest displacement 
of the heart, usually anteriorly or to the left. 
Reticular sounds are audible just posterior to 
the cardiac area in many normal cows, and 
they are not significantly increased in dia¬ 
phragmatic hernia. 

A more severe syndrome is recorded in 
cases in which viscera other than a portion 
of the reticulum is herniated. Peristaltic 
sounds may be audible in the thorax and 
there may be interference with respiration 
and signs of pain with each reticular contrac¬ 
tion. Affected animals usually die of inani¬ 
tion in 3 to 4 weeks after the onset of bloat. 


CLINICAL PATHOLOGY 

Laboratory examinations are of no value in 
diagnosis. Radiologic examination after a 
barium meal has facilitated diagnosis but 
requires a radiographic unit that is only 
available at referral centers. 

NECROPSY FINDINGS 

The majority of cases are complications of 
traumatic reticuloperitonitis and a fistulous 
tract is often found in the vicinity of the dia¬ 
phragmatic rupture, which is usually 15 to 
20 cm in diameter. A portion of the reticu¬ 
lum protrudes into the right pleural cavity to 
form a spherical distension usually 20 to 
30 cm in diameter, but is more extensive in 
some cases. The reticulum is very tightly 
adherent to the hernial ring, which is thick¬ 
ened by fibrous tissue. The omasum and 
abomasum are relatively empty but the 
rumen is overfilled with frothy, porridge-like 
material, which contains very little fiber. Less 
common cases are those in which part of the 
reticulum, the omasum, and part of the 
abomasum are herniated. 


DIFFERENTIAL DIAGNOSIS 


• Other causes of chronic bloat must be 
considered in the differential diagnosis, 
especially vagus indigestion with 
hypermotility, which is also often 
accompanied by a systolic murmur. The 
two can only be differentiated by 
rumenotomy, but there is the hazard that 
cases of diaphragmatic hernia are not 
relieved by the operation and tympany 
returns rapidly, sometimes necessitating a 
permanent ruminal fistula. 

• Passage of a stomach tube is usually 
necessary to determine whether or not a 
physical obstruction is present in the 
esophagus. Regurgitation is likely to occur 
in cases of diaphragmatic hernia, and this 
occasionally causes blockage of the 
esophagus with ingesta, simulating choke. 

• Causes of diaphragmatic hernia other than 
traumatic reticuloperitonitis include violent 
trauma to the abdomen and straining at 
parturition. In both instances, there is 
probably a primary weakness of the 
diaphragm. In water buffalo, this is 
thought to be an anatomic characteristic of 
the species, with the weakness located in 
the right half of the diaphragm. 


TREATMENT 

Most recorded attempts at surgical repair in 
cattle have been unsuccessful and treatment 
is not usually been recommended. The 
animals could not be left as they were, so 
salvage by slaughter has been the usual 
outcome. Successful treatment of diaphrag¬ 
matic hernia in water buffalo has been 
recorded. 

The ruminal contents are frothy, and tro- 
carization or passing a stomach tube has vir¬ 
tually no effect in reducing the tympany, nor 














have standard antifrothing agents. The 
tympany is usually not sufficiently severe to 
require emergency rumenotomy. The signs 
may be partly relieved by keeping the animal 
confined with the forequarters elevated. 

TRAUMATIC 

RETICULOPERICARDITIS 

Perforation of the pericardial sac by a sharp 
foreign body originating in the reticulum 
causes pericarditis with the development of 
toxemia and congestive heart failure. Tachy¬ 
cardia, fever, engorgement of the jugular 
veins, anasarca, hydrothorax and ascites, and 
abnormalities of the heart sounds are the 
diagnostic features of the disease. 


SYNOPSIS 


Etiology Perforation of pericardial sac by 
foreign body originating from the 
reticulum. 

Epidemiology Usually mature cattle; may 
have had history of traumatic 
reticuloperitonitis. 

Signs Depression, toxemia, fever, inappetence 
to anorexia, engorged jugular veins, brisket 
edema, heart sounds muffled and 
accompanied by pericardial friction rubs 
and to-and-fro fluid movement sounds. 

Clinical pathology Marked neutrophilia. 
Pericardiocentesis yields foul-smelling and 
turbid fluid. 

Lesions Distension of pericardial sac, 
foul-smelling, grayish fluid containing 
fibrin. Adhesions and sinus tracts to 
reticulum. 

Diagnostic confirmation Pericardiocentesis. 

Differential diagnosis Common causes of 
congestive heart failure in cattle include 
endocarditis, myocardiopathy 
(lymphomatosis), and congenital cardiac 
defect. 

Treatment Pericardial drainage and lavage by 
indwelling catheter or fifth rib resection. 
Rumenotomy to remove metallic foreign 
body. Antimicrobials. Prognosis poor. 
Euthanasia commonly recommended. 


ETIOLOGY 

Traumatic pericarditis is caused by penetra¬ 
tion of the pericardial sac by a migrating 
metal foreign body from the reticulum. The 
incidence is greater during the last 3 months 
of pregnancy and at parturition than at other 
times. Approximately 8% of all cases of trau¬ 
matic reticuloperitonitis will develop trau¬ 
matic pericarditis. Most affected animals die 
or suffer from chronic pericarditis and do 
not return to completely normal health. 

PATHOGENESIS 

Penetration of the pericardial sac may occur 
with the initial perforation of the reticular 
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wall. However, the animal may have had a 
history of traumatic reticuloperitonitis 
sometime previously, followed by pericardi¬ 
tis, usually during late pregnancy or at par¬ 
turition. In this case it is probable that the 
foreign body remains in a sinus in the reticu¬ 
lar wall after the initial perforation and pen¬ 
etrates the pericardial sac at a later date. 
Physical penetration of the sac by a metallic 
foreign body is not essential to the develop¬ 
ment of pericarditis, and infection some¬ 
times penetrates through the pericardium 
from a traumatic mediastinitis. 

Introduction of a mixed bacterial infec¬ 
tion from the reticulum causes a severe local 
inflammation, and persistence of the foreign 
body in the tissues is not essential for the 
further progress of the disease. The first 
effect of the inflammation is hyperemia of 
the pericardial surfaces and the production 
of friction sounds synchronous with the 
heart beats. Two mechanisms then operate to 
produce signs: the toxemia caused by the 
infection and the pressure on the heart from 
the fluid that accumulates in the sac and pro¬ 
duces congestive heart failure. In individual 
cases one of these two factors may be more 
important. Depression is characteristic of the 
first and edema of the second. Thus an 
affected animal may be severely ill for several 
weeks, with edema developing only gradu¬ 
ally, or extreme edema may develop within 2 
to 3 days. The rapid development of edema 
usually indicates early death. 

If chronic pericarditis persists, there is 
restriction of the heart action caused by 
adhesion of the pericardium to the heart. 
Congestive heart failure results in most 
cases, but some animals may recover. An 
uncommon sequel a after perforation of the 
pericardial sac by a foreign body is laceration 
of a coronary artery by the wire or rarely 


rupture of the ventricular wall. Death usually 
occurs suddenly caused by acute, congestive 
heart failure from compression of the heart 
by the hemopericardium, and often without 
premonitory illness. 

CLINICAL FINDINGS 

Depression, anorexia, habitual recumbency, 
and rapid weight loss are common. Diarrhea 
or scant feces may be present and grinding 
of the teeth, salivation, and nasal discharge 
are occasionally observed. The animal stands 
with the back arched and the elbows 
abducted. Respiratory movements are more 
obvious, and are mainly abdominal and 
shallow with an increase in rate to 40 to 50 
beats/min and often accompanied by grunt¬ 
ing. Bilateral distension of the jugular 
veins and edema of the brisket and ventral 
abdominal wall are common (Fig. 8 15) 
and in severe cases there may even be edema 
of the conjunctiva with grapelike masses of 
edematous conjunctiva hanging over the 
eyelids. A prominent jugular venous pulse 
is usually visible and extends proximally up 
the neck. 

Pyrexia (40°C-41°C, 104°F-106°F) is 
common in the early stages, and an increase 
in the heart rate to 100 beats/min and a dimi¬ 
nution in the pulse amplitude are constant. 1 
Rumen movements are usually present but 
depressed. Pinching of the withers to depress 
the back or deep palpation of the ventral 
abdominal wall behind the xiphoid sternum 
commonly elicits a marked painful grunt. A 
grunt and an increased area of cardiac dull¬ 
ness can also be detected by percussion over 
the precordial area, preferably with a plexim- 
eter and hammer. 

Auscultation of the thorax reveals the 
diagnostic findings. In the early stages 
before effusion commences, the heart sounds 



Fig. 8-15 Holstein Friesian dairy cow with right-sided heart failure (brisket edema) caused by 
traumatic reticulopericarditis. 
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are normal but are accompanied by a peri¬ 
cardial friction rub, which may wax and 
wane with respiratory movements. Care 
must be taken to differentiate this from a 
pleural friction rub caused by inflammation 
of the mediastinum. In this case the rub is 
much louder and the heart rate will not be so 
high. Several days later when there is marked 
effusion, the heart sounds are muffled and 
there may be gurgling, splashing, or tin¬ 
kling sounds. In all cases of suspected peri¬ 
carditis, careful auscultation of the entire 
precordium on both sides of the thorax is 
essential as abnormal sounds may be audible 
only over restricted areas. This is especially 
so in chronic cases. 

Lateral radiographs of the ventral thorax 
and cranial abdomen with the animal stand¬ 
ing are very helpful in directing treatment 
but can only be performed at referral centers 
(Fig. 8-16). A diagnosis of traumatic reticu- 
lopericarditis is made when a foreign body is 
present that perforates the cranial reticular 
wall and diaphragm or is located entirely in 
the thoracic cavity. Dorsoventral radiographs 
to confirm the location of the foreign body 
in the pericardium are not possible because 
of the tissue mass. Gas formation is com¬ 
monly present in the caudoventral thorax. 

Ultrasonography is the preferred method 
for documenting the presence of pericardial 
effusion and facilitating pericardiocentesis. It 
is performed with the cow standing and front 
legs advanced cranially using soft ropes. A 
5-MHz sector or convex transducer is applied 


from the left and right intercostal spaces. 
Cattle with traumatic reticulopericarditis 
typically have a large amount of hypoecho- 
genic fluid in the thorax and pericardial sac; 
the latter occasionally contains fibrin tags. 
Ultrasound of the ventral reticular region is 
performed to confirm the presence of trau¬ 
matic reticuloperitonitis, including decreased 
reticular motility and variable echogenicity. 
Most affected animals die within a period of 
1 to 2 weeks, although a small proportion 
persist with chronic pericarditis. The obvious 
clinical findings in the terminal stages are 
gross edema, dyspnea, severe watery diar¬ 
rhea, depression, recumbency, and com¬ 
plete anorexia. Enlargement of the liver 
may be detectable by palpation behind the 
upper part of the right costal arch in the 
cranial part of the right paralumbar fossa. 
Death is usually caused by asphyxia and 
toxemia. 

Animals that have recovered from an 
initial pericarditis are usually affected by the 
chronic form of the disease. Body condition 
is poor, the appetite is variable, there is no 
systemic reaction, and the demeanor is 
bright. Edema of the brisket is usually not 
prominent, but there is jugular engorgement. 
Auscultation reveals variable findings. The 
heart sounds are muffled and fluid splash¬ 
ing sounds may be heard over small discrete 
areas corresponding to the loculi of fluid in 
the sac, 1 or there may be a cardiac arrhyth¬ 
mia. The heart rate is rapid (90-100 beats/ 
min), and the pulse is small in amplitude. 


These animals remain unthrifty and are 
unlikely to withstand the stress of another 
pregnancy or lactation. 

CLINICAL PATHOLOGY 
Hemogram 

A pronounced leukocytosis with a total 
count of 16,000 to 30,000 cells/pL accompa¬ 
nied by a neutrophilia and eosinopenia is 
usual although less dramatic changes are 
recorded in one series of cases. 1 Hyperfibrin- 
ogenemia and marked increases in serum 
total protein concentration are frequently 
present in longstanding advanced cases, as is 
a shortened time for the glutaraldehyde clot¬ 
ting test. 1 

Pericardiocentesis 

When gross effusion is present the pericar¬ 
dial fluid may be sampled by centesis with a 
10-cm 18-gauge needle over the site of 
maximum audibility of the heart sound, 
usually in the fourth or fifth intercostal space 
on the left side. In midstage pericarditis, the 
fluid is usually easily obtained and is foul¬ 
smelling (similar to a severe metritis in 
cattle caused by a retained placenta) and 
turbid, which is diagnostic for pericarditis. 
In chronic pericarditis, only small amounts 
may be present and a sample may not be 
obtainable. 

NECROPSY FINDINGS 

In acute cases there is gross distension of the 
pericardial sac with foul-smelling, grayish 
fluid containing flakes of fibrin, and the 
serous surface of the sac is covered by heavy 
deposits of newly formed fibrin. A cordlike, 
fibrous sinus tract usually connects the 
reticulum with the pericardium. Additional 
lesions of pleurisy and pneumonia are com¬ 
monly present. In chronic cases the pericar¬ 
dial sac is grossly thickened and fused to the 
pericardium by strong fibrous adhesions 
surrounding loculi of varying size, which 
contain pus or thin straw-colored fluid. 


DIFFERENTIAL DIAGNOSIS 


The typical clinical findings in pericarditis are 
chronic illness, toxemia, fever, congestive 
heart failure, and muffled heart sounds. The 
major causes of congestive heart failure in 
cattle are pericarditis, endocardial disease, 
myocardiopathy, and cor pulmonale 
(pulmonary hypertension caused by chronic 
pulmonary disease). Endocarditis, 
lymphosarcoma with cardiac involvement 
caused by bovine leukosis virus infection, and 
congenital cardiac defects are all likely to be 
confused with traumatic pericarditis because 
of the similarity of the abnormal heart sounds. 
• Endocarditis is usually associated with a 
suppurative process in another organ, 
particularly the uterus or udder, and 
although the abnormal heart sounds are 
typical bruits rather than pericardial friction 



Fig. 8-16 Left-lateral radiograph of the caudoventral thorax and cranioventral abdomen in a 
cow with traumatic reticulopericarditis. The reticulum with a vague honeycomb pattern is on 
the right and contains a magnet with a vertically aligned wire that does not appear attached 
to the magnet. This is consistent with a diagnosis of traumatic reticuloperitonitis. A separate 
foreign body is present cranial to the reticulum and diaphragm (not visible) with a dorsal gas 
pocket. This is consistent with a diagnosis of traumatic reticulopericarditis, although traumatic 
reticulopleuritis could not be ruled out. (Reproduced with permission from Braun U. Vet J 
2009; 182:176-186.) 









sounds, this may be difficult to determine 
when extensive pericardial effusion has 
occurred. 

• Lymphosarcoma is usually accompanied 
by lesions in other organs or the presence 
of a marked leukocytosis and 
lymphocytosis. 

• Congenital cardiac defects may not 

cause clinical abnormality until the first 
pregnancy but can be diagnosed by the 
presence of loud murmurs, a pronounced 
cardiac thrill, and an absence of toxemia. 

• Less common causes of abnormal heart 
sounds include thoracic tumors and 
abscesses, thymic lymphosarcoma, 
diaphragmatic hernia, and chronic bloat, 
which may cause pleural effusion, 
constriction of the cranial vena cava, 
distortion of the atria, and atrioventricular 
orifices. They are associated with other 
diagnostic signs, particularly displacement 
of the heart. 

• In severely debilitated animals or those 
suffering from severe anemia a hemic 
murmur that fluctuates with respiration 
may be audible. 

• Occasional cases of hematogenous 
pericarditis are encountered, and in some 
cases of pasteurellosis a fibrinous 
pericarditis may be present, but there is 
usually serious involvement of other organs 
and the pericarditis is only secondary. 


TREATMENT 

The results of treatment are usually unsatis¬ 
factory but salvage in a small percentage of 
cases can be achieved by placement of a peri¬ 
cardial catheter and daily pericardial lavage 
with dilute iodine solutions in 0.9% NaCl 
and long-term systemic treatment with 
antimicrobials. Rapid onset of generalized 
edema represents a poor prognosis. One¬ 
time drainage of the pericardial sac may 
temporarily relieve the edema and respira¬ 
tory embarrassment, but relapse usually 
occurs within a few days. Selected cases of 
traumatic pericarditis have been treated sat¬ 
isfactorily by pericardiotomy using a fifth rib 
resection. 

PREVENTION 

Prevention depends on preventing traumatic 
reticuloperitonitis through management of 
the environment and the administration of 
reticular magnets. 


TREATMENT AND CONTROL 


Treatment 

Prognosis poor and euthanasia commonly 
recommended 

Chronic effective pericardial drainage and 
lavage via an indwelling flexible pericardial 
catheter (R-1) 

Systemic antimicrobials such as procaine 
penicillin or oxytetracycline (R-1) 


Diseases of the Rumen, Reticulum and Omasum 
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Rumenotomy to remove metallic foreign body 
if portion of wire still in reticulum (R-1) 

Left fifth rib resection and pericardial 

marsupialization in advanced cases that are 
unresponsive to pericardial lavage (R-2) 

Control 

See control of traumatic reticuloperitonitis 


FURTHER READING 

Braun U. Traumatic pericarditis in cattle: clinical, 

radiographic and ultrasonographic findings. Vet J. 
2009;182:16-186. 
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TRAUMATIC RETICULOSPLENITIS 
AND RETICULOHEPATITIS 

Traumatic reticulosplenitis and reticulohep- 
atitis are relatively uncommon as sequelae to 
traumatic reticuloperitonitis and are mani¬ 
fested either by continuation of the illness 
caused by the initial perforation or by appar¬ 
ent recovery followed by relapse several 
weeks later. The prominent clinical findings 
include fever (39.5°C-40.5°C, 103°F-105°F), 
tachycardia, and gradual decrease in feed 
intake and milk yield, but ruminal move¬ 
ments may be present and may be normal. 
Percussion of the abdomen over the site 
usually used to detect the pain of traumatic 
reticuloperitonitis gives a negative response 
although deep, forceful palpation may elicit 
a mild grunt. The diagnostic sign is pain on 
palpation with the thumb in the last two 
intercostal spaces halfway down the abdomen 
on the right side when there is hepatic 
involvement and on the left side when the 
spleen is affected. 

The total leukocyte count is elevated 
(above 12,000 cells/pL) with a marked neu¬ 
trophilia and a left shift. Left-sided explor¬ 
atory laparotomy and rumenotomy is not 
usually undertaken except for diagnostic 
purposes and to remove a penetrating wire if 
one is still present. Treatment with antibacte¬ 
rial drugs such as oxytetracycline or procaine 
penicillin is effective if commenced suffi¬ 
ciently early. 

IMPACTION OF THE OMASUM 

The omasum is usually spherical in shape 
and located to the right of the midline in the 
central third of the abdomen. The main 
functions of the omasum are to absorb short 
chain volatile fatty acids (acetate, propionate, 
and butyrate), electrolytes, and water. The 
omasum can vary in size in cattle for 
unknown reasons and is typically firmer on 
palpation than the rumen or reticulum. The 
omasum of cattle on a percent BW basis is 
larger than in sheep or goats. 

The omasum cannot be directly examined 
in adult cattle by auscultation, percussion, 


Fig. 8-17 Schematic diagram of a cross- 
sectional view of the bovine abdomen at the 
level of the ninth intercostal space. 1, 

Rumen; 2, Liver; 3, gallbladder; 4, omasum; 

5, small intestine. The distance between the 
abdominal wall and the dorsal limit of 
omasum (Al), the closest distance to the 
omasum (A2), and the ventral limit of 
the omasum (A3) are identified. (Reproduced 
with permission from Braun U, Blessing S. 

Vet Rec 2006; 159:812.) 

external palpation, and palpation per rectum, 
or by radiography or laparoscopy. It can be 
palpated directly during a right flank lapa¬ 
rotomy with the cow standing and indirectly 
through the medial wall of the rumen during 
a rumenotomy. Occasionally during an 
exploratory laparotomy of adult cattle, the 
omasum feels excessively firm and is painful 
when manipulated or palpated. The clinical 
significance of this finding has not been 
determined. The omasum of sheep and goats 
can occasionally be identified with deep pal¬ 
pation under the right costochondral arch. 

The margins of the omasum in cattle have 
been identified using a 3.5-MHz linear trans¬ 
ducer, with the right ninth intercostal space 
providing the best acoustic window to deter¬ 
mine omasal dimensions (Fig. 8-17); the 
omasum was also closest to the right abdomi¬ 
nal wall in this location. 1 Weight of the 
omasum was moderately correlated (r = 
+0.55) with omasal dimensions in the right 
ninth intercostal space; this may provide the 
best method to monitor change in omasal size 
over time. Omasal motility was not observed 
ultrasonographically in healthy cattle but was 
visible in 3/6 cows with vagal indigestion 
caused by reticuloomasal stenosis. 1,2 Omasal 
size was smaller in cattle with vagal indiges¬ 
tion caused by reticuloomasal stenosis, RDA, 
AV, and intestinal hypomotility or ileus. 2 

Omasal impaction as a clinical entity is 
difficult to define and is usually diagnosed at 
necropsy or right flank exploratory laparot¬ 
omy or during rumenotomy when the 
omasum is enlarged and excessively firm. 3 It 
seems unlikely that omasal impaction could 
cause death and is frequently observed in 
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animals dying of other disease. Omasal 
impaction is reputed to occur when feed is 
tough and fibrous, particularly when wheat 
straw is fed, but is also reported when cattle 
and sheep are fed alfalfa stalks and loppings 
from fodder trees, or under drought feeding 
conditions in sheep that are fed on the 
ground. In the latter, the impaction is caused 
by the accumulation of soil in the omasum. 
Omasal impaction appears very rare in goats. 
Chronic recurrent bouts of indigestion occur 
in cattle and are manifested by decreased 
rumen motility, infrequent and scanty feces, 
refusal to eat grain, and a negative ketone 
test. Pain may be elicited and the hard dis¬ 
tended viscus palpated on deep pressure 
under the right costal arch or in the seventh 
to ninth intercostal spaces on the right side. 
Serum concentrations of gastrin and motilin 
are increased in cattle with omasal impac¬ 
tion, 4 suggesting that prokinetic agents such 
as erythromycin will not be effective in treat¬ 
ing affected animals. In cattle with a large 
firm omasum detected during rumenotomy, 
a flexible tube can be passed through the 
reticuloomasal orifice and warm water used 
to flush the omasum while it was kneaded 
though the medial rumen wall to soften and 
break up the impacted mass. 3 Repeated 
dosing with mineral oil (4 L/day for at least 
3 days) is recommended as treatment and 
appears to be effective, but randomized clini¬ 
cal trials have not been performed to confirm 
this impression. 

At necropsy, the omasum is grossly dis¬ 
tended; patches of necrosis may be present 
on the leaves and peritonitis may be evident. 
Necrosis of the ruminal lining may also be 
present. Clinically the disease is manifested 
by complete anorexia, cessation of defeca¬ 
tion, an empty rectum, and subacute abdom¬ 
inal pain with disinclination to move or 
lie down. 

The number of omasal laminae in cattle 
ranges from 122 to 69. There is one report of 
congenital hypoplasia of the omasal laminae 
in a Japanese Black steer with persistent bloat 
and poor growth rate. 5 It appears that the 
congenital omasal defect impeded omasal 
transport of ingesta.’ 
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Diseases of the 
Abomasum 

Diseases of the abomasum are common in 
adult dairy cattle, and consist of five impor¬ 
tant entities: 

1. Left displaced abomasum 

2. Right displaced abomasum 


3. Abomasal volvulus (historically called 
abomasal torsion) 

4. Abomasal impaction 

5. Abomasal ulcers 

There appears to be an increase in occur¬ 
rence of LDA, RDA, and AV that is associ¬ 
ated with management, environmental, and 
genetic factors. Dairy cattle are being selected 
for high milk production and are being fed 
large quantities of grain and kept more often 
in total confinement in which exercise is 
limited. All of this may contribute to aboma¬ 
sal hypomotility, which is the precursor 
of abomasal displacements. A number of 
general comments are summarized here that 
apply to most diseases of the abomasum. 

CLINICAL EXAMINATION OF 
THE ABOMASUM 

PHYSICAL EXAMINATION 

The normal abomasum cannot usually be 
examined by the standard techniques of 
clinical examination except indirectly by 
simultaneous auscultation and percussion, 
as well as by abdominal paracentesis. In 
LDA, the tympanitic sounds (pings) audible 
on auscultation and percussion between the 
middle to upper third of the 9th and 13th 
ribs and over the anterior aspect of the left 
paralumbar fossa are characteristic. In RDA, 
the tympanitic sounds (pings) audible on 
auscultation and percussion between the 
lower third of the 9th and 13th ribs and 
extending into the anterior aspect of the 
right paralumbar fossa, and the fluid- 
splashing sounds audible on auscultation 
and ballottement of the right lower to middle 
third of the abdomen, are characteristic. An 
enlarged abomasum may be palpable on 
rectal examination deep in the right lower 
quadrant of the abdomen, depending on the 
size of the animal and the size of the dis¬ 
tended abomasum, and provided the animal 
is not in advanced pregnancy. 

In AV, the clinical findings are similar to 
right-side displacement but much more 
severe. On rectal palpation a fluid-filled 
abomasum feels tense; an impacted aboma¬ 
sum pits on digital pressure. In abomasal 
impaction, the enlarged, firm, doughy viscus 
can usually be palpated behind the lower 
aspect of the right costal arch, but the gravid 
uterus of later pregnancy commonly makes 
this difficult. Following parturition, the 
abomasum is more readily detectable by 
palpation through the abdominal wall 
or rectally. 

ULTRASONOGRAPHY OF 
THE ABOMASUM 

The abomasum can be visualized by ultraso¬ 
nography over the ventral midline caudal to 
the xiphoid process and from both left 
and right paramedian regions lateral to 
the midline site. It can be clearly differenti¬ 
ated from adjacent viscera because of its 
contents, which appear as a heterogeneous, 


moderately echogenic structure with echo- 
genic stippling. Abomasal motility cannot be 
observed ultrasonographically, but the rela¬ 
tive size and anatomic location of the aboma¬ 
sum can be detected (Figs. 8-18 and 8-19). 1 

Contrary to most pictorial representa¬ 
tions of the shape of the abomasum within a 
cow’s abdomen, the abomasum in adult cows 
is always wider than it is longer and it is 
always located predominantly to the right of 
the midline. 1 Marked changes in abomasal 
dimensions and position occur in dairy 
cattle during the last 3 months of gestation 
and first 3 months of lactation. The abomasal 
length decreases and the width increases 
during the last 3 months of gestation, result¬ 
ing in a more transverse orientation of the 
abomasum within the abdomen compared 
with nongravid cattle or cattle in early gesta¬ 
tion. These changes appear to be a direct 
response to cranial expansion of the gravid 
uterus. Within 14 days after parturition the 
abomasum returns to a caudal and right sag¬ 
ittal position, similar to that at the beginning 
of the last 3 months of gestation. 1 



Fig. 8-18 Illustration of transabdominal 
ultrasonographic measurements of abomasal 
margins on the ventral abdominal wall 
(dorsal view) in Holstein Friesian heifers and 
cows. The numbers indicate anatomic 
landmarks and measurements: 7, xiphoid 
process; 2, cranial abomasal margin; 3, 
caudal abomasal margin; 4, right lateral 
extension in cranial region; 5, left lateral 
extension in cranial region; 6, right 
lateral extension in caudal region; 7, left 
lateral extension in caudal region. 
(Reproduced with permission from Wittek T, 
Constable PD, Morin DE. J Am Vet Med 
Assoc 2005; 227:1469-1475.) 
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Fig. 8-19 Dorsal view of abomasal position 
and shape (modeled as an ellipse in the 
horizontal plane) of Holstein Friesian cows 
at the beginning of the last 3 months of 
gestation (dashed line), immediately before 
parturition (solid line), immediately after 
parturition (dotted line), and during the 
third month of lactation (dashed and dotted 
line). The abomasum moves cranially and to 
the left in late gestation. X, Center of the 
abomasal body projection in nonpregnant 
cows. (Reproduced with permission from 
Wittek T, Constable PD, Morin DE. J Am Vet 
Med Assoc 2005; 227: 1469-1475.) 


Ultrasonographic examination of the 
abomasum of neonatal lambs provides an 
immediate indication of whether or not the 
lambs have sucked and may be useful in 
investigations of neonatal mortality. 

ABOMASOCENTESIS 

Centesis of abomasal contents is a safe 
procedure if done carefully. Percutaneous 
ultrasound-guided abomasocentesis can be 
done to evaluate the nature and chemical 
composition of abomasal contents. The pro¬ 
cedure is done at a site in which the aboma¬ 
sum is large and no other viscera are located. 
The optimum site for abomasocentesis is 
20 cm caudal to the xiphoid process and 5 to 
10 cm lateral to the midline on the right, 
equivalent to 12 finger widths caudal to the 
xiphoid process and 3 to 6 finger widths to the 
right of the midline. 1 A spinal needle (0.12 x 
9.0 cm) with a stylet is guided by ultrasonog¬ 
raphy through the skin and abdominal wall 
and into the abomasum. Abomasal fluid is 
assessed for color, smell and the presence of 
blood, and pH. Normally, the color ranges 
from olive green to gray, and the fluid has a 
sour smell. The pH varies from 1.4 to 4.5. 
Higher values occur with abomasal hemor¬ 
rhage, the presence of bile, or chronic aboma- 
sitis caused by ostertagiasis. 

APPLIED ANATOMY AND 
PATHOPHYSIOLOGY OF 
THE ABOMASUM 

In a healthy, nonpregnant cow, the aboma¬ 
sum is positioned below the rumen in the 


ventral part of the abdomen and is predomi¬ 
nantly located on the right side of the animal. 
During pregnancy, the enlarging uterus 
forces the abomasum into a more cranial 
position, with a greater leftward extension of 
the abomasum. This change is assumed to 
contribute to the development of an LDA, 
which generally occurs during the first 3 
weeks after parturition. 

The flow of rumen fluid into the aboma¬ 
sum can result in the production of carbon 
dioxide and methane gases, which when 
their absorption or the motility of the 
abomasum is decreased, are unable to escape 
from the blind pocket in the abomasum and 
may be a major factor in the pathogenesis 
of left-side displacement. This may explain 
why 90% of abomasal displacements occur 
toward the left side. 

Diseases of the abomasum that cause 
hypomotility and accumulation of ingesta, 
fluid, and gas in the viscus result in varying 
degrees of dehydration, metabolic alkalosis, 
hypochloremia, and hypokalemia. The meta¬ 
bolic alkalosis and hypokalemia are often 
accompanied by muscular weakness and 
paradoxical aciduria. When these changes 
are severe, as in right-side dilatation, AV, and 
abomasal impaction, intensive fluid therapy 
is usually necessary for a favorable response. 

Abomasal luminal pressure is increased 
in left-side displacement and in volvulus of 
the abomasum. This may be associated with 
the pathogenesis of ulceration in long¬ 
standing cases of LDA and with the progno¬ 
sis of survival in AV. The luminal pressure is 
high in AV and higher in cattle that die or 
are sold for slaughter than in cattle that 
survive and are retained in the herd. Thus 
measurement of luminal pressure during 
surgery for volvulus may be of value in for¬ 
mulating prognosis for survival. 

Abomasal hypomotility and a decreased 
rate of abomasal emptying are thought to be 
important factors in the etiology and patho¬ 
genesis of several diseases of the abomasum 
of adult cattle and calves. Because abomasal 
hypomotility has been associated with hypo¬ 
calcemia, endotoxemia, acidosis and alkalo¬ 
sis, hyperinsulinemia, and hyperglycemia, 
the approach in treatment of suspected 
abomasal hypomotility in adult cattle and 
calves has been the correction of acid-base 
and electrolyte imbalances, control of the 
effects of endotoxemia, and elimination of 
gram-negative bacterial infections. Neostig¬ 
mine, metoclopramide, or erythromycin 
have been used in ruminants for the treat¬ 
ment of abomasal hypomotility on the basis 
that these drugs have a prokinetic effect in 
other animals; however, neostigmine and 
metoclopramide are not effective in rumi¬ 
nants in improving abomasal emptying rate. 
Prokinetic agents have the ability to stimu¬ 
late, coordinate, and restore gastric, pyloric, 
and small-intestinal motility. 

Erythromycin is an effective prokinetic 
agent in healthy sucking milk-fed calves 


similar to its effects in humans, dogs, and 
horses. 1 Intramuscular administration of 
erythromycin at 8.8 mg/kg increased the fre¬ 
quency of abomasal luminal pressure waves 
and the mean abomasal luminal pressure 
and decreased the half-time of abomasal 
emptying by 37%. Metoclopramide, neostig¬ 
mine, and low-dose (0.88 mg/kg) erythro¬ 
mycin did not alter abomasal motility, mean 
luminal pressure, or emptying rate. Addi¬ 
tional studies have demonstrated that all 
macrolide formulations have prokinetic 
activity, although none of them are as effec¬ 
tive as erythromycin at the labeled treatment 
dose. 2 ' It should be remembered that it is not 
appropriate to use an antimicrobial agent 
such as erythromycin for a nonantimicrobial 
use, and alternative prokinetic agents that are 
potentially as effective as erythromycin are 
currently under investigation. 

Abomasal emptying rate and volume in 
calves has been determined using nuclear 
scintigraphy and acetaminophen absorption 
methods. Ultrasonography has also been 
used to evaluate abomasal volume, location, 
and emptying rate in sucking calves. 

ABOMASAL REFLUX 

Reflux of abomasal fluid into the omasum and 
reticulorumen occurs when the abomasal 
fluid fails to move aborally through the 
pylorus into the duodenum. This is most 
common in diseases of the abomasum, left¬ 
side displacement, AV, and vagal indigestion. 
Reflux may also occur in peritonitis, com¬ 
pression of the abomasum in advanced preg¬ 
nancy, intussusception, and toxemias. The 
rumen chloride concentrations increase from 
a normal of 10 to 25 mmol/L to 80 to 
100 mmol/L, and the buffering capacity of the 
rumen is decreased from 80 to 110 mmol/L 
to less than 50 mmol/L. Hypochloremic, 
hypokalemic metabolic alkalosis occurs. 
Treatment consists of removing excessive 
quantities of fluid from the rumen and the 
administration of large quantities of balanced 
electrolytes or simply saline intravenously. 

Duodenal-abomasal reflux occurs nor¬ 
mally in cattle and may increase during 
abomasal displacement; the influx is lower in 
LDA than in RDA. The concentration of bile 
acids in the abomasum is twice as high in 
LDA and RDA as in healthy cattle. 

The administration of apomorphine to 
sheep causes expulsion of acidic abomasal 
contents back into the preabomasal com¬ 
partments without expulsion of gastric 
contents through the mouth, or “internal 
vomiting.” In sheep, it is estimated that 
approximately 280 g of sodium bicarbonate 
given orally would be necessary to return the 
ruminal pH to the neutral range. 

FURTHER READING 
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LEFT-SIDE DISPLACEMENT OF 
THE ABOMASUM 

ETIOLOGY 

The cause of LDA in cattle is multifactorial 
but is related primarily to feed intake before 
and after calving. The transition period 
occurring 2 weeks prepartum through 2 to 4 
weeks postpartum is the major risk period in 
the etiology of LDA. The prepartum depres¬ 
sion of feed intake and the slow postpartum 
increase in intake are risk factors causing 
decreased ruminal fill, reduced forage to 
concentrate ratio, and increased incidence 
of other postpartum diseases. Excessive 
amounts of concentrate during the prepar¬ 
tum period increase the risk of LDA, which 
may occur from the decreased ruminal fill 
caused by greater prepartum intake depres¬ 
sion and reduced forage to concentrate ratio, 
decreased ruminal motility from lower 
ruminal fill and higher volatile fatty acid 
concentration, and decreased abomasal 
emptying. The feeding of high levels of con¬ 
centrate to dairy cattle results in a decrease 
in abomasal motility and increased accumu¬ 
lation of abomasal gas. 


SYNOPSIS 


Etiology Gaseous distension and hypomotility 
of abomasum possibly caused by feeding 
high levels of concentrate to dairy cattle in 
late pregnancy. 

Epidemiology High-producing dairy cows 
within 6 weeks of calving. Insufficient 
crude fiber and roughage in ration. 
Concurrent disease such as hypocalcemia 
and ketosis may be risk factors, but this is 
uncertain. 

Signs Inappetence, ketosis, decreased milk 
production, abdomen usually smaller than 
normal, reticulorumen movements not 
clearly audible or absent, rumen pack not 
easily palpable, ping over left paralumbar 
fossa and cranial to it. Hepatic lipidosis and 
abomasal ulceration are possible 
complications. 

Clinical pathology Ketonemia, ketonuria. 
Normal hemogram. 


Lesions Not usually fatal, deaths usually from 
concurrent disease conditions. 

Diagnostic confirmation Laparotomy to 
confirm displacement. 

Differential diagnosis Left displaced 
abomasum must be differentiated from 
those common diseases of the forestomach 
and abomasum that cause inappetence to 
anorexia, ketosis, reduced or abnormal 
reticulorumen motility, and abnormal 
sounds on percussion and auscultation of 
the left abdomen. They are simple 
indigestion, primary ketosis, traumatic 
reticuloperitonitis, vagus indigestion, and 
fat mobilization syndrome. 

Treatment Open and closed surgical 
techniques to replace abomasum and 
secure in normal position. 

Control Avoid negative energy balance 
prepartum, avoid overconditioning of cows 
prepartum, provide optimal feed bunk 
management, and maximize dry matter 
intake in late pregnancy. 


EPIDEMIOLOGY 

Occurrence 

LDA is most common in large, high- 
producing adult dairy cows immediately 
after parturition. Approximately 90% of 
cases occur within 6 weeks following partu¬ 
rition. Occasional cases occur a few to 
several weeks before parturition. The disease 
is common worldwide where dairy cattle are 
fed grain for high milk production and the 
animals are usually housed for part of the 
year or kept under confinement (zero 
grazing and loose housing). The disease is 
uncommon in Australia and New Zealand, 
where much less concentrate is fed to dairy 
cattle and the animals are usually on pasture 
for most of the year. However, LDA can 
occur in pasture-fed dairy cattle, and the 
incidence has increased in Australia and 
New Zealand associated with the increased 
use of North American genetic stock. The 
importance of exercise in the etiology of 
LDA has not been explored. The incidence 
of LDA is higher during late winter and early 
spring, which may be a reflection of a higher 
frequency of calving, relative inactivity, or 
nutritional effects of feeding long-stored 
rations. 

The much higher incidence of LDA in the 
first month of lactation does not appear to be 
associated with an intrinsic decrease in the 
abomasal emptying rate in healthy dairy 
cows at this stage of the lactation cycle 
caused by periparturient changes in plasma 
hormone concentrations. 1 

Calves 

LDA has been recorded in calves up to 6 
months of age and, rarely, in heifer calves 4 
and 8 weeks of age in which abomasal ulcer¬ 
ation perforation and peritonitis, and perfo¬ 
ration of the abdominal wall occurred. It was 


not possible to determine whether the ulcer¬ 
ation led to the atony with subsequent dis¬ 
placement of the abomasum, or if the 
displacement facilitated the ulceration. 

Lactational Incidence Rate 

The lactational incidence of LDA for dairy 
herds in North America is estimated to range 
from 3% to 5%. A common goal in North 
America is to keep the annual incidence of 
LDA below 3%. The mean lactation inci¬ 
dence in German Holstein herds is estimated 
at 1.6%. 

Case Fatality 

In one series of observations, the case- 
fatality rate was much higher (21%) in cows 
with LDA and diarrhea than in cows with 
LDA and normal feces (8%). Typical case- 
fatality rates at referral hospitals are approxi¬ 
mately 5%, with most of the mortality caused 
by concurrent disease. 

Risk Factors 
Dietary Risk Factors 
Prepartum Nutrition and 
Management 

Based on observations in dairy herds, signifi¬ 
cant associations were found between nega¬ 
tive energy balance prepartum, as reflected 
by increased nonesterified fatty acid concen¬ 
trations, and the occurrence of LDA. High 
body condition scores, suboptimal feed bunk 
management, prepartum diets containing 
more than 1.65 Meal of NEi/kg of dry matter, 
winter and summer seasons, high genetic 
merit, and low parity were significant risk 
factors. Cows fed these high-energy diets 
during the dry period may become obese, 
which may result in a decline in dry matter 
intake before calving. Calving during hot 
summer months also decreases dry matter 
intake. It is suggested that hepatic lipidosis 
may be an important risk factor for LDA. 
Herds with a high mean predicted transmit¬ 
ting ability were associated with a high occur¬ 
rence of LDA, suggesting a genetic component 
associated with high milk production. 

Ketosis diagnosed before the occurrence 
of LDA has been frequently implicated as the 
major risk factor for developing LDA. This 
may reflect a mechanistic causal relationship, 
in that ketosis is associated with low dry 
matter intake, which would reduce rumen fill 
and volume, reducing forestomach motility 
and, potentially, abomasal motility. A low 
rumen volume also offers less resistance to 
LDA. Alternatively, it could be that many of 
these cases of ketosis actually had an LDA 
that was not auscultable. A study in four 
cows with LDA suggests this is unlikely 
because LDA occurs rapidly over a 12-hour 
period. 2 However, with the widespread avail¬ 
ability of ultrasound units and information 
regarding the normal anatomic location of 
the abomasum in late gestation and early 
lactation, 1 it would appear that ketotic 
dairy cows in early lactation without an 
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auscultable left-sided ping consistent with an 
LDA could benefit from ultrasonographic 
determination of the abomasal position. 

High-Level Grain Feeding 
LDA is a disorder of throughput because 
of its relationship to diseases associated 
with high milk production and concen¬ 
trate feeding. The practice of beginning to 
feed concentrates to high-producing dairy 
cattle during the last few weeks of the dry 
period in preparation for the transition to 
lactation after parturition (lead feeding) 
may be a high risk factor for LDA. Cows 
dried off in high body condition scores are 
at increased risk of LDA because of inad¬ 
equate dry matter intake around the time of 
parturition. 

High-level grain feeding increases the 
flow of ruminal ingesta to the abomasum, 
which causes an increase in the concentra¬ 
tion of volatile fatty acids, which can inhibit 
the motility of the abomasum. This inhibits 
the flow of digesta from the abomasum to the 
duodenum so that ingesta accumulates in the 
abomasum. The large volume of methane 
and carbon dioxide found in the abomasum 
following grain feeding may become trapped 
there, causing its distension and displace¬ 
ment. However, the role of an increase in 
abomasal volatile fatty acid concentration 
as the cause of the abomasal atony is 
controversial. 

Dietary Crude Fiber 
A crude fiber concentration of less than 16% 
to 17% in the diet of dairy cows was consid¬ 
ered a significant risk factor for LDA. Some 
initial epidemiologic studies indicated that 
cows affected with LDA were higher produc¬ 
ers than their herdmates, and they were from 
higher-producing herds than herds without 
LDAs. The affected cows were also older and 
heavier than the average for cows examined 
in the survey. 

The feeding of an experimental com¬ 
pletely pelleted ration to dairy cattle resulted 
in an increased incidence of LDA: 17% com¬ 
pared with 1.6% in cows receiving loose 
alfalfa hay, sorghum silage, and an 18% crude 
protein concentrate. The pelleted ration was 
finely ground and the short length of the 
dietary fiber may have been a risk factor 
by increasing volatile fatty acid and 
gas production. 

In summary, feeding rations high in 
carbohydrates, inadequate levels of rough- 
age, and crude fiber levels below 17% 
during the last few weeks of pregnancy are 
probably important dietary risk factors. 

Animal Risk Factors 

A hospital-based case-control study of 
LDA and AV in cattle based on the medical 
records of 17 North American veteri¬ 
nary teaching hospitals over a period of 
10 years compared risk factors for the two 
diseases. 


Breed and Age of Cow 
LDA occurs predominantly in Holstein 
Friesian, Guernsey, and Jersey cows. The 
breed disposition for LDA has been con¬ 
troversial. Some studies have found higher 
risk of LDA occurring in Holstein Frie¬ 
sian cattle and a lower risk in Brown Swiss 
cattle compared with the risk in Simmen- 
tal Red Holstein cross cows in Switzerland. 
In other studies, a breed disposition for 
displaced abomasum was found in Ayr¬ 
shire, Canadienne, Guernsey, Holstein 
Friesian, and Jersey cattle. In vitro studies 
of contractile activity of the abomasal wall 
of healthy cows of different breeds did 
not find any differences between breeds 
of cattle. 

The ratio of LDA to AV cases was 7.4 to 
1. The risk for the two diseases increased 
with age with greatest risk at 4 to 7 years of 
age. Dairy cattle were at higher risk of devel¬ 
oping LDA than beef cattle, with an odds 
ratio of 95. Female cattle were at a higher risk 
of developing LDA than male cattle, with an 
odds ratio of 29. 

Season of the Year 
The odds of both diseases varied consider¬ 
ably throughout the year, with the lowest 
number of cases in the autumn. The odds 
of AV and LDA were highest in January 
and March, respectively. The greater inci¬ 
dence of the disease in the spring may 
also be related to the depletion of rough- 
age supplies on farms in the Midwest region 
of the United States. In other regions of 
the world, the disease occurs throughout 
the year independently of the incidence of 
parturition. 

Influence of Weather 
The possible effects of weather on the inci¬ 
dence of abomasal displacement has been 
examined. In a study over a period of 2 years, 
on 26 farms with a total of 6500 Holstein 
Friesian lactating cows, 373 cases of aboma¬ 
sal displacement occurred. A change from 
sunny, warm, and dry days to cool, overcast, 
and humid days was associated with an 
increased incidence of displacement. There 
were no effect of either wind velocity or 
atmospheric pressure. 

Milk Production 

The relationship between high milk yield or 
high milk yield potential and LDA has been 
examined in several studies and the results 
are inconclusive. In some observations, a 
higher incidence of the disease occurred in 
high-yielding cows. Later studies found no 
difference in herd milk yield between highl¬ 
and low-incidence herds. Genetic correla¬ 
tions between LDA and production of milk 
and protein are very small and should be 
independent for selection. In some studies, 
dairy herds with a high mean PTA milk 
index were associated with a high occurrence 
of LDA. 


Late Pregnancy 

Because parturition appears to be the most 
common precipitating factor, it has been 
postulated that during late pregnancy the 
rumen is lifted from the abdominal floor by 
the expanding uterus and the abomasum is 
pushed forward and to the left under the 
rumen. Following parturition, the rumen 
subsides, trapping the abomasum, especially 
if it is atonic or distended with feed, as it is 
likely to be if the cow is fed heavily on 
grain. A longitudinal ultrasound study iden¬ 
tifying changes in abomasal position from 3 
months before to 3 months after calving 
failed to provide support for this widely held 
belief. 1 

Proportionately fewer cases of AV than 
LDA occurred during the first 2 weeks after 
parturition (28% and 57%, respectively). 
Because proportionately fewer cases of AV 
develop in the immediate postpartum period 
it is suggested that the rumen volume may 
directly influence the direction of abomasal 
displacement. On the basis of these findings, 
it is suggested that abomasal atony is a pre¬ 
requisite for AV and LDA, and that existence 
of a less than full abdomen because of 
reduced rumen volume is a major risk and 
facilitates development of AV and LDA. It is 
suggested that normal rumen volume is an 
effective barrier against LDA and that the 
high incidence of LDA in lactating dairy 
cattle is the result of the additive effects of 
decreased rumen volume, increased abdom¬ 
inal void immediately after parturition, and 
increased exposure to factors that induce 
abomasal hypomotility. Additional indirect 
evidence for the rumen barrier hypothesis is 
that feeding a high-roughage diet, containing 
at least 17% crude fiber, immediately before 
parturition is a commonly recommended 
and successful strategy for minimizing the 
incidence of LDA. 

Concurrent Diseases 
Cows with an LDA are more likely to have 
had retained placenta, ketosis, stillborn 
calf, metritis, twins, or parturient paresis 
than control cows. Concurrent diseases 
were present in 30% of AV cases and 54% 
of LDA cases. The greater incidence of con¬ 
current disease in LDA suggests that inap¬ 
petence and anorexia results in decreased 
rumen volume, which would predispose 
to displacement to the left. Diseases of 
the wall of the abomasum (secondary 
ulceration) and ketosis and fatty liver are 
common concurrent diseases in dairy cows 
with LDA. 

Preexisting Subclinical Ketosis and 
Hepatic Lipidosis 

Ketosis is one of the most common compli¬ 
cations of LDA, but whether or not preexist¬ 
ing subclinical ketosis is a risk factor for LDA 
has been controversial. Some clinical studies 
have reported that subclinical ketosis is a 
risk factor for LDA. The serum activity of 
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aspartate transaminase (AST) and the serum 
concentration of (3-hydroxybutyrate may be 
used in dairy cows during the first and 
second weeks after parturition as tests to 
predict the subsequent diagnosis of LDA. 
Serum AST activities between 100 and 
180 U/L, and serum P-hydroxybutyrate con¬ 
centrations between 1.0 and 1.6 mmol/L 
were associated with an increased odds ratio 
and likelihood ratio of LDA. The predictive 
ability of serum AST activity and serum 
p-hydroxybutyrate concentration has been 
confirmed in a study in Iran; serum non- 
esterified fatty acid, calcium, sodium, and 
potassium concentrations were also identi¬ 
fied as being significant predictors of an 
increased risk of LDA development. 3 Hypo¬ 
kalemia may decrease abomasal contraction 
activity via its effect on the resting mem¬ 
brane potential of abomasal smooth muscle 
cells. 4 The presence of hepatic lipidosis is 
related to postoperative outcome; cattle with 
increased serum concentrations of AST are 
more likely to have an increased liver fat 
percentage. 5 

The evaluation of two milk ketone tests 
as predictors of LDA in dairy cows within 
2 weeks of parturition (median of 6 days 
postpartum and 12 days before the diag¬ 
nosis of LDA) found high specificity but 
low sensitivity for prediction of subsequent 
occurrence of LDA. Increased ketone body 
concentration in milk is claimed to be a sig¬ 
nificant risk factor for LDA. This correlates 
with an increased fat to protein ratio in the 
first milk dairy herd improvement test as a 
predictor of subsequent LDA. However, the 
studies that conclude that preexisting sub- 
clinical ketosis occurs before the occurrence 
of LDA, and is a risk factor (cause-and-effect 
relationship), do not provide evidence that 
the cause of the ketosis was not a preexisting 
LDA. It is possible for the LDA to develop 
over a period of several days to a few weeks 
in susceptible cows, which would affect 
feed intake and contribute to the patho¬ 
genesis of ketosis. In addition, the sensitiv¬ 
ity and specificity of the clinical diagnostic 
techniques (auscultation and percussion) 
are unknown, and it is plausible that some 
cases of LDA are not recognized in their 
very early stages when the fundus of the 
abomasum has moved only a small distance 
up along the left lateral abdominal wall. The 
studies did not describe how the diagno¬ 
sis of LDA was made. Cows with LDA are 
also twice as likely to have another disease 
as cows without LDA, and the presence 
of those diseases could be risk factors for 
ketosis. 

Hypocalcemia 

Hypocalcemia, which is common in mature 
dairy cows at the time of parturition, has 
been suggested as an important contributing 
factor in LDA. Blood calcium levels affect 
abomasal motility; motility is normal down 
to a threshold value of 1.2 mmol total 


calcium/L and below that level abomasal 
motility is absent. In a series of 510 dairy 
cows, those with hypocalcemia 12 hours 
before parturition (serum ionized calcium 
concentrations <4.0 mg/dL or total serum 
calcium concentration <7.9 mg/dL) had a 
4.8 times greater risk of developing LDA 
than did normocalcemic cows. Other studies 
concluded that hypocalcemia is not an 
important risk factor for LDA. In cows with 
LDA, the ionized calcium is not significantly 
different from controls. 

Metabolic Predictors of Left-Side 
Displacement of Abomasum 
There is a predictive association of prepar- 
tum nonesterified fatty acids (NEFA) and 
postpartum p-hydroxybutyrate concentra¬ 
tions with LDA. In cows with subsequent 
LDA, mean NEFA concentrations began to 
diverge from the means of cows without LDA 
14 days before calving, whereas mean serum 
NEFA concentrations did not diverge until 
the day of calving. Prepartum, only NEFA 
concentration was associated with the risk of 
subsequent LDA. Between 0 and 6 days 
before calving, cows with NEFA concentra¬ 
tion of 0.5 mEq/L or less were 3.6 times more 
likely to develop LDA after calving. Between 
1 and 7 days postpartum, retained placenta, 
metritis, and increasing serum concentration 
of p-hydroxybutyrate and NEFA were associ¬ 
ated with increased risk of subsequent LDA. 
Serum p-hydroxybutyrate was a more sensi¬ 
tive and specific test than NEFA concentra¬ 
tion. The odds of LDA were eight times 
greater in cows with serum p-hydroxybutyrate 
levels of 1.2 mmol/L or higher. Cows with a 
milk P-hydroxybutyrate concentration of 
1.2 mmol/L or higher were 3.4 times more 
likely to develop LDA. Serum calcium con¬ 
centration was not associated with LDA. In 
summary, the strategic use of metabolic tests 
to monitor transition dairy cows should 
focus on NEFA in the last week prepartum 
and p-hydroxybutyrate in the first week 
postpartum. 

Endotoxemia appears to play a role in 
the periparturient period via alterations 
in metabolism and the immune response. 
The results of an experimental study in 
periparturient dairy cows indicated that 
intermittently induced endotoxemia was 
associated with an increased incidence 
of LDA. 6 

Genetic Predisposition 
The prevalence of LDA is positively associ¬ 
ated with milk yield, milk-fat yield, and milk 
protein yield. LDA is associated with spe¬ 
cific sires and dams, and it is generally 
accepted that genetic predisposition is a risk 
factor for abomasal displacement. Most esti¬ 
mates for heritability (h 2 ) of LDA range from 
0.2 to 0.5. Relative to Holstein Friesian cattle, 
the German Fleckvieh has a much lower 
incidence of LDA despite being feed similar 
rations. 8,9 Holstein Friesian cows have a 


lower content of the vasoactive intestinal 
polypeptide, substance P, than German 
Fleckvieh cows, and this might provide 
an explanation for their predisposition to 
abomasal displacement. 8 

Recent studies have identified single 
nucleotide polymorphism (SNP) and an 
insertion mutation associated with an 
increased risk of LDA via decreased expres¬ 
sion of the motilin gene in the abomasum. 9 ' 11 
Motilin is a potent natural prokinetic agent 
(erythromycin is an agonist), and a biologi¬ 
cally plausible hypothesis is that dairy cattle 
with the SNP defect have abomasal hypomo- 
tility and are therefore at increased risk of 
developing LDA. A gene locus at the 
SLITRK5 gene has also been associated with 
LDA; this gene is involved in neurologic 
activities such as axonogenesis and synaptic 
transmission. 12 This gene also has a biologi¬ 
cally plausible association with abomasal 
hypomotility. 

Cattle with LDA have a deeper abdomen 
and greater vertical distance between the 
ventral abdomen and descending duode¬ 
num. 13 This vertical distance represents the 
luminal pressure that must be generated 
within the abomasum for emptying to occur; 
the greater the distance the greater is the 
intraluminal pressure required for emptying, 
therefore, the contractile ability of the 
abomasum must be greater. As such, aboma¬ 
sal hypomotility is more likely to result in 
abomasal displacement in cattle with deep 
abdomens, and skeletal structure is moder¬ 
ately heritable. 

Miscellaneous Animal Risk Factors 
Unusual activity, including jumping on other 
cows during estrus, is a common history in 
cases not associated with parturition. Occa¬ 
sional cases occur in calves and bulls, and the 
disease occurs only rarely in beef cattle. 
Retained fetal membranes, metritis, and 
mastitis are common with LDA but a cause- 
and-effect relationship has been difficult to 
establish. In one retrospective study, the 
disease was associated in terms of increased 
relative risk with periparturient factors such 
as stillbirth, twins, retained placenta, metri¬ 
tis, aciduria, ketonuria, and low milk yield in 
the previous lactation. 

Economic Importance and Effects on 
Production and Survivorship 

The economic losses from the disease include 
lost milk production during the illness and 
postoperatively, and the cost of the surgery. 
The effects of LDA on test-day milk yields 
from 12,572 cows from parities 1 to 6 over a 
2-year period were evaluated. From calving 
to 60 days after diagnosis, cows with LDA 
yielded on average 557 kg less milk than 
cows without LDA and 30% of the losses 
occurred before diagnosis. Milk loss 
increased with parity and productivity and 
milk losses were greatest in the highest yield¬ 
ing cows. Cows with LDA were nearly twice 





as likely to have another disease as were cows 
without LDA. Cows with LDA are more 
likely to be removed from the herd at any 
point in time after the diagnosis than their 
herdmates. Cows with LDA survived a 
median of 18 months, and control cows sur¬ 
vived a median of 27 months. Low milk pro¬ 
duction is a common reason for removal of 
cows with an LDA and the probability of 
removal increased as the lactation number 
increased. 

PATHOGENESIS 

In the nonpregnant cow, the abomasum 
occupies the ventral portion of the abdomen 
very nearly on the midline with more to the 
right of the midline, with the pylorus extend¬ 
ing to the right side caudal to the omasum. 
As pregnancy progresses, the enlarging 
uterus occupies an increasing amount of the 
abdominal cavity. The uterus begins to slide 
under the caudal aspects of the rumen, 
reducing rumen volume by one-third at the 
end of gestation. This also forces the aboma¬ 
sum forward and slightly to the left side of 
the abdomen, although the pylorus contin¬ 
ues to extend across the abdomen to the right 
side. 14 After calving, the uterus retracts cau- 
dally toward the pelvic inlet, which under 
normal conditions allows the abomasum to 
return to its normal position (see earlier 
section on ultrasonography of the aboma¬ 
sum). During LDA, the pyloric end of 
the abomasum slides completely under the 
rumen to the left side of the abdomen. The 
relative lack of rumen fill and abomasal 
hypomotility permits the abomasum to 
distend and move into the left side of the 
abdomen. 

Normally, the abomasum contains fluid 
and is located in the ventral part of the 
abdomen. In postpartum cows, the aboma¬ 
sum may shift to the left without causing 
any clinical signs. Abomasal hypomotility 
and gaseous distension are considered to be 
the primary dysfunctions in LDA. A decline 
in plasma concentration of calcium around 
the time of parturition may contribute to 
the abomasal hypomotility. The existence 
of abomasal hypomotility precedes disten¬ 
sion and displacement of the abomasum. The 
gas accumulated in the abomasum consists 
mainly of methane (70%) and carbon dioxide. 
In a normal abomasum, the gas production is 
equal to the clearance in an oral or aboral 
direction. When motility of the abomasum is 
inadequate, accumulation of gas occurs. The 
origin of the excess gas is uncertain, but there 
is evidence that the gas in the abomasum 
originates from the rumen in association 
with increased concentrate feeding and an 
increase in volatile fatty acid concentrations 
in the abomasum. A high-grain, low-forage 
diet can promote the appearance of volatile 
fatty acids in the abomasum by reducing the 
depth of the ruminal mat or raft (consist¬ 
ing primarily of the long fibers of forages). 
Physical reduction of forage particle length 
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by chopping forages too finely before ensiling 
or overzealous use of mixer wagons also can 
contribute to loss of rumen raft. The rumen 
raff captures grain particles so that they are 
fermented at the top of the ruminal fluid. The 
volatile fatty acids produced at the top of the 
ruminal fluid are generally absorbed from 
the rumen with little volatile fatty acid enter¬ 
ing the abomasum. In cows with an inad¬ 
equate rumen raff, grain particles fall to the 
ventral portion of the rumen and reticulum 
in which they are fermented or pass on to the 
abomasum. The volatile fatty acids produced 
in the ventral rumen can pass through the 
ruminoreticular orifice to enter the aboma¬ 
sum before the rumen can absorb them. A 
thick ruminal raff is generally present during 
the dry period, when cows are fed a high 
forage diet, but the depth of the raff is rapidly 
reduced in early lactation, especially if dry 
matter intake decreases. Also, when cows 
are fed a higher grain ration, there is less 
regurgitation of the cud and mastication, 
and less saliva produced, which affects buff¬ 
ering of the rumen. The amount of effective 
fiber determines the consistency and depth 
of the rumen raff and stimulates rumen 
contractions. Total mixed rations that are 
easily sorted by cows may affect the ratio of 
forage to concentrate of total feed consumed, 
which contributes to the development of 
an LDA. 

The atonic gas-filled abomasum becomes 
displaced under the rumen and upward 
along the left abdominal wall, usually lateral 
to the spleen and the dorsal sac of the rumen. 
It is primarily the fundus and greater curva¬ 
ture of the abomasum that becomes dis¬ 
placed, which in turn causes displacement of 
the pylorus and duodenum. Based on epide¬ 
miologic observations, it is hypothesized that 
a reduced rumen volume in the immediate 
postpartum period when there is some 
abdominal void allows this displacement to 
occur. The omasum, reticulum, and liver are 
also displaced to varying degrees. The dis¬ 
placement of the abomasum invariably 
results in rupture of the attachment of the 
greater omentum to the abomasum. In some 
cases, the LDA resolves spontaneously; such 
cases are known as “floaters.” 

LDA can be experimentally induced by 
placement of a stomach tube through the 
nasal passage into the rumen. A rumenot- 
omy is then performed and the tube guided 
through the reticuloomasal orifice and 
omasal canal into the abomasum. The tube is 
then secured to a halter placed on the animal 
to prevent tube migration. The rumenotomy 
and abdomen are closed, and the animal cast 
using ropes into right lateral recumbency. 
While maintaining this position, the aboma¬ 
sum is distended with air and the animal 
encouraged to stand. At this time, an LDA is 
present and readily auscultable. 15 Right-side 
displaced abomasum can be induced using a 
similar method but casting the animal into 
left lateral recumbency. 15 


Insulin resistance is common in cows 
with an LDA, but direct comparisons with 
the disease in humans cannot be made 
because lactating cattle metabolize a large 
amount of glucose that enters mammary epi¬ 
thelial cells through noninsulin-dependent 
pathways. As a consequence, interpretation 
of plasma glucose-insulin concentrations in 
lactating dairy cows must consider the 
impact of the level of milk production on 
that relationship. Mild increases in plasma 
insulin concentrations associated with 
hyperglycemia but independent of ketosis 
are common in cows with LDA, but these 
animals also have decreased milk produc¬ 
tion. In vitro studies of abomasal motility 
indicate that the contractions of the longitu¬ 
dinal muscle from the pyloric myenteric 
plexus of cows with an LDA or RDA are sig¬ 
nificantly reduced compared with muscle 
from normal cows. In cows with an LDA and 
high concentrations of blood glucose and 
insulin, the myoelectrical activity of the 
abomasum was reduced, but it increased fol¬ 
lowing surgical correction along with a 
decrease in the concentrations of glucose and 
insulin. 

In cattle with LDA, there is probably 
some interference with the function of the 
esophageal groove caused by slight rotation 
of all the stomachs in a clockwise direction 
as viewed from behind the cow, and this 
impedes forward passage of digesta. The 
obstruction of the displaced segment is 
incomplete and, although it contains some 
gas and fluid, a certain amount is still able to 
escape and the distension rarely becomes 
severe. There is no interference with blood 
supply to the trapped portion of the LDA, so 
the effects of the displacement are entirely 
those of interference with digestion and 
movement of the ingesta, leading to a state 
of chronic inanition. 

A mild metabolic alkalosis with hypo- 
chloremia and hypokalemia are common, 
probably because of the abomasal hypomo¬ 
tility, continued secretion of hydrochloric 
acid into the abomasum, and impairment of 
flow into the duodenum. Affected cattle 
usually develop secondary ketosis which, in 
fat cows, may be complicated by the develop¬ 
ment of the fat mobilization syndrome and 
hepatic lipidosis. Endotoxemia does not 
occur in LDA or RDA. 

Abomasal Luminal Gas Pressure, 
Volume, and Perfusion in Cows With 
Left Displaced Abomasum or 
Abomasal Volvulus 

The luminal pressure in LDA is increased 
(median 9 mmHg; range 4-21 mm Hg), 
which may contribute to the pathogenesis 
of abomasal ulceration. Abomasal luminal 
pressure and volume is higher in cattle 
with an AV than in cattle with an LDA. 
Abomasal perfusion decreases as luminal 
pressure increases in cattle with an AV 
or LDA. 
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Perforating Abomasal Ulceration 

Perforating abomasal ulceration and acute 
local peritonitis with fibrinous adhe¬ 
sions also occur in some cases of LDA. 
Abdominal pain and pneumoperitoneum 
are common sequelae. The ulcers may 
perforate acutely and cause rapid death 
from acute diffuse peritonitis. Duodenal 
ulceration has also been associated with 
LDA. 

CLINICAL FINDINGS 

General Appearance and Ketosis 

Usually within a few days or a week following 
parturition there will be inappetence, some¬ 
times almost complete anorexia, a marked 
drop in milk production, and varying 
degrees of ketosis, based on ketonuria and 
other clinical findings of ketosis. It is not 
uncommon to diagnose an LDA that was 
treated for ketosis, improved for a few days, 
and then relapsed. 

On inspection of the abdomen, the left 
lateral abdomen appears “slab-sided” 
because the rumen is smaller than normal 
and displaced medially by the abomasum. 
The temperature, heart rate, and respirations 
are usually within normal ranges. The feces 
are usually reduced in volume and softer 
than normal, but periods of profuse diarrhea 
may occur. 

Status of Reticulorumen and 
Spontaneous Abomasal Sounds 

Ruminal movements are common but 
decreased in frequency and intensity and 
sometimes inaudible, even though there 
are movements of the left paralumbar 
fossa indicating rumen motility. In some 
cases, the rumen pack is palpable in the 
left paralumbar fossa, and the rumen con¬ 
tractions and sounds can be detected in 
the fossa as in normal cows. However, the 
rumen sounds may not be audible over an 
area anterior to the fossa in which they are 
also audible in normal cows. The absence 
of normal ruminal sounds in the presence 
of abdominal ripples suggests the presence of 
an LDA. 

Auscultation of an area below an imagi¬ 
nary line from the center of the left paralum¬ 
bar fossa to just behind the left elbow reveals 
the presence of high-pitched tinkling 
sounds, which often have a progressive peri¬ 
staltic character. These are abomasal sounds 
and may occur several times per minute or 
infrequently (as long as 5 minutes apart). 
They are not related in occurrence to ruminal 
movements, and this can be ascertained by 
simultaneous auscultation over an area 
between the upper third of the 9th and 12th 
ribs and palpation of the left paralumbar 
fossa for movements of the dorsal sac of the 
rumen. While auscultating over the same 
area and ballotting the left lower abdomen 
just below the fossa, high-pitched fluid- 
splashing sounds of the LDA are commonly 
audible. 


Pings of the Left Displaced 
Abomasum 

Percussion, using a flick of the finger or a 
plexor, and simultaneous auscultation over 
an area between the upper third of the 9th 
and 12th ribs of the abdominal wall com¬ 
monly elicits the high-pitched tympanitic 
sounds (pings) that are characteristic of 
LDA. These pings may not be present if 
the cow has just previously been transported 
to a clinic for surgery but they will com¬ 
monly reappear in 24 to 48 hours. Occasion¬ 
ally, careful, repeated, time-consuming 
examinations using percussion and simulta¬ 
neous auscultation are necessary to elicit 
the pings. 

Acute Left Displaced Abomasum 

In rare cases there is initially a sudden onset 
of anorexia accompanied by signs of moder¬ 
ate abdominal pain and abdominal disten¬ 
sion. These are the acute cases, which are 
uncommon. An obvious bulge caused by the 
distended abomasum may develop in the 
anterior part of the upper left paralumbar 
fossa and this may extend up behind the 
costal arch almost to the top of the fossa. The 
swelling is tympanitic and gives a resonant 
note on percussion. In acute cases the tem¬ 
perature may rise to 39.5°C (103°F) and the 
heart rate to 100 beats/min, but in the more 
common subacute cases the temperature and 
pulse rate are normal. The appetite returns 
but is intermittent and selective, with the 
animal eating only certain feeds, particularly 
hay. There may be transitory periods of 
improvement in appetite and disappearance 
of these sounds, especially after transport or 
vigorous exercise. 

Concurrent Perforating Abomasal 
Ulceration 

Perforating abomasal ulceration occurs con¬ 
currently in some cases of LDA, resulting in 
localized peritonitis and pneumoperito¬ 
neum. Affected cattle have the ping over the 
left abdomen typical of an LDA, but a ping 
over both the right and left paralumbar 
fossae caused by pneumoperitoneum is also 
common. Abdominal pain caused by the 
local peritonitis is characterized by tensing of 
the abdominal wall, grunting, and arching of 
the back on deep palpation over the aboma¬ 
sal area. The peritonitis is associated with a 
fever. The prognosis in these cases is 
unfavorable. 

Other Clinical Features 
Ultrasound Examination 

Ultrasound examination can assist in the 
diagnosis of abomasal displacements. In 
cattle with LDA, the abomasum is seen 
between the left abdominal wall and the 
rumen. The LDA contains fluid ingesta ven- 
trally and a gas cap of varying size dorsally. 
Occasionally, the abomasal folds are seen in 
the ingesta. In cattle with AV, the liver is dis¬ 
placed medially from the right abdominal 


wall by the abomasum, which has an ultra¬ 
sonographic appearance similar to that 
described for left displacement. Whether the 
liver is displaced or not is an important com¬ 
ponent of differentiating an RDA (liver not 
displaced) from an AV (liver displaced). 

Rectal Examination 

On rectal examination a sense of emptiness 
in the upper right abdomen may be appreci¬ 
ated. The rumen is usually smaller than 
expected and displaced to the right of the 
midline in cattle with a large LDA. Only 
rarely is the distended abomasum palpable to 
the left of the rumen, and in these circum¬ 
stances usually it is a small cow, a large LDA, 
and a small rumen. Occasionally, there is 
chronic ruminal tympany. 

Secondary Ketosis and 
Hepatic Lipidosis 

Cows in fat body condition at parturition 
commonly have severe ketosis and the fat 
mobilization syndrome secondary to LDA. 
The disease can be fatal unless aggressively 
treated. 

Atrial Fibrillation 

A paroxysmal atrial fibrillation is present in 
some cases, which is considered to be caused 
by a concurrent hypochloremic, hypokale¬ 
mia metabolic alkalosis. Following surgical 
correction and normalization of acid-base 
and electrolyte abnormalities, the arrhyth¬ 
mia usually disappears within 5 days. 

Course of Left-Side Displacement of 
the Abomasum 

The course of an LDA is highly variable. 
Undiagnosed cases usually reach a certain 
level of inanition and may remain at an equi¬ 
librium for several weeks or even a few 
months. Milk production decreases to a 
small volume and the animal becomes thin, 
with the abdomen greatly reduced in size. 

Unusual Cases of Left-Side 
Displacement 

Occasional cases occur in cows that are clini¬ 
cally normal in all other respects. In one 
case, a cow had an LDA, which was con¬ 
firmed at necropsy, for 1.5 years, during 
which time she calved twice and ate and pro¬ 
duced milk normally. 

Left-Side Displacement of the 
Abomasum in Calves 

In calves, the clinical findings include inap¬ 
petence, reduced weight gain, recurrent dis¬ 
tension of the left paralumbar fossa and a 
metabolic ping, and fluid-splashing sounds 
on auscultation and percussion of the left 
flank. 

CLINICAL PATHOLOGY 
Hemogram 

There are no marked changes in the hemo¬ 
gram unless there is concurrent disease, 





507 


Diseases of the Abomasum 


particularly metritis, mastitis, or pneumonia. 
There is usually a mild hemoconcentration 
evidenced by elevations of the packed cell 
volume (PCV), hemoglobin, and total serum 
protein. 

Serum Biochemistry 

A mild metabolic alkalosis with slight hypo- 
chloremia and hypokalemia are usually 
present. A moderate to severe ketonuria is 
always present, but the plasma glucose con¬ 
centration is usually within the normal range 
or elevated. Ketosis is the most common 
complication of LDA and severe cases of 
ketosis are commonly accompanied by fatty 
liver. The serum activity of AST and 
P-hydroxybutyrate can be measured in 
dairy cows during the first and second weeks 
after parturition as possible tests to predict 
the subsequent diagnosis of LDA. Serum 
AST activity between 100 and 180 U/L and 
serum p-hydroxybutyrate concentration 
between 1.0 and 1.6mmol/L were associated 
with increased odds ratio and likelihood 
ratio of LDA. 

In cows with fatty liver, plasma lipopro¬ 
tein concentrations are decreased. Cows with 
LDA may have varying degrees of fatty liver. 
Fat degeneration is present in liver biopsy 
samples from 55% of cows with LDA. In 
some cows with LDA, liver biopsies found 
31% fat infiltration and in those same 
animals, serum AST and y-glutamyl transfer¬ 
ase activities were increased. In addition to 
those of lipoprotein lipids, concentrations of 
apolipoprotein B-100 (apo-100), the major 
apoprotein in very low-density lipoproteins 
and low-density lipoproteins, and apolipo¬ 
protein A-l (apoA-1), the predominant 
protein constituent of high-density lipopro¬ 
tein, are reduced in cows with fatty liver. 
Decreased serum concentrations of apo-100 
and apoA-I occur in cows with ketosis and 
LDA and may be used during the stages of 
nonlactation and early lactation to predict 
cows susceptible to ketosis and LDA. Dairy 
cows with LDA also have low plasma and 
liver a-tocopherol content, and plasma 
vitamin E concentrations may decrease in 
cows with increased liver triglyceride 
content. 

A mild hypocalcemia is usually present, 
but parturient hypocalcemia is uncommon. 

The acute phase reactants Serum Amyloid 
A (SAA) and haptoglobin are increased in 
dairy cows with LDA. 16 ' 17 This does not nec¬ 
essarily reflect the presence of an inflamma¬ 
tory condition, because cows with LDA have 
mild to moderate hepatic lipidosis, based on 
a liver fat percentage of 9%, and SAA and 
haptoglobin concentrations are most strongly 
associated with liver fat percentage. 16 
Ghrelin, motilin, and gastrin are gastro¬ 
intestinal motility hormones that have an 
increased serum concentration in cattle with 
LDA. 18 The increase in ghrelin concentration 
may reflect decreased feed intake or the pres¬ 
ence or a partial obstruction to abomasal 


emptying. The increase in motilin concentra¬ 
tion may also be related to a partial obstruc¬ 
tion to abomasal emptying. Finally, 
hypergastrinemia is most likely from the 
presence of abomasal distension. 

Cowside Tests of Blood 
|3-Hydroxybutyrate Concentration 
and Urinary Ketones 
For urine ketones the Ketostix (urine 
nitroprusside strip detecting acetoacetate) is 
used routinely to provide a cost-effective 
method to detect subclinical ketosis. For 
more details on testing for ketosis please read 
the ketosis section in Chapter 17. Blood (}- 
hydroxybutyrate tests are available using a 
point of care device and whole blood. Milk 
ketone tests are not as clinically useful as 
urine or blood ketone tests and are now 
rarely used. 

Peritoneal Fluid Analysis 

The peritoneal fluid in dairy cattle with LDA 
is within reference limits, although the mean 
fibrinogen concentration is increased rela¬ 
tive to controls. 19 This change is consistent 
with fibrin deposition on parts of the dis¬ 
placed abomasum; fibrin deposition is par¬ 
ticularly evident on the cranial aspect of the 
pyloric antrum within 1 to 2 cm of the 
pylorus. 

Abomasocentesis 

Centesis of the displaced abomasum through 
the 10th or 11th intercostal space in the 
middle third of the left abdominal wall may 
reveal the presence of fluid with no protozoa 
and a pH of 2. Ruminal fluid will have 
protozoa and a pH of between 6 and 7. Fluid 
is not always present in appreciable quantity 
in the abomasum and a negative result 
on puncture cannot be interpreted as 
eliminating the possibility of abomasal 
displacement. 

NECROPSY FINDINGS 

The disease is not usually fatal but carcasses 
of affected animals are sometimes observed 
at abattoirs. The displaced abomasum is 
trapped between the rumen and the ventral 
abdominal floor and contains variable 
amounts of fluid and gas. In occasional cases, 
it is fixed in position by adhesions, which 
usually arise from a perforated abomasal 
ulcer with local peritonitis. Fatty liver is 
common in cows that died from complica¬ 
tions of LDA within a few days of parturition 
or following surgery. 


DIFFERENTIAL DIAGNOSIS 


Left-side displacement of the abomasum is 
most common in cows within 2 weeks of 
parturition and is characterized by gauntness, 
a relatively slab-sided left abdomen, and 
secondary ketosis. The characteristic pings can 


usually be elicited by percussion and 
auscultation. The presence of secondary 
ketosis in a cow immediately after parturition 
should arouse suspicion of the disease. 

Primary ketosis usually occurs in high- 
producing cows 2-6 weeks after parturition. 
The response to treatment of primary ketosis 
is usually permanent when treated early, 
whereas the response to treatment of the 
ketosis because of left-displaced abomasum is 
temporary and a relapse in a few days is 
common. 

Left-side displacement of the 
abomasum must be differentiated from those 
common diseases of the forestomach and 
abomasum that cause inappetence to 
anorexia, ketosis, reduced or abnormal 
reticulorumen motility, and abnormal sounds 
on percussion and auscultation of the left 
abdomen. 

Common differentials 

• Simple indigestion is characterized by 
normal vital signs, inappetence to anorexia, 
history of change of feed, reduced milk 
production, a relatively full rumen with 
reduced frequency and intensity of 
contractions, the absence of pings, and 
spontaneous recovery in 24 h. 

• Primary ketosis is characterized by 
inappetence, decline in milk production, 
strong ketonuria, normal vital signs, full 
rumen with reduced frequency and 
intensity of contractions, dry but normal 
amount of feces, and response to therapy 
with dextrose and propylene glycol in 
12-24 h. 

• Traumatic reticuloperitonitis in its acute 
form is characterized by ruminal stasis, mild 
fever, a grunt on deep palpation over the 
xiphoid sternum, and a slight neutrophilia 
with a regenerative left shift. However, in 
subacute and chronic traumatic 
reticuloperitonitis a painful grunt may be 
absent, the temperature and hemogram 
may be normal, and on auscultation and 
percussion the atonic rumen may be 
mistaken for a left-displaced abomasum. 
The tympanitic sounds of an atonic rumen 
occur over a larger area than with 
left-displaced abomasum and are not as 
high-pitched as those of left-displaced 
abomasum—they have been called 
"pungs." An exploratory laparotomy 

may be necessary to distinguish between 
the two, although laparoscopy, 
ultrasonography, and abdominocentesis are 
alternatives. 

• Vagal indigestion is characterized by 
progressive abdominal distension caused by 
a grossly distended rumen with or without 
an enlarged abomasum; it is more common 
before parturition. Dehydration is also 
common. 

• Fat cow syndrome at parturition is 
characterized by excessive body condition, 
inappetence to anorexia, ketonuria, and 
reduced to absent reticulorumen motility, 
but there are usually no pings over the 
rumen. 
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TREATMENT 

Surgical correction is now commonly prac¬ 
ticed and several techniques have been 
devised with emphasis on avoidance of 
recurrence of the displacement. 20 There is 
one report of a 93% cure rate at 1 week in 72 
cattle with LDA by rolling the cow and then 
performing moxibustion (acupuncture with 
heating of selected acupoints). 21 

Open Surgical Techniques 

The right paralumbar fossa omentopexy is 

the most widely used means of correcting left 
displacement of the abomasum. The right 
paralumbar fossa omentopexy is popular 
because the animal is standing, an excellent 
exploratory laparotomy can be performed, 
and the surgeon can work alone without 
assistance. More skill is required than for the 
right paramedian abomasopexy. Right para¬ 
median abomasopexy is technically simpler 
but is declining in popularity. The major dis¬ 
advantages with this procedure are the cow is 
placed in dorsal recumbency, which increases 
the potential for aspiration pneumonia, and 
the number of people required to restrain the 
animal in this position. An additional disad¬ 
vantage is that the ventral incision in cows 
with right paramedian abomasopexy appears 
to be painful to the cow when in sternal 
recumbency, leading to an increase in stand¬ 
ing time postoperatively compared with right 
flank omentopexy. 22 A left flank abomaso¬ 
pexy can also be performed with the cow in a 
standing position, but this technique requires 
an assistant and should only be used in cattle 
with a prominent LDA ping. 

Laparoscopic Techniques 

Two laparoscopic techniques have been 
developed, a two-step (Janowitz) method 
and a one-step method. 22 ' 24 The main advan¬ 
tage of these methods are their minimally 
invasive nature. Abomasal emptying rate is 
faster immediately after laparoscopy-guided 
abomasopexy than after omentopexy via 
right flank laparotomy. 25 Rumen contraction 
rate and milk yield increased more quickly 
after laparoscopy-guided abomasopexy, 
compared with values obtained after omen¬ 
topexy. 25 Moreover, there is less muscle 
damage with laparoscopic surgery based on 
postoperative increases in creatine kinase 
activity, relative to right flank laparotomy 
and omentopexy or left flank laparotomy and 
omentopexy. 26 As a consequence, some pro¬ 
ducers prefer the laparoscopic technique 
because cows more rapidly return to full 
appetite and expected milk production. The 
laparoscopic techniques require at least one 
assistant and expensive laparoscopic equip¬ 
ment and are most frequently performed in 
northern Europe. 

Closed Suture Techniques 

A few closed suturing abomasopexy tech¬ 
niques have been advocated because they are 
rapid and inexpensive, but the complications 


that can occur indicate that laparotomy and 
omentopexy are desirable. In the blind suture 
technique, the precise location of insertion of 
the sutures is unknown. Complications 
include peritonitis, cellulitis, abomasal dis¬ 
placement or evisceration, complete fore¬ 
stomach obstruction, and thrombophlebitis 
of the subcutaneous abdominal vein. The 
roll-and-toggle-pin suture, a modification of 
the closed suture technique, is also available 
and has the advantage that the abomasum is 
identified by the presence of abomasal gas 
(burnt almond spell). Closed suture tech¬ 
niques are associated with higher culling 
rates at 14 and 60 days (10% and 20%, 
respectively) than surgical correction by a 
flank incision with the cow in a standing 
position (3% and 7%, respectively). 2. As a 
consequence, closed suture techniques are 
not recommended for cattle that are expected 
to be retained in the milking herd. 

Prokinetic and Analgesic 
Administration 

As expected, abomasal emptying is slower in 
dairy cows with LDA than healthy cows at 
the same stage of lactation. An interesting 
finding is that the abomasal emptying rate is 
further reduced immediately after surgical 
correction of LDA via right flank laparotomy 
and omentopexy. 1 This finding suggests that 
the postoperative course may be improved by 
the administration of a prokinetic, which is 
a therapeutic agent that stimulates, coordi¬ 
nates, and restores gastrointestinal motility. 

The results of clinical trials and experi¬ 
mental studies indicate that the most effec¬ 
tive prokinetic for abomasal hypomotility in 
cattle is erythromycin (8.8-10 mg/kg, intra¬ 
muscularly). Cows treated with the motilin 
agonist erythromycin (10 mg/kg, intramus¬ 
cularly) once before surgery had an increased 
rate of abomasal emptying immediately after 
surgery and greater milk production on 
postoperative days 1 and 2 than did control 
cows. This provides strong support for the 
routine administration of prokinetic agents 
in the immediate postoperative period. 28 The 
prokinetic effect of erythromycin is suffi¬ 
ciently strong to warrant a clinical trial of its 
use in the medical treatment of LDA in con¬ 
junction with rolling the cow and reposition¬ 
ing the abomasum to the ventral midline. 
Four other macrolides (spiramycin, tilmico- 
sin, tulathromycin, and tylosin) are also 
effective prokinetic drugs in healthy rumi¬ 
nants, 29 but their motility-promoting effects 
are milder than erythromycin and have not 
been proven in a clinical trial of diseased 
cattle to be clinically significant. Parenteral 
administration of erythromycin and other 
macrolides as prokinetic agents constitutes 
extralabel drug use. It is clearly inappropriate 
to administer an antimicrobial for a nonan¬ 
timicrobial effect (such as increasing aboma¬ 
sal emptying rate) because such use may 
unnecessarily promote the development of 
antimicrobial resistance. 


The available evidence indicates that the 
direct acting parasympathomimetic agent 
bethanechol (0.07 mg/kg subcutaneously) 
can result in a general increase in gastro¬ 
intestinal tract tone, which may not necessar¬ 
ily facilitate abomasal emptying. In fact, a 
generalized increase in intestinal smooth 
muscle tone may impede abomasal emptying 
in ruminants administered an effective pro¬ 
kinetic agent. Parasympathomimetics cannot 
be currently recommended as prokinetic 
agents in promoting abomasal motility 
because of the lack of controlled clinical trials 
demonstrating their effectiveness. Calcium 
and potassium are likely to be effective proki¬ 
netic agents in cattle with marked hypocalce¬ 
mia and hypokalemia, respectively. The 
available evidence indicates that metoclo- 
pramide is not an effective prokinetic drug in 
cattle, and its use cannot be recommended. 

Postoperative administration of the non¬ 
steroidal antiinflammatory agent ketoprofen 
(3 mg/kg BW intramuscularly at the end of 
surgery and 24 hours later) did not alter 
heart rate and rumen motility or blood 
p-hydroxybutyrate concentrations. 30 The 
nonsteroidal antiinflammatory agent flunixin 
meglumine (2.2 mg/kg BW intravenously) 
once immediately before surgery increased 
the rumen contraction rate on day 1 after 
surgery compared with untreated animals. 28 
The results of other clinical trials indicate that 
flunixin meglumine is not an effective treat¬ 
ment for abomasal hypomotility. 

Survivorship Following Surgery to 
Correct Left-Side Displacement of 
the Abomasum 

In a series of 564 cases of displaced aboma¬ 
sum (466 LDA and 98 RDA), survival after 
surgery was evaluated after 10 days and 15 
months. More LDA than RDA cows were 
discharged as cured (82% versus 74%). 
However, survival after the early postsurgical 
period was similar for RDA and LDA cows. 
In LDA cows, the factors associated with a 
favorable prognosis were a short duration of 
disease; an undisturbed general condition; 
good appetite; normal feces; a higher BW; 
lower hematocrit, hemoglobin, and erythro¬ 
cyte counts; lower urea and bilirubin concen¬ 
trations and AST activity; and higher serum 
sodium, potassium, and chloride concentra¬ 
tions compared with cows with an unfavor¬ 
able prognosis. A thorough clinical and 
laboratory examination with special empha¬ 
sis on general physical condition, liver func¬ 
tion, and dehydration status are important in 
determining the prognosis of abdominal 
surgery in LDA. 

Longevity in the herd at 1 year following 
corrective surgery is associated with higher 
blood P-hydroxybutyrate and serum magne¬ 
sium concentrations at the time of surgery. 51 

Treatment of Ketosis 

Parenteral dextrose and oral propylene glycol 
are necessary for treatment of the ketosis and 
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to avoid fatty liver as a complication. Post- 
surgical convalescence of cows with LDA is 
clearly related to disturbances in energy 
metabolism and fatty liver. During convales¬ 
cence, in cows with no fatty liver or moderate 
fatty liver, the feed intake and daily milk pro¬ 
duction increases steadily. In cows with 
severe fatty liver, feed intake remains low. 
This emphasizes the need for effective treat¬ 
ment of excessive lipomobilization, ketosis, 
and fatty liver along with surgical correction 
of the LDA. All cases of LDA should be cor¬ 
rected as soon as possible to minimize the 
incidence of peritoneal adhesions and 
abomasal ulcers, which may perforate and 
cause sudden death. 

Rumen Transfaunation Following 
Surgery for Left-Side Displacement 
of the Abomasum 

The administration of 10 L of rumen fluid 
via a stomach tube immediately after surgical 
correction of an LDA, and on the next day, 
resulted in a beneficial effect characterized 
by a greater feed intake, less degree of keto- 
nuria, and higher milk yield compared with 
control cows given water. This technique is 
covered in more detail in the section in this 
chapter on acute ruminal acidosis. 

CONTROL 

The transition period occurring 2 to 3 weeks 
before and after calving is a major risk period 
in the etiology of LDA. The prepartum 
depression of dry matter intake and the slow 
postpartum increase in dry matter intake are 
risk factors causing lower ruminal fill, 
reduced forage to concentrate ratios (in non¬ 
total mixed ration feeding systems), and 
increased incidence of other postpartum dis¬ 
eases. Retained fetal membranes, metritis, 
and either clinical or subclinical ketosis and 
hypocalcemia are probable risk factors for 
LDA. Excessive amounts of concentrate, or 
too rapid an increase in concentrate feeding 
during the peripartum period, increases the 
risk of LDA, because higher volatile fatty acid 
concentration in the abomasal contents leads 
to decreased abomasal motility and empty¬ 
ing and excess gas in the abomasum. (See 
further details of importance of crude fiber 
in the rumen and its effect on the abomasum 
under Pathogenesis.) 

Prepartum Nutrition and 
Management 

Reduction of the incidence of LDA in a dairy 
herd can be achieved by optimal nutrition 
and management during the dry period. The 
following principles are important: 

• Avoid a negative energy balance 
prepartum by avoiding overconditioning 
and by providing optimal feed 

bunk management to cows in late 
gestation. 

• Feed some concentrates before calving 
to ensure development of ruminal 
papillae. 


• Maximize dry matter intake in the 
immediate postpartum period. 

• Ensure palatable feed and water are 
available to periparturient cows at all 
times. 

• Feed bunk management must ensure 
that cows have adequate access to fresh 
feed at all times to maximize dry matter 
intake in late pregnancy and thus 
improve energy balance. 

• Energy density of prepartum diets 
should not exceed 1.65 Meal of NE/kg 
of dry matter. 

Every effort should be made to minimize 
dietary alterations near parturition that 
could result in indigestion. The amount of 
grain and corn (maize) silage fed prepartum 
should be kept at a minimum, whereas other 
forages are fed ad libitum. 

Several experiments have shown no 
response in production to feeding large 
quantities of grain or concentrates (lead 
feeding) before parturition when cows were 
in good condition at drying-off and were fed 
well following parturition. Consequently, 
there seems little reason to continue the 
practice of “steaming-up” cows before 
parturition. 

Crude Fiber Intake 

Ensuring an adequate intake of a high-fiber 
diet to dairy cows during the “far-off” and 
“close-up” periods in late pregnancy and the 
immediate “postfreshening” period is of 
critical importance to the prevention of this 
disease. The high-fiber diet will physically 
expand the rumen and provide a barrier 
against abomasal migration. The basic prin¬ 
ciple is to maintain adequate ruminal filling 
before and after calving. This requires careful 
analysis and implementation of the dry cow 
feeding program. Readers are referred to 
National Research Council (2001; see Further 
Reading literature) for details on feeding 
programs for dairy cattle. 

The emphasis in the dry cow feeding 
program must be on increasing dry matter 
intake, increasing particle length, and effec¬ 
tive fiber content of the ration. Feeding a 
high-roughage diet is consistent with one of 
the most commonly recommended and suc¬ 
cessful management strategies for minimiz¬ 
ing LDA during the postparturient period. 
This means ensuring adequate fiber content 
of at least 17%. An adequate level of fiber will 
also aid in the control of SARA, which may 
occur when dairy cows are fed grain in the 
latter part of the dry period in preparation 
for lactation. 

Monensin in Controlled-Release 
Capsule Prepartum 

Monensin is an ionophore antibiotic that 
alters volatile fatty acid production in the 
rumen in favor of propionate, which is a 
major precursor for glucose in the rumi¬ 
nant. A monensin controlled-release capsule 
is available as an aid in the prevention of 


subclinical ketosis in lactating dairy cattle. 
The device delivers 335 mg of monensin per 
day for 95 days. A monensin controlled- 
release capsule has been shown to decrease 
the incidence of subclinical ketosis, dis¬ 
placed abomasum, and multiple illnesses 
when administered to dairy cows 3 weeks 
before calving. It is likely that these effects 
on clinical health are mediated by improved 
energy balance in monensin-supplemented 
cows. There are improvements in energy 
indicators such as increased glucose 
and decreased p-hydroxybutyrate after 
calving. 

The administration of a monensin 
controlled-release capsule to cows 3 weeks 
prepartum significantly decreased NEFA 
and p-hydroxybutyrate and significantly 
increased concentrations of serum choles¬ 
terol and urea in the week immediately pre¬ 
calving. No effect of treatment was observed 
for calcium, phosphorus, or glucose in the 
precalving period. After calving, concentra¬ 
tions of phosphorus were lower and 
p-hydroxybutyrate tended to be lower, and 
cholesterol and urea were higher in monensin- 
treated cows. There was no effect of treatment 
on NEFA, glucose, or calcium in the first week 
after calving. Monensin treatment adminis¬ 
tered precalving significantly improved indi¬ 
cators ofenergybalanceinboththeimmediate 
precalving and postcalving periods. The prev¬ 
alence of subclinical ketosis as measured by 
cowside tests was lower in monensin-treated 
cows. These findings indicate more effective 
energy metabolism in monensin-treated 
cows as they approach calving, which is 
important for the prevention of retained pla¬ 
centa, clinical ketosis, and displaced aboma¬ 
sum. Generally, a 40% reduction in both LDA 
and clinical ketosis can be expected with pre- 
calvingadministrationofmonensincontrolled- 
release capsules. In addition, a 25% decrease 
in retained placenta may occur. 

Genetic Selection 

LDA is a moderately heritable trait; therefore 
the incidence of LDA should be lowered by 
genetic selection. It is likely that genetic tests 
will be developed for the SNPs associated 
with LDA, and that a test and cull approach 
will be used for bulls extensively used in arti¬ 
ficial insemination programs. 


TREATMENT AND CONTROL 


Treatment 

Perform open or closed (blind) surgical 
techniques to replace and secure the 
abomasum in a normal position (R-1) 

Treat concurrent diseases such as ketosis, 
metritis, and mastitis (R-1) 

Return acid-base, electrolyte, and hydration 
status to normal (R-1) 

Continued 
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Control 

Avoid negative energy balance prepartum 

(R-D 

Avoid overconditioning in prepartum (R-1) 

Provide optimal feed bunk management (R-1) 

Control milk fever and subclinical 
hypocalcemia (R-1) 

Minimize ketosis and subclinical ketosis in 
periparturient period (R-1) 

Maximize dry matter intake and ensure 
adequate fiber intake in late gestation (R-1) 
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RIGHT-SIDE DISPLACEMENT OF 
THE ABOMASUM AND 
ABOMASAL VOLVULUS 


SYNOPSIS 


Etiology Abomasal atony associated with 
high-level grain feeding. Cause in calves 
unknown. 

Epidemiology Mature dairy cows within a 
few weeks of calving. Abomasal volvulus 
usually preceded by right-side displacement 
of abomasum but not a necessary 
precursor. Occurs in calves spontaneously. 

Signs Inappetence to anorexia, depression, 
absence of rumination, scant abnormal 
feces, distension of right abdomen, ping 
over right flank, fluid-splashing sounds on 
ballottement of right flank, and distended 
abomasum may be palpable rectally. 
Abomasal volvulus manifested by anorexia, 
abdominal pain, tachycardia, absence of 
feces, ping, fluid-splashing sounds, severe 
dehydration and shock, and distended and 
tense abomasum rectally that displaces the 
liver medially. High case-fatality rate unless 
surgically corrected. 

Clinical pathology Hypokalemia, 

hypochloremia, metabolic alkalosis, and 
severe dehydration. 

Lesions Gross distension and/or torsion of 
abomasum. 

Diagnostic confirmation Laparotomy. 

Differential diagnosis 

Dilatation and displacement of abomasum: 
impaction of abomasum in vagal 
indigestion, abomasal ulceration with 
dilatation, and cecocolic volvulus, and 
chronic or subacute traumatic 
reticuloperitonitis. 

Abomasal volvulus: intestinal obstruction 
and acute diffuse peritonitis. 

Pings in right abdomen: Right-side 
displacement of abomasum, abomasal 
volvulus, cecal dilatation, intestinal 
obstruction, dilatation of descending 
colon and rectum, and 
pneumoperitoneum. 

Treatment It is difficult to differentiate right 
displaced abomasum from abomasal 
volvulus. Medical treatment if detected 
early. Deflation of distended abomasum. 
Surgical correction. Fluid and electrolyte 
therapy. Oral fluid and electrolyte therapy. 

Control Nothing reliable. 


ETIOLOGY 

The etiology of RDA is not well understood, 
but it is probably similar to LDA. Abomasal 
atony is thought to be the precursor of dila¬ 
tation and displacement, and consequently 

AV. The cause of the abomasal atony and 
gaseous distension is thought to be related to 
the feeding of grain and the production of 
excessive quantities of gas and volatile fatty 
acids. The dilatation is thought to be the 


result of primary distension of the aboma¬ 
sum occurring because of either obstruction 
of the pylorus or primary atony of the 
abomasal musculature. In adult cattle with 
RDA, there is no obstruction of the pylorus 
and hypomotility of the abomasum seems to 
be the more likely cause, similar to LDA, 
with a full rumen making RDA more likely. 
In calves, there may be an obstruction of the 
pylorus resulting in dilatation. 

EPIDEMIOLOGY 
Occurrence and Incidence 
Lactating Dairy Cows 

Dilatation, RDA, and AV occur primarily in 
adult dairy cows, usually within the 3 to 6 
weeks after calving. The disease is recognized 
with increased frequency because of 
improvements in diagnostic techniques and 
perhaps because more cows are being fed 
intensively for milk production. Incidence 
rates on individual dairy herds are not avail¬ 
able, but based on cases of abomasal disease 
admitted to a veterinary teaching hospital, 
the ratio of AV to LDA was 1 to 7.4. 

Beef Cattle 

Abomasal displacement and volvulus has 
been described in beef cattle breeds from 1 
month to 6 years of age with a median age of 
10 months. The typical case was under 1 year 
of age. 

Calves 

AV occurs in young calves from a few weeks 
of age up to 6 months, usually without a 
history of previous illness, which suggests 
that the cause may be accidental. Abomasal 
bloat occurs in calves with no apparent pre¬ 
disposing cause. 

Mature Bulls and Pregnant Cows 

AV has also occurred in bulls and pregnant 
cows but to a much lesser degree. 

Risk Factors 

There is little information available on the 
epidemiology of RDA and AV. Most of the 
risk factors described for LDA are relevant 
to RDA and AV. The feeding of high levels 
of grain to high-producing dairy cows in 
early lactation is considered to be a major 
risk factor. However, there are no good reli¬ 
able data to support this cause-and-effect 
relationship. Why the disease occurs in a 
small percentage of high-producing dairy 
cattle being fed high-level grain rations 
is unknown. 

When this disease was originally 
described, the incidence appeared to be 
higher in Scandinavian countries. The risk 
factors in those situations were not identi¬ 
fied, but it was thought that indoor winter 
feeding and the shift of the acid-base balance 
to an alkalotic state during the winter months 
might be important factors. In Denmark, the 
ingestion of large quantities of soil particles 
on unwashed root crops used as feed is 
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considered to be significant. This may be the 
reason for the higher incidence of the disease 
in the later part of the winter. However, 
attempts to reproduce the condition by 
feeding large quantities of sand have been 
unsuccessful. Because atony is often associ¬ 
ated with vagal indigestion, a relationship 
between the two has been suspected, but 
there are usually no lesions affecting the 
reticulum or vagus nerves. 

A hospital-based epidemiologic study of 
the risk factors for AV and FDA was per¬ 
formed using the medical record abstracts 
derived from the veterinary teaching hospi¬ 
tals of 17 North American veterinary schools. 
The risk for AV increased with increasing 
age, with a greater risk in dairy cows 4 to 7 
years of age. Dairy cattle were at a much 
higher risk than beef cattle. Approximately 
28% of cases of AV occurred within the 
first 2 weeks and 52% within 1 month follow¬ 
ing parturition. This indicates that propor¬ 
tionately fewer cases of AV than left 
displacement occur during the first 2 weeks 
following parturition. The hospital case- 
fatality rate for AV and LDA was 24% and 
6%, respectively. 

It is currently thought that abomasal 
atony is a prerequisite for the development of 
right-side displacement and AV, and that fol¬ 
lowing parturition the abdominal void and 
decreased rumen volume facilitates such 
development. The direction of the displace¬ 
ment could be influenced predominantly by 
the volume of the forestomach. Immediately 
after parturition, displacement occurs to 
the left because of a reduction in the size of 
the rumen volume. Several weeks later the 
dilated abomasum moves caudally and dor- 
sally in the right abdomen because the 
volume of the forestomach is much larger, 
providing an effective barrier (rumen 
barrier). 

AV has also occurred following correc¬ 
tion of LDA by casting and rolling. 

PATHOGENESIS 

Definition of Right Displaced 

Abomasum and Abomasal Volvulus 

Many of the reports related to RDA and AV 
are confusing because they lack a clear case 
definition. The following definition was pro¬ 
posed in 1991 and should be used as the 
standard definition for different clinical enti¬ 
ties or departures from this definition. 

The following criteria should be used 
to differentiate four abomasal conditions, 
namely RDA, AV, omaso-abomosal volvulus 
(OAV), and reticuloomaso-abomosal volvu¬ 
lus (ROAV). RDA is diagnosed when (1) a 
distended viscus (abomasum) is in the right 
cranial abdominal quadrant without dis¬ 
placement of the liver, such that the dia¬ 
phragmatic surface of the liver still contacts 
the right abdominal wall; (2) the serosal 
surface of the abomasum visible through the 
incision may or may not be covered by 
omentum, depending on the nature of the 


displacement; (3) a firm twist is not palpated 
at either the omasal-abomasal or reticuloo- 
masal junction; and (4) clockwise rotation of 
the abomasum is not observed from the right 
side of the animal during gas decompression, 
but it is observed when looking from behind 
the animal. AV is diagnosed if (1) a dis¬ 
tended viscus (abomasum) is identified in 
the right cranial abdominal quadrant dis¬ 
placing the liver medially, such that the dia¬ 
phragmatic surface of the liver no longer 
contacts the right abdominal wall; (2) the 
serosal surface of the abomasum visible 
through the incision is not covered by 
omentum; (3) a firm twist is palpated, pri¬ 
marily involving the omasal-abomasal junc¬ 
tion; and (4) surgical correction required 
clockwise rotation of the abomasum when 
viewed from the right side of the animal. 
OAV was diagnosed if Conditions (1) and (2) 
for AV are true and (3) a firm twist is pal¬ 
pated and determined to be located primar¬ 
ily at the reticuloomasal junction; (4) the 
omasum is ovoid or partially flattened 
instead of being spherical; and (5) surgical 
correction requires clockwise rotation of 
both the abomasum and omasum when 
viewed from the right side of the animal. 
ROAV is very rare and is most accurately 
diagnosed at necropsy; a diagnosis includes 
Conditions (1) and (2) for AV, as well as the 
presence of a firm twist located primarily at 
the reticuloomasal junction and a flattened 
omasum. 1 

Dilatation and Displacement Phase 

In RDA, abomasal atony occurs initially, 
resulting in the accumulation of fluid and gas 
in the viscus leading to gradual distension 
and displacement in a caudal and dorsal 
direction on the right side (dilatation phase). 
This is best appreciated as a counterclock¬ 
wise rotation of the abomasum as viewed 
from behind the cow and is therefore a 
mirror image of LDA. During the dilatation 
phase, which commonly extends over several 
days, there is continuous secretion of hydro¬ 
chloric acid, sodium chloride, and potassium 
into the abomasum, which becomes gradu¬ 
ally distended and does not evacuate its con¬ 
tents into the duodenum. This leads to 
dehydration and metabolic alkalosis with 
hypochloremia and hypokalemia. These 
changes are typical of a functional obstruc¬ 
tion of the upper part of the intestinal tract 
and occur in experimental RDA and experi¬ 
mental obstruction of the duodenum in 
calves. An RDA is a surgical emergency 
because the abomasum is unstable and can 
quickly move into an AV. 

Volvulus Phase 

Following the dilatation and displacement 
phase, the distended abomasum may twist in 
a clockwise (viewed from the right side) 
direction in a vertical plane around a hori¬ 
zontal axis passing transversely across the 
body in the vicinity of the omaso-abomasal 


orifice. The volvulus will usually be of the 
order of 180° to 270° and causes a syndrome 
of acute obstruction with local circulatory 
impairment and ischemic necrosis of the 
abomasum. Abomasal volvulus is the correct 
term; use of the term abomasal torsion is 
discouraged because a torsion is a twist along 
the longitudinal axis and an AV has a twist 
along its longitudinal axis as well as a mes¬ 
enteric axis. 

The abomasal luminal pressure in natu¬ 
rally occurring AV is increased (median 
12 mmHg; range 4-32 mm Hg). Increased 
luminal pressure in AV could cause mucosal 
injury by local vascular occlusion and affect 
the prognosis. Among cattle with AV, the 
abomasal luminal pressure was significantly 
higher in those that died or were sold fol¬ 
lowing surgery (median 21 mmHg) than 
in cattle that recovered and were retained 
in the herd (median 11 mmHg). Calcula¬ 
tion of likelihood ratios suggests that select¬ 
ing cattle with a value of 16 mmHg for 
luminal pressure optimized the distribution 
of cattle into productive and nonproductive 
groups. 

The abomasal luminal gas pressure and 
volume were higher in cattle with an AV than 
in cattle with an LDA. As luminal gas pres¬ 
sure increases, abomasal perfusion decreases, 
resulting in varying degrees of ischemia to 
the abomasal mucosa. In cows with an AV, 
L-lactate concentration in the gastroepiploic 
vein was greater than that in the jugular vein, 
whereas no difference in L-lactate concentra¬ 
tions was detected in cows with an LDA. This 
indicates that cattle with a large and tensely 
distended abomasum associated with a vol¬ 
vulus or LDA should have the viscus decom¬ 
pressed as soon as possible to minimize the 
potential for ischemia-induced injury to the 
abomasal mucosa, which may result in ulcers 
and perforations. 

Up to 35 L of fluid may accumulate in the 
dilated abomasum of a mature 600-kg cow, 
resulting in dehydration, which will vary 
from 5% to 12% of BW. In uncomplicated 
cases, there is only slight hemoconcentration 
and a mild electrolyte and acid-base imbal¬ 
ance, with moderate distension of the 
abomasum. These cases are reversible with 
fluid therapy. In complicated cases there is 
severe hemoconcentration, hypovolemia, 
and dehydration and marked metabolic alka¬ 
losis with a severely distended abomasum. 
The degree of dehydration is a reliable pre¬ 
operative prognostic aid. The hypovolemia, 
compression of the caudal vena cava, and 
stimulation of the sympathetic nervous 
system in response to distension and twisting 
of the abomasum results in tachycardia, 
which is also a reliable preoperative prognos¬ 
tic aid. 

In cattle with severe and prolonged AV, a 
metabolic acidosis may develop and be 
superimposed on the metabolic alkalosis, 
leading to a low base excess concentration of 
extracellular fluid. In experimental disease in 
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sheep, the metabolic acidosis observed ter¬ 
minally was associated with an increase in 
plasma L-lactate concentration probably 
caused by hypovolemic shock and anaerobic 
metabolism. These severe cases require 
surgery and intensive fluid therapy. A para¬ 
doxical aciduria may occur in cattle affected 
with metabolic alkalosis associated with 
abomasal disease. This is most likely caused 
by the concurrent presence of dehydration 
and the need for sodium retention (hence 
low urine sodium concentration), hypokale¬ 
mia and the need for potassium retention 
(hence the low urine potassium concentra¬ 
tion), and hypochloremia, with the net result 
a decrease in urine strong ion difference and 
therefore urine pH. 2 

Postsurgical Complication in 
Right-Side Displacement of the 
Abomasum or Abomasal Volvulus 

The postoperative survival rate of cattle with 
AV was 87% and that of OAV was 55% in one 
case series. The postoperative survival rate of 
cattle with ROAV is likely to be 0%. Part of 
the difference in survival rate is caused by the 
magnitude and severity of the ischemic 
damage to the abomasal wall, and some cases 
may be caused by excessive stretching to the 
vagus nerve as it courses around the medial 
aspect of the reticulum. Affected cattle may 
exhibit clinical signs consistent with vagal 
indigestion syndrome; however, necropsy 
examination of these animals usually dem¬ 
onstrates the presence of thrombosis, aboma¬ 
sal wall necrosis, and peritonitis. 

CLINICAL FINDINGS 

Right Displaced Abomasum and 

Abomasal Volvulus (Adult Cattle) 

In right-side dilatation and displacement 
there is usually a history of calving within 
the last few weeks with inappetence and 
decreased milk production; the feces are 
reduced in amount and are abnormal. The 
cow may have been treated for an uncertain 
disorder of the digestive tract within the last 
several days and in many instances the clini¬ 
cal signs are identical to those for LDA, 
except that the ping detected during simul¬ 
taneous percussion and auscultation is 
located on the right side instead of the left 
side. Percussion and simultaneous auscul¬ 
tation over the right middle to upper third 
of the abdomen commonly elicits a charac¬ 
teristic high-pitched ping with variable 
fluid splash The ping rarely extends to the 
eighth rib because a ping in this location 
indicates displacement of the liver medially 
by a distended viscus (the abomasum), 
meeting the case definition for AV. 

AV usually develops several days after the 
onset of dilatation of the abomasum, but it is 
usually not possible to distinguish precisely 
the stages of the disease. However, in AV that 
consists of a continuum of clinical signs, it is 
helpful to identify early and advanced cases. 
In early cases there is usually depression, 


dehydration, no interest in feed, perhaps 
increased thirst, and sometimes muscular 
weakness. Affected cows will commonly sip 
water continuously. The temperature is 
usually normal, the heart rate will vary from 
normal to 100 beats/min, and the respira¬ 
tions are usually within the normal range. 
The mucous membranes are usually pale and 
dry. The reticulorumen is atonic, and the 
rumen contents (the rumen pack) feel exces¬ 
sively doughy. The distended abomasum 
may be detectable as a tense viscus on palpa¬ 
tion immediately behind and below the right 
costal arch. Ballottement of the middle third 
of the right lateral abdomen immediately 
behind the right costal arch along with 
simultaneous auscultation will reveal fluid- 
splashing sounds, suggesting a fluid-filled 
viscus. In many cases the dilatation contin¬ 
ues and after 3 to 4 days the abdomen is 
visibly distended on the right side and the 
abomasum can be palpated on rectal exami¬ 
nation. It may completely fill the right lower 
quadrant of the abdomen and feel tense and 
filled with fluid and gas. 

The clinical findings are usually much 
more severe in advanced cases of AV. The 
abdomen is visibly distended, depression 
and weakness are marked, dehydration is 
obvious, the heart rate is 100 to 120 beats/ 
min, and respirations are increased. Recum¬ 
bency with a grossly distended abdomen and 
grunting may occur and represents a poor 
prognosis. A rectal examination is very 
important at this stage. In the early stage the 
partially distended abomasum may be pal¬ 
pable with the tips of the fingers in the right 
lower quadrant of the abdomen. It may not 
be palpable in large cows. In the advanced 
stage, the distended tense viscus is usually 
palpable in the right abdomen anywhere 
from the upper to the lower quadrant and 
there is prominent fluid splash on 
succussion. 

The feces are usually scant, soft and dark 
in color, and become bloodstained or melenic 
in the ensuing 48 hours if the cow lives long 
enough. The soft feces must not be mistaken 
for diarrhea, as is commonly done by the 
owner of the animal. Cattle with AV that is 
not surgically corrected will become recum¬ 
bent and death usually occurs in 48 to 96 
hours from shock and dehydration. Rupture 
of the abomasum may occur and cause 
sudden death. 

Acute Abomasal Volvulus (Calves) 

In calves with acute AV, there is a sudden 
onset of anorexia, acute abdominal pain with 
kicking at the belly, depression of the back, 
bellowing, and straining. The heart rate is 
usually 120 to 160 beats/min, the abdomen 
is distended and tense, and auscultation 
and percussion over the right abdomen 
reveals distinct high-pitched pings. Palpa¬ 
tion behind the right costal arch reveals a 
tense viscus that is painful on even moderate 
palpation. 


Postsurgical Complication in 
Abomasal Volvulus 

The most frequent complication encoun¬ 
tered following surgical correction of RDA 
and AV resembles vagal indigestion, which 
occurs in 14% to 21% of cases. The case- 
fatality rate of cattle exhibiting postoperative 
signs consistent with vagal indigestion is 
high, with only 12% to 20% of affected 
animals returning to normal production. In 
affected cattle, there is ruminal distension, 
rumen hypermotility or atony, and abnormal 
feces (usually scant and dry). 

CLINICAL PATHOLOGY 
Serum Biochemistry 

There are varying degrees of hemoconcen- 
tration (increased PCV and total serum pro¬ 
teins), metabolic alkalosis, hypochloremia, 
and hypokalemia. 3 

The severity of volvulus can be classified, 
and the prognosis evaluated, according to 
the amount of fluid in the abomasum and the 
increase in heart rate: 

• Group 1: abomasum distended 
principally with gas, normal heart rate, 
excellent prognosis 

• Group 2: abomasum distended with gas 
and <20 L of fluid, heart rate <100 
beats/min, good prognosis 

• Group 3: abomasum distended with gas 
and j£20 L of fluid, heart rate (£100 
beats/min, moderate prognosis 

The heart rates before surgery are also valu¬ 
able prognostic aids. Cows having pulse rates 
of 100 beats/min or more have a moderate 
prognosis. 

A cross-sectional study of the serum elec¬ 
trolyte and mineral concentrations in dairy 
cows with abomasal displacement or volvu¬ 
lus at the time of on-farm diagnosis found 
lower serum potassium, chloride, calcium, 
magnesium, and phosphorus concentrations 
and an increase in the anion gap compared 
with controls. 

Urinalysis 

Paradoxical aciduria may also be present. 

Hemogram 

The total and differential leukocyte count 
may indicate a stress reaction in the early 
stages, and in the later stages of volvulus 
there may be leukopenia with a neutropenia 
and degenerative left shift caused by ische¬ 
mic necrosis of the abomasum and early 
peritonitis. 

Ultrasonography of Right Abdomen 

Ultrasound can be used but seldom provides 
any clinically useful examination from that 
provided by the physical examination. 4,5 In 
particular, ultrasonography provides similar 
information to that provided by simultane¬ 
ous percussion and auscultation, specifically 
whether there is displacement of the liver 
medial by a distended viscus (the aboma¬ 
sum), consistent with a large ping that 





extends to the eighth rib and indicative of the 
presence of AV. 

Peritoneal Fluid Analysis 

Peritoneal fluid is usually readily obtained in 
cattle with AV but is not required to make a 
diagnosis. Peritoneal fluid changes generally 
reflect changes in plasma concentrations, 
and as such most peritoneal fluid compo¬ 
nents provide no additional information to 
that provided by plasma biochemical analy¬ 
sis. Cattle with AV have an increase in the 
percentage of peritoneal fluid neutrophils 
that appeared necrotic or apoptotic. 1 ' They 
also have increased concentrations of 
D-dimer and fibrinogen in peritoneal fluid, 
which is consistent with abdominal 
inflammation. 

Abomasocentesis 

Centesis of the distended abomasum will 
yield large quantities of fluid without proto¬ 
zoa and a pH of 2 to 4. The fluid may be 
serosanguineous when volvulus is present. 

PROGNOSTIC INDICATORS 

Several clinical and laboratory findings have 
been examined as prognostic indicators of 
cows affected with RDA and AV. In a pro¬ 
spective study of 80 cattle with AV, the heart 
rate, hydration status, period of inappetence, 
and serum alkaline phosphatase activity 
were the best preoperative prognostic indica¬ 
tors. An anion gap of 30 mEq/L was indica¬ 
tive of a poor prognosis and was more 
accurate than either serum chloride concen¬ 
tration or base excess values. The surgical 
and postoperative findings in cattle with AV 
are good prognostic indicators of outcome. 
Cattle with OAV have a worse prognosis 
than those without omasal involvement. 
Large abomasal fluid volume, venous throm¬ 
bosis, and blue or black abomasal color 
before decompression are all indicative of a 
poor prognosis. 

The evaluation of the degree of circula¬ 
tory insufficiency, dehydration, and levels of 
base excess and blood L-lactate concentra¬ 
tion are also used as preoperative prognostic 
indictors. A preoperative blood L-lactate 
concentration Sj2 mmol/L is a good indicator 
of a positive outcome, whereas cattle with 
blood L-lactate concentration S6 mmol/L 
have a poor prognosis.' Postoperative 
decreases in blood L-lactate concentration 
are also a positive sign, 8 whereas postopera¬ 
tive decreased gastrointestinal motility is an 
unfavorable prognostic sign. 

NECROPSY FINDINGS 

In abomasal dilatation the abomasum is 
grossly distended with fluid and some gas. 
The rumen may contain an excessive amount 
of fluid. In some cases there may be impac¬ 
tion of the pylorus with particles of soil or 
sand and there may be an accompanying 
pyloric ulcer. In AV the abomasum is grossly 
distended with brownish, sanguineous fluid 
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and is twisted. In complete volvulus the wall 
of the abomasum is grossly hemorrhagic and 
gangrenous and may have ruptured. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis and differential diagnosis of 
right displaced abomasum and abomasal 
volvulus is dependent on consideration of the 
presence or absence of pings in the right 
abdomen, the findings on rectal examination, 
and the other clinical findings, including the 
history. Detecting a ping on percussion and 
auscultation of the right abdomen must be 
accompanied by a rectal examination to 
determine the presence and nature of a 
gas-filled viscus to account for the ping. 

Dilatation and displacement of abomasum 

The characteristic features of dilatation and 
right-sided displacement of the abomasum 
are recent calving, a vague indigestion since 
calving, soft scant feces, a ping over the right 
abdomen, and the presence of the distended 
tense viscus in the right lower abdomen. It 
must be differentiated from the following: 

• Impaction of the abomasum associated 
with vagal indigestion is characterized by 
an enlarged abomasum that pits on digital 
palpation and feels like a doughy mass 
behind the lower aspect of the costal arch, 
situated on the floor of the abdomen, 
whereas most cases of dilatation are 
situated more dorsally adjacent to the right 
paralumbar fossa. Pings are not present in 
abomasal impaction. A laparotomy may be 
required to distinguish between them. 

• Subacute abomasal ulceration with 
moderate dilatation of the abomasum in 
a recently calved cow may not be 
distinguishable clinically from RDA. The 
presence of melena suggests abomasal 
ulcers, but these may be present as 
secondary complications in dilatation and 
RDA. 

• Cecocolic volvulus is characterized by 
distension of the right flank, tympanitic 
sounds on auscultation and percussion, and 
the distended large intestine can usually be 
palpated and identified tentatively, on 
rectal examination, as more than one 
cylindrical, tense tube (10-20 cm in 
diameter). 

• Fetal hydrops is characterized by bilateral 
distension of the lower abdomen and an 
enlarged gravid uterus palpable on rectal 
examination. 

• Chronic or subacute traumatic 
reticuloperitonitis may resemble 
abomasal dilatation, but in the former 
there may be a grunt on deep palpation, 
the feces are usually firm and dry, the 
abdomen is gaunt, and a mild fever may 
be present. However, a laparotomy may be 
necessary to make the diagnosis. 
Abdominocentesis may be useful 

• Abomasal volvulus is characterized by 
abdominal distension of the right side, 
pings on percussion and auscultation, 
dehydration, weakness, and shock with a 


heart rate up to 120 beats/min. The 
distended viscus can usually be palpated in 
the right lower quadrant of the abdomen. 

It must be differentiated from the 
following: 

• Intestinal obstruction is characterized by 
a history of sudden onset of anorexia; 
abdominal pain; scant feces, which may 
be blood-tinged; and the affected 
portion of the intestines or loops of 
distended intestine may be palpable 
rectally. 

• Acute diffuse peritonitis as a sequel a to 
local peritonitis in a cow soon after 
calving may be indistinguishable from 
acute abomasal volvulus. There is severe 
toxemia, tachycardia, dehydration, 
abdominal distension, grunting, 
weakness, recumbency, and rapid death. 
Paracentesis of the peritoneal cavity will 
assist in the diagnosis. 

Pings over the right abdomen 

Diseases resulting in pings over the right 
abdomen include dilatation and distension of 
the abomasum, cecum, cranial duodenum, 
parts of the small intestine, descending colon, 
and rectum and pneumoperitoneum. 

The evaluation of a ping is dependent on 
the size of the area and location of the sound 
elicited by percussion and simultaneous 
auscultation. The common clinical 
characteristics of these pings are as follows: 

• Dilatation and right-side displacement 
of the abomasum: the ping is usually 
audible between the 9th and 12th ribs 
extending from the costochondral junction 
of the ribs to their proximal third aspects. 
Rarely will the ping extend into the 
paralumbar fossa in right-side dilatation 
and displacement. 

• Abomasal volvulus: the area of the ping 
is typically larger than that of the RDA and 
extends more cranially to the 8th rib and 
caudally, often extending into the right 
paralumbar fossa but not completely filling 
the fossa. Also, the ventral border of the 
ping area in an abomasal volvulus is 
variable, and is often horizontal because of 
the level of fluid within the abomasum. 

• Cecal dilatation: the ping is usually 
confined to the dorsal paralumbar fossa 
and caudal one or two intercostal spaces. 

In dilatation and torsion of the cecum the 
ping usually fills the paralumbar fossa and 
extends cranially and caudally the 
equivalent of two rib spaces. The ascending 
colon is often involved in a torsion of the 
cecum, which will result in an enlarged 
ping area extending from the paralumbar 
fossa. In dilatation of the ascending colon 
the ping may be centered over the 
proximal aspects of the 12th and 13th ribs. 

• Intestinal obstruction: the presence of 
multiple, small areas of ping that vary in 
pitch and intensity is characteristic of 
dilatation of the jejunoileum caused by 
intussusception or intestinal volvulus. 

• Dilatation of descending colon and 
rectum: a ping in the right caudal 

Continued 
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abdomen just ventral to the transverse 
processes of the vertebrae indicates 
dilatation of the descending colon and 
rectum, which is commonly heard following 
rectal examination. 

• Pneumoperitoneum: pings may be 

audible over a wide area of the dorsal third 
of the abdomen bilaterally. In one study, 
the sensitivity and predictive values of 
abomasum as the source of the ping were 
98% and 96%, respectively; for cecum 
and/or ascending colon, the sensitivity and 
predictive values were both 87%. 


TREATMENT 

The prognosis in RDA and AV is favorable if 
the diagnosis is made within a few days after 
the onset of clinical signs and before large 
quantities of fluid accumulate in the aboma¬ 
sum. The immediate treatment for both 
conditions should be surgical (right flank 
laparotomy with the cow standing) because 
RDA cannot be reliably differentiated from 
AV without performing surgery. 

Surgical Correction 

A right flank laparotomy for correction of 
the right displacement or volvulus is the 
preferred surgical method. Intensive fluid 
therapy is usually necessary preoperatively 
and for several days postoperatively to 
correct the dehydration and metabolic alka¬ 
losis and to restore normal abomasal 
motility. 

Prokinetic Administration 

Electromyographic studies of the postopera¬ 
tive abomasal and duodenal motility in cattle 
with surgically corrected AV reveal loss of 
motility, some retrograde motility, and loss 
of spike activity. This is associated with a 
decreased rate of abomasal emptying. 9 

These findings suggest that the postop¬ 
erative course may be improved by the 
administration of a prokinetic, which is a 
therapeutic agent that stimulates, coordi¬ 
nates, and restores gastrointestinal motility. 

The results of clinical trials and experi¬ 
mental studies indicate that the most effec¬ 
tive prokinetic for abomasal hypomotility in 
cattle is erythromycin (8.8-10 mg/kg, intra¬ 
muscularly). Cows treated with the motilin 
agonist erythromycin (10 mg/kg, intramus¬ 
cularly) once before surgical correction of 
AV had an increased rate of abomasal empty¬ 
ing immediately after surgery and greater 
milk production on postoperative days 1 and 
2 than did control cows. This provides strong 
support for the routine administration of 
prokinetic agents in the immediate postop¬ 
erative period to cattle with RDA or AV. Four 
other macrolides (spiramycin, tilmicosin, 
tulathromycin, and tylosin) are also effective 
prokinetic drugs in healthy ruminants, but 
their motility-promoting effects are milder 
than erythromycin and have not been proven 
in a clinical trial of diseased cattle 


to be clinically significant. 10 Parenteral 
administration of erythromycin and other 
macrolides as prokinetic agents constitutes 
extralabel drug use. It is clearly inappropriate 
to administer an antimicrobial for a nonan¬ 
timicrobial effect (such as increasing aboma¬ 
sal emptying rate) because such use may 
unnecessarily promote the development of 
antimicrobial resistance. 

Cholinergic agents have been used to 
help restore motility but are not effective and 
are not recommended. Empirical treatment 
with 500 mL of 25% calcium borogluconate 
intravenously may yield good results. The 
rationale for the calcium administration is to 
improve abomasal motility. 

Rumen transfaunation to restore rumen 
function and appetite will provide a more 
effective stimulus to restore gastrointestinal 
tract motility. Cattle are also offered good- 
quality hay but no grain for 3 to 5 days after 
surgery and monitored daily. 

Postsurgical complications resembling a 
vagal-indigestion-like syndrome have been 
described (see under Clinical findings, 
above). 

Fluid and Electrolyte Therapy 

The composition of the fluids and electro¬ 
lyte solutions that are indicated in RDA and 
AV has been a subject of much investiga¬ 
tion. There are varying degrees of dehydra¬ 
tion, metabolic alkalosis, hypochloremia, 
and hypokalemia. With the aid of a labora¬ 
tory it is possible to monitor the serum bio¬ 
chemistry during administration of the 
fluids and electrolytes and to correct certain 
electrolyte deficits by adding (“spiking”) the 
appropriate electrolytes to the fluids. 
Without a laboratory, the veterinarian has 
no choice but to use the solutions that are 
considered safe and judicious. Balanced 
electrolyte solutions containing sodium, 
chloride, potassium, calcium, and a 
source of glucose will usually suffice. A 
mixture of 2 L of isotonic saline (0.85%), 
1 L of isotonic potassium chloride (1.1%), 
and 1 L of isotonic dextrose (5%) given at 
the rate of 4 to 6 L/h intravenously is also 
recommended and reliable. Experimentally 
induced hypochloremic, hypokalemic met¬ 
abolic alkalosis in sheep has been corrected 
using 0.9 (300 mOsm/L), 3.6 (1200 

mOsm/L), and 7.2% (2400 mOsm/L) of 
sodium chloride solutions given intrave¬ 
nously over a 2-hour period with the 
administered volume determined by the 
estimated total extracellular fluid chloride 
deficit. Significant difference was not found 
among treatments, with all solutions result¬ 
ing in the return of clinicopathologic vari¬ 
ables to preexperimental values within 12 
hours. The rapid intravenous replacement 
of chloride with small volumes of hyper¬ 
tonic saline solution is safe and effective for 
correction of experimentally induced hypo¬ 
chloremic, hypokalemic metabolic alkalosis 
in sheep. 


A randomized clinical trial investigated 
the efficacy of rapid intravenous infusion of 
hypertonic saline solution (7.2%, 2 L over 10 
minutes, equivalent to 3.4 mL/kg) followed 
by 10 L of 0.9% NaCl for 50 minutes for 
resuscitating cattle with AV. 11 Hypertonic 
saline treatment was compared with conven¬ 
tional intravenous fluid therapy using an 
equivalent sodium load in a large-volume 
isotonic solution (26 L of 0.9% NaCl in 
65minutes, equivalent to 400 mL/min). 
Cattle treated with hypertonic saline were 
more rapidly and effectively resuscitated at 
lower cost. This field study strongly supports 
the use of hypertonic saline in the treatment 
dehydration and dairy cattle. 11 

Oral Therapy 

Oral electrolyte therapy has been recom¬ 
mended, particularly in the postoperative 
period following surgical drainage of the dis¬ 
tended abomasum. A mixture of sodium 
chloride (50-100 g) and potassium chloride 
(50-120 g) is given orally daily postopera¬ 
tively along with the parenteral fluids as nec¬ 
essary. Treatment with potassium chloride 
(120 g/day) orally can be continued daily 
until the cow resumes her normal appetite. 

Deflation of Distended Abomasum 
in Calves 

Gas can be removed from a grossly distended 
(bloated) abomasum of calves as an emer¬ 
gency measure before surgical correction by 
laparotomy. The calf is placed in dorsal 
recumbency and the abdomen is punctured 
with a 16-gauge 12-cm hypodermic needle at 
the highest point of the distended abdomen 
between the umbilicus and the xiphoid. After 
the distension is relieved and fluid therapy is 
begun, the need for a laparotomy can be 
assessed and performed if necessary. 

CONTROL 

No reliable information is available on the 
control of right-side dilatation, displace¬ 
ment, and volvulus of the abomasum. 
Because its pathogenesis is similar to LDA it 
would seem rational to recommend feeding 
programs that are used for the control of 
LDA. 

FURTHER READING 

Geishauser T. Abomasal displacement in the bovine—a 
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ABOMASAL IMPACTION 
IN CATTLE 

Abomasal impaction is defined as the pres¬ 
ence of drier than normal abomasal contents 
and a larger than normal abomasal volume. 1 
Abomasal impaction of cattle may be a 
primary disorder or develop secondary 
to another condition, such as traumatic 
reticuloperitonitis (see section on vagal indi¬ 
gestion syndrome) or ingestion of an abnor¬ 
mal diet (dietary abomasal impaction). 1 
Primary abomasal impaction is most 
common in postparturient dairy cattle and 
appears to be under diagnosed because the 
specific findings can only be determined 
during right flank exploratory laparotomy. 

Dietary abomasal impaction occurs in 
cattle in the prairie provinces of western 
Canada during the cold winter months, and 
elsewhere with similar circumstances, when 
the animals are fed poor-quality roughage. 
The disease is most common in pregnant 
beef cattle, which increase their feed intake 
during extremely cold weather in an attempt 
to meet the increased needs of a higher meta¬ 
bolic rate. The disease has also occurred in 
feedlot cattle fed a variety of mixed rations 
containing chopped or ground roughage 
(straw and hay) and cereal grains and in late 
pregnant dairy cows on similar feeds. 


SYNOPSIS 


Etiology Abomasal hypomotility in 
periparturient dairy cattle. Ingestion of 
abnormal diet, including large quantities of 
low-quality roughage during cold weather. 

Epidemiology Periparturient dairy cattle 
(primary abomasal impaction). Pregnant 
primiparous beef cattle during cold 
weather consuming low-quality roughage 
(dietary abomasal impaction). 

Signs Anorexia, scant feces, distension of 
abdomen, and loss of body weight. Normal 
vital signs initially. Rumen full and atonic. 
Right lower flank distended and may be 
able to palpate abomasum through 
abdominal wall and rectally in advanced 
cases. Periparturient dairy cattle with 
primary abomasal impaction may look 
very much like a left displaced abomasum, 
but a ping cannot be detected on the left 
side. Gradually become weak and 
recumbent. 

Clinical pathology hypochloremia, 
hypokalemia, metabolic alkalosis. 

Lesions Gross enlargement of abomasum 
impacted with dry, rumen-like contents; 
enlargement may be confined to pyloric 
antrum. 

Diagnostic confirmation Laparotomy. 
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Differential diagnosis Impaction of 
abomasum associated with vagal 
indigestion, impaction of the omasum, 
diffuse peritonitis, and intestinal 
obstruction. 

Treatment Medical treatment with mineral oil 
or dioctyl sodium sulfosuccinate. External 
massage of impacted pyloric antral 
contents and injection of dioctyl sodium 
sulfosuccinate (100 mL) directly into 
abomasal lumen during right flank 
laparotomy. Abomasotomy in extensive 
cases. 

Control Provide nutrient requirements for 
pregnant beef cattle during cold weather. 


ETIOLOGY AND EPIDEMIOLOGY 
Primary Abomasal Impaction 

Affected animals have distension and impac¬ 
tion of the pyloric antrum region only, or 
pyloric antrum and body. This appears to 
have a very similar epidemiology to that of 
LDA, with abomasal hypomotility likely to 
play a central role in the condition. 

Dietary Abomasal Impaction 

The consumption of excessive quantities of 
poor-quality roughage, which are low in 
both digestible protein and energy, is the 
primary cause. Outbreaks of impaction with 
sand have occurred in which up to 10% of 
cattle at risk were affected. Impaction of the 
abomasum with sand can also occur in cattle 
if they are fed hay on sandy soils or root 
crops that are sandy or dirty, or sand is acci¬ 
dentally mixed into silage while it is being 
packed; in one herd outbreak it was esti¬ 
mated that cattle fed this silage were ingest¬ 
ing 0.7 kg of sand each day. 2 There is one 
report of severe sand abomasal impaction in 
five periparturient dairy cows housed in free 
stalls bedded with sand. 2 The diet fed to these 
dairy cows during late gestation was too 
acidogenic based on measured DCAD and 
urine pH. In this case the sand ingestion was 
attributed to pica. 

The disease is most common in young 
pregnant beef cows that are kept outdoors 
year-round, including during the cold winter 
months, when they are fed roughages con¬ 
sisting of either grass or legume hay or cereal 
straw, which may or may not be supple¬ 
mented with some grain. In these circum¬ 
stances cows commonly lose 10% to 15% of 
their total BW from October to May and 
even more during very cold winters. In one 
retrospective study of the necropsy reports of 
cattle that died with abomasal impaction, 
20% of the animals had lesions of traumatic 
reticuloperitonitis, 60% were thought to be 
caused by the ingestion of too much poor- 
quality roughage without a supplement of 
concentrate, and 20% did not fit into either 
category. 

When large quantities of long roughage 
without sufficient grain are fed during very 
cold weather, the cattle cannot eat sufficient 


feed to satisfy energy needs, so the roughage 
is then provided in a chopped form. The 
chopped roughage is commonly mixed with 
some grain in a mix mill but usually at an 
insufficient level to meet the energy require¬ 
ments. Cattle can and do eat more of these 
chopped roughage-grain mixtures than of 
long roughage because the smaller particles 
pass through the forestomach at a more rapid 
rate. Impaction of the abomasum, omasum, 
and rumen may occur because of the relative 
indigestibility of the roughage. Outbreaks 
may occur affecting up to 15% of all pregnant 
cattle on individual farms when the ambient 
temperature drops to -5°C to —10°C (14°F to 
-22°F) for several days. 

Omasal and abomasal impaction has 
occurred in a group of beef suckler cows in 
late gestation housed in straw yards and fed 
solely on pea haulm. The disease has also 
occurred in feedlot cattle fed similar rations 
(e.g., 80% roughage, 20% grain) in an attempt 
to reduce the high cost of grain feeding and 
to satisfy beef grading standards that put the 
emphasis on producing a smaller amount of 
fat cover. With these constraints and the 
increased emphasis on roughage feeding, it 
is possible that the incidence of abomasal 
impaction may increase in feedlot cattle. The 
feeding of almond shells to dairy replace¬ 
ment heifers has also resulted in abomasal 
impaction. 

The ingestion of gravel (stones) by dairy 
cattle kept in drylot facilities can result in 
complete, nonstrangulating intraluminal 
obstruction of the abomasum and duode¬ 
num. The gravel, consisting of sand and 
small stones, may be inadvertently mixed 
with the feed when it is being scraped from 
bunker silos. It is also possible that some 
cows may ingest the gravel when attempting 
to eat all available feed. 

PATHOGENESIS 

A description of the likely pathogenesis of 
primary abomasal impaction is given in the 
section pathogenesis of LDA, and it is 
thought to be similar to that for abomasal 
displacement. In dietary abomasal impac¬ 
tion, chopped roughage and finely ground 
feeds pass through the forestomach of rumi¬ 
nants more quickly than long roughage, and 
perhaps in this situation the combination of 
low digestibility and excessive intake leads to 
excessive accumulation in the forestomach 
and abomasum. When large quantities of 
sand are ingested, the omasum, abomasum, 
large intestine, and cecum can become 
impacted. The sand that accumulates in the 
abomasum causes abomasal atony and 
chronic dilatation. 

Once impaction of the abomasum occurs 
in both primary and dietary causes, a state of 
subacute obstruction of the upper alimen¬ 
tary tract develops. Hydrochloric acid con¬ 
tinues to be secreted into the abomasum in 
spite of the impaction and hypomotility, 
resulting in hypochloremia and increased 
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strong ion difference (strong ion or meta¬ 
bolic alkalosis). Varying degrees of dehydra¬ 
tion occur because fluids are not moving 
beyond the abomasum into the duodenum 
for absorption. Potassium ions are also 
sequestered in the abomasum, resulting in a 
hypokalemia. Almost no ingesta or fluids 
move beyond the pylorus, and dehydration, 
alkalosis, electrolyte imbalance, and progres¬ 
sive starvation occur. The impaction of the 
abomasum is usually severe enough to cause 
extensive distension, which impedes return 
of normal motility. 

CLINICAL FINDINGS 

Periparturient dairy cattle with primary 
abomasal impaction have identical clinical 
signs to that of cattle with LDA, except that 
a ping is not auscultated in the left flank. 

Complete anorexia, scant feces, and mod¬ 
erate distension of the abdomen are the usual 
presenting complaints given by the owner in 
cattle with dietary abomasal impaction. The 
onset is usually slow and progressive over a 
period of several days. Cattle that have been 
affected for several days have lost consider¬ 
able weight and are too weak to rise. The 
body temperature is usually normal but may 
be subnormal during cold weather, which 
suggests that the specific fermentative action 
of the rumen is not sufficient to meet the 
energy needs of basal metabolism. The heart 
rate varies from normal to 90 to 100 beats/ 
min and may increase to 120 beats/min in 
advanced cases in which hypochloremia, 
alkalosis, and dehydration are marked. The 
respiratory rate is commonly increased and 
an expiratory grunt caused by the abdominal 
distension may be audible, especially in 
recumbent cattle. A mucoid nasal discharge 
usually collects on the external nares and 
muzzle, which is usually dry and cracking 
because of the failure of the animal to lick its 
nostrils and the effects of the dehydration. 

The rumen is usually static and full of dry 
rumen contents, or it may contain an exces¬ 
sive quantity of fluid in those cattle that have 
been fed finely ground feed. The pH of the 
ruminal fluid is usually within the normal 
range (6.5-7.0). The rumen protozoan activ¬ 
ity ranges from normal to a marked reduc¬ 
tion in numbers and activity as assessed on 
a low-power field. The impacted abomasum 
is usually situated in the right lower quadrant 
of the abdomen on the floor of the abdomi¬ 
nal wall. It usually extends caudally beyond 
the right costal arch but may or may not be 
easily palpable because of the gravid uterus, 
but an impacted omasum may also be pal¬ 
pable. It may be impossible, however, to dis¬ 
tinguish between an impacted abomasum 
and an impacted omasum. In feedlot steers 
and nonpregnant heifers the impacted 
abomasum and omasum may be easily pal¬ 
pable on rectal examination. Deep palpation 
and strong percussion of the right flank may 
elicit a “grunt,” which is common in acute 
traumatic reticuloperitonitis, and this is 


probably caused by overdistension of the 
abomasum and stretching of its serosa. 

The course of the disease in dietary 
abomasal impaction depends on the extent 
of the impaction when the animal is first 
examined and the severity of the acid-base 
and electrolyte imbalances. Severely affected 
cattle will die in 3 to 6 days after the onset of 
signs. Rupture of the abomasum has occurred 
in some cases, and death from acute diffuse 
peritonitis and shock occurs precipitously in 
a few hours. In sand impaction, there is con¬ 
siderable weight loss, chronic diarrhea with 
sand in the feces, weakness, recumbency, 
and death within a few weeks. 

Severe impaction and distension of the 
rumen and the abomasum can occur in cattle 
given access to large quantities of finely 
chopped straw during the cold winter 
months. There is gross distension of the 
abdomen, anorexia, and scant dry feces, and 
affected animals will drop large, dry, fibrous 
cuds. The rumen is grossly distended and 
usually static. 

Cows fed solely on pea haulm are dull 
and anorexic with grossly distended abdo¬ 
mens and varying degrees of bloat. Cattle 
with obstruction of the abomasum and 
duodenum with gravel are anorexic, 
depressed, and weak. The abdomen may be 
distended and rumen hypomotility or atony 
is present. The feces are scant. The obstruc¬ 
tion cannot usually be felt on rectal examina¬ 
tion, and a right flank laparotomy is necessary 
to make the diagnosis. A marked hypochlo¬ 
remic, hypokalemic metabolic alkalosis is 
characteristic. 

CLINICAL PATHOLOGY 

A metabolic alkalosis, hypochloremia, hypo¬ 
kalemia, hemoconcentration, and a total 
and differential leukocyte count within the 
normal range are common. Hypochloremia 
is more severe in cattle with primary impac¬ 
tion confined to the pyloric antrum com¬ 
pared with cattle with primary impaction of 
the pyloric antrum and body. 1 

NECROPSY FINDINGS 

Cattle with primary abomasal impaction 
confined to the pyloric antrum are rarely 
necropsied because the condition responds 
well to treatment during surgery. 

At necropsy of cattle with primary 
abomasal impaction that extends to the 
abomasal body or dietary abomasal impac¬ 
tion the abomasum is commonly grossly 
enlarged to up to twice normal size and 
impacted with dry rumen-like contents. The 
omasum may be similarly enlarged and 
impacted with the same contents as in the 
abomasum. The rumen is usually grossly 
enlarged and filled with dry ruminal con¬ 
tents or ruminal fluid. The intestinal tract 
beyond the pylorus is characteristically 
empty and has a dry appearance. Varying 
degrees of dehydration and emaciation are 
also present. If rupture of the abomasum 


occurs, lesions of acute diffuse peritonitis are 
present. Abomasal tears, ulcers, and necrosis 
of the walls of the rumen, omasum, or 
abomasum may occur. 

TREATMENT 

The challenge in treatment is to be able to 
recognize the cases that will respond to treat¬ 
ment and those that will not and should 
therefore be slaughtered immediately for 
salvage. 

Dairy cattle in early lactation with 
primary abomasal impaction confined to the 
pyloric antrum respond extremely well to 
treatment during right flank laparotomy 
and have a similar postoperative course to 
cattle with LDA that have been surgically 
corrected. 1 

Cattle that have a severely impacted 
abomasum and are weak with a marked 
tachycardia (100-120 beats/min) are poor 
treatment risks and should be euthanized if 
they are of low economic value. Rational 
treatment would appear to consist of correct¬ 
ing the metabolic alkalosis, hypochloremia, 
hypokalemia, and dehydration and attempt¬ 
ing to move the impacted material with 
lubricants such as mineral oil or dioctyl 
sodium succinate, or surgically emptying the 
abomasum. Balanced electrolyte solutions 
are infused intravenously on a continuous 
basis for up to 72 hours at a rate of 100 to 
150 mL/kg BW over a 24-hour period. Some 
cases will respond remarkably well to com¬ 
bined medical treatment of intravenous fluid 
therapy and oral mineral oil and begin rumi¬ 
nating and passing feces in 48 hours. 


DIFFERENTIAL DIAGNOSIS 


The clinical diagnosis of impacted abomasum 
depends on the nutritional history, the clinical 
evidence of impaction of the abomasum, and 
the laboratory results. The disease must be 
differentiated from abomasal impaction as a 
complication of vagal indigestion, omasal 
impaction, diffuse peritonitis, and acute 
intestinal obstruction caused by intestinal 
accidents or enteroliths and lipomas. 

• Impaction of the abomasum as a 
complication of traumatic 
reticuloperitonitis usually occurs in late 
pregnancy, and commonly only in one 
animal; a mild fever may or may not be 
present and there may be a grunt on deep 
palpation of the xiphoid. The rumen is 
usually enlarged and may be atonic or 
hypermotile. Depending on the lesion 
present a neutrophilia may be present, 
which is suggestive of a chronic infection. 
A hypochloremia is common, as in dietary 
impaction. In many cases it is impossible to 
distinguish between the two causes of 
impacted abomasum, and a laparotomy 
may be necessary to explore the abdomen 
for evidence of peritoneal lesions. Cattle 
with abomasal impaction as a complication 









of traumatic reticuloperitonitis are usually a 
single incident and have usually been ill for 
several days, whereas those with dietary 
impaction have usually been ill for only a 
few days and more than one may be 
affected. 

• Impaction of the omasum occurs in 
advanced pregnancy and is characterized 
by anorexia, scant feces, normal rumen 
movements, moderate dehydration, and an 
enlarged omasum that is usually only 
palpable during an exploratory laparotomy. 
The serum electrolyte concentrations may 
be within reference limits if the abomasum 
is normal. 

• Diffuse peritonitis is characterized by 
anorexia, toxemia, dehydration, scant feces, 
and a grunt on deep palpation and 
percussion. However, in peracute cases the 
abdominal pain may be absent. Fibrinous 
adhesions may be palpable on rectal 
examination, and paracentesis may yield 
some diagnostic peritoneal exudate, but a 
negative result cannot rule out peritonitis. 
The presence of a marked leukopenia and 
neutropenia or a neutrophilia may assist in 
the diagnosis, but it is often necessary to 
perform an exploratory laparotomy to 
confirm the diagnosis. 

• Intestinal obstructions caused by 
intestinal accidents or enteroliths result in 
anorexia, scant feces, dehydration, and 
abdominal pain, and the abnormality may 
be palpable on rectal examination. The 
rumen is usually static and filled with 
doughy contents. Fluid and gas 
accumulations in the intestines anterior to 
the obstruction may be detectable as 
fluid-splashing sounds by using 
simultaneous auscultation and succussion 
of the abdomen. 


Dioctyl sodium sulfosuccinate is adminis¬ 
tered into the rumen by stomach tube at a 
dose rate of 120 to 180 mL of a 25% solution 
for a 450-kg animal repeated daily for 3 to 5 
days. It is mixed with 10 L of warm water 
and 5 L of mineral oil. A beneficial response 
cannot be expected in less than 24 hours, and 
most cattle that do respond will show 
improvement by the end of the third day 
after treatment begins. The presence of 
increased fecal volume that is well mixed 
with mineral oil is usually a good clinical 
sign. Cholinergics such as neostigmine, phy- 
sostigmine, and carbamylcholine have been 
used but do not appear to alter the outcome. 
Research studies indicate poor efficacy of 
cholinergics in healthy animals and cattle 
with displaced abomasum. Erythromycin is 
the best prokinetic agent available, but anti¬ 
microbials should not be administered for a 
nonantimicrobial effect (see section on LDA 
in this chapter for more information on pro- 
kinetic agents). 

Surgery 

Surgical correction of impaction of the 
pyloric antrum consists of external massage 
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of impacted pyloric antral contents and 
injection of dioctyl sodium sulfosuccinate 
(100 mL) directly into abomasal lumen 
during right flank laparotomy. 

Surgical correction of impaction of the 
abomasal body consists of an abomasotomy 
through a right paramedian approach and 
removal of the contents of the abomasum. 
The results are often unsuccessful, probably 
because of abomasal atony that exists and 
that appears to worsen following surgery. An 
alternative approach may be to do a rumen- 
otomy, empty the rumen, and infuse dioctyl 
sodium sulfosuccinate directly into the 
abomasum through the reticuloomasal 
orifice in an attempt to soften and promote 
the evacuation of the contents of the aboma¬ 
sum. The placement of a nasogastric tube 
into the omasal groove and into the aboma¬ 
sum through a rumenotomy procedure is 
described. Mineral oil can then be pumped 
into the abomasum at the rate of 2 L/day for 
several days. Recovery should occur within 
5 to 7 days. A rumenotomy and emptying of 
the rumen is necessary in the case of severe 
straw impaction of the rumen. 

The induction of parturition using 20 mg 
of dexamethasone intramuscularly may be 
indicated in affected cattle that are within 2 
weeks of parturition and in which the 
response to a few days’ treatment has been 
unsuccessful. Parturition may assist recovery 
as a result of a reduction in intraabdominal 
volume. In sand impaction, affected cattle 
should be moved off the sandy soil and fed 
good hay and a grass mixture containing 
molasses and minerals. Severely affected 
cattle should be treated with large daily doses 
of mineral oil (at least 15 L/day). 

Gravel or sand obstruction of the 
abomasum and duodenum can be corrected 
surgically by right flank laparotomy and by 
removing all of the gravel or sand. 

CONTROL 

Primary Abomasal Impaction 

The major control measures are those for 
LDA, because the conditions are thought to 
have abomasal hypomotility as a primary 
requirement. 

Dietary Abomasal Impaction 

Prevention of the disease is possible by pro¬ 
viding the necessary nutrient requirements 
for wintering pregnant beef cattle with added 
allowances for cold windy weather when 
energy needs for maintenance are increased. 
When low-quality roughage is to be used for 
wintering pregnant beef cattle, it should be 
analyzed for crude protein and DE. Based on 
the analysis, grain is usually added to the 
ration to meet the energy and protein 
requirements. Pregnant beef cows fed a diet 
of 94% barley straw for 83 days during the 
cold winter months may consume only 70% 
of their energy requirements. Such straw- 
based diets must be supplemented with 
protein and energy. During prolonged 


periods of cold weather, wintering pregnant 
beef cattle should be given additional 
amounts of feed to meet the increased feed 
requirement for maintenance, which has 
been estimated to be 30% to 40% greater 
during the colder months than during the 
warmer months. These increased require¬ 
ments are due almost equally to the effects of 
reduced feed digestibility and the increased 
maintenance requirements. 

The published nutrient requirements of 
beef cattle are guidelines for the nutrition of 
cattle under average conditions and higher 
nutrient levels than those indicated may 
be necessary to provide for maintenance 
requirements, particularly during periods of 
cold stress. Adequate amounts of fresh 
drinking water should be supplied at all 
times, and the practice of forcing wintering 
cows to obtain their water requirements 
from eating snow while on low-quality 
roughage is extremely hazardous. The ques¬ 
tion of whether or not low-quality roughages 
should be chopped or ground for wintering 
pregnant beef cattle is controversial. The 
daily voluntary intake of low-quality rough- 
age can be increased by chopping or grinding 
but neither processing method increases 
quality or digestibility; in fact digestibility is 
usually decreased. If increased consumption 
during cold weather exceeds physical capac¬ 
ity and the nutrient requirements are still not 
satisfied, impaction of the abomasum may 
occur. Thus during the coldest period of the 
winter low-quality roughages must be sup¬ 
plemented with concentrated sources of 
energy such as cereal grains. 

Omasal and abomasal impaction caused 
by the provision of excessive poor-quality 
roughage is preventable by supplementation 
with appropriate sources of energy and 
protein. 
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ABOMASAL IMPACTION IN 
SHEEP AND GOATS (ABOMASAL 
EMPTYING DEFECT) 

Abomasal dilatation and impaction in sheep 
as a result of an abomasal emptying defect 
has been reported predominantly in adult 
Suffolk sheep, but also occurs sporadically 
in adult Hampshire, Texel, and Dorset sheep, 
as well as Toggenberg goats. Affected sheep 
are usually large-framed rams and ewes, 
usually 2 to 6 years of age, and the ewes are 
often in late gestation or recently lambed. 
The disease has been reported in two goats 
that were 8 years old. 1 The duration of illness 
varies from several days to a few months 
and affected animals may become emaci¬ 
ated. The diets fed to affected animals con¬ 
sisted of grain and good-quality hay. The 
etiopathogenesis is unknown but may reflect 
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abnormalities in autonomic innervation to 
the abomasum or an increased vertical dis¬ 
tance between the ventral abdomen and 
proximal duodenum. Current associations 
between the occurrence of LDA in Holstein 
Friesian cattle and SNPs associated with 
coding for the motilin receptor suggest that 
a genetic disorder may contribute to the 
occurrence of an abomasal emptying defect 
in sheep and goats. 

Clinical signs include progressive weight 
loss, anorexia, variable degrees of distension 
of the right lower abdomen, a large palpable 
mass in the right lower abdomen, increased 
concentrations of rumen chloride, and a 
grossly enlarged and impacted abomasum. 
Some animals have abdominal distension 
accompanied by ruminal hypermotility, 
which is evident in the left paralumbar fossa. 
A firm enlarged viscus can be balloted on the 
lower right quadrant in advanced cases. 
Ultrasonography of the ventral abdomen is 
helpful in identifying the abomasal dimen¬ 
sions and confirming the presence of a 
large distended abomasum. Hypochloremia, 
hypokalemia, and metabolic alkalosis are 
common and ruminal chloride concentra¬ 
tions are increased up to 39 mmol/L, sug¬ 
gesting reflux from the abomasum. A 
standing right flank laparotomy is helpful in 
confirming the presumptive diagnosis in 
equivocal cases. 

Surgical treatment by emptying the 
abomasum via a right paramedian abomaso- 
pexy provides relief for a few months but the 
disease invariably returns. Affected animals 
may have concurrent renal disease that may 
reflect chronic abomasal emptying abnor¬ 
malities. Medical treatment has been ineffec¬ 
tive using parasympathomimetic agents and 
metoclopramide, although there are no 
reports describing the response to erythro¬ 
mycin, which is the most effective prokinetic 
agent in calves and adult (see section on LDA 
in this chapter). At necropsy, the abomasum 
is grossly enlarged and commonly contains 
up to 30 L of rumen-like contents, which 
are dry and doughy. In some cases the 
abomasum contains an excessive quantity of 
fluid. 

There is a report of abomasal impaction 
with anorexia causing high mortality in 
young lambs. Affected lambs developed 
anorexia, dullness, and reluctance to walk. 
Sudden death occurred in lambs less than 1 
month of age, and progressive loss of body 
condition and dehydration occurred in older 
lambs. Affected animals did not suck their 
dams normally. It is suggested that the ewes 
had insufficient milk for the lambs, which 
consequently forced them to begin consum¬ 
ing solid feed at an early age. The impaction 
was associated with the presence of phytobe¬ 
zoars; trichophytobezoars; and coagulated, 
rubber-like milk clots in the abomasum, 
usually at the entrance to the pylorus. 

Abdominal enlargement caused by 
abomasal dilatation and impaction 


associated with multiple adenomas of the 
abomasal mucosa has been recorded in an 
adult ewe. 
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ABOMASAL PHYTOBEZOARS 
AND TRICHOBEZOARS 

A velvety form of abomasal phytobezoar 
occurs in goats and sheep in the arid regions 
of southern Africa and causes significant 
economic loss. The composition of the 
bezoars resembles that of pappus hairs and 
stems of the Karoo bushes. They have a strik¬ 
ing velvety appearance. Phytobezoars have 
been experimentally reproduced in goats 
and sheep by feeding the mature flowers or 
seeds and pappus hairs of Karoo bushes. 

Trichobezoars are frequently found in 
calves 2 to 3 months of age when they can 
occasionally result in intestinal obstruction 
and have been associated with abomasal 
ulceration (addressed in the relevant sec¬ 
tions elsewhere in the chapter). Rumenoab- 
omasal trichobezoars have been reported in 
steers 20 to 24 months of age with a history 
of inappetence and weight loss and licking 
their own and other animals’ hair coats. 
Numerous hairs (0.5- to 1.5-cm in length) 
were found implanted in the abomasal 
mucosa, especially in the region of the torus 
pyloricus. Areas of hair implantation were 
frequently accompanied by scattered and 
severe abomasitis, erosions, and ulcers. 
Thickening of the rugae and plicae of the 
pylorus was present. In the rumen, rumen- 
itis and hyperkeratosis, characterized by 
short, reddish edematous ruminal papillae 
containing small numbers of trapped hairs, 
were present. The severity of the lesions 
increased with the number of hairs implanted 
in the mucosa. 

An abomasal phytobezoar was removed 
surgically from a 5-year-old Holstein Frie¬ 
sian cow through a right flank laparotomy 
with the cow in a standing position. 1 Abo- 
masotomy for removal of foreign bodies is 
usually performed using a right paramedian 
incision with the cow in left lateral 
recumbency. 
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ABOMASAL ULCERS OF CATTLE 

Abomasal ulceration occurs in mature cattle 
and calves and may cause acute abomasal 
hemorrhage with indigestion, melena, and 
sometimes perforation, resulting in a painful 
acute local peritonitis or acute diffuse 
peritonitis and rapid death, or a chronic 
indigestion with only minimal abomasal 
hemorrhage. Some calves have abomasal 
ulceration at necropsy or slaughter that was 
subclinical. 


SYNOPSIS 


Etiology Cause of primary ulceration 

unknown. Many ulcers occur secondary to 
lymphoma, left-displaced abomasum, and 
viral diseases. 

Epidemiology Mature lactating dairy cattle, 
hand-fed calves, nursing beef calves. Risk 
factors not understood. Presence of 
hairballs not a risk factor in calves. 

Signs Melena, pallor from anemia, abdominal 
pain, acute local peritonitis caused by 
perforation. 

Clinical pathology Melena, occult blood in 
feces, anemia. 

Lesions Ulceration of mucosa, blood in 
abomasum. Acute local peritonitis if 
perforated. 

Diagnostic confirmation Abomasotomy. 

Differential diagnosis Duodenal ulceration, 
acute and chronic traumatic 
reticuloperitonitis if ulcer perforated, acute 
diffuse peritonitis if perforated, right-side 
dilatation of abomasum. 

Treatment Antacids. Blood transfusions. 
Surgical excision. 

Control Nothing reliable. 


ETIOLOGY 
Primary Ulceration 

Although many different causes of primary 
abomasal ulceration have been suggested, 
the cause is unknown. Possible causes that 
have been considered but for which there is 
no reliable evidence of a cause-and-effect 
relationship include the following: 

• Abomasal hyperacidity in adult cattle, 
although there is no direct evidence to 
support the hypothesis except in 
animals subject to fasting 

• Mechanical abrasion of the pyloric 
antrum caused by the ingestion of 
coarse roughage, such as straw, or 
possibly the presence of trichobezoars 

• Bacterial infections such as C. 
perfringens type A or fungi such as 
Aspergillus fumigatus and Mucor spp. 1 

• Trace mineral deficiencies such as 
copper deficiency (evidence is weak) 

• Concurrent stress as in cattle with 
severe inflammatory processes or in 
severe pain that result in 
hypercortisolemia 

Secondary Ulceration 

Abomasal ulceration can occur secondary to 
other diseases. Reflux of bile into the aboma¬ 
sal lumen, particularly in ruminants with 
LDA or RDA, is strongly associated with 
abomasal ulceration. 2 Bile acids are a well- 
documented cause of gastric injury. Other 
examples include lymphoma of the aboma¬ 
sum and erosions of the abomasal mucosa in 
viral diseases such as bovine virus diarrhea 
(BVD) and bovine malignant catarrh. There 











is one report of abomasal ulceration in a 
2-month-old calf caused by a yolk sac tumor 
around the abomasum (a very rare germ cell 
tumor of cattle). 3 

EPIDEMIOLOGY 
Primary Abomasal Ulcers 

Primary abomasal ulcers occur in lactating 
dairy cows, mature bulls, hand-fed calves, 
veal calves, and sucking beef calves. The epi¬ 
demiologic circumstances for each of these 
groups are presented here. 

Lactating Dairy Cows 

Some observations have found that acute 
hemorrhagic abomasal ulcers occur in high- 
producing mature dairy cows in early lacta¬ 
tion, whereas others have found that most 
acute bleeding ulcers occurred in cows 3 to 
6 months after parturition. The close rela¬ 
tionship of the disease to parturition sug¬ 
gests that a combination of the stress of 
parturition with associated hypercorti- 
solemia, the onset of lactation, and high- 
level grain feeding is associated with acute 
ulceration in dairy cows. 

However, epidemiologic observations of 
acute hemorrhagic abomasal ulceration in 
cattle have found no association with the 
stress of calving. The incidence was highest in 
dairy cows during the summer months when 
the animals were grazing on pasture. There 
was also a direct association between amount 
of rainfall, amount of fertilizer used, and 
stocking rate, as well as the amount of milk 
produced by affected cows. This suggests that 
some factor in grass may be a risk factor in the 
acute disease in mature dairy cattle. 

Mature high-producing dairy cows in 
early lactation may develop acute hemor¬ 
rhagic ulceration of the abomasum following 
a prolonged illness such as pneumonia or 
after having been to a cattle show and sale. 
This suggests that stress and hypercorti- 
solemia may be an important contributing 
cause. 

The prevalence of abomasal ulcers in 
mature cattle varies depending on the popu¬ 
lation of animals surveyed. Of cattle admitted 
to a veterinary teaching hospital over a 4-year 
period, 2.2% had confirmed abomasal ulcers. 
In surveys at abattoirs the prevalence may 
reach 6%. The case-fatality rate for mature 
cattle with confirmed abomasal ulcers is 
about 50%, and for those with severe blood 
loss or diffuse peritonitis the case-fatality 
rate is usually 100%. Type I nonperforating 
abomasal ulcers were found in 21% of cows 
examined at the abattoir and there was no 
clinical evidence of the ulcers before slaugh¬ 
ter, but 32% of the animals were anemic and 
44% were hyperproteinemic, which could be 
expected in cattle with chronic blood loss. 

Mature Bulls and Feedlot Cattle 

Acute bleeding ulcers occur occasionally 
in mature dairy and beef bulls, particularly 
following long transportation, prolonged 
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surgical procedures, and in painful condi¬ 
tions such as a fractured limb or rupture of 
the cruciate ligaments of the stifle joint. 
Abomasal ulcers have also been the cause of 
sudden death in yearling feedlot cattle. 
Examination of a random sample of the 
abomasa of feedlot cattle revealed that ero¬ 
sions were present in up to 33% of the 
animals, depending on their origin. It is 
hypothesized that the feeding of high levels 
of grain in feedlot cattle may be a risk factor 
associated with abomasal erosions. 

Hand-Fed Calves 

Ulcers of the abomasum are common in 
hand-fed calves when they are weaned from 
milk or milk replacer and begin consuming 
roughage. The causes of the acute ulceration 
are unknown, but by association it appears 
that some calves are susceptible when they 
are changing from a diet of low dry matter 
content (milk or milk replacer) to one of a 
higher dry matter content (grass, hay, and 
grain). Most of these ulcers are subclinical 
and not hemorrhagic. The incidence of 
abomasal ulcers in milk-fed veal calves is 
higher when the animals have access to 
roughage than when roughage is not pro¬ 
vided. The type of roughage may also be a 
factor: pellets produced from corn silage 
were associated with more lesions than 
pellets produced from barley straw or alfalfa 
hay, suggesting that loss of pH partitioning 
in the abomasum may play a primary role. 
Occasionally, milk-fed calves under 2 weeks 
of age are affected by acute hemorrhagic 
abomasal ulcers, which may perforate and 
cause rapid death. 

Perforating abomasal ulcers have 
occurred in calves up to 6 months of age, 
with the majority between 6 and 12 weeks of 
age. LDA was present in 70% of the cases. 

Veal Calves 

Abomasal ulceration is a common finding in 
veal calves slaughtered at 3 to 5 months of 
age. The incidence and severity of lesions are 
greatest in loose-housed calves with access to 
straw and fed milk substitute ad libitum. 
There was no evidence that erosions and 
ulcers found in the majority of veal calves 
affected their growth rate or welfare. No rela¬ 
tionship was found between the presence of 
abomasal erosions and ulcers and the behav¬ 
ior of crated veal calves fed milk for 22 to 
24 weeks. 

Sucking Beef Calves 

Well-nourished sucking beef calves, 2 to 4 
months of age, may be affected by acute hem¬ 
orrhagic and perforating abomasal ulcers 
while they are on summer pasture. Abomasal 
trichobezoars are commonly present in these 
calves, but whether the hairballs initiated the 
ulcers or developed after the ulcers is 
uncertain. 

Abomasal ulcers and abomasal tympany 
occurs in range beef calves from 3 to 12 


weeks of age in beef herds in the north 
central region of the United States, along the 
eastern slopes of the Rocky Mountains, and 
in Alberta. 

In a retrospective study of 46 abomasoto- 
mies in young beef calves in western Canada, 
in affected herds the average incidence was 
1.0% with a range among herds from 0.2% to 
5.7%. In 80% of surgeries of the abomasum, 
abomasal ulcers were found, and hairballs 
were present in the abomasum of 76%, but 
this does not necessarily mean that hairballs 
are a causative agent (see later). Calves 
housed in pens or on stubble fields were 
nearly three times more likely to receive 
surgery for abomasal disease than those kept 
on pasture. 

On-farm investigations of western Cana¬ 
dian beef herds that had reported abomasal 
ulcers in calves found that the average 
number of suspected and confirmed cases of 
fatal abomasal ulcers were 2.4 and 1.9 per 
farm, respectively. Most producers reported 
that the affected calves had died without 
exhibiting any clinical signs and that the 
affected calves were average or above average 
in growth performance. Most (86%) of the 
ulcers occurred in calves under 2 months of 
age. Most (93%) of the fatal ulcers were per¬ 
forating, and the remainder (6.7%) were 
hemorrhagic ulcers. The peak number of 
cases occurred in April and May but this sea¬ 
sonal incidence reflects the age structure of 
the calf population in Canada, in which most 
beef calves are born during the late winter 
and early spring months. There was no sex 
predilection and no evidence of breed pre¬ 
disposition. There is minimal evidence to 
suggest that C. perfringens type A, Helico¬ 
bacter pylori, or Campylobacter spp. are 
involved in ulcer formation. 4 

The relationship between the abomasal 
hairballs and perforating abomasal ulcers 
in unweaned beef calves under 4 months of 
age has been examined. For many years it 
was thought that the presence of hairballs 
in the abomasum abraded the mucosa, ini¬ 
tiating an ulcerogenic process, eventually 
culminating in a perforating ulcer. However, 
finding hairballs in the abomasum of 
nursing beef calves with perforating ulcers 
does not necessarily mean that the hairballs 
caused the ulcer. Hairballs are present in 
the abomasum of the same class of calves 
that die of other diseases unrelated to the 
abomasum. Calves under 1 month of age 
dying of an ulcer were almost four times 
more likely to have an abomasal hairball 
than were calves dying of all other diseases. 
This relationship did not exist in older 
calves over 30 days of age, in which about 
60% of all calves, regardless of the cause of 
death, had an abomasal hairball. The preva¬ 
lence of hairballs in the young and old 
ulcer calves was 58% and 57%, respectively; 
in the old nonulcer calves it was 63%. The 
prevalence of hairballs in the young nonul¬ 
cer calves was 20%. 
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Two factors may account for the lower 
prevalence in young nonulcer calves. First, 
more than half (55%) of the nonulcer calves 
died in the first few weeks of life, compared 
with only 12.5% of the ulcer calves. Thus 
calves in the ulcer group had more time to 
develop an abomasal hairball. Second, the 
majority (68%) of the calves died of enteritis 
and sepsis, making them less likely to engage 
in normal nursing behavior, which involves 
muzzling and licking the udder, resulting in 
the ingestion of hair. Only 57% of calves 
dying of perforating ulcer had a hairball, 
indicating that the hairballs are not neces¬ 
sary for an ulcer to develop. This is supported 
by field observations of pathologists who 
report that only 25% of calves with a perfo¬ 
rating ulcer had an abomasal hairball. 
Another argument against the hairball 
theory is that 89% of perforations occurred 
in the body of the abomasum, a region that 
has a poorly developed musculature and is 
incapable of producing strong peristaltic 
contractions. It is suggested that the weak 
frictional forces generated in this region 
could exert an abrasive action on the mucosal 
surfaces. In summary, it is suggested that 
abomasal hairballs are not necessary for 
abomasal ulcers to develop in nursing beef 
calves. 

Dietary Factors in Calves Fed Milk or 
Milk Replacer 

The cause of the high prevalence of abomasal 
ulceration in nursing beef calves is unknown. 
A low abomasal luminal pH caused by the 
diet has been proposed as a possible factor. 
Experimentally, feeding dairy calves (17 days 
of age) cows whole milk resulted in lower 
abomasal luminal pH compared with the 
feeding of two different milk replacers (an all 
milk protein or combined milk and soy 
protein milk replacer). It has been hypothe¬ 
sized that the sucking of cows whole milk 
results in a lower mean abomasal luminal pH 
and, because fasting or infrequent sucking of 
milk replacer results in a sustained period of 
low abomasal luminal pH, this may provide 
evidence for primary abomasal ulceration in 
nursing beef calves. This may be related to 
the occurrence of abomasal ulceration in 
nursing beef calves after a period of inclem¬ 
ent weather, during which time the fre¬ 
quency of nursing may be decreased. 

Secondary Abomasal Ulcers 

Abomasal ulcers occur secondary to left¬ 
side and right-side abomasal displacements, 
abomasal impaction or volvulus, lymphoma¬ 
tosis and vagal indigestion, or unrelated to 
other diseases. 

PATHOGENESIS 

Any injury to the gastric mucosa allows dif¬ 
fusion of hydrogen ions from the lumen into 
the tissues of the mucosa and also permits 
diffusion of pepsin into the different layers of 
the mucosa, resulting in further damage. 


There may be only one large ulcer, but more 
often there is evidence of numerous acute 
and chronic ulcers. 

A classification of abomasal ulcers in 
cattle is as follows. 

Type 1: Nonperforating Ulcer 

In this classification there is incomplete pen¬ 
etration of the abomasal wall resulting in a 
minimal degree of intraluminal hemorrhage, 
focal abomasal thickening, or local serositis. 
Nonbleeding chronic ulcers commonly cause 
a chronic gastritis. This category has been 
expanded to include erosions in a modified 
categorization system: la = erosion with 
minimal mucosal defects; lb = deeper ero¬ 
sions combined with local hemorrhage; and 
lc = craters with a superficial coating of 
detritus, fibrin, or inflammatory products. 
However, erosions are discrete mucosal 
defects that do not penetrate the muscularis 
mucosa of the abomasum, whereas ulcers 
penetrate the entire thickness of the mucosa 
and extend into the submucosa. 

Type 2: Ulcer Causing Severe 
Blood Loss 

With the type 2 ulcer there is penetration of 
the wall of a major abomasal vessel, usually 
in the submucosa, resulting in severe intra¬ 
luminal hemorrhage and anemia. In acute 
ulceration with erosion of a blood vessel 
there is acute gastric hemorrhage with reflex 
spasm of the pylorus and accumulation of 
fluid in the abomasum, resulting in disten¬ 
sion, metabolic alkalosis, hypochloremia, 
hypokalemia, and hemorrhagic anemia. 
Usually within 24 hours there is release of 
some of the abomasal contents into the intes¬ 
tine, resulting in melena. The ruminal chlo¬ 
ride concentration may increase in about 
40% of cows with bleeding ulcers, which sug¬ 
gests abomasal reflux of acid into the rumen. 

Plasma gastrin activity increases signifi¬ 
cantly in cattle with bleeding abomasal 
ulcers. 

Type 3: Perforating Ulcer With Acute, 
Local Peritonitis 

In this classification there is penetration of 
the full thickness of the abomasal wall, 
resulting in leakage of abomasal contents. 
Resulting peritonitis is localized to the region 
of the perforation by adhesion of the involved 
portion of abomasum to adjacent viscera, 
omentum, peritoneal surface, or diaphragm. 
Omental bursitis and empyema may develop, 
with the accumulation of a large quantity of 
exudate and necrotic debris in the omental 
cavity. In rare instances the abomasal acidity 
may erode through the diaphragm, causing 
an abomasal-pleural fistula. 

Type 4: Perforating Ulcer With 
Diffuse Peritonitis 

With a type 4 ulcer there is penetration of the 
full thickness of the abomasal wall, resulting 
in leakage of abomasal contents. Resulting 


peritonitis is not localized to the region of 
the perforation; thus digesta is spread dif¬ 
fusely throughout the peritoneal cavity. 

In nursing beef calves, about 90% of per¬ 
forated abomasal ulcers occur in the body of 
the abomasum, with a propensity for the 
greater curvature. In some calves the ulcers 
are subclinical and the factors that determine 
how large or how deep an ulcer will become 
are unknown. Based on abattoir studies it is 
evident that abomasal ulcers will heal by scar 
formation. 

CLINICAL FINDINGS 

The clinical syndrome varies depending on 
whether ulceration is complicated by hemor¬ 
rhage or perforation. The important clinical 
findings of hemorrhagic abomasal ulcers in 
cattle are abdominal pain, melena, and pale 
mucous membranes. At least one of these 
clinical findings is present in about 70% of 
cattle with abomasal ulcers. The case-fatality 
rates for cattle with types 1, 2, 3, or 4 are 25, 
100, 50, and 100%, respectively. In the 
common clinical form of bleeding abomasal 
ulcers there is a sudden onset of anorexia, 
mild abdominal pain, tachycardia (90 100 
beats/min), severely depressed milk pro¬ 
duction, and melena. Acute hemorrhage 
may be severe enough to cause death in less 
than 24 hours. More commonly there is sub¬ 
acute blood loss over a period of a few days 
with the development of hemorrhagic 
anemia. The feces are usually scant, black, 
and tarry. There are occasional bouts of diar¬ 
rhea. Melena may be present for 4 to 6 days, 
after which time the cow usually begins to 
recover or lapses into a stage of chronic 
ulceration without evidence of hemorrhage. 

Melena is almost a pathognomonic sign 
of an acute bleeding ulcer of the aboma¬ 
sum. However, the presence of normal- 
colored feces does not preclude the presence 
of chronic nonbleeding ulcers, which may be 
the cause of an intractable indigestion. The 
use of an occult blood test on the feces will 
aid in differentiating those that are equivocal. 
Abomasal ulceration secondary to lym¬ 
phoma of the abomasum is characterized by 
chronic diarrhea and melena. The ulcer does 
not heal. 

In some cases the abomasum is grossly 
distended and fluid-splashing sounds are 

audible on succussion similar to those in 
RDA. Moderate dehydration is common, 
and affected cows commonly sip water con¬ 
tinuously and grind their teeth frequently. 
The prognosis in chronic ulceration is poor 
because of the presence of several ulcers and 
the development of chronic abomasal atony. 
Some cows improve temporarily but relapse 
several days later and fail to recover perma¬ 
nently. Duodenal ulceration and abdominal 
abscesses have also been described. 

Perforation of Ulcer 

Perforation of an ulcer is usually followed by 
acute local peritonitis unless the abomasum 
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is full and ruptures, when acute diffuse peri¬ 
tonitis and shock result in death in a few 
hours. With the development of local perito¬ 
nitis, with or without omental adhesions, 
there is a chronic illness accompanied by a 
fluctuating fever, anorexia, and intermittent 
diarrhea. This is common in dairy cows in 
the immediate postpartum period. Pain may 
be detectable on deep palpation of the 
abdomen and the distended, fluid-filled 
abomasum may be palpable behind the right 
costal arch. Periabomasal abscess formation 
from a perforated ulcer also occurs and is 
similar to local peritonitis. 

In calves with a perforated abomasal 
ulcer, abdominal distension and abdominal 
pain are common. 

Nursing Beef Calves 

Calves with abomasal ulceration may have 
a distended gas-filled and fluid-filled 
abomasum that is palpable behind the right 
costal arch. Deep palpation may reveal 
abdominal pain associated with local peri¬ 
tonitis caused by a perforated ulcer. Unless 
an abomasal ulcer has extended to the 
serosa, it is unlikely that it can be detected 
by deep palpation. Many cases of abomasal 
ulcers, particularly in calves, cause no 
apparent illness. 

CLINICAL PATHOLOGY 
Melena 

The dark brown to black color of the feces is 
usually sufficient indication of gastric hem¬ 
orrhage but tests for occult blood may be 
necessary. Results from experiments simu¬ 
lating abomasal hemorrhage indicate that 
the transit time for blood to move from the 
abomasum to the rectum ranges from 7 to 19 
hours. The available fecal occult blood tests 
may not detect slow abomasal hemorrhage at 
any one sampling. This can be overcome by 
testing several fecal samples over a 2- to 
4-day period and reading multiple smears 
per specimen. The sensitivity of the occult 
blood tests increases after the fecal samples 
have been stored at room temperature for 2 
days. The predictive value of the occult blood 
test may be a more reliable diagnostic indica¬ 
tor of abomasal disease than abdominal pain 
or the presence of anemia. When perforation 
has occurred with acute local peritonitis, 
there is neutrophilia with a regenerative left 
shift for a few days, after which time the total 
leukocyte and differential count may be 
normal. 

Hemogram 

In acute gastric hemorrhage, there is acute 
hemorrhagic anemia. 

Plasma Gastrin and Pepsinogen 
Concentration 

Plasma gastrin concentration increases sig¬ 
nificantly in cattle with bleeding abomasal 
ulcers. The mean plasma gastrin concentra¬ 
tion in healthy cattle was 103 pg/mL; in 


cattle with bleeding abomasal ulcers the 
mean was 1213 pg/mL. 

Serum pepsinogen concentration 
>5.5 U/L is indicative of the presence of 
abomasal ulcers in cows with an appropriate 
anthelmintic control program. 5 However, the 
test sensitivity (0.65) and specificity (0.81) 
and area under the response operating char¬ 
acteristic curve (0.77) are not sufficiently 
high enough to make this a clinically useful 
test, particularly when applied to cattle with 
unknown parasite control programs. In con¬ 
trast, serum pepsinogen does not appear to 
indicate the presence of abomasal ulcers in 
sheep. 6 

Microbiology 

The microbiome of abomasal ulcers has been 
recently investigated using pyrosequencing. 
Abomasal ulcers contain a high diversity 
and species richness of abomasal bacteria, 
including the following genera: Helicobacter, 
Acetobacter, Lactobacillus, and novel 
Mycoplasma -like phylotypes.' Interestingly, 
no differences in microbiological communi¬ 
ties attached to abomasal mucosa were 
detected between abomasal ulcers and 
normal mucosal morphology. 

NECROPSY FINDINGS 

Ulceration is most common along the greater 
curvature of the abomasum. There is a dis¬ 
tinct preference for most of the ulcers to 
occur on the most ventral part of the fundic 
region with a few on the border between the 
fundic and pyloric regions. The ulcers are 
usually deep and well defined but may be 
filled with blood clot or necrotic material 
and often contain fungal mycelia, which may 
be of etiologic significance in calves. The 
ulcers will measure from a few millimeters to 
5 cm in diameter and are either round or 
oval with the longest dimension usually par¬ 
allel to the long axis of the abomasum. In 
bleeding ulcers the affected artery is usually 
visible after the ulcer is cleaned out. 

Most cases of perforation in cattle are 
walled off by omentum, with the formation 
of a large cavity 12 to 15 cm in diameter in 
the peritoneal cavity that contains degener¬ 
ated blood and necrotic debris. Material 
from this cavity may infiltrate widely through 
the omental fat. Adhesions may form 
between the ulcer and surrounding organs or 
the abdominal wall (omental bursitis and 
omental emphysema). Multiple phytobe¬ 
zoars are common in the abomasum of beef 
calves with abomasal ulcers. The mucosal 
changes associated with abomasal ulceration 
in veal calves reveal an increase in the depth 
of the mucosa with a loss of mucins in the 
region of erosions and ulcers. 


DIFFERENTIAL DIAGNOSIS 


• Acute abomasal ulceration in mature 
cattle is characterized by abdominal pain, 


melena, and pallor. The melena may not be 
evident for 18-24 h after the onset of 
hemorrhage. Examination of the right 
abdomen may reveal a distended 
abomasum and a grunt on deep palpation 
over the abomasum, caudal to the xiphoid 
sternum on the right side. Tachycardia is 
common. 

• Duodenal ulceration may cause melena 
and a syndrome indistinguishable from 
hemorrhagic abomasal ulceration. 

• Chronic abomasal ulceration in mature 
cattle is difficult to diagnose clinically if the 
hemorrhage is insufficient to result in 
melena. The clinical findings of chronic 
ulceration are similar to several other 
diseases of the forestomach and 
abomasum of mature cattle. An illness of 
several days' duration with inappetence, 
ruminal hypotonicity, scant feces, and 
dehydration are common to many of those 
diseases. The presence of occult blood in 
the feces of hemorrhagic anemia suggests 
ulceration. The hemorrhage may be 
intermittent, and repeated fecal tests for 
occult blood may be necessary. A positive 
result for occult blood may also be caused 
by abomasal volvulus, intestinal 
obstruction, or blood-sucking helminths. 

• Abomasal ulceration with perforation 
and local peritonitis is indistinguishable 
from acute traumatic reticuloperitonitis 
unless hemorrhage and melena occur. 
However, the abdominal pain elicited on 
deep palpation is most intense over the 
right lower abdomen and lateral aspect of 
right lower thoracic wall. 

• Abomasal ulceration with perforation 
in sucking beef calves is characterized by 
sudden onset of weakness, collapse, 
moderate abdominal distension shock, and 
rapid death. It must be differentiated from 
other causes of diffuse peritonitis and 
intestinal obstruction. 

• Chronic abomasal ulceration in sucking 
beef calves associated with hairballs and 
chronic abomasitis from eating sand and 
dirt cannot usually be diagnosed as a 
separate entity. 


TREATMENT 

The conservative medical approach is usually 
used for the treatment of abomasal ulcers in 
cattle. 

Blood Transfusions 

Blood transfusions and fluid therapy may be 
necessary for acute hemorrhagic ulceration. 
The most reliable indication for a blood 
transfusion is the clinical state of the animal. 
Weakness, tachycardia, and dyspnea are 
indications for a blood transfusion. Hemato¬ 
crits do not provide an accurate indication as 
to the magnitude of the blood loss until at 
least 4 hours after the start of hemorrhage. 
For this reason, although it is important to 
determine the hematocrit to obtain a refer¬ 
ence point in time, a firm cut point for the 











522 


Chapter 8 


Diseases of the Alimentary Tract-Ruminant 


need for a blood transfusion cannot be 
developed. In the case of severe blood loss, a 
dose of 20 mL/kg BW may be necessary. 

Coagulants 

Parenteral coagulants are used but are of 
doubtful value. These are covered in detail in 

Chapter 4. 

Antacids 

The goal of antacid treatment is to create an 
environment that is favorable to ulcer 
healing. This can be done by decreasing acid 
secretion (oral or parenteral administration 
of histamine type-2 receptor antagonists [H 2 
antagonists] and proton pump inhibitors) or 
neutralizing secreted acid (oral administra¬ 
tion of magnesium hydroxide and aluminum 
hydroxide). The elevation of the pH of the 
abomasal contents abolishes the proteolytic 
activity of pepsin and reduces the damaging 
effect of the acidity on the mucosa. 

Histamine Type-2 Receptor 
Antagonists 

These compounds increase gastric pH 
through selective and competitive antago¬ 
nism of histamine at the H 2 -receptor on the 
basolateral membrane of parietal cells, 
reducing acid secretion. H 2 -receptor antago¬ 
nists are characterized pharmacologically by 
their ability to inhibit gastric acid secretion 
and kinetically by their similarity in absorp¬ 
tion, distribution, and elimination. 

Cimetidine and ranitidine are synthetic 
H 2 antagonists that inhibit basal as well as 
pentagastrin-stimulated and cholinergic- 
stimulated gastric acid secretion. Both have 
been used extensively to treat gastric ulcers 
in many species, including horses, dogs, and 
humans. Oral and parenteral administration 
of cimetidine and ranitidine increases 
abomasal pH in sheep and cattle. High doses 
of cimetidine (20 mg/kg BW intravenously, 
or 50-100 mg/kg orally) increased abomasal 
pH in weaned lambs for more than 2 hours. 
Daily oral administration of cimetidine 
(10 mg/kg BW for 30 days) to veal calves 
may facilitate healing of abomasal ulcers. 
Because ranitidine is three to four times 
more potent than cimetidine, results of 
studies in ruminants suggest that oral admin¬ 
istration of cimetidine (50-100 mg/kg) and 
ranitidine (10-50 mg/kg) should increase 
abomasal pH in milk-fed calves. 

Experimentally, the oral administration 
of cimetidine (50 mg/kg or 100 mg/kg every 
8 hours) and ranitidine (10 or 50 mg/kg 
every 8 hours) to normal calves fed milk- 
replacer caused a significant dose-dependent 
increase in mean 24-hour abomasal luminal 
pH. However, the effects of these agents have 
not been examined in calves with known 
abomasal ulcers. 

Alkalinizing Agents 

Compounds such as magnesium hydroxide 
and aluminum hydroxide are weak bases that 


have a direct effect on gastric acidity by neu¬ 
tralizing secreted acids. Aluminum hydrox¬ 
ide directly absorbs pepsin, decreasing the 
proteolytic activity of pepsin in the stomach. 
Both compounds bind bile acids, protecting 
against ulceration induced by bile reflux. 

Experimentally, the oral administration 
of commercially available preparations con¬ 
taining aluminum hydroxide and magne¬ 
sium hydroxide to calves being fed milk 
replacer resulted in a short-term increase in 
abomasal luminal pH. However, as with 
the synthetic H 2 antagonists, the efficacy of 
these weak bases to aid in the treatment of 
calves with abomasal ulcers has not been 
determined. 

Magnesium oxide (500-800 g per 450-kg 
BW weight daily for 2-4 days) has been suc¬ 
cessful empirically in some cases of abomasal 
ulceration in mature cattle. The injection or 
infusion of the antacid directly into the 
abomasum would probably be much more 
effective, but injections of the abomasum 
through the abdominal wall are not com¬ 
pletely reliable. An abomasal cannula placed 
through the abdominal wall may provide a 
means of ensuring the infusion of antacids 
directly into the abomasum. 

Kaolin and Pectin 

Large doses of liquid mixtures of kaolin and 
pectin (2-3 L twice daily for a mature cow) 
to coat the ulcer and minimize further 
ulcerogenesis have been suggested and used 
with limited success. This treatment is no 
longer recommended. 

Surgical Excision 

Surgical excision of abomasal ulcers has been 
attempted, with some limited success. The 
presence of multiple ulcers may require 
the radical excision of a large portion of the 
abomasal mucosa and hemorrhage is usually 
considerable. A laparotomy and exploratory 
abomasotomy are required to determine the 
presence and location of the ulcer. The diag¬ 
nostic criteria for deciding to do surgery have 
not been described, which makes it difficult to 
select cases with a favorable prognosis. Valu¬ 
able animals with clinical evidence of chronic 
ulceration or those that relapse should be 
considered for surgical correction. Surgical 
correction of perforated abomasal ulcers in 
calves is possible and may be successful. 

PREVENTION 

Recommendations for the prevention of 
abomasal ulceration in cattle cannot be 
given because the etiology is so poorly 
understood. 

FURTHER READING 

Marshall TS. Abomasal ulceration and tympany of 
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OMENTAL BURSITIS 

Inflammation of the omental bursa occurs 
rarely, usually in dairy cattle. The causes 
include perforated abomasal ulcers of the 
medial wall of the abomasum, penetration of 
the ventral wall of the blind sac of the rumen, 
penetration of the reticulum by a foreign 
body, spread of an umbilical infection to 
the greater omentum, and extension of an 
abdominal abscess and localized peritonitis, 
with subsequent spread to the omental 
bursa secondary to postpartum parametritis. 
Inflammation of the bursa results in the 
accumulation of inflammatory exudate in 
the bursal cavity, which enlarges beyond its 
normal capacity. There may also be rupture 
of the leaves of the greater omentum, result¬ 
ing in diffuse peritonitis, ileus, or functional 
obstruction of the intestines. 

Clinical findings include anorexia of 
several days’ duration, chronic toxemia, 
dehydration, and abdominal distension, 
particularly of the right lower flank. 1 Fluid- 
splashing sounds may be audible on auscul¬ 
tation and percussion of the right flank. On 
rectal examination in a small number of 
cases a large, amorphous, spongy mass may 
be palpable anterior to the pelvic brim in the 
right upper quadrant of the abdomen. The 
peritoneal fluid may reveal evidence of a 
chronic suppurative inflammation. A neu¬ 
trophilia and an increase in the serum fibrin¬ 
ogen concentration are common. There may 
also be a metabolic alkalosis with hypochlo- 
remia and hypokalemia. Most cases require 
a right flank exploratory laparotomy to make 
the diagnosis. 

Treatment consists of surgical drainage 
and long-term therapy with antimicrobials. 
Successful treatment is uncommon but pos¬ 
sible. At necropsy there is diffuse fibrinous 
and necrotizing peritonitis and a large accu¬ 
mulation of purulent exudate in the omental 
bursa. 

REFERENCE 

1. Sardari K. Comp Clin Pathol. 2007;16:285. 

ABOMASAL BLOAT (TYMPANY) 
IN CALVES AND LAMBS 

Abomasal bloat or severe distension 
(tympany) occurs in calves and lambs fed 
milk-replacer diets. The incidence appears to 
have increased recently in North America, 
and this has been attributed to increased use 
of whey-based milk replacers, which have a 
high salt content and therefore high osmolal¬ 
ity when fed. Both factors have been shown 
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to decrease abomasal emptying rate in 
calves. 1,2 Feeding systems that allow calves or 
lambs to drink large quantities of milk 
replacer at infrequent intervals predispose 
them to abomasal bloat. This situation can 
occur under ad libitum feeding when the 
supply of milk replacer is kept at about 15°C 
(59°F) or higher, and particularly if it is not 
available for several hours. Lambs fed warm 
milk replacer to appetite twice daily appear 
to be very susceptible to abomasal bloat. Ad 
libitum feeding of cold milk replacers con¬ 
taining few or no insoluble ingredients, and 
adequately refrigerated, results in little or no 
bloating. 

The pathogenesis of the abomasal 
tympany is thought to be associated with a 
sudden filling of the abomasum with 
decreased abomasal emptying rate followed 
by the proliferation of gas-forming organ¬ 
isms such as C. perfringens type A, Sarcina 
ventriculi, or Lactobacillus spp., which release 
an excessive quantity of gas that cannot 
escape from the abomasum. Administration 
of high-glucose solutions or high-osmolality 
solutions are thought to be associated with 
the disease occurrence because both decrease 
abomasal emptying rate in milk-fed calves. 1,2 
The disease has been reproduced by drench¬ 
ing milk-fed Holstein Friesian calves with 
a carbohydrate mixture containing milk 
replacer, corn starch, and glucose mixed in 
water. 3 The severe abomasal distension 
causes compression of the thoracic and 
abdominal viscera and their blood vessels. 
This results in asphyxia and acute circulatory 
failure caused by the lack of venous return. 
Affected calves and lambs will become 
grossly distended within 1 hour after feeding 
and die in a few minutes after the distension 
of the abdomen is clinically obvious. At nec¬ 
ropsy, the abomasum is grossly distended 
with gas, fluid, and milk replacer, which is 
usually not clotted. The abomasal mucosa is 
hyperemic. 

Abomasal bloat, hemorrhage, and ulcers 
occur in young lambs in Norway just before 
being turned onto pasture. Affected lambs 
are 3 to 4 weeks of age. Affected lambs, 
approximately 1 week before developing 
abomasal bloat, had significantly lower 
serum iron levels than unaffected lambs. The 
administration of iron dextran to lambs 
during their first week of life reduced the 
incidence of abomasal bloat, suggesting that 
iron deficiency may be a predisposing factor 
that results in pica. Housing these lambs on 
floors with built-up litter when silage is used 
as a roughage is a predisposing epidemio¬ 
logic factor. It is postulated that affected 
lambs eat bedding contaminated with feces, 
which may result in the growth of an abnor¬ 
mal gas-producing microflora in the aboma¬ 
sum. A similar association with fecal material 
was observed in an outbreak of abomasal 
tympany in dairy calves. 4 Affected calves 
died suddenly with abomasal tympany and 
emphysema, and C. Perfringens type A was 


cultured from pooled colostrum being fed to 
calves, the bucket being used to collect colos¬ 
trum, and the walls of the refrigerator used 
to store the colostrum. 

The major clinical findings are tympany 
and colic. There is severe abdominal pain, 
such as stretching of the hind legs, lifted tails, 
repeated attempts to defecate, and anorexia. 
Untreated calves and lambs die within a few 
hours, but some are found dead without 
having shown any clinical signs. Some lambs 
are anemic and have melena. 

At necropsy, there is abomasal tympany, 
abomasal hemorrhage, and ulceration. 
Lambs with ulcers had a higher frequency of 
trichophytobezoars than the cases without 
ulcers or the controls. Sarcina- like bacteria 
were found in sections of and smears from 
the abomasum in 79% of cases. 5 C. fallax and 
C. sordellii were also cultured from some 
cases, but their causative significance is 
uncertain. 

Successful treatment of calves has been 
reported by placing them in dorsal recum¬ 
bency and inserting a large-diameter needle 
(such as a 14 gauge) into the abomasum to 
relieve the gas. Placement in dorsal recum¬ 
bency is considered the key to success 
because attempting to percutaneously deflate 
the bloat with the calf standing is often inef¬ 
fective and may facilitate leakage of abomasal 
fluid into the abdomen. Calves should be 
administered parenteral antibiotics with 
good efficacy against Clostridium spp. bacte¬ 
ria, such as Procaine penicillin (22,000 U/kg 
BW, intramuscularly daily). 

Effective control measures would appear 
to include good hygiene related to feeding 
utensils and equipment to prevent ingestion 
of Clostridium spp., minimizing ingestion of 
fecal material, and providing small meals fre¬ 
quently instead of large meals infrequently. 

FURTHER READING 
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Diseases of the Intestines 
of Ruminants 

SMALL AND LARGE INTESTINAL 
OBSTRUCTION IN CATTLE 

Small and large intestinal obstructions in 
cattle include luminal blockages, intussus¬ 
ception, volvulus, and strangulation. The 
characteristic clinical findings are anorexia, 
abdominal pain, absence of feces, the passage 


of dark fecal blood and mucus, dehydration, 
and acid-base imbalance and death if physi¬ 
cal obstructions are untreated. 


SYNOPSIS 


Etiology Physical obstruction of intestine 
caused by luminal blockages, 
intussusception, mesenteric volvulus, and 
strangulation. 

Epidemiology Uncommon, but do occur. 

Signs Abdominal pain (treading of hindlegs, 
stretching, and kicking at abdomen), scant 
or absence of feces, feces may be 
bloodstained, rumen stasis, distension of 
abdomen (later stages), distended loops of 
intestine, progressive dehydration, and 
toxemia leading to shock and recumbency. 

Clinical pathology Hypochloremic, 
hypokalemic metabolic alkalosis, 
hemoconcentration. 

Lesions Intussusception, volvulus, 

strangulation, and intraluminal obstruction. 

Diagnostic confirmation Laparotomy. 

Differential diagnosis 

Adult cattle', diffuse peritonitis, acute local 
peritonitis, abomasal ulcers, right 
displaced abomasum, abomasal volvulus, 
grain overload, duodenal ileus, and 
urethral obstruction in male ruminants. 
Calves under 2 months of age', abomasal 
dilatation: dietary in origin, abomasal 
volvulus, perforated abomasal ulcers, 
intussusception, volvulus at the root of 
the mesentery, acute diffuse peritonitis, 
and peracute to acute enteritis. 

Treatment Surgical correction. 

Control Nothing reliable. 


ETIOLOGY AND EPIDEMIOLOGY 

The most common causes are the intestinal 
accidents—volvulus, intussusception and 
strangulation—in which there is physical 
occlusion of the intestinal lumen. A func¬ 
tional obstruction occurs with local or 
general paralytic ileus; the lumen remains 
physically patent but there is no passage of 
ingesta. 

There are three common groups of causes: 

• Physical obstruction of the intestinal 
lumen along with infarction of the 
affected section of intestine (intestinal 
accidents) 

• Physical obstruction of the intestinal 
lumen (luminal blockages) 

• Functional obstructions with no passage 
of intestinal contents but with the lumen 
still patent (paralytic ileus). 

Intestinal Accidents 
Volvulus 

Volvulus of the small intestine is rare and 
sporadic in cattle and is more common in 
dairy cattle than beef cattle. It is not more 
common in calves than in adults but there 
may be a decreased risk in cattle over 7 years 
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Fig. 8-20 Jejunal intussusception in an adult Holstein Friesian cow. The cow is in sternal 
recumbency with the head to the right. A right flank incision was made and much of the small 
intestine exteriorized. The surgeon is holding the jejunal flange, which is empty, as is the 
cecum (top). Most of the jejunum is markedly distended with fluid, and the mesentery is tied 
up into a knot in the center of the picture, which is the location of a large intussusception. 


of age compared with calves under 2 months 
of age. 

Mesenteric volvulus is most common in 
calves and young cattle, e.g., coiled colon on 
its mesentery. As in cecocolic volvulus, the 
colon may be dilated before volvulus devel¬ 
ops. A case has been described in a mature 
cow, which recovered following surgery. 

Volvulus of the duodenal sigmoid flexure 
has been recently reported in dairy cattle. 1 
Most of the affected animals had a right flank 
omentopexy and pyloropexy performed 
1 day to 2 years previously and it is likely 
that the omentopexy site altered the normal 
anatomic location of the cranial duodenum, 
predisposing this section of the duodenum to 
accumulation of ingesta and subsequent vol¬ 
vulus. Clinically the cattle resembled an RDA 
or AV. The common bile duct is included 
in the volvulus, causing obstruction to bile 
flow and an enlarged gallbladder that may 
be visible ultrasonographically. 

Intussusception 

Intussusceptions are rare in cattle and most 
common in calves under 2 months of age. 
The high prevalence of diarrhea caused by 
enteritis in calves suggests that enteritis may 
be a risk factor in this age group. 

Four types of intussusception are recog¬ 
nized in cattle: 

1. Enteric: this involves one segment of 
the small intestine, usually the distal 
jejunum or ileum, invaginating into 
another. It is most common in adults, 
with the distal jejunum most commonly 
affected because of the length and 
mobility of its mesenteric attachments. 
The high incidence of jejunojejunal 
intussusception in cattle has been 
attributed to the length and mobility of 
the jejunal mesenteric attachments, 
especially the distal third (Fig. 8-20). 

The presence of a mass in the intestinal 
wall may facilitate formation of 
intussusception, and there is one report 
of an intussusception associated with 
jejunal adenocarcinoma in a dairy cow. 2 

2. Ileocecocolic: with this type the ileum 
invaginates into the cecum or into the 
proximal colon at the cecocolic junction. 

3. Cecocolic: this occurs with invagination 
of the cecal apex into the proximal 
colon. 

4. Colonic: invagination of the proximal 
colon, or sometimes the spiral colon, 
occurs into a more distal segment. One 
report of spiral colon intussusception 
identified fibroserous granulation tissue 
as a likely predisposing cause. 3 

The latter three are not common in adult 
cattle, presumably because the mesenteric fat 
deposits and the ileocolic ligament stabilize 
the intestine. In calves, the incidence of 
intussusception is more uniformly distrib¬ 
uted among the four types, presumably 
because of the thin, fragile nature of the mes¬ 
entery, which may be more susceptible to 


tearing under tension and allowing increased 
movement of adjacent segments of intestine. 
A series is recorded in cows with intestinal 
polyposis: polyps in the mucosa dragged a 
section of intestine into an invagination in 
the next section. There is also intussuscep¬ 
tion of colon into spiral colon, and intus¬ 
susception of the spiral colon has been 
described in an adult bull. One recorded 
intussusception has been associated with a 
transmural adenocarcinoma in an aged cow. 

Strangulation 

Strangulation may occur through a mesen¬ 
teric tear or behind a persistent vitelloum- 
bilical band, the ventral ligament of the 
bladder, through the lateral ligament of a 
bull’s bladder, or via an adhesion, especially 
one between the omentum and an abscess of 
the umbilical artery in a young animal. 
Rupture of the small intestinal mesentery 
and strangulation of the intestine has been 
described in adult postparturient cows. A 
persistent urachus can also cause intestinal 
strangulation in mature cattle. Herniation of 
distal jejunum into a partially everted urinary 
bladder of a mature cow has been reported. 
Strangulation of the duodenum by the uterus 
during late pregnancy in cows has been 
described. The entire uterus had passed 
through a gap between the mesoduodenum 
and duodenum and with increasing weight 
had led to strangulation of the duodenum. 
The mesoduodenum and both walls of the 
greater omentum adjacent to its caudal edge 
were not connected with the duodenum, 
probably as a result of a congenital inhibitory 
malformation. Torsion of the descending 


sigmoid colon was identified in a 5-year-old 
Brown Swiss cow with no identifiable mes¬ 
entery on the mesenteric border. 4 

Gut tie has been described in male cattle 
that have recently been castrated using the 
open method and traction of the spermatic 
cord. When the spermatic cord is pulled and 
broken during castration, it may recoil 
through the inguinal ring and become entan¬ 
gled around small intestine, causing a phys¬ 
ical obstruction (Fig. 8 -21 ). This is considered 
more likely if the right spermatic cord 
retracts into the abdomen after castration, 
but reports exist of bilateral abdominal adhe¬ 
sions. 5 It is also possible that traction of the 
spermatic cord may tear the peritoneal fold 
of the ductus deferens that attaches the 
ductus to the abdominal wall, permitting 
loops of intestine to pass through this hiatus 
and resulting in incarceration. 

Compression Stenosis 

Compression stenosis may arise from a 
blood clot from an expressed corpus luteum 
site on an ovary or traumatic duodenitis 
caused by migration of a metallic foreign 
body. 

Cecal Dilatation 

Cecal dilatation can be followed by cecocolic 
volvulus (see cecal dilatation and cecocolic 
volvulus in this chapter). 

Luminal Blockages 
External Pressure 

External pressure by fat necrosis of mesen¬ 
teries and omenta as well as lipomas may 
occur. 
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Fig. 8-21 Entrapment of the jejunum by a remnant of the ductus deferens ("gut tie") in an 
Angus steer (remnant being held by the surgeon). The steer was standing with its head to the 
right and a right flank laparotomy was performed. An incision was made in the right flank 
under regional analgesia and much of the jejunum was distended. 


Ileal Impaction in Cows 

Ileal impaction in Swiss Braunvieh cows in 
Switzerland has been described. The cause is 
uncertain but may be related to seasonal 
influences and winter feeding with a hay- 
based ration. 

Fiber Balls or Phytobezoars 

Fiber balls or phytobezoars may be common 
in areas in which fibrous feeds, e.g., Romulea 
bulbocodium or tree loppings, form a large 
part of the diet. The ability of R. bulbocodium 
to survive dry autumns and dominate the 
pasture ensures that many fiber balls develop 
in the abomasum in autumn. Obstructions 
do not occur until the next spring when 
pasture is lush. The disease is common in late 
pregnancy or the first 2 weeks of lactation or 
after a period of activity such as estrus. 
Bezoars pass at this time from the abomasum 
into the first part of the duodenum, where 
they stick fast. 

Trichobezoars (Hairballs) 

In cold climates a more common obstruction 
is by trichobezoars. Cattle confined outside 
have long shaggy hair coats and licking 
themselves and others probably leads to 
ingestion of the hair. Hairballs causing 
obstruction of the small intestine of young 
beef calves has been described. 3 

"Rectal Paralysis" 

In cows near parturition, an apparent rectal 
paralysis leading to constipation may occur. 
The cause is unknown but is considered to 
be the result of pressure by the fetus or 
fetuses on pelvic nerves. 

Duodenal Ileus 

Duodenal ileus caused by obstruction or 
compression of the duodenum has been 


described in mature cows. The lumen may be 
obstructed by phytobezoars, blood clots, or 
compression from or adhesion to a liver 
abscess. 

Functional Obstructions 

Peritonitis and hypocalcemia are two 
common causes of functional obstruction in 
cattle. 

PATHOGENESIS 
Physical Obstruction 
Physical obstruction of the small intestines 
of cattle results in an absence of feces, dis¬ 
tension of the intestine cranial to the obstruc¬ 
tion with fluid and gas, and acute abdominal 
pain. Luminal obstruction can be caused by 
trichobezoars or phytobezoars, ingestion of 
foreign objects such as a calf feeding nipple, 6 
obstruction by a luminal blood clot (see 
section on hemorrhagic jejunitis in this 
chapter), dry feed impaction in the ileum," 
or constriction and spasm of the jejunal 
lumen by a jejunal diverticulum. 8 Hypochlo¬ 
remic, hypokalemic metabolic alkalosis and 
dehydration are commonly present, particu¬ 
larly with obstructions to the proximal small 
intestine. The alkalosis results from small- 
intestinal and abomasal reflux into the 
rumen, with sequestration of hydrochloric 
acid in the abomasum. Ileus of the small 
intestines is one of the most common conse¬ 
quences of obstruction, resulting in disten¬ 
sion and hypomotility cranial to the 
obstruction. The myoelectric activity pat¬ 
terns occurring during small intestinal 
obstruction are disorganized in the segment 
orad to the obstruction, characterized by 
rapidly migrating, prolonged, high- 
amplitude spikes that sometimes occur in 
clusters. This probably accounts for the inter¬ 
mittent abdominal pain. 


Ileal impaction in Swiss Braunvieh cows 
in Switzerland is characterized clinically by 
anorexia, sudden drop in milk production, 
and some evidence of colic, including shift¬ 
ing of weight from leg to leg and occasional 
kicking at the abdomen. The ventral aspect 
of the abdomen was enlarged and pear 
shaped, and a tense abdominal wall was 
present in some cows. A ping could be elic¬ 
ited over the right abdomen in most cows. 
The feces in the rectum may be reduced in 
amount or there may be none. On rectal pal¬ 
pation, dilated loops of small intestine are 
usually palpable. On laparotomy, the impac¬ 
tion was situated at the ileocecal valve, and 
the ileum proximal to ileocecal junction was 
impacted with ingesta for up to 15 cm in 
length. The color of the serosa of the ileum 
and distal part of the jejunum was normal. 
The cause of ileal impaction is attributed to 
seasonal influences and winter feeding with 
a hay-based ration. 8 

Volvulus and Intussusception 
Volvulus of the small intestine is a rotation 
of the entire small intestine, with or without 
the cecum and spiral colon, or of only the 
distal third of the jejunum and the proximal 
portion of the ileum about its mesenteric axis 
(called a flange volvulus). The volvulus 
results in intestinal distension, vascular com¬ 
promise, intestinal necrosis, and eventually 
death unless surgically corrected. 

Intussusception is the invagination of 
one portion of the intestine into the lumen 
of an adjacent segment of intestine. Jejuno- 
jejunal intussusception is the most common 
form in cattle, although isolated cases of 
ileocecal, ileocolic, cecocolic, and colocolic 
intussusception also occur. In most cases the 
intussusception is single, but doubles do 
occur. There are reports of cattle surviving 
after sloughing of an intussusceptum, but 
these are rare and death usually occurs 5 to 
8 days after the onset of clinical findings if 
surgical correction is not performed. 

Generally, the effects of intestinal acci¬ 
dents in cattle are not as remarkable as in the 
horse. Neither the abdominal pain nor the 
cardiovascular collapse is as severe in adult 
cattle as in horses with similar lesions. The 
exception is in calves, in which the effects are 
more marked and more rapid. Distension of 
the abdomen occurs much more frequently 
in calves than in adult cattle. Involvement of 
large segments of intestine as in volvulus of 
the root of the mesentery may result in meta¬ 
bolic acidosis because of the rapid onset of 
shock. Ischemic necrosis of the intestinal 
wall results in various degrees of severity of 
peritonitis and abnormal peritoneal fluid 
containing erythrocytes, leukocytes, and 
increased serum proteins. 

Hemorrhage into the intestinal tract at 
the level of the obstruction results in the 
passage of small quantities of dark blood, 
which may be almost black if the obstruc¬ 
tion is high up in the small intestinal tract. 
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Distension of intestines with fluid and gas 
cranial to the obstruction may cause some 
mild distension of the abdomen but pri¬ 
marily if the large intestine is obstructed as 
in torsion of the coiled colon. The longer 
duration of the disease and the profound 
depression that develops suggest that endo- 
toxemia, as in horses, may be the lethal 
agent, but the course is much slower than in 
the horse. 

The effect of myoelectric activity of the 
cecum and proximal loop of the ascending 
colon on motility of this segment of intestine 
in experimental obstruction of the large 
intestine in cattle has been examined. 
Obstruction of the colon results in preste- 
notic hypermotility (colic motor complex) or 
prolonged propulsive peristaltic waves 
directed toward the obstruction site. This 
may represent an effort of the intestine to 
overcome the obstruction to reestablish the 
continuity of the passage of ingesta. 

Patterns of myoelectric activity in the small 
and large intestine of cows orad and aborad to 
an obstruction site have been measured. Myo¬ 
electric activity in the ileum immediately orad 
to the occlusion was characterized by aboli¬ 
tion of the migrating myoelectric complex 
and a constant pattern of strong bursts of long 
duration. Organized cyclic activity occurred 
in the large intestine despite complete dis¬ 
ruption of the small-intestinal migrating 
myoelectric complexes, indicating the pres¬ 
ence of mechanisms able to initiate and regu¬ 
late coordinated myoelectric patterns in the 
large intestine independently of the small 
intestine. 

Incarceration 

The small intestine can be incarcerated in the 
epiploic foramen or an acquired omental 
rent. 812 Incarceration may follow herniation 
of a gravid uterus into the omental bursa. 13 
Definitive diagnosis is made during right 
flank laparotomy. 

Duodenal Ileus 

In duodenal ileus caused by obstruction of 
the lumen by phytobezoars or compression of 
the duodenum by a liver abscess associated 
with traumatic reticuloperitonitis in mature 
cows, there is abomasal and duodenal reflux 
into the rumen resulting in metabolic alkalo¬ 
sis with hypochloremia and increased 
ruminal chloride. The obstruction caused by 
phytobezoars and liver abscesses may occur 
at almost any segment of the duodenum. The 
ileus results in a marked reduction in gastro¬ 
intestinal motility and distension of the fore¬ 
stomach and abomasum caused by the 
accumulation of excessive quantities of fluid, 
which results in dehydration. Abdominal 
pain is associated with the distension of the 
duodenum. The ileus results in marked 
decrease in movement of ingesta, and the 
feces are markedly reduced in quantity. Duo¬ 
denal obstruction caused by malposition of 
the gallbladder in a heifer has been described. 


Functional Obstruction 
In functional obstruction, there is paralytic 
ileus and an increase in the transit time of 
ingesta and feces. The feces are scant and do 
not contain blood. Sequestration of fluids in 
the intestines may result in varying degrees 
of dehydration and a metabolic alkalosis 
with hypochloremia and hypokalemia. 

CLINICAL FINDINGS 
General Findings 

There is an initial attack of acute abdominal 
pain in which the animal kicks at its 
abdomen, treads uneasily with the hindlegs, 
depresses the back, and may groan or bellow 
from pain. The pain occurs spasmodically 
and at short, regular intervals and may occa¬ 
sionally be accompanied by rolling. This 
stage of acute pain usually passes off within 
a few (8-12) hours and during this time 
there is anorexia and little or no feces are 
passed. In subacute abdominal pain the 


animal may assume a sawhorse stance and 
guard the abdomen (Fig. 8-22) The tempera¬ 
ture and respiratory rates are relatively unaf¬ 
fected and the heart rate may be normal or 
elevated, depending on whether or not blood 
vessels are occluded. If there is infarction 
of a section of intestine there will be 
signs of endotoxic shock, including low 
blood pressure, very rapid heart rate, and 
muscle weakness and recumbency. These 
signs are absent in cases in which the blood 
supply of the intestine is not compromised. 
For example, in cecocolic volvulus the heart 
rate may be normal. In all cases, as the 
disease progresses and dehydration becomes 
serious, the heart rate rises and may reach as 
high as 100 beats/min just before death. 

When the acute pain has subsided, the 
cow remains depressed, does not eat or 
ruminate, and passes no feces. The circula¬ 
tion, temperature, and respirations are 
usually within normal limits and ruminal 



Fig. 8-22 Simmental cow exhibiting signs of subacute abdominal pain with ears forward, and 
alert expression, and a slight sawhorse stance (A). The jejunal mesentery contained multiple 
areas of hard fat, which occluded the intestinal lumen (B). 










activity varies. In most cases there is com¬ 
plete ruminal stasis but, in exceptional cases, 
movements will continue, although they are 
usually greatly reduced. The rumen pack 
feels dry and firm on palpation through the 
abdominal wall. 

Abdomen 

The abdomen is slightly distended in all 
cases. Where there is distension of loops of 
intestine, as in ileus caused by dietary error, 
there may be some distension of the right 
abdomen. Fluid-splashing sounds can be 
elicited by ballottement and simultaneous 
auscultation over the right abdomen in most 
cases and in a minority of cases over the left 
abdomen. With obstruction of the pylorus 
the splashing sounds can be elicited only on 
the right side, just behind the costal arch and 
approximately halfway down its length. 
Regurgitation of fluid ingesta through the 
nose is common. 

Feces 

The character of the feces is highly variable. 
In the early stages they will be normal but 
passed frequently and in small amounts. It 
may be necessary to perform a rectal exami¬ 
nation because the feces may not be passed 
from the anus. In some cases they will be 
hard lumps, usually covered with mucus. 
Blood is often present, not as melena but as 
altered red blood, in the form of a thick red 
slurry, leaving dried flakes of it around the 
anus, especially in intussusception. The last 
fecal material is more mucoid and may 
consist entirely of a plug of mucus (Fig. 
8-23). In some cases of obstruction caused 
by fiber balls the fecal material is pasty, foul¬ 
smelling, and yellow-gray in color. 

Palpation Per Rectum 

When there is intussusception or volvulus of 
the small intestine, the affected segment is 
usually felt in the lower right abdomen, but 
the site varies with the nature of the obstruc¬ 
tion. It is important to appreciate that not all 
intestinal obstructions can be palpated on 
rectal examination. It depends on the loca¬ 
tion of the affected segment of intestine: 



Fig. 8-23 Contents present in the rectum of 
a cow with acute intestinal obstruction 
caused by intussusception of the jejunum. 
There is very little fecal material evident, 
and the rectal contents are predominately 
mucus. 
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those in the anterior part of the abdomen are 
not palpable, and those in the caudal part of 
the abdomen may be palpable. In addition, 
the affected segment may or may not be pal¬ 
pable, and the adjacent segments cranial to 
the obstruction may be palpable as distended 
segments of intestine. 

In intussusception the affected segment 
may be palpable in approximately 20% of 
cases, usually as an oblong, sausage-shaped 
mass of firm consistency, but if a long length 
of intestine is involved a spiral develops and 
is palpable as such. In volvulus the intestinal 
loop may be small, soft, and mobile. In many 
cases, it is possible to follow tightly stretched 
mesenteric bands coursing dorsoventrally in 
the middle part of the abdomen. Palpation of 
distended loops of intestine may cause dis¬ 
tress, especially in the early stages, and dis¬ 
tension of a number of loops may increase 
intraabdominal pressure to the point where 
entry of the hand beyond the pelvis is diffi¬ 
cult. Within a few days, the rectum is empty 
except for tarry mucus and exudate and 
insertion of the arm usually causes pain and 
vigorous straining. Distension of loops of 
intestine is not nearly as obvious as in horses 
with intestinal obstruction and may not 
occur unless the colon or cecum is involved. 

Duodenal Ileus 

Duodenal ileus in mature cows is character¬ 
ized by anorexia, depression, dehydration, 
abdominal pain (treading, kicking and 
stretching, and frequent lying down and 
standing up), rumen distension and hypoto- 
nicity, moderate bloat in some cases, scant 
feces, and the presence of fluid-splashing 
sounds on auscultation and ballottement of 
the right abdomen. Rectal examination may 
reveal no abnormal findings or an enlarged 
L-shaped rumen and distended loops of 
small intestine. Ultrasonography can be used 
to visualize the distended duodenum in the 
10th to 12th intercostal spaces. If only one 
loop of intestine is visible, it indicates disten¬ 
sion of the duodenum; when several loops of 
intestine are visible it indicates ileus of the 
jejunum or ileum. Duodenal obstruction 
caused by malposition of the gallbladder in 
cattle can be diagnosed using abdominal 
ultrasonography and laparotomy. 

Volvulus of the Spiral Colon 
(Mesenteric Root Volvulus) 

This can cause death in less than 24 hours. It 
is characterized by distension of the right 
abdomen, and a number of distended loops 
of intestine can be palpated. When there is 
cecal dilatation or cecocolic volvulus, there is 
usually one grossly distended intestinal loop 
extending horizontally across the abdomen 
just cranial to the pelvis and caudally or 
medially to the rumen. It may be possible to 
palpate the blind end of the cecum, and in 
cases that have been affected for several days 
the organ may be so distended with fluid and 
gas that it can be seen through the right 


flank, or fluid sounds can be produced by 
ballottement or simultaneous percussion 
and auscultation. Rarely, the distended 
cecum may be located in the left paralumbar 
fossa between the rumen and the abdominal 
wall, in a position reminiscent of an LDA. 
The disease is likely to recur in the same cow 
in subsequent years, and a case of chronic 
dilatation that persisted for 10 months is 
recorded. 

Lipomas and Fat Necrosis 

These abnormalities are usually easily pal¬ 
pable as firm, lobulated masses that can be 
moved manually. They may encircle the 
rectum. An obstructing phytobezoar may be 
palpable on rectal examination in the right 
anterior abdomen. It is usually 5 to 15 cm in 
diameter and so mobile that when touched it 
may immediately pass out of reach. Affected 
cattle may remain in this state for 6 to 8 days, 
but during this time there is a gradual devel¬ 
opment of a moderate, pendulous, abdomi¬ 
nal enlargement; profound toxemia; and an 
increase in heart rate. The animal becomes 
recumbent and dies at the end of 3 to 8 days. 

CLINICAL PATHOLOGY 

Clinicopathologic findings are generally 
nonspecific and of limited assistance in 
making a diagnosis or assessing prognosis 
preoperatively; however, the more proximal 
and complete the intestinal obstruction, the 
more severe the magnitude of hypochlore- 
mia, hypokalemia, hyponatremia, and strong 
ion (metabolic) alkalosis. 

Serum Biochemistry 

Hypochloremia, hyponatremia, azotemia, 
and hyperglycemia are common. 

Hemogram 

Hemoconcentration, a mild left shift, and an 
inverted neutrophil to lymphocyte ratio are 
common in cases of intussusception. 

NECROPSY FINDINGS 

In small-intestinal volvulus, gross changes 
are consistent with vascular thrombosis and 
intestinal necrosis. Serosal, omental, and 
mesenteric hemorrhages of varying degrees 
of transmural necrosis are common. Intesti¬ 
nal contents include gas, ingesta, and various 
amounts of blood. In both intussusception 
and volvulus extensive intestinal necrosis 
and diffuse peritonitis are common. 

TREATMENT 
Surgical Correction 

Surgical correction of physical obstructions 
of the intestine is the only method of treat¬ 
ment for animals in which survival and 
recovery are desirable. Right paralumbar 
fossa laparotomy is the most common 
approach. The methods for surgical correc¬ 
tion are presented in textbooks dealing 
with large-animal surgery. Survival rates for 
correction of volvulus of the entire small 






528 


Chapter 8 


Diseases of the Alimentary Tract-Ruminant 


intestine have been 44%, with 86% for volvu¬ 
lus of the distal jejunum and ileum. Survival 
rates were much higher in dairy cattle (63%) 
than beef cattle (22%). Survival rates for 
intussusception in cattle were about 50%. 
Survival rates following surgical correction 
of a luminal obstruction of the small intes¬ 
tine by a trichobezoar are high (72%). 6 In 
ileal impaction in cattle, the postoperative 
outcome following laparotomy and massage 
of the contents of the impacted ileum into 
the cecum is excellent. 8 

Fluid Therapy 

Fluid and electrolyte therapy given intrave¬ 
nously may be necessary preoperatively and 
always postoperatively (see Chapter 5). Mul¬ 
tiple electrolyte solutions or 0.9% sodium 
chloride solution are effective even though 
metabolic alkalosis with hypochloremia and 
hypokalemia may be present. 

Antimicrobials 

Antimicrobials preoperatively and postop¬ 
eratively are recommended for the control of 
peritonitis, which is inevitable. 


DIFFERENTIAL DIAGNOSIS 


• Acute intestinal obstruction in mature 
cattle is characterized by sudden onset of 
anorexia, reticulorumen atony, usually 
moderate abdominal pain, scant feces, 
fluid-splashing sounds over the right 
abdomen, possibly distended loops of 
intestine on palpation per rectum, and a 
progressively worsening course. It must be 
differentiated from other diseases of the 
forestomach and abomasum that result in 
scant feces, reduced reticulorumen activity, 
abdominal pain, and distended loops of 
intestine on rectal examination (see Table 
8-2). Those diseases include vagus 
indigestion with or without abomasal 
impaction, diffuse peritonitis, right- 
displaced abomasum, abomasal ulcers, and 
duodenal ileus (see Table 8-2). 

• Hemorrhagic jejunitis syndrome of dairy 
cattle is a sporadic disease characterized 
by sudden anorexia and loss of milk 
production, moderate abdominal 
distension, weakness leading to 
recumbency, bloody to dark feces (melena), 
fluid-splashing sounds on ballottement over 
the right abdomen, tachycardia, and 
distended firm loops of small intestine 
palpable on rectal examination. The 
case-fatality rate is high. At necropsy there 
is severe necrohemorrhagic enteritis or 
jejunitis with intraluminal hemorrhage or 
blood clots. This topic is addressed in detail 
elsewhere in this chapter. 

• Cecal dilatation and cecocolic volvulus 
are characterized by gastrointestinal atony 
with inappetence, possibly distension of the 
right abdomen, and a high-pitched ping on 
auscultation and percussion of the right 
paralumbar fossa, and the cecum is easily 
identifiable by palpation per rectum. 


• Renal and ureteric colic may simulate 
intestinal obstruction but occur rarely 
Acute involvement of individual renal 
papillae in pyelonephritis in cattle is also 
thought to cause some of these attacks of 
colic. 

• Urethral obstruction in male ruminants 

causes abdominal pain, but there are 
additional signs of grunting, straining, 
distension of the urinary bladder, and 
tenderness of the urethra. Defecation is not 
affected. 

• Photosensitive dermatitis in cattle is also 
accompanied by kicking at the belly, but 
the skin lesions are obvious and there are 
no other alimentary tract signs. 

• Acute intestinal obstruction in calves 
under 2 months of age must be 
differentiated from abomasal dilatation— 
dietary in origin, abomasal volvulus, 
perforated abomasal ulcers, 
intussusception, volvulus of the root of 
mesentery, acute diffuse peritonitis, 
peracute to acute enteritis, and 
gastrointestinal tympany. The salient 
features of each of these diseases is 
summarized in Table 8-7. 


Nonsteroidal Antiinflammatory 
Drugs 

NSAIDs have been routinely administered in 
the perioperative period for their antiinflam¬ 
matory and analgesic effects. Because pros¬ 
taglandins are critical for the recovery of 
barrier function in ischemic intestine, 
concern has been raised about whether the 
routine administration of NSAIDs may have 
negative effects on intestinal repair and 
recovery in animals with damaged intes¬ 
tine. 14 Studies that have been conducted 
suggest that NSAIDs vary in their effect on 
the recovery of ischemic-injured jejunum, 14,15 
but current knowledge is incomplete regard¬ 
ing a preferred NS AID in ruminants follow¬ 
ing surgical correction of an intestinal lesion. 

FURTHER READING 

Anderson DE. Surgical diseases of the small intestine. 

Vet Clin North Am Food Anim Pract. 
2008;24:383-401. 

REFERENCES 

1. Vogel SR, et al. / Am Vet Med Assoc. 2012;241:621. 

2. Milnes EL, McLachlan A. NZ Vet}. 2015;63:288. 

3. Okamoto M, et al. Vet Rec. 2007;160:376. 

4. Tschuor AC, et al. Vet Rec. 2007;161:567-568. 

5. Lores M, et al. Can Vet J. 2006;47:155. 

6. Abutarbush SM, Naylor JM. / Am Vet Med Assoc. 
2006;229:1627. 

7. Braun U, et al. BMC Vet Res. 2011;7:2. 

8. Nuss K, et al. VetJ. 2006; 171:456. 

9. Steiner S, Winter R Vet Rec. 2007;160:627. 

10. Deprez P, et al. Vet Rec. 2006;158:869. 

11. Pardon B, et al. Vet Rec. 2009;165:718. 

12. Ruf-Ritz J, et al. Vet J. 2013;197:374. 

13 Muggli E, et al. Vet Surg. 2014;43:91. 

14. Little D, et al. Am J Vet Res. 2007;68:614. 

15. Little D, et al. J Vet Intern Med. 2007;21:367. 


INTESTINAL OBSTRUCTION 
IN SHEEP 

Intestinal obstructions are not commonly 
observed in sheep unless a series of them 
causes a noticeable mortality. Some notable 
occurrences are the following: 

• Heavy infestation with nodular worm 
(Oesophagostomum columbianum ) 
leading to high prevalence of 
intussusception occlusion by adhesion. 

• High incidence of intussusception in 
traveling sheep for no apparent reason. 

• Cecocolic volvulus (red-gut) is seen in 
sheep grazing lush pastures of alfalfa or 
clover in New Zealand. Affected lambs 
survive only a few hours, and up to 20% 
of a flock are affected. The outstanding 
postmortem lesion is a distended, 
reddened cecum and/or colon that has 
undergone volvulus. The rumen is 
smaller and the large intestine larger 
than normal because of the high 
digestibility of the diet. All ages, except 
sucking lambs, are affected and the 
mortality rate may be as high as 20%. 
Sheep that are seen alive have a 
distended abdomen, show abdominal 
pain, and have tinkling sounds on 
auscultation of the right flank. 

TERMINAL ILEITIS OF LAMBS 

This disease causes poor growth in lambs 4 
to 6 months old. The circumstances usually 
suggest parasitism or coccidiosis. The termi¬ 
nal 50 to 75 cm of the ileum is thickened and 
resembles the classical lesion of Johne’s 
disease. Chronic inflammation is evident 
and there are some shallow ulcers in the epi¬ 
thelium. The terminal mesenteric lymph 
node is enlarged. Histopathological exami¬ 
nation of affected ileal wall shows mucosa 
thickened by epithelial hyperplasia, leuko¬ 
cytic infiltration, and connective tissue infil¬ 
tration. The cause is unknown, and the 
course of the disease has not been identified 
because most affected lambs are likely to be 
culled for ill-thrift. 

CECAL DILATATION AND 
CECOCOLIC VOLVULUS 
IN CATTLE 

Cecal dilatation occurs primarily in dairy 
cattle in the first few months of lactation. The 
cecum may be dilated with gas or distended 
with ingesta, and volvulus may occur. Ceco¬ 
colic volvulus is characterized by the rotation 
of the cecum, terminal ileum, and proximal 
loop of the ascending colon around their 
mesenteric axis. Clinically, both cecal dilata¬ 
tion and cecocolic volvulus are characterized 
by inappetence; drop in milk production; 
decreased amount of feces; a ping over the 
right upper flank; and a distended, easily 
recognizable viscus (or more than one in 
the case of cecocolic volvulus) on rectal 
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palpation. The prognosis is excellent with 
cecal dilatation and usually good with ceco- 
colic volvulus if the diagnosis is made early. 

ETIOLOGY 

The etiology is uncertain. Experimentally, an 
increase in the concentration of volatile fatty 
acids in the cecum can result in cecal atony. 
Dietary carbohydrates not completely fer¬ 
mented in the rumen are fermented in the 
cecum, resulting in an increase in the concen¬ 
tration of volatile fatty acids, a drop in pH, 
and cecal atony. Butyric acid has the greatest 
depressant effect on cecal motility and acetic 
acid has the least. Inhibition of cecal motility 
may lead to accumulation of ingesta and gas 
in the organ and consequently dilatation, dis¬ 
placement, and possible volvulus. 

The concentrations of absolute and undis¬ 
sociated acetic, propionic, butyric, i- 
valerianic, and n-valerianic acids, as well as 
total volatile fatty acids, are higher in samples 
collected from the cecum and proximal loop 
of the ascending colon of cows with cecal dila¬ 
tation or dislocation compared with concen¬ 
trations in control cows. However, the role of 
increased concentrations of volatile fatty 
acids in the etiology and pathogenesis of cecal 
dilatation or dislocation is uncertain. The 
results of more recent studies have high¬ 
lighted the potential role that decreased spiral 
colon motility plays in the development of 
cecal dilatation and cecocolic volvulus. 1 

EPIDEMIOLOGY 

Dilatation of the cecum and volvulus of the 
cecum and ascending colon occurs in well- 
fed, high-producing dairy cows 3 to 5 years 
of age during the first 12 weeks after parturi¬ 
tion. Brown Swiss cattle appear overrepre¬ 
sented in most case series. The disease occurs 
throughout the year but is most common 
during the calving season in North America 
and Europe. There is a record of five cases 
occurring in lactating dairy cows on one 
farm within 9 days. The cows were pastured 
day and night on grass dominated by white 
clover and received a 22% crude protein con¬ 
centrate in the milk parlor twice daily in 
addition to silage. Cecocolic volvulus has 
also been described in sheep. 

Atony or hypomotility of the spiral colon 
is thought to initiate the disease, leading to 
dilatation and displacement, including 
volvulus. 1 

PATHOGENESIS 

The pathogenesis of cecal dilatation, dis¬ 
placement, and volvulus is thought to be 
similar to that which occurs in dilatation and 
displacement of the abomasum, except that 
the primary defect appears to be downstream 
in the spiral colon. The combination of intes¬ 
tinal gas and decreased cecal emptying into 
the proximal loop of the ascending colon 
results in accumulation of fluid and gas in 
the cecum followed by dilatation and dis¬ 
placement of the cecum into the pelvic inlet. 


This results in a mild indigestion, or the dila¬ 
tation may be subclinical and may be 
detected incidentally when the cow is exam¬ 
ined for other purposes. 

The myoelectrical activity of the cecum is 
well coordinated with the ileum and the 
proximal loop of the ascending colon and 
spiral colon. The patterns of myoelectrical 
activity observed in cattle with cecal dilata¬ 
tion following surgical correction are more 
consistent with that of an obstructive pattern; 
as a consequence, the main area of hypomo¬ 
tility appears to be the spiral colon. 1 This 
hypothesis is consistent with alterations in 
mRNA expression for adrenergic, 2 musca¬ 
rinic, 3 and seritonergic 4 receptors in cattle 
with cecal dilatation; the changes in expres¬ 
sion appear to be greatest in the spiral colon. 

In cecocolic volvulus, the apex of the 
cecum is rotated cranially and the cecal body 
becomes distended. The viscus and the first 
few segments of the proximal loop of the 
ascending colon twist about the mesentery, 
causing incarceration and eventually stran¬ 
gulation obstruction of the affected portions 
of the intestine. The term cecocolic volvulus 
is a more accurate description of this condi¬ 
tion because cecal torsion indicates a twist of 
the cecum along its longitudinal axis, which 
is extremely rare. Translocation of the cecum 
may occur to the left or right and in each case 
involves the proximal loop of the ascending 
colon. The net effect is partial or total 
obstruction of the intestinal tract, accumula¬ 
tion of gas or ingesta in the cecum and 
ascending colon, varying degrees of paralytic 
ileus, reduced amount of feces, and necrosis 
of the cecum because of ischemia. Cecal 
impaction is rare and characterized by gross 
distension of the viscus with dry ingesta, and 
in a mature cow the cecum may measure 
90 cm in length by 20 cm in diameter. The 
severity of the disease depends primarily on 
the degree of twisting of the cecum and its 
adjacent spiral colon, which results in ische¬ 
mic necrosis. Rarely, a prolapse of the small 
intestine through a tear in the mesentery of 
the small intestine near its root may also pull 
the cecum cranially by the ileocecal fold and 
cause an anticlockwise volvulus, as viewed 
from the right side of the animal. 

It has been postulated that hypomotility 
of the cecum and proximal loop of the 
ascending colon may be responsible for the 
delayed recovery from and recurrence of 
cecal dilatation and displacement that occur 
following surgical evacuation of the cecum. 
However, the myoelectric activity of the 
cecum and proximal loop of the ascending 
colon in cows after spontaneous dilatation 
and displacement of the cecum indicates that 
delayed recovery is not caused by hypomotil¬ 
ity; instead, hypomotility of the spiral colon 
appears to be the primary factor. 

CLINICAL FINDINGS 

In cecal dilatation without volvulus, 

there are varying degrees of anorexia, mild 


abdominal discomfort, a decline of milk pro¬ 
duction over a period of a few days, and a 
decreased amount of feces. In some cases, 
there are no clinical signs and the dilated 
cecum is found coincidentally on rectal 
examination. In simple dilatation, the tem¬ 
perature, heart rate, and respirations are 
usually within normal ranges. A distinct ping 
is detectable on percussion and simultaneous 
auscultation in the right paralumbar fossa, 
extending forward to the 10th intercostal 
space; however, the ping usually changes in 
quality over time. Simultaneous ballottement 
and auscultation of the right flank may elicit 
fluid-splashing sounds. There may be slight 
distension of the upper right flank, but in 
some cases the contour of the flank is normal. 

In cecocolic volvulus, anorexia, ruminal 
stasis, reduced amount or complete absence 
of feces, distension of the right flank, dehy¬ 
dration, and tachycardia are evident, depend¬ 
ing on the severity of the volvulus and the 
degree of ischemic necrosis. There may be 
some evidence of mild abdominal pain char¬ 
acterized by treading of the pelvic limbs and 
kicking at the abdomen. The ping is centered 
over the right paralumbar fossa and may 
extend to the 10th and 12th intercostal 
spaces. Fluid-splashing sounds are usually 
audible on ballottement and auscultation of 
the right flank. 

On palpation per rectum the distended 
cecum can usually be palpated as a long, 
cylindrical, movable organ measuring up to 
20 cm in diameter and 90 cm in length. Pal¬ 
pation and identification of the blind end of 
the cecum directed toward the pelvic cavity 
is diagnostic. In simple dilatation, with 
minimal quantities of ingesta, the cecum is 
enlarged and easily compressible on rectal 
palpation. In cecocolic volvulus, the viscus 
is usually distended with ingesta and feels 
enlarged and tense on rectal palpation. The 
blind end of the cecum may be displaced 
cranially and laterally or medially, and the 
body of the cecum is then felt in the pelvic 
cavity. Varying degrees of distension of the 
colon and ileum may occur, depending on 
the degree of displacement or volvulus 
present (Fig. 8-24). Rupture of the distended 
cecum may occur following rectal palpation 
or transportation of the animal. This is fol¬ 
lowed by shock and death within a few 
hours. 

Ultrasonographic Examination 
of the Cecum 

The cecum and proximal and spiral ansa of 
the colon can be visualized ultrasonographi- 
cally using a 3.5-MHz linear transducer in 
mature cows. The cecum can be visualized 
from the middle region of the abdominal 
wall. It extends caudocranially, varies in 
diameter from 5.2 to 18.0 cm, and is situated 
immediately adjacent to the abdominal wall. 
The lateral wall of the cecum appears as a 
thick, echogenic, crescent-shaped line. The 
cecum can be visualized as far cranially as 
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Fig. 8-24 Cecocolic volvulus in a Holstein Friesian cow. The cows head is to the right and a 
right flank laparotomy is being performed with the cow standing. The cecum is markedly 
distended and has a bluish color suggestive of ischemia. The ileum is also markedly distended 
(smaller luminal structure caudal to the cecum. 


the 12th intercostal space. Although its junc¬ 
tion cannot be identified, the proximal ansa 
of the colon is recognizable on the basis of 
its anatomic position and its diameter, which 
is smaller than that of the cecum. The spiral 
ansa of the colon and the descending colon 
are situated dorsal to the cecum and can be 
identified by moving the transducer horizon¬ 
tally along the abdominal wall to the last rib. 
The spiral ansa of the colon is situated ventral 
to the descending colon, and its walls appear 
as thick echogenic lines. In a contracted 
state, the spiral colon has the appearance of 
a garland. 

The ultrasonographic findings in cows 
with dilatation, volvulus, and retroflexion of 
the cecum have been described and com¬ 
pared with the findings on laparotomy. The 
wall of the proximal ansa of the colon and of 
the dilated cecum closest to the abdominal 
wall is visible in all cows and appears as an 
echogenic semicircular line immediately 
adjacent to the peritoneum. The contents of 
the cecum and of the proximal and spiral 
ansa of the colon are not always visible 
because of gas. In some cows, the contents 
are hypoechogenic to echogenic in appear¬ 
ance. The dilated cecum can be imaged from 
the right abdominal wall at the level of the 
tuber coxae. The cecum can be imaged from 
the 12th, 11 th , and 10th intercostal spaces in 
some cows, and in other cows the cecum and 
proximal ansa of the colon are situated 
immediately adjacent to the right abdominal 
wall by the liver and/or gallbladder. The 
diameter of the cecum, measured at various 
sites, varies from 7.0 to 25.0 cm. Cecal dilata¬ 
tion can be diagnosed on the basis of the 
results of rectal examination in most cows 
but in all cows ultrasonographically. Dilata¬ 
tion and caudal displacement of the cecum 


and dilatation and craniodorsal retroflexion 
of the cecum can be visualized. In some 
cows, the direction of the retroflexed cecum 
cannot be determined. 

CLINICAL PATHOLOGY 

A mild degree of dehydration may be present 
and a compensated hypochloremia and 
hypokalemia occur. Hypocalcemia is present 
in 85% of cases. 5 Hematological values are 
normal in most affected cattle unless there is 
necrosis of the cecum accompanied by 
peritonitis. 


DIFFERENTIAL DIAGNOSIS 


• Cecal dilatation and cecocolic volvulus 

must be differentiated from right-side 
dilatation and volvulus of the abomasum. 
The ping in cecal dilatation and volvulus is 
usually centered in the paralumbar fossa; in 
abomasal dilatation and volvulus it is 
usually centered over the last few ribs and 
lower in the middle third of the right 
abdomen. The distended cecum is usually 
easily palpable rectally in the upper part of 
the abdomen and is readily identified as 
the cecum because it is movable. In 
dilatation and volvulus of the abomasum, 
the distended viscus is usually palpable in 
the right lower quadrant of the abdomen 
much further forward than a dilated cecum 
and not movable. In many cases, the 
distended abomasum can barely be 
touched with the tips of the fingers, 
whereas the distended cecum can be 
palpated easily. 

• Intestinal obstruction of the small 
intestines or other parts of the large 
intestine are characterized by subacute 


abdominal pain, absence of feces, more 
marked systemic signs such as dehydration 
and tachycardia, and perhaps the presence 
of distended loops of intestine on rectal 
examination. 


TREATMENT 

The method of treatment depends on the 
severity of the case and whether there is 
uncomplicated dilatation and displacement 
caudally or if volvulus is present. 

Medical Therapy 

Mild cases of uncomplicated gaseous dilata¬ 
tion of the cecum may be treated conser¬ 
vatively by feeding good-quality hay, and 
recovery can occur in 2 to 4 days. The use 
of parasympathomimetic drugs such as 
neostigmine 0.02 mg/kg BW given subcu¬ 
taneously every hour for 2 to 3 days has 
been recommended, but controlled trials 
demonstrating efficacy have not been per¬ 
formed. Xylazine is contraindicated for the 
abdominal pain associated with cecal dila¬ 
tation because it reduces the myoelectrical 
activity of the cecum and proximal loop of 
the ascending colon. Cisapride at 0.08 mg/ 
kg BW orally shows some promise. Bethan- 
echol at 0.07 mg/kg BW subcutaneously and 
neostigmine at 0.02 mg/kg BW subcutane¬ 
ously increased the frequency of cecocolic 
spike activity, the duration of cecocolic 
spike activity, and the number of ceco¬ 
colic propagated spike sequences every 10 
minutes. Bethanechol is considered superior 
to neostigmine because it induces more pro¬ 
nounced coordinated and aborally propagated 
spike activity. 

Surgical Correction 

For volvulus with the accumulation of 
ingesta and the possibility of necrosis of 
the cecum and ascending colon, the treat¬ 
ment of choice is surgical correction, and 
the prognosis is usually good. The recur¬ 
rence rate of cecal dilatation and displace¬ 
ment ranges from 11 % to 13% within the first 
week after surgery, whereas the long-term 
recurrence rate is about 25%. In severe cases 
with necrosis of the cecum, partial resec¬ 
tion or total typhlectomy may be necessary. 
Extensive cecal necrosis requires total typh¬ 
lectomy, which can be successful and lactat- 
ing dairy cows may thrive and their milk 
production may be excellent in the current 
lactation. 

FURTHER READING 

Meylan M. Surgery of the bovine large intestine. Vet 
Clin North Am Food Anim Pract. 2008;24:479. 
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Bacterial Diseases of the 
Ruminant Alimentary Tract 

ACTINOMYCOSIS (LUMPY JAW) 


SYNOPSIS 


Etiology Actinomyces bovis, normal 
inhabitant of the ruminant oral cavity. 

Epidemiology Common but sporadic disease 
from infection through wounds to the 
buccal mucosa by feed or through dental 
alveoli. 

Clinical findings Initially painless, hard, 
immovable bony swelling on mandible or 
maxilla. Eventually discharge of small 
amounts of pus through one or more 
openings in skin. 

Clinical pathology Presence of "club" 

colonies containing gram-positive filaments. 

Diagnostic confirmation Isolation of 
organism. 

Treatment and control Surgical 

debridement. Iodides and/or antimicrobial 
orally or parenterally. 


ETIOLOGY 

Actinomyces bovis is the primary cause, but 
other bacteria may be present in extensive 
lesions including non -bovis Actinomyces spp. 

EPIDEMIOLOGY 

The disease is sporadic but common in cattle. 
Occasional cases occur in pigs, horses, goats, 
dogs, and humans. Although actinomycosis 
occurs only sporadically, it is important 
because of its widespread occurrence and 
poor response to treatment. It is recorded in 
most countries of the world. 

A. bovis is a common inhabitant of the 
bovine mouth and infection is presumed to 
occur through wounds to the buccal mucosa 
caused by sharp pieces of feed or foreign 
material. Infection may also occur through 
dental alveoli and may account for the more 
common occurrence of the disease in young 
cattle when the teeth are erupting. Infection 
of the alimentary tract wall is probably 
related to laceration by sharp foreign bodies. 

PATHOGENESIS 

An initial trauma of the oral mucosa or 
gingiva caused by small but sharp penetrat¬ 
ing feed particles creates a portal of entry for 
the causative agent. The ensuing infection 
causes periostitis and osteomyelitis. 1 In the 
jawbones a rarefying pyelogranulomatous 
osteomyelitis is produced. 

The effects on the animal are purely phys¬ 
ical. Involvement of the jaw causes interfer¬ 
ence with prehension and mastication, and 
when the alimentary tract is involved there 
is physical interference with ruminal move¬ 
ment and digestion, both resulting in partial 
starvation. Rarely, localization occurs in 


other organs, caused apparently by hematog¬ 
enous spread from these primary lesions. 

CLINICAL FINDINGS 
Cattle 

Actinomycosis of the jaw commences as a 
painless, bony swelling that appears on the 
mandible or maxilla, usually at the level of 
the central molar teeth. The enlargement 
may be diffuse or discrete and in the case of 
the mandible may appear only as a thicken¬ 
ing of the lower edge of the bone with most 
of the enlargement in the intermandibular 
space. Such lesions are often not detected 
until they are too extensive for treatment to 
be effective. 

The more common, discrete lesions on 
the lateral surfaces of the bones are more 
readily observed. Some lesions enlarge 
rapidly within a few weeks, others slowly 
over a period of months. The swellings are 
very hard, immovable and, in the later 
stages, painful to the touch. They usually 
break through the skin and discharge 
through one or more openings (Fig. 8-25). 

The discharge of pus is small in amount 
and consists of sticky, honey-like fluid con¬ 
taining minute, hard, yellow-white granules. 
There is a tendency for the sinuses to heal 
and for fresh ones to develop periodically. 
Teeth embedded in the affected bone become 
malaligned and painful and cause difficult 
mastication with consequent loss of condi¬ 
tion. In severe cases, spread to contiguous 
soft tissues may be extensive and involve the 
muscles and fascia of the throat. Excessive 
swelling of the maxilla may cause dyspnea. 
Involvement of the local lymph nodes does 
not occur. Eventually the animal becomes so 
emaciated that destruction is necessary, 
although the time required to reach this 
stage varies from several months to a year 
or more. 

The most common form of actinomycosis 
of soft tissues is involvement of the esopha¬ 
geal groove region, with spread to the lower 
esophagus and the anterior wall of the reticu¬ 
lum. The syndrome is one of impaired 
digestion. There is periodic diarrhea with 
the passage of undigested food material, 
chronic bloat, and allotriophagia. Less 
common lesions of soft tissue include orchi¬ 
tis in bulls, the trachea causing partial 
obstruction, and abscess in the brain or 
lungs. 

Pigs 

Rare cases of wasting occur because of vis¬ 
ceral actinomycosis but extensive granulo¬ 
matous lesions on the skin, particularly over 
the udder, are more common. 

CLINICAL PATHOLOGY 

Smears of the discharging pus stained with 
Gram stain provide an effective simple 
method of confirming the diagnosis. In non¬ 
draining lesions tissue core biopsies or fluid 
aspirates provide suitable material to identify 



Fig. 8-25 A, Polled Hereford cow with 
actinomycosis of the left mandible. B, Brown 
Swiss cow with actinomycosis of the left 
mandible with a draining tract. 


the causative agent. Gram-positive filamen¬ 
tous rods can be identified by staining the 
crushed yellow granules found in pus. 

NECROPSY FINDINGS 

Rarefaction of the bone and the presence of 
loculi and sinuses containing thin, whey-like 
pus with small, gritty granules are usual. An 
extensive fibrous tissue reaction around the 
lesion is constant, and there may be contigu¬ 
ous spread to surrounding soft tissues. The 
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presence of “club” colonies containing the 
typical, thread-like bacteria is characteristic 
of the disease. These formations may be seen 
on microscopic examination of smears made 
from crushed granules in pus or on histo¬ 
logic examination of section. 

Granulomatous lesions containing 
pockets of pus may be found in the esopha¬ 
geal groove, the lower esophagus, and the 
anterior wall of the reticulum. Spread from 
these lesions may cause a chronic, local peri¬ 
tonitis. There may be evidence of deranged 
digestion with the rumen contents sloppier 
than usual, an empty abomasum, and a mild 
abomasitis and enteritis. Involvement of 
local lymph nodes does not occur, irrespec¬ 
tive of the site of the primary lesion. 


DIFFERENTIAL DIAGNOSIS 


Abscesses of the cheek muscles and throat 
region are quite common when spiny grass 
awns occur in the diet. They are characterized 
by their movability and localization in soft 
tissues compared with the immovability of an 
actinomycotic lesion. Pus may be thin, fetid, 
or caseous depending on the duration of the 
abscess. Prompt recovery follows opening and 
drainage. 

Foreign bodies or accumulations of dry 
feed jammed between the teeth and cheek 
commonly cause a clinical picture that 
resembles actinomycosis, and the inside of the 
mouth should be inspected if the enlargement 
has occurred suddenly. 

The syndrome of indigestion caused by 
visceral actinomycotic lesions resembles 
that caused by chronic peritonitis. 

Cutaneous and mammary lesions in sows 
closely resemble necrotic ulcers associated 
with Borrelia suilla. 


TREATMENT AND CONTROL 

Treatment is with surgical debridement 
and antibacterial therapy, particularly 
iodides. Oral or intravenous administration 
of iodides is the most common treatment 
approach, although less effective in cases of 
actinobacillosis. For intravenous treatment 
a 10% or 20% sodium-iodide solution is 
administered slowly intravenously at a dose 
of 70 mg/kg. This treatment maybe repeated 
after 1 to 2 weeks. Oral treatment with potas¬ 
sium iodide at a dose of 6 to 10 g per animal 
daily for at least 10 days has also been pro¬ 
posed; reports of treatment efficiency are 
anecdotal. Another treatment recorded as 
being effective consists of isoniazid given 
orally at the rate of 10 to 20 mg/kg BW daily 
for about 30 days. Cessation of the growth of 
the lesion should occur, but response in 
advanced cases is poor. Repeated cryother¬ 
apy with liquid nitrogen is reported to be 
effective. For control, isolation or disposal of 
animals with discharging lesions may be 
advisable, although the disease does not 
spread readily unless predisposing environ¬ 
mental factors cause a high incidence of oral 


lacerations. In severe cases and cases unre¬ 
sponsive to iodide treatment, parenteral 
antimicrobial therapy using penicillin, ampi- 
cillin, tetracyclines, or florfenicol have been 
suggested. 


TREATMENT AND CONTROL 


Treatment 

Sodium-iodide (as 10% or 20% solution) 

(70 mg/kg IV, may be repeated after 7-10 
days) (R-2) 

Potassium-iodide (6-10 g per animal orally 
every 24 h for 10 days) (R-2) 

Isoniazid (2.5-5 mg/kg orally every 24 h for 
30 days) (R-2) 

Procaine penicillin (44,000 lU/kg IM every 
24 h for 7 days) (R-2) 

Florfenicol (20 mg/kg every 48 h IM) (R-2) 

Oxytetracycline (10 mg/kg IM every 24 h for 
at least 7 days (R-2) 

Oxytetracycline long-acting formulation 
(20 mg/kg IM every 72 h) (R-2) 

Control 

Isolation and disposal of cattle with 
discharging lesions (R-2) 

IM, intramuscularly; IV, intravenously. 


REFERENCE 

1. Militerno G. Vet Rec. 2008; 163:369. 

ACTINOBACILLOSIS 
(WOODEN TONGUE) 


SYNOPSIS 


Etiology Actinobacillus lignieresii. 

Epidemiology Organism is normal inhabitant 
of alimentary tract. Infection through 
abrasion of oral mucosa or skin. Site 
difference in sheep and cattle reflects 
differences in risk associated with 
prehension of food. Sporadic disease but 
outbreaks in which herd/flock predisposing 
factors are present. 

Clinical findings Difficulty in prehension of 
food. Inflammation and abscessation of 
tongue and draining lymph nodes in cattle 
and of lips in sheep; Nodulary/proliferative 
skin lesions most common on head, neck, 
or lower limbs. 

Clinical pathology and diagnostic 

confirmation Demonstration of organism. 

Treatment and control Iodides, antibiotics, 
and hygiene. Avoidance of abrasive 
pastures. 


Actinobacillosis refers to a sporadically 
occurring inflammatory process of soft tissue 
usually occurring in cattle, sheep, goats, and 
buffaloes. A similar condition has also been 
reported n horses and humans, where it was 
associated with animal bites. The condition 
manifests as a chronic pyogranulomatous 


inflammatory condition involving the tongue 
(wooden tongue), skin (skin actinomycosis), 
lymph nodes, and more rarely parts of the 
upper digestive tract including esophagus, 
rumen, and reticulum. 

ETIOLOGY 

The causative agent of actinobacillosis is A. 
lignieresii, a normal inhabitant of the upper 
digestive tract of ruminants that becomes an 
opportunistic pathogen once having pene¬ 
trated into deeper soft tissue through an 
integumental or mucosal break. A. lignieresii 
may be recovered in pure culture from the 
lesions, but other pyogenic organisms may 
also be present. Recent investigations have 
shown that bacteria with phenotypic similar¬ 
ity to A. lignieresii isolated from horses are 
genotypically distinct from those isolated 
from ruminants and they have been desig¬ 
nated as Actinobacillus genomospecies 1. 

EPIDEMIOLOGY 

Occurrence 

The disease in cattle has a worldwide distri¬ 
bution and is usually of sporadic occurrence 
on individual farms. In sheep, the disease is 
recorded in most sheep-raising countries 
and is common in Scotland. In most 
instances, only occasional cases occur but in 
some flocks a morbidity rate of up to 25% 
may be encountered. Actinobacillosis also 
occurs, but is rare, in horses. 

Source of Infection and Transmission 

A. lignieresii is a normal inhabitant of the 
oral cavity and rumen of ruminants. The 
organism is susceptible to ordinary environ¬ 
mental influences and does not survive for 
more than 5 days on hay or straw. Infection 
in soft tissue results from damage to the oral 
mucosa or skin. 

In cattle, infection most often occurs 
through ulcerating or penetrating lesions to 
the sulcus of the tongue, penetrating lesions 
in the apex, and lacerations to the side of the 
body of the tongue caused by the teeth. Abat¬ 
toir surveys suggest that subclinical infec¬ 
tions are common and have found small 
actinobacillary granulomas in the draining 
lymph nodes of the head and approximately 
3% of tongues in slaughter cattle. Recently 
reports of outbreaks of skin actinomycosis 
in young beef cattle that were associated with 
skin lesions on lower limbs have been pub¬ 
lished. The underlying cause could not be 
determined but was assumed to be increased 
occurrence of skin lesions e.g., though abra¬ 
sive surfaces that would have created portals 
of entry for this environmental pathogen. 1 
An incidental report of a postoperative com¬ 
plication of a C-section in which actinobacil¬ 
losis occurred in the wound is available. 2 

In sheep, the different nature of prehen¬ 
sion of food leads to lesions predominantly 
in the lips and cheeks with occasional exten¬ 
sion to the mucous membranes of the turbi¬ 
nates and the soft tissue of the head and neck. 



















Risk Factors 

The disease is usually sporadic, but multiple 
cases in a herd and apparent outbreaks of the 
disease can occur when animals graze abra¬ 
sive pasture species or pastures with spiny 
awns and transmission may be enhanced by 
infected discharges contaminating these pas¬ 
tures or feeds. A high prevalence is recorded 
in cattle grazing “burnt-over” peat pastures 
in New Zealand. These pastures contain a 
great deal of gravel and ash likely to cause 
oral injury. A similar high incidence has 
been observed in sheep fed prickly pear 
{Opuntia spp.). A severe outbreak has also 
been reported in heifers fed on very dry, 
stemmy, tough haylage and in cattle fed 
wheat straw from a specific thresher that 
produced straw with sharp edges. There is a 
higher prevalence of this disease in cattle in 
areas of copper deficiency. 

Actinobacillosis granulomas may also 
occur at atypical sites in cattle, such as the 
external nares or the jugular furrow follow¬ 
ing infection of surgery wounds or trau¬ 
matic lesions caused by nose grips or jugular 
venipuncture. 2 Reports of skin actinomyco¬ 
sis affecting several to many animals in a 
herd have been reported in recent years. 1 ' 3 
Infection of the cheeks resulting in bilateral 
facial enlargement is also recorded. 

Zoonotic Implications 

A. lignieresii is rarely associated with human 
disease but has been isolated from bite 
wounds inflicted by horses and ruminants. 

PATHOGENESIS 

Local infection by the organism causes an 
acute inflammatory reaction and the subse¬ 
quent development of granulomatous lesions 
in which necrosis and suppuration occur, 
often with the discharge of pus to the exte¬ 
rior. Spread to regional lymph nodes with 
ensuing lymphadenitis is usual. Lingual 
involvement in cattle causes interference 
with prehension and mastication because of 
acute inflammation in the early stages and 
distortion of the tongue at a later stage. Vis¬ 
ceral involvement is recorded and is identical 
with that described under actinomycosis. 

CLINICAL FINDINGS 
Cattle 

The onset of glossal actinobacillosis is 
usually acute, and the affected animal is 
unable to eat for a period of about 48 hours. 
There is excessive salivation and gentle 
chewing of the tongue as though a foreign 
body were present in the mouth. On palpa¬ 
tion the tongue is swollen and hard, particu¬ 
larly at the base, with the tip often appearing 
to be normal. Manipulation of the tongue 
causes pain and resentment. Nodules and 
ulcers are present on the side of the tongue, 
and there may be an ulcer at the anterior 
edge of the dorsum. In the later stages in 
which the acute inflammation is replaced by 
fibrous tissue, the tongue becomes shrunken 
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and immobile and there is considerable 
interference with prehension. 

Lymphadenitis is common and is often 
independent of lesions in the tongue. There 
may be visible and palpable enlargement of 
the submaxillary and parotid nodes. Local, 
firm swellings develop and often rupture 
with the discharge of thin, nonodorous pus. 
Healing is slow and relapse is common. 
Enlargement of the retropharyngeal nodes 
causes loud snoring respiration and inter¬ 
feres with swallowing. 

Cutaneous actinobacillosis is also 
recorded with actinobacillosis granulomas 
occurring on atypical but visible areas such 
as the external nares, cheeks, skin or eyelid, 
and limbs. External trauma from abrasive 
materials in the environment is the usual ini¬ 
tiating cause. Lesions are several centimeters 
in diameter and are pliable or firm and 
painful on palpation, red, and can bleed 
easily. Caseated small foci may be evident in 
the mass when it is debulked. 

Sheep 

In sheep the tongue is not usually affected. 
Lesions up to 8 cm in diameter occur on the 
lower jaw, face, and nose, or in the skin folds 
from the lower jaw to the sternum. They may 
be superficial or deep and usually extend to 
the cranial or cervical lymph nodes. Viscid, 
yellow-green pus containing granules is dis¬ 
charged through a number of small open¬ 
ings. Extensive lesions cause the formation of 
much fibrous tissue, which may physically 
impede prehension or respiration. Thicken¬ 
ing and scabbiness of the lips may also be 
observed. Involvement of the nasal cavities 
may cause persistent bilateral nasal dis¬ 
charge. Affected sheep have difficulty in 
eating and many die of starvation. A. ligniere¬ 
sii is also an occasional cause of mastitis in 
ewes. 

A similar involvement of the lips with 
abscessation in the area of the mandibular 
lymph nodes is recorded in camels. Inciden¬ 
tal cases as well as outbreaks reported in buf¬ 
faloes all were associated with cutaneous but 
not with glossal involvement. 4 In horses the 
disease is uncommon but intermandibular 
phlegmon, or infection of the tongue or of 
the muzzle can occur as well as infection at 
other body sites. 

CLINICAL PATHOLOGY 

Purulent discharges commonly contain 
“sulfur” bodies, which are granular in nature 
and, on microscopic examination, consist of 
club-like rosettes with a central mass of bac¬ 
teria. These are not pathognomonic for A. 
lignieresii but can also be found in purulent 
exudate from granulomas associated with A. 
bovis, Pseudomonas aeruginosa, and S. 
aureus. Definitive diagnosis depends on the 
recovery of the organism from the lesion; 
therefore examination of smears or culture of 
pus for the presence of A. lignieresii is advis¬ 
able. Isolation of the pathogen has been 


reported to be difficult from chronic lesions 
particularly when antimicrobials have been 
used. Full-thickness incision biopsies used 
for histopathological examination can be of 
value in diagnosis and show multiple pyelo- 
granulomas in the deep dermis with distinct 
eosinophilic club rosettes surrounding gram¬ 
negative bacterial rods. 

NECROPSY FINDINGS 

Necropsy examination is not usually per¬ 
formed in cattle affected by the disease. In 
sheep, lymphangitis and abscesses contain¬ 
ing thick, tenacious, yellow-green pus occur 
around the local lesion. Typical club colonies 
are visible on staining sections of affected 
tissue. Culture of material from lesions 
usually detects the presence of A. lignieresii. 


DIFFERENTIAL DIAGNOSIS 


• Foreign bodies in the mouth 

• Rabies 

• Esophageal obstruction 

• Tuberculosis 

• Cutaneous lymphosarcoma 


TREATMENT 

Iodides are still a standard treatment for both 
actinomycosis and actinobacillosis. In the 
former, the results are relatively inefficient, 
but in actinobacillosis, response is usually 
dramatic and permanent. Laboratory studies 
suggest that iodides have little bactericidal 
effect against A. lignieresii. It is probable that 
iodides exert their effect by reducing the 
severity of the fibrous tissue reaction. 

Oral or intravenous dosing of iodides 
may be used. Potassium iodide, 6 to 10 g/day 
for 7 to 10 days, given orally to cattle, is effec¬ 
tive. Treatment must be discontinued when 
symptoms of iodism develop. Lacrimation, 
anorexia, coughing, and the appearance of 
dandruff indicate that maximum systemic 
levels of iodine have been reached. Sodium 
iodide (70 mg/kg) can be given intrave¬ 
nously as a 10% or 20 % solution in one dose 
to both cattle and sheep. One course of 
potassium iodide or one injection of sodium 
iodide is usually sufficient for soft-tissue 
lesions, with the acute signs in actinobacil¬ 
losis disappearing in 24 to 48 hours after 
treatment. At least one or preferably two 
further treatments at 10- to 14-day intervals 
are required for bony lesions. 

Occasionally animals show distress, 
including restlessness, dyspnea, tachycardia, 
and staggering during injections of sodium 
iodide. Abortion occasionally occurs follow¬ 
ing the treatment of heavily pregnant cows 
with sodium iodide. This has not been repro¬ 
duced in an experimental study; however, 
although uncommon, it is wise to advise the 
owner of this risk. Subcutaneous injections 
of sodium iodide cause severe irritation and 
local swelling immediately. The irritation 
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disappears within an hour or two but the 
swelling persists for some days. Subcutane¬ 
ous injection is the standard route of admin¬ 
istration for sheep, with the dose rate of 
sodium iodide being 20 mL of a 10% solu¬ 
tion weekly for 4 to 5 weeks. 

Sulfonamides, penicillin, streptomycin, 
and broad-spectrum antibiotics are also 
used. Streptomycin, given by intramuscular 
injection and repeated if necessary, has given 
good results in actinomycosis in cattle when 
combined with iodides and local surgical 
treatment. Isoniazid has been used as a treat¬ 
ment for actinomycotic infections in humans, 
and it has been reported on favorably as an 
adjunct to antibiotic or iodide therapy in 
cattle. The daily dose rate recommended is 
10 mg/kg BW orally or intramuscularly, con¬ 
tinued for 3 to 4 weeks. 

Cutaneous actinobacillosis may require 
an extended course of treatment with strep¬ 
tomycin and/or dihydrostreptomycin for 2 to 
4 weeks to achieve resolution. 


TREATMENT AND CONTROL 


Treatment 

Sodium-iodide (as 10% or 20% solution) 

(70 mg/kg IV, may be repeated after 7-10 
days) (R-2) 

Potassium-iodide (6-10 g per animal orally 
every 24 h for 10 days) (R-2) 

Isoniazid (2.5-5 mg/kg orally every 24 h for 
30 days) (R-2) 

Procaine penicillin (44,000 lU/kg IM every 
24 h for 7 days) (R-2) 

Florfenicol (20 mg/kg every 48 h IM) (R-2) 

Oxytetracycline (10 mg/kg IM every 24 h for 
at least 7 days (R-2) 

Oxytetracycline long-acting formulation 
(20 mg/kg every 72 h IM) (R-2) 

Dihydrostreptomycin 10 mg/kg IM for at least 
7 days) (R-2) 

Control 

Isolation or disposal of animals with 
discharging lesions (R-1) 

IM, intramuscularly; IV, intravenously. 


CONTROL 

Restriction of the spread of disease is best 
implemented by quick treatment of affected 
animals and the prevention of contamina¬ 
tion of pasture and feed troughs. Isolation or 
disposal of animals with discharging lesions 
is essential, although the disease does not 
spread readily unless predisposing environ¬ 
mental factors cause a high incidence of oral 
or skin lacerations. 
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ORAL AND LARYNGEAL 
NECROBACILLOSIS 


SYNOPSIS 


Etiology Fusobacterium necrophorum. 
Epidemiology Oral infection of calves less 
than 3 months old; laryngeal involvement 
in older animals up to 18 months of age. 

Clinical findings 

Necrotic stomatitis'. Fetid breath and 
necrotic ulceration of mucosa of cheek. 
Laryngeal necrobacillosis'. Fetid breath. 
Inspiratory dyspnea and stridor, necrotic 
lesions on arytenoid cartilages. 

Lesions'. Necrosis at site of lesion. 

Treatment Antimicrobials. Surgical 
debridement of necrotic lesions and 
arytenoidectomy in unresponsive cases. 
Tracheostomy may be required to allow 
breathing with necrotic laryngitis. 

Control None specific. 


The term “necrobacillosis” commonly refers 
to infections associated with necrotizing 
lesions caused by F. necrophorum. 1 Although 
oral necrobacillosis refers to an inflamma¬ 
tory process affecting tissue of the oral cavity 
of calves, laryngeal necrobacillosis refers to 
an infection of the more caudal pharyngeal 
and laryngeal region. Calf diphtheria is a 
common synonym for necrobacillosis of the 
pharynx and larynx, and necrotic stomatitis 
is a synonym for the oral form. They are con¬ 
sidered together because the essential lesion 
and infection are the same in both instances. 

ETIOLOGY 

F. necrophorum is a gram-negative, non¬ 
spore-forming, rod-shaped anaerobic but 
aerotolerant organism. It is a normal inhabit¬ 
ant of the ruminant oral cavity and upper 
digestive and respiratory tract and an oppor¬ 
tunistic pathogen generally associated with 
abscesses and various necrotic infections. 2 
Along with the oral/laryngeal necrobacillo¬ 
sis, F. necrophorum is also the causative agent 
of digital necrobacillosis (foot rot) and liver 
necrobacillosis (liver abscesses) in cattle. 

Historically a subdivision of F. necropho¬ 
rum divided into four different biotypes (A, 
B, AB, and C) was used. Biotypes A and B, 
which are considered to be most relevant in 
the etiology of F. necrophorum-associated 
diseases in cattle have been renamed as F. 
necrophorum subsp. necrophorum (formerly 
biotype A) and F. necrophorum subsp. fundu- 
liforme (formerly type B). The subspecies 
necrophorum is the more prevalent subspe¬ 
cies in necrobacillotic processes in animals. 
F. necrophorum subsp. funduliforme tends to 
occur more frequently in mixed infections. 2 
Both F. necrophorum subsp. necrophorum 
and F. necrophorum subsp. funduliforme are 
associated with the disease. 

F. necrophorum possesses a number 
of virulence factors such as endotoxic LPS, 


leukotoxin (LT) hemolysin, and hemaggluti¬ 
nin as well as others that are considered to be 
of critical importance for the anaerobic 
pathogen to penetrate, colonize, and prolifer¬ 
ate in nonsuperficial tissue. 2 The pathogen 
is considered incapable of penetrating the 
intact mucosa or skin. Therefore other factors 
causing a primary tissue trauma, and thereby 
a portal of entry, are probably required. In the 
case of laryngeal disease, the point of entry is 
thought to be contact ulcers in the mucosa 
caused by repeated closure of the larynx. 

EPIDEMIOLOGY 

Occurrence 

The disease has no geographic limitations 
but is more common in countries in which 
animals are housed in winter or maintained 
in feedlots. In the United States infections 
involving the pharynx and larynx appear to 
be more prevalent in the western states than 
in other sections of the country. It is a 
common disease in feedlots in yearling 
cattle, often in company with papillomatosis 
of the larynx. Laryngeal necrobacillosis is 
one of the most common infectious upper 
airway diseases associated with severe respi¬ 
ratory distress in calves observed in Belgium, 
the Netherlands, and parts of France. The 
condition in this region primarily affects 
double-muscled Belgian Blue calves, which 
are considered to be genetically predisposed 
to the condition. 3 

The disease is seen incidentally in sheep 
and goats. Laryngeal chondritis has been 
described in Texel sheep, which may be pre¬ 
disposed to the disease because of anatomic 
factors, namely the short head of the breed. 
This may affect the shape of the larynx or its 
relationship to adjacent tissues. 

Transmission 

Oral/laryngeal necrobacillosis is an infec¬ 
tious but noncontagious disease. The caus¬ 
ative bacterium is a common inhabitant of 
the environment and upper digestive tract of 
cattle. It has been proposed that the infection 
may be spread through dirty milk pails 
and feeding troughs. Entry through the 
mucosa is probably affected through abra¬ 
sions caused by rough feed and erupting 
teeth. The difficulty of reproducing the 
disease and the irregularity of its occurrence, 
even when F. necrophorum is known to be 
present, suggests the possibility of etiologic 
factors presently unknown. 

Risk Factors 
Host Risk Factors 

Animals suffering from intercurrent disease 
or nutritional deficiency are most suscepti¬ 
ble, but there is also an obvious age predis¬ 
position to the condition. Necrotic stomatitis 
is predominantly seen in weaned and 
unweaned calves 2 weeks to 3 months of age. 
Laryngeal infections commonly affect older 
calves up to 1 year of age and rarely occur in 
older animals up to 3 years of age. 
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An unusually high disease incidence has 
been observed in double-muscled Belgian 
Blue calves, a breed that is common in 
Belgium, the Netherlands, and some parts of 
France. 3 

Pathogen Risk Factors 

A number of pathogen risk factors have been 
identified for F. necrophorum, of which LT 
and LPS are considered most important for 
the pathogenesis of necrobacillotic infec¬ 
tions. Several investigations have reported 
that subtypes and strains of the bacterium 
vary in the amount of LT produced, which 
may contribute to the virulence of a specific 
strain. A correlation between LT production 
and the ability to induce abscesses has been 
reported in laboratory rats. 1 

Environmental Risk Factors 

Necrobacillosis is highest in groups kept in 
confined quarters. Cases in pastured animals 
have been reported but are rare. Unsanitary 
conditions have been incriminated in facili¬ 
tating the spread of the condition through 
contaminated nipples or pails. 

PATHOGENESIS 

F. necrophorum is a normal inhabitant of the 
oral cavity and causes inflammation and 
necrosis once it is able to penetrate tissue, 
e.g., through an injury of the mucosa of the 
oral cavity, pharynx, and larynx. Edema and 
inflammation of the mucosa of the larynx 
results in varying degrees of closure of the 
rima glottidis and inspiratory dyspnea and 
stridor. The presence of the lesion causes dis¬ 
comfort, painful swallowing, and toxemia. 
Extension of the lesion to the arytenoid car¬ 
tilages will result in laryngeal chondritis. 
Involvement of the cartilage will usually 
result in delayed healing or failure to recover 
completely. 

CLINICAL FINDINGS 

In describing the clinical findings, a distinc¬ 
tion must be made between calf diphtheria, 
which is characterized by the involvement of 
the larynx and necrotic stomatitis. In the 
former, a moist painful cough accompanied 
by severe inspiratory dyspnea that cause a 
roaring inspiratory sound (“honker calf” or 
“hard breather”), salivation, painful swallow¬ 
ing movements, complete anorexia, and 
severe depression are the characteristic signs. 
The temperature is high at 41°C (106°F), the 
pharyngeal region may be swollen and 
painful on external palpation, and there is 
salivation and nasal discharge. The breath 
has a foul rancid smell. 

In cases of laryngeal necrobacillosis 
examination of the pharynx and larynx by 
visual inspection through the oral cavity 
with the aid of a speculum positioned over 
the base of the tongue will often reveal the 
lesions. The larynx can be viewed directly 
and illuminated with a strong source of light. 
A flexible endoscope is also useful when 


available and is necessary for examination of 
the larynx and cranial part of the trachea. 
The mucosa of the larynx and glottis are 
usually edematous and inflamed and a 
necrotic lesion is usually present and visible 
on one or both arytenoid cartilages. The 
opening of the larynx is often reduced 
because of the edema and inflammation. 
Careful visual inspection of the larynx 
during inspiration may reveal that the lesion 
extends into one or both vocal cords. The 
examination usually causes considerable dis¬ 
comfort, anxiety, and the production of 
purulent or bloodstained saliva. 

Death is likely to occur from toxemia or 
obstruction to the respiratory passages on 
days 2 to 7. Most affected calves die without 
treatment, but only a small proportion of 
calves in a group are usually affected. Spread 
to the lungs may cause a severe, suppurative 
aspiration bronchopneumonia. 

In calves affected with necrotic stomatitis, 
there is usually a moderate increase in tem¬ 
perature (39.5°C-40°C; 103°F-104°F), 

depression, and anorexia. The breath is foul 
and saliva, often mixed with straw, hangs 
from the mouth. A characteristic swelling of 
the cheeks may be observed posterior to the 
lip commissures, which, on opening the 
mouth this, is found to be caused by a deep 
ulcer in the mucosa of the cheek. The ulcer 
is usually filled with a mixture of necrotic 
material and food particles. An ulcer may 
also be present on the adjacent side of the 
tongue and cause severe swelling and protru¬ 
sion of the tongue. In severe cases the lesions 
may spread to the tissues of the face and 
throat and into the orbital cavity. Similar 
lesions may be present on the vulva and 
around the coronets, and a spread to the 
lungs may cause fatal pneumonia. In other 
cases death appears to be caused by toxemia. 

CLINICAL PATHOLOGY 

Bacteriologic examination of swabs from 
lesions may assist in confirming the 
diagnosis. 

NECROPSY FINDINGS 

Severe swelling, caused by edema and 
inflammation of the tissues surrounding the 
ulcer, is accompanied by the presence of 
large masses of caseous material. Occasion¬ 
ally, lesions similar to those in the mouth, 
pharynx, and larynx may be found in the 
lungs and in the abomasum. Microscopi¬ 
cally, areas of coagulation necrosis are bor¬ 
dered by large numbers of neutrophils and 
filamentous bacteria. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: anaerobic culture swab 
from deep within lesion (ANAEROBIC 
CULT) 

• Histology: formalin-fixed sample of 
interface between ulcer site and normal 
tissue (light microscopy). 


DIFFERENTIAL DIAGNOSIS 


Necrotic laryngitis is characterized by 
inspiratory dyspnea and stridor, toxemia, fever, 
edema, (inflammation), and necrotic lesions of 
the laryngeal mucosa. 

• Neoplasms of the larynx Occur only 
rarely, usually in mature cattle, and cause 
chronic inspiratory dyspnea. 

• Traumatic pharyngitis May resemble 
laryngitis, but the lesions are obvious on 
visual inspection of the pharynx. In chronic 
cases of traumatic pharyngitis there may be 
periesophageal cavities containing rumen 
contents 

• Foreign bodies Pieces of wire and small 
wooden sticks, for example, may become 
lodged in the mucosa of the arytenoid 
cartilages and cause clinical signs similar to 
necrotic laryngitis. 


TREATMENT 

The lesions of necrotic stomatitis will usually 
heal in a few days following debridement of 
the ulcers, application of a solution of tinc¬ 
ture of iodine, and oral administration of 
sulfamethazine at a dose of 150 mg/kg BW 
daily for 3 to 5 days as labeled for use in food 
animals, or parenteral penicillin or broad- 
spectrum antimicrobials. Therapy should be 
at least for 5 days, and therapy for up to 3 
weeks may be necessary. 

Successful treatment of necrotic laryngitis 
is dependent on early recognition and prompt 
therapy with antimicrobials daily for several 
days. A broad range of antimicrobials have 
been proposed for the treatment of oral/ 
laryngeal necrobacillosis. F. necrophorum is 
susceptible in vitro to (3-lactam antibiotics, 
tetracyclines, macrolides, and lincomycins 
but is resistant to aminoglycosides and iono- 
phore antibiotics. 2 The apparent sensitivity of 
this gram-negative pathogen to penicillins 
and cephalosporins is peculiar even based on 
its cell wall structure. 2 Although third- and 
fourth-generation cephalosporins (e.g., ceft- 
iofur and cefquinome) are highly effective 
against F. necrophorum, these antimicrobials 
that have been classified as critically impor¬ 
tant for human and veterinary medicine are 
only indicated as second choice for cases that 
have poorly responded to other antimicrobi¬ 
als. Corticosteroids may be a beneficial 
adjunctive therapy, especially to reduce the 
edema. Tracheostomy may be necessary in 
some cases to relieve dyspnea. Failure to 
respond is usually associated with chronic 
suppurative chondritis, which requires subto¬ 
tal arytenoidectomy. 



Continued 
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Oxytetracycline (10 mg/kg IM every 24h for at 
least 7 days or long-acting formulation 
20 mg/kg every 72 h) (R-2) 

Ampicillin trihydrate (10 mg/kg SC or IM every 
24 h for at least 7 days) (R-2) 

Ceftiofur hydrochloride (2.2 mg/kg SC or IM 
every 24 h for at least 7 days) (R-2) 

Dexamethasone (0.2-0.5 mg/kg IV or IM as a 
single dose) (R-2) 


IM, intramuscularly; IV, intravenously; SC, 
subcutaneously. 


CONTROL 

Proper hygienic precautions in calf pens or 
feeding and drinking places together with 
avoidance of rough feed should prevent the 
spread of the disease. When the incidence is 
high, prophylactic antibiotic feeding may 
keep the disease in check. 
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ENTEROHEMORRHAGIC 
ESCHERICHIA CO LI IN 
FARM ANIMALS AND 
ZOONOTIC IMPLICATIONS 

Enterohemorrhagic Escherichia coli (EHEC), 
particularly E. coli serogroup 0157:H7, have 
been recognized as food-borne pathogens 
causing potentially fatal human illness since 
the 1980s and have since then become a 
worldwide public health concern of increas¬ 
ing relevance. First outbreaks of human 
EHEC infections were recorded in 1982 in 
Oregon and Michigan and have been associ¬ 
ated to the consumption of undercooked 
hamburger patties. 1 Since then, E. coli 
0157:H7, and in more recent years also a 
number of other serotypes, have caused 
major human illness outbreaks worldwide 
with considerable morbidity and mortality. 
Clinical signs can range from mild diarrhea, 
bloody diarrhea, and hemorrhagic colitis to 
the hemolytic uremic syndrome (HUS). 1 

Ruminants, and cattle in particular, are 
the main reservoir of EHEC but do not typi¬ 
cally develop clinical disease. Human infec¬ 
tion is acquired through consumption of 
contaminated food or water, direct contact 
with EHEC-carrying animals, or via person- 
to-person transmission. 1 

ETIOLOGY 

EHEC comprise a subgroup of so-called 
Shiga-toxin-producing serotypes of E. coli 
that have been implicated in severe human 
disease. Shiga-toxin-producing E. coli strains 
produce toxins similar to the one produced 
by Shigella dysenteriae, the so-called Shiga 
toxins (Stx), and are therefore also denoted 
as Shiga-toxin-producing E. coli (STEC). 
The presence of Shiga-toxin is determined 


by the Vero cell toxicity test, so STEC are 
also called verotoxin or verocytotoxin- 
producing E.coli (VTEC). 2 The only consis¬ 
tent difference between pathogenic STEC 
serovars and apathogenic E. coli strains is 
indeed the possession of Stx genes. 3 

The large majority of outbreaks and spo¬ 
radic cases of severe disease in humans are 
associated with a very limited number of 
EHEC serotypes. 1 By far the most prevalent 
single serotype of E. coli associated with 
human illness is E. coli 0157:H7. However, 
in recent years a number of other EHEC 
serotypes have been linked to human illness 
and are on the rise worldwide; EHEC strains 
have therefore been classified into E. coli 
0157:H7 and non-0157:H7 E.coli recently. 
The six most prevalent non-0157 STEC 
serogroups associated with clinical disease in 
humans are in descending order: 026, 0111, 
0103, 0121, 045, and 0145. 4 

EPIDEMIOLOGY 

The predominant carriers and shedders of 
EHEC are healthy domesticated ruminants, 
cattle in particular, and to a lesser extent sheep 
and possibly goats. 5 EHEC strains associated 
with clinical disease in humans constitute 
only a minor fraction of the STEC isolates that 
are routinely recovered from healthy cattle, 
whereas the large majority of bovine STEC 
isolates either do not occur at all or are greatly 
underrepresented in people. 5 Although the 
majority of STEC isolates carried by healthy 
ruminants are not transmitted to humans 
there is no doubt that cattle are the main 
source of human EHEC infection. 5 The 
highest recovery rates of STEC among non¬ 
ruminant farm animal species was reported 
for turkeys, whereas other species such as 
pigs or chicken are only incidental carriers. 5 
Rodents, domestic animals, and flies have 
been identified as incidental carriers. 

It is estimated that between 20% and 50% 
of human EHEC infections are attributable 
to non-0157 E. coli strains, but estimates 
vary greatly from country to country and 
within one country from region to region. 4 
In North America, Japan, and the UK E. coli 
0157:H7 is the serotype most commonly 
associated with clinical disease in people, 
whereas in Europe, Australia, Argentina, or 
South Africa infections with non-0157 sero¬ 
types have been estimated to be at least as 
prevalent as infections with the 0157:H7 
serotype in people. 4 Human cases of HUS are 
in most cases associated with infections from 
the serotype 0157:H7. Estimates of sporadic 
cases of HUS in people associated with non- 
0157 STEC are less than 10% in North 
America and between 10% and 30% in 
Germany, Italy, and Great Britain. 4 

Occurrence and Prevalence 

of Infection 

Cattle 

Ruminants, and cattle in particular, are 
the most important nonclinical natural res¬ 
ervoirs of STEC. Generally, cattle remain 


asymptomatic because intestinal mucosal 
cells lack the Stx-specific globotriaosylce- 
ramide receptor. 4 

Estimates of the prevalence of STEC 
fecal carriage among populations of cattle 
vary considerably, and data from different 
surveys are difficult to compare because of 
inconsistent experimental approaches, dif¬ 
ferences in sampling strategies, and applied 
analytical methods. 2 In many studies the 
analytical approaches used specifically 
aim at the detection of serotype 0157:H7, 
whereas fewer surveys used laboratory 
methods suitable to detect all or at least 
selected non-0157 STEC serogroups. 2 Gen¬ 
erally, the reported prevalence rates for 
non-0157 STEC strains in cattle are much 
higher than the prevalence rates of 0157:H7 
in cattle. Between 2007 and 2009 the fecal 
prevalence of STEC in cattle determined at 
the level of the European Union (EU) was 
between 2.2% and 6.8%. Strain 0157 was 
isolated in between 0.5% and 2.9% of these 
samples. 2 The prevalence rates reported by 
different member states varied between 0% 
and 48.5%, which is at least in part due to 
the different sampling strategies and labo¬ 
ratory methods used in the different coun¬ 
tries. Tested specimens included feces, ear, 
and hide samples. 2 The most sensitive sam¬ 
pling method, at least for STEC 0157:H7, 
was found to be the rectal swab, which has 
been explained by the fact that STEC tend 
to specifically colonize the rectoanal junc¬ 
tion of the intestinal mucosa that is directly 
sampled with the swab approach. There 
is a correlation between the prevalence of 
E. coli 0157:H7 in the feces, hides, and 
carcasses of beef cattle during slaughter. 
Overall, the prevalence of E. coli 0157:H7 
in feces and on hides was 28% and 11%, 
respectively. 

A recent study investigating the preva¬ 
lence of STEC 0157 in Belgium found that 
the viable 0157 strain was present in 37.8% 
of 180 participating farms. In this study dairy 
farms had the highest herd prevalence rate 
(61.2%) followed by beef (22.7%) and veal 
calf operations (9.1%). 6 Prevalence rates of 
STEC in dairy cattle in the United States 
range between 0.17% and 8.4% in cows, 1.7% 
and 9.5% in heifers, and 0.2% and 40% in 
calves.' Prevalence estimates in North Amer¬ 
ican beef cattle range from 10% to 28% with 
a herd prevalence approaching 100%.' 

Generally, prevalence rates are higher in 
calves and heifers than in adult cattle, which 
is an effect that has been attributed to the 
greater susceptibility to colonization of 
calves and heifers than for cows.' The preva¬ 
lence of fecal STEC shedding is influenced by 
numerous variables, including the season, 
the scope, frequency and timing of sampling, 
and the conditions of sampling and storage. 
The organism can be found widely distrib¬ 
uted in samples from several types of cattle 
including beef calves, Stocker cattle, feedlot 
cattle, adult beef cows, dairy calves, water 
sources, and wildlife. 
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Shedding of STEC has been proposed to 
vary between individuals. Although most 
animals may only shed the bacteria tran¬ 
siently following exposure, some individuals 
shed the pathogen for prolonged periods and 
at much higher rates due to colonization of 
the terminal rectum of the gastrointestinal 
tract. 1 Cattle shedding STEC at much higher 
concentrations and for prolonged periods of 
time are so-called supershedders. The per¬ 
centage of STEC-shedding cattle that are 
considered supershedders has been esti¬ 
mated at 3.9% for serovar 0157 and 10% for 
non-0157 serovars. 3 Although supershed¬ 
ders constitute a small proportion of cattle in 
an infected herd, they are thought to sub¬ 
stantially impact the on-farm epidemiology. 
It has been estimated that serotype 0157:H7 
supershedders may be responsible for over 
95% of the bacteria shed. 1 

Prevalence of Infection in Cattle, 
Sheep, and Pigs at Slaughter 

Abattoir surveys conducted in the UK deter¬ 
mined prevalence rates of fecal carriage of 
STEC 0157 between 4.7% and 15.7% in cattle 
and between 0.7% and 2.2% in sheep in the 
UK. STEC 0157 was only isolated form 0.4% 
of slaughtered pigs. 5 In a Dutch abattoir study 
STEC 0157 strains were isolated from 10.6% 
of slaughtered cattle and 4.0% of slaughtered 
sheep. An overall prevalence of E. coli 
0157:H7 fecal shedding by New York cull 
dairy cattle of 1.3% was found in specimens 
just before processing the packing plant. In a 
survey of downer cattle submitted to two 
slaughter facilities in Wisconsin, the preva¬ 
lence of E. coli 0157:H7 in the feces and/or 
tissues of downer dairy cattle was 4.9% com¬ 
pared with 1.5% in healthy cattle. 

In an abattoir study the polymerase chain 
reaction (PCR) was used to detect virulence 
genes and molecular epidemiology of E. coli 
0157:H7 isolates. Samples included swabs of 
tools, knives, and saws; fecal samples; carcass 
samples; and ears removed after slaughter. 
From 1432 samples, 143 E. coli 0157:H7 
strains were isolated. These results indicate 
the increase in contamination frequen¬ 
cies during transportation to the abattoir 
and the lairage period before slaughter as a 
result of cross-infection caused by mixing 
of animals from different sources. The pres¬ 
ence of supershedding animals at the abattoir 
increases the potential risk of beef contami¬ 
nation during the slaughtering process and 
stresses the need for correct hazard analy¬ 
sis and critical control points procedures. 
Carcass samples were taken at three points 
during processing: preevisceration, postevis¬ 
ceration before antimicrobial intervention, 
and postprocessing after carcasses entered 
the cooler. The prevalence of E. coli 0157:H7 
in the three postprocessing samples was 43%, 
18%, and 2%, respectively. Antimicrobial 
intervention included steam pasteuriza¬ 
tion, hot water washes, organic acid washes, 
or combinations of these treatments. The 
reduction in carcass prevalence from 


preevisceration to postprocessing sug¬ 
gests that sanitary procedures can be effec¬ 
tive within processing plants. Fecal and 
hide prevalence were significantly corre¬ 
lated with carcass contamination, indicat¬ 
ing a role for control of E. coli 0157:H7 in 
live cattle. 

Sheep and Goats 

Sheep and goats can be naturally infected 
with E. coli 0157:H7, and sheep have been 
used as a model of ruminant infection. Sheep 
may harbor E. coli 0157:H7 and non- 
0157:H7 STEC at rates similar to or higher 
than in cattle. Prevalence rates of 67% and 
45% have been reported in Germany and 
Australia, respectively. Worldwide, sheep 
have been shown to shed several non-0157 
strains in their feces. Several of these STEC 
serotypes have been associated with sporadic 
cases or major outbreaks of human illnesses. 
Thus lamb, mutton, and their products share 
a food safety risk factor similar to that of 
beef. Non-0157:H7 STEC have been found 
in sheep grazing irrigated pasture or arid 
rangeland forage in Nevada. In Brazil, STEC 
occurred in the feces of 51% of healthy sheep 
grazing on pasture. 

Wildlife 

Based on fecal samples of deer submitted by 
hunters, E. coli 0157:H7 have been found in 
the feces of free-ranging white-tailed deer in 
Nebraska at a rate of 0.25%. The prevalence 
of infection of E. coli 0157:H7 in white¬ 
tailed deer sharing rangeland with cattle was 
2.4%. Deer experimentally inoculated with 
E. coli 0157:H7 shed the pathogen for over 
26 days to naive penmates. Fermented deer 
sausage was identified as a vehicle for E. coli 
0157:H7 transmission in Missouri. 8 The low 
overall prevalence of E. coli 0157:H7 and the 
identification of only one site with positive 
deer suggest that wild deer are not a major 
reservoir of E. coli 0157:H7. 

High prevalence of fecal carriage of 
STEC 0157 of 3.3% was reported in wild 
boars in Spain, and one strain was identical 
to a strain associated with clinical disease 
in people. 9 

Pigs 

E. coli 0157:H7 has been found in fecal 
samples of finished pigs at the time of slaugh¬ 
ter, but the prevalence was very low at 
0.08%. In experimentally infected pigs, E. 
coli 0157:H7 can persist for more than 2 
months. In a longitudinal study conducted in 
four U.S. swine farms STEC 0157:H7 was 
isolated from 8.9% of rectal swabs; however, 
shedding was not associated with clinical 
disease, and isolated strains could have 
been nonvirulent. 10 Potentially pathogenic 
0157:H7 strains have, however, been iso¬ 
lated from 2% of slaughter pigs in one study 
as well as in feral swine in California. 5 Pigs 
may have the potential to be reservoirs hosts 
for E. coli 0157:H7, but the magnitude of the 
risk needs to be determined. 


Risk Factors 
Animal Risk Factors 

Cattle that are infected with E. coli 0157:H7 
remain free of disease because of the lack of 
specific vascular receptors for Stx and are 
tolerant of E. coli 0157:H7 for their entire 
lives. 

Although most exposed cattle shed STEC 
atlessthan 100 colony forming units (CFU)/g 
feces, a small subset of cows are predisposed 
to shed exceptionally high numbers of bac¬ 
teria (>10 4 CFU/g feces) for prolonged 
periods of time. These individuals, also 
called supershedders, are estimated to be 
responsible for over 95% of the bacterial 
shedding within a herd. 11 

Age has been identified as an animal risk 
factor for STEC infection in cattle. Although 
preweaned calves were found to rarely carry 
STEC, postweaning calves and heifers have a 
higher fecal carriage prevalence of STEC and 
shed larger numbers of bacteria than older 
cows.' Studies conducted in colostrum- 
deprived calves suggest that the low preva¬ 
lence of 0157 carriage in unweaned calves is 
at least partly because of the protective effect 
of colostral antibodies during the first weeks 
of life. 5 

Higher prevalence rates of fecal STEC 
carriage in heifers than in young bulls suggest 
a gender effect that may be caused by 
hormonal effects around pregnancy and 
lactation. 5 

Environmental and Management 
Risk Factors 

Although a larger number of STEC sero¬ 
types may be isolated from some farms, typi¬ 
cally a herd only harbors a small number of 
isolates that tend to persist on the farm for 
over 2 years independently of animal carri¬ 
ers. This underscores the importance of 
environmental contamination and the circu¬ 
lation of the pathogen between animals and 
environment for the on-farm epidemiology 
of STEC infection. 5 Water tanks in feedlots, 
for example, were found to be frequently 
contaminated with STEC. E. coli 0157:H7 
was isolated from 13% of the water tanks in 
U.S. feedlots, with at least one water tank 
positive on 60% of the feedlots. Water tanks 
were five times more likely to be contami¬ 
nated with E. coli 0157:H7 if a pen was 
positive for bacteria, but the direction of the 
spread was not determined/’ Similarly E. coli 
0157:H7 was isolated from 14.9% of the 
feed samples obtained from the feed bunks. 
Factors positively associated with E. coli 
0157:H7 in the feed were higher heat index 
at the time of sampling, the presence of cot¬ 
tonseed meal in the ration, and the feedlot 
location. 

A seasonal effect is well established in 
temperate climates with peaks in the preva¬ 
lence of fecal STEC carriage between late 
spring and early fall. For example, fecal 
samples and rope swabs from dairy herds 
collected over a period of 1 year in Alberta, 
Canada, revealed a 15-fold increase in 
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prevalence of positive samples between June 
and September compared with the rest of the 
year. 12 Several abattoir surveys conducted in 
different European countries revealed similar 
peaks in the fecal carriage prevalence during 
the summer months. 5 The specific factors 
contributing to this seasonal effect are not 
well understood. 

Housing and Management Practices 
Environmental dissemination of an inocu¬ 
lated strain of E. coli 0157:H7 given to dairy 
calves spreads more quickly when calves are 
housed in groups compared with calves 
housed in individual pens from 7 to 110 days 
of age. The use of segregated penning systems 
rather than group housing of weaning calves 
may reduce the prevalence of these potential 
pathogens within the calf unit. If this results 
in a reduction in the general herd or farm 
STEC prevalence, then such changes in calf¬ 
rearing practice may offer a control point. 

Pathogen Risk Factors 
Virulence Attributes and Mechanisms 
The primary feature of STEC isolates is their 
ability to produce potent cytotoxins encoded 
by stxl and stx2 genes. They also have the 
ability to adhere to the intestinal mucosa in 
an intimate manner through the attachment 
and effacement protein intimin, encoded by 
the eaeA gene, and most produce a plasmid- 
encoded enterohemolysin, encoded by the 
elixA gene. STEC isolates that cause disease 
in humans usually have one or both of 
these virulence-associated factors and have 
been referred to as complex Shiga-toxin- 
producing E. coli (cSTEC). The most often 
reported STEC serotype causing diseases in 
humans worldwide is E. coli 0157:H7, but 
non-0157 serotypes such as 08:H19, 
08:H21, 022:H8, 0113:H21, and Orough: 
NM (nonmotile) are commonly found to 
cause diseases such as HUS. 3 There are over 
160 STEC serotypes that have been isolated 
from human patients around the world. 

Acid Resistance 

E. coli 0157:H7 is extremely acid resistant, 
which contributes to the low infectious dose 
for humans; this has been estimated to be 
fewer than 100 CFU and possibly even as low 
as 10. Certain strains of£. coli 0157:H7 have 
been considered to be more acid tolerant 
than some commensal E. coli. In addition, E. 
coli 0157:H7 strains may become acid habit¬ 
uated by exposure to weak acids in the 
rumen. Consequently, E. coli 0157:H7 may 
survive passage through the acid barrier in 
the abomasum, colonizing and replicating in 
the ruminant colon. 

The acid-resistance characteristics of 
E. coli 0157:H7 led to the hypothesis that 
feeding grain to cattle created an ideal 
environment in the gastrointestinal tract to 
promote the growth and persistence of the 
organism. The research data on the effects of 
grain versus forage feeding to cattle and its 


effects on fecal E. coli 0157:H7 are limited 
and conflicting. Some early research indi¬ 
cated that grain feeding increased the dis¬ 
semination of acid-resistant E. coli by cattle 
and that feeding hay for a brief period imme¬ 
diately before slaughter would decrease the 
shedding of E. coli 0157:H7. The numbers, 
persistence, and acid resistance of generic 
coliforms and E. coli 0157:H7 from various 
gastrointestinal tract sites of cattle fed grain 
or hay were compared. Grain feeding or 
hay feeding did not affect survival of E. 
coli 0157:H7 in the rumen or its passage 
through the abomasum (pH 2.0) to the 
duodenum. 

Recent studies on the effect of forage or 
grain diets have shown that cattle fed forage 
diets had ruminal persistence of fecal E. 
coli 0157:H7 at quantifiable concentrations 
for twice as long as cattle fed grain diets. 
Diets high in grain generate high volatile 
fatty acid concentrations and low pH, creat¬ 
ing a less conducive environment for E. coli 
0157:H7, whereas lower volatile fatty acid 
concentrations and higher pH in forage-fed 
cattle may be more conducive to the growth 
and survival of the organism. Monen- 
sin supplementation decreased the dura¬ 
tion of shedding with forage diet, and the 
cecum and colon were culture positive for 
E. coli 0157:H7 more often than the rumen 
of cattle. 

Antimicrobial Resistance 
Although antimicrobial therapy in cases 
of EHEC infection is considered to be 
contraindicated, numerous studies evaluat¬ 
ing antimicrobial-resistance patterns of E. 
coli 0157:H7 have been conducted. Anti¬ 
microbial resistance is common in 0157:H7 
and other STEC strains and include mul¬ 
tiple drug resistance to streptomycin, tetra¬ 
cycline, and sulfisoxazole. 1 The prevalence 
of antimicrobial resistance among isolates 
of E. coli 0157:H7 recovered from clinical 
cases in humans, pigs, cattle, and food over 
a 15-year period (1985-2000) in the United 
States has been described. There was a high 
prevalence of resistance to tetracycline, sul¬ 
famethoxazole, cephalothin, and ampicillin. 
The highest prevalence occurred among iso¬ 
lates from pigs, in which more than 50% of 
all isolates were resistant to sulfamethoxa¬ 
zole, cephalothin, or tetracycline and more 
than 20% were resistant to ampicillin or 
gentamicin. 

Methods of Transmission 
Sources of Organism 
Ruminants as Reservoirs 
E. coli 0157:H7 is a transient inhabitant of 
the gastrointestinal tract of normal healthy 
ruminants. Cattle and sheep feces serve as 
sources for contamination of feed and water 
sources. Fecal shedding is transient in cattle, 
often lasting 1 to 3 months or less, but the 
organism can persist on individual farms for 
up to 2 years. Longitudinal surveys have 


shown that maintenance of E. coli 0157:H7 
and other STEC strains in cattle herds relies 
on continual reinoculation of individual 
cattle. Repeated isolations of£. coli 0157:H7 
from healthy beef and dairy cattle demon¬ 
strate that cattle are asymptomatic carriers of 
the organism. Short periods of relatively high 
prevalence of excretion are separated by 
longer periods of reduced or undetectable 
shedding. This has contributed to the vari¬ 
ance in prevalence data reported in the 
literature. 

Fecal shedding is more prevalent from 
spring to early fall than during the cold 
season of the year. Fecal shedding also varies 
among different classes of animal. Weaned 
heifers between 3 months of age and breed¬ 
ing age are more likely to shed STEC in feces 
than adult cattle or younger calves. 

Contaminated water troughs, particularly 
those that are allowed to develop sediments, 
provide an environment for survival, prolif¬ 
eration, and horizontal spread of £. coli 
0157:H7 and other STEC serotypes. The 
organism can also proliferate to very high 
levels in moist silage. 

The pattern of fecal carriage of £. coli 
0157:H7 in cattle finished under modern 
intensive feedlot management conditions has 
been examined. £. coli 0157:H7 was isolated 
from 13% of fecal samples, with the highest 
prevalence values of the organism in pens 
supplied with chlorinated drinking water 
compared with nonchlorinated water pens. 
Over a period of 7 months from April to 
September, certain specific clonal types of £. 
coli 0157:H7 persisted and predominated 
despite massive cattle population turnover. 
This suggests that the farm environment, and 
not necessarily the incoming cattle, is an 
important potential source of£. coli 0157:H7 
on farms. 

Other Species 

E. coli 0157:H7 subtypes indistinguishable 
from those detected in cattle have been 
found in turkeys, pigeons, geese, horses, 
dogs, opossums, and flies. £ coli 0157:H7 
also has been isolated from insects in cattle 
environments, but their role in dissemina¬ 
tion is uncertain. 

Wild Birds 

E. coli 0157:H7 has been found in the feces 
of wild birds, which may contribute to the 
spread of the organism within and between 
farms. The presence of wild geese was a sig¬ 
nificant risk factor in the shedding of £. coli 
0157:H7 by beef suckler cows in Scotland. 

Flies 

The increased presence of flies around cattle 
during the summer months represents a 
potential mechanism for the spread of £. coli 
0157:H7 among farm animals. £. coli 
0157:H7 has been isolated from the crop of 
houseflies ( Musca domestica) immediately 
after feeding on a bacterial preparation. 
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Environmental Sources 
There are many possible sources of STEC in 
the farm environment, including manure 
piles, ponds, dams and wells, barns, calf 
hutches, straw and other bedding, feed and 
feed troughs, water and water troughs, farm 
equipment, ground surface and pasture, and 
watercourses. Once in the environment, the 
organism can be transferred to other sites by 
rainwater, wind, and removal and spreading 
of manure, including animals and humans. 

Water Supplies for Livestock 
Drinking water offered to cattle is often of 
poor microbiological quality, and the daily 
exposure of animals to various STEC strains 
from this source can be substantial. The 
degree of E. coli exposure is positively associ¬ 
ated with proximity of water troughs to the 
feed bunk, protection of the trough from 
sunlight, and warmer weather. Cattle water 
troughs can serve as environmental reser¬ 
voirs for STEC and as a long-term source 
infection for cattle. 

The experimental inoculation of E. coli 
0157:H7 with 1 L of water into dairy calves 
in a confined environment resulted in shed¬ 
ding of the organism by the calves within 24 
hours after administration. The duration of 
shedding varied from 18 to more than 43 
days, and the number of doses necessary to 
initiate shedding varied among calves. 

STEC is present in as many as 10% of 
water troughs, and water is more likely to be 
positive when E. coli 0157:H7 was detected 
in the sediment. Chlorination of input water 
in feedlots was unable to reduce the preva¬ 
lence of£. coli 0157:H7-contaminated water 
troughs. 

Water trough sediments with feces from 
cattle excreting STEC may serve as a long¬ 
term reservoir of the organism on farms and 
a source of infection for cattle. The accumu¬ 
lation of large amounts of organic matter 
would be expected to rapidly inactivate the 
biocidal activity of chlorine and provide an 
ideal niche for the survival of the organism. 
E. coli 0157:H7 can survive in farm water 
under field and shed conditions at tempera¬ 
tures less than 15°C for up to 24 days. The 
addition of feces to water outdoors resulted 
in survival for 24 days. 

E. coli 0157:H7 has been isolated from 
surface waters collected from a Canadian 
watershed. Systematic sampling of surface 
water within the Oldman River basin in south¬ 
ern Alberta reveals that it is often contami¬ 
nated with E. coli 0157:H7 and Salmonella 
spp. The prevalence of E. coli 0157:H7 and 
Salmonella spp. in water samples was 0.9% 
and 6.2%, respectively. The region surveyed is 
noted for high cattle density as well as for one 
of the highest incidences of gastroenteritis in 
Canada, resulting from infection by Salmo¬ 
nella spp. and E. coli 0157:H7. Although the 
data indicated a relationship between high 
livestock density and high pathogen levels in 
southern Alberta, analysis of the point source 


data indicates that the predicted manure 
output from cattle, pig, and poultry feeding 
operations was not directly associated with 
the prevalence of either Salmonella spp. or 
E. coli 0157:H7. Variations in time, amount, 
and frequency of manure applications onto 
agricultural lands may have influenced levels 
of surface-water contamination with these 
bacterial pathogens. 

Feed Supplies 

The prevalence of E. coli 0157:H7 in cattle 
feeds in feedlots was 14.9%, which was 
higher than previously reported, and may be 
because of more sensitive detection methods. 
Feed may be a vehicle for dissemination and 
colonization; however, the source of the 
STEC contamination in cattle feed is uncer¬ 
tain. Possible sources include saliva and fecal 
contamination by cattle or other species, or 
by wildlife, including birds, rodents, and 
insects. Another possible source is contami¬ 
nated feed components mixed into the feed. 
Pulse-field gel electrophoresis (PFGE) pro¬ 
files of E. coli 0157:H7 isolated from a com¬ 
ponent feed sample closely resembled that 
isolated later from the same farm, suggesting 
that cattle feed may be an important vector 
for the transmission of E. coli 0157:H7. 

Manure 

Survival of STEC in manure and manure 
slurry has been observed under various 
experimental and environmental conditions. 
The use of manure as fertilizer could explain 
food-borne outbreaks of E. coli 0157:H7 and 
other strains associated with unpasteurized 
apple cider, potatoes, and other vegetables. 
Because STEC can survive for extended 
periods of time, proper manure management 
is of major importance in preventing the 
spread of this organism to the environment. 
Composting is an effective method for elimi¬ 
nating pathogens such as E. coli 0157:H7 
from manure. 

Soil 

E. coli 0157:H7 inoculated into loam and 
clay soils can survive for 25 weeks and in 
sandy soil for 8 weeks. The organism was 
detectable for up to 7 days after inoculation 
into the uppermost 2.5 cm of the soil and for 
up to 7 days on grass plots inoculated with a 
fecal slurry from dairy cattle at an applica¬ 
tion rate of E. coli 0157:H7 of 660 CFU/m 2 . 

Animal-Holding Facilities 
The organism can be cultured from rope 
devices in a feedlot pen that cattle rub or 
chew, and there is a correlation with the prev¬ 
alence of cattle shedding the organism in the 
feces from within the same pen. This pen-test 
strategy may be useful for identifying pens of 
cattle posing a higher risk to food safety. 

Immune Mechanisms 

The Esp and Tir proteins secreted by some 
STEC strains play critical roles in the 


development of the attaching and effacing 
lesions and are recognized serologically in 
human patients with HUS. Antibodies to 
intimin, Esp, and Tir proteins have been 
detected in HUS patients following infec¬ 
tions with EHEC. 

In contrast, little is known about the 
immune responses of cattle to STEC infec¬ 
tion. E. coli 0157:H7 and other STEC sero¬ 
types are shed sporadically by cattle, and it 
appears that natural exposure to these organ¬ 
isms does not confer protection on the host. 
Calves 13 to 30 days of age developed anti- 
0157 IgG responses following experimental 
oral inoculation with E. coli 0157:H7. 
Mature cows did not develop a significant 
increase in their serum anti-0157 IgG levels 
following oral inoculation. These observa¬ 
tions suggest that local immunity to E. coli 
0157:H7 may not develop to any degree in 
the intestine and that immunization to 
reduce fecal shedding of E. coli 0157:H7 may 
not be effective. 

Vaccination of cattle with antigenic bac¬ 
terial proteins involved in colonization can 
significantly reduce fecal shedding and prev¬ 
alence of E. coli 0157:H7 in cattle. Vaccina¬ 
tion of cattle with E. coli 0157:H7 type III 
secreted proteins can reduce the numbers of 
E. coli 0157:H7 shed in the feces, the dura¬ 
tion of shedding in experimentally chal¬ 
lenged cattle, and in feedlot cattle under field 
conditions. Vaccination of pregnant gilts 
with intimin from E. coli 0157:H7 induced 
high intimin-specific immune responses in 
the serum and colostrum, and suckling 
neonatal piglets had reduced bacterial colo¬ 
nization and intestinal lesions following 
experimental challenge. These results suggest 
that vaccination may be a useful preharvest 
strategy for reducing the prevalence of E. coli 
0157:H7 infection in cattle. 

Zoonotic Implications 

Enterohemorrhagic strains of E. coli, espe¬ 
cially serotype E. coli 0157:H7, have been 
linked in humans with hemorrhagic colitis, 
HUS, and thrombocytopenic purpura from 
eating contaminated foods such as beef and 
dairy products, vegetables, and apple cider, 
and from contaminated drinking water or 
from contact with infected animals or con¬ 
taminated environments. As few as 100 E. 
coli 0157:H7 bacteria can cause illness in 
humans. 

In the United States the Centers for 
Disease Control and Prevention estimate 
that around 265,000 human STEC infections 
occur every year, of which approximately 
36% are attributed to E. coli 0157:H7 and the 
remainder to non-0157 serotypes. 13 

Between 2005 and 2009 a total of 16,263 
confirmed cases of STEC infection in people 
have been reported from the 24 member 
states of the EU. For 2009 the notification 
rate of STEC infection within the EU was 
0.75 per 100,000 population with between 
two and six deaths per year. 14 The highest 
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notification rate was recorded for the age 
group 0 to 4 years (7.2 per 100,000 popula¬ 
tion) followed by children aged 5 to 14 years 
(1.8 per 100,000 population). 14 Although 
outbreaks of EHEC infection in people are 
recorded regularly, public health surveillance 
data indicate that sporadic cases of infection 
greatly outnumber outbreak cases. 15 

The number of patients infected with 
EHEC that develop HUS, particularly chil¬ 
dren, has been estimated to be approximately 
10%A In 2009 a total of 242 cases of HUS 
were reported within the EU; the serogroup 
0157 was isolated in 47% of cases affecting 
children (0-4 years old) and the serogroup 
026 in 15%. 14 

Most cases of STEC illness are attribut¬ 
able to food-borne infection, and in particu¬ 
lar to the consumption of undercooked 
ground beef; however, acquisition of disease 
by direct contact with animals and manure 
at petting zoos and dairy farms are of increas¬ 
ing concern. Consumption of pink ham¬ 
burgers at home or in restaurants is a risk 
factor for EHEC infection. Microbiological 
testing of ground beef patties from a large 
outbreak that occurred in the Pacific north¬ 
west between November 1992 and February 
1993 suggested that the infectious dose for E. 
coli 0157:H7 is fewer than 700 organisms. 
This represents a strong argument for enforc¬ 
ing zero tolerance for this organism in pro¬ 
cessed food and for markedly decreasing 
contamination of raw ground beef. In 2009 
overall 9285 beef samples have been tested 
for the presence of EHEC in the EU; 2.3% 
were found positive for EHEC and 0.7% con¬ 
tained EHEC serogroup 0157. 14 Argentina is 
the country with the highest recorded inci¬ 
dence of HUS in the world with around 400 
cases per year. It also has the highest per 
capita consumption of beef of any country in 
the world. 

A major source of the bacteria in ground 
beef is bovine feces, which contaminates car¬ 
casses before evisceration; the organism is 
thought to be spread from contaminated 
hides to the surfaces of carcasses at slaughter. 
In addition to feces and hides, STEC has 
been isolated from the oral cavities of 
cattle. 

In May 2000, E. coli 0157:H7 and Cam¬ 
pylobacter jejuni contaminated the drinking 
water supply in Walkerton, Ontario, Canada. 
As a result, seven people died and over 2000 
became ill. The pathogens causing the out¬ 
break were attributed to contamination of 
the towns water well arising from cattle 
manure from a nearby cattle farm following 
a period of heavy spring rainfall. Failure to 
adequately chlorinate the water supply 
resulted in the contaminated water being 
consumed by the people in the town. 

Visits to farms for recreational or educa¬ 
tional purposes have become an important 
part of the tourism and leisure industries in 
some countries. The emergence of STEC, 
with its very low infectious dose and associ¬ 
ated risks of serious human illness, has 


greatly increased the potential for zoonotic 
disease acquired from livestock, including 
those on open farms. The livestock of these 
farms may include sheep, goats, mature 
cattle and calves, pigs, donkeys, ponies, 
rabbits, guinea pigs, chipmunks, laying hens, 
bantams, ducks, geese, and a variety of 
waterfowl. Outbreaks of E. coli 0157:H7 
infection have occurred in people visiting 
these farms, and the E. coli 0157:H7 has 
been isolated primarily from the calves and 
goats. 

In a large outbreak of E. coli 0157:H7 
infections among visitors to a dairy farm 
(predominantly children), high rates of car¬ 
riage of E. coli 0157:H7 among calves and 
young cattle most probably resulted in con¬ 
tamination of both the hides of the animals 
and the environment. Contact with calves 
and their environment was associated with 
an increased risk of infection, whereas hand 
washing was protective. Thirteen percent 
of the cattle were colonized with E. coli 
0157:H7, which had the same distinct 
pattern on PFGE found in isolates from the 
patients. The organism was also recovered 
from surfaces that were accessible to the 
public. 

Transmission of EHEC occurs by three 
major routes: food items such as under¬ 
cooked meat, unpasteurized milk or cheese 
made from raw milk, person-to-person 
spread, and direct or indirect contact with 
animals. Infections have been associated 
with visits to cattle farms and farms open to 
the public, with consumption of farm prod¬ 
ucts, and with camping on a cattle-grazing 
site. Infections have also been described in 
farm family members and other farm 
dwellers. 

Economic Importance 

The economic consequences of beef contam¬ 
inated with E. coli 0157:H7 are enormous. 
Since 1994 in the United States, millions of 
kilograms of ground beef have been recalled 
from retail outlets because of contamination 
with E. coli 0157:H7. Such beef products 
must be destroyed and not used for animal 
or human food. Human illness associated 
with the most common food-borne patho¬ 
gens alone cost the U.S. economy more than 
$7 billion each year. Some of these human 
outbreaks have been linked to the consump¬ 
tion of meat-based products or to contact 
with animals and their wastes. 

PATHOGENESIS 

EHEC are characterized by the presence of 
Stx genes, locus for enterocyte effacement 
(LEE), and a high molecular weight plasmid 
that encodes for a hemolysin. These three 
virulence factors are present in most E. coli 
associated with bloody diarrhea and HUS in 
humans. 

The LEE is a large cluster of genes that are 
collectively responsible for the intimate 
attachment of the bacterium to the apical 
membrane of the enterocyte and subsequent 


destruction or effacement of the microvilli. 
The intimate attachment of the bacterial cell 
to the epithelium is attributed to the adhesin 
intimin and Tir, a bacterial protein, which is 
inserted into the host membrane and serves 
as the response for intimin. Both factors are 
part of the LEE in enteropathogenic E. coli 
(EPEC) and EHEC. Intimin appears to be 
an essential component in initiating attach¬ 
ment, colonization, and the subsequent 
pathologic changes that follow infection with 
EPEC and EHEC. 

E. coli 0157:H7 also possesses a high 
molecular weight plasmid that contains 
several putative virulence genes, including a 
pore-forming hemolysin. Virulence plas¬ 
mids are common features of pathogenic E. 
coli, encoding toxins, adhesins, and other 
factors necessary for colonization, survival, 
and ability to cause disease in its animal host. 

In ruminants, STEC persists and prolifer¬ 
ates in the lower gastrointestinal tract and 
does not remain for long periods in the 
ruminant stomachs or duodenum. E. coli 
0157:H7 exhibits a tropism for the terminal 
rectum in cattle. In calves experimentally 
infected with E. coli 0157:H7, in almost all 
persistently colonized animals, the majority 
of tissue-associated bacteria identified are in 
a region within 3 to 5 cm proximal to the 
rectoanal junction. This region contains a 
high density of lymphoid follicles, and 
microcolonies of the bacterium are readily 
detectable on the epithelium of this region by 
immunofluorescence microscopy. As a con¬ 
sequence of this specific distribution, E. coli 
0157:H7 are present predominantly on the 
surface of the fecal mass. Sampling the feces 
and terminal rectum or swabbing the rectal 
mucosa of cattle immediately after slaughter 
found higher numbers of E. coli 0157:H7 at 
the site closer to the rectoanal junction, and 
low-level and high-level carriers (so-called 
supershedders) were identified. Carriage 
on the mucosal surface of the terminal 
rectum was associated with high-level fecal 
excretion. 

Experimental Reproduction 

Experimentally, E. coli 0157:H7 causes fatal 
ileocolitis in newborn calves under 36 hours 
of age. Affected calves developed diarrhea 
and enterocolitis with attaching and effacing 
lesions in both the large and small intestines 
by 18 hours after inoculation. 

Natural and experimental infection of 
calves from 13 to 30 days of age and mature 
cows with E. coli 0157:H7 do not result in 
any clinical signs of disease, and no lesions 
were present at necropsy. A serologic 
response occurred in the calves but not in the 
cows. 

Attaching and effacing intestinal lesions 
can be produced by experimental inocula¬ 
tion of 6-day-old conventionally reared 
lambs with E. coli 0157:H7. All animals 
remain normal clinically, but attaching and 
effacing lesions occur in the cecum at 12 and 
36 hours postinoculation and in the terminal 





colon and rectum at 84 hours. This indicates 
that the well-characterized mechanisms for 
intimate attachment encoded by the LEE of 
E. coli 0157:H7 may contribute to the initial 
events of colonization. Similar lesions can 
be produced in ligated intestine loops of 
6-month-old sheep using E. coli 0157:H7. 

CLINICAL PATHOLOGY 

STEC comprises over 400 different serotypes 
with diverse biochemical and physiologic 
characteristics and accordingly a large variety 
of detection methods are used. With the 
exception of the serotype 0157:H7 for which 
an International Organization for Standard¬ 
ization (ISO) protocol for the detection in 
food and animal feedstuff is available, there 
are currently no internationally standardized 
procedures for the detection of non-0157 
STEC. 15 For E. coli 0157:H7, the most preva¬ 
lent single STEC serotype associated with 
human illness, genetic detection assays, and 
the use of culture and enrichment media are 
well developed and widely used as routine 
diagnostic procedures. Non-0157 serotypes 
have been recognized as potential human 
pathogens with increasing occurrence 
worldwide; accordingly, detection methods 
and culture and enrichment broths to isolate 
the most prevalent pathogenic serotypes 
have been developed in recent years but have 
not yet been standardized. 

Food, feedstuff, or feces samples may be 
directly plated onto selective media and/or 
differential agars, which are reliable in 
detecting STEC 0157 at densities above 100 
CFU/g. 5 Food samples, however, often 
contain few colony-forming units that still 
may suffice to cause clinical disease in people. 
Direct plating may fail to identify bacteria 
stressed or injured by manufacturing pro¬ 
cesses, transport, or storage. Furthermore, 
STEC cells may enter a dormancy state in 
which they are viable but not culturable, 
which can lead to an underestimation of the 
number of bacteria contained in the sample 
or even failure to isolate STEC. 16 Regardless 
of the culture protocol used, recovery of E. 
coli 0157:H7 is more likely from fresh fecal 
samples than from frozen samples. 

Enrichment before plating facilitates the 
recovery of injured bacteria and can decrease 
the detection limit to below 5 CFU/g. Tryp- 
tone soya broth and E. coli broth incubated 
at 35°C to 37°C for 18 to 24 hours are com¬ 
monly used for nonselective enrichment. 
Selective enrichment media are supple¬ 
mented with selective agents or antimi¬ 
crobials to inhibit growth of competing 
microflora. 15 Several studies have reported 
incidental susceptibility of STEC 0157 to 
various selective components in the enrich¬ 
ment medium, which may hamper the 
growth not only of apathogenic microflora 
but also of some potentially pathogenic 
STEC strains. The use of nonselective enrich¬ 
ment media such as buffered peptone water 
is therefore preferred over the use of selective 
enrichment media. 1 ' 
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Enrichment may be followed by immu- 
nomagnetic separation (IMS) with beads 
coated with 0157-specific antibody before 
plating onto agar. Immunomagnetic separa¬ 
tion is part of the official standard procedure 
for the detection of STEC 0157:H7. 

CONTROL 

Studying STEC during the entire cattle- 
production process is problematic because of 
the complexity of the system and the com¬ 
plexity of the ecology of the organism. The 
development of economically feasible inter¬ 
vention strategies that are effective in reduc¬ 
ing food-borne pathogens is a priority for 
both the beef and dairy industries. 

The effective control of E. coli 0157:H7 
and other STEC serotypes will require the 
implementation of several different infec¬ 
tious disease control strategies and manage¬ 
ment procedures extending from the farm 
environment to the meat processing plant, 
the retail handling and processing of meat 
products, and the handling and cooking of 
beef products in the home. 

The features of the ecology of E. coli 
0157:H7 that are important to consider in a 
control program include the following: 

• Lack of a host specificity such that 
indistinguishable isolates can be found 
in a variety of species. 

• Near ubiquitous distribution on cattle 
farms. 

• Transient residence in the 
gastrointestinal tract of individual 
animals that is not associated with 
disease. 

• A higher prevalence in animals with 
gastrointestinal flora disturbances 
such as those associated with transit, 
feed changes, or antimicrobial 
dosing. 

• A markedly higher prevalence during 
warm months. 

• Molecular subtyping indicates that 
specific subtypes can persist on a farm 
for years. 

• Commercial feeds are sometimes 
contaminated with STEC and it seems 
likely that feeds represent an important 
route of dissemination. 

• Mixed feeds collected from feeding 
troughs are commonly positive for 
STEC, as are water troughs, and feed 
and water probably represent the most 
common means of infection. 

• Environmental replication in feeds 
and in the sediments of water troughs 
occurs and may account for the higher 
level of fecal shedding in the summer 
months. 

• Because E. coli 0157:H7 has been found 
to persist in and remain infective for at 
least 6 months in water trough 
sediments, this may be an important 
environmental in which the organism 
survives during periods when it cannot 
be detected, especially during cold 
months. 


• Traditional means of controlling 
infectious diseases, such as eradication 
or test and removal of carrier animals, 
do not appear to be feasible. 

• It is virtually impossible to exclude E. 
coli 0157:H7 from beef-processing 
plants and carcasses. 

• Cross-contamination of whole carcasses 
with fecal-derived bacteria occurs as a 
result of airborne transmission (during 
removal of the hide). Contaminated 
equipment and cross-contamination is 
inevitable during boning-out and 
grinding (where portions of carcasses 
from a large number of animals are 
commingled or make contact with a 
common piece of equipment). 

• The very small numbers of STEC 
predicted to contaminate carcasses 
under highly effective control could be 
spread to a large volume of beef product 
during processing and multiply if the 
product experienced temperature abuse. 
Because the dose of STEC to cause 
human illness is very low, this 
dispersion of the organism throughout 

a high volume of product may 
constitute the greatest risk to public 
health. 

The control of STEC will depend on imple¬ 
mentation of management procedures that 
extend from the farm (preharvest), slaugh¬ 
tering process (postharvest), and retail 
handling and processing, to ultimately the 
consumer. 

Preharvest beef safety production pro¬ 
grams consist of policies, strategies, and pro¬ 
cedures that are performed onfood-producing 
animal farms with the objective of producing 
a safe and wholesome product free of 
antibiotic or chemical residues and with a 
minimum of pathogens that could be trans¬ 
ferred through meat to humans. Some exam¬ 
ples follow here. 

Specific Strategies for Control of 
Escherichia coli 0157:H7 at 
Preharvest Level 

A stochastic simulation model was used to 
assess the benefit of measures implemented 
in the preslaughter period that are aimed at 
reducing the contamination of beef carcasses 
with STEC 0157:H7. Control measures were 
based on either reducing the herd prevalence 
of infection; reducing the opportunity for 
cross-contamination in the processing plant 
by reordering of the slaughter procedures; 
reducing the concentration of E. coli 0157:H7 
in fresh feces or reducing the amount of 
feces, mud, and bedding (“tag”) transferred 
from the hide to the carcass. Simulations 
suggested that the greatest potential is asso¬ 
ciated with vaccination and with an agent 
that reduces shedding of E. coli 0157:H7 in 
feces. An industrywide reduction in the 
amount of tag attached to hides and addition 
of a source of cattle having a prolonged 
average fasting time were not predicted 
to have a large impact on the mean amount 
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of carcass contamination with E. coli 
0157:H7. 

Animal Management Strategies 
Water Systems and Runoff 
Interventions at the water trough level offer 
significant potential to reduce STEC con¬ 
tamination and cross-contamination. Sug¬ 
gested potential strategies to reduce STEC 
survival in the water supply include chlori¬ 
nation, ozonization, frequent cleaning, 
and screens that reduce organic solids in 
water troughs. However, field studies found 
that chlorination of water troughs did 
not alter the prevalence of E. coli 0157:H7 in 
the troughs or in the feces of cattle in those 
pens. 

Environmental Control of STEC 
The survival of STEC for extended periods of 
time (weeks to months) in livestock produc¬ 
tion environments may enable transfer of the 
organism back to cattle through contami¬ 
nated feed or water. This creates a cycle of 
infection allowing STEC to be maintained in 
cattle herds. Effective control of STEC 
requires suppression at as many points in the 
cycle of infection as possible to reduce its 
spread. Minimizing contamination of water 
troughs and feed bunks together with ade¬ 
quate manure management should contrib¬ 
ute to a significant reduction in the spread of 
STEC in cattle, crops, and water sources. 

The fecal prevalence of STEC among 
mature dairy cattle is associated with the 
choice of bedding material used on a farm. 
The use of sawdust for bedding material for 
lactating dairy cows, as opposed to sand, was 
associated with a significantly higher fecal 
prevalence of E. coli 0157:H7. The overall 
average herd prevalence was 3.1% and 1.4%, 
respectively, for cows on sawdust and on 
sand. The total number of days on which 
herds were positive for E. coli 0157:H7 was 
higher for sawdust-bedded herds than for 
sand-bedded herds; 22 versus 14, respec¬ 
tively. These results provide evidence that 
specific farm management practices can 
influence the prevalence of E. coli 0157:H7 
on the farm. 

Diet Changes 

Feedlot and high-producing dairy cattle are 
fed rations with a high percentage of grain. 
When the starches that escape the ruminal 
microbial degradation move on to the large 
intestine, EHEC ferment the sugars and the 
populations of E. coli increase. Cattle fed 
grain rations shed larger numbers of E. coli, 
especially E. coli 0157:H7 in barley-fed 
cattle. When cattle are abruptly switched 
from a high-grain ration to a forage diet, 
generic E. coli populations decline by 1000- 
fold within 5 days. Cattle naturally infected 
with E. coli 0157:H7 shed smaller numbers 
of the organism when the ration is changed 
to a forage-based diet compared with cattle 
fed continuously on a high-grain diet. 


However, the magnitude of reduction is 
highly variable between studies and thus is 
not currently recommended. Fasting for 48 
hours and type of diet before fasting has no 
effect on fecal shedding of E. coli 0157:H7 in 
cattle. Thus feed withdrawal before slaughter 
should not increase the risk of STEC enter¬ 
ing the food chain. However, refeeding 100% 
forage following a 48-hour fast results in a 
significant increase in the number of animals 
shedding E. coli 0157:H7. This may occur 
when feeder cattle are moved from one farm 
to another through a sale barn and may be 
one of the reasons for the higher incidence 
of E. coli 0157:H7 shedding by cattle when 
they first enter the feedlot. 

Proposals aimed at dietary modifications 
must be balanced with the practical 
applications of commercial livestock feeding 
operations. 

Direct Antipathogen Strategies 

Several strategies have been examined that 
specifically target and directly kill patho¬ 
genic bacteria. These include the use of anti¬ 
biotics, antimicrobial proteins produced by 
bacteria, bacteriophages, compounds that 
specifically target the physiology of patho¬ 
genic bacteria, and vaccination. 

Vaccination Against Escherichia coli 
0157.H7 

There is evidence that virulence factors 
secreted by the type III system can be used 
as effective vaccine components for the 
reduction of colonization of cattle by E. coli 
0157:H7. Vaccination of cattle with proteins 
secreted by E. coli 0157:H7, three times at 
3-week intervals, significantly reduced the 
numbers of bacteria shed in feces, the 
numbers of animals that shed, and the dura¬ 
tion of shedding in an experimental model. 
Vaccination of cattle also significantly 
reduced the prevalence of E. coli 0157:H7 in 
a clinical trial conducted in a typical feedlot. 
The pretreatment prevalence of animals 
shedding E. coli 0157:H7 averaged 30%. The 
average proportion of cattle shedding the 
organism in vaccine-treated pens was 8.8%, 
and in nonvaccinated pens 21.3%. Because 
the type Ill-secreted antigens are relatively 
conserved among non-0157 EHEC sero¬ 
types, the vaccine formulation might be 
broadly cross-protective. 

Using the pig as an experimental model, 
pregnant dams were vaccinated with E. coli 
0157:H7 adhesin (intimin 0 i 57 ) at 2 and 4 
weeks before farrowing. E. coli 0157:H7 
adhesin (intimin 0 i 5 7 )-specific antibody titers 
in colostrum and serum of dams were 
increased after parenteral vaccination. Neo¬ 
natal piglets were allowed to suck vaccinated 
dams for up to 8 hours before being inocu¬ 
lated with a Shiga-toxin-negative strain of 
E. coli 0157:H7. Piglets that had ingested 
colostrum containing E. coli 0157:H7 
adhesin (intimin 0 i 5 7 )- specific antibodies 
from vaccinated dams, but not those nursing 


sham-vaccinated dams, were protected from 
E. coli 0157:H7 colonization and intestinal 
lesions. This supports the hypothesis that 
intimin 0 i 5 7 is a potential antigen for an E. coli 
0157:H7 antitransmission vaccine. 

A vaccination field trial evaluated the 
efficacy of E. coli 0157:H7 vaccine in a 
sample of feedlots in Alberta and Saskatch¬ 
ewan. Pens of cattle were vaccinated once 
on arrival processing and again at reimplant¬ 
ing. The E. coli 0157:H7 vaccine included 
50 |ig of type Ill-secreted proteins. Fecal 
samples were collected from 30 fresh fecal 
droppings within each feedlot pen at arrival, 
at revaccination, and within 2 weeks of 
slaughter. The mean pen prevalence of E. coli 
0157:H7 in feces was 5.0%, ranging from 
0% to 90%. There was no significant associa¬ 
tion between vaccination and pen preva¬ 
lence of fecal E. coli 0157:H7 following 
initial vaccination at reimplanting or before 
slaughter. 

Competitive Enhancement Strategies 

The use of native or introduced microflora to 
reduce pathogenic bacteria in the intestine is 
termed a “probiotic” or competitive enhance¬ 
ment strategy. The principle is to promote 
growth of groups of beneficial bacteria that 
are competitive with, or antagonistic to, 
pathogens. 

Probiotics 

Probiotic bacteria are effective in reducing 
the duration of ruminal carriage of E. coli 
0157:H7 in cattle. Probiotics are live micro¬ 
bial feed supplements that beneficially affect 
the host animal by improving its intestinal 
microbial balance. The principle is that these 
beneficial organisms will combat the effects 
of stress and prevent undesirable microor¬ 
ganisms from becoming established in the 
gastrointestinal tract. Dietary supplementa¬ 
tion of cattle with Lactobacillus- based and 
Propionibacterium-based direct-fed microbi- 
als reduced the prevalence of£. coli 0157:H7 
in both fecal and hide samples. 

Sodium Chlorate Supplementation 
Chlorate supplementation has been investi¬ 
gated as a preharvest strategy to reduce 
populations of E. coli 0157:H7 and Salmo¬ 
nella spp. in food animals. Certain bacteria 
can respire anaerobically by reducing 
nitrate to nitrite via the intracellular enzyme 
nitrate reductase. This same enzyme also 
reduces chlorate to chlorite, a cytotoxic end 
product. Chlorate significantly reduced E. 
coli 0157:H7 populations in ruminal fluid 
incubations, wild-type E. coli, inoculated E. 
coli 0157:H7 and total coliforms in cattle, 
and inoculated E. coli 0157:H7 in sheep. 
The administration of sodium chlorate in 
the feed of cattle preharvest for 24 hours 
reduced the population of E. coli 0157:H7 
strains approximately by two logs (10 4 -10 2 ) 
in the rumen and three logs (10 6 -10 3 ) in 
the feces. 
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Control of Escherichia coli 0157:H7 
During Slaughtering and 
Postharvest Stage 
Meat Inspection Service 
and Surveillance 

As a result of public concern about E. coli 
0157:H7, the meat inspection service in 
many countries has been reorganized to deal 
with control of the organism in the process¬ 
ing of beef. In the United States, the presence 
of E. coli 0157:H7 in ground beef was 
declared an adulterant. Surveillance systems 
have also been established in many countries 
to obtain more information about the 
presence of the organism and to report 
outbreaks, and considerable research has 
emerged. 

Elaborate E. coli 0157:H7 detection 
systems are now in place in abattoirs in many 
countries as part of the Hazard Analysis of 
Critical Points System (HACCP) to ensure 
that contamination of beef carcasses with E. 
coli 0157:H7 is below certain legislated 
levels. Although laboratory testing focuses 
on this serotype in many countries, screen¬ 
ing has been extended to other pathogenic 
serogroups associated with illness in humans, 
such as 026, 0103, 091, 0145, and 0111 in 
several countries. 2 

Major progress has been made in the last 
decades in the processing of beef carcasses 
following slaughter to reduce the microbial 
contamination of beef using the HACCP. 

HACCP is a process control system 
designed to identify and prevent microbial 
and other hazards in food production. It 
includes steps designed to prevent problems 
before they occur and to correct deviations 
as soon as they are detected. Such preventive 
control systems with documentation and 
verification are widely recognized by scien¬ 
tific authorities and international organiza¬ 
tions as the most effective approach available 
for producing safe food. 

In the United States, as of 1996, the U.S. 
Department of Agriculture (USDA) adopted 
the Pathogen Reduction HACCP system, 
which includes four major elements: 

• Every plant must adopt and carry out its 
own HACCP plan, which systematically 
addresses all significant hazards 
associated with its products. 

• Mandatory E. coli testing in slaughter 
plants: Every plant must regularly test 
carcasses for E. coli to verify the 
effectiveness of the plants procedures 
for preventing and reducing fecal 
contamination. 

• Pathogen reduction performance 
standards for Salmonella: All plants and 
plants producing raw ground products 
must ensure that their Salmonella 
contamination is below the current 
national baseline prevalence. 

• Sanitation standard operating 
procedures: Every plant must adopt and 
carry out a written plan for meeting its 
sanitation responsibilities. Effective 


sanitation in slaughter and processing 
plants is essential to prevent adulteration 
of meat and poultry products. 

HACCP is endorsed by such scientific 
and food safety authorities as the National 
Academy of Sciences and the National Advi¬ 
sory Committee on Microbiological Crite¬ 
ria for Foods, and by such international 
organizations as the Codex Alimentarius 
Commission and the International Com¬ 
mission on Microbiological Specifications 
for Foods. 

Postharvest Decontamination 
Techniques 

Meat carcasses may become contaminated 
from fecal material, the stomach contents, 
and the hide. Additional sources of cross¬ 
contamination exist in the slaughter process, 
such as processing tools and equipment, 
structural components of the facility, human 
contact, and carcass-to-carcass contact. 

Decontamination techniques for car¬ 
casses are targeted at reducing or eliminating 
bacteria that may be human pathogens as well 
as those that may cause meat spoilage. The 
pathogenic bacteria of most concern include 
E. coli 0157:H7, Salmonella spp., Listeria 
monocytogenes, Campylobacter spp., C. botu- 
linum, C. perfringens, Staphylococcus aureus, 
Aeromonas hydrophila, and Bacillus cereus. 

Meat processors strive to produce raw 
products that have low levels of bacteria on 
the surface and no pathogenic bacteria. 
However, the process is not done in a sterile 
environment and contamination is unavoid¬ 
able, and occasionally pathogenic microor¬ 
ganisms may come into contact with the 
surface of the meat carcass. Routine slaughter 
practices have evolved over the years to 
reduce the likelihood of inadvertent micro¬ 
bial contamination. This evolution has led to 
the adoption of the hurdle technology 
approach to microbial carcass interventions. 

The principles of hurdle technology 
state that, if the initial microbial load is sub¬ 
stantially reduced as a result of carcass 
decontamination procedures, fewer micro¬ 
organisms are present, which are then more 
easily inhibited in subsequent processing 
steps. The effectiveness of hurdle technology 
has been demonstrated experimentally for 
beef decontamination technologies under 
controlled conditions. The concept of hurdle 
technology for beef carcass decontamination 
has also been validated to be effective in field 
studies in beef-processing facilities. 

The following are some of the more 
widely used and researched intervention 
strategies: 

• Hot water rinse. There is substantial 
scientific evidence that hot water 
(>74°C) will produce a sanitizing effect 
on beef carcasses, and this is widely 
practiced in the industry. 

• Steam pasteurization. The 
commercialization of the steam 
pasteurization system has been 


successful and it is in use in many large 
beef slaughter facilities in North 
America. Hot water/steam vacuum 
systems are designed to remove visible 
spots of contamination from small areas 
on the carcass and are used to augment 
the traditional knife trimming. Steam 
pasteurization is a process in which beef 
carcasses are placed in a slightly 
pressurized, closed chamber at room 
temperature and sprayed with steam 
that blankets and condenses over the 
entire carcass. This raises the surface 
temperature to 90°C (195°F) or 93°C 
(200°F) and kills nearly all pathogens. 
Carcasses then are sprayed with cold 
water. 

• Steam vacuum. Steam or hot water is 
sprayed on a beef carcass followed by 
vacuuming, which has the combined 
effect of removing and/or inactivating 
surface contamination. The handheld 
device includes a vacuum wand with a 
hot water spray nozzle, which delivers 
water at approximately 82°C to 88°C 
(180°F-190°F) to the carcass surface, as 
well as the vacuum unit. Steam 
vacuuming is approved for use by the 
USDA-Food Safety and Inspection 
Service (FSIS) as a substitute for knife 
trimming for removing fecal and 
ingesta contamination when such 
contamination is less than 2.54 cm at its 
greatest dimension. 

• Chemical rinses. Organic acids are 
typically applied as a rinse to the entire 
surface of the carcass. The USDA-FSIS 
approved the use of organic acid 
solutions such as acetic, lactic, and 
citric acids at concentrations of 1.5% to 
2.5%. Acetic and lactic acids have been 
most widely accepted as carcass 
decontamination rinses. The 
effectiveness of organic acids is best 
achieved shortly after hide removal, 
when the carcass is still warm. 

Progress Made With 
Decontamination Processes 
The multiple decontamination processes, as 
applied in actual plant settings, have resulted 
in significant improvements in the microbio¬ 
logical quality of beef. There is considerable 
evidence to support the effectiveness of 
in-plant application of multiple decontami¬ 
nation technologies (hurdle technology). 
Reductions were achieved from 43% of lots 
sampled preevisceration as positive for E. coli 
0157:H7 to 1.9% remaining positive post¬ 
processing after multiple decontamination 
methods on the slaughter floor. 

In February 2005, the beef industry wel¬ 
comed news from the USDA-FSIS showing a 
significant drop in E. coli 0157:H7 preva¬ 
lence in 2004, compared with 2003. The FSIS 
data showed that the percentage of E. coli 
0157:H7-positive ground beef samples col¬ 
lected in 2004 fell by 43.3% compared with 
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the previous year. The data showed that, 
between 2000 and 2004, the percentage of 
positive samples of E. coli 0157:H7 had 
declined by more than 80%. FSIS also 
reported that there were six recalls related to 
E. coli 0157:H7 in 2004 compared with 12 in 
2003 and 21 in 2002. 

Irradiation 

Irradiation of beef in the postharvest stage is 
a process that could be used to inactivate 
pathogens. At the present time, the percent¬ 
age of beef being irradiated is very small. 
Constraints include reluctant consumer 
acceptance of radiation-treated food, 
increased price of production, and the irra¬ 
diations negative effect on odor and flavor. 

Consumer Education on Handling 
and Cooking Meat 

To prevent infection with STEC, consumers 
must be encouraged to follow four simple 
steps: chill promptly; clean hand and kitchen 
surfaces; separate, do not cross-contaminate; 
and cook thoroughly. 

Visitors to Animal Farms 

Farm animals and the farm environment 
present a variety of possible sources of infec¬ 
tion with STEC. Farm visits are popular 
among city families for holidays and family 
gatherings, and schools in urban areas fre¬ 
quently promote educational farm visits for 
their students. The consumption of unpas¬ 
teurized milk by visiting children and close 
physical contact with animals have been 
documented as most likely sources of infec¬ 
tion in some outbreaks of E. coli 0157:H7 
infection. Farm animals and the farm envi¬ 
ronment present a variety of possible sources 
of infection. Visitors to animal farms, espe¬ 
cially groups such as schoolchildren, must 
avoid petting animals whose hair coats and 
skin may harbor E. coli 0157:H7. STEC of 
bovine origin can infect humans in the farm 
environment. Many dairy-farm residents 
regularly consume unpasteurized milk, 
which is a potential source of STEC. 

FURTHER READING 

Bettelheim KA. Non-0157 verotoxin-producing 

Escherichia coli: a problem, paradox, and paradigm. 
Exp Biol Med. 2003;228:333-344. 

Farrokh C, Jordan K, Auvray F, et al. Review of 

Shiga-toxin-producing Escherichia coli (STEC) and 
their significance in dairy production. Int J Food 
Microbiol. 2013;162:190-212. 

Ferens WA, Hovde CJ. Escherichia coli 0157:H7: Animal 
reservoir and sources of human infection. 

Foodborne Pathog Dis. 2011;8:465-487. 

Karmali MA, Gannon V, Sargeant JM. Verocytotoxin- 
producing Escherichia coli (VTEC). Vet Microbiol. 
2010;140:360-370. 

Mathusa EC, Chen Y, Enache E, et al. Non-0157 Shiga 
toxin-producing Escherichia coli in foods. / Food 
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BRAXY (BRADSOT) 

Braxy is an acute infectious disease of sheep 
in Britain characterized by inflammation of 
the abomasal wall, toxemia, and a high mor¬ 
tality rate. The disease was common in the 
early twentieth century but now is extremely 
rare. 


SYNOPSIS 


Etiology Clostridium septicum and ingestion 
of frosted feedstuffs 

Epidemiology Weaners and yearling sheep in 
winter 

Clinical findings Rapid death 

Clinical pathology Death too rapid 

Necropsy findings Pathognomonic lesion in 
abomasum 

Diagnostic confirmation Typical abomasal 
lesion and positive fluorescent antibody 
staining of organism in lesion 

Treatment None 

Control Annual vaccination preceding the 
period of risk 


ETIOLOGY 

C. septicum is a common cause of malignant 
edema in animals. 

EPIDEMIOLOGY 

Braxy occurs only in midwinter when there 
are heavy frosts and snow, and usually only 
in weaner and yearling sheep. It has occurred 
in experimental sheep receiving infusions of 
acetic acid into the abomasum, and these 
were thought to cause abomasitis. Adult 
animals in an enzootic area appear to have 
acquired immunity. 

C. septicum is a soil-borne organism and 
in many areas can be considered as a normal 
inhabitant of the ovine intestinal tract. 

The disease occurs in the UK and various 
parts of Europe and has been reported in the 
southern part of Australia but appears to be 
rare in North America. It is now not of major 


importance because of its low prevalence, 
although it once was sufficiently common to 
be an important cause of loss in some coun¬ 
tries. In affected sheep the case-fatality rate 
is usually about 50%, and in enzootic areas 
an annual loss of 8% has been reported. 

PATHOGENESIS 

Presumably a primary abomasitis, associated 
with the ingestion of frozen grass or other 
feed, permits invasion by C. septicum, result¬ 
ing in a fatal toxemia. 

CLINICAL FINDINGS 

There is a sudden onset of illness with segre¬ 
gation from the group, complete anorexia, 
depression, and high fever 42°C (107°F) or 
more). The abdomen may be distended with 
gas, and there may be signs of abdominal 
pain. The sheep becomes recumbent, coma¬ 
tose, and dies within a few hours of first 
becoming ill. 

CLINICAL PATHOLOGY 

Antemortem laboratory examinations are of 
little value in establishing a diagnosis. 

NECROPSY FINDINGS 

There are localized areas of edema, conges¬ 
tion, necrosis, and ulceration of the aboma¬ 
sal wall. Congestion of the mucosa of the 
small intestine may also be present, and there 
may be a few subepicardial petechiae. C. sep¬ 
ticum can be isolated by smear from the cut 
surface of the abomasal wall or by culture 
from the heart, blood, and other organs of 
fresh carcasses. Bacteriologic examinations 
of tissues must be performed within an hour 
of death if the diagnosis is to be confirmed. 

Mortality in calves with braxy-like lesions 
in the abomasum is also recorded. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: frozen abomasum, in 
air-tight container; four air-dried 
impression smears from freshly cut 
surface of abomasal mucosa (anaerobic 
culture, fluorescent antibody test) 

• Histology: fixed abomasum 


DIFFERENTIAL DIAGNOSIS 


Clinical diagnosis of braxy is difficult. At 
necropsy the lesions of abomasitis are 
characteristic, especially if the disease occurs 
under conditions of severe cold. Overeating 
on grain may cause local patches of rumenitis 
and reticulitis, but there are no lesions in the 
abomasum. Braxy may resemble infectious 
necrotic hepatitis, but there are no liver 
lesions in braxy. The final diagnosis depends 
on isolation of C. septicum from typical 
alimentary tract lesions. 


TREATMENT 

No treatment has been found to be of any 
value. 
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CONTROL 

Management of the flock is important. The 
sheep should be yarded at night and fed hay 
before being let out to the frosted pasture 
each morning. Vaccination with a formalin- 
killed whole culture of C. septicum, prefera¬ 
bly two injections 2 weeks apart, is also an 
effective preventive. 

FURTHER READING 

Radostits O, et al. Braxy (Bradsot). In: Veterinary 

Medicine: A Textbook of the Disease of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:832. 

ENTERIC DISEASE ASSOCIATED 
WITH CLOSTRIDIUM 
PERFRINGENS 

C. perfringens resides in the intestinal tract 
of domestic animals and can produce a 
number of toxins that result in enteric and 
histotoxic disease. C. perfringens isolates are 
classified into one of five types, types A-E, 
depending on their ability to produce the 
four major lethal toxins: a-toxin, p-toxin, 
e-toxin, and i-toxin. The activities of these 
major lethal toxins are the basis of the patho¬ 
genesis of the classical enterotoxemias attrib¬ 
uted to this organism and described later. 
More recently, it has been recognized that C. 
perfringens produces other toxins that are 
probably important in animal disease. These 
include an enterotoxin and a cytotoxic P-2 
toxin, the latter encoded by the cbp2 gene. 1 ' 2 
Regulation of the expression of the genes 
responsible for a-, p-, P-2-, and NetB-toxin 
production, the latter involved in the patho¬ 
genesis of necrotic enteritis in chickens, is 
performed by the proteins VirR and VirS, 
whereas the regulation of e- and i-toxins is 
not yet fully understood. 1,3 

The amino acid sequence of the p-2 toxin 
has little homology with that of the major 
p-toxin, and they are only weakly related 
immunologically, but the biological activity 
of the two toxins is similar and both are cyto¬ 
toxic and cause hemorrhagic necrosis of the 
intestinal wall. The importance of entero¬ 
toxin and the P-2-toxin to animal disease is 
still uncertain. Both appear important in the 
cause and pathogenesis of enteric disease in 
pigs. The P-2-toxin may be important in 
enterocolitis in foals and adult horses as 
Cbp2-positive C. perfringens type A has been 
isolated from diarrheic foals and adult 
horses; however, the significance of these iso¬ 
lations to the disease is still not fully deter¬ 
mined. C. perfringens normally resides in the 
intestine, but plasmids encoding virulence 
genes can be transferred to resident strains 
from environmental ones converting these 
into enteropathogens. 4 Surplus dietary car¬ 
bohydrate or protein that exceeds the capac¬ 
ity of intestine to absorb it are used by C. 
perfringens for growth and toxin production, 
so it is a risk factor for C. perfringens- 
associated disease. 1 A multiplex PCR has 


been described for the rapid toxin typing of 
C. perfringens isolates. 5 
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ENTEROTOXEMIA ASSOCIATED 
WITH CLOSTRIDIUM 
PERFRINGENS TYPE A 

The role of C. perfringens type A in the 
pathogenesis of diseases of animals is uncer¬ 
tain because the organism forms part of the 
bacterial flora of the alimentary tract in 
many normal animals. However, there are an 
increasing number of reports that attribute 
disease and mortality to this organism. The 
validity of these attributions remains to be 
fully determined, but they are listed next. 

Enterocolitis in Horses 

Enterocolitis in foals and adult horses is an 
etiologically poorly defined syndrome. 
Enterocolitis associated with C. difficile is 
one cause and is covered under that heading 
elsewhere in this text. In addition, enteroco¬ 
litis associated with C. perfringens type C is 
covered under that heading. There remains a 
syndrome of enterocolitis that is manifested 
with enteritis, diarrhea, and colic, and a high 
case fatality, and one that is diagnosed most 
often at postmortem. It appears to occur 
worldwide and although occurrence is spo¬ 
radic, there is the perception that there is an 
increasing prevalence of this disease. A study 
of risk factors in the western United States 
found that stock horse breeds were more at 
risk and that the presence of other livestock 
on the farm, and housing in a stall or drylot 
for the first 3 days of life, was associated with 
increased risk. Other studies have implicated 
barn hygiene as a factor that should be con¬ 
sidered in preventive procedures. 

There have been a number of clostridial 
species that have historically been associated 
with the syndrome besides C. perfringens 
type A. In some cases, this association has 
been by identification of type-specific toxin 
in the intestine of the affected horse but in 
others it has been made by the presence of 
large numbers of the incriminated organism 
in affected animals in comparison to occur¬ 
rence and numbers in normal horses. This 
association has risk because the number of 
Clostridia in the intestine can be influenced 
by diet, clostridia can multiply in the intes¬ 
tine following death, and they can exist in 
different forms that may be variably isolated 
with different cultural techniques. 

Equine Intestinal Clostridiosis 

A syndrome historically named equine intes¬ 
tinal clostridiosis has been attributed to 


intestinal infection with C. perfringens type 
A in adult horses. The syndrome was charac¬ 
terized by an acute profuse watery diarrhea 
with high mortality in adult horses and the 
demonstration of large numbers of C. per¬ 
fringens type A in the intestine at postmor¬ 
tem. It was described as occurring in horses 
with hemorrhagic cecitis and colitis similar 
to colitis X, in horses collapsing and dying 
following exercise, and in other circum¬ 
stances. Diarrhea and death were reproduced 
with massive (biologically implausible) oral 
challenge with broth cultures of these organ¬ 
isms, and colic and hemorrhagic gastroen¬ 
teritis were produced by intravenous 
injection of ponies with C. perfringens type 
A enterotoxin. The evidence of an associa¬ 
tion of C. perfringens type A with disease in 
these early studies was equivocal, but C. per¬ 
fringens type A can be isolated from both 
foals and adults with enterocolitis. However, 
isolation from this disease and causal asso¬ 
ciation remain to be determined. C. perfrin¬ 
gens is common in the environment of foals, 
and one study in over 128 healthy foals found 
that C. perfringens type A could be isolated 
from the feces of the majority of foals at 3 
days of age. C. perfringens with the gene for 
p-2-toxin expression were found in the feces 
of 28 foals and with the enterotoxin gene in 
five foals. Consequently, the isolation of C. 
perfringens type A expressing the gene for 
p-2-toxin does not constitute a causal diag¬ 
nosis. There is, however, a suggestion that C. 
perfringens type A that expresses the gene for 
p-2-toxin may be the particular subset of this 
isolate that is responsible for this disease. 

Enteritis in Piglets 

C. perfringens type A is associated with diar¬ 
rheic food poisoning in humans, and a 
similar diarrhea in pigs may be produced by 
infection with this organism. The disease is 
manifested with a watery yellow diarrhea 
occurring in piglets under 5 days of age, 
usually in the first 3 days of age, and a high 
morbidity but low case fatality. At postmor¬ 
tem, there is a mild enterocolitis and villous 
atrophy. It is controlled with sanitation pro¬ 
cedures or with the type of prophylactic pro¬ 
cedures used with enterotoxemia associated 
with C. perfringens type C. Simultaneous 
infection with Isospora suis and C. perfrin¬ 
gens may cause more severe disease. 1,2 

Hemorrhagic Enterotoxemia and 
Hemolytic Disease in Cattle, Sheep, 
and Goats 

There are reports of a highly fatal hemolytic 
disease in cattle, sheep, and lambs (yellow 
lamb disease), of an acute hemorrhagic enter¬ 
itis in calves and adult cattle, and of an acute 
hemolytic enterotoxemia in foals and goats, 
associated with the presence of large numbers 
of C. perfringens type A in the intestine. These 
reports have some credibility because of 
the activity of the primary toxin of C. perfrin¬ 
gens type A, a-toxin, which possesses 
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phospholipase C and sphingomyelinase 
activity and consequently hemolytic action. 
The presence of (3-2-toxin in these strains may 
also contribute to the pathogenicity. 

Some credibility is also engendered by 
reports, albeit occasional, of similar syn¬ 
dromes in different geographic areas and by 
different institutes. 

In the hemolytic disease there is an acute 
onset of severe depression, collapse, mucosal 
pallor, jaundice, hemoglobinuria, dyspnea, 
and the presence of severe abdominal pain. 
Temperatures range from normal to 41°C 
(106°F). The disease is highly fatal, most 
affected animals dying within 12 hours of the 
onset of illness, although occasional animals 
survive for several days. Large numbers of C. 
perfringens and the presence of the specific 
toxin in feces is used to make a presumptive 
diagnosis. At necropsy the cardinal features 
are pallor, jaundice, and hemoglobinuria. 
The kidneys are swollen, dark brown in color, 
and may contain infarcts; the liver is pale and 
swollen and there may be hydropericardium 
and pulmonary edema. There is extensive 
necrosis of the small intestine. Clostridia 
dominate the bacterial population of the 
small intestine, as indicated by smears made 
from the contents, and a-toxin is present in 
large quantities. The toxin is present in large 
quantities in the intestine, which is indicative 
of the existence of the disease. 

The syndrome is very similar to that asso¬ 
ciated with chronic copper poisoning and 
leptospirosis in calves. 

In the hemorrhagic enteritis of calves, 
foals, and adult cattle the syndrome observed 
is indistinguishable from that associated 
with C. perfringens types B and C. The 
disease in adult cattle is most common in the 
period shortly after calving. The experimen¬ 
tal disease in lambs and calves produced by 
the intravenous injection of toxin is charac¬ 
terized by transitory diarrhea and hyperemia 
of the intestinal mucosa. Type A antiserum 
has been effective in prevention of the disease 
in calves, and a formalinized vaccine has 
shown some immunizing capacity in sheep. 

Abomasal Ulcer 

C. perfringens type A has been suspected in 
the etiology of abomasal ulcers in suckling 
beef calves in western North America and is 
less common elsewhere.' 4 A clonal popula¬ 
tion of C. perfringens type A was isolated 
from ulcers in a 3-month-old calf, but its role 
in the causation of this syndrome is still 
unclear. A study of the prevalence and bacte¬ 
rial colonization of fundic ulcers in veal 
calves, which are more associated with 
welfare and nutritional factors than pyloric 
ulcers, recovered less C. perfringens from 
affected compared with healthy abomasa. 5 

Jejunal Hemorrhage Syndrome 
in Cattle 

C. perfringens type A has been proposed as a 
cause of this disease, largely based on the 


isolation of this organism from the intestine 
of affected animals. 0 This organism is present 
in the intestinal tract of normal animals and, 
although it is possible that a subset of Cbp2- 
positive, (3-2-toxin-producing C. perfringens 
type A organisms are responsible for this 
disease, the current evidence is equivocal." 
Animals are often found dead, but clinical 
signs include going off-feed, restlessness, 
incoordination and staggering, tachycardia, 
weak ruminal contractions, and abdominal 
colic. 8 Adult cattle are more typically affected, 
but cases in 9-month-old calves have been 
described. 8 Despite the pathogenesis of this 
disease being imperfectly understood, 9 a 
commercial toxoid and autogenous vaccines 
against C. perfringens type A are available in 
North America. 

FURTHER READING 

Radostits O, et al. Enterotoxemia associated with 
Clostridium perfringens Type A. In: Veterinary 
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ENTEROTOXEMIA ASSOCIATED 
WITH CLOSTRIDIUM 
PERFRINGENS TYPES B, C, 

AND E 


SYNOPSIS 


Etiology (3-Toxin, a trypsin-sensitive toxin 
produced by C. perfringens types B and C, 
produces hemorrhagic enteritis and 
ulceration of the intestinal mucosa resulting 
in diarrhea and dysentery in young lambs, 
goats, calves, pigs, and foals. (3-2 toxin also 
contributes to these diseases. A number of 
diseases associated with these Clostridia 
occur in different parts of the world and 
are given specific names. 

Epidemiology Young animals, with the 
exception of struck in sheep, often 
occurring as outbreaks with a high 
case-fatality rate in which there is buildup 
of infection. 

Clinical findings Rapid course with 

hemorrhagic diarrhea, abdominal pain, and 
toxemia. 

Necropsy findings Focal (type B) or extensive 
(type C) areas of necrosis in the small 
intestine. 


Diagnostic confirmation Clinical signs, gross 
and microscopic pathology from sacrificed 
or freshly dead animals, and direct or 
cultural examination for Clostridia. 

Treatment Antibiotics, specific antitoxin, 
supportive therapy. 

Control Vaccination. 


ETIOLOGY 

The general etiology of these diseases is 
given in this section but, because of 
differing circumstances of occurrence, the 
description of the epidemiology of these dis¬ 
eases is given separately according to animal 
species. 

The causative clostridia are commonly 
found in soil, the animals’ housing environ¬ 
ment and the alimentary tract of healthy 
animals, and management factors precipitate 
disease. The diseases produced by these 
organisms occur in animals in the first few 
days of life, with the exception of the disease 
struck in sheep. Their predominance in very 
young animals may be caused by the imma¬ 
turity of their alimentary tracts, the p-toxin 
being readily inactivated by trypsin, and 
because of the ready colonization of the gut 
by C. perfringens in the absence of a mature 
intestinal flora. It is probable that many 
animals become subclinically challenged but 
do not show clinical illness, because anti¬ 
toxin has been detected in clinically normal 
animals. 

The bacteria are capable of forming 
spores that survive for long periods. Gener¬ 
ally, rapidly growing, well-nourished animals 
are most susceptible. The toxins produced 
are alpha, beta, and epsilon in type B, and 
alpha and beta in type C. 

p-2 toxin is also produced by some of 
these organisms and appears important to 
their pathogenicity in pigs and horses. There 
are subtypes of these organisms with differ¬ 
ing toxin production abilities, a- and t-toxin 
are produced by type E, which is a far less 
common cause of enterotoxemia in calves, 
kids, and lambs but has been associated with 
an outbreak of enterotoxemia of adult cattle 
in Argentina. 1 

The diseases that are produced by 
these organisms in the different animal 
species, and the organisms’ names, are as 
follows: 

• Lamb dysentery associated with C. 
perfringens type B. An enterotoxemia of 
young lambs is also associated with C. 
perfringens type C. 

• Goat enterotoxemia associated with C. 
perfringens type C and rarely by type B. 

• Necrotic enteritis of pigs, pig 
enterotoxemia associated with C. 
perfringens types C and less commonly 
by type B. 

• Foal enterotoxemia associated with C. 
perfringens types C and B. 
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• Calf enterotoxemia associated with 

C. perfringens types B and C (and 

rarely E). 

• Struck, associated with C. perfringens 

type C, affects adult sheep, particularly 

when feed is abundant. 

EPIDEMIOLOGY 
Lamb Dysentery and Type 
C Enterotoxemia 
Occurrence 

Lamb dysentery associated with type B 
occurs in Great Britain, Europe, and South 
Africa and is an important disease in these 
countries. In contrast, this disease is rare or 
absent in Australia, New Zealand, North 
America, and Japan, in which type C infec¬ 
tions are more important. The geographic 
variation may be caused by variation in the 
occurrence of the types of C. perfringens. 
Lamb dysentery does not occur in New 
Zealand, and C. perfringens type B has not 
been found in sheep or soil samples in that 
country. 

Type C enterotoxemia in lambs and goats 
occurs particularly with shed lambing in 
North America and where there is close 
stocking of ewes and lambs at lambing. It is 
also recorded in Australasia. 

Animal and Environmental 
Risk Factors 

In lamb dysentery, the incidence of clinical 
disease in groups of lambs may reach as high 
as 20% to 30%. In an outbreak, the disease 
initially affects 1- to 4-day-old lambs and the 
clinical course is very short. A characteristic 
of the disease is the tendency for an increase 
in incidence rate as lambing progresses 
and for the involvement of older lambs, 
up to 2 to 3 weeks of age, which survive 
for longer periods. The case-fatality rate 
approaches 100%. 

In Great Britain lamb dysentery occurs 
primarily in the hill breeds of sheep, breeds 
that have a small litter size but good milk 
production, and the appearance of the 
disease in a particular year appears to be 
related to weather conditions that allow suf¬ 
ficient pasture growth to produce profuse 
lactation in the ewes. The time of onset of the 
disease in a lambing season is related to the 
weather conditions that predispose to its 
occurrence. 

Type C enterotoxemia in lambs and goats 
is prevalent in cold weather and on farms in 
which ewes are kept closely confined in small 
yards or fields for lambing and kidding. 
Gross contamination of the surroundings 
with the causative bacteria is likely to occur 
in these circumstances. The disease can 
occur as an outbreak with an attack rate of 
15% to 20% and a case fatality that approaches 
100%. Type C enterotoxemia is more 
common in single-born lambs and is largely 
restricted to lambs 12 hours to 4 days of age. 
Sporadic disease occurs in orphan lambs 
reared on milk replacer, which appear 


particularly at risk and may develop the 
disease at up to 2 weeks of age. 

Necrotic Enteritis of Pigs 
Occurrence 

Necrotic enteritis is an important disease of 
piglets, particularly in intensive pig units. It 
occurs in most countries but is most common 
in certain areas in the United States, Europe, 
and the UK. 

Animal and Environmental 
Risk Factors 

The organisms are recoverable from the skin 
of sows and the feces of affected piglets, and 
infection probably occurs during suckling. 
The number of piglets affected varies between 
herds and between litters. The disease may 
occur sporadically in a piggery but com¬ 
monly occurs as an outbreak affecting several 
litters within a given time period. Pigs up to 
7 days of age are most commonly affected, 
and susceptibility to disease and its severity 
decreases with age. Peracute disease with 
rapid death occurs in piglets affected at 1 to 
2 days of age, whereas piglets affected at 1 to 
2 weeks show a more protracted clinical 
course. The case fatality is high, and in severe 
outbreaks 80% of piglets at risk may die. The 
disease tends to become endemic in pig units 
and to recur on the same premises in suc¬ 
ceeding years. 

Insufficient cleaning and disinfection of 
farrowing pens, the housing of pigs on con¬ 
crete, and the routine use of antibiotics to 
which C. perfringens is resistant, such as the 
aminoglycosides, have been proposed as risk 
factors for buildup of infection in swine 
units. 

Enterotoxemia in Foals 

Enterotoxemia in foals has been associated 
with both C. perfringens type B and type C. 
Type C predominates in reports from North 
America. Cases are usually sporadic, with most 
in single animals under 7 to 14 days of age, 
although C. perfringens type C and p-toxin has 
been demonstrated incasesof necrotic enteritis 
in adult horses. 2 The factors that predispose to 
disease in foals are poorly defined. Isolates of 
C. perfringens from 55 Canadian horses with 
clinical colitis, including 12 foals, were less 
cytotoxic than a P-toxin-producing control, 
and none were positive for enterotoxin, NetB, 
or large cytotoxin gene. 3 

Enterotoxemia in Calves 

Enterotoxemia caused by C. perfringens type 
B or C is uncommon in calves. The disease 
usually occurs as outbreaks of severe dysen¬ 
tery with some deaths in calves 7 to 10 days 
old, although calves up to 10 weeks of age 
may be affected. 

Struck in Sheep 

Struck in adult sheep on good pasture in 
spring is limited in its occurrence to certain 
localities in Britain and is rarely reported. 


PATHOGENESIS 

The organism is ingested from soil and fecal 
contamination on the surface of the dam’s 
udder. It proliferates and attaches to the 
surface of the epithelial cells of the intestinal 
villus, but toxin production and mucosal 
damage may precede attachment. Informa¬ 
tion on the rate of carriage in normal animals 
is scant and the factors that allow prolifera¬ 
tion and attachment are poorly understood. 4 
Toxigenic strains of C. perfringens types B 
and C produce both a- and p-toxins. 

The a-toxin is a lethal toxin that is pro¬ 
duced in varying amounts by isolates of both 
types. It is a phospholipase, and hydrolysis of 
membrane phospholipids in erythrocytes, 
platelets, leukocytes, and endothelial cells 
results in cell lysis or other forms of cytotox¬ 
icity. The p-toxin causes increased capillary 
permeability and may facilitate its uptake 
from the intestine. P-Toxin is a necrotizing 
toxin and initially produces damage to the 
microvilli with degeneration of mitochon¬ 
dria, with eventual destruction and desqua¬ 
mation of the intestinal epithelial cells and 
the production of a hemorrhagic enteritis 
and ulceration of the intestinal mucosa. 1 ’ 

The age incidence of these diseases may 
be partially explained by the observation that 
p-toxin is highly sensitive to inactivation by 
trypsin, which is a component of normal 
pancreatic proteases. Colostrum contains a 
trypsin inhibitor, and trypsin is decreased 
or absent in affected pigs. Experimentally 
administered soybean flour used as a prote¬ 
ase inhibitor converts experimentally 
induced clostridial enteritis from a nonfatal 
to a fatal disease. 

CLINICAL FINDINGS 

Lamb dysentery can be manifested by sudden 
death without premonitory signs in peracute 
cases. In the more common acute form, there 
is loss of sucking drive and severe abdominal 
pain manifested by bleating, stretching, and 
looking at the abdomen. Lambs pass brown, 
fluid feces sometimes containing blood, and 
defecation is often accompanied by painful 
straining. Death usually occurs after a period 
of recumbency and coma and within 24 
hours of the onset of illness. On farms in 
which the disease has become established, 
cases may occur in older lambs up to 3 weeks 
of age and occasional cases may survive for 
several days. A chronic form of the disease 
in older lambs is called “pine,” and manifests 
with chronic abdominal pain and reluctance 
to suck but no diarrhea, and is recognized 
and responds to treatment with specific 
antiserum. 

Necrotic enteritis in piglets is also mani¬ 
fested with rapid death in young animals and 
more prolonged disease in slightly older 
piglets. Affected pigs become dull and 
depressed and exhibit diarrhea, dysentery, 
and gross reddening of the anus. The feces 
of piglets affected within 2 to 3 days of life 
is watery and initially yellow but in a 
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proportion of pigs will become hemorrhagic 
and red-brown in color and contain necrotic 
debris. The clinical course in piglets affected 
at this age is usually less than 24 hours; they 
rapidly become dehydrated, hypoglycemic, 
hypothermic, and comatose. Piglets affected 
at an older age have a fluid, yellow-colored 
diarrhea and blood may not be evident. Fre¬ 
quently the majority of litters born during an 
outbreak will be affected, although affected 
litters may include some normal pigs. Occa¬ 
sionally weaned pigs are affected. Acute out¬ 
breaks in herds may be followed by the 
occurrence of chronic necrotizing enteritis. 

Foals with enterotoxemia associated with 
C. perfringens type B or C show evidence of 
severe depression, pronounced toxemia, and 
marked abdominal pain. Affected foals are a 
few days old and have an acute attack of col¬ 
lapse with bloody feces, subnormal tempera¬ 
ture, fast pulse and respiratory rate, and 
death within a few hours. Colic may be 
evident, and a major differential diagnosis is 
an acute intestinal accident. The clinical 
course is very short and diarrhea does not 
occur in many cases. There are limited 
descriptions of the clinical disease in foals 
because of its sporadic occurrence and rapid 
course. 

In calves, signs include diarrhea, dysen¬ 
tery, and acute abdominal pain accompanied 
by violent bellowing and aimless running. 
There may be additional nervous signs, 
including tetany and opisthotonus. In very 
acute cases, death occurs in a few hours, 
sometimes without diarrhea being evident. 
In less severe cases, the illness lasts for about 
4 days and recovery is slow, usually requiring 
10 to 14 days. 

Struck in adult sheep is manifested only 
by sudden death with no clinical signs 
observed beforehand. Occasionally death 
is preceded by abdominal pain and 
convulsions. 

CLINICAL PATHOLOGY 

The disease in all species is so acute and so 
highly fatal that the diagnosis is usually 
made on necropsy material. 6 Antemortem 
laboratory examinations are not widely used 
in diagnosis and there is no database, but the 
predominance of clostridia in a fecal smear 
may suggest a diagnosis of hemorrhagic 
enterotoxemia. Specific antitoxins are detect¬ 
able in the sera of recovered animals. A 
severe hypoglycemia has been observed in 
baby pigs dying of the disease, but this is not 
specific in this infection. 

NECROPSY FINDINGS 

The major lesion in all species is hemor¬ 
rhagic enteritis, with ulceration of the 
mucosa in some cases. With type B infec¬ 
tions the lesions occur as localized areas of 
necrosis, usually most evident in the ileum. 
The intestinal mucosa is dark red and the 
ulcers are large (up to 2.5 cm in diameter) 
and almost transmural. Intestinal contents 


are bloodstained and may contain fibrin 
clots, and there is often excess serosanguine- 
ous fluid in the abdominal cavity. 

With type C infection the areas of necro¬ 
sis are more extensive, involving entire seg¬ 
ments of small intestine and often inducing 
a peritonitis.' Subendocardial and subepicar¬ 
dial hemorrhages are common in ruminants 
dying of enterotoxemia. If the necropsy of 
adult sheep is delayed for several hours, the 
fascial tissues may develop the appearance of 
malignant edema. Carcasses of 7- to 10-day- 
old pigs may lack the severe hemorrhagic 
enteritis typical of the disease in newborn 
pigs. The less acute disease course in this 
older age group often results in a yellow, 
fibrinous deposit on the intestinal mucosa, 
accompanied by large quantities of watery, 
lightly bloodstained ingesta in the lumen. 

Generally, the histologic features of gut 
segments affected by these types of entero¬ 
toxemia include mucosal hemorrhage, 
necrosis, fibrin exudation, and a neutrophilic 
infiltrate. Large numbers of bacterial rods 
line the luminal surface of these lesions. 
Unfortunately, postmortem autolysis fre¬ 
quently eliminates the possibility of identify¬ 
ing some of the features. 

Smears of intestinal contents can be 
stained and examined for large numbers of 
clostridium-like organisms, and filtrates of 
the contents may be tested for toxin content. 
Definitive typing of the clostridia has tradi¬ 
tionally been via in vivo assays, but these 
are undesirable on humanitarian grounds 
and are being replaced by immunoassays, 
such as enzyme-linked immunosorbent 
assay (ELISA) and passive latex agglutina¬ 
tion. A rapid passive latex agglutination 
test permits confirmation of the presence of 
a-toxin but does not permit distinction 
between the various types of C. perfringens 
capable of producing the toxin. A multiplex 
PCR test enables characterization of C. per¬ 
fringens isolates based on their genotypic 
potential for toxin production. PCR tech¬ 
niques detect the genes encoding the major 
toxins and are promoted for replacing in vivo 
tests for toxin. 8 The PCR test can differentiate 
toxigenic clostridial isolates recovered from 
diseased animals and nontoxigenic isolates 
recovered from normal animals. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: 20 to 30 mL of intestinal 
content, frozen in a glass or plastic 
leak-proof container (latex 
agglutination, anaerobic CULT, bioassay, 
PCR); air-dried smears of mucosal 
surface from several levels of small 
intestine (cyto: Gram stain) 

• Histology: fixed ileum, jejunum (several 
segments of each) 

TREATMENT 

In individual cases the disease is often 
too acute for effective therapy but fluid and 


supportive therapy are indicated. Hyperim¬ 
mune serum is the specific therapy and the 
major therapy of value. Oral and parenteral 
administration of penicillin may prevent 
further proliferation of organisms and pro¬ 
duction of toxins. 

CONTROL 

Vaccination, preferably with type-specific 
toxoid or bacterin, is the specific preventive 
measure. Recombinant vaccines appear to 
evoke a similar or better antibody response 
and may be more cost-effective to produce. 9 

Outbreaks 

In outbreaks, because of the need for rapid 
action, it is usually necessary to proceed with 
vaccination before typing of the organism 
can be performed. Cross-protection occurs 
between C. perfringens types B and C because 
the p-toxin is produced by both strains and 
is central to the disease produced by both 
strains. Lamb dysentery antiserum will 
protect against type C infections. Type C 
toxoid and antiserum are also available. 


DIFFERENTIAL DIAGNOSIS 


The rapid course and typical necropsy findings 
suggest the diagnosis, but the major 
differential is with other causes of diarrhea in 
young animals. 

All species 

• Enteritis associated with Clostridium 
perfringens type A 

• Salmonellosis 

• Enteric colibacillosis 

• Cryptosporidiosis 

Foals 

Enteritis associated with: 

• Strongyloides westeri 

• Clostridium difficile 

• Actinobacillus equuli 

Piglets 

• Isospora suis 

• Transmissible gastroenteritis 

Struck in sheep is strictly regional in 
distribution and in affected areas can usually 
be diagnosed on the basis of necropsy lesions. 


When an outbreak occurs all pregnant 
animals can be vaccinated to provide some 
colostral immunity to their progeny. 
However, vaccination of the dam requires a 
period of at least 2 weeks before there is suf¬ 
ficient protective antibody in colostrum. As 
a result, there will be a period of time 
between vaccination and protection of the 
newborn, and animals born during this 
period need to be provided with protection 
by the administration of specific antiserum. 
Antiserum will protect susceptible animals 
and can be administered immediately after 
birth. An alternate, and sometimes more 









cost-effective procedure, is to administer 
benzathine or benethamine penicillin G or 
depot amoxicillin at birth and to repeat as 
required during the period of susceptibility. 

Long-Term Control 

Long-term control is by vaccination of the 
dams. To initiate the program two injec¬ 
tions of vaccine are necessary 1 month 
apart, the second injection being given 2 
to 3 weeks before parturition. For the pre¬ 
vention of lamb dysentery the two vaccina¬ 
tions of ewes may be spaced 2 to 5 weeks 
apart and the second injection can be given 
as early as 2 months before lambing, thus 
avoiding handling of heavily pregnant ewes. 
In subsequent years, ewes require only 
one booster injection immediately before 
parturition. 

For the protection of piglets the sow is 
vaccinated 5 and 3 weeks before farrowing, 
but vaccination at mating, repeated 2 to 3 
weeks before farrowing, is adequate. 

Attention should be given to the unitage 
of the antigen or antitoxin present in clos¬ 
tridial toxoids and antisera. These vary 
widely and the manufacturer’s instructions 
should be followed closely. Anaphylaxis may 
occur with some antisera of equine origin, 
and treated animals should be kept under 
close observation for 24 hours and treated 
quickly if signs of dyspnea and muscle shiv¬ 
ering occur. 

In the face of an outbreak the lambing 
area should be moved, or with piglets the 
farrowing rooms vigorously cleaned and dis¬ 
infected. The feeding of bacitracin (300 mg/ 
kg of feed) or salinomycin (60 mg/kg feed) 
to the sow for 1 to 2 weeks before farrowing 
has been shown to reduce disease incidence, 
possibly by decreasing the level of excretion 
of C. perfringens by the sow. 
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JEJUNAL HEMORRHAGE 
SYNDROME (HEMORRHAGIC 
BOWEL SYNDROME, 
HEMORRHAGIC JEJUNITIS, OR 
JEJUNAL HEMATOMA) 

IN CATTLE 

Jejunal hemorrhage syndrome, also known 
as hemorrhagic bowel syndrome, hemor¬ 
rhagic jejunitis, or jejunal hematoma, is a 
recently recognized disease of cattle charac¬ 
terized clinically by a syndrome similar to 
obstruction of the small intestine causing 
abdominal distension, dehydration, and 
shock caused by necrohemorrhagic enteritis 
affecting primarily the small intestine. At 
necropsy there is segmental necrohemor¬ 
rhagic enteritis of the small intestine and 
large intraluminal blood clots. In spite of 
intensive medical and surgical therapy, the 
prognosis is unsatisfactory and the case- 
fatality rate approaches 100%, unless surgical 
intervention is early. 

The first case series reports were of five 
affected Holstein Friesian cows from Idaho 
in the United States in 1991 1 and two cows 
from Pennsylvania in 1992, 2 although the 
first report of jejunal hemorrhage syndrome 
appears to be in a 1990 paper from Ohio 
documenting the condition in a Holstein 
Friesian cow. 3 

ETIOLOGY 

The etiology is uncertain. C. perfringens type 
A has been frequently isolated from the 
intestines of naturally occurring cases in 
dairy cattle, but its significance is uncertain. 
This is because C. perfringens type A is a 
normal inhabitant of the intestinal tracts of 
healthy cattle and is able to proliferate 
quickly after death. C. perfringens type A iso¬ 
lates that contain the (3-2-toxin gene ( cpb2 ) 
were initially thought to play an important 
role in the disease. 4 A subsequent study of 
five cases of jejunal hemorrhage syndrome 
failed to identify the presence of any known 
or possible virulence-associated genes, and 
the authors concluded that a C. perfringens 
type A “virulence signature” did not exist. 5 
Studies in beef cattle suggest that mycotoxins 
and STEC are part of the disease complex for 
jejunal hemorrhage syndrome and that C. 
perfringens type A or mycotoxigenic fungi 
did not play a role in the disease. 0 The latter 
findings suggest that C. perfringens type A 
plays a secondary role in the disease. It is 
important to note that all attempts to repro¬ 
duce the disease using C. perfringens type A 
isolates have been unsuccessful. 

The fungus A. fumigatus has also been 
implicated as a causative agent of jejunal 
hemorrhage syndrome, but there is minimal 
enthusiasm for this being a primary agent. 

EPIDEMIOLOGY 

Although the first reports of jejunal hemor¬ 
rhage syndrome were from the United States, 


the disease has now been identified in many 
countries in Europe and the Middle east, as 
well as multiple cases from Canada. The 
disease occurs sporadically, primarily in 
mature lactating dairy cows at peak dry 
matter intake and milk production. Cases 
occur throughout the year with slightly more 
reported in winter in the United States. 
Among dairy breeds, Brown Swiss cattle 
appear overrepresented in published case 
series. 4,7 Individual cases have also occurred 
in beef cows. In Germany, the disease occurs 
in Simmental cattle. The morbidity is low but 
the case-fatality rate is very high, even with 
surgical intervention. 

Investigations of herds with cases have 
failed to identify any reliable possible risk 
factors. Most cases occur in lactating dairy 
cows in the first 3 months of lactation. In a 
single dairy herd, 22 cases occurred in a 
period of 4 years. Affected cows ranged from 
2 to 8 years of age and the time since parturi¬ 
tion ranged from 9 to 319 days. 

As part of the National Animal Health 
Monitoring System’s Dairy 2002, informa¬ 
tion was collected about jejunal hemorrhage 
syndrome in dairy cattle in the United States. 
The disease was observed in 9% of herds 
within the previous 5 years and in 5% of 
herds during the preceding 12 months. Risk 
factors found to be associated with the 
disease during the preceding 12 months were 
large herd size, administration of bovine 
somatotropin, and routine use of milk urea 
nitrogen concentration to determine ration 
composition. Use of pasture as part of the 
lactating cow ration during the growing 
season was associated with decreased odds 
of the disease in herds with a rolling 
herd average milk production of 9000 kg 
(20,000 lb) or less, whereas in herds with 
higher milk production, use of pasture was 
not associated with the occurrence of the 
disease. For individual cows with signs con¬ 
sistent with the disease, the third lactation 
was the median of the parity distribution and 
the medial time between parturition and the 
onset of clinical signs was 104 days. In 
summary, management practices imple¬ 
mented to achieve high milk production may 
increase the risk of developing the disease in 
dairy cattle. Increased consumption of a 
high-energy diet seems to be the most plau¬ 
sible common pathway of all the risk factors 
that have been described. 

Feeding rations high in soluble carbohy¬ 
drates has been suggested as a possible risk 
factor by providing the intestinal environ¬ 
ment for C. perfringens type A to proliferate 
and produce enterotoxins, similar to the situ¬ 
ation that may cause hemorrhagic enteritis, 
abomasitis, and abomasal ulceration in 
calves. 

PATHOGENESIS 

The primary lesion is an acute localized 
necrotizing hemorrhagic enteritis of the 
jejunum leading to the development of an 
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Fig. 8-26 Holstein Friesian cow with jejunal hemorrhage syndrome. A, Indicates the typical 
lesion in the jejunum as visible through a right flank laparotomy with the cow standing. The 
cow's head is to the right. B, Organized blood clot that was removed from the intestinal 
lumen from an enterotomy distal to the lesion. 


intraluminal blood clot, which causes a phys¬ 
ical obstruction of the intestine and ischemia 
and devitalization of the wall of the affected 
segment of the intestine (Fig. 8-26). The 
lesion is similar to hemorrhagic enterotox- 
emia associated with C. perfringens in young 
rapidly growing calves, lambs, or piglets. 
Puzzling and unexplained factors of the 
disease are that it is a focal lesion in the 


midjejunum. A satisfactory reason for both 
factors has yet to be developed. 

Recent detailed histologic examination of 
21 cases showed that 6 cases identified the 
presence of an intramural hematoma that 
split the muscularis mucosa at its margins 
and dilatation of villus lacteals. 8,9 These 
observations led to the suggestion that the 
initial disturbance was a decrease in blood or 


lymphatic flow leading to leakage into the 
lamina propria followed by development of 
an intramural hematoma. C. perfringens type 
A then proliferates in the presence of ische¬ 
mic tissue and extravascular blood, and in 
this scenario C. perfringens type A acts as a 
secondary and not a primary agent. 

There is gastrointestinal stasis with accu¬ 
mulation of intestinal gas and fluids proxi¬ 
mal to the obstructed intestine, resulting in 
distended loops of intestine, hypochloremia, 
hypokalemia, dehydration, and varying 
degrees of anemia. The serum biochemistry 
changes are those of an obstruction of the 
upper small intestine and sequestration of 
abomasal secretions, with resultant hypo¬ 
chloremia, hypokalemia, and strong ion 
(metabolic) alkalosis. The hemorrhagic 
enteritis is progressive, with the ischemia 
and necrosis extending through the intesti¬ 
nal wall, and within 24 to 48 hours there is 
marked fibrinous peritonitis, dehydration, 
continued electrolyte imbalance, marked 
toxemia, and death. 

CLINICAL FINDINGS 

Common historical findings include sudden 
anorexia and depression, marked reduction 
in milk production, abdominal distension, 
weakness progressing to recumbency, bloody 
to dark-red feces or dry scant feces, dehydra¬ 
tion, and abdominal pain, including bruxism, 
vocalization, treading, and kicking at the 
abdomen. Sudden death without prior clini¬ 
cal findings has been reported. 

On clinical examination there is depres¬ 
sion, dehydration, and the body temperature 
may be normal to slightly elevated; the heart 
rate is increased to 90 to 120 beats/min; the 
mucous membranes are pale; and the respi¬ 
ratory rate is increased. The abdomen is 
usually distended moderately over the right 
side. The rumen is usually hypomotile but 
distended. 10 Fluid-splashing sounds are com¬ 
monly audible by succussion over the right 
abdomen. In some cases, a ping can be elic¬ 
ited over the right abdomen. 

On rectal examination, the feces are 
black-red, jelly-like, and sticky, and smell like 
digested blood. On deep palpation of the 
right abdomen, distended loops of intestine 
may be palpable, some of which are firm 
(those loops containing the blood clot), 
whereas others may be resilient, representing 
loops of intestine proximal to the blood clot 
obstruction that contain excessive fluid and 
gas and in which the intestine is in a state of 
ileus. 10 The disease is difficult to differentiate 
from jejunal intussusception from the results 
of the physical examination. 

The course of the disease in most cases is 
2 to 4 days. Even with intensive fluid and 
electrolyte therapy, affected animals continue 
to worsen progressively, become weak, 
recumbent, and die, or euthanasia is chosen. 

Ultrasonographic examination of the 
abdomen from the right flank using a 5-MHz 
linear transducer was very helpful in 
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identifying the presence of distended loops 
of intestine (diameter 4.3-12.0 cm, mean 
6.8 cm) and reduced or absent intestinal 
motility. In 19% of cases, the jejunum was 
observed to contain localized hyperechoic 
material consistent with blood clots, con¬ 
firming a diagnosis of jejunal hemorrhage 
syndrome. 11 The presence of fluid between 
intestinal loops and fibrin was observed in 
some cases; this usually indicates more 
advanced disease and could be used to iden¬ 
tify poor surgical candidates. 

On laparotomy, the abomasum is com¬ 
monly distended with fluid. Up to 60 to 
100 cm of small intestine may be distended 
and firm to touch, with a markedly dark red 
to purplish hemorrhagic serosal surface 
covered with fibrin tags. The mesenteric 
band may be too tense to allow exterioriza¬ 
tion of the affected intestine. Manipulation 
of the affected intestine may lead to its 
rupture because of its thin and fragile intes¬ 
tinal wall caused by ischemia and devitaliza¬ 
tion. The small intestine proximal to the 
affected segment is usually distended with 
fluid and gas and compressible; that distal to 
the affected segment is usually relatively 
empty. 12 

CLINICAL PATHOLOGY 
Hematology 

The hemogram is variable and not diagnos¬ 
tic. Leukocytosis and mature neutrophilia 
with increased band neutrophils and 
increased fibrinogen concentrations are 
common, but neutropenia with a left shift 
may also occur. The PCV and plasma protein 
concentrations are variable. 

Serum Biochemistry 

Metabolic alkalosis with compensatory 
respiratory acidosis, hypokalemia, and hypo- 
chloremia are common, which is consistent 
with abomasal outflow obstruction due to 
the obstruction caused by the clotted blood 
or ileus. 

NECROPSY FINDINGS 

The abdomen is moderately distended as a 
result of marked dilatation of the small intes¬ 
tine, which is dark red, hemorrhagic, and 
commonly covered by fibrinous exudate. The 
affected segment of intestine, especially the 
jejunum and ileum, may be 1 m or more in 
length and contains a firm blood clot, adher¬ 
ent to the mucosa, which is necrotic and 
hemorrhagic over the entire length of the 
affected portion. 

Histologically, there is multifocal submu¬ 
cosal edema and neutrophil infiltration, seg¬ 
mental necrosis, ulceration, and mucosal 
and transmural hemorrhage (hematoma) of 
the jejunum. Frequently, the epithelium is 
completely sloughed and, in the area of 
attachment of the blood clot, the mucosa is 
absent. Extensive fibrin and neutrophil infil¬ 
tration occur on the serosal surface and 
fibrinous peritonitis is common. 


C. perfringens type A has been isolated 
from the intestinal contents of typical cases, 
but its significance is unknown. 

TREATMENT 

No specific medical treatment is available, 
and surgical confirmation and correction is 
recommended. For valuable animals, inten¬ 
sive fluid and electrolyte therapy is indicated. 
Because of the possibility of clostridial infec¬ 
tion, penicillin is indicated if treatment is 
attempted. Recent histologic examination of 
the lesion suggests that the primary hemor¬ 
rhagic area is intramural and not intralumi¬ 
nal. 8 ' 9 Based on this information, it would 
appear that right flank laparotomy and resec¬ 
tion of the affected segment of the intestine 
and anastomosis is the preferred surgical 
approach; support for routine resection of 
the lesion is provided by the results following 
surgery in one case series, 10 whereas another 
case series reported good success treating 
less extensive (and presumably earlier) 
lesions by massaging the intraluminal blood 
clot to break up the intraluminal obstruc¬ 
tion; presumably in these cases the intramu¬ 
ral damage was milder and recoverable 
without resection. The overall success rate is 
usually poor because of the advanced nature 
of the lesion. 


DIFFERENTIAL DIAGNOSIS 


The disease must be differentiated from other 
causes of acute physical or functional 
obstruction of the small intestine causing 


distended loops of intestine, fluid-splashing 
sounds on ballottement of the abdomen, and 
dehydration and electrolyte imbalances. These 
include intussusception, volvulus of the jejunal 
flange, incarceration of small intestine 
through an omental rent, ileal impaction, and 
diffuse peritonitis (causing ileus). In ileal 
impaction in mature cows, distended loops of 
intestine are palpable on rectal examination 
but on laparotomy the abnormalities consist 
of ileal impaction and distended loops of 
intestine, which are amenable to treatment. 

Diseases causing melena and dysentery 
include bleeding abomasal ulcers, acute 
salmonellosis, and acute bovine viral diarrhea. 

Transabdominal ultrasonography (Fig. 

8-27) can be used to detect ileus of the small 
intestine and distension of loops of small 
intestine with homogeneous echogenic 
intraluminal material compatible with 
intraluminal hemorrhage and clot formation. 


CONTROL 

Solid control or prevention strategies have 
not been identified because the cause of 
jejunal hemorrhage syndrome has not been 
confirmed. However, because of the associa¬ 
tion between the incidence of jejunal hemor¬ 
rhage syndrome and nutritional factors, the 
following strategies are suggested: 

• Increase fiber in the diet, prevent cattle 
from sorting feed at the bunk, and 
decrease the amount of rapidly 
fermentable carbohydrates in the diet. 

• Keep feed pushed up, maintain constant 
feed intake to minimize bolus ingestion 



Fig. 8-27 A and B, Ultrasonogram and schematic of the abdomen in a cow with ileus caused 
by obstruction of the jejunum with coagulated blood (hemorrhagic bowel syndrome). The 
jejunal loops are dilated and there is anechoic fluid (transudate) between the dilated loops. 
The ultrasonogram was obtained from the right abdominal wall caudal to the last rib using a 
5.0-MHz linear scanner. 1, Lateral abdominal wall; 2, dilated jejunal loops; 3, anechoic fluid 
between the jejunal loops; Ds, dorsal; Vt, ventral. (Reproduced with kind permission of U. 
Braun.) 
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of rapidly fermentable carbohydrates, 
and avoid sudden ration changes. 

• Test forage for presence of C. perfringens 
and A. fumigatus. 

Consider administering autogenous vaccines 
containing C. perfringens type A from an 
affected case on the farm; commercially 
available vaccines targeting C. perfringens 
types C and D are very unlikely to be effica¬ 
cious based on current knowledge. There is 
no published randomized clinical trial dem¬ 
onstrating vaccine efficacy, and the role of C. 
perfringens type A as a primary agent is 
questioned. 

FURTHER READING 

Elhanafy MM, French DD, Braun U. Understanding 
jejunal hemorrhage syndrome. / Am Vet Med Assoc. 
2013;243:352. 
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PARATUBERCULOSIS (JOHNE'S 
DISEASE): CATTLE 


SYNOPSIS 


Etiology Mycobacterium avium subspecies 
paratuberculosis (MAP). 

Epidemiology Occurs in cattle, sheep, goats, 
and camelids. High prevalence of infection 
in cattle population and among herds. Ten 
percent to 15% of infected animals 
develop clinical disease. Primarily 
transmitted by fecal-oral route. Intrauterine 
infection occurs. Highest susceptibility to 
infection in the first months of life. Long 
incubation period. 

Clinical signs Chronic or recurrent 
progressive intractable diarrhea with 
concomitant weight loss and decreased 
milk production in adult cattle while 
appetite often remains unaffected. 
Subcutaneous edema may develop 
between mandibles. Disease progresses 
over several weeks and months leading 
to progressing emaciation and eventual 
death. 

Clinical pathology Culture or polymerase 
chain reaction on fecal material, and 
serologic tests (ELISA, AGID, CF). Low 
serum protein. 


Lesions Chronic granulomatous enteritis, 
regional lymphangitis, and lymphadenitis. 

Diagnostic confirmation Presence of 
intestinal lesion and identification of 
organism. Positive serologic test. 

Treatment No specific treatment of 
significant value. 

Control Identify and eliminate clinically and 
subclinically infected animals from the 
herd. Prevent introduction of infected 
animals into the herd. Prevent exposure of 
calves and young stock to MAP through 
contact with fecal material of infected 
animals. Improve management and hygiene 
to minimize spread of infection in herd 
with emphasis on avoiding infection of 
newborn calves. 

Differential diagnosis list 

Diarrhea in adult cattle 

• Intestinal parasitism (ostertagiasis) 

• Salmonellosis 

• Secondary copper deficiency 

Emaciation in adult cattle 

• Chronic traumatic reticuloperitonitis 

• Malnutrition 

• Pyelonephritis 

• Lymphosarcoma 

• Amyloidosis 

AGID, agar gel immunodiffusion; CF, complement 

fixation; ELISA, enzyme-linked immunosorbent 

assay; MAP, Mycobacterium avium subspecies 

paratuberculosis. 


ETIOLOGY 

The causative agent of paratuberculosis in 
ruminants is Mycobacterium avium subspe¬ 
cies paratuberculosis (MAP), a slow growing 
acid-fast aerobic microorganism forming 
part of the M. avium complex. Although 
MAP is an obligate intracellular pathogen 
requiring a host for replication, its tenacity 
allows it to survive for longer than 1 year in 
the environment. MAP has been subdivided 
into two main lineages designated as the slow 
growing type I (or S for sheep) and the faster 
growing type II (or C for cattle) according to 
the species from which these lineages were 
first isolated. Type I strains indeed appear to 
have a strong host preference for sheep and 
are more virulent for this species, whereas 
type II strains are more commonly isolated 
from cattle and a broad range of other 
species. Notwithstanding this association of 
each lineage with either cattle or sheep, it is 
not exclusive as strains of each lineage can 
cause disease in all type of ruminants. 1 
Whereas S strains are predominantly isolated 
from sheep in Australia and New Zealand, in 
Europe C strains are more commonly iso¬ 
lated from sheep, cattle, and other species. 

Molecular epidemiology studies of MAP 
have identified a high degree of genetic simi¬ 
larity within the bovine isolates, regardless of 
geographic origin, indicating that only a few 
closely related clones of MAP maybe respon¬ 
sible for widespread infection in cattle, other 


ruminants, and possibly wildlife. In contrast 
a higher degree of genetic heterogeneity 
among MAP isolates recovered from human 
and ovine sources has been reported. Exten¬ 
sive analyses of the IS900 restriction frag¬ 
ment length polymorphism (RFLP) patterns 
have identified that Johne’s disease in cattle 
and other species such as goats and rabbits is 
associated with indistinguishable strains. 
Bovine strains infect cattle, goats, and deer, 
and rarely sheep. 

EPIDEMIOLOGY 

Occurrence 

The disease occurs worldwide most com¬ 
monly in cattle and to a lesser extent in sheep 
and goats. Paratuberculosis is widespread in 
cattle in Europe and has been spread to many 
countries by the export of infected clinically 
normal purebred stock. The incidence is 
greatest in animals kept intensively under 
climatic and husbandry conditions as is 
common in dairy herds. Only a few coun¬ 
tries in the world have no record of diag¬ 
nosed paratuberculosis in ruminants, 
making this condition a globally endemic 
disease in livestock. During the last century 
MAP spread globally from Western Europe. 
Increasing incidences in eastern European 
countries over the past decades were attrib¬ 
uted to intensifying life animal trade after the 
fall of the “Iron Curtain” and eastward exten¬ 
sion of the EU. 

Paratuberculosis was first confirmed in 
Australia in 1980 and is now considered 
endemic in Victoria and in the dairy popula¬ 
tion of New South Wales. Western Australia 
in contrast is considered free of paratubercu¬ 
losis. Similarly, paratuberculosis is now 
endemic in dairy cattle in New Zealand. Data 
over the prevalence of this condition in 
Africa are scant, but paratuberculosis was 
diagnosed at least incidentally in most 
African countries. 2 Clinical and subclinical 
cases have also been reported from Mexico, 
Brazil, and Argentina. 

Morbidity and Case Fatality 

With only 10% to 15% of infected animals 
expected to develop clinical disease, the 
incidence of clinical disease in an infected 
herd rarely exceeds 5% of mature animals. 
The population mortality rate is less than 
1% per year but under exceptional circum¬ 
stances can reach 5% to 10%. For every 
clinical case of Johnes disease in a herd, it 
is estimated that there are 15 to 25 addi¬ 
tional infected animals in various stages of 
clinical disease; 4 to 8 cases of subclinical 
disease and carrier adults; and 10 to 14 
with silent infection in calves, young cattle, 
and adults. 

Wildlife and Exotic Species 

MAP has a very broad host range. Infection 
may also occur in many different wildlife and 
exotic species. Water buffalo and captive and 
free-living wild ruminants including deer, 
bighorn sheep, Rocky Mountain goats, 













aoudads, mouflon sheep, camels, mountains 
goats, reindeer, antelopes, New World cam- 
elids, and yaks are all susceptible. Outbreaks 
of the disease have occurred in farmed red 
deer and the incidence is increasing in some 
regions. 

There is evidence that wildlife in Scotland 
are naturally infected with MAP and that the 
host range is much wider than previously 
thought. The organism has been found in 
fecal cultures from foxes, stoats, crows, 
weasels, jackdaws, hares, badgers, rooks, rats, 
and wood mice. Such environmental con¬ 
tamination with the organism can pose a risk 
to grazing livestock and farms adjoining 
paratuberculosis-infected properties. Para- 
tuberculosis has been found in wild rabbits 
(Oryctolagus cuniculus) in Scotland. Analysis 
indicates a significant relationship between a 
past or current problem of paratuberculosis 
in cattle and in the wild rabbit population on 
infected farms. On infected farms, rabbits 
potentially input millions of viable MAP 
organisms per hectare per day onto pasture 
grazed by livestock through fecal contamina¬ 
tion. Also, grazing cattle do not avoid rabbit 
fecal contaminated pasture, which is the only 
recorded example of a herbivore species not 
avoiding their own feces or the feces from 
sympatric wildlife species. The greatest 
overlap between habitat use by rabbits and 
livestock grazing occurred in rough grazing 
and gorse scrub habitats, particularly in 
autumn. Therefore a reduction in potential 
transmission risk could be achieved by 
reducing contact between livestock and 
rabbits in these habitats, especially reducing 
access to these habitats by young livestock 
because they are more susceptible to 
infection. 

In the Czech Republic, paratuberculosis 
has been diagnosed in all four of the most 
common wild ruminant species including 
red deer, roe deer, fallow deer, and mouflon. 
The highest incidence of clinical disease in 
wild ruminants was in farmed deer. Using 
RFLP, transmission from domestic infected 
ruminants to wild animals could be con¬ 
firmed, whereas the transmission from wild 
animals to domestic ruminants was uncer¬ 
tain. Nonvertebrates, wild ruminants, or 
nonruminant wildlife can be vectors and 
potentially become a risk factor in the spread 
of MAP. 

The epidemiologic implications of cattle 
and wildlife comingling on the same pasture 
are unknown. The rate of infection can be 
the same in both species and it seems that 
both share a common source, which might 
well be a common herd of deer and cattle. 
Pigs mixed with infected cattle may develop 
enlargement of the mesenteric lymph 
nodes suggestive of tuberculosis and from 
which the causative organism can be iso¬ 
lated. Pigs and horses infected experimen¬ 
tally develop granulomatous enteritis and 
lymphadenitis. Mice and hamsters are also 
susceptible and are used in experimental 
work. 
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Prevalence of Infection 

The prevalence of infection in a region is 
difficult to estimate because of the difficulty 
in diagnosing subclinical infection and the 
failure to report diagnosed cases unless a 
specific survey or control program is under¬ 
taken. Numerous studies reporting herd and 
animal prevalences in different regions have 
been published. Nonetheless, results are dif¬ 
ficult to compare because different diagnos¬ 
tic approaches (e.g., fecal cultures, PCR or 
serology in blood or milk) with markedly 
different sensitivities have been used and 
several studies suffer from an important 
sample selection bias. 3 

In a recent meta-analysis the estimated 
animal prevalence of paratuberculosis in the 
European cattle population was estimated to 
be over 20% with lowest reported animal 
prevalences of at least 3% to 5% in some 
countries. The herd prevalence of paratuber¬ 
culosis in European cattle herds was esti¬ 
mated to be above 50%. 3 The UK reported a 
herd prevalence for paratuberculosis of 
almost 35%. In dairy herds in the United 
States, the overall animal seroprevalence 
ranged from 5% to 17%. 4 The most recent 
survey conducted in the top 17 U.S. dairy 
states using environmental fecal cultures 
reported a herd prevalence of approximately 
68% in U.S. dairy herds. 3 In this study over 
95% of dairy operations with over 500 cows 
were found to be infected, whereas only 63% 
of smaller dairy operations with fewer than 
100 cows were infected with MAP. 5 In dairy 
herds in Alberta, Canada, the herd preva¬ 
lence determined by ELISA was 26.8%. The 
herd prevalence as determined by fecal 
culture ranged from 27% to 57%. In Austra¬ 
lia the herd prevalence in dairy herds of the 
infected southeast part of the country is 
about 15%, whereas the western part of Aus¬ 
tralia is considered free of MAP. 

Although much fewer reports of the prev¬ 
alence of MAP infection in beef cattle are 
available reported herd-level and animal- 
level prevalences are consistently lower than 
in dairy cattle. In the United States the preva¬ 
lence of MAP infection in beef herds of 23 
states was determined based on serology and 
revealed a herd prevalence of 7.9% and an 
animal prevalence of 0.4% in the studied 
population. 6 Smaller scale studies conducted 
in Louisiana, Florida, and Missouri esti¬ 
mated the animal seroprevalence in beef 
cattle between 4% and 8% and herd preva¬ 
lence in beef herds between 30 and 40%. 
Serologic surveys conducted in Canada 
revealed between 0.8% and 1.7% of seroposi¬ 
tive animals in 3% to 11% of beef herds in 
Western Canada. 

Methods of Transmission 

The main route of transmission of paratuber¬ 
culosis is widely accepted to be through oral 
uptake of MAP by susceptible animals via 
ingestion of contaminated milk, water, and 
other feed products or uptake from the envi¬ 
ronment. With newborn calves being the 


most susceptible age group for MAP infec¬ 
tion, contaminated colostrum and milk are 
considered a primary source of infection. 
MAP is introduced into milk and colostrum 
either via contaminated teats or direct shed¬ 
ding of the organism into the colostrum/ 
milk. Infected cows and other species excrete 
MAP directly into the milk during at least 
the late disseminated stage of the infection. 
Up to 45% of clinically affected cows may 
excrete the organism in milk, which was iso¬ 
lated from 36% of colostrum samples from 
heavy shedders and 9% of samples from light 
shedders (nearly three times as often as it is 
found in milk). 

MAP was isolated from dust and bioaero¬ 
sols collected in barns housing MAP-infected 
cows, suggesting that inhalation or ingestion 
of these bioaerosols has the potential to func¬ 
tion as an alternative route of infection. 8 

Vertical transmission of infection in 
utero is well established in cattle, and intra¬ 
uterine MAP infection was identified as sig¬ 
nificant risk in dairy herds. 9 Data suggest 
that up to 9% of fetuses from subclinically 
infected and 39% of fetuses from clinically 
infected dams contract infection with MAP. 9 
Transmission of the organism from moder¬ 
ate shedders via the trophoblast is unlikely 
before the stage of development of cotyle¬ 
dons. Transfer of embryos from infected to 
uninfected dams is thus unlikely to present a 
risk of disease transmission. It is hypothe¬ 
sized that the epitheliochorial placenta is 
impermeable to the organism from 42 to 49 
days postinsemination but that this could 
change after 60 days. Isolation of MAP from 
the semen of bulls and rams is unusual and 
represented by single case reports. 

Because of the normally long incubation 
period, infected animals may excrete organ¬ 
isms in the feces for 15 to 18 months before 
clinical signs appear. Also, animals reared in 
a contaminated environment may excrete 
MAP in feces without being infected, becom¬ 
ing so-called “pass-through shedders .” 10 
Spread of the organism from farm to farm is 
usually caused by trading of livestock, which 
are unknown infected carriers and shedders 
of the organism, but lateral spread of feces 
across boundary fences also occurs. 

Field studies have shown that the nymphs 
of the Oriental cockroach ( Blatta orientalis) 
may serve as a passive vector of MAP. Also, 
earthworms and adult Diptera may be 
vectors of the organism on cattle farms with 
paratuberculosis. Ovine trichostrongylid 
larvae ( Haemonchus contortus, Ostertagia 
circumdncta, and Trichostrongylus colubri- 
formis) may become contaminated with 
MAP and may play a role in the transmission 
of the organism. 

The survival of MAP in amitraz-based 
dip fluid for at least 2 weeks suggests that 
dips could play some role in the transmission 
of Johne’s disease in cattle. The main risk is 
to calves suckled by cows that have just been 
dipped and whose udders are covered in dip 
fluid. 
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Risk Factors 
Animal Risk Factors 
Age of Animal 

A distinguishing characteristic of paratuber- 
culosis is that resistance to infection increases 
with age. Experimental and field studies 
showed that infection becomes more difficult 
when calves are 4 months or older, and sus¬ 
ceptibility to infection from 1 year of age on 
appears to be similar to that of adult 
animals. 11 Although the mechanism render¬ 
ing young calves more susceptible to infec¬ 
tion is not entirely understood, considerable 
importance is attributed to the permeability 
of the intestinal mucosa for large molecules 
in early life. Immaturity of the innate 
immune response in neonatal calves may 
contribute to higher susceptibility to MAP 
infection in calves. Increased resistance of 
adult cattle to MAP infection is thought to 
result primarily from effective containment 
or even elimination of infection rather than 
from impaired penetration of the intestinal 
mucosa. 11 The age-related resistance to MAP 
may be overwhelmed when very high doses 
of MAP are ingested in a heavily contami¬ 
nated environment 

Because of a long incubation period of 
over 2 years, in most cases clinical disease 
does not occur until 2 to 5 years of age. Not¬ 
withstanding this age limit should not be 
used as a reliable diagnostic criterion; in 
extreme circumstances the magnitude of the 
ingested MAP dose will affect the course of 
the disease. Clinical disease incidentally was 
reported to occur at 12 to 18 months of age. 

Breed Incidence and Genetic 
Susceptibility 

Breed differences have been suggested based 
on the different prevalences of MAP infec¬ 
tion between beef and dairy cattle or differ¬ 
ences in prevalence in different geographic 
regions in which different cattle breeds pre¬ 
dominate. However, these differences cannot 
lead to reliable conclusions concerning breed 
effects given the confounding effects of 
animal husbandry. Studies conducted in 
Texas reported that Bos indicus purebred and 
crosses had odds ratios 17- and 3.5-fold 
greater than Bos taurus breeds for positive 
serologic results. Although these results 
could also suggest differences in response to 
MAP infection (i.e., seroconversion) rather 
than susceptibility to MAP infection they 
provide evidence for a breed or subspecies 
effect. 12 Evidence for a certain degree of 
genetic variation in host susceptibility to 
MAP infection has accumulated in recent 
years. 13,14 Heritability of host susceptibility to 
MAP infection has been studied at sire level 
using the phenotype of daughters as a key 
parameter. Heritability estimates in dairy 
cattle range between 1% and 18% with the 
majority of estimates between 9% and 12%. 10 
Although these heritability estimates are 
modest, these data suggest that genetic selec¬ 
tion of bulls with the objective of breeding 


more resistant animals may be a potentially 
useful tool contributing to the control of 
paratuberculosis in the future. Whole 
Genome Association Studies identified SNPs 
in multiple genes like TLR-2 or NOD-2, indi¬ 
cating that susceptibility or resistance to 
MAP is likely caused by multiple genes. 14 

Other Diseases and Stressors 
Factors that affect susceptibility to infection 
include size of infective dose, level of dietary 
iron intake, age, stress, and immunosuppres¬ 
sive agents such as BVD virus. These factors 
may affect the probability of development of 
clinical disease, but they have not been well 
documented. Field observations indicate 
that stress, including parturition, transporta¬ 
tion, and nutritional deficiencies or excesses 
may influence the development of clinical 
disease. Housed animals are subjected to a 
high risk of infection because of the heavy 
contamination by feces and the long survival 
of the bacteria in protected sites. 

The possible cross-protection between 
tuberculosis and paratuberculosis suggests 
that eradication of tuberculosis may make 
the cattle population generally more suscep¬ 
tible to paratuberculosis, but this has not 
been borne out by field experience in North 
America. 

Herd Characteristics 
A computer simulation model of paratuber¬ 
culosis in dairy cattle has been used to 
examine the course of the disease in a herd. 
Seven variables were specified at the initial 
stage of the model: 

• Herd size 

• Annual herd birth rate 

• Annual herd replacement rate 

• Number of infected cows at time zero 

• Number of herd replacements purchased 
each year 

• Risk of purchasing an infected heifer 

• Number of effective cow-calf contacts 
per year 

All variables affect the course of paratuber¬ 
culosis spread in herds, but the model is 
most sensitive to the effective contact rate. 
This is consistent with the findings of other 
infectious disease models and with recom¬ 
mendations on Johne’s disease control, 
namely minimize cow-calf contact to 
prevent transmission of infection. 

The prevalence of infection in purchased 
cattle directly affects the risk of buying 
infected cattle and the rate at which herds 
become infected in the model. Purchase of a 
large percentage of replacement heifers from 
populations with modest infection rates 
annually will quickly result in infection of a 
herd. Age-specific culling rates are also 
important in the development of the model. 
Accurate prediction of the rate at which 
infected cattle leave a herd was a major deter¬ 
minant of the course of the epidemic because 
each year an infectious cow remained in the 
herd, the cow contributed in an exponential 


manner to the generation of infected calves 
and thus the number of infected herd 
replacements. Over the range of realistic 
values for all variables in the model, the 
prevalence of the disease in infected herds 
continued to increase until a plateau was 
reached. True prevalence rates in the model 
generally plateaued at 40% to 60% of the 
herd. These data results suggest infection is 
spreading quickly in dairy cattle. 

Environmental and Management 
Risk Factors 

Management factors that were identified as 
important in influencing the prevalence of 
infection include the following: 

• Newborn calf care 

• Bred heifer management 

• Environmental conditions 

• Handling of manure 

• Care and management of growing calves 
These are not cause-and-effect relation¬ 
ships but hypotheses based on observations 
in dairy herds. 

Care of the Newborn Calf 
The fecal-oral route is widely accepted as the 
major route of transmission for MAP. 
Because of the increased permeability of the 
intestines in the first hours after birth, the first 
hours and days of life are deemed to bear the 
highest risk of infection for a calf. Exposure of 
the newborn calf to MAP generally occurs by 
feeding colostrum contaminated with feces, 
by directly nursing from teats contaminated 
with feces, by ingesting colostrum from 
MAP-infected dams that are at increased risk 
of shedding MAP through the mammary 
gland, or through direct contact with feces 
from infected dams. Accordingly control 
strategies to prevent infection of neonatal 
calves must focus on providing excellent sani¬ 
tary conditions in the maternity area, avoid¬ 
ing contamination of colostrum with manure 
by thoroughly cleaning teats before milking 
or the calf nursing the dam, separating calves 
as soon as possible from adult animals to 
minimize contact with manure, avoiding the 
presence of infected dams in the maternity 
area, and avoiding the use of colostrum from 
MAP-infected dams. Additional measures 
recommended to reduce to risk of transmis¬ 
sion of MAP to neonatal calves include avoid¬ 
ing the use of pooled colostrum, the use of 
heat-treated colostrum, and feeding milk 
replacer or pasteurized milk. 10 

Calf Rearing 

Although risk of infection is highest in the 
first days of life experimental studies showed 
that increased susceptibility to infection per¬ 
sists at least for the first 4 months of life. 11 
Feeding whole milk or feed contaminated 
with MAP or allowing contact of calves with 
manure from MAP-infected cows present 
the highest risks of infection. Transmission 
of MAP may also occur horizontally from an 
infected calf to its herdmates. Although 





model studies suggest that calf-to-calf trans¬ 
mission does not constitute a major route of 
MAP transmission, experimental studies 
showed that calves and young stock are 
capable of excreting detectable quantities of 
MAP in feces. 15,16 More recently the presence 
of MAP in dust and bioaerosols in barns 
housing MAP-infected cows was docu¬ 
mented. Although the transmission of MAP 
infection through bioaerosols needs further 
investigation, it was suggested that growing 
calves housed in the same barn with infected 
cows are more likely to be exposed to MAP 
than calves housed separately from adult- 
infected cows. 8 Recommendations for calf 
rearing to reduce the risk of MAP infection 
include raising young stock well separated 
from adult cattle; feeding unweaned calves 
milk replacer or pasteurized milk; prevent¬ 
ing contamination of feed, water, and pens of 
young stock with manure from adult cows; 
and avoiding to feed leftovers from adult 
cows to young stock. 10 

A survey of farms in Scotland found the 
factors that increased the likelihood of a 
farm having Johnes disease included large 
numbers of rabbits, access of wildlife to feed 
supplies, the application of manure to grazing 
pasture, the type of water supplies, and the 
number of crows. 

Soil Characteristics and 
Manure Handling 

An association between high prevalence of 
MAP infection in ruminants and soil type 
has been recognized. The evidence strongly 
implicates regional soil acidification, excesses 
of iron and molybdenum, and marginal 
deficiencies in copper and selenium in the 
progressive expression of Johnes disease. 
Survival of the organism may be enhanced 
by silt or sand content in loamy soils. 

The organism can persist without multi¬ 
plication in pasture for up to 1 year. MAP is 
relatively susceptible to sunlight and drying, 
to high calcium content, and high pH of the 
soil. Continuous contact with urine and feces 
reduces the longevity of the bacteria. The 
alkalinity of the soil may also influence the 
severity of the clinical signs. Herds raised on 
alkaline soils, particularly in limestone areas, 
may have a high incidence of infection but 
little clinical disease. 

Environmental conditions and manure 
handling are correlated with prevalence and 
are reflected in overall cleanliness of the farm 
and the amount of contamination resulting 
from faulty design, maintenance, location of 
housing facilities, and frequency of cleaning 
by the farm operator. 

The distribution of MAP in the environ¬ 
ment surrounding dairy farms and its rela¬ 
tionship to fecal pool prevalence in herds 
known to be infected and uninfected was 
described and compared. Environmental 
samples were culture positive in 78% of 
infected herds. Environmental samples were 
cultured positive in cow alleyways (77% of 
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herds), manure storage (68%), calving areas 
(21%), sick cow pen (18%), water runoff 
(6%), and postweaned calves areas (3%). 
Herds with both areas cultured negative were 
estimated to have 0.3% to 4% fecal pool 
prevalence. Herds with both areas having a 
heavy load of bacteria were estimated to have 
53% to 73% fecal pool prevalence. These 
findings support the concept that targeted 
sampling of cow alleyways and manure 
storage areas may be a suitable alternative 
strategy for herd screening and MAP infec¬ 
tion status assessment and for estimating 
herd fecal prevalence. 

Pathogen Risk Factors 

MAP is an obligate pathogen and parasite of 
animals and in theory can be eradicated by 
removal of all infected animals. However, the 
organism can survive for long periods in the 
environment, enabling it to persist and 
spread in the grassland environment and to 
withstand a periodic lack of suitable hosts. 

Survival and Dormancy of Organism 
in the Environment 
Bovine strains of MAP can be extremely per¬ 
sistent in nature, with survival for more than 
1 year. Studies of the survival of the organism 
on Australian farms on which paratuberculo- 
sis is prevalent indicate that when the organ¬ 
ism in feces becomes mixed with soil, there is 
a reduction of 90% to 99% in the apparent 
viable count of the organism. This is thought 
to be caused by binding of bacteria to soil 
particles, which are excluded from culture by 
sedimentation during sample preparation. 
Survival of the organism in fecal material 
applied to soil was greatest in a fully shaded 
environment and was least where fecal mate¬ 
rial and soil were fully exposed to the weather 
and where vegetation was also removed. Sig¬ 
nificant degrees of pasture decontamination 
can be achieved in a relatively short period, 
which will be beneficial for disease reduction 
in a herd because of the beneficial effects 
lower doses of the organism would have on 
the incubation period and disease outcome. 
Pasture management, such as selective 
grazing with no susceptible hosts or mechani¬ 
cal slashing, may be used to maintain a rela¬ 
tively low level of shade at the soil surface to 
hasten decontamination. 

Thermal Resistance of Organism 
MAP was found to be more heat resistant 
than other mycobacteria. Studies investigat¬ 
ing the effectiveness of different pasteuriza¬ 
tion protocols detected viable MAP after 
standard thermal treatments such as low- 
temperature holding at 63°C for 30 minutes 
or high temperature-short time (HTST) at 
72°C for 15 seconds. MAP strains were 
reported to be able to survive HTST 
pasteurization with survival rates ranging 
from 3% to 5% in bovine tissue. 1 ' Extending 
holding time from 15 to 25 seconds as 
implemented in the UK in 1998 for 


commercial milk pasteurization in an effort 
to increase the effectiveness of the pasteuri¬ 
zation process was found to be no more 
effective at killing MAP than conventional 
HTST pasteurization. These findings are cor¬ 
roborated by several independent retail-milk 
surveys reporting recovery of viable MAP 
from retail HTST pasteurized milk. 18,19 It is a 
general consensus that the presence of MAP 
in concentrations greater than 10 4 CFU/mL 
in milk may not be completely destroyed 
by HTST pasteurization. Pasteurization of 
colostrum with a temperature of 63°C for 60 
minutes was recommended as suitable pro¬ 
cedure under field conditions even when 
using large batches (30 L) to eliminate MAP 
from colostrum in most cases. 20 Pasteuriza¬ 
tion of colostrum resulted in a decrease in 
colostral IgG concentrations but not to a 
level that would preclude its use for transfer 
of passive immunity. 

Economic Importance 

The economic impact of MAP infection for 
the dairy industry is substantial and occurs 
across all herd sizes and regions. At the end 
of last century estimated costs ranged 
between US$40 and 227 per cow per year. 
Economic losses result from decreased milk 
production, decreased lifetime production 
caused by premature culling, decreased fer¬ 
tility, decreased slaughter value of the carcass, 
potentially delayed genetic improvement 
caused by involuntary culling of genetically 
valuable animals, replacement costs, and 
costs associated with MAP control programs. 
Some studies reported higher risk for masti¬ 
tis, increased somatic cell counts, and 
decreased milk fat and milk protein produc¬ 
tion in MAP-infected dairy cows. 

Infection of MAP was found to be associ¬ 
ated with decreased milk production in dairy 
cows in several studies. Depending on the 
degree of shedding milk production of 
infected cows was found to be decreased 
between 2.1 and 6.0 kg/day. 21 The magnitude 
and direction of the association between 
subclinical MAP infection and milk produc¬ 
tion depends on the parity of the animal, 
stage of disease, and stage in lactation. In 
herds with an average parity of 2 or less, sub- 
clinical infection may have little impact on 
milk production. In herds maintaining an 
average herd parity of 2, many subclinical 
infected animals would be culled before 
experiencing any decline in milk production 
in which case the direct economic losses 
attributable to reduced milk production 
would be negligible. 

Progressively decreasing feed efficiency 
in clinical and subclinical paratuberculosis 
results in loss of body condition despite 
unaffected feed intake. Decreased slaughter 
weight at culling has been documented for 
clinically and subclinically infected cows. 
Reduction of slaughter value was estimated 
to range between 5% in subclinical cases and 
30% of clinical cases of paratuberculosis. 
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Associations between MAP infection in 
dairy cows and incidence of mastitis, somatic 
cell count, and milk constituents were studied 
with conflicting results. Although several 
studies documented a higher proportion of 
cows culled for mastitis in a group of animals 
with subclinical MAP infection compared 
with uninfected control cows, other studies 
failed to find an association between MAP 
infection status and mastitis or even reported 
lower rates of mastitis in MAP-infected cows. 
Studies reporting an association between 
subclinical MAP infection and increased 
somatic cell counts stand against reports 
failing to reveal a significant difference in 
somatic cell counts between infected and 
uninfected dairy cows or even documenting 
lower somatic cell counts in MAP-infected 
cows compared with uninfected control 
cows. 22 ' 21 The effect of MAP infection on milk 
constituents such as protein and fat has been 
studied with similarly inconsistent results. 
Some authors reported that milk-fat and 
milk-protein production or the mature 
equivalent for milk fat and milk protein in 
subclinically MAP-infected cows were sig¬ 
nificantly lower than in uninfected herd- 
mates, whereas other studies did not 
reproduce significant differences between 
infected and uninfected cows. 25 

Because the incidence of infertility 
was reported to be significantly higher 
in the cohort of MAP-infected cows than in 
uninfected control cows, reduced fertility is 
likely to contribute to the economic losses 
associated with MAP infection on a herd 
level. 

A large fraction of economic losses asso¬ 
ciated with paratuberculosis are considered 
to result from loss of future income. Under 
normal conditions productivity and thus 
average income of a dairy cow increases with 
age. Culling seropositive or culture-positive 
animals before they reach their peak produc¬ 
tivity therefore contributes to undetermined 
economic losses resulting from the lost pro¬ 
duction potential and potential breeding 
value. 

Losses at National Dairy 
Industry Level 

In 1996, averaged across all dairy herds in 
the United States, Johne’s disease cost the 
dairy cattle industry, in reduced productiv¬ 
ity, $22 to 27 per cow or $200 to 250 million 
annually. The economic impact of the 
disease in Australia and New Zealand and 
regions of the United States have been esti¬ 
mated, but their validity is questionable 
because of the accuracy of the diagnostic 
tests and the survey methodology. Some 
observers have indicated that paratubercu¬ 
losis has emerged as one of the most preva¬ 
lent and costly diseases of dairy cattle, 
but this is not well-documented. There is 
insufficient information available on the eco¬ 
nomic importance of paratuberculosis in the 
beef cattle industry. 


Zoonotic Implications 

Potentially, MAP is of great public health 
significance because it is speculated to be 
involved in Crohn’s disease in humans. 
Crohn’s disease is an inflammatory bowel 
disease of unknown etiology that can affect 
any portion of the gastrointestinal tract 
although the terminal ileum and colon are 
most commonly affected. It is characterized 
clinically by chronic weight loss, abdominal 
pain, diarrhea or constipation, vomiting, 
and generalized malaise. Surgical resec¬ 
tion of the affected intestine is often nec¬ 
essary because of complications. Crohn’s 
disease and paratuberculosis share many 
similarities in gross pathology, histopathol- 
ogy, clinical presentation, and epidemiol¬ 
ogy. Furthermore MAP has been recovered 
from tissue and blood samples of patients 
suffering from Crohn’s disease, which led 
to concerns over the potential role of MAP 
in the development of Crohn’s disease 
in humans. 

A number of studies attempting to deter¬ 
mine the prevalence of MAP in patients 
diagnosed with Crohn’s disease have been 
conducted. A study using nested PCR and 
culture to detect the presence of MAP 
detected this pathogen in 26% of patients 
with noninflammatory bowel disease and 
92% of those affected by Crohn’s disease. 
More recently a study attempting to directly 
visualize mycobacteria in tissue of Crohn’s 
disease patients found these microorganisms 
in just over 50% of samples of patients 
with Crohn’s disease but rarely in control 
samples. 26 The organism has been cultured 
from the peripheral blood of a higher per¬ 
centage of individuals with Crohn’s disease 
than in controls, which does not prove that 
MAP is a cause of the disease, but suggests 
that a larger scale investigation is needed to 
ascertain the role of the organism in the 
illness. 

Thus far there has been no definitive 
evidence for or against the theory assign¬ 
ing a causative role to MAP in the etiology 
of Crohn’s disease in humans. There is no 
epidemiologic evidence at present to indi¬ 
cate that the incidence of Crohn’s disease is 
associated with possible exposure to organ¬ 
isms such as might be expected in farmers, 
animal health care workers, or other indi¬ 
viduals with direct contact with infected 
animals. 

Although the role of MAP in the etiol¬ 
ogy of Crohn’s disease is still under debate, 
it is rational to consider that in case MAP 
would be the causative agent or a contribut¬ 
ing factor in the etiology of Crohn’s disease 
this microorganism might be acquired 
through ingestion of foodstuffs. Also, the 
epidemiology of the disease, which includes 
rising incidence rates in Western societies 
concurrent with low rates in developing 
countries over the second half of the twen¬ 
tieth century and high rates among immi¬ 
grants to Western societies, is consistent 


with the possibility that a critical infection 
may be acquired from cattle or other farm 
animals via milk or meat ingestion, staples 
of Western diets, and cause Crohn’s disease 
in subjects with an appropriate genetic 
predisposition. 

In Manitoba, Canada, the reported inci¬ 
dence of Crohn’s disease at 15 patients per 
100,000 people per year is among the highest 
in the world. Population-based case-control 
studies of the seroprevalence of MAP in 
patients with Crohn’s disease and ulcerative 
colitis have concluded that a high seropreva¬ 
lence in Manitoba raises the possibility that 
the high rates of Crohn’s disease in Manitoba 
could be related to high exposure rates for 
MAP. However, MAP is not serologically 
specifically associated with Crohn’s disease 
in a community with a relatively high preva¬ 
lence of Crohn’s disease. 

If MAP does have a role in Crohn’s 
disease, then milk and possibly meat 
from infected animals may be a potential 
vehicle of transmission of the organism 
from animal to man. MAP has been cul¬ 
tured from milk from cows with subclini¬ 
cal and clinical paratuberculosis. Laboratory 
studies investigating the thermal tolerance 
of MAP showed that standard pasteuriza¬ 
tion procedures such as HTST either for 
15 or 25 seconds destroy large numbers of 
MAP in milk, although they may not kill 
100% of MAP cells. Accordingly, several 
independent surveys conducted on HTST 
pasteurized retail milk reported that 
viable MAP was occasionally present in 
retail milk. 18 ’ 

The organism can also survive in cheese 
made from raw milk. MAP is resilient and is 
able to withstand the acidic conditions in 
cheese. During the laboratory manufacture 
of soft cheese using raw milk spiked with 
MAP, the majority of MAP cells are concen¬ 
trated into the cheese curd rather than lost 
with the whey. When the resulting soft 
cheese was stored at 4°C, MAP could still be 
cultured after 35 days. 

Meat for human food consumption was 
found to be a potential source of MAP, 
most commonly originating from surface 
contamination of the carcass with fecal 
material during processing in the abattoir. 
Few studies investigated the prevalence of 
MAP contamination in U.S. packing plants 
suggesting that few MAP are present on 
the carcass even following decontamina¬ 
tion. 27 In addition to the possibility of being 
present on the surface, MAP was also iso¬ 
lated from within muscle tissue and differ¬ 
ent organs such as liver, heart, spleen, and 
lymph nodes of infected animals used for 
human food. Ground beef represents the 
highest risk for containing MAP because 
it is in a large part produced from cull 
dairy cows, the subgroup of cattle having 
the highest animal prevalence for MAP 
infection. Ground beef not only consists 
of blended meat from different animals, 





increasing the risk of containing MAP, but 
it also contains lymph nodes in which MAP 
concentrate. 28 

Because MAP is currently not recognized 
as a human pathogen by regulatory authori¬ 
ties in most countries, there are generally no 
restrictions on the slaughter of cattle identi¬ 
fied as MAP infected and culling subclinical 
and even clinical cases of paratuberculosis is 
common practice. 

Although the amount of MAP is likely 
to be greatly decreased by cooking meat 
to a well-done condition, consumption of 
undercooked meat could potentially harbor 
viable MAP. 28 

PATHOGENESIS 

Following oral ingestion, the organism local¬ 
izes in the mucosa of the small intestine, 
its associated lymph nodes, and, to a lesser 
extent, in the tonsils and suprapharyngeal 
lymph nodes. Although MAP can invade the 
organism through the tonsils and then 
spread either hematogenously or via lymph 
nodes, the primary portal of entry is the ter¬ 
minal part of the small intestine and the large 
intestine. 

Susceptibility to Infection 

It is widely assumed that calves contract 
MAP infection in their first month of 
life and are the most susceptible to infec¬ 
tion in the first hours and days of life. 
The mechanism behind the age-dependent 
resistance to MAP infection is not entirely 
understood, but several hypotheses have 
been proposed. The “open gut” theory 
suggests that increased permeability of 
the neonates intestinal mucosa facilitating 
immunoglobulin uptake from the intestinal 
lumen facilitates the penetration of MAP 
through the mucosal membrane. Other 
hypotheses suggest that immaturity of 
the innate and adaptive immune response 
in the newborn calf contributes to the 
higher susceptibility to MAP infection in 
early life. 11 

Susceptibility to MAP infection is likely 
not only driven by the age of the host but also 
by the degree of contamination with MAP of 
the environment. Higher doses of MAP may 
not only increase the risk of infection in early 
life but may also overwhelm age-dependent 
resistance, extending the period of suscepti¬ 
bility of infection. 

The presence of MAP within the intesti¬ 
nal submucosa and mesenteric lymph nodes 
triggers an inflammatory response as well as 
the attraction of more macrophages and lym¬ 
phocytes to the area. The result is a granu¬ 
loma formation with multinucleated giant 
and immune cells infiltrating the intestinal 
submucosa, which results in decreased 
absorption, chronic diarrhea, and ensuing 
malabsorption. There is a reduction in 
protein absorption and leakage of protein 
into the lumen of the jejunum, termed 
protein losing enteropathy. The loss of 


Bacterial Diseases of the Ruminant Alimentary Tract 


557 


protein results in muscle wasting, hypopro- 
teinemia, and edema. 

Immune Response and Spectrum 

The differentiation of at least three different 
groups of animals, depending on the host- 
bacteria relationship that becomes estab¬ 
lished, has been proposed in the literature. In 
the first group, animals develop resistance 
quickly, control the infection, and do not 
become shedders (infected resistant). In the 
second group, the infection is not completely 
controlled; some animals will partially 
control the infection and will shed the organ¬ 
ism intermittently, others will become inter¬ 
mediate cases that are incubating the disease 
and will be heavy shedders of the organism. 
In the third group, the organism persists in 
the intestinal mucosa, and it is from these 
animals that the clinical cases eventually 
develop. The different possibilities are sum¬ 
marized in Table 8.9. 

The first line of defense against invading 
MAP in the ruminant intestine involves M 
cells (special epithelial cells associated with 
ileal Peyers patches and lymphoid follicles 
that actively take up particulate matter from 
the intestinal contents; they are the portal of 
entry for bacteria and viruses) and phago¬ 
cytic macrophages. In early stages of infec¬ 
tion the organism is found in phagocytic 
macrophages in the intestine. Once inside 
the phagosome of an infected macrophage, 
the organism interferes with the normal 
course of phagosome maturation into pha¬ 
golysosome, escaping the process of destruc¬ 
tion. The infection of inactivated macrophages 
within the intestine is the first step in estab¬ 
lishing persistent infection and in the subse¬ 
quent development of disease. The host 
immune system begins a series of attacks 
against MAP-infected macrophages, includ¬ 
ing the rapid development of activated T 
helper 1 cells (Thl), CD4+ T cells, and cyto¬ 
lytic CD8+ cells. Activated Thl cells are char¬ 
acterized by their production of interferon-y 
(IFN-y) and IgG2. Later in the course of 
infection a Th2 cell response becomes pre¬ 
dominant over the Thl-mediated response. 
The Th2-type cell immune response is char¬ 
acterized by the production of cytokines 
such as interleukin (IL)-4 and IL-10 and is 
associated with an enhanced humoral 


immune response, whereas cell-mediated 
immunity wanes. Progression of cattle from 
subclinical to clinical Johne’s disease is asso¬ 
ciated with a decreased ability of mononu¬ 
clear cells to produce IFN-y, both specifically 
and nonspecifically, at the site of infection 
and in the blood. The loss of putatively pro¬ 
tective Thl cell response leads to a lack of 
control of mycobacterial replication and, 
subsequently, to fecal shedding and the pro¬ 
gressive granulomatous enteritis typical of 
bovine paratuberculosis. In contrast to the 
Thl-mediated cellular immune response, 
antibodies against MAP do not protect the 
organism from clinical disease. During 
the final stages of disease, lack of antigen- 
specific cell-mediated immune response or 
complete anergy may result, allowing for 
rapid dissemination of the infection through¬ 
out the host. 

The immunologic response following 
infection is highly variable. Generally, 
infected animals initially develop a cell- 
mediated response, followed by a humoral 
response initiated by the release of bacteria 
from dying macrophages as the disease pro¬ 
gresses. It has been speculated that the time 
to occurrence of seroconversion and fecal 
shedding in infected animals depends on 
the infective doses occurring with natural 
infection. 29 

There appears to be an immune spectrum, 
and no serologic or cellular immunity test 
will identify all animals in the spectrum. 
There are infected-resistant animals that 
control their infection but are unable to com¬ 
pletely eliminate the organism. These animals 
do not react in antibody assays, only rarely or 
never shed organisms, and respond to the 
lymphocyte transformation test because 
their circulating lymphocytes are sensitized. 
In the intermediate stage, the animal fails to 
control the infection, antibodies appear in 
the serum, and organisms are shed in the 
feces. In the stage of clinical disease, the 
organisms are shed in the feces and the anti¬ 
body responses and skin tests are variable. 

The bacteria are carried by macrophages 
to other sites, particularly the uterus, the 
fetus, and the mammary gland, as well as the 
testes and semen of bulls. The postprimary 
dissemination of the lesions is more wide¬ 
spread in adult animals than in calves, and 


Table 8-9 The relationship between the stages in the pathogenesis of Johne's disease, 
the presence of clinical disease and the results of diagnostic test 


Resistant 

Intermediate 

Advanced 


animals 

(incubation period) 

clinical disease 

Clinical signs present 

- 

+ 

+++ 

Fecal shedding 

+ (-) 

++ 

+++ 

Antibody response 

- 

++ 

+++ 

Skin test 

+ (-) 

+ (-) 

+ (-) 

Lymphocyte transformation 

+++ 

+++ 

+ (-) 
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the early lesions are more severe in the 
former but the organisms do not persist. Dis¬ 
seminated lesions consisting of microgranu¬ 
lomas in lymph nodes and other organs have 
been described in mature cattle. In calves, 
the organism proliferates slowly, particularly 
in the small intestinal site, which results in a 
massive cellular infiltration of the intestinal 
submucosa. In adult cows, infection may 
penetrate to the fetus and cause prenatal 
infection. 

Important features of the natural history 
of the disease are the long incubation period 
of 2 years or more and the development of 
sensitization to johnin and to mammalian 
and avian tuberculin. This sensitivity devel¬ 
ops in the preclinical stage but has disap¬ 
peared in most cases by the time clinical 
signs are evident. On the other hand, 
complement-fixing antibodies appear late in 
the disease and generally increase with 
increasing severity of the lesions. This sug¬ 
gests that two independent antibodies are 
involved in the two reactions. 

CLINICAL FINDINGS 

Stages of Disease 

Four stages of paratuberculosis in cattle have 
been described. 

Stage One 

Silent Infection. Calves, heifers, and young 
cattle up to 2 years of age are affected. There 
are no clinical signs and no effects on BW 
gain or body condition, but these animals 
may shed the organism. Clinicopathologic 
tests cannot detect the infection, but culture 
of the feces or demonstration of the organ¬ 
ism in tissues may be possible. 

Stage Two 

Subclinical Disease. Carrier adults show no 
specific clinical signs but may be affected by 
other abnormalities such as mastitis or infer¬ 
tility. Most of these animals will be negative 
on fecal culture but 15% to 25% may be posi¬ 
tive on fecal culture. These are also negative 
to most serologic tests. 

Stage Three 

Clinical Disease. Clinical disease is the tip 
of the iceberg in terms of the total number 
of infected animals in the herd. The “iceberg 
concept” states that for every animal with 
clinical signs born in the herd, another 15 to 
20 animals are infected and less than half of 
whom will be detected by fecal culture. Clin¬ 
ical signs in most cases do not appear before 
2 years of age and are most common in the 
2- to 6-year-old age group. Cases occur only 
sporadically because of the slow rate of 
spread of the disease. A hallmark of the clini¬ 
cal stage is gradual loss of BW despite a 
normal appetite. During a period of several 
weeks, concurrent with the weight loss, diar¬ 
rhea develops. Milk production declines but 
the temperature, heart rate, and respirations 
are within normal limits. The fall in milk 


yield is often apparent in the lactation before 
diarrhea commences. The feces are soft and 
thin, homogeneous, and without offensive 
odor. There is marked absence of blood, epi¬ 
thelial debris, and mucus. Diarrhea may be 
continuous or intermittent with a marked 
tendency to improve in late pregnancy only 
to reappear in a severe form soon after par¬ 
turition. A temporary improvement may 
also occur when animals are taken off pasture 
and placed on dry feed. 

Stage Four 

Advanced Clinical Disease. As the disease 
worsens, emaciation is the most obvious 
abnormality and is usually accompanied by 
intermandibular edema, which has a ten¬ 
dency to disappear as diarrhea develops. The 
diarrhea is characterized by a fluid “water- 
hose” or “pipestream” passage of feces. The 
course of the disease varies from weeks to 
months but always terminates in severe 
dehydration, emaciation, and weakness with 
an ultimately fatal outcome. 

CLINICAL PATHOLOGY 

In an infected herd, animals may be divided 
into four categories: 

• Animals with clinical disease and 
shedding the organism 

• Subclinical infection and shedding the 
organism (intermediate and incubating) 

• Infected, but not ill or shedding enough 
bacteria to be culturally detectable 
(infected resistant) 

• Uninfected cattle 

For successful eradication and control of the 
disease a diagnostic test is required that is 
able to identify the intermediate group. 
The primary hindrance to making a diagno¬ 
sis in the live animal is the paradoxical 
immune response during various stages of 
the disease. Subclinical infection is charac¬ 
terized by a strong cell-mediated immune 
response that can be detected by such assays 
as lymphocyte proliferation to a T-cell- 
independent mitogen and delayed-type 
hypersensitivity reactions or skin tests. A 
negligible humoral response during subclini¬ 
cal infection reduces the usefulness of sero¬ 
logic diagnostic tests. In contrast, clinical 
disease is characterized by a strong humoral 
immune response and a weak cell-mediated 
response. During clinical disease, high 
numbers of MAP are shed in the feces, and 
one of the definitive tests is culture of the 
organism from feces. 

Diagnosis of MAP Infection 

To diagnose paratuberculosis in an individ¬ 
ual animal several testing methods are avail¬ 
able. Although in clinical cases the clinical 
presentation can be highly suggestive of 
paratuberculosis, confirmation of the diag¬ 
nosis will require either directly identifying 
MAP in feces or tissue or identifying a 
humoral or cell-mediated immune response 
of the affected animal. 


Direct identification of MAP in feces or 
tissue can be achieved by microscopy, 
culture, or the use of specific DNA probes in 
combination with PCR. Serologic tests for 
paratuberculosis in cattle identifying the 
presence of specific antibodies include the 
absorbed ELISA, complement fixation (CF), 
and agar gel immunodiffusion (AGID). The 
choice of the appropriate test must be based 
on the intended purpose of testing. 

Culture or Detection of Organism 
Bacteriologic Culture. Examination of the 
feces is a valuable diagnostic aid for detect¬ 
ing infection in clinically diseased animals 
and to some extent in apparently healthy 
cattle in known infected herds. Fecal culture 
is presently recognized as the most reliable 
index of infection in live cattle. Conven¬ 
tional MAP culture is preceded by specimen 
decontamination and concentration of the 
organisms before inoculating a growth 
medium. Culture of MAP can either be done 
on solid or liquid growth medium requiring 
an incubation period of 4 to 8 weeks for 
liquid culture media and 8 to 16 weeks for 
solid culture media. A technique of radio- 
metric culture based on the release of radio¬ 
active C0 2 from bacterial metabolism that 
reduces the incubation period is available 
but requires the use of radioactive reagents. 

Sensitivity of the fecal culture varies with 
the stage of infection. In clinical cases fecal 
culture sensitivities of 70% and higher were 
reported, whereas in clinically healthy but 
infected cows the sensitivity of fecal cultures 
was reported to range between 23% and 
29%. 29 The specificity of fecal culture is esti¬ 
mated to be at least 98%. False-positive 
results may occur in a population in which 
the noninfected animals are subject to con¬ 
tamination from infected herdmates. 29 Cattle 
kept in a heavily MAP-contaminated envi¬ 
ronment are at increased risk of oral inges¬ 
tion and consequent fecal excretion of MAP 
without being infected, yielding potentially 
false-positive results through the so-called 
“pass through” effect. It is therefore advised 
to cautiously interpret fecal samples yielding 
a low degree of MAP shedding in herds with 
a high prevalence of paratuberculosis. 10 

Counting the number of colony forming 
units on solid medium or measuring the 
time to detection on liquid medium in fecal 
cultures allows one to assess the degree of 
shedding and thus the risk of disease trans¬ 
mission presented by an individual. 10 
Cultured isolates must be subjected to appro¬ 
priate testing, such as PCR, to confirm that 
isolates are MAP. 29 

Fecal cultures can be performed either on 
feces collected from individual animals, 
from pooled fecal samples, or from environ¬ 
mental fecal samples. 

Pooled Fecal Samples and Culture. The 

culture of pooled fecal samples from several 
animals in a herd has been evaluated as a 





means of determining a herd’s infection 
status. Pooling samples reduces the number 
of fecal cultures necessary to determine 
infection in low-prevalence herds, reducing 
the cost of a large-scale Johne’s disease 
control or eradication program. Strategically 
pooled culture specimens (five animals of 
the same age per pool) compared with 
individual fecal specimens can yield a sensi¬ 
tivity and specificity of 86% and 96%, 
respectively. 

Environmental fecal samples collected 
from cow alleyways and manure storage areas 
appear to be an alternative strategy for herd 
screening and MAP infection status assess¬ 
ment and for estimating herd prevalence. 

Microscopic examination of Ziehl- 
Neelsen stained smears of feces for the pres¬ 
ence of typical clumps of acid-fast bacteria 
has been an attractive alternative to fecal 
culture because the results are available 
within an hour. However, the sensitivity and 
specificity of the microscopic examination 
have always been in doubt. It may be difficult 
to distinguish MAP from other acid-fast 
organisms, which are frequent in feces. Also, 
it may be necessary to examine smears on 
several occasions to obtain a positive result. 
Clumps of acid-fast bacteria in epithelial 
cells are diagnostic and are more likely to be 
observed during a diarrheic phase, when epi¬ 
thelial cells are more likely to be shed, than 
in a period when feces are normal. Generally, 
the microscopic examination of fecal smears 
for the presence of acid-fast clumps is an 
unreliable method of detecting MAP in 
bovine feces. A pinch biopsy collected with 
the fingernails, or scrapings of rectal mucosa, 
are of no great advantage compared with 
fecal smears, because it is probably only in 
the late clinical stages that the rectal mucosa 
is invaded. If rectal scrapings or rectal pinch 
biopsy are used, a positive finding is clumps 
of acid-fast bacilli in epithelial cells or 
macrophages. 

DNA Probes and Polymerase Chain Reac¬ 
tion. Using DNA probes and PCR to deter¬ 
mine the presence of specific MAP DNA in 
a specimen greatly reduces turnaround time 
for the diagnosis of paratuberculosis com¬ 
pared with culture. The majority of commer¬ 
cial paratuberculosis PCR tests use the IS900 
sequence. This DNA sequence has the advan¬ 
tage of being present with several copies in 
the MAP genome, increasing sensitivity. 
Because this sequence also forms part of the 
genome of a few other environmental myco¬ 
bacteria, the diagnostic specificity of the 
IS900 DNA probe is impaired. The use of 
unique sequences in the MAP genome such 
as ISMap02, ISMav2, F57, or Hsp X result in 
higher specificity but are less sensitive 
because fewer copies of these sequences are 
present in the MAP genome compared with 
IS900. Molecular methods to detect MAP 
include single PCR, nested PCR, and real¬ 
time PCR and are preceded by concentration 
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and separation steps. Real-time PCR moni¬ 
tors amplification of the specific DNA 
sequence after each replication cycle. There¬ 
fore, in contrast to other methods, it provides 
a quantitative result for estimating the 
amount of MAP DNA present in the speci¬ 
men and thus the degree of fecal shedding. 10 
Positive PCR results prove the presence of 
MAP DNA in the specimen but do not 
confirm the presence of viable MAP. 

Culture of Milk and Blood. The organism 
can be cultured in the milk of subclinically 
infected cows, and the prevalence of infec¬ 
tion of milk is highest in samples from cows 
with heavy fecal shedding and lowest with 
light shedding. A nested PCR test has been 
used to detect MAP in the blood and milk of 
cattle with clinical and subclinical infection. 
Between 8% and 22% of subclinically infected 
and about 35% of clinically affected cows 
harbor MAP in their udders. 

Tests on Tissue Samples. Diagnosis of 
paratuberculosis may be attempted by sur¬ 
gically collecting a full-thickness biopsy 
of the ileum (>1 g) in combination with a 
biopsy of an ileum-associated lymph node 
(>1 g). Obtained specimens should be used 
for culture and histologic examination. 
Because acid-fast organisms are not neces¬ 
sarily encountered in all tissue specimens of 
infected animals negative results based on a 
single biopsy should be interpreted cautiously. 

Serologic Tests 

The serologic tests commonly used to iden¬ 
tify humoral immune responses to MAP 
infection in cattle are the CF test, the ELISA, 
and the AGID. Cellular immune responses 
are commonly identified by means of the 
IFN-y assay. 

Complement Fixation Test. Historically 

the most widely used serologic test for the 
diagnosis of bovine paratuberculosis was the 
CF test. Although diagnostic sensitivities of 
approximately 90%, and specificities of 
approximately 70%, for the CF test have been 
reported in clinical cases, early cases and 
nonclinical carriers fail to give positive reac¬ 
tions. Moreover a number of nonspecific, 
transient, positive reactions caused by cross¬ 
reactions do occur, impairing the specificity 
of the CF test. Notwithstanding some coun¬ 
tries require that cattle have a negative CF 
test before importation. Negative test results 
in apparently normal cattle should be inter¬ 
preted with caution; positive test result can 
be regarded as a presumptive diagnosis of 
infection but should be confirmed by fecal 
culture. 

Agar Gel Immunodiffusion. The sensitivity 
of the AGID test for the diagnosis of clinical 
paratuberculosis is 96% with a specificity of 
94%. It is considered to be the most appro¬ 
priate test available for the diagnosis of 


clinical disease. The test has one-third the 
diagnostic sensitivity of fecal culture in the 
diagnosis of subclinical infection. The test is 
inexpensive and the results are available 
within 48 hours. Because positive reactions 
are given by tuberculous animals, the test is 
limited to use in tuberculosis-free herds. 

A fluorescent antibody test is available 
but is unable to distinguish between the anti¬ 
gens of M. avium and M. paratuberculosis. It 
does distinguish between M. paratuberculo¬ 
sis and C. renale, which are easily confused 
by the CF test. Combined with the CF test 
the fluorescent antibody test is used to detect 
early, subclinical cases, but the results are far 
from accurate. A refinement of the conven¬ 
tional fluorescent antibody test, which 
gives greater accuracy in identifying specific 
mycobacterial antigens, is the observation of 
the uptake by macrophages of fluorescein- 
coated insoluble spheres. 

Enzyme-Linked Immunosorbent Assay. 

ELISA is considered the test for serum anti¬ 
bodies against MAP with the highest sensi¬ 
tivity and specificity available. Although the 
test accuracy in clinical cases is similar to 
the CF test, ELISA outperforms other sero¬ 
logic tests to identify subclinically infected 
carriers. Generally, the sensitivity of the 
ELISA is limited by the nature of the immune 
response to MAP infection in which anti¬ 
bodies are only produced in advanced stages 
of infection. The sensitivity of serum ELISA 
is considered to be medium to high in clini¬ 
cal cases of paratuberculosis. In contrast the 
sensitivity of ELISA used to detect infected 
but subclinical cases reported in the litera¬ 
ture ranges between 7% and 39%. 30 

The ELISA response to MAP may also 
vary according to the characteristics of the 
cow and stage of lactation. The probability of 
being ELISA positive may be two to three 
times lower for cows in parity 1 compared 
with cows in later parities. In early lactation 
the probability of being positive was highest 
in the milk ELISA. In the serum ELISA the 
odds of being positive was highest at the end 
of lactation. 

These results demonstrate the effect of 
stage of infection on serodiagnosis. The 
subclinical, light-shedding cattle are usually 
seronegative, whereas heavily infected 
animals are usually seropositive. In most 
cows in the early stages of infection when 
fecal shedding is low, the humoral antibody 
response is below the limit of detection, and 
currently available serologic tests are inade¬ 
quate to detect those animals. As the 
infection progresses, the humoral response 
increases, and heavy fecal shedders and clini¬ 
cally affected animals are more readily 
detected. 

It has been recommended to use quanti¬ 
tative results of the serum ELISA (i.e., 
Optical Density or S/P ratios) rather than 
simple dichotomous (positive/negative) 
results in the decision-making processes of a 
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control program. These quantitative values 
correspond well with the degree of shedding 
and thus the infectious risk of an individual 
animal. 10 

Using milk samples from dairy cows to 
detect antibodies to the organism facilitates 
the testing of large numbers of animals and 
has already been incorporated into routine 
milk testing programs in some countries. 
The sensitivity of different milk ELISAs has 
been studied on a herd level and on an indi¬ 
vidual animal level and were found to be 
similar to serum ELISA sensitivity. 23,30 The 
odds for a cow testing seropositive with a 
milk ELISA were higher for animals in the 
first 2 weeks of lactation and again after 45 
weeks of lactation. This was explained with 
higher amounts of immunoglobulins lost 
into the udder at the onset of lactation. 
Decreasing transfer of immunoglobulins to 
the mammary gland and increasing milk 
production supposedly result in dilution of 
milk antibodies after the early postparturient 
period. Decreasing milk production toward 
the end of lactation is thought to be the main 
reason for increased odds to test positive 
with a milk ELISA in later stages of lacta¬ 
tion. 23 Accordingly high-yielding dairy cows 
were found to be less likely to test positive 
with milk ELISA than low-producing cows. 
Although this observation could be explained 
by higher dilution of antibodies in dairy 
cows with higher milk production, decreased 
milk production in MAP-infected cows has 
been documented. It is therefore not clear if 
higher milk production of uninfected cows 
or higher antibody titers in milk in infected 
cows are the underlying mechanisms behind 
this observation. These results indicate that 
sensitivity of milk ELISA is improved when 
conducted in cows in either early or late 
lactation. 

Immunity Tests. The in vivo tests of cell- 
mediated immunity included the skin and 
intravenous johnin tests, which were the 
original tests used. They are no longer used 
because of inadequate sensitivity and speci¬ 
ficity. The IFN-y assay is based on the release 
of this compound from sensitized lympho¬ 
cytes during incubation with a specific 
antigen. The amount of released IFN-y is 
quantified with a sandwich ELISA. Results 
from this assay are frequently difficult to 
interpret because neither the amount of 
antigen used nor the interpretation criteria 
have been standardized. Depending on the 
applied interpretation criteria, sensitivity for 
the IFN-y assay in MAP-shedding cattle 
reported in the literature range between 13% 
and 85% and specificity between 67% and 
94%. 29 Because of costs and variable perfor¬ 
mance of this diagnostic test it is currently 
not recommended. 10 

Summary of Diagnostic Testing 

Apart from postmortem examination most 
diagnostic tests provide adequate specificity 


but only moderate to weak sensitivity to 
diagnose subclinical MAP infection. Fecal 
cultures provide the highest specificity but 
have a long turnaround time because of long 
incubation periods. Genetic probes and PCR 
yield results within days but suffer from infe¬ 
rior sensitivity compared with fecal culture 
specifically in low-shedding MAP carriers. 
ELISAs for serum or milk are the most com¬ 
monly used diagnostic tests. The sensitivity 
of the ELISA test is highest in animals in the 
later stages of the disease, usually when 
clinical disease is developed. However, 
the absorbed ELISA sensitivity for stage 1 
animals will be low at about 10%. Overall the 
absorbed ELISA detects approximately 35% 
of the animals found positive by concurrent 
fecal culture. Only repeated testing of cattle, 
especially young animals, from infected 
herds will provide the data to determine the 
true infection rates within infected herds. 

Diagnostic Strategies for 
Different Situations 

Eight specific testing purposes were 
considered 30 : 

• Herd classification (infected/ 
noninfected). In dairy herds bacterial 
culture of six environmental fecal 
samples is considered sufficiently 
sensitive and most cost-effective to 
determine the infection status of a dairy 
herd. Negative culture results on all six 
samples suggest that the herd is either 
not infected with MAP or has a low 
herd prevalence. For beef cow-calf 
operations fecal cultures or serum 
ELISA can be conducted on the whole 
herd. If case serology is chosen, positive 
ELISA results should be confirmed by 
fecal culture. Alternatively, target testing 
of a particular group of animals (e.g., 
thin animals over 30 months of age or 
all animals over 36 months of age) by 
fecal culture or serology as described 
previously can be conducted. 

• Precise estimation of within-herd 
prevalence. This testing objective is 
expensive and is of limited value for the 
control of paratuberculosis under field 
conditions but may be appropriate for 
certain experimental conditions. For the 
precise estimation of the within-herd 
prevalence a large number of animals 
that must be determined by the use of 
standard epidemiologic equations have 
to be tested. For herds with up to 300 
animals all animals must be tested. For 
herds with over 1000 animals a 
statistically determined and randomly 
selected subset of animals can be 
chosen. Diagnostic tests used include 
fecal cultures, PCR assay on feces, or 
ELISA. To be able to reliably follow the 
longitudinal development of the 
within-herd prevalence application of 
the same diagnostic procedure in 
subsequent tests is required. 


• Disease control in herds with known 
high infection prevalence (>10%) and 
clinical disease. The main objective of a 
paratuberculosis control program is to 
reduce the economic impact of the 
infection rather than eradication of the 
disease. Because greatest economic 
losses are caused by animals in 
advanced stages of infection, in which 
seroconversion occurred in many cases, 
testing by ELISA is recommended as 
part of a control program. ELISA has a 
low cost and the sensitivity was 
estimated to approximate 85% in 
MAP-shedding cattle. 30 Effective control 
strategies require that highly positive 
animals on ELISA are removed from the 
herd. Although testing of beef cow-calf 
operations by ELISA also has been 
recommended, the economic impact of 
this control strategy has not accurately 
been documented. Because of the 
generally lower within-herd incidence of 
MAP infection in beef cow-calf 
operations the motivation of beef 
producers to invest in control programs 
is rather low. 

• Surveillance (estimation of biological 
burden). Objective of MAP surveillance 
is to monitor the infectious pressure in 
herds in which paratuberculosis is 
controlled. Corrective measures will be 
implemented when surveillance testing 
indicates an increase of infectious 
pressure above a specified threshold 
value. Whereas in dairy herds 
surveillance presents a low-cost strategy 
to monitor the disease prevalence in 
herds in which MAP infection is 
controlled, in beef cow-calf operations 
MAP surveillance is not considered 
economically effective. Periodic target 
testing of thin cows, cultures of 
environmental fecal samples and 
identification of clinical cases either by 
fecal culture or ELISA are the most 
commonly used approaches. 

• Eradication (elimination of MAP from 
the herd). Disease eradication is the 
logical step following effective disease 
control that led to a low within-herd 
prevalence. Although theoretically 
possible there is currently no convincing 
data available supporting the 
assumption that MAP eradication under 
field conditions is actually possible. For 
commercial herds disease eradication is 
unlikely to be a cost-effective option. 
Because of the presumed low disease 
prevalence in operations attempting to 
eradicate paratuberculosis, the 
diagnostic test with the highest 
sensitivity, which is fecal culture, is the 
best choice. Because there is limited loss 
in test sensitivity, the use of pooled fecal 
samples (five samples per pool) for fecal 
cultures is a valid testing alternative. 
Regular whole-herd testing is required 
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over several years, and positive animals 
must imperatively be removed from the 
herd. 

• Confirmation of clinical diagnosis in 
herds with no prior history of 
paratuberculosis. In herds without 
history of paratuberculosis appropriate 
confirmation of a suspected case of 
paratuberculosis is essential. 

Postmortem examination, which 
includes identification of 
pathognomonic gross lesions as well as 
histology and bacteriology of ileal and 
mesenteric lymph node tissue, presents 
the most sensitive and definitive 
diagnosis. Suitable antemortem tests 
include fecal culture or PCR assay on a 
fecal sample. 

• Confirmation of clinical diagnosis in 
herds with prior history of 
paratuberculosis. In a herd with 
previously confirmed cases of MAP 
infection confirmation of the diagnosis 
is a useful tool for any control or 
surveillance strategy. Fecal culture or 
PCR assay on a fecal sample as well as 
serum or milk ELISA are all acceptable 
antemortem diagnostic tests with high 
sensitivity and specificity in clinically 
affected animals. 

• Biosecurity (prepurchase testing). The 

objective of prepurchase testing is to 
reduce the risk of introducing infected 
replacements animals into the herd. 
Evidently the most effective approach is 
to avoid or at least minimize the 
number of purchased animals 
introduced into the herd. When 
considering the acquisition of an 
animal, evaluation of the infection status 
of the herd of origin rather than the test 
result of the animal in question is 
critical. The objective should be to only 
purchase animals that are test negative 
and originate from herds that have a 
within-herd prevalence that is at least 
50% below the within-herd prevalence 
of the buyer’s herd. 

NECROPSY FINDINGS 

Lesions are confined to the posterior part of 
the alimentary tract and its associated lymph 
nodes. The terminal part of the small intes¬ 
tine, the cecum, and the first part of the 
colon are usually affected. In advanced cases 
the lesions may extend from the rectum to 
the duodenum. Typically, the intestinal wall 
is three or four times normal thickness, with 
a corrugated mucosa and prominent thick¬ 
ened serosal lymphatics. The ileocecal valve 
is always involved, with the lesion varying 
from reddening of the lips of the valve in the 
early stages to edema with gross thickening 
and corrugation later. A high incidence of 
arteriosclerosis has been observed in 
advanced cases of Johne's disease, with a dis¬ 
tinct correlation between the vascular lesions 
and macroscopic changes in the intestine. 


The mesenteric and ileocecal lymph nodes 
are enlarged and edematous, but unlike 
tuberculosis, foci of necrosis and mineraliza¬ 
tion are rarely visible. The characteristic 
microscopic findings include large numbers 
of epithelioid macrophages and multinucle- 
ate giant cells within the lamina propria and 
submucosa of affected gut segments and 
within the paracortical areas of draining 
lymph nodes. A granulomatous lymphangi¬ 
tis is often visible. 


DIFFERENTIAL DIAGNOSIS 


The characteristic features of clinical 
paratuberculosis include chronic diarrhea, 
which does not respond to therapy; 
progressive weight loss; and emaciation in a 
single animal. The definitive etiologic 
diagnosis can be obtained by using a 
combination of serologic tests, fecal culture, 
polymerase chain reaction on fecal material; 
and histologic examination of ileal and 
mesenteric lymph node tissue. 

The clinical disease must be differentiated 
from diseases that cause chronic diarrhea in 
adult cattle. The chronic nature of Johne's 
disease is usually sufficient to differentiate it 
from the other common enteritis of cattle. 
Salmonellosis, coccidiosis, and 
gastrointestinal helminthiasis are usually 
acute, and the latter two occur principally in 
younger animals and are distinguishable on 
fecal examination for oocysts and helminth 
eggs. Secondary copper deficiency (chronic 
molybdenum poisoning) is likely to be 
confused with Johne's disease in cattle, but is 
usually an area problem affecting large 
numbers of animals and responds well to the 
administration of copper. Other debilitating 
diseases in which diarrhea is not an important 
clinical finding are malnutrition, chronic 
reticuloperitonitis, hepatic abscess, 
pyelonephritis, lymphosarcoma, and 
amyloidosis. 

Idiopathic eosinophilic enteritis in cattle is 
characterized clinically by chronic diarrhea and 
weight loss, and recovery may occur following 
treatment with dexamethasone. 


TREATMENT 

Currently there are no definitive cures for 
paratuberculosis and no therapeutic agents 
registered for the treatment of MAP infec¬ 
tion. Because of this lack of efficacy and the 
failure of any of the antimicrobials to provide 
a bacteriologic cure, treatment is not recom¬ 
mended. If initiated, treatment that typically 
must be maintained for life is aimed at reduc¬ 
ing clinical signs and possibly the degree of 
fecal MAP shedding. 10 Treatment attempts 
can potentially increase environmental con¬ 
tamination by extending the life of the 
treated animal and should therefore only be 
considered for exceptional circumstances 
such as the treatment of valuable sport or zoo 
animals. 

The antimicrobials which have been used 
are summarized here: 


• Isoniazid given to cattle at between 10 
and 20 mg/kg BW orally daily has been 
used with varying degree of success. 
Isoniazid kills MAP only in the 
replication phase and thus only has a 
bacteriostatic effect creating a state of 
remission, whereas treatment is 
administered without eliminating MAP. 
Isoniazid is metabolized by the liver and 
has a narrow therapeutic range. 

Avoiding overdosage and periodic 
monitoring of liver function is therefore 
advisable 

• Rifampin has been used extensively for 
the treatment of human tuberculosis 
and Rhodococcus equi infections in foals. 
For the treatment of paratuberculosis in 
rabbits rifampin (10 mg/kg once daily 
orally) has successfully been used 

in combination with streptomycin 
(10 mg/kg twice daily intramuscularly). 
Combinations with other drugs such as 
levamisole have also been proposed. 
Based on pharmacologic studies a 
dosage between 10 and 20 mg/kg 
administered orally has been 
recommended. 

• Clofazimine, a phenazine derivate, was 
originally used for the treatment of 
sulfone-resistant leprosy and later 

also to treat paratuberculosis in 
experimentally and naturally infected 
small ruminants. Although complete 
cure was not achieved, clinical 
improvement and decreased fecal 
shedding was reported in clinical cases 
of paratuberculosis after oral treatment 
with an oral daily dose of 2 mg/kg. 
Dosage recommendations are 600 to 
1000 mg orally per animal per day for 
the rest of the animal’s life. 

• Monensin, a carboxylic polyether 
ionophore, has been widely used in beef 
cattle as a growth enhancer as well as to 
control coccidiosis. In dairy cattle 
monensin is registered in different 
countries as a feed additive to improve 
energy metabolism. In Canada 
monensin is labeled for the indication of 
reducing fecal shedding of MAP in adult 
cattle in high-risk Johne’s disease herds. 
Several studies demonstrated a decrease 
in number in colony forming units 

in different tissues of naturally and 
experimentally infected cattle treated 
with monensin. Monensin was also 
evaluated as an infection-prevention 
drug in calves experimentally 
challenged with MAP. Monensin-treated 
calves had fewer culture-positive tissue 
and fecal samples and fewer colony 
forming units compared with a control 
group. Dairy cows treated with 
monensin as a feed additive were found 
less likely to test positive for MAP 
infection by milk ELISA. Anecdotal 
reports of clinical improvement in 
advanced clinical cases after treatment 
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with monensin administered at the dose 
approved for other indications are 
available. 10 The use of monensin at the 
dosage approved for other indications 
may therefore be a suitable component 
of a MAP control program provided its 
use is legally permitted. 10 

• Dietzia subspecies (C79793-74), a 
probiotic bacterium, was reported to 
hamper growth of MAP in vitro and 
treatment of infected animals with 
Dietzia with daily doses of 2 to 5 x 10 11 
CFU per cow per day was associated 
with longer survival times and lower 
MAP antibody titers. 31 ' 33 Neonatal calves 
fed live Dietzia but not calves fed 
inactivated Dietzia at a dose of 1 to 2 x 
10 11 CFU per calf per day over 60 days 
were reported to be resistant to MAP 
infection. Because all publications come 
from one research group with 
commercial interest, further 
independent research is needed to 
substantiate the effectiveness of Dietzia 
for the treatment and control of 
paratuberculosis. 



CONTROL 

The control of Johne’s disease in ruminants 
is challenging because of the ubiquitous 
nature of the organism, the long incubation 
period, most cases are subclinical, and the 
laboratory tests available lack sufficient 
sensitivity to identify subclinically infected 
animals. 

Because of the difficulty in diagnosing 
subclinical cases eradication strategies are 
usually not practical for economic reasons. 
Most current paratuberculosis control pro¬ 
grams therefore are aimed at containing the 
disease at a low-prevalence level rather than 
entirely eliminating it. Before establishing a 
paratuberculosis control program at a herd 


level it is essential to educate the producer 
about risks and costs associated with the 
disease as well as proper hygiene and biose¬ 
curity measures. 10 A successful control 
program requires long-term commitment 
and strict compliance of the producer. 

Principles of Control 

Decreasing within-herd MAP prevalence 
involves 3 basic steps: 

• Identify and eliminate MAP-infected 
animals from the herd 

• Prevent introduction of infected animals 
into the herd 

• Prevent exposure of susceptible animals 
to MAP 

Identification and Elimination of 
Infected Animals 

As a first step a producer might want to 
determine the herd status and roughly esti¬ 
mate the herd prevalence of a previously 
untested herd independently of an official 
control program. Collection of several envi¬ 
ronmental fecal samples obtained from cow 
congregation areas for culture or PCR is an 
appropriate and cost-effective approach for 
dairy herds for initial determination of herd 
infection status. 10 To determine the preva¬ 
lence of infection within a herd, testing of 
individual animals over 36 months of age 
using either the ELISA (serum or milk) or 
individual fecal culture or PCR has been 
advised. 10 Ultimately the choice of the spe¬ 
cific testing strategy will depend on factors 
such as herd size, costs, goals of the producer, 
and possible participation in official paratu¬ 
berculosis control programs. 

The first test to estimate the prevalence of 
infection will identify seropositive or MAP- 
shedding animals, which along with their 
offspring can be culled and sold only for 
slaughter. Calves from infected animals can 
be kept separate and grown and fed under 
feedlot conditions until ready for market. 
Because of the low sensitivity of standard 
diagnostic tests, repeated testing of the 
herd at 6- to 12-month intervals at least until 
two consecutive negative herd tests are 
achieved is required. This method has the 
advantage that many heavy fecal shedders 
are detected early before showing clinical 
signs, reducing the environmental con¬ 
tamination with MAP. Intermittent-MAP- 
shedding and low-MAP-shedding animals 
may escape detection. 

An economic decision analysis model of 
paratuberculosis in a dairy herd indicates 
that a test-and-cull program should be prof¬ 
itable when the pretest prevalence of infec¬ 
tion is greater than 5%. The model predicted 
that the best diagnostic test would be the one 
with the highest specificity and lowest cost, 
with test sensitivity of secondary impor¬ 
tance. Given the costs of various types of 
diagnostic technology, it appears that the 
ELISA is the most efficient for testing and 
culling programs. 


Prevention of Introduction of 
Infected Animals Into the Herd 

For herds free of Johne’s disease, all measures 
must be used to avoid the introduction of 
infected animals into the herd by maintain¬ 
ing a completely closed herd or by carefully 
screening purchased animals. The purchase 
of cattle is the most common way MAP is 
introduced into a herd. Purchasing cattle 
only from herds documented to be free of 
Johne’s disease is preferable to testing specific 
cattle before introduction because of the low 
sensitivity of available tests for individual 
cattle. Dairy herds using typical manage¬ 
ment practices experience preventable risks 
of Johne’s infection and disease. A dairy herd 
with 400 cows in milk that introduces 40 
cows per year from the general population of 
dairy cows has an estimated 64% probability 
of introducing MAP to the herd. This risk 
could be reduced to 4% through the pur¬ 
chase of cows from herds at level 2 of the 
U.S. Voluntary Johne’s Disease Herd Status 
Program. A simulation model to assess the 
risk of introduction of MAP infection into a 
dairy herd through purchase of female 
replacement cattle has been used to estimate 
the probabilities of a producer purchasing an 
infected lot during a given period of time. 
The probability of introducing infection is 
directly proportional to the prevalence of 
infection in the herds of origin. 

All herd replacements should be tested 
and found negative before being purchased 
and introduced into the herd. Only test¬ 
negative animals from herds with no or few 
positive animals should be purchased. The 
goal should be to obtain replacement animals 
only from herds with a test-positive percent¬ 
age that is at most half of the test-positive 
percentage of the buyer’s herd. 30 

PREVENTION OF EXPOSURE OF 
SUSCEPTIBLE ANIMALS TO THE 
INFECTIOUS AGENT 
Dairy Herds 

1. Minimize contact between young and 

older animals and from fecal 

contaminated feed and water: 

• Clean and disinfect maternity and 
calf pens after each use 

• Calve cows in clean, dry, dedicated 
maternity pens 

• Remove calves immediately after 
birth to clean, dry calf pens, stalls, or 
hutches 

• Harvest colostrum hygienically to 
avoid contamination with fecal 
material 

• Feed colostrum only from test¬ 
negative cows 

• After colostrum feeding, use 
pasteurized milk, or use milk 
replacer 

• Raise calves separate from the adult 
herd for at least the first year of life 

• Do not allow shared feed or water 
between adults and young animals; 











Bacterial Diseases of the Ruminant Alimentary Tract 


563 


do not offer feed refusals from adult 
cattle to young animals 

• Avoid vehicular and human traffic 
from adult animal areas to young 
animal areas 

2. Prevent manure contamination of feed 

and water sources: 

• Use separate equipment for handling 
feed and manure 

• Design and maintain feed bunks and 
waterers to minimize risk of 
contamination with manure 

• Do not spread manure on grazing 
land 

3. Reduce total farm exposure to the 

organism: 

• Immediately cull all animals with 
clinical evidence of Johne’s disease 

• Cull culture-positive animals as soon 
as possible; for cows with low or 
moderate fecal culture colony counts, 
removal at the end of lactation may 
be acceptable 

• Test adult cattle at least annually by 
serum or fecal tests; positive serum 
test results should be confirmed by 
fecal culture or PCR 

• Purchase replacement animals from 
test-negative herds 

Hygiene 

Controlling the disease at a low level of prev¬ 
alence in the herd requires hygienic precau¬ 
tions to limit the spread of infection. 
Environmental conditions and manure¬ 
handling procedures correlate with preva¬ 
lence of infection. Overall cleanliness of the 
farm and especially the amount of fecal con¬ 
tamination resulting from the design, main¬ 
tenance, location of the housing facilities, 
and frequency of cleaning are important 
items for discussion with the producer. 
Opportunities for exposure of young cattle to 
adult cattle feces, either because of direct 
access to water contaminated from adult cow 
feces or because of the common practice of 
using the same loader for feeding and 
manure handling of young stock and adult 
groups of cattle, are risk factors to be removed 
or modified. Avoidance of fecal pollution of 
drinking water and feed by providing troughs 
in high positions, fencing of marshes and 
ponds, and closing contaminated pastures 
for up to 3 years are worthwhile measures. 

Strip grazing should be avoided as fecal 
contamination of pasture is likely to be 
intense. The provision of piped water sup¬ 
plies to cattle on pasture rather than the use 
of ponds and ditches has been associated 
with a decline in the incidence of Johne’s 
disease. Frequent harrowing of pasture fields 
to disseminate dung pats facilitates destruc¬ 
tion of the bacteria by exposing them to sun 
and drying. Yard and barn manure should be 
spread only on cultivated fields. 

In infected herds, any animal with any 
signs suggestive of the disease should be iso¬ 
lated until its status has been determined. 


Adoption of these hygienic precautions has 
been shown to greatly reduce the prevalence 
of the disease. 

Dairy Calf Health Management 
Attention to calf health management prac¬ 
tices is a vital component of a control 
program. A simulation model of the control 
of the disease in a dairy herd indicates that 
calf-management techniques that reduce the 
number of effective cow-calf contacts 
decreases the prevalence of infection in the 
herd. It is still advisable to rear calves away 
from infected cows, and if possible in indi¬ 
vidual pens to prevent spread among the 
calves. Newborn dairy calves should be 
removed from the dam immediately after 
birth and reared in individual calf pens. 
Colostrum must be collected with care to 
avoid contamination with feces. Teats should 
be thoroughly cleaned before collecting 
colostrum or letting the calf nurse. 

HTST (72°C for 15 seconds) and on-farm 
pasteurization of raw milk markedly reduces 
the number of MAP in raw milk from 
infected cows. Pasteurization of colostrum at 
63°C for 30 minutes was found to destroy or 
at least greatly decrease the number of MAP 
in colostrum from infected dams. 

Dairy cows due to calve should be kept 
separately from the milking herd and calved 
in clean calving box stalls. Infected cows 
should not be allowed in the maternity ward. 
Calves from cows that are clinically affected 
should not be reared as herd replacements 
but grown and fed for beef production. 
Sucking of dams and nurse cows should not 
be permitted. Milk for bucket feedings 
should be collected hygienically, and rearing 
on milk substitutes should be encouraged. 
Calves should not have any contact with 
yearling animals or mature cows that may 
shed the organism. Postweaning calves 
should not have contact with the adult herd 
to avoid infections. In dairy herds with a 
high prevalence of infection, calves should 
be moved to calf barns and hutches rather 
than to pens in the cow barn. 

Beef Herds 

Control programs for beef cow-calf herds 
apply the same principles as for those in 
dairy herds but must adapt the procedures to 
meet calf health management needs. Some 
specific control measures for beef herds 
include the following: 

• Avoid manure buildup in pastures and 
corrals in which late-gestation cows are 
kept 

• Provide a clean calving area, with low 
cow density 

• Move cow-calf pairs to clean pasture as 
soon as bonding occurs 

• Move feed bunks, waterers, and 
creep-feed areas frequently to avoid 
exposing calves to manure buildup 

• Do not place weaned calves on pasture 
used by cows 


• Blood or fecal test the entire breeding 
herd annually; avoid calving-out and 
raising offspring from test-positive 
animals 

• If possible, calve first-calf heifers in an 
area separate from older cows 

Vaccination of Cattle 

Vaccination for Johne’s diseases with either 
inactivated or live-attenuated whole-cell- 
based vaccines have been used since the 
1920s. A number of studies collectively con¬ 
firmed that vaccination reduces the occur¬ 
rence of clinical symptoms and tissue 
colonization but does not eliminate infec¬ 
tion. Subunit vaccines consisting of soni¬ 
cated bacteria, bacterial cell fractions, or 
recombinant MAP antigens were reported to 
provide a much lower degree of protection. 
Efficacy of vaccination may depend on the 
age at the time of exposure versus age at the 
time of vaccination as well as on the MAP 
burden on the farm. Vaccination of dairy 
calves in the Netherlands reduced the 
number of clinically affected animals by 
almost 90%. In a cross-section study of 25 
vaccinated and 29 nonvaccinated herds, the 
rate of shedding of MAP was not signifi¬ 
cantly different between the vaccinated 
(4.4%) and nonvaccinated herds (6.7%). If 
legally permitted, a Johne’s disease vaccina¬ 
tion program can be useful as part of a com¬ 
prehensive control program but cannot 
replace concurrent control measures. 

Major drawbacks of the use of whole- 
cell-based vaccines are the interference with 
the diagnosis of bovine tuberculosis and 
paratuberculosis, human health risks result¬ 
ing from accidental inoculation, and s the 
occurrence of granulomatous lesions at the 
injection site produced by most oil-based 
bacterin vaccines. Interference with diagnos¬ 
tic tests used in national tuberculosis eradi¬ 
cation programs is the major hurdle affecting 
approval of MAP vaccines by authorities 
worldwide. 

Vaccination is available on a limited basis 
in the United States and other countries. In 
cattle paratuberculosis vaccines are recom¬ 
mended for exclusive use in calves younger 
than 1 month with the justification that pre¬ 
vention of infection requires vaccination at a 
very young age and that single early vaccina¬ 
tion decreases interference with diagnostic 
tests for tuberculosis at an older age. The 
positive test to tuberculin is maximum at 5 
weeks after vaccination and has completely 
disappeared at 18 months. In general terms, 
vaccination can be recommended in heavily 
infected, tuberculosis-free herds, but only in 
areas in which tuberculosis eradication is 
neither underway nor projected. The com¬ 
parative tuberculin test can be used to detect 
tuberculosis in Johne’s vaccinated herds. 
Vaccination of calves from 5 to 40 days of age 
with an inactivated paratuberculosis vaccine 
resulted in positive ELISA titers for at least 
the first 15 months, which could interfere 
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with the serodiagnosis of the disease in 
control programs that are based on serologic 
tests. 

Control on a Countrywide Basis 

Paratuberculosis in cattle is being recognized 
with increased frequency in the cattle popu¬ 
lations of the industrialized world. The 
overall prevalence of infection in dairy cattle 
is about 10%, and no reliable data are avail¬ 
able for beef herds. The continued spread of 
infection in cattle herds, the economic con¬ 
sequences of loss in productivity, and the 
biological possibility that the organism may 
be a food-borne disease deserves consider¬ 
ation by the appropriate authorities and 
research agencies. 

Voluntary national guidelines are now 
available to certify herds as low-risk for para¬ 
tuberculosis. Voluntary national and regional 
Johne’s disease control programs for dairy 
and beef cattle herds have been introduced 
in the United States, Australia, New Zealand, 
and the Netherlands. Although the disease is 
notifiable in several European countries such 
as Austria, Germany, Greece, Ireland, Lux¬ 
embourg, Norway, Switzerland, Spain, and 
Sweden, most countries in Western Europe 
do not have strategically planned control 
programs. Denmark, the Netherlands, and 
France have implemented nongovernment 
industry-supported programs in cattle herds. 
The emphasis of these programs is to control 
rather than to eradicate paratuberculosis. 

A significant development has been the 
Voluntary Johne’s Disease Control Program 
(VJDCP) in the United States, the Johne’s 
Disease Market Assurance Program in 
Australia, or the paratuberculosis control 
program in the Netherlands. 

Johne's Disease Control in 
the United States 

The U.S. VJDCP was developed in coopera¬ 
tion between state and federal animal health 
agencies with industry support in an effort 
to certify herds free of paratuberculosis. 
The program was intended as a model for 
control programs within each state, and the 
guidelines were considered to be minimal 
requirements to control the disease in dairy 
herds. The program consists of three basic 
elements: 

• Education of the producer 

• Risk assessment and development of a 

disease management plan at the herd 

level 

• Herd testing and herd classification 

Education of the Producer 

Education focuses on providing basic infor¬ 
mation over Johne’s disease; explaining man¬ 
agement strategies to prevent, control, and 
eliminate the disease; and outlining different 
state program components. The producer 
must understand the nature and the eco¬ 
nomic impact of the disease and must be 
able the recognize risk factors within his 


operation. Information around Johne’s 
disease is made available to producers at the 
state level as well as at a national level. The 
National Johne’s Disease Demonstration 
Herd Project, the National Johne’s Education 
Initiative, and the Johne’s Disease Integrated 
Program are among the best known USDA- 
funded projects and provide a wealth of 
information to producers. 

Risk Assessment and Disease 
Management Plan 

A risk assessment to identify management 
practices and facility issues likely to intro¬ 
duce or spread MAP throughout the herd is 
conducted. A management plan is then 
developed together with the herd owner with 
the objective to implement a practical and 
effective control program customized for the 
specific herd that the producer understands 
and to which he can commit. Comprehen¬ 
sive material including a handbook and an 
instructional guide has been developed to 
allow the attending veterinarian to conduct 
a thorough on-farm Johne’s disease risk 
assessment. This risk assessment and the 
management plan must be reviewed and 
updated at least every 3 years. 

Herd Testing and Herd Classification 

Initial testing is required to determine the 
herd status. The testing strategy can be cus¬ 
tomized to the needs of the specific herd and 
the objective of testing. The primary objec¬ 
tive of the VJDCP is to identify herds with 
low prevalence of paratuberculosis. The clas¬ 
sification system consists of levels 1 to 6 in 
which levels 1 to 3 identify herds with low 
test-positive prevalence and levels 4 to 6 
identify herds with two or more years of test¬ 
negative results. Levels 1 to 4 require annual 
testing according to the guidelines of the 
program, whereas for herds at levels 4 to 6 
retesting is required in 2-year intervals. 

Johne's Disease Control in 
the Netherlands 

In the Netherlands an industry-driven para¬ 
tuberculosis control program has been 
implemented that requires dairy producers 
to participate to be able to market milk. As 
part of the program, a paratuberculosis 
status (A, B, or C) is assigned to each partici¬ 
pating herd, based on the results of regular 
herd screenings. Herd screenings consist of 
individual animal testing of all cattle 3 years 
and older either by serum ELISA or by fecal 
PCR, or by milk ELISA of all milking cows. 
If no seropositive or fecal PCR-positive 
animals are identified, then the herd is cate¬ 
gorized as status A (low risk of infection). 
Herds with one or more seropositive animals 
are categorized as status B, provided positive 
animals are culled within 1 month of testing. 
If positive animals are not removed from the 
herd in a timely manner, then the herd is 
categorized as status C. Follow-up herd 
screenings are required in 2-year intervals 


for herds with status A and in 1-year inter¬ 
vals for herds with status B and C when using 
the milk or serum ELISA. Two-year testing 
intervals apply to herds with status B and C 
when using fecal PCR as a diagnostic test. 
Status C is maintained as long as positive 
animals remain in the herd, and status B is 
maintained until no seropositive animals are 
identified in one of the regular follow-up 
herd screenings. Producers can request to 
have a seropositive result confirmed by fecal 
PCR. The result of the fecal PCR overrules 
the result of the ELISA in milk or blood. 
Serology results are reported as simple 
dichotomous (positive/negative) results 
rather than a quantitative OD or S/P ratio. 
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PARATUBERCULOSIS (JOHNE'S 
DISEASE): SHEEP, GOATS, 
CERVIDS, AND CAMELIDS 


SYNOPSIS 


Etiology Mycobacterium avium subsp. 
paratuberculosis (MAP). 

Epidemiology Transmitted by fecal-oral 
route. Prenatal infection occurs in sheep 
and deer but not confirmed in goats. 

Source of infection is infected dam or 
contaminated pasture. Infection more likely 
soon after birth but age-related resistance 
to infection is not as pronounced as in 
cattle. In sheep and goats the incubation 
period is shorter than for cattle, usually 2-5 
years, but increased stress (nutritional and 
gastrointestinal parasitism) can induce cases 
earlier. High flock and within-flock 
prevalence of infection in sheep in many 
countries. A high prevalence in farmed 
deer in New Zealand and some other 
countries. Deer can be infected with both 
the bovine and ovine stains of MAP, with 
the former being more infective and 
pathogenic. 

Clinical signs 

Sheep Chronic wasting disease of adult 
sheep; diarrhea not a distinct clinical 
finding. Common cause of emaciation in 
ewes, although cases can occur in 10- to 
15-month-old sheep in high-prevalence 
flocks. 

Goats Chronic progressive intractable diarrhea 
and emaciation extending over several 
weeks and months. Generally, a higher 
prevalence in milch compared with fiber 
breeds. 
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Deer Outbreaks of diarrhea, ill-thrift, and 
deaths in young deer (8-15 months) or 
latent infection that causes sporadic cases 
with weight loss and terminal diarrhea in 
older deer. 

Clinical pathology Culture and direct PCR of 
feces. Serologic tests (ELISA, AGID, and CF) 
and bulked fecal culture for flock diagnosis. 
Low serum protein and marked 
hypoalbuminemia in affected animals. 

Lesions Chronic granulomatous enteritis, 
regional lymphangitis, and lymphadenitis in 
sheep and goats; caseous lesions in deer. 

Diagnostic confirmation Presence of gross 
intestinal lesions, culture and PCR of 
organism from tissues and histopathology, 
especially terminal ileum, ileocecal valve 
and lymph node, and mesenteric lymph 
nodes. 

Treatment No treatment of significant value. 

Control Identify and eliminate clinical cases 
and subclinically infected animals. Test flock 
or herd to identify high-prevalence age 
groups and make these a priority for 
culling. Improve management and hygiene 
to minimize spread of infection with 
emphasis on avoiding infection of newborn 
animals. Vaccination of sheep and goats 
prevents clinical disease but not infection 
and fecal shedding. 

Differential diagnosis list 

Diarrhea in adults 

• Gastrointestinal parasitism 

• Bacterial infections: Yersiniosis and 
salmonellosis 

Chronic weight loss in sheep and goats 

• Internal abscesses 

• Caseous lymphadenitis 

• Caprine arthritis-encephalitis 

• Ovine progressive pneumonia 

• Dental disease 

AGID, agar gel immunodiffusion; CF, complement 

fixation; ELISA, enzyme-linked immunosorbent 

assay; PCR, polymerase chain reaction. 


ETIOLOGY 

The causative agent of paratuberculosis in 
ruminants is MAP, a slow growing acid-fast 
aerobic microorganism forming part of 
MAC. Although MAP is an obligate intracel¬ 
lular pathogen requiring a host for replica¬ 
tion, it can survive for longer than 1 year in 
the environment. MAP has been subdivided 
into two main lineages designated as the slow 
growing type I (or S for sheep) and the faster 
growing type II (or C for cattle) according to 
the species from where these lineages were 
first isolated. Type I strains appear to have a 
strong host preference for sheep and are 
more virulent for this species, whereas type 
II strains are more commonly isolated from 
cattle and a range of other species. Genome 
sequencing has confirmed that an intermedi¬ 
ate or type III strain is a subtype of the S 
strain. 1 


Molecular studies of MAP have identified 
a high degree of genetic similarity within the 
bovine isolates, regardless of geographic 
origin, indicating that only a few closely 
related clones may be responsible for wide¬ 
spread infection in cattle, other ruminants, 
and possibly wildlife. There is a higher degree 
of genetic heterogeneity among MAP iso¬ 
lates recovered from ovine sources. C strain 
more readily infects sheep, goats, and deer, 
whereas sheep strains tend to be more spe¬ 
cific and are less commonly isolated from 
other species. 2,3 However, cograzing of sheep 
and beef cattle means that the S strain is 
being isolated more often from beef cattle, 
whereas dairy cattle be infected predomi¬ 
nantly with the C strain. 4 

EPIDEMIOLOGY 

Occurrence, Morbidity, and Mortality 
Sheep and Goats 

Paratuberculosis occurs worldwide and is 
of major importance in sheep in temperate 
climates and some humid, tropical areas. 
The prevalence is greatest in animals kept 
intensively under climatic and husbandry 
conditions, which are conducive to the 
spread of infection. 

The history of ovine Johne’s disease (OJD) 
in Iceland is an example of the spread of 
this disease from a point source. Briefly, 20 
apparently healthy Karakul stud rams were 
imported from Germany in 1933. After 2 
months’ quarantine they were distributed to 
14 farms, and the first clinical case of OJD 
was diagnosed in 1938. Gradually, infection 
spread from five originally infected farms 
and, after 18 years, 20% to 30% of the farms in 
the main sheep breeding areas were infected. 
The annual morbidity of sheep during the 
epidemic averaged 8% to 9% in affected areas, 
and was up to 40% on individual farms. 

In New Zealand, OJD was first reported 
in the South Island in 1952, and by 1970 
more than 150 farms were confirmed as 
infected. It was detected in the North Island 
in 1972, and by 1979 284 farms were known 
to be infected. More recent estimates of prev¬ 
alence are 76% of sheep flocks (95% confi¬ 
dence interval [Cl] 70%—81%) and 46% of 
deer herds (95% Cl 38%-55%). 5 In Australia, 
OJD was first confirmed in 1980 and by 1999 
had spread to most states. It is presumed that 
infection originated from sheep imported 
from New Zealand in the 1970s, and it is 
estimated that at least 40% of flocks are now 
infected in some areas. 6 In South Africa, the 
disease was unknown until an infected 
Merino ram was imported in 1967 and it 
then spread among sheep farms in the 
Western Cape and Eastern Cape provinces in 
the 1990s. Infection is also confirmed in 
South America, North America, and Europe 
in which 74% of 38 dairy sheep flocks in the 
Marche region of Italy tested positive to a 
commercial ELISA for Johnes disease. 7 

Clinical signs are progressive emaciation, 
with intermittent diarrhea in some sheep. 













566 


Chapter 8 


Diseases of the Alimentary Tract-Ruminant 


Sheep are easily infected experimentally, 
with doses from 10 4 to 10 7 viable bacteria 
reliablyinducing infections in 12- to 16-week- 
old Merino lambs. Infected animals can 
excrete large numbers of the organism, up to 
10 7 to 10 9 per gram of feces, but some can 
spontaneously recover from infection. 8 

Mortalities can vary considerably 
between farms, but OJD can cause significant 
financial losses. For example, in an Austra¬ 
lian study the disease was associated with 
mortality rates from 2.1% to 17.5% and a 
decrease in farm gross margin of from 2.2% 
to 15.4%. 6 On average, these losses were esti¬ 
mated to cost affected farms at least $13,700 
US$10,500 per year. In Cyprus, where sheep 
are farmed semi-intensively for milk to 
produce cheese, ewe mortalities can be as 
high as 4% per year. The disease is being 
recognized with increased frequency in goats 
and can cause large losses. In Australia, 
Johne’s disease occurs in dairy goat breeds 
with endemic foci of infection in southeast¬ 
ern Australian states. 9 

Deer, Camelids, and Exotic Species 

MAP has a broad host range, with deer, 
alpacas, llamas, camels, and captive and free- 
living wild ruminants, including bighorn 
sheep, Rocky Mountain goats, aoudads, 
mouflon sheep, reindeer, antelope, and yaks 
being susceptible. A high prevalence was 
detected in farmed alpacas in Australia in the 
1990s, but a concerted control program has 
virtually eliminated this disease from Aus¬ 
tralian alpaca flocks. 10 

Outbreaks of Johne’s disease have 
occurred in farmed red deer, and the inci¬ 
dence is increasing in some regions. For 
example, Johnes disease was recognized in 
farmed deer in New Zealand in the 1980s 
and by 2000, the disease had been diagnosed 
in 299 herds, or 6% of the commercial deer 
herds in New Zealand. Over 90% of these 
farms were identified from lesions in mesen¬ 
teric and ileocecal lymph nodes at meat 
inspection, whereas only 6% were detected 
through the presence of clinically affected 
animals. The disease is now regarded as 
endemic in farmed deer in New Zealand 
(46% of herds) and has also been detected in 
farmed red deer in the UK, Belgium, Flolland, 
and the Czech Republic. Young deer infected 
with MAP can develop disease within 5 to 7 
months, with outbreaks affecting up to 20%, 
or can remain latent for many years. 3,11 Thus 
many infected deer will be culled before they 
show any clinical signs. 

The epidemiologic implications of deer, 
cattle, and wildlife comingling on the same 
pasture are not fully known, but the rate of 
infection can be similar in both domestic 
species and so each can be a source of 
C-strain MAP for the other. 

Prevalence and Source of Infection 

The prevalence of Johne’s disease infection in 
flocks or herds within a region is difficult to 


estimate because of the relative insensitivity 
of screening tests, uncertainty of antemor¬ 
tem diagnosis, and the failure to report 
cases unless a specific survey or eradication 
program is undertaken. 

Sheep 

OJD was first diagnosed in in Australia in 
central New South Wales in 1980. The disease 
has a highly clustered distribution indicating 
spread between neighboring properties and 
by sheep trading. In 2000, surveys found 
that the 95% probability limits for flock 
prevalence in low-, moderate-, and high- 
prevalence regions in New South Wales were 
0.04% to 1.5%, 8% to 15%, and 29% to 39%, 
respectively, whereas all other states had an 
upper 97.5% probability limit of 1% or less. 
Based on these estimates, from 6% to 10% of 
flocks in New South Wales and 2.4% to 4.4% 
of flocks Australia-wide were estimated to be 
infected. Over 80% of affected flocks were 
located in a relatively small geographic area of 
New South Wales, whereas Queensland and 
Western Australia had a flock prevalence of 
less than 1%. Subsequently, a review of the 
OJD control strategy from 2007 to 2012 found 
that although the transmission of infection 
from some low-prevalence areas had been 
restricted, the disease had spread widely, and 
many areas that were classified as having a low 
prevalence in 2000 now had a medium or 
high prevalence of infected flocks. 12 

Methods of Transmission 

Spread of the organism from farm to farm is 
usually caused by trading of livestock, which 
are unknown infected carriers and shedders 
of the organism. This results in clusters of 
infected flocks. Lateral spread between 
flocks, through contact between infected and 
uninfected sheep in common areas such as 
yards or roads, or the movement of feces 
across boundary fences, can then occur. 

Intrauterine infection has been con¬ 
firmed in sheep and deer, but most infection 
with MAP occurs by the fecal-oral route. 
This can occur by neonates suckling from an 
infected dam via contaminated teats or 
ingestion of fecally contaminated pasture. 

Sheep 

Clinically affected sheep excrete a large 
number of organisms, often over 10 9 viable 
MAP per gram of feces. Thus the output of 1 
to 2 kg of feces from a single clinical animal 
over 1 day is sufficient to infect many 
animals, with an infective dose of S-strain 
MAP being as low as 10 4 organisms. 13 

Ovine trichostrongylid larvae ( Haemon- 
chus contortus, O. circumcincta, T. colubrifor- 
mis ) may become contaminated with MAP 
and may play a role in the transmission of 
the organism, although this is likely to be far 
less important than direct exposure to 
pasture contaminated with infected feces. 
Fetal infection can occur, with a much higher 
proportion of infected fetuses identified 


from clinically affected ewes (83%) com¬ 
pared with 1.6% from subclinically affected 
and none from uninfected ewes. 

Deer 

Deer can be infected with either the cattle or 
sheep strain of MAP, but the cattle strain 
appears to be of higher infectivity. 3,14 In New 
Zealand and elsewhere deer are cograzed 
with both sheep and cattle. However, model¬ 
ing of the dynamics of Johne’s disease in 
farmed deer found that if mixed strains of 
MAP were present, a reduction in infectivity 
of 30% would be sufficient for a dominant 
strain to outcompete a less infective one. This 
suggests that mixed infections with C and S 
strains of Map in a deer herd might not be 
common, because the C strain would become 
dominant. 111 ’ 

Risk Factors 

Sheep and Management 

A relative resistance to infection with 
increasing age is a feature of Johne’s disease 
in cattle but is less pronounced with OJD. For 
example, experimental infection with a high 
dose of MAP induced lesions in both lambs 
and adult ewes; however, the were restricted 
to focal granulomas within lymphoid tissue 
in the ewes, whereas they progressed to more 
widespread lesions in the lambs. 16 

In Australia and New Zealand, fine wool 
Merino sheep have a higher mortality from 
OJD than other sheep breeds. Within large 
wool-producing flocks wethers often have a 
higher prevalence of infection. This is prob¬ 
ably related to higher stocking rates for this 
class of animal and poorer nutrition, both 
quality and amount of pasture, relative to the 
ewe portion of the flock. 17 Poorly controlled 
infections with internal parasites and under¬ 
nutrition are both associated with an 
increased prevalence of infection and clinical 
disease. For example, in a cross-sectional 
study of 92 Merino flocks in southeastern 
Australia, key risk factors associated with a 
higher prevalence of OJD included sheep 
whose dams had been in low body condition 
at lambing time, sheep that had experienced 
a longer period of growth retardation during 
their lifetime, and high stocking rates. 1 ' In 
this study vaccinating for more than 2 years 
was associated with a significantly lower 
prevalence of MAP infection. 

Flocks shorn in winter and farms with a 
high percentage of improved pastures con¬ 
taining subterranean clover (the latter typi¬ 
cally associated with higher stocking rates) 
were also associated with a higher prevalence 
of OJD in flocks in southeastern Australia. 
Exposure of young sheep to a high level of 
pasture contamination with MAP was iden¬ 
tified as a risk factor for a higher prevalence 
of severe OJD lesions and mortalities in 
this area. 18 

Consistent with these observations, prac¬ 
tices associated with intensive management, 
such as a high proportion of introduced 





sheep, or multiple or foreign breeds, have 
been identified as risk factors for OJD in in 
Spanish flocks. 

Deer 

The risk factors in outbreaks of Johne’s 
disease in deer have not been investigated in 
any detail. However, it is likely that they are 
similar to other species, namely age at expo¬ 
sure, size of infective dose, the innate 
immune response of the animal, and envi¬ 
ronmental factors. 3 

Environmental Risk Factors 
Soil Characteristics 

An association between high prevalence of 
MAP infection in ruminants and soil type 
has been recognized, and the literature on the 
possible links between the clinical expression 
of paratuberculosis and deficiency of macro¬ 
nutrients and micronutrients has been 
reviewed. 19 The evidence implicates regional 
soil acidification (low pH), excesses of iron 
and molybdenum, and marginal deficiencies 
in copper and selenium in a higher preva¬ 
lence of Johne’s disease. In Australia, mortal¬ 
ity from OJD was higher on farms with light 
sandy soils, consistent with studies in dairy 
cattle in Spain. In contrast, a later study of 92 
Merino flocks in southeastern Australia 
found a positive association between higher 
organic carbon, clay, and iron content, 
whereas there was a lower prevalence of OJD 
on farms with sandy soils. 20 It was suggested 
that MAP may adhere more closely to the 
smaller clay particles, compared with larger 
sand particles, and thus be retained in greater 
numbers for a longer period in clay soils. The 
association between low soil pH and occur¬ 
rence of OJD was inconclusive, although 
most farms had relatively acidic soil and a 
narrow range of soil pH compared with other 
studies. 20 MAP requires iron for survival and 
replication, but is relatively inefficient at che¬ 
lating this element compared with many 
other bacteria. Thus an increased concentra¬ 
tion of iron is hypothesized to increase the 
survival of MAP in soil. The solubility of iron 
also increases with decreased pH, hence, the 
frequent association of increased prevalence 
of Johne’s disease in acidic compared with 
alkaline soils. 

Pathogen Risk Factors 

MAP is an obligate pathogen and parasite of 
animals, and in theory it can be eradicated 
by removal of all infected animals. However, 
the organism can survive for long periods 
outside the host, enabling it to persist and 
spread in a grassland environment and with¬ 
stand a periodic lack of suitable hosts. 

Survival and Dormancy of Organism 
in the Environment 
Both S and C strains of MAP can be extremely 
persistent in nature, with survival for more 
than 1 year. Studies of the survival of S-strain 
MAP in eastern Australia indicate that when 


Bacterial Diseases of the Ruminant Alimentary Tract 


567 


the organism in feces becomes mixed with 
soil, there is a reduction of 90% to 99% in the 
apparent viable count of the organism. 21 This 
is thought to be caused by binding of bacteria 
to soil particles, which are excluded from 
culture by sedimentation during sample 
preparation. Survival of the organism in 
sheep fecal material applied to soil was great¬ 
est in a fully shaded environment (55 weeks) 
and was least where fecal material and soil 
were fully exposed to weather and where 
vegetation was also removed. The organism 
survived for up to 24 weeks on grass that 
germinated through infected fecal material 
applied to the soil surface in completely 
shaded boxes and for up to 9 weeks on grass 
placed in 70% shade. 

Dormancy of the organism appears to be 
a feature in the Australian environment, 
with the dormancy characteristics related to 
genetic elements of MAP that are also present 
in other mycobacteria. However, survival is 
finite and significant pasture decontamina¬ 
tion can occur within a relatively short 
period. This reduces exposure to the organ¬ 
ism and the prevalence of disease. 21 Pasture 
decontamination can be hastened by pasture 
management, such as selective grazing with 
less susceptible hosts or mechanical slashing 
to decrease shade. 

The organism persists without multipli¬ 
cation in pasture for long periods, and such 
pastures are infective for up to 1 year. The 
organism is relatively susceptible to sunlight 
and drying, to a high calcium content, and 
to high pH of the soil. Continuous contact 
with urine and feces reduces the longevity of 
the bacteria, but the organism can survive for 
98 to 287 days in tanks, depending on the 
composition and alkalinity of the slurry. 
The alkalinity of the soil may also influence 
the severity of the clinical signs. 

Zoonotic Implications 

MAP is potentially of public health signifi¬ 
cance because, although there is no evidence 
of a causal relationship between it and 
Crohn’s disease in humans, there is a growing 
literature on the possible association between 
MAP and Crohn’s disease. 22 This is addressed 
in more detail in the section on Johne’s 
disease of cattle, but more than 500 scientific 
papers made reference to this topic from 
1972 to March 2014, averaging around 3.5 
papers per month since 2009. 23 

The organism has been found in raw goat 
milk in Norway and conditions in cheese 
production have little effect on the viability 
of MAP, with viable bacteria found in hard 
and semihard cheese 12 days after produc¬ 
tion. Therefore consumption of cheese man¬ 
ufactured from raw goat milk sourced from 
herds infected with Johne’s disease might 
lead to human exposure to MAP. 

PATHOGENESIS 

Following oral ingestion, the organism local¬ 
izes in the mucosa of the small intestine, its 


associated lymph nodes and, to a lesser 
extent, in the tonsils and suprapharyngeal 
lymph nodes. The primary site of bacterial 
multiplication is the terminal part of the 
small intestine and the large intestine. At 
least three different groups of animals can 
occur depending on the host-bacteria rela¬ 
tionship that becomes established. In the first 
group, animals develop resistance quickly, 
control the infection, and do not become 
shedders (infected resistant). In the second 
group, the infection is not completely con¬ 
trolled; some animals will partially control 
the infection and will shed the organism 
intermittently, others will become interme¬ 
diate cases that are incubating the disease 
and will be heavy shedders of the organism. 
In the third group the organism persists in 
the intestinal mucosa, and from these 
animals the clinical cases develop. 

The organism is phagocytized by macro¬ 
phages, which in turn proliferate in large 
numbers and infiltrate the intestinal submu¬ 
cosa. This results in decreased absorption, 
chronic diarrhea, and resulting malabsorp¬ 
tion. There is a reduction in protein absorp¬ 
tion and leakage of protein into the lumen of 
the jejunum. In sheep, a compensatory 
increase in protein production in the liver 
masks the protein loss, so clinical signs of 
muscle wasting appear only when this com¬ 
pensatory mechanism fails. Within the mac¬ 
rophages, the bacteria remain viable and 
protected from humoral factors. 

Immune Response 

The first line of defense against invading 
MAP in the ruminant intestine involves M 
cells (special epithelial cells associated with 
ileal Peyer’s patches and lymphoid follicles 
that actively take up particulate matter from 
the intestinal contents) and phagocytic mac¬ 
rophages. In early stages of infection, the 
organism is found in phagocytic macro¬ 
phages in the intestine. Once inside the 
phagosome of an infected macrophage, the 
organism interferes with the normal course 
of phagosome maturation into phagolyso¬ 
some, escaping destruction. The infection of 
inactivated macrophages within the intestine 
is the first step in establishing persistent 
infection and the subsequent development of 
disease. The host immune system begins a 
series of attacks against MAP-infected mac¬ 
rophages, initially involving CD4+ T cells, 
the production of IFN-y, and cytolytic CD8+ 
cells (a Thl response). These cells interact 
with the PI macrophage and each other 
through a complex network of cytokines 
and receptors. Despite this response, MAP 
organisms persist and the immune reaction 
injures the intestinal epithelial cells. 

During the early subclinical stages of 
infection, the organism elicits a cell-mediated 
response by the host, characterized by strong 
delayed-type IV hypersensitivity reactions, 
lymphocyte proliferation, and production of 
cytokines by stimulated T lymphocytes. As 
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the disease progresses from subclinical to 
clinical, the cell-mediated immune response 
wanes and a strong humoral response (IgGl 
isotype) becomes dominant. This process is 
not well understood, but competition for 
antigen between these Thl and Th2 responses 
probably contributes to this switching. 24 
AThl response is needed to keep the infec¬ 
tion under control, and antibody against 
MAP does not protect the host against 
disease. During the final stages of disease, 
lack of antigen-specific cell-mediated 
immune response or complete anergy may 
result, allowing for rapid dissemination of 
the infection throughout the host. 

There appears to be an immune spec¬ 
trum, and no serologic or cellular immunity 
test will identify all animals in the spectrum. 
There are infected-resistant animals that 
control their infection but are unable to com¬ 
pletely eliminate the organism. These animals 
do not react in antibody assays, only rarely 
or never shed organisms, and respond to the 
lymphocyte transformation test because 
their circulating lymphocytes are sensitized. 
In the intermediate stage, the animal fails to 
control the infection, antibodies appear in 
the serum, and organisms are shed in the 
feces. In the stage of clinical disease, the 
organisms are shed in the feces and the anti¬ 
body responses and skin tests are variable. 

Development of Lesions 

In sheep with OJD two distinct histologic 
types of granulomatous enteritis occur, with 
a significant relationship between the infil¬ 
trating cell type and the degree of intestinal 
mycobacterial infection. At the two ends of 
the spectrum of lesions are these two widely 
differing forms: 

• Tuberculoid extreme with a strong 
cell-mediated immune response and 
lesions consisting of small granulomata 
composed of epithelioid cells 
surrounded by many lymphocytes and 
with few or no bacilli in the lesions 

• Lepromatous extreme with a strong 
humoral immune response and lesions 
composed of accumulations of 
macrophages containing large numbers 
of mycobacteria 

Between these extremes are “borderline 
forms,” which tend to be associated with the 
most severe clinical disease. Most sheep with 
Johne’s disease have the multibacillary lesion 
(lepromatous) with extensive diffuse macro¬ 
phage infiltrate within the intestinal mucosa 
and submucosa. In the paucibacillary lesion 
(tuberculoid) there is a marked lymphocytic 
and giant cell infiltration of the intestine. In 
sheep, the local release of macrophage and 
other lymphocyte-derived cytokines may 
influence the type of inflammatory and 
immune response that develops during 
infection. It is proposed that the elevated 
production of cytokines, such as IL-10, may 
suppress Thl and encourage a Th2-type 
response. 25 This, along with a failure to clear 


a heavy burden of bacteria, may be one factor 
in the development of chronic inflammatory 
lesions. 

In experimental infections of non-Merino 
sheep with S-strain MAP, clear differences 
were found in the cell-mediated immune 
response and outcome of infection according 
to age (1-month-old lambs compared with 
mature ewes) and the dose of MAP given 
(1.6 X 10 s CFU compared with 4 X 10 3 
CFU). 16 Lambs given a higher dose devel¬ 
oped progressive and widespread intestinal 
lesions whereas, in ewes given a higher dose, 
lesions were smaller and confined to lym¬ 
phoid tissue. Ewes given the low dose were 
PCR positive after infection, but no micro¬ 
scopic lesions were detected and tissues were 
culture negative at 110 and 220 days. 

As infection progresses, the bacteria are 
carried by macrophages to other sites, par¬ 
ticularly the uterus, the fetus, and the 
mammary gland. Vaccination against Johne’s 
disease does not prevent infection or shed¬ 
ding of MAP in sheep, but it restricts the 
cellular response to the intestinal wall and 
thus prevents the onset of clinical disease. 26 
Disease progression is associated with 
immune dysfunction, and although the exact 
mechanisms are not fully understood many 
differences have been described. A Thl cell- 
mediated response, with secretion of IFN-y, 
is predominant soon after exposure to MAP. 
If infection progresses to multibacillary 
lesions, this alters to a Th2 response, with 
increased expression of IL-4 and IL-10, 
whereas in sheep with paucibacillary lesions 
the Thl response tends to remain predomi¬ 
nant. However, the immune response is 
complex and not “all or none,” with a mix of 
cell-mediated and antibody responses occur¬ 
ring. Changes described in the ileal and 
jejunal lymph node cells of sheep exposed to 
MAP, but with no or paucibacillary lesions, 
include increased secretion of tumor necro¬ 
sis factor (TNF)-a, increased IL-10 (which 
suppresses Thl and enhances Th2 cytokine 
production), decreased IL-18, and increased 
expression of toll-like receptor V 25227,28 Lon¬ 
gitudinal studies of experimental infections 
suggest that antigen-mediated lymphocyte 
apoptosis may contribute to the immune 
dysfunction that occurs in Johne’s disease. 29 

CLINICAL FINDINGS 
Sheep and Goats 

In sheep and goats the disease is manifested 
principally by emaciation, with a marked 
difference in condition between affected 
animals and their nonaffected cohorts. In 
sheep the abrupt cessation of wool growth 
can cause decreased staple strength or shed¬ 
ding of wool. Diarrhea is not as severe or as 
common as in cattle, but the feces may be 
soft enough to lose their usual pelleted form. 
Affected sheep may be partially anorexic and 
lose weight for 6 to 12 months before they 
die. 10 Their feces usually appear normal until 
the terminal stages of the disease when they 


may become soft and pasty. Depression and 
dyspnea are evident in goats but are less 
obvious in sheep. 

Other Species (Deer, Camelids, 
and Bison) 

In deer, Johne’s disease is unusual in that it 
can present as outbreaks of acute disease in 
young animals, with loss of BW, diarrhea, 
and deaths as young as 8 months of age, or 
sporadic cases in adults. C-strain MAP is 
more pathogenic, but the S strain can also 
cause disease. 3 

Similarly, in alpaca (Lama pacos) and 
lama ( L. glama ) weight loss, emaciation and 
diarrhea are reported in both young (8-14 
months) and older animals. Some infected 
animals may show no clinical signs of Johne’s 
disease but are positive on fecal culture or 
serologic testing. Many cases have grossly 
enlarged mesenteric lymph nodes, which can 
be confused with lymphosarcoma, and fre¬ 
quently widespread mycobacterial infection 
in organs other than the intestine. 

In American bison (Bison bison ) the clini¬ 
cal signs and lesions are similar to those in 
cattle, with gross lesions in the distal small 
intestine and enlarged mesenteric lymph 
nodes. 

CLINICAL PATHOLOGY 

In an infected flock or herd, animals can be 
in one of the following four groups: 

• Clinical disease and be shedding the 
organism, usually in large numbers 

• Subclinical infection and be shedding 
the organism, often intermittently and 
in intermediate numbers 

• Infected, but neither ill nor shedding 
enough bacteria to be positive on fecal 
culture (infected resistant) 

• Not infected 

To control the disease, diagnostic tests 
must identify the first (heavy shedders) and 
second (intermediate) groups. Diagnosis in 
the live animal is hindered by the paradoxi¬ 
cal immune response during various stages 
of the disease. Subclinical infection is char¬ 
acterized by a strong cell-mediated but 
negligible antibody response, reducing 
the usefulness of serologic tests at this stage. 
In contrast, clinical disease is characterized 
by a strong humoral immune response and a 
weak cell-mediated response. During clinical 
disease, high numbers of MAP are shed in 
the feces, so a definitive test is culture of the 
organism from feces. 

Diagnostic Tests 

Culture or Detection of Organism 
Bacteriologic Examination. Several proce¬ 
dures are used to improve the sensitivity of 
detecting MAP by culture, including 
decontamination and concentration of the 
organism from specimens. Conventional 
MAP culture consists of decontaminating 
the specimen, concentrating the organisms, 
and inoculating a growth medium. A 





molecular-based confirmatory test, such as 
PCR, to detect the MAP marker sequence 
IS900 is typically used to confirm positive 
specimens after 6 to 12 weeks incubation. 
The main criteria for differentiating M. para- 
tuberculosis from other mycobacteria are its 
slow growth and dependence on mycobactin 
for growth. 

Fecal culture using a radiometric tech¬ 
nique is more sensitive and less expensive 
compared with conventional fecal culture 
and DNA probes, but a confirmatory test 
such as IS900 PCR is still required on posi¬ 
tive specimens. The most commonly used 
radiometric technique was the automated 
BACTEC system, which was faster and had 
slightly higher sensitivity than conventional 
culture. However, the liquid modified 
BACTEC 12B medium is being phased out 
because it requires radioisotopes. 

Pooled Fecal Samples and Culture. The 

culture of pooled fecal samples from 50 
sheep or 25 goats of a similar age in a flock 
or herd is a cost-effective means of determin¬ 
ing the infection status of a flock or herd. 
Pooling samples reduces the number of fecal 
cultures necessary to determine infection, 
reducing laboratory costs. It is a more highly 
sensitive and specific flock test for detection 
of OJD compared with serology using the 
AGID test. The estimated minimum flock 
specificity of pooled culture when used for 
surveillance and assurance testing is 99.1%. 
Surveillance and assurance programs in Aus¬ 
tralia are designed to provide a flock sensitiv¬ 
ity of 95% at an assumed prevalence of 2% at 
a much lower cost (around 30% of that for 
serologic testing). Pooling of samples is pos¬ 
sible because of the large numbers of MAP 
present in the feces of sheep with multibacil- 
lary disease, estimated to be 1.1 x 10 8 organ¬ 
isms per gram of feces. As the analytical 
sensitivity of similar culture methods has 
been estimated to 100 CFU/g of feces, the 
pooling rate can be large. 

Microscopic examination of Ziehl- 
Neelsen stained smears of feces for the pres¬ 
ence of typical clumps of acid-fast bacteria 
has been an attractive alternative to fecal 
culture because the results are available 
within an hour, compared with 2 to 3 months 
for culture. However, the sensitivity and 
specificity is low except in advanced clinical 
cases. It may also be difficult to distinguish 
MAP from other acid-fast organisms that are 
often present in feces, and with animals that 
are intermittent shedders it may be necessary 
to examine smears on several occasions to 
obtain a positive result. 

Genetic Probe. A genetic element unique to 
MAP is an insertion sequence designated as 
IS900. Genetic probes for the detection of 
IS900 in clinical samples such as feces are 
available as commercial kits using the PCR. 
Other mycobacterial species contain IS900- 
like elements in low copy numbers (M. 
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cookii, M. scrofulaceum, and M. marinum ), 
although these are not reported in Johne’s 
disease and, if necessary, can be distin¬ 
guished by amplicon sequencing. The advan¬ 
tage of PCR is the speed of reporting (hours 
or days) and high specificity and ability to 
detect low amounts of DNA. For example, a 
real-time (RT)-PCR was able to detect a 
single copy of MAP IS900 from a range of 
tissues of cattle and sheep infected with 
MAP, including ileum, liver, and muscle. 31 
One disadvantage is that molecular tests 
detect both living and dead organisms, so a 
positive result is possible from an animal that 
has ingested and is shedding MAP, but is not 
truly infected. Validation of molecular tests 
to detect MAP has also been lacking, plus 
fecal samples are a challenge because of the 
presence PCR inhibitors and a large amount 
of nonspecific DNA from other fecal micro¬ 
organisms and the host. 

Subsequently, a direct quantitative PCR 
(qPCR) for the detection of MAP in ovine 
feces was shown to have a sensitivity and 
specificity similar to BACTEC culture, 
although it was laborious and unsuited for 
commercial application. 32 This led to the 
development of a high-throughput direct 
fecal PCR, which is highly specific. This test, 
known as the high-throughput-Johne’s 
(HT-J) test, has been validated in sheep and 
cattle and approved for use as a herd/flock 
test in Johnes disease control programs in 
Australia and New Zealand. 35 The HT-J test 
detected only MAP compared with 51 other 
mycobacterial isolates, including those with 
IS900 type sequences, and 99% of samples 
from unexposed cattle herds and sheep flocks 
were negative (458 of 460 samples from 8 
unexposed cattle herds, 88 of 89 samples 
from 1 unexposed sheep flock). It was also 
reasonably sensitive compared with BACTEC 
culture at the recommended positive/ 
negative cut points (0.001 pg MAP DNA), 
detecting 67 of 111 samples positive on 
culture in exposed cattle (60.4%) and 93 of 
117 samples positive on culture in exposed 
sheep (83.8%). Almost all samples with a 
high level of MAP DNA were culture positive 
(97%), whereas only 25% of samples with a 
low level of DNA were culture positive. Thus 
scope exists to vary the cut points for the test, 
depending on the purpose of testing. 
However, the HT-J test detects a subset of 
infected animals that overlaps with, but is not 
identical to, those detected by fecal culture. 33 

Biopsy. Surgical biopsy of the terminal 
ileum and mesenteric lymph node of sheep 
for detection of MAP has been described, 
with histologic examination and bacterio- 
logic culture being highly specific and sensi¬ 
tive. 8 Similarly, histopathology of liver biopsy 
samples had a sensitivity of 96% and 100% 
specificity for detection of types 3b and 3c 
ileal lesions in aged ewes. 34 Early detection of 
animals is one advantage with these tech¬ 
niques. However, the time taken and costs 


are major disadvantages, so use of biopsy will 
be restricted to special circumstances, such 
as valuable pedigreed animals. 

Serologic Tests 

Serologic tests are usually cheaper and more 
rapid than fecal culture. Those used in cattle 
are applicable to sheep and goats, but diag¬ 
nosis, particularly in individual sheep, is 
more difficult. The commonly used serologic 
tests are the CF test, AGID test, and a number 
of commercial ELISAs. In cattle the CF test 
has published estimates for sensitivity as 
high as 90% for clinical cases, but much 
lower for subclinical infections, from 11% to 
54%. This test is too unreliable for routine 
use in sheep, because of even poorer sensitiv¬ 
ity and specificity, hence, an unacceptably 
high number of false-positive reactions. 
Despite this, some countries still require a 
Johnes CF test before the importation of 
sheep and cattle, often in combination with 
intradermal johnin testing or fecal culture. 

The sensitivity and specificity of ELISA 
are similar to those in cattle, although cross¬ 
reactions to C. pseudotuberculosis occur, so 
absorbing sera with those heat-treated 
organisms does give improved results. In 
Australia, in a population of sheep with a 
high prevalence of subclinical infection, the 
sensitivity of an absorbed ELISA was 34% to 
54% compared with 38% to 56% for the 
AGID test. The AGID was much better at 
detecting infected sheep in low body condi¬ 
tion than the ELISA, but the latter was supe¬ 
rior in detecting infected sheep with localized 
lesions or those with small numbers of MAP. 
These tests have also been evaluated and 
compared in adult sheep culled from severely 
affected flocks, with sensitivity and specific¬ 
ity evaluated using histopathologic findings 
as a reference. The sensitivity and specificity 
of the AGID was 37% and 100%, respectively, 
whereas the sensitivity of the ELISA was 
48%, but its specificity was only 89%. 

As discussed previously, in sheep a spec¬ 
trum of infection is defined by two widely 
differing forms of the disease: a tuberculoid 
form, with strong cell-mediated immune 
response and lesions characterized by small 
granulomata composed of a few epithelioid 
cells surrounded by a large number of lym¬ 
phocytes, and with no or few bacilli in the 
lesions; and a lepromatous form, with a 
strong humoral immune response accompa¬ 
nied by lesions with macrophages full of 
mycobacteria. The sensitivities of ELISA and 
the AGID test in sheep with lepromatous 
lesions were 86% and 100%, respectively, but 
only 10% to 50% and 30% in sheep with 
tuberculoid lesions. Thus there is a close cor¬ 
relation between serologic response to AGID 
and the presence of acid-fast bacilli in the 
intestinal tissues, and the diagnosis of tuber¬ 
culoid cases remains difficult. 

Nevertheless, the AGID is rapid, inex¬ 
pensive, easily available, and technically 
easy to perform. Thus it is useful for 
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flock-screening programs to identify infected 
age groups of sheep, especially those with 
advanced OJD lesions and shedding the 
greatest number of organisms. In goats, the 
specificity of the AGID and absorbed ELISA 
tests in an Australian study was 100% and 
99.8%, respectively, with the ELISA preferred 
because of its higher sensitivity. 

Tests of Immunity 

In vivo tests of cell-mediated immunity 
included the skin and intravenous johnin 
tests, but these are no longer used in control 
programs because of inadequate sensitivity 
and specificity. An indirect estimate of cell- 
mediated immunity is the assay of specific 
cytokines, but none are available for routine 
use in sheep or goats. 

Serum Biochemistry 
Sheep with clinical Johnes disease have 
decreased serum concentrations of calcium, 
total serum proteins, and serum albumin 
compared with controls. Serum protein con¬ 
centrations range from 5 to 49 g/L, com¬ 
pared with controls at 68 g/L, whereas serum 
albumin concentrations range from 14 to 
19 g/L with controls at 29 g/L. Sheep with 
lepromatous lesions have more severe deple¬ 
tion of calcium and protein than tuberculoid 
cases. 

Deer 

Fecal culture, qPCR, and serologic tests, 
including the CF test, AGID, and ELISA, 
have been used in deer. An IgGl ELISA 
developed specifically for the serodiagnosis 
of Johnes disease in farmed deer had a speci¬ 
ficity of 99.5% and a sensitivity of up to 
91%. 35 Sensitivity was estimated using 102 
infected animals from 10 deer herds, whereas 
specificity was determined using 508 unin¬ 
fected animals from 5 herds without disease. 
Histologic lesions were detected in 80% of 
the seropositive deer. The test was less sensi¬ 
tive in animals that were culture positive for 
MAP but had no detectable pathology (75%) 
compared with those with JD lesions (>90%). 
The use of a deer-specific ELISA (Paralisa) in 
a deer herd, followed by fecal qPCR on posi¬ 
tive samples, has been proposed as a cost- 
effective way of detecting and culling deer 
that are shedding MAP. 36 

NECROPSY FINDINGS 
Sheep and Goats 

On necropsy emaciation and subcutaneous 
edema are usually present, but gross nec¬ 
ropsy lesions are often minimal despite 
severe clinical signs. In sheep there may be a 
deep yellow pigmentation of the intestinal 
wall and of the cortex of the draining lymph 
nodes. The intestinal wall may be thickened, 
although corrugation of the mucosa is not 
always obvious. Serosal lymphatics are often 
very prominent (“lymphatic cording”), and 
caseation and mineralization of the lymph 
nodes or enteric tubercles may occur. The 


pattern of lesions seen in cases of OJD may 
be classified into two major types, and 
detailed descriptions of these histopatho¬ 
logic changes are available. 

Bacteremia occurs with MAP infection, 
so granulomatous lesions are sometimes 
identified in filtering organs such as the liver, 
lung, and spleen. No lesions occur in an 
infected fetus, but the organism can be iso¬ 
lated from its viscera and from the placenta 
and uterus. Traditionally, the most accurate 
postmortem tests for detecting MAP have 
been a combination of histopathologic 
examination and bacteriologic culture. PCR 
techniques may offer a higher level of sensi¬ 
tivity, but they do not discriminate between 
infection and the passive presence of MAP 
DNA. For most clinical cases of OJD, the 
demonstration of acid-fast bacilli within 
typical lesions is sufficient to confirm the 
diagnosis at necropsy. M. paratuberculosis 
can be detected in tissue sections from 
formalin-fixed, paraffin-embedded blocks 
with a PCR using IS900 sequence primers. 
This is more sensitive than acid-fast and 
immunohistochemical (IHC) staining. 

In adult goats with clinical and subclini- 
cal paratuberculosis, the lesions have been 
divided into four categories: (1) focal lesions 
with small granulomata in the ileocecal 
Peyers patches or related lamina propria; (2) 
diffuse multibacillary lesions with granulo¬ 
matous enteritis at different intestinal sites 
(numerous macrophages containing many 
mycobacteria are usually present, resulting 
in macroscopic changes in the normal gut 
morphology); (3) diffuse lymphocytic 
lesions, in which the lymphocyte was the 
main inflammatory cell, with some macro¬ 
phages; (4) diffuse mixed lesions, in which 
the infiltrate consisted of numerous lympho¬ 
cytes and macrophages, with small numbers 
of mycobacteria. The three types of diffuse 
lesions are often associated with necrosis in 
the lymph vessels of the mucosa, mesentery, 
and lymph nodes, and with greater thicken¬ 
ing of the jejunum than of the ileum. 

Experimental subclinical infection of 
goat kids with MAP at several weeks of age 
and killed 2 years later results in lesions pre¬ 
dominantly associated with intestinal seg¬ 
ments containing persistent organized 
lymphoid tissue, with the distal jejunum, and 
proximal ileum being without lesions. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: distal ileum, colon, 
ileocecal lymph node for culture (with 
special growth requirements), direct 
smear using acid-fast stains, and PCR 

• Histology: formalin-fixed samples of 
these tissues (histopathology and PCR) 

Rabbits 

In natural paratuberculosis in rabbits there 
are no gross lesions suggestive of Johnes 
disease, and the histologic lesions are either 


severe or mild. Severe lesions consist of 
extensive macrophage granulomata and 
numerous giant cells, with many intracellu¬ 
lar acid-fast bacteria in the small intestine. 


DIFFERENTIAL DIAGNOSIS 


The characteristic features of clinical Johne's 
disease include progressive weight loss, and 
emaciation in a single animal or group of 
animals within a mob, and chronic diarrhea, 
which does not respond to therapy. A 
definitive diagnosis can be obtained by using 
a combination of serologic tests, fecal culture, 
and biopsy of intestine. 

Sheep and goats 

The characteristic features of clinical Johne's 
disease in sheep and goats are emaciation, 
weakness, and normal feces with intermittent 
bouts of mild diarrhea. The other causes of 
unexplained weight loss in sheep and goats 
include caseous lymphadenitis, internal 
abscesses, gastrointestinal parasitism, 
caprine arthritis-encephalitis, ovine 
progressive pneumonia, dietary 
deficiencies, and dental disease. 

The major difficulty encountered in the 
diagnosis of Johne's disease is the accurate 
identification of subclinically infected animals. 
These are usually negative to the serologic tests 
but in the intermediate stage of the diseases 
and excreting the organism in their feces. Thus 
tests are usually flock-based or herd-based 
rather than useful for an individual animal. 
Pooled fecal culture or serologic tests of a cross 
section of the flock or herd will usually indicate 
if the infection is present or absent. 


TREATMENT 

M. paratuberculosis is more resistant to che¬ 
motherapeutic agents in vitro than M. tuber¬ 
culosis so prospects for treatment are poor. 
Because of this lack of efficacy, and the 
failure of any of the antimicrobials to 
provide a bacteriologic cure, treatment is not 
recommended. 

CONTROL 

The control of Johne’s disease is challenging 
because of the widespread nature of the 
organism, long incubation period, and the 
fact that most cases are subclinical. The avail¬ 
able tests lack sufficient sensitivity to identify 
a large proportion of subclinically infected 
animals, which allows undetected infection 
to spread within and between flocks. Because 
of this low sensitivity, it is currently not pos¬ 
sible to eradicate the disease other than by 
complete depopulation of the flock or herd 
and restocking with noninfected animals. 
Thus eradication is usually not practical, 
both for economic reasons and the difficul¬ 
ties in acquiring noninfected animals. Con¬ 
sequently, the preferred option is to limit 
economic loss by keeping the disease at a 
very low prevalence, such as by vaccination. 
However, a large proportion of flocks vacci¬ 
nating for more than 5 years still had infected 









sheep shedding MAP, so vaccination of 
young sheep or goats needs to be ongoing to 
reduce this risk." 

Successful control requires a long-term 
commitment by the flock or herd owner. In 
addition, because of its subclinical nature, 
producers often fail to practice adequate 
control measures because they do not recog¬ 
nize the importance of the disease. 

The lack of integrated national control 
programs in countries in which the disease 
is endemic also allows the disease to spread 
continuously from herd to herd and region 
to region. 

Control on a Flock Basis 

The control of Johne’s disease is based on two 
major principles: 

• Identification and elimination of 

infected animals 

• Prevention of new infections 

For flocks known or thought to be free of 
Johne’s disease, measures should taken to 
avoid the introduction of infected animals by 
maintaining a closed herd or by carefully 
screening purchased animals. The purchase 
of stock is the most common way MAP is 
introduced into a flock or herd. Thus pur¬ 
chasing only from flocks or herds docu¬ 
mented to be of low risk of Johne’s disease is 
preferable to testing specific animals before 
introduction because of the low sensitivity of 
available tests for individual animals. This is 
difficult because very few countries or juris¬ 
dictions have assurance programs, and few 
livestock producers participate in these. 

The control of Johne’s disease in sheep 
flocks has been widely implemented in Aus¬ 
tralia. This program is based on flock testing 
and management procedures, such as secure 
boundary fencing and introducing sheep 
only from flocks of similar MAP status. 
Testing is by pooled fecal culture of 350 
animals (50 animals per pool), or negative 
serologic testing (ELISA or AGID) of a 
sample of 500 animals from the adult flock, 
defined as animals 2 years or older. This 
flock-sampling program has a 95% chance of 
detecting a 2% or greater prevalence of infec¬ 
tion. Its purpose is to identify mobs or age 
groups of sheep that may have been more 
heavily exposed to infection. These become 
a priority for culling before they develop a 
large proportion of clinical cases, preventing 
further contamination and exposure of sus¬ 
ceptible sheep to MAP. 

A disadvantage of bacterial culture tech¬ 
niques is the relatively long incubation 
period needed to obtain results, typically 
from 2 to 3 months. Consequently, a high- 
throughput direct qPCR test (the HT-J test) 
has been developed and validated and was 
accepted in 2013 as a flock test suitable for 
use in Johne’s disease control programs in 
Australia and New Zealand. 33 

Eradication by destocking for at least two 
summers was attempted in Australia, but the 
disease was often reintroduced in newly 
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purchased stock. This arose due to a lack of 
sheep with a known reduced risk of infection 
and due to relatively low numbers of flocks 
participating in the Market Assurance 
Program. Persistence of the organism in the 
environment, up to 1 year or more, contrib¬ 
utes to reinfection. Grazing management to 
reduce pasture contamination, such as selec¬ 
tive grazing with more resistant hosts (e.g., 
adult cattle) or reducing shade (pasture 
length) are ways to more rapidly decontami¬ 
nate paddocks known to be contaminated 
with MAP. 21 

Vaccination 

Vaccination is now a common method of 
controlling OJD. 26,3/ The most common 
strategy is to vaccinate the replacement ewes. 
However, in self-replacing Merino flocks 
with a high proportion of castrate males 
(wethers) infection can still be propagated 
from the unvaccinated portion of the flock, 
with the prevalence of shedding of MAP 
organisms from unvaccinated sheep six 
times that from vaccinates (1.27% versus 
0.21%). 38 Mortalities and the proportion of 
sheep shedding MAP are reduced by up to 
90% after the flock is vaccinated, although 
the response is variable. 26 In a longitudinal 
study involving 37 flocks, there was a decline 
in the prevalence of fecal shedding, from 
2.72% before vaccination to 0.72% following 
5 years of vaccination. 39 However, more than 
80% of these flocks had detectable fecal shed¬ 
ding.' 7,39 Thus it is advisable for them to 
continue vaccination, otherwise production 
losses and mortalities could rapidly increase. 
A higher initial prevalence of fecal shedding 
and less stringent biosecurity, such as stray¬ 
ing or a greater number of introduced sheep, 
was associated with a higher prevalence of 
shedding. 

The widespread use of a killed OJD 
vaccine in a mineral oil adjuvant does have 
the disadvantage of being a significant occu¬ 
pational health and safety problem, because 
producers have accidentally self-injected and 
suffered severe and debilitating injuries, 
often necessitating the amputation of affected 
digits or extensive debridement of necrotic 
tissue. 40 However, vaccination in sheep is not 
impeded by interference with tuberculin 
testing, although it will produce positive CF 
test titers that can interfere with serologic 
testing for export and diagnostic purposes. 
Newer vaccines may offer a more targeted 
cell-mediated immune response and less 
reactivity, but they are yet to be released 
commercially. 41 

Goats 

A high prevalence of clinical Johne’s disease 
in goats has been controlled by vaccination 
using a commercial inactivated vaccine. In 
small or intensively managed flocks, attempts 
to control and eradicate the disease have 
been made by undertaking pooled fecal 
culture and blood testing two to four times 


annually and weighing all goats monthly to 
detect any individuals losing weight. This is 
a relatively costly program and has a high 
risk of failure. Environmental and manage¬ 
ment changes were also undertaken, includ¬ 
ing altering trough design to minimize 
contamination of feed and water, restricting 
movement of goats between pens, cleaning 
pens three times weekly, eliminating grazing 
of pasture, spreading and ploughing manure 
into fields, isolating young and newly goats 
from the herd until their test status was 
determined, and strict attention to disinfec¬ 
tion of footwear before entering or exiting 
barns and pens. 

Control on a Countrywide Basis 

There are wide variations in how Johne’s 
disease is controlled by national, state, or 
provincial agencies. In some jurisdictions, 
the disease is reportable and in others it is 
not. In many areas, health certificates are 
required for interstate or intrastate move¬ 
ment of livestock, and most certificates 
require a statement that the animals are free 
of certain diseases. However, often the live¬ 
stock owner or certifying officer has no 
knowledge of the presence of Johne’s disease, 
or relatively insensitive serologic tests are 
used, so infected animals are still traded. 
Voluntary national and regional Johne’s 
disease control programs for sheep and goat 
flocks have been introduced in Australia, and 
the disease is notifiable in many other coun¬ 
tries including Greece, the Republic of 
Ireland, Luxembourg, Norway, Switzerland, 
Spain, and Sweden. Often the emphasis in 
the early stages of programs is to control 
clinical disease. 

In Australia, an accreditation program 
for negative sheep and goat flocks, the Johne’s 
Disease Market Assurance Program (Sheep- 
MAP, GoatMAP), was launched in 1999. 
It is a voluntary, audited, quality assurance 
program based on negative pooled fecal 
culture (50 sheep per pool) or serologic 
testing of a sample of the adult flock (animals 
2 years and older). Testing is combined with 
prudent flock management, such as secure 
boundary fencing, restricting introduced 
sheep to flocks with a similar flock status, 
and abattoir monitoring, to assure owners 
and clients that participating flocks have a 
very low risk of being or becoming infected 
with OJD. SheepMAP is part of a national 
OJD control program, jointly funded by the 
sheep industries and Commonwealth and 
State Governments, and managed by Animal 
Health Australia. In 1999 a control and sur¬ 
veillance program was enacted for 1 year to 
limit further spread of OJD and to determine 
the distribution of this disease. Known 
infected and suspect flocks were subject to 
movement restrictions, and movements of 
sheep onto and off known infected farms 
were traced and investigated. Proposals for 
development of a market assurance program 
and zoning according to prevalence of OJD 





572 


Chapter 8 ■ Diseases of the Alimentary Tract-Ruminant 


within a state, as well as advisory and research 
programs, were developed as part of the 
National Ovine Johnes Disease Control and 
Evaluation Program. By 2000, OJD had 
been confirmed in every Australian sheep- 
producing state except Queensland. As part 
of the control program, some states, such as 
Victoria, provided an industry-funded 
subsidy to encourage the use of OJD vaccine 
in known infected flocks. Subsequently, the 
program was reviewed and modified, with 
5-year programs enacted from 2007 to 2012 
and 2013 to 2018. 10 At each time, modifica¬ 
tions to zoning were made based on the esti¬ 
mated prevalence of the disease, with a 
reduction in prevalence areas from four in 
2004 (high, medium, low, and very low) to 
three in 2008 (high, medium, and low), and 
to none in 2013. In addition, an assurance- 
based credits (ABC) scheme was introduced 
to facilitate sheep trading. At first, points 
were allocated based on the location of a 
flock (the prevalence area), the use of vacci¬ 
nation, and any whole-flock or part-flock 
testing undertaken, including monitoring at 
abattoirs. Subsequently, with the recognition 
that vaccinated animals can still transmit 
OJD, because vaccination reduces clinical 
disease but does not eliminate shedding of 
MAP, and the abolition of officially recog¬ 
nized prevalence areas in 2013, the ABC 
system is no longer used to support sheep 
trading. 

Despite the efforts invested by the 
program, OJD has continued to spread in 
Australia. This was noted in the review of the 
2007 to 2012 program and incorporated into 
the objectives of the national OJD Plan for 
2013 to 2018, which were to (1) minimize the 
risk of MAP infection spreading to proper¬ 
ties and regions that currently appear disease 
free, and (2) reduce the financial impact and 
adverse animal health and welfare effects of 
OJD, both for individual flocks and the sheep 
industry as a whole. 
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Viral Diseases of the 
Ruminant Alimentary Tract 

RINDERPEST (CATTLE PLAGUE) 

Synopsis of the Disease 

Rinderpest, or cattle plague, caused by the 
rinderpest virus (RPV), was declared glob¬ 
ally eradicated in 2011. The disease often 
occurred as epizootics associated with a very 
high mortality rate, and its eradication is 
arguably the greatest veterinary achievement 


of our time. 1 Death usually resulted from 
severe diarrhea/dysentery and dehydration. 
A detailed account of the disease can be 
found in the 10th edition of this book. 
Because RPV is related to other members 
of the morbillivirus group causing disease 
in humans (measles), small ruminants 
(peste des petits ruminants [PPR]), dogs 
(canine distemper), and some marine 
mammals and wildlife, some lessons can be 
learned from a knowledge of the processes 
and historical background leading to rinder¬ 
pest eradication. 

Several authors have reviewed the history 
of rinderpest since its eradication. 15 Long 
before its etiology was known, cattle plague 
was recognized as a most devastating epizo¬ 
otic disease that spread from Asia to Europe, 
the Middle East, and eventually Africa, ini¬ 
tially as a sequel to wars and later through 
trade-related livestock movements and sea¬ 
sonal migrations for water and pasture 
(nomadic pastoralists). The disease affected 
not only cattle but also over 40 other domes¬ 
tic and wildlife species. It is described in 
ancient Chinese writing, historical Asian 
drawings, and in documents from the Roman 
Empire. 4 It had been credited with decima¬ 
tion of native African wildlife and the decline 
of the European bison. ' The virus does not 
cause human disease. Nevertheless, rinder¬ 
pest was indirectly responsible for countless 
human deaths resulting from agricultural 
losses that led to famine, poverty, and disease 
for centuries. 5 In the nineteenth century, an 
epidemic in Ethiopia caused rapid loss of 
virtually all of the cattle, buffaloes, elands, 
and wild swine, as well as many sheep, goats, 
and wildlife species, such as antelopes, 
gazelles, giraffes, hartebeest, and wildebeest 
and resulted in the Great Ethiopian Famine 
of 1887 to 1892. 5 

The need to combat rinderpest outbreaks 
was instrumental in the establishment of the 
worlds first veterinary school in 1762 in 
Lyon, France, and the Office International 
des Epizooties (OIE) in 1924, also in France. 
Furthermore, it led to the development of 
national veterinary institutions in many 
parts of the world. With a simple transmis¬ 
sion chain and the environmental fragility of 
the virus, rinderpest was always open to 
control and even eradication within a zoo- 
sanitary approach. 2 

Steps Leading to Eradication 

The geographic distribution of the disease 
had been shrinking steadily since the begin¬ 
ning of the twentieth century. Rinderpest 
never appeared in North America, and single 
outbreaks in Brazil and Australia were 
quickly eradicated. The disease was also 
eradicated from southern Africa, Europe, 
and China by the middle of the last century 
but was still endemic in other parts of Africa 
(as lineages 1 and 2) and in Asia (as lineage 
3). African countries successfully initiated 
the Joint Project 15 from 1962 to 1976 
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followed later with a Pan-African Rinderpest 
Campaign to rid the whole continent of the 
disease. The initial step was to vaccinate all 
animals in each national herd annually until 
the immune status exceeded 90%. Thereafter, 
calves were vaccinated annually and revac¬ 
cinated the following year until there were no 
more outbreaks for at least 5 years. This was 
followed by periodic surveillance to monitor 
the immune status of each national herd and 
to deal quickly with any new outbreaks by 
control of animal movement and ring vac¬ 
cination of all surrounding herds. As a result, 
the disease was cleared from West Africa and 
most of East Africa, but there was a danger¬ 
ous resurgence less than 10 years later. Out¬ 
breaks of lineage 3 were also occurring 
occasionally in parts of Asia. In 1994 the 
Global Rinderpest Eradication Program 
(GREP) was created to undertake complete 
eradication of the disease. 4 GREP was funded 
by the EU, the United States Agency for 
International Development, the Interna¬ 
tional Atomic Energy Agency, the African 
Union-Interafrican Bureau of Animal 
Resources, Food and Agriculture Organiza¬ 
tion (FAO), and the OIE. 2 

The principal vaccine used to control rin¬ 
derpest was the tissue culture rinderpest 
vaccine (TCRV) produced in calf kidney 
cells for cattle. Plowright and others devel¬ 
oped the vaccine in Kabete, Kenya, in 1957. 
TCRV is easy and cheap to produce and can 
be freeze-dried or lyophilized; therefore has 
a long shelf-life before it is reconstituted and 
it can be refrigerated for a few hours after 
reconstitution. Furthermore, it is capable of 
varying degrees of attenuation and is thus 
safer in all situations. Finally, it produces a 
life-long immunity and does not spread from 
vaccinated to in-contact cattle. 

One key to global eradication was to 
ensure that vaccination programs were per¬ 
formed in a synchronized manner across all 
regions in which the disease was endemic— 
an objective to which the funding agencies 
fully subscribed. 2 Innovative strategies were 
deployed for the last mile to overcome diag¬ 
nostic and surveillance challenges, unantici¬ 
pated variations in virus pathogenicity, 
circulation of disease in wildlife populations, 
and to service remote and nomadic commu¬ 
nities in often unstable states. 1 An example 
was the situation in the Greater Horn of 
Africa, a region with weak governance, poor 
security, and little infrastructure, that pre¬ 
sented profound challenges to conventional 
control methods. 3 However, success was 
achieved because of the superior vaccine and 
the application of participatory epidemio¬ 
logic techniques that allowed veterinary per¬ 
sonnel to interact at a grassroots level with 
cattle herders to more effectively target 
control measures. 3 The last recorded out¬ 
break of lineage 3 virus was in Pakistan in 
2000 and of lineages 1 and 2 in Africa in 
2001. 6 Ten years later, and after much sur¬ 
veillance, testing, and certification of disease 


freedom, a joint meeting of the 79th General 
Session of the OIE and the 37th FAO Confer¬ 
ence adopted a resolution declaring the 
“Global Freedom from Rinderpest” on June 
28, 2011. 4 

Factors leading to success can be sum¬ 
marized as follows 4 : 

1. Although the virus could infect wildlife, 
it did not have a reservoir of 
asymptomatic host animals capable of 
carrying it for prolonged periods; 

2. A stable vaccine that provided good 
immunity was developed. 

3. Animals that recovered from infection 
became immune for life. 

4. There was a concerted, well-funded, and 
unparalleled international response to 
eradicate rinderpest. 

Lessons From the Eradication 

It must be remembered that although rinder¬ 
pest has been eradicated, the virus still exists 
in research laboratories in the world. Ade¬ 
quate care should be taken in handling 
diagnostic specimens to avoid accidental 
infection and spread. A recent survey 
revealed that 44 laboratories in 35 countries 
in different continents were holding 
laboratory-attenuated strains, field strains, or 
diagnostic samples of RPV.' Rigorous stan¬ 
dards are necessary to ensure that stocks are 
kept under safe conditions. Under intensive 
system of management, any accidental infec¬ 
tion can be easily curtailed and eradicated, 
but large-scale intentional introduction 
(agricultural bioterrorism) can have a devas¬ 
tating effect in a fully susceptible livestock 
and wildlife population before the disease is 
wiped out again. Nevertheless, the risk of 
rinderpest reintroduction in the posteradica¬ 
tion era is estimated to be very low. 8 

Experience with smallpox eradication in 
humans was found to be valuable in planning 
rinderpest eradication even though their viral 
agents are unrelated. RPV is closely related to 
the human measles virus (MeV), and there is 
molecular evidence to suggest that MeV 
could have originated from RPV around the 
eleventh to twelfth centuries. 9 Furthermore, 
PPR in sheep and goats may have also origi¬ 
nated from RPV. Therefore the experience 
with rinderpest should guide in the control of 
measles in humans and PPR in small rumi¬ 
nants. From the veterinary perspective, the 
focus is currently on PPR eradication. 10 PPR 
shares similarities with rinderpest in etiology, 
epidemiology, pathogenesis, and pathology; 
there is solid immunity following immuniza¬ 
tion or recovery from natural infection; and 
a good vaccine is available. Therefore there is 
optimism that PPR can be eradicated. 11 The 
triumph of rinderpest eradication should 
challenge the current scientific generation 
to view disease eradication as the ultimate 
means of control and prevention, to pursue 
eradication when the tools become available, 
and to seek to develop those tools when they 
are not available. 5 
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PESTE DES PETITS RUMINANTS 
(GOAT PLAGUE, OR KATA) 


SYNOPSIS 


Etiology Peste des petits ruminants virus, a 
morbillivirus, four lineages. 

Epidemiology Contagious disease of goats 
and sheep; now endemic in western, 
central, eastern and northern Africa, the 
Middle East, and Asia. High mortality 
especially in naive goats. 

Signs Fever, oculonasal purulent discharge, 
necrotic stomatitis, diarrhea, and respiratory 
distress. 

Clinical pathology Marked leukopenia and 
hemoconcentration. 

Diagnostic confirmation Virus neutralization 
test and immunohistochemistry, polymerase 
chain reaction.. 

Differential diagnosis list 

• Rinderpest 

• Contagious ecthyma 

• Bacterial pneumonias 

• Coccidiosis 

Treatment None generally effective. For 
valuable animals, hyperimmune serum and 
symptomatic treatment. 

Control Segregation of new stock, 
vaccination with tissue culture or 
recombinant vaccines. Mass vaccination 
and coordinated national, regional, and 
international efforts required for global 
control and possible eradication as has 
been done for rinderpest. 
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ETIOLOGY 

PPR, kata, or goat plague is caused by peste 
des petits ruminants virus (PPRV), a morbil- 
livirus (family Paramyxoviridae) closely 
related to the morbilliviruses of rinderpest, 
measles (in humans), carnivores, and marine 
mammals. Morbilliviruses are enveloped 
virions that contain a nonsegmented, 
negative-stranded RNA genome that encodes 
a single envelope-associated matrix protein 

(M) , two glycoproteins (hemagglutinin H 
and fusion protein F), two RNA polymerase- 
associated proteins (phosphoprotein P and 
large protein L), and a nucleocapsid protein 

(N) that encapsulates the viral RNA 1 in addi¬ 
tion to two nonstructural proteins C and V. 
The H and F external glycoproteins are 
responsible, respectively, for the attachment 
and the penetration of the virus into the cell 
to be infected. Both proteins also elicit pro¬ 
tection against the disease in infected or vac¬ 
cinated animals. The viral genomic RNA and 
N, P, and L proteins form the ribonucleopro- 
tein, which is the minimal essential structure 
for viral replication in cells. 2 

PPRV has only one serotype but four 
genetically distinct lineages that are based on 
the sequence analysis of the F and N genes 
of various strains of the virus originally iso¬ 
lated from Africa and Asia. 3 Lineage I and II 
viruses were first isolated from West Africa, 
lineage III from East Africa, and lineage IV 
from Asia. Whereas lineages I and II viruses 
are still largely confined to West Africa, the 
lineage III virus appears to have spread from 
East Africa to Sudan, Yemen, and Oman; 
the lineage IV (Asian) virus has recently 
been introduced to some African countries 
including Cameroon, Gabon, Central 
African Republic, Uganda, Sudan, Egypt, 
Algeria, and Morocco. 3 ' 6 In Asia, this lineage 
has been identified in the Middle East and 
in many South Asian countries, including 
Pakistan, India, Nepal, Bangladesh, and 
Tibet/China. 

When different isolates of PPRV from 
outbreaks in Africa and India were investi¬ 
gated for virulence in West African dwarf 
goats, it was observed that the isolates from 
Ivory Coast and Guinea (corresponding to 
lineage I) caused a peracute disease; those 
from India-Calcutta (lineage IV) caused an 
acute disease; the Sudan-Sennar strain 
(lineage III) produced an acute to mild 
disease; and the Nigerian 75/1 wild strain 
(linage II) caused a mild disease and the 
animals recovered.' However, there is con¬ 
siderable variation in virulence within iso¬ 
lates and strains in a given lineage. 

Based on genetic differences in the lin¬ 
eages, there have been suggestions that the 
African and Asian lineages of the virus may 
have evolved separately. Although PPRV is 
closely related to rinderpest and measles 
viruses antigenically, 8 all four PPRV lineages 
have been shown to be genetically distinct 
from the RPV, raising some doubt to the 
notion that PPRV might have evolved from 


goat-adapted rinderpest vaccines developed 
in the first half of the twentieth century. 

EPIDEMIOLOGY 

Occurrence 

The disease occurs mostly in goats and sheep 
and has spread extensively across national 
and continental boundaries in the last few 
decades. Outbreaks were first described in 
West Africa in 1942, but the disease is now 
endemic in many African countries as well 
as in the Middle East and South Asia, and 
there is concern that it could spread to 
Europe. In Africa, outbreaks have been 
reported as far north as Morocco, Algeria, 
and Egypt and as far south as Cameroon, 
Gabon, Uganda, and Tanzania. 5 Since the 
1990s, outbreaks have been reported from 
the Arabian Peninsula as far north as Turkey 
and extending through Pakistan and India to 
Nepal, Bangladesh, and China where the 
disease is now endemic. 911 

It is possible that some of the earlier 
reports of rinderpest in sheep and goats in 
Asia might have been PPR outbreaks because 
the two diseases in these species are not 
easily distinguishable on clinical examina¬ 
tion only. Cattle and pigs develop serum¬ 
neutralizing (SN) antibodies but no disease 
following experimental infection. Natural 
disease may occur in wild sheep and goats, 
gazelle, deer, and other small ruminants in 
zoos or parks, but there are no known reser¬ 
voirs in domestic animals and wildlife. Phy¬ 
logenetic analysis of N and F genes so far 
indicate that all PPRVs isolated from wildlife 
ungulate outbreaks belong to lineage IV, but 
the role of wild ungulates in the epidemiol¬ 
ogy of PPR is still uncertain. 13 

Camels are occasionally infected with 
PPRV, and the disease can be fatal. Based 
on clinical signs and detection of antibod¬ 
ies, PPR and RPVs were suspected to be 
involved in a highly contagious disease of 
Ethiopian camels in 1995. A fatal disease 
of camels in Sudan was investigated in 
2004 and diagnosed as PPR based on posi¬ 
tive results with the agar gel diffusion test, 
reverse transcription-PCR, and virus isola¬ 
tion in tissue culture. 13 

Outbreaks in sheep and goats invariably 
occur when new stock is introduced into a 
farm. In West Africa, this usually takes place 
when Sahelian goats and sheep thought to 
have high innate resistance to the virus are 
moved southward and commingle with the 
dwarf breeds in the humid and subhumid 
tropics. Such mingling occurs during sea¬ 
sonal migrations and during religious festi¬ 
vals. Market goats do harbor and can 
transmit the virus. The first outbreaks in 
Saudi Arabia were associated with the 
importation of sheep from Africa or the 
return of unsold lambs from livestock 
markets. 

In Tanzania, the disease was first intro¬ 
duced to some southern villages in 2009 
through newly purchased goats from a 


market located about 700 km away in the 
outskirts of Dar es Salaam city. 14 Factors that 
contributed to the spread of that outbreak 
included communal grazing and the cheap 
prices of sick animals bought by livestock 
keepers for slaughtering in other villages. In 
Pakistan, at least one outbreak was traced to 
the introduction of PPRV-infected sheep and 
goats from Sindh Province (northwest) to 
Punjab Province (central) during the flood 
relief campaign of 2011. 15 

Morbidity and Case-Fatality Rate 

Infection rates in enzootic areas are generally 
high (above 50%) and can be up to 90% of 
the flock during outbreaks. The percentage 
of sheep and goats with antibodies rises with 
age. The clinical prevalence of PPR in India, 
as measured by analyzing clinical samples 
from suspected cases submitted from all over 
the country between 2003 and 2009, was 20 
confirmed outbreaks in sheep, 38 in goats, 
and 11 in combined sheep and goat popula¬ 
tions. 16 Furthermore, PPR was diagnosed in 
samples from 24.5% of 592 sheep and in 
38.2% of 912 goats. The disease is generally 
more severe in goats than in sheep and is 
rapidly fatal in young animals. 

Case-fatality rates are also much higher 
in goats (55%-85%) than in sheep (less than 
10%). An exception to the rule was the 
recent (2011) outbreak in Gabon in which 
the case fatality in sheep was 98.9% (91 of 
92 sheep) and only 18.2% in goats (2 of 11 
goats). 5 In the Democratic Republic of the 
Congo, an outbreak in 2012 was reported to 
have killed over 75,000 goats, and there was 
the risk of spread to neighboring southern 
African countries that have not had the 
disease. 17 In Kurdistan, over 750 wild goats 
died between August 2010 and February 
2011 from PPR, but no disease was reported 
in domestic animals that had been routinely 
vaccinated. 18 On the other hand, mortality 
rate ranged between 0% and 50% with a 
mean of 7.4% in an outbreak in camels in 
the Sudan in 2004. 13 

There is no significant seasonal variation 
in the prevalence of the disease but because 
maternal antibodies are lost at about 4 
months of age, the number of susceptible 
animals is likely to increase 3 to 4 months 
after peak kidding and lambing seasons. In 
India, there are more outbreaks during the 
summer and in September and October cor¬ 
responding to the wet season. 16 

Methods of Transmission 

PPRV is transmitted mainly by aerosols 
when animals live in close contact. Large 
amounts of the virus are present in exhaled 
air and in all body excretions and secretions 
including feces, saliva, ocular and nasal dis¬ 
charges, and urine that can contaminate 
fomites. Diarrheic feces are especially infec¬ 
tious. Infection is mainly by inhalation but 
could also occur through the conjunctiva 
and oral mucosa. Goats experimentally 
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infected with PPRV can shed the virus a few 
days during the incubation period. 19 Natu¬ 
rally infected goats can continue to shed 
virus in feces up to 1 month after vaccination 
and for 2 months without vaccination. 20 

Risk Factors and Immune 
Mechanisms 

Kids over 4 months and under 1 year of age 
are most susceptible to the disease, corre¬ 
sponding to waning maternal antibody from 
immune dams. The long-legged Sahelian 
breeds of sheep and goats are thought to be 
more resistant than the West African dwarf 
breeds in the humid and subhumid zones. In 
a particular flock, the risk of an outbreak is 
greatly increased when a new stock is intro¬ 
duced or when animals are returned unsold 
from livestock markets. Recovered animals 
have lifetime immunity. 

Experimental Reproduction 

The disease can be experimentally transmit¬ 
ted through close contact with an infected 
animal or through inoculation of infected 
tissues or blood. Alpine goats experimentally 
infected with a Moroccan strain were highly 
susceptible and the mortality rate approached 
100%, as opposed to local breeds of sheep 
that were less susceptible. 21 

Economic Importance 

PPR is regarded as the most important 
disease of goats and sheep in all countries 
in which the disease occurs. In many of 
those countries, these animals are a major 
source of animal protein and are reared by 
nomadic or poor farmers. In view of the fact 
that the disease has spread to more African 
and Asian countries, it has been estimated 
that more than one billion sheep and goats 
worldwide are at risk of contracting PPR. 6 
According to the FAO estimates, the mor¬ 
bidity, mortality, and production losses and 
treatment cost of PPR altogether will be 
nearly $3000 million per year during 2012 
to 2017 in the South Asia region. 9 Further¬ 
more, PPR is an important transboundary 
animal disease and there are concerns it 
could spread to Europe from Turkey and 
Morocco. 

Zoonotic Implication 

The virus of PPR does not affect humans. 

Biosecurity Concerns 

PPR requires close contact with an infected 
animal for transmission to occur. Neverthe¬ 
less, because live goats and sheep are traded 
and may be carried over long distances, the 
disease can be easily introduced to a new 
herd or even a new country unknowingly 
from animals incubating PPR or showing 
only mild clinical signs. 

PATHOGENESIS 

The pathogenesis of the early events follow¬ 
ing experimental infection of goats with 


a PPRV isolate was has been recently 
investigated 19 ' 22 and has been comprehen¬ 
sively reviewed. 9,10 The initial site of virus 
multiplication is not within epithelial cells of 
the respiratory mucosa, as had been previ¬ 
ously reported for PPRV and RPV, but is 
within macrophages and dendritic cells and 
is transported to local lymph nodes for mul¬ 
tiplication before the virus enters the circula¬ 
tion and causes a viremia (like the viruses of 
measles and canine distemper). Following 
viremia, the virus specifically damages epi¬ 
thelial cells of the alimentary and respiratory 
systems as well as lymphocytes in the lym¬ 
phoid system. Infected cells may undergo 
proliferation and formation of syncytial 
giant cells before they undergo necrosis/ 
apoptosis. 

In goats, death may occur from severe 
diarrhea and dehydration, before respiratory 
lesions become severe, or is hastened by con¬ 
current diseases such as pneumonic pasteu- 
rellosis, coccidiosis, or coliform enteritis. 
Lymphoid necrosis is not as marked as in 
rinderpest, and the possibility of immuno¬ 
suppression has not been properly investi¬ 
gated. Most sheep and some adult goats 
recover. Although the nasal mucosa is often 
affected along with the oral mucosa, lower 
respiratory involvement is usually a late 
event, occurring only in the face of high viral 
load, and may be absent in animals that die 
early from dehydration or those that recover 
from a mild disease. 

CLINICAL FINDINGS 

The disease can be peracute, acute, or 
subacute. The peracute and acute forms 
are seen mainly in goats and are similar 
to rinderpest in cattle except that severe 
respiratory distress is a common feature 
of caprine PPR. Signs generally appear 3 
to 6 days after being in contact with an 
infected animal. A high fever (above 40°C) 
is accompanied by dullness, sneezing, and 
serous discharge from the eyes and nostrils. 
A day or two later, discrete necrotic lesions 
develop in the mouth and extend over the 
entire oral mucosa, forming diphtheritic 
plaques. There is profound halitosis and the 
animal is unable to eat because of a sore 
mouth and swollen lips. Nasal and ocular 
discharges become mucopurulent and the 
exudate dries up, matting the eyelids and 
partially occluding the external nares. Diar¬ 
rhea develops 3 to 4 days after the onset of 
fever. It is profuse and feces may be mucoid 
and blood tinged. Dyspnea and coughing 
occur later, and the respiratory signs are 
aggravated when there is secondary bacterial 
pneumonia. Erosions have been described 
in the vulva and prepuce. Abortions have 
been reported during outbreaks in India. 
Death usually occurs within 1 week of 
the onset of illness and earlier in peracute 
cases. 

Subacute forms are more common in 
sheep but they also occur in goats. The signs 


and lesions are less marked and a few animals 
may die within 2weeks, but most recover. 
Contagious ecthyma (Orf) may complicate 
the labial lesions or develop in surviving 
animals. 

The clinical disease reported in camels in 
the Sudan was characterized by sudden 
death of apparently healthy animals and yel¬ 
lowish and later bloody diarrhea and abor¬ 
tion. 13 That outbreak coincided with seasonal 
movement of animals toward autumn green 
pasture. Death was preceded with colic and 
difficulty in respiration. 

CLINICAL PATHOLOGY 

A leukopenia occurs but is transient and not 
as marked as in rinderpest. As diarrhea 
develops, there is a progressive hemocon- 
centration and low serum sodium and 
potassium. 

Diagnostic techniques used in the past 
were virus neutralization test (VNT), AGID, 
CF, counter immunoelectrophoresis (CIEP), 
virus isolation in cell cultures, and animal 
inoculation. Some are still used on a herd 
basis, and VNT is the prescribed test for 
international trade. 23 More recently, com¬ 
petitive or blocking ELISAs (c-ELISAs) have 
been developed based on monoclonal anti¬ 
bodies specific for the N or H proteins of 
PPR and RPVs, which enable differential 
diagnosis of the two viruses. The efficacy of 
c-ELISA compares very well with the VNT 
for detection and titration of antibodies to 
PPRV in goats and sheep. Viral antigen can 
also be detected in huffy coat, body secre¬ 
tions, feces, lymph nodes, and tonsils by 
immunocapture ELISA, dot-ELISA methods, 
and by IHC, AGID, and CIEP methods. PPR 
viral antigen, unlike that of rinderpest, is still 
high in tissues of animals dying from the 
disease. A rapid chromatographic strip test 
has also been developed for the detection 
of PPRV at pen side and can be used on 
eye swabs. 24 

Molecular techniques for detecting PPRV 
genome are now the preferred methods for 
definitive diagnosis, lineage determina¬ 
tion and typing of PPR outbreaks, and for 
epidemiologic studies. The techniques are 
based on the phylogenetic analysis of the 
N and/or F genes of PPRV by the PCR. 
Reverse transcription (RT)-PCR assays 
that target the N gene have been shown 
to detect all four genetic lineages of PPRV 
in tissues, ocular and nasal swabs, and in 
blood and tissue samples collected in the 
field. 2 ’ Furthermore, a rapid and sensitive 
real-time (rt) RT-PCR has been described 
that can detect PPR nucleic acid as early 
as 3 days and up to 20 days postinfec¬ 
tion in swab materials from experimental 
animals. 26 

NECROPSY FINDINGS 

The carcass is severely dehydrated; the 
hindquarters are soiled with fluid feces; and 
crusts of exudate are present around eyes, 
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nose, and lips. Discrete or extensive areas of 
erosion, necrosis, and ulceration are present 
in the oral mucosa, pharynx, and upper 
esophagus and may extend to the aboma¬ 
sum and distal small intestine. Hemor¬ 
rhagic ulceration is marked in the ileocecal 
region, colon, and rectum in which they 
may produce typical “zebra stripes.” 
Regional lymph nodes are enlarged and wet 
and the spleen may be enlarged. Severe 
lesions are often present throughout the 
respiratory tract. A mucopurulent exudate 
extends from the nasal opening to the 
larynx, whereas the trachea and bronchi 
may be hyperemic and contain froth caused 
by pulmonary congestion and edema. An 
interstitial pneumonia is usually present. 
Grossly, the pneumonia is diffuse or more 
commonly, anteroventral or apical. With 
bacterial complications, there will be puru¬ 
lent or fibrinous bronchopneumonia and 
pleuritis. 

In a recent outbreak of PPR among sheep 
and goats in India, the common postmortem 
findings were congestion, red hepatization, 
raised patches of emphysema in the lungs, 
hemorrhages and frothy exudates in the 
trachea, severe enteritis and streaks of hem¬ 
orrhages in the intestine, enlargement and 
petechial hemorrhages in the spleen, and 
edema and inflammation of the mesenteric 
lymph nodes. 2 The main lesions observed 
during an outbreak involving camels in the 
Sudan were lung congestion and consolida¬ 
tion, paleness and fragility of the liver, 
enlarged lymph nodes, and congestion and 
hemorrhage of the small intestine and 
stomach. 13 

Microscopic lesions in the alimentary 
tract are often very severe. In the early stages, 
syncytial cells are present in the oral mucosa 
and intracytoplasmic eosinophilic inclusion 
bodies in intestinal crypt epithelium. The 
respiratory tract shows proliferative rhino- 
tracheitis, bronchitis, bronchiolitis, prolifer¬ 
ation of type II pneumocytes, and formation 
of huge syncytial giant cells. Intracytoplas¬ 
mic and intranuclear inclusion bodies are 
common in these cells, and viral antigens can 
be detected in infected cells by immunohis- 
tochemistry. Lymphoid organs are depleted 
of lymphocytes but not usually as marked as 
in rinderpest. 

For diagnostic purposes, specimens 
should be collected from several live animals 
and should include swabs of conjunctival, 
nasal, and buccal mucosae, as well as whole 
blood in anticoagulant for virus isolation 
and other tests. At necropsy, the following 
specimens should be collected for histopa- 
thology and virology, including PCR 
detection: 

• Lungs 

• Small and large intestines 

• Oral mucosa 

• Tonsil 

• Mesenteric lymph nodes 


DIFFERENTIAL DIAGNOSIS 


Other diseases that cause diarrhea or 
pneumonia in sheep and goats may pose a 
diagnostic challenge, but a history of recent 
introduction of new stock and the clinical and 
postmortem findings of stomatitis, enteritis, 
and syncytial giant cell pneumonia are typical 
for peste des petits ruminants. Laboratory 
tests are required to rule out rinderpest. Other 
diseases to be considered include the 
following: 

• Heartwater 

• Pneumonic pasteurellosis 

• Contagious caprine pleuropneumonia in 
goats 

• Contagious bovine pleuropneumonia 

• Helminthosis 

• Coccidiosis 

• Contagious ecthyma 

• Possibly Nairobi sheep disease 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Hyperimmune serum (valuable animals) (R-2) 

Control 

PPRV vaccine (tissue culture) (R-1) 

Rinderpest vaccine (tissue culture) (R-2) 

PPRV vaccine (recombinant) (R-2) 

PPR V, peste des petits ruminants virus. 


Treatment of goats showing clinical signs of 
PPR is of little value and is generally not 
recommended. However, valuable sick 
animals in the early stages of the disease 
could be isolated and given hyperimmune 
serum, which may be obtained from cattle 
hyperimmunized against rinderpest. Sup¬ 
portive treatment includes fluid therapy for 
dehydration and antibiotics to prevent sec¬ 
ondary bacterial infections. Lesions around 
the eyes, nostrils, and mouth should be 
cleaned and good nursing provided. 

CONTROL 

The disease can be prevented by vaccination 
and by not introducing new stock from 
unknown sources, especially animals bought 
at livestock markets. In addition, animals 
returned unsold from markets should be 
segregated unless the entire herd or flock 
has been vaccinated. The TCRP was used 
for some years before a live-attenuated 
PPRV vaccine was developed following 
serial passages in Vero cells in the 1980s. 
This vaccine is now widely used for the 
control of PPR in Africa, the Middle East, 
and Asia. The homologous vaccine has the 
advantage that it avoids confusion with 


rinderpest vaccine when serologic surveys 
are performed. However, for the purpose of 
disease eradication, it is difficult to differen¬ 
tiate naturally infected and vaccinated 
animals when a live-attenuated virus vaccine 
has been used (the so-called DIVA concept). 
Furthermore, the vaccine is thermolabile 
and requires cold chain storage facilities, 
thus posing a serious problem in many 
developing countries. In India, a lyophilized, 
thermo-adapted PPR vaccine has been 
developed that keeps for 24 to 26 days at 
ambient temperature (25°C). 28 

Kids and lambs born to immunized or 
exposed dams should be vaccinated at 3 to 4 
months of age by which time maternal anti¬ 
bodies start to wane. 29 

To fulfill the DIVA concept, recombinant 
vaccines from vaccinia or capripox viruses 
expressing the F and H protein genes of the 
RPV have been used for both rinderpest and 
PPR control. This led to the development of 
similar recombinant vaccines specific for 
PPRV. Recently a recombinant PPRV-canine 
adenovirus vaccine expressing the H gene 
was shown to elicit a neutralizing antibody 
response against PPR in goats for up to 7 
months. 30 Further studies with the F, H, and 
F-H fusion proteins of PPRV showed that 
the recombinant vaccine expressing the F-H 
proteins was most effective in inducing 
both humoral and cell-mediated immune 
responses in goats, and vaccinated goats 
maintained seroconversion for 21 weeks. 31 
The authors suggested that such recombinant 
vaccines might be a valuable means to dif¬ 
ferentiate infected from vaccinated animals, 
which is a useful tool to shorten and reduce 
the cost of the final eradication of PPR. 

Considering the wide distribution of 
PPRV and its multiple target host species 
that have an intense mobility, PPRV eradia¬ 
tion from the Earth will be a long process 
that cannot exclusively rely on mass vacci¬ 
nation. Its specific epidemiologic features 
and socioeconomic considerations will also 
have to be taken into account, and sus¬ 
tained international, coordinated, and 
funded strategy based on a regional 
approach of PPRV control will be the guar¬ 
antee toward success. 6 

Based on the experience with rinderpest 
eradication, it has been proposed that the 
following steps would be required to control 
PPR in India 32 : 

• Focused vaccinations in high-risk 
populations of sheep and goats 

• Mass vaccination campaigns to achieve 
70% to 89% herd immunity 

• An understanding of the cultural and 
socioeconomic circumstances of owners 

• A keen watch on the endemic nature of 
PPR in neighboring countries 

• Coordinated efforts from all stake 
holders 

• Proper funding and execution of control 
programs 
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These steps might be applicable in other 
countries. PPR shares similarities with 
rinderpest in such characteristics as etiology, 
epidemiology, pathogenesis, and pathology; 
there is solid immunity following immuniza¬ 
tion or recovery from natural infection; and 
a good vaccine is available. There is opti¬ 
mism that PPR can eventually be eradi¬ 
cated. 9,10 ' 33 The FAO is playing a crucial role 
just as it did with successful rinderpest 
control. 
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BOVINE VIRAL DIARRHEA, 
MUCOSAL DISEASE, AND 
BOVINE PESTIVIRUS DISEASE 
COMPLEX 


SYNOPSIS 


Etiology Bovine viral diarrhea virus types 1 
and 2 and subtypes. Noncytopathic and 
cytopathic biotypes. Antigenic diversity and 
cross-reactivity among strains of virus. 

Epidemiology Worldwide occurrence with 
major economic importance. Prevalence of 
infection high in cattle population. 
Persistently infected calves are a major 
source of virus. Young and unvaccinated 
cattle in herd are most susceptible. 

Pathogenesis Virus causes subacute 
infections, peracute infections, 
thrombocytopenia, hemorrhagic syndrome, 
immunosuppression, and fetal infections, 
which result in persistent infection until 
and after birth. Persistently infected cattle 
are immunotolerant to the BVDV strain 
they are infected with and may develop 
mucosal disease. 

Signs Inapparent subclinical bovine viral 
diarrhea, acute mucosal disease in 
persistently infected cattle 6-24 months of 
age with fever, diarrhea, oral erosions and 
high case-fatality rate, peracute bovine 
viral diarrhea in cattle of all ages including 
adults with severe diarrhea, fever, agalactia 
and rapid death within few days, 
thrombocytopenia and hemorrhagic 
disease, and reproductive failure (decreased 
conception rate, abortion, stillbirth, weak 
neonates, and congenital defects). 

Clinical pathology Leukopenia, lymphopenia. 
Virus isolation from transiently and 
persistently infected animals, serology for 
serum neutralizing antibodies. 

Lesions Erosive stomatitis and gastroenteritis, 
depletion of Peyer's patches. Widespread 
hemorrhages in peracute form. Abortions. 
Congenital defects of calves (cerebellar 
hypoplasia and ocular defects). 

Diagnostic confirmation Virus isolation from 
blood and tissues. Antigen detection 
(antigen capture ELISAs and 
immunohistochemical tests). Polymerase 
chain reaction amplification of viral RNA. 
Viral neutralization serum antibody and 
ELISA tests. 

Differential diagnosis list Diseases with oral 
erosions and diarrhea (rinderpest and 
bovine malignant catarrh). Diseases with 
oral lesions and no diarrhea (foot-and- 
mouth disease, vesicular stomatitis, 
bluetongue, bovine papular stomatitis, and 
necrotic stomatitis), disease with diarrhea 
and no oral lesions (salmonellosis, winter 
dysentery, Johne's disease, copper 
deficiency, ostertagiasis, coccidiosis, arsenic 
poisoning, and carbohydrate 
engorgement). 


Treatment None. 

Control Detection and elimination of PI 
animals from the herd. Prevention of 
introduction of infection into herd. 
Vaccination of breeding females to prevent 
fetal infection. Eradication by detection and 
elimination of persistently infected animals, 
no vaccination, and strict biosecurity 
measures to prevent introduction of PI 
animals into the herd. 


ELISA, enzyme-linked immunosorbent assay. 


ETIOLOGY 

Pestiviruses are nonsegmented, enveloped, 
single-stranded RNA viruses with positive 
polarity. Phenotypic diversity, such as anti¬ 
genic variation, infectivity, and replication 
rates, which can affect viral virulence, can be 
attributed to genomic reassortments, muta¬ 
tions, or recombinations. The viruses are clas¬ 
sified in the virus family Flaviviridae and are 
members of the genus Pestivirus. Although 
pestivirus species are named according to the 
species from which they were first isolated, 
most pestiviruses are not host specific. 1 

Currently there are four recognized 
species of the genus Pestivirus: 

1. Bovine viral diarrhea virus type 1 

(BVDV-1) 

2. Bovine viral diarrhea virus type 2 

(BVDV-2) 

3. Border disease virus of sheep (BDV) 

4. Classical swine fever virus (CSFV also 

called hog cholera virus). 

Phylogenetic analysis identified 12 

subgenotypes for BVDV-1 (BVDV-la to 
BVDV-11) and two subgenotypes for BVDV-2 
(BVDV-2a and b). 

BVDV-2 genotypes are antigenically dis¬ 
tinct, and some isolates cause severe disease 
outbreaks. Not all BVDV-2 isolates cause 
clinically severe disease; avirulent strains do 
exist. Virulent BVDV-2 strains inoculated 
into calves produce disease characterized by 
fever, diarrhea, leukopenia, lymphopenia, 
neutropenia, thrombocytopenia, and death. 
Infection with avirulent BVDV-2 strains 
causes leukopenia and low-grade fever. 

A tentative fifth pestivirus species is rep¬ 
resented by a single virus isolate from a 
giraffe termed Giraffe-1. 2 In recent years a 
group of atypical pestiviruses, apparently 
forming a separate species, termed “HoBi”- 
like pestiviruses and of which cattle are the 
most likely host species, have been isolated. 2 
Since the first identification of D32/00_HoBi 
in 2004, more than eight other related atypi¬ 
cal HoBi-like pestivirus strains have been 
isolated from FCS and from infected cattle in 
South America and Asia. 2 HoBi-like pestivi¬ 
rus strains might already be circulating in 
cattle populations outside South America or 
Asia after having been introduced either 
with contaminated vaccines produced with 
infected batches of FCS or imported semen 
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or embryos. 2 Infection with HoBi-like strains 
in cattle has been associated with clinical 
signs similar to BVDV infection and persis¬ 
tent infection, which has led to incentives to 
rename the HoBi-like species BVDV-3. 3 

Among the ruminant pestiviruses, par¬ 
ticularly BVDV-1 and BVDV-2, there are 
two biotypes designated as noncytopathic 
(NCP) and cytopathic (CP). These biotypes 
are classified by their ability or lack of ability 
to cause overt CP change and cell death in 
cell cultures. NCP biotypes produce little if 
any visible CP change in cell cultures, and 
infected cells generally appear normal. CP 
biotypes, in contrast, cause cellular vacuola- 
tion and cell death. The biotype does not 
make reference to the ability to cause disease 
in the animal because clinical disease in most 
cases is caused by the NCP virus strains. The 
two biotypes of BVDV are not distinguish¬ 
able serologically. In most cases RNA recom¬ 
bination is responsible for the generation of 
the CP viruses. A second method is based on 
the introduction of a set of point mutations 
within the NS2 gene. The NCP virus is 
thus the “wild-type” virus predominant 
in the field, whereas the CP biotypes are 
rarely encountered in nature and are mainly 
associated with clinical cases of mucosal 
disease (MD). 

Although virus strains of both biotypes 
can cross the placenta, to invade the fetus 
only NCP virus strains can establish persis¬ 
tent infection in the fetus, which is crucial for 
spread of the virus. It is the cause of a wide 
range of congenital, enteric, and reproduc¬ 
tive diseases. In contrast, the CP biotype of 
the virus is usually encountered in associa¬ 
tion with clinical cases of MD in animals 
already PI with the NCP biotype. Both bio¬ 
types can be isolated from animals with 
clinical MD, and there is evidence that the 
CP biotype evolves by mutation from the 
NCP biotype within persistently infected 
(PI) animals. Genomic recombination can 
occur in NCP viruses from either genotype 
resulting in CP viruses. Only NCP BVDVs 
cause severe acute BVD. 

Cross-infection between animal species 
has been documented for several pestivirus 
species. Infections of cattle with BDV have 
recently been documented under field con¬ 
ditions resulting not only in seroconversion 
but also in persistent infection of calves with 
BDV and incidentally also in clinical cases 
resembling cases of acute BVD as well as 
MD. 4,5 This recently recognized possibility of 
infection of cattle with BDV is likely to 
present a challenge for the control of BVD in 
regions in which BVD eradication programs 
are in place and cattle and sheep are kept in 
close proximity to each other. Infections 
of small ruminants with BVDV-1 and 
BVDV-2 are common and may even be the 
primary pathogen causing border disease in 
sheep in some countries. 2,6 Experimental 
infection of pigs with BVDV was possible 
and caused reproductive disease and growth 


retardation in piglets. Some strains of the 
BVDV inoculated into pigs caused false¬ 
positive reactions to tests for swine fever 
antibodies and may protect against subse¬ 
quent challenge with CSFV. CSFV infections 
have only been detected in domestic pigs and 
wild boars thus far. 

EPIDEMIOLOGY 

Occurrence 

Diseases associated with the BVDV have 
been recorded in most countries in which 
cattle are raised, and in some countries may 
be the single most important viral infection 
of cattle. The prevalence of infection is high, 
but the incidence of clinical MD is low. 

The BVDV causes several different dis¬ 
eases including the following: 

• Mild BVD, which is usually subclinical 

• Fatal MD, which occurs in persistently 
viremic animals and those specifically 
immunotolerant as a result of an 
infection acquired in early fetal life 

• Peracute, highly fatal diarrhea 

• Thrombocytopenia and hemorrhagic 
disease 

• Reproductive failure 

• Congenital abnormalities in calves as a 
result of fetal infection in midgestation 

• Immunosuppression 

Prevalence of Infection 

Data of serologic surveys conducted through¬ 
out the world suggest that BVDV is endemic 
in the cattle population of most cattle- 
producing countries. The prevalence of pes¬ 
tivirus infection in cattle varies greatly 
between geographic regions and countries 
because of vaccination practices, population 
densities of cattle, and housing and manage¬ 
ment practices. Surveys conducted in North 
America reported animal-level seropreva- 
lences between 40% and 90% and herd-level 
prevalences between 28% and 53% depend¬ 
ing on the geographic region. In Europe 
animal-level seroprevalences before imple¬ 
menting control programs ranged from 
below 1% in Finland, over 19% in Sweden, 
46% in Denmark, and 95% in England and 
Wales. In feedlot cattle in western Canada a 
mean animal-level seroprevalence of 27% 
with a range from 0% to 63% was reported. 

In dairy heifers a high rate of BVDV 
infection has been observed between 
weaning and 9 months of age. The risk of 
BVDV infection increased from 150 to 260 
days of age, which coincided with moving 
animals from individual calf boxes or hutches 
to group housing and the waning of the pro¬ 
tection from colostral antibodies. In feedlot 
cattle seroepidemiological surveys revealed 
that animals seroconvert during the first 
several weeks following the arrival in the 
feedlot due to the presence of PI animals. 

The estimated mean prevalence of PI 
animals in herds is about 1% to 2%. The 2007 
to 2008 census of the National Animal 
Health Monitoring System of Beef in the 


United States reported an animal-level prev¬ 
alence in beef cattle (determined on ear 
notches) of 0.12%. Within herds the preva¬ 
lence of PI animals ranged between 0% and 
16%. The herd-level prevalence of persistent 
infection was 8.8% of studied beef herds. 8 

Congenital infection with the BVDV 
during late pregnancy resulting in serocon¬ 
version without persistent infection of the 
fetus at a rate of about 10% has been reported. 
These calves with congenital infection 
without persistent infection were found to 
have a twofold higher risk of a severe illness, 
compared with calves without congenital 
infection. 

Over a 20-year period in the northwest¬ 
ern United States from 1980 to 2000, there 
was a shift in disease profiles associated with 
the BVDV infection and in the age of animal 
at onset of disease. 9 In 1980 data indicated a 
low fetal infection rate (<5%), followed by 
steady increases of clinical cases and peaking 
at 6 months of age (30%). In contrast, by 
2000 BVDV infections resulted in a biphasic 
occurrence of disease. The first phase was 
fetal infections with infection rates above 
25%, followed by a second phase at 6 months 
of age (>35%). The changing patterns have 
been attributed to increased susceptibility of 
pregnant cattle to BVDV infection and the 
emergence of the new BVDV-2 species. Over 
a 2-year period (1998-2000) BVDV-2 iso¬ 
lates were most common and associated with 
abortion-open cows. BVDV-la was associ¬ 
ated least with early infection (<100 days’ 
gestation) and most with late infections 
(>100 days); BVDV-lb was intermediate, fol¬ 
lowed by BVDV-2, which was associated 
more with early infection (45%) and less 
with late infections (55%) compared with 
BVDV la and lb. 

Different subtypes of bovine pestiviruses 
predominate in different geographic regions. 
Within the U.S. cattle population BVDV-la, 
lb, and 2a are the predominant subtypes. 
Surveys conducted on material submitted for 
virus isolation before 2001 reported mean 
percentage prevalences for BVDV-la, lb, 
and 2a in U.S. cattle herds of 21,43, and 36%, 
respectively. In contrast, after 2001 the per¬ 
centage prevalences of BVDV-la and 2a 
decreased markedly, whereas BVDV-lb 
strains accounted for 75% to 100% of all 
samples. 11 It was hypothesized that this shift 
in prevalence of BVDV strains is attributable 
to the effectiveness of commercial vaccines 
of which most are based on BVDV-la and 2a 
strains. 11 Genetic typing of bovine pestivi¬ 
ruses from both Northern Ireland and the 
Republic of Ireland revealed BVDV-la as the 
most prevalent strain, whereas most strains 
in England and Wales are BVDV-lb. 

Other Ruminant Species 

Pestivirus-associated infection, disease, or 
both have been described in a wide range of 
ruminant and other animal species such as 
cattle, sheep, goats, pigs, bison, alpacas. 
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llamas, and several captive and free-living 
ruminant species. Serologic surveys indicate 
that many species of free-living ruminants in 
North America, Europe, and Africa such as 
antelope, giraffe, buffalo, bison, chamois, 
bighorn sheep, mountain goat, Old World 
camelids, and various cervidae were exposed 
to pestivirus with prevalences rates varying 
by ruminant species and geographic region 
between below 1% and above 13%.' Anti¬ 
bodies against BVDV were found in 31% of 
free-ranging American bison but less than 
1% of European bison. The role of pestivi- 
ruses as a causative agent for disease in wild 
ruminants is unknown, and outbreaks of 
disease are recorded only occasionally and 
usually as single fatal cases. The clinical and 
pathologic findings in some animals are 
similar to those of MD in cattle. 

Although New World camelids histori¬ 
cally were thought to be largely resistant to 
pestivirus infection, cases of clinical disease 
and persistent infection in association with 
specific bovine pestivirus strains have been 
documented more recently. Pestivirus infec¬ 
tion in llamas and alpacas has been associ¬ 
ated with early pregnancy loss, abortion, 
premature birth, congenital malformations, 
and persistent infection. 10 Surveys conducted 
in the United States revealed animal-level 
prevalences ranging between 0.9% and 
11.5%. 10 A census conducted among 63 
alpaca herds revealed a herd seroprevalence 
of 25.4% with 6.3% of all herds having PI 
crias. 11 The pestivirus strains predominantly 
isolated in New World Camelids were 
BVDV-la and b and BVDV-2. 12 Pestiviruses 
have also been associated with outbreaks of 
disease among captive ruminants in zoologic 
collections. 

Border disease in sheep and goats can be 
caused by three of the four currently recog¬ 
nized species of pestivirus: BDV, BVDV-1, 
and BVDV-2. The importance of exchange of 
pestivirus from PI cattle to sheep appears to 
vary by country. In Norway and Sweden 
border disease was found to be caused exclu¬ 
sively by BVDV-1, whereas BDV and 
BVDV-1 were isolated in cases of border 
disease in the UK. In the United States all 
three species, BDV, BVDV-1, and BVD-2, 
were found in sheep. 6 

Morbidity and Case-Fatality Rates 

MD in PI immunotolerant seronegative 
animals occurs in all classes of cattle mostly 
between 6 and 24 months of age, rarely in 
calves as young as 4 months of age, or cattle 
older than 2 years of age. The incidence of 
MD in a herd is usually less than 5% of the 
animals up to 2 years of age. Occasionally, 
epidemics have been observed in which 
up to 25% or more of the animals of the 
most commonly affected age group will 
develop MD. 

Outbreaks of the more recently recog¬ 
nized peracute BVD occur in immu¬ 
nocompetent non-PI animals, which are 


characterized by a high case rate among all 
clinically affected animals. Morbidity rates 
may reach 40% and population mortality 
rates 20%. Herd outbreaks of acute disease 
associated with BVDV in veal calves caused 
population mortality rates ranging between 
herds from 10% to 25%. 

Methods of Transmission 
The major source of infection is the PI 
viremic animal. The virus can be isolated 
from nasal discharge, saliva, semen, feces, 
urine, tears, and milk, each of which would 
allow wide dissemination of the virus. 

Direct Contact 

The virus is transmitted by direct contact 
between animals and by transplacental 
transmission to the fetus. Discharges from 
the reproductive tract of an infected cow, 
either PI or systemically immune, including 
aborted fetuses, can be potent sources of the 
virus. Nose-to-nose contact is an effective 
method of transmitting the virus from PI to 
susceptible animals. Thus PI animals may 
introduce the infection into a herd; or when 
infected animals are mixed with susceptible 
animals at the time of breeding; or under 
conditions requiring emergency movement 
because of drought, flood, or fire. The acci¬ 
dental mixing of a PI bull with susceptible 
breeding females during the breeding season 
in a beef herd may result in a major herd 
outbreak of MD. 

Transmission of the virus between 
healthy immunocompetent animals is prob¬ 
ably insignificant because they produce anti¬ 
bodies and eliminate the virus. However, the 
spread of transmission from transiently 
viremic cattle to seronegative animals in a 
dairy herd is slow. Primary infected animals 
are not effective transmitters of the virus. 
Susceptible animals introduced into a herd, 
typically heifers, become infected by contact 
with persistently viremic animals, and major 
economic losses can occur if they are at a 
vulnerable stage of pregnancy. The introduc¬ 
tion of an unknown PI cow or heifer into a 
susceptible herd can also cause major eco¬ 
nomic losses. 

The fetus can be infected by transplacen¬ 
tal transmission of the virus from the infected 
dam, whether the dam is transiently or PI. 
Fetal infection has been produced by inocu¬ 
lation of nonimmune pregnant dams. Epi¬ 
demics of abortion and congenital defects of 
calves have occurred when transplacental 
virus infection of the fetuses of cows in the 
first trimester, in previously virus-free herds, 
has followed the introduction of BVDV- 
infected animals. 

PI females can remain clinically normal 
for several years, during which time they 
may breed successfully and their progeny 
may also be apparently normal but are 
invariably also PI. In this way a maternal 
viremic family can be established that can 
persist for several generations and provides 


one of the major mechanisms for mainte¬ 
nance of the virus as endemic in the herd. 

Indirect Contact 
Airborne Transmission 
Indirect airborne transmission of the virus 
can occur in calves housed near a PI calf, 
without having direct contact. Infection can 
also occur in calves housed in a pen directly 
after removal of a PI calf, but without the pen 
being cleaned and disinfected. 

Flies 

The virus has been experimentally transmit¬ 
ted by allowing blood-feeding flies to feed 
on a PI animal followed by feeding on 
BVDV-free seronegative recipients. The 
virus was isolated from some of the flies 
and from the recipient animals, which also 
seroconverted. 

Fo mites 

BVDV has been transmitted from a PI 
animal to susceptible heifers that were exam¬ 
ined per rectum using the same glove. 
Reusing a hypodermic needle on susceptible 
animals shortly after the needle had been 
used on a PI animal or reusing a nose tong 
shortly after it had been used on a PI animal 
could also transmit the infection. The virus 
can be spread by hypodermic needles used 
on vaccine bottles contaminated by the nasal 
discharge of PI calves. 

Artificial Insemination/Embryo 
Transfer 

BVDV can be associated with semen, 
oocytes, oviductal cells, cumulus cells, fol¬ 
licular fluid, or serum used in media 
for flushing the uterus. 13 The virus survives 
cryopreservation in liquid nitrogen. BVDV 
was isolated from semen of transiently and 
PI bulls without necessarily affecting semen 
quality. Specifically PI bulls shed large 
amounts of virus in semen and seronegative 
cows consistently seroconvert following 
natural or artificial breeding with semen 
from a PI bull. In many cases cows conceived 
and clinically healthy calves were born. 13 
Once the infection is established in such a 
herd there is the potential for its amplifica¬ 
tion through a secondary cycle of transmis¬ 
sion from heifers that were infected from the 
semen. In transiently infected bulls the virus 
can persist in the semen for several months 
after experimental exposure. There is also a 
record of a postpubertal bull in an artificial 
insemination unit that was shedding the 
virus in semen over a period of 11 months 
while not demonstrating any evidence of 
viremia but with a high level of serum anti¬ 
bodies. The virus could not be isolated from 
numerous blood samples and somatic organ 
tissues, but at necropsy the virus was seques¬ 
tered in the testes. It was hypothesized that 
infection occurred shortly before the blood- 
testes barrier became fully functional, thus 
allowing the virus to enter the seminiferous 
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tubules but excluding the ensuing high levels 
of antibody from the site. 

Oocytes or embryos obtained from tran¬ 
siently or PI cows can be contaminated with 
BVDV virus through infected cumulus cells, 
follicular fluid, oviductal cells, or uterine 
fluid. Transfer of embryos of a transiently or 
PI dam thus presents a risk of infection for 
the recipient. Several studies showed that 
transfer of embryos from PI donors 
can produce clinically normal BVDV-free 
calves. 13 

Vaccines Contaminated With Bovine 
Viral Diarrhea Virus 
Because of the widespread use of fetal calf 
serum (FCS) in the production process of 
animal cell lines that, among others, are 
required for vaccine production, contamina¬ 
tion of fetal serum with adventitious viruses 
presents a serious risk. With an estimated 
prevalence of 1% to 2% of persistent infec¬ 
tion in bovine fetuses, BVDV is the most 
common contaminant of bovine fetal 
serum. 14 FCS contaminated with BVDV pre¬ 
sents a major risk for the production process 
of modified live vaccines produced for 
species susceptible to pestivirus infection 
such as ruminants and pigs. 15 Batches of FCS 
must undergo a series of tests for the pres¬ 
ence of viral contaminants. Contaminated 
batches are generally not discarded but are 
subject to an inactivation treatment accord¬ 
ing to validated methods. 15 Application of a 
modified live infectious bovine rhinotrache- 
itis (IBR) vaccine contaminated with NCP 
BVDV-2 to cattle has led to outbreaks of 
BVD in the past. 16 

Risk Factors 
Host Risk Factors 

Host factors that influence the clinical 
outcome of BVDV infection include the 
following: 

• Immune status of the host 

• Immunocompetent or 
immunotolerant (PI) to the virus 

• If immunocompetent passive 
immunity (colostral antibodies) or 
active immunity (previous infection 
or vaccination) 

• Age of the animal 

• Pregnancy status 

• Gestational age of the fetus 

• Presence of stressors 

• Presence of concurrent infection 

Generally, young cattle are most suscep¬ 
tible to BVDV infection, but adult cattle may 
develop severe disease if infected with a 
highly virulent virus strain. Persistent infec¬ 
tion can be established only during approxi¬ 
mately the first half of fetal life. Compared 
with many other pathogens, fetal survival 
following early intrauterine infection with 
NCP BVDV is common and can be as high 
as 70%. Unvaccinated animals, improperly 
vaccinated animals, or animals whose 
immune status has waned are most 


susceptible to infection and the potential for 
clinical disease. Vaccinated animals may be 
susceptible if field isolates of the virus are 
distinct from those used in the vaccine. PI 
animals are susceptible to the development 
of MD following superinfection with the 
homologous CP virus strain. They are also 
susceptible to other infectious diseases such 
as pneumonia. Genetic diversity among iso¬ 
lates may account for differences in the clini¬ 
cal response to infection. 

Environmental and Management 
Risk Factors 

The major management risk factors are the 
introduction of PI animals into a susceptible 
herd and the failure of a vaccination program 
or an inadequate vaccination program. In the 
recent outbreaks of severe disease in cattle 
herds in Ontario and Quebec, failure to vac¬ 
cinate or failure to use the vaccine properly 
was a common historical finding. 

Pathogen Risk Factors 

BVDV isolates vary genomically, antigeni- 
cally, and biotypically. These pathogen char¬ 
acteristics are important in the pathogenesis 
of the different clinical presentation of 
BVDV infection, the virulence of different 
virus isolates and the host’s immune response 
to different virus isolates, and the laboratory 
diagnosis. 

The genetic diversity among isolates of 
BVDV is the result of the high frequency of 
mutation, which is characteristic for single- 
stranded RNA viruses, the propensity for 
recombination, and the selective pressure 
from immune responses stimulated by 
natural infection or vaccination. The conse¬ 
quences of diversity include diversity of 
clinical disease, diagnostic difficulties, and 
vaccination failures. 

Different isolates that are antigenically 
related are immunologically distinct. Differ¬ 
ences in neutralizing antibody titers against 
specific isolates of BVDV are detectable in 
polyclonal serum from convalescent cattle. 
Monoclonal antibodies that have neutraliz¬ 
ing activity differentiate BVD viruses into 
several groups. The antigenic variability of 
this virus may also explain the wide range of 
lesions and disease complexes that have been 
observed. The practical consequences of 
antigenic diversity are that neither natural 
infection nor vaccination can provide com¬ 
plete protection against most of the naturally 
occurring strains. There is also considerable 
cross-reactivity between isolates of the virus, 
which explains why properly vaccinated 
animals have considerable immunity. 

Genotypes of pestiviruses known to be 
able to infect cattle under field conditions are 
BVDV-1, BVDV-2, BDV, and the HoBi-like 
genotype. Whereas BVDV-1 is most often 
associated with subclinical or mild clinical 
disease, BVDV-2 isolates are more often iso¬ 
lated from severe clinical cases. Experimen¬ 
tally, BVDV-2 induces the highest degree of 


viremia and more pronounced lesions and 
more extensive distribution of viral antigen 
compared with BVDV-1, which induced the 
lowest degree of viremia. In the late 1980s 
and early 1990s in the northeastern United 
States, Ontario, and Quebec, virulent BVD 
virus strains emerged that caused severe 
acute disease in both calves and adult cattle. 
The majority of viral isolates were NCP and 
were typed BVDV-2. Thrombocytopenia and 
hemorrhagic disease associated with NCP 
BVDV has been recognized in adult dairy 
cattle and weaned beef calves. The disease 
occurred in veal calves in the same geo¬ 
graphic area. In addition, highly virulent 
BVDV are causing severe diarrhea and death 
in adult cattle with clinical findings and 
lesions similar to those of acute MD. There 
are now reports of severe illness resembling 
acute MD in adult cattle in Great Britain, 
Germany, and other parts of Central Europe 
attributed to infections with NCP BVDV-2. 
Only NCP BVDV has been isolated from 
these animals. All of the available evidence 
suggests that these animals are immunocom¬ 
petent and not PI. Infection of cattle with 
BDV has recently been reported resulting in 
persistent infection, and incidentally clinical 
disease has recently been recognized. 4,5 
Infections with virus strains of the HoBi-like 
genotype under field conditions have been 
documented and were associated with the 
development of persistent infection. 2 

Immune Mechanisms 

Transient immunosuppression occurs in 
acutely infected animals. The virus infects 
cells of the innate immune system affecting 
the function of neutrophils, monocytes, 
macrophages, and dendritic cells. Neutro¬ 
phils are impaired in microbicidal, chemo- 
tactic, and antibody-dependent cell-mediated 
cytotoxicity. 

In vitro or in vivo infection with BVDV, 
either CP or NCP biotype, depresses various 
aspects of macrophage function that can 
adversely affect normal defense mechanisms 
of the lung, facilitating bacterial coloniza¬ 
tion. In the acquired or adaptive immune 
response, BVDV infections have their major 
effect on thymic and follicular T lympho¬ 
cytes. The effect on the number of circulating 
T lymphocytes is strain dependent and varies 
from a mild to severe lymphopenia with 
highly virulent strains. The virus also 
affects T-helper lymphocyte and cytotoxic 
T-lymphocyte responses. BVDV infections 
have their major effect on follicular B lym¬ 
phocytes. The effect on the number of circu¬ 
lating B lymphocytes varies, but depletion of 
B cells occurs in the lymphoid follicles of the 
lymph nodes with highly virulent NCP 
BVDV and in Peyer’s patches with both MD 
and highly virulent BVDV infections. 

There are four major structural antigenic 
polypeptides. Glycoprotein E2 is the major 
glycoprotein and antigenic target for anti¬ 
bodies. E2 is highly antigenic and elicits the 





production of neutralizing antibodies in the 
host after infection or vaccination with 
modified-live (MLV) or inactivated vaccines. 
The ability of BVDV antibodies to protect 
against BVDV infection and the develop¬ 
ment of long-term virus infection is depen¬ 
dent on the virus strain and the level and 
isotype of antibodies produced. BVDV anti¬ 
bodies are indicators of the presence of a 
particular immune response rather than an 
indicator of a protective immune response. 
High levels of neutralizing antibodies prevent 
disease following homologous challenge. 
However, animals with neutralizing antibod¬ 
ies may develop viremia. Shedding of the 
virus in nasal secretions may occur in the 
presence of SN antibodies. 

In vitro cross-protection studies with 
serum from cattle vaccinated with either 
MLV or inactivated vaccine demonstrated 
wide cross-neutralization against 12 to 22 
different BVDV strains, although this exten¬ 
sive cross-neutralization was not entirely 
reproducible in vivo in field studies. 

The immune response in the calf is influ¬ 
enced by two factors: the development of 
active immunity and the decay of maternal 
or passive immunity. Young calves at 10 to 
14 days of age seronegative to BVDV can 
develop a protective immune response fol¬ 
lowing vaccination with MLV vaccine. 
However, the presence of maternal antibody 
in calves interfered with the immune 
response and the animals were not protected 
from a challenge 4.5 months later. A predic¬ 
tive study estimated that calves must be 142 
days of age to become seronegative for 
BVDV-1 antibodies and 114 days for 
BVDV-2 antibodies. 

Pregnant heifers carrying PI calves 
develop BVDV antibody titers 5 to 10 times 
higher than heifers carrying non-PI calves. 
The inability of NCP BVDV to induce IFN-a 
in the fetus is one of the major immune 
evasion mechanisms that allow BVDV to 
establish persistent infection. The major 
mechanism for persistence is tolerance of the 
CD4+ cells. The specificity is very high, 
because PI animals can respond to homolo¬ 
gous virus changes as small as a single amino 
acid. This explains why some PI animals can 
develop an antibody response to the homol¬ 
ogous virus from the multiple BVDV sub- 
types. Experimental infection of PI animals 
with antigenically related CP BVDV resulted 
in 50% developing MD. Those that did not 
develop MD had higher levels of circulating 
gamma-delta T cells before the challenge 
with CP BVDV. 

Following natural infection of seronega¬ 
tive immunocompetent cattle with most of 
the strains of BVDV that do not cause severe 
disease, there is a transient viremia; SN anti¬ 
bodies develop within 2 to 3 weeks, peak at 
8 to 10 weeks, and remain detectable 
for many months. The humoral immune 
response after natural BVDV infection in 
cattle is considered to be lifelong and includes 
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antibodies to a range of virus-encoded 
proteins, including the immunodominant 
surface glycoprotein gp53 and the highly 
immunogenic, nonstructural, catalytic serine 
protease NS2-3. Experimentally and natu¬ 
rally infected animals may have moderate to 
high levels of SN antibodies to the virus for 
3 years after being infected. 

The high percentage of animals that are 
seropositive in the cattle population or in 
herds that have experienced the disease is 
due to the presence of PI animals in the herd. 
Vaccination of immunocompetent cattle 
with the five virus vaccines induces a broad- 
spectrum and durable immunity. It is gener¬ 
ally accepted that cattle respond to natural 
infections or vaccination with MLV vaccines 
with a long-lasting immunity, and it is likely 
that the immune response includes cell- 
mediated immunity. Immunization with an 
inactivated virus vaccine may result in an 
only short-lived immunity with a narrow 
antigenic spectrum. Existence of neutraliz¬ 
ing antibodies is generally considered to be 
the most significant predictor of an effective 
immune response. The presence of neutral¬ 
izing antibodies in breeding females will 
protect the fetus against BVDV infection 
during pregnancy. Passively acquired anti¬ 
bodies, usually IgG, protect against nasopha¬ 
ryngeal shedding of the virus and reduce 
viremia in challenge-inoculated calves. There 
is considerable antigenic variation among 
strains of the virus, but there is also consider¬ 
able cross-protection against heterotypic 
strains of the virus. 

Colostral antibodies in calves are detect¬ 
able at least until 4 to 6 months of age 
depending on the initial level achieved after 
the ingestion of colostrum. The half-life of 
the antibody is 21 days in normal calves, but 
in PI calves titers decline more rapidly and 
by 4 to 8 weeks no antibodies may be detect¬ 
able. About 50% of calves become seronega¬ 
tive for BVDV-2 by 114 days of age. Rate of 
antibody decay was significantly associated 
with antibody titer at 1 to 3 days of age and 
whether calves were congenitally infected 
with the virus. 

PI calves are infected during early fetal 
life and are born seronegative and immuno- 
tolerant to the specific strain of virus in their 
tissues. Most PI calves remain seronegative 
to a specific virus but will respond immuno- 
logically to other pathogens. 

Economic Importance 

BVDV infections are considered one of the 
economically most important viral infec¬ 
tions affecting the dairy and beef industry. 
Although economic losses are to a large part 
attributed to increased incidence of repro¬ 
ductive disorders, BVDV infections are 
known to result in significant production 
losses originating from impaired calf health, 
increased risk of infectious disease in adult 
cattle, decreased milk production, growth 
retardation in sick non-Pi and PI animals, 


premature voluntary culling, and mortality 
losses. Reproductive losses are primarily 
associated with abortion, congenital defects, 
stillbirths, increased neonatal mortality, 
increased occurrence of other infectious 
diseases, prenatal and postnatal growth 
retardation, and suboptimal reproductive 
performance caused by infertility. 

Economic losses caused by BVDV infec¬ 
tion on a herd level vary depending on the 
immune status of the population and the 
pathogenicity of the infecting virus strains. 
Introduction of the infection into a totally 
susceptible population invariably causes 
extensive losses until a state of equilibrium is 
reached. Infection with highly virulent 
strains causes severe clinical disease and 
death. The magnitude of the losses in an 
infected herd may be expected to fluctuate. 
They may be relatively large with the occur¬ 
rence of disease on an epidemic scale after 
initial horizontal transmission to nonim- 
mune pregnant cows, but they may be con¬ 
siderably lower when endemic infection is 
maintained in the herd through the presence 
of viremic families. However, a further phase 
of high losses may occur should manage¬ 
ment allow heifers to reach breeding age 
without being exposed to infection or 
vaccinated. 

Calculation of the losses associated with 
BVD outbreaks in dairy herds vary widely. 
Estimates of losses at herd level are often 
based on case history of “classical” BVD out¬ 
breaks in which most infections occur 
without clinical signs and in which losses 
mainly are associated with reproductive dis¬ 
orders and persistent infection. These were 
estimated to range between €21 and 135 per 
cow in the herd. 1 Outbreaks associated to 
more virulent BVDV strains causing severe 
clinical disease have been estimated to be 
above €340 per animal in the herd. 1 ' Esti¬ 
mates on a national level from the UK, 
Norway, and Denmark under endemic con¬ 
ditions range between €8.5 and 34 per 
calving for the classical BVD infection and 
€48 per calving for BVD infections associ¬ 
ated with highly virulent virus strains. 17 

PATHOGENESIS 

Pathogenesis depends on multiple interac¬ 
tive factors. The consequences of infection 
with the BVDV are divided into the follow¬ 
ing categories based on the status of the 
animal. There is a spectrum of clinical 
responses based on the host factors and the 
virulence of the isolates involved. 

Immunocompetent Nonpregnant 
Cattle Subclinical Bovine Viral 
Diarrhea 

This is a subacute infection in seronegative, 
immunocompetent cattle usually after colos¬ 
tral immunity has waned; it occurs in 
both sexes and any class of cattle. It is 
usually a clinically unrecognizable infection 
with the development of SN antibodies 
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and elimination of the virus from normal 
immunocompetent animals. This accounts 
for the high percentage of normal animals 
that are serologically positive to the virus. A 
mild transient clinical disease characterized 
by inappetence for a few days, depression, 
fever, mild diarrhea, transient leukopenia, 
and recovery in a few days may occasionally 
occur. 

In some cases, outbreaks of diarrhea 
occur in animals ranging from 6 months to 
1 year of age, characterized by high morbid¬ 
ity and low or no mortality. The most likely 
source of infection is PI animals in the herd. 

Peracute Bovine Viral Diarrhea 

In the late 1980s and early 1990s, a peracute 
form of the enteric form of the disease and 
thrombocytopenia in young and adult 
immunocompetent animals infected with 
highly virulent BVDV-2 strains were recog¬ 
nized. Outbreaks were most common in 
dairy herds with inadequate vaccination pro¬ 
grams and that recently introduced animals 
into the herd. 

Thrombocytopenia and 
Hemorrhagic Syndrome 

Thrombocytopenia and the hemorrhagic 
syndrome occurs in adult cattle and veal 
calves affected with the peracute form of 
BVDV infection. Platelet counts are reduced 
to below 25,000 cells/pL, and clinically there 
are bloody diarrhea, petechial and ecchy- 
motic hemorrhages of the sclera of the eyes, 
epistaxis, and abnormal bleeding from injec¬ 
tion sites. Hyphema may also occur. Throm¬ 
bocytopenia caused by destruction of 
platelets has been reproduced experimen¬ 
tally in young calves by inoculation with 
NCP BVDV-2 strains, which are the strains 
most commonly associated with the hemor¬ 
rhagic syndrome. Experimentally, altered 
platelet function occurs in calves infected 
with BVDV-2 but not with BVDV-1 isolates. 
The important virulence characteristics are 
duration of neutropenia, severity of throm¬ 
bocytopenia, delayed increase in proliferat¬ 
ing myeloid cells, and the presence of virus 
in bone marrow precursor cells. Infection of 
bone marrow megakaryocyte myeloid cells 
may also be involved. The hypervirulent 
BVDV-2 genotype induces severe thrombo¬ 
cytopenia, profuse diarrhea, and pneumonia 
in all experimentally infected calves, whereas 
none of the BVDV-1 isolates tested induced 
significant pathologic signs, even though 
they were isolated from cases of hemor¬ 
rhagic syndrome. It is suggested that induc¬ 
tion of sporadic hemorrhagic syndrome 
by BVDV-1 requires the presence of other 
cofactors. 

Osteopetrosis, anemia, thrombocytope¬ 
nia, and bone marrow necrosis can occur in 
beef calves naturally infected with BVDV-2 
strains. Experimental infection of calves with 
the NCP virus causes thrombocytopenia, 
whereas CP virus did not. 


Diarrhea of Neonatal Calves 

The causative role of BVDV for diarrhea in 
neonatal calves is uncertain. Naturally occur¬ 
ring cases of acute neonatal diarrhea caused 
by infection with the virus in immunocom¬ 
petent calves under 6 weeks of age have been 
reported only rarely. PI calves may be 
unthrifty and be affected with chronic diar¬ 
rhea and pneumonia as young calves. 
However, if the virus causes diarrhea in 
calves the pathogenesis is not clear. Immu¬ 
nocompetent dams provide colostral immu¬ 
nity to their calves, which should have a 
protective effect during the first months of 
life. Fatal enteritis has been reproduced 
experimentally by infecting colostrum-fed 
and colostrum-deprived neonatal calves 
with the virus. In older colostrum-fed calves, 
experimental infection resulted in mild 
disease with rapid recovery. Experimentally, 
calves from 7 to 50 days of age with colostral 
virus neutralizing antibody titers below 
1:256 or lower developed a fever and sys¬ 
temic spread of the virus when challenged 
with the virus. Calves with titers below 1:16 
developed severe clinical disease character¬ 
ized by fever, leukopenia, thrombocytope¬ 
nia, and diarrhea. The severity and duration 
of clinical signs decreased as titers of pas¬ 
sively acquired viral neutralizing antibody 
increased. Although antibodies against 
BVDV are generally widely cross-reactive, 
maternal antibodies may not protect the calf 
against all circulating BVD virus strains. 

Meningoencephalitis 

BVDV-2 strain has been isolated from the 
brain tissue of a 15-month-old heifer with 
neurologic clinical findings and pathologic 
evidence of multifocal meningoencephalitis. 
This suggests a neurovirulent strain of the 
virus. 

Immunosuppression 

An immunosuppressive effect of BVDV 
infection is widely accepted, but the underly¬ 
ing mechanisms, the duration, the extent of 
recovery, and possibly ensuing long-term 
effects are not entirely understood. 3 BVDV 
infections with either biotype have been 
associated with lymphopenia and impaired 
function of the cells associated with the 
innate and acquired immune system. A 
decreased number of circulating lympho¬ 
cytes can be the result of increased chemo- 
taxis, impaired leukogenesis, or increased 
cell death. The large number of apoptotic and 
necrotic lymphocytes observed in infected 
animals suggests that cell death is a major 
contributing factor to this effect. 18 Along 
with a decrease in the number of circulating 
lymphocytes, BVDV infection also causes 
depletion of lymphoid tissue such as lymph 
nodes and Peyer s patches which further con¬ 
tributes to the immunosuppressive effect of 
BVDV. In addition to reducing lymphoid cell 
numbers, infection with BVDV hampers the 
function of immune cells by suppressing 


phagocytosis, IFN production, chemotaxis, 
and microbial killing. 18 

In Vivo Evidence of Immunosuppres¬ 
sion. Primary postnatal infections cause a 
transient reduction in the absolute number 
of T lymphocytes and B lymphocytes and in 
the percentage of T lymphocytes. The evi¬ 
dence incriminating the virus as a predispos¬ 
ing pathogen in naturally occurring cases of 
bovine respiratory disease is largely circum¬ 
stantial. The presence of the virus in the 
respiratory tract tissues of cattle affected with 
pneumonia is difficult to interpret. Several 
different viruses have been incriminated in 
the cause of acute bovine respiratory disease 
but experimental evidence to support their 
involvement has centered on the IBR and 
PI-3 viruses. 

In outbreaks of respiratory disease in 
calves and adult cattle associated with mul¬ 
tiple viral infections, the BVDV is often the 
most frequent viral agent. This could indicate 
that the virus is an important contributory 
pathogen in respiratory disease of cattle. 

Experimentally BVDV can facilitate the 
colonization of Mannheimia. haemolytica in 
the lungs, resulting in severe pulmonary 
lesions. Severe fibrinopurulent broncho¬ 
pneumonia and pleuritis involving 40% to 
75% of lung volume developed in calves 
experimentally inoculated sequentially with 
the BVDV and M. haemolytica. However, it 
is also possible that the virus may be coinci¬ 
dentally present in some animals and have 
no adverse effect. Field observations suggest 
that following the introduction of BVDV 
infection into a susceptible herd, there may 
be an increased incidence of viral and bacte¬ 
rial pneumonia in the calves, which may 
continue for up to 2 years. 

Bovine Viral Diarrhea Virus in 
the Feedlot 

There is epidemiologic evidence that BVDV 
may be one of the most economically impor¬ 
tant infectious pathogens of feedlot cattle. 
The immunosuppressive potential of the 
virus or its synergistic effects with other 
pathogens are considered to be associated 
with bovine respiratory disease in feedlot 
cattle. Individual, unknown PI animals that 
are purchased and introduced into the 
feedlot serve as reservoirs of the virus for 
naive cattle that are subsequently comingled 
in the feedlot. BVDV has been incriminated 
in bovine respiratory disease in feedlot 
cattle from which pathogens such as M. hae¬ 
molytica, M. bovis, Histophilus somni, and 
IBR virus, have been isolated from lung 
lesions. 

There is considerable seroepidemiologi- 
cal evidence that the BVDV titers of feedlot 
cattle on arrival are associated with subse¬ 
quent respiratory disease. Cattle arriving 
with a titer were at decreased risk of respira¬ 
tory disease; those cattle that seroconverted 
after arrival were associated with increased 





risk of disease. Seroepidemiological studies 
of undifferentiated fever in recently weaned 
beef calves arriving in the feedlot indicate 
that animals arriving with a higher BVDV 
antibody titer were associated with a 
decreased risk of undifferentiated fever com¬ 
pared with those with lower levels on arrival. 
The risk of initial treatment for respiratory 
disease was 43% greater in cattle exposed to 
a PI animal compared with those not exposed 
to PI animals. Overall, 15.9% of initial respi¬ 
ratory tract disease events were attributable 
to exposure to a PI animal. 

Primary BVDV infections occur in 
feedlot cattle that are not PI and may be the 
inapparent or subclinical form or the per- 
acute form of the disease. The thrombocyto¬ 
penic form of BVDV infection has also been 
described in feedlot cattle. 

Ovarian Dysfunction 
Ovarian dynamics may be changed in cattle 
infected with BVDV. Ova exposed to the 
virus in vitro can have virus particles attached 
to the zona pellucida, but the intact zona 
pellucida protects the developing embryonic 
cells from infection. However, following 
removal of the zona pellucida, CP BVDV 
may have detrimental effects on survivability 
of blastocysts. Bovine follicular cells and 
oocytes are permissive to BVDV at all stages 
of follicular development, and there may be 
a transient fall in estradiol secretion follow¬ 
ing acute infection. Both of these may reduce 
fertility. Infection during the critical period 
of growth of preovulatory follicles causes 
varying degrees of necrosis of the granulosa 
cells, which can result in a spectrum of 
ovarian dysfunction including retarded fol¬ 
licular growth, delayed ovulation, and 
anovulation. Return to ovarian function fol¬ 
lowing BVDV infection may take several 
months in some cases. 

Immunocompetent Pregnant Cattle 
and Fetal Infections 

Both biotypes of the BVDV can cause signifi¬ 
cant early reproductive loss in nonimmune 
pregnant cattle including fertilization failure, 
embryonic mortality, and abortion. In addi¬ 
tion, infection of the fetus with am NCP 
BVDV strain between 42 and 125 days’ gesta¬ 
tion may result in PI fetuses, which are 
carried to term and the calf may be born 
alive and thrive normally or be unthrifty. 

The experimental and clinical observa¬ 
tions of the effects of the virus on early parts 
of the reproductive cycle are conflicting. The 
virus can be transmitted by natural service 
or artificial insemination with the possibility 
of fertilization failure or early embryonic 
mortality, which in turn leads to repeat 
breeding. The principal determinant of the 
outcome of in utero infection in cattle is the 
age of the conceptus and fetus when infec¬ 
tion occurs. The BVDV can cause reproduc¬ 
tive failure in susceptible cattle during the 
following stages of the reproductive cycle: 
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1. Infection before insemination. 

Exposure of cattle to the virus during 
the estrus cycle before insemination can 
result in a decrease in conception rate 
caused by failure of ovulation or delayed 
ovulation. BVDV has been associated 
with ovaritis in infertile heifers. PI cows 
may have morphologic changes in their 
ovaries, suggesting a reduction in 
normal ovarian activities. It is not 
known if similar findings occur in cows 
acutely infected with the virus. 

2. Insemination of cattle with semen 
containing bovine pestivirus. The 
insemination of seronegative and 
virus-free heifers with semen containing 
viable BVDV can result in poor 
conception rates initially, followed by 
normal conception following 
seroconversion to the virus, and the 
birth of normal calves with no evidence 
of intrauterine infection. Experimentally, 
the intrauterine infusion of the virus 
into cattle at the time of insemination 
has prevented conception and has been 
attributed to prevention of fertilization 
or simply recognized as an empty uterus 
at 5 weeks after breeding. It seems that 
intrauterine infection at the time of 
breeding may have some effects on the 
very early stages of reproduction, in 
addition to those that could be 
attributed to infection by other contact 
routes. Infection of susceptible cows 
either 9 days before or soon after 
insemination can result in a marked 
reduction in conception rates and 
significant embryo-fetal loss. 

The BVDV can be present in the 
semen of bulls because of a persistent or 
transient infection of the bull. The 
semen of a PI bull may be normal, and 
the pregnancy rates of heifers bred by 
him may be normal. In other situations 
the quality of the semen of PI bulls may 
be abnormal. Acute infection of 
immunocompetent BVDV seronegative 
bulls with the virus can result in 
transient shedding of the virus in semen 
and to a marked deterioration of semen 
quality. The amount of virus in the 
semen of acutely infected bulls is much 
less than that found in the semen of PI 
bulls. Experimental acute infection of 
bulls with the BVDV can result in 
shedding of the virus in raw, 
unprocessed, and diluted and extended 
semen during and after the end of the 
period of viremia. The most productive 
sites of virus replication are in the 
seminal vehicles and prostate gland. 

3. Infection during embryonic period: 0 
to 45 days’ gestation. Natural BVDV 
infection of seronegative heifers 4 days 
after insemination results in viremia 
between 8 and 17 days and a decrease in 
conception rate and pregnancy rate 
compared with uninfected heifers. 


Infected heifers that fail to conceive 
return to estrus approximately 20 days 
later. Experimentally there is no 
indication of impairment of in vitro 
development of bovine embryos when 
they are exposed to the BVDV. The zona 
pellucida appears to prevent the virus 
from gaining access to the embryonic 
cells. 

4. Infection during late embryonic-early 
fetal period: 45 to 125 days’ gestation. 

Following the infection of a nonimmune 
pregnant animal, both biotypes of the 
virus are capable of crossing the 
placental barrier and invading the fetus. 
In experimental infection of pregnant 
heifers with an NCP strain of the virus 
at 85 days’ gestation, fetal infection can 
occur 14 days’ postinfection without 
preceding or simultaneous high 
concentration of the virus in the uterus 
or placenta. This supports the 
proposition that the passage of virus can 
occur via the vasculature and not via 
local cell-to-cell spread and that fetal 
infection can occur in the absence of 
significant levels of virus in 
the placenta. 

Fetal infection can result in a wide 
spectrum of abnormalities from death of 
the fetus to congenital defects, to a 
persistent infection of the fetus until term 
and birth of a calf with lifelong infection 
without clinical signs. The results are 
mainly dependent on the stage of fetal 
development at which infection takes 
place. Generally, the risk for the fetus is 
highest during early pregnancy. Infection 
of the fetus from 50 to 100 days’ gestation 
may result in fetal death and expulsion of 
the fetus (abortion) from days to several 
months after fetal infection or 
mummification. However, fetal survival 
following infection is common and can 
be as high as 70%. 

Persistent Viremia. One of the most 
important effects of BVDV infections 
of the fetus is the development of PI 
animals. If a fetus survives infection 
with an NCP isolate of the virus 
occurring approximately between 45 
and 125 days’ gestation, it will become 
immunotolerant to the specific virus 
strain and not develop virus¬ 
neutralizing antibodies. The fetus may 
be carried normally to term, in which 
case it will invariably be born with a PI. 
MD occurs in a proportion of these, and 
only in these, PI animals. From birth to 
the time of clinical disease, which 
usually occurs between 6 and 24 months 
of age, and rarely up to 3 years of age, 
these animals are persistently viremic 
and specifically immunotolerant to the 
homologous strain of the persisting 
virus. They may appear clinically normal 
or unthrifty and small for their age. 
Occasionally, PI cattle may survive and 
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remain healthy for up to 5 years during 
which time they shed the virus in their 
mucous secretions and may be 
seropositive to a range of BVDV strains, 
including their own persisting strain. PI 
animals are infected only with the NCP 
biotype of the virus, and they excrete 
large quantities of the virus into the 
environment and serve as the major 
source of the NCP virus in a herd. MD 
was first recognized in 1946 and for the 
following 35 years it was assumed that 
the disease was the result of an infection 
before the onset of illness. It is now clear 
MD occurs only in PI animals as a 
result of a congenital infection with an 
NCP strain of the virus acquired in early 
fetal life. 

Animals that are immunotolerant to 
the BVDV are immunocompetent to 
other antigens. They will also produce 
SN antibody titers, following the 
administration of commercial MLV- 
BVDV vaccine and against the vaccine 
virus as well as other laboratory strains. 
Furthermore, in spite of this antibody 
formation, the original virus will persist. 

Spontaneous insulin-dependent 
diabetes mellitus associated with 
persistent BVDV infection in young 
cattle has been described. Lesions were 
present in the pancreatic islet cells. 
Calves with either transient or persistent 
infections with BVDV have lower than 
normal serum concentrations of thyroid 
hormones which may be associated with 
the retarded growth. 

5. Infection during fetal period: 125 to 
175 days’ gestation. Transplacental 
infection of the fetus approximately 
between 125 and 175 days’ gestation can 
result in numerous congenital defects. 
This period of development corresponds 
to the final stages of organogenesis of 
the nervous system and the 
development of the fetal immune 
system, which can result in the 
generation of an inflammatory response 
to the virus. Congenital abnormalities of 
the central nervous system along with 
ocular abnormalities are most common. 
Other congenital defects include thymic 
hypoplasia, hypotrichosis, alopecia, 
curly hair coat, hyena disease, deranged 
osteogenesis, mandibular 
brachygnathism, and growth 
retardation. 

6. Infection during fetal period between 
180 days’ gestation and term. Infection 
of the fetus with BVDV after 
approximately 150 days’ gestation results 
in a fully competent immune response 
and elimination of the virus. At birth, 
the fetus has antibody to the virus but is 
virus free. The effects of late-gestation 
infections are not well documented, but 
abortions, stillbirths, and weak calves 
are reported. 


Immunotolerant Persistently 
Infected Cattle 

During the postnatal period, superinfection 
of PI animals with a CP biotype of 
the homologous BVDV strain may precipi 
tate fatal clinical MD. Following the experi¬ 
mental production of MD, the CP biotype of 
the virus can be found in lesions of the lym¬ 
phoid tissue of the small and large intestines, 
in Peyer’s patches, in intramural ganglia, and 
in duodenal glands. Severe tissue damage is 
also related to the presence of the CP virus. 
Both biotypes of the virus are present in 
animals that develop fatal MD. 

It is assumed that superinfection with the 
CP virus strain occurs following a mutation 
of the NCP virus to the CP biotype within 
the animal rather than the introduction of a 
CP virus from outside. Once a homologous 
CP virus has arisen, it can quickly spread to 
other PI animals within the same group, and 
this may explain the rapid development of 
an outbreak of fatal MD. Recombination 
between an NCP BVDV-1 virus and a CP 
BVDV-1 vaccine virus causing MD 3 months 
after vaccination, a condition termed post¬ 
vaccinal MD, has been described but is 
probably rare. 

Typical MD occurs within 2 to 3 weeks 
following development of the antigenically 
homologous CP virus in the PI animal. The 
affected cattle do not respond serologically to 
the homologous CP virus. Superinfection 
with an antigenically heterologous CP virus 
does not result in typical, but rather atypical, 
MD several months later, or not at all, and 
infected animals respond serologically to the 
heterologous CP virus. 

The pathogenesis of the lesions of MD 
remains obscure. The viral antigen can be 
detected in many tissues including the 
following: 

• Lymph nodes 

• Peyer’s patches 

• Ileum and lymphoid tissue in the 
proximal colon 

• Palatine tonsils 

• Spleen 

• Bronchiolar epithelial cells 

• Crypts of the intestinal mucosa 

• Salivary glands 

• Tongue 

• Esophagus 

• Skin 

The pathologic changes that characterize 
the disease involve the integument and the 
epithelia of the respiratory and alimentary 
tracts as well as lymphoid tissues. 

The basic lesion is a small vesicle ulcer 
that affects only epithelial cells. The erosions 
occur throughout the following: 

• Oral cavity 

• Esophagus 

• Forestomachs 

• Abomasum 

• Small intestine 

• Cecum 

• Colon 


Vascular injury leading to vasculitis is a 
characteristic feature of the disease caused by 
the pestiviruses, which may explain the type 
and distribution of the lesions that occur 
in fatal MD. The vascular injury may be 
initiated by degenerative changes of the 
endothelial cells; this may lead to formation 
of a thrombus, which can detach and circu¬ 
late as emboli, resulting in generalized 
vasculitis. 

Death from acute MD usually occurs 
within 2 weeks of the onset of clinical signs, 
and both CP and NCP isolates of the virus 
can be recovered from the tissues of affected 
cattle. 

CLINICAL FINDINGS 
Inapparent or Subclinical Infection 
(Bovine Virus Diarrhea) 

The most frequent form of BVDV infection in 
cattle is nonclinical or a mild disease of high 
morbidity and low case fatality characterized 
by a mild fever, leukopenia, inappetence and 
mild diarrhea followed by rapid recovery in 
a few days and the production of virus¬ 
neutralizing antibodies. This form occurs in 
immunocompetent seronegative cattle that 
are infected in postnatal life, accounting for 
the high proportion of adult animals that 
possess SN antibodies. The literature com¬ 
monly refers to this subclinical infection as 
bovine viral diarrhea. A similar infection, 
with no long-term consequences other than 
the development of antibody, can occur in 
fetuses over about 150 to 180 days’ gestation. 

Acute Mucosal Disease 

The acute mucosal form of the disease is 
characterized by the sudden onset of clinical 
disease in animals in most cases from 6 to 
24 months of age that are PI. Depending on 
the prevalence of persistent infection with 
BVDV in the herd, several animals in this age 
group may develop MD over a period of few 
days or sporadic cases may occur over several 
weeks or months. Morbidity rates of 44% 
and case-fatality rates of 100% have been 
reported in isolated herds. Well-nourished, 
thrifty, and previously clinically normal 
animals can be affected. Following outbreaks 
of MD in a herd, there may be a rapid decline 
in the number of PI animals born in the sub¬ 
sequent few years because of spread of the 
infection and development of acquired 
immunity in the breeding females. 

Affected animals are depressed, anorexic, 
and drool saliva, wetting hair around the 
mouth. Fever 40°C to 41°C (104°F-105°F), 
tachycardia, and polypnea are common. 
Ruminal contractions are usually absent, and 
a profuse and watery diarrhea occurs 2 to 4 
days after the onset of clinical illness. The 
feces are foul smelling and may contain 
mucus and variable quantities of blood. 
Occasionally, small tags of fibrinous intesti¬ 
nal casts are present. Straining at defecation 
is common, and the perineum is usually 
stained and smeared with feces. 







Lesions of the oral cavity mucosa consist 
of discrete, shallow erosions, which become 
confluent, resulting in large areas of necrotic 
epithelium becoming separated from the 
mucosa. These erosions occur in the follow¬ 
ing locations: 

• Inside the lips 

• On the gums and dental pad 

• On the posterior part of the hard palate 

• At the commissures of the mouth 

• On the tongue 

The entire oral cavity may have a “cooked” 
appearance with the grayish colored necrotic 
epithelium covering the deep-pink, raw base. 
Similar lesions occur on the muzzle and may 
become confluent and covered with scabs 
and debris. Although the oral lesions are sig¬ 
nificant in the identification of the disease, 
they may be absent or difficult to see in up 
to 20% of affected animals. 

There is usually a mucopurulent nasal dis¬ 
charge associated with some minor erosions 
on the external nares and similar lesions in 
the pharynx. Lacrimation and corneal edema 
are sometimes observed. Lameness occurs in 
some animals and appears to be caused by 
laminitis, coronitis and erosive lesions of the 
skin of the interdigital cleft, which commonly 
affect all four feet. 

Dehydration and weakness are progres¬ 
sive and death occurs 5 to 7 days after the 
onset of signs. In peracute cases, which die 
within a few days after the onset of illness, 
the diarrhea may not be evident even though 
the intestines are distended with fluid. Pre¬ 
sumably, there is paralytic ileus and the 
intestinal fluid is not moved down the intes¬ 
tinal tract. 

Chronic Mucosal Disease 

Some acute cases of MD do not die within 
the expected time of several days and become 
chronically ill. There may be intermittent 
bouts of the following: 

• Diarrhea 

• Inappetence 

• Progressive emaciation 

• Rough dry hair coat 

• Chronic bloat 

• Hoof deformities 

• Chronic erosions in the oral cavity and 
on the skin 

Shallow erosive lesions covered with 
scabs can be found on the perineum, around 
the scrotum, preputial orifice and vulva, 
between the legs, and at the skin-horn junc¬ 
tion around the dew claws, in the interdigital 
cleft, and at the heels, and there may be exten - 
sive scurfiness of the skin. The failure of these 
skin lesions to heal is an important clinical 
finding suggesting chronic MD. Chronic 
cases will sometimes survive for up to 18 
months during which time they are unthrifty 
and ultimately die of chronic inanition. 

The chronic clinical form of the disease 
described earlier must be distinguished from 
the unthrifty persistently viremic animal 
described next. 
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Unthrifty Persistently Infected Calves 

Calves that are born PI may be smaller in 
body size than their contemporaries and may 
fail to grow normally. A curly haired coat is 
characteristic of some PI calves. They may 
survive and appear unthrifty for several 
months or more until they develop fatal 
MD or some other infectious disease such 
as pneumonia. Although these calves are 
stunted and unthrifty in appearance, they do 
not have detectable clinical evidence of MD 
and they may be seronegative to the BVDV. 
The birth of a high percentage of PI calves 
may result in a high incidence of fatal respi¬ 
ratory disease when the calves are 7 to 9 
months of age. 

Peracute Bovine Virus Diarrhea 

This is a severe form of the enteric form of 
the disease; it is often highly fatal, occurs in 
immunocompetent cattle in postnatal life, 
and is associated with highly virulent isolates 
of BVDV-2. Dairy herds, beef breeding 
herds, and beef feedlots have been affected in 
the outbreaks recorded in Ontario, Quebec, 
and Pennsylvania (in the United States), and 
in the UK in the late 1980s and early 1990s. 
Inadequate biosecurity of animals imported 
into the herd and the failure to vaccinate for 
BVDV or an inadequate BVDV vaccination 
program were common risk factors in 
affected herds. In affected herds, all ages of 
cattle are affected including calves, yearlings, 
and adults. Mortality was highest in the 
young-age groups. 

The most common complaint given by 
the owners was the presence of respiratory 
disease in affected animals. The outbreaks 
were slowly progressive and lasted for several 
weeks. Severe depression, respiratory dis¬ 
tress, anorexia, profuse watery diarrhea, dys¬ 
entery, conjunctivitis, fever up to 42.0°C, and 
agalactia in adult lactating dairy cows were 
common. Oral erosions were inconsistent. 
Abortion, usually in late gestation, was a 
common but inconsistent occurrence. 
Morbidity rates may be up to 40%, and 
crude mortality rates may reach 25%. Many 
animals may die within a few days after the 
onset of clinical signs, and PI calves were 
commonly born several months following 
the outbreaks. 

Thrombocytopenia and 
Hemorrhagic Disease 

Thrombocytopenia and hemorrhagic disease 
have been associated with NCP BVDV-2 
strains but whether or not the affected 
animals were previously PI is uncertain; only 
NCP BVDVs have been isolated. Bloody 
diarrhea, petechial and ecchymotic hemor¬ 
rhages of the visible mucosae, hyphema, 
epistaxis, and prolonged bleeding from 
injection sites or insect bites have been 
observed. Cattle have platelet counts of less 
than 25,000 cells/pL and clinically there is 
bloody diarrhea. Fever, diarrhea, rumen 
stasis, and dehydration are also common. 


The case-fatality rate is approximately 25%; 
survivors can recover and thrive normally or 
remain unthrifty. A similar syndrome of 
thrombocytopenia has been described in 
weaned beef calves, but the virus could not 
be isolated from affected calves. 

Reproductive Failure and 
Neonatal Disease 

The introduction of BVDV infection into 
groups of susceptible breeding females 
around the time of insemination and during 
the embryonic early to midfetal period can 
result in conception failure; increased 
embryonic mortality; fetal mummification; 
abortion; premature births; stillbirths; con¬ 
genital defects; the birth of stunted weak 
calves; and the birth of PI calves, which sub¬ 
sequently may develop MD. Following intro¬ 
duction of infection into a beef herd, losses 
may be insidious and characterized by 
reduced pregnancy rates, abortions, exces¬ 
sive postnatal calf losses, and the premature 
culling of young cows because of their failure 
to wean a well-grown calf. These losses, 
including those from MD in PI animals, may 
continue for 2 to 4 years. Studies in dairy 
herds in Switzerland indicate that infection 
with the virus during the first 45 days’ gesta¬ 
tion did not influence the rate of return to 
estrus. In contrast, there was an increase in 
the abortion rate in midterm gestation (days 
46-210), whereas no such effect occurred in 
animals that seroconverted during the later 
stages of gestation. At least 7% of fetal deaths 
were attributable to infection with the virus. 

A large-scale assessment of the effect 
associated with BVDV infection on fertility 
of dairy cows in France found that the virus 
was associated with an increase in the risk of 
embryonic death and fetal death. 

Under field conditions, the effect of sub- 
clinical BVDV infection on subsequent dairy 
heifer fertility may be caused by a complex 
interrelationship among multiple BVDV 
infections dependent on the type of and 
timing of infection relative to reproductive 
performance. A high BVDV-2 antibody titer 
in dairy heifers at 10 months of age was asso¬ 
ciated with 32 more days to conceive, com¬ 
pared with a low titer. Conversely, infection 
with BVDV by 5 to 6 months of age and a 
high BVDV-2 titer 1 month before concep¬ 
tion or breeding was associated with 
improved fertility. Heifers with evidence of 
congenital BVDV infection had lower fertil¬ 
ity than noninfected heifers, which depended 
on BVDV-2 titers at 10 months of age. 

In beef herds, although abortions caused 
by BVDV may occur at any time during ges¬ 
tation, typically several cows in a herd abort 
during a short period of time before the start 
of the calving season. At the beginning of the 
calving season, premature births and still¬ 
births occur. Some calves are born alive, take 
a few breaths, and then die. Weak calves are 
generally born during the first 2 to 4 weeks 
of the calving season. Affected calves are 
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weak and flaccid at birth and may appear 
small or normal. Death usually occurs within 
several hours despite intensive care and the 
feeding of colostrum. In a study of health 
and performance in Sweden, the risks for 
clinical mastitis, retained placenta, and 
estrus-stimulating treatments were higher, 
and the calving intervals were longer in those 
herds with an increasing or maintained high 
prevalence of BVDV antibody-positive cows. 

Congenital Defects in Calves 

The following congenital defects have been 
associated with fetal BVDV infection 19 : 

• Cerebellar hypoplasia 

• Microencephalopathy 

• Hydrocephalus 

• Hydroanencephaly 

• Porencephaly 

• Hypomyelination 

• Cataracts 

• Microphthalmia 

• Retinal degeneration 

• Optic neuritis 

• Thymic hypoplasia 

• Hypotrichosis/alopecia 

• Deranged osteogenesis 

• Mandibular brachygnathism 

• Growth retardation 

Cerebellar hypoplasia was the first recog¬ 
nized teratogenic effects of the virus and has 
been well documented. At birth, affected 
calves exhibit varying degrees of severity of 
ataxia, wide-based stance, stumbling gait, 
and falling backward when attempting to 
walk. Mildly affected calves may survive if 
hand fed and managed carefully, but severely 
affected cases usually die or are euthanized. 
Defects of the eyes result in varying degrees 
of blindness; the cataracts are obvious when 
they occur. Calves may be smaller than 
normal and have a curly hair coat. 

CLINICAL PATHOLOGY 

The clinical diagnosis of MD is usually made 
on the basis of the presence of characteristic 
clinical and pathologic findings. A severe 
leukopenia and lymphopenia is characteris¬ 
tic of acute MD. The decrease is usually to 
below 50% of normal and total leukocyte 
counts of 1000 to 3000 cells/pL are common 
and may persist for weeks. 

The laboratory diagnosis of BVDV infec¬ 
tions relies on the isolation or detection of 
the virus or components and/or the demon¬ 
stration of a serologic response to the virus. 
The type of samples to be submitted depends 
on the clinical and herd history and whether 
acute or persistent infections are suspected. 
The vaccination history is needed to inter¬ 
pret laboratory results. 

Virus Isolation 

Despite recent advances in BVDV diagnostic 
science, culture and identification of the 
BVDV from clinical specimens remains the 
gold standard diagnostic technique. Strains of 
virus can be characterized in vitro as CP or 


NCP biotypes. CP strains cause characteristic 
in vitro cell changes that are evident in inocu¬ 
lated cell cultures within 48 hours. Most 
BVDV isolates obtained from field cases are 
NCP in cell culture. The isolated virus is rec¬ 
ognized by identifying viral antigen in posi¬ 
tive cell cultures by immunofluorescence or 
immunoenzyme staining. Virus isolation can 
be attempted by inoculation of nasopharyn¬ 
geal and ocular swabs, semen, intestinal 
tissues, spleen, or most other tissues, or the 
buffy coat or serum of blood to cell cultures. 
In the live animal, the best sample for BVDV 
isolation is whole blood from which white 
blood cells (buffy coat) are extracted and used 
as inoculum. Along with the sample type, the 
timing of sample collection relative to the 
time of infection is important to maximize 
the chance for successful virus isolation spe¬ 
cifically in transiently infected animals. Both 
CP and NCP viruses have been isolated from 
the spleen or blood of individual cattle with 
MD. Whole blood or serum from PI animals 
is used for the isolation of the virus. 

For handling of large numbers of samples 
such as in a whole-herd screening for PI 
animals, a microtiter virus isolation method, 
the immunoperoxidase monolayer assay 
(IPMA), using serum as the diagnostic speci¬ 
men is widely used. The assay requires 
approximately 5 to 7 working days, which 
allows for two passages to be completed. The 
main limitation of IPMA in PI testing is its 
nonapplicability on sera from animals under 
3 months of age in which maternal antibod¬ 
ies can interfere with growth of the virus in 
cell cultures. Some adult PI cattle have been 
IPMA negative on serum but virus can still 
be isolated from the buffy coat cells. However, 
the prevalence of such animals is extremely 
low, and IPMA is widely accepted as a reli¬ 
able test for detecting PI cattle of 3 months 
or older. 

The indirect immunoperoxidase stain¬ 
ing technique is recommended for certifica¬ 
tion of BVDV-free bovine semen for artificial 
insemination units when the immunofluo- 
rescent test is not available. 

Antigen Detection 

Immunofluorescence or Immunohisto- 
chemistry. The BVDV antigen can be iden¬ 
tified rapidly in tissue samples using IHC 
methods such as immunofluorescence or 
immunoenzyme staining. A monoclonal 
antibody 15C5, which reacts with the E0 
protein, has been shown to react broadly 
with most strains of BVDV and can be used 
to detect BVDV antigen in formalin-fixed, 
paraffin-embedded tissues. This has broad 
diagnostic and research applications. Using 
these methods, the identification of BVDV 
antigen in fixed tissues can be used as posi¬ 
tive laboratory confirmation of BVDV infec¬ 
tion without positive virus isolation and is 
useful when investigating disease syndromes 
such as enteric disease, respiratory tract 
disease, and reproductive tract disease. 


Skin Biopsy. IHC staining for BVDV in 
formalin-fixed, paraffin-embedded skin 
biopsies is an effective method for the diag¬ 
nosis of PI cattle because BVD antigens are 
present in large quantities in epithelial cells 
of the skin in persistently but not transiently 
infected cattle. 20 The technique is an easy, 
accurate, and affordable antemortem diag¬ 
nostic test for the detection of PI animals 
that is not affected by the presence of mater¬ 
nal antibodies. It is suitable for herd screen¬ 
ing because samples can be taken from cattle 
of any age, sample collection is simple, the 
samples are stable for transport and han¬ 
dling, and the test is both sensitive and spe¬ 
cific for BVDV PI cattle. Positive IHC 
staining is most pronounced in the keratino- 
cytes and in the hair follicle epithelium, hair 
matrix cells of the hair bulb, and the dermal 
papilla. IHC on skin samples is an effective 
method for screening neonatal calves for 
persistent infection. Skin samples from cattle 
with acute BVDV infection or transient 
infection may stain positive with IHC, but 
the distribution of staining is confined to the 
epidermal keratinocytes and follicular ostia, 
in contrast to PI animals with antigen¬ 
positive staining cells in all layers of the epi¬ 
dermis. Identification of PI animals is 
therefore possible with one single skin biopsy 
sample. Uncertain cases should be retested a 
few weeks after the first test. 

A monoclonal antigen-capture ELISA 
(ACE) test is capable of rapidly and accu¬ 
rately detecting pestivirus-specific antigens 
in peripheral blood leukocytes, blood clots, 
milk, and tissue samples of PI cattle. It has 
demonstrated good agreement with conven¬ 
tional virus isolation procedures and is suit¬ 
able for routine diagnostic and certification 
testing. Antigens used in those ELISA are 
highly conserved among BVDV strains, 
ensuring that most strains are recognized. 
Nonetheless one viral variant escaping detec¬ 
tion by IHC staining and ACE has been iden¬ 
tified, and the prevalence of similar viral 
variants in the field is not known. 3 Monoclo¬ 
nal antibody techniques have also been used 
to detect the virus antigen in the central 
nervous system of PI cattle. Four commer¬ 
cially available ELISAs for the detection of 
BVDV antigen in the blood of PI cattle have 
been compared and are highly sensitive and 
specific and considered valuable in eradica¬ 
tion programs when monitoring large 
numbers of animals. The ACE is most com¬ 
monly run on serum which, through the 
presence of maternal polyclonal BVDV anti¬ 
bodies, has the potential to block antigen 
detection. In order to circumvent problems 
resulting from interference of maternal anti¬ 
bodies with ACE in very young calves, this 
test is not recommended for calves less than 
3 months of age. 20 Skin biopsies or ear 
notches became popular specimens for ACE 
because viral antigen detection in skin is not 
affected by the presence of maternal antibod¬ 
ies. Most commercially available tests are 






Viral Diseases of the Ruminant Alimentary Tract 


587 


not designed to detect transiently infected 
animals; thus positive animals are frequently 
referred to as PI animals after a single test. 
Nonetheless positive results on acutely 
infected animals have infrequently been 
reported. 20 

Polymerase Chain Reaction 
Amplification 

PCR amplification of an RNA genome 
involves the binding of specific DNA 
oligonucleotides to cDNA target sequences, 
resulting in amplification of size-specific 
DNA fragments that are detectable by gel 
electrophoresis. 

The PCR test is able to detect small 
amounts of viral nucleic acid from samples 
of blood and tissues including preserved 
material. Factors such as cost, technical 
expertise, equipment and automation, and 
RNA extraction methods are considerations 
when comparing with the standard methods 
of virus isolation. 

The reverse transcriptase (RT)-PCR 
amplification has gained widespread use as a 
routine diagnostic method for BVDV. The 
high analytical sensitivity of RT-PCR allows 
for pooling of specimens to reduce unit cost 
test. Pooling is especially applicable for per¬ 
sistent infection testing in which a single 
positive specimen can still be detected in a 
pool of several dozen samples. A positive 
RT-PCR does not define the clinical status of 
an animal because it detects transiently and 
PI animals as well as animals vaccinated with 
a modified live BVD vaccine. Follow-up tests 
after 2 to 3 weeks are required to identify 
PI animals. The high sensitivity of this 
analytical method makes RT-PCR more 
susceptible to false-positive results from 
contamination. 

The RT-PCR test has been used to detect 
the presence of the BVDV in somatic cells 
from bulk milk samples. Compared with 
existing methods, RT-PCR showed 100% 
specificity and sensitivity in detecting PI lac- 
tating cattle in milking herds. 

The RT-nested PCR (RT-nPCR) assay is a 
rapid and sensitive method to detect BVDV 
in extended semen samples. Although the 
prevalence of persistent testicular infection 
with BVDV is very low, use of the rapid, 
sensitive RT-nPCR assay on extended semen 
samples can be used to ensure that the virus 
is not transmitted in cryopreserved semen. 

Serology 

Serologic techniques are used to detect and 
measure antibodies. Following acute infec¬ 
tion, serum antibodies are first detectable at 
2 to 3 weeks, and peak antibody levels occur 
8 to 10 weeks later. Following successful vac¬ 
cination, SN titers will be high for many 
months. 

PI animals are frequently seronegative 
but can be seropositive because of the 
presence of colostral antibodies, exposure 
to a BVD field strain that is heterologous 


to the persistent strain, or vaccination with 
a vaccine containing heterologous virus 
strains. Antibodies are usually not detectable 
in the sera of most cattle with MD. The spe¬ 
cific immune tolerance of the persisting virus 
is also not broken by the CP virus if it is 
antigenically similar or identical to the per¬ 
sisting virus and results in fatal MD. 

Precolostral serum from calves infected 
in utero as immunocompetent fetuses may 
have virus-specific neutralizing antibodies, 
and their demonstration is meaningful for 
the diagnosis of past infection. 

In North America the serum neutraliza¬ 
tion test is the most frequently used BVD 
serology test, whereas in Europe the anti¬ 
body ELISA is also widely used as serologic 
test for BVD. 

Serum Neutralization Test 
The serum neutralization test has been the 
standard test to determine the occurrence of 
a rising BVDV titer between acute and con¬ 
valescent sera. The serum neutralization test 
gives endpoint values that may be more bio¬ 
logically relevant and it is the only test that 
assesses antibody status regarding BVD virus 
strain variation. 20 The test is performed in 
microtiter plates and takes 3 to 5 days to 
complete and is relatively simple to interpret. 
A CP virus is used to easily detect the neu¬ 
tralization of the virus. Because of the differ¬ 
ent virus strains and cell systems used, results 
can vary considerably between different 
laboratories. 

Antibody Enzyme-Linked 
Immunosorbent Assay 

ELISAs are available to measure serum 
antibodies to BVDV and are a rapid and eco¬ 
nomical alternative to the serum neutraliza¬ 
tion test. The ELISA simply determines the 
presence or absence of BVDV virus antibod¬ 
ies, which is often considered of limited 
value in regions with high infection preva¬ 
lence and common vaccination as seen in 
North America. In contrast in regions with 
BVD control programs in place and limited 
use of vaccines, the antibody ELISA presents 
a useful diagnostic tool. The blocking ELISA 
for BVDV antibodies is a simple, rapid, and 
reliable test for the detection of specific anti¬ 
bodies in serum, plasma, or bulk tank milk 
Test results correlate well with VNT results 
and may be useful for large-scale screening 
and eradication programs. 

Using a blocking ELISA test, the level of 
antibodies in bulk milk is a valuable aid to 
indicate the infectious status of a dairy herd 
and for identifying herds suspected of har¬ 
boring an active infection. A herd with two 
consecutive bulk milk results 4 months apart 
of 60% (percentage inhibition) is more likely 
to have a very high percentage of infection. 
Testing of bulk tank milk for antibody using 
the ELISA can be used to determine the 
prevalence of dairy herds with antibodies; 
the relationships between the ELISA values 


in bulk milk and the location, milk yields, 
and somatic cell counts of the herds; the 
annual incidence risk of new infections; and 
combined with the RT-PCR to detect viral 
RNA, it can be used to obtain an estimate of 
the herd prevalence of lactating PI animals. 

Use of Laboratory Tests in the Herd 

Because of the complex nature of BVDV 
infections, it is often difficult to obtain a 
definitive etiologic diagnosis. The type of 
samples to be submitted to the laboratory 
and the interpretation of the results depend 
on clinical and herd history and the vaccina¬ 
tion status of the herd. The testing strategies 
to be used will depend on the specific disease 
history of the herd, the age of animals to be 
tested, the cost of the test, the needs of the 
owner of the herd, and the reasons for doing 
the testing. 

Acute Infections 

The diagnosis of acute infections by virus 
isolation must be done as early as 3 days after 
infection to 8 to 10 days after infection. A 
whole-blood sample is the best sample for 
virus isolation to identify acutely infected 
animals. Other specimens such as serum, 
nasal swabs, feces, semen, or different tissue 
may be less suitable because of a possible 
interference by neutralizing antibodies. In 
herd outbreaks, blood samples from normal 
animals should also be submitted. For serol¬ 
ogy, paired acute and convalescent samples 
collected 30 days apart are required to iden¬ 
tify a fourfold increase in serum antibody 
titers. In abortions, the dam may have already 
seroconverted before the abortion and there 
may be no seroconversion between acute and 
convalescent sera. However, some aborted 
fetuses may be serologically positive, which 
confirms intrauterine infection in the later 
part of fetal life. If the dam is negative, BVDV 
can be ruled out as a cause of abortion. Calves 
born with congenital defects may have anti¬ 
bodies, but blood samples must be taken 
before the ingestion of colostrum. 

Persistently Infected Animals 

The PI animals in a herd can be identified 
using any or a combination of the following 
testing procedures: 

1. Collect whole blood from all animals in 
the herd including calves to conduct 
virus isolation, ACE, or RT-PCR. Virus 
can be isolated from mononuclear cells 
in the huffy coat. Virus in mononuclear 
cells is unaffected by colostral 
antibodies. An RT-PCR can be done on 
pools of whole blood or on individual 
animal samples, which is very expensive. 
Because of its high sensitivity PCR will 
also detect transiently infected animals. 
Follow-up testing is required to define 
the status of positive animals as PI. 

2. Collect serum on all animals over 3 
months of age. Test younger calves as 
they age or use an alternative test. With 
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serum testing colostral antibodies may 
interfere with the test or eliminating 
detectable virus from the fluid fraction 
of blood for some variable period of 
time. Tests that can be done on serum 
include the microplate virus isolation, 
antigen-capture ELISA, or RT-PCR. 
Although ACEs are not developed to 
identify acutely infected animals, these 
occasionally may yield positive results. 
When using a single sample, there is 
thus a chance to label an acutely 
infected animal as PI. Animals tested 
positive with RT-PCR must be retested 
after 3 weeks to confirm PI status. 

3. Collect skin biopsies (ear notches) from 
all animals in the herd including calves. 
The tests of choice are the IHC on 
formalin-fixed tissues or ACE using 
fresh samples. Use of fresh tissue 
samples eliminates the need for 
formalin. A single positive test is 
confirmative for PI status. 

4. For dairy herds, collect composite milk 
samples from lactating cows and screen 
the remainder of herd using procedure 1 
or 3 in this list. Somatic cells from the 
milk are screened for the virus by 
RT-PCR or virus isolation. Positive 
animals must be retested after 3 weeks 
to confirm PI status. 

5. Test calves as they are born with 1 or 3 
in this list. If the producer has accurate 
calving records, the determination that 
the calf is not PI automatically defines 
the status of the dam as not being PI. 
Using this protocol, ongoing 
surveillance is maintained with a single 
test defining the status of two animals. 
For dairy herds, bull calves must be 
tested as well as the heifer calves to 
achieve a complete herd screening 
program. 

By testing 30 days apart, it is also possible 
to test for a fourfold increase in antibody 
titer should the first virus isolation be the 
result of an acute infection. In most cases, 
serum is adequate for virus isolation in PI 
animals. In young calves under 3 months of 
age, colostral antibody may decrease the 
level of free virus in the serum and may 
result in a false-negative test. For this reason, 
the use of whole blood, which allows isola¬ 
tion of the virus from the buffy coat, is rec¬ 
ommended in calves under 3 months of age. 

Most PI animals are seronegative after 
the colostral immunity has waned, but they 
may develop SN antibodies to heterologous 
strains of the virus. 

Prenatal Diagnosis of 
Persistent Infection 

Pregnant dams with PI fetuses (PI carriers) 
have exceptionally high antibody titers. 
Testing pregnant dams can be used to iden¬ 
tify and exclude PI carriers from livestock 
markets without completely blocking the 
trade with pregnant seropositive cattle. 


Testing is most reliable when done in late 
pregnancy (not before the seventh month of 
gestation). In dams carrying PI fetuses, the 
immune response was markedly higher than 
those in dams carrying uninfected fetuses. 

The BVDV has also been detected in 
amniotic and/or allantoic fluid from both 
cattle and sheep with infected fetuses. A 
blind puncture technique for collection of 
fetal fluid in late pregnancy is used to collect 
fetal fluid. The site of collection is over the 
right ventral abdominal wall approximately 
10 cm cranial of the udder and 10 cm medial 
of the flank. A nested PCR test is used to 
amplify the viral RNA. 

Herd Screening 

When a diagnosis of BVDV infection has 
been made in a herd, for example in the case 
of MD in a yearling, then further investiga¬ 
tion for the detection of infected animals at 
the herd level is indicated. The most common 
strategy for herd screening is to submit 
serum samples from all animals over 3 
months of age and whole-blood samples 
from calves under 3 months of age. All 
animals in the herd should be tested. The 
samples may be tested for SN antibodies and/ 
or the presence of the virus. Virus isolation 
using the microtiter immunoperoxidase test 
and ACE are the most common methods 
used for large numbers of samples. Milking 
cows may be tested through a bulk tank milk 
sample analyzed with PCR. Calves born for 
the next 9 months should also be tested to 
detect any additional PI animals born that 
may have been infected in utero at the time 
of the herd infection. The goal is to ensure 
that no additional PI animals appear and that 
the maternal-fetal transmission cycle is 
broken. In herds in which cases of MD have 
been recognized, most of the normal animals 
will have high levels of SN titers. 

During the 9- to 12-month period of 
testing, management strategies should 
ensure that all young stock and breeding 
females are not in contact with infected 
animals. However, in some countries in 
which vaccines are unavailable, breeding 
females are placed in direct contact with PI 
animals before the breeding season as a 
method of natural vaccination. 

The serologic evaluation of unvaccinated 
heifers 6 to 12 months of age is an accurate 
method for identifying herds containing PI 
animals. Both BVDV-1 and BVDV-2 anti¬ 
body titers should be determined to prevent 
misclassification. In regions in which border 
disease is endemic and cattle are kept together 
with small ruminants, testing for BDV anti¬ 
body titers may also be indicated. ’ The sensi¬ 
tivity and specificity of serologic evaluation of 
five heifers for identifying these herds were 
66% and 100%, respectively, in herds that 
contained PI cattle. Pooled-sample testing 
using PCR/probe testing can be used as a herd 
screening test for detection of BVDV PI 
cattle. Whole-herd screening by use of one of 


the methods for detecting virus or viral anti¬ 
gens such as IHC of skin (ear notch) speci¬ 
mens is required for detection and elimination 
of PI animals with BVDV in a herd. 

NECROPSY FINDINGS 
Acute Mucosal Disease 

The gross abnormalities are usually confined 
to the alimentary tract. Characteristic 
shallow erosions with very little inflamma¬ 
tion around them and with a raw, red base 
are present on the muzzle, in the mouth, and 
to a lesser extent in the pharynx, larynx, and 
posterior nares. In the esophagus these ero¬ 
sions are linear in shape and lie in the direc¬ 
tion of the folds of the esophageal mucosa. 
Erosive lesions may be present in the fore¬ 
stomachs, but are usually confined to the 
pillars of the rumen and the leaves of 
the omasum. Histologically, the lesions of the 
squamous mucosa of the alimentary tract 
begin with necrosis of individual cells and 
groups of cells. These foci enlarge and result 
in areas of necrosis with little or no inflam¬ 
mation of the lamina propria. If the necrotic 
foci are abraded, erosions and ulcers develop. 
In the abomasum, there is often a marked 
erythema of the mucosa accompanied by 
multiple submucosal hemorrhages and gross 
edema of the wall. Erosions and ulcers are 
common on the sides of the rugae of the 
abomasum and may be punctuate or more 
than 1 cm in diameter. The lesions have 
raised margins with a distinct pale halo. His¬ 
tologically, there is epithelial necrosis of the 
deep parts of the glandular epithelium. 

The mucosa of the small intestine often 
appears normal except for patchy or diffuse 
congestion and edema in some cases. In 
cases with a short clinical course it is common 
to find coagulated blood and fibrin overlying 
and outlining the mucosal aspect of Peyer’s 
patches, which are also eroded. This is a very 
distinctive lesion that is paralleled only by 
rinderpest and sometimes bovine malignant 
catarrh. Severely affected Peyers patches may 
be obvious through the serosa as red-black 
oval areas up to 10 to 12 cm long on the 
antimesenteric border of the intestine. In the 
large intestine the mucosa may be congested, 
often in a “tiger stripe” pattern following 
colonic folds. The characteristic microscopic 
lesion in the intestinal mucosa is destruction 
of the epithelial lining of the crypts of 
Lieberkiihn. In Peyer’s patches, there is lysis 
of the follicular lymphoid tissue, collapse of 
the lamina propria, and often consequent 
downgrowth of cryptal epithelium. A less 
frequently noted microscopic finding is a 
vasculitis with fibrinoid necrosis of the 
media; this change may also be observed in 
a variety of other organs. 

Nonalimentary tract lesions that may be 
seen on occasion include ulceration of the 
muzzle, interdigital skin, and conjunctival 
membranes. Growth arrest lines in the long 
bones may be seen, and secondary bacterial 
bronchopneumonia can also occur. 
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Peracute Bovine Viral Diarrhea 

The lesions of this form of the infection are 
similar to acute MD and it is usually not 
possible to differentiate between the two 
forms based on gross and histopathological 
findings. There may be an absence of gross 
enteric lesions, especially in animals that 
die within 24 hours after the onset of clini¬ 
cal signs and in calves less than 6 months 
of age. In these peracute cases, pneumonia 
may be the most obvious lesion. Cases in 
which there is widespread hemorrhage 
attributable to thrombocytopenia may also 
be a form of peracute infection. Experi¬ 
mental infections with NCP BVDV-2 
strains have resulted in viral infection and 
necrosis of marrow precursor cells, espe¬ 
cially megakaryocytes, as well as peripheral 
thrombocytopenia and leukopenia. 

Chronic Mucosal Disease 

The necrotic epithelium may not be eroded 
by alimentary movements but instead remain 
in situ as slightly elevated, yellow, friable 
plaques, especially on the tongue and in the 
rumen. Subacute cases with a very prolonged 
course may show very few gross lesions in 
the mouth, some in the esophagus, and no 
lesions in the stomachs and intestines. Peyers 
patches may be difficult to locate in these 
animals and when examined histologically 
the lymphoid follicles are hypocellular. 

In naturally occurring MD, NCP and CP 
viruses can be found in the spleen, intes¬ 
tines, and esophagus. Viral antigens are also 
detectable in mucosal cells of the nares, 
rumen, abomasum, gallbladder, and salivary 
glands. In PI animals, viral antigen can be 
found in myenteric ganglion cells, cells 
within crypts, mononuclear cells of gut- 
associated lymphoid tissue, and mononu¬ 
clear cells of mesenteric lymph nodes. Viral 
antigen can also be found in adrenocortical 
cells, cerebral neurons, endocrine cells of the 
pituitary gland, thyroid follicles, and pancre¬ 
atic islets. 

The virus can be demonstrated in 
sections from formalin-fixed, paraffin- 
embedded tissue using various IHC tech¬ 
niques, including a method using a 
monoclonal antibody, and the detection of 
viral antigen in formalin-fixed sections of 
skin collected at postmortem remains 
strongly indicative persistent infection. Such 
IHC techniques have also enabled the dem¬ 
onstration of viral antigen in association 
with specific lesions, such as within the Pur- 
kinje fibers and conduction system of the 
myocardium of a 4-month-old calf, pancre¬ 
atic islet cells of diabetic cattle, and various 
cells of the central nervous system in a heifer 
with meningoencephalitis. This virus is also 
recognized as a cause of myocarditis, which 
may include a mild lymphoplasmacytic myo¬ 
cardial arteritis with or without fibrinoid 
necrosis. It must be remembered that the 
demonstration of BVDV antigen, or the iso¬ 
lation of the virus from necropsy material, 


does not mean that the animal suffered from 
MD or the peracute form of infection unless 
supportive lesions are observed. The virus is 
often found in animals dying as a conse¬ 
quence of other disease processes, such as 
pneumonia. Confirmation of the presence of 
the virus is nevertheless significant. In terms 
of the individual animal, the virus may have 
caused a degree of immunosuppression. For 
the herd, the presence of circulating virus has 
important implications for the animals of 
breeding age. 

Abortion 

The pathologic criteria for the diagnosis of 
BVDV as a cause of abortion have not been 
established. Finding antibody in a fetus, as in 
an unsuckled neonate, indicates that intra¬ 
uterine infection has occurred but its diag¬ 
nostic significance regarding the abortion is 
not clear. The recovery of virus from the 
fetus, or demonstration of viral antigen 
within fetal tissues, is only suggestive of a 
diagnosis of pestiviral abortion. Recognized 
BVDV-associated congenital defects in 
calves, including cerebellar hypoplasia, cata¬ 
racts, retinal degeneration and dysplasia, 
hypoplasia and neuritis of the optic nerves, 
and musculoskeletal deformities are clear- 
cut indicators of compromised fetal health. 
However, microscopic lesions associated 
with BVD abortion have been described in 
fetal eyelid, lung, and myocardium yet at the 
present time their diagnostic value is still 
controversial. Growth arrest lines are some¬ 
times noted in the long bones of aborted 
fetuses infected with the BVDV and in utero 
the infection may also produce osteopetro¬ 
sis. Osteoporotic lesions, as well as anemia, 
thrombocytopenia, and marrow necrosis 
have been described in 2-month-old beef 
calves infected with an NCP strain of BVDV. 
Infection of megakaryocytes with NCP 
strains of BVDV has been confirmed experi¬ 
mentally. IHC analysis of cryostat sections of 
brain, skin, thyroid gland, abomasum, and 
placenta is a rapid, sensitive method for 
detecting pestiviruses in bovine and ovine 
fetuses. However, in most bovine fetuses, 
IHC testing of formalin-fixed, paraffin- 
embedded tissues is recommended, because 
the detection of BVDV antigen in formalin- 
fixed fetal tissues appears to be superior to 
traditional virus isolation techniques and 
fluorescent antibody techniques. 

Samples for Confirmation of 
Diagnosis 

• Histology: formalin-fixed oral/ 
esophageal lesions, thymus, Peyer’s 
patches, colon, abomasum, rumen, 
mesenteric lymph node, heart, ear. For 
abortions eyelid, lung, thymus, spleen, 
intestine, liver, kidney, heart, brain, eye 
(LM, IHC) 

• Virology: thymus, thyroid, Peyers 
patch, spleen, lung, mesenteric lymph 
node (ISO, FAT, PCR) 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of diseases 
associated with BVDV infection must be 
considered according to the many different 
subclinical and clinical forms of the disease 
affecting many body systems. Each 
manifestation of clinical disease must be 
differentiated clinically and pathologically from 
similar diseases. The distinguishing features of 
each manifestation and the diseases they 
resemble are summarized here. 

The differentiation of the diseases causing 
erosive lesions of the oral cavity mucosa (such 
as mucosal disease) can be perplexing both 
clinically and at necropsy. The similarity 
between them is the more important because 
rinderpest and foot-and-mouth disease are 
major plague diseases. The situation is so 
dangerous that if there is any doubt as to the 
identity of the disease under examination, 
samples should be submitted for laboratory 
examination. 

There are many diseases of the alimentary 
tract of cattle that can be grouped according 

to the presence or absence of oral lesions 
with or without diarrhea. These have been 
summarized in Table 8-10. An erosive 
stomatitis and gastroenteritis are characteristic 
of rinderpest, bovine virus diarrhea, and 
bovine malignant catarrh. The stomatitis 
and hyperemia are remarkably severe in 
bovine malignant catarrh along with a 
corneoscleral opacity, lymph node 
enlargement, hematuria, and terminal 
encephalitis. Rinderpest was eradicated in 
2011 . 

The vesicular diseases, foot-and-mouth 
disease and vesicular stomatitis, are 
characterized by the presence of vesicles on 
the tongue and buccal mucosa, teats, and 
coronets and should be distinguishable from 
erosions. 

Diseases causing diarrhea with no oral 
lesions include winter dysentery, 
salmonellosis, Johne's disease, 
molybdenum poisoning (conditioned 
copper deficiency), parasitism 
(ostertagiasis), and arsenic poisoning. 

A definitive diagnosis depends on isolation 
of BVDV from the buffy coat or serum of 
blood and other tissues. Calves with 
congenital defects can be provisionally 
identified as bovine virus diarrhea by detection 
of specific antibodies in calves that have not 
sucked; this is not an easy specimen to obtain 
in beef cattle running at pasture. 

Although bovine virus diarrhea is not a 
disease of the respiratory tract it is not 
uncommon for respiratory signs to be evident 
and confusion in diagnosis between it and 
infectious bovine rhinotracheitis, and even 
pneumonic pasteurellosis, does arise. It is 
necessary to depend on a careful clinical 
examination of oral and nasal mucosae to 
ensure that there are no mucosal lesions. It is 
also necessary to include bovine virus diarrhea 
in the list of diagnostic possibilities when 
considering the causes of abortion and 

Continued 









590 


Chapter 8 ■ Diseases of the Alimentary Tract-Ruminant 


Table 8-10 Differential diagnosis of diseases of cattle 

in which there are either oral lesions or diarrhea alone or together in 

the same animal 








Clinical pathology and 

Response to 

Etiology 

Epidemiology 

Clinical findings 

pathology 

treatment 

Rinderpest 

Eradicated in 2011 

Severe erosive stomatitis, bloodstained 

Marked leukopenia, 

None 



saliva, blepharospasm, high fever, 

lymphopenia, karyorrhexis 




severe diarrhea and dysentery, many 
cattle affected and many die 

(submit lymph nodes) 


Bovine virus diarrhea 

Young cattle (8 months to 2 years) 

Acute: Diffuse erosive stomatitis. 

Leukopenia, neutropenia and 

Almost all die 

mucosal disease 

that have been persistently 

moderate fever for few days. 

lymphopenia 



infected since fetal life 

profuse diarrhea and severe 

Seronegative 



Low incidence (5%) of acute clinical 

dehydration, skin lesions of 

Blood for virus isolation to 



disease but high case mortality 

coronets and interdigital clefts 

identify persistently 



Sporadic cases of chronic form 

common, die in 7-10 days. 

infected animals 



Acute clinical disease rare in over 2 

Chronic: Inappetence, progressive loss 

Nasal and fecal swabs 



years of age 

of weight, scant soft feces, normal 

Erosions throughout 




temperature, small rumen, 
intermittent bloat, chronic skin 
lesions that do not heal (especially 
interdigital space) 

gastrointestinal tract 


Peracute bovine 

Affects young and adult 

Sudden onset of anorexia, respiratory 

Blood for virus isolation 

No treatment 

virus diarrhea 

immunocompetent cattle not 

distress, fever, anorexia, agalactia, 

Acute and convalescent sera 

High case-fatality rate 


vaccinated 

diarrhea, dysentery, death in few 

Lesions similar to mucosal 



Type II bovine viral diarrhea virus 
Morbidity up to 30%; case-fatality 

days 

disease 



rate up to 40% 




Bovine malignant 

Usually sporadic in animals. 

Severe diffuse intensely hyperemic. 

Leukopenia and neutropenia 

None 

catarrh 

Affects mature and young animals 

erosive stomatitis; persistent high 

early 



In North America outbreaks are 

fever, severe conjunctivitis, 

Leukocytosis later 



common after contact with sheep 

corneoscleral opacity, hematuria, 

Transmission tests 



In Africa outbreaks are common 

enlarged lymph nodes, prominent 

Vasculitis 



after contact with wildebeest 

skin lesions, horn coverings shed, 




Varying forms: peracute, alimentary 

terminal encephalitis, diarrhea and 




tract, head and eye, and mild 

dysentery 

Peracute die in 3 days, acute in 7-10 





days and chronic form may live for 
a few weeks 



Alimentary tract form 

Outbreaks in newborn calves 

Small pinpoint gray pustules on soft 

Virus isolation from feces 

Unlikely to respond 

of infectious bovine 

(25-50% morbidity) 

palate, rhinotracheitis, conjunctivitis. 

and nasal swabs 


rhinotracheitis 

Recent herd introduction of carrier 

persistent mild fever, usually die of 

Lesions in turbinates, rumen. 



Case mortality high (90-100%) 

secondary tracheitis and pneumonia 

and abomasums 


Diseases with oral lesions and no diarrhea 




Foot-and-mouth 

High morbidity (100%), low 

High fever, severe dejection, painful 

Animal transmission tests 

No specific treatment 

disease 

mortality 

stomatitis, ropey saliva, large 

Serology rapid and accurate 



Spreads quickly 

vesicles in mouth, vesicles on teats 




Occurs in enzootic areas 

and coronets, recovery in 3-5 days, 
deaths in myocardial form 



Vesicular stomatitis 

In certain geographic areas, variable 

Mild fever, anorexia, vesicles in oral 

Animal transmission tests 

Usually not indicated 


morbidity and mortality, 

cavity less commonly on teats and 

Serology rapid and accurate 



insect-borne 

feet 

Recover in few days 



Bluetongue 

Clinical disease not common in 

Fever, stiffness, laminitis, coronitis, 

Animal transmission tests 

No specific treatment 


cattle, insect vector, seasonal 

erosive lesions in oral cavity, edema 
of lips, drool saliva, nasal and 
ocular discharge, most cattle 

Serology rapid and accurate 




recover 



Bovine popular 

Worldwide, common in young cattle 

Round, dark-red, raised papules on 

Clinical diagnosis obvious 

Spontaneous recovery 

stomatitis 

(2 weeks to 2 years), morbidity 

muzzle, in oral cavity 




may reach 100%, no mortality, 

Heal in 4-7 days but remnants of 




may occur coincidentally with 

lesion persist for several weeks 




ostertagiasis 

No significant effect on animal 

In same age group as, and often 





associated with, severe ostertagiasis 



Necrotic stomatitis 

Young calves 

Painful stomatitis with large, deep 

Clinical diagnosis 

Respond in a few 


In dirty conditions or on dry rough 

necrotic foul-smelling ulcers on 

Necrotic esophagitis 

days to parenteral 


pasture 

tongue, cheek, and pharyngeal 


antimicrobials 



mucosa 
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Table 8-10 Differential diagnosis of diseases of cattle 
the same animal—cont'd 

in which there are either oral lesions or diarrhea alone or together in 

Etiology 

Epidemiology 

Clinical findings 

Clinical pathology and 
pathology 

Response to 
treatment 

Diseases with diarrhea and no oral lesions (does not include diarrhea of calves) 

Salmonellosis case All ages Acute: High fever, diarrhea, fecal 

mortality may be Outbreaks occur, dysentery, feces culture, fibrinous cast, abdominal 

high foul-smelling pain, die in 24-48 h 

Stress-induced Subacute and chronic: diarrhea occurs 

Contaminated feed supplies too 

Veal calves 

Auction mart problem 

Leukopenia, neutropenia 
Antimicrobials early 
Fibrinohemorrhagic enteritis 

Favorable response to 
stage 

Later many cases die 
or become 
chronically ill 

Winter dysentery 

Housed dairy cattle, winter, 
explosive outbreak, 100% 
morbidity, no mortality 

Acute: Profuse watery diarrhea and 
dysentery, mild fever, inappetence 
and drop in milk yield for 24 h, 
recover spontaneously, no mortality 

None 

Recovery is 
spontaneous 

Johne's disease 

Single animal, 2 years and older, 
low morbidity, long course of 
several months 

Chronic granulomatous-like enteritis 

Chronic diarrhea, feces homogeneous, 
progressive loss of weight, normal 
temperature, appetite usually 
normal, hydration almost normal 

Serologic tests and culture 
feces 

No response to 
treatment 

Secondary copper 
deficiency 
(molybdenosis) 

Enzootic to farm/area 

Young cattle particularly 

Marginally copper-deficient areas, 
especially spring 

Chronic diarrhea without smell, 
mucus, or blood 

Black coats are gray-flecked; red coats 
are rusty yellow 

Very thin 

Plasma copper below 0.5 pig/ 
mL, liver copper below 

20 mg/kg dry matter 

Excellent response in 
body weight and 
resolution of 
diarrhea to copper, 
by injection, 
drench, pasture 
dressing 

Ostertagiasis 

Mostly young cattle 6 months to 2 
years, can be adults 

Many in group affected 

Persistent diarrhea, without smell, 
mucus, or blood 

Decreased appetite, bottle jaw, very 
thin 

May be heavy egg count, 
not if larvae inhibited, but 
plasma pepsinogen level 
greater than 5000 

Several treatments 
with fenbendazole 
Good results 

Lesion may be 
irreversible 

Coccidiosis 

Young cattle, when overcrowded, 
fed on ground, gather at water 
source 

Subacute dysentery, mild fever, 2-3 
days, appetite and hydration remain 
normal 

About 20% develop "nervous signs" 
and die 

Feces for oocysts 

Hemorrhagic cecitis and 
colitis 

Self-limiting disease 
Amprolium and 
sulfonamides 

Arsenic poisoning 

Access to arsenic 

Sudden and rapid death 

Acute abdominal pain, bellowing, 
regurgitation, diarrhea, muscular 
tremors, convulsions, die 4-8 h 
after onset of signs 

Feces and tissues and feed 
supplies or analysis 

Edema of abomasum 
Unfavorable response 

Difficult to treat 

Carbohydrate 

engorgement 

One to several animals 

History of access to grain 

Anorexia, depression, ataxia, 

recumbency, dehydration, profuse, 
foul-smelling diarrhea, grain-kernels 
in feces, rumen static with 
fluid-splashing sounds, no rumen 
protozoal activity 

Rumen pH below 5, lactic 
acidosis, 

hemoconcentration 

Respond favorably if 
ruminal and 
systemic acidosis; 
may need rumen 
lavage or 
rumenotomy 

Renal amyloidosis 

Single animal, mature cow 

Profuse chronic diarrhea, anasarca, 
inappetence, decreased milk 
production, enlarged kidney 

Proteinuria, 

hypoalbuminemia, grossly 
enlarged kidneys 

None 

Ragwort (Senecio 
jacobea) poisoning 

Group problem 

Access to ragwort on pasture or 
ensiled as feed 

Dull, depressed, dark diarrheic feces, 
severe straining and prolapse of 
rectum, staggering and ataxia, head 

Liver enzymes 




pressing 



Squamous cell 
carcinoma of upper 
alimentary tract 

Scotland and northeast England 

Adult beef cows grazing marginal 
land infested with bracken, 
Pteridium aquilinum 

Weight loss, diarrhea, bloat, feces are 
fibrous and watery 

Tumors in oropharynx, 
esophagus, and rumen 
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stillbirth in cattle. Immunoglobulin 
determinations in aborted fetuses may be of 
diagnostic value. 

The definitive diagnosis of chronic 
mucosal disease presents problems because 
often the affected animal has no specific 
neutralizing antibody because of 
immunosuppression or the inability to secrete 
antibody. A presumptive diagnosis can be 
made on the basis of the clinical 
characteristics of the acute disease and the 
absence of other lesions to account for the 
chronic form of the disease. Virus isolation 
must be attempted along with detailed 
pathologic examination. 

• Inapparent subclinical BVDV infection. 
Common diseases include acute 
undifferentiated fever and acute 
undifferentiated bovine respiratory disease. 

• Peracute bovine virus diarrhea. 
Malignant catarrhal fever. Acute 
salmonellosis, bluetongue. 

• Respiratory disease. All common causes 
of bovine respiratory disease. See Table 
18-5. 

• Thrombocytopenia and hemorrhagic 
disease. Malignant catarrhal fever. Moldy 
sweet clover poisoning, bluetongue. 

• Unthrifty persistently infected calves. 

General malnutrition. Copper deficiency. 
Chronic pneumonia. 

• Reproductive failure. Common causes of 
reproductive failure in dairy and beef cattle 
herds are characterized by anestrus, failure 
to breed, unsatisfactory semen, failure of 
fertilization, embryonic mortality, fetal 
resorption, fetal mummification, abortion, 
stillbirth, and perinatal mortality. 

• Neonatal calf diarrhea. All common 
causes of acute undifferentiated diarrhea of 
calves under 30 days of age. 

• Congenital defects of calves. All 
inherited defects of the nervous system of 
calves manifested clinically at birth, and 
diseases of uncertain etiology characterized 
by nervous system involvement 


TREATMENT 

There is no specific treatment for any of the 
diseases associated with BVDV. The progno¬ 
sis for severe cases of MD with profuse 
watery diarrhea and marked oral lesions is 
unfavorable, and slaughter for salvage or 
euthanasia should be considered. Animals 
with chronic BVD should be culled and 
destroyed. 

CONTROL AND PREVENTION 

BVDV continues to cause significant eco¬ 
nomic losses because of failures in imple¬ 
menting a sound immunization program, 
failures in establishing herd-monitoring pro¬ 
grams, and failures in developing effective 
biosecurity and biocontainment programs. 

The ultimate goal of BVDV preven¬ 
tion and control measures is to eliminate 
the potential for the birth of PI calves. A 


combination of biosecurity, vaccination, 
and biocontainment strategies are neces¬ 
sary to control and prevent BVDV infec¬ 
tion and its consequences in a herd and 
country. 

The goal of a BVDV biosecurity program 
is to prevent the introduction of the virus 
into the cattle herd and preventing trans¬ 
mission of the virus to susceptible animals. 
Biocontainment strategies target minimiz¬ 
ing the occurrence or severity of disease 
associated with BVDV infection. The most 
important subpopulation to protect from 
exposure is pregnant cattle, especially those 
in early gestation. The herd must be pro¬ 
tected from direct exposure to cattle from 
other herds that may be transiently or per¬ 
sistently infected with BVD. Examples of 
these exposures include fence line contact, 
movement to and from fairs and exhibi¬ 
tions, and new herd additions. Quarantine 
of new additions for 2 to 3 weeks after 
arrival prevents exposure of the native herd 
to unknown infected animals. Each addi¬ 
tion must be tested for BVDV PI while in 
quarantine or before arrival to identify 
primary reservoirs of virus before they are 
commingled with the native herd. New addi¬ 
tions that arrive pregnant should not calve 
in the presence of pregnant cattle from the 
native herd. The calves born to pregnant 
new additions must be isolated from the 
native herd until their BVDV status has been 
determined. 

Beef feedlots and heifer rearing opera¬ 
tions present a special biosecurity challenge 
because the opportunity to introduce BVDV 
PI animals into these systems is increased by 
the frequent introduction of cattle usually 
comingled from multiple sources. The intro¬ 
duction of PI cattle may affect the health and 
performance of penmates. Dairy and beef 
heifers exposed to BVDV during gestation at 
a heifer development facility may later give 
birth to PI calves in destination herds. BVDV 
exposure could be minimized in these facili¬ 
ties by testing all new arrivals and removing 
PI cattle during a quarantine period of 2 to 
3 weeks and before entering into the primary 
facilities. 

Elimination of BVDV PI cattle early in 
the production system, such as at the cow- 
calf herd level, benefit the cattle industry at 
subsequent points, such as at the feedlot 
and heifer development enterprises. Ideally, 
procurement of animals from biosecure 
herds and animals previously tested 
negative for BVDV PI would eliminate 
the risk for virus exposure from PI animals 
in these types of operations (Figs. 8-28 
through 8-30). 

The successful control and prevention of 
the BVD/MD complex depends on the 
following: 

• Identification and elimination of PI 

animals from the herd 

• Prevention of introduction of infection 

into the herd (biosecurity) 


• Immunization programs and 

biocontainment 

• Eradication of the virus from herds 

Identification and Elimination of 
Persistently Infected Animals From 
the Herd 

Identification and elimination of PI cattle is 
an essential component of a control program 
in an infected herd. Elimination of such 
animals, also known as “clearance of infec¬ 
tion,” will result in the improved health of 
the herd. The testing procedures to detect PI 
animals are described under Clinical Pathol¬ 
ogy in this section. 

In beef herds, to prevent contact with 
pregnant cows, PI animals should be iden¬ 
tified and removed before the start of the 
breeding season. All calves, all replacement 
heifers, all bulls, and all nonpregnant dams 
without calves must be tested for PI status. 
Any female pregnant at the time the herd is 
tested should be isolated from the breeding 
herd and kept isolated until her calf is tested 
and found to be negative. In most whole- 
herd testing situations, IHC testing of skin 
samples is the test of choice because it can 
be accurately performed on animals of any 
age, and a single sample is all that is usually 
required. 

Herd monitoring for PI animals can be 
done with pooled whole-blood or serum 
samples for PCR testing. By pooling samples, 
the expense of screening herds with a low 
prevalence of PI animals is minimized. The 
maximum number of samples per pool 
should be determined at the diagnostic labo¬ 
ratory conducting the analysis. If the initial 
pool is PCR positive, then it must be split and 
retested to identify the viremic animal(s) 
within the pool. Once the viremic animals 
are identified, they must be classified as tran¬ 
siently infected or PI with either a subse¬ 
quent PCR, virus isolation, or IMPA test in 
3 weeks, or using the IHC testing of a skin 
sample. Using a two-test strategy to screen 
feeder calves with a PCR assay of pooled 
samples and IHC testing only of those 
animals represented in pooled samples with 
positive assay will reduce the cost of screen¬ 
ing incoming feedlot cattle compared with 
IHC testing of all animals. 

Following the successful detection and 
removal of PI animals, “self-clearance” or 
elimination of all evidence of the infection 
from the herd will occur. Transient infec¬ 
tions that occur in nonpregnant animals are 
inefficient in transmitting the virus. The 
main route of transmission within a herd is 
from PI animals to susceptible animals. The 
virus is commonly maintained in a herd 
when seronegative animals in early preg¬ 
nancy are exposed to PI animals. Self¬ 
clearance is also more likely in small herds 
compared with large herds that usually have 
rearing conditions that increase the risk of 
exposure of PI animals to susceptible serone¬ 
gative animals in early pregnancy. 
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Fig. 8-28 Objectives of herd testing for bovine viral diarrhea virus (BVDV). 


Prevention of Introduction of 
Infection Into Herd (Biosecurity) 

After identification and elimination of the PI 
animals, the new virus-free status of the herd 
should be maintained by a program of testing 
all introduced animals for freedom from 
infection. In many cases introductions can 
be guaranteed, as far as is reasonably possi¬ 
ble, to be free of infection by selecting 
animals that have convincing titers of serum 
antibody or are negative and are derived 
from a totally negative herd or stable subherd. 
According to the period over which the herd 
of origin has been established and has been 
free from introductions, its free status may 
be established by testing an adequate sample 
of animals. In other cases, antibody-negative 
introductions should be examined for virus 
or held for a period of on-property quaran¬ 
tine in close contact with a few serologically 
negative test animals that are subsequently 
examined for antibody. 

Significant reproductive wastage caused 
by BVDV infection can be prevented 


by testing introductions to the herd or 
management of the herd to maximize immu¬ 
nity before breeding. Cattle producers pur¬ 
chasing pregnant heifers to expand their 
herds must be aware of the possibility their 
fetuses may already be PI. At that stage there 
is no simple test to identify those heifers 
pregnant with a PI fetus. Calves from these 
purchased heifers of unknown vaccination 
history should be considered infected until 
proven otherwise. 

Artificial insemination units are now 
adopting comprehensive testing programs to 
identify PI bulls and immunocompetent 
bulls with the transient acute BVDV infec¬ 
tion. PI bulls are detected by virus isolation 
from blood and not by serologic testing. The 
semen of PI bulls will usually contain the 
virus, but the quality of the semen will 
not necessarily be abnormal. This empha¬ 
sizes the need for virological surveillance of 
breeding herds and artificial insemination 
and embryo transfer centers. It is also impor¬ 
tant to prevent contamination by this virus 


of the fluids used for recovery, in vitro 
manipulation, and transfer of bovine 
embryos. 

Immunization Programs and 
Biocontainment 

Vaccination is effective in reducing the 
spread of BVDV but is unsuitable as stand¬ 
alone control strategy because vaccination 
cannot provide complete protection from 
infection or remove PI animals from the 
herd. Historically, widespread, nonsystem- 
atic use of BVD vaccines has been common¬ 
place in many countries including the United 
States without any noticeable overall reduc¬ 
tion in the prevalence of the disease. 17 Vac¬ 
cination programs target one of two of the 
following objectives: 

• Prevention of clinical disease after 

exposure to BVDV 

• Prevention of fetal infection leading to 

PI calves 

Considering the high prevalence of 
BVDV infection that causes high economic 
losses, vaccination of cattle herds is certainly 
indicated, provided efficacious and safe vac¬ 
cines are available. To be effective, vaccina¬ 
tion against BVDV infection should protect 
against viremia and block infection of 
target cells of the reproductive and lymphatic 
systems to avoid occurrence of fetal infection 
and immunosuppression, respectively. 
Antibodies present in the systemic circula¬ 
tion effectively neutralize viral infectivity, 
promote clearance of the virus, and prevent 
seeding of target organs such as the fetus. 
The goal of immunization is to stimulate 
both the B-cell and T-cell arms of the immune 
systems. The B-cell arm of the immune 
response has the major responsibility for 
inactivating free virus. This is achieved pri¬ 
marily by immunoglobulin, which neutral¬ 
izes the BVDV infectivity and secondarily 
aggregates BVDV and enhances clearance. 
Cell-mediated immunity, particularly CD4+ 
cells, which are type-2 like, is important 
for the resolution of acute infection 
with NCP BVDV. The antibody titers 
required to provide protection from intra¬ 
uterine infection or clinical disease are not 
known. A titer of 1:16 was reported to 
protect from severe clinical disease, whereas 
a titer of 1:256 was found to prevent systemic 
virus shedding in experimentally challenged 
calves. 

An important strategy for successful 
control is vaccination of the breeding female 
at least several weeks before breeding. Exper¬ 
imental exposure of pubertal heifers to the 
virus 6 weeks before breeding stimulates the 
production of SN antibodies, which protects 
against transplacental infection of the fetuses. 
However, immunization in terms of protect¬ 
ing the fetus may not be effective against 
strains that are different from those con¬ 
tained in the vaccine, and the ultimate pre¬ 
caution is to prevent cows or heifers from 
making new contacts shortly before or 
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* After 30 days, retest animals that test positive to confirm PI status. 

Animals that test negative in second test indicates that they were transiently 
infected when tested initially, and are therefore, non-PI 

Fig. 8-29 Flow chart for testing a beef herd prebreeding to detect and eliminate bovine viral 
diarrhea virus carrier (BVDV) cattle. 


during the first half of pregnancy. Control of 
the infection, and of MD, depends entirely 
on control among the breeding stock. 

Infection among nonbreeders is of no long¬ 
term consequence, except that they may be a 
source of infection to breeders and compro¬ 
mise the continuing freedom from infection 
of that group. 

The aim of a vaccination program is to 
ensure that all breeding females have anti¬ 
bodies to the virus before they become preg¬ 
nant. Independent of the vaccine used, 
vaccination should be done at least 3 weeks 
before breeding so that the breeding females 
become seropositive to the virus before 
conception. 

Infectious disease models demonstrate 
that after BVDV is eliminated from a herd, 
cattle become increasingly susceptible to 
new infection and the possibility of an out¬ 
break with severe clinical signs following a 


new BVDV exposure increases. Thus in the 
absence of strict biosecurity, recurring pat¬ 
terns of reinfection with severe clinical signs 
are expected every few years once the virus 
is eliminated from the herd. In North 
America and other regions in which BVDV 
is endemic and reexposure is likely, it remains 
prudent to continue vaccination after elimi¬ 
nating the virus from the herd. 

Bovine Viral Diarrhea Virus Vaccines 

Both MLV and inactivated-virus vaccines 
are available. Currently there are many 
BVDV vaccines that are federally licensed in 
North America alone and all meet or exceed 
requirements for purity, potency, and safety. 
These requirements ensure that vaccines 
elicit an immune response, are free from 
extraneous agents, and do not induce disease. 

The important variables to con¬ 
sider when selecting a vaccine for use 


in different production systems include 
immune response; cross-reactivity, fetal 
protection, duration of immunity, immu¬ 
nosuppression, reversion to virulence, effect 
of maternal antibody on immune responses, 
and purity. 

The MLV vaccines usually contain one or 
two single strains of attenuated BVDV of 
either biotype that pertains to the BVDV-1 
and BVDV-2 genotype. The most commonly 
used strains are BVDV-la, lb, lc, and 
BVDV-2a. Several inactivated BVD vaccines 
are also widely available. 

Modified-Live Virus-Bovine Viral 
Diarrhea Virus Vaccines 

MLV-BVDV vaccines are attenuated so that 
replication of the virus is restricted, reducing 
both viral virulence and shedding of the 
vaccine virus by the vaccinate. The advan¬ 
tages of MLV-BVDV vaccines are numerous 
and significant. Because antigen is amplified 
by replication in the animal, only small 
numbers of viral particles are necessary; thus 
the vaccines are inexpensive and only a 
single vaccination is necessary for adequate 
immunization. Within 3 weeks after vaccina¬ 
tion, antibody is detectable, which will neu¬ 
tralize an antigenically wide range of BVDV 
strains. Although antibody titers after vac¬ 
cination with MLV vaccines were found to 
be lower than after natural infection, increase 
and decay of the titer follow a similar 
pattern. 21 It is suggested that protective anti¬ 
body titers following vaccination persist for 
more than 1 year. Immunization of calves 
with MLV vaccine is not inhibited by colos- 
tral antibody at titers up to 1:32. Assuming 
both a half-life of 21 days for colostral anti¬ 
body and an initial viral neutralizing titer of 
1:2000 after ingestion of colostrum, immu¬ 
nization should be successful in most calves 
4 to 6 months of age. Revaccination before 
the first breeding is recommended. 

The disadvantages of MLV vaccines 
include failure of immunization if the vaccine 
is not stored or handled properly. MLV vac¬ 
cines may cause disease if the vaccine virus 
regains virulence. Development of MD fol¬ 
lowing vaccination with an MLV vaccine 
has been reported occasionally (a condition 
termed postvaccinal MD ). 21 It is now rec¬ 
ognized that postvaccinal MD exclusively 
occurs in PI animals. Although the economic 
loss from postvaccinal MD is negligible, 
from an animal welfare standpoint vaccina¬ 
tion of PI animals should be avoided when 
possible. MLV vaccines are also potentially 
fetopathogenic and should not be used in 
pregnant cows. The possible effects of such 
vaccination are variable and dependent 
on the stage of gestation when the vaccina¬ 
tion occurs. The vaccination of pregnant 
cattle, without detectable neutralizing anti¬ 
bodies to the virus, between 51 and 190 
days’ gestation with a commercial modified 
BVDV live vaccine can result in transpla¬ 
cental transmission of the vaccine virus and 
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*A bulk milk sample may yield false positive results if; 10 to shedding in milk, 

2) shedding virus in milk below detectabel levels, 3) viral RNA destroyed in milk, or 
4) there are PCR inhibitors present. 

** After 30 days, retest animals that test positive to confirm PI status. 

Animals that test negative in second test indicates that they were transiently 
infected when tested initially, and are therefore, non-PI. 

Fig. 8-30 Flow chart for testing a dairy herd to detect and eliminate bovine viral diarrhea 
virus persistently infected (PI) carrier cattle. PCR, polymerase chain reaction. 


is not recommended. Abortions, congenital 
abnormalities of the nervous and musculo¬ 
skeletal systems, perinatal deaths, growth 
retardation, and persistent viral infection are 
all possible outcomes of vaccinating pregnant 
cattle with an MLV before 120 days’ gestation. 
Between 120 and 190 days’, the fetus can be 
expected to become immunocompetent and 
produce serum-neutralizing antibodies that 
can be detected in the precolostral serum of 
the calf at birth. The vaccination of pregnant 
cattle without neutralizing antibodies to the 
virus between 190 and 265 days’ gestation 
will also result in transplacental transmission 
of the virus and the presence of neutralizing 
antibodies in the precolostral serum of calves 
at birth. A temperature-sensitive BVDV 
vaccine will cause seroconversion and, when 
used experimentally in pregnant cows, does 
not result in fetal infection as evidenced by 
lack of virus isolation and absence of pre¬ 
colostral antibodies in the calves, which are 
born healthy. Immunosuppression and 
genetic recombination are other potential 


risks associated with MLV vaccines. Few 
studies have documented impaired lympho¬ 
cyte function with the use of at least one 
MLV vaccine, but the extent of immunosup¬ 
pression is largely undefined. 21 

Inactivated Bovine Viral Diarrhea 
Virus Vaccines 

The disadvantages of the MLV vaccines stim¬ 
ulated the development of inactivated-virus 
vaccines. 

The advantages of inactivated BVDV 
vaccines include the following: 

• Lack of infectivity 

• Unlikely presence of adventitious agents 

• Absence of postvaccinal disease 

• Safe use in pregnant animals 

The disadvantages of inactivated BVDV 
vaccines include the following: 

• High cost of the vaccine 

• Need for two vaccinations to achieve 
primary vaccination 

• Lower and shorter protective antibody 
titers 


Adverse reactions at the site of vaccina¬ 
tion may occur and are associated with the 
adjuvant in the vaccine. Maternal antibody 
may interfere with inactivated vaccines, and 
calves may need to be revaccinated periodi¬ 
cally from 6 months of age to just before 
breeding. Vaccination of naive cattle with 
inactivated BVDV vaccines results in virus 
neutralization peak titers at about 5 weeks 
after the second vaccination with a return to 
seronegativity within 12 weeks of vaccina¬ 
tion. This pattern of response is typical of 
inactivated vaccines. General consensus is 
that the protection afforded by inactivated 
BVD vaccines is narrower and of shorter 
duration than the protection obtained from 
MLV vaccines. 21 

Combination Vaccines 

BVDV vaccines are often incorporated in 
multivalent vaccines to prevent respiratory 
diseases of cattle. These vaccines include 
combinations of the live and inactivated 
antigens of bovine herpesvirus-1 (BHV-1), 
parainfluenza-3 virus, bovine respiratory 
disease virus, and M. haemolytica, and H. 
somni for administration all at the same vac¬ 
cination time. 

Efficacy of Bovine Viral Diarrhea 
Virus Vaccines 

The main concern of BVDV vaccine develop¬ 
ment and protective efficacies of current vac¬ 
cines results from the extensive genetic and 
antigenic diversity of pestiviruses. Although 
there is considerable antigenic similarity 
between the biotypes of the virus and among 
isolates of either biotype, there is also anti¬ 
genic diversity among the isolates. Neutral¬ 
izing antibodies induced by vaccination 
might therefore not react with certain isolates 
of the virus. This antigenic variance may 
interfere with the efficacy of a vaccine because 
immunity against strains that are homolo¬ 
gous to the vaccine strains are less pro¬ 
nounced against heterologous field strains. 17 
Vaccination of yearling cattle with either of 
two commercially available monovalent 
modified live BVD vaccines stimulated the 
production of SN antibodies to each of 10 CP 
and 10 NCP isolates of the virus by one or 
more of the animals by 14 days after vaccina¬ 
tion. No animal produced detectable SN anti¬ 
bodies to all 20 viruses. The cross-protective 
efficacy of BVDV vaccines according to gen¬ 
otypes has been examined with contradic¬ 
tory results. Prior exposure of cattle to 
BVDV-1 (as either an MLV or inactivated 
vaccine) does not always provide protection 
against infection with BVDV-2. A commer¬ 
cial inactivated BVDV-1 vaccine provided 
significant but not complete clinical and viro- 
logical protection against challenge with a 
heterologous BVDV-2 strain. Properly used 
vaccines containing BVDV-1 strains may 
therefore reduce the incidence and severity of 
disease associated with BVDV-2 but not 
provide complete protection. 
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The efficacy of BVDV vaccines for the 
prevention of fetal infection has been 
studied in several experimental trials. Most 
trials using either MLV or inactivated BVD 
vaccines revealed a high degree although not 
complete cross-protection against transpla¬ 
cental infection with heterologous virus 
strains. 22 The use of multivalent vaccine con¬ 
taining strains of BVDV-1 and BVD-2 
appears to provide better cross-protection 
against fetal infection. 

Commercially Available Vaccines 

Most of the commercially available vaccines 
for the BVDV are combined with other anti¬ 
gens such as the IBR, PI-3, and BRS viruses. 
In one study, the serologic responses of beef 
calves 6 to 8 months of age were compared 
following vaccination with eight commercial 
vaccines containing IBR, PI-3, bovine respi¬ 
ratory syncytial virus (BRSV), and BVDV. 
Generally, the serologic responses to the 
viruses varied among different commercial 
vaccines, between and within MLV and 
killed-virus vaccines, and routes of adminis¬ 
tration. All vaccinated calves developed 
higher antibody titers to the antigens 
than unvaccinated controls. The serologic 
responses to the BVDV were low; only 20% 
of the calves had a fourfold seroconversion to 
the virus after two vaccinations. There are 
wide variations in onset of antibody responses 
and duration dependent on vaccine type and 
virus involved. 

Field observations indicate that vaccine 
potency may vary considerably. Some lots of 
vaccines have failed to induce seroconver¬ 
sion in calves following carefully controlled 
vaccination. Unpublished observations by 
some clinicians found a wide variation in the 
amount of virus present in vaccines, and 
manufacturing processes may vary consider¬ 
ably resulting in destruction of live virus. 
Thus part of the vaccination program may 
necessarily include evaluation of the vaccine 
by SN testing before and after vaccination, 
and submitting a sample of the vaccine 
to a laboratory for PCR testing or viral 
isolation. 

Strategies for Bovine Viral Diarrhea 
Virus Vaccination Programs 

The strategies for effective vaccination 
against BVDV infections are prevention of 
fetal infection and control and prevention of 
postnatal infections. 

Prevention of Fetal Infection in Dairy 
and Beef Herds 

With the present state of knowledge, a ratio¬ 
nal vaccination program to prevent fetal 
infection, for both beef-breeding herds and 
dairy herds, consists of vaccinating all calves 
at 4 to 6 months of age with an MLV vaccine. 
The emphasis must be on immunization of 
the heifers before breeding so that the virus 
does not reach the fetus before 120 days’ 
gestation. All heifer replacements and cows 


are vaccinated 3 to 6 weeks before breeding 
with an MLV vaccine. To ensure a level 
of herd immunity, all breeding females 
are revaccinated annually 3 to 6 weeks 
before breeding. All bulls are revaccinated 
annually. 

Colostral immunity is present for up to 
6 months of age in calves born from immune 
cows. Calves with even higher titers of colos¬ 
tral BVDV antibody may have an active 
response to vaccination, but it is question¬ 
able whether this is of any useful purpose. 
If vaccination of the dam before conception 
is the vital part of the program, the vaccina¬ 
tion of calves born from immune cows 
may be unnecessary until they approach 
breeding age. 

Postnatal Bovine Viral Diarrhea 
Virus Infections 

A rational vaccination program for the 
control of the new BVDV infections occur¬ 
ring in immunocompetent animals would be 
similar to the earlier mentioned program in 
dairy and beef breeding herds. However, in 
herds experiencing outbreaks of BVD infec¬ 
tion caused by the highly virulent strains of 
the virus, it would seem rational to vaccinate 
all animals in the herd with the precaution 
that pregnant animals will have to be vacci¬ 
nated with the inactivated virus vaccine. 

Vaccination Schedules 

Strategic vaccination schedules for the 
various situations should emphasize induc¬ 
tion of maximal protective responses to cor¬ 
respond with the stage of the production 
cycle when the risk and consequences of 
BVDV infections are greatest. This means 
well-timed administration of vaccines pre¬ 
breeding and preweaning to protect against 
reproductive losses and respiratory tract 
disease, respectively. Recommendations for 
vaccination schedules for beef and dairy 
cattle herds are outlined here. 

Beef Cow-Calf Herd 

All beef heifer replacements should be vac¬ 
cinated with an MLV-BVDV vaccine at least 
3 weeks before breeding. Cows should be 
vaccinated annually, at least 3 weeks before 
breeding. 

Beef calves should be vaccinated at least 
3 weeks before weaning to have maximum 
protection during subsequent periods of 
high risk at and after weaning. 

Beef Feedlot 

There is no indication for vaccination of 
feedlot cattle for MD in PI animals. In a 
population of feedlot cattle originating from 
several sources, the risk for a PI animal to 
develop MD cannot be reduced by vaccinat¬ 
ing. Postvaccinal MD may occur in some 
cases. If there is a risk of the postnatal forms 
of BVDV, such as the peracute BVD associ¬ 
ated with the highly virulent strains of 
BVDV, the thrombocytopenia, and the 


immunosuppressive effects of benign BVDV 
infection, then feedlot cattle should be vac¬ 
cinated on arrival, with an MLV vaccine. A 
review of bovine respiratory disease vaccine 
efficacy concluded that there were no reliable 
reports of field trials evaluating the clinical 
effects of BVDV vaccines in North American 
feedlot cattle. 

The use of multivalent MLV viral vac¬ 
cines containing IBR, PI-3, BVDV, and 
BRSV have been evaluated in fall-placed, 
auction market-derived, feedlot calves in 
western Canada. Those cattle receiving the 
multivalent vaccine had significantly lower 
treatment rates than those in the univalent 
vaccine group. Cattle receiving the multiva¬ 
lent vaccine had higher carcass weights, 
weight gain, and average daily gain through¬ 
out the feeding period. There was a net eco¬ 
nomic advantage when the multivalent 
vaccine was used compared with a univalent 
IBR vaccine. 

Dairy Herd 

Dairy heifer calves should be vaccinated at 
about 4 months of age, and with a booster at 
5 to 6 months of age. MLV-BVDV vaccines 
containing both type 1 and type 2 genotypes 
should be used. 

Heifer replacements are vaccinated with 
an MLV-BVDV vaccine about 45 days before 
being bred for the first time. This will boost 
serum neutralizing titers as much as possible 
to prevent fetal infection in the first 140 days’ 
gestation. Dairy bulls are vaccinated at 8 to 
12 months of age. 

Recently calved cows are vaccinated with 
MLV-BVDV vaccine at about 30 days before 
breeding. This will ensure high SN titers 
to prevent fetal infection and thus prevent 
some congenital infections, abortions, and 
stillbirths. This practice furthermore stimu¬ 
lates high colostral antibody titers so that 
calves receive a large mass of BVDV 
antibody. 

Inactivated BVDV vaccines can be used 
in pregnant cows when BVDV abortions are 
occurring in the herd. Two vaccinations, 2 to 
3 weeks apart, beginning at the time of preg¬ 
nancy diagnosis or 1 month before the esti¬ 
mated time of abortion. Vaccines containing 
both type 1 and type 2 genotypes are recom¬ 
mended. Inactivated vaccines have also been 
used at drying off and 3 to 4 weeks later to 
enhance colostral antibody titers. Booster 
vaccination of dairy cows 35 days after 
calving with an MLV-BVDV vaccine greatly 
increased the antibody response compared 
with saline controls and cows vaccinated 
with inactivated vaccines containing BVDV, 
IBR, BRSV, and PI-3 viral antigens. 

Vaccination of pregnant cows and heifers 
with a multivalent vaccine containing MLV 
BHV-1, BVDV, PI-3, and BRSV during all 
three trimesters of pregnancy is safe pro¬ 
vided the animals have been previously vac¬ 
cinated before breeding with the same MLV 
components. 
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Veal calves should be vaccinated after 
arrival with an MLV vaccine containing type 
1 and 2 genotypes. 

Current Vaccination Practices 

The most recent available survey of U.S. live¬ 
stock producers indicates that the percentage 
of dairy operations vaccinating against BVD 
increased from 58% in 1991 to 74% in 2007. 
The same survey revealed that in 1996 over 
58% of the dairy producers were using inacti¬ 
vated BVD vaccines, whereas over 62% were 
routinely using MLV vaccines in 2007. 23 The 
proportion of improperly vaccinated herds is 
unknown. In the 1993 outbreaks of peracute/ 
acute forms of BVD in the United States and 
Canada, it was found that many affected herds 
had not been vaccinated or had been vacci¬ 
nated improperly. Surveys in Pennsylvania 
indicate that many producers did not vacci¬ 
nate all susceptible groups of cattle in the 
herd, and many producers did not administer 
the secondary vaccination of the inactivated 
vaccine. Although 82% of dairy producers 
indicated they routinely vaccinated their 
herds, only 27% of the herds were found to be 
adequately vaccinated. A survey of vaccina¬ 
tion practices in Saskatchewan dairy herds 
indicated that only 34% of dairy herds were 
vaccinated against BVDV. In addition, only 
25% of producers who vaccinate follow the 
label directions for administering inactivated 
virus vaccines, and more specifically, the 
requirement to give two doses at the recom¬ 
mended interval. The three most common 
practices were annual vaccination (50%), vac¬ 
cination before breeding (19.5%), and bian¬ 
nual vaccination (7.3%). 

Inadequate vaccination practices can be 
minimized by the veterinarian who can play 
an important role in clearly outlining in 
written form the vaccination program for 
individual herds. Constant surveillance of 
the health management strategies is neces¬ 
sary. Good and reliable records that keep 
track of vaccinations—when they were given, 
which animals were vaccinated, and which 
vaccines were used—are vital. Veterinarians 
must work with their clients to develop a 
specific vaccination and biosecurity protocol 
for each herd. 

Vaccine failures may occur because of 
improper use and storage of the vaccine. 
Syringes must be not washed with water or 
solutions containing chemicals or ingredi¬ 
ents because this will readily kill any live 
virus in the vaccine. 

Eradication of Bovine Viral Diarrhea 
Virus Infection Without Vaccination 

The BVD disease complex has been known 
since the late 1940s and early 1950s. Since 
about 1985, veterinarians have attempted to 
control the disease by culling PI animals, 
vaccination, and using certain levels of 
biosecurity. The diverse and vague clinical 
signs of the infection have made diagnosis 
difficult, costly, and often elusive and 


frustrating. Several diagnostic tests have 
been developed to aid in diagnosis of BVDV 
infections, and most importantly for the 
detection of PI animals. Many vaccines have 
been developed since about 1960 that have 
reduced losses but not adequately enough 
because none of the vaccines will provide 
complete protection given the antigenic 
diversity of BVDV isolates. Anything less 
than absolute fetal protection by vaccines 
will still allow some PI animals to be present 
in the herd. Because of these difficulties and 
the high economic losses associated with 
BVDV, total eradication of the virus from 
herds of cattle and from countries has now 
become a reality. 

A control and eradication program 
against BVDV without vaccination has been 
successfully implemented in the Scandina¬ 
vian and other European countries with 
(near) complete elimination of BVD from 
their cattle population. The Swedish BVD 
control program was among the first of the 
BVD eradication programs implemented on 
a national level and is the basis for many 
voluntary or national BVD control and erad¬ 
ication programs in other countries. 

Concepts that are common to most 
control and eradication programs for BVDV 
include the following: (1) a herd is not 
infected until one or more persistent infec¬ 
tions have been established; (2) the high inci¬ 
dence of self-clearance will reduce the 
prevalence of BVDV infections in cattle pop¬ 
ulations even without active disease clear¬ 
ance, provided virus is not reintroduced; and 
(3) BVDV cannot persist within a herd when 
contacts between PI animals and susceptible 
animals in early pregnancy do not occur. 
Thus the “test and cull” strategy is the major 
principle for effective eradication. 

Before considering an eradication 
program in a region or country, an overall 
assessment of the economic importance of 
the BVDV disease complex should be con¬ 
ducted. Cost is an important factor in deter¬ 
mining whether any measures against the 
infection should be initiated. Ideally, the 
overall cost of an organized an eradication 
program should be administered by dairy 
and beef cattle associations and animal 
health organizations. Diagnostic laboratories 
must be able to assist with the planning of 
sampling and providing information on the 
epidemiology of the infection to cattle pro¬ 
ducers in general, ensuring that known risk 
factors are identified and minimized. 

The components of an organized eradica¬ 
tion program based on test and cull include 
several factors: 

• Population dynamics. In the region of 
concern, basic cattle population data 
such as average size of herd, production 
type (dairy, beef or others), and 
population density should be available. 
Basic knowledge of the dynamics of the 
cattle industry such as movement 
patterns, restocking of breeding 


herds, vaccination programs, 
livestock markets, community pastures, 
and cattle exhibitions and sales is 
necessary. 

• Prevalence monitoring. A 

comprehensive knowledge of the 
prevalence of infection is necessary to 
identify herds with an ongoing infection 
with BVDV as well as those susceptible 
to infection. 

• Diagnostic tests. Reliable diagnostic 
tests for test and cull programs are 
necessary. The tests must be as sensitive 
and specific as possible, and they must 
be easy to use, be reproducible, be 
suitable for large-scale testing, and be of 
reasonable cost. 

• Education. All those involved in the 
actual program must be fully informed 
with the latest information about the 
various aspects of the BVDV disease 
complex, including how the virus is 
transmitted, diagnostic testing and 
interpretation of results, and the 
strategies to be used. 

• Biosecurity. Biosecurity measures to 
prevent introduction of infection into 
virus-free herds must be given high 
priority. This includes consideration of 
the possibilities of direct and indirect 
contact with infectious animals outside 
of the herd, and ensuring that all 
replacement animals imported into a 
herd cleared of BVDV are kept in 
quarantine facilities until they are 
verified free of the virus. If different 
herds share common pastures, rules 
should be set out to ensure that only 
BVDV-free animals are allowed onto the 
pastures. Other means of reinfection are 
by biologic products, including semen, 
embryos, colostrum, vaccines, and other 
veterinary drugs, which should be 
verified free from BVDV before being 
used. 

• Logistics. The overall plans for sampling 
and testing should be outlined by an 
advisory body with access to all 
available data on epidemiology and 
laboratory capacity. On a regional basis, 
organization of testing, actions after 
initial screening of herds, and follow-up 
testing could be organized 
advantageously by a district veterinary 
officer or someone with similar 
experience in surveillance for notifiable 
animal diseases. 

• Animal identification. Individual 
animal identification with easily read ear 
tags or electronic identification is a 
strict requirement. 

• Legislation. Organized efforts to control 
BVD on a national level requires 
legislation or some means of regulating 
free movement of potentially viremic 
animals. Initially, this may become a 
requirement of herd managers who have 
successfully cleared their animals of 
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BVDV or livestock trade or breeding 
companies who want to promote a 
specific health status of their animals. At 
later stages, test certificates documenting 
freedom from BVDV issued by district 
veterinary officers engaged in 
organization of BVD control activities 
may evolve as mandatory 
documentation to allow access to 
livestock auctions, exhibitions, or 
communal grazing land. 

Bovine Viral Diarrhea Control 
Programs in Different Geographic 
Regions and Countries 
Scandinavian Countries 

Scandinavian countries have successfully 
implemented BVDV control programs 
without the use of vaccines and have or are 
about to achieve complete eradication. The 
seroprevalences of BVDV in the cattle popu¬ 
lations of these countries before implement¬ 
ing control measures ranged from very high 
to low. In the early 1990s, the herd-level sero- 
prevalence of BVDV was 40% in Denmark, 
25% to 40% in Norway, and 1% in Finland. 
No vaccines against BVDV have been 
licensed or used in these countries; thus the 
seroprevalence was from natural infection. 

The basic elements of the control pro¬ 
grams in all Scandinavian countries are 
similar. Three different activity levels can be 
distinguished. The first level included screen¬ 
ing of all cattle herds with the principal aim 
of identifying BVDV-free herds and main¬ 
taining them free. Bulk milk samples col¬ 
lected for milk-quality monitoring or sera 
from a limited number of animals represent¬ 
ing all epidemiologic groups of the herd are 
tested for antibodies to BVDV. Next they are 
scored to indicate freedom from BVDV or a 
more or less likely ongoing infection with 
BVDV. This populationwide screening is 
repeated annually to monitor the spread of 
BVDV or the effect of the control program. 
The second level of activity aims to identify 
herds with an active infection among those 
positive for BVDV, for example, those with 
one or more PI animals. By limiting the 
number of herds that require a full-herd 
screening, efforts can be focused where 
needed and the overall cost minimized. The 
aim of the third level activity is to identify all 
PI individuals in herds with active infection. 
This involves an initial sampling of all cattle 
on the farm, plus a follow-up phase to test 
calves born to BVDV antibody-positive 
dams that were pregnant during or shortly 
after the initial testing. After the herd clear¬ 
ing is completed, surveillance at level 2 
serves to verify success and eventually to 
certify that cleared herds are free from 
BVDV, despite still strongly positive by level 
1 antibody surveillance results. 

United Kingdom 

In 1999, in the UK, the cattle industry estab¬ 
lished Cattle Health Certification Standards 


(Checs) as a nontrading organization to 
promote and regulate voluntary schemes for 
the control of BVDV and other pathogens. 
The basis of Checs is the identification and 
removal of PI animals from herds, combined 
with changes in husbandry procedures to 
prevent infection from being reintroduced. 
There are three programs, allowing the 
farmer to work with the veterinarian to for¬ 
mulate a BVDV health strategy to meet the 
particular needs of that farm. The accredita¬ 
tion program demonstrates the herd is free 
from BVDV and to maintain freedom from 
the virus and to allow the sale of animals as 
accredited free of the virus. In the screening 
and eradication program the objective is to 
implement a control program to reduce the 
detrimental effects on the herd productivity 
associated with the BVDV and to allow sale 
of animals of known status. The program 
applies where there is already evidence of 
recent BVDV infection in the herd or where 
positive results have been found in the course 
of an accreditation program. In the vaccina¬ 
tion monitored free program the objective is 
to control BVDV infection through vaccina¬ 
tion of the breeding herd and, by regular 
monitoring of young animals, to demon¬ 
strate that the control is effective and expo¬ 
sure of young animals to the virus has not 
occurred. The goal is to allow the sale of 
animals that are accredited as being from a 
vaccinated herd and monitored free of active 
BVDV infection. This program is considered 
appropriate for commercial herds selling 
animals for finishing. The status of these 
herds is lower than that of BVDV-accredited 
herds. 

Continental Europe 

Countrywide BVDV control schemes involv¬ 
ing entire cattle populations have recently 
been launched in several countries on the 
European mainland such as Austria, 
Germany, and Switzerland. In Austria, which 
is currently considered free of BVD, the 
national BVD control program requires 
cattle herds to conduct a herd screening on a 
yearly basis. The objective of the annual 
screening is to identify herds with recent or 
ongoing BVD infection by detecting sero¬ 
conversion. A herd can be tested through 
serologic examination of a bulk milk sample, 
serologic examination of a subset of young 
lactating cows, or a subset of animals between 
6 and 24 months of age. Herds with negative 
serologic results are classified as free of BVD, 
whereas herds with positive serology are clas¬ 
sified as suspect of BVD infection. These 
herds must undergo further examination, 
consisting among others of a compulsory 
virus antigen screening of all newborn calves 
in their first 5 weeks of life. The PI animals 
must be euthanized or slaughtered within 14 
days. Animals leaving or entering a herd 
must be tested for persistent infection before 
they can be marketed. With the control 
program being based on detection of sero¬ 


conversion, vaccination against BVD is 
evidently not permitted. Although sample 
collection and laboratory costs are the pro¬ 
ducers expenses, compensation is granted 
for every PI animal that is to be destroyed. 

After several years of BVD control at a 
state level, Germany implemented a nation¬ 
wide BVD control program in 2011 that is 
based on compulsory screening for persis¬ 
tent infection (ear notch) of every calf in the 
first 6 months of life or before it leaves the 
herd of origin. A virus-negative result of a 
calf automatically grants the same status to 
its dam. The status of “not persistently 
infected with BVDV” is recorded in a 
national database, and only animals with this 
status on record are allowed to be marketed. 
Because the program is based on virus or 
virus antigen detection the use of BVD vac¬ 
cines remains possible and permitted. Costs 
for sample analysis are covered by the 
authorities, and the producer is eligible for a 
compensation for every PI animal. 

In the United States the Academy of Vet¬ 
erinary Consultants published a position 
statement encouraging the implementation 
of BVD control programs. Since then, several 
voluntary control programs, mainly for dairy 
but also for beef herds, on a state level have 
been developed and implemented in Colo¬ 
rado, Alabama, Montana, Washington, New 
York, and Michigan. 24 The main pillars of 
these programs include the following: 

• Educating the producers about the 
biology of BVDV infection and the 
routes of transmission 

• Definition and implementation of 
required testing strategies 

• Implementation and documentation of 
standard biosecurity measures 

• Implementation of specific vaccination 
strategies and schedules 

Some programs provide subsidies for 
expenses related to testing and destruction 
of PI animals. Currently there are no plans 
to eradicate BVDV as is being done in the 
Scandinavian countries. However, it is very 
realistic and possible that the virus could 
be eradicated on a herd-by-herd basis using 
detection and elimination of PI animals, the 
judicious use of effective vaccines, regular 
diagnostic testing for PI animals, and 
implementation of biosecurity measures to 
ensure that reinfection of the herd of does 
not occur. 
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WINTER DYSENTERY OF CATTLE 


SYNOPSIS 


Etiology Bovine coronavirus. 

Epidemiology Northern climates. Adult 
lactating dairy cows, usually during winter 
months when housed. Immunity develops 
and lasts variable periods. High morbidity 
with outbreaks; low mortality. Transmitted 
by fecal-oral route. 
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Signs Sudden onset of diarrhea affecting 
almost entire herd within several days. Mild 
fever, decline in milk production, 
inappetence. Recover in few days. Some 
coughing. 

Clinical pathology None routinely. 

Lesions Crypt atrophy on intestinal mucosa; 
enterocolitis. 

Diagnostic confirmation Detection of virus 
in feces. Serology. 

Treatment None required. 

Control No specific control measures 

available. Hygiene. Minimize overcrowding 
in dairy housing. 


ETIOLOGY 

Winter dysentery is associated with the 
bovine coronavirus (BCoV), a single- 
stranded RNA virus, which is a member of 
family Coronaviridae, order Nidovirales. 
BCoV has been associated with diarrhea in 
calve and adult cattle (winter dysentery) as 
well as with respiratory disease in calves and 
adults. Virus strains isolated from the respi¬ 
ratory tract have been designated as bovine 
respiratory coronavirus (BRCoV), whereas 
those strains isolated either from adult cattle 
or calves with diarrhea have been designated 
as bovine enteropathogenic coronavirus 
(BECoV). For clinical purposes strains iso¬ 
lated from diarrheic calves are often referred 
to as BCoV—calf diarrhea (BCoV-CD) and 
those from adult diarrheic cattle BCoV- 
winter dysentery (BCoV-WD). 1 

There is ongoing debate over whether the 
strains of BCoV isolated from the respiratory 
and gastrointestinal tract are the same or dis¬ 
similar. It is still unclear whether the differ¬ 
ent isolates can be distinguished antigenically, 
but it has been proposed that enteropatho¬ 
genic and respiratory strains may be the 
same virus at different stages of its infectious 
life cycle. 1 

Several studies have found a close sero¬ 
logic relationship between the coronavirus 
causing winter dysentery and the coronavi¬ 
rus causing diarrhea in calves, but there are 
antigenic differences between the different 
isolates. The oral and intranasal inoculation 
of gnotobiotic and colostrum-deprived 
calves with BCoV-WD results in diarrhea in 
the calves indistinguishable from that seen in 
calves inoculated with the calf diarrhea coro¬ 
navirus. The BCoV has also been isolated 
from the diarrheic feces of adult wild rumi¬ 
nants (sambar deer, one waterbuck, and 
white-tailed deer) affected with diarrhea in 
both England and the United States. The 
BCoV has tropism for both the intestinal and 
respiratory tracts. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

BCoV is highly prevalent in the cattle popu¬ 
lation all over the world. The virus is 


recognized as an important causative agent 
for diarrhea in neonatal calves. In contrast 
winter dysentery is a sporadic condition 
associated with watery, bloody diarrhea in 
adult cattle. Winter dysentery has been 
reported from many countries including the 
United States, Canada, Sweden, Germany, 
France, Israel, Australia, and New Zealand. 
It is common in dairy cattle in Sweden. A 
nationwide survey of antibodies to BCoV in 
bulk tank milk in Swedish dairy herds found 
that 89% of samples were positive and 52% 
had very high levels of antibodies. 

Winter dysentery is most common in 
recently calved adult dairy cows. Young cattle 
and even calves may be affected but with only 
mild clinical signs. Highest incidences are 
observed during the colder months of the 
year when animals are housed with close 
contact to each other. In Sweden, 75% of all 
outbreaks occur between November and 
January. Winter dysentery has also occurred 
in adult beef cattle and in feedlot cattle 6 to 9 
months of age. A typical outbreak lasts for 1 
to 2 weeks and spreads in an epizootic manner 
throughout an infected herd. 

A moderate immunity, which persists for 
about 6 months, develops after clinical 
disease, and recurrent clinical disease seldom 
occurs in less than 2 to 3 years. In herds 
regularly exposed to the infection, epidemics 
are mild; when the intervals between recur¬ 
rences are more than 3 years, the epidemics 
are more severe. Serologic examination of 
paired serum samples from affected herds 
reveal that almost all cows seroconvert to 
BCoV and BVDV. The titers to BCoV are still 
high 1 year after the outbreak, and antibody 
is transferred to colostrum and to the calves 
in which it persists for up to 4 to 6 months 
of age. 

A coronavirus indistinguishable from 
BCoV has been isolated from wild rumi¬ 
nants with diarrhea similar to winter dysen¬ 
tery in cattle. The virus was isolated from the 
feces of sambar deer, waterbuck in a wild 
animal habitat, and from a white-tailed deer 
on a wildlife farm in Ohio. In a serologic 
survey of coronaviruses among wild deer, 
8.7% and 6.6% of sera from mule deer in 
Wyoming and from white-tailed deer in 
Ohio, respectively, were seropositive against 
the wildlife isolates and selected bovine coro¬ 
naviruses. Thus coronaviruses exist in wild 
ruminants, which may be a source of infec¬ 
tion transmissible to cattle. 

Morbidity and Case-Fatality Rates 

The morbidity rate may be as high as 30% to 
50% within a few days after the first case is 
encountered and up to 100% after 1 week. 
The case-fatality rate is less than 2%. In 
recent years an increase in case-fatality rates 
as been reported in the Great Britain, for 
which changes in the virulence of circulating 
viral strains may have been the cause. 2 The 
disease is important in dairy herds because, 
although few animals die of the disease, it 
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may cause serious loss of body condition and 
milk production. In mild epidemics, the 
maximum decrease in milk production com¬ 
pared with a theoretical lactation curve 
ranges from 6% to 11%. Drops in daily milk 
yield in more severe cases can range from 
25% to 95%/ The overall decrease in milk 
production may persist for 8 to 15 days. 

Outbreaks of the disease exhibit space- 
time clustering within a 30-day time and a 
5.5-km radius. Large herds with more than 
60 cows and a history of an outbreak in the 
previous year were at increased risk of an 
outbreak. In Sweden, one-third of the 
affected herds had experienced an outbreak 
within the previous 4 years and 18% had a 
least one further outbreak during the follow¬ 
ing 2 years. 

Methods of Transmission 

Feces and, to a lesser extent, secretions from 
the upper airways from clinical and subclini- 
cally infected animals are the main source of 
infection, and contamination of feed or 
drinking water is the method of spread. Ver¬ 
tical transmission has not been documented. 
The disease is highly contagious and can be 
introduced to farms by human visitors, 
carrier animals, and fomites. Infection of the 
respiratory tract with BCoV may enhance 
the transmission of the infection in addition 
to the usual fecal-oral route of transmission 
for enteric pathogens. 

Experimental Reproduction 

Both winter dysentery and calf diarrhea can 
be reproduced using the same strain of 
BCoV. Calf diarrhea and winter dysentery 
strains of the virus can cause diarrhea in 
adult cows in conjunction with host or envi¬ 
ronmental factors. Winter dysentery can be 
reproduced in seronegative lactating dairy 
cows by direct contact with an experimen¬ 
tally infected calf. All experimental cattle 
shed the virus in the feces at the onset of 
profuse watery diarrhea with small amounts 
of blood in the feces of the most severely 
affected animals including both cows and 
calves. The cows are commonly more 
depressed, and their appetites are decreased, 
which is associated with a marked decrease 
in milk yield. Following infection, all cattle 
will produce early IFN type 1 in serum and 
in nasal secretions and milk. All cattle 
develop high IgM antibody responses and 
long-lasting IgA antibody responses both 
systemically and locally. Prolonged IgM anti¬ 
body responses occur in all infected cattle. 
The IgA antibody response in serum may be 
detectable for up to 17 months after infec¬ 
tion. Bovine-specific IgG can be detected in 
all cattle during the experimental period of 
up to 22 months. 

Risk Factors 

Host and Environmental Risk Factors 

Various host and environmental risk factors 
potentially contributing to the occurrence of 


clinical disease have been identified in epide¬ 
miologic studies. The risk of clinical disease 
for an individual animal was found to be the 
highest for recently calved cows between 2 
and 6 years old. Pregnant cattle were less 
likely to develop the disease compared with 
nonpregnant animals, and cows with high 
acute antibody titers to BCoV had greater 
odds of developing disease, compared with 
cows with lower titers. 

On a herd level a history of previous epi¬ 
sodes of winter dysentery and a herd size of 
60 head or larger increased the risk of a 
winter dysentery outbreak. Flousing cattle in 
tie-stall or stanchion barns rather than free 
stalls and use of equipment to handle manure 
and subsequently handle feed were factors 
that further increased the risk of winter dys¬ 
entery outbreaks. 

Other factors considered to contribute to 
the occurrence of clinical disease include 
environmental stress (e.g., inclement weather 
or shipping), human visitors that had recent 
contact with infected cattle, and purchase of 
animals potentially carrying the virus. 1 

Pathogen Risk Factors 

Coronaviruses are divided into at least three 
antigenic groups, and antigenic cross¬ 
reactivity exists within an antigenic group. 
BCoV, mouse hepatitis virus, murine enteric 
coronavirus, rat coronavirus, human corona- 
virus, and porcine hemagglutinating enceph¬ 
alomyelitis virus belong to the same group. 
BCoV is an important cause of neonatal calf 
diarrhea and winter dysentery, but BCoV 
also possesses tropism for the respiratory 
tract of young cattle. 

Some BCoV strains isolated from the 
respiratory tract of cattle had different bio¬ 
logical, antigenic, and genetic properties 
compared with enteric strains of the virus. 
Strains isolated from feedlot cattle and com¬ 
pared with those with the originally described 
Mebus prototype (from neonatal diarrheic 
calves) reveal that the respiratory strains of 
BCoV may differ genetically from the classi¬ 
cal calf enteric and adult winter dysentery 
strains. 

Cross-protection studies between respi¬ 
ratory and calf diarrhea and winter dysen¬ 
tery coronavirus strains in calves have been 
examined using RT-PCR and nested PCR 
for their detection. Calves inoculated with 
BRCoV, calf diarrhea coronavirus, winter 
dysentery coronavirus and then challenged 3 
to 4 weeks later with either BRCoV, CD, or 
WD strains of BCoV developed diarrhea, 
then recovered, and were protected from 
BCV-associated diarrhea after challenge 
exposure with either homologous or heter¬ 
ologous BCoV strains. 

Nasal and fecal shedding of BCoV, which 
was detectable only by nested PCR, after 
challenge exposure confirmed field and 
experimental data documenting reinfection 
of the respiratory and enteric tracts of cattle. 
This indicates that in closed herds, 


respiratory or enteric tract infections may 
constitute a source of BCoV transmission to 
cows or young calves. 

PATHOGENESIS 

The pathogenesis of BCoV-WD infection is 
not completely understood. Because BCoV 
is considered to be ubiquitous in the 
cattle population, persisting in subclinically 
infected animals, it is assumed that environ¬ 
mental risk factors are required to trigger 
clinical disease. Environmental stress in the 
form of inclement weather, overcrowding, or 
shipping may result in increased virus shed¬ 
ding through feces and nasal secretions. 

After oral infection the virus initially rep¬ 
licates in the enterocytes of the digestive tract 
and epithelial cells of different sections of the 
respiratory tract. 2 Within the intestinal tract 
the enteropathogenic BCoV, which has a 
known tropism for the small and large intes¬ 
tinal tract, appears to spread from the small 
to the large intestines. 3 Ultimately mucosal 
lesions may be found in all sections of the 
intestinal tract including jejunum, ileum, 
cecum, colon, and rectum, with the colon 
most severely affected. 4 This virus-associated 
tissue trauma consists of progressively 
worsening villous atrophy and fusion of 
the intestinal mucosa. The morphologic 
changes associated with winter dysentery 
have been termed virus-induced enteroco¬ 
litis. 4 Within the respiratory tract, experi¬ 
mental infection with the enteropathogenic 
winter dysentery strain of BCoV was associ¬ 
ated with epithelial damage in nasal turbi¬ 
nates, trachea, and lungs, as well as interstitial 
pneumonia. 3 Mucosal lesions in the intes¬ 
tines result in malabsorptive diarrhea and 
shedding of variable amounts of blood into 
the gut. Lesions in the respiratory tract may 
become clinically apparent as upper and/or 
lower respiratory tract disease if severe 
enough. 

CLINICAL FINDINGS 
Cattle 

After an incubation period of 3 to 7 days 
there is an explosive outbreak of diarrhea 
which, in the course of the next 4 to 7 days, 
affects the majority of adult cattle in the herd. 
The youngest animals of the mature group 
may have only mild signs. A fever (39.5°C- 
40.5°C; 103°F-105°F) may precede the onset 
of diarrhea, but when clinical signs are 
evident the temperature is usually normal. 
There is a marked fall in milk yield that lasts 
for up to 1 week, anorexia of short duration, 
and some loss of body condition. The feces 
are liquid, often hemorrhagic and homoge¬ 
neous without much odor, and with no 
mucous or epithelial shreds; the color is dark 
green to almost black (depending on the 
amount of blood shedding into the gut). 
Feces are often passed with little warning and 
considerable velocity. A nasolacrimal dis¬ 
charge and cough may precede or accom¬ 
pany the epidemic. The frequency of 





coughing may be higher in those herds that 
have not experienced a more recent out¬ 
break. In most animals the course is short 
and the feces return to normal consistency in 
2 to 3 days. In occasional cases the syndrome 
is more severe, dehydration and weakness 
are apparent, and dysentery—either with 
feces flecked with blood or the passage of 
whole blood—occurs. The disease in the 
herd usually subsides in 1 to 2 weeks but in 
some cases production may not return to 
normal for several weeks or a few months. 
Case fatalities associated with winter dysen¬ 
tery were primarily associated with severe 
blood loss into the gut and ensuing anemia 
rather than dehydration. 2 

In feedlot cattle, 6 to 9 months of age, 
the disease has been characterized by an 
acute onset of diarrhea with high morbid¬ 
ity and low mortality, dyspnea, coughing 
and nasal discharge, and high body tem¬ 
perature (40°C-41°C) in most severe cases. 
The diarrhea is characterized by fluid dark 
(brown-black) feces sometimes containing 
frank blood. 

CLINICAL PATHOLOGY 

The laboratory diagnosis is dependent on 
detection of the virus in feces or upper respi¬ 
ratory tract secretions and serology. Fecal 
and blood samples should be submitted from 
both affected and normal cows. 

Detection of Virus 

Fecal samples or oropharyngeal fluid can be 
examined for the presence of BCoV using 
ACE or electron microscopy. For routine 
purposes, direct electron microscopy viral 
identification and/or ELISA is sufficient. This 
can be complemented by the protein A gold 
immune electron microscopy because of its 
high sensitivity and specificity in the detec¬ 
tion of viral particles. A reverse transcriptase 
(RT)-PCR can be used to detect BCoV in 
clinical samples. A LFT has been established 
in Europe for the BCoV antigen detection in 
feces. 1 

Serology 

Attempts at diagnosing these infections sero¬ 
logically are often problematic because in 
adult cattle high BCoV-specific IgG levels are 
often encountered in the acute samples, pre¬ 
sumably due to reinfections with the virus, 
obscuring the detection of a possible increase 
in titer in paired samples. In addition, adult 
cattle are usually seropositive and maternal 
antibodies frequently obliterate the detection 
of infection in calves. 

A capture ELISA test for BCoV-specific 
IgA and IgM in milk and sera has been devel¬ 
oped and is useful for discriminating between 
primary infection and reinfection. In adult 
cattle, testing of paired serum samples using 
the antibody-capture ELISA may be a better 
indicator of recent BCoV exposure than 
testing of serum samples with virus neutral¬ 
izing assays. Antigen-antibody binding in 
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feces may interfere with results of the ACE 
for BCoV. 

NECROPSY FINDINGS 

In the rare fatalities available for necropsy, 
there is severe hemorrhage and hyperemia of 
the colonic and cecal mucosa. 4 Frank blood 
may be present in the lumen of the large 
intestine. 2 Microscopically there is wide¬ 
spread necrosis and degeneration of the epi¬ 
thelium of the large bowel. Lesions consist of 
pyknosis and karyorrhexis, and granular 
degeneration, hydropic degeneration, and 
hyaline droplet degeneration of crypt epithe¬ 
lial cells. Similar but less severe gross and 
microscopic changes have been observed in 
experimentally infected cattle. 4 

Samples for Confirmation 
of Diagnosis 

• Histology: formalin-fixed cecum, colon 
(LM, IHC) 

• Virology: colonic content (Electron 
microscopy, ACE), colon (FAT). 


DIFFERENTIAL DIAGNOSIS 


Winter dysentery must be differentiated from 

the following: 

• BVD/mucosal disease affects primarily 
younger cattle in small outbreaks (BVD) or 
individual animals. Erosions of the oral 
cavity are present and the diarrhea and 
systemic effects are much more severe. 

BVD serotype II may affect cattle of all ages 
including adult cattle and is a severe, highly 
fatal disease. 

• Coccidiosis affects cattle from 3 to 12 
months of age and is characterized by 
frank blood in the feces, tenesmus, and 
diarrhea of longer duration. Fecal sample is 
usually diagnostic. 

• Enteric salmonellosis is a severe toxemic 
enteritis with diarrhea and dysentery, 
fibrinous casts in the feces, a high fever, 
severe depression, and rapid death. Culture 
of the feces is important. 

• Paratuberculosis characterized by chronic 
intractable diarrhea in mature cattle with 
loss of body weight and eventual 
emaciation. The condition in its clinical 
stage generally affects single or few 
animals within a herd at a time. 

• Group B rotavirus. Rare cases of diarrhea 
in mature lactating dairy cows associated 
with group B rotavirus have been 
described. The onset of diarrhea is sudden, 
milk production decreased, the feces were 
liquid, and recovery occurred in 3-5 days. 

• Schmallenberg virus. Outbreaks of 
profuse watery, but not bloody diarrhea in 
dairy herds that were associated with mild 
systemic disease and a marked transient 
drop in milk production were reported in 
Northern Europe in the fall of 2011. 
Symptoms were later linked to an epidemic 
Schmallenberg virus infection in the 
region. 6 


• Respiratory tract infections. The clinical 
findings of dyspnea, nasal discharge, 
coughing, and fever associated with the 
bovine respiratory coronavirus must be 
differentiated from acute undifferentiated 
bovine respiratory tract disease. 

BVD, bovine diarrhea. 


TREATMENT 

Treatment is of doubtful value because 
affected cattle usually respond spontaneously 
in 24 to 36 hours. Occasionally dehydration 
will become severe and is best treated with 
fluids and balanced electrolytes as indicated. 

CONTROL 

No specific and effective methods to control 
or prevent outbreaks of winter dysentery are 
available. Control measures should focus on 
assuring adequate host immunity, minimiz¬ 
ing stress, and reducing exposure to clinical 
cases whenever this is feasible. Every effort 
must be made to avoid the spread of infec¬ 
tion on inanimate objects such as boots, 
feeding utensils, and bedding, but even the 
greatest care does not appear to prevent the 
spread of the disease within a herd. 

Vaccination 

Some preliminary studies have tested the 
potency of BCoV vaccine to induce serum 
antibodies, but randomized controlled trials 
to test the efficacy of the vaccine have not 
been done. 

FURTHER READING 

Boileau MJ, et al. Bovine coronavirus associated 
syndromes. Vet Clin North Am Food Anim Pract. 
2010;26:123-146. 

Van Kruiningen HJ, et al. Winter dysentery in dairy 
cattle: recent findings. Comp Cont Educ Pract Vet. 
1985;7:S591-S599. 
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BOVINE PAPULAR STOMATITIS 


SYNOPSIS 


Etiology Bovine papular stomatitis virus, 
member of the parapoxvirus genus. 

Epidemiology Worldwide occurrence; cattle 
of all ages can be infected, clinical signs 
most common in young animals. Outbreaks 
of BPS in dairy herds have been reported. 

BPS is a zoonosis causing skin lesions after 
direct contact in animals handlers. 

Signs Lesions on the muzzle, inside the 

nostrils, the oral cavity, teat and udder skin, 
occasionally also esophagus and 

Continued 
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forestomaches. In most cases without 
systemic disease but transient anorexia, 
weight loss, ptyalism, and a slight fever 
may occur. 

Clinical pathology None routinely. 

Lesions Mildly erosive papules and vesicles, in 
severe cases with ulceration and secondary 
bacterial infection. Characteristic ballooning 
degeneration and the presence of 
cytoplasmic inclusions in affected cells. 

Diagnostic confirmation Electron 

microscopy and immunohistochemistry; 
virus isolation from cell culture; sequencing 
of specific viral DNA (PCR). Serology 
considered of limited value. 

Treatment Not specific treatment available. 

Control No vaccine available, no established 
control measures. 


BPS, bovine papular stomatitis; PCR, polymerase 
chain reaction. 


ETIOLOGY 

Bovine papular stomatitis is caused by the 
bovine papular stomatitis virus (BPSV) that 
is a member of the Parapoxvirus (PPV) 
genus within the Poxviridae family. The PPV 
family includes four species: 

• Prototype Parapoxvirus ovis or Orf virus 
(ORFV, causative agent of contagious 
ecthyma) 

• BPSV (causing bovine papular 
stomatitis) 

• Pseudocowpox virus (PCPV, causing 
“milker s nodules”) 

• PPV of read dear in New Zealand. 

EPIDEMIOLOGY 

BPS is a generally mild viral disease of cattle 
with worldwide occurrence. It is character¬ 
ized by proliferative skin lesions without 
systemic clinical disease. Primarily calves 
and young cattle present clinical signs, but 
outbreaks of BPS in dairy herds with skin 
lesions on teat and udder skin have been 
reported from Brazil and Japan. 1,2 The infec¬ 
tion prevalence of BPS infection does not 
appear to have been studied in detail but is 
likely to be underestimated as most infec¬ 
tions may pass unnoticed. A serologic survey 
conducted in Japan found a seroprevalence 
of PPV antibodies in cattle of over 50%, 
with a likelihood of seropositivity increasing 
with age. 3 

The primary importance attributed to 
this condition was that it presents an impor¬ 
tant differential diagnosis for foot-and- 
mouth disease. Economically BPS was 
considered to be of minor relevance because 
most infections pass unnoticed, skin lesions 
are minor and rarely associated with sys¬ 
temic disease, and healing occurs spontane¬ 
ously. Notwithstanding outbreaks of BPSV 
infection in dairy herds in Brazil and Japan 
were associated with painful skin lesion on 
the teats of milking cows. 1,2,4 In these cases 


BPS was associated with a decrease in milk 
production or even an interruption of 
lactation. 1 

BPVS infection is an often neglected 
zoonosis causing primarily mild papular 
skin lesions after direct contact with infected 
animals. Reports of confirmed BPSV infec¬ 
tion in humans that were associated with 
severe skin lesions affecting 50% of the dorsal 
skin surface of both hands have been pub¬ 
lished recently. 5 

Transmission 

The transmission appears to occur fairly 
easily either through direct contact with skin 
lesions or through fomites that may play a 
role in the spreading of the disease during 
outbreaks in milking herds (milking 
machine). 2 Experimentally the infection can 
be transmitted by the inoculation of scrap¬ 
ings from lesions into the oral mucosa of 
susceptible calves and by submucosal inocu¬ 
lation of undiluted tissue culture virus. 

CLINICAL FINDINGS 

The classic presentation of the disease is in 
young animals from 2 weeks up to 2 years of 
age and in a group the morbidity often 
approximates to 100%. Typically lesions 
occur in the form of papules on the muzzle, 
inside the nostrils, and in the oral cavity. 
Lesions on the muzzle may be difficult to see 
if the area is pigmented. In the mouth the 
lesions occur on all mucosal surfaces except 
the dorsum of the tongue and are most 
common inside the lips and in close proxim¬ 
ity to the teeth. Occasional cases occur in 
which the only lesions are in the esophageal 
and forestomach mucosa. 

In recent years there have been several 
reports of confirmed BPSV infection in adult 
dairy cattle that were associated with severe 
dermatitis on teat and udder skin, that 
resembled bovine herpes mammillitis, and 
that were clinically and histologically indis¬ 
tinguishable from PCPV infection. 1,2,4 

Lesions commence as small (0.5-1 cm) 
papules that become dark red in color, 
develop a roughening of the surface, and 
expand peripherally so that the lesions are 
always round or nearly so. Confluence of 
several lesions may cause the development of 
a large irregularly shaped area. As the lesion 
expands, the periphery becomes reddened 
and the center depressed, gray-brown in 
color and rough on the surface, and eventu¬ 
ally covered with necrotic tissue or on exter¬ 
nal lesions by a scab. Individual lesions heal 
quickly, sometimes in as short a time as 4 to 
7 days, but evidence of healed lesions in the 
form of circular areas of dark pink mucosa 
usually surrounded by a slightly paler raised 
zone may persist for weeks. 

There may be transient anorexia, weight 
loss, ptyalism, and a slight fever (39.5°C; 
103°F), but in most instances the disease 
goes unnoticed unless a careful examination 
of the mouth is made. 


Lesions on teat and udder skin were 
painful reddish papules (3-10 mm in diam¬ 
eter) and scabby proliferative lesions that 
frequently appeared on several teats simulta¬ 
neously. A few days after the appearance of 
the first lesions, papules, coalescent scabby 
erosions, and ulcerations were noticed. The 
clinical course of the condition lasted 7 to 12 
days and lesions tended to regress in the 
third week of the disease. Affected animals 
resisted to being milked because of severe 
local pain. Secondary mastitis of undeter¬ 
mined etiology was reported in some 

1 24 

cases.” 

Because repeated infection with BPSV 
has been documented, it is suggested that no 
immunity occurs and the virus may only 
cause lesions when intercurrent disease 
causes lowering of the animal’s resistance. 

The disease, known as “rat-tail syndrome” 
in young cattle in feedlots, is probably a 
manifestation of sarcocystosis. However, 
there is also a high prevalence of bovine 
papular stomatitis lesions and virus in these 
cattle and it is possible that it may contribute 
to the development of the disease. A concur¬ 
rent infection of bovine papular stomatitis 
and BVD has been described in a calf. 

The disease in reindeer associated with a 
virus closely related to the PCPV is charac¬ 
terized clinically by erosions, papules, pus¬ 
tules, and ulcers in the oral cavity. Outbreaks 
have occurred in Finland, particularly during 
the winter, and the case-fatality rate can be 
up to 25%. 

CLINICAL PATHOLOGY 

Histologic examination of surgically excised 
vesicles and papules reveals a characteristic 
ballooning degeneration and the presence of 
cytoplasmic inclusions in affected cells. 
Diagnosis of the presence of the virus can be 
made by electron microscopy and immuno¬ 
histochemistry of scabs. Virus isolation on 
cell culture can be attempted. 

PCR methods have been developed and 
established in recent years to differentiate 
between different parapox virus infections in 
both domestic and wild animals. 

The serologic tests used for detection of 
different PPV infections include VNT, AGID, 
CF test, and agglutination test. The value of 
serology has been questioned because of the 
presumed high seroprevalence of parapox 
antibody-positive cattle. 3 


DIFFERENTIAL DIAGNOSIS 


Clinical differential diagnoses for bovine 

popular stomatitis include the following: 

• Foot-and-mouth disease 

• Pseudocowpox virus infection 

• Bovine viral diarrhea infection (BVD type 2 
and mucosal disease) 

• Bovine herpesvirus-2 (BHV-2, casing bovine 
mammillitis) in cases where teat skin and 
udder skin are affected. 

• Orthopoxvirus infection. 












TREATMENT 

No specific treatment is currently available. 

CONTROL 

No vaccines are currently available. No 
established control measures for BPS have 
been recommended. 

FURTHER READING 

Buttner M, Rziha HJ. Parapoxviruses: from the lesion to 
viral genome. / Vet Med B Infect Dis Vet Public 
Health. 2002;49:7-16. 
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Parasitic Diseases of the 
Ruminant Alimentary Tract 

PARASITIC GASTROENTERITIS 
IN RUMINANTS 


SYNOPSIS 


Etiology The nematode genera 

Trichostrongylus, Ostertagia (including 
Teladorsagia), Cooperia, and Nematodirus. 

Epidemiology Transmission is by ingestion of 
infective larvae. Disease risk is determined 
by factors influencing the susceptibility of 
the host, the numbers of infective larvae 
accumulating on pasture, and the numbers 
of larvae undergoing hypobiosis within the 
host. Calves and lambs are most 
vulnerable, as are goats of all ages. Type I 
disease follows recent infestation; type II 
disease is delayed until hypobiotic larvae 
resume development. 

Signs Diarrhea and weight loss, production 
losses. 

Clinical pathology High fecal egg count (in 
young animals) (unless disease caused by 
immature worms), elevated plasma 
pepsinogen and gastrin concentrations (in 
abomasal infections only). 

Lesions Raised nodules on gastric mucosa 
and/or inflammation and villous atrophy in 
anterior small intestine. 

Diagnostic confirmation Worm counts at 
necropsy, otherwise largely reliant on 
clinical signs and history. Fecal egg counts 
and plasma pepsinogen concentrations 
confirmatory in some instances. 

Treatment Monepantel; derquantel- 
abamectin; avermectins/milbemycins; 
eprinomectin; benzimidazoles/ 
probenzimidazoles; levamisole and 
morantel. Not all compounds are suitable 
for controlling hypobiotic larvae. 

Control Methods differ widely according to 
climatic region and management. The 
major aim is to maintain safe grazing by 
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reducing pasture contamination. Integrated 
management schemes that reduce 
dependence on drug usage are preferred 
because anthelmintic resistance is a serious 
or emerging problem in many areas, 
particularly in sheep and goats. 


ETIOLOGY 

The nematode genera Trichostrongylus, 
Ostertagia, Cooperia, and Nematodirus 
(known locally as scour worms or 
hair worms) often occur together in the ali¬ 
mentary tract of ruminants. Their combined 
effects on the host, together with those of 
other alimentary nematodes such as Oesoph- 
agostomum and the hookworms, are com¬ 
monly known as parasitic gastroenteritis 
(PGE). The main species are listed in Table 
8-11 together with their hosts and anatomic 
preferences. The listed worms are from the 
same nematode family and are collectively 
known as the trichostrongylids. Haemonchus 
also belongs to this group but is considered 
separately because the disease processes it 
provokes are more complex. Taxonomists 
now think that the Ostertagia species of 
sheep should be assigned to a different genus 
and Teladorsagia and Nematodirus to a dif¬ 
ferent family, but the clinical convenience of 
the older nomenclature has been retained for 
the purposes of this chapter. Related species 
from other hosts, for example, O. leptospicu- 
laris from deer, sometimes cause disease out¬ 
breaks in cattle. 

LIFE CYCLE 

The trichostrongylids all have direct life 
cycles (i.e., there is no intermediate host). 
Eggs passed in the feces hatch under suitable 
environmental conditions, producing two 
nonparasitic larval stages and then the infec¬ 
tive third-stage larva. 1 ‘ This is ensheathed, 
i.e., it retains the shed cuticle from the previ¬ 
ous molt for protection. The eggs of Nemato¬ 
dirus spp. are different from the others. They 
are larger and do not hatch initially. Instead, 
an infective ensheathed larva develops within 
the egg, gaining even greater resistance to 
harsh environmental conditions. When 
infective trichostrongylid larvae are ingested 
by the host, they exsheath and, depending on 
species, enter either the gastric glands of the 
abomasum or the crypts of the small intes¬ 
tine. Here they molt, return to the lumen, and 
after a fourth molt mature to become adult. 
The time from ingestion of larvae to appear¬ 
ance of egg-laying females (the prepatent 
period) normally takes about 3 weeks, except 
for Nematodirus, which takes a week or so 
more. This period may become extended as 
third-stage or early fourth-stage larvae, 
depending on species, can become arrested in 
development (hypobiotic), delaying emer¬ 
gence from the mucosa for weeks or months. 

Hypobiosis is probably an adaptation 
phenomenon similar to diapause in insects 
and happens during periods of adverse 


pasture conditions. For example, strains of O. 
ostertagi from northern Europe, the north¬ 
ern United States, and New Zealand undergo 
hypobiosis in autumn with worms resuming 
development in spring, whereas strains in 
the southern United States and Australia 
hypobiose in spring to emerge after the dry 
season in autumn. Thus hypobiosis ensures 
that a new generation of adults is ready 
to lay eggs when the external environment 
again becomes favorable. The environmental 
stimuli that condition infective larvae to 
become hypobiotic in the host vary with 
species and locality, and in most cases are 
unknown. For O. ostertagi in Europe, expo¬ 
sure of infective larvae to low temperatures 
in the autumn is the trigger. The proportion 
of ingested larvae becoming arrested varies 
greatly with locality and, in some places, also 
from year to year. 

EPIDEMIOLOGY 

Natural trichostrongylid infestations mostly 
comprise a mixture of species. The relative 
importance of each varies with locality and 
season. In sheep and cattle, Ostertagia tends 
to be of greatest clinical significance in 
winter rainfall areas, whereas Haemonchus is 
predominant in summer rainfall zones. 
Other genera may dominate in some areas or 
under some management practices. Sheep 
and goats share many trichostrongylid 
species but cross-infection between sheep 
and cattle occurs only to a limited extent. 
Patterns of disease are determined by factors 
influencing the susceptibility of the host, the 
numbers of infective larvae accumulating on 
the pasture, and the numbers of larvae 
undergoing hypobiosis in the host. 

Resistance to trichostrongylid infections 
is complex and involves genetically deter¬ 
mined physiologic and acquired immuno¬ 
logic components. Age resistance is seen 
particularly in the case of Nematodirus, in 
which 3- to 4-month-old lambs are better able 
to withstand larval challenge than younger 
animals. Differences in susceptibility occur 
between breeds and between individuals 
within a group. 5,6 Acquired immunity in 
sheep and cattle develops quickly after expo¬ 
sure to Nematodirus but takes much longer 
with other gastrointestinal trichostrongylids. 
Consequently, disease associated with Nema¬ 
todirus is only likely to occur at first exposure, 
but animals remain susceptible to the other 
trichostrongylids for most or all of the first 
grazing season. In cattle, exposure to Coope¬ 
ria leads to immunity earlier in the season 
than is the case with Ostertagia. Lambs can 
develop high resistance to Trichostrongylus 
by about 6 months of age when larval intake 
is high, but this period is extended when chal¬ 
lenge is low. In sheep infected with T. colu- 
briformis, high IgA levels in response to T. 
colubriformis L3 carbohydrate surface antigen 
(CarLA) can prevent larvae from establishing 
in the gut, resulting in rapid expulsion larvae. 7 
Using a commercial test to measure saliva 
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IgA antibody response to CarLa in animals 
under parasite challenge, high levels of IgA 
have been associated with lower fecal egg 
counts, and improved growth under chal¬ 
lenge. Immunity may be expressed as the 
following: 

• A reduction in parasite numbers 

• Stunted surviving worms 

• Lowered egg output by females 

• A smaller establishment of incoming 
larvae 

The term “resilience” is used to describe the 
ability of an animal to withstand the damag¬ 
ing effects of parasitic infestation (as distinct 
from limiting worm numbers). 8 Resistance 
and resilience can be affected adversely by 
stress and nutritional deficiencies. Moderate 
infestations can be tolerated by animals on a 
good plane of nutrition when similarly 
infected but poorly nourished animals would 
succumb. In weaner lambs, the reduction of 
food intake at weaning increases susceptibil¬ 
ity, whereas the poor quality of winter feed 
has the same effect in older stock. Massive 
infestations can overwhelm even well-fed 
animals. 

A relaxation in immunity to tricho- 
strongylid infection occurs in sheep but not 
cattle before or at the time of parturition and 
reaches a peak 6 to 8 weeks after lambing. 
This happens because priority is given for 
allocation of scarce metabolizable protein to 
milk production over immune functions. As 


a result, ewes pass large numbers of worm 
eggs onto the pasture over a period of several 
weeks. This is known as the periparturient 
egg rise (PPER) and is an important source 
of pasture contamination. 

Nematodirus spp. behave differently 
from other trichostrongylids. This genus does 
not contribute to the PPER in ewes so lambs 
are the sole source of contamination on sheep 
pastures. Nematodirus eggs containing the 
infective third-stage larvae hatch only after 
exposure to specific stimuli, particularly 
warmth after a period of low temperatures. 9 
Thus most hatch in the spring of the year fol¬ 
lowing that in which they were deposited 
(although a proportion may hatch in the 
autumn of the first year). Unlike the other 
trichostrongylids, therefore, Nematodirus is 
transmitted from one lamb crop to the next. 
N. battus is more pathogenic than the other 
species because its hatching requirements are 
more precise. This results in many eggs hatch¬ 
ing simultaneously to produce a sudden over¬ 
whelming wave of pasture contamination. 

The eggs and free-living larvae of 
Trichostrongylus, Ostertagia, Cooperia, and 
Nematodirus can survive and develop at 
much lower temperatures than those of Hae- 
monchus. The eggs and larvae of Ostertagia 
and Nematodirus are particularly resistant 
to cold temperatures. The eggs of the latter 
worm contain trehalose, which acts as an 
antifreeze. All these trichostrongylids can 


survive a moderate winter but the spectrum 
of endemic species declines as regional 
winter conditions become more severe. 
Snow cover, however, protects infective 
larvae from extreme cold. Upper tempera¬ 
ture limits for survival are also lower than for 
Haemonchus and this is why the clinical 
importance of Ostertagia spp. diminishes in 
warmer climates. Moisture is necessary 
for infective larvae to ascend the herbage 
and so transmission by all species is low 
in the absence of dew, rain, or irrigation. 
Desiccation will kill larvae on the pasture but 
those still within fecal deposits can survive 
to emerge when rainfall resumes. Severe 
outbreaks of disease may occur after the 
first rains following a prolonged drought. 
Summer storms during a dry period reduce 
risk as released larvae quickly die when the 
pasture dries out. In temperate climates, 
larvae leaving accumulated dung pats in the 
autumn after a dry summer may be condi¬ 
tioned for hypobiosis, increasing the risk of 
type II disease (see later section). 

Potential sources of contamination on 
sheep pastures at the start of the grazing 
season are larvae that have overwintered on 
the herbage and, most important, larvae 
from eggs more recently shed by ewes during 
the PPER. On cattle pastures, overwintered 
larvae are of greatest significance as yearling 
and adult cattle generally deposit insignifi¬ 
cant numbers of trichostrongylid eggs. In 













both cases, overwintered larvae do not 
survive long in the warmer spring weather 
because the food stores on which they 
depend are soon exhausted. In the mean¬ 
time, however, some will be ingested by sus¬ 
ceptible lambs or calves. Disease does not 
occur at this stage unless massive numbers 
of larvae have survived the winter. Most 
often, these first infections are small and 
asymptomatic. They are nevertheless of great 
epidemiologic significance as the eggs pro¬ 
duced are responsible for the infective larvae 
that appear on the pasture later in the season. 

The rate of larval development is tem¬ 
perature dependent, and occurs faster in 
warmer weather. The life span of infective 
larvae is, however, shorter at higher tempera¬ 
tures as food stores are used more quickly. 
The number of larvae accumulating on 
pasture is therefore a balance between these 
two opposing factors and tends to follow a 
stereotyped pattern in each locality. Com¬ 
puter models are being developed to investi¬ 
gate these trends in different climatic zones 
and under different husbandry systems. The 
general pattern of pasture infectivity may, 
however, be temporarily disrupted by short¬ 
term weather fluctuations. For example, with 
O. ostertagi in grazing calves in temperate 
climates, the new wave of infective larvae 
(the “autoinfection peak”) will not appear 
before midsummer, but this event may be 
delayed or interrupted by periods of dry 
weather. As larvae of each trichostrongylid 
species have different optimum developmen¬ 
tal conditions, peak numbers will occur at 
different times. In England, for example, the 
“succession of species” in sheep is N. battus 
followed by O. circumcincta then H. contor- 
tus and finally Trichostrongylus spp. 

Outbreaks of disease caused by tricho¬ 
strongylid infection can occur in different 
ways. Clinical signs are normally initiated 
when developing worms emerge from the 
mucosa of the alimentary tract. With nor¬ 
mally developing mucosal larvae, this will 
happen when the daily intake of infective 
larvae has risen to a level sufficient to over¬ 
whelm any immunity that may have devel¬ 
oped. This is sometimes termed “type I” 
disease. The onset of clinical signs will be 
considerably delayed, however, when damage 
is produced by previously hypobiotic larvae 
resuming their development. This often 
occurs during the winter housing period and 
is known as “type II” disease. Additionally, 
hypersensitivity responses to incoming 
larvae can occur under some circumstances 
when immune animals graze heavily con¬ 
taminated pasture. This has been proposed 
as an explanation for the so-called nonpara- 
sitic scouring syndrome in southern Austra¬ 
lia, which occurs in pregnant and lactating 
ewes grazing contaminated pasture. 

Trichostrongylosis in sheep is favored by 
cool, wet weather and is a disease of the winter 
months in those areas in which rainfall occurs 
chiefly at this time of the year. Although the 
eggs and larvae of Trichostrongylus spp. 
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tolerate cold, they are not resistant to freezing 
temperatures. Consequently, in very cold cli¬ 
mates disease may be more common in the 
late summer and autumn. In arid areas the 
disease is of little significance except in 
unusually wet years. T. axei can infect a range 
of species but is primarily a parasite of cattle 
and is usually only seen in other hosts when 
grazing cattle pastures. 

The epidemiology of bovine ostertagio- 
sis is complex. Type I disease is mostly seen 
in first-season grazing animals, particularly 
dairy calves heavily stocked on permanent 
calf paddocks. Large numbers of adult 
worms are present and egg counts are high. 
In areas with warm climates, Type I osterta- 
giosis may be seen in almost any season but 
is particularly important in winter and 
spring. In areas with harsher winters, as in 
northern Europe, larvae overwinter in suffi¬ 
cient numbers to infect autumn-born calves 
after spring turnout. The resulting small 
worm burdens produce eggs that give rise to 
a new generation of infective larvae. These 
autoinfection larvae are responsible for the 
disease outbreaks that occur from mid-July 
to the end of the grazing season. Type I oster- 
tagiosis also occurs in beef cattle if placed on 
heavily infected pastures immediately after 
weaning. It is less often seen in calf suckler 
or extensive management systems because 
of the relatively low number of susceptible 
animals per unit area of grazing land. 

When hypobiosis occurs, many fourth- 
stage larvae accumulate in the gastric glands. 
Few if any clinical signs will be apparent, and 
egg counts will be zero or low. This condition 
is called pre-type II ostertagiosis and occurs 
at a definite time each year depending on the 
region—autumn in northern Europe and 
spring in Australia. Type II disease occurs 
when waves of hypobiotic larvae emerge 
from the parasitized glands some 4 to 5 
months later. This is typically when cattle are 
12 to 24 months of age, although type II 
disease is sometimes seen in older animals. 
Few adult worms will be present and egg 
counts will be correspondingly low. 

Goats do not build up an effective 
immune response against trichostrongylid 
worms and remain susceptible to disease 
throughout their lives. The risk is enhanced 
if they are forced to graze rather than browse. 
Problems are frequently encountered on 
hobby farms in which goats are overstocked 
on small paddocks. 

PATHOGENESIS 

Each trichostrongylid species differs in its 
habit and in the damage it causes so details 
of the corresponding disease processes will 
vary correspondingly. The major mecha¬ 
nisms leading to diarrhea, weight loss, and 
production deficits can, however, be 
described in general terms. 

In abomasal infection with Ostertagia 
spp., developing larvae distend the gastric 
glands and produce small white nodules on 
the mucosal surface, but these are of little 


clinical significance. More important changes 
take place 18 to 21 days after infection when 
worms start to emerge from the glands. This 
triggers a hyperplastic reaction in neighbor¬ 
ing glands causing larger nodular lesions 
which, if numerous, may coalesce. Many of 
the cells lining affected glands are nonfunc¬ 
tional. The resulting reduction in acid- 
secreting parietal cells leads to increased 
gastric pFI, which may rise to 6 to 7. This 
produces several domino effects. First, 
incoming bacteria and ruminal protozoa are 
not killed. Second, pepsinogen is not con¬ 
verted to pepsin because this only happens 
in an acid environment, thus, no pepsin is 
available for protein digestion. Accumulat¬ 
ing amounts of the precursor molecule are 
reflected in elevated blood pepsinogen con¬ 
centrations. Third, blood gastrin rises as the 
body attempts to stimulate more acid secre¬ 
tion. The hyperplastic mucosal reaction also 
results in increased permeability of the epi¬ 
thelial sheet. This leads to protein loss into 
the lumen of the abomasum. In mild uncom¬ 
plicated cases, this protein leak and the 
disrupted protein digestion are both com¬ 
pensated by digestive/absorptive intestinal 
mechanisms. In severe cases, hypoalbumin- 
emia, tissue edema, and weight loss are 
apparent. Between these extremes, these pro¬ 
cesses lead to reduced muscle protein syn¬ 
thesis and consequent productivity losses. 

Intestinal trichostrongylid infections 
are associated with inflammatory changes, a 
thickening of the mucosa, and a stunting or 
flattening of the villi. Epithelial enzyme activ¬ 
ity is reduced. Nematodirus and Cooperia lie 
in close contact with the mucosa but Tricho¬ 
strongylus spp. larvae and adults form super¬ 
ficial tunnels, causing additional tissue 
disruption. Lesions are confined to the ante¬ 
rior small intestine and their severity is deter¬ 
mined by the density of worms. Surprisingly, 
malabsorption is not a marked feature of 
pathogenesis because unaffected parts of the 
intestine can usually compensate. Conse¬ 
quently, protein digestibility and absorption 
may be normal. There is, nevertheless, poor 
retention and utilization of nitrogen caused 
by a protein-losing enteropathy, together 
with excessive losses from sloughed cells and 
mucus production. This contributes to pro¬ 
duction losses and causes hypoalbuminemia 
and edema in severe cases. Wool growth is 
affected and the fleece becomes brittle. 
Mineral absorption is impaired, resulting in 
reduced skeletal growth, bone density, and 
mineralization. T. colubriformis infection 
reduces the absorption of phosphorus and 
increases the loss of endogenous phosphorus, 
thus leading to a phosphorus deficiency. As 
with abomasal parasitism, the precise reason 
for the diarrhea associated with these infec¬ 
tions is unknown. 

Reduced productivity in both abomasal 
and intestinal parasitism is mostly caused by 
a reduction in appetite that is a constant 
feature of these infections. In one field study, 
untreated heifers spent on average 105 
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minutes less per day grazing compared with 
a matched treated group, and their daily 
herbage intake was 0.78 kg dry matter per day 
lower. Experimental studies show that 
inappetence accounts for over 60% of the dif¬ 
ference in weight gains between Ostertagia- 
infected and worm-free sheep and cattle. The 
associated mobilization of adipose tissue 
gives rise to increased nonesterified fatty acid 
levels. Voluntary feed intake may be signifi¬ 
cantly depressed even in parasitized animals 
showing no clinical signs. The elevated gastrin 
levels in abomasal trichostrongylid infections 
impair reticuloruminal motility and slow 
abomasal emptying, leading to a stasis of 
ingesta and hence a reduction in feed intake. 
Other, as yet unknown, mechanisms must 
also be involved because gastrin levels are not 
affected by intestinal worms, yet these also 
depress appetite. 

CLINICAL FINDINGS 

In sheep the two most susceptible age groups 
are weaner lambs 10 and yearlings. Those over 
18 months of age are less prone because of 
immunity gained from previous infestation. 
The onset of disease is generally insidious 
with young animals initially failing to grow 
satisfactorily and later becoming unthrifty 
and lacking in vitality and bloom. If they are 
observed sufficiently closely, their food intake 
can be seen to be reduced. This may be the 
full clinical picture in many flocks that are 
considered to have “weaner ill-thrift.” More 
severely affected sheep pass dark-green, 
almost black, soft feces that foul the wool of 
the breech. Lamb and yearling flocks are most 
seriously affected and a constant mortality 
begins, with a few animals dying each day. 10 
The losses are not acute but may eventually 
exceed 35%. A more dramatic picture occurs 
when young lambs, especially those in the 6- 
to 12-week age group, are exposed to sudden 
pasture challenge with Nematodirus spp. 
There is profuse watery diarrhea and the 
lambs quickly become dehydrated. Mortality 
can be high and deaths may start within 2 
days of the first observed illness. 

In cattle, calves are most vulnerable in 
their first grazing season, although yearlings 
and, less often, adults are sometimes affected 
and do the following: 

• Lose weight rapidly 

• Pass soft feces that eventually become 
very thin and dark-green to yellow in 
color 

• Develop a long, dry hair coat 

• Become dehydrated with sinking of the 
eyes in the terminal stages 

Until the last they continue to eat, although 
the amount of food taken is below normal. 
Gross anemia is not evident, but the mucosae 
are pale and dry. Submandibular edema is 
common, especially in type II disease. The 
temperature may be elevated (39.5°C; 103°F) 
and the heart rate increased (120 beats/min) 
in calves showing dehydration. In the termi¬ 
nal stages the calves become weak and 


emaciated. Type I ostertagiosis in calves is 
characterized by high morbidity and low 
mortality. Although morbidity is low in type 
II disease, clinical signs are generally more 
severe and the prognosis poorer. 

CLINICAL PATHOLOGY 

Fecal egg counts have to be interpreted with 
caution as they are only well correlated with 
worm burdens in young animals. Egg counts 
are, however, often over 1,000 eggs per gram 
(epg) feces in type I ostertagiosis. Zero or 
low epg values may be recorded if the follow¬ 
ing occurs: 

• The worm burden comprises mainly 
immature stages (as in type II disease or 
some outbreaks of nematodirosis) 

• Intestinal damage persists after the 
worm population has been expelled by 
immunity or anthelmintic treatment 

• Disease is associated with 
hypersensitivity to incoming larvae 
Different trichostrongylid eggs, other 

than Nematodirus, cannot easily be differen¬ 
tiated, and cultures must be made if species 
determination is necessary. 

Plasma pepsinogen estimations are per¬ 
formed routinely in many laboratories as an 
aid in the diagnosis of ostertagiosis. Elevated 
values also occur in hemonchosis. The test is 
difficult to standardize so results from differ¬ 
ent laboratories cannot be compared but, in 
calves, levels higher than 3,000 IU tyrosine 
are generally considered to indicate a patho¬ 
genic worm burden. Pepsinogen levels 
decline after effective anthelmintic treatment 
but do not return to preinfection values. 
Older immune cattle may show elevated 
values when grazing contaminated pasture, 
even though few incoming larvae are able to 
establish. Plasma gastrin concentrations 
reflect the size of the abomasal worm burden 
in both young and older animals, but cur¬ 
rently can only be measured by radioimmu¬ 
noassay, which limits their field application. 
Gastrin occurs in several molecular forms 
and, consequently, test kits have to be vali¬ 
dated before use with bovine blood because 
not all are suitable for this purpose. 

Moderate anemia often occurs with 
hemoglobin levels around 6 to 8 mg/dL and 
is more evident in Cooperia and Ostertagia 
spp. infestations than in trichostrongylosis in 
which there may be polycythemia. Serum 
protein concentrations may be as low as 4 to 
5 mg/dL with a marked reduction in serum 
albumin values. 

Species-specific ELISA tests are being 
developed for use with samples from bulk 
milk tanks but are currently only available 
for epidemiologic research. 11 

NECROPSY FINDINGS 

Adult worms are found in the abomasum or 
small intestine depending on the predilec¬ 
tion site of the individual species. A total 
worm count is the critical measure of the 
degree of infestation. Counts less than 2000 


in mixed species of sheep are considered to 
be light, whereas counts over 10,000 are 
heavy, but massive counts of 50,000 and 
more are often seen. In cattle, burdens of 
40,000 and above are seen in type I osterta¬ 
giosis outbreaks (the majority are adults), 
whereas in type II disease worm numbers 
may be 100,000 to 200,000, with occasional 
animals harboring a million or more. In 
these cases about 90% are in the fourth larval 
stage. Trichostrongylids are small, translu¬ 
cent, and threadlike so even adults can easily 
evade detection by the naked eye at necropsy. 
Worm counting therefore involves washing 
the mucosa, sieving the washings and 
lumenal contents, resuspending the residue, 
taking aliquots, and picking out and identify¬ 
ing the nematodes. A more rapid but 
effective field technique for demonstrating 
intestinal worms is to do the following: 

• Roll a loop of duodenum inside out over 
a test tube or glass rod 

• Immerse this first in aqueous iodine 
solution (iodine 30 g, potassium iodide 
40 g, water 100 mL) for several minutes 

• Immerse in a 5% solution of sodium 
thiosulfate for a few seconds 

The mucosa is decolorized but the brown- 
stained worms retain their color and are easily 
seen. Mucosal larval stages have to be released 
by digesting the tissues with acid pepsin. 

Gross pathologic findings are often 
not striking, apart from the nonspecific 
lesions of emaciation, dehydration, moderate 
anemia, and evidence of scouring. In severe 
cases, the mucosa of the abomasum and 
upper small intestine may be hyperemic and 
swollen, and local lymph nodes enlarged. In 
ostertagiosis there will be numerous raised 
nodules that may be discrete or confluent 
forming a “Morocco-leather” appearance. 
Abomasal folds are edematous and diphthe- 
resis may sometimes be apparent. A putrid 
smell may reflect the growth of microorgan¬ 
isms in the ingesta, and estimation of the pH 
will confirm loss of acidity. 

Heavy T. axei infection in lambs, calves, 
and horses causes circumscribed raised 
plaque-like hyperplastic lesions on the 
abomasal mucosa, sometimes with an eroded 
center. Close inspection is needed to see the 
villous atrophy associated with intestinal 
Trichostrongylus species. Initially this is 
diffuse but later appears as discrete patches 
(“fingerprint lesions”). 

DIAGNOSTIC CONFIRMATION 

PGE should not be diagnosed on the basis of 
a fecal egg count alone. In sheep, a total 
worm count should be performed whenever 
possible, preferably with a peptic digest of 
the mucosa. The results should be considered 
together with the following: 

• Clinical signs 

• Age of the animal 

• Season of the year 

• Nutritional status 

• Grazing history 





The critical test in an outbreak of disease 
is the response to treatment. Because the epi¬ 
demiology of the various species differ, it is 
important that the main contributing species 
are determined so that adequate control mea¬ 
sures can be taken. In calves, clinical diagno¬ 
sis can be confirmed by plasma pepsinogen 
estimation, but this assay is less helpful in 
adult cattle. Experimental real-time (RT)- 
PCR and multiplex PCR techniques have 
been developed for specific identification of 
H. contortus, T. circumdncta, Trichostrongy- 
lus spp., C. oncophora, Nematodirus, and 
other nematodes in fecal samples. 12,13 


DIFFERENTIAL DIAGNOSIS 


Parasitic gastroenteritis has to be 
differentiated from other common causes of 
emaciation and diarrhea in groups of young 
animals such as: 

• Malnutrition 

• Copper deficiency (in cattle) 

• Coccidiosis (in particular, nematodirosis and 
coccidiosis occur in lambs of the same age) 

• Johne's disease 

• Chronic fascioliasis. 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Cattle 

Eprinomectin (0.5 mg/kg TOPp) (R-1) 

Ivermectin, doramectin or moxidectin (0.2 mg/ 
kg SQ; 0.5 mg/kg TOPp) (R-2) 

Albendazole (10 mg/kg PO) (R-2) 

Febantel (7.5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 

Netobimin (7.5 mg/kg PO) (R-2) 

Oxfendazole (4.5 mg/kg PO) (R-2) 

Levamisole (7.5 mg/kg PO; 10 mg/kg TOPp) 

Sheep 

Ivermectin, doramectin or moxidectin (0.2 mg/ 
kg SQ or PO) (R-1) 

Monepantel (2.5 mg/kg PO) (R-1) 

Combination of derquantel (2 mg/kg PO) and 
abamectin (0.2 mg/kg PO) (R-1) 

Albendazole (7.5 mg/kg PO) (R-2) 

Febantel (5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 

Netobimin (7.5 mg/kg PO) (R-2) 

Oxfendazole (5 mg/kg PO) (R-2) 

Mebendazole (15 mg/kg PO) (R-2) 

Levamisole (7.5 mg/kg PO) (R-2) 

Goats 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ or PO). (R-2) 

Albendazole (10 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 

Levamisole (12 mg/kg PO) (R-2) 
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Control 

Local geographic factors have a large 
influence on optimal control programs; 
consult local authorities (R-1) 


PO, orally; SQ, subcutaneously; TOPp, topical 
pour on. 


Many broad-spectrum anthelmintics are 
now available that combine high efficiency 
against larval and adult worms with low tox¬ 
icity in sheep and cattle. Most, however, 
belong to just three major chemical groups: 

1. Avermectins/milbemycins, also known 
as the macrocyclic lactone anthelmintics 
(MLs), which interfere with nerve 
transmission by opening chloride 
channels 

2. Benzimidazoles (BZDs)/ 
probenzimidazoles, which bind to 
tubulin and disrupt nutrient uptake 

3. Imidazothiazoles/tetrahydropyrimidines, 
which act as cholinergic agonists 

Two recent anthelmintics, namely 
monepantel 1416 and derquantel, 1 ' are com¬ 
mercially available for the treatment of 
nematode infections in sheep. Derquantel 
is used in a formulated combination with 
abamectin. Monepantel has very high effi¬ 
cacy against adult and larval stages of nema¬ 
todes, including multianthelmintic-resistant 
nematodes. 18 ' 20 The derquantel-abamectin 
combination has been demonstrated to 
have lower efficacy against larval stage of 
multianthelmintic-resistant nematodes. 18 

Dosage rates and label claims may vary 
with formulation and from country to 
country according to local conditions and 
regulatory requirements. Figures given in 
this chapter should therefore be regarded 
only as a general guide. 

Cattle 

In cattle, ivermectin, doramectin, and mox¬ 
idectin are given at 0.2 mg/kg by injection or 
0.5 mg/kg as a pour-on formulation. Eprino¬ 
mectin pour-on 0.5 mg/kg is the compound 
of choice for adult dairy cattle because it has 
a no milk withdrawal period. Albendazole 

7.5 mg/kg, febantel 7.5 mg/kg, fenbendazole 

7.5 mg/kg, netobimin 7.5 mg/kg, and oxfen¬ 
dazole 4.5 mg/kg are given orally. Levami¬ 
sole can be used orally or by injection at 

7.5 mg/kg or as a pour-on at 10 mg/kg. 

Sustained-release intraruminal devices 
(“boluses”) for use in cattle provide extended 
periods of protection. For example, fenben¬ 
dazole is released for up to 140 d from one 
bolus, whereas a biodegradable bolus releases 
morantel tartrate for at least 90 days. There 
are also pulse-release boluses containing 
oxfendazole, which release five or six anthel¬ 
mintic doses at 3-week intervals. 

Sheep 

In sheep, the dose rate for ivermectin, 
doramectin, and moxidectin (which are 


given orally or parenterally) is 0.2 mg/kg. 
Dose rates for the BZDs (given orally) are 
albendazole 5 mg/kg, febantel 5 mg/kg, fen¬ 
bendazole 5 mg/kg, netobimin 7.5 mg/kg, 
mebendazole 15 mg/kg, and oxfendazole 
5 mg/kg. Elowever, there are recent reports 
of resistance of Trichostrongylus, Teladorsa- 
gia , and Nematodirus to ML and BZD treat¬ 
ment of sheep in the UK. 10,21,22 Levamisole 
can be used orally and parenterally at 7.5 mg/ 
kg. Morantel citrate monohydrate is also 
used as a drench in sheep. Pour-on formula¬ 
tions are not used in sheep because the wool 
grease does not allow absorption through the 
skin. Intraruminal devices for use in sheep 
have been developed that release albendazole 
or ivermectin over 100 days. 

Goats 

Goats metabolize some anthelmintics more 
rapidly than do sheep, and elevated dose rates 
are sometimes required to obtain a satisfac¬ 
tory level of control. Even then, there may be 
more surviving worms and, consequently, 
anthelmintic resistance tends to develop 
much more quickly in goats than sheep. 23 
Examples of special dose rates for goats 
include albendazole 10 mg/kg PO and levam¬ 
isole (which should be used with caution in 
goats) 12 mg/kg orally. Ivermectin can be 
given at the normal dose rate of 0.2 mg/ 
kg SC or PO. 

CHOICE OF ANTHELMINTIC 

The choice of anthelmintic depends on a 
number of considerations. Anthelmintic 
resistance is a real or emerging problem in 
many sheep-rearing areas. Side resistance 
occurs within chemical groups and multire- 
sistant strains have been reported. This can 
impose a severe constraint on product 
choice. Other factors include the following: 

• Price 

• Safety (including meat and milk residues 

and effect on environment) 

• Ease of administration 

• Spectrum of activity 

Older products were most active against 
adult worms, but many now have activity 
against larval stages. Fewer, however, have 
consistently high efficacy against hypobiotic 
larvae and care is needed in selecting a suit¬ 
able product to treat or prevent type II disease. 
Products with claims for this purpose at 
standard dose rates include avermectins/ 
milbemycins, albendazole, fenbendazole, 
oxfendazole, and thiophanate, whereas neto¬ 
bimin is active at an elevated dose rate (20 mg/ 
kg). The BZDs are ovicidal, which may be 
beneficial if stock are moved to a new pasture 
after treatment. Animals with PGE may also 
be harboring other parasites The avermectins/ 
milbemycins have a very broad spectrum of 
activity including some ectoparasites but are 
inactive against cestodes and trematodes. 
Some broad-spectrum BZDs are effective 
against cestodes and one, albendazole, is also 
active against mature Fasciola hepatica. The 
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avermectins/milbemycins are excreted in the 
feces and may affect insects colonizing the 
dung pat. The environmental impact of this 
has probably been overstated because only a 
small proportion of the fecal mass on a prop¬ 
erty will contain anthelmintic, allowing ade¬ 
quate refugia for maintenance of insect 
populations. This class of compound should, 
however, be used with caution if there is 
concern that beneficial insects may be vulner¬ 
able, for example, dung beetles in some 
arid zones. 

Novel methods for increasing drug 
availability and anthelmintic effect within 
the body are under investigation and should 
be adopted by veterinarians as they become 
available. There is uncertainty when, or even 
if, new chemical classes will become com¬ 
mercially available for nematode control, so 
it is essential that existing products are used 
as efficiency as possible to extend their effec¬ 
tive life. Using measures that maximize the 
potency of anthelmintics can slow the onset 
of resistance and increase efficacy against 
partially resistant strains. The efficacy of the 
BZDs and orally administered avermectins 
depends on their residence time in the 
rumen, and some simple measures can be 
taken to increase this. Using the correct 
drenching procedure (gun tip over tongue 
and drench dispensed directly into esopha¬ 
gus) will avoid stimulation of the esophageal 
groove reflex and ensure that the dose does 
not bypass the rumen. As there is an inverse 
relationship between feed intake and ruminal 
residency time, a reduction in feed intake 
(e.g., by penning) for 24 hours before pro¬ 
phylactic drenching retards transit time and 
significantly enhances the activity of BZDs 
and ivermectin. With BZDs, drug residency 
time in the rumen can be further increased 
and efficacy enhanced by dividing the dose 
and giving it at 12- or 24-hour intervals. This 
principle is reflected in medicated lick blocks 
and intraruminal boluses, which provide 
daily low-level BZD doses. 

Continued protection must be given to 
animals after treatment for clinical PGE. 
Irrespective of the drug used, treated animals 
should be moved to a clean paddock (i.e., 
one not contaminated with large numbers of 
infected larvae) that provides an adequate 
plane of nutrition. The ovicidal action of the 
BZDs is particularly useful if animals are 
being placed on very clean areas such as 
cereal stubble. However, it is probably of 
lesser importance on many farms where 
residual pasture contamination is always 
present. If clean pasture is not available, 
protection can be provided by use of an 
anthelmintic with persistent activity against 
incoming larvae. In cattle, ivermectin pro¬ 
vides up to 21 days’ protection against O. 
ostertagi and up to 14 days’ protection against 
Cooperia spp. A new injectable formulation 
of eprinomectin is effective in removing 
existing gastrointestinal nematode infections 
and provides effective control of nematode 


infections in cattle for up to 150 days after 
treatment. 24 ' 26 Corresponding figures for 
doramectin are 35 and 21 days (by injection) 
and 35 and 28 days (pour-on) and for mox- 
idectin are up to 28 days against O. ostertagi. 
The persistent anthelmintic effect of aver¬ 
mectins in sheep is much shorter and there 
is probably little useful effect against intesti¬ 
nal trichostrongylids. 

Moxidectin given by injection has a 
label claim for 5 weeks’ protection against 
O. circumcincta and 2 weeks against 
T. colubriformis. 

CONTROL 

Control measures are aimed at reducing 
pasture contamination to minimize the 
uptake of infective larvae, preventing disease 
and allowing optimal productivity. The cost 
of any program and treatments must be in 
accordance with potential economic bene¬ 
fits. Where individual animals are valuable, 
labor-intensive strategies may be justified. 
Many husbandry systems, however, will 
support only low-input solutions and treat¬ 
ments may only be feasible when animals are 
handled for other management procedures. 
Epidemiologic patterns differ for each worm 
species and vary considerably from region to 
region, with subtle variations often occur¬ 
ring from locality to locality. It is therefore 
beyond the scope of this book to make spe¬ 
cific recommendations for control, but it is 
possible to describe general principles that 
can be adapted to local needs. 

Knowledge of local epidemiology is a 
necessary prerequisite for designing a control 
program. In particular, the animals provid¬ 
ing the major source of contamination 
should be identified and the period of devel¬ 
opment from egg to infective larvae and the 
availability of infective larvae throughout the 
year known. It is essential to formulate clear 
and precise control objectives, otherwise, 
much time and expense can be wasted. Man¬ 
agement may have to be adjusted to aid 
control. On organic farms, where anthelmin¬ 
tic usage is greatly restricted, worm control 
may be a major factor in determining stock¬ 
ing density and grazing management. Often, 
control measures are aimed primarily at pro¬ 
tecting the most susceptible group, that is, 
young animals up to 18 months of age 
exposed to infestation for the first time. 

Anthelmintic resistance is an important 
consideration influencing the choice and 
intensity of control measures. Even if eco¬ 
nomically justified, frequent routine treat¬ 
ments impose strong selection pressure on 
worm populations and encourage the devel¬ 
opment of resistant strains. As only three 
major chemical groups are currently avail¬ 
able for the treatment of gastrointestinal and 
pulmonary nematodes, it is imperative that 
their usefulness be conserved for as long as 
possible. Many anecdotal field reports of 
resistance are erroneous, and the problem is 
one of reinfestation or incorrect anthelmintic 


usage. Nevertheless, resistant and multiresis- 
tant strains are already prevalent in many 
sheep-rearing areas. In cattle, resistance of 
Cooperia spp. to MLs, BZDs, and levamisole 
have been observed in Australia and New 
Zealand. 27 ' 29 Additionally, there are reports of 
Ostertagia and Trichostrongylus spp. resis¬ 
tance to BZDs, levamisole, and ivermectin. 30 
The following recommendations have been 
made to slow the onset of resistance: 

1. Use an effective drug in the most 
efficient manner: 

• Check fecal egg counts regularly to 
confirm that chosen products remain 
effective. 

• If a worm population is already 
partly resistant to a compound, 
continued use of products based on 
that chemical group will endanger 
the health of the animals and 
reinforce the resistance. 

2. Do not underdose (this may encourage 
resistance): 

• Weigh each animal or the heaviest 
individuals in a group. 

• Comply with all label 
recommendations. 

• Ensure good maintenance and 
calibration of dosing equipment. 

3. Use the minimum number of doses 
needed to maintain health: 

• Strike a balance between 
encouraging resistance by treating 
too intensively and allowing pasture 
contamination to rise to 
unacceptable levels. 

4. Use sound epidemiologic principles: 

• Use an integrated approach to worm 
control,which maximizes the 
potential of management techniques 
and minimizes reliance on 
anthelmintics. 

5. Rotate the chemical group annually (to 
ensure that worms are exposed to 
compounds with a different mode of 
action each year): 

• Remember there is no benefit in 
rotating compounds within a 
chemical group or in using a group 
already rendered ineffective by 
anthelmintic resistance. 

6. Avoid introducing resistant worms onto 
a property (obvious, but often 
overlooked): 

• Place all new stock into quarantine 
and treat with an effective 
compound. 

• Do not graze goats on sheep pastures 
(as caprine worm populations often 
have a higher prevalence of 
resistance genes). 

7. Make sure that the farmer is aware of 
the problem and the consequences of 
anthelmintic resistance. 

The concept of maintaining parasite 
refugia is assuming greater prominence as a 
means of conserving anthelmintic efficacy in 
modern control strategies. The theoretical 





background and clinical application are dis¬ 
cussed in detail in Chaelier et al. (2014) and 
in Leathwick and Besier (2014) in the Further 
Reading section. Worms “in refugia” are 
those not exposed to anthelmintic when the 
flock is treated so they escape selection pres¬ 
sure for resistance. When the flock subse¬ 
quently becomes reinfected, the genetic 
material from parasites surviving treatment 
will be diluted by susceptibility genes from 
worms in refugia at that time. This slows the 
rate at which resistance develops and extends 
the period over which the drug maintains 
clinical efficacy on the farm. The refugia 
concept is best illustrated by an example. In 
cooler temperate climates, infective Osterta- 
gia larvae overwinter on grass in large 
numbers but most Haemonchus larvae 
succumb to the cold. If ewes are dosed 
during the winter to eliminate the peripartu- 
rient egg rise, only a small proportion of the 
Ostertagia population (those in the animal) 
are exposed to the anthelmintic, whereas the 
remainder (those on the pasture) are in 
refugia. In contrast, a high proportion of the 
total Haemonchus population is exposed to 
the drug (as there are few larvae in refugia 
on the pasture) and, consequently, there is an 
enhanced risk of anthelmintic resistance 
developing. From this viewpoint, it could be 
beneficial in the longer term to withhold the 
winter treatment from some ewes. This 
would ensure that the majority of eggs sub¬ 
sequently dropped onto the pasture are pro¬ 
duced by susceptible worms. Similarly, dose 
and move systems encourage resistance as all 
eggs dropped onto the new pasture are from 
worms that have survived treatment. It could 
therefore be advantageous to use a short¬ 
acting drug and to delay the move. This 
would ensure that the animals acquire a 
small burden of susceptible worms before 
the move. These strategies involve obvious 
inherent risks, and all aspects of a particular 
situation must be carefully considered before 
implementation. 

Protocols for detecting anthelmintic 
resistance in a herd or flock are available. 
The fecal egg count reduction test can be 
performed easily without sophisticated 
equipment. The epg value should be reduced 
by 95% or more, but false negatives may be 
obtained with BZDs (if female worms are 
sterilized but not killed) and false positives 
obtained with levamisole (if large numbers 
of mucosal larvae present at the time of 
dosing survive treatment). Laboratory tests 
include egg-hatch assays for BZDs and 
larval development tests for avermectins 
and levamisole. Experimental genetic-based 
methods for detection of resistance to BZDs 
using pyrosequencing and PCR assays, tar¬ 
geting isotype-1 p-tubulin gene SNPs, have 
been developed and demonstrated to be 
more robust, specific, and cost-effective than 
the fecal egg count reduction test. 31 ' 33 

The principles of control generally fall 
into three categories: 
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1. Preventive 

2. Evasive 

3. Diluting 

Preventive measures are those that place 
livestock on clean pasture or that use early 
season chemoprophylaxis to ensure clean 
grazing later in the season. 

Evasive strategies are those in which 
pasture contamination is allowed to build up 
naturally but susceptible stock are moved 
onto clean grazing before pathogenic 
numbers of infective larvae have accumu¬ 
lated. An anthelmintic dose can be given at 
the time of the move. This “dose and move” 
system is effective and reduces anthelmintic 
dosage considerably. It may, however, 
encourage resistance, as discussed earlier. 

Diluting systems reduce the effective 
stocking density of susceptible animals by 
grazing them alongside nonsusceptibles 
(older immune stock or alternative species). 
In cow-calf systems, for example, adults 
produce at least four times as much feces as 
their calves, but their average egg count is 
typically no more than 15 epg. The number 
of trichostrongylid eggs and the subsequent 
accumulation of infective larvae on the 
herbage will therefore be considerably 
smaller than if the pasture was fully utilized 
by calves alone. 

In cool temperate regions, control mea¬ 
sures can take advantage of the fact that over¬ 
wintered larvae die away in early summer. 
Hay or silage pastures therefore provide safe 
grazing after the grass has been cropped. 
Alternatively, suppressive anthelmintic 
therapy over the first 90 to 100 days of the 
grazing season will prevent overwintered 
larvae from establishing in the host, stopping 
the subsequent accumulation of infective 
larvae on the herbage. This strategy is very 
effective on set-stocked permanent calf pad- 
docks provided that no untreated animals 
are introduced. The required effect can be 
obtained by use of an intraruminal anthel¬ 
mintic device administered around the time 
of spring turnout or by giving two or more 
doses of an anthelmintic with prolonged 
activity against incoming larvae. Because the 
goal is to prevent egg excretion, the required 
treatment interval is calculated by adding the 
length of the protective effect (which varies 
with the product) and the prepatent period of 
the worms (about 3 weeks). Ivermectin given 
3,8, and 13 weeks after turnout and doramec- 
tin given at turnout and 8 weeks later are very 
effective for this purpose, as are the intraru¬ 
minal boluses listed earlier. 

Controlled field studies have demon 
strated significant weight-gain advantages 
from this approach but, as with cattle lung- 
worm, there is concern that the level of 
immunity acquired during the first grazing 
season may be reduced. Usually this is of no 
clinical consequence, but results from an epi¬ 
demiologic survey of 87 farms in Holland 
suggest a beneficial relationship between 
immunity to nematodes gained during the 


first grazing season and the growth rate of 
cattle during their second grazing season. It 
seems that optimal protection has to balance 
risk of production losses in first and subse¬ 
quent grazing seasons, but there is currently 
no objective way of doing this. One sugges¬ 
tion is that rumen boluses would be more 
effective if used to provide anthelmintic 
cover in the second half of the grazing 
season when pasture contamination is high 
(“metaphylaxis”). Good immunity would be 
ensured but the growth rate advantage may 
be inferior to that obtained with the early 
season prophylaxis described earlier. If cattle 
have been exposed to high pasture challenge 
in the autumn, they should be dosed with a 
product active against hypobiotic larvae at 
housing or during the winter to prevent type 
II ostertagiosis. In countries in which Dictyo- 
caulus viviparus is a problem, control of PGE 
and lungworm must be integrated. 

Elimination of the PPER is the most 
important feature of worm control in sheep. 
Ideally, ewes should be dosed toward the end 
of gestation and again 1 month after parturi¬ 
tion with a product active against hypobiotic 
larvae. Lambs should be dosed at weaning 
and if possible moved to clean pasture. In 
most cases, further treatments will be neces¬ 
sary to maintain health until marketing but 
these should be kept to a minimum. The 
number will depend on the stocking density, 
initial pasture contamination, and weather. 
A compromise has to be struck between an 
acceptable level of disease control and the 
risk of inducing anthelmintic resistance. 
Fecal egg counts can be used to check the 
adequacy of the dosing interval and the effi¬ 
cacy of the treatments. 

Control of Nematodirus differs from that 
of other forms of PGE because the ewe is not 
a source of contamination. The simplest form 
of control is to avoid putting the new lamb 
crop onto pasture contaminated by the previ¬ 
ous years lambs. Often, however, this is not 
feasible and prophylactic anthelmintic doses 
at 3-week intervals are necessary to cover the 
limited period of risk (May to early June, for 
example, in Scotland). Waiting for the first 
clinical signs before starting treatments is not 
recommended because deaths can occur very 
quickly. The precise timing of the egg hatch 
varies from year to year according to prevail¬ 
ing weather conditions, but forecasting 
systems are in operation in some countries. 

In warm temperate regions, PGE control 
strategies are more difficult to design because 
animals graze all year round. The main trans¬ 
mission period is late winter and early spring. 
Treatment of beef cattle at weaning and once 
or twice at locally determined intervals 
thereafter is often sufficient to reduce pasture 
contamination. In sheep, an effective 
program is to dose lambs at weaning and 
move them onto safe pasture. Two or three 
subsequent treatments at 8-week intervals 
may be needed. In summer rainfall areas, 
Haemonchus is an additional hazard and 
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systems have to be designed to combat this 
as well as other gastrointestinal worms. 

In regions with a prolonged dry season, 
larvae will be killed on the ground and, pro¬ 
viding there are no foci of infection around 
water holes, etc., a single strategic anthelmin¬ 
tic dose at this time with a product active 
against hypobiotic larvae may be more effec¬ 
tive at maintaining low pasture contamina¬ 
tion around the year than repeated dosing 
throughout the wet season. This single dose 
may, however, apply greater selection pres¬ 
sure for resistance, because the whole para¬ 
site population is exposed to the drug and 
survivors are likely to carry resistance genes. 

Reduced reliance on anthelmintics can 
be achieved in a number of ways. For example, 
alternate grazing with sheep and cattle can be 
used to good effect. In Australia, the number 
of anthelmintic drenches can be substantially 
reduced by alternation at 2- to 6-month inter¬ 
vals. In northern Britain annual stock rota¬ 
tions, sometimes with an arable crop grown 
in the third year, have been successfully eval¬ 
uated. Host specificity, however, is not abso¬ 
lute and calves can become infected with N. 
battus. If this happens, they may drop suffi¬ 
cient numbers of eggs to cause clinical prob¬ 
lems in lambs the following year. Lambs have 
also been known to succumb to T. axei on calf 
paddocks. An exciting future prospect is the 
use of nematophagous fungi. Orally adminis¬ 
tered fungal spores produce hyphae in the 
feces that trap and kill nematode larvae. Field 
experiments show that pasture contamina¬ 
tion can be substantially reduced in this way. 
Feed supplementation to enhance host resil¬ 
ience and resistance to infection, vaccination, 
and future prospects for breeding lines of 
sheep with innate host resistance are 
described under Haemonchus. 

Breakdowns in control programs are 
usually caused by the following: 

• Failure to prevent worm egg output at 
times critical to the accumulation of 
infective larvae on the pasture 

• Failure, after treatment, to move animals 
on an already contaminated pasture to a 
clean environment 

• Use of an insufficient dose or incorrect 
anthelmintic 

• Failure to repeat treatment or repeating 
treatment at overlong intervals at times 
of high risk 

• Failure to appreciate that not all 
anthelmintics kill all immature stages, 
particularly hypobiotic forms 

• Introduction of susceptible sheep from a 
worm-free environment into a high risk 
area 

• Failure to protect young animals 
adequately. 
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HEMONCHOSIS IN RUMINANTS 
ETIOLOGY 

Sheep, cattle, and goats are all affected by 
species of the nematode genus Haemonchus, 


which is closely related to the other tricho- 
strongylids of ruminants. H. contortus is the 
species most commonly found in sheep and 
goats, but H. placei is the usual species in 
cattle. Molecular studies have confirmed that 
these are distinct taxa. Even so, cross¬ 
infection may occur when small ruminants 
and cattle graze together but the infestations 
are usually of lesser severity. Another aboma- 
sal trichostrongylid, Mecistocirrus digitatus, 
occurs in sheep, cattle, and buffalo in Asia 
and in Central America, causing a disease 
very similar to hemonchosis. 


SYNOPSIS 


Etiology The nematode parasite Haemonchus 
contortus in sheep and goats and H. placei 
in cattle. 

Epidemiology Female worms produce large 
numbers of eggs; infective larvae develop 
rapidly in warm wet conditions; dangerous 
levels of pasture contamination can 
therefore accumulate rapidly. 

Signs 

Acute: Sudden death, anemia. 

Chronic: Wasting, anemia, anasarca. 

Clinical pathology Anemia, hypoproteinemia; 
often high fecal egg count. 

Lesions Anemic carcass; abomasal mucosa 
hyperemic with many red-colored worms. 

Diagnostic confirmation "Barber's pole" 
appearance of female worms (if fresh). 

Treatment All modern broad-spectrum 
anthelmintics; also, closantel, rafoxanide, 
nitroxynil, disophenol, and some 
organophosphates; care needed in 
selection as resistant and multiresistant 
strains of H. contortus occur. 

Control Strategic dosing schemes using 
broad-spectrum anthelmintics; closantel or 
disophenol can be used to reduce 
dependence on broad-spectrum products. 


LIFE CYCLE 

H. contortus inhabits the abomasum. It is 
easily seen because it is 1 to 2.5 cm long and 
a little stouter than most other trichostron- 
gylids. Adult males are homogeneously red 
but the females have a spiral red and 
white appearance as the intestine and uterus 
intertwine. Adult H. contortus are prolific 
egg layers. Egg production increases until 
maximum output is reached 25 to 30 days 
after infection, after which individual females 
lay up to 10,000 eggs per day for several 
months. The egg hatches and passes through 
two noninfective larval stages in 4 days 
under optimal conditions, but in less suitable 
environments this period may be prolonged. 
For example, in Scotland the shortest time 
required for development from egg to third- 
stage larva is 2 weeks, but development takes 
a great deal longer over most of the year. 
Infective larvae migrate away from fecal 
pellets, some traveling 90 cm in 24 hours. 










More than 90%, however, are found within 
10 cm of the fecal mass, and this number 
decreases logarithmically as the distance 
increases. Motility is greatest in hot, moist 
conditions. Larvae are susceptible to desicca¬ 
tion and do not withstand cold temperatures 
well. Where hostile external conditions 
occur regularly, such as winter in temperate 
regions or the dry season in some tropical 
climates, H. contortus larvae on pasture are 
conditioned at the appropriate time to 
become hypobiotic after uptake by a host. 2 
Transmission occurs when the host ingests 
infective larvae while grazing. After develop¬ 
ing through the fourth larval stage in the 
abomasal glands, the adult worms emerge to 
commence egg laying in about 18 days after 
infection. Hypobiotic larvae resume their 
development so that egg laying is coordi¬ 
nated with the start of spring or the wet 
season. 

The life cycle of H. placei is similar 
except that the first eggs do not appear in the 
feces of cattle until the 26th day after infesta¬ 
tion, rising to a peak at 6 to 7 weeks and 
declining rapidly to low levels by 11 to 
14 weeks. 

EPIDEMIOLOGY 

The epidemiology of hemonchosis is largely 
determined by the high fecundity of the 
female worms and the speed with which 
infective larvae can develop in warm, humid 
conditions. Thus when conditions are favor¬ 
able, large numbers of infective larvae can 
accumulate very rapidly on pasture. Oppor¬ 
tunities for transmission are, however, 
restricted by the susceptibility of the larvae 
to desiccation and cold. 

Hemonchosis is an important disease of 
sheep, goats, and cattle in all but the coldest 
regions. The greatest economic impact is 
seen in sheep in tropical and warmer tem¬ 
perate countries, especially where there is 
good summer rainfall. It is not uncommon 
for serious outbreaks to occur in cooler cli¬ 
mates during periods of high humidity in 
summer. The disease is uncommon in semi- 
arid regions unless there are opportunities 
for transmission to occur, for example, in 
irrigation schemes. In sheep, losses occur 
mostly in lambs, especially those recently 
weaned, but yearlings and mature sheep may 
also be affected. Goats of any age are suscep¬ 
tible but their browsing habit may protect 
them from the heaviest sources of contami¬ 
nation. Dairy calves are the most commonly 
involved group among cattle but steers and 
other young cattle up to 3 years of age may 
also be affected. 

Predisposing causes for hemonchosis 
include overcrowding, lush pasture, hot and 
humid climatic conditions, and a low plane 
of nutrition. Disease can be precipitated in 
several ways. An important causal mecha¬ 
nism in sheep is when lambs, which may be 
in excellent condition on good grazing, are 
overcome by a sudden massive wave of 


Parasitic Diseases of the Ruminant Alimentary Tract 


611 


pasture contamination. Sheep in poor condi¬ 
tion may be clinically affected by worm 
burdens too small to harm an otherwise 
healthy animal. Outbreaks of disease may 
occur in sheep overwintered indoors if 
large numbers of hypobiotic larvae mature 
simultaneously. Cattle harboring subclinical 
infestations while on a good plane of nutri¬ 
tion may show clinical signs if the pasture 
subsequently fails because of drought or 
overgrazing. In goats, Trypanosoma congo- 
lense infection has been shown to increase 
the susceptibility to H. contortus. 

The climatological conditions that permit 
the development of hemonchosis in sheep 
have been the subject of a great deal of 
research. Bioclimatographs have been pro¬ 
duced for many different geographic areas. 
In regions with narrow diurnal temperature 
fluctuations, outbreaks are likely during 
months with a mean maximum temperature 
of 18°C (64°F) and more than 5.25 cm of 
rain. In areas with regular summer rainfall, 
larval availability increases from late spring 
to reach maximum levels by late summer to 
early autumn and quickly declines in winter. 
A similar trend, but with fluctuating larval 
numbers, occurs in areas with more variable 
rainfall patterns. 

The self-cure phenomenon is a sudden 
naturally occurring expulsion of adult H. 
contortus which may also, although not 
invariably, eliminate incoming larvae 
(reviewed in Alba-Hurtado and Munoz- 
Guzman 2013 in the Further Reading 
section). In some areas, this may be associ¬ 
ated with changes in the pasture but more 
often it occurs in sheep when a large uptake 
of infective larvae is superimposed on an 
established worm burden in a sensitized 
animal. Self-cure may also expel existing O. 
circumcincta and T. axei from the abomasum 
and Trichostrongylus spp. from the small 
intestine. Strain or breed differences occur, 
and a genetic resistance operating primarily 
against worm establishment and probably 
controlled by the immune response has been 
reported. There is no complete self-cure with 
H. placei in calves, but after an initial infec¬ 
tion there is a rapid decline in egg laying, 
adults are expelled, and subsequent larval 
development is retarded. Immunity is much 
stronger in calves than in sheep. 

PATHOGENESIS 

Vigorous bloodsucking by both fourth-stage 
larvae and adults is the main factor differen¬ 
tiating the pathogenesis of H. contortus from 
that of other abomasal nematodes. The his¬ 
tologic changes and biochemical sequelae 
associated with Ostertagia infections also 
occur in hemonchosis, but additionally a 
hemorrhagic anemia evolves that is caused 
by the daily loss of around 0.05 mL of 
whole blood per worm. The course of the 
disease depends on the numbers of worms 
present and the ability of the animal to com¬ 
pensate for acute or chronic losses of plasma 


proteins, hemoglobin, and other blood con¬ 
stituents. In continuing infections, the 
increased rate of red cell production is main¬ 
tained at the expense of the animals’ iron 
stores and a state of iron deficiency occurs. 
Death may be acute and result purely from 
blood loss or may be more gradual and 
accompanied by weight loss, anemia, and 
hypoproteinemia. 3 Poor growth in young 
lambs can result from a reduction in the 
ewes’ milk production. Susceptibility to 
hemonchosis varies with breed. Those with 
superior resistance include the Scottish 
Blackface, Red Maasai, Florida Native, St 
Croix, and Barbados Blackbelly, whereas the 
Hampshire Down is relatively susceptible. 
Individuals within a flock also vary in vul¬ 
nerability. This natural resistance to infection 
is heritable. 

The role of nutrition in modifying the 
pathogenesis of hemonchosis in lambs is 
undergoing intense investigation. There is 
experimental evidence that lambs on a high- 
protein diet are better able to withstand H. 
contortus infestation. There are considerable 
breed differences; in some cases, animals 
with a higher protein intake mount a more 
effective immune response, in other cases 
they are better able to tolerate and compen¬ 
sate for the blood losses associated with the 
infection. 

CLINICAL FINDINGS 

Hemonchosis causes heavy losses because of 
animal deaths and reduced production. 4 
Lambs and young sheep are commonly 
affected by the acute form of the disease. 
Often only a few individuals will be seriously 
affected, but in very severe outbreaks a large 
proportion of the flock may suffer if not 
treated. Animals may be found dead without 
premonitory signs. The mucosae and con- 
junctivae of such sheep are always extremely 
pale. More chronic cases show lethargy and 
muscular weakness, pallor of the mucosae 
and conjunctivae, and anasarca, particularly 
under the lower jaw and to a lesser extent 
along the ventral abdomen. Affected sheep 
are often noticed for the first time when the 
flock is being driven: they lag behind, breathe 
faster, have a staggering gait, and often go 
down. Some sheep may die as a result of 
exercise but most can rise and walk a little 
further after rest. Grazing animals lie down 
a good deal of the time, often around the 
water troughs; the energy needed to walk 
and eat appears to be lacking. Most affected 
sheep show constipation rather than diar¬ 
rhea. There is a loss of BW and a detrimental 
effect on wool growth and quality. In sheep 
with the chronic condition, there may be 
extreme weight loss during the dry season, 
even though larval uptake is negligible at this 
time. Sheep not fatally affected develop a 
break in the wool and the fleece may be lost 
at a later date. 

In calves, the disease is characterized 
clinically by severe anemia and anasarca. 
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Heavy infestations occurring in summer 
may not manifest clinically until winter 
when the plane of nutrition declines. 

CLINICAL PATHOLOGY 

As Haemonchus is a prolific egg layer, fecal 
egg counts tend to be high (10,000 epg in 
severe cases), but it must be remembered 
that low egg counts may be encountered in 
the early part of the evolution of the disease 
when the bulk of the pathogenic worms are 
in the larval stage. There is a significant rise 
of abomasal pH soon after infection accom¬ 
panied by increased plasma pepsinogen and 
gastrin concentrations. Worm counts and 
hemoglobin levels are correlated. ’ 

NECROPSY FINDINGS 

Gross necropsy findings include severe 
anemia, gelatinization of fat deposits, general 
anasarca, and the presence of large numbers 
of readily visible H. contortus or H. placei in 
the abomasum. If the cadaver is fresh, the 
worms may still be attached or swimming 
actively in the ingesta, but a careful search 
may be necessary if the animal has been dead 
for some time. The abomasal wall is hyper- 
emic and blood clots may be present in the 
mucosa. Small ulcerations may be present in 
which adult worms have been attached. The 
abomasal contents usually have a distinct 
brownish color caused by the presence of 
free blood. 

DIAGNOSTIC CONFIRMATION 

In mixed infections, eggs of Haemonchus 
spp. cannot be easily differentiated from 
those of many other gastrointestinal nema¬ 
todes. Identification and quantification 
therefore depend on counting larvae in fecal 
cultures, which is a procedure not readily 
applicable in routine diagnosis. The number 
of worms required to depress hemoglobin 
levels varies with the weight of the sheep. In 
Merino sheep up to 20 kg, a hemoglobin 
level of 10.5 g/dL has been associated with 
112 worms and 8.0 g/dL with 355 worms. 
However, in sheep over 50 kg, 355 and 1259 
worms were required to give similar values. 
At necropsy, counts of 3000 H. contortus in 
lambs and 9000 in adult sheep are usually 
associated with heavy mortalities. Highly 
sensitive and species-specific experimental 
PCR’ and loop-mediated isothermal ampli¬ 
fication 6 assays for detection of Haemonchus 
in fecal samples, targeting the amplification 
of the internal transcribed spacer (ITS-1) 
region of ribosomal DNA (rDNA), have 
been developed.’ 8 


DIFFERENTIAL DIAGNOSIS 


Sheep 

Other causes of sudden death, such as 
lightning strike, snakebite, anthrax, or 
enterotoxemia are often suggested by the 
farmer and can only be differentiated by 


necropsy. The other common causes of 

anemia include the following: 

• Fasciolosis. 

• Eperythrozoonosis. 

• Nutritional deficiencies of copper and 
cobalt. 

• Diarrhea is a much more prominent sign in 
other parasitic infestations, particularly 
trichostrongylosis and coccidiosis. 

Calves 

Hemonchosis has to be differentiated from 

the following: 

• Babesiosis 

• Anaplasmosis 

• Coccidiosis 

• Hookworm infection 

• Other causes of anemia including heavy 
infestations with sucking lice; hemolytic 
anemia caused by drinking large quantities 
of cold water; the ingestion of rape, 

kale, and chou moellier; bacillary 
hemoglobinuria; and leptospirosis 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Sheep 

Ivermectin, doramectin or moxidectin (0.2 mg/ 
kg SQ or PO) (R-1) 

Monepantel (2.5 mg/kg PO) (R-1) 

Combination of derquantel (2 mg/kg PO) and 
abamectin (0.2 mg/kg PO) (R-1) 

Albendazole (7.5 mg/kg PO) (R-2) 

Febantel (5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 

Netobimin (7.5 mg/kg PO) (R-2) 

Oxfendazole (5 mg/kg PO) (R-2) 

Mebendazole (15 mg/kg PO) (R-2) 

Levamisole (7.5 mg/kg PO) (R-2) 

Coats 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ or PO). (R-2) 

Albendazole (10 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-2) 

Levamisole (12 mg/kg PO) (R-2) 

Cattle 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ; 0.5 mg/kg TOPp) (R-2) 
Albendazole (10 mg/kg PO) (R-2) 

Febantel (7.5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 

Netobimin (7.5 mg/kg PO) (R-2) 

Oxfendazole (4.5 mg/kg PO) (R-2) 

Levamisole (7.5 mg/kg PO; 10 mg/kg TOPp) 
Netobimin (7.5 mg/kg PO) (R-2) 

Oxfendazole (4.5 mg/kg PO) (R-2) 

Levamisole (7.5 mg/kg PO; 10 mg/kg TOPp) 
(R-2) 


Control 

Local geographic factors have a large 
influence on optimal control programs; 
consult local authorities (R-1) 

FAMACHA scoring system used to identify 
heavily infected animals (R-1) 


PO, orally; SQ, subcutaneously; TOPp, topical 
pour on. 


All the broad-spectrum ruminant anthel¬ 
mintics are effective against Haemonchus 
provided that resistance has not developed to 
that chemical group. Ivermectin given by 
injection provides up to 14 days’ protection 
against reinfection with H. placei in cattle 
and up to 10 days’ protection with H. contor¬ 
tus in sheep. Moxidectin, by mouth or by 
injection, gives up to 35 days’ persistent 
activity against H. contortus. Some com¬ 
pounds active against F. hepatica that bind to 
plasma proteins are also active against blood¬ 
sucking nematodes, such as Haemonchus, 
and are useful where resistance to broad- 
spectrum products is a problem; these 
include closantel, rafoxanide, and nitroxynil. 
Closantel and disophenol, another narrow- 
spectrum product, exert a persistent protec¬ 
tive effect in sheep for up to 4 weeks. With 
closantel, this period can be extended by 
reducing feed intake for 24 hours before 
treatment to enhance the uptake of the drug. 
Organophosphate anthelmintics are avail¬ 
able in some localities for use against resis¬ 
tant strains. H. contortus strains resistant to 
benzimidazoles (BZDs), levamisole, moran- 
tel, naphthalophos, ivermectin, moxidectin, 
and closantel have been reported, and strains 
with multiple resistance to two or more 
of these chemicals are common in some 
areas. 5 ' 11 There are recent reports of H. placei 
resistance to ivermectin and benzimidazoles 
in cattle. 12 ' 14 

CONTROL 

In sheep flocks, a late winter treatment will 
remove hypobiotic larvae before they resume 
development and start to shed eggs onto the 
pasture. Where winters are severe enough to 
kill most of the free-living stages, this single 
drench will considerably reduce subsequent 
pasture contamination but may also expose 
the parasite population to a high level of 
selection pressure, encouraging the onset of 
resistance. In areas in which larvae overwin¬ 
ter on pasture and infest lambs in early 
spring, further treatments may be needed 
in spring and early summer to prevent 
an accumulation of infection in the sheep 
and a subsequent buildup of pasture 
contamination. 

If no routine control is practiced and 
pasture contamination becomes high, stock 
should be dosed and moved to clean grazing 
areas. If this is not possible, anthelmintic 
cover must be provided by using a sustained 
acting compound such as closantel, 
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disophenol, or moxidectin. Sustained-release 
intraruminal devices for sheep containing 
ivermectin or albendazole are used in some 
countries. In cattle, protection can be given 
by avermectin/milbemycin treatment or an 
intraruminal bolus. If none of these are avail¬ 
able or economically justified, other broad- 
spectrum compounds can be given at 2- to 
4-week intervals throughout the risk period. 

In the wet tropics, a rotational grazing 
system has been devised based on the obser¬ 
vation that infective H. contortus larvae are 
relatively short-lived at high ambient tem¬ 
peratures. Small ruminants are grazed 
sequentially for up to 4 days on a series of 
suitably sized small plots, each of which is 
rested for at least 30 days before reuse. Where 
fencing is not feasible, a similar rotation can 
be based on a planned tethering system. This 
approach is not effective in temperate areas, 
however, because under these conditions 
infective larvae have a prolonged life span 
and substantial numbers will still be present 
when the grass needs to be regrazed. 

Frequent treatments with broad- 
spectrum anthelmintics can lead to the 
development of anthelmintic resistance. 
Control programs have therefore been 
devised that reduce dependence on broad- 
spectrum products by using the sustained 
action of closantel against H. contortus. 
Treatment with closantel in late winter kills 
hypobiotic larvae and, subsequently, over¬ 
wintering larvae from the pasture as they are 
ingested. In the case of ewes, which lamb in 
early spring, further treatments in late spring 
and late summer can provide excellent cover. 
Because closantel has no effect against O. cir- 
cumcincta or Trichostrongylus spp., strategic 
treatments with a broad-spectrum com¬ 
pound must also be incorporated into the 
scheme. Lambs can be treated with closantel 
and a broad-spectrum compound when they 
are about 12 weeks of age and again 12 weeks 
later. This procedure has been designated the 
“Wormkiir program and variations on the 
theme, tailor-made for particular localities 
and management systems, have been widely 
accepted in parts of Australia in which BZD- 
resistant strains of H. contortus are prevalent. 
Use over a number of years has reduced H. 
contortus to negligible levels on many farms, 
but closantel resistance is starting to emerge. 
Disophenol has been used for a similar 
purpose in other areas. 

A BZD-resistant H. contortus popula¬ 
tion on a farm is unlikely to revert to sus¬ 
ceptibility even if this class of compound is 
withheld from use for a protracted period, 
which is because of the genetic mechanisms 
involved in the selection process. In a novel 
and partly successful attempt to find a solu¬ 
tion to this problem, resistant H. contortus 
were diluted experimentally by spraying a 
susceptible strain onto pasture at different 
times in the grazing calendar. This 
approach, however, raises obvious ethical 
questions. 


The FAffa MAlan CHArt (FAMACHA) 
system for managing hemonchosis is a 

more easily applied field technique for 
reducing selection pressure for anthelmintic 
resistance. 111 It was developed in South 
Africa and has been validated in the United 
States. It uses the fact that a high propor¬ 
tion of the total parasitic H. cortortus popu¬ 
lation is found in just a small proportion of 
individual sheep within a flock. 16 These will 
be the most anemic animals and will be 
shedding the greatest number of eggs onto 
the pasture. They are identified by compar¬ 
ing the ocular conjunctivae of each animal 
against a graded color chart. By confining 
treatment to these individuals, the general 
health of the flock is maintained with fewer 
anthelmintic doses, while pasture contami¬ 
nation is substantially reduced and is 
largely derived from untreated sheep. 17 

Natural resistance to gastrointestinal 
nematodes can be enhanced by breeding 
from rams selected for low fecal egg counts. 
This provides a feasible method of reducing 
reliance on chemical control. Heritability for 
this trait, which is mediated by IgA-induced 
retardation of worm growth, is between 0.2 
and 0.4. Selection for genetic resistance may, 
however, reduce capacity to select for other 
production attributes in some circumstances 
(reviewed in Bishop 2012 in the Further 
Reading section). 

Vaccination is an attractive future pos¬ 
sibility and considerable progress is being 
made in this direction (reviewed in Bassetto 
and Amarante 2015 in the Further Reading 
section). An experimental molecular vaccine 
based on an H. contortus gut membrane 
antigen has been shown to reduce fecal egg 
counts by 90% and worm numbers by 72% 
to 80%. 18 ' 20 Young lambs can be protected by 
the passive transfer of colostral antibodies 
from vaccinated ewes. There is no cross¬ 
immunity with other gastrointestinal nema¬ 
todes so anthelmintic therapy will still be 
necessary if these pose a health risk. 

In poorer farming regions, the routine 
use of modern anthelmintics or vaccination 
may be prohibitively expensive and alterna¬ 
tive sustainable methods are being sought. 
This may involve identifying more resistant 
indigenous breeds to replace more produc¬ 
tive but more vulnerable imported breeds 
(reviewed in Karlsson and Greeff, 2012 in the 
Further Reading section). 21 ' 22 Another option 
is the provision of a supplementary diet con¬ 
taining locally available protein. 23,24 This 
enhances the ability of breeds more suscep¬ 
tible to H. contortus to withstand the patho¬ 
genic effects of infection 2 ’ and may be 
economically feasible in some agricultural 
systems. Some native forages contain 
substances, for example, tannins, which are 
naturally deleterious to gastrointestinal 
worm populations. 26 ' 28 Experimental supple¬ 
mentation with copper and selenium in 
small ruminants has been observed to reduce 
the establishment and worm fecundity of 


H. contortus and to improve overall animal 
health. 29 ' 31 Alternate or mixed grazing 
systems can also be used. 

FURTHER READING 
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responses associated with resistance to 
haemonchosis in sheep. Biomed Res Int. 

2013;162158. 

Bassetto CC, Amarante AF. Vaccination of sheep and 
cattle against haemonchosis. / Helminthol. 
2015;89:517. 

Bishop SC. Possibilities to breed for resistance to 

nematode parasite infections in small ruminants in 
tropical production systems. Animal. 2012;6:741. 
Kaplan RM, Vidyashankar AN. An inconvenient truth: 
global worming and anthelmintic resistance. Vet 
Parasitol. 2012;186:70. 
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BUNOSTOMOSIS (HOOKWORM 
DISEASE) IN RUMINANTS 


SYNOPSIS 


Etiology Nematodes of the genus 
Bunostomum and related hookworms. 

Epidemiology Transmission is generally by 
skin penetration and is favored by warm, 
humid conditions. 

Signs Anemia, diarrhea, and anasarca. 

Continued 
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Clinical pathology Eggs and occult blood in 
feces, anemia, hypoproteinemia; none of 
these signs is specific. 

Lesions Red worms attached to mucosa of 
small intestine, nearby ingesta often 
bloodstained. 

Diagnostic confirmation Necropsy is only 
certain method. 

Treatment Most modern broad-spectrum 
ruminant anthelmintics are effective as well 
as those narrow-spectrum compounds that 
bind to plasma protein. 

Control General preventive programs for 
parasitic gastroenteritis are also effective 
against hookworm. 


ETIOLOGY 

All farm animals other than horses harbor 
hookworms. The main species are the 
following: 

• Cattle: Bunostomum phlebotomum is the 
most widespread but Agriostomum 
vryburgi may occur in cattle in Asia and 
South America 

• Sheep: B. trigonocephalum is found 
worldwide, whereas Gaigeria pachyscelis 
occurs in India, Indonesia, South 
America, and Africa. 

Additionally, Globocephalus spp. occur in 
pigs but are rarely of clinical importance. 

LIFE CYCLE 

Hookworms are reddish-colored nematodes, 
1 to 2.5 cm long, and inhabit the small intes¬ 
tine of their hosts. The females are prolific 
egg layers and the life cycle is direct. The eggs 
hatch and two free-living, nonparasitic larval 
stages follow, which are very susceptible to 
desiccation. An infective larva is produced in 
about 1 week under favorable conditions. 
Transmission is by skin penetration alone in 
the case of G. pachyscelis but Bunostomum 
spp. larvae can enter the body via the skin or 
the mouth. After cutaneous penetration, 
larvae do the following: 

• Enter the bloodstream 

• Are carried to the heart and lungs 

• Enter the alveoli in which the fourth- 
stage larvae develop 

• Pass up the air passages to the pharynx 

• Are swallowed 

• Reach the small intestine 

Ingested larvae penetrate the intestinal 
wall and return to its lumen without further 
migration. In B. trigonocephalum infesta¬ 
tions, the fourth-stage larvae reach the intes¬ 
tine in about 11 days and egg-laying adults 
are present about 7 weeks after infestation. 
The prepatent period in B. phlebotomum 
infestations is about 8 weeks and in G. 
pachyscelis it is about 10 weeks. 

EPIDEMIOLOGY 

The chances of infestation occurring by per¬ 
cutaneous entry are greatly enhanced when 
the surroundings are wet, and this, together 


with the susceptibility of the larvae to desic¬ 
cation, leads to a higher incidence of the 
disease in humid subtropical or warm tem¬ 
perate countries such as the southern United 
States, Mexico, 1 Africa, Asia, 2 northern Aus¬ 
tralia, and parts of Europe. 3 Heavy infesta¬ 
tions of sheep or cattle are uncommon in 
cooler temperate countries but do occur 
occasionally when animals are winter housed 
in dirty surroundings with insufficient 
bedding. Immunity to B. phlebotomum in 
cattle appears to develop with age, and 
animals affected after 1 year appear to be 
completely immune the next year. Calves 4 
to 12 months of age are most commonly 
affected, and the degree of infestation is 
always greatest in the winter months. 

PATHOGENESIS 

Hookworms are active bloodsuckers and 
cause severe anemia in all animal species. 
Total worm numbers as low as 100 may cause 
clinical illness and 2000 may cause death in 
young cattle. There is a loss of whole blood 
and hypoproteinemic edema may result. 
Some irritation to the intestinal mucosa is 
inevitable and mild or intermittent diarrhea 
follows. Penetration of the skin by larvae 
may cause signs of irritation and lead to the 
introduction of pathogenic bacteria. 

CLINICAL FINDINGS 

In mild infestations in stabled cattle, fidget¬ 
ing, stamping, and licking of the feet may be 
observed. Constipation, accompanied by 
mild abdominal pain, is seen in the early 
stages and is followed by bouts of diarrhea. 
The cattle are unthrifty and anemic. In severe 
infestations there is obvious pallor of 
mucosae, weakness, anasarca under the jaw 
and along the belly, prostration, and death in 
2 to 3 days. The signs in sheep are similar to 
those in cattle. The convalescent period, even 
after treatment, is prolonged unless the diet 
is supplemented to stimulate erythrocyte 
production. 

CLINICAL PATHOLOGY 

The eggs in feces are similar in appearance 
to many other gastrointestinal nematodes. 
Hookworm egg counts of 400 to 500 epg are 
usually associated with fatal infestations. 
Because both larvae and adult worms are 
avid bloodsuckers, clinical signs are often 
evident before eggs appear in the feces. The 
degree of anemia and the presence of occult 
blood in the feces can be used as a measure 
of the severity of the infestation. 

NECROPSY FINDINGS 

Hookworms attached to the mucosa are 
easily found but they may be few in number. 
In calves, total worm counts of 100 or more 
suggest a significant level of infestation; 
counts of over 2000 worms indicate a degree 
of infestation likely to be fatal. In sheep and 
goats, 24 adult G. pachyscelis have been 
reported to be fatal, but the usual fatal figure 


is probably closer to 100. Most of the worms 
are found in the first few feet of the small 
intestine, and the intestinal contents nearby 
are often deeply bloodstained. B. trigono¬ 
cephalum in sheep has been observed to be 
localized predominantly in jejunum and 
ileum. 4 Hookworms often form part of a 
mixed infection comprising several or many 
gastrointestinal nematodes. 

DIAGNOSTIC CONFIRMATION 

Anemia, diarrhea, and anasarca are signs 
common to several diseases so necropsy is 
the only certain method of diagnosis. Exper¬ 
imental PCR assays, targeting the amplifica¬ 
tion of parasite internal transcribed spacers 
(ITS-1, 5.8S, and ITS-2) of nuclear rDNA, 
have been developed for identification of 
Bunostomum spp. in animal fecal samples. 5 


DIFFERENTIAL DIAGNOSIS 


• Hepatic fasciolosis 

• Hemonchosis 

• Coccidiosis 

• Mycoplasma ovis 

• Dietary deficiency of cobalt or copper and 
chronic molybdenosis 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Cattle 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ; 0.5 mg/kg TOPp) (R-1) 

Eprinomectin (0.5 mg/kg TOPp) (R-2) 
Albendazole (10 mg/kg PO) (R-2) 

Febantel (7.5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 
Oxfendazole (4.5 mg/kg PO) (R-2) 
Levamisole (7.5 mg/kg PO; 10 mg/kg TOPp) 
(R-2) 

Sheep 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ or PO) (R-1) 

Albendazole (7.5 mg/kg PO) (R-2) 

Febantel (5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-2) 
Oxfendazole (5 mg/kg PO) (R-2) 
Mebendazole (15 mg/kg PO) (R-2) 
Levamisole (7.5 mg/kg PO) (R-2) 

Control 

Local geographic factors have a large 
influence on optimal control programs; 
consult local authorities (R-1) 

PO, orally; SQ, subcutaneously; TOPp, topical 
pour on. 


Most newer broad-spectrum anthelmintics 
including the benzimidazoles, 6 avermectin/ 
milbemycins,' levamisole, and morantel are 
effective against adult Bunostomum spp. in 
















sheep and cattle, but not all products have 
label claims against larval stages. Eprinomec- 
tin extended-release formulation is effective 
against larvae of B. phlebotomum in cattle 
and provides protection for up to 150 days. 8 ' 9 
Moxidectin by injection gives 4 weeks resid¬ 
ual protection in sheep against Gaigeria. 
Nitroxynil and rafoxanide, which bind to 
blood protein and are ingested by bloodsuck¬ 
ing worms, are effective. Doramectin has a 
label claim for G. pachyscelis, and moxidectin 
has been shown to protect sheep from rein¬ 
fection for at least 35 days. 

Supportive treatment is essential in this 
disease because of severe anemia. The provi¬ 
sion of a mineral mixture containing iron, 
copper, and cobalt is recommended and a 
general improvement in the quality of the 
diet, particularly in respect of protein, may 
shorten the convalescent period. 

CONTROL 

Preventive programs to protect against Hae- 
monchus or Ostertagia infections will usually 
give adequate protection against hook¬ 
worms. Wet surroundings such as in pas¬ 
tures, in yards, and in barns should be 
avoided to reduce the chances of percutane¬ 
ous infestation and reduce the viability of the 
free-living larvae. Pens should be cleaned 
frequently and ample bedding provided. 
Heavy stocking of sheep or calves in small 
pens should be avoided. Under conditions of 
heavy risk, periodic treatment should be 
administered. The hookworm of cattle will 
not infect sheep and vice versa, so alternate 
grazing may be advantageous although it has 
been suggested that some species of deer 
may act as a source of infection for B. 
phlebotomum. 
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OESOPHAGOSTOMOSIS 
(NODULE WORM DISEASE) IN 
RUMINANTS AND PIGS 


SYNOPSIS 


Etiology Nematodes of the genus 
Oesophagostomum. 

Epidemiology In sheep, disease is mostly 
confined to warmer summer rainfall 
regions; pigs of all ages are susceptible but 
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overt disease uncommon, except in 
undernourished sows. 

Signs In sheep, failure to thrive, soft 

droppings, diarrhea and abdominal pain in 
severe cases; in sows, weight loss during 
lactation. 

Clinical pathology No specific laboratory 
findings. 

Lesions Nodules in the wall of intestine. 

Diagnostic confirmation Necropsy is most 
reliable; otherwise need to incubate feces 
and identify infective larvae. 

Treatment 

Sheep: All modern broad-spectrum 
wormers listed for parasitic 
gastroenteritis. 

Pigs: All wormers listed for stomach 
worms; not all compounds are active 
against mucosal larvae. 

Control General preventive programs for 
parasitic gastroenteritis are also effective 
against Oesophagostomum. In sows, 
ensure adequate nutrition. 


ETIOLOGY 

All farm animals except horses can harbor 
nematodes of the genus Oesophagostomum, 
causing a condition known as “nodule worm 
disease” or “pimply gut.” The important 
species include the following: 

• Sheep and goats: O. columbianum, O. 
venulosum, and O. asperum 

• Cattle: O. radiatum and O. venulosum 
. Pig: O. dentatum and O. 

quadrispinulatum 

Oesophagostomum spp. are generally host 
specific but O. venulosum is found in both 
sheep and cattle. O. columbianum can 
develop in cattle to the point of penetrating 
the mucosa and producing lesions similar to 
those in lambs, but without any apparent 
effect on health. 

LIFE CYCLE 

In appearance, Oesophagostomum species are 
stout, white roundworms, with the largest 
growing to 2.5 cm in length. The life cycle is 
direct. Eggs passed in the feces hatch and, 
after undergoing two molts, become infec¬ 
tive third-stage larvae. Infestation is thought 
to occur only by ingestion, but skin penetra¬ 
tion has been demonstrated experimentally. 
The larvae invade the intestinal wall at any 
level, provoking a nodular host reaction, and 
some may undergo hypobiosis. They return 
to the lumen as fourth-stage larvae and egg 
laying in most species commences in about 
40 to 50 days. 

EPIDEMIOLOGY 

O. columbianum eggs and larvae are particu¬ 
larly susceptible to cold and dryness, but 
under optimum conditions can reach the 
infective stage in 6 to 7 days. Prevalence is 
therefore highest in warmer temperate or 


subtropical climates with summer rainfall. If 
sufficient larvae are ingested, acute disease 
may occur during the summer months. 
Lighter infestations or exposure of older 
animals to infection may give rise to a 
chronic condition that presents clinically in 
the following winter when animals are on a 
low plane of nutrition. Disease in cattle is 
similarly most common in warmer summer 
rainfall areas. Nevertheless, the more chronic 
form of the disease is quite common in rumi¬ 
nants in eastern Canada and the New 
England states of the United States. 

In pigs, Oesophagostomum infections are 
cosmopolitan. The female worms produce 
large numbers of eggs and in pig houses only 
the highest standards of hygiene will prevent 
infections from persisting. Outdoors, the 
larvae thrive best when sheltered by thick 
vegetation. Numbers decline markedly 
during dry summers on bare soil or during 
the winter. Some larvae, however, can over¬ 
winter even in Scandinavia, but cold Cana¬ 
dian winters kill all free-living stages. A 
periparturient rise in fecal egg counts has 
been described in sows but it is not as con¬ 
stant a feature as the similar phenomenon in 
ewes. The periparturient egg rise is closely 
related to lactation and terminates when the 
piglets are weaned. When it occurs, it can 
be an important source of contamination in 
the farrowing house. Oesophagostomum has 
been associated with the thin sow syndrome, 
in which sows rapidly lose condition late in 
pregnancy and while they are lactating. Fecal 
egg counts may be very high but parasitism 
is only a contributory factor. The primary 
cause is inadequate nutrition. In group-fed 
animals, timid sows not able to secure an 
adequate share of the ration satisfy their 
hunger by eating bedding, increasing their 
intake of infective larvae. 

PATHOGENESIS 

The size of the nodules in the intestinal wall, 
and hence their pathogenicity and economic 
importance to the meat industry, varies with 
the worm species and immunity of the host. 
In ruminants, for example, O. columbianum 
provokes a massive host response, whereas 
O. venulosum does not produce visible 
lesions. In pigs, O. quadrispinulatum nodules 
are larger than those of O. dentatum. 

O. columbianum larvae in young sheep 
exposed for the first time stay in the wall of 
the anterior small intestine for about 5 days. 
Some subsequently enter the mucosa a 
second time in the large intestine, whereas 
others develop directly to adults. In second 
and subsequent infections, few larvae 
develop directly to adults and most are 
arrested in either the first or second mucosal 
phases. Persistence of larvae in the intestinal 
wall for long periods is thought to indicate 
host immunity, thus in older sheep, nodules 
develop in the intestinal wall at any level and 
may occasionally be present in nearby 
organs. Larvae may remain alive in these 
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nodules for periods of up to 1 year but many 
are destroyed by the host response. When the 
resistance of the animal is lowered, for 
example, because of poor nutrition, larvae 
leave the nodules, reenter the intestinal 
lumen, and pass down to the colon to become 
adults. This is the probable explanation for 
three common findings at necropsy: 

1. Young sheep with many adult worms 
and no nodules 

2. Adult sheep with many nodules and no 
adult worms 

3. Adults with both 

Oesophagostomosis is sometimes impli¬ 
cated as a primary cause of intussusception 
in young sheep. 

Young susceptible ruminants generally 
suffer as a result of the emergence of larvae 
from the mucosa, which provokes a catarrhal 
colitis, and the feeding activities of the adults, 
which produce small ulcers and some 
mucosal bleeding. In older, immune animals 
the nodular reaction plays a more important 
role. O. radiatum and O. columbianum cause 
the following: 

• Anorexia 

• Severe and persistent mucoid diarrhea 

• Loss of weight 

• Anemia 

• Hypoproteinemia 

• Death 

The hypoproteinemia follows edema of 
the cecum and colon and is caused by loss of 
albumin into the lumen. Anemia results 
from blood loss when mucosal larvae reenter 
the lumen. The fall in platelet factor levels 
and platelet numbers observed 6 to 7 days 
after primary infection of calves probably 
aggravates this loss. Nodules eventually 
caseate and calcify and may cause interfer¬ 
ence with intestinal motility or local perito¬ 
nitis and adhesion formation, which leads to 
intussusception or stenosis. In sheep the 
nodules can cause considerable pain and 
result in an arched back (“humpy back”) and 
a stilted gait. The nodules in pigs are much 
smaller, although edema and thickening of 
the colon and cecum can develop in the case 
of heavy infestation. Outbreaks of necrotic 
enteritis may be activated in pigs carrying 
Salmonella spp. populations. 

CLINICAL FINDINGS 

In heavily infested sheep, severe persistent 
diarrhea may occur in young animals. More 
commonly, older sheep in the winter months 
will show an intermittent passage of semisoft 
droppings that contain excessive amounts of 
mucus and occasionally blood. There is rapid 
loss of condition, hollowing of the back, stiff¬ 
ness of gait, and elevation of the tail. Nodules 
may be palpated on rectal examination. 
Anemia is not characteristic and is never 
marked. 

Young calves may show anorexia, diar¬ 
rhea, emaciation, and anemia. Initially the 
diarrhea may alternate with constipation, but 
later it is continuous and is dark and fetid. 


In pigs, clinical signs are less severe. Loss 
of condition and diarrhea in weaners and 
growers have been attributed to heavy infec¬ 
tion, but deleterious effects, if any, are nor¬ 
mally found at a subclinical level. In the thin 
sow syndrome, lactating sows become thin 
or in severe cases emaciated, even though 
they have a good appetite, but there is usually 
no diarrhea. 

CLINICAL PATHOLOGY 

There are no specific laboratory tests. The 
eggs in feces are similar in appearance to 
those of many other gastrointestinal nema¬ 
todes. Also, the severity of the disease may 
bear no relation to the number of eggs in the 
feces; counts vary widely with the season and 
the stage of development of the disease. In 
the early stages of a massive infestation, signs 
may be evident but there may be no eggs in 
the droppings. After the prepatent period in 
young sheep, eggs are usually present in large 
numbers and may be accompanied by living 
adult worms. In chronic cases, however, very 
few eggs may be passed. Serum albumin con¬ 
centrations are low in severe cases and 
anemia may be detected in cattle. 

NECROPSY FINDINGS 

In early acute cases there is a mild catarrhal 
enteritis and larvae may be detectable in 
scrapings of intestinal mucosa. In the later 
more chronic stage, adult worms are easily 
visible in the colon. They are usually lying in 
thick mucus overlying a chronic catarrhal 
colitis. O. columbianum is very pathogenic 
and 200 adult females is considered a heavy 
infestation. Nodules, when they are present, 
may be found at all levels of the intestine; 
they measure up to 6 mm in diameter and, 
depending on their age, contain green, pasty 
or yellow-brown, crumbly, partly calcified 
material. There may be a great deal of thick¬ 
ening of the intestinal wall and local 
peritonitis. 

DIAGNOSTIC CONFIRMATION 

A definite diagnosis of oesophagostomosis 
can only be made by necropsy exami¬ 
nation or identification of larvae from a 
fecal culture. Experimental coproantigen- 
based ELISA and PCR-based assays for 
the detection of Oesophagostomum infec¬ 
tion from animal fecal samples have been 
developed. 1,2 


DIFFERENTIAL DIAGNOSIS 


• Trichostrongylosis in sheep is also at its 
peak during the winter but diarrhea is 
more evident. 

• Hyostrongylosis also causes emaciation in 
lactating sows but is confined to outdoor 
herds. 

• Malnutrition, especially when sheep are 
housed and poorly fed. 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Cattle 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ; 0.5 mg/kg TOPp) (R-2) 
Albendazole (10 mg/kg PO) (R-2) 

Febantel (7.5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 

Netobimin (7.5 mg/kg PO) (R-2) 

Oxfendazole (4.5 mg/kg PO) (R-2) 

Levamisole (7.5 mg/kg PO; 10 mg/kg TOPp) 
Sheep 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ or PO) (R-1) 

Monepantel (2.5 mg/kg PO) (R-1) 
Combination of derquantel (2 mg/kg PO) and 
abamectin (0.2 mg/kg PO) (R-1) 
Albendazole (7.5 mg/kg PO) (R-2) 

Febantel (5 mg/kg PO) (R-2) 

Fenbendazole (5 mg/kg PO) (R-3) 

Netobimin (7.5 mg/kg PO) (R-2) 

Oxfendazole (5 mg/kg PO) (R-2) 

Mebendazole (15 mg/kg PO) (R-2) 

Levamisole (7.5 mg/kg PO) (R-2) 

Goats 

Ivermectin, doramectin, or moxidectin 
(0.2 mg/kg SQ or PO) (R-2) 

Albendazole (10 mg/kg PO) (R-2) 

Levamisole (12 mg/kg PO) (R-2) 

Pigs 

Ivermectin (0.1 mg/kg) (R-1) 

Moxidectin (0.4 mg/kg) (R-1) 

Abamectin (0.1 mg/kg, PO) (R-1) 
Fenbendazole (5.0 mg/kg, q.d. for 3 days) 
(R-2) 

Flubendazole (4.0 mg/kg) (R-2) 

Levamisole (8 mg/kg) (R-2) 

PO, orally; q.d., four time a day; SQ, 
subcutaneously; TOPp, topical pour on. 


All modern broad-spectrum compounds are 
effective against adult Oesophagostomum. 
Moxidectin provides up to 4 weeks’ protec¬ 
tion from reinfection with O. columbianum 
in sheep. Oesophagostomum spp. strains 
resistant to pyrantel have been detected on 
some pig farms in Denmark. Low efficacy 
(52%) of ivermectin against larval O. denta- 
tum in pigs 3 and against O. radiatum in 
cattle 4 has been observed. 

CONTROL 

In sheep and cattle, the principles of control 
described under PGE in ruminants apply 
also to Oesophagostomum infections. In 
pigs, the thin sow syndrome is unlikely to 
be cured or prevented by anthelmintic 
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treatments alone; due consideration must 
also be given to the nutritional requirements 
of the animals at risk. To prevent contamina¬ 
tion of the farrowing house, sows should be 
treated before entry. Pigs should be treated 
at weaning and each time they are moved on 
to new accommodation. Boars should be 
treated at least once a year. Alternatively, it 
may be more convenient to treat all pigs on 
a premises simultaneously with a medicated 
feed. The dosing interval should be deter¬ 
mined by fecal egg counts performed on a 
representative sample of all age groups in the 
herd. Overdependence on anthelmintic 
therapy should be avoided as resistance can 
develop in Oesophagostomum populations. 
The demonstration that diets containing 
highly degradable and rapidly fermentable 
carbohydrates can considerably reduce O. 
dentatum burdens and fecal egg counts indi¬ 
cates the possibility of an alternative approach 
to control. 

In grazing pigs, the ability of the eggs 
and larvae to survive on the pasture must 
be considered. In the UK, eggs deposited 
in the winter and early spring do not 
reach the infective stage, but infective 
larvae can survive for a year in feces or 
on pasture. Under these conditions treat¬ 
ment of pigs in the autumn with a move 
to clean pasture will reduce pasture con¬ 
tamination through the following spring 
and early summer. An additional treat¬ 
ment in spring may give additional secu¬ 
rity. Experimental feedings of ruminants 
with nematophagous fungi, Duddingtonia 
flagrans , which prey on the infectious 
forms of nematodes (including Oesopha¬ 
gostomum spp.) have demonstrated that it 
is a viable way of naturally reducing the 
numbers of infective larvae in animal 
rearing environments. 5 ' 8 

FURTHER READING 

Roepstorff A, et al. Helminth parasites in pigs: new 
challenges in pig production and current research 
highlights. Vet Parasitol. 2011;180:72. 
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CHABERTIOSIS 

Chabertiosis of sheep, goats, and cattle is 
associated with Chabertia ovina , a worm 1 to 

2 cm in length, which inhabits the colon and 
causes a clinical syndrome similar to that of 
oesophagostomosis. Disease is mainly seen 
in sheep in colder areas during the winter 
months. Infections do occur in cattle but are 
rarely pathogenic. The life cycle is direct and 
resembles that of other strongylid worms. 


Infective larvae are relatively resistant to 
cold 1 and heavy infestations may occur in 
mild winters. 2 After ingestion, larvae undergo 
a period of development in the wall of the 
small intestine before passing to the cecum 
and then to the colon. Unlike Oesophagosto¬ 
mum, the larvae do not cause any significant 
damage. The infection becomes patent in 
about 7 weeks. 

Clinical signs are first seen when imma¬ 
ture adults start to attach to the mucosa 
about 26 days after infection. Soft blood- 
flecked feces with excess mucus are passed. 
A protein-losing enteropathy occurs with 
lowered blood albumin and weight loss. 
Death may occur in heavy infections. Fecal 
egg counts do not always correlate well with 
clinical signs because these may occur before 
the worms mature. Immunity can also reduce 
the fecundity of adult Chabertia. 

Changes at necropsy are thickening, 
edema, and petechiation of the wall of the 
colon with blood sometimes present in the 
intestinal contents. The worms, which are 
easily recognized by their large buccal cavi¬ 
ties, are usually confined to the first 25 to 
30 cm of the coiled colon, except in very 
heavy infections. The number of worms 
present is often surprisingly small, and severe 
morphologic changes may be evident with 
only five to 10 worms. More than 100 worms 
is considered to be a heavy infestation. All 
the newer broad-spectrum anthelmintics are 
effective against C. ovina. 

REFERENCES 
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STOMACH FLUKE DISEASE 
(INTESTINAL AMPHISTOMOSIS) 


SYNOPSIS 


Etiology Paramphistomum cervi, P. 
microbothrioides, and related flukes. 

Epidemiology Infection by ingestion of 
metacercariae on herbage; geographic 
distribution, seasonality, and disease risk 
determined by occurrence of intermediate 
hosts (aquatic planorbid snails). 

Signs Severe enteritis, fetid diarrhea. 

Clinical pathology Hypoalbuminemia; 
immature flukes may be passed 
in feces. 

Lesions Duodenal mucosa thickened, mucus 
blood stained with large numbers of small, 
flesh-colored flukes. 

Diagnostic confirmation Demonstration of 
immature flukes in feces. 

Treatment Oxyclozanide, closantel, 
hexachlorophene. 

Control Avoidance or drainage of snail 

habitats; anthelmintic treatments to prevent 
contamination of pastures with eggs. 


ETIOLOGY 

Intestinal amphistomosis is associated with 
paramphistome flukes in the duodenum 
migrating toward the forestomachs. Cattle 
and, to a lesser extent, sheep are at risk of 
infection. The paramphistomes are cosmo¬ 
politan but disease is most common in 
warmer regions, particularly Australasia, 
Africa, and India. 1 However, there are 
recent reports of increasing prevalence of 
paramphistomosis in Europe. 2 ' Commonly 
recorded paramphistome species include 
Paramphistomum cervi, P. microbothrioides, 
P. liorchis, P. ichikawai, P. microbothrium, 
Calicophoron calicophorum, Ceylonocotyle 
streptocoelium, Calicophoron ijimai, and Cot- 
ylophoron cotylophoron. 

LIFE CYCLE 

The life cycle is similar to that of F. hepatica 
except that the intermediate hosts are pla¬ 
norbid snails and the immature flukes 
migrate proximally along the duodenum and 
through the abomasum to reach their predi¬ 
lection site in the rumen and reticulum. The 
period required for maturation varies from 6 
weeks to 4 months. 

EPIDEMIOLOGY 

Planorbid snails are aquatic. They are more 
adaptable and occupy more diverse habitats 
than lymnaeid snails. Thus zones of ende- 
micity for intestinal amphistomosis and 
hepatic fasciolosis do not necessarily coin¬ 
cide. Most outbreaks of disease occur during 
the late summer, autumn, and early winter 
when pastures are heavily contaminated with 
encysted cercariae. Planorbid snails multiply 
very rapidly in warm, watery environments 
but can subsequently survive dry conditions. 
Metacercariae are therefore found on pas¬ 
tures prone to flooding as well as on herbage 
in and around ponds, streams, and other 
water sources. All ages of cattle, sheep, goats, 
and wild ruminants grazing near water or on 
land liable to flooding may be affected, but 
young cattle in the yearling class are the 
usual subjects. It is possible that some degree 
of immunity develops. 

PATHOGENESIS 

The immature flukes excyst in the duode¬ 
num or mid to proximal jejunum. As they 
migrate, they attach firmly to the mucosa 
and may penetrate as far as the muscularis 
mucosa. Damage is related to the numbers 
of migrating flukes and increases in inten¬ 
sity from localized enteritis through patches 
of villous atrophy to severe destruction of 
the mucosa. 5,8,9 Clinical and production 
effects are dependent on the extent of the 
lesions because some compensation for 
functional deficiency can take place in the 
undamaged lower small intestine. The pres¬ 
ence of mature flukes in the rumen does 
not usually elicit any significant response 
but in massive infections papillae are short 
and red, becoming fused into aggregations 
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with ruminal contents adhering firmly to 
the surface. 

CLINICAL FINDINGS 

Severe enteritis associated with enormous 
numbers of migrating flukes in the duode¬ 
num seems to be the only manifestation of 
disease/’ A characteristic and persistent fetid 
diarrhea is accompanied by weakness, 
depression, dehydration, and anorexia. There 
may also be submaxillary edema and obvious 
pallor of the mucosae. Death usually occurs 
15 to 20 days after the first signs appear. The 
mortality rate in heavily infested animals 
may be high. Mature flukes in the forestom¬ 
achs of animals normally cause little harm, 
although loss of weight, anemia, a rough dry 
coat, and a drop in production have been 
ascribed to heavy infestations. 2,10 

CLINICAL PATHOLOGY 

A sedimentation and decanting technique 
may be used to find immature flukes passed 
in feces. The larvae are round with prominent 
anterior and posterior suckers. Because the 
disease is caused by immature forms, eggs are 
not usually present in the feces, although they 
may be detectable in older animals in the 
same herd. Paramphistome eggs are dense 
structures so sedimentation methods for 
detection are preferred to flotation. The eggs 
have a distinct operculum and resemble those 
of F. hepatica, but the shell is colorless. Blood 
biochemistry reveals a marked drop in TPP, 
due largely to a fall in plasma albumin. 

NECROPSY FINDINGS 

There is muscular atrophy, subcutaneous 
edema, and accumulations of fluid in the 
body cavities, and the fat deposits are gelati¬ 
nous. In the upper part of the duodenum the 
mucosa is thickened and covered with 
bloodstained mucus, and there are patches of 
hemorrhage under the serosa. Large numbers 
of small, flesh-colored flukes (3-4 mm long 
and 1-2 mm wide) are present in this area 
but decrease in number toward the ileum. 
There may be none in the abomasum and 
forestomachs. There may be a few in the peri¬ 
toneal cavity and on histologic examination 
the young flukes are present not only on the 
mucosal surface but are also embedded in 
the mucosa and deeper layers. 11 

DIAGNOSTIC CONFIRMATION 

The occurrence in yearling cattle of a severe 
enteritis, unaccompanied by fever, in envi¬ 
ronmental conditions suitable for the propa¬ 
gation of flukes and where host snails can be 
found should arouse suspicion of intestinal 
amphistomosis. Confirmation depends on 
demonstration of immature flukes in feces 
or at necropsy. A coprological assay, mini- 
FLOTAC, has been demonstrated to be reli¬ 
able in detecting the presence of adult rumen 
fluke infection in cattle. 6 Experimental PCR 
assays targeting the amplification of mito¬ 
chondrial or rDNA have been demonstrated 


to be sensitive and species specific in detect¬ 
ing paramphistomes. 12 ' 14 Care is needed 
because the small parasites are easily missed. 


DIFFERENTIAL DIAGNOSIS 


• Nutritional deficiency of copper 

• Infestation intestinal roundworms 

• Infectious enteritides, but these are usually 
accompanied by fever 

• Johne's disease in adult animals, but this is 
a much more chronic disease 

• Poisonings, including many weeds, 
inorganic arsenic and lead 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Oxyclozanide (18.7 mg/kg two doses 48 h 
apart, PO) (R-2) 

Hexachlorophene (20 mg/kg, PO) (R-4) 
Closantel (10 mg/kg, PO) (R-2) 


Few drugs are oral highly effective. Two 
doses of oxyclozanide 18.7 mg/kg 2 days 
apart, or a single oral dose of hexachloro¬ 
phene 20 mg/kg, give consistent results 
against immature paramphistomes in cattle, 
but hexachlorophene may show toxicity at 
this dose rate and is therefore not preferred 
as a treatment. In goats, oral oxyclozanide at 
22.5 mg/kg orally has 95.9% efficacy against 
adult C. daubneyi.' This dosage protocol is 
higher than the recommended dose rate for 
oxyclozanide of 10-15 mg/kg once orally for 
cattle and 15 mg/kg once orally for sheep 
and goats. Niclosamide 160 mg/kg as a single 
oral dose or as two oral doses 3 days apart is 
effective but somewhat variable; however, it 
has good activity at 100 mg/kg against 
immature paramphistomes in sheep. Closan¬ 
tel used at orally 10 mg/kg has up to 99% 
efficacy against rumen flukes in cattle. 4,6 
Bithionol has been used in Asia and Africa. 

CONTROL 

Animals should, where possible, be denied 
access to contaminated areas. Otherwise, 
regular treatments will be needed. Snails 
quickly repopulate pastures once they become 
wet and stock should be removed before the 
intermediate hosts start to shed large numbers 
of cercariae (1-2 months from infection of 
the snail depending on temperature). Meta- 
cercariae may persist on pasture for up to 2 or 
3 months after floodwater has dried out. 

In areas where paramphistomes are a 
regular problem, knowledge of the local 
epidemiologic cycle will help determine 
optimum times for prophylactic treatments. 
These are aimed at killing migrating imma¬ 
ture flukes before they cause disease and at 
reducing egg output by adult worms, mini¬ 
mizing opportunity for snails to become 
infected. Drainage of low-lying areas and 


destruction of host snails by the use of mol- 
luscicides could be considered. 

FURTHER READING 

Brown CC, et al. Infections and parasitic diseases of the 
alimentary tract. In: Maxie MG, ed. Jubb, Kennedy, 
and Palmers Pathology of Domestic Animals, vol 2. 
5th ed. Edinburgh: Elsevier Saunders; 2006:135-279. 
Kilni M, et al. Lefevre PC, Blancou J, Chemette R, 
Uilenberg G, eds. Gastrointestinal Helminthosis: 
Amphistomosis. Paris: Lavoisier; 2010:1589-1601. 
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Toxic Diseases of the 
Ruminant Alimentary Tract 

NONPROTEIN NITROGEN 
TOXICOSIS (UREA TOXICOSIS) 


SYNOPSIS 


Etiology Urea or other nonprotein nitrogen 
(NPN) sources in the diet; urea as fertilizer 
or incorporated into mineral block. 

Epidemiology NPN products are used in 
ruminants as inexpensive protein sources. 
When too much is fed or accidentally 
ingested, excess ammonia produced from 
rumen metabolism of urea or NPN is 
absorbed resulting in hyperammonemia 
and resulting clinical signs. 

Clinical pathology Hyperammonemia, lactic 
acidosis, metabolic acidosis, hyperkalemia, 
other nonspecific chemistry changes. 

Lesions Affected animals show severe 

abdominal pain, frothing at the mouth and 
nose, hypersensitivity to sound and 
movement to the point of being 
aggressive, muscle tremors, incoordination, 
weakness, dyspnea, bloat, and violent 
struggling and bellowing. 

Diagnostic confirmations History of 
exposure to NPN source; increased rumen 
pH; elevated ammonia concentrations in 
serum, plasma, ocular fluid, and rumen. 

Treatment 5% acetic acid (vinegar) orally to 
decrease rumen pH and cold water to slow 
urea metabolism by urease. 

Control Follow manufacturer's feeding 
recommendations; keep ruminants away 
from stored fertilizers and fertilizer spills. 
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ETIOLOGY 

Urea is a common, inexpensive, and readily 
available form of nonprotein nitrogen (NPN) 
used in ruminant rations and as a fertilizer. 1 ' 2 
Less common ammoniated sources used in 
rations include ammonium acetate, ammo¬ 
nium lactate, ammonium sulfate, biuret, 
diammonium phosphate, and others. 2,3 Most 
of the supplements other than urea are mixed 
directly into the feed. Urea is unique because 
it not only exists as food supplement, but can 
be incorporated into solid mineral blocks, 
added to other liquid products such as molas¬ 
ses, or used as a fertilizer. Accidental access 
to the powder or liquid form of the urea can 
cause heavy mortalities. Toxicosis occurs 
when cattle or sheep gain access to large 
amounts of NPN, are fed larger quantities 
than they are accustomed to, ingest improp¬ 
erly mixed feeds, or drink polluted water. 
Feed-grade urea contains approximately 45% 
nitrogen and protein is approximately 16% 
nitrogen, so each gram of urea is equivalent 
to 2.81 g of protein. Thus a ration containing 
1% urea supplies the protein equivalent of 
2.81% natural protein. Some care is required 
in bringing the animals onto urea gradually, 
and an adequate proportion of carbohydrate 
must be included in the ration. 

EPIDEMIOLOGY 

Occurrence 

Urea is used in agriculture as a feed additive 
for ruminants to provide an inexpensive 
protein substitute in the diet and as a fertil¬ 
izer on crops, pastures, and fields. Protein 
production from urea is dependent on 
rumen microorganisms assimilating the 
ammonia released from urea and converting 
it to protein useful to the animal. Natural 
occurring urease in the rumen supports the 
hydrolysis of urea to ammonia. The degree of 
toxicity of urea depends on the rapidity with 
which ammonia is released from the urea in 
the rumen. This may be increased if soybean 
meal is being fed; soybeans contain urease, 
which facilitates the breakdown of urea to 
ammonia. 

Animal Risk Factors 

Ruminants are more able to assimilate 
ammonia into protein when adequate 
amounts of readily available carbohydrates 
are provided. This is usually from grain or a 
sugar source such as molasses. In the absence 
of sufficient digestible carbohydrate, such as 
when only roughages are fed, urea is more 
toxic. In the past, mixtures of molasses and 
urea were popular as feed supplements for 
cattle and were associated with outbreaks of 
poisoning. Signs were similar to those of 
urea poisoning and those associated with 
feeding ammoniated hay. 

The toxic dose of NPN in ruminants 
depends on a number of factors such as 
current diet, acclimation to product, rumen 
pH, body temperature, and the presence of 
other diseases. Urea needs to be gradually 


introduced into the diet over several days to 
allow the rumen bacteria time to become 
accustomed to the ammonia source. 

• Cattle: In cattle starved beforehand, 
dose levels up to 0.33 g/kg BW are 
associated with increases in blood levels 
of ammonia, dose levels in cattle of 
0.44 g/kg BW produce signs of 
poisoning within 10 minutes of dosing, 
and dose rates of 1 to 1.5 g/kg BW are 
associated with death. Cows 
unaccustomed to urea may show clinical 
signs of toxicosis when fed 0.4 g/kg BW, 
but by gradually increasing the quantity 
fed this amount can be tolerated. Most 
rations contain 3% urea in the grain 
mixture or 1% in the total ration but as 
the rumen adjusts, cattle can tolerate 
larger amounts. Tolerance is lost rapidly 
and animals receiving no urea for 3 days 
are again susceptible. Tolerance is also 
reduced by starvation, lack of readily 
available dietary carbohydrate, and a 
low protein diet. 

• Sheep: They can eat 6% of their total 
ration throughout the day as urea 
provided it is well mixed with roughage, 
preferably by spraying the urea mixed 
with molasses onto the roughage. Much 
more urea is tolerated if provided to 
sheep in molasses (18 g) than if given as 
a drench (8 g). Prior feeding on lucerne 
further increases the tolerance; fasting 
for 24 hours reduces it. A dose rate of 

1 g/kg BW to sheep appears to be 
nontoxic, but 2 g/kg BW is quickly 
fatal. 

• Horses: They appear to be tolerant of 
relatively large doses of urea and 
poisoning rarely occurs. The disease has 
been produced experimentally in ponies 
by administering 450 g by stomach tube. 
The clinical picture is similar to that 
seen in cattle. There is a sharp increase 
in blood ammonia levels after ingestion 
of the urea, and it is assumed that 
hydrolysis of the urea occurs in the 
cecum. 4 

• Pigs: They are quite unaffected by very 
large doses of urea unless they are 
deprived of water or have developed a 
cecal flora that produces urease. 

PATHOGENESIS 

Under normal circumstances, urea in the 
rumen is broken down by urease to ammonia, 
which is then used by rumen bacteria to syn¬ 
thesize proteins. Excess ammonia remains in 
the rumen as the ionized ammonium ion. 
The sudden introduction of large amounts of 
urea upsets this reaction and toxicosis 
occurs. Excess quantities of ammonia pro¬ 
duced are rapidly absorbed across the rumen 
into the systemic circulation. Rumen pH is 
elevated and more ammonia remains in the 
nonionized form and is absorbed. 1 ' 2 The 
onset of signs occurs in 10 to 30 minutes 
after feeding. The severity of signs is directly 


related to blood ammonia levels and not to 
ammonia levels in the rumen. 2,5 Excess blood 
ammonia interferes with energy metabolism, 
inhibits the citric acid cycle, and results in 
systemic lactic acidosis. 5,6 Hyperkalemia, 
associated with systemic metabolic acidosis, 
may cause cardiac arrhythmias and arrest. 6 

CLINICAL FINDINGS 
Cattle and Sheep 

Signs of toxicosis occur as early as 10 minutes 
after the urea is eaten and include severe 
abdominal pain, frothing at the mouth and 
nose, bellowing, hypersensitivity to sound, 
movement to the point of being aggressive, 
muscle tremors, incoordination, weakness, 
dyspnea, bloat, and violent struggling. Less 
severe cases are drowsy and recumbent. In 
severe cases death occurs in a few minutes, 
but more commonly, animals die about 4 
hours after ingestion. The case-fatality rate 
in affected animals is high. 

CLINICAL PATHOLOGY 
Cattle 

Signs are visible when rumen ingesta levels 
of ammonia are 1000 mg/L, serum levels of 
ammonia nitrogen (NH 3 -N) are 10 to 
13 mmol/L, and when blood ammonia 
nitrogen concentrations reach 0.7 to 0.8 mg/ 
dL. The higher the serum ammonia levels 
(up to 1719 pmol/L), the higher the blood 
lactate levels (up to 26.01 pmol/L) were in a 
group of poisoned steers. 5,6 Blood pH (7.24) 
in this group was consistent with metabolic 
acidosis.' 1 

Sheep 

Deaths occur at blood ammonia nitrogen 
levels of 33 |ig/mL of blood, when the rumen 
contents are alkaline (pH elevated from 
6.94-7.90), and rumen ammonia levels rise 
from 6 to 50 mg/dL. 

NECROPSY FINDINGS 

There are no characteristic lesions at nec¬ 
ropsy, but most animals show generalized 
congestion, hemorrhages, and pulmonary 
edema. Death is thought to result from respi¬ 
ratory or cardiac arrest caused by ammonia 
intoxication. In pigs, encephalomalacia has 
been produced by feeding a ration containing 
15% urea. The clinical picture and histopath- 
ological findings were similar to those of salt 
poisoning except that no eosinophilic aggre¬ 
gations are present in the cerebral lesions. 


DIFFERENTIAL DIAGNOSIS 


Outbreaks of this poisoning are usually closely 
linked to known exposure to urea or 
nonprotein nitrogen source and are confirmed 
by high serum levels of ammonia. In dead 
animals, fluid from the rumen, abomasum, or 
eye may be used. Without the historical link 
to a source of urea the differential list is very 

Continued 
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Chapter 8 


Diseases of the Alimentary Tract-Ruminant 


long because of the similarity of the syndrome 

to other diseases. 

Differential diagnosis list: 

• Acute 4-methylimidazole poisoning from 
ammoniated forages (bovine bonkers 
syndrome) 

• Acute bovine pulmonary emphysema and 
edema 

• Acute hepatic insufficiency 

• Acute salt toxicosis 

• Anaphylaxis 

• Clavibacter toxicus toxicosis 

• Cyanobacteria toxicosis 

• Encephalitis, encephalomalacia 

• Hypomagnesemia 


TREATMENT 


TREATMENT AND CONTROL 


5% acetic acid (vinegar) (0.5-1 L orally to a 
sheep, 4 L orally to a cow) (R-2) 

Cold water (10-30 L PO for adult cattle, 
repeat as needed). (R-2) 


No primary treatment is likely to be effective, 
especially in large herd situations, because 
the mortality rate is high and death occurs 
before treatment can be instituted. In single 
ruminants or small groups, the oral admin¬ 
istration of a 5% acetic acid solution such as 
vinegar (0.5-1 L to a sheep, 4 L to a cow) is 
recommended to lower the rumen pH. 1 ' 2 
Cold water (10-30 L for adult cattle) will 
dilute excess urea, temporarily lower rumen 
pH, and slow NPN metabolism by urease 
enzymes. 1,2 This may reduce the amount of 
ammonia absorbed, but it must be adminis¬ 
tered as soon as the first clinical signs appear 
and treatment repeated because clinical signs 
tend to recur about 30 minutes after treat¬ 
ment. The only really effective treatment is 
prompt and efficient emptying of the rumen, 
either via a large-bore stomach tube or by 
rumenotomy, but the results are variable 
because serum ammonia levels may already 
be high. 1 

CONTROL 

Urea is highly toxic and care is essential 
when handling it in the vicinity of animals. 
Feed manufacturers’ recommendations 
about maximum concentration of urea in 
prepared rations and acclimatization to the 
diet with inclusion of adequate readily avail¬ 
able carbohydrates should be adhered to. In 
dairy cows, urea should be fed at 1% of the 
concentrate, 135 g per animal per day, and 
not more than 20% of the total crude protein 
(including other NPN sources). 1 Other 
sources of NPN cause similar clinical signs, 
but toxicosis is much less frequently reported 
with them. 

Nevertheless, if they are incorporated 
into the diet all of the issues with control of 
urea should be followed. 


FURTHER READING 

Bartley EE, Davidovich AD, Barr GW, et al. Ammonia 
toxicity in cattle. Rumen and blood changes 
associated with toxicity and treatment methods. 
JAnim Sci. 1976;43:835-841. 
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CHEMICALLY TREATED 
NATURAL FEEDS 

Formalin-Treated Grain 

This is a special diet fed to dairy cows to 
produce dairy products containing an 
increased proportion of polyunsaturated 
fats for special human diets. Fats in the 
grain are protected against hydrogenation in 
the rumen by coating the grains with forma¬ 
lin. If the formalin and the grain are not 
properly mixed, the free formalin left as a 
residue is associated with rumenitis and 
severe diarrhea. 

Caustic-Treated Grain 

Grain treated with caustic to improve its 
digestibility is recorded as causing focal inter¬ 
stitial nephritis, rumenitis, and abomasal 
ulceration in feedlot steers. The lesions 
have been produced experimentally. They 
may not be detected until the animals are 
slaughtered. 

Ammoniated Forage 

Anhydrous ammonia is added to hay to 
improve its digestibility and nitrogen content. 
Environmental risk factors enhancing the 
production are low dry matter content of the 
feed, high environmental temperature, and 
high concentrations of ammonia in the treat¬ 
ment mixture. If the forage is high quality 
and has a high carbohydrate content, it 
may undergo chemical change, possibly with 
the formation of a substituted imidazole, 
4-methylimidazole (Mel), which is associ¬ 
ated with hysteria (bovine bonkers) in the 
cattle eating it. Calves sucking cows fed 
ammoniated hay may also be affected by this 
same syndrome. Experimental feeding with 
Mel produces the same syndrome but it is 
not the sole cause; other substances are also 
involved. 

Clinical signs include hyperexcitability, 
hyperesthesia, restlessness, rapid blinking, 
pupillary dilatation, ear flicking, frequent 
urination and defecation, dyspnea, frothing 
at the mouth, bellowing, charging, circling, 
and convulsions. Tremors, beginning at the 
head and opisthotonus are obvious early 
signs. Between convulsions, affected sheep 
walk in circles and have a stiff gait. Nursing 
calves may show signs even though their 


dams are unaffected. No clinicopathologic 
abnormalities occur, blood ammonia levels 
are normal, and no specific necropsy lesions 
have been identified. 

Treatment consists of sedation, but many 
patients do not respond to agents such as 
acepromazine. Dilution of toxic forage with 
normal feed is not recommended because 
the toxin may be cumulative. The maximum 
rate of ammoniation to avoid toxicity for 
poor forage is 3% and 1% for high-moisture 
forage. 

Newsprint 

Newsprint is fed commercially to ruminants 
as alternative roughage. Toxicologic hazards 
of the material in sheep fed colored maga¬ 
zines for 6 months and comprising 23% of 
their ration included a significant deposition 
of lead in tissues and an increase in enzyme 
activity in liver, but there were no clinical 
signs and no histopathological lesions. 
Feeding for periods of several weeks has no 
detectable clinicopathologic effects, and 
there is evidence that the known toxins are 
not secreted in cows’ milk. 

Sewage Sludge 

Urban sewage sludge is incorporated into the 
soil when used as top-dressing for pasture 
and grazing lands and may be associated 
with the spread of infectious disease as 
well as goiter. 1 Sewage sludge may also be 
fed directly to animals, but may lead to dis¬ 
semination of lead, cadmium, and polybro- 
minated and polychlorinated biphenyls to 
animals and the food products derived from 
them. Potential damage caused by illness or 
contamination of animal-produced feed can 
be minimized by leaving treated pasture 
exposed to weather for a period of several 
weeks before allowing animals access to it. 
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Diseases of the Ruminant 
Alimentary Tract of 
Unknown Cause 

CHRONIC INFLAMMATORY 
BOWEL DISEASE OF SHEEP 

This syndrome of unknown etiology mani¬ 
fests with wasting, ill-thrift and mortality, or 
culling for poor production, and is reported 
in England and Canada. It affects both 
housed and pastured sheep predominantly 
in their first year of life, but cases up to 3 
years of age have been seen. Affected sheep 
are dull and anorectic with pale mucous 
membranes and have fecal staining of the 
perineum. The rumen fill is reduced, and the 
feces are soft and malodorous. Blood exami¬ 
nation shows hypoalbuminemia, an elevated 
blood urea nitrogen, and leukocytosis with 


neutrophilia. On postmortem there is lym¬ 
phocytic enteritis with gross thickening 
of segments or the entire or distal part of 
the small intestine. There is no evidence 
for Johnes disease or parasitic gastroen¬ 
teritis, and the syndrome has similarities 
to the proliferative enteropathies of swine 
and horses. 

FURTHER READING 

Radostits O, et al. Chronic inflammatory bowel disease 
of sheep. In: Veterinary Medicine: A Textbook of the 
Diseases of Cattle, Horses, Sheep, Goats and Pigs. 

10th ed. London: W.B. Saunders; 2007:1997. 

SALIVARY ABOMASUM DISEASE 

This was first reported in lambs and kids 
aged 3 to 17 days old Greece in 2008. 1 
Affected lambs are lethargic, weak, and not 
sucking with increased abdominal disten¬ 
sion, but did not have clinical evidence of 
profuse salivation, septicemia, or umbilical 
infection. 2 Some lambs had mild uremia on 
serum biochemical analysis. At necropsy, 


the abomasum was distended with gas or 
saliva, with multiple small mucosal and 
serosal hemorrhages and associated blood 
clots. Histologic examination of the aboma- 
sal lesions indicated the presence of a mild 
to moderate inflammatory cell infiltrate 
and acute tubular necrosis. Bacteriologic 
culture results were unremarkable. Salivary 
abomasum disease has an unknown patho¬ 
genesis but appears to have a different pre¬ 
sentation of watery mouth disease from 
lambs reported from the UK and elsewhere 
and abomasal tympany in lambs from 
Norway. 

Early treatment of affected lambs with 
oral erythromycin 1 or sodium bicarbonate 
solution has been successful in some lambs, 
in combination with general nursing care. 2 
Erythromycin might be effective because it 
promotes abomasal emptying. 3 

REFERENCES 

1. Christodoulopoulos G. Vet Rec. 2008;162:732. 

2. Christodoulopoulos G, et al. Vet Rec. 2012;172:100. 
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Diseases of the Liver: 
Introduction 

Liver disease in farm animals can have a 
variety of etiologies including toxicities, par¬ 
asitism, metabolic disorders, infectious dis¬ 
eases, or biliary obstructive disorders. A 
classification of hepatic diseases into primary 
and secondary liver disease is sometimes 
used in the literature. In primary hepatic 
disease the clinical manifestations are caused 
solely by liver disease, whereas with second¬ 
ary liver disease symptoms arise as part of a 
generalized disease process, or they are 
spread from another organ. 

This chapter is devoted to a consid¬ 
eration of primary diseases of the liver 
and to those aspects of other diseases in 
which manifestations of hepatic involve¬ 
ment occur. 
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Principles of Hepatic 
Dysfunction 

DIFFUSE AND FOCAL 
HEPATIC DISEASE 

The liver has a large reserve of function and 
approximately three-quarters of its paren¬ 
chyma must be rendered inactive before 
clinical signs of hepatic dysfunction appear. 
Diffuse diseases of the liver are usually 
accompanied by signs of insufficiency than 
are focal diseases, which produce their effects 
either by the toxins formed in the lesions or 
by pressure on other organs, including the 
biliary system. The origin of a toxemia is often 
difficult to localize to the liver because of the 
physical difficulty of examining the organ. 

Diffuse diseases of the liver can be classi¬ 
fied as hepatitis and hepatosis according to 


the pathologic change that occurs, and the 
classification also corresponds roughly with 
the type of causative agent. Hepatitis is 
defined as inflammation of the liver occur¬ 
ring in response to a causative factor and 
characterized by a series of mesenchymal 
reactions such as proliferation of bile ducts 
and Kupffer cells or fibrotic processes. The 
classical symptoms of inflammation, such as 
increased capillary permeability and exuda¬ 
tion, are not readily applicable to the liver, 
because high capillary permeability is a 
feature of healthy hepatic sinusoids. In con¬ 
trast, hepatosis is defined as a metabolic dis¬ 
order of liver cells in the widest sense and is 
characterized by degenerative, noninflam¬ 
matory changes of the liver parenchyma. 
Clinically, the differences between these two 
diseases are not marked, although some 
assistance can be obtained from clinicopath- 
ologic examination. 
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HEPATIC DYSFUNCTION 

There are no specific modes of hepatic dys¬ 
function. The liver has several important 
functions and any diffuse disease of the 
organ interferes with most or all of the func¬ 
tions to the same degree. Variations occur in 
the acuteness and severity of the damage, but 
the effects are the same and the clinical man¬ 
ifestations vary in degree only. The major 
hepatic functions that, when disordered, are 
responsible for clinical signs include: 

• Maintenance of normoglycemia 

• Synthesis of plasma proteins including 
so-called positive and negative acute 
phase proteins 

• Formation and excretion of bile salts as 
well as conversion and excretion of 
bilirubin 

• Formation of prothrombin 

• Detoxification and excretion of toxic 
substances, including ammonia and 
photodynamic agents 

The clinical signs produced by interfer¬ 
ence with each of these functions are dealt 
with under manifestations of hepatic dys¬ 
function. A rather special aspect is the role 
of the liver in the genesis of primary ketosis 
of cattle. 

PORTAL CIRCULATION 

The portal circulation and the liver are mutu¬ 
ally interdependent, with the liver depending 
on the portal vein for its supply of nutrients 
and the portal flow depending on the patency 
of the hepatic sinusoids. The portal flow is 
unusual because blood from the gastro- 
splenic area and the lower part of the large 
intestine passes to the left half of the liver and 
the blood from the two intestines to the right 
half, without mixing of the two streams in 
the portal vein. The restriction of toxipathic 
hepatitis to one half of the liver and the local¬ 
ization of metastatic abscesses and neo¬ 
plasms in specific lobes occurs because of the 
failure of portal vein blood from different gut 
segments to mix. The localization of toxipa¬ 
thic hepatitis may be because of selective 
distribution of the toxin or of protective 
metabolites. The passage of blood from the 
portal circuit through the liver to the caudal 
vena cava is dependent on the patency of the 
hepatic vascular bed, and obstruction results 
in the damming of blood in the portal 
system, portal hypertension, interference 
with digestion and absorption, and in the 
final stages the development of ascites. 

Manifestations of Liver 
and Biliary Disease 

JAUNDICE (ICTERUS) 

Jaundice or icterus is characterized by the 
yellow discoloration of unpigmented skin, 
mucosal and conjunctival membranes, as 
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Fig. 9-1 Severe jaundice in a Holstein 
Friesian cow 


well as membranes over the sclera and is 
caused by elevated blood bilirubin concen¬ 
trations (Fig. 9-1). Jaundice often arises in 
diseases of the liver and biliary system but is 
not pathognomonic for disturbed function 
of one of these organ systems. Approximately 
10% to 15% of healthy horses are mildly 
icteric, and jaundice is commonly observed 
in fasted or anorectic horses. On the other 
hand, jaundice does not always occur with 
hepatic or biliary disease and may be con¬ 
spicuously absent in acute hepatitis. 

Jaundice is classified into three categories 
depending on its etiology: prehepatic or 
hemolytic, hepatic or hepatocellular, and 
posthepatic or cholestatic. 

PREHEPATIC OR HEMOLYTIC 
JAUNDICE 

Hemolytic jaundice is caused by massive 
intravascular or extravascular hemolysis 
resulting in the release of red blood cell 
hemoglobin. The breakdown of the increased 
amounts of hemoglobin results in elevated 
concentrations of unconjugated (or indirect) 
bilirubin, which needs to be converted into 
conjugated (or direct) bilirubin by the liver 
before being excreted through the biliary 
system. 

Hemolytic jaundice is common in 
animals and may be associated with bacterial 
toxins, invasion of erythrocytes by protozoa 
or viruses, inorganic and organic poisons, 
and immunologic reactions. Diseases in 
which bacterial toxins cause intravascular 
hemolysis are bacillary hemoglobinuria of 
cattle and leptospirosis, although the mecha¬ 
nism by which hemolysis is produced in the 
latter disease does not seem to have been 
accurately determined. The common proto¬ 
zoan and viral diseases in which hemolysis 
occur include babesiosis, anaplasmosis, 
eperythrozoonosis, and equine infectious 
anemia. Chronic copper poisoning, sele¬ 
nium poisoning in sheep, phenothiazine poi¬ 
soning in horses, pasturing on rape and 
other cruciferous plants, and bites by snakes 
are other common causes. Postparturient 
hemoglobinuria has an uncertain etiology 
but has been attributed to a deficiency of 
phosphorus in the diet and the feeding of 
cruciferous plants. Isoimmunization hemo¬ 
lytic anemia of the newborn is caused by an 


immunologic reaction between the sensi¬ 
tized cells of the newborn and antibodies in 
the colostrum of the dam. The occurrence of 
acute hemolytic anemia and jaundice in 
calves that drink large quantities of cold 
water (water intoxication) has been associ¬ 
ated with a sudden drop in plasma osmolar- 
ity thought to occur after rapid ingestion of 
large volumes of salt-free water. Lower 
plasma osmolarity would result in a shift of 
water into red blood cells and could result in 
a burst of erythrocytes in severe cases. 

Neonatal jaundice is relatively common 
in babies and is regarded as a benign condi¬ 
tion. It is rarely, if ever, observed clinically in 
newborn animals but may be noticeable at 
necropsy. Although generally jaundice is 
hemolytic and results from the destruction 
of excess erythrocytes when postnatal life 
begins, it appears more probable that it is 
caused by retention of bile pigments because 
of the immaturity of the hepatic excretion 
mechanism. It does occur in foals and is 
an important differential diagnosis from 
isoerythrolysis. 

Prehepatic or hemolytic jaundice is char¬ 
acterized by a moderate degree of yellowing 
of the mucosae. Although both intravascu¬ 
lar and extravascular hemolysis can cause 
hemolytic jaundice, hemoglobinemia and 
hemoglobinuria are only observed with 
intravascular hemolysis. An extravascular 
destruction of erythrocytes in organs of the 
reticuloendothelial system as it occurs, for 
instance, with bovine anaplasmosis, does 
not result in the release of free hemoglobin 
into plasma or urine. Clinicopathologic 
findings indicate the presence of regenera¬ 
tive anemia, with normal blood protein con¬ 
centrations. An increase in urobilinogen 
and the absence of bilirubin in urine, as well 
as a preponderance of indirect bilirubin in 
the serum, are characteristic findings. 

In cattle most cases of jaundice are seen 
with hemolytic disease and are primarily 
associated with highly elevated levels of 
unconjugated bilirubin in serum. 1 

HEPATIC OR HEPATOCELLULAR 
JAUNDICE 

Hepatocellular jaundice is the result of 
impaired capacity of the liver to conjugate 
indirect to direct bilirubin, which is required 
for excretion of bilirubin with bile. The cause 
may be any of those diffuse diseases of the 
liver that cause degeneration of hepatic cells, 
which are listed under hepatitis. Swelling and 
edema in the liver caused by inflammation 
can result in a mechanical obstruction of the 
biliary flow within the liver. The degree of 
obstruction of the intrahepatic bile tree can 
vary and may result in varying levels of con¬ 
jugated bilirubin in serum. Clinical experi¬ 
ence shows that although both conversion 
and excretion of bilirubin can be disturbed 
with hepatic disease, it is the excretion 
through the biliary tract that is impaired to 
the greatest extent. As a result, conjugated 
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bilirubin is the most elevated with hepatic 
jaundice. 

Mechanical stasis of the biliary flow can 
also be caused by fibrous tissue constriction 
and obliteration of the small biliary canalic- 
uli after hepatitis and in many forms of fibro¬ 
sis. Cholelithiasis, the formation of biliary 
calculi, is frequently reported as a cause of 
cholestasis in humans and has been reported 
in horses and cattle. Functional stasis is a 
major problem in hepatic disease in humans 
but has not been defined in animals. In these 
instances, the defect is the same as in posthe- 
patic biliary obstruction, and the two condi¬ 
tions cannot be differentiated by laboratory 
tests. 

Serum concentrations of total bilirubin 
are increased primarily because of retention 
of direct bilirubin, which also passes in the 
urine, causing an elevation of urine levels. 
The urobilinogen levels in the urine also 
rise. 

POSTHEPATIC JAUNDICE 

Obstruction of the bile ducts or common bile 
duct by nematodes, flukes, or biliary calculi, 
as well as compression by tumor masses, is 
a possible cause of posthepatic jaundice. 
Inflammation of the bile ducts by extension 
from enteritis or by infestation with trema- 
todes can also impair the bile flow and 
result in elevated concentrations of direct 
bilirubin. 

A significant number of pigs die with 
biliary obstruction and purulent cholangitis 
secondary to invasion of the ducts by Ascaris 
lumbricoides. Parasitic cholangitis and chole¬ 
cystitis also occur because of fascioliasis and 
infestation with Dicrocoelium dentriticum. In 
horses an ascending cholangitis may develop 
from a parasitic duodenal catarrh and cause 
signs of biliary obstruction. 

Obstruction is usually complete and 
results in the disappearance of bile pigments 
from the feces. Serum concentrations of con¬ 
jugated bilirubin rise, causing a marked eleva¬ 
tion of total bilirubin in the serum. Excretion 
of the conjugated bilirubin in urine occurs on 
a large scale, but there is no urobilinogen 
because of the failure of excretion into the 
alimentary tract. Partial obstruction of the 
common bile duct or occlusion of a number 
of major bile ducts may cause variations in 
serum and urine similar to those observed in 
complete obstruction, except that the feces do 
contain bile pigments and urobilinogen 
appears in the urine. In this circumstance it is 
difficult to differentiate between partial extra- 
hepatic biliary obstruction and jaundice 
caused by hepatic cell degeneration. 

CLINICAL FINDINGS 

The staining of jaundice is caused by staining 
of tissues, especially elastic tissue, and not by 
accumulation in tissue fluids, which makes it 
best detected clinically in the sclera. 

Jaundice is usually much more severe 
with impairment of bile flow and when bile 


pigments are absent from the feces. However, 
obstructive jaundice can occur with only 
partial occlusion of hepatic flow provided 
at least half the bile flow is obstructed. In 
such cases jaundice may occur even though 
bile pigments are still present in the feces. 
With lesser obstruction the portion of the 
liver and biliary tract that is functioning 
normally excretes the extra load of bile 
pigments. 

CLINICAL PATHOLOGY 

The levels of bilirubin in blood affect the 
intensity of the jaundice. The obstructive 
form is often associated with levels of biliru¬ 
bin that are 10 times higher than those 
commonly seen in hemolytic anemia. 

The only accurate basis for the differen¬ 
tiation between jaundice with impaired bile 
flow and jaundice without impaired flow is 
the examination of the urine for the presence 
of bilirubin and urobilinogen and the deter¬ 
mination of the relative amounts of conju¬ 
gated and unconjugated bilirubin present in 
the serum. Unconjugated (indirect) bilirubin 
that has not passed through hepatic cells is 
not excreted by the kidney, so that in hemo¬ 
lytic jaundice the indirect bilirubin content 
of serum is increased markedly and, although 
the urine contains an increased amount of 
urobilinogen, no bilirubin is present. When 
jaundice is caused by impairment of bile flow 
there is a marked increase in the serum level 
of conjugated (direct) bilirubin, and the bili¬ 
rubin content of the urine is greatly increased. 
The amount of urobilinogen varies depend¬ 
ing on whether any bilirubin reaches the 
intestine to be metabolized to urobilinogen 
and reabsorbed. In complete extrahepatic 
biliary obstruction urobilinogen is not 
present in the urine. 

HEPATIC ENCEPHALOPATHY 

Hepatic encephalopathy is defined as the 
occurrence of neurologic signs caused by 
neurotoxic substances in the blood that are 
normally detoxified by the liver. Typical signs 
include the following: 

• Dullness 

• Head pressing 

• Compulsive walking 

• Ataxia 

• Muscle tremors and weakness 

• Central blindness 

• Hyperexcitability 

• Convulsions 

These signs are common with any severe 
hepatocellular insufficiency or major circula¬ 
tory bypass of the liver. Terminally, hepatic 
coma may occur. The biochemical and ana¬ 
tomic basis for these signs is not well under¬ 
stood. Many factors, including hypoglycemia 
and failure of normal hepatic detoxification 
mechanisms, leading to the accumulation of 
excess amino acids and ammonia, or of ace¬ 
tylcholine, and the liberation of toxic break¬ 
down products of liver parenchyma, have all 


been suggested as causes, and it is probable 
that more than one factor is involved. 

One of the primary effects of severe, acute 
liver damage is a precipitate fall in blood 
glucose. If the hepatic damage occurs more 
slowly, the hypoglycemia is less marked 
and less precipitous. With persistent hypo¬ 
glycemia, structural changes may occur in 
the brain (hypoglycemic encephalopathy), 
and these may be the basis for the chronically 
drowsy animals or dummies. However, hypo¬ 
glycemia does not always occur in acute 
hepatitis and cannot be considered to be the 
only or even the most important factor in 
producing cerebral signs. 

High blood levels of ammonia occur in 
pyrrolizidine poisoning in sheep, and are 
reflected in the development of spongy 
degeneration in the brain and the clinical 
signs of hepatic encephalopathy. The role of 
ammonia as a cerebrotoxicant can be impor¬ 
tant in hepatopathies in which the detoxicat¬ 
ing function of the liver is lost, and also in 
congenital defects of hepatic vasculature in 
which blood is bypassed around the liver. 
In the latter case ammonia and similar toxic 
by-products of protein degradation in the 
large intestine avoid the detoxification filter 
of the liver. However, the severity of enceph¬ 
alopathy clinically correlates well with the 
degree of hepatic functional compromise but 
only poorly with the degree of hyperammo¬ 
nemia, suggesting that hyperammonemia 
may not be the only factor causing hepatic 
encephalopathy. On the other hand, status 
spongiosus, a form of spongiform encepha¬ 
lopathy, has been reproduced experimentally 
in sheep and calves by the intravenous infu¬ 
sion of ammonia. 

Other factors, such as hypokalemia, alka¬ 
losis, short chain volatile fatty acids, and false 
and true neurotransmitters, may be impor¬ 
tant in the pathogenesis of hepatic coma in 
cattle and horses. 

In horses the most common cause of 
hyperammonemia and encephalopathy is a 
depression of hepatic function caused by 
acute or chronic liver disease. In cattle severe 
hepatic lipidosis (with hepatic lipid concen¬ 
tration of 30% and higher) has been associ¬ 
ated with hepatic encephalopathy and liver 
coma. 

EDEMA AND EMACIATION 

Failure of the liver to anabolize amino acids 
and protein during hepatic insufficiency is 
manifested by tissue wasting and a fall in 
plasma protein. 2 This may be sufficiently 
severe to cause edema because of the lowered 
oncotic pressure of the plasma. Hepatic 
edema is not usually very marked and is 
manifested most often in the intermandibu- 
lar space (bottle jaw). If there is obstruction 
to the portal circulation, as may occur in 
hepatic fibrosis, the edema is much more 
severe but is largely limited to the abdominal 
cavity. 








DIARRHEA AND CONSTIPATION 

In hepatitis, hepatic fibrosis, and obstruction 
or stasis of the biliary system, the partial or 
complete absence of bile salts from the ali¬ 
mentary tract deprives it of the laxative and 
mildly disinfectant qualities of these salts. 
This, together with the reflex effects from the 
distended liver in acute hepatitis, produces 
an alimentary tract syndrome comprising 
anorexia, vomiting in some species, and con¬ 
stipation punctuated by attacks of diarrhea. 
The feces are pale in color and, if there is an 
appreciable amount of fat in the diet, there is 
steatorrhea. 

Diarrhea can also be the result of impaired 
blood flow from the portal vein through 
inflamed liver tissue. Congestion of the 
portal vein is associated with increased 
hydrostatic pressure in the capillary system 
of the digestive tract. This in turn may result 
in edematous swelling of mucous mem¬ 
branes and hampered absorptive capacity of 
the digestive tract. 

PHOTOSENSITIZATION 

Photosensitization is caused by the accumu¬ 
lation of photosensitizing substances in the 
skin, resulting in the local irritation of 
unprotected, unpigmented skin after expo¬ 
sure to sunlight. Phylloerythrin, a break¬ 
down product of chlorophyll in the 
alimentary tract, is excreted in the bile. In 
hepatic or biliary insufficiency excretion of 
these substances is retarded and photosensi¬ 
tization occurs (see also Photo sensitization 
in Chapter 16). 

HEMORRHAGIC DIATHESIS 

In severe diffuse diseases of the liver there is 
a deficiency in prothrombin formation and a 
consequent prolongation of the clotting time 
of the blood. Abnormality of the prothrom¬ 
bin complex is not the only defect, and defi¬ 
ciencies of fibrinogen and thromboplastin 
also occur. Prothrombin and other factors in 
the prothrombin complex depend on the 
presence of vitamin K for their formation, 
and an absence of bile salts from the intestine 
retards the absorption of this fat-soluble 
vitamin. Parenteral administration of vitamin 
K is advisable before surgery is undertaken 
in patients with severe hepatic dysfunction. 

ABDOMINAL PAIN 

Two mechanisms cause the pain in diseases 
of the liver: distension of the organ with 
increased tension of the capsule and lesions 
of the capsule. Acute swelling of the liver 
occurs as a result of engorgement with blood 
in congestive heart failure and in acute 
inflammation. Inflammatory and neoplastic 
lesions of the capsule or of the liver paren¬ 
chyma just beneath the capsule cause local 
irritation to its pain end organs. The pain is 
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usually subacute, causing abnormal posture, 
particularly arching the back, and disinclina¬ 
tion to move. Tenseness of the abdominal 
wall and pain on deep palpation over the 
liver area may also be detected in the major¬ 
ity of cases. 

ALTERATION IN SIZE OF 
THE LIVER 

Great variation in the size of the liver is often 
seen at necropsy, but clinical detection is not 
easy unless the liver is grossly enlarged. This 
is most likely to occur in advanced conges¬ 
tion of the liver caused by congestive heart 
failure, in some plant poisonings in horses, 
and when multiple abscesses or neoplastic 
metastases occur. In acute hepatitis the 
swelling is not sufficiently large to be detected 
clinically, and in terminal fibrosis the liver is 
much smaller than normal. 

Atrophy of the right lobe of the liver 
occurs in the horse and may be related to 
chronic distension of adjacent segments of 
the intestinal tract. The normal equine liver 
is anatomically bisected into two approxi¬ 
mately equal halves by the umbilical interlo¬ 
bar fissure; additional interlobular fissures 
divide the liver into four distinct lobes in the 
foal: right, left, quadrate, and caudate. In 
horses with right lobe atrophy, the capsule of 
the right lobe is wrinkled and thick when 
atrophy is severe. In clinically normal horses, 
the right lobe constitutes half of the total 
liver weight, whereas the right lobe in horses 
with atrophy ranges from 11.0% to 38.8% of 
the total liver weight. This is thought to be 
caused by long-term, insidious compression 
of this portion of the liver by abnormal dis¬ 
tension of the right dorsal colon and base of 
the cecum. 

DISPLACEMENT OF THE LIVER 

The liver may be displaced from its normal 
position and protrude into the thoracic 
cavity through a diaphragmatic hernia, 
causing respiratory distress and abnormal 
findings on percussion of the chest. Torsion 
of a lobe of the liver has been recorded in 
aged sows in the early part of lactation. Inap¬ 
petence, uneasiness, and unwillingness to 
suckle the young were followed by severe 
prolonged vomiting, acute abdominal pain, 
and dyspnea. The twisted lobe was greatly 
increased in size and in one case the capsule 
was ruptured, leading to severe internal 
hemorrhage. 

RUPTURE OF THE LIVER 

Rupture of the liver is an occasional accident 
in animals, occurring usually as a result of 
trauma. In most instances rupture results in 
death from hemorrhage, although small 
breaks in the capsule may heal. Horses used 
for the production of serum frequently 
develop hepatic amyloidosis, presumably as 


a reaction to repeated injection of foreign 
protein, and the death rate from rupture 
of the liver is relatively high in this group. 
Amyloidosis is essentially a space-occupying 
lesion, which results in a liver with a friable 
texture. The amyloid masses exert pressure 
on liver cell cords and sinusoids, gradually 
causing pressure atrophy, ischemic degener¬ 
ation, and necrosis of hepatic parenchyma. 

A high prevalence of liver rupture is 
recorded in newborn lambs of the North 
Country Cheviot breed. Losses resulting 
from this condition were 12.5% of all neona¬ 
tal deaths in purebred lambs and varied from 
6.4% to 24.7% on individual farms. The 
lambs are stillborn or are born alive but 
become anemic and weak and die within 12 
hours of birth from internal hemorrhage. It 
is thought that the cause of the fatal anemia 
is an inherited short sternum, which exposes 
the liver to compression and rupture of its 
capsule. Vitamin E deficiency in the ewes 
and lambs may also be a factor. 

BLACK LIVERS OF SHEEP 

Dark brown to black pigmentation of the 
liver and kidneys occurs often in sheep in 
certain parts of Australia. No illness is asso¬ 
ciated with the condition, but the livers are 
not used for human consumption for esthetic 
reasons and extensive financial loss may 
result. Commonly referred to as “melanosis,” 
it has been determined that the pigmentation 
is the result of deposition of the pigment 
lipofuscin at various stages of oxidation. 
Areas in which the disease occurs have many 
mulga trees (Acacia aneura), the leaves of 
which are fed to sheep in drought times. 

This condition should not be confused 
with the black livers found in a mutant strain 
of Corriedales in California. In these mutant 
sheep there is photosensitization following 
retention of phylloerythrin. The darkening 
of the liver is caused by melanin. 
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Special Examination of 
the Liver 

When disease of the liver is suspected after a 
general clinical examination, special tech¬ 
niques of palpation, biopsy, and laboratory 
diagnostic tests can be used to determine 
further the status of the liver. 

PALPATION AND PERCUSSION 

In cattle, the liver is well concealed by the rib 
cage on the right side, and in most cases its 
edge cannot be palpated. A general impres¬ 
sion of the size of the liver can be obtained 
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by percussion of the area of liver dullness, 
but accurate definition is not usually 
attempted. Deep percussion or palpation to 
detect the presence of hepatic pain can be 
performed over the area of liver dullness in 
the posterior thoracic region on the right 
side. Percussion over the entire area is neces¬ 
sary, because the pain of a discrete lesion 
may be quite localized. If the liver is grossly 
enlarged in cattle, its edge can be felt on deep 
palpation behind the right costal arch. In 
cattle, the liver may be enlarged and palpable 
in advanced right-sided congestive heart 
failure, multiple liver abscesses, hepatic lipi¬ 
dosis, and diffuse hepatitis. This type of pal¬ 
pation is relatively easy in ruminants but is 
unrewarding in horses and pigs because of 
the thickness of the abdominal wall and the 
shortness of the flank. 

BIOPSY 

Biopsy of the liver has been used extensively 
as a diagnostic procedure in infectious 
equine anemia, hepatic lipidosis in cattle, 
poisoning by Crotalaria spp. and other 
species of plants, and experimental work on 
copper and vitamin A deficiency. The tech¬ 
nique is straightforward but requires some 
anatomic knowledge. 

The most satisfactory instrument is a 
Tru-Cut type biopsy instrument. Tru-Cut 
needles are either spring-loaded or manually 
activated cutting devices available with 
various diameters and lengths. 1 Spring- 
loaded biopsy guns cut more reliably because 
of the higher force and speed with which the 
cutting edge is advanced into the tissue. 

Liver biopsies can be performed blind, 
but with the widespread availability of ultra¬ 
sonography it is advisable to perform a liver 
biopsy under ultrasound guidance whenever 
possible. 1 In horses the anatomic location for 
biopsy is the right 13th or 14th intercostal 
space halfway between two imaginary lines, 
one going from the tuber coxae to the shoul¬ 
der and one from the tuber coxae to the 
elbow. 1 In cattle the liver biopsy site is in the 
right 10th intercostal space between two 
imaginary lines, one going from the tuber 
coxae to the elbow and one horizontal line 
departing from the greater trochanter. 2 

Sedation in most cases is not required in 
cattle but is recommended in horses. The 
biopsy site must be clipped, prepared asepti- 
cally, and infiltrated with a local anesthetic. 
The skin must be prepierced either with a 
large-bore needle or incised with a scalpel. 
After confirming proper function of the 
biopsy instrument, the sharp point of the 
instrument is inserted into the skin incision 
and advanced through the intercostal mus¬ 
cles and the diaphragm into the liver. Pene¬ 
tration of the diaphragm can be felt by the 
movement of the needle that is synchronous 
with respiration. Once the sharp edge of the 
instrument has been advanced several centi¬ 
meters into the liver, the needle is fired and 


then retracted swiftly. Depending on the 
intended examination, the sample can be 
processed immediately and fixed in 10% 
formaldehyde or frozen. Several biopsies can 
be obtained through the same skin incision 
just by slightly changing the direction in 
which the needle is advanced into the liver. 
The stab incision can then be stapled or 
sutured if necessary and covered with wound 
spray. Details of the technique for cattle and 
horses are available. 1,2 

The principal danger of this procedure is 
that if the direction of the instrument is at 
fault it may approach the hilus and damage 
the large blood vessels or bile ducts. If the 
liver is shrunken or the approach too caudal, 
then there is no sample obtained. Fatal 
hemoperitoneum may result if a hemor¬ 
rhagic tendency is present, and peritonitis 
may occur if the liver lesion is an abscess 
containing viable bacteria. Biliary peritonitis 
results if a large bile duct is perforated. It 
seems possible that the technique could pre¬ 
cipitate a fatal attack of “black disease,” but 
many thousands of biopsies are performed 
without such an incident. 

Evidence indicates that liver biopsy is the 
antemortem test of greatest value, in the 
absence of noninvasive tests, in reliably dis¬ 
tinguishing animals with significant liver 
disease from those without it. Examination 
of liver biopsies may establish the presence 
of liver disease, provide a specific diagnosis, 
guide therapeutic choice, and help determine 
prognosis in cases of suspected liver disease. 

The major deficiency of this method lies 
in the small sample that is obtained, and 
unless the liver change is diffuse the sample 
may not be representative. 

MEDICAL IMAGING OF 
THE LIVER 

ULTRASONOGRAPHY 

Ultrasonography of the liver is now an estab¬ 
lished technique that is routinely used for the 
diagnosis of liver disease. Ultrasonographic 
examination of the liver can provide detailed 
information about the size, position, and 
parenchymal pattern of the liver as well as 
the size and position of the gallbladder and 
bile ducts. Ultrasonography can be used to 
guide the collection of liver biopsy and bile 
samples; furthermore, it is the only practical 
method for the diagnosis of thrombosis of 
the caudal vena cava. 3 A systematic approach 
for the ultrasonographic examination of the 
liver of cattle and small ruminants has been 
described. 3,4 

Examination of the liver is performed 
with a 3.5- to 5.0-MHz linear or convex 
transducer. The hair is clipped and contact 
gel or alcohol applied onto the skin. In cattle 
the liver is imaged from caudal to the last rib 
to the fifth intercostal space of the standing 
cow. In horses the liver is examined between 
the 6th and 15th right intercostal space and 
between the 6th and 9th left intercostal space 


of the standing horse. Each intercostal space 
is examined from dorsal to ventral, with the 
transducer held parallel to the ribs. The 
texture and the visceral and diaphragmatic 
surface of the liver are scanned, and the 
hepatic and portal veins, caudal vena cava, 
and biliary system are examined. Breed and 
age of cow does not influence the ultrasono¬ 
graphic appearance of the liver, particularly 
position, size, and vasculature of the liver 
and gallbladder. During pregnancy, the 
diameter of the caudal vena cava increases 
slightly and that of the portal vein decreases. 

Ultrasonography can be used to detect 
thrombosis of the caudal vena cava in a 
cow with ascites. Cholestasis in cows can be 
diagnosed using ultrasonography to visual¬ 
ize dilatation of the extrahepatic and intra- 
hepatic bile ducts and dilatation of the 
gallbladder (Fig. 9-2). In cattle bile samples 
can be collected by percutaneous ultra¬ 
sound-guided cholecystocentesis for dem¬ 
onstration of Fasciola hepatica and D. 
dendriticum eggs and for determination of 
bile acids. The procedure is done on the right 
side in the 9th, 10th, or 11th intercostal 
space. In horses cholelithiasis would present 
ultrasonographically as distended bile ducts 
and hyperechoic structures causing acoustic 
shadows located within these ducts. 

Ultrasonography and digital analysis can 
be used for the diagnosis and evaluation of 
the degree of hepatic lipidosis of cows. 5 
Hepatic abscesses in horses and cattle can 
be visualized using ultrasonography. The 
abscesses may vary in size and location; 
because in adult horses and cattle only parts 
of the liver are accessible for ultrasonographic 
examination, those abscesses located in the 
left part of the liver may escape ultraso¬ 
nographic visualization. Ultrasound-guided 
catheterization of the portal or a mesen¬ 
teric vein in cows has been described and is 
currently used for research purposes. 6 

RADIOGRAPHY 

Lateral abdominal radiography can be used 
to determine the size and location of the liver 
in foals. Fluoroscopy and contrast media 
injected into the mesenteric vein have been 
used to detect the presence of portosystemic 
shunts in foals and calves. 

LABORATORY TESTS 
FOR HEPATIC DISEASE 
AND FUNCTION 

Hepatic disease is difficult to diagnose based 
on clinical findings alone because of the 
unspecific symptoms caused by disturbed 
liver function. The diagnosis of liver disease 
therefore heavily relies on serum biochemi¬ 
cal analyses. The results and interpretation 
of such diagnostic tests, however, are com¬ 
plicated by the fact that although several of 
the used parameters are specific for liver 
disease, they often do not allow differentiat¬ 
ing between different types of liver disease. 
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Fig. 9-2 A, Ultrasonogram and schematic of the liver in a cow with obstructive cholestasis 
caused by fasciolosis. The intrahepatic bile ducts are dilated. Normally, they are not visible. 

B, The ultrasonogram was obtained from the 11th intercostal space on the right side using a 
5.0-MHz linear transducer. 1, Lateral abdominal wall; 2, Liver; 3, Dilated intrahepatic bile ducts. 
Ds, dorsal; Vt, ventral. (Reproduced with kind permission of U. Braun.) 


Specific tests that identify the exact nature of 
the lesion are not available, and a combina¬ 
tion of tests is usually necessary to make a 
diagnosis. 

The laboratory tests for the diagnosis of 
hepatic disease and to evaluate hepatic func¬ 
tion in farm animals can be divided into 
those that evaluate hepatobiliary function, 
the hepatic function tests, and those that are 
indicative of hepatocellular injury, the serum 
hepatic enzyme tests. 

HEPATIC FUNCTION TESTS 

Hepatic function tests determine the serum 
concentration of compounds produced, con¬ 
verted, or detoxified in the liver. Analytes 
produced by the liver include glucose, 
albumin, urea nitrogen, bile acids, and coag- 
ulative factors. Compounds detoxified or 
converted by liver cells include ammonia and 
unconjugated (indirect) bilirubin that is con¬ 
verted into conjugated (direct) bilirubin in 
the liver. 

Serum Bile Acids 

Bile acids are synthesized in the liver from 
cholesterol and are then secreted into the 
duodenum. The large majority of the bile 
acids excreted are reabsorbed from the diges¬ 
tive tract into the portal circulation, returned 
to the liver, and reexcreted into the biliary 
system. This recycling circuit is termed 
enterohepatic circulation. 


The concentration of serum bile acids 
reflects the efficacy of this enterohepatic 
circulation. Elevated serum bile acid con¬ 
centrations occur with impaired hepatocyte 
function, liver cirrhosis, and portosystemic 
shunts and are observed before jaundice 
occurs. 

The rise in total serum bile acid concen¬ 
tration usually correlates well with the sever¬ 
ity of liver disease. In cattle, however, there 
is extreme variability among all types and 
ages of animals, and the variation is even 
greater in beef cattle than in dairy cattle. 
There are hour-to-hour fluctuations in serum 
bile acid concentrations in cattle, making 
interpretation difficult. Feeding practices 
and stage of lactation can also affect the 
serum bile acid concentrations. Values of 
calves and yearlings are significantly lower 
than those of lactating dairy cows. Elevated 
serum bile acid concentrations have been 
reported in cattle with hepatic lipidosis, liver 
abscesses, fasciolosis, and biliary calculi.' 
However, to be specific for liver damage in 
cattle, the value determined for a single 
sample would have to be above 126 pmol/L 
in beef cattle or 88 pmol/L in lactating dairy 
cattle. 

In cattle, the total serum bile acid concen¬ 
tration is considered to be a more specific 
and sensitive indicator of a wide variety of 
hepatic disease and is significantly correlated 
with the degree of illness compared with 


other tests of hepatic function. In horses, the 
total serum bile acid concentration is also a 
sensitive indicator of several hepatic diseases 
and is most useful when combined with 
other tests of hepatic disease. 

Serum Bilirubin 

Bilirubin is a product of the degradation of 
hemoglobin. In blood unconjugated and 
thus insoluble bilirubin bound to albumin is 
transported to the liver to be conjugated with 
glucuronic acid and excreted into bile. 
Glucuronidation of bilirubin is required to 
improve water solubility and allow excretion 
in bile. Hyperbilirubinemia can occur as a 
result of increased red blood cell destruction, 
severe liver disease impairing either the 
uptake or conversion of unconjugated biliru¬ 
bin by hepatocytes, or impaired bile flow out 
of the liver. Serum bilirubin concentration 
above 17 pmol/L (1.0 mg/dL) will cause a 
yellow tinge of the serum, and jaundice of 
mucosal membranes becomes apparent with 
concentrations above 40 pmol/L (2.3 mg/ 
dL). The ratio of conjugated to unconjugated 
bilirubin is often used to differentiate 
between different etiologies of hyperbilirubi¬ 
nemia. Although this concept adopted from 
the human medical literature may appear as 
an attractive and straightforward diagnostic 
approach, more recent evidence indicates 
that species-specific differences in the elimi¬ 
nation kinetics of bilirubin complicate the 
interpretation of this ratio to differentiate 
between the different forms of jaundice. In 
cattle and horses hyperbilirubinemia in most 
cases is driven by an increase of uncon¬ 
jugated bilirubin even with posthepatic 
obstruction of the bile flow. 

Adult cattle with hepatic disease do not 
consistently have high serum bilirubin con¬ 
centrations, and visible jaundice does not 
occur frequently in cattle with hyperbilirubi¬ 
nemia. The use of high bilirubin concentra¬ 
tions as an indicator of liver disease in calves 
is unreliable. This is similar to results in adult 
cattle in which serum bilirubin concentra¬ 
tions are not a specific or a sensitive test for 
chronic liver disease. 

Ammonia 

The microbial deamination of amino acids in 
the intestinal tract is the major source of 
ammonia, which is absorbed by the intestine 
into portal venous blood and converted into 
urea by the liver. The concentration of blood 
ammonia can be an indication of functional 
hepatic mass. Generally, plasma ammonia 
concentration is a sensitive and specific indi¬ 
cator of hepatic disease in the horse, although 
it may fluctuate widely even on the same 
day, and the concomitant low plasma urea 
concentration anticipated because of the 
Uvers reduced synthetic ability is often not 
apparent. 

In cattle with hepatic disease, plasma 
ammonia levels are significantly elevated 
compared with normal animals but not 
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always accompanied by a decline in plasma 
urea concentrations. In healthy cattle, the 
plasma ammonia: urea concentration ratio is 
9:1 and the plasma ammonia: glucose con¬ 
centration is 11:1. In hepatic disease, a 
plasma ammonia:glucose ratio 40:1 or 
plasma ammonia:urea ratio 30:1, particu¬ 
larly with a rising total ketone body concen¬ 
tration and a declining glucose concentration, 
represents a guarded prognosis. 

Most cases of portosystemic shunts are 
accompanied by marked increases in blood 
ammonia concentrations. 

Although the serum ammonia concen¬ 
tration is considered to be a valuable diag¬ 
nostic parameter to assess liver function, it is 
rarely included in biochemical diagnostic 
profiles. Blood samples assayed for ammonia 
require special handling because of the vola¬ 
tility of this compound, which makes this 
parameter unsuitable for routine use under 
field conditions. Samples must be placed on 
ice and transported to the laboratory imme¬ 
diately to be analyzed within 30 minutes of 
collection. 

Urea Nitrogen 

Blood urea nitrogen (BUN) or serum urea 
nitrogen is the end product of the hepatic 
detoxification of ammonia. It is this param¬ 
eter that is sometimes also used to assess 
liver function. Urea nitrogen concentration 
in blood may decrease with impaired conver¬ 
sion of ammonia to urea by the liver. Low 
serum urea concentrations are, however, 
not specific for liver disease. Low urea nitro¬ 
gen concentration is also seen in anorectic 
patients consuming less protein. In rumi¬ 
nants that are anorectic or on a low-protein 
diet, rumen microbes recur to BUN as a 
nitrogen source for their own protein syn¬ 
thesis, decreasing the BUN concentration. 

Albumin 

Albumin in blood is synthesized by the liver 
and may be decreased with severe and 
chronic liver disease. Low serum albumin 
concentrations are, however, not specific for 
liver disease because they may be the result 
of excessive loss (e.g., through the kidney) or 
impaired production that is unrelated to liver 
disease. Insufficient albumin synthesis that is 
not attributable to liver disease can be caused 
by inadequate dietary protein content or dis¬ 
turbed protein digestion or absorption.' Low 
serum albumin concentration in combina¬ 
tion with elevated serum globulin concentra¬ 
tion is indicative of chronic inflammatory 
disease and is not suggestive of a primary 
liver disease. 

SERUM HEPATIC ENZYME TESTS 

The determination of the serum activity of 
hepatic enzymes is routinely used for the 
detection and evaluation of hepatocellular 
injury. Liver cell damage is, however, not 
necessarily correlated with disturbed liver 
function because of the redundancy of the 
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functional capacity of the liver. Liver damage, 
reflected in markedly elevated serum enzyme 
activities, is only associated with clinical 
disease when over half of the functional liver 
tissue is affected. 

Serum hepatic enzymes are categorized 
into enzymes leaking from the cytoplasm of 
a damaged hepatocyte (so-called leakage 
enzymes) and enzymes that are increased 
because of increased synthesis in response to 
cholestasis. The serum enzyme activity in 
individuals with liver disease depends on the 
concentration of the enzyme in question in 
the hepatocyte, the severity and the duration 
of liver disease, and the half-life of the 
enzyme. Enzymes used for the diagnosis of 
hepatocellular injury ideally have a high 
enzyme activity within hepatocellular cyto¬ 
plasm, resulting in a measurable increase of 
the enzyme activity in serum with liver cell 
injury. To be specific, the cytoplasmatic 
activity of the enzyme in question should be 
higher in the liver than in any other tissue. 
The following enzyme activities are com¬ 
monly measured in serum or plasma to diag¬ 
nose liver disease in farm animals: 

• L-iditol dehydrogenase (formerly 
sorbitol dehydrogenase [SDH]) 

• This enzyme is highly selective as an 
indicator of acute liver injury. Liver cell 
damage results in a steep increase in 
serum enzyme activity followed by a 
rapid decline because of its short 
half-life. This parameter is thus less 
suited for the diagnosis of chronic liver 
disease. Another inconvenience is the 
instability of this enzyme in serum or 
plasma even when refrigerated or 
frozen. Marked drops in enzyme activity 
within 24 hours have been reported in 
chilled samples and within 72 hours in 
frozen samples. 7 

• Lactate dehydrogenase (LDH) is 
abundant in liver, kidney, muscle, 
myocardium, and red blood cells. To 
differentiate liver disease from muscle 
cell injury, the analysis of other liver or 
muscle-specific enzymes is required. 

• Aspartate aminotransferase (AST; 
formerly serum glutamic oxaloacetic 
transaminase) like LDH is abundant in a 
variety of tissues including liver and 
muscle. Elevated serum activities of AST 
therefore can only be interpreted in 
conjunction with other more specific 
liver enzyme to diagnose liver disease. 

• Alanine aminotransferase (formerly 
serum glutamic pyruvate transaminase) 
is commonly used for the diagnosis of 
hepatic disease in small animals. In 
ruminants, horses, and pigs, however, 
this enzyme is of little diagnostic value 
because of the low cytoplasmic enzyme 
activity in hepatocytes of these species. 

• y-Glutamyl transferase (GGT) is an 
enzyme widely distributed in a variety 
of equine and bovine tissues. Specific 
activity of GGT is highest in the kidney, 


pancreas, and liver, but GGT enzyme 
activity in serum or plasma almost 
exclusively originates from hepatocytes, 
making this enzyme highly specific for 
disease of the hepatobiliary system in 
cattle, horses, and sheep. In the horse, 
increases in serum GGT may be 
associated with hepatocellular damage 
and liver necrosis in a variety of natural 
and experimentally induced liver 
diseases. These include bile duct 
ligation, carbon disulfide toxicity, 
carbon tetrachloride toxicoses, 
cholestasis, iron hepatotoxicosis, Senecio 
poisoning, and hyperlipidemia in 
ponies. GGT is a sensitive indicator of 
liver damage in horses affected with 
pyrrolizidine alkaloids (PAs) in the early 
stages of the disease, but values do not 
correlate with the increase in the 
severity of the lesions observed on liver 
biopsy samples collected later in the 
chronic phase of the disease. In horses 
that had consumed hay contaminated 
with Senecio vulgaris, the GGT values 
fluctuated widely: some horses with 
high levels did not die, whereas others 
had values slightly above reference 
values at the initial sample collection 
and died. GGT is a practical routine test 
for the evaluation of liver amyloidosis 
status in serum-producing horses. In 
foals during the first month of life 
values were 1.5 to 3 times higher than 
the upper physiologic reference values 
for healthy adult horses. In neonatal 
foals, the serum alkaline phosphatase 
(ALP), GGT, and SDH activities were 
increased during the first 2 weeks 
of life. 

• In neonatal calves the serum GGT 
activity is used as an indicator for 
consumption of colostrum. High serum 
GGT activity in newborn calves comes 
from the passive intestinal absorption of 
this enzyme from colostrum, normally 
containing large amounts of GGT. 

• Glutamate dehydrogenase (GDH or 
GDH) occurs in high concentration in 
the serum of ruminants and horses and 
is considered highly specific for liver 
disease. 

• Ornithine carbamoyl transferase (OCT) 
activity is also elevated, even in chronic 
diseases, but only when there is active 
liver necrosis and not when the lesions 
are healing. Furthermore, OCT has been 
proposed as a tool to assist in the 
diagnosis of hepatic lipidosis in cattle. 8 

• ALP activity is used as a test of hepatic 
excretory function in the horse and is of 
value in that species, but variations in 
normal cattle have such a wide range 
that results are difficult to interpret. Of 
the tests available for testing of biliary 
obstruction, the serum ALP test is 
preferred. However, there is a similar 
response to damage in other tissues. 
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Hepatic Enzyme Profile According 
to Species 

The serum hepatic enzymes considered to be 
most useful as an aid in the diagnosis of liver 
disease in the different species are as follows. 

Cattle 

In adult cattle, GGT, ALP, SDH, AST, and 
GDH are most useful in identifying animals 
with chronic hepatic disease. The dehydroge¬ 
nases (SDH and GDH) have the shortest 
half-lives in serum and may not increase in 
cattle with chronic liver disease. 

In the early stages of hepatic dysfunction 
in cattle, SDH is the most efficient and sensi¬ 
tive test. The instability of this enzyme, even 
when the blood sample is placed on ice, 
requires analysis within hours of blood col¬ 
lection. In the later stages when tests of 
biliary excretion are more applicable, estima¬ 
tions of serum bilirubin are more indicated. 

Calves 

In neonatal calves under 6 weeks of age, 
none of the common tests for the assessment 
of liver damage or function in adult cattle are 
useful for detection of hepatic disease. The 
serum activity of most enzymes and total 
bilirubin are significantly higher in newborn 
calves than in 2-week-old calves. In calves 
less than 6 weeks of age with suspected liver 
disease, a combination of parameters should 
be used to assess liver damage, including 
GDH activity and total serum bile acid con¬ 
centration. Percutaneous liver biopsy may 
provide the most information. 

Horses 

Total serum bile acids, GDH, GGT, and liver 
biopsy are helpful in studying different types 
of hepatic disease in the horse. In one series 
of primary hepatic disease all horses had 
high activities of serum GGT, and most had 
high activities of serum GDH and high con¬ 
centrations of bile acids. Horses that were 
euthanized or died had significantly higher 
concentrations of GGT, GDH, and bile acids 
than survivors. Horses with signs of hepatic 
encephalopathy had plasma ammonia levels 
greater than 90 (imol/L, but this was not cor¬ 
related with the clinical severity of the 
disease. Half of the cases with hepatic 
encephalopathy were hyperglycemic, none 
was hypoglycemic, and none had abnormally 
low levels of plasma urea. 

In a series of 82 cases in horses, 61 were 
confirmed to have significant liver disease 
and 12 were not confirmed. Only serum con¬ 
centrations of GGT, globulins, and ALP were 
found to be significantly different between 
the two groups of horses. 

Clinical and ultrasonographic data were 
found, when present, to be good indicators 
of the presence of liver disease. 

The single positive test results of greatest 
diagnostic value were the presence of hepatic 
encephalopathy, increased GGT, hypoalbu- 
minemia, increased ALP, increased total bile 


acids, and increased total bilirubin. Increased 
AST and increased GDH were also of good 
diagnostic value but only when used in com¬ 
bination with the previously mentioned tests. 
No single combination or sequential test was 
able to fully discriminate between horses 
with and without biopsy-confirmed liver 
disease, and reliance on the use of noninva- 
sive tests for the prediction of the presence 
or absence of significant liver disease may 
lead to frequent diagnostic errors. Certain 
positive results did reliably predict the pres¬ 
ence of liver disease, but negative test results 
were invariably unsatisfactory predictors of 
absence of liver disease. 

In the early stages of hepatic dysfunction, 
SDH is preferred. Plasma ammonia concen¬ 
trations may be significantly elevated com¬ 
pared with clinically normal horses but are 
not always accompanied by a decline in 
plasma urea concentration. A fall in plasma 
glucose concentration represents a poor 
prognosis. 

The most useful noninvasive prognostic 
test in cases of suspected liver disease in 
adult horses is the severity of clinical signs. 
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Principles of Treatment in 
Diseases of the Liver 

In diffuse diseases of the liver, no general 
treatment is satisfactory, and the main aim 
should be to remove the source of the dam¬ 
aging agent. The most that can be attempted 
in acute hepatitis is to help the animal over 
the danger period of acute hepatic insuffi¬ 
ciency until the subsidence of the acute 
change and the normal regeneration of the 
liver restores its function. Death may occur 
during this stage because of hypoglycemia, 
and the blood glucose level must be main¬ 
tained by oral or intravenous injections of 
glucose. Because of the danger of guanidine 


intoxication, an adequate calcium intake 
should be ensured by oral or parenteral 
administration of calcium salts. 

There is some doubt as to whether protein 
intake should be maintained at a high level, 
because incomplete metabolism of the 
protein may result in toxic effects, particu¬ 
larly in the kidney. However, amino acid 
mixtures, especially those containing methi¬ 
onine, are used with apparently good results. 
The same general recommendations apply to 
prevention in the treatment of acute diffuse 
liver disease. Diets high in carbohydrate, 
calcium and protein of high biological value, 
and a number of specific substances are 
known to have a protective effect against 
hepatotoxic agents. 

In chronic, diffuse hepatic disease fibrous 
tissue replacement causes compression of the 
sinusoids and is irreversible except in the 
very early stages, when removal of fat from 
the liver by the administration of lipotropic 
factors including choline and maintenance 
on a diet low in fat and protein may reduce 
the compressive effects of fibrous tissue con¬ 
traction. A high-protein diet at this stage 
causes stimulation of the metabolic activity 
of the liver and an increased deposit of fat, 
further retarding hepatic function. 

Local diseases of the liver require surgical 
or medical treatment depending on the 
cause, and specific treatments are discussed 
under the respective diseases. 

Diffuse Diseases of 
the Liver 

HEPATITIS 

The differentiation of hepatic diseases into 
hepatitis and hepatosis has not achieved 
general acceptance, and nonspecific terms 
such as hepatic injury have been suggested 
to avoid the connotation of inflammation 
associated with the word hepatitis. To facili¬ 
tate ease of reading, the word hepatitis is 
used throughout this chapter to include all 
diffuse, degenerative, and inflammatory dis¬ 
eases that affect the liver. It is used here also 
to include the common pathologic classifica¬ 
tion of cirrhosis. Clinically, the syndrome 
caused by fibrosis of the liver is the same as 
that caused by hepatitis and the etiology is 
the same; the only difference is that the onset 
of the disease is slower and less acute than in 
hepatitis. 

ETIOLOGY AND EPIDEMIOLOGY 

Although there is an extensive list of causes 
of hepatitis there are still a number of 
unknown factors. At least there are many 
sporadic cases of hepatic insufficiency, espe¬ 
cially in horses, in which the cause is not 
determined. In most cases the clinical disease 
has an acute onset and a fatal outcome, but 
the hepatic lesion is of a much longer 
duration. 
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In a case-control study of cases of equine 
hepatic disease admitted to the Liphook 
Equine Hospital in the UK, ponies were 
more likely to develop hepatic disease than 
light riding horses. Overall the case fatality 
was low (25.9%); horses with unclassified 
hepatopathies had the lowest fatality rate, 
and horses with cholangiohepatitis, pyrroli- 
zidine alkaloid toxicity, and chronic active 
hepatitis had significantly higher fatality 
rates by comparison. Age, breed, or sex had 
no detectable effect on outcome. 

Toxic Hepatitis 

The common causes of toxic hepatitis in 
farm animals are 

• Inorganic poisons: Copper, phosphorus, 
arsenic, and possibly selenium 

• Organic poisons: Carbon tetrachloride, 
hexachloroethane, gossypol, creosols 
and coal tar pitch, chloroform, and 
copper diethylamine quinoline 
sulfonate 

Ferrous fumarate administered in a digestive 
inoculate to newborn foals is also recorded 
as a cause. 

Poisonous Plants, Fungi, and Insects 

These include the following: 

• Weeds: Senecio, Crotalaria, 

Heliotropium, Amsinckia, and Tribulus 
spp.; Encephalartos lanatus; and 
Trachyandra spp. 

• Pasture and cultivated plants: Panicum 
effusum, lupins, alsike clover, and 
water-damaged alfalfa hay 

• Trees and shrubs: Lantana ( Lantana 
camara ), yellow wood ( Terminalia 
oblongata), ngaio tree ( Myoporum 
laeturn ), Australian boobialla (M. 
tetrandrum), and seeds of cycads 
(Zatnia spp.) 

• Fungi: Pithomyces chartarum, Aspergillus 
flavus, Penicillium rubrum , Phomopsis 
leptostromiformis, Fusarium spp., 
Myrothecium spp., and Periconia spp. 

• Algae: The slow death factor 

• Insects: Ingestion of sawfly larvae 
(Lophyrotoma interrupta) 

Miscellaneous Farm Chemicals 

Miscellaneous farm chemicals include dried 
poultry waste, cottonseed cake, and herring 
meal. 

Toxemia Perfusion Hepatitis 

Moderate degrees of hepatitis occur in many 
bacterial infections regardless of their loca¬ 
tion in the body, and the hepatitis is usually 
classified as toxic; whether the lesions are 
caused by bacterial toxins or by shock, anoxia, 
or vascular insufficiency is unknown. Hepatic 
failure may occur in dairy cattle following 
mastitis or metritis. It is thought that the 
hepatic dysfunction may have been the result 
of endotoxemia. This also applies to hepatitis 
associated with extensive tissue damage 
occurring after burns, injury, and infarction. 


Infectious Hepatitis 

Diffuse hepatic lesions in animals are rarely 
associated with infectious agents. The signifi¬ 
cant ones are 

• Riff Valley fever virus 

• Bacillus piliformis, associated with 
Tyzzers disease in foals 

• Equine herpesvirus-1 of viral 
rhinopneumonitis as a cause of abortion 
in horses 

• Deltaproteobacterium associated 
with epizootic abortion of cattle in 
California 

• Postvaccinal hepatitis of horses, also 
known as serum hepatitis, idiopathic 
acute hepatic disease, Theiler’s disease, 
and acute liver atrophy, is the most 
common cause of acute hepatic failure 
in the horse. The disease is commonly 
associated with the administration of 
biologies of equine origin, usually 
tetanus antitoxin. 

A series of four fatal cases of serum hepatitis 
associated with the administration of com¬ 
mercial plasma in the horse has been 
reported. The prevalence in one veterinary 
teaching hospital has been recorded as 0.4%. 

A large number of cases of equine hepa¬ 
tic encephalopathy of unknown etiology 
occurred in France between 1992 and 1997. 

• Severe cases of equine viral arteritis 
manifest signs of hepatitis. 

• Systemic mycoses, e.g., histoplasmosis, 
may be accompanied by multiple 
granulomatous lesions of the liver. 

• There are diseases in which hepatic 
lesions may be common at necropsy, but 
in which there are no overt signs of 
clinical disease during life. Some of 
these are infectious equine anemia, 
salmonellosis, septicemic listeriosis, and 
leptospirosis in aborted foals. 

• Infectious necrotic hepatitis associated 
with Clostridium novyi has been 
described in a 9-year-old mare. 

Parasitic Hepatitis 

• Acute and chronic liver fluke 
infestation 

• Migrating larvae of Ascaris spp. 

• Fibrosing granulomas of liver in horses 
with chronic schistosomiasis 

• Hepatic sarcocystosis in horses 

Nutritional Hepatitis (Trophopathic 
Hepatitis) 

Selenium and vitamin E deficiency are 
factors in dietary hepatic necrosis in pigs. A 
multiple dietary deficiency has also been 
suggested as the cause of a massive hepatic 
necrosis observed in lambs and adult sheep 
on trefoil pasture in California. Hepatic lipi¬ 
dosis and hyperlipemia occurs most often in 
pregnant Shetland pony mares on a falling 
plane of nutrition. Hepatic lipidosis occurs 
in cattle during the transition period from 
late gestation to peak lactation. It is triggered 
by a negative energy balance occurring in the 


periparturient period in overconditoned dry 
cows. Rapid mobilization of large amounts of 
body fat in states of energy deficiency results 
in accumulation of nonesterified fatty acids 
in the liver, where they are reesterified to 
triglycerides and deposited as fat droplets 
within the liver cells. This fatty infiltration of 
the liver is reversible but if severe enough 
presents a functional impairment of the liver 
metabolism. 

White liver disease is a well-identified 
clinical entity occurring in young sheep in 
the warmer parts of New Zealand. The cause 
is unknown but the disease affects only 
cobalt-deficient sheep. The disease occurs on 
leafy pastures with lots of leaf litter and in 
spring and early summer. Affected sheep 
show photosensitivity, anorexia, weight loss, 
sometimes jaundice, and blindness. At nec¬ 
ropsy there is a greatly enlarged, light- 
colored, fatty liver. Most deaths occur in a 
chronic phase after the acute signs have 
passed. A similar disease, suspected to be 
caused by a mycotoxin, has been observed in 
Norway. 

Idiopathic Hepatosis and Cirrhosis 
Hepatic cirrhosis and hemochromatosis in 
horses has been recorded. There is cirrhosis 
with increased iron stores in the parenchy¬ 
mal cells of the liver. Hepatic fatty cirrhosis 
(hard yellow liver) in sheep and cattle has 
occurred in isolated areas of western and 
southern Texas during years of maximal 
rainfall. The cause is unknown, but the high 
incidence during periods of heavy rainfall 
suggests the possibility of either a mycotoxin 
or nutritional deficiency. 

Congestive Hepatopathy 

Increased pressure in the sinusoids of the 
liver causes anoxia and compression of sur¬ 
rounding hepatic parenchyma. Congestive 
heart failure is the common cause and leads 
to centrilobular degeneration. 

Inherited hepatic insufficiency occurs in 
Southdown and Corriedale sheep. 

Portosystemic Vascular Anomaly 

Portosystemic shunts in large animals have 
been recorded occasionally in foals and 
calves. There is altered blood flow through 
the liver and hepatic insufficiency secondary 
to hepatic atrophy. 

PATHOGENESIS 

Hepatitis may be associated with a number 
of agents, but the clinical effects are similar 
in all instances. The usual lesion in toxipathic 
hepatitis is centrilobular and varies from 
cloudy swelling to acute necrosis with a ter¬ 
minal veno-occlusive lesion in some plant 
poisonings. If the necrosis is severe enough 
or repeated a sufficient number of times, 
fibrosis develops. The effects of endotoxin on 
the liver include multifocal hepatocellular 
necrosis, impaired hepatic gluconeogenesis, 
and decreased hepatic blood flow. Endotoxin 





may cause the Kupffer cells to release 
lysosomal enzymes, prostaglandins, and col- 
lagenase, which can damage hepatocytes. 
Endotoxin not detoxified by the Kupffer 
cells may interact directly with the hepa¬ 
tocytes, causing lysosomal damage and 
decreased mitochondrial function, leading to 
necrosis. In infectious hepatitis the lesions 
vary from necrosis of isolated cells to diffuse 
necrosis affecting all or most of the hepatic 
parenchyma. 

Serum hepatitis in the horse is charac¬ 
terized by severe central lobular necrosis fol¬ 
lowing the administration of biologies of 
equine origin such as tetanus antitoxin, com¬ 
mercial equine plasma, and other products. 

In parasitic hepatitis the changes depend 
on the number and type of migrating para¬ 
sites. In massive fluke infestations sufficient 
damage may occur to cause acute hepatic 
insufficiency, manifested particularly by sub¬ 
mandibular edema. In more chronic cases 
extension from cholangitis may also cause 
chronic insufficiency. 

Trophopathic hepatitis is characterized 
by massive or submassive necrosis. Hepatic 
lipidosis is characterized by fatty infiltration 
of hepatocytes progressing to development 
of fatty cysts. 

Congestive hepatitis is characterized by 
dilatation of central veins and sinusoids 
with compression of the parenchymal cells. 
Hepatic fibrosis develops particularly if 
there is massive hepatic necrosis that 
destroys entire lobules. Degeneration is not 
possible, as it is when the necrosis is zonal, 
and fibrous tissue replacement occurs. Thus 
fibrosis is a terminal stage of hepatitis that 
may have developed acutely or chronically 
and is manifested by the same clinical syn¬ 
drome as that of hepatitis, except that the 
signs develop more slowly. Fibrosis may also 
develop from cholangitis. 

The term cirrhosis has been avoided 
because it carries connotations from human 
medicine that may be misleading when 
applied to animals. Hepatic fatty cirrhosis 
occurs in sheep and cattle and is character¬ 
ized at necropsy by ascites, hydropericar¬ 
dium, and acquired hepatic vascular shunts. 
There is progressive fatty change of the liver 
leading to cirrhosis. Fibrosis begins in the 
periacinar zone associated with ruptured 
fatty cysts and continues until there is wide¬ 
spread bridging periacinar fibrosis. No 
lesions of hepatic encephalopathy occur. 

In portosystemic vascular anomalies 
the increased levels of ammonia, short chain 
fatty acids, and amino acids in the peripheral 
circulation are the cause of the depression 
and neurologic abnormalities that are typical 
of hepatic encephalopathy. These high levels 
of metabolites are the result of failure of the 
hepatic metabolism and detoxification of 
substances absorbed from the intestines, 
which are normally delivered to the liver via 
the portal vein before they enter the periph¬ 
eral circulation. 
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Liver Disease and Liver Failure 

The liver has vast reserves of function, an 
almost embryonic capacity to regenerate 
itself, and it can perform adequately despite 
extensive pathologic damage to its integrity. 
This is best exemplified in liver abscesses in 
cattle, in which clinical disease is rarely 
evident, even in the presence of large 
abscesses. 

Liver disease is usually diagnosed by 
identifying clinical signs produced by failure 
of some of its functions. There is often liver 
disease before failure of function, and labo¬ 
ratory tests may detect disease before there 
is actual failure. The liver has a reserve of 
about 70% to 80%, and this amount of func¬ 
tional liver tissue must be compromised 
before some of its functions fail. Some func¬ 
tions fail before others, which explains the 
progression of clinical signs. 

Intravascular Hemolysis in Equine 
Liver Disease 

Intravascular hemolysis with prominent 
hemoglobinuria has occurred in horses with 
severe and advanced liver disease. Neutro¬ 
phil hypersegmentation of undetermined 
cause was present in one horse with liver 
disease and intravascular hemolysis. 

CLINICAL FINDINGS 

The cardinal signs of hepatitis are anorexia, 
mental depression (with excitement in some 
cases), muscular weakness, and jaundice, as 
well as somnolence, recumbency, and coma 
with intermittent convulsion in the terminal 
stages. Hemoglobinuria is a variable sign in 
horses. The hemolytic crisis with which it is 
associated is always a precursor to a fatal 
outcome. Animals that survive the early 
acute stages may show photosensitization, a 
break in the wool or hair leading to shedding 
of the coat, and susceptibility to metabolic 
strain for up to a year. 

The clinical findings of hepatic disease in 
the horse are generally nonspecific, but the 
most useful noninvasive prognostic test in 
cases of suspected liver disease in adult 
horses is the severity of clinical signs. Regard¬ 
less of the cause, consistent clinical findings 
include weight loss, anorexia, dullness, and 
depression. Other findings include jaundice, 
tachycardia, intermittent fever, abdominal 
pain, ventral body wall edema, clotting defi¬ 
ciency, muscle fasciculations, and diarrhea 
or constipation. Jaundice is a constant feature 
in acute hepatic necrosis. Dysphagia, photo¬ 
sensitization, encephalopathy, and hemor¬ 
rhages tend to occur terminally, particularly 
in horses with cirrhosis. In chronic liver 
disease, the course is several months. 

The initial anorexia is often accompanied 
by constipation and punctuated by attacks of 
diarrhea. The feces are lighter in color than 
normal, and if the diet contains much fat 
then there may be steatorrhea. 

In a series of 50 cases of primary hepatic 
disease in horses, the following occurrence 


of clinical signs was observed (%): dull 
demeanor (68), anorexia (56), abdominal 
pain (50), encephalopathy (50), weight loss 
(50), jaundice (42), abnormal intestinal 
motility (42), abnormal fecal consistency 
(28), dehydration (18), photosensitization 
(16), bilateral laryngeal paralysis (14), clini¬ 
cal coagulopathy (10), dermatitis and pruri¬ 
tus (8), peripheral edema (6), oral ulceration 
(6), tenesmus (4), penile prolapse (2), and 
rectal impaction (2). 

The nervous signs are often pronounced 
and vary from ataxia and lethargy with 
yawning or coma, to hyperexcitability with 
muscle tremor, mania including aggressive 
behavior, and convulsions. A characteristic 
syndrome is the dummy syndrome, in which 
affected animals push with the head, do not 
respond to normal stimuli, and may be blind. 
There may be subacute abdominal pain, 
usually manifested by arching of the back, 
and pain on palpation of the liver. The 
enlargement of the liver is usually not 
palpable. 

Jaundice and edema may or may not be 
present and are more commonly associated 
with the less acute stages of the disease. 
Photosensitization may also occur but only 
when the animals are on a diet containing 
green feed and are exposed to sunlight. A 
tendency to bleed more freely than usual 
may be observed. In chronic hepatic fibrosis 
the signs are similar to those of hepatitis 
but develop more slowly and persist for 
longer periods, often months. Ascites and 
the dummy syndrome are more common in 
hepatitis. 

Serum hepatitis (Theiler’s disease) is the 

most common cause of acute hepatic failure 
in the horse. Typically, clinical findings 
become apparent several weeks after admin¬ 
istration of tetanus antitoxin. Lactating mares 
appear to be at a higher risk than other 
horses, but this may be caused by the admin¬ 
istration of the antitoxin to mares at the time 
of parturition. In a group of affected horses, 
the illness may begin with an unexplained 
death in a horse after a short illness. Clinical 
findings include sudden anorexia, marked 
lethargy, stiff gait, subcutaneous edema of the 
distal aspects of all four limbs and body wall, 
blindness, head pressing, circling, bruxism, 
abdominal pain, tachycardia, icterus, and a 
marked reduction in gastrointestinal sounds. 
Death in a few days is common. 

Serum hepatitis following the transfusion 
of commercial plasma into horses may cause 
severe unresponsive colic, lethargy, and 
sudden death 41 to 60 days later. Severe 
encephalopathy has also been described. 

Hepatic disease in cattle is characterized 
by weight loss, dullness, and depression. 
Signs of hepatic encephalopathy include 
blindness, head pressing, excitability, ataxia, 
and weakness. The presence of fever and 
jaundice represents a poor prognosis. 

Hepatic fatty cirrhosis in ruminants in 
Texas is characterized by failure to gain 
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weight, progressive emaciation, loss of wool 
crimp, ascites, depression, head pressing, 
and walking with the head held high. In the 
terminal stages, animals become immobile 
and die in a state of coma. Morbidity may 
reach 80% to 100%, and mortality varies 
from 10% to 60%. Mortality increases during 
each succeeding month following October, 
climaxes in January and February, and then 
decreases in the months thereafter. 

Portosystemic Shunts 

In young animals with portosystemic shunts 
the clinical findings include stunted growth, 
ascites, and variable neurologic abnormali¬ 
ties resulting from hepatic encephalopathy. 
Calves and foals may be a few weeks to a few 
months of age before they are presented for 
examination. Apparent cortical blindness, 
circling, and dementia are common. Persis¬ 
tent tenesmus is common in calves. Recur¬ 
rent episodes of unexplained neurologic 
clinical findings in a young foal suggest the 
presence of a portosystemic shunt. A tenta¬ 
tive diagnosis may be made using clinico- 
pathologic results, but a definitive diagnosis 
requires portovenography. Blood ammonia 
levels are markedly increased and serum bile 
acids are also increased, but the serum levels 
of hepatic-derived enzymes may be normal. 

CLINICAL PATHOLOGY 

The clinicopathologic features of primary 
liver disease are summarized in the section 
dealing with laboratory tests for hepatic 
disease and function. 

Scoring liver biopsies of the horse with 
suspected liver disease is highly predictive of 
the severity of the lesion and of prognosis. In 
a series of 82 cases in horses, 61 were con¬ 
firmed to have significant liver disease and 
12 were not confirmed. Only serum activities 
of GGT and ALP and serum globulin con¬ 
centration were found to be significantly dif¬ 
ferent between the two groups of horses. 

Clinical and ultrasonographic data were 
found, when present, to be good indicators 
of the presence of liver disease. The single 
positive test results of greatest diagnostic 
value in horses were the presence of hepatic 
encephalopathy, elevated serum GGT and 
ALP activity, hypoalbuminemia, increased 
total bile acids, and increased total bilirubin 
concentration. Increased serum AST and 
GDH were also good diagnostic values but 
only when used in combination with the pre¬ 
viously mentioned tests. No single combina¬ 
tion or sequential test was able to fully 
discriminate between horses with and 
without biopsy-confirmed liver disease. Reli¬ 
ance on the use of noninvasive tests for the 
prediction of the presence or absence of sig¬ 
nificant liver disease may lead to frequent 
diagnostic errors. Certain positive results did 
reliably predict the presence of liver disease, 
but negative test results were invariably 
unsatisfactory predictors of absence of liver 
disease. 


The most useful noninvasive prognostic 
test in cases of suspected liver disease in 
adult horses is the severity of clinical signs. 
A significantly poorer prognosis was found 
in association with clinical signs suggestive 
of liver disease, the presence of hepatic 
encephalopathy, ultrasonographic abnor¬ 
malities, increased globulins, increased 
total bile acids, increased serum ALP and 
GGT activity, erythrocytosis, leukocytosis, 
low serum albumin, and low serum urea 
concentrations. 

NECROPSY FINDINGS 

The liver in hepatitis is usually enlarged and 
the edges swollen, but the appearance of the 
hepatic surface and cross section varies with 
the cause. In acute toxic and trophopathic 
hepatitis the lobulation is more pronounced, 
and the liver is paler and redder in color. The 
accentuation of the lobular appearance is 
caused by engorgement of the centrilobular 
vessels or centrilobular necrosis. There may 
be accompanying lesions of jaundice, edema, 
and photosensitization. In infectious hepati¬ 
tis the lesions are inclined to be patchy and 
even focal in their distribution. Parasitic 
hepatitis is traumatic, with focal hemor¬ 
rhages under the capsule and the necrosis 
and traumatic injury definable as tracks. 
Congestive hepatitis is marked by severe 
enlargement of the liver, a greatly increased 
content of blood, and marked accentuation 
of the lobular pattern caused by vascular 
engorgement and fatty infiltration of the 
parenchyma. In hepatic fibrosis the necropsy 
findings vary widely depending on the caus¬ 
ative agent, on the duration of its action, and 
on its severity. The liver may be grossly 
enlarged or be greatly reduced in size with 
marked lobulation of the surface. 

Hepatic encephalopathy associated with 
portosystemic shunt is characterized by 
spongiform changes and gliosis of white 
matter in all levels of the brain. The liver may 
be of normal size or small and firm, with a 
prominent reticular pattern visible on the 
capsular and cut surfaces, and the portal 
veins may be absent. 

TREATMENT 

Protein and protein hydrolysates are proba¬ 
bly best avoided because of the danger of 
ammonia intoxication. The diet should be 
high in carbohydrate and calcium and low in 
protein and fat, but affected animals are 
usually completely anorectic. Because of the 
failure of detoxification of ammonia and 
other nitrogenous substances by the damaged 
liver and their importance in the production 
of nervous signs, the oral administration of 
broad-spectrum antibiotics has been intro¬ 
duced in humans to control protein diges¬ 
tion and putrefaction. The results have been 
excellent with neomycin and chlortetracy- 
cline, with the disappearance of hepatic 
coma coinciding with depression of blood 
ammonia levels. Purgation and enemas have 


also been used in combination with oral 
administration of antimicrobials, but mild 
purgation is recommended to avoid unnec¬ 
essary fluid loss. Supplementation of the feed 
or periodic injections of the water-soluble 
vitamins are desirable. Hepatic fibrosis is 
considered to be a final stage in hepatitis and 
treatment is not usually undertaken. 


DIFFERENTIAL DIAGNOSIS 


Hepatitis is easily misdiagnosed as an 
encephalopathy unless jaundice or 
photosensitization is present. The nervous 
signs are suggestive of the following: 

• Encephalomyelitis 

• Encephalomalacia 

• Cerebral edema 

Congestive hepatitis is usually not manifested 
by nervous signs and, being a secondary 
lesion in congestive heart failure, is usually 
accompanied by ascites and edema in other 
regions and by signs of cardiac involvement. 
Hepatic fibrosis may produce ascites without 
evidence of cardiac disease. 

Acute diseases affecting the alimentary 
tract, particularly engorgement on grain in 
cattle and horses, may be manifested by signs 
of nervous derangement resembling those of 
acute hepatic dysfunction, but the history and 
clinical examination usually suggest a primary 
involvement with the alimentary tract. 
Anorectic hepatic insufficiency may be 
mirrored by an adenocarcinoma of the 
pancreas, which is unlikely to be diagnosed 
during life. 
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Liver Abscess and 
Necrobacillosis of the Liver 


SYNOPSIS 


Etiology Fusobacterium necrophorum subsp. 
necrophorum is the most common isolate 
present in pure culture. F. necrophorum 
subsp. funduliforme is less common and 
isolated as a mixed infection with 
Trueperella (formerly Arcanobacterium) 
pyogenes. 

Epidemiology Greatest importance in 
grain-fed cattle where it occurs secondary 
to rumenitis 














Clinical findings May be associated with 
abdominal pain but most infections are 
subclinical. Importance is in slaughter 
condemnation of affected organs and 
negative effects on feed efficiency 
Clinical pathology Inflammatory response 

Diagnostic confirmation Ultrasound; 
slaughter examination 

Treatment Not commonly done 
Control Feed management to avoid ruminal 
acidosis; prophylactic antibiotics; 
vaccination 


Although the terms liver necrobacillosis and 
liver abscess are often used synonymously, the 
term liver abscess refers to a morphologic 
diagnosis, whereas liver necrobacillosis in the 
strict sense of the term is an etiologic diag¬ 
nosis referring to those abscesses caused by 
Fusobacterium necrophorum. 1 Although F. 
necrophorum is by far the most commonly 
isolated pathogen from liver abscesses in 
cattle, strictly speaking a liver abscess can be 
referred to as necrobacillosis of the liver only 
after isolation of F. necrophorum. 

ETIOLOGY 

F. necrophorum is a gram-negative, non¬ 
spore-forming, rod-shaped anaerobic but 
aerotolerant organism. It is a normal inhabit¬ 
ant of the ruminant oral cavity and upper 
digestive and respiratory tract and an oppor¬ 
tunistic pathogen generally associated with 
abscesses and various necrotic infections. 2 In 
addition to hepatic necrobacillosis, this bac¬ 
terium is also the causative agent of digital 
necrobacillosis (foot rot) and oral/laryngeal 
necrobacillosis of calves. 

Historically, a subdivision of F. necropho¬ 
rum into four different biotypes (A, B, AB, 
and C) was used. Biotypes A and B, which 
are considered to be most relevant in the eti¬ 
ology of F. necropftorum-associated diseases 
in cattle, have been renamed F. necrophorum 
subsp. necrophorum (formerly biotype A) 
and F. necrophorum subsp. funduliforme (for¬ 
merly type B). F. necrophorum is often found 
in hepatic abscesses in ruminants, and sub¬ 
species necrophorum is the more common 
type isolated and is usually present in pure 
culture. F. necrophorum subsp. funduliforme 
is less prevalent and usually isolated with 
other bacteria, such as Trueperella (formerly 
Arcanobacterium)pyogenes, Bacteroides spp., 
Streptococcus spp., and Staphylococcus spp. 2 

T. pyogenes, a gram-positive, rod-shaped, 
facultative anaerobe, is the second most com¬ 
mon pathogen isolated from liver abscesses 
in cattle; it acts synergistically to promote 
growth of F. necrophorum by using oxygen 
to create an anaerobic environment and 
provide iron for growth through its hemo¬ 
lytic activity. In most cases T. pyogenes is 
cultured as a mixed culture with F. necorpho- 
rum, which has led to the widely held 
assumption that there is a synergism between 
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these pathogens. The leukotoxin (LT) of F. 
necrophorum is thought to protect T. pyo¬ 
genes against phagocytosis, suggesting that 
T. pyogenes is an opportunistic pathogen 
contributing to the development of liver 
abscesses and not the primary invader. 3 

Hepatic abscesses in goats have been 
described. The organisms isolated included 
Corynebacterium pseudotuberculosis { 58.9%), 
Escherichia coli (11.8%), Corynebacterium 
spp. (11.8%), Mannheimia haemolytica 
(5.0%), Proteus sp. (5.9%), and Staphylococ¬ 
cus aureus (5.9%). 

Clostridium sordellii is associated with 
hepatic abscesses in neonatal lambs and 
bacillary hemoglobinuria by a toxin from 
C. haemolyticum with focal hepatic necroses. 

A focal bacterial hepatitis in horses, iden¬ 
tified as Tyzzer’s disease and associated with 
Bacillus piliformis, and yersiniosis associated 
with Yersinia pseudotuberculosis are listed 
elsewhere. Occasional cases of strangles that 
develop bacteremic spread may also develop 
hepatic abscesses, as may septicemia in 
lambs associated with Histophilus somni. In 
most cases hepatic abscesses in horses have 
an unknown etiology and pathogenesis. 

The fungus Mortierella wolfii has been 
isolated from a liver abscess in a cow in Aus¬ 
tralia. The liver abscess was grossly indistin¬ 
guishable from other common bacterial 
abscesses, such as those associated with T. 
pyogenes or F. necrophorum. 

EPIDEMIOLOGY 

Occurrence 

The disease occurs in all ages and types of 
cattle and sheep but achieves the greatest eco¬ 
nomic significance in grain-fed cattle where 
it occurs secondary to rumenitis. In feedlots 
in the United States the prevalence varies 
widely between feedlots but ranges from 12% 
to 32% in most; equivalent rates occur in 
“barley beef” cattle in the UK. In a series of 
recent slaughter plant surveys conducted in 
the United States, the incidence rate of con¬ 
demnation of the liver for either minor or 
major abscesses was determined to be 13.7%. 4 

Sporadic cases or occasional outbreaks of 
liver abscess occur in the neonate from 
umbilical infection or in individuals as a 
complication of an episode of acute rumen 
acidosis (grain overload). 

Pathogen Risk Factors 

F. necrophorum is a common inhabitant of 
the upper digestive and respiratory tract 
of ruminants and a common inhabitant of 
the environment of farm animals. It uses 
lactate as the major sugar substrate, and its 
numbers in the rumen increase with a 
change from roughage to high grain diets. 
F. necrophorum is not capable of prolonged 
survival outside the animal body; 1 month is 
the probable maximum period under favor¬ 
able conditions. Infection to the liver requires 
a predisposing injury at a primary site of 
infection. The disease can be reproduced 


experimentally by intraportal inoculation of 
F. necrophorum. 

F. necrophorum possesses a number of 
virulence factors such as endotoxic lipopoly- 
saccharide (LPS), LT hemolysin, hemagglu¬ 
tinin, and others that are considered to be of 
critical importance for the anaerobic patho¬ 
gen to penetrate, colonize, and proliferate in 
nonsuperficial tissue. 2 Of these factors LT and 
LPS have been studied in the greatest detail 
and are considered the primary virulence 
factors. The LT is cytotoxic specifically to 
ruminant neutrophils, macrophages, hepato- 
cytes, and possibly also to rumen epithelial 
cells, possibly facilitating the penetration of 
the damaged rumen mucosa. The importance 
of LT to the virulence of F. necrophorum is 
corroborated by the correlation between 
toxin production and the ability to induce 
abscesses observed in laboratory animals. 5 F. 
necrophorum subsp. necrophorum was found 
to produce larger amounts of LT than F. nec¬ 
rophorum subsp. funduliforme, which may 
contribute to the obvious difference in viru¬ 
lence between the two subspecies. F. necro¬ 
phorum subsp. necrophorum is isolated from 
71% to 95% of all bovine liver abscesses (in 
75% as pure culture), whereas F. necrophorum 
subsp. funduliforme is commonly isolated 
from 5% to 29% of all abscesses (in over 75% 
of cases as mixed culture). 

Risk Factors in Grain-Fed Cattle 

Rumenitis, resulting from rumen acidosis, is 
the primary site of infection in grain-fed 
cattle. The risk for liver abscess is increased 
by factors that predispose rumenitis, such as 
low roughage and high-energy diets, and 
the incidence increases as roughage in the 
diet decreases. 

Management 

Introducing hungry cattle to high-energy 
diets, rapidly increasing dietary energy, and 
poor feed bunk management with irregular 
periods and amounts of feeding are associ¬ 
ated with higher rates of liver abscess. 

Diet 

The type of grain and the use of processed, 
including gelatinized, grain can influence 
risk of abscess, as can the physical nature of 
the diet if it allows feed sorting by the animal 
during feeding. 

Breed 

Holstein Friesian cattle are at greater risk 
than beef breeds, presumably because they 
are fed longer and have higher feed intakes. 
The prevalence in steers is marginally higher 
than in heifers, probably also related to 
higher feed intake. 

Risk Factors in Other Farm Animals 

In lambs and calves infection usually occurs 
through the navel at birth or through 
ruminal ulcers; the infection originates 
from infected bedding grounds or barn 
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bedding. Liver abscess can be a sequela to 
other disease, such as traumatic reticulitis 
and peritonitis. 

Economic Importance 

According to a recent survey conducted in 
several meat packing plants in the United 
States, liver abscesses are the single most 
common cause for condemnation of bovine 
livers by the United States Department of 
Agriculture Food and Safety Inspection 
Service, with 5.4% and 8.3% of all livers from 
feedlot steers condemned for major and 
minor abscesses, respectively. 4 With the liver 
accounting for approximately 2% of the mass 
of the carcass, this by itself may present a 
considerable financial loss. The greatest eco¬ 
nomic impact of this condition is nonethe¬ 
less attributed to animal performance and 
carcass yield of animals with large liver 
abscesses. A significant negative effect on 
feed intake and feed efficiency has been 
reported in these animals. 3 

PATHOGENESIS 

Vascular drainage from the primary lesion 
into the portal vascular system, as can occur 
with omphalophlebitis or rumenitis, leads to 
embolic translocation and entrapment of 
bacteria in the capillary system of the liver. 
The pathogenesis of rumen acidosis in grain- 
fed cattle is described in Acute Ruminal 
Acidosis in chapter 8. The important predis¬ 
posing trauma to the rumen mucosa is 
caused either by short-term exposure of the 
mucosa to highly acidic rumen fluid (acute 
rumen acidosis) or chronic exposure to mild 
to moderate acidic rumen fluid (subacute 
rumen acidosis), and results in parakeratosis 
of the rumen mucosa and rumenitis. 

Although F. necrophorum pertains to the 
normal flora of the rumen content, the 
pathogen is present on the rumen wall in 
much larger numbers when the mucosa is 
affected by parakeratosis and rumenitis. 2 
Most of the ruminal wall lesions heal without 
penetration, especially if they are colonized 
only by the less virulent F. necrophorum 
subsp. funduliforme. The more virulent F. 
necrophorum subsp. necrophorum persists 
longer and possibly penetrates the portal 
system with more ease because of higher LT 
production. The less virulent F. necrophorum 
subsp. funduliforme requires helper organ¬ 
isms to penetrate the defense mechanisms 
and leads to a mixed infection. There are dif¬ 
ferences in the biological activities of F. nec¬ 
rophorum isolated from liver abscesses and 
those of the general population in the rumen, 
and many of the ruminal inhabitants are 
probably not capable of tissue invasion to 
cause disease. 

The experimental inoculation of viable 
cultures of F. necrophorum into the hepatic 
portal veins of cattle results in the develop¬ 
ment of diffusely distributed microabscesses 
within 30 minutes up to 2 hours. Gross 
abscesses develop in 3 to 36 hours. 


Neutrophils are the predominant phagocyte 
in lesions of 8 hours or less, and macro¬ 
phages are the predominant phagocyte in 
lesions of 12 hours’ duration or more. The LT 
is responsible for allowing the bacteria to 
withstand the phagocyte cell response and 
enable the infection to persist. If there is suf¬ 
ficient hepatic involvement, then a toxemia 
develops from the bacterial infection and 
causes a chronic or acute illness. 

In most infections, the lesions are too 
small to produce clinical signs. Hematoge¬ 
nous spread from hepatic lesions, including 
rupture into the caudal vena cava, may result 
in multiple lesions in many organs, severe 
pulmonary disease with hemoptysis, and 
rapidly fatal termination (caudal vena cava 
syndrome). 

CLINICAL FINDINGS 

In the majority of cases of hepatic abscessa- 
tion in feeder cattle there are no clinical 
signs of illness. Abscesses that are very large 
may result in an acute or chronic illness. 

In acute cases in dairy cattle there is 
fever, anorexia, depression, drop in milk pro¬ 
duction, and weakness. Abdominal pain is 
evidenced on percussion over the posterior 
ribs on the right side, and affected cattle 
show arching of the back and reluctance to 
move or lie down. The liver may be so 
enlarged that it is readily palpable behind the 
costal arch. The abdominal pain may be suf¬ 
ficiently severe to cause grunting with each 
breath. In chronic cases, there are no local¬ 
izing signs but anorexia, emaciation, and 
intermittent diarrhea and constipation occur. 

Animals infected through the navel show 
signs at about 7 days of age, and omphalo¬ 
phlebitis is usually present. 

Hepatic abscesses in horses are charac¬ 
terized clinically by a history of weight loss, 
fever, inappetence, and depression. The 
prognosis is very unsatisfactory, in spite of 
intensive antibiotic and supportive therapy, 
and euthanasia is recommended. 

CLINICAL PATHOLOGY 

Leukocytosis with marked neutrophilia may 
be present with large or multiple abscesses. 
Clinical chemistry and liver function tests 
have been found to be poor indicators and of 
little diagnostic value in predicting the pres¬ 
ence of liver abscesses, but hepatic dysfunc¬ 
tion can be detected by these means in the 
acute stage of hepatic injury. Ultrasound 
may aid in diagnosis. 

In horses clinicopathologic abnormalities 
are consistent with a diagnosis of chronic 
bacterial infection such as leukocytosis with 
a mature neutrophilia, thrombocytosis, 
hyperglobulinemia, hypoalbuminemia, and 
a markedly decreased albumin-to-globulin 
concentrations ratio. 

NECROPSY FINDINGS 

Usually, multiple hepatic abscesses are 
present. The hepatic lesions may be deep in 


the parenchyma or under the capsule, espe¬ 
cially on the diaphragmatic surface. Exten¬ 
sion to the diaphragm or perirenal tissues is 
not unusual. 

In bovine rumenitis cases, the anterior 
ventral sac is most commonly affected. There 
are local or diffuse mucosal lesions with 
thickening of the wall, superficial necrosis, 
and the subsequent development of ulcers. 
In lambs there may be lesions at the cardial 
end of the esophagus. The histologic appear¬ 
ance of acute to subacute necrobacillosis 
lesions consists of a zone of necrosis bor¬ 
dered on one edge by mats of filamentous 
rods and on the other by a band of karyor- 
rhectic leukocytes. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Swab of abscess or tissue 
sample from deep edge of lesion 
(anaerobic culture). 


DIFFERENTIAL DIAGNOSIS 


Acute cases in cattle resemble cases of 
traumatic reticuloperitonitis, and 
differentiation can only be made on 
localization of the pain, ultrasonography, and 
by exploratory rumenotomy. The latter is 
essential if traumatic hepatitis is a possible 
diagnosis. 


TREATMENT 

F. necrophorum is susceptible in vitro to 
p-lactam antibiotics, tetracyclines, macro- 
lides, and lincomycins but is resistant to ami¬ 
noglycosides and ionophore antibiotics. 2 The 
apparent sensitivity of this gram-negative 
pathogen to penicillin and cephalosporins 
is peculiar even based on its cell wall 
structure. 2 

Liver abscess in feedlot cattle is not clini¬ 
cal and not routinely treated as a clinical 
disease. In clinical disease associated with 
liver abscess, prolonged treatment with high 
doses of antimicrobials is required if thera¬ 
peutic concentrations are to be achieved at 
the site of infection. Relapse is common 
because of incomplete control of the local¬ 
ized infection. 


TREATMENT AND CONTROL 


Treatment 

Procaine penicillin G (44,000 IU/kg IM every 
24 h long term) (R-2) 

Oxytetracydine (10 mg/kg IM every 24 h or 
long-acting formulation 20 mg/kg every 
72 h long term) (R-2) 

Ampicillin trihydrate (10 mg/kg SC or IM every 
24 h long term) (R-2) 
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Control 

Tylosin (90 mg/animal PO every 24 h long 
term) (R-1) 

Chlortetracycline (70 mg/animal PO every 24 h 
long term) (R-1) 

Oxytetracycline (75 mg/animal PO every 24 h 
long term) (R-1) 

Virginiamycin (16.5-19.8 mg/kg PO every 
24 h long term) (R-1) 

Vaccination 

Vaccination with Fusobacterium necrophorum 
leukotoxoid /Trueperella pyogenes bacterin 
vaccines. (R-1) 

IM, intramuscularly; PO, orally; SC, 

subcutaneously. 


CONTROL 

Control procedures in feedlot cattle include 
prevention of rumenitis by feed management 
and the use of prophylactic antimicrobials. 

Feed Management 

Feed management aims to prevent the occur¬ 
rence of rumen acidosis and rumenitis and 
requires controlled dietary energy step up, 
attention to the grain type and content of the 
diet, and correct feed bunk management. 
The control of rumen acidosis is discussed in 
Acute Ruminal Acidosis in chapter 8. 

Prophylactic Antimicrobial Therapy 

The addition of antimicrobials to the feed 
can significantly reduce the incidence of liver 
abscesses and is a routine practice in over 
70% of all feedlots in the United States. 6 
Adding antimicrobials to feed as disease pro¬ 
phylaxis is not permitted in many countries, 
including member countries of the European 
Union. 

In the United States bacitracin, methy¬ 
lene disalicylate, chlortetracycline, oxytet¬ 
racycline, tylosin, and virginiamycin are 
approved for feed inclusion for the control 
of liver abscess in feedlot cattle. Tylosin is 
the most commonly used compound and 
appears highly effective. A summary of trials 
feeding tylosin at 11 g/tonne of feed or 
90 mg per animal per day showed a 73% 
reduction in the occurrence of liver abscesses. 
Antimicrobial feed additives also increase 
average daily gain and feed conversion effi¬ 
ciency, but the inclusion level for these effects 
and prevention of liver abscess is not neces¬ 
sarily the same. 

The site of action may be in rumen or the 
liver or possibly in both, but is probably the 
rumen because tylosin and virginiamycin, 
which are both effective in prevention, are 
not absorbed into the circulation. Tylosin 
has been shown to inhibit the increase in 
ruminal F. necrophorum numbers that occur 
in association with feeding high-grain diets. 

Vaccination 

Vaccination with leukotoxoid vaccines has 
shown some protection against intraportal 


challenge and has reduced the abscess rates 
in a study of naturally occurring disease in 
a feedlot. A trial of the efficacy of a high 
antigenic-mass-combined T. pyogenes-F. 
necrophorum bacterin-toxoid in preventing 
naturally occurring liver abscess in feedlot 
cattle showed a significant effect of vaccina¬ 
tion with a reduction of the prevalence and 
severity of abscesses that was equivalent to 
that achieved by the incorporation of tylosin 
in the feed. The reduction in prevalence in 
two trials comparing vaccinated and nonvac- 
cinated cattle was 48.4% (31% of controls 
and 16% of vaccinates with fiver abscess) and 
37.5% (48% of controls and 30% of vacci¬ 
nates with liver abscess). An additive effect 
when combining vaccination and preventive 
treatment with oral tylosin could not be 
observed. 

Control in Young Lambs 
In young lambs, the disease can be con¬ 
trolled by disinfecting the navel at birth 
and providing clean bedding or bedding 
grounds. 
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Bacillary Hemoglobinuria 
(Red Water Disease) 


SYNOPSIS 


Etiology Clostridium haemolyticum, which 
is a soil-borne anaerobe, produces 
phospholipase C (fi-toxin) with strong 
necrotoxic and hemolytic activity. 

Epidemiology In cattle and sheep occurs in 
summer and autumn in endemic areas, 
which are usually irrigated or subirrigated 
fields 

Clinical findings Anorexia, depression, 
anemia, fever, hemoglobinuria, and 
jaundice; high case fatality 


Clinical pathology Hemoglobinuria, anemia, 
and blood culture 

Necropsy findings Single ischemic pale 
infarct in the liver surrounded by a zone of 
hyperemia; hemoglobinuria 

Diagnostic confirmation Typical liver lesion 
and positive fluorescent antibody staining 
of organism in lesion 

Treatment Antibiotics, antiserum, and blood 
transfusion 

Control Annual vaccination preceding the 
period of risk 


ETIOLOGY 

C. haemolyticum (C. novyi type D) is a soil- 
borne anaerobe. The longevity of the spores 
in soil is unknown, but the organism has been 
isolated from bones a year after the death of 
an animal from bacillary hemoglobinuria. In 
infected areas the organism is often found in 
the fivers of healthy cattle. Under anaerobic 
conditions the organism grows and produces 
phospholipase C (P-toxin), a necrotoxic and 
hemolytic toxin responsible for the clinical 
disease. Damage to the fiver from telangiec¬ 
tasis, necrobacillosis caused by F. necropho¬ 
rum, and fasciolosis have been suggested as 
precipitating causes. 

The disease has been produced experi¬ 
mentally by infecting calves orally and 
inducing liver damage by liver biopsy, or by 
implanting the organism in the fiver. Cul¬ 
tures of the organism produce severe muscle 
necrosis and hemoglobinuria when injected 
intramuscularly into cattle and experimental 
animals. 

EPIDEMIOLOGY 

Occurrence 

Bacillary hemoglobinuria has been reported 
principally from the western part of the 
United States, although the disease has also 
been observed in the southern United States, 
Canada, Mexico, Venezuela, Chile, Turkey, 
Australia, New Zealand, the UK, Japan, and 
Ireland. The disease is not common, but on 
infected farms death losses, which are usually 
less than 5%, may reach as high as 25%. 

Risk Factors 
Animal Risk Factors 

Cattle are the usual species involved, 
although occasional cases occur in sheep and 
rare cases in pigs. As is the case in many 
clostridial diseases, animals in good condi¬ 
tion are more susceptible. 

Environmental Risk Factors 

Bacillary hemoglobinuria is a disease of the 
summer and autumn months. A primary 
association occurs with pastures that also are 
associated with the occurrence of liver fluke 
although other, less determined risk factors 
obtain. The highest incidence of bacillary 
hemoglobinuria is on irrigated or poorly 
drained pasture, especially if the soil is 
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alkaline in reaction. Some outbreaks have 
occurred in feedlots where animals were fed 
hay cut from the infected fields. 

The disease is rare on dry, open range 
country but does occur in range country 
where cattle have access to swales with areas 
naturally irrigated by springs or streams. 
Heavy mortalities may occur when cattle 
from an uninfected area are brought onto an 
infected farm, with cases beginning to occur 
7 to 10 days later. 

The disease is spread from infected to 
noninfected areas by flooding, natural drain¬ 
age, contaminated hay from infected areas, 
or carrier animals. The carriage of bones or 
meat by dogs or other carnivores could also 
affect spread of the infection. Contamination 
of pasture may occur from feces or from 
decomposing cadavers. 

PATHOGENESIS 

Although attempts to produce the disease by 
feeding the organism have been unsuccess¬ 
ful, it is probable that under natural condi¬ 
tions in endemic areas invasion occurs from 
the alimentary tract after ingestion of con¬ 
taminated material. As in black disease of 
sheep, the bacteria are carried to the liver and 
lodge there until damage to the parenchyma 
of the liver and the resulting hypoxia create 
conditions suitable for their proliferation. 
Migrating flukes are thought to be predis¬ 
posed to clinical disease by leading to liver 
necrosis and the establishment of anaerobic 
conditions in the liver that will lead to the 
multiplication of the causative organism. 
Invasion of the liver by Cysticercus tenuicollis 
and other causes of liver damage can also 
lead to the disease. Once C. haemolyticum 
returns to its vegetative state in an anaerobic 
environment and replicates, it also produces 
phospholipase C (P-toxin). This p-toxin 
causes hemolysis, necrosis of hepatocytes, 
and damage to capillary endothelium, all 
of which lead to hemoglobinuria and loss 
of vascular fluid into tissues and serous 
cavities. 1 

The development of an organized throm¬ 
bus in a subterminal branch of the portal 
vein produces the large anemic infarct that 
is characteristic of the disease. Most of the 
bacteria are to be found in this infarct 
and, under the anaerobic conditions, the 
necrotoxic and hemolytic P-toxin is released 
systemically to result in toxemia, general¬ 
ized vascular damage, and intravascular 
hemolysis. 

CLINICAL FINDINGS 

Animals brought into contact with the 
infection in endemic areas seldom develop 
disease until 7 to 10 days later. The illness is 
of short duration, and cattle at pasture may 
be found dead without obvious signs of 
the disease. More often there is a sudden 
onset, with complete cessation of rumina¬ 
tion, feeding, lactation, and defecation. 
Abdominal pain is evidenced by reluctance 


to move and an arched-back posture. Grunt¬ 
ing may be evident on walking. Respiration 
is shallow and labored and the pulse is weak 
and rapid. Fever (39.5-41°C, 103-106°F) is 
evident in the early stages, but the tempera¬ 
ture subsides to subnormal before death. 
Edema of the brisket is a common finding. 
The feces are dark brown; there may be diar¬ 
rhea with a great deal of mucus and some 
blood. 1,2 The urine is dark red. Jaundice is 
present but may not be very obvious. The 
duration of the illness varies from 12 hours 
in dairy cows in advanced pregnancy to 
4 days in dry stock. Pregnant cows often 
abort. Severe dyspnea is evident just before 
death. The disease in sheep presents with 
similar signs. 

CLINICAL PATHOLOGY 

The red color of the urine is caused by the 
presence of hemoglobin; there are no free red 
cells. In the later stages there is anemia, char¬ 
acterized by a marked decline of packed cell 
volume and red blood cell counts. Leukocyte 
counts tend to be mildly to markedly ele¬ 
vated with the presence of toxic granulo¬ 
cytes. Most prominent changes in blood 
biochemistry analysis are elevated enzyme 
activity of AST and GGT, as well as mild to 
moderate elevation of serum bilirubin con¬ 
centrations, which are reflective of liver 
damage. 1 ' 3 

Blood cultures during the acute stages of 
the disease may be positive. Serum aggluti¬ 
nins against C. haemolyticum may be detect¬ 
able at low levels (1:25 or 1:50) during the 
clinical illness and, if the animal recovers, 
rise to appreciable levels (1:50-1:800) a 
week later. Titers greater than 1:400 are 
usual at this time. A positive agglutination 
test is not conclusive evidence of the pres¬ 
ence of the disease. 

NECROPSY FINDINGS 

Rigor mortis develops quickly. The perineum 
is soiled with bloodstained urine and feces. 
Subcutaneous, gelatinous edema, which 
tends to become crepitant in a few hours, and 
extensive petechial or diffuse hemorrhages 
in subcutaneous tissue are characteristic. 
There is a variable degree of jaundice. Exces¬ 
sive amounts of fluid, varying from clear to 
bloodstained and turbid, are present in the 
pleural, pericardial, and peritoneal cavities. 
Generalized subserous hemorrhages are also 
present. Similar hemorrhages appear under 
the endocardium. Hemorrhagic abomasitis 
and enteritis are accompanied by the pres¬ 
ence of bloodstained ingesta or free blood. 
The characteristic lesion of bacillary hemo¬ 
globinuria is an ischemic infarct in the liver. 
One or more may be present in any part of 
the organ and vary from 5 to 20 cm in diam¬ 
eter. The infarct is pale, surrounded by a zone 
of hyperemia, and has the general appear¬ 
ance of local necrosis. Red urine is present in 
the kidneys and bladder, and petechiation is 
evident throughout the kidney. 


C. haemolyticum can be isolated from the 
liver infarct and many other organs from a 
fresh carcass, but postmortem invaders 
quickly obscure its presence. A positive fluo¬ 
rescent antibody test (FAT) on impression 
smears taken from the hyperemic zone 
around the liver infarct and stained with 
fluorescein isothiocyanate-labeled rabbit 
antisheep C. novyi antiserum will confirm 
the presence of C. novyi-type organisms but 
cannot differentiate type B from type D. A 
polymerase chain reaction (PCR) test to 
identify toxin-producing genotypes of Clos¬ 
tridium spp. may assist in the identification 
of isolates. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Tissue from edge of 
liver infarct, placed in an airtight 
container; four air-dried impression 
smears from lesion border [anaerobic 
culture, FAT] 

• Histology: Fixed liver lesion, kidney 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of bacillary hemoglobinuria is 
largely a question of differentiation from 
other diseases in which hemoglobinuria, 
myoglobinuria, and hematuria are cardial 
signs. In an animal found dead, differentiation 
from other clostridial diseases and anthrax 
may be required. Differentiating between 
hemoglobinuria and hematuria by spinning 
urine will allow the discrimination of those 
differentials not associated with intravascular 
hemolysis. 

• Acute leptospirosis 

• Postparturient hemoglobinuria 

• Hemolytic anemia caused by cruciferous 
plants 

• Babesiosis and anaplasmosis 

• Enzootic hematuria 

• Chronic copper poisoning (sheep) 


TREATMENT 

Specific treatment includes the immediate 
use of penicillin or tetracyclines at high 
doses and antitoxic serum if available. 
Prompt treatment is essential. If the serum is 
administered in the early stages of the 
disease, then hemoglobinuria may disappear 
within 12 hours. 

Supportive treatment, including blood 
transfusion, parenteral fluid, and electrolyte 
solutions, is of considerable importance. 
Care is required during treatment and exam¬ 
ination, because undue excitement or exer¬ 
cise may cause sudden death. Bulls should 
not be used for service until at least 3 weeks 
after recovery because of the danger of liver 
rupture. Convalescence is often prolonged, 
and animals should be protected from nutri¬ 
tional and climatic stress until they are fully 
recovered. 









TREATMENT AND CONTROL 


Treatment 

Penicillin G sodium/potassium (15,000 lU/kg IV 
every 6-8 h)(R-2) 

Oxytetracycline (15-20 mg/kg IV every 24 h) 
(R-2) 

Supportive therapy 

Control 

Clostridium haemolyticum bacterin vaccine 
(R-2) 

IV, intravenously. 


CONTROL 

A formalin-killed whole culture adsorbed on 
aluminum hydroxide gives good protection 
for a year in cattle. Vaccination is performed 
4 to 6 weeks before the expected occurrence 
of the disease. Annual revaccination of all 
animals over 6 months of age is necessary in 
enzootic areas. In some locations of extreme 
risk a second vaccination during the grazing 
season is recommended. To obviate the local 
reaction that occurs at the site of injection, 
the inoculum may be administered at several 
sites and distributed under the skin by 
massage. The injection must be subcutane¬ 
ous, because intradermal and intramuscular 
injections are likely to produce severe reac¬ 
tions. Modern vaccines prepared to avoid 
these local reactions lack immunogenicity 
and need to be administered twice a year. 
The carcasses of animals dying of the disease 
should be disposed of by burning or deep 
burial. 

FURTHER READING 

Hatheway CL. Toxigenic clostridia. Clin Microbiol Rev. 
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Songer JG. Clostridial diseases of animals. In: Rood JI, 
McClane BA, Songer JG, Titball RW, eds. The 
Clostridia: Molecular Biology and Pathogenesis. 
London: Academic Press; 1997:153-182. 

Stogdale L, Booth AJ. Bacillary hemoglobinuria. 
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Infectious Necrotic 
Hepatitis (Black Disease) 


SYNOPSIS 


Etiology An acute toxemia of sheep, cattle, 
and sometimes pigs and horses caused by 
the toxin of Clostridium novyi type B 
produced in damaged liver tissue. Outbreaks 
usually associated with fasciolosis 

Epidemiology Adult sheep in good condition; 
seasonal prevalence related to the migration 
of immature liver fluke in the liver 


Infectious Necrotic Hepatitis (Black Disease) 


637 


Clinical findings Sheep have a rapid clinical 
course and are usually found dead. Short 
clinical course in cattle and horses with 
profound depression and toxemia, 
abdominal pain, and peritonitis 

Clinical pathology None described 

Necropsy findings Rapid autolysis, 
engorgement of subcutaneous vessels 
with edema; liver has small areas of 
yellow-colored necrosis surrounded by a 
zone of hyperemia 

Diagnostic confirmation Isolation of C. 
novyi in the typical liver lesion; fluorescent 
antibody staining identifies C. novyi but not 
the type 

Treatment Parenteral penicillin may be 
attempted but high case fatality. 

Control Vaccination 


ETIOLOGY 

The etiologic agent of infectious necrotic 
hepatitis affecting sheep and cattle and rarely 
pigs and horses is C. novyi, type B. Spores 
of C. novyi are resident in soil and may be 
present in the liver of normal animals. Clini¬ 
cal disease is triggered by a primary necrotic 
process in the liver, which causes the organ¬ 
ism to proliferate and produce lethal amounts 
of toxin. C. novyi types A and C are also resi¬ 
dent in soil and may invade a carcass post¬ 
mortem but do not cause infectious necrotic 
hepatitis. 

The disease has been produced experi¬ 
mentally in sheep by the administration of 
spores of C. novyi after prior infection with 
fluke metacercaria. Although field outbreaks 
of the disease are usually precipitated by 
invasion of the liver by immature liver flukes, 
it is possible that other causes of local hepatic 
injury, e.g., invasion by cysts of Cysticercus 
tenuicollis, and trauma from liver biopsy may 
precipitate the disease. Thysanosoma actinoi- 
des is thought to be a predisposing infection 
in South America. 

Cases are reported in which no specific 
precipitating lesions are detected and have 
been advanced as an explanation of sudden 
deaths in feedlot cattle. C. novyi types A and 
B have been incriminated as a cause of 
sudden death in sows. 

EPIDEMIOLOGY 

Occurrence 

The disease is worldwide in distribution but 
is of particular importance in Australia and 
New Zealand and to a lesser extent in the 
UK, the United States, and Europe. In sheep, 
the incidence rate in a given year is usually 
about 5% in affected flocks but may be as 
high as 10% to 30% and in rare cases up to 
50%. The disease is practically always fatal in 
both sheep and cattle. Details of the inci¬ 
dence in cattle are scanty, but the disease is 
becoming more common in some areas 
where fluke is being introduced. The disease 
is rare in horses. 


Risk Factors 
Animal Risk Factors 

Well-nourished adult sheep in the 2- to 
4-year age group are particularly susceptible, 
and lambs and yearlings rarely are affected. 

Environmental Risk Factors 

The epidemiologic association between liver 
flukes and C. novyi has been supported by 
the observation that both are more prevalent 
in the soil in areas where black disease occurs 
than in other areas, and the survival of both 
the bacteria and the fluke is favored by the 
same type of soil environment. 

In temperate climates, a seasonal occur¬ 
rence is obvious presumably because of fluc¬ 
tuation in the liver fluke and host snail 
population. Outbreaks are most common in 
the summer or autumn months and cease 
within a few weeks after frosts occur because 
of destruction of encysted metacercaria. 
Exposure to fluke infestation, as occurs when 
sheep graze on marshy ground during dry 
summers and drought, is commonly associ¬ 
ated with outbreaks of black disease, although 
they can occur in winter. Sheep removed 
from a black disease farm may die of the 
disease up to 6 weeks later because of the 
time lag required for migration of the flukes. 

Heavy irrigation of pastures creates favor¬ 
able conditions for the development of flukes 
and may predispose disease. Outbreaks in 
cattle commonly occur on irrigated farms. 

Source of Infection 

Infection occurs through fecal-oral trans¬ 
mission of C. novyi. Fecal contamination of 
the pasture by carrier animals results in 
ingestion of clostridial spores by herdmates; 
the cadavers of sheep dead of the disease may 
cause heavy contamination. Many normal 
animals in flocks in which the disease occurs 
carry C. novyi in their livers, because not all 
strains are pathogenic. The spread of infec¬ 
tion from farm to farm occurs via these 
sheep and probably also by infected wild 
animals and birds and by the carriage of con¬ 
taminated soil during flooding. 

Other Species 

There is little information about the epidemi¬ 
ology of the disease in the horse, although 
prior administration of an anthelmintic may 
be a risk factor. C. novyi can be a significant 
cause of sudden death of adult pigs. In some 
herds the disease is more common in older 
sows (average parity 5.6 litters) with the 
highest prevalence in the spring months. 

PATHOGENESIS 

Spores of C. novyi are ingested and carried 
to the liver in the lymphatic system; the 
organism can be isolated from the liver of 
normal animals. Under local anaerobic con¬ 
ditions, such as occur in the liver when 
migrating flukes cause severe tissue destruc¬ 
tion, the organisms already present in the 
liver proliferate, liberating a-toxin, which is 
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necrotoxic and causes local liver necrosis and 
more diffuse damage to the vascular system. 
The nervous signs observed may be caused 
by this general vascular disturbance or by a 
specific neurotoxin. 

CLINICAL FINDINGS 
Sheep 

Affected sheep commonly die during the 
night and are found dead without having 
exhibited any previous signs of illness. When 
observation is possible, clinically affected 
sheep are seen to segregate from the rest of 
the flock, lag behind, and fall down if driven. 
There is fever (40-42°C, 105-107°F), which 
subsides to a premortal (subnormal) level, 
and some hyperesthesia; respiration is rapid 
and shallow; and the sheep remains in sternal 
recumbency and often dies within a few 
minutes while still in this position. The course 
from first illness to death is never more than 
a few hours and death usually occurs quietly, 
without evidence of struggling. 

Cattle 

Clinical findings are the same in cattle as 
in sheep but the course is longer, with the 
illness lasting for 1 to 2 days. Outstanding 
clinical findings in cattle include a sudden 
severe depression, reluctance to move, cold¬ 
ness of the skin, absence of rumen sounds, 
a low or normal temperature, and weakness 
and muffling of the heart sounds. There is 
abdominal pain, especially on deep palpa¬ 
tion of the liver, and the feces are semifluid. 
Periorbital edema may also develop. 

Horses 

In the horse the syndrome presents as a peri¬ 
tonitis accompanied by severe and progres¬ 
sive toxemia and manifests with depression, 
reluctance to walk, pain on palpation of the 
abdomen, frequent straining, and recum¬ 
bency. Fluid from abdominal paracentesis 
has a profound increase in nucleated cells 
and protein. Death occurs within 72 hours of 
onset of the disease. 

CLINICAL PATHOLOGY 

Antemortem laboratory examinations are 
not usually possible because of the peracute 
nature of the disease, and there is no body of 
information for this disease. 

NECROPSY FINDINGS 

Bloodstained froth may exude from the nos¬ 
trils. The carcass undergoes rapid putrefac¬ 
tion. There is pronounced engorgement of the 
subcutaneous vessels and a variable degree of 
subcutaneous edema. The dark appearance of 
the inside of the skin, particularly noticeable 
on drying, has given rise to the name black 
disease. Gelatinous exudate may be present 
in moderate quantities in the fascial planes of 
the abdominal musculature. Bloodstained 
serous fluid is always present in abnormally 
large amounts in the pericardial, pleural, and 
peritoneal cavities. Subendocardial and sub¬ 
epicardial hemorrhages are frequent. 


Liver 


The liver is swollen, gray-brown, and 
exhibits characteristic areas of necrosis. 
These are yellow areas 1 to 2 cm in diameter 
and are surrounded by a zone of bright red 
hyperemia. They occur mostly under the 
capsule of the diaphragmatic surface of the 
organ but may be more deeply seated and can 
easily be missed unless the liver is sliced care¬ 
fully. In cattle they are often linear in shape 
and may be difficult to find. There is usually 
evidence of recent invasion by liver fluke, 
with channels of damaged liver tissue evident 
on the cut surface of the liver. These may be 
mistaken for subcapsular hemorrhages when 
viewed from the surface. Mature flukes are 
not ordinarily observed. Histologically, the 
liver lesion consists of a central tract of eosin¬ 
ophilic inflammation (caused by fluke migra¬ 
tion) surrounded by a zone of coagulation 
necrosis and an outer rim of infiltrating neu¬ 
trophils. Gram-positive bacilli can easily be 
demonstrated within the lesion. 

A diagnosis of infectious necrotic hepati¬ 
tis requires the culture of C. novyi from the 
typical liver lesion and the demonstration of 
preformed toxin in the peritoneal fluid and/ 
or the liver lesion from a fresh carcass. Autol¬ 
ysis rapidly clouds the postmortem findings 
and false-positive diagnoses are likely if toxin 
assays are performed on carcasses more than 
24 hours old. Another problem is the rela¬ 
tively common occurrence of nonpathogenic 
strains of C. novyi B. These strains are 
detected in fivers by fluorescent antibody 
technique, and this may lead to a false¬ 
positive identification of black disease. 

Fluorescent antibody techniques are 
almost as accurate and much less time- 
consuming than traditional anaerobic 
culture methods. An enzyme-linked immu¬ 
nosorbent assay (ELISA) for p-toxin in intes¬ 
tinal contents has been described, and PCR 
techniques for better identification of toxin- 
producing strains of clostridia are available. 

Unusual lesions, such as a large area of 
inflammation in the wall of the abomasum 
and congestion of the subcutaneous tissue 
and muscle in the shoulder and withers, have 
been observed in some cattle dying of the 
disease. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: Liver in air-tight container; 

four impression smears from periphery 

of lesion (anaerobic culture, FAT) 

• Histology: Fixed liver 


DIFFERENTIAL DIAGNOSIS 


• Acute fasciolosis in sheep can cause 
heavy mortality caused by massive liver 
destruction at the same time and under the 
same conditions as does black disease. 

• Other clostridial disease includes 
blackleg and malignant edema. 

• Anthrax 


TREATMENT 

No effective treatment is available. Although 
C. novyi is susceptible to penicillin, in sheep 
parenteral treatment with antimicrobials 
generally comes too late once clinical signs 
are apparent because of the peracute course 
of the disease. In cattle and horses, the longer 
course of the disease suggests the possibility 
of controlling the clostridial infection by 
the parenteral use of penicillin or broad- 
spectrum antibiotics, but reported cases have 
high case fatality. 


TREATMENT AND CONTROL 


Treatment 

Penicillin G sodium/potassium (40,000 lU/kg IV 
every 6-8 h) (R-2) 

Control 

Clostridium novyi type B a-toxoid vaccine (R-2) 
IV, intravenously. 


CONTROL 

Vaccination with an alum-precipitated 
toxoid is highly effective and can be per¬ 
formed during the course of an outbreak. The 
mortality begins to subside within 2 weeks. 
On an affected farm the initial vaccination is 
followed by a second vaccination 4 to 6 weeks 
later and subsequently by annual vaccina¬ 
tions. To provide maximum immunity at the 
time when the disease is most likely to occur, 
vaccination as a prophylactic measure should 
be performed in early summer. 

Control of the disease should also be 
attempted by control of the liver fluke. The 
host snail must be destroyed in streams and 
marshes by the use of a molluscicide and the 
flukes eliminated from the sheep by treat¬ 
ment with flukicides. Pasture contamination 
from cadavers should be minimized by 
burning the carcasses. 
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Clostridium novyi 
Infection 

C. novyi type B infection in finishing pigs 
and sows causes unexplained sudden death. 

ETIOLOGY 

The cause is C. novyi type B, although 
recently, type A has also been found in some 















cases. It is a large Clostridium with oval, 
central, or subterminal spores and is a fas¬ 
tidious anaerobe that is difficult to cultivate 
and sometimes may be mistaken for Bacillus 
anthracis. The toxic factor may be the 
a-toxin. 

PATHOGENESIS AND 
EPIDEMIOLOGY 

Very little is known about either, but the 
former may be related to stress causing a 
reduction of liver oxygenation facilitating 
clostridial invasion. 

CLINICAL SIGNS 

Usually you discover this condition at sudden 
death. An outbreak in two Iberian sows has 
recently been described. 1 

PATHOLOGY 

The characteristic pathologic finding is rapid 
decomposition of the carcass. The subject is 
usually a well-conditioned pig. They may 
show submandibular swelling, pulmonary 
edema, and tracheal froth. Fluid exudation 
in the pericardium, pleural sacs, and perito¬ 
neum are also a relatively common finding 
and the exudation may be bloodstained. A 
specific finding is the presence of large 
numbers of frothy gas-filled spaces. 

DIAGNOSIS 

Accurate diagnosis depends on the recogni¬ 
tion of sudden death in well-fed pigs, and the 
classic postmortem findings. Confirmation 
is by culture of the organism on egg yolk 
agar under anaerobic conditions, the use 
of fluorescent antibody techniques, and 
PCR tests. 

TREATMENT 

Rarely is there time to see the condition 
clinically. 

PREVENTION 

Prevention may involve feeding bacitracin 
zinc at 225 to 260 g/tonne of feed. 

The use of clostridial vaccines for sheep 
has been helpful when the condition has 
become endemic, and C. oedematiens Type B 
vaccine has also proved useful. 

REFERENCE 
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Diseases Characterized by 
Systemic Involvement 

ACUTE HEPATITIS 
(POSTVACCINAL HEPATITIS) 

OF HORSES (THEILER'S 
DISEASE, SERUM HEPATITIS) 

Acute hepatitis is an acute hepatopathy of 
horses associated with administration of 
equine biological products such as tetanus 
antitoxin. 
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ETIOLOGY 

The disease appears to be associated with 
infection by “Theilers disease-associated 
virus” (TDAV), a recently recognized virus 
in the Pegivirus genus of Flaviviridae. 1 The 
virus is capable of parenteral transmission 
and infection can be subclinical. 1 Infection 
can be chronic, persisting for over a year in 
some clinically normal horses. Infection of 
horses with another pegivirus (equine pegi¬ 
virus [EPgV]) causes persistent viremia 
usually, but not invariably, without apparent 
clinical signs. 2 ' 3 Given the frequency of 
viremia in healthy horses, the importance of 
detection of EPgV RNA in horses with signs 
of liver disease is unclear. Approximately 
50% of 326 horses sampled, some which had 
evidence of liver disease, had antibodies to 
EPgV, although the frequency with which 
antibodies, or RNA, were detected in healthy 
and ill horses did not differ. ’ 

Horses have recently been demonstrated 
to be infected with viruses, named Nonpri¬ 
mate hepacivirus (NPHV), from the closely 
related hepacivirus group (which included 
human hepatitis C virus). 4 The clinical 
importance of infection by this virus, if any, 
is unclear, although it appears to be minimal 
despite approximately 50% of horses having 
serum antibodies to the virus. 3 Antibodies, 
RNA of NPHV, or EPgV were not detected 
in 100 donkeys sampled.’ One of 113 dogs 
sampled had antibodies to NPHV and that 
dog was from a stable with a viremic horse, 
although any causal connection was not 
established. 3 

There is evidence of infection of horses by 
human hepatitis E virus (HEV) in China and 
Egypt, but the clinical or human public 
health aspects of this observation are 
uncertain. 5 ' 6 

EPIDEMIOLOGY 

Hepatitis occurs in horses administered 
equine serum or tissue products. The first 
reports of the disease were in 1919 in horses 
in South Africa administered equine serum 
as prophylaxis for Africa horse sickness. 
Outbreaks of the disease have occurred in 
horses in Africa, Europe, and North America 
administered equine serum as prophylaxis 
for a variety of diseases including African 
horse sickness, encephalomyelitis, botulism, 
Streptococcus equi infection, tetanus, and 
influenza, and in mares given pregnant mare 
serum. Most sporadic cases of the disease 
appear to be associated with administration 
of tetanus antitoxin. 

Administration of equine antitoxin posi¬ 
tive for TDAV to 17 horses resulted in clini¬ 
cally overt disease in two horses and 
biochemical evidence of liver damage in 
eight horses. 1 Fifteen of the 17 horses had 
TDAV detected in blood by quantitative 
reverse transcriptase (qRT)-PCR, and the 
virus was detected in blood samples from the 
antitoxin donor horse. Horses from the same 
farm as the affected horses that were not 
administered the incriminated antitoxin did 


not have evidence of liver disease, and TDAV 
also was not isolated from them. 1 Of the 17 
horses administered contaminated antitoxin, 
16 were sampled 1 year later. Of these, 4 were 
positive for TDAV, whereas the remaining 
12, including the 2 horses that had clinical 
disease soon after administration of anti¬ 
toxin, did not have detectable virus in their 
blood. 

Experimental inoculation of four 
horses revealed diversity of viral dynam¬ 
ics among the horses, with most horses 
having high viral loads 4 weeks after inocu¬ 
lation, with persistence of detectable virus 
for at least 14 weeks in one horse and 10 
weeks (the latest time point examined) in 
three horses. 

The disease is reported only from adult 
horses (>1 year of age), and most cases are 
reported in the summer and autumn. There 
is a suspicion that pregnant mares are at 
increased risk. 

The morbidity rate in outbreaks among 
horses administered equine serum ranges 
between 2% and 18%, although the rate 
among horses administered tetanus anti¬ 
toxin as prophylaxis following injuries is 
clearly much lower. Acute hepatitis devel¬ 
oped in 4 (0.4%) of 1260 horses >1 year of 
age administered commercial equine plasma 
at one institution in the United States over a 
6-year period. The disease can occur after 
intrauterine infusion of equine serum to 
mares. 

The case-fatality rate is between 50% 
and 90%. 

The disease occurs sporadically in horses 
that have not been administered equine bio¬ 
logical products. There are reports of in¬ 
contact, nontreated horses developing the 
disease, but such transmission, if indeed it 
occurs, is inefficient and uncommon. 1 

PATHOGENESIS 

Experimental induction of the disease by 
administration of serum from TDAV- 
positive horses reveals viremia that precedes 
biochemical evidence of liver damage and/or 
clinical disease by several weeks. 1 Destruc¬ 
tion of hepatocytes results in hepatic dys¬ 
function. Hepatoencephalopathy develops in 
severely affected horses. 

CLINICAL FINDINGS 

The disease usually occurs after an incuba¬ 
tion period of 40 to 70 days (range 27-165 
days). Depression, anorexia, and icterus 
are evident in mildly affected cases. There 
can be mild to moderate colic. Body tem¬ 
perature and heart rate are usually normal. 
Acutely affected, or horses observed infre¬ 
quently, can die unexpectedly. Signs of 
hepatoencephalopathy include restless¬ 
ness, excitement, compulsive walking and 
head pressing, abnormal head position, sei¬ 
zures, apparent blindness, muscle tremors, 
and ataxia. Affected horses often injure 
themselves by walking into fences and 
troughs. 
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Diseases of the Liver 


CLINICAL PATHOLOGY 

Leukocytosis with neutrophilia and mild 
lymphocytopenia is common. The hemato¬ 
crit and plasma total protein concentrations 
may be mildly increased. Hyperbilirubine¬ 
mia and an increase in direct (conjugated) 
bilirubin concentration are present and 
serum bile acid concentration is increased, as 
is serum activity of liver-specific enzymes 
AST, GGT, and SDH. Increases in serum 
GGT activity is often less than expected for 
the increases in serum AST, SDH, and bile 
acid concentrations, likely reflecting the 
primary insult to hepatocytes. 

Hypoglycemia (<2 mmol/L, 40 mg/dL) 
and hyperammonemia (>150 Jlmol/L) may 
be severe. Clotting time, especially the one- 
stage prothrombin time, can be prolonged. 

A qRT-PCR test is available to identify 
virus genome in blood or plasma. 1 

NECROPSY FINDINGS 

The liver may be enlarged, normal, or 
shrunken and discolored slightly yellow to 
green. There is severe centrilobular necrosis 
of hepatocytes with mild infiltration of lym¬ 
phocytes and plasma cells. Alzheimer type II 
astrocytes are present in the brains of horses 
with encephalopathy. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation antemortem is 
achieved by examination of a liver biopsy, 
although this should be performed with 
caution in animals with coagulation 
abnormalities. 

Differential diagnosis list: 

• Acute aflatoxicosis 

• Rubratoxicosis (Penicillin rubrum) 

• Pyrrolizidine alkaloid intoxication 

• Dioxin intoxication 

• Idiopathic hyperammonemia 

• Fluphenazine toxicosis 7 

• Congenital abnormalities (Gilbert's 
syndrome) 8 


TREATMENT 

Treatment is essentially supportive and con¬ 
sists of correction of metabolic and acid- 
base abnormalities, reduction of plasma 
ammonia concentration, and preventing 
horses with hepatoencephalopathy from 
injuring themselves. 

Hypoglycemia and dehydration can be 
corrected by intravenous administration of 
5% dextrose and isotonic electrolyte solu¬ 
tions. Metabolic acidosis can be corrected by 
infusion of sodium bicarbonate. Plasma 
transfusions might be necessary to correct 
coagulation abnormalities. 

Hyperammonemia can be treated by 
giving neomycin (20 mg/kg, orally, every 6 
hours for four doses) or lactulose (0.25 mL/ 
kg, orally every 8 hours) to decrease absorp¬ 
tion of ammonia from the gastrointestinal 
tract. 


Sedation with xylazine or similar com¬ 
pounds may be necessary to prevent the 
animal from injuring itself. The affected 
horse should be housed in an area where it 
has the least opportunity to injure itself and 
might need to be fitted with a padded helmet. 

CONTROL 

Minimal use of biologies, including plasma, 
of equine origin is prudent. 
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Hepatitis E Virus (HEV) 

HEV is the cause of acute hepatitis in 
humans, causing 1% to 4% mortality in the 
normal population but 25% in pregnant 
women. It therefore can be considered a 
serious public health risk. It is also a serious 
risk in immuno-compromised patients. 1 ' 3 It 
is possible but not yet proven that the pig 
may act as a reservoir for infection. 4,5 There 
is a high prevalence in pig liver. Although the 
consumption of pig meat by humans is quite 
high, the consumption of pig liver is gener¬ 
ally much lower, which may explain the low 
prevalence in humans. 5 8 The consumption of 
raw pig liver sausage is considered a risk. 6 
The consumption of certain pork products 
may also be a source of exposure. Those 
people who have a high occupational contact 
with swine and swine excrement, such as 
veterinarians, farmers, and slaughterhouse 
workers, have a high seroprevalence. Swine 
farm workers in one study in Japan had a 
16.7% prevalence.' Pig farmers in Inner 
Mongolia are frequently infected with a 
markedly divergent genotype 4 virus. 8 It has 
also been found in deer. 

ETIOLOGY 

The virus is a small nonenveloped single- 
stranded positive sense RNA virus. It is the 
sole member of the genus Herpesvirus in the 
family Herpesviridae. There are considered 
to be four genotypes; genotypes 1 and 2 are 
found in humans. 9 Human HEV 1 is particu¬ 
larly common in Asia and Africa 10 and HEV 
2 in Mexico and Western Africa. Types 3 
and 4 are found in both pigs and humans 
and thus considered potentially zoonotic. 
The seroprevalence has increased 11 recently, 
but this may be lower than in previous 
decades. 12 ' 13 Isolates of human and porcine 
HEVs are phylogenetically closely related 
with nucleotide sequences, sometimes up to 


100% similar. 1 In one study the prevalence in 
the pigs and humans was similar. 1 Recently, 
novel herpesvirus was identified in Japanese 
wild boars. 14 

EPIDEMIOLOGY 

HEV has been widespread in Spain since 
1985. 15 A high prevalence of HEV and HEV- 
specific antibodies in pigs has been observed 
in a number of European countries 16 and 
in Portugal, 17 Denmark, 18 Italy, 19 Spain, 20 
England, 11,22 France, 23,24 and Switzerland. 25 
Generally, these results revealed a high farm 
prevalence of HEV and infected livers on the 
farms, although there is considerable varia¬ 
tion among farms, suggesting the existence 
of specific on-farm factors. 

Pigs shed the virus for 10 days on average 
in experimental infections of specific patho¬ 
gen-free pigs but for much longer in natural 
infections. 5,26 

Although no evidence was found in Italy 
for porcine circovirus type 2 (PCV2J/HEV 
infections,' there was in Spain, 28 especially 
in pigs with hepatitis lesions. 

Many human infections arise with HEV 
type 3, which is found in a variety of species 
including the wild boar and domestic 
pigs. 29 ' 33 In Asia and Belgium, HEV 4 is 
found in domestic pigs and wild boars. 34,35 

Recent studies in Europe suggest that 
type 3 is the most common, 2 and certainly 
this was found to be true in a recent Danish 
study. 3 In another Danish study, 49.5% of the 
pigs were seropositive, 18 which was much 
higher than the Spanish studies (17.4%). This 
is similar to levels found in the United States 
and Italy. 36 In Germany, the seroprevalence 
ranged from 34.9% to 60%.'" 

A recent study has shown that the sero¬ 
prevalence of HEV depends on the pig’s age 
and herd origin. 

The seroprevalence results also still 
depend on the test assay used. 38 In Portugal, 
the prevalence varies from 10% to 30%. 17 
Studies in the Netherlands showed an 
increase in prevalence from 22% in 1999 to 
55% in 2006. 39,48 In France, a high prevalence 
on the farm of 65% and 31% of slaughter pigs 
had antibodies all of genotype 3, 24 and the 
same genotype was found in Czechoslova¬ 
kia. 40 In Italy, HEV is widespread and might 
be endemic on most farms (one study 
revealed 97% of farms were affected and 50% 
of the pigs). 41 

Genotypes 3 and 4 are found in a wide 
variety of countries, including the United 
States, Europe, Argentina, Japan, and 
Australasia. Genotype 4 is mainly Asian 
(Japan, China, India, and Indonesia). 

Transmission is largely oral-fecal through 
infected water, and it seems it is particularly 
associated with heavy rain and flooding in 
unhygienic conditions. 4 

It has also been found in wild boar in 
Japan 5 and Sweden where there was found to 
be a close association between the prevalence 
in the domestic population and wild boar in 










641 


Hepatic Diseases Associated With Trematodes 


the same county. 42 Types 3 and 4 have also 
been found in swine livers in Japan. 43 

It has been transmitted through the con¬ 
sumption of uncooked or undercooked pork 
and viscera. 6,7 Pork liver sausage in France 
(Figatelli) seems particularly suspect. 17 It has 
been found in livers purchased from grocery 
stores in the Netherlands, the United States, 
and Japan, 44,45 and some of the livers were 
found to have infective virus. 

The virus has also been found in the liver 
of aborted fetuses and in fecal and serum 
samples of their mothers. The results sug¬ 
gested that the piglets were infected by trans¬ 
placental spread. 46 

Pork consumption and HEV positivity 
have been suggested,’’ but the source of 
infection often remains unknown, 4 and is not 
consistently related, but in many cases it is. 

Direct contact and environmental con¬ 
taminations are responsible for HEV trans¬ 
mission in pigs. 47 Domestic pigs are 
considered the main reservoir for human 
HEV. Direct transmission from infected to 
naive pigs is responsible for most of the 
transmission and for persistence of the infec¬ 
tion within a population. The quantity of the 
virus in the environment was found to play 
an essential role in the transmission process. 
Direct and within-pen environmental trans¬ 
missions were essential components to 
explain the transmission process. Environ¬ 
mental transmission between pens remained 
a rare event. HEV propagation within a pig 
population is therefore highly dependent on 
pig management and hygiene procedures. 

In a study of healthy people directly 
exposed or unexposed to pigs, a cross- 
sectional study HEV infection in a rural 
community in Thailand was described. 48 The 
prevalence of antibodies was 23%. The pres¬ 
ence of frequent hand washing was associ¬ 
ated with a lower prevalence. Humans living 
in an area with frequent flooding or regularly 
eating internal pig organs more than twice a 
week are found to be associated with a higher 
seroprevalence of antibodies. There was no 
association with direct occupational pig 
contact. 

In a study in Serbia 49 in pigs referred to a 
clinic 29/50 livers (58%) had mild to moder¬ 
ate hepatitis, 37/50 (74%) had PCR-positive 
titers for transfusion-transmitted viruses 
(TTVs), 28/50 (56%) had PCR positives for 
PCV2, and 13/50 (26%) had an RT-PCR 
for HEV. There was an association between 
TTVs and infectious hepatitis of pigs 
in concomitant infections with PCV2 
and HEV. 

PATHOGENESIS 

It is thought most pigs become infected early 
on in life between 8 and 12 weeks, have a 
transient viremia for 1 to 2 weeks, and shed 
virus for about 3 to 7 weeks. In a Spanish 
study of viremia it was found in 7% of the 
pigs at 1 week of age and decreased to 2% at 
6 weeks before rising again at 9 weeks. 5 In a 


Canadian study, HEV prevalence in fecal 
samples increased from 11.8% at 2 weeks to 
52.9% at 8 weeks of age. 50 Most nursery and 
finishing pigs are positive. At slaughter most 
pigs are not shedding virus in the feces and 
have detectable IgG levels in the serum. 
However, 6% and 12% of livers may have 
virus in the liver at slaughter. In a study in 
Yorkshire in the UK, 9% of the pigs were 
excreting HEV in the slaughterhouse. 51 

Experimentally infected pigs can shed the 
virus for several weeks. 43 Pigs orally inocu¬ 
lated with swine HEV were able to infect by 
contact sentinel pigs. 11 ’ 

CLINICAL SIGNS 

Infection in pigs is nearly always asymptom¬ 
atic, but occasionally pigs may show evi¬ 
dence of hepatitis. Occasionally they will 
also abort. 

PATHOLOGY 

There are no gross lesions in the pig. Histo¬ 
logically, there may be mild to moderate 
hepatitis. 52 This is characterized by mild to 
moderate multifocal and periportal lympho- 
plasmacytic hepatitis with mild focal hepatic 
cell necrosis. 

DIAGNOSIS 

Diagnosis relies entirely on laboratory tests. 
A nested RT-PCR was developed in Korea. 1 ’ 3 
A home-produced IgG ELISA has high spec¬ 
ificity and sensitivity and was found to be 
comparable with commercial kits, 42 and an 
RT-loop-mediated isothermal amplification 
has also been developed. 54 

An immunofluorescence technique for 
tissues has been described. 1 ’ 3 A new tech¬ 
nique is the development of fluorescent 
microbead immunoassay (FMIA) for the 
detection of HEV IgG antibodies. It was 
compared with an ELISA and both were 
found to be 100% specific, but the FMIA had 
a higher sensitivity of 92.3% compared with 
84.6% for the ELISA. 55 

A recent study of handling and storage 
conditions and stabilizing agents on the 
recovery of viral RNA from oral fluid of 
pigs 56 has shown that it is not necessary to 
stabilize oral fluid from swine for the detec¬ 
tion of viral RNA provided the samples are 
stored at 4°C or frozen at -20°C. 

TREATMENT AND CONTROL 

No treatment of pigs is necessary. Most pigs 
are probably protected by maternal antibody. 
General biosecurity measures and cleaning, 
disinfection, and drying will reduce the level 
of contaminated feces. 
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Hepatic Diseases 
Associated With 
Trematodes 

FASCIOLOSIS (LIVER 
FLUKE DISEASE) 


SYNOPSIS 


Etiology Fasciola hepatica and, in warmer 
climates, F. gigantica 
Epidemiology Infection by ingestion of 
metacercariae on herbage; geographic 
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Chapter 9 


Diseases of the Liver 


distribution, seasonality, and disease risk 
determined by occurrence of intermediate 
hosts (lymnaeid mud snails) 

Signs 

Acute syndrome (sheep): Sudden death 
Chronic syndrome (sheep and cattle): 

Weight loss, reduced milk yield, pallor, 
and submandibular edema 

Clinical pathology 

Acute syndrome: Raised serum glutamate 
dehydrogenase concentrations, anemia 
Chronic syndrome: Characteristic eggs in 
feces, anemia, hypoalbuminemia, raised 
serum, and y-glutamyl transpeptidase 
concentrations 

Lesions 

Acute syndrome: Pale friable liver with 
parasitic tracts and hemorrhage 
Chronic syndrome: Fibrous liver, bile ducts 
grossly distended and thickened 

Diagnostic confirmation 

Acute syndrome: Immature flukes in liver 
parenchyma at necropsy 
Chronic syndrome: Characteristic eggs in 
feces and immunoassay of blood, milk, 
or feces 

Treatment Triclabendazole, clorsulon, 
closantel, netobimin, nitroxynil, 
oxyclozanide, and albendazole; not all are 
equally effective against all stages of fluke 
development 

Control Avoidance or drainage of snail 
habitats; strategic anthelmintic dosing 
programs 


ETIOLOGY 

Fasciola hepatica is the most common and 
important liver fluke and has a cosmopolitan 
distribution in cooler climates. Lymnaeid 
mud snails are intermediate hosts and release 
the infective form, the metacercaria, onto 
herbage. Hepatic fasciolosis is mainly of eco¬ 
nomic importance in sheep or cattle, but 
other species may provide a reservoir of 
infection. F. hepatica may infest all domestic 
animals, including Equidae and many wild¬ 
life species, but chronically infected sheep 
are the most important source of pasture 
contamination. Human cases are usually 
associated with the ingestion of marsh plants 
such as watercress. A similar but larger fluke, 
F. gigantica, is restricted to warmer regions 
including parts of Africa and Asia. 

LIFE CYCLE 

Adult Fasciola live in bile ducts producing 
eggs that are excreted with the feces. Hatch¬ 
ing occurs in moist conditions only after the 
first larval stage, the miracidium, has formed 
and when ambient temperatures rise above 
5°C to 6°C (41~43°F). Miracidia must find 
and invade the tissues of a suitable host snail 
within 24 to 30 hours. After several cycles of 
asexual multiplication, the flukes leave the 
snail as cercariae. These attach to herbage and 


transform into metacercariae by secreting a 
tough protective cyst wall. After ingestion by 
the final host, each metacercaria releases an 
immature fluke that crosses the intestinal 
wall and migrates across the peritoneal cavity 
to the liver. The migration is sometimes mis¬ 
directed and ectopic flukes can be found in 
the lungs, particularly in cattle. The young F. 
hepatica migrate through the hepatic paren¬ 
chyma for about 4 to 5 weeks, growing from 
0.1 to 10 mm. After entering the bile ducts, 
they more than double in size before egg 
laying starts at about 10 to 12 weeks after 
infestation. Adult sheep and cattle may 
remain carriers for many years because of the 
longevity of the adult flukes. 

EPIDEMIOLOGY 

The risk of hepatic fasciolosis is determined 
by the numbers of infected lymnaeid snails 
in the grazing area. The disease has a predict¬ 
able seasonal pattern in regions where snails 
are active for only part of the year. Some 
lymnaeid snails have a more aquatic habit 
than others, but all are restricted to damp or 
wet environments. Generally, they prefer 
nonacidic low-lying swampy areas with 
slow-moving water, but land with small 
streams, springs, blocked drainage, or spill¬ 
ages from, for example, water troughs may 
also be potentially hazardous for grazing 
stock. Land frequently irrigated is also highly 
suitable for infection to take place. Snails 
burrow into the soil to survive dry periods 
and release cercariae when free water is 
present. Snail habitats may be permanent or 
temporary. The latter expand and contract 
depending on water availability. Construc¬ 
tion works, such as road building, may alter 
drainage patterns and disease risk. Improve¬ 
ment of peaty pastures by lime application 
may increase risk by reducing soil acidity 
and allowing snail colonization. 

Important host snails for F. hepatica 
include Lymnaea truncatula in the UK and 
Europe and Stagnicola bulimoides, Stagnicola 
bulimoides techella, and others in the United 
States. L. columella has been identified as an 
intermediate host in Canada and more 
recently in Brazil. In New Zealand, L. tomen- 
tosa and L. truncatula have occurred without 
fasciolosis becoming a major problem, but 
the introduction of L. columella markedly 
increased the range and severity of the 
disease. L. tomentosa is the major host snail 
in Australia, although L. columella has been 
reported to be present in nonfarming areas, 
and L. viridis has also been found. 

The main factors determining the timing 
and severity of hepatic fasciolosis are those 
that influence the number of metacercariae 
accumulating on herbage. In particular, tem¬ 
perature and rainfall affect both the spatial 
and temporal abundance of snail hosts and 
the rate of development of fluke eggs and 
larvae. 13 Temperatures above 10°C (50°F) 
are necessary before the snail hosts will breed 
or before F. hepatica can develop within the 


snail. Therefore no development takes place 
during the winter in most countries. 

The “summer infection of the snail” by 
miracidia hatching from eggs in spring and 
early summer results in the emergence of 
cercariae and the consequent contamination 
of herbage some 5 to 8 weeks later. 4 For any 
climatic region, cercarial shedding is a fairly 
regular occurrence with minor differences in 
timing determined by year-to-year varia¬ 
tions in weather patterns. 

The “winter infection of the snail” is a 
separate cycle occurring when snails are 
exposed to miracidia in the autumn. Fluke 
development ceases in the snail during 
winter but resumes as temperatures rise the 
following spring. The relative importance 
of this cycle depends on the mortality rate 
of the snails during the winter, which 
varies from region to region and from year 
to year. 

The availability of metacercariae is gener¬ 
ally greatest in the late summer and autumn. 5 
Massive numbers can accumulate in wetter 
parts of the British Isles and Europe. 4,6 Meta¬ 
cercariae may overwinter in milder climates 
to infect stock in spring, but they do not 
survive under severe winter conditions. In 
hot, dry regions, metacercariae die quickly, 
so in Australia, for example, infections are 
usually caused by a recent release of cercar¬ 
iae. Stock are also vulnerable in dry condi¬ 
tions if forced to feed in swampy areas to 
obtain green feed. Metacercariae are nor¬ 
mally killed during the preparation of hay or 
silage, but can remain infective for up to 8 
months if hay is harvested in moist condi¬ 
tions and not properly dried. 

The clinical outcome of infection depends 
largely on the density of metacercariae on the 
herbage. This will be greatest when weather 
conditions have been favorable for snail 
reproduction and survival. A high intake of 
metacercariae over a short time will produce 
acute disease; lower numbers over a longer 
period lead to chronic disease. The degree to 
which immunity influences the course of 
infection differs with species. Sheep and 
goats do not develop a strong protective 
immune response to F. hepatica and remain 
vulnerable throughout their lives. Cattle 
eventually expel most but not all of their 
fluke burden and gain partial but not com¬ 
plete protection against reinfection. F. hepat¬ 
ica has a number of survival mechanisms for 
evading host immune responses, including 
changing its surface antigen during migra¬ 
tion, releasing a proteolytic enzyme that can 
cleave immunoglobulins, and modulating 
the host immune response. 

PATHOGENESIS 

Acute hepatic fasciolosis is caused by the 
passage of young F. hepatica through the 
liver parenchyma. Clinical signs occur 5 to 6 
weeks after the ingestion of large numbers of 
metacercariae. By this time, the migrating 
flukes are large enough to do substantial 







mechanical damage to the liver. Acute 
hepatic insufficiency and hemorrhage result. 

Quiescent spores of C. novyi may become 
activated by the anaerobic necrotic condi¬ 
tions created in the liver parenchyma by 
migrating F. hepatica, causing infectious 
necrotic hepatitis (“black disease”) in sheep 
and cattle. This migration has also been 
thought to stimulate the development of 
occasional cases of bacillary hemoglobinuria 
in cattle. 

Chronic hepatic fasciolosis develops 
only after the adult flukes are established in 
the bile ducts. Here they cause cholangitis, 
biliary obstruction, fibrosis, and a leakage 
of plasma protein across the epithelium. 
Although this protein can be reabsorbed in 
the intestine, there is poor utilization and 
retention of nitrogen leading to hypoalbu- 
minemia. There is also a loss of whole blood 
caused by the feeding activities of the flukes. 
This exacerbates the hypoalbuminemia and 
eventually gives rise to anemia. It places a 
continuous drain on iron reserves so that the 
anemia, which is initially normochromic, 
becomes hypochromic. These changes are 
more severe in sheep on a low plane of nutri¬ 
tion. Chronic infection may limit growth 
rate and feed conversion in growing heifers 
and growth rate in beef cattle. F. hepatica 
infection has been reported to increase the 
susceptibility of cattle to Salmonella Dublin 
and predispose to prolonged infection and 
fecal excretion. Infected ewes may have 
reduced fertility, growth rate, and wool pro¬ 
duction. 7 Food intake is reduced and this 
leads to a reduction in efficiency of utiliza¬ 
tion of metabolizable energy and a reduction 
in calcium and protein deposition in the 
carcass. 

The fibrotic response of the liver to fluke- 
induced damage varies with the host and 
may partially account for differing species 
susceptibilities. The severe reaction in cattle, 
which includes calcification of the bile ducts, 
appears to hinder the establishment and 
feeding of challenge infections, reinforcing 
immune responses. Both horses and pigs are 
generally highly resistant to infection with 
F. hepatica but differ in their mode of resis¬ 
tance. Horses overcome the migrating fluke 
at an early stage so that few reach the liver, 
whereas in the pig the resistance mechanism 
operates in the liver parenchyma. 

CLINICAL FINDINGS 
Acute Fasciolosis 

Acute fasciolosis in sheep most often occurs 
as sudden death without other apparent 
clinical abnormality. It is usually seen in the 
summer and autumn but may occur at any 
time when sheep have the opportunity to 
graze heavily contaminated herbage. If the 
disease is observed clinically in sheep it is 
manifested by the following: 

• Dullness 

• Weakness 

• Lack of appetite 
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• Pallor and edema of mucosae and 
conjunctivae 

• Pain when pressure is exerted over 
the area of the liver. Death occurs 
quickly and may be accompanied by 
the passage of bloodstained discharges 
from the nostrils and anus. Outbreaks 
are usually of relatively short duration; 
most deaths occur within a period of 
2 to 3 weeks. Acute fasciolosis rarely 
occurs in cattle. 

Subacute Fasciolosis 

Acute and chronic fasciolosis are opposite 
ends of the clinical spectrum. Intermediate 
forms occur, and a subacute syndrome has 
been described in sheep. The major clinical 
signs are weight loss and pallor of the mucous 
membranes. Submandibular edema will be 
seen in only a few cases, but many animals 
will resent palpation over the region of 
the liver. 

Chronic Fasciolosis 

Chronic fasciolosis does not become appar¬ 
ent until several weeks after the danger of 
acute disease has receded. Affected sheep 
lose weight and develop submandibular 
edema (bottle jaw) and pallor of the mucosae 
over a period of weeks. Shedding of the wool 
may occur. The course of the disease is often 
as long as 2 to 3 months in those that die; 
many survive but may remain in poor condi¬ 
tion for longer periods. Cattle also lose 
weight, especially if lactating; milk produc¬ 
tion falls; and anemia may develop. 

CLINICAL PATHOLOGY 

In acute fasciolosis there is a severe normo¬ 
chromic anemia, eosinophilia, and a severe 
hypoalbuminemia. Blood concentrations of 
a number of serum enzymes indicating liver 
damage are elevated. GDH is of particular 
value when the young flukes are migrating 
through the liver parenchyma, but concen¬ 
trations fall after they enter the bile ducts. 
Increases in AST can be measured from 4 
weeks and are useful as a measure of imma¬ 
ture infection. Eggs will not be present in the 
feces because the flukes are still juvenile. 

In subacute and chronic disease weight 
loss is associated with a severe hypochromic, 
macrocytic anemia, hypoalbuminemia, and 
hyperglobulinemia. Submandibular edema 
and ascites occur only occasionally in the 
subacute condition but more frequently in 
the chronic disease. Serum y-glutamyl trans¬ 
peptidase concentrations are raised by the 
activities of adult F. hepatica in the bile 
ducts. Other liver function tests are not sig¬ 
nificantly affected. A diagnosis of chronic 
hepatic fasciolosis can be confirmed by the 
detection of large numbers of characteristic, 
operculated fluke eggs in the feces. These 
eggs are thin walled and stained yellow- 
brown by biliary pigments. They are dense 
and do not rise satisfactorily in all flotation 
solutions. Zinc sulfate solution (specific 


gravity 1.36) is recommended. Sedimenta¬ 
tion tests are more accurate. Operculated 
fluke eggs are also characteristic of param- 
phistome infections, and care is needed to 
differentiate the two. 

NECROPSY FINDINGS 
Acute Hepatic Fasciolosis 

Acute hepatic fasciolosis is characterized by a 
badly damaged, swollen liver. The peritoneal 
cavity may contain an excess of bloodstained 
serum. The liver capsule has many small per¬ 
forations and subcapsular hemorrhages. The 
parenchyma shows tracts of damaged tissue 
and is more friable than normal. The imma¬ 
ture flukes are often so small that they are 
not readily discernible. They are most easily 
demonstrated by slicing a piece of liver thinly 
and shaking in water, permitting the flukes to 
settle to the bottom. The size of the flukes 
may allow estimation of the duration of the 
infection and this may help to determine 
which pastures are hazardous. 

Chronic Hepatic Fasciolosis 

Leaf-like flukes, measuring about 3.5 x 1 cm, 
are present in grossly enlarged and thickened 
bile ducts, particularly in the ventral lobe of 
the liver. The bile ducts may protrude above 
the surface of the liver, and cysts may be 
present because of blockage of ducts with 
flukes and desquamated epithelial cells. Cal¬ 
cification of the bile duct walls is a common 
finding in cattle but not in sheep. The hepatic 
parenchyma is extensively fibrosed, and the 
hepatic lymph nodes are dark brown in color. 
Anemia, edema, and emaciation are atten¬ 
dant abnormalities. 

DIAGNOSTIC CONFIRMATION 

In fluke-endemic areas, fasciolosis must be 
considered as a possible factor in any out¬ 
break of chronic ill health in sheep, either as 
the main cause or as a contributory factor 
along with other debilitating disease pro¬ 
cesses. To support a diagnosis, grazing history 
and the seasonality of fasciolosis in that local¬ 
ity should be taken into account. There should 
be fluke eggs in the feces and characteristic 
hepatic lesions at necropsy. As these may be 
ubiquitous findings in endemic areas, a judg¬ 
ment is necessary to determine whether the 
severity of the lesions is sufficient to incrimi¬ 
nate the fluke as the sole or major contribut¬ 
ing etiologic factor. ELISAs are available for 
use with blood or milk and are particularly 
useful for the diagnosis of infection in cattle 
on an individual or herd basis. 8,9 A rise in 
antibody can be detected by 2 weeks after 
infection and keeps rising until week 6. A 
commercially available coproantigen ELISA 
(BIOK 201, Bio-X Diagnostics, Belgium) has 
been developed for use in cattle'' 9 ' 12 that has 
the ability to indicate the intensity of fluke 
infestations in cattle. 9,10 Experimentally, PCR 
methods for species-specific diagnosis of Fas¬ 
ciola species targeting the nuclear and/or 
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mitochondrial DNA of the parasite have been 
developed. 13 ' 19 

Acute disease can only be confirmed at 
necropsy. 


DIFFERENTIAL DIAGNOSIS 


Acute fasciolosis 

• Hemonchosis 

• Infectious necrotic hepatitis 

• Eperythrozoonosis 

• Anthrax 

• Enterotoxemia 

Chronic fasciolosis 

• Nutritional deficiencies of copper or cobalt 

• Other internal parasitisms, including 
parasitic gastroenteritis (particularly 
hemonchosis) in sheep and ostertagiosis in 
cattle 

• Johne's disease 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Cattle 

Triclabendazole (12 mg/kg, PO) (R-1) 
Combination of clorsulon (2 mg/kg SC) and 
nitroxynil (10.2 mg/kg SC) (R-1) 20 
Albendazole (10 mg/kg, PO) (R-2) 

Clorsulon (13.2 mg/kg SC) (R-2) 

Nitroxynil (10 mg/kg SC) (R-2) 

Oxyclozanide (10 mg/kg, PO) (R-2) 

Sheep 

Triclabendazole (10 mg/kg, PO) (R-1) 
Albendazole (7.5 mg/kg, PO) (R-2) 

Clorsulon (13.2 mg/kg SC) (R-2) 

Nitroxynil (10 mg/kg SC) (R-2) 

Oxyclozanide (10 mg/kg, PO) (R-2) 

Closantel (10 mg/kg, PO) (R-2) 

PO, orally; SC, subcutaneously. 


Not all compounds are equally effective 
against all stages of development of F. hepat- 
ica in the body. Oral triclabendazole comes 
closest to this ideal. For treatment of acute 
fasciolosis, it is essential to choose a product 
highly effective against the juveniles that 
damage the liver parenchyma. For chronic 
disease, a compound active against the adult 
fluke is required. Product safety is an impor¬ 
tant consideration, as hepatic detoxicating 
mechanisms are already impaired. Flukicides 
can be used therapeutically for treating 
disease or prophylactically to prevent out¬ 
breaks. Some bind to plasma proteins 
(e.g., closantel) or erythrocytes (clorsulon), 
extending their period of protection. All flu¬ 
kicides either have milk-withholding periods 
or are prohibited from use in animals provid¬ 
ing milk for human consumption, so the best 
time to treat dairy cattle is at the drying off 
stage. Many products combine a flukicide 
with a nematocide, but these should only be 
used when there is simultaneous risk from 
the two types of parasite. 


Triclabendazole is an orally compound 
specifically for use against F. hepatica in 
sheep (10 mg/kg) and cattle (12 mg/kg). 
Higher doses are required for the control of 
F. gigantica in buffalo. It is highly effective 
against all stages of fluke from 2 days old in 
sheep and 2 weeks in cattle, and is the drug 
of choice in outbreaks of acute fluke disease. 
An 8- to 10-week dosing interval is recom¬ 
mended for use in control programs. Fluke 
populations resistant to triclabendazole have 
developed following intensive control regi¬ 
mens in Australia, UK, Europe, and South 
America. 11 ' 21 ' 27 Combining compounds has 
been shown to increase efficacy against 
immature stages of flukes. An example of a 
combination is SC clorsulon (2 mg/kg) and 
nitroxynil (10.2 mg/kg), which increases 
efficiency up to 99%. 20 Oral triclabendazole 
has been used with success in horses and 
donkeys (12 mg/kg) but is not licensed for 
this purpose. 

Albendazole is a broad-spectrum com¬ 
pound also active against nematodes and 
cestodes. It is effective against adult F. hepat¬ 
ica at an oral dose rate of 7.5 mg/kg in sheep 
and 10 mg/kg in cattle. It is ovicidal and will 
kill any F. hepatica eggs present in bile ducts 
or the alimentary tract at the time of treat¬ 
ment. Netobimin (20 mg/kg, PO) is metabo¬ 
lized to albendazole in the body and has 
similar activity against F. hepatica. 

Closantel will kill the majority of flukes 
older than 4 weeks in sheep at an oral dose 
rate of 10 mg/kg PO and will delay fluke egg 
output by animals grazing contaminated 
pasture for up to 12 weeks. It also has a resid¬ 
ual effect against Haemonchus contortus. 

Clorsulon is supplied in combination 
with ivermectin for combined fluke and 
roundworm control in cattle. At the recom¬ 
mended dose rate of 2 mg/kg by subcutane¬ 
ous injection, clorsulon is effective against 
adult and 12- to 14-week-old immature 
flukes, but activity against 8-week-old F. 
hepatica is variable. 

Nitroxynil is given subcutaneously at 
10 mg/kg and has good efficiency against the 
adult fluke, but the dose has to be increased 
by up to 50% to obtain adequate control of 
acute disease. In sheep, spillage stains the 
fleece yellow. It cannot be given orally 
because the rumen microflora reduce the 
compound to an inactive metabolite. 

Oxyclozanide used in cattle (10 mg/kg, 
PO) has a shorter milk-withholding period 
than most other flukicides. It has a signifi¬ 
cant effect against adult fluke but is inactive 
against immature forms. It may cause tran¬ 
sient softening of feces. This compound has 
been combined with levamisole to provide 
activity against fluke and gastrointestinal 
nematodes. 

CONTROL 

Preventive measures are required in endemic 
areas because fasciolosis can cause death 
without warning or significant production 
losses. An integrated strategic approach is 


more cost beneficial than reliance on routine 
dosing and is less likely to induce anthelmin¬ 
tic resistance, but it requires detailed knowl¬ 
edge of the local epidemiologic cycle. In 
some countries in which risk varies from 
year to year, predictions of likely disease 
levels are issued based on analysis of meteo- 
rologic data and field observations. This 
enables control measures to be intensified 
when necessary. Computer models have 
been devised to assist this process. 3 

Segregation of stock from sources of 
infection is the ideal method of control but 
not always feasible in practice. Identification 
and mapping of snail habitats may enable 
grazing plans to be devised that avoid danger 
areas at times of high risk. Where habitats are 
restricted in size and clearly defined, it may 
be possible to exclude stock by fencing. 

Stock on heavily contaminated land may 
be protected from acute fasciolosis by taking 
advantage of the interval between the inges¬ 
tion of metacercariae and the onset of 
disease. Treatment during this period with a 
product effective against young flukes will 
eliminate the migrating parasites before they 
cause serious liver damage. A further dose 
may be necessary depending on the duration 
of metacercarial intake and residual activity 
of the chosen product. Some metacercariae 
will continue to be ingested after the main 
danger period has passed, so treatment with 
a product active against adult F. hepatica will 
be needed some weeks later to ensure against 
possible losses from chronic fasciolosis. 
Additional strategic doses may be required 
in regions where the winter infection of the 
snail is of significance. The precise timing of 
each of these doses depends on the local epi¬ 
demiologic pattern. 

Reduction of pasture contamination with 
metacercariae will reduce future risk. This 
can be done by preventing the snails from 
becoming infected with F. hepatica or by 
diminishing the size of the snail population. 
To achieve the first objective, adult flukes 
should be eliminated from the bile ducts of 
all grazing stock in spring and early summer. 
This prevents egg excretion and minimizes 
the numbers of snail-seeking miracidia at 
this crucial stage in the epidemiologic cycle. 
There may, however, be wildlife sources of F. 
hepatica eggs that cannot be controlled in 
this way. Snail numbers can be reduced by 
restricting the size of their habitat. This can 
be done, where feasible, by draining boggy 
areas and by making sure that ditches, land 
drains, water troughs, and so forth, are well 
maintained. 

With stall-fed buffaloes in the tropics 
advantage can be taken of the fact that the 
metacercariae of F. gigantica concentrate on 
the lower part of forage plants, for example, 
rice straw. This can be cut off and used for 
other purposes, and the upper, uninfected, 
part can be fed to the farm stock. 

Chemical snail control was widely prac¬ 
ticed before reliable animal treatments 
became available. Lymnaeid snails have an 














enormous reproductive capacity and can 
quickly recolonize wet land. Therefore appli¬ 
cation has to be very thorough to have a sig¬ 
nificant season-long effect, and there must be 
no possibility of invasion from neighboring 
land. Chemicals can be applied in spring for 
maximum impact on the snail population 
before breeding starts, or later in the season 
when snails are plentiful, but before cercariae 
start to emerge. Efficacy is reduced if luxuri¬ 
ant plant growth hinders penetration to soil 
level. Inorganic compounds such as copper 
sulfate or sodium pentachlorophenate are 
effective but may be potentially hazardous to 
humans, stock, and the environment. Safer 
and more selective low-volume molluscicides 
such as n-trityl morpholine have been devel¬ 
oped but are not commercially available. 

Vaccines for F. hepatica are under devel¬ 
opment. One of these that uses recombinant 
fluke cathepsin L proteinases has produced 
up to 79% protection against infection in 
cattle and sheep. 28 Successful vaccination 
strategies elicit T-helper-1 (Thl) rather than 
Th2 immune responses induced by natural 
infection. 

FURTHER READING 

Knubben-Schweizer G, Torgerson PR. Bovine 

fasciolosis: control strategies based on the location 
of Galba truncatula habits on farms. Vet Parasitol. 
2015;208:77. 
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Fascioloides magna 

Fascioloides magna is a large liver fluke found 
mainly in North America but also occurs in 
some European countries. 1,2 It is a parasite of 
moose and deer but can also infect other 
animals grazing the same pastures. Sheep 
and goats are particularly susceptible to 
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infection. The prevalence of infestation in 
cattle may be high in endemic areas, but they 
are seldom affected clinically. 

The life cycle in normal hosts is similar 
to that of F. hepatica, except that it grows 
up to 10 cm long and 3 cm broad in thin- 
walled cysts in the liver parenchyma. Con¬ 
nections between the cysts and the bile 
ducts allow the passage of eggs with the feces. 
Lymnaeid snails, particularly G. trunculata 
and Radix (syn. Lymnaea) peregra, act as 
intermediate hosts, 3 ' and the final host is 
infected by ingesting metacercariae encysted 
on herbage. 0 The fluke enters the liver after 
spending 3 to 4 weeks in the peritoneal cavity. 

In sheep and goats, the fluke continually 
migrates, never becoming encapsulated but 
forming large, black tracts. Hepatic damage 
and hemorrhage are so severe that one or 
two flukes can be fatal. In cattle, necrotic 
tracts are seen in the parenchyma as well as 
dark, thick-walled cysts 4 cm in diameter' 
that have no connection to the bile ducts. 
Clinical signs in sheep and goats are similar 
to acute hepatic fasciolosis, and infected 
animals can die without warning. Infesta¬ 
tions in cattle are usually inapparent but may 
cause signs similar to chronic hepatic fascio¬ 
losis. Eggs may be found in the feces. These 
resemble F. hepatica eggs but are larger and 
have a small appendage at the blunter end. 

Most anthelmintics effective against F. 
hepatica are also active against F. magna, but 
few confirmatory reports have been pub¬ 
lished. Albendazole 10 mg/kg removed 74% 
of F. magna in naturally infected cattle, clos- 
antel 15 mg/kg had good efficacy in sheep 8 
weeks after infection, clorsulon gave variable 
results in cattle at 21 mg/kg, whereas tricla- 
bendazole 20 mg/kg was 99% effective in 
sheep when given 12 weeks’ postinfection. 

FURTHER READING 

Malcicka M. Life history and biology of Fascioloides 
magna (trematode) and its native and exotic hosts. 
EcolEvol. 2015;5:1381. 

Sattmann H, et al. Wherefrom and whereabouts of an 
alien: the American Ever fluke Fascioloides magna 
in Austria: An overview. Wien Klin Wochenschr. 
2014;126:S23. 
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Dicrocoelium 

D. dendriticum is a small trematode wide¬ 
spread in Europe and Asia but with restricted 
distribution in North America and the 
British Isles. 1 Its life cycle differs from that of 
F. hepatica in several ways. Eggs passed in the 
feces are eaten by land snails such as Helicella 


spp., Cochlicopa lubrica, and Theba and 
Zebrina spp. 2 Cercariae are passed in slime 
balls used as food by ants of the genus 
Formica. Grazing animals become infected 
when they swallow ants containing metacer¬ 
cariae. 1 The flukes travel up the common bile 
duct to settle in bile ducts within the liver. In 
contrast to F. hepatica, the intermediate hosts 
ofH. dendriticum are not associated with wet 
habitats. Transmission can therefore occur 
on well-drained farmland and even dry 
heathland pastures. Protective immunity is 
poor and heavy infections (tens of thou¬ 
sands) can accumulate. 

Pathogenicity is low as D. dendriticum 
does not migrate across the liver paren¬ 
chyma. Very heavy infections may cause ill- 
thrift. Lesions comprise fibrosis of the 
parenchyma and a proliferation and thicken¬ 
ing of smaller bile ducts. 1 Infectious necrotic 
hepatitis may develop as a result of infesta¬ 
tion. 3 At necropsy, D. dendriticum infection 
can be recognized as the flukes are smaller 
(0.5-1.5 cm) than F. hepatica, are lanceolate 
in shape, and confined to the bile ducts. Eggs 
in feces are small, operculate, asymmetric, 
and dark brown in color. They are dense 
structures, and flotation fluids with a high 
specific gravity, such as potassium iodomer- 
curate solution (SG 1.44), are recommended. 
Treatment with albendazole at 15 mg/kg also 
is effective, as is netobimin at 20 mg/kg. 

FURTHER READING 

Rana SS, et al. Parasitic infections of the biliary tract. 
Curr Gastroenterol Rep. 2007;9:156. 
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Diseases Associated With 
Major Phytotoxins 

PYRROLIZIDINE ALKALOID 
TOXICOSIS 


SYNOPSIS 


Etiology Pyrrolizidine alkaloids (PAs) are 
present in Crotalaria spp., Echium spp., 
Heliotriopium spp., Senecio spp., and other 
plants 

Epidemiology Sporadic outbreaks (mainly in 
cattle and horses) occur worldwide; many 
herd outbreaks are enzootic to large areas 
in which toxic plants dominate pasture. 
PA-containing seeds in feed grains or dry 
plants in hay also lead to poisoning. A 
wide range of syndromes is associated with 
primary cumulative toxicosis and the effect 
of metabolites. 

Clinical pathology Liver function tests and 
blood levels of hepatic enzymes indicate 
hepatic insufficiency. 

Continued 













646 


Chapter 9 


Diseases of the Liver 


Lesions Hepatic encephalopathy with 
blindness, head pressing, bouts of frenzy, 
jaundice, photosensitization, and 
intravascular hemolysis; chronic wasting; 
necropsy lesion of hepatic megalocytosis, 
fibrosis, and biliary hyperplasia 

Diagnostic confirmation Histopathology of 
liver. Assay of plants for PAs. Assay of 
whole blood or liver for pyrrolic metabolites 

Treatment None 

Control Avoidance of significant exposure to 
plants. Biological control of plants 


ETIOLOGY 

Most hepatotoxic PAs are esters of two amino 
alcohols, retronecine and heliotridine, and 
occur in three groups—monoesters, noncyc- 
lic (open) diesters, and cyclic diesters—in 
ascending order of toxicity. 1 PAs require a 1,2 
double bond in the pyrrolizidine nucleus 
(necine) and a branch in the ester group to 
be hepatotoxic. 13 Nontoxic N-oxides of PAs 
may be converted to the toxic-free base in 
the alimentary tract. A complete list of 
known PAs would be too long to be useful; 
for example, Echium plantagineum contains 
at least 10 of them known to be toxic to 
grazing animals. Most PA-containing plants 
are classified in the plant families Boragina- 
ceae ( Heliotropium , Cynoglossum, Amsinckia, 
Echium, and Symphytum spp.), Fabaceae 
(Leguminosae; Crotalaria spp.), and Astera- 
ceae (Compositae; Senecio spp.). 

The recorded plant sources of hepatotoxic 
PAs (common names and toxins when 
known) include the following: 

Amsinckia intermedia (tarweed, fiddleneck, 
ironweed; contains intermedine, 
lycopsamine, and echiumine) 

Arnebia hispidissima (contains 
monocrotaline and echimidine) 
Crotalaria anagyroides 
C. crispata (Kimberley horse poison) 

C. dura (wild lucerne) 4 
C. eremaea (bluebush pea) 

C. globifera (wild lucerne, jaagsiektebossie) 4 
C. goreensis (Gambia pea; contains 
monocrotaline) 

C. incana (woolly rattlepod; contains 
fulvine) 

C. juncea (sunn hemp; contains retusine) 

C. mauensis (contains junceine) 

C. mesopontica 

C. medicaginea (trefoil rattlepod) ' 

C. mitchellii 

C. novae-hollandiae (New Holland 
rattlepod) 

C. ramosissima (Kimberley horse poison) 

C. retusa (wedge-leaved rattlepod; contains 
monocrotaline and retusine) 6 
C. spectabilis (showy rattlepod; contains 
monocrotaline and spectabiline)' 
Cynoglossum officinale (hound’s tongue; 
contains heliotridine, heliosupine, and 
echinatine) 


Echium plantagineum (£. lycopsis ; 

Pattersons curse, Salvation Jane; 
contains echiumine and echimidine) 

E. sericeum (contains echiumine) 

E. vulgare (viper’s bugloss; contains 
echimidine) 

Heliotropium europaeum (common 
heliotrope, potato weed; contains 
indicine, heliotrine, lasiocarpine, 
europine, supinine, and heleurine) 

H. amplexicaule (blue heliotrope; contains 
lasiocarpine and echinatine) 

H. ovalifolium 

Ligularia amplexicaulis (dola) 

L. mortonii (bong dok pu) 

Lithospermum arvense (Buglossoides 
arvensis-, corn gromwell) 

Senecio abyssinicus 
S. alpinus 

S. aquaticus (marsh ragwort) 

S. brasiliensis 

S. burchellii (geelgifbossie) 

S. cineraria (dusty miller) 

S. cisplatinus 
S. cunninghamii 
S. erraticus 

S. glabellus (bitterweed) 

S. harvieanus 
S. heterotrichus 
S. inaequidens DC 8 
S. integerrimus 

S. isatideus (Dan’s cabbage, inkanga) 

S. jacobaea (tansy ragwort, stinking willy; 
contains seneciphylline, senecionine, 
jacobine, jaconine, jacoline, and 
jacozine) 

S. latifolius (Dan’s cabbage, dunsiektebossie) 
S. brigalowensis (fireweed) 

S. linearifolius (fireweed) 

S. longilobus (woody or groundleaf 
groundsel, thread-leaf groundsel; 
contains retrorsine, riddelline, and 
seneciphylline) 

S. madagascariensis (Madagascan fireweed; 

contains senecionine) 

S. magnificus (tall yellowtop; contains 
seneciphylline) 

S. moorei 
S. oxyphyllus 
S. plattensis 

S. pterophorus (African daisy) 

S. quadridentatus (cotton fireweed) 

S. retrorsus (staggers bush, dunsiektebossie) 
S. riddellii (Riddell’s groundsel) 

S. ruwenzoriensis 
S. sceleratus 
S. selloi 

S. spartioides (broom groundsel) 

S. spathulatus 

S. squalidus (Oxford ragwort) 

S. tweediei 
S. vernalis 

S. vulgaris (common groundsel; contains 
senecionine, seneciphylline, and 
retrorsine) 

Symphytum officinale (comfrey; contains 
echimidine, lycopsamine, and 
symphytine) 


Trichodesma incanum (contains 
trichodesmine) 

T. ehrenbergii (contains senkirkine) 

T. zeylanicum (camel bush; contains 
supinine) 

Not all PAs affect the liver. Some PAs have 
their most significant effect on the lungs. 
Plants containing these include C. dura, C. 
globifera, C. juncea, C. mitchellii, and C. spar¬ 
tioides . 4 Some additional effects on the lungs 
are produced by C. ramosissima/C. crispata. 
In addition to the dominant hepatotoxic 
effect, C. retusa is associated with nephro¬ 
sis in affected pigs and hepatic damage 
in goats. 6 

EPIDEMIOLOGY 

Occurrence 

Diseases associated with PAs occur in most 
animal species in most countries, causing 
syndromes such as “Molteno straining 
disease” of cattle, “walking disease,” “Winton 
disease” of horses and cattle, and “Kimberley 
horse disease” (walkabout disease), “jaag- 
siekte” (panting disease), and “dunsiekte” 
(thin disease), or stomach staggers of horses. 
Poisoning of humans causing hepatic veno- 
occlusive disease also occurs. 1 

Clinical manifestations of poisoning may 
be delayed for up to 18 months after inges¬ 
tion of a toxic dose of PAs; the reason for this 
is unknown. 

Risk Factors 
Animal Risk Factors 

Cows and horses are 30 to 40 times more 
susceptible to PA poisoning than other 
species, followed by goats and sheep, respec¬ 
tively. 1 ' 9 The difference appears to be related 
to the animal’s ability to detoxify the PAs in 
the liver, probably related to the diet con¬ 
sumed before domestication. 1 Small herbi¬ 
vores are more likely to be browsers and to 
develop resistance to the toxins. It is possible 
that detoxification of the PAs may occur in 
the rumen as a result of microbial activity, 
but there are opposing opinions about this. 
Poisoning from several PAs has been 
reported in pigs. 

Environmental Risk Factors 

Plant Factors 

The plants associated with PA poisoning are 
not very palatable and are usually eaten in 
sufficient quantity to be associated with poi¬ 
soning only when other feed is in short 
supply or when they are included acciden¬ 
tally in conserved feed, such as hay, or when 
their seeds contaminate feed grains. The tox¬ 
icity of plants containing PAs is not signifi¬ 
cantly reduced by conversion of the plants to 
hay or straw, but a significant reduction 
occurs when made into silage. 1 Hot air drying 
of the plants considerably reduces their toxic¬ 
ity Flowers are more toxic than herbage. 9 
Mature plants are avoided; the largest intake 
by animals is when the plants are sending out 
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new shoots. With Senecio spp., the foliage is 
the source of poisoning. With Crotalaria, 
Heliotropium, and Amsinckia spp. the seeds 
are a common source, either as contaminants 
of grain crops harvested for animal feed or in 
the cake made from the seeds after the extrac¬ 
tion of oils. This is usually the way in which 
pigs are poisoned. 

Environmental stress, including drought 
and high temperatures and especially spray¬ 
ing with herbicide, appears to increase the 
plants’ content of PAs. 10 The differences in PA 
concentration in different samples of the 
same plant species invalidates the evaluation 
of the toxicity of the plant on the basis of 
intake by the animal. Fertilization with NPK 
products reduces the PA concentrations in 
Senecio plants. 10 

Human Risk Factors 

PAs and their metabolites are excreted in 
cows’ milk and incorporated into products 
such as yogurt and cheese. The human impli¬ 
cation of this is unknown but may be impor¬ 
tant because some of the PAs are genotoxic, 
carcinogenic, and teratogenic. 1,3,11 Experi¬ 
mental feeding of goats’ milk containing PA 
metabolites has produced hepatic lesions in 
rats. Concentrations of these substances in 
the meat of animals eating the plants are cur¬ 
rently not thought to be dangerous to 
humans. 

Transmission 

Although most field cases of poisoning occur 
in animals grazing pasture infested with the 
toxic plants, the disease may result from the 
feeding of contaminated, stored feeds, espe¬ 
cially hay, or the use of the plants in 
bedding. 11 The effects of the intoxication 
are cumulative, and fatal intoxication may 
develop over a period of years. Mass mortali¬ 
ties are possible among intensively housed 
livestock such as pigs, poultry, and feedlot 
cattle. 

PATHOGENESIS 
Hepatic Injury 

PAs themselves are not poisonous, but their 
pyrrolic metabolites produced in the liver by 
cytochrome P450 are serious, cumulative 
hepatotoxins. 1,9 These toxic pyrroles react 
with cellular proteins and cross-link DNA 
and RNA, ultimately causing hepatic cell 
dysfunction or death, mitotic abnormalities, 
megalocytosis, and tissue necrosis. 1,9,12 Most 
of the pyrroles remain in the liver, although 
small amounts may enter the systemic circu¬ 
lation. 1 The relative resistance of sheep to PA 
toxicity may be related to the relatively low 
capacity of the sheep’s liver to produce pyr¬ 
roles. In cattle there is damage to the centri- 
lobular and hepatic veins leading to occlusion 
of the vessels as well as megalocytosis. 

Hepatic Encephalopathy 

One of the consequences of liver insuffi¬ 
ciency is the systemic accumulation of 


metabolites such as ammonia, which is asso¬ 
ciated with cerebral edema. This results in 
the nervous signs of depression, aimless 
walking, and head pressing. The spongy 
degeneration (status spongiosus) produced 
in the central nervous system is characteris¬ 
tic of hyperammonemia. Other metabolites 
may also be significantly involved, but 
ammonia is best studied. 

Toxemic Jaundice 

Liver damage caused by ingestion of PAs, 
commonly H. europaeum , results in the 
accumulation of copper in the liver, but only 
if the copper intake in the diet is above 
normal. This may be associated with clinical 
cases of chronic copper poisoning in sheep, 
leading to the development of one of the 
forms of “toxemic jaundice.” E. plantagineum 
has the double disadvantage of containing 
PAs and a high copper: molybdenum ratio, 
so that copper accumulation occurs readily 
in the plant. Similar accumulations of zinc 
and iron also occur. There is some evidence 
for an impairment of storage of vitamins A 
and E by PAs, but there are no field occur¬ 
rences of resulting wastage. 

Some of the reactive metabolites of hepa- 
totoxic pyrrolizidine escape into the general 
circulation and are associated with damage 
to other tissues, including interstitial pneu¬ 
monia and nephrosis (pigs), which occur in 
some poisonings. 4,5,7 They also react with 
erythrocytes, and the pyrrolic esters formed 
there are bound to hemoglobin so that they 
could be used as markers of past intake of the 
PAs. The usefulness of the technique is 
limited by the short life span of erythrocytes. 
Along with the incidental escape of toxic 
metabolites into the circulation and the sub¬ 
sequent damage to pulmonary tissue, the 
PAs from some plants, e.g., some southern 
African Crotalaria spp., exert their major 
effect on lung tissue and produce pulmonary 
as well as hepatic signs. 4 

SECONDARY PHOTOSENSITIZATION 

Photosensitization occurs secondary to liver 
damage. Phylloerythrin, the degradation 
product of chlorophyll, is a photoreactive 
agent associated with hepatogenous (sec¬ 
ondary) photosensitization. Under normal 
circumstances the liver conjugates phylloer¬ 
ythrin and excretes it in the bile. When the 
liver is impaired phylloerythrin accumulates 
in the liver, blood, and ultimately the skin, 
resulting in a range of signs varying from 
irritation with pruritus to necrosis with 
serum leakage and skin sloughing. 13 

CLINICAL FINDINGS 

Although the hepatic lesions develop slowly 
in most cases, the onset of clinical signs is 
usually sudden. The onset of illness may 
occur many months after the animals have 
been removed from the toxic pasture. 14 The 
prominent signs are hyposensitivity to exter¬ 
nal stimuli, anorexia, ill-thrift, aberrant or 


odd behavior, precipitate drop in milk yield 
and, in cases surviving for more than 2 days, 
there is often jaundice and photosensitive 
dermatitis. 1,9,14 Sheep may have serious liver 
damage, but the effects may be limited to 
loss of body weight and reduction in wool 
yield. Most animals poisoned with PAs 
develop hepatic syndrome; however, some 
cases will have signs of uremia or interstitial 
pneumonia. 

Cattle 

In poisoning caused by Senecio spp. there 
is a sudden onset of depression and poor 
sensitivity to external stimuli. This hyposen¬ 
sitivity is sometimes punctuated by short 
outbursts of excitability and frenzy and often 
by aggressive behavior. During these epi¬ 
sodes there is usually severe diarrhea and 
straining to defecate. This may result in a 
high incidence of rectal prolapse. Other signs 
include abdominal pain, staggering gait, 
dragging of the hooves, walking in circles, 
and partial blindness. Such cases usually die 
within 2 to 3 days of the onset of signs. 

Some cases may linger on for several 
weeks. There are no excitable episodes, the 
animal remains hyposensitive, becomes 
anorexic, loses weight, and is afflicted with 
diarrhea and tenesmus, and usually develops 
jaundice, mucosal pallor, and, rarely, photo¬ 
sensitive dermatitis. 

Horses 

Horses poisoned by S. jacobaea or C. 
crispata/C. ramosissimalC. medicaginea lose 
weight, are mildly jaundiced, and profoundly 
hyposensitive to external stimuli, often 
standing with the head down. 4,5 They may 
stop eating halfway through a mouthful of 
hay or grass. Muscle tremors, especially of 
the head and neck, frequent yawning, and 
difficulty in swallowing occurs. The latter 
may be sufficiently severe to cause aspiration 
of food into the lungs or regurgitation 
through the nasal cavity. Affected horses 
appear to be blind. They walk in circles or 
straight ahead, bumping into objects and 
becoming wedged in places from which they 
cannot back out; they also walk into streams, 
houses, or outbuildings. Death by misadven¬ 
ture is a frequent outcome. Head pressing is 
common and there may be attacks of frenzy 
and violent, uncontrollable galloping. Mul¬ 
tiple skin abrasions of the head and chest are 
indicators of this deranged behavior. The 
disease is usually fatal, the course lasting 
from a week to several months. An unusual 
outcome to pyrrolizidine toxicosis of horses 
is the development of gastric impaction with 
the dried stalks of the plant, causing colic 
with nasal regurgitation and, in some cases, 
a fatal gastric rupture. 

Paralysis of the pharynx and larynx are 
thought to be associated with an unusual 
occurrence of inspiratory dyspnea in ponies 
with severe pyrrolizidine toxicosis. A 
further effect in horses may be intravascular 
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hemolysis, manifested as hemoglobinuria. 
Pseudoneoplastic proliferation of bronchio- 
lar epithelium is the basis of jaagsiekte of 
horses, manifesting as progressive severe 
dyspnea associated with pneumotoxic pyr- 
rolizidine alkaloids such as dicrotaline, 
monocrotaline, fulvine, and crispatine in 
some Crotalaria spp., including C. dura , C. 
globifera, C. juncea, and C. spartioides in 
southern Africa, and C. ramosissima, C. cris- 
pata, C. medicaginea, and C. mitchellii in 
Australia. 4 ' 5 

The progress of the disease in horses may 
be in one of two patterns. In the chronic 
disease there is a gradual worsening of signs 
until death at 6 to 22 weeks. In the chronic- 
delayed form the lesions progress, as mea¬ 
sured by biopsy, but there are no clinical 
signs until a sudden onset of illness at 38 to 
58 weeks. Similarly, the signs of the disease 
may not occur until several months after the 
last ingestion of the toxic material, with 
death occurring soon afterward. 

Pigs 

Pigs poisoned with Crotalaria spp. show ana¬ 
sarca, pale mucosae and conjunctiva, ruffled 
bristles, emaciation, and apathy. The disease 
is chronic and progressive, and the mortality 
rate is high. Pigs poisoned with the seeds 
from C. spectabilis had lesions consistent 
with hepatic damage as well as submandibu¬ 
lar edema, hemopericardium, and petechial 
hemorrhages.' 

CLINICAL PATHOLOGY 

Diagnosis is based on presence of a toxic PA 
in the feed or animal. Methods for identify¬ 
ing and quantitating the presence in feed 
products using gas or liquid chromatography 
and mass spectrometry have been described 
for many of the toxins. 15 ' 16 It is far more dif¬ 
ficult to determine the presence of PAs in the 
blood, primarily because they are quickly 
excreted and because poisoning precedes the 
onset of signs by many months. 9 Liver func¬ 
tion tests such as serum levels of bilirubin 
and bile acids and bromsulfhalein (BSP) 
clearance are useful in determining the 
degree of liver damage. Contributory evi¬ 
dence is the presence of hyperammonemia, 
hyperbilirubinemia, and hypoalbuminemia. 
Levels of serum enzymes are transiently 
elevated. For the prediction of early hepatic 
damage in cattle grazing on Senecio spp., 
measurements of serum y-glutamyl trans¬ 
peptidase and glutamyl dehydrogenase are 
recommended. In horses, GGT and ALP 
estimations are favored, especially the 
former, which is recommended as a screen¬ 
ing test to identify subclinical cases in horse 
herds. The changes in serum liver enzymes 
precede the changes detectable histologically 
in liver biopsy specimens. For assessment of 
the degree of damage to the liver in chronic 
cases, a combination of BSP clearance test 
and liver biopsy is regarded as most useful in 
cattle and horses. 


NECROPSY FINDINGS 

Hepatic megalocytosis; fibrosis, which may 
be veno-occlusive; and biliary hyperplasia 
are the common histopathological findings. 
In cases of sufficient duration there is jaun¬ 
dice, general edema, and ascites. Secondary 
histopathological changes occur in intestinal 
mucosal cells and may be responsible for 
impaired absorption of nutrients. In some 
poisonings associated with PA-bearing 
plants, necropsy findings will be dominated 
by lesions of nephrosis, particularly in pigs, 7 
or interstitial pneumonia, particularly in 
horses. 4,5 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation depends on positive 
identification of pyrrolic metabolites in blood 
or liver. Presumptive diagnosis is provided by 
hepatic histopathology detecting 
megalocytosis, which needs to be 
differentiated from that seen in aflatoxicosis. 
Cases in which exposure to toxic plants 
occurred some time ago can only be 
diagnosed presumptively. 

Differential diagnosis lists 

Cattle hepatopathies caused by the 
following: 

• Phytotoxins, e.g., in Lantana spp. 

( Myoporum) 

• Mycotoxins as in Aspergillus spp. 

( Phomopsis, Diaporthe toxica, and 
Myrothecium spp.) 

• Tunicaminyluracil poisoning as in 
Clavibacter toxicus 

• Cyanobacteria (blue-green algae) 
toxicosis 

• Zootoxins as in Lophyrotoma, Arge spp. 
Encephalopathies such as the following: 

• Rabies 

• Lead toxicosis 

• Polioencephalomalacia 

• Other causes of jaundice also need to be 
taken into account; special attention needs 
to be given to chronic copper poisoning in 
sheep because sheep poisoned by PAs are 
much more inclined to develop high levels 
of copper in the liver than are other sheep 

Horses: 

• Equine viral encephalomyelitis 

• Nigropallidal encephalomalacia 

• Leukoencephalomalacia 


TREATMENT 

Primary treatment of the hepatic lesion is 
unlikely to be attempted. Supportive treat¬ 
ment requires provision of a high nutrient 
diet during the convalescent period plus 
symptomatic treatment for photosensitiza¬ 
tion and dehydration. Horses that have 
recovered clinically may never regain their 
former physical fitness, and any exertion will 
lead to rapid exhaustion. 


CONTROL 

Populations of these plants undergo cyclic 
changes, and the diseases associated with 
them tend to wax and wane. Artificial reduc¬ 
tion of plant numbers using herbicides is 
attempted. Because of the comparative resis¬ 
tance of sheep to PA poisoning, they may 
also be used to keep infested pasture under 
control by having them graze it only intermit¬ 
tently, for example, for a 1 -month period once 
a year, or for only one season during their 
lifetime. 1 Biological control, using insects 
such as the cinnabar moth ( Tyria jacobea), 
which feeds only on plants that contain PAs, 
may be an effective control procedure for 
their specific host plants. 1 A concerted effort 
at biological control of H. europaeum and E. 
plantagineum is currently underway in Aus¬ 
tralia using several insect herbivores and 
fungal pathogens in combination. Attempts 
to control H. europaeum poisoning by admin¬ 
istration of cobalt or an antimethanogen have 
been unsuccessful. Attempts at immuniza¬ 
tion against PAs, manipulation of ruminal 
flora, manipulation of hepatic metabolism, 
protection by thiol compounds, and selection 
for heritable resistance, have all failed to date. 
The use of sesame oil and peanut oil against 
monocrotaline, a PA present in several 
species of Crotalaria, have been studied in a 
rat model and may be effective in cattle and 
other animals. 12 

FURTHER READING 

Cheeke PR. Toxicity and metabolism of pyrrolizidine 
alkaloids. J Anim Sci. 1988;66:2342-2350. 
Pyrrolizidine Alkaloids: Structure and Toxicity. Bonn, 
Germany: Bonn University Press; 2008:19-28. 
Wiedenfeld H, Edgar J. Toxicity of pyrrolizidine 

alkaloids to humans and ruminants. Phytochem Rev. 
2011;10:137-151. 
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Plants Causing Hepatic 
Injury (Unidentified Toxin) 

Ingestion of some plants with unidentified 
or unknown toxin(s) may result in hepatic 
injury. Several different syndromes have 
been identified and are listed next. 

HEPATIC INJURY-DUMMY 
SYNDROME (CIRCLING, HEAD 
PRESSING, COMPULSIVE WALKING, 
AND BLINDNESS) 

In many cases, an expression of hepatic 
encephalopathy with hepatic necrosis and 
status spongiosus in the brain, e.g., Helichry- 
sum argyrosphaerum, which is associated 
with blindness, paresis, and spongy degen¬ 
eration of the brain in sheep and cattle, and 
H. blandowskianum (woolly daisy) has caused 
death and similar brain lesions in cattle. Oxy- 
tenia acerosa (copperweed), Phyllanthus spp. 
(spurge), and Riedelliellagraciliflora are asso¬ 
ciated with hepatic injury. Trema tomentosa 
(syn. T. aspera) is associated with acute hepa¬ 
tic necrosis in cattle and horses. In Matricaria 
nigellifolia poisoning, affected cattle become 
clumsy and docile and head push against 
fixed objects, hence, the common name 
“pushing disease.” Sheep are not affected. 

HEPATIC INJURY: JAUNDICE AND/ 
OR PHOTOSENSITIZATION 

Acanthospermum hispidum (star burr) 
Athanasia trifurcata 
Callicarpa longifolia 
Capparis tomentosa 
Chrozophora plicata (terba) 

Enterolobium spp. 

Fallopia convolvulus (black bindweed) 

Ficus tsiela (fig tree) 

Galeopsis spp. (hedge nettle) 

Hertia pallens (springbokbush) 
Heterophyllaea pustulata (cegadera) 

Kochia scoparia (summer cypress) 

Lythrum hyssopifolia 
Nidorella foetida 
Nolina texana (sacahuiste) 

Persicaria lapathifolia (syn. Polygonum 
lapathifolium ; pale willow weed) 
Pongamia glabra (Indian beech) 

Psathyrotes annua 

Pteronia pallens (Scholtz bush) 

Sartwellia flaveriae (sartwell) 

Sessea brasiliensis 
Stryphnodendron coriaceum 
Tetradymia canescens (spineless horsebrush) 
Trifolium hybridum (alsike clover) 

The Polygonum spp. (= Persicaria spp.) listed 
next also are associated with photosensitive 
dermatitis but are credited with causing a 
primary hepatic injury. Many of the findings 
about these plants are equivocal: 

P. convolvulus 
P. orientale (smartweeds) 

P. sagittatum 
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Poisoning by Mycotoxins 

POISONING BY AFLATOXINS 
(AFLATOXICOSIS) 


SYNOPSIS 


Etiology Aflatoxins are mycotoxins that 
contaminate food and foodstuffs. 

Epidemiology All species are affected; toxin 
is excreted in milk and eggs. 

Clinical pathology Acute elevations in serum 
hepatic enzymes (specially y-glutamyl 
transpeptidase, aspartate amino 
transferase, and sorbitol dehydrogenase); 
increases in prothrombin time and serum 
bilirubin; changes in hematological 
parameters 

Lesions Primarily hepatic: jaundice, 
hepatocyte necrosis, megalocytosis, and 
fibrosis 

Diagnostic confirmation Positive assay of 
aflatoxin in tissue and fluids 

Treatment Symptomatic only 

Control Preventive assay of large quantities of 
feedstock. Detoxification of contaminated 
feed currently being attempted by various 
means 


ETIOLOGY 

Aflatoxins (AFs) are metabolites produced 
by fungi growing on spoiled feeds. Elevated 
relative humidity (95%-97%) levels and 
warm temperatures (25°C-37°C) are associ¬ 
ated with fungal growth. 1 ' 2 Eighteen AFs 
have been isolated with AFIh, AFB 2 , AFGi, 
AFG 2 , and the second-generation metabo¬ 
lites Mi and M 2 are the most widely studied. 3 ' 4 
AFBi is generally recognized as one of the 
most potent hepatic carcinogens in the 
world. 5 It is related chemically and structur¬ 
ally to dicoumarin compounds. 3 The most 
important toxicosis, aflatoxicosis, is associ¬ 
ated with the ingestion of Aspergillus spp. 
and AFs, but other important toxins pro¬ 
duced by the fungi are ochratoxin, patulin, 
and sterigmatocystin. Aspergillus flavus, A. 
nomius, and A. parasiticus are the most com¬ 
monly recognized species that produce AFs. 6 
Other less common AF-producing species 
include A. niger, A. ruber, A. wentii, Penicil- 
lium citrinum, and P. frequentansd 

Levels of AFs attained in feed may be as 
high as 3500 ng/kg for all AFs, 2000 ng/kg 
for AFB!, and 1000 ng/kg for AFB 2 . In sheep, 
the oral LD 50 is 5 mg/kg; 2 a dose rate of 4 mg/ 
kg is associated with death at 15 to 18 hours 
caused by acute hepatic insufficiency; at dose 
rates of 2 mg/kg there is increased respira¬ 
tory rate, a rise in temperature of 1.5°C 
(34°F), and diarrhea with blood and mucus; 
at a dose rate of 0.2 mg/kg there is anorexia 
and diarrhea. Similar dose relationships have 
been established for calves and for pigs. A 
great deal of AF ingested in the feed by cattle 
is physically bound to ruminal contents, and 


as little as 2% to 5% reaches the intestine. 4 
Levels of AFBi in excess of 100 |tg/kg of feed 
are considered to be poisonous for cattle. The 
estimated LD 50 for AFBi in calves is esti¬ 
mated to be 0.5 to 1.5 mg/kg. Information 
regarding toxic ingestions in horses is sparse, 
but ingestions of 500 to 1000 mcg/kg have 
resulted in liver damage, with signs related to 
the duration of exposure. The oral LD 50 of 
AFB! is species dependent but for most 
species is in the range of 0.03 to 18 mg/kg. 2 

EPIDEMIOLOGY 

Occurrence 

Aflatoxicosis has been reported in most 
countries and on many spoiled feeds, espe¬ 
cially harvested peanuts, peanuts in shells, 
cottonseed meal, sorghum grain, corn, 
moldy bread, green chop sorghum, or rarely 
on a standing crop, e.g., ears of sweet corn. 13 
The mycotoxin is not destroyed by milling of 
the grain. 

Animal Risk Factors 

All animal species are susceptible, but out¬ 
breaks occur mostly in pigs, sheep, and 
cattle; beef and dairy cattle are more suscep¬ 
tible than sheep or horses. Young animals of 
any species are more susceptible than adults, 
and nursing animals may be at increased risk 
because AFs are excreted in the milk. 2,4 

Therapeutic administration of A. oryzae 
to newborn foals as a digestive inoculant to 
promote fast development of digestion is sus¬ 
pected of producing mycotoxins and being 
associated with acute hepatic insufficiency, 
including encephalopathy. 

Human Risk Factors 

AF is an important consideration in the eti¬ 
ology of human hepatocellular carcinoma. 
Because the toxin is excreted in cows’ milk it 
has public health importance. The concen¬ 
tration of AF in cows’ milk may be as high 
as 0.33 |ig/L and may continue to be as high 
for 3 to 4 days after ingestion of the feed. 4,7,8 
In dairy goats treated with a single dose of 
AF, a maximum concentration of AFM[ was 
reached at 3 to 6 hours and was no longer 
detectable at 72 to 84 hours. 9,10 AFs can also 
be present in the meat from animals eating 
contaminated feed, but the risks to humans 
eating the meat are thought to be small. 2 

PATHOGENESIS 

AFs are rapidly absorbed from the gastro¬ 
intestinal tract, entering the portal blood 
system in a short period of time and concen¬ 
trating in the liver. In the liver AFs undergo 
biotransformation, producing a range of 
metabolites. 2,5 Cytochrome P450 is actively 
involved with the transformation of AFBj 
to the toxic metabolite AFB r 8-9-epoxide, 
which forms adducts with DNA, RNA, and 
proteins. 2 AFB r 8-9-epoxide is detoxified by 
conjugation with glutathione. 2,5 About 1% 
to 2% of ingested AFBj is metabolized to 
AFMj and secreted into the milk. 11 Excretion 
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occurs primarily through the urine, bile, and 
feces, but also to some extent in the milk, 
eggs, and semen. 2 ' 12 

The toxic effects of AFs are most pro¬ 
nounced in the liver where the metabolism 
of carbohydrates, lipids, and proteins is 
impaired. The effects of AFB r 8-9-epoxide 
include inhibition of RNA and protein syn¬ 
thesis and resistance of DNA to repair. 2 ' 5 
Hepatosis and hepatic insufficiency are the 
principal effects, but mutagenic and terato¬ 
genic effects are recorded in laboratory 
animals and suspected in humans on epide¬ 
miologic grounds. 

CLINICAL FINDINGS 
Cattle 

Clinical signs include blindness, walking in 
circles, ear twitching, teeth grinding, frothing 
at the mouth, photosensitive dermatitis and 
keratoconjunctivitis, diarrhea, severe tenes¬ 
mus, abortion, and anal prolapse. 2,12 Recum¬ 
bency is followed by terminal convulsions. 
The appetite is normal. Affected animals 
usually die within 48 hours, and calves in the 
3- to 6-month group are the most susceptible. 
Aflatoxicosis is also reputed to interfere with 
clotting of the blood in cattle, leading to the 
development of hematomas. Amounts of 
toxin insufficient to cause overt disease in 
cows may be sufficient to reduce food intake, 
weight gains, and milk production, and to be 
associated with diarrhea. 

Pigs 

In pigs, the period between when the toxin 
is ingested and when signs appear is thought 
to be quite long, at least 6 weeks, and varies 
with the toxicity of the batch of feed. The 
mortality rate is often 20%, but may be as 
high as 90% (including euthanasia). Feeder 
pigs are more susceptible than adults. The 
clinical syndrome includes a rough coat, 
depression, anorexia, weight loss, muscle 
tremors, staggering gait, walking in a daze, 
and recumbency. Some pigs have intermit¬ 
tent or hemorrhagic diarrhea and some have 
seizures just before death. The course of the 
disease may be as short as 6 to 12 hours. 
Abortion is a commonly reported sequela, 
but there is doubt about the relationship. At 
necropsy there is icterus, ascites, swelling of 
the liver, and mesenteric edema. 

Horses 

Reports of aflatoxicosis are less common 
probably because horses are less likely to be 
fed damaged feed. Clinical signs are nonspe¬ 
cific but include depression, anorexia, fever, 
tremors, ataxia, icterus, and hemorrhage. 2,13 
A link between inhaled A. fumigatus and 
the development of chronic obstructive 
pulmonary disease has been proposed. 5,14 
Necropsy lesions include encephalomalacia, 
hepatocyte necrosis and hepatic fibrosis, 
bile duct hyperplasia, hemorrhagic enteritis, 
and myocardial degeneration. The experi¬ 
mental disease is characterized by depression, 


inappetence, tremor, and prostration, with 
death following in 2 to 6 weeks. 

CLINICAL PATHOLOGY 

Acute elevations in serum hepatic enzymes 
with y-glutamyl transpeptidase, AST, and 
SDH are most often reported. Elevations in 
prothrombin time and serum bilirubin are 
common as are changes in hematological 
parameters. 

Analysis and quantitation of AFs in feed 
materials, urine, blood, and tissues are stan¬ 
dard practice. Laboratory assay methods 
include chromatography/mass spectrometry 
and immunoassays. 15,16 

NECROPSY FINDINGS 

Necropsy findings in all species are those of 
hepatosis, including megalocytosis, multiple 
foci of necrosis and fibrosis, portal round cell 
infiltration, and bile duct hyperplasia. Jaun¬ 
dice and serous exudates in body cavities may 
occur in some animals. In pigs a pronounced 
lower enterocolitis with diarrhea and dysen¬ 
tery is common, but not constant. Other 
reported lesions include equine cardiac fiber 
degeneration, focal cerebral malacia, and the 
presence of protein in the glomerulus and 
renal proximal tubules; pneumonia in calves; 
and photosensitization. 

Diagnosis confirmation depends on the 
detection of AF in the feed and blood serum, 
and the characteristic gross and histopatho- 
logical findings in the liver. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

• Alsike clover toxicosis 

• Cyanobacteria (blue-green algae) toxicosis 

• Fascioliasis 

• Lantadene toxicosis 

• Phomopsin toxicosis 

• Primary hepatic disease (neoplasia, bile duct 
obstruction) 

• Pyrrolizidine alkaloid toxicosis 

• Sporidesmin toxicosis 

• Steroidal saponin toxicosis 

• Theiler's disease 


TREATMENT 

Symptomatic treatment of hepatic insuffi¬ 
ciency is all that can be attempted. 

CONTROL 

Because of the advent of reliable and accurate 
methods of assaying AF in feeds there has 
been a notable tendency for feed to be less 
contaminated. Supplementation of the diet 
with zinc, selenium, and vitamin E is not 
effective in preventing aflatoxicosis, and 
those procedures that have shown promise in 
experimental trials have not been translated 
into practicable, cost-effective techniques. 

Binding of AF in the gastrointestinal 
tract has been useful. Studies have included 
smectites such as hydrated sodium calcium 


aluminosilicate (several formulations of the 
compound are already used as anticaking 
agents in the animal feed industry) and 
sodium bentonite in the form of clay. Agro¬ 
nomic methods to reduce AF contamination 
of peanuts have recently been successful. 
Ammoniation of feed has been useful in 
reducing contamination. Modified yeast cell 
wall extracts ( Saccharomyces cerevisiae) have 
been successful in some species. 1,,ls 

FURTHER READING 

Radostits O, et al. Aflatoxins (aflatoxicosis). In: 

Veterinary Medicine: A Textbook of the Disease of 
Cattle, Horses, Sheep, Pigs, and Goats. 10th ed. 
London: W.B. Saunders; 2007:1899. 

Smith TK, Girish CK. The effects of feed borne 
mycotoxins on equine performance and 
metabolism. In: Oswald IP, Taranu I, eds. 

Mycotoxins in Farm Animals. Ontario: Research 
Signpost; 2008:47-70. 
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Phomopsins Toxicosis 
(Lupinosis) 


SYNOPSIS 


Etiology Family of mycotoxins produced by 
fungus Diaporthe toxica growing on 
Lupinus (lupin) plant stubble or to a lesser 
extent seeds 

Epidemiology Worldwide with cases in 
Europe, Australia, New Zealand, South 
Africa, and other countries. Primarily cattle 
and sheep grazing lupin stubble or fed 
seeds in ration; horses and pigs are 
affected less often 














Clinical pathology Serum levels of liver and 
muscle-associated enzymes elevated 

Lesions Jaundice, swollen liver, diffuse 
hepatic fibrosis, biliary hyperplasia, and 
myopathy 

Diagnosis confirmation Positive assay for 
phomopsin 

Treatment None in particular; change feed 
source 

Control Do not feed infected lupin stubble; 
plant phomopsin-resistant lupins; a vaccine 
is under development. 


ETIOLOGY 

Phomopsins are a family of mycotoxins pro¬ 
duced by the saprophytic fungus Diaporthe 
toxica (anamorph Phomopsis spp.). 1 The 
fungus infects lupin crops and seeds and 
causes lupinosis in cattle and sheep ingesting 
contaminated feed. 1 ' 2 Phomopsins A, B, C, D, 
and E, all cyclic hexapeptide mycotoxins, are 
the specific cause. Phomopsin A is the main 
toxic metabolite and is two to five times as 
toxic as Phomopsin B. 1 D. woodii (anamorph 
Phomopsis leptostromiformis ) was originally, 
and erroneously, considered to be the source 
of these toxins. P. emecis, a saprophyte of 
Emex australis, produces phomopsins in 
vitro, but is not associated with natural 
disease incidents. 

EPIDEMIOLOGY 

Occurrence 

The disease is common in Europe, Australia, 
New Zealand, and South Africa. It is rarely 
reported in the United States. Sheep, goats, 
and cattle are most commonly affected, 
probably because of their greater exposure. 
Poisoning of pigs and horses rarely occurs. 

Risk Factors 
Animal Risk Factors 

Naturally occurring cases are seen far more 
often in sheep, followed by goats, and then 
cattle. 1 Although lupinosis rarely occurs in 
horses, they may be the most susceptible 
because sudden death is the normal finding. 
Most occurrences are in animals grazing 
lupin stubble in which there is dry foliage, 
seed pods, and/or seeds. Poisoning occurs 
rarely in sheep ingesting only seeds; it has 
also occurred in pigs fed ground lupin seeds. 

Environmental Risk Factors 

Factors increasing the chances of poisoning 
associated with fungal infection of the senes¬ 
cent plants include summer rain, which is 
conducive but not essential to fungal growth; 
the time lapse since rain, during which toxic 
lupins remain poisonous for several months; 
and the provision of alternative feed or the 
presence of other plants, including weeds, in 
a crop, both of which may reduce lupin 
intake and hence its toxicity. Some varieties 
of lupins are much more susceptible to 
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fungal infections than others. The mature 
stalks are the most poisonous so that a heavy 
stocking rate, which encourages the inges¬ 
tion of all parts of the plants, increases its 
prevalence. Stubble from which lupin seeds 
have been harvested is the most common 
cause of lupinosis. 

PATHOGENESIS 

The liver is the primary target organ for 
phomopsins in all species, with the kidney a 
secondary target. 13 Ruminants develop hep- 
atotoxicosis, whereas horses and pigs are 
more susceptible to renal insult and nephro- 
toxicosis. 1 Phomopsins exert their toxicity by 
binding to tubulin isotypes and altering 
microtubular functions. 1,2 

Phomopsins injected intraruminally have 
variable effects depending on dose and dura¬ 
tion of administration. Subcutaneous dosing 
results in anorexia, weight loss, lethargy, 
jaundice, elevation of serum levels of liver 
enzymes, recumbency, and death in 90% of 
sheep. Clinical biochemistry findings suggest 
that the hepatosis is accompanied by injury 
to muscle, kidney, and adrenal cortex. 

Affected sheep have a higher hepatic con¬ 
centration of copper and selenium and a 
lower concentration of zinc, which is caused 
by necrosis of liver cells. The affinity for 
copper may lead to the development of a 
complicating chronic copper poisoning in 
affected sheep. 

CLINICAL FINDINGS 

In sheep, signs include anorexia, constipa¬ 
tion, hepatoencephalopathy, stumbling gait, 
recumbency, and a variable degree of jaun¬ 
dice and photosensitization. A substantial 
skeletal muscle myopathy has also been 
observed in sheep poisoned by phomopsins 
or infected lupin stubble. Affected animals 
have a stiff gait, walk reluctantly, and stand 
with their back humped and their feet under 
the body, and have difficulty getting to their 
feet. Experimental phomopsin poisoning at 
mating time is associated with reduced 
reproductive efficiency in ewes. 

In cattle, three syndromes may be 
encountered. Most common is ketosis, pre¬ 
cipitated by inappetence, and found in preg¬ 
nant or freshly calved cows. Less common is 
hepatic cirrhosis, found in cattle several 
weeks after they are removed from lupin 
stubble. The course of the disease is 1 to 3 
days, and signs include anorexia, depression, 
staggering gait, jaundice, and bleeding from 
orifices. Photosensitization occurs in cases 
that survive for more than a few days. Death 
may occur within a few days of first illness 
or be delayed for months, with affected 
animals standing immobile for long periods 
or wandering aimlessly, often dying from 
misadventure. More chronic cases exhibit ill- 
thrift and photosensitization. Recovery may 
occur if animals in the early stages of the 
disease are taken off the dangerous pasture, 
but severely affected animals usually die. 


Animals that regain their appetite will com¬ 
pletely recover. 

Phomopsin ingestion in pigs results in a 
profound anorexia, vomiting, lethargy, jaun¬ 
dice, and stunted growth. Larger doses cause 
more gait abnormalities, including incoordi¬ 
nation, dog sitting, and hind end paralysis. 1 

Lupinosis in horses is often associated 
with sudden, acute death. Affected horses are 
depressed, weak, uncoordinated, jaundiced, 
and pass dark reddish-brown urine. 1,3 The 
duration of clinical signs is generally only 
2 days. 

CLINICAL PATHOLOGY 

In the early stages of lupinosis, serum liver 
enzyme tests are the best aids to diagnosis. 
The yglutamyl transpeptidase test is pre¬ 
ferred in the early subacute stages and aspar¬ 
tate transaminase when the disease is more 
severe. In the late stages of the disease liver 
function tests are preferred. 

NECROPSY LESIONS 

There is jaundice and either a swollen, 
mottled bright yellow or pale orange, firm, 
friable liver in acute cases, or a small and 
fibrotic one in chronic cases, plus extensive 
hemorrhages under the skin and serous 
membranes. Spongy transformation of the 
brain has been recorded in naturally occur¬ 
ring cases and has also been produced exper¬ 
imentally. Histologically, mitotic figures are 
found in many hepatocytes as well as necro¬ 
sis of individual hepatocytes, biliary hyper¬ 
plasia, and diffuse hepatic fibrosis. 


DIFFERENTIAL DIAGNOSIS 


Diagnosis confirmation depends on liver 
histopathology and detection of phomopsins 
in rumen contents and feed by immunoassay 
or chromatography/mass spectrometry. 4 
Differential diagnosis list: 

The differential diagnosis list contains many 
cases of illness in pregnant and recently 
calved cows in lupin country that are 
diagnosed as lupinosis but are actually cases 
of pregnancy toxemia or fat cow syndrome. 
Other fungal or plant hepatopathies will need 
to be differentiated. 


TREATMENT 

There is no treatment other than removing 
the animal(s) from contaminated fields and 
providing supportive care. 

CONTROL 

Lupin crops should be grazed after seed 
harvest in early summer and not in late 
autumn. Sheep stocking rates should be less 
than 30 per hectare. It is an advantage to 
train sheep to eat lupin seed before they are 
exposed to crops, thus reducing the intake 
of stubble because the sheep will forage for 
seed on the ground. The intake of lupin can 
be decreased during summer grazing by 
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establishing crop mixtures with wheat, oats, 
or barley. 

Prevention is assisted by restricting 
grazing on mature, standing, dry plants 
during warm, humid weather that favors 
fungal growth, avoiding copper supplemen¬ 
tation near danger periods, and encouraging 
the administration of cobalt. Hay made from 
lupins appears to be free of toxicity, and this 
may be a useful technique in the prevention 
of the disease. Fungistatic agents, such as 
benomyl, are also sprayed onto lupins to 
reduce fungal growth, but no specific recom¬ 
mendations have been made. Additional 
protection may be gained by the oral admin¬ 
istration of zinc, which has been shown to 
reduce the severity of liver damage associ¬ 
ated with lupins/fungal poisoning, but com¬ 
mercial application of this knowledge is not 
yet possible, partly because of the toxicity of 
the administered zinc. It is advisable to be 
wary at all times when grazing mature lupin 
crops. If they are used, the crops should be 
inspected regularly for evidence of fungal 
infection. If this does occur, livestock should 
be permitted to have access for short periods 
only, and alternate and supplementary feed 
should be available. 

A satisfactory measure of prevention 
has been achieved by the development of a 
phomopsin-resistant strain of Lupinus angus- 
tifolius, which is capable of reducing the 
mortality rate from 57% to 8%. A phomopsin- 
conjugate vaccine has been successfully 
tested under field conditions but is not yet 
commercially available. 

FURTHER READING 

Radostits O, et al. Poisoning by phomopsins. In: 

Veterinary Medicine: A Textbook of the Disease of 

Cattle, Horses, Sheep, Pigs, and Goats. 10th ed. 

London: W.B. Saunders; 2007:1906. 
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Pithomycotoxicosis 
(Sporidesmin Toxicity and 
Facial Eczema) 


SYNOPSIS 


Etiology Toxic metabolites of fungus 
Pithomyces chartarum growing on litter 
from pasture plants, particularly ryegrass 

Epidemiology Outbreaks only at pasture are 
most common in sheep in warm moist 
climates when pasture is short and grazing 
animals consume the dead plant litter. 

Clinical findings Pithomycotoxicosis findings 
include acute hepatic injury characterized 
by dullness, anorexia, jaundice, and 


photosensitization. High case-fatality rate, 
long chronic course in survivors 

Clinical pathology Elevated serum activities 
of liver enzymes in early stages 

Necropsy findings Liver swollen, discolored 
early, and later tough, and contracted; 
obliterative cholangitis 

Diagnosis confirmation High spore count 
on pasture; elevated concentrations of 
sporidesmin in serum 

Treatment Change to rough, mature pasture. 

Control Monitor pasture spore counts, 
destroy fungus on pasture with fungicide, 
and restrict access to dangerous pasture; 
daily oral dosing with zinc preparation 


ETIOLOGY 

Sporidesmins are metabolites of the fungus 
Pithomyces chartarum (Sporidesmium bakeri) 
infesting dead plant material in standing 
pasture. The sporidesmins A-H are pyrro¬ 
lidines and are associated with pithomyco¬ 
toxicosis (facial eczema), a major disease of 
sheep and cattle in selected regions of the 
world. The term facial eczema is misleading, 
and the continued use of this name is dis¬ 
couraged because the major pathogenic 
effect is liver dysfunction, and the main 
toxin is sporidesmin A. The term facial 
describes only a small part of the clinical 
picture, and eczema is a poorly defined term 
describing one clinical manifestation, in 
which photodermatitis provides a more 
encompassing term. In 1973, the name 
pithomycotoxicosis was proposed; this word 
combines the pi tho of Pithomyces chartarum, 
the causative fungus, with mycotoxicosis, 
which is a widely used term describing dis¬ 
eases caused by fungal toxins. The occur¬ 
rence of nontoxigenic strains of P. chartarum 
probably accounts for the wide variation in 
disease occurrence between countries. 

EPIDEMIOLOGY 

Occurrence 

Pithomycotoxicosis was first reported in 
sheep in 1887 and has been recorded most 
often in northern New Zealand where it is of 
major economic importance. 1 The disease 
occurs to a limited extent in coastal regions 
of Europe, Turkey, Australia, South Africa, 
and in irrigated perennial ryegrass fields in 
the United States (Oregon). 2 The incidence 
varies widely depending on climatic condi¬ 
tions; in some years the disease does not 
occur, in others the morbidity rate in affected 
flocks of sheep may be 70% to 80%, and 5% 
to 50% of these may die. Of the survivors, 
many are unthrifty and make less than 
normal weight gains. In cattle, the morbidity 
rate is much lower and rarely exceeds 50%. 
In spite of the obvious weight loss associated 
with the nonfatal form of the disease, there 
is no appreciable effect on the palatability of 
the carcass meat. 


Risk Factors 
Animal Factors 

Sheep, cattle, goats, New World camelids, 
and kangaroos are affected. Experimental 
production of the disease in Saanen goats 
requires two to four times the sheep dose, 
and feral goats need four to eight times the 
sheep dose. 

Plant Factors 

The environmental factors, which encourage 
the growth of the fungus and the production 
of sporidesmin, include the type of plants in 
the pasture and the climatic conditions. 
Pithomycotoxicosis is commonly associated 
with ryegrass pastures, but the causative 
fungus is capable of growing on all kinds of 
dead leaf material, including cereal hay, and 
causing facial eczema. In South Africa the 
ingestion of P. chartarum is thought to 
enhance the toxicity of Tribulus terrestris. 

Pithomycotoxicosis occurs extensively 
only when pasture is short and contains 
abundant dead, recently killed plant mate¬ 
rial, and during warm (grass minimum tem¬ 
perature >12°C), humid weather, which 
favors growth of the fungus. This is most 
likely to be a problem in autumn when the 
summer has been hot and dry, the pasture 
well eaten back, and good rains fall when the 
ground is still warm. In such circumstances 
the grass and the fungus grow rapidly. It is 
predicted that the disease will increase in 
range in New Zealand with global warming 
(Fig. 9-3). 

PATHOGENESIS 

Sporidesmin is associated with severe 
damage to biliary epithelium, leading to 
acute biliary obstruction and a resulting 
severe hepatic insufficiency manifested by 
loss of condition, obstructive jaundice, and 
secondary (hepatogenous) photosensitiza¬ 
tion. Sporidesmin administered by mouth is 
excreted unchanged in high concentrations 
in urine and bile, especially the latter where 
it reaches 100 times the concentration in 
serum. Sporidesmin undergoes autoxidation 
in bile resulting in free radical formation in 
biliary epithelium and associated biliary epi¬ 
thelial injury. The resulting inflammation of 
the bile ducts and progressive obliterative 
cholangiolitis slows down the rate of bile flow 
to negligible levels over a period of about 14 
days. The photodynamic agent is phytopor¬ 
phyrin (formerly called phylloerythrin), the 
first porphyrin metabolite of chlorophyll, 
which is produced by anaerobic microbial 
fermentation in the ruminant forestomach 
and retained in tissues because of failure of 
its excretion through the damaged liver and 
bile ducts. 3 In nonpigmented areas of the skin 
and hide, phytoporphyrin absorbs ultraviolet 
radiation and becomes reactive, with local 
cell death and inflammation manifested as 
photosensitization. The frequent observation 
that only part of the liver is involved is prob¬ 
ably explained by the deposition of toxin in 












653 


Pithomycotoxicosis (Sporidesmin Toxicity and Facial Eczema) 



Fig. 9-3 Current distribution of pithomycotoxicosis (facial eczema) in New Zealand (left) and 
predicted distribution with 3°C climate warming (right). (Reproduced with permission from Di 
Menna ME. New Zeal J Agr Res 2009;52:345-376.) 


particular parts of the liver, caused by portal 
streaming, on its first passage through hepatic 
sinusoids. The toxin that reaches the general 
circulation is probably destroyed. 

CLINICAL FINDINGS 

In cattle and sheep the disease starts suddenly 
with the appearance of lethargy, dullness, 
anorexia, jaundice, and photosensitive der¬ 
matitis (Fig. 9-4). The skin lesion and jaun¬ 
dice are both variable in occurrence, and 
sheep may die without either having been 
observed. Many animals die during this acute 
stage, but some survive and pass into a state 
of chronic ill-health manifested by poor 
bodily condition and a susceptibility to 
minor environmental stresses. Many others 
show no clinical signs but have significant 
changes in serum enzyme systems indicative 
of an acute hepatic injury and measurable 
reductions in reproductive efficiency and 
lamb weights. Occasional animals develop 
the syndrome of hepatic encephalopathy 
manifested by dullness and depression pro¬ 
gressing to tremor and lateral recumbency. 
Spongy vacuolation of brain tissue is observ¬ 
able histologically in these cases. A moderate 
fall in the plane of nutrition, parasitic infesta¬ 
tion, and pregnancy may be associated with 
further mortalities, and photosensitive der¬ 
matitis may recur if the animals are fed on 
lush green pasture. 



Fig. 9-4 Acutely affected crossbred Merino 
with severe secondary photosensitization 
caused by pithomycotoxicosis (facial 
eczema). Note the presence of erythema and 
severe ulceration with crusting around the 
eyes and mouth, corneal edema, drooping 
ears, and puffy periocular and facial skin. 
(Reproduced with permission from Ozmen 
O, Sahinduran 5, FHaligur M, Albay MK. Trop 
Anim Health Prod 2008;40:545-551.) 


Cattle are not as commonly affected by 
the chronic form of the disease as are sheep, 
but dermatitis of the teats may lead to the 
development of mastitis. Beef cattle are less 
commonly affected than dairy cattle in New 
Zealand, but this most likely reflects daily 
pasture intake rather than a specific genetic 
predisposition. 


CLINICAL PATHOLOGY 

Tests of hepatic function, especially the BSP 
clearance test, should be of value in deter¬ 
mining the presence of liver damage. In the 
very early stages, serum enzyme estimations 
should also be of value. Serum GGT activity 
is regarded as the best indicator of hepatic 
damage in cattle and remains elevated for at 
least several months after an attack of pitho¬ 
mycotoxicosis; in cows serum GGT activities 
frequently range from 500 to 2000 U/L (ref¬ 
erence range <36 U/L). Serum GDH activity 
and phylloerythrin concentrations are also 
increased in sheep with pithomycotoxicosis. 1 

NECROPSY FINDINGS 

In the acute stages of pithomycotoxicosis 
there is jaundice and a swollen, mottled liver 
with thickened bile duct walls. In the chronic 
phase there is extensive hepatic fibrosis, the 
liver is tough and contracted, and the left 
lobe is almost completely atrophic. Areas of 
regeneration are usually apparent macro- 
scopically. Histologically, there is perilobular 
fibrosis with obliteration of the bile ducts and 
pressure atrophy of hepatic cells. The changes 
are much more marked in the left lobe and 
the medium- to large-sized bile ducts. 


DIFFERENTIAL DIAGNOSIS 


Diagnosis confirmation depends on a positive 
assay of sporidesmin in fluids and tissues of 
affected animals. High spore counts on 
pasture are circumstantial evidence. 
Pithomycotoxicosis must be differentiated 
from those other diseases in which 
photosensitization and hepatitis occur. 
Differential diagnosis list: 

• Pyrrolizidine alkaloid poisoning 

• Aflatoxin poisoning 

• Steroidal saponin poisoning 

• Lantadene poisoning 

• Cyanophyte (cyanobacterial) poisoning 

• Fascioliasis 

• Phomopsin poisoning 

• A disease of cattle in the southern 
United States thought to be associated 
with the ingestion of dead forage on 
which a Periconia spp. fungus is 
growing 


TREATMENT 

There is no primary treatment, except to 
change animals to new pasture. Supportive 
treatment for hepatitis and photosensitiza¬ 
tion, as outlined under those headings, and 
the administration of antibiotics and antihis¬ 
tamines to control secondary infection and 
shock, may be applicable in animals of suf¬ 
ficient economic value. 

The provision of drinking water contain¬ 
ing 6 g of zinc sulfate per 100 L for 28 days 
is claimed to hasten recovery of affected 
sheep and cattle. 2 Zinc provides protection 
against sporidesmin toxicity through an 
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unknown mechanism, but efficacy appears 
to be associated with an increased serum 
zinc concentration. 

CONTROL 

Research into practical control methods for 
pithomycotoxicosis has focused on monitor¬ 
ing pasture fungal spore counts to guide 
grazing practice, development of pastures 
different to ryegrass that do not promote 
fungal growth, fungicide and biological 
control of the saprophytic fungus, and the 
use of zinc prophylaxis on animals. 4 One of 
the major difficulties in the control of the 
disease is that of predicting the occurrence 
of an outbreak so that the flock can be 
changed to nondangerous pasture. Meteoro- 
logic observation can be of value, but the 
counting of spores by a mobile spore catcher 
is now routinely used in danger areas. 

In bad seasons the incidence of pitho¬ 
mycotoxicosis can be reduced by alternat¬ 
ing grazing between native and improved 
pastures or by reducing the intake of the 
fungus in any other way. Because of the pro¬ 
clivity of the fungus for dead grass, two 
acceptable management procedures for pre¬ 
vention are summer irrigation and hard 
grazing, both of which reduce the amount of 
foliar substrate available for fungal growth. 
Avoidance of sandy soils in bad seasons is 
also advisable because of the greater ten¬ 
dency for grass death on this kind of soil. 
Allowing pasture to flower, the sward to 
grow long, the pasture to be damaged by 
diseases and pests, and frequent mowing 
encourage pithomycotoxicosis. 

In a comparison of fungicides used to 
control the growth of P. chartarum, carben- 
dazim was best (at 0.15 and at 0.30 kg/ 
hectare of active ingredient), whereas 
benomyl and thiophanate methyl were effec¬ 
tive only at 0.30 kg/hectare. The original 
methods of applying fungistatic agents to 
pasture included thiabendazole or benomyl 
(Benlate) sprayed on at the rate of 272 g/ 
hectare in January. The growth of P. charta¬ 
rum was controlled and the development of 
pithomycotoxicosis prevented. 

The discovery of nontoxic strains of P. 
chartarum in New Zealand and South Africa, 
which sporulate profusely but produce no 
sporidesmin, and compete aggressively with 
sporidesmin-producing strains, raises the 
question of controlling pithomycotoxicosis 
by dominating the pastoral fungal popula¬ 
tion with the sporidesmin-negative strain. 

The daily oral administration of zinc 
(15-30 mg of zinc per kilogram bodyweight 
per day) as zinc oxide to sheep and lactating 
dairy cows has been shown to reduce the 
toxic effects of sporidesmin. This method of 
disease prevention has been used since the 
mid-1970s. 5 The zinc salt can be adminis¬ 
tered by drench as a slurry of zinc oxide, by 
spraying zinc oxide onto pasture, adding 
zinc sulfate to the drinking water, or by 
oral administration of a continuous release 


rumen device. 6 Zinc is thought to bind 
directly to sporidesmin, preventing the pro¬ 
duction of proinflammatory free radicals in 
biliary epithelial cells.' Zinc poisoning has 
been reported as a result of overzealous 
applications of zinc for these purposes, and 
zinc interferes with copper absorption from 
the gastrointestinal tract. As a result, addi¬ 
tional copper has been administered to 
cattle ingesting excess zinc as a control 
measure for pithomycotoxicosis, which runs 
the risk of inducing copper toxicity and 
decreasing the absorption of zinc. 5 Iron 
salts, including ferric ammonium citrate, 
and ferric and ferrous sulfates, have the 
same protective effect as zinc, but the 
volume required makes their application 
impractical. Supplementing cows with up to 
1.44 g zinc per day (equivalent to 3.6 mg of 
zinc per kilogram bodyweight per day) in a 
zinc amino acid complex was not effective 
in preventing pithomycotoxicosis.' 

Finnish Landrace sheep are significantly 
more resistant to P. chartarum poisoning 
than Romneys, with crossbreeds in an inter¬ 
mediate position. Resistance to sporidesmin 
is strongly inherited (heritability estimate 
0.45), but flocks containing increased 
numbers of resistant animals do not have 
superior productivity. Eight putative resis¬ 
tance loci have been identified on different 
chromosomes. A diagnostic DNA test has 
been developed for use in sheep with an 
accuracy of 0.38 for identifying pithomyco¬ 
toxicosis resistance. The test accuracy is 
much lower than that provided by a com¬ 
mercially available artificial challenge test 
(Ramguard), in which the ram is orally 
dosed with sporidesmin and the serum GGT 
activity measured 21 days later. 4 Attempted 
vaccination against sporidesmin has not 
been successful in protecting sheep against 
pithomycotoxicosis. 

FURTHER READING 

Di Menna ME. A history of facial eczema 
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Rubratoxin Toxicosis 

P. rubrum and P. purpurogenum produce 
rubratoxins suspected of causing hepatic and 
hemorrhagic diseases. 1 Rubratoxin adminis¬ 
tered experimentally to calves has produced 
mild liver damage. Naturally occurring cases 


of P. purpurogenum poisoning in horses fed 
cornmeal and cottonseed cake are associated 
with an acute illness. Clinical signs include 
anorexia; depression; vomiting; profuse, 
foul-smelling, bloody diarrhea; recumbency 
on day 4 or 5; and terminal convulsions. 
Necropsy lesions include icterus, liver 
damage, and severe hemorrhagic enteritis. 

FURTHER READING 

Radostits O, et al. Poisoning by rubratoxins. In: 

Veterinary Medicine: A Textbook of the Disease of 
Cattle, Horses, Sheep, Pigs, and Goats. 10th ed. 
London: W.B. Saunders; 2007:1908. 
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Miscellaneous Fungi 
Causing Hepatic Damage 
(Unidentified Toxin) 

Helminthosporium ravenelii growing on 
esparto grass is credited with producing a 
syndrome of excitement, dyspnea, tachycar¬ 
dia, hypersalivation, tremor, jaundice, and 
some deaths in Argentinian cattle. Drechslera 
campanulata (synonym Helminthosporium 
spp.) occurs as brown-red spots on the 
leaves of cereal oat plants and is associated 
with diarrhea, milk yield reduction, and 
death in some cows. Similar syndromes are 
found in sheep and goats, except that photo¬ 
sensitivity is also apparent in goats. At nec¬ 
ropsy there is ulceration of the forestomach 
mucosae. 

A fungus, Periconia spp., which grows 
on forage in the field, is suspected of being 
associated with hepatic damage and photo¬ 
sensitization in cattle in the southern 
United States. There is a close resemblance 
in clinical signs and circumstances of 
occurrence to myrotheciotoxicosis ( Myro- 
thecium genus). 

SAWFLY LARVAE 
(LOPHYRTOMIN AND 
PERGIDIN) TOXICOSIS 

ETIOLOGY 

Ingestion of larvae of the sawflies Lophyro- 
toma interrupta (Australian sawfly) in Aus¬ 
tralia, Argepullata (birch sawfly) in Denmark, 
and Perreyia flavipes in South America is 
associated with acute hepatotoxicosis. 1 

EPIDEMIOLOGY 

Large piles of larvae accumulate on the 
pasture under the infested trees and are eaten 
by cattle, sheep, goats, or pigs. 14 Lophyroto- 
min is the primary toxin in Australian and 
Danish larvae and pergidin in the South 
American larvae. 1 ' 5 Sheep are more suscep¬ 
tible to sawfly poisoning than cattle, develop¬ 
ing signs at 7.5 g larvae per kilogram body 
weight versus 40 g larvae per kilogram body 
weight for cattle. 5 








CLINICAL SIGNS 

The onset is very rapid and in many cases 
animals are just found dead. Most signs are 
associated with severe liver necrosis, and 
neurologic signs are attributed to hepatic 
encephalopathy. Clinically, animals may 
develop weakness, stupor, muscle tremors, 
depression or agitation, recumbency, convul¬ 
sions, and death in 2 to 7 days. 1,5 Less acute 
cases show hyposensitivity, jaundice, photo¬ 
sensitization, diarrhea, and dysentery. 

NECROPSY LESIONS 

These include periacinar or panacinar 
hepatic necrosis, some nephrosis, extensive 
hemorrhages in the alimentary tract, and 
fluid transudates in serous cavities in longer 
surviving cases. 

FURTHER READING 

Radostits O, et al. Lophyrotomin and pergidin (sawfly 
larvae) poisoning. In: Veterinary Medicine: A 
Textbook of the Disease of Cattle, Horses, Sheep, Pigs, 
and Goats. 10th ed. London: W.B. Saunders; 
2007:1920. 
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Coal Tar Pitch Poisoning 
in Pigs 

ETIOLOGY 

Pigs may be exposed to coal tar pitch and its 
toxic cresols when housed in pens with 
tarred walls or floors, which they nibble, or 
when they have access at pasture to frag¬ 
ments of “clay pigeons” used as targets by 
gun clubs. Bitumen and asphalt appear to be 
nontoxic. Young pigs 6 to 20 weeks of age are 
most often affected. 

CLINICAL FINDINGS 

Clinical findings include an acute illness of a 
few days or a chronic course of some weeks. 
In the acute illness there are nonspecific 
signs of inappetence, rough coat, tucked-up 
abdomen, weakness, and depression. The 
chronic illness is characterized by anorexia, 
depression, weakness, anemia, and jaundice. 
A subclinical syndrome includes a reduction 
in growth rate of up to 20% to 30%, a severe 
reduction in hemoglobin concentration and 
erythrocyte count, and reduced vitamin A 
storage. 

NECROPSY FINDINGS 

These include jaundice, ascites, and anemia, 
but the characteristic finding is a red and 
yellow mottling of the hepatic surfaces, and 
histologically a hepatic lesion of severe cen- 
trilobular necrosis. Cresols can be detected 
in the ingesta and liver of affected pigs. 
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TUMORS OF THE LIVER 

Metastatic lesions of lymphomatosis in 
calves are the most common neoplasms 
encountered in the liver of animals, although 
primary adenoma, adenocarcinoma, and 
metastases of other neoplasms in the area 
drained by the portal tract are not uncom¬ 
mon, especially in ruminants. For the most 
part, they produce no signs of hepatic dys¬ 
function, but they may cause sufficient swell¬ 
ing to be palpable and some abdominal pain 
by stretching of the liver capsule. Primary 
tumors of the gallbladder and bile ducts also 
are rare and do not generally cause clinical 
signs. A primary hepatic fibrosarcoma in a 
goat has caused loss of body weight, although 
appetite was maintained, as well as anemia 
and jaundice. Hepatic biliary cystadenoma 
has been described in a 10-year-old horse. It 
is regarded as a morphologic variant of 
biliary cystadenoma of domestic animals. 

A series of 66 primary hepatic tumors of 
cattle has been examined and classified using 
modern criteria. Fifty hepatocellular tumors 
(10 adenomas and 40 carcinomas), 10 chol- 
angiocellular tumors, 2 cavernous hemangi¬ 
omas, 2 hemangioendothelial sarcomas, 1 
fibroma, and 1 schwannoma were diagnosed. 
An association with cirrhosis was not found. 
A bile duct hamartoma in a calf has been 
reported. 

DISEASES OF THE 
BILIARY SYSTEM 

Cases of biliary tract disease with clinical 
manifestations are uncommon in food 
animals and horses. Occasional cases of 
cholangitis occur in cattle and horses. Asso¬ 
ciated clinical signs include jaundice, photo¬ 
sensitization, fever, and pain over the liver. 
There is usually an accompanying leukocyto¬ 
sis. In horses a sequela to cholangitis may be 
a diffuse bacterial hepatitis with signs of 
hepatic insufficiency. 

Concretions in the biliary system of cattle 
are usually a sequela to fascioliasis. Mild 
cases show anorexia and pain over the liver. 
Severe cases show recurrent attacks of severe 
abdominal pain, alimentary tract stasis, and 
pain on percussion over the liver. Jaundice 
occurs only in the terminal stages of fatal 
cases and is accompanied by recumbency, 
depression, and coma. The frequency of pig¬ 
mented gallstones is high in sheep and asso¬ 
ciated with high total bilirubin concentration 
in the bile. Other causes of biliary tract 
disease include gallbladder empyema and a 
bile duct carcinoma. In the latter case there 
was severe loss of body weight and signs 
referable to metastases in other organs, but 
there were no clinical or postmortem signs 
of biliary malfunction. Biliary atresia in 
young foals is manifested by an early period 
of normality for 2 to 3 weeks after birth 


followed by the development of listlessness; 
anorexia; the passage of gray, pasty feces; and 
jaundice. Death occurs about one week later. 

Obstructive cholelithiasis in horses that 
do not have a gallbladder may cause inter¬ 
mittent colic or continuous pain and some¬ 
times jaundice. Clinical findings include 
fever, icterus, mild intermittent colic, and 
weight loss. Laboratory findings include leu¬ 
kocytosis, hyperproteinemia, and hyperfi- 
brinogenemia. Serum activity of GGT and 
LDH may also be elevated. 

Cholangiohepatitis in Horses 

A series of nine cases was reported of chol¬ 
angiohepatitis and cholelithiasis in mature 
horses with a median age of 13 and a range 
of 4 to 18 years. Clinical signs that prompted 
referral to a veterinary teaching hospital 
included anorexia, depression, weight loss, 
colic, intermittent fever, and icterus. In all 
horses, the serum activity of GGT and ALP 
were elevated, and there was hyperbilirubi¬ 
nemia. Transabdominal ultrasonography 
was used to evaluate the size and nature of 
the liver and to obtain liver biopsy for histo- 
pathology and culture. The ultrasonographic 
findings included increased hepatic echo¬ 
genicity, hepatomegaly, enlarged distended 
bile ducts, and occasional calculi as the 
salient features. Neutrophilic cholangiohepa¬ 
titis consistent with an infectious cause was 
a feature of biopsy material from each horse. 

The etiology and pathogenesis of cholan¬ 
giohepatitis and cholelithiasis in horses are 
uncertain. Retrograde bacterial infection 
from the small intestine is considered prob¬ 
able. Culture of liver biopsy material yielded 
E. coli and Bacteroides vulgatus from only a 
small number of affected animals. Long¬ 
term parenteral antimicrobial therapy with 
antibiotics with a gram-negative spectrum 
for a median of 51 days (range 17-124) was 
associated with survival in 7/9 horses. Sup¬ 
portive intravenous fluid therapy is recom¬ 
mended. Progress can be monitored by 
evidence of clinical improvement and declin¬ 
ing levels of GGT. 

Cholangiohepatitis in a 2-month-old calf 
was characterized clinically by depression, 
fever, and diarrhea. There was marked leuko¬ 
cytosis and neutrophilia. The serum activity 
of GGT and ALP as well as the total serum 
bilirubin concentration were markedly ele¬ 
vated. Ultrasonographic examination of the 
liver revealed gross abnormality, and liver 
biopsy results indicated neutrophilic hepati¬ 
tis and multifocal hyperplasia of the biliary 
epithelium suggesting cholangiohepatitis. 
Culture of liver tissue yielded E. coli. 

Suppurative cholangiohepatitis and cho¬ 
lelithiasis associated with enteritis has been 
described in adult horses. Clinical findings 
included nonresponsive colic, fever, depres¬ 
sion, severe abdominal pain, tachycardia, 
dehydration, gastric fluid accumulation, and 
absence of abdominal sounds over all four 
quadrants. Distended loops of small intestine 
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were palpable on rectal examination, and the 
peritoneal fluid was serosanguinous. Azo¬ 
temia, hyperbilirubinemia, and increased 
serum activity of ALP and GGT were deter¬ 
mined and persisted for several days. Cases 
were associated with severe inflammation of 
the small intestine and hypovolemic shock. 

Cholangiohepatitis and pancreatitis sec¬ 
ondary to gastroduodenal ulceration in a 
2-month-old foal was characterized clini¬ 
cally by colic unresponsive to surgical 
treatment. At necropsy, gastric ulceration, 
segmental duodenal stenosis, severe chronic 
cholangiohepatitis, and pancreatitis were 
present. 

Choledocholithiasis attributable to a 
foreign body in a horse is recorded. Clinical 
signs suggestive of biliary disease in adult 
horses may be caused by neoplasia of the 
pancreas. A case of congenital hepatic fibro¬ 
sis in a newborn calf has been reported. 


Diseases of the Pancreas 

Pancreatic disease in large animals is 
extremely rare and, consequently, only a few 
comments are offered here. 


PANCREATITIS 

Pancreatitis is rare in farm animals. 
Inflammatory and degenerative changes are 
detected postmortem in some cattle but 
are rarely diagnosed clinically because of a 
lack of clinical and laboratory findings. 
Ultrasonographic imaging of experimentally 
induced pancreatitis in cattle has been 
described. 

DIABETES MELLITUS 

Lesions of the pancreas resulting in diabetes 
mellitus, which is characterized by a lack of 
adequate pancreatic insulin secretion, has 
been described in cows, horses, and donkeys. 
The clinical syndrome in horses includes 
weight loss, polydipsia, polyuria, intense 
hyperlipidemia, and high plasma concentra¬ 
tions of cholesterol, triglycerides, and glucose. 
Clinical observations suggest that the disease 
is most likely to occur in old horses and may 
be caused by pancreatic injury related to 
migration of strongyle larvae. Diabetes mel¬ 
litus resulting from pancreatic p-cell failure 
is rare in the horse but has been reported in 
a domesticated Spanish Mustang. In cows 


there is afebrile emaciation, polydipsia, keto- 
nuria, glucosuria, and hyperglycemia. 

PANCREATIC ADENOMA 

Convulsions caused by hypoglycemia have 
been recorded in a pony with a pancreatic 
adenoma. It is assumed that the hypo¬ 
glycemia resulted from hyperinsulinism gen¬ 
erated by the (3-cell adenoma. 

PANCREATIC 

ADENOCARCINOMA 

The pancreatic duct of the horse is anatomi¬ 
cally close to the common bile duct, and it is 
not unexpected that a tumor mass should 
cause a syndrome of biliary duct pathology, 
although there is a surprising absence 
of jaundice at some stages of the disease. 
There is emaciation, concomitant moderate 
abdominal pain, and variable fecal texture up 
to diarrhea. Serum GGT activity and blood 
ammonia levels are greatly increased. 
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Principles of Circulatory 
Failure 

The primary function of the cardiovascular 
system is to ensure an adequate circulation 
of blood so that nutrients are delivered, waste 
products are removed, and a homeostatic 
milieu is maintained at the organ and cellular 
level. An inadequate circulation interferes 
with nutrient delivery and waste product 
removal, ultimately leading to circulatory 
failure, the primary concept in diseases of 
the cardiovascular system. 

The two functional units of the cardiovas¬ 
cular system are the heart and the blood 
vessels; these two units are best characterized 
as a pump (the heart) and a circuit (the 
blood vessels and blood). The pump and 
circuit may fail independently of each other, 
giving rise to two forms of circulatory failure, 
heart failure and circuit failure. In heart 
failure the primary problem is inadequate 
pump performance, whereas in circuit failure 
the deficiency is in the vascular system, 
which fails to return an adequate volume of 
blood to the heart. Circuit failure can also 


result from decreased circulating blood 
volume or redistributed blood volume. 

HEART FAILURE 

The failure of the heart as a pump can result 
from a filling defect of the heart, an abnor¬ 
mality in the generation or conduction of 
the electrical wave of depolarization, an 
abnormality in contractile function, exces¬ 
sive workload, anatomic abnormalities, or a 
combination of one or more abnormalities. 


CAUSES OF CARDIOVASCULAR 
DYSFUNCTION 


• Cardiac arrhythmia 

• Obstructed flow 

• Regurgitant flow 

• Contractile dysfunction (systolic failure) 

• Inadequate filling (diastolic failure) 

• Anatomic abnormalities 


It is usual to divide heart failure into two 
types, acute and chronic (congestive) heart 
failure. However, a complete range of syn¬ 
dromes occurs and some of them do not fit 


neatly into either category. Circulatory equi¬ 
librium is not maintained when cardiac 
output is deficient. If inadequate cardiac 
output develops sufficiently slowly, compen¬ 
satory mechanisms, plus the failure of the 
heart itself as a pump, result in an increase 
in venous pressure and congestive heart 
failure. If, on the other hand, there is an acute 
reduction of cardiac output, as is caused by 
sudden cessation of the heartbeat, the effect 
is to deprive tissues of their oxygen supplies 
and the syndrome of acute heart failure 
develops. 

Heart failure can be left-sided, right¬ 
sided, or both left-sided and right-sided. 

Left-sided heart failure causes an increase in 
left ventricular end-diastolic pressure, mean 
left atrial pressure, and pulmonary venous 
pressure. Depending on the magnitude and 
rate of the increase in pressure, left-sided 
heart failure results in interstitial edema in 
the lungs and, if severe enough, pulmonary 
edema, dyspnea, and death. Right-sided 
heart failure causes an increase in right ven¬ 
tricular end-diastolic pressure, mean right 
atrial pressure, and jugular venous pressure. 
Depending on the magnitude and rate of the 
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increase in pressure, right-sided heart failure 
results in symmetric venous distension (most 
readily detected in the jugular veins); an 
increase in pleural, pericardial, and abdomi¬ 
nal fluid (ascites); and hepatomegaly. 

CIRCUIT FAILURE 

In circuit failure the effective blood volume 
is decreased because of loss of fluid from the 
vascular system (hypovolemic shock) or by 
pooling of blood in peripheral vessels and 
increased capillary permeability (maldistrib- 
utive shock, which is commonly seen in 
endotoxemia). The failure of venous return 
results in incomplete filling of the heart and 
a reduction in cardiac output, although the 
pump performance may be normal. The 
effects of circuit failure are the same as those 
of chronic (congestive) heart failure because 
the supply of nutrients to the tissues and the 
removal of waste products from the tissues 
are reduced. 

CARDIAC RESERVE AND 
COMPENSATORY MECHANISMS 
IN HEART FAILURE 

The normal heart has the capacity to increase 
its output severalfold in response to normal 
physiologic demands created by exercise and 
to a lesser extent by pregnancy, lactation, 
digestion, and hot ambient temperatures. 
Collectively, these compensatory responses 
comprise the cardiac reserve. Similar com¬ 
pensatory responses are used by the failing 
heart in an attempt to maintain cardiac 
output. Cardiac reserve and its response in 
heart failure have not been studied exten¬ 
sively in large domestic animals; conse¬ 
quently, its description must rely heavily on 
studies on cardiac failure in small domestic 
animals and studies of the effect of exercise 
on cardiovascular performance in the horse. 
Clinical observations on cardiac insuffi¬ 
ciency and cardiac failure in large animals 
suggest that the processes are very similar to 
those in small animals and humans. 

The major mechanisms in which the 
blood flow to an organ can be increased are 

• Increase in heart rate 

• Increase in stroke volume 

• Redistribution of blood flow to vital 
organs, or organs with particularly high 
metabolic requirements 

All of these mechanisms act synergistically 
and are interrelated. Heart rate and stroke 
volume are the determinants of cardiac 
output (cardiac output is the product of heart 
rate and stroke volume). 

CARDIAC RESERVE AND 
HEART RATE 

There is a great deal of cardiac reserve in the 
heart rate, and an elevation of heart rate alone 
is a significant factor in increasing cardiac 
output in the exercising horse. There is a limi¬ 
tation to heart rate reserve because with 


increasing heart rates there is a decrease in 
diastolic filling time, and stroke volume falls 
at excessive heart rates. Effective heart rate 
reserve can be increased with exercise train¬ 
ing, and maximum heart rate in trained exer¬ 
cising horses is six to seven times the resting 
value. This large increase in heart rate reflects 
the metabolic scope of trained horses. In con¬ 
trast, cattle can only increase their heart rate 
to two to four times their resting values. An 
increase in heart rate is also used to maintain 
cardiac output by the failing heart. With 
cardiac insufficiency in the horse and the cow 
it is rare for the heart rate to exceed 120 beats/ 
min at rest, and rates higher than this are 
frequently caused by tachyarrhythmias that 
require immediate treatment. 

CARDIAC RESERVE AND 
STROKE VOLUME 

Stroke volume is variable and depends on the 
amount of shortening that the myocardial 
fibers can attain when working against arte¬ 
rial pressure. It is determined by the inter¬ 
play of four factors: 

• Ventricular distending or filling pressure 
(preload) 

• Contractility of the myocardium 
(inotropic state) 

• The tension that the ventricular 
myocardium must develop during 
contraction and early ejection (afterload) 

• The sequence of atrial and ventricular 
depolarization 

An increase in ventricular distending pres¬ 
sure (end-diastolic pressure or volume) 
will increase ventricular end-diastolic fiber 
length, which, by the Frank-Starling mecha¬ 
nism and stretch-dependent calcium sensiti¬ 
zation, will result in increased stroke work 
and a larger stroke volume. Ventricular dis¬ 
tending pressure is influenced by atrial con¬ 
traction and is greatly augmented by increased 
venous return associated with exercise and 
increased sympathetic activity. Contractility 
is most influenced by adrenergic activity and 
circulating catecholamines. An increase in 
stroke volume is achieved primarily by an 
increase in the ejection fraction and a reduc¬ 
tion in the end-systolic volume but can also 
be achieved by a decrease in afterload, which 
is primarily a function of aortic or pulmonary 
impedance (the resistance and reactance of 
the vasculature to ejection). 

CARDIAC RESERVE AND MIXED 
VENOUS OXYGEN TENSION 

In normal animals at rest, the oxygen tension 
of mixed venous blood is above 40 mm Hg 
(5.3 kPa), which represents a considerable 
reserve. Increased extraction of oxygen from 
the blood by various tissues, with a subse¬ 
quent decrease in mixed venous oxygen 
tension and a corresponding increase in arte¬ 
rial venous oxygen difference, occurs during 
exercise and in pump and circuit failure. In 
uncompensated heart failure, in which stroke 
volume is reduced, the mixed venous oxygen 


tension falls below 40 mm Hg, reaching 15 
to 25 mm Hg in severe shock states, and the 
arterial venous oxygen difference is large. 
There is also a redistribution of blood flow to 
vital organs. In the horse the splenic storage 
capacity for erythrocytes is large and the 
spleen may contain one-third of the total red 
cell volume. Maximal emptying of the spleen 
under adrenergic activity can significantly 
influence the oxygen-transporting capacity 
of the blood and, in the horse, the splenic 
reservoir contributes significantly to cardio¬ 
vascular reserve. 

CARDIAC RESERVE AND 
AUTONOMIC NERVE ACTIVITY 

It is evident that increased sympathetic nerve 
activity also plays a significant role in com¬ 
pensating for the failing ventricle, but one 
that is not readily determined clinically. An 
increase in sympathetic activity acts to 
augment cardiac output by increasing the 
heart rate, by improving the contractility of 
the myocardium, and by augmenting venous 
return to the heart. Autonomic nerve activity 
also regulates blood flow to more essential 
organs, even when faced with insufficient 
cardiac output. 

CARDIAC RESERVE IN 
CARDIAC INSUFFICIENCY 

In cardiac insufficiency the principal defect 
is in the contractile state of the myocardium, 
and ventricular performance at any given 
end-diastolic volume or pressure is dimin¬ 
ished. In early failure, cardiac output may 
still be maintained in the normal range by an 
increase in filling pressure and, through uti¬ 
lization of stretch-dependent calcium sensi¬ 
tization and the Frank-Starling principle, the 
ventricles can eject a normal stroke volume 
despite the depression in contractility. Thus 
early in the course of cardiac failure, the end- 
diastolic pressure may be elevated only 
during periods with heavy demands on the 
heart, such as during exercise. However, as 
myocardial function becomes increasingly 
impaired, this mechanism is increasingly 
used for lesser work demands until end- 
diastolic pressure is elevated even at rest or 
with normal activity. 

Ventricular filling pressure is augmented 
by increased venous return associated with 
contraction of the venous capacitance vessels 
under increased sympathetic tone, and by an 
increase in blood volume as the result of salt 
and water retention by the kidney. Decreased 
renal perfusion results in the release of renin 
by the juxtaglomerular cells in the kidney 
and the activation of the renin-angiotensin- 
aldosterone system. Renin causes the con¬ 
version of angiotensinogen to angiotensin I, 
and angiotensin I in turn is converted to 
angiotensin II in the lungs. Angiotensin II is 
a powerful vasoconstrictor that promotes the 
effect of norepinephrine. Angiotensin II also 
stimulates the release of aldosterone from 
the adrenal cortex, which acts to increase 
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sodium retention by the kidney with conse¬ 
quent expansion of the interstitial fluid and 
blood volumes. 

Although the increase in ventricular end- 
diastolic pressure acts to maintain cardiac 
output, it is associated with a marked increase 
in systemic or pulmonary venous pressure, 
producing secondary effects that result in 
many of the clinical abnormalities associated 
with congestive heart failure. Where the con¬ 
tractile state of the heart is markedly reduced, 
the increased end-diastolic pressure is unable 
to maintain normal stroke volume, even at 
normal activity, and cardiac output is reduced 
even at rest—the state of uncompensated 
heart failure, which is clinically manifested 
as pump failure. 

MEASUREMENT OF 
CARDIAC RESERVE 

From a clinical standpoint it would be desir¬ 
able to be able to detect incipient cardiac 
insufficiency at a very early stage. 

A clinical estimation of cardiac reserve 
based on physical examination is important 
when a prognosis is to be made for an animal 
with heart disease. Some of the important 
criteria used in making this assessment 
include the heart rate, the intensity of the 
heart sounds, the size of the heart, the char¬ 
acteristics of the pulse, and the tolerance of 
the animal to exercise. A resting heart rate 
above normal indicates loss of cardiac 
reserve. The absolute intensity of the heart 
sounds suggests the strength of the ventricu¬ 
lar contraction, soft sounds suggesting weak 
contractions, and sounds that are louder 
than normal suggesting cardiac dilatation 
and possibly hypertrophy, although this is a 
very crude and insensitive measure. The 
interpretation of variation in intensity must 
be modified by recognition of other factors, 
such as pleural and pericardial effusion, that 
interfere with audibility of the heart sounds. 

Pulse characteristics are of value in deter¬ 
mining the cardiac reserve, but they are 
greatly affected by factors other than cardiac 
activity. An increased pulse amplitude occurs 
when the cardiac stroke volume is increased, 
but a decreased pulse amplitude may result 
from reduced venous return as well as from 
reduced contractile power of cardiac muscle. 

Exercise tolerance is an excellent guide to 
cardiac reserve and the least expensive and 
most practical method for quantifying car¬ 
diovascular reserve. Exercise tolerance is 
best assessed by measuring the maximum 
heart rate attained after a standard exercise 
test, and the time required for the heart rate 
to return to normal. 

CARDIAC ENLARGEMENT 

The ratio of heart weight to body weight 
(BW) is greater in athletic animals than in 
nonathletic animals, and the heart:weight 
ratio in horses can be modestly increased 
during training as a result of physiologic 


hypertrophy. Cardiac enlargement is also 
a compensatory response to persistent 
increased workloads that are associated 
with cardiovascular disease. The heart may 
respond by dilatation, hypertrophy, or a 
combination of both; with endurance train¬ 
ing there is both cardiac hypertrophy and 
cardiac enlargement. 1 

Cardiac hypertrophy (concentric hyper¬ 
trophy) is the usual response to an increased 
pressure load, and there is hypertrophy of 
individual fibers with an increase in the 
number of contractile units (sarcomeres) 
and an increase in total muscle mass. 2 
However, cardiac hypertrophy is usually 
accompanied by decreased capillary density 
and increased intercapillary distance and, in 
states of cardiac insufficiency, coronary 
blood flow reserve places limitations on this 
compensatory mechanism. 

Cardiac dilatation (eccentric hypertro¬ 
phy) is the usual response to an increased 
volume load and probably results from fiber 
rearrangement. Contractions occurring in a 
dilated chamber can eject a larger volume of 
blood per unit of myocardial shortening. 
However, the limitation to this compensa¬ 
tory mechanism is evident in the law of 
Laplace, which shows that in the dilated 
chamber greater myocardial wall tension is 
required to produce an equivalent elevation 
of intrachamber pressure during ejection. 

The significance of finding cardiac 
enlargement on clinical examination is that it 
indicates the presence of a significant volume 
or flow load on the heart, or the presence of 
myocardial disease and a reduction of cardiac 
reserve. The detection of cardiac enlarge¬ 
ment on physical examination is aided by 
careful auscultation of the heart and palpa¬ 
tion of the apex beat. Cardiac size can be 
accurately detected by thoracic percussion 
in the horse, and percussion is an underuti¬ 
lized part of the routine physical examina¬ 
tion.’ A palpable and audible increase in 
the apex beat and area of audibility, back¬ 
ward displacement of the apex beat, increased 
visibility of the cardiac impulse at the base 
of the neck and behind the elbow, and 
increased area for the cardiac shadow during 
thoracic percussion are all suggestive of 
cardiac enlargement. Care must be taken 
that the abnormalities observed are not 
caused by displacement of the heart by a 
space-occupying lesion of the thorax, such 
as thymic lymphosarcoma, or to collapse of 
the ventral part of the lung and withdrawal 
of lung tissue from the costal aspects of 
the heart. Echocardiography should be 
used to quantify the magnitude of the 
enlargement whenever the results of physical 
examination suspect the presence of cardiac 
enlargement. 1 
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Manifestations of 
Circulatory Failure 

The manifestations of circulatory failure 
depend on the rapidity of its onset, the mag¬ 
nitude of its severity, and the length of its 
duration. Chronic (congestive) heart failure 
and acute heart failure are discussed in the 
following sections. 

CHRONIC (CONGESTIVE) 

HEART FAILURE 


SYNOPSIS 


Etiology Diseases of the endocardium, 

myocardium, and pericardium that interfere 
with the flow of blood into or away from 
the heart, or that impair myocardial 
function, may result in congestive heart 
failure 

Clinical findings Generalized venous 

distension and edema in right-sided failure; 
pulmonary edema and respiratory distress 
in left-sided failure 

Clinical pathology Increased plasma or 
serum concentration of cardiac troponin I, 
a cardiac-specific enzyme 

Necropsy findings Subcutaneous edema, 
ascites, hydrothorax, and hydropericardium; 
enlargement and engorgement of the liver 
with right-sided failure; pulmonary edema 
with left-sided failure 

Diagnostic confirmation Clinical 

Treatment Treatment of specific cause, often 
unsuccessful; diuretics, salt restriction, 
minimize activity, possibly digoxin 


ETIOLOGY 

Causes of chronic (congestive) heart failure 

can be broadly characterized as follows. 

Valvular Disease 

• Endocarditis resulting in either valvular 
stenosis or valvular insufficiency 

• Congenital valvular defects, most 
commonly valvular stenosis 

• Rupture of valve or valve chordae 

Myocardial Disease 

• Myocarditis: bacterial, viral, parasitic, or 
toxic 

• Myocardial degeneration: nutritional or 
toxic 

• Congenital or hereditary 
cardiomyop athy 

• Toxins affecting cardiac conduction 

Congenital Anatomic Defects 

Producing Shunts 

• Cardiac defects, such as ventricular or 
atrial septal defects, tetralogy of Fallot 

• Vascular abnormalities producing 
shunts, such as patent ductus arteriosis 
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Hypertension 

• Pulmonary hypertension: high altitude 
disease, cor pulmonale 

• Systemic hypertension: undocumented 
cause of congestive heart failure in large 
animals 

Pressure Load 

Pressure loads occur with lesions that 
produce an obstruction to outflow, such as 
aortic or pulmonary valve stenosis, during 
which the heart is required to perform more 
work to eject an equivalent amount of blood. 
Pressure loads are not necessarily associated 
with lesions in the heart. For example, 
pulmonary hypertension, such as occurs in 
high altitude disease of cattle because of an 
increase in pulmonary vascular resistance, 
may result in cardiac insufficiency. Gener¬ 
ally, the left ventricle can tolerate a pressure 
load to a much greater extent than the right 
ventricle without overt signs of cardiac 
insufficiency. 

Volume Load 

Volume loads (flow loads) are common with 
both acquired and congenital heart defects. 
In aortic valve and mitral valve insufficiency 
the volume of blood delivered to the tissues 
does not differ significantly from normal. 
However, to achieve a normal cardiac output, 
the forward stroke volume of the ventricle is 
markedly increased and the heart is much 
more inefficient for the same amount of 
effective work. In a similar manner a patent 
ductus arteriosus or an interventricular 
septal defect with a large left-to-right shunt 
of blood can place a considerable flow load 
on the left ventricle. Generally, the right ven¬ 
tricle is more capable of sustaining a flow 
load than the left ventricle. 

Pumping Defects (Systolic Failure) 

Cardiac insufficiency may occur without any 
increase in workload if there is a primary 
weakness in the myocardium or defect in its 
rhythmic and coordinated contraction. Myo¬ 
carditis, cardiomyopathy, and neoplasms of 
the heart, especially bovine viral leukosis 
lesions of the right atrium, are common 
causes. Arrhythmias are a rare cause of con¬ 
gestive heart failure but a common cause of 
acute heart failure. 

Filling Defects (Diastolic Failure) 

Pericardial diseases such as pericardi¬ 
tis and pericardial tamponade can result 
in cardiac insufficiency by interfering 
with diastolic filling. Filling of the ven¬ 
tricle is determined by the complex inter¬ 
action of a number of factors, including 
mean circulatory filling pressure, mean 
right atrial pressure, stiffness of the ven¬ 
tricular chamber (which is determined, in 
part, by mean arterial blood pressure), and 
the pressure gradient across the ventricu¬ 
lar wall. The latter is markedly affected by 
increases in pericardial fluid pressure that 


are present in pericarditis and pericardial 
tamponade. 

PATHOGENESIS 

Cardiac reserve and compensatory mecha¬ 
nisms in heart failure were described in the 
preceding section. In the early stages of 
cardiac disease circulatory equilibrium may 
be maintained. However, cardiac reserve is 
reduced and the animal is not able to cope 
with circulatory emergencies as well as a 
normal animal. This is the stage of waning 
cardiac reserve in which the animal is com¬ 
paratively normal at rest but is incapable of 
performing exercise (the phase of poor exer¬ 
cise tolerance) or responding appropriately 
to a physiologic stressor such as late gesta¬ 
tion or being housed in hot ambient tem¬ 
peratures. Congestive heart failure develops 
when these compensatory mechanisms 
reach their physiologic limit and the heart is 
unable to cope with the circulatory require¬ 
ment at rest. 

Failure may manifest as primarily being 
right-sided, left-sided, or both left-sided and 
right-sided. Many of the clinical signs that 
appear during the development of cardiac 
insufficiency, as well as those associated with 
decompensated heart failure, are the conse¬ 
quence of congestion or edema caused by 
increased venous hydrostatic pressure. A 
decreased cardiac output also contributes to 
the clinical signs by the production of tissue 
hypoxia. 

Right-Sided Congestive Heart Failure 

Venous congestion is manifested in the sys¬ 
temic circulation. The increase in mean right 
atrial pressure increases the mean capillary 
pressure, and the net force for filtration of 
fluid across the capillary bed is therefore 
greatly increased. This results in the produc¬ 
tion of edema in dependent subcutaneous 
body areas and in body cavities. In the 
kidneys the increase in hydrostatic pressure 
is offset by the reduced flow of blood and 
urine output is reduced. The increased back 
pressure to the glomerulus causes increased 
permeability and escape of plasma protein 
into the urine. Venous congestion in the 
portal system is an inevitable sequel of 
hepatic congestion and is accompanied by 
impaired digestion and absorption and ter¬ 
minally by diarrhea. 

Left-Sided Congestive Heart Failure 

Increased pulmonary venous pressure causes 
venous congestion, decreased compliance 
of the lung and an increase in respiratory 
rate, an increase in the work of breathing, 
and exercise intolerance. Similarly, bronchial 
capillary congestion and edema result in 
encroachment on airways and a decrease in 
ventilatory efficiency. When venous hydro¬ 
static pressure is exceptionally high, the 
net force for filtration of fluid across the pul¬ 
monary capillary bed is greatly increased. 
This can result in pulmonary edema, with 


the presence of fluid around the septal 
vessels and in the alveolar spaces accompa¬ 
nied by marked impairment of gas exchange. 
The development of clinically detectable pul¬ 
monary edema depends to some extent on 
the rapidity of the onset of cardiac failure. In 
chronic failure syndromes, the development 
of a capacious lymphatic drainage system 
limits the occurrence of clinical pulmonary 
edema and, in large animals, pulmonary 
edema is usually limited to acute heart failure 
when there is a relatively sudden onset of 
volume load on the left ventricle. 

CLINICAL FINDINGS 

The specific findings on auscultation and 
other examinations were described earlier. In 
the very early stages when cardiac reserve is 
reduced but decompensation has not yet 
occurred, there is respiratory distress on 
light exertion. The time required for return 
to the normal respiratory and pulse rates is 
prolonged. In affected animals there may be 
evidence of cardiac enlargement and the 
resting heart rate is moderately increased. 
There may be a loss of BW. Clinical signs of 
heart failure are predominantly right-sided 
in large animals, with the exception of heart 
failure caused by mitral valve disease in 
horses and pulmonary edema in pigs caused 
by fumonisin mycotoxicosis. 

Right-Sided Congestive 
Heart Failure 

In right-sided congestive heart failure the 
heart rate is almost always increased and 
there is venous distension and subcutaneous 
edema. The superficial veins are engorged 
and this is most easily detected by the pres¬ 
ence of bilateral jugular vein distension. In 
ruminants there is subcutaneous edema 
occurring primarily in the brisket region 
(brisket edema) and less frequently under 
the jaw (submandibular edema) and along 
the ventral midline (Fig. 10-1 A and B). In 
advanced cases ascites is present and can 
occasionally be detected by the presence of 
an abdominal fluid wave on ballottement 
with palpation, the presence of excess 
abdominal fluid on palpation per rectum, 
and in rare cases by the presence of abdomi¬ 
nal distension with a pear-shaped abdomen. 
Ascites needs to be differentiated from other 
causes of abdominal distension, and the 
detection by palpation per rectum of viscera 
floating in a fluid medium and the presence 
of a fluid wave on abdominal ballottement 
are highly suggestive of ascites. Care must be 
taken to differentiate ascites from uroabdo- 
men and hydrops conditions of the uterus. 
Hydrothorax and hydropericardium may 
also be clinically detected in animals with 
ascites. Noncardiac causes for ascites, such as 
abdominal mesothelioma or caudal vena 
caval thrombosis that interfere with removal 
of peritoneal fluid, need to be ruled out. 1 

In horses, edema is initially more promi¬ 
nent in the pectoral region between the front 
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Fig. 10-1 Brisket and preputial edema caused by right-sided congestive heart failure in a 
Charolais bull. Fleart failure was caused by infiltration of the atrial and ventricular myocardium 
by lymphosarcoma (see Chapter 11 for more details). 


limbs, the ventral abdominal wall, the pre¬ 
puce, and the limbs. Ruminants and came- 
lids do not get edema in their legs in 
right-sided heart failure because their com¬ 
paratively thicker skin acts as an antigravity 
suit (G suit), minimizing the extent of hydro¬ 
static pooling of blood in the limbs. 

The liver is enlarged and, in cattle, may be 
palpable, protruding beyond the right costal 
arch with a thickened and rounded edge. 
In both horses and cattle liver enlargement 
may be detected by ultrasound examination. 
The respiration is deeper than normal and 
the rate may be slightly increased. Urine 
flow is usually reduced and the urine is con¬ 
centrated and contains a small amount of 
protein. The feces are usually normal at first, 
but in the late stages diarrhea may be evident. 
BW may increase because of edema, but the 
appetite is poor and condition is lost rapidly. 
Epistaxis may occur in the horse but is rare 
in other species. The attitude and behavior of 
the animal is one of listlessness and depres¬ 
sion; exercise is undertaken reluctantly and 
the gait is shuffling and staggery through 
weakness. 

Left-Sided Congestive Heart Failure 
The heart rate is increased and there is an 
increase in the rate and depth of respiration 
at rest with cough, the presence of crackles 
(discontinuous sounds) at the base of the 
lungs, and increased dullness on percussion 
of the ventral borders of the lungs. Termi¬ 
nally there is severe dyspnea and cyanosis. A 
“cardiac” cough associated with pulmonary 
edema formation is rarely observed in large 
animals, with reports confined to horses with 
mitral valve regurgitation. 


The prognosis in congestive heart failure 
varies to a certain extent with the cause, but 
in most cases in large animals it is poor to 
grave. The possibility of recovery exists with 
an arrhythmia, pericardial tamponade, or 
pericarditis, but when the epicardium, myo¬ 
cardium, or endocardium is involved, com¬ 
plete recovery rarely if ever occurs, although 
the animal may survive with a permanently 
reduced cardiac reserve. Uncomplicated 
defects of rhythm are common in the horse, 
and these defects are more compatible with 
life than are extensive anatomic lesions. 

CLINICAL PATHOLOGY 

Clinicopathologic examinations are usually 
of value only when differentiating the causes 
of congestive heart failure and in differentiat¬ 
ing it from other diseases. Aspiration of fluid 
from accumulations in any of the cavities 
may be thought necessary if the origin of the 
fluid is in doubt. 1 The fluid is an edematous 
transudate except in pericardial tamponade 
(serosanguinous) or pericarditis (effusion), 
when it may be septic or nonseptic. 2 In most 
cases protein is present in large amounts 
because of leakage of plasma from damaged 
capillary walls. Proteinuria is often present 
because of pressure-induced damage to the 
glomerulus. The serum or plasma concentra¬ 
tion of cardiac troponin I (cTnl) provides an 
excellent cardiac biomarker in large animals, 
providing a sensitive and persistent indicator 
of myocardial injury. 

NECROPSY FINDINGS 

On necropsy, lesions characteristic of 
the specific cause are present and may com¬ 
prise abnormalities of the endocardium, 


myocardium, pericardium, lungs, or large 
vessels. Space-occupying lesions of the 
thorax may constrict the cranial vena cava 
and interfere with venous return. The lesions 
that occur in all cases of congestive heart 
failure, irrespective of cause, are pulmonary 
congestion and edema (if the failure is left- 
sided) and anasarca, ascites, hydrothorax 
and hydropericardium, and enlargement and 
engorgement of the liver with a “nutmeg” 
pattern of congested red centers of liver 
lobules surrounded by paler fatty peripheral 
regions (if the failure is right-sided). It is 
important to characterize the heart failure as 
being left-sided, right-sided, or both left¬ 
sided and right-sided at necropsy, because 
this information will help prioritize the likely 
cause. 



TREATMENT 

The treatment of animals with clinical signs 
of congestive heart failure caused by pericar¬ 
ditis or pericardial tamponade focuses on 
removing the pericardial fluid and prevent¬ 
ing its return. In animals with pump failure, 
the treatment of congestive heart failure 
initially focuses on the reduction of the 
effects of increased preload by administer¬ 
ing diuretic agents, angiotensin-converting 
enzyme (ACE) inhibitors, and restricting 
sodium intake, reducing the demands on 
cardiac output by restricting activity, and 
improving contractility by the administra¬ 
tion of positive inotropic agents such as 
cardiac glycosides and dobutamine. 

Diuretics 

Diuretic treatment (furosemide, acetazol- 
amide, or chlorothiazide) is an important 
component of treatment because it mobilizes 
and eliminates excess body fluids. Furose¬ 
mide is most often used because it is the 
most potent diuretic available, is inexpensive, 
and pharmacokinetic parameters have been 
determined for large animals. Furosemide 
should be administered at an initial intrave¬ 
nous (IV) dose of 0.25 to 1 mg/kg for horses 
and 2.5 to 5 mg/kg for cattle for the treatment 
of congestive heart failure. Multiple doses of 
furosemide will induce a hypokalemic, hypo¬ 
chloremic metabolic alkalosis, so it is impor¬ 
tant to monitor serum potassium and 
chloride concentrations during treatment. 
Access to free salt should be stopped, 
although it is usually impractical to formulate 
a salt-restricted diet. 

Angiotensin-Converting 
Enzyme Inhibitors 

ACE inhibitors have been recommended 
widely for the treatment of congestive heart 
disease caused by valvular dysfunction in 
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horses, but efficacy data is lacking. Theoreti¬ 
cally, ACE inhibitors should be beneficial 
in addressing the activation of the renin - 
angiotensin-aldosterone system that results 
in sodium and fluid retention and vasocon¬ 
striction. Single oral doses of benazepril 
(0.5 mg/kg) was a more effective ACE inhibi¬ 
tor in healthy adult horses than single oral 
doses of ramipril (0.3 mg/kg), quinapril 
(0.25 mg/kg), or perindopril (0.1 mg/kg). 2 A 
daily dosage protocol for benazepril has not 
been developed. Enalapril has low oral bio¬ 
availability and has not been formally evalu¬ 
ated in the horse. 

Stall Rest 

Stall rest in a thermoneutral environment is 
also an important treatment requirement. 
Parturition may be electively induced in late 
gestation to prevent in utero fetal hypoxia 
and abortion as well as to decrease the addi¬ 
tional demand placed by placental blood 
flow on the cardiac output. 

Positive Inotropic Agents 
(Dobutamine, Calcium, 

Cardiac Glycosides) 

Dobutamine is a synthetic catecholamine 
and is the most commonly used positive 
inotropic agent in horses, particularly in 
anesthetized horses in which short-term car¬ 
diovascular support is required. At low IV 
doses (1 [|lg/kg]/min) the major change is a 
small increase in mean arterial blood pres¬ 
sure. At intermediate IV doses ( 2 . 5 - 7.5 [jxg/ 
kg]/min) the major effect of dobutamine is 
increased cardiac contractility, and this 
should be the target dose range for animals 
needing inotropic support. Other sym- 
pathomimetics have been used in large 
animals (such as adrenaline, dopamine, 
dopexamine, and ephedrine) but none have 
the triple attractiveness of efficacy, minimal 
proarrhythmic activity, and safety that 
dobutamine possesses. 

Calcium gluconate, calcium borogluco- 
nate, and calcium chloride provide a low- 
cost, widely available dose-dependent IV 
positive inotropic agent that has been used 
in conscious and anesthetized large animals. 
The major disadvantage of IV calcium as an 
inotropic agent is a dose-dependent increase 
in left ventricular end-diastolic pressure that 
may predispose to acute left-sided heart 
failure. 

Digoxin is the most commonly used 
cardiac glycoside. In horses it can be admin¬ 
istered either intravenously or orally, but in 
ruminants it must be given intravenously or 
orally after induction of esophageal groove 
closure because digoxin is destroyed in the 
rumen. Digoxin should not be given intra¬ 
muscularly in any species because it causes 
severe muscular necrosis. This is also 
reflected in erratic plasma digoxin concen¬ 
trations following intramuscular admin¬ 
istration. Treatment with digoxin results 
in an increase in cardiac contractility and 
a decrease in heart rate with increased 


myocardial oxygen consumption, increased 
cardiac output, and a decrease in cardiac size. 
The improvement in cardiac output promotes 
diuresis and the reduction and elimination of 
edema. 

The half-life of digoxin in the horse is 17 
to 23 hours and a plasma therapeutic range 
for digoxin of 0.5 to 2.0 ng/mL has been sug¬ 
gested. Pharmacokinetic studies suggest that 
therapeutic but nontoxic plasma concentra¬ 
tions of digoxin in the horse will be achieved 
by an initial IV loading dose of 0.01 to 
0.015 mg/kg BW followed by a maintenance 
IV dose of 0.005 to 0.0075 mg/kg BW every 
24 hours. In the horse the bio availability of 
powdered digoxin given orally is low, being 
less than 20% of the administered dose. An 
oral loading dose of 0.07 mg/kg, followed by 
a daily oral maintenance dose of 0.035 mg/ 
kg is suggested by pharmacokinetic studies. 

The half-life of digoxin in cattle is 5.5 to 
7.2 hours, requiring more frequent dosing 
than in horses, and an initial IV loading dose 
of 0.022 mg/kg BW followed by 0.0034 mg/ 
kg BW every 4 hours has been suggested. An 
alternative is to give digoxin as a continual 
infusion at 0.86 (ug/kg BW)/hour. There is no 
established dose for digoxin administration 
in sheep, but the half-life is similar to that 
in cattle. 

No dosing regimen is absolute, and the 
dose may need adjustment based on clinical 
response, evidence of toxicity, or by measur¬ 
ing the plasma digoxin concentration. Dose 
rates other than those given earlier have 
been used successfully. Toxicity with digoxin 
treatment is reported and may occur because 
the clearance of digoxin in some animals 
with congestive heart failure differs from that 
of normal animals on which the suggested 
doses have been based. 

If treated animals are not eating, the daily 
oral administration of KC1 (cattle 100 g, 
horses 30 g) is recommended as well as mon¬ 
itoring serum potassium concentrations, 
because the toxic effects of digoxin are 
affected by the serum potassium concentra¬ 
tion. Because of the necessity for frequent 
dosing in cattle and the ineffectiveness of 
oral treatment, digoxin therapy has major 
limitations in ruminants, especially since 
the primary pathology that leads to con¬ 
gestive heart failure in cattle is usually not 
correctable. Unless myocardial damage is 
transient, administration of the digoxin in all 
species will probably have to be continued 
for life, and this is rarely practical. Calcium 
sensitizing agents could theoretically be ben¬ 
eficial in providing long-term positive ino¬ 
tropic support, but clinical studies are not 
available. 
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ACUTE HEART FAILURE 

ETIOLOGY 

Acute heart failure can occur when there 
is a severe defect in filling; when there is 
failure of the heart as a pump, caused by 
severe tachycardia, bradycardia, or arrhyth¬ 
mia; and where there is a sudden increase 
in workload. The sudden occurrence of 
tachyarrhythmias in association with excite¬ 
ment that is severe enough to cause acute 
heart failure presumably results from the 
exacerbating influence of catecholamines. 
These are released in association with epi¬ 
sodes of excitement and act to heighten the 
discharge potential of ectopic excitatory foci 
associated with myocardial disease. 


SYNOPSIS 


Etiology Sudden onset of a severe 
arrhythmia, rupture of a heart valve or 
vessel, pericardial tamponade 

Clinical findings Sudden loss of 

consciousness, falling with or without 
convulsions, severe pallor of the mucosae 
and either death or complete recovery from 
the episode 

Clinical pathology Increased serum cardiac 
troponin I concentrations, but clinical 
course usually too short for examination 

Diagnostic confirmation Clinical 

Necropsy findings Pulmonary congestion 
and edema; findings related to specific 
cause 

Treatment Treatment of specific cause, often 
unsuccessful 


Acute heart failure can also occur in the 
absence of primary cardiac disease under the 
influence of pharmacologic agents that affect 
cardiac conduction. These are associated with 
the ingestion of certain poisonous plants. 

The many causes of acute heart failure are 
listed in greater detail later. Some examples 
are as follows: 

Disorders of filling 

• Pericardial tamponade: atrial and 
ventricular rupture 

• Aortic and pulmonary artery rupture 
Tachyarrhythmia 

• Myocarditis, e.g., 
encephalomyocarditis virus, 
foot-and-mouth disease 










• Nutritional deficiency myopathy, e.g., 
copper or selenium deficiency 

• Plant poisoning, e.g., Phalaris spp., 
white snake root 

• Electrocution and lightning strike 1 
Bradycardia 

• Iatrogenic, e.g., IV calcium gluconate 
or borogluconate administration, 
xylazine, tolazoline, concentrated 
solutions of potassium chloride 

• Plant poisoning, e.g., Taxus spp. 
Increase in workload 

• Rupture of aortic valve 

• Acute anaphylaxis 

Arrhythmias and cardiac arrest may occur 
during the induction of anesthesia with bar¬ 
biturates in the horse and may also occur 
without premonitory signs in horses under 
halothane anesthesia. 

PATHOGENESIS 

With excessive tachycardia the diastolic 
period is so short that filling of the ventricles 
is impaired and cardiac output is grossly 
reduced. In ventricular fibrillation no coor¬ 
dinated contractions occur and no blood is 
ejected from the heart. The cardiac output is 
also seriously reduced when the heart rate 
slows to beyond a critical point because 
cardiac output is the product of heart rate and 
stroke volume and stroke volume cannot be 
markedly increased. In all these circum¬ 
stances there is a precipitous fall in cardiac 
output and a severe degree of tissue ischemia. 
In peracute cases the most sensitive organ, 
the brain, is affected first, and the clinical 
signs are principally neurologic. Pallor is also 
a prominent sign in acute heart failure 
because of the reduction in blood flow. 

In less acute cases respiratory distress is 
more obvious because of pulmonary edema 
and, although these can be classified as 
acute heart failure, they are more accurately 
described as acute congestive heart failure. 

CLINICAL FINDINGS 

The acute syndrome may occur while the 
animal is at rest but is most common during 
periods of excitement or activity. The animal 
usually shows dyspnea, staggering, and 
falling, and death often follows within 
seconds or minutes of the first appearance 
of signs. There is marked pallor of the 
mucosae. Although clonic convulsions may 
occur, they are never severe and consist 
mainly of sporadic incoordinated move¬ 
ments of the limbs. Death is usually pre¬ 
ceded by deep, asphyxial gasps. If there is 
time for physical examination, weakness or 
absence of a palpable pulse and bradycardia, 
tachycardia, or absence of heart sounds are 
observed. The specific findings in the heart 
and vascular system depend on the arrhyth¬ 
mia and are detailed later in this chapter. 

Horses with sudden onset of tachyar¬ 
rhythmias caused by atrial fibrillation or 
multiple ventricular extrasystoles, or with 
rupture of the aortic or mitral valve chordae 
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show a syndrome in which sudden onset of 
respiratory distress is the prominent mani¬ 
festation. However, examination of the heart 
will allow a diagnosis of the underlying cause. 

Acute heart failure is the cause of death 
in a significant proportion of horses that die 
suddenly and unexpectedly during training 
or racing. The diagnosis is based primarily 
on the findings of significant pulmonary 
hemorrhage and edema, although myocar¬ 
dial pathology is absent in most cases. Severe 
arrhythmic disturbances secondary to preex¬ 
isting myocardial injury and the concurrent 
presence of catecholamines, hyperkalemia, 
and metabolic acidosis are likely causes. 

CLINICAL PATHOLOGY 

Generally, there is insufficient time available 
in which to conduct laboratory tests before 
the animal dies. The demonstration of ele¬ 
vated serum troponin I concentrations, a 
sensitive and specific marker of myocardial 
damage, strongly supports the presence of 
myocardial disease. Laboratory tests may also 
be used to elucidate the specific etiology. 

NECROPSY FINDINGS 

In typical acute cases engorgement of vis¬ 
ceral veins may be present if the attack has 
lasted for a few minutes, but there may be no 
gross lesions characteristic of acute heart 
failure. Microscopic examination may show 
evidence of pulmonary congestion and early 
pulmonary edema. In more prolonged cases, 
venous engorgement with pulmonary con¬ 
gestion and edema are evident along with 
hydrothorax, but these are more accurately 
described as acute congestive heart failure. 
The primary cause may be evidenced by 
macroscopic or microscopic lesions of the 
myocardium. Animals dying from electro¬ 
cution have visible hemorrhages in the epi- 
cardium and endocardium that are more 
numerous and larger in size than those typi¬ 
cally seen in animals that are slaughtered. 
Electrocuted animals also have histologic 
evidence of myocardial hemorrhage and 
fragmentation of myocardial cells. 2 


DIFFERENTIAL DIAGNOSIS 


Acute heart failure should always be a major 
consideration as a cause of sudden and 
unexpected death in large animals, especially 
when death is associated with exertion or 
excitement. Acute heart failure may be 
mistaken for primary disease of the nervous 
system but is characterized by excessive 
bradycardia or tachycardia, pallor of mucosae, 
weakness or absence of the pulse, and mild 
convulsions. Epilepsy and narcolepsy are 
usually transient and repetitive and have a 
characteristic pattern of development. 


TREATMENT 

Treatment of acute heart failure is not 
usually possible or practical in large animals 
because of the short course of the disease. 
Deaths caused by sudden cardiac arrest or 


ventricular fibrillation while under anesthe¬ 
sia can be avoided to a limited extent in 
animals by external or internal cardiac com¬ 
pression or electrical conversion stimulation, 
but these techniques are generally restricted 
to sophisticated institutional surgical units. 
Also, the electrical energy required for defi¬ 
brillation of animals larger than a sheep or 
goat or neonatal calf is beyond the capabili¬ 
ties of conventional defibrillators unless the 
paddles are placed directly across the peri¬ 
cardium or transvenous electrodes are used. 
Intracardiac injections of very small doses of 
epinephrine in conjunction with external 
cardiac compression by jumping up and 
down on the thorax with the knees can be 
tried, with occasional success. 
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Special Examination of 
the Cardiovascular System 

The more commonly used techniques of 
examination of the heart and pulse are 
described in Chapter 1. A more detailed 
clinical examination of the system that gives 
greater attention to nuances of location and 
intensity of heart sounds and arterial and 
venous pulse characteristics is conducted 
whenever cardiovascular disease is suspect. 

Special techniques of examination are 
also available that may be of value in some 
cases. With the exception of jugular venous 
pressure measurement, assessment of exer¬ 
cise intolerance, electrocardiography, and 
indirect methods for measuring arterial 
blood pressure, many of these techniques 
have limited application in general practice 
because they require sophisticated and 
expensive equipment. The use of specialized 
diagnostic equipment is generally confined 
to teaching hospitals and investigative units. 

PHYSICAL EXAMINATION 

In the examination of animals suspected to 
have heart disease, it is important to deter¬ 
mine the rate, rhythm, and intensity of the 
individual heart sounds and the rate, rhythm, 
and amplitude of the arterial pulse, examine 
for the presence of venous pulsation at the 
jugular inlet; and identify the point of 
maximal intensity and timing of murmurs 
within the cardiac cycle. 

HEART SOUNDS 

In the horse it is not uncommon to hear four 
heart sounds on auscultation, whereas two to 
three heart sounds are heard in ruminants 
and camelids. 

First Heart Sound 

The first heart sound (SI) signals the onset 
of ventricular systole, is synchronous with 
the apex beat, and is temporally associated 
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with closure of the mitral and tricuspid 
valves. The area for maximal audibility of the 
mitral valve in the horse is on the left fifth 
intercostal space, at a level midway between 
a horizontal line drawn through the point of 
the shoulder and one drawn at the sternum 
at the caudal edge of the triceps muscle. With 
cattle, sheep, goats, and swine the sound is 
located at a similar level but at the fourth 
intercostal space. The area for maximal audi¬ 
bility of the tricuspid valve is on the right 
side of the chest slightly ventral to the equiv¬ 
alent level for the mitral valve and at the 
fourth intercostal space in the horse, and at 
the level of the costochondral junction at the 
third intercostal space for the other species. 

Second Heart Sound 
The second heart sound (S2) is associated 
with aortic and pulmonic valve closure and 
is synchronous with the end of systole and 
the beginning of cardiac diastole. The aortic 
component is most audible just ventral to a 
horizontal line drawn through the point of 
the shoulder and in the left fourth intercostal 
space in horses and the left third in the other 
species. The pulmonic component is most 
audible ventral and anterior to the aortic 
valve area in the left third intercostal space 
in horses and the left second or third inter¬ 
costal space close to the costochondral junc¬ 
tion in other species. These two components 
of the second heart sound have the same 
temporal occurrence on auscultation, but 
tonal differences can frequently be detected 
at the two areas of maximal audibility. Split¬ 
ting of the second sound in the horse can be 
detected on phonocardiographic examina¬ 
tion but cannot be detected on auscultation, 
and there is no respiratory-associated split¬ 
ting, as occurs with some other species. 

Third Heart Sound 

The third heart sound (S3) is associated with 
rapid filling of the ventricle in early diastole 
and is heard as a dull thudding sound occur¬ 
ring immediately after the second sound. It 
is usually most audible on the left side just 
posterior to the area of maximal audibility of 
the first heart sound. However, it is fre¬ 
quently heard over the base and also over the 
area of cardiac auscultation on the right side. 
Phonocardiographically there are two com¬ 
ponents to this heart sound, but these are not 
usually detectable on clinical auscultation. 

The third heart sound is very common in 
horses and can be detected in the majority of 
fit racing animals. It is more audible at heart 
rates slightly above resting normal. The third 
heart sound is very common in slightly 
excited cattle (heart rates 70-90 beats/min) 
but becomes much more difficult to hear 
when the heart rate exceeds 100 beats/min. 1 

Fourth Heart Sound 
The fourth heart sound (S4) is associated 
with atrial contraction. It is also called the 
“a” sound. It occurs immediately before the 


first heart sound and is a soft sound most 
audible over the base of the heart on the left 
and right side. It is also common in horses 
but its clear separation from the first heart 
sound is dependent on the length of the PR 
interval, which varies between horses. At 
resting heart rates the S4 sound is detectable 
on clinical examination in at least 60% of 
horses. At heart rates <90 beats/min S4 is 
detectable in approximately 40% of cattle. 1 
The interval between the S4 and SI fre¬ 
quently varies in the same horse at rest in 
association with variation in the PQ interval 
and results in a clear separation in some 
beats with slurring of the two sounds together 
in other beats. The fourth heart sound or a 
split SI is also commonly heard in young 
cattle, but phonocardiographic studies have 
not been undertaken. 

Sequence of Heart Sounds 

The sequence of heart sound occurrence is 
thus 4-1-2-3. The intensity of the third and 
fourth sounds is less than that of the first and 
second and the complex can be described as 
du LUBB DUP boo. In some horses, the third 
or fourth sound may be inaudible so that 1 -2, 
4-1-2, and 1-2-3 variations occur. The name 
gallop rhythm is frequently applied when 
these extra sounds occur. Gallop rhythms 
also occur in cattle and may be caused by the 
occurrence of a fourth or third sound or to 
true splitting of the components of the first 
heart sound. In sheep, goats, and pigs only 
two heart sounds are normally heard. The 
occurrence of a third or fourth heart sound 
in horses and cattle is not an indication of 
cardiovascular abnormality, as it is in other 
species. 

Variation in Heart Sound Intensity 

Change in the intensity of the generation of 
sound by the heart or change in the trans¬ 
mission of the sounds between the heart and 
the stethoscope can result in variation in the 
intensity of heart sounds normally heard on 
auscultation. 

• A decrease in the intensity of heart 
sound generation occurs in disease 
where there is poor venous return 
and decreased strength of cardiac 
contractility, such as in terminal heart 
failure; in hypocalcemia in cattle; or in 
circulatory failure in all species. 

• Conversely the intensity of the heart 
sounds may increase with anemia, 
cardiac hypertrophy, and metabolic 
diseases such as hypomagnesemia. 
However, the intensity of the heart 
sounds is most often increased by 
sympathetic activation as a result of 
exercise, fear, and excitement. 

Muffling of the heart sounds suggests an 
increase in tissue and tissue interfaces 
between the heart and the stethoscope. This 
can be caused by a shift in the heart due to 
displacement by a mass, changes in the peri¬ 
cardium (increased fluid or fibrous tissue), 


change in the pleural space, or increased sub¬ 
cutaneous fat. Heart sounds are detectable by 
auscultation on the left side in animals of all 
condition scores, but heart sounds may 
become inaudible on the right side in which 
the condition score approaches 5/5. 

Heart Rate 

The relative temporal occurrence and the 
intensity of the third and fourth heart sound 
change with the heart rate. At moderately 
elevated heart rates the third heart sound 
becomes more audible. At faster heart rates 
the third sound may merge and sum with the 
fourth sound, or the fourth sound may merge 
with the first sound if the PR interval 
decreases. During periods of a rapid change 
in heart rate, such as during the increase in 
rate that occurs following sudden noise or 
similar stimuli in excitable horses or the sub¬ 
sequent decrease in rate, the variation in the 
occurrence and the intensity of the third and 
fourth sound coupled with the variation in 
intensity of the first and second sound during 
this change can give the impression of a 
gross arrhythmia. Such impressions should 
be ignored if they occur only during a rapid 
change of rate obviously induced by external 
influences and if there is no arrhythmia at the 
resting rate or the intervening stable elevated 
rate. Examination of the pulse during these 
periods of rapid change is also of value. 

Variations in the intensity of the indi¬ 
vidual heart sounds or complete absence of 
some of them can occur in conduction dis¬ 
turbances and arrhythmic heart disease 
and can provide valuable clinical informa¬ 
tion. In several of these disturbances there is 
variation in the intensity of the first and third 
heart sounds associated with variation in the 
time of the preceding diastolic period and 
variations in diastolic filling. The intensity of 
the first heart sound may also vary with 
variations in the PR interval or where there 
is complete atrioventricular (AV) dissocia¬ 
tion. In several of the arrhythmias there is 
absence of one or more of the heart sounds. 
These findings are detailed later. 

EXAMINATION OF THE 
ARTERIAL PULSE 

In arrhythmic heart disease the arterial pulse 
should be examined in more detail than that 
applied during routine clinical examination. 

Pulse Rate 

The pulse rate should be examined over a 
period to determine whether there is any 
sudden change in rate such as can occur with 
a shift in pacemaker to an irritable myocar¬ 
dial focus. At some stage during the exami¬ 
nation of animals with tachyarrhythmias the 
heart rate and pulse rate should be taken syn¬ 
chronously to determine the presence of a 
pulse deficit (auscultation of SI but a weak 
or absent S2 accompanied by a weak or 
absent pulse). A convenient artery for this 
purpose is located on the posterior medial 





aspect of the radius and carpus in the horse 
and cow. However, the best artery to deter¬ 
mine the pulse rate, rhythm, and amplitude 
is the descending aorta; this artery should be 
palpated during rectal examination in horses 
and cattle. 

Pulse Rhythm 

Pulse rhythm is carefully examined. When a 
“dropped pulse” or arrhythmia is detectable 
in the pulse, the basic underlying rhythm 
should be established to determine whether 
the heart is under regular pacemaker influ¬ 
ence. This is best done by mentally or physi¬ 
cally tapping out the basic rhythm of the 
heart and continuing this rhythm when 
irregularity occurs. With conditions such as 
second-degree heart block in which there 
is a basic underlying rhythm initiated by 
the sinoatrial (SA) node, it is possible to 
tap through the irregularity and reestab¬ 
lish synchrony with the pulse. However, in 
conditions such as atrial fibrillation, where 
there is no regular pacemaker, it is not pos¬ 
sible to establish any basic rhythm. This 
examination of rhythm can alternatively be 
conducted by auscultation and allows an 
immediate categorization of the arrhythmia 
into one of the two basic groups: those super¬ 
imposed on a regular pacemaker influence 
(occasionally irregular) and those in which 
there is no regular pacemaker (irregularly 
irregular). 

Amplitude 

The amplitude of the pulse should also 
be carefully examined. Variations in pulse 
amplitude are associated with those arrhyth¬ 
mias that produce a variation in diastolic 
filling period within the heart. The extreme 
of this is a pulse deficit (decrease in intensity 
or absence of a pulse associated with heart 
sounds). 

EXAMINATION OF THE 
JUGULAR VEIN 

In the normal adult horse and cow, the 
jugular vein will be distended with blood 
about 5 to 8 cm above the level of the base of 
the heart when the animal is standing with 
its head in a normal, nonfeeding alert posi¬ 
tion. There is a rapid but minor fall in the 
level of jugular distension associated with 
the fall of blood into the ventricle during the 
period of rapid filling in ventricular diastole 
followed by a slower rise in the level of 
jugular filling to its original point. Superim¬ 
posed on this, and immediately preceding 
the fall, is a small wave or retrograde disten¬ 
sion associated with atrial contraction (a 
wave) and a second smaller retrograde wave 
(“c” wave) associated with bulging of the AV 
valves into the atrium during ventricular 
systole. These pulsations can be observed in 
most horses and cattle by careful observation 
of the jugular vein at its entrance into the 
thorax and can be timed in conjunction with 
auscultation of the heart. 


Special Examination of the Cardiovascular System 


665 


Observation of the presence or absence of 
the atrial a wave is an aid in the clinical dif¬ 
ferentiation of first- and second-degree heart 
block. Cannon atrial waves occur periodi¬ 
cally in complete heart block when atrial 
contractions occur against a closed AV valve. 
An accentuated c wave occurs with tricuspid 
valve insufficiency. 

PERCUSSION OF THE THORAX 
TO IDENTIFY THE CARDIAC 
DULLNESS AREA 

The size of the heart can be estimated by 
percussion of the thorax to identify the 
cardiac dullness area. Horses have absolute 
cardiac dullness on percussion, which means 
that the percussion sound is completely 
dull; this should be compared with relative 
dullness, which reflects a dulled sound on 
percussion. The technique requires a metal 
percussion hammer with a soft rubber tip 
and a pleximeter (horn). Percussion focuses 
on placing the pleximeter in the intercostal 
space, with the hammer striking the plexim¬ 
eter to generate a sound. The dimensions of 
absolute dullness are identified and com¬ 
pared with those of similarly sized horses. 2 

Percussion was widely practiced many 
decades ago, but echocardiographic deter¬ 
mination of cardiac dimensions has now 
replaced percussion as the preferred diagnos¬ 
tic method for determining relative cardiac 
size. This is principally because percussion 
can only identify the presence of a normal or 
enlarged heart; percussion does not provide 
additional information on chamber dimen¬ 
sions or contractile performance, which is 
usually provided by echocardiography. 

MEASUREMENT OF JUGULAR 
VENOUS PRESSURE 

The jugular veins are symmetrically dis¬ 
tended in chronic (congestive) right-sided 
heart failure. This distension is accompanied 
by an increased jugular venous pressure that 
can be subjectively assessed by palpation or 
objectively determined by measuring jugular 
venous pressure. This underutilized tech¬ 
nique can be easily and rapidly performed. 
The equipment required is a 14- to 16-gauge 
needle attached to a three-way stopcock. A 
20-mL syringe containing heparinized 0.9% 
NaCl is attached directly opposite the needle, 
and a flexible rigid wall fluid administration 
line is attached to the remaining port on the 
three-way stopcock. The stopcock is turned 
so that the needle is in the off position, the 
needle is threaded down the jugular vein 
toward the heart, the syringe is pushed to fill 
the first 10 cm of the flexible fluid line 
with heparinized 0.9% NaCl, and the stop¬ 
cock is turned so that the syringe is in the off 
position. Blood will flow into the flexible 
tube and the vertical distance (in centime¬ 
ters) between the top of the column of 
0.9% NaCl supported by the jugular venous 
pressure and the point of the shoulder 


(scapulohumeral joint), which approximates 
the position of the right atrium, is a direct 
measure of jugular venous pressure. 
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MEASUREMENT OF CENTRAL 
VENOUS PRESSURE 

Central venous pressure (CVP) is the pres¬ 
sure in the great veins inside the thorax, but 
most often this is the pressure measured in 
the cranial vena cava. The measurement 
technique is identical to that described for 
jugular venous pressure, except that the cath¬ 
eter is sufficiently long to reach the thoracic 
cavity (70 cm in the adult horse), in which 
negative pressures can be measured (this 
should be compared with jugular venous 
pressure, which can never be negative). As a 
consequence, CVP provides a more sensitive 
index of cardiac function and hydration 
status than jugular venous pressure and has 
its greatest clinical utility in monitoring for 
fluid overload during the rapid resuscitation 
of hypovolemic animals that may have 
depressed cardiac function, such as septice¬ 
mic animals, or animals with oliguric renal 
insufficiency. In the healthy adult horse, CVP 
is normally 7 to 12 cmH 2 0 and decreases 
by 2.2 cmH 2 0 for every percentage point 
decrease in BW caused by dehydration. 1 
Fluid resuscitation of critically ill horses uses 
a CVP of 8 to 12 cmH 2 0 as a therapeutic 
target (the reference range for CVP), but this 
target has come under criticism. In healthy 
adult ruminants, mean CVP is 2.3 cmH 2 0 in 
cattle, 3.4 cmH 2 0 in sheep, and 1.3 cmH 2 0 
in goats. 2 Mean CVP in three cattle with 
traumatic reticulopericarditis was 9 to 21 
cmH 2 0, and mean CVP in two calves with 
diarrhea and dehydration was -3.5 to 0.7 
cmH 2 0. Similar values for CVP were 
obtained when goats and sheep were stand¬ 
ing or placed in left lateral recumbency. 2 

Pressure transducers can produce pres¬ 
sure readings that differ by up to 2 cmH 2 0 
from that provided by a column of fluid 
(0.9% NaCl) in a flexible fluid line. 3 An 
important technical issue when measuring 
CVP is that head position must be standard¬ 
ized (in a neutral, alert position); an elevated 
head decreased CVP by 2.0 cmH 2 0 in adult 
horses, and a lowered head position increased 
CVP by 3.7 cmH 2 0. 4 The catheter should be 
advanced at least 40 cm in the horse, 20 to 
30 cm in sheep and goats, and 60 cm in adult 
cattle when the site of insertion in the jugular 
vein is in the midcervical region. 3 A low- 
cost method for measuring CVP in the 
horse uses a 3.5-French, 55-cm polypropyl¬ 
ene urinary catheter that is threaded through 
a 14-gauge needle placed in the jugular vein. 5 
CVP should be measured at end-expiration 
when intrathoracic pressure approximates 
atmospheric pressure. 
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EXERCISE TOLERANCE 

Dyspnea, fatigue, and a prolonged elevation 
in heart rate following exercise are signs sug¬ 
gestive of cardiac insufficiency. Frequently, 
animals with suspected cardiac disease are 
exercised in an attempt to elicit these signs 
and to get an estimate of exercise tolerance. 
In most practice situations, the assessment 
of exercise tolerance is subjective. There is 
obviously a considerable difference in the 
amount of exercise that a beef bull and a 
trained racehorse can tolerate under normal 
conditions, and the amount of exercise given 
to any one animal is determined by the clini¬ 
cians judgment. The rate of fall in heart rate 
following exercise and the time required to 
reach resting levels depend on the severity 
of the exercise, even in fit horses. Heart 
rate falls rapidly over the first minute and 
then more slowly over the ensuing 10- to 
15-minute period. 

More objective tests have been devel¬ 
oped for the horse, including evaluation by 
means of telemetry from horses timed over 
a measured distance on race tracks or the use 
of a treadmill to provide a defined amount of 
exercise. The amount and intensity of exer¬ 
cise can be varied by the speed and incline 
of the treadmill and by the duration of the 
exercise period. The treadmill allows the 
recording of a variety of cardiorespiratory 
measurements in the exercising horse and 
can be used for evaluating the significance of 
cardiopulmonary disease and for establish¬ 
ing the cause of poor racing performance. 

There are many noncardiac causes of 
exercise intolerance and, in a report on the 
evaluation of 275 horses, 84% were found to 
have more than one problem leading to poor 
athletic performance. 

Criteria for cardiovascular performance 
in endurance rides have been investigated 
and the rapidity of heart rate decline follow¬ 
ing completion of each section of the ride 
can be used for field assessment of this 
function. 
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ELECTROCARDIOGRAPHY 

The electrocardiogram (ECG) provides a 
record and measure of the time-varying 
potential difference that occurs over the 
surface of the body as the result of electrical 


activity within the heart. This is associated 
with depolarization and repolarization of the 
myocardium. At any one instant during 
depolarization and repolarization there are 
generally several fronts of electrical activity 
within the heart. However, at the body 
surface the potential difference is generally 
the sum of this activity and at any one instant 
the electrical activity in the heart registers as 
a single dipole vector that has polarity, mag¬ 
nitude, and direction. 

The polarity is determined by the charge 
on the surface of the cells while the magni¬ 
tude and direction is determined by the mass 
of muscle being depolarized or repolarized 
and the sum of the instantaneous vectors. 
Thus a wave of depolarization or repolariza¬ 
tion over a muscle mass such as the atria or 
the ventricles is presented at the body surface 
as a sequence of instantaneous vectors with 
changing magnitude and direction. 

ELECTROCARDIOGRAPH 

The electrocardiograph is used to detect 
these characters. In simple terms it can be 
considered as a voltmeter consisting of two 
input terminals, an amplifier to allow the 
recording of low input signals, and a galva¬ 
nometer with an attached recording device 
such as a heated stylus on heat-sensitive 
paper or an ink pen or ink squirter. When a 
potential difference exists across the input 
terminals (electrodes), current flows through 
the coils of the electromagnet suspended 
between the poles of the permanent magnet 
to cause a deflection of the recording pen. 
The electrocardiograph can therefore detect 
the polarity of the cardiac electrical vectors, 
and by calibration of the machine and appro¬ 
priate placement of electrodes on the body 
surface it can detect their magnitude and 
direction. 

Calibration of most electrocardiographs 
is such that an input of 1 mV produces a 
1-cm deflection of the recording pen. 
Recording speeds are generally 25 mm/s, 
although 50 mm/s is occasionally used. In 
recording an ECG, certain standard elec¬ 
trode positions are used for recording. 

• A lead is the recording or circuit 
between two recording points. 
Depending on the wiring within the 
electrocardiograph, the same potential 
difference across a lead could result in 
an upward or downward deflection of 
the recording pen 

• To allow standard recording and 
comparison between recordings the 
polarity of the electrodes for standard 
leads has been established by 
convention, and the leads are always 
recorded at these polarities 

• The electrodes of a lead are commonly 
called positive or negative. 

• A positive electrode in a lead is one 
that, when electrically positive relative 
to the other, caused by a potential 
difference between them, yields an 


upward or positive deflection of the 

recording pen. 

The electrodes are usually placed using 
alligator clips and a 70% isopropyl alcohol 
or gel contact. Disposable human stick-on 
type electrodes can be used in horses after 
cleaning the skin with alcohol before applica¬ 
tion of the gel; however, specific equine self- 
adhesive electrodes are preferred to human 
stick-on electrodes because they contain 
more gel, which improves electrode contact 
with the skin and a stronger glue that helps 
keep the electrode in place during exercise. 
Clipping of the hair coat is not recommended 
in horses because this permits electrodes to 
fall off more easily during sweating. The ECG 
is recorded with the animal in a standing 
position with minimal restraint. 

DEPOLARIZATION AND 
REPOLARIZATION 

In the normal heart, depolarization and 
repolarization of the myocardium occurs in 
a definite pattern and sequence and the elec¬ 
trocardiography can be used to measure and 
time these events. Thus discharge of the SA 
node results in a wave of depolarization over 
the atria to produce a P wave in the ECG. The 
delay in conduction at the AV node is regis¬ 
tered by no electrical activity at the body 
surface and an isoelectric PR interval on the 
ECG (isoelectric means zero voltage differ¬ 
ence between the two leads). Depolarization 
of the ventricles occurs with several sequen¬ 
tial fronts to produce the QRS complex, 
which is followed by another isoelectric 
period before repolarization represented by 
the T wave. Important durations to measure 
on the ECG of large animals are the P wave 
duration, the duration of the PR interval 
(which represents the start of the P wave to 
the start of the QRS complex), the QRS dura¬ 
tion, and the QT interval (which represents 
the start of ventricular depolarization to the 
end of ventricular repolarization; Fig. 10-2). 
The QT interval is markedly dependent on 
heart rate and is shorter in tachycardia and 
longer in bradycardia. Although there is no 
universally accepted method to correct the 
QT interval for heart rate, the most widely 
used method to calculate a corrected QT 
interval (QTc) is Bazett’s method, in which 
QTc (in seconds) = QT/(preceding RR inter¬ 
val in seconds). Some investigators use 
Fridericia correction method (QTcf), in 
which QTcf (in seconds) = QT/(preceding 
RR interval in seconds). 1,4 The ST segment 
represents the end of the QRS complex (ven¬ 
tricular depolarization) and the start of the 
T wave (ventricular repolarization). The ST 
segment is usually isoelectric (amplitude = 0 
mV), but movement in the ST segment above 
or below the isoelectric line may reflect the 
presence of myocardial ischemia, and is most 
common in critically ill animals with tachy¬ 
cardia and systemic arterial hypotension. 

The ECG can also be used as a screening 
test for electrolyte abnormalities, particularly 







667 


Special Examination of the Cardiovascular System 



Fig. 10-2 Typical base-apex lead electrocardiogram (ECG) from a healthy Holstein-Friesian cow. 
The waves, segments, and intervals are identified. The morphology is similar for the base-apex 
lead recording of the ECG in sheep, goats, horses, and pigs. Recorded at 25 mm/s. (Reprinted 
with permission from DeRoth L. Can Vet J 1980;21:271-277.) 


QoT interval 



RR interval 


Fig. 10-3 Typical base-apex lead electrocardiogram (ECG) from a healthy Holstein-Friesian cow. 
The ST peak interval is the interval between the apex of the S wave and the apex of the T 
wave in seconds. The SS interval is the interval between consecutive S waves in seconds. The 
corrected ST peak interval (STc) is calculated by dividing the ST peak interval in seconds by the 
square root of the SS interval in seconds. (Reprinted with permission from Itoh M, Sakurai Y, 
Nakajima Y, Kawamoto S. J Vet Med Sci 2016;77(12): 1655-7.) 


the presence of moderate to severe hyperka¬ 
lemia or moderate to severe hypocalcemia. 
Progressive increases in plasma potassium 
concentration result in decreased P wave 
amplitude until the P wave is not visible, 
widened QRS duration, and a symmetric 
T wave (also called a “tented” T wave; 
both terms emphasize that ventricular repo¬ 
larization becomes more homogeneous). 
Progressive decreases in plasma calcium 
concentration result in prolongation in the 
QT interval, which in cattle is highly corre¬ 
lated with the ST peak interval (the time 
interval between the peak of the S wave and 
the peak of the T-wave; Fig. 10-3). 1 Dairy 
cattle with a value for STc > 0.385 are very 
likely to be hypocalcemic (serum calcium 
concentration <0.9 mmol/L or <7.5 mg/dL, 
respectively). 1 

In dogs, cats, and humans the ECG can 
be used to assess the cardiac rhythm and the 
size of the cardiac chambers. However, the 
order of ventricular activation in horses, 
cattle, sheep, and swine differs from that 
of humans and dogs in that ventricular 
depolarization is represented by only two 
fronts of activity. Depolarization of a large 
proportion of the myocardial mass in large 
animals is not recognized by the surface 
ECG. This is because the Purkinje fibers pen¬ 
etrate much more deeply in these species and 
depolarization occurs over multiple minor 
fronts that tend to cancel out rather than over 
a large single front as in dogs. For this reason, 
the detection of chamber enlargement by 
vector analysis of the ECG is generally not 
possible in large animals. Consequently, elec¬ 
trocardiography is confined to a simple base- 
apex lead system to examine for conduction 
disturbances and arrhythmias, which are 
detected by measurement of the various 
waveforms and intervals in the ECG that rep¬ 
resent depolarization and repolarization in 
the heart, and by observation of their absence 
or abnormality. 

A decrease in ventricular filling is associ¬ 
ated with decreased amplitude of the QRS 
complex, whereas an increase in ventricular 
filling causes increased amplitude of the QRS 
complex. The effect of ventricular volume on 
QRS amplitude is called the Brody effect and 
results from the net effect of blood in the 
ventricle augmenting radial electric poten¬ 
tials while decreasing tangential electric 
potentials. The Brody effect explains why 
QRS amplitudes are decreased in animals 
experiencing hemorrhagic shock. 2 

Lead Systems 

The base-apex lead system provides the 
best method for electrocardiography in large 
animals, with the only exception being fetal 
electrocardiography. All other lead systems 
are clinically superfluous or inferior, or have 
only a research application. 

Traditional lead systems are based on 
Einthovens triangle as used in humans, and 
the standard bipolar limb leads (I, II, and III) 
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and the augmented unipolar limb leads 
(aVR, aVL, aVF) are commonly used in con¬ 
junction with an exploring unipolar chest 
lead. Variations in the position of the feet 
may produce changes in ECG waveforms 
with this lead system, and recordings should 
be taken with the animal standing square or 
with the left front foot set slightly in advance 
of the right front foot. This lead system is 
quite satisfactory for the detection of con¬ 
duction disturbances and arrhythmic heart 
disease but is subject to movement artifact. 
There are, however, deficiencies associated 
with its use for the detection of change in the 
magnitude and direction of electrical vectors 
in the heart of large animals. Nevertheless, 
traditional lead systems have been used 
extensively for this purpose. 

There have been several studies to deter¬ 
mine whether it is possible to detect changes 
in cardiac chamber size in large animals. 
Many of these have examined alternative 
lead systems, such as vector-based systems, 
recognizing that the standard limb leads are 
not particularly suited for detection of vector 
changes associated with changes in chamber 
dimensions. The standard limb leads are pri¬ 
marily influenced by vectors in the frontal 
plane (longitudinal and transverse), whereas 
early and late forces in the myocardium are 
significantly directed in the vertical direc¬ 
tion. Furthermore, the heart is not electri¬ 
cally equidistant from the electrodes of each 
lead, and distortion of recorded vector loops 
can result. A partial correction of these defi¬ 
ciencies can be made by recording a lead 
using an exploring electrode at the VI0 posi¬ 
tion over the dorsal spinous processes in 
addition to the standard limb leads. However, 
for proper representation of the vector 
changes associated with electrical activity 
within the heart, completely different elec¬ 
trode placement is required. A number of 
systems have been proposed. The electrode 
placement varies and is quite complicated, 
but electrocardiographic studies using these 
methods are available for horses, cattle, pigs, 
and sheep. Generally, a three-lead system 
consisting of leads I, aVF, and V10 provides 
semiorthogonal axes suitable for three- 
dimensional (3D) reconstruction of depolar¬ 
ization and repolarization. 

The base-apex lead system is the most 
common system used because it records the 
major electrical forces in the heart of large 
animals with consistently clear and large- 
amplitude waveforms. Animal movement 
also has minimal effect on the quality of the 
ECG. The most common bipolar lead place¬ 
ment in horses, ruminants, and swine con¬ 
sists of two electrodes, one positive and one 
negative, in a format called the base-apex 
lead. The positive electrode of lead I (left 
arm) is attached to the skin of the left thorax 
in the vicinity of the apex beat at the 5th-6th 
intercostal space immediately caudal to the 
olecranon, and the negative electrode (right 
arm) is placed on the skin over the jugular 


Table 10-1 Base-apex 
electrocardiographic parameters in 
cattle and horses (mean ± standard 
deviation) 



Duration 
(ms) cattle 

Horses 

Sows 

p 

80 ± 10 

100 ± 32 

82 ± 0 

PR 

200 ± 20 

136 ± 7 


QRS 

60 ± 10 

91 ± 10 

75 ± 6 

QT 

370 ± 30 

485 ± 52 

276 ± 6 

T 

90 ± 10 




Values are obtained from 600 healthy Holstein- 
Friesian female cattle aged 1 or more years 
(Rezakhani A et al. Vet Arch 2004; 74:351), 

7 7 healthy male and female horses aged 6 
months to 8 years (P. Constable, personal 
communication), and 467 healthy sows 
(Takemura N et al. J Jpn Vet Med Assoc 1988; 
41:398). 


furrow in the caudal third of the right neck. 
This is by far the most common lead place¬ 
ment, although a small number of investiga¬ 
tors place the negative electrode on the left 
side of the neck instead of the right side. With 
sheep, where wool interferes with placement 
on the neck, the negative electrode can be 
placed on the midline of the poll. When using 
the base-apex lead system, the ground elec¬ 
trode is placed remotely from the heart, and 
the location of the ground is not important. 
Normal values for cattle, horses, and pigs are 
summarized in Table 10-1. 

Esophageal recording has been recently 
performed on the horse. 

TELEMETRY 

Telemetry is being increasingly used to 
examine whether arrhythmias are preset 
during exercise and the nature of the arrhyth¬ 
mia and their association with exercise 
intensity. Recording an ECG in an exercising 
horse is challenging because of the presence 
of artifacts caused by muscular activity. As a 
result, the base-apex lead should not be used 
and a different lead system is used with 
increased attention paid to the method of 
fixation of the electrodes to the skin. Usually, 
best results are obtained by placing ECG 
electrodes that contain an electrode liquid 
and adhesive in such a manner that they can 
be tightly fixed under a girth. For horses 
exercised on a treadmill or by lunging, the 
positive (green) electrode is usually placed 
on the thorax immediately caudal to the 
elbow joint (over the apex beat), and the 
negative (red) electrode is placed on the right 
side of the withers. A third (yellow) electrode 
is placed approximately 10 cm dorsal to the 
green electrode, and the reference electrode 
is placed anywhere under the girth. A differ¬ 
ent electrode system is needed for horses 
being ridden; in this case the electrodes 
should not be placed under the surcingle to 
minimize artifacts. 


The ECG signal can be recorded and 
stored using a small battery-powered device 
and a digital card that is large enough to 
permit 24-hour recording (Holter monitor¬ 
ing, which is a continuous recording of the 
ECG while the animal undergoes its normal 
activities). Commercial systems are available 
with computer analysis that assists in the 
identification of artifacts. The software pro¬ 
grams also automatically identify each R 
wave and, consequently, can be used for the 
evaluation of heart rate variability (HRV); 
however, concerns have been raised about 
the ability of some systems to accurately mea¬ 
sure the interbeat interval (IBI) in moving 
horses. 3 Telemetered ECG tracings obtained 
during exercise contain motion artifacts 
and can be difficult to interpret, with levels 
of agreement between observers varying 
inversely with level of exercise intensity. 4 

FETAL ELECTROCARDIOGRAPHY 

The fetal ECG may be recorded, and can be 
of value in determining whether the fetus is 
alive, the presence of a singleton or twins, 
and as a monitor for fetal distress during 
difficult or prolonged parturition. A modi¬ 
fied bipolar lead system is required, with the 
right atrial electrode placed on the right 
ventral abdomen and the left atrial electrode 
below placed on the ventral midline in front 
of the udder. The ground lead can be situated 
anywhere. The bipolar lead should be 
recorded using increased sensitivity with 
meticulous attention to obtaining the best 
electrical connection to the skin. The animal 
needs to be electrically isolated (standing on 
a rubber mat) and muscular activity must be 
minimized. 

Fetal electrocardiography has been used 
in cattle to monitor fetal viability, but the 
fetal ECG signal is very weak and suffers 
from interference from the maternal ECG, 
the electromyogram, and motion artifacts 
caused by gastrointestinal movement. For 
these reasons, the position of the bipolar 
recording leads on the abdomen should be 
moved to provide the optimal recording site 
for each cow. Digital processing of the fetal 
ECG signal can assist in detection of the fetal 
heart rate at more than 157 days’ gestation. 
Fetal heart rates for calves tend to decrease 
with advancing gestation, approximating 140 
beats/min from 160 to 190 days of gestation 
and 120 beats/minute at 250 to 280 days of 
gestation. 

The foal fetal heart rate can be detected 
as early as day 121 of gestation 5 and decreases 
logarithmically from approximately 110 
beats/min at 150 days before term to 75 
beats/min near to term. Continued monitor¬ 
ing traces may be needed to assess fetal dis¬ 
tress, which is manifested as a decrease in 
HRV and bradycardia. Fetal heart rate and 
HRV have also been measured as an indicant 
of hypoxia and fetal distress during parturi¬ 
tion in cattle. Cardiac arrhythmia is com¬ 
mon at the time of birth and is thought to 











result from the transient physiologic hypox¬ 
emia that occurs during the birth process. 
Following birth and during early growth of 
the foal there are age-dependent increases 
in the electrocardiographic intervals and 
changes in the orientation of the mean elec¬ 
trical axis. 

HEART RATE VARIABILITY 

HRV has received recent interest as a research 
method to evaluate the relative contributions 
of sympathetic and parasympathetic tone 
to the cardiovascular system. Consequently, 
HRV potentially provides insight into the 
degree of stress experienced by the animal 
and therefore has great potential in inves¬ 
tigating interventions in animal welfare 
studies. HRV is assessed using time domain, 
frequency domain, and nonlinear indices. 
Interesting findings of HRV analysis are that 
the equine heart in healthy animals is pre¬ 
dominantly under vagal control, and low 
HRV in horses with colic is associated with 
increased mortality. 6 A major drawback with 
HRV is that measured parameters are heavily 
influenced by measurement errors, particu¬ 
larly the presence of artifacts and loss of 
signal. 3 '' 

Time domain indices of HRV are the 
standard deviation of the normal-to-normal 
intervals (SDNNs) and the square root of the 
mean squared differences of successive nor- 
mal-to-normal intervals (RMSSD); the latter 
is the best time domain index of vagal tone. 
These indices usually require that the ECG is 
recorded for minutes to hours. In compari¬ 
son, an ECG record digitized at a sufficiently 
fast rate (at a minimum of 500-1000 Hz) 
and with accurately detected R waves for 
at least 512 beats can have sequential RR 
intervals undergo fast Fourier transform to 
provide frequency domain indices of HRV, 
such as total power, low frequency power 
(LF, defined between 0.01 and 0.15 Hz or 
0.01 and 0.70 Hz), high frequency power 
(HF, defined between 0.15 and 0.40 Hz or 
0.07-0.60 Hz), and the ratio of LF to HF. Of 
these indices, HF power corresponds to the 
respiratory frequency and is positively and 
strongly associated with parasympathetic 
tone, the LF/HF ratio is thought to reflect 
changes in sympathovagal balance, whereas 
SDNN and RMSSD are associated with total 
power and HF power. 6,8,9 

Accurate cut points for LF and HF power 
have yet to be identified for many large-ani¬ 
mal species, 10 and species differences in the 
cut points are required based on normal 
respiratory rates. For instance, LF power in 
the pig is measured from 0.0 to 0.09 Hz and 
HF power from 0.09 to 2.0 Hz. 11 HF power 
in adult cattle is defined as 0.20 to 0.58 Hz 
(equivalent to respiratory rates of 12-35 
breaths/min), whereas HF power in calves is 
defined as 0.5 to 0.83 Hz (equivalent to a 
respiratory rate of 30-50 breaths/min). Rec¬ 
ommended frequency bands for HRV inter¬ 
pretation in horses are LF (0.01-0.07 Hz) 
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IBI n (ms) 

Fig. 10-4 The Poincare plot from an adult cow. The duration of an interbeat interval (IBI) in 
milliseconds is plotted against the duration of the preceding IBI in milliseconds. An ellipse is 
then fitted along the line of identity that summarizes the variability perpendicular to the line 
of identity (SD1) and along the line of identity (SD2). (Reproduced with permission from 
Kovacs L, Jurkovich V, Bakony M, Szenci O, Poti P, Tozser J. Animal 2014;8(2):316-330.) 


and HF (0.07-0.6 Hz). Many HRV studies 
have ignored the effect of respiratory rate on 
the frequency cut point for HF power and, 
consequently, the results of these studies are 
difficult to interpret. 

Nonlinear analysis of HRV uses a variety 
of approaches. A useful graphical depiction 
of HRV is provided by the Poincare plot 
(Fig. 10-4), in which the duration of an IBI 
in milliseconds is plotted against the dura¬ 
tion of the preceding IBI in milliseconds. 
An ellipse is then fitted along the line of iden¬ 
tity that summarizes the variability perpen¬ 
dicular to the line of identity (SD1) and 
along the line of identity (SD2). On this 
basis, SD1 reflects short-term variability and 
is an index of parasympathetic activity, 
whereas SD2 reflects intermediate-term vari¬ 
ability and is regarded as an index of sympa¬ 
thetic activity. 

It remains to be determined whether 
HRV provides any useful clinical informa¬ 
tion to that provided by heart rate itself. For 
instance, in many studies where HRV indices 
indicated increased sympathetic tone, the 
mean heart rate was invariably increased 
above that in healthy individuals. 12 


OTHER USES OF THE 
ELECTROCARDIOGRAM 

• Changes in the ECG occur with some 
electrolyte imbalances in large-animal 
species. 

• There is an approximately linear 
correlation between the heart-rate- 
corrected QT interval and plasma- 
ionized calcium concentration in cattle, 
with elongation of the interval in 
hypocalcemic and shortening in 
hypercalcemic states. 

• Decreased amplitude and flattening of 
the P wave, widening of the QRS 
complex, and an increased symmetry 
and amplitude of the T wave are seen 
with hyperkalemia. 

• Estimates of heart size of the horse have 
been made from measurements of the 
QRS duration on the ECG and the 
resultant heart score is used to assess 
potential racing performance. 

• Exercise and postexercise ECGs 
frequently deliver information 
additional to that of the resting ECG 
and can be recorded by radiotelemetry 
or Holter monitoring systems. 
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BIOMARKERS OF 
MYOCARDIAL INJURY 

The serum concentration of cTnl and cardiac 
troponin T (cTnT) are excellent biomarkers 
of myocardial injury in large animals because 
they provide a sensitive and specific indica¬ 
tor of cardiac injury. Troponins I, T, and 
C are myofibrillar proteins in cardiac and 
skeletal muscle that regulate the calcium- 
mediated interaction between actin and 
myosin, with cTnl and cTnT having different 
amino acid sequences at their N-terminal 
end compared with skeletal muscle troponin 

I and T. This means that an immunoassay 

directed at the N-terminal end of cTnl or 

cTnT differentiates between cardiac and skel¬ 

etal muscle isoforms and therefore the site 

of injury. Myocardial tissue from horses, 

cattle, sheep, and pigs has high reactivity for 

cTnl and cTnT when tested using human 

immunoassays, and this reactivity is selective 

for the myocardium, because it is more than 

1000-fold higher in cardiac tissue than in 

skeletal muscle. 

The cTnT is preferred in human medicine 

as a biomarker for cardiac disease because 

high- sensitivity methodology is available and 

the results are consistent between laborato¬ 

ries because only one manufacturer makes 

the analytical equipment. 1 ' 3 In contrast, cTnl 


is preferred for detecting and quantifying 
myocardial injury in animals because it has 
greater myocardial selectivity than cTnT and 
because qualitative point-of-care devices 
using a disposable cartridge are widely avail¬ 
able that have clinical utility for the on-farm 
diagnosis of myocardial disease. 1,4,5 However, 
results differ between different cTnl assays 
because the analytical methods often target 
different amino acids of the cTnl molecule. 3 * 
The magnitude of the increase in serum cTnl 
is associated with the severity of myocardial 
injury, as assessed by cardiac function indices 
and histopathologic changes. 6 Damage to the 
myocardial cell membrane causes the rapid 
release of cytosolic troponin I into the inter¬ 
stitial fluid, increasing serum cTnl concen¬ 
trations. Much larger amounts of cTnl are 
bound to structural proteins within myocar¬ 
dial cells, and release from this larger pool of 
troponin I is responsible for persistent eleva¬ 
tion of serum cTnl concentration after acute 
myocardial injury. The half-life of serum 
cTnl in horses is 28 minutes, 1 * indicating that 
increased serum cTnl concentrations reflect 
the presence of ongoing or recent myocardial 
injury. In other words, serum cTnl concen¬ 
tration provides an excellent guide to the 
severity of myocardial damage, and serial 
measurement is clinically helpful in monitor¬ 
ing the progression of cardiac disease. 7,8 

Generally, healthy horses have serum 
cTnl concentrations below 0.04 ng/mL when 
more sensitive assays are used; serum cTnl 
concentrations are slightly increased after 
exercise in some horses. 9 * * Larger increases in 
serum or plasma cTnl concentrations occur 
in horses with myocarditis, snake enven- 
omation, cantharidin toxicosis, monensin 
toxicosis, babesiosis, colic, atypical myopa¬ 
thy, and experimentally induced endotox- 
emia. 1,7-12 Increased serum cTnl concentration 
is associated with the occurrence of ventricu¬ 
lar arrhythmias in horses, and in horses with 
colic it is attributed to endotoxemia, inade¬ 
quate oxygen delivery, myocardial damage, 
and a systemic inflammatory response. 12 
Healthy neonatal foals have serum cTnl 
concentrations less than 0.49 ng/mL, and 
slight elevations in serum cTnl occur in 
septic foals. 13 * * * * The cTnl concentrations are 
not usually increased in foals with congenital 
cardiac disease unless heart failure is suffi¬ 
ciently severe to cause myocardial ischemia. 

Healthy cattle have serum cTnl con¬ 
centrations below 0.04 ng/mL when more 
sensitive assays are used; serum cTnl con¬ 
centrations are increased in cattle with 
idiopathic pericarditis, traumatic reticulo- 
peritonitis, endocarditis, theileriosis, myo¬ 
carditis, monensin toxicosis, caudal vena 
caval thrombosis, foot-and-mouth disease, 
and experimentally induced endotox¬ 
emia. 5,6,14 ' * 1 * ' Serum concentrations of cTnl are 
slightly higher in low-producing dairy cattle 
compared with high-producing animals. 18 
Healthy neonatal calves have serum cTnl 
concentrations less than 0.04 ng/mL, and 


slight elevations in serum cTnl occur in calves 
with experimentally induced endotoxemia. 19 

Healthy goats have serum cTnl con¬ 
centrations below 0.04 ng/mL when more 
sensitive assays are used; serum cTnl con¬ 
centrations are transiently increased at par¬ 
turition but markedly increased in goats 
severely affected with pregnancy toxemia. 20 
Sheep are reported to have serum cTnl con¬ 
centrations below 0.4 ng/mL, with values 
increasing in experimentally induced acute 
ruminal acidosis 21 and myocardial ische¬ 
mia 22 and increasing fourfold during experi¬ 
mentally induced endotoxemia. 23 

Serum activities of cardiac isoenzymes of 
creatine kinase (creatine kinase isoenzyme 
MB, CK-MB) and lactate dehydrogenase 
(LDH; isoenzymes 1 and 2) have been used 
in the past as indices of cardiac disease, but 
both are inferior as biomarkers to cTnl and 
are no longer recommended. Only 1.5% of 
the total CK activity in the equine heart is 
attributable to CK-MB (compared with 20% 
in the human heart); therefore CK-MB is an 
insensitive indicator of cardiac disease in the 
horse. Isoenzymes of LDH suffer from a 
similar lack of specificity for cardiac disease. 
Large animals with cardiac disease associ¬ 
ated with inflammation, such as endocarditis 
in horses and cattle or traumatic reticulo- 
peritonitis in cattle, may have increases in 
the serum concentration of serum amyloid A 
and haptoglobin that reflect an acute phase 
response; however, the predictive ability of 
acute phase biomarkers to predict the pres¬ 
ence of cardiac disease appears to be limited. 24 

There is no doubt that cTnl is a clinically 
useful biomarker of the presence of cardiac 
injury in large animals. However, cardiac 
dysfunction may result from a variety of 
cardiac diseases, such as valvular incompe¬ 
tence, congenital heart disease, or cardiomy¬ 
opathy that may not have active injury. In 
these animals, functional biomarkers of 
chamber enlargement would be clinically 
helpful. Plasma atrial natriuretic peptide 
(ANP) concentration may therefore have 
utility as a biomarker of cardiac disease, 
although it is unlikely to provide similar sen¬ 
sitivity and specificity as a diagnostic test as 
cTnl. ANP is produced and released from 
atrial myocardial cells in response to atrial 
distension; increased plasma ANP concen¬ 
tration results in natriuresis, inhibition of 
the renin-angiotensin-aldosterone system, 
and vasodilatation. 20 Large animals with dis¬ 
tended atria caused by incompetent valves, 
cardiomyopathy, or volume overload would 
therefore be expected to have increased 
plasma ANP concentrations, and this has 
been demonstrated in calves with congenital 
cardiac disease 25 and horses with mitral 
regurgitation 26 and Human immunoassays 
appear to be accurate for use in large animals 
for ANP determination because interspecies 
sequence homology is high. However, 
plasma ANP concentrations change with 
age, making interpretation difficult. 27 In 






animals with cardiac disease, plasma ANP 
concentration appears to be clinically valu¬ 
able only in the monitoring of disease pro¬ 
gression in adult animals with mitral valve or 
tricuspid valve regurgitation. 

Plasma aldosterone concentration may 
have some utility as a biomarker of cardiac 
disease, although it is unlikely to provide 
similar sensitivity and specificity as a diag¬ 
nostic test as cTnl or even ANP. Healthy 
warmblood horses had plasma aldosterone 
concentrations between 14 and 39 pg/mL, 
and plasma aldosterone concentrations 
increased in horses with enlargement of the 
left atrium and ventricle. 28 
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MEASUREMENT OF ARTERIAL 
BLOOD PRESSURE 

Blood pressure may be determined directly 
by arterial puncture and pressure measure¬ 
ment, but this is impractical in clinical cases. 
The development of simple methods for the 
indirect determination of arterial blood pres¬ 
sure has proved difficult in large animals 
because of the paucity of suitably located 
arteries in which a pressure cuff can be 
applied and because there are problems in 
detecting pulse return by simple auscultatory 
or palpatory methods. 

In the horse a simple and relatively 
inexpensive method uses oscillometric 
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sphygmomanometry to detect arterial pulsa¬ 
tions and therefore simultaneously deter¬ 
mine heart rate and systolic, diastolic, and 
mean arterial pressure. For adult horses, the 
optimal cuff width for the oscillometric 
method is approximately 20% to 35% of the 
tail circumference, when the cuff is applied 
snugly to the base of the tail and the ventral 
coccygeal artery pressure is monitored. The 
mean tail circumference of an adult horse is 
22 cm, therefore the optimal cuff width for 
horses is 5 to 8 cm for oscillometric pressure 
measurement. Because the oscillometric 
units were designed for use in humans, the 
software programs often have difficulty in 
measuring arterial pressure when the heart 
rate is less than 40 beats/min and when 
arrhythmias or arterial hypotension are 
present, which minimizes the clinical utility 
of these units in trained or sick horses. The 
units are also susceptible to motion of the 
tail, therefore, it is preferable to keep the tail 
still during recording. For foals, the oscillo¬ 
metric technique can be used on the tail 
(coccygeal artery) or the dorsal metatarsus 
(dorsal metatarsal artery). Other methods of 
indirect pressure measurement in the horse 
(modified auscultatory technique, ultrasonic 
Doppler methodology) appear less accurate 
than the oscillometric sphygmomanometry. 
Moreover, oscillometric techniques offer the 
advantage of providing systolic, diastolic, 
and mean arterial blood pressures, whereas 
other indirect methods do not provide mean 
arterial pressure. 

Systolic and diastolic blood pressures of a 
large series of trained Thoroughbred horses 
were 112 + 16 mm Hg (14.9 + 2.1 kPa) and 
77 +14 mm Hg (10.2 + 1.9kPa),respectively. 
Equivalent values have been recorded in 
other breeds. These values are coccygeal 
uncorrected values and can be corrected to 
the correct reference level (scapulohumeral 
joint, which is equivalent to the right atrium) 
by adding 0.7 mm Hg (0.09 kPa) for every 
centimeter in height between the scapulo¬ 
humeral joint and the tail if the coccygeal 
artery was the recording site for indirect 
pressure measurement. Posture of the horse 
is important, because lowering the head sig¬ 
nificantly lowers systolic, diastolic, and pulse 
pressures. 

Hypertension has been found in associa¬ 
tion with epistaxis, laminitis in horses, and 
painful fractures of the distal bones of the 
limb. Systolic blood pressure is often also 
elevated in obstruction of the large intestine 
in horses. Blood pressure measurements are 
of value in the assessment of the degree of 
shock and possibly may prove of value in the 
differential diagnosis of conditions such as 
acute salmonellosis and in assessing the 
prognosis of colic. Mean arterial pressure is 
considered the true driving pressure for 
blood flow and organ perfusion, therefore, 
determination of mean arterial pressure pro¬ 
vides one index of perfusion. However, it is 
important to recognize that mean arterial 


pressure is poorly correlated with cardiac 
output. 

Blood pressure readings can be obtained 
by equivalent techniques from the tail of 
cattle. However, because of anatomic differ¬ 
ences these do not always correlate well with 
true blood pressure. Pressures have been 
observed to be 100 to 140 mm Hg (13.3-18.6 
kPa) systolic and 50 to 85 mm Hg (6.7-11.3 
kPa) diastolic. 

MEASUREMENT OF 
PULMONARY ARTERY 
BLOOD PRESSURE 

Pulmonary artery pressure is increased in 
all cattle raised in high-altitude regions 
(>1500 m) because of chronic alveolar 
hypoxia. Sustained periods of time at high 
altitude lead to pulmonary hypertension 
caused by medial hypertrophy of pulmonary 
arterioles and right-sided heart failure (high 
mountain disease). Cattle vary in their 
genetic susceptibility to high mountain dis¬ 
ease and, consequently, measurement of pul¬ 
monary artery pressure of bulls intended for 
breeding in herds that graze at high altitude 
has become commonplace in parts of the 
United States. 

To measure pulmonary artery blood 
pressure, bulls are restrained in a cattle chute 
with moderate squeeze to minimize move¬ 
ment. A halter is placed and the head tied 
level with the shoulder to expose the jugular 
furrow. The skin over the jugular vein is 
aseptically cleaned and the jugular vein 
occluded at the thoracic inlet. The distended 
jugular vein is then punctured with a 
13-gauge 8-cm needle that is advanced down 
the jugular vein while ensuring a free flow 
of blood until 1 cm is protruding from the 
skin to permit control of the needle. A poly¬ 
ethylene catheter (outside diameter, 1.7 mm; 
length, 120 cm) filled with sterile 0.9% NaCl 
and attached to a three-way stopcock and 
connected to a pressure transducer is 
advanced to the right atrium, through the 
tricuspid valve to the right ventricle, and 
then through the pulmonic valve to the pul¬ 
monary artery. The location of the catheter 
tip is identified by the characteristic wave¬ 
forms on an invasive blood pressure monitor. 
The mean pulmonary artery pressure mea¬ 
sured using the scapulohumeral joint is the 
reference point for 0 pressure (equivalent to 
the right atrium in a standing animal). After 
pressure measurement the polyethylene 
catheter is removed by first pulling the 
needle and catheter from the neck, and once 
the needle is out of the animal the catheter 
is grasped and removed. This process 
minimizes the potential for severing the 
polyethylene catheter. 1 

Mean pulmonary artery pressures at 1500 
to 1800, range from 34 to 44 mm Hg; cattle 
with pulmonary hypertension have pressures 
ranging from 48 to 213 mm Hg. 1 When 
breeding stock are evaluated at more than 12 
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months of age at elevations >1500 m, it is 
preferable that pulmonary artery pressure is 
<41 mm Hg. When testing cattle at different 
altitudes, a rough rule of thumb is an addi¬ 
tional increase in mean pulmonary artery 
pressure of 1 to 2 mm Hg for every 330-m 
increase in altitude above 1500 m. 1 Use of 
pulse oximetry and blood gas analysis has 
been investigated in cattle for predicting 
mean pulmonary artery pressure, but asso¬ 
ciations were not sufficiently strong for clini¬ 
cal use. 2 
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ECHOCARDIOGRAPHY 

Echocardiography has provided a relatively 
simple and noninvasive method for the 
examination of the heart that can give con¬ 
siderable information on cardiac function 
and detect structural heart disease; however, 
it cannot reliably detect focal myocardial 
disease. In echocardiography, high-frequency 
sound waves are pulsed through tissues at 
known velocities. When the sound waves 
encounter an acoustic tissue interface, echoes 
are reflected back to a transducer and 
recorded in a number of different modalities. 
The modalities have become increasingly 
sophisticated and they have largely replaced 
traditional invasive evaluations of cardiac 
function such as cardiac catheterization. The 
newer technologies that accompany standard 
echocardiography, such as Doppler measure¬ 
ment of blood velocity, tissue Doppler 
imaging, and two-dimensional (2D) speckle 
tracking are becoming less and less expensive 
and high-quality portable units are now 
available. 

Echocardiography allows the measure¬ 
ment of cardiac chamber size, wall thickness, 
global and regional wall movement, and 
valve structure and function. A complete 
echocardiographic study addresses the fol¬ 
lowing: (1) presence of morphologic lesions, 

(2) motion abnormalities (global or regional), 

(3) cardiac chamber and great vessel size, 

(4) cardiac valve function, (5) blood flow 
disturbances, (6) global and regional ven¬ 
tricular systolic function, (7) hemodynamic 
measurements, and (8) ventricular diastolic 
function. Accomplishing this requires the 

application of complementary 2D, M-mode, 

and Doppler modalities. 

Standard 2D and M-mode (motion 
mode) views are initially obtained from the 
right side of the thorax using an approxi¬ 
mately 3-MHz transducer for adult horses 

and cattle and an approximately 5-MHz 
transducer for neonatal calves, foals, and 
adult sheep and goats. A small phased array 

(pencil-like probe) is preferred in ruminants 
because of the narrow intercostal space. It 
is also very helpful to tie a soft rope around 


the distal right limb and have an assistant 
gently move the rope and right leg forward 
and outward to facilitate echocardiographic 
examination of standing adult horses and 
cattle, because this makes it easier to visual¬ 
ize the heart. A right parasternal short-axis 
view at the level of the chordae tendinae 
(papillary muscle level) is used to determine 
the left ventricular internal diameter at end- 
diastole (LVIDd) and end-systole (LVIDs) 
and determine wall thickness of the left ven¬ 
tricular free wall and ventricular septum. 1 
Three right parasternal long-axis views are 
then used: the long-axis four-chambers view, 
the left ventricular outflow tract view, and 
the right ventricular outflow tract view. Dif¬ 
ferent formula can be used to calculate left 
ventricular volumes at end-diastole and end- 
systole and ejection fraction from echocar¬ 
diographic measurements. Left ventricular 
fractional shortening (FS) is calculated as 
FS = (LVIDd - LVIDs)/LVIDd; FS ranges 
in healthy adult horses from 28% to 50%. 2 
Volumetric measurements and Doppler 
measurement of right ventricular outflow 
tract velocity may have clinical utility for the 
noninvasive measurement of cardiac output 
in horses; however, pulsed-wave Doppler is 
difficult to perform because of the need to 
have the ultrasound beam parallel to the 
blood flow and the small cardiac window for 
echocardiography. 3 A new technique has 
been developed for ultrasonographic mea¬ 
surement of the right ventricle of the adult 
horse that offers promise in detecting the 
presence of right ventricular dysfunction. 4 
An M-mode short-axis view of the aorta is 
obtained to calculate left ventricular ejection 
time from the time interval between opening 
and closure of the aortic valve; a value >338 
ms is normal for healthy adult horses. 5 All 
these echocardiographic indices are load- 
dependent measures of cardiac function. 

Quantitative studies are available for the 
horse, 1 sheep, pigs, and cattle. Measurements 
of cardiac and individual chamber dimen¬ 
sions, vessel diameters, and flow rates can be 
used to assess normality, indexes of contrac¬ 
tility, and effects of cardiac lesions on cardiac 
response and function. They can also be used 
to predict the type of lesion likely to result in 
these changes. 

Valvular defects and endocarditis may 
be diagnosed by imaging abnormal valve 
motion, incompetent valve orifices, or vege¬ 
tative masses associated with the valves, 
and tumor masses in the heart can be 
detected. Similarly, the severity of valvular 
regurgitation can be quantified. Focal areas 
of myocardial echogenicity and asynchrony 
of ventricular wall motion is indicative of 
myocardial disease. 6 

Echocardiography can be of considerable 
value in the diagnosis of congenital cardio¬ 
vascular defects and the injection of echo- 
genic materials such as microbubble-laden 
saline may aid in the detection of shunts. 
Echocardiography can also be used to 


determine the presence and extent of pleural 
and pericardial effusion. Combined IV 
administration of dobutamine (7.5 pig/kg/ 
min) and atropine (5 |Ig/kg) has been used 
to cause a sustained increase in heart rate 
in horses to approximately 140 beats/min 
in an attempt to perform echocardiography 
on horses undergoing a pharmacologically 
induced cardiac stress test. 7 In the examina¬ 
tion of the vascular system, ultrasound is 
capable of the early detection of iliac throm¬ 
bosis in horses and is more sensitive than 
manual palpation per rectum. 

There is a long-held belief that horses 
with a large heart relative to their body size 
have greater athletic capacity. An accurate 
and noninvasive method for determining 
heart weight therefore has potential utility as 
one method for predicting racing success. 
Echocardiography provides a useful estimate 
of heart weight that may compliment elec- 
trocardiographically determined heart score 
(calculated from the QRS duration) in the 
prediction of athletic performance. The 
thickness of the interventricular septum in 
diastole provides an accurate prediction of 
heart weight; the predictive accuracy was 
such that echocardiography using this mea¬ 
surement has utility as an index of subse¬ 
quent athletic performance and has been 
used in North America, Europe, and Austra¬ 
lia in such a manner. Significant cardiac 
enlargement has been observed in Standard- 
breds between 2.0 and 3.5 years of age, with 
echocardiographic changes characteristic for 
endurance trained athletes. 8 

Fetal Echocardiography 

The fetal ECG may be recorded in late gesta¬ 
tion using transabdominal ultrasonography 
and can be of value in determining whether 
the fetus is alive and as a monitor for fetal 
distress during difficult or prolonged partu¬ 
rition. The abdomen is clipped and ultra¬ 
sonic coupling gel is applied liberally to the 
skin. The fetal heart is detected using a 
3-MHz or 5-MHz linear-array probe; 
however, the technique is challenging and it 
may take at least 10 minutes to identify the 
fetal heartbeat, which must be located within 
12 cm of the transducer. 9 
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RADIOGRAPHIC AND 

ANGIOCARDIOGRAPHIC 

EXAMINATION 

Because of the size of horses and cattle these 
methods of examination are largely confined 
to neonates of these species, except in teach¬ 
ing hospitals. The major limitations of 
radiography are the inability to obtain dor- 
soventral radiographs in adult horses and 
cattle and the frequent presence of pleural 
fluid and pulmonary disease that obscures 
the cardiac silhouette on a lateral view. 
Angiocardiography can be a diagnostic 
method of examination in congenital cardiac 
defects where the passage of contrast media 
through abnormal routes can be detected. 

Lateral radiographs of neonatal foals or 
calves, or adult sheep and goats, can be 
helpful in detecting cardiac enlargement 
(either dilatation or hypertrophy) that may 
result from cardiac disease. Specifically, 
determination of the vertebral heart score 
(VHS) that compares the cardiac silhouette 
dimensions with the length of specific tho¬ 
racic vertebral bodies has been used to iden¬ 
tify the presence of cardiac enlargement in 
neonatal calves suspected to have congenital 
cardiac disease. To determine VHS, first the 
long axis of the heart is measured from the 
heart base to the apex, with the dorsal land¬ 
mark defined as the ventral margin of the 
carina and the left mainstem bronchus. The 
short axis of the heart is then measured per¬ 
pendicular to the long axis at the widest 
portion of the heart (approximately at the 
level of the ventral border of the caudal vena 
cava [CVC]) from the cranial to caudal 
border. 1 The lengths of the long axis and short 
axis are then added and superimposed on the 
long axial length of the thoracic spine, start¬ 
ing at the cranial margin of T4 and projecting 
caudally. Measurements of cardiac dimen¬ 
sions are then expressed in terms of vertebral 
units, with one vertebral unit the distance of 
one vertebral body and the accompanying 
caudal intervertebral disk space. Healthy 
calves <7 weeks of age had a VHS < 8.9 ver¬ 
tebral units, and VHS was significantly 
increased in calves with congenital cardiac 
disease such as ventricular septal defect. 1 

Radiographic evaluation of CVC diame¬ 
ter has proven useful in the diagnosis of 
heart disease in adult dairy cattle. Lateral 
thoracic radiographs are taken with cattle in 
a standing position and the average diameter 
of CVC is compared with the diameter of 
the aorta and the length of the thoracic ver¬ 
tebra at the same intercostal space (usually 
the 8th intercostal space). The ratio of CVC 
diameter to aortic diameter is 0.61 ± 0.10 
and the ratio of CVC diameter to vertebral 
length is 0.41 + 0.06 in healthy dairy cattle 
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of varying ages. Both ratios were markedly 
decreased in cattle with cardiac disease 
caused by endocarditis, traumatic reticulo- 
pericarditis, ventricular septal defect, and 
pericardial effusion. 2 
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PHONOCARDIOGRAPHY 

Phonocardiography allows the recording and 
measurement of heart sounds. A special 
microphone is placed directly over the 
various areas of the thorax used for heart 
auscultation, and the heart sounds are 
recorded graphically on moving paper or on 
an oscilloscope. Before recording, the heart 
sounds are usually passed through high-pass, 
low-pass, or band-pass filters to allow better 
discrimination of the individual sounds and 
to allow a crude frequency examination. 1 
Phonocardiograms are usually recorded in 
conjunction with an ECG and chamber pres¬ 
sure measurements, which permit timing of 
their occurrence in relationship to the elec¬ 
trical activity within the heart. 

Phonocardiograms can provide consider¬ 
able information on heart sounds additional 
to that acquired by stethoscopic examina¬ 
tion. In the horse, up to 11 sound events 
can be detected in each cardiac cycle and 
figures of the occurrence and duration of 
normal heart sounds in large animals are 
available. In conjunction with an ECG, the 
phonocardiogram can be used to measure 
systolic time intervals, which may be altered 
in congenital and acquired cardiovascular 
abnormalities. 

Phonocardiograms have been infre¬ 
quently used for the characterization and 
timing of murmurs in animals with cardio¬ 
vascular disease, especially at fast heart rates 
when simple stethoscopic examination may 
not allow this. However, phonocardiography 
has been rarely used as a clinical diagnostic 
tool, and the widespread availability of echo- 
cardiographs make the clinical application of 
phonocardiography less likely in the future. 
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CARDIAC OUTPUT 

There are several techniques available for the 
measurement of cardiac output, but the one 
almost universally applied in large animals 
is the indicator dilution technique using 
thermodilution (injection of iced 5% dex¬ 
trose) or indicator dyes such as Evans blue, 
indocyanine green, or lithium chloride. With 
dye dilution, an exact amount of dye is 
injected into the jugular vein or pulmonary 
artery via a catheter and the serial collection 
of blood samples is performed from a suit¬ 
able proximally located artery that has been 


catheterized. Cardiac output is most com¬ 
monly measured using thermodilution but 
can also be calculated from a dye dilution 
curve by determining the mean concentra¬ 
tion of the dye and the time taken for one 
circulation through the heart. Automated 
cardiodensitometers are also available for 
this estimation. Cardiac output is expressed 
as liters per minute and is usually corrected 
to cardiac index on the basis of weight or 
body surface area. 

Most domestic animals have a cardiac 
index of 100(mL/kg BW)/min at rest. The 
cardiac index for horses, sheep, and cattle at 
rest has been determined as 86 + 13, 131 ± 
39, and 113 ± ll(mL/kg)/min, respectively. 
Stroke volume can also be calculated from 
the measured cardiac output and simultane¬ 
ously determined heart rate, in which stroke 
volume = cardiac output/heart rate. Gener¬ 
ally, the normal variation between animals in 
indexes of cardiac output is too great to allow 
it to be used as a diagnostic measure in indi¬ 
vidual animals suspected to have cardiac 
disease. Measures of cardiac output are used 
in experimental studies, where the effects of 
certain procedures can be followed within 
the same animal. Indicator dilution curves 
using dyes or thermodilution methodology 
can be used to detect the presence of intra¬ 
cardiac defects such as septal defects and to 
quantify their significance. 

Doppler echocardiography and the 
direct or indirect Fick method 1 ' 2 can be used 
to estimate cardiac output and gives values 
equivalent to those obtained by thermodilu¬ 
tion techniques. 
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CARDIAC CATHETERIZATION 

The measurement of pressure within the 
various chambers of the heart and in the 
inflow and outflow vessels can provide diag¬ 
nostic information in both acquired and 
congenital heart disease in large animals. 
Generally, pressure is determined by means 
of fluid-filled catheters introduced into these 
areas and connected to an external pressure 
transducer. These systems are generally sat¬ 
isfactory for the measurement of pressure 
and the detection of changes with abnormal¬ 
ity. However, because of their transmission 
characteristics, they are less suitable for 
the precise timing of pressure events, and 
high-fidelity catheter tip manometers should 
be used for this purpose. 

Catheterization of the right side of the 
heart is a comparatively simple procedure in 
large animals but is not without risk to the 
animal. Catheterization is done in the stand¬ 
ing position, and descriptions are available 
for horses and cattle. Flow-directed catheters 
are used and can be introduced through 
a needle inserted into the jugular vein. 
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Table 10-2 Mean (± standard deviation) cardiopulmonary values for adult horses, 
cattle and calves, and pigs 

Measured value 

Adult horses 

Adult cattle 

Calves 

Pigs 

Body weight (kg) 

560 

540 

40 

43 

Mean arterial pressure (mm Hg) 

120 ± 14 

150 ± 27 

92 ± 15 

130 ± 12 

Mean pulmonary artery 

21 ± 5 

36 ± 9 

18 ± 6 

16 ± 2 

pressure (mm Hg) 

Mean central venous pressure 

6.9 ± 2.7 

NS 

2.4 ± 1.2 

4.8 ±1.2 

(mm Hg) 

Heart rate (beats/min) 

44 ± 8 

73 ± 14 

114 ± 9 

134 ± 10 

Cardiac index ([mlVkg]/min) 

93 ± 23 

64 ± 14 

120 ± 48 

150 ± 10 

Respiratory rate (breaths/min) 

18 ± 7 

45 ± 12 

NS 

19 ± 2 

Arterial pH 

7.41 ± 0.02 

7.42 ± 0.03 

7.37 ± 0.03 

7.42 ± 0.04 

Arterial Pco 2 (mm Hg) 

40 ± 3 

38 ± 3 

50 ± 6 

43 ± 2 

Arterial Po 2 (mm Hg) 

93 ± 14 

109 ± 12 

92 ± 10 

105 ±4 


NS, not stated. 

Animals are unsedated and standing with their head in a normal, nonfeeding position. Pressures are 
referenced to the scapulohumeral joint. 


Table 10-3 Results of sequential blood gas analysis from a 2-year-old Holstein-Friesian 
heifer with a large ventricular septal defect 



Balloon-tipped catheters aid the flow of the 
catheter into the pulmonary artery. Cathe¬ 
terization of the left side of the heart is more 
complicated and performed less often. Left 
heart catheterization is usually performed 
under general anesthesia and requires the 
use of a stiff catheter introduced into the 
carotid or femoral artery by surgical methods 
and subsequently manipulated to the left 
ventricle. 

The systematic determination of the pres¬ 
sure within each area of the heart and in the 
inflow and outflow vessels can allow a deter¬ 
mination of the type of abnormality that is 
present. Valvular stenosis or incompetence is 
associated with abnormal pressure differ¬ 
ences across the affected valve during systole 
or diastole. Cardiac hypertrophy is generally 
accompanied by an increase in pressure 
during systole of the affected chamber. With 
high-fidelity equipment, pressure waveforms 
can also have diagnostic value. 

The right atrium is usually used as the 
reference point for pressure comparison and 
is arbitrarily assigned a reference pressure 
of zero when recording using a fluid-filled 
catheter system. The scapulohumeral joint 
(point of the shoulder) is taken as the ana¬ 
tomic equivalent reference height in the 
standing animal. A simultaneously recorded 
base-apex ECG assists in interpretation of 
the pressure tracings. Numerous publica¬ 
tions have reported cardiovascular values for 
conscious awake horses and adult cattle and 
calves, and representative values are pre¬ 
sented in Table 10-2. 

During catheterization blood may be 
withdrawn through the catheter and sub¬ 
jected to blood gas analysis. In right-sided 
catheterization, an increase in oxygen satura¬ 
tion in the right ventricle or pulmonary 
artery can be diagnostic for the presence of 
a left-to-right shunt caused by an atrial septal 
defect, a ventricular septal defect, or a patent 
ductus arteriosus. The normal maximum 
increase in venous oxygen content between 
the right heart chambers and pulmonary 
artery in humans is 0.9 mL 0 2 /dL from the 
right atrium to right ventricle and 0.5 mL 
0 2 /dL blood from the right ventricle to the 
pulmonary artery. It is a reasonable assump¬ 
tion that similar changes in oxygen content 
(caused by streaming of blood flow and vari¬ 
ability in sampling site within the right 
atrium and ventricle) exist in large animals. 
Not only can blood gas analysis indicate the 
presence of a left-to-right to shunt, but 
sequential blood gas analysis can be used to 
quantify the magnitude of the shunt by cal¬ 
culating the pulmonary-to-systemic flow 
ratio and therefore assist in prognosis. 

The pulmonary blood flow and systemic 
blood flow are approximately equivalent 
in healthy individuals, with the exception 
of a small amount of right-to-left shunt 
(physiologic shunt) caused by venous blood 
from coronary and bronchial blood flow 
draining into the left ventricle, left atrium, or 


pulmonary veins. The pulmonary-to-sys¬ 
temic flow ratio should therefore approxi¬ 
mate 1.0. In animals with a left-to-right 
shunt, the pulmonary to systemic flow ratio 
(Qp/Qs) quantifies the magnitude of the left- 
to-right shunt across the defect. The pulmo- 
nary-to-systemic flow ratio is calculated 
using the Fick method from measurements 
of S a o 2 (oxygen content of arterial blood), 
MV0 2 (oxygen content of mixed venous 
blood, which is the pulmonary artery in 
animals without a shunt, the right ventricle 
in animals with a patent ductus arteriosus, 
the right atrium in animals with a ventricular 
septal defect, and the vena cava in animals 
with an atrial septal defect), P v o 2 (oxygen 
content of pulmonary venous blood), and 
P a o 2 (oxygen content of pulmonary artery 
blood), such that: (Q p /Q s ) = (S a o 2 - MV0 2 )/ 
(P v o 2 —P a o 2 ). This method assumes the 
animal is in steady state and that cardiac 
output does not change during blood sam¬ 
pling. Oxygen content (in mL 0 2 /dL blood) 
is calculated from the measured values for 
blood hemoglobin concentration ([Hb], in g/ 
dL), oxygen tension, and percentage 0 2 satu¬ 
ration, such that 0 2 content = [Hb] X 1.39 x 
0 2 saturation/100 + 0.003 x Po 2 . In clinical 


cases at sea level, it is assumed that saturation 
of pulmonary venous blood and arterial 
blood = 97.5% and that Po 2 = 90 mm Hg. 
Application of this equation and assump¬ 
tions to data from a 2-year-old Holstein- 
Friesian cow with a ventricular septal defect, 
atrial fibrillation, and pulmonary hyperten¬ 
sion (mean pressure 67 mm Hg) indicated 
that (Qp/Q s ) = (8.67 - 5.89)/(8.67 - 8.04) = 
4.4, using the right atrial content as the 
mixed venous sample because the right ven¬ 
tricle contained a large volume of oxygenated 
blood from the left ventricle. This calculation 
indicated the presence of an extremely large 
left-to-right shunt (shunt = Q p - Q s = Q P (1 
- 1/4.4) = 0.77 X Q p ); in other words, 77% of 
the blood flowing through the lungs was 
from the left heart. Such a large shunt into 
the right ventricle was suspected based on 
the large step up in 0 2 content from the right 
atrium to right ventricle (2.1 mL 0 2 /dL; 
Table 10-3), which exceeded the maximal 
normal value of 0.9 mL 0 2 /dL. A 2-cm diam¬ 
eter ventricular septal defect was confirmed 
at necropsy. 

Shunts can also be demonstrated by dye 
or thermodilution techniques, but these are 
much more complicated to analyze than 
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blood gas analysis of sequential blood samples 
obtained from a fluid-filled catheter during a 
pullback from the pulmonary artery through 
the right ventricle into the right atrium. 

Echocardiography can provide informa¬ 
tion that, although different, may be of 
equivalent diagnostic value to that obtained 
by cardiac catheterization and, because 
it is noninvasive and technically a much 
easier procedure, echocardiography has 
largely supplanted cardiac catheterization in 
the examination of cardiac disease in large 
animals. 


Arrhythmias 

(Dysrhythmias) 

Variations in cardiac rate and rhythm include 
tachycardia (increased rate), bradycardia 
(decreased rate), arrhythmia or dysrhythmia 
(irregularity in rate and rhythm), and gallop 
rhythms. The rate and rhythm of the heart is 
influenced primarily by the integrity of the 
pacemaker, the conducting system, and the 
myocardium, and also by the influence of 
the autonomic nervous system. Variation in 
the rate and rhythm can occur in normal 
animals because of strong or varying auto¬ 
nomic influences and can also be a reflec¬ 
tion of primary myocardial disease. Other 
factors such as acid-base and electrolyte 
imbalance can influence rate and rhythm. 
These factors must be taken into consider¬ 
ation in the assessment of apparent abnor¬ 
malities detected on clinical examination 
of the cardiovascular system. The combina¬ 
tion of dysautonomia and acid-base and 
electrolyte abnormalities (particularly hypo¬ 
kalemia and hypocalcemia) are the most 
likely reasons for the increased prevalence 
of arrhythmias is horses during recovery 
from anesthesia. 1 Similarly, ventricular pre¬ 
mature complexes are more often present in 
horses with colic than healthy horses; the 
increased incidence of ventricular arrhyth¬ 
mias has been attributed to electrolyte 
abnormalities (particularly hypokalemia, 
hypocalcemia, and hypomagnesemia), sym¬ 
pathetic nervous system activation, and 
concurrent endotoxemia. 2 Cardiac arrhyth¬ 
mias are more common in low-producing 
lactating dairy cattle than high-producing 
dairy cattle; this is attributed to the presence 
of concurrent electrolyte disturbances in 
low-production cattle, particularly hypocal¬ 
cemia, hypokalemia, and hypomagnesemia. 3 

The majority of arrhythmias and conduc¬ 
tion disturbances can be detected on clinical 
examination. However, some may be unsus¬ 
pected on clinical examination and be found 
only on electrocardiographic examination. 
The occurrence of conduction and myocar¬ 
dial disturbances is probably more common 
than generally recognized, because an ECG 
is usually only taken from animals in which 
there have been prior clinical indications of 
conduction abnormalities. Because of the 


Table 10-4 Common arrhythmias and 
conduction disturbances in the horse 
and cow 

Horses 

Cattle 

Second-degree 

atrioventricular 

block 

First-degree 

atrioventricular 

block 

Atrial fibrillation 

Atrial premature 
complexes 

Atrial premature 
complexes 

Ventricular premature 
complexes 

Ventricular premature 
complexes 

Atrial fibrillation 

First-degree 

atrioventricular 

block 

Sinoatrial block 



importance of electrocardiography in the 
diagnosis of arrhythmias, the salient electro¬ 
cardiographic findings are given in the 
following sections. 

The common conduction disturbances 
and arrhythmias in large animals are listed 
in Table 10-4. A large-scale cross-sectional 
study of 952 healthy dairy cattle aged 1 or 
more years produced the following preva¬ 
lence of arrhythmias: sinus arrhythmia, 
8.5%; first-degree AV block, 1.6%; ventricu¬ 
lar premature complexes, 0.6%; atrial prema¬ 
ture complexes, 0.4%; sinus bradycardia, 
0.2%; and ventricular escape complexes, 
0.1%. Atrial fibrillation was not observed in 
healthy cattle in this study. 

The treatment of arrhythmic heart disease 
generally relies on the treatment of the 
underlying clinical condition causing the 
problem. This may vary from electrolyte 
and acid-base disturbance and toxicities 
to primary myocardial disease resulting 
from myocarditis, myocardial ischemia, and 
changes resulting from heart failure or 
myopathies resulting from nutritional defi¬ 
ciency. These are detailed in later sections in 
this text. Racing and work horses should be 
rested for periods up to 3 months following 
evidence of myocardial disease. Frequently a 
course of corticosteroids, or a nonsteroidal 
antiinflammatory drug (NSAID) such as 
flunixin meglumine, is given to attempt 
to reduce the severity of myocarditis if 
this is not contraindicated by the initiating 
cause. Specific antiarrhythmic therapy may 
be applied in certain conditions and is 
detailed later. 

A clinically useful classification system 
for dysrhythmias is based on the heart rate, 
as often an ECG is unavailable during the 
initial physical examination. This is the cat¬ 
egorization system used in this text. However, 
when an ECG record of an arrhythmia is 
available, it is very helpful to categorize dys¬ 
rhythmias in large animals into four catego¬ 
ries based on their anatomic origin: SA 


nodal, atrial myocardial, AV nodal, or ven¬ 
tricular myocardial. An alternative system 
of categorization of cardiac arrhythmias 
focuses on disorders of impulse formation, 
disorders of impulse conduction, disorders 
of both impulse formation and conduc¬ 
tion, or escape rhythms. 

It is important to be able to recognize 
those forms of arrhythmia that are not indic¬ 
ative of pathologic heart disease but are 
normal physiologic variations. These are 
common in the horse and most can be dif¬ 
ferentiated on physical examination. It is also 
important to understand the difference 
between a premature beat or contraction 
and a premature complex. A beat or con 
traction is a mechanical event that can be 
clinically detected by auscultation, palpation 
of an artery or visual examination of the 
jugular venous pulse, or recorded by pressure 
measurements. A complex is an electrical 
event that is detected by an electrocardio¬ 
graph. A beat is always associated with a 
complex; however, a complex can be unac¬ 
companied by a beat, particularly in electro¬ 
mechanical dissociation and ventricular 
tachycardia or ventricular fibrillation. The 
terms beat or contraction should therefore 
be used to describe an arrhythmia detected 
by auscultation, palpation, or recording of 
the arterial pulse, whereas the term complex 
should be used when the arrhythmia is 
detected electrocardiographically. 

FURTHER READING 

Reef VB, Bonagura J, Buhl R, et al. Recommendations 
for equine athletes with cardiovascular 
abnormalities. ACVIM/ECEIM Consensus 
Statement. / Vet Intern Med. 2014;28:749-761. 
Verheyen T, et al. Electrocardiography in horses—part 
2: how to read the equine ECG. Vlaams Diergen 
Tijdschrift. 2010;79:337-344. 
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SINUS TACHYCARDIA, SINUS 
BRADYCARDIA, AND 
PHYSIOLOGIC DYSRHYTHMIAS 

The heart rate results from the discharge of 
impulses from the SA node, which has its 
own intrinsic rate of discharge but which is 
also modified by external influences, partic¬ 
ularly the vagus nerve. 

SINUS TACHYCARDIA 

The term sinus tachycardia or simply tachy¬ 
cardia is used to describe an increase in 
heart rate caused by detectable influences 
such as pain, excitement, exercise, hyper¬ 
thermia, a fall in arterial blood pressure, or 
the administration of adrenergic drugs. The 
heart rate returns to normal when the influ¬ 
ence is removed or relieved. 

It needs to be stated that sinus tachycar¬ 
dia indicates an increase in heart rate that 
is initiated by the SA node in the right 
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atrium (hence the sinus modifier). This 
means that the term sinus tachycardia 
should be reserved for use when electrocar¬ 
diography has been performed and the sinus 
node has been determined to be the domi¬ 
nant pacemaker. For comparison, the term 
tachycardia should be used when an 
increased heart rate is detected by ausculta¬ 
tion or palpation of the pulse and the origin 
of the pacemaker has not been determined. 
In resting horses and cattle that are used to 
being handled heart rates are not usually 
elevated above 48 and 80 beats/min, respec¬ 
tively, and rates above this are usually clas¬ 
sified as tachycardia (Fig. 10-5). Fig. 10-6 
shows base-apex ECGs of horses with 
selected arrhythmias, which were recorded 
at 25 mm/s and 10 mm = 1 mV. In the cow 
and horse, it is rare for the causes of sinus 
tachycardia to elevate the heart rate above 
120 beats/min in the resting animal, and at 
heart rates above this an intrinsic pathologic 
tachycardia should be sought. Sinus tachy¬ 
cardia (heart rate >90 beats/min), with or 
without sinus arrhythmia, is more common 
in sheep in the early postpartum period than 
in late gestation. 1 

SINUS BRADYCARDIA 

Sinus bradycardia or simple bradycardia is 
used to describe a decrease in heart rate 
caused by a decreased rate of discharge from 
the SA node. Sinus bradycardia is most com¬ 
monly associated with highly trained, fit 
animals and can be differentiated from the 
pathologic bradycardias by its abolition by 
exercise or the administration of atropine. 
Obviously sinus bradycardia, like sinus 
tachycardia, requires electrocardiographic 
confirmation that the sinus node is the dom¬ 
inant pacemaker. 

Bradycardia may also occur in associa¬ 
tion with an increase in arterial blood 
pressure, space-occupying lesions of the 
cranium and increased intracranial pressure, 
pituitary abscess, hyperkalemia (see Fig. 8 1), 
hypothermia, and hypoglycemia and follow¬ 
ing the administration of a-2-adrenergic 
agonists such as xylazine or detomidine. Bra¬ 
dycardia is sometimes associated with vagus 
indigestion and diaphragmatic hernia in 
cattle and also occurs in cattle deprived of 
food. Bradycardia has also been reported in 
cattle with bovine spongiform encephalopa¬ 
thy, although this probably reflects inappe¬ 
tence rather than damage to the vagal nucleus 
in the brainstem; the latter would be expected 
to increase, rather than decrease, the heart 
rate. Bradycardia can be induced in young 
ruminants by forceful elevation of the tail. 
Sinus arrhythmia is usually present in animals 
with sinus bradycardia. 

The resting heart rate seldom falls below 
22 beats/min in adult horses and 44 beats/ 
min in adult cattle. Rates below this are 
suggestive of pathologic bradycardias, and 
hypothermia, hypothyroidism, or an intrin¬ 
sic cardiac problem should be suspected. 


However, a general rule is that resting heart 
rates are inversely proportional to BW, and 
large, fit horses and cattle have apparently 
low heart rates. 

PHYSIOLOGIC DYSRHYTHMIAS 

There are several dysrhythmias that can 
occur in the absence of heart disease and that 
appear to result from excess vagal tone. 


These occur especially in the horse and 
include the following: 

• Sinus arrhythmia 

• Wandering pacemaker 

• SA block 

• First-degree and second-degree AV 
block (Mobitz type 1). 

These physiologic arrhythmias occur in 
animals at rest and can frequently be induced 


A. Normal sinus rhythm in a horse (heart rate = 33 beats/min). 



B. Normal sinus rhythm in a cow (heart rate = 68 beat s/min) . 



C. Atrial premature complexes in a cow (4 & 5 P waves from left) 



D Paroxysmal supraventricular tachycardia in a cow. 



E Atrial fibrillation in a cow (normal ventricular rate). 



F. Atrial fibrillation in a cow (increased ventricular rate) 



G. Atrial fibrillation in a cow (ventricular rate = 186 beats/min) with chronic 
(congestive) heart failure and pleural fluid accumulation leading to decreased 
QRS amplitude. 



Fig. 10-5 Base-apex electrocardiograms (ECGs) of large animals with normal sinus rhythm 
(A and B), supraventricular arrhythmias (C-H), hyperkalemia (H and I), or ventricular 
arrhythmias (J-L). All ECGs were recorded at 25 mm/s and 10 mm = 1 mV. Base-apex ECGs of 
large animals with normal sinus rhythm (A and B), supraventricular arrhythmias (C-H), 
hyperkalemia (H and I), or ventricular arrhythmias (J-L). All ECGs were recorded at 25 mm/s 
and 10 mm = 1 mV. 
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H. Second degree AV block in a 3-month-old calf. The 3™ P wave is not followed 





I. Bradycardia (heart rate = 58 
absence of P waves, and prolonged QRS duration in a 7-day-old calf with 


J. Sinus tachycardia in a heifer (heart rate = 148 beats/min) with a premature 
ventricular 


K. Ventricular premature complex in a cow. Note the markedly abnormal QRS 
complex that has opposite polarity to the normal complex, increased QRS 
duration, and a large T wave amplitude. 

-EMliijnr i m 


t -- - 

L. Ventricular arrhythmia in a cow (normal P, QRS, & T wave in 3 complex) 


Fig. 10-5, cont'd 


by the application of a nose twitch in horses 
or by forceful elevation of the tail in young 
ruminants. There is some debate as to the 
significance of these arrhythmias in animals, 
but it is generally thought that if they are 
abolished by exercise or excitement and if 
there is no evidence of cardiac insufficiency 
they are not of pathologic significance and 
do not require further investigation. 

Perinodal myocardial fibrosis and micro- 
vascular abnormality have been reported in 
horses with SA and AV block and are con¬ 
sidered as an excitatory cause. However, 
because myocardial fibrosis is common in 
horses, and is present in 79% of horse hearts 
examined at random, it remains likely that 
these arrhythmias are physiologic in horses. 
All animals with evidence of arrhythmic 
heart disease should be examined following 
exercise, as should any animal in which 
cardiac disease is suspected. 

The occurrence of cardiac irregularities 
following exercise is highly indicative of 
serious cardiac disease. 

A high frequency of arrhythmia has been 
recorded in newborn foals immediately fol¬ 
lowing birth. Forty-eight of 50 foals had 
some form of arrhythmia; atrial premature 
complexes were recorded in 30 foals, atrial 
fibrillation in 15 foals, and ventricular pre¬ 
mature complexes in 10 foals. Other arrhyth¬ 
mias were recorded with less frequency. 
It was concluded that the arrhythmias 
resulted from transient physiologic hypox¬ 
emia during birth and that their occurrence 
should be considered as part of the normal 
adaptive process to extrauterine life, as 
normal sinus rhythm was recorded by 5 
minutes following birth and the foals subse¬ 
quently developed normally. 

Cardiac arrhythmias also are commonly 
associated with gastrointestinal disorders 
in the dairy cow and less commonly in the 
horse and resolve without specific antiar- 
rhythmic treatment when the primary 
gastrointestinal disorder is corrected. Atrial 
premature complexes, ventricular premature 
complexes, and atrial fibrillation have been 


A. An ECG (base-apex configuration) of a horse with atrial fibrillation. 



Fig. 10-6 Base-apex electrocardiograms (ECGs) of horses with selected arrhythmias. All ECGs were recorded at 25 mm/s and 10 mm = 1 mV. 

A, An ECG (base-apex configuration) of a horse with atrial fibrillation. The typical characteristics include an irregularly irregular rhythm, absence 
of P waves, coarse baseline irregularity called fibrillation ("f") waves, and "QRS" complexes of normal width and morphology. Note that for 
short RR intervals the T wave (arrow) has opposite polarity to the QRS complexes that follow longer diastolic intervals; the same phenomenon 
occurs in ECGs recorded during exercise compared with at rest. In the same horse, even in the same ECG trace, coarse and fine fibrillation waves 
can be present, representing the chaotic nature of the underlying electrical activation of the atria. Continued 




















































































































































































































































































B. Base-apex ECG of atrial fibrillation obtained from a 5-year-old trotter with a 14-day history of reduced athletic performance. The rhythm is 
irregularly irregular after the 9th QRS complex. 

weekday | Date | Time Mode Gam Feed Filter X-Cursor Y-Cursor 


Einthoven 20 mm/mV 25 mm/s 60 Hz 268 ms | 224/min 



C. During exercise and during periods of excitement 1:1, 1:2, and 1:3 atrioventricular (AV) conduction of the flutter waves occurred and the 
horse’s heart rate rhythm sounded regular by auscultation. 

Weekday | Date | Time Mode Gain Feed Filter X-Cursor Y-Cursor 


Einthoven 20 mm/mV 25 mm/s 60 Hz 256 ms | 234/min 



D. Junctional ventricular premature depolarization (VPD) in a horse presented with poor performance. 

p 



VPD 


E. Third-degree AV block in a 15-year-old Grand Prix dressage horse. 



Fig. 10-6, cont'd B, Base-apex ECG obtained from a 5-year-old trotter with a 14-day history of reduced athletic performance. The ECG shows 
atrial flutter with a cycle length of 268 ms (rate 224 beats/m in). C, During exercise and during periods of excitement 1:1, 1:2, and 1:3 
atrioventricular (AV) conduction of the flutter waves occurred and the horse's heart rate rhythm sounded regular by auscultation. This ECG 
recording was obtained during and immediately after pulling up from a trot on the lunge. A 1:1 conduction of F waves as parasympathetic tone 
is withdrawn results in an excessively high heart rate for the work being undertaken, but the horse's cardiac rhythm is now completely regular. 
The horse was subsequently converted by transvenous electrical cardioversion at the first 125-J shock, after which he returned to his previous 
level of exercise. D, Junctional ventricular premature depolarization in a horse presented with poor performance. The normal rhythm is broken 
by a ventricular premature depolarization (VPD) with a morphology that is only slightly different from the normal sinus beats (QRS). Within the 
QT interval of the VPD a P wave can be identified (P wave indicated by arrow) because the normal sinus rhythm is not interrupted. The P wave 
does not result in a QRS complex because the ventricle is still refractory. This AV dissociation is a hallmark of ventricular prematurity. Although 
the complex is not noticeably wider than the sinus beats, it is still ventricular in origin. Its configuration suggests that it originates from the AV 
junctional, or His-Purkinje system, and has been conducted using (part of) the normal conduction pathways. Note that the T wave preceding the 
VPD is exactly the same as the other sinus T waves, so that an ectopic P' wave could not have been hidden within it. E, Third-degree AV block in a 
15-year-old Grand Prix dressage horse. There is complete AV dissociation because of third-degree AV block. PQ interval is highly variable because 
they have no relation; the fourth QRS complex occurs simultaneously with a P wave. Bifid "P" waves occur at a rapid rate because of associated 
hypotension. In this case the QRS morphologies are similar but their rate is slow and rhythm is irregular; they are junctional ventricular escape 
complexes. The gelding presented acutely after multiple episodes of collapse in a single day. The referring veterinarian administered antibiotics 
and corticosteroids and referred the horse for pacemaker implantation. At presentation, third-degree AV block was present but ventricular 
escape rhythm was sufficiently high to prevent collapse. Within 48 hours he reverted to normal sinus rhythm. No pacemaker was implanted. The 
gelding was closely monitored and returned to dressage after 6 months. He was retired 2.5 years later because of chronic tendinitis. (Reproduced 
with permission from Hinchcliff KW, Kaneps A, Geor R. Equine Sports Medicine and Surgery. 2nd edition. St. Louis, MO: Elsevier; 2013.) 
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detected in apparently healthy dairy cattle 
by serial monitoring; however, ventricular 
premature complexes should be assumed 
to indicate the presence of organic heart 
disease. 
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ARRHYTHMIAS WITH 
NORMAL HEART RATES 
OR BRADYCARDIA 

SINUS ARRHYTHMIA 

Sinus arrhythmia is a normal physiologic 
arrhythmia that occurs at slow resting heart 
rates and is associated with variation in the 
rate of discharge from the SA node associ¬ 
ated with variation in the intensity of vagal 
stimulation. Sinus arrhythmia is most often 
correlated with respiration so that the dis¬ 
charge rate and heart rate increase during 
inspiration and decrease during expiration. 
In the horse, sinus arrhythmia unassociated 
with respiration also occurs. In the majority 
of large animals, sinus arrhythmia is much 
less overt than in the dog and generally is not 
detected except on very careful clinical 
examination or examination of the ECG. 
Sinus arrhythmia is more clinically obvious 
in tame sheep and goats and in the young of 
all species and is correlated with respira¬ 
tion. 1 Sinus arrhythmia is abolished by exer¬ 
cise or by the administration of atropine. 

Sinus arrhythmia is detected on the ECG 
by variations in the PP intervals (often 
defined as greater than 10% of the mean 
heart rate but a range of 8-20% has been 
applied in some studies) with or without 
variation in the PR interval and is frequently 
associated with a wandering pacemaker. 
This is associated with differences in the site 
of discharge from the SA node with sub¬ 
sequent minor variations in the vector of 
atrial depolarization with subsequent minor 
variations in the configuration of the P wave. 
In the horse there may be an abrupt change 
in the contour of the P wave so that the 
normal biphasic positive P wave in lead II, 
for example, changes to one with an initial 
negative deflection. There may or may not be 
a change in PR interval. This is not patho¬ 
logic and is present in as many as 30% of 
normal horses at rest. If sinus arrhythmia is 
not abolished by exercise, it is considered 
pathologic. Sinus arrhythmia may be induced 
in the early stages of hypercalcemia during 
treatment for milk fever in cattle. 

SINOATRIAL BLOCK 

In SA block the sinus node fails to discharge 
or its impulse is not transmitted over the 
atrial myocardium. SA block is associated 
with the complete absence of heart sounds, 
of jugular atrial wave, and of an arterial pulse 
for one beat period. The underlying rhythm 
is regular unless sinus arrhythmia is present. 
On the ECG there is complete absence of the 


P, QRS, and T complex for one beat. The 
distance between the preblock and postblock 
P waves is twice the normal PP interval or 
sometimes slightly shorter. This arrhythmia 
is not uncommon in fit racing horses at rest 
and can be induced in horses and cattle by 
procedures that increase vagal tone. Pro¬ 
vided it does not persist during and follow¬ 
ing exercise, it is considered as a physiologic 
variant of normal rhythm. 

ATRIOVENTRICULAR BLOCK 

AV block is divided into three categories 
(first, second, and third degree) depending 
on the degree of interference with conduc¬ 
tion at the AV node. 

First-Degree Atrioventricular Block 

First-degree AV block is an electrocardio¬ 
graphic diagnosis and cannot be detected 
clinically, and it occurs when conduction is 
delayed at the AV node. The PR interval is 
prolonged beyond normal limits (conven¬ 
tionally >400 ms in the horse) and the con¬ 
dition may be transient because of waxing 
and waning vagal tone. First-degree AV 
block is generally considered to have little 
significance. 

Second-Degree Atrioventricular Block 

Also called partial heart block, this occurs 
when there is periodic interference with con¬ 
duction at the AV node so that some atrial 
complexes are not followed by ventricular 
complexes (see Fig. 10-5H). This may occur 
at random or in a regular pattern, for 
example, at every third or fourth complexes. 
At the blocked complex there is complete 
absence of the first and second heart sounds 
and no palpable pulse. The underlying 
rhythm is still sinus in origin and is 
thus regular. In horses the presence of a 
fourth heart sound can be a valuable aid in 
diagnosis; with careful auscultation it can be 
heard during the block period in the manner 
of du LUBB DUPP, du ..., du LUBB DUPP. 
This is diagnostic for this condition. An 
atrial jugular impulse can also be detected 
during the block period. The intensity of the 
first sound in the immediate postblock beat 
is usually intensified. 

The ECG shows the presence of a P wave 
but complete absence of the subsequent QRS 
and T waves at the blocked beat. There may 
be variations in the PR intervals preceding 
and following the block. With Mobitz type 1 
(Wenckebach) second-degree AV block 
there is a gradual increase in the PQ interval 
up to the point of the blocked conduction; 
however, the PR interval immediately before 
the blocked conduction does not have to be 
the longest in the series. With Mobitz type 2 
block the PQ interval remains unchanged. In 
most species, Mobit z type 1 is a normal 
physiologic response reflecting changes in 
vagal tone, whereas Mobitz type 2 always 
indicates the presence of organic heart 
disease such as myocarditis. 


Second-degree AV block is extremely 
common in horses and occurs as a normal 
physiologic variation caused by variations 
in vagal tone. The application of a twitch to 
the upper lip of a horse will frequently slow 
the heart rate and allow the expression of 
second-degree heart block. Second-degree 
AV block is more common in Thorough¬ 
breds and Standardbreds than in heavy 
horses and may be detected in approximately 
20% of racehorses. Frequency is highest 
when they are examined in quiet surround¬ 
ings at rest, at night, or early in the morning. 
The frequency is also increased when horses 
are not fed for 24 hours. 2 Second-degree AV 
block can be abolished by exercise or the 
administration of atropine. 

Second-degree AV block can be associ¬ 
ated with myocarditis in the horse and its 
presence has been associated with decreased 
racing performance by some clinicians. Sec¬ 
ond-degree AV block at fast heart rates has 
also been associated with the syndrome of 
duodenitis-proximal jejunitis in horses and 
was correlated with high serum bicarbonate 
concentrations in this condition. AV con¬ 
duction disturbances can be associated with 
electrolyte imbalance in all species, over¬ 
dosing with calcium salts, digoxin toxicity, 
cardiomyopathy, and myocarditis associated 
with nutritional and infectious disease. 

Methods for the clinical differentiation of 
physiologic (Mobitz type 1) versus patho¬ 
logic (Mobitz type 2) second-degree heart 
block in the horse have not been established. 
However, the persistence of the arrhythmia 
at heart rates above resting normal values 
should be considered to be abnormal. In all 
other species the presence of Mobitz type 2 
AV block should probably be considered as 
an indication of myocardial disease. 

It is usually not necessary to treat this 
arrhythmia specifically and treatment is 
generally directed at the underlying cause. 
In cases where the block is frequent and syn¬ 
copal episodes are likely, atropine may allevi¬ 
ate the frequency of the block; however, this 
is only short-term therapy. Second-degree 
heart block may progress to third-degree 
(complete) heart block. 

Third-Degree or Complete 
Heart Block 

This occurs rarely in large animals. There is 
one report on third-degree block in a horse 
secondary to a rattlesnake bite. 3 In complete 
heart block there is no conduction at the AV 
node. The ventricle establishes a pacemaker 
in the nodal or conducting system and the 
atria and ventricles beat independently. The 
ventricular rate is regular but very slow. Bra¬ 
dycardia is the prominent feature and it is 
unresponsive to exercise or atropine. Atrial 
contractions are much faster than the ven¬ 
tricle. Atrial contraction sounds are rarely 
heard on auscultation but evidence of the 
rate may be detected by examination of the 
jugular inlet. Periodically, as the atrium 
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contracts during the period that the AV 
valves are closed, atrial cannon waves may 
occur up the jugular vein. There is usually 
variation in the intensity of the first heart 
sound caused by variation in ventricular 
filling. Affected animals may show poor 
exercise tolerance and may have evidence of 
generalized heart failure. There is usually a 
history of syncopal attacks. 

The ECG shows a slow and independent 
ventricular rate characterized by QRS com¬ 
plexes that are completely dissociated from 
the faster P waves. 

The prognosis in complete heart block is 
poor unless it is associated with a correctable 
electrolyte imbalance. The animal should be 
kept at rest in quiet surroundings while every 
effort is made to correct the underlying 
cause. Corticosteroids and dextrose are 
usually given intravenously in an attempt to 
reduce the severity of the initiating myocar¬ 
dial lesion. Isoproterenol (isoprenaline) may 
stimulate higher nodal tissue and may 
increase the heart rate. Isoproterenol is 
usually infused intravenously at a concentra¬ 
tion of 1 mg/L of infusion fluid and the rate 
of infusion is adjusted to effect. This is not 
a practical treatment in most situations. 
The use of an internal pacemaker has 
been reported in the horse but would clearly 
make the animal unsuitable for athletic 
endeavors. 

AV block and AV dissociation may 
develop during anesthesia and can be associ¬ 
ated with arrhythmogenic anesthetic drugs, 
hypercapnia, hypoxia and electrolyte and 
acid-base imbalances. In these circum¬ 
stances, the administration of regular doses 
of atropine (0.02 mg/kg) may not alleviate 
the arrhythmia. Dopamine HC1 infusions 
(3-5 |tg/kg per min) have been effective. 

The Wolff-Parkinson-White syndrome is 
recorded as a rare observation in cattle. 

PREMATURE COMPLEXES 

Premature complexes or extrasystoles arise 
by the discharge of impulses from irritable 
foci within the myocardium. They are classi¬ 
fied according to the site of their origin as 
atrial, junctional and ventricular premature 
complexes. It is often not possible to distin¬ 
guish between these by physical examina¬ 
tion, particularly at fast heart rates. However, 
auscultation of an animal with premature 
beats usually reveals an occasionally irregu¬ 
lar rhythm. 

Atrial Premature Complexes 

These arise from the discharge of an ectopic 
atrial pacemaker outside the sinus node. 
Atrial premature contractions are difficult to 
detect on physical examination if they do not 
affect ventricular rhythm. If the stimulus 
from the atrial premature complex falls 
outside the refractory period of the ventricle, 
it will initiate a ventricular complex that 
occurs earlier than expected. Ventricular 
contractions initiated by atrial premature 


complexes have lower intensity because of 
lower diastolic filling, and the associated 
arterial pulse amplitude is decreased. 

Two main patterns occur. In some 
instances the sinus node becomes reset from 
the atrial premature complex so that a regular 
rhythm is established from this contraction. 
In this case atrial premature complexes are 
characterized by the occurrence of periods of 
regular rhythm interrupted by beats with 
exceptionally short interbeat periods. In 
other instances the sinus node is not reset 
following the atrial premature complexes 
and if its discharge occurs during the refrac¬ 
tory period of the atrium then no atrial 
or subsequent ventricular contraction will 
occur. This will be detected electrocardio- 
graphically as an early ventricular complex 
followed by a pause following which normal 
rhythm is continued. This character is identi¬ 
cal to that produced by many ventricular 
premature complexes. 

At slow heart rates the presence of atrial 
premature complexes is suggested by peri¬ 
odic interruption of an underlying sinus 
rhythm and by the occurrence of a “dropped 
pulse.” The prime differentiation is from SA 
block and second-degree AV block, which 
have distinguishing electrocardiographic 
characteristics. 

On the ECG the P wave of the premature 
complex occurs earlier than expected from 
the basic rhythm and is abnormal in configu¬ 
ration (see Fig. 10-5C). QRS complexes asso¬ 
ciated with atrial premature complexes are 
usually normal in configuration because this 
is a supraventricular arrhythmia and the 
pathway for ventricular depolarization is not 
altered. 

Junctional Premature Complexes 

These are also AV nodal premature com¬ 
plexes that arise from the region of the AV 
node or conducting tissue. They produce 
a premature ventricular contraction, which 
is usually followed by a compensatory pause 
caused by the following normal discharge 
from the sinus node that usually falls upon 
the ventricle during its refractory period. 

Junctional premature complexes produce 
QRS configurations that are similar to those 
of normal complexes, but they may produce 
a P wave that has a vector opposite to normal. 

Ventricular Premature Complexes 

Ventricular premature complexes may arise 
from an irritable process anywhere within 
the ventricular myocardium. The normal 
rhythm is interrupted by a beat that occurs 
earlier than expected, but the initial rhythm 
is established following a compensatory 
pause. This can be established by tapping 
through the arrhythmia as described earlier. 
The heart sounds associated with the prema¬ 
ture beat are usually markedly decreased in 
amplitude, whereas the first sound following 
the compensatory pause is usually accentu¬ 
ated. Occasionally, ventricular premature 


complexes may be interpolated in the normal 
rhythm and not followed by a compensatory 
pause. If the diastolic filling period preceding 
the premature beat is short, the pulse associ¬ 
ated with it will be markedly decreased in 
amplitude or even absent. 

On the ECG ventricular premature com¬ 
plexes are characterized by bizarre QRS mor¬ 
phology (see Fig. 10-5K). Conduction over 
nonspecialized pathways results in a complex 
of greater duration and amplitude to normal 
and the complex slurs into a T wave that is 
also of increased duration and magnitude. 
The vector orientation depends on the site of 
the ectopic foci initiating the contraction, but 
it is invariably different from that of normal 
contractions. Electrocardiographic examina¬ 
tion allows a differentiation of the site of 
origin of premature complexes and further 
subclassification within the categories. 

Premature complexes of all site origins are 
indicative of myocardial disease; the one 
exception is the occurrence of atrial prema¬ 
ture complexes accompanying cases of gastro¬ 
intestinal disease in cattle. Atrial premature 
complexes are common in cattle with gastro¬ 
intestinal disease, and their presence should 
be suspected whenever there is a variation in 
the intensity of the first heart sound with or 
without an underlying detectable cardiac 
irregularity. Atrial premature complexes can 
progress to atrial fibrillation in these cases 
where there is excessive vagal tone. 

Horses in which premature beats are aus¬ 
cultated or suspected should be examined 
after careful exercise, which will usually 
increase the occurrence and severity of the 
arrhythmia. Premature beats are most easily 
auscultated during the period of slowing of 
heart rate after exercise. 
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ARRHYTHMIAS WITH 
TACHYCARDIA 

An excitable focus within the myocardium 
may spontaneously discharge and cause 
depolarization of the remaining myocar¬ 
dium. If the discharge rate approaches or 
exceeds that of the sinus node, then the focus 
may transiently take over as the pacemaker 
of the heart. 

ATRIAL FIBRILLATION 

In atrial fibrillation atrial depolarization is 
characterized by numerous independent 
fronts of excitation that course continuously 
and haphazardly through the atria. There is 
no synchronous atrial contraction and AV 
nodal stimulation occurs in an irregular and 
random fashion. The effects within the atria 
cannot be appreciated on auscultation and 
the clinical detection of this arrhythmia 






occurs through its effects on ventricular 
function. The random stimulation of the 
ventricles produces a heart rate and pulse 
that is irregularly irregular. It is not possible 
to establish any basic rhythm by tapping out 
this arrhythmia, and the rate varies from 
period to period. 

Because there is no atrial contraction, 
filling of the ventricles is entirely passive and 
very much dependent on diastolic filling 
time. Some contractions occur very quickly 
following the preceding contraction with 
little time for diastolic filling and this pro¬ 
duces a marked variation in the intensity of 
the heart sounds and in the amplitude of the 
pulse. At fast heart rates there will be a pulse 
deficit. There is no fourth heart sound (S4) 
or atrial wave at the jugular inlet because 
there is no coordinated atrial contraction, 
but the third heart sound is usually grossly 
accentuated. The degree of cardiac insuffi¬ 
ciency that results from this arrhythmia 
varies and depends on the general rate at 
which the ventricles beat at rest. This is 
determined primarily by vagal activity. 

On the ECG there are no P waves dis¬ 
cernible but the baseline shows multiple 
waveforms (f waves) that occur with a fre¬ 
quency of approximately 300 to 600 f waves/ 
min (see Fig. 10-6A,B). QRST complexes are 
normal in configuration, but there is wide 
variation and no pattern in the QQ intervals. 
Atrial fibrillation is one of the more common 
arrhythmias in large-animal species. The 
ECG of horses in atrial fibrillation may 
exhibit modified P waves called F waves 
(flutter waves) that have a similar sawtooth 
morphology and polarity with a frequency of 
approximately 180 to 250 F waves/min. 

Atrial Fibrillation in the Horse 

Horses with atrial fibrillation fall into two 
categories. In one category, sometimes called 
“benign fibrillators” or “lone atrial fibrilla¬ 
tion,” there is no evidence of underlying 
heart disease, whereas in the second cate¬ 
gory, called “secondary atrial fibrillation,” 
there is evidence of heart disease. 

Lone Atrial Fibrillation 

In cases that are lone atrial fibrillation, the 
vagal tone may be high and conduction 
through the AV node is suppressed to result 
in heart rates in the region of approximately 
26 to 48 beats/min. At this rate there is no 
cardiac insufficiency at rest, and hemody¬ 
namic parameters are normal. The horse can 
elevate its heart rate with exercise to allow 
moderate performance, although it will 
never perform satisfactorily as a racehorse. 
This is the most common manifestation in 
this species, and it is typified by a gross irreg¬ 
ularity in rate, rhythm, and intensity of the 
heart sounds and by the occurrence, at rest, 
of occasional periods lasting for 3 to 6 
seconds in which there is no ventricular 
activity. At very slow rates periodic syncope 
may occur. The ventricular rate in horses 
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with atrial fibrillation exhibits a high degree 
of periodicity that is associated with the 
respiratory rate. A relatively low ventricular 
rate in horses with atrial fibrillation reflects 
the dominance of the parasympathetic 
nervous system. In other words, horses with 
atrial fibrillation and ventricular response 
rates exceeding 60 beats/min are sympatheti¬ 
cally activated, and concurrent disease pro¬ 
cesses or stressors should be identified. 

The lone form of atrial fibrillation is most 
common in racehorses and occasionally in 
draft horses. A survey of 106 cases of atrial 
fibrillation in horses found that the disease is 
most common in Standardbred and Thor¬ 
oughbred horses under 7 years of age, with a 
high proportion under 4 years of age, which 
may have been a reflection of the admissions 
to the clinic rather than real age incidence. 
There appears to be a genetic predisposition 
to atrial fibrillation in Standardbreds in 
Canada with a more complex pattern of 
inheritance than a simple autosomal reces¬ 
sive disorder. 1 

Exercise intolerance was the most 
common clinical history. All horses had an 
irregular heart rate and rhythm, and the pulse 
and intensity of the heart sounds were vari¬ 
able. A separate study of 67 horses showed a 
significantly higher prevalence in Standard¬ 
breds and Thoroughbreds than other breeds 
of horse and a significant difference in the 
mean age at diagnosis between Standard¬ 
breds (4 years) and Thoroughbreds (9 years). 
Horses in atrial fibrillation have higher heart 
rates and much higher pulmonary artery 
wedge pressures during a standardized tread¬ 
mill exercise protocol compared with healthy 
trained horses. 2 It is likely that the marked 
increase in left atrial pressure in horses in 
atrial fibrillation will result in loss of pulmo¬ 
nary capillary integrity during exercise and 
exercise-induced pulmonary hypertension. 

Racehorses have a history of normality at 
rest but poor exercise tolerance following a 
race in which the horse ran well for the first 
200 to 300 m but subsequently faded badly 
and finished a long way behind the field. Par¬ 
oxysmal atrial fibrillation has also been 
observed in the horse under these circum¬ 
stances. Horses with paroxysmal atrial fibril¬ 
lation show atrial fibrillation when examined 
immediately following the race, but convert 
to normal sinus rhythm shortly after and 
have normal cardiovascular function if the 
examination for poor racing performance 
is delayed. A large-scale study of 39,302 
racehorses undergoing 404,090 race starts 
estimated a minimum prevalence of atrial 
fibrillation of 0.29%. The estimated pre¬ 
valence was higher (1.39%) in horses that 
finished slowly or did not finish, and the 
prevalence increased markedly with age. 
Atrial fibrillation was paroxysmal in most 
horses, with 93% of horses with atrial fibril¬ 
lation spontaneously converting to sinus 
rhythm within 24 hours of the race. Attempted 
conversion of horses with atrial fibrillation 


should therefore be delayed for at least a 1 to 
2 days following a race, because most will 
convert spontaneously without treatment. 
Serum potassium, magnesium, and calcium 
concentrations and fractional clearance of 
potassium should be determined in these 
horses to identify the presence of electrolyte 
deficiencies that may have facilitated induc¬ 
tion of atrial fibrillation. There is one report 
of atrial fibrillation of unknown duration in 
a 9-year-old mare with severe hypokalemia 
(1.5 mEq/L) and hyponatremia (122 mEq/L) 
that converted to normal sinus rhythm after 
the electrolyte abnormalities were corrected 
with IV fluid administration.’ 

There is debate as to the cause of the lone 
form of atrial fibrillation and whether myo¬ 
cardial and vascular lesions are present in the 
atria of a significant proportion of animals 
with this arrhythmia. However, the high rate 
at which atrial fibrillation converts spontane¬ 
ously or by treatment to be followed by suc¬ 
cessful racing performance suggests that 
this arrhythmia frequently occurs in young 
horses in the absence of significant atrial 
pathology. Lone atrial fibrillation in young 
racing horses therefore has many similarities 
to atrial fibrillation in lactating dairy cattle 
with abdominal disease because it is likely 
that most cases do not have underlying heart 
disease. The increased prevalence of atrial 
fibrillation in race horses with age suggests, 
however, that underlying heart disease does 
predispose to developing atrial fibrillation 
during a race. Increased BW is also a risk 
factor for atrial fibrillation 4 ; this probably 
reflects an increased atrial size that facilitates 
sustaining atrial fibrillation, and atrial size is 
correlated with BW. 

Secondary Atrial Fibrillation 
Horses may develop secondary atrial fibril¬ 
lation in response to underlying cardio¬ 
vascular disease, such as mitral valve 
insufficiency, tricuspid valve insufficiency, or 
a combination of both, but any acquired or 
congenital lesion that results in atrial hyper¬ 
trophy has this risk. 

Where there is underlying heart disease, 
the ventricular rate at rest is much higher 
and the arrhythmia presents as a tachycardia. 
It has been suggested that a heart rate greater 
than 60 beats/min is indicative of underlying 
cardiac disease in cases of atrial fibrillation. 
In horses with atrial fibrillation, ventricular 
filling is impaired at heart rates above 70 
beats/min, and at resting heart rates above 80 
to 100 beats/min there is severe cardiac inef¬ 
ficiency and the animal rapidly develops 
signs of cardiac failure. At fast heart rates, 
atrial fibrillation presents with a syndrome 
clinically similar to ventricular tachycardia 
associated with multiple ventricular extra¬ 
systoles and electrocardiographic differentia¬ 
tion is required. 

Paroxysmal atrial fibrillation has been 
observed in newborn foals showing signs of 
respiratory distress and with birth anoxia. 
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Atrial Fibrillation in the Cow 

There may be atrial fibrillation in the cow 
secondary to myocardial disease or endo¬ 
carditis resulting in atrial enlargement, but is 
usually functional in occurrence and tradi¬ 
tionally has not been associated with clini¬ 
cally detectable cardiac lesions. However, a 
histopathologic study in nine Holstein- 
Friesian cows with atrial fibrillation and 12 
healthy controls in sinus rhythm indicated 
that multifocal or large areas of myocardial 
fibrosis were present more frequently and 
with greater severity in cattle with atrial 
fibrillation than healthy controls. Interest¬ 
ingly, the atrial lesions were largely confined 
to the dorsal regions of the cranial lateral and 
medial regions of the right atrium, and it is 
unknown whether these lesions were the 
result of sustained atrial fibrillation or played 
a causative role in the genesis of atrial fibril¬ 
lation. It is likely that the presence of organic 
heart disease predisposes cattle to the devel¬ 
opment of atrial fibrillation because atrial 
myocardial inflammation is associated with 
an increased incidence of atrial premature 
complexes, which are thought to lead to 
atrial fibrillation when occurring during the 
vulnerable period for atrial myocytes. An 
atrial fibrillation prevalence of 2.5% was 
recorded in apparently healthy lactating 
dairy cows over an 18-month period. In a 
large cross-sectional study, atrial fibrillation 
was not observed during a 3- to 5-minute 
ECG recording in 952 of dairy cattle aged 1 
or more years. There is only one report of 
atrial fibrillation in cattle less than 1 year of 
age, and that was a 10-day-old diarrheic calf 
with profound electrolyte abnormalities (Na, 
95 mEq/L; K, 6.9 mEq/L; Ca, 1.7 mmol/L; 
Mg, 0.4 mmol/L). 5 The atrial fibrillation 
resolved within 1 day of correcting the elec¬ 
trolyte abnormalities. 

In sick cattle, atrial fibrillation is most 
common in association with gastrointestinal 
disease, abnormalities causing abdominal 
pain, and metabolic disease. Abnormalities 
as diverse as acute enteritis, left displacement 
of the abomasum, and torsion of the uterus 
may be accompanied by this arrhythmia. 
Heightened excitation of the atria, in associa¬ 
tion with electrolyte and acid-base distur¬ 
bances or change in vagal tone, has been 
postulated as a cause, and atrial premature 
complexes are also seen in the same types of 
clinical case (see Fig. 10-5). The administra¬ 
tion of neostigmine to cattle with gastro¬ 
intestinal disease may precipitate the 
occurrence of atrial fibrillation. The arrhyth¬ 
mia usually converts spontaneously to sinus 
rhythm with correction of the abdominal 
disorder. 

Atrial Fibrillation in the Sheep 
and Goat 

This may occur as a result of incompetence 
of the tricuspid or mitral valves, the presence 
of myocarditis or, in goats, as a sequel to 
interstitial pneumonia along with cor 


pulmonale. The presenting signs are those of 
respiratory distress and heart failure. Ascites 
is prominent and there is marked jugular 
distension with an irregular jugular pulse. 

Treatment of Atrial Fibrillation 
Horses 

Horses with atrial fibrillation at sustained 
high heart rates are generally not treated suc¬ 
cessfully because serious cardiac pathology 
is usually present (secondary atrial fibril¬ 
lation). Digoxin and quinidine sulfate are 
used. The decision to treat a horse with atrial 
fibrillation at low heart rates depends on the 
requirement for the horse to perform work, 
because horses with this arrhythmia can be 
retired and will live for several years. They 
may be used successfully as brood mares. 
Anticoagulation therapy is not administered 
to horses in atrial fibrillation because of 
the absence of reports of thromboembolic 
events caused by passage of blood clots 
from the fibrillating atria to the cerebral 
circulation. 6 

Horses with lone atrial fibrillation can 

be converted to normal sinus rhythm with 
subsequent return to successful racing or 
other performance. Conversion should be 
delayed for 48 hours in horses with an initial 
diagnosis of atrial fibrillation that was associ¬ 
ated with poor race performance. This is 
because normalization of electrolyte and 
acid-base status after exercise results in some 
horses reverting to normal sinus rhythm 
without treatment. Conversion success is 
higher for horses demonstrating atrial flutter 
instead of atrial fibrillation, because the atrial 
rate is slower and depolarization is more 
organized in atrial flutter. 

Oral quinidine sulfate is the initial treat¬ 
ment of choice for correction of atrial fibril¬ 
lation, whenever quinidine sulfate can be 
readily obtained at a reasonable cost. The 
efficacy of quinidine sulfate to achieve car¬ 
dioversion is 65% to 90%, which is similar 
to that reported for transvenous electrical 
cardioversion, and a prospective randomized 
controlled trial to compare the two methods 
of cardioversion has not been completed. 
There is a much greater success rate with 
conversion of atrial fibrillation in young 
horses and when it is attempted shortly fol¬ 
lowing the onset of the arrhythmia. If the 
arrhythmia has been present for more than 
4 months, successful conversion is much less 
common, presumably because of remodeling 
of atrial myocardial tissue, and side effects 
with therapy are more common. Following 
cardioversion, the horse should be rested 
for at least 2 months. Some clinicians admin¬ 
ister corticosteroids (such as oral predniso¬ 
lone) after conversion on the basis that 
atrial fibrillation may have been induced 
by myocarditis, and corticosteroids may 
decrease inflammatory foci within the myo¬ 
cardium. The efficacy of corticosteroids in 
preventing new episodes of atrial fibrillation 
is unknown. In some horses the conditions 


recur after a period of racing, and repeated 
conversions with quinidine are possible. 

Quinidine is an antiarrhythmic agent of 
class la of the Vaughan Williams classifica¬ 
tion. It slows intracardiac conduction by 
blocking the fast sodium channel and pro¬ 
longs the action potential duration. Several 
dose regimens have been used, but the admin¬ 
istration of an oral quinidine sulfate dose of 
22 mg/kg every 2 hours until conversion is 
achieved or toxicity is manifested has proved 
effective. In the majority of cases, conversion 
will occur before the total dose exceeds 40 g. 
Toxicity is likely when the total dose exceeds 
60 g, and the decision to continue with 
therapy once this dose has been reached 
should be considered carefully. The plasma 
quinidine concentration required for cardio¬ 
version ranges from 2 to 4 pg/mL and toxico¬ 
sis has been reported at 5 pg/mL. Conversion 
by IV quinidine gluconate is reported in the 
horse using an initial dose of 1.0 to 1.5 mg/kg, 
given over a period of 1 minute and repeated 
every 5 to 10 minutes until sinus rhythm is 
restored or the QRS interval increases 25% 
over baseline, ventricular rate exceeds 90 
beats/min, signs of toxicity occur, or a total 
dose of 11 mg/kg has been administered. 
Conversion by concurrent quinidine admin¬ 
istration and atrial pacing is also recorded in 
the horse, but is not routinely needed. 

Toxicity common with oral quinidine 
treatment, and separate studies report 48% 
and 28% of horses with some form of adverse 
reaction. Depression, lassitude, anorexia, 
urticaria, congestion of the mucous mem¬ 
branes, colic, and death are recorded. Prolon¬ 
gation of the QRS interval to 25% greater 
than pretreatment values has been consid¬ 
ered a monitor for cardiovascular toxicity. 
The toxic effects of quinidine may be cor¬ 
rected by IV administration of sodium bicar¬ 
bonate in an attempt to increase the 
percentage of quinidine bound to protein. 
Such treatment runs the risk of inducing 
hypokalemia, which may exacerbate quini¬ 
dine toxicity. Some prefer to digitalize the 
horse intravenously before medication with 
quinidine in an attempt to reduce tachyar¬ 
rhythmias at the point of conversion and 
those associated with quinidine toxicity. 
Nephrotoxicity with uremia and diarrhea can 
occur at lower doses. It is transient and 
repairs rapidly following withdrawal of the 
drug, but the serum urea concentration and 
urine should be monitored during therapy in 
addition to cardiovascular function. 

Oral and IV flecainide has been used 
with mixed success to convert horses in atrial 
fibrillation. Flecainide is an antiarrhythmic 
agent of class lc of the Vaughan Williams 
classification. It slows intracardiac conduc¬ 
tion by blocking the fast sodium channel and 
shortens the refractory period of the Purkinje 
fibers. Flecainide administration in humans 
is currently limited to patients without evi¬ 
dence of structural heart disease and normal 
left ventricular function. IV administration 





of flecainide acetate (1-2 mg/kg BW) infused 
at 0.2(mg/kg BW)/min was effective in con¬ 
verting experimentally induced atrial fibril¬ 
lation in six horses and naturally occurring 
atrial fibrillation in two horses. These results 
are consistent with those of another study in 
horses with experimentally induced atrial 
fibrillation that indicated flecainide is effec¬ 
tive in terminating atrial fibrillation of short 
duration.' The plasma flecainide concentra¬ 
tion at the time of conversion was 1.3 mg/L. 
Oral administration of flecainide acetate 
(4-6 mg/kg BW every 4 hours) also pro¬ 
duced plasma flecainide concentrations that 
approximated 1.3 pg/mL for a number of 
hours. However, in a subsequent study in 10 
horses with naturally occurring atrial fibril¬ 
lation, IV flecainide failed to convert nine 
horses with long-standing atrial fibrillation 
to sinus rhythm, but it did convert one horse 
who had been in atrial fibrillation for 12 
days. Orally administered quinidine sulfate 
subsequently converted eight of the nine 
horses to normal sinus rhythm. Two horses 
administered flecainide developed poten¬ 
tially dangerous ventricular arrhythmias 
during treatment, and flecainide causes a 
temporary prolongation in ventricular repo¬ 
larization, which may be a potentially dan¬ 
gerous proarrhythmic effect. There is one 
report of sudden death in a horse with supra¬ 
ventricular tachycardia while being treated 
with flecainide. 8 Amiodarone has also been 
used in horses to convert atrial fibrillation 
with moderate success. 0 There do not appear 
to be persuasive reasons to use flecainide 
or amiodarone to convert horses in atrial 
fibrillation whenever quinidine is available. 

Biphasic transvenous electrical cardio¬ 
version is an alternative treatment recom¬ 
mended in horses that fail to convert to oral 
or IV quinidine treatment, or manifest signs 
of quinidine toxicity during treatment, or in 
countries where quinidine is unavailable or 
prohibitively expensive. It is much safer than 
conventional monophasic electrical cardio¬ 
version. The goal is to deliver an electric 
shock to atrial myocardial tissue that electri¬ 
cally synchronizes the atrium and permits 
the return of a sinus rhythm. A custom- 
length 150 to 180 cm 6.5-French bipolar 
catheter is placed in the standing horse using 
ultrasonographic guidance and monitoring 
of pressure waveforms if the catheter has a 
lumen. Horses may be sedated with xylazine 
or detomidine for this procedure. Catheter 
placement is manipulated so that one elec¬ 
trode is placed in the pulmonary artery and 
the other electrode is placed in the vicinity of 
the right atrium. An additional bipolar 
pacing catheter is positioned in the apex 
of the right ventricle to allow ventricular 
pacing in the rare instance of asystole after 
shock delivery. 9 General anesthesia is then 
induced using agents that produce minimal 
cardiovascular depression (such as IV induc¬ 
tion with guaifenesin, diazepam, and keta¬ 
mine and maintenance with isoflurane or 
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sevoflurane). 10 Correct catheter positioning 
is confirmed after induction of general anes¬ 
thesia because catheter movement does 
occur. 6 Cardioversion is accomplished at 125 
to 360 J using a biphasic truncated exponen¬ 
tial shock delivered to be synchronized with 
the R wave. This is a critical issue because 
failure to synchronize the shock with ven¬ 
tricular depolarization could lead to ventric¬ 
ular fibrillation and death. The ECG leads 
should be moved to maximize the QRS wave 
amplitude and minimize the T wave ampli¬ 
tude. Shocks are initially applied at 125 J and 
then incrementally increased at 50-J steps at 
a minimum of 2 minute intervals if conver¬ 
sion to sinus rhythm did not occur. Extensor 
thrust of the upper forelimb is usually evident 
during each shock application. The mean 
energy required for conversion is 165 J, but 
higher energies were not required for horses 
that had a longer duration of atrial fibrilla¬ 
tion. 11 The variation in energy needed is 
thought to result, in part, because of subop- 
timal placement of electrodes on the thorax. 12 
Concurrent use of antiarrhythmic medica¬ 
tions or positive inotropic agents is not 
required but done by some clinicians, based 
on routine use of antiarrhythmic agents in 
humans undergoing electrical cardiover¬ 
sion. 6 Small and clinically insignificant 
increases in plasma cTnl have been reported 
in horses undergoing transvenous electrical 
cardioversion, indicating the procedure 
induces minimal myocardial damage. 10 

An alternative electrical cardioversion 
technique in anesthetized horses that does 
not use transvenous electrical cardioversion 
has been successfully used in one horse, but 
requires much higher energy for conversion. 
The front legs of the horse are extended and 
cardioversion-defibrillation pads are placed 
over both sides of the shaved thorax, directly 
over the atria (the position of which has 
been determined ultrasonographically). One 
horse converted to normal sinus rhythm after 
delivering 200 J by this method in conjunc¬ 
tion with a small amount of IV quinidine. 

Continuous 24-hour ECG recording is 
recommended after cardioversion, but the 
optimal time for monitoring has not been 
determined. Echocardiography after conver¬ 
sion may be of some benefit after 2 months 
because recovery of normal atrial contractile 
function can take several weeks, particularly 
with long-duration episodes of atrial fibril¬ 
lation. The recurrence rate after successful 
treatment is between 15% and 40% with the 
duration of atrial fibrillation before conver¬ 
sion to normal sinus rhythm as a major risk 
factor for recurrence. 14 The presence of a rela¬ 
tively large atrial size (indexed to the size of 
the aorta) and shorter atrial fibrillation cycle 
length (indicating a shorter atrial effective 
refractory period and higher fibrillation rate) 
are predictive of recurrence of atrial fibril¬ 
lation. 14 Echocardiography 24 hours after 
conversion to sinus rhythm does not appear 
to be helpful in predicting whether the horse 


has an increased risk of reverting to atrial 
fibrillation, except for the echocardiographic 
index left atrial fractional area change. 1 ’ This 
index reflects atrial contractile function, 
and if low (indicating poor atrial contrac¬ 
tility) then the likelihood of recurrence is 
increased. 

Ruminants 

Ruminants with atrial fibrillation are not 
usually treated with specific antiarrhythmic 
drugs because the heart will usually revert to 
sinus rhythm following the correction of the 
underlying abdominal disorder and sufficient 
time (at least 1 week after return to normal 
physical health). However, the IV administra¬ 
tion of quinidine (49 mg of quinidine sulfate 
per kg BW, at 0.20(mg/kg)/min) was suc¬ 
cessful in converting seven of nine cows 
to normal sinus rhythm at a mean plasma 
quinidine concentration of 3.6 pg/mL. Oral 
quinidine administration is not effective in 
ruminants because of the poor oral bioavail¬ 
ability. Side effects of IV quinidine adminis¬ 
tration in cattle include depression, ataxia, 
blepharospasm, diarrhea, and increased fre¬ 
quency of defecation. Response to treatment 
in sheep and goats is poor, although one ram 
was successfully converted to normal sinus 
rhythm using electrical cardioversion using 
360 J and paddles placed over the right heart 
base (behind the triceps muscles) and the left 
cardiac apex close to the sternum. 

PAROXYSMAL TACHYCARDIA 

Paroxysmal tachycardia may arise from an 
irritant focus within the atria (paroxysmal 
supraventricular tachycardia) or the ventri¬ 
cles (paroxysmal ventricular tachycardia), 
but in large animals ventricular paroxysmal 
tachycardia is more common, particularly 
immediately after a race in which the increase 
in vagal tone during recovery appears to 
facilitate paroxysms of ventricular ectopic 
activity, some of which may be followed by 
torsades-like polymorphic ventricular tachy¬ 
cardia. 16 Atrial paroxysmal tachycardia (see 
Fig. 10-5) and atrial flutter are rare and are 
transient rhythm disturbances that can lead 
to atrial fibrillation. 

In paroxysmal tachycardia, the increase 
in heart rate is abrupt and the fall to normal 
is equally sudden. This characteristic usually 
serves to distinguish this arrhythmia from 
the transient increases in heart rate that may 
normally follow such factors as excitement. 
Also, the heart rate is elevated to a rate far in 
excess of what would be normally expected 
from such stimuli. 

Usually the excitable focus discharges 
repetitively over a long period of time to 
produce more continual ventricular tachy¬ 
cardia associated with ventricular extrasysto¬ 
les. Sustained tachycardia is not normal and 
can lead to myonecrosis; three parturient 
dairy cows with sustained tachycardia (heart 
rate >120 beats/min) had multifocal areas 
of necrosis throughout the myocardium 
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characterized by myofibrillar lysis and 
disarray. 

VENTRICULAR TACHYCARDIA 

Ventricular tachycardia may produce either 
a regular heart rate or an irregular heart rate 
and rhythm. When the discharge rate of the 
irritant focus far exceeds that of the SA pace¬ 
maker, the ectopic focus will take over com¬ 
pletely as the pacemaker of the heart. On 
examination of the cardiovascular system, a 
rapid but regular heart rate and pulse is 
detected, and there is no irregularity of 
rhythm or of pulse amplitude or intensity of 
heart sounds. This is known as ventricular 
tachycardia with AV dissociation. This 
abnormality is easily overlooked clinically 
but should be suspected in any adult horse 
or cow in which the heart rate exceeds 90 
beats/min and is frequently the cause of heart 
rates in excess of 120 beats/min. Ventricular 
tachycardia should also be suspected when 
the heart rate is higher than that expected 
from the animal’s clinical condition. 

The diagnosis is seen on ECG when mul¬ 
tiple regular QRS complexes with abnormal 
amplitude and duration of the QRS and T 
complexes are seen and the T wave is ori¬ 
ented in a direction opposite to the QRS 
complex (see Fig. 10-5). P waves may be 
detected on the ECG, but they have no rela¬ 
tionship to the QRST complex and are fre¬ 
quently lost within them. 

When the discharge rate of the irritant 
focus within the myocardium is similar to 
that of the SA node, the ventricular tachycar¬ 
dia can be manifested by a gross irregularity 
in rhythm. This is a common manifestation 
in large animals. In this situation many of the 
discharges that originate in the sinus node 
are transmitted to the ventricle during a 
refractory period from a previous ectopic 
focus, but some reach the ventricle when it 
is not in a refractory state and are conducted 
normally. At some periods ventricular com¬ 
plexes may be initiated by the discharges 
from both sites. 

The varying influence of each pace¬ 
maker on ventricular contraction produces a 
marked irregularity in cardiac rhythm, and 
it is frequently not possible to establish clini¬ 
cally a regular pattern to the heart rhythm. 
Variations between beats in the degree of 
atrial filling and in the diastolic filling period 
will result in a marked variation in the inten¬ 
sity of the heart sounds and in the amplitude 
of the pulse. Frequently at fast heart rates 
there is a pulse deficit. Cannon atrial waves 
can be observed in the jugular vein when 
atrial contraction occurs at the same time as 
a ventricular extrasystole. The ECG shows 
runs of extrasystoles interspersed with 
normally conducted complexes and usually 
there is the presence of fusion beats. 

Ventricular tachycardias or the presence 
of multiform or polymorphic ventricular 
complexes on an ECG are evidence of severe 
cardiac disease and are usually accompanied 


by signs of acute heart failure. They may 
result from primary myocarditis, nutritional 
cardiomyopathy, or myocardial neoplasia or 
be secondary to valvular disease and myo¬ 
cardial ischemia. Ventricular arrhythmias 
are common in certain plant poisonings and 
other toxicities and in severe electrolyte and 
acid-base disturbances as well as in the final 
stages of heart failure. If uncorrected, ven¬ 
tricular tachycardia may lead to ventricular 
fibrillation and death; frequently specific 
antiarrhythmic therapy is indicated during 
the period that the prime cause is being 
corrected. 

Treatment 

Lidocaine is the drug of first choice for treat¬ 
ing hemodynamically important ventricular 
arrhythmias in large animals. It is an antiar¬ 
rhythmic agent of class lb of the Vaughan 
Williams classification, and slows intracar¬ 
diac conduction by blocking the fast sodium 
channel while shortening the refractory 
period of myocardial tissue. Typically, 2% 
lidocaine is given as an IV bolus at 0.5 to 
1.0 mg/kg BW every 5 minutes for a total of 
four treatments (total dose 2-4 mg/kg BW). 
An alternative treatment protocol is IV 
administration of 2% lidocaine at 0.6 mg/kg 
over 15 minutes. 1 ' or an IV constant rate 
infusion at 0.05 (mg/kg)/min. ls Lidocaine 
has the advantages of widespread availability, 
low cost, and low cardiovascular toxicity, and 
the major disadvantage is its very short dura¬ 
tion of action (half-life is 40 minutes in the 
horse). The most common initial sign of 
lidocaine toxicity is muscle fasciculations, 
which occur at a serum lidocaine concentra¬ 
tion of 1.9 to 4.5 mg/L. If infusion is contin¬ 
ued, then sedation and altered visual function 
are apparent; the latter is manifested as rapid 
eye blinking, anxiety, and attempts to inspect 
closely located objects. Temporary recum¬ 
bency, excitement, sweating, and convul¬ 
sions occur with higher doses. 

Quinidine sulfate is the drug of second 
choice for use in horses. 19 Quinidine is 
an antiarrhythmic agent of class la of the 
Vaughan Williams classification, and 
slows intracardiac conduction by blocking 
the fast sodium channel and prolongs the 
action potential duration. An initial dose 
of 20 mg/kg is given orally, followed by a 
dose of 10 mg/kg given every 8 hours. The 
drug is not effective until 1 to 2 hours fol¬ 
lowing administration. IV quinidine glu¬ 
conate (0.5-2.2 mg/kg BW bolus every 10 
minutes to a total of 12 mg/kg BW) may be 
of greater value in those rare instances when 
oral quinidine is not indicated. Serum quini¬ 
dine concentrations of 4 mg/L appear effec¬ 
tive in treatment of cattle with ventricular 
tachycardia, but serum concentrations fol¬ 
lowing an oral dose of 20 mg/kg vary widely 
between cows and slow IV infusion is the 
preferred method of therapy. There is a very 
narrow therapeutic index in cattle, and death 
can occur in some cows at doses that are 


therapeutically effective in others. Quinidine 
treatment in cattle should be approached 
with caution. 

Phenytoin sodium is a good alternative 
to quinidine sulfate, and has been effec¬ 
tive in treating ventricular arrhythmias in 
horses. Phenytoin is an antiarrhythmic agent 
of class lb of the Vaughan Williams clas¬ 
sification (same as lidocaine), and slows 
intracardiac conduction by blocking the fast 
sodium channel while shortening the refrac¬ 
tory period of myocardial tissue. The rec¬ 
ommended dosage protocol for the horse 
requires an initial oral dose of 20 mg/kg BW 
every 12 hours for four doses, followed by a 
maintenance oral dose of 10 to 15 mg/kg BW 
every 12 hours, with monitoring of phenytoin 
plasma concentrations. Plasma concentra¬ 
tions of 5 to 10 mg/L appear to be effective 
in treatment of horses with ventricular 
tachycardia. Fiigh plasma phenytoin con¬ 
centrations are associated with sedation, 
recumbency, and excitement, and the dosage 
protocol should be altered in horses that 
appear sedated. The major advantage of 
phenytoin over lidocaine is its long dura¬ 
tion; conversely, its major disadvantage 
is the initial time required (2-6 hours) to 
exert an antiarrhythmic effect. An IV form 
of phenytoin sodium has been adminis¬ 
tered to a pony with digitalis-induced ven¬ 
tricular arrhythmias, but the alkaline pH of 
the infused solution carries a high risk of 
thrombophlebitis. 

Magnesium sulfate administration at 2 
to 6 (mg/kg BW)/min of MgS04 (equivalent 
to 1.8 to 5.4 mL of 50% MgSO4/450 kg 
horse/min) to effect under ECG monitoring 
has been recommended as part of the treat¬ 
ment of ventricular arrhythmias. A different 
dose protocol has been used in one adult 
horse that included 25 g of magnesium 
sulfate in 1 L of 0.9%NaCl administered IV 
over 15 minutes. 17 

The severity of ventricular tachycardia is 
augmented by factors that increase sympa¬ 
thetic tone, and affected animals should be 
kept in quiet surroundings. 

VENTRICULAR FIBRILLATION 

Ventricular fibrillation is not usually observed 
clinically. It occurs in the terminal stages of 
most suddenly fatal diseases, including light¬ 
ning stroke, plant poisonings such as acute 
Phalaris toxicity, overdose with anesthetics, 
severe toxemia, and in the terminal phases of 
most acquired cardiac diseases. There is com¬ 
plete absence of the pulse and heart sounds, 
the blood pressure falls precipitously, and the 
animal rapidly becomes unconscious and 
dies within a minute or two of onset. Treat¬ 
ment is usually impractical, although deaths 
during anesthesia may be prevented by 
immediate and aggressive external cardiac 
massage. Electrical defibrillation is not fea¬ 
sible in large animals because of the bulk of 
the animal and the current required. Intra¬ 
cardiac injections of epinephrine are often 





used in acute cardiac arrest but do not correct 
fibrillation and are of little value. 

FURTHER READING 

Reef VB, Bonagura J, Buhl R, et al. Recommendations 
for equine athletes with cardiovascular 
abnormalities. ACVIM/ECEIM Consensus 
Statement. / Vet Intern Med. 2014;28:749-761. 
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Diseases of the Heart 

VALVULAR DISEASE 
AND MURMURS 


SYNOPSIS 


Etiology Valvular disease is acquired or 
congenital. Endocarditis is the most 
common cause. Some murmurs are 
functional and not indicative of disease. 

Epidemiology Functional murmurs are 
common in the horse, vary with breed and 
training, and their presence and severity do 
not appear to be associated with racing 
performance. Little information is available 
on the epidemiology of acquired valvular 
disease. 

Clinical findings Murmur defined by 
location, timing, character, intensity, and 
radiation, and are possibly precordial thrill, 
cardiac insufficiency and, in severe cases, 
congestive heart failure. 

Diagnostic confirmation Blood culture and 
echocardiography. 


ETIOLOGY 

Acquired 

• Endocarditis, the most common cause 
(see the following section) 

• Endocardiosis, common only in pigs 

• Rupture of the chordae tendineae, either 
spontaneous or secondary to 
endocarditis 
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• Laceration, detachment of aortic valve 
leaflets, either spontaneous or secondary 
to endocarditis 

• Dilatation of the right AV valve annulus, 
such as occurs in brisket disease and 
secondary to some myocardial disease; 
may result in functional insufficiency of 
the valves. 

Congenital 

• Pulmonic valve stenosis. 

• Fenestration of the aortic and pulmonic 
valves in horses. The cause of the lesions 
is unknown, although their presence in 
very young animals, including newborn 
foals, suggests that some may be 
congenital defects. The importance of 
these lesions as causes of valvular 
insufficiency is doubtful, although they 
may cause valvular murmurs if they are 
present close to the attachments of the 
cusps. 

• Blood cysts are common on the AV 
valves of cattle. They are lined with 
endothelium, can occur congenitally, 
and their incidence and size may 
increase with age. They have no clinical 
significance. Serous cysts occur 
occasionally on the mitral valve of 
cattle. 

EPIDEMIOLOGY 

There is limited information on the epidemi¬ 
ology and the age-specific incidence of val¬ 
vular disease or murmurs in large animals, 
although slaughter surveys show a high prev¬ 
alence of endocardial lesions. Studies at clini¬ 
cal centers indicate that valvular disease is 
often underdiagnosed in both cattle and 
horses and that its presence may not be 
detected in more than 50% of cases. 

Horses 

Auscultatory surveys show a high prevalence 
of murmurs with breed and horse-use 
differences. Functional (physiologic) mur¬ 
murs are particularly common in trained, fit 
racehorses. In a survey of 545 clinically 
normal horses in England, murmurs were 
heard in 68%, with a higher prevalence in flat 
racing and National Hunt horses than in 
competition and pleasure horses. Murmurs 
with the characteristics of functional ejection 
murmurs were detected on auscultation over 
the left hemithorax in approximately 50% of 
horses and the right side in 8%. Murmurs 
with the characteristics of early diastolic 
functional murmurs were detected on the 
left side in 15% and on the right side in 13%. 
Murmurs with the characteristics of regurgi¬ 
tation at the mitral, tricuspid, and aortic 
valves were detected in 3.5, 9.2, and 2.2% of 
horses, respectively. Aortic regurgitation is 
more common in older horses and is usually 
not associated with clinical signs of heart 
disease. 1 Mitral regurgitation is the most 
common valvular disease associated with 
atrial fibrillation, ventricular arrhythmias, 


and congestive heart failure. Tricuspid valve 
regurgitation is associated with atrial fibrilla¬ 
tion, pulmonic valve regurgitation, and con¬ 
gestive heart failure. 1 

An extensive abattoir survey suggests 
that valvular lesions may be more common 
in the horse than is clinically appreciated. 
Approximately 25% of horses had lesions, 
and the majority was nodular or distorting 
lesions on the valves or chordae tendineae of 
the left side and, in a significant proportion, 
murmurs were detected before slaughter. 
Chronic trauma of the valve leaflets was con¬ 
sidered an important initiating factor. 

Cattle 

A slaughter survey in cattle has reported 
endocarditis in 5.2 hearts per 10,000 animals. 

Pigs 

In a slaughter survey of pathology in the 
heart of pigs, mitral valve endocardiosis was 
observed in 63% and tricuspid endocardiosis 
in 18% of pigs. The prevalence and severity 
increases with age. These lesions can be asso¬ 
ciated with prolapse of the mitral valve and 
jet impact lesions. They have little signifi¬ 
cance in growing pigs, but the significance of 
endocardiosis to clinical cardiac disease in 
older sows needs examination. Bacterial 
endocarditis in slaughter pigs has been 
recorded with a prevalence of 3.1 per 10,000 
animals. 

PATHOGENESIS 

The important clinical indications of valvular 
disease are audible murmurs and palpable 
precordial thrills. Murmurs may occur at any 
phase of the cardiac cycle and are caused by 
the vibrations of turbulent flow of blood 
transmitted to the surface of the chest. Vibra¬ 
tions of strong intensity may also result in 
palpable vibrations at the surface of the 
chest. 

Generation of Murmurs 

Blood flow is normally laminar and without 
turbulence. Turbulence in flow may be pro¬ 
duced by a sudden change in the diameter 
of the vessel through which the blood is 
flowing. Its occurrence is directly related to 
the velocity of flow and inversely related to 
blood viscosity. 

Valve Lesions 

With murmurs associated with valvular 
lesions the valve lesion produces a sufficient 
change in stream bed diameter to result in 
turbulent flow. The turbulence may occur 
when the valves do not close properly (regur¬ 
gitation or insufficiency) and blood is forced 
through AV orifices during ventricular 
systole, or through semilunar orifices during 
ventricular diastole. Turbulence may also 
occur when the valves do not open com¬ 
pletely (stenosis) and blood is forced through 
a stenotic semilunar orifice during ventricu¬ 
lar systole or enters the ventricle through 
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a narrow AV orifice during ventricular 
diastole. 

The severity of the turbulence and hence 
the murmur can be increased with higher 
flow velocities such as occur with exercise 
and by factors that decrease blood viscosity 
such as anemia or hypoproteinemia. 

Acquired valvular disease usually results 
in insufficiency of the affected valve and less 
commonly both insufficiency and stenosis. 
Congenital lesions more often result in ste¬ 
nosis of the valve. 

Murmurs Without Valvular Disease 

A change in vessel diameter such as occurs 
with dilatation of the aorta or pulmonary 
artery can produce turbulence and a murmur. 
A reduction in blood viscosity contributes 
to the frequency of murmurs occurring in 
anemic and hypoproteinemic states and 
hemic murmurs are common in anemic 
cattle, particularly over the pulmonic valve. 

Functional Murmurs 

Turbulent flow may occur in the absence of 
a change in stream bed diameter if a certain 
critical velocity of flow is exceeded. This is 
thought to be the cause of functional or ejec¬ 
tion murmurs that occur commonly in 
horses and lactating dairy cows during the 
rapid ejection phase even at rest and espe¬ 
cially following exercise. 

Effects of Valvular Disease 

Stenosis of the outflow valves results in 
an increased pressure load on the heart 
and compensatory hypertrophy (concentric 
hypertrophy). Insufficiency of the semilunar 
valves or of the aortic or pulmonic valve 
produces a volume load on the heart and is 
followed by compensatory dilatation and 
hypertrophy (eccentric hypertrophy). If the 
valves on the left side of the heart are affected, 
especially the aortic valve, changes in ejec¬ 
tion of the blood from the ventricle alters the 
character of the peripheral pulse. Involve¬ 
ment of the tricuspid valve will produce 
changes in the jugular pulse. 

Cardiac Reserve 

The presence of valvular lesions and murmurs 
may mean little except that some degree of 
cardiac reserve is lost. This may be small in 
degree, and moderate stenosis or incompe¬ 
tence can be compensated and supported for 
long periods. The importance of valvular 
lesions that do not result in cardiac insuffi¬ 
ciency rests in their possible contribution to 
disease in other organs by the liberation of 
emboli, and the necessity for close examina¬ 
tion of the heart when they are present. 

The purpose for which the animal is main¬ 
tained also has some bearing on the signifi¬ 
cance of a murmur. Valvular lesions are of 
much greater importance in racing animals 
than in those kept for breeding purposes. The 
challenge to the clinician is to determine the 
significance of a murmur to the health and 


performance of the horse and to the safety of 
the rider. The presence or severity of an aus- 
cultable murmur or echocardiographically 
identified valvular regurgitation is not associ¬ 
ated with athletic performance in racehorses, 
although a deleterious effect on a small 
number of horses may exist. 2 The likelihood 
of valvular regurgitation increases with train¬ 
ing in the horse, indicating that valvular 
regurgitation is an expected response to train¬ 
ing in endurance athletes. 3 In other words, 
valvular regurgitation should not be assumed 
to indicate the presence of serious valvular 
pathology in a well-performing horse. 

CLINICAL FINDINGS 

Only the clinical findings referable to valvu¬ 
lar disease are discussed here. The clinical 
findings in chronic (congestive) heart failure, 
which may coexist, are discussed elsewhere. 

Technique of Examination 

Auscultation is the fundamental basis of 
examination and knowledge of the optimum 
areas of auscultation and the significance of 
the murmurs encountered are essential. 
When a murmur is detected, it should be 
categorized according to its timing and dura¬ 
tion, intensity, location, and character. There 
is room for improvement in the correct iden¬ 
tification of heart murmurs, and specialist 
clinicians can more accurately identify the 
likely site of heart murmurs than other 
clinicians. 

Timing 

Timing allows a subdivision into systolic, 
diastolic, and continuous murmurs and 
immediately shortens the list of possible 
defects present. There is little problem in dif¬ 
ferentiating systolic from diastolic murmurs 
at slow heart rates because of the temporal 
difference between the length of the systolic 
and diastolic period. However, where there is 
a murmur present at fast heart rates this dis¬ 
tinction is less obvious and it is possible to 
misclassify the period of the cycle in which 
the murmur is occurring. 

• Murmurs should be timed with 
reference to the arterial pulse, which 
occurs in early to midsystole if a 
proximal artery is examined. 

• A convenient artery is on the 
posteromedial aspect of the carpus and 
radius in cattle and horses. 

• A less satisfactory alternative is timing 
with the occurrence of the apex beat. 

• Timing by relation to the heart sounds 
is unreliable because these are frequently 
altered in character, and at fast heart 
rates a diastolic murmur may be 
mistaken for a systolic one 

• Systolic murmurs are associated with 
stenosis of the outflow valves or 
insufficiency of the AV valves. 

• Diastolic murmurs are associated with 
insufficiency of the outflow valves or 
stenosis of the AV valves. 


• A continuous murmur or one that 
occurs during both systole and diastole 
may be associated with both stenosis 
and insufficiency of the same valve or 
with multiple valvular lesions but more 
commonly results from the turbulent 
flow of blood from a high-pressure to a 
low-pressure system with no intervening 
valve, such as occurs with a patent 
ductus arteriosus. 

Duration 

Duration during systole or diastole is deter¬ 
mined by a careful examination of the mur¬ 
mur with a relationship to the period between 
the heart sounds. Systolic murmurs are fur¬ 
ther classified as early, late, holosystolic, or 
pansystolic according to their occurrence 
and duration in the period between the 
first and the second heart sounds and dia¬ 
stolic murmurs as early (occurring between 
S2 and S3), holodiastolic, or presystolic 
(occurring between the atrial fourth heart 
sound and SI). Pansystolic and pandiastolic 
murmurs, occurring throughout the systole 
or diastole, have greater significance than 
murmurs that occur, for example, only in 
early systole and early diastole. 

Intensity 

Intensity or loudness of a murmur provides 
a guide to its significance. A system of grading 
the intensity of murmurs that has been found 
to be of clinical value is as follows: 

• Grade I. The faintest audible murmur; 
generally only detected after careful 
auscultation by an experienced clinician 

• Grade II. A faint murmur that is clearly 
heard after only a few seconds 
auscultation 

• Grade III. A murmur that is 
immediately audible as soon as 
auscultation begins and is heard over a 
reasonably large area 

• Grade IV. An extremely loud murmur 
accompanied by a precordial thrill; the 
murmur becomes inaudible if the 
stethoscope is held with only light 
pressure on the chest 

• Grade V. An extremely loud murmur 
accompanied by a precordial thrill; the 
murmur can still be heard when the 
stethoscope is held with only light 
pressure against the chest 

Grade I murmurs are not clinically signifi¬ 
cant, whereas grades IV and V invariably are. 
The significance of grade II and III murmurs 
varies according to their cause. A system that 
grades on a six-grade basis is also used and 
differs only in a further subcategorization of 
moderately loud and loud murmurs. 

The presence of a precordial thrill is 
determined by palpation over the point of 
maximal intensity of the murmur and palpa¬ 
tion on the chest over other areas of the 
heart. A precordial thrill indicates that there 
is considerable energy generated by the tur¬ 
bulent flow and defines the intensity of the 





murmur in the top two grades in both 
grading systems. 

Location and Radiation 

Location and radiation of a murmur is 
related to its areas of generation and trans¬ 
mission. The point of maximum intensity 
is noted with reference to the areas of maxi¬ 
mum audibility of the heart valves described 
earlier. Low-intensity murmurs are generally 
restricted to the auscultatory area overlying 
their area of generation. The auscultatory 
areas of the heart and of the individual heart 
sounds have been described earlier in the 
section on arrhythmias. The vibrations asso¬ 
ciated with very loud murmurs may be trans¬ 
mitted to other auscultatory areas but 
generally they are most intense near the area 
of generation, as is any associated thrill. 
Murmurs and thrills can be restricted to 
local areas, and it is essential to examine 
several auscultatory areas over both sides of 
the heart. 

Character 

Character is determined by change in 
intensity during the duration of a murmur 
and is defined as crescendo, crescendo- 
decrescendo, decrescendo, or plateau. Mur¬ 
murs may also be described according to 
their frequency characteristics by terms such 
as blowing, honking, musical, and buzzing, 
but these interpretations are very subjective 
and often not repeatable between examiners. 
Blowing murmurs do not have a major fre¬ 
quency peak of harmonics and therefore 
do not have an easily identifiable pitch. In 
contrast, musical, honking, and buzzing 
murmurs have a primary frequency and 
associated harmonics. Musical murmurs 
have a higher fundamental frequency (pitch) 
than honking or buzzing murmurs, whereas 
honking murmurs are shorter in duration 
than buzzing murmurs. 

Interpretation 

Following this examination the functional 
defect producing the murmur and the valve 
involved are determined from the character¬ 
istics of timing and duration, location, and 
radiation, and also any secondary effects 
that may be present in arterial or venous 
pulse characteristics. The severity of the 
lesion is judged in part on the intensity of the 
murmur but also on the degree of cardiac 
insufficiency that is present. As a rule all 
pansystolic mitral and tricuspid murmurs, 
all holodiastolic murmurs, all right-sided 
murmurs, and all murmurs with a palpable 
precordial thrill should be considered patho¬ 
logic. The cause of the lesion cannot be 
determined from auscultation but may be 
determined from the results of general clini¬ 
cal and special pathologic examinations and 
by a knowledge and consideration of the 
common causes of valvular disease that 
involve the particular valve affected in the 
animal species being examined. 
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Functional (Innocent) Murmurs 

Murmurs not associated with cardiac abnor¬ 
mality occur in all large-animal species, but 
particularly the horse and the lactating dairy 
cow. Those associated with turbulence pro¬ 
duced during periods of high-velocity flow 
are often called functional murmurs or 
flow murmurs; those associated with turbu¬ 
lence resulting from decreased viscosity and 
increased flow are often called physiologic 
murmurs. 

Functional systolic ejection murmurs 

are very common in young, fit horses and 
occur occasionally in cattle, sheep, and pigs. 
In horses, they are heard best over the base 
of the heart, usually on the left side over the 
aortic valve region, and in some horses on 
the right side, but not usually on both sides 
in the same horse. They are early to midsys- 
tolic murmurs of low intensity (grade 1-3), 
and are crescendo-decrescendo or decre¬ 
scendo in character. In horses they are 
usually more audible at heart rates slightly 
elevated above the resting rate. Occasionally 
in horses, an ejection murmur is audible over 
the pulmonary valve. 

In cattle they are most common at the 
base of the heart on the left side. A systolic 
ej ection murmur is very common over the left 
anterior heart base in lactating dairy cattle, 
and this murmur is thought to be caused by 
turbulence at the pulmonic valves. Ausculta¬ 
tion of this murmur requires placement of the 
stethoscope directly over the pulmonic valve; 
this murmur is usually not auscultable when 
the heart is auscultated at the fourth to fifth 
intercostal space. Holosystolic murmurs 
(grade 1-3) are heard in some calves in the 
first 2 to 3 weeks of life. They are possibly 
associated with minor deformation of the AV 
valves by hematocysts at the edge of the valve 
leaflets, which are common in young calves. 

An early diastolic murmur occurs 
in horses, most commonly in young Thor¬ 
oughbreds and Standardbreds, and is thought 
to be caused by vibrations associated with 
the rapid flow of blood into the heart in early 
diastole. It is a soft (grade 1-2), high-pitched, 
early diastolic murmur. When heard over the 
apex area, it is probably a variation of the S3 
sound. 

A presystolic murmur of grade 1 to 2 
intensity and rumbling sound is occasionally 
heard in horses and is probably a component 
of the atrial fourth heart sound. 

Recumbent cattle commonly have a 
low intensity (grade 1-3) crescendo-decre¬ 
scendo systolic murmur that is auscultated 
over the right side. It will disappear when 
the animal stands. A similar murmur 
occurs where there is ruminal distension 
and bloat. 

In newborn calves and foals a systolic 
murmur is frequently audible over the base 
of the heart, and it is thought to be caused by 
a partial temporary patency of the closing 
ductus arteriosus. In newborn pigs a con¬ 
tinuous murmur may be heard, which is 


often replaced by an early systolic murmur 
audible for the first week of life. 

Insufficiency of the Right AV Valve 

Tricuspid valve insufficiency resulting from 
endocarditis is the most common acquired 
valvular lesion in cattle, pigs, and sheep. 
Insufficiency may also result from dilatation 
of the valve annulus in chronic anemia and 
with cor pulmonale in conditions such as 
high altitude disease in cattle. Tricuspid 
regurgitation can also occur with general 
heart failure that follows left-sided failure. 
Because of the association with bacterial 
endocarditis, tricuspid insufficiency in cattle, 
pigs, and sheep is usually indicative of sig¬ 
nificant cardiac disease or the presence of 
marked pulmonary hypertension. However, 
in horses, the murmur of tricuspid insuffi¬ 
ciency may be present with little evidence of 
impaired performance. 1 

There is a harsh holosystolic or pansys¬ 
tolic plateau-type murmur most audible over 
the tricuspid valve area. Loud murmurs 
project dorsally and to the cranial part of the 
thoracic cavity on both right and left sides. 
The murmur is usually accompanied by an 
exaggeration of the systolic component of 
the jugular pulse. Congestive heart failure, if 
it occurs, will be manifested in the greater 
circulation. 

Insufficiency of the Left 
Atrioventricular Valve 
This is the second most common acquired 
valvular disease in horses, cattle, and pigs. 
The insufficiency may result from endocar¬ 
ditis or rupture of the mitral valve chordae. 
There is a loud harsh holosystolic or pansys¬ 
tolic murmur that is most intense in the 
mitral area. The murmur transmits dorsally 
and in severe cases may also be heard on 
the right side. There is frequently marked 
accentuation of the occurrence of the third 
heart sound, which may be mistaken for 
the second sound. A late systolic crescendo 
murmur has also been associated with mitral 
insufficiency. 

The pulse characteristics are unchanged 
until the stage of cardiac failure. Cases of 
mitral insufficiency may compensate at rest 
and may be only evidenced by decreased 
work tolerance. Failure, if it occurs, will 
be initially associated with left ventricular 
volume overload; however, in some cases the 
retrograde flow of blood through the mitral 
valve may lead to pulmonary hypertension 
and the additional occurrence of right-sided 
heart failure. 

Acute-onset heart failure is usually asso¬ 
ciated with rupture of the valve chordae. In 
the horse, mitral insufficiency may predis¬ 
pose the animal to atrial fibrillation. 

Insufficiency of the Aortic Valve 
Insufficiency of the aortic valve is the most 
common acquired valvular defect in horses. 
There is a loud holodiastolic murmur, 
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frequently accompanied by a thrill caused by 
the reflux of blood from the aorta into the 
left ventricle during diastole. The murmur is 
generally audible over the left cardiac area 
and is most intense at the aortic valve area 
and radiates to the apex. It may modify the 
second heart sound or start immediately 
following. The murmur may be noisy or 
musical and the relative intensity varies from 
horse to horse. Frequently it is decrescendo 
in character but other variations in its inten¬ 
sity occur. Valvular insufficiency of a suffi¬ 
cient degree to have functional significance 
is accompanied by an arterial pulse of very 
large amplitude and high systolic and low 
diastolic blood pressures (water-hammer 
pulse). The pulse wave may be great enough 
to cause a visible pulse in small vessels and 
even in capillaries. Rarely this lesion is 
accompanied by a diastolic jugular pulse 
caused by transmission of the impact of the 
reflex wave across the ventricular septum to 
the right side of the heart. 

Stenosis of the Aortic Valve 

There is a harsh systolic murmur, most 
audible high up over the base of the heart on 
the left side and posteriorly. The murmur 
replaces or modifies the first heart sound and 
is often crescendo-decrescendo in character. 
A systolic thrill may be palpable over the 
base of the heart, and the cardiac impulse is 
increased as a result of ventricular hypertro¬ 
phy. The stenosis has most functional signifi¬ 
cance when the pulse is abnormal, with a 
small amplitude rising slowly to a delayed 
peak reflecting the diminished left ventricu¬ 
lar output. There may be signs of left-sided 
heart failure, and this lesion may also be 
associated with syncope. 

Stenosis and Insufficiency of 
the Pulmonary Valve 

Acquired lesions of this valve are rare in large 
animals. The auscultatory characteristics are 
similar to those produced by aortic valve 
lesions, but there are no abnormalities of the 
arterial pulse. Pulmonary stenosis produces 
a distinct murmur at the third intercostal 
space on the left side of the chest, but some 
cases of pulmonary stenosis in the horse 
have no murmur. Murmurs may also be 
audible anterior to the aortic valve area on 
the left side of the chest. Heart failure, if it 
occurs, is right sided. 

Stenosis of the Right or Left 
Atrioventricular Valves 

Stenosis of either AV valve is uncommon. 
There is a diastolic murmur caused by passage 
of blood through a stenosed valve during 
diastolic filling and audible over the base of 
the heart on the relevant side. The severity of 
the lesion will govern the duration of the 
murmur, but there is likely to be a presystolic 
accentuation caused by atrial contraction. 
Right AV valve stenosis maybe accompanied 
by accentuation of the atrial component of 


the jugular pulse. Some degree of mitral ste¬ 
nosis may occur in acquired lesions that 
manifested primarily as an insufficiency. 

CLINICAL PATHOLOGY 

Clinicopathologic findings will reflect the 
changes caused by the primary disease and 
are significant only when there is endocar¬ 
ditis. Two-dimensional echocardiography, 
Doppler echocardiography, and color flow 
Doppler echocardiography are the most 
valuable noninvasive methods for the exami¬ 
nation of valvular disease and allow a detec¬ 
tion of the defect, its nature, and its severity. 
Echocardiography may detect regurgitant 
flow and flow through stenotic valves that is 
not detected by auscultation. 

NECROPSY FINDINGS 

Care is needed when the heart is opened to 
ensure that the valves can be viewed properly 
from both upper and lower aspects. Lesions 
of endocarditis may be visible or there may 
be perforations, distortion, or thickening of 
the valves or breakage of the chordae tendin- 
eae. Endocardiosis in pigs is characterized 
by accumulation of glycosaminoglycans and 
hyaluronan and myofibroblast differentia¬ 
tion of fibroblasts. Blood and serous cysts are 
commonly observed on the AV valves of 
cattle, particularly Holstein-Friesian cattle, 
with one large slaughterhouse study report¬ 
ing a prevalence of 49% and no age predilec¬ 
tion. Serous cysts are larger and usually have 
a single occurrence, whereas blood cysts are 
smaller and usually have multiple occur¬ 
rences. These cysts are thought not to have 
pathologic consequences in cattle. 4 


DIFFERENTIAL DIAGNOSIS 


Murmurs must be differentiated from pericardial 
and pleural friction sounds and from murmurs 
caused by congenital defects with shunts. 


TREATMENT 

There is no specific treatment for valvular 
disease. Methods for the treatment of 
congestive heart failure and endocarditis 
are discussed under their respective 
sections. 

FURTHER READING 

Bexiga R, Mareus A, Philbey AW, et al. 

Clinicopathologic presentation of cardiac disease in 
cattle and its impact on decision making. Vet Rec. 
2008;162:575-580. 

Reef VB, Bonagura J, Buhl R, et al. Recommendations 
for equine athletes with cardiovascular 
abnormalities. ACVIM/ECEIM consensus 
statement. / Vet Intern Med. 2014;28:749-761. 
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ENDOCARDITIS 


SYNOPSIS 


Etiology Bacterial, occasionally parasitic 
infection 

Epidemiology History of ill-thrift, chronic 
illness, periodic milk drop, and shifting 
lameness 

Clinical findings Type of murmur depends on 
valves of species predilection; embolic 
nephritis, arthritis, tenosynovitis, or 
myocarditis 

Clinical pathology Blood culture 

Necropsy findings Valvular lesions, often 
vegetative, maybe rupture of chordae 
tendineae; embolic lesions in other 
organs 

Diagnostic confirmation Murmur or 
persistent tachycardia with evidence of 
bacteremia, positive blood culture; can be 
confirmed by echocardiography 

Treatment Antimicrobial agents based on 
culturing causative agent; prolonged 
therapy required; case fatality uniformly 
high in cases that have heart failure 


ETIOLOGY 

Most cases of endocarditis in farm animals 
are caused by bacterial infection but whether 
the infection gains entrance by direct adhe¬ 
sion to undamaged endothelium, or through 
minor discontinuities of the valvular sur¬ 
faces, or by hematogenous spread through 
the capillaries at the base of the valve, is 
uncertain. A number of different organisms 
have been associated with this disease. The 
common infectious causes of endocarditis in 
animals are listed below. 

Cattle 1 - 2 

• Trueperella (Arcanobacterium or 
Actinomyces or Corynebacterium) 
pyogenes 

• Helcococcus ovis 

• a-Hemolytic streptococci 

• Micrococcus and Staphylococcus spp. 

• Pseudomonas spp. 

• Clostridium chauvoei (blackleg) 

• Mycoplasma mycoides 

• Bartonella bovis (rare) 

• Erysipelothrix rhusiopathiae ( insidiosa ) 
(rare) 

Horses 

• Actinobacillus equuli 

• Streptococcus spp., including S. equi and 
S. zooepidemicus 

• Pasteurella/Actinobacillus spp. 

• Pseudomonas spp. 

• Migrating Strongylus spp. larvae 

Pigs and Sheep 

• E. rhusiopathiae ( insidiosa ) 

• Streptococcus spp. including S. 
equisimilis , S. dysgalactia , S. suis 
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• Escherichia coli 

• Trueperella (Arcanobacterium or 

Actinomyces or Corynebacterium ) 

pyogenes 

EPIDEMIOLOGY 

There is limited information on the epidemi¬ 
ology of endocarditis. The majority of cases 
of endocarditis are usually not diagnosed 
clinically, and lesions are identified at nec¬ 
ropsy or slaughter. 

Chronic bacteremia predisposes to endo¬ 
carditis. There may be a history of an ongoing 
septic process such as mastitis, metritis, foot 
abscess, or traumatic reticular peritonitis, or 
of a procedure, such as the use of an indwell¬ 
ing IV catheter, that might lead to bactere¬ 
mia. Often there is a history suggestive of 
low-grade infection. In cattle, ill-thrift with 
periodic, dramatic but temporary fall in milk 
production is a common history. The animals 
often have a lower body condition than 
expected for their stage of production, and 
there is frequently a history of intermittent 
lameness. Horses may present with similar 
suggestive histories, including shifting leg 
lameness, intermittent joint distension, 
coughing, seizures, jugular vein thrombosis, 
colic, diarrhea, poor growth, and umbilical 
infection. In sows it is common for agalactia 
to develop in the first 2 to 3 weeks after far¬ 
rowing, followed by a loss of weight, intoler¬ 
ance to exercise, and dyspnea at rest. 

PATHOGENESIS 

Endocarditis may arise from implantation of 
bacteria onto the endocardium from the 
bloodstream or by bacterial embolism of the 
valve capillaries. Endocarditis is predisposed 
by trauma to the endothelial surface expos¬ 
ing collagen and leading to binding of plate¬ 
lets, activation of the extrinsic coagulation 
cascade with deposition of fibrin, and the 
formation of sterile platelet-fibrin deposits. 

Endothelial damage may occur along 
the lines of closure of valves in association 
with turbulent flow and also can occur for 
the same reason on areas of the mural 
endocardium. These areas are subsequently 
colonized by circulating bacteria, and the 
organisms grow in these areas enmeshed in 
a tight, avascular network of fibrin and plate¬ 
lets with further serial deposition of platelets 
and fibrin. This is the mechanism of endo¬ 
carditis that occurs secondary to turbulent 
flow in congenital heart disease and of that 
produced by trauma such as cardiac cathe¬ 
terization. Myocardial disease may lead to 
edema of the valves, which may also predis¬ 
pose the animal to endothelial damage. 

Endocarditis in large animals is most 
common as secondary to a chronic infec¬ 
tion at some distant site and a persistent 
bacteremia without predisposing lesions in 
the heart. Certain organisms have the ability 
to directly adhere to endothelium, and it is 
probable that this is the major pathogenic 
factor. 


The major clinical abnormalities associ¬ 
ated with endocarditis result from the effect 
of endocarditis on heart function and from 
the effects of the embolic showering of 
microorganisms, which can lead to infarc¬ 
tion or infection at other sites in the body. 
The valvular lesions may be vegetative in the 
early stages of the disease or, more often, 
there may be fibrosis and shrinking, distor¬ 
tion, and thickening of the valve cusps. Both 
interfere with valve function, leading to 
cardiac insufficiency and possibly cardiac 
failure. The functional defect produced by 
valvular endocarditis is usually, but not 
invariably, valvular insufficiency. Infected 
emboli most often produce pulmonary 
embolism with miliary pulmonary abscessa- 
tion, or infection or abscesses in other organs, 
including myocardium, kidneys, and joints. 

Valve Predilection 

In cattle, endocarditis is most common on 
the right AV (tricuspid) valve. The left AV 
(mitral) valve is the second valve of predilec¬ 
tion, and bilateral involvement of the AV 
valves is not uncommon. In the horse the 
most common site of infection is the aortic 
valve, with the left and the right AV valves 
being the second and the third valve sites of 
predilection. Endocarditis of the pulmonary 
valve is uncommon but is recorded. The AV 
valves are the predilection sites in sheep and 
swine. 

CLINICAL FINDINGS 

The diagnosis of endocarditis in the living 
animal remains a challenge. A random effects 
meta-analysis of 460 bovine endocarditis 
cases provided mean sensitivity estimates (in 
parentheses) for the following clinical find¬ 
ings: positive blood culture (87%), echocar- 
diographic identification of a lesion (84%), 
presence of persistent tachycardia (80%), 
presence of a murmur (60%), presence of a 
fever (46%), presence of lameness/polyar¬ 
thritis (44%), and presence of clinical signs 
of heart failure (37%). Specificity estimates 
for the same variables varied widely. 3 

Cardiac Signs 

The important finding is a murmur on aus¬ 
cultation or a thrill on palpation of the 
cardiac area. Details of the specific findings 
for individual valve abnormalities can be 
found in the preceding section on valvular 
disease. A major problem with diagnosis 
based on the presence of murmurs is that 
they are not always present or detected in 
cases of endocarditis, particularly with right¬ 
sided lesions. Persistent tachycardia should 
be regarded as the most consistent clinical 
sign in endocarditis. 

Embolism 

Chronic bacteremia and embolic showering 
of microorganisms results in signs referable 
to infection and infarction at other sites in 
the body. There is a constant moderate. 


fluctuating fever, and secondary involvement 
of other organs may cause the appearance of 
signs of peripheral lymphadenitis, embolic 
pneumonia, nephritis, arthritis, tenosynovi¬ 
tis, or myocarditis. There is usually much loss 
of condition, pallor of mucosae, and an 
increase in heart rate. 

Clinical Course 

The clinical course in endocarditis may be as 
long as several weeks or months, or animals 
may drop dead without premonitory signs. 
Endocarditis is also a cause of acute heart 
failure and sudden death in sows. Because 
sows are confined with minimal exercise 
during much of the production cycle, the 
presence of cardiac insufficiency from 
chronic endocarditis can be masked, and 
sows with chronic endocarditis may have 
acute heart failure and die at times of intense 
exercise, such as mating or during movement 
to other housing. 

Rupture of the Chordae Tendineae 

Rupture of the chordae tendineae of the 
mitral valve in horses may be predisposed by 
endocarditis or may occur spontaneously 
and occurs in both adults and foals. It is man¬ 
ifested by sudden onset of acute heart 
failure in horses apparently previously 
healthy or, when a complication of a preexist¬ 
ing endocarditis, as a sudden onset complica¬ 
tion of the disease or a cause of death. There 
are signs of acute left failure, and there is 
usually a prominent third heart sound. The 
rupture may involve the chordae of any of the 
cusps of the valve. Rupture of the medial cusp 
of the aortic valve to produce acute left heart 
failure and rupture of the pulmonary valve 
producing right heart failure can also occur. 

Electrocardiography 
Electrocardiographic findings suggestive of 
endocarditis are sinus tachycardia and 
decreased QRS amplitudes in a base-apex 
lead; ectopic foci may also be present. 

Echocardiographic findings suggestive 
of endocarditis are hypoechoic and echo- 
genic masses, irregular thickening of valves, 
and rupture of the chordae tendinae. 4 The 
sensitivity of valvular thickening or the pres¬ 
ence of a vegetation on the valves for diag¬ 
nosing endocarditis in cattle ranges from 
75% to 100%, with the sensitivity depending 
on the site of the lesion. 

CLINICAL PATHOLOGY 

A nonregenerative anemia, leukocytosis, 
neutrophilia, hyperfibrinogenemia, and 
hyperglobulinemia are common but not 
specific for endocarditis. In chronic cases, 
where the lesions are due largely to scarring 
of the valves, hematologic findings may be 
normal. Hypergammaglobulinemia is the 
most common and consistent finding and an 
indication of chronic bacterial infection. 
Where there is passive hepatic congestion, 
there may be an increase in serum alkaline 
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phosphatase and y-glutamyl transferase 
activity. Repeated examination of the urine 
may reveal transient episodes of proteinuria 
and the shedding of bacteria associated with 
renal embolization and infarction. 

Blood cultures should be attempted. The 
avoidance of skin contamination is impor¬ 
tant and the site should be adequately pre¬ 
pared by initial skin cleansing with 70% 
alcohol followed by 1% povidone iodine 
applied in a circular pattern around the 
intended venipuncture site. A contact time of 
at least 2 minutes should be allowed before 
obtaining blood for culturing. The ratio of 
blood to broth culture medium should be 
1:10 to 1:20, and the broth should be incu¬ 
bated at 37°C for 24 hours before being 
examined for the presence of turbidity and 
plated onto traditional blood agar plates. 
Blood culture is frequently negative, and it is 
recommended that three samples be obtained 
from separate venipuncture sites during a 
1-hour period. Sampling at the start of a 
fever is preferred but clearly impossible; 
however, in animals with a more constant 
bacteremia, repeat culturing without regard 
to fever is successful. Determination of the 
susceptibility of the organism to antimicro¬ 
bial agents may aid in treatment. 

NECROPSY FINDINGS 

The lesions are termed vegetative when they 
are large and cauliflower-like and verrucose 
when they are small and wartlike. The former 
are present on the valves in most fatal cases. 
In the latter stages the valves are shrunken, 
distorted, and often thickened along the 
edges. This stage of recovery is rare in farm 
animals but may be observed in the semilu¬ 
nar valves in horses. Spontaneous healing is 
rare, and in most cases treatment is com¬ 
menced at too late a stage. 

Embolic lesions may be present in any 
other organ. Culture of the valvular lesions 
should be undertaken, but in many cases no 
growth is obtained. Recent studies have dem¬ 
onstrated that culture should be extended for 
longer than normal (at least 3 days) because 
some pathogens are slow growing. Moreover, 
H. ovis may have been extensively overlooked 
in the past as a common cause of bovine 
endocarditis because its isolation requires 
cross-streaking a blood agar plate with Staph¬ 
ylococcus aureus . 1 The examination of direct 
smears should always be undertaken. 


DIFFERENTIAL DIAGNOSIS 


• Pericarditis 

• Brisket disease (cattle) 

• Cardiac lymphosarcoma 


TREATMENT 

Treatment is not highly successful because 
of the difficulty in controlling the infection. 
The thickness of the lesions prevents ade¬ 
quate penetration of antimicrobial agents 
and unless the susceptibility of the causative 


organism is known a range of antibacterial 
drugs may have to be tried. For this reason 
there should be repeated attempts at blood 
culture until the causative organism is cul¬ 
tured to allow drug selection on the basis 
of susceptibility testing. The choice of anti¬ 
microbial agent should be one that allows 
high concentrations in serum relative to 
the minimal bactericidal concentration that 
has minimal side effects over a prolonged 
period of administration and has a pro¬ 
longed half-life. 

In the absence of a positive culture the 
types of organism usually isolated in cattle 
suggest the use of penicillin, possibly com¬ 
bined with gentamicin, or the use of a poten¬ 
tiated sulfonamide. The variety of causative 
organisms in horses recommends the use of 
broad-spectrum antibacterial treatment. 

Duration of treatment needs to be pro¬ 
longed. It is difficult to judge the duration of 
therapy required. A fall in temperature can 
be taken as an indication that infection is 
being brought under control, but treatment 
needs to be continued if therapy is to be 
successful. A period of continual treatment 
for 4 months with periodic treatment con¬ 
tinuing for 14 months in a cow has been 
recorded. 

Relapse is common. Treatment is expen¬ 
sive and in food animals must be extralabel; 
this is probably uneconomic except for par¬ 
ticularly valuable animals. Consequently, 
the treatment of endocarditis should be 
approached with reservation. Case fatality is 
high if signs of congestive heart failure are 
present. 

The sequel of embolic lesions in other 
organs and permanent distortion of valves 
resulting in valvular insufficiency also mili¬ 
tate against a satisfactory outcome. The use 
of parenteral anticoagulants, as used in 
humans to prevent further deposition of 
material on vegetative lesions and to limit 
embolic disease, has questionable value and 
requires monitoring not usually available in 
veterinary practice. 
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MYOCARDIAL DISEASE AND 
CARDIOMYOPATHY 


SYNOPSIS 


Etiology Certain bacterial, viral, and parasitic 
infections, some nutritional deficiencies 

Epidemiology Specific to causative agent 

Clinical findings Reduction of cardiac reserve 
and decreased exercise tolerance, cardiac 
arrhythmias, congestive heart failure, or 
acute heart failure 

Clinical pathology Electrocardiography, 
echocardiography, and serum cardiac 
troponin I concentrations; other 
examinations directed at determining the 
specific cause 

Necropsy findings Myocarditis, myocardial 
degeneration 

Treatment For cardiac insufficiency; specific 
therapy, if available, for specific cause 


ETIOLOGY 

A number of diseases are accompanied by 
inflammation, necrosis, or degeneration of 
the myocardium. These include several bac¬ 
terial, viral, or parasitic infections and some 
nutritional deficiencies and toxicities. In 
most cases, the involvement of the myocar¬ 
dium is only part of the total spectrum of 
these diseases, although the cardiac manifes¬ 
tations may be clinically preeminent. The 
term cardiomyopathy is generally restricted 
to those diseases in which myocardial 
damage is the prime manifestation. Causes 
of myocardial dysfunction are discussed in 
the following sections. 

Bacterial Myocarditis 

• Following bacteremia, as in strangles or 
from navel-ill 

• Tuberculosis, especially horses 

• Tick pyemia in lambs 

• Clostridium chauvoei' 

• Histophilus somni in feedlot cattle 2 

• Extension from pericarditis, epicarditis, 
or endocarditis. 

Viral Myocarditis 

• Foot-and-mouth disease, especially 
young animals 

• African horse sickness 

• Equine viral arteritis 

• Equine infectious anemia 

• Equine herpesvirus-1 in fetus 

• Swine vesicular disease 

• Parvovirus in piglets 

• Encephalomyocarditis virus infection 
in pigs 

• Porcine reproductive and respiratory 
syndrome virus in piglets 

• Bluetongue in sheep. 

Parasitic Myocarditis 

This is primarily associated with Strongylus 
spp. (migrating larvae) cysticercosis, Sarco- 
cystis spp., and Neospora caninum (in the 
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neonatal calf). In a postmortem study of over 
2000 equine hearts, 15% showed myocardial 
fibrosis in association with occlusive angio- 
pathic change. No age association was found, 
but recent infarcts were more common in 
yearlings. It was postulated that these lesions 
result from thromboemboli from verminous 
plaques in the proximal thoracic aorta. 

Nutritional Deficiency 

• Vitamin E/selenium deficiency in all 
large-animal species 

• Some forms of chronic copper 
deficiency in cattle (falling disease), 
experimental copper deficiency in 
swine 

• Iron deficiency in piglets and veal calves 

• Copper/cobalt deficiency in lambs. 

Toxicity 

• Inorganic poisons: selenium, arsenic, 
mercury, phosphorus, thallium 

• Gossypol from cotton seed cake 

• The mycotoxin fumonisin when ingested 
by pigs and horses 

• Fluoroacetate (1080) and poisoning by 
Acacia georginae, Gastrolobium, and 
Oxylobium spp., Dichapetalum cymosum 

• Plants and weeds, including members 
of Ixiolena, Pachystigma, Pavette, 
Asclepias, Eriocarpa, Cryptostegia, 
Albizia, Cassia, Digitalis, Urechites, 
Pimelea, Astragalus, Fadogia, Cicuta, 
Colchicum, Karwinskia, Vicia, Cicuta, 
Trigonella, Bryophyllum, Palicourea, 
Lupinus, Lantana, Kalanchoe, Homeria, 
Hymenoxys, and Eupatorium spp. 

• Trees, including gidgee, yew, oleander, 
and avocado 

• Grasses, including Phalaris tuberosa, 
corynetoxins in Lolium rigidum infested 
with nematodes, and Corynebacterium 
spp. (also tunicamycin in rain-damaged 
infected wheat, pigs), cantharidin in hay 
infested with blister beetles (horses) 

• Drugs including succinylcholine, 
catecholamines, and xylazine 
(ruminants) monensin, especially in 
horses, 3 but also cattle, sheep, and pigs; 
lasalocid and salinomycin in horses, 4 
pigs, cattle, and sheep; maduramicin in 
cattle and sheep fed poultry litter; and 
adriamycin (used experimentally to 
produce cardiomyopathy); overdosing 
with doxycycline in sick calves’, but 
cardiomyopathy could not be reproduced 
by overdosing in healthy calves 6 

• Vitamin D and myocardial and 
endocardial calcification following 
ingestion of Cestrum diurnum, Solarium 
malacoxylon, Trisetum flavescens (see 
enzootic calcinosis); calcification also 
occurs with hypomagnesemia in 
milk-fed calves. 

Venoms 

• Rattlesnake ( Crotalus spp.) venom in 
horses' 

• Vipera palaestinae 


Embolic Infarction 

• Emboli from vegetative endocarditis or 
other embolic disease such as bracken 
fern poisoning in cattle 

Tumor or Infiltration 

• Enzootic bovine leukosis of cattle 8 

• Other cardiac neoplasia 

• Cardiomyopathy in horses caused 
by amyloid infiltration of the 
myocardium 

Inherited 

• Malignant hyperthermia of swine 

• Hypertrophic cardiomyopathy in 
swine 

• Arrhythmogenic right ventricular 
cardiomyopathy (arrhythmogenic right 
ventricular dysplasia) in horses 9 

• Congenital cardiomyopathy of Polled 
Hereford and Horned Hereford calves 
with dense curly coats in Australia, 10 
and Japanese Black calves 

• Bovine dilated cardiomyopathy in cattle 
of Holstein-Friesian origin, occurring in 
Red Holstein-Simmental crossbred cattle 
(Fleckvieh) in Switzerland and Austria; 
Red Danish dairy cattle in Denmark; 
Holstein-Friesian cattle in the UK, 
Austria, Denmark, Sweden, Japan, 
Canada, and Australia (inherited as an 
autosomal recessive gene) 11 

• Glycogen storage disease, a-1,4- 
glucosidase deficiency in Shorthorn and 
Brahman cattle and Corriedale sheep 

Unknown or Uncertain Etiology 

• Myocardial necrosis and hemorrhage 
secondary to acute lesions in the central 
nervous system 

• Exertional rhabdomyolysis of horses, 
capture myopathy of wild ruminants, 
and restraint stress in swine 

• Sudden death in young calves associated 
with acute heart failure and myocardial 
necrosis and precipitated by periods of 
intense excitement such as that 
experienced at feeding time 

• Myocardial lipofuscinosis (brown 
atrophy) in aged or cachectic cattle, 
especially Ayrshires, but often found in 
healthy animals at slaughter 

• Myocardial disease following mild 
upper respiratory disease in horses, 
especially when training or exercise is 
continued through the respiratory 
disease episode 

• Dilated cardiomyopathy in a neonatal 
alpaca 12 

• Asymmetric hypertrophic 
cardiomyopathy in an adult alpaca 13 

• Dilated cardiomyopathy in sheep in 
Switzerland 14 

PATHOGENESIS 

The primary effect of any myocardial lesion 

is to reduce cardiac reserve and limit 

compensation in circulatory emergencies. 

Minor lesions may only reduce performance 
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efficiency, whereas more severe lesions may 
produce greater clinical effect. 

Usually myocardial disease results in 
arrhythmias and conduction disturbances 
from primary involvement of the conduction 
system or establishment of excitatory foci 
within the myocardium. While the animal 
is at rest, there may be minimal evidence 
of cardiac disease, but catastrophic distur¬ 
bances in cardiac conduction may occur 
under the adrenergic influences of exercise 
or excitement. The effects of pharmacologic 
cardiotoxic agents in poisonous plants are 
frequently also initially manifest when the 
animals are moved or otherwise excited. 

Endogenous or synthetic catecholamines, 
in their own right, can produce multifocal 
myocardial necrosis, especially in the left 
ventricle. Sympathetic overactivity and local 
catecholamine release in the myocardium has 
been postulated as the cause of myocardial 
disease accompanying acute brain lesions in 
domestic animals and myocardial disease 
associated with some forms of stress and 
overexertion. 

Myocardial disease may also result in 
congestive heart failure through its primary 
effect on the myocardium and the function 
of the heart as a pump. 

CLINICAL FINDINGS 

In early cases, or cases with mild or moderate 
myocardial damage, a decreased exercise 
tolerance is the usual initial presenting sign. 
This is usually accompanied by an increase 
in heart rate and heart size, although the 
latter may only be detectable by echocardiog¬ 
raphy. There may be clinically recognizable 
arrhythmia, particularly tachyarrhythmias, 
associated with multiple ventricular ectopic 
foci. The characteristics of the pulse and heart 
sounds are also changed (see arrhythmias). 

Animals with suspect myocardial disease 
but with no or minimal arrhythmic distur¬ 
bances at rest can be judiciously exercised, 
which will frequently result in the expression 
of conduction or arrhythmic abnormality. 
Exercise or excitement should be avoided in 
animals with overt arrhythmias at rest. 

In the late stages, or in cases with more 
severe myocardial damage, there may be 
sudden death or attacks of cardiac syncope 
caused by acute heart failure, or severe 
dyspnea or general edema caused by conges¬ 
tive heart failure. Details of the clinical find¬ 
ings associated with conduction disturbances, 
arrhythmias, and heart failure have been 
given earlier. 

CLINICAL PATHOLOGY 

Electrocardiography and echocardiography 
are used in special examination. A mass 
within the right atrium of cattle is suggestive 
of multicentric lymphosarcoma caused by 
enzootic bovine leukosis, but the lesion 
should be differentiated from endocarditis. 
Hematologic examination, blood culture, and 
serology may be of value in determining the 
cause of myocardial disease, and a full 
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biochemical profile is advisable to determine 
whether multisystemic problems are present. 
Myocardial infarction and necrosis may be 
associated with the release of cell enzymes 
into the bloodstream during the acute phase 
and the determination of the serum activities 
of LDH, creatine kinase, and aspartate amino 
transaminase are of value. The cardio-specific 
isoenzyme troponin I provides the most 
sensitive and specific indication of cardiac 
necrosis (see chronic congestive heart failure 
section), whereas the predictive value of 
serum creatinine kinase and LDH activities 
is much lower. Toxicologic examination and 
tests for nutritional trace element deficiencies 
may be indicated. 

NECROPSY FINDINGS 

Bacterial infections may cause discrete 
abscesses or areas of inflammation in the 
myocardium, but viral infections and degen¬ 
eration caused by nutritional deficiencies and 
poisonings usually produce a visible pallor of 
the muscle, which may be uniform or present 
as streaks between apparently normal bundles 
of muscle. In acute cases, there may be pete¬ 
chial or linear hemorrhages in the myocar¬ 
dium. Calcification may occur in areas of 
myocardial damage and with enzootic calci¬ 
nosis and vitamin D toxicity. The nature and 
distribution of myocardial damage within the 
heart can vary according to the inciting agent 
and this can be an aid to diagnosis. The degen¬ 
erated muscle may also be present in only the 
inner layers of the wall, leaving the external 
layers with a normal appearance. 

In coronary thrombosis, infarction of a 
large area of the wall may have occurred, but 
this is not visible unless the animal survives 
for at least 24 hours afterward. Careful exam¬ 
ination of the coronary arteries is usually 
necessary to detect the causative embolus. In 
horses infarction occurs most commonly in 
the right atrium. 

The terminal stage of myocardial degen¬ 
eration or myocarditis is often fibrous tissue 
replacement of the damaged tissue. The heart 
is flabby and thin walled and shows patches 
of shrunken, tough fibrous tissue. Rupture of 
the atrial walls may result, with sudden death 
occurring as a result of the pressure of blood 
in the pericardial sac. The lesions of lympho¬ 
matosis are characteristic of this disease and 
consist of large, uneven masses of pale, firm, 
undifferentiated tissue with the consistency 
of lymphoid tissue. 

Foci of osteocartilaginous material (sepa¬ 
rate to the os cordis) are occasionally pal¬ 
pated in the atria of sheep. Degenerative 
changes associated with these lesions are not 
evident, suggesting that these lesions are 
clinically insignificant. 15 

Focal myocardial fibrosis, possibly result¬ 
ing from microembolism from strongyle- 
induced endarteritis, is common in healthy 
horses but has also been ascribed as the pre¬ 
disposing factor to conduction disturbances, 
such as atrial fibrillation and heart block. 


DIFFERENTIAL DIAGNOSIS 


• Other cardiac causes of chronic (congestive) 
heart failure and acute heart failure 

• Other causes of decreased exercise 
tolerance 

The diagnosis and differential diagnosis of 
the specific etiology of myocardial disease 
rests with the epidemiologic and other 
considerations of the individual causes and 
may require specific bacteriologic and virologic 
examinations, toxicologic and nutritional 
analyses, or an examination of the 
environment. 


TREATMENT 

The primary cause must be treated and 
details are given under the individual head¬ 
ings of the specific diseases listed earlier. 
When possible, the primary cause of the 
myocardial damage must be corrected or 
treated, and details are given elsewhere 
for the various etiologies listed previously. 
The treatment of conduction disturbances, 
arrhythmias, and heart failure is discussed 
elsewhere in this chapter. 
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RUPTURE OF THE HEART AND 
ACUTE CARDIOVASCULAR 
ACCIDENTS 

Rupture of the heart occurs rarely in animals. 
It is recorded in cattle when a foreign body 
penetrating from the reticulum perforates 
the ventricular wall, and in the left atrium of 
horses as a consequence of chronic fibrotic 
myocarditis. Rupture of the base of the aorta 


is not uncommon in horses and has the same 
effect as cardiac rupture. The pericardial sac 
immediately fills with blood and the animal 
dies of acute heart failure caused by pericar¬ 
dial tamponade. A similar cardiac tampon¬ 
ade occurs when reticular foreign bodies 
lacerate a coronary artery or when foals 
suffer severe laceration of the epicardium 
during a difficult parturition. 

RUPTURE OF THE AORTA 

The aorta may rupture through its wall just 
above the aortic valves. The wall could have 
been weakened previously by verminous 
arteritis associated with migrating strongyles 
in horses or onchocerciasis in cattle or by 
the development of medionecrosis. Another 
form of rupture occurs through the aortic 
ring. Death occurs very suddenly; all cases 
reported by one author affected stallions and 
coincided with the time of breeding. Cardiac 
tamponade may occur, but the common 
finding is a dissecting aneurysm into the 
ventricular myocardium. 

Aortic rupture and aortopulmonary fis- 
tulation occurs occasionally in Friesian 
horses near the ligamentum arteriosum. 1 
Formation of a fistula between the aorta and 
the pulmonary artery produces a sudden 
onset of cardiac failure and respiratory dis¬ 
tress. Affected horses usually die shortly after 
the onset of clinical signs because of hemor¬ 
rhage from aortic rupture but can survive up 
to 8 days or longer if a fistula forms. 1 The 
rupture is predisposed by abnormalities in 
the vasa vasorum of the vessels and appears 
to have a familial occurrence. 1 Antemortem 
diagnosis is challenging because of the ana¬ 
tomic location of the rupture. 

Aortocardiac fistulas originating at the 
right aortic sinus are recorded in a series 
of older horses with sudden onset acute dis¬ 
tress and exercise intolerance. Five of the 
seven horses had a characteristic continuous 
murmur that was loudest at the right fourth 
intercostal space. Fistulas extended into the 
right ventricle or atrium in six horses and the 
left ventricle in one. Five had dissecting 
tracts in the septal myocardium. 

Rupture of the aorta is the usual cause of 
death in calves with Marfan syndrome. 
Some have dissecting aneurysms of the aorta 
and pulmonary artery. Calves with Marfan 
syndrome are affected from birth. They have 
a loud systolic murmur over the base of the 
heart on the left side in association with 
enlargement of the aortic root. There are 
other phenotypic abnormalities, including 
long thin limbs, joint and tendon laxity, and 
ocular abnormalities including dorsal dis¬ 
placement of the fens and fens opacity. The 
nature of the inheritance in cattle is 
uncertain. 

Rupture of an abdominal artery aneu¬ 
rysm in Holstein-Friesian cattle has been 
reported in more than 30 cattle, with the 
majority of reports from New York in the 
United States. 2 Affected cattle are 2)4 to 6 
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years of age and usually present as a sudden 
and unexpected death with a marked 
hemoabdomen. 2 An aneurysm of the cranial 
mesenteric artery was diagnosed antemor¬ 
tem in a cow with severe abdominal pain and 
the presence of a large pulsatile mass at the 
root of the mesentery. This condition appears 
to be caused by an inherited defect in the 
wall of the abdominal aorta, left gastric 
artery, right ruminal artery, left ruminal 
artery, celiac artery, and cranial mesenteric 
arteries. An autosomal dominant mode of 
inheritance is suspected. 

RUPTURE OF HEART VALVES 

Sudden death, or sudden onset of acute heart 
failure, can also result from rupture of the 
components of the heart valves. Rupture of 
the chordae tendineae of the mitral valve 
occurs in horses both without apparent pre¬ 
disposing lesions and as a sequel to endocar¬ 
ditis and occurs in adult horses as well as 
foals. It is manifested by sudden onset of 
acute heart failure in apparently previously 
healthy horses or, when a complication of a 
preexisting endocarditis, as a sudden onset 
complication of the disease or a cause of 
death. The rupture may involve the chordae 
of any of the cusps of the valve. Rupture of 
the pulmonary valve producing right heart 
failure can also occur. 
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COR PULMONALE 

Cor pulmonale is the syndrome of right¬ 
sided heart failure resulting from an increase 
in right heart workload secondary to 
increased pulmonary vascular resistance and 
pulmonary hypertension. The most docu¬ 
mented cause of pulmonary hypertension in 
livestock is alveolar hypoxia. Acute alveolar 
hypoxia (lowered alveolar Po 2 ) is a potent 
cause of pulmonary hypertension in several 
species, but cattle are especially reactive. This 
is the cause of cor pulmonale in cattle at high 
altitudes, or bovine brisket disease, which is 
described in more detail later. 

An outbreak of cor pulmonale with pul¬ 
monary vascular lesions similar to those seen 
with high mountain disease but occurring in 
calves not at altitude is recorded; it was pos¬ 
tulated but not proved to be the result of the 
ingestion of feed contaminated with the pyr- 
rolizidine alkaloid monocrotaline. 

Pulmonary hypertension can also result 
from partial destruction of the pulmonary 
vascular bed and a reduction in its total 
cross-sectional area. Pulmonary thrombo¬ 
embolic disease can produce right heart fail¬ 
ure by this mechanism. Chronic interstitial 
pneumonia and emphysema may also induce 
cor pulmonale by the same mechanism. 

Chronic obstructive pneumonia, in 
which there is airway constriction and 


accumulation of fluid in distal airways, may 
induce pulmonary hypertension in cattle by 
a combination of chronic hypoxia and reduc¬ 
tion of the pulmonary vascular bed. Mean 
pulmonary artery pressures in calves with 
respiratory disease was 42 mm Hg, compared 
with 22 mm Hg in healthy age-matched 
calves. Although pulmonary hypertension 
and right heart hypertrophy may occur in 
livestock with primary pulmonary disease, 
clinical cardiac insufficiency is usually minor, 
and right heart failure rare. Nevertheless, it 
can occur and is a cause of congestive heart 
failure in cattle. Despite the presence of one 
report of cor pulmonale in a horse, 1 acute 
pulmonary obstruction in horses with recur¬ 
rent airway obstruction does not usually 
induce cor pulmonale; this result is attributed 
to the relative short term of severe respiratory 
disease and focal rather than generalized 
alveolar hypoxia in horses compared with 
cattle. 2 

In goats, cor pulmonale, with right ven¬ 
tricular and right atrial hypertrophy second¬ 
ary to interstitial pneumonia, may lead to 
atrial fibrillation, and cor pulmonale leading 
to atrial fibrillation has also been recorded in 
horses. 

In highly conditioned feedlot cattle, 
increased intraabdominal pressure resulting 
from excessive abdominal fat, forestomach 
engorgement, and recumbency can lead to 
pulmonary hypoventilation with decreased 
alveolar Po 2 and subsequent right heart 
failure, which is a syndrome analogous to the 
Pickwickian syndrome in humans. 

Chronic severe elevations in pulmonary 
venous pressure can lead to constriction and 
hypertrophy of the vascular smooth muscle 
of precapillary vessels with resultant pulmo¬ 
nary hypertension. An elevated left ventricu¬ 
lar filling pressure is perhaps the more 
common cause and can set the stage for right 
heart failure in the left heart failure situa¬ 
tions. The toxic principle in poisoning by 
Pimelea spp. appears to act in part by con¬ 
stricting the pulmonary venules producing 
pulmonary hypertension, which contributes 
to the clinical syndrome. 

Persistent pulmonary hypertension of 
the neonate (PPHN) is a common problem 
in neonatal foals and calves, particularly in 
calves derived from somatic cell clone tech¬ 
nology. Persistent pulmonary hypertension 
is characterized by persistent postnatal 
hypoxemia secondary to failure to adapt to 
extrauterine life. An imbalance between 
endogenous vasoconstrictors and vasodila¬ 
tors is thought to play a major role in the 
development and maintenance of PPHN. An 
increase in plasma concentration of endo- 
thelin-1 (a potent vasoconstrictor) has been 
observed in neonatal calves with PPHN, and 
the source of endothelin-1 is thought to be 
the placenta. Many cloned calves have abnor¬ 
mal placentation, characterized by a reduc¬ 
tion in the number of established cotyledons 
that are enlarged and edematous. Treatment 


is symptomatic, focusing on intranasal 
oxygen administration and maintaining the 
calf in sternal recumbency. 
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HIGH ALTITUDE PULMONARY 
HYPERTENSION (BRISKET 
DISEASE, MOUNTAIN SICKNESS) 


SYNOPSIS 


Etiology Cor pulmonale secondary to 
pulmonary hypertension induced in 
susceptible cattle by exposure to high 
altitude (hypoxemia); heritable in autosomal 
dominance mode with incomplete 
penetrance related to gain of function 
mutations in the gene for hypoxia inducible 
factor (EPAS1). 

Epidemiology Sporadic disease, at high 
altitudes, of cattle, particularly young or 
newly introduced; exacerbated by grazing 
locoweed 

Clinical findings Right-sided congestive heart 
failure; pulmonary hypertension; the name 
derives from the edema that occurs in the 
brisket region 

Clinical pathology No common hematologic 
or blood gas variables are useful in 
detecting or predicting the disease; 
measurement of pulmonary arterial 
pressures at higher altitudes; 
echocardiography 

Necropsy findings Right-sided congestive 
heart failure 

Diagnostic confirmation Clinical and 

epidemiologic; recovery with movement to 
lower altitudes 

Treatment Move to lower altitudes 

Control Identification of susceptible cattle by 
measuring pulmonary artery pressure at 
altitude; avoidance of grazing locoweed; 
possible genetic testing 


ETIOLOGY 

Alveolar hypoxia in cattle at high altitudes 
results in pulmonary hypertension, and the 
resultant increase in pressure load on the 
right ventricle can lead to cor pulmonale and 
heart failure. Bos taurus cattle have one of the 
greatest pulmonary artery pressure responses 
to acute or chronic hypoxia of any species, 
and this predisposes cattle to the disease. 1 
Any additional factor such as myocardial 
dystrophy, anemia, pulmonary disease, or 
hypoproteinemia exacerbates the primary 
condition. The additional effort required to 
obtain feed on sparse pasture at high alti¬ 
tudes could also be a predisposing cause. 

The disease in Angus cattle appears to 
be associated with a gain of function muta¬ 
tion in the gene endothelial PAS domain 
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containing protein 1 ( EPAS1 ) that results in 
stabilisation and therefore increased activity 
of hypoxia inducible factor-2 a (HIF2a). 2 
There are two variants of the mutation and 
cattle can have none, one, or both variants. 
Each variant acts to stabilize HIF2a, and the 
effect of each mutation is additive such that 
animals with both variants have an addi¬ 
tional gain of function, as indicated by 
increased expression of HIF target genes. 3 
Animals with this mutation are more likely 
to have pulmonary hypertension at altitude 
than are cattle that do not have the mutation, 
and cattle with both variants are at greatest 
risk (relative risk associated with mutation of 
3.5 [1.6-7.8] times, odds ratio of 12.8 [2.9— 
66]). Cattle with this mutation at low altitude 
do not have abnormal pulmonary artery 
pressures, indicating that the disease is 
caused by the interaction of gene and envi¬ 
ronment, although their pulmonary artery 
pressure can be slightly higher than that of 
cattle without the mutation. The mutation is 
common; 41% of Angus cattle (13 of 32 
samples) kept at low altitude have the 
mutation. 2 

Selection for resistance to high altitude 
pulmonary hypertension is associated with 
lower rates of weight gain at low altitude, 
providing an explanation for the selection of 
cattle with the mutation kept at low altitude. 4 

EPIDEMIOLOGY 

Occurrence 

Brisket disease occurs sporadically in high 
mountainous areas in North America and 
South America. The disease also occurs in 
the highlands of Ethiopia and India. 5 Cattle 
residing above 1500 m are predisposed and 
at altitudes above 2200 m an annual inci¬ 
dence of 0.5% to 2% is recorded. 

Risk Factors 

Brisket disease can occur in all ages and 
breeds of cattle that are maintained at high 
altitudes for a number of months. The inci¬ 
dence is highest in calves, yearlings, in late 
pregnant cattle, and in cattle newly intro¬ 
duced to these altitudes. Cattle can adapt to 
high altitudes, and the morbidity rate in 
indigenous cattle seldom exceeds 1%. In 
affected cattle, case fatality is high unless they 
are moved to lower altitudes. The disease can 
occur in susceptible cattle at altitudes as low 
as 1600 m. 6 High rates of calf death (~4% of 
calves at branding) occur even in cattle herds 
that have selected for sires with low pulmo¬ 
nary arterial pressures at high altitude.' 

The ingestion of locoweed (Oxytropis 
sericea, active ingredient swainsonine) inten¬ 
sifies the effect of high altitude on the devel¬ 
opment of congestive heart failure. 6 The 
mechanism is unknown, but when groups of 
cattle at high altitude graze locoweed the 
annual incidence can approach 100% with 
high case fatality. An unidentified plant is 
also thought to potentiate the disease in 
mountainous areas of Brazil. 


The congestive heart failure that devel¬ 
ops at altitude is peculiar to cattle, although 
other animal species can show an effect from 
altitude. Horses that are moved up from 300 
to 2400 m above sea level show standard 
increases in pulse and respiratory rates and 
hemoglobin and erythrocyte levels. Mules 
are much less susceptible and appear to be 
unaffected by altitudes as high as 3200 m. 
Goats, sheep, and donkeys are also reputed 
to be affected in that order of reducing sus¬ 
ceptibility. Llamas and alpacas are adapted 
to hypoxia at high altitudes, in particular by 
an oxygen dissociation curve in their hemo¬ 
globin, which increases oxygen uptake. 

PATHOGENESIS 

Acute alveolar hypoxia (lowered alveolar Po 2 ) 
is a potent cause of constriction of the pre¬ 
capillary pulmonary vessels and pulmonary 
hypertension in several species, but cattle are 
especially reactive, and there is a genetic pre¬ 
disposition that determines the magnitude 
of the response. Prolonged hypoxia and per¬ 
sistent pulmonary vasoconstriction lead to 
medial muscular hypertrophy of the small 
pulmonary arteries and arterioles with a 
further increase in pulmonary vascular resis¬ 
tance and the development of cor pulmonale. 

The disease can be produced experi¬ 
mentally in low-pressure chambers. The 
movement of cattle from an altitude of 1100 
up to 3000 m has been shown to cause 
hypertrophy of the right ventricle, an 
increase in pulmonary arterial pressure from 
27 mm Hg (3.6 kPa) to 45 mm Hg (6.0 kPa) 
to over 100 mm Hg (13.3 kPa) and the devel¬ 
opment of right heart failure. 

CLINICAL FINDINGS 

Affected cattle have a dejected appearance; 
lose condition rapidly; have a rough, 
lusterless coat; and stand with the elbows 
abducted. 6 Jugular vein engorgement is fol¬ 
lowed by the appearance of edema of the 
brisket, spreading up the neck to the inter- 
mandibular space and back along the ventral 
aspect of the body. Abdominal enlargement 
caused by the development of ascites is 
accompanied by diarrhea. 

There is hyperpnea at rest and dyspnea 
and weakness on slight exertion. The 
mucosae may be cyanotic, particularly after 
exercise, and the lung sounds vary from an 
increased vesicular murmur to moist crack¬ 
les and an absence of breath sounds when 
pneumonia is present and to crepitant crack¬ 
les in the presence of emphysema. 

Auscultation of the heart reveals tachy¬ 
cardia, increased absolute intensity of the 
sounds, or a decrease when there is hydro¬ 
pericardium and an increase in the size of the 
heart. A systolic murmur is usually present, 
and a “pistol shot” sound can often be heard 
with auscultation over the jugular vein. The 
appetite is normal until the late stages, and 
the temperature is normal unless secondary 
pneumonia develops. 


Horses at high altitude can lose weight, 
fatigue easily, and become weak and rough- 
coated, and show pain but do not develop 
congestive heart failure. 

CLINICAL PATHOLOGY 

In sheep and cattle, a change to altitudes of 
1800 to 3500 m causes a rise in hemoglobin 
(35% in sheep, 9% in cattle) and packed cell 
volumes (27% in sheep but no change in 
cattle) and hemoglobin concentration in red 
cells (8-9% increase in cattle and sheep). 

Pulmonary arterial pressures increase 
significantly immediately after cattle are 
moved to high altitudes, but the high pres¬ 
sures subside as adaptation develops. Pres¬ 
sures rise from a normal of 22 to 26 mm Hg 
(2.9-3.5 kPa) up to 37 to 55 mm Hg (4.9-7.3 
kPa) depending on whether the calf is sus¬ 
ceptible or resistant to the effects of altitude 
(Table 10-5). Cattle accustomed to live at 
high altitudes have much less pulmonary 
hypertension than introduced cattle. 

There are no hematologic or blood gas 
variables that are significantly associated 
with pulmonary artery pressure in cattle and 
could act as substitutes for measurement of 
pulmonary artery pressure. 

In clinical cases, there can be a significant 
reduction in the packed cell volume and in 
hemoglobin levels. 

NECROPSY FINDINGS 

There is enlargement of the heart, with dila¬ 
tation of the right ventricle and hypertrophy 
of the right ventricular wall. 6 Slight thicken¬ 
ing of the heart valves may be present and 
there may be areas of calcification in the 
large arteries. Accumulations of edema fluid 
are within the pericardial sac, peritoneal and 
pleural cavities, and in subcutaneous tissues. 
This edema may also involve the wall of the 
alimentary tract. Typical congestive changes 
are evident in the liver: enlargement, round¬ 
ing of the edges, an enhanced zonal pattern 
on capsular and cut surfaces, dilatation of the 
hepatic veins, and a marked deposition of 
fibrous tissue around the central veins. In the 
lungs, there is often severe alveolar emphy¬ 
sema and in some cases bronchitis and pneu¬ 
monia are also present. Histologically, the 
changes include thickening of the tunica 
media of vessels in the pulmonary arterial 
tree and hypertrophy of cardiac myofibers. 6 
Microscopic findings in the liver are typical 
of chronic passive congestion. 

Samples for Diagnostic Confirmation 

• Histology: lung, liver, right ventricular 

myocardium (LM). 


DIFFERENTIAL DIAGNOSIS 


Other causes of congestive heart failure 

Cor pulmonale associated with chronic 
pneumonia 
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Table 10-5 Evaluation of pulmonary arterial pressure scores in cattle examined at 
high altitude 

Pulmonary 
arterial pressure 

Interpretation 

30-35 mm Hg 

Low risk of disease. This score is considered excellent and highly reliable. 

36-39 mm Hg 

Low risk of disease for any animal over the age of 12 months. If the animal 
is less than 12 months of age, the score is still fairly reliable, but retesting 
before breeding is suggested. 

<41 mm Hg 

Scores less than 41 mm Hg are reliable measurements in all animals more 
than 12 months of age. It is recommended that yearling cattle have a PAP 
measurement less than 41 mm Hg (depending on altitude of the test). 

The variation in scores 41 mm Hg and above is inconsistent and difficult 
to predict in some cattle as they age. Any animal measuring 41 mm Hg 
and greater should always be retested before use for breeding. 

41-45 mm Hg 

This range is acceptable for older animals (i.e., more than 16 months of 
age). Animals less than 16 months scoring in this range should be 
retested to predict the future PAP of the animal accurately. 

45-48 mm Hg 

This range is acceptable only for older animals that have been in high 
elevations for an extended period of time. Animals with this score are 
more susceptible to environmental stresses leading to disease and should 
be considered at some risk. Elevations of the test site and where the 
animal lives must be evaluated closely for those in this PAP score range. 

>49 mm Hg 

Animals that score in this range must always be considered high-risk 
candidates for developing brisket disease, not only for themselves but also 
their offspring. An option for these animals is to move them to a lower 
elevation. It is also recommended that offspring of these animals never 
return to high altitude. 

PAP, pulmonary arterial pressure. 

These figures are based on cattle tested at or above 1800 m (6000 ft) and 12 months of age or greater. 


TREATMENT 

The only effective treatment is to move the 
affected cattle to a lower altitude. Pending 
this, avoidance of excessive exercise is 
advisable. 

Temporary improvement in severely 
affected animals might be achieved by treat¬ 
ment of the congestive heart failure, but this 
is not economical for commercial herds. 

CONTROL 

Control measures are difficult to implement 
because the prime predisposing factor is the 
grazing of cattle at high altitudes. Avoidance 
of grazing of locoweed is easy to state but 
almost impossible to implement. Restric¬ 
tion of grazing of cattle showing signs by 
hand-feeding a high-protein diet and prompt 
treatment of cases of pulmonary disease are 
recommended as worthwhile procedures, 
although they are really more treatment 
methods. Testing of cattle for pulmonary 
artery pressure at altitude allows the selec¬ 
tion of sires and dams that do not have high 
pulmonary artery pressure and are there¬ 
fore at lower risk of the disease. 8 Develop¬ 
ment of genetic tests to detect cattle with 
the causative mutation might allow selection 
of cattle at lower risk of the disease, 2 but 
this could be associated with lower rates of 
weight gain. 4 


FURTHER READING 

Holt TN, et al. Pulmonary artery pressure testing for 
high disease (sic) in cattle. Vet Clin North Am Food 
Anim Pract. 2007;23:575-594. 
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ENCEPHALOMYOCARDITIS 
VIRUS DISEASE IN PIGS 

Encephalomyocarditis is a viral infection of 
rodents that is transmissible to domestic 
animals and humans. Although now isolated 
from many species (over 30), it is only a sig¬ 
nificant pathogen in pigs and elephants. It 
has caused a plague in primates after a rodent 
plague. 1 Recently the virus was isolated from 
human cases in Peru. 2 Mortality may reach 
50% in young pigs. 

ETIOLOGY 

There are two phylogenetically distinct types: 
type A is usually responsible for reproductive 


disorders (e.g., a Belgian strain), and type B 
for myocarditis (a Greek strain), but some 
strains can cause both. They differ consider¬ 
ably in virulence. 

The cause is a cardiovirus (family Picor- 
naviridae), which is primarily a pathogen of 
rodents. There is no correlation demon¬ 
strated at the moment between genotype 
and clinical disease. 3 Isolates from different 
countries have the ability to produce different 
clinical characteristics and show differences 
in pathogenicity and molecular and antigenic 
properties. A possible pneumotropic strain 
was identified in Quebec, Canada, and 
this caused interstitial pneumonia. The 
Belgian isolate is classified as a reproductive 
strain and the Greek isolate as a myocardial 
strain. Both strains are able to cause repro¬ 
ductive failure in sows in gestation and to 
cause myocardial lesions in piglets, but a dif¬ 
ference in virulence between both isolates is 
evident. 

EPIDEMIOLOGY 

Encephalomyocarditis is found worldwide 
but may cluster in endemic areas, and its 
seriousness as a pathogen varies from prob¬ 
ably inconsequential in the United States to 
important in Belgium. For example, in the 
UK antibodies were demonstrated in around 
30% of the pigs sampled but no clinical case 
has ever been described. It is antigenically 
stable, but there is genetic variability. 

It was first described as a cause of neona¬ 
tal mortality in 1975. When the disease was 
first described, pigs from 3 to 6 weeks were 
affected with myocarditis and encephalitis. It 
is now known that the virus may cause 
reproductive failure in gilts and sows charac¬ 
terized by stillbirths and mummified fetuses. 
The prevalence of inapparent infection in the 
swine population is high. 

Outbreaks of the disease or serologic 
evidence of the virus have been reported 
from the United States, Canada, Australia, 
Italy, Greece, and many other countries 
including Central America and now Venezu¬ 
ela. In Europe the most serious outbreaks 
have occurred in Belgium and Italy. Most 
work appears to have been performed in 
Belgium, where there were major outbreaks 
from 1995 to 1996, which were caused by a 
new virus. 

First reported in 1991 in Belgium, 
between 1995 and 1996 the disease was diag¬ 
nosed 154 times in Belgium either as a cause 
of myocardial failure with sudden death in 
finishing pigs and suckling piglets or as a 
cause of reproductive failure in sows. This 
experience suggests that each isolate is spe¬ 
cific for one age category and that the spread 
of the virus is limited. This recent finding 
suggests that rodents do play a part in the 
transmission of the virus but that pig-to-pig 
transmission is equally important as a source 
of infection but not yet proven. 

In Iowa, infection is widespread in swine 
herds; the true prevalence of infection in 
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breeding stock is estimated at 13.8% and 
8.5% in finishing animals. About 90% of the 
herds surveyed in Iowa had one or more 
seropositive animals, and seroprevalence 
increased with age. In Italy, most herds and 
70% of pigs are seropositive for the virus. 
Clinical disease has been observed in very 
young suckling pigs to grower pigs up to 4 
months of age but not in adults. It may occur 
as a sporadic disease or as an outbreak 
involving several litters of pigs, or pigs within 
a group. In outbreaks in Greece, in one herd 
of 100 breeding sows, 200 pigs 8 to 16 weeks 
of age died from the disease within 2 months. 
Population mortality in a group of young 
pigs is variable but it may approach 50% 
in younger pigs. Transmission is usually 
thought to be oral and spread among pigs is 
said to be limited, although because of the 
presence of virus clones there may be the 
occasional large outbreak as well. 

The role of rodents, especially the genus 
Rattus, always supposed to be the main res¬ 
ervoir of the virus for domestic pigs, has 
been suspected but not documented as the 
source of spread of the infection to pigs. No 
pig-to-pig transmission has been shown, and 
the pig is probably not a risk to man. Sero¬ 
logic surveys of free-living animal species in 
Iowa in the United States have failed to find 
evidence of infection in these species, and it 
is suggested that swine themselves are the 
main reservoir of infection. In an Australian 
outbreak, a plague of rats in the piggery may 
have been the source of the virus. The virus 
is relatively resistant to heat and chemical 
influences and a wide variety of pH but is 
sensitive to desiccation. Outbreaks are fre¬ 
quently associated with rodent plagues in the 
piggery or area, or with rodent infestation of 
feed stores. An epidemic in Australia was 
associated with a plague of mice that were 
present in all piggeries reporting the disease. 
It can occur sporadically within several 
litters at the time or as an outbreak involving 
a whole group of pigs. It may be related to a 
single farm or a group of buildings on the 
farm. It is thought that ingestion is the main 
means of infection either from infected feces 
or from rat carcasses. It can be transmitted 
experimentally from oral, nasal, or aerosol 
routes. 

Infection from rodents to man is not 
documented but has been suspected in 
Australia when a plague of rats occurred 
on a farm and mice on another. It has 
been isolated from a variety of arthropods 
including mosquitoes, ticks, houseflies, 
and fleas. No evidence has been found for 
the virus in free-living populations in the 
United States. Feed can be contaminated by 
rodent feces. 

The virus is relatively resistant to heat and 
chemicals. The virus is now considered a 
major cause of reproductive failure in swine 
herds. The virus has been recovered from 
fetuses, antibodies to the virus have been 
demonstrated in fetal fluids, and histologic 


lesions supporting a diagnosis of the viral 
infection have been observed. 

The economic losses associated with 
reproductive and neonatal losses associated 
with the virus have been estimated at $100 
per inventoried sow. Investigations of out¬ 
breaks on two Minnesota swine farms indi¬ 
cated that the monthly averages for the 
numbers of piglets born dead per litter 
reached 4.6 and 3.6, the preweaning mortali¬ 
ties 50% and 31%, and the farrowing rates 
52% and 63%, respectively. 

PATHOGENESIS 

Critical factors appear to include virus strain, 
exposure dose, passage history, and individ¬ 
ual sensitivity but also route of infection and 
age of the affected pigs. 

The portal of entry appears to be the 
tonsils and then macrophages may then dis¬ 
seminate the virus. Viral persistence may be 
most marked in the Peyer’s patches and the 
thymus. This is followed by the viremia and 
spread to the lymph nodes. 

The effects of different experimental doses 
and ages in experimental infections of pigs 
are described in a paper from Greece. The 
pathogenesis of these Greek viruses has been 
described, and in most cases there is a viremia 
with the lymphoid tissues containing the 
virus, which are probably the main source 
of the virus replication. Inoculation of a sus¬ 
pension of heart, spleen, and lymph node 
tissues from affected pigs can result in sudden 
deaths of experimental pigs within 3 days. 
The highest titers of the virus are found in the 
areas of damaged heart muscle. 4 Macro¬ 
phages may play an important part in the 
virus replication and shedding. Cytokine 
production is also an important feature of 
infection (including IL-1 (3, TNF-a, andIL-6. 5 
The virus can cause fetal death if the pregnant 
sow is infected in late pregnancy. The experi¬ 
mental inoculation of the virus into pregnant 
sows at 46 to 50 days of gestation results in 
transplacental infection and fetal deaths. On 
the other hand, experimental infections of 
4- to 6-week-old conventional pigs with an 
American isolate produced no overt clinical 
disease. There may also be a seasonal occur¬ 
rence in the autumn where there are more 
rats. 6 

CLINICAL FINDINGS 

Usually encephalomyocarditis is an inappar- 
ent infection. Subclinical infection is the 
normal event, particularly in older or adult 
animals, but even here, occasionally, death 
may occur. 

Rarely is there clinical disease because 
most cases are seen as sudden death without 
clinical signs as a result of circulatory failure. 

The clinical course in young and growing 
pigs is short and manifested by inappetence, 
depression, trembling, incoordination, and 
dyspnea. In the United States, it has been 
described as associated with respiratory 
disease. There may be cyanosis of the 


extremities. Most frequently, pigs are found 
dead or die suddenly while feeding or when 
excited. Death appears to result from cardiac 
failure, and clinical signs referable to enceph¬ 
alitis are rare. 

An outbreak in sows may last 2 to 3 
months with continuing reproductive failure, 
characterized clinically by inappetence and 
fever, possibly to 41°C followed by farrowing 
at 109 to 111 days of gestation in affected 
sows. There are numbers of mid to term abor¬ 
tions. The numbers increase for stillborn 
piglets, mummified fetuses, and weak piglets, 
which are more susceptible to crushing and 
starvation and other common neonatal dis¬ 
eases. The course of the outbreak will usually 
last several weeks and possibly as long as 2 
to 3 months with continuing reproductive 
failure with persistence of the virus. Animals 
with cardiac failure should be killed humanely 
because the heart damage does not resolve. 

CLINICAL PATHOLOGY 

Neutralizing antibodies to the virus are 
present in sows and healthy in-contact pigs 
on affected farms. They are found 5 to 7 days 
after infection. In outbreaks of reproductive 
failure, specific antibody to the virus can 
be found in both fetal and neonatal sera 
collected from abnormal litters. The hemag¬ 
glutination inhibition and agar gel immuno¬ 
diffusion (AGID) tests are comparable for 
the detection of antibodies to encephalo¬ 
myocarditis virus in fetal thoracic fluids. 

A microtiter serum-neutralization test 
is a relatively specific and sensitive test for 
the diagnosis. Antibodies of 1:8 are suspi¬ 
cious, and titers >16 are positive. Serum¬ 
neutralizing antibodies persist for several 
months, and it is necessary to examine paired 
samples. A nucleic acid probe can detect the 
presence of the virus in infected cell lysates. 
Enzymes such as serum creatine kinase-MS 
and lactic dehydrogenase isoenzyme are also 
elevated. 

NECROPSY FINDINGS 

Young weak-born piglets are more prone to 
crushing, starvation, and other neonatal dis¬ 
orders so an underlying encephalomyocardi¬ 
tis may be missed. 

At necropsy, there is reddening of the 
skin and excess peritoneal, pleural, and peri¬ 
cardial fluid frequently seen with fibrinous 
strands and edema of the omentum and mes¬ 
entery. Sometimes there is pulmonary edema 
and liver enlargement. Characteristically, the 
heart appears pale and soft and there is 
diffuse or focal myocardial pallor involving 
the ventricles and associated with myocardial 
necrosis. These may appear as distinct white 
foci or streaks from 2 to 15 mm in diameter 
and these are most common on the right 
ventricular epicardium. A strain was isolated 
in Quebec that can cause pneumonia. 

Histologically, there is diffuse or focal 
myocarditis, with infiltration by histiocytes, 
lymphocytes, plasma cells, and degeneration 
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of cardiac muscle cells. The virus can be 
identified in the cytoplasm of cardiac muscle 
cells, and virus particles are also seen in 
the protrusions from the cell surface of the 
Purkinje fibers and endothelial cells of the 
capillaries and intranuclearly in the cardiac 
muscle fibers. In chronic cases these have 
healed in the only way possible—as fibrous 
plaques. In acute cases virus may be isolated 
from the heart muscle and also from the 
brain, spleen, an d other tissues. Neutraliz¬ 
ing antibody becomes detectable 5 to 7 days 
after infection. 

The predominant histopathologic lesion 
in stillborn fetuses is myocarditis consisting 
of myocyte degeneration and necrosis with 
focal or diffuse mononuclear cell infiltration. 
In nursing piglets with the disease, histologi¬ 
cally there are lesions of multifocal interstitial 
pneumonia, myocarditis, and mild multi¬ 
focal nonsuppurative meningoencephalitis. 
The immunohistochemistry is usually posi¬ 
tive in the nuclei of the cardiac muscle cells, 
Purkinje cells, the endothelial cells of the 
capillaries and in the macrophages. 

Samples for Confirmation 

• Serologic samples for neutralizing 
antibodies, which is widely available and 
is specific or HI antibodies, may be 
helpful. Antibodies have been found in 
fetal fluids. Tests now include enzyme- 
linked immunosorbent assays (ELISAs), 
latex agglutination, and AGID. 

• The virus can be isolated from stillborn 
pigs. It can also be demonstrated by 
polymerase chain reaction (PCR), 
reverse transcriptase (RT)-PCR, and 
one-step PCR. The RT-PCR can be 
followed by genetic typing using 
sequence analysis, and this is useful in 
molecular epidemiology. It has also been 
demonstrated by in situ hybridization. 

• Histopathology on heart muscle is also 
useful with immunohistochemistry to 
follow to confirm. In the neonate, the 
brain histology may show a 
nonsuppurative meningoencephalitis, 
which can be confirmed by 
immunohistochemistry. 

Diagnosis 

Diagnosis of encephalomyocarditis is from 
the history, clinical signs, gross and micro¬ 
scopic pathology, and from isolation of the 
virus or demonstration of the antigen by 
immunohistochemistry. In some cases it may 
be necessary to consider vitamin E deficiency 
(mulberry heart disease). The reproductive 
form of the infection may need to be differen¬ 
tiated from porcine parvovirus infection. 


DIFFERENTIAL DIAGNOSIS 


The disease must be differentiated from 
bowel edema and mulberry heart disease in 
growing pigs and the peracute bacterial 


diseases in suckling pigs. All potential causes 
of sudden death should be considered. The 
myocardial lesions in suckling pigs have 
similarities to those produced by foot-and- 
mouth disease virus in this age group of pigs 
(the so-called "tiger heart"). 


TREATMENT AND CONTROL 

There is no treatment for encephalomyocar¬ 
ditis and control of the disease currently rests 
with rodent control and eradication in the 
piggery. There is now an inactivated vaccine 
available, which is an oil-adjuvanted vaccine 
developed to protect elephants. It has been 
shown to work in mice and pigs and is 
thought to produce high antibody titers in 
both domestic and wild animals. 
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Cardiac Toxicities 

CARDIAC GLYCOSIDE TOXICOSIS 


SYNOPSIS 


Etiology Cardiac glycoside compounds 
(cardenolides and bufadienolides) found in 
specific plants and rarely in animals; 
primarily cardiotoxic but gastrointestinal 
and renal effects also occur 

Epidemiology Highly toxic; found in most 
countries; all species affected; many toxic 
plants unpalatable; hay, plant prunings, 
seeds in contaminated grains and meals 
retain toxicity 

Clinical pathology Significant 
electrocardiographic abnormalities; 
azotemia; hemoconcentration; two 
syndromes, acute heart failure and 
krimpsiekte (chronic, exercise intolerance, 
torticollis, and dysphagia) 

Lesions Multifocal myocardial degeneration 

Diagnostic confirmation Identification of 
plant and toxin 

Treatment Activated charcoal and fluids; 
lidocaine, procainamide, atropine, and 
propranolol for specific cardiac 
abnormalities 

Control Avoid pasture or stored feed 
containing toxic plants 


ETIOLOGY 

Cardiac glycoside is the parent or group 
name for the compounds cardenolide and 
bufadienolide. 1 Chemically and structurally, 
they are an aglycone, which is related to the 
steroidal hormones, and contain one or more 


Cardiac Toxicities 


sugar molecules. 1,2 Cardenolides are pro¬ 
duced by plants, whereas bufadienolides 
are produced by both plants and animals. 
The most common cardenolide-containing 
plants toxic to large animals are Asclepias spp. 
(milkweed), Digitalis purpurea (foxglove), 
Kalmia spp. (laurel and lambkill), Nerium 
spp. (oleander), Persea americana (avocado), 
and Rhododendron spp. (azalea and rhodo¬ 
dendron). 1,3,4 Bufadienolides present in 
some plants from southern Africa have a 
cumulative, neurotoxic effect (cotyledonosis 
or krimpsiekte disease), 5 whereas other 
bufadienolide-containing plants (genera 
Moraea and Drimia) produce more acute car- 
diotoxicity. 6,7 Toxins in toads (genus Bufo) 
have affinities with the aglycones of bufadi¬ 
enolides and poison dogs, but poisoning of 
farm animals seems unlikely. 

The plant genera or specific plant species 
and toxins known to contain cardiac glyco¬ 
sides that can be associated with an acute 
syndrome or a chronic cumulative disease 
(cotyledonosis or krimpsiekte) are listed next. 

Acute Poisoning 

Acokanthera ( Carissa ) 

Adenium multiflorum (impala lily) 3 
Adonis vernalis (pheasant’s eye) 

Antiaris 

Apocynum 

Araujia 

Asclepias spp. (milkweed) 4 

Bersama 

Bowiea 

Bryophyllum 

Calotropis 

Cascahela ( Thevetia ) 

Cerbera 

Cheiranthus cheiri (wallflower) 

Convallaria majalis (lily of the valley) 

Corchorus 

Cotyledon 

Cryptostegia gradiflora (rubber vine) 3 
D. purpurea (foxglove); Digitalis spp.; 

digitoxin, digitonin, digitalin 
Drimia spp. (slangkop) 5 
Diplarrhena 

Eranthis hyemalis (winter aconite) 

Euonymus europea (spindle tree) 

Gomphocarpus 

Gynandriris 

Haemanthus 

Helleborus spp. 

Homeria 

Hyacinthus 

Iris 

Kalanchoe 

Kalmia angustifolia (lambkill); grayanotoxin 
(acetylandromedol) 

Kalmia latifolia (mountain laurel); 

grayanotoxin (acetylandromedol) 
Lidneria 
Linaria 
Melampyrum 
Melianthus 

Moraea pallida (yellow tulip); 
epoxyscillirosidine 5,7 
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Morgan ia 

Nerium oleander (oleander); oleadrim’ 
Ornithogalum umbellatum 
Ornithoglossum 
Parsonia 

Persea americana (avocado); persin 
Rhododendron spp. (azalea, rhododendron); 

grayanotoxins 
Scilla spp. (squill) 

Scrophularia 

Sisyrinchium 

Strophanthus spp. (poison rope) 3 
Tacazzea 

Thevetia peruviana (yellow oleander) 3,8 

Urginea 

Vinca 

Chronic Poisoning: Cotyledonosis 
or Krimpsiekte 

Cotyledon 
Kalanchoe 5 
Ornithogalum 
Tylecodon 5 

EPIDEMIOLOGY 

Occurrence 

Poisoning occurs wherever the plants grow, 
and local extension agents or plant experts 
should be consulted for specific plant infor¬ 
mation. Many other related plants, and some 
in other species, are associated with clinical 
illness similar to cardiac glycoside poisoning. 
The acute poisoning syndrome is seen in 
several parts of the world, principally in 
southern Africa, northern America, and 
in Australia, but chronic poisoning (cotyle¬ 
donosis or krimpsiekte) is confined to south¬ 
ern Africa. 3,5 ' 7 

Risk Factors 
Animal Factors 

Cardiac glycoside-containing plants are 
highly toxic and only a very small amount 
needs to be ingested for toxicosis to occur. 
Morbidity rates vary with the intake; 9,10 case- 
fatality rates are very high. Cattle, 11,12 sheep, 4 
and goats 13 ' 15 are most often affected and 
llamas 16 and horses 1 less so. Wild animals 
appear to avoid the plants, and some are 
reputed not to be susceptible. 

Plant Factors 

Some of the plants are most readily eaten 
when they are in the flowering stage. Many 
are so unpalatable that they are unlikely to 
be eaten unless they are cut in with other 
plants and fed as hay or seed contaminates a 
crop of feed grain. Some of them, like N. 
oleander (oleander) and Rhododendron spp., 
are decorative plants, and animals gain 
access when they break into gardens, are fed 
prunings, or trees fall into their pastures. 11 P. 
americana (avocado) may be intentionally 
fed to pet animals as a treat, when herds have 
access to the plant, or there is an avocado tree 
in their pasture or turnout. 13 The plants do 
not lose their toxicity when dry. Insects and 
other plants that eat or parasitize plants con¬ 


taining cardiac glycosides may contain the 
substances in significant amounts. 

Human Risk Factors 

Humans ingesting grayanotoxin-containing 
honey produced by bees from the nectar of 
Rhododendron spp. have developed cardiac 
abnormalities, vomiting, sweating, dizziness, 
and impaired consciousness (mad honey 
disease). 9 Secondary intoxication of dogs or 
humans who eat meat from affected livestock 
dying from krimpsiekte disease occurs even 
after the meat is cooked. 3,5 

PATHOGENESIS 

Cardiac irregularity and insufficiency leads 
to acute or subacute heart failure. Cardiac 
glycosides are specific inhibitors of plasma 
membrane Na + -K + -ATPase, the cation 
pump responsible for maintaining cellular 
homeostasis. Inhibition results in decreased 
intracellular potassium and increased intra¬ 
cellular sodium concentrations and subse¬ 
quent increases in intracellular calcium. 2,10,18 
Elevated intracellular sodium concentra¬ 
tions inhibit the Na + /Ca +2 channel exchange, 
increasing the force of cardiac contraction 
(positive inotrope) and raising the resting 
membrane potential. 17,18 Electrical con¬ 
duction is altered and in the heart, vagal 
tone to the SA, and AV nodes is increased 
resulting in cardiac arrhythmias and 
cardiac arrest. 

Cotyledonosis or krimpsiekte disease is 
most common in sheep and goats after pro¬ 
longed exposure to Cotyledon, Kalanchoe, or 
Tylecodon and in bufadienolide-containing 
plants found in Southern Africa. 3,7 Chronic 
ingestion of these succulent plants (plakkies) 
generally results in the paraplegic syndrome 
known as krimpsiekte or “shrinking disease.” 
Mortality may reach 90%. 3 Horses and 
domestic chickens with chronic ingestion 
have also become ill. 3 Acute intoxication 
with signs of cardiac toxicosis may also 
occur, depending on the dose, specific plant, 
and other factors. 3,7 

CLINICAL FINDINGS 
Acute Poisoning 

Clinical signs, although common to the 
cardiovascular system, also involve the 
kidneys, gastrointestinal tract, and nervous 
system. 3,12,15,17 Common signs are apathy, a 
tendency to stand with head bowed and 
abdomen tucked up, teeth grinding or groan¬ 
ing, cardiac arrhythmias (tachycardia or bra¬ 
dycardia and heart block), dyspnea, ruminal 
atony, bloat, diarrhea with mucoid or blood¬ 
stained feces, dehydration, and posterior 
paresis. Sudden death may occur, particu¬ 
larly during exertion. Poisoning by Homeria 
spp. in some parts of southern Africa only 
results in constipation rather than diarrhea. 
Additional signs include hypersalivation, 
tenesmus, dribbling urine, muscular tremors, 
dilated pupils, and seizures. Pigs are likely to 
vomit. 


Chronic Poisoning 

Cotyledonosis or krimpsiekte in small rumi¬ 
nants is characterized by animals lagging 
behind the flock, tiring easily, walking with 
the head loosely dangling and then lying 
down, and usually with the head and neck 
stretched flat along the ground. 3,5 Many 
assume a characteristic posture with the feet 
gathered together beneath the body, the back 
arched, the head down, and the neck some¬ 
times twisted toward one side. This torticollis 
can persist for months or years. Signs are 
aggravated by exertion; hyperesthesia, trem¬ 
bling, and tetanic spasms may also occur. 
Additional signs include drooping of the 
lower jaw, drooling of saliva, paralysis and 
protrusion of the tongue, and dysphagia with 
accumulation of half-masticated feed at the 
back of the mouth. Horses have pronounced 
torticollis and hyperesthesia and may show 
signs of colic or be paralyzed. 

CLINICAL PATHOLOGY 

Acute poisoning of sheep by H. pallida 
produces progressive hemoconcentration; 
hyperkalemia; hypochloremia; progressive 
hyperglycemia associated with rises in 
catecholamines, cortisol, and lactate; and 
progressive increases in plasma creatinine 
concentration, plasma a-hydroxybutyrate 
dehydrogenase, and LDH activities. Acute 
poisoning of cattle by Bryophyllum spp. also 
produces hemoconcentration, progressive 
hyperglycemia, glycosuria, and progressive 
increases in plasma urea and creatinine 
concentrations. 

Electrocardiographs may show significant 
changes in the ECG of affected animals 
indicating the presence of ventricular fibril¬ 
lation and ectopic foci in the myocardium. 11 ’ 
Reported ECG effects include bradycardia or 
tachycardia, prolonged PRinterval, depressed 
or elevated ST segment, and increased ampli¬ 
tude and inverted T wave. The QRS complex 
may widen from delayed AV conduction. 
Other effects include AV dissociation, varying 
degrees of heart block, evidence of ectopic 
foci, and runs of ventricular tachycardia. 19 

Elevations of cTnl, a biomarker for 
cardiac disease, have been evaluated in a 
limited number of horses with oleander toxi¬ 
cosis. Of seven horses sampled, five had cTnl 
serum concentrations over the normal refer¬ 
ence range, and two were within the refer¬ 
ence range. 1 ' 

Because of the sudden death in many 
cases, pieces of the toxic plant can often be 
identified in the stomach or rumen contents 
by botanical characteristics. In digitalis poi¬ 
soning, digitoxin may be assayed in the 
ruminal contents. 

NECROPSY FINDINGS 

In acute poisoning, mild-to-severe multifocal 
myocardial degeneration and necrosis is 
often present if the patient survives for more 
than 12 hours. Subendocardial and subepi¬ 
cardial hemorrhages and hemorrhages into 
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the mucosa and lumen of the large intestine 
are common in acute cases. Atelectasis of lung 
lobules is common, and pulmonary conges¬ 
tion and edema secondary to cardiac failure 
may be seen. Fragments of the plants respon¬ 
sible for poisoning may be recognized in 
stomach contents. Nephrosis has been seen 
occasionally. Hemorrhages of the rumen wall 
and necrosis and ulceration of the omasal 
leaves have been seen in animals affected for 
several days. Evidence of hepatic insuffi¬ 
ciency, including jaundice, is present in some 
poisonings, but its pathogenesis is unclear. 

Toxins may be detected in the rumen or 
stomach contents using chromatographic/ 
mass spectrometry techniques. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis depends on the detection of 
one of the toxic plants, either in the pasture 
or in conserved roughage, in the environment 
of animals showing characteristic clinical 
signs, or sudden death. Diagnosis 
confirmation is established by identification of 
the plant, cardiac glycoside, or both in ingesta 
in association with myocardial lesions. 

Differential diagnosis list: 

• Colic (torsion, etc.) 

• Cyanide toxicosis 

• Fluoroacetate toxicosis 

• Gossypol toxicosis 

• Fleavy metal toxicosis (arsenic and lead) 

• lonophore (carboxylic) toxicosis 

• Lightning/electrocution 

• Myocarditis/endocarditis 

• Plant poisonings: Albizia tanganyicensis, A. 
versicolor, Fadogia homblei ( F. monticola), 
Gatenia africana, Ornithoglossum viride, 
Pachystigma spp., Pavetta spp., Taxus spp., 
and Urechites lutea 


TREATMENT 
Primary Treatment 

Removal of animals from the suspect pasture 
or changing the source of conserved rough- 
age is usually obligatory. Activated charcoal 
is effective in adsorbing oleander toxins; clay 
smectite is less effective. 20 

Supportive Treatment 

IV or oral fluid replacement therapy is rec¬ 
ommended for rehydration and correcting 
azotemia. Parenteral antiarrhythmic drug 
therapy (lidocaine and procainamide), atro¬ 
pine for heart block, and propranolol for 
tachycardia have been used with varying 
degrees of success. 1 '' 19 Digoxin-specific anti¬ 
body fragments have been used successfully 
in humans as an antidote for yellow oleander 
poisoning and anecdotally in animal species 
for several cardiac glycoside plant toxicoses. 8 
Their cost may preclude the use in large 
animals. The recovery rate declines sharply 
with the lapse of time between ingestion of 
the plant and treatment. The presence of 
cardiac arrhythmias is associated with non¬ 
survival in horses poisoned with oleander. 1. 


CONTROL 

Animals should be kept off contaminated 
pastures and access strictly enforced. Prun- 
ings from shrubs and trees should not be 
fed to animals or thrown into their pastures 
or drylots. Trees or branches falling in the 
pasture should be removed. Experimental 
vaccination for krimpsiekte disease has been 
successful in a limited number of sheep. 1 ’ 

FURTHER READING 

FDA poisonous plant database. At: <http://www. 

accessdata.fda.gov/scripts/plantox/index>; Accessed 
10.11.13. 

Poppenga RA. Poisonous Plants. In: Luch H, ed. 
Molecular, Clinical and Environmental Toxicology. 
Vol. 2. Zurich, Switzerland: B Verlag; 2010:123-175. 
Radostits O, et al. Cardiac glycoside poisoning. 

Veterinary medicine: A textbook of the disease of 
cattle, horses, sheep, goats and pigs. 10th ed. London: 
W.B. Saunders; 2007:1862. 
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YEW (Taxus spp.) TOXICOSIS 


SYNOPSIS 


Etiology Taxine alkaloids (primarily taxines A 
and B) found in yew plants (Taxus spp.) 

Epidemiology Worldwide distribution; all 
species affected with horses most sensitive 

Clinical pathology Sudden death is the 
normal outcome; bradycardia, arrhythmias, 
ataxia, dyspnea, and seizures in sublethal 
ingestions 

Lesions No gross lesions; histopathology 
lesions associated with cardiac myocyte 
necrosis in some cases 

Diagnostic confirmation History of 
ingestion, plant pieces in stomach or 
rumen, gas chromatography/mass 
spectrometry or liquid chromatography/ 
mass spectrometry confirmation in body 
fluids and ingesta 


Treatment No antidote; decontamination 
with activated charcoal and mineral oil in 
monogastrics; rumenotomy in ruminants 

Control Keep plant and pieces (living and 
dead) away from animals; do not feed or 
throw clippings into pasture or drylot 


ETIOLOGY 

Yews ( Taxus spp.) are ornamental plants 
commonly used for landscaping in North 
America, Europe, and other parts of the 
world. The Japanese yew (71 cuspidata), 
English yew ( T. baccata ), American yew (T. 
canadensis), Hicks yew ( Taxus media), and 
Pacific yew (71 brevifolia) are common species 
associated with poisoning in animals. 1,2 All 
parts of the plant except the bright red berry 
(aril) are poisonous; the seed within the berry 
is poisonous. Yews contain at least 10 taxine 
alkaloids with taxine A and taxine B the most 
widely recognized as cardiotoxins. 1 Taxine B 
is the most potent of the taxine alkaloids. 2 ' 3 
The Japanese yew (71 cuspidata ) and English 
yew (T. baccata) contain the largest amounts 
of taxine alkaloids and the Pacific yew (71 
brevifolia) contains the least. 2 

EPIDEMIOLOGY 

Occurrence 

All species of animals as well as humans are 
susceptible to toxicosis from taxines present 
in yew plants. Most clinical cases of poison¬ 
ing are accidental and occur from animals 
fed yew clippings or having access to them. 

Risk Factors 
Animal Risk Factors 

Horses are the most sensitive to yew toxicosis 
with only 0.2 to 0.4 g yew leaves per kilogram 
BW required to reach a minimum toxicity 
(LD min ). 1,2 They are closely followed by pigs 
(0.7 g yew leaves per kilogram BW), cows 
(2 g yew leaves per kilogram BW), sheep 
(2.5 g yew leaves per kilogram BW), and 
goats (12 g yew leaves per kilogram BW). 1,2 
White tail deer and roe deer in the United 
States appear to be insensitive to the taxines 
present in 71 baccata.*’ 5 Animals with hepatic 
disease may be at a higher risk of toxicosis as 
taxines are metabolized in the liver. 2 

Environmental Risk Factors 

The presence of yew plants in the animals’ 
environment, either alive or dead, is a high- 
risk factor. During the holiday season, yew 
cuttings may be incorporated into wreathes 
or swags; horses have been accidentally poi¬ 
soned when these were used to decorate 
stalls, boxes, or fence lines. The incidence of 
poisoning may be higher in the winter when 
there is no other green plant material for 
animals to eat. 1 

Transmission 

Taxines A and B are present in clippings and 
dried plants and poisonous when ingested by 
animals. 1,2 
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Chapter 10 


Diseases of the Cardiovascular System 


PATHOGENESIS 

Taxine alkaloids are absorbed orally, distrib¬ 
uted to most body tissues except the central 
nervous system and testes, metabolized by 
hepatic P450 enzymes, and excreted at least 
to some extent in the bile. 1,2 Elimination in 
the milk has not been reported, but discard¬ 
ing milk is recommended. 1 

Taxine alkaloids are calcium channel 
antagonists acting on the cardiac myo¬ 
cytes. 1,2,6 There are differences in the cardio- 
toxicity of the alkaloids, and taxine B is much 
more cardiotoxic than taxine A. 2 Taxine B 
intoxication results in chronotropic effects 
(decreased heart rate) and changes in AV 
conduction (increased AV conduction time; 
widening of QRS interval). 1,2 Taxine A has 
minimal effects on heart rate, AV conduction 
time, or QRS interval. 2 

CLINICAL FINDINGS 

Most animals are found dead or die within 
hours of ingesting a lethal amount. 1,2,6,7 
Bradycardia, dyspnea, ataxia, anxiety or 
depression, muscle tremors, collapse, and 
death have been reported in sublethal inges¬ 
tions. 1,2,6 Vomiting, abortion, and seizures 
have also occurred. 1 Electrocardiographic 
changes include bradycardia, increased 
QRS interval, and arrhythmias, and cardiac 
arrest. 1,2,6 Ruminants surviving for 3 days 
postingestion have a good prognosis for 
recovery. 1 

NECROPSY FINDINGS 

Generally there are no gross lesions because 
sudden death is the normal outcome. Pieces 
of yew plant are often present in the mouth, 
stomach or rumen, or intestinal tract. Ecchy- 
motic hemorrhages were noted in a horse 
dying of yew poisoning; microscopic mul¬ 
tifocal myocardial necrosis of the ventricle 
wall and papillary muscles was present. 2 
Histopathologic lesions in a group of calves 
dying from ingestion of Japanese yew 
leaves included multifocal cardiac myocyte 
eosinophilia, sarcolemma fragmentation, 
pyknosis, karyolysis, myocyte loss, and 
mild interstitial lymphocyte infiltrates with 
edema. 6 Fibrous connective tissue encom¬ 
passing large areas of the myocardium 
were present in a calf with chronic yew 
toxicity. 8 


DIFFERENTIAL DIAGNOSIS 


The diagnosis is generally made by recognition 
of the plant, history of ingestion, and the 
presence of plant pieces in the gastrointestinal 
tract. Gas chromatography/mass spectrometry 
and liquid chromatography/mass spectrometry 
have been used successfully in several 
cases. 9,10 In mammals, 3,5-dimethyloxyphenol 
has been detected in blood, urine, bile, and 
gastric contents and appears to be a marker 
for yew toxicosis. 9,11 


Differential diagnosis list: 

• Anthrax 

• Cardiac glycoside-containing plants 
(oleander, rhododendron, foxglove, 
milkweeds, and laurel) toxicosis. 

• Colic (torsion, etc.) 

• Cyanide toxicosis 

• Fluoroacetate toxicosis 

• Heavy metal toxicosis (arsenic and lead) 

• lonophore (carboxylic) toxicosis 

• Lightning strike/electrocution 

• Myocarditis/endocarditis 


TREATMENT 

There is no antidote and no specific treat¬ 
ment is generally provided as sudden death 
is the normal outcome. Absorption and 
removal should be minimized with the use 
of activated charcoal and a cathartic such as 
mineral oil or magnesium sulfate in mono- 
gastric animals and a rumenotomy and acti¬ 
vated charcoal in ruminants. 1,2 Atropine and 
antiarrhythmic agents, including lidocaine, 
have been used in animals but were found to 
be ineffective in human cases. 2 

CONTROL 

Yew plants should not be planted in or around 
pastures, and clippings should be disposed of 
far away from animal enclosures. Care should 
be taken when plants are burned because 
calves have died from ingesting burned 
leaves. 6 Taxines degrade during composting, 
but it takes several months of extremely high 
temperatures for this to occur. 12 

FURTHER READING 

Tiwary AK, Puschner B, Kinde H, et al. Diagnosis of 
Taxus (yew) poisoning in a horse. / Vet Diagn 
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Wilson CR, Sauer JM, Hooser SB. Taxines: A review of 
the mechanism and toxicity of yew ( Taxus spp.) 
alkaloids. Toxicon. 2001;39:175-185. 

REFERENCES 

1. Bischoff K, et al. Vet Clin North Am Food Anima 
Pract. 2011;27:472. 

2. Wilson CR, Hooser SB. Toxicity of yew ( Taxus spp.) 
alkaloids. In: Gupta RC, ed. Veterinary Toxicology. 
Basic and Clinical Principles. 2nd ed. San Diego, CA: 
Elsevier; 2012:1121. 

3. Andersen KB, et al. Eur J Wildl Res. 2010;56:915. 

4. Angus KW. VetRec. 2010;166:216. 

5. Scott WA. VetRec. 2010; 166:246. 

6. Sula MJM, et al. / Vet Diagn Invest. 2013;4:522. 

7. Handeland K. Toxicon. 2008;52:829. 

8. Burcham GN, et al. J Vet Diagn Invest. 2013;25:147. 

9. Froldi R, et al. / Anal Toxicol. 2010;34:53. 

10. Frommherz L, et al. Int J Legal Med. 2006; 120:346. 

11. Varlet V, et al. Drug Test Anal. 2012;5:474. 

12. Hough RL, et al. Sci Total Environ. 2010;408:4128. 

MONOFLUOROACETATE 
PLANT TOXICOSIS 

Plants containing toxic amounts of fluoroac¬ 
etate include the following: 

Acaciageorginae (Georgina gidgee; 
Australia) 1 


Amorimia spp. (old Mascagnia spp.; South 

America) 1,2 

Arrabidaea bilabiata (South America) 3 
Chailletia toxicaria 
Dichapetalum spp. (Africa) 1 
Gastrolobium spp. (poison peas; Australia) 1,4 
Oxylobium parviflorum (Australia) 1 
Palicourea maracgravii (South America) 3 
Spondianthus preussi (Africa) 

Monofluoroacetate or sodium fluoroace¬ 
tate occurs naturally in more than 40 plants 
native to Australia, Brazil, and Africa. Fluo¬ 
roacetate in the body is converted to fluoroci- 
trate, which inhibits the enzymes aconitase 
and succinate dehydrogenase in the tricar¬ 
boxylic acid cycle (Krebs cycle) leading to 
the accumulation of significant amounts of 
citrate in tissues and to irreversible cardiac 
damage. 3 Native herbivorous mammals in 
southwestern Australia have evolved a high 
level of genetic tolerance to this toxin, and 
this has been used as a genetic marker to 
trace the evolutionary history of some of the 
continents indigenous marsupials. 

The general syndrome appears about 12 
hours after the toxic plant is ingested and 
includes sudden death without other signs or 
a syndrome of hypersensitivity, frenzy, 
dyspnea, cyanosis, tachycardia with rates up 
to 300 beats/min, cardiac arrhythmias, ataxia, 
recumbency, and convulsions. Minor signs 
include moderate bloat, appearance of signs 
when animals are driven, and frequent mictu¬ 
rition. Death may follow in a few minutes to 
several hours. Necropsy lesions include myo¬ 
cardial necrosis, pulmonary congestion and 
edema, and generalized venous congestion. 

In northern inland Australia, poisoning 
by Acacia georginae has been associated with 
heavy mortalities in cattle and sheep and has 
seriously reduced the productivity of large 
areas of grazing land. The fluoroacetate ion is 
concentrated in the young leaves and seed 
pods. At necropsy, there is congestion of the 
alimentary mucosa, flabbiness of the myocar¬ 
dium, and multiple subendocardial and sub¬ 
epicardial hemorrhages. There may be edema 
and congestion of the lungs. Gastrolobium 
spp. (42 species known or suspected to be 
toxic) are also sources of poisoning in Aus¬ 
tralia, mostly in the southwest, and Pali¬ 
courea and Anorimia are responsible for 
many outbreaks in South America. Twelve 
species of Dichapetalum., e.g., D. cymosum 
(Gifblaar), D. ruhlandii, and D. barteri, are 
poisonous shrubs in Africa but are also found 
generally in the tropics. Their fresh green 
leaves contain fluoroacetate. Acetamide (2 g/ 
kg) given experimentally soon after the 
ingestion of Dichapetalum spp. appears to 
have helped animals against the poison. 

REFERENCES 

1. Lee ST, et al. Toxicon. 2012;60:791. 

2. Duarte ALL, et al. / Appl Toxicol. 2014;34:220. 

3. Camboim EKA, et al. ScientificWorldJournal. 

2012;178254. 

4. Twigg L. Pac Con Biol. 2011;17:299. 












4-M ETHOXYPYRI DON E 
PLANT TOXICOSIS 

4-Methoxypyridone, a pyridoxine analog 
found in Albizia spp. ([A. versicolor, fever 
tree] and Albizia tanganyicensis [paperbark 
albizia]), especially in the dried pods is a 
cardiotoxin. 1 Clinical signs in cattle 
include hypersensitivity, hyperthermia, dys¬ 
pnea, ataxia, and tetanic convulsions with 
rapid blinking and nystagmus. Most cases 
recover spontaneously. 

Cardiomyopathy is the diagnostic nec¬ 
ropsy finding. Lesions also include petechia- 
tion in many tissues, pulmonary edema, and 
degenerative changes in the myocardium 
and other organs and in some cases the 
brain. 

Pyridoxine is a satisfactory antidote, even 
if signs have already appeared. 

REFERENCE 

1. Botha CJ, et al. / Ethnopharmacol. 2008;119:549. 

PLANTS CAUSING HEART 
FAILURE (UNIDENTIFIED TOXINS) 

Several plants with unidentified toxins are 
associated with heart failure in large animals, 
and either cause congestive heart failure and 
cardiomyopathy and/or sudden death. These 
plants are listed below. 

• Heart failure with sudden death or 
congestive failure and cardiomyopathy 
Atalaya hemiglauca (whitewood) 

Galenia africana 

Phalaris coerulescens (blue canary grass) 
Phalaris paradoxa 
Tanaecium exitosium 
Tetrapteris spp. 

Urechites lutea 

• The following contribute to the African 
syndrome of gousiekte (“quick 
sickness”); the toxin may be a 
polyamine, purified and identified as 
pavetamine. 1 

Fadogia homblei 
Pachystigma latifolium 
P. pygmaeum 
P. thamnus 
Pavetta harborii 
P. schumanniana 
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IONOPHORE (CARBOXYLIC) 
TOXICOSIS 


SYNOPSIS 


Etiology Carboxylic ionophores used 
commercially as coccidiostats and growth 
promotants are associated with poisoning if 
dose rate is excessive, mixing error 
occurred, or animals have accidental 
exposure. 


Cardiac Toxicities 
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Epidemiology Worldwide, all species with 
access to ionophores. 

Pathogenesis Striated muscle damage 
leading to acute heart failure or limb 
weakness and paralysis. 

Clinical pathology Elevated serum cardiac 
troponin I, creatine kinase, aspartate 
transaminase, lactate dehydrogenase, 
alkaline phosphatase, and myoglobinuria. 

Lesions Myonecrosis with hemorrhages or 
pale areas in heart and skeletal muscles; 
pulmonary edema, ascites, hydrothorax; no 
lesions in acute deaths. 

Diagnostic confirmation Assay of stomach 
contents and representative feed samples 
for the ionophore; serum ionophore assays 
are of little benefit. 

Treatment No primary treatment 
recommended. 

Control Prevent accidental access; avoid 
overdosing; practice good feed 
manufacturing and mixing on the farm; 
adhere to species-specific limitations. 


ETIOLOGY 

Carboxylic ionophores are used as polyether 
antibiotics for the control of coccidiosis in 
poultry and to promote growth and/or 
increase feed efficiency in ruminants. 1,2 Cur¬ 
rently, there are seven carboxylic ionophores 
approved for veterinary use: monensin, lasa- 
locid, salinomycin, narasin, maduramicin, 
laidlomycin, and semduramicin. Of these, 
monensin, lasalocid, and salinomycin are 
used in ruminant production; monensin is 
the most widely studied of the three. 2,3 In 
addition to labeled use and effects, monensin 
has shown to be beneficial in the treatment 
of acetonemia, lactic acidosis, bloat, and 
atypical interstitial pneumonia. 4 The phar¬ 
macologic effects of ionophores are similar, 
but they differ chemically and have differing 
toxicities. Used properly the compounds are 
effective, but the margin of safety is small 
and careless use has been associated with 
major losses. 

The recommended dose of monensin 
varies depending on the age and size of the 
livestock and the purpose for which it is 
administered. The manufacturer’s recom¬ 
mendations should be adhered to strictly. 
Approximate recommended levels, orally 
and usually in the feed, are cattle, 50 to 
200 mg per head per day, 16.5 to 33 parts per 
million (ppm) and sheep 5 to 10 ppm in feed. 

For monensin, dosage levels at which clin¬ 
ical signs of poisoning can be expected to 
occur are cattle 10 mg/kg BW, sheep 4 mg/kg 
BW, swine 7.5 mg/kg BW, and horse 1 mg/kg 
BW. The comparative LD 50 s are cattle 26.4 mg/ 
kg BW, sheep 11.9 mg/kg BW, swine 16.7 mg/ 
kg BW, goat 24 mg/kg BW, and horse 2 to 
3 mg/kg BW. 2 ' 3 It is common for cattle to be 
poisoned with more than 10 times the recom¬ 
mended dose. Toxic feed concentrations for 


pigs are 200 to 220 mg/kg of feed. For lasalo¬ 
cid, the reported lethal dose in horses is 
21.5 mg/kg BW, 3 in cattle it is 50 to 100 mg/kg 
BW, and in swine it is 58 mg/kg BW. The LD 50 
for salinomycin for the horse is 0.6 mg/kg 
BW. The effects of the compounds are cumu¬ 
lative and may not be observed for some 
weeks after administration is discontinued. 

EPIDEMIOLOGY 

Occurrence 

All animal species are affected by ionophore 
toxicosis. Horses are the most sensitive to it, 
but deaths have been reported in cattle, 
sheep, goats, pigs, camels, 3 water buffalo, 6 
and other species. Poisoning incidents are 
most often reported in countries where 
animal husbandry is intensive and high 
levels of stall feeding are practiced. 

Risk Factors 
Animal Risk Factors 

These compounds are specifically prohibited 
for use in horses at any time because of their 
toxicity for that species. Horses are often 
poisoned by ingesting premixes meant spe¬ 
cifically for cattle. If the level of ingestion is 
low enough, no harm is done, but most com¬ 
monly horses eat more than the no effect 
level and become symptomatic. 

Cattle carrying reticular retention boluses 
of monensin to control bloat by delivering 
accurate daily doses of the drug may die sud¬ 
denly of acute heart failure caused by myo- 
cardiopathy, a condition associated with 
monensin. The compound’s main use as a 
coccidiostat is in poultry, and deaths from 
congestive heart failure have occurred in 
cattle and sheep fed dried poultry litter from 
farms feeding salinomycin or maduramicin. 

Along with these major involvements of 
monensin and lasalocid there are a number 
of less well-known ones. There is a risk that 
cattle fed on a nitrogen-rich diet will be likely 
to suffer an outbreak of nitrite poisoning if 
they are also fed monensin. Another unde¬ 
sirable outcome may be a fall in butterfat 
because of shift from acetate to propionate 
production in the rumen. 

The concurrent administration of monen¬ 
sin and selenium to lambs enhances the tox¬ 
icity of the selenium. Continuous feeding of 
monensin to male pigs (50 ppm for 52 days) 
reduces blood levels of testosterone and is 
associated with dystrophy of seminiferous 
tubules and reduced sperm counts. 

The concurrent administration of monen¬ 
sin or salinomycin and tiamulin, chloram¬ 
phenicol, triacetyloleandomycin, or other 
macrolide antibiotics at recommended doses 
can be associated with ionophore poisoning 
in pigs. 2 Outbreaks may occur when the 
product is introduced into the pigs’ drug 
regimen to control swine dysentery when the 
pigs’ ration already includes the ionophore 
as a growth promotant, or when the two 
drugs are combined as a coccidia prevention 
package. 
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Swine Risk Factor (Tiamulin) 

The myotoxicity of monensin for pigs is 
enhanced by the simultaneous administra¬ 
tion of the two antibiotics (monensin or sali- 
nomycin and tiamulin). All three of the 
substances are used as coccidiostats, and it is 
not unusual for farmers to combine them. 
However, all of the agents use the same detox¬ 
ification pathways in the liver with tiamulin 
having the priority. Tiamulin inhibits mito¬ 
chondrial CYP3A enzymes that stimulate 
monensin metabolism, allowing accumula¬ 
tion of monensin. 7 Monensin (or salinomy- 
cin) accumulates to the point of being toxic. 
The clinical syndrome consists of anorexia 
and weight loss, and at necropsy there are 
lesions of myonecrosis in the tongue, dia¬ 
phragm, and limbs. A similar toxicologic 
situation arises in pigs with simultaneous 
dosing with tiamulin and salinomycin in 
which the toxic interaction is dose related. 

When tiamulin is used at therapeutic 
levels in feed, water, or by injection and sali¬ 
nomycin is used at 60 ppm, toxic reactions 
and deaths occur. The interaction does not 
occur when the two antibiotics are used 
concurrently and the tiamulin is used at the 
recommended prophylactic (30-40 ppm) or 
growth promotant (11 ppm) levels, and 
independently of whether the administra¬ 
tion is oral or by injection, but only if a gap 
of 72 hours has elapsed between the last 
exposure to salinomycin and the first expo¬ 
sure to therapeutic levels of tiamulin and 
vice versa. 

Farm Risk Factors 

The poisonous properties of these agents 
are well known, and poisoning is usually 
accidental because of failure to dilute a con¬ 
centrate, poor mixing, or wrong identifica¬ 
tion of containers and feedbags. Some liquid 
preparations settle out and need to be con¬ 
stantly mixed before and during mixing with 
a batch of feed. Deliberate or accidental off- 
label use in nontarget species such as horses, 
camels, and water buffalo has resulted in 
poisoning. 

PATHOGENESIS 

All of the compounds are cationic agents, 
causing an altered balance of cations (espe¬ 
cially Ca 2+ , Na + , and K + ) in cells and organ¬ 
elles. 2,3 The net result is a disruption of ATP 
generation, cellular dysfunction, and cellular 
death. Monensin is rapidly absorbed, metab¬ 
olized in the liver, and excreted in the bile 
and feces. 2 Other ionophores appear to 
follow a similar pharmacokinetic pathway. 
Horses have less efficient cytochrome P450 
demethylating enzymes and do not appear 
to remove monensin from systemic circula¬ 
tion as rapidly as other species; this may be 
the reason they are more susceptible to 
toxicosis. 

The principal target organ for monensin 
toxicity is striated muscle (cardiac and skel¬ 
etal). 2,3 The exact mechanism of action is 


unknown, but it appears the origin of muscle 
damage is related to large cellular influxes of 
calcium and sodium resulting in degenera¬ 
tion and necrosis of muscle cells. In cattle the 
cardiac and skeletal muscles are affected 
about equally, in sheep and pigs the skeletal 
muscle is most seriously affected, and in 
horses the myocardium is the focus of the 
damage. In the latter case, acute or conges¬ 
tive heart failure may result, with signs often 
delayed for weeks until additional stress, 
such as late pregnancy or parturition, pre¬ 
cipitates cardiac insufficiency. When the 
damage is principally skeletal muscle, the 
syndrome is one of weakness, ataxia, and 
recumbency; myoglobinuria is a common 
accomp animent. 

In addition to myocardial degeneration, 
lasalocid toxicity in horses has been associ¬ 
ated with neurotoxicity with focal axonal 
degeneration and myelin sheath swelling 
present at postmortem.’ 

CLINICAL SIGNS 

The most consistent and frequently reported 
clinical sign in all species is anorexia. 2 The 
incidence of other signs varies among species 
but commonly include diarrhea, dyspnea, 
depression, weakness, ataxia, recumbency, 
and death. 

Cattle 

The onset of signs begins in 24 hours with 
heavy doses but may be delayed for up to 
5 days when the ingestion is lower. Signs 
begin with anorexia followed by diarrhea, 
tremors, weakness, tachycardia, and ruminal 
atony, and animals may die at this stage from 
acute heart failure. 3 Those that survive for a 
day or two develop congestive heart failure 
manifested by brisket edema, engorgement 
of the jugular veins, ascites, fluid feces, 
dyspnea, and tachycardia. 8 Deaths may occur 
in days or months after the major outbreak 4 
and are usually caused by the exertion of 
calving. When smaller doses are taken over 
a long period, the syndrome is one of conges¬ 
tive heart failure in all of the cases. 

Sheep 

The syndrome may be acute followed by 
hyperesthesia; tremors, especially of the head; 
disappearance of the pupillary light reflex; 
recumbency; and convulsions with death 
occurring during a convulsion. More com¬ 
monly the disease begins with anorexia, diar¬ 
rhea, rumen stasis, and depression, followed 
by muscle weakness, stilted gait, and recum¬ 
bency. 9 Chronic cases show atrophy of the 
muscles of the hindquarters and a stiff gait. 

Swine 

Monensin poisoning is associated with 
dyspnea, anorexia, ataxia, paresis, myoglo¬ 
binuria and cyanosis, diarrhea, tympany, and 
pruritus. Death follows in about 6 hours. 
Salinomycin is associated with the same 
general syndrome but also includes an 


unwillingness to stand and, when forced to 
stand, tremors, especially in the hindlimbs; 
swaying; fetlock knuckling; and abrupt lying 
down. Exercise exacerbates the signs. Respi¬ 
ratory distress in the form of irregular 
breathing occurs. Feed intake is down 50%, 
and sham drinking is characteristic. Red 
urine is evident for up to 5 days after discon¬ 
tinuation of the drug. 

Horses 

Anorexia is the most consistently reported 
sign. Restlessness, respiratory distress, diar¬ 
rhea, mucosal congestion, profuse sweating, 
sometimes myoglobinuria, cardiac dysrhyth¬ 
mias, and tachycardia (50-60 beats/min) 
have been reported but may depend of the 
specific ionophore ingested. 3,10,11 Some 
horses are just found dead. The course of the 
cardiac disease is short and affected horses 
may not show much clinical evidence of 
heart failure at the time of the poisoning, but 
survivors may develop a poor performance 
syndrome or congestive heart failure up to 
several months later. 

Rarely, horses show skeletal muscle 
involvement with fever, red or dark urine 
(caused by the extensive muscle breakdown), 
difficulty in rising, stiff gait, knuckling of 
the fetlocks, and final recumbency after a 
period of days to as long as several months. 
Colic is also recorded during the acute 
phase but this may be the restlessness and 
frequent lying down and getting up of acute 
myositis. Euthanasia is the usual outcome of 
these cases because of irreparable muscle 
damage. 

CLINICAL PATHOLOGY 

In all species, laboratory tests show increases 
in serum levels of creatine phosphokinase, 
LDH, alkaline phosphatase, and aspartate 
aminotransferase; myoglobinuria is frequent 
and often prolonged. 2,4,5,9,12 However, results 
of clinical pathology tests may vary substan¬ 
tially among individual affected animals. 
Samples of feed and stomach contents, 
obtained by stomach tube, are desirable 
specimens for analysis. Some feeds fed to 
horses have contained as much as 125 to 
250 g/ton of feed, and their stomach con¬ 
tents have contained 50 to 100 ppm. 

Evaluation of the cardiovascular system 
in animals poisoned by ionophores is impor¬ 
tant, often challenging, and necessary for 
long-term prognosis. 13 ECGs and ultrasound 
evaluation of cardiac function in animals are 
useful for evaluating early myocardial disease 
but may not be helpful long term.’’ 13 Doppler 
imaging and two-dimensional speckle track¬ 
ing may more accurately evaluate left ven¬ 
tricular function on a chronic basis. 14 The 
cTnl, a biomarker for myocardial injury in 
humans, has been used to diagnose cardiac 
disease in horses, cattle, and sheep 1 ” 18 and 
may be a valuable, noninvasive tool to assess 
and monitor the extent of myocardial 
damage from ionophore intoxication. 19 





Human point of care cTnl analyzers have 
been used to measure serum and plasma 
cTnl concentrations in normal horses and 
cattle 15,20 and monensin-intoxicated horses. 15 

NECROPSY FINDINGS 

In cattle there is cardiomyopathy, pulmonary 
edema, enlargement of the liver and heart, 
hydropericardium, hydrothorax, and ascites. 
Gross lesions at necropsy are not always 
evident, and multiple samples of susceptible 
tissues should be collected and preserved in 
formalin for microscopic evaluation. 

In sheep postmortem changes include 
necrosis in both skeletal and cardiac muscles 
with hydrothorax, hemopericardium, pul¬ 
monary edema, and petechial hemorrhage in 
heart base fat. 21 Other findings include pale 
kidneys and a swollen, yellow liver. Lambs 
less than 1 month old show only gastro¬ 
intestinal hemorrhage. 

In horses necropsy lesions in acute cases 
include myocardial necrosis, pulmonary 
congestion, hepatic swelling, and in some 
cases pulmonary petechiation. Skeletal 
muscle necrosis may be evident. Myoglobin- 
uric nephrosis and myoglobinuria are sec¬ 
ondary lesions. Chronic cases show marked 
cardiac myopathy and possibly skeletal 
myopathy with obvious fibrosis. 


DIFFERENTIAL DIAGNOSIS 


In all species syndromes of acute or 
congestive heart failure caused by acute 
cardiac myopathy or limb paresis or 
recumbency caused by skeletal myopathy are 
sufficiently common to necessitate a positive 
assay for one of the ionophores in the feed or 
stomach contents for diagnostic confirmation. 
Liquid chromatography/mass spectrometry 
analysis is currently available for monensin, 
lasalocid, salinomycin, and narasin. 22 

Differential diagnosis list: 

Cattle 

• Coingestion of other ionophores 

• Infectious diseases, bovine rhinotracheitis, 
and shipping fever complex 

• Nutritional deficiency of vitamin E or 
selenium 

• Poisonous plants: cardiac glycosides 
(Nerium oleander, others), Taxus spp. (yew), 
Karwinskia humboldtiana (coyote plant), 
Cassia occidentalis (coffee senna), Vida 
villosa (hairy vetch), and Eupatorium 
rugosum (white snake root) 

Pigs 

• Coingestion of other ionophores 

• Gossypol poisoning 

• Nutritional deficiency of vitamin E or 
selenium 

• Poisonous plants: cardiac glycosides 
(Nerium oleander, others), Taxus spp. (yew), 
Karwinskia humboldtiana (coyote plant), 
Cassia occidentalis (coffee senna), Vicia 
villosa (hairy vetch), and Eupatorium 
rugosum (white snake root) 

• Porcine stress syndrome 
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Horses 

• p-Agonist toxicosis (clenbuterol, 
ractopamine, and zilpaterol) 

• Exertional rhabdomyolysis 

• Hyperkalemic periodic paralysis 

• Poisonous plants: cardiac glycosides 

(.Nerium oleander, others), Taxus spp. (yew), 
Karwinskia humboldtiana (coyote plant). 
Cassia occidentalis (coffee senna), Vicia 
villosa (hairy vetch), and Eupatorium 
rugosum (white snake root) 

• Seasonal pasture myopathy/atypical pasture 
myopathy 


TREATMENT 

There is no effective primary treatment and 
only supportive procedures are recom¬ 
mended. Selenium and vitamin E are ineffec¬ 
tive after signs begin, although selenium or 
vitamin E given before the appearance of 
clinical signs may be beneficial. Activated 
charcoal or mineral oil are standard treat¬ 
ments aimed at removing the residue of the 
poison from the alimentary tract. They are of 
no value if the poison has already been 
absorbed; recovery is unlikely once the myo¬ 
cardium is affected. 

CONTROL 

Horses are very susceptible to poisoning by 
these products and great care is needed to 
ensure that cattle rations containing them are 
not available to horses. Care should be paid 
that animals are not overdosed and multiple 
ionophores not used indiscriminately. Good 
feed manufacturing and mixing techniques 
should be followed at the mill and on the 
farm. 

FURTHER READING 

Miller DJ, et al. Tiamulin/salinomycin interactions in 
pigs. VetRec. 1986;20-415-8. 

Radostits O, et al. Ionophore poisoning. Veterinary 
medicine: A Textbook of the Disease of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:1844. 
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Cardiac Neoplasia 

Primary neoplasia of the heart is exceedingly 
rare, and cardiac disease secondary to meta¬ 
static neoplasms occurs infrequently. Aortic 
body adenoma, cardiac fibrosarcoma, cardiac 
vascular hamartoma, 1 and pericardial meso¬ 
thelioma are reported. Primary cardiac rhab¬ 
domyosarcoma occurs rarely in cattle and 
sheep. A large case series of cardiac angi¬ 
oleiomyoma has been reported in 44 cattle in 
Japan; these tumors were subendocardial 
and involved the papillary muscles or valves 
and shared some features with hamartoma 
and fibrosarcoma, 2 but they were thought to 
differ from peripheral nerve sheath tumors. 3 

Lymphosarcoma is probably the most 
common metastatic tumor in both cattle 4 
(see Chapter 11) and horses but cardiac 
involvement by melanoma, hemangiosar- 
coma, testicular embryonal carcinoma, squa¬ 
mous cell carcinoma, lipoma, and other 
tumors are also recorded. Angiomas and 
benign vasoformative tumors can occur in 
the heart and are recorded as obstructing 
blood flow and producing heart failure in a 
young calf. 
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Congenital Cardiovascular 
Defects 


SYNOPSIS 


Etiology Abnormality in heart or vascular 
structure results in anomalous blood 
circulation. Cause of congenital defects 
unknown, and some may be heritable. 

Epidemiology Sporadic occurrence; usually 
present with cardiac failure shortly after 
birth but some defects compatible with life 
and detected incidentally. 

Clinical and necropsy findings Specific for 
individual defects. 

Clinical pathology Echocardiography most 
useful diagnostic aid. 

Diagnostic confirmation Echocardiography 
and postmortem examination. 

Treatment Surgery for some. 


ETIOLOGY 

An increasing number of clinical reports 
on congenital cardiovascular defects are 
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appearing in the veterinary literature; 
however, their general importance is low. 
The cause of congenital cardiac defects is 
unknown, but it is assumed they result from 
injury during development or from single 
recessive genes or polygenic sets that have 
lesion-specific effects on cardiac develop¬ 
ment. Ventricular septal defects have been 
observed in twin cattle. Heritable ventricular 
septal defect is recorded in miniature pigs 
and suspected in cattle and Arabian horses. 1 

EPIDEMIOLOGY 

Congenital cardiac anomalies occur in all 
species but are not common in any one of 
them. The prevalence is probably highest in 
cattle and lowest in horses. 

Cattle 

The relative frequency of individual cardiac 
defects in 36 calves at postmortem examina¬ 
tion in one study was 

Ventricular septal defect: 14% 

Ectopic heart: 13% 

Right ventricular hypoplasia: 13% 

Left ventricular hypoplasia: 13% 
Dextroposed aorta: 10% 

Valvular hematomas: 9% 

Patent ductus arteriosus: 6% 

Patent foramen ovale: 6% 

Endocardial fibroelastosis: 4% 

Common aortic trunk: 4% 

Other cardiac defects: 10% 

The animals were neonatal calves and 
the relative frequencies are biased toward 
defects that are incompatible with longer life. 
Generally, ventricular septal defect is the 
most common cardiac defect in cattle. 

Sheep 

In a large series of necropsy examinations on 
lambs, 1.3% had cardiac anomalies, of which 
approximately 90% were ventricular septal 
defects. 

Horses 

A review of 82 publications on congenital 
cardiac defects in horses showed the follow¬ 
ing prevalence in the total cases: 

Ventricular septal defect: 28% 

Tetralogy of Fallot: 16% 

Truncus arteriosus: 8.5% 

Aortic, pulmonary, or mitral valve 
abnormalities: 13.2% 

Tricuspid atresia: 14.6% 

Abnormality of the aorta: 4.8% 

Patent ductus arteriosis: 3.7% 

Atrial septal defects: 1.2%. 

Other lesions account for the remainder. 

Pigs 

The relative frequency of congenital cardiac 
malformations in pigs has been reported as 

Dysplasia of the tricuspid valve: 34% 

Atrial septal defect: 25% 

Subaortic stenosis: 18% 


Ventricular septal defect: 9% 

Persistent common AV canal: 9% 

Other defects: 10%. 

PATHOGENESIS 

Congenital cardiac defects may result in a 
pressure load or a volume (flow) load in one 
or more chambers of the heart. Generally, the 
left ventricle can tolerate a pressure load 
better than the right ventricle and the right 
ventricle can tolerate a volume load better 
than the left ventricle. The heart may com¬ 
pensate for the increase in load with minor 
loss in cardiac reserve, or the defects may 
lead to cardiac failure. 

Shunts 

The mixing of oxygenated and venous blood 
caused by the presence of an anatomic 
abnormality that allows a shunt of blood 
from the pulmonary circulation to the sys¬ 
temic circulation in the face of high pulmo¬ 
nary vascular resistance is an important 
factor in the pathogenesis of the clinical 
signs of some congenital cardiac defects. 
The resulting anoxic anoxia causes severe 
dyspnea, and cyanosis may be marked if the 
right-to-left shunt is large. There is a notable 
absence of fever and toxemia if intercurrent 
disease does not develop. Cardiac enlarge¬ 
ment is usually detectable if the animal sur¬ 
vives past the first week of life. 

Age at Manifestation 

Animals with some congenital cardiac 
defects can survive to maturity and be pro¬ 
ductive and perform adequately. Acute heart 
failure or chronic (congestive) heart failure 
may occur when the animals are subjected to 
a physical stress such as the first pregnancy 
or activity on the range. The primary appear¬ 
ance of signs of cardiac disease when an 
animal is 2 to 3 years of age should not elimi¬ 
nate congenital defects from consideration. 

CLINICAL FINDINGS 

A general description of the more common 
defects is given next. Some of the defects 
described in this section are actually defects 
of the vascular system but are described here 
for convenience. Diagnosis can be confirmed 
by the detection of a pressure differential 
across valves, the detection of shunts by dye 
dilution and serial blood gas analysis, and 
by angiocardiography. Echocardiography has 
developed as an important aid to diagnosis. 

Ectopic Heart 

An abnormal position of the heart outside 
the thoracic cavity is most common in cattle, 
with the displacement usually in the lower 
cervical region. The heart is easily seen and 
palpated and there is an accompanying 
divergence of the first ribs and a ventrodorsal 
compression of the sternum, giving the 
appearance of absence of the brisket. Affected 
animals may survive for periods of years, 
as they also may with an abdominal 


displacement, but those with a displacement 
through a defective sternum or ribs rarely 
survive for more than a few days. 2 

Patent Foramen Ovale 

This defect of the atrial septum is reasonably 
common in cattle, usually causes no clinical 
signs if present as an isolated defect, and is 
detected incidentally at necropsy. Ostium 
secundum defects are also common in cattle. 
Large defects may allow a shunt in both 
directions. Relative resistance to outflow 
from the atria is greater in the left than the 
right and the shunt, if it occurs, is from left 
to right. This induces a moderate flow load 
on the right side of the heart, which is well 
tolerated. Large flows will generally increase 
pulmonary vascular resistance and result in 
moderate right ventricular and right atrial 
hypertrophy. The increase in outflow resis¬ 
tance from the right atrium results in a 
decreased flow across the shunt and control 
of the effects of the defect. Atrial septal 
defects are of much greater significance 
when they are present with other cardiac 
defects, and it is extremely rare for an atrial 
septal defect alone to cause clinical signs of 
circulatory failure. If these result in a severe 
right ventricular hypertrophy, the shunt may 
reverse from right to left and cyanosis will 
occur. 

Ventricular Septal Defects 

These are one of the most common congeni¬ 
tal cardiac defects in sheep, cattle, and horses. 
They are almost invariably subaortic defects 
occurring high in the septum at the pars 
membranaceae. In the absence of other 
defects their presence results in the shunting 
of blood from the left to the right ventricle, 
producing a volume load on the left ventricle 
and left atrium. 

On auscultation there is a loud blowing 
pansystolic murmur audible over both sides 
of the chest. It is usually audible over a large 
area on both sides but most intense at the left 
fourth intercostal and the right third inter¬ 
costal space and more intense on the right 
than the left side. The murmur in this defect 
is one of the loudest and most obvious 
murmurs encountered. It does not modify 
the heart sounds, which are usually increased 
in intensity. A precordial thrill is frequently 
palpable on both left and the right sides. 

The outcome is determined by the mag¬ 
nitude of the shunt and the degree of resis¬ 
tance to flow from the right ventricle as 
determined by pulmonary vascular resis¬ 
tance. With large defects the shunt of blood 
can be considerable and the animal may die 
at birth or show clinical signs at a few weeks 
to a few months of age. The major presenting 
signs during this period are of left-sided heart 
failure with lassitude, failure to grow well, 
and dyspnea with moderate exercise. The 
shunt may be less severe and allow an appar¬ 
ently normal existence until maturity, when 
left-sided or right-sided failure can occur, or 





cause no apparent problem during life and be 
detected incidentally on necropsy or abattoir 
examination. Horses with this defect have 
raced successfully, 1 and a small number of 
dairy cows have had many productive lacta¬ 
tions. However, it is more common for calves 
with ventricular septal defect to die or be 
culled before reaching 2 years of age. 3 Most 
horses with a ventricular septal defect greater 
than 3.5 cm in diameter or left-to-right shunt 
velocity of less than 3 m/s will develop con¬ 
gestive heart failure and consequently a 
shortened life expectancy. 

Complications 

An increase in pulmonary vascular resis¬ 
tance occurs as the result of increased pul¬ 
monary blood flow. In cattle, this increase 
may be sufficient to cause reversal of the 
shunt, and cyanosis develops. This syn¬ 
drome, sometimes referred to as an Eisen- 
menger complex, develops in young calves 
but also in mature animals between 1 and 3 
years of age and should always be suspected 
when there is a sudden onset of cyanosis and 
exercise intolerance in an animal of this age. 

The turbulence associated with flow 
across the defect may produce secondary 
changes in the valves located close to the 
defect, which may complicate the clinical 
picture. Cattle are prone to develop endo¬ 
carditis in the region of the septal cusp of 
the right AV valve. In horses, endocarditis 
more commonly involves the medial cusp of 
the aortic valve, but there is one report of 
tricuspid valve endocarditis in a horse with 
a ventricular septal defect. 4 

Other complications are prolapse of the 
cusps into the septal defect caused by lack of 
aortic root support with the development of 
aortic regurgitation. Rupture of the valve 
may occur to produce a severe additional 
flow load on the left ventricle, with rapid 
onset of acute left heart failure and death. 

Ventricular septal defects may occur in 
association with other congenital cardiac or 
vascular defects, and the clinical findings are 
varied. 

Prognosis 

There is no practical correction for ventricu¬ 
lar septal defects in large animals. Closure of 
a small ventricular septal defect has been 
reported in a horse, but spontaneous closure 
is thought to be uncommon. It should be 
emphasized that small defects can produce 
dramatic auscultatory findings and, unless 
signs of cardiac insufficiency are present, care 
should be taken in giving an unfavorable 
prognosis in pleasure or breeding animals. 
Food animals can be sent for early slaughter. 

There is insufficient information on the 
advisability of breeding animals that have 
this defect. An inheritable predisposition has 
been suspected in Hereford cattle, and chro¬ 
mosomal abnormalities have been demon¬ 
strated in association with this defect in 
cattle. Ventricular septal defects have high 
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prevalence in calves and lambs with 
microphthalmia. 

Tetralogy of Fallot 

This is almost always a lethal defect in farm 
animals. The tetralogy consists of three 
primary abnormalities (ventricular septal 
defect, pulmonary stenosis, and dextral posi¬ 
tion of the aorta so that it overrides both 
ventricles) and secondary right ventricular 
hypertrophy. The marked increase in resis¬ 
tance to outflow into the pulmonary artery 
causes a shunt of blood from the right to left 
with the major outflow of blood through the 
aorta. The condition presents with clinical 
signs very early in life, frequently results in 
death at or shortly following birth, and has 
been reported predominantly in foals and 
calves. Occasionally, affected animals may 
live for longer periods and cases are recorded 
in mature animals. 

Affected animals show lassitude and 
dyspnea after minor exertion such as suck¬ 
ling, with the clinical signs resulting primar¬ 
ily from systemic hypoxemia. Cyanosis may 
or may not be present, depending on the 
degree of pulmonary stenosis, but is usually 
prominent, especially following exercise. On 
auscultation a murmur and sometimes a 
thrill is present and most intense in the left 
third or fourth intercostal space. 

Other cardiac defects that result in cya¬ 
nosis as a prominent sign occur when there 
is right-to-left shunting of blood through 
a patent foramen ovale, a patent ductus arte- 
riosis, or ventricular or atrial septal defects 
as a result of tricuspid atresia or pulmonary 
atresia. Right-to-left shunting through these 
defects is rare and, if present, is usually a 
terminal event. 

Tetralogy of Fallot should be differenti¬ 
ated from an even rarer condition, 
double-outlet right ventricle; the latter is 
characterized by having both the aorta and 
pulmonary artery arise from a distinct conus 
originating from the morphologic right ven¬ 
tricle and from which no fibrous continuity 
with the AV valves can be demonstrated. 
Double-outlet right ventricle has been diag¬ 
nosed in three calves and a foal, with clinical 
signs similar to tetralogy of Fallot. 

Patent Ductus Arteriosus 

This defect results from a failure of closure of 
the ductus arteriosus following birth and is 
probably the third most common defect in 
horses after ventricular septal defect and 
tetralogy of Fallot. There is some controversy 
over the period of time involved in normal 
closure in large animals. Clinically, murmurs 
associated with a patent ductus arteriosus are 
frequently heard during the first day after 
birth in normal foals and may persist for 
periods of up to 5 days. Physiologic studies 
in foals suggest that functional closure 
occurs between 48 and 72 hours after birth, 1 
whereas anatomic closure is slightly delayed 
to 4 days of age. Patent ductus arteriosus is 


not a common clinical cardiac defect in older 
animals, but can occur. The ductus arteriosus 
closes within minutes of birth in calves. 

Patent ductus arteriosus produces a loud 
continuous murmur associated with the 
left-to-right shunting of blood from the aorta 
to the pulmonary artery. The intensity of the 
murmur waxes and wanes with each cycle 
because of the effects of normal pressure 
changes on blood flow, giving rise to the 
name of “machinery murmur.” The systolic 
component of the murmur is very loud and 
usually audible over most of the cardiac aus¬ 
cultatory area, but the diastolic component is 
much softer and confined to the base of the 
heart. The pulse is large in amplitude but has 
a low diastolic pressure. Surgical correction 
is possible. 

Complete Transposition of 
the Great Arteries 

Complete transposition of the great arteries 
is characterized by an aorta arising from the 
morphologic right ventricle and the pulmo¬ 
nary artery arising from the morphologic 
left ventricle, resulting in two circulations 
running in parallel with circulatory mixture 
via a ventricular septal defect. Calves usually 
present with severe arterial hypoxemia, poor 
growth rate, and exercise intolerance. 5 

Persistent Truncus Arteriosus 

This defect and other defects of the outflow 
vessels, including pulmonary and aortic 
hypoplasia and congenital absence of the 
aortic arch, have been recorded in animals 
but their prevalence is low. 

Coarctation of the Aorta 

Constriction of the aorta at the site of 
entrance of the ductus arteriosus causes a 
syndrome similar to that of stenosis of the 
aortic semilunar valves; there is a systolic 
murmur and a slow-rising pulse of small 
amplitude. 

Double-Outlet Right Ventricle 

Double-outlet right ventricle is characterized 
by dextropositioning of the aorta (partial 
transposition) that results in the aorta and 
pulmonary artery arising from the right ven¬ 
tricle. The concurrent presence of a ventricu¬ 
lar septal defect permits blood from the left 
ventricle to circulate. Reports of double¬ 
outlet right ventricle are scarce in large 
animals but may be most common in horses. 6 

Fibroelastosis 

Congenital fibroelastosis has been observed 
in calves and pigs. The endocardium is con¬ 
verted into a thick fibroelastic coat and, 
although the wall of the left ventricle is 
hypertrophied, the capacity of the ventricle 
is reduced. The aortic valves may be thick¬ 
ened and irregular and obviously stenosed. 
The syndrome is one of congestive heart 
failure. The defect may cause no clinical 
abnormality until the animal is mature. 
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Subvalvular Aortic Stenosis 

Stenosis of the aorta at or just below the point 
of attachment of the aortic semilunar valves 
has been recorded as a common, possibly 
heritable, defect in pigs, but its differentiation 
from other causes of heart failure is difficult. 
Clinically affected animals may die suddenly 
with asphyxia, dyspnea, and foaming at the 
mouth and nostrils, or after a long period of 
ill-health with recurrent attacks of dyspnea. 
In the acute form death may occur after exer¬ 
cise or be unassociated with exertion. 

Parachute Left Atrioventricular Valve 

This is an extremely rare congenital anomaly 
defined by the presence of a single papillary 
muscle that receives all chordae tendineae 
from the left AV valve. An 8-month-old colt 
with a loud left-sided holosystolic murmur 
was diagnosed with this condition using 
echocardiography. 

Valvular Abnormalities 

A 9-week-old Standardbred colt was diag¬ 
nosed with dysplasia of the mitral valve and 
tricuspid valve. 7 A quadricuspid aortic valve 
was identified in a stallion with a ventricular 
septal defect. 8 

Anomalous Origin of 
Coronary Arteries 

Either or both coronary arteries may origi¬ 
nate from the pulmonary artery instead of 
the aorta. The resulting anoxia causes 


myocardial weakness in the ventricle of the 
affected side. Congestive heart failure usually 
follows. Congenital deformities of the coro¬ 
nary arteries have been recorded in cattle 
and pigs. 

Persistence of the Right Aortic Arch 

Persistence of the right fourth aortic arch 
causes constriction of the esophagus with 
dysphagia and regurgitation. The aorta is 
situated to the right of the esophagus and 
trachea and the ligamentum arteriosum in 
its connection to the pulmonary artery 
encloses the esophagus in a vascular ring 
and compresses it against the trachea. Clini¬ 
cal signs are usually evident soon after birth 
and consist primarily of regurgitation of 
milk from the mouth and nostrils after suck¬ 
ling, 9 but survival until 5 years of age has 
been recorded in a bull that showed chronic 
bloat and visible esophageal dilatation. 
Resistance to the passage of a stomach tube 
is encountered just behind the first rib, 
and the diagnosis can be confirmed by 
radiologic examination following a barium 
swallow (Fig. 10-7). 9 Medical treatment is 
concerned with the control of aspiration 
pneumonia, but the correction of the defect 
is surgical. 9 

Aberrant Right Subclavian Artery 

The most common vascular ring anomaly 
is persistence of the right fourth aortic arch. 
A much rarer vascular ring anomaly was 


reported in an adult Friesian horse with 
repeated esophageal obstruction. 10 Necropsy 
revealed esophageal and tracheal stenosis 
secondary to an aberrant right subclavian 
artery. The artery constricted the esophagus, 
resulting in mucosal sloughing. 
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Inherited Cardiovascular 
Defects 

BOVINE HEREDITARY DILATED 
CARDIOMYOPATHY 

Bovine hereditary dilated cardiomyopathy is 
a group of progressive degenerative diseases 
of the myocardium causing congestive heart 
failure. At least three different types have 
been reported: dilated cardiomyopathy in 
cattle of Canadian Flolstein origin, cardio¬ 
myopathy in Japanese Black cattle, and car¬ 
diomyopathy in Hereford cattle. 

Pedigree analysis of 75 animals in three 
age classes and five diagnostic classes based 
on clinical and pathologic findings using the 
Pedigree Analysis Package provided strong 
evidence for autosomal recessive inheritance 
of a single major gene responsible for 
the disease. Pedigree analyses of affected 
animals in Canada, Japan, and Switzerland 
revealed the Holstein bull “ABC Reflection 
Sovereign,” the son of Canadian Holstein sire 
Montwick Red Apple Sovereign, as the 
common ancestor. This disease in cattle is 
being used as a research model of human 
dilated cardiomyopathy. Using proteomic 
analysis (the examination of tissue from 
younger cattle that are genetically diseased 
but have not yet developed clinical disease), 
a number of proteins have been identified 
whose abundance is altered significantly to 
suggest a possible pathogenetic mechanism 
for the onset of the disease. 






* 









Fig. 10-7 Persistent right aortic arch in a foal. Lateral positive contrast esophagram of the 
thorax of a 9-day-old pony foal that was observed to have milk coming from both nostrils 
when in lateral recumbency. The esophagus is distended proximally to the asterisk at the third 
intercostal space with barium. The trachea is narrowed at this site of esophageal narrowing. 
(Reproduced with permission from Coleman MC, Norman TE, Wall CR. J Am Vet Med Assoc 
2014; 244:1253-1255.) 
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The disease has now been reported in 
Denmark in the Red Danish Dairy breed, 
Holsteins, and Red Holsteins. Pedigree anal¬ 
ysis of 12 cases found both maternal and 
paternal relationship to the Canadian sire 
Montwick Red Apple Sovereign, and several 
sires were identified as carriers of the disease. 
These sires originated from breeding lines 
used to upgrade Danish cattle populations 
and pose a potential animal health problem. 
The introduction of the defect into the 
Danish cattle population is an example of 
how widespread a genetic disease can 
become in a short period of time. During 
their active life, two sires used for artificial 
insemination obtained a total of approxi¬ 
mately 62,000 living progeny. 

There can be a high incidence in certain 
herds, possibly associated with some unrec¬ 
ognized environmental precipitating factor 
but probably caused by autosomal recessive 
trait concentrated by a high coefficient of 
inbreeding. There are three types recorded in 
cattle, which will be discussed next. 

Type 1 Calf: Acute Heart Failure 

Sudden death of Poll Hereford and horned 
Hereford calves up to 3 months of age may 
be caused by inherited cardiomyopathy. The 
calves are often identifiable before death by 
their very rapid growth rate, short curly coat, 
and moderate bilateral exophthalmos. Death 
is usually precipitated by stress or exercise 
and is characterized by dyspnea, the passage 
of bloody froth from the nose, and a course 
of a few minutes to a few hours. Less acute 
cases have a syndrome of congestive heart 
failure for several days before death. Life 
expectancy is less than 6 months. At nec¬ 
ropsy there is an obvious patchiness of the 
myocardium, reminiscent of a bad case of 
white muscle disease. The disease appears to 
be conditioned by a single autosomal reces¬ 
sive gene. 

Type 2 Calf: Pulmonary Edema 

A second form of inherited cardiomyopathy 
is recorded in Japanese Black cattle. Death is 
preceded by a brief period (a few minutes to 
a few hours) of agonizing dyspnea in calves 
aged 30 to 120 days. At necropsy there is 
edema, ascites, hydrothorax, and marked 
dilatation of the left ventricle. This is matched 
by acute myocardial necrosis. A new autoso¬ 
mal recessive gene is credited with initiating 
the disease. 

Type 3: Young Adult Congestive 
Heart Failure 

This occurs in young adult cattle and has 
been reported in Holstein-Friesian cattle in 
Japan, Canada, the UK, and Australia, and in 
Simmental-Red Holstein crossbred cattle 
and Black Spotted Friesian cattle in Switzer¬ 
land. 1 Similar family lines in Holstein breeds 
have been identified in affected cattle in all 
three countries, and it has been suggested 
that there is an inherited predisposition to 


cardiomyopathy in the Holstein breed. Pedi¬ 
gree analysis of hereditary dilated cardiomy¬ 
opathy in Holstein-Friesian cattle in Japan 
suggests an association with hereditary 
myopathy of the diaphragmatic muscles. The 
disease is endemic in Switzerland, occurring 
mainly in the Simmental X Red Holstein 
crossbreed of cattle. 

The disease occurs in cattle from 1.5 to 
6 years of age, with the peak prevalence in 
3- and 4-year-old cattle. The stress of preg¬ 
nancy and lactation may precipitate clinical 
disease, and the majority of cases occur in 
late pregnancy or early lactation. The onset 
is sudden and the majority of cases have 
signs of congestive right heart failure. Edema 
of the submandibular area, brisket, ventral 
abdomen, and udder is prominent and 
there is venous engorgement, hepatomegaly, 
interstitial nephritis, pleural and pericardial 
effusion, and ascites. Muffling of the heart 
sounds, tachycardia, and a gallop rhythm are 
evident on auscultation of the heart. There is 
no characteristic biochemical or hemato¬ 
logic change. 

Necropsy findings include congestive 
heart failure and histologic findings com¬ 
patible with congestive cardiomyopathy. 
There is dilatation of the chambers of the 
heart; thickening or thinning of the ven¬ 
tricular wall; subcutaneous, mesenteric, and 
pulmonary edema; hydrothorax; hepato¬ 
megaly; and ascites. Histologically there 
is fibrosis, myocardial degeneration, 
and vacuolation of cardiomyocytes and 
infiltration of mononuclear cells into the 
myocardium. In some cases, interstitial 
nonsuppurative nephritis is present. Using 
electron microscopy, the sarcoplasm of the 
hypertrophic fibers is seen to be filled with 
fine structures of low electron-density, 
together with thin filamentous material, 
suggesting myofibrillar lysis. 

The disease is inherited as an autosomal 
recessive gene located on bovine chromo¬ 
some 18. 1 Following introduction of an erad¬ 
ication program based on culling of carriers 
in the sire population, the incidence in Swit¬ 
zerland has decreased. 
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INHERITED VENTRICULAR 
SEPTAL DEFECT 

Ventricular septal defects are common in 
food animals; reports of their occurrence in 
lambs and Hereford cattle suggest that the 
condition can be inherited. 

INHERITED AORTIC ANEURYSM 

An inherited defect of the abdominal aorta, 
resulting in a high mortality rate from 
intraabdominal hemorrhage, has been 


observed in an unidentified breed of cattle in 
Holland and is an important feature in 
Marfan syndrome of humans. 

BOVINE MARFAN SYNDROME 

A model of human Marfan syndrome, this 
disease of cattle is an autosomal dominant 
disorder caused by mutations in the fibril¬ 
lin-1 gene. 1 It is manifested primarily by car¬ 
diovascular lesions and signs but lacks the 
skeletal abnormalities of the human disease. 
Necropsy lesions include aortic and pulmo¬ 
nary artery aneurysm, with consequent 
cardiac tamponade in some cases. Fragmen¬ 
tation of elastic laminae in the vessels is also 
characteristic. 
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Diseases of the 
Pericardium 

PERICARDITIS 


SYNOPSIS 


Etiology Traumatic, extension from other 
infection, as a component of infections 
causing polyserositis, or idiopathic 

Epidemiology Poorly defined other than for 
traumatic pericarditis in cattle 

Clinical findings Friction sound initially, 
followed by muffling of the heart 
sounds, venous congestion, decreased 
pulse pressure, and congestive heart 
failure 

Clinical pathology Pericardiocentesis, 
echocardiography, radiography 

Necropsy findings Inflammation, fibrin 
and fluid, in pericardial sac; fibrous 
pericarditis 

Diagnostic confirmation Triad of muffling of 
the heart sounds, venous congestion, 
decreased pulse pressure; 
pericardiocentesis, echocardiography 

Treatment Antimicrobials and drainage; poor 
prognosis and supportive treatment 


ETIOLOGY 

Pericarditis is not common but presents in 
three general forms—effusive, fibrinous, and 
constrictive—although combinations of one 
or more of the three forms can occur. Effu¬ 
sive pericarditis is characterized by the 
accumulation of a protein-rich fluid within 
the pericardial sac. Subsequent fibrin deposi¬ 
tion can lead to fibrinous pericarditis, and 
if fibrin within the pericardial sac matures to 
fibrous tissue and fibrosis of the pericardium 
or epicardium then constrictive pericarditis 
will result. Traumatic pericarditis, perfora¬ 
tion of the pericardial sac by an infected 
foreign body, is common only in cattle. 
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Traumatic pericarditis is also recorded in the 
horse and in a lamb. Localization of a blood- 
borne infection occurs sporadically in many 
diseases. Direct extension of infection from 
pleurisy or myocarditis may also occur in all 
animals, but the clinical signs of pericarditis 
in such cases are usually dominated by those 
of the primary disease. 

In most cases of pericarditis in horses no 
causative agent is isolated. There is usually a 
history of upper or lower respiratory tract 
disease. Most cases are fibrinous or septic 
and associated with systemic inflammatory 
response syndrome, 1 but an eff usive non- 
septic form is also described and has been 
called idiopathic effusive pericarditis. Peri¬ 
carditis in horses occurs predominantly in 
adults. Idiopathic effusive pericarditis has 
been diagnosed in two dairy cows. 

Cattle 

• Mannheimia haemolytica 

• Black disease (if patients survive more 
than 24 hours) 

• Sporadic bovine encephalomyelitis 

• Haemophilus spp., including Histophilus 
somni 

• Tuberculosis 

• Pseudomonas aeruginosa 

• Mycoplasma spp. 

• Klebsiella pneumoniae 

• Actinobacillus suis 

• Malignant peripheral nerve sheath 
tumor in the right atrium, epicardium, 
and pericardium 2 

• Idiopathic effusive (nonseptic) 
pericarditis. 

Horses 

• Streptococcus spp., including S. equi 
subsp. equi, S. equi subsp. zooepidemicus 
and S. faecalis 

• Tuberculosis 

• Corynebacterium pseudotuberculosis 

• Actinobacillus equuli 

• In association with EHV-1 infection 

• Effusive, fibrinous pericarditis in horses 
during outbreaks of mare reproductive 
loss syndrome associated with exposure 
to Eastern Tent Caterpillars or similar 
species. 

Sheep and Goats 

• Pasteurellosis 

• Staphylococcus aureus 

• Mycoplasma spp. 

Pigs 

• Pasteurellosis 

• Mycoplasma spp. especially M. hyorhinis 

• Haemophilus spp. (Glasser’s disease and 
pleuropneumonia) 

• Streptococcus spp. 

• Salmonellosis 

PATHOGENESIS 

In the early stages, inflammation of the 
pericardium is accompanied by hyperemia 


and the deposition of fibrinous exudate, 
which produces a friction sound when the 
pericardium and epicardium rub together 
during cardiac movement. As effusion devel¬ 
ops the inflamed surfaces are separated, the 
friction sound is replaced by muffling of the 
heart sounds, and the accumulated fluid 
compresses the atria and right ventricle, pre¬ 
venting their complete filling. Congestive 
heart failure follows. A severe toxemia is 
usually present in suppurative pericarditis 
because of the toxins produced by the bac¬ 
teria in the pericardial sac. Gas will occur 
along with fluid in the sac if gas-producing 
bacteria are present. If sufficient gas is 
present, the classical washing machine 
sound of fluid splashing with each heart beat 
will be auscultated. This is not as common 
in clinical cases as muffling of the heart 
sounds. 

In the recovery stage of nonsuppurative 
pericarditis the fluid is reabsorbed and adhe¬ 
sions form between the pericardium and 
epicardium to cause an adhesive pericarditis, 
but the adhesions are usually not sufficiently 
strong to impair cardiac movement. 

In suppurative pericarditis the adhe¬ 
sions that form become organized, starting 
on day 4 to 6, and may cause complete 
attachment of the pericardium to the epicar¬ 
dium, or this may occur only in patches to 
leave some loculi, which are filled with 
serous fluid. In either case restriction of 
cardiac movement will probably be followed 
by the appearance of congestive heart failure. 

CLINICAL FINDINGS 

In the early stages there is pain, avoidance 
of movement, abduction of the elbows, 
arching of the back, and shallow abdominal 
respiration. Pain is evidenced on percussion 
or firm palpation over the cardiac area of the 
chest wall, and the animal lies down care¬ 
fully. A pericardial friction sound is detect¬ 
able on auscultation of the cardiac area. The 
temperature is elevated to 39.5°C to 41°C 
(103°F-106°F) and the pulse rate is increased. 
Associated signs of pleuritis, pneumonia, 
and peritonitis may be present. 

In most cases of pericarditis caused by 
traumatic reticuloperitonitis, hematogenous 
infection, or spread from pleuritis the second 
stage of effusion is manifested by muffling of 
the heart sounds, decreased palpability of the 
apex beat, and an increase in the area of 
cardiac dullness with decreased amplitude of 
the peripheral pulse. If gas is present in the 
pericardial sac, each cardiac cycle may be 
accompanied by splashing sounds. Signs of 
congestive heart failure become evident. 
Fever is present, the heart rate is markedly 
increased, and toxemia is severe, although 
this varies with the types of bacteria present. 
This is the most dangerous period, and 
affected animals usually die of congestive 
heart failure, or of toxemia, in 1 to 3 weeks. 
Those that survive pass through a long 
period of chronic ill health during which the 


toxemia subsides relatively quickly, but con¬ 
gestive heart failure diminishes slowly. In 
this stage of chronic pericarditis additional 
signs of myocarditis may appear. The heart 
sounds become less muffled and fluid sounds 
disappear altogether or persist in restricted 
areas. Complete recovery is not common. 
Idiopathic hemorrhagic effusive (nonseptic) 
pericarditis has been reported in a small 
number of cattle; three of these cattle lived 
for months after initial diagnosis and treat¬ 
ment with pericardial drainage and cortico¬ 
steroid treatment but subsequently died 
from epicardial lymphosarcoma. 4 

In the horse, both the idiopathic effusive/ 
fibrinous and the septic forms of pericarditis 
present with marked muffling of the heart 
sounds, tachycardia, distension of the jugular 
veins, and subcutaneous edema of the ventral 
body wall. A nonseptic pleural effusion is 
also often present in cases of septic pericar¬ 
ditis in the horse but not in idiopathic effu¬ 
sive pericarditis. 

CLINICAL PATHOLOGY 

A marked leukocytosis and neutrophilia, 
as well as hyperglobulinemia, are usually 
present in traumatic pericarditis because this 
has many of the characteristics of a large 
internal abscess. In the other forms of peri¬ 
carditis changes in the blood depend on the 
other lesions present and on the causative 
agent. In the stage in which effusion occurs 
a sample of fluid may be aspirated from the 
pericardial sac and submitted for bacterio- 
logic examination. This technique is not 
without danger, as infection may be spread 
to the pleural cavity. 

Pericardial fluid can also be examined 
cytologically but usually the smell (reminis¬ 
cent of retained placenta and toxic metritis 
in cattle) is sufficiently diagnostic in cattle 
with traumatic pericarditis. In septic pericar¬ 
ditis the fluid represents an inflammatory 
response, whereas in idiopathic effusive 
pleuritis in horses there are very few cells in 
the sediment. Mean right ventricular dia¬ 
stolic and intrapericardial fluid pressures are 
increased in a corresponding manner in 
cows with clinical signs of right-sided heart 
failure. Cattle with muffled heart sounds and 
a large pericardial fluid volume also have a 
decrease in cardiac output to approximately 
two-thirds of normal values. 

Electrocardiography can aid in diagno¬ 
sis. Electrocardiographic changes include 
sinus tachycardia and, in animals with 
right-sided heart failure and hydrothorax, 
diminished amplitude of the QRS complex. 
Contrary to popular belief, hydropericar¬ 
dium in the absence of hydrothorax leads 
to an increase, and not a decrease, in 
QRS amplitude. Moreover, removal of large 
volumes of pericardial fluid does not usually 
result in an immediate change in QRS 
amplitude. Also contrary to popular belief, 
electrical alternans is not commonly present 
in dogs and humans with pericardial 
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effusion and if present, occurs only within a 
narrow range of heart rates. The prevalence 
of electrical alternans is unknown in large 
animals with pericardial effusion but is sus¬ 
pected to be extremely low because the peri¬ 
cardium and heart are much more fixed in 
position within the thorax. 

Radiography may be of diagnostic value, 
with six of seven cows having a gas-fluid 
interface present on standing lateral thoracic 
radiographs. Radiography has the additional 
benefit of potentially identifying the location 
of the penetrating wire; this information 
would assist surgical removal of the wire via 
a rumenotomy. Radiography may also aid in 
the clinical differentiation of pericardial effu¬ 
sion from pleural effusion. 

Echocardiography is the most valuable 
diagnostic procedure and will show the pres¬ 
ence of fluid in the pericardial sac and the 
presence or absence of fibrin deposition on 
the epicardium. In cattle with traumatic 
reticulopericarditis, hepatic ultrasonography 
reveals hepatic congestion, manifested as 
round liver margins; a round and dilated 
CVC; and a dilated portal vein. 3 ' 5 ' 6 

NECROPSY FINDINGS 

In the early stages there is hyperemia of the 
pericardial lining and a deposit of fibrin. 
When effusion occurs, there is an accumula¬ 
tion of turbid fluid, and tags of fibrin are 
present on the greatly thickened epicardium 
and pericardium. Gas may also be present 
and the fluid may have a putrid odor. When 
the pericarditis has reached a chronic stage, 
the pericardium is adherent to the epicar¬ 
dium over a greater or lesser part of the 
cardiac surface. Loculi containing serous 
fluid often remain. Embolic abscesses may be 
present in other organs. Lesions typical of the 
specific causative diseases listed earlier are 
described under their specific headings. 


DIFFERENTIAL DIAGNOSIS 


• Pleuritis 

• Cardiac valvular disease 

• Mediastinal abscess 

• Hydropericardium occurs in congestive 
heart failure, mulberry heart disease of 
pigs, herztod of pigs, gossypol poisoning, 
clostridial intoxications of sheep, and 
lymphomatosis 


TREATMENT 

Antibacterial treatment of the specific infec¬ 
tion should be undertaken if possible on the 
basis of susceptibility of organisms cultured 
from the pericardial fluid. When the inciting 
agent cannot be grown, a broad-spectrum 
antibiotic or a combination to give a broad 
spectrum is used. A combination of penicil¬ 
lin and gentamicin is common and provides 
cover of the likely organisms associated with 
this infection. Pericardiocentesis, copious 
lavage with warmed 0.9% NaCl solution, and 
drainage should be conducted as required to 


relieve the fluid pressure in the pericardial 
sac and decrease the transmural pressure 
gradient across the atrial and ventricular 
walls and caudal and cranial vena cava, facili¬ 
tating diastolic filling. Pericardiocentesis 
should be ideally performed under ultraso¬ 
nographic guidance and with electrocardio¬ 
graphic monitoring. 

The prognosis varies with the etiologic 
agent, but it is generally grave in cases of 
septic pericarditis in horses mainly because 
the stage of effusion is followed by one of 
fibrosis and constrictive pericarditis. Success 
in treatment of a series of six cases of septic 
pericarditis in the horse is recorded with 
the use of indwelling pericardial drains 
to allow twice-daily lavage and drainage 
and the instillation of antibiotics directly 
into the pericardial sac. This allows high con¬ 
centrations of antimicrobial agents, and the 
twice-daily infusion of 1 to 2 L of fluid may 
help prevent the development of constrictive 
pericarditis. In cattle thoracotomy and peri¬ 
cardiotomy are used to establish drainage or 
to allow marsupialization of the pericardium 
to the body wall. Low treatment success rates 
are generally reported for the disease in cattle 
with or without surgical drainage, and it is 
likely that cases that responded to fifth rib 
resection and pericardial marsupialization 
would have responded to pericardial drain¬ 
age and intrapericardial lavage and antimi¬ 
crobial administration. 

There is a more favorable prognosis for the 
treatment of idiopathic effusive pericarditis 
in horses and cattle with aggressive therapy 
and the use of pericardiocentesis, pericardial 
drainage and lavage, intrapericardial water- 
soluble antibiotics, and systemic corticoste¬ 
roid or NSAIDs is an effective therapy.' In 
cattle with pericardial effusion caused by 
cardiac lymphoma, repeated pericardiocen¬ 
tesis was effective in maintaining a good 
quality of life for 4 weeks associated with 
increased milk production; this treatment 
may be considered in late gestation cows with 
cardiac lymphoma and no evidence of metas¬ 
tasis to optimize delivery of a viable fetus. 3 
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Diseases of the 
Blood Vessels 

ARTERIAL THROMBOSIS, 
EMBOLISM, AND RUPTURE 


SYNOPSIS 


Etiology Arteritis leading to thrombus 
formation causes ischemia of the tissues 
supplied by the affected artery; rupture of 
abdominal arterial aneurysm in cattle; 
rupture of the aorta in the Friesian horse. 

Clinical findings Reduced function or 
ischemic necrosis vary with the site of the 
obstruction. Aortoiliac thrombosis manifests 
with lameness, muscular weakness, and 
decreased pulse amplitude in affected leg. 
Arterial rupture associated with massive 
acute hemorrhage. 

Clinical pathology Leukocytosis, 

hyperfibrinogenemia, and elevated serum 
concentrations of muscle enzymes are seen 
in some cases. Ultrasound is more sensitive 
for diagnosis than rectal palpation. 

Necropsy findings Thrombosis and embolic 
lesions, muscle ischemia and necrosis, 
abdominal or thoracic hemorrhage in 
arterial rupture. 

Diagnostic confirmation Ultrasonography 
for aortoiliac thrombosis. 

Treatment Fibrinolytic enzymes; surgical 
removal of thrombus. 


ETIOLOGY 

Injury to vascular endothelium, alteration 
to normal blood flow (turbulence or stasis), 
and alterations to the coagulability of blood 
can predispose thrombosis and thrombo¬ 
embolism. Weakness to the arterial wall 
can lead to aneurysmal formation and, in 
some animals, rupture of the artery and 
massive acute intraabdominal or intratho- 
racic hemorrhage. 

Coagulopathies 

Coagulopathies and disseminated intravas¬ 
cular coagulation are important in the 
pathogenesis of thromboembolism, which 
occurs in many infectious diseases. 

Parasitic Arteritis 

• Strongylus vulgaris in horses. Migrating 
larvae cause arteritis of the anterior 
mesenteric artery, iliac arteries, and base 
of aorta as well as occasionally cerebral, 
renal, or coronary arteries. This is a 
major cause of arteritis and associated 
clinical disease in horses. 

• Aortoiliac thrombosis in horses. There is 
some controversy over the etiology of 
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this disease. It may result from 
strongyle-related thromboembolism 
with organization of thrombi and their 
incorporation into the arterial wall with 
centripetal development of progressive 
thrombosis. Alternatively, spontaneous 
degenerative vascular disease of 
unknown etiology, but particularly at 
the aortic quadrifurcation, may result in 
thrombosis in the area and subsequently 
thromboembolism of more distal 
vessels. 

• Onchocerciasis and elaeophoriasis in 
cattle, sheep, goats, and horses. 

Viral Arteritis 

• Important in pathogenesis of several 
viral diseases, including malignant 
catarrhal fever, equine viral arteritis, 
African swine fever, hog cholera, 
bluetongue, and African horse sickness. 

Bacterial Arteritis 

• Including septicemic salmonellosis, 
erysipelas, Histophilus somni, 
Haemophilus pleuropneumoniae, and 
pasteurellosis 

Embolic Arteritis and 
Thromboembolism 

• From vegetative endocarditis or emboli 
from arterial thrombus in various sites 

• Hyperlipemia and hyperlipidemia in 
horses 

• Fat emboli following surgery 

• Associated with subclinical Salmonella 
Dublin infection in calves 

• Rupture of abscesses into blood vessels 
(pulmonary embolism resulting from 
caudal vena caval thrombosis or jugular 
thrombosis) 

• From indwelling catheters 

Microangiopathy 

• Vitamin E/selenium deficiency 

• Cerebrospinal angiopathy 

• Terminal in most septicemic disease 

Calcification 

• Enzootic calcinosis 

• Arterial calcification in horses 1 

• Vitamin D toxicity 

• Chronic hypomagnesemia in calves 

• Lymphosarcoma in some horses 

Vasoconstrictive Agents 

• Ergot poisoning 

• Fescue poisoning 

EPIDEMIOLOGY 

Clinical atherosclerosis occurs rarely in farm 
animals. It has been recorded in a horse 
in which sufficient vascular obstruction 
occurred to cause severe central nervous 
signs and a fatal outcome. Spontaneous ath¬ 
erosclerosis is a common necropsy finding in 
swine, cattle, goats, horses, and wild animals 
but is not associated with clinical disease. 


Arteriosclerosis and calcification are major 
findings in enzootic calcinosis and occur 
following overdosing with vitamin D or its 
analogs in the prevention of milk fever in 
cattle and in hypomagnesemia in calves. 
Arterial calcification appears to be common 
in racehorses but its pathogenesis and clini¬ 
cal significance remain unknown. 1 

PATHOGENESIS 

In parasitic arteritis, inflammation and 
thickening of the arterial wall result in the 
formation of thrombi, which may partially or 
completely occlude the artery. The common 
site is in the anterior mesenteric artery; 
obstruction of this vessel causes recurrent 
colic or fatal ischemic necrosis of a segment 
of the intestine. Less common sites include 
the origin of the iliac artery at the abdominal 
aorta causing iliac thrombosis, the base of 
the aorta leading to rupture and hemoperi- 
cardium, and the coronary arteries causing 
myocardial infarction. 

With other causes of arteritis, the clinical 
syndrome is dependent on the site of arteritis 
or embolism. Arteritis associated with bacte¬ 
rial and viral infections is usually widespread 
and several organ systems are involved. Bac¬ 
terial emboli have a predilection to lodge 
in the 

• Vascular plexuses in the kidney to 

produce renal disease 

• Synovial membranes to produce 

arthritis and tenosynovitis 

• Endocardium to produce endocarditis 
Less common is that they may lodge in other 
vascular plexuses such as the rete cerebri. 
Large emboli that lodge in the pulmonary 
arteries cause anoxic anoxia. Embolism in 
the renal artery causes acute cortical necrosis 
and gross hematuria. 

Vasoconstrictive alkaloids produced by 
Claviceps purpurea infestation of grass seed 
heads and Acremonium coenophalium, which 
infests Festuca arundinaceae and Folium 
perenne, cause arteriolar constriction and 
result in ischemic necrosis and gangrene of 
distal extremities in cattle. 

CLINICAL FINDINGS 

The clinical findings in mesenteric vermin¬ 
ous arteritis of horses and renal and myocar¬ 
dial infarction, gangrene associated with C. 
purpurea, or endophyte infestation of grasses 
and other diseases listed earlier are described 
elsewhere under those headings. The clinical 
signs of aortoiliac thrombosis and pulmo¬ 
nary embolism are described here. 

Aortoiliac Thrombosis in the Horse 

Aortoiliac thrombosis is most common in 
racehorses but occurs in other breeds. It is 
primarily a disease of horses of over 3 years 
of age. Either one or both hindlegs may be 
involved. Diagnosis rarely occurs during the 
early stages because clinical signs are thought 
to only occur when >75% of arterial flow is 
compromised. 2 The clinical manifestations 


vary according to the stage of progression of 
the disease and are associated with ischemia 
of the hindlimbs. 

Early mild cases are usually detected in 
racehorses or horses subjected to maximal 
exertion in which the disease may be a cause 
of poor performance. In early cases there is 
lameness only on exercise, and the animal 
returns to normal after a short rest. If the 
horse is forced to work when lameness devel¬ 
ops, the signs may increase to resemble those 
of the acute form. The lameness takes the 
form of weakness, usually of one hindlimb, 
which tends to give way, especially when the 
animal turns on it. Frequent lifting of the 
foot or cow-kicking may also be shown. In 
more severe cases, lameness or refusal to 
work may be evident after minimal exercise. 

The disease is chronic and progressive, 
but occasionally the onset may be acute. In 
the acute form there is great pain and 
anxiety and the pulse and respiration rates 
are markedly increased. Profuse sweating 
may be evident, but the affected limb is 
usually dry and may be cooler than the rest 
of the body. The pain is often sufficiently 
severe to cause the animal to go down and 
refuse to get up. Suspect animals should be 
examined following exercise. 

• The affected limb is cool from the 
midgaskin distally, and there is usually 
diminished or variable sweating over 
this area. 

• The amplitude of the pulse in the 

common digital artery is less in the 
affected limb than in the normal limb or 
the front limbs. 

• Slow filling of the saphenous vein of 

the affected limb can usually be detected. 

• Palpable abnormalities on rectal 
examination include enlargement and 
firmness of the aortic quadrifurcation, 
irregularity and asymmetry of the 
internal and external iliac arteries, and 
decreased amplitude or absence of an 
arterial pulse. 

Recovery by the development of collat¬ 
eral circulation or shrinkage of the throm¬ 
bus is unlikely to occur, and the disease is 
usually chronically progressive with a poor 
prognosis. 

Until recently the detection and diagnosis 
of the occurrence of this abnormality was 
limited to horses showing clinical signs and 
horses in which abnormality could be pal¬ 
pated on rectal examination. Ultrasonogra¬ 
phy is a more sensitive method of detection 
than rectal palpation. The use of ultrasonog¬ 
raphy as a diagnostic technique may lead to 
a better definition of the occurrence of this 
disease and ultimately its pathogenesis. Iliac 
thrombosis may also be associated with 
impotence in stallions caused by failure to 
mount or accompanied by testicular atrophy. 
It has also been associated with a syndrome 
of ejaculatory failure in which the stallion 
has excellent libido, good coupling, and vig¬ 
orous thrusting but a failure to ejaculate. The 
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reason for this manifestation is not known, 
but it is postulated that the enlarged arteries 
might impinge on the caudal mesenteric 
plexus and the hypogastric nerve. 

Brachial artery thrombosis is rare in 
horses and may occur in neonates because of 
septicemia or the presence of an atrial septal 
defect and for unknown reasons in an adult. 
Affected animals may appear lame on one or 
both front limbs with decreased temperature 
and pulse amplitude of the peripheral limb. 3 

Aortoiliac Thrombosis in Calves 

Aortic and iliac artery thrombosis is reported 
as an occasional disease of unknown etiology 
in calves less than 6 months of age. Affected 
calves have a rapid onset of ataxia, paresis, or 
paralysis of one or both hindlimbs and in 
some cases the tail. Within 24 hours of onset 
the calves do not bear weight on the affected 
leg and, in calves affected in both hindlimbs, 
signs initially occur in a single limb. Affected 
legs are cold to touch, especially distal to 
the stifle; have poor muscle tone; and the 
withdrawal reflex and deep pain sensation 
is absent in the distal portions. 4 Typically, 
the saphenous artery pulse is markedly 
reduced in amplitude or absent. Subcutane¬ 
ous swelling and crepitation is present in 
some affected animals. 

Transabdominal ultrasonography of the 
aorta has been performed in the calf using a 
3.5-MHz sectorial probe with the calf in 
lateral recumbency. A thrombus was easily 
visualized at the junction of the internal and 
external iliac arteries, and color flow Doppler 
evaluation can be used to quantify blood 
flow through the lesion and change in this 
parameter over time. 3 Thrombosis at the 
terminal part of the aorta and the iliac 
quadrifurcation is found at postmortem 
examination. The umbilical arteries arise 
from the iliac arteries near the iliac quadri¬ 
furcation, and it is thought that thrombus 
formation in the iliac arteries combined with 
E. coli septicemia predisposes to this disease. 

Pulmonary Embolism 

Severe dyspnea develops suddenly and is 
accompanied by profuse sweating and 
anxiety. The temperature and pulse rate are 
elevated, but the lungs are normal on auscul¬ 
tation. In horses the signs usually pass off 
gradually in 12 to 24 hours, but in cattle the 
hypoxemia may be more severe and cause 
persistent blindness and imbecility. Infected 
emboli may lead to more severe pulmonary 
embolic disease with arteritis and pulmo¬ 
nary abscessation. There is pulmonary 
hypertension, and cor pulmonale is a possi¬ 
ble sequel. Pulmonary arteritis and aneu¬ 
rysm may be followed by rupture and 
pulmonary hemorrhage and hemoptysis. 

Rupture of Abdominal Artery 
Aneurysm in Holstein-Friesian Cattle 

Abdominal artery rupture secondary to an 
aneurysm occurs sporadically and very 


rarely, with a case series of 33 cases being 
reported over a 25-year period in upstate 
New York. 6 Affected cattle are 2 to 6 years of 
age and all were of the Holstein-Friesian 
breed. Cattle are found dead without any 
signs of illness. Histologic examination indi¬ 
cates a marked disruption of the tunica 
media and a decreased amount of elastin in 
the artery at the site of the rupture. The 
lesions were consistent with chronic damage 
to the arterial wall and acute rupture and 
massive acute hemorrhage. 

CLINICAL PATHOLOGY 

Extensive thrombus formation is usually 
associated with a leukocytosis and a shift to 
the left, and there is an increase in serum 
fibrinogen concentration. In the majority of 
cases of iliac thrombosis serum aspartate 
aminotransferase (AST) and CK activities are 
within the normal range both before and after 
exercise, but in severe cases there may be 
enzymic evidence of myonecrosis with sec¬ 
ondary hyperkalemia and uremia. Elevated 
serum CK and aspartate transaminase activi¬ 
ties are present in aortic and iliac thrombosis 
in calves. Angiography or ultrasonography is 
used for diagnostic confirmation. 

NECROPSY FINDINGS 

Obstruction of the affected artery is easily 
seen when it is opened. The thrombus or 
embolus is adherent to the intima and is 
usually laminated. Local or diffuse ischemia 
or infarction may be evident if the embolus 
has been present for some time and may have 
progressed to the point of abscess formation. 


DIFFERENTIAL DIAGNOSIS 


Aortoiliac thrombosis in the horse 

• Paralytic myoglobinuria 

• Hyperkalemic periodic paralysis 

Aortoiliac thrombosis in calves 

• Vertebral osteomyelitis (spinal abscess) 

• White muscle disease 

• Vertebral fracture 

• Clostridial myositis 

• Pulmonary embolism 

• Pneumonia 


TREATMENT 

Treatment with parenteral anticoagulants or 
enzymes is performed rarely, and reported 
treatment successes are based on small 
numbers of cases without an untreated 
control for comparison. Variable doses of 
aspirin (12-100 mg/kg orally every 8-48 
hours) have been administered to affected 
horses to prevent thrombus growth by inhib¬ 
iting platelet aggregation; however, oral bio¬ 
availability appears variable in the horse, no 
doubt resulting in the large range in dosage 
protocols. Aspirin does not inhibit platelet 
aggregation in the cow, therefore, aspirin is 
not indicated as part of the treatment of 
thrombosis in cattle. Low molecular weight 
heparin (such as dalteparin at 50 U/kg sub¬ 


cutaneously every 24 hours) has been admin¬ 
istered to horses to prevent thrombus growth, 
but may be cost-prohibitive. Unfractionated 
heparin (15-80 U/kg subcutaneously every 
12 hours) is much less expensive than low 
molecular weight heparin but has unpredict¬ 
able efficacy in horses and can result in unde¬ 
sirable side effects such as thrombocytopenia 
and erythrocyte agglutination. Warfarin 
(0.018 mg/kg orally every 24 hours) is usually 
used because of its low cost, ease of admin¬ 
istration, wide availability, and suitability for 
long-term administration. 2 

There are several records of positive 
results in iliac thrombosis in horses after the 
IV injection of sodium gluconate or fibrino¬ 
lytic enzymes such as recombinant tissue 
plasminogen activator, and retrograde cath¬ 
eterization of the ventral coccygeal artery 
can allow the deposition of these materials at 
high local concentrations. Ivermectin and 
fenbendazole are commonly administered to 
horses to address S. vulgaris as a potential 
initiating agent. Many other adjunctive 
treatments have been administered, includ¬ 
ing butylscopolamine bromide, metamizole, 
acepromazine, isoxsuprine, and pentoxifyl¬ 
line, but case numbers are too few to 
comment on their efficacy. A gradually 
increasing exercise program may improve 
collateral circulation. Surgical treatment is 
recorded by partial or complete removal of 
the thrombus with a thrombectomy catheter. 
Treatment response can be monitored clini¬ 
cally, by palpation of arterial pulses during 
per rectal palpation, or most accurately by 
periodic transrectal Doppler ultrasonogra¬ 
phy of the affected artery. 

Stallions with ejaculatory failure have had 
some success at service following treatment 
with phenylbutazone to reduce pain and 
gonadotropin-releasing hormone to maxi¬ 
mize sexual arousal and lower the ejacula¬ 
tory threshold. 
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PURPURA HEMORRHAGICA 


SYNOPSIS 


Etiology Deposition of immune complexes in 
the walls of capillaries with subsequent 

Continued 
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vasculitis and extravasation of blood and 
plasma. 

Epidemiology Sporadic disease of horses, 
and rarely cattle and pigs; the disease in 
horses is often associated with upper 
respiratory tract disease, especially S. equi 
infection. 

Clinical signs Swellings of the head, limbs, 
and body; the swellings are usually 
asymmetric, not painful on palpation and 
pit with gentle pressure. Tachycardia and 
tachypnea are characteristic. Petechial 
hemorrhages are present in mucosal 
surfaces. Skin of the limbs might slough. 

Clinical pathology Nonspecific; 
thrombocytopenia is not present. 

Diagnostic confirmation Clinical signs, skin 
biopsy. 

Treatment Corticosteroids (dexamethasone) 
and antibiotics; supportive care. 


ETIOLOGY 

The disease is acute and noncontagious. The 
cause of the vasculitis that characterizes 
purpura hemorrhagica is likely the deposi¬ 
tion of complexes of antigen and immuno¬ 
globulin in the walls of capillaries and small 
blood vessels. The disease appears to be 
immune complex mediated and caused by 
a type III hypersensitivity reaction. The 
common association of the disease is with S. 
equi infection of the upper respiratory tract. 
The high concentrations of antibodies to the 
S. equi M protein in affected horses and 
the presence of complexes of IgA and strep¬ 
tococcal M protein in sera are evidence that 
the disease is associated with an immune 
reaction to streptococcal protein. The 
immune complexes are not found in the 
serum of horses recovering from S. equi 
infection that do not have purpura hemor¬ 
rhagica. However, in many instances there is 
no history of streptococcal infection. There 
is a suggestion that the disease might be 
associated with an adverse reaction to thera¬ 
peutic drugs. Vaccination using modified 
live S. equi, M protein vaccines, or killed S. 
equi vaccines is suspected of inducing the 
disease. 1,2 

EPIDEMIOLOGY 

Purpura hemorrhagica is an uncommon, 
noncontagious, sporadic disease of horses. It 
has also been recorded in pigs and cattle. 
Estimates of the incidence of the disease are 
uncommon and imprecise. There was an 
incidence of 27 cases in 1438 horses housed 
over a 3-year period in a Swedish Army 
remount facility. All cases of purpura hemor¬ 
rhagica followed upper respiratory infec¬ 
tions, of which 11 were typical of strangles. 
Only a small proportion of horses are affected, 
but the incidence is highest when extensive 
outbreaks of strangles occur, possibly because 
of reinfection with streptococci of horses 
already sensitized by previous infection. 


Of 53 horses with purpura hemorrhagic 
treated at a referral center, 17 had been 
exposed to or infected with S. equi, 5 had 
been vaccinated with S. equi M protein, 9 had 
been infected with C. pseudotuberculosis, and 
5 had a history of apparently infectious respi¬ 
ratory disease of undiagnosed cause. Fifteen 
of 53 horses had no history of recent infec¬ 
tious disease. 

Among clinicians there is a strong suspi¬ 
cion of an association between purpura 
hemorrhagica and vaccination. However, 
vaccination against S. equi infection has not 
been clearly demonstrated to be a risk factor 
for purpura hemorrhagica. Certainly, cases 
of purpura do occur in horses that have been 
vaccinated against strangles, but presumably 
there was a high probability that such horses 
were at increased risk of developing stran¬ 
gles. The consensus is that vaccination with 
vaccines containing M protein or avirulent S. 
equi is associated with increased risk of 
purpura. Edema of the lower limbs does 
occur after vaccination with streptococcal M 
protein and may represent a mild form of the 
disease. It is recommended by some authori¬ 
ties that horses with high serum antibody 
titers to streptococcal M protein not be vac¬ 
cinated against strangles, although definitive 
data to support this recommendation are not 
available. 

There does not appear to be breed, age, or 
sex predisposition to the disease. Horses as 
young as 6 months of age, and possibly 
younger, can be affected. 

The case-fatality rate with appropriate 
treatment is approximately 10%. Purpura 
accounted for 2% and 8% of 2028 and 1245 
deaths among horses shipped from the UK 
and the United States, respectively, to South 
Africa during the Boer War. This mortality 
rate was before the advent of antimicrobials 
or corticosteroids, which have presumably 
decreased the case-fatality rates. 

PATHOGENESIS 

The basis of the disease process is an aseptic 
vasculitis of capillary walls accompanied by 
extravasation of plasma and blood into the 
tissues. Thrombocytopenia does not occur, 
and there is a defect in coagulation in most 
cases. Prolonged clotting times (activated 
clotting time, partial thrombin time, and 
thromboplastin time) occur in severely 
affected horses with infarctive purpura hem¬ 
orrhagica. Skin lesions predominate but 
other organs, including the kidney, muscles, 
and gastrointestinal tract, are affected. 

CLINICAL FINDINGS 

Affected horses are usually depressed and 
have reduced or absent appetite. The tem¬ 
perature is elevated in approximately 60% 
of cases, as is the heart rate. Extensive sub¬ 
cutaneous edematous swellings are the 
characteristic sign of the disease. They are 
most common about the face and muzzle 
but are often present on other parts of the 


body and are not necessarily symmetric in 
distribution. The swellings may appear sud¬ 
denly or develop gradually over several days. 
They are cold and painless, pit on pressure, 
and merge gradually into normal tissue 
without a definite line of demarcation. There 
is no discontinuity of the skin, although it 
may be tightly distended and even ooze red- 
tinged serum. Swellings about the head may 
cause pressure on the pharynx with subse¬ 
quent dyspnea and dysphagia. Lesions in the 
lungs are usually not clinically apparent 
without radiographic or ultrasonographic 
examination of the chest. Extensive edema of 
the limbs occurs in almost all cases. Rare 
cases of the disease in horses do not have 
edema. 

Submucous hemorrhages occur in the 
nasal cavities and mouth, and petechiae may 
be present under the conjunctiva in over 
80% of cases. Hemorrhage and edema of 
the gut wall may cause colic, but in most 
cases there is no diarrhea or constipation. 
Severely affected skin, and especially that of 
the legs, may slough and leave granulating 
wounds. 

Infarctive purpura hemorrhagica is an 

uncommon manifestation of the disease 
characterized by infarction of multiple 
tissues including the gastrointestinal tract 
and muscle. 3 Affected horses have signs of 
colic and muscle swelling. The course is 
usually over 3 to 5 days and death, which is 
the most common outcome, and is associ¬ 
ated with severe colic and rapidly deteriorat¬ 
ing metabolic status. Colic is attributable to 
infarctions in the intestine but can be caused 
by intussusception of the small intestine sec¬ 
ondary to infarctive lesions. 4 

The course of the disease is usually 1 to 2 
weeks, and many animals die of blood loss, 
dyspnea caused by laryngeal or pharyngeal 
swelling, and secondary bacterial infections. 
Relapses are uncommon among appropri¬ 
ately treated horses. 

CLINICAL PATHOLOGY 

There are no characteristic abnormalities 
detected on routine hematologic or bio¬ 
chemical examinations of affected animals. 
Hematologic changes are typically a mild 
anemia (usually <32% but >20%, <0.32 L/L 
but >0.20 L/L) with a neutrophilic leukocy¬ 
tosis and hyperfibrinogenemia. The platelet 
count is normal. Hypergammaglobulinemia 
can be present. There is an elevation in 
serum activity of CK and AST in affected 
horses, likely a result of muscle lesions, in 
approximately 25% to 30% of cases. Horses 
with infarctive purpura have marked eleva¬ 
tions in serum activity of CK and AST, neu¬ 
trophilia, and in severely affected horses, 
there is evidence of disseminated intravascu¬ 
lar coagulation. 

Diagnostic confirmation is achieved by 
skin biopsy, especially of early lesions, and 
reveals leukocytoclastic vasculitis. Immuno¬ 
fluorescence staining of sections of skin may 







reveal the presence of antibodies, antigens, 
or complement in the walls of small blood 
vessels. 

NECROPSY FINDINGS 

Ecchymotic and petechial hemorrhages are 
present generally throughout the body. The 
subcutaneous swellings contain plasma, 
which may be bloodstained, or sometimes 
whole blood. The lungs are edematous and 
congested. Histologically, the changes are 
also dominated by bland hemorrhage, but a 
leukocytoclastic vasculitis is usually observed 
in scattered vessels. Samples of lung, muscle, 
and gastrointestinal tract, in addition to skin, 
should be examined via light microscopy to 
check for the presence of vasculitis. 

Horses with infarctive purpura have 
dark red to black, multifocal coalescing 
hemorrhages in skeletal muscles. Hemor¬ 
rhages also occur in the lungs and gastro¬ 
intestinal tract. Histologic examination 
reveals coagulative necrosis of muscle and 
other tissues. There is inflammation of the 
blood vessels. 


DIFFERENTIAL DIAGNOSIS 


Horses 

Causes of edematous swelling include the 
following: 

• Equine viral arteritis and equine 
herpesvirus-1 or equine herpesvirus-4 
infection, which do not have petechiation 
and are readily distinguished by their 
epidemiologic characteristics and by 
serologic testing 

• Equine granulocytic anaplasmosis 
(ehrlichiosis), which can be differentiated 
by the presence of granular inclusions in 
the cytoplasm of neutrophils 

• Congestive heart failure, which should be 
apparent on clinical examination 

• Angioneurotic edema, which is not 
associated with petechiation 

• Stachybotryotoxicosis 

Causes of petechial hemorrhages include the 
following: 

• Equine infectious anemia 

• Thrombocytopenic purpura 

• Stachybotryotoxicosis 

Cattle 

Hemorrhagic septicemia, poisoning by bracken 
fern and sweet clover, thrombocytopenia 
associated with bovine viral diarrhea, and 
stachybotryotoxicosis are more likely the 
causes of a hemorrhagic syndrome than is 
purpura hemorrhagica. 


TREATMENT 

The principles of treatment are to reduce 
inflammation of the blood vessels, remove 
the inciting cause, and provide supportive 
care. Because of the possibility that the 
disease is caused by an adverse drug reac¬ 
tion, administration of any drugs that the 
horse is receiving at the time the disease 
develops should be discontinued. 
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Reduction of inflammation of the blood 

vessels involves mitigation of the immune 
response and removal of the source of the 
antigenic stimulus. The immune response, 
and its associated inflammatory reaction in 
blood vessels, should be treated with cortico¬ 
steroids such as dexamethasone (0.05- 
0.2 mg/kg, IV or intramuscularly every 
24 hours) or prednisolone (0.5-1 mg/kg, 
intramuscularly or IV every 24 hours). Pred¬ 
nisolone might not be as effective as dexa¬ 
methasone. The dose of corticosteroid can 
be gradually reduced as the clinical signs 
improve, and the drug can be given orally. 
NSAIDS (phenylbutazone 2.2 mg/kg orally 
or IV every 12 hours, or flunixin meglumine 
1.1 mg/kg orally or IV every 12 hours) may 
reduce inflammation and provide some 
analgesia. 

Removal of the source of the antigenic 
stimulus of the disease is difficult, especially 
in cases when an antecedent infection or 
disease is not readily identified. On the 
assumption that purpura hemorrhagica is 
often a sequela to S. equi infection, and the 
suspicion that occult S. equi infection is 
present and the source of antigen associated 
with the disease, affected horses are usually 
treated with penicillin G (procaine penicil¬ 
lin, 20,000 IU/kg, intramuscularly every 12 
hours, or potassium penicillin G, 20,000 IU/ 
kg, IV every 6 hours) until the clinical signs 
resolve. Treatment with antibiotics might 
need to be continued for as long as 20 days. 

Supportive care includes bandaging of 
swollen limbs, care of wounds, hydrotherapy, 
and IV fluid administration. Swelling of the 
head and pharynx may necessitate place¬ 
ment of a nasogastric feeding tube to permit 
enteral feeding of dysphagic horses. Respira¬ 
tory distress can develop very rapidly, and 
emergency tracheotomy may be required 
to relieve respiratory distress and prevent 
asphyxiation. 

CONTROL 

There are no specific preventive measures. 
However, control and prevention of upper 
respiratory tract infections in horses should 
lead to a reduction in the incidence of 
purpura hemorrhagica. Careful consider¬ 
ation should be given to the use of vaccines 
containing streptococcal M protein or aviru- 
lent S. equi in horses at low risk of developing 
strangles. Although the relationship between 
M protein-containing vaccines and purpura 
hemorrhagica is not definitive, circumstan¬ 
tial evidence and the opinion of authorities 
in the field support such an association. Mea¬ 
surement of serum antibodies to M protein 
might be useful in determining the need for 
vaccination of horses in endemic areas or 
at high risk. Horses with antibody titers 
>1:3200 should not be vaccinated. 

FURTHER READING 
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VENOUS THROMBOSIS 

The development of thrombi in veins may 
result in local obstruction in venous drain¬ 
age; in liberation of emboli that lodge in the 
lungs, liver, or other organs; and in the devel¬ 
opment of septicemia or of endocarditis. 

THROMBOPHLEBITIS 

Thrombophlebitis is inflammation of the 
vein wall accompanied by the presence 
of thrombosis. Thrombophlebitis typically 
involves the classic triad of (1) blood vessel 
trauma, (2) stasis of blood flow (common in 
severely ill horses), and (3) a hypercoagula- 
ble state. 1 Thrombophlebitis may be caused 
by localization of a blood-borne infection, by 
extension of infection from surrounding dis¬ 
eased tissues, by infection of the umbilical 
veins in the newborn, and by irritant injec¬ 
tions into the major veins. The jugular vein 
is most frequently affected in large animals 
because it is the vein usually used for IV 
injections and catheter placement. 

Thrombophlebitis is a complication 
of injections or catheterization in some 
animals and occurs in all species. It can result 
from damage to the vascular endothelium 
by cannula or indwelling IV catheters, 
inflammation caused by chemical irritation, 
or bacterial invasion from contamination 
during insertion of the needle or catheter or 
migration along the catheter from the skin. 
Clipping of the skin over the jugular furrow 
markedly decreases bacterial counts on the 
skin surface of the horse, as does application 
of two common skin disinfectants, chlorhexi- 
dine and povidone iodine. Clipping allows 
easier visualization of the jugular vein, mini¬ 
mizing trauma during catheterization, and 
minimizes the potential for foreign material 
to be introduced under the skin during cath¬ 
eter placement. 2 The incidence of catheter- or 
injection-related thrombophlebitis is there¬ 
fore thought to be decreased by clipping and 
aseptic preparation of the venipuncture site, 
although direct evidence of this assumption 
appears to be lacking in large animals. Phle¬ 
bitis develops and can be detected clinically 
24 to 72 hours after catheter insertion. A ret¬ 
rospective study of 46 cases in horses indi¬ 
cated that ongoing infectious disease was a 
risk factor for the development of catheter- 
associated thrombophlebitis, and thrombo¬ 
phlebitis is especially common in horses 
with severe gastrointestinal diseases that are 
accompanied by endotoxemia. The catheter 
acts as a nidus for clot formation, particularly 
at the site of insertion into the vein. The cath¬ 
eter tip, depending on its mechanical proper¬ 
ties and blood flow velocity, may resonate 
in the lumen and mechanically damage the 
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adjacent venous endothelium. Horses are 
also at higher risk of thrombophlebitis fol¬ 
lowing surgery. Severely ill cows are also 
more likely to develop jugular vein thrombo¬ 
phlebitis than healthy cows. 

IV injections of irritating materials, 
such as tetracycline, phenylbutazone, 50% 
dextrose, hypertonic solutions of calcium 
gluconate, borogluconate and chloride, or 
hypertonic saline (7.2% NaCl), may cause 
endothelial damage followed by cicatricial 
contraction, with or without thrombus for¬ 
mation. Jugular phlebitis with thrombosis is 
not uncommon in feedlot cattle that have 
received repeated IV antibiotic medication 
and may lead to thromboembolic respiratory 
disease. Accidental injection of irritating 
material around the vein usually causes a 
marked local swelling, sometimes with 
necrosis and local sloughing of tissue, which 
may be followed by cicatricial contraction of 
local tissues. 

Venous thrombi are relatively common 
in strangles in the horse, and may affect 
the jugular veins or the CVC. The odds of 
developing thrombophlebitis are markedly 
increased in horses with fever 3 or concurrent 
endotoxemia, salmonellosis, hypoprotein- 
emia, or undergoing intensive care. Although 
IV administration of phenylbutazone is fre¬ 
quently associated with the development of 
phlebitis and jugular thrombosis at the site 
of injection, one study identified injection 
of phenylbutazone or flunixin meglumine 
through the catheter as protective for the 
development of thrombophlebitis. 3 Massive 
pulmonary thromboembolism probably 
occurs more often as a sequel of systemic 
illness in horses and cattle than is currently 
realized. In a recent case series involving six 
systemically ill horses, emboli that were 
thought to be generated somewhere in the 
venous circulation (particularly associated 
with localized thrombophlebitis) became 
lodged in the pulmonary circulation 4 ; small 
emboli cause local infarcts with minimal to 
no clinical signs. In contrast, lodging of large 
emboli in the pulmonary circulation can 
rapidly lead to bronchoconstriction, tachy¬ 
pnea, cardiac failure, and sudden and unex¬ 
pected death. 

Thrombosis of the CVC caused by hepatic 
abscessation results in embolic pneumonia 
and pulmonary arterial lesions in cows and is 
described together with cranial vena caval 
thrombosis in Chapter 12. Caudal vena caval 
thrombosis can also result from inflamma¬ 
tory foci elsewhere; there is one report of 
thrombosis associated with treatment of 
lameness in a Holstein-Friesian cow that had 
deep digital sepsis that necessitated multiple 
regional IV perfusions. 5 Ultrasonography is 
very helpful in diagnosing caudal vena caval 
thrombosis in adult cattle, and excellent 
images of the thrombus have been obtained 
by placing a 7.5-MHz probe in a sterile rectal 
palpation sleeve during a right flank laparot¬ 
omy with the cow in the standing position. 6 


Less common examples of venous throm¬ 
bosis are those occurring in the cerebral 
sinuses, either by drainage of an infection 
from the face or those caused by the migra¬ 
tion of parasite larvae. Purpling and later 
sloughing of the ears, which occur in many 
septicemias in pigs, are also caused by phle¬ 
bitis and venous thrombosis. Thrombosis of 
the tarsal vein is a complication of infections 
in the claw of cattle and IV administration of 
antimicrobial agents as part of the treatment 
of septic arthritis or the distal interphalan- 
geal joints. 

CLINICAL SIGNS 

Clinical signs of venous thrombosis are 
engorgement of the vein, pain on palpation, 
and local edema. In unsupported tissues 
rupture may occur and lead to fatal internal 
or external hemorrhage. If the venous 
thrombosis is peripheral and on a limb, 
lameness and swelling distal to the venous 
thrombus may be evident.' Thrombosis of 
the portal vein in a neonate may result in 
hyperammonemic encephalopathy. 8 Massive 
pulmonary thromboembolism may be asso¬ 
ciated with acute tachypnea, fever, and col¬ 
lapse, or be clinically inapparent. 4 

Ultrasonographic examination greatly 
assists the diagnosis, and the detection of 
a cavitating area within the thrombus sup¬ 
ports a diagnosis of septic thrombophlebitis. 
Ultrasonographic findings include a dilated 
and incompressible vein, no change in 
luminal volume when gentle pressure is 
applied at the thoracic inlet over the jugular 
furrow to occlude venous flow, a thickening 
of the wall of the vein consistent with phle¬ 
bitis, and the presence of echoic or hypere- 
choic material in the lumen of the vein 
consistent with a thrombus. 1 Ultrasono¬ 
graphic changes are evident 24 hours before 
clinical signs of thrombophlebitis become 
apparent. Angiography can also assist in 
diagnosis but is no longer used with the 
widespread availability of high-resolution 
ultrasonographic units. 

Bacteriologic culture should be attempted, 
preferably from the tip of the removed cath¬ 
eter. A variety of different organisms have 
been isolated from different cases. There are 
no typical findings on clinicopathologic 
examination, but there is often an abnormal 
leukogram and hyperfibrinogenemia. At 
necropsy the obstructed vessel and thrombus 
are usually easily located by the situation of 
the edema and local hemorrhage. 

Diagnosis depends on the presence of 
signs of asymmetric local venous obstruc¬ 
tion that is hot and painful to the touch in 
the absence of obvious external pressure by 
tumor, enlarged lymph nodes, hematomas, 
or fibrous tissue constriction. Veins with 
thrombophlebitis are usually firm and resist 
compression. Pressure of a fetus may cause 
symmetric edema of the perineum, udder, 
and ventral abdominal wall during late preg¬ 
nancy, and can be easily differentiated from 


thrombophlebitis by its symmetry and lack 
of pain. Local edema caused by infective pro¬ 
cesses such as blackleg, malignant edema, 
and peracute staphylococcal mastitis are 
accompanied by fever, severe toxemia, acute 
local inflammation, and necrosis. 

TREATMENT 

The long-term outcome for thrombophlebitis 
is variable. The vein usually becomes recana¬ 
lized and varying degrees of blood flow are 
reestablished; however, the thrombus may 
fibrose without recanalization, restricting 
venous return and causing the development 
of a collateral circulation. 1 Parenteral treat¬ 
ment with antimicrobial agents and hot 
fomentations to external veins to assist drain¬ 
age of purulent material (particularly in 
cattle), or treatment with a topical antiin¬ 
flammatory agent such as 50% dimethyl 
sulfoxide, is usually instituted to remove 
the obstruction or allay the swelling. If a 
catheter is used, it should be immediately 
removed. 

Treatments used for arterial thrombosis 
should theoretically have similar efficacy in 
the treatment of venous thrombosis, but 
usually aggressive treatment is not needed 
unless the venous thrombosis is extensive 
and enlarging. Serial ultrasonographic exam¬ 
inations are very helpful in monitoring 
recanalization of the thrombosed vein and 
measurements of the external jugular vein 
diameters are available for cattle. 
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ELAEOPHORIASIS (FILARIAL 
DERMATITIS IN SHEEP) 

Elaeophora spp. are filarial nematodes that 
inhabit blood vessels. Relatively nonpatho- 
genic species include E. bohmi, which has 
been reported in horses in Austria, and E. 
poeli, which occurs in cattle in Africa and 
Asia. Of greater clinical significance is E. 
schneideri, which is primarily a parasite of 
mule deer 1 and moose 2 in North America. 
Elk, white-tailed deer, and moose may act as 
reservoir hosts. This species causes chronic 
disease in adult sheep grazing at high alti¬ 
tudes during the summer months. Horse 






flies such as Hybomitra and Tabanus spp. are 
intermediate hosts. In sheep, larvae develop 
in the leptomeningeal arteries for 4 to 5 
weeks after which they migrate into the 
common carotid and internal maxillary 
arteries, although they may also be found in 
other arteries. The adults grow to 120 mm in 
length and mature in about 5 months. 

Elaeophorosis usually produces no 
detectable effects in the natural host (the 
mule deer). Clinical signs in abnormal hosts 
attributable to migrating worms are thought 
to be the result of the prolonged sojourn of 
the larvae in smaller blood vessels. This 
reduces blood flow and may result in blind¬ 
ness, deafness, and circling. It also means that 
the larvae are larger when they pass through 
the cerebral retina to get to the common 
carotid and rupture of a rete artery, hemor¬ 
rhage, and death may follow. Further signs 
are caused by the microfilariae. Sheep usually 
show a severe dermatitis on the poll, fore¬ 
head, face, feet, and ventral abdomen. Ini¬ 
tially the lesions are small and circumscribed 
but the irritation produced by them is so 
intense that scratching causes extensive areas 
of bleeding, with a granular surface contain¬ 
ing numerous small abscesses. On the feet, 
the lesions extend from the coronary band to 
above the fetlock and cause a great deal of 
local swelling. Recurrent periods of quies¬ 
cence occur and scabs form over the lesions, 
but 2 to 3 days later scratching recommences 
and the lesions are spread further. The course 
is long, often 7 months and up to 3 years, but 
recovery may eventually occur. Residual 
lesions include deformity of the hooves and 
bare, thickened patches of skin. Lesions also 
occur in the nasal and oral mucosae and on 
the cornea. Abnormalities of the eye include 
cataracts, iridocyclitis, and corneal opacity. 
Although sight often remains adequate in 
sheep, it is usually lost in elk. 


DIFFERENTIAL DIAGNOSIS 


The distribution of lesions and pruritus help to 
distinguish elaeophorosis from 

• Contagious ecthyma 

• Mycotic dermatitis 

• Strawberry foot rot 


Vascular Neoplasia 
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Photosensitization lesions may have a very 
similar distribution and appearance to those 
caused by the elaeophorid filaria, but there is 
usually marked edema and swelling and a 
history of access to photosensitizing or 
hepatotoxic plants. 


Microfilariae may be detected in skin 
biopsies, but skin scrapings and blood exam¬ 
inations are not satisfactory. The number of 
microfilariae in the skin of sheep is always 
low, and negative results may be obtained in 
known positive sheep. 

Treatment with piperazine (220 mg/kg) 
has been suggested. Unfortunately, the death 
of adult parasites in heavily infected sheep 
may cause the death of the host, presumably 
by blocking branches of the carotid arteries. 
Information is lacking on the activity of 
modern drugs on this infection. 
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Vascular Neoplasia 

Neoplasia of the vascular system is rare in 
ruminants, horses, and pigs. 

HEMANGIOMA AND 
HEMANGIOSARCOMA 

Hemangioma and hemangiosarcoma are 
rare in large animals but are described and 
may be associated with hemorrhage related 
to the site of the tumor. 

HEMANGIOMA 

Hemangiomas in the skin are most common 
in horses aged less than 1 year and may be 
congenital. The most common site in horses 
is the skin of the distal limb. Clinically, the 
lesions are usually solitary, firm to fluctuant, 
and bluish to black in color. 1 The tumors 
grow with age; those on the skin may ulcer¬ 
ate and bleed and may necessitate euthana¬ 
sia because of their eventual size. Similar 


tumors may occur in the mouth as pedun¬ 
culated pink granular masses that ulcerate 
and bleed. Local hemangiomas on the skin 
and in the mouth may respond to surgi¬ 
cal excision, thermocautery, or radiation 
therapy. Widespread disseminated hem¬ 
angioma is also recorded in young cattle 
presenting with multiple skin lesions and 
multiorgan involvement. Hemangioma has 
also been reported with moderate preva¬ 
lence affecting the ovaries of sows. 

HEMANGIOSARCOMA 

Hemangiosarcoma occurs in horses but is 
not a common tumor. It is more prevalent 
in middle-aged and older animals. Affected 
horses may present with a bleeding subcu¬ 
taneous mass or with signs of disseminated 
hemangiosarcoma. Disseminated hemangio- 
sarcomas in horses cause anemia due to hem¬ 
orrhage into the tumor or into body cavities. 
In addition there is weight loss, but good 
appetite, and weakness. Metastasis is exten¬ 
sive to lung, myocardium, brain, retroperito- 
neum, and skeletal muscle, and myocardial 
lesions can lead to cardiac arrhythmias. 
Lesions in skeletal muscle cause difficulty 
in movement, and tumors in the nervous 
system present with signs of ataxia. The 
thoracic cavity is a common site for metas¬ 
tasis and can also be a primary site of the 
neoplasm. 

A common clinical manifestation is pleu¬ 
ral effusion and hemorrhage and a clinical 
picture that requires differentiation from 
other causes of thoracic mass with effusion, 
which in the horse is more commonly medi¬ 
astinal abscess, lymphosarcoma, squamous 
cell carcinoma, or pleurisy. Hemoperito- 
neum, detectable by paracentesis, is present 
with peritoneal tumors. All the tumors are 
cavitatious and bleed profusely if incised. 
Early histopathologic diagnosis may permit 
a cure in animals with localized masses that 
can be surgically resected. 1 If masses are not 
interfering with quality of life and the horse 
is medically stable, observation may be war¬ 
ranted because spontaneous resolution has 
been reported. 
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Hyperproteinemia 718 

HEMORRHAGIC DISEASE 718 
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Virus 784 
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Equine Infectious Anemia (Swamp 
Fever) 795 
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Diseases 799 
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Anticoagulant (Dicoumarol, Sweet 
Clover Poisoning) Plant Toxicosis 823 
Anticoagulant Rodenticide Toxicosis 825 
Cyanogenic Glycoside Poisoning 
(Cyanide, Hydrocyanic Acid, Prussic 
Acid) 826 

Nitrate and Nitrite Toxicosis 829 


Disulfide Plant Toxicosis (Allium spp. 

[onions] and Brassica spp.) 832 
Red Maple Leaf (Acer rubrum) 

Toxicosis 834 

NEOPLASIA 834 
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CONGENITAL INHERITED 
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Inherited Deficiency of Lymphocyte 
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Abnormalities of Plasma 
Protein Concentration 

Plasma contains hundreds of proteins, 
including albumin, immunoglobulins, clot¬ 
ting factors, acute-phase proteins, hormones, 
and cytokines. The proteins in plasma are 
produced by the liver (albumin, acute-phase 
proteins [fibrinogen, serum amyloid A], clot¬ 
ting factors) and lymphoid organs (the 


gamma-globulins and many cytokines). The 
plasma proteins serve as sources of amino 
acids for tissues, serve as carrier molecules, 
maintain plasma oncotic pressure, regulate 
immune function, and function in hemosta¬ 
sis and fibrinolysis. Defects or deficits of 
individual proteins can result in specific dis¬ 
eases, including immune deficiency, defec¬ 
tive hemostasis, and endocrinopathy. The 
individual diseases resulting from loss of 
activity of specific proteins are discussed 


under the headings of those diseases. Pro¬ 
vided here is an overview of hypoprotein- 
emic and hyperproteinemic states. 

HYPOPROTEINEMIA 

ETIOLOGY 

Hypoproteinemia is a plasma or serum 
total protein concentration that is below 
that expected in animals of the same 
age, sex, physiologic state, and species. 
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Hypoproteinemia can be a result of a reduc¬ 
tion in concentration of albumin and globu¬ 
lin, or a reduction in either albumin or 
globulin concentrations. Abnormalities in 
plasma protein concentration include the 
following: 

• Panhypoproteinemia with 
hypoalbuminemia and 
hypoglobulinemia 

• Hypoproteinemia with 
hypoalbuminemia and normal globulin 
concentration 

• Hypoproteinemia with 
hypoglobulinemia and normal albumin 

• Normal total protein concentration with 
hypoalbuminemia and 
hyperglobulinemia; less commonly, 
hyperalbuminemia and 
hypoglobulinemia 

The specific deficiency has important diag¬ 
nostic significance. 

Panhyproteinemia 

Hypoproteinemia with hypoalbuminemia 
and hypoglobulinemia can be either relative 
or absolute. 

Relative hypoproteinemia occurs when 
plasma protein concentrations are lower 
than normal, but the absolute content of 
protein in the vascular space is normal. This 
is a dilutional hypoproteinemia and is attrib¬ 
utable to either excessive fluid therapy or 
excessive water intake. These causes are 
readily determined from a review of the 
history and treatment of the animal, and 
cases resolve within hours of discontinuation 
of fluid therapy or restriction of fluid intake. 

Absolute hypoproteinemia occurs when 
there is a reduction in the amount of plasma 
proteins in the vascular space in the presence 
of normal or almost normal plasma volume. 
The reduced protein concentration can be 
the result of impaired production or acceler¬ 
ated loss. Reduced production of all plasma 
proteins occurs only as part of malnutrition 
and starvation. Liver disease can cause a 
reduction in the concentration in plasma of 
those proteins produced by the liver (see fol¬ 
lowing discussion) but in large animals is 
an unusual cause of hypoproteinemia. Loss 
of protein is a more common cause of 
hypoproteinemia. 

The loss of proteins can be either from the 
vascular space into the extravascular com¬ 
partment (e.g., endotoxemia, vasculitis) or 
from the body (compensated hemorrhage, 
glomerulonephritis, protein-losing enter¬ 
opathy). This situation is evident as a reduc¬ 
tion in concentrations of both albumin and 
globulins, and in hemorrhagic disease, by 
a reduction in hematocrit. Loss because of 
vascular leakage is usually evident as hypo¬ 
proteinemia with normal or elevated hema¬ 
tocrit. Diseases causing panhypoproteinemia 
include the following: 

• Hemorrhage—hypoproteinemia occurs 
when plasma volume is restored after 
severe hemorrhage, or in normovolemic 


anemia when there is persisting loss of 
blood. All causes of chronic blood loss 
can cause hypoproteinemia. 

• Endotoxemia—protein loss is secondary 
to leakage of protein from the vascular 
space into interstitial spaces because of 
increased capillary permeability. 

• Vasculitis—increased capillary 
permeability and leakage of protein 
result from vasculitis; it is evident in 
many systemic diseases, including 
African horse sickness, purpura 
hemorrhagica, swine fever, and 
malignant catarrhal fever. 

• Protein-losing enteropathy—the initial 
change is in plasma albumin 
concentration, but panhypoproteinemia 
ensues as the disease progresses. 

Diseases causing protein-losing 
enteropathy include the following: 

• Intestinal parasitism 

• Abomasal ulceration in cattle 

• Lymphosarcoma in cattle and 
horses 

• Granulomatous/inflammatory 
intestinal disease in horses 
(granulomatous enteritis, 
eosinophilic enteritis) and cattle 
(Johnes disease) 

• Enteritis/colitis (salmonellosis, 
equine neorickettisosis [Neorickettsia 
risticii ]) 

• Nonsteroidal antiinflammatory drug 
(NSAID) toxicosis 

• Lawsonia intracellularis proliferative 
enteropathy in young horses and 
pigs 1 

• Urinary tract disease, including cystic 
calculi, pyelonephritis, 
glomerulonephritis 

• Acute, severe inflammation of the 
peritoneal or pleural membranes 
(peritonitis, pleuritis). The 
hypoproteinemia occurs early in 
the disease; if the disease becomes 
chronic, hypergammaglobulinemia 
ensues. 

• Chronic heart failure 

Hypoalbuminemia 

Hypoalbuminemia with normal or elevated 
plasma globulin concentration occurs in dis¬ 
eases in which there is insufficient produc¬ 
tion of albumin by the liver or excessive or 
selective loss of albumin compared with loss 
of globulin. Insufficient production of 
albumin occurs in diseases of the liver, 
although these animals might not necessarily 
be hypoproteinemic, and in malnutrition or 
starvation. Diseases of the liver that cause 
hypoalbuminemia are usually diffuse, severe, 
and chronic. The prolonged half-life of 
albumin in cattle and horses (approximately 
18 days) renders them less liable to hypoal¬ 
buminemia than smaller animals. 

Albumin has a lower molecular weight 
than most globulins, especially the immuno¬ 
globulins, and can be lost selectively in renal 


or gastrointestinal disease. Diseases associ¬ 
ated with hypoalbuminemia and normal to 
elevated globulin concentrations include the 
following: 

• Amyloidosis—loss of albumin into urine 
or the gastrointestinal tract is sometimes 
offset, in terms of plasma protein 
concentration, by increases in plasma 
globulin concentration. 2 

• Chronic peritonitis or pleuritis—loss of 
albumin into the inflammatory exudate 
is offset, in terms of plasma total protein 
concentration, by increases in plasma 
globulin concentration. 

• Intestinal parasitism 

• Renal disease 

• Glomerulonephritis—because of 
changes in the size and charge on 
proteins of the glomerular 
membrane, albumin is not prevented 
from entering the ultrafiltrate and is 
lost in urine. Any diseases affecting 
the glomeruli can cause albumin 
loss. 

• Pyelonephritis 

Hypogammaglobulinemia 

Hypoglobulinemia with normal plasma 
albumin concentration occurs in few dis¬ 
eases. Notably, it is a feature of failure of 
transfer of passive immunity in neonates 
(see Chapter 20). Hypoglobulinemia is an 
unusual isolated defect in other diseases. It 
can be detectable in immunodeficiencies 
causing decreased production of gamma¬ 
globulins, such as combined variable immu¬ 
nodeficiency in horses. 3 

Hypofibrinogenemia 

Hypofibrinogenemia usually only occurs as 
part of disseminated intravascular coagula¬ 
tion, although it could conceivably occur in 
chronic liver failure. 

PATHOPHYSIOLOGY 

Panhypoproteinemia and hypoalbuminemia 
cause a reduction in the plasma concentra¬ 
tions of proteins essential for a variety of 
functions. Overall, the reduction in plasma 
albumin concentration results in a low 
plasma oncotic pressure. Low plasma oncotic 
pressure allows movement of fluid from the 
vascular space, causing a reduction in plasma 
volume and increases in extravascular 
volume. The reduction in plasma volume 
lowers blood flow to tissues and can result in 
organ dysfunction. The increased extravas¬ 
cular volume is sometimes evident as ventral 
body wall or submandibular edema. 

Low plasma albumin concentration, in 
addition to the reduction in plasma oncotic 
pressure, reduces opportunities for transport 
of substances in the plasma, including hor¬ 
mones and electrolytes (calcium). 

Hypogammaglobulinemia increases the 
risk of infectious disease, especially when it 
occurs as a consequence of failure of transfer 
of passive immunity to neonates. 
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CLINICAL SIGNS 

The clinical signs associated with hypopro- 
teinemia are lethargy, ill-thrift, and edema. 
The edema is usually distributed symmetri¬ 
cally, with some species having a predilection 
for the site of accumulation—ventral edema 
in horses and submandibular edema in cattle 
and sheep. Affected animals are often tachy- 
cardic because of the reduced plasma volume. 

Signs of the inciting disease will also be 
present (weight loss, diarrhea, melena, 
polyuria). 

CLINICAL PATHOLOGY 

Detection of hypoproteinemia is readily 
achieved by routine hematologic or serum 
biochemical testing. The albumin-to-globu- 
lin (A: G) ratio can be useful in assessment 
of hypoproteinemia. Hypoalbuminemia with 
normal globulin concentration results in a 
low A: G ratio, whereas panhypoproteinemia 
results in a normal A: G ratio. Selective defi¬ 
ciencies can be detected by protein electro¬ 
phoresis or measurement of concentrations 
of specific proteins, such as the immuno¬ 
globulins by enzyme-linked immunosorbent 
assay (ELISA), radial immunodiffusion 
(RID), or immunoturbidimetric analysis (see 
Failure of Transfer of Passive Immunity in 
Chapter 20). 

Measurement of plasma oncotic pressure 
is useful in detecting low plasma oncotic 
pressure, which contributes to a reduction in 
plasma volume and increases in extravascu- 
lar fluid, which can lead to formation of 
edema. Plasma oncotic pressure is propor¬ 
tional to the plasma protein concentration, 
with the greatest correlation being with 
plasma albumin concentration in animals 
that have not received dextran solutions. 
Intravenous (IV) administration of dextran 
or hydroxyethyl starch increases plasma 
oncotic pressure. 

NECROPSY 

The changes observed at necropsy are 
those of the inciting disease, or second¬ 
ary infection in animals with hypogam¬ 
maglobulinemia. Edema can be present 
in subcutaneous and internal connective 
tissues. 

TREATMENT 

The principles of therapy are treatment 
of the inciting disease and correction of 
hypoproteinemia or low plasma oncotic pres¬ 
sure. Correction of hypoproteinemia (hypo¬ 
albuminemia, hypogammaglobulinemia) is 
achieved by administration of plasma by 
transfusion. Unless anemia is also present, 
plasma transfusion is preferred over blood 
transfusion. The amount of plasma trans¬ 
fused to neonates is discussed in Chapter 
20. Plasma transfusion to adult horses and 
cattle is often limited by the cost of the 
plasma. Ideally, plasma should be transfused 
to increase plasma albumin concentrations 
to more than 2.0 g/dL (20 g/L). This can be 


calculated as follows (where 0.05 is the pro¬ 
portion of body weight that is plasma): 

Current plasma albumin content 
= body weight (kg) X 0.05 x (plasma 
albumin concentration in g/L) 

Desired plasma albumin content 
= body weight (kg) X 0.05 x (desired 
albumin concentration in g/L) 

Amount of albumin required (g) 

= Desired plasma albumin content 
- current albumin content 
Volume of plasma required (L) 

= Amount of albumin required (g )/ 
albumin concentration in 
transfused plasma (g/L). 

A numerical example for a 500-kg horse with 
a plasma albumin concentration of 1.5 g/dL 
(15 g/L) and a target plasma albumin con¬ 
centration of 2.5 g/dL (25 g/L) is as follows: 

Current plasma albumin content 
= 500 (kg) xO.05x15 (g/L) = 375 g 

Desired plasma albumin content 
= 500 (kg) xO.05 x 25 (g/L) = 525 g 

Amount of albumin required (g) 

= 525 - 375 = 150 g 

Volume of plasma required (L) 

= 150 (g)/30 (g/L) = 5 L. 

It is a frequent observation that transfusion 
of the calculated volume of plasma leads to 
improvement in clinical signs, but it does not 
result in the expected increase in the plasma 
albumin concentration. This is probably 
because transfusion of albumin results in an 
increase in plasma oncotic pressure and a net 
movement of fluid from the extravascular 
space into the vascular space, with subse¬ 
quent expansion of the plasma volume. 
The expansion of plasma volume dilutes the 
administered albumin and attenuates the 
increase in plasma protein concentration. 

Plasma oncotic pressure can be increased 
by IV administration of hydroxyethyl starch 
or high-molecular-weight dextrans. The 
dose is 8 to 10 mL/kg of 6% solution deliv¬ 
ered intravenously over 6 to 12 hours. 4 

HYPERPROTEIN EMI A 
ETIOLOGY 

Panhyperproteinemia 

Panhyperproteinuria, an increase in concen¬ 
tration of all plasma proteins, occurs only in 
situations in which there is a reduction in 
plasma water content. This occurs in animals 
that are severely dehydrated through lack of 
access to water, inability to drink, loss of 
protein-poor body fluids (diarrhea, vomitus), 
or excessive polyuria with inadequate 
water intake. 

Hyperglobulinemia 

Hyperglobulinemia occurs as a consequence 
of chronic inflammation or abnormal 


production of globulins. Chronic inflam¬ 
mation causes a polyclonal gammopathy, 
whereas plasmacellneoplasia (plasmacytoma, 
myeloid leukemia, see “Leukoproliferative 
disease”) causes a monoclonal gammopathy. 
Any chronic inflammatory disease, includ¬ 
ing those of infectious, toxic, or neoplastic 
origin, can cause hyperglobulinemia. 

Hyperfibrinogenemia 

Fibrinogen is an acute-phase protein (along 
with serum amyloid A, haptoglobin, C- 
reactive protein, and others), the concentra¬ 
tion of which increases in plasma in response 
to inflammation. Any disease that causes 
inflammation can increase plasma fibrino¬ 
gen concentration. 

PATHOPHYSIOLOGY 

Chronic inflammation results in chronic 
stimulation of the immune system, with sub¬ 
sequent increased production of immune 
globulins and acute-phase proteins. Mono¬ 
clonal gammaglobulinemia occurs as a result 
of unrestrained production of gammaglobu¬ 
lins by neoplastic plasma cells. 

CLINICAL SIGNS 

The clinical signs are of the underlying 
inflammatory disease. 

CLINICAL PATHOLOGY 

Measurement of plasma protein concentra¬ 
tion reveals hyperglobulinemia and/or 
hyperfibrinogenemia. Serum protein elec¬ 
trophoresis demonstrates whether the 
abnormality is a polyclonal or monoclonal 
gammaglobulinopathy. Measurement of spe¬ 
cific immunoglobulins (immunoglobulin 
[IgG], immunoglobulin A [IgA], etc.) can be 
useful. Fibrinogen concentration must be 
measured in plasma because it is consumed 
during the clotting process when blood is 
allowed to clot. 

NECROPSY 

The findings are those of the underlying 
disease. 

TREATMENT 

Treatment is directed toward the underlying 
disease. 

REFERENCES 

1. Pusterla N, et al. Vet Microbiol. 2013;167:34. 

2. Elitok OM, et al. / Vet Int Med. 2008;22:450. 

3. Tennent-Brown BS, et al. Equine Vet Educ. 
2010;22:393. 

4. Epstein KL, et al. / Vet Int Med. 2014;28:223. 


Hemorrhagic Disease 

Hemorrhagic disease is manifest as the pres¬ 
ence of hemorrhage of unusual duration or 
severity, either externally from apparently 
minor wounds, or into body cavities, or as 
the presence of petechial and ecchymotic 
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hemorrhages in mucous and conjunctival 
membranes and the skin. Petechial and 
ecchymotic hemorrhage, spontaneous hem¬ 
orrhage, or excessive bleeding after minor 
injury can result from increased capillary 
fragility, disorders in platelet function, or 
defects in the coagulation mechanism of the 
blood. 

DIAGNOSIS 

Diagnosis of the cause of hemorrhagic 
disease is based on the demonstration of 
abnormalities in the activity, concentration, 
or function of components of blood coagula¬ 
tion and fibrinolysis. The exception is diag¬ 
nosis of vasculitis, which is achieved by 
biopsy, usually of skin, and histologic exami¬ 
nation and demonstration of inflammatory 
lesions in the walls of blood vessels. Vasculi¬ 
tis is not normally evident as a hemorrhagic 
disease. 

Demonstration of prolonged bleeding 
time is achieved using devices that inflict a 
controlled wound on either the skin or a 
mucous membrane (template bleeding time). 
A wound is inflicted in the skin, and blood 
is periodically collected onto absorbent filter 
paper until bleeding ceases. The time from 
discharge of the device until bleeding stops 
is the bleeding time. The mean template 
bleeding time is less than 5 minutes in most 
healthy animals, but the test has poor repeat¬ 
ability in healthy horses, and the reference 
range is too wide to make the test clinically 
useful. 1 

Care must be taken when collecting 
specimens of blood for measurement of 
factors involved in coagulation or fibrino¬ 
lysis. Blood samples collected into contain¬ 
ers that do not contain an anticoagulant will 
rapidly clot, and the resulting serum sample 
will be minimally useful for any tests of 
factors involved in clotting or fibrinolysis. 
The ideal anticoagulant for most assays of 
clotting and fibrinolysis is trisodium citrate 
(1 part of 3.8% trisodium citrate to 9 parts 
of blood). Sodium citrate decreases the con¬ 
centration of ionized calcium in blood and 
thereby inhibits platelet activity. Heparin, 
both unfractionated (conventional) and 
low-molecular-weight formulations, inhib¬ 
its thrombin activity and activates plate¬ 
lets and is not a suitable anticoagulant for 
measurement of clotting times or platelet 
activity. Potassium ethylenediamine tet- 
raacetic acid (EDTA) interferes with platelet 
function. 

An integrated measure of the capacity of 
blood to clot is the activated clotting time. 
In this test, blood is collected into plastic 
syringes that do not contain an anticoagulant 
and then immediately injected into glass 
tubes containing diatomaceous earth. The 
tubes are gently agitated and then incubated 
for 1 minute in a water bath at 37° C (98.6° F). 
The tubes are then removed from the water 
bath and examined for clotting of blood by 
gently rolling the tube. The tube is then 


returned to the water bath and reexamined 
every 30 to 60 minutes. 

The rate of clot retraction of blood col¬ 
lected into a glass tube that does not contain 
anticoagulants is a measure of platelet activ¬ 
ity. The time until maximum clot retraction 
is 1 to 2 hours in most species when the 
blood is held at 37°C (98.6°F). 

Measurements of prothrombin time (an 
indicator of activity of the extrinsic clotting 
system), activated partial thromboplastin 
time (an indicator of functionality of the 
intrinsic clotting system), and thrombin 
time (common pathway) are routinely per¬ 
formed for animals. The tests are reliable 
when performed properly; however, values 
for normal animals can vary, and the recom¬ 
mendation is that when submitting a sample 
from an animal with suspected coagulopa¬ 
thy, a sample from a similar healthy animal 
should also be examined. If prothrombin or 
activated partial thromboplastin time are 
prolonged, other tests to determine the spe¬ 
cific factor(s) involved might be warranted. 

Measurement of the activity or concen¬ 
tration of blood clotting factors is routine in 
human medicine, and many of these tests 
have been adapted for use in animals. Chro- 
mogenic assays of factors VII, VIII :C, IX, 
and X developed for testing of human plasma 
are reliable when used for testing of horse 
plasma. An ELISA for von Willebrand factor 
is available that is suitable for use in a number 
of species, including horses, pigs, and cattle. 
Whereas most functional assays, including 
chromogenic assays, are suitable for use 
among species, most immunologically based 
assays developed for use in humans are not 
suitable for use in animals. It is important 
that assays should be validated in the species 
of interest before clinical use in animals. 

Fibrinogen is an essential substrate for 
clot formation, and low plasma concentra¬ 
tions of fibrinogen, such as can be encoun¬ 
tered in animals with disseminated 
intravascular coagulation, can impair blood 
clotting. Measurement of fibrin (fibrinogen) 
degradation products (FDPs) has been used 
to detect disseminated intravascular coagu¬ 
lation in horses, but the test has poor sensi¬ 
tivity and specificity. Measurement of 
D-dimer concentration has the potential to 
be more useful than FDP in assessment of 
fibrinolysis and detection of thromboem¬ 
bolic disease, although measurement of ele¬ 
vated D-dimer concentrations in foals is not 
associated with the presence of disseminated 
intravascular coagulation and coagulopa¬ 
thies. 2 Performance characteristics vary 
among assays and kit suppliers, and these 
should be ascertained before clinical use of 
kits or assays. The FDP assay was found to 
have low sensitivity (<40%) for diagnosis of 
disseminated intravascular coagulation in 
horses with colic, whereas the most accurate 
D-dimer kit had 50% sensitivity and 97% 
specificity. The activity of antithrombin 
(previously antithrombin III), a cofactor of 


heparin, is measured in horses as a means 
of assessing the anticoagulant activity of 
plasma. Activity of antithrombin is reduced 
in animals with coagulopathies secondary to 
gastrointestinal disease. This factor is best 
measured in concert with thrombin-anti- 
thrombin complex concentration and protein 
C and plasminogen activity to detect hyper- 
coagulable states. 

Platelet count in blood should be evalu¬ 
ated in any animal with a hemorrhagic dia¬ 
thesis. Caution should be exercised in 
interpreting low platelet counts determined 
by automated analyzers because clumping of 
platelets can cause artificially low values. 
This pseudothrombocytopenia can be a 
result of anticoagulant-induced ex vivo 
aggregation of platelets, which can be readily 
detected by microscopic examination of the 
blood smear. Platelets counts of less than 
100,000 cells/|iL are considered abnormal, 
although excessive hemorrhage is usually not 
apparent until platelet counts are below 
40,000 cells/pL. Determination of the pro¬ 
portion of platelets that stain with thiazole 
orange dye (reticulated platelets) can be 
useful in determining the bone-marrow 
regenerative response in horses, and proba¬ 
bly other species, with thrombocytopenia. 
Reticulated platelets are those platelets that 
have been recently released from bone 
marrow. Healthy ponies have 1.3% to 2.8% 
of platelets in circulation that stain with 
thiazole orange, and horses have 1% to 
3.4%. Thrombocytopenic, equine-infectious- 
anemia-positive ponies have 11% to 48% 
thiazole-orange-staining platelets in the cir¬ 
culation, and thrombocytopenic, equine- 
infectious-anemia-negative horses have 2% 
to 9%. 

Platelet function can be evaluated using 
platelet function analyzers designed for use 
with human blood, ultrastructure, and flow 
cytometry. Impaired platelet aggregation can 
be detected as a prolongation in closure time 
using cartridges with collagen-adenosine 
diphosphate (CT-ADP) and collagen-epi¬ 
nephrine (CT-Epi) as platelet agonists. In 
normal horses calculated reference ranges 
are 60.5 to 115.9 seconds and 158.5 to more 
than 300 seconds for CT-ADP and CT-Epi, 
respectively. Disorders of platelet func¬ 
tion can be both acquired and congenital 
(genetic). Genetic disorders of platelet func¬ 
tion in large animals include Glantzmann 
thrombasthenia in Oldenburg, Thorough¬ 
bred, Quarter horse, and Peruvian Paso 
breeds of horses; thrombopathia in Simmen- 
tal cattle; and Chediak-Hegashi syndrome 
in Japanese Black Cattle. 3 This is in addi¬ 
tion to the occurrence of von Willebrand’s 
disease (type 2) in Quarter horses and 
Thoroughbreds. 3 

Thromboelastography (TEG) is a visco¬ 
elastic, whole-blood-based assay that inte¬ 
grates information from both the cellular 
and soluble components of coagulation, pro¬ 
viding a global evaluation of the hemostatic 
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system, unlike conventional coagulation 
assays. 4 7 Measurements of platelet count, 
prothrombin time (PT), activated partial 
thromboplastin time (aPTT), and fibrinogen 
concentration (FIB) individually provide 
information about one component of the 
hemostatic process, and evaluation of several 
assays is needed for a complete evaluation of 
hemostasis. 4 

Thromboelastography measures indica¬ 
tors of both the intrinsic and extrinsic clot¬ 
ting cascades (noting that this terminology 
is increasingly archaic and being replaced 
with a more integrated description of clot¬ 
ting cascades) incorporating both the cel¬ 
lular and noncellular components of the 
clotting cascade. Several variables are mea¬ 
sured (Fig. Ill), including the follow¬ 
ing: 8 coagulation time, which is the time in 
seconds between activation of clotting and 
formation of the first measurable clot; clot 
formation time, which is the time needed to 
increase the elasticity of the clot from 2 mm 
to 20 mm and corresponds to the initial acti¬ 
vation of platelets; angle (a), which indicates 
hypo- or hypercoagulability; and maximum 
clot firmness, which corresponds to the 
maximum strength of the clot and depends 
on both platelet and fibrinogen activation 
in the presence of factor XIII. Hemolysis 
interferes with the reliability of testing. 8 
There are marked effects of even short¬ 
term (<30 minutes) storage of equine blood, 
with significant increases in indicators of 
coagulation. 9 


mm 



Fig. 11-1 Schematic diagram of a 
representative thromboelastogram depicting 
coagulation time (CT), clot formation time 
(CFT), angle (a), and maximum clot firmness 
(MCF). (Reproduced with permission from 
Paltrinieri et al. 2008. 8 ) 


Utility of viscoelastic evaluation of blood 
has been reported in healthy dairy cows at 
various stages of lactation, in healthy and 
sick neonatal foals, in horses with gastro¬ 
intestinal disease, and in horses with disor¬ 
ders of platelet function. 10-14 Assay validation, 
and careful attention to sample collection 
and processing, is essential for reliable results 
of viscoelastic testing. 8 ' 15,16 The recom¬ 
mended anticoagulant for viscoelastic testing 
of blood is sodium citrate in a precise ratio 
of 1:9 (citrate solution to blood) using blood 
collected by jugular venipuncture. 15 

In normal animals, values of the variables 
just discussed have been reported inconsis¬ 
tently and are available in textbooks dealing 
with hematology. Values in foals and calves 
can vary with age, and this should be consid¬ 
ered when interpreting coagulation variables 
in neonates and young animals. 2,17,18 Values 
for camelids are reported. 19 

TREATMENT OF COAGULOPATHIES 

Plasma is often administered to animals 
with hemorrhagic diatheses to replace clot¬ 
ting factors that are deficient because of 
failure of production (e.g., warfarin intoxi¬ 
cation), increased consumption (e.g., in 
disseminated intravascular coagulation), or 
dilution (e.g., in animals with severe hem¬ 
orrhage treated by administration of large 
quantities of fluids). The actual concentra¬ 
tion or activity of factors involved in clotting 
or fibrinolysis depends on the methods used 
to collect and store the plasma. Fresh frozen 
plasma kept at -80° C (-112°F) retains 
much of the activity of clotting factors (VII, 
VIII, etc.) and inhibitors of coagulation, 
including antithrombin, protein C, protein 
S, and antitrypsin, for up to 1 year, whereas 
plasma stored at higher temperatures might 
not retain as much activity. 20 The dosage 
varies from 2 to 10 mL/kg body weight 
(BW) intravenously, but this has not been 
critically evaluated. Platelet-rich plasma, 
which requires more sophisticated collec¬ 
tion techniques, is useful for treatment of 
severe thrombocytopenic purpura. 21 Treat¬ 
ment can be delayed until there are clini¬ 
cally important signs of hemorrhage, such as 
petechiation in mucous membranes or epi- 
staxis. Platelet-rich plasma can be prepared 
by centrifugation of blood at 150 X g for 20 
to 30 minutes, with care taken to avoid expo¬ 
sure of the blood to glass, which activates 
plasma, or storage at less than 15°C (59°F), 
which irreversibly reduces platelet func¬ 
tion. 21 Platelet-rich plasma should be admin¬ 
istered within hours of collection or stored 
for no more than 5 days with constant agita¬ 
tion. 21 Plasma is preferred over whole blood 
for treatment of nonanemic hemorrhagic 
diatheses. 

Aminocaproic acid (30 to 100 mg/kg IV) 
reduces plasma fibrinogen concentration 
and decreases partial thromboplastin time of 
horses for up to 5 hours after administration. 
At the higher dose, alpha-2-antiplasmin 


activity is increased and fibrinogen concen¬ 
tration is decreased, consistent with an 
action of the drug to inhibit fibrinolysis. In 
vitro studies indicate that concentrations of 
epsilon aminocaproic acid necessary to 
inhibit fibrinolysis in horses are as much as 
20 times lower than those for humans, sug¬ 
gesting that the dose rate for horses is unnec¬ 
essarily high. -1 The utility of aminocaproic 
acid to inhibit bleeding in clinical situations 
and the appropriate dosage have not been 
determined. A similar situation exists for 
tranexamic acid. 22 

Tranexamic acid inhibits fibrin degrada¬ 
tion and is used as adjunctive treatment in 
animals with hemorrhagic diathesis. Its effi¬ 
cacy in farm animals has not been reported. 
Carbazochrome is a compound that stabi¬ 
lizes capillary membranes and is used for 
treatment of exercise-induced pulmonary 
hemorrhage in horses, although with unde¬ 
termined efficacy. 

Formalin has been suggested as an effec¬ 
tive treatment of excessive hemorrhage in 
horses, although it does not appreciably alter 
bleeding time or indices of coagulation. A 
common dose for an adult horse is 1 L iso¬ 
tonic electrolyte solution (saline or lactated 
Ringers solution) with a final concentration 
of formalin of 0.37% to 0.74%. Adult goats 
administered a 5.5% solution of formalin in 
lactated Ringers solution IV had a marked 
decrease in clotting time. However, this dose 
in horses is expected to be toxic. 

Administration of aspirin to horses 
inhibits platelet function in a dose-depen¬ 
dent fashion for 48 hours after a single dose 
of 12 mg/kg. This is not the case in cattle, in 
which aspirin does not inhibit platelet aggre¬ 
gation even at doses of 100 mg/kg orally, 
even though it has a potent antiinflamma¬ 
tory effect. 23,24 Aspirin irreversibly inhibits 
activity of thromboxane synthetase in both 
cattle and horses for a prolonged period 
(days) despite having a short plasma elimina¬ 
tion half-life (hours). The bleeding time in 
horses is not restored until the affected plate¬ 
lets have been replaced by unaffected plate¬ 
lets. Dosages of aspirin in horses range from 
15 to 100 mg/kg orally every 8 to 12 hours to 
10 mg/kg orally every 48 hours. 

Warfarin reduces the concentration of 
vitamin-K-dependent clotting factors by 
inhibiting hepatic production of these com¬ 
pounds. Therapeutic use of warfarin was 
limited to treatment of navicular disease in 
horses, although its use for this purpose is 
now archaic. 

Heparin and the newer heparin-related 
compounds (low-molecular-weight hepa- 
rins) dalteparin and enoxaparin have been 
used in horses with, or at risk of developing, 
coagulopathies. The low-molecular-weight 
heparins appear to be effective in reducing 
the frequency of coagulopathy in horses with 
colic without the adverse effect of heparin 
on hematocrit and clotting time. Calcium 
heparin causes in vivo red cell aggregation in 
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horses, with a resultant reduction in hema¬ 
tocrit and hemoglobin concentration and a 
reduction in platelet count. The low-molec¬ 
ular-weight heparins are dosed on the basis 
of antifactor-Xa activity. At doses of these 
compounds that prolong factor Xa activity 
and thrombin time, they have a minimal 
effect on bleeding time or activated partial 
thromboplastin time in horses. Various 
doses of heparin calcium have been 
employed, ranging from 40 IU/kg BW IV or 
subcutaneously (SC) every 12 to 24 hours to 
150 IU/kg BW initially followed by 125 IU/ 
kg BW every 12 hours for 3 days and then 
100 IU/kg BW every 12 hours. Dalteparin 
(50 and 100 anti-Xa U/kg) should be admin¬ 
istered every 12 hours to maintain antifactor 
Xa activity within or above the suggested 
thromboprophylactic range in healthy 
horses. 25 The clinical utility and pharmaco¬ 
dynamics in septic horses or horses at 
increased risk of thrombosis are unknown. 
The doses of dalteparin required for healthy 
or septic foals to achieve therapeutic activi¬ 
ties of antifactor Xa are double that of adult 
horses. 26 Enoxaparin (40 and 80 anti-Xa 
U/kg) can be administered once daily to 
horses, although its pharmacodynamics are 
not reported. 

Sodium pentosan polysulfate, a com¬ 
pound with heparin-like activity used for 
treatment of arthritis in horses, at doses of 3, 
6, or 10 mg/kg, causes dose-dependent 
increases in partial prothrombin time that 
persist for 24 to 48 hours. This drug is not 
used for treatment of coagulopathies. 

Hirudin, an anticoagulant originally 
derived from leeches but now available as a 
recombinant compound, is a specific inhibi¬ 
tor of thrombin that is independent of anti¬ 
thrombin activity. The compound could be 
useful in treatment of hypercoagulable states 
in which there is diminished thrombin activ¬ 
ity. Recombinant hirudin has been investi¬ 
gated in horses, in which the maximum 
plasma concentration occurred at approxi¬ 
mately 130 minutes and declined with a ter¬ 
minal half-life of approximately 600 minutes. 
A doubling of activated partial thromboplas¬ 
tin time occurred 1.5 hours after SC admin¬ 
istration of 0.4 mg/kg. The clinical efficacy 
of recombinant hirudin has not been 
determined. 

Tissue plasminogen activator increases 
the activity of plasmin, thereby facilitating 
dissolution of clots. Its use in farm animals 
has not been reported, with the exception of 
its injection into the anterior segment of the 
eye to dissolve fibrin associated with uveitis 
in horses. Recombinant tissue-type plas¬ 
minogen activator (alteplase) at a dose of 
1 mg/kg IV to healthy adult horses has 
an elimination half-life of -170 minutes and 
results in increased ex vivo thrombolytic 
activity, although its clinical utility is 
unknown. 27 

Streptokinase and urokinase have been 
used to facilitate dissolution of fibrin clots in 


farm animals, but there has been no critical 
analysis of their effectiveness. 

DISEASES CAUSING 
HEMORRHAGE 

VASCULITIS 

Septicemic and Viremic Diseases 

Vasculitis is associated with endothelial 
damage occurring as a direct result of infec¬ 
tion of the endothelium (e.g., equine herpes¬ 
virus-1 myeloencephalopathy, African horse 
sickness) or from immune-mediated events 
centered on the endothelium (e.g., purpura 
hemorrhagica). It can be complicated by 
defects in blood coagulation and platelet dis¬ 
orders, depending on the infection. In many 
instances coagulation defects are a manifes¬ 
tation of early disseminated intravascular 
coagulation. Clinically, petechial and ecchy- 
motic hemorrhages associated with septice¬ 
mia are most obvious in the mucous 
membrane of the mouth, vulva, and con¬ 
junctiva or in the sclera, but they are widely 
distributed throughout the body on post¬ 
mortem examination. Diseases causing vas¬ 
culitis include the following: 

• Systemic viral diseases: equine viral 
arteritis, equine infectious anemia, 
African horse sickness, malignant 
catarrhal fever, bovine ephemeral fever, 
bovine virus diarrhea, bluetongue, hog 
cholera, swine fever, equine 
herpesvirus-1 myeloencephalopathy 

• Chlamydial and rickettsial diseases: 
Anaplasma phagocytophila 

• Bacterial diseases: salmonellosis, 
Histophilus somni infection, 
Actinobacillus spp. pleuropneumonia 
infection, pasteurellosis, erysipelas in 
pigs 

• Miscellaneous: aspergillosis, Strongylus 
vulgaris infection 

Purpura Hemorrhagica 

Purpura hemorrhagica is a hemorrhagic 
disease of horses associated with leukocyto- 
clastic vasculitis. The majority of cases occur 
as sequelae to strangles (clinical disease 
caused by infection with Streptococcus equi 
subsp. equi). 2s Cases also occur following 
immunization against S. equi and as sequelae 
to infection with other streptococci. The 
disease appears to be an immune-complex- 
mediated disease with deposition of IgA- 
containing immune complexes on vessel 
walls. Hemorrhagic tendencies in the disease 
include petechial and ecchymotic hemor¬ 
rhages but also can result in large extravasa¬ 
tions of blood and serum into tissues. The 
hemorrhage and exudation of serum can 
cause anemia and a reduced circulating 
blood volume. Hemorrhage associated with 
purpura is usually treated with blood trans¬ 
fusions and corticosteroids. A fuller descrip¬ 
tion of the syndrome is given elsewhere 
(Chapter 11). 


Necrotizing Vasculitis 

Of unknown etiology but possibly immune 
mediated, necrotizing vasculitis occurs in all 
species. It is similar to purpura and can be 
local or generalized, with petechial hemor¬ 
rhage and serosanguineous exudation subcu¬ 
taneously andinto tissue spaces. Hemorrhagic 
tendencies associated with vasculitis can be 
confused with those associated with a defect 
in the clotting mechanisms, such as abnor¬ 
mal platelet number or function, as the 
primary cause. Differentiation depends on 
accurate laboratory examination. 

TREATMENT 

Treatment of vasculitis centers on removal of 
the inciting cause and minimizing or elimi¬ 
nating inflammation in the vessel. Disease- 
specific treatments are discussed under each 
of those topics. Inflammation can be reduced 
by administration of glucocorticoids, the 
selection and dose of which vary with species 
(see Formulary in the Appendix). General 
supportive treatment can include the admin¬ 
istration of blood or plasma if severe anemia 
or hypoproteinemia occur. 

COAGULATION DEFECTS 

Coagulation defects can be either acquired 
or inherited. Acquired defects are usually 
related to exposure to compounds that inter¬ 
fere with production of clotting factors, or 
that cause depletion of these factors. Inher¬ 
ited defects are usually present in young 
animals, but defects that only marginally 
increase clotting time might not be detected 
until the animal undergoes surgery or suffers 
trauma. Demonstration of defects in blood 
clotting is based on observation of signs of 
excessive hemorrhage, with confirmation 
achieved by measurement of bleeding time, 
noting earlier comments about its variability 
and limited clinical utility, and laboratory 
examination of the activity or concentration 
of cellular and soluble blood-clotting factors. 

Acquired Hemostatic Defects 

Acquired clotting defects include those asso¬ 
ciated with intoxications that impair the pro¬ 
duction or function of clotting factors and 
those related to depletion of clotting factors. 
Disseminated intravascular coagulation is a 
common cause of hemorrhagic diathesis in 
animals and is discussed in detail under that 
heading. Protein-losing nephropathy is asso¬ 
ciated with loss of antithrombin in urine and 
increased risk of thrombosis in cattle. Simi¬ 
larly, horses with protein-losing enteropathy 
have low plasma concentrations of anti¬ 
thrombin, which could contribute to the 
thrombotic tendency noted in these animals. 

Reduction of vitamin-K,-dependent 
clotting factors II, VII, IX, and X results 
from coumarol poisoning following inges¬ 
tion of coumarol-containing plants, such as 
Melilotus alba, Anthoxanthum odoratum, 
Apium nodiflorum, Ferula communis (giant 
fennel), or warfarin, brodifacoum, and 
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related compounds. This syndrome is dis¬ 
cussed in detail under each of those headings. 
A cluster of cases in racehorses of massive, 
fatal hemorrhage during exercise was associ¬ 
ated with detection of traces of brodifacoum, 
diphacinone, or bromadiolone in the liver of 
the affected, but not the unaffected, horses. It 
is speculated that large increases in arterial 
blood pressure during exercise lower the 
threshold for toxicity of these compounds. 29 
Vitamin K deficiency, other than that induced 
by intoxication with the compounds listed 
earlier and the disorder in postweaned pigs 
discussed in the following paragraph, has not 
been reported in farm animals, probably 
because forage contains high concentrations 
of this compound. 

A hemorrhagic syndrome in post¬ 
weaned pigs has been recorded in the United 
States, NewZealand, France, Japan, Germany, 
Brazil, and South Africa. The syndrome 
occurs as an outbreak with anemia, hemar- 
throsis, spontaneous hemorrhage under the 
skin of the legs and body, and hemorrhage 
following management procedures such as 
castration. There is a high case fatality, and 
the syndrome is particularly common in pigs 
a few weeks after weaning. There is prolonga¬ 
tion of the prothrombin time and activated 
partial thromboplastin time. The outbreaks 
resolve promptly following the injection of 
vitamin K or its inclusion in the diet. An 
association has been made with housing on 
mesh floors. The disease is believed to result 
from a deficiency of vitamin K in the diet 
coupled with housing that precludes intake 
of vitamin K 2 from the feces or bedding 
and decreased synthesis in the gut as a result 
of antibiotics in the feed, especially 
sulfonamides. 

Snake venom can have procoagulant or 
anticoagulant action. In both cases coagula¬ 
tion defects occur as procoagulant toxins 
result in the activation, consumption, and 
depletion of prothrombin and fibrinogen, 
leading to coagulopathy, prolonged clotting 
times, and epistaxis. 

Carcass hemorrhage, or blood splash, in 
slaughter lambs has been associated with 
extended prothrombin times because of 
prior grazing of coumarin-producing plants. 
The method of electrical stunning at slaugh¬ 
ter can also result in carcass hemorrhage. 

Parafilaria bovicola produces large 
extravasations of blood under the skin of 
cattle and to some extent in tissue spaces. 
Bleeding from the skin can be the presenting 
sign of infestation. 

A number of fungal toxins can cause 
hemorrhagic disease when ingested: 

• Aflatoxins produced by Aspergillus spp. 
do so in association with increased 
prothrombin time in cattle, swine, and 
horses 

• Trichothecene toxins produced by 
fungal infestations of feed by Fusarium 
spp., Myrothecium spp., and 
Cephalosporium spp. 


• Trichothecium spp. 

• Toxins associated with Penicillium 

rubrum 

• Grass nematodes that infest Lolium 

rigidum 

Hydroxyethyl starch solution (Hetas- 
tarch), used to increase plasma oncotic pres¬ 
sure in animals with hypoproteinemia, 
prolongs cutaneous bleeding, prothrombin, 
and activated partial thromboplastin times 
and decreases fibrinogen concentration and 
von Willebrand antigen and factor VIII :C 
activities in ponies. In vitro studies suggest 
that the anticoagulant effect is attributable to 
inhibition of platelet function and not solely 
to dilution of soluble clotting factors. 30 

Navel (umbilical) bleeding in newborn 
piglets is a syndrome of unknown etiology. 
Following birth and for periods up to 2 days 
afterward, blood drips or oozes from the 
umbilicus of affected pigs to produce severe 
anemia, with death frequently occurring 
from crushing. The navel cords are abnor¬ 
mally large and fleshy and fail to shrink after 
birth. The defect appears to be one of imma¬ 
turity of collagen so that a proper platelet clot 
does not form. Ear-notching for identifica¬ 
tion is also followed by excessive bleeding. A 
variable number of piglets within the litter 
may be affected, and the syndrome may have 
a high incidence on certain problem farms. 
The addition of vitamin K and folic acid to 
the sows’ ration may be followed by a drop 
in incidence, but controlled trials with mena¬ 
dione have shown no effect. Vitamin C given 
to pregnant sows for at least 6 days before 
farrowing appears to prevent the syndrome. 

Jejunal hemorrhage syndrome in cattle 
is discussed in Chapter 9. 

Infestation of sheep by Fasciola hepatica 
shortens activated partial thromboplastin 
time and prolongs prothrombin and throm¬ 
bin times. 

Inherited or Congenital Defects 
in Hemostasis 
Hemophilia A 

Factor VIII: coagulant (VIII :C) deficiency, 
hemophilia A, is recorded in Thoroughbreds, 
Standardbreds, Arabian and Quarter horse 
colt foals, Japanese Brown cattle,' 1 and 
sheep and is associated with a deficiency in 
factor VIII. The disease in the Quarter horse 
colt also involved deficiency of factors IX and 
XI. It is inherited as a sex-linked recessive 
trait, with the defective gene located on the 
X chromosome. Clinically affected foals 
show signs of a hemorrhagic tendency within 
a few weeks of birth, with the development 
of hematomas, persistent nasal bleeding, 
bleeding from injection sites, and sudden 
death from massive internal hemorrhage. 
Affected foals are anemic. The diagnosis is 
made by the finding of very low plasma 
factor VIII :C activity (usually < 10% of 
values in unaffected animals). Treatment 
requires fresh frozen plasma or plasma con¬ 
centrates but is not recommended because of 


the unavailability of sufficient plasma con¬ 
centrates, the recurrent nature of the 
problem, and the poor prognosis for long¬ 
term soundness. The disease in Japanese 
Brown cattle is caused by a missense muta¬ 
tion of the factor VIII gene and is evident as 
hemorrhagic tendency with prolonged acti¬ 
vated partial thromboplastin time and mark¬ 
edly reduced factor VIII activity with normal 
von Willebrand factor activity. 31,32 

Von Willebrand Disease 
(Factor VIII :vWF Deficiency) 

Von Willebrand factor is a large adhesive gly¬ 
coprotein that mediates adhesion of platelets 
to exposed subendothelium and also is a 
carrier for coagulation factor VIII, protect¬ 
ing it from degradation in the circulation. 
There are three variations of von Willebrand’s 
disease: types I, II, and III. Two variations of 
von Willebrand’s disease are recorded in 
pigs, both inherited as simple autosomal- 
recessive traits. The disease in pigs is used as 
an experimental model for the disease in 
humans, and the pig gene for von Willebrand 
factor is similar in size and complexity to its 
human counterpart, with affected pigs 
having a point mutation within the vWF 
gene. Type I von Willebrand’s disease 
occurred in an 8-day-old Quarter horse colt 
that was examined because of extensive 
purpura. The colt had a concentration of von 
Willebrand factor that was 9% of that of 
normal horses. The dam of the colt also had 
prolonged bleeding time and a concentration 
of von Willebrand factor that was 30% of that 
of normal animals, suggesting a familial and 
possibly heritable trait. Type II von Wille¬ 
brand disease is recorded in a Quarter horse 
with hemorrhage associated with trauma, 
prolonged bleeding at an injection site lasting 
several hours, and spontaneous conjunctival 
hemorrhage, and in a Thoroughbred mare 
and her colt. 3 The hemorrhage in the Thor¬ 
oughbred mare and foal was not life-threat¬ 
ening. Type III von Willebrand’s disease is 
usually associated with low concentrations of 
factor VIII. Suspect factor VIII deficiency 
has been reported in Hereford calves. The 
prime manifestation was death shortly 
following castration, with bleeding from 
the surgical site, intra-abdominal hemor¬ 
rhage, and severe anemia. The disease also 
occurs in sheep and is linked to the X 
chromosome. 

Diagnosis is based on the observation of 
prolonged bleeding after minor trauma or 
surgery, prolonged activated partial throm¬ 
boplastin time (although this can be 
minimal), normal prothrombin time, and 
decreased factor VIII :C activity and von 
Willebrand antigen concentration. The risto¬ 
cetin cofactor activity of von Willebrand 
factor is reduced in animals with type II von 
Willebrand’s disease. An ELISA is available 
that is suitable for use in a number of species, 
including horses, pigs, and cattle. Chromo- 
genie assays of factors VII, VIII: C, IX, and 
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X developed for testing of human plasma are 
reliable when used for testing of horse 
plasma. Desmopressin increases the release 
of von Willebrand factor from vascular 
endothelium and is used for treatment of the 
disease in humans. There are no reports to 
date of its use in farm animals or horses. The 
disease can be managed by housing to mini¬ 
mize trauma and administration of plasma 
before elective surgery, although such mea¬ 
sures were not shown to completely prevent 
excessive bleeding. 

Factor XI Deficiency 

Factor XI deficiency is recorded in Holstein- 
Friesian cattle in Canada and in Great 
Britain. It is transmitted as an autosomal- 
recessive gene, and occurrence in Britain has 
been traced to the importation of Canadian 
semen, with genetic links between carriers 
in the two countries. Heterozygous cattle 
have decreased levels of factor XI but are 
usually asymptomatic. The severity of clini¬ 
cal disease varies in homozygous cattle, but 
they usually show prolonged or repeated 
bleeding episodes after trauma such as 
dehorning and hemorrhage following 
venipuncture. There are occasional deaths 
associated with multiple hemorrhages. Het¬ 
erozygote carriers have decreased factor 

XI coagulant activity, but measurement 
of factor XI activity is not a sensitive test 
for the carrier status, and a DNA-based 
tested is available that accurately identifies 
heterozygotes. 

Other Clotting-Factor Disorders 
Prekallikrein deficiency is recorded in a 
family of miniature horses. The condition 
was not associated with clinical disease in 
these horses, but blood samples failed to clot. 
It has also been recorded in three Belgian 
horses and was detected in this group 
because one hemorrhaged following castra¬ 
tion. The mode of transmission is not known, 
but the familial nature of the disease suggests 
that it is heritable. 

Heritable fibrinogen deficiency was 

found in a Border Leicester lamb, manifest 
with inflammation and bleeding at the umbi¬ 
licus and eartag wound at 7 weeks of age, and 
in Saanen goats. 

PLATELET DISORDERS 

Disorders of platelets include alterations in 
the number of platelets in blood (thrombo¬ 
cytopenia or thrombocytosis) and their 
function (with reduced function referred to 
as thrombasthenia). The physiology of plate¬ 
lets varies in important ways among the farm 
animal species. For instance, aggregation of 
platelets from horses, but not cattle, is inhib¬ 
ited by aspirin (acetylsalicylic acid), and 
horse platelets adhere to immobilized autol¬ 
ogous fibrinogen, whereas those of sheep do 
not. Platelets of different species respond dif¬ 
ferently to some agonists of platelet aggrega¬ 
tion, such as ristocetin. 


Thrombocytopenia 

Clinical signs associated with thrombocyto¬ 
penia or thrombasthenia are petechial and 
ecchymotic hemorrhages, prolonged bleed¬ 
ing after venipuncture or from injection 
sites, epistaxis, hyphema, and melena. A 
combination of some or all of these clinical 
signs is referred to as purpura. Thrombocy¬ 
topenia can result from decreased produc¬ 
tion of platelets in the bone marrow or by 
increased consumption, increased peripheral 
destruction, or a combination of these 
factors. 

Decreased platelet production is com¬ 
monly associated with disorders that impair 
bone-marrow function, and there is usually 
simultaneous suppression of granulocyte 
and erythrocyte production. Thrombocyto¬ 
penia and neutropenia develop before 
anemia because of the short life span of these 
cells relative to erythrocytes. Increased 
destruction, that is, the abnormal consump¬ 
tion of platelets, is most commonly an 
immune-mediated response. Increased con¬ 
sumption also occurs with severe trauma 
and disseminated intravascular coagulation, 
both of which increase the rate at which 
platelets are incorporated into clots. 

Pseudothrombocytopenia occurs as a 
result of aggregation of platelets after col¬ 
lection into a glass tube containing EDTA. 
Ex vivo aggregation can occur with other 
anticoagulants, including heparin. This situ¬ 
ation can be recognized by the presence of 
abnormally low platelet counts in animals 
without evidence of excessive hemorrhage, 
or by the presence of clumps of plate¬ 
lets on microscopic examination of blood 
smears. Collection of blood into an antico¬ 
agulant other than EDTA or heparin, such 
as citrate, and measurement of a normal 
platelet count will confirm the diagnosis of 
pseudothrombocytopenia. 

Differentiation of the causes of throm¬ 
bocytopenia is by clinical examination to 
detect underlying disease, hematology, 
examination for antiplatelet antibody, and 
examination of bone-marrow aspirates. 

Decreased Production 

Thrombocytopenia resulting from decreased 
production, as opposed to increased destruc¬ 
tion, within the marrow usually occurs with 
granulocytopenia because of the short intra¬ 
vascular half-life of both granulocytes and 
platelets. 

This occurs with poisonings by Pterid- 
ium spp. (bracken fern) or Cheilanthes seiberi 
in cattle; the fungus Stachybotrys spp. (which 
produces a trichothecene) in cattle, pigs, 
sheep, and horses; chronic furazolidone 
poisoning in calves; poisoning caused by 
trichloroethylene-extracted soybean meal; 
drugs that cause bone-marrow suppression; 
and radiation injury. Severe myelophthisis, 
such as is associated with myeloid dysplasia 
or myelofibrosis, causes thrombocytopenia 
in association with anemia and leukopenia. 


A familial myelofibrosis is reported in pygmy 
goats with anemia, granulocytopenia, and 
thrombocytopenia. 

The syndrome is predominantly one of 
spontaneous hemorrhage but is complicated 
by bacteremia and fulminant infections facil¬ 
itated by severe leukopenia. A granulocyto¬ 
penic syndrome of unknown origin, 
occurring in all ages of cattle and manifest 
with a severe hemorrhagic diathesis, high 
morbidity, and high case fatality, has been 
reported on various occasions in Australia. 

Familial diseases resulting in thrombocy¬ 
topenia secondary to decreased production 
are recorded in Standardbred horses, in 
which there is generalized bone-marrow 
hypoplasia. Pancytopenia secondary to 
bone-marrow aplasia is reported in a Hol¬ 
stein heifer. Bovine neonatal pancytopenia is 
discussed elsewhere in this chapter. 

Increased Destruction 
Inflammation and Infection. The most 
common causes of thrombocytopenia are 
severe gastrointestinal disease (strangulating 
intestinal obstruction, anterior enteritis, 
colitis) and infectious and inflammatory 
disease, where a combination of increased 
destruction and increased consumption is 
the cause. 

Infection by a variety of viral, bacterial, 
or rickettsial agents causes mild to severe 
thrombocytopenia. African horse sickness, 
equine infectious anemia, Anaplasma phago- 
cytophila (equine granulocytic ehrlichiosis), 
and infection by Neorickettsia risticii 
(Potomac horse fever) cause mild to moder¬ 
ate thrombocytopenia. Infection of cattle by 
lumpy skin disease virus causes thrombocy¬ 
topenia, along with other abnormalities of 
the leucogram. 33 

Infection such as occurs in hog cholera 
and African swine fever can result in throm¬ 
bocytopenia and contributes to the hemor¬ 
rhagic tendency seen in these diseases. 
Outbreaks of hemorrhagic disease as a result 
of thrombocytopenia in veal calves have been 
attributed to infection with bovine virus diar¬ 
rhea (BVD) virus type 2, and the disease has 
been reproduced experimentally with noncy- 
topathic BVD virus. The appearance of hem¬ 
orrhage was directly related to the number of 
circulating platelets, and bleeding was seen 
when platelet numbers fell below 500 mL. 
Calves that developed thrombocytopenia had 
low (+1:32) BVD neutralizing titers. The 
virus infects megakaryocytes. Thrombocyto¬ 
penia with a bleeding tendency (bloody diar¬ 
rhea, petechial and ecchymotic hemorrhage) 
is also recorded in approximately 10% of adult 
cattle with acute BVD infection. 

Bovine neonatal pancytopenia (BNP) is 
a disease syndrome in newborn calves of up 
to 4 weeks of age, first observed in southern 
Germany in 2006 but subsequently reported 
more widely. 34 ' 35 The case-fatality rate is 
over 80%, and death is attributable to throm¬ 
bocytopenia and hemorrhagic anemia, or 
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infectious diseases such as pneumonia, enter¬ 
itis, andr septicemia. 36 Affected calves die 
within days as a result of multiple hemor¬ 
rhages, thrombocytopenia, leukocytopenia, 
and bone-marrow depletion. The disease can 
be reproduced by feeding pooled colostrum 
of dams of affected calves. 37 A specific vaccine 
directed against BVD is associated with BNP. 
Immunized cows develop alloantibodies to 
proteins in the cell line (Madin-Darby bovine 
kidney) used to grow the vaccine strain of the 
virus. 34 These antibodies are transferred to 
newborn calves through colostrum and cause 
the disease by reacting with class I major his¬ 
tocompatibility antigens on platelets and leu¬ 
kocytes of the calves. 35 See below for a more 
complete description of this syndrome. 

Infection by Theileria annulata causes 
thrombocytopenia and prolonged pro¬ 
thrombin time in cattle. Other infectious 
causes in cattle include bovine leukemia 
virus, sarcocystosis, and salmonellosis. 

Immune-Mediated (Idiopathic) Thrombo¬ 
cytopenia. Most instances of thrombocyto¬ 
penic purpura in the past have been described 
as idiopathic. However, the development of 
newer diagnostic tests, including flow cytom¬ 
etry, that can reveal the presence of antibod¬ 
ies on the surface of platelets has permitted 
the classification of many of these cases as 
immune-mediated. Among the immune- 
mediated thrombocytopenias there are auto¬ 
immune and isoimmune diseases. 

Isoimmune thrombocytopenia can be a 
complication in neonatal isoerythrolysis in 
foals and mules as a result of absorption of 
colostrum containing antiplatelet antibodies. 
The disease also occurs as only thrombocyto¬ 
penia in mule foals and is attributable to anti¬ 
platelet IgG antibodies in the mule foal’s 
serum. In addition to thrombocytopenia, 
there is also depression of platelet aggregation 
in these foals, probably because of binding of 
IgG to collagen-binding sites on the platelet 
surface. Thrombocytopenia and neutropenia, 
assumed to be isoimmune-mediated, were 
found in foals with ulcerative dermatitis and 
mucosal ulceration. The foals had purpura 
and responded to supportive treatment and 
administration of corticosteroids. 

The disease is observed in newborn pigs 
as a result of maternal isoimmunization, and 
it has been reproduced experimentally. 
Piglets are normal at birth but become 
thrombocytopenic after suckling colostrum 
containing antiplatelet antibody. Clinical 
signs do not develop until after the fourth 
day of life. There is a heavy mortality rate, 
with death being preceded by a generalized 
development of submucosal and subcutane¬ 
ous hemorrhages, drowsiness, weakness, and 
pallor. There is no practicable treatment. The 
sow should be culled. Thrombocytopenic 
purpura has occurred in a group of lambs 
given a single cow’s colostrum and was man¬ 
ifest with multiple hemorrhages and death by 
2 days of age. 


Thrombocytopenia in adult animals with 
normal prothrombin times and partial throm¬ 
boplastin times and with no evidence of 
disseminated intravascular coagulation is con¬ 
sidered most likely to develop byautoimmune- 
mediated mechanisms. 38 Immune-mediated 
thrombocytopenia can be induced by drugs or 
can be secondary to infectious or neoplastic 
disease, but most cases are idiopathic. The 
disease is reported most commonly in horses 
but does occur in cattle. 

Idiopathic thrombocytopenia of adult 
horses occurs at of any age. The cause is 
usually not identified, but the disease can be 
associated with administration of drugs, 
especially penicillin, although this might 
reflect the frequency of use of this antimicro¬ 
bial in horses. The disease is caused by 
binding of IgG to platelets or to megakaryo¬ 
cytes, with subsequent impaired maturation, 
enhanced clearance, or both, resulting in low 
platelet counts in blood. Petechiation and 
hemorrhage can be confined to single 
systems, such as the respiratory system, with 
epistaxis and hematomas in the nasal sinuses, 
or the genital tract, producing a bloody vulval 
discharge, with no detectable abnormality at 
other mucous membranes. More generalized 
involvement with widespread petechiation of 
mucous membranes, epistaxis, and melena 
can also occur. Diagnosis is by measurement 
of blood platelet concentration and elimina¬ 
tion of disseminated intravascular coagula¬ 
tion or primary diseases. Demonstration of 
platelet-surface-bound IgG on a significant 
proportion of platelets is diagnostic. Fewer 
than 0.15% of platelets from normal horses 
have IgG bound to the surface, whereas more 
than 4% of platelets of thrombocytopenic 
horses have IgG on the surface. Treatment 
includes the immediate removal from any 
medication and the administration of dexa- 
methasone (0.040 mg/kg intramuscularly 
[IM], IV, or orally, once daily) or predniso¬ 
lone (1 mg/kg orally), but not prednisone. 
This is usually effective in restoring platelet 
count and controlling hemorrhage. Resolu¬ 
tion of hemorrhage can occur even before 
there are marked changes in platelet count. 
Treatment might need to be continued for 
days to weeks. Most horses do not require 
long-term treatment. For horses with life- 
threatening hemorrhage, administration of 
platelet-rich plasma or blood is needed. A 
transfusion volume of 10 mL blood per 1 kg 
BW can be effective. Successful treatment 
with azathioprine in horses that do not 
respond to glucocorticoids is reported (0.5 to 
1.5 mg/kg orally every 24 hours). 39 Splenec¬ 
tomy has been used to treat horses with 
chronic idiopathic thrombocytopenia that is 
refractory to medical therapy. However, sur¬ 
gical treatment should be undertaken only in 
extreme cases, and with attention to the effect 
of thrombocytopenia on hemostasis during 
surgery. 

Idiopathic thrombocytopenia purpura 
is also recorded in a 10-month-old bull, 


and immune-mediated thrombocytopenia 
and anemia occurred in a cow after vaccina¬ 
tion with a polyvalent botulism vaccine. 
Corticosteroid-responsive thrombocytope¬ 
nia occurred in two beef-breed cows with 
subcutaneous hematomas and epistaxis. 

Increased Consumption 

Increased consumption of platelets occurs in 
animals with severe trauma or disseminated 
intravascular coagulation. 

Other Causes 

Thrombocytopenia occurs in horses 
with lymphosarcoma or myeloproliferative 
disease. Thrombocytopenia is usually associ¬ 
ated with myelophthisic disease and is 
therefore a result of reduced platelet produc¬ 
tion. Heparin causes thrombocytopenia in 
horses, but the mechanism has not been 
determined. 

Thrombasthenia 

Disorders of platelet function can result in 
purpura even in the presence of normal 
platelet counts. Disorders of platelet function 
can be congenital or acquired. 

Acquired defects of platelet function are 
usually secondary to severe metabolic abnor¬ 
malities such as uremia, liver failure, or sep¬ 
ticemia, or to administration of drugs. 
Among the compounds commonly adminis¬ 
tered to animals, aspirin is most notable in 
that it inhibits platelet aggregation in horses 
but not in cattle, despite inhibition of platelet 
generation of thromboxane-2 in both species. 
Other NSAIDs have minimal, if any, effect 
on platelet function. Dextran inhibits platelet 
function when administered to horses. 

A bleeding tendency is present in the 
Chediak-Higashi syndrome in cattle. 3 A 
prolonged bleeding time is demonstrable 
despite the presence of normal soluble coag¬ 
ulation factors and platelet numbers, and it 
is a result of a defect in platelet aggregation. 
Thrombasthenia, possibly also associated 
with variant von Willebrand factor, is also 
recorded in bleeding disorders in Simmental 
and Simmental crossbred cattle in Canada 
and the United States, and manifests with 
epistaxis in cold weather, subcutaneous 
hematomas, and prolonged bleeding follow¬ 
ing minor procedures such as vaccination 
and ear-tagging. Platelet dysfunction and 
purpura were diagnosed in a 5-day-old Sim¬ 
mental heifer. Umbilical bleeding in calves 
has also been reported as an inherited condi¬ 
tion in Japanese black cattle with low ade¬ 
nosine diphosphate (ADP)-induced platelet 
aggregation. Affected cattle die by 1 year 
of age from repeated umbilical cord 
hemorrhage. 

Thrombasthenias are also reported in 
horses. Glanzmann’s disease is reported in 
horses with a prolonged history of epistaxis 
not associated with exercise. 12 ' 40 The horses 
had prolonged bleeding time, markedly 
delayed clot retraction, and a decrease in 
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concentration of fibrinogen receptors on the 
platelet surface. Treatment with glucocorti¬ 
coids was not effective in preventing epi- 
staxis. Another form of platelet defect was 
diagnosed in a Thoroughbred filly with 
excessive hemorrhage after pin firing. The 
filly had prolonged bleeding time and normal 
clot retraction. The filly’s platelets did not 
bind to collagen, and the defect was deduced 
to be in calcium signaling within the 
platelets. 

Thrombocytosis 

Thrombocytosis is not usually associated 
with purpura or a tendency to hemorrhage 
unless the platelets have abnormal function. 
Thrombocytosis is considered to be either 
primary or secondary. Primary thrombocy¬ 
tosis is a result of excessive production of 
megakaryocytes in the absence of any incit¬ 
ing disease or increased release into the cir¬ 
culation. Although exercise, epinephrine, 
and vincristine can increase platelet counts, 
the most important cause of primary throm¬ 
bocytosis is myeloproliferative disorder 
resulting in an abnormal rate of platelet pro¬ 
duction. Primary thrombocytosis is rare in 
farm animal species. 

Secondary thrombocytosis occurs in 
animals with severe systemic inflammatory 
or infectious diseases of more than several 
days in duration, and usually of several 
weeks in duration. Young animals appear to 
be more susceptible, but the condition can 
occur in animals of any age. Detection of 
thrombocytosis should prompt a thorough 
clinical examination for a cause of chronic 
inflammation in the animal. Common causes 
in horses include pneumonia, Rhodococcus 
equi infection, septic arthritis, and colitis. 
Thrombocytosis with Heinz-body anemia is 
reported in cattle fed cabbage. 
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DISSEMINATED INTRAVASCULAR 
COAGULATION AND 
HYPERCOAGULABLE STATES 

Abnormalities in blood clotting and fibrino¬ 
lysis related to systemic diseases, mostly 
involving sepsis or extensive tissue damage, 
exist in both subclinical and clinical forms in 
many diseases of farm animals, and the pres¬ 
ence and severity of these disorders are 
related to the prognosis for survival. There is 
a spectrum of abnormalities ranging from 
mild changes in concentration or activity of 
clotting factors on examination and indica¬ 
tors of fibrinolysis that are not evident on 
physical, through clinical and clinico-patho- 
logic evidence of excessive coagulation or 
impaired fibrinolysis, to a hemorrhagic dia¬ 
thesis. Previously, the most extreme form of 
this disorder was recognized as a hemor¬ 
rhagic diathesis and termed disseminated 
intravascular coagulation (DIC). The increas¬ 
ing sophistication and availability of mea¬ 
sures of coagulation and fibrinolysis have 
revealed that abnormalities of hemostasis 
exist even in animals without clinical evi¬ 
dence of excessive hemorrhage. These milder 
changes in hemostasis and fibrinolysis are, 
not surprisingly, much more common than 
is DIC, but are still associated with an 
increased case-fatality rate. 

ETIOLOGY AND EPIDEMIOLOGY 

DIC and hypercoagulable states are acquired 
disorders of hemostasis in animals that occur 
as a consequence of severe disease that 
induces systemic inflammation (systemic 
inflammatory syndrome). DIC is now 
regarded as a component and consequence 
of systemic inflammation, rather than being 
an isolated disorder of hemostasis. DIC and 
hypercoagulable states are therefore associ¬ 
ated with any severe disease that initiates a 
systemic inflammatory response; partial 
listing is as follows: colitis, enteritis, infarc- 
tive lesions of the intestines, septicemia, 
abomasal torsion, metritis, severe trauma, 
immune-mediated inflammation (e.g., 


purpura hemorrhagica), hyperthermia, and 
neoplasia. A common, but not universal 
feature, of diseases that induce DIC or a 
hypercoagulable state is the presence of 
presumed or documented endotoxemia, 
although DIC can be induced by most infec¬ 
tious organisms. It is important to recognize 
that any severe disease that causes a systemic 
inflammatory response can incite changes in 
hemostatic function. 

The presence of a hypercoagulable state 
or DIC is most well recognized in horses 
with gastrointestinal disease. 1 It also occurs 
in cattle with abomasal displacement, in 
endotoxemic calves, and in adult cattle with 
traumatic reticuloperitonitis. 2 Cows that die 
of acute Escherichia coli mastitis have lower 
antithrombin activity and prolonged pro¬ 
thrombin time than do cows that survive, 3 
and cows affected with E. coli mastitis have 
significantly prolonged activated partial 
thromboplastin time (aPTT), increased pro¬ 
thrombin time (PT), and lower platelets 
counts. 4 Cows with Staphylococcus aureus 
mastitis have significantly prolonged aPTT 
and low platelet counts. 4 Low plasma anti¬ 
thrombin concentrations occur in cows with 
hepatopathy, peritonitis, or acute enteritis. 
The disease has been reproduced experimen¬ 
tally in pigs and probably occurs naturally in 
that species in many diseases, including 
African swine fever. The prevalence of 
DIC (clinically evident hemorrhage) is 
uncommon, whereas the prevalence of a 
hypercoagulable state detectable only by 
clinicopathologic testing is much more 
common. 

The prevalence of the syndrome is not 
well defined, partly because of problems in 
achieving a confirmatory diagnosis by labo¬ 
ratory assessment of factors involved in 
coagulation or fibrinolysis because of the 
lack of laboratories providing the necessary 
assays, and partly because of lack of recogni¬ 
tion of the disease. Additionally, criteria for 
diagnosis vary, as does the performance of 
assays used to measure the activity or con¬ 
centration of factors associated with coagula¬ 
tion or fibrinolysis, and there is not good 
correlation between measures determined by 
thromboelastography and conventional tests 
of coagulation. 1 Of horses examined at a 
referral institution for colic, 3.5% had clinical 
signs consistent with DIC and supportive 
laboratory evidence. All these horses had 
severe inciting disease, with most requiring 
surgical intervention for infarctive intestinal 
disease. Almost 90% of 435 horses with sur¬ 
gical obstructive lesions or inflammatory 
lesions of the intestines examined prospec¬ 
tively had increased plasma D-dimer 
concentrations at some stage during hospi¬ 
talization. 5,6 Fibrin deposits, mostly in small 
vessels in the lungs, are present in approxi¬ 
mately 40% of horses with severe colic and 
are not present in apparently healthy horses. 7 
It is apparent that many horses with severe 
gastrointestinal disease have clinical or 
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subclinical abnormalities in hemostasis and 
fibrinolysis. 

Clinically relevant alternations in hemo¬ 
static and fibrinolytic indices occur in 
neonatal foals with septicemia, and fibrin 
deposits are present in the lungs of ~90% 
of septic foals. 8 Derangements in hemostatic 
or fibrinolytic indices are helpful in identi¬ 
fication of septic foals with increased risk 
of coagulopathy, but they are not useful 
in predicting hemorrhage compared with 
thrombus formation. D-dimer concentra¬ 
tion is associated with septicemia (odds ratio 
[OR] = 19.6, 95% confidence interval [Cl], 
1.9 to 203) and death (OR = 8.7, 95% Cl, 
1.8 to 43) in foals, but a high false-positive 
prediction rate (71%) means that a normal 
D-dimer concentration is better at eliminat¬ 
ing the diagnosis of sepsis than an increased 
D-dimer concentration is at predicting 
sepsis. 9 

DIC is reported in a horse with Strepto¬ 
coccus zooepidemicus meningoencephalitis 
and interstitial pneumonia, illustrating that a 
wide range of diseases, and gram-positive 
organisms, can cause abnormalities in coag¬ 
ulation and fibrinolysis. 10 

PROGNOSIS 

The prognosis for animals with clini¬ 
cal signs of disseminated coagulation is 
very poor. Horses without physical signs 
of hemorrhage or defective fibrinolysis 
but with clinicopathological evidence of a 
hypercoagulable state have a worse prog¬ 
nosis than horses without evidence of a 
hypercoagulable state. Horses with enteri¬ 
tis or peritonitis have significantly higher 
plasma D-dimer concentrations and more 
severe coagulopathies on admission than do 
horses with other gastrointestinal diseases. 6 
Nonsurvivors have higher plasma D-dimer 
concentrations at presentation than do 
survivors, and those horses with subclini¬ 
cal DIC on presentation have an OR of 8.6 
(95% Cl, 3.3 to 22.5, P < 0.001) for nonsur¬ 
vival. D-dimer concentrations greater than 
4,000 ng/mL have a likelihood ratio for 
death of 5.9 and an OR of 8.8 (95% Cl, 4.5 
to 17.1, P < .001) for nonsurvival. 6 When 
evaluating the prognosis of an animal with 
evidence of a coagulopathy as part of the 
systemic inflammatory syndrome, it must 
be kept in mind that the coagulopathy is 
secondary to the initiating disease; the more 
severe the initiating disease, the greater is 
the likelihood that the animal will have a 
coagulopathy, and the more severe the ini¬ 
tiating disease, the poorer is the prognosis. 
DIC and lesser abnormalities of hemosta¬ 
sis can therefore be regarded as markers of 
disease severity and considered accordingly 
when determining a prognosis. This is not to 
minimize the importance of DIC and hemo¬ 
static defects of lesser severity in the patho¬ 
genesis of severe disease and the need to 
institute effective preventive measures and 
treatment. 


PATHOPHYSIOLOGY 

DIC, or consumption coagulopathy, can 
develop in a number of diseases that, in 
themselves, are not diseases that primarily 
affect hemostatic mechanisms. The patho¬ 
genesis involves systemic activation of coag¬ 
ulation with intravascular deposition of 
fibrin leading to thrombosis of small and 
medium-sized blood vessels, with subse¬ 
quent organ failure. 7,8 Depletion of platelets 
as a result of platelet activation and binding 
to fibrin to form clots, and of coagulation 
factors, results in excessive bleeding. The sys¬ 
temic formation of fibrin results from 
increased generation of thrombin and the 
simultaneous suppression of anticoagulation 
mechanisms (which are detectable in animals 
as reduced concentration of antithrombin) 
and impaired fibrinolysis. Products of fibrin¬ 
ogen activation, including fibrinopeptides A 
and B, contribute to systemic vasoconstric¬ 
tion and the hypoperfusion of some organs. 
The disorder, in its most extreme form, 
involves both excessive coagulation and, 
seemingly paradoxically, bleeding. 

Systemic activation of coagulation is part 
of the systemic inflammatory response syn¬ 
drome, which is dominated by interleukins 
1 and 6 and tumor necrosis factor-alpha. 
There might be a contribution of comple¬ 
ment activation to the hypercoagulability. 
Activation of clotting occurs through either 
damage to endothelium or activation and 
release of tissue factor. Tissue factor expres¬ 
sion is increased by one or more of the 
proinflammatory cytokines (interleukin-1, 
interleukin-6, interleukin-8, and tumor 
necrosis factor), which are almost univer¬ 
sally increased in diseases that feature sys¬ 
temic inflammation. Generation of tissue 
factor results in activation of the extrinsic 
clotting cascade, with resultant increases 
in thrombin. The increased activity of the 
coagulation cascade is temporally associ¬ 
ated with impaired activity of anticoagulant 
mechanisms, demonstrable as decreases in 
plasma concentration of antithrombin and 
protein C. Further exacerbating the effect of 
increased rate of fibrin synthesis is impaired 
fibrinolysis, indicated by diminished activ¬ 
ity of plasminogen and increased activity of 
plasminogen-activator inhibitor. 

In summary, DIC is a hemorrhagic dia¬ 
thesis characterized by an augmentation of 
normal clotting mechanisms that results in 
depletion of coagulation factors, deposition 
of fibrin clots in the microvasculature, and 
the secondary activation of fibrinolytic 
mechanisms. The augmentation of clotting 
mechanisms can result in a depletion of 
platelets and factors V, VIII, IX, XI, and XHa, 
and the depletion of fibrinogen in associa¬ 
tion with the formation of fibrin clots in the 
microvasculature. These fibrin clots decrease 
tissue perfusion, which can then lead to 
further activation and depletion of clotting 
factors by the release of tissue thromboplas¬ 
tin as a result of tissue hypoxia. The bleeding 


tendency occasioned by the depletion of 
these clotting factors is further accentuated 
by the secondary activation of the thrombo¬ 
lytic system with the production of fibrin 
degradation products that have anticoagu¬ 
lant properties. 

Impaired capacity of the monocyte 
phagocytic system contributes to the disease. 
Macrophages in the reticuloendothelial 
system remove fibrin degradation products 
and activated clotting factors from the circu¬ 
lation. Loss or diminution of the capacity to 
remove hemostatic and fibrinolytic com¬ 
pounds causes increases in the plasma con¬ 
centration of these products and exacerbation 
of the disease. Damage to the reticuloendo¬ 
thelial system, notably in the liver and spleen, 
resulting from damage as a consequence of 
the underlying disease (endotoxemia) or lack 
of perfusion of the liver and spleen as part of 
DIC, decreases removal of these compounds 
and induces a vicious cycle of disease. 

DIC can be initiated by a variety of differ¬ 
ent mechanisms, including the following: 

• Extensive tissue necrosis, such as 
occurs in trauma, rapidly growing 
neoplasm, acute intravascular hemolysis, 
and infective diseases such as blackleg, 
can cause extensive release of tissue 
thromboplastin and initiate exuberant 
coagulation via the extrinsic coagulation 
pathway. 

• Exuberant activation of the intrinsic 
pathway can occur when there is 
activation of the Hageman factor by 
extensive contact with vascular collagen, 
as occurs in diseases with vasculitis, or 
those associated with poor tissue 
perfusion and tissue hypoxia with 
resultant endothelial damage. 

• Factors that initiate platelet 
aggregation, such as endotoxin; that 
cause reticuloendothelial blockage, such 
as excessive iron administration to 
piglets; or that cause hepatic damage to 
interfere with clearance of activated 
clotting factors can contribute to the 
occurrence of DIC. 

CLINICAL SIGNS 

As discussed previously, defects in hemosta¬ 
sis and fibrinolysis range from those that are 
detectable by clinicopathologic examination 
but are not associated with clinical signs of 
excessive bleeding or coagulation, through 
fulminant hemorrhagic diathesis. 

The presence of a hypercoagulable state 
that is not associated with signs of excessive 
bleeding or thrombosis nonetheless worsens 
the prognosis of severe diseases. This is prob¬ 
ably a result of DIC-induced injury to organs 
that is not detectable against the background 
of damage caused by the primary disease but 
that has an important or pivotal effect on the 
animal’s well-being. The next progression of 
the disease is enhanced thrombosis, most 
evident as thrombosis of large vessels after 
minor damage such as that associated with 





intravascular catheterization or simple veni¬ 
puncture. In some cases, vessels can throm¬ 
bose without obvious inciting cause. An 
example of a common manifestation of this 
stage of the disease is jugular vein thrombo¬ 
sis in horses or cattle with severe disease and 
low plasma concentration of antithrombin. 

An unusual, but severe, manifestation of 
DIC in horses is thrombosis of the distal 
limbs, resulting in ischemic necrosis of the 
limbs and death of the animal. This clinical 
manifestation of DIC occurs in foals and, to 
a lesser extent, in adults with evidence of 
septicemia or severe gastrointestinal disease. 

The most severe acquired hemostatic 
defect in animals with systemic disease is 
DIC. This extreme of the clotting disorder is 
manifested by local or generalized bleeding 
tendencies that vary in severity from occur¬ 
rence of petechial hemorrhages in mucous 
membranes to life-threatening hemorrhage 
or infarction of organs. Ischemic damage to 
a wide variety of organs is possible, with the 
gastrointestinal tract and kidneys being 
commonly affected. 

CLINICAL PATHOLOGY 

There are a large number of hemostatic and 
fibrinolytic factors that can be measured in 
research laboratories, only a few of which are 
routinely available in clinical laboratories. 
The following measures are commonly used 
to detect hypercoagulable states or DIC in 
clinical situations: 

• Platelet count—The abnormality 
consistent with DIC is 
thrombocytopenia. 

• Prothrombin time—This is usually 
prolonged in animals with DIC but can 
occasionally be shortened in animals 
with a hypercoagulable state. 

• Activated partial thromboplastin 
time—This measure of hemostasis is 
usually prolonged in animals with 
coagulopathies. 

• Serum markers of fibrinogen activation/ 
fibrin degradation (FDPs) have poor 
sensitivity and specificity for detection 
of DIC. 

• Plasma D-dimer concentration is 
more sensitive for detection of 
abnormalities in hemostasis/ 
fibrinolysis, and a normal D-dimer 
concentration is useful in ruling out 
a diagnosis of sepsis in foals. 9 

• Fibrinogen concentration—Classical 
descriptions of DIC include 
hypofibrinogenemia as a common 
finding. However, this is uncommonly 
the case in horses and cattle, probably 
because fibrinogen is an acute-phase 
protein that increases in inflammatory 
diseases in these species. Declines in 
plasma fibrinogen concentration, with 
values remaining above the lower bound 
of the reference range, are often noted 
in horses with coagulopathy and 
impending death. 
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• Antithrombin activity is often reduced 

in animals with a hypercoagulable state 

or DIC. 

A number of studies provide detailed 
descriptions of the occurrence, and time 
course, of abnormalities in hemostatic and 
fibrinolytic function in horses with gastro¬ 
intestinal disease. The general pattern is that 
of prolonged clotting times (PT, aPTT) with 
diminished activity of antithrombin and 
protein C and increased plasma concentra¬ 
tions of fibrinogen and fibrin degradation 
products. D-dimer concentration increases 
in horses with gastrointestinal disease. 5 
Platelet concentration is reduced in horses 
with colic and evidence of coagulopathy. 
Abnormalities in hemostatic factors are 
more common in the peritoneal fluid than in 
the blood of horses with colic. Tissue plas¬ 
minogen activator, plasminogen, protein C, 
antithrombin, and alpha-2-antiplasmin 
activities and concentrations of fibrinogen 
and fibrin degradation products are greater 
in the peritoneal fluid from horses with colic 
than in the peritoneal fluid of healthy horses. 

Compared with healthy foals, the PT, 
aPTT, and whole-blood recalcification times 
are significantly longer in septic foals. The 
concentrations of fibrinogen and fibrin deg¬ 
radation products, percentage plasminogen, 
alpha-2-antiplasmin and plasminogen acti¬ 
vator inhibitor activities, and tumor necrosis 
factor and interleukin-6 activities are greater, 
and protein C antigen and antithrombin 
activity are lower, in septic foals. 

Cattle with displaced abomasum often 
have abnormalities in one or more of PT, 
aPTT, thrombin time, platelet count, and 
plasma concentration of fibrin degradation 
products. Pigs with induced endotoxemia 
have increases in the activity of tissue factor, 
plasminogen activator, and plasminogen 
activator-inhibitor, increases in the concen¬ 
trations of thrombin-antithrombin com¬ 
plexes and fibrin monomer; and a decline in 
fibrinogen and factor VII concentrations. 

NECROPSY EXAMINATION 

It is important to differentiate the abnormali¬ 
ties at necropsy caused by DIC from those of 
the underlying disease. This can be challeng¬ 
ing. The presence of DIC is suspected by the 
presence of hemorrhage in the carcass. Hem¬ 
orrhage can vary from occasional petechia- 
tion to frank hemorrhage into body cavities. 
Horses dying of DIC usually have wide¬ 
spread lesions, including petechiation of 
mucosal and serosal surfaces, including the 
mesentery and pleura. There is often hemor¬ 
rhage into the parenchymatous organs 
(kidneys, adrenals), lungs, and myocardium, 
and infarcts in the adrenals and kidney. 
Microthrombi are detectable in the intestine 
and kidney of some horses with DIC. 

DIAGNOSTIC CONFIRMATION 

The presence of a hypercoagulable state is 
determined by clinicopathological testing. 


DIC is diagnosed by the presence of clinical 
signs of a hemorrhagic diathesis and labora¬ 
tory confirmation of abnormalities in hemo¬ 
stasis and fibrinolysis. A conventional 
definition of DIC requires the presence of 
clinical evidence of coagulopathy and the 
presence of at least three abnormal measures 
of coagulation or fibrinolysis. It is likely that 
this definition will change as our under¬ 
standing of the spectrum of abnormalities 
and manifestations of the disorder matures. 

Differential diagnoses include all of the 
acquired or inherited coagulopathies. 
However, the cardinal differentiating attri¬ 
bute of DIC or the lesser hypercoagulable 
states is the presence of severe inciting 
disease. 

TREATMENT 

Most recommended therapies for DIC have 
been extrapolated from the human literature 
and may not be applicable to farm animals. 
However, generally stated, the principles of 
therapy are as follows: 

• Treatment of the underlying disease and 
correction of acid-base, inflammatory, 
electrolyte, and perfusion abnormalities 

• Restoration of normal activity or 
concentration of clotting factors in 
blood 

• Halting or attenuating the increased 
coagulopathy 

• Minimizing effect of microthrombi and 
thrombi on organ function 

DIC is invariably secondary to an initiat¬ 
ing primary disease. Vigorous therapy should 
consequently be directed toward correction 
of the primary initiating disease. Aggressive 
IV fluid administration to maintain tissue 
perfusion and to correct any acid-base and 
electrolyte imbalance is also very important. 
There should be aggressive treatment of 
endotoxemia and of diseases likely to induce 
endotoxemia. Treatment of endotoxemia is 
discussed elsewhere in this text (Chapter 5), 
and current reviews are available. 

The plasma concentration of clotting 
factors should be restored, or supplemented, 
in horses with clinical or clinicopathological 
evidence of a coagulopathy. The practice of 
blood component therapy is well accepted in 
human medicine but because of technologi¬ 
cal limitations is not generally available in 
farm animals. However, stored plasma, pref¬ 
erably fresh or fresh frozen, can be adminis¬ 
tered to increase the concentration of clotting 
factors that are depleted during hypercoagu¬ 
lable states or DIC. Antithrombin is often 
readily measured, and horses with low 
plasma antithrombin activity should be 
administered plasma. The dose of plasma 
necessary to increase blood antithrombin 
activity to appropriate levels has not been 
determined. However, many clinicians use a 
plasma antithrombin activity 60% of that of 
healthy horses as a minimal acceptable activ¬ 
ity. This choice has not been verified empiri¬ 
cally. Dosages of plasma vary from 2 to 
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10 mL/kg IV. Platelet-rich plasma, or 
whole blood, can be used to treat 
thrombocytopenia. 

Heparin and low-molecular-weight 
heparin are used to treat horses with hyper- 
coagulable states, and their use is discussed 
earlier in the chapter. The aim is to prevent 
formation of thrombi and microthrombi. 
Heparin requires antithrombin as a cofactor, 
and it might not exert its full therapeutic 
activity in horses with abnormally low blood 
antithrombin concentrations. 

Aspirin is used to inhibit platelet activity 
in horses with prothrombotic states. Its effi¬ 
cacy in reducing morbidity or case-fatality 
rate has not been determined. 
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THROMBOSIS 

(HYPERCOAGULABILITY) 

Abnormal formation of thrombi is often a 
consequence of diminished concentrations 
or activity of anticoagulant factors, such as 
antithrombin, protein C, and antiplasmin; 
increased concentrations of plasminogen 
activator-inhibitor; or abnormalities of 
vessel walls. Thrombotic disease is usually a 
consequence of a primary disease that 
depletes anticoagulant factors and involves 
mechanisms discussed earlier under dis¬ 
seminated intravascular coagulopathy (DIC). 
Thrombosis of the jugular vein is discussed 
elsewhere (Chapter 11). 1 Other diseases 
involving thrombosis are thromboembolic 
colic and aortoiliac thrombosis in horses, 
although each is likely associated with incit¬ 
ing damage to the arterial endothelium. 2 Pul¬ 
monary embolism in horses is associated 
with sepsis or severe inflammatory disease, 
and thrombosis of the portal vein can result 
from local metastasis of gastric adenocarci¬ 
noma.’"’ Aortic thrombosis occurs in calves 
with existing severe inflammatory or septic 
disease. 6 Thrombosis of the caudal or cranial 
vena cava occurs in cattle and is fully 
described in Chapter 13. 7,8 Thrombosis of the 
caudal vena can occur in horses. 9 

Idiopathic brachial artery thrombosis, 
which can be bilateral, occurs in adult 
horses without obvious preexisting clinical 
illness. 10 ’ 11 

An apparently primary defect in protein 
C activity in a Thoroughbred colt with a 
hypercoagulable state has been described. 
The colt had repeated episodes of venous 
thrombosis and developed renal failure. 
Plasma concentrations of protein C were 


within the reference range for healthy horses, 
but the activity of protein C in plasma was 
32% of that of healthy horses, suggesting 
a defect in the protein activity or 
concentration. 
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DISEASES CHARACTERIZED BY 
ABNORMALITIES OF THE 
CELLULAR ELEMENTS OF 
THE BLOOD 

DISORDERS OF RED CELL NUMBER 

OR FUNCTION 

Anemia 


SYNOPSIS 


Etiology Deficiency of circulating erythrocytes 
associated with hemorrhage and increased 
destruction or the inefficient production of 
erythrocytes. There are a large number of 
specific etiologies. 

Epidemiology Specific to the underlying 
cause of the anemia. 

Clinical findings Pallor of mucosae, 

tachycardia, lethargy, exercise intolerance, 
arrhythmia, ileus, decreased ruminations, 
and colic. Petechial and ecchymotic 
hemorrhages, icterus, hemoglobinuria, and 
bleeding tendencies can be seen if the 
underlying cause is excessive hemorrhage. 

Clinical pathology Examination of erythron, 
bone marrow, and serum total protein for 
nature and severity of anemia; clinical 
chemistry for associated organ damage. 
Specific tests for etiology. 

Necropsy findings Pallor of tissues. Findings 
specific to specific etiology. 

Diagnostic confirmation Decreased 
erythrocyte count, hemoglobin 
concentration, or packed cell volume. 

Treatment Treatment of specific etiology. 
Transfusion of whole blood, packed red 
cells, or stromal-free hemoglobin if the 
anemia is severe. Corticosteroids for 
immune-mediated anemia and supportive 
treatment. 


Etiology 

Anemia can be classified as hemorrhagic 
anemia, hemolytic anemia, or anemia result¬ 
ing from decreased production of erythro¬ 
cytes. Another classification system is based 
on evidence of regeneration of anemia, with 


anemia classified as either regenerative or 
nonregenerative. Both classifications are 
useful in determining the cause, treatment, 
and prognosis. Diseases causing anemia in 
horses are listed in Table 11-1, and those 
causing hemolytic anemia in cattle are listed 
in Table 11-2. 

Hemorrhagic Anemia 
Acute hemorrhage and hemorrhagic shock 
are discussed in Chapter 5. The diseases dis¬ 
cussed here are those that cause normovole¬ 
mic anemia. Although anemia occurs after 
restitution of plasma volume in animals with 
severe hemorrhage, most diseases that cause 
normovolemic anemia do so because of the 
chronic loss of blood either from the body or 
into a body cavity. The most common route 
of loss is through the gastrointestinal tract. 
Diseases include the following: 

• Parasitism—intestinal nematodiasis: 
Teladorsagia circumcincta or 
Haemonchus contortus in lambs and 
sheep; Ostertagia ostertagi in cattle; 
Strongylus spp. and cyathostomes in 
horses; trematodiasis, including Fasciola 
hepatic, in sheep and cattle; 
hematophagous lice and ticks, including 
Linognathus vituli in calves 

• Gastrointestinal disease, including the 
following: 

• Abomasal ulceration in cattle (both 
spontaneous and associated with 
abomasal lymphoma) 

• Gastric ulceration in horses (anemia 
is an unusual manifestation of this 
disease) 

• Gastric squamous-cell carcinoma in 
horses in which anemia is a common 
finding 1 

• Esophagogastric ulceration in pigs 

• Proliferative enteropathy in pigs 
(usually a peracute disease) 

• Bleeding from lesions in the small 
intestine (neoplasia, fungal infection, 
mural hematoma) 

• Respiratory tract disease, including the 
following: 

• Guttural pouch mycosis in horses 

• Ethmoidal hematoma in horses 

• Caudal vena cava thrombosis and 
pulmonary embolism in cattle 

• Genitourinary tract disease, including 
the following: 

• Enzootic hematuria in cattle (bladder 
cancer) and bladder transitional cell 
or squamous-cell neoplasia (horse) 

• Pyelonephritis 

• Vaginal varicose vein hemorrhage in 
mares 

• Ruptured corpus cavernosum and 
ureteral lesion causing hematuria in 
geldings and stallions 

• Middle uterine artery rupture of 
mares (usually a peracute disease) 

• Idiopathic renal hematuria in horses 

• Hemorrhage into body cavities, 
including the following: 











Table 11-1 Differential diagnosis of anemia, with or without edema, in horses 


Disease 

Epidemiology 

Clinical findings 

Clinical pathology 

Treatment 

Anemia 

Chronic blood 

Sporadic. Parasitism. 

Lethargy, tachycardia, pale 

Flypochromic, microcytic anemia. 

Correct underlying disease. 

loss 

Intestinal blood loss (e.g., 

mucous membranes. Other 

Low serum iron concentrations. 

Administer ferrous sulfate 


gastric squamous-cell 

signs consistent with 

Increased serum iron binding 

10-20 mg/kg per os once 


carcinoma). Guttural pouch 

underlying disease. 

capacity, low serum ferritin 

daily until serum iron 


mycosis. 


concentration. 

concentration is normal 




Thrombocytopenia (+/-). Other 

and anemia has resolved. 




results specific for underlying 
disease. Bone marrow— 
decreased myeloid :erythroid 
ratio. 


Anemia of 

Sporadic. Associated with 

Lethargy. Signs consistent with 

Normocytic, normochromic mild 

Treat underlying disease. 

chronic 

chronic, inflammatory disease 

underlying disease. 

anemia. Low serum iron 


disease 

(neoplasia, strangles abscess). 


concentration, low to 


(inflammation) 



unchanged total serum iron 
binding capacity, increased 
serum ferritin concentration. 
Bone marrow normal. 


Aplastic anemia 

Sporadic. Can occur as an 

Lethargy, tachycardia, pale 

Normochromic, normocytic 

Correct underlying disease. 


outbreak in stables in which 

mucous membranes. Other 

anemia. Normal to high serum 

Prognosis for rhEPO-induced 


horses are administered 

signs consistent with 

iron concentration. 

anemia is very poor. 


recombinant human 

underlying disease. 

Antibodies to rhEPO 



erythropoietin (rhEPO). 


Bone marrow—very high 





myeloid :erythroid ratio as a 
result of lack of red cell series. 


Red maple (Acer 

Ingestion of green or wilted 

Jaundice, hemoglobinuria, 

High (>1.5%) concentration of 

Supportive care. Blood 

rubrum) 

leaves of red maple trees. 

depression, colic, renal failure. 

methemoglobin in blood. 

transfusion. Vitamin C 

intoxication 

Sporadic or several horses in 
one field. 


Heinz bodies in red blood cells. 

suggested. 


Regional according to 





distribution of tree. 




Neonatal 

Foals < 4-5 days of age. 

Weakness, depression, exercise 

Anemia, hyperbilirubinemia, 

Conservative. Rest. Limit 

isoerythrolysis 

Multiparous mares. 

intolerance, jaundice, 

positive Coombs test. 

exercise. Severely affected 


Ingestion of colostrum 

hemoglobinuria. 

Positive jaundiced foal 

foals require transfusion 


containing isoantibodies to 


agglutination test. 

of blood or packed red 


foal's red blood cells. 


Blood typing of mare and stallion 

cells from compatible 




and detection of isoantibodies 
in dam. 

donor. 

Fell and Dale 

Fell ponies < 18 weeks of age. 

Weakness, depression, ill-thrift, 

Normocytic, normochromic 

None. 

pony 

Suspected heritable defect. 

pneumonia, diarrhea and other 

anemia. B-lymphocyte 


syndrome 


opportunistic infections. 

leucopenia. Decreased 
concentrations of 
immunoglobulins as foals age. 


Autoimmune 

Secondary to other disease or 

Depression, pallor of mucous 

Anemia. Hemoglobinemia or 

Corticosteroids or 

hemolytic 

drug administration. 

membranes. Signs of 

hemoglobinuria. Coombs 

immunosuppressant 

anemia 

Penicillin-induced anemia. 

underlying disease. 

positive. 

drugs. Withdraw inciting 





cause. 

Clostridial 

Sporadic. Associated with 

Acute disease—fulminant 

Anemia. Agglutination of red 

Treat underlying disease. 

myonecrosis 

intramuscular administration 

myonecrosis with fever, 

cells. Detection of IgM or IgG 

Blood transfusion. Poor 


of medications or 

depression, and hemolytic 

on red cell surface in chronic 

prognosis. 


vaccinations. 

anemia. Chronic disease 
associated with abscessation at 
site of injection, jaundice, 
hemoglobinemia, 
hemoglobinuria. 

disease. 


Liver failure 

Sporadic. Associated with risk 

Terminal phases of liver failure. 

Consistent with liver disease 

None specific. Treat liver 


factors for liver disease. 

Depression, weight loss, jaundice. 

(bilirubin, AST, bile acids, GGT). 

disease. Poor prognosis. 

Bone-marrow 

Specific family line of 

Exercise intolerance, infections. 

Anemia, pancytopenia 

None. 

hypoplasia in 

Standardbred horses in North 




Standardbreds 

America. 




Myelophthisic 

Sporadic. Bone-marrow 

Exercise intolerance. 

Depends on underlying disease. 

Treat specific disease. 

disorders 

neoplasia (myeloproliferative 


Normochromic normocytic 



disease, lymphosarcoma). 


anemia Profound leukocytosis 
in some diseases. 
Hypergammaglobulinemia 



Continued 







Table 11-1 Differential diagnosis of anemia, 

with or without edema, in horses 

—cont'd 


Disease 

Epidemiology 

Clinical findings 

Clinical pathology 

Treatment 

Iatrogenic folate 

Sporadic. Horses treated with 

Signs of underlying diseases. 

Mild anemia. Lymphopenia, 

Stop oral administration of 

deficiency 

drugs that inhibit folate 

Unusual bacterial infection 

neutropenia. Low blood folate 

folate. Administer folate 

metabolism and are 
administered synthetic folate 
orally, such as for treatment 
of equine protozoal 
myeloencephalitis. 

Anemia with edema 

Depression, exercise intolerance, 
lethargy. 

concentrations. 

parenterally. 

Babesiosis 

Regional disease related to 

Incubation period of 5-30 days. 

B. equi in erythrocytes. 

Imidocarb. 

(Theileria equi, 

presence of vector ticks. 

Depression, reluctance to move. 

Serologic testing using IFA or CFT. 


Babesia 

caballi) 

Adult horses. Infected carrier 
state. T. equi transmitted 
transplacentally in addition to 
by tick bite. 

recumbency, fever 

Dependent edema. Colic. Mild 
jaundice and petechiation. 

Young horses most severely 
affected. Course 8-10 days. 

PCR to detect organism. 


Equine infectious 

Virus. Acute disease followed 

Acute disease of fever, anemia, 

Thrombocytopenia. Anemia. 

None specific. Control 

anemia 

by lifelong infection. Insect 
vector (tabanid flies) or 
mechanical transmission 
(veterinary instruments). 

dependent edema, jaundice. 
Apparent recovery followed by 
intermittent relapses of usually 
less severe disease. 

AGID (Coggin's) test. cELISA. 

includes destruction of 
horses with a positive 

AGID or c-ELISA test in 
many jurisdictions. 

Purpura 

Immune-mediated (antigen- 

Nonpainful, cool, asymmetric 

Leucocytosis. Normal platelet 

Penicillin. Corticosteroids. 

hemorrhagica 

antibody complex) secondary 
to respiratory disease. Adult 
horses. Sporadic occurrence. 

subcutaneous swellings. 

Mild fever. Severe cases have 
multiple-organ involvement, 
including rhabdomyolysis. 

count. High serum 
antistreptococcal M protein 
antibody titer. 

Supportive care. 

Congestive heart 
failure 

Sporadic. 

Murmur of valvular insufficiency. 

Irregular heart rhythm (atrial 
fibrillation). Edema that is 
symmetric, cool, and of 
dependent parts. 

None specific. 

None specific. Digitalis and 
furosemide in short term. 

Strongylosis 

Small strongyles (cyathostomes) 

Young horses. Mild fever, 

Anemia, hypoproteinemia. 

Anthelmintics (ivermectin, 


Historically large strongyles. 

depression, diarrhea, edema. 

In patent infestations, fecal egg 
count. 

moxidectin, 

benzimidazoles). 

Resistance an increasing 
occurrence. 

AGID, agar gel immunodiffusion; AST, aspartate aminotransferase; cELISA, competitive enzyme-linked immunosorbent assay; CFT, complement fixation test; GGT, 
gamma-glutamyl transpeptidase; IFA, immunofluorescence assay; PCR, polymerase chain reaction. 


Table 11-2 Differential diagnosis of diseases of cattle characterized by acute hemolytic anemia with or 

without hemoglobinuria 

Disease 

Epidemiology 

Clinical findings 

Laboratory findings 

Leptospirosis 

All ages, cattle on pasture 

Acute fever, red-colored milk Hemoglobinuria abortion; Leptospira titers 
may die in 24-48 hours 

Postparturient 

hemoglobinuria 

High-producing lactating cows 4-6 
weeks postpartum 

Acute; no changes in milk; no fever; die in 12-48 
hours; marked hemoglobinuria 

Hypophosphatemia 

Bacillary 

hemoglobinuria 

Usually mature cattle on summer 
pasture in enzootic area 

Acute fever, abdominal pain; may die in 2-4 days; 
hemoglobinuria 

Leukopenia or leukocytosis 

Babesiosis 

Enzootic areas, tick borne, young 
animals 

Acute fever, jaundice, abortion, course of 2-3 weeks; 
marked hemoglobinuria 

Blood smear, complement fixation 
test, transmission tests 

Anaplasmosis 

Yearling and mature cattle, common in 
summer, insect borne, common in 
feedlots 

No hemoglobinuria, jaundice common, fever 

Anaplasms on blood smear, 
complement fixation test 

Chronic copper 
poisoning 

Follows long-term oral administration of 
medicines or feeds containing copper 

Severe jaundice; no fever Hemoglobinuria 

Toxic levels of copper in blood, 
liver, and feces 

Cold-water hemolytic 
anemia of calves 

Following consumption of large 
quantities of cold water after period 
of limited intake 

Sudden onset within 1 hour after ingestion; no fever; 
may die in a few hours; hemoglobinuria 

Acute hemolytic anemia 

Rape and kale 
poisoning 

All ages of cattle on rape crop grown 
for fodder in fall 

Peracute hemolytic anemia, may die in a few hours 
after onset; no fever Hemoglobinuria 

Acute hemolytic anemia 

Drug induced 

Some drug preparations when given IV 

Mild hemoglobinuria; no hemolytic anemia 

Nil 

Blood transfusion 
reaction 

Using blood from same donor more 
than 1 week after initial transfusion 

Sudden onset, dyspnea, hiccoughs, trembling, 
responds to adrenalin 

Nil 

The common causes of hematuria in cattle are pyelonephritis and cystitis caused by Corynebacterium renale, nonspecific cystitis, and enzootic hematuria. 

Myoglobinuria occurs occasionally in young cattle affected with enzootic-nutritional muscular dystrophy and may be confused with hemoglobinuria. 














Hemorrhagic Disease 
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• Hemangiosarcoma 

• Juvenile bovine angiomatosis 

• Hemoperioneunr 

• Hemothorax 

• Defects in clotting (see “Diseases 
Causing Hemorrhage”), including the 
following: 

• Thrombocytopenia 

• Deficiency of clotting factors 

• Umbilical bleeding in piglets 

Hemolytic Anemia 

Cattle and Sheep 

• Babesiosis, anaplasmosis, Mycoplasma 
ovis comb. nov. (formerly Eperythrozoon 
ovis ) eperythrozoonosis, 
trypanosomiasis, nagana, theileriosis, 3 
Mycoplasma wenyonni 4 alone or in 
various combinations 

• Bacillary hemoglobinuria 

• Leptospirosis (L. interrogans serovar 
pomona ) 

• Bovine virus diarrhea and mucosal 
disease 

• Postparturient hemoglobinuria 

• Associated with grazing Brassica spp., 
rape, kale, chou moellier, turnips, 
cabbage 

• Associated with the excessive feeding of 
culled onions or cannery offal, especially 
tomatoes and onions 

• Poisoning by Mercurialis , Ditaxis, 
Pimelia, and Allium spp. 

• Poisoning by miscellaneous agents, 
including phenothiazine and guaifenesin 

• Poisoning—chronic copper poisoning. 

In sheep, secondary to pyrrolizidine 
alkaloids, as in toxemic jaundice, or 
primary from the feeding of diets too 
high in copper. Cattle are much less 
susceptible than sheep, although 
preruminant calves are very susceptible. 

• Treatment with long-acting 
oxytetracycline 

• Water intoxication and drinking cold 
water in calves, and in goat kids fed 
water from a nipple bottle 

• Inadvertent IV administration of 
hypotonic fluids 

• Part of a transfusion reaction 

• Rare cases of alloimmune hemolytic 
anemia (isoerythrolysis) in calves from 
vaccination of the dam with blood- 
derived vaccines, such as anaplasma 
vaccine, or as part of the bovine 
neonatal pancytopenia associated with 
vaccination of the dam with a specific 
BVD vaccine 5,6 

• Autoimmune hemolytic anemia is 
recorded in calves but is rare. All 
reported cases have occurred in calves 
under 6 months of age. 

• Immune-mediated anemia can occur in 
lambs that are fed cow colostrum as a 
source of immunoglobulin. This is not a 
common sequel to the feeding of cows’ 
colostrum and occurs only with the 
colostrum from certain cows. Anemia is 


evident at 7 to 20 days of age, but 
jaundice and hemoglobinuria are not 
usually present. The syndrome must be 
differentiated from immune-mediated 
thrombocytopenia, which occurs at a 
younger age in some lambs fed bovine 
colostrum'' 8 

• Rarely, in adults after vaccination 

• Congenital anemia associated with 
dyserythropoiesis and accompanied by 
dyskeratosis and progressive alopecia is 
recorded in Polled Hereford calves. The 
anemia is present at birth, and the 
disease is probably inherited. 

• A congenital anemia with jaundice is 
recorded in Murray Grey calves, and it 
is postulated that a defect in the red cell 
membrane leads to intravascular 
hemolysis. 

• Immune-mediated anemia in cattle 
secondary to other systemic disease 9 

Pigs 

• Eperythrozoonosis is recorded, but 
hemolytic anemia is rare. 

• Isoerythrolysis, thrombocytopenia, and 
coagulation defects are discussed in the 
previous section. 

• Generalized cytomegalovirus infection 

Horses (Table 11-1) 

• Equine infectious anemia, although the 
pathogenesis of the anemia is probably 
multifactorial, including hemolysis and 
decreased red cell production 

• Babesiosis 

• Hemotrophic mycoplasma infection 
in horses has been associated with a 
reduced red cell count. The 
syndrome and its importance are 
currently poorly characterized. 10,11 

• Phenothiazine poisoning—this 
anthelmintic is now used rarely in 
horses. 

• Red maple leaf (Acer rubrurn ) toxicosis 12 

• Ingestion of pistache ( Pistacia spp.) 
leaves 13 

• Ingestion of Pimelia trichostachya (St. 
George disease) 14 

• Ingestion of dried garlic (>0.2 g/kg BW) 
results in development of Heinz bodies 
and hemolytic anemia. 

• IV administration of hypotonic or 
hypertonic fluids (water, 20% 
dimethylsulfoxide) 

• As a sequela to severe cutaneous 
burns—the severity of the hemolysis 
correlates with the amount of skin area 
burned. Hemolysis is a result of 
oxidative damage of red cell membranes 
that occurs within minutes of the burn. 
Prevention and treatment include 
immediate administration of polyionic 
fluids to prevent hemoconcentration 
and to prevent hemolytic uremia. 

• As a sequela to clostridial abscessation— 
the anemia occurs more than 10 days 
after development of the abscess and is 


associated with the presence of IgG or 
immunoglobulin M (IgM) on the 
surface of red cells 15 

• Alloimmune hemolytic anemia 
(isoerythrolysis) of foals 

• Autoimmune anemia associated with 
Rhodococcus equi infection in foals (a 
rare complication) 16 

• Autoimmune hemolytic anemia—not 
common, but several series have been 
recorded. 

• Immune-mediated hemolytic anemia 
and thrombocytopenia (Evans 
syndrome) 

• Penicillin-induced hemolytic anemia— 
this is a rare event but can occur when 
horses develop IgG antipenicillin 
antibodies. These antibodies bind to 
penicillin on erythrocytes, with resultant 
red cell destruction. Penicillin-coated 
erythrocytes agglutinate with patient 
serum. It is probable that other 
immune-mediated hemolytic anemias in 
the horse are also associated with the 
development of antibody to therapeutic 
agents. 17 

• Some snake envenomations cause 
intravascular hemolysis in dogs and 
cats, and hemolytic anemia can occur in 
snakebite in horses and calves. 

• Lead intoxication in horses causes mild 
anemia, but signs of peripheral 
neuropathy are the more obvious 
manifestation. 

• Abnormalities in red cell function can 
lead to increased removal of red cells 
from blood (extravascular hemolysis) 
and are discussed under “Abnormalities 
of Red Cell Function.” 

Anemia Resulting From Decreased 
Production of Erythrocytes 
or Hemoglobin 
(Nonregenerative Anemia) 

The diseases resulting from decreased pro¬ 
duction of erythrocytes or hemoglobin tend 
to affect all species, and thus they are pre¬ 
sented here according to cause rather than 
according to animal species. 

Nutritional Deficiency. Nutritional defi¬ 
ciencies impair production of hemoglobin or 
red cells. Specific deficiencies that result in 
anemia include the following: 

• Starvation (chronic undernutrition) 
causes mild to moderate anemia. 18 

• Cobalt and copper—these elements are 
necessary for all animals, but clinically 
occurring anemia is observed in only 
ruminants. Copper deficiency induced 
by zinc toxicity causes anemia in pigs. 

• Iron—but as a clinical occurrence this is 
limited to rapidly growing animals, 
including baby pigs, young calves 
designated for the white veal market, 
housed lambs, and foals. This 
predilection of young animals for iron 
deficiency is attributable to their rapid 
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growth and hence requirement for 
relatively large intakes of iron (which, in 
addition to production of hemoglobin, 
is used in production of myoglobin and 
other iron-containing compounds), the 
low concentration of iron in milk, and 
management practices that deny access 
of the animals to pasture or soil from 
which they can obtain iron. 

• Anemia in piglets can be caused by 
iron deficiency. The disease occurs in 
both housed piglets and those kept 
on dirt, although the disease is 
believed to be less common in those 
kept at pasture or on dirt, in part 
because of the availability of iron 
ingested in dirt. 

• Iron deficiency should be considered 
as a possible cause of failure to 
perform well in housed calves. Male 
calves up to 8 weeks of age and on a 
generally suitable diet can show 
less-than-optimum performance in 
erythron levels, and the calves with 
subclinical anemia have deficits in 
growth rate and resistance to 
diarrhea and pneumonia. Calves fed 
20 mg Fe/kg milk replacer develop 
hypoferremia and mild anemia, 
whereas those fed 50 mg Fe/kg do 
not. 

• Iron-deficiency anemia occurs in 
housed lambs and is prevented by 
oral or parenteral supplementation 
with iron. Anemia and poor weight 
gain were not prevented in all lambs 
by a single administration of 330 mg 
of iron once orally at 1 to 5 days of 
age, although there was a marked 
increase in serum iron concentration. 
Treated lambs had higher hematocrit 
and greater weight gain than did 
untreated lambs. 

• Microcytic anemia and hypoferremia 
occur in Standardbred foals kept at 
pasture for 12hours per day. These 
changes are not prevented by oral 
administration of four oral doses of 
248 mg of iron, suggesting that 
higher levels of supplementation are 
needed. Conversely, hypoferremia 
and anemia were reported in stabled 
foals but not in a pastured cohort. 
The stabled foals had clinical signs of 
anemia (lethargy) and low 
hematocrit, hemoglobin 
concentration, and serum iron 
concentration, which were restored 
to normal values by iron 
supplementation (0.5 g iron sulfate 
orally once daily, 3 g of iron sulfate 
top dressed on cut pasture fed to the 
foals and their dams, and unlimited 
access to a lick block containing 
iron). Whereas colostrum of mares is 
rich in iron, milk has much lower 
concentrations, probably explaining 
the low serum iron of some nursed 


foals and demonstrating the need for 
access to iron supplements or, 
preferably, soil or pasture. 
Supplementation of foals with iron 
should be undertaken cautiously 
because of the documented 
hepatotoxicity of large doses of iron 
given orally to newborn foals. Toxic 
hepatopathy develops in newborn 
foals administered iron fumarate at 
16 mg/kg BW within 24 hours of 
birth, similar to the situation in 
piglets. Iron supplementation of foals 
should be done cautiously 
• A great deal of attention is paid to 
providing adequate iron to 
racehorses, often by periodic 
injection of iron compounds 
regularly during the racing season or 
provision of hematinic supplements. 
Given that strongylosis is all but 
unknown in racehorses in the 
current era of intensive parasite 
control programs and stabling of 
horses, anemia is exceedingly rare in 
healthy racehorses. Supplementation 
with iron of horses on a balanced, 
complete ration is therefore unlikely 
to be necessary. Moreover, 
administration of excessive iron 
could be dangerous, although iron 
intoxication has not been 
documented in racehorses as it has 
in foals. Oral administration of 
50 mg Fe/kg body weight to ponies 
for 8 weeks increased serum iron 
concentration, did not affect 
hematocrit, and did not induce signs 
of disease. 

• Potassium deficiency is implicated in 
causing anemia in calves. 

• Pyridoxine deficiency, produced 
experimentally, can contribute to the 
development of anemia in calves. 

• Folic acid deficiency is rare in horses, 
has not been reported as a spontaneous 
disease in pigs, and is unlikely to occur 
in ruminants because of the constant 
production of folic acid by rumen 
bacteria. Plasma folic acid 
concentrations vary in pregnant mares 
kept at pasture and in their foals, but 
there is no evidence of folate deficiency 
in either mares or foals. Administration 
of antifolate drugs (trimethoprim, 
sulfonamides, pyrimethamine, 
methotrexate) could, theoretically, cause 
folate deficiency in horses. Folate 
deficiency causing anemia and 
leukopenia is reported in a horse treated 
for equine protozoal myelitis with 
antifolate drugs concurrent with oral 
supplementation with folic acid. IV 
administration of folic acid (0.055 to 

0.11 mg/kg BW) resulted in rapid 
resolution of leukopenia and anemia. 
Paradoxically, oral administration of 
folic acid in monogastric animals 


receiving antifolate drugs impairs 
absorption of folic acid in the small 
intestine and causes folate deficiency. 
Administration of folic acid, 
sulfonamides, and pyrimethamine orally 
to pregnant mares results in congenital 
signs of folate deficiency in foals, 
including anemia and leukopenia. 

Chronic Disease. Chronic inflammatory 
disease causes mild to moderate anemia in 
all species of large animals. The anemia can 
be difficult to differentiate from that of mild 
iron-deficiency anemia. The genesis of 
anemia of chronic inflammation is multifac¬ 
torial and includes sequestration of iron 
stores such that iron availability for hemato¬ 
poiesis is reduced despite adequate body 
stores of iron, reduced erythrocyte life span, 
and impaired bone-marrow response to 
anemia. 19 The result is normocytic, normo¬ 
chromic anemia in animals with normal to 
increased serum ferritin concentrations. The 
clinicopathologic features of both iron-defi¬ 
ciency anemia and anemia of chronic disease 
are detailed in Table 11-3. Causes of anemia 
of chronic disease include the following: 

• Chronic suppurative processes can cause 
severe anemia by depression of 
erythropoiesis. 

• Radiation injury can cause anemia by 
reducing erythropoiesis. 

• Poisoning by bracken, trichloroethylene- 
extracted soybean meal, arsenic, 
furazolidone, and phenylbutazone can 
cause depression of bone-marrow 
activity. 

• Anemia can occur as a sequela to 
inclusion-body rhinitis infection in pigs. 

• Porcine dermatitis and nephropathy 
syndrome can result in anemia. 

• Intestinal parasitism (e.g., ostertagiasis, 
trichostrongylosis) in calves and sheep 
can have this effect. 

Red Cell Aplasia 

• Red cell hypoplasia is a fatal syndrome 
of anemia, immunodeficiency, and 
peripheral gangliopathy that develops at 
4 to 8 weeks of age in some Fell pony 
and Dale pony foals. 20-22 

• Anemia in some horses follows the 
administration of recombinant human 
erythropoietin. The anemia is a result of 
pure red cell aplasia and is manifest as 
normocytic, normochromic anemia. The 
disease is attributable to injection of 
horses with recombinant human 
erythropoietin with subsequent 
development of substances in blood, 
presumably antibodies to rhEPO, that 
cross-react with and neutralize 
endogenous erythropoietin in affected 
horses. Not all horses administered 
rhEPO develop anemia, but the disease 
is reported as an outbreak in a stable of 
Thoroughbred racehorses that were 
given the compound. Severely affected 
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Table 11-3 Characteristic or expected changes in hematological and serum biochemical variables in anemic animals 



REGENERATIVE ANEMIA 


NONREGENERATIVE ANEMIA 


BLOOD LOSS 

HEMOLYSIS 


Iron deficiency 
(including 




Chronic or 




Hypoproliferative 



normovolemic 



Chronic 

prolonged 

anemia, aplastic 


Acute 

recovery phase of 


Chronic or 

inflammation 

chronic blood 

anemia. 

Variable 

hemorrhage 

acute hemorrhage 

Acute 

recovery 

and disease 

loss) 

myelophthisis 

Hematocrit 

Normal 

Low 

Low 

Low 

Mild to moderate 

Low 

Low to very low 






low 



Hemoglobin 

Normal 

Low 

Normal (intravascular 

Low 

Low 

Low 

Low 

concentration 



hemolysis) to low 





in blood 



(extravascular 

hemolysis) 





Plasma total 

Normal 

Low 

Normal 

Normal 

Normal to high 

Normal 

Normal 

protein 





(increased 



concentration 





globulins and 
fibrinogen) 



Plasma fibrinogen 

Normal 

Low, normal or high 

Normal or high 

Normal or high 

High 

Normal 

Normal 

Reticulocytosis* 

No 

Yes 

No 

Yes 

Unusual 

Unusual 

No 

Mean corpuscular 

Normal 

High 

Normal 

High 

Normal to low 

Low 

Normal 

volume (MCV)* 

Mean corpuscular 

Normal 

High (because of 

High (because of 

High 

Normal to low 

Low 

Normal 

hemoglobin 


reticulocytes) 

increased 

(regenerative 







concentration of 
free hemoglobin 
in plasma) 

response) 




Mean corpuscular 

Normal 

Decreased (because 

High (because of 

Decreased 

Normal to low 

Low 

Normal 

hemoglobin 


of reticulocytes) 

increased 

(because of 




concentration 



concentration of 
free hemoglobin 
in plasma) 

reticulocytes) 




Red cell 

Normal 

Increased 

Normal 

Increased 

Normal 

Normal 

Normal 

distribution 
width (degree 
of anisocytosis) 








Red cell 

Normocytic, 

Anisocytosis, 

Anisocytosis, 

Anisocytosis, 

Normocytic, 

Microcytic, 

Normocytic, 

morphology 

normochromic 

macrocytic, 

polychromic 

spherocytosis 

polychromic 

normochromic 

hypochromic 

normochromic 

Serum iron 

Normal 

Normal (low if 

Normal to high 

Normal to high 

Low (to normal) 

Low 

Normal to high 

concentration 


prolonged loss of 

because of release 







red cells) 

of iron from red 
cells 





Serum transferrin 

Normal 

High 

Normal 

Normal to high 

Low to normal 

Normal to 

Low to normal 

concentration 

(total 

iron-binding 

capacity) 






increased 


Transferrin 

Normal 

Low to normal 

NK 

NK 

Low to normal 

Low 

Normal to high 

saturation 








Serum ferritin 

Normal 

Low to normal 

Normal 

Normal to high 

Normal to high 

Low 

Normal to high 

concentration 





(note: ferritin 
is also an 
acute-phase 
protein) 



Bone-marrow 

Normal 

Low to normal 

Normal 

Normal or 

High (or normal) 

Low or absent 

Normal 

iron stores 




increased 




Bone-marrow 

Normal (0.5-1.5) 

Low (<0.5) 

Normal 

Low 

Normal to high 

Normal 

High (>1.5) 

myeloid: 
erythroid ratio* 









Continued 
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Table 11-3 Characteristic or expected changes in hematological and 

serum biochemical variables in anemic animals— 

cont'd 


REGENERATIVE ANEMIA 


NONREGENERATIVE ANEMIA 


BLOOD LOSS 

HEMOLYSIS 


Iron deficiency 
(including 
prolonged 
chronic blood 
loss) 


Variable 

Chronic or 
normovolemic 

Acute recovery phase of 

hemorrhage acute hemorrhage 

Acute 

Chronic or 
recovery 

Chronic 
inflammation 
and disease 

Hypoproliferative 
anemia, aplastic 
anemia, 
myelophthisis 

Plasma 

erythropoietin 

concentration 

Normal to high High 

Normal to high 

High 

Depends on 
underlying 
disease 

High 

Low—renal disease 
or decreased 
erythropoietin 
(EPO) production 
High—bone- 
marrow disease 

Blood white cell 

Normal Neutrophilia, 

Neutrophilia 

Neutrophilia, 

Leukocytosis, 

Neutropenia or 

Pancytopenia or, 

count 

thrombocytosis 


thrombocytosis 

thrombocytosis 

normal 

with pure red 
cell aplasia, 
normal 

The changes are those expected in most species but might not occur uniformly in all species. Normal are values within the range expected for healthy animals of that 
species, age, and physiologic status. High and low refer to values above or below this normal range. 

* Reticulocytes are detectable in blood of horses only by use of special stains and sensitive laboratory methods. 
f Increases in MCV in horses are slight and difficult to detect. 

*Values are for adult horses. 

NK, not known. 


horses die. Treatment of severely 
affected horses is futile, but mildly 
affected horses can recover. Whether the 
recovery was spontaneous or because of 
administered glucocorticoids is 
unknown. Administration of 
cyclophosphamide and glucocorticoids 
was not effective in treatment of several 
severely affected horses. Blood 
transfusion provides temporary relief. 

• Pure red cell aplasia not associated with 
administration of rhEPO occurs, but 
rarely in horses. The disease can be 
transient. 

Myelophthisic Anemia. Myelophthisic 
anemia, in which the bone marrow cavities 
are occupied by other, usually neoplastic, 
tissues is rare in farm animals. Clinical signs, 
other than of the anemia, which is macro¬ 
cytic and normochromic, include skeletal 
pain, pathologic fractures, and paresis as a 
result of the osteolytic lesions produced by 
the invading neoplasm. Cavitation of the 
bone may be detected on radiographic exam¬ 
ination. Causes include the following: 

• Lymphosarcoma with bone 
marrow infiltration occurs in most 
species. 23 

• Lymphoma with immune-mediated 
anemia and thrombocytopenia occurs in 
horses. 24 

• Plasma-cell myelomatosis has been 
observed as a cause of such anemia in 
pigs, calves, and horses. 25 

• Infiltration of neoplastic cells, other 
than lymphoma or myeloma, such 
as melanoma in horses, can be 

a cause. 


• Myelophthisic anemia as a result of 
myelofibrosis is reported in a pony and 
as a familial disease in pygmy goats. 

Pathogenesis 
Anemic Hypoxia 

The most important abnormality in anemia 
is the hypoxemia and subsequent tissue 
hypoxia that result from the reduced hemo¬ 
globin concentration and oxygen-carrying 
capacity of blood. The anemia becomes criti¬ 
cal when insufficient oxygen is delivered to 
tissue to maintain normal function. 

Oxygen delivery is described mathemati¬ 
cally by the Fick equation: 

Oxygen delivery = Cardiac output 

X Arteriovenous oxygen 
content difference 

Oxygen delivery is therefore the rate at which 
oxygen is delivered to the tissue—it is a com¬ 
bination of the rate at which oxygen arrives 
at the tissue in arterial blood and the propor¬ 
tion of that oxygen extracted from the capil¬ 
lary blood. 

Cardiac output is determined by heart rate 
and stroke volume, whereas the arteriovenous 
difference in blood oxygen content is deter¬ 
mined by the hemoglobin concentration, the 
hemoglobin saturation with oxygen in both 
arterial and venous blood, and the extraction 
ratio. The extraction ratio is the proportion of 
oxygen that is removed from the blood during 
its passage through tissues. In animals with a 
normal hematocrit and cardiac output, 
oxygen delivery to tissues exceeds the oxygen 
requirements of the tissue by a large margin, 
with the result that the oxygen extraction 
ratio is small (<40%). However, as the 


oxygen-carrying capacity per unit of blood 
declines (usually expressed as milliliters of 
oxygen per 100 mL of blood), then either 
blood flow to the tissue or the extraction ratio 
must increase to maintain oxygen delivery. In 
reality, both of these compensatory mecha¬ 
nisms occur during the acute and chronic 
responses to anemia. Heart rate increases to 
increase cardiac output and therefore the 
delivery of oxygen to tissues, and blood flow 
is preferentially directed to those tissue beds 
that are most essential for life or are most 
sensitive to deprivation of oxygen (heart, 
brain, gut, kidney). The extraction ratio 
increases and is evident as a decrease in 
venous blood hemoglobin saturation. Hemo¬ 
globin in arterial blood is usually thoroughly 
saturated with oxygen, and the limitation to 
oxygen delivery to tissues is the low hemoglo¬ 
bin concentration and consequent low arte¬ 
rial oxygen content. Assessment of arterial 
blood oxygen tension and content is dis¬ 
cussed in Chapter 13. 

Reductions in hemoglobin concentration 
are compensated for by increases in cardiac 
output and the extraction ratio so that 
oxygen delivery to tissues is maintained in 
mild to moderate anemia. As the severity of 
anemia increases, these compensatory 
mechanisms are inadequate, and oxygen 
delivery to tissues declines. At some point 
the delivery of oxygen fails to meet the 
oxygen needs of the tissue, and organ func¬ 
tion is impaired. It is important to realize 
that this is not an all-or-none phenomenon 
and that there is not a particular point at 
which decompensation occurs. In fact, with 
progressive anemia there are progressive 
increases in cardiac output and the oxygen 
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extraction ratio (evident as a progressive 
decline in venous hemoglobin saturation) 
until these compensatory mechanisms are 
maximal. Arterial pH and lactate concen¬ 
tration are maintained until the degree of 
anemia cannot be compensated for by 
increases in cardiac output and the extrac¬ 
tion ratio, at which point the blood lactate 
concentration rises and blood pH and base 
excess decline. This is the degree of anemia 
at which oxygen use by tissues is entirely 
dependent on blood flow—decreases in 
blood flow decrease oxygen utilization, and 
increases in blood flow increase oxygen uti¬ 
lization until the point where oxygen deliv¬ 
ery exceeds oxygen consumption. 

Compensation for slowly developing 
anemia is more complete than for rapidly 
evolving anemia, such that animals with 
chronic anemia can tolerate a degree of 
anemia that would be intolerable for animals 
with acute anemia of a similar severity. Part 
of this chronic compensation includes 
changes in the affinity of hemoglobin for 
oxygen, which is in part a result of increases 
in 2,3-diphosphoglycerate concentration in 
red cells. 

When anemia is sufficiently severe that it 
reduces oxygen delivery to tissue to rates that 
are less than the oxygen needs of tissue, 
tissue hypoxia develops and the proportion 
of energy generated by anaerobic metabo¬ 
lism increases. Anaerobic metabolism 
cannot be sustained for more than a short 
period of time (minutes) before tissue func¬ 
tion is impaired. Impaired organ function is 
evident as decreased myocardial contractil¬ 
ity, decreased cerebral function, decreased 
gastrointestinal motility, and abnormal renal 
function, to list just a few of many important 
abnormalities. The severity of these abnor¬ 
malities depends on the metabolic activity of 
the tissues, with more metabolically active 
tissues (e.g., the heart) being more sensitive 
to hypoxia. Death usually results from acute 
heart failure caused by arrhythmia. 

The effect of anemia is also dependent on 
the metabolic state of the animal. Exertion, 
even mild exertion such as grazing or follow¬ 
ing a herd or flock, can increase oxygen 
demands above that which can be sustained 
by the degree of anemia. Similarly, increases 
in body temperature, such as with fever, 
increase oxygen demand noticeably—an 
increase in body temperature of 1°C (1.8°F) 
increases oxygen need by 12%. 

Anemia induces increases in plasma 
erythropoietin concentration, which stimu¬ 
lates erythropoiesis in bone marrow and, in 
young animals or those with extreme anemia, 
in extramedullary sites. The increase in 
plasma erythropoietin concentration is 
prompt, occurring within hours of the devel¬ 
opment of anemia. The compensatory eryth¬ 
ropoietic response is slower, with new red 
cells being detectable in 1 to 2 days in most 
species and bone-marrow reticulocytosis 
detectable in less than 1 week. 


Autoimmune Hemolytic Anemia 
Autoimmune hemolytic anemia is believed 
to result from an aberrant production of 
antibodies targeted against surface antigens 
of the erythrocyte as a result of an alteration 
in the erythrocyte membrane from systemic 
bacterial, viral, or neoplastic disease. An 
alternate hypothesis is the development of 
immunocompetent clones that direct anti¬ 
body at the red cell membrane. Red cells are 
lost by intravascular hemolysis or removal 
by macrophages of the reticuloendothelial 
system, and anemia occurs when the capac¬ 
ity of the bone marrow to compensate for 
increased red cell destruction is exceeded. 
Autoimmune hemolytic anemia is consid¬ 
ered to be idiopathic if it cannot be associ¬ 
ated with an underlying disease and is 
considered to be secondary if associated with 
another condition. Often this is neoplastic 
disease. The antibodies are of the IgG or IgM 
class, may be agglutinating or nonagglutinat¬ 
ing, and can also be temperature dependent. 
The antiglobulin test has been used to 
confirm the diagnosis in cases of nonagglu¬ 
tinating autoimmune hemolytic anemia, but 
demonstration of immunoglobulin on the 
surface of red cells by immunofluorescent 
cell staining and flow cytometry is much 
more sensitive and specific. 

Hemolysis 

Hemolysis results from rupture of red cell 
membranes as a consequence of injury to the 
membrane or osmotic lysis when serum 
tonicity is lower than normal. Hemolytic 
disease of any cause has the potential to over¬ 
whelm the normal clearance mechanisms for 
hemoglobin, with the result that hemoglobin 
concentrations in plasma are abnormally 
high. This can result in hemoglobinuric 
nephrosis (see Chapter 14). 

Methemoglobinemia and 
Oxidative Damage 

Methemoglobinemia results from oxidative 
damage of hemoglobin and occurs in disease 
such as red maple leaf toxicosis in horses and 
nitrate poisoning in ruminants. Methemo¬ 
globinemia is reversible but important as an 
indicator of oxidative damage and because 


methemoglobin cannot transport oxygen. 
Oxidative damage to red cells results in dena- 
turation of hemoglobin, with subsequent 
formation of Heinz bodies. Red cells 
damaged in this way are sensitive to osmotic 
lysis and fragmentation. Intravascular hemo¬ 
lysis and removal of damaged red cells by the 
reticuloendothelial system contributes to 
anemia. 

Clinical Findings 

The clinical signs and their severity depend 
on the degree of anemia (Table 11-4). Mild 
anemia in animals that are not required to be 
physically active, such as veal calves or 
housed lambs, might be apparent only as 
failure to achieve optimal weight gain. More 
severe degrees of anemia, or mild anemia in 
animals required to be physically active, such 
as foals at pasture or racehorses, can be 
evident as exercise intolerance, failure to 
perform athletically, or lethargy. Behavioral 
signs of anemia include prolonged recum¬ 
bency; depressed mentation; reduced 
nursing, foraging, or grazing; and, in extreme 
anemia, belligerence. 

Responses to anemia varies with the 
severity of the anemia and its duration. 
Adaptive responses to anemia, which include 
induction of expression of hypoxia-inducible 
factor and subsequent pleiotropic effects that 
modulate and attenuate the effects of 
anemia, 26 and hypoxia, mean that animals 
with long-standing and slowly evolving 
anemia accommodate a low hematocrit with 
fewer clinical signs than do animals with 
acute anemia of the same extent that can 
have much more severe clinical signs. 

Physical findings include pallor of the 
mucosae and conjunctiva, but appreciable 
degrees of anemia can occur without clini¬ 
cally visible change in mucosal, conjunctival, 
or skin color. The mucous membranes, con¬ 
junctiva, and skin in pale-skinned, sparsely 
haired animals, such as pigs, can be almost 
white in animals with severe anemia (Fig. 
11-2). Hemolytic anemia causes jaundice in 
most cases. 

A chart for examination of conjunctival 
color in sheep and goats has been validated 
as a means of assessing severity of anemia in 


Table 11-4 Acute hemorrhage: estimated blood loss 


% Blood 
loss 

Heart rate 

Respiratory 

rate 

Capillary refill 
time 

Blood 

pressure 

Other physical 
examination findings 

<15 

Normal 

Normal 

Normal 

Normal 

Possible mild anxiety 

15-30 

Increased 

Increased 

Mildly 

prolonged 

Normal 

Mild anxiety 

30-40 

Moderate to 
severely 
increased 

Increased 

Prolonged 

Decreased 

Anxious or depressed: 
cool extremities 

>40 

Severely 

increased 

Increased 

Very pale 
mucous 

membranes 

Severe 

hypotension 

Obtunded; cool 
extremities 
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Fig. 11-2 Extremely pale bulbar conjunctiva 
in an anemic Holstein-Friesian cow. The cow 
had a packed cell volume of 13% secondary 
to massive acute hemorrhage into the 
lactating mammary gland. 


these species. The chart (FAMACHA) was 
developed to aid in parasite control pro¬ 
grams. Training programs are important in 
ensuring the accuracy and reproducibility of 
use of the chart. 27 Conjunctival color is 
assessed on a scale of 1 to 5, in which 1 = red 
and 5 = white. The correlation between 
FAMACHA score and hematocrit is very 
good (R = -0.52 in sheep and -0.30 in goats). 
The sensitivity and specificity for detection 
of a hematocrit below 15% for FAMACHA 
scores of 4 and 5 were 83% and 89%, respec¬ 
tively, for sheep and 83% and 71%, respec¬ 
tively, for goats. 28 This methodology appears 
to be very useful for detection of anemia in 
small ruminants and in increasing the adop¬ 
tion of appropriate anthelmintic programs 
by farmers trained in the technique. 29 

The heart rate is increased, the pulse has 
a large amplitude, and the absolute intensity 
of the heart sounds is markedly increased in 
anemic animals. Terminally, the moderate 
tachycardia of the compensatory phase is 
replaced by a severe tachycardia, a decrease 
in the intensity of the heart sounds, and a 
weak pulse. A hemic murmur might be 
heard and is likely a result of the low viscosity 
of blood in anemic animals combined with 
increased ejection velocity of blood from the 
heart as a consequence of increased heart 
rate and cardiac output. Severe anemia can 
cause clinically important arrhythmia, 
including ventricular tachycardia and ven¬ 
tricular premature beats. 30 

Dyspnea is not pronounced in anemia, 
with the most severe degree of respiratory 
distress appearing as an increase in depth of 
respiration without much increase in rate. 
Labored breathing occurs only in the termi¬ 
nal stages, and at those times the animals can 
be severely distressed. 

Other signs of decompensated anemia 
include anxious expression, absent rumina¬ 
tion, ileus, colic, anuria, and cardiac arrhyth¬ 
mia. Animals can appear quiet and 
comfortable unless they are forced to move 
or an event occurs that increases oxygen con¬ 
sumption and causes decompensation. An 
example is an animal that has compensated 
for its severe anemia but then develops a 


fever. Fever can increase whole-body oxygen 
requirements by 12% for each 1°C (1.8°F) 
increase in temperature, and this can cause a 
finely balanced animal to decompensate. 

There can be signs of the inciting disease, 
and these can include edema, jaundice, pete¬ 
chial and ecchymotic hemorrhages in the 
mucosa, and hemoglobinuria. 

Adjunctive examination can include 
gastrointestinal, urinary, or upper respira¬ 
tory endoscopy; radiography of the chest or 
abdomen; and ultrasonographic examina¬ 
tion of affected regions. 

Clinical Pathology 

The clinicopathological characteristics of the 
common forms of anemia are provided in 
Table 11-3. 

Hematology 

Anemia is definitively diagnosed by mea¬ 
surement of red cell indices and demonstra¬ 
tion of low hematocrit, red cell count, and 
hemoglobin concentration. Examination of 
various red cell indices can yield important 
information about the cause of anemia and 
evidence of regeneration. In addition to pro¬ 
viding the diagnosis, serial monitoring of the 
hemogram is useful in detecting evidence of 
a regenerative response. At a minimum, 
repeated measurement of hematocrit will 
reveal a gradual increase when there is a 
regenerative response. Hematocrit of horses 
with induced anemia increases by approxi¬ 
mately 1% (0.01 L/L) every 3 days. 

The relationship between hematocrit 
(packed cell volume [PCV]) and hemoglobin 
concentration in cattle is: Hb (g/dL) = (0.3 
PCV) + 3, where PCV is reported as a per¬ 
centage (e.g., 42%). 31 

Red cell morphologic abnormalities 
include variations in size, shape, and content: 
• Red cell size 

• Anisocytosis is the presence of red 
cells of abnormal size. Abnormal 
cells can be either macrocytes or 
microcytes. (See bullet on red cell 
distribution width later in list.) 

• Macrocytosis (high mean 
corpuscular volume [MCV]) usually 
indicates a regenerative response. 
Ruminants have a prominent 
macrocytic response to anemia. The 
increase in MCV in horses can be so 
slight as to be undetectable, 
especially in mild to moderate 
regenerative anemia. 

• Microcytosis (low MCV) is found in 
classic deficiency anemias, such as 
iron-deficiency anemia. 

• Red cell distribution width is a 
measure of the variation in red cell 
size in the population of red cells in 
blood. It is calculated by dividing the 
standard deviation of red cell 
volumes by the mean red cell volume 
and multiplying the product by 100. 
An increase in red cell distribution 


width indicates the presence of 
anisocytosis as a result of 
macrocytosis in regenerative 
anemia. 

• Red cell shape 

• Spherocytosis is found in diseases 
that affect the red cell membrane, 
such as immune-mediated anemia 
and red maple toxicosis. 

• Schistocytes (small, irregularly 
shaped cells or red cell fragments) 
are found in diseases that cause 
intravascular physical injury to red 
blood cells, such as DIC or vasculitis 
with endothelial damage. 

• Echinocytes are normal-sized red 
cells that have uniform membrane 
projections. They are of uncertain 
importance. 

• Eccentrocytes are cells in which 
hemoglobin has been damaged and 
accumulated eccentrically in the cell, 
causing variation in the color density 
of the cell. It is usually associated 
with diseases causing oxidative 
damage. 

• Red cell content 

• Polychromasia, the presence of 
erythrocytes of varying staining 
intensity, is usually a result of the 
presence of reticulocytes, 

• Hypochromia can be evident as 
reduced staining intensity and is a 
result of a reduction in red cell 
hemoglobin concentration. 

• The amount of hemoglobin in red 
cells can vary. Mean corpuscular 
hemoglobin (MCH) content 
increases in the presence of 
reticulocytes. False increases in 
MCH occur when there is free 
hemoglobin in plasma, either from 
in vivo or ex vivo hemolysis. Mean 
corpuscular hemoglobin 
concentration (MCHC) is reduced 
in the presence of reticulocytosis, 
and hemolysis falsely increases 
MCHC. 

• Nucleated red cells appear in the 
peripheral blood only in ruminants 
among farm animals and only in 
response to severe anemia. 

• Howell-Jolley bodies are nuclear 
remnants that are common in the 
regenerative response in ruminants, 
but less so in horses. 

• Heinz bodies are round protrusions 
from the cell membrane or 
intracellular inclusions. The bodies 
are denatured hemoglobin and are 
found in diseases in which there is 
oxidative damage to red cells. 
Affected cells are fragile and 
susceptible to intravascular lysis or 
increased rate of removal by cells of 
the reticuloendothelial system. 

• Parasites such as Babesia spp., 
Theileria spp., and Mycoplasma spp. 
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(formerly Eperythrozoon spp.) can be 
detected in parasitemic animals. 

• Reticulocytosis—reticulocytes are 
immature red cells released from the 
bone marrow. Reticulocytes contain 
remnants of nucleic acid, and this 
can be detected by use of appropriate 
stains. Until recently, reticulocytosis 
in response to anemia was 
documented in ruminants and pigs, 
but not in horses. This was because 
equine reticulocytes do not stain 
with Romanowsky and other stains 
used for routine examination of 
smears of peripheral blood. However, 
use of oxazin, a stain that combines 
with nucleic acid, and fluorescent 
detection of labeled cells have 
revealed the presence of reticulocytes 
in thee peripheral blood of horses. 
Horses develop reticulocytosis in 
response to anemia, as do other 
species. 

• Reticulocyte volume and reticulocyte 
hemoglobin content increase in 
regenerative anemia in horses, but 
this increase has not been evaluated 
in other large animals. 

Agglutination of red cells is apparent as 
irregularly shaped agglomerations of red 
cells. The clumps of red cells do not dissoci¬ 
ate when blood is diluted 1:4 with 0.9% 
saline, as happens with rouleaux. Rouleaux 
are normal findings in the blood of horses 
and are apparent as rows of erythrocytes. 

Coombs testing or use of direct immu- 
nofluorescent flow cytometry can provide 
evidence of immune-mediated hemolytic 
anemia. 

Other hematologic changes in severe 
anemia include leukocytosis and 
thrombocytosis. 

Bone Marrow 

Examination of bone marrow is useful for 
demonstrating a regenerative response, espe¬ 
cially in horses in which a regenerative 
response can be difficult to detect in periph¬ 
eral blood, and for determining the cause of 
nonregenerative anemia. 

Collection of Bone Marrow. Samples of 
bone marrow can be obtained by aspiration, 
with samples submitted for cytologic exami¬ 
nation, or biopsy, with core samples submit¬ 
ted for histologic examination. Bone-marrow 
aspirates are useful in that they provide 
samples in which the relative proportions of 
myeloid and erythroid cell lines can be deter¬ 
mined. However, samples obtained by aspi¬ 
ration do not allow examination of the 
overall cellularity of the marrow or its 
architecture. 

Samples of bone marrow can be obtained 
from the sternebrae, proximal aspects of the 
ribs, or tuber coxae. The preferred site in adult 
animals, and in calves, is the cranial sternum. 
The procedure is performed on standing 


adult animals or laterally recumbent calves. 
Animals should be adequately restrained, 
which could include administration of seda¬ 
tives and analgesics. A site on the ventral 
midline over the second or third sternebra is 
clipped and aseptically prepared. Local anal¬ 
gesia is induced by injection of lidocaine or 
similar local anesthetic (5 to 10 mL). The local 
anesthetic is injected subcutaneously and to 
the surface of the sternebra. A small skin inci¬ 
sion is made, and the aspiration needle or 
biopsy instrument is introduced. Bone-mar¬ 
row aspirates can be collected using a 13- to 
15-gauge, 5- to 7-cm needle and stylet. Bone 
marrow core biopsies are performed using an 
8-, 11- or 13-gauge 100- to 150-mm bone- 
marrow biopsy needle (TrapSystem). 

Bone-marrow aspirates are collected 
from adult horses by advancing the needle 
approximately 2 to 3 cm into the sternebra. 
The stylet is then removed, a 5- to 10-mL 
syringe is attached, and bone marrow is aspi¬ 
rated. The samples should be placed on a 
clean glass slide and air-dried, or put in a 
Petri dish containing 0.5 to 1.0 mL of 2% 
EDTA. 

Core samples of bone marrow are 
obtained by inserting the biopsy needle 2 cm 
into the cortex of the sternebra. The stylet is 
then removed and the needle is advanced 
with a rotating motion. This can require con¬ 
siderable effort in adult animals. The needle 
is advanced approximately 2 to 3 cm and 
then rapidly withdrawn. A sample of bone 
marrow will be evident as pink to red bone. 
The sample should be rolled on a clean, dry 
glass slide (for cytologic examination) and 
then placed in 10% neutral buffered formalin 
for histologic examination. 

Interpretation of Bone Marrow. Bone 
marrow is examined for overall architecture, 
cellularity, the ratio of myeloid to erythroid 
cells (M: E ratio), and the presence of inflam¬ 
mation, necrosis, or abnormal cells. A sub¬ 
jective assessment of iron stores can be made 
by staining sections of marrow with Prussian 
blue stain. 

A regenerative response is evident as a 
low M:E ratio as a result of erythrocyte 
hyperplasia and the presence of erythroid 
series cells in all stages of maturity. There are 
increased counts of reticulocytes in bone 
marrow, and the number of nucleated cells 
relative to the hematocrit increases. The 
MCV and reticulocyte hemoglobin content 
are high in regenerative bone marrow. These 
responses are evident as soon as 3 days after 
acute anemia and peak at approximately 9 
days. 

Abnormal white cells, such as seen in 
myelophthisic disease caused by myeloma or 
lymphosarcoma, cause displacement of ery¬ 
throid series cells and a high M:E ratio. 
Similarly, a high M: E ratio is obtained when 
there is primary red cell aplasia. A normal 
M: E ratio is obtained when there is aplasia 
of both myeloid and erythroid series of cells, 


highlighting the need to evaluate the overall 
cellularity of the marrow. Normal marrow is 
approximately 50% fat and 50% combined 
myeloid and erythroid series cells. 

Blood-Gas Analysis, Oximetry 
and Lactate 

Arterial Blood-Gas Analysis. Arterial 
blood oxygen tension (mm Hg, kPa) in 
animals with anemia is almost always within 
the reference range for healthy animals 
unless there is coexisting lung disease. 
Anemia does not interfere with diffusion of 
oxygen from the alveolus into capillary 
blood. However, the arterial oxygen content 
(mL 0 2 per 100 mL blood) is reduced 
because of the reduced arterial blood hemo¬ 
globin concentration (see Chapter 10). Arte¬ 
rial carbon dioxide tension is often reduced 
in severe anemia as a result of alveolar hyper¬ 
ventilation that is a response to arterial 
hypoxemia. Arterial pH and base excess 
decline as the severity of anemia increases 
and compensatory mechanisms are no 
longer able to ensure delivery of sufficient 
oxygen to tissue, indicative of metabolic aci¬ 
dosis resulting from tissue anaerobiosis. 

Venous Blood-Gas Analysis. The ideal 
sample is mixed venous blood collected from 
the pulmonary artery or right atrium. 
However, these sites are only infrequently 
available for collection, so samples should be 
collected from a major vein (jugular vein, 
cranial vena cava). Samples collected from 
small leg veins are less than ideal. Measure¬ 
ment of venous blood-gas tensions, pH, base 
excess, hemoglobin saturation, and oxygen 
content are useful in evaluating the physio¬ 
logic effect of anemia. As discussed under 
pathophysiology, reductions in oxygen 
content of arterial blood cause an increase in 
the oxygen extraction ratio in an attempt to 
maintain oxygen delivery to tissues. The 
increased extraction ratio is evident as a 
reduction in venous oxygen tension, hemo¬ 
globin saturation, and oxygen content. When 
oxygen delivery to tissues is less than that 
needed to maintain aerobic metabolism, 
venous pH, bicarbonate concentration, and 
base excess decline. 

Methemoglobinemia. Measurement of 
methemoglobin concentration is useful in 
documenting the severity of diseases such 
red maple leaf toxicosis and nitrate poison¬ 
ing. Methemoglobinemia is reversible but is 
a sign of oxidative damage to red cells. Oxi¬ 
dative damage to red cells causes Heinz-body 
formation and eventual lysis of the cell. Met¬ 
hemoglobin is measured using a cooximeter 
and is combined with measurement of 
oxygen saturation. Methemoglobin concen¬ 
tration in the blood of healthy animals is 
usually less than 3%. 

Lactate. Concentrations of lactate can be 
measured in blood (whole-blood lactate) or 
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plasma and are almost always increased 
above the normal range in animals that 
urgently require a transfusion. 32 Whole- 
blood lactate concentrations are lower than 
lactate concentrations in plasma because red 
blood cells have lower lactate concentration 
than does plasma. Lactate concentrations 
can be measured using point-of-care analyz¬ 
ers, some of which have been validated for 
use in animals. Lactate concentration in 
blood or plasma increases when compensa¬ 
tory mechanisms are no longer effective and 
aerobic metabolism is impaired. 

Serum Biochemistry 
Serum biochemical abnormalities are those 
of the inciting disease or reflect damage to 
organs as a result of the anemia. Severe 
anemia can damage many organs, resulting in 
increases in serum concentration or activity 
of urea nitrogen, creatinine, sorbitol dehy¬ 
drogenase, gamma-glutamyl transpeptidase, 
bile acids, bilirubin, aspartate aminotransfer¬ 
ase, creatine kinase, and troponin, among 
others. Hemolytic anemia causes increases in 
plasma hemoglobin concentration (evident 
grossly as pink-tinged plasma or serum) and 
hyperbilirubinemia (unconjugated). 

Iron metabolism in anemic animals is 
defined by measurement of serum iron con¬ 
centration, serum transferrin concentration 
(total iron-binding capacity), transferrin 
saturation, and serum ferritin concentration. 
Serum ferritin concentration correlates 
closely with whole-body iron stores. Values 
of these variables in anemia of differing 
cause are provided in Table 11-3. 

Other Evaluations 

Feces should be examined for the presence 
of parasites (ova, larvae, or adult parasites), 
frank blood (hematochezia or melena), and 
occult blood. Detection of occult blood can 
be difficult, and samples should be collected 
on multiple occasions. Samples should not 
be collected soon after rectal examination 
because false-positive results can be found as 
a result of trauma to the rectal mucosa. 

Urine should be evaluated for the pres¬ 
ence of pigmenturia, red cells, and casts. Pig- 
menturia should be differentiated into 
hemoglobinuria or myoglobinuria. Micro¬ 
scopic examination will reveal red cells, or 
ghost red cells, in animals with hematuria. 
Casts and isosthenuria can be present in the 
urine of animals with hemoglobinuric 
nephrosis. 

Serum erythropoietin concentration 

should be evaluated in animals with nonre- 
generative anemia. It is not a readily available 
assay. Concentrations of erythropoietin in 
adult horses are usually less than 37 mU/ml, 
but values are probably dependent on the 
assay used. 

Tests for specific diseases should be per¬ 
formed as appropriate: 

• Measurement of bleeding time, PT, 

aPTT, and platelet count in animals with 


evidence of excessive unexplained 
hemorrhage 

• Examination for blood parasites 

• Serologic testing for infectious causes of 
anemia 

• Toxicologic testing 

Necropsy Findings 

Findings indicative of anemia include pallor 
of tissues; thin, watery blood; and contrac¬ 
tion of the spleen. Icterus may be evident 
where there has been severe hemolytic 
anemia and petechial and ecchymotic hem¬ 
orrhages with thrombocytopenia. Necropsy 
findings specific to individual diseases are 
given under those disease headings. 

Treatment 

The principles of treatment of anemia are 
ensuring adequate oxygen transport to 
tissues, prevention of the deleterious effects 
of anemia or hemolysis, and treatment of the 
inciting disease. 

Correction of Anemia 
The discussion here deals with normovole¬ 
mic anemia. Acute anemia with hypovole¬ 
mia (hemorrhagic shock) is discussed in 
Chapter 5. 

Transfusion. The oxygen-carrying capac¬ 
ity of blood should be restored in the short 
term to at least the level at which oxygen 
use by tissues is not flow dependent, and to 
normal levels in the longer term. Short-term 
restoration of the oxygen-carrying capacity 
of blood is achieved by transfusion of whole 
blood or packed red cells or administration 
of a commercial stromal-free hemoglobin 
solution. Whole blood is recommended 
when there is anemia with hypovolemia 
(reduced blood volume) and is not ideal 
but acceptable when the facilities or time 
to prepare packed red blood cells is not 
available. Whole blood is often transfused 
to animals with acute hemorrhagic anemia. 
Packed blood cells are preferred for admin¬ 
istration to animals with normovolemic 
anemia, such as occurs with chronic anemia 
or hemolytic anemia, and when the donor 
plasma contains alloantibodies to the recipi¬ 
ents red blood cells. Commercial stromal- 
free hemoglobin has the same indications for 
administration as packed red blood cells, but 
its use in farm animals is limited because 
of the high cost and availability of the 
product. 

The decision to transfuse an anemic 
animal should not be undertaken lightly for 
a number of reasons. Transfusion of blood or 
packed red cells is not without risk to the 
recipient, there is usually considerable cost 
in identifying a suitable donor and collecting 
blood, and it can be a time-consuming 
process. An important concern in perform¬ 
ing a blood transfusion is the risk to the 
recipient. Acute reactions include anaphy¬ 
laxis, acute host-versus-graft reaction 


(hemolysis of transfused red cells), and graft- 
versus-host disease (hemolysis of recipient 
red cells). Development of alloantibodies in 
the recipient with consequent problems with 
repeat transfusion or development of neona¬ 
tal alloimmune hemolytic anemia in progeny 
of female recipients is a concern. The inci¬ 
dence of adverse events in 31 horses pro¬ 
vided 44 transfusions of whole blood or 
packed red blood cells was 16% (7 of 44), and 
the type of adverse event varied from urti¬ 
carial to anaphylactic shock. 32 

For transfusion of whole blood, it is 
important to consider the relative benefits 
and risks of cross-matching donor and 
recipient before completing the transfusion. 
Unlike humans, in which blood typing is 
critical before transfusion of blood because 
of the universal existence of alloantibodies 
against red blood cell antigens, transfusion of 
red blood cells between farm animals of the 
same species is unlikely to incite an acute 
adverse reaction for the first transfusion into 
a naive animal. Furthermore, there are few, 
if any, laboratories that offer blood typing for 
ruminants, 33 and only a limited number that 
offer the service for horses. 34 The risk is 
increased with a second transfusion to a 
recipient, and such high-risk transfusions 
might warrant more careful consideration 
and attempts to determine suitability of the 
donor. When performed by a laboratory 
experienced in the procedure, cross-match¬ 
ing is highly reliable as assessed by high 
repeatability on multiple testing of the same 
freshly collected samples. Donor blood for 
cross-matching should be freshly collected 
because storage of donor samples for as little 
as 7 days results in an increased proportion 
of incompatible results compared with 
testing of fresh samples. 35 

Cross-matching is complicated by the 
large number of blood groups in many 
species: 11 blood groups with more than 70 
blood group factors in cattle; 8 blood groups 
and more than 22 factors in sheep; more than 
6 blood groups in goats; at least 6 in came- 
lids; and 7 blood groups with 32 factors in 
horses. 33 The importance of some, or all, of 
these blood-group factors in inciting trans¬ 
fusion reactions is unknown. Donkeys 
should not be transfused with horse blood 
unless the horse donor is confirmed not to 
have antibodies against donkey red blood 
cells. 34 Depending on the urgency of the 
blood transfusion and the risk of adverse 
reactions, it is not imprudent to attempt an 
initial transfusion to a naive recipient without 
prior cross-matching, although clearly cross¬ 
matching is preferred if it is available in a 
timely fashion. 

Cross-matching should be both major 
(donor red cells and recipient plasma) and 
minor (donor plasma and recipient red cells) 
and should test for both hemagglutination 
and hemolysis. 35 Ideally, blood typing and 
examination of plasma for alloantibodies 
of both donor and recipient would 
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be performed before transfusion. Adverse 
events include destruction of donor red cells 
by alloantibodies in the recipient or destruc¬ 
tion of recipient red blood cells by alloanti- 
gens in the donor’s plasma. Risk of the latter 
is reduced by administration of packed, 
washed red blood cells. 

The donor should be healthy and free 
from infectious diseases that could be trans¬ 
mitted to the recipient via the transfusion. 
Ideally, equine donors should be confirmed 
to be free of equine infectious anemia, and 
all donors should be free of blood-borne 
parasites (such as, but not limited to, Babesia 
spp., Theileria spp., and hemotrophic myco¬ 
plasma species). Donors should not have 
been vaccinated with products that might 
cause production of alloantibodies, such as 
some BVD vaccines 6 and vaccines for ana- 
plasmosis in cattle. Donors should have a 
normal hematocrit, leucogram, and plasma 
protein concentration. 

Transfusion Triggers 
Indications for transfusion (“transfusion 
triggers”) are not straightforward. Because of 
the risk to the recipient and cost, blood 
transfusion should be performed only when 
indicated. Conversely, the severe adverse 
effects of anemia mean that animals should 
not be denied a transfusion if it is needed. 
There is no one variable for which a single 
value is a transfusion trigger, and the deci¬ 
sion to provide a transfusion should not be 
based on hematocrit, hemoglobin concentra¬ 
tion, or red cell count alone. Rather, the deci¬ 
sion to provide a transfusion should be based 
on a holistic evaluation of the animal, includ¬ 
ing the history, physical abnormalities, and 
clinicopathological data. This information 
should be considered in total before a deci¬ 
sion is made to provide a transfusion. Con¬ 
siderations regarding transfusion include the 
following: 32 

• History—animals with acutely 
developing anemia are more likely to 
require transfusion at a given hematocrit 
than are animals with slowly developing 
anemia. Similarly, young animals with 
higher intrinsic metabolic rates might 
require transfusion at hematocrit values 
that would be tolerated by adults. 

• Physical findings—these are some of the 
most important indicators of the need 
for transfusion and include the 
following: 

• Changes in demeanor and activity, 
including lethargy, belligerence, 
anxiousness, depressed mentation, 
anorexia, intolerance of minimal 
exercise (nursing, walking), 
prolonged or excessive 
recumbency 

• Tachycardia—there is no one value 
that is critical, but a heart rate that is 
30% to 50% above the upper limit of 
normal is probably important. 
Progressive increases in heart rate 


are indicative of the need for 
transfusion. 

• Sweating, cold extremities, and other 
signs of sympathetic activation 

• Absent rumination, ileus, 
gastrointestinal distension, colic 

• Arrhythmias, including ventricular 
premature beats 30 

• Anuria 

• Clinical pathology 

• Decline in hematocrit with 
exacerbation of abnormalities on 
physical examination—transfusion 
should be considered in any animal 
with a hematocrit below 20% 

(0.20 L/L). Most animals do not need 
a transfusion at this level, but the 
proportion requiring a transfusion 
increases at lower hematocrits. Some 
horses with chronic anemia and a 
hematocrit of 10% (0.10 L/L) do not 
need a transfusion, whereas others 
with acute anemia of 15% (0.15 L/L) 
need a transfusion urgently. 

• Venous blood hypoxemia and 
declines in hemoglobin saturation— 
there is no one value that is critical 
because there are progressive and 
gradual declines in these variables as 
the oxygen content of arterial blood 
declines. Venous blood oxygen 
tension of less than 25 mm Hg is 
clinically significant, and values 
below 20 mm Hg probably represent 
the need for transfusion 

• Venous pH and base excess. 
Development of acidosis (low base 
excess) and acidemia (low pH) are 
indications of tissue anaerobiosis and 
the need for transfusion. Unlike 
venous blood oxygen tension and 
saturation, these values are normal 
until decompensation occurs. 

• Lactate concentration (arterial or 
venous)—blood lactate 
concentrations rise rapidly when 
decompensation occurs. Blood 
lactate concentrations above 2 and 
below 4 mmol/L should be cause for 
concern and prompt closer 
monitoring, whereas values above 

4 mmol/L probably indicate a need 
for prompt transfusion. 

• Evidence of organ damage, including 
increases in serum creatinine or bile 
acid concentration as indicators of 
kidney or hepatocellular damage, 
and troponin as an indicator of 
myocardial injury 30 

Collection of Blood for Transfusion 
The amount of blood to be transfused 
depends on the clinical status of the recipi¬ 
ent, but rules of thumb are available. For 
acute hemorrhagic anemia, the volume of 
blood lost should be estimated (this might 
not be accurate), and a combination of iso¬ 
tonic, polyionic fluids or isotonic saline and 


whole blood or packed red cells should be 
administered. The intent is to fully restore 
blood volume and ensure that the hematocrit 
is sufficient to meet the needs of the animal— 
it does not need to be restored immediately 
to prehemorrhage levels. For normovolemic 
anemia, and for hypovolemic anemia after 
restoration of circulating blood volume, the 
volume of transfusion can be calculated as 
shown in the accompanying box. 34 


Transfusion volume (mL) = Body weight of 
recipient (kg) x 80 mlVkg x [(desired recipient 
PCV - actual recipient PCV)/donor PCV] 
where 80 mL7kg is the normal circulating 
blood volume (i.e., the dilution space of the 
transfused red cells). 

Example: 

500-kg horse with PCV = 15%. Desired PCV = 
25%; donor PCV = 38%. 

Transfusion volume required = 500 x 80 x 
[(25 - 15)/38) = 10,526 mL = 10.5 L 
The recipient requires -10 L of donor 
blood as a transfusion. 

For transfusion of packed red blood cells, 
assume that the donor PCV is 100%. 


The median volume of whole blood 
transfused to horses with hemorrhagic or 
hemolytic anemia in one study was 15 mL/ 
kg BW with a range of 5 to 26 mL/kg. 32 The 
median volume of packed red cells trans¬ 
fused was 8 mL/kg. Transfusion to correct 
anemia in normovolemic animals should be 
done cautiously to minimize the risk of 
excessive expansion of the intravascular 
volume. Ideally, packed red cells can be 
administered to reduce the extent of blood- 
volume expansion. However, preparation of 
packed red cells can be a difficult and time- 
consuming process. An alternative with 
horses is simply to allow the collected blood 
to sit undisturbed for 1 to 2 hours, during 
which time the cells will settle to the bottom. 
The red cells can then be siphoned off and 
administered to the recipient. 

Healthy, adult donors can provide up to 
20% of their blood volume at one time. For 
example, up to 8 L of blood can be collected 
from a healthy 500-kg cow. Donors should 
be administered isotonic, polyionic fluids or 
isotonic saline IV in a volume equivalent to 
that of the blood collected after collection is 
complete. Blood should be collected over a 
30- to 60-minute period. 

Blood for immediate (<2 to 3 hours) 
transfusion can be collected into containers 
with sodium citrate (3.2% solution, 100 mL 
per 1 L of blood). Blood that will be stored 
for longer must be collected into acid citrate 
dextrose (ACD), citrate-phosphate-dextrose 
with adenine (CPDA), or similar solutions at 
a rate of 100 mL of solution per 1 L of blood, 
or according to the manufacturer’s recom¬ 
mendation. Care must be taken to ensure 
that collection is aseptic and prevents micro¬ 
bial contamination of the collected blood. 
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This is especially important for blood that is 
to be stored. 

The response to transfusion is almost 
immediate, with normalization of heart and 
respiratory rates, reduction of plasma or 
blood lactate concentration, reduction in 
serum creatinine concentration, increase in 
venous oxygen saturation, and improvement 
in demeanor. 32 PCV of donors receiving 
whole blood increased from 12% to 17% 
after transfusion of ~15 mL/kg, and from 9% 
to 15% for horses receiving packed red 
cells. 32 Increases in PCV are most marked in 
horses with normovolemic anemia (hemo¬ 
lytic or aplastic) treated with packed red cells 
and not administered concurrent isotonic 
fluids. Increases in PCV in horses with hem¬ 
orrhagic anemia are lower, likely because of 
the expansion of blood volume caused by 
administration of whole blood and concur¬ 
rent isotonic fluids, 32 and for this reason 
assessment of efficacy of transfusion to 
horses with hemorrhagic anemia should be 
based on clinical variables and not on mea¬ 
surement of PCV. 32 Fifty-four percent of the 
horses treated for hemorrhagic, hemolytic, 
or aplastic anemia were discharged from the 
hospital. 

The survival of allogenic red blood cells 
in horses is 95% at 24 hours (although this 
can be much lower in some horses), and the 
half-life of transfused red cells is approxi¬ 
mately 20 days. 36 Survival is reportedly 
longer for autologous transfusions, but this 
type of transfusion, with collection of the 
recipients own blood days or weeks before 
the transfusion, is limited to elective or non¬ 
emergency situations. 37 An exception is 
where autologous blood collected during 
surgery or as a result of hemorrhage into the 
pleural or peritoneal cavities is administered 
to the “recipient.” 38 ’ 39 

Adverse reactions to transfusion can be 
immune mediated (graft-versus-host disease, 
in which components of the donor’s plasma 
cause hemagglutination or lysis of recipients 
red cells; host-versus-graft disease, in which 
components of the hosts plasma react with 
donor red cells; and anaphylactic or urti¬ 
carial reactions), related to volume overload, 
or, with horses with hemolytic anemia and 
repeat transfusion, could be attributable to 
iron overload, as is documented in foals with 
alloimmune hemolytic anemia. 40 The pre¬ 
sumed immune-mediated reactions can 
occur when cross-matching is performed 
before transfusion and the transfusion is 
considered compatible, but are probably 
more common when cross-matching and 
demonstration of compatibility have not 
been performed. 32 Adverse reactions range 
from mild urticaria, which does not require 
specific treatment, to acute anaphylaxis and 
death. >2 ~ 34 See the earlier discussion for a 
description of cross-matching. 

An alternative to transfusion of whole 
blood or packed red cells is the administra¬ 
tion of a commercial preparation of 


stromal-free hemoglobin. This product is 
effective in increasing the oxygen-carrying 
capacity of blood in anemic horses and has 
been used for support of a foal with alloim¬ 
mune hemolytic anemia until a blood trans¬ 
fusion was available. The compound is stable 
at room temperature and can therefore be 
stored for long periods of time and be readily 
available for use. However, it is expensive, 
and its effect is short-lived (<48 hours, and 
probably less). The recommended dose is 
15 mL/kg BW IV, but lower doses have been 
used. The compound increases the oncotic 
pressure of plasma and causes expansion of 
the plasma volume. 

Hematitiics. Hematinic preparations are 
used in less severe cases and in animals with 
anemia resulting from iron deficiency or 
severe external blood loss (see Table of Drug 
Doses in the Appendix). Iron is administered 
to prevent iron deficiency in young animals 
denied access to pasture or soil. The use of 
recombinant human erythropoietin in 
horses has a risk of inducing anemia. Given 
that there are no known causes of low eryth¬ 
ropoietin concentrations causing anemia in 
horses, with the exception of those horses 
with anemia subsequent to rhEPO adminis¬ 
tration, the use of this compound in horses 
is specifically contraindicated. Cobalt salts 
are administered to horses to increase eryth- 
ropoiesis. 20 This approach has limited, if any, 
therapeutic value and is generally considered 
to be doping to achieve a competitive advan¬ 
tage in racehorses. 26 The efficacy of adminis¬ 
tration of cobalt in increasing hematocrit is 
unknown. 

Supportive Care 

The oxygen requirements of anemic animals 
should be minimized. This can be achieved 
by housing them individually in quiet stalls, 
the temperature of which is maintained in 
the animal’s thermoneutral zone, minimiz¬ 
ing the need for exercise (such as grazing or 
following the mare to nurse), and maintain¬ 
ing a normal body temperature. Provision of 
supplemental oxygen is prudent, recognizing 
that oxygen delivery by red blood cells is 
already maximal and that additional oxygen 
delivery will be achieved by increasing the 
oxygen content in plasma. 

Animals with hemolytic anemia and 
hemoglobinuria should be administered 
polyionic isotonic fluids intravenously to 
reduce the risk of hemoglobinuric 
nephrosis. 

Treatment of Autoimmune 
Hemolytic Anemia 

Some animals with autoimmune hemolytic 
anemia respond well to administration of 
corticosteroids. Compounds used include 
prednisolone and dexamethasone. Horses 
with refractory aplastic anemia or hemolytic 
anemia have been administered cyclophos¬ 
phamide (2 mg/kg IV every 14 to 21 days) in 
addition to glucocorticoids. 
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Alloimmune Hemolytic Anemia of 
the Newborn (Neonatal 
Isoerythrolysis, Isoimmune Hemolytic 
Anemia of the Newborn) 


SYNOPSIS 


Etiology Maternal alloantibodies to a 
neonate's blood group antigens are 
transferred to the neonate in colostrum 
and cause lysis of the neonate's red blood 
cells. 

Epidemiology Disease in progeny of 

multiparous mares or sows. The dam lacks 
blood-group antigens possessed by the sire 
and inherited by the foal, calf, or piglet. 

The majority of cases in foals are a result of 
the presence of A a or Qa antigens and 
antibodies. Sows vaccinated with crystal 









violet vaccine or cows with babesia or 
anaplasmosis vaccines can be associated 
with disease in their newborns. Overall 
survival rate in foals treated at a referral 
hospital was 75%. 

Clinical findings Lethargy, recumbency, 
tachycardia, tachypnea, icterus, and 
hemoglobinuria. 

Clinical pathology Anemia, 
hyperbilirubinemia. 

Diagnostic confirmation Positive 

antiglobulin (Coombs test) or hemolysis test 
using mare's serum or colostrum and foal's 
red blood cells. 

Treatment Transfusion of blood or packed 
red blood cells from suitable donor, or of 
mare's washed red blood cells. Supportive 
care. 

Control Identify at-risk mares by blood 
typing. Examine mare's serum or colostrum 
for presence of incompatible antibodies 
before allowing foal to suckle. 


Etiology 

Hemolytic anemia of newborn horse and 
mule foals, calves, and piglets occurs 
because of immune-mediated (antibody- 
dependent cellular cytotoxicity or type II 
hypersensitivity) destruction of the neo¬ 
nates red blood cells by antibodies acquired 
from the dam. The specific antibodies are 
present in the colostrum, are absorbed by the 
neonate, and cause lysis and/or agglutination 
of red blood cells. 

The disease is associated with the natural 
occurrence of inherited blood groups and 
only occurs if the dam is exposed to red blood 
cell antigens that she does not possess. In 
response to such exposure, the dam produces 
antibodies directed against the foreign red 
blood cell epitopes. If the neonate possesses 
a blood type against which the dam has devel¬ 
oped antibodies and depending on the red 
blood cell factor involved, red blood cell 
destruction can occur. The newborn acquires 
the red blood cell types that are foreign to the 
dam through inheritance from the sire. 
Disease occurs after birth because the fetus 
is not exposed to the antibodies in utero 
because of the epitheliochorial placentation 
in mares and sows and the syndesmochorial 
placentation of cattle. Antibodies in serum 
are secreted into the colostrum in the peri- 
partum period and are subsequently ingested 
and absorbed by the newborn. Mares that 
have anti-red blood cell factor antibodies in 
their serum almost invariably have the same 
antibody in their colostrum. The serum con¬ 
centration of anti-Aa and Qa antibodies is 
highest in the last 3 months of gestation and 
peaks about 1 week after parturition. For 
neonatal isoerythrolysis to occur, the follow¬ 
ing characteristics are necessary: 

• The fetus must have blood group 

antigens (factors) that the dam does not. 

These are inherited from the sire. 
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• The dam must be exposed to the 
foreign-blood-group antigens that the 
fetus possesses. 

• The dam must produce antibodies 
against the blood-group antigens of the 
fetus. Not all blood-group antigens are 
highly immunogenic or are associated 
with disease in the neonate. 

• The newborn must ingest and absorb 
colostrum that contains antibodies 
directed against antigens on the 
newborns red blood cells. 

The disease occurs naturally in foals and 
piglets but is usually iatrogenic in calves. 
Exposure of the dam to foreign red cell epi¬ 
topes may occur at parturition or during 
gestation as a result of placental lesions, 
although most incompatible pregnancies do 
not result in sensitization of the mare. 

Mares might also be exposed by transfu¬ 
sion of incompatible blood. Although 
whole-blood transfusions to mares or fillies 
are unusual, plasma transfusions are increas¬ 
ingly being used to treat failure or partial 
failure of transfer of passive immunity to 
foals. Because plasma usually contains some 
red blood cells, transfusion of plasma from 
donors possessing blood-group antigens that 
the foal does not could immunize the filly 
against these factors, with the potential for 
disease when the foal matures and gives 
birth. However, most commercial plasma 
products are harvested from donors that do 
not have the blood-group antigens identified 
as being problematic. 

Thirty-two blood-group antigens are rec¬ 
ognized in horses: 

. A, a, b, c, d, e, f, g 

• C, a 

. K, a 

. U, a 

• D, a, b, c, d, e, f, g, h, i, k, 1, m, n, o, p 

• P, a, b, c, d 

• Q, a, b, c 

Neonatal isoerythrolysis in foals is attrib¬ 
utable in over 90% of cases to antibodies 
directed against either Aa or Qa antigens, 
although disease resulting from antibodies 
against Ab, Dc, Da, Db, Ka, Qb, Qc, Qrs, Pa, 
and Ua is reported. The presence in the mare 
of antibodies against Ca decreases the 
probability that she will develop anti-Aa 
antibodies. 

Fifteen blood groups have been identified 
in pigs, and the disease is recorded as occur¬ 
ring spontaneously in association with anti¬ 
bodies to the E-group antigens. Historically, 
the main occurrence of neonatal isoeryth¬ 
rolysis in pigs was manmade and related to 
repeated vaccination against hog cholera 
using the pooled blood, inactivated by addi¬ 
tion of crystal violet, of affected pigs. 

The disease has also occurred in calves 
whose dams had been vaccinated against 
babesiosis or anaplasmosis using a vaccine 
containing bovine blood. As a result of vac¬ 
cination, the dam develops lytic antibodies 
against sire antigens, usually of the A and F 


blood groups, and antibodies in colostrum 
cause acute hemolytic anemia in the calves. 
A variant of this disease is that causing neo¬ 
natal pancytopenia in calves of dams vacci¬ 
nated against BVD using a vaccine prepared 
in a particular cell culture line. 1 

Epidemiology 
Horses and Mules 

From 1% to 2% of Thoroughbred and Stan¬ 
dardised mares have antibodies capable of 
causing neonatal isoerythrolysis. The inci¬ 
dence is partially related to the proportion of 
the mare population at risk. An at-risk mare 
is one that lacks either the Aa or Qa blood 
group factor. The proportion of mares that 
lack one or both of these factors is breed 
dependent, with 19% of Thoroughbreds 
lacking either Aa or Qa antigens and 17% of 
Standardbred mares lacking Aa antigens. All 
Standardbred horses lack the Qa factor; neo¬ 
natal isoerythrolysis in this breed is usually 
a result of antibodies against the Aa factor, 
with 10% of Standardbred mares having 
anti-Aa antibodies. Only 2% of Thorough¬ 
bred mares lack the Aa antigen, but this low 
proportion is important because approxi¬ 
mately 50% of these mares will develop 
anti-Aa antibodies. Conversely, 16% of Thor¬ 
oughbred mares lack the Qa antigen, but 
only 3% of these mares have the anti-Qa anti¬ 
body. The risk of mares developing antibod¬ 
ies against certain red blood cell types is also 
related to the prevalence of the antigen in the 
horse population. For instance, Standard- 
bred mares lack the Qa antigen, but because 
this antigen is not found in the breed, any 
Standardbred stallion the mare is mated to 
will not be Qa positive, neither will the foal, 
and there is no risk of the mare being exposed 
to the antigen. 

The incidence of neonatal isoerythroly¬ 
sis in mule foals (donkey sire x horse dam) 
can be 10% and is attributable to the uni¬ 
versal presence of a unique blood-group 
antigen, “donkey factor,” in jacks and mule 
foals. Mares do not possess this factor, 
and therefore all donkey sire v horse dam 
pregnancies are incompatible. Progeny of 
horse sire x donkey dam matings are not 
affected. 

A feature of naturally occurring neonatal 
erythrolysis in foals and piglets is that it 
rarely, if ever, occurs in offspring of primipa- 
rous dams because the induced anti-red 
blood cell (RBC) antibody titer is not suffi¬ 
ciently high to induce the disease. Subse¬ 
quent exposure during later pregnancies 
elicits an anamnestic response that results in 
higher anti-RBC antibodies and disease in 
the newborn. However, first-pregnancy off¬ 
spring are often affected after vaccination of 
the dam with blood products. 

Pathogenesis 

The interaction between the antibody 
and the red cells of the newborn is followed 
by hemolysis with resultant anemia, 
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hemoglobinuria, and jaundice. Following 
ingestion and absorption into the systemic 
circulation, antibodies bind to RBC mem¬ 
branes. Parts of the cell membrane of the 
antibody-coated cells are removed from the 
circulation, probably by the spleen and asso¬ 
ciated reticulo-endothelial tissues, and 
affected cells are eventually lysed and release 
hemoglobin into the circulation. The affected 
animal develops normovolemic anemia, 
and if the destruction of RBCs is sufficient, 
the animal develops anemic hypoxia and 
dies. The reaction between RBCs and anti¬ 
bodies occurs sufficiently quickly that the 
bone marrow is unable to compensate imme¬ 
diately for the loss of RBCs. DIC occurs and 
can contribute to the death. 

Permeability of the intestine of the 
newborn foal to antibody disappears by 36 
hours and in most cases much less. Hourly 
milking of the mare rapidly reduces the anti¬ 
body content of the colostrum. The duration 
of the alimentary permeability in piglets has 
not been determined. 

Clinical Findings 
Horses and Mules 

Pregnancy and parturition are uneventful, 
and the foal is normal for some hours after 
birth. Signs appear only if the foal ingests 
and absorbs colostrum containing anti-RBC 
factor antibody. The severity of disease 
ranges from clinically inapparent to fulmi¬ 
nant, with death ensuing soon after birth. 

• Peracute cases develop within 8 to 36 
hours of birth, and the first indication of 
the disease may be collapse. Severe 
hemoglobinuria and pallor are evident, 
but icterus is not apparent initially. The 
mortality rate is high. 

• In acute cases signs do not develop 
until 2 to 4 days after birth, and 
jaundice is marked, with only moderate 
pallor and hemoglobinuria. 

Subacute cases may not show signs until 

4 to 5 days after birth. Jaundice is marked, 
but there is no hemoglobinuria and only 
mild pallor of mucosae. Many subacute cases 
recover without treatment. 

The severity of the disease is related to the 
type and quantity of antibody ingested. Anti¬ 
bodies against Aa usually produce severe 
disease apparent within 24 hours of birth, 
whereas ingestion of anti-Qa antibodies 
causes a milder disease apparent at 3 to 4 
days after birth. 

General signs include lassitude, weak¬ 
ness, and disinclination to suck. The foal lies 
down in sternal recumbency for long periods 
and yawns frequently. There is no febrile 
reaction, but the heart rate is increased up to 
120/min. Respiration is normal until severe 
anemia develops, when tachypnea (respira¬ 
tory rate up to 80/min) and yawning are 
observed. Terminally, dyspnea and convul¬ 
sions may develop. 

Bilirubin encephalopathy, or kernic- 
terus, is a complication of neonatal 


isoerythrolysis and accounts for death in 
approximately 10% of cases. 2,3 It is apparent 
as altered mentation and seizures in foals 
with high serum bilirubin concentration. 3 
The risk of a foal developing kernicterus are 
17 times greater (95% Cl, 1.8 to 165) if the 
serum total bilirubin is higher than 27.0 mg/ 
dL. Survival of foals displaying signs of ker¬ 
nicterus is very poor. 2 

Liver failure results in death of approxi¬ 
mately 10% of foals. 2 The risk of liver failure 
increases as the volume of blood products 
administered to the foal increases, indicating 
that liver failure could be related to iron 
overload secondary to hemolysis and trans¬ 
fusion. Foals administered 4 L or more of 
blood products have an ~20 times greater 
risk of developing liver failure than do foals 
administered a lower volume. 2 

Isoimmune thrombocytopenia of foals 
and mules is evident as ecchymotic hemor¬ 
rhages and a tendency to bleed from rela¬ 
tively minor wounds. A syndrome in foals 
characterized by ulcerative dermatitis, neu¬ 
tropenia, and thrombocytopenia appears to 
be related to ingestion of colostral antibod¬ 
ies. Affected foals have oral and lingual 
ulcers and crusting and erythema around the 
eyes, muzzle, perineum, trunk, and neck. 
There are ecchymotic and petechial hemor¬ 
rhages in mucus membranes. Treatment 
with corticosteroids and antibiotics is associ¬ 
ated with a good prognosis. 

Pigs 

Piglets show essentially the same syn¬ 
drome, being normal at birth but develop¬ 
ing jaundice at 24 hours and weakness at 
48 hours, with most affected pigs dying by 
day 5. Peracute cases occur, and piglets may 
die within 12 hours of birth, showing acute 
anemia but no jaundice or hemoglobinuria. 
A proportion of subclinical cases also occurs 
in which hemolysis can be detected only by 
hematological examination. Isoimmune 
thrombocytopenic purpura of piglets can 
manifest as increased bleeding following 
routine management procedures such as tail 
docking. 

Cattle 

In calves, clinical signs develop within 24 to 
48 hours after birth, and the calves die during 
the first week of life. Surviving calves are 
returned to normal health in 2 to 3 weeks. 
Peracute cases die within 24 hours, and at 
necropsy examination are characterized by 
pulmonary edema and splenomegaly. 

Clinical Pathology 

Hematological examination reveals acute 
anemia; erythrocyte counts, packed cell 
volumes, and hemoglobin concentrations are 
low, and there is greatly increased erythrocyte 
fragility and sedimentation rate. Depending 
on the severity of the disease and its dura¬ 
tion, there can be leukocytosis, attribut¬ 
able to neutrophilia and monocytosis, and 


the presence of nucleated RBCs (in piglets 
and calves but rarely in foals). Affected 
mule foals, but not horse foals, are often 
thrombocytopenic. Isoimmune thrombo¬ 
cytopenia occurs rarely in foals and is not 
associated with neonatal isoerythrolysis, as 
it is in mule foals. In piglets, the erythro¬ 
cyte count may be as low as 1 million/pL 
and the hemoglobin level below 2 g/dL, 
and thrombocytopenia is present. Serum 
biochemical analysis reveals an increased 
serum concentration of unconjugated 
bilirubin. 

Diagnostic confirmation is achieved by 
demonstration of the presence of antibodies 
in the mare’s serum or colostrum that cause 
hemagglutination or lysis of foal RBCs. Tests 
to demonstrate hemagglutination or lysis of 
foal RBCs exposed to mare serum or colos¬ 
trum have been developed. Of these, the 
standard hemolysis test appears to have the 
greatest utility. However, for practical pur¬ 
poses a positive direct antiglobulin test 
(direct Coombs’ test), confirming the pres¬ 
ence of antibodies on the surface of RBCs in 
a foal with anemia, provides a diagnosis of 
neonatal isoerythrolysis. False-negative (foal 
has the disease but the Coombs’ test is nega¬ 
tive) results occur occasionally because of 
the hemolytic nature of the antibodies. The 
same principle is applicable to all species. 
Detection of antibodies on the surface of the 
neonate’s RBCs is possible using direct 
immunofluorescence flow cytometry. The 
test identifies the presence of antibodies on 
red cells in some instances when the Coombs’ 
test is negative. 

The use of blood typing and other prepar- 
tum predictive tests in the prevention of the 
disease are discussed under control. 

Necropsy Findings 

In peracutely affected foals, there is marked 
pallor but only slight jaundice. The liver may 
be mildly swollen and friable, but the spleen 
is greatly enlarged and is almost black as a 
result of to the accumulation of lysed and 
lysing erythrocytes. In less severe cases jaun¬ 
dice is marked, but pallor is only moderate 
in degree. The kidneys are usually pale, and 
the urine is dark brown. The histopathologi- 
cal changes may include ischemic tubular 
nephrosis and periacinar hepatic necrosis 
and degeneration. Erythrophagocytosis is 
prominent, and depending on the clinical 
course and therapeutic regime, there may be 
widespread hemosiderin deposition. 

Hemoglobinuria is an important sign in 
piglets, and jaundice or port wine coloration 
of tissues occur constantly. The presence of 
blood-stained peritoneal fluid and an 
enlarged spleen is also typical of the disease 
in piglets. Necropsy includes the following: 

• Samples for postmortem confirmation 

of diagnosis 

• Formalin-fixed liver, spleen, bone 

marrow, kidney, and lymph node for 

light microscopic examination 





DIFFERENTIAL DIAGNOSIS 


There are no diseases of the newborn that 
present the same clinical picture as that of 
alloimmune hemolytic anemia. 

Differential diagnosis list for unexpected 
death and/or lethargy of neonates: 

Foals and calves 
Septicemia 

Neonatal maladjustment syndrome 

Uroperitoneum 

Prematurity 

Birth trauma 

Hypoglycemia 

Equine herpesvirus-1 infection 

Piglets 
Septicemia 
Birth trauma 
Hypoglycemia 


Treatment 

The aims of treatment are as follows: 

• Prevent the deleterious effects of 
anemia. 

• Prevent or treat hemoglobinuric 
nephrosis, kernicterus, or liver failure. 

• Prevent ingestion of further colostrum. 

• Prevent secondary infection in severely 
ill animals. 

• Restore normal fluid, electrolyte, and 
acid-base status. 

• Provide adequate nutrition. 

• Minimize stress and systemic oxygen 
requirements. 

The treatment of choice for neonatal iso- 
erythrolysis depends on the severity of the 
disease. The choice of treatment should be 
based first and foremost on the severity of 
the clinical signs and secondarily on the 
hematocrit and RBC count. Foals or piglets 
with mild clinical signs (minimal lethargy, 
mild tachycardia, slight exercise intolerance) 
need only protection from environmental 
and nutritional stresses to prompt recovery. 
However, such animals should be carefully 
monitored to ensure that their clinical condi¬ 
tion does not worsen. 

Severely affected animals need a transfu¬ 
sion of compatible blood to alleviate the 
anemia and intravenous administration of 
polyionic, isotonic fluids to ensure adequate 
urine flow and minimize the risk of hemo¬ 
globin nephrosis. In general, the younger the 
animal at the time the disease is evident, the 
more severe the disease and the more likely 
the need for intensive treatment. See Chapter 
5 for a discussion of transfusion triggers. 

Foals 

Transfusion. Transfusion of an adequate 
quantity of whole blood or packed RBCs 
results in dramatic resolution of clinical 
signs and anemia. The decision to transfuse 
blood should be based on the foal’s clinical 


Hemorrhagic Disease 


743 


condition, and not solely on the presence of 
a low hematocrit or RBC count (see “Blood 
Transfusion” in Chapter 11). In general, foals 
that are tachycardic, tachypneic, unable or 
reluctant to suck; have severe exercise intol¬ 
erance; or are unable to stand should receive 
blood. These foals will usually have a hema¬ 
tocrit less than 15% (0.15 L/L). Recumbent 
foals usually have a hematocrit less than 10% 
(0.10 L/L). Foals that are mildly tachycardic 
and tachypneic but are able to suckle vigor¬ 
ously and keep up with the mare generally 
have hematocrits above 15% (0.15 L/L) and 
do not require transfusion of RBCs. The 
hematocrit should be monitored, and foals in 
which the hematocrit is declining rapidly 
will likely require transfusion of blood or 
packed red cells. 

The volume of blood transfused depends 
on the clinical condition of the foal and the 
progression of the anemia. Foals often 
require transfusion of 1 to 4 L (20 to 100 ml/ 
kg BW) of whole blood or 500 mL (approxi¬ 
mately 10 mL/kg BW) of packed RBCs, and 
might require more than one transfusion. 
Blood should be administered slowly, 1 L/ 
hour, and the foal’s condition should be 
monitored closely during the infusion. 
Packed red cells are preferred for transfusion 
because of the small volume administered. 
Transfusion of large quantities of blood 
should be performed slowly because of the 
risk of fluid overload of the circulatory 
system. The half-life for mare erythrocytes 
transfused into foals is about 5 days. 

The optimal donor is a horse that does 
not have Aa and Qa blood-group factors or 
anti-Aa and Qa alloantibodies. The former 
should not be present because the maternal 
antibodies against Aa or Qa in the recipient 
foal’s plasma will destroy the transfused cells. 
Similarly, donor antibodies against Aa or Qa 
will cause further lysis of foal RBCs. Such 
donors must be identified in advance because 
of the time required for the blood type 
testing, and they are only likely to be avail¬ 
able on large breeding farms or in specialized 
veterinary hospitals. 

An ideal source of RBCs is the dam 

because the maternal alloantibodies in the 
foal’s plasma will not react with the mare’s 
RBCs. However, whole-blood transfusions 
from the dam are contraindicated because of 
the presence of alloantibodies in the dam’s 
plasma. This problem can be avoided by 
transfusing only the mare’s washed RBCs. 
Blood is collected from the mare (up to 
25 mL/kg) into acid citrate dextrose or 
sodium citrate (10 mL of a 3.8% solution per 
90 mL of blood). The mare’s red cells are then 
washed by removing the plasma, resuspend¬ 
ing the cells in isotonic (0.9%) saline, thor¬ 
oughly mixing, and subsequently removing 
the saline. Plasma and red cells can be sepa¬ 
rated by large-volume centrifugation or sedi¬ 
mentation. Adequate separation of red cells 
and plasma occurs by sedimentation within 
1 to 2 hours if the blood is undisturbed. 


If an ideal blood-typed donor is not avail¬ 
able and the mare’s red cells cannot be 
washed in time, or are unavailable, then a 
donor should be chosen based on routine 
cross-matching. The sire will not be a suit¬ 
able donor because the antigens against 
which the mare’s antibodies are directed 
were inherited from him. A cross-match 
should match the foal’s (or dam’s) serum 
against the donor’s RBCs and the donor’s 
plasma against the foal’s RBCs. The chance 
of finding a suitable donor is enhanced by 
selecting ponies or breeds other than Thor¬ 
oughbreds, Standardbreds, and Arabians 
because of the higher prevalence of Aa- and 
Qa-negative animals in these breeds. 

Emergency support of severely affected 
foals can be achieved by administration of a 
solution containing polymerized bovine 
hemoglobin. 1 The survival rate in seven foals 
administered polymerized hemoglobin to 
treat hemolytic anemia was low (1/7 sur¬ 
vived), although this might reflect the sever¬ 
ity of their illness prompting administration 
of this product. 2 4 This compound increases 
the hemoglobin concentration of blood, 
thereby increasing oxygen-carrying capacity. 
It is not a replacement for transfusion of 
blood or packed red cells, but it is a useful 
bridging procedure while a donor is identi¬ 
fied and blood is collected. The recom¬ 
mended dose rate is 10 to 30 mL/kg 
administered slowly (10 mL/kg per hour 
IV). However, the cost of the compound 
might necessitate the use of lower doses (3 to 
5 mL/kg). 

Nutritional Support. The foal should not 
be permitted to nurse the mare until it is 
more than 36 hours old. Therefore nutri¬ 
tional support should provide approxi¬ 
mately 100 kcal/kg per day in the form of 
mare’s milk (10 L per day per 50-kg foal), 
goat’s milk, or commercial mare’s milk sub¬ 
stitutes. If the foal is more than 36 hours old, 
then it is highly unlikely that either the 
mare’s milk will still contain a significant 
quantity of antibodies or that the foal will be 
able to absorb them, and the foal should be 
allowed to continue to suckle the mare. In 
younger foals, an alternative feed should be 
supplied until the foal is at least 36 hours old. 
The mare should be milked out every 3 to 4 
hours during this time to remove the 
colostrum. 

The fluid, electrolyte, and acid-base 
status of moderately to severely ill foals 
should be assessed and corrected with intra¬ 
venous administration of balanced polyionic 
fluids and sodium bicarbonate. Fluid admin¬ 
istration should be used to ensure an ade¬ 
quate flow of urine to prevent hemoglobinuric 
nephrosis. 

Liver Failure and Kernicterus. The liver 
failure affecting foals after administration of 
large volumes (>4 L) of blood products is 
suspected to be attributable to iron overload. 
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Administration of deferoxamine (1 g, SC 
Q12 h) to healthy foals administered 3 L of 
packed red cells increased urinary excretion 
of iron and reduced iron concentrations in 
liver.' Whether this approach would reduce 
the risk of liver failure in foals with hemo¬ 
lytic anemia administered large quantities of 
blood products containing RBCs is unknown. 

Kernicterus in foals with alloimmune 
hemolytic anemia is associated with a poor 
prognosis. Treatment of two foals with severe 
hyperbilirubinemia (>365 (tmol/L, reference 
range for healthy foals 0 to 80 pmol/L), but 
no signs of kernicterus, by plasma exchange 
transfusion reduced serum bilirubin concen¬ 
trations by ~50%. 6 Both foals survived. 

Antibiotics. Broad-spectrum antibiotics 

should be administered to severely ill foals to 
prevent secondary infection (see “Principles 
of Providing Care to the Critically Ill 
Neonate”). 

Nursing care should be provided to min¬ 
imize stress and prevent the development of 
complications such as pressure sores in 
recumbent foals. 

Piglets 

In pigs the prevention of sucking for periods 
of up to 24 hours does not prevent the 
disease. The safest procedure is to remove 
piglets from the sow, feed them artificially for 
48 hours, and then return them to the sow. 
Frozen bovine colostrum collected as soon as 
possible after calving is a satisfactory substi¬ 
tute for sow colostrum but is improved by 
the addition of pig serum. When transfusion 
is necessary the intraperitoneal route is prac¬ 
tical and safe. 

Control 

The principles of control are as follows: 

• Identification of incompatible matings 
by blood-group typing 

• Identification of at-risk foals by testing 
of mare serum or colostrum for the 
presence of alloantibodies directed 
against blood factors possessed by the 
foal 

Blood-group typing permits the identi¬ 
fication of mares that are at risk of develop¬ 
ing antibodies against Aa or Qa antigens. If 
an Aa- or Qa-negative mare is mated to a 
stallion that has Aa or Qa factors, then there 
is the potential for neonatal isoerythrolysis. 
If the stallion is Aa- and Qa-negative, then 
there is no risk of the disease caused by anti¬ 
bodies to these blood groups. 

Measurement of alloantibodies in the 
serum or colostrum of at-risk mares is useful 
in identifying mares at increased risk of 
having affected foals. Serum from at-risk 
mares is collected during the last month 
(preferably 3 to 5 weeks before expected par¬ 
turition) of pregnancy and examined for the 
presence of antibodies against the blood of 
the sire or, if a sample of the sire’s blood is 
not available, a range of blood-group factors 


including Aa and Qa. Mares that have such 
alloantibodies causing hemolysis at a titer 
greater than 1:16 are not permitted to suckle 
at-risk newborn foals. If the titer is between 
1:2 and 1:16, it is measured again 1 to 2 
weeks before anticipated parturition to 
determine whether the titer is rising, in 
which case the mare is likely carrying a foal 
with an incompatible blood group. Equine 
blood typing and detection of isoantibodies 
is performed by specialized laboratories in a 
number of countries, which can be identified 
by web searches. 

The jaundiced foal agglutination test 

(JFA) is useful in determining the compati¬ 
bility of mare’s colostrum and foal’s red blood 
cells (Table 11-5). In this test foal RBCs are 
added to serial dilutions (1:2 through 1:32) 
of colostrum, and the presence of agglutina¬ 
tion is examined. Agglutination at dilutions 
of 1:16 in horses and 1:64 in mules are con¬ 
sidered significant, and the foal should not 
be permitted to receive the mare’s colostrum. 
The foal should be fed colostrum from 
another, compatible mare or from a colos¬ 
trum bank. The mare should be milked out 
every 2 to 4 hours until the JFA titer is less 
than 1:16 or for 36 hours, after which the 
concentration of antibodies in the milk is 
negligible, and the foal can be permitted to 
suckle its dam. It is critical to the successful 
use of this test that it is performed before the 
foal is permitted to suckle the mare. If an 
incompatibility is detected the foal should be 
fed colostrum from a mare that does not 
have a positive jaundiced foal agglutination 
test to the current foal’s red cells. 

Avoidance of vaccines based on whole 
blood or cellular parts of blood is recom¬ 
mended, and if they have to be used, it 
should be as far away as possible from par¬ 
turition and should be restricted to one 
injection and one booster. 
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Erythrocytosis 

Erythrocytosis is an increase in erythrocyte 
count, hemoglobin concentration, and 
hematocrit in blood. Polycythemia vera, a 
disease of humans and rarely small animals, 
and scarcely reported in cattle, is the result 
of an increase in the concentration of all 
blood cellular elements (erythrocytes, gran¬ 
ulocytes, and platelets). Erythrocytosis, 
which is solely the result of an increase in red 
cell count, is either relative or absolute. 

Relative erythrocytosis occurs when the 
total body red cell mass (i.e., the total amount 
of red cells in the body) is not elevated above 
normal, but the red cell count in peripheral 
blood is higher than expected. This is the 
most common form of erythrocytosis. Rela¬ 
tive erythrocytosis occurs both as an abnor¬ 
mality and as a physiologic response to 
physical or psychological stress in animals 
with a capacious and capricious spleen. 
Abnormal relative erythrocytosis results 
from hemoconcentration and is evident as 
an increase in concentration of red cells and 
serum total protein. The cause is a reduction 
in plasma volume, which is usually associ¬ 
ated with dehydration resulting from either 
lack of water intake or excessive water losses 
(diarrhea, vomiting). The diagnosis is usually 
obvious, based on the presence of hemocon¬ 
centration and other signs of the underlying 
disease. Physiologic relative erythrocytosis 
occurs most noticeably in horse as a result of 
either excitement or exercise. The blood in 
the spleen of horses has a hematocrit much 


Table 11-5 Method for performing the jaundiced foal agglutination test 13 


1. Assemble eight 5-10 ml_ clean glass tubes. Label one as control (saline), and the others 1 :2, 

1:14, 1:8, 1:16, 1 :32, 1 :64, 1 :128 

2. Place 1 mL of 0.9% isotonic sterile saline in each tube 

3. Add 1 mL of colostrum to the tube labeled 1 :2. Mix this tube well and then transfer 1 mL of the 
contents of this tube to the tube labeled 1 :4. Repeat this procedure until all tubes have had 
colostrums added. This procedure produces serial dilution of the colostrums. 

4. Add one drop of well mixed, anticoagulated blood (e.g. blood collected into a tube containing 
EDTA) to each tube. 

5. Centrifuge the tubes at 300-500 g for 2-3 minutes 

6. Pour off the supernatant and observe the red cell pellet. 

Interpretation 

If no agglutination is present the red cells will flow evenly down the side of the glass tube whereas 
with complete agglutination (4+) the cells remain tightly packed at the bottom of the glass tube. 
Strong agglutination (3+) causes the cells to form large clumps that are visible to the naked eye. 
Agglutination of grade 3 or 4 is considered a positive test. 

If there is agglutination in the saline control tube, then the foal might have already ingested 
colostrum containing antibodies to the foal's red blood cells. Some authorities recommend running 
a parallel test using mare's red blood cells in place of foal's red cells. This provides a negative 
control (there should be no agglutination of mare red cells by her colostrum) and aids 
interpretation of results especially for inexperienced operators. 
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higher than that of blood (70% to 80%), and 
when relaxed the spleen contains many liters 
of blood. Excitement or exercise cause 
splenic contraction through an alpha-1- 
mediated event and ejection of the red-cell- 
rich blood into the peripheral circulation, 
with subsequent marked increases in hema¬ 
tocrit. The spleen of an adult horse can eject 
5 to 10 L of blood into the circulation, which, 
together with a decline in plasma volume 
during exercise, increases hematocrit to 55% 
to 60% (0.55 to 0.60 L/L). 

Absolute erythrocytosis occurs because 
of an increase in the number of red blood 
cells in the body. It is classified as primary 
or secondary, and within secondary erythro¬ 
cytosis there is a further classification of 
appropriate or inappropriate. Primary 
erythrocytosis is attributable to prolifera¬ 
tion of erythroid progenitors with matura¬ 
tion of the red cell series in the absence of 
arterial hypoxemia or increases in plasma 
erythropoietin concentration. It is a myelo¬ 
proliferative disorder. Disorders resembling 
primary erythrocytosis are described in 
horses. These horses had marked increases in 
red cell count without evidence of diseases 
causing arterial hypoxemia or tissue hypoxia 
and without increases in serum erythropoi¬ 
etin concentration. A familial erythrocytosis 
is documented in cattle, but the disease 
resolved as the animals matured, which is 
not consistent with primary erythrocytosis 
attributable to a myeloproliferative disorder. 

Secondary erythrocytosis is classified as 
either appropriate or inappropriate. Appro¬ 
priate secondary erythrocytosis occurs as a 
consequence of diseases that cause tissue 
hypoxia with subsequent increases in plasma 
erythropoietin concentration. Tissue hypoxia 
is often inferred from the low arterial blood 
oxygen tension or content in these diseases. 
Tissue hypoxia can occur in the face of 
normal arterial blood oxygen tension when 
there is an abnormality in hemoglobin (such 
as chronic methemoglobinemia or carboxy- 
hemoglobinemia), although this has not 
been reported as a cause of erythrocytosis in 
large animals. Diseases causing appropriate 
secondary erythrocytosis include chronic 
lung or respiratory disease and congenital 
cardiac anomalies in which there is right-to- 
left shunting (e.g., Eisenmenger’s complex in 
cattle). 1 3 Physiologic appropriate secondary 
erythrocytosis occurs in animals living at 
high altitude. 

Inappropriate secondary erythrocytosis 

occurs in animals that do not have arterial 
hypoxemia or diseases causing tissue 
hypoxia. Plasma erythropoietin concentra¬ 
tions are elevated despite there being normal 
arterial oxygen tension and content, hence 
the term “inappropriate.” The disease is 
usually associated with hepatic or renal neo¬ 
plasia. 4-6 The disease in horses is described 
in foals or young animals with hepatoblas¬ 
toma 5 and adults with hepatic carcinoma. 
Erythrocytosis is recorded in a mare with a 


lymphoma that expressed the gene for equine 
erythropoietin, suggesting that anomalous 
production was the cause of the secondary 
inappropriate erythrocytosis. Erythrocytosis 
also occurs in horses with liver disease. The 
cause is not known, but could involve 
increased production of erythropoietin or 
decreased clearance because of reduced 
hepatic function. Inappropriate secondary 
erythrocytosis in ruminants or pigs is not 
reported, but probably occurs. 

The clinical signs of secondary erythro¬ 
cytosis are those of the underlying disease 
(dyspnea, congestive heart failure, cyanosis). 
In addition, the erythrocytosis can be evident 
as dark red or slightly purplish mucous 
membranes, lethargy, and an increased pro¬ 
pensity for thrombosis. These signs occur 
because of the increase in blood viscosity 
that results from marked increases in red cell 
concentration. Treatment is directed toward 
the inciting disease. For animals with 
primary erythrocytosis, repeated phlebot¬ 
omy and restriction of iron intake has been 
used to reduce the red cell count. 

A syndrome is described in Standardbred 
trotters in Sweden that have normal red cell 
count at rest but counts during maximal 
exercise that are higher than expected. The 
syndrome is referred to as red cell hypervol¬ 
emia and is associated with poor race per¬ 
formance. The disorder, if it exists, is not 
related to a reduction in performance as part 
of the overtraining syndrome documented in 
athletic horses.' Diagnosis is based on a 
history of poor performance and hematocrit 
or red cell counts during maximal exercise or 
after administration of epinephrine that are 
higher than expected. Treatment is pro¬ 
longed rest, although some horses have had 
phlebotomy and therapeutic bleeding. 
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Abnormal Red Cell Function 

The primary function of red blood cells is to 
transport oxygen. Abnormal red cell func¬ 
tion that results in anemia is described under 
that heading. Abnormalities of red cell func¬ 
tion can include abnormalities in red cell 
metabolism or the structure or function of 
hemoglobin. Hemoglobinopathies are not 
well documented in large animals, with the 
exception of changes caused by ingestion of 
oxidants (nitrate, onions, kale, red maple 
leaves) that cause methemoglobinemia, or 
the recognition that inhalation of carbon 
monoxide causes carboxyhemoglobinemia. 
Both carboxyhemoglobinemia and methe¬ 
moglobinemia decrease oxygen carriage by 
hemoglobin. 


Reported abnormalities in red cell metab¬ 
olism include the following: 1 

• Diminished glucose-6-phosphate 
activity of red cells caused hemolytic 
anemia in an American Saddlebred colt. 

• Flavine adenine dinucleotide deficiency 
was noted in a Spanish mustang with 
mild and variable anemia. 

• Glutathione reductase deficiency causing 
hemolytic anemia was reported in a 
horse. Other abnormalities of 
glutathione metabolism, with minimal 
clinical expression, occur in sheep and 
horses. 
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DISORDERS OF WHITE CELLS 
Leukopenia 

Leukopenia does not occur as a specific 
disease entity but is a common manifestation 
of a number of diseases. Neutropenia, often 
accompanied by lymphopenia, occurs with a 
number of acute viral diseases, such as hog 
cholera and equine viral arteritis. It has also 
been observed in leptospirosis in cattle, 
although bacterial infections are usually 
accompanied by leukocytosis. Acute local 
inflammation can cause a transient fall in the 
leukocyte count because of withdrawal of the 
circulating cells to the septic focus. Neutro¬ 
penia occurs as part of the response to 
toxemia, and in particular endotoxemia, 
because of enhanced migration of neutro¬ 
phils from blood into tissues. The emigration 
of neutrophils occurs at a rate faster than 
their entry into the peripheral blood from 
bone marrow. Lymphopenia occurs as part 
of a stress response and as a result of admin¬ 
istration of glucocorticoids. 

Leukopenia also occurs as part of a pan¬ 
cytopenia, in which all cellular elements of 
the blood are depressed. Agents that depress 
the activity of the bone marrow, spleen, and 
lymph nodes and result in pancytopenia 
occur in poisonings caused by trichloroeth¬ 
ylene-extracted soybean meal, toluene, 
fungal toxins (e.g., fusariotoxicosis, notably 
that of Stachybotrys alternans), and bracken 
fern. Pancytopenia occurs also in radiation 
disease, in congenital anomalies in Fell, in 
foals as part of recognized hereditary dis¬ 
eases, 1-3 possibly in Japanese Black calves, 4 in 
calves as a result of furazolidone poisoning, 
and in calves and lambs as part of an alloim- 
mune-mediated disease. 5-9 Leukopenia in 
pigs can occur as a result of iron deficiency. 

Administration of glucocorticoids causes 
lymphopenia and eosinopenia in most 
species. Lymphopenia is present in animals 
with immune deficiency, such as severe com¬ 
bined immunodeficiency in Arabian foals 
and Fell and Dale pony foals with 
immunodeficiency. 2,3 

The importance of leukopenia is that it 
can reduce the resistance of the animal 
to bacterial infection. Treatment of the 
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condition should focus on the underlying 
disease, but broad-spectrum antibiotics are 
often administered because of the presumed 
greater risk of bacterial infection in leukope¬ 
nic animals. 
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Leukocytosis 

Leukocytosis, a white blood cell count in 
peripheral blood greater than expected in 
healthy animals, can be an appropriate physi¬ 
ologic response to an infectious or inflam¬ 
matory process, a result of white cell 
dysfunction, or a result of leukoproliferative 
disease. In the latter, a particular situation is 
that in which there is neoplasia of the 
immune cells with subsequent production of 
growth factors or interleukins that stimulate 
inappropriate proliferation of other cells 
types that are detectable in the peripheral 
blood. An example is horses with intestinal 
lymphosarcoma that have peripheral eosino- 
philia. The leukoproliferative diseases are 
discussed under that heading. 

Leukocytosis can be a result of an increase 
in the concentration of all white blood cells 
or a result of increases in count of a particu¬ 
lar subset. The changes include lymphocyto¬ 
sis, neutrophilia, eosinophilia, monocytosis, 
and basophilia. Thrombocytosis is discussed 
under that heading. 

Lymphocytosis not related to infection 
by bovine leukemia virus is unusual. Chronic 
viral or bacterial infections can result in mild 
increases in lymphocyte count in blood, but 
these changes have little diagnostic signifi¬ 
cance. The ratio of T lymphocytes to B lym¬ 
phocytes changes in some disease processes, 
but these subsets are seldom differentiated in 
routine clinical practice. 

Neutrophilia is almost always a response 
to an inflammatory process, with the excep¬ 
tion of the neutrophilia associated with stress 
(“stress” leukogram). Subacute to chronic 
bacterial disease or inflammation causes 
marked increases in neutrophil count in 
peripheral blood. The neutrophilia is vari¬ 
able and can reduce even in the presence of 
continuing disease, such as R. equi pneumo¬ 
nia. A mature neutrophilia is evident as a 
high neutrophil count in the absence of 
immature forms (band cells). A regenerative 
neutrophilia is characterized by normal to 
elevated neutrophil counts and the presence 
of an excessive number of immature neutro¬ 
phils (so-called “left shift”). The presence 
of a left shift suggests either rebound 


neutrophilia subsequent to neutropenia or 
ongoing severe inflammation. Mature neu¬ 
trophilia suggests inflammation of longer 
standing but is not definitive for this time 
frame. Mature neutrophilia can occur during 
the recovery stage from anemia, especially 
hemolytic anemia. Profound neutrophilia 
occurs in calves with bovine leukocyte 
adhesion deficiency and in some septicemic 
foals. 

Eosinophilia is usually associated with 
allergy or parasitism. Examples include milk 
allergy in cows and intestinal parasitism in 
horses. Eosinophilia can occur in horses with 
intestinal lymphosarcoma or multisystemic 
eosinophilic epitheliotropic disease. 1 

Monocytosis and basophilia are unusual 
in large animals with the exception of that 
occurring as part of a rebound bone-marrow 
response to profound neutropenia. 
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Abnormal White Cell Function 

Abnormalities of white cell function can be 
either congenital or acquired. Congenital 
defects include Chediak-Higashi syndrome 
and bovine leukocyte adhesion deficiency. 1 
Acquired defects include those associated 
with neoplasia of cells of the innate and 
adaptive immune systems, and dysfunction 
induced by disease, intoxication, or defi¬ 
ciency (such as iron deficiency impairing 
neutrophil function). A wide variety of infec¬ 
tious diseases can impair function of white 
blood cells, including phagocytosis of micro¬ 
organisms by neutrophils or macrophages. 
Intoxicants such as some of the mycotoxins 
impair leukocyte function. Malnutrition, 
starvation, and specific deficiencies (e.g., 
iron) impair leukocyte function. 
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Leukoproliferative Disease 
(Leukemia, Lymphoma) 

The leukoproliferative diseases are neoplastic 
diseases of the myeloid (hemapoietic) or 
lymphoid tissues. The discussion here is 
divided into those diseases associated with 
abnormal lymphoid cells (lymphoprolifera- 
tive) and those associated with abnormal 
myeloid cells (myeloproliferative). The 
most common leukoproliferative diseases 
of large animals are lymphoma and 
lymphosarcoma. 

Myeloproliferative Diseases 

Myeloproliferative disease is rare in large 
animals, but granulocytic, eosinophilic, 
monocytic, and myelomonocytic leukemias 
are reported: 

• Acute (myelogenous) and chronic 
granulocytic leukemia are reported in 
horses, as is acute erythroid neoplasia. 1,2 


• Acute granulocytic leukemia in a goat 

• Systemic mastocytosis in a goat 

• Acute basophilic leukemia in a calf’ and 
in pigs 4 ' 5 

• Acute mastocytic and megakaryocytic 
leukemia in a calf 

• Histiocytosis in a piglet' 

• Acute myeloblastic leukemia in cattle 
and horses 

• Myelomonocytic leukemia in a calf, a 
horse and in an inbred line of Miniature 
swine 8 

• Malignant histiocytosis in cattle and 
horses 

• Eosinophilic myeloproliferative disease 
in a horse 

Cases manifest with nonspecific clinical 
signs, including weight loss, poor perfor¬ 
mance, episodic ventral and lower limb 
edema, petechial hemorrhage, splenomegaly, 
and lymph node enlargement or palpable 
masses in the abdomen in some. Thrombo¬ 
cytopenia and anemia are common because 
of myelophthisis. Abnormal cells are often 
apparent on examination of a smear of 
peripheral blood. Immunohistochemistry 
and immunostaining of cells for fluorescent 
cell sorting can identify the abnormal cells. 

The diagnosis is often obtained at nec¬ 
ropsy examination. Antemortem diagnosis 
can be facilitated by examination of periph¬ 
eral blood smears and bone marrow obtained 
by aspiration or biopsy. 

There is no effective treatment, nor are 
there measures to prevent the disease. 
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Lymphoproliferative Disease 

Lymphoproliferative disease occurs in all 
large animal species but is common only in 
cattle, where it manifests as lymphoma or 
lymphosarcoma (bovine viral leukosis). In 
addition to lymphoma or lymphosarcoma, 
the other lymphoproliferative disease is 
plasma cell myeloma, which occurs in rumi¬ 
nants and horses. Lymphangiosarcoma is a 
rare tumor of lymphoid endothelium in 
horses and cattle. 

Plasmacytoma (Multiple Myeloma) 
Plasmacytoma is a tumor of plasma cells that 
sometimes results in production of mono¬ 
clonal globulins. 1 The disease occurs in 
cattle, sheep, and horses and is characterized 
by proliferation of lymphoid cells that 
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produce an immunoglobulin or immuno¬ 
globulin fragment (often referred to as 
M-protein). The disease characteristically, 
but not always, involves the bone marrow, in 
which case it is referred to as multiple 
myeloma. The tumor cells might or might 
not secrete abnormal protein. 

Clinical signs are often nonspecific and 
include weight loss, anorexia, limb edema, 
and recurrent infections. There can be signs 
of excessive bleeding as a result of minor 
trauma such as needle-sticks. The tumor can 
infiltrate any of a number of tissues, account¬ 
ing for the protean nature of the clinical 
signs. Involvement of cranial nerves can 
result in dysphagia, and infiltration of cervi¬ 
cal vertebrae can result in pathologic fracture 
and acute spinal cord compression. Involve¬ 
ment of the mediastinal lymph nodes can 
cause signs of an anterior thoracic mass. The 
clinical signs can be sufficiently vague that 
the disease is easily overlooked in its early 
stages. Radiography reveals the presence of 
osteolytic bone lesions in some animals. 

Anemia is common, and thrombocyto¬ 
penia occurs in about 20% of affected horses. 
Plasma cells can occasionally be seen in 
smears of peripheral blood. Hypoalbumin- 
emia and hyperglobulinemia are common 
findings. Serum protein electrophoresis is 
useful in demonstrating the presence of a 
monoclonal proteinopathy in the alpha-2, 
beta, or gamma regions. Bence-Jones pro¬ 
teinuria occurs in approximately 20% of 
horses with myeloma. Serum concentrations 
of specific immunoglobulins are often 
increased; there are two reports of horses 
with myeloma and elevated concentrations 
of IgA. Hypercalcemia occurs in some 
affected horses and can be a result of 
increased concentrations of parathyroid- 
hormone-related protein. Examination of 
bone marrow obtained by aspiration or 
biopsy can reveal the presence of an excess 
number of plasma cells (>10%). 

There is no effective treatment. Most 
animals present with advanced disease and 
die within days to weeks, but animals 
detected earlier in the disease process can 
live for more than 6 months. 

Lymphoma and Lymphosarcoma 
Bovine leukosis virus causes lymphoma in 
cattle and sheep, and infection with equine 
herpesvirus-5 is associated with lymphoma 
in horses, 2-5 but with these exceptions the 
etiology of lymphoma in large animal species 
is unknown. 

Ruminants and Pigs. Lymphosarcoma 
occurs as four distinct clinical entities in 
cattle: 

• Juvenile multicentric lymphosarcoma 
occurs at birth or in early life. It is 
multicentric and commonly involves the 
bone marrow and most lymph nodes. 

• Thymic lymphosarcoma develops in 
cattle from 3 months to 2 years of age 


and involves the thymus, occasionally 
spreads to other lymph nodes, and 
rarely infiltrates other organs. 

• Cutaneous lymphosarcoma occurs 
primarily in cattle at 1 to 3 years of age. 

• Adult multicentric lymphosarcoma 
occurs as a result of infection by bovine 
viral leukosis. 

Lymphosarcoma in cattle is discussed in 
detail under the headings “Bovine Viral Leu¬ 
kosis” and “Sporadic Bovine Leukosis.” 

• Lymphoma associated with infection by 
bovine leukosis virus occurs in sheep 
and in camelids. 6 The sporadic form of 
the disease can have a variety of 
presentations, including involvement of 
the brain, skin, and joints in addition to 
the expected localization in lymphoid 
tissue. 

• Goats develop sporadic lymphoma, 
including a multicentric form, and 
exophthalmos can be a presenting sign. 

• Pigs develop lymphosarcoma 
sporadically, with most forms being of B 
cells, although disease attributable to T 
cells is described. There is also an 
inherited form of the disease. 8 

The clinical signs of lymphosarcoma are 
similar to those described for the disease 
associated with bovine leukosis virus in 
cattle. Lymphadenopathy and clinical abnor¬ 
malities arising as a result of lymphadenopa¬ 
thy (dysphagia, bloat, respiratory distress 9 ) 
are common presentations. Thymic lym¬ 
phoma can be differentiated from hematoma 
of the ventral neck on physical and hemato¬ 
logical examination (tachycardia, anemia in 
cattle with hematoma). 10 T-cell lymphoma 
can manifest as skin or nasal cavity lesions in 
cattle. 11-13 Radiography, echocardiography, 
and ultrasonography are useful diagnostic 
aids. 14 ' 15 Biopsy of lymph nodes can yield a 
diagnosis. 

Clinicopathologic abnormalities are 
nonspecific and can include anemia and 
hyperfibrinogenemia. Hypoglycemia and 
hyperlactatemia are reported in a cow with 
enzootic bovine lymphoma. 16 

Necropsy examination reveals lymphade¬ 
nopathy and infiltration by neoplastic 
lymphocytes. 

There is no documented effective treat¬ 
ment. Administration of glucocorticoids 
might cause transient improvement because 
of lympholysis. Radiotherapy is feasible in 
small ruminants or pigs of sufficient mone¬ 
tary or emotional value, but has not been 
reported. 

Horses 

Etiology and Epidemiology. Some 
equine lymphomas are associated with infec¬ 
tion by equine herpesvirus-5 (EHV-5). Of 13 
horses with lymphoma, 67% were positive on 
polymerase chain reaction (PCR) testing of 
tissue for EHV-5, whereas 14% of 21 clini¬ 
cally normal horses were positive. Neoplastic 
samples positive for EHV-5 were classified as 


T-cell-rich B-cell lymphoma (three samples), 
T-cell lymphoma (one), and nondifferenti- 
ated (one), and two were not examined. 4 
Although Koch’s postulates have not been 
met and therefore a strict causal association 
demonstrated, there is circumstantial evi¬ 
dence, including response to antiviral 
therapy, that EHV-5 infection causes lym¬ 
phoma in horses. 2- ’ Otherwise, lymphoma 
and lymphosarcoma in equids is idiopathic. 

Lymphoma is a neoplasm arising from 
lymphoid tissue, which may be in the lymph 
nodes, spleen, or intestine. The disease is 
more accurately described as neoplasia of 
one of many lymphoid cell lines, and with 
increasing sophistication of immunohisto- 
chemical staining it is possible to differenti¬ 
ate lymphoma by the particular cell line that 
is affected. At least 14 subtypes of lymphoma 
are recognized in horses. 17 Furthermore, 
molecular genetic techniques may soon 
permit use of PCR or chromosomal 
(genomic) analysis to better characterize the 
origins of tumors. 18 Both immunohisto- 
chemistry of fixed tissue sections and fluo¬ 
rescent cell sorting of cells in body fluids 
have been used to determine the abnormal 
cell type. An additional advantage of 
advanced testing is that tumors of uncertain 
origin (lymphoid, myeloid) can sometimes 
be characterized. 

The tumors in horses are most commonly 
of T-cell or B-cell lines. Of 203 horses with 
lymphoma, multicentric lymphoma was 
most common (83 horses, 41%), followed by 
disease in the skin (38 horses, 19%), gastro¬ 
intestinal tract (24 horses, 12%), mediasti¬ 
num (5%), lymph nodes (5%), eye or 
periorbital tissues (4%), spleen (3%), nasal 
cavity (2%), central nervous system (2%), 
oral cavity (2%), bone marrow (0.5%)m and 
heart (0.5%).Equine T-cell-rich, large 
B-cell lymphoma is the most common of the 
equine lymphomas (87 of 203 horses, 43%) 
followed by peripheral T-cell lymphoma (45 
horses, 22%) and diffuse large B-cell lym¬ 
phoma (11%). 17 B-cell lymphomas that 
contain large numbers of T cells (which are 
not neoplastic) or peripheral T-cell lympho¬ 
mas are characteristically tumors of the 
spleen and thoracic and mediastinal lymph 
nodes. 1 ' B-cell tumors that contain large 
numbers of T cells (T-cell-rich B-cell lym¬ 
phoma) account for approximately one-third 
of equine lymphoma. These latter are typi¬ 
cally tumors of the skin and subcutis. T-cell 
lymphomas account for approximately 20% 
of equine lymphomas and typically cause 
disease involving the mediastinal lymph 
nodes. Approximately 50% of equine lym¬ 
phomas have cells that express progesterone 
receptors, but none express the estrogen 
receptor, which might explain the regression 
of tumors in mares during pregnancy. 

The disease occurs in all ages of horse, 
being reported from animals as young as 2 
months to as old as 31 years. Median age 
of diagnosis is 10 years. 1 ' There is no 
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information on age-specific incidence. One 
study has reported cases in horses ranging 
from 4 months to 22 years of age, and the 
mean age of cases in this, and other case 
reviews, suggests that there is some increase 
in risk with increasing age. Limited slaughter 
surveys show a prevalence that varies from 
0.7 to 3.2 cases per 100,000 animals. Thor¬ 
oughbred horses are more likely to have 
cutaneous lymphosarcoma than are other 
breeds. 19 

Clinical Signs. The clinical manifesta¬ 
tion of lymphosarcoma in horses is probably 
best described by the statement that the 
disease can manifest in a protean manner. 
Lymphosarcoma can exert an influence on 
the function of any organ system, and this is 
determined by where it occurs in the body. 
Most cases are multicentric, although they 
often present with organ-specific signs, and 
the multicentricity might not be recognized 
until further, more complete, clinical or post¬ 
mortem examination. 20-23 External lymph- 
adenopathy is usually a reflection of 
multicentric disease. Ocular lymphoma can 
be a solitary disease or part of a multicentric 
disease. 22,24 

Common presenting histories include 
chronic wasting and chronic diarrhea, upper 
respiratory distress with stertorous breathing 
or inspiratory dyspnea, lower respiratory 
abnormality, subcutaneous edema, anemia, 
and fever of unknown origin. Clinical signs 
include weight loss, anorexia, and depression 
in 30% of cases; ventral edema in 18%; 
pyrexia and anemia in 17%; diarrhea in 7%; 
and colic in 6%. 17 

Lymphosarcoma is the single most 
common cause of neoplasia in the thorax of 
the horse. A common syndrome is that of 
weight loss and ventral edema of the neck 
and thorax, sometimes accompanied by 
pleural or peritoneal effusion, anemia, 
dyspnea, cough, and abdominal masses pal¬ 
pable per rectum. In cases where the lesions 
are predominantly in the thorax, the syn¬ 
drome is that produced by a space-occupy¬ 
ing lesion, manifested by pectoral edema and 
jugular vein engorgement, but an absence of 
the jugular pulse and dyspnea. The heart may 
be displaced, and there may be cardiac 
murmurs. If there is compression of the 
esophagus, dysphagia is present. Thorascopic 
biopsy might be necessary to confirm an 
antemortem diagnosis. 25 

Another relatively common syndrome is 
chronic weight loss, with or without diar¬ 
rhea, associated with infiltration of the intes¬ 
tine. The disease can affect multiple segments, 
as is the often the case in younger horses, or 
occur as a solitary lesion in older horses. 26,27 
The disease can present as acute colic or as a 
result of intussusception around a solitary 
lesion, multiple diverticula, or diarrhea. 26-29 
A case review of chronic diarrhea in horses 
found alimentary lymphosarcoma to be the 
cause in 5 of 51 cases. Oral glucose tolerance 
tests are adversely affected by the intestinal 


infiltration of lymphosarcoma, but an abnor¬ 
mal test is not pathognomonic for this 
disease, nor is it likely to detect the presence 
of solitary lesions. Lymphosarcoma is also a 
cause of recurrent colic in horses. 

Cutaneous lymphosarcoma is a common 
disease in horses and might be the most 
common form of lymphoma in horses. Lym¬ 
phoma comprises approximately 1.7% of 
skin lesions in equids, and affected animals 
have a mean age of 15 years. 19 Thorough¬ 
breds are 2.5 times more likely to be diag¬ 
nosed with the disease compared with all 
other breeds, 19 and Thoroughbreds have a 
predilection for T-cell lymphoma compared 
with other breeds, with approximately 33% 
of cutaneous lymphomas in this breed being 
of this type.’ 11 Cutaneous lymphomas in 
Quarter horses are almost always T-cell-rich, 
large B-cell lymphoma. 30 There is no sex 
predilection. 

The cutaneous tumors can be solitary or 
multiple and are usually discrete, firm, non¬ 
painful swellings. The swellings are often 
haired, but in the more severe disease there 
is loss of hair. The lesions tend to be on the 
head, neck, and dorsal trunk, but they can be 
anywhere on the body. The tumors some¬ 
times metastasize, but horses affected with a 
mild or waxing and waning disease can live 
for years. 

Cutaneous lymphoma of equids is com¬ 
monly the T-cell-rich, large B-cell lymphoma 
(84%) variant, with cutaneous T-cell lym¬ 
phoma being the next most common (11%). 30 
Tumors that present as multiple nodules are 
more commonly T-cell-rich, large B-cell 
lymphoma. 30 Solitary lesions are more likely 
to be cutaneous T-cell lymphoma. 30 Diagno¬ 
sis is by excisional biopsy. 

Another variation is mycosis fungoides, 
a T-cell lymphoma of the skin that appears 
to have a more aggressive course. 30,31 

Lymphosarcoma is the final diagnosis in 
a significant proportion of horses with fever 
of unknown origin. 

Lymphoma should be considered in the 
differential diagnosis of horses with signs of 
ataxia or other signs of neurologic disease. 32- 
35 Signs of neurologic disease are usually the 
result of space-occupying lesions in the 
spinal canal or infiltration of peripheral 
nerves impairing normal neurologic 
function. 32-35 

The organ systems affected by lymphosar¬ 
coma in the horse are not restricted to those 
mentioned previously, and individual horses 
can have involvement of virtually any body 
system or organ, such as the spleen, 36 man¬ 
dible, 37 heart, 38 mammary gland, 39 pharynx, 21 
and uterus and ovary (causing abortion). 20 

Ultrasound can aid in the location of 
tumor masses or accumulation of pleural or 
peritoneal fluid, and in aspiration of material 
from these sites. Radiography is useful for 
detecting mediastinal disease. Rhinolaryn- 
goscopy permits detection and assessment of 
disease of the pharynx. Magnetic resonance 


imaging allows more precise localization of 
lesions of the head and rostral neck. 21 

Lymphoma is sometimes accompanied 
by signs of paraneoplastic syndrome, espe¬ 
cially if the disease is multicentric. Signs 
of paraneoplastic syndrome can include 
pseudohyperparathyroidism, alopecia, and 
pruritis. 39,40 

Clinical Pathology. A specific diagnosis 
can be obtained by cytology, and needle 
aspirates or biopsy with cytologic examina¬ 
tion of affected lymph nodes are diagnostic. 
Samples can be obtained from enlarged 
lymph nodes or from bone marrow. Cyto¬ 
logic examination of fluid obtained by thora¬ 
cocentesis or abdominocentesis where there 
is thoracic or abdominal involvement is also 
frequently diagnostic. 

Anemia is a consistent finding in horses 
with advanced lymphosarcoma. The anemia 
can be a result of tumor cells occupying bone 
marrow or causing bone-marrow necrosis, 
but this is not a usual manifestation of the 
disease. 41 More commonly, anemia is prob¬ 
ably a result of increased destruction of red 
cells or anemia of chronic disease. 42 Only a 
small proportion of horses with lymphade- 
nopathy attributable to lymphosarcoma have 
concurrent leukemic blood changes. Sezary- 
like cells have been detected in the blood of 
a horse with B-cell lymphoma. Thrombocy¬ 
topenia occurs in approximately 30% of 
cases. 

Immunophenotyping cells obtained at 
necropsy examination, by biopsy of affected 
organs or lymph nodes, or from peripheral 
blood can aid in determining the cell type 
involved. 

Hypergammaglobulinemia and hypoal- 
buminemia occur in some horses. Hyper¬ 
gammaglobulinemia in horses with 
lymphosarcoma is almost always caused by a 
polyclonal globulinopathy—in contrast to 
horses with plasma cell myeloma—and is 
probably attributable to the inflammatory 
response to the tumor. Plasma fibrinogen 
concentrations can be elevated in horses with 
lymphosarcoma for the same reason. 

Low serum immunoglobulin concentra¬ 
tions have been reported in horses with lym¬ 
phosarcoma, but this finding is not specific 
for lymphosarcoma. Detection of low serum 
IgM concentration has poor sensitivity and 
specificity for diagnosis of lymphosarcoma. 
The sensitivity and specificity of serum IgM 
below 60 mg/dL for diagnosis of lymphosar¬ 
coma in horses are 50% and 35%, respec¬ 
tively. This is not a good screening or 
diagnostic test for lymphosarcoma in horses. 

Abnormalities in serum calcium concen¬ 
tration are uncommon and variable, with 
both hypocalcemia and hypercalcemia being 
reported. Hypercalcemia can be associated 
with elevated serum concentrations of para- 
thyroid-hormone-related peptide. 

Treatment. Reports of treatment of lym¬ 
phoma in horses are few. Because most 
horses have advanced disease at the time of 
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Table 11-6 Protocols for treatment of lymphoma and lymphosarcoma in adult equids 


Protocol 

Drug 

Dosage 

Route 

Treatment regime 

CAP 

Cyclophosphamide 

200 mg/m 2 

IV (catheter) 

Every 2 weeks 


Cytosine arabinoside 

1.0-1.5 g/treatment 

IM or SC 

alternating basis 


Prednisolone 

1 mg/kg BW 

Per os 

Daily 

COP 

Cytosine arabinoside 

200-300 mg/m 2 

SC/IM. 

q 7-14 days 


Chlorambucil or cyclophosphamide 

20 mg/m 2 

Per os IV 

q 14 days 



200 mg/m 2 

(catheter) 

q 14-21 days 


Prednisolone 

1.1-2.2 g/kg BW 

Per os 

q 48 h 


Vincristine (can be added if no 

0.5 mg/m 2 

IV (catheter) 

q 7 days 


response initially) 




Single-agent therapy 

L-asparaginase 

10,000-40,000 iu/m 2 

IM 

q 2-3 weeks 


Cyclophosphamide or vincristine 

200 mg/m 2 

IV (catheter) 

q 2-3 weeks 



0.5 mg/m 2 

IV (catheter) 


Combo chemotherapeutic with 

Cyclophosphamide 

300 mg/m 2 

IV (catheter) 

Given days 1 and 36 

autologous vaccine 

Autologous tumor vaccine 

2 mL injected at 4 sites 

IM 

Given days 4, 21, and 39 

Single drugs 

Doxorubicin 

30-65 mg/m 2 




Cisplatin (1 mL of 10 mg/mL 

1 mg cisplatin/cm 2 of 

Intralesional 

q 2 weeks 


cisplatin and 2 mL sesame oil) 

tumor 




Spaced -1 cm plane 

Reproduced with permission from Tam tor and Schleis, 2011. 40 

BW, body weight; IM, intramuscularly; IV, intravenously; SC, subcutaneously. 


diagnosis and because therapeutic options 
are limited by cost or adverse effects, treat¬ 
ment is rarely undertaken. Surgical removal 
of isolated masses in the skin is appropriate 
in some cases of cutaneous lymphosarcoma 
and can result in cure, especially of solitary 
T-cell-rich, large B-cell lymphoma. 30 

Successful treatment of a mare with 
EHV-5 associated T-cell-rich, large B-cell 
lymphoma was achieved by surgical 
debulking of the lesion and administration 
of cyclophosphamide, vincristine, and dexa- 
methasone for 1 month, followed by 4 
months of administration of acyclovir (an 
antiviral drug) at 20 mg/kg orally every 8 
hours. 

Administration of oncolytic agents has 
resulted in remission of disease in some 
horses. 32,36,40-43 Drugs used include predniso¬ 
lone, vincristine, cyclophosphamide, cispla- 
tin, and cytarabine (see Table 11-6 for 
examples). The glucocorticoids cause lysis of 
abnormal lymphocytes and can result in 
some improvement in clinical signs. A pro¬ 
tocol that has met with some success involves 
administration of cyclophosphamide (2 mg/ 
kg IV) once weekly for 4 to 6 weeks, and then 
once every 2 to 3 weeks, combined with oral 
administration of prednisolone (0.5 to 
1.5 mg/kg every 24 to 48 hours). Another 
protocol involves administration of vincris¬ 
tine (0.008 mg/kg IV) and cyclophospha¬ 
mide (2 mg/kg IV) once every 2 weeks for 
four to six treatments, combined with daily 
administration of prednisolone. The aim of 
all of these treatments is to induce remission 
or to reduce clinical signs of the disease 
when these signs are attributable to lymph- 
adenopathy (e.g., dysphagia, dyspnea). An 
example could be the treatment of a pregnant 
mare with retropharyngeal tumor that causes 


dysphagia, with a view to prolonging the 
mare’s life until parturition. 

Radiotherapy of localized disease of the 
head and pharynx might be effective in treat¬ 
ment of lymphoma in horses; lymphoma in 
other species is radiosensitive. 

FURTHER READING 

Durham AC, et al. Two hundred three cases of equine 
lymphoma classified according to the World Health 
Organisation (WHO) classification criteria. Vet 
Path. 2013;50:86-93. 

Taintor J. and Schelis S. Equine lymphoma. Equine Vet 
Educ. 2011;23:205-213. 
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BOVINE NEONATAL 
PANCYTOPENIA (BNP) 


SYNOPSIS 


Etiology Currently assumed to be caused by 
a commercial inactivated bovine virus 
diarrhea (BVD) vaccine, Pregsure BVD, that 
triggers an alloimmune reaction against 
specific bovine major histocompatibility 
complex (MHC) class I antigens contained 
as impurities in the vaccine. Vaccinated 
dams having produced antibodies against 
this specific MHC-1 epitope transmit these 
via colostrum to their calf. Calves that 
share the MHC-1 epitope contained in the 
vaccine will suffer damage of erythropoietic 
and bone-marrow cells through an 
alloimmune reaction triggered by maternal 
antibodies. 

Epidemiology Observed with increasing 
incidence in several European and other 
countries where Pregsure BVD was 
marketed from 2007 to 2012. Incidence, 


Continued 
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with approximately 16 cases per 100,000 
sold vaccine doses, is rather low, but 
mortality rate is up to 90%. Affected calves 
are between 2 and 4 weeks old. 

Signs Calves 2 to 4 weeks old develop 

cutaneous and mucosal bleeding, petechiae 
on mucosal membranes, melena, and 
internal bleeding. Increased rectal 
temperature. Rapid deterioration within 
days, with high mortality rate. 

Clinical pathology Pronounced 
thrombocytopenia, leukopenia, and 
nonregenerative anemia. Bone-marrow 
biopsies reveal reduced cell density. 

Necropsy findings Generalized petechiae or 
ecchymoses on mucosal and serosal 
surfaces, subcutaneous hematomas. 
Bone-marrow hypoplasia/aplasia involving 
all three main hematopoietic cell series. 

Diagnostic confirmation Pancytopenia in 
peripheral blood, cell depletion of bone 
marrow, history of vaccination of the dam 
with Pregsure BVD. 

Treatment No specific treatment available. 

Control Prevent use of colostrum from dams 
with a history of having caused bovine 
neonatal pancytopenia (BNP) in their calves 
or from dams vaccinated with the 
incriminated vaccine. 


ETIOLOGY 

The etiology of bovine neonatal pancytope¬ 
nia (BNP), a condition characterized by 
spontaneous internal and external bleeding 
and almost complete destruction of the red 
bone marrow in neonatal calves, is not yet 
entirely understood. The currently best 
established hypothesis is that BNP is caused 
by immunoglobulins contained in colostrum 
from dams of affected calves that damage 
calf’s bone marrow via an alloimmune reac¬ 
tion. 1 The increasing incidence of BNP 
observed since 2007 in several European 
countries has been linked to the use of an 
inactivated bovine viral diarrhea vaccine 
(Pregsure BVD, Pfizer Animal Health). This 
vaccine contains cytopathogenic BVDV- 
serotype I grown on a bovine kidney cell line 
in combination with a novel adjuvant named 
Procision A and has been shown to produce 
a considerably stronger antibody response 
than other commercially available inacti¬ 
vated BVD vaccines and even natural BVD 
infection. 2 The vaccine was found to contain 
not only viral antigen but also impurities 
originating from bovine kidney cells used in 
the vaccine production process, among 
which the major histocompatibility antigen 
(MHC) class I was identified. Because similar 
impurities have also been identified in other 
commercial vaccines that have not been 
associated with clinical cases of BNP, it is 
assumed that the potent adjuvant of the 
vaccine not only triggers a disproportionate 
production of antibodies against BVDV but 
also against MHC class I epitopes contained 


in the vaccine in cows that do not share some 
or all of these epitopes. 

EPIDEMIOLOGY 

Bovine neonatal pancytopenia is a novel 
hemorrhagic disease solely affecting newborn 
calves and has been occurring with increas¬ 
ing incidence since 2006 in several European 
countries, including Germany, France, 
Belgium, the Netherlands, Luxemburg, Italy, 
Spain, Ireland, and the United Kingdom. 
More recently BNP was also reported to 
occur in New Zealand. 3 The occurrence of 
BNP was associated with the introduction of 
Pregsure BVD in 2004 in several European 
countries; countries where Pregsure BVD 
was not marketed, such as Denmark, Austria, 
and Switzerland, remained free of BNP. In 
Germany alone, the country with the highest 
disease incidence, over 3500 confirmed cases 
have been recorded since 2006. 4 Within 
affected European countries the average 
disease incidence is estimated to be approxi¬ 
mately 16 clinical case per 100,000 sold doses 
of Pregsure BVD, underscoring the fact that 
BNP occurs in only a small fraction of calves 
from vaccinated dams. 1 ' In affected farms, 
generally not more than 5% to 10% of vac¬ 
cinated dams actually induce BNP in calves 
fed with their colostrum. 2 

With growing epidemiologic evidence 
corroborating the link between Pregsure 
BVD and BNP, the manufacturer announced 
a voluntary marketing cessation for Pregsure 
BVD in 2010, and later that year the Euro¬ 
pean Medicines Agency (EMA) recom¬ 
mended to suspend the marketing 
authorization for this vaccine. 2 In August 
2011 Pregsure BVD was withdrawn from the 
market in New Zealand immediately after 
the first case was reported. 

The lag time of nearly 3 years between the 
introduction of Pregsure BVD and the 
occurrence of the first clinical cases that were 
observed in European countries but also in 
New Zealand is not entirely understood but 
has been explained with the requirement of 
repeated vaccination with Pregsure BVD to 
induce a significant alloreactive immune 
response able to induce BNP. 4 

Another puzzling observation is the wide 
regional variation of the disease incidence 
that cannot solely be explained by differences 
in frequency of Pregsure BVD use. Within 
Germany the highest disease incidence was 
observed in Bavaria, with an estimated 99 
clinical cases per 100,000 sold vaccine doses, 
compared with an average disease incidence 
of 6 cases per 100,000 sold vaccines in Lower 
Saxony. 4 A possible explanation for these 
regional differences was found in differences 
in vaccination protocols. Whereas in Bavaria 
repeated vaccination with Pregsure BVD fol¬ 
lowing label instructions was common prac¬ 
tice, in Lower Saxony a modified vaccination 
protocol consisting of an initial vaccination 
with Pregsure BVD followed by a booster 
with a modified life BVD vaccine was 


implemented. 4 Accordingly, in Lower Saxony 
vaccinated animals were exposed to fewer 
doses of the incriminated vaccine compared 
with Bavaria, which may have contributed to 
the observed regional disease incidences. 

PATHOGENESIS 

Although the basic pathophysiologic mecha¬ 
nism behind BNP appears to have been 
unraveled, the detailed pathophysiology of 
the disease is not yet understood. According 
to the currently established hypothesis, vac¬ 
cination with Pregsure BVD induces the pro¬ 
duction not only of BVD antibodies but 
potentially also of alloantibodies against the 
MHC class I epitopes with which the vaccine 
was contaminated. The MHC class I antigen 
contained in the vaccine originates from the 
bovine kidney cell line that was used in the 
vaccine production process and thus presents 
the specific MHC allotype of that cell line. 
Whether the vaccinated dam will mount an 
immune response against this allotype 
depends on the MHC-I allotype constellation 
of the individual animal. If the dam differs in 
its allotype repertoire it will recognize the 
MHC-I antigen as an antigen, against which 
it will mount an immune response and there¬ 
fore be able to induce BNP in certain calves. 3 
If antibodies are produced, these will be 
transferred via colostrum to the neonatal calf. 
Calves carrying MHC-I allotypes similar to 
the MHC-I allotype contained in the vaccine 
but different from the maternal allotype are 
thus predisposed to develop BNP. 3 In affected 
calves alloantibodies ingested with colostrum 
will lead to complement-dependent lysis and/ 
or cytophagocytosis of cells expressing the 
MHC-I antigen. 3 

Alternatively, it has been proposed that 
the potent adjuvant contained in Pregsure 
BVD may not only amplify the production of 
alloantibodies against antigenic material 
contained in the vaccine but also against 
paternally derived fetal MHC-I antigens nor¬ 
mally present during pregnancy. 1 

The severity of the clinical signs in sus¬ 
ceptible calves is modulated by the amount 
of colostrum ingested, the quality of the 
colostrum, and the time of colostrum 
ingestion. 6 ' 7 

It is currently not well understood why in 
calves with BNP only hematopoietic and 
bone-marrow cells appear to be affected even 
though the MHC-I gene is expressed and 
present on the cell surface of practically 
every nucleated cell. Although differences in 
the degree of MHC-I expression that would 
make cells expressing high levels of MHC-I, 
such as bone-marrow cells, more susceptible 
than other cells have been proposed as a pos¬ 
sible explanation, it is probable that other yet 
unidentified pathophysiological mechanisms 
are at work. 4 

CLINICAL FINDINGS 

Calves with BNP in general become clini¬ 
cally apparent between 10 and 20 days of age. 







Calves older than 1 month of age are not 
affected, and there is no gender predisposi¬ 
tion. The most prominent symptoms are 
cutaneous and mucosal bleeding (e.g., fol¬ 
lowing trauma, injection, or ear-tagging), 
petechiae on mucous membranes, and 
melena. Persistently increased rectal tem¬ 
perature, often above 41.0°C (105.8°F), is 
frequently reported. Affected calves initially 
appear bright but rapidly become anemic, 
with pale mucous membranes, and they 
succumb to blood loss and secondary infec¬ 
tion. In many cases animals die within 24 to 
48 hours. The mortality rate reaches up to 
90%. Subclinical cases may occur but have 
rarely been reported. 

CLINICAL PATHOLOGY 

The most prominent hematological findings 
are pronounced thrombocytopenia, leuko¬ 
penia (neutropenia and lymphopenia), and 
nonregenerative anemia. 1 In experimental 
studies a decline in the number of circulating 
lymphocytes, neutrophils, and monocytes 
by over 75% has been observed as early as 
4 hours following ingestion of colostrum. 
Thrombocyte counts in BNP calves 8 hours 
after ingestion of colostrum were found 
to be at 40% of thrombocyte counts in 
control calves. 1 Red blood cell counts were 
not altered in the first hours after colos¬ 
trum ingestion. Reduced hematopoietic cell 
density in bone marrow, including erythroid 
cells, myeloid cells, and megakaryocytes, 
was observed in BNP calves 6 days but not 
24 hours after ingestion of colostrum. This 
rapid initial depletion of leukocytes and 
thrombocytes combined with the protracted 
damage observed in the marrow suggests 
that pancytopenia is the result of a combi¬ 
nation of extensive destruction of peripheral 
blood cells, probably resulting from com¬ 
plement-mediated lysis and/or enhanced 
phagocytosis of cells and decreased regen¬ 
erative activity caused by bone-marrow 
depletion. 

NECROPSY FINDINGS 

At necropsy, affected calves have generalized 
petechiae or ecchymoses on mucosal and 
serosal surfaces and often hematomas in the 
subcutaneous tissue, especially over bony 
prominences. 8,9 The peritoneal, pleural, and 
synovial fluids may be serosanguinous, and 
the content of the colon and rectum may be 
bloody. Overall, the carcass is often pale from 
excessive bleeding. 

Microscopic lesions are multiple hemor¬ 
rhages without obvious vascular or tissue 
reaction and bone-marrow hypoplasia/ 
aplasia involving all three main hematopoi¬ 
etic cell series (total or trilineage hypoplasia), 
with an almost complete lack of megakaryo¬ 
cytes. 8-10 In addition to hemorrhages, there 
will be diffuse depletion of lymphoid tissue 
in the spleen, lymph nodes, and thymus, in 
which T- and B-cell components are equally 
affected. 8 


Lymphadenopathy (Lymphadenitis) 
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Samples for Postmortem 
Confirmation of Diagnosis 

Samples for light microscopy include bone 
marrow smears, preferably from the sternum, 
femur, or humerus, and sections of bone 
marrow, spleen, and lymph nodes for 
histopathology. 


DIFFERENTIAL DIAGNOSIS 


Bovine viral diarrhea/mucosal disease (BVD/ 
MD) 

Bluetongue 

Idiopathic thrombocytopenia in calves (e.g., 
following bacterial septicemia or immune 
mediated processes) 

Simmental inherited thrombopathy (SHT) 


TREATMENT 

There is currently no specific treatment for 
BNP available. 

CONTROL 

Pregsure BVD has been withdrawn from the 
market until further notice. Assuming this 
vaccine is indeed associated with the occur¬ 
rence of BNP, this measure should prevent 
future cases of BNP in calves born to dams 
that have not been exposed to this vaccine. 
Colostrum from dams with a history of 
having had a calf that developed BNP should 
not be fed to calves. 
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Lymphadenopathy 

(Lymphadenitis) 

Lymph nodes can be enlarged because of 
inflammation (lymphadenitis) or infiltration 
with neoplastic cells. Enlargement of periph¬ 
eral nodes causes visible and palpable swell¬ 
ings and in some cases obstruction to 
lymphatic drainage and subsequent local 
edema, as in sporadic lymphangitis of horses. 
Enlargement of internal nodes can cause 
obstruction of the esophagus or pharynx, 
trachea, or bronchi. Enlargement of the 
lymph nodes can occur as a result of infec¬ 
tion or of neoplastic invasion. Lymphade¬ 
nopathy as part of lymphoma and 


lymphosarcoma is discussed under “Leuko- 
proliferative Diseases.” 

Lymphadenitis occurs most commonly 
in response to infection or inflammation in 
the region of the body distal to, and drained 
by, the lymph node. Lymphadenitis also 
accompanies other signs in many other dis¬ 
eases, including strangles, bovine malignant 
catarrh, sporadic bovine encephalomyelitis, 
porcine reproductive and respiratory syn¬ 
drome, East Coast fever, Ondiri disease, and 
ephemeral fever. 

Infection and enlargement of lymph 
nodes is the major presenting sign in a small 
number of diseases, which include the 
following: 

• Caseous lymphadenitis of sheep and 
ulcerative lymphangitis in horses and 
cattle resulting from infection with 
Cory neb acterium pseudotuberculosis 

• Internal abscessation associated with C. 
pseudotuberculosis in horses 

• Anthrax, especially in the pig but also in 
the horse, which can initially manifest 
as cervical lymphadenopathy with 
considerable inflammation and 
swelling in the pharyngeal region and 
neck 

• Strangles in horses associated with S. 
equi and lymphadenitis produced by S. 
zooepidemicus. Lymphadenopathy that 
causes enlargement of abdominal lymph 
nodes is a characteristic of infection 
with S. equi in the burro. 

• Anorectal lymphadenopathy in young 
horses, causing extraluminal rectal 
obstruction with colic and sometimes 
urinary dysfunction 

• Cervical adenitis (jowl abscess) of pigs, 
caused principally by group E type IV 
Streptococcus spp. but also by 
Actinomyces (Truperella) pyogenes and 
Pasteurella multocida 

• Granulomatous cervical adenitis, which 
also occurs in pigs and is a common 
finding at slaughter. The lesions rarely 
cause clinical illness but are a public 
health concern because they may be 
tuberculosis. Most commonly they are 
associated with R. equi or atypical 
mycobacteria, but Mycobacterium 
tuberculosis, Mycobacterium avium, 
and Mycobacterium bovis are also 
causes. 

• Tularemia, infection with Francisella 
tularensis, in tick-infested sheep 

• Melioidosis associated with infection 
with Burkholderia pseudomallei 

• Tick pyemia associated with S. aureus in 
sheep infested with the tick Ixodes 
ricinus 

• Retropharyngeal lymph node 
enlargement up to three or four times 
normal, and colored bright green, has 
been identified in cattle as resulting 
from infection with the algae Prototheca 
spp. 

• Tuberculosis 
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• Lymphadenitis in lambs associated with 
P. multocida, and in some cases of 
actinobacillosis 

• Morel’s disease of sheep associated with 
infection by S. aureus subsp. anaerobius 

• Bovine farcy and atypical skin 
tuberculosis, the latter involving the 
lymphatics but not associated with 
lymph node enlargement. 

• Trueperella pyogenes (formerly 
Arcanobacterium pyogenes ) causes 
lymphadenitis in cattle, sheep, goats, 
pigs, and horses. 1 

In acute lymphadenitis there is pain and 
heat on palpation, but the nodes are for the 
most part painless. Obstructions produced 
by enlarged lymph nodes can result in sec¬ 
ondary signs such as respiratory difficulty 
with enlargement of the retropharyngeal 
lymph nodes and esophageal obstruction by 
enlarged mediastinal lymph nodes. Needle 
biopsy for cytology and culture can aid in the 
determination of the cause of lymphadenitis 
and can allow the differentiation between 
lymphadenitis and neoplastic enlargement. 
Ultrasound may also aid in diagnosis. The 
diseases listed here are discussed in more 
detail under their specific headings. 

Absence of lymphoid tissue occurs as a 
congenital defect in Arabian foals with severe 
combined immunodeficiency and is recorded 
in an Angus calf. 
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Diseases of the Spleen 
and Thymus 

The spleen serves a number of functions—it 
is a storage organ for blood, a source of extra¬ 
medullary erythropoiesis in some species, a 
major component of the reticuloendothelial 
system, and an important component of the 
immune system. 1 Its function is most evident 
in the horse, in which an intact and function¬ 
ing spleen is necessary for normal work 
capacity. Blood in the spleen of horses has a 
hematocrit much higher than that of circu¬ 
lating blood (70% to 80% vs 35-45%), and 
when relaxed the spleen contains many liters 
of blood. Excitement or exercise causes 
splenic contraction through an alpha-1- 
mediated event and ejection of the red-cell- 
rich blood into the peripheral circulation, 
with subsequent marked increases in hema¬ 
tocrit. The spleen of an adult horse can eject 
5 to 10 L of blood into the circulation, and 
together with declines in plasma volume 
during exercise, increase hematocrit to 55% 
to 60% (0.55 to 0.60 L/L). 

Splenectomy is performed as part of 
treatment of idiopathic refractory thrombo¬ 
cytopenia, as a consequence of splenic 
infarction, and to control hemorrhage. 2 ' 3 
Removal of the spleen (splenectomy) impairs 


the oxygen-carrying capacity of blood during 
exercise by preventing the normal increase in 
hematocrit, and it prevents the normal car¬ 
diovascular responses to exercise, including 
increases in right atrial pressure. 4 

SPLENOMEGALY 

Diffuse diseases of the spleen that result in 
enlargement are usually secondary to dis¬ 
eases in other organs. Splenomegaly with 
complete destruction of splenic function is 
virtually symptomless, especially if the 
involvement occurs gradually, and in most 
cases clinical signs are restricted to those 
caused by involvement of other organs. An 
enlarged spleen can be palpable on rectal 
examination in the horse, and careful per¬ 
cussion might detect enlargement of the 
spleen in cattle, but in most instances 
involvement of the organ is not diagnosed at 
antemortem examination unless ultrasono¬ 
graphic examination or laparotomy is per¬ 
formed. 1 Ultrasonography is useful in 
determining the size of the spleen and its 
anatomic placement (e.g., in horses with left 
dorsal displacement of the colon) and to 
detect masses or abnormalities in the com¬ 
position of the spleen (infarcts, hematomata, 
neoplasia). 5 ' 7 ' 8 

Left dorsal displacement of the colon in 
the horse is a colic in which the spleen is dis¬ 
placed medially, and this may give the impres¬ 
sion that the organ is enlarged. Rupture of a 
grossly enlarged spleen can cause hemoperi- 
toneum and possibly sudden death resulting 
from internal hemorrhage. 9 This is some¬ 
times the cause of death in bovine viral leuko¬ 
sis or equine amyloidosis. Moderate degrees 
of splenomegaly occur in many infectious 
diseases, especially salmonellosis, anthrax, 
babesiosis, equine infectious anemia, and 
diplococcus septicemias in calves, and in 
some noninfectious diseases, such as copper 
toxicity in sheep. Amyloid is deposited in the 
spleen of affected cows. 10 Animals that die 
suddenly because of lightning stroke, electro¬ 
cution, and euthanasia can also show a mod¬ 
erate degree of splenomegaly, but the 
enlargement is minor compared with that 
observed in congestive heart failure, portal 
obstruction, or neoplastic change. 

Neoplasms of the spleen are not common 
in large animals but can be lymphosarcoma, 
hemangiosarcoma, myelocytic leukemia, 
malignant melanoma, or systemic granulo¬ 
matosis in horses. 11-14 Metastasis of hepatic 
carcinoma to the spleen of a dairy cow is 
reported. The abnormality is usually readily 
detected by ultrasonographic examination of 
the spleen or discovered incidentally during 
rectal examination. 

SPLENIC ABSCESS 

Splenic abscess can result when a septic 
embolus lodges in the spleen, but is more 
commonly caused by extension of infection 


from a neighboring organ. Perforation by a 
foreign body in the reticulum of cattle is the 
commonest cause of the disease in large 
animals, and gastric penetration by sharp 
metal or wires can cause splenitis in 
horses. 111 ' 16 Perforation of a gastric ulcer or an 
erosion of the gastric wall caused by Gaster- 
ophilus intestinalis or extension of a granu¬ 
loma caused by larvae of Habronema spp. in 
horses can lead, by extension, to develop¬ 
ment of a suppurative lesion in the spleen. In 
those occasional cases of strangles in horses 
in which systemic spread occurs, splenic 
abscess occasionally occurs. 

Splenic abscesses associated with C. pseu¬ 
dotuberculosis infection are diagnosed in 
horses in those parts of the world where the 
infection is endemic. The most common 
clinical signs are concurrent external 
abscesses, anorexia, fever, lethargy, weight 
loss, and signs of respiratory tract disease or 
abdominal pain. Diagnosis is based on the 
presence of appropriate clinical signs and 
ultrasonographic examination of the spleen. 

If the abscess is extensive and acute, there 
are systemic signs of fever, anorexia, and 
increased heart rate. Pain is evidenced on 
palpation over the area of the spleen, and 
hematological examination reveals a marked 
increase in the total white cell count and a 
distinct shift to the left in the differential 
count. 

Abdominocentesis usually provides evi¬ 
dence of chronic peritonitis by the presence 
of a large amount of inflammatory exudate. 
Peritonitis is often coexistent and produces 
signs of mild abdominal pain with arching of 
the back and disinclination to move. Mild 
recurrent colic may also occur. Anemia, with 
marked pallor of mucosae, and terminal 
ventral edema are also recorded. The spleen 
may be sufficiently enlarged to be palpable 
per rectum. 

Treatment of splenic abscess is often 
unrewarding because of the extensive nature 
of the lesion before clinical signs appear. The 
systemic signs can usually be brought under 
control by treatment with antimicrobials, but 
relapses are common and death is the almost 
certain outcome. Splenectomy is recom¬ 
mended if adhesions and associated perito¬ 
nitis are absent. 

SPLENIC HEMATOMA, RUPTURE 
OR INFARCTION 

Formation of a hematoma in the spleen or, 
in the more severe instance, splenic rupture, 
usually occurs as a result of trauma. The syn¬ 
drome is best described in horses, occurring 
as a result of falling or blunt trauma to the 
left side of the ribcage. The clinical signs 
include colic, tachycardia, cold extremities, 
and pallor of the mucous membranes—all of 
which are suggestive of hemorrhagic shock. 3 ' 9 
If a hematoma is present, ultrasonographic 
examination of the abdomen will reveal an 
abnormally shaped spleen containing a 
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hypoechoic mass. Rupture of the spleen will 
be apparent as accumulation of a large quan¬ 
tity of fluid within the abdomen. The fluid 
will have the ultrasonographic characteris¬ 
tics of blood (a swirling echodensity). Lapa¬ 
roscopy can be used to confirm the diagnosis. 
Hematology can reveal leukocytosis and low 
hematocrit. Peritoneal fluid can be serosan- 
guinous if the hematoma has not ruptured, 
or bloody if the spleen is ruptured. 

Infarction of the spleen is reported rarely 
in horses, and thus predisposing factors are 
not identified. In other species splenomegaly 
predisposes to infarction. The clinical signs 
are mild to moderate colic, tachycardia, and 
signs of hemorrhagic shock. Ultrasonogra¬ 
phy and exploratory laparotomy are diagnos¬ 
tic. The spleen is enlarged and has numerous 
zones of varying echogenicity, which is in 
marked contrast to the usual homogenous 
echogenicity of the normal spleen. There can 
be excessive echogenic fluid in the abdomen 
consistent with blood. Treatment is surgical, 
although technically challenging because of 
the splenomegaly and risk of rupture of the 
spleen. 

Treatment of a splenic hematoma is con¬ 
servative, with enforced rest for a period of 
up to 3 months. Resolution of the hematoma 
can be monitored by periodic ultrasono¬ 
graphic examination. Horses with a ruptured 
spleen usually die within a short period of 
time. Emergency splenectomy might be 
useful, but timely diagnosis and surgery are 
difficult to achieve because of the short time 
course of the disease. 

REFERENCES 

1. Goff WL, et al. Vet Immunol Immunopathol. 
2010;138:1. 

2. Garcia-Seeber F, et al. Equine Vet Educ. 2008;20:367. 

3. Muurlink MA, et al. Equine Vet Educ. 2008;20:362. 

4. Sherlock C. Equine Vet Educ. 2011;23:612. 

5. Alsop EJ, et al. Equine Vet Educ. 2007;19:5. 

6. Ragle CA, et al. Equine Vet Educ. 2007;19:11. 

7. Solis CND, et al. Comp Exerc Physiol. 2012;8:19. 

8. Braun U, et al. Acta Vet Scand. 2013;55. 

9. Mendoza FJ, et al. Pferdeheilkunde. 2012;28:306. 

10. Murakami T, et al. Amyloid. 2012; 19:15. 

11. Madron MS, et al. Equine Vet Educ. 2011;23:606. 

12. Kutasi O, et al. / Equine Vet Sci. 2014;34:810. 

13. Ferrucci F, et al. / Equine Vet Sci. 2012;32:65. 

14. Stock ML, et al. Can Vet J. 2011;52:409. 

15. Rosso A, et al. Equine Vet Educ. 2012;24:286. 

16. Saulez MN, et al. Vet Rec. 2009; 164:86. 

CONGENITAL ANOMALIES 
OF THE SPLEEN 

Abdominal situs inversus likely occurs in 
most species and is reported in calves and 
foals. 1 There can be polysplenia and clinical 
signs of chronic bloat in calves. Situs inversus 
totalis with primary ciliary dyskinesia and 
chronic respiratory disease occurs in horses. 2 
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THYMUS 

The thymus is the source of T cells in animals 
and is essential for development of normal 
immune responses. These functions occur 
during late gestation and in the neonate. 
Primary diseases of the thymus are rare in 
farm animals. The thymus is largest, relative 
to body size, in neonates and atrophies in 
adults to the extent that it can be difficult to 
identify. Aplasia or thymic hypoplasia occurs 
as part of severe combined immunodefi¬ 
ciency in Arabian foals. Aplasia of the 
thymus occurs Holstein calves and Japanese 
Black cattle and results in increased suscep¬ 
tibility to infection. 1 Extrathoracic thymus 
tissue occurs in lambs and can be mistaken 
for enlargement of the thyroid glands. 

Neoplasia of the thymus occurs in most 
species. Thymic lymphomas are reported in 
horses, pigs, and calves. Thymoma and 
thymic carcinoma are reported in horses and 
cattle. The clinical syndrome is that of a 
cranial thoracic mass. There can be compres¬ 
sion of the cranial vena cava with obstructed 
blood flow and signs of congestive heart 
failure. The jugular veins are distended, and 
there can be submandibular edema. There 
can be accumulation of excessive pleural 
fluid. Esophageal obstruction evident as 
bloat in cattle or dysphagia in cattle and 
horses occurs. Radiography or ultrasonogra¬ 
phy of the chest demonstrate the mass, 2 and 
histologic diagnosis can be achieved at nec¬ 
ropsy or in samples obtained by fine-needle 
biopsy. 
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Immune-Deficiency 
Disorders (Lowered 
Resistance to Infection) 

Normal immune function, both of acquired 
and innate immunity, is essential for func¬ 
tional resistance to infection. Immune func¬ 
tion that is less than optimal can be the result 
of primary or secondary abnormalities in the 
immune system. 

The history and signs that should suggest 
the possible presence of compromised 
immune function are as follows: 

• Infections developing in the first 6 
weeks of life 

• Repeated or continuous infections that 
respond poorly to treatment 

• Increased susceptibility to low-grade 
pathogens and organisms not usually 
pathogenic in immunocompetent 
animals 

• Administration of attenuated vaccines 
leading to systemic illness 

• Low leukocyte counts, either generally 
or as lymphopenia or neutropenia, 


perhaps within an associated low 
platelet count 

• Low concentrations of immunoglobulins 
It is not proposed to detail the mecha¬ 
nisms of humoral and cellular immunity 
here because there is a large literature based 
on the subject in immunology. However, it is 
necessary to remember that the normal 
immune response is a very complicated 
process, including many sequential steps, 
and there are various sites at which defective 
development or function can occur. 

The disorders of immunity may be 
primary, in which the animal is born with a 
congenital defect of one of the immune pro¬ 
cesses, or secondary, in which the animal 
has a normal complement of immunologic 
processes at birth but suffers a dysfunction 
of one of them, often temporarily, during 
later life. Toxicologic and microbiological 
agents can be immunosuppressive. 

Immunosuppression is a state of tempo¬ 
rary or permanent dysfunction of the 
immune response resulting from damage to 
the immune system and leading to increased 
susceptibility to disease agents. In immuno¬ 
suppression there is decreased immune 
responsiveness to all foreign antigens, 
whereas in immune tolerance there is a state 
of decreased or nonresponsiveness to one 
particular antigen. Immunosuppression can 
be associated with infectious and noninfec- 
tious agents. A review of the general aspects 
of immunosuppression and the various 
agents responsible is available. Infectious 
agents include bacteria, viruses, protozoa, 
and helminths; noninfectious causes include 
chemicals, hormones, some antimicrobials 
(e.g., chlortetracyclines), and toxins. Envi¬ 
ronmental factors such as extremes of tem¬ 
perature, humidity, high population density 
and mixing animals from different origins, 
and prolonged transportation have also been 
implicated as causes of immunosuppression, 
but the pathogenesis of these has not been 
well explained. 

Various laboratory methods can be used 
to evaluate immunosuppression. The criteria 
that can be used to evaluate immune func¬ 
tions include the following: 

• Gross and microscopic changes in the 
morphology of central or peripheral 
lymphoid tissues 

• Changes in the concentration or 
ratios of different classes of 
immunoglobulin 

• Changes in serum complement 
concentration 

• Changes in the functional activity of 
immunoglobulins 

• Changes in the functional activity of the 
immune response 

• Interference with the results of 
vaccination 

• Exacerbation in the course of disease 
associated with other agents 

• Changes in the number and viability of 
cells from lymphoid organs 
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The development of monoclonal anti¬ 
body reagents and analysis of all or part of 
the genome of animals has allowed new 
approaches to veterinary immunopathology, 
particularly the identification and analysis of 
leukocyte subpopulations in health and 
disease. 

Most of the diseases associated with 
immunologic deficiency states are discussed 
in systems or other categories of disease 
throughout this book, and only a checklist is 
provided here. Table 11-7 provides a 
summary of primary and acquired immuno¬ 
deficiencies in horses. 


PRIMARY IMMUNE 
DEFICIENCIES 

The primary immunodeficiencies can be in 
either innate immunity or adaptive immu¬ 
nity. Deficiencies of innate immunity 
include the following: 

• Chediak-Higashi syndrome, an 
inherited defect of many animal species, 
including cattle; a defect of phagocytic 
capacity via the neutrophils and 
monocytes 1 

• Bovine leukocyte adhesion deficiency 
of Holstein calves, which results 


from a deficiency in CD 18 and 
accumulation of profound numbers 
of neutrophils in circulation but not 
in tissue 

Deficiencies of adaptive immunity 
include the following: 

• Combined immunodeficiency (CID) of 
Arabian horses as a result of an 
inherited failure to produce and 
differentiate lymphoid precursor cells 
into B and T lymphocytes. See Table 
11-7 for a listing of immunodeficiencies 
of horses. A similar disease is reported 
in an Angus calf. 


Table 11-7 Defects of acquired immunity causing disease in foals and horses 


Disease 

Etiology 

Epidemiology and clinical signs 

Diagnostic confirmation 

Treatment and prevention 

Failure of transfer 
of passive 
immunity 

Failure of mare to 
produce adequate 
quantities of colostrum 
with specific gravity > 

1.060; prepartum loss 
of colostrum; failure of 
foal to ingest or 
absorb colostrum. 

Epidemiology: Most common 
immunodeficiency of foals. 

Affects 5%-35% of foals. Rate is 
reduced by good management. 
Clinical signs: Bacterial infections, 
including bacteremia, septicemia, 
pneumonia, diarrhea, or septic 
arthritis/osteomyelitis, develop 
between 2 days and 4 weeks of 
age. 

Epidemiology: Restricted to 

Arabians. Autosomal inheritance 
Clinical signs: Adenoviral 
pneumonia or diarrhea develop 
after -4 weeks of age. 

Measurement of foal blood or 
serum concentrations of 
immunoglobulin > 18 hours 
after birth. Concentration 
should be > 800 mg/dL (8 g/L). 

Treatment: Administration of 
plasma (20-40 mIVkg) IV. 
Prevention: Check colostrum 
specific gravity at foaling. 
Ensure foal nurses mare within 
3 hours of birth. Supplement 
with banked colostrum. 
Routinely measure foal serum 
IgG at 18-24 hours of age. 

Severe combined 
immunodeficiency 
of Arabians 

Failure of V(D)J 
recombination 
secondary to a defect 
of the catalytic subunit 
of DNA-protein kinase 
coded for by the 
DNA-PKcs gene. 

Severe lymphopenia (<1 x 109 
cells/L); no IgM in presuckle 
serum sample or sample 
collected at 4-5 weeks of age; 
histologic demonstration of 
lack of lymphoid tissue. 
Confirmation by demonstration 
of homozygosity for the 
abnormal DNA-PKcs gene. 

Treatment: None. Prevention: 
Identification and removal of 
carrier animals from the 
breeding population. 

IgM deficiency 

Unknown. 

Epidemiology: Arabian or Quarter 
horse foals 2-8 months of age. 
Clinical signs: Pneumonia, septic 
arthritis, or enteritis. 

Low to undetectable serum IgM 
concentrations with normal to 
elevated concentrations of 
other immunoglobulins. 

Treatment: None specific. 
Symptomatic treatment. Rare 
foal reported to recover. 
Prevention: None, 

Fell pony syndrome 

Unknown, likely heritable 
genetic defect. 

Epidemiology: Fell pony foals < 4 
months of age. Clinical signs: 
Depression, fever, diarrhea, 
anemia, and pneumonia in foals 
< 4 months of age. 

No single confirmatory test. 
Presence of disease refractory 
to treatment in a Fell Pony foal 
with anemia, lymphopenia, 
and, after 4 weeks of age, low 
IgM concentration, is strongly 
suggestive. Histologic 
examination of bone marrow 
and lymphoid tissues. 

Treatment: None effective. 
Control: Unknown pending 
elucidation of transmission. 

A-gamma- 

globulinemia 

Unknown. Suspect 
sex-linked heritable 
defect. 

Epidemiology: Male foals. Sporadic. 
Clinical signs: Chronic infections 
develop at > 2 months of age 
(corresponds with declining 
colostral immunity). 

Low to absent concentrations of 
all immunoglobulin classes in 
serum. No B lymphocytes 
detectable in blood. Normal 
concentrations of T 
lymphocytes. 

Treatment: None specific. 
Supportive and symptomatic, 
but all affected foals die. 
Prevention: None. 

Common variable 
immunodeficiency 

Unknown in horses. 

Epidemiology: Adult horses. 
Sporadic. Either sex. Clinical 
signs: Chronic or recurrent 
infections unresponsive to 
medical treatment. Meningitis. 
Liver disease can occur in 
combination with common 
variable immunodeficiency. 

Low to undetectable 
concentrations of IgG, IgG(T), 
IgM, and IgA in serum. No or 
few B lymphocytes in blood or 
lymph nodes. Elevations in 
serum markers of liver disease. 

Treatment: None specific. 

Affected animals die because 
of the opportunistic infections. 
Prevention: Prolonged 
antimicrobial administration of 
affected horses. 
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• Agammaglobulinemia of Standardbred 
and Thoroughbred horses, probably the 
result of an inherited failure to produce 
B lymphocytes; these horses live much 
longer than those affected with CID. 

• Selective deficiencies of one or more 
globulins—a deficiency of IgM in 
Arabian horses and Quarter horses is 
listed. IgM and IgA combined 
deficiencies with diminished but 
discernible levels of IgG are observed 
occasionally in horses. A transient 
hypogammaglobulinemia (absence of 
IgG) has been reported in one Arabian 
foal, which was immunodeficient until it 
was 3 months old and then became 
normal. 

• Selective IgG 2 deficiency in Red Danish 
cattle 

• A syndrome of immunodeficiency in 
Fell ponies and Dale ponies 2,3 

• Common variable immunodeficiency is 
described in adult horses. 4,5 

• Lethal trait A46 (inherited 
parakeratosis) of cattle is a primary 
immunodeficiency influencing T 
lymphocytes, with impairment of 
cellular immunity. 

• Selective IgG 2 deficiency of cattle causes 
increased susceptibility to gangrenous 
mastitis and other infections. It is a 
primary deficiency of IgG 2 synthesis and 
is recorded in the Red Danish milk 
breed. 

• Sheep and pigs—there are as yet no 
recognized primary immunodeficiencies 
in these species. 

SECONDARY IMMUNE 
DEFICIENCIES 

Secondary immune deficiencies include the 

following: 

• Failure of transfer of passive immunity 
(i.e., of antibodies from colostrum to the 
offspring) is well known as the 
commonest cause of deficient immunity 
in the newborn and is discussed in 
Chapter 20. 

• Atrophy of lymphoid tissue and 
resulting lymphopenia are associated 
with the following: 

• Viral infections such as equine 
herpesvirus in newborn foals, 
rinderpest, bovine virus diarrhea, 
swine fever, porcine circovirus, and 
hog cholera. All of these cause 
lymphatic tissue suppression and a 
diminished immunoresponsiveness. 

• Bacterial infections such as 
Mycoplasma spp. and Mycobacterium 
paratuberculosis have approximately 
the same effect as the viral infections. 

• Physiologic stress, such as birth, may 
cause immunosuppression in the fetus, 
making it very susceptible to infection 
in the period immediately after birth. 
There is a similar depression of 


immunologic efficiency in the dam 
immediately after parturition, which, for 
example, leads to periparturient rise of 
worm infestation in ewes. 

• Toxins such as bracken, 
tetrachloroethylene-extracted soybean 
meal, T 2 mycotoxin, and atomic 
irradiation suppress leukopoiesis. 
Immunosuppression is also attributed to 
many environmental pollutants, 
including polychlorinated biphenyls, 
2,4,5-T contaminants, DDT, aflatoxin, 
and the heavy metals. 

• General suppression of immune system 
responsiveness; examples include the 
following: 

• Glucocorticoids administered in 
large doses or over long periods 
reduce the activity of neutrophils 
and the number of circulating 
lymphocytes, although the reduction 
varies widely between species. The 
production of antibodies is also 
reduced. 

• Nutritional deficiency, especially of 
zinc, pantothenic acid, calcium, and 
vitamin E, causes general 
suppression. A total caloric 
deficiency has a similar effect. 
Addition of certain trace elements, 
such as copper, iron, zinc, and 
selenium, in animal feeds is 
necessary for an adequate immunity. 
Selenium, alone or in combination 
with vitamin E, can enhance 
antibody responses, whereas its 
deficiency results in 
immunosuppression. Selenium 
supplementation in animal feeds is 
important to enhance both antibody 
production and phagocytic activity 
of neutrophils. In cattle, copper 
deficiency induced by molybdenum 
or iron can cause an impairment in 
the ability of neutrophils to kill 
ingested Candida albicans. Nutrients 
that stimulate disease resistance 
when administered to animals 
deficient in these nutrients include 
carotenoids; vitamins A, E, and C; 
zinc; manganese; copper; and 
selenium. Neonatal calves may have 
low reserves of carotene and 
vitamins A and E and are dependent 
on obtaining them from colostrum, 
which contains highly variable 
quantities. Administration of drugs 
that impair folate metabolism can 
induce anemia and depletion of 
white blood cells, with subsequent 
bacterial infection. 

• Experimentally, a protein-energy 
malnutrition in neonatal calves 
results in loss of body weight 
and decreased lymphocyte 
interleukin-2 activity and 
lymphocyte proliferation compared 
with calves of similar age. 


Amyloidoses 


• Exposure to cold and heat stress for 
periods of several weeks in duration 

• Events associated with parturition, in 
particular glucocorticoid release, that 
impair innate immunity 

• Alloimmune disease that suppresses 
bone-marrow activity 6 
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Amyloidoses 

The amyloidoses are a group of diseases 
characterized by the deposition of an extra¬ 
cellular proteinaceous substance, amyloid, in 
the tissues, with subsequent disruption of 
normal tissue architecture that eventually 
leads to organ dysfunction. Amyloidosis in 
farm animals usually occurs in association 
with a chronic suppurative process elsewhere 
in the body and is the result of accumulation 
of AA amyloid. Another form of the disease 
involves accumulation of AL amyloid, espe¬ 
cially as localized disease in horses. 

ETIOLOGY AND EPIDEMIOLOGY 

Amyloidosis occurs rarely, and when it does 
occur it is most common in animals exposed 
systemically and repeatedly to antigenic sub¬ 
stances. Examples include repeated injec¬ 
tions of antigenic material for commercial 
production of hyperimmune serum and 
long-standing suppurative diseases or recur¬ 
rent infection, as in Chediak-ITigashi syn¬ 
drome. Severe strongylid parasitism in the 
horse has been reported as a cause. Flolstein 
calves with bovine leukocyte adhesion defi¬ 
ciency have accumulation of amyloid in 
tissue, although this is not the primary 
disease. Many cases of amyloidosis in large 
animals are without apparent cause. 

The incidence of visceral AA amyloidosis 
in slaughtered cattle in a group of 302 cattle 
older than 4 years of age in Japan was 5.0%; 
rates previously reported from Japan and 
other countries ranged from 0.4% to 2.7%. 
Systemic AA amyloidosis associated with 
tuberculosis has been described in a Euro¬ 
pean wild boar. Systemic amyloidosis occurs 
in goat kids with chronic arthritis associated 
with seroconversion to Erysipelothrix rhusio- 
pathiae. AA renal amyloidosis in cattle is 
often associated with traumatic reticuloperi- 
tonitis, metritis, mastitis, or pododermatitis, 
although 5 of 25 cows with AA amyloidosis 
did not have coexisting chronic inflamma¬ 
tory disease. 1 

Out of 16,000 horses referred for clinical 
examination to a veterinary teaching hospi¬ 
tal over a period of 13 years, 9 horses were 
identified as having amyloidosis. Cutaneous 
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Fig. 11-3 Lactating Brown Swiss cow with massive persistent proteinuria and severe 
hypoalbuminemia (serum albumin concentration, 0.7 g/dL) as a result of advanced renal 
amyloidosis. Note the ventral abdominal and submandibular edema secondary to the marked 
hypoalbuminemia. An enlarged left kidney was detected per rectal palpation, and renal 
biopsy confirmed the diagnosis of renal amyloidosis. 


amyloidosis has been associated with malig¬ 
nant histiocytic lymphoma in horses. 

A case of cardiac amyloidosis causing 
heart failure in a 16-year-old Thoroughbred 
gelding has been described. The disease 
resulted from accumulation of AL amyloid. 
The AL form of amyloidosis is characteristi¬ 
cally associated with unstable monoclonal 
immunoglobulin light chains produced by 
plasma-cell dyscrasia and resulting in depo¬ 
sition of AL fibrils. 

PATHOGENESIS 

How amyloid is formed is uncertain, but 
hyperglobulinemia is commonly present. 
This fact, together with the circumstances 
under which it occurs, suggests an abnor¬ 
mality of the antigen-antibody reaction. 
Amyloidoses are classified by the types of 
amyloid protein deposited. AA amyloid is 
derived from serum amyloid-A protein 
(SAA), which is an acute-phase reactant pro¬ 
duced by hepatocytes. However, increased 
concentrations of SAA alone are not suffi¬ 
cient to cause amyloidosis. AA (secondary) 
amyloidosis is associated with recurrent 
acute or chronic infections, inflammatory 
disease, or neoplasia. 

Extensive amyloid deposits may occur in 
the spleen, liver, or kidneys and cause major 
enlargement of these organs and serious 
depression of their functions. The common¬ 
est form that is clinically recognizable in 
animals is renal amyloidosis. This presents as 
a nephrotic syndrome with massive protein¬ 
uria and a consequent hypoproteinemia and 
edema. Terminally, the animal is uremic, 
becoming comatose and recumbent. The 
edema of the gut wall and its infiltration with 
amyloid create the conditions necessary for 
the development of diarrhea. In horses, cases 
of multiple cutaneous lesions are recorded. 
The amyloid is present in 5- to 25-mm diam¬ 
eter nodes in the skin of the head, neck, and 
pectoral regions. 

Rare cases of involvement of the upper 
respiratory tract (nasal cavities, pharynx, 
larynx, guttural pouch and lymph nodes of 
the head and neck, and conjunctiva) occur 
in horses. 2 The amyloid material deposited in 
these tissues is usually of the AL form, 2 
whereas systemic disease is almost always 
the AA form. 

AL amyloidosis is also reported in an 
adult cow with bovine leukocyte adhesion 
deficiency. 

CLINICAL FINDINGS 

Many cases of amyloidosis are detected inci¬ 
dentally at necropsy. The cutaneous form in 
horses is characterized by the presence of 
hard, nonpainful, chronic plaques in the 
skin. Most of the lesions, which can be wide¬ 
spread and severe, are on the sides of the 
neck, shoulders, and head. Respiratory tract 
involvement in the horse is usually limited to 
the nasal cavities, 2 and this may cause 
dyspnea. There is deposition of AA amyloid 


in the ciliary body of horses with recurrent 
uveitis, although the clinical importance of 
this finding is uncertain. 3 

Chronic heart failure as a result of cardiac 
amyloidosis secondary to systemic amyloi¬ 
dosis in a 16-year-old gelding was character¬ 
ized clinically by weight loss, dysphagia, 
recurrent episodes of esophageal obstruc¬ 
tion, and anorexia of a few weeks in duration. 
Ventral edema, tachycardia, and irregular 
heart rate associated with atrial fibrillation 
were present. The clinical findings were con¬ 
sistent with biventricular heart failure from 
ventricular dysfunction, atrial fibrillation, 
and pulmonary hypertension. The amyloid 
was of the AL form. 

A case of systemic AL amyloidosis associ¬ 
ated with multiple myeloma in a horse was 
characterized clinically by rapid weight loss, 
muscle atrophy, soft unformed feces, and 
ventral edema. Amyloidosis in this situation 
is considered a paraneoplastic disease. 4 

Hemoperitoneum and acute death sec¬ 
ondary to splenic or hepatic rupture occurs 
in horses with systemic amyloidosis. 

Clinical cases in cattle are usually second¬ 
ary to traumatic reticuloperitonitis, mastitis, 
metritis, or pododermatitis and are charac¬ 
terized by emaciation and enlargement of the 
spleen, liver, or kidneys; involvement of the 
kidney causes proteinuria and is often 
accompanied by profuse and chronic diar¬ 
rhea, polydipsia, and anasarca. 1 In cattle the 
grossly enlarged left kidney is usually pal¬ 
pable per rectum. Cases can manifest within 
2 weeks of calving. They are characterized by 
anorexia, watery diarrhea, anasarca, rapid 
emaciation, and death in 2 to 5 weeks. 

Corpora amylacea are small, round con¬ 
cretions of amyloid material found in the 


mammary tissue of cows. They are usually 
inert but may cause blockage of the teat 
canal. 

CLINICAL PATHOLOGY 

An extreme and persistent proteinuria 
should suggest the presence of renal amyloi¬ 
dosis. Electrophoretic studies of serum may 
be of value in determining the presence of 
hyperglobulinemia. Serum alpha-globulin 
concentration is usually elevated and 
albumin concentration markedly depressed. 
Hypoproteinemia can be marked, with 
ventral edema frequently being present when 
the serum albumin concentration is less than 
1.0 g/dL (Fig. 11-3). Horses with hepatic 
amyloidosis have elevated activities of 
gamma-glutamyltransferase and, to a lesser 
extent, bile acids. In cattle there is hypopro¬ 
teinemia, hypoalbuminemia, hypocalcemia, 
hyperfibrinogenemia, hypomagnesemia, 
high serum urea and creatinine concentra¬ 
tion, and low-specific-gravity urine. 1 Serum 
amyloid A and haptoglobin concentrations 
in the serum of cows with amyloids are 
higher than those in healthy cows, but not 
compared with cows with chronic inflamma¬ 
tory disease in the absence of amyloidosis. 5 

Biopsy of cutaneous plaques is an accu¬ 
rate diagnostic technique. 

NECROPSY FINDINGS 

Amyloid can be detected in most organs of 
cows with systemic AA amyloidosis by his¬ 
tologic examination, including the liver, 
kidney, thyroid gland, adrenal gland, gastro¬ 
intestinal mucosa, heart, lung, lymph nodes, 
ovary, hypophysis, uterus, mammary gland, 
and skeletal muscle. 6 " Grossly affected organs 
are enlarged and have a pale, waxy 







appearance. In the spleen, the deposits are 
circumscribed, whereas in the liver and 
kidneys they are diffuse. In a horse with 
systemic AL amyloidosis associated with 
multiple myeloma, diffuse gastrointestinal 
hemorrhage, thickened jejunal mucosa, and 
splenomegaly were present. 

The pathology of AA amyloidosis in 
domestic sheep and goats has been described. 
Most sheep with amyloidosis had pneumo¬ 
nia and other sites of chronic inflammation. 
Amyloid was detected in all grossly affected 
kidneys using Congo Red staining. Experi¬ 
mental induction of amyloidosis secondary 
to pneumonia in sheep results in deposition 
of amyloid in the gastrointestinal tract from 
the tongue to the rectum, with the most 
abundant deposition in the duodenum. 8 
Other body systems have only mild deposi¬ 
tion of amyloid. 8 

Deposits of amyloid in tissues may be 
made visible by staining with aqueous iodine. 
Amyloid is detected as green birefringence of 
Congo Red-stained tissues viewed under 
polarized light. AA and AL amyloidosis can 
be differentiated by treatment of tissue sec¬ 
tions with potassium permanganate. Tissue 
containing AA will lose its green birefrin¬ 
gence after treatment with potassium per¬ 
manganate, whereas tissue containing AL 
will continue to appear green after Congo 
Red staining and viewing under polarized 
light. 

The Shtrasburg method is now available 
for the identification of AA amyloid and to 
distinguish it from amyloid types in a large 
number of domestic and wild animals. 


DIFFERENTIAL DIAGNOSIS 


Enlargement of parenchymatous organs 
associated with chronic suppurative processes 
should arouse suspicion of amyloidosis, 
especially if there is emaciation and marked 
proteinuria. 

Pyelonephritis, nonspecific nephritis, and 
nephrosis bear a clinical similarity to 
amyloidosis. 


TREATMENT 

There is no effective treatment of the sys¬ 
temic disease. The localized disease as occurs 
in the upper respiratory tract of horses can 
be treated by surgical excision, but the results 
are not encouraging. 

ZOONOTIC POTENTIAL 

There is discussion of the potential for AA 
amyloidosis to be a transmissible disease, 
although there is no evidence of a risk to 
human health from ingestion of meat and 
organs from cows with clinically inapparent 
amyloidosis. 9 
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ALLERGY AND ANAPHYLAXIS 

Immune-mediated diseases in animals 
included here are those in which the funda¬ 
mental abnormality is an exaggerated or mis¬ 
directed immune response. Many diseases, 
and in particular infectious diseases, have an 
important component of their pathophysiol¬ 
ogy that is attributable to immune responses 
to the inciting agent. Although these 
responses can sometimes be deleterious to 
the animal, they are part of an expected 
immunologic reaction to the infectious 
agent. Examples of where a component of the 
immune response to an infection has an 
important role in the pathophysiology of the 
clinical disease include pneumonia in calves 
infected by Mycoplasma bovis, pneumonia in 
foals secondary to equine influenza virus 
infection, and enteritis and colitis secondary 
to salmonella infection. 

Diseases manifest by allergy or anaphy¬ 
laxis are characterized by exaggerated 
immune responses or reactions to otherwise 
innocuous stimuli. Examples in large animal 
medicine include immediate hypersensitiv¬ 
ity reactions (anaphylaxis), milk allergy in 
Jersey cattle, dermatologic diseases (such as 
Queensland itch), neonatal isoimmune 
erythrolysis of foals, and purpura 
hemorrhagica. 

There are four major mechanisms for the 
induction of a hypersensitivity response. 
They are classified as types I through IV 
based on the immune mechanism that elicits 
the disease state. Types I through III are 
antibody-mediated responses to antigen and 
include such conditions as systemic anaphy¬ 
lactic shock (type I), autoimmune hemolytic 
anemia (type II), and the local Arthus reac¬ 
tion (type III). Type IV hypersensitivity is 
caused by the induction of sensitized T 
lymphocytes and thus has a cell-mediated 
mechanism. The following description is 
minimalistic, including minimal mention of 
Thl and Th2 responses, and readers are 
referred to texts dealing with veterinary 
immunology for more detail. 

TYPE I 

Type I disease is caused by binding of specific 
antigens by antibodies with local and/or sys¬ 
temic responses that occur within minutes. 
The antibody involved is almost always IgE, 
or its functional equivalent in species in 
which this role is fulfilled by a different class 
of antibody, that is bound to specific recep¬ 
tors on the surface of mast cells. Binding of 
the antigen to the surface-bound IgE precipi¬ 
tates release of inflammatory and vasoactive 
mediators, including histamine, various 
prostaglandins and leukotrienes, and 


cytokines (IL-4, IL-5, IL-6, IL-13, tumor 
necrosis factor alpha, and others), from the 
cells (“degranulation”), with subsequent local 
reactions of hyperemia and heat and sys¬ 
temic reactions such as constriction of 
smooth muscles (importantly, bronchial 
smooth muscle). Degranulation of mast cells 
also attracts eosinophils to the site with their 
subsequent degranulation and release of a 
wide variety of compounds, including cyto¬ 
kines, chemokines, enzymes, oxidants, pros¬ 
tanoids, and cationic granule proteins. The 
difference in manifestation of acute, imme¬ 
diate-type hypersensitivity reactions between 
species appears to depend largely on differ¬ 
ences in the tissue site of antibody binding 
and the route of entry into the body of the 
inciting allergen. For example, insect bite 
hypersensitivity (Queensland itch) is the 
result of an IgE-mediated response to anti¬ 
gens in the saliva of biting insects—the incit¬ 
ing allergen is deposited in the skin when the 
insect bites the host. The disease is only man¬ 
ifest in horses that do not have an appropri¬ 
ate tempering immunologic reaction. 1 The 
high incidence of atopic hypersensitivity 
with familial predisposition seen in humans 
and dogs does not occur as frequently in 
large animals, although it is notable that 
there are breed differences in cell-mediated 
and antibody-mediated hypersensitivity 
reactions in cattle. 2,3 Type I hypersensitivity 
is considered to be the mechanism for self¬ 
cure of gastrointestinal parasitism in sheep. 

Anaphylaxis is the systemic manifesta¬ 
tion of widespread and massive release of 
inflammatory mediators from mast cells. 
Signs are acute, occurring within minutes of 
exposure to the allergen, and severe, result¬ 
ing in bronchoconstriction and leading to 
death in many cases. 

Treatment involves prevention of 
exposure or removal of inciting allergens, 
administration of corticosteroids, and, in 
anaphylaxis, administration of drugs that 
counteract the severe bronchoconstriction 
(epinephrine). Antihistamines are minimally 
effective, likely because histamine is only 
one of numerous inflammatory activators 
released by mast cells and eosinophils. 

TYPE II 

Type II hypersensitivity reaction is caused by 
the binding of antibodies to antigenic sites 
on specific cell types (antibody-mediated cell 
cytotoxicity). The disease can occur because 
of the presence of antibodies against spe¬ 
cific natural proteins on cell surfaces, such 
as occurs with neonatal isoerythrolysis or 
reactions to blood transfusions, or when 
foreign antigens, such as viruses or virus 
particles, bind to cell surfaces. Diseases 
include neonatal isoimmune hemolysis and 
thrombocytopenia. 

TYPE III 

Type III hypersensitivity reaction occurs as a 
result of formation of antibody-antigen 
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complexes, which then induce an inflamma¬ 
tory response in the host tissue. Examples 
include Arthus-type reaction or the Arthus 
phenomenon, which is evident as indura¬ 
tion, erythema, edema, hemorrhage, and 
necrosis of the skin a few hours after intra- 
dermal injection of antigen into a previously 
sensitized animal; deposition of antibody- 
antigen complexes in the glomeruli, with 
resultant inflammation and tissue damage 
evident as glomerulonephritis; purpura 
hemorrhagica in equids; and in many viral 
diseases in which viruses are not neutralized 
by circulating antibodies (equine infectious 
anemia). The lesion results from the precipi¬ 
tation of antigen-antibody complexes, which 
causes complement activation and the release 
of complement fragments that are chemotac- 
tic for neutrophils; large numbers of neutro¬ 
phils infiltrate the site and cause tissue 
destruction by release of lysosomal enzymes. 

TYPE IV 

Cell-mediated or delayed hypersensitivity 

is the basis for tuberculin and bovine para- 
tuberculosis skin tests in cattle. The response 
is mediated by T cells and natural-killer 
(NK) cells. Allergic contact dermatitis, a 
cutaneous from of type IV hypersensitivity, 
is commonly identified in dogs and cats, but 
less so in large animals. Cattle can develop 
an allergic reaction to calcium cyanamide, a 
nitrogenous fertilizer, evident as allergic 
contact dermatitis. 4 The disease occurred in 
9 of 250 dairy cattle housed on flooring to 
which calcium cyanamide had been added to 
reduce the risk of environmental mastitis. 
The cows developed alopecia, erythema, and 
crusting and pruritus of the udder, teats, 
ventral abdomen, and dewlap—all areas that 
contacted the ground surface. The disease 
can be severe and markedly affect the health 
and well-being of affected cows. Diagnosis is 
confirmed by skin-patch testing using cyana¬ 
mide. 4 Cattle can also develop delayed 
hypersensitivity to rubber in milking 
machines. 4 

A more severe form of type IV-mediated 
skin disease is toxic epidermal necrolysis 
(also known as Stevens-Johnson syn¬ 
drome). This disease in humans is often 
associated with administration of medica¬ 
tions. It occurs in calves infected with Myco¬ 
plasma bovis and is evident as pneumonia, 
arthritis, and severe skin lesions manifest as 
marked thickening of the epidermis, detach¬ 
ment of the epidermis from the dermis, and 
blisters in the detachment sites. 6 Affected 
calves recovered, apparently in response to 
treatment with antimicrobials, a single 
administration of corticosteroid and 
pentoxifylline. 

Erythema multiforme is a milder form 
of cutaneous expression of delayed hyper¬ 
sensitivity. It occurs in horses and cattle and 
is manifest as sudden onset of roughly sym¬ 
metric erythematous wheals on the neck and 
dorsum with peripheral expansion and 


central clearing forming donut-like lesions. 
Lesions can persist for days to weeks and be 
moderately painful. Scaling, crusting, and 
alopecia are unusual. 7 Lesions heal spontane¬ 
ously. A similar disease is associated with 
cutaneous equine herpesvirus-5 infection, 
although the skin lesions were most severe 
on the muzzle and face. 8 

Delayed hypersensitivity reactions can 
contribute to the pathology of many diseases, 
such as mycoplasmal pneumonia in swine, 
but those are considered clinically under 
their initiating etiology. 

TREATMENT 

The treatment of allergic states is based on 
immediate treatment of signs of inflamma¬ 
tion or allergy, usually by the administration 
of corticosteroids, antihistamines, or, in ana¬ 
phylaxis, epinephrine, and prevention of 
continued exposure to the inciting allergen. 
Antihistamines have very limited usefulness, 
whereas corticosteroids have wide applica¬ 
bility and potent efficacy. The NSAIDs, 
including such drugs as flunixin meglumine, 
phenylbutazone, and meclofenamic acid, all 
inhibit prostaglandin synthesis and thus 
reduce inflammation but have only slight 
effect in treating allergic diseases. 


ANAPHYLAXIS AND 
ANAPHYLACTIC SHOCK 

Anaphylaxis is an acute disease of often life- 
threatening severity caused by an antigen- 
antibody (IgE) reaction. If severe it can result 
in anaphylactic shock. 

ETIOLOGY 

Most commonly, severe anaphylactic reac¬ 
tions are seen in farm animals following 
the parenteral administration of a drug or 
biological product. Other routes of entry 
of the allergen, such as via the respira¬ 
tory or gastrointestinal tract, can also 
result in anaphylactic reactions. The reac¬ 
tion can occur at the site of exposure or in 
other areas. 

The disease occurs because the animal is 
sensitized to the inciting allergen by previous 
exposure. The initial exposure usually does 
not result in any immediate clinical abnor¬ 
malities, but subsequent exposure of the 
animal to the antigen results in rapid degran¬ 
ulation of mast cells and, subsequently, 
eosinophils, with widespread release of vaso¬ 
active and inflammatory mediators resulting 
in anaphylactic shock. 

Although severe anaphylactic reactions 
occur usually after a second exposure to a 
sensitizing agent, reactions of similar sever¬ 
ity can occur with no known prior exposure. 
In large animal practice this is most likely to 
occur after the injection of sera and bacter- 
ins, particularly heterologous sera and bac- 
terins in which heterologous serum has been 
used in the culture medium. 


Hypersensitivity reactions are sometimes 
observed at a higher incidence than normal 
in certain families and herds of cattle. 

Anaphylactic reactions can occur in the 
following circumstances: 

• Repeated injection of biological 
preparations 

• Repeated blood transfusions from the 
same incompatible donor or donors 9 

• Repeated injections of vaccines (e.g., 
those against foot-and-mouth disease 
and rabies) 

• Injection of penicillin—although many 
presumed penicillin-induced 
anaphylactic reactions are in fact 
reactions to inadvertent intravenous 
administration of procaine or 
benzathine 

• Similar rare occurrences after the 
injection of lyophilized Brucella abortus 
strain 19 vaccine and Salmonella vaccine 

• Assumed anaphylactic reaction to 
ingested protein occurs in animals at 
pasture or in the feedlot. 

• Cows, especially Channel Island cattle, 
can develop anaphylaxis when milking 
is stopped because the cows are being 
dried off; severe urticaria and 
respiratory distress occur 18 to 24 hours 
later. 

• A systemic reaction after Hypoderma 
spp. larvae are killed in their 
subcutaneous sites might be 
anaphylactic, but is more likely to be a 
toxic effect from breakdown products of 
the larvae. 

• After inadvertent intravenous 
administration of mare’s milk to a foal 10 

PATHOGENESIS 

Anaphylactic reactions occur as the result of 
antigen reacting with cell-bound antibody. 
In humans, horses, and dogs a specific class 
of reaginic antibody, IgE, has been identified 
and has particular affinity for fixed tissue 
mast cells. The tissue distribution of mast 
cells in part accounts for the involvement of 
certain target organs in anaphylactic reac¬ 
tions in these species. Homocytotropic anti¬ 
body has been detected in farm animals, but 
the classes of antibodies involved in anaphy¬ 
lactic reactions have not been fully identified 
and might be diverse. Anaphylactic antibod¬ 
ies can be transferred via colostrum. 

Antigen-antibody reactions occurring in 
contact with, or in close proximity to, fixed 
tissue mast cells, basophils, and neutrophil 
leukocytes result in the activation of these 
cells to release pharmacologically active sub¬ 
stances that mediate the subsequent anaphy¬ 
lactic reaction. These substances include 
biogenic amines, such as histamine, sero¬ 
tonin, and catecholamines; vasoactive poly¬ 
peptides, such as kinins, cationic proteins, 
and anaphylatoxins; vasoactive lipids, such 
as prostaglandins; and slow-reacting sub¬ 
stance of anaphylaxis (SRS-A), among others. 
Knowledge of the type and relative 
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importance of pharmacologic mediators of 
anaphylaxis in farm animals rests with 
studies of severe anaphylactic reactions that 
have been induced experimentally, but it is 
likely that these mediators are also of signifi¬ 
cance in less severe reactions. From these 
studies it appears that histamine is of less 
importance as a mediator in farm animals 
than in other species and that prostaglandins 
and SRS-A are of greater importance. Brady- 
kinin and 5-hydroxytryptamine (5-HT) are 
also known to act as mediators in cattle, but 
the reactions in all species are complex and 
involve a sequence of mediator effects. 

In horses, there are four phases in the 
development of the anaphylactic response. 
The first is acute hypotension combined with 
pulmonary arterial hypertension 2 to 3 
minutes after the injection of the triggering 
agent; it coincides with histamine release. In 
the second phase, blood plasma 5-HT levels 
rise, and central venous blood pressure rises 
sharply at about 3 minutes and onward. The 
third phase commences at about 8 to 12 
minutes and is largely reflex and manifested 
by a sharp rise in blood pressure and alter¬ 
nating apnea and dyspnea. Finally, there is a 
second and more protracted systemic hypo¬ 
tension as a result of prostaglandin and 
SRS-A influence, which persists until the 
return to normality. 

In cattle, there is a similar diphasic sys¬ 
temic hypotension with marked pulmonary 
venous constriction and pulmonary artery 
hypertension. An increase in mesenteric 
venous pressure and mesenteric vascular 
resistance causes considerable pooling of 
blood on the venous side of the mesenteric 
vessels. In both cattle and horses these reac¬ 
tions are accompanied by severe hemocon- 
centration, leukopenia, thrombocytopenia, 
and hyperkalemia. 

Sheep, goats, and pigs also show a largely 
pulmonary reaction. 11 

In horses and cattle, the marked changes 
in vascular tone coupled with increased cap¬ 
illary permeability, increased secretion of 
mucous glands, and bronchospasm are the 
primary reactions leading to the develop¬ 
ment of severe pulmonary congestion, 
edema, and emphysema and edema of the 
gut wall. 

Less severe reactions are also dependent 
on the effect of mediators on capillary per¬ 
meability, vascular tone, and mucous gland 
secretion. The major manifestation depends 
on the distribution of antibody-sensitized 
cells and of susceptible smooth muscle in the 
various organs. In cattle, reactions are gener¬ 
ally referable to the respiratory tract, but the 
alimentary tract and skin are also target 
organs. Sheep and pigs show largely a pulmo¬ 
nary reaction, and horses manifest changes 
in the lungs, skin, and feet. 

Sensitization of an animal requires about 
10 days after first exposure to the antigen and 
persists for a very long time, usually months 
or years. 


CLINICAL FINDINGS 
Cattle 

In cattle, initially there is a sudden onset of 
severe dyspnea, muscle shivering, and 
anxiety. In some cases, there is profuse sali¬ 
vation, in others moderate bloat, and yet 
others diarrhea. After an incompatible blood 
transfusion, the first sign is often hiccough. 
Additional signs are urticaria, angioneurotic 
edema, and rhinitis (Fig. 11-4). Muscle 
tremor can be severe, and a rise in tempera¬ 
ture to 40.5°C (105°F) is often be observed. 
On auscultation of the chest there can be 
increased breath sounds, crackles if edema is 
present, and emphysema in the later stages if 
dyspnea has been severe. In most surviving 
cases the signs have usually subsided within 
24 hours, although dyspnea may persist if 
emphysema has occurred. 

In natural cases the time delay after injec¬ 
tion of the reagin intravenously is about 15 


to 20 minutes, but in experimentally induced 
cases a severe reaction may be evident within 
2 minutes of the injection and death within 
7 to 10 minutes. Clinical signs include col¬ 
lapse, dyspnea, wild paddling, nystagmus, 
cyanosis, cough, and the discharge of a 
creamy, frothy fluid from the nostrils. Recov¬ 
ery, if it occurs, is complete in about 2 hours. 

Sheep, Goats, and Pigs 

In sheep, goats, and pigs, acute dyspnea is 
common . 11 Goats with disease induced by 
sensitization to horse serum had respiratory 
distress, evident as increased respiratory rate, 
irregular respiration, coughing, abnormal 
lung sounds, reluctance to move, shivering 
or muscle tremors, paddling, and kicking. 11 

Horses 

In the horse, naturally occurring anaphylac¬ 
tic shock is manifested by severe dyspnea, 



Fig. 11-4 A and B, Urticaria in a Holstein-Friesian cow following antibiotic administration. 
Note the presence of multiple small raised bumps in multiple areas of the skin and the edema 
of the eyelid. 
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distress, recumbency, and convulsions. 
Death can occur within less than 5 minutes, 
but it usually requires about an hour. Lami- 
nitis and angioneurotic edema are also 
common signs in the horse. Experimentally 
induced anaphylaxis can be fatal but not in 
such a short time. Within 30 minutes of 
injecting the reagin the horse has anxiety, 
tachycardia, cyanosis, and dyspnea. These 
signs are followed by congestion of conjunc¬ 
tival vessels, increased peristalsis, fluid diar¬ 
rhea, generalized sweating, and erection of 
the hair. If recovery occurs, it is about 2 
hours after the incident began. Death, if it 
occurs, takes place about 24 hours after the 
injection. 

Pigs 

In pigs, experimentally produced anaphylac¬ 
tic shock can be fatal within a few minutes, 
with systemic shock being severe within 2 
minutes and death occurring in 5 to 10 
minutes. The disease appears to occur in only 
one phase, in contrast to the four fairly dis¬ 
tinct states in horses. Labored respiration, 
severe cyanosis, vomiting, and edema of the 
larynx, stomach, and gallbladder are the 
usual outcome. 

CLINICAL PATHOLOGY 

There are no pathognomonic changes in 
serum biochemistry or hematological vari¬ 
ables. There is a marked increase in packed 
cell volume, a high plasma potassium con¬ 
centration, and neutropenia. Tests for sensi¬ 
tivity to determine the specific sensitizing 
substance are rarely carried out for diagnos¬ 
tic purposes, but their use as an investigation 
tool is warranted. Serologic tests to deter¬ 
mine the presence of antibodies to plant pro¬ 
teins in the diet have been used in this way. 

NECROPSY FINDINGS 

In acute anaphylaxis in young cattle and 
sheep the necropsy findings are confined to 
the lungs and are in the form of severe pul¬ 
monary edema and vascular engorgement. 
In adult cattle there is edema and emphy¬ 
sema without engorgement. In protracted 
anaphylaxis produced experimentally in 
young calves, the most prominent lesions are 
hyperemia and edema of the abomasum and 
small intestines. In pigs and sheep pulmo¬ 
nary emphysema is evident, and vascular 
engorgement of the lungs is pronounced in 
the latter. Pulmonary emphysema and wide¬ 
spread petechiation in the horse may be 
accompanied by massive edema and extrava¬ 
sations of blood in the wall of the large 
bowel. There may also be subcutaneous 
edema and lesions of laminitis. 


DIFFERENTIAL DIAGNOSIS 


A diagnosis of anaphylaxis can be made with 
confidence if a foreign protein substance 
has been injected within the preceding 


hour, but should be made with reservation 
if the substance appears to have been 
ingested. 

Characteristic signs as described previously 
should arouse suspicion, and the response 
to treatment may be used as a test of the 
hypothesis. 

Acute pneumonia may be confused with 
anaphylaxis, but there is usually more 
toxemia, and the lung changes are more 
marked in the ventral aspects; in 
anaphylaxis there is general involvement of 
the lung. 

• Inadvertent intravenous administration 
of vasoactive compounds, such as 
procaine as procaine penicillin, can 
mimic signs of anaphylaxis in that 
animals collapse acutely. Such cases 
usually lack the characteristic 
abnormalities on postmortem 
examination. 


TREATMENT 

Treatment should be administered immedi¬ 
ately; a few minutes’ delay can result in the 
death of the animal. Epinephrine is the most 
effective treatment for anaphylaxis and ana¬ 
phylactic shock. Epinephrine administered 
intramuscularly (or one-fifth of the dose 
given intravenously) is often immediately 
effective, with the signs abating while the 
injection is being made. Corticosteroids 
potentiate the effect of epinephrine and can 
be given immediately following epinephrine. 
Antihistamines have been considered and 
were used commonly in the past, but they are 
likely ineffective, based on studies in humans, 
because they antagonize only one of many 
inflammatory mediators involved in the 
disease. 

The identification of mediators other than 
histamine in anaphylactic reactions in farm 
animals has led to studies of the effectiveness 
of drugs more active against these mediators 
than antihistamines. Acetylsalicylic acid, 
sodium meclofenamate, and diethylcarbam- 
azine have all shown ability to protect against 
experimentally induced anaphylaxis in cattle 
and horses. One of the important clinical 
decisions, especially in horse practice, is to 
decide whether an animal is sufficiently 
hypersensitive to be at risk when being 
treated. An acute anaphylactic reaction, and 
even death, can occur soon after intravenous 
injection of penicillin into a horse. In suspect 
cases it is customary to conduct an intrader- 
mal or a conjunctival test for hypersensitivity 
with a response time of about 20 minutes, but 
these tests have their limitations. The types 
of sensitivity are not necessarily related, there 
is no sure relationship between anaphylactic 
sensitivity and either skin (or conjunctival) 
sensitivity or circulating antibody, and the 
test often gives false negatives. The reason 
why some animals develop systemic hyper¬ 
sensitivity and some develop cutaneous 
hypersensitivity is unknown. 


OTHER HYPERSENSITIVITY 
REACTIONS 

Other hypersensitivity reactions include ana¬ 
phylaxis of a less severe degree than anaphy¬ 
lactic shock and cases of cell-mediated 
delayed hypersensitivity. The resulting clini¬ 
cal signs vary depending on the tissues 
involved, but are usually localized and mild. 

ETIOLOGY 

Exposure to any of the etiologic agents 
described under anaphylaxis may result in 
this milder form of hypersensitivity. Expo¬ 
sure may occur by injection, by ingestion, by 
inhalation, or by contact with the skin. 

PATHOGENESIS 

In anaphylactic reactions the clinical signs 
may depend on the portal of entry. Thus 
ingestion may lead to gastrointestinal signs 
of diarrhea, and inhalation may lead to con¬ 
junctivitis, rhinitis, and laryngeal and bron¬ 
chial edema. Cutaneous lesions can result 
from introduction of the reagin via any 
portal. They are usually manifested by angio- 
edema, urticaria, or a maculopapular reac¬ 
tion. All the lesions result from the liberation 
of histamine, serotonin (5-HT), and plasma 
kinins, as in anaphylactic shock. 

CLINICAL FINDINGS 

In ruminants, inhalation of a sensitizing 
antigen can cause the development of allergic 
rhinitis. On ingestion of the sensitizing agent 
there may be a sharp attack of diarrhea and 
the appearance of urticaria or angioneurotic 
edema; in ruminants mild bloat can occur. 
Contact allergy is usually manifested by 
eczema. In farm animals the eczematous 
lesion is commonly restricted to the skin of 
the lower limbs, particularly behind the 
pastern, and at the bulbs of the heels, or to 
the midline of the back if the allergy is a 
result of insect bites. In many cases of allergic 
disease the signs are very transient and often 
disappear spontaneously within a few hours. 
Cases vary in severity from mild signs in a 
single system to a systemic illness resembling 
anaphylactic shock. On the other hand, cases 
of anaphylaxis may be accompanied by local 
allergic lesions. 

DIFFERENTIAL DIAGNOSIS 

The transitory nature of allergic manifesta¬ 
tions is often a good guide, as are the types 
of lesions and signs encountered. The 
response to antihistamine drugs is also a 
useful indicator. Skin test programs as 
applied to humans should be utilized when 
recurrent herd problems exist. The differen¬ 
tial diagnosis of allergy is discussed under 
the specific diseases listed earlier. 

TREATMENT 

Administration of corticosteroids is usually 
highly effective. Continued exposure to the 
allergen may result in recurrence or persis¬ 
tence of the signs. Hyposensitization therapy 











has potential for treatment of recurrent urti¬ 
caria in horses. 12,13 

FURTHER READING 

Tizard I. Veterinary Immunology. 9th ed. St. Louis: 
Elsevier Health Sciences; 2013. 

REFERENCES 

1. Wilson AD. Parasite Immunol. 2014;36:558. 

2. Cartwright S, et al. Can J Anim Sci. 2009;89:158. 

3. Thompson-Crispi KA, et al. / Dairy Sci. 

2012;95:401. 

4. Onda K, et al. Vet Rec. 2008;163:418. 

5. Holzhauer M, et al. Vet Rec. 2004; 154:208. 

6 . Senturk S, et al. Vet Rec. 2012;170:566. 

7. Oryan A, et al. Comp Clin Path. 2010;19:179. 

8 . Herder V, et al. Vet Microbiol. 2012;155:420. 

9. Hurcombe SD, et al. JAVMA. 2007;231:267. 

10. Alcott CJ, et al. / Vet Emerg Crit Care. 2010;20:616. 

11. Qureshi TA, et al. Int J Pharmacol. 2006;2:357. 

12. Rendle DI, et al. Equine Vet Educ. 2010;22:616. 

13. Roberts HA, et al. Vet Dermatol. 2014;25:124. 

CASEOUS LYMPHADENITIS OF 
SHEEP AND GOATS 


SYNOPSIS 


Etiology Corynebacterium pseudotuberculosis 

Epidemiology Disease of sheep and goats. 
Source of infection is discharge from 
pulmonary or skin abscesses. Infection is 
through intact skin or skin wounds. 
Transmission in sheep occurs at shearing 
and dipping in sheep and in goats and 
sheep by direct contact. 

Clinical findings Abscesses in superficial 
lymph nodes. Respiratory or wasting 
disease associated with internal abscesses. 

Clinical pathology Enzyme-linked 

immunoabsorbent assay (ELISA) tests can 
be used to determine flock status, but 
sensitivity and specificity are inadequate to 
provide reliable identification of infected 
individuals. 

Necropsy findings Abscesses in lymph nodes 
and internal organs. 

Diagnostic confirmation The clinical and 
necropsy features are typical. Confirmation 
is by bacterial culture. 

Treatment Surgical for superficial abscesses. 

Control Culling of abscessed sheep or based 
on serologic testing, hygiene at shearing, 
avoidance of management risk factors, 
vaccination. 


ETIOLOGY 

Corynebacterium pseudotuberculosis is the 
specific cause of the disease. Ovine/caprine 
isolates are largely a clonal population, dis¬ 
tinct from the equine/bovine biotype. 1 Both 
biotypes produce an exotoxin, phospholipi- 
dase D, which functions as a sphingomyelin¬ 
ase and is an immunodominant antigen. 
Variation in toxin production between 
strains may be related to differences in 
pathogenicity. The toxic lipid cell wall 
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mediates resistance to killing by phagocytes 
and is also a virulence factor. 

C. pseudotuberculosis is also the cause of 
ulcerative lymphangitis of cattle and horses 
and contagious acne of horses, but these have 
been discussed as separate diseases because 
they appear to have a separate pathogenesis 
and do not occur in association with caseous 
lymphadenitis. 

EPIDEMIOLOGY 
Geographic Occurrence 

Caseous lymphadenitis occurs in the major 
sheep-producing countries in the world, 
including Australia, New Zealand, South 
Africa, the Middle East, North and South 
America, the United Kingdom, and most of 
northern and southern Europe. The disease 
did not occur in the United Kingdom and the 
Netherlands until the importation of infected 
goats in the late 1980s but subsequently 
spread to be an important disease in both 
countries. 

Host Occurrence 

Caseous lymphadenitis occurs in sheep and 
goats. 

Sheep 

Caseous lymphadenitis increases in preva¬ 
lence with age and reaches a peak incidence 
in adults. In one Australian population of 
unvaccinated sheep the frequency of infec¬ 
tion at slaughter was 3.4% for lambs and 54% 
for adult ewes, and a similar prevalence has 
been recorded in North and South America. 
In another large study of mature sheep in 
Australia the overall prevalence of lesions at 
slaughter was 26%, with carcass lesions in 
20.4% of sheep and offal lesions in 9.5%. The 
prevalence of infection in ewes culled for age 
in Western Australia fell from over 50% in 
the 1980s to approximately 25% in the early 
2000s, which was suggested to be partly a 
result of cessation of compulsory dipping for 
lice during this period. Following introduc¬ 
tion to British flocks in the late 1980s, out¬ 
breaks increased to a peak in 1998 but have 
since decreased. Examination of isolates 
during this period suggested that all were 
related to the initial introduction. A sero¬ 
logic survey of 745 flocks showed an overall 
prevalence of seropositive animals of 10%, 
with 18% of flocks sampled having one or 
more positive animals. 

Goats 

Prevalence of lesions in goats tends to be 
lower than for sheep. In domesticated 
goats an overall prevalence rate of 8% is 
recorded in the United States, with a similar 
prevalence recorded in feral goats in Aus¬ 
tralia. As with sheep, prevalence increases 
with age and can be as high as 22% at 4 
years of age. The assessment of prevalence 
in goats based on the presence of abscess 
is complicated by the fact that a significant 
proportion of abscesses in goats may be 


produced by Arcanobacterium ( Trueperella ) 
pyogenes. 

Source of Infection 

The primary habitat of C. pseudotuberculosis 
is in infected animals. Sources of infection 
are the discharges from ruptured abscessed 
superficial lymph nodes and the nasal and 
oral secretions from animals with pulmo¬ 
nary abscesses draining into the bronchial 
tree. The organism can survive in pus- 
infected soil for up to 8 months, in infected 
shearing sheds for approximately 4 months, 
and on straw, hay, and other fomites for up 
to 2 months, but it is not easily isolated from 
the soil of infected premises. Low tempera¬ 
tures and moist conditions prolong survival 
time, and infectivity persists in sheep dips for 
at least 24 hours. 

Transmission 

Infection of an animal is facilitated by the 
presence of skin wounds, but the organism 
can invade through intact skin. Transmission 
is by direct contact with infective discharges 
or contaminated shearing equipment, con¬ 
taminated shearing shed boards or holding 
pens, contaminated dipping or shower fluids, 
or dust from contaminated shearing sheds 
and yards. 

Risk Factors 
Sheep 

Most studies on risk factors have been con¬ 
ducted in Australia, and observed risk factors 
may not always apply to management 
systems in other countries. 

Age and Sex 

There is a higher prevalence in older sheep, 
which probably reflects greater exposure to 
risk factors such as shearing and dipping. In 
the United Kingdom a disproportionate 
number of rams are infected, and there is a 
significant prevalence of infection in termi¬ 
nal sire breeds, which are an important 
vector to otherwise closed flocks. The preva¬ 
lence in rams may be related to the high 
stocking rate at which rams are kept for most 
of the year and fighting behavior with trans¬ 
mission through head wounds. 

Breed 

All breeds are susceptible, but in New 
Zealand, which has a mix of fine wool and 
meat sheep breeds, the prevalence of disease 
is higher in Merino and Merino-cross breeds. 
This may relate to greater susceptibility to 
skin damage at shearing because of their 
finer skin and the presence of neck wrinkles. 
In the United Kingdom, infection was ini¬ 
tially more prevalent in terminal sire breeds 
but subsequently spread to hill and upland 
flocks. 2 ' 3 

Shearing 

Shearing is a major risk factor in sheep; in 
general, infection rates increase with the 










762 


Chapter 11 


Diseases of the Hemolymphatic and Immune Systems 


number of times sheep have been shorn. 
When spread occurs, it occurs mostly within 
groups of sheep shorn together. Sheep may 
be infected by transfer of pus from abscesses 
discharging or cut at shearing, via shearing 
combs, but spread from sheep with discharg¬ 
ing pulmonary abscesses to sheep with skin 
cuts is considered more important. 

Close contact of recently shorn sheep in 
any circumstance may facilitate transmission 
through contact between infected respira¬ 
tory secretions and susceptible skin. Sheep 
are commonly in close contact in collecting 
pens immediately following shearing, or 
before dipping, and infected nasal and oral 
secretions can be deposited directly onto 
shearing cuts. Keeping sheep under cover for 
more than an hour after shearing increases 
the odds for spread. 

Poor hygiene in the shearing shed, allow¬ 
ing contamination of shearing boards and 
holding pens, may facilitate infection of 
sheep. Movement of infection between flocks 
can occur through contamination of shear¬ 
ing equipment, mobile shearing sheds, or 
dips and infection on the clothing of shear¬ 
ers. Contract shearing has been shown to be 
a risk factor in the United Kingdom. 

Dust 

Dust from contaminated yards may transmit 
infection to recently shorn sheep, although 
epidemiologic studies suggest that environ¬ 
mental contamination is not a major risk 
factor for disease in Australia. 

Housing 

Close contact associated with high stocking 
rates at pasture or indoor housing for much of 
the year may lead to high rates of infection. 
The difference in lesion distribution between 
sheep in the United Kingdom and Australia is 
believed to be the result of close contact at 
shared feed troughs under conditions of 
intensive husbandry in the United Kingdom. 

Dips 

The organism can persist in reused (plunge 
dip) or recycled (shower dip) fluids used for 
ectoparasite control. As few as 25 organisms/ 
mL in the dip can produce infection. Sheep 
dipped in infected dipping fluid within a few 
days of having been shorn are especially sus¬ 
ceptible to infection because of the ease of 
contact between the bacteria and the skin, 
but spread can also occur through dipping 
sheep shorn 6 months previously. In an 
experimental study in which infection-free 
sheep were shorn and exposed to artificially 
contaminated dips at 0, 2, 4, 8, and 24 weeks 
after shearing, a larger percentage of the 
sheep dipped immediately after shearing 
seroconverted and had lymph node lesions 
at slaughter. However, lesions also were 
present at slaughter in sheep dipped 2 or 
more weeks after shearing, and there was no 
significant difference in their prevalence in 
the groups dipped at 2 to 24 weeks after 


shearing. This supports the observation that 
infection can occur through intact skin, pos¬ 
sibly in the case of dip-associated infections, 
influenced by loss of wool grease because of 
wetting agents in the dip. Shower dipping of 
sheep immediately after shearing also signifi¬ 
cantly increases the odds of a high incidence 
of caseous lymphadenitis. 

Although shearing and dipping are 
important risk factors, disease can also be 
transmitted from sheep with pulmonary 
abscesses to nonshorn sheep by aerosols. 

Goats 

Shearing is not a risk factor, other than with 
Angoras. The difference in abscess distribu¬ 
tion in goats compared with sheep, with a 
predominance in the head, neck, and 
sternum in goats, suggests that contact, 
fomites, and trauma are important vector 
mechanisms. Social contact, head butting, 
trauma from browse, and the use of common 
neck collars and feed troughs are probable 
risk factors. Pulmonary abscesses are not as 
prevalent in goats as in sheep and may be of 
lesser importance as a source of infection. 

With both sheep and goats, contamina¬ 
tion of soil on bedding grounds, in yards, or 
in shelters may result in persistence of the 
organism in the environment for periods sig¬ 
nificant to the transmission of the disease 
and can result in infection of wounds created 
by docking and castration and infection in 
the region of the sternum. 

Economic Importance 

In the majority of young infected animals 
there is no overt clinical disease or impair¬ 
ment of health other than visible abscessa- 
tion, but the disease is of considerable 
economic importance to the sheep and goat 
industries. In sheep, infection has been asso¬ 
ciated with a 6.6% reduction in clean fleece 
weight in the first year of infection and a 
reduction in growth rate. Infection is a sig¬ 
nificant cause of condemnation of carcass for 
human consumption, with condemnation 
rates as high as 3% to 5% for mutton car¬ 
casses and 0.02% to 0.03% for lamb car¬ 
casses. Condemnation rates and economic 
loss vary depending on the country, with dif¬ 
ferences in the number of abscessed lymph 
nodes dictating condemnation rather than 
carcass trimming. 

In goats the hide can represent a signifi¬ 
cant proportion of the value of the carcass, 
and blemishes produced by infection mark¬ 
edly reduce hide value. 

Clinical disease occurs in animals with 
the disseminated visceral form, which is a 
cause of reproductive inefficiency, a major 
cause of the thin ewe syndrome, and a cause 
of death and culling in older sheep in infected 
flocks. 

Zoonotic Implications 

Human infection is rare, produces a lymph¬ 
adenitis with a long and recurrent course, 


and is an occupational disease of shearers 
and abattoir workers with infection occur¬ 
ring through cuts. C. pseudotuberculosis may 
be present in the milk of goats from udders 
where the mammary lymph node is affected. 

PATHOGENESIS 

Multiple microscopic abscesses develop in 
the draining lymph node by 1 day after 
experimental infection in the skin, and 
between 3 and 10 days of infection these 
coalesce to form typical pyogranulomas. The 
sphingomyelin-specific phospholipidase D 
exotoxin produced by the organism is 
believed to facilitate spread of infection by 
promoting leakage of plasma from small 
blood vessels at the site of infection, with 
flooding of lymphatic spaces. Abscesses 
develop in 60% to 80% of infected sheep. The 
high lipid content of the bacterial cell wall 
gives resistance to the digestive enzymes of 
the phagocyte, and the organism persists as 
a facultative intracellular parasite. 

The reduction of wool growth in the first 
year of infection probably results from the 
catabolic effects of cytokine and toxic metab¬ 
olites released during the acute inflammatory 
and immune response to initial infection. 

Hematogenous spread of the organism 
results in abscess formation in many organs, 
and these may occur in the absence of 
peripheral lesions. Up to 25% of affected 
sheep at abattoirs are recorded as having 
lesions only in thoracic viscera. This ten¬ 
dency for a high incidence of lesions in the 
lung appears to be general, but prevalence 
varies considerably between geographic 
areas. The abdominal visceral and somatic 
tissues are also commonly affected. Less 
commonly, hematogenous infection occurs 
in young lambs to produce septicemic 
disease. 

CLINICAL FINDINGS 

There is palpable enlargement of one or more 
of the superficial lymph nodes. Those most 
commonly affected are the submaxillary, 
prescapular, prefemoral, supramammary, 
and popliteal nodes (Fig. 11-5). The abscesses 
commonly rupture, and creamy to caseated 
pus, with no odor, is discharged. Goats have a 
much greater proportion of lesions in the 
lymph nodes draining the head, related pos¬ 
sibly to superficial injury during browsing. 
Abscesses may subsequently develop in other 
lymph nodes. In the United Kingdom, clinical 
signs of infection in sheep are most com¬ 
monly associated with the superficial lymph 
nodes of the head and neck, although in one 
study over 30% of sheep were found to have 
visceral lesions. 4 Both sheep and goats may 
also show abscess in the skin, particularly of 
the face, with loss of overlying hair. 

In cases in which systemic involvement 
occurs, chronic pneumonia, pyelonephritis, 
ataxia, and paraplegia may be present, 
depending on the site of infection. The debili¬ 
tating disease of adult ewes commonly 
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Fig. 11-5 Cheviot ewes with caseous lymphadenitis of the submaxillary lymph nodes. 



Fig. 11-6 A, Ultrasonographic image of a liver abscess identified using a 5-MHz sector 
transducer. The characteristic "onion peel" appearance is highly suggestive of the presence of 
a Corynebacterium pseudotuberculosis abscess (caseous lymphadenitis). B, Cross-sectional 
image of the liver from the same sheep obtained at necropsy. Images graciously provided by 
D. Michael Rings, USA. 


referred to as thin ewe syndrome is often 
associated with the occurrence of internal 
abscesses (81% of ewes), many of which 
contain C. pseudotuberculosis (86%). Other 
bacteria, especially Moraxella spp., are also 
commonly present. In ewes, local spread 
from the supramammary lymph node to the 
mammary tissue is common. The resulting 
fall in milk yields leads to poor growth and 
even death of lambs, and this may be a serious 
economic feature in badly affected flocks. 
Intrascrotal lesions are common in rams but 
do not involve the testicles or semen. 

CLINICAL PATHOLOGY 

There is an increase in blood lymphocytes 
and neutrophils. 

C. pseudotuberculosis can be cultured 
from pus obtained by needle biopsy or by 
transtracheal wash. 

Serologic tests that have been used in 
serodiagnosis include indirect hemaggluti¬ 
nation, hemolysis inhibition, synergic 
hemolysis inhibition, immunodiffusion, and 
ELISA tests to detect antibody to cell-wall 
antigens or to the phospholipase exoenzyme. 
Many of these tests have good specificity but 
few have high specificity and sensitivity. 
Some have been used to determine flock 
infection and have been used in eradication 
schemes. 2,3 As yet, none is sufficiently reliable 
to confidently detect infection in individual 
sheep. The sensitivity of equivalent tests in 
goats is generally higher, and they are used 
for official control schemes in goats in some 
countries, such as the Netherlands. 

Radiography and ultrasonography may 
be useful diagnostic tests in sheep and goats 
with chronic weight loss and no enlarged 
external lymph nodes. Radiographs of the 
thorax may reveal the presence of abscesses 
in the mediastinal lymph nodes. Ultrasonog¬ 
raphy of the abdomen may reveal the pres¬ 
ence of one or more liver or kidney abscesses. 
Classic ultrasonographic signs of caseous 
lymphadenitis abscess is an “onion peel” 
abscess, which is particularly easy to image 
in liver parenchyma (Fig. 11-6). 

NECROPSY FINDINGS 

Caseous abscesses filled with greenish-yellow 
pus occur chiefly in lymph nodes and to a 
lesser extent in internal organs. In the early 
stages the pus is soft and pasty, but in the later 
stages it is firm and dry and has a character¬ 
istic lamellated appearance. Locally extensive 
bronchopneumonia, with more fluid pus of 
a similar color, may also be present. Micro¬ 
scopically, nodal architecture is effaced by the 
abscess. As the lesion expands, the limiting 
fibrous wall keeps re-forming, creating the 
“onion-skin” layering noted grossly. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—lymph node, lung, culture 

swab from outer portion of abscess 

(CULT) 
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• Histology—formalin-fixed lymph node 
(LM) 


DIFFERENTIAL DIAGNOSIS 


Melioidosis 

Tularemia 

Other causes of pneumonia in small ruminants 
Lymphosarcoma (rare) 

Suppurative lymphadenitis in lambs has 
also been found to be associated with 
infection with Pasteurella multotida, and a 
disease characterized by the presence of 
yellow-green pus in abscesses situated in 
close proximity to the lymph nodes of sheep 
is associated with a gram-positive 
micrococcus. The latter disease occurs in 
France and Kenya and is referred to as 
Morel's disease. 


TREATMENT 

The organism is susceptible to antibiotics 
other than the aminoglycoside group, but 
treatment is not usually attempted because 
the abscess is encapsulated, the organism is 
intracellular, and response is poor. Subcuta¬ 
neous abscesses can be treated with surgical 
drainage or extirpation. 

CONTROL 

Culling 

A measure of control can be achieved by 
culling all animals with enlarged lymph 
nodes. Although this is a logical procedure, 
it is worth noting that it is not capable of 
detecting early lesions or of detecting those 
animals with internal abscess but no external 
abscesses. Ideally, control would be by the 
identification and culling of infected animals 
using serologic testing. Culling on the basis 
of serologic tests has been used in goat herds 
in the Netherlands, small pedigree flocks in 
the United Kingdom, and a larger flock of 
1000 sheep in Scotland. 2 3 The increased sen¬ 
sitivity and specificity of current ELISA tests 
(87% to 93.5% and 98%, respectively) makes 
this a feasible strategy, although large 
numbers of seropositive sheep may be 
detected and require culling (e.g., 159 follow¬ 
ing 9 tests in a flock that originally had 108 
sheep). 2,4 Thus, the cost-effectiveness of test 
and cull, as opposed to control using vaccina¬ 
tion, will be marginal unless the test-and-cull 
strategy is supported by other funding. 2,3 

Control of Spread 

The Mules operation is being gradually 
phased out in Australian flocks, but all 
docking implements, ear-taggers, and shears 
used for this procedure should be dipped in 
strong disinfectant before each use. Similar 
attention should be given to the combs and 
cutters at shearing time. There should be 
good hygiene and disinfection in the shear¬ 
ing shed, especially of the shearing board 
and holding pens. Mobile shearing trailers 


should be cleaned and disinfected between 
farms. The importance of personal hygiene 
should be impressed on shearers, and farm- 
specific overclothing should be provided if 
possible. Younger age groups should be 
shorn first, rams second to last, and any 
sheep with palpable lesions last. Pus spilled 
on the shearing floor should be cleaned up 
and the area disinfected. All shearing cuts 
should be disinfected. There can still be a 
high abscess rate in flocks that practice these 
control procedures. 

Close contact of sheep following shearing 
should be avoided. All efforts must also be 
directed to avoid contaminating dipping 
fluid; one discharging abscess is capable of 
contaminating an entire tank of fluid. 
Dipping after shearing may be undesirable in 
badly affected flocks. The addition of an effi¬ 
cient bactericidal agent to the dipping fluid 
is worthy of consideration. 

Goat housing should be free of wire or 
other causes of skin trauma, and commu¬ 
nal use of equipment such as neck collars 
should be avoided. External parasites must 
be controlled. Goat herds that are free 
of the disease should avoid the purchase 
of animals from herds with a history of 
abscessation. 

Vaccination 

Vaccines formulated from concentrated, for¬ 
malin-inactivated C. pseudotuberculosis 
culture supernatants containing phospholi¬ 
pase D have considerable efficacy and are 
available in many countries. Attenuated 
mutant vaccines also show promise. Vaccina¬ 
tion does not provide complete protection 
against the development of abscesses, but 
controlled field trials show a significant 
reduction in the number of sheep that develop 
abscesses and a reduction in the number of 
abscesses in infected sheep. Vaccinated sheep 
have fewer lung abscesses than unvaccinated 
sheep, in one study 96% fewer, and are less 
likely to spread infection from this source. 
Compliance with the recommended full 
course of the vaccine has an important influ¬ 
ence on the efficacy of vaccination. An Aus¬ 
tralian study showed that flocks that followed 
the recommended protocol of two priming 
doses to lambs with yearly boosters to adult 
sheep throughout their life had an average 
slaughter prevalence of infection in sheep of 
3%, whereas the average prevalence of 
lesioned sheep at slaughter from flocks that 
only partially followed this protocol, by 
administering a single dose to lambs or not 
giving yearly boosters to adult sheep, varied 
from 22% to 33%. 

Immunity to caseous lymphadenitis is 
believed to be associated with antitoxin 
activity and primarily cell mediated, but 
colostral immunity will protect against 
experimental challenge at 6 weeks of life. 
Colostral immunity will also affect the devel¬ 
opment of immunity from vaccination, and 
lambs in flocks with a high prevalence of 


caseous lymphadenitis should not be vacci¬ 
nated at less than 10 weeks of age. 

Vaccination appears less successful in 
goats, and although it protects against exper¬ 
imental challenge and spread of the organ¬ 
ism from the site of infection, there has been 
little protection from natural infection in 
field trials. 

PREVENTION 

All potential introductions to a flock should 
be examined clinically for evidence of 
disease. Although this is not a particularly 
sensitive method of detection of infection, 
obvious clinical cases will be detected. Deter¬ 
mining the infection status of the source 
flock is a safer procedure, and if high-level 
control or eradication is an aim, purchases 
should be direct and not through markets. 
The ultimate method of prevention would 
include serologic testing of individual animal 
introductions when tests with very a high 
sensitivity become available. 

ERADICATION 

Eradication is reported in endemically 
infected flocks by initial culling of all sheep 
with clinical signs and subsequent serologic 
testing and culling of reactors. In one case, 
seropositive ewes were allowed to lamb before 
culling but lambs were removed at birth, iso¬ 
lated from the infected dams, and fed cows 
colostrum and milk replacer. These proce¬ 
dures were coupled with rigorous disinfec¬ 
tion of facilities, removal of bedding and 
topsoil from barns and pens, isolation of sero¬ 
negative sheep for 6 months from previously 
used pastures and tracks, and hygiene at skin¬ 
damaging management procedures. Sero¬ 
logically positive sheep were not detected 
after the second screening. 5 Attempted eradi¬ 
cation in an extensively managed hill flock in 
Scotland eliminated clinical disease for 2 
years following eight tests during a test-and- 
cull program using an improved ELISA that 
lasted 2 years, although two seropositive 
sheep were detected at the last test. 3 

Total herd or flock eradication and 
replacement with infection-free animals is 
also possible, but there is a risk of reintro¬ 
duction of the disease given that the sensitiv¬ 
ity of the current ELISA tests used for 
screening is only around 90%. The sensitivity 
and specificity of a bulk milk ELISA were 
41.4% and 81.7%, respectively, and thus the 
screening of bulk milk may be a cost- 
effective way of initially detecting caseous 
lymphadenitis infection in dairy goats. 6 

FURTHER READING 

Bird GJ, Fontaine MC. Corynebacterium 

pseudotuberculosis and its role in ovine caseous 
lymphadenitis. / Comp Pathol. 2007;137:179-210. 
Radostits O, et al. Caseous lymphadenitis of sheep and 
goats. In: Veterinary Medicine: A Textbook of the 
Diseases of Cattle, Horses, Sheep, Goats and Pigs. 

10th ed. London: W.B. Saunders; 2007:795-798. 
Windsor R Caseous lymphadenitis in small ruminants. 
Vet Clin North Am Food A. 2011;27:193-202. 









REFERENCES 

1. Connor KM, et al. Vet Res. 2007;38:613. 

2. Baird GJ, Malone FE. Vet Rec. 2010;166:358. 

3. Voigt K, et al. Small Ruminant Res. 2012;106:21. 

4. Bastos BL, et al. Vet Clin Pathol. 2011;40:496. 

5. Schreuder BE, et al. Vet Rec. 1994;135:174. 

6 Nagel-Alne GE, et al. Vet Rec. 2015;176:173. 

BOVINE FARCY 

Bovine farcy, a chronic infectious disease 
affecting the lymph nodes of Zubu cattle; it 
is endemic in sub-Saharan Africa but has 
been reported in 19 countries in Africa, Asia, 
Latin America, and the Caribbean. 1-2 In 
Africa, the disease is caused by Mycobacte¬ 
rium farcinogenes in the eastern and central 
regions and M. senegalense in the western 
region. Both species are rapidly growing, 
gram-positive, branching, and acid-fast 
mycobacteria. It is not yet certain whether 
Nocardiafarcinica in other parts of the world 
causes cutaneous nocardiosis (farcy) in 
animals that mimics bovine farcy. 1-2 

Epidemiologic data indicate that bovine 
farcy occurs in adult cattle of the transhu- 
mance pastoralist tribes of the Sahel and 
Sudanian savannah zones. In some areas, 
25% to 30% of cattle used to be affected, but 
the disease has disappeared from many 
countries where it was once a problem. 1 
Other domestic and nondomestic animals 
are not affected. It is not known whether the 
bacteria are zoonotic, even though an earlier 
study indicated that the human pathogen 
Mycobacterium peregrinum type II belongs 
to the species M. senegalense . 3 Ixodid ticks, 
including A. variegatum, may play a role in 
disease transmission; breeds of cattle resis¬ 
tant to ticks (e.g., the N’Dama) are resistant 
to farcy. 1 

Bovine farcy causes some economic 
losses as a result of damaged hides and also 
as a public health burden because the lesions 
resemble those of bovine tuberculosis in car¬ 
casses, and thus the meat from affected 
animals is considered inappropriate for 
human consumption. For example, in a 
study involving 6680 bovine carcasses in 
Sudan, 400 caseous lesions were identified, 
only 12 of which were a result of bovine 
tuberculosis, whereas 59 were caused by 
bovine farcy. 4 

The clinical diagnosis of bovine farcy in 
the late stage of the disease is not difficult 
because the cordlike nodular lesions in the 
skin and lymphatics are almost pathogno¬ 
monic. Laboratory diagnosis is by conven¬ 
tional smears stained with acid-fast stain and 
by culture. Molecular and serologic tests 
developed still need to be evaluated for sen¬ 
sitivity and specificity, but the ELISA can be 
used to support early clinical diagnosis, in 
epidemiologic surveys, and for screening 
before animals are exported to farcy-free 
regions. 5 

The disease is slowly progressive, and 
lesions occur in superficial lymph nodes, 
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mostly in the prescapular and precrural 
lymph nodes. Affected lymph nodes suppu¬ 
rate, and there is induration of the lymphatic 
vessels. There can be infection in the mesen¬ 
teric lymph nodes, with some cases having 
lesions in the udder or the lung. Lesions are 
common in areas of the body where A. var¬ 
iegatum ticks attach. Histologic examination 
shows a severe granulomatous reaction char¬ 
acterized by lymphocyte, macrophage, epi¬ 
thelioid, and giant-cell infiltration, along 
with marked fibrous proliferation. The agent 
can be detected in tissue sections by acid-fast 
staining and by PCR techniques. 4 

Treatment is not recommended and there 
is no vaccine. Most cases are detected at 
slaughter. 

FURTHER READING 

Hamid ME. Epidemiology, pathology, immunology and 
diagnosis of bovine farcy: a review. Prev Vet Med. 
2012;105:1. 

Hamid ME. Current perspectives on Mycobacterium 
farcinogenes and Mycobacterium senegalense, the 
causal agents of bovine farcy. Vet Med Int. 
2014;247906. doi:10.1155/2014/247906; [Epub 2014 
April 30]. 
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SPORADIC LYMPHANGITIS 
(BIGLEG, WEED) 

Sporadic lymphangitis is also called Monday 
morning disease. It is an uncommon occur¬ 
rence. It can affect any breed of horse but 
particularly heavy draught horses. It usually 
affects single horses, but occasionally out¬ 
breaks do occur. There are a few predispos¬ 
ing factors. The most frequent one is rest 
from work and exercise for 1 to 3 days. 
Another suspected factor is a change from a 
low-quality diet to a diet high in protein, 
such as peas or beans. Both of these may lead 
to a slowing down of lymphatic flow in the 
limbs, facilitating ingression of any bacteria 
trapped on the legs in small wounds or 
cracks. Dirty stables may also predispose, 
although the condition is seen in very 
hygienic stables at times. Continual wet 
weather may also be a predisposing factor. 

This is a noncontagious disease of horses 
characterized by acute fever, lymphangitis, 
and severe swelling of one or both hind¬ 
legs—forelimbs are rarely, if ever, affected. 
The disease commences abruptly with fever 
(40.5° to 41° C; 105° to 106°F), shivering, 
and a rapid pulse rate and respiration. Horses 
are usually very thirsty. The mouth may be 
hot and the mucous membranes injected. 
Lameness rapidly results. Pain in the acute 
disease can be severe. There is severe pain on 
palpation of the affected leg, and lameness 


may be so severe that the horse may refuse 
to put its foot to the ground. The limb is 
swollen and hot; the swelling extends from 
the top of the leg and down to the coronet. 
There is cording of the lymphatics on the 
medical aspect of the leg and palpable 
enlargement of the lymph nodes in some 
horses. There may be exudate on the skin. 
Affected legs may pit under pressure. The 
horses may show perspiration. The acute 
disease may last only 1 to 3 days, and recov¬ 
ery or conversion into a chronic phase with 
persistent and variable swelling of the leg, 
intermittent fever, and variable lameness 
follows. Occasionally abscesses develop in 
the lymph nodes and vessels, but usually 
there is no localization of the infection. 
There is a tendency for the disease to recur 
and cause chronic fibrotic thickening of the 
lower part of the limb extending to the level 
of the stifle in many horses. Swelling of the 
leg is often exacerbated by late pregnancy. 

Horses that have had one attack appear to 
be prone to further attacks. Recurrences 
produce a “thick leg,” which is not a result of 
fluid but of connective tissue. 

Sporadic lymphangitis can be associated 
with superficial wounds and ulcers on the 
lower parts of the limbs, but often there are 
no wounds detected. The disease is thought 
to develop as a lymphangitis and, potentially, 
lymphadenitis of the deep inguinal nodes as 
a result of these wounds. The affected lymph 
nodes and swelling of the limb obstruct lym¬ 
phatic and venous drainage, causing lym¬ 
phatic obstruction, edema, and, in some 
cases, cellulitis. Ultrasonographic examina¬ 
tion reveals distended lymph vessels that 
contain fluid that is not echogenic. Ultra¬ 
sound guided aspiration of this fluid yields 
fluid with a low total protein concentration 
and mild neutrophilia (high proportion of 
the cells present in the fluid are neutrophils, 
although the absolute count is usually less 
than 1.0 x 10 9 cells/L. 

Culture of the fluid is recommended. 
Actinobacillus spp., Staphylococcus, Strepto¬ 
coccus, Pasteurella, Pseudomonas, Fusobacte- 
rium, and Nocardia have been isolated at 
times. In many cases there are negative 
culture results, possibly because the caus¬ 
ative agent is difficult to culture, but in some 
cases Corynebacterium pseudotuberculosis 
has been isolated, and this appears to be a 
seasonal occurrence in the late summer and 
autumn in the United States. The clinical sig¬ 
nificance of results of culture of the fluid is 
unknown, but results could be used to guide 
choice of antibiotics. Radiographic examina¬ 
tion is usually unremarkable, apart 
from demonstrating soft tissue swelling. 
Affected horses, in both the acute and 
chronic stages, have mild neutrophilia and 
hyperfibrinogenemia. 

It is a difficult disorder to treat effectively. 
Acutely affected horses should be treated 
aggressively. The principles of treatment are 
control of the presumed infection, reduction 
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of inflammation, and reduction of swelling. 
Penicillin or other antimicrobials should be 
administered parenterally to control the 
infection. Infection with Corynebacterium 
requires Rifampin. NSAIDs (flunixin is the 
first choice, but also phenylbutazone, meglu¬ 
mine, carprofen, or similar) should be 
administered to control the inflammation 
and provide pain relief. The limb should be 
hosed with cold water once to twice daily to 
reduce heat and provided with gentle 
massage therapy. Manual massage of the 
limb might be beneficial. Supportive, com¬ 
pressive bandaging of the limb can reduce 
the swelling. The horse should be exercised 
as much as is practical and humane. 

Horses with chronic disease should be 
treated with prolonged courses of antimicro¬ 
bials (penicillin, sulfonamide-trimethoprim 
combinations, enrofloxacin, or rifampin in 
combination with sulfonamide-trime¬ 
thoprim), nonsteroidal drugs, and local 
therapy. Acute exacerbations can be managed 
by administration of dexamethasone (40 jag/ 
kg orally or parenterally, once daily for 5 
days, and then gradually tapering). This dose 
is not abortifacient in pregnant mares. Exer¬ 
cise and supportive bandaging are important 
in minimizing the swelling. The chronic 
disease requires prolonged and intermittent 
therapy, often for the rest of the horses life. 

Differential diagnoses include cellulitis 
(inflammation of the connective tissues) and 
ulcerative lymphangitis. Ulcerative lym¬ 
phangitis is often accompanied by cording of 
the lymphatics, the formation of hard 
nodules, and the occurrence of abscesses 
with a discharge of greenish fetid fluid. Epi¬ 
zootic lymphangitis caused by Histoplasmosa 
farciminosum in Asia and the Mediterranean 
is a differential diagnosis. In the Middle East, 
Eastern Asia, Eastern Europe, and North 
Africa, Glanders is also a possibility. Sporo¬ 
trichosis ( Sporothrix schenckii) lymphangitis 
can also be a differential diagnosis. 

Prevention of the disease necessitates 
prompt and careful treatment of all wounds 
of the lower limbs. Provision of daily exer¬ 
cise, restriction of the diet during prolonged 
rest periods, and dry standing in the stable 
also help to prevent the disease. Animals 
compelled to stabling should have a reduced 
diet, with corn being replaced by bran mash. 
The legs should be kept clean and disinfected 
if animals are stabled. Animals affected with 
the chronic condition should be kept con¬ 
stantly at reasonable work. 

TICK-BORNE FEVER 
C ANAPLASMA 
PHAGOCYTOPHILA) 


SYNOPSIS 


Etiology Anaplasma phagocytophilum 

Epidemiology Occurs in the northern 
latitudes and is transmitted by Ixodes 


ricinus in United Kingdom and Europe and 
Ixodes scapularis and Ixodes pacificus in the 
United States. Disease in sheep and cattle 
primarily reported from the United 
Kingdom and Europe. Seasonal occurrence 
associated with the feeding activity of the 
vector. More severe disease in naive 
introduced animals. Increases susceptibility 
to other infections, especially in sheep. 

Clinical findings Fever, depression, lethargy, 
polypnea, and fall in milk production in 
cattle. Abortion. 

Clinical pathology Thrombocytopenia 
followed by more prolonged neutropenia 
and lymphocytopenia. The organism is 
demonstrable in the neutrophils and 
monocytes during each febrile period. 

Diagnostic confirmation Demonstration of 
the A. phagocytophilum in leukocytes at 
acute stage of the disease or by serology 
retrospectively. 

Treatment Oxytetracycline. 

Control Oxytetracycline during risk period. 
Tick control. 


ETIOLOGY 

Tick-borne fever (also called pasture fever in 
cattle) is a tick-transmitted disease of sheep 
and cattle in the northern hemisphere and is 
caused by Anaplasma phagocytophilum (for¬ 
merly Ehrlichia phagocytophilia, Cytoecetes 
phagocytophila, and Ehrlichia equi). The 
genus Anaplasma (Rickettsiales: Anaplasma- 
taceae) contains obligate intracellular gram¬ 
negative bacteria found exclusively within 
membrane-bound inclusions or vacuoles in 
the cytoplasm of both vertebrate and inver¬ 
tebrate (tick) host cells. The genus includes 
A. marginale , A. centrale, A. bovis, and A. 
ovis which are pathogens of ruminants; A. 
phagocytophilum, which affects a wide range 
of hosts, including humans, wildlife, and 
domestic animals; and A. platys, which 
infects dogs. 1 A. phagocytophilum replicates 
primarily in the cytoplasm of neutrophils 
and is 0.4 to 1.3 um in size. The life cycle is 
biphasic, transitioning between the nonin- 
fectious reticulate cell that replicates and the 
smaller dense core form that is infective to 
mammalian and tick cells. 2 " 1 

There are strains (variants) of A. phagocy¬ 
tophila that have biological and ecological 
differences, including variations in host 
pathogenicity, vectors, and geographic distri¬ 
bution. Although the mechanisms for these 
differences remain largely elusive, 4 the type 
IV secretion system (T4SS) may play a role 
in strain virulence of A. phagocytophilum. 6 In 
sheep, different variants of A. phagocytophi¬ 
lum may exist simultaneously in the same 
sheep flock. 

Tick-borne fever is also used as a name 
for similar, but less well-defined, diseases of 
ruminants that are associated with infection 
with related organisms such as Anaplasma 
[Ehrlichia) bovis. These are reported from 


other areas of the world, such as India and 
Africa, and are transmitted by the ticks 
Rhipicephalus appendiculatus, Amblyomma 
variegatum, and Hyalomma truncatum. 

Currently, A. phagocytophilum is viewed 
as a single bacterial species capable of infect¬ 
ing a broad range of hosts and is based on 
16S rRNA gene analysis. 7 The description 
that follows is of tick-borne fever of sheep 
and goats and pasture fever of cattle associ¬ 
ated with A. phagocytophilum. 

EPIDEMIOLOGY 

Occurrence 

Infection with A. phagocytophilum occurs in 
a wide range of mammalian hosts, including 
humans, dogs, sheep, cows, horses, wild deer, 
and rodents. The association of A. phagocy¬ 
tophilum with human granulocytic ehrlichi¬ 
osis in the mid-1990s has led to much activity 
in defining its geographic occurrence by 
serologic surveys or detection in ticks by 
molecular methods. These studies have 
determined that the organism is present 
where the host ticks are present in Europe, 
North America, the Middle East, and Asia. 4 
A. phagocytophilum is arguably the most 
widespread tick-borne infection in animals 
in Europe. 8 

However, the disease tick-borne fever, as 
opposed to infection, occurs primarily in 
certain areas of the United Kingdom, Ireland, 
Norway, Finland, France, Germany, Spain, 
and Switzerland. Because ticks favor particu¬ 
lar optimal environmental conditions, the 
geographic distribution of the ticks is usually 
restricted to a specific area (small or large), 
and tick-borne fever only occurs in these 
areas. Within these areas infection can be 
intense; in the endemic coastal area of 
Norway, close to 100% of sheep grazing Ixo- 
des-infested pastures are infected. Tick-born 
fever has a seasonal occurrence in associa¬ 
tion with the feeding activity of the vector 
tick. Infection can be endemic in affected 
areas. 

Sheep, cattle, goats, deer, and reindeer 
may be infected. The disease has long been 
known as a disease of sheep but in recent 
years is being recognized as a common infec¬ 
tion in cattle in at-risk areas. The incidence 
rate of infection is high, but clinical disease 
may be mild and not easily observed in many 
areas where this disease occurs because these 
areas are commonly wild with little human 
habitation and little frequent observation of 
at-risk livestock. Infection, as determined by 
seropositivity, can occur in sheep that have 
had no clinical evidence of disease because 
of the existence of variants with low patho¬ 
genicity. The disease in horses, previously 
known as Equine Granulocytic Ehrlichiosis, 
is described separately in this chapter as 
“Equine anaplasmosis”. 

Source of Infection and Transmission 

In Europe, A. phagocytophilum is transmit¬ 
ted by the three host tick Ixodes ricinus, 












which requires a single blood meal at each 
stage of development. The tick feeds for 
approximately 3 weeks every year and com¬ 
pletes its life cycle in 3 years. The larval and 
nymphal stages will feed on any vertebrate, 
but the adult female will engorge and mate 
only on larger mammals. 

A. phagoctyophilum infects and multi¬ 
plies in the epithelium of the midgut and 
salivary glands of ticks, from which it is 
transmitted to vertebrate hosts during 
feeding. A tick becomes infected by feeding 
on an infected host, and there is transstadial 
but not transovarial passage of the organism. 
It is estimated that the majority of ticks are 
infected with the organism in enzootic areas, 
and one former study of ticks from a field site 
found 44% of nymphs and 32% of adults 
infected but no infected larval stages. There 
is a close relation between tick density and 
the proportion of sheep and ticks infected 
with A. phagocytophilum, but it is nonlinear 
and complex. 

In the United States, Ixodes scapularis has 
been implicated in transmission of the 
organism in eastern United States and Ixodes 
pacificus on the West Coast, as have Ixodes 
persulcatus and Haemaphysalis longicornis in 
Asia, but clinical disease in ruminants is not 
a feature in these locations. 

Few cases of congenital infection of 
calves have been reported, 9 and the organism 
is also present in leukocytes in milk during 
the acute phase of the disease, but the signifi¬ 
cance of this in the epidemiology of the 
disease is not known. 

As few as one A. phagocytophila- infected 
cell may be enough to transmit infection, 
and use of a single needle between sheep in 
a group could possibly transmit infection. 

It has been suggested that the presence of 
ticks in migratory birds could spread infec¬ 
tion of this agent to other geographic 
regions. 10-11 

Experimental Reproduction 

The disease can be readily reproduced exper¬ 
imentally. The severity of the clinical response 
of sheep following experimental infection is 
not dose dependent, and there is no dose 
effect on the degree of bacteremia or 
neutropenia. 

Host Risk Factors 

Calves and lambs are much more susceptible 
than adults, although clinical disease may be 
less severe in very young lambs, possibly 
because of the mitigating effects of colostral 
antibody. Hyperimmunization of the preg¬ 
nant ewe will produce high levels of colostral 
antibody that will protect the lamb against 
experimental challenge. However, in the 
field, colostral immunity does not protect 
against infection, and lambs born of ewes 
raised in endemic areas become infected. 
Natural infection is followed by a state of 
low-grade premunity as a result of the pres¬ 
ence of the organism in the blood, which 
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provides partial resistance to subsequent 
infections, with the disease manifesting itself 
in a less severe form. Once infected, animals 
probably remain carriers for life and act as 
reservoirs of infection for new generations of 
ticks. 

The case-fatality rate is very low, and 
most reported mortality is in association 
with intercurrent disease. A significant 
indirect effect of tick-borne fever is that it 
increases the susceptibility of lambs to 
staphylococcal pyemia, staphylococcal 
pneumonia, septicemic and pneumonic 
pasteurellosis, louping-ill, and possibly 
other diseases. The mortality rate is negligi¬ 
ble in cattle but may be higher in sheep. 

Pathogen Risk Factors 

The activity of the tick is seasonal, and con¬ 
sequently tick-borne fever has a seasonal 
occurrence. The tick is active at temperatures 
between 7° (44°F) and 18°C (64°F), and 
most ticks feed in the spring, with peak 
activity dependent on the latitude and eleva¬ 
tion of the pasture but generally occurring in 
April and May. In some areas there is a 
second period of activity of a separate popu¬ 
lation of I. ricinus in the autumn during 
August and September. Clinical signs in 
cattle occur predominantly in spring, 1 to 2 
weeks after they start to graze. 

Zoonotic Implications 

Human granulocytic anaplasmosis (HGA) is 
associated with A. phagocytophilum and was 
first described in the United States in 1994 
and is now regarded as an emerging disease. 
There are few reports from Europe, Russia, 
and Japan. 4 Clinical and laboratory findings 
are fever, myalgia, headache, malaise, throm¬ 
bocytopenia, leukopenia, anemia, mild 
hepatic injury, and splenomegaly, with 
symptoms varying from none to mortality. 12 
The disease presents most commonly as an 
undifferentiated, febrile, potentially severe 
illness occurring in summer or spring associ¬ 
ated with occupational or recreational activi¬ 
ties that allow exposure to infected ticks. 
There is no recognized direct zoonotic risk 
from exposure to infected animals, but the 
mammalian reservoir for A. phagocytophi¬ 
lum infection within the United States 
includes several rodents, foxes, and possibly 
other wild animals. These are infected with 
the human pathogenic variant (Ap-ha). 
Other animals, including the white-tail deer, 
are infected with different strains of the bac¬ 
terium not infective to humans (Ap-VT). 4,7 

The organism is also present in leuko¬ 
cytes in milk during the acute phase of the 
disease, but the risk to humans consuming 
infected milk is probably minimal because 
strains of A. phagocytophilus differ in host 
infectivity. 4 

PATHOGENESIS 

A. phagocytophilum infects and replicates 
within the neutrophil, but can also infect 


endothelial cells. The organism has evolved 
the remarkable ability to subvert or hijack 
the powerful innate antimicrobial defenses 
of host cells. 4 For example, A. phagocytophi¬ 
lum creates an intracellular membrane- 
bound compartment that allows replication 
and nutrition in seclusion from lysosomes 
and thereby suppresses respiratory burst. 13 
Furthermore, it subverts the innate immune 
system of neutrophils by inhibiting apoptosis 
(through activation of an antiapoptosis 
cascade) and by inducing autophagy, both to 
keep the host cell alive and to create a safe 
haven for replication. 4,14-17 In addition, indi¬ 
vidual animals that survive acute infection 
develop persistent infection lasting for 
several months or even for life. The persis¬ 
tence of infection and recurrent bacteremia 
is a result of antigenic variation thought to 
be mediated by the bacterial major surface 
protein 2 (MSP2/p44). 18 Furthermore, endo¬ 
thelial cells of the microvasculature may play 
a crucial role in the development of persis¬ 
tence because they may be an excellent site 
for dissemination of the organism to circu¬ 
lating neutrophils. 19 

Tissue pathology is not associated with 
direct A. phagocytophilum-mediated injury 
but results from immunopathologic mecha¬ 
nisms associated with activated macrophages 
and elevation of levels of the proinflamma- 
tory cytokine, interferon gamma (IFN-y), 
and chemokines. 12,20,21 

Fever develops in association with bacte¬ 
remia and is the prominent clinical abnor¬ 
mality in the experimental disease. It persists 
for approximately 8 days, may exceed 41° C 
(105.8°F), and is accompanied by depres¬ 
sion. Although this syndrome is of limited 
importance in the experimental setting, the 
occurrence of fever, dullness, and depression 
of the sucking drive can be a significant 
influence on the viability of lambs in the 
cold, wet, rough-grazing areas where this 
disease commonly occurs and may contrib¬ 
ute to lamb mortality. 

Tick-borne fever produces profound 
effects on immunologic defense systems. By 
impairing the function of neutrophils, the 
bacterium causes infected animals to become 
more susceptible to opportunistic infections. 
There is also a prolonged neutropenia lasting 
for 2 to 3 weeks combined with a thrombo¬ 
cytopenia. Up to 70% of the neutrophils are 
infected from the onset of the bacteremia. 
There is significant lymphocytopenia that 
develops 6 days after infection and that 
affects all T- and B-lymphocyte subsets. The 
antibody response of infected sheep to 
immunogens such as tetanus toxoid is also 
impaired. 

Field observations and experimental 
challenge have shown that infected lambs are 
more susceptible to disease and mortality 
from intercurrent infections. The ability of 
an infection with A. phagocytophilum to pre¬ 
dispose to secondary disease varies with the 
strain of the organism, which may explain 
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why secondary complications are not 
observed in all flock infections with tick- 
borne fever. There is a clear relationship 
between infection with A. phagocytophilum 
and susceptibility to infection with S. aureus 
and the resultant disease tick pyemia. This is 
established both by epidemiologic and 
experimental studies. 

Concurrent infection of sheep with the 
agent of tick-borne fever potentiates the 
pathogenicity of louping-ill virus in experi¬ 
mental infections, resulting in more severe 
disease and a higher mortality rate. Both dis¬ 
eases are transmitted by I. ricinus. However, 
in areas where both diseases are endemic, 
colostral immunity will delay infection of 
lambs with the louping-ill virus until the 
second year of exposure to the vector tick 
while allowing infection with tick-borne 
fever. Simultaneous primary infection with 
both agents may be uncommon in nature. 

Infection also facilitates invasion and sys¬ 
temic mycotic infection with Rhizomucor 
pusillus, resulting in diarrhea and dysentery 
and a high mortality rate. Concurrent exper¬ 
imental infection of sheep with A. phagocy¬ 
tophilum and Chlamydia psittaci results in 
chlamydial pneumonia, and simultaneous 
infection with parainfluenza-3 (PI-3) virus 
potentiates the pathogenic effect of PI-3 
virus. The immunosuppressive effect of tick- 
borne fever is believed to have resulted in the 
exacerbation of latent Brucella abortus in a 
naturally occurring abortion outbreak in 
cattle. Concurrent infection of tick-borne 
fever and Listeria monocytogenes or Pasteu- 
rella hemolytica promotes the respective sep¬ 
ticemic disease in lambs. 

CLINICAL FINDINGS 

Disease is generally benign, but infection can 
produce abortion and can cause significant 
loss of weight in lambs and calves. 

Cattle 

In cattle, there is an incubation period of 5 
to 9 days followed by a rise in temperature to 
about 40.5° C (105°F), which persists for 2 to 
12 days and for a longer period in late preg¬ 
nant cows than in lactating cows. The tem¬ 
perature falls gradually and is followed by a 
secondary febrile period and, in some cases, 
yet further episodes of pyrexia. During each 
febrile period there is a marked fall in milk 
yield, lethargy, polypnea, and, in experimen¬ 
tally produced cases, a mild cough, although 
feed intake is not reduced. The fall in milk 
production can be severe and may be the 
first indication of infection. 30 Pregnant cattle 
in the last 2 months of pregnancy and placed 
on tick-infected pastures for the first time 
commonly abort, and occasionally animals 
die suddenly. The abortions occur shortly 
after the systemic disease. Some calves are 
born alive, but they are weak and soon die. 

In a recent outbreak affecting four dairy 
cows in Germany, clinical findings included 
high fever, decreased milk production, lower 


limb edema with stiff walking, eye and nasal 
discharge, and depression. These signs devel¬ 
oped about a week after the animals had 
been brought to the pasture for the first time. 
All cows recovered after 5 to 15 days, 
although DNA of A. phagocytophilum could 
be detected by real-time PCR (qPCR) up to 
6 weeks after onset of the disease. 22 

Sheep 

In sheep, the syndrome is similar to that 
observed in cattle, except that respiratory 
distress is not observed. However, there can 
be marked differences in clinical manifesta¬ 
tion, neutropenia, and antibody response 
with different variants of A. phagocytophi¬ 
lum. An experimental infection of mature 
sheep in western United States generally 
resulted in a subclinical disease. 23 Con¬ 
versely, sheep experimentally infected in the 
United Kingdom developed primary bacte¬ 
remia (bacterial DNA) lasting for over 2 
weeks and accompanied by fever, followed by 
secondary and recurrent cycles of bactere¬ 
mia each lasting for 1 to 3 days without 
fever. 24 The sheep remained persistently 
infected for up to 358 days. The red deer may 
be a reservoir for sheep in Norway. 25 

The reaction in young lambs is quite mild 
and manifested only by a fever, which fluctu¬ 
ates between 40° (104.0°F) and 42°C 
(107.6°F) for up to 10 days. Ewes exposed to 
the disease for the first time commonly expe¬ 
rience outbreaks of abortion, and affected 
rams are temporarily infertile. 

Abortion is a major manifestation in 
northern Spain, whereas in the Scandinavian 
countries the main consequence of infection 
is immunosuppression leading to secondary 
infections with S. aureus (tick pyemia) and P. 
hemolytica. 

Goats 

Tick-borne fever in goats is characterized by 
high fever, dullness, and tachycardia. 

Horses 

See the section on equine granulocytic ana- 
plasmosis later in this chapter for a descrip¬ 
tion of the disease in horses. 

CLINICAL PATHOLOGY 

At the commencement of the fever there is 
severe but transient thrombocytopenia, and 
this is followed by more prolonged neutrope¬ 
nia and lymphocytopenia. The anaplasmae 
are demonstrable in the neutrophils and 
monocytes during each febrile period and for 
a few days afterward in cattle and for several 
weeks in sheep; they can be detected as intra- 
cytoplasmic inclusion bodies or morulas in 
Giemsa-stained blood smears and confirmed 
by electron microscopy or PCR. 26 

Several PCR techniques (conventional, 
nested, or real-time) for the identification of 
A. phagocytophilum infection in blood and 
tissue samples have been established, pri¬ 
marily on the basis of the 16S rRNA, groEL, 


and p44 genes. 7 In China, the rapid and 
simple loop-mediated isothermal amplifica¬ 
tion (LAMP) assay targeting the msp2 gene 
of A. phagocytophilum was found to have a 
high level of sensitivity comparable to that of 
nested PCR and qPCR for the detection of 
the organism in rural human patients. 27 

Serologic diagnosis is possible using 
counterimmunoelectrophoresis, which 
detects IgM antibody, or indirect immuno¬ 
fluorescence using cytospin preparations of 
blood granulocytes, which detects IgG. Anti¬ 
body is at a high level at the second week 
after experimental infection with both tests 
and is detectable for 6 to 8 weeks with coun¬ 
terimmunoelectrophoresis and for at least 18 
weeks with the indirect fluorescent antibody 
test. ELISA is also available for serologic 
diagnosis. A commercial ELISA kit is avail¬ 
able for rapid in-house identification of A. 
phagocytophilum antibodies in dogs, but the 
kit can be used for horses and possibly 
sheep. 28 ' 29 

Transmission of the disease for diagnosis 
may be affected by the IV injection of blood 
taken at the height of the fever. 

NECROPSY FINDINGS 

An enlarged spleen, up to 4 to 5 times the 
normal size, with subcapsular hemorrhages 
is indicative of tick-borne fever in sheep in 
endemic areas. Histologically, the only char¬ 
acteristic lesion is a depletion of lymphocytes 
from lymphoid tissues. 

Multifocal leukomalacia (spongy change 
of white matter) and swelling of oligoden¬ 
drocytes have been reported in the brain of 
aborted lambs, probably the result of fetal 
anoxia. 


DIFFERENTIAL DIAGNOSIS 


The geographic restriction of the disease and 
its relation to tick infestation are diagnostic 
features, but the clinical signs are quite 
nonspecific. Lesions attributable to concurrent 
bacterial, mycotic, and viral infections may 
overshadow the primary disease in sheep and 
are more likely to be the cause of death. 

The disease in cattle has some similarity to 
bovine petechial fever (Ondiri disease), 
associated with E. ondiri, which occurs only in 
Kenya. 


TREATMENT 














The best results are with tetracyclines, 
although cattle may recover without therapy. 
In sheep, a single dose of long-acting tetra¬ 
cyclines (20 mg/kg IM) or a 5-day course 
with oxytetracycline (10 mg/kg IV daily) 
given during the acute phase of the disease is 
effective in treatment, but infection is not 
eliminated in a significant proportion of 
sheep. In goats, good results are provided by 
a single dose of oxytetracycline (10 mg/kg 
BWIV). A potentiated sulfonamide contain¬ 
ing trimethoprim and sulfadimidine, and 
sulfamethylphenazole (20, 50, and 50 mg/kg, 
BW respectively) were used in the past; 
ampicillin is ineffective. The Anaplasma 
organisms persist in treated animals, which 
may subsequently suffer a relapse. 

CONTROL 

Control of tick-borne fever depends on 
control of the tick population. The annual 
dipping of ewes with organophosphates or 
synthetic pyrethroid acaricides will help 
reduce tick numbers, and the double dipping 
of lambs during the tick season will help 
reduce disease in the lambs but can be diffi¬ 
cult to achieve in the terrain and with the 
management practices of affected areas. 
Disease is reduced if the flock can be kept off 
the tick-infested pastures until the lambs are 
6 weeks old and if the flock is dipped before 
introduction to the pasture. In some areas it 
may be possible to reduce tick numbers by 
pasture management systems that disturb 
the pasture microclimate required by the 
tick. In Norway, frequent pour-on applica¬ 
tions of pyrethroids in lambs reduced tick 
infestation rate but did not reduce the sero- 
prevalence of A. phagocytophilum on tick- 
infested pasture. 30 Furthermore, frequent use 
of chemical acaricides has led to growing 
concerns about environmental safety, human 
health, increasing costs, and increasing resis¬ 
tance of ticks to pesticides. Studies on the 
biological control of ticks are ongoing. Vac¬ 
cines against ticks and/or against A. phago¬ 
cytophilum are also being studied. 

The disease can be more severe when 
adult animals are exposed to infection for the 
first time, and naive late-pregnant cattle 
should not be introduced to tick-infested 
pastures during the tick-rise periods. A 
single administration of 20 mg/kg of long- 
acting tetracycline is reported to provide 
protection against experimental challenge 
for periods up to 3 weeks. The prophylactic 
administration of long-acting tetracycline 
to lambs and to calves during the season of 
tick activity is reported to reduce mortality 
and improve growth rates over untreated 
controls. 
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ANAPLASMOSIS DUE TO 
A. MARGINALE AND A. OVIS 


SYNOPSIS 


Etiology Anaplasma marginale, a rickettsial 
bacterium in cattle and wild ruminants, and 


A. ovis in sheep and goats. A. centrale 
causes mild anaplasmosis in cattle. 

Epidemiology Common in tropical and 
subtropical regions; sporadic in temperate 
regions. Carrier animals are the source of 
infection. Disease transmitted by ticks, 
mechanically by tabanid vectors, 
iatrogenically, and transplacentally. Disease 
can be endemic in tick areas or sporadic in 
interface regions between endemic and 
free areas. 

Clinical findings In cattle, death or severe 
debility, emaciation, anemia, and jaundice 
are the major clinical signs. The disease is 
usually subclinical in sheep and goats. 

Clinical pathology Anemia, demonstration 
of organism in red cells by microscopy, 
fluorescent stains or polymerase chain 
reaction (PCR), serology. 

Necropsy findings Anemia and attendant 
findings. Demonstration of organism. 

Diagnostic confirmation Detection of the 
organism in blood smears, positive 
serology, PCR, and in some circumstances 
positive transmission tests. The sensitivity in 
a group of animals can be increased by 
using parallel blood smears, serologic tests, 
and PCR tests. 

Treatment Clinical cases treated with 
tetracycline, imidocarb, or enrofloxacin. 
Blood transfusion. Carrier state not readily 
eliminated by treatment with tetracycline. 

Control Tetracycline provides temporary or 
prolonged protection in face of an 
outbreak. Vaccination with killed A. 
marginale vaccine or live A. centrale 
vaccine used in endemic areas along with 
vector control. In nonendemic areas, 
serologic identification of carriers and 
culling or treatment of reactors. Prevention 
of iatrogenic transmission. 


ETIOLOGY 

The genus Anaplasma (Rickettsiales: Ana¬ 
plasmataceae) contains obligate intracellular 
gram-negative bacteria found exclusively 
within membrane-bound inclusions or vacu¬ 
oles in the cytoplasm of both vertebrate and 
invertebrate (tick) host cells. The genus 
includes A. marginale, A. centrale, A. bovis, 
and A. ovis, which are pathogens of rumi¬ 
nants; A. phagocytophilum, which affects a 
wide range of hosts, including humans, wild¬ 
life, and domesticated animals; and A. platys, 
which infects dogs. 1 A. marginale is the type 
species of the genus; it is transmitted by ticks 
and other vectors and was first described by 
Sir Arnold Theiler in South Africa at the 
beginning of the twentieth century. 

A. marginale is the causative agent of ana¬ 
plasmosis in cattle, buffalo, and wild rumi¬ 
nants, and A. ovis in sheep and goats. A. 
centrale is closely related to, or a subspecies 
of, A. marginale and causes mild anaplasmo¬ 
sis in cattle. It was originally isolated in 
Africa but has been introduced as an 
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immunizing agent in Australia, South 
America, and Asia. 

Molecular studies have identified and 
characterized several major surface proteins 
(MSPs) in A. marginale involved in interac¬ 
tions of the organism with both vertebrate 
and invertebrate hosts. 1 2 For example, 
MSP la is involved with adhesion to bovine 
erythrocytes and to tick cells, and it can be 
used as a genetic marker for identifying 
strains of A. marginale. 3 ” 4 Many geographic 
strains have been identified worldwide, and 
they vary in genotype, antigenic composi¬ 
tion, morphology, and infectivity for ticks. 1-2 
Another major surface protein, MSP2 is 
thought to be involved in antigenic variation 
to evade the mammalian host immune 
response, and it is also involved with infec¬ 
tion and survival in the tick vector, thus 
contributing to maintenance of persistent 
infections in both hosts. 1,5 Yet another 
protein, MSP4 is a stable marker for the 
genetic characterization of strains and does 
not undergo antigenic variation when cycling 
between tick and mammalian hosts. 6 

As for A. ovis affecting sheep, goats, and 
some wild ruminants, the MSP4 is also used 
for genetic characterization and differentia¬ 
tion from A. marginale and other rickettsial 
organisms.' Mongolian reindeer are also 
affected. 8 

EPIDEMIOLOGY 
Geographic Occurrence 

Anaplasmosis in cattle is common and 
worldwide in distribution, being present on 
all six continents, but at varying degrees 
even within countries. It is transmitted 
through tick bites or by the mechanical 
transfer of fresh blood from infected to sus¬ 
ceptible cattle from biting flies or by blood- 
contaminated fomites, including needles, 
ear-tagging, dehorning, and castration 
equipment. 9 Infection in cattle is endemic in 
tropical and subtropical areas that support 
large populations of these vectors, and preva¬ 
lence rates as high as nearly 80% have been 
reported in cattle 10 ” 12 and 40% in buffalo. 13 
Infection occurs more sporadically in tem¬ 
perate-climate areas where vectors are sea¬ 
sonal; prevalence rates can be as low as 15% 
in Iowa 14 and 0% to 2% in Canada. 11 ’ 

In the United States and in other coun¬ 
tries, the disease has occurred beyond the 
boundaries of tick-infested areas. Whereas 
anaplasmosis is enzootic throughout the 
southern Atlantic states, the Gulf Coast 
states, and many of the midwestern and 
western states, the disease occurs sporadi¬ 
cally in the northern states and extends to 
the Canadian provinces of Saskatchewan, 
Manitoba, Ontario, and Quebec. 15 

In Europe, anaplasmosis is endemic 
in the Mediterranean countries of Italy, 
Spain, and Portugal and has been advanc¬ 
ing northward in recent years, with sporadic 
cases in France, Switzerland, the Nether¬ 
lands, Hungary, and Austria. A clinical case 


of A. centrale infection has been reported 
in Italy. 16 

In Australia infection is closely related to 
the distribution of Boophilus microplus, 
which is restricted to the northern areas. 
Prevalence rates are negligible in cattle south 
of the tick line, but above the tick line the 
rates increase from south to north. Differ¬ 
ences in enzootic and epizootic areas in 
South America and Africa are also largely 
related to tick distribution and climate. 

In most countries there is wide geo¬ 
graphic variation in prevalence rates, and 
this variability contributes to the develop¬ 
ment of geographically stable or unstable 
enzootic regions. There is concern, and some 
evidence, that the global warming trend will 
expand the boundaries and movement of 
host ticks. 

Anaplasmosis of sheep and goats has a 
distribution similar to that of cattle, and in 
endemic areas the prevalence rate can be up 
to 100%. 17 ” 18 

Host Occurrence 

Cattle and buffalo are susceptible to A. mar¬ 
ginale and A. centrale and sheep to A. ovis. 
A. marginale will establish in sheep by exper¬ 
imental infection, but A. ovis will not infect 
cattle. A variety of species of wild ruminants 
can be infected and may have significance as 
reservoirs for A. marginale. In the United 
States the black-tail deer ( Odocoileus hemio- 
nus columbianus) in the West Coast region is 
believed to be a reservoir. In Canada, six of 
six free-ranging mule deer ( Odocoileus 
hemionus) from British Columbia tested 
positive for A. marginale by PCR, 19 and in 
Brazil, 79.3% of free-living and captive 
brown brocket deer ( Mazama gouazoubira) 
and marsh deer ( Blastocerus dichotomus) 
tested positive. 20 A number of species of 
antelope in Africa and deer in Europe play a 
similar role. 

As for A. ovis, potential wildlife reservoirs 
include the bighorn sheep ( Ovis canadensis ) 
and the mule deer in western United States,' 
the farmed white-tail deer in Indiana, 20 and 
the roe and red deer in Europe. 21 ” 22 

Source and Methods of Transmission 

The source of infection is always the blood of 
an infected animal. Recovery from acute 
infection results in persistent infection 
characterized by repetitive cycles of rickett- 
semia. Persistent carriers are the reservoir for 
herd infection. The level of parasitemia is 
often too low for detection by microscopy 
but can be detected by nucleic acid probe 
analysis. Transmission is biologically by ticks 
but can also occur transplacentally. Mechan¬ 
ical transmission is by biting flies or blood- 
contaminated fomites. 

Hematophagous Insect Transmission 

Spread from animal to animal occurs chiefly 
by insect vectors. A variety of arthropods 
may act as vectors, but significant natural 


vectors are ticks in the family Ixodidae and 
flies in the family Tabanidae. Of the ticks, 
the one-host Rhipicephalus ( Boophilus ) 
spp. are of major importance in tropical and 
subtropical regions, and the three-host Der- 
macentor spp. are of major importance in 
the western United States. 

The organism undergoes a complex 
developmental cycle in the gut cells of ticks, 
and the final infective stage is present in the 
salivary gland. Transstadial transmission of 
the organism occurs in ticks, but there is 
little evidence for transovarial transmission 
of A. marginale; however, it has been reported 
for A. platys. 23 Intrastadial transmission is 
significant with some species, and transmis¬ 
sion occurs as the ticks move from one host 
to another while they are engorging, includ¬ 
ing from cow to calf. Male D. andersoni can 
act as effective vectors in this manner for at 
least 120 days. 

There appears to be no developmental 
sequence oiAnaplasma spp. in flying insects. 
Tabanids are efficient mechanical vectors 
and can transmit infection for 2 hours after 
feeding. Sucking lice ( Haematopinus spp. 
and Linognathus spp.) have been identified as 
potential vectors of anaplasmosis in cattle, 
goats, and buffalo. 21 ” 25 The sheep keg 
[Melophagus ovinus) and deer keg ( Lipoptena 
cervi) are also potential mechanical vectors 
of A. ovis in sheep and deer, respectively. 22 
Nevertheless, tick-borne biological transmis¬ 
sion is probably most important and is at 
least two orders of magnitude more efficient 
than mechanical transmission by flies 26 
because the bacteria are able to undergo 
cyclical development and multiplication only 
in the tick. 

Over 20 species of tick have been incrimi¬ 
nated as vectors worldwide. In Australia the 
ticks Boophilus microplus and Rhipicephalus 
sanguineus are the vectors, and in South 
Africa it is B. microplus, B. decoloratus, and 
Rhipicephalus simus. In the United States 
Boophilus annulatus, Dermacentor ander¬ 
soni, D. variabilis, Argas persicus, biting flies 
of tabanid species, and eye gnats ( Hippelates 
pusio) also act as vectors. The male ticks of 
Dermacentor albipictus (the winter tick) and 
D. occidentalis (the Pacific Coast tick) para¬ 
sitize both deer and cattle and have been 
suspected as vectors. D. reticulatus is widely 
distributed in Europe, from the British Isles 
to Central Asia, and the males have been 
shown to be competent vectors. 6 

Iatrogenic Transmission 

Anaplasmosis may also be spread mechani¬ 
cally by infected hypodermic needles; by 
castrating, spaying, tattooing, ear-tagging, 
and dehorning instruments; and by blood 
transfusions and embryo transplants. In one 
study, iatrogenic transmission was detected 
in 6 of 10 steers sham-vaccinated with a 
needle fitted to a multiple-dose syringe. 2 ' The 
ease with which the infection is spread 
mechanically may vary with the virulence of 





the rickettsial strain, and this method of 
spread may be more important in some 
countries than others. Anaplasmosis may 
also be spread when cattle, used as donors of 
infected blood for immunization against 
babesiosis, are carriers of A. marginale, with 
the reaction occurring some 3 weeks later 
than that resulting from the babesia. 

Transplacental Transmission 

Intrauterine infection also occurs in cattle 
but much less frequently in field cases than 
in experimental ones. In one study involving 
beef cattle chronically infected with A. mar¬ 
ginale in southern Brazil, a transplacental 
infection rate of 10.5% was obtained from 30 
cows with no history of acute anaplasmosis 
during gestation. 28 Abortion, neonatal infec¬ 
tion, and fatal congenital infection have also 
been reported. 29 In ewes intrauterine infec¬ 
tion appears to occur with ease in experi¬ 
mental cases, provided the ewe is exposed 
during the latter two-thirds of pregnancy. 

Animal and Environmental 

Risk Factors 

Breed 

Bos ittdicus. Bos taurus, and their crosses 
have equal susceptibility to infection and 
show the same age susceptibility, but under 
field conditions B. indicus are not as com¬ 
monly affected, probably because of their 
relative resistance to heavy tick infestation. 
However, the effects of the disease on body 
weight and clinicopathological parameters 
are the same for the two races of cattle. 
Breeds with black or red coat color have a 
higher risk of infection than those with white 
coats in regions where biting flies are the 
insect vectors. Dairy breeds may be at greater 
risk for iatrogenic transmission. 

Nutritional Status 

Clinical disease is less severe in cattle on a 
low plane of nutrition. Exposure of infected, 
clinically normal animals to devitalizing 
environmental influences, particularly short¬ 
age of feed, and the presence of other dis¬ 
eases may result in the development of acute 
anaplasmosis. For example, cattle introduced 
into feedlots are highly susceptible, and out¬ 
breaks among them are not uncommon 2 to 
3 weeks after entry. 

Season 

In temperate climates a seasonal occurrence 
of disease occurs in association with seasonal 
occurrence of the insect vectors. Winter out¬ 
breaks are likely associated with iatrogenic 
transmission 9 or possibly the winter tick, D. 
albipictus. 

Age at Infection 

All cattle are susceptible to infection, but age 
at infection is a major determinant of the 
severity of clinical disease. Young calves are 
less susceptible to infection with A. margi¬ 
nale than older cattle and, when infected, are 
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less susceptible to clinical disease. The reason 
for this is not understood, but splenecto- 
mized calves are fully susceptible to infec¬ 
tion, which may be more severe than in the 
adult. Infection between 6 months and 3 
years of age has increasing risk of clinical 
illness. Animals infected for the first time 
after 3 years of age are commonly affected 
by a peracute and fatal form of the disease. 
The age-specific incidence of clinical disease 
recorded in an outbreak in the United States 
showed 81% of cases in cattle aged between 
2 and 4 years, with 94% of cases in cattle 3 
years of age or older. 

Geographic Region 
Clinical disease is rare in enzootic areas 
because the infection pressure is high and 
cattle are infected at an age when they are 
age-resistant to clinical disease. The average 
age at which calves in enzootic areas become 
infected is 11 weeks (range of 4 to 24 weeks), 
and the clinical and hematological changes 
in them are mild and brief. Animals that 
have become seronegative for whatever 
reason in an infected environment are fully 
susceptible to infection. Clinical disease 
occurs where there is introduction of sus¬ 
ceptible animals into endemic areas or the 
expansion of the vector population into pre¬ 
viously free areas or into the interface 
between endemic and nonendemic regions. 

Case-fatality rates are usually high in out¬ 
breaks, but the mortality rate varies widely 
depending on susceptibility and may be 50% 
or more in cattle introduced to enzootic 
areas. Case-fatality rates of 29% to 49% are 
recorded in outbreaks in the United States; 
recovered animals are emaciated, and there 
is a prolonged convalescence. 

Pathogen Risk Factors 

Phylogenetic analysis of the MSPla of A. 
marginale worldwide supports the existence 
of clades, and their evolution is linked to eco¬ 
logical traits affecting the tick vector perfor¬ 
mance. 1 Consequently, some strains evolved 
under conditions that support pathogen bio¬ 
logical transmission by R. microplus, whereas 
other strains may be linked to transmission 
by other tick species or to mechanical trans¬ 
mission in regions where R. microplus is cur¬ 
rently eradicated. 1 

Australian isolates do not appear to differ 
significantly in antigenicity or virulence. In 
contrast, in other countries there can be 
significant differences between isolates in 
antigenic composition, the protection 
afforded against heterologous challenge, and 
virulence. 

It has been demonstrated that the phe¬ 
nomenon of infection exclusion occurs with 
A. marginale. Infection of tick cells and 
bovine erythrocytes with one genotype of A. 
marginale excludes infection with other gen¬ 
otypes. In herds of cattle from endemic areas 
where many genotypes are detected, only 
one genotype is found per animal. 


Furthermore, cattle inoculated with two A. 
marginale isolates become infected with only 
one isolate. However, concurrent strain 
infections (superinfections) have been 
reported. For example, experimental infec¬ 
tion with a low-pathogenic strain of A. mar¬ 
ginale did not prevent infection with a highly 
pathogenic isolate; instead, it provided clini¬ 
cal protection against the highly pathogenic 
strain. 30 Similarly, A. cenfra/e-vaccinated 
cattle can be superinfected with field strains 
of A. marginale because they differ in their 
MSP2 genes. 31 Furthermore, superinfection 
with A. marginale is associated with a signifi¬ 
cant increase in variant diversity, and high 
levels of endemicity also drive pathogen 
divergence toward greater strain diversity. 32 

Economic Importance 

Costs are from death and abortion in clinical 
cases, loss of production in sick and recov¬ 
ered animals, and costs associated with pre¬ 
ventive measures such as tick control. There 
have been no recent estimates of cost, but 
anaplasmosis was estimated to cost $875 
million in Latin American nations in 1977 
and $300 million per year in the United 
States in 2003. 

In developed countries with the disease, 
exports of cattle to countries that do not have 
it are constrained. A major cost in develop¬ 
ing countries is the constraint on efficient 
production and the limit to the introduction 
of susceptible cattle breeds with superior 
genetics. 

Experimental Reproduction 

Anaplasmosis can be reproduced experi¬ 
mental my subinoculating infected blood 
intravenously into intact or preferably sple- 
nectomized susceptible animals or by feeding 
infected ticks on them. 

PATHOGENESIS 

Anaplasma are obligate intraerythrocytic 
bacteria. They infect mature erythrocytes by 
an endocytic process that possibly involves 
the twin- arginine translocation (Tat) pathway, 
which exports fully folded proteins out of the 
cytoplasm of the bacteria with the type IV 
secretion system (T4SS). 33-34 Inside the eryth¬ 
rocyte, bacterial reproduction occurs by 
binary fission to produce two to eight infec¬ 
tive initial bodies that leave by exocytosis to 
infect other erythrocytes. The number of 
infected erythrocytes doubles every 24 to 48 
hours, and the infection becomes patent 2 to 
6 weeks after infection, with the time frame 
influenced by the initial challenge dose. 
Depending on the strain and the susceptibil¬ 
ity of the host, from 10% to 90% of erythro¬ 
cytes may be infected in the acute stage of the 
disease. At least 15% have to be infected 
before there is clinical disease. Infected 
erythrocytes are removed by phagocytosis in 
the reticular endothelial system, with release 
of acute-phase inflammatory reactants and 
the consequent development of fever. 
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Continued erythrocyte destruction 
occurs, resulting in the development of mild 
to severe anemia and icterus without hemo- 
globinemia or hemoglobinuria. Anaplasmo- 
sis is primarily an anemia, with the degree 
of anemia varying with the proportion of 
infected erythrocytes. The first appearance of 
the bacteria in the blood coincides with a fall 
in the hematocrit and erythrocyte levels, the 
appearance of immature erythrocytes in 
blood smears, and the development of fever. 
Acutely affected animals may die shortly 
after this phase is reached. The appearance of 
anti-erythrocyte antibodies late in the acute 
stage may exacerbate the anemia. 

If the animal recovers from the initial 
acute attack, the disease goes into the sub¬ 
acute and chronic phase. The degree of 
anemia varies widely in young cattle up to 3 
years of age but is always severe in adults and 
in splenectomized animals. Cattle that 
survive the disease become carriers for life 
and serve as reservoirs of A. marginale 
because they provide a source of infective 
blood for both mechanical and biological 
transmission by ticks. They have lifelong 
immunity and are resistant to clinical disease 
on challenge exposure. 

Carrier animals have cycles of parasit¬ 
emia associated with the development of 
new antigenic variants to allow new cycles of 
invasion, multiplication, and destruction 
approximately every 10 to 14 days. In the 
carrier animal, the concentration of infected 
erythrocytes varies markedly at bimonthly 
intervals from 10 3 to 10 5 infected cells/mL of 
blood, much lower than in the acute phase. 9 

Each cycle reflects the emergence of one 
or more clones that express a unique, hyper¬ 
variable region (HVR) of MSP2 and MSP3. 35 
These “escape variants” are not recognized by 
antibody present at the time of emergence. 
As the new variants replicate, a new variant- 
specific antibody controls them. This cycle 
continues unabated, allowing lifelong persis¬ 
tent A. marginale infection. 5,36 It is believed 
that IgG-2 antibody is responsible for con¬ 
trolling the initial acute bacteremia and the 
subsequent peaks of bacteremia that arise 
during persistent infection, and that the anti¬ 
body acts either by neutralizing extracellular 
bacteria in the process of invading new 
erythrocytes or by opsonizing bacteria that 
are then targeted for phagocytosis. 37 The 
process is not sufficient to clear infection, 
and cattle remain persistently infected for 
life. Another factor that may contribute to 
persistence is the rapid deletion of antigen- 
specific CD4+ T lymphocytes following 
infection and the failure to establish a strong 
memory T-cell response during the course of 
the disease. 38-39 

CLINICAL FINDINGS 
Cattle 

There are few recent reports on clinical find¬ 
ings during outbreaks of bovine anaplas- 
mosis. The incubation period varies with 


the challenge dose but is generally several 
weeks with tick-borne infection and 1 to 5 
weeks with the inoculation of blood. In most 
cases the disease is subacute, especially in 
young animals. Rectal temperature rises 
rather slowly and rarely to above 40.5° C 
(105°F). It may remain elevated or fluctuate 
with irregular periods of fever and normal 
temperature alternating for several days to 2 
weeks. Anorexia is seldom complete. Death 
can occur at this stage, but many survive in 
an emaciated condition, and their fertility is 
impaired. The mucous membranes are jaun¬ 
diced and show marked pallor, particularly 
after the acute stage is passed, but there is no 
hemoglobinuria. 

Peracute cases, with a sudden onset of 
high fever, anemia, icterus, severe dyspnea, 
and death, often within 24 hours, are not 
uncommon in adult dairy cows. Affected 
animals are often hyperexcitable and tend to 
attack attendants just before death. Pregnant 
cows frequently abort. In convalescent bulls 
there may be depressed testicular function 
for several months. 

In a recent outbreak in Hungary, two of 
five acutely affected cattle died, but the herd 
had concurrent infection with other patho¬ 
gens. 40 A fatal congenital infection in a 
2-day-old calf was associated with bovine 
viral diarrhea virus infection in South 
Africa. 29 In another case, clinical anaplasmo- 
sis was diagnosed in a 15-year-old cow, 13 
years after eradication of the main vector 
Rhipicephalus microplus in Okinawa, Japan, 
implying that the cow was a long-time per¬ 
sistent carrier. 41 

Sheep and Goats 

In sheep and goats, infection is usually sub- 
clinical, but in some cases, particularly in 
goats, a severe anemia may occur, and a clini¬ 
cal picture similar to that found in cattle may 
be seen. Severe reactions of this type in goats 
are most frequent when the animals are suf¬ 
fering from concurrent disease. Goats may 
show hyperexcitability and may bite at inani¬ 
mate objects. The experimental disease in 
lambs includes fever, constipation or diar¬ 
rhea, pale and icteric conjunctivae, and 
severe anemia 15 to 20 days after inocula¬ 
tion. The anemia is not completely resolved 
in 3 to 4 months. 

CLINICAL PATHOLOGY 
Hematology 

Anaplasmosis in cattle, sheep, and goats is 
characterized initially by normocytic nor¬ 
mochromic anemia, which becomes macro¬ 
cytic normochromic as the disease develops. 
Erythrocyte destruction may be so severe 
that the erythrocyte count is reduced to 1.5 
million/pL. Immature red cells are common 
at this stage, and their presence is considered 
to be a favorable sign. The small dot-like bac¬ 
teria are discernible at the periphery of up to 
10% of the red cells in subacute cases, but in 
peracute cases more than 50% of the cells 


may be infected. A. ovis are usually situated 
at the periphery of erythrocytes, but as many 
as 40% of infested cells may show submar¬ 
ginal organisms. Reticulocytosis and baso¬ 
philic stippling are usually evident. 42 Packed 
cell volume and red blood cell count were 
found to be the most informative parameters 
in the routine clinical practice for A. ovis 
infection in sheep. 43 

Diff-Quik staining of blood smears is as 
accurate as Giemsa in the detection of A. 
marginale and can be completed in 15 
seconds compared with nearly an hour for 
Giemsa. There are no diagnostic clinical 
chemistry findings, but as evidence of oxida¬ 
tive stress, levels of erythrocyte lipid peroxi¬ 
dation (LPO) and plasma nitrate (NO) may 
be elevated during the acute phase. 44 Con¬ 
centrations of acute phase proteins (Hp, 
SAA, ceruloplasmin, and fibrinogen) may 
also be elevated. 45 

SEROLOGY 

Several serologic tests have been employed 
for epidemiologic studies of bovine anaplas¬ 
mosis, but the two currently preferred 
for identifying infected animals are the 
competitive ELISA and the card agglutina¬ 
tion test. 46 

The competitive enzyme-linked immu¬ 
nosorbent assay (cELISA) is the most accu¬ 
rate serologic test currently available for 
anaplasmosis; it uses a monoclonal antibody 
specific for MSP5. 9 However, it cannot dif¬ 
ferentiate between A. marginale and some 
other Anaplasma species, because they all 
possess the MSP5 antigen. A dot-ELISA with 
high sensitivity, specificity, and predictive 
value is also described and could be particu¬ 
larly applicable to field examinations. For 
further details, please see Aubry. 9 

The card agglutination test (CAT) 
examines serum or plasma for antibodies 
against A. marginale. It is cheap, quick, and 
sufficiently accurate to be used as a herd test. 
Currently, in most countries, the card agglu¬ 
tination and complement fixation tests are 
routinely available. 

The complement fixation test (CFT) 

used to be the standard test for the detection 
of carrier animals. It is satisfactory for use in 
cattle, goats, and sheep, but the antibody titer 
is highest during the active phase of the 
disease and sufficiently low in carrier animals 
to give a proportion of false-negative results. 
False-positive reactions can occur because of 
erythrocyte contamination of the A. margi¬ 
nale antigen and the presence of antibodies 
to erythrocytes in some cattle sera. 

A number of other tests have been 
developed. A capillary tube agglutina¬ 
tion test of comparable efficiency is avail¬ 
able, is more economical and faster than the 
CFT, and is particularly suited to testing in 
extensive field situations. An indirect fluo¬ 
rescent antibody test (IFAT) is also accu¬ 
rate and particularly suitable for testing 
blood that has been dried onto paper 
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for passage through the mail. It is also an 
accurate test for selecting recently affected 
animals. 

A rapid lateral flow assay (LFA) has been 
developed that is a useful tool for screening 
cattle moving from an area with infection to 
a disease-free area. 4 ' The assay can be carried 
out in 10 to 15 minutes, it requires no expen¬ 
sive equipment, and it is comparable to labo¬ 
ratory tests in its performance. Vaccinated 
animals may react to all of the serologic tests 
for periods of over 1 year. 

Molecular Methods 
Molecular methods can now be used to 
detect low levels of bacteremia and to dif¬ 
ferentiate A. marginale from other species. 48 
The PCR assay is more sensitive than other 
methods in detecting anaplasmosis, espe¬ 
cially in latent infections. 49 Nested PCR pro¬ 
cedures showed bacteremia with a sensitivity 
of 50 infected erythrocytes per milliliter or 
as few as 10 copies of A. marginale . 50-51 Fur¬ 
thermore, a multiplex PCR assay has been 
developed for the simultaneous detection of 
Theileria annulata, Babesia bovis, and A. 
marginale in cattle, 52 and the assay was suc¬ 
cessfully used to detect A. marginale, Babesia 
bigemina, and B. bovis during an outbreak of 
tick-borne diseases in southern Brazil. 53 PCR 
assay can also be used to detect infected 
ticks. 

Transmission to splenectomized animals 
is used to detect carriers and to assess the 
efficacy of treatment or vaccination. It has 
been the gold standard for the demonstra¬ 
tion of A. marginale-iree blood, but it is 
expensive and is now largely replaced by 
PCR in most countries. 

NECROPSY FINDINGS 

The most obvious findings are emaciation, 
pallor of the tissues, and thin, watery blood. 
There is mild jaundice, and the liver is 
enlarged and orange. The kidneys are con¬ 
gested, and there may be myocardial hemor¬ 
rhages. The spleen is enlarged, with a soft 
pulp. The bone-marrow cavity may be red¬ 
dened by increased hematopoietic tissue in 
acute cases, but there may be serous atrophy 
of marrow fat in chronic cases. Postmortem 
identification of A. marginale can be estab¬ 
lished by staining blood smears with Giemsa 
or with direct fluorescent stains. Peripheral 
blood is superior to organ smears. Brain 
smears are unsatisfactory. The technique is 
applicable to fetuses suspected of being 
aborted as a result of infection with Ana- 
plasma spp. Nucleic acid-based tests may be 
used but are rarely needed for routine diag¬ 
nosis at necropsy. 

Samples for Confirmation 
of Diagnosis 

• Clinical pathology—blood smears from 

cut surface of an ear (CYTO, FAT) 

• Flistology—fixed spleen, liver, bone 

marrow 


DIFFERENTIAL DIAGNOSIS 


Other causes of hemolytic anemia 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Oxytetracycline (6 to 10 mg/kg IM daily for 3 
days, or 20 mg/kg IM single dose) (R-1) 

Imidocarb (5 mg/kg IM twice, 7 days apart) 
(R-2) 

Enrofloxacin (12.5 mg/kg SC twice, 48 hours 
apart) (R-1) 

Control 

Killed A. marginale vaccine (2 doses 4 weeks 
apart, then a booster) (R-1) 

Live A. centrale vaccine (single dose, 
preferably in yearlings) (R-2) 

Live A. marginale vaccine (single dose, 
yearlings only) (R-3) 

Attenuated A. marginale vaccine (R-4) 

Cell-culture live A. marginale vaccine (R-2) 


Treatment is with tetracyclines, imidocarb, 
or enrofloxacin. Treatment of clinical 
disease can be with oxytetracycline, 6 to 
10 mg/kg BW daily for 3 days, or a single 
injection of long-acting oxytetracycline at a 
dose of 20 mg/kg intramuscularly (IM). The 
convalescent period is long, and animals 
remain persistently infected. Concurrent 
administration of estradiol cypionate 
(14.3 mg/kg BW IM) appears to improve the 
rate of recovery by reducing rickettsemia 
during treatment. Blood transfusions are 
indicated in animals with a PCV less than 
15%. Rough handling must be avoided. 

Imidocarb (5 mg/kg BW IM twice, 7 
days apart) is also an effective treatment for 
clinical cases but does not eliminate persis¬ 
tence. 54 The drug is not approved for use in 
the United States and Europe because it is a 
suspected carcinogen. 

Enrofloxacin (12.5 mg/kg BW SC twice, 
48 hours apart) is effective, but it also results 
in persistent infection. At 7.5 mg/kg BW it 
provided faster reduction of rickettsemia and 
PCV recuperation compared with long-act¬ 
ing oxytetracycline at 20 mg/kg BW. 55 

The risk for infection in the rest of the 
herd should be assessed and, if necessary, 
temporary or prolonged protection should 
be provided. Protection can be provided by 
tetracyclines or by vaccination. 

Temporary protection in the face of an 
exposure risk can be achieved with a single 
intramuscular injection at 20 mg/kg BW of 
long-acting tetracycline. The results gener¬ 
ally are good except when the cattle are 
exposed to infection during the 14 days 
before the treatment. Prolonged protection 
can be achieved by intramuscular injection 
at 20 mg/kg BW of long-acting tetracycline 


every 28 days or by chlortetracycline in the 
feed at 1.1 mg/kg BW daily. 

Elimination of infection is difficult but 
not impossible. A trial testing the ability of 
chlortetracycline therapy to eliminate the 
carrier state examined three doses (4.4 mg/ 
kg per day, 11 mg/kg per day, and 22 mg/kg 
per day) of oral chlortetracycline fed for 80 
days. 56 A negative reverse-transcription PCR 
assay result was confirmed in all treated 
groups within 49 days and by cELISA some 
additional 49 to 88 days later. Subinoculation 
of splenectomized steers confirmed chemo- 
sterilization with oral chlortetracycline. 56 

CONTROL 

Methods for the control of anaplasmosis 
have not changed greatly over the past 
several decades. Basically, the control and 
prevention measures include (1) mainte¬ 
nance of Anaplasma-iree herds through 
import and movement control, testing, and 
elimination of carrier cattle; (2) vector 
control; (3) prevention of iatrogenic trans¬ 
mission; (4) administration of antibiotics; 
and (5) preimmunization with live vaccines 
and immunization with killed vaccines. 9 The 
eradication of anaplasmosis is not a practi¬ 
cable procedure in most countries at the 
present time because of the wide range of 
insects capable of carrying the disease, the 
long period of infectivity of carrier animals, 
and, in some areas, the presence of carriers 
in the wild animal population. 

In enzootic areas some benefit is derived 
from the control of ticks and other vectors, 
and weekly dipping in an acaricide has been 
used in tropical areas to control this and 
other tick-borne diseases. However, acari¬ 
cide use has limited efficacy in reducing tick 
infestations and is often accompanied by 
serious drawbacks, including the selection of 
acaricide-resistant ticks, environmental con¬ 
tamination, and contamination of milk and 
meat products with drug residues. Conse¬ 
quently, the possibility of vector vaccines 
that target tick proteins is now being investi¬ 
gated. 5 ' Such vaccines can reduce tick feeding 
and reproduction, and they also reduce the 
infection and transmission of pathogens 
from the tick to the vertebrate host. A recom¬ 
binant trial vaccine against the tick-protec¬ 
tive antigen subolesin has the potential not 
only to control tick infestation of cattle, but 
also infection with multiple pathogens such 
as A. marginale and Babesia bigemina , 58 ~ 59 

General Measures 

Prior serologic testing should prevent the 
introduction of the disease into herds by 
carrier animals. Attention should also be 
given to preventing iatrogenic transmission 
with instruments used for injections or sur¬ 
gical operations by disinfection after use on 
each animal. This is particularly important in 
feedlots where introduced groups are often 
subjected to multiple vaccinations and 
implantation at a time when their resistance 
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is lowered by transport and change of feed. 
On such occasions, iatrogenic transmission 
can be greatly reduced by single-use needles 
or needle-free administration systems for 
parenteral administration of vaccines or 
antimicrobials. 2 ' 

Movement of Animals 

Naive animals that are to be introduced into 
an enzootic area should be vaccinated. Some 
advantage can be gained when introducing 
animals into an enzootic area by limiting the 
introductions to animals of less than 2 years 
of age and by bringing them in when the 
insect population is least numerous. 

Elimination of Carriers 

Elimination of carriers is feasible in regions 
that are subject to only periodic incursions 
of infection and that do not have endemic 
tick vectors. It can be achieved by serologic 
testing and culling of reactors or by treating 
them with oral oxytetracycline over a pro¬ 
longed period of time as outlined earlier. 56 

Outbreaks 

If an outbreak does occur, affected animals 
should be treated vigorously as described 
previously and in-contact animals vacci¬ 
nated and/or placed on a regimen of pro¬ 
longed tetracycline protection. Subsequently, 
all exposed animals should be tested sero¬ 
logically and the reactors treated or prefera¬ 
bly salvaged. Prolonged treatment regimens 
can be used to provide protection to cattle in 
seasonal risk periods of transmission. 

Chemotherapy 

Chemotherapy for control is more com¬ 
monly used in the United States than in other 
areas of the world. It can be of value in 
feedlot cattle but is not applicable to range 
cattle. It is expensive and carries the risk of 
causing selection of resistant strains. 

Vaccination 

Vaccines for the control of anaplasmosis are 
either live or killed vaccines. Both types use 
A. marginale or A. centrale from infected 
bovine erythrocytes, and although both 
types induce protective immunity that 
reduces or prevents clinical disease, neither 
type prevents cattle from becoming persis¬ 
tently infected with A. marginale. Cattle that 
have recovered from acute infection or have 
been immunized with killed vaccines are 
solidly protected against challenge with the 
homologous strain but are only partially pro¬ 
tected against challenge with heterologous 
strains. 

Most control programs in enzootic areas 
are based on increasing the resistance of the 
population by immunization. In any vacci¬ 
nation program, particular attention should 
be paid to the animals at high risk, particu¬ 
larly animals brought in from nonenzootic 
areas, those in surrounding similar areas to 
which infection may be spread by expansion 


of the vector population under the influence 
of suitable climatic conditions, and animals 
within the area that are likely to be exposed 
to climatic or nutritional stress. 

Killed Vaccines 

Killed A. marginale are usually in an adju¬ 
vant vehicle. The vaccine requires two doses, 
4 weeks apart, with the last dose given at least 
2 weeks before the vector season. Subse¬ 
quently, booster doses should be given 2 
weeks before the next vector season. The 
vaccine does not prevent infection but does 
significantly reduce the severity of the 
disease. It does have the advantage over the 
other vaccines of having a relatively short 
postvaccination period when animals remain 
positive to serologic tests. The duration of 
the immunity is at least 5 months. 

There is a risk for neonatal isoerythroly- 
sis. The risk can be reduced by vaccinating 
only empty cows and avoiding unnecessary 
booster injections. When this vaccine is used 
in the face of an outbreak, tetracyclines can 
also be given to provide temporary protec¬ 
tion during the period of development of 
immunity; tetracyclines do not interfere with 
the development of this immunity. 

Preliminary reports of the efficacy of 
DNA vaccines are not encouraging. 

Live Vaccines 

A living A. centrale vaccine is used exten 
sively in Australia, Africa, Israel, and Latin 
America, but not in the United States, and 
there is some reluctance to introduce it into 
areas where A. centrale does not already 
occur. 

Living A. centrale vaccine is prepared 
from the blood of infected splenectomized 
donor calves and is stored chilled or frozen. 
The vaccine causes a mild, inapparent 
disease, but it can cause severe reactions in 
occasional animals. It is generally safe in 
young cattle. A single vaccination is used 
in endemic areas, and the immunity is rein¬ 
forced by continuous challenge and consid¬ 
ered to persist for life in tick areas. A. centrale 
and A. marginale share immunodominant 
epitopes and have similar antigenic variation 
in major surface proteins, both of which play 
a role in the cross-immunity that occurs. 60 
The immunity induced by the live A. centrale 
vaccine in cattle does not prevent subsequent 
infection with A. marginale by the infection 
exclusion phenomenon because both differ 
in their MSP2 genes.’ 1 

The efficacy of this vaccine varies geo¬ 
graphically. Vaccination with A. centrale 
reduces the severity of the reaction when 
infection with A. marginale occurs but does 
not give absolute protection. Protection 
against challenge in Australia is adequate in 
most cases, and certainly sufficiently effec¬ 
tive enough to justify its use. In contrast, the 
use of the same vaccine in countries other 
than Australia, where there are more anti- 
genically diverse and highly virulent strains, 


is often inadequate, and better vaccines are 
required. 

Tetracyclines will prevent establishment 
of infection and immunity by the vaccine 
and should not be administered for 3 weeks 
before vaccination. 

Living A. marginale has been used as a 
vaccine but its administration is limited to 
the relatively resistant age group below 1 year 
of age, to the winter months when vectors are 
sufficiently rare to avoid the chance of spread 
to other age groups, and to circumstances 
where animals that react severely can be 
restrained and treated adequately. The 
method has the serious disadvantage of cre¬ 
ating a large population of carrier animals 
that may subsequently spread the disease. 

Attenuated vaccines have been attempted 
by irradiating strains, by passage of the 
organism through sheep or deer, and by the 
use of naturally low-virulence isolates. 
Although most have been received with 
initial enthusiasm, some have proved ineffec¬ 
tive, and others have been associated with 
adverse reactions. Some are effective against 
strains in some geographic regions but give 
unsatisfactory protection against clinical 
disease in other regions. 

Problems With Live Vaccines 

All vaccines currently must be produced in 
live animals, which is expensive. With noni- 
nactivated vaccines, there is a risk of trans¬ 
mitting blood-borne viruses. In Australia, a 
single calf infected with bovine leukosis virus 
was unsuspectingly used in the production 
of A. centrale vaccine. The contaminated 
vaccine was given to 22,627 cattle in 111 
herds and resulted in a high rate of infection 
with bovine leukosis virus in the vaccinated 
cattle. 

A cell-culture system has been developed 
for propagation of A. marginale in a continu¬ 
ous tick cell line derived from embryonic 
Ixodes scapularis. Recently, protective immu¬ 
nity was induced by immunization with a 
live, cultured A. marginale strain. 61 Vacci¬ 
nated calves had a stable PCV and low bac¬ 
teremia following challenge with a virulent 
strain, whereas A. centrale only afforded 
partial clinical protection. Important fea¬ 
tures of this cell-culture candidate vaccine 
are that it carries no risk of biological 
transmission, it can be easily distinguished 
from field strains, and only one dose is 
required. 

Studies are ongoing for the development 
of safe and effective subunit vaccine 
containing epitopes critical to effective 
immunity. Whereas blood-derived whole- 
outer-membrane (OM) preparations and 
cross-linked surface proteins provide the 
best protection from high-level bacteremia 
and anemia, 62 they may not be practical for 
large-scale production. Recombinant pro¬ 
teins, DNA vaccines, and killed preparations 
of A. marginale, including inactivated cell- 
culture-derived organisms, have failed to 
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recapitulate the protection seen with OM- 
based vaccines. 61 

The ideal vaccine for anaplasmosis in 
cattle (as well as in sheep and goats) would 
be one that prevents infection, induces pro¬ 
tective immunity, and possibly blocks bio¬ 
logical transmission from the tick to the 
vertebrate host. 9 However, further research is 
needed to achieve this goal. 
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pathogens and immune dysregulation: implications 
for bacterial persistence. Comp Immunol Microbiol 
Infect Dis. 2012;35:241. 

Howden KJ, et al. An update on bovine anaplasmosis 
( Anaplasma marginale ) in Canada. Can Vet J. 
2010;51:837. 
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EQUINE GRANULOCYTIC 
ANAPLASMOSIS (EQUINE 
GRANULOCYTIC EHRLICHIOSIS, 
ANAPLASMA 
PH A GOCYTOPHIL UM) 

Anaplasma phagocytophilum causes disease 
of horses, humans, dogs, cattle, cats, and 
other mammalian species. It is characterized 
in horses by fever, depression, limb edema, 
icterus, and ataxia. 1 The disease is described 
here with emphasis on that occurring in 
horses. See the next section, “Tick-Borne 
Fever,” for a description of the disease in 
other species. 2 

ETIOLOGY 

The disease in horses is associated with infec¬ 
tion by A. phagocytophilum , the same agent 
that causes human granulocytic ehrlichiosis 
(HGE). The organisms Ehrlichia equi, E. 
phagocytophilum, and the HGE agent are 
now classified as A. phagocytophilum , 3 The 
variety of species affected and geographic 
distribution of the disease suggests strains of 
A. phagocytophilum of varying pathogenicity 
and host specificity. A. phagocytophilum is a 
recognized cause of tick-borne fever in 
sheep, goats, cattle, horses, dogs, cats, roe 
deer, reindeer, and humans in Europe and 
elsewhere. 4 ' 5 Infection of some domestic and 
wild ruminants, including deer, does not 


Amyloidoses 


induce clinical signs, which could be a result 
of host susceptibility, the strain of the organ¬ 
ism, or combinations of both. 

There are multiple strains of A. phagocy¬ 
tophilum, and each has a distinct host tropism 
(reservoir host and vector), with disease 
being associated with infection of nonhost 
species (dogs, horses, and humans) by patho¬ 
genic strains of the organism. 6-8 Strains of A. 
phagocytophilum that cause disease in dogs 
and horses in southern Sweden differ slightly 
in their genetic composition from isolates 
derived from North America. Similarly, 
nucleotide sequences of strains of A. phago¬ 
cytophilum from the West Coast of the United 
States differ from those of strains originating 
from the East Coast. Strains of A. phagocyto¬ 
philum in the western United States varying 
in their pathogenicity in horses, with strains 
isolated from horses with the disease (and 
from chipmunks and tree squirrels) produc¬ 
ing severe disease in horses, whereas a strain 
derived from woodrats does not cause disease 
in horses. 6,8 There is genetic variability in 
strains capable of causing disease in horses 
demonstrated in Germany and the Czech 
Republic. 9,10 The organism can be isolated 
from lizards, which are believed to be the host 
in a reptile-tick-reptile cycle. 

A. phagocytophilum is an obligate intra¬ 
cellular bacterium that replicates in cells 
derived from the bone marrow 
(granulocytes). 

EPIDEMIOLOGY 

Distribution 

The disease in horses occurs in the Americas 
(the United States, including California, 
Washington, Oregon, Minnesota, Wiscon¬ 
sin, and the southeastern and the northeast¬ 
ern states; and Brazil), France, Italy, 
Switzerland, Sweden, Germany, Poland, the 
Czech Republic, the Netherlands, and the 
United Kingdom. 9,11-14 

The prevalence of horses with serum 
antibodies to E. equi (A. phagocytophilum ) in 
endemic areas of California is 10%, com¬ 
pared with 3% in areas where the disease is 
uncommon. On farms where the disease 
occurs frequently, 50% of horses have serum 
antibodies to E. equi (A. phagocytophilum). 
Approximately 18% of horses in areas of the 
upper Midwest of the United State in which 
Ixodes spp. ticks are endemic have antibodies 
to E. equi (A. phagocytophilum), whereas 4 % 
of horses in areas in which the tick does not 
occur are seropositive. In a convenience 
sample of 96 horses in the Czech Republic, 
73% were seropositive (indirect fluorescent 
antibody testing). 1 '’ A survey of 563 horses in 
Lazio region of Italy (near Rome), where the 
disease in horses occurs, revealed a serop- 
revalence of 0.3%, whereas 41 of 300 (13%) 
of horses from Latium, Umbria, and Marche 
in central Italy were seropositive by immu- 
nofluorescent antibody testing for antibodies 
to A. phagocytophilum, and 20 (6%) were 
PCR positive. 14 
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There is extensive evidence of exposure of 
dogs to A. phagocytophilum and of disease 
consistent with granulocytic ehrlichiosis; 16 
47% of dogs in endemic areas in California 
have antibodies to E. equi (A. phagocytophi¬ 
lum), and some show clinical signs consis¬ 
tent with the disease. There is evidence of 
widespread infection of other species with 
the organism; 0.2% of 2725 serum samples 
from cattle in California had detectable anti¬ 
bodies to A. phagocytophilum, and 43% to 
96% of deer and moose, respectively, in 
Norway are seropositive. Serologic evidence 
of infection is widespread in Europe. 4 
However, demonstration of antibodies in 
serum by surveys does not provide informa¬ 
tion on the pathogenicity of the infecting 
strains of A. phagocytophilum (which can 
vary widely in their capacity to produce 
disease). 

Anaplasma and Ixodes Ecology 

A. phagocytophilum is maintained by a cycle 
of infection of particular host species, includ¬ 
ing wild cervids or, in apparently separate 
cycles, small mammals such as the white¬ 
footed mouse and dusky-footed woodrat in 
the United States and hedgehogs in Europe, 
and specific vector species of ticks. 6,7,17 ' 19 The 
tick-host-tick sylvatic cycles are now being 
identified, and there appears to be multiple 
such cycles, with more than one cycle (i.e., 
different host) being possible in a geographic 
area. Infection of horses, dogs, and humans, 
which are not part of the natural cycle of the 
organism, occurs through the bite of A. 
phagocytophilum-miected ticks. 

The organism is transmitted by hard ticks 
that are members of the Ixodes persulcatus 
complex, which includes Ixodes pacificus, 
Ixodes scapularis, and Ixodes ricinus. Trans- 
stadial, but not transovarial, transmission 
occurs. The tick vectors of A. phagocytophi¬ 
lum pass through four stages in their life 
cycle: egg, larva, nymph, and adult. Matura¬ 
tion from larva to nymph, maturation from 
nymph to adult, and egg laying all require the 
ingestion of a blood meal. Because trans¬ 
ovarial transmission of infection does not 
occur, larvae or uninfected nymphs become 
infected by feeding on an infected mammal. 
The engorged and infected immature tick 
then dismounts and matures to the next life 
stage away from a mammalian host. When 
the immature tick reaches the nymph or 
adult stage, it again seeks a mammalian host. 
Transmission of the infection from the tick 
to a mammal occurs through feeding of an 
infected nymph or adult on a susceptible 
host. 

Environmental factors that affect the type 
of host species, its density in a particular 
area, and the number and activity of ticks are 
likely important in determining risk of infec¬ 
tion of nonhost species (e.g., horses). 
Changes in local vegetation, such as that pro¬ 
duced by clearing of forest and subsequent 
regrowth, can influence host and vector pop¬ 


ulation densities and hence risk of transmis¬ 
sion of the agent to nonhost species. 20 

Animal Risk Factors 

Horses that have not been exposed to A. 
phagocytophilum are susceptible to infection 
and disease. There is a marked seasonality of 
the disease in California, with most cases 
occurring in late autumn, winter, and spring. 
This seasonality likely correlates with the 
well-documented changes in populations of 
various stages of the vector ticks and host 
mammals. 18 

Horses of any age are susceptible, 
and there is no apparent breed or sex 
predisposition. 

Infection in horses is followed by a solid 
immunity, and recovered animals are resis¬ 
tant to the disease for at least 20 months, 
although it is suggested that reinfection and 
disease can occur. Serum antibodies persist 
for at least 300 days after infection in some 
horses but decrease to low levels in most 
horses by 200 days after infection. 

Transmission 

As discussed previously, transmission is 
through the bite of an infected tick. Trans¬ 
mission through use of blood-contaminated 
veterinary equipment or by blood transfu¬ 
sion is possible, with the latter being used to 
induce disease in experimental challenges. 
Perinatal transmission of A. phagocytophi¬ 
lum is reported in humans. 

Morbidity and Mortality 

The case-fatality rate is low, approximately 
4%, and deaths of horses with uncomplicated 
disease are rare. 

Zoonotic Potential 

There is no evidence that infection spreads 
directly from infected horses or dogs to 
humans. However, dogs have been suggested 
to be sentinel animals, in that humans in 
areas in which dogs have a high prevalence 
of antibodies in serum to A. phagocytophi¬ 
lum might be at increased risk of infection 
from bites of infected ticks. 

PATHOGENESIS 

Following experimental infection, horses 
have organism detectable by PCR beginning 
5 days after infection, with development of 
fever and depression 7 to 8 days after infec¬ 
tion. Inclusions in granulocytes are detect¬ 
able beginning 9 days after infection, at 
which time there is edema of the limbs. The 
organism incites a proinflammatory cascade 
after infection; administration of dexameth- 
asone, which inhibits this inflammatory 
cascade, diminishes the severity of the 
disease in experimentally infected horses. 21 

The disease in horses is associated with 
rapid changeover of expressed p44 genes 
such that there is marked antigenic varia¬ 
tion in the major surface protein, p44, during 
infection in an animal. The rapid changeover 


of expression of p44 is attributed to devel¬ 
opment of specific antibody to the hyper¬ 
variable region of p44. Infection in sheep 
results in immune suppression secondary 
to granulocytic and lymphocytic leukope¬ 
nia, impaired antibody production, reduced 
lymphocyte response to mitogens, and a 
decreased oxidative burst activity of neutro¬ 
phils. The prominent clinical sign of edema 
is likely related to the vasculitis that is char¬ 
acteristic of the disease. 

CLINICAL SIGNS 

The incubation period for the spontaneous 
disease is less than 2 weeks. Subclinical infec¬ 
tions are believed to be common, based on 
the number of horses with serologic evi¬ 
dence of infection but no history of disease. 

Clinically there is high fever of 40° to 
42°C (104° to 107°F) followed by mucosal 
pallor, jaundice, anorexia, depression, 
increased respiratory movement, incoordi¬ 
nation and reluctance to move, and, after 3 
to 4 days, edema and heat of the extremities. 
There can be petechial hemorrhages on 
mucosal membranes and pleural or perito¬ 
neal effusion. Edema persists for 7 to 10 days, 
and clinical signs resolve in 14 days. Clinical 
disease is more severe in horses over 3 years 
of age and is minor in young horses. Severely 
affected horses can have signs consistent 
with neurologic disease, including ataxia, 
defects in conscious proprioception, and 
recumbency. 22 

Arrhythmias can occur during the acute 
phase of the disease. Chronic infection and 
disease is not recognized. 

Death of an experimentally infected 
horse within 2 days of development of clini¬ 
cal signs was associated with disseminated 
intravascular coagulation. 23 

CLINICAL PATHOLOGY 

There is commonly mild anemia and leuko¬ 
penia. Thrombocytopenia is common in the 
acute stage of the disease. There are no con¬ 
sistent serum biochemical abnormalities. 

Positive identification of the disease is 
made on the presence of inclusion bodies 
(morulae) in the cytoplasm of neutrophils 
and eosinophils. Careful and protracted 
microscopic examination of a blood smear, 
stained with Giemsa, may be necessary to 
identify the inclusions (morulae). The inclu¬ 
sions are apparent as pleomorphic bodies of 
a blue-gray color, often in a spoke-wheel for¬ 
mation, in the cytoplasm of granulocytes. The 
number of infected cells can be quite small, 
and examination of a buffy-coat preparation 
may increase the sensitivity of the test. 

Diagnosis is achieved through use of a 
PCR test to identify A. phagocytophilum 
DNA in blood samples of infected horses and 
by demonstration of an increase in antibody 
titer detected by indirect fluorescent anti¬ 
body staining. However, antibody titers are 
low to undetectable in approximately 44% of 
horses at the onset of clinical signs, and they 





reach a maximum within 1 month of 
infection. 

An ELISA that detects antibodies against 
the p44 surface antigen of A. phagocytophi- 
lum is suitable for use in dogs and horses. 
Evaluation of one commercial version of this 
test did not support its clinical use. 24 

NECROPSY EXAMINATION 

At necropsy there are petechiae and edema 
of the legs, and at histologic examination 
there is vasculitis. There are often inflamma¬ 
tory lesions in the brain, heart, and kidneys. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses include the following: 

• Equine infectious anemia, which has a 
much more protracted course and does not 
respond to treatment 

• Purpura hemorrhagica, which is often 
associated with infectious upper respiratory 
tract disease 

• Liver disease 

• Viral encephalitis 

• Equine herpesvirus-1 myeloencephalopathy, 

• Rabies 

• Botulism 

• Equine viral arteritis 


TREATMENT 


TREATMENT 


Treatment of equine granulocytic 
anaplasmosis: 

• Oxytetracycline 7 mg/kg q 12 to 24 hours 
for 5 to 7 days (R1) 


The specific treatment is oxytetracycline 
(7 mg/kg BWIV, every 24 hours) for approx¬ 
imately 5 to 7 days. Penicillin, streptomycin, 
and Chloromycetin are not effective. The 
response to treatment with oxytetracycline is 
rapid; the fever is reduced or eliminated in 
12 to 24 hours, and signs of the disease 
resolve within 5 to 7 days in most horses. 
Inclusion bodies are difficult to find 24 hours 
after beginning treatment. Without treat¬ 
ment the disease is usually self-limiting to 
2 to 3 weeks. 

CONTROL 

There is no vaccine, and specific control 
measures cannot be recommended at this 
time, although minimizing access of ticks to 
horses would appear prudent. There is no 
need to isolate infected horses. 

FURTHER READING 

Dziegiel B, Adaszek L, Kalinowski M, Winiarczyk S. 
Equine granulocytic anaplasmosis. Res Vet Sci. 
2013;95:316-320. 

Pusterla N, Madigan JE. Equine granulocytic 
anaplasmosis. / Equine Vet Sci. 2013;33:493. 
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EPERYTHROZOONOSIS 


SYNOPSIS 


Etiology Hemotrophic mycoplasmas 
(previously Eperythrozoon species) 

Epidemiology Subclinical infection common; 
clinical disease precipitated by stress. 
Horizontal transmission by blood. Vertical 
transmission important in swine. 

Clinical findings Acute icteroanemia or 
chronic ill-thrift in sheep and swine. 
Reproductive inefficiency and neonatal 
anemia in swine. Syndromes in cattle less 
defined. 

Clinical pathology Anemia and bilirubinemia. 
Blood smear for parasite in early disease. 
Serology useful as flock/herd test. 
Polymerase chain reaction (PCR). 

Treatment Tetracyclines, organic arsenicals. 
Control Nonspecific. Prophylactic 
administration of tetracyclines. 


ETIOLOGY 

The disease is associated with hemotrophic 
mycoplasmas, formerly thought to be rick¬ 
ettsial parasites and classified as Eperyth¬ 
rozoon. They infect a range of mammalian 
species and cannot be grown in culture. 
Species in farm livestock that have been 
associated with disease are Mycoplasma 
{Eperythrozoon) ovis in sheep, M. suis in 
swine, and M. wenyonii in cattle. Additional 
forms have been identified in sheep and 
cattle, designated Candidatus Mycoplasma 
haemobovis and Candidatus Mycoplasma 
haemovis, respectively, and the taxonomy of 


the hemotrophic mycoplasmas is a work in 
progress. 

EPIDEMIOLOGY 

Occurrence 

Eperythrozoonosis occurs in sheep, swine, 
cattle, and llamas, with the greatest clinical 
occurrence and importance in swine and 
sheep. Latent eperythrozoonosis also occurs 
in several species of deer, elk, and goats. The 
organisms appear species specific, although 
M. ovis has been transmitted from sheep to 
goats, identified in a number of species of 
farmed and free-ranging deer, 1,2 and detected 
by PCR of the blood of a Texas veterinarian. ’ 
Three distinct species of hemotrophic myco¬ 
plasmas, including two novel species, have 
been identified by PCR in white-tailed deer 
in the United States. 4,5 The distribution is as 
follows: 

• Sheep. Eperythrozoonosis of lambs 
associated with M. ovis is recorded in 
Africa, Iran, the United States, Canada, 
Great Britain, France, Norway, Germany, 
Poland, Eastern Europe, Australia, and 
New Zealand 

• Pigs. Also known as infectious anemia 
of pigs, the disease is recorded mainly in 
the United States, Canada, Great Britain, 
and continental Europe. 

• Cattle. Eperythrozoonosis in cattle is 
widely distributed, with reports from 
North and South America, Africa, 
Australasia, the British Isles, continental 
Europe, and the Middle East. 

• Llamas. Infection with Eperythrozoon 
spp. is reportedly widespread in llamas in 
the United States. Infection has been 
detected in animals that also had other 
disease problems or as the result of 
specific survey studies, and it is likely that 
the organism acts primarily as a 
secondary opportunistic pathogen in 
llamas. 

Source and Transmission 

The reservoir of infection is the persistently 
infected animal, and the disease can be 
transmitted by any mechanism that transfers 
infected blood. In sheep it is thought that the 
minimal infective dose is one parasitized 
erythrocyte. Horizontal and vertical trans¬ 
mission are possible. 

Sheep 

The method of natural spread of the infec¬ 
tion in sheep is probably via biting insects. 
Serologic studies in Australian sheep show 
that the prevalence of farms with infection is 
high and that spatial differences are probably 
a result of differences in vector occurrence. 
In an infected flock or herd, the disease can 
also be spread by management practices that 
transfer infected blood. In sheep, these 
include vaccination, ear-tagging, shearing, 
and mulesing, although these risk factors 
have not been associated with infection in 
any epidemiologic studies. 
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Pigs 

Skin parasites and blood-contaminated 
needles and instruments have been shown to 
transmit disease in swine. Transplacental 
transmission is also important in swine. 

Host and Pathogen Risk Factors 

Seasonal differences in disease prevalence 
occur, being more common in the summer 
and autumn. This corresponds to increased 
vector populations but also to weaning of 
lambs and management procedures that may 
encourage spread, such as the multiple use of 
needles for vaccination. Regional differences 
in the clinical severity of the disease has led 
to postulations of differences in virulence 
between strains of the organism. There 
may also be genetic difference in host sus¬ 
ceptibility, and field observations are that the 
Merino is more susceptible to infection and 
disease. The increased scrutiny of isolates 
using PCR has identified novel strains of 
hemotrophic Mycoplasma in many animal 
species, some of which are yet to be con¬ 
firmed as new species. 

Many studies suggest that subclinical 
infection is common and that the develop¬ 
ment of clinical disease requires the presence 
of some other debilitating factor or stress for 
disease to occur. In Merino sheep this may 
be the stress of weaning, suboptimal nutri¬ 
tion, and intercurrent gastrointestinal nema¬ 
tode infections. Viral infections with porcine 
reproductive and respiratory syndrome 
(PRRS) and swine influenza appear to pre¬ 
dispose its occurrence in swine. 

Intercurrent infections of hemotrophic 
Mycoplasma with other blood parasites, such 
as Anaplasma, are recorded in association 
with severe disease in sheep and cattle. 6-7 
However, a phenomenon known as interfer¬ 
ence, in which infection with one blood para¬ 
site protects against another, has been noted 
with Theileria and hemotrophic Mycoplasma 
in cattle. 8 

PATHOGENESIS 

Following experimental infection there is a 
variable prepatent period, usually 1 to 3 
weeks, which is followed by a period of 
intense parasitemia. Ring-form, coccoid, and 
rod-shaped organisms are evident in stained 
blood smears. The organism is epicellular, 
infecting the surface and periphery of 
erythrocytes, and is also found free in the 
plasma in blood examinations. 9 There is a 
profound hypoglycemia during the parasit- 
emic phase, which is believed to be a result 
of direct consumption of glucose by the par¬ 
asite. The period of intense parasitemia lasts 
for a period of 5 to 10 days, following which 
visible organisms in the blood become much 
less frequent and anemia develops. Parasit¬ 
ized erythrocytes are removed from the cir¬ 
culation by the spleen. It is believed that the 
parasite alters the erythrocyte membrane, 
exposing new antigenic determinants 
and stimulating the development of 


antierythrocyte antibodies. 9 The severity and 
duration of the anemia vary between indi¬ 
viduals, but the disease commonly lasts from 
1 to 2 months. Upon recovery there may be 
further cycles of parasitemia and anemia, 
which are less severe. Sheep that develop a 
high antibody titer tend to rapidly clear the 
Parasitemia, whereas sheep that have a 
poorer antibody response tend to show per¬ 
sistent parasitemia and recurrent episodes of 
anemia. Once an animal is infected, it is 
probably infected for life. 

CLINICAL FINDINGS 
Sheep 

Sudden death and deaths associated with 
exercise, accompanied by hemoglobin¬ 
uria and icterus, may be a feature in some 
sheep and some outbreaks, but, more com¬ 
monly, the disease is manifest with fever and 
depression followed by the development of 
anemia, exercise intolerance, and ill-thrift. 
In some cases, it may be the principal cause 
of ill-thrift in lambs. There is reduced wool 
growth, and in the experimental disease in 
lambs at pasture, a retardation of growth of 
up to 2 kg has been recorded 5 weeks after 
infection. Lambs suckled by infected ewes are 
passively immunized via the colostrum until 
weaning. 

Pigs 

Acute icteroanemia is the classical syndrome 
and occurs in feeder pigs. It is characterized 
by weakness of the hind legs, mild fever 
(40° C; 104°F), increased pulse rate, pallor of 
the mucosae, and emaciation. Jaundice is a 
frequent but inconsistent feature of the 
disease. Case fatality is high, and death 
occurs 1 to 5 days after the onset of clinical 
signs. Although once quite common, the 
prevalence of this form has decreased, pos¬ 
sibly as a result of the use of feed additives 
containing arsenicals and effective ectopara¬ 
site control. 

Another manifestation includes anemia 
and weakness in neonatal pigs accompanied 
by low piglet viability, affecting several litters. 
Affected pigs are pale and lethargic, and 
there is marked variation in birth weight 
within affected litters. Low-birth-weight 
piglets die shortly after birth. The anemia 
increases in severity between birth and 
weaning age, the pigs have skin pallor and 
exercise intolerance, and there is consider¬ 
able variability in weaning weights. The syn¬ 
drome may or may not be accompanied by 
reproductive inefficiency characterized by 
delayed estrus cycles and embryonic death. 
Anemia, jaundice, and poor growth rate can 
also present primarily in weaner pigs. 

Subclinical infections associated with 
subclinical anemia are reported to result in 
reproductive failure, anestrus and delayed 
estrus, reduced sow body condition, 
increased susceptibility to enteric and respi¬ 
ratory disease, and failure of feeder pigs to 
gain weight at the expected rate. 


Cattle 

Clinical disease has been considered uncom¬ 
mon and has largely been a problem in cattle 
that have been splenectomized for experi¬ 
mental use, with disease occurring 1 to 4 
weeks after the splenectomy. However, clini¬ 
cal disease is recorded in adult commercial 
dairy cattle manifest with lassitude, stiffness, 
pyrexia, diarrhea, hindlimb and udder 
edema, and a fall in milk production, with 
one reported case clustered 5 days on either 
side of vaccination against bluetongue 
virus. 10 

Eperythrozoonosis has also been associ¬ 
ated with a syndrome occurring in heifers in 
early to midlactation, during late summer 
and early autumn, in which there was fever, 
swelling of the teats and the hindlimbs, 
lymph node enlargement, and a fall in milk 
production. Signs of infection resolved in 7 
to 10 days, regardless of treatment. A similar 
transient disease occurring in the spring and 
summer months, and manifest with scrotal 
and hindlimb edema and infertility, has been 
associated with eperythrozoonosis in young 
bulls. 

CLINICAL PATHOLOGY 
Blood Smears and Hematology 

The presence of the organism can be estab¬ 
lished by examination of a blood smear taken 
during a clinical episode and when the 
animal has fever. In countries where there is 
no serologic test available this may be the 
only method of diagnosis. Parasitemia is 
most intense before the development of clin¬ 
ical anemia and appears as 0.5- to 1.0-mm, 
coccoid, rod- or ring-shaped basophilic par¬ 
ticles on red cells or free in plasma. Parasit¬ 
emia is difficult to detect once clinical signs 
of disease are evident and very difficult in 
chronic disease. It is recommended that 
blood samples from a number of animals in 
the group be examined if eperythrozoonosis 
is suspected. 

Lowered values for hemoglobin and 
packed cell volume (PCV) are evident on 
hematological examination of clinically 
affected animals, and there is marked red cell 
anisocytosis and polychromasia with baso¬ 
philic stippling and the presence of many 
Howell-Jolly bodies in sheep. A profound 
hypoglycemia may be demonstrated, and 
there are elevated concentrations of uncon¬ 
jugated and total bilirubin. 

Polymerase Chain Reaction 

The development of conventional and real¬ 
time PCR assays now offers a more precise, 
sensitive, and efficient diagnostic method, 
with many animals negative on blood smears 
being positive on the PCR test. 10 

Serology 

Sheep 

The complement fixation test and indirect 
fluorescent antibody test (IFA) have been 
used. With the complement fixation test, sera 
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from affected animals give positive reactions 
on the third day of clinical illness, remain 
positive for 2 to 3 weeks, and then gradually 
revert to negative. Chronic carriers of the 
disease are usually negative reactors. The IFA 
or ELISA tests are more suitable for serologic 
studies because infected animals remain 
seropositive for significantly longer periods. 

Pigs 

The indirect hemagglutination test and 
ELISA test can be used in swine and are of 
value in herd diagnosis but may not detect 
infection in an individual pig, especially 
those under 3 months of age. Experimental 
challenge of splenectomized piglets may be 
used to determine the presence of infection. 
PCR may resolve laboratory diagnostic 
problems. 

TREATMENT 

A single intramuscular injection of tetracy¬ 
cline or oxytetracycline (3 mg/kg BW or 
more) is an effective treatment in sheep, with 
clinical improvement occurring in 24 hours 
in the early stages of the disease. Chronic 
infections are less responsive. Treatment of 
affected lambs with neoarsphenamine 
(30 mg/kg BW) or Antimosan (6 mg/kg BW 
antimony) is effective in relieving clinical 
illness but does not completely eliminate the 
parasite. Imidocarb dipropionate also is 
effective in treatment, but recrudescence at 2 
to 4 weeks is common. 

CONTROL 

Control of disease in sows and neonates has 
been reported with the inclusion of chlortet- 
racycline in the sow feed at 300 g/ton or by 
intramuscular administration of oxytetracy¬ 
cline to sows at 14 and 7 days before the 
expected farrowing date. Tetracyclines can 
also be used in feed or by in-line water medi¬ 
cation in feeder pigs. With large flocks of 
sheep in enzootic areas, reinfection or recru¬ 
descence occurs so quickly that control 
by treatment may be an unwarranted 
expenditure. 

In confined swine operations, the detec¬ 
tion of carrier pigs by PCR, and their subse¬ 
quent removal, has been proposed as a 
possible control procedure. 

FURTHER READING 
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BOVINE PETECHIAL FEVER 
(ONDIRI DISEASE) 

Bovine petechial fever is a rickettsiosis of 
cattle caused by Ehrlichia (Cytoecetes) ondiri. 
The disease occurs in the highlands of Kenya 
and Tanzania at altitudes of 1500 to 3000 m, 
although it is considered likely to occur in 
neighboring countries with similar topogra¬ 
phy. Characteristically, bovine petechial 
fever occurs in cattle that break out from 
fenced pastures and graze adjacent forest or 
bushland areas, or when they are grazed on 
these areas at the end of the dry season. It 
also occurs in cattle that have been recently 
introduced to these areas, and indigenous 
cattle appear to acquire resistance. Epidemics 
occur in cattle imported to infected areas and 
last 1 to 2 months, involving 60% to 80% of 
the group and resulting in significant losses. 
However, no outbreak has been reported for 
over a decade. 

Infection can be experimentally trans¬ 
mitted to cattle, sheep, goats, wildebeest, 
impala, duiker, bushbuck, and other wild 
ruminants, but natural disease is seen only in 
cattle. E. ondiri infection is believed to be 
endemic in wild ruminants, especially bush- 
buck and duiker, and the disease sporadically 
spills into cattle grazing forest edges or 
scrubs. The vector is not known, although 
epidemiologic findings suggest a tick vector 
of restricted distribution. 

The disease in cattle is characterized by 
high fever and widespread petechial hemor¬ 
rhages in mucous membranes for periods up 
to 10 days; epistaxis, melena, and unilateral 
conjunctivitis occur in more severely affected 
animals. The eyeball is tense, protruding 
through swollen, everted conjunctival sacs as 
the so-called “poached-egg eye.” Pregnant 
animals may abort, and there is a fall in milk 
production for several weeks in lactating 
animals. Anemia may be severe enough to 
result in death 3 to 4 weeks after infection. 
There is a profound lymphocytopenia by the 
second day of infection, followed by leuko¬ 
penia and thrombocytopenia. The organism 
can be demonstrated in granulocytes and 
monocytes in Giemsa-stained blood smears 
during the febrile period, but it cannot yet be 
cultured. Serology (indirect fluorescent anti¬ 
body test) can be carried out to detect anti¬ 
bodies against E. ondiri. 

Grossly, the main lesions of ondiri disease 
are widespread petechial hemorrhages and 
enlarged, congested lymph nodes. In severe 
cases, death is often a result of severe hemor¬ 
rhages into the lungs and airways. Abomasal 


mucosa is edematous, and the contents of the 
ileum and colon are tarry. Differential diag¬ 
nosis includes other hemorrhagic diseases 
of cattle, such as acute trypanosomiasis, 
acute theileriosis, hemorrhagic septicemia, 
bracken fern poisoning, Riff valley fever, and 
heartwater. 

Tetracyclines are effective in treating 
early experimental cases but are ineffec¬ 
tive in advanced cases. Recovered animals 
may be latently infected and are immune 
to reinfection for at least 2 years. Control 
is by avoiding grazing cattle in forest edges 
and in paddocks with patches of thick 
scrub. 

FURTHER READING 
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MYCOPLASMA SUIS 
INFECTION IN PIGS 

Mycoplasma suis causes anemia, fever, and 
icterus in pigs and was formerly called 
Eperythrozoon sui; it is a member of the Mol- 
licutes family. The classical disease is now 
called infectious anemia of pigs. The original 
descriptions of the condition had two pos¬ 
sible causes, E. suis and E. parvum. Cur¬ 
rently, on the basis of 16S rRNA, E. suis is 
classified as M. suis within the Mycoplasma 
genus. Pigs infected with E. parvum have 
only mild disease. In a recent study 1 in Brazil, 
a novel species was discovered, and by PCR 
this showed 98% to 99% matched identity to 
Candidatus M. haemominutum and is likely 
to be E. parvum. 

This disease is probably greatly underdi¬ 
agnosed because of the difficulties in diagno¬ 
sis. A recent study in China showed a heavy 
infection rate in swine workers (32/65), 2 and 
it is now being isolated from diseased 
humans. Outbreaks of hemotropic myco¬ 
plasma infection have been recorded in 
Mongolia. 3 It can cause acute and chronic 
infections. 

ETIOLOGY 

M. suis is a rod-shaped, coccoid, or ring-like 
bacterium, about 0.2 to 2.0 um in diameter. 
It is seen attached to the surface of red blood 
cells (RBCs), but recent studies have shown 
that it can also invade RBCs and live in vacu¬ 
oles or free in the cytoplasm. 4 It has not yet 
been cultured, but the genome has been 
sequenced. ' It exists in two clusters, a North 
American/European form and a Chinese 
form, 6 and these were also found in wild boar 
in Germany.' 
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Chapter 11 


Diseases of the Hemolymphatic and Immune Systems 


EPIDEMIOLOGY 

The disease can be found in all ages of pigs. 
Maternally derived antibody may play a part 
in preventing or delaying infection. 

It is probably found worldwide in pigs, 
but few surveys have been carried out. It has 
been found in Brazil 8 and has also been 
found in deer. 9 In affected herds, it is usually 
widespread and may cycle in waves through 
the herd. It was found in 13.9% of feeder 
pigs, and 40.3% of pig farms were positive in 
Germany. 10 The morbidity can be 10% to 
60%, and the mortality can reach 90% in an 
acute outbreak in very young pigs. 

Transmission is via blood and blood 
components by licking, biting, cannibalism, 
urine discharges, and other biological com¬ 
ponents containing blood. It is probably 
transmitted by biting flies, mosquitoes, and 
hypodermic needles. Transplacental infec¬ 
tion has been suggested but not proven. The 
carrier state probably also exists. 

Predisposing factors may include 
immune-modulating viruses such as porcine 
reproductive and respiratory syndrome 
(PRRS) virus, porcine circovirus type II 
(PCV-2), and possibly simian immunodefi¬ 
ciency virus (SIV). Other factors may include 
increased arthropod activity and periods of 
stress, such as farrowing and weaning. 

PATHOGENESIS 

Initially, there is a heavy bacteremia, with 
colonization of the surface of the RBCs aided 
by a surface protein of the M. suis. The RBCs 
are then recognized as abnormal by the 
spleen and removed from circulation, adding 
to the anemia. The degree of anemia is 
closely related to the load of M. suis on the 
RBCs. The bacteria are also capable of pen¬ 
etrating the cell by an unknown method, 4 
and this may be the means of their persis¬ 
tence as an infection because they can then 
evade host defense mechanisms, increase 
virulence, and reduce antimicrobial efficacy. 

It is thought that the M. suis uses the 
erythrocyte glucose for its own metabolism 
and by damaging the cell membrane induces 
production of auto-agglutinins favoring 
removal of these cells by the phagocyte 
system, thereby increasing extravascular 
hemolysis. 

Any immune response may occur not 
only as a result of the M. suis but also in 
response to the infected RBCs, thereby 
increasing the hemolysis and anemia and 
subsequent jaundice. The infection itself may 
affect T cells and cause immunosuppression. 
In many instances the immunosuppression 
caused by concurrent infections with PRRS, 
PCV-2, and SIV will also complicate the 
pathogenesis and clinical signs. The rate of 
destruction of RBCs may be so great that the 
demand for glucose by the M. suis outstrips 
the gluconeogenesis, and hypoglycaemia 
may result, especially in pigs of 0 to 7 days of 
age, which are already low in glycogen. 11 
Endothelial cell activation, widespread 


endothelial damage, and adherence of RBCs 
to the endothelium is evident in M. suis 
infections. 12 The suggestion is that M. suis 
has a tropism for endothelial cells, and this 
interferes with the protective function of 
the endothelium, resulting in hemorrhagic 
diatheses. 

CLINICAL PATHOLOGY 

In acute cases there is a peak bacteremia 7 to 
14 days following infection, with bacteria in 
blood smears and variable types of anemia. 

Decreases in packed cell volume, total red 
cell count, and hemoglobin concentration 
occur because of massive red cell parasitism. 
Anemia and bilirubinemia results from the 
RBC destruction, with hypoglycaemia and 
acidosis sometimes occurring. 

CLINICAL SIGNS 

In natural acute cases, which are most 
common in postweaned pigs, there is leth¬ 
argy, pyrexia, anorexia, variable icterus, cya¬ 
nosis of the extremities, petechial bleeding 
and ecchymoses, and often death within 
several days. 

In chronic cases there is pyrexia; anorexia; 
reproductive failure; mastitis, metritis, and 
agalactia (MMA); reduced birth weights; 
weakness and anemia of neonates; poor 
growth rates; and ill-thrift, with a predisposi¬ 
tion to secondary infections. 

In experimental splenectomized pigs the 
incubation period is 3 to 10 days. It is par¬ 
ticularly acute in the pig under 7 days of age, 
in which the signs include pallor, fever, occa¬ 
sionally icterus, and cyanosis of the extremi¬ 
ties, particularly the ears. 2 More commonly 
there is a mild anemia and a reduced growth 
rate. There may be increased bleeding and in 
some cases navel bleeding in young pigs. The 
bleeding was shown to resolve with the use 
of tetracyclines, suggesting that M. suis may 
be associated with navel bleeding. Recovered 
pigs may show a reduced growth rate and 
unevenness in the litter. Skin hypersensitiv¬ 
ity, pallor, and unthriftiness may be seen in 
the chronic infection. In sows, there may be 
fever, anorexia, lethargy, and agalactia, par¬ 
ticularly around farrowing. A severe out¬ 
break of dysgalactia was described in the 
United States starting 1 day after parturition 
and lasting 4 to 6 days. 13 

PATHOLOGY 

In acute cases there is anemia, jaundice, sple¬ 
nomegaly, and serous effusions in the body 
cavities. In the chronic cases, secondary 
infections often mask any primary lesions 
from the M. suis. 

DIAGNOSIS 

The diagnosis is complicated because there is 
no culture available for the organism. It is 
therefore dependent on the clinical signs, the 
direct demonstration of the organism in 
blood smears (stained by Romanowska-type 
stains, Giemsa, or acridine orange) taken at 


the time of collection of the blood samplem 
and the hematology results of anemia and 
bilirubinemia. 

The position has been improved by the 
development of PCR techniques. The first 
qPCR for M. suis was developed in Germany 7 
and was shown to be much more sensitive 
than the blood smear test. 11 The blood test is 
entirely dependent on the number of organ¬ 
isms present. The test used on 120 samples 
from clinically normal, healthy pigs on 11 
farms found M. suis on 6 farms and M. 
parvum on 18 farms, with 3 positive for both, 
using qPCR. 8 

Antibodies can be detected by ELISA 
tests. These tests have been developed using 
recombinant antigens, 14 and initially these 
were of high sensitivity but low specificity. 
Because the antibodies may only last 2 to 3 
months, t false negatives were common. The 
blocking ELISA described is more efficient. 15 
A new ELISA was shown to be 98.5% specific 
and 96.9% sensitive and much more efficient 
than an IHA test. 16 

TREATMENT 

Usually a course of oxytetracycline at 20 to 
30 mg/kg given daily parenterally will 
prevent the clinical signs. Pigs affected will 
not usually feed or drink properly, so admin¬ 
istration in the feed is only effective as a pro¬ 
phylaxis. If given in the feed, it needs to be 
fed for a minimum of 14 days. Often it pre¬ 
vents anemia, but ir does not prevent 
outbreaks. 

CONTROL 

Usually on an infected farm an equilibrium 
is reached between the organism and the 
host, but it can be overcome by concurrent 
infections, bad management, and a poor 
environment, and thus these should be recti¬ 
fied. The complicating factors should be 
removed, such as secondary infections by 
vaccination (PRRS, SIV, PCV-2). Excessive 
use of vaccines should be avoided because 
they involve the use of needles. There is no 
specific vaccine. 

FURTHER READING 

Hoelze LE. Haemotrophic mycoplasmas—recent 
advances in Mycoplasma suis. Vet Microbiol. 
2008;130:215-226. 
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EPIZOOTIC HEMORRHAGIC 
DISEASE (BLACKTONGUE) 


SYNOPSIS 


Etiology Epizootic hemorrhagic disease virus 
(EHDV), an arthropod-borne, double- 
stranded RNA virus of the family of 
Reoviridae, genus Orbivirus 

Epidemiology Infectious but noncontagious 
disease transmitted by biting midges. Wild 
ruminants, particularly white-tailed deer, 
develop severe clinical disease with high 
mortality. Historically, cattle were believed 
to be resistant to clinical disease, but 
recent outbreaks of EHD primarily affecting 
cattle have been reported. Small ruminants 
may seroconvert but do not develop clinical 
disease. Occurrence is dependent on the 
presence of competent vectors. In 
temperate regions the highest disease 
incidence is in late summer and fall; in 
tropical regions EHD occurs throughout the 
year. 

Clinical findings In white-tailed deer, rapid 
edema development on the neck and head; 
swelling of the tongue and conjunctivae. 
Hemorrhagic diathesis with bloody 
diarrhea, hematuria, and dehydration. 

More chronic presentation with erosions or 
ulceration in the buccal cavity. 

In cattle, sudden anorexia, decreased 
rumination, drop in milk production, 
weakness, short-term low fever, stiff gait. 
Morbidity rate dependent on infectious 
pressure in the herd; low mortality 
rate. 

Necropsy findings In white-tailed deer, 
cyanosis and petechial ecchymotic 
hemorrhages of oral mucosa and tongue. 
Ulceration and necrosis of oral mucosa in 
more chronic cases. Pulmonary edema; 
serosanguinous fluid in thorax, pericardial 
sac. and abdomen. Rarely fatal 
in cattle. 

Diagnostic confirmation Virus isolation and 
detection from blood or tissue (whole 
blood, spleen, lungs, lymph node, 
liver). Serologic tests (agar gel 
immunodiffusion test [AGID], enzyme- 
linked immunosorbent assay [ELISA], serum 
neutralization assay). 

Treatment Supportive treatment; no specific 
treatment is available. 

Control Culicoides vector control (insecticides, 
larvicides, insect repellents, management of 
culicoides breeding areas). Commercial 
vaccines are not available; autogenous 
inactivated vaccines have been used. 


ETIOLOGY 

Epizootic hemorrhagic disease (EHD) virus 
is an arthropod-borne virus of the family of 
Reoviridae, genus Orbivirus, closely related 
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to bluetongue virus. At least seven different 
serotypes (serotype 1 through 8, with sero¬ 
type 3 considered to be similar to serotype 1) 
exist, which have been regrouped in recent 
years. 1 Some of these have antigenic relations 
with serotypes of bluetongue virus. The EHD 
virus (EHDV) can infect most domesticated 
and wild ruminants naturally; pigs are not 
susceptible to infection. Clinical disease is 
primarily observed in wild ruminants. 
White-tailed deer are most severely affected, 
followed by mule deer and pronghorn ante¬ 
lope. In recent years several disease out¬ 
breaks in cattle herds have been reported. 

EPIDEMIOLOGY 

Occurrence 

Because EHD is a vector-borne viral disease, 
occurrence of infection depends on the pres¬ 
ence of competent vectors. Clinical disease 
or serologic evidence for infection has been 
reported from North and South America, 
Africa, Asia, Australia, and, more recently, 
from the region surrounding the Mediter¬ 
ranean Basin, including Morocco, Algeria, 
Tunisia, Israel, Jordan, and Turkey. 1 Although 
the geographic occurrence of EHD was 
similar to that of bluetongue during the last 
century, the recent northward progression of 
bluetongue from the Mediterranean Basin 
far into the European continent was not 
observed for EHD. 

Historically, two serotypes (EHDV-1, 
EHDV-2) were predominant among the wild 
ruminant population throughout the United 
States, except in the Northeast and the arid 
Southwest, and southern Canada. Between 
2006 and 2009, EHDV-6 was recovered from 
clinical cases in Indiana, Illinois, Missouri, 
Kansas, Michigan, and Texas. In Australia, six 
serotypes (1, 2, 5, 6, 7, and 8) have been iso¬ 
lated, predominantly from sentinel cattle in 
the north. Three serotypes have been recog¬ 
nized in Africa: EHDV-3 (considered to be 
identical to EHDV-1), EHDV-4, and EHDV- 
6. 2 Two major outbreaks of EHD mainly 
affecting cattle that were associated with a 
genetically distinct strain of EHDV-2, called 
Ibaraki disease, occurred in Japan, Korea, 
and Taiwan in the 1960s and again 30 years 
later. The first epidemic of Ibaraki disease 
resulted in 39,000 sick cattle and 4000 deaths. 
In Europe and the Mediterranean Basin 
numerous outbreaks of EHD, primarily 
affecting cattle instead of wild ruminants, 
have been observed since the beginning of the 
millennium. In 2001 clinical cases associated 
with EHDV of unspecified serotype were 
reported in Israel. Between 2004 and 2007, 
outbreaks caused by EHDV-6 were reported 
in Morocco, Algeria, Tunisia, and Turkey In 
2006 an epidemic associated with EHDV-7 
and affecting dairy and beef herds was 
reported in Israel. 3 In 2008 EHD was added to 
the list of notifiable diseases of the World 
Organization of Animal Health (OIE) and is 
now considered an emerging disease in 
cattle. 4 


Host Occurrence 

Under natural conditions infection occurs in 
sheep, cattle, and wild ruminants. Natural 
infection does not appear to occur in goats. 
Historically, clinical disease was primarily 
observed in wild ruminants, whereas cattle 
and to a lesser extent sheep were considered 
as reservoir hosts for the virus. In recent 
years, outbreaks of EHD affecting cattle have 
been reported in different parts of the world. 
Among wild ruminants, white-tailed deer 
and to a lesser degree mule deer and prong¬ 
horn antelope are most susceptible to clini¬ 
cal disease. 

Method of Transmission 

The disease is not contagious and is almost 
exclusively transmitted biologically by spe¬ 
cific species of Culicoides. Epidemiologic 
data suggest that Culicoides species transmit¬ 
ting EHDV are similar, although not neces¬ 
sarily identical, to species transmitting 
bluetongue virus (BTV), but the vector com¬ 
petence of involved Culicoides species may 
differ for both viruses. Possible differences in 
the environmental temperature and number 
of days at or above a specific environmental 
temperature required for effective virus rep¬ 
lication within the vector for BTV and 
EHDV may have contributed to the differ¬ 
ences in geographic progression of these two 
viruses observed in recent years in Europe. 1 

Culicoides breed in damp, wet areas, 
including streams, irrigation channels, 
muddy areas, and fecal runoff areas around 
farms. Habitats for them exist on the major¬ 
ity of farm environments. Only female Culi¬ 
coides are hematophagous and feed on their 
main or preferred host species, requiring at 
least one blood meal for the completion of 
the ovarian cycle. They feed nocturnally on 
animals in open pens and fields, and the 
optimal temperatures for activity are between 
13° (56°F) and 35°C (95°F). In temperate 
areas the disease is seasonal because Culicoi¬ 
des do not tolerate low ambient tempera¬ 
tures, resulting in a vector-free season during 
late fall and winter. 

Culicoides Species 

Different Culicoides species have different 
geographic occurrence, and their distribution 
in a country is determined by climatic factors 
and the presence of a preferred host. In the 
United States C. sonorensis is the predomi¬ 
nant vector throughout much of the country, 
except in the Southeast, where C. insignis pre¬ 
dominates. C. imicola is a predominant 
vector; in the Middle East and Asia, C. imicola 
has been involved in the recent expansion of 
EHD, but C. obsoletus and C. pulicaris have 
been implicated as new vectors associated 
with recent EHD outbreaks. 1 

Other Vectors 

Other vectors may transmit the disease 
mechanically but are unlikely to be of major 
significance in disease epizootics. 
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Other Methods of Transmission 

The Ibiraki strain (EHDV-2) was isolated 
from the internal organs of aborted fetuses, 
which proves that transplacentar virus trans¬ 
mission is possible. The incidence of con¬ 
genital infection and thus the epidemiologic 
relevance of this route of virus transmission 
has not been quantified. No reports of isola¬ 
tion of EHDV in the semen of infected 
animals are available. 

Although oral and fecal shedding of 
EHDV-1 was reported in white-tailed deer, 
the epidemiologic importance of oro-fecal 
transmission has not been ascertained. 1 

Host Risk Factors 

Although most ruminant species are 
susceptible to infection with EHDV, 
clinical disease primarily is observed in 
white-tailed deer and, in recent years, also in 
cattle. 

Wild Ruminants 

In North America, EHD is considered one of 
the most important diseases of deer, particu¬ 
larly of white-tailed deer (Odocoileus virgin- 
ianus) but also mule deer (O. hemionus) and 
pronghorn antelope (Antiocarpa ameri- 
canna). There are areas of enzootic stability, 
where seroprevalance in deer is high 
but the clinical disease rare, and areas with 
low seroprevalance where clinical disease is 
severe. 

Cattle 

Historically, cattle were believed to function 
as reservoir hosts for EHDV by being sus¬ 
ceptible to infection but resistant to clinical 
disease. The first reports of clinical disease 
related to EHDV in cattle date from 1959, 
when an epizootic disease called Ibaraki 
disease occurred in Japan. Disease outbreaks 
caused by the Ibaraki strain (EHDV-2) were 
subsequently observed in other Asian coun¬ 
tries. Since 2001 a number of disease out¬ 
breaks have occurred in the Mediterranean 
Basin and also in the United States that have 
been linked to EHDV serotypes 6 and 7. 5 
EHD is now considered an emerging disease 
of cattle. 4 Morbidity rates in cattle herds can 
be considerable, depending on the infectious 
pressure, but clinical signs are much less 
severe than in white-tailed deer, and mortal¬ 
ity is low. 5 

Small Ruminants 

Sheep are susceptible to infection with 
EHDV but do not develop clinical disease. 
Although this species has been incriminated 
as a potential reservoir host for EHDV, more 
recent experimental studies do not support 
the assumption that sheep may play a rele¬ 
vant role in the epidemiology of EHDV 6 In 
goats, thus far only the presence of EHDV 
antibodies but not the presence of virus or 
viral DNA has been documented. It is there¬ 
fore assumed that goats are resistant to 
infection. 


Morbidity and Case Fatality 
Wild Ruminants 

Morbidity and case-fatality rates of EHDV in 
wild ruminants are difficult to determine. 
Among the Cervidae, white-tailed deer are 
the most severely affected, and case-fatality 
rates in this species are much higher than 
those in other commonly affected species, 
such as mule deer, black-tailed deer, and 
pronghorn antelopes. In the Northeast and 
Midwest of the United States EHD typically 
recurs every year in late summer and early 
fall, but mortality and case-fatality rates can 
vary greatly from year to year. Morbidity and 
mortality rates may be as high as 90%, 
although in most instances cases are mild 
and mortality is low. This variability is 
thought to be caused by a number of factors, 
such as the abundance of biological vectors, 
the ambient temperature, the serotype of 
EHDV that is circulating, herd immunity 
(based of previous exposure to a similar 
strain), and the genetic variation in the sus¬ 
ceptibility of the host.' 

Cattle 

Outbreaks of EHD in cattle herds have been 
reported in Asia, the United States, and the 
Mediterranean Basin. Although in rare 
instances considerable morbidity and case- 
fatality rates have been reported, as in the 
case of Ibaraki disease outbreaks in Japan 
and Korea, in most cases morbidity rates do 
not exceed 5%, and deaths are uncommon. 
During an EHDV outbreak in Israel, within - 
herd morbidity rates between 5% and 80% 
were observed in dairy herds, but the mortal¬ 
ity rate remained below 1%. 3 

Economic Importance 

Until outbreaks of EHD affecting cattle 
occurred, EHD was considered a disease pri¬ 
marily affecting wild ruminants and thus of 
minor economic importance. Following the 
most recent outbreaks in North Africa, 
Turkey, and Israel, the economic importance 
of EHD had to be reconsidered. Since 2008 
EHD has been listed as reportable disease by 
the OIE, and EHD is now considered a 
potentially emerging disease of cattle. 4 
Because the increased virulence of EHDV 
for cattle has only been observed in recent 
years, not many studies investigating the eco¬ 
nomic impact of this disease are available. 
Losses result from decreased productivity, 
increased involuntary cull rates, abortion, 
and, in some instances, death. 5 In infected 
herds in Israel EHD was found to cause an 
average loss in production of 125 kg/cow per 
year, an effect that was highly dependent on 
the season of the year the outbreak occurred 
and the seroprevalence of the herd. The 
highest losses were observed when outbreaks 
occurred in September and in herds with the 
highest seroprevelences. 5 With losses related 
to increased mortality added to the produc¬ 
tion losses, the total cost for the dairy indus¬ 
try in Israel was estimated to range between 


US$ 1,600,000 and 3,400,000, which is equiv¬ 
alent to an average loss of US$ 26.50 per 
cow. 5 

PATHOGENESIS 

The incubation period for EHD in deer is 5 
to 10 days. After infection with EHDV, initial 
viral replication occurs in endothelial cells of 
the lymphatic vessels and lymph nodes 
draining the site of infection. 1 A viremic 
phase ensues during which the virus is dis¬ 
seminated to other sites of virus replication, 
such as the lymph nodes and spleen, causing 
secondary infection of the endothelial cells 
of arterioles, capillaries, and venules through¬ 
out the body. In blood, EHDV is associated 
with erythrocytes and to a lesser extent with 
lymphocytes. This cell association permits 
prolonged viremic periods and the concomi¬ 
tant presence of virus and antibodies in 
blood. 

Endothelial damage results in leakage of 
blood vessels and ensuing disseminated 
intravascular coagulopathy. Fibrin thrombi 
occluding small blood vessels cause conges¬ 
tion, hemorrhage, and edema of surround¬ 
ing tissue. Ischemic necrosis occurs in tissue 
where blood perfusion is interrupted as a 
result of thrombosis. 

Occurrence of viremia in relation to 
EHDV infection was studied in cattle and 
deer. The virus could be detected from 2 days 
following infection, and all animals were 
viremic 4 days after infection. After experi¬ 
mental infection virus could be isolated up 
to 28 days following infection and in rare 
instances up to 50 days following infection. 1 

Neutralizing antibodies can be detected 
from 10 to 14 days following infection but do 
not prevent or interrupt viremia. The con¬ 
comitant presence of virus and homologous 
antibodies is commonly observed in EHD 
during the first weeks following infection. 
Maternal antibodies were identified in fawns 
born to dams infected with EHD for up to 18 
weeks. Passive immunity was not able to 
prevent infection or viremia in fawns 
exposed to EHDV but alleviated clinical 
signs of the disease. 1 

CLINICAL FINDINGS 
Deer 

In deer, EHD may occur in a peracute, 
acute, or chronic form. Peracute disease is 
characterized by high fever, anorexia, respi¬ 
ratory distress, and severe and rapidly devel¬ 
oping edema of the neck and head. 
Conjunctivae and the tongue are commonly 
swollen. Affected animals may be found 
dead or die within 2 days of the first clinical 
signs. The acute form is the classical presen¬ 
tation of EHD in deer, in which extensive 
hemorrhage affecting the skin, gastro¬ 
intestinal tract, and heart is the hallmark 
sign. There is often hyperemia of the con¬ 
junctivae and mucosal membranes of the 
mouth. Ulcers and erosions may develop on 
the tongue, dental pad, palate, rumen, and 





abomasum. Excessive salivation and nasal 
discharge, which can be tinged with blood, 
have been observed. Bloody diarrhea, hema¬ 
turia, and dehydration can occur. The mor¬ 
tality rate for both the peracute and acute 
forms is generally high. 

Deer with the chronic form of EHD are 
sick for several weeks but recover gradu¬ 
ally. Cracks in the hooves resulting from 
the interrupted horn growth resulting from 
the disease may cause lameness. Chronic 
lesions of the mucosa of the rumen, with 
erosions, ulcers, and scarification, can cause 
emaciation.' 

Cattle 

Most infections in cattle are unapparent. 
Occasional disease associated with infection 
with EHDV is recorded in cattle in the late 
summer in the United States and has been 
reported in recent outbreaks in the region 
around the Mediterranean Basin. Common 
clinical signs are anorexia, reduced rumina¬ 
tion, weakness, decreased milk production, 
stiff gait, and short episodes of pyrexia. 1 ’ Red¬ 
dening and swelling of the oral mucosa with 
necrotic ulceration of the dental pad and 
behind the incisor teeth, cracking and 
sloughing of the skin of the muzzle, 
and hyperemia of the skin of the teats and 
udder may occur in some cases. 

Ibaraki disease is characterized by fever, 
hyperemia and edema of the mucosae, hem¬ 
orrhages, ulcerative stomatitis with laryngeal 
and pharyngeal paralysis, salivation, and 
dysphagia. At postmortem there were hem¬ 
orrhages in the pharynx and esophagus, and 
animals commonly died with aspiration 
pneumonia. Infection of pregnant cattle with 
Ibiraki virus can also result in abortion and 
stillbirths, and currently this seems a more 
common clinical manifestation. Fetuses 
infected between 70 and 120 days of gesta¬ 
tion may develop hydroancephaly.' 

CLINICAL PATHOLOGY 

Specific diagnosis is either by isolation of the 
virus, detection of viral antigen or nucleic 
acid, or detection of specific antibodies in 
serum. Serologic assays can detect prior 
exposure to EHDV but cannot establish if 
the animal is viremic and thus infectious. 
Serologic tests may be of limited values in 
regions where EHDV is endemic and sero¬ 
conversion is common in the affected 
population. 

Materials that can be used for virus isola¬ 
tion include heparin or EDTA in the blood, 
biopsies, or postmortem tissue samples of 
the spleen, lung, lymph nodes, or liver. 

Virus Isolation 

Virus isolation commonly is carried out by 
tissue culture or culture in embryonated 
chicken eggs (ECEs). Cell lines used for this 
purpose can be of insect origin, such as the 
KC cell lines derived from Culicoides sono- 
rensis, or mammalian cell lines, such as baby 
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hamster kidney cells (BHKs), calf pulmonary 
artery endothelium cells (CPAEs), or African 
green monkey kidney cells (Vero). The cyto- 
pathic effect produced by EHDV is only 
observed on cell lines of mammalian origin 
and becomes apparent between 2 and 7 days 
after inoculation. Virus identification from 
cell cultures is based on a serum neutraliza¬ 
tion or plaque inhibition test using reference 
antisera. Virus isolation is the most reliable 
confirmation of EHDV infection because 
there are difficulties with the interpretation 
of serologic test results. However, traditional 
isolation methods require 2 to 4 weeks. 

Detection of Antigen or Nucleic Acid 

Immunohistochemical tests, including 
immunofluorescence, or molecular tech¬ 
niques such as in situ nucleic acid hybridiza¬ 
tion, reverse-transcription polymerase chain 
reaction (RT-PCR), or the dot blot test can 
be used for rapid sensitive and specific detec¬ 
tion of antigen. Use of RT-PCR has prolifer¬ 
ated because of its simplicity, rapidity, 
reliability, reproducibility, sensitivity, and 
specificity. However, tests that detect viral 
RNA prove exposure to the virus but do not 
necessarily indicate that infectious virus is 
still present. An antigen-ELISA and sand- 
wich-ELISA have also been used for EHDV 
identification but are less sensitive than the 
PCR. 

Serologic Tests 

A number of serologic tests for detection of 
either group-reactive antibodies or serotype- 
specific antibodies are available. The com¬ 
monly available tests include the complement 
fixation test (CFT), the agar gel immunodif¬ 
fusion test (AGID), a number of different 
ELISA tests, and serum neutralization (SN). 
The AGID test is easy to perform and inex¬ 
pensive but is also relatively insensitive and 
detects cross-reacting antibodies to other 
orbiviruses, such as bluetongue virus. Over 
the last decades the CFT and AGID have 
been replaced in many laboratories by the 
more rapid, sensitive, and specific competi¬ 
tive ELISA. 

A number of ELISA tests have been 
developed that use group-specific monoclo¬ 
nal antibodies, and these present valuable 
alternatives to the AGID for routine diagno¬ 
sis and international trade. The competitive 
ELISA (cELISA), which is the most sensitive 
and highly specific group-specific test, is the 
preferred test for serodiagnosis of EHD. The 
serum neutralization test (SNT) is serotype 
specific and thus allows for differentiation 
between antibodies against specific EHDV 
serotypes. The biological detection system 
(either ECEs or cell cultures) is reacted with 
a reference serum for specific EHDV sero¬ 
types, and the amount of virus neutralization 
is determined. Although the SNT is highly 
sensitive and specific, it is also expensive and 
time-consuming and is therefore not used as 
a routine diagnostic procedure. 


NECROPSY FINDINGS 
Deer 

Lesions in white-tailed deer and related 
species are similar to those described for 
bluetongue in sheep and cattle. In acute 
cases, there may be cyanosis of the oral 
mucosa and tongue, along with widespread 
petechial to ecchymotic hemorrhages. In 
more chronic cases, there may be ulcers 
and necrotic debris in the oral mucosa and 
severe hoof lesions, including fissures and 
sloughing. Lesions in yaks include swollen 
conjunctivae, ulcerated dental pads, mucoid 
sanguineous nasal discharge, and petechial 
hemorrhages in multiple organs; others are 
pulmonary edema and serosanguinous fluid 
in the thorax, abdomen, and pericardial sac. 8 

Cattle 

The disease is usually subclinical and nonfa- 
tal in cattle. 9 

Samples for Confirmation 
of Diagnosis 

• Histology—fixed oral and 
mucocutaneous lesions, abomasum, 
pulmonary artery, skeletal muscle from 
a variety of sites, left ventricular 
papillary muscle, brain from aborted 
fetus (LM, IHC) 

• Virology—chilled lung, spleen, CNS 
tissues, thoracic fluid from aborted 
fetus (ISO, PCR, in situ HYBRID, 

ELISA, etc.) 


DIFFERENTIAL DIAGNOSIS 


Foot-and-mouth disease 
Bluetongue (wild ruminants) 

Bovine viral diarrhea/mucosal disease (cattle) 
Malignant catarrhal fever (cattle) 

Bovine ephemeral fever (cattle) 

TREATMENT 

There is currently no specific treatment 
available for EHDV. 

CONTROL 

Reduction of Infection Through 
Vector Abatement 

Attempts to control EHD through a reduc¬ 
tion of infection consist of reducing the risk 
of exposure to infected Culicoides and reduc¬ 
tion in Culicoides numbers. Neither are par¬ 
ticularly effective. Widespread spraying for 
Culicoides control is not usually practical and 
has only a short-term effect. 

To address recent EHD outbreaks in cattle 
herds, several affected countries have intro¬ 
duced control measures such as monitoring 
of wildlife reservoirs, quarantine, vector 
control programs on farms, and awareness 
campaigns for veterinarians and farmers. 1 

Vaccination 

There is no commercially available vaccine 
against EHD. Autogenous inactivated 
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vaccines produced from virus isolates from 
ill or diseased herdmates have been used in 
the United States to tackle EHD outbreaks in 
captive wildlife deer. In Japan, both a modi¬ 
fied live and an inactivated vaccine derived 
from the Ibaraki-2 strain have been devel¬ 
oped to control Ibaraki disease. This vaccine, 
which is administered once during the low- 
vector season, was found to be safe and effec¬ 
tive in controlling the disease. 1 

FURTHER READING 

Savini G, et al. Epizootic haemorragic disease. Res Vet 
Sci. 2011;91:1-17. 
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BOVINE IMMUNODEFICIENCY- 
LIKE VIRUS 

ETIOLOGY 

Bovine immunodeficiency-like virus (BIV), 
also known as bovine lentivirus-1, is a lenti- 
virus, within the larger family of Retroviri- 
dae. The virus shares structural and genomic 
similarities with other lentiviruses, such 
as equine infectious anemia virus, caprine 
arthritis-encephalitis virus, maedi-visna 
virus, and the feline, simian, and human 
immunodeficiency viruses. BIV was first 
described in cattle in the United States in 
1972. These viruses replicate primarily in the 
cells of the host’s immune system following 
their insertion as provirus into the genome 
of these target cells, thus establishing a 
chronic, lifelong infection. The lentiviruses 
are usually associated with specific diseases. 
However, a clear involvement of BIV in the 
development of a clinical syndrome is not 
well established. 

EPIDEMIOLOGY 
Prevalence of Infection 

Seroepidemiological evidence indicates that 
BIV infection has a worldwide distribution. 
Seropositive cattle have been identified in the 
United States, the Netherlands, New Zealand, 
Australia, Bali, Indonesia, Brazil, and 
Canada, with estimates ranging from 1% to 
5% of cattle being infected. In Italy, the prev¬ 
alence is 5.8% in dairy cattle and 2.5% in beef 
cattle. In individual herds the prevalence of 
infection may be much higher. In the United 
Kingdom, the seroprevalence was found to 


be 5.9% in dairy cattle and 5.0% in beef 
cattle. The dairy and beef herd prevalence 
rates were 60% and 59%, respectively. 
Although the prevalence of BIV infection in 
the United Kingdom is low, it is widespread. 
Recent studies, using DNA derived from 
semen and buffy-coat samples, analyzed by 
nested PCR, found no evidence of BIV infec¬ 
tion in western Canadian cattle. 

A seroprevalence of greater than 50% was 
present in a dairy herd at a university in the 
southeastern United States, which is an area 
with a high prevalence of infection in the 
cattle population. There is some evidence 
that in some cattle herds with a high inci¬ 
dence of unthrifty animals, the prevalence of 
seropositive animals may be as high as 95%. 
The prevalence of BIV infection among dairy 
cattle in Ontario is low and may be associ¬ 
ated with an economically important 
decrease in milk production. Cases of dual 
infection with BIV and BLV have been 
reported in Mississippi dairy cattle. 

The virus has been found in the seminal 
leukocytes of 82% of randomly selected 
semen samples from a bovine stud semen 
repository, suggesting the possibility that 
artificial insemination of dairy cows may 
have a major role in the transmission of the 
virus. BIV may be involved in the pathogen¬ 
esis of mastitis in cattle as a result of its 
immunosuppressive effects, but no clear evi¬ 
dence is available. 

Retroviruses are heat labile and readily 
inactivated at 56°C (133°F), and pasteuriza¬ 
tion of milk for human consumption should 
provide an adequate safeguard. Feeding milk 
seeded with the virus and pasteurized before 
inoculation into calves is effective in inacti¬ 
vating the virus and preventing transmis¬ 
sion. There is no evidence that the virus is a 
potential human pathogen. 

Methods of Transmission 

The virus is strongly cell-associated and 
may be transmitted with infected blood, 
colostrum, and milk that contains lymphore- 
ticular cells. There is some evidence of trans¬ 
placental infection of the virus in cattle. In 
dairy cows naturally infected with BIV and 
seropositive at parturition, 40% gave birth to 
calves that were BIV seropositive before 
receiving colostrum, whereas seronegative 
cows did not. Calves born with anti-BIV- 
specific antibody do not demonstrate 
increased risk of clinical disease during the 
neonatal period, but the calves born to dams 
that are seropositive at parturition appear to 
be at increased risk of occurrence of some 
clinical signs. The prevalence rate of infec¬ 
tion among bulls housed in stud farms was 
9.6% using serology and 12.6% using PCR 
for the presence of BIV provirus in periph¬ 
eral blood leukocytes. 

BIV has no obvious morphologic effects 
on the embryonic development of cattle, and 
it is possible to obtain embryos at the trans¬ 
ferable stage free of the virus from cows 


infected with the virus. It is unlikely that BIV 
is associated with embryos with the zona pel- 
lucida intact derived by in vitro fertilization 
from oocysts obtained from infected animals 
or with oocysts fertilized with infected 
semen when embryos are washed as recom¬ 
mended by the International Embryo Trans¬ 
fer Society. Embryos from donors infected 
with the virus are not likely to transmit the 
virus to recipients and the resulting 
offspring. 

PATHOGENESIS 

The pathogenetic mechanisms of BIV infec¬ 
tion are unclear. Its pathogenicity is contro¬ 
versial. It is uncertain if the virus is a primary 
pathogen or a primary immunodeficiency 
virus that predisposes the animal to second¬ 
ary infections. Despite extensive experimen¬ 
tal studies, the pathogenic significance of the 
virus is uncertain. 

Infection of cattle with BIV is associated 
with lymphoproliferation, lymphadenopa- 
thy, immunosuppression, neuropathy, and 
progressive emaciation. 

The virus was initially isolated from a cow 
with persistent lymphocytosis, lymphade- 
nopathy, neuropathy, and progressive ema¬ 
ciation. However, overt clinical disease in 
seropositive cattle is rare, and experimentally 
induced infection in calves has resulted in 
only mild clinical consequences. 

Early studies of inoculation of calves with 
the virus resulted in lymphoproliferative 
disease, lymphocytosis, and persistence of 
the virus. Later studies have failed to repro¬ 
duce significant clinical disease, which may 
in part be a result of the long incubation 
period. It is also possible that the lentiviruses 
have variable virulence because genetic 
variation produces viruses with both anti¬ 
genic and biological heterogenicity in patho¬ 
genesis. Experimental infection of an 
11-month-old calf with the virus was fol¬ 
lowed by the development of a T-cell lym¬ 
phosarcoma, and the bovine leukosis virus 
was not present. 

The virus and its DNA have been 
detected in the blood and semen of exper¬ 
imentally infected bulls. However, the 
virus has not been detected in the semen, 
blood leukocytes, or semen leukocytes of 
samples supplied by artificial insemination 
centers. 

Retroviruses, including the lentiviruses, 
are characterized by the expression of the 
unique enzyme, reverse transcriptase, that 
facilitates the transcription of the RNA of an 
infectious virus to a complementary DNA 
copy. The viral DNA has the ability to become 
incorporated into the hosts cell nucleus as a 
“provirus.” Proviruses are noninfectious, can 
remain latent for many years, and persist in 
the presence of antibody. A change in the 
virus from its latent form to an infectious 
RNA virus can occur and depends on activa¬ 
tion of the latently infected cells. The stimuli 
for activation can include concurrent 
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infection and stress, or both. Although other 
lentiviruses such as equine infectious anemia 
virus can cause severe clinical disease, the 
cause-and-effect relationship between BIV 
infection in cattle and clinical disease has not 
yet been documented. 

CLINICAL FINDINGS 

In the United States, naturally occurring BIV 
infection in Holstein dairy cattle in Louisi¬ 
ana has been described. Progressive weight 
loss was common, and concurrent infections 
included metritis, subcutaneous abscesses, 
purulent arthritis, laminitis, and infectious 
pododermatitis, fascioliasis, and mastitis. 
Reduced vitality, dullness, and stupor were 
also common. 

The course of the disease varied from 3 to 
40 weeks. 

CLINICAL PATHOLOGY 

Detection of Virus. A PCR test has been 
used to detect BIV in the blood and milk of 
BIV-seropositive cows. The virus can be 
detected in experimentally infected calves 
using PCR in peripheral blood mononuclear 
cells. 

Serologic Tests. With the BIV ELISA, natu¬ 
rally occurring cases in dairy cattle are 
serologically positive. An indirect immuno- 
fluorescent antibody test has been used to 
detect seroconversion in experimentally 
infected bulls by 17 days after infection. The 
sensitivity and specificity of the indirect flu- 
orescent-antibody assay (IFA) and the 
nested-set PCR have been compared using 
Bayesian techniques. The PCR is the more 
sensitive assay. 

NECROPSY FINDINGS 

Moderate to marked enlargement of hemal 
lymph nodes has been described. Lymphoid 
depletion is common and characterized by 
an absence of follicular development in 
nodes draining regions with secondary 
infections. Encephalitis characterized by 
meningeal, perivascular, and parenchymal 
infiltration with lymphocytes, plasma cells, 
and macrophages with perivascular edema 
has been observed. Several secondary infec¬ 
tions have been observed in cattle with BIV 
infection, but the role of BIV as a predispos¬ 
ing pathogen is uncertain. 

FURTHER READING 

Gonda MA. Bovine immunodeficiency virus. AIDS. 
1992;6:759-776. 


Enzootic Bovine Leukosis 
(Bovine Lymphosarcoma) 


SYNOPSIS 


Etiology Bovine leukemia virus (BLV), the 
causative agent of enzootic bovine leukosis 


(EBL), is an exogenous C-type oncovirus in 
the Retroviridae family. 

Epidemiology Infection is widespread in all 
continents, although several countries have 
successfully implemented BLV eradication 
programs. Prevalence of infection varies 
between countries. Persistent aleukemic 
(AL) infection is most common, followed 
by infection with persistent lymphocytosis 
(PL) in 30% of infected animals. Less than 
5% of infected animals develop 
lymphosarcoma, the only clinically apparent 
form of EBL. Clinical disease is most 
common in mature cattle. Infected animals 
are the only source of the virus, which is 
transmitted horizontally by transmission of 
infected lymphocytes from parturition, 
contaminated surgical instruments, rectal 
palpation, and blood-sucking insects. 
Congenital infection in 4% to 8% of calves 
born to infected cows. Genetic makeup of 
animal determines risk of developing PL or 
lymphosarcoma. Economic losses as a result 
of loss in milk production traits, premature 
culling, carcass condemnation, and 
restrictions of international commerce. EBL 
is currently not considered a zoonosis. 

Signs No clinical signs during stage of AL and 
PL. Lymphosarcoma characterized by loss of 
body weight, inappetence, pallor, 
weakness, and loss of milk production. 
Enlargement of several or all lymph nodes. 
Abomasal ulceration. Congestive heart 
failure. Paresis and paralysis as a result of 
neural involvement. Stertor as a result of 
enlargement of retropharyngeal lymph 
nodes. Eventually weak and recumbent. 

Clinical pathology Serology for BLV virus 
using enzyme-linked immunosorbent assay 
(ELISA) or agar gel immunodiffusion 
(AGID). 

Detect virus by polymerase chain reaction 
(PCR) or sheep bioassay. 

Lesions Multicentric lymphoid tumors 

affecting all body systems, especially heart, 
digestive tract, nervous system, 
reproductive tract. 

Diagnostic confirmation Serology and 
detection of virus by PCR. 

Differential diagnosis list 

Sporadic bovine leukosis (SBL) 

Congestive heart failure as a result of 
traumatic pericarditis 

Lymphadenitis as a result of tuberculosis and 
actinobacillosis 

Compression of spinal cord 

Fat necrosis 

Tuberculosis 

Treatment None. 

Control Test and slaughter seropositive 
animals in herds and areas with low 
prevalence of infection. Use bulk-tank milk 
ELISA as screening test. Establish virus-free 
herds and certify by retesting. Control 
disease in herds and countries with high 


prevalence of infection by limiting spread 
within herds, segregating positive animals, 
and preventing the introduction of infected 
animals. 


ETIOLOGY 

The causative agent enzootic bovine leukosis 
is bovine leukemia virus (BLV), an exoge¬ 
nous C-type oncovirus in the Retroviridae 
family that is highly homologous to human 
T-cell lymphotropic virus 1 and 2. Infection 
occurs by transfer of infected lymphocytes 
from one individual to another and is fol¬ 
lowed by a permanent antibody response 
and, less frequently, development of persis¬ 
tent lymphocytosis (PL) or lymphosarcoma. 
It has leukemogenic activity, can be grown in 
tissue culture, and produces specific anti¬ 
bodies in calves and sheep. 

EPIDEMIOLOGY 
Prevalence of Infection 

Leukosis in cattle was originally described 
in Germany in 1871. Reports of the disease 
in cattle became common following World 
War II, and most countries that raise cattle 
have reported the occurrence of the disease. 
The main presumed routes of transmission 
having led to this epizootic during the first 
part of the last century in Europe were close 
animal contact and the use of whole blood 
vaccination, a procedure used at that time 
to protect cattle from developing babesiosis. 1 
For this purpose young cattle susceptible to 
babesiosis were injected with 2 to 3 mL of 
citrated blood drawn from donor cows with a 
history of babesiosis before going on pasture. 
Live animal transports across the Atlantic 
Ocean brought BLV to the Americas, where 
it primarily spread by close contact between 
infected and susceptible animals. The infec¬ 
tion is now common in cattle in Canada, the 
United States, and many countries in eastern 
Europe and South America and some Asiatic 
and Middle Eastern countries. 

Today large parts of Europe and New 
Zealand are officially free of EBL after suc¬ 
cessful implementation of EBL-eradication 
programs. 2 In Australia the National Dairy 
Enzootic Bovine Leucosis Eradication 
Program (NDEBLEP) was established in 
2008 and eradicated BLV from dairy cattle by 
2012. The prevalence of BLV infection in 
adult beef cattle in Australia is assumed to be 
very low. In the United States a serologic 
survey conducted in 2007 reported a herd 
prevalence of 83.9% of BLV seropositivity 
among dairy herds. 3 A similar census from 
1996 revealed a within-herd prevalence of 
25% or higher in BLV-positive herds in the 
United States. 4 Recent epidemiologic surveys 
from different Canadian provinces reported 
herd prevalence rates reaching up to 89% 
and individual animal prevalence rates 
between 20.8% and 37.4%. 5 ' 6 In Argentina a 
marked increase of the prevalence was 
reported for dairy herds in the last decades.' 
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The individual animal seroprevalence was 
estimated with 33%, and the percentage of 
infected herds with one or more infected 
animals was 84%. 

The seroprevalence of BLV infection in 
breeding beef bulls under 2 years of age offered 
for sale in Kansas was 8.5%. This indicates that 
young bulls purchased for entry into recipient 
herds could be infected with the virus. The 
infection occurs in water buffalo in Brazil and 
in draught animals in Cambodia. 

An outbreak of enzootic bovine leukosis 
in Egypt was associated with the importation 
of Holstein-Friesian heifers and bulls from 
Minnesota in 1989 to form a closed dairy 
herd in upper Egypt. In 1996 clinical evi¬ 
dence of EBL occurred, and ELISA testing 
revealed a BLV seroprevalence of 37.7% in 
cattle under 2 years of age and 72.8% in 
animals over 2 years of age. 

Occurrence of Clinical Disease 

The occurrence of clinical lymphosarcoma 

in countries where the infection occurs has 
been estimated to be 1 per 1000 per annum; 
it has been estimated at 1 per 50,000 per 
annum in infection-free countries. Even in 
countries or areas where the infection and 
the disease are common, there are many 
herds that remain uninfected. Dairy cattle 
are much more commonly infected than beef 
cattle, and they have a much higher inci¬ 
dence of lymphosarcoma. In severely affected 
dairy herds, an annual mortality rate of 2% 
is unremarkable, and it may be as high as 5%. 

All breeds of cattle are susceptible to BLV 
infection. It occurs rarely in animals less than 
2 years of age and increases in incidence with 
increasing age. The prevalence of infection is 
higher in large herds than in smaller herds. 3 
The higher prevalence in dairy herds com¬ 
pared with beef herds is probably a result of 
their closer confinement and the higher 
average age of the herds. 

There are a number of forms taken by the 
disease, as follows: 

• Aleukemic enzootic bovine leukosis 

(AL) infection 

• Enzootic bovine leukosis with persistent 

lymphocytosis (PL) 

• Enzootic bovine leukosis with tumors— 

the common form in adults 

Methods of Transmission 
Direct Contact 

Horizontal transmission is the usual method 
by which the virus is spread under natural 
conditions. It appears that close physical 
contact and exchange of contaminated bio¬ 
logical materials are required for transmis¬ 
sion. The virus is present mostly in 
lymphocytes and can be found in blood, 
milk, and tumor masses. Most susceptible 
cattle become infected by exposure to 
infected lymphocytes, and not by cell-free 
virus. Either 10 pi (45,240 lymphocytes) or 1 
pi (4524 lymphocytes) of whole blood from 
a BLV-seropositive cow when injected into 


calves resulted in infection and seroconver¬ 
sion. It is likely that a threshold number of 
approximately 100 BLV-infected cells is 
required to establish infection in the recipi¬ 
ent. Therefore any means by which BLV- 
infected lymphocytes can be transmitted 
from one cow to another is a potential means 
of transmission. Natural transmission occurs 
mostly in cattle more than 1.5 years of age 
with an apparently increased risk of infection 
during the periparturient period and after 
entering the milking herd. This suggests that 
vaginal secretions, exudates and placentas 
from cows, and contaminated calving instru¬ 
ments may serve as sources of infected blood 
cells. 

A considerable number of newborn 
calves were found to contract BLV infection 
around parturition or during the first hours 
and days of life. 7,8 Intrauterine infection 
occurs in 4% to 8% of calves born from BLV- 
seropositive cows in naturally infected herds. 
These cases probably occur as a result of 
transplacental exposure to the virus during 
gestation. 

The virus has been found in the nasal 
secretions of infected cattle for 2 to 4 years, 
but there is no evidence that transmission to 
other animals occurred. Transmission exper¬ 
iments suggest that the virus is not present 
in saliva, but it does appear intermittently in 
urine. It is present in nasal and tracheal 
washings but only in cells, not as a free virus. 

Semen, Artificial Insemination, and 
Embryo Technology 

Most workers have failed to find the virus in 
semen and artificial insemination (AI). 
However, the virus has been found in semen 
collected by massage of the donors urethra 
and accessory glands per rectum, a proce¬ 
dure that is associated with contamination of 
semen with blood. Although transmission by 
AI has not been demonstrated, it is possible 
that semen containing infected lymphocytes 
transmission could serve as a source of the 
virus. Thus bulls at AI centers will be required 
to be serologically negative for BLV virus. 
Properly collected semen from BLV-seropos¬ 
itive bulls will not contribute to dissemina¬ 
tion of viral infection. More recent studies 
found that natural service breeding of heifers, 
and to a lesser extent, cows, was associated 
with an increase in BLV prevalence. 9 

Fertilized embryos from donors infected 
with BLV have been transferred without 
infection of the fetus. It is possible to produce 
transferable-stage in vitro fertilized embryos 
that are free of the integrated BLV provirus, 
from oocytes that had been exposed to BLV 
during maturation. 

Iatrogenic Transmission 

Transmission can occur via infected blood 
that contaminates surgical instruments, such 
as dehorning gouges, ear tattooing pliers, 
and hypodermic needles used on infected 
and then susceptible animals without 


disinfection. Transmission can also occur 
during blood transfusions and vaccines con¬ 
taining blood, such as those for babesiosis 
and anaplasmosis. Amounts of blood as 
small as 0.1 |lL are capable of transmitting 
the infection. Thus the infection can be 
transmitted via the tuberculin intradermal 
test. However, although some studies have 
found that use of common needles for blood 
sampling of infected and noninfected cows 
at the same time poses a great risk of trans¬ 
mission of the virus to noninfected cows, 
other studies suggest that the quantities of 
infective blood passed during injection with 
common needles is too small to induce 
infection. The routine practices of brucellosis 
vaccination, ear-tagging, and tattooing in 
dairy herds did not seem to be associated 
with the spread of the disease, but infection 
could be reduced from 80% to 4% in heifers 
between the time of weaning to calving by 
altering dehorning methods. Transmission 
via infective milk is possible by the passage 
of infected lymphocytes through intestinal 
mucosal epithelium during the first few 
hours of life. However, the risk of infection 
via this route appears to be greatly reduced 
because of the presence of maternal antibod¬ 
ies in colostrum and milk. 8 

Rectal Palpation 

The virus can be transmitted by rectal inocu¬ 
lation of infected blood into cattle and sheep. 
Using blood-contaminated sleeves from pal¬ 
pating seropositive heifers to palpate serone¬ 
gative cows resulted in transmission of 
infection, as evidenced by antibody forma¬ 
tion. This poses the possibility that the virus 
can be transmitted by rectal examination of 
cattle, particularly in dairy herds, when a 
single rectal palpation sleeve is used repeat¬ 
edly during reproductive tract examinations. 
Field studies examining the use of the same 
sleeve for more than one animal or an indi¬ 
vidual sleeve for each animal indicate that 
rectal transmission is a potential route of 
spread of BLV, but that it is related to fre¬ 
quency of palpation and age of cattle. Con¬ 
trolled studies of rectal palpation of cows in 
a dairy herd over a period of 22 months, 
using a single sleeve per animal or not chang¬ 
ing the sleeve between an infected animal 
and seronegative animals, resulted in a 2.8- 
fold increase in the risk of BLV infection. 
Thus rectal examination without a change of 
sleeve may be a risk factor in some herds. 

Insects 

Blood-sucking insects may be involved in 
transmission of the virus. Evidence implicat¬ 
ing arthropod vectors in BLV transmission is 
indirect, involving experiments in which 
virus-carrying arthropods or parts of them 
were transferred to uninfected cattle. In 
several experiments, infected tabanids, other 
biting flies, and ticks were placed by hand on 
cattle and sheep. Minced mouthparts or 
hematophagous insects previously fed on 





BLV-infected cattle also were injected into 
hosts. In some countries there is empirical 
evidence that the incidence of seroconver¬ 
sion is higher after the tabanid fly season. A 
space-time study found a significant positive 
geographic correlation between the rate of 
incidence of BLV infection and the density 
of the horse-fly population. Seasonal varia¬ 
tions in the incidence rates also occur; the 
highest rates are generally observed during 
summer and the lowest during winter, 
spring, and early summer. There is also a 
time link between the rate of seroconversion 
and the variations in activity of the horse-fly 
population. Experimentally, the virus has 
been transmitted by horse flies, Tabanus fus- 
cicostatus, from a seropositive cow to recipi¬ 
ent calves and goats. Horse flies take relatively 
large blood meals, have a painful bite, and 
are often interrupted in feeding and must 
finish feeding on other animals. This behav¬ 
ior, the large number of flies, and the low 
volume of blood and small number of lym¬ 
phocytes required to transmit BLV make 
tabanid flies candidates for mechanical 
vectors of the virus. The stable fly, Stomoxys 
calcitrans , has an insufficient mouthpart 
volume to carry enough blood lymphocytes 
to transmit the virus. 

Congenital Infection 

Intrauterine infection has been estimated to 
occur in 4% to 8% of calves born from BLV- 
seropositive cows in naturally infected herds 
and thus is considered to play a minor role in 
the epidemiology of EBL. Infection of the 
fetus probably occurs as a result of transpla¬ 
cental exposure to the virus during gestation. 
Calves born from seropositive cows acquire 
colostral antibodies if they ingest colostrum, 
which appears to have a protective effect 
against BLV infection during the first days of 
life. 8 Antibody levels decline during the first 6 
to 7 months of life. In one study the minimum 
and maximum duration of colostral antibod¬ 
ies were 14 and 147 days, respectively, with a 
half-life of 36 days. The decay of colostral 
antibodies and the age at which a calf can be 
expected to become seronegative is a function 
of the quantity of BLV antibodies absorbed by 
the calf and the infection status of the calf. 

Interspecies Transmission 

Cattle are the only species infected naturally, 
although sheep and goats can be infected 
experimentally. The infection does not 
spread from cattle to commingled sheep or 
between experimentally infected and nonin- 
fected sheep. However, horizontal transmis¬ 
sion of a naturally occurring lymphosarcoma 
in sheep is associated with an antigenically 
similar virus to the BLV. It is assumed that 
horizontal spread of the BLV from cattle to 
sheep does not occur. The experimental 
transfer of infection from cattle to sheep is 
effected so readily that it has become a pre¬ 
ferred technique for testing for the presence 
of a virus. 
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Source of Infection 

In cattle, infection with the virus is perma¬ 
nent, spontaneous recovery has not been 
documented, and the proviral DNA is main¬ 
tained in infected lymphocytes. The virus is 
located in lymphocytes initially in a covert 
nonproductive state, resulting in an inability 
of antibodies to arrest the infection, and 
multiplication of the virus is not necessary 
for survival or transmission. The virus is also 
capable of periodic antigenic change and cir¬ 
cumventing control by immune mecha¬ 
nisms; thus, the infected animal remains a 
source of infection for life, regardless of the 
simultaneous presence of specific antibodies. 
This virus-host system is the same as that of 
other retroviruses, especially equine infec¬ 
tious anemia (EIA) and maedi-visna of 
sheep. In most circumstances, infection 
occurs when animals are in close physical 
contact and are more than 12 months old. 
Infection is established readily by subcutane¬ 
ous injection, intradermal injection, and 
intratracheal application, but it does not 
occur after oral administration, with the 
exception of neonatal calves. 

Experimental transmission of the infec¬ 
tion using tumor material, infected blood, or 
tissue culture virus can be achieved in cattle, 
sheep, and goats, and apparently also in 
chimpanzees, but the tumors are produced 
only in the three ruminant species. A sheep 
bioassay can be used to determine the pres¬ 
ence of the virus in infected cattle. 

Risk Factors 
Animal Risk Factors 

The prevalence of infection based on serop- 
revalence is positively associated with 
increasing age in both dairy and beef cattle. 
The prevalence of infection in dairy cattle 
under 17 to 24 months of age is much lower 
than in adult cattle and increases sharply 
after 24 months of age when heifers join the 
milking herd and are in close contact with 
older cattle. 11 The rate of spread may also be 
associated with the prevalence of infection; 
in herds with a prevalence of 13% to 22% 
when first tested, the spread was slow; in a 
herd with a prevalence of 42%, the spread 
was much more rapid. 

Genetic Resistance and Susceptibil¬ 
ity. Infection with BLV is not synonymous 
with clinical disease. Most animals that 
become infected do not develop neoplas¬ 
tic disease. Once infection has occurred, 
the subsequent development of only an 
antibody response, or antibody plus persis¬ 
tent lymphocytosis (PL), or antibody plus 
lymphosarcoma, with or without PL, is 
determined by the hosts genetic makeup. 
Lymphosarcoma, the clinically apparent 
form of BLV infection involving the clonal 
transformation of infected B cells, occurs 
in about 1% to 5% of BLV-infected cattle 
and seems to be under genetic control of 
the host. 


Immune responsiveness and heritable 
resistance or susceptibility to infection are 
influenced by the host major histocompati¬ 
bility complex (MHC). 10 In cattle this MHC 
refers to the so called bovine lymphocyte 
antigen (BoLA). The earliest studies linked 
the presence of two class I BoLA-A alleles to 
the resistance to PL, an association that could 
not, however, be confirmed at the population 
level. 10 Later studies found that resistance or 
susceptibility to PL was more closely associ¬ 
ated with polymorphisms of the class IIDRB3 
gene. BoLA-A-DRB3 genes not only were 
correlated with resistance or susceptibility to 
PL and lymphosarcoma in Holstein-Friesian 
cattle, but also with the proviral load har¬ 
bored by infected lymphocytes. 10 

A complex relationship exists among 
genetic merit, milk production, BoLA geno¬ 
type, and susceptibility to PL. Cows with 
high genetic potentials for milk and fat yields 
are more susceptible to PL than cows with 
lower genetic potentials, but cows with PL do 
not produce yields of milk or fat according 
to their predicted genetic values. The major 
histocompatibility gene BoLA-A was found 
to be not only associated with resistance to 
persistent lymphocytosis, but also with the 
individual’s production potential. It was 
therefore hypothesized that genetic selection 
for increased milk production may have 
increased the susceptibility to BLV infection 
of dairy cows over the past decades. 11 Early 
attempts to quantify the economic impact of 
subclinical infection emphasized differences 
in milk production between seropositive and 
seronegative cattle. This approach, however, 
is likely to be confounded by age differences 
and ensuing differences in the stage of the 
disease complex. Antibodies to BLV may be 
present in recently infected cows with no 
other abnormality, in cows over 3 years of 
age with PL, and in animals older than 6 
years of age with tumors. 

Susceptibility to Other Diseases. A highly 
significant correlation was shown between 
BLV infection and the persistence of Tricho¬ 
phyton verrucosum infection, which suggests 
that the immune system may be impaired in 
BLV-infected cows. Observations in Sweden 
indicate many significant associations 
between BLV infection status and measures 
of incidence, reproduction, and production, 
but most were of low magnitude. The risk for 
other infectious diseases seemed to be 
greater among BLV-infected herds, whereas 
the risk for noninfectious diseases did 
not differ. 

Immune Mechanisms 
Both humoral- and cell-mediated immunity 
are induced in natural BLV infection. 
Although BLV is primarily associated to B 
lymphocytes, BLV provirus has been detected 
in the DNA of CD2 + T cells, CD3 + T cells, 
CD4 + T cells, CD8 + T cells, monocytes, and 
granulocytes of infected but clinically healthy 
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animals. 12 BLV infection was reported to 
disrupt the equilibrium between B and T 
lymphocytes not only in PL but also in AL 
BLV-infected cattle. 12 

Studies of cytokine profiles in healthy and 
BLV-infected cows suggest that type I and II 
cytokines are altered with increases in IL-10 
and IL-4 concentrations and declines in IL-2, 
IL-12, and interferon-y concentrations. 1 ' 1 

Following infection, a persistent antibody 
response occurs primarily to the envelope 
glycoprotein gp51 and the major core protein 
p24 of the BLV virions. The time from infec¬ 
tion to development of antibodies can be as 
long as 14 weeks. Experimental infection of 
calves with the virus results in seroconver¬ 
sion, which can be demonstrated with the 
ELISA in 4 to 5 weeks after infection. Lym¬ 
phocytosis can occur at about the same time 
after infection. 

Environmental and Management 
Risk Factors 

Lack of Biosecurity 

The introduction of infected animals into a 
herd has a significant positive effect on the 
subsequent prevalence of infection and clini¬ 
cal disease. The appearance of new outbreaks 
of leukosis is almost always the consequence 
of the introduction of BLV-infected animals 
in farms or areas previously free of the 
infection. 

Calf Management 

The level of calf management in dairy herds 
is also a major risk factor. Any environmen¬ 
tal factor or management practice that allows 
newborn calves access to infective blood will 
increase the level of infection in the calves, 
including prolonged close contact between 
the cow and calf immediately after parturi¬ 
tion or the use procedures or instruments 
such as the following: 

• Gouge dehorners and ear-tagging 
equipment 

• Tattooing equipment 

• Instruments used for castration or the 
removal of supernumerary teats 

• Use of single needles for vaccination 

• Instruments for control of excessive fly 
population in calf barns 

Feeding colostrum of infected dams to 
newborn calves has been incriminated as 
potential route of infection in the past. More 
recent research indicates that administration 
of maternal colostrum to calves born from 
BLV-positive cows greatly decreased the risk 
of infection in early life compared with 
calves born to BLV-positive dams but not 
receiving colostrum from their mothers. 8 
These results suggest that exposure to 
BLV occurs around birth and is not depen¬ 
dent on ingestion of colostrum but that 
ingestion of colostrum-containing BLV anti¬ 
bodies lessens the risk of contracting BLV 
infection. 8 

Some observations have found positive 
associations between BLV status of dairy 


herds and weaning age, housing preweaned 
calves in hutches or separate calf housing, 
and contact between young stock and 
older animals during the winter housing 
period. 

Pathogen Risk Factors 

BLV is highly cell associated and persists in 
a subpopulation of peripheral B lymphocytes 
and to a much lesser extent in subpopula¬ 
tions of T lymphocytes. Free virus is rarely 
or never found in the blood of infected cattle. 
EBL is therefore not highly contagious. Once 
an animal is infected, the virus DNA persists 
for life, incorporated into the DNA of 
infected lymphocytes. 

Economic Importance 

Economic losses resulting from BLV infec¬ 
tion are associated with morbidity and mor¬ 
tality as a result of malignant lymphosarcoma, 
decreased productivity and longevity in clin¬ 
ically and subclinically infected cattle, BLV 
eradication or control measures, and restric¬ 
tions of international trade. 

Losses associated with clinical disease 
can be economically significant at a herd 
level in high-prevalence herds but are gener¬ 
ally not significant in herds with low BLV 
seroprevalence because only 0.1% to 5% of 
seropositive cows and 10% to 50% of cows 
with persistent lymphocytosis develop lym¬ 
phosarcoma. Economic losses per case of 
lymphosarcoma in the United States were 
estimated to be $412.00 in a 2003 survey. In 
addition, malignant lymphosarcoma was 
found to be the largest single reason for 
carcass condemnation during postmortem 
inspection at slaughter plants in the United 
States, accounting for over 21% of all 
condemnations. 14 

The nature and extent of the economic 
losses associated with subclinical BLV infec¬ 
tion have been controversial because the evi¬ 
dence has been conflicting and because the 
costs incurred by subclinical infection are 
difficult to assess. The effects of subclinical 
BLV infection on milk production, repro¬ 
ductive performance, longevity, and culling 
rate are variable. In some observations, a 
BLV-seropositive cow had a shorter life span 
than both its seronegative counterpart and 
the entire milk cow population. 11,15 Among 
older dairy cows, BLV-seropositive cows 
were culled prematurely compared with 
uninfected cows. The culling rate was higher 
and milk production was lower in BLV- 
infected herds compared with BLV-free 
herds. The effect on reproduction was minor. 
In other observations, milk production, 
somatic cell count, age at disposal, and 
culling rate were not influenced by seroposi- 
tivity. 16,1 ' In a spreadsheet analysis of dairy 
herds in the Maritimes in Canada, total 
annual costs for an average infected 50-cow 
herd were $806.00 for EBL, compared with 
$2472.00 for Johne’s disease, $2412.00 for 
BVD, and $2304.00 for neosporosis. 


The association between EBL infection 
and annual value of production on dairy 
herds in the United States, as part of the 
National Animal Health Monitoring System’s 
1996 dairy herd study, found that compared 
with herds with no test-positive cows, herds 
with test-positive cows produced 218 kg less 
milk per cow and year, which is equivalent 
to approximately 3% of milk production. 
The mean annual value of production 
decreased by $1.28 for each 1% increase in 
herd seroprevalence (based on a milk price 
of $0.29/kg). 

When the effects of infection were exam¬ 
ined according to genetic potential for milk 
and fat production in dairy cows, the results 
were surprising. BLV-infected cows with 
high genetic potential for milk and fat yields 
were found to be more susceptible to become 
affected by PL compared with cows with 
inferior genetic potential. At the individual 
cow level, infected cows had greater milk 
production than uninfected cows based on 
seropositivity to BLV and 305-day mature 
equivalent fat-corrected milk production. 
Among seropositive cows, those with PL 
were culled at a younger age and had reduced 
production in the last lactation relative to 
other groups. 

The cost of clinical disease and subclini¬ 
cal infection varied substantially with the 
prevalence of infection, whereas the cost of 
control varied with herd size. A basic BLV 
control program is considered economical in 
herds in which the prevalence of infection is 
greater than or equal to 12.5%. 

Trade Restrictions 

A major economic effect of the disease lies in 
import restrictions placed by countries free 
of EBL on infected cattle and on semen 
either from infected bulls or from nonin- 
fected bulls from a positive herd. It is the 
practice, particularly in countries that are 
recognized as free of EBL by the World Orga¬ 
nization of Animal Health (OIE), to require 
proof of freedom from infection with the 
virus from animals about to be imported into 
the country. This is a matter of major impor¬ 
tance when the cattle are purebred and are 
sold at high prices as breeding animals. Some 
countries are already demanding a negative 
blood test for all cattle and meat to be 
imported, and this could represent a loss of 
export markets for some countries. 

Zoonotic Implications 

The possibility of transmission of the virus 
from cattle to humans is a real one; the virus 
is commonly present in the milk of infected 
cows, and the disease has been transmitted 
to chimpanzees in this way. Using an immu- 
noblot test, a serologic survey of 257 humans 
in California found at least one antibody 
isotype reactive with BLV in 74% of the sera 
tested. However, this does not necessarily 
mean that humans are actually infected with 
BLV. The antibodies could be a response to 
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heat-denatured BLV antigens from con¬ 
sumed milk or meat. Only 9% of the subjects 
indicated any direct contact with cattle or 
their biological products. 

There is an ongoing scientific debate on 
the possible association of leukemia in 
humans with exposure to BLV, either through 
direct contact with animals or carcasses or 
through consumption of dairy or meat prod¬ 
ucts. A number of retrospective and prospec¬ 
tive epidemiologic studies have explored the 
risk of leukemia among specific occupational 
groups, such as farmers and people working 
in food production or meat processing. 
Several of these studies reported a signifi¬ 
cantly increased risk of developing leukemia 
for workers in livestock farming or meat pro¬ 
cessing, whereas other failed to identify such 
an increased risk. 18 " 21 Increased risk of devel¬ 
oping leukemia in occupational groups 
having contact with cattle does not create an 
automatic association with exposure to BLV 
because people in these groups would share 
exposure to other chemical, biological, or 
environmental agents possibly causing or 
contributing to this risk. To this date in vivo 
studies have not provided any evidence that 
BLV increases the risk of disease in humans. 19 

Other Species 

Lymphosarcoma occurs sporadically in all 
species, but natural infection with the BLV 
virus has been demonstrated only in sheep 
and capybaras. 

Although there is no evidence of a rela¬ 
tionship between bovine viral leukosis and 
any disease of pigs, there is a record of enzo¬ 
otic leukosis in that species, which is 
inherited. 

PATHOGENESIS 
Virus and Lesion 

Infection with BLV virus may occur in utero, 
at the time of birth, or at a later stage of life 
and requires exposure of a susceptible 

Exposure 


individual to infected lymphocytes. The 
virus primarily establishes a persistent infec¬ 
tion in a subpopulation of B lymphocytes by 
integrating proviral DNA into the host cel¬ 
lular DNA. Other cells that were found to 
carry proviral DNA, although to a much 
lower extent, are CD2 + T cells, CD3 + T cells, 
CD4 + T cells, CD8 + T cells, y/(3 T cells, mono¬ 
cytes, and granulocytes. 11 

The four possible outcomes after expo¬ 
sure of cattle to BLV are outlined in Fig. 11-7 
and are as follows: 

1. Failure of the animal to become 
infected, probably because of genetic 
resistance 

2. Establishment of a permanent infection 
and the development of detectable levels 
of antibodies without clinical or 
hematological abnormalities (aleukemic 
infection) 

3. Establishment of a permanent infection; 
the animal becomes seropositive and 
also develops PL, a benign 
lymphoproliferative process. It is not a 
preclinical stage of lymphosarcoma. 

4. Infected, seropositive animals that may 
or may not have been through a stage of 
persistent lymphocytosis and that 
develop neoplastic malignant 

tumors—lymphosarcoma 
After infection, seroconversion occurs 
within 2 to 12 weeks, a time frame that, 
among other factors, is determined by the 
infective viral dose. Antibodies against BLV 
are not protective against tumor develop¬ 
ment. Whether or not the animal becomes 
infected or develops any of the other forms 
of the disease depends on the recipients 
genetic constitution. The outcome may also 
be influenced by the animal’s immune status 
and the size of the infective dose of virus. 

A subset of animals develops a persistent 
increase of lymphocytes that can become 
apparent any time after the infection but 
rarely occurs before 2 years of age. Persistent 


lymphocytosis in affected animals persists 
for several years if not for life and may 
or may not precede the development of 
malignant lymphosarcoma. Persistent lym¬ 
phocytosis in contrast to the malignant lym¬ 
phosarcoma is the result of polyclonal 
proliferation of B lymphocytes and therefore 
presents a benign lymphoproliferative 
process. The increase of lymphocytes also 
involves an increase of the T lymphocyte 
count and a concomitant increase of the BLV 
antibody titer. 

Development of lymphosarcoma, a neo¬ 
plasm of the lymphoreticular system, occurs 
in less than 5% of infected cattle and is the 
only clinically apparent form of EBL. This 
neoplasm is usually derived from a single cell 
clone and is never benign. Lymphosarcoma 
usually occurs in BLV-infected cattle 5 to 8 
years of age. Lesions develop at varying rates 
in different animals so that the course may 
be quite short or protracted over several 
months. The outcome is invariably fatal. 

Lesions and Clinical Disease 

In adult cattle, almost any organ may be the 
site of lesions, but the abomasum, heart, and 
visceral and peripheral lymph nodes are most 
commonly affected. Depending on the organ 
that is most involved, several clinical syn¬ 
dromes occur. Involvement of the abomasal 
wall results in impaired digestion and persis¬ 
tent diarrhea. When the atrial wall is affected, 
congestive heart failure occurs. In nervous 
tissue, the primary lesion is in the roots of 
peripheral nerves and spreads along the nerve 
to involve meninges and cord. Involvement of 
the spinal meninges and nerves results in the 
gradual onset of posterior paralysis. The skin, 
reproductive tract, and periorbital tissues are 
commonly affected. In the cutaneous form, 
intradermal thickenings develop, which 
persist but do not cause discontinuity of the 
epithelium. They are composed of aggrega¬ 
tions of neoplastic lymphocytes. Invasion of 
periorbital tissues commonly results in 
exophthalmos. Esophageal obstruction may 
result from mediastinal lymph node involve¬ 
ment in calves. 

The tumors consist of aggregations of 
neoplastic lymphocytes, but in many cases 
they may be more accurately described as 
reticulosarcoma. They are highly malignant 
and metastasize widely. The hemogram is 
variable, and although there may be an 
accompanying lymphocytosis, the presence 
of large numbers of immature lymphocytes 
in the blood smear is a more reliable indica¬ 
tion of the presence of the disease. Some 
degree of anemia is common. 

CLINICAL FINDINGS 

This disease is characterized by tumors 
developing rapidly in many sites with an 
accompanying great variation in clinical 
signs and syndromes. An approximate indi¬ 
cation of the frequency with which individ¬ 
ual signs appear is set out in Figure 11-8. 


I 

Infection No infection if animal 

genetically resistant 

- 1 

Persistent infection. Seropositive. 
No lymphocytosis, no tumors because 
of genetic resistance (100%) 

, I 

Lymphosarcoma Persistent lymphocytosis 

Tumors develop benign lymphoproliferative 

Malignant neoplasia (<5%) state (29%) 

A i 


Fig. 11-7 Possible pathways after exposure to bovine leukosis virus (percentage figures 
indicate proportion of seroconverted animals that develop the particular form referred to 2 ). 
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Fig. 11-8 Clinical diagnosis frequency of predominant signs of bovine leukemia—1100 field 
cases. (Courtesy of Canadian Veterinary Journal). 


The usual incubation period is 4 to 5 
years. This form is rarely seen in animals 
under 2 years of age and is most common in 
the 4- to 8-year-old age group. Persistent 
lymphocytosis without clinical signs may 
occur earlier but rarely before 2 years of age. 
Many cows remain in the preclinical stage for 
years, often for their complete productive 
lifetime, without any apparent reduction in 
performance, but clinical disease appears in 
a small subset of these cows. The clinical 
signs and the duration of the illness vary with 
the number and importance of the sites 
involved and the speed with which the tumor 
masses grow. 

In 5% to 10% of clinical cases the course 
is peracute, and the affected animals often 
die suddenly or unexpectedly without any 
prior evidence of illness. Involvement of the 
adrenal glands and rupture of an abomasal 
ulcer or an affected spleen, followed by acute 
internal hemorrhage, are known causes. 
These animals are often in good bodily 
condition. 

In most cases the course is subacute (up 
to 7 days) to chronic (several months) and 
initiated by an unexplainable loss of body 
condition and appetite, pallor, and muscular 
weakness. The heart rate is not increased 
unless the myocardium is involved, and the 
temperature is normal unless tumor growth 
is rapid and extensive, when it rises to 39.5° 
to 40° C (103° to 104°F). Although the fol¬ 
lowing specific forms of the disease are 
described separately, any combination of 
them may occur in any one animal. In many 
cases, clinical illness sufficient to warrant the 
attention of the veterinarian is not observed 
until extensive involvement has occurred 
and the possibility of slaughter of the animal 
for beef purposes cannot be considered. On 
the other hand, many cases are examined at 
a time when diagnostic clinical signs are not 


yet evident. Once signs of clinical illness and 
tumor development are detectable the course 
is rapid, and death occurs in 2 to 3 weeks. 

Enlargement of the Superficial 
Lymph Nodes 

Enlargement of the superficial lymph nodes 
occurs in 75% to 90% of clinical cases and is 
often an early clinical finding. This is usually 
accompanied by small (1 cm in diameter) SC 
lesions, often in the flanks and on the 
perineum. The skin lesions are probably 
enlarged hemolymph nodes and are of no 
diagnostic significance, often occurring in 
the absence of other signs of the disease. In 
many cases with advanced visceral involve¬ 
ment, peripheral lesions may be completely 
absent. Enlargement of visceral lymph nodes 
is common, but these are usually subclinical 
unless they compress other organs such as 
intestine or nerves. They may be palpable on 
rectal examination, and special attention 
should be given to the deep inguinal and iliac 
nodes. In advanced cases, extensive spread to 
the peritoneum and pelvic viscera occurs, 
and the tumor masses are easily palpable. 

Although the enlargement of lymph 
nodes is often generalized, in many cows 
only a proportion of their nodes are involved. 
The enlargements may be confined to the 
pelvic nodes or to one or more SC nodes. 
Involvement of the nodes of the head is 
sometimes observed. The affected nodes are 
smooth and resilient and in dairy cows are 
easily seen, and their presence may be 
marked by local edema. Occasionally, the 
entire body surface is covered with tumor 
masses 5 to 11 cm in diameter in the SC 
tissue. 

Digestive Tract Lesions 

Digestive tract lesions are common. Involve¬ 
ment of the abomasal wall results in a 


variable appetite, persistent diarrhea, not 
unlike that of Johne’s disease, and occasion¬ 
ally melena as a result of bleeding of an 
abomasal ulcer. Tumors of the mediastinal 
nodes may cause chronic, moderate 
bloating. 

Cardiac Lesions 

Lesions in the heart usually invade the right 
atrial wall primarily, causing right-side 
congestive heart failure. There is hydro¬ 
pericardium with muffling of the heart 
sounds, hydrothorax with resulting dyspnea, 
engorgement of the jugular veins, and edema 
of the brisket and sometimes of the inter- 
mandibular space. Tachycardia as a result of 
insufficiency and arrhythmia as a result of 
heart block are common. A systolic murmur 
is also common, along with an abnormal 
jugular pulse. The liver may be enlarged 
and palpable caudal to right costal arch, and 
passive congestion of the liver and visceral 
edema results in persistent diarrhea. 

Nervous System Involvement 

Neural lymphomatosis is usually manifested 
by the gradual onset over several weeks of 
posterior paralysis. Knuckling of the fetlocks 
of the hindlegs while walking is common, 
and one leg may be more affected than 
the other. This is followed by difficulty in 
rising, and finally by clinical recumbency 
and inability to stand. At this stage, sensa¬ 
tion is retained, but movement is limited 
or absent. There may be a zone of hyper¬ 
esthesia at the site of the lesion, which is 
usually at the last lumbar or first sacral ver¬ 
tebra. Appetite and other functions, apart 
from the effects of recumbency, are usually 
normal. Metastases in the cranial meninges 
produce signs of space-occupying lesions 
with localizing signs referable to the site of 
the lesion. 

Less Common Lesions 

Less common signs include enlargement of 
the retropharyngeal lymph nodes, which 
may cause stertor and dyspnea. Sometimes 
clinically detectable lesions occur in the peri¬ 
orbital tissues, causing protrusion of the 
eyeball (exophthalmos), and in the limb 
muscles, ureter and kidney, and genitalia. 
Involvement of the uterus may be detectable 
as multiple nodular enlargements on rectal 
examination. Severe bilateral exophthalmos 
may occur, along with generalized lymph- 
adenopathy. Periureteral lesions may lead to 
hydronephrosis with diffuse enlargement of 
the kidneys, whereas tumors in renal tissue 
cause nodular enlargements. In either case 
terminal uremia develops. 

BLV particles have been detected by elec¬ 
tron microscopy around lymphocytes in the 
mammary tissue of BLV-antibody-positive 
cows affected by subclinical mastitis. 
Whether the virus is a causative agent or an 
immunosuppressant in bovine mastitis is 
unknown. 














Other Species 

Outbreaks of lymphosarcoma in sheep 

have been observed with clinical, epidemio¬ 
logic, hematological, and necropsy findings 
similar to those of enzootic bovine leukosis. 
B-cell leukemia has been described in sheep. 

Infection of other species with BLV has 
not been demonstrated, but epidemic occur¬ 
rences of lymphosarcoma have been observed 
in pigs, but only sporadic cases in horses. 

CLINICAL PATHOLOGY 

A definitive antemortem diagnosis depends 
on the clinicopathological examination of 
the animal. Several diagnostic techniques are 
available, and it is important to make the 
appropriate selection for the particular stage 
of the disease that is being considered, as 
follows: 

• Diagnosis of the viral infection is made 
by serologic or virological techniques. 

• Persistent lymphocytosis is identified by 
hematology but is not pathognomonic 
for BLV infection. 

• Neoplastic tumors are identified by 
histologic examination of a biopsy 
specimen. 

Because of the increasing economic 
impact of BLV infection in the cattle indus¬ 
try, the availability of a highly sensitive and 
specific assay for the identification of BLV- 
infected animals is of critical importance. 
Such an assay is needed for the selection of 
BLV-free cattle for commercial sale, prepur¬ 
chase testing of breeding animals and import 
or export testing, and control and eradica¬ 
tion programs. Ideally, the assay should be 
practical, inexpensive, and able to be adapted 
for large-scale use. 

Diagnosis of the Presence of 
Infection With BLV 
Serologic Tests 

Seroconversion occurs between 3 and 16 
weeks postinfection. Virtually all cattle 
infected with BLV will continuously have 
antibodies against the major internal (p24) 
and envelope (gp51) virion proteins in their 
serum, and serologic tests are commonly 
used for the diagnosis of BLV infection in 
cattle over 6 months of age. Maternally 
derived antibodies may be detectable until 7 
months of age and are indistinguishable 
from antibodies resulting from infection. 
BLV antibodies tend to decline in the peri- 
parturient period as a result of the shift from 
the dam’s circulation to the mammary gland, 
and titers may drop below the detection limit 
from 2 to 6 weeks before to 2 weeks after 
calving. 22 

A number of diagnostic tests are available 
to diagnose seroconversion in individual 
animals and on a herd level, as discussed in 
the following sections. 

Enzyme-Linked Immunosorbent Assay in 
Serum or Milk. In the last decade ELISA- 
based testing has replaced the AGID in 
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eradication programs in several countries 
and is one of the prescribed diagnostic tests 
for international trade. It is more sensitive 
than other serologic tests and can be used on 
milk. The ELISA can detect antibody titers 
10- to 100-fold below the detection limit of 
the AGID. The superior sensitivity of the 
ELISA allows detection of antibodies in 
pooled serum samples of herds with a preva¬ 
lence of less than 1%, whereas the AGID test 
detected only 50% of the herds detected by 
the ELISA. Two commercially available 
ELISAs and the PCR were evaluated and 
compared with the AGID to detect antibod¬ 
ies to BLV or its nucleic acid. The ELISA tests 
detected about 10% more reactors than the 
AGID and the electrophoretic immunoblot- 
ting results. Some ELISA-positive animals 
were not detected by the PCR. 

Four commercially available BLV-ELISA 
kits from Europe and the United States were 
compared with the AGID test officially 
approved by the Canadian Food Inspection 
Agency. The ELISA tests were more sensitive 
than the AGID test kits. A highly sensitive 
and specific blocking ELISA comparable to 
the radioimmunoprecipitation assay for the 
detection of BLV antibodies in serum and 
milk samples has been developed. 

The milk ELISA has been adopted for 
testing milk from individual cows and 
pooled milk samples. A comparison of the 
ELISA and AGID tests for the detection of 
BLV antibodies in bovine serum and milk 
found a high level of agreement. The bulk- 
tank milk ELISA is useful for identification 
of herds that are negative for BLV infection 
and to monitor BLV-negative herds. The 
antibody level in milk is lower than in serum 
but the sensitivity of the ELISA is as effective 
as for sera. Testing of bulk milk is a useful 
and practical method for large-scale epide¬ 
miologic studies and initial eradication pro¬ 
grams. Heifers, bulls, and dry cows and 
youngstock over 1 year of age that are not 
included when bulk milk is tested need to be 
sampled individually before a herd is declared 
free of the virus. The sensitivity and specific¬ 
ity of the milk ELISA is estimated to be 
adequate until the prevalence of BLV- 
infected individuals in the country is less 
than 1%. Herds identified as positive by the 
milk ELISA would require further testing at 
the individual or herd level to definitively 
establish their BLV status. 

Agar Gel Immunodiffusion Test. The 

AGID is a specific but not very sensitive 
diagnostic test for BLV. It has, however, been 
proven to be highly useful and efficient as a 
basis for eradication or control programs 
because it is simple, easy to perform, and 
inexpensive. 22 It remains one of the pre¬ 
scribed tests for international trade. Most 
commercial AGIDs test for the presence for 
both antibodies against p24 and gp51 but are 
not standardized for the demonstration of 
antibodies against gp51. 


Radioimmunoprecipitation Assay. The 

radioimmunoprecipitation (RIP) assay, 
which uses gp51 or p24 as antigen, is a highly 
sensitive and specific method for serologic 
diagnosis of BLV infection. The RIP assay 
has been used as the criterion-referenced 
standard to critically evaluate the perfor¬ 
mance of other diagnostic tests for BLV 
infection. Detailed comparisons of various 
BLV assays in a large number of cattle of 
various origins and ages found that the RIP 
assay is the most sensitive and specific test. 
However, its major disadvantage is that it 
requires a gamma counter and radioisotopes, 
which are expensive. 

Radioimmunoas say. Radioimmunoassay 
(RIA) is suitable for individual cow testing 
because of its accuracy. There are several ver¬ 
sions of this test, and the one using the virion 
gp antigen is preferred. It is one of the most 
sensitive tests and is useful for the detection 
of BLV antibodies in cattle exposed no longer 
than 2 weeks, in milk samples, and in serum 
samples from periparturient dams. 

Detection of Virus 

Polymerase Chain Reaction. The PCR is a 

sensitive and specific assay for direct diagno¬ 
sis of BLV infection in peripheral blood lym¬ 
phocytes. The test is useful for the early 
detection of BLV infection even before anti¬ 
bodies are present. It is more sensitive than 
the ELISA or AGID in detecting infected 
cattle where the prevalence of infection is 
less than 5%. The test can identify proviral 
DNA of BLV in the lymphocytes of calves at 
birth in calves born to infected cows. At 
birth, the presence of an antibody titer can 
result from passive transfer of immunity or 
perinatal infection, and the PCR test can dif¬ 
ferentiate uninfected newborn calves with 
colostral antibodies from BLV-infected 
calves and detect the presence of the virus in 
the presence of antibodies. The PCR has a 
practical application in the identification of 
BLV-infected calves, regardless of colostral 
antibody, which allows immediate removal 
of the source from the herd. In a dairy herd 
with a high prevalence of BLV, a positive 
PCR assay result provided definitive evi¬ 
dence that a cow was infected with BLV. 
However, sensitivity and specificity were 
0.672 and 1.00, respectively. The predictive 
value of a positive test was 1.00, and the pre¬ 
dictive value of a negative test was 0.421. 
Thus PCR assay alone is unreliable for 
routine detection of BLV in herds with a high 
prevalence of BLV infection. 

The PCR can also be used to ensure that 
cattle used in the production of a whole- 
blood vaccine for tick-borne disease are free 
from BLV infection. The sheep bioassay, cur¬ 
rently in use, requires 4 months of serologic 
testing to ensure that donor animals are not 
infected. Replacement of the sheep bioassay 
with the PCR could result in considerable 
saving of time and effort. Use of the PCR 
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requires stringent precautions to prevent 
false-positive results from contamination of 
samples with PCR product. 

A nested PCR identified 98% of BLV- 
seropositive cows from blood and 65% from 
milk, whereas real-time PCR detected 
94% of BLV-seropositive cows from blood 
and 59% from milk. BLV was also detected 
in 10% of seronegative cows, most likely 
because of early detection before 
seroconversion. 

Differentiation Between Enzootic and 
Sporadic Bovine Leukosis. The role of 
BLV in some cases of sporadic bovine lym¬ 
phomas (SBL) needs to be reexamined. The 
findings of persistently seronegative PCR- 
positive and seropositive PCR-negative cattle 
indicates that the BLV cannot be excluded 
as a causative agent in some cases of SBL. 
Enzootic bovine leukosis cannot be dis¬ 
tinguished from SBL on histopathological 
examination. The ELISA is recommended as 
a method of choice to differentiate between 
EBL and SBL because it is a rapid, reliable, 
and sensitive test that is inexpensive and 
easy to perform. In cases where no blood or 
other fluids are obtained, the PCR test is the 
most useful method for the direct detection 
of BLV. 

Diagnosis of Persistent 
Lymphocytosis 

Approximately 30% of animals infected with 
BLV develop PL, which is defined as a benign 
increase in the absolute lymphocyte count of 
three or more standard deviations above the 
normal mean as determined for that respec¬ 
tive breed and age group of animals in leu- 
kosis-free herds. The PL is an increase in 
peripheral B lymphocytes. It has been sug¬ 
gested that one additional criterion for PL 
should be that it persists for more than 3 
months. When PL was first recognized in 
herds that experienced malignant lympho¬ 
sarcoma, it was considered a subclinical 
expression of the tumor stage of the disease. 
Although persistent lymphocytosis is not 
pathognomonic for BLV infection, it became 
an important diagnostic criterion in control 
and eradication programs until BLV was 
identified as causative agent and serologic 
tests became available to more accurately 
identify infected animals. The majority of 
cells involved in PL are normal lymphocytes, 
but atypical and abnormal forms have been 
described and are considered as indicative of 
preleukemic condition. The total count 
increases from a normal of 6000 to as high 
as 15,000/|iL. An increase in the percentage 
of lymphocytes in the total white blood cell 
count from the normal of 50% to 65% is con¬ 
sidered a positive result. The presence of 25% 
or more of the total lymphocyte count as 
atypical immature cells is also considered a 
significant aberration. The PL may or may 
not subside in animals that subsequently 
develop lymphosarcoma. 


The association between the strength of 
serologic recognition of BLV by the use of 
ELISA and lymphocyte count in BLV- 
infected cows has been examined. The sam- 
ple-to-positive ratio, which is the ratio 
between the test sample and a positive 
control sample, was compared among lym- 
phocytotic and nonlymphocytotic cows. The 
sample-to-positive ratio and lymphocyte 
count were related, but cows with high sam- 
ple-to-positive ratio were not always lym- 
phocytotic. Culling cows on the basis of 
sample-to-positive ratio will reduce culling 
of ELISA-positive cows; however, culling on 
the basis of lymphocyte count will eliminate 
a greater proportion of the reservoir of 
infection. 

Diagnosis of Lymphosarcoma 

Lymphosarcoma can only be diagnosed by 
histopathological examination of a section of 
tumor material obtained by biopsy or nec¬ 
ropsy. A needle aspirate of an enlarged 
peripheral lymph node may provide a rapid 
and inexpensive diagnosis. Enlarged lymph 
nodes or hemolymph nodes are the usual 
sources, but when the genital tract is involved 
an exploratory laparotomy is usually per¬ 
formed so that a sample can be obtained. The 
lymphocyte count may increase to 20,000 to 
30,000/pL and in some cases may reach 
values of 50,000 to 100,000/pL, and even 
400,000 to 500,000/|lL. Conversely, in some 
cases, the lymphocyte count decreases. 
Chromosomal changes may be detectable in 
cells from lymph nodes or in leukocytes 
from peripheral blood of affected animals. 
When there is myocardial involvement there 
may be obvious changes in the electrocardio¬ 
gram, but these are unlikely to be of value in 
differential diagnosis. 

NECROPSY FINDINGS 

Enzootic bovine leukosis is mostly a disease 
of adult cattle characterized at necropsy by 
markedly enlarged lymph nodes and multi¬ 
ple firm, white tumor masses in any organ 
but especially the liver, spleen, heart, aboma¬ 
sum, and spinal cord. Affected lymph nodes 
may be enormously enlarged and be com¬ 
posed of both normal and neoplastic tissue. 
The latter is firmer and whiter than normal 
lymphoid tissue and often surrounds foci of 
bright yellow necrosis. Enlarged lymph 
nodes may appear anywhere in the body but 
are common in the retrobulbar, pharyngeal, 
and pelvic areas. An affected liver may have 
discrete nodular masses, or it may be dif¬ 
fusely enlarged and pale, and can be easily 
misinterpreted as fatty degeneration rather 
than a neoplastic process. In the heart, the 
tumor masses invade particularly the right 
atrium, although they may occur generally 
throughout the myocardium and extend to 
the pericardium. The frequency of early 
changes in the subepicardial tissue of the 
right atrium suggests that this is an area from 
which tissues should be selected in latent or 


doubtful cases. The abomasal wall, when 
involved, shows a gross, uneven thickening, 
with tumor material in the submucosa, par¬ 
ticularly in the pyloric region. Similar lesions 
occur commonly in the intestinal wall. Deep 
ulcerations in the affected area are not 
uncommon. Involvement of the nervous 
system usually includes thickening of the 
peripheral nerves coming from the last 
lumbar or first sacral cord segment or more 
rarely in a cranial cervical site. This may be 
associated with one or more circumscribed 
thickenings in the spinal meninges. Less 
common sites include the kidney, ureters, 
and uterus. 

Histologically, the tumor masses are com¬ 
posed of densely packed, monomorphic lym¬ 
phocytic cells. The cleaved variant of the 
diffuse large cell type with a high mitotic 
index is characteristic of enzootic lymphoma, 
and this high-grade type of B-cell tumor may 
be a consequence of the viral etiology of this 
form of the disease. It is possible to confirm 
viral infection in some cases by a PCR test, 
but such testing is rarely justified. 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed samples of 
gross lesions, plus enlarged lymph 
nodes, bone marrow, liver, spleen, 
thymus, right atrium, abomasum, uterus 
(LM, IHC) 

• Virology—neoplastic tissue (PCR) 


DIFFERENTIAL DIAGNOSIS 


Because of the very wide range of clinical 
findings, a definitive diagnosis of bovine 
leukemia virus (BLV) is often difficult. 
Enlargement of peripheral lymph nodes 
without fever or lymphangitis is unusual in 
other diseases, with the exception of 
tuberculosis, which can be differentiated by 
the tuberculin test. In the absence of these 
enlargements, the digestive form may easily 
be confused with Johne's disease. The cardiac 
form closely resembles traumatic pericarditis 
and endocarditis, but there is absence of fever 
and toxemia, and the characteristic 
neutrophilia of these two diseases is usually 
absent. Involvement of the spinal nerves of 
meninges may be confused with spinal cord 
abscess or with the dumb form of rabies. An 
examination of cerebrospinal fluid may be of 
value in determining the presence of an 
abscess, and rabies has a much shorter course 
and other diagnostic signs. Multiple lymph 
node enlargements in the abdominal cavity 
and nodular lesions in the uterine wall may be 
confused with fat necrosis, but the nature of 
the lesion can usually be determined by 
careful rectal palpation. Stertor caused by 
enlargement of the retropharyngeal lymph 
nodes is also commonly caused by 
tuberculosis and actinobacillosis. 

Cases of sporadic bovine leukosis that are 
BLV-negative may resemble lymphosarcoma of 
enzootic bovine leucosis. 









TREATMENT 

There is no treatment. 

CONTROL 

The disease can be eradicated from a herd, 
and even a country, or controlled at a low 
level. The option chosen depends initially on 

the prevalence of infection in the herd, the 
value of the animals in the herd, and 
whether a governmental indemnity offered 
for seropositive cows that are culled and sent 
to slaughter. 

History of Compulsory Eradication 
Programs in Europe 

Control and eradication programs have been 
in effect on a nationwide basis in several 
western European countries. Denmark 
began an eradication program in 1959 based 
on the occurrence of clinical lymphosarcoma 
and the identification of cattle with PL using 
the Bendixen hematological key for classify¬ 
ing cattle as normal, suspect, or lymphocytic. 
This eradication program was established 
more than 10 years before identification of the 
etiologic agent of the disease. Even though the 
causative agent was unknown, bovine lym¬ 
phosarcoma was widely accepted to be an 
infectious disease because of its occurrence in 
clusters of diseased cows in certain herds. 1 
Leukosis was declared a reportable disease, 
and all adult cattle from herds in which cases 
of leukosis originated were subjected to a 
hematological examination. Affected herds 
were quarantined, and indemnity was offered 
to induce owners to have their entire herd 
slaughtered. This herd-slaughter policy was 
continued until 1982. When the AGID test 
became available, the Bendixen key was dis¬ 
continued, and only the AGID test was used 
in the official program between 1979 and 
1982. Routine testing was discontinued in 
1982. Surveillance involved testing random 
sera collected from every sixth adult cow to be 
slaughtered. According to the official Danish 
control program, the incidence of tumors in 
adult cattle at the start of the eradication 
program was at least 10 times greater than 
that 10 years later. The hematological test was 
less sensitive than subsequent serologic tests 
but the specificity was fairly high, and only a 
few herds were erroneously classified as leu¬ 
kosis herds. When the serologic tests were 
introduced, some herds that were classified as 
leukosis-free based on the hematological 
Bendixen key were found to be infected. 

In Britain a national testing program was 
begun in 1992 that led to successful eradica¬ 
tion of the disease. All blood samples col¬ 
lected for routine periodic testing for 
brucellosis have also been tested for BLV, and 
milk samples are collected every 3 months 
from dairy herds for BLV testing. The preva¬ 
lence of infection has been low and the 
source of infection undetermined. Some of 
the animals had been imported from Canada, 
but in other cases there was no association 
with importation. 
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Enzootic bovine leukosis was eradicated 
from Finland in 1996. The disease was first 
recognized in 1966, and it required 30 years 
of use of the key principles of test and slaugh¬ 
ter policy to achieve eradication. The infec¬ 
tion status was monitored at meat inspection, 
hematologically between 1970 and 1977, and 
serologically between 1978 and 1989. Annual 
surveys including all dairy herds and samples 
from beef animals were conducted from 
1990 to 2001. Bulk-tank samples represented 
the dairy herds in the surveys; beef animals 
were sampled individually at slaughter. The 
maximum positive herd-level percentage in 
the survey was 0.03%. The herd level preva¬ 
lence of infection never exceeded 5%. 

Considering the animal-health aspects 
and possible consumer reactions against 
having a widespread retrovirus infection in 
food-producing animals, and the require¬ 
ments for exporting cattle and semen, 
Sweden introduced a national program for 
the eradication of BLV in 1990. An ELISA 
test was evaluated for detection of antibodies 
to BLV in individual and bulk milk and 
serum samples. 

In the meantime, a total of 17 countries 
of the European Union are officially free of 
BLV. Similarly, since 2010 New Zealand, after 
having implemented a BLV eradication 
program, is free of evidence of EBL, and Aus¬ 
tralia expects to have eradicated the disease. 

In Canada and the United States, it is 
considered cost prohibitive to cull and 
slaughter all seropositive cattle because of 
the high prevalence of infection. Many sero¬ 
positive cows are valuable pedigreed animals, 
and there are no indemnity programs avail¬ 
able. Thus all control and eradication pro¬ 
grams in these countries are herd based and 
strictly voluntary. Livestock producers are 
willing to adopt control programs because of 
the economic losses associated with export 
restrictions if their cattle are infected and the 
losses resulting from the occasional cluster¬ 
ing of cases of lymphosarcoma. 

Eradication Programs 

Enzootic bovine leukosis can be eradicated 
only by the following methods: 

• Test and slaughter of cattle infected with 
the virus—programs based on the 
culling of seropositive cows are effective. 

• The maintenance of a closed herd, 
which permits the entry of only those 
animals free of infection 

The efficiency of such a program depends 
on the accuracy of the test used to identify 
the infected animals and the repetition of the 
test at an appropriate interval so that animals 
that were in the incubation stages of the 
disease at the time of the first test will have 
had time to seroconvert. The recommended 
procedure is as follows: 

1. Identify infected animals using the 
serum or milk ELISA or AGID test. 

2. Cull and slaughter seropositive animals 
immediately. 


3. Retest the herd 30 to 60 days later. 

4. Use the PCR assay to test young calves 

and as a complementary test for 

clarifying doubtful test results in 

herds with a low prevalence of 

infection. 

Testing is repeated until the herd has a 
negative test. When the herd is negative, 
testing is repeated every 6 months and the 
herd declared free when there have been no 
positive reactors for 2 years. Future introduc¬ 
tions into the herd are managed most safely 
by artificial insemination or fertilized ovum 
transfer, or importations of animals that 
have been tested and are seronegative on two 
tests carried out 30 and 60 days before 
arrival. 

In herds where the prevalence is high, a 
two-herd scheme can be successful. Newborn 
calves are removed from seropositive cows 
immediately after birth, fed colostrum from 
seronegative cows, and raised in isolation. 
All animals over 6 months of age are tested 
periodically and seropositive animals culled. 
The parent herd is eventually disposed of as 
negative replacement animals become avail¬ 
able. Only those bulls that are seronegative 
may be used, and they must be tested every 
3 months. 

Although eradication is biologically fea¬ 
sible, it is unlikely that area eradication pro¬ 
grams will be implemented on an extensive 
scale because losses from the disease are not 
sufficiently high, and there is a high risk of 
insect vectors reintroducing it, which poses 
a real threat to maintenance of a BLV-free 
herd. The cost-effectiveness of an eradication 
program on a national basis would be a 
major consideration. For an individual herd, 
it is feasible, provided some steps are taken 
to increase the genetic resistance of the resid¬ 
ual stock and to reduce the chances of in¬ 
contact infection occurring. 

Limitation of Spread of Infection 

In herds with a high prevalence of infection, 
the test and slaughter method of eradication 
is not economically viable if the animals 
have a high economic value because of supe¬ 
rior genetic potential. Control of infection 
in these herds is possible using embryo 
transfer from infected dams to negative 
recipients and isolation of newborn calves, 
but these are not practical on a country-wide 
basis. An alternative method is segregation 
of BLV-infected and noninfected animals 
based on the serum/milk ELISA or AGID 
test. This is known as the test and segrega¬ 
tion method, which is based on the evidence 
that the spread of infection between animals 
is relatively slow and that the virus is spread 
by movement of infected animals from one 
herd to another and within a herd. Following 
the initial testing of the herd, the herd is 
divided into two groups, BLV-positive and 
BLV-negative animals, and kept at least 
200 m apart. A third separate location is 
used for quarantine of replacement animals. 
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Replacement animals must be found nega¬ 
tive in two consecutive serum antibody tests, 
the first within 30 days before purchase and 
the second after 60 days of isolation, before 
being moved into the negative group. The 
serologic tests are conducted every 3 months, 
and the reactors removed to the positive 
group location until the remaining animals 
in the herd have attained BLV-negative 
status by the test. Thereafter, the tests are 
done every 6 months and continued until at 
least four consecutive negative tests are 
obtained for each herd. Variations of this 
method of test and segregation with subse¬ 
quent removal of seropositive animals in the 
routine culling program have been success¬ 
ful. The colostrum and milk fed to calves in 
the BLV-negative group must be from sero¬ 
negative cows or be pasteurized to inactivate 
the virus. 

In Canada, cattle owners may enroll in 
the Canada Health Accredited Herd program 
to declare freedom from EBL. All reactors 
must be removed from the herd. If a large 
number of reactors are detected, two herds 
on two separate farms can be established: 
one herd comprised of the reactors and the 
other of cattle that are seronegative. Calves 
from the reactor herd can be added to the 
accredited herd in accordance with strict 
isolation and testing procedures. To qualify 
for accredited certification, a herd must have 
two consecutive negative herd tests, at least 
4 and less than 12 months apart. The tests 
must include all cattle in the herd. The first 
annual renewal test must occur no more 
than 12 months following the second quali¬ 
fying test for certification, and must include 
all cattle in the herd. Subsequent renewal 
tests must occur within the same 12-month 
interval. Only cattle 24 months of age and 
older must be tested, but a herd inventory 
and audit must be performed on the whole 
herd. In herds with reactors, the two qualify¬ 
ing tests do not begin until at least 4 months 
after the removal of the last reactor uncov¬ 
ered during any test. Herd additions can be 
made during the qualifying test period or 
after certification has been achieved. Each 
animal must be accompanied by a health 
certificate, and depending on the enzootic 
bovine leukosis status of the originating 
herd, certain testing and isolation proce¬ 
dures could apply. Owners wishing to have 
their animals attend exhibitions can do so 
providing they adhere to certain conditions. 
Properly processed semen and embryos can 
be introduced without restrictions. Owners 
are encouraged to follow preventive health 
management practices to augment the eradi¬ 
cation of enzootic bovine leukosis from their 
herds. These include all areas where blood 
transfer could occur (needles, dehorning, 
castrating, extra teat removal, ear-tagging, 
tattooing, hoof trimming, rectal palpations, 
drenching) and other procedures that trans¬ 
fer leukocytes, in addition to routine insect 
control. 


Prevention of Infection in Calves and 
Young Stock 

Several management techniques can be used 
to prevent infection in calves from birth until 
they become herd replacements. Immediate 
removal of newborn calves from the mater¬ 
nity pen and feeding of colostrum and milk 
from seronegative cows is widely accepted as 
effective in preventing infection in calves. 
Postnatal infection in calves can also be min¬ 
imized by feeding milk replacer and/or 
whole milk from noninfected cows. The use 
of colostrum and milk from noninfected 
cows permits early serologic detection of 
infected calves. However, feeding colostrum 
from seropositive cows to newborn calves 
can provide significant protection from 
infection during the first 3 months of life. 
Field studies indicate that colostrum-derived 
BLV antibodies may prevent as much as 50% 
of the infection during the first 3 months 
compared with calves that did not receive 
colostrum with BLV antibodies. Further 
reduction in the risk of infection via colos¬ 
trum can be achieved by pasteurization of 
the colostrum at 63°C (147°F) for 30 min. 
The colostrum-derived BLV antibodies will, 
however, delay early detection of infection 
in calves. The replacement of whole-milk 
feeding with high-quality milk replacer may 
also be considered. 

Transmission to newborn calves can also 
be reduced by avoiding exposure to maternal 
blood at the time of parturition, housing 
calves in individual hutches with individual 
feeders and waterers, and management tech¬ 
niques to avoid iatrogenic transmission. 
When handling a group of calves, the young¬ 
est ones should be handled first and the older 
and sick calves last. Equipment that could act 
as a fomite in transferring blood should be 
disinfected with chlorhexidine when used 
between calves. These instruments include 
the following: 

• Nose tongs 

• Scissors 

• Forceps 

• Dehorning instruments 

• Esophageal tubes 

• Balling guns 

• Tattoo equipment 

• Ear taggers 

Dehorning of calves with the electrocau¬ 
tery method before 2 months of age can 
reduce the prevalence of infection compared 
with gouge dehorning, which allows the 
transfer of infected blood between calves. 
Handling facilities that become contami¬ 
nated with blood should be cleaned between 
calves. Fly control should be instituted as 
necessary. Single needles should be used for 
vaccination, and calves should be tested 
serologically for BLV infection at about 6 
months of age. 

A marked reduction in the prevalence of 
infection within the heifer age groups of a 
dairy herd with a high prevalence can be 
achieved by the following practices: 


1. Use of single needles and individual 
sleeves for rectal examination 

2. Disinfection of tattoo equipment before 
use 

3. Dehorning by use of electrocautery 

Biosecurity 

Prevention of entry of infection into herd 

can be achieved by ensuring that all imports 
into the herd have been tested at least 30 days 
before arrival and are seronegative. Control 
of insect vectors is highly desirable. Blood 
transfusions and vaccines containing blood, 
such as those used for babesiosis and ana- 
plasmosis, are particularly potent means of 
spreading the disease, and donors must be 
carefully screened to ensure that they are free 
of the disease. In the future, the selection of 
cattle with inherent resistance to BLV may be 
a possibility. Embryo transfer from valuable 
pedigreed seropositive cows may aid in 
reducing prenatal infection. Insemination is 
not a method of transmission, and thus 
artificial breeding programs are not 
disrupted. 

Vaccine 

The possibility of a vaccine for BLV has been 
explored extensively. Thus far inactivated 
virus vaccines, cell-derived vaccines, viral 
subunit vaccines, recombinant vaccinia virus 
vaccines, and synthetic peptides have been 
examined, without much success. 10 
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EQUINE INFECTIOUS ANEMIA 
(SWAMP FEVER) 


SYNOPSIS 


Etiology Equine infectious anemia virus, a 
retrovirus (lentivirus). 

Epidemiology Worldwide distribution. 

Affects all species of Equidae. Transmission 
of disease is by contaminated blood of 
clinically affected or inapparently infected 
horses during interrupted feeding of 
blood-feeding insects or iatrogenically. 
Horses are infected for life. 

Clinical signs Fever, depression, edema, 
petechial hemorrhages, abortion, chronic 
weight loss, splenomegaly. 

Clinical pathology Anemia, 
thrombocytopenia, 

hypergammaglobulinemia, positive agar gel 
immunodiffusion (AGID) or competitive 
enzyme-linked immunoassay (cELISA) 
test. 

Diagnostic confirmation AGID or cELISA 
test. 

Differential diagnosis list: 

Acute disease: 

• Purpura hemorrhagica 

• Babesiosis 

• Equine granulocytic ehrlichiosis 

• Equine viral arteritis 

• Autoimmune hemolytic anemia 

• Leptospirosis 

• Parasitism 

• Idiopathic thrombocytopenia 

Chronic disease: 

• Neoplasia 

• Internal abscessation 

• Liver disease 


ETIOLOGY 

The equine infectious anemia virus (EIAV) is 
a retrovirus, a member of the subfamily Lett- 
tivirinae of the family Retroviridae. It is an 
RNA virus that uses a reverse transcriptase 
enzyme to generate proviral DNA, which is 
spliced into the host’s genome. 1 The virus 
infects only Equidae, and there is no evi¬ 
dence that it infects or causes disease in 
humans. EIAV shares antigenic cross¬ 
reactivity with the human and feline immu¬ 
nodeficiency viruses but not with the viruses 
causing caprine arthritis-encephalitis or 
maedi-visna of sheep. The EIAV genome is 
composed of three major genes: gag —encod¬ 
ing matrix and capsid proteins; pol —encod¬ 
ing proteases, reverse transcriptase, and 
integrase; and env —encoding envelope gly¬ 
coproteins. 2 Antibodies against gag-encoded 
proteins (e.g., p26) are used commonly for 
diagnosis of equine infectious anemia (EIA) 
by AGID or ELISA testing. 

Analysis of the genome of the gag gene 
has revealed a strong geographic localization 
of clades of EIAV that are clearly related to 
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the evolutionary history of modern horses. 
Both horses and EIAV appear to have a Eur¬ 
asian origin that might have differentiated as 
a consequence of horse movement associated 
with human migration. Analysis of the gag 
genome reveals that EIAV strains from the 
Americas form a distinct group with a poten¬ 
tially single common origin temporally asso¬ 
ciated with European colonization of North 
America. 3 The close geographic structuring 
of EIAV is a result of the insect-borne nature 
of the infection, which favors transmission 
over short distances as opposed to long dis¬ 
tances, and the limited mobility, until very 
recently, of equids.’ There are three distinct 
monophylogenetic groups, two of which 
(EIAV-1 and EIAV-2) contain only European 
strains and the third of which (EIAV-3) con¬ 
tains European, Asian, and American strains. 
This third group has three clades including 
European, Asian, and all American strains. 
The two Japanese strains in this group are of 
American origin. 4 

Genomic characterization of EIAV 
enables a more complete understanding of 
the geographic origin of virus strains and the 
epidemiology and pathogenesis of the 
disease. For instance, analysis of strains of 
the virus isolated in Belgium in 2010 con¬ 
firmed that the source is Romanian,’ that 
Japanese strains V70 and V26 are of not 
of Japanese origin, that there exists a distinct 
Japanese strain, 4,6 and that the virus that 
caused the 2006 outbreak in Ireland was of 
European strain origin. 

There is considerable antigenic drift in 
the surface glycoproteins (gp45, gp90), and 
the emergence of novel antigenic strains 
within an individual horse is associated with 
the relapsing febrile reactions characteristic 
of the disease. Examination of variations 
in the viral regulatory protein, Rev, and 
the transmembrane protein, gp90, demon¬ 
strates the existence of viral quasispecies 
such that genetically distinct viral subpopu¬ 
lations of differing phenotype exist within 
a chronically infected, often asymptomatic, 
animal. Mutations in gp90 are driven by 
the host immune response and can cause 
relatively large insertions or deletions in 
the gene. 8 

EIAV, like all retroviruses, integrates into 
the genome of the host by insertion of viral 
cDNA into the host DNA. This process 
involves nonrandom insertion of viral 
cDNA, as a provirus, into the host genome 
in the form of preintegration complexes. This 
integration of viral DNA into the host 
genome is lifelong. The sites of EIAV inser¬ 
tion into the genome of infected horses have 
been described. 1 

EPIDEMIOLOGY 

Occurrence 

EIA has been diagnosed on all continents 
except Antarctica, and there is increasingly 
detailed information on distribution of the 
virus and infection rates in many countries 


and localities, including Turkey, 4-12 Brazil, 13-16 
Oman, 17 Ethiopia, 18 Pakistan, 19 Costa Rica, 20 
Romania, 21 Taiwan (where the disease is not 
currently present), 21 Greece, 22 India, 22 Italy, 23 
and Mongolia, 2 among others. In Europe it is 
most prevalent in the northern and central 
regions. It has appeared in most states of the 
United States and the provinces of Canada, 
but the principal enzootic areas are the Gulf 
Coast region and the northern wooded sec¬ 
tions of Canada. 

Extensive serologic surveys using the 
AGID (Coggins) test have shown rates of 
infection of 1.5% to 2.5% in the United 
States, 6% in Canada, a low level in France, 
1.6% in West Germany, and 15% to 25% in 
Argentina. Within a geographic area, the 
prevalence of infection (positive AGID) 
varies depending on the density of the popu¬ 
lation, the proportion of carrier animals, and 
the density of the population of insect 
vectors. Under ideal conditions the inci¬ 
dence of infection can approach 100% over a 
period of weeks, but this rapid spread is 
unusual. 

The morbidity varies considerably and 
depends on the strain of the virus and the 
inoculum delivered by the biting insect. 
Some horses become acutely ill and die after 
infection, whereas in others the infection is 
clinically inapparent. Outbreaks of disease 
associated with EIAV in horses of developed 
countries are rare. 

Animal Risk Factors 

Horses and ponies are susceptible to infec¬ 
tion by EIAV and characteristically develop 
signs of the disease within days to weeks of 
infection. Mules also become infected and 
develop clinical signs similar to those of 
horses and ponies when infected with strains 
of the virus pathogenic to horses, but 
donkeys do not subsequently develop signs 
of the disease despite persistent infection 
with the horse-derived virus. The resistance 
of donkeys to horse-derived strains of EIAV 
is not definitive evidence that donkeys do 
not develop equine infectious anemia, and 
there is suspicion that strains of the virus 
pathogenic to donkeys exist. 

Methods of Transmission 

The source of all new infections with EIA is 
an infected horse, donkey, or mule. Horses 
are persistently infected, and clinically 
normal infected horses are a source of the 
virus. The virus can also be spread from 
clinically affected animals, which, because of 
the high concentration of virus in their 
blood, are a potent source of infection and 
important in the rapid spread of infection. 
Transmission of EIAV occurs almost exclu¬ 
sively through the transfer of contaminated 
blood or blood products. In field conditions 
this usually occurs through the mechanical 
transmission of contaminated blood from an 
infected horse to an uninfected horse by 
biting insects. 
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Insect Vectors 

The insect vectors responsible for the trans¬ 
mission of EIAV between horses are all large 
biting flies, including Stomoxys calcitrans 
(stable fly), Chrysops spp. (deer fly), and 
Tabanus spp. (horse flies). Mosquitoes are 
not recognized as an important vector. 
Transmission is mechanical because the 
virus does not replicate in insects and is 
related to the large quantity of blood (10 nL) 
that the biting insects are capable of holding 
in their mouths. Infection occurs only if the 
feeding of the insect is interrupted. If this 
occurs the insect may attempt to feed again 
on the initial host or may seek another host 
that is close by. If the initial host is infected, 
the insect can carry blood from this animal 
to the second host and spread the infection. 
Tabanid flies can travel a distance of over 
6 km, but when feeding is interrupted, the 
flies usually attempt to complete the meal on 
the initial host or a nearby animal and rarely 
travel more than 200 m to complete the 
meal. 

Insect factors that influence the likeli¬ 
hood of spread include the following: 

• Climate and season—tabanids prefer 
hot and humid conditions for feeding 
and breeding, and their activity is 
much reduced or absent in winter 
months. 

• Attractiveness of the host—foals are less 
likely to be bitten. 

• Proximity of hosts to woodlands— 
tabanids prefer treed or sheltered 
habitat. 

• Host housing—tabanids do not enter 
closed shelters. 

• Distance between horses—as noted 
earlier, tabanids prefer to complete an 
interrupted meal on the initial host or a 
nearby host. 

Other Means of Transmission 
Intrauterine infection can occur, although 
not invariably, 24 and result in abortion or the 
birth of infected foals that often die within 2 
months. Mares can be infected by insemina¬ 
tion with semen containing the virus. 

Iatrogenic spread of infection can be 
important in some outbreaks. Infection can 
be readily achieved by the use of contami¬ 
nated surgical instruments or needles or by 
the injection of minute quantities of virus, 
and the use of a common needle when inject¬ 
ing groups of horses can cause an outbreak 
of the disease. In enzootic areas, outbreaks 
have been caused by the use of untreated 
biological preparations of equine origin. 
This mode of spread is exemplified by the 
2006 outbreak of the disease in Ireland. 25,26 
The virus was introduced in plasma illicitly 
imported into the country from Italy. 25 The 
plasma was harvested from horses housed on 
a farm that had recently confirmed clinical 
cases of the disease. Foals were infected by 
transfusion of plasma, and mares then 
acquired the infection from their foals. The 


route of transmission of infection from the 
foal to the mare is uncertain because it 
occurred during a period of low activity of 
potential insect vectors. Additional cases 
were related to hospitalization of horses with 
index cases. 26 The only identified risk factor 
was duration of hospitalization, and there 
was no evidence of iatrogenic spread of the 
infection. There is the potential for aerosol 
spread of the virus in the close confines of 
the hospital. 

The virus is also capable of invasion 
through intact oral and nasal mucosae, 
wounds, and even unbroken skin, but these 
portals are probably of minor importance in 
field outbreaks. Transmission of infection 
from horse to horse seems possible via swab¬ 
bing instruments used to collect saliva for 
doping tests. 

Economic Importance 

The difficulty of diagnosis and the persis¬ 
tence of the carrier state for periods of many 
years have resulted in embargoes on the 
introduction of horses into countries with a 
low prevalence of the disease, causing eco¬ 
nomic losses and interference with sporting 
events. 

PATHOGENESIS 
Viral Multiplication 

After infection, EIAV multiplies in tissues 
that have abundant macrophages, with the 
spleen being the principal site of viral infec¬ 
tion and propagation and accounting for 
over 90% of cellular viral burden. Viral rep¬ 
lication occurs only in mature tissue macro¬ 
phages, and circulating monocytes account 
for only 1% of the cellular viral burden. The 
concentration of cell free virus in blood, 
which can be as high as 10 TCID 50% per mL, 
parallels the clinical course. Fever and other 
clinical signs develop within 2 to 7 days of 
infection as the concentration of virus in the 
blood increases; signs resolve as the viremia 
abates. There is a persistent but low-level 
viremia that persists for the life of the horse. 
The level of viremia in horses without clinical 
signs of the disease is very low and undetect¬ 
able using conventional virus culture tech¬ 
niques but evident using PCR. The virus is 
detectable in low concentrations in most 
tissues of asymptomatic horses. During 
periods of relapse of the clinical disease the 
degree of viremia increases. On these occa¬ 
sions, the virus isolated from the blood has 
antigenic characteristics different from those 
of the virus that originally infected the horse. 
Antigenic drift of the gp45 and gp90 anti¬ 
gens, which occurs constantly even in 
asymptomatic horses with low levels of 
viremia, allows mutations of the virus, which 
then avoid immune surveillance, multiply, 
and cause clinical disease. The frequency of 
relapses of the clinical disease declines mark¬ 
edly after the first year of infection, and 
horses that survive become asymptomatic 
carriers. 


Immune Reaction 

The immune response to EIAV is responsible 
for controlling replication of the virus and 
also plays an important role in the pathogen¬ 
esis of the disease. 8 The major clinical signs 
and lesions of equine infection anemia are 
attributable to the host response to the virus 
and not direct viral damage to tissue. Repli¬ 
cation of EIAV stimulates a strong immune 
response that is detectable in horses and 
ponies within 7 to 10 days of infection. The 
initial infection is likely controlled by cyto¬ 
toxic T-lymphocytes before the appearance 
of neutralizing antibodies. Antibodies to 
the p26 core protein are detectable by AGID 
test in almost all horses 45 days after infec¬ 
tion; by 60 days after infection, antibodies to 
gp45 and gp90 are present. The neutralizing 
antibodies are specific to the phenotype of 
the virus causing the viremia, and this phe¬ 
notype can change over time, as discussed 
earlier. Hypergammaglobulinemia develops. 
The immune response includes the produc¬ 
tion of virus-neutralizing antibodies, com¬ 
plement-fixing antibodies, and cytotoxic 
T-lymphocytes. The immune responses are 
responsible for the termination of viremia, 
although this effect is not mediated by anti¬ 
body-dependent cellular cytotoxicity against 
EIAV-infected macrophages, but rather by 
development of neutralizing antibody and 
cytotoxic T-lymphocytes. The importance of 
neutralizing antibodies in control of the 
disease within an animal is indicated by the 
observation that viremia is never associated 
with a virus with a neutralizing phenotype 
already recognized by the horse. 

Most viruses in viremic horses consist of 
a complex of virus and antibody. The virus- 
antibody complex is readily phagocytosed 
by cells of the reticuloendothelial system, 
including tissue macrophages, and is 
involved in the development of the fever, 
depression, thrombocytopenia, anemia, and 
glomerulonephritis characteristic of the 
disease. 

Neurologic disease in horses with EIAV 
infection is attributable to viral infection of 
neural tissue but not necessarily neurons. 

Anemia and Thrombocytopenia 
The anemia characteristic of horses experi¬ 
encing several febrile episodes of EIA is 
attributable to the shortened life of RBCs and 
decreased RBC production. Infection with 
EIAV shortens the life span of circulating 
RBCs to about 38 days, compared with the 
normal value of 130 days. The reduction in 
RBC life span is likely a result of the presence 
of virus-antibody complexes on the surface 
of RBCs with subsequent clearance of such 
cells by the reticuloendothelial system, as 
evidenced by the presence of sideroleuko- 
cytes in the peripheral blood of infected 
horses. EIAV also has a suppressive effect on 
erythroid series cells in bone marrow. 
Anemia occurs in Arabian foals with severe 
combined immunodeficiency infected with 
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EIAV, indicating that the anemia is not 
wholly a result of the adaptive immune 
response of the host. Anemia of chronic 
disease, which is in part a result of the limited 
availability of iron stores, likely contributes 
to the lack of bone-marrow response. 

Thrombocytopenia is a consistent 
feature of the acute, febrile episodes of EIA 
and has been attributed to the deposition 
of virus-antibody complexes on platelets, 
with subsequent removal of affected plate¬ 
lets by tissue macrophages. However, others 
have identified a primary production deficit 
resulting from an indirect, noncytocidal 
suppressive effect of EIAV on megakaryo¬ 
cytes. EIAV does not infect megakaryocytes, 
and the suppressive effect of infection is 
at least in part a result of tumor necrosis 
factors alpha and beta. Another explana¬ 
tion for the thrombocytopenia is increased 
removal of platelets because of increased 
in vivo activation and formation of platelet 
aggregates, a form of nonimmune-medi- 
ated platelet destruction. This was associ¬ 
ated with increased thrombopoiesis and 
an increase in the proportion of young 
platelets in blood. The precise mechanisms 
underlying the thrombocytopenia associ¬ 
ated with acute EIAV infection of horses is 
unclear. 

Platelets of EIAV-infected horses with 
clinical signs of disease have dimin¬ 
ished function in vitro. Platelets from 
infected horses had greater amounts of 
fibrinogen bound to their surface, ultra- 
structural abnormalities consistent with acti¬ 
vation, and diminished in vitro aggregation 
responses. 

Persistence of Infection 
The cell reservoir of the virus in persistently 
infected horses is unknown, as are the mech¬ 
anisms underlying latency. However, the 
ability of retroviruses to splice a DNA copy 
of their genome into the genome of the host 
is probably important in the persistence of 
viral infection. The viral genome is detect¬ 
able in clinically normal but persistently 
infected horses. Presence of viral DNA in 
host tissue is indicative of infection, whereas 
the presence of viral RNA in blood is sugges¬ 
tive of viral replication. This viral strategy 
allows the virus to escape immune surveil¬ 
lance of the host. Factors triggering a relapse 
of virus production from the latent genome 
are unknown, but relapse is associated with 
antigenic drift that enables the virus to evade 
host immune responses. 8 ' 27 

Summary of Pathogenesis 

A likely scheme of pathogenetic events is as 
follows: 

• Primary entry and infection of tissue 
macrophages, especially in the spleen 

• Destruction of macrophages and release 
of virus and components 

• Production of antibodies to antigenic 
components 


• Formation of antigen-antibody 
complexes, which induce fever, 
glomerulitis, anemia, thrombocytopenia, 
and complement depletion 

• Hemolysis or phagocytosis caused by 
specific complexes activating the 
reticuloendothelial system 

• Temporary iron-deficient erythropoiesis 
caused by delayed release of iron from 
macrophages 

• Subsidence of pathologic processes as 
virus-neutralizing antibody restrains 
viral multiplication in macrophages— 
the virus is incorporated into the host 
genome and becomes latent. 

• Appearance of a new antigenic variant 
of the virus and commencement of a 
new cycle of viral replication in 
macrophages and a new clinical 
episode—the antigenic variation results 
from changes in the surface glycoprotein 
of EIAV. 

• Less frequent recurrence of these 
episodes, with the horse becoming 
permanently asymptomatic—the animal 
can be said to have achieved an 
appropriate level of immune response 
sufficient to protect it against antigenic 
epitopes that are common to all EIAV 
strains. 

CLINICAL FINDINGS 

An incubation period of 2 to 4 weeks is 
usual in natural outbreaks of equine infec¬ 
tious anemia. Outbreaks usually follow a 
pattern of slow spread to susceptible horses 
after the introduction of an infected animal. 
On first exposure to infection, horses man¬ 
ifest signs of varying degrees, classified as 
acute or subacute. Occasionally the initial 
attack is mild to inapparent and may be 
followed by rapid clinical recovery. As a 
rule, there is initial anorexia, depression, 
profound weakness, and loss of condition. 
Ataxia, behavioral changes, hyperesthesia, 
and blindness occur, and in some horses 
is recorded as the only clinical abnormali¬ 
ties. There is intermittent fever (up to 41° C; 
105°F), which may rise and fall rapidly, 
sometimes varying as much as 1°C (1.8°F) 
within 1 hour. Jaundice; edema of the ventral 
abdomen, prepuce, and legs; and petechial 
hemorrhages in the mucosae, especially 
under the tongue and in the conjunctivae, 
may be observed. Pallor of the mucosae does 
not occur in this early stage, and they tend 
to be congested and edematous. There is a 
characteristic increase in the rate and inten¬ 
sity of the heart sounds, which are greatly 
exacerbated by moderate exercise. Respi¬ 
ratory signs are not marked, and there is 
no dyspnea until the terminal stages, but 
there may be a thin serosanguineous nasal 
discharge. There is considerable enlarge¬ 
ment of the spleen, which may be detect¬ 
able per rectum. Pregnant mares may abort. 
Many animals recover from this acute stage 
after a course of 3 days to 3 weeks. Others 


become progressively weak and recumbent, 
and they die after a course of 10 to 14 day 
of illness. 

Animals recovering from the acute 
disease may appear normal for 2 to 3 weeks 
and then relapse, with similar but usually 
less severe signs. Death may occur during 
such a relapse. Relapses continue to occur 
at intervals of as little as 2 weeks but usually 
cease after about a year. If they recur, they 
are usually associated with periods of stress 
and characterized by fever, increasing ema¬ 
ciation, weakness, ventral edema, and the 
development of pallor of the mucosae, 
a late sign of this disease. In this chronic 
stage, the appetite is usually good, although 
allotriophagia may be observed. Some 
affected animals appear to make a complete 
recovery, but they remain infected and can 
suffer relapses as many as 11 years later. 28 
Prolonged therapy with corticosteroids can 
cause such a relapse. Even in the absence 
of clinical illness, infected animals often 
perform less efficiently than the uninfected. 
Most deaths occur within a year of infec¬ 
tion. Survivors persist as asymptomatic 
carriers. 

CLINICAL PATHOLOGY 

Hematological examination of horses with 
the acute disease reveals moderate to marked 
thrombocytopenia and anemia, which can 
be severe. Thrombocytopenia occurs during 
the initial episode, and can precede horses 
becoming serologically positive, 25 and during 
relapses of the disease, is most severe during 
the febrile episodes, and can be sufficiently 
low that it allows petechial hemorrhages to 
develop. The anemia can become more 
severe with relapse (14% to 20%, 0.14 to 
0.20 L/L) and is normocytic and normo¬ 
chromic. During the 2006 outbreak in 
Ireland, anemia was an inconsistent feature 
of the disease (40% of cases). The presence 
of sideroleukocytes (leukocytes containing 
hemosiderin) is considered highly suggestive 
of EIA. There are no characteristic changes 
in the white blood cell count, although pres¬ 
ence of band neutrophils is common in the 
early stages of the clinical disease. 

Hypergammaglobulinemia may be 
present. Serum biochemical examination 
might reveal an increase in bilirubin concen¬ 
tration, a decrease in serum iron concentra¬ 
tion, and increased glutamate hydrogenase 
(GLDH) activity in serum. 25 

DIAGNOSTIC CONFIRMATION 

Diagnostic confirmation cannot be made 
based on hematologic or serum biochemical 
analysis and is achieved through detection of 
antibodies to the p26 core antigen of EIAV. 
Two tests are in general use: the AGID test 
(Coggins test), which is standardized using 
recombinant reagents, 29 ' 31 and a number of 
ELIS As, including a cELISA test. 32 " 36 Results 
of AGID testing are available in 24 hours, 
whereas those of ELISA testing can be 
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available in as little as 1 hour. Commercially 
available ELISA tests detect antibody to the 
p26 antigen, antibody to the gp45 transmem¬ 
brane protein, or both. 37 The ELISA tests 
inherently have greater sensitivity (detect 
lower concentrations of antibody) than does 
the AGID, but often the characteristics of the 
commercial ELISA assays are modified to 
decrease the sensitivity (increase the lowest 
concentration of antibody detected by the 
kit) so that results obtained with these kits 
are concordant with those obtained by 
AGID. 31 

An advantage of an ELISA that detects 
antibodies to gp45 antigen is that, when 
combined with testing for antibodies to p26, 
the ability to detect infected horses with 
equivocal test results on a single test is 
increased. This is similar to the technique of 
using a Western blot test to demonstrate the 
presence of antibodies to more than one 
antigen, especially those against the gp45 
and gp90 antigens, when equivocal AGID or 
ELISA results are obtained. 

False-negative reactions for either test 
occur because the horse lacks antibodies to 
the p26 antigen. The AGID and cELISA tests 
do not detect a recently infected horse that 
has yet to develop antibodies. Some horses 
do not develop anti-p26 antibodies for 45 
days after infection. False-positive reactions 
can occur in foals born to infected mares. 
Colostral transfer of anti-p26 antibodies to 
the foal will be detectable up to 6 months 
after birth. 

Positive reactions to ELISA testing (to the 
p26 antigen) in samples that are negative by 
AGID testing can be the result of inter species 
determinants. It is suspected that horses 
exposed to related lentiviruses produce anti¬ 
bodies to structural proteins that cross-react 
with the EIAV p26 antigen in ELISA, but not 
AGID, testing. 

An algorithm for testing of equine 
samples for EIAV is provided in Table 118. 

Tests to detect proviral DNA or viral 
RNA in blood and tissue have been devel¬ 
oped and are useful in detecting the presence 
of virus when viral concentrations in blood 
and/or tissue are low. The identification of 
proviral DNA in the blood of infected horses 
is as specific and apparently more sensitive 
than the AGID in detecting infected horses. 

Experimental transmission of the 
disease to susceptible horses by the SC injec¬ 
tion of 20 mL of whole blood or Seitz-filtered 
plasma is also used as a diagnostic test and 
is a valuable, although expensive and archaic, 
supplement to other tests. The donor blood 
should be collected during a febrile episode 
when the viremia is most pronounced, and 
the recipient animals should be checked for 
increases in body temperature twice daily. 

Molecular diagnostic tests offer the 
advantage of detection of viremia, but cur¬ 
rently are limited because available primers 
for PCR do not reliably detect all strains of 
the virus. 2,38 


Table 11-8 Algorithm fortesting horses 
for infection by equine infectious 
anemia virus 


Collect sample and separate serum from red 
cells as soon as possible. 

Tier 1 

Test sample using ELISA. 

If negative, report the results. 

If positive, continue to Tier 2. 

Tier 2 

Test with both same and at least one other 
ELISA format. 

If negative, report as negative. 

If positive in only one ELISA—report as 
negative. 

If positive in two or more ELISAs from 
different manufacturers, perform AGID 
test. 

If negative, report as negative. 

If positive, forward to Tier 3. 

If inconclusive, forward to Tier 3. 

Tier 3 

Test in all formats to confirm results. 

If confirmed, test by immunoblot. 

If gp90, gp45, and p26 positive (recognized), 
report as positive. 

If 2 major proteins are positive (recognized), 
report as positive. 

If only p26 is recognized, report as negative. 

AGID, agar gel immunodiffusion; ELISA, 

enzyme-linked immunosorbent assay. 


NECROPSY FINDINGS 

In the acute stages, there may be subcutane¬ 
ous edema, jaundice, and petechial or ecchy- 
motic subserosal hemorrhages. There is 
considerable enlargement of the liver, spleen, 
and local lymph nodes. The bone marrow is 
reddened as a result of increased amounts of 
hematopoietic tissue and may contain focal 
infarcts. In the chronic stages, emaciation 
and pallor of tissues are often the only gross 
findings. Histologic examination is helpful in 
the diagnosis, even in asymptomatic chronic 
carriers. Characteristic lesions include 
hemosiderosis, perivascular infiltrates of 
round cells in many organs, and an extensive 
proliferation of the mononuclear phagocytic 
cells throughout the body. Glomerulitis, 
probably caused by the deposition of virus- 
antibody complexes on the glomerular epi¬ 
thelium, may be present. Lesions in the brain 
are a lymphohistiocytic periventricular leu¬ 
koencephalitis. Lesions of interstitial pneu¬ 
monia are common in horses with EIA. 39 
Culture of this virus is time-consuming, and 
the diagnosis is usually confirmed on the 
basis of a positive serologic test and typical 
microscopic lesions. 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed spleen, liver, 
bone marrow, kidney, lung, heart 


• Serology—heart blood or pericardial 
fluid (AGID, ELISA) 

• Virology (if desired)—chilled spleen, 
liver, bone marrow, and perihepatic 
lymph node (ISO) 


DIFFERENTIAL DIAGNOSIS 


Acute disease 

Purpura hemorrhagica 
Babesiosis 

Equine granulocytic ehrlichiosis 
Equine viral arteritis 
Autoimmune hemolytic anemia 
Leptospirosis 
Parasitism 

Idiopathic thrombocytopenia. 

Chronic disease 

Internal abscessation (metastatic Streptococcus 
equi infection) 

Chronic inflammatory disease, neoplasia, and 
chronic hepatitis 


TREATMENT 

No specific treatment is available. Supportive 
treatment, including blood transfusions and 
hematinic drugs, may facilitate clinical 
recovery, but it is important to remember 
that recovered horses are persistently infected 
and infectious for life. 

CONTROL 

Control of EIA is based on identification 
and eradication or lifelong quarantine of 
infected animals, quarantine and testing of 
new stock, compulsory testing of imported 
horses, and efforts to prevent spread of the 
virus by controlling insect access to horses 
and use of strict hygiene when vaccinating or 
collecting blood samples from horses. 40 

The control of equine infectious anemia 
is still universally based on the eradication of 
the disease by identifying the infected, clini¬ 
cally normal animals with a serologic test 
and then destroying them. Identification is 
by means of the AGID or cELISA tests. The 
ability of a program of test and eradication 
to eliminate the disease is evidenced by the 
eradication of EIA from Hong Kong. An 
effective control program is described for 
Kentucky in the United States that permits 
the maintenance of infected horses with 
indelible identification and prescribed 
restrictions on housing. 

Control programs based on this test-and- 
slaughter policy are under fire because of the 
view of horse owners that many asymptom¬ 
atic horses, with very low infectivity, are 
being destroyed unnecessarily. 41 A decision 
on the matter depends on whether the objec¬ 
tive is eradication or containment, and if the 
latter, at what level. Until now the policy has 
been eradication, and it is obvious that 
another attitude is possible. Some flexibility 
in official attitude is desirable because of the 














fallibility of the recommended control pro¬ 
cedures and the devastating losses that can 
occur when the optimum environment for 
the spread of the disease is encountered. 

Foals from infected mares can be raised 
free of infection. Such foals have detectable 
antibodies to EIAV for up to 330 days on 
immunoblot and 260 days on ELISA testing 
because of transfer of maternal immuno¬ 
globulins in colostrum during the neonatal 
period. However, foals that are ultimately 
free of infection do not have detectable viral 
RNA in blood and have declining concentra¬ 
tion of antibodies to EIAV. Foals should be 
isolated from infected horses as soon as fea¬ 
sible after diagnosis of EIAV infection in the 
dam. 

Restriction of introduction of infected 
horses into clean herds or areas is important 
to prevent introduction of the disease. Horses 
should be tested before introduction to the 
herd, and perhaps again in 1 to 2 months. If 
suspect horses are to be introduced, they 
should be kept under close surveillance for 
at least 6 months before being admitted. 
Horses known or suspected to be infected 
should be separated from all other unin¬ 
fected horses, donkeys, and mules by a dis¬ 
tance of at least 200 m. This recommendation 
is based on observations of the feeding 
behavior of tabanids, which are very unlikely 
to fly more than 100 m after an interrupted 
feeding. Suspect positive horses should be 
retested after at least 1 month and probably at 
regular intervals thereafter. Operators of 
open stud farms and rest farms can also insist 
on proof of a negative test before admitting 
each horse. One deficiency of this policy is 
the long period of incubation of up to 45 
days between infection and seroconversion 
to a positive test. 

In countries where the incidence is high, 
it is usual to control horse movement by a 
system of permits and certificates of freedom 
from the disease and to insist on skin brand¬ 
ing or lip tattooing of all horses. Horses with 
a positive AGID or ELISA test should be 
allowed to move only under specified 
conditions. 

Draining of marshy areas and the control 
of biting insects may aid in limiting spread 
of the disease. A degree of protection may be 
obtained by the use of insect repellents and 
by stabling in screened stables. Great care 
must be taken to avoid transmission of the 
disease on surgical instruments and hypo¬ 
dermic needles, which can only be sterilized 
by boiling for 15 minutes or by autoclaving 
at 6.6-kg pressure for a similar period. 
Chemical disinfection of instruments and 
tattoo equipment requires their immersion 
for 10 minutes in one of the less corrosive 
phenolic disinfectants. All materials to be 
disinfected need to be cleaned of organic 
matter first. For personal disinfection, 
sodium hypochlorite, ethanol, or iodine 
compounds are safe, and for materials where 
organic matter is not removable, agents such 
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as chlorhexidine or phenolic compounds 
combined with a detergent are satisfactory. 

There are considerable problems associ¬ 
ated with development of vaccines against 
EIA because only neutralizing antibodies are 
capable of causing sterile immunity and pre¬ 
venting infection. Neutralizing antibodies are 
specific for the homologous virus, but the 
large variation in phenotypes of the wild virus 
means that it will be difficult to stimulate 
neutralizing antibodies protective against all 
of the possible infecting phenotypes. 42 Vac¬ 
cines are available in parts of the world but are 
not in general use. 43 Killed, whole-virus vac¬ 
cines are safe, but subunit vaccines may actu¬ 
ally enhance the occurrence of the disease. An 
experimental live attenuated EIAV DNA pro- 
viral vaccine affords complete protection in 
experimentally infected horses and has been 
widely used in China. The use of attenuated 
vaccines is associated with risk of reversion to 
virulence and lack of sterilizing immunity 
against heterologous virus challenge. 38 

FURTHER READING 

Cook RF, et al. Equine infectious anemia and equine 
infectious anemia virus in 2013: a review. Vet 
Microbiol 2013;167:181-204. 
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TICKS THAT TRANSMIT 
PROTOZOAN DISEASES 

Ticks are the most important vectors of 
many protozoan diseases, the protozoan in 
most instances surviving from generation to 
generation of ticks by infecting their eggs. 
Where control of these diseases is to be 
undertaken, it is necessary to know which 
ticks are vectors, how many hosts the tick 
parasitizes during a life cycle, and which 
animals can act as hosts. Much of the infor¬ 
mation on these points is fragmentary and 
only a summary is presented in Table 11-9. 
Additional information on the control of 
ticks is provided in Chapter 17. 

BABESIOSIS (TEXAS FEVER, 
REDWATER FEVER, CATTLE 
TICK FEVER) 

Babesia spp. are a diverse group of tick- 
borne, obligate, intraerythrocytic apicom- 
plexan parasites infecting a wide variety of 
organisms. 1-10 Infection of a vertebrate host 
is initiated by inoculation of sporozoites into 
the bloodstream while the tick takes a blood 
meal. Most babesial sporozoites directly 
invade circulating erythrocytes without a 
tissue stage of development. A few, notably, 
Babesia equi and Babesia microti, first invade 
lymphocytes, where they form motile mero- 
zoites, which then invade erythrocytes. Once 
erythrocyte invasion occurs, a seemingly 
perpetual cycle of asexual reproduction is 
established, despite a rapid development of a 
strong immune response. 


SYNOPSIS 


Etiology Babesia spp. 

Epidemiology Disease of tropical and 
subtropical countries. Occurs in cattle, 
sheep and goats, horses, cervids, and pigs. 
Transmission by blood-sucking ticks. Young 
calves have innate resistance. Endemic 
stability occurs in herds with a sufficient 
inoculation rate to immunize a high 
percentage of animals. 

Zoonotic implications Babesia bigemina and 
B. microti occurs in humans where suitable 
ticks are found. Human donor blood may 
be infected. 

Clinical signs Anemia, hemoglobinuria, 
jaundice, fever, high case-fatality rate. 

Clinical pathology Parasites in stained blood 
smear, positive serology. Polymerase chain 
reaction (PCR) for detection of parasite in 
blood. 


Continued 
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Table 11-9 Ticks reported to transmit protozoan disease 


Disease 

Protozoan 

Vector ticks 

Country 

Babesiosis 

Cattle 

Babesia bigemina 

Boophilus annulatus, 

North America, Australia, 



B. microplus, 

B. (annulatus) calcaratus, 

South America, Africa 



B. decoloratus; 

Rhipicephalus appendicuiatus, 

R. bursa, R. evertsi; 

Ixodes ricinus; 

Haemaphysalis punctata 

Europe 


Babesia bovis 

Ixodes persulcatus. 

Former USSR 



1. ricinus; 

Europe 



B. annulatus, 

Iran 



B. microplus 

Australia 


Babesia berbera 

B. annulatus (calcaratus); 
Rhipicephalus bursa 

Africa 

Sheep and 

Babesia motasi 

Dermacentor syivarum; 

Europe 

goats 

Babesia ovis 

Rhipicephalus bursa; 

Haemaphysalis punctata; 

Ixodes rinicus 

Rhipicephalus bursa; 

Former USSR 



Haemaphysalis bispinosa; 

India 


Babesia ovata 

Haemaphysalis longicornis 

Japan 

Horses 

Babesia caballi 

Hyalomma dromedarii; 

Africa 



Dermacentor (reticulata) marginatus, 

Former USSR and the Balkans, 



D. pictus, D. syivarum; 

South America, Florida in 
the United States 



Hyalomma (excavatum) anatolicum, 

Africa, the Balkans, 



H. marginatum, H. volgense; 

South America, 



Rhipicephalus bursa, R. sanguineus 

Australia 


Babesia equi 

Hyalomma dromedarii; 

Rhipicephalus evertsi, R. sanguineus; 
Dermacentor marginatus, D. pictus; 
Hyalomma anatolicum, 

H. marginatum, H. uralense; 
Rhipicephalus bursa, 

R. sanguineus 


Pigs 

Babesia 

R. sanguineus (turanicus) 

Former USSR 


trautmanni 



Theileriosis 

Cattle 

Theileria parva 

Rhipicephalus appendicuiatus 

Africa 


Theileria annulata 

Hyalomma anaticolicum 

Africa, Asia, former USSR, 
Europe, China, India 


Theileria sergenti 

Haemaphysalis sergenti 

Japan, Asia 


Theileria mutans 

Amblyoma variegatum; 

Africa, Asia 



Haemaphysalis spp. 

Europe, former USSR, 

North America 


Theileria buffeli 

Haemaphysalis spp. 

Australia 

Sheep 

Theileria ovis 

Rhipicephalus bursa, 

Africa, Asia 



R. evertsi; 

Hyalomma spp.; 

Europe 



Rhipicephalus spp. 

Africa, Middle East 


Theileria hirci 

Hyalomma anaticolicum 

Former USSR 


Necropsy lesions Thin, watery blood; pallor; 
jaundice. 

Diagnostic confirmation Parasites in blood 
smear; vector present in environment. 

Differential diagnosis list A syndrome of 

acute hemolytic anemia should suggest the 

following alternative diagnoses: 

Cattle 

Theileriosis 

Postparturient hemoglobinuria 
Bacillary hemoglobinuria 
S-methyl-L-cysteine-sulfoxide (SMCO) 
poisoning 
Leptospirosis 

Treatment Diminazene aceturate and 
imidocarb. 

Control Tick control, vaccination with 
live vaccine, chemoprophylaxis with 
imidocarb. 


ETIOLOGY 

The nomenclature of these intraerythrocytic 
parasites is still subject to change; species in 
livestock include the following: 

• Cattle: species include Babesia bovis (B. 
argentina), B. bigemina, and B. 
divergens 1,2 

• Sheep and goats: B. motasi, B. ovis 

• Pigs: B. trautmanni, B. perroncitoi 

EPIDEMIOLOGY 
Geographic Occurrence 

The distribution of the causative protozoa is 
governed by the geographic and seasonal 
distribution of the insect vectors that trans¬ 
mit them (Table 11-10). 

Host Occurrence 
Bovine Babesiosis 

Babesiosis caused by B. bigemina and B. bovis 
is an important disease mainly in tropical 
and subtropical regions of the world. 23 Both 
species are transmitted transovarially by 
Boophilus or Rhipicephalus ticks, but only 
tick larvae transmit B. bovis, whereas nymphs 
and adults transmit B. bigemina. Other 
species of Babesia rely on other ticks, includ¬ 
ing Haemaphysalis and Hyalomma. B. bige¬ 
mina and B. bovis occur in the tropical and 
subtropical regions of Africa, America, Asia, 
Australia, and Europe (between 40°N and 
32°S). B. divergens occurs in Europe and is 
the principal cause of babesiosis in the 
United Kingdom. Other species, such as B. 
divergens and B. major, occur in temperate 
regions. 

Bovine babesiosis is widespread in South 
Africa, for example, and the distribution of 
both B. bovis and B. bigemina is determined 
by the distribution of their tick vectors. The 
seroprevalence of B. bigemina in nonvacci- 
nated cattle is a result of the high vector- 
tick population and the endemically stable 
situation that can be achieved by a tick- 
control method that allows a reasonable 


number of ticks on cattle rather than 
relying entirely on intensive tick control and 
vaccination. 1 

Sheep and Goats 

In sheep and goats, babesiosis is associated 
with species such as B. ovis and B. motasi and 
occurs in Africa, Asia, and Europe. Sheep 


babesiosis is of considerable economic 
importance in the areas infested with Rhipi¬ 
cephalus or Haemophysalis. 

Porcine Babesiosis 

Associated with B. trautmanni and B. per¬ 
roncitoi, porcine babesiosis occurs in Africa 
and Europe. 
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Table 11-10 Major Babesia species infective to domestic animals, their tick vectors, and 
their geographic distribution 


Babesia spp. 

Major ixodid vectors 

Known distribution 

Domestic species 
affected 

Babesia bigemina 

Boophilus microplus 
Boophilus decoloratus 
Boophilus annulatus 
Boophilus geigyi 
Rhipicephalus everti 

Africa, Asia, Australia, 
Central and South 
America, Southern 
Europe 

Cattle, buffalo 

Babesia bovis 

Boophilus microplus 

As for Babesia bigemina, 
but less widespread in 
Africa as a result of B. 
microplus competition 
with B. decoloratus 

Cattle, buffalo 

Babesia divergens 

Ixodes ricinus 

Ixodes persulcatus 

Northwestern Europe, 
Spain, Great 

Britain, Ireland 

Cattle 

Babesia major 

Haemaphysalis punctata 

Europe, northwestern 
Africa, Asia 

Cattle 

Babesia ovata 

Haemaphysalis longicornis 

Eastern Asia 

Cattle 

Babesia ovis 

Rhipicephalus bursa 

Southeastern Europe, 
northern 

Africa and Asia 

Sheep and goat 

Babesia motasi 

Rhipicephalus bursa 

Southeastern Europe, 
northern Africa and 

Asia 

Sheep and goat 

Babesia caballi 

Dermacentor spp. 

Africa, South and 

Horses, donkey, 


Hyalomma marginatus 
Hyalomma truncatum 
Rhipicephalus evertsi 

Central America, 
southern United 

States, Europe, Asia 

mule 

Babesia canis 

Rhipicephalus sanguineus 
Dermacentor spp., 
Haemaphysalis spp. 
Hyalomma spp. 

Southern Europe, North 
America, Asia, Africa, 
Australia 

Dog 

Babesia gibsoni 

Haemaphysalis spp., 

Rhipicephalus sanguineus 

Africa, Asia, Europe, 

North Dog 

America 


Babesia trautmanni 

Rhipicephalus spp. 

Southern Europe, former 
USSR, Africa 

Pig 


Equine Piroplasmosis 

In horses, donkeys, mules, and zebras, equine 
piroplasmosis is associated with B. caballi 
and “B. equi.” 1 ’ 2 The latter parasite is now rec¬ 
ognized as Theileria equi 2 and will be retained 
within the context of piroplasmosis (disease 
caused by Babesia or Theileria ) because the 
diseases caused by B. caballi and T. equi are 
similar clinically (see the section on equine 
piroplasmosis). Equine piroplasmosis occurs 
in much of southern Europe, Asia, and the 
Americas. For example, it is widespread in 
China and a cause for serious concern in 
northeastern China. In addition, equine 
piroplasmosis is also widespread in horses, 
mules, donkeys, and zebras in South Africa. 2 
Fortunately, Australia is free from equine 
piroplasmosis, but seropositive horses were 
temporarily imported into this country for 
the Sydney Olympic games in 2000. While in 


Australia, seropositive horses were kept at 
particular restricted sites. 

Wildlife Babesiosis 

Among Babesia species that infect wildlife, B. 
odocoilei infects cervids, including the white¬ 
tailed deer ( Odocoileus virginianus), Ameri¬ 
can elk, and American woodland caribou 
{Rangifer tarandus caribou). 1 Desert bighorn 
sheep ( Ovis canadiensis nelsoni ) and red deer 
[Cervus elaphus elaphus) are also susceptible 
to infection but do not exhibit clinical signs 
of disease. B. odocoilei is transmitted by ticks 
of the genus Ixodes. Various species of Babesia 
have been recorded in reindeer, including B. 
divergens and B. tarandirangiferis. 

Origin of Infection and Transmission 

Viable stages of Babesia are present in the 
bloodstream of animals in the active phase 


of the infection. Ticks are the natural vectors 
of babesiosis; the causative parasites persist 
and pass through part of their life cycle in the 
invertebrate host. Both B. bovis and B. bige- 
mina pass through part of their life cycle in 
the tick Rhipicephalus australis (previously 
Boophilus microplus). Other species of 
Boophilus and Rhipicephalus are major 
vectors of babesiosis, but other ticks of the 
genera Haemaphysalis, Hyalomma, Ixodes, 
and Dermacentor can be involved in trans¬ 
mission. 1 Rhipicephalus australis is the main 
vector of babesiosis associated with B. bovis 
and B. bigemina in cattle production systems 
in Australia and Central and South America. 
Ixodes ricinus is a common carrier of B. 
divergens in the United Kingdom. 1 ' 2 Rhipi¬ 
cephalus and Haemaphysalis spp. are 
common ticks of sheep and/or goats. 2 

Knowledge of the life history of the tick 
is central to implementing effective control 
strategies against babesiosis or piroplasmo¬ 
sis. When adult animals become infected 
with Babesia, they can act as carriers for vari¬ 
able periods, up to 2 years. If they are con¬ 
stantly reinfected, as they are in an endemic 
environment, they can act as carriers for life. 
Ticks that parasitize only one host are easier 
to eradicate and cause less spread of the 
disease than those parasitizing multiple 
hosts. The control of ticks capable of surviv¬ 
ing on both domestic and wild animals pre¬ 
sents major challenges. 

Life Cycle and Development of 
Babesia 

The development of B. bovis and B. bigemina 
follows similar patterns. Babesia spp. do not 
parasitize any vertebrate host cell other than 
erythrocytes. Each sporozoite penetrates the 
erythrocyte membrane with the aid of a spe¬ 
cialized structure called the apical complex. 
Once inside, it transforms into a trophozoite 
from which two merozoites develop by a 
process of merogony or schizogony (binary 
fission) (see Fig. 11-9). 

The tick becomes infected when ingesting 
erythrocytes containing piroplasms (gameto- 
cytes). They develop into male and female 
gametes in the tick gut. The microgametes 
fuse with macrogametes to produce motile 
zygotes. The zygotes then multiply, and the 
resultant “vermicules” invade numerous 
organs of the tick, including the ovaries. 
Therefore the infection passes through the 
ovary and the egg to the next tick generation 
(called transovarial transmission). Usually 
the female tick becomes infected, and spo- 
rogony takes place in the salivary glands of 
larval, nymphal, and/or adult ticks of the next 
generation. When the tick attaches to a new 
host, sporozoites mature. In B. bigemina, for 
example, some development occurs in the 
feeding larvae, but infective sporozoites take 
about 9 days to appear, and they therefore 
only occur in the nymphal and adult stages of 
the tick. Transmission can occur throughout 
the rest of the nymphal stage and by adult 
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LIFE CYCLE FOR BABESIA BIGEMINA 



Fig. 11-9 The developmental life cycle of Babesia bigemina in cattle and the ixodid tick vector 
Boophilus microplus. (Adapted from Mehlhorn H, Schein E. The piroplasms - life-cycle and 
sexual stages. Adv Parasitol. 1984;23:37-103; Gough JM, Jorgensen WK, Kemp DH. 

Development of tick gut forms of Babesia bigemina in vitro. J Eukaryot Microbiol. 1998;45:298- 
306; Mackenstedt U, Gauer M, Fuchs P. et al. DNA measurements reveal differences in the 
life-cycles of Babesia-bigemina and B-canis, 2 typical members of the genus Babesia. Parasitol 
Res. 1995;81:595-604.) 


females and males. ForB. bovis, the formation 
of infective sporozoites usually occurs within 
2 to 3 days of larval tick attachment. The host 
is infected with infected tick saliva. Particular 
species of Babesia can persist for several tick 


generations, even in the absence of new 
infections. 

Contaminated needles and surgical 
instruments can transmit the infection phys¬ 
ically. The ease with which infection can be 


transmitted in this way depends largely on 
the degree of parasitemia occurring for each 
species. Thus the probability of physical 
transmission is slight with B. bovis and 
higher with B. equi and B. bigemina. 

Immunity and Susceptibility 
to Infection 

The immune responses of cattle to infection 
with B. bovis or B. bigemina involve both 
innate and acquired mechanisms. 4 The 
response directed against infections with 
Babesia is both humoral and cellular and is 
T-cell dependent. In addition, an age-related 
immunity to initial infection with B. bovis in 
cattle is well established, characterized by 
strong innate immunity in young calves. 
Mononuclear phagocytes are engaged as the 
primary effector cells on innate and primary 
immune responses, and nitric oxide has been 
identified as at least one babesiacidal mole¬ 
cule produced by activated mononuclear 
phagocytes. When B. feovis-infected erythro¬ 
cytes grown in culture are exposed to nitric 
oxide, death of the parasites occurs rapidly 
within the erythrocyte. 

Innate Immune Mechanisms 

There is an age-related immunity to primary 
infection of cattle with B. bovis and B. bige¬ 
mina. Young calves possess this strong innate 
immunity against B. bovis infection, which 
lasts for approximately 6 months after birth 
and is abrogated with the removal of the 
spleen. 4 Interleukin IL-12 and IL-10 are 
important immunoregulatory cytokines. The 
protective innate response in young calves to 
infection with virulent B. bovis involves the 
early appearance of IL-12 and interferon- 
gamma transcripts in the spleen. This is fol¬ 
lowed by a short period of inducible nitric 
oxide synthase expression. In contrast, IL-12 
and IFN-gamma (mRNA) expression in the 
spleens of adult cattle that died from infec¬ 
tion was delayed and depressed, and it 
occurred within the context of IL-10 expres¬ 
sion. Also, in contrast to calves, there was no 
detectable antibody response before death in 
adults. 

Acquired Immune Mechanisms 

Following B. bovis infection, antibodies 
directed against protective and nonprotec- 
tive parasite antigens and host antigens 
are produced. 4 Hyperimmune serum from 
cattle infected with B. bovis many times, 
or a mixture of IgGl and IgG2 prepared 
from hyperimmune serum from cattle, can 
be used to passively immunize naive calves 
against B. bovis infection, and the protec¬ 
tion is specific. Splenectomized calves 
given hyperimmune serum and challenged 
with B. bovis recover as effectively as intact 
calves. 

Strong immunity occurs after natural 
infection with most Babesia spp. There 
appears to be little relationship between the 
degree of immunity and the level of 
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antibodies in serum. If the infection recurs 
repeatedly, the immunity is permanent. If the 
illness is treated rapidly and efficiently, and 
the protozoa are killed before antibodies are 
produced, no immunity occurs. If the infec¬ 
tion is not repeated, the protozoa survive in 
the host for a variable time (e.g., 6 months), 
and then disappear. A sterile immunity per¬ 
sists for approximately 6 more months, and 
the host is susceptible again about 1 year 
after infection. These periods of latent infec¬ 
tion and resistance/protection to reinfection 
are usually subject to significant variation 
and to different responses between breeds of 
cattle and species of Babesia. 

Despite the potential severity of the acute 
infection, individuals that survive generally 
develop immunity against disease, but not 
against infection, and could remain persis¬ 
tently infected. In the case of B. bovis, infec¬ 
tion can persist for years, and even for the 
lifetime of the animal. Babesia infections 
have adapted well to survival in immune 
hosts. A number of phenomena are known 
to contribute to parasite survival: rapid anti¬ 
genic variation, cytoadhesion and sequestra¬ 
tion, binding of host proteins to the infected 
red blood surface, the monoallelic expres¬ 
sion of different members of multigene 
families, and establishment of transient 
immunosuppression. 4,5 

The inoculation rate measures the daily 
probability of infection. This is based on the 
knowledge that animals exposed to the para¬ 
site in the first 9 months of life become 
infected, immune, and seropositive without 
showing any clinical signs of disease. 1 Inocu¬ 
lation rates of 0.0005 and 0.005 are endemi- 
cally unstable because a high percentage of 
animals will reach the age of 9 months 
without having been exposed to the hemo- 
parasite. This results in a high risk of disease 
(endemic instability) because primary 
infections in older animals are usually severe 
and can be fatal. In situations of endemic 
instability, the vaccination of calves against 
hemoparasites can be used to ensure that the 
herd is immune. Cattle producers can use 
tick control to break the transmission 
cycle. 

Endemic stability is defined as the state 
in which the relationship between host, 
agent, vector, and environment is such 
that clinical disease occurs rarely or not at 
all. 1 Endemic stability (herd immunity) in 
bovine babesiosis occurs when the rate of 
transmission (inoculation rate) of Babesia 
spp. by the tick vector is sufficient to immu¬ 
nize most susceptible calves before the loss 
of their resistance. In tropical areas with a 
large vector population, natural exposure 
usually occurs at an early age, and cattle are 
thus immune to subsequent challenges as 
adults. If at least 75% of calves are exposed 
to B. bovis infection by 6 to 9 months of 
age the disease incidence will be very low, 
and a state of natural endemic stability 
will exist. 


Immunity. Cattle develop a durable, long- 
lasting immunity after a single infection with 
B. bovis, B. bigemina, or B. divergens. Differ¬ 
ent species of Babesia do not usually induce 
cross-protective immunity. 4 Immunity to B. 
bovis and B. bigemina appears to last for at 
least 4 years. There is evidence that the pres¬ 
ence of serum antibodies is not necessarily 
an indication of immunity. Conversely, the 
absence of detectable antibodies is not neces¬ 
sarily an indication of a lack of immunity. 4 

Risk Factors 
Host Factors 

B. indicus breeds of cattle are considerably 
more resistant to babesiosis than B. taurus 
breeds. 1 This observation is thought to be a 
result of the evolutionary relationship among 
B. indicus, Boophilus/Rhipicephalus spp., and 
Babesia. Zebu and Afrikaner cattle have a 
higher resistance to B. bovis than British and 
European breeds; Santa Gertrudis and cross¬ 
bred cattle occupy an intermediate position. 
Zebu-type cattle are also relatively free from 
the disease because of their resistance to 
heavy tick infestation. In Australia, B. bige¬ 
mina is usually of lower pathogenicity than 
B. bovis and rarely lethal even when fully 
susceptible adult cattle are introduced to an 
endemic area. Inoculation studies with B. 
bigemina in Australia have shown that B. 
indicus and B. indicus cross-bred cattle are 
more resistant than the B. taurus cattle. 

Age Resistance. In cattle, there is a variation 
in susceptibility to infection according to 
age, and the severity of babesiosis increases 
with age. Calves and foals from naive dams 
are highly susceptible to infection and clini¬ 
cal illness from birth to 2 months of age, at 
which time they develop resistance that per¬ 
sists to approximately 6 months of age. 
Calves and foals from immune dams receive 
antibodies via the colostrum, and this passive 
immunity persists for 3 to 4 months after 
birth. The highest infection rate is in animals 
between 6 to 12 months of age; infection is 
uncommon in animals of greater than 5 
years of age. Animals of less than 1 year of 
age are infected predominantly with B. bige¬ 
mina and those of greater than 2 years of age 
by B. bovis. Calves of up to 1 year of age, 
although fully susceptible to infection, are 
resistant to disease. The average age at which 
calves in endemic areas become infected is 
11 weeks (2 to 34 weeks), but clinical signs 
and pathologic changes are mild and rela¬ 
tively short-lived at this early age. After 6 
months of age the number of infected 
animals in enzootic areas increases. 

In housed cattle, the level of serum anti¬ 
bodies in cattle are at their lowest when they 
come out of the barn in the spring, and this 
level gradually increases as they are exposed 
to infected ticks. 

In enzootic areas, cattle most commonly 
affected by clinical disease are those that are 
susceptible and introduced for breeding 


purposes, intended for slaughter, or are “in 
transit.” Cattle indigenous to endemic areas 
are rarely affected because of the natural 
resistance of very young animals, and passive 
immunity via colostrum from immune dams 
is gradually replaced by a state of active 
immunity. Severe clinical cases occurring in 
cattle in such areas are usually caused by 
exposure to some stress, such as parturition, 
starvation, or intercurrent disease. Such 
breakdowns in immunity are most likely to 
occur if there is a superimposed infection 
with a different parasite, such as Anaplasma 
marginale. 

Environmental Factors 
There is seasonal variation in the prevalence 
of babesiosis, with the greatest incidence 
occurring soon after the peak of the tick 
population. For example, in England babe¬ 
siosis mainly occurs in spring, summer, and 
autumn. Of the climatic factors, environ¬ 
mental temperature is the most important 
because of its effect on tick activity—higher 
temperatures increase activity. Humidity and 
rainfall have little effect, and even with tem¬ 
perature, the effect is limited once a thresh¬ 
old of 7° to 100°C (44° to 50°F) minimum 
temperature is exceeded. The heaviest losses 
occur in marginal areas where the tick pop¬ 
ulation is highly variable in size, depending 
on the environmental conditions. In seasons 
when the tick population decreases, infec¬ 
tion may die out, and immunity is lost. 
Under favorable conditions, when ticks mul¬ 
tiply, infection can spread rapidly among 
susceptible individuals within a population 
or among/between populations. Comparable 
circumstances may be created artificially 
when an inefficient dipping or treatment 
program is used, which reduces the tick 
population to a low level and is subsequently 
unable to sustain control. 

Pathogen Factors 

Many intraerythrocytic hemoparasites 
survive host immune responses through 
antigenic drift or shift, which has been 
demonstrated for Babesia bovisd The 
molecular basis for antigenic variation in 
Babesia and its possible connection with 
cytoadherence and sequestration have been 
examined. There are different “strains” and 
antigenic variants of both B. bovis and B. 
bigemina. Babesia infections in cattle can 
relate to superinfection with antigeni- 
cally distinct parasite populations. Anti¬ 
genic change can provide Babesia with a 
temporary respite from attack by the host 
immune system and thus might prolong the 
infection period or cause disease relapses. 
Nonetheless, strain differences and anti¬ 
genic variation do not appear to be of major 
importance in relation to the effect of a 
vaccine because cross-immunity between/ 
among strains of the same Babesia species 
usually provide adequate protection against 
one another. 
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Diseases of the Hemolymphatic and Immune Systems 


Economic Importance 

Bovine babesiosis is the most economically 
important of these diseases because of direct 
losses of production and because of the 
restriction of movement of cattle for trade by 
quarantine laws. Many animals die or 
undergo a long period of convalescence, 
resulting in major meat and milk production 
losses. Incidental costs of immunization and 
treatment add to the economic burden. With 
early, effective treatment, the mortality rate 
can be reduced to 5%. 

Zoonotic Implications 

Human cases of B. divergens infection have 
been reported in France, Britain, Ireland, 
Spain, Sweden, Switzerland, the former 
Yugoslavia, and the former USSR. 1,6 Geo¬ 
graphically, these cases coincide with B. 
divergens- infected cattle populations and 
areas in which Ixodes ricinus occurs, involv¬ 
ing inhabitants of rural areas who are 
exposed to ticks by virtue of their occupation 
or their recreational activities. Most cases are 
reported between May and October, during 
the main season of tick activity. 

Cases of human babesiosis have been 
diagnosed sporadically, mainly in North 
America and Europe. 6 Traditionally, cases of 
human babesiosis in Europe have been 
linked to B. divergens, whereas those in 
North America have been associated with B. 
microti. Autochthonous cases of B. microti 
infections have also been detected in Taiwan, 
Japan, and Europe. Recently, piroplasms 
similar to B. duncani and B. divergens have 
been implicated in human disease. 6 In addi¬ 
tion, B. venatorum (a B. divergens- like 
organism), which is probably a parasite of 
deer, was involved in the first documented 
cases of human babesiosis in Austria, 
Germany, and Italy. This evidence indicates 
that various Babesia species known to infect 
wildlife and domestic animals have the 
potential to cause human disease. Deer- 
associated zoonoses have become a particu¬ 
lar public health concern, for instance, in the 
United States because human contact with 
deer ticks has increased as a result of the 
proliferation of deer, abandonment of farm¬ 
land that reverts to thick secondary vegeta¬ 
tion, and increased use of coastal sites for 
human recreation. This explains the increas¬ 
ing frequency of reported human cases of 
babesiosis, Lyme disease, and human granu¬ 
locytic ehrlichiosis. 

Babesia spp. represent a potential threat 
to the blood supply for transfusion because 
asymptomatic infections in humans occur, 
and the spread of these hemoparasites via 
blood transfusions has been reported from 
various countries. Using the microaerophi- 
lous stationary-phase (MASP) culture tech¬ 
nique, the parasites proliferate in a settled 
layer of blood cells. This provides the oppor¬ 
tunity to examine the basic biology of 
the organism, host-microbe interactions, 
immune factors triggered by the parasite, 


factors involved in innate resistance of young 
animals to infection, and antimicrobial sus¬ 
ceptibility. Their in vitro cultivation might 
also be used to produce parasite antigens and 
attenuated strains of Babesia that could be 
used for immunization. 

PATHOGENESIS 

Babesia spp. are a diverse group of tick- 
borne, obligate, intraerythrocytic apicom- 
plexan parasites infecting a wide variety of 
organisms. 2 Infection of a vertebrate host is 
initiated by inoculation of sporozoite stage 
into the bloodstream while the tick takes a 
blood meal. Most Babesia sporozoites 
directly invade circulating erythrocytes. 
Once erythrocyte invasion occurs, a perpet¬ 
ual cycle of asexual reproduction is estab¬ 
lished, despite the onset of a strong immune 
response. 4 

Acute Cases 

When an animal becomes infected, multipli¬ 
cation of the protozoa in the visceral (B. 
bovis ) or peripheral (B. bigemina ) vessels 
reaches a peak with the development of clini¬ 
cally detectable hemolysis, the principal 
pathogenic effect, after an incubation period 
of 7 to 20 days. The hemolysis results in pro¬ 
found anemia, jaundice, and hemoglobin¬ 
uria. A fatal outcome as a result of anemic 
anoxia commonly follows. In surviving 
animals, there are ischemic changes in skel¬ 
etal and heart muscles. 

In B. bovis infection, there is also pro¬ 
found vasodilation and hypotension, result¬ 
ing from the stimulation of production of 
vasoactive substances and an associated 
increase in vascular permeability. Circula¬ 
tory stasis and shock follow; disseminated 
intravascular coagulation (DIC) and subse¬ 
quent fatal pulmonary thrombosis are also 
features. Cerebral babesiosis is possible. In 
contrast, B. bigemina is an uncomplicated 
hemolytic agent and does not exert these 
vascular and coagulation effects. 

Susceptibility to infection with Babesia 
spp. decreases with age, but the severity of 
disease increases. For example, calves of 5 to 
6 months of age infected with B. bovis show 
limited clinical signs, cattle of 1 to 2 years of 
age have a moderately severe disease, and 
aged cows suffer a severe, often fatal disease. 
Intrauterine infection with B. bovis has been 
reported. 

Animals that survive become carriers, a 
state in which a subclinical infection is main¬ 
tained by a delicate immunologic balance 
between protozoa and antibodies. This 
balance is readily disturbed by the stress of 
transport, deprivation of food, pregnancy, or 
intercurrent disease. Carrier animals are 
resistant to infection with B. bovis for up to 
2 years. With constant reinfection, such as 
occurs in enzootic situations, protection is 
continuous. 

The ability of cattle to infect ticks is much 
longer (1 year) with B. bovis than B. bigemina 


(4-7 weeks). Similarly, the peak incidence is 
at a younger age for B. bigemina, and the 
reinfection rate is more rapid. Some experi¬ 
ments have shown that merozoites can peri¬ 
odically disappear from peripheral blood in 
infected cattle. In pregnant cows, there is 
usually no apparent infection of the calf in 
utero, but passive immunity is transferred via 
colostrum to the newborn calf. 

Immunology 

Calves of less than 9 to 12 months of age are 
as susceptible as adult cattle to infection with 
B. divergens but are less likely to exhibit clini¬ 
cal disease. This phenomenon, known as 
inverse age resistance, is the result of an 
innate resistance in calves and is indepen¬ 
dent of the maternal immune status. 
Although offspring of resistant dams acquire 
specific antibodies (mainly IgG) via colos¬ 
trum, these immunoglobulins are not 
required for protection because calves of sus¬ 
ceptible dams without specific serum anti¬ 
bodies are equally resistant. Studies of B. 
bovis in vitro have shown that erythrocytes 
from very young calves were unfavorable for 
parasite development, possibly because of 
the inhibitory effect of fetal hemoglobin. 

Cattle that recover from acute infection 
with B. bigemina or B. bovis, either naturally 
or following chemotherapy, remain persis¬ 
tently infected and resistant to further 
disease following reinfection with the same 
strain. 1,4 Immunization with dead piroplasms 
or extracts can induce protection against 
challenge with homologous or heterologous 
strains, indicated by low parasitemias and a 
diminished packed cell volume (PCV). 

Immunity does not last indefinitely, and 
in the absence of a reinfection, the animal 
becomes susceptible to reinfection. Specific 
immune responses include both cellular and 
humoral components. Monocytes and 
lymphocytes are the main agents of cell- 
mediated immunity. Experimentally, the 
exposure of cattle to avirulent and virulent 
strains of B. bovis in a primary infection 
results in considerable antimicrobial activity 
in peripheral blood monocytes and neutro¬ 
phils. 1 This elevated antimicrobial activity 
coincides with the time that parasite numbers 
peak in the circulation and occurs before 
parasite clearance. This information suggests 
that peripheral blood monocytes and neu¬ 
trophils are active mediators in the innate 
immune response to a primary infection 
with B. bovis. In cattle vaccinated against B. 
divergens, protection is associated with ele¬ 
vated mononuclear cell proliferation. 

In cattle infected with B. divergens, serum 
antibodies can be demonstrated even before 
infected erythrocytes appear in blood 
smears, suggesting that they have no inhibi¬ 
tory effect on merozoite replication. During 
secondary infection, protection seems to 
depend on the high specificity of some anti- 
B. divergens serum antibodies, rather than 
their level, because resistant animals often 
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have low levels of specific antibodies. The 
importance of the spleen in the specific 
immune response is indicated by the fact that 
the removal of the spleen following recovery 
may result in a clinical relapse. 

Specific serum antibodies produced 
against the parasites are used for serologic 
diagnosis. The highest titers are obtained in 
the sera of cows that have had a series of 
infections, but the degree of resultant immu¬ 
nity is not related to the specific antibody 
titer. The antibodies can be passively trans¬ 
ferred via serum or colostrum. The immu¬ 
nity to different strain of B. bovis is specific. 
However, when an infection with a heterolo¬ 
gous strain of the protozoa occurs, there is 
an increased immune response. As with 
cattle, B. ovis infection in sheep can produce 
an acute attack of clinical illness, parasit¬ 
emia, and the subsequent development of 
immunity. 

CLINICAL FINDINGS 
Cattle 

Babesia Bovis. The acute disease generally 
runs a course of 3 to 7 days, and a fever of 
greater than 40°C (104°F) is usually present 
for several days before other signs emerge. 
This is followed by inappetence, depres¬ 
sion, polypnea, weakness, and a reluctance 
to move. Hemoglobinuria is often present 
(known as “redwater” in some countries); 
urine is dark red to brown in color and 
produces a very stable froth. Anemia and 
jaundice develop, particularly in prolonged 
and severe cases. Diarrhea may occur. 
Muscle wasting, tremors, and recumbency 
develop in advanced cases, followed ter¬ 
minally by coma. Many severely affected 
animals die precipitately at this point, after 
an illness of only 24 hours. Metabolic aci¬ 
dosis can be present in a significant percent¬ 
age of cases of bovine babesiosis. During the 
fever stage, pregnant cattle can abort, and 
bulls may become sterile for 6 to 8 weeks. 
Cerebral babesiosis is manifested by inco¬ 
ordination, followed by posterior paralysis 
or mania, convulsions, and coma. The mor¬ 
tality rate in such cases is high, in spite of 
chemotherapy. 

In those that survive, the febrile stage 
usually lasts for approximately a week, and 
the total course about 3 weeks. Cattle that 
survive recover gradually from the severe 
emaciation and anemia, which are inevitable 
sequelae. 

A subacute syndrome also occurs, par¬ 
ticularly in young calves, in which fever is 
mild and hemoglobinuria is absent. The syn¬ 
drome associated with B. divergens is similar 
to that of B. bovis , except that, in addition, 
there is spasm of the anal sphincter, causing 
the passage of feces with great force in a long, 
thin stream, even in the absence of diarrhea; 
this sign is referred to as “pipe-stem” feces. 

Babesia Bigemina. Hemoglobinuria is 
present earlier and more consistently than in 


B. bovis infection, and fever is less of a 
feature. Acutely affected animals are usually 
not as severely affected as those with B. bovis 
infection. There is no cerebral involvement, 
and recovery in nonfatal cases is usually 
rapid and complete. However, in some cases, 
disease can develop very rapidly, with sudden 
and severe anemia, jaundice, and death. 
Animals that recover from B. bigemina 
remain infective to ticks for 4 to 7 weeks and 
remain as carriers for only a few months. 

Sheep 

Anemia, fever, icterus, and hemoglobinuria 
are common. 

Wildlife 

Babesiosis of elk and caribou are character¬ 
ized clinically by lethargy, hemoglobinuria, 
icterus, fever, recumbency, and sudden 
death. 1 Elk infected with B. odocoilei may not 
have any clinical signs of disease but may 
become ill during periods of stress, such as 
during the rutting season, calving, transpor¬ 
tation, or overcrowding. 

Other Species 

In all other species, the syndrome observed 
is clinically similar to that described for 
cattle. 

CLINICAL PATHOLOGY 
Hematology 

Severe anemia with erythrocyte counts as 
low as 2 million/|tL and hemoglobin levels 
down to 3g/dL occur in clinical cases in 
cattle, with anemia peaking 9 to 16 days fol¬ 
lowing infection. Significant reduction in 
platelet numbers and a depression in the 
fibrinogen content of blood also occur. 

Demonstration of the Presence 
of Babesia 

Direct Examination of Blood Smears 

A diagnosis of babesiosis in clinically affected 
animals depends on the detection of piro- 
plasms (merozoites) in Giemsa-stained 
smears of capillary blood; venous blood may 
give a false negative result for B. bovis infec¬ 
tion. There is no exact correlation between 
the percentage of erythrocytes containing 
protozoa and the severity of the clinical 
signs. Also in B. bigemina infection, piro- 
plasms are numerous in peripheral capillar¬ 
ies; B. bovis is less readily found. This 
difficulty can be largely overcome by using 
thick blood smears for detection. Micro¬ 
scopic examination can detect parasitemia of 
approximately 10 5 in thin blood films and 10 6 
in thick blood smears. Therefore thick blood 
films are 10 times more sensitive and are 
more reliable for the detection of low-level B. 
bovis infection. Blood films should be pre¬ 
pared from capillary blood collected after 
pricking the tip of the tail or margin of the 
ear; blood from the general circulation may 
contain 20 times fewer B. bovis than capillary 
blood. 


Transmission Test 

The inoculation of blood from a potentially 
infected bovine to susceptible splenecto- 
mized calves is a highly sensitive technique 
for the direct detection of Babesia. For this 
test, 50 to 100 mL of blood is injected into 
the recipient either SC or IV. In the latter 
case, the incubation period will be shorter. 
The recipient cattle are examined daily, and 
the blood is examined for protozoa at the 
peak of the febrile reaction. 

Carrier cattle infected with B. bovis and/ 
or B. bigemina are difficult to detect because 
of the small number of piroplasms in periph¬ 
eral blood. Microscopic examination of 
stained blood smears is not a reliable tech¬ 
nique for the detection of Babesia-c arrier 
animals. The evaluation of the persistence of 
B. bovis and B. bigemina infections can be 
established by inoculating blood from donor 
cattle into splenectomized calves and mea¬ 
suring specific anti -Babesia serum antibody 
levels. 

Culture of Babesia 

Some Babesia spp. can be cultured in vitro. 3 
For instance, B. divergens from the blood of 
carrier cattle can be isolated using an in 
vitro culture technique in sheep erythro¬ 
cytes. Babesia stages can be isolated 9 months 
after the acute babesiosis phase and can be 
successfully subcultured, cryopreserved, and 
resuscitated using culture medium. This cul¬ 
turing approach allows for detailed studies of 
the parasite. 

Preservation of live protozoa can be 

effected by cryopreservation, by culture in a 
medium containing infected bovine erythro¬ 
cytes, and in simple culture media in special 
apparatus for long periods and in large 
numbers. 

Methods of Detection and 
Identification of Babesia spp. 

The accurate diagnosis of babesiosis is an 
important component of controlling babesi¬ 
osis.' Microscopy detection methods 
are inexpensive and rapid, but their sensitiv¬ 
ity and specificity are limited. Improved 
methods are being developed, and they offer 
faster, more sensitive, and more specific 
options compared with conventional 
approaches. Methods based the detection of 
nucleic acids (DNA) and their amplification 
are the most sensitive and reliable techniques 
available today. For instance, PCR assays 
have been developed for the detection and 
identification of common pathogenic bovine, 
equine, and rodent piroplasms. Following 
specific amplification of the parasite DNA by 
nested PCR, the parasite species can be iden¬ 
tified by PCR-coupled sequencing and/or 
fragment-length polymorphism. 

Other combined tests include ELISA 
using a recombinant B. bovis antigen, PCR, 
and a DNA probe, which can specifically 
detect even low-level infections. The DNA 
probe has the added advantage of being able 
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to detect protozoa in necropsy specimens 
and in tick tissues. The PCRs are most useful 
because of their high sensitivity and specific¬ 
ity, which makes them suitable for the detec¬ 
tion of carrier animals. 

Serology 

Diagnosis of past or present infection can 
be demonstrated by any one of a wide range 
of serologic tests.' 

Cattle 

Because of the difficulty in finding piroplasms 
in smears in animals during the subclinical 
stages of the disease, particularly in surveil¬ 
lance studies for the detection of the infection 
in herds or areas, much attention has been 
directed toward employing serologic tests.' 
Such tests are well established, but most of 
them have limitations in terms of specificity 
and sensitivity. Moreover, it is not possible, on 
an individual animal basis, to distinguish 
between current and past infections, or 
between exposure and infection. 

Complement Fixation Test. CFT is a com¬ 
monly used serologic test for bovine babesio¬ 
sis. Other tests assessed under field conditions 
include passive agglutination, indirect fluo¬ 
rescent antibody test (IFAT), indirect hem¬ 
agglutination, ELISA, microplate enzyme 
immunoassay (EIA), latex agglutination, 
capillary agglutination, slide agglutination, 
and card agglutination. These tests have rela¬ 
tively good reputations, with EIA being par¬ 
ticularly sensitive. 

Immunofluorescence Antibody Test. IFAT 
has been a popular test used to distinguish 
between Babesia spp. and to demonstrate the 
presence of antibodies in a population of 
animals. IFAT differentiates between anti¬ 
bodies against B. divergens and other bovine 
babesias, but not between B. divergens and B. 
capreoli from red deer. 

ELISA. An ELISA test using a crude anti¬ 
genic preparation of B. bovis was assessed for 
the specific detection of IgM serum antibod¬ 
ies and achieved a specificity of 94% and 
sensitivity of 100%. 1 Specific IgM antibodies 
against B. bovis have been reported to appear 
on the 11th day following inoculation in 
animals by R. australis ticks and on the 19th 
day after inoculation in of animals with 
infected blood. 

A competitive ELISA (cELISA) is another 
high-throughput method for detecting 
serum antibodies against hemoparasites. 1 
For instance, the gene encoding B. bovis 
rhoptry-associated protein 1 (RAP-1) was 
used to develop such an assay. 1 This ELISA 
approach was reported to differentiate 
animals with B. bovis- specific antibodies 
from uninfected animals, and from animals 
with antibodies against other tick-borne 
hemoparasites, with high sensitivity and 
specificity (both > 98.5%). 


Sheep 

ELISA has been assessed for the detection of 
B. ovis in sheep. 

A latex agglutination test (LAT) using 
recombinant B. equi merozoite antigen 1 
(EMA-1) was developed for the detection of 
antibodies to T. equi. 1 It is a simple, rapid, 
relatively sensitive, specific, and inexpensive 
alternative to IFAT or ELISA. 

NECROPSY FINDINGS 

In acute cases of babesiosis in all species, in 
which patients die after a brief illness and 
during an anemic crisis, the typical findings 
are jaundice; thin, watery blood; pale tissues; 
enlargement of the spleen, which has a soft, 
pulpy consistency; and gross enlargement 
and dark-brown discoloration of the liver. 
The gallbladder is distended, with thick, 
granular bile; the kidneys are enlarged and 
dark; and the bladder contains red-brown 
urine. Ecchymotic hemorrhages are present 
under the epicardium and endocardium, and 
the pericardial sac contains an increased 
quantity of blood-stained fluid. In cattle, a 
characteristic manifestation is severe intra¬ 
vascular clotting. 

In subacute or chronic cases of relatively 
long duration, the carcass is emaciated but 
hemoglobinuria is absent; the other changes 
observed in acute cases are present but are 
less pronounced. The microscopic examina¬ 
tion of blood smears taken from peripheral 
blood, from kidney and heart muscle, and, in 
the case of suspected B. bovis infection, from 
the brain, is mandatory for clinching the 
diagnosis. Smears from blood and most 
tissues must be made within 8 hours of 
death, within 28 hours for the brain, and 
stained with Giemsa for the detection of B. 
bovis. 

Direct fluorescent antibody staining of 
smears permits the use of slightly “older” 
tissues. Organ smears are still usable 5 days 
after collection, provided that they are kept 
at 22°C (72°F). The morphology of B. bige- 
mina changes quickly after the hosts death, 
so that zoites resemble those of B. bovis. 
Blood collected after death can also be used 
for detection of serum antibodies in sero¬ 
logic tests. 


DIFFERENTIAL DIAGNOSIS 


Preferably, the presence of the tick vector 
should be collected and verified before a 
definitive diagnosis of babesiosis can be 
made, unless an animal has left a known 
enzootic area within the preceding month. 
Clinically, a high morbidity and case-fatality 
rate in cases displaying jaundice with 
hemoglobinuria and fever are suggestive, but 
confirmation of the diagnosis by microscopic 
examination of stained blood smears, 
complementary immunologic or molecular 
tools, and/or by transmission experiments is 
required. A necropsied animal with 


splenomegaly, jaundice, hemoglobinuria, 
swollen and dark kidneys and liver, and/or 
myocardial ecchymoses is suggestive of 
babesiosis/piroplasmosis, but the diagnosis 
needs to be confirmed by traditional or 
molecular laboratory testing of tissues for the 
presence of the parasite stages (merozoites/ 
piroplasms). 

Differential diagnosis list 

A syndrome of acute hemolytic anemia should 
suggest the following alternative diagnoses: 

Cattle (see Table 11-11): 

Theileriosis (caused by Theileria )—very similar 
clinically and differentiable only based on 
laboratory examination 
Postparturient hemoglobinuria—does not 
require the presence of vectors, occurs only 
in recently calved cows in full lactation and 
on low-phosphorus diets, and is 
characterized by the absence of protozoa 
from blood and tissues 
Bacterial hemoglobinuria—characterized by a 
necrotic infarct under the diaphragmatic 
surface of the liver in cattle grazing lush 
pasture 

5-methyl-L-cysteine-sulfoxide (SMCO) 
poisoning—occurs only in cattle grazing 
crops of rape or other Brassica spp. 
Leptospirosis—occurs only in this form of the 
disease in calves kept in unsanitary 
conditions that are wet underfoot. 

Diagnosis of this disease depends on 
isolation of the leptospires. 


TREATMENT 

Primary treatment is aimed at killing the 
parasite(s) in the patient. 7,8 Effective drugs 
are available for use in cattle, but the initial 
phase of the disease is acute; if treatment is 
delayed for too long, the animal may 
succumb to the anemia, in spite of chemo¬ 
therapy. If the illness is a consequence of vac¬ 
cination with live vaccine, care must be taken 
to avoid a complete sterilization of the blood 
before sufficient serum antibody is produced 
against the parasite(s) to elicit a durable 
immunity. Treatment has no suppressive 
effect on the protozoa that are residing in the 
ticks parasitizing the cattle at the time. 

Drugs such as diminazene aceturate, imi- 
docarb dipropionate, amicarbalide diisethi- 
onate, and phenamidine have been used 
against Babesia. Parvaquone, buparvaquone, 
and alovaquone are introductions with good 
reputations from clinical trials. Tetracyclines 
have been used extensively, but their use in 
acutely sick animals has been discontinued. 
There is some use in the simultaneous 
administration of live Babesia in a chemo- 
sterilant situation; the parasite is controlled 
and effective immunization is achieved. 

Cattle 

For many years, three babesicides, quinu- 
ronium sulfate (and generics), amicarbalide 
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Table 11-11 Differential diagnosis of diseases of cattle in which red urine is a principal manifestation 



CLINICAL AND LABORATORY FINDINGS 

Disease 

Epidemiology 

General 

Urinary 

Clinical pathology 

Diseases with hematuria 




Enzootic 

Subjects older than 1 year. 

Persistent intermittent hematuria; 

Persistent, 

Urine has no pus, eukocytes, or 

hematuria 

Endemic to specific areas with 

hemorrhagic anemia, acute or chronic. 

intermittent 

bacteria. 


access to bracken. 

Rectal in acute cases nil; chronic cases have 

hematuria. 




local or diffuse thickening. Long course, 
death by anemia. 



Enzootic bovine 

Adults only. Sporadic cases 

Mild fever. Frequent painful urination, 

Intermittent 

Urine has pus, erythrocytes. 

pyelonephritis 

usually. May be a series 

toxemia. Late cases, rectal examination 

hematuria and 

eukocytes, C. renale on culture 


suggesting origin in one 

shows cystitis, ureters thickened and 

pyuria. 

catheter sample. 


bull and relationship to 

enlarged, kidneys the same. Pain on 




mating events. 

palpation. Long course, death by uremia. 



Diseases with hemoglobinuria 




Babesiosis (B. 

Outbreaks in marginal areas in 

High fever, pallor, severe jaundice 

Red urine, 

Babesia in red cells in smear. 

bigemina and B. 

heavy tick seasons in calves. 

terminally. 

hemoglobinuria. 

Transmission test. Many 

bovis) 

Incubation 2-3 weeks. 90% 



serologic tests. 


morbidity and mortality. 




Tropical theileriosis 

Transmitted only by ticks of 

Fever, anorexia, lymph node enlargement. 

Hemoglobinuria. 

Piroplasms in red cells; schizonts 

('Theileria 

Hyalomma spp. 



in lymphocytes from liver 

annulata) 




biopsy. 

Serologic tests. Hyalomma spp. 

Postparturient 

Postcalving 2-4 weeks. Adult 

Acute onset, weakness, tremor, pallor, 

Deep brown to black 

No cells in urine but good deposit 

hemoglobinuria 

dairy cows in 3rd-6th 

bounding pulse, loud heart sounds, 

frothy. 

on standing. Severe hemolytic 


lactation. Sporadic but 

tachycardia. No jaundice. Mortality 50%. 


anemia. Serum inorganic P < 


tends to endemicity on 

Long convalescence. Die of anemia, 


1.5 mg/dL and down to 


individual farms. Low- 

especially if stressed. 


0.1 mg/dL. 


phosphorus or low-copper 
diet. 




Bacillary 

Summer on irrigated pasture. 

Often found dead. Very acute onset, 

Deep red brown, no 

Hemolytic anemia, increased 

hemoglobinuria 

Sporadic. Very few cases. 

hemolytic anemia plus toxemia. Fever 

cells. 

serum bilirubin. 


Endemic to particular farms. 

41°C (105°F). Abdominal pain, pain on 




Mortality 100%. 

percussion right anterior abdomen. 
Diarrhea. 





Shallow, rapid respiration as a result of 





diaphragmatic pain. 



Leptospirosis ( L. 

Calves high mortality 50%. 

Hemolytic disease mostly in young calves. 

Red urine, 

Initially leptospiruria 3 days. 

interrogans 

Adults low mortality < 5%. 

Sudden-onset septicemia with red urine. 

hemoglobinuria. 

Leptospiruria by intraperitoneal 

Pomona only, 

Abortion storm more common 

Severe toxemia, fever 40.5-41.5°C 


injection into guinea pigs. 

not L. hardjo) 

in adults. Many subclinical 

(104.5-106° F). 


Rising titer leptospira 


infections in adults. 

Mucosal petechiae, pallor, and jaundice. 


antibodies, with peak 4 weeks 



Adults have thick orange milk all 
quarters. 


after infection. 

Chronic copper 

Rarely if at pasture. Copper 

Sudden onset, weakness, pallor, jaundice, 

Hemoglobinuria, 

High liver copper on biopsy 

poisoning 

supplement in a swine diet 

death usually in 24-48 hours. 

some 

2000 ppm dry material. High 


by mistake. 


methemoglobinuria 

plasma ceruloplasmin and 
copper. 


isethionate, and diminazene aceturate, were 
available in most countries for the treatment 
of bovine babesiosis. In the 1970s, imidodo- 
carb dipropionate was introduced, and it 
became the drug of choice in countries that 
licensed it, because in addition to its thera¬ 
peutic utility, it also proved to be an effective 
prophylactic at twice the therapeutic dose. 
Currently, it is the only babesicide on the 
market in most countries of Europe. Quinu- 
ronium sulfate and amicarbilide have been 
withdrawn because of manufacturing safety 
issues; diminazene, which is widely used in 


the tropics as both a babesicide and a try- 
panocide, also was withdrawn in Europe for 
marketing reasons. 

Imidocarb is most toxic when given IV; 
IM or SC administration is recommended. 
Side effects of this drug include coughing, 
muscular tremors, salivation, colic, and local 
irritation at the site of injection, following 
the administration of high doses. Although 
it is regarded as being slower in action than 
quinuronium sulfate, it is the only babesicide 
that consistently clears the host of parasites. 
In the past, the persistence of small numbers 


of parasites in the host was deemed neces¬ 
sary for the maintenance of resistance to 
reinfection. However, the concept of premu¬ 
nition appears no longer to be accepted. Pre¬ 
munition is used to describe resistance that 
is established after the primary infection has 
become chronic and is only effective if the 
parasite persists in the host. It was thought 
that only cattle actually infected with Babesia 
were resistant to clinical disease. If all organ¬ 
isms were removed from an animal, resis¬ 
tance was thought to wane immediately. 
However, cattle apparently cured of Babesia 
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infection by chemotherapy are resistant to 
challenge with the homologous strain of that 
organism for several years. The presence of 
infection does appear to be mandatory for 
protection against heterologous strains. 

Although a certain period of antigenic 
exposure is necessary before treatment to 
facilitate the establishment of immunity, 
cattle treated with imidocarb dipropionate 
ultimately have a solid immunity. Long-term 
persistence of low-level parasitemia is now 
considered a disadvantage. Remaining para¬ 
sites may give rise to recrudescence under 
adverse conditions, treated cattle may act 
as a source of infection, and parasites surviv¬ 
ing low levels of babesicide may acquire 
resistance. 

Imidocarb provides “protection” from 
clinical disease for 3 to 6 weeks, but allows a 
sufficient level of infection for immunity to 
develop. This strategy is highly effective if the 
host is assured to be exposed to babesiosis 
during the period of protection, either 
through a tick bite in geographic areas where 
babesiosis is endemic or by inoculation of 
live parasites. Acquired immunity then takes 
over from “drug protection,” and the animal 
passes smoothly to a resistant state without 
an intermediate clinical stage. However, if 
infection rates are sporadic or if very high 
doses of imidocarb are used, a complete inhi¬ 
bition of parasite development will hinder 
the mounting of an adequate immune 
response. The major issue associated with 
this approach is concern regarding drug resi¬ 
dues in milk and meat, which has led to the 
withdrawal of imidocarb in several European 
countries. 2 

Imidocarb (Imizol) 

This and the related drug, amidocarb, are 
effective babesicides for cattle at the dose rate 
of 1 mg/kg BW. At 2 mg/kg BW, it eliminates 
the parasites from the host and maintains 
some residual activity; noninfected cattle 
derive a months resistance to clinical infec¬ 
tion but can be infected subclinically. There¬ 
fore, imidocarb can be used to “protect” 
cattle when vaccination is undesirable (e.g., 
during pregnancy) or when exposure to 
infection is short-lived. Conversely, it can be 
used to temporarily protect animals before 
vaccination. The drug can be given SC. The 
hydrochloride form is inclined to be an irri¬ 
tant; propionate is less irritating. 

Sheep 

Diminazene aceturate is effective as a treat¬ 
ment in sheep (3.5 mg/kg BW on two suc¬ 
cessive days, or 12 mg/kg BW as a single 
dose). 

Supportive Treatment 

In all species, treatment regimens for severely 
affected sheep should include blood transfu¬ 
sions and antishock preparations. In chronic 
cases and convalescent patients, hematinics 
should be provided. 


CONTROL (BOVINE BABESIOSIS) 
Prevention and Biosecurity 
Preventing the introduction of the disease 
into a nonenzootic area depends on effective 
quarantine to prevent the introduction of the 
vector tick and laboratory testing to ensure 
freedom of the importee from infection with 
the pathogen(s). 1 

Control 

The control of bovine babesiosis in an 
area depends on the control the tick vector. 
Eradication is usually not achievable/practi¬ 
cal because of the high cost to local wildlife, 
some of which can be hosts to ticks. 
Other challenges encountered include the 
following: 

• The difficulty of getting a complete 
muster of all cattle on every dipping day 

• Multihost ticks, which can be infective 
but temporarily not resident on an 
animal on dipping day 

• The spread of ticks or infested cattle as a 
result of environmental issues, such as 
floods or windstorms 

• Illegal movement of cattle without a 
permit 

Other issues include the persistence of 
Babesia through successive generations of 
the tick vector and the resistance of ticks to 
acaricides, which is also a factor relating to 
the infestation level of cattle. 

The effect of different tick ( Rhipicephalus 
microplus ) control strategies (none, thresh¬ 
old, and strategic) on endemic stability and 
the likelihood of babesiosis ( Babesia bovis ) 
has been examined in parts of South America 
using a computer simulation model based on 
weekly tick counts. The cattle population was 
in a state of enzootic stability, with an inocu¬ 
lation rate exceeding 0.005 throughout the 
year. Threshold dipping strategies did not 
increase the risk of babesiosis. Strategic 
dipping resulted in an extended period of 
enzootic instability lasting 30 weeks, which 
required protection of the herd by vaccina¬ 
tion. Therefore strategic dipping is proposed 
to lead to effective control or eradication of 
Babesia from tick and cattle populations, but 
it would not result in an eradication of the 
tick vector. This situation could lead to sub¬ 
sequent outbreaks if Babesia carrier animals 
were introduced into the herd. Strategic tick 
control could be accompanied by concurrent 
vaccination against babesiosis. 

Limitation of Prevalence 

To limit prevalence at economically sustain¬ 
able levels requires different solutions in dif¬ 
ferent circumstances. It is largely dependent 
on tick control through frequent application 
of acaricides, chemotherapy to kill Babesia in 
the cattle host, and, to a lesser degree, by 
immunization of cattle. 7 " 9 These measures 
are only partly effective and are time-con¬ 
suming and expensive. The reason for the 
poor performance of vaccination proce¬ 
dures, even after a great deal of research, is 


that the mechanisms of immunity against 
protozoa, particularly Babesia spp., have not 
been explored in great detail. Further inves¬ 
tigations need to elucidate how immune 
responses to these parasites work. 

Aspects that need to be considered to 
limit prevalence are the following: 

• Susceptible cattle moving into an 
enzootic area need prior vaccination. 

• Marginal areas abutting enzootic areas 
in which tick populations vary with 
climatic change, so that resident cattle 
lose immunity after some dry years and 
are then exposed to infection when wet 
years, foster an increased prevalence of 
ticks in these areas. Vaccination before 
outbreaks are predicted to commence is 
recommended, if forecasting is possible, 
and temporary chemoprophylaxis after 
outbreaks have commenced. 

• In enzootic areas where losses are 
occurring as a result of environmental 
stress or, particularly, concurrent 
infection with another pathogen (e.g., 
Anaplasma marginale), or where the tick 
population has been decimated by 
overzealous dipping, chemoprophylaxis 
and relaxation of dipping are 
recommended. Exposure of cattle to 
ticks is important to ensure to maintain 
a state of infection and immunity. 

Vaccination 

Vaccination with live and dead whole para¬ 
sites, crude parasite extracts, and isolated 
parasite antigens has been used, with varying 
degrees of success. 9 Several findings support 
the development of vaccines against babesio¬ 
sis. First, cattle that recover from a primary 
Babesia infection or that have been immu¬ 
nized with attenuated parasites are resistant 
to challenge infection. Second, the immuni¬ 
zation of cattle with native Babesia antigen 
extracts or culture-derived supernatants 
containing secreted Babesia antigens elicit 
protective immunity against both homolo¬ 
gous and heterologous challenge. 

The characteristics of cattle farms on 
which the exposure of young cattle to tick 
fever organisms is sufficient to ensure that 
immunity is high and the risk of clinical 
disease is low (endemic stability) can be 
compared with those farms on which expo¬ 
sure is insufficient (endemic instability) to 
study and understand the relationships 
between the management of ticks and tick 
fever. In Queensland, Australia, for example, 
many cattle herds do not have sufficient 
exposure to B. bovis, B. bigemina, or A. mar¬ 
ginale to confer endemic stability for tick 
fever. 1 For B. bovis, the major cause of out¬ 
breaks of clinical disease in Queensland, less 
than half of the herds had evidence of 
endemic stability. The decision to leave some 
ticks on cattle, in an effort to induce endemic 
stability, did increase the likelihood of 
endemic stability to A. marginale. However, 
it was ineffective, because only 26% of herds 
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had endemic stability against all three patho¬ 
gens. Thus, given the low proportion of herds 
with endemic stability to tick fever organ¬ 
isms and the high likelihood of clinical 
disease, vaccination is recommended to 
protect dairy cattle from tick fever through¬ 
out tick-infested areas. 

Live Vaccines 

Vaccines incorporating live, attenuated 
strains of B. bovis and B. bigemina have been 
used routinely or experimentally in Australia 
and a number other countries. 9 The literature 
on designing blood-stage vaccines against B. 
bovis and B. bigemina. has been reviewed. 9 
The data available on the efficacy, degree, and 
duration of immunity elicited by live vac¬ 
cines against B. bovis and B. bigemina infec¬ 
tions in Australia have also been reviewed. 9 
Most of the available live vaccines have been 
produced in government-supported produc¬ 
tion facilities in Australia, parts of South 
America, South Africa, and Israel. These vac¬ 
cines include bovine erythrocytes infected 
with selected strains of the parasites. The risk 
of contamination of blood-derived vaccines 
is a concern and makes postproduction 
quality control essential; unfortunately, such 
quality control is beyond the means of some 
endemic countries. Techniques developed in 
Australia over many decades have formed 
the basis for the production of live Babesia 
vaccines in most countries where they are 
used. There is no reliable evidence to indicate 
that current live vaccines might spread 
disease from vaccinated to unvaccinated 
cattle. 

Origin and Purification of Strains. Since 
1990, three strains of B. bovis and one of B. 
bigemina (G strain) have been used to 
produce vaccines in Australia. After testing 
for virulence, immunogenicity, and purity, 
suitable strains are preserved as master sta- 
bilates in liquid nitrogen. 

Attenuation of Parasites 
Babesia Bovis. The most reliable method of 
reducing the virulence of B. bovis is the rapid 
passage of strains through susceptible, sple- 
nectomized calves. Attenuation usually 
occurs after 8 to 20 calf passages. 

Babesia Bigemina. Rapid passage in sple- 
nectomized caves is not reliable, but the 
virulence of B. bigemina decreases during 
prolonged residence in latently infected 
animals. A single B. bigemina isolate (G 
strains) has been used in the Australian and 
South African vaccines for many years. 

Vaccine Specifications 
Live vaccines have proven very effective and 
reasonably safe, particularly when vaccina¬ 
tion is restricted to cattle of less than 1 year 
of age, when they still are resistant to disease. 
Vaccines are derived from splenectomized 
donor calves infected with attenuated strains 


of Babesia, or from parasites grown in vitro. 9 
The vaccines are provided either chilled or 
cyropreserved. In spite of the costly and 
time-consuming nature of producing such 
live vaccines, they have usually provided 
greater than 95% protection for the life of the 
cattle vaccinated. 

Frozen Vaccine. Frozen vaccine is superior 
to chilled vaccine because of its long shelf- 
life, which allows postproduction testing of 
potency and safety before dispatch. 9 Glycerol 
is used as cryoprotectant in Australia and is 
preferred over dimethyl sulphoxide because 
it allows postthaw storage life of the vaccine 
for at least 8 hours (at temperatures of 4° to 
30° C (39° to 86°F)). Frozen vaccines are 
transported in suitably insulated containers 
with liquid N 2 or solid C0 2 , which limits the 
ability to supply vaccines to all destinations. 
To ensure infectivity, the vaccine must be 
used within 8 hours of thawing, and once 
thawed should not be refrozen. A frozen 
bivalent B. bovis and B. bigemina vaccine and 
frozen monovalent B. bovis and B. bigemina 
vaccines using dimethyl sulphoxide as the 
cryoprotectant are produced in some coun¬ 
tries. If dimethyl-sulphoxide is used, a 
vaccine should be used within 30 minutes of 
thawing. 

Chilled Vaccine. Most of the babesiosis 
vaccines produced to date have been pro¬ 
vided in a chilled form. 9 In Australia, 35 
million doses were supplied between 1996 
and 2003. It is popular because of ease of 
production, ease of transportation even with 
limited resources, ease of use, and low cost. 
The chilled vaccines used in Australia con¬ 
tained 1 x 10 7 B. bovis, 2.5 X 10 6 B. bigemina, 
and 1 X 10 7 Anaplasma centrale organisms 
per 2 mL dose. A chilled vaccine has a very 
short shelf-life of approximately 4 days, 
which requires rapid, reliable means of com¬ 
munication and transportation to ensure 
viability. Chilled vaccines can remain viable 
for up to a week if stored at 4°C (39°F). 

To reduce the risk of neonatal hemolytic 
disease in calves (alloimmune hemolytic 
anemia) of vaccinated dams, the vaccine 
should not be used repeatedly. Most owners 
vaccinate only young animals, seldom more 
than twice. A reduction of the vaccine 
dose and the use of a cell-free diluent 
have essentially eliminated the problem in 
Australia. 

The development of effective live vaccines 
against bovine babesiosis in Australia 
required laboratory and field research over 
the period from 1959 to 1996, and it is a 
remarkable success story of veterinary medi¬ 
cine. 9 The most significant change occurred 
in 1964 with the traditionally used carriers 
of Babesia being replaced as vaccine donors 
by acutely infected splenectomized calves. 
This ensured that the infectivity of the 
vaccine and was fortuitously associated with 
a reduction in the virulence of the B. bovis 


vaccine. The vaccine reduced serious losses 
from babesiosis in vaccinated cattle in Aus¬ 
tralia to very low levels and gained accep¬ 
tance worldwide. 

The demand for a live, trivalent “tick 
fever” vaccine containing B. bovis, B. bige¬ 
mina, and A. centrale produced by the 
Department of Primary Industries in 
Queensland, Australia, increased from less 
than 10,000 doses in 1988 to 500,000 doses 
in 2001. 1 The challenge to obtain B. bigemina 
parasitized erythrocytes on a large enough 
scale from infected splenectomized calves to 
meet the demand was achieved by reducing 
the dose rate of infected cells without affect¬ 
ing immunogenicity and still leaving a safety 
margin of at least 50-fold for infectivity. This 
change quadrupled the potential yield of 
doses per calf and allowed the department to 
meet the increased demand for the B. bige¬ 
mina vaccine. 

Use of Live Vaccine 

Cattle Born in Tick-Infested Regions. Any 

factor affecting the survival of the tick vectors 
will affect the risk of babesiosis. An increased 
number of ticks will increase the threat of 
disease until an endemically stable situation 
develops. Conversely, reduced tick numbers 
will increase the longer-term risk of babesio¬ 
sis because of the reduced natural exposure 
of calves. Therefore cattle owners in endemic 
areas in Australia are advised to supplement 
natural exposure by vaccinating calves at 
weaning age. Vaccination is also recom¬ 
mended if cattle are being moved within an 
endemic area. 

Susceptible Cattle Imported Into Vector- 
Infested Country or Region. Large 
numbers of cattle, predominantly B. taurus, 
are being imported into tropical developing 
countries to upgrade local livestock indus¬ 
tries. This has resulted in significant eco¬ 
nomic losses from tick-borne diseases, 
including babesiosis. Vaccination of naive 
cattle moving from tick-free to endemic 
areas within Australia is usually very effec¬ 
tive. This practice has played a crucial role in 
making the livestock industries in these 
countries more sustainable and competitive 
in meeting market demand with regard to 
breed. 

The K strain of B. bovis and G strain of B. 
bigemina from Australia have been shown 
experimentally to be protective in South 
Africa and Sri Lanka. Vaccines containing 
these strains have also been used with benefi¬ 
cial results in parts of Africa, South America, 
Malaysia, and the Philippines. 

Control of Outbreaks. Use of a vaccine in 
the face of an outbreak is common practice 
in Australia. Superimposing vaccination on 
a natural infection will not exacerbate the 
disease but will preempt the development of 
virulent infections in a proportion of the 
herd not yet exposed to the pathogens. To 
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prevent further exposure, the group should 
also be treated with an acaricide capable of 
preventing tick attachment from the time of 
diagnosis to 3 weeks after vaccination. Inject¬ 
able or pour-on formulations of ivermectin 
and moxidectin and fluazuron are highly 
effective acaricides but do not prevent the 
transmission of Babesia. 

Clinically affected cattle should be treated 
as soon as possible with a suitable babesi- 
acide. In the case of a severe outbreak, it 
might be advisable to treat all the cattle with 
a prophylactic compound, such as imidocarb 
or diminazene, and to vaccinate them later 
when the drug residue will not affect the rep¬ 
lication of the vaccine parasite(s). 

Hazards and Precautions of Live 
Vaccine Use 

Severe Reactions. The likelihood of vac¬ 
cine-induced reactions has been reduced 
with the development of attenuated strains. 
However, there is always a risk of such reac¬ 
tions when highly susceptible adult cattle are 
vaccinated. Calves of 3 to 9 months of age 
have a high level of natural resistance and a 
low risk of reactions. In some countries, vac¬ 
cination is only recommended for calves, 
whereas in Australia and South Africa, adult 
cattle can be vaccinated, provided proper 
precautions are taken. Concurrent infections 
may increase the likelihood of reactions. In 
pregnant cows, fever associated with reac¬ 
tions has the potential to cause abortion; in 
large bulls, there can be a temporary loss of 
fertility. In the case of valuable cows and 
bulls, their body temperatures should be 
monitored if vaccine-induced reactions 
occur, and those with prolonged fever should 
be treated with a babesiacide. 

Lack of Protection. Since the introduction 
of a standardized method of production in 
Australia, live antibabesiosis vaccines have 
been highly effective. In most cases, a single 
vaccination provided lasting, probably life¬ 
long immunity against field infections with 
antigenically distinct strains. However, some 
failures have occurred and are thought to 
have been associated with a loss of immuno- 
genicity because of frequent passaging of the 
vaccine strains in splenectomized calves. 
This was overcome by replacing the vaccine 
strain. To prevent future recurrences of vac¬ 
cination failure, the number of passages of 
vaccine strains of B. bovis is limited by fre¬ 
quently reverting to a master stabilate with a 
low passage number. Other failures may be 
associated with the immune responsiveness 
of the host and the immunogenicity of 
vaccine strain subpopulations. 

A single inoculation of cattle at 6 to 9 
months of age with an attenuated vaccine 
containing B. bovis and B. bigemina usually 
provides good, long-lasting protection. At 
this age, the risk of vaccine reactions is 
minimal. Immunity following use of a live 
B. bovis vaccine lasts for at least 4 years, 


possibly less for B. bigemina. It is known to 
persist even after elimination of Babesia 
infections, and studies on drug-cured cattle 
suggest that the degree of acquired immunity 
relates to the degree of antigenic stimulation 
(duration of prior infection) rather than the 
presence of live parasites. There is no evi¬ 
dence of a loss of immunity with time, and 
revaccination is mostly not required. Revac¬ 
cination is advisable when there is uncer¬ 
tainty over the reliability of previous 
procedures, to ensure that all animals sero- 
convert, or if there has been a change in the 
strains used in the vaccine. 

A cryopreserved vaccine containing in 
vitro culture-derived (attenuated) stains of B. 
bovis and B. bigemina can achieve protection 
in 90% of vaccinated cattle against the viru¬ 
lent field strains of Babesia. 1,9 Inherent disad¬ 
vantages of vaccines derived from the blood 
of animals include the risk of reactions or 
contamination with pathogenic organisms, 
sensitization against blood groups, tick 
transmissibility of vaccine strains, and the 
need for a cold chain transportation. 

Vaccinated cattle should be housed or 
kept under close observation for a month in 
case excessive reactions occur. A major 
problem in vaccination with live Babesia is 
the occasional apparent failure to transmit 
the protozoa. This may be result from the 
absence of the protozoa from the blood¬ 
stream of the donor at the time that the 
blood is drawn or from the presence of a 
prophylactic drug—for example, imidocarb 
dipropionate—or low levels of antibody in 
the animal’s tissues. Revaccination is neces¬ 
sary in these circumstances, preferably with 
blood from a donor that is undergoing a 
severe reaction at the time. 

The attenuated organisms used in unfro¬ 
zen South Africa B. bovis and B. bigemina 
vaccines are susceptible for longer periods to 
the residual effect of the antibabesial drugs 
diminazene and imidocarb dipropionate 
compared with the virulent field strains. The 
waiting periods before administration of the 
frozen B. bovis and B. bigemina vaccines in 
animals that have been treated with dimina¬ 
zene at 3.5 mg/kg BW compare favorably 
with those of unfrozen vaccines at 4 and 8 
weeks. The inhibitory effect of imidocarb 
dipropionate at 3.0 mg/kg BW on the infec- 
tivity of both frozen B. bovis and B. bigemina 
vaccines is longer and requires minimum 
waiting periods before administration of 
these vaccines of 12 weeks and 24 weeks, 
respectively. 

Vaccination With Subunit Vaccines 

Subunit vaccines offer an attractive alterna¬ 
tive to virulent or attenuated Babesia spp. 9,10 
Such vaccines are based on recombinant 
antigens derived from cloned complemen¬ 
tary DNA from protozoan parasites. Several 
protective antigens associated with merozo- 
ites or merozoite-infected erythrocytes of B. 
bigemina and B. bovis were identified as 


possible molecules. 10 Rhoptry-associated 
proteins might become targets of generic 
recombinant vaccines. 

Dead Vaccines 

Dead vaccines would overcome many of the 
inherent difficulties in the production, trans¬ 
port, and use of live vaccines. 10 However, 
they have not been sufficiently efficacious, 
and more research is required. 

Vector Control 

This approach was first used successfully to 
control and eventually eradicate the cattle 
tick Boophilus annulatus and Babesia from 
the United States. 1 In 1906, an eradication 
program began that involved livestock 
owners, state officials, and U.S. Department 
of Agriculture specialists. The program 
involved three tactics. First, some pastures 
were rendered tick-free by excluding all host 
animals until the ticks had starved to death. 
The second, more common tactic was to 
retain livestock on the infested pastures and 
to disinfect the animals at regular 2-week 
intervals by immersion in an arsenic solu¬ 
tion, which killed the engorged female ticks. 
Third, the interstate movement of tick- 
infested cattle was prohibited through quar¬ 
antine. The campaign to eradicate cattle ticks 
from the United States is the most sustained, 
extensive, coordinated area-wide attack ever 
made against an arthropod pest. The tick was 
removed from more than a million square 
kilometers over a period of 34 years. The tick 
is confined to the lower Rio Grande River in 
Texas, where reinfestation occurs via animal 
movement from Mexico. This necessitates 
continual control of fringe populations of 
cattle. 

In Africa, babesiosis is only part of very 
important complexes of ticks and tick-borne 
disease, and intensive government-regulated 
tick control programs have been used for 
many years. In other continents, the situa¬ 
tion is much less complex; where babesiosis 
is endemic, disease control (rather than 
eradication) is more realistic. Eradication of 
tick vectors is rarely considered practical, 
environmentally sustainable, or economi¬ 
cally justifiable on either a national or a 
local basis. 

Natural Endemic Stability 

Natural endemic stability can seldom be 
relied upon on as a disease control strategy. 9 
First, in endemic areas, climatic effects, 
genetic makeup of hosts, and management 
strategies inevitably have a major effect on 
the rate of transmission and, ultimately, on 
the likelihood of endemic stability develop¬ 
ing. Second, endemic stability is an eco¬ 
nomic concept that incorporates risk 
management and loss thresholds. The cli¬ 
matic, animal, and management parameters 
that allow endemic stability can change on a 
seasonal and annual basis. Third, the model 
for endemic stability was developed in 





Australia and the Americas, where disease/ 
vector interactions are relatively simple. The 
African situation is much more complex and 
less predictable, with four main diseases, 
several vectors, the presence of game reser¬ 
voirs, and a larger range of susceptibility of 
bovine breeds. 

Control of Babesiosis in Species 
Other Than Cattle 

The principles of the control of babesiosis in 
other species is similar to those used for 
control of this disease in cattle. Most atten¬ 
tion is focused on controlling the vector tick, 
identifying infected and carrier animals by 
an appropriate laboratory test, and sterilizing 
the positive reactors using a suitable treat¬ 
ment strategy. 
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EQUINE PIROPLASMOSIS 

Piroplasmosis of equids is a tick-borne infec¬ 
tious disease caused by the hemoprotozoan 
parasites Theileria equi and Babesia caballi. 1 ~ 12 
Piroplasmosis, also known as equine babesio¬ 
sis ( B. caballi), theileriosis (71 equi), or “biliary 
fever,” affects all equids, including horses, 
donkeys, mules, and zebras. Infection with 
either or both of these obligate intraerythro- 
cytic organisms can cause varying degrees of 
hemolytic anemia and associated systemic 
disease. Recently T. equi infection has 
reemerged in the United States; consequently, 
questions have arisen as to the tick-vector- 
parasite-host relationship required for the 
development of clinical disease. 


SYNOPSIS 


Etiology Babesia caballi and Theileria equi. 

Epidemiology Occurs in equids. Transmission 
by ticks. 

Clinical signs Anemia, hemoglobinuria, 
jaundice, fever, often high case-fatality rate 
for T. equi but not for B. caballi. 
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Clinical pathology Parasites in stained blood 
smear, positive serology. Polymerase chain 
reaction (PCR) can be used for detection of 
parasite in blood or tissues. 

Necropsy lesions Thin, watery blood; pallor; 
jaundice. 

Diagnostic confirmation Parasites in blood 
smear; vector present in environment. 

Differential diagnosis list A syndrome of 
acute hemolytic anemia should suggest the 
following alternative diagnoses: 

Equine infectious anemia 
Severe myoglobinuria (rhabdomyolysis 
associated with exercise or hypoglycin A 
intoxication) 

Foals with alloimmune hemolytic anemia 
Cardiac form of African horse sickness 

Treatment Imidocarb—drug of choice. (R1) 
Aspects of control Tick control; 

chemotherapy with imidocarb; surveillance 
of horses and ticks using effective 
serologic, molecular, and complementary 
tools. 


ETIOLOGY 

B. caballi and 71 equi (previously Babesia 
equi) are known to cause infections and 
disease in equids, including horses, donkeys, 
mules, and zebras. 1-4 For 71 equi, molecular 
studies support previous observations of pre- 
erythrocytic stages in lymphocytes. None¬ 
theless, the taxonomy of 71 equi remains 
controversial. 5 

EPIDEMIOLOGY 
Geographic Occurrence 

The distribution of the causative protozoa is 
governed by the geographic and seasonal 
distribution of the insect vectors that trans¬ 
mit them (Table 11-10). 

Host Occurrence 

Babesiosis and theileriosis of equids are 
known as equine piroplasmosis. In horses, 
donkeys, mules, and zebras the disease is 
associated with B. caballi or 71 equi. 1 4 The 
diseases caused by B. caballi and 71 equi are 
similar clinically, but the latter species is 
more virulent. 3 Equine piroplasmosis occurs 
in much of southern Europe, Asia, and the 
Americas. 3 For example, it is widespread in 
China and a cause for serious concern in 
northeastern China. In addition, equine 
piroplasmosis is also widespread in horses, 
mules, donkeys, and zebras in South Africa, 
and has reemerged in the United States. 6 " 8 
Australia is free from equine piroplasmosis, 
but seropositive horses were temporarily 
imported into Australia for the Sydney 
Olympic games in 2000. While in Australia, 
seropositive horses were kept at particular 
restricted sites. 

The distribution of equine piroplasmosis 
coincides with the distribution of tick 
vectors. 2 " 4 Ixodid ticks of the genera Hya- 
lomma, Dermacentor, and Rhipicephalus 


have been identified as vectors for the trans¬ 
mission of either 71 equi or B. caballi to equid 
hosts. In tropical countries, Hyalomma 
species appear to be suitable vectors for 
transmission of 71 equi to horses and donkeys. 

Impact 

Mortality rates in outbreaks of equine piro¬ 
plasmosis can be high, but the predominant 
losses in horses result from the interference 
with racing and equine competitions and 
meetings. This is a particular issue now, with 
the increased movement of horses between 
or among countries to partake in interna¬ 
tional equine competitions. Another possi¬ 
ble form of loss is the death of foals infected 
in utero. Although there was early evidence 
that equine babesiosis might be an emerging 
disease threatening to be of major impor¬ 
tance to the horse industry, this has not been 
the case. However, disease caused by 71 equi 
appears to be a significant threat. Nonethe¬ 
less, the use of diagnostic methods to screen 
horses before, during, and after international 
travel associated with international competi¬ 
tions or races is an important disease moni¬ 
toring/prevention approach. 

Life Cycle and Transmission 

The life cycles of both 71 equi and B. caballi 
involve distinct developmental stages that 
occur in the host and tick. 3 Both parasites 
progress via three stages: the sporozoite 
(asexual transmission stage), merozoite 
(asexual blood stage), and gametocyte 
(sexual blood stage). Development within 
the tick varies, depending on the tick species 
involved. Infective sporozoites are transmit¬ 
ted through tick saliva to the equid host. 
Once within the equid host, B. caballi sporo¬ 
zoites directly invade erythrocytes, where 
they multiply and develop into trophozoites, 
and then into merozoites. After erythrocyte 
rupture, merozoites are released and invade 
other erythrocytes. In contrast, 71 equi first 
enters peripheral mononuclear cells 
(PBMCs), which is part of the reason for its 
taxonomic reclassification as Theileria. 
Within PBMCs, 71 equi zoites replicate to 
produce large schizonts; after - 9 days, mero¬ 
zoites are released and invade erythrocytes, 
where they multiply and develop into 
trophozoites, and then into merozoites. 
Merozoites are released and invade other 
erythrocytes. 

For both B. caballi and 71 equi, asexual 
replication results in a massive expansion of 
the population of merozoites and parasitized 
erythrocytes. Following multiple rounds of 
replication, some merozoites develop into 
gametocytes within peripheral blood. Upon 
ingestion by a competent tick, the parasites 
undergo sexual reproduction, with gameto¬ 
cytes developing into gametes, which 
combine to form zygotes within the midgut 
of the tick. After 6 to 24 days, sporozoites 
accumulate within the salivary gland of the 
tick. 
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Transmission can also occur iatrogeni- 
cally through inappropriate mixing of the 
infected and uninfected blood.’ This can 
occur during the practice of sharing needles 
among different horses, but use of any blood- 
contaminated equipment could result in 
transmission. Infection can also result when 
chronically infected horses serve as blood 
donors to naive horses. The illegal practice of 
blood doping (prerace blood transfusions) 
was implicated in an outbreak in Florida in 
2008. Experimental infection can be induced 
by the IV and SC injection of infective stages 
and by infected ticks. 

Movement of Horses 

The international movement of animals has 
become a very important matter to the horse 
industry. 3 These days, groups of pleasure 
horses are transported around the world to 
compete in different countries, and valuable 
stallions are sometimes transported to 
another country for a brief period to stand at 
stud. There is a tendency for some countries 
to be very restrictive in their quarantine pro¬ 
cedures for horses; international relations 
might be enhanced if more was known about 
the relationship between a positive serologic 
test result and infection risk for other horses. 

PATHOGENESIS 

Although some aspects of pathogenesis 
remain unknown, infection with T. equi or B. 
caballi causes the lysis of erythrocytes, result¬ 
ing in varying degrees of hemolytic anemia. 3,4 
The physical rupture of erythrocytes during 
the release of merozoites causes intravascular 
hemolytic anemia. Infected red blood cells 
are removed from the circulation by splenic 
macrophages, further contributing to hemo¬ 
lytic anemia. Uniformly, infection with T. 
equi results in more severe clinical disease 
than B. caballi. 

Nonparasitized erythrocytes are also 
removed from circulation, but the reason for 
this removal is unknown. It appears that the 
structure of erythrocyte membranes alters 
substantially during T. equi infection, sug¬ 
gesting that this change causes decreased 
deformability of the red cells, which might 
lead to a reduced microvascular blood flow. 
The level of malondialdehyde (marker of 
lipid peroxidation) in blood is significantly 
increased, suggesting that an accumulation 
of oxidative ions also contributes to erythro¬ 
cyte lysis. T. equi and B. caballi infections 
also alter coagulation; B. caballi- infected 
erythrocytes cause microthrombi by clump¬ 
ing within small vessels, leading to venous 
stasis and vasculitis. Also described are 
thrombocytopenia and prolonged clotting 
times during T. equi and B. caballi 
infections. 

Decreased platelet counts might relate 
to immune-mediated destruction, splenic 
sequestration, and/or excess consumption, 
as seen in disseminated intravascular coagu¬ 
lation (DIC). Severe piroplasmosis often 


results in hypercoagulability, systemic 
inflammatory response syndrome, and sub¬ 
sequent multiorgan system dysfunction. 

Placental transmission can result in abor¬ 
tion (usually in late gestation), stillbirth, or 
neonatal infection. Variation in genotypes of 
host and/or parasite could influence the 
prevalence of placental transmission. Trans¬ 
mission appears not to be linked to exposure 
to semen from an infected stallion, but blood 
contamination during mating might present 
a transmission risk. 

In most cases, horses become persistently 
infected and become carriers. The inappar- 
ent carrier state is life-long with T. equi and 
possibly for B. caballi. Persistent subclinical 
infection might result, in part, from the 
sequestration and immune-evasion strate¬ 
gies of the parasites. A carrier status repre¬ 
sents a delicate balance between protozoa 
and immune responses; this balance is 
readily disturbed by the stress of transport, 
deprivation of food, pregnancy, or intercur¬ 
rent disease. 

After transmission, depending on many 
factors, including infectious dose and 
immune status of the host, clinical signs 
usually develop within 12 to 19 days for T. 
equi and 10 to 30 days for B. caballi. The 
fatality rate of naive horses in geographic 
regions endemic for equine piroplasmosis 
appears to be 5% to 10%, but the severity of 
disease can vary significantly from one geo¬ 
graphic region to another. 

Immunology 

The responses of the equine immune system 
to infection with T. equi or B. caballi are not 
yet completely understood but are undoubt¬ 
edly complex and multifaceted and involve 
both cellular and humoral components. 3,9,10 
It is well accepted that infection with either 
parasite results in carrier status, which 
confers protection against disease. There is 
no documented cross-protection between T. 
equi and B. caballi, and horses can be infected 
with both parasites simultaneously. 

CLINICAL FINDINGS 

Clinical disease can present in different 
forms. 3 For acute T. equi infection, clinical 
signs usually relate to hemolysis and resul¬ 
tant anemia. Although B. caballi- infected 
horses do become anemic, the rare cases of 
acute death from B. caballi appear to results 
from multiple-organ dysfunction linked to 
systemic formation of microthrombi and 
DIC. In these cases, clinical signs vary 
depending on the organ system affected. 

Horses with acute infection initially 
develop nonspecific signs, such as high 
fevers, sometimes greater than 40° C (104° F), 
lethargy, peripheral edema, anorexia, and/or 
weight loss. Petechia caused by thrombocy¬ 
topenia can be observed on mucous mem¬ 
branes, including the nictitating membrane. 
Signs of hemolytic anemia follow and include 
icteric or pale mucous membranes, 


tachycardia, tachypnea, pigmenturia (linked 
to bilirubinuria or hemoglobinuria), and 
weakness. 

Some horses show gastrointestinal signs, 
including colic or impactions, followed by 
diarrhea. Other less common clinical signs 
include a secondary development of pneu¬ 
monia, pulmonary edema, cardiac arrhyth¬ 
mia, catarrhal enteritis, laminitis, and/or 
central nervous system signs, characterized 
by ataxia, myalgia, and/or seizures. 

Permanent or temporary infertility has 
been seen in stallions. Acute renal failure 
might occur as a result of hemoglobin- 
induced pigment nephropathy. Systemic 
responses to severe inflammation (hypoten¬ 
sion) can worsen the kidney disease. Severe 
infections can also culminate in liver failure 
or DIC. 

A fulminant, abrupt onset of signs of 
(peracute) disease has been described. 
Sudden death from T. equi can occur, and the 
introduction of naive horses into an endemic 
region can lead to a rapid onset of a severe 
disease outbreak. 

Neonatal foals infected in utero with T. 
equi might present with severe and acute 
signs. Such foals can exhibit clinical signs at 
birth or can become ill at 2 to 3 days of age. 
Clinical signs, such as decreased suckling 
and weakness, are often nonspecific, but pro¬ 
gress to resemble those of an infected adult 
horse (icterus, fever, and anemia). Cases of 
fetal and neonatal B. caballi infection have 
been reported but are rare. 

Chronic T. equi or B. caballi infection 
usually results only in nonspecific signs, 
including weight loss, poor performance, 
partial anorexia, and/or lethargy. Mild 
anemia might be present, and the spleen 
might be enlarged. Splenomegaly appears to 
be caused by an increased rate of extravascu- 
lar hemolysis within the spleen in less 
severely affected horses. 

Pregnancy in carrier mares can result in 
abortion or neonatal infection. Because 
inapparent carriers can serve as reservoirs 
for transmission (via ticks, placentally or iat- 
rogenically), such horses represent the 
largest challenge in nonendemic areas. 

CLINICAL PATHOLOGY 

Acute infection is characterized by severe 
leukocytosis, lymphopenia, and a high abso¬ 
lute neutrophil count. T. equi is detected in 
neutrophils and monocytes in the case of 
high parasitemia, indicating phagocytosis of 
the infected erythrocytes. Animals that die 
of T. equi infection show varying degrees of 
emaciation, hepato- and splenomegaly, and 
“flabby” kidneys. Petechial hemorrhages are 
also common in the liver, in the spleen, and 
on the cortical surface of the kidneys. 

Microscopic Examination 

Light microscopic examination of Giemsa- 
stained blood smears can be used to identify 
piroplasms within erythrocytes. 3 T. equi and 
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B. caballi can be readily distinguished from 
one another. Within erythrocytes, B. caballi 
typically appears as two large pyriform 
(pear-shaped) merozoites that measure 2 to 
5 |im in length; the percentage of infected 
erythrocytes is typically less than 1%. T. equi 
merozoites occur within erythrocytes as 
small polymorphic piroplasms, occasionally 
in a distinct Maltese cross formation; T. equi 
merozoites usually measure 2 to 3 pm in 
length. In diseased horses, the percentage of 
infected erythrocytes is usually 1% to 5%, 
but it can be greater than 20% in severe cases. 

Serologic and DNA-Based Methods 

Various diagnostic techniques can be used 
alone or in combination. 3 During an out¬ 
break in a nonendemic region, involvement 
of the state and national regulatory agencies 
is essential. Only a few laboratories in the 
world are authorized to carry out specific 
testing for equine piroplasmosis; proper han¬ 
dling and dispatch of samples are crucial. 

IFAT is used as an adjunct assay to 
compare CFT results, and it is one of the 
prescribed tests for equine piroplasmosis 
recommended by the OIE. Western blot (or 
immunoblot) has also been used for the 
diagnosis of T. equi and B. caballi infections 
in a research setting, but is now increasingly 
used as a tool for the detection of B. caballi 
infection. Research is under way to critically 
validate these serologic/immunologic tests 
for use in routine diagnosis. 

The cELISA is one of the regulatory tests 
prescribed by the OIE for international horse 
transport. This test is considered to be the 
most sensitive means of detection of chronic 
T. equi infection. A cELISA for T. equi uti¬ 
lizes a recombinant protein (EMA-1; immu¬ 
nodominant, highly conserved surface 
antigen specific for T. equi) and specific 
monoclonal antibodies. This test has high 
sensitivity and specificity compared with all 
other serologic tests assessed to date. For T. 
equi, both the sensitivity and specificity of 
cELISA are greater than 95%. A cELISA 
using a recombinant protein (RAP-1) was 
also developed for B. caballi. Flowever, 
sequence heterogeneity in RAP-1 among 
parasite strains is linked to an inability of the 
test to detect infected horses in some regions 
of the world. 310 Both cELISAs are available 
commercially, but they are not available to 
practitioners. ELISA using whole T. equi 
merozoite antigen has been assessed and 
appears to be as an easy, economical, and 
reliable test. 

Although PCR and cELISA show consid¬ 
erable promise as diagnostic tools, 3 ' 11 more 
studies are needed to ensure adequate diag¬ 
nostic specificity and sensitivity for routine 
application in different countries. Nonethe¬ 
less, PCR assay can detect T. equi and B. 
caballi in the blood of horses that have recov¬ 
ered from acute babesiosis. Nested PCR has 
been used for the detection of T. equi and B. 
caballi in the blood samples from horses and 


infections in ticks. Provided reliable genetic 
markers are employed, it should be possible 
to develop a PCR for routine diagnostic 
testing. 

NECROPSY FINDINGS 

In acute cases of equine piroplasmosis, in 
which patients die after a brief illness and 
during an anemic crisis, the typical signs 
include jaundice; thin, watery blood; pale 
tissues; enlargement of the spleen, which has 
a soft, pulpy consistency; and gross enlarge¬ 
ment and dark-brown discoloration of the 
liver. The gallbladder is distended, with 
thick, granular bile; the kidneys are enlarged 
and dark; and the bladder contains red- 
brown urine. Petechial or ecchymotic hem¬ 
orrhages are present under the epicardium 
and endocardium, and the pericardial sac 
contains an increased quantity of blood¬ 
stained fluid. A characteristic manifestation 
is severe DIC. 

In subacute or chronic cases of relatively 
long duration, the carcass is emaciated but 
hemoglobinuria is absent; the other changes 
observed in acute cases are present but are 
less pronounced. The microscopic examina¬ 
tion of blood smears taken from peripheral 
blood and from kidney and heart muscle, 
and from the brain in the case of suspected 
disease, is mandatory for clinching the diag¬ 
nosis. Smears from blood and most tissues 
must be made within 8 hours of death, 
within 28 hours for the brain, and stained 
with Giemsa for the detection of 
piroplasms. 

Direct fluorescent antibody staining of 
smears permits the use of slightly “older” 
tissues. Organ smears are still usable 5 days 
after collection, provided that they are kept 
at 22° C (72°F). The morphology of piro¬ 
plasms can change quickly after the host’s 
death. Blood collected after death can also be 
used for detection of serum antibodies in 
serologic tests or parasite DNA by PCR. 


DIFFERENTIAL DIAGNOSIS 


Preferably, the presence of the tick vector 
should be collected and verified before a 
definitive diagnosis of piroplasmosis can be 
made, unless an animal has left a known 
enzootic area within preceding months. 
Clinically, a high morbidity and case 
fatality-rate in cases displaying jaundice with 
hemoglobinuria and fever are suggestive, but 
confirmation of the diagnosis by microscopic 
examination of stained blood smears, 
complementary immunologic or molecular 
tools, and/or by transmission experiments is 
required. A necropsied animal with 
splenomegaly, jaundice, hemoglobinuria, 
swollen and dark kidneys and liver, and/or 
myocardial petechia/ecchymoses is suggestive 
of babesiosis/piroplasmosis, but the diagnosis 
needs to be confirmed by traditional or 
molecular laboratory testing of tissues for the 
presence of the parasite stages (piroplasms). 


Differential diagnosis list 

A syndrome of acute hemolytic anemia should 

suggest the following alternative diagnoses 

(Table 11-1): 

• Equine infectious anemia—has a much 
longer, recurrent course; usually occurs in 
sporadic cases; and is not associated with 
protozoa in body fluids and tissues 

• Myoglobinuria—red urine is a result of 
myoglobinuria, always associated with 
elevation of serum creatine phosphokinase 
activity 

• Foals with alloimmune hemolytic anemia— 
detectable only upon laboratory 
examination for evidence of incompatibility 
between the serum of the dam and the 
foal's erythrocytes 

• Other immune-mediated disorders 

• Cardiac form of African horse sickness 
(AHS)—edematous lesions that occur are 
similar to those of babesiosis, but there is 
no evidence of hemoglobinuria or jaundice 

• Equine viral arteritis virus, equine 
anaplasmosis, purpura hemorrhagica, and 
red maple leaf toxicity 


TREATMENT 

Chemotherapy 

For the alleviation of clinical signs, several 
drugs have been used with success, yet imi- 
docarb, in its diproprionate salt form, is con¬ 
sidered to be the most effective. 312 Imidocarb, 
a carbanilide derivative, is typically adminis¬ 
tered to horses intramuscularly. The alternate 
form of this drug, a dihydrochloride salt, 
causes more severe muscle damage at the site 
of injection. Reported dosages of imidocarb 
for the alleviation of clinical signs vary, but 
2.2 to 4.4 mg/kg given IM once is effective. 
If necessary, lower dosages can be repeated 
at 24- to 72-hour intervals for two to three 
treatments. 

In nonendemic regions, where chemo¬ 
therapeutic clearance is desired, T. equi and 
B. caballi should be treated with 4.4 mg/kg 
of imidocarb IM every 72 hours (four times). 
Donkeys and mules are very sensitive to imi¬ 
docarb; therefore, its use in these species is 
not recommended. Imidocarb has anticho¬ 
linesterase activity, such that reactions to the 
drug might present as sweating, signs of agi¬ 
tation, colic, and/or diarrhea. Typically, these 
signs are transient and rarely life-threaten¬ 
ing. Effects can be prevented with an IV dose 
of glycopyrrolate at 0.0025 mg/kg once, or 
reversed with a single IV dose of atropine at 
0.2 mg/kg. Florses undergoing treatment 
should be monitored for complications and 
transient elevations of liver enzyme activities 
(aspartate aminotransferase [AST], alanine 
aminotransferase [ALT], alkaline phospha¬ 
tase [ALP], and sorbitol dehydrogenase 
[SDH])—usually, these issues resolve follow¬ 
ing imidocarb treatment. 

Diminazene aceturate and diminazene 
diaceturate have also been used against 
T. equi and B. caballi at a dose of 3.5 mg/kg 
IM every 48 hours (two treatments). 











814 


Chapter 11 


Diseases of the Hemolymphatic and Immune Systems 


Diminazene aceturate is more effective than 
diminazene diaceturate; both drugs have 
been reported to cause damage at the injec¬ 
tion site. Efficacy of both drugs increases 
with the second dosage; no chemosteriliza- 
tion has been reported. Signs of toxicity 
include respiratory distress and lethargy. 

The antibiotic oxytetracycline when 
administered IV at a dose of 5 to 6 mg/kg, 
once daily for 7 days, is effective against T. 
equi but not against B. caballi. Other drugs 
reported to have efficacy in the treatment of 
babesiosis include amicarbilade isethionate, 
euflavine, artesunate and artemether (arte¬ 
misinin derivatives), buparvaquone, and ato- 
vaquone, but these drugs are no longer used 
in practice. 

Supportive Treatment 

In addition to the use of antiprotozoal drugs, 
acutely infected horses often require sup¬ 
portive treatment, including, but not limited 
to, intravenous fluids, NSAIDs, pain man¬ 
agement, and blood transfusions. Adequate 
hydration is essential during treatment with 
imidocarb. 1 

CONTROL 

The principles of the control of piroplasmo- 
sis are similar to those used for the control 
of babesiosis in cattle. Most attention is 
focused on controlling the vector tick, iden¬ 
tifying infected and carrier animals by an 
appropriate laboratory test, and the use of a 
suitable treatment strategy for test-positive 
animals. The control of ticks in pleasure 
horses by periodic spraying/treatment and 
inspection is a practical proposition when 
the animals are in constant use. No vaccines 
have been produced for use in horses. 

Chemotherapeutics that aid in the control 
of acute parasitemia and associated clinical 
signs, but do not eliminate infection, are 
important in endemic regions. 3 In nonen¬ 
demic regions, the goal is to maintain an 
infection-free status; therefore, when infected 
horses are detected, a safe chemotherapeutic 
with high efficacy for eliminating persistent 
infection needs to be administered. Accurate 
diagnostic tools and detailed knowledge of 
tick populations and their ability to transmit 
B. caballi and T. equi are essential for preven¬ 
tion of outbreaks in nonendemic regions. 3 

Increasing globalization of the equine 
industry and a changing climate provide 
challenges for the prevention and control of 
T. equi and B. caballi. Disease surveillance 
and detailed knowledge of vector compe¬ 
tence and habitat through the use of effective 
molecular tools will be essential. 
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Nutritional Deficiencies 

IRON DEFICIENCY 


SYNOPSIS 


Etiology Dietary deficiency of iron. 

Epidemiology Young animals on milk diet; 
most commonly nursing piglets that have 
not received supplemental iron. Housed 
nursing lambs. Occurs in veal calves fed milk 
with limited quantities of iron. Continued 
blood loss as a result of hemorrhage (lice, 
blood-sucking helminths). Subclinical iron 
deficiency occurs in calves and foals but is of 
doubtful significance. May be more 
susceptible to infectious diseases. 

Signs Pale white skin of well grown nursing 
piglets, dyspnea, pallor of mucosae, sudden 
death may occur. Stillbirths if sows iron 
deficient. Secondary infectious diseases. 

Clinical pathology Subnormal levels of 
hemoglobin and serum iron; microcytic 
hypochromic anemia. 

Necropsy findings Pallor; thin, watery blood; 
anasarca; dilated heart; enlarged liver. 

Diagnostic confirmation Low serum 

hemoglobin and serum iron with microcytic 
hypochromic anemia. Response to iron 
therapy. 

Differential diagnosis Other causes of 

anemia (Table 1 1-3). 

Treatment Parenteral and oral iron salts. 

Control Ensure adequate iron intake. 
Parenteral iron-dextran to nursing piglets 
and lambs. 


ETIOLOGY 

Iron deficiency is usually primary and most 
likely to occur in newborn animals whose 
sole source of iron is the milk of the dam 
because milk is a poor source of iron. Depos¬ 
its of iron in the liver of the newborn are 
insufficient to maintain normal hemopoiesis 
for more than 2 to 3 weeks and are particu¬ 
larly low in piglets. 

EPIDEMIOLOGY 

Iron-deficiency states are not common in 
farm animals except in the very young con¬ 
fined to a milk diet. 

Iron-deficiency anemia occurs in nursing 
piglets for three reasons: 

1. They do not have access to soil, which is 
a main source of iron for young farm 
animals. 


2. They grow rapidly, and thus their 

absolute requirements for iron are high. 

3. Milk is a poor source of iron. 

The administration of iron dextran to the 
piglets at a few days of age is preventive and 
is a routine health management strategy in 
modern pig production. If they do not 
receive supplemental iron dextran, clinical 
disease occurs usually when the piglets are 3 
to 6 weeks old. The losses that occur include 
those resulting from mortality, which may be 
high in untreated pigs, and to failure to 
thrive. Under modern pig production 
systems, piglets do not have access to suffi¬ 
cient dietary iron until they are weaned to a 
dry diet containing supplemental iron, thus 
the need for administration of parenteral 
iron dextran to all piglets at a few days of age. 
Even piglets raised outdoors with access to 
soil perform better when supplemented with 
iron. Iron-injected piglets raised outdoors 
are heavier at weaning, there is less prewean¬ 
ing morbidity and mortality, and they have 
higher blood hemoglobin concentrations 
compared with nonsupplemented piglets. 1 
Larger piglets in a litter appear to be at 
greater risk of developing iron deficiency at 
weaning. 2 

Iron deficiency in pigs increases the 
severity of Trichuris suis and Ascaris suum 
infections. 

Iron-deficiency anemia occurs in 
nursing lambs that are housed and do not 
have access to soil, do not consume much 
feed other than their dams milk for the first 
7 to 10 days of life, and grow at 0.4 kg/d. The 
parenteral administration of iron dextran at 
24 h of age prevents the anemia. Abomasal 
bloat occurs in these lambs with lower serum 
iron concentration, and iron-dextran injec¬ 
tions are preventive and also have a signifi¬ 
cant effect on weight gain and red blood cell 
and iron parameters. 

Continued blood loss by hemorrhage in 
any animal may result in subclinical anemia 
and iron deficiency. Cattle heavily infested 
with sucking lice may develop serious and 
even fatal anemia. The chronic form is char¬ 
acterized by a nonregenerative anemia with 
subnormal levels of serum iron, and treat¬ 
ment with iron is necessary for an optimal 
response. Horses carrying heavy burdens of 
bloodsucking strongylid worms often have 
subnormal hemoglobin levels and respond 
to treatment with iron. Occasionally veal 
calves, and possibly young lambs and kids, 
may also suffer from an iron deficiency. 

Good-quality veal is traditionally pale in 
color and is produced by feeding calves an 
all-liquid milk replacer diet with a low con¬ 
centration of available iron. The pallor of veal 
is largely a result of low concentrations of 
myoglobin and other iron-containing com¬ 
pounds in muscle, use of milk replacers con¬ 
taining only 10 mg iron/kg DM results in 
marked anemia and reduced growth perfor¬ 
mance. Feeding milk replacers with 50 mg 
iron/kg DM is considered, physiologically, 
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the optimum amount of iron for veal calves 
but may be too high for acceptable carcass 
yield in some countries. A severe iron defi¬ 
ciency with reduced growth rate in veal 
calves may be associated with a higher 
incidence of infectious disease because of 
an impaired immune system. The objective 
in veal calf management is to walk the 
narrow line between the maximum produc¬ 
tion of white meat and a degree of anemia 
insufficient to interfere with maximum 
production. 

Subclinical iron-deficiency anemia also 
occurs in newborn calves and kids, but there 
is debate as to whether the condition has 
practical significance. Supplementation of 
dairy calves with iron, or iron and copper, 
increases growth rate. 3 In newborn calves 
affected with a normochromic, normocytic, 
and poikilocytic anemia, the levels of serum 
iron are not significantly different from those 
of normal calves. It has been proposed that 
severe poikilocytosis in calves is associated 
with abnormalities of hemoglobin composi¬ 
tion and protein 4.2 in the erythrocyte mem¬ 
brane, and iron deficiency is the cause of 
moderate poikilocytosis in calves. 

Anemia, without clinical signs, is most 
likely to occur when calves are born with low 
hemoglobin and hematocrit levels, a rela¬ 
tively common occurrence in twins. It is pos¬ 
sible that suboptimal growth may occur 
during the period of physiologic anemia in 
early postnatal life. There is some evidence 
for this in calves in which hemoglobin levels 
of 11 g/dL at birth fall to about 8 g/dL 
between the 30th and 70th days and only 
begin to rise when the calves start to eat 
roughage. The daily intake of iron from milk 
is 2 to 4 mg in calves, and their daily require¬ 
ment during the first 4 months of life is of 
the order of 50 mg, so that iron supplemen¬ 
tation of the diet is advisable if the calves are 
fed entirely on milk. Even when hay and 
grain are fed to calves and lambs in addition 
to milk, there is a marked growth response 
to the administration of iron-dextran prepa¬ 
rations at the rate of 5.5 mg/kg BW. The 
dietary iron requirement for fast-growing 
lambs is between 40 and 70 mg/kg BW, and 
growth rate is suboptimal on diets of less 
than 25 mg/kg BW. 

Low serum iron concentration and low 
serum ferritin have been observed in hos¬ 
pitalized young foals. Microcytic anemia 
and hypoferremia occur in Standardised 
foals kept at pasture for 12 hours per day. 
These changes are not prevented by oral 
administration of four oral doses of 248 mg 
of iron, suggesting that higher levels of sup¬ 
plementation are needed. Conversely, hypo¬ 
ferremia and anemia were reported in stabled 
foals but not in a pastured cohort. The 
stabled foals had clinical signs of anemia 
(lethargy) and low hematocrit, hemoglobin, 
and serum iron concentrations, which were 
restored to normal values by iron supple¬ 
mentation (0.5 g iron sulfate orally once 


daily, 3 g of iron sulfate top dressed on cut 
pasture fed to the foals and their dams, and 
unlimited access to a lick block containing 
iron). Although the colostrum of mares is 
rich in iron, milk has much lower concentra¬ 
tions, probably explaining the low serum 
iron of some nursed foals and demonstrating 
the need for access to iron supplements or, 
preferably, soil or pasture. Supplementation 
of foals with iron should be undertaken cau¬ 
tiously because of the documented hepato- 
toxicity of large doses of iron given orally to 
newborn foals. Toxic hepatopathy develops 
in newborn foals administered iron fumarate 
at 16 mg/kg BW within 24 hours of birth, 
similar to the situation in piglets. 

Competition horses are frequently 
given iron supplementation to treat anemia 
and to improve performance, despite the fact 
that neither application has any scientific 
basis. In contrast, iron overload and toxicity 
have occurred in competition horses. Some 
studies have shown high total plasma iron in 
British 3-day event team horses before trans¬ 
port (77 pmol/L compared with normal 
levels of 24 pmol/L). Immediately after trav¬ 
eling for 3 days on the road, the plasma levels 
had declined to 29 pmol/L. The iron-binding 
antioxidant activity, an indicator of transfer¬ 
rin saturation, had also declined, suggesting 
greater saturation of available transferrin in 
the plasma or a decreased capacity to seques¬ 
ter iron. The saturation of mechanisms to 
sequester iron, such as may occur with exces¬ 
sive supplementation, may predispose the 
horses to iron-catalyzed oxidant injury. The 
total iron intake exceeded the normal recom¬ 
mendation of between 550 and 600 mg/d. 1 
Anemia (or a low packed cell volume) is not 
synonymous with iron deficiency but is fre¬ 
quently associated with disease processes. 5 In 
addition, iron deficiency is unlikely to occur 
in healthy horses. 

Calcium carbonate added to the diet of 
weaned and finishing pigs may cause a con¬ 
ditioned iron deficiency and a moderate 
anemia, but this effect is not apparent in 
mature pigs. Manganese may exert a similar 
antagonistic effect. 

PATHOGENESIS 

More than half the iron in the animal body 
is found as a constituent of hemoglobin. A 
relatively small amount is found in myoglo¬ 
bin and in certain enzymes that play a part 
in oxygen utilization. 

Piglets at birth have hemoglobin levels of 
about 90 to 110 g/L. A physiologic fall to 40 
to 50 g/dL occurs in all pigs, with the lowest 
levels occurring at about the 8 th to 10th day 
of life. Levels of iron in the liver at birth are 
unusually low in this species and cannot be 
increased appreciably by supplementary 
feeding of the sow during pregnancy. The IM 
injection of iron-dextran preparations to 
sows during late pregnancy does elevate the 
hemoglobin levels of the piglets during the 
first few weeks of life but not sufficiently to 


prevent anemia in them. Piglets with access 
to iron show a gradual return to normal 
hemoglobin levels starting at about the 10th 
day of life, but in pigs denied this access, the 
hemoglobin levels continue to fall. 

One of the important factors in the high 
incidence of anemia in piglets is the rapidity 
with which they grow in early postnatal life. 
Piglets normally reach 4 to 5 times their birth 
weight at the end of 3 weeks, and 15 times 
their birth weight at the end of 8 weeks. The 
daily requirement of iron during the first few 
weeks of life is of the order of 15 mg. The 
average intake in the milk from the sow is 
about 1 mg/d, and the concentration in sows 
milk cannot be elevated by feeding addi¬ 
tional iron during pregnancy or lactation. 
Apart from the specific effect on hemoglobin 
levels, iron-deficient piglets consume less 
creep feed, and after the first 3 weeks of life 
they make considerably slower weight gains 
than supplemented piglets. Although spe¬ 
cific pathogen-free pigs show a less marked 
response to the administration of iron than 
pigs reared in the normal manner, it is 
obvious that they need supplementary iron 
to prevent the development of anemia. Iron- 
deficient piglets appear to be more suscepti¬ 
ble to diarrhea at about 2 weeks of age than 
are piglets that have received iron. A marked 
impairment of gastric secretion of acid and 
chloride and atrophic gastritis occurs in 
iron-deprived piglets. Villous atrophy of the 
small intestine and changes in the gastro¬ 
intestinal flora also occur in iron-deficient 
piglets, which may contribute to the increased 
susceptibility to diarrhea. 

In iron-deficient piglets, lymphocyte 
activity is impaired, resulting in a decrease in 
circulating B-lymphocyte numbers and 
decreased immunocompetence. 

Severe iron deficiency in veal calves is 
characterized by impaired growth and 
reduced feed intake and utilization. The 
growth rate is reduced only when hemoglo¬ 
bin concentrations fall below 70 g/L. The 
reduced growth rate may be a result of reduc¬ 
tion in the half-life of growth hormone. 

CLINICAL FINDINGS 

The highest incidence of iron-deficiency 
anemia in piglets occurs at about 3 weeks of 
age, but it can occur up to 10 weeks of age. 

Affected pigs may be well grown and in 
good condition, but the growth rate of 
anemic pigs is significantly lower than that 
of normal pigs, and feed intake is reduced. A 
mild diarrhea may occur, but the feces are 
usually normal in color. Dyspnea, lethargy, 
and a marked increase in amplitude of the 
apex beat of the heart can be felt after exer¬ 
cise. The skin and mucosae are pale and may 
appear yellow in white pigs. Edema of the 
head and forequarters, giving the animal a 
fat, puffed-up appearance, may be present. A 
lean, white, hairy look is probably more 
common. Death usually occurs suddenly, or 
affected animals may survive in a thin, 
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unthrifty condition. A high incidence of 
infectious diseases, especially enteric infec¬ 
tion with E. coli, is associated with the 
anemia, and streptococcal pericarditis is a 
well-recognized complication. Under experi¬ 
mental conditions, similar signs occur in 
calves, and there is, in addition, an apparent 
atrophy of the lingual papillae. A high inci¬ 
dence of stillbirths is recorded in the litters 
of sows suffering from iron-deficiency 
anemia. 

CLINICAL PATHOLOGY 

The characteristic abnormality in iron-defi¬ 
ciency anemia is presence of hypochromic, 
microcytic red cells, although early in disease 
there can be macrocytic anemia as a result of 
chronic hemorrhage (Table 11-3). There is 
also reduced plasma or serum concentra¬ 
tions of ferritin and serum iron, increased 
total iron-binding capacity, and reduction in 
stainable iron in bone marrow. Anemia of 
iron deficiency must be differentiated from 
anemia resulting from chronic inflammatory 
disease (Table 11 -3). 3 

In normal piglets there is a postnatal fall 
of hemoglobin levels to about 8 g/L and 
sometimes to as low as 4 to 5 g/L during the 
first 10 days of life. In iron-deficient pigs 
there is a secondary fall to 20 to 40 g/L 
during the third week. The hemoglobin level 
at which clinical signs appear in pigs is about 
40 g/L. Erythrocyte counts also fall from a 
normal of 5 to 8 X 10 /L down to 3 to 4 x 10 
/L and may be a better index of iron status 
than hemoglobin levels. Iron-deficiency 
anemia in piglets is a microcytic hypochro¬ 
mic anemia. In chronic blood-loss anemia in 
cattle infested with sucking lice, there is a 
nonregenerative anemia and a decrease in 
serum iron levels. Serum levels of iron con¬ 
sidered to be normal in sheep and cattle are 
100 to 200 pg/dL (17.9 to 35.8 pmol/L). In 
newborn calves, the levels are 170 pg/dL 
(30.4 pmol/L) at birth and 67 pg/dL 
(12.0 pmol/L) at 50 days of age. Serum fer¬ 
ritin concentration is an index for monitor¬ 
ing prelatent iron deficiency of calves. 

The borderline of iron-deficiency anemia 
of veal calves at 16 to 20 weeks of age has 
been defined as a hemoglobin concentration 
of 9 g/L and a saturation of total iron binding 
capacity of 10%. 

NECROPSY FINDINGS 

The carcass is characterized by pallor, watery 
blood, and moderate anasarca. The heart is 
always dilated, sometimes extremely so. The 
cardiac dimensions in severely anemic neo¬ 
natal pigs indicate that dilatation and hyper¬ 
trophy occur consistently. The liver in all 
cases is enlarged and has a mottled tan- 
yellow appearance. Histologic examination 
of the bone marrow reveals maturation asyn¬ 
chrony of the erythroid line and a lack of 
hemosiderin stores. Other microscopic 
changes described include periacinar hepa¬ 
tocellular changes typical of hypoxia and 


decreased numbers of parietal cells in the 
gastric mucosa. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—50 g liver (ASSAY [Fe]) 
(Note that serum ferritin from surviving 
littermates is a better indicator of iron 
status.) 

• Histology—liver, heart, bone marrow, 
stomach (LM) 


DIFFERENTIAL DIAGNOSIS 


Confirmation of the diagnosis will depend on 
hemoglobin determinations and curative and 
preventive trials with administered iron. The 
possibility that anemia in piglets may be 
caused by copper deficiency should not be 
overlooked, especially if the response to 
administered iron is poor. Isoimmunization 
hemolytic anemia can be differentiated by the 
presence of jaundice and hemoglobinuria, and 
the disease occurs in much younger pigs. 
Eperythrozoonosis occurs in pigs of all ages, 
and the protozoan parasites can be detected 
in the erythrocytes. 


TREATMENT 

Principles of treatment are removal of the 
cause of iron loss (chronic bleeding, parasit¬ 
ism, inadequate diet) and provision of sup¬ 
plemental iron. The emphasis in treatment 
should be on removal of the inciting cause of 
iron deficiency. 

Supplemental iron should be provided to 
correct the whole-body deficiency of iron 
and can be achieved by oral or parenteral 
administration. Oral administration is pre¬ 
ferred because it is safer, is less expensive, 
and does not require the expertise needed for 
intravenous or intramuscular administra¬ 
tion. Parenteral administration of iron prep¬ 
arations is associated with severe tissue 
reactions and, with intravenous administra¬ 
tion, acute death. 

CONTROL 

Preventive measures must be directed at the 
neonatal piglets because treatment of the 
sows before or after farrowing is generally 
ineffective, although some results are 
obtained if the iron preparations are fed at 
least 2 weeks before farrowing. Ferric choline 
citrate appears to have some special merit in 
this field. Allowing the nursing piglets access 
to pasture or dirt yards or periodically 
placing sods in indoor pens can offer ade¬ 
quate protection. Where indoor housing on 
impervious floors is necessary, iron should 
be provided at the rate of 15 mg/d until 
weaning, either by oral dosing with iron salts 
of a commercial grade or by the IM injection 
of organic iron preparations. These methods 
are satisfactory, but the results are not usually 
as good as when piglets are raised outdoors. 
However, indoor housing is practiced in 
many areas to avoid exposure to parasitic 


infestation and some bacterial diseases, espe¬ 
cially erysipelas. If sods are put into pens, 
care must be taken to ensure that these dis¬ 
eases are not introduced. 

Dietary Supplementation 
Sows 

Feeding sows a diet supplemented with 
2000 mg iron/kg DM of diet will satisfacto¬ 
rily prevent iron-deficiency anemia in the 
piglets. The piglets will ingest about 20 g of 
sow feces per day, which will contain suffi¬ 
cient iron and obviate the need for IM iron- 
dextran injections. The piglets grow and 
thrive as well as those receiving the iron- 
dextran injections. 

Veal Calves 

Milk replacers for veal calves may contain up 
to 40 mg/kg DM of iron for the first months, 
but commonly contain only 10 to 15 mg/kg 
DM for the finishing period. The best indica¬ 
tor of the onset of anemia in calves on 
vealer diets is loss of appetite, which is a 
more sensitive indicator than biochemical 
measurement. 

Heifer Calf Herd Replacements 

The National Research Council recommends 
that milk replacers fed to herd replacements 
or dairy beef contain 100 mg/kg of DM, with 
an upper limit of 1000 mg/kg DM. The pre¬ 
ruminant calf can tolerate between 2000 and 
5000 ppm DM iron in milk replacer. 

Oral Dosing 

Daily dosing with 4 ml of 1.8% solution of 
ferrous sulfate is adequate. Iron pyrophos¬ 
phate may also be used (300 mg/d for 7 
days). To overcome the necessity for daily 
dosing, several other methods of administer¬ 
ing iron have been recommended. A single 
oral treatment with iron-dextran or iron- 
galactan has been recommended, provided 
that an excellent creep feed is available, but 
the method seems unnecessarily expensive. 
With this oral treatment it is essential that 
the iron be given within 12 hours of birth 
because absorption has to occur through the 
perforate neonatal intestinal mucosa; later 
administration is not followed by absorption. 
Reduced iron (British Veterinary Codex) can 
be administered in large doses because it 
does not cause irritation of the alimentary 
mucosa. A single dose of 0.5 to 1 g once 
weekly is sufficient to prevent anemia. Alter¬ 
natively, the painting of a solution of ferrous 
sulfate on the sow’s udder has been recom¬ 
mended (450 g ferrous sulfate, 75 g copper 
sulfate, 450 g sugar, 2 L water—applied 
daily) but has the disadvantage of being 
sticky and of accumulating litter. Pigs raised 
on steel gratings can derive enough iron 
from them to avoid the need for other sup¬ 
plementation. Excessive oral dosing with 
soluble iron salts may cause enteritis, diar¬ 
rhea, and some deaths in pigs. High intakes 
of ferric hydroxide cause diarrhea, loss of 
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weight, and low milk production in cattle. 
The presence of diarrhea in a herd prevents 
absorption of orally administered iron, and 
treatment by injection is recommended in 
this circumstance. 

Intramuscular Injection of 
Iron Preparations 

Suitable preparations must be used and are 
usually injected IM in piglets on one occa¬ 
sion only, between the day 3 and day 7 of life. 
Iron-dextran, fumarate, and glutamate are 
most commonly used. A dose of 200 mg of a 
rapidly absorbed and readily utilizable form 
of iron within the first few days of life will 
result in greater body weights at 4 weeks of 
age than in piglets given only 100 mg. Mul¬ 
tiple injections give better hemoglobin levels 
but have not been shown to improve weight 
gain, and thus a second injection at 2 to 3 
weeks of age may not be economical. A total 
dose of 200 mg is usually recommended as 
being required to avoid clinically manifest 
iron-deficiency anemia, but to avoid any 
chance of a subclinical deficiency the feed 
should contain additional iron at the level of 
240 mg/kg. A new preparation (Heptomer) 
contains 200 mg/mL of iron, permitting a 
full dose in one injection. Contrasting infor¬ 
mation is that one injection of 100 mg of iron 
is adequate for baby pigs. Acute poisoning 
and rapid death can occur in piglets given 
iron-dextran compounds parenterally if the 
piglets were born from sows that were defi¬ 
cient in vitamin E and selenium during ges¬ 
tation. This is discussed in the section on 
iron-dextran poisoning. In normal piglets, 
the iron-dextran compounds are safe and are 
usually not toxic even on repeated injection. 
These preparations are ideal for treatment 
because of the rapid response they elicit and 
the absence of permanent discoloration of 
tissues after their use if given during the first 
month of life. A combination of sodium sel¬ 
enite and iron-dextran has been given to 
piglets at 3 days of age and is superior to 
treatment with iron alone when the piglets 
are deficient in selenium. 

Iron supplementation should also be 
administered to suckling piglets raised 
outdoors. 

Iron-deficiency anemia in housed 
lambs is preventable by the IM injection of 
300 mg iron dextran at 24 hours of age. At 
12 and 24 days after treatment, the hemato¬ 
logical values in the treated group were sig¬ 
nificantly different from those of the 
unsupplemented group, and at weaning, the 
treated lambs were 1.0 kg heavier than 
untreated lambs. An oral iron supplement 
given to these housed lambs improved red 
cell and iron parameters but did not improve 
performance. 

Comparable doses of parenteral iron- 
dextran compounds have been used for the 
treatment of iron-deficiency or iron-loss 
anemias in other species, but accurate doses 
have not been established, and the use of 


these preparations in cattle and horses is 
expensive. In addition, iron-dextran prepa¬ 
rations given IM to horses may cause death 
within a few minutes after administration. 
The most inexpensive method of supplying 
iron is to use ferrous sulfate orally at a dose 
of 2 to 4 g daily for 2 weeks to adult cattle 
and horses with iron-deficiency anemia. 

Iron injection of beef calves in the first 
week after birth will result in an increase in 
packed cell volume (PVC), hemoglobin 
(Hb), mean corpuscular volume (MCV), and 
mean corpuscular hemoglobin (MCH), 
which persists for 12 weeks. However, weight 
gains during the first 18 weeks of life were 
not affected. 
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COBALT DEFICIENCY 

Cobalt deficiency is a disease of ruminants 
ingesting a diet deficient in cobalt, which is 
required for the synthesis of vitamin Bi 2 
(cyanocobalamin) by rumen microflora. The 
disease is characterized clinically by inappe¬ 
tence and loss of body weight. Some effects 
on reproductive performance in sheep have 
been reported. Cobalt was first shown to be 
an essential nutrient for sheep and cattle fol¬ 
lowing investigations in the 1930s of two 
naturally occurring diseases occurring on 
soils of Aeolian origin in Australia, coast 
disease of sheep and wasting disease of 
cattle. 1 Soon after it was recognized that 
similar wasting disorders in several countries 
responded to cobalt supplementation, 
including cobalt pine in Scotland, salt sick¬ 
ness in Florida, Nakururitis in Kenya, and 
bush sickness in New Zealand. 1 


SYNOPSIS 


Etiology Dietary deficiency of cobalt resulting 
in a deficiency of vitamin B 12 . 

Epidemiology Occurs worldwide, primarily in 
cattle and sheep, where soils are deficient 
in cobalt and no supplements are given. 
Associated with ovine white liver disease 
and phalaris staggers. 

Signs Inappetence, gradual loss of body 
weight, pica, marked pallor of the mucous 
membranes, and lacrimation. Decreased 
wool growth, milk production, and lambing 
percentage. 

Clinical pathology Liver cobalt or vitamin B, 2 
concentration, serum vitamin B 12 (sheep). 
Elevated methylmalonic acid in plasma and 
urine; elevated formiminoglutamic acid in 
urine. Normocytic normochromic anemia. 

Necropsy findings Emaciation, hemosiderosis 
of spleen. 


Diagnostic confirmation Location of farm 
and soil type. Vitamin B 12 and cobalt of 
liver. Response to supplementation. 

Differential diagnosis list 

Common causes of ill-thrift in ruminants: 
General nutritional deficiency (protein and 
energy) 

Intestinal helminthiasis 
Copper deficiency 
Johne's disease 

Treatment Oral dosing with cobalt or 
parenteral injections of vitamin B 12 . 

Control Dietary supplementation with cobalt 
(cobalt pellets, top dressing of pastures or 
foliar sprays). Long-acting preparations of 
vitamin B l2 . 


ETIOLOGY 

The disease is caused by a deficiency of 
cobalt in the diet, which results in a defi¬ 
ciency of vitamin B 12 . Vitamin B 12 is central 
to many metabolic pathways, including the 
conversion of propionic acid to glucose (the 
only direct source of glucose for ruminants) 
and the metabolism of methionine, which is 
essential for wool growth and the transport 
of folic acid into liver cells. 

EPIDEMIOLOGY 

Occurrence 

Cobalt deficiency occurs in Australia, New 
Zealand, the United Kingdom, North 
America, the Netherlands, and probably in 
many other parts of the world. Where the 
deficiency is extreme, large tracts of land are 
unsuitable for the raising of ruminants, and 
in certain areas, suboptimal growth and pro¬ 
duction may be limiting factors in the hus¬ 
bandry of sheep and cattle. 

Historically, ill-thrift from cobalt defi¬ 
ciency was so marked that many calves and 
lambs died. In those that survived, growth 
rates were markedly depressed compared 
with cobalt-supplemented lambs. In most 
known deficient areas, signs of cobalt defi¬ 
ciency are now confined mainly in lambs 
because supplementation or cobalt fertilizer 
has been applied for many decades. However, 
cobalt-responsive ill-thrift in lambs still 
occurs where cobalt fertilizer applications or 
vitamin B 12 injections to lambs are haphaz¬ 
ard, with live weight gains following vitamin 
B [2 injections of up to 180 g/d. 

The soils on which cobalt deficiency 
occurs are usually well drained but can be of 
quite diverse geological origin, and the con¬ 
centration of cobalt in the soil can vary 
widely. 1 Where cobalt deficiency occurs, soil 
cobalt is usually less than 2 mg/kg DM, and 
the available (extractable) cobalt is less than 
0.25 mg/kg DM. The availability of cobalt to 
plants is reduced by high concentrations of 
manganese in the soil and heavy liming. 

Sheep are more susceptible to cobalt defi¬ 
ciency than cattle, and young animals are 
more susceptible than adults. The disease 
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occurs most commonly in ruminants grazing 
pasture in severely deficient areas, but spo¬ 
radic cases occur in marginal areas. In Aus¬ 
tralia this can occur after certain seasonal 
conditions, such as the intensive application 
of fertilizer and high spring rainfall that pro¬ 
duces a flush of pasture growth, or in Europe 
after long periods of stable feeding. In the 
latter scenario, bulls, rams, and calves are 
most commonly affected. 

A disease of moose called “moose sick¬ 
ness” occurs in eastern North America, 
mainly in the Tobeatic and Cape Breton 
Highlands of Nova Scotia in Canada. Low 
concentrations of cobalt and vitamin B 12 are 
found in the liver and increased concentra¬ 
tions of methylmalonic acid in the plasma. 
There are striking similarities between the 
North American moose sickness and a 
moose disease in Sweden caused by 
molybdenosis. 

Cobalt deficiency is unlikely to occur in 
pigs and other omnivores or carnivores 
because vitamin B 12 is present in meat and 
other animal tissues. Horses appear to be 
unaffected. 

Cobalt is also protective against the liver 
damage in sheep exposed to annual ryegrass 
and the neurologic signs induced in phalaris 
staggers. 

Risk Factors 

Dietary and Environmental Factors 

Pastures containing less than 0.07 and 
0.04 mg/kg DM result in clinical disease in 
sheep and cattle, respectively. The daily 
requirement for sheep at pasture is 0.08 mg/ 
kg DM of cobalt, but growing lambs have a 
greater requirement (11 (tg/d), and reduced 
growth is likely at pasture levels less than 
0.10 mg/kg DM. 

Variations in the cobalt content of pasture 
occur with seasonal variations in pasture 
growth, and an increased incidence of defi¬ 
ciency in spring may be related to domina¬ 
tion of the pasture by rapidly growing 
grasses, which have lower cobalt content 
than legumes. There is also a great deal of 
variation between years. Forage grown on 
well-drained soils has greater cobalt content 
than that grown on poorly drained soils of 
the same cobalt status. Although plant 
growth is not visibly affected by low soil 
cobalt, the addition of excessive quantities 
may retard growth. 

Primary cobalt deficiency occurs only on 
soils that are deficient in cobalt. Such soils do 
not appear to have any geological similarity, 
varying from windblown shell sands to soils 
derived from pumice, ironstone, and granite, 
and Japanese soils composed largely of vol¬ 
canic ash are seriously deficient. The soils in 
New Brunswick, Canada, are naturally 
acidic, and the cobalt content of the soil is 
decreased by leaching associated with an 
annual rainfall of 120 cm. Surveys in this 
area show average values of 0.028 and 
0.088 mg/kg DM for grasses and legumes, 


respectively, which justifies supplementation 
of ruminant diets with cobalt. 

After the introduction of grazing live¬ 
stock, large parts of New Zealand were found 
to be trace-element deficient (cobalt, sele¬ 
nium, and copper). Livestock grazing pas¬ 
tures grown on these soils may be deficient 
in one or more of these trace elements, and 
correcting these deficiencies is now a 
common and essential animal health man¬ 
agement strategy. In New Zealand, soil types 
are categorized as severe, moderate, or mar¬ 
ginal. Of the land considered suitable for 
farming, about 1 million hectares on the 
North Island and 918,000 hectares on the 
South Island are defined as cobalt deficient. 

Outbreaks of cobalt deficiency have 
occurred in cattle grazing on pastures on the 
granite-derived northern tablelands of New 
South Wales in Australia and in sheep 
grazing pasture on soils derived from weath¬ 
ered rhyolite and ignimbrite, the former 
being inherently low in cobalt. Cobalt defi¬ 
ciency still occurs in areas where it has previ¬ 
ously never been diagnosed, and so in 
seasons of lush spring and summer pasture 
growth it should be included as a differential 
diagnosis when investigating cases of 
unthriftiness. 

In the northern Netherlands, lambs 
grazing cobalt-deficient pastures and not 
supplemented with cobalt are 6.7 times more 
likely to die than supplemented lambs. This 
occurs despite affected farms often having 
acetic acid-extractable soil cobalt content of 
pastures greater than the reference value for 
cobalt deficiency (<0.30 mg Co/kg dried 
soil). 

Although soils containing less than 
0.25 mg/kg cobalt are likely to produce pas¬ 
tures containing insufficient cobalt, the rela¬ 
tionship between levels of cobalt in soil and 
pasture is not consistent. The factors govern¬ 
ing this relationship have not been deter¬ 
mined, although heavy liming and high 
concentrations of manganese reduce the 
availability of cobalt in the soil. 

Ovine White Liver Disease 

A specific hepatic dysfunction of sheep has 
been described in New Zealand, Australia, 
the United Kingdom, Norway, and in grazing 
lambs in the Netherlands. It is called white 
liver disease because of the grayish color of 
the liver. Clinically, it is manifested by pho¬ 
tosensitization when the disease is acute and 
anemia and emaciation when the disease is 
chronic. It seems likely that the disease is a 
toxic hepatopathy (fatty liver degeneration) 
caused by the accumulation of methylmalo¬ 
nic acid. This is converted into branched- 
chain fatty acids, causing liver failure, hepatic 
encephalopathy, and photosensitization. It is 
prevented by adequate dietary cobalt. 

Flepatic Lipidosis in Goats 

Hepatic lipidosis of goats in Oman is associ¬ 
ated with low serum vitamin B 12 and low 


liver cobalt and can be experimentally repro¬ 
duced by a low intake of cobalt. It is one of 
the most frequent causes of liver condemna¬ 
tion and a significant economic loss because 
goats are the predominant domesticated 
animal reared for meat in Oman. 

Experimental Reproduction of Cobalt 
Deficiency in Sheep 

Cobalt deficiency can be reproduced in 
sheep by feeding diets containing less than 
70 |ig/kg cobalt. A diet containing 4.5 (tg/kg 
fed to lambs produced a condition similar to 
naturally occurring cobalt deficiency, with 
subnormal plasma and liver concentrations 
of vitamin B 12 , reduced growth rate, serous 
ocular discharge, alopecia, emaciation, and 
fatty degeneration of the liver, which had 
reduced concentrations of vitamin B 12 
(14.5 pmol/g) at necropsy. The liver lesions 
included accumulation of lipid droplets and 
lipofuscin particles in hepatocytes, dissocia¬ 
tion and necrosis of hepatocytes, and sparse 
infiltration by neutrophils, macrophages, 
and lymphocytes. Ultrastructural changes in 
hepatocytes included swelling, condensation 
and proliferation of mitochondria, hypertro¬ 
phy of smooth endoplasmic reticulum, 
vesiculation and loss of arrays of rough 
endoplasmic reticulum, and accumulation of 
lipid droplets and lipofuscin granules in 
cytoplasm. Reduced activities of vitamin 
B 12 -dependent enzymes, methylmalonyl 
CoA mutase, and methionine synthesis, 
along with lipid peroxidation, are the likely 
mechanisms in the development of the liver 
lesions. 

PATHOGENESIS 

Cobalt is a unique essential trace element in 
ruminant nutrition because it is stored in the 
body in only limited amounts and not in all 
tissues. In the adult ruminants the only 
known function of cobalt is in the rumen, 
where participates in the production of 
vitamin B 12 (cyanocobalamin), and it has to 
be continuously ingested in the feed. 

Ruminants have a much higher require¬ 
ment for vitamin B [2 than other species. In 
sheep, this is around 11 |ig/d, with up to 
500 |4g/d produced in the rumen but most 
being lost. Animals in the advanced stages of 
cobalt deficiency are cured by the oral 
administration of cobalt or by the parenteral 
administration of vitamin B 12 . On cobalt- 
deficient diets, clinical signs are accompa¬ 
nied by a fall of as much as 90% in the 
vitamin B 12 content of the feces. Oral dosing 
with cobalt resolves the clinical signs, and 
vitamin B 12 levels in the feces return to 
normal. Parenteral administration of cobalt 
has no appreciable clinical effect, although 
some cobalt does enter the alimentary tract 
in the bile and leads to the formation of a 
small amount of cobalamin. 

The essential defect in cobalt-deficient 
ruminants is an inability to metabolize pro¬ 
pionic acid. A key biochemical pathway for 
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propionic acid from rumen fermentation 
involves adenosyl cobalamin, one of several 
cobalt-containing coenzymes of the vitamin 
B 12 complex that is required for the conver¬ 
sion of methylmalonyl coenzyme A to suc- 
cinyl coenzyme A, both intermediates in the 
utilization pathway of propionate. 1 The pro¬ 
pionate-succinate pathway is the first rate- 
limiting pathway in vitamin B 12 deficiency, 2 
and the lack of vitamin B 12 causes accumula¬ 
tion of methylmalonic acid, which can be 
measured in the serum. The clinical and 
pathologic signs of cobalt deprivation are 
preceded by characteristic biochemical 
changes in tissues and fluids of the body. As 
soon as depletion begins, the concentration 
of both cobalt and vitamin B 12 decreases in 
the rumen fluid. Serum vitamin B 12 , an esti¬ 
mate of the amount of this vitamin in transit, 
also shows an early decline reflecting reduced 
rumen synthesis. Serum vitamin B 12 declines 
before liver vitamin Bi 2 , confirming that the 
liver does not serve as an active storage pool. 
Plasma methylmalonic acid is elevated 
(>5 |t mol/L) within 35 days of a cobalt- 
deficient diet being fed, before any reduction 
in feed intake or live weight occurs, and 
rumen succinate concentration is elevated 
after feeding a deficient diet for 6 days. 3 

In beef cattle, a prolonged moderate 
cobalt deficiency (83 jag/kg) for 43 weeks 
results in impaired growth and changes in 
lipid metabolism, including accumulation of 
plasma homocysteine and a marked increase 
of iron and nickel in the liver. 

The mechanism through which cobalt 
prevents staggers in sheep grazing pasture 
dominated by phalaris (Phalaris tuberosa), 
and possibly canary grass (Phalaris minor) or 
rhompa grass, a hybrid Phalaris spp., is 
unexplained. 

The pathogenesis of ovine white liver 
disease is unclear, as it is not known if the 
disease is a simple cobalt deficiency or a 
hepatotoxic disease in cobalt/vitamin B 12 - 
deficient lambs. A cobalt-deficient diet is 
essential for the development of the disease, 
which is characterized by hepatic dysfunc¬ 
tion and elevated liver enzymes (alkaline 
phosphatase and aspartate aminotransfer¬ 
ase). 4 Affected lambs have elevated serum 
levels of copper compared with cobalt/ 
vitamin Bi 2 -supplemented lambs grazing the 
same pastures, and dosing affected lambs 
with copper-oxide needles can induce toxic 
levels of liver copper. It is suggested that the 
disease is a manifestation of B 12 deficiency 
exacerbated by factors triggering early 
hepatic fatty change, resulting in more severe 
liver damage and loss of intracellular homeo¬ 
stasis, rendering the hepatocytes more vul¬ 
nerable to other elements such as copper. It 
is proposed that elevated concentrations of 
fructans in pasture could also contribute to 
the pathogenesis of the liver lesion by initiat¬ 
ing hepatic lipodystrophy and hepatic insuf¬ 
ficiency, and hence reduced growth and 
ovine white liver disease. The condition 


responds to treatment with parenteral 
vitamin B 12 . 

The pathologic changes in lambs grazing 
cobalt-deficient pastures are related to blood 
concentrations of vitamin B [2 , methylmalo¬ 
nic acid, and homocysteine, and lesions are 
confined mainly to the liver and brain. Acute 
and chronic hepatitis are characteristic, and 
the liver lesions are associated with polymi¬ 
crocavitation of the brain. Hepatic encepha¬ 
lopathy associated with cobalt deficiency and 
white liver disease has been described in 
lambs. Symmetric vacuolation and status 
spongiosus of the neuropil in the brain is 
seen, with hyperammonemia secondary to 
the hepatic lesion considered the cause of the 
brain lesions. 

Caprine hepatic lipidosis has been 
induced experimentally using low intakes of 
low levels of dietary cobalt. Goats provided 
with a diet that contains the minimum daily 
requirement of cobalt as specified for sheep 
not only developed a syndrome character¬ 
ized by reduced weight gains, dry scruffy 
hair coat, and a decline in erythrocyte 
indices, but also lesions consistent with 
hepatic lipidosis. Goats fed diets containing 
levels of cobalt less than 0.1 mg/kg DM 
could experience even greater clinical and 
pathologic consequences. 

In moose sickness, there are low concen¬ 
trations of cobalt and vitamin B 12 in the liver 
and elevated methylmalonic acid in plasma. 

CLINICAL FINDINGS 

No specific signs are characteristic of cobalt 
deficiency. A gradual decrease in appetite is 
the only obvious clinical sign, accompanied 
by lacrimation, loss of body weight, emacia¬ 
tion, and weakness, often in the presence of 
abundant green feed. Pica is likely to occur, 
especially in cattle. There is marked pallor of 
mucous membranes and normocytic nor¬ 
mochromic anemia, and affected animals are 
easily fatigued. Growth, lactation, and wool 
production are severely retarded, and the 
wool may have reduced staple strength (be 
“tender” or broken). In sheep, severe lacri¬ 
mation with profuse outpouring of fluid suf¬ 
ficient to mat the wool of the face is one of 
the most important signs in advanced cases. 
Signs usually become apparent when animals 
have been on affected areas for about 6 
months, and death occurs in 3 to 12 months 
after the first appearance of illness, although 
severe wasting may be precipitated by the 
stress of parturition or abortion. 

Cobalt deficiency in pregnant ewes can 
result in decreased lambing percentage, 
increased percentage of stillbirths, and 
increased neonatal mortality. Lambs from 
deficient ewes are slower to start sucking, 
have reduced concentrations of serum colos- 
tral immunoglobulins, and have lower serum 
vitamin B 12 and higher methylmalonic acid 
concentrations than lambs from cobalt-ade¬ 
quate dams. Ova recovered from ewes fed a 
cobalt-deficient diet (0.06 mg/kg DM) are of 


inferior morphologic grade compared with 
those from ewes that were supplemented 
with cobalt, and lambs born from cobalt- 
supplemented embryo donors had higher 
serum B 12 and were more active within 3 
days of birth. ’ 

Moose sickness in Nova Scotia is charac¬ 
terized by a loss of fear of humans, weakness 
and a staggering gait, apparent blindness, 
drooping of the ears, emaciation, and infes¬ 
tation by ticks. A decreased intake of food, 
increasing lethargy, and collapse, accompa¬ 
nied by loss of use of one or more limbs, 
precedes death. 

CLINICAL PATHOLOGY 
Biochemical Criteria to Determine 
Cobalt and Vitamin B 12 Status 

Changes in the concurrent serum concentra¬ 
tions of methylmalonic acid and vitamin B 12 
of ewes and their lambs on cobalt-deficient 
pastures, and their response to cobalt supple¬ 
mentation, can be evaluated and moni¬ 
tored. 1 ' 2 Changes in these measures can be 
correlated with live-weight gains after the 
supplementation of lambs from suckling 
until after weaning. 

A growth response to cobalt or vitamin 
B 12 supplementation is expected when cobalt 
levels in herbage fall below 0.08 to 0.1 mg/K 
DM. 

Serum and Liver Cobalt and Vitamin 
B 12 Concentrations 

Serum cobalt concentrations of normal 
sheep range from 1 to 3 (Jg/dL (0.17 to 
0.51 pmol/L), whereas in deficient animals 
these are reduced to 0.03 to 0.41 pmol/L. 

Clinical signs of cobalt deficiency in 
sheep are associated with serum vitamin B 12 
levels less than 0.20 mg/mL. This is the stan¬ 
dard laboratory test for cobalt status in 
sheep, with levels of 0.2 to 0.25 jag/L indica¬ 
tive of deficiency, which rapidly increase to 
0.5 to 1.0 |ig/L following treatment. Depriv¬ 
ing sheep of feed for 24 hours results in a 
marked increase in serum vitamin B 12 . The 
serum vitamin B 12 levels of sheep at pasture 
are unreliable indicators of liver vitamin B 12 . 

In cattle, serum vitamin B 12 values greater 
than 0.2 pg/L are indicative of normal cobalt 
nutrition. However, there is considerable 
variability in this measure between laborato¬ 
ries because of binding within plasma. 1 Con¬ 
sequently, liver vitamin B 12 is preferred, 
although the cost of obtaining a liver biopsy 
restricts the utility of this test. A range of 75 
to 250 nmol/kg fresh weight indicates mar¬ 
ginal cobalt nutrition in grazing cattle, but 
this may be too low for cattle on predomi¬ 
nantly grain diets. 1 Fatty infiltration of the 
liver will lead to underestimates of the liver 
concentration of vitamin B 12 . 

Concurrent Serum MM A and Vitamin B , 2 
Concentrations. In ewes and nonsuckling 
lambs, the serum MMA concentration 
provides a more precise indication 
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of responsiveness to vitamin B n or cobalt 
supplementation than serum vitamin Bi 2 . 
Serum MMA concentrations greater than 
13 |imol/L indicate responsiveness to sup¬ 
plementation, those from 7 to 13 pmol/L 
indicate a potential but marginal or inconsis¬ 
tent response, and no response is expected at 
concentrations less than 7 pmol/L. In a study 
of cobalt-deficient ewes, serum concentra¬ 
tions of vitamin B 12 decreased from 
250 pmol/L during early lactation to a nadir 
of 100 pmol/L at peak lactation, at which 
time MMA concentration had increased to a 
range of 7 to 14 pmol/L. In this study, sup¬ 
plemented ewes were significantly heavier, 
and the vitamin B 12 concentration in ewe 
milk and the livers of their lambs was more 
than doubled. Supplementation of ewe 
with cobalt bullets appears to protect the 
growth performance of the lamb for 90 days 
and to influence the subsequent serum 
vitamin B [2 response in the lamb to vitamin 
B 12 supplementation. 

On cobalt-deficient farms in New 
Zealand, serum vitamin B 12 and MMA have 
been compared as indices of cobalt/vitamin 
B 12 deficiency in lambs supplemented with 
either cobalt bullets or short- or long-acting 
preparations of vitamin B 22 . Serum MMA 
concentrations greater than 9 to 14 pmol/L 
were a more reliable indicator of cobalt defi¬ 
ciency, but there is considerable variation 
between farms. An evaluation of serum 
MMA and vitamin B 12 concentrations used 
to assess cobalt deficiency in New Zealand 
found that the reference ranges for vitamin 
B 12 responsiveness may be conservatively 
high. This could result in an overdiagnosis 
of vitamin B 12 deficiency as a cause of ill 
thriftiness of sheep, and so response trials to 
assess weight gain following supplementa¬ 
tion may be a better alternative. 

Liver Cobalt. In lambs, normal liver cobalt 
ranges from 0.03 to 0.1 pg/g wet weight 
(WW). Concentrations less than 0.02 pg/g 
WW (0.07 pg DM) are associated with clini¬ 
cal deficiency, with 0.015 pg/g WW (0.05 pg 
DM) considered a critical level, and less than 
0.025 pg/g WW in a sheep flock is consid¬ 
ered marginal. In lambs with clinical signs of 
ovine white liver disease, mean hepatic 
cobalt concentrations range from 0.013 to 
0.024 pg/g WW. 

Serum Methylmalonic Acid 

Because of difficulties with the interpretation 
of serum vitamin B 12 results, other biochemi¬ 
cal tests, especially MMA in plasma and 
urine, are now used. An elevated plasma 
concentration of MMA is a comparatively 
early indicator of functional vitamin B 12 defi¬ 
ciency, and thus this test can identify a cobalt 
deficiency earlier. The upper limits of MMA 
for grain- and pasture-fed animals are 10 and 
5 pmol/L, respectively. 

In cattle, serum MMA less than 2pmol/L 
is considered normal, 2 to 4 pmol/L marginal, 


and greater than 4 pmol/L indicative of a 
deficiency. Urinary MMA in cobalt-deficient 
animals is abnormally high, and thus this 
is also an appropriate test for deficiency. 
Cobalt-replete lambs have plasma MMA 
levels less than 5 pmol/L, urinary MMA less 
than 120 pmol/L, and urinary MMA/cre- 
atinine values less than 0.022 pmol MMA/ 
mmol. An unequivocal result for methylma¬ 
lonic acid is a concentration of greater than 
30 pg/mL for 10 animals selected randomly 
from a flock. Samples must be acidified to 
avoid degradation of the methylmalonic acid 
if they are to be kept for more than 24 hours 
before testing. 

Formiminoglutamic Acid 

Neither MMA nor formiminoglutamic acid 
is a normal constituent of urine, and so 
their presence in urine, without the need 
for a quantitative measurement, is an indi¬ 
cation of cobalt deficiency. In lambs in the 
later stages of cobalt deficiency, when there 
is weight loss and ill-thrift, the concentration 
of urinary formiminoglutamic acid increases 
to 0.08 to 20 pmol/mL, then rapidly returns 
to zero following treatment. However, 
there is little or no increase in the urine of 
animals with subclinical cobalt deficiency, 
and thus this measure is not useful as a 
diagnostic test. 

Hematology 

Affected animals have normocytic and nor¬ 
mochromic anemia, but hemoglobin and 
erythrocyte values are often within the 
normal range because of hemoconcentra- 
tion. There is a decrease in cellularity of the 
bone marrow that does not respond quickly 
to the administration of vitamin B 12 or 
cobalt. Affected animals are also hypoglyce¬ 
mic (<60 mg glucose/dL plasma) and have 
low serum alkaline phosphatase (<20 U/L). 
These measures rapidly return to normal 
after administration, but many other factors 
affect their concentration, and thus they are 
of little diagnostic value. 

NECROPSY FINDINGS 

Emaciation is extreme, and in most cases 
of cobalt deficiency the spleen is dark as a 
result of the accumulation of hemosiderin. 
The livers of sheep affected with white liver 
disease are pale and fatty, with microscopic 
changes that include hepatocellular dis¬ 
sociation and intracytoplasmic accumula¬ 
tions of lipid and ceroid-lipofuscin within 
hepatocytes. 

Biochemical assays reveal a very high 
concentration of iron in the liver and spleen 
and a low concentration of cobalt in the liver. 
In normal sheep, cobalt levels in the liver 
are usually above 0.20 mg/kg DM, but in 
affected sheep are usually less than 0.05 mg/ 
kg DM. In cattle fed excessive amounts of 
cobalt and thought to be affected by cobalt 
poisoning, liver cobalt can be as high as 
69 mg/kg DM. 


The concentration of vitamin B 12 in the 
liver of cobalt-deficient lambs is 0.1 mg/kg 
compared with around 0.3 mg/kg in normal 
lambs. In cattle, concentrations greater than 
0.3 mg/kg are necessary for optimum 
growth, normal levels range from 0.70 to 
1.98 mg/kg, and clinical signs occur when 
liver vitamin B [2 is less than 0.1 mg/kg. After 
oral dosing, the concentration of cobalt in 
the liver rises but then returns to the pre¬ 
treatment level in 10 to 30 days. Serum B 12 
levels reflect cobalt status, and thus it is often 
useful to submit sera from surviving herd- 
mates when attempting to confirm a diagno¬ 
sis of cobalt deficiency. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—50 g liver (ASSAY [Co]), 

2 mL serum (ASSAY [B 12 ]) 

• Histology—formalin-fixed liver (LM) 


DIFFERENTIAL DIAGNOSIS 


Cobalt deficiency must be differentiated from 
other causes of ill-thrift or marasmus. 

Ill-thrift 

The lack of total digestible nutrients is the 
most common cause of thin animals, but 
owners are usually aware of the shortage and 
do not present their animals for diagnosis. 
However, inexperienced stockowners may be 
unaware of the actual needs of animals, and 
so it is best to check the feed supply and 
whether the animals have any teeth or gum 
problems. 

In young animals, nutritional deficiencies 
of copper, selenium, and vitamin D are other 
possible causes of ill-thrift. 

In sheep, ovine Johne's disease is a cause 
of ill-thrift in older animals. The differential 
diagnosis of anemia is discussed elsewhere, 
but haemonchosis and eperythrozoonosis 
occur in younger sheep. 

Internal parasitism 

Cobalt-deficient animals are more susceptible 
to parasitism, and thus the presence of a 
heavy worm burden (high fecal egg count or 
total worm count) should not rule out a 
diagnosis of primary cobalt deficiency. 

Parasitic disease and cobalt deficiency often 
occur together; thus, it may be necessary to 
initiate two control programs. 

Dietary supplementation response 

This is the most conclusive way of 
determining whether animal production is 
being affected by the deficiency of a trace 
mineral. The most common production 
measures are weight gain, milk production, 
wool production, and/or reproductive 
performance following the supplementation 
of animals with the element under 
consideration. However, if the response can 
be related to a tissue concentration of the 
element, or its metabolites, then tissue 
analyses may replace the need for field trials, 









which require considerable resources and can 
take several months to collect data and 
analyze the results. 

Growth response curve to 
supplementation 

Another approach is based on constructing 
response curves for any specified level of 
serum vitamin B 12 , which can then be used to 
determine live-weight response to 
supplementation and the probability of 
obtaining a response. This relates the tissue 
mineral or biochemical indicator with the 
degree of production response to treatment. 

In New Zealand, no significant weight-gain 
responses occurred with vitamin B 12 or cobalt 
treatment in trials where serum vitamin B 12 
was greater than 500 pmol/L or liver vitamin 
B 12 was greater than 500 nmol/kg, with the 
fitted response curve approaching 0 g/day at 
500 pmol/L and 375 nmol/kg for serum and 
liver vitamin B 12 , respectively. The minimum 
vitamin B 12 at which an economic response to 
treatment is not likely (a 10-g/day gain in 
body weight) was 336 pmol/L for serum and 
282 nmol/kg for liver. Factors that cause a 
variable response to cobalt or vitamin B, 2 
supplementation include age, breed, sex, 
energy intake, concurrent disease, and the 
length of pasture. Higher soil contamination 
on short pastures can result in increased 
cobalt intake and a reduced response to 
vitamin B 12 or cobalt. Serum vitamin B 12 levels 
may also increase following prolonged yarding 
and within 24 to 48 hours after changes in 
dietary cobalt. 


TREATMENT 
Cobalt and Vitamin B 12 

Affected animals respond to oral dosing with 
cobalt or the IM injection of vitamin Bi 2 . 
Oral dosing with vitamin B 12 is effective, 
although the commonly used dose of 0.1 mg/ 
kg will only increase serum B 12 for up to 6 
weeks, and thus larger or repeat doses are 
often required. Oral cobalt sulfate is usually 
given to sheep at a rate of 1 mg of cobalt per 
day. This can be given as a weekly dose, but 
intervals of 2 weeks between dosing are too 
long for optimum growth. However, monthly 
dosing of lambs with oral doses of 300 mg 
cobalt does greatly reduce deaths and permit 
some growth, albeit at a suboptimal rate. The 
response to treatment is rapid, with a signifi¬ 
cant increase of serum vitamin B 12 within 24 
hours. When large doses of cobalt are given 
to some sheep, other undosed sheep on the 
same pasture may ingest sufficient additional 
cobalt from the feces of their flockmates to 
meet their needs. No exact data are available 
on dose rates for cattle, but 10 times the pro¬ 
phylactic rate should be effective. 

Vitamin B 12 can be given in 100- to 300- 
|ig doses for lambs and sheep at weekly inter¬ 
vals, but is not likely to be used because of its 
high cost and the comparable effect and low 
cost of oral cobalt. Vitamin B 12 (hydroxoco- 
balamin) maybe a suitable therapeutic agent, 
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with an injection of 1 mg providing protec¬ 
tion for 14 weeks and up to 40 weeks for 
preruminant lambs and weaners, respec¬ 
tively. Lambs with ovine white liver disease 
respond quickly to treatment with hydroxo- 
cobalamin, with retreatment recommended 
10 days later. 

Cobalt Toxicity 

Overdosing with cobalt compounds is 
unlikely, but toxic signs of loss of weight, 
rough hair coat, listlessness, anorexia, and 
muscular incoordination appear in calves at 
dose rates of about 40 to 45 mg of elemental 
cobalt per 50 kg BW/d. Sheep appear to be 
much more resistant to the toxic effects of 
cobalt than are cattle. Pigs can tolerate up to 
200 mg of cobalt per 1 kg of diet, but at 
intakes of 400 and 600 mg/kg there is depres¬ 
sion of growth, anorexia, stiff legs, incoordi¬ 
nation, and muscle tremor. Supplementation 
of the diet with methionine, or with addi¬ 
tional iron, manganese, and zinc, alleviates 
these toxic effects. 

CONTROL 

Supplementation of Diet With Cobalt 

The recommended level of dietary cobalt for 
sheep and cattle is around 100 (Jg/kg DM, 
but for cattle the recommended amount of 
dietary cobalt to achieve maximum vitamin 
Bi 2 is 250 pg/kg DM. If this amount is not 
available, supplementation of the diet with 
cobalt is necessary, and calves reared on 
cobalt-deficient pastures need cobalt or 
vitamin B 12 supplementation before weaning. 

Top Dressing of Pastures With Cobalt 

In grazing animals, cobalt deficiency can be 
prevented by the top dressing of pasture with 
cobalt salts. The amount of top dressing 
needed will vary with the degree of defi¬ 
ciency, but recommendations include 400 
to 600 g/ha cobalt sulfate annually or 1.2 to 
1.5 kg/ha every 3 to 4 years. The response to 
pasture treatment is slow (weeks), and thus 
clinically affected animals should be treated 
with oral cobalt or vitamin B 12 injection for 
a quick, interim response. 

In New Zealand, the requirement for 
cobalt of ruminants grazing on the pumice 
soils of the central plateau was established 
in the 1930s, and top dressing to increase 
the cobalt intake was practiced for many 
years. A survey in 1978 to 1979 found that 
cobalt inputs could be halved because ade¬ 
quate reserves of cobalt had accumulated 
in soil. However, an economic downturn 
resulted in less use of cobalt, with follow¬ 
up surveys identifying a decline in soil and 
pasture cobalt and an increased need for top 
dressing. Regular cobalt applications needed 
to build up reserves, with an initial require¬ 
ment of around 350 g cobalt sulfate/ha for 
7 to 10 years on the most deficient areas. 
Considerable variation occurs between 
farms, and thus it is necessary to monitor 
the soil, pasture, and animal cobalt status. 


To achieve a critical level of cobalt in pas¬ 
tures for sheep (0.08 mg/kg DM in pasture), 
soil cobalt concentrations of 1.7 and 2.2 mg/ 
kg DM are required for the yellow-brown 
pumice soils and yellow-brown loams, 
respectively. 

Supplementation of the diet with 0.1 mg 
cobalt per day for sheep and 0.3 to 1.0 mg/d 
for cattle is required and can be accom¬ 
plished by inclusion of the cobalt in salt or a 
mineral mixture. Cobalt can also be supplied 
to cattle in their drinking water supply 

Cobalt Pellet 

The use of pellets containing 90% cobalt 
oxide is an effective way to maintain an ade¬ 
quate cobalt intake in a deficient area. These 
are a bolus (5 g for sheep, 20 g for cattle) that, 
when given orally, lodge in the reticulum and 
liberate cobalt in small but adequate amounts 
for 1 to 3 years. Pellets should not be given 
to lambs and calves less than 2 months old 
because they do not have a fully developed 
reticulum. Cobalt deficiency in suckling 
animals can be partially overcome if their 
dams are treated because of increased 
vitamin B 12 content in milk, although the 
daily intake of the lambs may still be well 
below their requirement. About 5% of the 
pellets do not lodge in the reticulum, and up 
to 20% are rejected within a year of admin¬ 
istration; thus retreatment is advisable if no 
response occurs. Pellets can also become 
coated with calcareous material, particularly 
on limestone soils, when drinking water is 
highly mineralized, or with heavy pasture 
top dressing. This can be overcome by dosing 
with an abrasive metal pellet, or a second 
pellet, such as to correct a selenium defi¬ 
ciency. Pellets are more expensive than top 
dressing of pastures with cobalt, but they are 
preferred in extensive range grazing where 
top dressing is impracticable or animals are 
not handled frequently. 

Cobalt in Anthelmintics 

Trace elements such as selenium and cobalt 
(typically 20 to 100 mg cobalt per treatment) 
are often added to anthelmintics. However, 
the response to these supplements, especially 
cobalt, is usually transient, and more specific 
supplements, such as pellets or top dressing 
of pastures, are recommended. 

Vitamin B 12 Injections 

In lambs, the relationship between daily 
weight gains and serum and liver vitamin B 12 
concentrations is well defined. Lambs with 
serum vitamin B 12 greater than 335 pmol/L 
and liver vitamin B 12 less than 280 nmol/kg 
fresh tissue are cobalt deficient and show a 
marked increase in growth rates when sup¬ 
plemented with cobalt or vitamin B 12 . 

The subcutaneous injection of a soluble 
vitamin B 12 in lambs can maintain adequate 
concentrations of vitamin B 12 for about 24 
days. Thus in cobalt-deficient areas, lambs 
need a 2-mg dose of vitamin B 12 at least 
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monthly to reduce the risk of vitamin B 12 
deficiency. 

A microencapsulated vitamin B 12 in 
lactide/glycolide copolymers can maintain 
adequate concentrations of serum vitamin 
B 12 in lambs for at least 210 days. For example, 
the growth of cobalt-deficient lambs, 4 to 6 
weeks of age, was markedly improved by 
injections of 3.0, 4.5, or 6.0 mg of microen¬ 
capsulated vitamin B 12 , and live weights were 
maintained for at least 260 days. An injection 
of 3 mg microencapsulated vitamin B 12 given 
to lambs at tailing will prevent cobalt defi¬ 
ciency and increase and maintain live-weight 
gains in a flock for up to 8 months. 

Compared with untreated controls, treat¬ 
ing ewes with three injections of long-acting 
vitamin B 12 (120 and 40 days prepartum, 40 
days postpartum) increased serum and liver 
vitamin B 12 concentrations by 70% during 
gestation and fetal liver vitamin B 12 by 270%, 
and during lactation ewe serum and milk 
vitamin B [2 concentrations were increased by 
at least 200% and 44%, respectively. However, 
liver vitamin B 12 stores of the newborn lambs 
from the treated ewes were depleted within 
58 days, and thud lambs born of ewes with a 
high vitamin B 12 status should have an ade¬ 
quate supply of vitamin B 12 for at least the 
first 30 days of life. 

In dairy calves, an injection of 0.12 to 
0.24 mg/kg BW of a long-acting microen¬ 
capsulated vitamin B 12 increased and main¬ 
tained vitamin B 12 for at least 110 days. 

FURTHER READING 

Radostits O, et al. Cobalt deficiency. In: Veterinary 
Medicine: A Textbook of the Diseases of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:1701-1707. 

Suttle NF. Chapter 10: Cobalt. In: The Mineral Nutrition 
of Livestock. 4th ed. Wallingford, Oxon: CAB 
International; 2010:223-254. 
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VITAMIN B 12 DEFICIENCY 
(HYPOCYANOCOBALAMINOSIS) 

Vitamin B 12 deficiency is unlikely to occur 
under natural conditions other than 
because of a primary dietary deficiency of 
cobalt, which is an important disease in 
many countries of the world and discussed 
under that topic. Concurrent disease can 
influence vitamin B [2 absorption, such as 
in pigs with proliferative enteropathy, in 
which serum cobalamin concentrations are 
reduced and homocysteine concentrations 
are increased compared with those of healthy 
pigs. 1 

Although microbial synthesis of the 
vitamin occurs in the rumen in the presence 


of adequate cobalt and in the intestines of 
other herbivores such as the horse, it is prob¬ 
ably a dietary essential in the pig and young 
calf. Animal protein is a good source. A defi¬ 
ciency syndrome has been produced in 
young calves on a synthetic ration, but signs 
of deficiency, evident as response to supple¬ 
mentation, are not present in grazing dairy 
calves in New Zealand. 2 Signs of deficiency 
in calves include anorexia, cessation of 
growth, loss of condition, and muscular 
weakness. The daily requirement under these 
conditions is 20 to 40 |ig of vitamin B 12 . 

Detection of the efficacy of vitamin B [2 
administration to grazing sheep is best 
accomplished by measurement of concentra¬ 
tions of the vitamin itself or of methylmalo¬ 
nic acid, as opposed to measurement of 
homocysteine. Supplementation of grazing 
lambs in New Zealand with injectable 
vitamin B 12 increased live-weight gain by 
40%. 3 

Sows vary in their ability to absorb the 
vitamin, and those with poor absorption 
ability or on deficient diets show poor repro¬ 
ductive performance. For pigs, 10 to 50 mg/ 
ton of feed is considered to be adequate. 

The vitamin is used empirically in racing 
dogs and horses to alleviate parasitic and 
dietetic anemias in these animals at a dose 
rate of 2 |tg/kg BW. Cyanocobalamin zinc 
tannate provides effective tissue levels of 
vitamin B 12 for 2 to 4 weeks after one injec¬ 
tion, and normal and abnormal blood levels 
have been established for all species. Admin¬ 
istration of cobalt containing supplements, 
such as cyanocobalamin, increases blood 
and urine cobalt concentrations in horses 
and can have implications for control of 
doping in racing animals. 4 It is also used as 
a feed additive for fattening pigs, usually in 
the form of fish or meat meal or as “animal 
protein factor.” It is essential as a supplement 
if the diet contains no animal protein, and 
maximum results from the feeding of antibi¬ 
otics to pigs are obtained only if the intake of 
vitamin B 12 is adequate. There is no beneficial 
effect of B,2 supplementation to grazing 
dairy cows in New Zealand. ' 
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VITAMIN K DEFICIENCY 

A primary deficiency of vitamin K is unlikely 
under natural conditions in domestic 
animals because of the high content of sub¬ 
stances with vitamin K activity in most 
plants and the substantial synthesis of these 
substances by microbial activity in the ali¬ 
mentary canal. Neonates are relatively 
vitamin K deficient, and vitamin In¬ 
dependent bleeding is reported in foals. 1 


Vitamin K, as a fat-soluble vitamin, is depen¬ 
dent on the presence of bile salts for absorp¬ 
tion in the small intestine. Sporadic cases 
may occur when impairment of the flow of 
bile reduces the digestion and absorption of 
this fat-soluble vitamin. 

Experimentally produced vitamin K defi¬ 
ciency in piglets is manifested by hypersen¬ 
sitivity, anemia, anorexia, weakness, and a 
marked increase in prothrombin time. The 
minimum daily requirement for newborn 
pigs is 5 (tg/kg BW, and the minimum cura¬ 
tive injection dose is four times larger. 

A hemorrhagic disease of recently 
weaned pigs from 6 to 15 weeks of age is 
considered to be associated with vitamin K 
deficiency. Affected pigs fail to grow, become 
pale, develop large subcutaneous hemato¬ 
mas, and exhibit lameness and epistaxis. 
Excessive and fatal hemorrhage following 
routine castration may occur in pigs from 
30 to 40 days of age, but not at 15 to 20 days 
of age. Subcutaneous massive hemorrhage is 
more common in pigs at 40 to 70 days of 
age. Prothrombin time (PT) and activated 
partial thromboplastin time (aPTT) are 
prolonged, along with decreased levels of 
vitamin K-dependent factors II, VII, IX, and 
X. At necropsy, hemorrhages are extensive in 
the muscles of the hindlimbs, forelimbs, and 
axillary and mandibular region. Vitamin K, 
or vitamin K 2 , given at a dose of 3 mg/kg BW 
IM as a single dose, will restore the blood 
coagulation defects to normal. Vitamin K 3 
added to the feed at a rate of 25 mg/kg for 
4 days was also shown to be effective. The 
cause of the vitamin K deficiency is consid¬ 
ered to be related to the use of antibacte¬ 
rial drugs in the feed, but this has not been 
substantiated. 

Vitamin K-dependent bleeding occurs 
rarely in foals and is evident as multiple hem¬ 
orrhages or hemarthroses. Clotting profile 
reveals prolongation of those components of 
the clotting cascade that depend on vitamin 
K-related factors, including prothrombin 
time and activated partial thromboplastin 
time. Administration of vitamin K (2 mg/kg 
SC q 12 h for 2 days and then 0.5 mg/kg SC 
q 12 h for 17 days). Spontaneous bleeding 
ceased within 18 hours, and there was nor¬ 
malization of PT and aPTT. 1 Vitamin K 3 
administered parenterally to horses causes 
kidney failure. 

The most important therapeutic use of 
vitamin K in domestic animals is in sweet 
clover poisoning, in which toxic quantities of 
coumarin severely depress the prothrombin 
levels of the blood and interfere with its clot¬ 
ting mechanism. Industrial poisons used in 
rodent control that contain anticoagulants of 
the coumarin type (e.g., warfarin) cause fatal 
hypothrombinemia; vitamin K is an effective 
antidote. For warfarin-induced anticoagula¬ 
tion in the horse, the administration of 300 
to 500 mg of vitamin K 3 SC every 4 to 6 
hours until the PT returns to baseline values 
is recommended. 







Toxins Affecting the Hemolymphatic System 


823 


Defective gamma-glutamyl carboxylase 
activity causes bleeding in Rambouillet 
sheep. Administration of vitamin does not 
restore clotting function because the enzyme 
is necessary for production of vitamin In¬ 
dependent clotting factors in the liver. 2 

REFERENCES 

1. McGorum BC. et at / Vet Int Med. 2009 ; 23 : 1307 . 

2. Johnson JS, et al. Vet Pathol. 2006;43:726. 

FOLIC ACID DEFICIENCY 
(HYPOFOLICOSIS) 

Folic acid (pteroylglutamic acid) is necessary 
for nucleic acid metabolism, and its defi¬ 
ciency in humans leads to the development 
of pernicious anemia. A dietary source is 
necessary to all species, and an adequate 
intake is provided by pasture. Although nat¬ 
urally occurring deficiencies have not been 
diagnosed in domestic animals, folic acid has 
numerous and complex interrelationships 
with other nutrients, and the possibility of a 
deficiency playing a part in inferior animal 
performance should not be overlooked. Folic 
acid supplementation to dairy cows increased 
milk yield and milk protein concentration. 
The vitamin has a particular interest for 
equine nutritionists. Permanently stabled 
horses and some horses in training may 
require additional folic acid, preferably on a 
daily basis by the oral route. Folic acid defi¬ 
ciency can be induced in fetal foals and adult 
horses by administration of folate orally 
coincident with administration of inhibition 
of folate metabolism (pyrimethamine trim¬ 
ethoprim, sulfonamides). 

REFERENCE 

1. Graulet B, et al. / Dairy Sci. 2007;90:3442. 


Toxins Affecting the 
Hemolymphatic System 

SECONDARY COPPER 
POISONING ("TOXEMIC 
JAUNDICE" COMPLEX) 

Copper poisoning is a complex problem 
because of the many factors that influence 
the intake, metabolism, and excretion of the 
element. Consequently, secondary copper 
poisoning (“toxemic jaundice”) can occur 
even when intakes of copper are, in other 
dietary circumstances, nontoxic. The toxemic 
jaundice group includes the following 
syndromes: 

• Phytogenous chronic copper poisoning 
is a condition in which relatively small 
amounts of copper are ingested, but 
excessive retention occurs because of the 
presence of specific plants that have no 
apparent association with liver damage. 

• Hepatogenous chronic copper poisoning 
results from excessive retention of 
copper from the ingestion of specific 


plants that are associated with liver 
damage. 

• Heliotropium europaeum plant ingestion, 
in addition to the previously noted 
points, is also capable of causing 
uncomplicated toxic hepatitis without 
any abnormality of copper metabolism. 

Phytogenous Chronic 
Copper Poisoning 

Phytogenous chronic copper poisoning 
occurs in sheep grazing pastures containing 
normal amounts of copper. The copper 
intake is low, but liver copper levels are high, 
and a hemolytic crisis typical of chronic 
copper poisoning occurs. The predominant 
association is the domination of the pasture 
by subterranean clover ( Trifolium subterra- 
neum), which may contain lower-than- 
normal quantities of copper (15 to 20 mg/ 
kg). British breeds of sheep and their Merino 
crosses are most susceptible. 

Control of this syndrome is by encour¬ 
agement of grass growth in the pastures. 
Outbreaks can also be avoided if sheep 
are prevented from grazing lush, clover- 
dominant pastures in the autumn. Avoid¬ 
ance of stress, particularly malnutrition, is 
also important. The daily administration of 
molybdenum in the feed (7 mg/kg molyb¬ 
denum) has been shown to greatly reduce 
the uptake of copper by lambs on diets of 
high copper content and has been used as a 
practical preventive measure. Molybdenized 
superphosphate (70 g/hectare) and molyb¬ 
denized licks or mineral mixtures (86 kg salt, 
63 kg finely ground gypsum, 0.45 kg sodium 
molybdate) are suitable alternatives. When 
an outbreak occurs, the administration of 
ammonium molybdate (50 to 100 mg/head 
per day) together with sodium sulfate (0.3 to 
1.0 g/head per day) will stop further deaths 
in sheep within 3 days. Solutions of the pre¬ 
viously noted salts may be sprayed onto hay, 
and administration should be continued for 
several weeks. 

Flepatogenous Chronic 
Copper Poisoning 

The hepatogenous form of chronic copper 
poisoning occurs most commonly following 
the ingestion of sufficient quantities of the 
plants Heliotropium europaeum, Echium 
plantagineum, and Senecio spp. over a period 
of 2 to 5 months to produce morphologic 
and biochemical changes in liver cells 
without major impairment of liver function. 
After ingestion of these plants the liver cells 
have an increased affinity for copper, and 
abnormally high amounts accumulate in the 
liver, resulting in an increased risk of a 
hemolytic crisis. Sheep grazed on H. euro¬ 
paeum and then on subterranean clover are 
particularly prone to this form of the disease. 
Control depends on preventing the ingestion 
of hepatotoxic plants and restricting copper 
retention by the methods described 
previously. 


Poisoning by Heliotropium 
europaeum 

Heliotropium europaeum contains hepato¬ 
toxic alkaloids, and continued ingestion of 
the plant is associated with liver damage. If 
elevated copper storage occurs, hepatoge¬ 
nous chronic copper poisoning may develop. 
Conversely, if the sheeps copper status 
remains normal, liver damage proceeds until 
the animal suffers from simple toxic hepati¬ 
tis. The effects of the plant are cumulative; 
grazing for one season may be associated 
with little apparent harm, but further grazing 
in the subsequent year may be associated 
with heavy mortality. Control is aimed at 
eradication of the plant. 

FURTHER READING 

Radostits O, et al. Secondary copper poisoning. In: 
Veterinary Medicine: A Textbook of the Disease of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1823. 

St. George-Grambauer TD, Rac R. Hepatogenous 
chronic copper poisoning in sheep in south 
Australia as a result of the consumption of Echium 
plantagineum (salvation jane). Aust Vet J. 
1962;38:288-293. 

ANTICOAGULANT 
(DICOUMAROL, SWEET CLOVER 
POISONING) PLANT TOXICOSIS 


SYNOPSIS 


Etiology Coumarol, melilotin, and ferulenol, 
which are normal constituents of some 
specified plants, are converted to 
dicoumarol in the process of infection by 
molds of the cut plant during the making 
or storage of hay or ensilage. 

Epidemiology Outbreaks occur when toxic 
plants or moldy hay made from specific 
plants, especially Melilotus spp., are 
ingested. Insignificant trauma is associated 
with massive hemorrhage. 

Clinical pathology Severe anemia, prolonged 
clotting times. 

Lesions Pallor and weakness, especially in 
newborn calves. Hemorrhage may be 
internal and not visible. Massive 
subcutaneous, subserosal hemorrhages and 
hematomas. 

Diagnostic confirmation High dicoumarol 
content of hay or silage. 

Treatment Primary: Vitamin K, parenterally. 
Supportive: Blood transfusion. 

Control Avoid feeding moldy sweet clover 
hay or ensilage; dilute with other feed. 


ETIOLOGY 

Anticoagulant-containing plant toxicosis 
manifests as a bleeding diathesis. A common 
scenario is the presence of severe bleeding 
after surgery or injury or subcutaneous 
swelling of the head and neck in newborn 
animals. A short course (24 to 48 hours) and 
a high case-fatality rate are usual. 
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Coumarol (a coumarin glycoside) and 
melilotin, normal constituents in some 
plants, are converted to dicoumarol (dicou- 
marin or dihydroxycoumarin) by the fungi 
Aspergillus spp. and other unspecified molds, 
which grow in hay or ensilage made from the 
following plants: 

• Anthoxanthum odoratum : sweet vernal 
grass 

• Lespedeza stipulacea: lespedeza 

• Melilotus alba: sweet or Bokhara clover 
is the most common plant associated 
with poisoning. The toxic level of 
dicoumarol in moldy sweet clover feed 
samples is approximately 20 mg/kg of 
feed. Hay containing 10 to 20 mg/kg 
dicoumarol can be fed safely for at least 
100 days; 30 mg/kg is associated with 
illness after 4 months of feeding, and 60 
to 70 mg/kg is associated with illness 
after only 17 days. 

• M. altissima: tall melilot 

• M. indica: King Island melilot, Hexham 
Scent 

• M. officinalis: yellow sweet clover, ribbed 
melilot. 

A similar syndrome is associated with the 
ingestion of Ferula communis var. brevifolia, 
which contains the substance ferulenol 
(4-hydroxycoumarin). Deer browsing Wik- 
stroemia indica have developed a similar 
condition. 

EPIDEMIOLOGY 

Occurrence 

Sweet clover poisoning is recorded most 
commonly in North America, where sweet 
clover is grown as a food crop. In affected 
herds the morbidity rate is about 12%, with 
a case-fatality rate of 65%. Aborted fetuses 
and calves less than 2 weeks of age are the 
common subjects in some herds. The disease 
occurs most often during the winter months 
when stored hay or ensilage is fed to cattle. 
Its occurrence has brought the plant into dis¬ 
favor, and the disease incidence has been 
greatly reduced for this reason. 

Risk Factors 
Animal Risk Factors 

The disease can occur in all species but is 
most common in cattle, less so in sheep, and 
very rare in horses. Clinical signs may appear 
without apparent precipitating cause, but 
trauma, surgery (castration, dehorning), and 
warble fly migration are often followed by 
deaths from hemorrhage. Severe losses occur 
in newborn calves during the first few days 
of life when their dams have been fed poi¬ 
sonous hay, without the dams being clini¬ 
cally affected. 1 In most outbreaks heavy 
mortalities occur without warning. 

Plant Risk Factors 

Not all moldy sweet clover hay or silage con¬ 
tains dicoumarol, and the de gree of spoilage 
is no indication of the toxicity of the hay 
sample. Varieties of sweet clover differ in 


their content of coumarol and thus in their 
potential toxicity. For example, the Cumino 
variety has a low coumarol content, whereas 
the Arctic variety has a high coumarol 
content. 

Grazing the crop is not dangerous, but 
making it into hay or ensilage without the 
development of mold is difficult because of 
the succulent nature of the plant. 

Dicoumarol concentrations in sweet 
clover hay bales, hay stacks, or silage vary 
widely, being highest in small bales; round 
bales contain more than hay stacks, and the 
levels are low in silage. The levels of dicou¬ 
marol are highest in the outer parts of hay 
bales, presumably because they are exposed 
to moisture. Properly cured silage contains 
even less because of its anaerobic conditions; 
dicoumarol-producing fungi require oxygen. 

PATHOGENESIS 

Dicoumarol competitively inhibits vitamin K 
2,3-epoxide reductase. Reduced vitamin K is 
essential for final carboxylation and activa¬ 
tion of clotting factors II (prothrombin), VII 
(proconvertin), IX (Christmas factor), and X 
(Stuart factor). Inadequate synthesis of these 
factors results in impaired fibrin stabilization 
of platelet plugs, and affected animals are 
subjected to internal and external hemor¬ 
rhage. The degree of hypoprothrombinemia 
is directly related to the amount and dura¬ 
tion of dicoumarol ingestion. Coagulation 
system activity is maintained until the 
natural decay of the clotting factors in place 
at the time that poisoning occurs (24 to 36 
hours after the last intake of toxin). 

CLINICAL FINDINGS 

Extensive hemorrhages into subcutaneous 
tissues, intermuscular planes, and under 
serous surfaces are associated with discom¬ 
fort. The hemorrhages may be visible and 
palpable as hematomas, but they do not 
produce crepitus and are not painful. They 
may be associated with stiffness, lameness, 
disinclination to move, and even recum¬ 
bency. One limb may be severely swollen. 
There are no signs of toxemia, the affected 
animal continues to eat well, and the tem¬ 
perature, respiration, and heart rate are 
normal until the terminal stages, but the 
mucosa are pale and often show petechiation 
or ecchymosis. Hematuria, epistaxis, and 
dysentery occur rarely. Accidental and 
surgical wounds are associated with severe 
bleeding, but frank hemorrhages from the 
mucosae seldom occur. Newborn calves may 
show extensive swelling of the head and neck 
and become weak from internal or external 
hemorrhages within a few hours of birth. 

Large extravasations of blood into tissues 
may provide signs of disease because of the 
pressure exerted on internal organs. Large 
hemorrhages in the pelvic cavity and broad 
ligament of postpartum cows often delay 
uterine involution and shedding of fetal 
membranes. 


When the loss of whole blood is severe, 
signs of hemorrhagic anemia appear. The 
animal is tachycardic and weak, the mucosae 
are pale, and the absolute intensity of the 
heart sounds is increased markedly. A short 
course of 24 to 48 hours and a high case- 
fatality rate are usual. 

CLINICAL PATHOLOGY 

Severe anemia with markedly increased clot¬ 
ting times are characteristics of the intoxica¬ 
tion. Laboratory values for packed cell 
volume (PCV), erythrocyte count, and 
hemoglobin are decreased; values for acti¬ 
vated clotting time (ACT), activated partial 
thromboplastin time (aPTT), prothrombin 
time (PT), partial thromboplastin time 
(PTT), and PIVKA are all elevated. An 
increase in PT occurs before any clinical evi¬ 
dence of bleeding and is therefore a useful 
prognostic test in most species. PT time may 
be a more effective diagnostic test in horses. 

Representative samples of suspected feed 
should be submitted for analysis of the 
dicoumarol content. Clinicopathological 
evidence of toxicity in sheep occurs on 
diets containing 10 mg/kg of dicoumarol. 
However, significant changes in clotting time 
do not occur on diets containing less than 20 
to 30 mg/kg. Similar changes commence in 
lambs and calves when the dietary intake of 
dicoumarol rises to above 2 mg/kg BW. 

Quantitative determinations of dicouma¬ 
rol levels in blood and tissues are available 
and especially valuable in aborted fetuses 
and newborn calves in which there may have 
been inadequate opportunity for clinical 
examination. High levels of dicoumarol in 
the feed (20 to 30 ppm) and in the liver 
(1 ppm) are supportive evidence of 
toxicosis. 

NECROPSY FINDINGS 

Subcutaneous hemorrhages and large hema¬ 
tomas occur in areas where normal activity 
produces mild contusion, such as the flanks, 
carpal and tarsal joints, and the side of the 
body where the animal exerts pressure while 
lying down. Hemorrhages of the serosal 
surface of the rumen and massive retroperi¬ 
toneal hemorrhage around the kidneys are 
frequently observed. In contrast to hemor¬ 
rhages typical of septicemia, extravasation is 
uncommon in the lungs, kidneys, and 
adrenals. The carcass is pale, and there is no 
intravascular hemolysis, jaundice, hemoglo¬ 
binuria, or hemosiderosis. Histologic exami¬ 
nation is unrewarding, other than as a means 
of eliminating other potential causes of dia¬ 
thesis, such as vascular diseases. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation is based on detection 
of dicoumarol, or similar compound, in the 
feed. 
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Differential diagnosis list: 

African horse sickness 

Anticoagulant rodenticide toxicosis 
Epizootic hemorrhagic disease in cattle and 
deer 

Equine infectious anemia 
Hemangioma/hemangiosarcoma 
Ptaquiloside toxicosis 
Purpura hemorrhagica 
Thrombocytopenia 


TREATMENT 

Primary 

Feeding of the suspected hay or silage should 
be stopped immediately, but new cases may 
continue for up to about 6 days. Vitamin 
(phytonadione) is an effective antidote for 
sweet clover poisoning. Vitamin K; at a rate 
of 1 to 1.5 mg/kg BW IM or SC is effective 
in treating clotting issues in cattle, and phy¬ 
tonadione at 0.5 to 2.5 mg/kg BW IM is rec¬ 
ommended in horses. 2 The duration of 
treatment varies depending on the amount 
ingested but is generally only a few days. Pro¬ 
thrombin time may be useful in guiding 
response to therapy. Vitamin K 3 (menadi¬ 
one) is ineffective as treatment or prevention 
and toxic in horses. 

Supportive Treatment 

Animals with clinical evidence of severe 
hemorrhage should be given a fresh plasma 
or whole-blood transfusion and treated for 
shock. 


TREATMENT AND PROPHYLAXIS 


Cattle 

Vitamin K, (phytonadione) (1 to 1.5 mg/kg 
BW IM or SC) (R1) 

Horses 

Vitamin K, (phytonadione) (0.5 to 2.5 mg/kg 
BW IM) (R1) 


CONTROL 

Sweet clover forage must be carefully pre¬ 
pared and should not be fed if it is damaged 
or spoiled during curing. Moldy portions of 
hay or silage should be discarded, and repre¬ 
sentative samples of suspected feed should 
be submitted for analysis of dicoumarol 
content. 

If the toxicosis is suspected, the feed 
should be discontinued immediately. After 3 
weeks, the sweet clover forage may be fed 
alone, but preferably mixed with another 
type of unspoiled roughage at the rate of one 
part sweet clover to three parts unspoiled 
feed. This mixture should be alternated with 
unspoiled hay on a weekly basis, or for longer 
periods if experience shows this to be safe. 

Suspected feed should not be fed for at 
least 3 weeks before surgery such as castra¬ 
tion or dehorning. Pregnant cows should not 


receive sweet clover during the last 3 weeks 

of pregnancy. 

FURTHER READING 
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ANTICOAGULANT RODENTICIDE 
TOXICOSIS 


SYNOPSIS 


Etiology Ingestion of anticoagulant- 
containing rodenticides. 

Epidemiology All species worldwide are 
affected. 

Clinical pathology Packed cell volume, 
erythrocyte count, and hemoglobin content 
are decreased; activated clotting time 
(ACT), activated partial thromboplastin time 
(aPTT), prothrombin time (PT), partial 
thromboplastin time (PTT), and PIVKA 
assays are prolonged. 

Lesions Pallor of tissues and extensive, 

multiple hemorrhages throughout the body. 

Diagnostic confirmation Anticoagulants or 
their metabolites can be detected in blood 
or urine in live animals and in the liver of 
animals that have died. 

Treatment Vitamin K, (phytonadione); blood 
transfusion in critical cases. 

Control Prevent access to rodenticides. 


ETIOLOGY 

Warfarin, available since the 1940s, is a 
known first-generation anticoagulant. 
Related compounds are coumachlor, couma- 
furyl, and coumatetralyl. 1,2 These products 
have largely been displaced from the com¬ 
mercial market because of the development 
of resistance by rats and mice, although some 
resurgence in use has occurred. Single doses 
are less likely to be associated with poison¬ 
ing, but repeated ingestion for some days 
may do so. 1 Daily doses of warfarin of 0.2 to 
0.5 mg/kg BW are fatal to pigs in 6 to 12 
days. In cattle, 200 mg/kg daily for 5 days is 
associated with 50% mortality. At 0.25 mg/ 
kg for 10 days, prothrombin times are 
depressed 20%; at 0.1 to 0.3 mg/kg, abortions 
occur. 

Brodifacoum, bromodialone, difena- 
coum, difethialone, and flucoumafen, known 


as second-generation hydroxycoumarin 
anticoagulant rodenticides, and the indandi- 
one anticoagulants chlorphacinone, diphaci- 
none, and pindone, have largely replaced 
warfarin products in the commercial 
market. 1,2 The development of relay toxicity 
in nontarget species has resulted in a decline 
in their popularity and in some countries a 
return to the use of first-generation products. 
All of these toxins are far more potent than 
warfarin, with brodifacoum estimated to be 
100 times more potent. 3 Poisoning most 
often occurs from a single dose because of 
their potency and prolonged elimination 
half-lives, but chronic, low-dose poisoning 
has occurred. 1 Brodifacoum acts over a long 
period and is detectable in the liver up to 128 
days after intake. 

EPIDEMIOLOGY 

These products are incorporated into baits, 
and use is widespread because they cause no 
poison shyness. Although most deaths occur 
because of misuse by farmers, contamination 
of feedstuffs at the milling plant is not 
unknown. 

Occurrence 

Calves and poultry are not usually affected, 
with most outbreaks being recorded in pigs, 
cats, and dogs. Horses and cattle are not 
commonly affected unless a single large 
ingestion occurs or chronic, daily exposure 
occurs. The LD 50 of brodifacoum in horses is 
estimated to be 0.1 to 0.2 mg/kg BW. 3 

Environmental Risk Factors 

Many animals are poisoned by old products 
inadvertently left in their environment, often 
in old buildings or in buckets on the back of 
trucks. 

PATHOGENESIS 

The oral absorption and bioavailability of 
these toxins is high. 2 The mechanism of 
action is similar regardless of the species. The 
toxins exert their effect by interfering with 
the enzyme Vitamin K 2,3-epoxide reduc¬ 
tase, thus inhibiting the synthesis of normal 
clotting factors II, VII, IX, and X. 1,4 As 
vitamin K in the liver is depleted, hemor¬ 
rhage occurs. Because it takes some time for 
depletion to occur, signs may be delayed for 
2 to 4 days. 4 Sudden massive hemorrhage 
into body cavities or the brain may cause 
immediate death, or death may occur slowly 
with accompanying lameness as a result of 
hemorrhage into subcutaneous tissues. 

CLINICAL FINDINGS 

The clinical signs are often nonspecific. The 
clinical syndrome includes pale mucosa, 
weakness, anorexia, dyspnea, tachycardia, 
hematuria, epistaxis, melena, hematoma for¬ 
mation, recumbency, and death. 1,3,4 Couma¬ 
tetralyl is associated with more specific signs 
in pigs, with lameness as a result of hemor¬ 
rhage in and swelling of the legs. In many 
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cases, sudden death occurs, or the animals 
are found dead. 

CLINICAL PATHOLOGY 

There are reduced values for packed cell 
volume, erythrocyte count, and hemoglobin 
content. Activated clotting time (ACT), acti¬ 
vated partial thromboplastin time (APTT), 
prothrombin time (PT), partial thrombo¬ 
plastin time (PTT), and PIVKA assays are 
prolonged. In most animals, PT is utilized to 
assess clotting times; PTT may provide an 
earlier and more accurate picture in horses. 
Anticoagulants or their metabolites can be 
detected in blood or urine or in the liver of 
animals that have died of toxicosis. 2 ' 3 ' 5 

NECROPSY FINDINGS 

Pallor of tissues and extensive, multiple hem¬ 
orrhages are characteristic. Ruminants may 
have melena in the abomasum and entire 
intestinal tract. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

African horse sickness 

Epizootic hemorrhagic disease of cattle and deer 
Equine infectious anemia 
Equine viral arteritis 
Hemangioma/hemangiosarcoma 
Moldy sweet clover (Melilotus officinalis and 
Melilotus alba) toxicosis 
Purpura hemorrhagica 
Thrombocytopenia (idiopathic or known) 

TREATMENT 
Primary Treatment 

Vitamin Kj (phytonadione) is the docu¬ 
mented antidote; vitamin K 3 should not be 
used, especially in horses, because it is asso¬ 
ciated with renal damage. 1,4 In ruminants, 
the recommended dose is 1 to 2 mg/kg BW 
IM or SQ. 1 Oral phytonadione is presumed 
to be degraded by the rumen and ineffective 
in those species. In horses, the recommended 
dose is 0.5 to 2.5 mg/kg BW IM. 1,6 The dura¬ 
tion of treatment depends on the amount 
ingested but often is several weeks in dura¬ 
tion. Serial PT and PTTs should be utilized 
to guide therapy. 

Further Treatment 

Animals with acute blood loss must be 
treated for shock and provided fresh frozen 
plasma or whole blood, which will restore 
clotting factors and provide immediate coag¬ 
ulation factors for clotting. 


TREATMENT AND PROPHYLAXIS 


Horses: Vitamin K, (phytonadione) (0.5 to 
2.5 mg/kg BW IM) (R1) 

Ruminants: Vitamin K, (phytonadione) (1 to 
2 mg/kg BW IM or SQ) (R1) 


CONTROL 

Rodenticides should be kept sealed in con¬ 
tainers and away from animal contact. 
Buckets and pails should not be left in the 
back of trucks or other areas where horses 
may find them. Old buildings should be 
inspected for the presence of rodenticides 
before allowing animal entry. 

FURTHER READING 
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CYANOGENIC GLYCOSIDE 
POISONING (CYANIDE, 
HYDROCYANIC ACID, 

PRUSSIC ACID) 


SYNOPSIS 


Etiology Ingestion of specific plant species 
containing cyanogenic glycosides. 

Epidemiology Seasonal and other variations 
in glycoside content lead to periods of 
enhanced toxicity of pasture. 

Clinical pathology None in particular. 

Lesions Generally none with peracute and 
acute ingestion. Chronic poisoning results 
in a neonatal goiter or arthrogryposis, adult 
posterior ataxia, dysuria, frequent urination. 

Diagnostic confirmation Assay of 

hydrocyanic acid in body tissues and fluids 
and in feed. Positive assay on rumen 
contents (difficult). 

Treatment Primary treatment with sodium 
thiosulfate with or without sodium nitrite 
or other antidote. 

Control Test feed for cyanide content. 


ETIOLOGY 

Most outbreaks of hydrocyanic acid (HCN) 
poisoning are associated with the ingestion 
of plants that contain cyanogenic glycosides 
(also referred to as cyanogenic glucosides). 
The glycosides themselves are nontoxic, but 
HCN may be liberated from them by 
p-glycosidase and lyase present in the plant 
tissue. 1 ' 2 Ruminants are at risk because 
rumen microorganisms not only produce 
P-glycosidase but also rapidly hydrolyze cya¬ 
nogenic glycosides. Horses and pigs are 
much less susceptible to the glycosides 


because the acidity of the stomach in mono- 
gastric animals inactivates P-glycosidase and 
is not great enough to be associated with acid 
hydrolysis of the glycosides. 

Plants that contain enough cyanogenic 
glycosides to cause poisoning number about 
120. The following list contains only the 
genera recognized as hazardous: 

• Acacia (a few species only): wattle trees 

• Adenia, for example, A. digitata 1 

• Amelanchier alnifolia: Saskatoon 
serviceberry 

• Amygdalus communis: almond 

• Aquilegia vulgaris: columbine 

• Bahia oppositifolia 

• Bonafousia sananho (see also “Nitrate- 
Nitrite Poisoning”) 3 

• Brachyachne spp., for example, B. 
convergens: Gulf star grass, native couch 1 

• Breynia ohlongifolia: coffee bush 

• Bridelia spp., for example, B. leichhardtii: 
scrub ironbark 

• Calotis scapigera: tufted burr daisy 

• Carex vulpina 

• Castalis spectabilis: Transvaal bitou 

• Cercocarpus , for example, C. breviflorus: 
mountain mahogany 

• Chenopodium spp., for example, C. 
carinatum: green crumbweed (see also 
“Nitrate-Nitrite Poisoning”) 

• Cydonia oblonga: quince tree 

• Cynodon spp., for example, C. 
aethiopicus: couch grass, Bermuda grass, 
African star grass 

• Digitaria spp., for example, D. 
sanguinalis: summer grass 

• Dimorphotheca spp., for example, D. 
cuneata: karoo bietou 

• Drosera spp.: Sundew 

• Dysphania spp., for example, D. 
rhadinostachya: red crumbweed (see 
also “Nitrate-Nitrite Poisoning”) 1 

• Eleusine spp., for example, E. indica: 
crowfoot 

• Eremophila maculate: native fuchsia 1 

• Eriobotrya japonica: loquat 

• Eucalyptus (a few spp. only), for 
example, E. cladocalyx: sugar gum tree 1 

• Euphorbia spp., for example, E. 
drummondii —caustic creeper 

• Flagellaria indica 

• Florestina tripteris 

• Glishrocaryon spp., for example, G. 
aureum: yellow pop flower 

• Glyceria spp., for example, G. maxima: 
reed sweet grass 

• Goodia spp., for example, G. lotifolia: 
clover-leaf poison 

• Heterodendron, for example, H. 
oleifolium: boonaree 

• Holcus lanatus: Yorkshire fog grass 

• Jatropha spp., for example, /. multifida: 
umbrella tree 

• Juncus spp., for example, /. effuses: blue 
rush 

• Leptopus decaisnei: andrachne 

• Linum spp., for example, L. usitassimum: 
linseed or flax 
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• Lotus spp., for example, L. australis: 
birdsfoot trefoils 

• Macadamia spp., for example, M. 
integrifolia: macadamia 

• Malus spp., for example, M. sylvestris: 
common apple 

• Mascagnia concinna 3 

• Manihot esculenta: cassava 4 ' 3 

• Mimosa spp., for example, M. invisa: 
giant sensitive plant 

• Nandina domestica: nandina, sacred 
bamboo 

• Olax benthamiana 

• Osteospermum spp., for example, O. 
ecklonis: South African daisy 

• Papaver nudicaule: Iceland poppy 

• Passiflora spp., for example, P. aurantia: 
red passion flower 6 

• Perralderia coronopifolia: tafes 

• Phaseolus cuneatus: Java bean 

• Photinia spp.: Christmas berry 

• Phyllanthus spp., for example, P. 
gasstroemii 

• Piptadenia macrocarpa i 

• Pomax umbellata 

• Prunus spp., for example, P. laurocerasus: 
cherry laurel 

• Sambucus spp., for example, S. nigra: 
common elder 

• Sorghum spp., for example, S. halepense: 
Johnson grass (see also “Nitrate-Nitrite 
Poisoning”) 1 

• Stillingia treculeana: Queens delight 

• Suckleya suckleyana: poison suckleya 

• Triglochin spp., for example, T. maritime: 
arrowgrass 

• Trifolium repens L.: white clover 7 

• Triraphis mollis: purple plume grass 

• Vicia sativa: vetch 

• Ximenia americana: yellow plum 

• Xylomelum spp., for example, X. 
pyriforme: woody pear 

• Zea mays: maize, corn (see also 
“Nitrate-Nitrite Poisoning”) 

• Zieria laevigata 

Toxic Variability 

The content of cyanogenic glycosides in 
these plants varies widely between seasons 
and between different parts of the plant, with 
young, growing leaves usually having the 
greatest concentration. 

Differences Between Plant Species 

Varieties of the same species often have dif¬ 
ferent toxicities, for example, Amelanchier 
alnifolia var. cusickii has three times the tox¬ 
icity of A. alnifolia var. alnifolia. Of greatest 
importance are the cultivated and pasture 
plants. Sudan grass ( Sorghum sudanense ) 
and sorghum (S. bicolor ) are used extensively 
in some countries for forage and may be 
associated with heavy mortalities in particu¬ 
lar circumstances. Sugar cane contains a cya¬ 
nogenic glycoside from which HCN can be 
released. Release occurs through the action 
of an enzyme in algarrobo pods ( Prosopsis 
glandulosa ) when the two are fed together. 


Plant Products 

Linseed in the form of cake or meal may also 
be highly toxic if eaten in large quantities. 

Storage 

Drying, hay-making, and physical factors, 
such as chilling and freezing, may appear to 
reduce the toxicity of cyanogenic material 
through destruction of (3-glucosidase, but 
the plant material remains as potentially 
toxic as it was originally, requiring only the 
enzyme from ruminal microbes to become 
actively poisonous. Ensiled toxic forage loses 
much of its cyanide content and on exposure 
to air may give off large quantities of free 
HCN. 

Glycosides 

A number of specific glycosides have been 
isolated and include linamarin from linseed 
and flax, lotaustralin from Lotus australis, 
dhurrin from sorghum, lotusin from Lotus 
arabicus, and amygdalin from bitter almonds. 
The glycosides are byproducts of the plant’s 
metabolism and probably form part of its 
defense system against herbivores such as 
insects and molluscs. Their concentration in 
the different plant species is variable depend¬ 
ing on weather conditions and other factors 
that influence plant growth. 

The minimum lethal dose (MLD) of 
HCN is about 2 mg/kg BW for cattle and 
sheep when taken in the form of a glycoside. 
The MLD of lotaustralin for sheep is approxi¬ 
mately 4 mg/kg BW. Cyanide potential is 
often used to report results of laboratory 
tests as cyanide is not present before testing. 
Plant material containing more than 20 mg 
of cyanide potential per 100 g (200 ppm) is 
likely to have toxic effects, and highly poi¬ 
sonous samples may contain as much as 
6000 ppm. Monogastric animals, primarily 
horses and pigs, are poisoned by plants con¬ 
taining 1 to 3 mg/kg BW of preformed HCN. 
The toxic doses quoted must be accepted 
with some reservation because the toxic¬ 
ity of a particular specimen varies with a 
number of factors, including the concentra¬ 
tion of the hydrolyzing enzyme in the plant, 
the preceding diet of the animals, and par¬ 
ticularly the speed with which the material 
is eaten. 

EPIDEMIOLOGY 

Occurrence 

Hydrocyanic acid poisoning occurs in most 
countries because of the commonness of 
plants containing toxic quantities of cyano¬ 
genic glycosides. When poisoning occurs, 
most affected animals die rapidly, and 
although the overall economic effects are not 
great, the losses may be heavy on individual 
farms. 

Risk Factors 
Animal Risk Factors 

The greatest danger exists in the following 
circumstances: 


• Hungry animals are allowed access to 
dense plant growths. 

• Traveling, recently introduced, or other 
animals are unaccustomed to local 
plants; animals accustomed to the plants 
and the poison can tolerate increasing 
doses with experience. 

• Cattle or sheep may break out of dry, 
summer pastures into fields of young, 
lush, immature sorghum or Sudan grass 
and gorge on it. 

Plant Risk Factors 

Poisoning is most likely to occur when the 
cyanide content of the material is high and 
the plant is rapidly consumed. Plants with a 
cyanide potential of more than 200 mg 
HCN/kg plant dry matter are potentially 
toxic. Plants must be unwilted at time of 
testing or false results may be obtained. 

The glycoside content is highest in the 
following conditions: 

• When plants grow rapidly after a 
previous period of retardation, for 
example, after autumn rains on drought 
pasture, after a crop is eaten back by 
livestock or grasshoppers, or after 
spraying with herbicides 

• When plants are wilted, frostbitten, or 
just young 

• In drought years 

• When plants are growing in soil with a 
high nitrogen content 

• When plants growing in soil with a low 
phosphorus content 

Cyanogenic Risk Factors 

The rate of conversion of the glycoside to 
HCN in the rumen also affects the toxicity of 
the feed; factors affecting the conversion rate 
include the following: 

• High pH values increase the rate and 
the risk of poisoning. 

• The rate is less when the diet includes 
grain and long-stemmed hay rather than 
fresh pasture or cubed hay. 

• The rate of conversion, and onset of 
signs, may be delayed if the ingested 
material is relatively indigestible, such as 
crabapples. 

Environmental Risk Factors 

Occasional cases of HCN poisoning occur 
when animals are exposed to any of the 
following: 

• Chemicals used for fumigation 

• Calcium cyanamide containing 
fertilizers 

• Waste water and tailings from mines 
(gold ores) 8 

Farm Risk Factors 

Feeding of linseed meal or cake is associated 
with death when excess ingestion occurs in 
the following situations: 

• Sheep fed large quantities of linseed 
meal at the end of a period of 
starvation 
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• Calves fed milk replacer containing 
linseed that has been soaked but not 
boiled 

PATHOGENESIS 

Peracute or Acute Intoxication 

peracute or acute intoxication is associated 
with tissue anoxia by its inhibition of the 
cytochrome a 3 moiety of complex IV (the 
terminal cytochrome c oxidase) in the elec¬ 
tron transport chain, thus preventing cellular 
aerobic respiration. 2 Oxygen exchange is sus¬ 
pended, oxygen is retained in the blood, and 
hypoxia occurs. If the course is prolonged for 
more than a few minutes, venous blood may 
be bright as a result of the presence of oxy¬ 
hemoglobin. The central nervous system is 
very sensitive to hypoxia, and the major 
manifestation of cyanide poisoning is cere¬ 
bral anoxia followed by death. 

Chronic Poisoning 

Ingestion of amounts that do not produce 
clinical effects appears to be well tolerated. 
Hydrogen cyanide is volatile and exhaled or 
converted to thiocyanate by hepatic rhodan- 
ase and excreted in the urine. The tolerance 
appears to increase with experience. 

Cyanides ingested in small amounts, 
however, are known to be goitrogenic 
through the effects of thiocyanate, for 
example, pregnant ewes grazing on star grass 
(Cynodon nlemfuensis ) develop goiter partly 
as a result of the low iodine intake and partly 
as a result of the cyanide intake. Their lambs 
may also be goitrous and have skeletal defor¬ 
mities. Alpine goats fed ground cassava 
leaves ( Manihot esculenta; Crantz) developed 
a slight increase in the number of resorption 
vacuoles in the thyroid follicular colloid, 
slight periportal hepatocyte vacuolation, and 
mesencephalon spongiosis. 5 

Sorghum cystitis-ataxia syndrome in 
ruminants and horses is also attributed to 
chronic cyanide intake. Urinary inconti¬ 
nence, loss of hair resulting from scalding, 
and incoordination of the hindlimbs occur 
in horses, cattle, and sheep grazing Sorghum 
sudanense (Sudan or hybrid Sudan grass). 1 ' 9 
In horses, the signs are most marked when 
the animal is backed or turned. In sheep, the 
syndrome includes weakness, ataxia, head 
shaking, fetlock knuckling, recumbency, and 
opisthotonos. 9 Mares and cows grazing 
sorghum may rarely produce offspring with 
arthrogryposis, probably the result of fetal 
central nervous system damage by cyanide. lu 

Cyanogenic glycosides in white clover 
(Trifolium repens L.) have been associated 
with the onset of equine grass sickness (EGS, 
or equine dysautonomia) for almost 100 
years. White clover collected from fields 
where horses developed EGS was found to 
contain high levels of cyanogenic glycosides 
(mean cyanogenic potential 497 mg/kg dry 
matter). Although it doesn’t alone—horses 
have developed EGS from fields without 
white clover—it may be that cyanide 


liberated from white clover acts as trigger or 
other causative factor for EGS. 

CLINICAL FINDINGS 

Affected animals rarely survive for more 
than 1 to 2 hours. In peracute cases, animals 
become affected within 10 to 15 minutes of 
eating toxic material and die within 2 to 3 
minutes after showing signs. Clinical signs 
include dyspnea, anxiety, restlessness, stum¬ 
bling gait, tremor, moaning, recumbency, 
and terminal clonic convulsions with opis¬ 
thotonos. The mucosae are bright red in 
color. In the acute cases, which are more 
common, the animals show depression, stag¬ 
gering, gross muscle tremor, and dyspnea. 
There may be hyperesthesia and lacrimation. 
The muscle tremor is evident first in the head 
and neck, but it soon spreads to involve the 
rest of the body; the animal becomes weak 
and goes down. The pulse is small, weak, and 
rapid, and it may be irregular. Other findings 
include dilation of the pupils and nystagmus, 
with congestion and cyanosis of the mucosae 
in the terminal stages, usually accompanied 
by clonic convulsions and in some cases by 
hypersalivation, vomiting, and aspiration of 
ingesta into the lungs. Vomiting is not a 
typical sign in cyanide poisoning, and when 
it does occur, it may be the result of bloating 
in the recumbent animal and during the final 
convulsions. The course in these cases may 
be as long as 1 to 2 hours. 

CLINICAL PATHOLOGY 

There are no specific clinical pathologic 
abnormalities. 

NECROPSY FINDINGS 

In very acute cases the venous blood may be 
bright red in color, but in most field cases it 
is dark red as a result of anoxia. The blood 
clots slowly, the musculature is dark, and 
there is congestion and hemorrhage in the 
trachea and lungs. Patchy congestion and 
petechiation may be evident in the aboma¬ 
sum and small intestines. Subepicardial and 
subendocardial hemorrhages consistently 
occur. A smell of “bitter almonds” in the 
rumen is described as typical of HCN poi¬ 
soning. It may occur with some plants but is 
inapparent with others. There are no charac¬ 
teristic histologic changes. Specimens sub¬ 
mitted for laboratory examination should 
include rumen contents, liver, and muscle. 
Much HCN may be lost from specimens 
during transit unless the samples are shipped 
in a very tightly stoppered, airtight bottle. 
Muscle is least likely to lose its HCN and is 
the preferred tissue if the delay between 
death and necropsy has been long. To be sat¬ 
isfactory, liver samples must be taken within 
4 hours of death and muscle tissue within 20 
hours. A level of HCN of 0.63 pg/mL in 
muscle justifies a diagnosis of poisoning. 
Serum and rumen fluid of poisoned cattle 
have been assayed using gas chromatography 
mass spectrometry (GC-MS). 


In chronic cases (arthrogryposis and cys¬ 
titis-ataxia) there is focal axonal degenera¬ 
tion and demyelination in the spinal cord, 
with some cases of pyelonephritis in the cys¬ 
titis-ataxia patients. 

Diagnostic Field Tests 

Most tests for the presence of cyanogenic 
glycosides are conducted in the laboratory, 
but suspected plants or ruminal contents can 
be tested in the field by the Henrici (picric 
acid) test. 11 The material is placed in a test 
tube containing a little water and a few drops 
of chloroform and heated very gently in the 
presence of sodium picrate paper. A rapid 
change in the color of the reagent paper from 
yellow to red indicates the presence of free 
HCN. Once started, the color change occurs 
rapidly, although it may require 5 to 10 
minutes of gentle warming before the change 
commences. The tube should be corked 
while being warmed and the paper hung 
from the top without touching the test mate¬ 
rial. Reagent papers are easily prepared by 
mixing 0.5 g picric acid and 5 g sodium car¬ 
bonate in 100 mL water. Filter paper is 
dipped in the reagent and allowed to dry in 
a dark place. The reagent is stable for at least 
6 months if kept in a cool place, but the 
papers deteriorate if kept for more than 1 
week. Ruminal contents may also be tested 
by placing a drop of ruminal fluid on a test 
paper. A red discoloration is a positive reac¬ 
tion. The test is designed to detect free HCN 
and may not be positive even when cyanides 
are present if the gas is not liberated. Com¬ 
mercial test papers may give superior results. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—50 g rumen content, liver, 
muscle in ai-tight container (ASSAY 
[cyanide]). 


DIFFERENTIAL DIAGNOSIS 


The development of an acute anoxic 
syndrome in ruminants grazing on plants or 
being fed on feeds known to be cyanogenic 
usually suggests the occurrence of hydrogen 
cyanide (HCN) poisoning. Diagnostic 
confirmation is dependent on a positive assay 
for HCN in blood or cyanogenic glycosides in 
rumen contents. 

Differential diagnosis list 

Peracute or acute toxicosis 

• 3-methyl indole toxicosis 

• Acute pulmonary edema and emphysema 

• Cyanobacteria (blue-green algae) 
toxicosis 

• Electrocution (lightning strike) 

• Ipomeanol toxicosis 

• Nitrate/nitrite toxicosis 

Chronic (goiter, myelomalacia, and 
arthrogryposis): 

• Numerous and listed elsewhere 
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TREATMENT 

The standard primary treatment is the IV 
injection of a mixture of sodium nitrite 
and sodium thiosulfate (5 g sodium nitrite 
and 15 g sodium thiosulfate in 200 mL 
water for cattle; 1 g sodium nitrite and 
3 g sodium thiosulfate in 50 mL water for 
sheep), and field experience with it has been 
very good. Ruminants have been success¬ 
fully treated with a 30% to 40% solution of 
IV sodium thiosulfate at 25 to 50 g/100 kg 
BW and no sodium nitrite. 12 Horses can 
be given 10 to 20 mg/kg sodium nitrite 
IV in a 20% solution followed by 30 to 
40 mg/kg BW sodium thiosulfate IV in a 
20% solution. 1 ’ 

Results in cattle can be improved by using 
the following doses: 

• Sodium thiosulfate in a much heavier 
dose (660 mg/kg BW in a 30% 
solution) 13 

• Sodium thiosulfate heavy dose 
combined with sodium nitrite (22 mg/ 
kg BW) 

• Sodium thiosulfate heavy dose with 
p-aminopropriophenone (1 to 1.5 mg/kg 
BW) 

• Sodium thiosulfate heavy dose 
plus cobaltous chloride 

(10.6 mg/kg BW) 

In all cases and in animals exposed but 
showing no signs, doses of 30 g of sodium 
thiosulfate are given orally to cattle and are 
repeated at hourly intervals. 

Investigational Treatments 

Hydroxocobalamin, the natural form of 
vitamin B 12 , is used successfully in many 
countries as an antidote in human beings, 
dogs, mice, guinea pigs, rabbits, and 
baboons. 14 Recent work in swine demon¬ 
strated that hydroxocobalamin (150 mg/kg 
BW) was more effective than sodium thio¬ 
sulfate (413 mg/kg BW) or a combination of 
hydroxocobalamin and sodium thiosulfate 
in treating experimentally induced cyanide 
poisoning. 13 

Sulfanegen sodium (2.5 grams IV bolus; 
repeated hourly), a prodrug of 3-mercapto- 
pyruvate, in an experimental swine model 
was efficacious in reversing central nervous 
system (CNS) signs and may provide another 
antidote in the future. 16 

Treatment, whichever product is used, 
may have to be repeated because of further 
liberation of HCN. There is an upper limit of 
safe methemoglobinemia beyond which 
anemic anoxia occurs, and doses of nitrite 
greater than those recommended may exac¬ 
erbate the tissue anoxia. The inclusion of 
cobalt is based on its marked antagonistic 
effect against cyanide, which may be 
enhanced by combination with thiosulfate or 
nitrite. 

Nonspecific supportive treatments, 
including respiratory stimulants and artifi¬ 
cial respiration, are unlikely to have any 
effect on the course of the disease. 


TREATMENT AND PROPHYLAXIS 


Ruminants (See text for other options) 

• All: sodium thiosulfate 660 mg/kg BW IV in 
a 30% solution (R1) 

• Cows: 5 g sodium nitrite, 15 g sodium 
thiosulfate IV in 200 mL water (R2) 

• Sheep: 1 g sodium nitrite, 3 g sodium 
thiosulfate in 50 mL water (R2) 

Horses 

• Sodium nitrite (10 to 20 mg/kg BW IV in a 
20% solution) followed by sodium 
thiosulfate (30 to 40 mg/kg BW IV in a 
20% solution) (R1) 


CONTROL 

Hungry cattle and sheep should not be 
allowed access to toxic plants, especially cul¬ 
tivated Sorghum spp., when the plants are 
chronically drought-stressed, immature, 
wilted, frostbitten, or growing rapidly after a 
stage of retarded growth. For most Sorghum 
cultivars, stock should be allowed to graze 
them, or be fed green chop made from them, 
only after the plants exceed 75 cm in height. 
Hay should not be made from Sorghum, 
which is potentially toxic, because toxicity 
may persist. Sorghum silage is much safer 
than hay. 

Sulfur deficiency in ruminants causing 
depressed feed intake and animal production 
may result from grazing Sorghum with high 
cyanide potential. This results from ruminal 
detoxification of cyanide with sulfur to form 
thiocyanate. Supplementation with salt licks 
containing 5% sulfur can counter this 
problem. 

If there is doubt as to the toxicity of a field 
of these plants, a sample may be tested by the 
method described under clinical pathology 
or the field can be test-fed to a small group 
of animals. Linseed meal can be fed in small 
quantities without soaking, but gruel con¬ 
taining linseed should be thoroughly boiled 
to drive off any free HCN. 

FURTHER READING 
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(cyanide, hydrocyanic acid). In: Veterinary 
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NITRATE AND 
NITRITE TOXICOSIS 


SYNOPSIS 


Etiology Nitrate from plants, sodium or 
potassium nitrate fertilizer, contaminated 
drinking water; nitrite preformed in 
nitrate-rich, moldy plant material or as 
nitrate converted to nitrite in the rumen. 

Epidemiology Worldwide herd outbreaks; 
rare equine cases. 

Clinical pathology Methemoglobinemia. 

Findings Sudden onset of severe dyspnea, 
brown mucosa and blood, death. 

Diagnostic confirmation Positive assay for 
nitrate in feed, blood, or aqueous humor. 

Treatment Intravenous 1% to 2% methylene 
blue (1 to 10 mg/kg BW). 

Control Avoidance of nitrate-rich feeds, 
especially in transported and hungry 
animals. 


ETIOLOGY 

The toxic element as it occurs in growing 
plants is always nitrate, usually potassium 
nitrate, and may be ingested in sufficient 
quantities to be associated with gastroenteri¬ 
tis. Ruminal microbes reduce nitrate to 
nitrite, 1,2 which when absorbed systemically 
is far more toxic and responsible for most of 
the clinical signs. Toxic doses are hard to 
compute because of variation in animal sus¬ 
ceptibility, rate of production of nitrite from 
nitrate, and amount of nitrate present in spe¬ 
cific plants. Plants grown during a drought 
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period have higher nitrate concentrations 
than those in normal rainfall. 2,3 

The roots and stems usually contain 
more nitrate than leaves, 4 and a total plant 
content of 6000 to 10,000 ppm dry matter 
(DM) of nitrate is considered to be poten¬ 
tially toxic. Plants that accumulate more 
than 1.5% potassium nitrate in dry matter 
are potentially toxic. For animals at pasture 
probably 2% DM as nitrate is safe. Levels of 
potassium nitrate in plants may be as high 
as 20% of DM, and 3% is not uncommon in 
recognized forage plants such as sorghum; 
heavy mortality has occurred in animals 
that have foraged them. Dried plants retain 
their toxicity; ensiled plants decrease by 
about 30%. 

Cattle 

The minimum lethal dose of nitrite is 88 to 
110 mg/kg BW or about 0.6 g of potassium 
nitrate per 1 kg BW. Daily doses of about 
0.15 g potassium nitrate have been associ¬ 
ated with abortion after 3 to 13 doses. Cattle 
can eat sufficient quantities of toxic plants to 
be associated with death in 1 hour. 

Sheep 

The lethal dose of nitrite is 40 to 50 mg/ 
kg BW. Continued low-level dosing does 
not appear to affect sheep. Drinking water 
containing 1000 ppm of nitrate nitrogen is 
associated with appreciable methemoglo- 
bin formation but has no obvious clinical 
effect. 

Swine 

Pigs are most susceptible to preformed 
nitrites. The lethal dose of potassium or 
sodium nitrite is about 20 mg/kg BW. 3 At 
dose levels of 12 tol9 mg/kg BW clinical 
signs occur, but the pigs recover. 

Horses 

The estimated oral lethal dose of nitrate in 
horses is 61 to 152 g/animal. 6 

EPIDEMIOLOGY 

Occurrence 

Common sources of nitrate for farm animals 
include the following: 

• Cereal crops used as pasture, for 
example, immature green oats, barley, 
wheat, and rye or hay; or green feeds, 
for example, Sudan grass, corn. Oat hay 
may contain 3% to 7% nitrate. 

• Very heavy growths of rye grass ( Lolium 
spp.) in pastures 2 

• Freshly pulled mangels—turnip tops 
may contain 8% nitrate, and sugar beet 
tops and rape have been associated with 
nitrite poisoning. 

• Water from deep wells contaminated 
with fertilizer or from reservoirs created 
with explosives 

• The following plants are recognized as 
important sources of hazardous nitrate 
concentrations: 


Alternanthera denticulata 
Amaranthus spp., for example, A. 

retroflexus: redroot, pigweed, 3 Prince 
of Wales feather (see also “Oxalate 
Poisoning”); Amaranthus dubius: 
bledo liso; Amaranthus hybridus: 
bledo chico 1 
Aneilema accuminatum 
Arctotheca calendula: capeweed 
Atriplex muelleri: annual saltbush 
Avena sativa: oats 2,3 ’ 4 
Beta vulgaris: sugar beets, feed beets, 
beetroots 

Bidens frondosa: beggar tick 
Bonafousia sananho 1 
Brassica spp., for example, B. napus: 
rape, turnips, and others; Brassica 
napus: toriya 4 

Bromus catharticus: prairie grass 
Carduus spp., for example, C. tenuifloris; 

winged, slender thistle 
Chenopodium spp., for example, C. 
ambrosioides: mexican tea, 
goosefoot; Chenopodium album: 
lambs quarters 1,3 
Chromolaena odorata: Siam weed 
Cirsium arvense: Canada thistle 
Claoxylon australe 

Cleome serrulata: Rocky Mountain bee 
plant 

Dactyloctenium radulans: button grass, 
but only when growing in high- 
nitrogen soil, such as in stockyards 
Daucus carota: wild carrot, Queen 
Anne’s lace 

Dysphania spp.: crumbweeds (see also 
“Cyanogenic Glycoside Poisoning”) 
Echinochloa spp., for example, E. 
crus-galli: barnyard grass, Japanese 
millet 

Ehretia membranifolia 
Eleusine spp., for example, E. indica: 
crowfoot (see also “Cyanogenic 
Glycoside Poisoning”) 

Franseria discolor: white ragweed 
Galenia pubescens 
Glaucium corniculatum 
Glycine max: soybean 
Gnaphalium purpureum: purple 
cudweed 

Helianthus annuus: sunflower 
Lolium spp., for example, L. multiflorum: 
rye grasses 2,3 

Lygodesmia juncea: skeleton weed 
Malva parviflora: small-flowered 
mallow 

Mascagnia concinna: matagnado 1 
Medicago sativa: alfalfa, lucerne 
Millotia greevesii: creeping millotia 
Montia perfoliata: miners lettuce 
Panicum capillare: witchgrass 
Parsonia spp., for example, P. lilacina 
Pennisetum spp., for example, P. 
clandestinum: kikuyu; Pennisetum 
purpureum; 1 Pennisetum glaucum: 
bajra 4 

Plagiobothrys spp.: popcorn flower 
Polygonum aviculare: wireweed 


Portulacca spp., for example, P. oleracea: 
pigweed (see also “Oxalate 
Poisoning”) 

Rafinesquia californica: California 
chicory 

Raphanus sativus: radish 
Salvia reflexa: mintweed 
Sigesbeckia orientalis 
Silybum marianum: variegated thistle 
Sinapis spp., for example, S. alba: white 
mustard 

Sonchus spp.: sow thistle 

Sorghum spp., 1,3,4 for example, S. bicolor: 

grain sorghum 
Spartothamnella juncea 
Stellaria media: chickweed 
Thelypodiutn lasiophyllum: mustard 
Tribulus terrestris: caltrop 
Triticum aestivum: wheat 
Urochloa spp., for example, U. 

panicoides: liverseed grass 
Vigna unguiculata (catjang): cowpea 
Zaleya galericulata 
Zea mays: maize, corn 3 
Zygophyllum spp., for example, Z. 
ammophilum: twin leaf 

Risk Factors 
Animal Risk Factors 
Species Differences 
There is considerable variation between 
species in their susceptibility to nitrite poi¬ 
soning, with pigs being most susceptible, 
followed by cattle, sheep, and horses, in that 
order. 2,5 The susceptibility of cattle relative 
to sheep is attributable either to their ability 
to convert nitrate to nitrite in the rumen 
or to the known greater ability of sheep to 
convert nitrite to ammonia. Pigs are highly 
susceptible to nitrite poisoning but are gen¬ 
erally affected only if they ingest it as pre¬ 
formed nitrite. They have a lower level of 
bacterial nitrite reductase in their saliva 
and lower levels of methemoglobin reduc¬ 
tase.’ Nitrate or nitrite toxicosis in horses is 
very rare. 5,6 

Dietary Differences 
Cattle reduce nitrate to nitrite in the 
rumen, 3,7,8 and their capacity to do this is 
enhanced by continued feeding of nitrate. 

Cases of nitrate poisoning that occur in 
sheep are associated with either the ingestion 
of preformed nitrite or ruminal conditions 
that favor reduction of nitrate. A diet rich in 
readily fermentable carbohydrate reduces 
nitrite production in the rumen of sheep. 
Nitrite poisoning also occurs in sheep fed an 
inadequate ration after dosing with nitrite at 
a level innocuous to sheep fed on a good 
ration. There is often a delay of a few days in 
the appearance of signs of poisoning after 
sheep go onto toxic forage. It seems likely 
that ruminal flora need to adapt to the 
changed nutrients. The degree of methemo¬ 
globinemia also varies with the quality of the 
diet. 
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Differences in Susceptibility 
The most important factor influencing sus¬ 
ceptibility appears to be the rate of ingestion 
of the nitrate-containing plant. Poorly fed 
animals, especially traveling or recently 
transported stock, are more susceptible to 
poisoning than those on good diets, probably 
because of the greater intake in hungry 
animals and possibly their need to adapt 
their ruminal flora to the conversion of 
nitrite to ammonia. Prior exposure to nitrate 
reduces susceptibility under experimental 
conditions; cattle on high-nitrate hay taken 
off the hay for a few days and then returned 
to it in self-feeders where they can gorge on 
it may be poisoned. Monensin facilitates the 
conversion of nitrate to nitrite in the rumen 
and may result in poisoning in cattle or sheep 
on high-nitrate-containing feeds. 

Environmental Factors 

Higher-than-normal levels of nitrate in 
plants are usually associated with the 
following: 

• Application of excessive nitrogen- 
containing fertilizer, human sewage, or 
animal manure from intensive 
accommodation units, or with high 
levels of nitrogen-fixing bacteria 8 

• Soil nitrate being taken up but not used 
by plants because weather conditions are 
unsuitable for photosynthesis, which 
would provide the energy to convert the 
nitrogen into protein—conditions that 
retard photosynthesis include cloudy or 
cold weather, nighttime, herbicide 
application, disease in the plants, wilting 
of the plants. Periods after a prolonged 
drought also retard photosynthesis. 

High levels of nitrate accumulate in the 
soil during the drought and are not 
leached out by rain. Plants absorb large 
amounts when the drought ends. 

• Green chop fed indoors is more 
hazardous than grazing material, 
probably because the intake is more 
rapid. 

• Cereals and root crops are likely to 
contain high concentrations when 
heavily fertilized with nitrogenous 
manures, especially crude sewage, and 
when growth is rapid during hot, humid 
weather. 

• Ensiled material usually contains less 
nitrate than the fresh crop because 
normal silage fermentation destroys 
nitrate, but juices draining from silos 
containing high-nitrate materials may 
be toxic. 8 

• Hay made from nitrate-rich material 
contains almost as much nitrate as when 
it was made, unless some of it is 
converted to nitrite by overheating and 
the activities of molds. 

• Heavily fertilized grass made into grass 
cubes 

• Nitrate combined with possible iodine 
deficiency is statistically associated with 


congenital deformities and 
hypothyroidism in foals in western 
Canada where mares were fed oaten hay 
or green oat forage during pregnancy. 

• Cereal hay, especially oat hay, when 
grown under drought conditions and 
cut when sappy, may develop a high 
concentration of nitrite when the 
stacked material develops some heat. 

Dry oat hay that is damp for some time 
before it is eaten, either in the stack or 
loose in the field in the hot sun, is also 
likely to contain a high concentration of 
nitrite. 

Nitrate-nitrite poisoning by drinking 
polluted water can result from the following 
sources: 

• Industrial contamination from rubber¬ 
processing plants 

• Nitrogenous fertilizer contamination 

• Horse manure and urine contamination 9 

• Effluent from butchers’ shops and meat 
processors where sodium nitrate is used 
in meat-pickling brine 

• Effluent from premises where cheese is 
manufactured, where the whey may 
contain potassium nitrate 

• Deep wells filled by seepage from 
highly fertile soils, which may contain 
levels as high as 1700 to 3000 ppm of 
nitrate 

• Open surface storage tanks collecting 
rain runoff from roofs may contain toxic 
amounts of nitrite in the plant debris 
that collects at the bottom. 

• Juices draining from silage-containing 
high-nitrate material may be toxic. 

• Water of condensation in barns may 
trap ammonia and eventually contain 
8000 to 10,000 ppm of nitrate. 

• Composition lining board in animal 
barns may become highly impregnated 
with nitrite and is associated with 
poisoning if chewed. 

• Water containing 2300 ppm of nitrate 
and less than 10 ppm of nitrite when 
mixed into a swill, stored in tins, and 
then cooked has resulted in the 
production of a mixture containing 1200 
to 1400 ppm of nitrite. Boiling does not 
reduce the nitrate content of water. 
Accidental poisoning with commercial 

nitrate compounds occurs sporadically 
when: 

• Sodium or potassium nitrate is used by 
mistake instead of sodium chloride or 
magnesium sulfate, or when ammonium 
nitrate solution is used instead of whey 

• Nitrates are utilized as explosives to 
blast out water holes used to store 
drinking water for cattle, which can be 
dangerous if the nitrate is left in the hole 
and the dam fills soon afterward 

PATHOGENESIS 

Nitrates have a direct caustic action on ali¬ 
mentary mucosa, and the ingestion of suffi¬ 
ciently large quantities is associated with 


gastroenteritis. Under normal circum¬ 
stances, ingested nitrate is reduced in the 
rumen to nitrite and further converted to 
ammonia. 2,3,8 When this system is over¬ 
whelmed by a large or sudden ingestion of 
nitrates, nitrites are rapidly absorbed into the 
blood. Nitrates are also absorbed but are less 
toxic.' Ingestion of preformed nitrites often 
results in very rapid effects, but when con¬ 
version of nitrate to nitrite occurs in the 
rumen there is often a delay of some hours 
before clinical signs occur. 

The nitrite anion oxidizes heme iron from 
the ferrous (Fe +2 ) to the ferric (Fe +3 ) state, 
resulting in methemoglobinemia and 
hypoxia. 2,3,8 Nitrites are also vasodilators, 
which may contribute to the development of 
tissue hypoxia by causing peripheral circula¬ 
tory failure, but this effect appears to be of 
little significance compared with that of met- 
hemoglobin formation. Clinical signs of 
toxicosis become evident when the methe- 
moglobin level reaches 40% to 50%. 8 Calves 
may not show signs until the level reaches 
60%. 10 Death does not occur until a certain 
level of methemoglobinemia is attained. In 
cattle this is approximately 9 g methemoglo- 
bin per 100 mL blood; in pigs, death occurs 
when 76% to 88% of hemoglobin has been 
altered to methemoglobin. Death usually 
occurs within 12 to 24 hours of ingestion of 
the toxic material, although in acute poison¬ 
ing the duration of illness may be even 
shorter, and clinical signs may not be 
observed. 

CLINICAL FINDINGS 

Clinical signs of acute nitrate and nitrite 
toxicosis include weakness, depression, 
respiratory distress, cyanotic mucous mem¬ 
branes, ataxia, tremors, and terminal convul¬ 
sions. Abortions may occur in surviving 
cattle 3 to 7 days after acute toxicosis. 2,3,7 
Chronic exposure to lower levels of nitrates 
may result in anoxia, stillbirths and abor¬ 
tions, and progesterone abnormalities. 3,7 

CLINICAL PATHOLOGY 

There are no pathognomonic lesions in 
living animals. Chocolate-brown discolor¬ 
ation of the blood has been described but is 
not consistent. 3 Contributory information is 
provided by blood levels of methemoglobin, 
but inaccuracy creeps in because of the rapid 
reversion of methemoglobin to hemoglobin. 
Methemoglobinemia may be detected by 
examination of the blood in a reversion spec¬ 
trometer, but it is not diagnostic of nitrite 
poisoning, and results are not dependable 
unless the blood has been collected for less 
than 1 or 2 hours. Methemoglobin levels of 
9 g/dL of blood are lethal in cattle; levels of 
1.65 to 2.97 g/dL are recorded in association 
with obvious clinical signs compared with 
normal levels of 0.12 to -0.2 g/dL. 

Ocular fluid is the body fluid of choice for 
diagnosis; blood (serum or plasma) is also 
acceptable. 3,8,11 Samples should be collected 
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soon after death and refrigerated or frozen. 
Blood and ocular fluid levels of nitrate are 
stable for 24 hours at 23°C (73.4°F), 1 week 
at 4°C (39.2°F), and 1 month at -20°C 
(_4°F). Commercial nitrate test strips are 
available for detection of nitrate and nitrite 
and may be used in the field on ocular fluid. 
A diphenylamine test can be used in the field 
as well to test plants and body fluids for the 
presence of nitrates/nitrites. Chromato¬ 
graphic methods have been established to 
quantitate nitrate and nitrite in body fluids. 3 

NECROPSY FINDINGS 

The gastrointestinal mucosa is congested and 
hemorrhagic; the blood is dark red to coffee 
brown in color and clots poorly. 2 Petechial 
hemorrhages may be present in the heart 
muscle and trachea, and there is general vas¬ 
cular congestion. There are no characteristic 
microscopic changes. 

Specimens for laboratory examination 
should include blood and ocular fluid, blood 
for methemoglobin estimation, and samples 
of ingesta and/or suspected plants or water. 
Postmortem blood specimens for methemo¬ 
globin assay must be collected within 1 to 2 
hours of death to be of any value. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—1 cc aqueous humor 
(frozen); 1 cc urine (frozen); suspect 
forage material (dry); or other possible 
source of poison; 100 g ingesta (with 
chloroform or formalin added) 

(ASSAY [nitrate/nitrite]); 2 cc blood in 4 cc 
phosphate buffer (ASSAY 
[methemoglobin]) 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

Acute bovine pulmonary edema and 
emphysema 

Carbohydrate overload 
Cyanide or hydrocyanic acid toxicosis 
Cyanobacteria (blue-green algae) toxicosis 
Hypomagnesemia (lactating cattle) 

Urea (ammonia) toxicosis 


TREATMENT 

Methylene blue is the specific antidote. 
In large amounts it is associated with methe¬ 
moglobinemia, but in small amounts it is 
associated with rapid reconversion of methe¬ 
moglobin to hemoglobin. The standard dose 
rate is traditionally 1 to 2 mg/kg BW, injected 
IV as a 1% or 2% solution, but a variety of 
doses up to 10 mg/kg BW have been used. 2,3 ' 8 
Treatment may have to be repeated when 
large amounts of toxic material have been 
ingested. The half-life of methylene blue is 
about 2 hours, and if needed, treatment 
should be repeated at intervals of 6 to 8 


hours. Tissues may become stained with 
methylene blue, and the urine may become 
dark green in color. 8 The withdrawal time for 
slaughter is 180 days. 3,8 


TREATMENT AND CONTROL 


Methylene blue (1 to 10 mg/kg BW as a 1 % 
solution IV; repeat q 6 to 8 hours prn) (R1) 


CONTROL 

Ruminants likely to be exposed to nitrates 
or nitrites should receive adequate carbohy¬ 
drates in their diet, and traveling or hungry 
animals should not be allowed access to dan¬ 
gerous plants. Haylage or silage suspected 
of dangerous levels of nitrate should be 
allowed to aerate overnight before feeding. 
Feeding corn-based supplements may 
help ruminants safely reduce nitrate and 
nitrates. 8 

Toxic Levels 

Acute nitrate poisoning is likely to occur 
when the concentration of nitrate fed on a 
dry matter basis exceeds 1%, and risk of 
abortion occurs at 0.5%. 8 To be safe, the 
nitrate concentration in feed should not 
exceed 0.3% on a dry weight basis. 3 

Ration Dilution 

Hungry animals should be fed hay or dry 
pasture as a filler to reduce their rate of 
intake before access to potentially toxic feed. 
Risks of nitrate/nitrite poisoning from 
pasture grass is minimized if the pasture is a 
mixture of legumes and grass. 

FURTHER READING 

Radostits O, et al. Nitrate and nitrite poisoning. In: 
Veterinary Medicine: A Textbook of the Disease of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1855. 
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DISULFIDE PLANT TOXICOSIS 
(ALLIUM SPP.[ONIONS] AND 
BRASSICA SPP.) 


SYNOPSIS 


Etiology Allium spp. contain W-propyl 
disulfide and S-methyl sulfoxide and 
5-prop(en)yl cysteine sulfoxide (SMCO); 
Brassica spp. contain SMCO. 

Epidemiology Outbreaks when mature plants 
are grazed. Heavy morbidity and case- 
fatality rates. 

Clinical pathology Methemoglobinemia, 
Heinz-body formation, hemolytic anemia, 
hemoglobinuria. 

Lesions Live animals have an acute onset of 
pallor, hemoglobinuria, and jaundice (if the 
animal survives long enough). Necropsy 
findings include pallor, jaundice, dark- 
brown kidneys and urine; pieces of plant 
material in rumen. 

Diagnosis confirmation High blood levels of 
dimethyl disulfide in SMCO poisoning. The 
test is not generally available. 

Treatment No primary treatment; supportive 
treatment is blood transfusion. 

Control Feed limited amounts and dilute with 
other feeds; limit access to plants. 


ETIOLOGY 

All plants in the Allium species can be toxic 
to domestic animals, but poisoning from the 
onion ( Allium cepa) is the most widely 
reported in large animals, with sporadic 
reports involving the wild onion, Canada 
garlic (A. canadense). 1 ' 2 Others plants such as 
garlic (A. sativum ), three-cornered garlic (A. 
triquetrum), leek (A. prorum), and chive (A. 
schoenoprasum) are reported as toxic to dogs 
and cats. 3 Cattle are most often poisoned by 
being fed culled cultivated onions, whereas 
sheep and horses are more often poisoned by 
grazing in fields where wild onions grow or 
gaining access to areas where cultivated 
onions are grown. 1,1 Onion toxicosis is asso¬ 
ciated with methemoglobinemia, leading to 
Heinz-body formation and hemolytic 
anemia. Plants in the genus Allium contain 
the disulfides n-propyl disulfate, in addition 
to S-methyl sulfoxide and S-prop(en)yl cys¬ 
teine sulfoxide (SMCO), amino acid deriva¬ 
tives. 1,3,4 In the rumen, SMCO is hydrolyzed 
to thiosulfates and then metabolized to 
dipropyl disulfides and dipropenyl disul¬ 
fides. Oxidative damage to the erythrocytes 
is caused by the disulfides. 4 

Plants of all the Brassica species are asso¬ 
ciated with several syndromes, including 
hemolytic anemia resulting from SMCO poi¬ 
soning as discussed here, blindness, pulmo¬ 
nary emphysema, 5 polioencepahlomalacia, 6 
and digestive disturbances, discussed in the 
section on glucosinolate poisoning. These 
syndromes may occur separately or in 


















combination. SCMO occurs in some genera 
of plants in the family Brassicaceae (e.g., 
Brassica , Raphanus): The plants known to 
contain SMCO are Brassica campestris 
(turnip rape, cole), B. napobrassica (swede, 
rutabaga), B. napus (rape = canola), B. olera- 
cea (kale, kohlrabi, chou moellier, cabbage, 
cauliflower, broccoli, Brussels sprouts, Cala¬ 
brese), Raphanus raphanistrum (wild radish), 
and possibly Thlaspi arvense (fanweed) and 
Berteroa incana (hoary alysum). The green 
parts of the plants are the usual material 
involved in outbreaks. 

The seeds and leaves of Brassica spp. also 
contain another glucosinolate, sinigrin, and 
its breakdown products, allyl cyanide and 
allyl isothiocyanate, which may depress food 
intake but appear to exert no hemolytic 
activity. The plants may also contain signifi¬ 
cant quantities of cyanogenic glycosides but 
rarely are associated with cyanide poisoning. 
Nitrate and nitrite poisoning have also been 
recorded on kale feeding.' 

Particular note should be taken of the 
occurrence of SMCO in cabbages, swedes, 
and stubble turnips. The level may be insuf¬ 
ficiently high to be associated with anemia 
but may be associated with failure to gain 
weight satisfactorily or clinically evident 
ill-thrift. 

EPIDEMIOLOGY 
Occurrence 
Animal Risk Factors 

Allium spp. species specificity occurs and is 
likely related to structural differences of 
hemoglobin. Cattle are most susceptible to 
toxicity, followed by horses, sheep, and 
goats. 1,2,4 Cattle may tolerate up to 25% culled 
onions on a DM basis, 2 whereas sheep can be 
maintained on a diet of up to 50% DM. 3 
Goats may tolerate an onion diet of 30% to 
60% DM. 2,8 Adult cattle are more susceptible 
to toxicosis than calves; in contrast, adult 
sheep are less susceptible than young sheep. 2 

Brassica spp. rape and kale poisoning are 
well known where these plants are grown for 
feed, and in some areas they are no longer 
used because of the danger. The overall prev¬ 
alence of poisoning is probably not great, but 
on individual farms the number affected is 
usually significant, and the mortality rate is 
high. The toxic dose of SMCO is 15 g/100 kg 
BW daily to produce severe, fatal anemia. 
Intakes of 10 g/100 kg BW are associated 
with a subacute, low-grade anemia. Although 
there may be no etiologic relationship, it is 
not uncommon for hemolytic disease to 
occur in the presence of hypophosphorosis 
and therefore at the same time as postpartu¬ 
rient hemoglobinuria. 

Farm or Premise Risk Factors 

Brassica spp. plants are more toxic as they 
mature and when secondary growth begins; 
the flowers and seeds are particularly poison¬ 
ous. The toxicity of the plants varies from 
year to year, and on rape grazing most 
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outbreaks occur in wet years when early 
frosts occur and the leaves turn a purple 
color. The toxicity of kale also varies signifi¬ 
cantly between varieties of the plant, but the 
important factors in most outbreaks are the 
maturity of the crop and the amount eaten. 
The toxic element in kale is destroyed in 
heat-dried or ensiled material but is still 
present in frozen and dried material. 

PATHOGENESIS 

Dimethyl disulfide and the propyl disulfides 
are agents responsible for oxidative damage 
to the erythrocytes. 1,4 Heme iron is oxidized 
to the ferric state, resulting in methemoglo¬ 
binemia and decreased oxygen transport. 
Oxidative damage also results in Heinz-body 
formation from denatured hemoglobin in 
erythrocytes and, ultimately, hemolysis. The 
resulting hemolytic anemia affects all classes 
of ruminants, but its effects are most serious 
in heavily pregnant and recently parturient 
females. The reasons for the observed ten¬ 
dency for cycles of spontaneous improve¬ 
ment followed by recrudescence of the 
anemia are not explained. A previous sugges¬ 
tion that they were related to variations in 
the cellular content of reduced glutathione, 
which prevents the formation of Heinz 
bodies, has been discredited. 

CLINICAL FINDINGS 

In the anemia syndrome, the onset in severe 
cases may be so sudden that no signs are 
observed before the animal collapses and 
dies. If clinical illness is apparent, hemoglo¬ 
binuria is observed first and is soon followed 
by weakness and depression. Pallor of the 
mucosae, moderate jaundice, tachycardia, 
and a slight increase in respiratory rate and 
depth are also observed. Diarrhea occurs 
commonly, and although body temperatures 
are usually normal to low, there may be fever 
up to 40.5°C (105°F). Death is common 
unless effective treatment is provided, and 
surviving animals require a long period of 
convalescence. A normal hematological 
status may not be regained for up to 6 weeks. 
In an affected herd it is common to find a 
number of animals that are not seriously ill 
but have subclinical anemia. 

CLINICAL PATHOLOGY 

The erythrocyte count, hemoglobin concen¬ 
tration, hematocrit, and leukocyte count are 
reduced, and Heinz bodies are present in up 
to 100% of erythrocytes. They are signifi¬ 
cantly increased in numbers before anemia 
appears. Methemoglobinemia and hemoglo¬ 
binuria occur. The dimethyl disulfide content 
of the blood, which will be high at the time 
of occurrence of the poisoning, can be mea¬ 
sured chromatographically. 

NECROPSY FINDINGS 

There is pallor, jaundice, hemoglobinuria, 
thin and watery blood, dark coloration of 
the kidney, accentuation of the lobular 


appearance of the liver and, in peracute 
cases, swelling of the spleen. Histologically 
there is moderate periacinar hepatocyte 
necrosis in the liver compatible with the 
effects of hypoxia. 


DIFFERENTIAL DIAGNOSIS 


The occurrence of the disease when cattle or 
sheep have consumed Allium spp. or grazing 
on plants of the family Brassicaceae suggests 
the presumptive diagnosis. Diagnostic 
confirmation is by measurement of dimethyl 
sulfide levels in the blood. 

Differential diagnosis list: 

Bacillary hemoglobinuria 

Babesiosis 

Chronic copper toxicosis 
Leptospirosis in calves 

Postparturient hemoglobinuria (recently calved 
cows) 

Red maple (Acer rubrum) toxicosis (horses) 


TREATMENT 

Primary treatment in the form of an antidote 
to SMCO toxicity is unavailable. Supportive 
treatment includes, in severe cases of anemia, 
an immediate blood transfusion. Hematinic 
preparations and the provision of a highly 
nutritious diet are also used. 

CONTROL 

The disposal of superfluous onions is a major 
horticultural problem, best solved by feeding 
them to animals. This can be done without 
fear of causing anemia by feeding them to 
cows mixed into a balanced ration contain¬ 
ing less than 25% of onions. 1 Sheep and goats 
can tolerate larger amounts without evidence 
of clinical anemia. 1,2,8 

The provision of ample hay either daily 
before the animals are pastured on the rape, 
as a stack in the rape field, or by allowing 
access to a field of rough grass, is recom¬ 
mended to reduce the consumption of rape. 
Rape showing purple discoloration should 
be regarded with suspicion and only limited 
grazing permitted until doubts as to its safety 
are satisfied. Cattle and sheep grazing on 
these plants should be kept under close 
observation so that affected animals can be 
treated in the early stages of the disease. An 
adequate phosphorus intake is particularly 
necessary. If feeding is stopped, the hemo¬ 
globin levels return to normal in about 3 
weeks. Even if feeding is continued, there is 
a strong tendency for a spontaneous recov¬ 
ery and further similar cycles to occur. Some 
varieties of kale have lower concentrations of 
SMCO, and a genetic approach to preventing 
the disease might be worth examining. 

FURTHER READING 

Aslani MR, Mohri M, Movasaghi AR. Heinz body 
anemia associated with onion (Allium cepa ) 
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RED MAPLE LEAF (ACER 
RUBRUM) TOXICOSIS 

Red maple trees (Acer rubrum ) are native to 
eastern North America and cultivated in 
many parts of Europe. 1 Toxicosis from red 
maple leaves is frequently reported in horses 
and more rarely in alpacas and zebras ( Equus 
grevyi). 1 ' 2 The toxic dose is approximately 
1500 mg leaves/kg BW, or approximately 1.5 
to 2 pounds of dry or wilted leaves per 
500-kg horse. 1 ' 3 Horses are most often poi¬ 
soned in the fall when leaves are falling or 
when tree branches have fallen into their 
pastures after a storm. 

The toxin causes an oxidative damage to 
the red blood cells, resulting in Heinz-body 
formation, hemolysis, and methemoglobin¬ 
emia. 2 ' 3 Two clinical syndromes exist, 
characterized by hemolytic anemia, methe¬ 
moglobinemia, or both. Currently, pyrogal- 
lol, a metabolite of gallic acid, is implicated 
as one of the toxins. The mechanism of 
action is still being studied, but gallotannins 
or gallic acid in red maple leaves may be 
metabolized to pyrogallol by the bacteria 
Klebsiella pneumoniae and Enterobacter 
cloacae present in the ileum. 3 Pyrogallol is 
absorbed into the blood where it forms free 
radicals and oxidizes Fe + 2 in hemoglobin to 
Fe + 3, resulting in methemoglobinemia and 
ultimately tissue hypoxia. A second oxidiz¬ 
ing toxin exists but has not yet been identi¬ 
fied. 4 These toxins are found in other maples 
trees (silver maple [A. saccharinum], sugar 
maple [A. saccharum]), suggesting that 
ingestion of leaves of these plants could 
produce a similar clinical picture. 1,4 

Clinical signs depend on the amount of 
hemolysis and degree of methemoglobin¬ 
emia but generally include weakness, leth¬ 
argy, muddy or cyanotic mucous membranes, 
tachycardia, jaundice, and sudden death. 1 ' 2 
Less frequently reported signs include colic, 
pyrexia, hypothermia, tachypnea, and lami- 
nitis. 2 Laboratory abnormalities include 
anemia, methemoglobinemia, Heinz-body 
formation, hemolysis (intra or extravascular), 


azotemia, elevated creatine kinase (CK), and 
hemoglobinuria. 2 

There is no antidote. Treatment options 
include IV crystalloids, mineral oil, whole- 
blood transfusion, hemoglobin-based oxygen 
carriers, ascorbic acid (30 to 50 mg/kg BW 
IV BID diluted in 5to 10 L crystalloids; 4 10 
to 20 g PO daily’), sodium bicarbonate, and 
the judicious use of NSAIDs. 2,4 Response to 
therapy is often poor, and the mortality rates 
approach 60% to 65%. 2 ' 4 Laminitis from poor 
perfusion, tissue hypoxia, and inflammation 
is a known sequela. 4 
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Neoplasia 

SPORADIC BOVINE LEUKOSIS 
(ATYPICAL BOVINE LEUKOSIS) 


SYNOPSIS 


Etiology Unknown. 

Epidemiology Occurs worldwide, with low 
prevalence. 

Signs Three different forms of sporadic 
bovine leukosis (SBL) are differentiated 
based on age and organ primarily affected: 
juvenile, thymic, and the cutaneous 
form. Atypical forms have been reported. 
The juvenile form primarily affects calves up 
to 6 months of age with multiple enlarged 
lymph nodes. The thymic form affects 
animals up to 2 years of age with massive 
enlargement of the thymus. The cutaneous 
form affects animals between 1 and 3 
years of age with dermal nodes and 
plaques. 

Clinical pathology Histology on biopsy 
samples of enlarged lymph nodes, thymus, 
or skin lesions. Serologically negative for 
bovine leukemia virus (BLV). 

Lesions Lymphoid tumors affecting different 
organs. 

Diagnostic confirmation Histology and 
negative BLV serology. 

Differential diagnosis list 

Enzootic bovine leukosis (EBL) 

Lymphadenitis as a result of tuberculosis 
and actinobacillosis 
Congestive heart failure as a result of 
traumatic pericarditis (for thymic form) 
Traumatic hematoma of jugular vein (for 
thymic form) 

Ring worm (for early-stage cutaneous form) 


Dermatophilosis (for early-stage cutaneous 
form) 

Skin tuberculosis (for early-stage cutaneous 
form) 

Urticaria (for cutaneous form). 

Treatment None 


ETIOLOGY 

Sporadic bovine leukosis (SBL) is a lympho- 
proliferative disease of cattle of unknown 
etiology. Animals affected by SBL by defini¬ 
tion must be negative for bovine leukemia 
virus (BLV) serology and PCR, which is why 
the etiology of SBL is considered to be differ¬ 
ent from enzootic bovine leukosis (EBL). 
Although the causative involvement of a 
pathogen other than BLV cannot be ruled 
out, SBL is currently considered to be non- 
infectious and noncontagious. In contrast to 
EBL, which is a B-cell proliferative lym¬ 
phoma, lymphoid tumors in patients with 
SBL were found to be of either B- or T-cell 
lineage. 

SBL primarily affects animals under 3 
years of age, although atypical forms occur¬ 
ring in older cattle have been reported. 1 
Three different forms of SBL are currently 
recognized: 

• Calf or juvenile form: Primarily occurs 
in calves less than 6 months old but may 
occasionally be seen in cattle up to 2 
years of age; the condition is 
characterized by multiple lymph node 
enlargement. 

• Thymic form: Is most common in 
animals between 6 months and 2 years 
old and is characterized by a marked 
enlargement of the cervical and/or the 
intrathoracic part of the thymus. Other 
organs and lymph nodes are frequently 
involved. 

• Cutaneous form: Occurs in cattle 1 to 3 
years old and is characterized by the 
development of nodes and plaques in 
the skin. Involvement of internal organs, 
particularly in advanced stages of the 
disease, is common. 

In addition to these well-recognized 
forms of SBL, atypical cases affecting differ¬ 
ent organs or older animals have been 
reported in the literature. More recently the 
occurrence of a larger number of cases of 
SBL in adult cattle that were clinically and 
histologically indistinguishable from EBL 
and negative for BLV antibodies has been 
reported in the Netherlands. 1 

EPIDEMIOLOGY 

Occurrence 

The precise incidence of SBL and its different 
forms has not been determined, but in general 
all three forms are rare, and in most cases only 
individual animals in a herd are affected. 
Cases of SBL are rare compared with the 
occurrence of EBL in BLV-endemic regions. 
In countries where BLV has been eradicated, 
cases of SBL are encountered sporadically. In 
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Fig. 11-10 A, Ventral view from the front of a basketball-sized mass in the thoracic inlet of 
an 18-month-old Holstein-Friesian heifer with thymic lymphosarcoma. B, Dorsal view from the 
front of the same heifer exhibiting chronic mild ruminal tympany. 


these regions the juvenile form appears to be 
the prevalent form observed. 

PATHOGENESIS 

Malignant proliferation of a specific B- or 
T-cell lineage occurs for unknown reason, 
resulting in tumor formation in lymphatic 
tissue with a strong tendency to metastasize 
widely. The exact nature of the tumor is 
unclear. The tumors consist of aggregations 
of neoplastic lymphocytes. 

CLINICAL FINDINGS 
Juvenile or Calf Lymphosarcoma 

Juvenile lymphosarcoma occurs in calves 
from 2 weeks to 6 months of age and is mani¬ 
fested by gradual loss of weight, the sudden 
enlargement of several or all lymph nodes, 
development of depression and weakness, 
and in some cases respiratory distress. Fever, 
tachycardia, and posterior paresis are less 
constant signs. Death occurs in 2 to 8 weeks 
after the onset of signs. Signs of pressure on 
internal organs, including bloat and conges¬ 
tive heart failure, may occur. Diffuse infiltra¬ 
tion of major nerves of a limb may also 
occur. Unusually the disease may be fully 
developed in utero, so that the newborn calf 
is affected with tumors, or be delayed until 2 
years of age. Lymphosarcoma of the pharyn¬ 
geal region causing retropharyngeal swelling 
and dyspnea in a 7-month-old beef steer has 
been recorded. Some degree of aplastic 
anemia is frequently present; lymphocytosis 
may occur but is not characteristic. The pres¬ 
ence of large numbers of immature lympho¬ 
cytes in the blood smear is highly suggestive 
of the presence of the disease. 

Bone and bone-marrow necrosis associ¬ 
ated with the calf form has been recorded in 
calves 3 weeks to 8 months of age. Involve¬ 
ment of the tibiotarsal joint, ribs, and spinal 
canal may also occur, resulting in ataxia and 
paresis. Multiple bone infarcts and bone- 
marrow necrosis were present at necropsy. 
Lymphosarcoma of the mandible of a 2-year- 
old heifer has also been recorded. 

Thymic Lymphosarcoma 

Infiltration of the thymus is a common 
finding in animals 1 to 2 years of age and is 
characterized by massive enlargement of 
the cervical and/or intrathoracic part of the 
thymus. Concomitant involvement of the 
bone marrow and regional lymph nodes is 
common. Jugular vein engorgement and 
marked brisket edema extending to the sub¬ 
mandibular region are typical clinical find¬ 
ings. Moderate bloat resulting from inability 
to eructate because of compression of the 
esophagus may occur (Fig. 11-10). 

The thymic mass may or may not be pal¬ 
pable depending on what part of thymus is 
affected. This form is more common in beef 
than in dairy cattle. An atypical lymphosar¬ 
coma in a mature cow negative for BLV and 
similar to the thymic form has been reported. 
Metastatic thymic lymphosarcoma in a calf 


has been recorded, including a case with 
metastases causing spinal cord compression. 
A large number of cases of thymic lympho¬ 
sarcoma occurred in calves in five regions in 
France over a period of 5 months. Most of 
the calves had been sired by the same bull, 
which suggests that the disease had an inher¬ 
ited basis. 

Cutaneous Lymphoma 

Cutaneous lymphoma is the most common 
in cattle less than 3 years of age. It is rare and 


manifested by cutaneous plaques (1 to 30 cm 
diameter) appearing on the neck, back, 
croup, and thighs (Fig. 11-11). The plaques 
become covered with a thick, gray-white 
scab, and the hair is shed; then the center 
becomes depressed, and the nodule com¬ 
mences to shrink. The surface of some 
plaques may become ulcerated and have a 
serosanguineous exudate. Some of the lesions 
have a cauliflower-like appearance, appear 
black, and are ulcerated and foul-smelling. 
After a period of weeks or months, hair 
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Fig. 11-11 Cutaneous lymphoma in a 2-year-old Holstein-Friesian heifer. 


grows again, and the nodules disappear, as 
does the enlargement of the peripheral 
lymph nodes. Spontaneous regression of 
bovine cutaneous leukosis has been recorded. 
Relapse may occur in 1 to 2 years with reap¬ 
pearance of cutaneous lesions and signs of 
involvement of internal organs, as in the 
enzootic form of the disease. In one series of 
10 heifers, all animals had lymphadenopathy. 
Some had leukocytosis, and some had lym¬ 
phocytosis. The body condition may vary 
from normal to thin and underdeveloped. 
Some affected animals may have a fever. 

Cutaneous T-cell lymphoma in two Frie¬ 
sian cows in the Azores has been reported. 
The lesions consisted of raised pink plaques, 
with no pruritus or signs of associated pain, 
which were extensively distributed over both 
lateral and ventral body regions. Immunocy- 
tochemistry found the tumor cells positive 
for CD3, confirming the T-cell origin of the 
cells, which involved both skin and regional 
lymph nodes. 

CLINICAL PATHOLOGY 

A tentative diagnosis can be made based on 
the clinical presentation and anamnesis (age) 
of the patient. A definitive antemortem diag¬ 
nosis requires histologic examination of a 
biopsy specimen as well as ruling out EBL by 
conducting BLV serology or PCR. A needle 
aspirate of an enlarged peripheral lymph 
node may provide a rapid and inexpensive 
diagnosis. Fine-needle aspirates of the 
enlarged thymus when accessible or a biopsy 
of an intracutaneous nodule present alterna¬ 
tive diagnostic approaches. BLV serology or 
virus isolation is required because lympho¬ 
sarcoma in SBL cannot be differentiated 
morphologically from EBL. An increased 
lymphocyte count in blood with a large 
number of atypical lymphocytes is suggestive 
of a leukemic form of SBL. 

Ultrasonography of the mass in the 
thoracic inlet of cattle with thymic 



Fig. 11-12 Transcutaneous ultrasound image 
of thymic lymphosarcoma obtained from the 
ventrolateral region of the caudal neck of 
the heifer pictured in Figure 11-10. A 3.5-MHz 
sector scan transducer was used to identify a 
well-encapsulated tumor immediately dorsal 
to a distended jugular vein. 

lymphosarcoma reveals a well-encapsulated 
mass and bilateral distention of the jugular 
veins resulting from extraluminal compres¬ 
sion of the anterior vena cava by the tumor 
with that impedes venous return from the 
head (Fig. 11-12). 

NECROPSY FINDINGS 

Sporadic bovine lymphomas are generally 
seen in younger cattle compared with cattle 
with EBL. The thymic form is characterized 
at necropsy by large cranial thoracic and 
lower cervical masses in yearlings of the beef 
breeds. Tumor masses may extend as far cra- 
nially as the mandible and also to the heart 
and lungs. Histologically, the masses are 
composed of sheets of lymphocytes with a 
diffuse architecture and minor stroma typical 
of thymic lymphomas. Tumor cells are of the 
high-grade, small uncleaved type. Immuno- 
histochemical staining of formalin-fixed, 
paraffin-embedded tissue sections of tumors 
can be used to confirm that neoplastic lym¬ 
phocytes are of thymic origin. 

The juvenile type is seen in calves up to 
6 months of age and may be present at birth. 
At necropsy, virtually all nodes are markedly 


enlarged, and other organs such as the liver 
and spleen may be affected or spared. Indi¬ 
vidual tumor masses are otherwise indistin¬ 
guishable grossly from those of enzootic 
bovine lymphoma. Microscopically, tumor 
cells resemble those of the thymic type, but 
the phenotype is yet to be undetermined. 

The skin type occurs in cattle 1 to 3 
years of age and is characterized by plaque¬ 
like, round, raised skin lesions in different 
parts of the body. The plaques are of varying 
sizes, and some will be ulcerated or alope¬ 
cia Although initially cutaneous, the lesions 
usually spread to internal organs in advanced 
cases. Such visceral lesions are grossly indis¬ 
tinguishable from those of enzootic bovine 
lymphoma. Microscopically, the skin lesions 
are dermotropic and characteristically result 
in dense infiltrations of tumor cells in the 
papillary dermis and focal invasion of the 
epidermis (Pautrier’s microabscess). The 
cells are postulated to be of T-cell origin. 2 3 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed samples of 
gross lesions, plus thymus and skin for 
differentiation (LM, IHC) 


DIFFERENTIAL DIAGNOSIS 


Enzootic bovine leukosis (EBL)—can only be 
ruled out by means of bovine leukemia 
virus (BLV) serology or virus/provirus 
polymerase chain reaction (PCR). Patients 
with sporadic bovine leukosis (SBL) by 
definition must be serologically and 
virologically negative for BLV. 

Tuberculosis—can be differentiated by the 
tuberculin test. 

Right-sided heart failure (for thymic 
lymphosarcoma)—with thymic 
lymphosarcoma edema is more local at the 
height of the thoracic inlet. In contrast to 
right-sided heart failure, there is neither 
distention of the udder vein nor liver 
congestion. 

Hematoma from trauma of jugular vein—may 
be differentiated from thymic 
lymphosarcoma by needle aspirate. 

Ringworm (for early stages of cutaneous form 
of SBL) 

Dermatophilosis caused by Dermatophilus 
congolensis (for early stages of cutaneous 
form of SBL) 

Skin tuberculosis (for cutaneous form of SBL) 

Urticaria (for cutaneous form of SBL) 


TREATMENT 

There is no treatment. 
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INHERITED BLEEDING 
DISORDERS 

Hemophilia 

Hemophilia A (deficiency of factor VIII, or 
classic hemophilia) occurs in Thoroughbred, 
Standardbred, Arab, and Quarter horses, 
causing persistent bleeding after injury or 
surgery, or spontaneously. This bleeding can 
be manifested by the sudden appearance of 
swellings over joints or the upper cervical 
region, causing dyspnea, or into joints or 
body cavities, causing acute hemorrhagic 
anemia, and blood can be aspirated from 
them. The platelet-dependent bleeding time 
is normal, but the fibrin-dependent bleeding 
time is markedly prolonged. The defect is 
genetically transmitted as a sex-linked reces¬ 
sive trait, appearing clinically only in males. 

Hemophilia A occurs in male Japanese 
Brown cattle, in which it is evident as a bleed¬ 
ing tendency, sometimes resulting death of 
the animal. Cases had severely reduced factor 
VIII activity. Factor VIII activity is reduced 
in the dams of affected male cattle but does 
not result in excessive bleeding. 1 The disease 
is caused by a mutation in the gene for factor 
VIII, which is X-linked. 2 The nucleotide sub¬ 
stitution is a T to A, resulting in an amino 
acid substitution of leucine to histidine 
(p.Leu2153His) in a highly conserved residue 
in the Cl domain of factor VIII. 3 

von Willebrand’s disease has been iden 
tified in a Quarter horse that experienced 
bleeding episodes and a low blood level of 
vWF after a normal platelet count and nega¬ 
tive coagulation screening tests. See “Inher¬ 
ited and congenital bleeding disorders” of 
this chapter. 

Bovine Factor XI Deficiency 

Factor XI (partial thromboplastin anteced¬ 
ent) is involved in coagulation, but animals 
afflicted by a deficiency of it can be clinically 
normal even though their whole-blood clot¬ 
ting time is very prolonged. 4,5 The disease is 
best described in Holstein cattle and might 
be limited to this breed and to Japanese Black 
cattle. 5,6 Others may have a severe bleeding 
tendency, but the frequency of hemorrhagic 
episodes with factor XI deficiency is very 
low. Heterozygotes experience minor epi¬ 
sodes; homozygotes may have serious ones, 
especially neonates, which may die at birth 
and be classified as uncomplicated neonatal 
mortality. Affected cows also experience an 
increase in repeat breeder problems, appar¬ 
ently associated with a slower luteolysis and 
the development of small graafian follicles. 
Homozygous affected cattle are 2.7 times as 
likely to have fetal loss than are homozygous 
normal cattle. 7 

Homozygous cattle have reduced factor 
XI activity, assessed by the activated partial 
thromboplastin time, in plasma. 8 Both males 


and females transmit the trait, which is 
inherited as an autosomal-recessive trait and 
is caused by a 76-bp insertion in the coding 
region of the FXI gene. 4 The abnormal gene 
can be detected by PCR analysis and has a 
low frequency in the Holstein population in 
China. 9 Control is achieved by testing for 
carrier animals and planned breeding to 
eliminate the mutated allele. See “Inherited 
and congenital bleeding disorders” of this 
chapter. 

Prekallikrein Deficiency 

Prekallikrein is necessary to activate factor 
XII in the coagulation process. An inherited 
deficiency of prekallikrein is recorded in a 
family of Belgian horses, as a cause of a bleed¬ 
ing tendency in the presence of the conven¬ 
tional coagulation factors. The deficiency is of 
the order of less than 1% of normal levels of 
63% to 150%. The activated partial thrombo¬ 
plastin time is markedly prolonged. 

Inherited Thrombopathia 

Thrombopathia (thrombocytopathy) is a 
rare autosomal-recessive genetic form of 
hemophilia caused by a missense mutation 
that produces platelets with abnormal fibrin¬ 
ogen receptor exposure and impaired dense 
granule release, resulting in bleeding tenden¬ 
cies primarily of mucosal surfaces. It causes 
uncontrolled bleeding in Simmental cattle. 
The disease in Simmental cattle is caused by 
a nucleotide change (c.701 T>C) that results 
in the substitution of a proline for a leucine 
within structurally conserved region 2 
(SCR2) of the catalytic domain of calcium 
diacylglycerol guanine nucleotide exchange 
factor I (CalDAG-GEFI). 10 This change is 
likely responsible for the thrombopathic 
phenotype observed in Simmental cattle. 10 
Affected animals are homozygous. Collected 
blood undergoes good clot retraction, but 
platelet aggregation in response to adenosine 
diphosphate and collagen in a whole-blood 
aggregation system is badly impaired. Clini¬ 
cal findings include epistaxis, hematuria, the 
sudden development of subcutaneous swell¬ 
ings, hemorrhagic anemia as a result of inter¬ 
nal bleeding, or bleeding after external 
lacerations or surgery. 

Glanzmann's Thrombasthenia 
in Horses 

In Glanzmann’s thrombasthenia, a disorder 
of platelet function recognized in several 
breeds, including Peruvian Paso, Oldenbury, 
and Quarter horses, results in prolonged 
bleeding time. 11 ' 13 The abnormality is in 
platelet fibrinogen receptor and is likely 
caused by a 10-base-pair deletion causing a 
premature stop codon or a mutation in exon 
2 of the gene encoding glycoprotein lib. 13 

Afibrinogenemia (Related Diseases 
Are Hypofibrinogenemia and 
Dysfibrinogenemia) 

Afibrinogenemia is a rare cause of 
bleeding diathesis recorded in cattle, 


sheep, and goats, especially the 
newborn. 
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FAMILIAL POLYCYTHEMIA 

Familial polycythemia, an inherited defect, 
has been observed only in Jersey cattle and 
Japanese Black cattle. 1 Hematologically there 
is marked elevation of erythrocyte count, 
hemoglobin concentration, and packed cell 
volume. The disease in Jersey cattle appears 
to be a primary polycythemia inherited as a 
simple autosomal-recessive trait. 
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HEMOCHROMATOSIS 

Hemochromatosis is rare in domestic 
animals. This inherited defect of iron metab¬ 
olism in humans has also been observed in 
yearling Salers cattle in circumstances in 
which an inherited etiology is suggested. The 
pattern of inheritance is uncertain because of 
the small number of pedigrees available from 
affected cattle. Hemochromatosis occurs 
when inappropriately large amounts of iron 
are absorbed from the intestine over an 
extended period. The excessive accumula¬ 
tion of iron causes iron-induced lysosomal 
injury and peroxidation by free radicals, 
which are the two major mechanisms 
responsible for hepatocellular necrosis and 
for sequelae such as fibrosis, bile duct hyper¬ 
plasia, veno-occlusive disease, and hepatic 
neoplasia. Unlike hemosiderosis, hemochro¬ 
matosis is associated with high transferrin 
saturation values in serum (>60%). Clinical 
disease develops between 9 and 22 months 
of age. Animals are normal until weaning but 
then lose weight, develop rough hair coats, 
and lose incisor teeth. The skeletal changes 
in hemochromatosis are a result of abnormal 
bone development. Bone analysis reveals 
iron levels in affected animals may be 30 to 
50 times greater than normal and a decreased 
percentage of ash in the outer cortex. Perios¬ 
teal dysplasia and osteopenia are responsible 
for the pathologic fractures and tooth loss. 

At necropsy, there is emaciation, firm 
dark-brown livers and lymph nodes, soft 
bones, and brown-colored small intestine. 
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The major histologic changes are hepa¬ 
tocellular siderosis and periportal bridg¬ 
ing, along with perivenular fibrosis. Heavy 
deposits of iron in the liver and deposits 
of hemosiderin are visible in liver tissue 
obtained by biopsy. Hepatic iron concentra¬ 
tions in clinically affected cattle range from 
1500 to 10500 wet weight (reference range 
for cattle = <3 OOg/g). Ultrastructurally, the 
heaviest intrahepatic deposition is in the 
hepatocyte. Iron in bone is associated with 
osteopenia. 

INHERITED ANEMIAS 

Inherited Dyserythropoiesis and 
Dyskeratosis (Bovine Congenital 
Anemia, Dyskeratosis, and 
Progressive Alopecia) 

Inherited dyserythropoiesis and dyskeratosis 
occurs in 1- to 16-month-old calves in some 
Poll Hereford families in the United States, 
Canada, and Australia. 1 It is thought to be 
inherited as a simple autosomal-recessive 
character. Clinical signs commence at about 
2 months of age and include skin lesions 
that appear on the face and neck, especially 
around the muzzle and along the edges of 
the ears, then extend in the midline down 
the back, then down the sides and onto the 
limbs; the long hairs on the tail tip are shed. 
The hyperkeratotic muzzle accumulates dust. 
The skin lesions comprise alopecia, with sur¬ 
viving hairs wiry, kinked, or tightly curled; 
accumulations of sebum; and hyperkera¬ 
tosis and marked wrinkling. The alopecia 
and hyperkeratotic dermatitis extend, and 
the calves do not thrive, becoming small in 
stature, intolerant of exercise, susceptible to 
heat stress, and eventually pining away until 
they die or are euthanized. Histologically 
the skin is affected by dyskeratosis, hyper¬ 
keratosis, and orthokeratosis, and there are 
morphologic abnormalities of the nucleus 
in erythroid precursors; anemia results from 
ineffective erythropoiesis. There is a per¬ 
sistent, nonregenerative anemia as a result 
of a failure of maturation of erythrocytes; 
the blood contains many nucleated 
erythrocytes, and bon-e-marrow aspirates 
contain increased numbers of erythroid 
precursors. 1 

Inherited Glucose-6-Phosphate 
Dehydrogenase Enzyme Deficiency 

A single case inherited glucose-6-phosphate 
dehydrogenase enzyme deficiency, a persis¬ 
tent hemolytic disease, has been recorded in 
a yearling American Saddlebred colt. The 
disease in humans is well recognized as an 
inherited defect. A similar clinical disease is 
recorded in Murray Grey calves in Australia. 
Signs are observed first when affected calves 
are 3 to 8 weeks old. Both sexes are affected. 
Signs include poor growth, exercise intoler¬ 
ance, progressive weakness, severe jaundice, 
and death. There is a severe regenerative 
anemia, hemoglobin levels of 25 to 30 g/L, 


and an absolute nucleated erythrocyte count 
of 9 to 18 X 10 L. 

Necropsy lesions include jaundice; a 
grossly enlarged and, in some cases, mis¬ 
shapen and greenish liver; and brown urine. 
Histologic lesions are suggestive of a persis¬ 
tent intravascular hemolysis. A series of 
cases of hemolytic anemia of undetermined 
origin, recorded in a familial pattern in 
horses, was characterized by high blood 
levels of methemoglobin. 
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PORPHYRIAS 

Porphyria is not common in farm animals. 1 
The congenital disease in cattle occurs in 
breeds including longhorns, Holstein, Lim¬ 
ousin, and Blonde dAquitane and manifests 
in calves as ill-thrift and pink-discolored 
teeth. 2 Affected calves often have photosen¬ 
sitization, but serum activity of liver-derived 
enzymes (such as GGT or GLDH) and serum 
concentrations of bilirubin are within the 
normal range. Postmortem findings include 
brown discoloration of bone, which fluo¬ 
resces under ultraviolet light. Plasma por¬ 
phyrin concentrations might not be increased 
over levels in healthy calves, whereas urine 
concentrations of porphyrin, expressed as a 
ratio to urine creatinine concentration, are 
increased, as are concentrations of porphyrin 
in feces. The cause in some cases is a genetic 
mutation affecting activity of the enzyme 
uroporphyrinogen III synthase, which medi¬ 
ates the fourth step in heme biosynthesis in 
Holstein cattle, 3 and in Limousin cattle the 
abnormality is in the mitochondrial ferro- 
chelatase gene. 4 
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4. Black A, et al. Surveillance (Wellington). 2011;38:10. 

INHERITED CONGENITAL 
PORPHYRIA 


SYNOPSIS 


A congenital defect of porphyrin metabolism 
in cattle and swine characterized by excessive 
excretion of porphyrins in urine and feces and 
deposition of porphyrins in tissues, especially 
bones and teeth. Photosensitization occurs in 
affected cattle. 


ETIOLOGY 

Congenital porphyria is similar to erythro¬ 
poietic or Gunther’s porphyria of humans. 
Most cases in cattle are a result of the inheri¬ 
tance of a single recessive factor, heterozy¬ 
gotes being clinically normal. A deficiency of 
uroporphyrinogen III cosynthetase results in 


the accumulation of porphyrin type I isomers. 
Although there is no strict sex linkage in the 
mode of inheritance, the incidence is higher 
in females than in males. In pigs the pattern 
of inheritance is uncertain but may be a result 
of one or more dominant genes. 

EPIDEMIOLOGY 

Porphyria is recorded only in cattle and pigs. 
Shorthorn, Holstein, Black and White 
Danish, Jamaica Red and Black cattle, and 
Ayrshires carry the defect. 

There are no serious losses except that 
affected cattle suffer from incapacitating 
photosensitization when exposed to sunlight 
and must be kept indoors. In countries where 
sunlight hours are limited the disease may go 
unnoticed. Affected pigs appear to suffer 
little harm. Porphyria is of little economic 
importance because of its rarity. 

PATHOGENESIS 

The porphyrins are natural pigments, but in 
these diseases they are present in larger- 
than-normal concentrations in the blood, 
urine, and feces. In porphyria the metabolic 
defect is one of abnormal synthesis of heme 
resulting from an enzymatic insufficiency at 
the stage of conversion of pyrrole groups to 
series 3 porphyrins. Excess series 1 porphy¬ 
rins, physiologically inactive substances, are 
produced as a result, and there is flooding of 
the tissues with these coloring and photosen¬ 
sitizing substances. The high tissue levels of 
porphyrins sensitize the skin to light, and 
photosensitive dermatitis follows. 

CLINICAL FINDINGS 

In cattle, the passage of amber to port-wine- 
colored urine, a pink to brown discoloration 
of the teeth and bones, and severe photosen¬ 
sitization are characteristic. Additional signs 
include pallor of the mucosae and retarda¬ 
tion of growth. 

Affected pigs are usually normal, and 
photosensitivity does not occur, but the 
disease can be recognized by the red-brown 
discoloration of the bones and teeth, which 
is present even in the newborn. 

CLINICAL PATHOLOGY 

In porphyria the urine is amber to port wine 
in color when voided because of the high 
content of porphyrins. The urine of affected 
cattle may contain 500 to 1000 pg/dL of uro¬ 
porphyrins and 356 to 1530pg/dL of copro¬ 
porphyrins. The urine of normal cattle 
contains 1.84pg/dL of coproporphyrins and 
no significant quantity of uroporphyrins. 
The color of the urine darkens to brown on 
exposure to light. Spectroscopic examination 
is necessary to identify the pigment as por¬ 
phyrin. Erythrocyte survival time is reduced 
considerably. Macrocytic, normochromic 
anemia occurs, and its severity appears to be 
related to the level of uroporphyrins in the 
erythrocytes, and there is evidence of a 
hemolytic anemia. Cattle with the highest 












erythrocyte uroporphyrin levels are also the 
most sensitive to sunlight. 

NECROPSY FINDINGS 

In porphyric animals the teeth and bones are 
stained brown or reddish purple, with the 
pigment occurring chiefly in the dentine in 
teeth and often in concentric layers in the 
bones. Affected bones and teeth show a red 
fluorescence under illumination with ultra¬ 
violet light. The histologic findings are 
unique to this disease. 


DIFFERENTIAL DIAGNOSIS 


Confirmation of the diagnosis depends on 
identification of greatly increased levels of 
porphyrins in the blood and urine. Presumed 
affected cattle and pigs can be detected at 
birth by the discoloration of the teeth. 
Breeding trials are necessary to detect 
heterozygous, normal carrier animals. 

Differential diagnosis list: 

Other causes of photosensitive dermatitis 


TREATMENT 

Nonspecific treatment for photosensitization 
may be necessary. Affected cattle should be 
reared indoors. 

CONTROL 

Elimination of affected carrier animals from 
the breeding program is the only measure 
available. Periodic examination of the urine 
and feces for excessive quantities of copro¬ 
porphyrin is carried out on bulls used for 
artificial insemination in breeds in which the 
disease occurs. 

INHERITED ERYTHROCYTIC 
PHOTOPORPHYRIA 

Inherited erythrocytic protoporphyria is an 
autosomal-recessive disease that occurs in 
Limousin, Holstein and Blonde dAquitaine 
cattle. 1,2 It is similar to the same disease in 
humans and to porphyria but is milder. There 
is deficient activity of the enzyme ferroche- 
latase 1 or uroporphyrinogen III synthase, 2 
resulting in excessive photosensitizing proto¬ 
porphyrin accumulation, with high levels 
appearing in the erythrocytes and feces. The 
total amount of the enzyme is normal, but up 
to 96% of it is nonfunctional. 

Protoporphyria is clinically differentiated 
from porphyria by the absence of anemia and 
discoloration of the teeth and urine. The 
major clinical abnormality is photosensitive 
dermatitis affecting particularly the tips of 
the ears and the edges of the nostrils. There 
may be intense pruritus and exudative der¬ 
matitis involving the head and upper aspect 
of the thorax. The hematocrit values are 
within normal ranges, the teeth are normo¬ 
chromic, and there is no fluorescence of 
urine; however, whole blood fluoresces under 
ultraviolet light. Protoporphyrin binds to 
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proteins that are not excreted by the kidney, 
and thus protoporphyrin will not be detected 
in the urine. In a Limousin calf, the disease 
was characterized by ataxia and intermittent 
seizures. At necropsy there is hepatic portal 
fibrosis, bile ductule hyperplasia, and swell¬ 
ing of parenchyma cells. Phagocytic cells in 
the dermis contain large heterogeneous lyso- 
somes. Histologically, in some cases, the earli¬ 
est lesions are moderate to severe acanthosis, 
hyperkeratosis, and parakeratosis with 
dermal angiofibroplasia. There may be inter¬ 
cellular edema and intraepithelial vesicles 
and pustules. Elimination of affected carrier 
animals from the breeding program is the 
only control measure available. 
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Inherited 

Immunodeficiency 

BOVINE LEUKOCYTE 
ADHESION DEFICIENCY 

Bovine leukocyte adhesion deficiency 
(BLAD), a granulocytopathy, is inherited as 
an autosomal-recessive trait in Holstein- 
Friesian cattle. Homozygotes are not viable 
because of their low resistance to infection. 
Heterozygotes are unaffected. Signs are first 
observed between 2 weeks and 8 months and 
are characterized in most cases by bouts of 
infectious disease (e.g., persistent fever), diar¬ 
rhea, cough, dyspnea, delayed wound healing, 
and stunted growth. Some cases exhibit a 
striking periodontal gingivitis with marked 
retraction of the gingiva and severe resorp¬ 
tion of mandibular bone causing premature 
teeth loss. In a small proportion of cases the 
signs are limited to unthriftiness. Severe 
ulcers on oral mucosa, severe periodontitis, 
loss of teeth, chronic pneumonia, and recur¬ 
rent or chronic diarrhea are common. 

The clinical pathology is characterized by 
a severe and persistent neutrophilia, without 
a left shift, and a significantly increased cel- 
lularity of bone marrow. At necropsy there 
are very large numbers of intravascular neu¬ 
trophils in all tissues, especially the spleen, 
but not in infected tissues, which may include 
bronchopneumonia, pseudomembranous or 
necrotizing enteritis, and granulomatous 
gingivitis. Intestinal ulcers are an essential 
part of the pathogenesis of the disease in 
chronically affected animals that receive 
intensive medical care. Affected animals are 
stunted and unlikely to live as long as 2 years. 

The gene frequency is widespread in the 
Holstein-Friesian breed. The genetic basis 
for the disease is a single point mutation in 
the gene coding for CD 18, a subunit of the 
beta integrins, surface glycoproteins that are 
important to cell adhesion processes, causing 
a deficiency of adhesion on the surface of 


leukocytes. Neutrophils from BLAD cattle 
have impaired expression of (3 2 integrin 
(CDlla, b, c/CD 18) of the leukocyte adhe¬ 
sion molecule. The biochemical basis for the 
disease is a deficiency of interaction between 
receptors on the leukocytes with adhesion 
glycoproteins in the mediation of immuno¬ 
logic functions. A PCR test is available for 
the detection of heterozygotes, and eradica¬ 
tion programs are in operation in Japan and 
the United States. Heterozygotes have poorer 
feed utilization and growth rates than non¬ 
carriers of the inheritance. Control of BLAD 
in Holstein cattle requires publishing the 
genotypes and avoiding the mating between 
BLAD carriers, which is successful. Hetero¬ 
zygote calves are not affected. 

CHEDIAK-HIGASHI SYNDROME 

Chediak-Higashi syndrome, an inherited 
disease, occurs in humans, in mink, and in 
Hereford, Japanese Black, and Brangus cattle, 
and possibly other breeds of cattle. Clinically 
affected animals grow poorly; they are incom¬ 
plete albinos with generalized oculocutane¬ 
ous hypopigmentation (e.g., pale gray hair, 
ocular iridal and fundic hypopigmentation, 
photophobia and lacrimation); have anemia 
and enlarged, edematous lymph nodes; and 
have a defect in immune defense mecha¬ 
nisms, as a result of which they often die of 
septicemia. Their average life span is about 1 
year. The immunologic defect has been iden¬ 
tified as one of insufficient bactericidal activ¬ 
ity within abnormal leukocytes. The clinical, 
morphologic, and biochemical characteris¬ 
tics of Chediak-Higashi syndrome in Japa¬ 
nese cattle have been described. 

A mutation in the Chediak-Higashi 
1/LST gene is likely responsible for the 
disease in Japanese Black cattle. 1 The LYST 
gene responsible for the mutation has been 
cloned. 

The disease is readily diagnosed by the 
detection of anomalous enlarged cytoplas¬ 
mic granules in neutrophils, lymphocytes, 
monocytes, and eosinophils. The granules 
are swollen lysosomes, and the disease is 
a lysosomal storage disease. There is also a 
defect in blood clotting, and this has been 
identified as a metabolic defect within struc¬ 
turally abnormal platelets. 2,3 The platelets 
have a storage pool deficiency of dense gran¬ 
ules and produce much less serotonin, ATP, 
and ADP than normal platelets. The platelets 
also fail to aggregate normally in response 
to the presence of collagen. The disease is 
conditioned by a factor inherited as a single 
autosomal-recessive character. 

A DNA diagnostic system using allele- 
specific PCR for detection of the nucleotide 
substitution has been developed as an effec¬ 
tive DNA diagnostic aid. 
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INHERITED DEFICIENCY OF 
LYMPHOCYTE MATURATION 
(LETHAL TRAIT A46, 
PARAKERATOSIS, 

ADEMA DISEASE) 

Inherited deficiency of lymphocyte matura¬ 
tion is recorded in Black Pied Danish cattle 
but probably occurs in a number of Euro¬ 
pean breeds of cattle, including Friesian-type 
cattle, and in beef Shorthorn calves in the 
United States. It is a defect of lymphocyte 
maturation and is inherited as an autosomal- 
recessive character. 

Calves are normal at birth, and signs 
appear at 4 to 8 weeks of age; untreated 
animals die at about 4 months of age. There 
is exanthema and loss of hair, especially on 
the legs; parakeratosis in the form of scales 
or thick crusts around the mouth and eyes, 
under the jaw, and on the neck and legs; and 
a very poor growth rate. Lymphocyte 
numbers and function are reduced when the 
patient is in a zinc-deficient state, and anti¬ 
body responses are suppressed. 

At necropsy the characteristic skin lesion 
is acanthosis and hyperkeratosis, and there is 
atrophy of the thymus, spleen, lymph nodes, 
and gut-associated lymphoid tissue. 

There is a significant response to oral 
treatment with zinc (0.5 g zinc oxide/day), 
and an apparently complete recovery can be 
achieved in a few weeks if treatment is contin¬ 
ued. The disease reappears if treatment is 
stopped. The dose rate needs to be increased 
as body weight increases. It is thought that the 
disease is an inherited excessive requirement 
for zinc and that the thymic hypoplasia is a 
result of the dietary deficiency. Absorption 
studies with radioactive zinc have shown that 
there is impaired absorption of the element. 

FELL PONY AND DALE PONY 
FOAL IMMUNODEFICIENCY 
SYNDROME 

Fell pony immunodeficiency syndrome is a 
familial disease of Fell ponies characterized 
by immunodeficiency caused by B-cell lym¬ 
phopenia, anemia, opportunistic infection, 
and death at 2 to 3 months of age. 1 The same 
disease occurs in Dale pony foals. 2 

ETIOLOGY 

The disease is caused by a mutation on chro¬ 
mosome (ECA) 26 associated with two sin¬ 
gle-nucleotide polymorphisms (SNPs). The 
mutation is in the sodium/myo-inositol 
cotransporter gene (SLC5A3), which causes 
a P446L substitution in the protein. 3 This 
gene plays a crucial role in the regulatory 
response to osmotic stress that is essential in 
many tissues, including lymphoid tissues, 
and during early embryonic development. 
The amino acid substitution alters the func¬ 
tion of SLC5A3, leading to erythropoiesis 
failure and compromise of the immune 
system. 


EPIDEMIOLOGY 

The disease is restricted to Fell and Dale 
pony foals less than 3 months of age. 1,2 Popu¬ 
lation screening identified the causative 
mutation in colored ponies and Fell and Dale 
ponies, but not in other pony breeds or in 
horses. 4 

The disease is reported in this breed in 
the United Kingdom, the United States 
(which has a total population of Fell ponies 
of < 200), the Czech Republic, the Nether¬ 
lands, and Germany. 1 ' The frequency of the 
disease is not reported. The case-fatality rate 
is 100%. 

PATHOGENESIS 

There is immunodeficiency associated with 
low concentrations of immunoglobulins in 
serum and B lymphocytes in blood. T lym¬ 
phocytes are present in normal concentra¬ 
tion and respond appropriately to in vitro 
proliferation tests. Death is coincident with 
declines in concentrations of antibodies 
derived from colostrum. Immunodeficiency 
results in development of opportunistic 
infections, including glossitis, adenoviral 
pneumonia, and cryptosporidial diarrhea. 
Aplastic anemia develops and can contribute 
to death. Anemia is associated with aplasia 
of red cell series in bone marrow and is not 
a result of hemolysis or blood loss. 

Failure of erythropoiesis and develop¬ 
ment of B-cell lymphopenia, and consequent 
hypogammaglobulinemia, occurs after birth; 
foals are not anemic and do not have depleted 
B cells at birth, and fetal red cell and B-cell 
hematopoiesis appears to be normal. 1 

CLINICAL FINDINGS 

Affected foals are lethargic at birth, are 
unable to keep up with the herd, and do 
not establish a strong bond with the dam. 
Foals develop ill-thrift, exercise intolerance, 
and diarrhea beginning at approximately 3 
weeks of age. Clinical signs are attributable to 
anemia and opportunistic infections. At the 
time that foals develop other clinical abnor¬ 
malities they are pyrexic and tachypneic. 
Most foals have bilateral mucopurulent 
nasal discharge and abnormal lung sounds 
consistent with pneumonia. The tongue is 
covered by a pseudomembranous, hyper- 
keratotic membrane suggestive of Candida 
spp. infection. Foals develop diarrhea and 
progressive illness, with death occurring by 
3 to 4 months of age even in cases treated 
aggressively. 

CLINICAL PATHOLOGY 

The underlying hematology and serum bio¬ 
chemistry are influenced by the opportunis¬ 
tic infections that develop in all foals affected 
with Fell pony syndrome. Abnormalities 
consistently associated with the disease 
include anemia, B-cell lymphopenia, and 
variable to low concentrations of immuno¬ 
globulins in serum. It is important to note 
that these abnormalities are not present at 


birth and develop during the first weeks to 
months of life. 1 

Normocytic, normochromic anemia (6% 
to 26%, 6 to -26 L/L) is present in almost 
all affected foals. There is no evidence of 
regeneration in the blood, and examina¬ 
tion of bone marrow reveals an elevated 
myeloid: erythroid ratio (21:1 to 62:1, ref¬ 
erence values 0.5:1 to 1.5:1). There is no 
evidence of hemolysis. 

White blood cell concentration in affected 
foals is usually below or in the lower range 
of the reference range of normal, age- 
matched foals and is attributable to a B-cell 
lymphopenia. Concentrations of CD4+ and 
CD8+ cells in blood are normal in affected 
foals. The concentration of neutrophils is 
often elevated in affected foals. 

Concentrations of immunoglobulins 
(IgGa, IgGb, IgG[T], and IgM) in serum are 
variable and depend on the amount of 
immunoglobulin ingested in colostrum and 
the age of the foal. Affected foals are unable 
to produce immunoglobulins and therefore 
have declining concentrations of immuno¬ 
globulins with age. Serum concentrations of 
IgM and IgA become undetectable before 
IgG does—a consequence of the shorter half- 
life of the former immunoglobulins in foals. 
Measurement of low to undetectable concen¬ 
trations of IgM at greater than 4 weeks of age 
provides a reasonable means of diagnosing 
the disease. 

NECROPSY FINDINGS 

Gross lesions include pale bone marrow, 
small thymus and lymph nodes, pneumonia, 
and pseudomembranous glossitis. The 
underlying disease is characterized by lesions 
in bone marrow and lymphoid tissue. Bone 
marrow has evidence of abnormal hemopoi¬ 
esis, with an elevated myeloid: erythroid 
ratio. Lymph nodes have sparse to moderate 
numbers of lymphocytes in cortices and 
paracortices. The thymus has no clear demar¬ 
cation of cortex and medulla, and the thymic 
lobules are small. Germinal centers are not 
present in the spleen, and the red pulp is 
markedly contracted and contains sidero- 
phages. Ganglionopathy reported in foals in 
the original report of the disease has not 
been found in subsequent cases. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of immunodeficiency 
in foals is provided in Table 11-7. 


CONFIRMATION OF DIAGNOSIS 

The disease is confirmed by presence of char¬ 
acteristic lesions at necropsy. Antemortem 
diagnosis is confounded by the presence of 
opportunistic infections but should be sus¬ 
pected in any Fell pony foal with anemia, 
ill-thrift, and declining serum concentra¬ 
tions of immunoglobulin. Affected foals have 
two copies of the mutated gene, whereas 
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unaffected carriers have one copy (are 
heterozygotes). 4 

TREATMENT 

There is no effective treatment. Supportive 
treatment consisting of transfusions of blood 
or plasma and administration of antibiotics 
does not affect the eventual outcome of the 
disease. 

CONTROL 

The principles of control are as follows: 4,8 

• The genetic test can be used to 
unambiguously and quickly determine 
whether a foal has this 
immunodeficiency syndrome. Affected 
foals will have two copies of the 
mutation to the SLC5A3 gene. 

• The genetic test can be used to detect 
carriers of the disease gene. These 
individuals are normal and healthy but 
have the potential to produce affected 
offspring and normal offspring. These 
horses will have one copy of the 
SLC5A3 mutation. 

• The frequency of the disease gene will 
decrease over time without adversely 
affecting the extent of genetic variation 
in the population if carriers are not 
mated with carriers, allowing the 
eventual elimination of the disease 

Use of these control measures appears 
to have resulted in a reduction in the inci¬ 
dence of the disease in Fell and Dale pony 
foals. 9 
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INHERITED DEFICIENCY OF 
IMMUNOGLOBULIN SYNTHESIS 

An inherited complete deficiency of IgG 2 
occurs in Red Danish cattle at a low level of 
incidence. Affected animals are unusually 
susceptible to severe infections, including 
gangrenous mastitis and pneumonia. 

INHERITED COMBINED 
IMMUNODEFICIENCY IN FOALS 
OF ARABIAN BREEDING 


SYNOPSIS 


Etiology Inherited immunodeficiency in foals 
of Arabian parentage caused by a mutation 
in the gene coding for DNA-protein kinase 
catalytic subunit. 


Epidemiology Familial pattern of occurrence 
with autosomal-recessive inheritance. 
Approximately 8% of Arabian horses are 
heterozygous for the mutation (carriers). 
Random mating results in approximately 1 
in 600 foals being affected, but not all 
matings are random, and the incidence of 
the disease is less than this number. 

Clinical findings Foals normal at birth but 
succumb to systemic infection soon after 
birth and die before 3 months of age. 
Death from acute septicemia or recurrent 
or chronic continuous infection, usually of 
respiratory tract. Poor response to normally 
effective antibiotic therapy. 

Clinical pathology Lymphopenia, 

hypogammaglobulinemia. Polymerase chain 
reaction (PCR) test detects animals 
heterozygous (carriers, parents of affected 
foals) or homozygous (affected foals) for 
the mutated gene. 

Necropsy findings Thymic, lymph node, and 
splenic hypoplasia and a marked reduction 
in the numbers of splenic and lymph node 
lymphocytes. 

Diagnostic confirmation. PCR detection of 
mutated gene (homozygous in affected 
foals). Lymphopenia and 
agammaglobulinemia in a foal of Arabian 
breeding. 

Treatment None. 

Control Genetic testing and eventual 
elimination of the mutated gene by not 
breeding carrier animals. The disease can 
be prevented by not breeding a carrier 
animal to another carrier. Testing results in 
a decline in frequency of the abnormal 
gene in the population of horses. 


ETIOLOGY 

The fundamental defect in inherited com¬ 
bined immunodeficiency (CID) is a 5-base- 
pair deletion in the specific gene that codes 
for DNA-dependent protein kinase. The gene 
is located on chromosome ECA9. This muta¬ 
tion causes a lack of activity of the catalytic 
subunit of DNA-dependent protein kinase. 
The deficiency of protein kinase activity, 
which is absolute in affected foals, results in 
the inability to join DNA strands that have 
been broken as part of the normal process of 
creation of V (variable) regions of T-cell and 
B-cell antigen receptors on lymphocytes. 
Without these receptors the lymphocytes are 
unable to respond to antigens, and thus the 
foal is not capable of mounting adaptive, 
either cellular or humoral (antibody), 
immune responses. 

EPIDEMIOLOGY 

The immunodeficiency is inherited as an 
autosomal-recessive defect. The disease 
occurs in purebred and part-Arabian horses. 
It has also occurred in an Appaloosa foal that 
had an Arab stallion in the fifth past genera¬ 
tion of its mothers pedigree. In one survey 
of Arabian foals in the United States, the 
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prevalence rate of affected foals was 2.3% of 
257 foals of Arabian breeding, and 25.7% of 
the parents of affected foals were estimated 
to be carriers of the genetic defect. However, 
this likely represents an overestimation of the 
incidence of the disease and prevalence of 
the mutation in the population of Arabian 
horses because of selective testing. The fre¬ 
quency of carriers of the mutation for severe 
combined immunodeficiency is approxi¬ 
mately 8%, with an estimated 0.2% (1 in 600) 
of foals of random matings between Arabian 
horses affected with the disease, based on a 
survey of 250 horses. Approximately 17% of 
Arabian horses were heterozygous for the 
mutation, and 0.3% of foals were homozy¬ 
gous, among the more than 6000 horses 
tested by a commercial laboratory. The fre¬ 
quency of occurrence of the allele (heterozy¬ 
gous) in Arabian horses in South Africa 
declined from 6.4% of those tested in 
2004/2005, the first year that the test was 
offered, to 3.4% in 2009/2010, indicating the 
effectiveness of a program of education of 
owners and availability of testing for carri¬ 
ers. 1 The importance of the effect of even a 
small number of heterozygous stallions on 
frequency of the disease, or of the abnormal 
allele, is indicated by data from Morocco that 
identified the source of the mutant gene as 
three affected stallions. 2 

Affected foals usually appear normal at 
birth but are highly susceptible to infections 
from 2 to 65 days after birth and usually die 
of one or more infections by 3 months of 
age. The sires and dams of affected foals are 
clinically normal and have normal lympho¬ 
cyte counts and serum immunoglobulin 
concentrations. 

Severe combined immunodeficiency 
occurred in a Caspian filly. Clinicopatho- 
logic testing confirmed the nature of the 
disease and immunodeficiency, but genomic 
testing to identify the underlying genetic 
cause was not performed/’ 

A similar naturally occurring disease is 
reported in pigs. 4 

PATHOGENESIS 

Affected foals are born with a combined 
immunodeficiency associated with a defi¬ 
ciency in both B lymphocytes (which 
produce immunoglobulins) and T lympho¬ 
cytes (which provide cellular immunity). 
There is a marked lymphopenia and failure 
of immunoglobulin (Ig) synthesis and 
absence of delayed hypersensitivity of skin 
responses. Foals that receive immunoglobu¬ 
lins from the dam’s colostrum derive passive 
immunity and can survive for as long as 4 
months. Foals that do not receive colostrum 
die much earlier. The cause of death is infec¬ 
tious disease. 

Affected foals are susceptible to infections 
of all kinds, but mostly of the respiratory 
tract. Adenoviral pneumonia is considered to 
be the most common secondary complica¬ 
tion, probably because adenovirus infection 
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is so widespread in the horse population. 
Affected foals may also die of hepatitis, enteri¬ 
tis, or infection of other organs without pul¬ 
monary involvement. Although adenoviral 
pneumonia is the most common complica¬ 
tion, infections with bacteria and Pneumocys¬ 
tis carinii also occur. Cryptosporidium spp. 
have also been recorded in a number of foals 
with diarrhea, which is also a common 
complication. 

CLINICAL FINDINGS 

Affected foals usually become ill from 10 to 
35 days of age. Commonly there is a history 
suggesting a mild disease of the respiratory 
tract, especially the appearance of a bilateral 
nasal discharge, which often becomes suffi¬ 
ciently thick to interfere with sucking. The 
foal is unthrifty, is lethargic, and tires easily 
but still nurses and eats solid feed. A deep 
dry cough and a serous to mucopurulent 
ocular and nasal discharge are common when 
pneumonia is present. There is moderate 
fever (39.5°C; 103°F) and an increase in the 
heart and respiratory rates. The depth of res¬ 
pirations is increased and a double expiratory 
effort is common. On auscultation, loud 
bronchial tones and moist and dry crackles 
are common over the anterior ventral aspects 
of both lungs. Chronic diarrhea is present in 
some foals, and alopecia and dermatitis, com¬ 
monly associated with an infection by Der- 
matophilus congolensis, also occur. An 
important clinical feature is that affected foals 
do not respond favorably to treatment with 
antimicrobial agents. The course of the illness 
will vary from a few days to a few weeks and 
probably depends on the degree of immuno¬ 
deficiency and the nature of the infection. 
Most affected foals become progressively 
worse over a period of 2 to 4 weeks, and death 
by 3 months of age is the usual outcome. 

CLINICAL PATHOLOGY 

Lymphopenia is a constant finding, with 
counts often less than 1000/mL, and there is 
a concurrent hypogammaglobulinemia in 
foals that have not received colostrum. There 
is no IgM in precolostral serum of the foal. 
Following ingestion of colostrum, all sub¬ 
classes of immunoglobulin will be present, 
but in affected foals the level of IgM will 
steadily decrease weekly until at about 36 
days when IgM is detectable. The lack of IgM 
is because of lack of synthesis and the shorter 
half-life of this isotype of immunoglobulin in 
foals—serum IgG concentrations decline 
more slowly. Until the development of the 
PCR test for detection of homozygous foals 
and confirmation of the disease, the mea¬ 
surement of serum Ig concentrations was 
considered essential for a definitive diagno¬ 
sis. Additional tests include enumeration of 
B-lymphocyte and T-lymphocyte responses 
to phytolectin stimulation and other tests of 
lymphocytic immunologic function, but 
these tests are no longer required for diag¬ 
nostic confirmation of the disease. 


NECROPSY FINDINGS 

The lymph nodes are small, and splenic 
follicles are not visible. A viral interstitial 
pneumonia and a secondary bacterial bron¬ 
chopneumonia are common. The thymus 
gland is usually hypoplastic. Histologically 
the lymph nodes and spleen are depleted of 
lymphocytes, and germinal centers are 
absent. In some foals there are foci of necro¬ 
sis of the intestinal epithelium but with 
minimal infiltration of inflammatory cells. 
Inclusion bodies of adenovirus may be 
present in the cells of several different body 
systems. Additional histologic findings 
include a severe adenoviral pancreatitis and 
adenitis of the salivary glands. 

DIFFERENTIAL DIAGNOSIS 

Diagnostic confirmation in an apparently 
chronic case of pneumonia in a young foal 
depends on the identification of the charac¬ 
teristic lymphopenia. 

The differential diagnosis list includes the 
following: 

• Septicemia and pneumonia of foals, 
caused by Rhodococcus equi 

• Agammaglobulinemia or 
hypogammaglobulinemia resulting from 
failure of transfer of maternal 
immunoglobulins from colostrum—in 
many foal populations as many as 20% 
of foals are immunodeficient for this 
reason 

• Other immunodeficiencies (Table 
11-7)— foals with these deficits are very 
susceptible to a variety of infectious 
diseases and are usually chronically ill, 
most often with respiratory infections. 
However, because they have partial 
protection, they survive, and their life 
span is much longer than that of foals 
with CID, usually over 1 year and often 
18 months. Hematologically the foal is 
normal unless an infection is in process, 
but electrophoretic examination usually 
reveals a marked deficiency of 
betaglobulins. Further tests are needed 
to identify the exact deficiency. A 
radioimmunodiffusion assay is used to 
quantitate serum immunoglobulins— 
IgA and IgM levels are usually at 
negligible levels, but IgG levels are 
discernible, although diminished. An 
intradermal test by injection of 
phytohemagglutinin determines 
T-lymphocyte status; a normal response 
is migration of mononuclear cells. 

• An isoimmune neonatal leukopenia can 
cause immune deficiency in foals; 
antibodies to the sire’s lymphocytes are 
detectable in the mare’s serum. 

• Neonatal septicemias 

TREATMENT 

There is no satisfactory treatment for CID in 
foals. Hyperimmune serum, whole-blood 
transfusions, and broad-spectrum antibiotics 
are all used, but without more than a 


temporary response. Affected foals may be 
kept alive by twice-weekly injections of 
hyperimmune serum and a constant antibi¬ 
otic cover. Immunotherapy using a transplant 
of bone marrow and a fetal thymus transplant 
has been attempted without success. Cortico¬ 
steroids are contraindicated. 

CONTROL 

Horses heterozygous for the mutation can be 
detected using a commercial PCR assay. 
These horses have normal serum immuno¬ 
globulin concentrations and lymphocyte 
counts. Detection of heterozygous animals, 
which is required by some national breed 
organizations, is useful for several reasons. 
First, it should, ideally, permit elimination of 
the disease from the population by breeding 
of only homozygous normal animals. 
However, this approach has not met with 
success because of the financial and emo¬ 
tional value of some heterozygous animals. 
Second, identification of the status of an 
animal permits controlled breeding such that 
the risk of producing homozygous affected 
foals is eliminated. This is achieved by mating 
only pairs of homozygous normal animals, in 
which case none of the offspring will carry 
the mutated gene, or by mating a heterozy¬ 
gous animal with a homozygous normal 
animal. In this instance 1 in 4 of the progeny 
will carry the mutated gene, but none of the 
progeny will be homozygous for the mutated 
gene and therefore afflicted with the disease. 
This second approach, if applied consistently, 
should almost eliminate the disease. The 
effectiveness of a program of education of 
owners and availability of testing for carriers 
is demonstrated by the observation that fre¬ 
quency of occurrence of the allele (heterozy¬ 
gous) in Arabian horses in South Africa 
declined from 6.4% of those tested in 
2004/2005, the first year that the test was 
offered, to 3.4% in 2009/2010. 1 
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Diseases of Unknown 
Etiology 

POSTPARTURIENT 
HEMOGLOBINURIA IN CATTLE 


SYNOPSIS 


Etiology Uncertain. Dietary phosphorus 
deficiency, feeding cruciferous plants or 
sugar beet byproducts, high dietary 
molybdenum content, and copper 
deficiency have been incriminated. 

Epidemiology Sporadic disease 
predominantly observed in older 











high-producing dairy cows, 2 to 4 weeks 
after calving. 

Signs Hemoglobinuria, inappetence, 

depression, reduced milk production, pallor 
of mucous membranes, tachycardia, 
dyspnea, icterus in later stages. Death may 
occur. Recovery takes several weeks. 

Clinical pathology Low packed cell volume 
(PCV), hemoglobinemia, hemoglobinuria, 
regenerative anemia; frequently associated 
with hypophosphatemia. 

Necropsy findings Icterus, hepatomegaly, red 
urine in bladder. 

Diagnostic confirmation Low PCV, 
hemoglobinuria. 

Treatment Whole-blood transfusion. 
Phosphate salts intravenously and orally. 

Control Ensure adequate intake of dietary 
phosphorus and copper. 


ETIOLOGY 

The etiology of postparturient hemoglobin¬ 
uria (PPH), a condition that is characterized 
by peracute and severe intravascular hemo¬ 
lysis occurring in older early lactating dairy 
cows, is still unclear. Phosphorus deficiency 
has been incriminated as a primary cause 
because hypophosphatemia is observed in 
many, but certainly not all, affected animals. 
Phosphorus deficiency in early lactation can 
be the result of high losses of phosphorus 
through the mammary gland, inadequate 
dietary phosphorus supply, or excessive 
dietary molybdenum content that hampers 
intestinal phosphate absorption. 1 ' 2 Doubts 
about the role of phosphorus in the etiology 
of PPH have been raised because of the rare 
occurrence of PPH, whereas marked hypo¬ 
phosphatemia is common even in healthy 
periparturient dairy cows. 2,3,4 Although most 
studies experimentally inducing phosphorus 
depletion in cattle failed to reproduce clinical 
signs consistent with PPH, experimental 
induction of PPH is documented in only one 
single case after feeding a phosphorus defi¬ 
cient ration for over 30 months. Therapeutic 
parenteral and oral supplementation of 
phosphate salts yielded variable results. 

The feeding of cruciferous plants and 
plants containing potential hemolysins such 
as saponins (e.g., alfalfa or sugar beet byprod¬ 
ucts) has been associated with the disease, 
but many cases occur unassociated with such 
diets, and thus their role as a cause remains 
uncertain. It has been proposed that ingested 
hemolytic agents, some of them identified, 
for example, in rape, some of them not, cause 
erythrocyte lysis in some circumstances. 

In New Zealand, one form of the disease 
may be related to copper- and selenium- 
deficient diets. 

EPIDEMIOLOGY 

The occurrence of PPH is rare, and generally 
only individual or few animals of a herd are 
affected. The case-fatality rate may be as high 
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as 50%. Only adult cows develop the typical 
hemolytic syndrome, usually in the period 2 
to 4 weeks after calving. High-producing 
dairy cows in their third to sixth lactations 
are most commonly affected. The disease 
does not commonly occur in beef cattle. 
Phosphorus-deficient soils, drought condi¬ 
tions, or rations based on sugar beet byprod¬ 
ucts or clover are considered predisposing 
causes. In areas of severe phosphorus defi¬ 
ciency, the disease may occur at pasture, but 
in Europe and North America, it is more 
common during prolonged periods of 
housing. 

In New Zealand, two distinct forms have 
been observed. In one situation, young cattle 
at about 2 years of age are affected with sub- 
clinical anemia of the Heinz-body type, and 
hypophosphatemia is not a feature. In the 
other, the North American type of the disease 
is also seen, in which older, mature, high- 
producing cows are affected, and hypophos¬ 
phatemia is common in the affected animals 
and in healthy herdmates. In New Zealand, 
copper deficiency is considered an important 
etiologic factor because copper supplementa¬ 
tion reduces the incidence of the disease in 
herds in marginally copper-deficient areas. 
The particular circumstances in which the 
erythrocytes of a cow become more sensitive 
than normal to these hemolysins include 
hypophosphatemia and hypocupremia, and 
in New Zealand possibly also selenium defi¬ 
ciency. However, no abnormality in copper 
status is present in most cases of PPH in other 
countries. Low levels of copper in the blood 
and liver of cows with the Heinz-body anemia 
and in the pasture grazed are also observed. 
The low copper status appears to be related 
to the application of molybdenum and lime. 

The ingestion of cold water or exposure 
to extremely cold weather may precipitate an 
episode of hemoglobinuria. A similar condi¬ 
tion accompanied by hypophosphatemia has 
been observed in late pregnancy in Egyptian 
buffalo and in the postparturient period in 
Indian buffalo. 

PATHOGENESIS 

There is an association with hypophosphate¬ 
mia and a low dietary intake of phosphorus, 
and it is presumed that the drain of phospho¬ 
rus at the onset of lactation causes further 
depletion of phosphorus reserves. The 
dependence of mammalian red blood cells 
on glucose metabolism for the main source 
of energy for viable function and structure 
makes them highly vulnerable to factors 
inhibitory to the glycolytic pathways. Hypo¬ 
phosphatemia results in a decrease in red 
blood cell glycolysis and adenosine 
triphosphate (ATP) synthesis. A marked 
decline of the intracellular ATP concentra¬ 
tion in red blood cells results in altered func¬ 
tion and structure, a loss of the normal 
deformability of these cells, and an increase 
in osmotic fragility and hemolysis. The 
changes in the red blood cells are 


irreversible, and the life span of the cells is 
probably diminished because they are unable 
to regain their previous structure and func¬ 
tion. Copper and selenium may be impor¬ 
tant because they are commonly deficient in 
feedstuffs. Both copper and selenium may 
also provide some protection against the 
effects of orally acquired hemolytic agents in 
cruciferous plants. The clinical findings are 
those of acute hemolytic anemia; in fatal 
cases, death results from anemic anoxia. 


DIFFERENTIAL DIAGNOSIS 


Babesiosis —can be differentiated by 
identifying intracellular parasites in red 
blood cells in a blood smear. 

Leptospirosis —can be differentiated by 
determining a leptospirosis titer. 

Water Intoxication (more common in calves) 

and cold water hemolytic anemia 

Chronic copper poisoning —can be 

differentiated by determining toxic levels in 
blood, liver, and feces 

Rape and kale poisoning —determine access 
of affected animals to these plants. 

Drug induced (e.g., large intravenous doses 
of oxytetracycline) 

Bacillary hemoglobinuria —associated 
with Clostridium hemolyticum (Cl. novyi 
type D) 

Enzootic hematuria (bracken fern 
poisoning)—can be differentiated by 
differentiating hemoglobinuria from 
hematuria and ruling out the presence of 
hemoglobinemia. 


CLINICAL FINDINGS 

Hemoglobinuria, inappetence, and weakness 
develop suddenly, and there is a severe 
depression of the milk yield, although in 
some less acute cases, the cow continues to 
eat and milk normally for 24 hours after dis¬ 
coloration of the urine is evident. Dehydra¬ 
tion develops quickly, the mucous membranes 
are pale, and the cardiac impulse and jugular 
pulse are much augmented. A moderate tem¬ 
perature rise (40° C; 103.5° F) often occurs. 
The feces are usually dry and firm. Dyspnea 
may be obvious, and tachycardia is common. 
Jaundice may be apparent in the late stages. 
The course of the acute disease extends from 
3 to 5 days; the cow becomes weak and stag- 
gery, then finally recumbent. Death may 
occur within a few days. In nonfatal cases, 
convalescence requires about 3 weeks, and 
recovering animals often show pica. Ketosis 
commonly occurs concomitantly as a result 
of anorexia during the early postparturient 
period. 

CLINICAL PATHOLOGY 

The urine is dark-reddish-brown to black in 
color and usually moderately turbid. No red 
cells are present in the urine. Blood plasma 
is hemolytic, and the packed cell volume, 
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erythrocyte counts, and hemoglobin levels 
are also greatly reduced. Heinz bodies may 
be present in erythrocytes in the New 
Zealand disease. Marked hypophosphatemia 
is a common result of the serum chemical 
analysis. A low copper status of the blood 
and liver of affected cows and the pasture 
grazed has been reported in some cases. In 
advanced stages serum hyperbilirubinemia 
and icterus resulting from hemoglobin 
breakdown are commonly seen. 

NECROPSY FINDINGS 

The blood is thin, and icterus is widespread 
throughout the body. The liver is swollen, and 
fatty infiltration and degeneration are evident. 
Discolored urine is present in the bladder. 

TREATMENT 

In severe cases of hemolytic anemia, whole- 
blood transfusion is indicated. A delay of 12 
hours often seems to lead to an irreversible 
state. A minimum of 5 to 6 L of blood to an 
adult cow is required. This will usually suffice 
for up to 48 hours, by which time an addi¬ 
tional transfusion may be necessary if the cow 
remains weak and the mucous membranes 
pale. Following successful blood transfusions, 
fluid therapy is recommended as both sup¬ 
portive therapy and to minimize the danger 
of hemoglobinuric nephrosis. The adminis¬ 
tration of phosphate to acutely ill animals has 
been proposed, but treatment outcomes are 
variable. Parenteral phosphate supplementa¬ 
tion in the form of 30 g of mono sodium dihy¬ 
drogen phosphate (NaH 2 P0 4 ) dissolved in 
300 mL deionized water that is administered 
intravenously is often recommended. Because 
the treatment effect of intravenous phosphate 
salt solutions is very short lived, the combina¬ 
tion of this treatment with oral phosphate 
salt supplementation is advisable. Subcuta¬ 
neous injection of the previously mentioned 
salt solution is discouraged because of the 
acidity of this solution. 5 Injectable solutions 
containing organic phosphorus compounds 
such as butaphosphan or toldimphos contain 
phosphorus in a form that is not biologi¬ 
cally available and are therefore unsuitable for 
phosphorus supplementation. 2,5 

Oral phosphorus supplementation can 
effectively be achieved by drenching affected 
animals with 150 to 200 g NaH 2 P0 4 dis¬ 
solved in water. Dicalcium phosphate has a 
much delayed effect on the plasma phos¬ 
phate concentration because of its poor solu¬ 
bility and is therefore less suitable for rapid 
correction of hypophosphatemia. 6 Oral 
treatment can be repeated in 12- to 24-hour 
intervals. Ketosis is a common complication 
of the disease, and additional treatment for 
it may be required. 


TREATMENT 


Blood transfusion (5 to 6 L of whole blood for 
an adult cow) (R1) 


NaH 2 P0 4 (30 g dissolved In 300 deionized 
water IV for an adult cow) (R2) 

Butafosfan (IM or IV) (R3) 

Toldimfos (IM or IV) (R3) 

NaH 2 P0 4 (250 to 300 g PO for an adult cow q 
12-24 hours for 5 days) (R2) 


CONTROL 

An adequate intake of phosphorus according 
to the requirements for maintenance and 
milk production should be ensured, particu¬ 
larly in early lactation. A decrease in the 
incidence of the disease is reported after 
copper supplementation of cattle in a 
copper-deficient area. 

FURTHER READING 

MacWilliams PS, et al. Postparturient hemoglobinuria: a 
review of the literature. Can Vet J. 1982;23:309-312. 

REFERENCES 

1. Sing Dhillon K, et al. Vet Rec. 2007; 160:276. 

2. Grunberg W. Proc 17. Annual Tri-State Dairy 
Nutrition Conference. Ft. Wayne, IN: 2008:29-35. 

3. Macrae Al, et al. Vet Rec. 2006;159:655-661. 

4. Macrae Al, et al. Cattle Practice. 2012;20:120-127. 

5. Gruenberg W. Vet Clin North Am Food A. 
2013;30(2):383. 

6. Gruenberg W, et al. Br J Nutr. 2013;110:1012-1023. 

MULTISYSTEMIC, EOSINOPHILIC, 
EPITHELIOTROPIC DISEASE 
OF HORSES 

Multisystemic, eosinophilic, epitheliotropic 
disease of horses is characterized by eosino¬ 
philic infiltrates in a variety of tissues and 
organs, including the skin, lungs, liver, pan¬ 
creas, biliary tree, and gastrointestinal 
tract. 1,2 Eosinophilic enterocolitis occurs 
either as part of the multisystemic, eosino¬ 
philic, epitheliotropic disease complex or as 
a lone entity. 3 The lone entity (focal, idio¬ 
pathic eosinophilic enteritis) is discussed 
separately (Chapter 7). 

Multisystemic, eosinophilic, epithelio¬ 
tropic disease occurs in adult horses of any 
age and without apparent breed or sex pre¬ 
dilection, although some reports suggest a 
predominance of younger horses that are 
Standardbreds or Quarter horses. 1 The etiol¬ 
ogy is unknown, but some cases are associ¬ 
ated with lymphosarcoma or increased 
numbers of CD3-positive cells in the lesions, 
suggesting that the disease in these horses is 
a result of clonal expansion of a T-lympho- 
cyte population that secretes interleukin-5. 1,2 
The disease is idiopathic in most horses. 

Clinical signs are variable and include 
weight loss in all cases and diarrhea and/or 
dermatitis in approximately two-thirds of 
cases. The disease is usually slowly progres¬ 
sive, with most affected horses having signs 
of the disease for more than 2 months. 1 
Affected horses do not usually have a fever. 
The dermatitis occurs mainly on the face, 
limbs, and ventral abdomen and is exudative, 


with alopecia, hyperkeratosis, and lichenifi- 
cation. Lesions of the coronary band and 
mouth are common. Urticaria occurs in 
some horses. Possible variations of this 
disease include eosinophilic pneumonia 
(distinct from equine multinodular pulmo¬ 
nary fibrosis) and eosinophilic meningoen¬ 
cephalitis, although these diseases do not 
have infiltration of eosinophils into a wide 
range of tissues. 2,4 The disease can cause pul¬ 
monary and hepatic diffuse granulomas, the 
former resulting in veno-occlusive remodel¬ 
ing and epistaxisZ 

Hypereosinophilia is not a consistent 
feature of the disease, and blood leukocyte 
concentrations are usually within the refer¬ 
ence range. Most affected horses have low 
serum protein and albumin concentrations. 
There are often elevations in serum activity 
of gammaglutamyl transpeptidase (GGT) 
and alkaline phosphatase, consistent with 
lesions in the biliary tree. This can be useful 
in differentiating horses with this disease 
from horses with granulomatous enteritis. 

Differential diagnoses include parasit¬ 
ism, both gastrointestinal (cyathostomiasis) 
and pulmonary (D. arnfieldi), other causes of 
protein-losing enteropathy, 6 eosinophilic 
leukemia, and pemphigous foliaceus. Diag¬ 
nosis is based on demonstration of diffuse 
eosinophilic and lymphoplasmacytic infiltra¬ 
tion of the skin, liver, lungs, biliary tract, 
and/or gastrointestinal tract. Rectal biopsy 
can reveal the presence of eosinophilic gran¬ 
ulomas, but these must be differentiated 
from the more common eosinophilic infil¬ 
trate secondary to parasitism, and the test is 
likely not sufficiently specific. 

Treatment is usually ineffective, and 
the prognosis for recovery is very poor. 
Affected horses should be administered an 
anthelmintic in case the disease is a result 
of nematodiasis. Administration of corti¬ 
costeroids (dexamethasone, prednisolone) 
is the usual treatment but is only tran¬ 
siently effective in most cases. Hydroxyurea, 
which is used to treat a similar syndrome 
in people, was only transiently effective in 
one horse. There are no recognized control 
measures. 

FURTHER READING 

Mair TS, Pearson GR, Divers TJ. Malabsorption 
syndromes in the horse. Equine Vet Educ. 
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Principles of Respiratory 
Insufficiency 

The principal function of the respiratory 
system is gas exchange in which oxygen is 
transferred from the environment to the 
blood and carbon dioxide is moved in the 
opposite direction. Other important func¬ 
tions include a role in thermoregulation in 
most species; in acid-base regulation in 
concert with the kidney; in functioning 
as an endocrine organ (e.g., angiotensin¬ 
converting enzyme); in the metabolism of 
metabolically active substances, including 
eicosanoids and nitric oxide; and in the 
immune response to inhaled immunogens 
and pathogens. Capillaries in the lungs of the 
farm animal species and horses also possess 
intravascular macrophages, which are 
important as a reticuloendothelial organ in 
the processing of antigens—an action 
achieved by similar cells in the liver of dogs, 
cats, and humans. Interference with these 
functions can occur in a number of ways and 
can have a variety of manifestations that are 
apparent during disease. The most readily 
apparent failure of the respiratory system is 
failure of gas exchange with resultant hypox¬ 
emia and hypercapnia. However, failure of 
other functions of the respiratory system can 
also result in clinically apparent disease. 

Failure of gas exchange, and the resultant 
hypoxia and hypercapnia, is responsible for 
most of the clinical signs of respiratory 
disease and for respiratory failure, the termi¬ 
nal event of fatal cases. Death as a result of 
respiratory failure is attributable to hypoxia. 
An understanding of hypoxia, hypercapnia, 
and respiratory failure is essential to the 
study of clinical respiratory disease. 


DEFINITIONS 

A number of terms are used to describe the 
function of the respiratory tract, or abnor¬ 
malities that arise because of a variety of dis¬ 
eases. Many of these terms are described in 
more detail in the text that follows, but a 
brief definition of each is provided here: 

• Hypoxia is a broad term meaning 
diminished availability of oxygen to 
tissues. 

• Hypoxemia is deficient oxygenation 
of blood, usually assessed by 
measurement of blood oxygen 
tension, or by measurement of blood 
hemoglobin saturation and 
hemoglobin concentration, and 
subsequent calculation of blood 
oxygen content. 

• Hypercapnia is an abnormally high 
carbon dioxide tension in blood. 

• P a O 2 is the oxygen tension (partial 
pressure) in arterial blood. 

• P A 0 2 is the oxygen partial pressure in 
alveolar gas. 

• P a C0 2 is the carbon dioxide tension 
(partial pressure) in arterial blood. 

• P A C0 2 is the carbon dioxide partial 
pressure in alveolar air. 

• C a 0 2 is the arterial oxygen content 
(milliliters of 0 2 per 100 mL of 
blood). 

• P v 0 2 is the oxygen tension (partial 
pressure) in venous blood. 

• P r C0 2 is the carbon dioxide tension 
in venous blood. 

• Cy0 2 is the venous oxygen content 
(milliliters of 0 2 per 100 mL of 
blood). 

• Respiratory failure is the inability of 
an animal to maintain arterial blood 


oxygenation and carbon dioxide 
tension within the normal range. 

• Dyspnea refers to signs of respiratory 
distress in animals (in humans it 
describes the sensation of air hunger, 
which is a symptom and not a sign). 

• Polypnea is an excessively high rate 
of breathing. 

• Tachypnea is an excessively high rate 
of breathing, with the implication 
that the breathing is shallow. 

• Hyperpnea is an increased minute 
ventilation. 


HYPOXIA 

Failure of the tissues to receive an adequate 
supply of oxygen occurs in a number of ways, 
and the differences are clinically relevant 
because they are associated with failure of 
different organ systems and different dis¬ 
eases, and they have fundamentally different 
pathophysiologic mechanisms 

Hypoxic (or Hypoxemic) Hypoxia 

Hypoxic (or hypoxemic) hypoxia occurs 
when there is inadequate oxygenation of 
blood (hypoxemia) and is usually associated 
with disease of the respiratory tract or other 
causes of hypoventilation. Situations in 
which there is inadequate oxygenation of 
blood in the lungs include hypoventilation, 
ventilation-perfusion mismatches, diffusion 
impairment, low inspired oxygen tension, 
and extrapulmonary right-to-left shunting. 

Hypoventilation occurs in animals with 
depressed consciousness, such as occurs with 
general anesthesia and heavy sedation, or in 
newborns, in which the central respiratory 
drive is suppressed. Airway obstruction 
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caused by the presence of foreign bodies in 
the airway, luminal obstruction by masses 
such as retropharyngeal abscesses in horses 
with strangles, laryngeal spasm, or broncho- 
constriction can cause inadequate alveolar 
ventilation and hypoxemia. Diseases that 
prevent adequate inflation of lungs cause 
alveolar hypoventilation and the consequent 
hypoxemia. These diseases include pneumo¬ 
thorax, pleural effusion, or respiratory 
muscle weakness, such as can occur with 
botulism, tick paralysis, tetanus, strychnine 
poisoning, or severe white muscle disease. 

Ventilation-perfusion (WQ) mis¬ 
matches occur when the distribution of 
blood flow in the lungs does not match the 
distribution of alveolar ventilation, with the 
result that areas of lung that are well venti¬ 
lated are not adequately perfused and those 
areas that are well perfused by blood are not 
well ventilated. Ventilation-perfusion mis¬ 
matches are the most important cause of 
hypoxemia in many lung diseases, including 
pneumonia. 

Diffusion impairment occurs when 
there is decreased transfer of oxygen from 
alveolar air that has a normal P A o 2 to red 
blood cells in alveolar capillaries because of 
increased distance of diffusion through the 
alveolar membranes, such as might occur 
with pulmonary edema; decreased surface 
area available for diffusion, such as occurs 
with positional atelectasis or pulmonary 
embolism; or decreased transit time of red 
cells through the alveolar capillaries, such as 
occurs in horses during heavy exercise. 

Low inspired oxygen tension occurs 
naturally only in animals at high altitude. It 
can also occur during anesthesia if there are 
defects in the ventilator causing low oxygen 
tension in the gases delivered to the animal. 

Extrapulmonary right-to-left shunting 
occurs most commonly as a vascular defect 
(see Ch. 10). 

The actual cause of hypoxemia in an indi¬ 
vidual animal or disease is often multifacto¬ 
rial and not simply a result of one of the 
mechanisms described previously. For 
instance, cows placed in dorsal recumbency 
during general anesthesia become hypox¬ 
emic because of compression of the thorax 
by the abdominal viscera, thereby causing 
hypoventilation and compression atelectasis 
with diffusion impairment, ventilation- 
perfusion mismatching, and reduced cardiac 
output because of reduced venous return. 

Anemic Hypoxia 

Anemic hypoxia occurs when there is a defi¬ 
ciency of hemoglobin per unit volume of 
blood (anemia). The percentage saturation of 
the available hemoglobin and the oxygen 
tension of arterial blood are normal but as a 
result of the low hemoglobin concentration 
the oxygen-carrying capacity of the blood is 
reduced. Anemia resulting from any cause 
has these characteristics. The decrease in 
oxygen-carrying capacity caused by a 50% 


reduction in hemoglobin concentration 
from normal values (from 20 down to 10 g/ 
dL) is much greater than the decrease that 
results from a 50% reduction in arterial 
oxygen tension from normal (e.g., a reduc¬ 
tion from 100 to 50 mm Hg). 

Alteration of hemoglobin to pigments, 
such as methemoglobin or carboxyhemoglo- 
bin, that are not capable of carrying oxygen 
has the same effect on oxygen content as 
anemia. Thus in poisoning caused by nitrite, 
in which hemoglobin is converted to methe¬ 
moglobin, and in that caused by carbon 
monoxide, when the hemoglobin is con¬ 
verted to carboxyhemoglobin, there is 
hypoxia as a result of inadequate oxygen¬ 
ation of blood. 

Circulatory Hypoxia 

Circulatory hypoxia occurs as a result of 
inadequate delivery of oxygen to tissue 
because of inadequate perfusion of tissues by 
blood. The blood is usually adequately oxy¬ 
genated but blood flow rate to tissues is not, 
and therefore the rate at which it delivers 
oxygen to tissue is less than the amount of 
oxygen required to support the metabolic 
function of that tissue. In other words, the 
rate of delivery of oxygen to tissue does not 
match the metabolic requirements of that 
tissue. A common cause of this is low cardiac 
output, such as occurs with congestive heart 
failure or hypovolemic shock. It also occurs 
with local interruption to arterial flow, such 
as the thrombotic emboli of thromboem¬ 
bolic colic of horses or compression of 
vessels, such as in right displacement and 
torsion of the abomasum. 

Histotoxic Anoxia 

Histotoxic anoxia occurs when oxygen deliv¬ 
ery to tissue is adequate because both oxygen 
content of arterial blood and blood flow are 
appropriate, but the tissue is unable to utilize 
oxygen. Cyanide poisoning is the only 
common cause of this form of anoxia. 

Consequences of Hypoxia 

Consequences of inadequate delivery of 
oxygen include changes in almost all body 
systems. The central nervous system and 
heart are most susceptible to the immediate 
and acute effects of hypoxia, whereas clinical 
signs related to hypoxic damage to the 
gastrointestinal tract and kidneys are some¬ 
what delayed. Central nervous system 
hypoxia is evident as mild changes in menta¬ 
tion, such as depression, progressing through 
decreased alertness to coma and death. 
Cardiac changes include a reduction in the 
force and efficiency of contraction as a result 
of impaired myocardial contractility, and an 
increased susceptibility to arrhythmia. The 
kidney, gut, and liver are all metabolically 
active tissues and therefore susceptible to 
hypoxia. Renal function is reduced during 
hypoxia, with the renal medulla being most 
sensitive to decreases in oxygen delivery. 


Signs of gastrointestinal dysfunction during 
hypoxia include ileus, abdominal pain, and 
abdominal distension as a result of accumu¬ 
lation of gas and liquid in the gastrointestinal 
tract. Liver dysfunction can be evident as 
decreases in blood glucose concentration 
and increases in serum activity of liver- 
derived enzymes (alkaline phosphatase, 
gamma-glutamyl transpeptidase, sorbitol 
(inositol) dehydrogenase), and metabolites 
(bile acids, bilirubin). 

Some metabolically active tissues, when 
deprived of oxygen, use anaerobic metabo¬ 
lism to sustain energy supply for short 
periods of time (depending on the tissue, but 
the brain cannot survive without oxygen for 
more than 2-3 minutes). Use of anaerobic 
glycolysis for energy causes metabolic acido¬ 
sis. Animals in respiratory failure therefore 
often have a mixed acid-base disturbance 
characterized by metabolic and respiratory 
acidosis. 

COMPENSATORY MECHANISMS 

Compensation of respiratory insufficiency 
occurs as both short-term and long-term 
events. Short-term compensatory mecha¬ 
nisms for low arterial oxygen tension or 
oxygen delivery to tissues occur within 
seconds to minutes and include respiratory, 
cardiovascular, and behavioral responses. 
Stimulation of respiratory centers in the 
medulla oblongata by low arterial oxygen 
tension (P a o 2 ) and high arterial carbon 
dioxide tension (P a co 2 ) causes an increase in 
respiratory minute volume mediated by an 
increase in tidal volume and respiratory fre¬ 
quency. Both low oxygen tension and high 
carbon dioxide tension in arterial blood, 
together or separately, are potent stimulators 
of these events. Inadequate tissue oxygen¬ 
ation also stimulates an increase in cardiac 
output, mainly as a result of increased heart 
rate and to a lesser extent by an increase in 
stroke volume. Splenic contraction, in those 
species such as the horse in which the spleen 
is an important reservoir of red blood 
cells, increases both blood volume and 
hemoglobin concentration, thereby increas¬ 
ing the oxygen-carrying capacity of blood. 
Hypoxemia also causes animals to attempt 
to decrease their oxygen requirement by 
decreasing physical activity, including 
moving and eating. 

Longer-term compensatory mechanisms 
include an increase in erythropoietin secre¬ 
tion by the kidney with subsequent increases 
in bone marrow production of red blood 
cells and an increase in hemoglobin concen¬ 
tration in blood. This polycythemia increases 
the oxygen-carrying capacity of blood. 
Severe polycythemia, such as occurs with 
congenital cardiac anomalies causing chronic 
right-to-left shunting, increases the viscosity 
of blood and impairs tissue perfusion, 
increases the workload of the heart and the 
risk of thromboembolism. Longer-term 






848 


Chapter 12 


Diseases of the Respiratory System 


compensatory mechanisms also include 
changes in ventilatory pattern, such as in 
horses with heaves, and behavior. 

CARBON DIOXIDE RETENTION 
(HYPERCAPNIA) 

Respiratory insufficiency results in decreased 
elimination of carbon dioxide and its accu¬ 
mulation in blood and tissues. Animals 
breathing room air that are hypercapnic are 
always hypoxemic. Increasing the oxygen 
tension of inspired air can alleviate the 
hypoxemia but, by reducing hypoxic stimu¬ 
lation of the respiratory center, can cause 
further increments in arterial Pco 2 - 

Acute hypercapnia causes a respiratory 
acidosis that reduces both blood and cere¬ 
brospinal fluid pH. The clinical signs of acute 
hypercapnia are initial anxiety followed by 
central nervous system depression and even¬ 
tual coma and death. These clinical abnor¬ 
malities are attributable to declines in the pH 
of cerebrospinal fluid (CSF), a consequence 
of the ease with which carbon dioxide crosses 
the blood-brain barrier. Decreases in CSF 
pH are greater for respiratory acidosis than 
for a similar degree of metabolic acidosis. 
Severe hypercapnia also causes peripheral 
vasodilation, which can contribute to arterial 
hypotension, and cardiac arrhythmia. The 
acid-base effects of chronic hypercapnia are 
compensated by renal mechanisms that 
return the arterial and CSF pH to almost 
normal and therefore do not cause more 
than mild clinical disease in most instances. 
So long as oxygen delivery to tissue is main¬ 
tained, animals can tolerate quite high arte¬ 
rial carbon dioxide tensions for a number of 
days or longer; this is referred to as “permis¬ 
sive hypercapnia” and is sometimes an alter¬ 
native to artificial or mechanical ventilation 
of animals with respiratory insufficiency. 

RESPIRATORY FAILURE 

Respiratory movements are involuntary and 
are stimulated and modified by the respira¬ 
tory centers in the medulla. The centers 
appear, at least in some species, to have spon¬ 
taneous activity that is modified by afferent 
impulses to higher centers, including the 
cerebral cortex and the heat-regulating 
center in the hypothalamus, from the stretch 
receptors in the lungs via the pulmonary 
vagus nerves, and from the chemoreceptors 
in the carotid bodies. The activity of the 
center is also regulated directly by the pH 
and oxygen and carbon dioxide tensions of 
the cranial arterial blood supply. Stimulation 
of almost all afferent nerves may also cause 
reflex change in respiration, with stimulation 
of pain fibers being particularly effective. 

Respiratory failure is the terminal stage of 
respiratory insufficiency in which the activ¬ 
ity of the respiratory centers diminishes to 
the point where movements of respiratory 
muscles cease. Respiratory failure can be 


paralytic, dyspneic or asphyxial, or tachy- 
pneic, depending on the primary disease. 

The respiratory failure that occurs in 
animals with pneumonia, pulmonary edema, 
and upper respiratory tract obstruction is 
caused by combinations of hypoventilation, 
ventilation-perfusion mismatch, and diffu¬ 
sion impairment, which leads to hypercapnia 
and hypoxemia. Hypercapnia and hypoxia 
stimulate the respiratory center, and there is 
a potent respiratory drive evident as mark¬ 
edly increased respiratory rate and effort. As 
the disease progresses these changes become 
more marked until death occurs as a result 
of central nervous system or cardiac failure. 
Animals that die of the central nervous 
system effects of respiratory failure typically 
have dyspnea followed by periods of gasping 
and apnea just before death. 

Paralytic respiratory failure is caused by 
depression of the respiratory centers or 
paralysis of the muscles of respiration. 
Depression of the respiratory center occurs 
with poisoning by respiratory center depres¬ 
sants, such as general anesthetics, or damage 
to the respiratory center, such as might occur 
with brainstem injury. Paralysis of respira¬ 
tory muscles occurs in disease such as 
botulism, tetanus, strychnine poisoning, 
white-muscle disease, severe hypocalcemia, 
and tick paralysis. The signs of paralytic 
respiratory failure are a gradual or abrupt 
cessation of respiratory movements without 
preceding signs of increased respiratory 
effort or dyspnea. The animal is often uncon¬ 
scious, or unable to move, during the later 
stages of the disease. 

The differentiation of these types of 
failure is of some importance in determining 
the type of treatment necessary. In the para¬ 
lytic form of respiratory failure, the optimal 
treatment is mechanical ventilation, along 
with removal of the inciting cause. Adminis¬ 
tration of respiratory stimulants is seldom 
effective as sole therapy. The more complex 
pathogenesis of respiratory failure in most 
diseases requires a therapeutic approach that 
removes each of the underlying defects. In 
most cases this is achieved by treating the 
inciting disease, for example, administering 
antimicrobials to an animal with pneumonia 
or furosemide to an animal with pulmonary 
edema, in addition to supportive care, 
including, potentially, nasal or pharyngeal 
insufflation with oxygen or mechanical 
ventilation. 


Principal Manifestations 
of Respiratory 
Insufficiency 

Respiratory disease is evident as one or more 
of a variety of signs detectable on clinical 
examination. The signs vary with the etiol¬ 
ogy of the disease and its anatomic location. 
Diseases that impair ventilation or gas 


exchange have hypoxemia and hypercapnia 
as prominent life-threatening abnormalities. 
Infectious and inflammatory diseases can 
cause prominent clinical abnormalities as a 
result of a systemic inflammatory response 
and toxemia. The toxemia may be so severe 
(e.g., in calf diphtheria, aspiration pneumo¬ 
nia and equine pleuritis) as to cause death, 
even though oxygen and carbon dioxide 
exchange are not greatly impaired. The 
common signs of respiratory disease are as 
follows: 

• Abnormalities in the rate, depth, or 
ease of breathing 

• Lethargy or exercise intolerance 

• Abnormal posture 

• Abnormal lung sounds 

• Abnormal respiratory noises 

• Coughing 

• Cyanosis 

• Nasal discharge 

• Epistaxis and hemoptysis. 


ABNORMALITIES IN RATE, 
DEPTH, AND EASE OF 
BREATHING 

Polypnea is a rate of breathing that is faster 
than observed in clinically normal animals 
of the same species, breed, age, sex, 
and reproductive status in a similar 
environment. 

Tachypnea also describes an increased 
rate of breathing, although with the implica¬ 
tion that breathing is shallow (i.e., of a 
reduced tidal volume). 

Hyperpnea is an abnormal increase in 
the rate and depth of breathing (an abnor¬ 
mally high minute volume), but the breath¬ 
ing is not labored and is not associated with 
signs from which one could infer represent 
distress on the part of the animal (i.e., the 
animal is not dyspneic). This assessment 
requires measurement of minute ventilation 
or arterial blood gas tensions. 

Dyspnea is a term borrowed from human 
medicine, in which it refers to the sensation 
of shortness of breath or air hunger. It is used 
in veterinary medicine to describe labored 
or difficult breathing in animals that also 
display some signs of distress, such as 
anxious expression, unusual posture or 
stance, or unusual behavior. 

Dyspnea is a physiologic occurrence after 
strenuous exercise and is abnormal only 
when it occurs at rest or with little exercise. 
It is usually caused by hypoxia with or 
without hypercapnia, arising most com¬ 
monly from diseases of the respiratory tract. 
In pulmonary dyspnea one other factor may 
be of contributory importance; there may be 
an abnormally sensitive Hering-Breuer 
reflex. This is most likely to occur when there 
is inflammation or congestion of the lungs or 
pleura. Rapid, shallow breathing results. 

Expiratory dyspnea is prolonged and 
forceful expiration, usually associated with 










diffuse or advanced obstructive lower airway 
disease. The dyspnea of pulmonary emphy¬ 
sema is characteristically expiratory in form 
and is caused by anoxic anoxia and the need 
for forced expiration to achieve successful 
expulsion of the tidal air. It is commonly 
accompanied by an audible expiratory 
grunt in ruminants but less so in pigs and 
almost never in horses. 

Inspiratory dyspnea is prolonged and 
forceful inspiration as a result of obstruction 
of the extrathoracic airways, such as with 
laryngeal obstruction or collapse of the cer¬ 
vical trachea. It may also be associated with 
abnormalities that restrict thoracic expan¬ 
sion, such as restrictive lung diseases and 
space-occupying lesions of the thorax. It is 
accompanied by a stridor or loud harsh 
sound on inspiration when the cause is 
obstruction of the extrathoracic airways, 
such as is typical of laryngeal or tracheal 
disease. 

Open-mouth breathing is labored 
breathing with the mouth held open, com¬ 
monly with the tongue protruded in rumi¬ 
nants and most commonly associated with 
advanced pulmonary disease or obstruction 
of the nasal cavities. 

DISEASES CAUSING DYSPNEA AT 
REST OR LACK OF EXERCISE 
TOLERANCE 

Dyspnea, along with hypoxemia and hyper¬ 
capnia, are the clinical and laboratory find¬ 
ings most likely to attract attention to the 
possible presence of disease in the respira¬ 
tory system. It is most important, when 
attempting to differentiate diseases that 
cause dyspnea, to include diseases of systems 
other than the respiratory system that can 
result in dyspnea. Dyspnea at rest is usually, 
but not always, caused by respiratory tract 
disease, whereas exercise intolerance can be 
caused by disease in the respiratory, cardio¬ 
vascular, musculoskeletal, and other body 
systems. 

Respiratory Tract Disease 

Respiratory tract diseases interfere with 
normal gas transfer, through the mecha¬ 
nisms discussed previously. Characteristics 
of respiratory disease that lead to dyspnea or 
lack of exercise tolerance include the 
following: 

• Flooding of alveoli with 
inflammatory cells and/or protein- 
rich fluid—pneumonia and 
pulmonary edema 

• Atelectasis (collapsed alveoli and 
small airways)—pleural effusion, 
hemothorax, hydrothorax, 
pneumothorax, chylothorax, 
pyothorax, prolonged recumbency of 
large animals, and diaphragmatic 
hernia 

• Airway obstruction—nasal 
obstruction, pharyngeal/laryngeal 
obstruction, tracheal/bronchial 
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obstruction, bronchoconstriction, 
and bronchiolar obstruction. 

Cardiovascular Disease 

Cardiovascular disease causes inadequate 
perfusion of tissues including the lungs. 
There is reduced oxygen delivery to tissues, 
even in the presence of normal arterial 
oxygenation. 

• Cardiac disease. Cardiac dyspnea 
results from heart failure and is 
multifactorial. In animals with 
dyspnea attributable to cardiac 
disease, there are other readily 
evident signs of heart failure. 

• Peripheral circulatory failure— 
usually as a result of hypovolemic 
shock, although shock associated 
with toxemia, including 
endotoxemia, can cause dyspnea. 
There are always other prominent 
signs of disease. 

Diseases of the Blood 

Diseases of the blood cause inadequate deliv¬ 
ery of oxygen to tissues because of anemia or 
presence of hemoglobin that is unable to 
carry oxygen. 

• Anemia—an abnormally low 
concentration of hemoglobin 

• Altered hemoglobin— 
methemoglobinemia (e.g., in nitrite 
poisoning of cattle, red maple 
toxicosis of horses), 
Carboxyhemoglobinemia 

Nervous System Diseases 

Diseases of the nervous system affect 
respiratory function by one of several 
mechanisms: 

• Paralysis of respiratory muscles 

occurs in tick paralysis or botulism. 
Tetanic spasm of respiratory muscles, 
such as in tetanus or strychnine 
toxicosis, also impairs or prevents 
alveolar ventilation. Both flaccid and 
tetanic paralysis cause hypercapnia 
and hypoxemia and, in extreme 
situations, death by suffocation. 

• Paralysis of the respiratory center, 
as in poisoning by nicotine sulfate, 
or overall central nervous system 
depression, causes hypoventilation 
because of impaired ventilatory 
drive. 

• Stimulation of the respiratory 
center, so-called neurogenic 
dyspnea, occurs as a result of 
stimulation of the center by a small 
irritative lesion, such as in animals 
with encephalitis, or administration 
of drugs, such as lobeline, that 
increase sensitivity of the respiratory 
center to hypoxemia or hypercapnia. 

Musculoskeletal Diseases 

• Muscle diseases—diseases of the 
respiratory muscles can impair 


ventilation. These include white- 
muscle disease in lambs, calves, and 
foals, and some congenital diseases 
(such as glycogen branching-enzyme 
deficiency in foals). 

• Fatigue—animals with primary 
severe respiratory disease can 
develop fatigue of the respiratory 
muscles (intercostal, diaphragm, 
accessory muscles of respiration), 
which can further impair ventilation. 

• Trauma—fractured ribs can impair 
ventilation both because of the pain 
of breathing and because of 
mechanical disruption to respiration 
(flail chest). 

General Systemic States 

Tachypnea can occur in a number of sys¬ 
temic states in which there is no lesion of the 
respiratory tract or nervous system. These 
include: 

• Pain—such as in horses with colic 

• Hyperthermia—as can occur with 
intense or strenuous exercise 

• Acidosis—as a metabolic disturbance 
associated with any of a number of 
diseases but notably gastrointestinal 
disease that causes excessive loss of 
cationic electrolytes in feces 

Environmental Causes 

• Low inspired oxygen tension, such as 
in animals at high altitude 

• Exposure to toxic gases. 

Miscellaneous Poisons 

A number of poisons cause dyspnea as a 
prominent sign, but in most cases the patho¬ 
genesis has not been identified. These poisons 
include the following: 

• Farm chemicals, including 
metaldehyde and dinitrophenols 
(probable mechanism is stimulation 
of respiratory center) 

• Organophosphates and carbamates 
(probable mechanism is alteration of 
pulmonary epithelium), urea 
(probably effective as ammonia 
poisoning) 

• Nicotine depressing the respiratory 
center 

• Poisonous plants, including fast- 
death factor of algae and the weeds 
Albizia, Helenium, Eupatorium, 
Ipomoea, Taxus spp., and Laburnum 
and ironwood ( Erythrophleum spp.), 
all appear to act at least in part by 
central stimulation. 

ABNORMAL POSTURE 

Animals with respiratory disease, and espe¬ 
cially those in respiratory distress, often 
adopt an unusual posture and are rarely 
recumbent except in the terminal stages of 
the disease. Animals in severe respiratory 
distress will stand with the head and neck 
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held low and extended. Animals, except 
horses, will often have open-mouthed 
breathing. Horses, except in extreme and 
unusual circumstances, are unable to breathe 
through the mouth because of the anatomic 
arrangement of the soft palate, which effec¬ 
tively provides an airtight barrier between 
the oropharynx and nasopharynx. Cattle 
with severe respiratory distress and open- 
mouthed breathing will often drool large 
quantities of saliva—probably a consequence 
of decreased frequency of swallowing as the 
animal labors to breathe. 

The positioning of the legs is often 
abnormal. Severely affected animals, and 
those with pleuritic pain (horses or cattle 
with pleuritis) or severe respiratory distress, 
will usually stand with elbows (humerora¬ 
dial joint) abducted. The animals are reluc¬ 
tant to move but when forced to do so can 
react violently. They are resistant to diag¬ 
nostic or therapeutic interventions that 
interfere even transiently with their ability 
to breathe. 

NORMAL AND ABNORMAL 
BREATH SOUNDS 

Auscultation of the lungs and air passages is 
the most critical of the physical examinations 
made of the respiratory system. The exami¬ 
nation should be performed in as quiet an 
environment as possible, although it is often 
difficult to achieve a silent listening environ¬ 
ment in large animal practice. The animal 
should be adequately restrained so that the 
examiner can concentrate on the lung 
sounds, and should not be sedated or anes¬ 
thetized because of the depression in lung 
sounds that can occur in these instances. To 
be effective and diagnostically reliable, aus¬ 
cultation must be systematic. Both the upper 
and lower parts of the respiratory tract must 
be examined in every case. It is preferable to 
begin the examination by auscultating the 
larynx, the trachea, and the area of the tra¬ 
cheal bifurcation to assess the rate of airflow 
and the volume of air sound to be heard over 
the lungs. 

GENERATION OF BREATH SOUNDS 

The animal must be breathing to generate 
lung sounds. The lung sounds are generated 
by movement of air in the large and midsized 
airways, including the trachea and bronchi. 
The greater the velocity of air in the airways, 
the louder the noise, explaining the loud 
sounds that are generated in the trachea. Air 
movement in the bronchioles, terminal 
airways, and alveoli is silent because of the 
large combined cross-sectional area of these 
airways and consequent low velocity of air 
movement and laminar character of the 
airflow. Sound is generated by turbulent 
airflow and the degree of turbulence is 
affected by the velocity of airflow and the 
diameter of the airway. This sound is then 
transmitted through the lung and chest wall 


to the surface of the thorax, where it can be 
detected by use of a stethoscope. 

Quiet breath sounds can be a result of low 
tidal volume with resultant low velocity of 
airflow or impaired transmission of sounds 
to the surface of the chest. Sound is transmit¬ 
ted most readily through dense liquids such 
as water. Most tissue, except fat, is approxi¬ 
mately 70% water and transmits sounds 
readily. Sound is reflected at the interface of 
two media of markedly different densities— 
such as air and tissue—and less sound is 
transmitted. Thus in the normal lung there is 
marked attenuation (softening) of breath 
sounds because of the extensive air-tissue 
interfaces. This is evident by comparing the 
intensity of breath sounds heard over the 
trachea to those heard over the chest wall. 
However, lung sounds are more readily 
transmitted when areas of the lung do not 
contain air, such as occurs with atelectasis, 
pulmonary edema or infiltration of lung by 
inflammatory exudates. Sounds generated in 
the large airways are more readily transmit¬ 
ted through this consolidated tissue and are 
evident at the chest wall as louder bronchial 
breath sounds. The presence of bronchial 
breath sounds that are audible on the chest 
surface is dependent on the presence of a 
patent bronchus with airflow to generate the 
lung sounds and of tissue that readily trans¬ 
mits the sounds generated in the bronchus. 
Lung sounds will not be heard if they are not 
generated (as a result of lack of airflow in 
bronchi) or are muffled by extensive accu¬ 
mulations of fluid or fat between the lung 
and the chest wall. Lung sounds are reduced 
in animals with airflow of low velocity in 
large airways, such as occurs in animals with 
low tidal volumes, or in which there is oblit¬ 
eration of the bronchial lumen by fluid or 
tissue. Low tidal volumes occur in animals at 
rest or in those in which there is rapid but 
shallow (low tidal volume) breathing. Oblit¬ 
eration of the bronchial lumen occurs in 
many diseases, including pneumonia. 

REBREATHING ("BAGGING") 
EXAMINATION 

Detection of abnormal lungs sounds is opti¬ 
mized by increasing the animal’s tidal 
volume, and thereby the velocity of airflow 
in large airways. An expeditious means of 
temporarily increasing the animal’s tidal 
volume is to occlude the nostrils for a brief 
period (30-60 seconds). When the animal is 
again allowed to breathe, it will take several 
large, deep breaths, during which lung 
sounds can be auscultated. However, the 
increase in tidal volume is transient and does 
not permit time for detailed auscultation of 
the chest. A preferred technique is to place 
an airtight bag over the animal’s muzzle such 
that all the air that it inhales is contained 
within the bag. The volume of air in the bag 
should exceed the anticipated stimulated 
tidal volume of the animal. As a rule of 
thumb, the volume of the bag should be 


sufficient to allow the animal a tidal volume 
of 10 to 15 ml of air per kilogram of body 
weight (BW). A 500-kg horse or cow there¬ 
fore needs a bag that contains 10 L of air. 
Hyperventilation is stimulated by an increase 
in carbon dioxide content of inspired air 
with subsequent hypercapnia and stimula¬ 
tion of the respiratory center. A more refined 
technique has the animal inhaling gas that is 
5% carbon dioxide and 95% oxygen, thereby 
preventing hypoxemia as a result of the 
examination. Rebreathing examinations (or 
“bagging”) are not indicated if abnormal 
lung sounds are detected on initial examina¬ 
tion because the results of the rebreathing 
examination will not add any additional 
information. Animals in respiratory distress 
should not be subjected to a rebreathing 
examination because it might worsen the 
hypoxemia or hypercapnia already present 
and is inhumane. Rebreathing examinations 
are indicated when respiratory disease is sus¬ 
pected but initial auscultation of the thorax 
does not reveal abnormal lung sounds. 

INTERPRETATION OF 
BREATH SOUNDS 

Terminology used to describe normal and 
abnormal lung sounds is now well estab¬ 
lished and should be used consistently so 
that it is a useful diagnostic aid. Associations 
between abnormal respiratory sounds and 
diseases and abnormalities of respiratory 
function are well established. Correct identi¬ 
fication of lung sounds, and consistency in 
terms used to describe them, therefore 
permits greater diagnostic accuracy and pro¬ 
vides the ability to accurately and precisely 
describe diseases. The identification and 
clinical significance of respiratory sounds are 
summarized in Table 12-1. The clinician 
must carefully auscultate both the upper 
respiratory tract (larynx, trachea) and the 
entire aspects of both lung fields and inter¬ 
pret the sounds that are audible or not 
audible. The variables that must be inter¬ 
preted include the following: 

• The nature of the sounds (increased 
or decreased breath sounds, crackles 
or wheezes) 

• The timing of the sounds in the 
respiratory cycle 

• Their anatomic location. 

The questions that should be asked are as 
follows: 

• Are breath sounds audible? 

• Are the breath sounds of normal 
intensity? 

• Are the breath sounds normal or 
abnormal? 

• If abnormal sounds are present, what 
are they (crackles, wheezes, stridor, 
stertor, etc.; see Table 12-1)? 

• Are breath sounds audible over all 
lung fields? 

Interpretation of these variables should indi¬ 
cate the nature of the lesion. Examples are 
summarized in Table 12-1. Lung sounds can 
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Table 12-1 Identification and clinical significance of breath sounds 

Sounds 

Acoustic characteristics 

Significance and examples 

Normal breath 
sounds 

Soft blowing sounds, longer and louder on 
inspiration than on expiration, audible over the 
trachea and lungs. 

Normal respiratory tract 

Increased audibility 
of breath sounds 

Mild to moderate increase in loudness of breath 
sounds audible on inspiration and expiration over 
the trachea and lungs. 

Any factor that increases respiratory rate or depth of respirations, including 
fever, excitement, exercise, high environmental temperatures, lung disease. 
Harsh loud breath sounds are audible over the lungs with any disease 
resulting in collapse or filling of alveoli and leaving bronchial lumina open; 
pulmonary consolidation and atelectasis. 

Decreased audibility 
of breath sounds 

Decreased audibility of breath sounds on inspiration 
and/or expiration over the lungs. 

Obese animal, pleural effusion, space-occupying mass of lung or pleural cavity, 
pneumothorax, diaphragmatic hernia, occlusive (lung) airway disease as in 
bronchial lumen filled with exudate. 

Crackles 

Short duration, interrupted, nonmusical breath 
sounds. Coarse crackles are loud and most 
commonly heard over large airways in animals 
with pulmonary disease and may be heard during 
inspiration and expiration. Fine crackles are of 
short duration, less intense, and higher pitched. 

Coarse crackles are caused by air bubbling through, and causing vibrations in, 
secretions in large airways. Fine crackles are caused by sudden explosive 
popping open of a series of airways closed during expiration. May be 
detected in early or late inspiration. Suggest the presence of secretions and 
exudate in airways and edematous bronchial mucosa as in exudative 
bronchopneumonia, tracheobronchitis, aspiration pneumonia, and obstructive 
pulmonary disease. Loud crackles may be audible in animals with interstitial 
pulmonary emphysema. 

Wheezes 

Continuous musical-type squeaking and whistling 
sounds audible over the lungs. 

Narrowing of large airways; expiratory polyphonic wheezing common in equine 
reactive airway disease bronchopneumonia, any species; inspiratory 
monophonic wheezing occurs when upper extrathoracic airways are 
constricted, such as in laryngeal disease. 

Pleuritic friction 
sounds 

"Sandpaper-like" sound; grating; sound close to 
the surface; on inspiration and expiration; tend 
to be jerky and not influenced by coughing. 

Pleuritis; diminish or disappear with pleural effusion. 

Stridor 

A harsh, high-pitched sound on inspiration audible 
with or without stethoscope over the larynx and 
trachea. 

Obstruction of upper airways, especially the larynx (as a result of edema, 
laryngitis, paralysis of vocal cord); prime example is calf diphtheria or 
retropharyngeal abscessation in strangles in horses or tracheal collapse in 
horses. 

Stertor 

Snoring sound (low-pitched, coarse, and raspy) 
audible without a stethoscope on inspiration and 
expiration over the pharyngeal and laryngeal 

Partial obstruction of the upper respiratory tract, commonly attributable to 
abnormalities of soft palate and nasopharynx. 

Expiratory grunting 

Loud grunting on expiration, which is usually forced 
against a closed glottis with sudden release, 
audible on auscultation of the thorax, over the 
trachea, and often audible without the aid of a 
stethoscope. 

Severe diffuse pulmonary emphysema; pleuropneumonia and pericarditis; 
extensive consolidation; in acute pleurisy and peritonitis; a groan indicating 
pain may occur. 

Transmitted upper 
respiratory tract 
breath sounds 

Abnormal tracheal breath sounds (crackles and 
wheezes) audible by auscultation over the 
extrathoracic trachea during inspiration. 

Indicates presence of abnormalities of the upper respiratory tract (larynx, 
nasopharynx, nasal cavities, and upper trachea), resulting in accumulation of 
respiratory secretions causing constriction of airways. Laryngitis is an 
excellent example. 

Extraneous sounds heard on auscultation of respiratory tract 

Crepitations in Loud superficial crackling sounds induced by 

subcutaneous movement of stethoscope over the skin, 

tissues 

Subcutaneous emphysema from pulmonary emphysema in cattle; trauma to 
any part of respiratory tract that results in penetration of airway, allowing 
accumulation of air subcutaneously; gas-forming bacteria in subcutaneous 
tissues. 

Peristaltic sounds 

Gurgling, grating, rumbling, squishing sounds 
audible over the lungs. 

Gastrointestinal sounds transmitted from the abdomen: ruminal sounds in 
cattle; stomach and intestinal sounds in horse. Does not indicate 
diaphragmatic hernia unless other evidence such as an absence of breath 
sounds is present. 


be divided into normal breath sounds and 
abnormal breath sounds. 

Breath sounds are produced by air move¬ 
ment through the tracheobronchial tree. The 
terms bronchial sounds and vesicular sounds 
are not anatomically accurate or based on 
physiologic principles and should not be 
used. The term breath sounds should be used. 


These are the sounds that are audible clearly 
over the trachea and that are attenuated over 
the lungs. Breath sounds are of normal, 
increased, or decreased intensity. Abnor¬ 
mally loud or soft breath sounds can be 
attributed to either changes in sound pro¬ 
duction in the airways by changes in flow 
rate or altered transmission of sound through 


various normal or abnormal tissues or fluids 
in the thorax, as discussed previously. 

Normal Breath Sounds 

Normal breath sounds vary in quality 
depending on where the stethoscope is 
placed over the respiratory tract. They are 
loudest over the trachea and base of the lung 
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and quietest over the diaphragmatic lobes of 
the lung. Normal breath sounds are louder 
on inspiration than on expiration because 
inspiration is active with more rapid airflow, 
whereas expiration is passive in normal 
animals and associated with lower rates of 
airflow. Breath sounds may be barely audible 
in obese animals or in the noisy surround¬ 
ings common in field conditions. 

Increased loudness of breath sounds is 
heard in normal animals with increased 
respiratory rate and depth of respiration. 
This can occur for physiologic reasons such 
as exercise, excitement or a high environ¬ 
mental temperature. They can also occur in 
abnormal states such as fever, acidosis, or 
pulmonary congestion in early pneumonia 
or myocardial disease. 

Decreased loudness or an almost com¬ 
plete absence of breath sounds occurs in 
pleural effusion or pneumothorax because of 
almost complete reflection of the breath 
sounds at the pleural surface as a result of the 
mismatching of the acoustic properties of the 
pleural tissues and fluids. Space-occupying 
masses between the lung and the thoracic 
wall also cause a relative absence of breath 
sounds over the site as do areas of lung that 
are not ventilated, such as a pulmonary 
abscess. Thoracic auscultation is of limited 
value in detecting localized areas of consoli¬ 
dation in the lungs of calves or foals, with 
ultrasonographic examination having much 
greater sensitivity. The sensitivity of auscul¬ 
tation to detect lung consolidation, detected 
by ultrasonographic examination, in calves is 
only 6%. 1 Computer-aided lung auscultation 
has a reasonable sensitivity for detection of 
bovine respiratory disease in feedlot cattle 
(93%) compared with clinical examination 
by a veterinarian. 2 

Increased loudness of breath sounds 

occurs in some instances and can have diag¬ 
nostic importance. The normal breath 
sounds heard over the trachea may sound 
abnormally loud over the lungs because of 
changes in the transmission properties of the 
respiratory system. This is because when 
sound waves pass through structures of dif¬ 
ferent physical properties, the amount of 
sound transmitted depends on the matching 
of acoustic properties of the different struc¬ 
tures. Consolidation results in less reflection 
of sound at the thoracic wall and conse¬ 
quently more transmission to the stetho¬ 
scope. Thus in consolidation, the breath 
sounds are much louder than normal. These 
are harsh breath sounds that approximate 
those heard over the trachea. They are 
audible on inspiration and expiration but 
become louder on expiration in abnormal 
states such as consolidation or atelectasis. 
Any disease in which the bronchial lumen 
remains open and the surrounding lung 
tissue has been replaced by cells, exudate, or 
tissues (consolidation) that transmit sound 
without reflection will result in increased 
bronchial sounds. 


Abnormal Breath Sounds 

Abnormal breath sounds include crackles 
and wheezes. Crackles are discontinuous 
sounds and wheezes are continuous sounds. 

Crackles are abnormal lung sounds 
described as clicking, popping or bubbling 
sounds. They are caused by airways that 
remain closed for a portion of inspiration 
and then suddenly open. The crackling is 
caused by the sudden equalization of pres¬ 
sure between the proximal and distal part of 
the airway. Crackles may thus be caused by 
the presence of exudate and secretions in the 
airways, and edematous bronchial mucosa. 
Crackling lung sounds are also audible in 
cattle with interstitial pulmonary emphy¬ 
sema. Crackling sounds may move their 
point of maximum intensity following 
coughing, presumably as a result of move¬ 
ment of exudate. 

Wheezes are continuous whistling, 
squeaking sounds caused by vibrations of 
airways or air passing through a narrowed 
airway. They can be characterized as 
monophonic (single tone) or polyphonic 
(multiple tones) and by the timing of their 
occurrence in the respiratory cycle. Inspira¬ 
tory wheezing suggests obstruction of the 
upper airways, usually extrathoracic. Expira¬ 
tory wheezing usually indicates intrathoracic 
airway obstruction, such as bronchocon- 
striction, with or without distal airways 
that are narrowed because of tenacious 
exudate. 

Pleuritic friction sounds are a combina¬ 
tion of continuous and discontinuous sounds 
produced by the rubbing together of inflamed 
parietal and visceral pleura. The sound is 
loud, coarse, and usually not influenced by 
coughing. Pleuritic friction sounds are not 
common, and their absence does not pre¬ 
clude the presence of pleuritis, particularly in 
the horse. Pleuritic friction rubs may also 
occur in cattle with severe diffuse pulmonary 
emphysema as the relatively dry parietal and 
visceral surfaces rub together during the 
respiratory cycle. 

Absence of lung sounds occurs when the 
breath sounds are reflected at the interface 
between the lung and thoracic wall by the 
presence of a medium such as a space- 
occupying mass, fluid, or air. The common 
causes of the “silent lung” include pleural 
effusion; space-occupying masses of the 
thorax; large pulmonary abscess; complete 
destruction of a lobe of lung including the 
terminal airways, such as can occur with 
bronchial lumen occlusion by a foreign body 
or tumor; and diaphragmatic hernia. 

Extraneous sounds are miscellaneous 
unexpected sounds that are occasionally 
audible over the thorax and include peristal¬ 
tic sounds, skin and hair sounds caused by 
the stethoscope, crepitating sounds as a result 
of subcutaneous emphysema, and muscular 
contractions. Subcutaneous emphysema 
occurs in diseases in which there is leakage 
of air from the lungs or airways into the 


subcutaneous space. This occurs with bullous 
lung disease in cattle, rib fractures and pneu¬ 
mothorax, and after percutaneous tracheal 
aspirate in animals that cough. Coughing in 
these animals causes air to be forced out of 
the trachea through the hole through which 
the tracheal aspirate was obtained. This 
occurs in the period of coughing when intra¬ 
tracheal pressures are markedly increased 
just before the opening of the glottis. 

RESPIRATORY NOISES 

Respiration may be accompanied by audible 
noises that indicate certain normal or abnor¬ 
mal occurrences in the respiratory tract such 

as sneezing, snorting, stridor, stertor or 
snoring, wheezing, roaring, expiratory 
grunting, and snuffling, bubbling, and rat¬ 
tling sounds. 

Sneezing is a sudden, involuntary, 
noisy expiration through the nasal cavities 
caused reflexively by irritation of the nasal 
mucosae. Sneezing occurs in rhinitis and 
obstruction of the nasal cavities and digital 
manipulation and examination of the nasal 
mucosae. 

Snorting is a forceful expiration of air 
through the nostrils as in a sneeze, but a 
snort is a voluntary act used by horses and 
cattle as a device to intimidate potential 
predators. 

Stridor is an inspiratory stenotic sound 
originating from a reduction in the caliber of 
the larynx, as occurs in laryngeal edema and 
abscess. 

Stertor or snoring is a deep guttural 
sound on inspiration originating from vibra¬ 
tions of pharyngeal mucosa. Snoring is often 
intermittent, depending on the animal’s 
posture. For example, a fat young bull 
will often snore when he is dozing half 
asleep, with his head hung down, but the 
snore will disappear when he is alert and his 
head is held up in a more normal position. 
Stertor can occur during expiration in 
horses with dorsal displacement of the soft 
palate. 

Wheezing is a high-pitched sound made 
by air flowing through a narrow lumen, such 
as a stenotic or inflamed nasal cavity. 

Roaring may occur during exercise and 
is caused by air passing through a larynx 
with a reduced lumen (e.g., laryngeal hemi¬ 
plegia in horses). 

Expiratory grunting is a clearly audible 
grunting noise synchronous with expiration. 
It is most common in cattle with diffuse pul¬ 
monary disease. A painful grunt may occur 
in painful diseases of the thorax such as 
fibrinous pleuritis and is unassociated with 
inspiration or expiration. 

Snuffling, bubbling, or rattling sounds 
may be audible over the trachea or base of 
the lungs when there is an accumulation of 
secretion, or exudate, in the nasal cavities, 
larynx, or trachea. These are most clearly 
audible on inspiration. 
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COUGHING 

A cough is an explosive expiration of air 
from the lungs. It is initiated by reflex stimu¬ 
lation of the cough center in the medulla 
oblongata by irritation of sensory receptors 
in one of various organs, especially the respi¬ 
ratory tract. The stimulus may originate in 
the pharynx, larynx, trachea, or bronchi. 
Coughing may also be initiated by irritation 
of the esophagus, as in choking. The act of 
coughing consists of several stages: 

• Deep inspiration followed by closure 
of the arytenoid cartilages (glottis) 

• Compression of the air in the lungs 
and large increase in pressure in the 
thorax and airways by a forced 
expiratory effort against a closed 
glottis 

• A sudden relaxation of the arytenoid 
adductor muscles, resulting in 
opening of the larynx and abrupt, 
vigorous, and forced expiration. 
Coughing in horses is associated 
with transient dorsal displacement of 
the soft palate so that material in the 
airways caudal to the larynx is 
expelled through the mouth. 

• The sudden opening of the glottis 
allows an explosive expiration, 
during which the linear velocity 
attains a speed of several hundred 
kilometers per hour. The 
intrathoracic airways collapse after 
opening of the glottis during the 
forced expiration, whereas the 
extrathoracic airways are 
momentarily dilated. 

The purpose of coughing is to remove the 
excess mucus, inflammatory products or 
foreign material from the respiratory tract 
distal to the larynx. An example of where 
impaired ability to cough reduces the capac¬ 
ity to clear tracheal respiratory secretions is 
in horses after surgical correction for recur¬ 
rent laryngeal neuropathy. In this instance 
one side of the glottis is fixed open, thereby 
preventing the horse from achieving high 
flow rates normal associated with the explo¬ 
sive stage of coughing. This markedly reduces 
expectoration of material in the trachea. 

Coughing indicates the existence of 
primary or secondary respiratory disease. 

Coughing can be assessed according to 
several characteristics. Coughing is infre¬ 
quent in the early stages of respiratory tract 
disease but can become frequent as the 
degree of inflammation in the larynx, trachea 
and bronchi becomes more severe. Assess¬ 
ment of the severity of coughing, at least in 
horses, requires prolonged observation 
(preferably for an hour). Coughing is a fairly 
specific but not very sensitive indicator of 
pulmonary inflammation. If coughing is 
detected, it is quite likely that the animal has 
inflammation of the airways, whereas failure 
to detect coughing does not reliably rule out 
the presence of clinically significant airway 


inflammation. The severity of coughing in 
horses is closely linked to the severity of 
inflammation and accumulation of mucopus 
in the airways. Racehorses that cough are 10 
times more likely to have more than 20% 
neutrophils in a tracheal aspirate and more 
than 100 times more likely to have more than 
80% neutrophils. The frequency of coughing 
correlates well with maximal changes in 
pleural pressure, extent of mucus accumula¬ 
tion, and proportion of neutrophils in bron- 
choalveolar lavage fluid of horses with heaves 
(recurrent airway obstruction). Coughing is 
therefore a specific indicator of the presence 
of respiratory inflammation. 

The frequency of coughing is an indicator 
of the severity of lung disease in horses and 
presumably in other species. Horses that 
cough more than four times per hour have 
increased likelihood of mucus accumulation 
and higher pleural pressure changes during 
breathing than do horses that cough fewer 
than four times per hour. Use of cough 
sound analysis enables detection of out¬ 
breaks of respiratory disease in pigs 
and housed calves. Automated sound analy¬ 
sis systems can differentiate sounds of 
coughing from other sounds in the barn or 
piggery. 3 ' 5 

A cough cannot be induced in normal 
adult cattle and horses by manual manipula¬ 
tion of the larynx or trachea. If a cough can 
be induced in an adult horse by manual 
manipulation of the larynx or trachea, then 
this indicates airway inflammation and is a 
reason for further examination of the respi¬ 
ratory tract. 

The most common causes of coughing in 
farm animals are diseases of the larynx, 
trachea, bronchi and lungs, which are pre¬ 
sented under the headings of diseases of 
those parts of the respiratory tract later in 
this chapter. 

CYANOSIS 

Cyanosis is a bluish discoloration of the skin, 
conjunctivae, and visible mucosae caused by 
an increase in the absolute amount of 
reduced hemoglobin in the blood. It can 
occur only when the hemoglobin concentra¬ 
tion of the blood is normal or nearly so, and 
when there is incomplete oxygenation of the 
hemoglobin. Cyanosis is apparent when the 
concentration of deoxygenated hemoglobin 
in blood is greater than 5 g/dL (50 g/L). Cya¬ 
nosis does not occur in anemic animals. The 
bluish discoloration should disappear when 
pressure is exerted on the skin or mucosa. In 
most cases, the oral mucous membranes are 
examined for evidence of cyanosis, although 
the skin of the pinna and the urogenital 
mucous membranes will suffice. Examina¬ 
tion of vaginal mucosa is preferred in horses 
that have severe congestion of the oral and 
nasal mucosa as a result of disease affecting 
the head, such as cellulitis or bilateral jugular 
thrombophlebitis. Artificial lighting and skin 


pigmentation affect the ability to detect 
cyanosis. 

Methemoglobinemia is accompanied by 
discoloration of the skin and mucosae but 
the color is more brown than blue and cannot 
be accurately described as cyanosis. 

Cyanosis is classified as central or periph¬ 
eral. Central cyanosis is present when arte¬ 
rial oxygen saturation is below normal with 
concentration of deoxygenated hemoglobin 
exceeding 4 to 5 g/dL. Peripheral cyanosis 
occurs when there is localized desaturation 
of blood despite arterial oxygen saturation 
being normal. This usually occurs because 
there is diminished blood flow to tissue, with 
a resulting increase in oxygen extraction by 
the ischemic tissues and low end-capillary 
and venous hemoglobin saturation. 

Central cyanosis is caused by diseases 
include the following: 

• Congenital cardiac diseases that 
cause right-to-left shunting 

• Pulmonary diseases that cause 
hypoemia—cyanosis is not usually 
marked in pulmonary disease unless 
the degree of ventilation-perfusion 
mismatch is severe. 

• Upper airway obstruction causing 
hypoxemia—cyanosis is common 
and is a sign of life-threatening 
disease in severe cases of laryngeal 
obstruction, as occurs in severe 
laryngitis in calves with necrotic 
laryngitis or horses with bilateral 
laryngeal paralysis (lead poisoning, 
after tracheal intubation during 
anesthesia, idiopathic). 

• Abnormalities in hemoglobin 
function. 

Peripheral causes of cyanosis include the 
following: 

• Arterial obstruction, such as is seen 
in horses with aortoiliac thrombosis 
(“saddle thrombus”) or thrombosis 
of distal limbs (such as can occur 
with severe septicemia) 

• Venous obstruction 

• Severe vasoconstriction 

Central cyanosis is characterized by 
decreased arterial oxygen saturation as a 
result of right-to-left shunting of blood or 
impaired pulmonary function. Central cya¬ 
nosis resulting from congenital heart disease 
or pulmonary disease characteristically 
worsens during exercise. Central cyanosis 
usually becomes apparent at a mean capillary 
concentration of 4 to 5 g/dL reduced 
hemoglobin (or 0.5 g/dL methemoglobin). 
Because it is the absolute quantity of reduced 
hemoglobin in the blood that is responsible 
for cyanosis, the higher the total hemoglobin 
content, the greater the tendency toward cya¬ 
nosis. Thus cyanosis is detectable in patients 
with marked polycythemia at higher levels of 
arterial oxygen saturation than in patients 
with normal hematocrit values, and cyanosis 
may be absent in patients with anemia 
despite marked arterial desaturation. Patients 
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with congenital heart disease often have a 
history of cyanosis that is intensified during 
exertion because of the lower saturation of 
blood returning to the right side of the heart 
and the augmented right-to-left shunt. The 
inspiration of pure oxygen (100% Ffo) will 
not resolve central cyanosis when a right-to- 
left shunt is present, but it can resolve when 
primary lung disease or polycythemia is 
causing the cyanosis. 

Peripheral cyanosis is caused by obstruc¬ 
tion of blood flow to an area. This can occur 
as a result of arterial or venous obstruction, 
although it is usually more severe when arte¬ 
rial blood flow is obstructed. Obstruction of 
arterial blood flow also causes the limb to be 
cold and muscle and nerve function in the 
ischemic area to be impaired. Cyanosis can 
also occur as a result of cutaneous vasocon¬ 
striction attributable to low cardiac output or 
exposure to cold air or water. It usually indi¬ 
cates stasis of blood flow in the periphery. If 
peripheral cyanosis is localized to an extrem¬ 
ity, arterial or venous obstruction should 
be suspected. Peripheral cyanosis resulting 
from vasoconstriction is usually relieved by 
warming the affected area. 

Heart failure can cause cyanosis that is 
restricted to the extremities, probably 
because of reduced blood flow to extremities 
during this disease and the consequent 
markedly lower end-capillary oxygen 
content. Blood in the venous end of the 
capillaries, and in the venous bed draining 
these tissues, is therefore deoxygenated and 
cyanosis is observed. Although this type of 
cyanosis has a peripheral distribution, its 
underlying cause is central. 

NASAL DISCHARGE 

Excessive or abnormal nasal discharge is 
usually an indication of respiratory tract 
disease. Nasal discharges are common in all 
the farm animal species. Cattle can remove 
some or all of the nasal discharge by licking 
with their tongue, whereas horses do not 
remove any. 

Origin 

The nasal discharge is usually obvious but 
the determination of its origin and signifi¬ 
cance can be difficult and elusive. The history 
should determine the duration of the nasal 
discharge and if it has been unilateral or 
bilateral. 

Nasal discharges may originate from 
lesions in the nasal cavities, congenital 
defects of the hard palate such as cleft palate 
in the newborn, paranasal sinuses, guttural 
pouch in the horse, pharynx, larynx, trachea, 
and lungs. Diseases of the esophagus and 
stomach that cause dysphagia and regurgita¬ 
tion or vomiting can also cause a nasal dis¬ 
charge stained with feed material. 

The origin of a nasal discharge is some¬ 
times determined by close inspection of the 
external nares and the visible aspects of the 


nasal cavities using a pointed source of light. 
Some important infectious diseases of the 
respiratory tract characterized by lesions of 
the nasal mucosae can be identified by exam¬ 
ination of the external nares for the origin 
of a nasal discharge. If the source of the 
discharge is not apparent on this examina¬ 
tion, then more detailed investigation is 
warranted. 

Examination 

The characteristics of the discharge are noted 
carefully by inspection. It may be copious, 
serous, mucoid, purulent, caseous, streaked 
with blood, and foul smelling (ozena), or it 
may contain feed particles. 

• A copious bilateral serous nasal 
discharge is characteristic of early 
inflammation of the nasal cavities 
such as in viral rhinitis. 

• A bilateral mucoid discharge suggests 
inflammation of a few days’ duration. 

• A bilateral purulent discharge can 
indicate inflammation in the upper 
or lower respiratory tract. 

• A copious bilateral caseous discharge 
suggests an allergic or bacterial 
rhinitis. 

• Foul-smelling nasal discharges are 
usually associated with necrosis of 
tissues anywhere in the nasal cavities, 
the guttural pouch in the horse, or 
severe necrotic and gangrenous 
pneumonia. 

• A bilateral foul-smelling discharge 
containing feed particles suggests 
dysphagia, regurgitation, or 
vomiting. 

• In most cases, a chronic unilateral 
nasal discharge suggests a lesion of 
one nasal cavity. 

• A bilateral nasal discharge suggests a 
lesion posterior to the nasal system. 

Examination of the paranasal sinuses for 
evidence of pain and facial deformity will 
assist in the diagnosis of sinusitis. Percussion 
is useful in identifying paranasal sinuses that 
are filled with fluid or tissue because sinuses 
affected in this way do not produce a reso¬ 
nant sound when the skin overlying the sinus 
is tapped. The pharynx and larynx of cattle 
can be examined through the oral cavity, 
whereas a flexible endoscope is necessary 
for close examination of the upper and lower 
respiratory tract of horses or cattle of almost 
any age to determine the origin of a nasal 
discharge. The examination should include 
both nares, the region of the opening of the 
nasomaxillary sinus (this opening cannot be 
seen), the nasopharynx (in horses) or the 
pharynx (in other species), the guttural 
pouches in horses, the larynx, and the 
trachea, preferably to the level of the carina, 
although this might not be possible in large 
animals or when short endoscopes are used. 

Radiography of the structures of the 
head and pharynx is also useful to locate 
lesions of the nasal cavities and paranasal 


sinuses that might be the origin of a nasal 
discharge. 

Nasal Discharge and Location 
of Lesion 

There is not necessarily a correlation between 
the characteristics of a nasal discharge and 
the nature of any pulmonary lesions. In exu¬ 
dative pneumonias in cattle, mucopus is pro¬ 
duced and is moved up the trachea and into 
the pharynx by the mucociliary mechanism 
or by coughing. Some of it is then swallowed, 
and some may be deposited in the nasal cavi¬ 
ties and moved forward to the external nares 
by ciliary action. In the horse, with its long 
soft palate, most purulent material from the 
lungs will be deposited in the nasal cavities 
and appear as a nasal discharge. 

Sampling of Nasal Discharge 

When infectious disease is suspected, nasal 
swabs can be collected and submitted for 
microbiological examination. Nasal swabs 
are useful only when a specific etiologic 
agent is suspected and demonstration of its 
presence will confirm the cause of the 
disease. Examples of this include strangles 
(Streptococcus equi), influenza (equine or 
porcine), infectious bovine rhinotracheitis, 
and Mycoplasma bovis. Submission of nasal 
swabs for culture yields mixed flora and the 
results are impossible to interpret, with the 
exception noted previously. Organisms cul¬ 
tured from nasal or nasopharyngeal swabs 
are not representative of those cultured 
from lungs in individual animals but might 
be somewhat useful in herd outbreaks of 
disease. Culture of transtracheal aspirates or, 
in cattle but not horses, bronchoalveolar 
lavage fluid is representative of organisms 
causing pulmonary disease. Cytologic exam¬ 
ination of the nasal discharge can reveal 
exfoliated cells in the case of nasal tumors or 
eosinophils when allergic rhinitis is present. 

EPISTAXIS AND HEMOPTYSIS 

• Epistaxis (blood from the nostril) is 
in most instances a result of disease 
of the mucosae of the upper 
respiratory tract but it may originate 
anywhere in the upper or lower 
respiratory tract. Epistaxis occurring 
during or within several hours of 
intense exercise by horses is caused 
by exercise-induced pulmonary 
hemorrhage. 

• Hemoptysis is the coughing up of 
blood. The blood usually originates 
from hemorrhage in the lower 
respiratory tract. The presence of 
hemoptysis is difficult to detect in 
animals. Hemoptysis occurs in 
horses, which is perhaps unexpected 
given the anatomic separation of the 
nasopharynx and oropharynx. 

Pulmonary hemorrhage, particularly in 
the horse, may be manifested as epistaxis. 
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Pulmonary hemorrhage in cattle is com¬ 
monly manifested as hemoptysis and epi- 
staxis. These are described in more detail 
later in this chapter. 

A small amount of serosanguineous fluid 
in the nostrils, as occurs in equine infectious 
anemia and infectious equine pneumonia, 
does not represent epistaxis, which must also 
be differentiated from the passage of blood¬ 
stained froth caused by acute pulmonary 
edema. In this instance the bubbles in the 
froth are very small in size, and passage of 
the froth is accompanied by severe dyspnea, 
coughing, and auscultatory evidence of pul¬ 
monary edema. 

THORACIC PAIN 

Spontaneous pain, evidenced by grunting 
with each respiratory cycle, usually indicates 
pleural pain, such as from a fractured rib, 
torn intercostal muscle, or traumatic injury, 
including hematoma of the pleura, or pleu¬ 
risy. A similar grunt may be obtained by deep 
palpation or gentle thumping over the 
affected area of the thoracic wall with a 
closed fist or a percussion hammer. Pain as a 
result of a chronic deep-seated lesion cannot 
be detected in this way. The use of a pole 
under the sternum, as described under 
“Traumatic Reticuloperitonitis,” provides a 
useful alternative. 


Special Examination of 
the Respiratory System 

In addition to the routine clinical examina¬ 
tion of the respiratory tract, there are a 
number of diagnostic techniques that can be 
used to aid in making a specific diagnosis, 
providing a reliable prognosis and formulat¬ 
ing the most rational treatment. These tech¬ 
niques are being used more commonly by 
species specialists, particularly on valuable 
animals. Most equine practices have flexible 
endoscopes for the examination of the upper 
respiratory tract of horses. Medical imaging 
using thoracic radiography and ultrasonog¬ 
raphy of animals with suspected lung disease 
is now common, and the laboratory evalua¬ 
tion of respiratory tract secretions and exu¬ 
dates are commonplace. Almost all of these 
techniques increase the costs of making a 
diagnosis, and it is therefore important to 
consider whether the additional diagnostic 
testing will improve the final outcome of the 
case. Techniques for advanced evaluation of 
the respiratory system include the following: 

• Auscultation and percussion of the 
thorax 

• Endoscopy of the upper airways, 
guttural pouch (in Equidae), trachea, 
bronchi, and larger bronchioles 

• Invasive endoscopic examination of 
the sinuses using rigid endoscopes 

• Pleuroscopy using either rigid or 
flexible endoscopes 


• Radiographic examination of the 
skull, pharynx, larynx, guttural 
pouch (in Equidae), trachea, and 
thorax 

• Computed tomographic and 
magnetic resonance imaging 

• Scintigraphic examination of 
respiratory function 

• Ultrasonographic examination of the 
soft tissue of the pharynx and larynx, 
and thorax 

• Collection and evaluation of the 
following respiratory tract secretions: 

• Nasal 

• Paranasal sinus 

• Guttural pouch 

• Pharyngeal 

• Tracheobronchial (tracheal 
aspirates, bronchoalveolar lavage) 

• Pleural (thoracocentesis) 

• Pulmonary function testing, 
including measurement of tidal and 
minute volumes, pleural pressure, 
forced expiratory volume, flow- 
volume loops, forced oscillometry, 
and C0 2 breathing 

• Arterial blood gas analysis 

• Venous blood gas analysis 

• Blood lactate concentration 

• Pulse oximetry 

• Collection and analysis of exhaled 
breath condensate 

• Lung biopsy 

• Respiratory sound spectrum analysis 

• Exercise testing. 

AUSCULTATION AND 
PERCUSSION 

The techniques of auscultation and percus¬ 
sion used in examination of the thorax are 
discussed in Chapter 1, and references on 
percussion of the thorax are available in 
earlier editions of this text. Percussion of the 
thorax is a useful means of determining 
lung margins and therefore of detecting the 
presence of overinflation, as occurs with 
heaves in horses, or areas of consolidation. 
Consolidation is evident as a loss of reso¬ 
nance, and detection of this abnormality can 
reveal the presence of excessive pleural fluid 
or pulmonary consolidation. There is excel¬ 
lent agreement in the assessment of lung 
margins determined by percussion and by 
ultrasonographic examination. Percussion is 
therefore a valuable diagnostic tool, espe¬ 
cially when ultrasonographic examination is 
not available. 

ENDOSCOPIC EXAMINATION 
OF THE AIRWAYS 
(RHINOLARYNGOSCOPY, 
TRACHEOBRONCHOSCOPY) 

Horses 

Flexible endoscopes allow examination of 
the upper respiratory tract of horses, includ¬ 
ing the nasal cavities, nasopharynx, auditory 


tube diverticula (guttural pouches), palatal 
arch, epiglottis, larynx, trachea, and major 
bronchi. For examination to the level of the 
rostral trachea an endoscope of 1 m in length 
is suitable. However, an endoscope of 1.5 m 
in length is useful for examining to the level 
of the thoracic inlet. The endoscope is usually 
less than 1.5 cm in diameter. Endoscopic 
examinations are tolerated by most horses 
with the minimum of restraint (application 
of a nose or ear twitch). Sedation should be 
avoided if a purpose of the examination is to 
determine the functional integrity of the 
pharynx and larynx. Sedation depresses 
laryngeal function and impairs assessment of 
the symmetry and abductor function of the 
arytenoid cartilages. Sedated horses are more 
likely to displace the soft palate and to fail to 
return it to its normal position. 

Rhinolaryngoscopic examination of 
horses should include a careful examination 
of the ventral and middle meatuses, turbi¬ 
nates, region of the nasomaxillary sinus 
opening (this cannot be visualized directly 
but discharge from it can be detected), eth¬ 
moidal turbinates, nasopharynx, soft palate, 
guttural pouches, dorsal pharyngeal recess, 
epiglottis, and larynx. The endoscope should 
be used to examine both left and right nasal 
cavities and ethmoid turbinates. Both gut¬ 
tural pouches should be examined. Passage 
of the endoscope into the guttural pouch is 
best achieved by passing the endoscope 
through the ipsilateral nasal cavity. The gut¬ 
tural pouch is then entered by first introduc¬ 
ing a thin, stiff tube, such as an endoscopic 
biopsy instrument, through the biopsy port 
of the endoscope into the guttural pouch. 
The endoscope is then rotated so that the 
entrance to the guttural pouch is opened, 
and the endoscope is carefully advanced into 
the pouch. An alternative technique involves 
insertion of a stiff catheter, such as a Cham¬ 
bers mare uterine catheter, into the guttural 
pouch such that the entrance is dilated to 
enable passage of the endoscope. 

Many disorders of the equine pharynx 
and larynx manifest only during strenuous 
exercise because of the high pressures gener¬ 
ated in the airways by the large minute venti¬ 
lation of exercising horses. 6 Pressures in the 
pharynx and larynx that are of similar magni¬ 
tude to those occurring during intense exer¬ 
cise can be induced in resting horses by 60 
seconds of nasal occlusion. The respiratory 
efforts of horses during nasal occlusion can 
therefore be used to simulate those during 
exercise, thereby permitting detection of dis¬ 
orders of the pharynx (displacement of the 
soft palate) and larynx (mild laryngeal hemi¬ 
plegia) that would not otherwise be apparent 
in a resting horse. Rhinolaryngoscopic exam¬ 
ination can also be performed on horses 
running on a treadmill (see following “Exer¬ 
cise Testing” section) or, by use of dynamic 
endoscopy, in horses running over ground. 

Bronchoscopic examination requires an 
endoscope that is at least 2 m in length and 
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less than 1.5 cm in diameter. Horses must be 
sedated for bronchoscopic examination (a 
combination of xylazine, 0.25-0.5 mg/kg 
intravenously [IV], and butorphanol, 1 mg 
per 40 kg IV, works well). Instillation of lido- 
caine (20 mL of 2% lidocaine diluted with 
40 mL of isotonic saline or similar) mini¬ 
mizes coughing. The lidocaine is instilled 
into the trachea through the biopsy channel 
of the endoscope. The airways are examined 
in a systematic fashion and results are 
recorded using a system that has been 
described for identifying the major airways. 
Lobar bronchi are identified on the basis 
of the side of the bronchial tree on which 
they are found and the order in which they 
originate from the primary bronchus. On 
the right side, RBI, RB2, and RB3 refer to the 
right cranial lobar bronchus and subsequent 
right bronchi, respectively. On the left side, 
LB1 and LB2 refer to the left cranial lobar 
bronchus and the left caudal lobar bronchus, 
respectively. Segmental bronchi are identi¬ 
fied by consecutive numbers in the order of 
origin from the lobar bronchus. The direc¬ 
tion of the segmental bronchus is denoted by 
the capital letters D (dorsal), V (ventral), L 
(lateral), M (medial), R (rostral), and C 
(caudal). Subsegmental bronchi are identi¬ 
fied in the order of origin from the segmental 
bronchi, using lowercase letters. 

Cattle 

The nasopharynx, pharynx, and larynx of 
cattle can be examined by endoscopy, and 
this should be done without sedation if pos¬ 
sible. Xylazine is not recommended because 
it commonly interferes with normal laryn¬ 
geal function. Acepromazine is recom¬ 
mended if sedation is necessary. 

The anatomy of the proximal portion of 
the respiratory tract of cattle differs from that 
of horses. The nasal septum does not com¬ 
pletely separate the left and right aspects of 
the nasopharynx. In cattle, the nasal septum 
tapers caudodorsally, allowing both ethmo- 
turbinates to be observed from one side. The 
pharyngeal septum is contiguous with the 
nasal septum and merges with the caudodor- 
sal wall of the pharynx. The nasopharyngeal 
openings of the auditory tubes are visible. 
The appearance of the vocal cords is similar 
to that observed in the horse. Cattle do not 
have a laryngeal saccule, and a laryngeal ven¬ 
tricle is not visible rostral to the vocal cords. 
During endoscopy, the arytenoid cartilages 
are maintained in fully abducted position. 
Constriction of the pharynx during swallow¬ 
ing is accompanied by rostroventral move¬ 
ment of the pharyngeal septum, completely 
occluding the nasopharynx, which differs 
from the situation in the horse. 

ENDOSCOPY OF 
PARANASAL SINUSES 

The paranasal sinuses of the mature horse 
can be examined with a 4-mm arthroscope 
while standing and sedated or under general 


anesthesia. The procedure is technically chal¬ 
lenging and is usually performed by sur¬ 
geons experienced in the use of arthroscopic 
equipment inserted through portals created 
by trephining holes in the sinus. The side to 
be examined is determined by physical, 
radiographic, and rhinoscopic examination 
of the animal. Endoscopic examination is 
indicated in animals in which diagnosis of 
the disease requires collection of tissue from 
the sinus. Therapeutic interventions that can 
be performed during endoscopic examina¬ 
tion of the paranasal sinuses include lavage, 
removal of accretions of inflammatory mate¬ 
rial, drainage of cysts, and creation or 
enlargement of drainage holes. 

PLEUROSCOPY 

Pleuroscopy using a rigid or flexible endo¬ 
scope enables direct visual inspection of the 
pleural cavity for the diagnosis of pleural 
disease. The procedure is well tolerated in 
healthy horses and cattle. 8,9 The technique is 
particularly valuable in diagnosis of diseases 
of the thorax that extend to the pleural 
surface and do not exfoliate large quantities 
of cells, thereby making diagnosis by exami¬ 
nation of fluid obtained by pleurocentesis 
unlikely. The procedure is useful in collec¬ 
tion of tissue samples, such as from 
suspected thoracic neoplasia, 10 12 or in thera¬ 
peutic procedures including relief of pleural 
adhesions and resection of lung sections, and 
in collection of large biopsies samples from 
the lung. 13 

The procedure is performed in standing, 
sedated horses restrained in stocks. Strict 
aseptic technique is used. The portal for 
insertion of the endoscope is at the level of 
the 8th to 12th intercostal space, with optimal 
examination of intrathoracic structures 
obtained via the 10th or 12th intercostal 
space. Either a rigid endoscope (10-mm 
diameter, 57-cm length) or flexible endo¬ 
scope (10-mm diameter, 1-m length) can be 
used. The endoscope is inserted through a 
small incision in the intercostal space made 
under local anesthesia. The ipsilateral lung is 
partially collapsed by induced pneumotho¬ 
rax to permit visualization of intrathoracic 
structures. The mediastinum is intact in 
most horses. Inadequate collapse of the lung 
increases the likelihood of it being damaged 
during the procedure. The lung is reinflated 
by removal of air in the pleural space at the 
end of the procedure. Potential complica¬ 
tions of the procedure include pneumotho¬ 
rax, hemothorax, damage to intrathoracic 
structures, and infection. 

RADIOGRAPHY 

Radiography of the head, neck, and thorax is 
valuable in the diagnosis of diseases of the 
respiratory tract of animals. Examination is 
hindered by the large size of adult horses and 
cattle, the need for specialized high-capacity 
equipment for obtaining radiographs, and 


the need for adequate restraint. Radiographic 
examination of adult animals in the field 
using portable radiographic units is very 
limited. However, large practices with fixed 
radiographic units capable of generating suf¬ 
ficient voltage and amperage can obtain 
diagnostic radiographs of the thorax of adult 
horses and cattle. Exposure values for radio¬ 
graphs of the thorax of adult horses and 
cattle are in the range of 110 kV and 40 mAs 
for caudodorsal regions to 150 kV and 70 
mAs for cranioventral regions. 14 Diagnostic 
films of smaller animals, including adult 
sheep and goats and foals and calves, can 
be obtained using portable units capable 
of generating 80 to 100 kVp and 15 to 
20 mA. 

Examination of the thorax of large 
animals is restricted to lateral radiographs 
because the large amount of tissue prevents 
adequate exposure for ventrodorsal views. 
Multiple films (usually four overlapping 
views) are required for complete examina¬ 
tion of the thorax, and the exposure needed 
for optimal-quality films varies among ana¬ 
tomic sites. 14 Localization of focal lesions can 
be achieved by examining sets of radiographs 
that include images collected with the horse 
or cow standing first with one side to the 
plate and then with the other side toward the 
plate. The lesion will appear larger in views 
obtained with the lesion closer to the source 
of x-rays. The radiographic anatomy of the 
horse has been described. 14 

Interpretation of thoracic radiographs 
of horses has classically used an approach 
using terms such as bronchial, alveolar, inter¬ 
stitial, and vascular patterns. An alternative 
approach that is recently suggested, and 
which we recommend, is depicted in Figure 
12-1. The process involves identification of 
areas of opacity, their extent and characteris¬ 
tics of the borders of the opacity (poorly 
defined vs. discrete), and the number and 
location of opacities. A differential diagnosis 
can then be established for each pattern of 
abnormalities (Box 12-1). 14 

Radiographs of calves and foals can be 
recorded with them standing or recumbent. 
Images obtained with the foal or calf in 
lateral recumbency with the forelimbs pulled 
forward permit optimal examination of the 
cranial thorax. However, calves or foals that 
are recumbent for prolonged periods of time 
(e.g., > 30 min) can develop atelectasis of the 
down lung that can mimic pneumonia radio¬ 
graphically. Ventrodorsal views assist with 
localizing lesions in foals and calves. Radio- 
graphic evidence of lung disease is common 
in ill neonatal foals (74% having such lesions 
in one study), and is not related to clinical 
evidence of respiratory disease or dyspnea. 
The characteristics of lung lesions detected in 
neonatal foals are associated with likelihood 
of survival. Guidelines for recognition of 
pulmonary patterns in foals have been pro¬ 
posed (Table 12-2), and these guidelines are 
likely to be useful aids for interpretation and 
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Fig. 12-1 Decision tree for assessing thoracic radiographs of horses. RAO is recurrent airway 
obstruction or heaves. (Reproduced from Dunkel et al. 2013. 14 ) 


Box 12-1 Differential diagnoses for patterns of abnormalities detected on radiographic 
examination of the thorax of horses 

No abnormalities detected (but other clinical 

• Bacterial or fungal granuloma 

signs of respiratory disease are present) 

• Foreign body 

• Inflammatory airway disease 

• Multiple 

• Heaves 

• Pulmonary abscesses 

• Summer pasture-associated recurrent 

• Neoplasia 

airway obstruction 

• Disseminated fungal (e.g., aspergillus 

• Upper respiratory tract disease 

sp.), bacterial ( Rhodococcus equi), or 

Diffuse, localized opacities 

parasitic 

• Caudodorsal lung 

• Equine multinodular pulmonary fibrosis 

• Exercise-induced pulmonary 

• Eosinophilic interstitial pneumonia 

hemorrhage 

• Idiopathic 

• Iatrogenic following bronchoalveolar 

• Other 

lavage (transient) 

• Bronchiectasis 

• Focal pneumonia 

• Tracheal stenosis 

• Cranioventral 

• Bullae 

• Infectious bronchopneumonia 

• Increased vascular pattern 

• Aspiration pneumonia 

• Pneumothorax 

• Pleuropneumonia 

• Pneumomediastinum 

Diffuse, generalized opacities 

• Diaphragmatic hernia 

• Interstitial pneumonia 

• Megaesophagus 

• Pulmonary fibrosis 

• Foreign body 

• Pulmonary edema 

• Pleural fluid (pleuritic, hemothorax. 

• Acute respiratory distress syndrome 

One or multiple discrete opacities 

• Single 

• Neoplasia 

• Pulmonary abscess 

chylothorax) 


description of pulmonary patterns in neo¬ 
nates of other species. 

Indications for thoracic radiography in 
horses (and likely in other large animal 
species) include the following: 14 

• Mild respiratory disease that is 
unresponsive to treatment 

• Severe respiratory distress 

• Thoracic trauma 

• Signs of respiratory disease and 
weight loss or recurrent colic 

• Suspicion of infectious or aspiration 
pneumonia 

• Suspected thoracic or mediastinal 
mass 


• Esophageal disease 

• Suspected diaphragmatic hernia 
Radiography can assist in the recognition 

and differentiation of atelectasis and consoli¬ 
dation, interstitial and exudative pneumo¬ 
nias, the alveolar pattern of pulmonary 
disease, neoplasms, pleural effusions, 
pneumothorax, hydropericardium, and 
space-occupying lesions of the thorax. Car- 
diomegaly, abnormalities of the cranial medi¬ 
astinum, fractures of ribs, and diaphragmatic 
hernia can also be detected. Thoracic radiog¬ 
raphy is not as sensitive as is ultrasonography 
for detecting pulmonary lesions in foals with 
Rhodococcus equi pneumonia, with fewer 


than 50% of affected foals detected by radio- 
graphic examination. 15 

Many pulmonary diseases do not have 
lesions that are readily detected on radio- 
graphic examination. Failure to detect abnor¬ 
malities on radiographic examination of the 
thorax does not eliminate pulmonary disease. 
Furthermore, radiographically detectable 
signs of lung disease can persist after the 
animal has clinical and clinicopathologic 
signs of recovery or improvement. 

Bronchography utilizing contrast agents 
is of value in determining the patency of the 
trachea and bronchi, but general anesthesia 
is required to overcome the coughing stimu¬ 
lated by the passage of the tracheal catheter. 
Using a fluoroscope to determine the loca¬ 
tion of the catheter tip, the contrast agent can 
be deposited in each dependent lobe in turn. 
This technique is used infrequently. 

Radiographic examination of the trachea 
can reveal the presence of abnormalities in 
shape, such as occur with tracheal collapse, 
or the presence of foreign bodies or exudate. 

Radiographic examination of the head 
can identify diseases of the paranasal sinuses, 
ethmoids and pharynx. Radiographic exami¬ 
nation is useful in defining diseases of the 
guttural pouches and in detecting retropha¬ 
ryngeal abscesses or abnormalities, such as 
the presence of foreign bodies. 

MAGNETIC RESONANCE 
IMAGING 

The utility of magnetic resonance imaging 
(MRI) in large-animal medicine is con¬ 
strained by the size of the imaging bore on 
MRI units which limits the size of the animal, 
or anatomic region, that can be imaged. MRI 
is useful in diagnosis of diseases of the head 
of horses and other large animals, 16 and the 
anatomy as visualized on MRI of the head of 
horses and pigs has been reported. 1 The lack 
of units suitable for examination of large 
animals precludes routine use of this imaging 
modality. 

COMPUTED TOMOGRAPHY 

Examination of the lung through computed 
tomographic (CT) is very sensitive and spe¬ 
cific for lung disease in companion animals 
and is technically feasible in calves, 18 foals, 19,20 
and small ruminants. 21 The technique is 
useful in the diagnosis of mediastinal disease 
in foals and correlates well with postmortem 
estimates of the volume of consolidated lung 
in experimentally induced pneumonia in 
calves. 22 CT is likely to be useful in evalua¬ 
tion of extent, severity and progression of 
lung disease in calves. 

The CT anatomy of the head of horses 
and foals has been described including 
detailed anatomy of the guttural pouches and 
paranasal sinuses. 23,24 CT imaging of the 
nasal cavities and paranasal sinuses of horses 
is useful in the detection of diseases of these 
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Table 12-2 Guidelines for radiograph 

ic pulmonary pattern recognition in foals 

Alveolar lung pattern (Vessels not visualized. There is displacement of air from the distal air spaces of the lung leading to a relatively homogeneous 
increase in soft tissue opacity. Formation of air bronchograms is usually associated with the pattern but is not always present) 

Absent 

The pulmonary vessels are easily seen 

Minimal alveolar component (< 10%) 

No visualization of vessels in < 10% of the lung field. Usually occurs in conjunction with a moderate or severe 
interstitial lung pattern 

Focal (> 10% to 30%) 

No visualization of vessels in 11-30% of lung fields. Air bronchograms might or might not be present within 
< 30% of lung fields 

Localized (> 30% to 50%) 

No visualization of vessels in 31-50% of lung fields. Air bronchograms might or might not be present within 
< 50% of lung fields 

Extensive (> 50%) 

No visualization of vessels in > 50% of lung fields. Air bronchograms might or might not be present throughout 
the entire section of lung field 

Interstitial lung pattern (Characterization of the non-air-containing elements of the lungs including blood vessels and bronchi) 

Normal 

Clear visualization of vessels. Borders are well defined 

Mild increase 

The pulmonary vessels appear slightly ill defined (hazy borders with loss of visualization of the fine vascular 
structures). Mildly lacy appearance to lung field 

Moderate increase 

The vessels are ill defined, resulting in moderately lacy appearance and increased opacity of the lung field 

Marked increase 

Significantly increased opacity; vessel borders are barely recognizable 

Bronchial pattern (Characterized by alterations in bronchial wall thickness and density, or in bronchial lumen diameter. Note that periobronchial 
cuffing is a feature of interstitial not bronchial pattern) 

Normal 

Bronchial structures seen in cross section appear as small, thin-walled hollow rings between paired vessels. The 
bronchial walls are barely distinguishable when viewed side-on and are not clearly visualized at the periphery 
of the lung field 

Moderate increase 

A few thickened bronchial walls evident in cross section ("doughnuts") at the periphery of the lung fields. 
Longitudinal sections appear as tram lines reaching two-thirds of the way to the lung periphery 

Marked increase 

Extensive bronchial thickening might be observed, extending far into the periphery of the visible lung field 

From: Bedenice D et al. J Vet Intern Med 2003; 17:876. 


structures and of the teeth, pharynx, larynx, 
and guttural pouches. 25,26 For example, CT of 
the head of horses with suspected ethmoidal 
hematoma provides information that influ¬ 
ences the treatment of approximately two- 
thirds of cases, including identification of 
bilateral disease and the extent of involve¬ 
ment of the paranasal sinuses (and in par¬ 
ticular the sphenopalatine sinus). CT is 
recommended for patients in which the 
lesion cannot be viewed endoscopically, 
when sinus involvement or multifocal disease 
are suspected, or when the lesion has been 
unresponsive to treatment. 27 

The technique is technically feasible in 
ruminants and pigs, including detection of 
otitis media, pulmonary and pharyngeal 
abscesses, and congenital pulmonary anom¬ 
alies in calves. 28 ' 30 CT is useful in pigs for 
quantitation of the extent of atrophic rhinitis 
and evaluation of pneumonia, in addition to 
assessment of body composition. 31,32 

SCINTIGRAPHY 
(NUCLEAR IMAGING) 

The basis of pulmonary scintigraphy is 
detection at the body surface of radiation 
emitted from the lungs after injection or 
inhalation of radioactive substances. The 
technique has been described in both horses 
and calves. The technique has limited diag¬ 
nostic usefulness in large animals because of 


the need for availability of appropriate iso¬ 
topes and detection equipment. 33 Further¬ 
more, the large size of adult cattle and horses 
limits the sensitivity of the technique. The 
technique has been used to determine the 
distribution of pharmaceuticals adminis¬ 
tered by aerosolization and the presence of 
ventilation-perfusion mismatches. Alveolar 
clearance can be detected using scintigraphic 
examination. Currently pulmonary scintig¬ 
raphy is largely a research tool. 

ULTRASONOGRAPHY 

Ultrasonographic examination of the thorax 
of farm animals and horses is a very useful 
diagnostic tool. Ultrasonographic examina¬ 
tion of the thorax provides diagnostic infor¬ 
mation that is not obtained by radiographic 
examination and is more sensitive than radi¬ 
ography in detecting pulmonary abscesses in 
foals and is more useful than auscultation in 
detecting consolidation in lungs of pre¬ 
weaned calves. 1,15,34 The widespread availabil¬ 
ity of portable ultrasound units and the 
ability to image parts of the thorax using 
ultrasound probes intended for examination 
of the reproductive tract of mares and cows 
makes this a potentially valuable diagnostic 
aid for both field and hospital-based practi¬ 
tioners. Furthermore, the absence of radia¬ 
tion exposure and the “real-time” nature of 
images obtained by ultrasonography aid 


in frequent assessment and monitoring of 
abnormalities and performance of diagnostic 
or therapeutic procedures such as thoraco¬ 
centesis or aspiration of masses. 

There are limitations to imaging imposed 
by aerated lung and the bones of the ribcage. 
Examination of the thorax is limited by the 
presence of ribs and aerated lungs because 
the sound waves used to create ultrasound 
images are reflected from these surfaces. 
Ultrasonography cannot reveal lesions of the 
lungs that are not confluent with the visceral 
pleura. Imaging windows are restricted to 
the intercostal spaces, but this impediment 
can be overcome by scanning through adja¬ 
cent intercostal spaces and angling of the 
ultrasound beam. 

Ultrasonographic examination of the 
thorax should be performed in a consistent 
manner that ensures thorough examination 
of the thorax. Preferences for the pattern of 
examination differ somewhat among exam¬ 
iners, but one common and successful tech¬ 
nique is to scan each intercostal space from 
dorsal to ventral starting at the 17th intercos¬ 
tal space in horses and the 12th intercostal 
space in cattle. The ultrasound probe is slowly 
moved from dorsal to ventral while the exam¬ 
iner studies the images. When one scanning 
of one intercostal space is completed, the 
probe is moved to the most dorsal aspect of 
the next intercostal space, and the examina¬ 
tion is repeated. Each side of the chest is 












examined in this manner. This consistent 
and thorough examination ensures that no 
important or localized abnormalities are 
missed. The examination is performed in 
adult horses and cattle with the animal stand¬ 
ing. The rostral thorax is scanned by pulling 
the ipsilateral forelimb forward. This is more 
readily achieved in horses than in cattle. 
Thorough examination of the rostral thorax 
might require placing the animal in lateral 
recumbency. Calves and foals can be exam¬ 
ined either standing or in lateral recumbency. 

Ultrasound examination of the thorax is 
particularly useful for detecting diseases of 
the pleura, pleural space, or lung surface. 
This is in addition to the well-documented 
utility of ultrasonographic examination of 
the heart and great vessels (see Ch. 11). The 
normal ultrasonographic anatomy of the 
thorax of cattle, horses, and calves has been 
determined. The following is a partial list of 
disorders or abnormalities detectable by per¬ 
cutaneous ultrasonographic examination of 
the thorax of farm animals or horses (exclud¬ 
ing cardiac abnormalities): 

• Excess pleural fluid 

• Characteristics of pleural fluid 
(flocculent, bubbles, fibrin) 

• Extent of pleural fluid accumulation 

• Localized areas of pleural fluid 
accumulation 

• Nonaerated lung (atelectatic, 
consolidated) 

• Pulmonary abscesses (must be 
confluent with visceral pleura) 

• Intrathoracic masses (thymic 
lymphoma, cranial thoracic mass, 
gastric squamous-cell carcinoma) 

• Pleural roughening (“comet-tail” 
lesions) 

• Pneumothorax 

• Pulmonary hematoma 

• Exercise-induced pulmonary 
hemorrhage 

• Hemothorax 

• Diaphragmatic hernia 

• Fractured ribs (especially in neonates). 

Ultrasonographic examination is more 

sensitive and specific than radiographic 
examination in detecting the presence of 
pleural fluid and is particularly useful in the 
diagnosis and management of pleuritis in 
horses and cattle and pneumonia in calves. 
The extent of pulmonary lesions detected at 
necropsy correlates closely with the results of 
ultrasonographic examination of calves with 
pasteurellosis. Ultrasonographic examina¬ 
tion is useful in diagnosis of thoracic diseases 
of cattle. Ultrasonography can identify pul¬ 
monary lesions in horses with infectious 
viral pneumonia. Ultrasonography is useful 
in identifying the presence of pleural fluid 
and guiding thoracocentesis to sample and 
drain this fluid. 

Ultrasonographic examination of the 
larynx and associated structures is useful in 
identifying recurrent laryngeal neuropathy 
in horses, arytenoid chondritis, and dynamic 
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laryngeal collapse. 35 ' 37 Sensitivity and speci¬ 
ficity for ultrasonographic examination of 
the larynx for detection of recurrent laryn¬ 
geal neuropathy was 71% to 79% and 86% to 
91%, respectively, compared with dynamic 
endoscopy. 38 

LABORATORY EVALUATION OF 
RESPIRATORY SECRETIONS 

SAMPLING RESPIRATORY 
SECRETIONS 

When an inflammatory disease process of 
the respiratory tract is suspected, the collec¬ 
tion of samples of secretions and exudate for 
microbiological and cytologic examination 
can be considered. The objective is to 
obtain a sample uncontaminated with envi¬ 
ronmental flora, which are common in the 
upper respiratory tract, and to isolate the 
pathogen(s) or demonstrate inflammatory 
cells which may be associated with the lesion. 
This can be done by the following methods: 

• Swabbing the nasal cavities or the 
pharynx 

• Collection of fluid from the 
paranasal sinus 

• Collection of fluid from the guttural 
pouch of Equidae 

• Transtracheal aspirate 

• Tracheal lavage 

• Bronchoalveolar lavage 

• Thoracocentesis 

NASAL SWAB 

A swab of the nasal cavities is a reliable 
method for the evaluation of the secretions 
associated with disease of the upper respira¬ 
tory tract such as infectious bovine rhinotra- 
cheitis. However, when attempting to assess 
the health status of the lungs the nasal swab 
can be unsatisfactory because microbiologi¬ 
cal examination usually yields a large popu¬ 
lation of mixed flora, consisting of pathogens 
and nonpathogens, which is difficult to inter¬ 
pret. Examination of nasal swabs is only 
useful when seeking to detect specific patho¬ 
gens (Strep, equi, influenza) and when the 
diagnostic tests are directed toward detecting 
these agents. 

NASOPHARYNGEAL SWABS 

For more reliable results and to lessen the 
contamination that occurs with nasal cavity 
samples, swabs of the laryngeal-pharyngeal 
area can be collected. A swab in a long 
covered sheath, of the type used for collecting 
cervical swabs from mares, is easily passed 
through the nasal cavities to the pharyngeal 
area. Important differences exist between 
the microbial isolates from nasopharyngeal 
swabs and those from lung tissues, which 
makes nasal swabs unreliable for diagnosis. 
For example, at the individual animal level, 
nasopharyngeal swabs and bronchoalveolar 
lavage show only moderate agreement; at the 
group or herd level, the isolation rates of 
various organisms are similar. 


For isolation of viruses associated with 
disease of the upper respiratory tract, nasal 
swabs are satisfactory provided a copious 
amount of nasal discharge is collected, and 
the swabs are kept moist during transport to 
the laboratory. Nasal swabs sometimes 
contain an insufficient amount of secretion, 
and certain viral pathogens can become 
inactivated in transit. 

NASAL LAVAGE 

When larger quantities of nasal discharge 
are required for research purposes, nasal 
washings are usually collected, with the 
simplest technique being irrigation of the 
nasal cavities and collection into an open 
dish. From these samples, it is possible to 
isolate bacteria and viruses and identify 
immunoglobulins. The development of 
immunofluorescent and enzyme-linked 
immunosorbent assay (ELISA) tests for 
agents of infectious disease has provided 
reliable systems for the diagnosis of a 
variety of virus diseases in the early stages 
of infection. A technique and apparatus are 
available that obtain much better samples 
than the conventional cotton-wool swab 
provides. A vacuum pump aspirates epithe¬ 
lial cells and secretion from the nasal 
passage and pharynx. Cell smears are then 
prepared for microscopic examination and 
the mucus, and cells are used for conven¬ 
tional microbiological isolation. 

PARANASAL SINUS FLUID 

Fluid can be collected from the frontal and 
paranasal sinuses of most of the domestic 
large animals. Indications for collection of 
fluid include the presence or suspected pres¬ 
ence of disease of the paranasal sinus. Medi¬ 
cations can be administered and infected 
sinuses lavaged using this approach. Abso¬ 
lute contraindications are few but include 
failure to be able to adequately restrain the 
animal. 

Demonstration of fluid in the paranasal 
sinuses is aided by radiographic examination 
of the skull. Fluid is collected by percutane¬ 
ous centesis of the frontal or maxillary sinus 
and submitted for cytologic and bacterio- 
logic examination (Gram stain, culture). The 
procedure begins with restraint of the 
animal, which can include the induction of 
moderate sedation by administration of 
alpha-2 agonists and narcotics, or in cattle 
restraint in a head gate with the head secured 
with a halter. Next, the area over the centesis 
site is prepared aseptically and the skin and 
subcutaneous tissues are anesthetized with 
local anesthetic. A stab incision (< 1cm) is 
made in the skin and subcutaneous tissues. 
A hole is then drilled into the sinus using a 
Jacobs chuck with a Steinmann pin (2- to 
4-mm diameter). Only a short (5-mm) 
length of the Steinmann pin should be 
exposed by the chuck. The hole is drilled 
by applying steady pressure and making 
alternating clockwise and counterclockwise 
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movements with the chuck. Entry into the 
sinus cavity is evident as a sudden release of 
tension and easy passage of the Steinmann 
pin. The pin is then withdrawn, and sterile 
polyethylene tubing is inserted into the sinus 
cavity. Fluid can be aspirated at this time or, 
if none is forthcoming, 10 to 20 ml of sterile 
0.9% saline or similar fluid can be instilled to 
the sinus cavity. Some of this fluid may run 
out the nostril if the animal’s muzzle is lower 
than the sinus. 

Complications include injury to adjacent 
structures, including the infraorbital nerve 
(trigeminal nerve), nasolacrimal duct or 
parotid salivary duct near its entrance to the 
oral cavity at the level of the upper cheek 
teeth. Hemorrhage is usually minor and self- 
limiting. Subcutaneous emphysema resolves 
within days. Cellulitis is a risk, especially for 
animals with septic processes in the parana¬ 
sal sinuses. Prophylactic administration of 
antibiotics should be considered in these 
cases. 

GUTTURAL POUCH FLUID 

Indications for collection of fluid from the 
guttural pouches of equids include bacterio- 
logic or polymerase chain reaction (PCR) 
examination to determine whether the horse 
is infected by S. equi (the etiologic agent of 
strangles) or to investigate the suspected 
presence of other inflammatory or neoplastic 
disease. The preferred method of collection 
is during endoscopic examination of the gut¬ 
tural pouch. During this examination, fluid 
can be collected through a polyethylene tube 
inserted through the biopsy port of the endo¬ 
scope. Fluid collected in this manner is 
potentially contaminated by organisms in 
the upper respiratory tract, and results of 
bacteriologic examination should be inter¬ 
preted with caution. Usually, bacteriologic 
examination is for the presence of S. equi and 
demonstration of its presence is all that is 
required for a diagnosis of infection. Fluid 
can also be obtained from the guttural pouch 
by blind passage of a firm catheter, such as a 
Chambers mare catheter or 10 French dog 
urinary catheter, into the guttural pouch. 
This procedure requires some skill, and there 
is always the uncertainty that one might not 
have actually manipulated the catheter 
into the guttural pouch. A third technique 
involves percutaneous puncture of the gut¬ 
tural pouch just posterior to the ramus of the 
mandible and ventral to the ear. This tech¬ 
nique has the potential to yield fluid that is 
uncontaminated by organisms from the 
upper respiratory tract, but it carries with it 
a high risk of injury to the important vascu¬ 
lar and neural structures in and around the 
guttural pouch (internal and external carotid 
arteries, pharyngeal branch of the vagus 
nerve, hypoglossal nerve, and others). Percu¬ 
taneous sampling of guttural pouch fluid 
should not be undertaken without careful 
consideration of the risks and benefits of the 
procedure. 


TRACHEOBRONCHIAL SECRETIONS 

The collection and evaluation of tracheo¬ 
bronchial secretions is a useful method for 
assessing lower airway disease and is widely 
used in the determination of the etiology of 
infectious pneumonia (viral, mycoplasmal, 
fungal, and parasitic) or the severity of disease 
(bronchoalveolar lavage fluid cytology in 
horses with heaves, exercise-induced pulmo¬ 
nary hemorrhage in athletic horses). It is also 
used as a tool in evaluating the respiratory 
health of intensively housed animals, such as 
in piggeries. Cytologic examination of recov¬ 
ered fluid can provide valuable information 
about the severity, extent, and etiology of 
disease of the lower airway. There are two 
methods of sampling tracheobronchial secre¬ 
tions—aspiration of tracheal fluid or lavage 
of bronchioles and distal airways. Each sam¬ 
pling method yields fluid of differing charac¬ 
teristics and source, and interpretation of the 
results of examination of these fluids depends 
on their source and the method of collection. 

Comparison of Tracheal Aspirates 
and Bronchoalveolar Lavage Fluid 

Examination of tracheal aspirates and bron¬ 
choalveolar lavage fluid yields different, but 
often complementary, information about 
the lower respiratory tract. The differences 
between tracheal aspirates and bronchoalve¬ 
olar lavage fluid arise because cell popula¬ 
tions, and types of cell, differ markedly among 
segments of airways. There is no correlation 
between cytologic features of tracheal aspi¬ 
rates and bronchoalveolar lavage fluid of 
horses, and this is probably the case in other 
species. Tracheal aspirates are representative 
of cell and bacterial populations of the large 
conducting airways (trachea and mainstem 
bronchi), which can originate in both the 
large and small conducting airways and the 
alveoli. Secretions of more distal airways can 
be modified during rostrad movement, such 
that fluid in a tracheal aspirate is not repre¬ 
sentative of processes deeper within the lung. 
Furthermore, disease localized to one region 
of the lung can alter tracheal fluid. Examina¬ 
tion of tracheal aspirates is useful for detect¬ 
ing inflammation of the large airways and for 
isolation of microorganisms causing disease 
in these structures. 39,40 There is no good 
evidence that findings on examination of 
tracheal aspirates correlate with abnormali¬ 
ties in pulmonary function, although they 
can correlate with exercise performance 
(racing). 41,42 Tracheal aspirates do not accu¬ 
rately reflect lesions in the lungs of horses, but 
presence of excess mucus, detected on endo¬ 
scopic examination, is associated with 
impaired performance, whereas presence of 
excess neutrophils is not. 41 

Bronchoalveolar lavage is useful for 
sampling secretions in the more distal 
airways. It provides a sample of secretions 
that have not been contaminated by upper 
respiratory tract organisms or secretions 
before collection, and the sample is therefore 


assumed to be more representative of small 
airway and, to a lesser extent, pulmonary 
parenchymal and alveolar secretions or exu¬ 
dates. Bronchoalveolar lavage is useful in the 
detection of widespread lung disease but not 
necessarily in the detection of localized 
disease. Tracheal aspirates, because they in 
theory represent a composite sample of 
secretions from all regions of the lung, are 
likely to be more sensitive in detecting focal 
disease, such as a pulmonary abscess. Bron¬ 
choalveolar lavage fluid composition corre¬ 
lates well with pulmonary function in horses. 

There is little agreement in cytologic 
examination of tracheal aspirates and bron¬ 
choalveolar lavage fluid of sick and healthy 
horses, and this difference probably exists in 
other species. Typically, the proportion of 
cells that are neutrophils is much higher in 
tracheal aspirates than in bronchoalveolar 
lavage fluid of both horses with heaves and 
normal horses. Mast cells are detected more 
frequently, and eosinophils less frequently, in 
bronchoalveolar lavage fluid than in tracheal 
fluid of normal horses. 

Tracheal Aspirates 

Indications for collection of tracheal aspi¬ 
rates include the need for microbiological 
and cytologic assessment of tracheal fluids. 
The primary indication is collection of 
samples for microbiological diagnosis of 
infectious respiratory disease. 39,43 ' 45 Other 
indications include detection and character¬ 
ization of inflammation of the conducting 
airways. Contraindications include severe 
respiratory distress, although this is not an 
absolute contraindication, inability to ade¬ 
quately restrain the animal, and severe, spon¬ 
taneous coughing. Percutaneous tracheal 
aspirate collection performed in animals with 
severe coughing can result in development of 
severe subcutaneous emphysema as a result 
of the high intratracheal pressures associated 
with the early phase of coughing. Most 
animals in which percutaneous tracheal aspi¬ 
rates are collected subsequently have radio- 
graphic evidence of pneumomediastinum. 

Tracheal aspirates can be collected either 
by percutaneous puncture of the trachea or 
through an endoscope passed through the 
upper airways. The advantage of percutane¬ 
ous collection of tracheal aspirates is that 
there is minimal risk of contamination of the 
sample by upper respiratory tract or oropha¬ 
ryngeal secretions. Microbiological exami¬ 
nation of the samples is therefore likely to 
accurately reflect microbes present in tra¬ 
cheal fluid. Collection of tracheal aspirates 
through an endoscope markedly increases 
the risk of contamination of the sample with 
oropharyngeal fluids, and it compromises 
the diagnostic utility of culture of the sample. 
This disadvantage is partially alleviated by 
the use of guarded catheters inserted through 
the endoscope. The disadvantage of percuta¬ 
neous collection of tracheal fluid is that it is 
invasive, and there is a risk of localized 





cellulitis and emphysema at the site of punc¬ 
ture. Endoscopic collection is relatively non- 
invasive and readily accomplished. 

Percutaneous Transtracheal 
Aspiration 

Percutaneous transtracheal aspiration is a 
practical method that has been used exten¬ 
sively in the horse and is adaptable to cattle, 
sheep and goats. For the horse, a 60-cm no. 
240 to 280 polyethylene tube is passed 
through a 9- to 14-gauge needle inserted into 
the trachea between two rings. Commercially 
prepared kits for performing tracheal aspi¬ 
rates in horses are available that include all 
catheters and needles required. An alterna¬ 
tive to polyethylene tubing is to use an 8 to 
10 French male dog urinary catheter inserted 
through an appropriately sized cannula. The 
site for insertion of the needle or cannula is 
at the junction of the proximal and middle 
one-third of the ventral neck. The horse is 
usually sedated before insertion of the needle 
or cannula. The skin site is prepared asepti- 
cally, and a short stab incision is made after 
the area has been anesthetized. The cannula 
is removed to avoid cutting the tube, and the 
tube is pushed in as far as the thoracic inlet. 
Fluid typically pools in the trachea at the 
thoracic inlet in horses with lung disease (the 
tracheal lake or pool), and it is this fluid that 
is aspirated. Thirty to 50 mL of sterile saline 
(not bacteriostatic saline) is rapidly infused. 
The catheter or tubing should be rotated until 
tension is felt on aspiration by a syringe. Fluid 
is aspirated and submitted for cytologic, 
microbiological, or other examination. 

Complications such as subcutaneous 
emphysema, pneumomediastinum, and cel¬ 
lulitis can occur, which necessitates care and 
asepsis during the procedure. Sudden move¬ 
ment of the cannula during insertion of the 
tubing may cause part of the tube to be cut 
off and to fall into the bronchi, but without 
exception this is immediately coughed up 
through the nose or mouth. 

Endoscopic Sampling of 
Tracheal Secretions 

The flexible fiberoptic endoscope can be used 
to obtain tracheal lavage samples and at the 
same time visualize the state of the airways. 
The process is as for rhinolaryngoscopic 
examination with the addition of passage of 
a catheter through the biopsy port of the 
endoscope. Tracheal fluid is then visualized 
and aspirated through the catheter. The clini¬ 
cal advantages of the endoscopic collection 
include noninvasiveness, visual inspection of 
the airways, guidance of the catheter, and 
speed. The use of an endoscope with a 
guarded tracheal swab minimizes contami¬ 
nation by oropharyngeal secretions but does 
not eliminate it. 

Assessment of Results 

Microbiological examination can yield any 
one or more of a variety of bacteria, 


Special Examination of the Respiratory System 


861 


depending on the species examined, the 
animal’s age, and its clinical condition. Tra¬ 
cheal aspirates of normal animals rarely yield 
any bacterial growth on culture. Growth of 
unusual organisms or known oropharyngeal 
commensal bacteria from samples obtained 
by endoscopic examination should not be 
given undue clinical significance as they 
probably result from contamination of the 
tracheal aspirate during collection. Pseudo¬ 
monas spp. and anaerobes isolated from tra¬ 
cheal aspirates collected by endoscopy are 
almost always contaminants and of no clini¬ 
cal significance. The extent of contamination 
of tracheal aspirate samples by oropharyn¬ 
geal bacteria can be estimated from the 
number of squamous epithelial cells in the 
sample. There is an apparent approximate 
linear relationship between the number of 
squamous cells per milliliter of fluid and the 
number of colony-forming bacterial units in 
tracheal aspirates. Samples containing over 
approximately 10 squamous epithelial cells 
per milliliter of tracheal aspirate had mark¬ 
edly greater bacterial contamination. Exami¬ 
nation of Gram-stained smears of tracheal 
fluid is specific but not very sensitive for 
detection of bacteria, compared with culture. 
In other words, if examination of a Gram- 
stained smear of tracheal fluid reveals bacte¬ 
ria, then the sample is likely to yield bacteria 
on culture, whereas failure to detect bacteria 
predicts poorly the likelihood of growth of 
bacteria on culture of the sample. This indi¬ 
cates that examination of Gram-stained 
samples of tracheal fluid does not reliably 
predict bacterial isolation, and if an infec¬ 
tious etiology is suspected, the fluid should 
be cultured. Results of the microbiological 
examination of the tracheal fluid should be 
consistent with the animal’s clinical condi¬ 
tion and expected isolates. 

Cytologic examination of tracheal fluid is 
an important diagnostic tool. Various stains 
are available to aid identification of cell types 
and numbers in tracheal aspirates. Neutro¬ 
phils, macrophages, lymphocytes, and epi¬ 
thelial cells are readily identified on the basis 
of their classical morphology and staining 
using fast Romanowsky stain (Diff-Quik), 
but this stain is not suitable for identifying 
mast cells in equine tracheal fluid and prob¬ 
ably that of other species. Leishman’s stain is 
useful to identify mast cells. Clinically 
normal horses typically have fewer than 20% 
to 30% of cells as neutrophils with the major¬ 
ity of remaining cells being macrophages, 
lymphocytes and epithelial cells. Animals 
with inflammation of the airways typically 
have increased cell counts and proportion of 
neutrophils and large amounts of mucus. 
Horses with inflammatory airway disease 
such as heaves typically have more than 20% 
of the cells as neutrophils (see following 
“Heaves” section), and those with infectious 
pneumonia often have 50% to 90% of cells 
as neutrophils. Exercise markedly increases 
the proportion of neutrophils in tracheal 


fluid collected within 1 hour of the horse 
completing intense exercise. 40 The presence 
of eosinophils is considered abnormal and is 
consistent with parasite migration ( Parasca- 
ris equorum in foals, Dictyocaulus viviparus 
in calves). The presence of hemosiderin¬ 
laden macrophages is evidence of prior pul¬ 
monary hemorrhage. 

Bronchoalveolar Lavage 

Bronchoalveolar lavage provides a sample of 
secretions and cells of the distal airways and 
alveoli, referred to as bronchoalveolar lavage 
fluid. It is a widely used procedure in horses 
and, to a lesser extent, cattle and calves, 
sheep, camelids, 44 and pigs. The procedure 
can be performed on foals, either sedated or 
anesthetized with improved fluid recovery in 
the latter. 43 Analyses performed on bron¬ 
choalveolar lavage fluid include measure¬ 
ment of cell number and concentrations of 
various acute-phase proteins, analysis of type 
of immune proteins and surfactant, culture 
(usually in pigs and cattle), and use of PCR 
to detect specific pathogens (e.g., the caus¬ 
ative agent of ovine pulmonary adenocarci¬ 
noma). 47 ' 48 It is a relatively noninvasive 
procedure that allows cytologic and bio¬ 
chemical evaluations of the lower airways 
and alveoli, which are useful diagnostic aids 
when evaluating animals with lung disease. 
Although fiberoptic bronchoscopy and tra¬ 
cheal aspirates permit assessment of the 
major bronchi and upper airways, bron¬ 
choalveolar lavage offers an extension of the 
diagnostic potential by sampling the termi¬ 
nal airways and alveolar spaces. 

The primary indication for collection 
of bronchoalveolar lavage fluid is acute 
or chronic lung disease. This includes 
both infectious and noninfectious diseases, 
although interpretation of samples collected 
by passage of the collection tube through the 
nostrils or mouth is complicated by the inev¬ 
itable contamination of the sample by oro¬ 
pharyngeal commensal bacteria. Despite this 
shortcoming, the technique has been used to 
detect pneumonia associated with Myco¬ 
plasma sp. in cattle. Contraindications are 
few, with respiratory distress being an 
obvious one. Complications of bronchoal¬ 
veolar lavage are also few, and include a mild 
neutrophilia in lavaged sections of lungs and 
changes in phagocytic function of pulmo¬ 
nary macrophages, and microbial content, 
for several days after the procedure. Tran¬ 
sient bronchial collapse can occur during the 
procedure in horses and is an indication of 
airway inflammation. 49 

A shortcoming of bronchoalveolar lavage 
is that it lavages only a small region of the 
lung, with the risk that focal lung disease is 
not detected. There is clear evidence that 
important differences can exist in bronchoal¬ 
veolar lavage fluid from left and right lungs 
and that the ideal technique involves col¬ 
lection of fluid from both lungs. 50 This is 
best exemplified in pneumonia in horses, in 
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which bronchoalveolar lavage fluid from 
pneumonic horses can contain large numbers 
and a high proportion of neutrophils or can 
be normal, depending on the lung or area of 
lung lavaged. Therefore the bronchoalveolar 
lavage procedure is a very specific but not 
very sensitive test for pneumonia in horses. 
Abnormal lavage fluid is helpful diagnosti¬ 
cally, whereas normal results do not exclude 
the presence of foci of pulmonary disease. 
The lavage samples may be normal in horses 
affected with pneumonia or pleuropneumo¬ 
nia, and because of these false-negative 
results, this is not the best diagnostic tech¬ 
nique to evaluate a horse with pneumonia. In 
contrast, the tracheobronchial aspirates are 
more sensitive and most horses with pneu¬ 
monia have cytologic abnormalities. 

Endoscopic Bronchoalveolar Lavage 

Endoscopic bronchoalveolar lavage has the 
advantage of permitting visual examination 
of the airways during the procedure and 
selection of the region of the lung to be 
lavaged. This technique does require access 
to sophisticated endoscopic equipment. The 
technique described here for horses can be 
modified for use in other species. 

Horses for bronchoalveolar lavage should 
be appropriately restrained. Sedation is 
usually essential and is achieved by adminis¬ 
tration of alpha-2-agonists. Coadministra¬ 
tion of narcotics is recommended by some 
authorities to reduce the frequency and 
severity of coughing. Butorphanol tartrate 
10 mg for a 400-kg horse is recommended, 
although this drug is not as effective as intra¬ 
tracheal lidocaine at reducing the frequency 
or severity of coughing when combined with 
detomidine for collection of bronchoalveolar 
lavage fluid. Effective suppression of cough¬ 
ing during collection of bronchoalveolar 
lavage fluid can be achieved by instillation of 
lidocaine (60 mL of a 0.7% solution—made 
by diluting 20 mL of 2% lidocaine solution by 
addition of 40 mL of isotonic saline). The 
lidocaine solution is administered as the 
endoscope enters the rostral trachea. A 
twitch can be applied to the nares. The endo¬ 
scope must be at least 2 m in length and the 
external diameter should be 10 to 15 mm. 
Endoscopes of 10-mm diameter will pass to 
about the fifth-generation bronchi, whereas 
endoscopes of larger diameter will not pass 
quite as far into the lung. The endoscope is 
passed until it wedges, and then 300 mL of 
warmed (to reduced bronchospasm) isotonic 
saline is introduced in 5 x 60 mL aliquots. Air 
is infused after the last aliquot to ensure that 
all fluid is instilled. After the horse has taken 
between one and three breaths, the fluid is 
withdrawn and the aliquots are mixed. There 
is no difference in the cytologic composition 
of the first and subsequent aliquots. 

Blind Bronchoalveolar Lavage 

Commercial bronchoalveolar lavage tubes 
are available for use in horses, and are 


suitable for use in adult cattle and calves. The 
tubes are made of silicone and are therefore 
considerably more pliable than stomach 
tubes (which are not suitable for this proce¬ 
dure). The tubes are 2 m in length and have 
an external diameter of about 8 mm. The 
horse is restrained and sedated as for endo¬ 
scopic bronchoalveolar lavage, and the tube 
is passed through one nostril into the trachea. 
The tube is then advanced until it wedges, 
evident as no further insertion of the tube 
with mild pressure. Continued vigorous 
attempts to pass the tube can result in the 
tube flexing in the pharynx and a loop of the 
tube entering the mouth. After the tube 
wedges, the cuff on the tube is inflated to 
prevent leakage of fluid around it, 300 mL of 
warm isotonic saline is instilled, the tube is 
flushed with air, and fluid is aspirated. The 
fluid should be foamy and, if cell counts are 
high, slightly cloudy. 

Bronchoalveolar lavage can be performed 
in conscious sheep by insertion of 1.7-mm 
external diameter polyethylene tubing 
through a cannula inserted percutaneously 
in the trachea. The tubing is inserted until 
resistance is detected (about 40-45 cm in an 
adult sheep) and the lung is lavaged with 
30 mL of sterile isotonic saline. 

Laboratory Assessment of 
Tracheobronchial Secretions 

A problem with comparison of cell counts of 
bronchoalveolar lavage fluid reported by dif¬ 
ferent authors is the use of inconsistent 
quantities of fluid to perform the lavage. The 
use of different volumes alters the extent of 
dilution of the fluid. There is a need for uni¬ 
formity in technique. An approach to this 
problem has been to measure substances in 
the bronchoalveolar lavage fluid that can 
provide an indication of the extent of dilu¬ 
tion of the sample. Both endogenous (urea, 
albumin) and exogenous (inulin, methylene 
blue) markers have been used. Dilution 
factors using urea concentration in plasma 
and in bronchoalveolar lavage fluid appear to 
be useful. The assumption is that urea con¬ 
centrations in bronchial and alveolar secre¬ 
tions will be identical to that in plasma. The 
formula for correcting for dilution that 
occurs during collection of bronchoalveolar 
lavage fluid is: 

Dilution factor = Urea concentration in 

bronchoalveolar lavage fluid / 

Urea concentration in plasma 

where urea concentration in bronchoalveo¬ 
lar lavage fluid and in plasma is expressed in 
the same units. The volume of the pulmo¬ 
nary epithelial lining fluid can then be 
calculated: 

Pulmonary epithelial lining fluid volume 

= Dilution factor X Volume of 
bronchoalveolar lavage fluid 

Samples for cytology are submitted for 
preparation involving centrifugation of the 


sample to concentrate cells for preparation of 
slides for staining and microscopic examina¬ 
tion. At least for samples from horses, exami¬ 
nation of smears made directly from the 
sample, without centrifugation, is diagnosti¬ 
cally useful. As for tracheal fluid, the propor¬ 
tion of mast cells in equine bronchoalveolar 
lavage fluid is underestimated if cells are 
stained with fast Romanowsky stain (Diff- 
Quik). Ideally, five fields are examined for 
each slide, rather than simply counting 400 
cells, to ensure that the cell proportions 
are accurately reported, particularly for 
mast cells. 51 

Diagnostic Value 

The aspirates from normal animals contain 
ciliated columnar epithelial cells, mononu¬ 
clear cells, and a few neutrophils with some 
mucus. Bronchoalveolar lavage fluid samples 
can be collected at 24-hour intervals without 
affecting the composition of the fluid, 
whereas collection as soon as 2 hours can 
result in a neutrophilic response. 45 The con¬ 
centration of the cells depends on the volume 
of fluid infused and the disease status of the 
animal. Representative values for various 
species are listed in Table 12-3. The general 
pattern is that animals with inflammatory 
airway disease, either infectious or noninfec- 
tious, have a higher proportion of neutro¬ 
phils than do disease-free animals. However, 
ranges of normal values vary considerably 
depending on the species, the age of the 
animal, and its management (primarily 
housing conditions). Care should be taken 
not to overinterpret findings on examination 
of tracheal aspirates or bronchoalveolar 
lavage fluid. Although there is good correla¬ 
tion between microbiological results and cell 
counts in bronchoalveolar lavage fluid of 
calves with pneumonia and Thoroughbred 
racehorses with inflammatory airway 
disease, this association might not hold for 
all diseases or species. 

There is the potential for a seasonal effect 
on bronchoalveolar lavage fluid composi¬ 
tion, with mastocytosis occurring more 
commonly in the antipodean spring and 
neutrophilia and eosinophilia more common 
in the summer. 52 Aged horses have a higher 
percentage of lymphocytes and lower pro¬ 
portion of macrophages than do younger 
horses. 53 The clinical importance of this 
finding is unclear. 

Thoracocentesis (Pleurocentesis) 

Paracentesis of the pleural cavity is of value 
when the presence of pleural fluid is sus¬ 
pected and, in the absence of ultrasono¬ 
graphic examination, needs to be confirmed, 
and when sampling of pleural fluid for cyto¬ 
logic and bacteriologic examination is indi¬ 
cated. The primary indication for sampling 
pleural fluid is the presence of excess pleural 
fluid. Sampling of pleural fluid is usually 
accompanied by therapeutic drainage, in 
which case the cannula used for sampling is 
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Table 12-3 Representative results of cytology of bronchoalveolar lavage fluid of cattle, sheep, pigs, and horses 


Species 

Disease status 

Volume infused 
(mL) 

Total nucleated 
cell count 
(cells x 10 9 /L) 

Neutrophil 

<%) 

Macrophages 

(%) 

Lymphocytes 

(%) 

Eosinophils 
(mast cells) 
(%) 

Weaner pigs 

Normal 

15-30 

0.7 ± 0.2 

2.0 ± 1.2 

95.6 ± 2.7 

1.7 1 1.2 

NR 

Weaner pigs 

Respiratory disease 

15-30 

0.9 ± 0.3 

7.0 14.2 

87.9 ± 5.9 

3.7 1 2.0 

NR 

Adult sheep 

Normal, pastured 

30 

NR 

6.9 ± 5.8 

81.1 ± 15.3 

10.8 1 15.8 

1.2 1 2.7 

Adult sheep 

Normal, housed 

30 

NR 

21.8 ± 

23.4 

57.6 ± 19.6 

16.1 1 12.6 

4.5 1 9.5 

Adult sheep 

Respiratory disease 

30 

NR 

26.8 ± 

16.8 

55.41 20.9 

11.6 1 11.1 

6.2 1 8.6 

Calves (2-3 
months old) 

Normal 

240 

NR 

12 ± 10 

86 1 10 

2 1 1 

0 

Calves (2-3 
months old) 

Parasitic 

(Dictyocaulus 

viviparus) 

pneumonia 

240 

NR 

20 ± 20 

20 1 10 

2 1 1 

70 1 10 

Cattle (6-10 
months old) 

Healthy 

180-240 

1.4 ± 0.3 

< 5 

80-85 

10 

NR 

Calves (2 
months old) 

Healthy 

180 

NR 

9.1 ±11.6 

(all but one 
< 12) 

90.7 1 11.6 

NR 

NR 

Horses (yearling) 

Healthy, at pasture 

300 

85 ± 10.2 cells/pL 

3.6 ± 0.8 

39.5 1 2.6 

42.8 1 2.4 

0.8 1 0.4 
(mast cells 

8.3 1 1.7) 

Horses (yearling) 

Healthy, stabled 

300 

74.5 ± 7.8 cells/pL 

13.2 ± 3.0 

40.1 1 2.7 

39.1 1 2.3 

0.6 1 0.2 
(mast cells 

4.1 1 1.3) 

Horses (adults) 

Healthy 

300 

182 ± 035 

8.9 ± 1.2 

45 1 2.8 

43 1 2.7 

< 1 

Standardbred 

racehorses 

Healthy 

300 

153.2 ± 17.1 

3.8 ± 0.3 

64.8 14.6 

28.3 1 2.9 

1.2 1 0.8 

(mast cells 

0.3) 

Standardbred 

racehorses 

Inflammatory 
airway disease 

300 

366 ± 16.8 cells/pL 

10.4 ± 1.1 

48.41 1.9 

36.0 1 1.9 

3.8 1 1.5 

(mast cells 

1.8 1 1.5) 

Adult horses 

Heaves 

300 

860 ± 324 cells/pL 

60.3 ± 

12.4 

14.6 14.8 

22.7 1 10.1 

(mast cells 

0.8 1 0.6) 

Adult horses 

Remission from 
heaves (at 
pasture) 

300 

85 ± 15 cells/pL 

17.7 ± 5.4 

38.9 1 9.1 

42.4 1 8.9 

3.0 1 0.8 

Adult horses* 

Mild heaves 

250 

253 (80-414) 

17 (7-67) 

28 (10-47) 

43 (19-71) 

0(0-1) 

1 (0-3) 

Adult horses* 

Moderate heaves 

250 

255 (1 17-3564) 

17 (12-92) 

19 (3-33) 

43 (6-60) 

1 (0-32) 

1 (0-4) 

Adult horses* 

Severe heaves 

250 

286 (98-913) 

25 (9-85) 

34 (6-49) 

31 (7-68) 

0(0-1) 

1 (0-1) 


Values are mean ± SD or median and range (*); NR, not reported. See Radostits et al. Veterinary Medicine 1 Oth edition. 2006. Page 488. Table 10-3 for references. 


larger than if only collection of pleural fluid 
is desired. Contraindications are minimal, 
especially if the procedure can be performed 
under ultrasonographic guidance. The prin¬ 
cipal contraindication is the inability to 
restrain an unruly animal because this 
increases the risk of laceration of the lung 
or a coronary vessel, or cardiac puncture. 
Complications include hemorrhage from 


lacerated intercostal or pleural vessels, pneu¬ 
mothorax secondary to laceration of the lung 
or introduction of air through the cannula, 
cardiac puncture and sudden death, irrita¬ 
tion of the myocardium and ventricular 
arrhythmia (premature ventricular contrac¬ 
tions), or coronary artery laceration and sub¬ 
sequent cardiac tamponade and death. There 
is a risk of cellulitis at the site of centesis. 


especially if indwelling cannulas are main¬ 
tained for more than a day. 

The procedure is performed with the 
animal standing. Sedation or systemic anal¬ 
gesia is usually not needed, unless it is medi¬ 
cally indicated or the animal is not easily 
restrained. The equipment for sampling of 
pleural fluid from adult horses or cattle is a 
blunt 10- to 15-cm cannula of approximately 
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3 mm in diameter (such as a bovine teat 
cannula) or a 7.5-cm spinal needle. The 
blunt-tipped cannula is preferred because 
use of it reduces the risk of laceration of vital 
structures. A three-way stopcock or similar 
device should be attached to the hub of the 
needle or cannula and closed to prevent aspi¬ 
ration of air when the pleural cavity is 
entered. The site for centesis is best identified 
by ultrasonographic examination of the 
thorax or, if that is not available, by percus¬ 
sion and auscultation of the chest to identify 
the fluid level. A commonly used site is the 
seventh intercostal space on the left side and 
the sixth intercostal space on the right side. 
The skin should be clipped of hair and asep- 
tically prepared. The region can be anesthe¬ 
tized with approximately 10 mL of 2% 
lidocaine, mepiricaine, or a similar product. 
The cannula or needle should be introduced 
over the rib and then directed cranial to the 
rib (the intercostal vessels and nerves course 
along the caudal edge of the rib). If a cannula 
is used, then a slight “popping” sensation is 
felt as the cannula perforates the parietal 
pleura. A syringe is attached to the cannula 
or needle and fluid is aspirated from the 
pleural space. 

Collected fluid should be examined visu¬ 
ally. Normal pleural fluid, which is present in 
small quantities in normal animals, is clear 
and slightly yellow. Abnormal fluid can be 
bloody, thick, and yellow, suggestive of puru¬ 
lent material, or flocculent. The material 
should be smelled—a foul odor is usually 
present when the pleural fluid is infected by 
anaerobic bacteria and is a sign of a poor 
prognosis. Cytologic examination should be 
performed, including white cell count and 
measurement of total protein concentration. 
Ancillary measurements on pleural fluid 
include pH, P co 2 , Po 2 , bicarbonate, glucose, 
and lactate. Sterile pleural fluid has a pH, Po 2 
and Pco 2 and lactate, glucose, and bicarbon¬ 
ate concentrations similar to those of venous 
blood. Infected pleural fluid is acidic, is 
hypercarbic, and has an increased concentra¬ 
tion of lactate and decreased concentrations 
of bicarbonate and glucose compared with 
venous blood. Pleural fluid should be cul¬ 
tured for aerobic and anaerobic bacteria and 
mycoplasmas. Antimicrobial susceptibility 
should be determined for isolated organisms. 
Fungal cultures are rarely indicated. 

Ultrasound-guided needle puncture of a 
suspected lung abscess to determine the 
species of bacteria present is sometimes 
practiced, but there is the risk that infection 
will be spread to the pleura by this technique. 
This technique is not recommended as a 
routine procedure because microbiological 
examination of tracheal aspirates will prob¬ 
ably yield the offending bacteria. 

PULMONARY FUNCTION TESTS 

Pulmonary function tests provide quantita¬ 
tive assessment of pulmonary ventilatory 


function through measurement of expired 
and inspired gas volumes, intrathoracic 
pressures, and derivations of these vari¬ 
ables—sometimes referred to as pulmonary 
mechanics. The techniques are widely used 
in research into pulmonary diseases, espe¬ 
cially heaves in horses, and have been 
adapted for use in ruminants. A relatively 
simple assessment of pulmonary function is 
measurement of pleural pressure changes 
during respiration. This can be achieved by 
either insertion of a blunt cannula through 
the intercostal space or passage of a balloon 
catheter into the thoracic esophagus. The 
pressure changes during respiration are then 
recorded and the maximal pressure change 
between inspiration and expiration is 
calculated. The pressure change is closely 
correlated with airway resistance to airflow 
and is an excellent indicator of the severity 
of bronchoconstrictive diseases. 

More complex measurements are made 
by application of an airtight face mask con¬ 
taining a flow meter to the animal. Combined 
with measures of airway pressure, airflow 
during tidal breathing yields measures of 
tidal volume, minute volume, respiratory 
rate, pulmonary resistance, and pulmonary 
dynamic compliance. Measurements made 
with the animal at rest are relatively insensi¬ 
tive to small changes in pulmonary function, 
and the sensitivity of these tests to detect 
heaves is low. The sensitivity of changes in 
maximal pleural pressure and resistance of 
the lower airways are 44% and 22%, respec¬ 
tively. The sensitivity of the test can be 
increased by measuring these variables 
during exercise. Measurement of pulmonary 
mechanics in horses with heaves is reproduc¬ 
ible over both short (hours) and long 
(months) periods of time, indicating the use¬ 
fulness of these techniques for monitoring of 
disease progression and response to therapy. 

Measurement of flow-volume loops has 
been performed for both stationary and 
exercising horses. A number of variables are 
derived from these measures and used as 
indicators of pulmonary function. However, 
the large variability in these measures in sta¬ 
tionary horses (16%-32%) severely limits the 
utility of this test to detect mild or subclinical 
respiratory disease. Similarly, flow-volume 
loops in exercising horses with obstructive 
lung disease of moderate severity do not 
differ markedly from those of the same 
horses when they do not have lung disease. 
Flow-volume loops have limited use in eval¬ 
uation of lung function in animals. 

Other tests of pulmonary function 
include the nitrogen dilution test and the 
single-breath diagram for C0 2 . For the 
nitrogen dilution test concentrations of 
nitrogen in exhaled air are measured while 
the animal breathes 100% oxygen. A number 
of variables are calculated from the decay 
curve of nitrogen concentration in exhaled 
air, including the functional residual capac¬ 
ity. There are clinically significant differences 


between animals with normal respiratory 
function and those with pulmonary disease. 
However, this test is not readily adapted for 
routine clinical use. Volumetric capnography 
is the graphic examination of expired breath 
C0 2 concentrations versus expired volume 
to create a single-breath diagram for C0 2 . 
The results are divided into phase I, which 
represents the relatively carbon-dioxide-free 
air from the proximal or orad conducting 
airways, phase II, which is the transitional 
phase, and phase III, which is the carbon- 
dioxide-rich air from the alveoli. Measures of 
pulmonary function obtained include esti¬ 
mates of dead space ratio, physiologic dead 
space volume and alveolar efficiency. The 
clinical utility of this test and its ability to 
detect mild or subclinical disease in animals 
have not been demonstrated. 

Impulse oscillometry offers the potential 
of being a potentially clinically useful test of 
respiratory function in horses, pigs, and 
cattle. 54 ' 5 The test measures impedance of the 
respiratory system and provides estimates of 
respiratory resistance and reactance. The 
technique has the advantage of being more 
sensitive to changes in pulmonary function 
than measurement of pleural pressure 
changes, is minimally influenced by respira¬ 
tory rate and tidal volume and is relatively 
easier to perform than more complex mea¬ 
sures of respiratory mechanics. The test 
involves fitting an airtight facemask contain¬ 
ing a pneumotachograph for measurement of 
respiratory volumes and tubing to a horse. 
The tubing is attached to a loudspeaker, 
which is used to generated square-wave 
signals containing harmonics between 0 and 
10 Hz. Information from the system is ana¬ 
lyzed using a computer program and indices 
of pulmonary resistance and reactance are 
determined. The forced oscillation technique 
in feedlot cattle with naturally occurring 
shipping fever indicates the presence of a 
large increase in pulmonary resistance and a 
decrease in dynamic compliance with 
obstructive lung disease located mainly at the 
level of large airways but also in small airways. 
The test is more sensitive than conventional 
techniques in detecting partial upper airway 
obstruction, heaves, and inflammatory 
airway disease in horses, and in pigs with 
lung disease. 54 ' 56 Impulse oscillometry can 
also be used to monitor response to therapy. 56 

The sensitivity of these tests can be 
increased by provocative tests in which 
animals are administered agents, such as 
histamine or methacholine, that cause bron- 
choconstriction in animals with reactive 
airways. 

Measurement of forced expiratory flow- 
volume curves and forced vital capacity in 
horses is a sensitive indicator of bronchocon- 
striction. The test involves the heavily sedated 
horse having a nasotracheal tube inserted. 
The nasotracheal tube is then attached to a 
large vacuum reservoir and a valve is opened 
abruptly. The maximum rate of forced 






expiratory airflow is measured and various 
variables indicative of pulmonary function 
are calculated, including forced expiratory 
volume in 1 second (FEV0. The clinical 
utility of this test of pulmonary function is 
limited by the extensive instrumentation of 
the animal and the need for sophisticated 
electronics. 

ARTERIAL BLOOD GAS 
ANALYSIS 

Measurement of P a o 2 , P a co 2 , and arterial 
oxygen content (C a o 2 ) provides valuable 
information about pulmonary function and 
oxygen delivery to tissues. The arterial oxygen 
tension and arterial oxygen content are not 
equivalent. The arterial oxygen tension (P a o 2 ) 
is a measure of the partial pressure of oxygen 
in arterial blood determined by the amount 
of oxygen dissolved in the blood (not the 
amount bound to hemoglobin) and the tem¬ 
perature of the blood—it is not a direct 
measure of arterial oxygen content. Arterial 
oxygen content is the amount of oxygen per 
unit of blood and includes both dissolved 
oxygen and that bound to hemoglobin. The 
oxygen tension can be viewed as the driving 
force for diffusion of oxygen from capillaries 
into mitochondria (in which the oxygen 
tension is about 2 mm Hg), whereas the 
oxygen content is the amount of oxygen 
delivered to tissue. Both are important mea¬ 
sures of pulmonary function and oxygen 
delivery to tissue. 

Measurement of oxygen tension in blood 
is achieved by analysis of an appropriately 
collected sample of arterial blood using a 
blood gas analyzer (oxygen electrode). 
Instruments designed for medical or veteri¬ 
nary clinical use measure pH, Po 2 , and Pco 2 
at a temperature of 37° C (98.6 F). Depending 
on the software included with the instru¬ 
ment, various derived values are also 
reported, including bicarbonate concentra¬ 
tion, base excess, and oxygen saturation. It is 
important to understand that oxygen satura¬ 
tion reported by blood gas instruments is a 
calculated value and might not be correct. 
Oxygen saturation is measured by a cooxim¬ 
eter, which is different from a blood gas 
machine, and the amount of oxygen carried 
by hemoglobin is then calculated from this 
value, with the assumption that each gram of 
hemoglobin, when fully saturated, carries 
approximately 1.34 to 1.39 mL of oxygen. The 
total oxygen content of blood is calculated by 
adding the amount carried by hemoglobin to 
the amount of oxygen dissolved in the 
aqueous phase of the blood. The formula is 

0 2 content = {S a 0 2 xl.34x[Hb]) 

+ \0.003xP a O 2 ) 

where 0 2 content is in mL/100 mL, S a o 2 is 
the arterial oxygen saturation (%), 1.34 is 
the amount of oxygen carried by fully 
saturated hemoglobin (mL/g), Hbwsa is 
the concentration of hemoglobin in blood 


Special Examination of the Respiratory System 


865 


(g/100 mL), 0.003 is the amount of oxygen 
dissolved in the aqueous phase of 100 mL 
of blood for each 1 -mm Hg increase in Po 2 , 
and P a o 2 is the oxygen tension in arterial 
blood. The appropriate substitutions can be 
made to calculate the oxygen content of 
venous blood. 

The oxygen content of arterial blood is 
the critical factor (with cardiac output) in 
determining oxygen delivery to tissues. 
However, measurement of arterial oxygen 
content is not as readily accomplished as 
measurement of arterial oxygen tension. 
Therefore in animals with normal hemoglo¬ 
bin concentration and function the arterial 
oxygen tension is used as a surrogate measure 
of arterial oxygen content. In doing so, it 
must be recognized that the extent of hemo¬ 
globin saturation with oxygen is dependent 
on both the affinity of hemoglobin for oxygen 
and the oxygen tension of the blood. The 
oxygen tension/percentage saturation rela¬ 
tionship is sigmoidal, with 50% saturation 
occurring at about 30 mm Hg in most 
species (there are minor variations) and 80% 
saturation at a Po 2 of 45 to 55 mm Hg. The 
sigmoidal shape of the oxygen-hemoglobin 
saturation curve has important clinical con¬ 
sequences. Small decrements in P a o 2 from 
normal values (usually 95-105 mm Hg in 
animals breathing ambient air at sea level) 
have a minimal effect on oxygen content of 
blood. Many modern blood gas analyzers 
have software that calculates oxygen content 
of blood, but it must be recognized that these 
calculations often use an assumed, not mea¬ 
sured, hemoglobin concentration (usually 
15 g/dL) and values for the human So 2 -Po 2 
relationship. These assumed values may not 
be correct for animals, and one should always 
check the assumptions used to calculate 
oxygen content of blood before accepting 
and acting on those values. Direct measure¬ 
ment of blood oxygen content is restricted to 
research laboratories—indirect estimates 
gained from oxygen saturation and hemo¬ 
globin concentration are usually sufficiently 
accurate for clinical use. 

The oxygen tension in blood is propor¬ 
tional to the amount of oxygen dissolved in 
the aqueous phase of the blood and the tem¬ 
perature of the blood. For a given amount of 
oxygen dissolved in blood, the tension varies 
according to the temperature of the animal. 
Almost all blood gas analyzers measure the 
Po 2 at 37° C (98.6 F). If the animal’s body tem¬ 
perature is markedly different from that, then 
the reported Po 2 can be erroneous. For 
instance, the P a o 2 of a horse with a body tem¬ 
perature of 40°C (104.0 F) measured using an 
analyzer with a temperature of 37° C (98.6 F) 
would be 80 mm Hg (the Pco 2 would be 
35 mm Hg). If the P a o 2 was adjusted for the 
difference between the horses body tempera¬ 
ture and that of the analyzer, then the reported 
P a o 2 would be 100 mm Hg (and the P a co 2 
would be 44 mm Hg). Failure to make the 
appropriate temperature corrections can 


result in errors of 6% to 7% per °C (3% to 4% 
per F). When interpreting blood gas values, 
attention should be paid to the temperature of 
the animal and consideration given to adjust¬ 
ing gas tension values according to the ani¬ 
mal’s body temperature. This is probably only 
clinically important when there are extreme 
deviations from normal temperature and 
oxygen tension. Most blood gas analyzers 
include software that makes the appropriate 
corrections. 

The arterial oxygen tension is determined 
in the alveolus by the alveolar oxygen tension 
and the alveolar-arterial difference. The alve¬ 
olar oxygen tension (P A o 2 ) can be calculated 
from the following equation: 

P A 0 2 = Fi0 2 (P B —Ph 2 o) - ( P a C0 2 /RQ) 

where F { o 2 is the inspired oxygen fraction 
(21% for ambient air), P B is the barometric 
pressure (760 mm Hg at sea level), Ph 2 o is 
the partial pressure of water vapor in the 
alveolar air (47 mm Hg at 37° C, 98.6 F), and 
RQ is the respiratory quotient (usually 
assumed to be 0.8 for resting animals). The 
alveolar-arterial Po 2 difference (A - a Po 2 ) is 
calculated as 

A-aPo 2 =P A 0 2 -P a 0 2 

The A-a Po 2 difference has clinical signifi¬ 
cance in that it is an indicator of pulmonary 
function that is somewhat independent of 
inspired oxygen fraction and is therefore 
useful in animals being supplemented with 
oxygen (there is a small increase in the A-a 
difference with marked increases in F { o 2 ). 
Increases in A-a Po 2 difference are indicative 
of ventilation-perfusion mismatches, with 
the A-a Po 2 difference increasing with wors¬ 
ening ventilation-perfusion abnormalities. 

Normal Values 

Values obtained from clinically normal 
animals breathing room air at sea level vary 
slightly between species, with most animals 
having an arterial P a o 2 of 95 to 105 mm Hg 
and a P a co 2 of 35 to 45 mm Hg. Oxygen satu¬ 
ration in clinically normal animals breathing 
air at sea level is above 98% and oxygen content 
of arterial blood is 16 to 24 mL/dL of blood 
(this depends on the hemoglobin concentra¬ 
tion in blood). The difference in oxygen 
content of arterial and mixed venous blood 
is usually 4 to 8 mL/dL of blood. Values can be 
influenced substantially by changes in physi¬ 
ologic state (exercise, hyperpnea), positioning, 
pulmonary disease, and altitude (Table 12-4). 
Positioning of the animal can be important, 
especially in neonatal foals, in which the com¬ 
pliant chest wall can impair ventilation in lat¬ 
erally recumbent foals—foals have lower 
arterial oxygen tension when in lateral recum¬ 
bency than when in sternal recumbency. 

Collection of Arterial Blood 
Gas Samples 

Arterial samples can be collected from any of 
the appropriate peripheral arteries, which 
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Table 12-4 Changes in 

blood gas tensions in various disease states compared with values in normal animals breathing air at sea level 


Arterial carbon 

Alveolar-arterial 


Arterial oxygen tension 

dioxide tension 

oxygen difference 


(P a o 2 , mm Hg) 

(P a co 2 , mm Hg) 

(mm hg) 

Physiologic state or disease 

T 

i 

<-> 

Hyperventilation (excitement, panting) 

o or i 

i 

<-> 

Low inspired 0 2 (altitude) 

4- 

T 

<-> 

Hypoventilation 

i 


T 

Diffusion impairment (rarely encountered) 

i 

<-> or T 

T 

Ventilation-perfusion mismatch. T P a co 2 with this disorder is uncommon 

i 

T 

T 

Strenuous exercise by horses 

T, above value in normal animal breathing ambient air at 
normal animal breathing ambient air at sea level. 

sea level; i, below value in normal animal breathing ambient air at sea level; <->, unchanged from value in 


vary depending on species. An arterial 
sample is representative of aortic blood in 
almost all instances. Samples can be col¬ 
lected from the carotid, transverse facial, 
metacarpal, and metatarsal arteries in horses 
and foals, and from the carotid, radial, and 
coccygeal arteries in cattle and calves. Mini¬ 
mally invasive arterial access is difficult 
in pigs. 

Samples should be collected in glass, in 
which the dead space has been filled with 
heparin solution, and stored at 0°C until 
analyzed/’ 8 Typically, a 3-mL plastic syringe 
containing approximately 0.1 mL of sodium 
heparin and attached to a 22- to 25-gauge 
needle is used. All air should be expelled 
from the syringe before collection of the 
sample, and care should be taken to not 
introduce air into the syringe until blood gas 
tensions are measured. Air in the syringe will 
increase the measured oxygen tension of 
blood from normal animals. The sample 
should be measured as soon after collection 
as possible (within minutes). If immediate 
analysis is not available, the sample should 
be stored in iced water until analysis to 
prevent consumption of oxygen, production 
of carbon dioxide and a decrease in pH. 58 
Storage of arterial samples in plastic syringes 
in iced water can increase the oxygen tension 
from 100 mm Hg to 109 mm Hg in as little 
as 30 minutes. This does not occur when 
samples are stored in glass syringes in iced 
water. The pH a and P a co 2 are not affected by 
the type of syringe. 

Blood samples stored in plastic tubes 
(vacutainer) are not suitable for measure¬ 
ment of oxygen and carbon dioxide tensions, 
but measurements of total carbon dioxide 
and bicarbonate concentrations and base 
excess are reliable. ’’ 

VENOUS BLOOD GAS ANALYSIS 

Measurement of gas tensions in venous 
blood is of limited value in assessing pulmo¬ 
nary function because of the extensive and 
variable effects of passage through the 
capillary beds on gas tensions. However, 


measurement of venous oxygen tension, 
saturation, or content can be useful in assess¬ 
ment of the adequacy of oxygen delivery to 
tissue. The oxygen tension, saturation and 
content of venous blood depends on the 
extent of oxygenation of arterial blood, the 
blood flow to the tissues, the metabolic rate 
of the tissues drained by the veins from 
which blood is sampled, and the transit time 
of blood through capillaries. The multiplicity 
of these factors means that determining the 
precise reasons for abnormalities in venous 
blood gas tensions is not possible. However, 
some generalizations can be made about 
venous oxygen tension, saturation and 
content. 

In normal, resting animals, oxygen deliv¬ 
ery to tissues exceeds oxygen needs (demand) 
of the tissue, with the result that venous 
blood draining these tissues is only partially 
desaturated. Hence, venous blood from the 
pulmonary artery (mixed venous blood) has 
oxygen tension, saturation, and content of 
approximately 35 to 45 mm Hg, 80% to 90%, 
and 12 to 18 mL/100 mL, respectively (the 
latter depending on hemoglobin concentra¬ 
tion in addition to hemoglobin saturation). 
However, in situations in which oxygen 
delivery to tissue is decreased to levels that 
only just meet or do not meet the oxygen 
needs of tissue, there is extraction of a greater 
proportion of the oxygen in blood, and 
venous oxygen tension, saturation, and 
content decline, and the arterial-venous dif¬ 
ference in oxygen content increases. Reasons 
for oxygen delivery to tissue not meeting the 
oxygen needs of that tissue are decreased 
perfusion of tissue, such as can occur with 
shock or circulatory failure, anemia, or 
decreased P a o 2 . Additionally, tissues with a 
high metabolic rate, such as exercising 
muscle, have high oxygen demands that can 
outstrip delivery. 

Ideally, whole-body assessment of oxygen 
delivery by measurement of venous blood 
gas tensions is best achieved by examination 
of mixed venous blood. Mixed venous blood 
represents an admixture of blood draining all 
tissues and is collected from the pulmonary 


artery (although samples collected from the 
right ventricle or atrium are also appropriate 
in most instances). Although this blood is 
optimal for assessment of oxygen delivery to 
tissue, collection of mixed venous samples is 
not routine because of the need for catheter¬ 
ization of the pulmonary artery. Samples 
from peripheral veins are therefore used, but 
care should be taken when interpreting these 
values as venous blood gas tensions can vary 
considerably among veins. For animals with 
normal circulatory status, blood gas tensions 
in jugular vein blood are likely to be reason¬ 
able estimates of mixed venous gas tensions. 
However, if circulatory function is not 
normal, then samples from peripheral veins 
may not be indicative of values in mixed 
venous blood. 

Samples for venous blood gas analysis 
should be collected into syringes in which 
the dead space is filled with sodium or 
lithium heparin solution. The volume of 
heparin should not be more than 2% of the 
amount of blood. Samples should be pro¬ 
cessed promptly. If samples cannot be pro¬ 
cessed within an hour, they should be stored 
in iced water. Samples stored in iced water 
for 24 hours have values that are minimally 
different from those before storage, whereas 
samples stored at 25° C (77 F) change mark¬ 
edly in 2 to 3 hours. 

PULSE OXIMETRY 

Pulse oximeters are devices for measurement 
of blood oxygen saturation that attach to skin 
or mucous membranes and sense the absorp¬ 
tion spectrum of light by hemoglobin (the 
same principle is used in bench top cooxim¬ 
eters) in the underlying tissues. The devices 
are widely used for noninvasive monitoring 
of oxygenation in humans and have been 
adopted for use in animals. However, impor¬ 
tant challenges to their use exist in animals, 
not least of which is the presence of hair 
and densely pigmented skin in most farm 
animals. The devices have important defi¬ 
ciencies when used in foals and adult horses, 
but those applied to the ear, lip, or tongue of 
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foals have good sensitivity and specificity for 
detecting arterial So 2 of less than 90 mm Hg 
(12 kPa). 60 The devices consistently underes¬ 
timate arterial So 2 at low saturations. Care 
should be taken when using these devices to 
monitor arterial hemoglobin saturation in 
animals. 

BLOOD LACTATE 
CONCENTRATION 

Measurement of blood lactate concentration 
is useful in assessing the adequacy of oxygen 
delivery to tissues and is now provided by 
point-of-care units, some of which have been 
validated for use in horses and calves. 61,62 
Hypoxia causes a shift to anaerobic metabo¬ 
lism and the production of lactate. Lactate 
production is related to the severity and 
duration of hypoxia, with more severe 
hypoxia resulting in greater accumulation of 
lactate in tissues and its subsequent diffusion 
or transport into blood. Hypoxia also reduces 
the rate of removal of lactate from blood. The 
combination of increased production and 
decreased removal causes lactate to accumu¬ 
late in blood. Measurement of blood lactate 
concentrations (which are usually lower than 
plasma lactate concentrations) is gaining 
increasing clinical usefulness as point-of- 
care analyzers become more readily available 
and testing more affordable. 

Samples for measurement of blood 
lactate can be collected into syringes con¬ 
taining heparin solution (as used for mea¬ 
surement of blood gas tensions) if the sample 
is to be analyzed within 30 minutes. Samples 
should be stored in iced water until analysis. 
Prolonged storage at room temperature 
results in increases in blood lactate concen¬ 
tration. If sample collection is anticipated to 
be delayed, then samples should be collected 
into evacuated tubes containing sodium 
fluoride and potassium ethylenediamine tet- 
raacetic acid (EDTA)—the sodium fluoride 
inhibits glycolysis. However, plasma lactate 
concentrations collected in these tubes are 
approximately 10% lower than in samples 
collected into tubes containing heparin, 
probably because of the osmotic effect of 
sodium fluoride/potassium EDTA on red 
cells. Samples for clinical analysis should be 
collected into syringes containing a heparin 
solution and analyzed within 30 minutes of 
collection. Measurement of blood or plasma 
lactate concentrations can be made using 
point-of-care analyzers, although these can 
yield results that differ markedly from tradi¬ 
tional analyzers, especially in animals with 
extreme values for hematocrit (severe anemia 
or polycythemia). Ideally, blood and plasma 
lactate concentrations should be measured 
only on analyzers that have been validated 
for the species and clinical situation being 
studied. 

Blood lactate and plasma lactate concen¬ 
trations are not equal, with blood lactate 
concentration being lower because of the 


dilutional effect of red blood cells, which 
have a lower lactate concentration than 
plasma. However, most clinical assessments 
are based on blood lactate concentrations. 
Mixed venous or arterial blood lactate con¬ 
centrations in most farm animal species are 
less than 2 mmol/L in normal, healthy 
animals. Tissue hypoxia, in addition to other 
conditions such as toxemia and septic shock, 
can increase blood lactate concentration. 
Blood lactate concentrations between 2 
and 4 mmol/L should be interpreted with 
caution, whereas values above 4 mmol/L are 
indicative of clinically important disruption 
of oxygen transport and cellular metabolism. 
Repeated measurements over time can be 
useful for assessing progression of disease or 
efficacy of treatment. For instance, plasma 
lactate concentrations above 4 mmol/L in 
cattle with pneumonia are predictive of 
death within 24 hours. 

COLLECTION AND ANALYSIS OF 
EXHALED BREATH CONDENSATE 

Collection and analysis of exhaled breath 
condensate have use primarily in research 
studies at the current time and are not likely 
to be sensitive or specific markers of specific 
disease states, although they might provide 
a means of assessing disease severity or 
pathogenesis. 63 Breath condensate is col¬ 
lected and analyzed for markers of pulmo¬ 
nary or systemic disease, including pH and 
markers of oxidative stress. 64 The pH of 
breath condensate is affected by the design 
of the collection device and condensation 
surface temperature, precluding comparison 
of data between studies using different 
methodologies. 65 Examples of use of analysis 
of breath condensate include that induction 
of pneumonia in calves by infection with 
Pasteurella multocida increases the concen¬ 
tration of leukotriene B 4 in breath conden¬ 
sate, horses with heaves have higher 
concentrations of hydrogen peroxide than 
normal horses, probably a result of the 
airway neutrophilia in affected animals, and 
altered oxidative stress state in foals with 
Rhodococcus equi pneumonia. 64 

LUNG BIOPSY 

Percutaneous biopsy of the lung is useful in 
confirming diagnosis of lung disease by pro¬ 
viding tissue for histologic and microbiologi¬ 
cal examination in cattle, sheep, and horses. 
The technique is most useful by providing a 
histologic diagnosis of diffuse lung diseases 
or, when used with ultrasonographic guid¬ 
ance or performed by thoracoscopy, for focal 
disease. Biopsy provided a diagnosis in -80% 
of 65 horses with clinical evidence of diffuse 
lung disease. 66 

Biopsy is usually percutaneous but can 
also be performed during thoracoscopic 
examination. 13 ' 67 Indications for the proce¬ 
dure include the presence of diseases of the 


lungs in which a diagnosis cannot be arrived 
at through other forms of examination, 
including tracheal aspiration or bronchoal- 
veolar lavage. It can also be used for assessing 
the severity of histologic changes and 
response to therapy. The procedure is best 
suited for widespread diseases of the lung, 
but it can be used for diseases that produce 
focal lesions if the biopsy is performed with 
ultrasonographic guidance. Contraindica¬ 
tions include abnormalities in clotting func¬ 
tion, pneumothorax, and severe respiratory 
distress. The danger in performing lung 
biopsy in animals in severe respiratory 
distress is that complications of biopsy, 
such as pneumothorax, hemothorax, or 
hemorrhage into airways, could further 
impair lung function and cause the death of 
the animal. 

Complications include pneumothorax, 
hemothorax, hemorrhage into airways 
with subsequent hemoptysis or epistaxis, 
pulmonary hematoma, and dissemination of 
infection from infected lung to the pleural 
space. The risk of complications increases as 
the number of attempts at biopsy increase. 66 
Pneumothorax, which is usually not clini¬ 
cally apparent, occurs in some horses in 
which the procedure is performed. 68 Cough¬ 
ing and epistaxis occur in about 20% 
and 10% of horses, respectively. Life- 
threatening hemorrhage occurs uncom¬ 
monly (= 2% of cases). Bleeding into the 
airways, detected by tracheobronchoscopic 
examination, occurred in 16 of 50 horses 
after use of the manually discharged biopsy 
needle and in 5 of 50 horses after use of the 
automatically discharged needle. 68 Two of 60 
cows collapsed immediately after the proce¬ 
dure, but subsequently stood and recovered. 
The remaining cows had no clinical abnor¬ 
malities detected after biopsy, although nec¬ 
ropsy examination 24 hours later revealed 
small lesions in the pulmonary parenchyma 
at the site of biopsy. One of 10 healthy sheep 
had coughing and bloody nasal discharge 
after lung biopsy. 

The procedure is performed in adult 
horses and cattle using a 14-gauge biopsy 
needle, either manually operated or one that 
discharges automatically. Such instruments 
yield tissue in over 95% of attempts in cattle. 
The area for examination is best determined 
by radiographic or ultrasonographic exami¬ 
nation of the thorax. A common site for 
biopsy is at the junction of the dorsal and 
middle thirds of the thorax at the 9th inter¬ 
costal space in cattle and sheep and the 13th 
intercostal space in horses. The procedure is 
best performed with the animal standing. 
The skin over the area should be clipped of 
hair and aseptically prepared and local anes¬ 
thesia induced by injection of 2% lidocaine 
or a similar compound into the intercostal 
space. A 0.5-cm incision is made through the 
skin, and the biopsy instrument is advanced 
through the caudal intercostal space (inter¬ 
costal vessels and nerves course along the 
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caudal aspect of the ribs) and into the lung 
perpendicular to the skin surface. The instru¬ 
ment is advanced approximately 2 cm into 
the lung, and tissue is collected at the end of 
inspiration. The procedure is repeated as 
necessary for collection of samples for histo¬ 
logic and microbiological examination. The 
skin incision is closed with a single suture if 
necessary. The animal is then monitored 
closely for 12 to 24 hours for signs of cough¬ 
ing, epistaxis, hemoptysis, fever, or respira¬ 
tory distress. Hemorrhage into the airways is 
usually evident, often within minutes of 
completing the procedure, by the animal 
coughing. Hemorrhage into the airways is 
often evident as hemoptysis, even in horses. 
Respiratory distress can be caused by pneu¬ 
mothorax, hemothorax, or hemorrhage into 
airways. Treatment includes percutaneous 
aspiration of pleural air, administration of 
oxygen by insufflation or, in extreme 
instances, mechanical ventilation. 

An alternative technique in cattle involves 
collection of lung tissue through the right 
cranioventral intercostal 2 space using a 
manual or automated 12- or 14-gauge biopsy 
needle. 69 Lung was successfully harvested 
from 56% of feedlot steers with chronic 
bovine respiratory disease and had the same 
pathologic diagnosis as that obtained by nec¬ 
ropsy examination in 75% of animals. One 
animal of 34 had fatal complications. 

RESPIRATORY SOUND 
SPECTRUM ANALYSIS 

Analysis of respiratory sounds has utility in 
the diagnosis of disorders of the upper respi¬ 
ratory tract of horses. Respiratory sounds 
can be detected by a small microphone near 
the horses nostril with the recording made 
by a tape recorder or similar device worn on 
the saddle or girth strap. Studies can be per¬ 
formed with horses running on either a 
treadmill or outside over ground.' 0 Dorsal 
displacement of the soft palate produces 
broad-frequency expiratory noises with 
rapid periodicity (rattling), whereas dynamic 
unilateral collapse of the arytenoid causes an 
increase in inspiratory broad band high- 
frequency noise. The technique correctly 
identifies more than 90% of horses with 
dynamic collapse of the left arytenoid carti¬ 
lage (“roarers”). 

EXERCISE TESTING 

Exercise testing for assessment of respira¬ 
tory tract function is essentially limited to 
horses, in which it is the gold standard for 
diagnosis of dynamic upper respiratory 
disease in horses. 71 Tests available for use 
on horses running on a treadmill include 
endoscopic examination of the upper 
airway, respiratory noise analysis, blood gas 
analysis, and measurement of respiratory 
mechanics. The most important of these in 
a clinical setting is videoendoscopy during 


exercise to detect dysfunction of the upper 
airway of horses. With the exception of 
recurrent laryngeal neuropathy, there is 
only poor correlation between results of 
endoscopic examination performed in 
standing horses compared with results of 
dynamic endoscopic examination during 
exercise. 6,71 ' 2 Endoscopy of standing horses 
has very limited capacity to detect disorders 
that occur only during exercise, and some 
disorders of the upper respiratory tract, 
such as progressive weakness of the laryn¬ 
geal abductor muscles, axial deviation of 
the aryepiglottic fold, and epiglottic retro¬ 
version, can only be diagnosed by endo¬ 
scopic examination performed during 
strenuous exercise. 71,73 Another finding is 
the presence of multiple upper airway 
abnormalities in a high proportion of 
horses examined during exercise. ' 71,74,75 
Although testing has historically been 
conducted on a high-speed treadmill, a 
recent advance has been the development of 
endoscopes and recording systems that allow 
horses to be examined while exercising in 
the field (overground or dynamic endos¬ 
copy). 7,73 ' 83 Such overground endoscopy 
systems comprise an endoscope, water 
pump, endoscope control unit (for manipu¬ 
lating the tip of the endoscope), and a 
recording/transmitting unit carried on the 
horse or the rider (Fig. 12-2) weighing up to 
2.5 kg. ,7S The source of light are light emit¬ 
ting diodes in the end of the endoscope. Pre¬ 
ferred is a recording unit that simultaneously 
transmits the image in real time, usually 
using Bluetooth or similar technology, to an 
observer situated a short distance (up to 
220 m depending on the unit) from the 
horse. The development of overground 


endoscopy has enabled more widespread use 
of examination of the upper airway of horses 
during exercise and the refinement of under¬ 
standing of dynamic obstructive disorders of 
the upper airway. 

Overground endoscopy has the great 
advantage that it enables examination of the 
horse while it is performing wearing its usual 
tack, ridden by its usual rider, and perform¬ 
ing its customary exercise. 83 Overground 
endoscopy performed on Standardbred race¬ 
horses does not appear to impair race time 
in qualifying races, and allows detection of 
important abnormalities associated with 
poor performance. 81 Examination using 
overground endoscopy allows the effect of 
gait and head position on upper airway func¬ 
tion to be assessed and the relative impor¬ 
tance of one or more abnormalities to be 
determined. 77,84 A disadvantage is that the 
intensity of exercise might not be as easily 
controlled by the veterinarian, or that exer¬ 
cise intensity that mimics that of actual com¬ 
petition in racehorses is not achieved, 
although exercise protocols to ensure the 
consistency of exercise are available. 83 


Principles of Treatment 
and Control of Respiratory 
Tract Disease 

TREATMENT OF 
RESPIRATORY DISEASE 

Treatment of diseases of the lower respira¬ 
tory tract depends on the cause of the disease. 
However, the common principles are as 
follows: 



Fig. 12-2 Horse wearing equipment for overground endoscopy, including endoscope and 
water pump and control, recording, and telemetry units. (Reproduced with permission van 
Erck 2011. 7 ) 
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• Ensure adequate oxygenation of 
blood and excretion of carbon 
dioxide. 

• Relieve pulmonary inflammation. 

• Effectively treat infectious causes of 
respiratory disease. 

• Relieve bronchoconstriction. 

• Provide supportive care to minimize 
demands for respiratory gas 
transport. 

Respiratory Gas Transport 

Cause of acute death in animals with respira¬ 
tory disease is usually failure of transport of 
respiratory gases with subsequent hypox¬ 
emia and hypercapnia. Treatment of failure 
of oxygenation of blood and excretion of 
carbon dioxide can be achieved through 
administration of supplemental oxygen or 
mechanical ventilation. The reasons for 
failure of respiratory gas transport were dis¬ 
cussed previously, and these should be con¬ 
sidered when therapy of an animal with 
respiratory disease and hypoxemia with or 
without hypercarbia is planned. Animals 
with hypercarbia and hypoxemia are 
probably hypoventilating, and consideration 
should be given to increasing the animal’s 
minute ventilation through relief of airway 
obstruction (e.g., by foreign bodies or bron¬ 
choconstriction), improvement in function 
of the respiratory muscles (restore hydration, 
maintain normal blood concentrations of 
electrolytes, including calcium), and posi¬ 
tional adjustments (foals have better respira¬ 
tory function when in sternal recumbency). 
Artificial ventilation should be considered, 
but it is impractical for long-term treat¬ 
ment in animals other than those housed 
in referral centers. Ventilation-perfusion 
abnormalities cause hypoxemia with normal 
to only slightly elevated P a co 2 in most 
affected animals. Oxygen therapy can be 
useful in ameliorating or attenuating the 
hypoxemia as a result of ventilation-perfu¬ 
sion abnormalities. 

OXYGEN THERAPY 

The principal treatment for hypoxemia 
caused by diseases of the lungs is the admin¬ 
istration of oxygen. Oxygen therapy is not 
often used in large animals in field situations, 
but the use of a portable oxygen cylinder 
may find a place in tiding animals over a 
period of critical hypoxia until inflammatory 
lesions of the lungs subside. It has been used 
most often in valuable calves and foals. 
Oxygen therapy must be given continuously, 
requires constant or frequent attendance on 
the animal, and can be expensive. Supple¬ 
mental oxygen is usually administered 
through a nasal cannula with the tip placed 
in the nasopharynx, through a mask, or 
through a cannula inserted percutaneously 
in the trachea. The use of an oxygen tent is 
impractical. 

Oxygen therapy is useful only when 
hypoxemia is attributable to failure of oxygen 


transport in the respiratory system. It is of no 
value when the hypoxia is a result of toxins 
that interfere with oxygen metabolism in 
tissues (e.g., cyanide). Oxygen therapy will 
only minimally increase oxygen transport 
in animals with anemia, abnormal hemoglo¬ 
bin (methemoglobinemia), or cardiovascular 
shock. Cases of pneumonia, pleurisy, and 
edema and congestion of the lungs are most 
likely to benefit from provision of supple¬ 
mental oxygen. 

Oxygen should be delivered through 
a system that includes a humidifier so 
the insufflated gas is humidified and there¬ 
fore drying of the respiratory mucosa is 
minimized. 

Oxygen is often administered to newborn 
animals, either during resuscitation after 
birth or in those animals with respiratory 
disease. The value of supplemental oxygen in 
increasing P a o 2 has been examined in foals, 
but the recommendations probably apply to 
newborns of other species as well. Both a face 
mask and nasopharyngeal tube are effective 
in increasing P a o 2 when oxygen is adminis¬ 
tered at 10 L/min. The ability to elevate arte¬ 
rial oxygen increases with age from birth to 
7 days of age because of the existence of 
right-to-left shunts in the newborn foal. 
Maximal changes in arterial oxygen tension 
occur within 2 minutes of the start of supple¬ 
mentation. In normal foals a flow rate of 
4 L/min increases arterial oxygen tension, 
but responses in sick foals are often attenu¬ 
ated as a result of positional effects on gas 
exchange (recumbency) and other causes of 
hypoventilation. 

Nasal insufflation improves arterial 
oxygen tensions and acid-base status in 
healthy foals 85 and in mild to moderately 
affected foals but might not be sufficient for 
oxygenation of foals with severe impairment 
of gas exchange. The efficacy of nasal insuf¬ 
flation of oxygen through intranasal cathe¬ 
ters in foals depends on the rate of oxygen 
administration and whether catheters are 
inserted in one or both nostrils. When arte¬ 
rial oxygen tensions (P a o 2 ) and inspired 
oxygen fraction (Pj0 2 ) are measured in arte¬ 
rial blood collected from the metatarsal 
artery and thoracic trachea, respectively, of 
healthy, standing, 5- to 7-day-old foals, 
insufflation results in significant increases in 
Pj 0 2 and arterial oxygen tension (Table 12-5). 
Unilateral administration of oxygen at flow 
rate of 50 mL 0 2 per kg body weight per 
minute resulted in an increase in F t o 2 from 
18% to 23% and in arterial oxygen tension 
from 93 to 136 mm Hg. Bilateral administra¬ 
tion and increased rates of flow up to 200 mL/ 
kg/min resulted in further increases. 85 It is 
important to note that this study was done in 
healthy, standing foals and that the effect of 
oxygen insufflation on P a o 2 could be attenu¬ 
ated by recumbency and lung disease. 
However, Pi 0 2 is unlikely to be affected by 
these variables and this information will 
allow calculation of the P a o 2 :Pi0 2 ratio in 


foals as a way of detecting lung injury. Intra¬ 
nasal catheters are also difficult to maintain 
in active sucking foals and require the use of 
higher oxygen flow rates to achieve beneficial 
effects. Flow rates in foals with lung injury 
should be adjusted based on repeated mea¬ 
surement of arterial oxygen tension with the 
aim of maintaining P a o 2 at > 100 mm Hg and 
S a o 2 at greater than 90%. 

A transtracheal oxygen delivery system 
has been used in foals with pneumonia and 
rapidly progressive dyspnea and hypoxemia 
despite intranasal oxygen therapy. A catheter 
is inserted into the midcervical trachea 
and directly distally in the tracheal lumen 
for approximately 25 cm. The catheter is 
attached to about 6 m of oxygen tubing and 
suspended above the foal, allowing it to 
move around the stall and suck the mare for 
up to 6 days without dislodging the catheter. 
This system was more effective than nasal 
insufflation in increasing arterial oxygen 
tension, probably because the catheter tip is 
in the distal trachea and bypasses a signifi¬ 
cant length of dead space that would not be 
oxygenated were the oxygen delivered into 
the nasopharynx. 

In foals with neonatal respiratory dis¬ 
tress, signs of respiratory failure may be 
evident at birth or several hours after birth. 
Tachypnea, shallow and paradoxical respira¬ 
tion, an expiratory grunt with accentuated 
abdominal effort, and cyanosis are all 
common. Management of foals with respira¬ 
tory distress includes oxygen therapy, but 
when the distress is severe, oxygen insuffla¬ 
tion alone is insufficient to improve the 
P a o 2 , which is usually 45 to 60 mm Hg 
(6.0-8.0 kPa). The atelectasis and alveolar 
hypoventilation worsen, resulting in pro¬ 
gressive hypoxemia and respiratory acidosis, 
which requires ventilatory assistance by the 
use of continuous positive airway pressure. 

In cattle and adult horses, the nasal tube 
must be inserted to the nasopharynx because 
passage short of this causes excessive waste 
of oxygen. The length of tube inserted should 
equal the distance from the nostril to a point 
one-third of the way from the lateral canthus 
of the eye to the base of the ear. Insertion of 
a nebulizer in the system permits the simul¬ 
taneous administration of antibiotics and 
moisture to prevent drying of the pharyngeal 
mucosa. The volume of oxygen used should 
be about 10 to 20 mL of oxygen per min per 
kg of body weight. Repeated measurement of 
arterial oxygen tension, if available, is useful 
for determining the flow rate. Arterial 
oxygen tension responds to changes in the 
rate of administration of oxygen within 
several minutes. 

Oxygen toxicity is a risk in animals 
breathing pure oxygen for periods exceeding 
1 to 2 days, but this rarely occurs in veteri¬ 
nary medicine because supplementation 
with oxygen does not result in the animal 
breathing pure oxygen (except for animals 
under general anesthesia). Oxygen toxicosis 





870 


Chapter 12 ■ Diseases of the Respiratory System 


Table 12-5 Effects of unilateral or bilateral nasal insufflation of oxygen at flow rates of 50 mL 02 per kg bodyweight per minute to 
5- to 7-day-old healthy foals on inspired oxygen tension (measured in the thoracic trachea), arterial oxygen tension and measures of 
acid:base balance. (Reproduced from Wong et al.2010. ) 


Oxygen delivery 


Unilateral (mL/kg/min) Bilateral (mL/kg/min) 


Variable 

Baseline 

50 

100 

150 

200 

50 

100 

150 

200 

f,o 2 (%) 

18.0 ± 0.7 a 

23.0 ± 1.4 b 

30.9 ± 2.1 b 

44.2 ± 5.8 b,c,d 

52.6 ± 8.3 b,d,e 

30.9 ± 2.6 b 

48.7 ± 6.2 b,c 

56.4 ± 3.4 be 

74.6 ± 4.2 b 

pHa 

7.435 ± 0.02 a 

7.415 ± 0.02 

7.417 ± 0.01 

7.418 ± 0.01 

7.411 ± 0.02 b 

7.422 ± 0.01 

7.412 ± 0.02 

7.422 ± 0.02 

7.426 ± 0.02 

PaOz 

92.5 ± 8.2 s 

135.9 ± 13.2 b 

175.2 ± 14.6 b 

219.6 ± 31,9 b,e,f 

269.7 ± 40.8 b,d,f 

174.3 ± 26.8 b 

261.2 ± 38.3 b,c,e 

307.8 ± 41,0 b,c,d 

374.2 ± 

(mm Hg) 
P a C0 2 

47.7 ± 2.8 a 

49.7 ± 2.4 

50.5 ± 2.3 b 

50.1 ± 2.8 

51.3 ± 3.1 b 

49.8 ± 1.8 

51.0 ± 2.2 b 

49.8 ± 2.9 

58.2 b 

48.6 ± 3.6 

(mm Hg) 

Petco 2 

53.9 ± 3.3 

52.6 ±4.9 

52.8 ± 7.9 

53.9 ± 7.9 

54.6 ± 5.6 

55.6 ± 2.8 

55.3 ± 6.0 

55.2 ± 5.1 

55.3 ±4.8 

(mm Hg) 

Bicarbonate 

31.4 ± 2.7 

30.7 ± 1.3 

31.4 ± 1.2 

31.2 ± 1.3 

31.4 ± 1.2 

30.8 ± 1.9 

31.5 ± 1.4 

31.4 ± 2.0 

30.8 ± 2.2 

(mmol/L) 

tco 2 

32.3 ± 2.7 

32.0 ± 1.5 

32.8 ± 1.3 

32.6 ± 1.3 

32.8 ± 1.3 

32.2 ± 2.0 

32.9 ± 1.4 

32.8 ± 2.1 

32.2 ± 2.3 

(mmol/L) 

S a o 2 (%) 

96.7 ± 0.7 a 

98.5 ± 0.3 b 

99.2 ± 0.1 b 

99.4 ± 0.2 b 

99.6 ± 0.1 b 

99.1 ± 0.3 b 

99.6 ± 0.1 b 

99.7 ± 0.1 b 

99.8 ± 0.1 b 

P a o 2 ; F,o 2 

514 ± 39 

594 ± 73 9,h 

569 ± 61 

502 ± 75 9 

517 ± 58 

563 ± 55 

540 ± 73 

547 ± 81 

501 ± 57 b 


ratio 


a ’ b Within a row, mean baseline value and values at individual oxygen flow rates that have different superscript letters differ significantly (P < 0.05). With m a row, pp 2 
or P a o 2 at individual oxygen flow rates that have different superscript letters differ significantly (P < 0.02 and < 0.03 respectively). 9,h Within a row, mean ratio values at 
individual oxygen flow rates that have different superscript letters differ significantly (P < 0.05). 


can be prevented by limiting the F t o 2 to less 
than 60%. 85 

RESPIRATORY STIMULANTS 

Use of respiratory stimulants, including 
doxapram, picrotoxin, leptazol (Metrazol), 
lobeline, theophylline, nikethamide (Cora- 
mine), caffeine, and amphetamine sulfate, 
has been advocated in animals with hypox¬ 
emia resulting from respiratory disease. In 
many of these animals, and especially in 
adults, there is already maximal stimulation 
of the respiratory center, and administration 
of drugs such as caffeine or doxapram is at 
best useless and at worst harmful, in that 
they can increase oxygen demand, in par¬ 
ticular myocardial oxygen demand, thus 
exacerbating any oxygen deficit. 

The situation appears to be different in 
neonates, in which the depression of respira¬ 
tion is a result of diminished central control, 
as is the case in foals with neonatal encepha¬ 
lopathy and in premature calves. Doxapram 
(constant rate infusion of 0.02-0.05 mg/kg/h 
IV) is more effective than caffeine (loading 
dose of 7.5-12 mg/kg followed by mainte¬ 
nance dose of 2.5-5 mg/kg PO q24 h) in 
reducing arterial carbon dioxide tension 
neonatal foals with respiratory acidosis 
(P a co 2 > 55 mm Hg and pH < 7.35) second¬ 
ary to neonatal encephalopathy. There was 
no difference in survival rates although the 
number of animals (eight in each group) was 
likely too low to detect important effects on 
survival. 86 Similarly, in healthy newborn 
calves doxapram (40 mg IV) increased respi¬ 
ratory rate, peak inspiratory and expiratory 
flow rates, minute volume and P a o 2 , and 


reduced P a co 2 within minutes of administra¬ 
tion, although the effect lasted less than 90 
minutes. 87,88 Administration of doxapram 
(40 mg IV), atropine or caffeine to neonatal 
calves with naturally occurring asphyxia 
resulted in improvement in arterial blood 
gas values with all treatments with the great¬ 
est effect, and lowest death rate, among 
doxapram-treated calves. 89 

Doxapram appears to be useful in stimu¬ 
lating respiration in foals with pharmaco¬ 
logic depression of the respiratory center by 
general anesthetics. 90 

MECHANICAL VENTILATION 

Short-term mechanical ventilation can be 
achieved in neonates and small adults by use 
of a nasotracheal tube and a hand-operated 
bellows, which is usually in the form of a 
resilient bag equipped with a one-way valve. 
The animal’s trachea is intubated and the bag 
is connected and squeezed to supply a tidal 
volume of approximately 5 to 10 mL/kg BW 
at a rate of approximately 20 breaths per 
minute. Commercial bags (Ambubag) are 
available in a variety of sizes suitable for neo¬ 
nates and small ruminants. There is a simple 
device for respiratory resuscitation of 
newborn calves and lambs consisting of a 
mouthpiece, a nonreturn valve, a flange and 
an oral tube. Ventilation of larger animals 
requires use of compressed gases and appro¬ 
priate valving systems, including a Hudson 
demand valve. In an emergency situation, 
artificial ventilation of neonates and small 
ruminants can be achieved by mouth-to- 
nose ventilation by the veterinarian. This 
should be done only with an awareness of the 


risks of disease transmission (e.g., a weak 
newborn calf could be infected by Brucella 
sp. or Leptospira sp.). 

Prolonged mechanical ventilation is an 
activity requiring special equipment and 
expertise. It is indicated for the treatment of 
diseases of neonates, and perhaps adults, that 
cause hypoxemia and hypercarbia. There is 
usually a significant component of hypoven¬ 
tilation in these diseases and this is a prime 
indication for use of mechanical ventilation. 
An excellent example is the use of mechani¬ 
cal ventilation to treat foals with botulism. In 
experienced hands, this technique is effec¬ 
tive. Because of the highly technical and 
demanding requirements for mechanical 
ventilation, the interested reader is referred 
to more detailed sources for descriptions of 
the methodology. 

ANTI-INFLAMMATORY THERAPY 

Many infectious and noninfectious diseases 
of the lower respiratory tract have inflamma¬ 
tion as a major component of the tissue 
response to the initial insult. Primarily 
inflammatory diseases include heave and 
inflammatory airway disease of horses. 
Inflammation is an important component of 
pneumonia and some of the allergic or toxic 
lung diseases. Suppression of the inflamma¬ 
tory response is indicated when the inflam¬ 
matory response is exacerbating clinical 
signs of the disease through obliteration 
of alveoli (inflammatory atelectasis), 
blockage of airways by inflammatory exu¬ 
dates and infiltration of bronchial walls, and 
bronchoconstriction as a consequence of 
inflammation increasing airway reactivity. 














Administration of antiinflammatory drugs is 
indicated as the definitive therapy in nonin - 
fectious inflammatory airway diseases (with 
control achieved by environmental controls; 
see following discussion). Care must be 
taken that suppression of the inflammatory 
response does not impair innate and adap¬ 
tive immune responses to infectious agents. 

Antiinflammatory drugs used in the 
treatment of diseases of the respiratory tract 
include glucocorticoids and nonsteroidal 
antiinflammatory drugs (NSAIDs), with 
other agents such as leukotriene antagonists, 
interferon, and cromolyn sodium used in 
particular situations. 

Nonsteroidal antiinflammatory drugs 
are useful in the treatment of infectious 
respiratory disease of cattle and horses, and 
likely other species. The drugs act by inhibit¬ 
ing the inflammatory response induced 
by the infecting organism and tissue necro¬ 
sis. Meloxicam (0.5 mg/kg subcutaneously, 
once), when administered with tetracycline, 
improves weight gain and reduces the size 
of lesions in lungs of cattle with bovine 
respiratory disease complex over those of 
animals treated with tetracycline alone. 
NSAIDs also improve the clinical signs of 
cattle with respiratory disease. Use of these 
drugs is routine in horses with pneumonia 
or pleuritis. 

Glucocorticoids are administered for 
control of inflammation in a variety of 
inflammatory lung diseases but notably 
heaves of horses and interstitial pneumonia 
of foals. Treatment can be administered 
orally, by intravenous or intramuscular 
injection, or by inhalation. Oral, intramus¬ 
cular, or intravenous administration results 
in systemic effects of the agents. Inhalation 
of glucocorticoids provides therapy directed 
to the site of the disease and minimizes, but 
does not always prevent the systemic effects 
of the drugs. Drugs for inhalation are usually 
human preparations of fluticasone, beclo- 
methasone, and flunisolide that are available 
as metered-dose inhalers. The compounds 
are administered through a mask adapted so 
that a large proportion of the drug is inhaled. 
Antiinflammatory responses in the airways 
are pronounced and result in marked 
improvement in respiratory function in 
horses with heaves (see Heaves, Recurrent 
airway obstruction). 

IMMUNOMODULATORS 

Interferon is used for the treatment of 
inflammatory airway disease in racehorses 
and feedlot cattle with respiratory disease. A 
dose of 50 to 150 IU of interferon-alpha 
administered orally once daily for 5 days 
reduced signs of airway inflammation in 
young Standardbred racehorses. Immune 
stimulation by injection of a suspension of 
Propionibacterium acnes has been investi¬ 
gated for treatment of chronic inflammatory 
airway disease in horses. The compound 
enhances expression of interferon-gamma 
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and NK-lysin in peripheral blood mononu¬ 
clear cells, increases the proportion of CD4 
cells in peripheral blood and increases 
phagocytic activity of cells in peripheral 
blood. Similar changes were detected in 
bronchoalveolar lavage fluid. The effect on 
respiratory disease has yet to be definitively 
determined. 

ANTIMICROBIAL THERAPY 

Bacterial infections of the respiratory tract of 
all species are treated with antimicrobial 
agents given parenterally or, less commonly, 
orally. Individual treatment is usually neces¬ 
sary, and the duration of treatment will 
depend on the causative agent and the sever¬ 
ity when treatment was begun. In outbreaks 
of infectious respiratory disease, the use of 
mass medication of the feed and water sup¬ 
plies may be advisable for the treatment of 
subacute cases and for convalescent therapy. 
The response to mass medication will depend 
on the total amount of the drug ingested by 
the animal and this is a reflection of the 
appetite or thirst of the animal, the palat- 
ability of the drug, and its concentration in 
the feed or water. The choice of drug used 
will depend on its cost, previous experience 
on similar cases, and the results of drug sen¬ 
sitivity tests if available. The individual treat¬ 
ment of all in-contact animals in an affected 
group may be useful in controlling an out¬ 
break of respiratory disease such as shipping 
fever in feedlot cattle. 

Selection of antimicrobials is based on 
the principles detailed in Chapter 6. Briefly, 
antimicrobials for treatment of bacterial 
respiratory disease should be active against 
the causative agent, should be able to achieve 
therapeutic concentrations in diseased lung, 
and should be convenient to administer. The 
antimicrobials should be affordable and, if 
used in animals intended as human food, 
must be approved for use in such animals. 

Antimicrobials for treatment of lung 
disease are preferably those that achieve 
therapeutic concentrations in diseased lung 
tissue after administration of conventional 
doses. This has been convincingly demon¬ 
strated for the macrolide (azithromycin, 
erythromycin, clarithromycin), triamilide 
(tulathromycin), and fluoroquinolone (dan- 
ofloxacin, enrofloxacin) antimicrobials, and 
fluorfenicol in a variety of species. The beta- 
lactam antimicrobials (penicillin, ceftiofur) 
are effective in treatment of pneumonia in 
horses, pigs, and ruminants despite having 
chemical properties that do not favor their 
accumulation in lung tissue. 

Routes of administration include oral 
(either individually or in medicated feed or 
water), parenteral (subcutaneous, intramus¬ 
cular, intravenous), or by inhalation. Intra¬ 
tracheal administration of antimicrobials to 
animals with respiratory disease is not an 
effective means of achieving therapeutic 
drug concentrations in diseased tissue. Aero- 
solization and inhalation of antimicrobials 


has the theoretic advantage of targeting 
therapy to the lungs and minimizing 
systemic exposure to the drug. However, 
although administration by inhalation 
achieves good concentrations of drug in 
bronchial lining fluid, 91 ' 93 it does not pene¬ 
trate unventilated regions of the lungs, in 
which case parenteral or oral administration 
of antimicrobials is indicated. Gentamicin, 
marbofloxacin, ceftiofur, and defquinome all 
achieve high concentrations in pulmonary 
epithelial lining fluid when administered to 
horses. 91 ' 94 Aerosol administration of genta¬ 
micin to normal horses results in gentamicin 
concentrations in bronchial lavage fluid 
12 times that achieved after intravenous 
administration. Aerosolized ceftiofur sodium 
(1 mg/kg) is superior to intramuscular 
administration in treatment of calves with 
Pasteurella (Mannheimia) haemolytica. 

BRONCHO DILATOR DRUGS 

Bronchoconstriction is an important compo¬ 
nent of the increased airway resistance 
present in many animals with disease of the 
lower respiratory tract. Administration of 
bronchodilators can relieve respiratory 
distress and improve arterial blood oxygen¬ 
ation. Bronchodilatory drugs are beta-2- 
agonists (clenbuterol, albuterol/salbutamol, 
terbutaline), parasympatholytic drugs 
(ipratropium, atropine), and methylxan- 
thines (aminophylline, theophylline). 

The indication for the use of bronchodi¬ 
lators is relief of bronchoconstriction. Bron¬ 
choconstriction is an important component 
of the pathophysiology of many diseases of 
the lungs and airways. Bronchodilators are 
used extensively in horses with heaves and 
inflammatory airway disease and less so in 
animals with infectious diseases. Contrain¬ 
dications are few, but caution should be 
exercised when using these drugs in animals 
that are severely hypoxemic because the 
beta-2-agonists can transiently worsen gas 
exchange by increasing perfusion of nonven- 
tilated sections of the lung, and in pregnant 
animals, in which the tocolytic effect of the 
beta-2-agonists can delay parturition. The 
use of beta-2-adrenergic agonist bronchodi- 
lator drugs in food animals is not permitted 
in most countries because of the risk of con¬ 
tamination of foodstuffs intended for con¬ 
sumption by people. This is particularly the 
case with clenbuterol, a drug approved in 
many countries for use in horses that is 
administered to cattle illicitly as a growth 
promoter. People can be poisoned by clen¬ 
buterol in tissues of treated cattle. 

The beta-2-adrenergic agonists are 
potent and effective bronchodilators that can 
be administered orally, intravenously, or by 
inhalation. These drugs also enhance muco¬ 
ciliary clearance of material from the lungs. 
Most administration is oral or by inhalation. 
Use of these drugs is restricted to horses, and 
the drugs are discussed in the section on 
heaves. 
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Parasympatholytic (anticholinergic) 
drugs relieve vagally mediated bronchocon- 
striction. Again, their use is restricted to 
horses. These drugs can cause tachycardia 
and gastrointestinal dysfunction, including 
ileus. 

The methylxanthines are used in horses 
and have been investigated for use in cattle 
with respiratory disease. Their use in horses 
is mainly of historical interest because the 
availability of the more efficacious beta-2- 
adrenergic agonists and parasympatholytic 
drugs has superseded the use of methylxan- 
thines. The use of theophylline in feedlot 
cattle with respiratory disease in field condi¬ 
tions is associated with accumulation of toxic 
concentrations in blood and an excessive 
mortality rate. 

MUCOLYTICS, MUCOKINETIC, 

AND ANTITUSSIVE DRUGS 

Many groups of drugs are used in the therapy 
of respiratory diseases with the objective of 
improving mucokinesis or effective muco¬ 
ciliary clearance. Mucokinetic agents have 
been divided into six groups according to 
their mode of action: 

• Diluents, surface acting agents, and 
mucolytics are supposed to reduce 
the viscosity of the respiratory 
secretions. 

• Bronchomucotropic agents, formerly 
called expectorants, are supposed to 
increase the production of a less 
viscous mucus. 

• Other agents, such as beta- 
adrenergic agonists and 
methylxanthine derivatives, promote 
more effective clearance of mucus 
and act as ciliary augmentors or 
bronchodilators. 

The aim of mucokinetic agents is to 
decrease the viscosity of the respiratory 
secretions, but in some animals with respira¬ 
tory disease the excessive secretions are of 
low viscosity and the use of a mucolytic agent 
in such cases would further decrease muco¬ 
kinesis. There is little or no evidence that 
administration of mucolytic or mucokinetic 
agents, with the possible exception of clen- 
buterol and dembrexine, relieves signs of 
respiratory disease or hastens recovery. 

Inflammation of the lower respiratory 
tract results in production of mucus and 
immigration of inflammatory cells. This 
accumulation of material is cleared by rostral 
movement into the pharynx, where it is dis¬ 
charged through the nostrils or swallowed. 
Clearance is by the mucociliary apparatus or 
coughing. Mucolytics are agents that alter 
the constituents of mucoid or purulent respi¬ 
ratory secretions and make them less viscous. 
Bromhexine is a popular mucolytic with 
horse owners. It is said to reduce the viscos¬ 
ity of airway mucus and increase mucus pro¬ 
duction, although its clinical efficacy has not 
been determined. It may be of some value in 
cattle to increase mucociliary clearance. 


Dembrexine alters the carbohydrate side 
chains of mucin and improves its flow prop¬ 
erties and is reported to decrease coughing 
and hasten recovery in horses with respira¬ 
tory disease. 

Hyperhydration, the administration of 
large quantities of fluids intravenously, has 
been suggested as being useful in the treat¬ 
ment of horses with accumulation of exces¬ 
sive amounts of mucus or mucopus in the 
lower airways. However, experimental trials 
have demonstrated that this approach is not 
effective in horses with heaves. 

Bronchomucotropic agents (expecto¬ 
rants) are administered with the intention of 
augmenting the volume of respiratory secre¬ 
tions by stimulating the mucus-producing 
cells and glands. Formerly called expecto¬ 
rants, they are supposed to increase the pro¬ 
duction of a less viscous mucus. These 
compounds include the iodides and ammo¬ 
nium and glycerol guaiacolate, which are 
commonly found in cough mixtures. These 
are commonly used in farm animals, espe¬ 
cially horses, although their efficacy is 
unknown. 

Coughing is a common sign in animals 
with respiratory disease, and it is an impor¬ 
tant pulmonary defense mechanism, allow¬ 
ing the expulsion of mucus and foreign 
bodies. Antitussive (cough suppressant) 
drugs are infrequently used in large-animal 
medicine. These drugs should only be used 
when definitive therapy has been imple¬ 
mented for the underlying disease. Control 
of the underlying disease will in almost all 
instances resolve the coughing. It is not 
appropriate to use antitussive agents (butor- 
phanol, codeine, diphenhydramine) to sup¬ 
press a cough when the underlying cause is 
unknown or untreated. 

SURFACTANT 

Surfactant is critical to normal alveolar func¬ 
tion, and a lack of this complex phospholipid 
results in progressive alveolar collapse. Com¬ 
position of surfactant from lungs of neonatal 
foals differs from that of adult horses, with 
that from foals having a lower protein con¬ 
centration and higher surface tension. 95 Lack 
of surfactant is an important cause of respira¬ 
tory disease in newborn animals, with those 
born prematurely being at increased risk. 
Attempts have been made to prevent acute 
respiratory disease in premature newborn 
foals, such as those delivered by caesarian 
section because of maternal disease, but the 
results have been disappointing. 

SURGERY 

Many conditions of the upper respiratory 
tract of horses are amenable to surgical cor¬ 
rection. Tracheostomy is often used in the 
emergency or urgent relief of acute upper 
airway obstruction and in the removal of 
large amounts of tracheal debris, such as 
occurs in animals with smoke inhalation. 
Drainage of excessive or infected pleural 


fluid can be therapeutic in animals with 
pleuritis. 

GENERAL NURSING CARE 

Animals with respiratory disease should 
have minimal or no enforced activity, and 
environmental stressors should be mini¬ 
mized. One of the most important aspects of 
the treatment of respiratory tract disease in 
farm animals is the provision of a comfort¬ 
able, well-ventilated environment during 
and after the disease episode. Affected 
animals should be placed in a draft-free area 
that is adequately ventilated and supplied 
with an abundance of bedding for comfort 
and warmth, particularly during convales¬ 
cence. Feed and water should be readily 
available and dusty feeds avoided. 

CONTROL OF 
RESPIRATORY DISEASE 

Infectious diseases of the respiratory tract of 
farm animals are caused by a combination of 
infectious agents and predisposing causes 
such as inclement weather, the stress of 
weaning or transportation, and poorly venti¬ 
lated housing, each of which can weaken the 
defense mechanisms of the animal. Preven¬ 
tion and control of these diseases include the 
following tactics: 

• Minimizing exposure to inciting 
agents (infectious or physical) 

• Maximizing innate resistance by 
ensuring that the animals are in 
excellent general health through 
attention to nutrition, housing, and 
animal welfare 

• Maximizing adaptive resistance by 
the administration of effective 
vaccines such that maximal 
resistance is produced to coincide 
with the time of greatest risk of the 
disease 

IMPORTANCE OF DIAGNOSIS 

For some complex respiratory diseases of 
food animals, it is becoming increasingly 
more difficult to obtain a definitive etiologic 
diagnosis because some of the common dis¬ 
eases appear to be caused by multiple infec¬ 
tions rather than a single one. Most of the 
infective agents that cause respiratory disease 
are ubiquitous in the environment and are 
present as normal residents in the nasal cavi¬ 
ties of normal animals. This often creates 
difficulty with the interpretation of the 
microbiological findings in outbreaks of 
respiratory disease because the infectious 
agents can commonly be isolated from both 
sick and well animals. Thus there may be no 
well-defined cause-and-effect relationship, 
and the predisposing causes begin to assume 
major importance in any control program. 

MANAGEMENT TECHNIQUES 

Most of the common respiratory diseases 
occur at certain times under certain 






conditions, and successful control will 
depend on the use of management tech¬ 
niques before the disease is likely to occur. 
For example, in beef cattle, pneumonic pas- 
teurellosis can be kept to a minimum with 
the use of certain management procedures 
that minimize stress at weaning. The inci¬ 
dence of pneumonia can be minimized in 
young bulls destined for a performance 
testing station if they are weaned well in 
advance of movement to the test center. In 
North America, bovine respiratory disease is 
most common in feedlots where young cattle 
from several different backgrounds have 
been mingled after having been transported 
long distances. Outbreaks of equine respira¬ 
tory disease occur in young horses that are 
assembled at the racetrack for training or at 
horse shows. 

HOUSING FACILITIES 

The quality of air in housing facilities is 
a critical determinant of the respiratory 
health of most species, including humans 
who work in these facilities. 96 Poor air 
quality, such as high particulate concentra¬ 
tions, persistently high humidity, bacterial 
and fungal growth, and excessive concen¬ 
trations of ammonia, predispose to infec¬ 
tious and noninfectious diseases in animals 
housed in the barns. 96 ' 99 

The incidence of pulmonary inflamma¬ 
tion, excessive mucus in airways and cough¬ 
ing (heaves) in horses is much higher in 
those that are housed in barns that are dusty 
and not ventilated compared with horses 
kept outdoors. 96 ' 100 ' 101 Bad stabling manage¬ 
ment as a major cause of coughing in horses 
was described almost 200 years ago, but there 
is still a major emphasis on the clinical man¬ 
agement of chronic coughing in housed 
horses using a wide spectrum of antibiotics, 
expectorants, and other drugs. Attention to 
barn design such that concentration of small 
particulates in the air is minimized will 
improve the respiratory health of horses 
housed in the barn. 101 ' 102 

In pigs, enzootic pneumonia is wide¬ 
spread, but the effects of the pneumonia can 
be maintained at an insignificant level with 
adequate housing, ventilation, and nutrition. 
Too much emphasis has been placed on the 
attempted eradication of Mycoplasma spp., 
which is extremely difficult, and insufficient 
emphasis on building design and ventilation 
methods. 

VACCINES 

Vaccines are available for the immunization 
of farm animals against some of the common 
infectious diseases of the respiratory tract. 
Their advantages and disadvantages are 
discussed under each specific disease. 
The general principles underlying use of vac¬ 
cines for control of respiratory disease are as 
follows: 

• The disease must be caused by a 
disease that is infectious. 
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• There must be an effective vaccine 
suitable for use in the species and 
age group of animals at most risk of 
the disease. Ideally, this will be 
known from published, appropriately 
designed trials testing the vaccine in 
a group of animals identical to those 
in which the vaccine will be used in 
practice. 

• The vaccine must be administered to 
animals in such a manner (route, 
timing, frequency) to optimize the 
immunization (adaptive immunity). 

• The timing of the vaccination 
program should be such that 
maximal resistance to the anticipated 
diseases is achieved at the time of 
greatest risk of the disease. 

• Vaccination should be part of an 
ongoing program of disease control 
and should not be regarded as a 
panacea with which to rectify other 
shortcomings in management of the 
animals. 

ENVIRONMENTAL CONTROL 

In effect, the principles of control and pre¬ 
vention of airborne respiratory disease are 
based largely on keeping the levels of patho¬ 
gens in the air at a low level. This can be 
accomplished by a combination of the fol¬ 
lowing practices: 

• The use of filtered-air positive- 
pressure ventilation systems 

• The removal of affected animals from 
the group 

• Increasing the ventilation rate of the 
building unit 

• Subdivision of the unit into small 
units, each with its own ventilation 
system 

• A continual disinfection system 
where appropriate and practicable 

• The provision of supplemental heat 
so that during cold weather the 
ventilation can be maintained and 
animals will not huddle together to 
keep warm and thereby increase the 
exposure rate of infection 

• The use of vaccines for specific 
diseases of the respiratory tract 

• Effective dust control 
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Diseases of the Upper 
Respiratory Tract 

RHINITIS 

Rhinitis (inflammation of the nasal mucosa) 
is characterized clinically by sneezing, 
wheezing, and stertor during inspiration and 
a nasal discharge that can be serous, mucoid, 
or purulent in consistency depending on the 
cause. 

ETIOLOGY 

Rhinitis usually occurs in conjunction with 
inflammation of other parts of the respira¬ 
tory tract. It is present as a minor lesion in 
most bacterial and viral pneumonias, but the 
diseases listed are those in which it occurs as 
an obvious and important part of the 
syndrome. 

Cattle 

• Catarrhal rhinitis in infectious 
bovine rhinotracheitis; adenoviruses 
1,2, and 3; and respiratory syncytial 
virus infections 

• Ulcerative/erosive rhinitis in bovine 
malignant catarrh, mucosal disease, 
rinderpest 

• Actinobacillus lignieresii can cause 
outbreaks of respiratory disease in 
adult cattle characterized by 
stertorous breathing, nasal discharge, 
and excessive salivation. Lesions 
included thickening and ulceration 
of the nasal planum, turbinates, and 
paranasal sinuses. Treatment with 


oxytetracycline was associated with 
resolution of the disease. 1 

• Nasal schistosomiasis 

• Nasal mycosis 

• Infection by Pseudalleschia boydii 
species complex 2 

• Nasal actinomycosis 

• Rhinosporidiosis caused by fungi 
and atopic rhinitis 

• Familial allergic rhinitis and allergic 
nasal granuloma 3 

• Bovine nasal eosinophilic granuloma 
attributable to Nocardia sp. 

Horses 

• Glanders, strangles, and epizootic 
lymphangitis 

• Infections with the viruses of equine 
viral rhinopneumonitis 
(herpesvirus-1), equine 
herpesvirus-3, 4 equine viral arteritis, 
influenza H3N8 equine rhinovirus, 
parainfluenza virus, reovirus, 
adenovirus 

• Chronic rhinitis claimed to be 
caused by dust in dusty stables, 
and acute rhinitis occurring 
after inhalation of smoke 

and fumes 

• Nasal granulomas as a result of 
chronic infections with 
Pseudoallescheria boydii and 
Aspergillus, Conidiobolus, and 
Mucoraceous fungi 

• Equine grass sickness 
(dysautonomia) in the chronic form 
causes rhinitis sicca 5 

Sheep and Goats 

• Melioidosis, bluetongue; rarely, 
contagious ecthyma and sheep pox 

• Oestrus ovis and Elaeophora 
schneideri infestations 

• Allergic rhinitis 

• Purulent rhinitis and otitis associated 
with P. aeruginosa in sheep showered 
with contaminated wash 

• Infection by Conidiobolus spp. and 
Pythium spp. 6 " 8 

• Nasal polyps in sheep 9 

Pigs 

• Atrophic rhinitis, inclusion-body 
rhinitis, swine influenza, some 
outbreaks of Aujeszky’s disease 

PATHOGENESIS 

Rhinitis is of minor importance as a disease 
process except in severe cases when it causes 
obstruction of the passage of air through the 
nasal cavities. Its major importance is as an 
indication of the presence of some specific 
diseases. The type of lesion produced is 
important. The erosive and ulcerative lesions 
of rinderpest, bovine malignant catarrh, and 
mucosal disease; the ulcerative lesions of 
glanders, melioidosis, and epizootic lym¬ 
phangitis; and the granular rhinitis of the 


anterior nares in allergic rhinitis all have 
diagnostic significance. 

In atrophic rhinitis of pigs, the destruc¬ 
tion of the turbinate bones and distortion of 
the face appear to be a form of devitalization 
and atrophy of bone caused by a primary 
inflammatory rhinitis. Secondary bacterial 
invasion of facial tissue of swine appears to 
be the basis of necrotic rhinitis. 

CLINICAL FINDINGS 

The primary clinical finding in rhinitis is a 
nasal discharge, which is usually serous 
initially but soon becomes mucoid and, in 
bacterial infections, purulent. Erythema, 
erosion, or ulceration may be visible on 
inspection. The inflammation may be unilat¬ 
eral or bilateral. Sneezing is characteristic in 
the early acute stages, and this is followed in 
the later stages by snorting and the expulsion 
of large amounts of mucopurulent discharge. 
A chronic unilateral purulent nasal discharge 
lasting several weeks or months in horses 
suggests nasal granulomas associated with 
mycotic infections. 

"Summer Snuffles" 

“Summer snuffles” of cattle presents a char¬ 
acteristic syndrome involving several animals 
in a herd. Cases occur in the spring and 
autumn when the pasture is in flower and 
warm, moist environmental conditions 
prevail. The disease may be most common in 
Channel Island breeds. There is a sudden 
onset of dyspnea with a profuse nasal dis¬ 
charge of thick, orange to yellow material 
that varies from a mucopurulent to caseous 
consistency. Sneezing, irritation, and 
obstruction are severe. The irritation may 
cause the animal to shake its head, rub its 
nose along the ground, or poke its muzzle 
repeatedly into hedges and bushes. Sticks 
and twigs may be pushed up into the nostrils 
as a result and cause laceration and bleeding. 
Stertorous, difficult respiration accompanied 
by mouth breathing may be evident when 
both nostrils are obstructed. In the most 
severe cases, a distinct pseudomembrane is 
formed that is later snorted out as a complete 
nasal cast. In the chronic stages, multiple 
proliferative nonerosive nodules 2 to 8 mm 
in diameter and 4 mm high with marked 
mucosal edema are visible in the anterior 
nares. 

Familial Allergic Rhinitis 

In familial allergic rhinitis in cattle, the clini¬ 
cal signs begin in the spring and last until 
late fall. Affected animals exhibit episodes 
of violent sneezing and extreme pruritus 
manifested by rubbing their nostrils on the 
ground, trees, and other inanimate objects 
and frequently scratching the nares with 
their hindfeet. Dyspnea and loud snoring 
sounds are common, and affected animals 
frequently clean their nostrils with their 
tongues. The external nares contain a thick 
mucoid discharge, and the nasal mucosa is 
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edematous and hyperemic. The clinical 
abnormalities resolve during the winter 
months. All affected animals are positive to 
intradermal skin testing for a wide variety of 
allergens. 

Mycotic Rhinitis 

Mycotic rhinitis in the horse is characterized 
by noisy respirations, circumferential nar¬ 
rowing of both nasal passages, and thicken¬ 
ing of the nasal septum. The nasal conchae 
and turbinates may be roughened and edem¬ 
atous, and the ventral meati decreased in size 
bilaterally. The nasal discharge may be uni¬ 
lateral or bilateral. Endoscopically, granulo¬ 
mas may be found in almost any location in 
the nasal cavities and extending to the soft 
palate and into the maxillary sinus. The 
disease is discussed in detail in this chapter. 

Endoscopic Examination 

Endoscopic examination is useful for the 
visual inspection of lesions affecting the 
nasal mucosae of horses and cattle that are 
not visible externally. Radiographic or com¬ 
puted tomographic imaging can be used to 
detect atrophic rhinitis, although use of these 
techniques on a wide scale is clearly not 
practical. 

CLINICAL PATHOLOGY 

Examination of nasal swabs of scrapings for 
bacteria, inclusion bodies, or fungi may aid 
in diagnosis. Discharges in allergic rhinitis 
usually contain many more eosinophils than 
normal. Nasal mucosal biopsy specimens are 
useful for microbiological and histopatho¬ 
logic examination. 

NECROPSY FINDINGS 

Rhinitis is not a fatal condition, although 
animals may die of specific diseases in which 
rhinitis is a prominent lesion. 


DIFFERENTIAL DIAGNOSIS 


Rhinitis is readily recognizable clinically. 
Differentiation of the specific diseases listed 
previously under "Etiology," is discussed 
under their respective headings. 

Allergic rhinitis in cattle must be 
differentiated from maduromycosis, 
rhinosporidiosis, and infection with the 
pasture mite (Tyrophagus palmarum). The 
differential diagnosis may be difficult if allergic 
rhinitis occurs secondary to some of these 
infections. 

Rhinitis in the horse must be 
differentiated from inflammation of the facial 
sinuses or guttural pouches in which the nasal 
discharge is usually purulent and persistent 
and often unilateral, and there is an absence 
of signs of nasal irritation. A malodorous nasal 
discharge, frontal bone distortion, draining 
tracts at the poll, and neurologic 
abnormalities are common in cattle with 
chronic frontal sinusitis as a complication of 
dehorning. 


TREATMENT 

Specific treatment aimed at control of indi¬ 
vidual causative agents is described under 
each disease. Thick tenacious exudate that is 
causing nasal obstruction may be removed 
gently and the nasal cavities irrigated with 
saline. A nasal decongestant sprayed up 
into the nostrils may provide some relief. 
Newborn piglets with inclusion-body rhini¬ 
tis may be affected with severe inspiratory 
dyspnea and mouth breathing that interferes 
with sucking. The removal of the exudate 
from each nostril followed by irrigation with 
a mixture of saline and antimicrobials will 
provide relief and minimize the development 
of a secondary bacterial rhinitis. Animals 
affected with allergic rhinitis should be taken 
off the pasture for about a week and treated 
with antihistamine preparations. 
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NASAL DISCHARGE 

Nasal obstruction occurs commonly in cattle 
and sheep. The disease is usually chronic and 
occurs as a result of the following: 

• In sheep, infestation with Oestrus 
ovis 

• In cattle, most often enzootic nasal 
granuloma, acute obstruction or the 
allergic condition “summer snuffles.” 
Cystic enlargement of the ventral 
nasal conchae in cattle can cause 
unilateral or bilateral nasal 
obstruction. 

Minor occurrences include the following: 

• Large mucus-filled polyps developing 
in the posterior nares of cattle and 
sheep and causing unilateral or 
bilateral obstruction 

• Granulomatous lesions caused by a 
fungus, Rhinosporidium sp., and by 
the blood fluke, Schistosoma 
nasalis 

• A chronic pyogranuloma as a result 
of Coccidioides immitis infection has 
occurred in the horse. 

• Foreign bodies may enter the 
cavities when cattle rub their 
muzzles in bushes in an attempt to 
relieve the irritation of acute allergic 
rhinitis. 

• Nasal amyloidosis occurs rarely in 
mature horses and is characterized 
clinically by stertorous breathing and 
raised, firm, nonpainful, nodular 
swellings on the rostral nasal septum 
and floor of the nasal cavity. Affected 
horses do not have any other illness. 


and surgical removal of the lesions is 
recommended 

• Infestation of the nasopharynx of 
horses by Gasterophilus pecorum 
causes obstruction of the upper 
airway. 

Neoplasms 

Neoplasms of the olfactory mucosa are not 
common but do occur, particularly in sheep, 
goats, and cattle, where the incidence in indi¬ 
vidual flocks and herds may be sufficiently 
high to suggest an infectious cause. The 
lesions are usually situated just in front of the 
ethmoid bone, are usually unilateral but may 
be bilateral, and have the appearance of ade¬ 
nocarcinomas of moderate malignancy. In 
cattle, the disease is commonest in 6- to 
9-year-olds and may be sufficiently extensive 
to cause bulging of the facial bones. The 
tumors are adenocarcinomas arising from 
the ethmoidal mucosa, and they metastasize 
in lungs and lymph nodes. Clinical signs 
include nasal discharge, often bloody; mouth 
breathing; and assumption of a stretched- 
neck posture. There is evidence to suggest 
that a virus may be associated. A similar syn¬ 
drome is observed in cattle with other nasal 
tumors such as osteoma. 

Neoplasia that obstructs the nasal cavity 
occurs in horses with squamous-cell carci¬ 
noma or adenocarcinoma of the sinus or 
nasal cavity or ethmoids, 11 angiosarcoma, 
and a variety of other rare tumors. Epidermal 
inclusions cysts of the nasal diverticulum of 
horses can cause obstruction of the nasal 
cavity, but are not neoplasms. Cysts of the 
paranasal sinuses can cause marked facial 
deformity and obstruction to air passages. 

Enzootic Nasal Adenocarcinoma 

Enzootic nasal adenocarcinoma is a conta¬ 
gious disease that occurs in sheep and goats, 
in which it is associated with a virus—enzo¬ 
otic nasal tumor virus. 1 The putative etio- 
logic agent is a beta-retrovirus, with different 
strains occurring in sheep and goats. The 
disease can be reproduced by inoculation of 
14-day-old lambs with the virus. 2 The clinical 
findings include a persistent serous, mucous, 
or mucopurulent nasal discharge and 
stridor. 3 Affected sheep and goats progres¬ 
sively develop anorexia, dyspnea, and mouth 
breathing, and most die within 90 days after 
the onset of signs. The tumors originate uni¬ 
laterally or occasionally bilaterally in the 
olfactory mucosa of the ethmoid turbinates. 3 
They are locally invasive but not metastatic. 
Histologically, the tumors are classified as 
adenomas or, more frequently, adenocarci¬ 
nomas. Budding and extracellular retrovi- 
rus-like particles have been observed 
ultrastructurally in enzootic nasal tumors of 
goats. A reverse-transcription polymerase 
chain reaction (RT-PCR) can detect the virus 
in healthy and affected sheep, although its 
clinical utility in allowing control of the 
infection has not been determined. 4 
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Fig. 12-3 Endoscopic view of a progressive 
ethmoidal hematoma in a horse. 

(Reproduced with permission. 12 ) 


Fig. 12-4 Lateral radiograph of the head of a horse with progressive ethmoidal hematoma 
(black arrow) and related hemorrhage into the paranasal sinuses (white lines). (Reproduced 
with permission. 2 ) 


Progressive Ethmoidal Hematomas 
in Equids 

Ethmoidal hematomas are non-neoplastic 
tumors that are encapsulated, usually 
expanding, insidious, potentially distorting 
and obstructing lesions of the nasal cavities 
that occur in horses. 5,6 The etiology is 
unknown but a viral etiology (papilloma 
virus) should be considered. Chronic unilat¬ 
eral nasal discharge is common, and lesions 
are usually advanced at the time of diagnosis. 
There is stertorous breathing and upper 
airway obstruction in later stages of the 
disease. The nasal discharge is serous or 
mucoid and intermittently sanguineous, san¬ 
guinopurulent, and usually unrelated to 
exercise. The tumor arises in the ethmoids 
and can invade paranasal sinuses, and espe¬ 
cially the sphenopalatine sinus, and is bilat¬ 
eral in approximately 50% of horses.' 
Diagnosis is made by endoscopy and radiog¬ 
raphy (Figs. 12-3 and 12-4). Computed 
tomographic examination yields informa¬ 
tion additional that obtained by radiographic 
examination (Fig. 12-5) and is useful in 
determining treatment modality and 
approach and prognosis. Magnetic reso¬ 
nance imaging (MRI) yields similar informa¬ 
tion to that obtained by computed 
tomography (CT) examination. 8 

Surgical removal is possible and success¬ 
ful in some cases. Surgical removal is chal¬ 
lenging and often associated with clinically 
important hemorrhage and the need for 
intraoperative or postoperative blood trans¬ 
fusion. 9 Surgical removal of the tumor can be 
achieved in some horses during a standing 
procedure, but the long-term success has yet 
to be determined. 10 

Multiple intralesional injection of forma¬ 
lin (1-100 mL of 10% neutral buffered for¬ 
malin injected at 10-day intervals) through 
an endoscope can cure the tumor, but there 
is the risk of serious adverse effects if the 
ethmoidal hematoma penetrates the cribri¬ 
form plate. The procedure involves the injec¬ 
tion of a sufficient volume of 10% neutral 
buffered formalin to distend the lesion. The 
formalin is injected via an endoscope once 
every 10 days until the lesion resolves by 



Fig. 12-5 Computed tomographic image of 
the head of a horse with advanced 
ethmoidal hematoma revealing extension 
into the paranasal sinuses (white arrow). 

(Reproduced with permission. 12 ) 

sloughing. Between 1 and 20 injections will 
be required. The combination of intralesional 
injection of formalin and laser ablation 
resulted in severe neurologic complications 
in one horse with ethmoidal adenocarci¬ 
noma treated in this way. 11 Similar adverse 


effects can occur with use of these treatments 
in horses with ethmoidal hematomas. 

However, the prognosis for long-term 
resolution of the tumor is poor because of 
high rates of recurrence. 

CLINICAL FINDINGS 

In cattle, sheep, and pigs there is severe inspi¬ 
ratory dyspnea when both cavities are 
blocked. The animals may show great dis¬ 
tress and anxiety and breathe in gasps 
through the mouth. Obstruction is usually 
not complete and a loud, wheezing sound 
occurs with each inspiration. A nasal dis¬ 
charge is usually present but varies from a 
small amount of blood-stained serous dis¬ 
charge when there is a foreign body present 
to large quantities of purulent exudate in 
allergic rhinitis. Shaking of the head and 
snorting are also common signs. If the 
obstruction is unilateral, the distress is not so 
marked, and the difference in breath streams 
between the two nostrils can be detected by 
holding the hands in front of the nose. The 
magnitude of the air currents from each 
nostril on expiration can be assessed with the 
aid of a piece of cotton thread (watching the 
degree of deflection). The passage of a 












stomach tube through each nasal cavity 
may reveal evidence of a space-occupying 
lesion. Endoscopic examination is frequently 
diagnostic. 

TREATMENT 

Treatment must be directed at the primary 
cause of the obstruction. Removal of foreign 
bodies can usually be effected with the aid of 
long forceps, although strong traction is 
often necessary when the obstructions have 
been in position for a few days. 
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EPISTAXIS AND HEMOPTYSIS 

Epistaxis is bleeding from the nostrils regard¬ 
less of the origin of the hemorrhage, and 
hemoptysis is the coughing up of blood, with 
the hemorrhage usually originating in the 
lungs. Both epistaxis and hemoptysis are 
important clinical signs in cattle and horses. 
The bleeding can be in the form of a small 
volume of blood-stained serous discharge 
coming from one or both nares, or it can be 
a large volume of whole blood coming from 
both nostrils and sometimes the mouth. Pul¬ 
monary hemorrhage as a cause of epistaxis 
or hemoptysis is dealt with under that 
heading (“Pulmonary Hemorrhage” section 
in this chapter). The first and most important 
decision is to determine the anatomic loca¬ 
tion of the lesion causing bleeding. 

ETIOLOGY 

Epistaxis occurs commonly in the horse and 
may be caused by lesions in the nasal cavity, 
nasopharynx, auditory tube diverticulum 
(guttural pouch), or lungs (see Table 12-12 
in the section on exercise-induced pulmo¬ 
nary hemorrhage in horses). Epistaxis 
in horses can also be a result of trauma, 
progressive ethmoidal hematoma, foreign 
bodies lodged in the respiratory tract, 
hemorrhagic diatheses, sinusitis, nasal amy¬ 
loidosis, polyps, and bleeding from the naso¬ 
lacrimal duct. 1 Exercise-induced pulmonary 
hemorrhage is described under that heading 
later in this chapter. 

Hemorrhagic lesions of the nasal cavity, 
nasopharynx, and guttural pouch in the 
horse usually cause unilateral epistaxis of 
varying degree depending on the severity of 
the lesions. Pulmonary lesions in the horse 
resulting in hemorrhage into the lumen of 
the bronchi also result in epistaxis. Blood 
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originating from the lungs of the horse is 
discharged most commonly from the nostrils 
and not the mouth because of the anatomy 
of the horses soft palate. 

Bleeding from lesions of the upper respi¬ 
ratory tract of horses usually occurs sponta¬ 
neously while the horse is at rest. One of the 
commonest causes of unilateral epistaxis in 
the horse is guttural pouch mycosis with 
erosion of the internal carotid artery. 2 

Other less common causes of nasal 
bleeding include hemorrhagic polyps of the 
mucosa of the nasal cavity or paranasal 
sinuses, and ethmoidal hematoma (see “Pro¬ 
gressive ethmoidal hematoma” in the section 
on Nasal discharge in this chapter.). Another 
cause, most uncommonly, is a parasitic arte¬ 
ritis of the internal carotid artery as it courses 
around the guttural pouch. Pseudo aneurysm 
of the palatine artery causes unilateral 
epistaxis. 3 

Mild epistaxis is a common finding 
in horses and cattle with severe 
thrombocytopenia. 4 

Erosions of the nasal mucosa in glanders, 
granulomatous disease such as cryptococcal 
sinusitis, 3 neoplastic diseases, and trauma as 
a result of passage of a nasal tube or endo¬ 
scope, or from physical trauma externally, 
are other obvious causes. Trauma to the 
head and skull fractures can result in epi¬ 
staxis. 6 Rupture of the longus capitus muscle 
and fracture of the basisphenoid bone in 
horses that rear and fall backward and strike 
the poll causes epistaxis, among other signs.' 

A case of fibrous dysplasia in the ventral 
meatus of a horse with epistaxis is recorded. 
Congestive heart failure and purpura hemor¬ 
rhagica can cause mild epistaxis in horses. 

Neoplasia, and notably hemangiosar- 
coma, of the upper or lower respiratory tract 
can cause epistaxis. Osteoma of the nasal 
bones causes nasal obstruction and epistaxis 
in cattle. 8 ’ 9 

Envenomation of horses by rattlesnakes 
in the western United States causes a clinical 
syndrome that includes swelling of the head, 
dyspnea, and epistaxis. 

Poisoning by bracken fern or moldy 
sweet clover is a common cause of spontane¬ 
ous epistaxis in cattle. 10 The epistaxis can be 
bilateral, and hemorrhages of other visible 
and subcutaneous mucous membranes are 
common. An enzootic ethmoidal tumor has 
been described in cattle in Brazil and was at 
one time a disease of some importance in 
Sweden. The lesion occupies the nasal cavi¬ 
ties, causes epistaxis, and can invade parana¬ 
sal sinuses. 

In hemoptysis in horses, the blood flows 
along the horizontal trachea and pools in the 
larynx until the swallowing reflex is stimu¬ 
lated and swallowing occurs; or coughing is 
stimulated and blood is expelled through the 
mouth and nostrils. The origin of the hemor¬ 
rhage is usually in the lungs, and in cattle the 
usual cause is a pulmonary arterial aneurysm 
and thromboembolism from a posterior 


vena caval thrombosis (see “Caudal Vena 
Cava Syndrome”). Recurrent attacks of 
hemoptysis with anemia and abnormal lung 
sounds usually culminate in an acute intra- 
pulmonary hemorrhage and rapid death. 

The origin of the hemorrhage in epi¬ 
staxis and hemoptysis may be obvious, as 
in traumatic injury to the turbinates during 
passage of a stomach tube intranasally or if 
a systemic disease with bleeding defects is 
present. In many other cases, however, the 
origin of the hemorrhage is not obvious, 
and special examination procedures may be 
required. Careful auscultation of the lungs 
for evidence of abnormal lung sounds associ¬ 
ated with pulmonary diseases is necessary. 

CLINICAL EXAMINATION 

The nasal cavities should be examined visu¬ 
ally with the aid of a strong, pointed source 
of light through the external nares. Only the 
first part of the nasal cavities can be exam¬ 
ined directly but an assessment of the integ¬ 
rity of the nasal mucosa can usually be made. 
In epistaxis resulting from systemic disease 
or clotting defects, the blood on the nasal 
mucosa will usually not be clotted. When 
there has been recent traumatic injury to the 
nasal mucosa or erosion of a blood vessel by 
a space-occupying lesion such as tumor or 
nasal polyp, the blood will usually be found 
in clots in the external nares. 

The nasal cavities should then be exam¬ 
ined for any evidence of obstruction as set 
out in the previous section. When the blood 
originates from a pharyngeal lesion there are 
frequent swallowing movements and a short 
explosive cough, which may be accompanied 
by the expulsion of blood from the mouth. 
Hematologic examinations are indicated to 
assist in the diagnosis of systemic disease 
or clotting defects. Radiologic examinations 
of the head are indicated when space- 
occupying lesions are suspected. 

Use of the flexible fiberoptic endoscope 
will permit a thorough examination of the 
nasal cavities, nasopharynx, guttural pouch 
and larynx, trachea, and major bronchi. 

TREATMENT 

Specific treatment of epistaxis and hemopty¬ 
sis depends on the cause. Hemorrhage from 
traumatic injuries to the nasal mucosa does 
not usually require any specific treatment. 
Space-occupying lesions of the nasal mucosa 
might warrant surgical therapy. Epistaxis 
associated with guttural pouch mycosis 
usually requires surgical intervention. There 
is no successful treatment for the hemoptysis 
attributable to pulmonary aneurysm and 
posterior vena caval thrombosis in cattle. 
General supportive therapy is as for any 
spontaneous hemorrhage and includes rest, 
blood transfusions, and hematinics. 

FURTHER READING 

Archer D. Differential diagnosis of epistaxis in the 

horse. In Pract. 2008;30:20-29. 
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PHARYNGITIS 

Pharyngitis in all species is associated with 
infectious diseases of the upper airway. It is 
most studied in horses, probably because of 
the frequency of examination of the upper 
airway in this species. Pharyngitis in horses 
has many similarities to tonsillitis in children. 
The disorder in horses involves follicular lym¬ 
phoid hyperplasia of the pharynx affecting 
both the pharyngeal tonsil and the extensive 
and diffuse lymphoid tissue in the walls and 
dorsal aspect of the pharynx. These tissues 
form the mucosal associated lymphoid tissues 
and are an important component of the 
normal immunologic response of horses. The 
condition occurs in a high proportion of 
Thoroughbred racehorses and is probably as 
common in other breeds of horse. 1 The condi¬ 
tion is first detectable in 2- to 3-month-old 
foals and reaches its highest prevalence and 
greatest severity in yearlings and 2-year-old 
horses in race training. It is evident on endo¬ 
scopic examination as diffuse, multiple, 
small, white nodules in the roof and walls of 
the pharynx. The nodules can be confluent, 
and there is often excessive mucus present in 
severely affected horses. The clinical signifi¬ 
cance of the condition is debated. 1 ' 3 Affected 
racehorses do not have impaired race perfor¬ 
mance. Affected horses recover spontane¬ 
ously as they age or after treatment with 
topical antiinflammatory drugs. The condi¬ 
tion is probably a normal aging process and 
necessary for development of a competent 
immune system in young horses. 

Infestation of the nasopharynx of horses 
by larvae of the hot fly Gasterophilus pecorum 
causes obstruction of the upper airway and a 
parasitic pharyngitis. Diagnosis is by visual¬ 
ization of the parasite during endoscopic 
examination. 
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LARYNGITIS, TRACHEITIS, 
BRONCHITIS 

Inflammation of the air passages usually 
involves all levels, and no attempt is made 
here to differentiate between inflammations 


of various parts of the tract. They are all char¬ 
acterized by one or more of cough, noisy 
inspiration, and some degree of inspiratory 
embarrassment. 

ETIOLOGY 

All infections of the upper respiratory tract 
cause inflammation, either acutely or as 
chronic diseases. In most diseases the laryn¬ 
gitis, tracheitis, and bronchitis form only a 
part of the syndrome, and the causes listed 
here are those diseases in which upper respi¬ 
ratory infection is a prominent feature. 

Cattle 

• Infectious bovine rhinotracheitis 
(bovine herpesvirus-1), calf 
diphtheria (necrotic laryngitis), 
Histophilus somnus 

• Tracheal stenosis in feedlot cattle, 
“honker cattle,” etiology unknown 

• Necrotic laryngitis in calves 1 

• Syngamus laryngeus infests the 
larynx of cattle in the tropics 

• Trauma, including balling gun- 
induced injury 2 

Sheep 

• Chronic infection with Actinomyces 
pyogenes 

Horses 

• Equine herpesvirus 1, 2 or 5 (EVR), 
equine viral arteritis (EVA), equine 
viral influenza (EVI), strangles (S. 
equi) 

• Idiopathic ulceration of the mucosa 
covering the arytenoid cartilages 

• Lymphoid hyperplasia of the 
pharynx of horses—the disease is 
more common in younger horses 
and might be associated with 
reduced athletic capacity or 
increased propensity to palatal 
instability. 3,4 

• Bronchitis and tracheitis of horses, 
most evident in athletic horses, and 
characterized by accumulation of 
mucus in the trachea and increased 
proportion of neutrophils in tracheal 
or bronchoalveolar lavage fluid—the 
condition is associated with impaired 
athletic performance. 5 7 

Pigs 

• Swine influenza 

• Necrotic tracheitis (akin to “honker 
syndrome” in cattle) of uncertain 
etiology. 8 

PATHOGENESIS 

Irritation of the mucosa causes frequent 
coughing, and swelling causes partial 
obstruction of the air passages, with result¬ 
ing inspiratory dyspnea. Necrotic laryngitis 
in calves is associated with marked changes 
in pulmonary function, modifies tracheal 
dynamics, and disturbs the growth process 


by increasing the energetic cost of breathing; 
this can result in impaired feed intake and 
predisposition to secondary pulmonary 
infection and subsequent respiratory failure 
from progressive exhaustion. 

CLINICAL FINDINGS 

Coughing and inspiratory dyspnea with 
laryngeal roaring or stridor are the common 
clinical signs. In the early stages of acute 
infections, the cough is usually dry and non¬ 
productive and is easily induced by grasping 
the trachea or larynx, or by exposure to cold 
air or dusty atmospheres. In acute laryngitis, 
the soft tissues around the larynx are usually 
enlarged and painful on palpation. In chronic 
infections, the cough may be less frequent 
and distressing and is usually dry and harsh. 
If the lesions cause much exudation or ulcer¬ 
ation of the mucosa, as in bacterial tracheo¬ 
bronchitis secondary to infectious bovine 
rhinotracheitis in cattle, the cough is moist, 
and thick mucus, flecks of blood, and fibrin 
maybe coughed up. The cough is very painful, 
and the animal makes attempts to suppress it. 
Fever and toxemia are common, and affected 
animals cannot eat or drink normally. 

Inspiratory dyspnea varies with the 
degree of obstruction and is usually accom¬ 
panied by a loud stridor and harsh breath 
sounds on each inspiration. These are best 
heard over the trachea, although they are 
quite audible over the base of the lung, being 
most distinct on inspiration. The respiratory 
movements are usually deeper than normal 
and the inspiratory phase more prolonged 
and forceful. Additional signs, indicative of 
the presence of a primary specific disease, 
may also be present. 

Examination of the larynx is usually 
possible through the oral cavity using a 
cylindrical speculum of appropriate size and 
a bright, pointed source of light. This is done 
relatively easily in cattle, sheep, and pigs but 
is difficult in the horse. Lesions of the 
mucosae of the arytenoid cartilages and the 
vault of the larynx are usually visible if care 
and time are taken. In laryngitis, there is 
usually an excessive quantity of mucus, 
which may contain flecks of blood or pus in 
the pharynx. Palpation of the pharyngeal and 
laryngeal areas may reveal lesions not readily 
visible through a speculum. During opening 
of the larynx, lesions in the upper part of the 
trachea are sometimes visible. The use of a 
fiberoptic endoscope allows a detailed exam¬ 
ination of the upper respiratory tract. 

Inflammation or lesions of the larynx 
may be severe enough to cause marked inspi¬ 
ratory dyspnea and death from asphyxia. In 
calves and young cattle with diphtheria, the 
lesion may be large enough (or have a pedicle 
and act like a valve) to cause severe inspira¬ 
tory dyspnea, cyanosis, anxiety, and rapid 
death. The excitement associated with 
loading for transportation to a clinic or of a 
clinical examination, particularly the oral 
examination of the larynx, can exaggerate 







the dyspnea and necessitate an emergency 
tracheotomy 

Most cases of bacterial laryngitis will heal 
without obvious residual sign after several 
days of antimicrobial therapy. Some cases in 
cattle become chronic in spite of therapy as 
a result of the inflammation extending down 
into the arytenoid cartilages resulting in a 
chronic chondritis caused by a sequestrum 
similar to osteomyelitis. Abscess formation 
is another common cause of chronicity. 
Secondary bacterial infection of primary 
viral diseases, or extension of bacterial infec¬ 
tions to the lungs, commonly results in 
pneumonia. 

Tracheal stenosis in cattle is character¬ 
ized by extensive edema and hemorrhage of 
the dorsal wall of the trachea, resulting in 
coughing (honking), dyspnea, and respira¬ 
tory stertor. Complete occlusion of the 
trachea may occur. Affected animals may be 
found dead without any premonitory signs. 

CLINICAL PATHOLOGY 

Laboratory examinations may be of value in 
determining the presence of specific diseases. 

NECROPSY FINDINGS 

Upper respiratory infections are not usually 
fatal, but lesions vary from acute catarrhal 
inflammation to chronic granulomatous 
lesions depending on the duration and 
severity of the infection. When secondary 
bacterial invasion occurs, a diphtheritic 
pseudomembrane may be present and be 
accompanied by an accumulation of exudate 
and necrotic material at the tracheal bifurca¬ 
tion and in the dependent bronchi. 


DIFFERENTIAL DIAGNOSIS 


Inflammation of the larynx usually results in 
coughing and inspiratory dyspnea with a 
stertor and loud abnormal laryngeal sounds 
on auscultation over the trachea and over the 
base of the lungs on inspiration. Lesions of 
the larynx are usually visible by laryngoscopic 
examination; those of the trachea and major 
bronchi are not so obvious unless special 
endoscopic procedures are used. Every 
reasonable effort should be used to inspect 
the larynx and trachea. Obstruction of the 
nasal cavities and other parts of the upper 
respiratory tract may also be difficult to 
distinguish unless other signs are present. 


TREATMENT 

Most of the common viral infections of 
larynx, trachea, and major bronchi will 
resolve spontaneously if the affected animals 
are rested, not worked, and not exposed to 
inclement weather and dusty feeds. Second¬ 
ary bacterial complications must be recog¬ 
nized and treated with the appropriate 
antimicrobial. 

The bacterial infections can result in 
severe inflammation with necrosis and 
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granulomatous lesions and must be treated 
with antimicrobials. Calves with calf diph¬ 
theria should be treated with a broad- 
spectrum antimicrobial daily for 3 to 5 days. 
Several days are usually required for the 
animal to return to normal. A broad- 
spectrum antimicrobial daily or more often 
for up to 3 weeks or more may be necessary 
for treatment of the chondritis. 

NSAIDs such as flunixin meglumide may 
be used in an attempt to reduce the laryngeal 
edema associated with some severe cases of 
bacterial laryngitis in cattle. 

Animals with severe lesions and marked 
inspiratory dyspnea may require a trache¬ 
otomy and insertion of a tracheotomy tube 
for several days until the lesion heals. 1,9 The 
tube must be removed, cleaned out, and 
replaced at least once daily because of the 
accumulation of dried mucus plugs, which 
interferes with respiration. The techniques of 
tracheotomy and permanent tracheostomy 
in the horse have been described. Surgical 
excision of chronic granulomatous lesions 
and abscesses of the larynx may be indicated 
following failure of long-term antimicrobial 
therapy, but postoperative complications 
of laryngeal and pharyngeal paralysis may 
occur. Laryngotomy as a treatment for 
chronic laryngeal obstruction in cattle with 
long-term survival of 58% has been described. 

Tracheolaryngostomy of calves with 
chronic laryngeal obstruction as a result of 
necrobacillosis has been used with success. 1 
Under general anesthesia and dorsal recum¬ 
bency, an incision is made over the lower 
third of the thyroid and cricoid cartilages and 
the first two tracheal rings. The larynx is easily 
visualized and necrotic tissue removed using 
a curette. The edges of the cartilages are 
sutured closed. A wedge-shaped piece of the 
first two tracheal rings is removed to create a 
tracheostomy, which is allowed to close after 
about 1 week when the postoperative swelling 
has subsided with the aid of daily care of the 
surgical site and the possible use of flunixin 
meglumide. No tracheotomy tube is required. 
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TRAUMATIC 
LARYNGOTRACHEITIS, 
TRACHEAL COMPRESSION, AND 
TRACHEAL COLLAPSE 

Traumatic laryngotracheal injury can 

occur following endotracheal intubation 
used for general anesthesia. Nasotracheal 


intubation can result in mucosal injury to 
the nasal meatus, the arytenoid cartilages, 
the trachea, the dorsal pharyngeal recess, the 
vocal cords, and the entrance to the guttural 
pouches. 1 The laryngeal injury is attributed 
to the tube pressure on the arytenoid carti¬ 
lages and vocal folds, and the tracheal 
damage is attributable to the pressure exerted 
by the inflated cuff on the tracheal mucosa. 

Tracheal obstruction can be intramural, a 
result of extramural compression, or a result 
of tracheal collapse. Intramural obstruc¬ 
tion of the trachea can be caused by space- 
occupying lesions such as foreign bodies, neo¬ 
plastic lesions (e.g., granular cell tumors in 
horses—see “Neoplastic Diseases of the Respi¬ 
ratory Tract” at the end of this chapter), infec¬ 
tions (granulomatous tracheitis, “honking” 
syndrome in pigs—see following discussion), 
trauma, or hemorrhage. Extramural com¬ 
pression can be caused by intrathoracic or 
extrathoracic lesions, including abscesses and 
granulomatous lesions, cranial mediastinal 
masses (abscess, neoplasia), or trauma. 

Tracheal collapse occurs in calves, in 
mature cattle, in goats, and in horses, includ¬ 
ing Miniature horses 2 and foals. Dynamic 
collapse is a cause of exercise intolerance in 
racehorses that is evident only by endoscopic 
examination of the trachea during strenuous 
exercise. Restriction of the tracheal lumen 
and laxity of the dorsal tracheal membrane 
results in varying degrees of inspiratory 
dyspnea with stridor, coughing, and reduced 
exercise tolerance. Tracheal collapse in 
American Miniature horses is not uncom¬ 
mon. 2 The clinical signs of respiratory dis¬ 
tress, tachypnea, inspiratory honking noises, 
and increased respiratory effort occur in 
adult horses (mean age 11, range 2-15 years) 
and are exacerbated by exercise, pregnancy, 
and eating. None of the affected horses in 
one case series had a history of trauma. Con¬ 
firmation of the diagnosis is by endoscopic 
tracheobronchial examination or radiogra¬ 
phy (Fig. 12-6). The severity of tracheal col¬ 
lapse is graded: Grade 1 = minor protrusion 
of the dorsal tracheal membrane into the 
lumen with less than 25% reduction in 
airway diameter; Grade 2 = mild elongation 
and flattening of the tracheal rings with 50% 
reduction in airway diameter; Grade 3 = 
marked flattening of the tracheal rings and 
lengthening of the dorsal tracheal membrane 
with 75% reduction in airway diameter; and 
Grade 4 = severe flattening of tracheal rings 
with dorsal elevation of the ventral tracheal 
surface and an airway diameter less than 10% 
of normal. 2 The case-fatality rate is high 
(-80%). Tracheotomy for emergency treat¬ 
ment of severe disease is not useful unless 
the collapsed trachea is dilated by an endo¬ 
tracheal tube. Necropsy examination of four 
affected horses revealed chondromalacia. 
The cause of the condition is not known. 
Tracheal prostheses have been used for the 
treatment of tracheal collapse in calves and 
Miniature horses, 3 ' 5 although given the 
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Fig. 12-6 Lateral radiograph of the cervical region of an American Miniature horse revealing 
extensive tracheal collapse. (Reproduced with permission. 2 ) 


extent of collapse and high rate of complica¬ 
tions associated with surgical repair, there is 
not an ideal method for alleviating the 
condition. 6 

A “honking” respiratory noise is common 
in affected calves when coughing spontane¬ 
ously or when the trachea is palpated. Tra¬ 
cheal collapse in calves is associated with 
injuries associated with dystocia and clinical 
signs usually occur within a few weeks after 
birth. In some cases the trachea is com¬ 
pressed at the level of the thoracic inlet in 
association with callus formation of healing 
fractured ribs attributed to dystocia. In some 
cases in cattle, there is no history of dystocia 
or preexisting disease or previous manipula¬ 
tion of the trachea, and the overall lumen 
size may be reduced to less than 25% of 
normal. Auscultation of the thorax may 
reveal loud referred upper airway sounds. A 
similar syndrome is described in pigs with 
development of acute tracheal edema, hem¬ 
orrhage, and tracheitis. Clinical signs are of 
sudden onset of respiratory distress, open- 
mouth breathing, loud inspiratory stridor, 
and death soon after clinical signs became 
apparent. 7 The lesion is edema, hemorrhage, 
and mixed cellular infiltration in the tunica 
adventitia, with lung lesions of mild to severe 
fibrinonecrotic or hemorrhagic pleuropneu¬ 
monia. No infectious etiology has been 
identified. 

Tracheal obstruction and collapse can 
result from tracheitis associated with pneu¬ 
monia in the horse, tracheal neoplasia, tra¬ 
cheal stricture, presence of foreign bodies in 
the trachea, and compression by masses 


external to the trachea. It is suggested that 
increased respiratory effort associated with 
pneumonia causes collapse of the soft tissue 
structures of the trachea, rather than collapse 
of the tracheal rings. Tracheal rupture as a 
result of blunt trauma in the horse may result 
in severe subcutaneous emphysema and 
pneumomediastinum. Conservative therapy 
is usually successful. Tracheal compression 
secondary to enlargement of the cranial 
mediastinal lymph nodes can also cause 
inspiratory dyspnea, and conservative treat¬ 
ment with antimicrobials is successful. 
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Diseases of the Lung 
Parenchyma 

PULMONARY CONGESTION 
AND EDEMA 

Pulmonary congestion is caused by an 
increase in the amount of blood in the lungs 
as a result of engorgement of the pulmonary 
vascular bed. It is sometimes accompanied 
by pulmonary edema, and the temporal rela¬ 
tionship between the two can be difficult to 
determine. The various stages of the vascular 


disturbance are characterized by respiratory 
compromise, the degree depending on the 
extent of interference with pulmonary gas 
exchange as a result of diffusion impairment 
across the alveolus, ventilation/perfusion 
mismatch in the lungs, and decreases in pul¬ 
monary blood flow. 

ETIOLOGY 

Pulmonary congestion and edema is a 
common terminal event in many diseases but 
is frequently overshadowed by other distur¬ 
bances. Congestion that is clinically apparent 
can be primary when the basic lesion is in the 
lungs or secondary when it is in some other 
organ, most commonly the heart. 

Pulmonary edema occurs because of 
imbalances in the Starling forces across the 
pulmonary capillary. From a clinical per¬ 
spective, the common proximate causes of 
pulmonary edema are injury to the endothe¬ 
lium of the pulmonary capillary with subse¬ 
quent leakage of protein-rich fluid into the 
interstitial spaces, elevated blood pressure in 
the alveolar capillaries, or, less commonly, 
low plasma oncotic pressure. 

Damage to pulmonary vascular endothe¬ 
lium can occur in infectious diseases (e.g., 
African horse sickness) or intoxications 
(endotoxemia). Physical injury, including 
inhalation of excessively hot air or smoke, 
can damage the alveolar epithelium with sec¬ 
ondary damage to capillary endothelium. 1 
Elevated pulmonary capillary pressure 
occurs in left-sided heart failure (ruptured 
chordae tendineae of the mitral valve or con¬ 
genital cardiac anomalies 2 ) and during stren¬ 
uous exercise by horses. Air embolism causes 
acute heart failure and pulmonary edema in 
horses. 3 Low plasma oncotic pressure occurs 
in diseases causing hypoproteinemia but is 
rarely a cause for pulmonary edema by itself, 
although it contributes to the pulmonary 
edema in hypoproteinemic animals adminis¬ 
tered large volumes of fluids intravenously. 

Primary Pulmonary Congestion 

• Early stages of most cases of 
pneumonia 

• Inhalation of smoke and fumes 

• Anaphylactic reactions 

• Recumbency, especially in large 
animals 

• Yew (Taxus sp.) intoxication 

• Racehorses with acute severe 
exercise-induced pulmonary 
hemorrhage 4 

Secondary Pulmonary Congestion 

• Congestive heart failure (cardiogenic 
pulmonary edema), including 
ruptured chordae tendineae of the 
mitral valve, ionophore toxicosis, 5 
and left-sided heart failure 

Pulmonary Edema 

Pulmonary edema as a sequela to pulmo¬ 
nary capillary hypertension or pulmonary 
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microvascular damage occurs in the follow¬ 
ing situations: 

• Acute anaphylaxis 

• Acute pneumonia— Pasteurella 
haemolytica produces several 
virulence factors that induce direct 
or leukocyte-mediated pulmonary 
endothelial cell injury. Pulmonary 
edema is one of a number of 
abnormalities in cattle infected by 
Theilieria annulata. 6 

• Gram-negative sepsis in ruminants 
and pigs 

• Congestive heart failure and acute 
heart failure (e.g., the myocardial 
form of enzootic muscular dystrophy 
in inherited myocardiopathy of 
Hereford calves); ruptured mitral 
valve or chordae tendonae 

• Inhalation of smoke or manure gas 

• Transient upper airway obstruction 
in the horse (negative-pressure 
pulmonary edema) 7 

• After general anesthesia in horses 8 

• Yew ( Taxus sp.) intoxication 

• Exercise-induced pulmonary edema 
in racehorses 

• Fumonisin intoxication in pigs 7 

• Specific diseases, including: mulberry 
heart disease of swine; East Coast 
fever in cattle; the pulmonary form 
of African horse sickness; Hendra 
virus infection of horses; poisoning 
with organophosphates, alpha- 
naphthyl thiourea (ANTU), 
ionophore antibiotics (monensin, 
salinomycin), or 1080 (sodium 
fluoracetate); 10 plant poisonings by 
oleander, Hymenoxis spp., and 
Phenosciadium spp. 

• Doxycycline intoxication of calves 

• Clostridium perfringens type D 
epsilon toxin in calves and sheep 

• The Barker syndrome in young 
pigs 

• Semen embolism 

PATHOGENESIS 

In pulmonary congestion, ventilation is 
reduced, and oxygenation of the blood is 
impaired. Oxygenation is reduced by the 
decreased rate of blood flow through the pul¬ 
monary vascular bed. Hypoxemic anoxia 
develops and is the cause of most of the clini¬ 
cal signs that appear. 

Hypoxemia occurs in pulmonary edema 
because of ventilation-perfusion abnormali¬ 
ties, diffusion abnormalities (although this is 
usually a minor contributor to the hypox¬ 
emia), and hypoventilation caused by the 
physical obstruction of airflow by fluid and 
foam in the airways. The edema is caused by 
damage to the capillary walls by toxins or 
anoxia or by transudation of fluid as a result 
of increased hydrostatic pressure in the cap¬ 
illaries. Filling of the alveoli, and in severe 
cases the bronchi, effectively prevents 
gaseous exchange. 


Smoke inhalation in horses results in 
decreased oxygen content of inspired air and 
exposure of the respiratory tract tissues to 
various noxious gases. Following smoke 
inhalation, diffuse tracheobronchial mucosal 
sloughing occurs, which, if progressive, 
causes separation of the epithelium and 
development of pseudomembranous casts, 
which may cause partial or complete airway 
obstruction. Pulmonary edema is also 
extensive. 

CLINICAL FINDINGS 

All degrees of severity of pulmonary conges¬ 
tion and edema occur commonly in farm 
animals, and only the most severe form is 
described here. The depth of respiration is 
increased to the point of extreme dyspnea 
with the head extended, the nostrils flared, 
and mouth breathing. Breathing movements 
are greatly exaggerated and can be best 
described as heaving; there is marked 
abdominal and thoracic movement during 
inspiration and expiration. A typical stance 
is usually adopted, with the front legs spread 
wide apart, the elbows abducted, and the 
head hung low. The respiratory rate is usually 
increased, especially if there is hyperthermia, 
which occurs in acute anaphylaxis and after 
violent exercise and in the early stages of 
pneumonia. The heart rate is usually elevated 
(up to 100/min), and the nasal mucosa is 
bright red or cyanotic in terminal cases. 
Radiography reveals diffuse pulmonary 
opacity in animals with pulmonary edema. 

In acute pulmonary congestion, there 
are harsh breath sounds, but no crackles are 
present on auscultation. 

When pulmonary edema develops, loud 
breath sounds and crackles are audible over 
the ventral aspects of the lungs. In long¬ 
standing cases, there may be emphysema 
with crackles and wheezes of the dorsal parts 
of the lungs, especially if the lesion is caused 
by anaphylaxis. 

Coughing is usually present, but the 
cough is soft and moist and is not painful. A 
slight to moderate serous nasal discharge 
occurs in the early stage of congestion, but in 
severe pulmonary edema this increases to a 
voluminous, frothy nasal discharge, which is 
often pink-colored as a result of blood. 

The primary importance of pulmonary 
congestion is as an indicator of early patho¬ 
logic changes in the lung or heart. Spontane¬ 
ous recovery occurs quickly unless there is 
damage to alveolar epithelium or myocardial 
asthenia develops. Severe pulmonary edema 
has much greater significance and usually 
indicates a stage of irreversibility. Death in 
cases of pulmonary edema is accompanied 
by respiratory failure. 

Smoke inhalation in horses is character¬ 
ized by the following: 1 

• Polypnea and dyspnea 

• Diffuse wheezes throughout the 
lungs 

• Coughing 
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• A bronchointerstitial pattern 
radiographically 

• The horse might expectorate large 
proteinaceous tracheobronchial casts. 

The prognosis is good if affected animals 
can survive the initial stages of pulmonary 
damage and secondary organ involvement. 

CLINICAL PATHOLOGY 

Laboratory examinations are of value only in 
differentiating the causes of the congestion 
or edema. Bacteriologic examination of nasal 
swabs and a complete hematologic examina¬ 
tion, looking particularly for the presence of 
eosinophilia, are the standard examinations 
that are carried out. 

NECROPSY FINDINGS 

In acute pulmonary congestion the lungs are 
dark red in color. Excessive quantities of 
venous blood exude from the cut surface. 
Similar but less marked changes occur in 
milder forms of congestion but are only seen 
in those animals that die of intercurrent 
disease. Histologically, the pulmonary capil¬ 
laries are markedly engorged and some tran¬ 
sudation and hemorrhage into alveoli is 
evident. 

Macroscopic findings in pulmonary 
edema include swelling and loss of elasticity 
of the lungs, which pit on pressure. They 
are usually paler than normal. Excessive 
quantities of serous fluid exude from the cut 
surface of the lung. Histologically, there are 
accumulations of fluid in the alveoli and 
parenchyma. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of pulmonary congestion and 
edema is always difficult unless there is a 
history of a precipitating cause, such as an 
infectious disease, strenuous exercise, 
ingestion of toxicants, or inhalation of smoke 
or fumes. Pneumonia usually presents itself as 
an alternative diagnosis and a decision cannot 
be based entirely on the presence or absence 
of pyrexia. The best indication is usually the 
presence of toxemia, but this is not entirely 
dependable. Bacterial pneumonia is usually 
accompanied by some toxemia, but cases of 
viral pneumonia are often free of it. Response 
to antibacterial treatment is one of the best 
indications, the only variable being the 
tendency for congestion and edema of 
allergic origin to recover spontaneously. In 
many instances there will be doubt, and it is 
then advisable to treat the animal for both 
conditions. 


TREATMENT 

The principles of treatment of pulmonary 
congestion and edema are one or more of the 
following: reduction of pulmonary capillary 
pressure (by reduction either of pulmonary 
venous or pulmonary arterial pressure), alle¬ 
viation of pulmonary microvascular damage, 









882 


Chapter 12 


Diseases of the Respiratory System 


and correction of low plasma oncotic pres¬ 
sure. The treatment of pulmonary congestion 
and edema must first be directed at correc¬ 
tion of the primary cause as listed under eti¬ 
ology. Affected animals should be confined 
at rest in a clean, dry environment and exer¬ 
cise avoided. 

Pulmonary capillary pressure can be 

reduced in animals with left-sided heart 
failure by reduction of cardiac preload, 
improvement in cardiac pump function, or a 
combination of these factors. These topics 
are dealt with in detail in Chapter 12. Briefly, 
preload can be reduced by administration of 
furosemide and pump function improved by 
administration of drugs that improve myo¬ 
cardial function (digoxin) or decrease after- 
load (arterial vasodilators). The usual first 
step is the administration of furosemide 
(1-2 mg/kg intravenously). 

Alleviation of pulmonary microva- 
scular damage is more difficult. Administra¬ 
tion of antiinflammatory drugs, including 
NSAIDs or glucocorticoids, is indicated in 
animals in which microvascular damage is 
suspected. These drugs are used to treat, 
among other diseases, smoke inhalation of 
horses. 

Plasma oncotic pressure can be increased 
by intravenous infusion of plasma (10-40 mL / 
kg) or synthetic colloids such as hetastarch. 
Administration of crystalloid solutions 
should be judicious and the amount of fluid 
administered must be monitored carefully to 
ensure that only sufficient fluids to meet the 
needs of the animal are given. 

Oxygen should be administered to 
hypoxemic animals in conjunction with 
other specific treatments. 

Special Diseases 

When edema is attributable to organophos- 
phate poisoning, prompt administration of 
atropine may reduce fluid transudation. In 
these cases, the animal is in considerable 
danger, and repeated injections may be nec¬ 
essary. Details of the recommended treat¬ 
ment regimen are given in the section on 
treatment of poisoning by organophospho- 
rus compounds. 

Epinephrine is recommended in pulmo¬ 
nary edema resulting from anaphylaxis. It 

will have an immediate pharmacologic effect, 
which may be followed by the use of a corti¬ 
costeroid to maintain vascular integrity 
and to decrease permeability of pulmonary 
vessels. Antihistamines are commonly used 
in conjunction with epinephrine for the 
treatment of acute pulmonary edema result¬ 
ing from anaphylaxis. However, recent 
studies of experimental anaphylaxis in cattle 
and horses have shown that the antihista¬ 
mines may be of limited value because hista¬ 
mine and serotonin are of relatively limited 
significance as mediating substances. On 
the other hand, the kinins, prostaglandins, 
and slow-release substances may be more 
important. 


Studies in cattle have found that antihis¬ 
tamines and 5-hydroxytryptamine (5-HT) 
antagonists failed to protect cattle in experi¬ 
mental hypersensitivity. Sodium meclofe- 
namate has been more successful in 
antagonizing experimental anaphylaxis in 
cattle and horses. Acetylsalicylic acid was 
more effective than antihistamines or antise¬ 
rotonin agents in providing symptomatic 
relief in experimental acute interstitial pneu¬ 
monia of calves. 

It is difficult, however, to extrapolate the 
results of these studies in which the drugs 
were usually given before or at the same time 
as the experimental disease was produced. 
There is a need for development of more 
effective antianaphylactic drugs for the treat¬ 
ment of acute anaphylaxis in farm animals, 
which invariably results in pulmonary edema 
and emphysema. Thus epinephrine is 
the drug of choice for the emergency treat¬ 
ment of pulmonary edema resulting from 
anaphylaxis. 
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PULMONARY HYPERTENSION 

Pulmonary hypertension is an increase in 
pulmonary arterial pressure above values in 
healthy animals. It is usually a result of struc¬ 
tural or functional changes in the pulmonary 
vasculature and can result in heart failure. 
Primary pulmonary hypertension occurs in 
cattle with high-altitude disease (Brisket 
disease, see Chapter 10). 1,2 Chronic pulmo¬ 
nary hypertension results in right-sided 
congestive heart failure caused by right ven¬ 
tricular hypertrophy or cor pulmonale. 

Causes 

Hypoxemia is a potent stimulus of pulmo¬ 
nary arterial pressure through increased 
pulmonary vascular resistance induced 
by pulmonary vasoconstriction. Pulmonary 
artery pressure can also increase in response 
to increases in cardiac output that are not 
matched by pulmonary vasodilation—the 
most extreme example of this being the large 
increase in pulmonary artery pressure of 
strenuously exercising horses. Alveolar 
hypoxia causes constriction of the precapil¬ 
lary pulmonary vessels, resulting in pulmo¬ 
nary hypertension. Conditions that can 
induce hypoxia include the following: 


• Exposure to high altitude 

• Respiratory impairment secondary to 
thoracic wall abnormalities 

• Airway obstruction 

• Pneumonia, including 
granulomatous pneumonia 4 

• Pulmonary edema 

• Emphysema 

• Pulmonary vascular disease 

• Heaves (recurrent airway obstruction 
of horses) 5 ' 9 

At high altitudes, the low inspired oxygen 
tension causes hypoxic pulmonary vasocon¬ 
striction and hypertension that are common 
causes of cor pulmonale (brisket disease) in 
cattle. Susceptible cattle can be identified by 
measurement of pulmonary artery pressure 
before clinical disease develops. This test is 
used to select bulls for use in high-altitude 
pastures. Cattle grazing pastures that contain 
locoweed have an increased incidence of 
brisket disease but the pathogenesis is 
unknown. Although uncommon, right-sided 
congestive heart failure and pulmonary 
hypertension can occur in cows at low alti¬ 
tudes with primary lung disease. 

Pulmonary hypertension is a component 
of heaves in horses and results in abnormali¬ 
ties in myocardial function, which can pro¬ 
gress to overt heart failure. 6 ' 9 Progression to 
heart failure is uncommon, but should be 
considered in horses with severe or pro¬ 
longed heaves. Similarly, heart function 
should be considered in horses with long¬ 
standing pneumonia. 4,8 

Pulmonary hypertension occurs in neo¬ 
nates and is a consequence of persistent fetal 
circulation. This is particularly a problem of 
cloned calves (see “Diseases of Cloned Off¬ 
spring,” Chapter 19). 

An outbreak of pulmonary hypertension 
in a group of dairy calves 5 to 6 months of 
age has been described. Some affected calves 
died suddenly. Clinical findings included 
lethargy, anorexia, pale mucous membranes, 
tachypnea, tachycardia, weakness, engorged 
jugular veins, and loss of body condition. 
Right-sided cardiac catheterization revealed 
pulmonary hypertension. Necropsy findings 
revealed evidence of right-sided congestive 
heart failure and periarteritis and fibrosis 
of the pulmonary and bronchial arteries. 
Lesions were characterized by variable stages 
of vasculitis; the airways were free of patho¬ 
logic changes. Ingestion of monocrotaline, a 
pyrrolizidine alkaloid, can cause similar pul¬ 
monary vascular lesions in rats, but no evi¬ 
dence of such ingestion was found in affected 
calves. 

Pulmonary hypertension occurs second¬ 
ary to left-sided heart disease in horses, 
although the hypertension has been mistak¬ 
enly identified as the primary lesion. 
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ATELECTASIS 

Atelectasis is collapse of the alveoli as a 
result of failure of the alveoli to inflate or 
because of compression of the alveoli. Atel¬ 
ectasis is therefore classified as obstruction 
(resorption), compression, or contraction. 
Obstruction atelectasis occurs secondary to 
obstruction of the airways, with subsequent 
resorption of alveolar gases and collapse of 
the alveoli. This disease is usually caused by 
obstruction of small bronchioles by fluid and 
exudate. It is common in animals with 
pneumonia or aspiration of a foreign body. 
Compression atelectasis occurs when intra- 
thoracic (intrapleural) pressure exceeds 
alveolar pressure, thereby deflating alveoli. 
This occurs when there is excessive pleural 
fluid or the animal has a pneumothorax. It 
also occurs in the dependent lung or por¬ 
tions of lung in recumbent animals and is 
evident on computed tomographic or radio- 
graphic examination of the lungs of foals 
(Fig. 12-7). 1,2 Compression atelectasis is the 
explanation for the large shunt fraction and 
hypoxemia that occurs in anesthetized 
horses, causing marked reduction in ventila¬ 
tion of the dependent lung. 3 Compression 
atelectasis and secondary bronchopneumo¬ 
nia can occur in horses kept in flotation 
tanks for up to several weeks for treatment 



Fig. 12-7 Ventrodorsal radiograph of the 
chest of a 7-day-old foal immediately after 
~30 minutes of enforced lateral recumbency. 
Note the consolidation of the previously 
dependent lung. Repeat radiographic 
examination 24 hours later, and without a 
period of recumbency, did not reveal lesions 
in the lungs. 
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of skeletal injuries. Contraction atelectasis 
occurs when there is compression of parts of 
the lung by fibrotic changes in the pleura. 
Patchy atelectasis occurs in the absence of 
surfactant, such as can occur in newborns. 
Failure of the lung to inflate, or development 
of atelectasis of the lungs of the newborn, 
usually those born prematurely, occurs 
because of lack of pulmonary surfactant. The 
disorder can progress to hyaline membrane 
disease. Affected newborn animals are 
severely dyspneic, hypoxemic, cyanotic, and 
weak, and they commonly die in a few 
hours. 

The clinical signs of atelectasis are not 
apparent until there is extensive involvement 
of the lungs. Animals develop respiratory 
distress, tachypnea, tachycardia, and cyano¬ 
sis. Blood gas analysis reveals hypoxemia, 
with or without hypercapnia. Thoracic radio¬ 
graphs reveal pulmonary consolidation. 
Ultrasonographic examination of the thorax 
demonstrates consolidated lung. 

Atelectasis is reversible if the primary 
obstruction or compression is relieved. 

REFERENCES 

1. Lascola KM, et al. Am J Vet Res. 2013;74:1239. 

2. Schliewert E-C, et al. Am J Vet Res. 2014;76:42. 

3. Moens Y, et al. Vet Anaesth Analg. 2014;41:196. 

PULMONARY HEMORRHAGE 

Pulmonary hemorrhage is uncommon in 
farm animals but does occur occasionally in 
cattle, and exercise-induced pulmonary 
hemorrhage (EIPH) occurs in 45% to 75% 
of racehorses (see “Exercise-induced pulmo¬ 
nary hemorrhage” elsewhere in this chapter). 
Pulmonary hemorrhage occurs with pul¬ 
monary abscesses, tumors, parasitic cysts 
{Fascioloides magna), 1 or foreign bodies. 
Tracheobronchoscopic, radiographic, and 
ultrasonographic examinations are useful 
in identifying the site and cause of the 
hemorrhage. 

Cattle 

In cattle the most common cause of epi- 
staxis and hemoptysis secondary to pulmo¬ 
nary hemorrhage is erosion of pulmonary 
vessels adjacent to lesions of embolic pneu¬ 
monia associated with vena caval thrombo¬ 
sis and hepatic abscessation (Fig. 12-8). 2 The 
onset of hemorrhage can be sudden, and 
affected animals hemorrhage profusely and 
die after a short course of less than 1 hour. 
Marked epistaxis and hemoptysis, severe 
dyspnea, muscular weakness and pallor of 
the mucous membranes are characteristic. 
In other cases, episodes of epistaxis and 
hemoptysis can occur over a period of 
several days or a few weeks along with a 
history of dyspnea. 
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Fig. 12-8 Epistaxis and hemoptysis in a cow 
with pulmonary hemorrhage and vena caval 
thrombosis. (Reproduced with permission 
from Braun 2008. 2 ) 


PULMONARY EMPHYSEMA 

Pulmonary emphysema is distension of the 
lung caused by overdistension of alveoli with 
rupture of alveolar walls with or without 
escape of air into the interstitial spaces. 
Overinflation describes the situation in 
which there is enlargement of airspaces 
without tissue destruction. Pulmonary 
emphysema is always secondary to some 
primary lesion that effectively traps an exces¬ 
sive amount of air in the alveoli. It is a 
common clinicopathologic finding in many 
diseases of the lungs of all species and is 
characterized clinically by dyspnea, hyper- 
pnea, poor exercise tolerance, and forced 
expiration. 

ETIOLOGY 

Pulmonary emphysema is an important 
lesion only in cattle, although occasional 
cases occur in pigs. Approximately 3.4% of 
cattle examined after slaughter in Tanzania 
had lesions of emphysema sufficiently severe 
to warrant condemning of the carcass. 1 The 
bovine lung is highly susceptible to the 
development of emphysema from many 
different causes, not all of them respiratory 
in origin. In those of respiratory origin, it is 
common to find pulmonary emphysema 
when the primary lesion in the lung causes 
trapping of air in alveoli or terminal bronchi¬ 
oles. Endotoxemia, for example, can result in 
diffuse alveolar damage resulting in pulmo¬ 
nary edema and emphysema. Some causes of 
emphysema are as follows. 

Cattle 

• Acute interstitial pneumonia 

• Parasitic pneumonia with pulmonary 
edema in acute anaphylaxis 

• Perforation of the lung by foreign 
body as in traumatic 
reticuloperitonitis 
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• Poisoning by the plants Senecio 
quadridentatus, rape, Zieria 
arborescens, and Perilla frutescens 
and the fungus Periconia spp. are 
recorded as causing pulmonary 
emphysema in cattle. 

• Pulmonary abscess 

Horses 

• Bronchiolitis as a result of viral 
infection of the respiratory tract in 
young horses 

All Species 

• Secondary to bronchopneumonia 

• Poisoning by oleander, Bryophyllum 
pinnatum, and moldy sweet potatoes 

• Acute chemical injury—as in 
inhalation of welding fumes 

• Chlorine gas poisoning 

• Local or perifocal emphysema is also 
a common necropsy finding around 
local pulmonary lesions, especially 
atelectasis, often with no respiratory 
dysfunction. In calves and pigs, the 
emphysema is sometimes sufficiently 
extensive to kill the animal. 

• Bullous emphysema is a rarely 
reported disorder of premature foals. 2 

PATHOGENESIS 

Emphysema occurs because of destruction of 
the connective tissues of the lung, including 
the supporting and elastic tissue of the pul¬ 
monary parenchyma. Tissue damage result¬ 
ing in emphysema in humans is caused by 
the action of proteases in the lung. Whether 
this occurs in the farm animal species is 
unknown but is a consideration. An initial 
lesion probably leads to an area of weakness 
from which emphysema spreads during 
coughing or exertion. In interstitial emphy¬ 
sema, there is the additional factor of disten¬ 
sion of the connective tissue with air and 
compression collapse of the alveoli. 

The development of interstitial emphy¬ 
sema depends largely upon the amount of 
interstitial tissue that is present and is most 
common in cattle and pigs. Whether there is 
simple overdistension of alveoli or whether 
their walls are also ruptured is very impor¬ 
tant in prognosis and treatment. Excellent 
recoveries occur in simple alveolar emphy¬ 
sema, especially those occurring acutely at 
pasture. This suggests that the lesion is func¬ 
tional and that the alveoli are not substan¬ 
tially damaged. 

The pathophysiologic consequences of 
emphysema depend on the inefficiency of 
evacuation of pulmonary airspace and 
failure of normal gaseous exchange in the 
lungs. The elastic recoil of the tissue is 
diminished, and when the thorax subsides 
during expiration, incomplete evacuation 
occurs. Because of the increase in residual 
volume, the tidal volume must be increased 
to maintain normal gaseous exchange. 
Retention of carbon dioxide stimulates an 


increase in the depth of respiration, but 
maximum respiratory effort necessitated by 
exercise cannot be achieved. Anoxia devel¬ 
ops and metabolism of all body tissues is 
reduced. The characteristic effect of emphy¬ 
sema is to produce an increase in expiratory 
effort necessitated by the failure of normal 
elastic recoil. 

Interference with the pulmonary circula¬ 
tion results from collapse of much of the 
alveolar wall area and a consequent diminu¬ 
tion of the capillary bed. The decreased nega¬ 
tive pressure in the chest and the abnormally 
wide respiratory excursion also cause a 
general restriction of the rate of blood flow 
into the thorax. The combined effect of these 
factors may be sufficient to cause failure of 
the right ventricle, especially if there is a 
primary defect of the myocardium. Acidosis 
may also result because of the retention of 
carbon dioxide. 

CLINICAL FINDINGS 

Characteristically, diffuse pulmonary emphy¬ 
sema causes severe expiratory dyspnea 
with a grunt on expiration and loud crackling 
lung sounds on auscultation over the emphy¬ 
sematous lungs. In severe cases in cattle, the 
emphysema is commonly interstitial, and dis¬ 
section of the mediastinum and fascial planes 
results in subcutaneous emphysema over the 
withers (Fig. 12-9). In severe cases in cattle, 
open-mouth breathing is common. 

In cattle and pigs, the presence of pulmo¬ 
nary emphysema in pulmonary disease is 
often not detectable clinically. 

CLINICAL PATHOLOGY 

There is hypoxemia and, often, hypercapnia. 
Compensatory polycythemia may develop. 


There are no characteristic hematologic find¬ 
ings, but if there is a significant secondary 
bronchopneumonia, a leukocytosis and left 
shift may be evident. In the appropriate loca¬ 
tion, an examination of feces for lungworm 
larvae may be desirable. In cases suspected 
of having an allergic origin, swabs of nasal 
secretion may reveal a high proportion of 
eosinophils, and a hematologic examination 
may show eosinophilia. 

NECROPSY FINDINGS 

The lungs are distended and pale in color and 
may bear imprints of the ribs. In interstitial 
emphysema, the interalveolar septae are dis¬ 
tended with air, which may spread to beneath 
the pleura, to the mediastinum, and under 
the parietal pleura. There may be evidence of 
congestive heart failure. On histopathologic 
examination, a bronchiolitis is present in 
most cases. This may be diffuse and appar¬ 
ently primary or originate by spread from a 
nearby pneumonia. 

TREATMENT 

The treatment of pulmonary emphysema 
will depend on the species affected, the cause 
of the emphysema, and the stage of the 
disease. 

There is no known specific treatment for 
the pulmonary emphysema associated with 
acute interstitial pneumonia in cattle, which 
is discussed under that heading. The emphy¬ 
sema secondary to the infectious pneumo¬ 
nias will usually resolve spontaneously if the 
primary lesion of the lung is treated effec¬ 
tively. In valuable animals, the administra¬ 
tion of oxygen may be warranted if the 
hypoxia is severe and life-threatening. Anti¬ 
histamines, atropine, and corticosteroids 



Fig. 12-9 Marked subcutaneous emphysema on the dorsal midline of a Holstein Friesian cow 
with acute respiratory disease. The cow's head is to the right. The skin can be depressed 5 cm 
with a forefinger, creating a crinkling feeling that is slightly painful to the cow. The 
emphysema gradually disappeared over a few days after antimicrobial treatment for bacterial 
pneumonia was implemented. 
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have been used for the treatment of pulmo¬ 
nary emphysema secondary to interstitial 
pneumonia in cattle, but their efficacy has 
been difficult to evaluate. 


DIFFERENTIAL DIAGNOSIS 


Acute emphysema in cattle is often 
accompanied by pulmonary edema with 
the presence of consolidation and crackles 
in the ventral parts of the lungs. It may be 
similar to acute pulmonary congestion and 
edema caused by anaphylaxis, but forced 
expiration is not a characteristic of these 
latter conditions. 

Acute pneumonia in cattle or horses is 
characterized by fever and localization of 
abnormal respiratory sounds, which are not 
as marked nor as widely distributed as 
those of emphysema. 

Chronic pneumonia is characterized by 
dyspnea, chronic toxemia, crackles and 
wheezes, and poor response to therapy. 

Pneumothorax is accompanied by forced 
inspiration and an absence of normal 
breath sounds. 
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PNEUMONIA 

Pneumonia is inflammation of the pulmo¬ 
nary parenchyma, usually accompanied by 
inflammation of the bronchioles and often by 
pleuritis. It is manifested clinically by an 
increase in the respiratory rate, changes in 
the depth and character of respirations, 
coughing, abnormal breath sounds on aus¬ 
cultation, and, in most bacterial pneumo¬ 
nias, evidence of toxemia. 

ETIOLOGY 

Pneumonia may be associated with viruses, 
mycoplasmas, bacteria, or a combination of 
all three; fungi; metazoan parasites; and 
physical and chemical agents. Most of the 
pneumonias in animals are bronchogenic 
(inhalation) in origin, but some originate by 
the hematogenous route, such as pneumonia 
of foals and calves with septicemia. Myco¬ 
plasmal pneumonias can be devastating in 
cattle, goats, and pigs (Table 12-6). The pneu¬ 
monias that occur in farm animals are 
grouped here according to species. 

Cattle 

• Pneumonic pasteurellosis (shipping 
fever)— M. haemolytica, P. multodda 
with or without parainfluenza-3 
virus 

• Histophilus somnus in feedlot cattle is 
not necessarily associated with the 
septicemic form of the disease. The 
role of the organism as a primary 


Table 12-6 Major pathogenic Mycoplasma spp. of ruminants, swine, and horses 


Animal host /mycoplasma species Disease 


Bovine 

M. mycoides subsp. mycoides SC 
Mycoplasma sp. bovine group 7 
M. bovis 

M. dispar 

M. californicum 

M. canadense 

M. bovocculi 

Ureaplasma diversens 

Mycoplasma (Eperythrozoon) wenyonii 

Sheep and goat 

M. capricolum subsp. capripneumonia 
M. capricolum subsp. capricolum 
M. mycoides subsp. capri 
M. mycoides subsp. mycoides LC 
M. agalactiae 
M. ovipneumoniae 
M. conjunctivae 

Pig 

M. hyopneumoniae 
M. hyorhinis 
M. hyosynoviae 

Mycoplasma (Eperythrozoon) suis 

Horse 

M. felis 
M. equirhinis 
M. equipharyngis 


Contagious bovine pleuropneumonia, CBPP 
Pneumonia and arthritis 

Mastitis, pneumonia (calf), polyarthritis (calf) 
metritis, abortion, sterility 

Pneumonia (calf) 

Mastitis 

Mastitis 

Conjunctivitis 

Metritis, sterility, abortion 

Anemia 

Contagious caprine pleuropneumonia 
Mastitis, arthritis 

Pneumonia, arthritis septicemia (goat) 
Pneumonia, mastitis, arthritis, septicemia (goat) 
Infectious agalactia 
Pneumonia (lamb) 

Infectious keratoconjunctivitis (IKC) (sheep) 

Enzootic pneumonia 
Pneumonia, arthritis 
Arthritis 
Anemia 

Pleuritis 


pathogen in acute bovine respiratory 
disease is uncertain. 

• Bibersteinia trehalosi appears to 
be a component of the bovine 
respiratory disease complex, as it is 
in sheep. 12 

• Enzootic pneumonia of calves— 
bovine respiratory syncytial virus; 
bovine herpesvirus-1 (the IBR virus); 
parainfluenza-3; adenovirus-1, -2, 
and -3; rhinovirus; reovirus; and 
Chlamydia spp., Mycoplasma spp., 
Pasteurella spp., 3 Mannheimia spp., 
Trueperella (formerly Actinomyces or 
Arcanobacterium or 
Corynebacterium) pyogenes, 
Streptococcus spp., Bedsonia sp., and 
Actinobacillus actinoides 

• Corona virus infection in adult 
feedlot cattle 4 ’ 

• Pneumonia, mastitis, and arthritis in 
cattle associated with Mycoplasma 
bovis 6 and in calves with Mycoplasma 
californicum or M. bovis 7 

• Viral interstitial pneumonia in 
recently weaned beef calves 
associated with bovine respiratory 


syncytial virus; it may also occur in 
yearling and adult cattle. 

• Contagious bovine 
pleuropneumonia— Mycoplasma 
mycoides 

• Acute and chronic interstitial 
pneumonia associated with D,L- 
tryptophan, moldy hay, and other 
pneumotoxic agents 

• Atypical interstitial pneumonia 
associated with ryegrass staggers in 
calves 

• Massive infestation with pig ascarid 
larvae 

• Lungworm pneumonia— 
Dictyocaulus viviparus 

• Klebsiella pneumoniae infection in 
calves and nursing cows with mastitis 
associated with this organism 

• Sporadically in tuberculosis 
associated with M. bovis 

• Fusobacterium necrophorus as a 
complication of calf diphtheria, and 
sporadically in feedlot cattle 

• There is a preliminary report of 
circovirus in adult cattle with 
pneumonia. 
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• Trueperella pyogenes causes 


pneumonia 8 mastitis, abscesses, and 
lymphadenitis in cattle, goats, sheep, 
pigs, and horses 

• Experimental infection with 
Parachlamydia acanthamoebae in 
calves 9 

• Mycotic pneumonia associated with 
Mortierella wolfii in adult cattle 

Pigs 

• Enzootic pneumonia— Mycoplasma 
sp. with Pasteurella sp. secondarily 

• Pneumonic pasteurellosis— P. 
multocida 

• Pleuropneumonia— Actinobacillus 
pleuropneumoniae 

• Interstitial pneumonia—septicemic 
salmonellosis 

• Bordetella bronchiseptica. Salmonella 
choleraesuis 

• Influenza virus 

• Porcine reproductive and respiratory 
syndrome virus 

• Haemophilus parasuis 

• Actinobacillus pyogenes 

• Paramyxovirus causing respiratory 
and central nervous system disease 
in pigs 

• Uncommonly, lungworm 
pneumonia 

• Anthrax by inhalation, causing 
pulmonary anthrax 

Horses 

• Pleuropneumonia in mature horses 
as a result of aerobic and anaerobic 
bacteria—the aerobic bacteria most 
commonly isolated are alpha- 
hemolytic Streptococcus spp., 
Pasteurella spp., Escherichia coli, and 
Enterobacter spp. The anaerobic 
bacteria most frequently isolated are 
Bacteroides spp., Prevotella spp., 
Fusobacterium spp., and Clostridium 
spp. 

• Newborn foals 10 — Streptococcus spp., 
E. coli, Actinobacillus equuli, and 
other agents causing septicemia in 
this age group 

• In immunodeficient foals, and rarely 
adult horses, 11 pneumonia associated 
with adenovirus or Pneumocystis 
jiroveci (formerly P. carinii) 

• Immunosuppression following 
corticosteroid therapy for other 
diseases 

• Older foals— R. equi, equine 
herpesvirus-1 or 4 (EVR) 

• Bronchointerstitial pneumonia in 
foals 1 to 8 months of age—etiology 
uncertain 

• Eosinophilic pneumonia secondary 
to parasite migration ( Parascaris 
equorum) or Dictyocaulus arnfieldi 
infection, or as part of the 
multisystemic eosinophilic syndrome 
in adult horses 12 


Interstitial proliferative pneumonia 
in foals from 6 days to 6 months of 
age, and the adult form in horses 2 
years of age and older 

• Nicoletella semolina in adult 
horses 

• Bordetella bronchiseptica in adult 
horses 

• Glanders and epizootic lymphangitis 
(Histomonas farcinicus ) usually 
include pneumonic lesions. 

• Paecilomyces spp. in foals 

• Pleuropneumonia associated with 
pulmonary hydatidosis in a horse 

• As a sequela to strangles 

• Interstitial pneumonia associated 
with equine infectious anemia virus 
infection 1 

• Rarely, as a sequel to equine viral 
arteritis or equine viral 
rhinopneumonitis in adult 
animals 

• Equine influenza virus causes 
pneumonia in foals and adult 
horses 14 ' 15 

• Equine multinodular pulmonary 
fibrosis (putatively caused by EHV-5 
infection) 16 

• Equine rhinitis A virus infection 
(putative cause) 17 

• Mycotic pneumonia associated with 
Emmonsia crescens 
(adiaspiromycosis) in adult horses 

• Pulmonary aspergillosis in adult 
horses with predisposing conditions 
(such as colitis) and in donkey 
foals 18 

• Strenuous exercise in very cold 
conditions can cause damage to the 
airways of horses (and probably 
other species). 

Sheep 

• Pneumonic pasteurellosis 

(Mannheimia spp.) as acute primary 
pneumonia in feedlot lambs, or 
secondary to parainfluenza-3 or 
Chlamydia sp. infection 

• Newborn lambs—uncommonly 
Streptococcus zooepidemicus, 
Salmonella abortusovis 

• Severe pneumonia as a result of 
Mycoplasma sp. in lambs—kageda in 
Iceland and Switzerland 

• Clinically inapparent pneumonias 
without secondary infection— 
adenovirus, respiratory syncytial 
virus, reovirus, Mycoplasma spp. 
(including M. ovipneumoniae, M. 
dispar ) 

• M. bovis in sheep 19 

• Corynebacterium 
pseudotuberculosis —sporadic cases 
only 

• Melioidosis (Pseudomonas 
pseudomallei) 

• Lungworm (Dictyocaulus filaria) 

• Ovine herpesvirus-2 


• Progressive interstitial pneumonia 
(maedi) and pulmonary 
adenomatosis (jaagsiekte) 

• Carbolic dip toxicosis 

Goats 

• Pleuropneumonia associated with 
Mycoplasma strain F 38 or 
Mycoplasma capri, a devastating 
disease 

• Chronic interstitial pneumonia with 
cor pulmonale as a common sequela 
associated with a number of 
Mycoplasma spp., but M. mycoides 
var. mycoides appears to be the most 
commonly recorded. 

• Parainfluenza type 3 

• Contagious ecthyma virus 

• Retrovirus infection 

All Species 

• Toxoplasmosis—rare, sporadic cases 

• Systemic mycoses 

• Aspiration pneumonia is dealt with 
as a separate entity. 

• Sporadic secondary pneumonia 
associated with Streptococcus sp., 
Corynebacterium sp., Dermatophilus 
sp. 

• Interstitial pneumonia, pulmonary 
consolidation and fibrosis by toxins 
in plants— Eupatorium glandulosum 
in horses, Zieria arborescens 
(stinkwood) in cattle, Astragalus spp. 
in all species 

EPIDEMIOLOGY 

In addition to the infectious agents that 
cause the pneumonia, there are risk factors 
that contribute to the susceptibility of the 
animal. Three risk factors interact in the 
pathogenesis of specific pneumonias: 

• Animal 

• Environmental and management 

• Pathogen 

These are of paramount importance in any 
consideration of pneumonia, and the details 
of the epidemiology of each specific pneu¬ 
monia are presented with each specific 
disease in this book. As examples, some of 
the commonly recognized risk factors 
include the following: 

• The weaning of beef calves in 
northern climates 

• The long transportation of beef cattle 
to feedlots 

• The collection and mixing of animals 
at auction marts where they might 
be deprived of feed and water for 
prolonged periods 

• The transportation of Thoroughbred 
horses farther than 500 miles and 
viral respiratory tract disease or 
exposure to horses with respiratory 
tract disease 

• Housing dairy calves in poorly 
ventilated, overcrowded barns 

• Marked changes in weather 
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Fig. 12-10 Mechanisms of failure of the respiratory defenses. The center column illustrates 
the layered arrangement of the respiratory defenses. At left is a partial summary of causes 
and mechanisms whereby each of these respiratory defenses is comprised of factors that 
predispose to bacterial pneumonia. At right is a partial summary of how pathogens further 
contribute to failure of the lung defenses. BVDV, bovine viral diarrhea virus; IFN, interferon; 
TLF, toll-like receptor. (Data from: Couetil, L.L. (2014) In Hinchcliff KW, Kaneps AJ, and Geor RJ 
(eds): Equine Sports Medicine and Surgery: Basic and clinical sciences of the equine athlete, 
ed. 2. Elsevier Health Sciences, p 614.) 


Susceptibility to pneumonia is deter¬ 
mined by the animal’s resistance to infection 
by agents that cause or predispose to pneu¬ 
monia. Factors that impair innate resistance 
or adaptive resistance (immunity) increase 
the animal’s susceptibility to pneumonia. For 
instance, shipping not only increases the risk 
of exposure of animals to pathogens to which 
they have not been exposed but also can 
impair innate resistance through damage to 
the respiratory tract by airborne irritants, 
dehydration, food deprivation, and the 
effects of stress. 

PATHOGENESIS 

Pulmonary Defense Mechanisms 

Under normal conditions the major airways 
and the lung parenchyma prevent the entry 
of and neutralize or remove injurious agents, 
so that the lung contains very few, if any, 
organisms beyond the large airways. Many 
infections of the respiratory tract originate 
from aerosolized particles carrying infec¬ 
tious agents that arise external to or within 
the respiratory tract. To induce an infection 
by the aerosol route, an etiologic agent must 
be aerosolized, survive in the aerosol, be 
deposited at a vulnerable site in the respira¬ 
tory tract of a susceptible host, and then 
multiply. Thus the pathogenesis of these 
respiratory infections is related to the depo¬ 
sition of particles and infectious agents 
within the respiratory tract. 

Under normal conditions a complex of 
biochemical, physiologic, and immunologic 
defense mechanisms protect the respiratory 
tract from inhaled particles that could be 


injurious or infectious. The major defense 
mechanisms of the respiratory tract include 
(Fig. 12-10) the following: 20 

• Aerodynamic filtration by the nasal 
cavities 

• Sneezing 

• Local nasal antibody 

• The laryngeal reflex 

• The cough reflex 

• Mucociliary transport mechanisms 

• Alveolar macrophages 

• Systemic and local antibody 
systems 

Compromise of one or more of these defense 
mechanisms can result in infection, or pro¬ 
liferation, of infectious agents, leading to 
development of pneumonia. Factors that can 
compromise respiratory defense systems 
include stress, administration of glucocorti¬ 
coids, viral infections, exposure to cold air by 
animals unaccustomed to it, or poor air 
quality. 20 

Respiratory Mucociliary Clearance 

The mucociliary escalator has important 
functions in the lung’s physical defenses 
against the constant challenge of inhaled 
pathogens. By various physical mechanisms, 
mucus traps and subsequently transports 
inhaled particles to the pharynx, where they 
are normally swallowed. Mucus also protects 
the airways by absorbing inhaled chemicals 
and gases, by humidifying the inspired air 
and by keeping the underlying mucosa 
hydrated. Mucus contains antibodies, espe¬ 
cially IgA, which together with lactoferrin 
and lysozyme provide immunologic defense. 


Airway secretions consist of two layers. 
An underlying liquid layer, known as the 
periciliary fluid, in which the cilia beat, orig¬ 
inates largely from transepithelial osmosis. 
An overlying gel or mucus layer is composed 
of intertwined mucin strands. Airway mucus 
is secreted in small globules, which expand 
several hundredfold within seconds and are 
later drawn into strands and transported ros- 
trally by ciliary activity. 

The secretion of respiratory mucus is a 
protective mechanism by which inhaled par¬ 
ticles touching the airway mucosa stimulate 
local mucus production, which then traps 
and transports the particle from the lung. 
Airway mucus is produced mainly by sub¬ 
mucosal glands and goblet cells, also known 
as mucus-producing cells. Airway secretions 
also contain alveolar fluid, surfactant and 
alveolar cells, including macrophages, which 
are drawn into the mucociliary ladder by 
surface tension. 

Airway mucus is a complex substance 
consisting of 95% water and a 5% combina¬ 
tion of glycoproteins, proteoglycans, lipids, 
carbohydrates, and minerals. Mucin is the 
main nonaqueous component. Effective 
mucociliary clearance or mucokinesis can 
occur over a range of mucus viscosity, but 
very-low-viscosity mucus is poorly trans¬ 
ported and tends to gravitate toward the 
alveoli, whereas excessively viscous mucus, 
which is also poorly transported, may lodge 
in the airways and become inspissated. 

In respiratory disease, mucociliary 
clearance is impaired through disruption of 
effective ciliary activity or changes in the 
quantity or quality of the mucus or pericili¬ 
ary fluid, or all three factors. In viral pulmo¬ 
nary disease, ciliary activity can be disrupted 
because of temporary deciliation or lesions 
of the respiratory mucosa. The defective 
mucociliary clearance may also last for 
several weeks. In chronic obstructive pulmo¬ 
nary disease in the horse, metaplasia of cili¬ 
ated epithelium to a nonciliated epithelium 
may occur in the smaller airways. 

Changes in the quality of mucus are 
common in respiratory tract disease, espe¬ 
cially increases in viscosity with pulmonary 
disease. The destruction of leukocytes and 
respiratory epithelial cells and the release of 
DNA increases the viscosity. Large increases 
in the glycoprotein content of mucus also 
occur, which affects the mucokinetic proper¬ 
ties. Purulent respiratory secretions have 
reduced elasticity and together with the 
increased viscosity affect the mucociliary 
clearance. Acute inflammation also results 
in the production of serum proteins from 
the airway exudate, which alters the visco¬ 
elasticity of mucus and further reduces 
mucokinesis. 

Yellow or green respiratory secretions 

are attributable to the enzyme myeloperoxi¬ 
dase, released from leukocytes in the 
static secretion, or to high numbers of 
eosinophils. 
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The quantity of mucus increases in most 
cases of respiratory disease as a result of 
stimulation of goblet cells and submucosal 
glands by inflammatory mediators. The 
abnormal production can also exacerbate the 
original pulmonary dysfunction. Tracheal 
mucociliary clearance can be assessed 
endoscopically, in vivo, by dropping dye or 
small markers on the tracheal mucosa 
and measuring their rate of transit visually 
or using radioactive particles detected by 
scintigraphy. 

Large Particles in Upper 
Respiratory Tract 

Large aerosolized particles that are inhaled 
are removed by the nasal cavities and only 
small ones are able to get into the lung. In the 
upper respiratory tract, essentially 100% of 
particles more than 10 pm in diameter and 
80% of particles of the 5 pm size are removed 
by gravitational settling on mucosal surfaces. 
Particles deposited between the posterior 
two-thirds of the nasal cavity and the naso¬ 
pharynx and from the larynx to the terminal 
bronchioles land on airways lined by mucus- 
covered, ciliated epithelium and are removed 
by means of the mucociliary transport mech¬ 
anism. The nasopharyngeal and tracheo¬ 
bronchial portions of the ciliated airways 
transport mucus toward the pharynx, where 
it can be eliminated by swallowing. The cilia 
beat most effectively in mucus at a certain 
elasticity, viscosity, and chemical composi¬ 
tion. Anything that interferes with the secre¬ 
tion and maintenance of normal mucus will 
interfere with the clearance of particles from 
the upper respiratory tract. The damaging 
effect of viruses on mucociliary clearance has 
been demonstrated in laboratory animals 
and in humans. 

Mycoplasma pneumoniae infection slows 
tracheobronchial clearance for as long as 1 
year, suggesting a possible explanation for 
the predisposition to bacterial pneumonia 
commonly observed after these infections. 
Viral diseases of the upper respiratory tract 
of farm animals are common and a similar 
interference in the mucociliary transport 
mechanism may explain the occurrence of 
secondary bacterial pneumonia. 

Cough Reflex 

The cough reflex provides an important 
mechanism by which excess secretions and 
inflammatory exudates from the lungs and 
major airways can be removed and disposed 
of by expectoration or swallowing. In animals 
with relatively normal lungs, coughing rep¬ 
resents a very effective means of expelling 
inhaled foreign bodies, or excessive or 
abnormal respiratory secretions, down to the 
level of the fourth- or fifth-generation 
bronchi. If the airways become deciliated, 
the cough reflex is the main and only mucus- 
clearance mechanism remaining. The cough 
reflex is valuable for transporting the 
increased secretions present in equine 


pulmonary disease, and antitussive agents 
should therefore not be used in horses. 

In the presence of severe tracheitis and 
pneumonia, coughing may result in retro¬ 
grade movement of infected material to the 
terminal respiratory bronchioles and actually 
promote spread of the infection to distal parts 
of the lung. Any process that causes airway 
obstruction can predispose the lung to sec¬ 
ondary bacterial infections. Experimental 
obstruction of the bronchi supplying a lobe of 
lung in sheep allows the development of sec¬ 
ondary bacterial pneumonia. It has been pos¬ 
tulated that damage to small airways following 
viral infections may allow the accumulation 
of exudate and cellular debris, which may 
facilitate secondary bacterial infections. 

Small Particles Into Lower 
Respiratory Tract 

Particles of 1 to 2 pm in size settle in the 
lungs through the action of gravity in the 
alveolar spaces, and particles below 0 to 2 pm 
settle through diffusion of air. The alveolar 
macrophage plays a major role in clearing 
inhaled particles from the lung. Under 
normal conditions, bacteria that gain entry 
into the alveoli are cleared quickly and effec¬ 
tively in a matter of hours. Experimental 
parainfluenza-3 (PI-3) virus infection has 
the greatest adverse effect on the pulmonary 
clearance of M. haemolytica administered by 
intranasal aerosol on the seventh day follow¬ 
ing viral infection. The effect on pulmonary 
clearance is much less when the bacteria are 
given on the 3rd or 11th day following the 
initial viral infection. 

The presence of preexisting antibody to 
M. haemolytica eliminates the effect of the 
viral infection on pulmonary clearance. Thus 
there is some evidence that in domestic 
animals, lung clearance mechanism may be 
affected by a concurrent viral infection. This 
may have major implications in the control 
of some of the common infectious respira¬ 
tory diseases of farm animals. 

Species Susceptibility 

The anatomic and physiologic features of the 
respiratory system of cattle may predispose 
them to the development of pulmonary 
lesions much more than other farm animal 
species. Cattle have a small physiologic 
gaseous exchange capacity and greater resul¬ 
tant basal ventilatory activity. The small 
gaseous exchange capacity may predispose 
cattle to low bronchiolar or alveolar oxygen 
levels during exposure to high altitudes and 
during periods of active physical or meta¬ 
bolic activity. During these times, low oxygen 
tension or hypoxia may slow mucociliary 
and alveolar macrophage activity and 
decrease pulmonary clearance rates. The 
basal ventilatory activity is comparatively 
greater than other mammals, which results 
in the inspired air becoming progressively 
more contaminated with infectious, aller¬ 
genic, or noxious substances. 


The bovine lung also has a higher degree 
of compartmentalization than other species. 
This may predispose to airway hypoxia 
peripheral to airways that become occluded. 
This results in reduced phagocytic activity 
and the retention or multiplication of infec¬ 
tious agents. In addition, because of the low 
numbers of alveolar macrophages in the 
bovine lung, the pulmonary clearance mech¬ 
anism may not be as effective as in other 
species. There is also a low level or atypical 
bio activity of lysozyme in bovine respiratory 
mucus, which may make cattle more suscep¬ 
tible to infection of the respiratory tract than 
other species. 

Development of Pneumonia 

The process by which pneumonia develops 
varies with the causative agent and its viru¬ 
lence and with the portal by which it is intro¬ 
duced into the lung. 

Bacteria are introduced largely by way of 
the respiratory passages and cause a primary 
bronchiolitis that spreads to involve sur¬ 
rounding pulmonary parenchyma. The reac¬ 
tion of the lung tissue may be in the form of 
an acute fibrinous process as in pasteurellosis 
and contagious bovine pleuropneumonia, a 
necrotizing lesion as in infection with F. nec- 
rophorum, or as a more chronic caseous or 
granulomatous lesion in mycobacterial or 
mycotic infections. Spread of the lesion 
through the lung occurs by extension but 
also by passage of infective material along 
bronchioles and lymphatics. Spread along 
the air passages is facilitated by the normal 
movements of the bronchiolar epithelium 
and by coughing. Bronchiectasis and pulmo¬ 
nary abscesses are complications and 
common causes of failure to respond to 
therapy. Hematogenous infection by bacteria 
results in a varying number of septic foci, 
which may enlarge to form lung abscesses. 
Pneumonia occurs when these abscesses 
rupture into air passages and spread as a sec¬ 
ondary bronchopneumonia. 

Viral infections are also introduced 
chiefly by inhalation and cause a primary 
bronchiolitis, but there is an absence of the 
acute inflammatory reaction that occurs in 
bacterial pneumonia. Spread to the alveoli 
causes enlargement and proliferation of the 
alveolar epithelial cells and the development 
of alveolar edema. Consolidation of the 
affected tissue results but again there is an 
absence of acute inflammation and tissue 
necrosis so that toxemia is not a characteris¬ 
tic development. Histologically, the reaction 
is manifested by enlargement and prolifera¬ 
tion of the alveolar epithelium, alveolar 
edema, thickening of the interstitial tissue, 
and lymphocytic aggregations around the 
alveoli, blood vessels, and bronchioles. This 
interstitial type of reaction is characteristic of 
viral pneumonias. 

The pathophysiology of all pneumonias, 
regardless of the way in which lesions 
develop, is based on interference with 





gaseous exchange between the alveolar air 
and the blood. Anoxia and hypercapnia 
develop, which results in polypnea, dyspnea, 
or tachypnea. Consolidation results in louder 
than normal breath sounds, especially over 
the anteroventral aspects of the lungs, unless 
a pleural effusion is present to muffle the 
sounds. In bacterial pneumonias, there is the 
added effect of toxins produced by the bac¬ 
teria and necrotic tissue; the accumulation of 
inflammatory exudate in the bronchi is man¬ 
ifested by abnormal lung sounds such as 
crackles and wheezes on auscultation. Inter¬ 
stitial pneumonia results in consolidation of 
pulmonary parenchyma without involve¬ 
ment of the bronchi, and on auscultation 
loud breath sounds predominate in the early 
stages. 

Extension of the pneumonia to the vis¬ 
ceral surface of the pleura results in pleuritis, 
pleuropneumonia, pleural effusion, and tho¬ 
racic pain. Fibrinous pleuritis is a common 
complication of pneumonic pasteurellosis in 
cattle. Pleuritis and pleural effusion second¬ 
ary to pneumonia and pulmonary abscess 
are commonly recognized in adult horses 
with the pleuropneumonia complex associ¬ 
ated with aerobic and anaerobic bacteria. 
Anaerobic bacterial pleuropneumonia in the 
horse is accompanied by a putrid odor of the 
breath, the sputum, or the pleural fluid. It is 
suggested that most anaerobic bacterial pul¬ 
monary infections in the horse are the result 
of aspiration of oropharyngeal contents, and 
they are most commonly located in the right 
lung because of the proximity of the right 
mainstem bronchus. Some horses with pleu¬ 
ropneumonia may develop acute hemor¬ 
rhagic pulmonary infarction and necrotizing 
pneumonia. 

Restriction of gaseous exchange occurs 
because of the obliteration of alveolar spaces 
and obstruction of air passages. In the stage 
before blood flow through the affected part 
ceases, the reduction in oxygenation of the 
blood is made more severe by failure of part 
of the circulating blood to come into contact 
with oxygen. Cyanosis is most likely to 
develop at this stage and to be less pro¬ 
nounced when hepatization is complete and 
blood flow through the part ceases. An addi¬ 
tional factor in the production of anoxia is the 
shallow breathing that occurs. Pleuritic pain 
causes reduction in the respiratory excursion 
of the chest wall, but when no pleurisy is 
present the explanation of the shallow breath¬ 
ing probably lies in the increased sensitivity 
of the Hering-Breuer reflex. Retention of 
carbon dioxide with resulting acidosis is most 
likely to occur in the early stages of pneumo¬ 
nia because of this shallow breathing. 

CLINICAL FINDINGS 

• Rapid, shallow breathing is the 

cardinal sign of early pneumonia. 

• Dyspnea occurs in the later stages 
when much of the lung tissue is 
nonfunctional. 


Diseases of the Lung Parenchyma 


889 


• Polypnea may be quite marked with 
only minor pneumonic lesions; the 
rapidity of the respiration is an 
inaccurate guide to the degree of 
pulmonary involvement. 

• Coughing is another important sign, 
with the type of cough varying with 
the nature of the lesion. 

Bacterial bronchopneumonia is usually 
accompanied by a moist and painful cough. 
In viral interstitial pneumonia, the coughing 
is frequent, dry, and hacking, often in parox¬ 
ysms. Auscultation of the thorax before and 
after coughing may reveal coarse crackling 
sounds suggestive of exudate in the airways. 
Cyanosis is not a common sign and occurs 
only when large areas of the lung are affected. 
A nasal discharge may or may not be present, 
depending on the amount of exudate present 
in the bronchioles and whether or not there 
is accompanying inflammation of the upper 
respiratory tract. The odor of the breath may 
be informative: it may have an odor of decay 
when there is a large accumulation of inspis¬ 
sated pus present in the air passages; or it 
may be putrid, especially in horses affected 
with anaerobic bacterial pleuropneumonia. 

In acute bacterial bronchopneumonia, 
toxemia, anorexia, depression, tachycardia, 
and a reluctance to lie down are common. In 
the advanced stages, severe dyspnea with an 
expiratory grunt are common. 

In viral interstitial pneumonia, affected 
animals are usually not toxemic, but they 
may have a fever and be inappetent or 
anorexic. However, some cases of viral inter¬ 
stitial pneumonia can be diffuse and severe 
and cause severe respiratory distress, failure 
to respond to therapy, and death within a few 
days. A severe bronchointerstitial pneumo¬ 
nia of foals aged 1 to 2 months of age has 
been described. The disease was character¬ 
ized clinically by sudden onset of fever and 
increasingly severe dyspnea with respiratory 
distress and no response to treatment. In 
acute interstitial pneumonia of cattle, 
exemplified by the acute disease seen in 
mature cattle moved on to a lush pasture 
within the previous 10 days, some animals 
may be found dead. Other affected animals 
are severely dyspneic and anxious, com¬ 
monly mouth breathe and grunt with 
each expiration, and, if forced to walk, may 
collapse and die of asphyctic respiratory 
failure. 

Auscultation of the lungs is a valuable 
aid to diagnosis. The stage of development 
and the nature of the lesion can be deter¬ 
mined, and the area of lung tissue affected 
can be outlined. In the early congestive stages 
of bronchopneumonia and interstitial pneu¬ 
monia, the breath sounds are increased, espe¬ 
cially over the anteroventral aspects of the 
lungs. Crackles develop in bronchopneumo¬ 
nia as bronchiolar exudation increases, but 
in uncomplicated interstitial pneumonia, 
clear, harsh breath sounds are audible. In viral 
interstitial pneumonia, wheezes may be 


audible because of the presence of bronchi¬ 
olitis. When complete consolidation occurs 
in either form, loud breath sounds are the 
most obvious sound audible over the affected 
lung, but crackles may be heard at the periph¬ 
ery of the affected area in bronchopneumo¬ 
nia. Consolidation also causes increased 
audibility of the heart sounds. When pleurisy 
is also present, a pleuritic friction rub may 
be audible in the early stages and muffling of 
the breath sounds over the ventral aspects of 
the lungs in the late exudative stages. If a 
pleural effusion is present, percussion of the 
thorax will reveal dullness of the ventral 
aspects, and a fluid line can usually be out¬ 
lined. Consolidation can be detected also by 
percussion of the thorax. 

In chronic bronchopneumonia in cattle, 
there is chronic toxemia, rough hair coat, 
and a gaunt appearance. The respiratory and 
heart rates are above normal, and there is 
usually a moderate persistent fever. However, 
the temperature may have returned to within 
a normal range even though the animal con¬ 
tinues to have chronic incurable pneumonia. 
The depth of breathing is increased and both 
inspiration and expiration are prolonged. A 
grunt on expiration and open-mouth breath¬ 
ing indicate advanced pulmonary disease. A 
copious bilateral mucopurulent nasal dis¬ 
charge and a chronic moist productive cough 
are common. On auscultation of the lungs, 
loud breath sounds are usually audible over 
the ventral half of the lungs, and crackles and 
wheezes are commonly audible over the 
entire lung fields but are most pronounced 
over the ventral half. 

With adequate treatment in the early 
stages, bacterial pneumonia usually responds 
favorably in 24 hours, but viral pneumonia 
may not respond at all or may relapse after 
an apparent initial beneficial response. The 
transient response may be attributable to 
control of the secondary bacterial invaders. 
In some bacterial pneumonias, relapses also 
occur that are a result of either reinfection or 
persistence of the infection in necrotic foci 
that are inaccessible to antimicrobials. The 
final outcome depends on the susceptibility 
of the causative agent to the treatments avail¬ 
able and the severity of the lesions when 
treatment is undertaken. Pleurisy is a 
common complication of pneumonia and 
rarely occurs independently of it, and it is 
described later under that heading. 

Pneumonia and pleuritis in horses are 
described separately (see following “Equine 
Pleuropneumonia” section). 

Congestive heart failure or cor pulmonale 
may occur in some animals that survive a 
chronic pneumonia for several weeks or 
months. 

Medical Imaging 

Thoracic radiography and ultrasonography 
are now commonly performed in veterinary 
teaching hospitals and specialty clinics and 
are discussed earlier in this chapter. They can 
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provide considerable diagnostic assistance in 
assessing the severity of the lesion and 
explaining certain clinical manifestations 
that may be difficult to interpret. Ultraso¬ 
nography is a useful diagnostic aid in cattle 
and horses with anaerobic bacterial pleuro¬ 
pneumonia and pulmonary abscessation. 
Gas echoes within pleural or abscess fluid 
were found to be a sensitive and specific indi¬ 
cator of anaerobic infection, as was a putrid 
breath or pleural fluid. 

In cattle with pleuropneumonia, ultraso¬ 
nographic examination of both sides of the 
thorax may reveal accumulations of anecho- 
genic and hypoechogenic fluid in the pleural 
space in the ventral aspect of the thorax. 21 In 
cattle, pleural effusion associated with pleu- 
ritis is usually unilateral because the pleural 
sacs do not communicate. Bilateral pleural 
effusion may indicate either bilateral pulmo¬ 
nary disease or a noninflammatory cause 
such as right-sided congestive heart failure 
or hypoproteinemia. 

CLINICAL PATHOLOGY 
Respiratory Secretions 

The laboratory examination of the exudates 
and secretions of the respiratory tract is 
the most common diagnostic procedure 
performed when presented with cases 
of pneumonia. Nasal swabs, tracheobron¬ 
chial aspirates, and bronchoalveolar lavage 
samples can be submitted for isolation of 
viruses, bacteria, and fungi; cytologic exami¬ 
nation; and determination of antimicrobial 
sensitivity. Tracheobronchial aspirates are 
considered more reliable for the cytologic 
examination of pulmonary secretions in 
horses with suspected pneumonia or pleuro¬ 
pneumonia. Bronchoalveolar lavage samples 
may be normal in horses affected with pneu¬ 
monia or pleuropneumonia. In suspected 
cases of pleuropneumonia, the collection 
and culture of pleural fluid is a valuable aid 
to diagnosis, and both anaerobic and aerobic 
bacteria must be considered. 

Thoracocentesis 

When pleural effusion is suspected, thoraco¬ 
centesis can be used to obtain pleural fluid 
for analysis. 

Hematology 

Hematologic examination can indicate if 
the infection is bacterial or viral in nature 
and its severity. The hematocrit will be ele¬ 
vated in severely toxemic animals that are 
not drinking water. Severe bacterial bron¬ 
chopneumonia and pleuritis is characterized 
by marked changes in the leukon. Serum 
fibrinogen or serum amyloid A concentra¬ 
tions are markedly elevated in horses with 
pleuropneumonia and pleuritic, or other 
inflammatory, lung disease. 22 Some limited 
studies indicate that the measurement of 
acute-phase proteins in bovine respiratory 
disease may be a valuable diagnostic and 
prognostic aid. 


Serology 

When viral interstitial pneumonia is sus¬ 
pected, acute and convalescent sera are rec¬ 
ommended for viral neutralization titer 
evaluation. For specific diseases such as 
porcine pleuropneumonia, serum can be 
taken from a percentage of the herd and sub¬ 
mitted for serotyping to determine which 
serotype is most prevalent in the herd. 

Fecal Samples 

When lungworm pneumonia is suspected, 
fecal samples can be submitted for detection 
of the larvae. 

Necropsy 

In outbreaks of respiratory disease wherein 
the diagnosis is uncertain, necropsy of 
selected early cases will often assist in making 
a diagnosis. 

NECROPSY FINDINGS 

Gross lesions are usually observed in the 
anterior and dependent parts of the lobes; 
even in fatal cases where much of the lung 
is destroyed, the dorsal parts of the lobes 
may be unaffected. The gross lesions vary 
a great deal depending on the type of 
pneumonia present. Bronchopneumonia 
is characterized by the presence of 
serofibrinous or purulent exudate in the 
bronchioles and lobular congestion or 
hepatization. 

In the more severe, fibrinous forms of 

pneumonia, there is gelatinous exudation in 
the interlobular septae and an acute pleurisy, 
with shreds of fibrin present between the 
lobes. 

In interstitial pneumonia, the bronchi¬ 
oles are clean, and the affected lung is sunken 
and dark red in color, and it has a granular 
appearance under the pleura and on the cut 
surface. There is often an apparent firm 
thickening of the interlobular septae. These 
differences are readily detected on histologic 
examination. 

In chronic bronchopneumonia of cattle, 

there is consolidation, fibrosis, fibrinous 
pleuritis, interstitial and bullous emphy¬ 
sema, bronchi filled with exudate, bronchi¬ 
ectasis, and pulmonary abscessation. 

Lesions typical of the specific infections 
listed under etiology are described under the 
headings of the specific diseases. 

TREATMENT 
Antimicrobial Therapy 

In specific bacterial infections as listed previ¬ 
ously, isolation of affected animals and 
careful surveillance of the remainder of the 
group to detect cases in the early stages 
should accompany the administration of 
specific antimicrobials to affected animals. 
The choice of antimicrobial will depend 
on the tentative diagnosis, the experience 
with the drug in previous cases and the 
results of drug sensitivity tests. The common 
bacterial pneumonias of all species will 


usually recover quickly (24-72 hours) if 
treated with an adequate dose of the drug of 
choice early in the course of the disease. 
Animals with severe pneumonia will require 
daily treatment for several days until recov¬ 
ery occurs. Those with bacterial pneumonia 
and toxemia must be treated early on an 
individual basis. Each case should be identi¬ 
fied and carefully monitored for failure to 
recover, and an assessment should be made. 
Clinical field trials to evaluate different anti¬ 
microbials for the treatment of acute bovine 
respiratory disease occurring under natural 
conditions are becoming more common and 
more meaningful, particularly under com¬ 
mercial feedlot conditions. 


DIFFERENTIAL DIAGNOSIS 


There are two major difficulties in the clinical 
diagnosis of pneumonia. The first is to decide 
that the animal has pneumonia; the second is 
to determine the nature of the pneumonia 
and its cause. The suspected cause will 
influence the prognosis, the clinical 
management, and, more particularly in 
infectious pneumonias, the kind of 
antimicrobial therapy used. 

There are two kinds of errors made in the 
clinical diagnosis of pneumonia. One is that 
the pneumonia is not detected clinically 
because the abnormal lung sounds are 
apparently not obvious. The other is to make 
a diagnosis of pneumonia because of the 
presence of dyspnea that is attributable to 
disease in some other body system. 

• In bacterial pneumonia the major 
clinical findings are polypnea in the early 
stages and dyspnea later, abnormal lung 
sounds, and fever and toxemia. 

• In viral interstitial pneumonia 
uncomplicated by secondary bacterial 
pneumonia, there is no toxemia. 
Pulmonary edema and congestion, 
embolism of the pulmonary artery, and 
emphysema are often mistaken for 
pneumonia but can usually be 
differentiated by the absence of fever 
and toxemia, on the basis of the history 
and on auscultation findings. 

• Diseases of other body systems can 
cause polypnea and dyspnea. Congestive 
heart failure, the terminal stages of 
anemia, poisoning by agents such as 
hydrocyanic acid, hyperthermia, and 
acidosis are accompanied by respiratory 
embarrassment but not by the abnormal 
sounds typical of pulmonary 
involvement. 

If pneumonia is present, the next step is 
to determine the nature and cause of the 
pneumonia. All the practical laboratory aids 
described earlier should be used when 
necessary. This is of particular importance 
when outbreaks of pneumonia are 
encountered, in which case necropsy 
examination of selected cases is indicated. In 
single routine cases of pneumonia, the cause 
is usually not determined. However, the age 









and class of the animal, the history and 
epidemiologic findings, and the clinical 
findings can usually be correlated and a 
presumptive etiologic diagnosis made. 

Pleuritis is characterized by shallow, 
abdominal-type respiration; by pleuritic friction 
sounds when effusion is minimal; a muffling 
of lung sounds on auscultation; and the 
presence of dullness and a horizontal fluid 
line on acoustic percussion when there is 
sufficient pleural fluid present. 

Thoracocentesis or ultrasonographic 
examination reveals the presence of excessive 
pleural fluid. 

In pneumothorax there is inspiratory 
dyspnea and on the affected side and the 
abnormalities include the following: 

• Absence of breath sounds over the lobes 
but still audible sounds over the base of 
the lung 

• Increase in the absolute intensity of the 
heart sounds 

• Increased resonance on percussion. 

Diseases of the upper respiratory tract 

such as laryngitis and tracheitis are 
accompanied by varying degrees of inspiratory 
dyspnea, which is often loud enough to be 
audible without a stethoscope. In less severe 
cases, auscultation of the midcervical trachea 
will reveal moist wheezing sounds on 
inspiration. These sounds are transmitted 
down into the lungs and are audible on 
auscultation of the thorax. These transmitted 
sounds must not be interpreted as attributable 
to pneumonia. In some cases of severe 
laryngitis and tracheitis, the inspiratory sounds 
audible over the trachea and lungs are 
markedly reduced because of almost total 
obliteration of these organs. In laryngitis and 
tracheitis, there is usually a more frequent 
cough than in pneumonia, and the cough can 
be readily stimulated by squeezing the larynx 
or trachea. In pneumonia the abnormal lung 
sounds are audible on both inspiration and 
expiration. Examination of the larynx through 
the oral cavity in cattle and with the aid of a 
rhinolaryngoscope in the horse will usually 
reveal the lesions. 


Antimicrobial agents in a long-acting 
base may be used to provide therapy over a 
4- to 6-day period instead of the daily admin¬ 
istration of the shorter-acting preparations. 
However, the blood concentrations from the 
long-acting preparations are not as high as 
the shorter-acting preparations, and treat¬ 
ment with these compounds are not as effec¬ 
tive in severely affected animals. 

Selection of antimicrobials is based on 
the principles detailed in Chapter 6. Briefly, 
antimicrobials for treatment of bacterial 
respiratory disease should be active against 
the causative agent, should be able to achieve 
therapeutic concentrations in diseased lung, 
and should be convenient to administer. The 
antimicrobials should be affordable and, if 
used in animals intended as human food, 
must be approved for use in such animals. 
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Antimicrobials for treatment of lung 
disease are preferably those that achieve ther¬ 
apeutic concentrations in diseased lung tissue 
after administration of conventional doses. 
This has been convincingly demonstrated for 
the macrolide (azithromycin, erythromycin), 
triamilide (tulathromycin), and fluoroquino¬ 
lone (danofloxacin, enrofloxacin) antimicro¬ 
bials and fluorfenicol in a variety of species. 
The beta-lactam antimicrobials (penicillin, 
ceftiofur) are effective in treatment of pneu¬ 
monia in horses, pigs, and ruminants despite 
having chemical properties that do not favor 
their accumulation in lung tissue. 

Routes of administration include oral 
(either individually or in medicated feed or 
water), parenteral (subcutaneous, intramus¬ 
cular, intravenous), or inhalational. Intratra¬ 
cheal administration of antimicrobials to 
animals with respiratory disease is not an 
effective means of achieving therapeutic drug 
concentrations in diseased tissue. Aerosol- 
ization and inhalation of antimicrobials has 
the theoretic advantage of targeting therapy 
to the lungs and minimizing systemic 
exposure to the drug. However, although 
administration by inhalation achieves good 
concentrations of drug in bronchial lining 
fluid, the drug does not penetrate unventi¬ 
lated regions of the lungs, in which case 
parenteral or oral administration of antimi¬ 
crobials is indicated. Administration of gen¬ 
tamicin to horses and ceftiofur sodium to 
calves with pneumonia has been investigated. 
Aerosol administration of gentamicin to 
normal horses results in gentamicin concen¬ 
trations in bronchial lavage fluid 12 times 
that achieved after intravenous administra¬ 
tion. Aerosolized ceftiofur sodium (1 mg/kg) 
is superior to intramuscular administration 
in treatment of calves with M. haemolytica. 

Treatment of parasitic lung disease, such 
as that caused by migrating larvae or lung- 
worms, is by administration of appropriate 
anthelmintics such as ivermectin, moxidec- 
tin, or the benzimidazoles. Refer to the sec¬ 
tions in this book that deal with these 
diseases for details of the specific treatments. 
Treatment of P. jiroveci pneumonia involves 
the administration of a sulfonamide-trime¬ 
thoprim combination or dapsone (3 mg/kg 
orally every 24 hours). 

The antimicrobials and other drugs rec¬ 
ommended for the treatment of each specific 
pneumonia listed under etiology are pre¬ 
sented with each specific disease elsewhere 
in the book. The common causes for failure 
to respond favorably to treatment for bacte¬ 
rial pneumonia include the following: 

• Advanced disease when treatment 
was undertaken 

• Presence of pleuritis and 
pulmonary abscesses 

• Drug-resistant bacteria 

• Inadequate dosage of drug 

• Presence of other lesions or 
diseases that do not respond to 
antimicrobials 


There is no specific treatment for the viral 
pneumonias, and although many of the 
Mycoplasma spp. are sensitive to antimicrobi¬ 
als in vitro, the pneumonias associated with 
them do not respond favorably to treatment. 
This could be attributable to the intracellular 
location of the Mycoplasma making them 
inaccessible to the drugs. Because viral and 
mycoplasmal pneumonias are commonly 
complicated by secondary bacterial infec¬ 
tions, it is common practice to treat acute 
viral and mycoplasmal pneumonias with 
antimicrobials until recovery is apparent. 

Intensive and prolonged therapy may be 
required for the treatment of diseases such as 
equine pleuropneumonia. It may include 
daily care and treatment in a veterinary clinic 
consisting of daily lavage of the pleural 
cavity, including thoracostomy to drain pul¬ 
monary abscesses, and intensive antimicro¬ 
bial therapy and monitoring for several 
weeks. 

Mass Medication 

In outbreaks of pneumonia where many 
animals are affected and new cases occur 
each day for several days, the use of mass 
medication of the feed and/or water supplies 
should be considered. Outbreaks of pneu¬ 
monia in swine herds, lamb feedlots, veal calf 
enterprises, and beef feedlots are usually 
ideal situations for mass medication through 
the feed or water. Mass medication may 
assist in the early treatment of subclinical 
pneumonia and is a labor-saving method of 
providing convalescent therapy to animals 
that have been treated individually. The 
major limitation of mass medication is the 
uncertainty that those animals that need the 
drug will actually get it in the amounts nec¬ 
essary to be effective. Total daily water intake 
by animals is a function of total dry matter 
intake and well-being, and water consump¬ 
tion is therefore markedly reduced in toxemic 
animals. The provision of a reliable concen¬ 
tration of the drug in the water supply on a 
24-hour basis is also a problem. However, 
with careful calculation and monitoring, 
mass medication can be a valuable and eco¬ 
nomical method of treating large numbers of 
animals. The method of calculating the 
amount of antimicrobials to be added to feed 
or water supplies is presented in Chapter 7 
on antimicrobial therapy. 

When outbreaks of pneumonia occur and 
new cases are being recognized at the rate of 
5% to 10% per day of the total in the group, 
all the remaining in-contact animals may be 
injected with an antimicrobial in a long- 
acting base. This may help to treat subclinical 
cases before they become clinical and thus 
control the outbreak. 

Other Drugs 

Nonsteroidal antiinflammatory drugs are 

useful in the treatment of infectious respira¬ 
tory disease of cattle and horses, and likely 
other species. The drugs act by inhibiting 
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the inflammatory response induced by 
the infecting organism and tissue necrosis. 
Meloxicam (0.5 mg/kg subcutaneously, 
once), when administered with tetracycline, 
improves weight gain and reduces the size of 
lesions in lungs of cattle with bovine respira¬ 
tory disease complex over those of animals 
treated with tetracycline alone. NSAIDs also 
improve the clinical signs of cattle with respi¬ 
ratory disease. Use of these drugs is routine 
in horses with pneumonia or pleuritis. 

Corticosteroids have been used for their 
antiinflammatory effect in the treatment of 
acute pneumonia. However, there is no clini¬ 
cal evidence that they are beneficial, and they 
might be deleterious. 

Bronchodilators have been investigated 
in the treatment of pneumonia in food 
animals. The beta-2 adrenergic agonists are 
potent and effective bronchodilators that can 
be administered orally, intravenously, or by 
inhalation. These drugs also enhance muco¬ 
ciliary clearance of material from the lungs. 
Most administration is orally or by inhala¬ 
tion. The use of beta-2 adrenergic agonist 
bronchodilator drugs in food animals is not 
permitted in most countries because of the 
risk of contamination of foodstuffs intended 
for consumption by people. This is particu¬ 
larly the case with clenbuterol, a drug 
approved in many countries for use in horses 
that is administered to cattle illicitly as a 
growth promoter. People can be poisoned by 
clenbuterol in tissues of treated cattle. The¬ 
ophylline has been evaluated as a bronchodi¬ 
lator to relieve respiratory distress in cattle 
with pneumonia. When it was given orally at 
a dose of 28 mg/kg BW daily for 3 days, along 
with antimicrobial therapy, to calves with 
naturally acquired respiratory disease, the 
respiratory rate and rectal temperature 
decreased. However, some calves died, pre¬ 
sumably from the accumulation of lethal 
concentrations of plasma theophylline. It is 
recommended that the drug should not be 
used unless plasma levels can be monitored. 

Supportive Therapy and Housing 

Affected animals should be housed in warm, 
well-ventilated, draft-free accommodation 
and provided with ample fresh water and 
light, nourishing food. During convales¬ 
cence premature return to work or exposure 
to inclement weather should be avoided. If 
the animal does not eat, oral or parenteral 
force-feeding should be instituted. If fluids 
are given intravenously, care should be exer¬ 
cised over the speed with which they are 
administered. Injection at too rapid a rate 
may cause overloading of the right ventricle 
and death as a result of acute heart failure. 

Supportive treatment might include the 
provision of oxygen, if it is available, espe¬ 
cially in the critical stages when hypoxia is 
severe. In foals, the oxygen can be adminis¬ 
tered through an intranasal tube passed back 
to the nasopharynx and delivered at the rate 
of about 8 L/min for several hours. Oxygen 


therapy is detailed in the previous general 
section on treatment of respiratory disease. 
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ACUTE RESPIRATORY 
DISTRESS SYNDROME 

Acute respiratory distress syndrome is a well- 
recognized clinical syndrome of humans 
characterized by acute onset of hypoxemia 
and pulmonary infiltrates without increases 
in left atrial pressure (i.e., without evidence 
of cardiogenic pulmonary edema). Precipi¬ 
tating causes include both direct and indirect 
lung injury, including sepsis, multiple trans¬ 
fusions, trauma, near-drowning, smoke inha¬ 
lation, pancreatitis, and more. The underlying 
lesion is diffuse alveolar capillary damage 
with secondary severe pulmonary edema. 
The disease occurs spontaneously in domes¬ 
tic animals, and although the spontaneous 
disease is not extensively documented, the 
disease produced experimentally as a model 
of the human disease is better described. 

Acute respiratory distress syndrome 
(ARDS) in animals occurs in newborns and 
in adult animals. The disease in some 
newborn farm animals is related to lack of 
surfactant, but except for animals born pre¬ 
maturely, this is more the exception than the 
rule. 1 Most young animals and all adult 
animals with ARDS have some inciting acute 
lung injury that then progresses to ARDS. 
The causes can be infectious (e.g., influenza 
virus infection, leptospirosis, 2 porcine repro¬ 
ductive and respiratory syndrome virus 
infection 3 ), physical (smoke inhalation or 
thoracic trauma 4 ), toxic, or sepsis. 3 7 

The pathophysiology of the disease 
involves a common final pathway that results 
in damage to alveolar capillaries. The initial 
injury can be to either the endothelium of 
pulmonary capillaries or to alveolar epithe¬ 
lium. Damage to these structures leads 
to extravasation of protein-rich fluid and 
fibrin with subsequent deposition of hyaline 


membranes. The capillary injury is attributed 
to activated leukocytes (macrophages and 
neutrophils) and cytokines. Accumulation of 
hyaline membranes and ventilation/perfu¬ 
sion mismatches impair respiratory gas 
exchange and cause hypoxemia. 

The clinical signs are characteristic of 
acute, progressive pneumonia. Animals are 
anxious, tachycardic, tachypneic and have 
crackles and wheezes on thoracic ausculta¬ 
tion. Severely affected animals can be cya¬ 
notic. Thoracic radiographs reveal diffuse 
pulmonary infiltrates. Hematologic changes 
are characteristic of the inciting disease but 
usually include leukopenia. There is arterial 
hypoxemia. 

Treatment includes administration of 
antiinflammatory drugs (NSAIDs with or 
without glucocorticoids), colloids, antimi¬ 
crobials, and oxygen. The arterial blood gas 
response to oxygen therapy is often minimal 
in severely affected animals. If it is available, 
mechanical ventilation can be useful, 
although the prognosis is grave. Inhalation 
of nitric oxide is beneficial in some humans 
with the disease, and there are anecdotal 
reports that it has been used to treat foals 
with ARDS. 

FURTHER READING 

Wilkins PA, et al. Update on interstitial pneumonia. 
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ASPIRATION PNEUMONIA 

Aspiration or inhalation pneumonia is a 
common and serious disease of farm animals 
caused by inhalation of ingesta, lipid, medi¬ 
cations, meconium, or excessive dust. Cases 
occur after careless drenching, oral adminis¬ 
tration of medications, 1 or inadvertent intra¬ 
tracheal passage of an intended nasogastric 
tube during treatment for other illness, for 
example, administration of mineral oil to 
horses with colic. Even when care is taken 
these procedures are not without risk. Other 
causes include the feeding of calves and pigs 
on fluid feeds in inadequate troughing, with 
inhalation occurring in the struggle for food. 
Dipping of sheep and cattle when they are 
weak, or keeping their heads submerged for 
too long, also results in inhalation of fluid. 
Vomiting in ruminants can be followed by 
aspiration, especially in cattle with parturi¬ 
ent paresis or during the passage of a stomach 
tube if the head is held high. Rupture of a 
pharyngeal abscess during palpation of the 
pharynx or passage of a nasal tube may cause 
sudden aspiration of infective material. 
Animals suffering from congenital defects 2 







and paralysis or obstruction of the larynx, 
pharynx, or esophagus can aspirate food or 
water when attempting to swallow. Esopha¬ 
geal obstruction is an important risk factor 
for aspiration pneumonia in horses (see fol¬ 
lowing discussion), with 39 of 109 cases of 
esophageal obstruction developing aspira¬ 
tion pneumonia. 3 Bluetongue infection 
(BTV-12) of sheep causes myonecrosis of 
esophageal musculature and outbreaks of 
aspiration pneumonia. 4 Aspiration pneumo¬ 
nia is the consistent lesion of crude oil poi¬ 
soning in cattle and probably results from 
vomiting or regurgitation. 
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Lipid Pneumonia 

Lipid pneumonia usually results from aspira¬ 
tion of mineral oil (liquid paraffin) adminis¬ 
tered for gastrointestinal disease. 1 Pneumonia 
is sometimes the result of inadvertent admin¬ 
istration of the oil into the trachea through a 
misplaced stomach tube or inhalation during 
oral administration of oil. However, aspira¬ 
tion of oil can occur even when it is delivered 
into the stomach through a nasogastric tube, 
presumably because of regurgitation of oil 
either around the tube or after the tube has 
been removed. Administration of oil to 
sedated or severely depressed animals might 
increase the risk of aspiration. 

Clinical signs include cough, tachypnea, 
tachycardia, pyrexia, respiratory distress, and 
abnormal lung sounds. Radiographs can 
reveal an alveolar and interstitial pattern. 
Examination of tracheal aspirates reveals a 
neutrophilic inflammation and the presence 
of lipid. Lipid can be readily identified by 
Sudan or oil red O staining of smears of the 
aspirate in acute cases. Necropsy examina¬ 
tion reveals consolidated lungs. On cut 
section of these areas oil can be visible. 
Chronic cases have tissue necrosis and severe 
interstitial pneumonia. Lipid droplets can be 
identified in affected lung tissue after oil red 
O staining of sections. The presence and 
nature of the lipid can be demonstrated by 
thin-layer chromatography and gas chroma¬ 
tography. The prognosis for recovery is 
poor. Treatment is supportive and includes 
antiinflammatory drugs, antimicrobials, and 
oxygen. There is no specific treatment. 
Prevention includes careful insertion of 
nasogastric tubes, verification of their place¬ 
ment in the stomach, and not administering 
mineral oil to animals with a distended 
stomach or ones that are heavily sedated or 
severely depressed. 

Esophageal Obstruction 

Esophageal obstruction is a common and 
important cause of pneumonia in horses. Of 
109 horses with esophageal obstruction, 39 
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had clinical signs of aspiration pneumonia. 2 
Obstruction of the esophagus in horses, and 
in other species, leads to the accumulation of 
saliva and feed material in the esophagus oral 
to the obstruction. When the esophagus is 
full, this material accumulates in the pharynx, 
with subsequent aspiration into the trachea 
resulting in contamination of the trachea and 
lower airways with feed material and oro¬ 
pharyngeal bacteria. Feed material is irritant 
and also causes obstruction of the smaller 
airways. Pulmonary defense mechanisms are 
weakened or overwhelmed by the contami¬ 
nation, and infection and pneumonia result. 
The duration of esophageal obstruction is a 
good indicator of the risk of aspiration pneu¬ 
monia, although the extent of contamination 
of the trachea with feed material is not. 
Affected horses are pyrexic, tachycardic, and 
toxemic. Lung sounds can include crackles 
and wheezes, but the only auscultatory 
abnormality can be decreased breath sounds 
in the ventral thorax. Radiography reveals a 
characteristic pattern of bronchopneumonia 
restricted, at least initially, to the cranioven- 
tral and caudoventral lung lobes in adult 
horses. Ultrasonography reveals comet tail 
lesions in the ventral lung fields and variable 
consolidation. Pleuritis is a not uncommon 
sequela to aspiration pneumonia. Examina¬ 
tion of tracheal aspirates demonstrates neu¬ 
trophilic inflammation with presence of 
degenerate neutrophils, bacteria that are 
both intracellular and extracellular, and plant 
material. Culture of tracheal aspirates yields 
one or more of a wide variety of bacteria, 
including S. zooepidemicus, Pasteurella sp., 
Actinobacillus sp., E. coli, and anaerobes. 
Treatment involves prompt relief of the 
esophageal obstruction and administration 
of broad-spectrum antimicrobials, such as a 
combination of penicillin, aminoglycoside, 
and metronidazole. The prognosis for recov¬ 
ery from aspiration pneumonia secondary to 
esophageal obstruction is guarded to fair, 
partly because the animal has to recover 
from two diseases—the pneumonia and the 
esophageal obstruction. Prevention of aspi¬ 
ration pneumonia in horses with esophageal 
obstruction includes prompt relief of the 
obstruction and administration of broad- 
spectrum antimicrobials. 
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Meconium Aspiration Syndrome 

Aspiration of meconium during parturition 
is associated with severe lung disease in new¬ 
borns. Passage of meconium in utero, and 
subsequent aspiration by the fetus, is a sign of 
fetal distress. It is suggested that fetal distress 
results in expulsion of meconium into the 
amniotic fluid. This is followed by aspiration 
of contaminated amniotic fluid. The passage 
of meconium-contaminated amniotic fluid 
into the lungs may occur before birth when 


the fetus gasps for air in an attempt to correct 
hypoxemia or when the calf takes its first 
breath and aspirates meconium from the 
oropharynx. Normally, fetal aspiration of 
amniotic fluid does not occur because the 
inspiratory forces are insufficient to allow 
amniotic fluid to reach the lungs, and the lung 
liquid, a locally produced viscous material 
present in the trachea and lungs, constantly 
flows up the major airways to the orophar¬ 
ynx. The result is that the fetus is doubly 
challenged in that it must deal with both 
the cause of the fetal distress and the pneu¬ 
monia induced by aspiration of meconium. 
Although meconium is sterile, it induces a 
severe inflammatory response in the lungs. 

The meconium aspiration syndrome is 
best described in newborn calves, 1 although 
there are numerous reports of its experimen¬ 
tal induction in piglets and lambs as a model 
of the human disease. In a series of calves 
under 2 weeks of age submitted to a diagnos¬ 
tic laboratory, 42.5% had evidence of meco¬ 
nium, squamous cells, or keratin in the lung. 
Diffuse alveolitis with exudation of neutro¬ 
phils, macrophages, and multinucleated cells 
and obstruction of small airways with atelec¬ 
tasis were common. 

Treatment of aspiration pneumonia in 
farm animals is not well described. Adminis¬ 
tration of antimicrobials is prudent. Antiin¬ 
flammatory drugsare indicated. Pentoxifylline 
is used in human neonates with meconium 
aspiration, but there are no reports of its use 
for this purpose in farm animals. 
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Dusty Feed 

Although farm animals fed on dusty feeds 
inhale many dust particles and bacteria, 
which can be readily isolated from the lung, 
this form of infection rarely results in the 
development of pneumonia. Much of the 
dust is filtered out in the bronchial tree and 
does not reach the alveoli. However, this may 
be of importance in the production of the 
primary bronchiolitis that so often precedes 
alveolar emphysema in horses. The inhala¬ 
tion of feed particles in pigs in a very poorly 
ventilated environment has been demon¬ 
strated to cause foreign body pneumonia. 
Also, a dry, dusty atmosphere can be created 
in a piggery by overfrequent changing of 
wood shavings used as bedding, and this can 
lead to the production of foreign body pneu¬ 
monia. Liquids and droplets penetrate to the 
depths of the alveoli and run freely into the 
dependent portions, and aspiration pneumo¬ 
nia often results. 

DROWNING 

Near drowning has been defined as survival 
following asphyxia and aspiration of water 
while submerged. Cases are rare in large 
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animals, but there is potential with the popu¬ 
larity of swimming as a method of exercising 
and training horses. There are cases of pneu¬ 
monia after plunge dipping of sheep, which 
might be attributable to lung damage as a 
result of inhalation of dip water contami¬ 
nated with bacteria. 

The pulmonary responses to near drown¬ 
ing in sea water differ from that in fresh 
water. 1 Fresh water can inactivate pulmonary 
surfactant and lead to collapse of the alveolus 
with a loss of pulmonary compliance, and 
the resultant ventilation/perfusion mismatch 
coupled with alveolar damage can lead to 
severe hypoxemia. The inhalation of water 
may also carry bacteria and the risk of sec¬ 
ondary bacterial aspiration pneumonia. 
Affected animals present with an elevated 
heart rate, tachypnea, and dyspnea. There is 
a decrease in normal airflow sounds on aus¬ 
cultation, which can occur in all areas of 
auscultation or be more pronounced in one 
lung, and rales or crackles may be heard in 
local areas. Consolidation may be detected 
with thoracic radiography. The mucous 
membranes may be congested, cyanotic, or 
muddy. Arterial blood gas analysis has 
shown a metabolic acidosis and hypoxemia. 
The response is typical of acute lung injury 
(acute respiratory distress syndrome). 

Therapy has been based on experience 
with near drowning cases in humans; horses 
have been successfully treated by nasal insuf¬ 
flation of humidified oxygen, the correction 
of the base deficit with sodium bicarbonate 
and lactated Ringers solutions administered 
intravenously, treatment with bronchodila- 
tors and nonsteroidal antiinflammatory 
drugs, and pulmonary infusion with a sur¬ 
factant transplant from a recently euthanized 
horse. Antibacterials are given to cover the 
risk or the presence of a bacterial pneumo¬ 
nia, and the cover should include the possi¬ 
bility of infection with anaerobic organisms. 
Respiratory distress can be more severe 
when the animals are recumbent. Near 
drowning requires immediate and aggressive 
therapy, and the recovery can be prolonged. 
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PULMONARY ABSCESS 

The development of single or multiple 
abscesses in the lung causes a syndrome of 
chronic toxemia, cough, and emaciation. 
Abscesses can be solitary, multiple, military, 
or coalescing. Small solitary abscesses can be 
clinically silent, with clinical signs becoming 
more apparent at the extent of the lesions 
increases. 

ETIOLOGY 

Pulmonary abscesses can be part of a primary 
disease or arise secondarily to diseases in 
other parts of the body. 


Primary Diseases 

• R. equi pulmonary abscesses of foals 

• S. zooepidemicus and Actinobacillus 
sp. in adult horses—one-third of 
infectious causes of abscesses in 
horses are polymicrobial, and 
anaerobic bacteria are isolated in 
20% of cases 

• Solitary abscess associated with 
strangles in horses, caseous 
lymphadenitis in sheep 

• Tuberculosis 

• Actinomycosis rarely occurs as 
granulomatous pulmonary lesions 

• Aerogenous infections with 
“systemic” mycoses (e.g., 
coccidioidomycosis, aspergillosis, 
histoplasmosis, cryptococcosis, and 
moniliasis) 

• Helcococcus ovis in horses and goats 1 

• Mycoplasma bovis in cattle 

Secondary Diseases 

• Sequestration of an infected focus of 
pneumonia (e.g., bovine 
pleuropneumonia or 
pleuropneumonia in horses) 

• Pulmonary abscesses secondary to 
ovine estrosis 

• Emboli from endocarditis, caudal or 
cranial vena caval thrombosis, 
metritis, mastitis, omphalophlebitis 2 ' 3 

• Rumenitis is strongly associated with 
development of liver abscesses, 
which in turn are risk factors for 
lung abscesses in cattle. Of cattle 
with liver abscesses, 14% have severe 
lung lesions, and 28% have mild lung 
lesions. 4 

• Aspiration pneumonia from milk 
fever in cows, drenching accident in 
sheep—in which case the abscess is a 
manifestation of aspiration 
pneumonia. 

• Penetration by foreign body, such as 
in traumatic reticuloperitonitis, 
inhalation of a foreign body, or 
unusual causes such as 
diaphragmatic hernia with ileal 
diverticulitis causing a lung 
abscess 5 

PATHOGENESIS 

Pulmonary abscesses are present in many 
cases of pneumonia and are not recognizable 
as clinically distinct entities. In the absence 
of pneumonia, pulmonary abscess is usually 
a chronic disease, with clinical signs being 
produced by toxemia rather than by interfer¬ 
ence with respiration. However, when the 
spread is hematogenous and large numbers 
of small abscesses develop simultaneously, 
respiratory function can be compromised to 
the extent that it becomes clinically apparent. 
However, in more chronic cases the abscesses 
can reach a size sufficient to cause respiratory 
difficulty by obliteration of large areas of lung 
tissue. In rare cases, erosion of a pulmonary 


vessel occurs, resulting in pulmonary hem¬ 
orrhage and hemoptysis. 

In many cases there is a period of chronic 
illness of varying degree when the necrotic 
focus is walled off by connective tissue. 
Exposure to environmental stress or 
other infection can result in a sudden exten¬ 
sion from the abscess to produce a fatal sup¬ 
purative bronchopneumonia, pleurisy, or 
empyema. 

CLINICAL FINDINGS 

In typical cases there is dullness, anorexia, 
emaciation, and a fall in milk yield in cattle. 
The temperature is usually moderately ele¬ 
vated and fluctuating. Coughing is marked. 
The cough is short and harsh and usually not 
accompanied by signs of pain. Intermittent 
episodes of bilateral epistaxis and hemopty¬ 
sis can occur and terminate in fatal pulmo¬ 
nary hemorrhage following erosion of an 
adjacent large pulmonary vessel. Respiratory 
signs are variable depending on the size of 
the lesions, and although there is usually 
some increase in the rate and depth, this may 
be so slight as to escape notice. When the 
abscesses are large (2-4 cm in diameter), 
careful auscultation and percussion will 
reveal the presence of a circumscribed area 
of dullness over which no breath sounds are 
audible. Crackles are often audible at the 
periphery of the lesion. 

Multiple small abscesses may not be 
detectable on physical examination, but the 
dyspnea is usually more pronounced. There 
can be a purulent nasal discharge and fetid 
breath, but these are unusual unless bron¬ 
chopneumonia has developed from exten¬ 
sion of the abscess. Radiographic examination 
can be used to detect the presence of the 
abscess and give some information on its size 
and location. Ultrasonographic examination 
is sensitive and specific in detecting lung 
abscesses in foals and is useful in adult horses 
and other species. 6 

Most cases progress slowly, and 
many affected animals have to be euthanized 
because of chronic ill-health; others 
die of bronchopneumonia or emphysema. 
Persistent fever, tachycardia, and polypnea 
are common. A rare sequela is the 
development of hypertrophic pulmonary 
osteoarthropathy. 

The clinical findings of R. equi pulmo¬ 
nary abscessation in young foals are pre¬ 
sented under that disease. 

Solitary lung abscesses are not uncom¬ 
mon in adult horses. Presenting signs are 
usually low-grade fever and depression. 
Most horses with lung abscesses cough. 
There is excessive mucopurulent material in 
the trachea, and examination of a tracheal 
aspirate reveals neutrophilic inflammation. 
Radiographic examination of the chest dem¬ 
onstrates the presence of one or more 
abscesses. Abscesses are in the caudal lung 
lobes in 60% of cases. Ultrasonography can 
be useful in detecting the abscess, provided 
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that it is confluent with the visceral pleura. 
The prognosis for life and for return to racing 
is excellent in horses that are treated 
appropriately. 

CLINICAL PATHOLOGY 

Examination of nasal or tracheal mucus may 
determine the causative bacteria, but the 
infection is usually mixed, and interpretation 
of the bacteriologic findings is difficult. 
Culture of tracheal aspirates yields growth of 
pathogenic bacteria in approximately 70% of 
samples from horses with lung abscesses. 
Hematologic examination may give an indi¬ 
cation of the severity of the inflammatory 
process, but the usual leukocytosis and shift 
to the left might not be present when the 
lesion is well encapsulated. In lung abscesses 
in foals and adult horses, hyperfibrino- 
genemia and neutrophilic leukocytosis are 
common. 

NECROPSY FINDINGS 

An accumulation of necrotic material in a 
thick-walled fibrous capsule is usually 
present in the ventral border of a lung, sur¬ 
rounded by a zone of bronchopneumonia or 
pressure atelectasis. In sheep there is often an 
associated emphysema. In rare cases the 
abscess may be sufficiently large to virtually 
obliterate the lung. A well-encapsulated 
lesion may show evidence of recent rupture 
of the capsule and extension as an acute 
bronchopneumonia. Multiple small abscesses 
may be present when hematogenous spread 
has occurred. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis might not be obvious when 
respiratory distress is minimal, and especially 
when multiple small abscesses are present. 
These cases present a syndrome of chronic 
toxemia, which may be mistaken for splenic 
or hepatic abscess. Differentiation between 
tuberculous lesions and nonspecific infections 
may require the use of the tuberculin test. 
Focal parasitic lesions, such as hydatid cysts, 
can cause a similar syndrome, but are not 
usually accompanied by toxemia or 
hematologic changes. Pulmonary neoplasms 
usually cause chronic respiratory disease, a 
progressive loss of weight, and lack of 
toxemia. 


TREATMENT 

Pulmonary abscesses secondary to pneumo¬ 
nia in cattle and pigs are usually not 
responsive to therapy. The daily administra¬ 
tion of large doses of antimicrobials for 
several days can be attempted but is usually 
not effective, and slaughter for salvage or 
euthanasia is necessary. Treatment of pulmo¬ 
nary abscesses in adult horses by administra¬ 
tion of broad-spectrum antimicrobials is 
usually effective. Most (>80%) racehorses 
with single abscesses return to racing. 


Diagnosis and treatment of pulmonary 
abscess and bronchopleural fistula can be 
achieved by thoracoscopy or thoracotomy 
and partial pneumonectomy.' As noted pre¬ 
viously, almost all horses with solitary pul¬ 
monary abscesses recover with antimicrobial 
therapy. 
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Diseases of the Pleural 
Cavity and Diaphragm 

HYDROTHORAX AND 
HEMOTHORAX 

The accumulation of edematous transudate 
or whole blood in the pleural cavities is 
manifested by respiratory embarrassment 
caused by collapse of the ventral parts of the 
lungs. 

ETIOLOGY 

Hydrothorax and hemothorax occur as part 
of a number of diseases. Hemothorax can 
involve rupture of vessels or leakage of blood 
from abnormal tissues or result from pro¬ 
longed clotting times. Hydrothorax is a 
result of excessive accumulation of transu¬ 
date secondary to altered Starlings forces or 
to chylothorax. 

Hydrothorax 

• As part of a general edema resulting 
from congestive heart failure or 
hypoproteinemia 

• As part of African horse sickness or 
bovine viral leukosis 

• Chylous hydrothorax, very rarely as a 
result of ruptured thoracic duct 

• Secondary to thoracic neoplasia 

• Yellow wood ( Terminalia oblongata ) 
poisoning of sheep 

• Dilated cardiomyopathy of Holstein 
Friesian cattle 

Hemothorax 

• Traumatic injury to thoracic wall, a 
particular case of which is rib 
fractures in newborn foals 1,2 

• Hemangiosarcoma of pleura 3 

• Lung biopsy 

• Strenuous exercise (racing) by 
horses.—intrathoracic, but 


extrapulmonary, hemorrhage caused 
death in 6 of 143 Thoroughbred 
racehorses that died while racing. 4 

• Administration of phenylephrine 
(intravenously) to horses with left 
dorsal displacement (nephrosplenic 
entrapment) of the colon 5 

• Prolonged blood clotting times 

PATHOGENESIS 

Accumulation of fluid in the pleural cavities 
causes compression atelectasis of the ventral 
portions of the lungs, and the degree of atel¬ 
ectasis governs the severity of the resulting 
dyspnea. Compression of the atria by fluid 
may cause an increase in venous pressure in 
the great veins, decreased cardiac return, and 
reduced cardiac output. Extensive hemor¬ 
rhage into the pleural space can cause hem¬ 
orrhagic shock. 

CLINICAL FINDINGS 

Clinical signs depend on the evolution of the 
disease. Acute, severe hemothorax, such as 
occurs with penetrating injury, during 
racing, or associated with administration of 
phenylephrine, presents as sudden death or 
with signs of acute, severe hemorrhagic 
shock. Hemorrhage of lesser severity 
causes increased heart and respiratory rates, 
pale mucous membranes, and exercise 
intolerance. 

Hydrothorax develops more slowly, and 
often there is an absence of systemic signs. 
There can be dyspnea, which usually devel¬ 
ops gradually, and an absence of breath 
sounds, accompanied by dullness on percus¬ 
sion over the lower parts of the chest. In 
thin animals, the intercostal spaces might 
be observed to bulge. If sufficient fluid is 
present, it causes compression of the atria 
and engorgement of the jugular veins and 
increased amplitude of the jugular pulse. The 
cardiac embarrassment is not usually suffi¬ 
ciently severe to cause congestive heart 
failure, although this disease can already be 
present. 

The accumulation of pleural fluid or 
blood is evident on radiographic or ultraso¬ 
nographic examination of the thorax. 
Large quantities of blood in the pleural cavity 
have a characteristic swirling, turbulent 
appearance. 

CLINICAL PATHOLOGY 

Thoracocentesis will yield a flow of clear 
serous fluid in hydrothorax, or blood in 
recent cases of hemothorax. The fluid is bac- 
teriologically negative, and total nucleated 
cell counts are low (< 5 x 10/L, < 5000 x 10/ 
dL). The pH, Pco 2 , and lactate and glucose 
concentrations of pleural fluid in animals 
with hydrothorax are similar to those of 
blood. 

NECROPSY FINDINGS 

In animals that die of acute hemorrhagic 
shock resulting from hemothorax, the 
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pleural cavity is filled with blood, which 
usually has not clotted. Hydrothorax is not 
usually fatal but is a common accompani¬ 
ment of other diseases, which are evidenced 
by their specific necropsy findings. 


DIFFERENTIAL DIAGNOSIS 


Hydrothorax and hemothorax can be 
differentiated from pleurisy by the absence of 
pain, toxemia, and fever and by the sterility of 
an aspirated fluid sample. 


TREATMENT 

Treatment of the primary condition is neces¬ 
sary. If the dyspnea is severe, aspiration of 
fluid from the pleural space causes a tempo¬ 
rary improvement, but the fluid usually reac¬ 
cumulates rapidly. Parenteral coagulants and 
blood transfusion are rational treatments in 
severe hemothorax. 
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PLEURITIS (PLEURISY) 

Pleuritis refers to inflammation of the pari¬ 
etal and visceral pleura. Inflammation of the 
pleura almost always results in accumulation 
of fluid in the pleural space. Pleuritis is char¬ 
acterized by varying degrees of toxemia, 
painful shallow breathing, pleural friction 
sounds, and dull areas on acoustic percus¬ 
sion of the thorax because of pleural effusion. 
Treatment is often difficult because of the 
diffuse nature of the inflammation. 

ETIOLOGY 

Pleuritis is almost always associated with 
diseases of the lungs. Pneumonia can pro¬ 
gress to pleuritis, and pleuritis can cause 
consolidation and infection of the lungs. 
Primary pleuritis is usually caused by perfo¬ 
ration of the pleural space, such as by a pen¬ 
etrating thoracic injury, and subsequent 
infection. Most commonly this occurs as a 
result of trauma, but it can occur in cattle 
with traumatic reticuloperitonitis and in any 
species after perforation of the thoracic 
esophagus. 

Secondary pleuritis refers to that which 
develops from infectious lung disease subse¬ 
quent to the following conditions. As with 
pneumonia, the classic triad of host- 
pathogen(s)-environment is present in 
development of pleuritic in any species. Risk 
factors (see following discussion) of crowd¬ 
ing, temperature, housing, age, and weight 


all contribute to increased susceptibility to 
the disease when the animal is exposed to 
one or more potential pathogens. Etiologic 
agents associated with pleuritis or disease 
syndromes involving pleuritis for specific 
animals are as follows. 

Pigs 

• Glasser s disease 

• Pleuropneumonia associated with 
Actinobacillus ( Haemophilus ) 
pleuropneumoniae and Haemophilus 
influenzae suis 1 ' 2 

Cattle 

• Secondary to Mannheimia 
haemolytica pneumonia in cattle, 
especially feedlot cattle, which can be 
related to a high percentage of 
fibrotic pleural lesions found in 
adult cattle examined at 

the abattoir 

• Infection of calves by Pasteurella 
multocida type B 3 

• Tuberculosis 

• Sporadic bovine encephalomyelitis 

• Contagious bovine 
pleuropneumonia 

• Histophilus somni infection 

Sheep and Goats 

• Pleuropneumonia associated with 
Mycoplasma spp., including 
Mycoplasma mycoides subsp. 
mycoides and Haemophilus spp. 

• Caprine pleuropneumonia 
[Mycoplasma capricolum subsp. 
capripneumoniae ) 4 

• Streptococcus dysgalactiae in ewes 

• Helcococcuss ovis in sheep and 
goats 5,6 

Horses 

The disease in horses is discussed separately 
in the next section. Rare causes of pleurisy 
and pleural effusion in horses include lym¬ 
phosarcoma and equine infectious anemia. 
Mesothelioma of the pleura causing persis¬ 
tent dyspnea, pleural effusion, and death is 
also recorded in the horse. Thoracic heman- 
giosarcoma is recorded as a cause of chylo- 
thorax in the horse. 

Other Causes 

Sporadic and nonspecific diseases may 

be accompanied by pleurisy. Examples 
include septicemias as a result of Pseudomo¬ 
nas aeruginosa and bacteremia with localiza¬ 
tion causing a primary septic pleural effusion. 
In horses, the infection is usually S. equi, 
and the original disease is strangles. In goats, 
it is usually spread from a mycoplasmal 
pneumonia. 

Perforation of the diaphragm occurs 
in traumatic reticuloperitonitis in cattle 
and goats. Spread into the pleural cavity 
can occur without actual penetration of 
the diaphragm because it enters via the 


lymphatics. Abomasopleural fistula second¬ 
ary to abomasal ulceration can cause pleuri¬ 
tis in cattle. 

Chronic pleuritis is an important cause 
of loss in commercial piggeries. The preva¬ 
lence can be as low as 5.6% of pigs at slaugh¬ 
ter in specific-pathogen-free piggeries and as 
high as 27% in conventional piggeries. In 
piggeries with a high incidence of pleuritis, 
45% of lungs examined at slaughter had 
gross lesions of the chronic disease. 1 Exami¬ 
nation of a larger number of animals (-4900) 
from 48 herds revealed a similar frequency 
of lesions of chronic pleuritic.' Risk factors 
for pleuritic in pigs include the following:' 
risk of a high pleuritic score was increased 
when the farrowing facilities were not disin¬ 
fected (odds ratio [OR] = 2.7, 95% confi¬ 
dence interval [CI]:1.2-5.8, p = 0.01), when 
tail docking was performed later than 1.5 
days after birth (OR = 2.6, 95% Cl: 1.2-5.7, 
p = 0.01), when piglets were castrated at 
more than 14 days old (OR = 2.7, 95%CI: 
1.1-6.8, p = 0.03), a temperature range of less 
than 5°C (41F) for the ventilation control 
rate in the farrowing room (OR = 2.7, 95% 
Cl: 1.2-5.9,p = 0.01), a mean temperature in 
the finishing room less than 23° C (OR = 3.0, 
95% Cl: 1.3-6.8, p < 0.01), and large herd size 
(OR = 3.1, 95% Cl: 1.4-6.9, p < 0.01). The 
factors affecting pneumonia and pleuritis 
seemed to be different. 

Lesions consistent with pleuritic are 
common at time of slaughter in veal calves, 
with one study of calves from 174 farms in 
France, Belgium, and Italy reporting preva¬ 
lence of 21% and another of 5825 calves 
reporting prevalence of 19% in 91 calves 
examined postmortem. 8,9 Risk factors for 
increased likelihood of lesions included 
lower calf weight on arrival at the farm, 
greater number of calves per pen, presence 
of slatted or rubber flooring (compared with 
concrete), and season. 8 

PATHOGENESIS 

Contact and movement between the parietal 
and visceral pleura causes pain as a result 
of stimulation of pain end organs in the 
pleura. Respiratory movements are restricted, 
and the respiration is rapid and shallow. 
There is production of serofibrinous inflam¬ 
matory exudate, which collects in the pleural 
cavities and causes collapse of the ventral 
parts of the lungs, thus reducing vital capac¬ 
ity and interfering with gaseous exchange. If 
the accumulation is sufficiently severe, there 
may be pressure on the atria and a dimin¬ 
ished return of blood to the heart. Clinical 
signs may be restricted to one side of the 
chest in all species with an imperforate 
mediastinum. Fluid is resorbed in animals 
that survive the acute disease, and adhesions 
develop, restricting movement of the lungs 
and chest wall, but interference with respira¬ 
tory exchange is usually minor and disap¬ 
pears gradually as the adhesions stretch with 
continuous movement. 
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In all bacterial pleuritis, toxemia is 
common and usually severe. The toxemia 
may be severe when large amounts of pus 
accumulate. 

CLINICAL FINDINGS 

The clinical findings of pleuritis vary from 
mild to severe depending on the species and 
the nature and severity of the inflammation. 
In peracute to acute stages of pleuropneumo¬ 
nia, there are fever, toxemia, tachycardia, 
anorexia, depression, nasal discharge, 
coughing, exercise intolerance, breathing 
distress, and flared nostrils. The nasal dis¬ 
charge depends on the presence or absence 
of pneumonia. It may be absent or copious, 
and its nature may vary from mucohemor- 
rhagic to mucopurulent. The odor of the 
breath can be putrid, which is usually associ¬ 
ated with an anaerobic lesion. 

Pleural Pain 

Pleural pain (pleurodynia) is common and 
manifested as pawing, stiff forelimb gait, 
abducted elbows, and reluctance to move or 
lie down. In the early stages of pleuritis, 
breathing is rapid and shallow and, markedly 
abdominal, and movement of the thoracic 
wall is restricted. The breathing movements 
may appear guarded, along with a catch at 
end inspiration. The animal stands with its 
elbows abducted and is disinclined to move. 
The application of hand pressure on the tho¬ 
racic wall and deep digital palpation of inter¬ 
costal spaces usually causes pain manifested 
by a grunt, a spasm of the intercostal muscles, 
or an escape maneuver. 

Pleuritic Friction Sounds 

Pleuritic friction sounds may be audible 
over the thoracic wall. They have a continu¬ 
ous to-and-fro character, are dry and abra¬ 
sive, and do not abate with coughing. They 
may be difficult to identify if there is a 
coincident pneumonia accompanied by loud 
breath sounds and crackles. When the pleu¬ 
ritis involves the pleural surface of the peri¬ 
cardial sac, a friction rub may be heard with 
each cardiac cycle and be confused with the 
friction sound of pericarditis. However, 
there is usually, in addition, a friction sound 
synchronous with respiratory movements, 
and the pericardial rub waxes and wanes 
with expiration and inspiration. Pleural 
friction rubs are audible only during the 
initial stages of the disease; they are not 
audible when fluid accumulates in the 
pleural space. 

Subcutaneous Edema 

Subcutaneous edema of the ventral body 
wall extending from the pectorals to the 
prepubic area is common in horses 
with severe pleuritis but is less noticeable in 
other species. Presumably this edema is 
attributable to blockage of lymphatics nor¬ 
mally drained through the sternal lymph 
nodes. 


Pleural Effusion 

In cattle, an inflammatory pleural effusion 

is often limited to one side because the pleural 
sacs do not communicate. Bilateral pleural 
effusion might indicate either a bilateral 
pulmonary disease process or a noninflam¬ 
matory abnormality such as right-sided con¬ 
gestive heart failure or hypoproteinemia. 

Dullness on acoustic percussion over 
the fluid-filled area of the thorax is charac¬ 
teristic of pleuritis in which there is a signifi¬ 
cant amount of pleural effusion. The dull 
area has a horizontal level topline, called a 
fluid line, which can be demarcated by 
acoustic percussion. As exudation causes 
separation of the inflamed pleural surfaces 
and the pleural effusion accumulates, the 
pain and friction sounds diminish but do not 
completely disappear. On auscultation there 
may still be pleuritic friction sounds, but 
they are less evident and usually localized to 
small areas. 

In the presence of a pleural effusion, both 
normal and abnormal lung sounds are 
diminished in intensity, depending on the 
amount of the effusion. Dyspnea may still be 
evident, particularly during inspiration, and 
a pleuritic ridge develops at the costal arch 
as a result of elevation of the ribs and the 
abdominal-type respiration. However, the 
degree of dyspnea is often subtle, and careful 
clinical examination and counting of the 
breathing rate is necessary to detect the 
changes in breathing. 

If the pleurisy is unilateral, movement of 
the affected side of the thorax is restricted 
compared with the normal side. In cattle, the 
pleural effusion is commonly unilateral on 
the right side, but both sides may be affected. 
Pain is still evident on percussion on deep 
palpation of the intercostal spaces, and the 
animal still stands with its elbows abducted, 
is disinclined to lie down or move, but is not 
as apprehensive as in the early stages. 
Toxemia is often more severe during this 
stage, the temperature and the heart rate are 
usually above normal, and the appetite is 
poor. A cough will be present if there is a 
concurrent pneumonia, and it is painful, 
short and shallow. Extension of the inflam¬ 
mation to the pericardium may occur. Death 
may occur at any time and is attributable to 
a combination of toxemia and anoxia caused 
by pressure atelectasis. 

Recovery 

Animals with pleuritis characteristically 
recover slowly over a period of several days 
or even weeks. The toxemia usually resolves 
first, but abnormalities in the thorax remain 
for some time because of the presence of 
adhesions and variable amounts of pleural 
effusion in the loculi. Rupture of the adhe¬ 
sions during severe exertion may cause fatal 
hemothorax. Some impairment of respira¬ 
tory function can be expected to persist, and 
racing animals do not usually regain com¬ 
plete efficiency. Chronic pleurisy, as occurs 


in tuberculosis in cattle and in pigs, is usually 
subclinical, with no acute inflammation or 
fluid exudation occurring. 

Medical Imaging 

Radiographic examination may reveal the 
presence of a fluid line and fluid displace¬ 
ment of the mediastinum and heart to the 
unaffected side and collapse of the lung. 
However, in cattle, pleural effusion cannot be 
located precisely by radiography because 
only laterolateral radiographs of the thorax 
can be taken. Ultrasonography is superior 
for the visualization of small volumes of 
pleural fluid that cannot be detected by aus¬ 
cultation and acoustic percussion of the 
thorax. 


Ultrasonography 

Ultrasonography is more reliable for the 
detection of pleural fluid in horses and cattle 
than radiography. Pleural fluid is easily 
detected as hypoechoic to anechoic fluid 
between the parietal pleural surface, 
diaphragm, and lung. Transudative pleural 
fluid appears homogeneously anechoic to 
hypoechoic. Exudative fluid is commonly 
present in horses and cattle with pleuro¬ 
pneumonia and often contains echogenic 
material. Serosanguineous or hemorrhagic 
fluid is also more echogenic than transu¬ 
dates. Fibrin appears as filmy and filamen¬ 
tous strands floating in the effusion with 
loose attachments to the pleural surfaces. 
Pockets of fluid loculated by fibrin are 
commonly imaged in horses with fibrinous 
pleuropneumonia. Adhesions appear as 
echogenic attachments between the parietal 
and visceral pleural surfaces; the adhesions 
restrict independent motion of the surfaces. 
The presence of small, bright echoes (gas 
echoes) swirling in pleural or abscess fluid is 
associated with anaerobic infection of the 
pleural cavity. Gas echoes are usually most 
abundant in the dorsal aspects of the pleural 
cavity. Other lung and pleural abnormalities 
that may be visualized include compression 
atelectasis, consolidation, abscesses, and dis¬ 
placement of the lung as pleural effusion 
accumulates. 


Pleuroscopy 

Pleuroscopy using a rigid or flexible fiberop¬ 
tic endoscope allows direct inspection of the 
pleural cavity. The endoscope is introduced 
into the pleural cavity in the 10th intercostal 
space just above the point of the shoulder. 
The lung will collapse, but pneumothorax is 
minimized by the use of a purse-string suture 
placed around the stab incision and blunt 
dissection of the fascia and muscle layers for 
insertion of the endoscope. The diaphragm, 
costosplenic angle, aorta, mediastinal struc¬ 
tures, and thoracic wall are clearly visible. By 
entering the thorax at different locations, the 
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ventral lung, the pericardium, and more of 
the diaphragm can be visualized. Lung and 
pleural abscesses and pleural adhesions may 
be visible. 

Prognosis 

The prognosis depends on the severity and 
extent of the pleuritis and the presence of 
pneumonia. If the disease is in an advanced 
stage when first recognized and there is 
extensive fibrinous inflammation, the 
response to treatment can be protracted and 
extensive long-term daily care will be neces¬ 
sary. Also, the common failure to culture the 
primary causative agent, particularly in 
horses, makes specific therapy difficult. 

CLINICAL PATHOLOGY 
Thoracocentesis (Pleurocentesis) 

Thoracocentesis to obtain a sample of the 
fluid for laboratory examination is necessary 
for a definitive diagnosis. The fluid is exam¬ 
ined for its odor, color and viscosity, protein 
concentration, and presence of blood or 
tumor cells, and it is cultured for bacteria. It 
is important to determine whether the fluid 
is an exudate or a transudate. Pleural fluid 
from horses affected with anaerobic bacterial 
pleuropneumonia may be foul smelling. 
Examination of the pleural fluid usually 
reveals an increase in leukocytes up to 40,000 
to 100,000/|lL and protein concentrations of 
up to 50 g/L (5.0 g/dL). The fluid should be 
cultured for both aerobic and anaerobic bac¬ 
teria and Mycoplasma spp. 

Hematology 

In peracute bacterial pleuropneumonia in 
horses and cattle, leukopenia and neutrope¬ 
nia with toxic neutrophils are common. In 
acute pleuritis with severe toxemia, hemo- 
concentration, neutropenia with a left shift 
and toxic neutrophils are common. In 
subacute and chronic stages, normal to high 
leukocyte counts are often present. Hyperfi- 
brinogenemia, decreased albumin-globulin 
ratio, and anemia are common in chronic 
pleuropneumonia. 

NECROPSY FINDINGS 

In early acute pleurisy, there is marked 
edema, thickening, and hyperemia of the 
pleura, with engorgement of small vessels 
and the presence of tags and shreds of fibrin. 
These can most readily be seen between the 
lobes of the lung. In the exudative stage, the 
pleural cavity contains an excessive quantity 
of turbid fluid containing flakes and clots of 
fibrin. The pleura is thickened and the central 
parts of the lung are collapsed and dark red 
in color. A concurrent pneumonia is usually 
present, and there may be an associated peri¬ 
carditis. In the later healing stages, adhesions 
connect the parietal and visceral pleurae. 
Type I fibrinous adhesions appear to be 
associated with pneumonia, whereas type 
II fibrinous proliferative adhesions are 
idiopathic. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of pleuritis is confirmed by the 
following: 

• The presence of inflammatory fluid in 
the pleural cavity 

• Pleural friction sounds, common in the 
early stages of pleuritis and loud and 
abrasive: they sound very close to the 
surface, do not fluctuate with coughing 
common in the early stages, and may 
continue to be detectable throughout 
the effusion stage. 

• The presence of dull areas and a 
horizontal fluid line on acoustic 
percussion of the lower aspects of the 
thorax, characteristic of pleuritis and the 
presence of pleural fluid. 

• Thoracic pain, fever, and toxemia are 
common. 

Pneumonia occurs commonly in 
conjunction with pleuritis, and differentiation 
is difficult and often unnecessary. The 
increased intensity of breath sounds 
associated with consolidation and the 
presence of crackles and wheezes are 
characteristic of pneumonia. 

Pulmonary emphysema is characterized 
by loud crackles, expiratory dyspnea, 
hyperresonance of the thorax, and lack of 
toxemia unless associated with bacterial 
pneumonia. 

Hydrothorax and hemothorax are not 

usually accompanied by fever or toxemia, and 
pain and pleuritic friction sounds are not 
present. Aspiration of fluid by needle 
puncture can be attempted if doubt exists. A 
pleural effusion consisting of a transudate 
may occur in cor pulmonale as a result of 
chronic interstitial pneumonia in cattle. 

Pulmonary congestion and edema are 
manifested by increased vesicular murmur and 
ventral consolidation without hydrothorax or 
pleural inflammation. 


TREATMENT 

The principles of treatment of pleuritis are 
pain control, elimination of infection, and 
prevention of complications. 

Antimicrobial Therapy 

The primary aim of treatment is to control 
the infection in the pleural cavities using the 
systemic administration of antimicrobials, 
which should be selected on the basis of 
culture and sensitivity of pathogens from the 
pleural fluid. Before the antimicrobial sensi¬ 
tivity results are available, it is recommended 
that broad-spectrum antimicrobials be used. 
Antimicrobial therapy can be required for 
several weeks. 

Drainage and Lavage of 
Pleural Cavity 

Drainage of pleural fluid removes exudate 
from the pleural cavity and allows the lungs 
to reexpand. Criteria for drainage include 
the following: 


• An initial poor response to 
treatment 

• Large quantities of fluid causing 
respiratory distress 

• Putrid pleural fluid 

• Bacteria in cells of the pleural fluid 
Clinical experience suggests that drainage 
improves the outcome. 

Pleural fluid can be drained using inter¬ 
mittent thoracocentesis or indwelling chest 
tubes. Intermittent drainage is satisfactory in 
an animal with a small amount of fluid. Small 
(12-20 French) chest tubes are temporarily 
inserted at 2- to 3-day intervals to remove 
the fluid. Aspiration may not be easy in some 
cases because the drainage tube may become 
blocked with fibrin, and respiratory move¬ 
ments may result in laceration of the lung. 
Drainage may be difficult or almost impos¬ 
sible in cases in which adhesion of visceral 
and parietal pleura are extensive and fluid is 
loculated. 

Indwelling chest tubes may be required 
unilaterally or bilaterally depending on the 
patency of mediastinal fenestration and the 
degree of fluid loculation. A large-bore 
(24-32 French) chest tube is inserted and 
secured to prevent it from sliding out. Uni¬ 
directional drainage through the tube is 
facilitated by a Heimlich valve and moni¬ 
tored regularly. Pleural fluid is allowed to 
drain or drip passively because suction often 
results in obstruction of the tube with fibrin 
or peripheral lung tissue. Loculation of fluid 
may interfere with proper drainage and 
necessitate replacement of tubes. Complica¬ 
tions include subcutaneous cellulitis or 
pneumothorax. 

Pleural lavage may assist in removal of 
fibrin, inflammatory debris, and necrotic 
tissue; it can prevent loculation, dilute 
thick pleural fluid, and facilitate drainage 
(Fig. 12-11). One chest tube is placed dor- 
sally and one ventrally using ultrasono¬ 
graphic guidance; 5 to 10 L of sterile, warm 
isotonic 0.9% NaCl solution is infused into 
each hemithorax by gravity flow. After infu¬ 
sion, the dorsal chest tube is capped, the 
ventral chest tube is reconnected to a unidi¬ 
rectional valve, and the lavage fluid is 
allowed to drain. 

Thoracotomy has been used successfully 
for the treatment of pericarditis and pleuritis 
and lung abscesses in cattle. Claims are 
made for the use of dexamethasone at 
0.1 mg/kg BWIV or IM to reduce the degree 
of pleural effusion. In acute cases of pleurisy 
in the horse, analgesics such as phenylbuta¬ 
zone are valuable to relieve pain and anxiety, 
allowing the horse to eat and drink more 
normally. 

Fibrinolytic Therapy 

Pleural adhesions are unavoidable and may 
become thick and extensive with the forma¬ 
tion of loculation, which traps pleural fluid, 
all of which prevent full recovery. However, 
some animals will stabilize at a certain level 
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Fig. 12-11 Pleural lavage of the right pleural cavity of a Holstein Friesian cow with septic 
pleuritis secondary to a localized abomasal perforation and subsequent development of an 
abomasal diaphragmatic fistula. Note the dorsal ingress chest tube that is clamped and 
pleural fluid drainage via the ventral egress chest tube. Ten liters of warmed sterile 0.9% 
NaCI solution was infused dorsally, and 20 L of pleural fluid was removed via the ventral 
tube. 


of chronicity, will survive for long periods, 
and may be useful for light work or as breed¬ 
ing animals. Fibrinolytic agents such as 
streptokinase have been used in human 
medicine to promote the thinning of pleural 
fluid, provide enzymatic debridement 
of the pleurae, lyse adhesions, and promote 
drainage of loculi. As reviewed under 
“Equine Pleuropneumonia” in this chapter, 
fibrinolytic therapy using recombinant tissue 
plasminogen activator appears promising in 
reducing the amount of accumulated fibrin 
and in hastening recovery of horses with 
pleuropneumonia. 10 ' 12 

Prevention of the disease is achieved by 
prevention of exposure to etiologic agents 
that cause pleuritis, through specific- 
pathogen-free piggeries, vaccination, and 
reduction of the effect of noninfectious risk 
factors. 
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PNEUMOTHORAX 

Pneumothorax refers to the presence of air 
(or other gas) in the pleural cavity. Entry of 


air into the pleural cavity in sufficient quan¬ 
tity causes collapse of the lung and impaired 
respiratory gas exchange, with consequent 
respiratory distress. 

ETIOLOGY 

Pneumothorax is defined as either spontane¬ 
ous, traumatic, open, closed, or tension. 
Spontaneous cases occur without any identi¬ 
fiable inciting event. Open pneumothorax 
describes the situation in which gas enters 
the pleural space other than from a ruptured 
or lacerated lung, such as through an 
open wound in the chest wall. Closed pneu¬ 
mothorax refers to gas accumulation in the 
pleural space in the absence of an open chest 
wound. Tension pneumothorax occurs when 
a wound acts as a one-way valve, with air 
entering the pleural space during inspiration 
but being prevented from exiting during 
expiration by a valve-like action of the 
wound margins. The result is a rapid worsen¬ 
ing of the pneumothorax. Pneumothorax 
can be unilateral or bilateral. The complete 
mediastinum of most cattle and some horses 
means that in many instances pneumothorax 
is unilateral, provided that the leakage of air 
into the pleural space occurs on only one 
side of the chest. 

Rupture of the lung is a common cause 
of pneumothorax and can be either second¬ 
ary to thoracic trauma, for example, a pen¬ 
etrating wound that injures the lung, or lung 
disease. Most cases of pneumothorax in 
cattle are associated with pulmonary disease, 
notably bronchopneumonia and interstitial 
pneumonia. Pleuropneumonia is the most 
common cause of pneumothorax in 
horses. Pneumothorax in these instances 


results from “spontaneous” rupture of weak¬ 
ened lung or development of bronchopleural 
fistulae. 

Trauma to thoracic wall can lead to 
pneumothorax when a wound penetrates 
the thoracic wall, including the parietal 
pleura. In cattle, the thoracic wall may be 
punctured accidentally by farm machinery 
being used around cattle, as, for example, 
when bales of hay are being moved among 
animals. Penetrating wounds of the thoracic 
wall are common causes in horses that 
impale themselves on fence posts and other 
solid objects. A special case of perforating 
lung injury occurs in newborns in which 
the rib is fractured during birth and the 
lung lacerated by the sharp edges of the 
fractured rib. 1 Bullet and arrow wounds 
to the chest are not uncommon causes of 
pneumothorax in regions in which hunting 
is common. 

Pneumothorax also occurs during thora¬ 
cotomy, thoracoscopy, lung or liver biopsy 
(in which there is inadvertent damage to the 
lung), or drainage of pleural or pericardial 
fluid. Pneumothorax can result from injury 
or surgery to the upper respiratory tract, pre¬ 
sumably because of migration of air around 
the trachea into the mediastinum and 
subsequent leakage into the pleural space. 
Similarly, subcutaneous emphysema, such 
as commonly occurs with wounds to the 
axilla, leads to pneumothorax via the 
mediastinum. 2 

PATHOGENESIS 

Entry of air into the pleural cavity results in 
collapse of the lung. There can be partial or 
complete collapse of the lung. Collapse of 
the lung results in alveolar hypoventilation, 
hypoxemia, hypercapnia, cyanosis, dyspnea, 
anxiety, and hyperresonance on percussion 
of the affected thorax. Tension pneumotho¬ 
rax can also lead to a direct decrease in 
venous return to the heart by compression 
and collapse of the vena cava. 

The degree of lung collapse varies with 
the amount of air that enters the cavity; small 
amounts are absorbed promptly, but large 
amounts compromise tidal volume, minute 
volume, and gas exchange and can result in 
asphyxiation. 

CLINICAL FINDINGS 

There is an acute onset of inspiratory 
dyspnea, which may terminate fatally within 
a few minutes if the pneumothorax is bilat¬ 
eral and severe. If the collapse occurs in only 
one pleural sac, the ribcage on the affected 
side collapses and shows decreased move¬ 
ment. There is a compensatory increase in 
movement and bulging of the chest wall on 
the unaffected side. On auscultation of the 
thorax, the breath sounds are markedly 
decreased in intensity and commonly absent. 
The mediastinum may bulge toward the 
unaffected side and may cause moderate dis¬ 
placement of the heart and the apex beat. 
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with accentuation of the heart sounds and 
the apex beat. The heart sounds on the 
affected side have a metallic note, and the 
apex beat may be absent. On percussion of 
the thorax on the affected side, a hyperreso¬ 
nance is detectable over the dorsal aspects of 
the thorax. 

Affected animals are anxious, tachypneic 
and in variable degrees of respiratory dis¬ 
tress. Because many cases of pneumothorax 
in cattle and horses are secondary to lung 
disease, particularly infectious lung disease, 
there are usually signs of the inciting 
disease, including fever, toxemia, purulent 
nasal discharge, and cough. Pneumothorax 
secondary to chest wall trauma is usually 
readily apparent, although fractured ribs 
that lacerate the lung and cause pneumo¬ 
thorax or hemothorax can be easily missed 
on physical examination, especially in 
newborns. 

Definitive diagnosis is based on demon¬ 
stration of pneumothorax by radiographic or 
ultrasonographic examination. Radiography 
permits the detection of bilateral and unilat¬ 
eral pneumothorax and permits identifica¬ 
tion of other air leakage syndromes, including 
pneumomediastinum, pneumoperitoneum, 
and pneumopericardium. Many cattle with 
pneumonia and pneumothorax have radio- 
graphic evidence of emphysematous bullae. 
Ultrasonography is also useful in determin¬ 
ing the extent of pneumothorax and the 
presence of consolidated lung and pleural 
fluid. 

Complications of pneumothorax, other 
than respiratory distress and death, 
include septic pleuritis secondary to con¬ 
tamination of the pleural space, either sec¬ 
ondary to trauma or from ruptured infected 
lung. 

The prognosis depends on the underly¬ 
ing disease and its severity. Of 30 cattle with 
pneumothorax, mostly secondary to pneu¬ 
monia, 18 survived, 8 were euthanized, and 
4 died. Of 40 horses with pneumothorax, 23 
survived, 12 were euthanized, and 5 died. 
The prognosis is better for animals with trau¬ 
matic pneumothorax or that secondary to 
surgery than for animals with pneumothorax 
attributable to pneumonia. 

CLINICAL PATHOLOGY 

Hematologic and serum biochemical values 
are indicative of the underlying or concur¬ 
rent disease—pneumothorax causes no spe¬ 
cific changes in these variables. Arterial 
blood gas analysis reveals hypoxemia and 
hypercapnia. 

NECROPSY FINDINGS 

The lung in the affected sac is collapsed. In 
cases where spontaneous rupture occurs, 
there is discontinuity of the pleura, usually 
over an emphysematous bulla. Hemothorax 
might also be evident. 


DIFFERENTIAL DIAGNOSIS 


The clinical findings are usually diagnostic. 
Diaphragmatic hernia may cause similar 
clinical signs but is relatively rare in farm 
animals. In cattle, herniation is usually 
associated with traumatic reticulitis and is not 
usually manifested by respiratory distress. 

Large hernias with entry of liver, stomach, and 
intestines cause respiratory embarrassment, a 
tympanitic note on percussion, and audible 
peristaltic sounds on auscultation. 


TREATMENT 

The treatment depends on the cause of the 
pneumothorax and the severity of the respi¬ 
ratory distress and hypoxemia. Animals 
should receive treatment for the underlying 
disease. Animals with closed pneumothorax 
that are not in respiratory distress or hypox¬ 
emic do not require specific treatment for the 
pneumothorax, although the animal should 
be confined and prevented from exercising 
until the signs of pneumothorax have 
resolved. An open pneumothorax, as a result 
of a thoracic wound, should be surgically 
closed. 

Emergency decompression of the pleural 
cavity using a needle into the pleural cavity, 
connected to a tubing and submerged into a 
flask of saline or water, creates a water-seal 
drainage. Thoracostomy tubes attached to 
Heimlich thoracic drainage valves are effec¬ 
tive in preventing aspiration of air. Continu¬ 
ous suction, using thoracostomy (e.g., 24 
French, 40-cm [16-in.] Argyle trocar tho¬ 
racic catheter) and a standard three-bottle 
water seal drainage system or commercial 
equivalent is preferable if there are large con¬ 
tinuing air leaks that may be life-threatening. 
Reinflation of the lung should be gradual 
because rapid removal of air can result in 
pulmonary edema. 3 Inflation of the lung can 
be monitored by repeated ultrasonic exami¬ 
nation. The animal should be kept as quiet as 
possible and permitted no exercise. Horses 
with wounds to the axilla should be restrained 
until the wound has closed because this pre¬ 
vents the aspiration of air into the wound. 2 
Prophylactic antimicrobial treatment is 
advisable to avoid the development of septic 
pleuritis. 

Care should be exercised in performing 
biopsy of the liver or lung, and the former 
should be done with ultrasound guidance to 
prevent inadvertent lung damage. 4 
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DIAPHRAGMATIC HERNIA 

Diaphragmatic hernia is uncommon in farm 
animals, in which it can be acquired, usually 


as a result of trauma, or congenital. Of a 
series of 44 horses and foals examined 
because of diaphragmatic hernia, 5 cases 
were determined to be congenital and 39 
acquired. 1 

Congenital diaphragmatic hernias are 
reported in most large animal species, 
although details of frequency or risk factors 
are not available. 2 ' 10 Congenital hernia results 
from failure of complete formation of the 
diaphragm during embryogenesis during a 
process involving the septum transversum, 
dorsal embryonic mesentery, pleuroperito¬ 
neal folds, and body wall mesenchyme. Con¬ 
genital hernias develop as a result of defects 
in the diaphragmatic musculature when the 
septum transversum and pleuroperitoneal 
folds do not fuse completely or in the dorsal 
tendinous portion of the diaphragm. 2 Such 
hernias are characterized by a hernia sac 
composed of peritoneal and pleural mem¬ 
branes that occurs to one side or the other of 
midline (usually the right side in horses) in 
the right ventral (retrosternal hernia) or left 
dorsal crus. 1 ' 2 The borders of congenital 
hernias are usually smooth, fibrous, and 
thickened and have a characteristic histo¬ 
logic appearance. In some cases, the pericar¬ 
dial sac is incomplete and the diaphragm is 
rudimentary and in the form of a small fold 
projecting from the chest wall. Affected 
animals usually survive for a few hours to 
several weeks, although many can survive for 
years with the hernia being clinically inap- 
parent. 1 In pigs, a number of animals in each 
litter can be affected. 

Acquired hernias are usually associated 
with trauma, such as falls, collisions with 
motor vehicles, foaling (for both mares and 
foals), or strenuous exercise. 1,10,11 It occurs in 
cattle, especially in association with trau¬ 
matic reticuloperitonitis, in which case the 
hernia is small and causes no respiratory dis¬ 
tress, and there may be no abnormal sounds 
in the thorax. 

CLINICAL FINDINGS 

Clinical findings in cattle include chronic or 
recurrent ruminal tympany caused by her¬ 
niation of reticulum preventing its normal 
function in eructation. Muffled heart sounds 
can be detectable on both sides of the thorax. 

Clinical signs of diaphragmatic hernia in 
adult horses are usually referable to hernia¬ 
tion with or without incarceration of sections 
of the gastrointestinal tract. Signs of respira¬ 
tory compromise are not common. There is 
sometimes a history of trauma or recent par¬ 
turition, but this is not invariable, and many 
cases in adult horses occur without such an 
event being noticed in the recent past. Clini¬ 
cal signs on examination are those typical of 
colic of varying severity from nonstrangula¬ 
tion incarceration to acute, strangulating 
incarceration with severe septic shock and 
collapse. Rectal examination does not reveal 
evidence specific for diaphragmatic hernia, 
with the rare exception of a sense that the 
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Fig. 12-12 Lateral thoracic radiograph in a foal demonstrating presence of gas-filled intestinal 
loops in the caudodorsal thorax. (Reproduced with permission. 4 ) 


abdomen is not as full as one would expect. 
Thoracic auscultation can reveal the pres¬ 
ence of borborygmi in the chest fields, but 
this should be interpreted with caution 
because such findings can occur in horses 
with an intact diaphragm. Examination of 
peritoneal fluid usually does not reveal 
abnormalities. Radiographic or ultrasono¬ 
graphic examination can provide a definitive 
diagnosis (Fig. 12-12). 

The hernia is usually left dorsal (approxi¬ 
mately 2/3 of cases) and right ventral 
(approximately 1/3 of cases) in horses. 1,4 
Congenital retrosternal hernia (Morgagni 
hernia) is almost exclusively right ventral in 
horses. 2 

The presence of intestinal sounds in the 
thorax can be misleading; they are often 
present in the normal animal, but their 
presence, accompanied by dyspnea and 
resonance on percussion, should arouse sus¬ 
picion. Radiography, ultrasonography, tho¬ 
racoscopy, and exploratory laparotomy are 
the most useful diagnostic procedures. Radi¬ 
ography reveals the presence of gas- and 
fluid-filled intestinal contents in the thorax, 
apparent in cattle as oval rounded masses 
over the heart. Ultrasonography demon¬ 
strates presence of bowel in the thorax. There 
can be excessive pleural fluid. 

The definitive treatment of acquired or 
traumatic hernia is surgical replacement of 
viscera in the abdomen and repair of the 
defect in the diaphragm. Repair of a dia¬ 
phragmatic hernia through a standing thora¬ 
cotomy in a cow has been described. Surgical 
repair has been performed in calves and 
foals, and in adult horses. 1 ' 4,10,12,13 


The prognosis is poor to guarded, with 
short-term survival of affected foals and 
horses being 7/44 and 8/31. 1,4 Factors related 
to survival include the presence and extent 
of incarcerated intestine, size of the rent 
(smaller associated with increased chance of 
survival), and location of the rent. Location 
of the rent is likely related to survival because 
small, ventrally located rents are more ame¬ 
nable to surgical correction. 1 
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Diseases of the Bovine 
Respiratory Tract 

ENZOOTIC NASAL GRANULOMA 
OF CATTLE (BOVINE 
ATOPIC RHINITIS) 

Of the three known clinical types of chronic 
nasal obstruction in cattle, two have been 
identified etiologically and have clinical or 
epidemiologic features that distinguish them 
from enzootic nasal granuloma. One is 


recorded predominantly in beef cattle and 
appears to be caused by a fungus, most com¬ 
monly Rhinosporidium spp., Drechslera spp., 
Nocardia spp., 1 or Pseudoallescheria boydii. 2 
Another is caused by the parasite Schisto¬ 
soma nasalis. The third type, enzootic nasal 
granuloma (ENG), occurs commonly in 
southern Australia, less commonly in New 
Zealand, and is recorded as a sporadic 
disease in South America and an occasional 
disease in North America, Britain, and 
Europe. It is reported as a herd outbreak in 
Jersey cows in the United Kingdom. 3 

Enzootic nasal granuloma occurs spo¬ 
radically in some herds but may reach an 
incidence of 30%. In one area, as much as 
75% of herds may have the disease. Animals 
aged between 6 months and 4 years are most 
commonly affected, and the chronic disease 
may or may not be preceded by an attack of 
acute rhinitis. Most cases commence in the 
summer and autumn months. It is apparent 
that nasal granuloma develops as a continu¬ 
ous and progressive response to acute epi¬ 
sodes of hypersensitivity to an allergen 
present in the summer months. This accords 
with the gradual development of the sterto¬ 
rous respiration and the observations, in 
biopsies of nasal mucosa, of the presence of 
mast cells in all seasons, but the regression of 
eosinophils in the winter months. 

An extensive survey of Australian dairy¬ 
ing areas showed that 22% of cattle had 
lesions, and that the prevalence was greater 
in areas where the average annual rainfall 
was over 70 cm than where it was less than 
70 cm; the prevalence varied between 4% 
and 48%; Jerseys were more commonly 
affected than Friesians. In New Zealand, 40% 
of farms and 36% of culled cattle were 
affected, whereas only 3.6% of young beef 
cattle showed lesions. 

The disease has been identified as an 
allergic rhinitis and has been produced 
experimentally. Specific antigens have not 
been identified as the cause, but cows with 
nasal granuloma are much more sensitive to 
a number of common allergens in the envi¬ 
ronment than are unaffected cows. Addi¬ 
tional possible causes include infestation of 
the nasal cavities with pasture mites ( Tyroph- 
agus palmarum). An allied condition has 
been described in the United States as madu¬ 
romycosis, but there are nasal granulomas 
plus multiple granulomatous lesions of the 
skin of the ears, tail, vulva, and thigh. The 
granulomas contain many eosinophils and 
fungal elements identified provisionally as 
Helminthosporium sp. 

In enzootic nasal granuloma, acute cases 
are characterized by a sudden onset of bilat¬ 
eral ocular and nasal discharge and swelling 
of the nasal mucosa causing difficult, noisy 
breathing. Affected animals shake their 
heads and snort and rub their noses in 
hedges. As a result, they commonly block 
their nostrils with twigs. This form of the 
disease is commonest in cattle of the Channel 
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Island breeds and their crossbreeds. The 
nasal discharge in these breeds is usually 
yellow to orange in color. 

Established cases of enzootic nasal granu¬ 
loma have lesions, consisting of granuloma¬ 
tous nodules 1 to 4 mm in diameter and 
height, in both nostrils. The lesions extend 
from just inside the nostril posteriorly for 5 
to 8 cm. They may be few in number or be 
packed closely together. Their texture is firm, 
and the mucosa over them is normal. They 
have a characteristic histopathology of epi¬ 
thelial metaplasia and hyperplasia, and 
contain large numbers of eosinophils and 
mast cells. 

The predominant clinical sign is respira¬ 
tory stertor and dyspnea caused by obstruc¬ 
tion to the airflow. The severity of these signs 
may fluctuate, but in general they progress 
slowly over several months and then remain 
static. Although the respiratory distress may 
be sufficiently severe to cause a loss of condi¬ 
tion and marked reduction in milk yield, 
affected animals do not die. A good propor¬ 
tion of them have to be culled as uneconomic 
units. 

The clinical picture in mycotic nasal 
granuloma is superficially similar with 
respect to noisy breathing, respiratory dis¬ 
tress, and nasal discharge, but there is no 
seasonal association. Also, the visible and 
palpable lesions in the anterior part of the 
nasal cavities are polyps up to 5 cm in diam¬ 
eter that occur singly or in confluent masses. 
Their cut surfaces are yellow to green, and 
they are sometimes ulcerated. Histologically, 
the lesions are eosinophilic granulomas con¬ 
taining fungal spores and sometimes hyphae. 
Fungi (Drechslera rostrata) have been iso¬ 
lated from the lesions. 

REFERENCES 

1. Shibahara T, et al. Aust Vet J. 2001;79:363. 

2. Singh K, et al. Vet Pathol. 2007;44:917. 

3. Anon. Vet Rec. 2012; 171:468. 


TRACHEAL STENOSIS OF 
FEEDLOT CATTLE 

Tracheal stenosis, also known as “honker 
cattle,” occurs in feedlot cattle. The etiology 
is unknown. It is characterized by extensive 
edema and hemorrhage of the dorsal wall of 
the trachea, resulting in coughing (honking), 
dyspnea, and respiratory stertor. Complete 
occlusion of the trachea may occur. Affected 
animals may be found dead without any pre¬ 
monitory signs. 

In tracheal stenosis of feedlot cattle, there 
is marked submucosal hemorrhage dorsal 
and ventral to the trachealis muscle, result¬ 
ing in ventral displacement of the mucosa 
and partial to complete occlusion of the tra¬ 
cheal lumen. Diffuse hemorrhage in the peri¬ 
tracheal connective tissue and surrounding 
muscles of the neck is common in animals 
dying of asphyxia. Histologically, there is 
hyperemia and hyperplastic tracheal mucosa 


with focal erosions, squamous metaplasia, 
and loss of cilia. In acute cases, the mucosa 
is markedly thickened because of hemor¬ 
rhage and edema. Culture reveals a mixed 
bacterial flora. 

CAUDAL VENA CAVAL 
THROMBOSIS (POSTERIOR 
VENA CAVAL THROMBOSIS) 

AND EMBOLIC PNEUMONIA 
IN CATTLE 

Embolic pneumonia as a sequel to thrombo¬ 
sis of the posterior vena cava is a relatively 
common disease of cattle in Europe and the 
United Kingdom. The disease is rare in cattle 
less than 1 year old, although it can occur at 
any age. Most affected animals are in feedlots 
on heavy-grain diets, and there are peaks of 
incidence at those times of the year when 
most cattle are on such diets. There is a rela¬ 
tionship between the occurrence of this 
disease and that of hepatic abscessation 
arising from lactic-acid-induced rumenitis 
on heavy-grain diets. The disease is reported 
with deep digital sepsis in cattle. 1 A similar 
syndrome occurs in horses, although rarely. 2 

The etiology and pathogenesis of the 
disease are based on the development of a 
thrombus in the posterior vena cava and the 
subsequent shedding of emboli that lodge in 
the pulmonary artery, causing embolism, 
endarteritis, multiple pulmonary abscesses, 
and chronic suppurative pneumonia. Pul¬ 
monary hypertension develops in the pul¬ 
monary artery, leading to the development of 
aneurysms, which can rupture causing 
massive intrapulmonary or intrabronchial 
hemorrhage. In most cases the thrombi in 
the vena cava originate from hepatic 
abscesses or postdiaphragmatic abscesses. 
Usually there is an initial phlebitis and the 
subsequent thrombus extends into the tho¬ 
racic part of the vessel. When the thrombus 
occludes the openings of the hepatic veins 
into the vena cava, there is congestion of the 
liver and hepatomegaly, ascites, and abdomi¬ 
nal distension in some of these cases. 

The most common form of the disease is 
characterized by manifestations of respira¬ 
tory tract disease. Commonly there is a 
history of the disease for a few weeks or 
longer, but some animals are “found dead” 
without prior recorded illness. Affected 
animals usually have thin to moderate body 
condition, reduced appetite, reduced rumen 
motility, and a positive reticular pain 
response. There is usually fever and an 
increase in the rate and depth of respiration, 
coughing, epistaxis and hemoptysis, anemia 
with pallor, a hemic murmur, and a low 
packed cell volume. Respirations are painful 
and a mild expiratory grunt or groan may be 
audible with each respiration. Subcutaneous 
emphysema and frothing at the mouth are 
evident in some. Deep palpation in the inter¬ 
costal spaces and over the xiphoid sternum 
might elicit a painful grunt. The lung sounds 


can be normal in the early stages, but with 
the development of pulmonary arterial 
lesions, embolic pneumonia, and collapse of 
affected lung, widespread abnormal lung 
sounds are audible on auscultation. There 
can be ascites. In one series of cases, the pres¬ 
ence of anemia, hemoptysis, epistaxis, and 
widespread abnormal lungs sounds were 
characteristic features of the disease. There 
are accompanying nonspecific signs of inap¬ 
petence, ruminal stasis, and scant feces. 

About one-third of affected cattle become 
progressively worse over a period of 2 to 18 
days with moderate to severe dyspnea, and 
they die of acute or chronic anemia or are 
euthanized on humane grounds. Almost half 
of the cases die suddenly as a result of volu¬ 
minous intrabronchial hemorrhage. It is 
probably the only common cause in cattle of 
acute hemorrhage from the respiratory tract 
that causes the animal to literally drop dead. 
The remainder have a brief, acute illness of 
about 24 hours. 

Some evidence of hepatic involvement is 
often present, including enlargement of the 
liver, ascites, and melena. Chronic cor pul¬ 
monale develops in some with attendant 
signs of congestive heart failure. 

Radiography of the thorax of some 
affected animals has found an increase in 
lung density and markings. These are irregu¬ 
lar, focal or diffuse, and nonspecific. More 
distinct opacities are present in some and 
are referable to embolic infarcts and larger 
pulmonary hemorrhages. Radiographic 
abnormalities in the lungs are detected in 
approximately one-third of cows with caudal 
vena cava thrombosis. Ultrasonography can 
be a useful diagnostic aid in detecting changes 
in the caudal vena cava. The caudal vena cava 
in affected cows is round to oval rather than 
the triangular shape in normal cattle, and the 
hepatic, splenic, and portal veins can be 
dilated. ’ The presence of thrombi in the 
caudal vena cava can be detected (Fig. 12-1 3). 4 

There is typically anemia and leukocyto¬ 
sis. Neutrophilia with a regenerative left shift 
and hypergammaglobulinemia as a result of 
chronic infection are common. Serum 
gamma-glutamyl transpeptidase activity is 
high in about one-third of cases. 3 



Fig. 12-13 Ultrasonogram of intrahepatic 
vena cava of an adult cow demonstrating 
presence of a thrombus (white arrow) and 
dilated intrahepatic vessels (white 
arrowhead). (Reproduced with permission. 4 ) 
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Fig. 12-14 Cow with cranial vena cava thrombosis causing jugular vein distension and edema 
of the brisket. (Courtesy of Dr. Christian Gerspach, Vetsuisse Faculty University of Zurich). 


The necropsy findings include a large, 
pale thrombus in the posterior vena cava 
between the liver and the right atrium. Occlu¬ 
sion of the posterior vena cava results in hepa¬ 
tomegaly and ascites. Hepatic abscesses of 
varying size and number are common and 
often near the wall of the thrombosed poste¬ 
rior vena cava. Pulmonary thromboembo¬ 
lism with multiple pulmonary abscesses, 
suppurative pneumonia, and erosion of pul¬ 
monary arterial walls with intrapulmonary 
hemorrhage are also common. The lungs 
reveal emphysema, edema, and hemorrhage. 
A variety of bacteria, including streptococci, 
E. coli, staphylococci, and A necrophorum, are 
found in the abscesses in the liver. 

Animals that die suddenly are found 
lying in a pool of blood, and necropsy reveals 
large quantities of clotted blood in the 
bronchi and trachea. 3 

The disease must be differentiated from 
verminous pneumonia, chronic aspiration 
pneumonia, pulmonary endarteritis as a 
result of endocarditis, and chronic atypical 
interstitial pneumonia. There is no treatment 
that is likely to have any effect on the disease, 
and the principal task is to recognize the 
disease early and slaughter the animal for 
salvage if possible. 
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CRANIAL VENA CAVAL 
THROMBOSIS 

Thrombosis of the cranial vena cava occurs 
in cows. Cases in young animals are also 


recorded, and it is suggested that they 
arise from navel infection. The disease has 
occurred with reticuloperitonitis in cattle. 1 
Clinical signs include cough, tachypnea, 
muffled heart sounds, exercise intolerance, 
and excessive pleural fluid. As in caudal vena 
caval thrombosis, a number of pulmonary 
abscesses or bronchopneumonia can develop. 
Pulmonary hypertension is not a feature as it 
is in the caudal lesion. However, increased 
jugular vein pressure, dilatation of the 
jugular vein, and local (brisket) edema can 
occur (Fig. 12-14). Ultrasound examination 
can reveal thrombosis of the cranial vena 
cava extending into the right atrium. 
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ACUTE UNDIFFERENTIATED 
BOVINE RESPIRATORY DISEASE 

DEFINITION OF THE PROBLEM 

A major problem that large-animal clinicians 
commonly encounter is a group of cattle that 
are affected with an acute respiratory disease 
of uncertain diagnosis. 

Acute undifferentiated bovine respiratory 
disease (BRD) is characterized clinically by 
dyspnea, coughing, nasal discharge, varying 
degrees of depression, anorexia, pyrexia 
ranging from 40 to 41° C (104-105.8°F), evi¬ 
dence of pneumonia on auscultation of the 
lungs, and a variable response to treatment. 
Some unexpected deaths may have occurred 
as the initial indication of the problem. 
Although in most cases pneumonia is the 
obvious cause of the disease, determining the 
etiology is the major diagnostic problem. If 
lesions typical of any of the common diseases 
of the respiratory tract of cattle can be 


recognized clinically, like those of infectious 
bovine rhinotracheitis (IBR), then on a clini¬ 
cal basis a specific diagnosis can be made. 
The affected group may be unweaned dairy 
heifers, weaned beef calves, or yearlings that 
have recently arrived in a feedlot; cattle that 
have been in the feedlot for varying periods 
of time; young growing cattle on summer 
pasture; mature cows that have recently been 
placed on a lush pasture; yearling or mature 
lactating dairy cattle; or a group of veal 
calves. The morbidity rate can range from 
10% to 50% depending on the age of animals 
affected, the immune status of the animals, 
the nature of the stressors involved, and the 
nature of the disease. 

Respiratory disease is the most common 
illness among cattle in feedlots, affecting on 
average over 16% of cattle placed. 1 In general, 
bovine respiratory disease accounts for 65% 
to 79% of the morbidity and 44% to 72% of 
mortality in feedlot cattle. Despite of inten¬ 
sive research in the field the incidence of 
respiratory disease in cattle during the first 
year of life could not be controlled. The pro¬ 
portion of mortality of weaned dairy heifers 
attributable to respiratory disease increased 
from 34.8% of all deaths in 1991 to 46.5% 
in 2007. 2 

The economic impact of respiratory 
disease on the U.S. beef industry is estimated 
to exceed $4 billion annually, including 
treatment cost, disease prevention, and 
production loss such as decreased growth 
performance. 3 Cattle with detectable lung 
lesions at slaughter on average had a reduced 
daily weight gain of 0.08 kg/d compared with 
cattle without lung lesions. Protracted effects 
of respiratory disease in dairy calves on milk 
production and fertility in later life are more 
difficult to estimate, but repeated incidences 
of respiratory disease in a dairy heifer were 
found to almost double the risk for not com¬ 
pleting the first lactation. 4 

The primary goal of the clinician must be 
to make the most accurate clinical diagnosis 
as rapidly as possible, based on the clinical 
and epidemiologic findings that are identifi¬ 
able on the farm, preferably when examining 
the animals on the first visit. Giving a prog¬ 
nosis and the formulation of rational and 
economic treatment that will minimize mor¬ 
bidity and mortality are the next goals. In any 
group situation, mass medication of each in¬ 
contact animal is a major consideration that 
will increase costs and must be balanced 
against the economic losses that might occur 
if all animals are not treated metaphylacti- 
cally. The clinical management of the out¬ 
break, which includes treatment of the 
obvious cases and the prevention of new 
cases if possible, is dependent in part on the 
diagnosis. However, differentiation between 
the diseases based on clinical findings can be 
unreliable, and it is usually necessary to begin 
antimicrobial therapy that will be effective 
against the bacterial pathogens most likely to 
be present. Even after intensive clinical and 
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laboratory investigation, the specific etiology 
will often not be determined, and the clini¬ 
cian is left with a diagnosis of acute undif¬ 
ferentiated respiratory disease of cattle or 
bovine respiratory disease (BRD). 

The salient clinical and epidemiologic 
findings of the diseases included in the 
complex of BRD are summarized in Table 
12-7. The common diseases of the respira¬ 
tory tract of cattle can be broadly divided 


into those affecting the lower respiratory 
tract and those affecting the upper respira¬ 
tory tract. Diseases of the lungs associated 
with either viruses or bacteria alone or in 
combination are difficult to distinguish from 
each other on the basis of clinical findings 
alone. The presence of toxemia, which causes 
depression and anorexia in bacterial pneu¬ 
monias, is a useful guide in categorizing the 
common diseases when making a differential 


diagnosis list. Cattle affected with uncompli¬ 
cated viral diseases of the respiratory tract 
may show a high fever but are usually not 
depressed and anorexic because bacterial 
toxemia is absent. 

ETIOLOGY 

The major etiologic agents that cause or may 
be associated with acute UBRD include the 
following: 


Table 12-7 Differential diagnosis of bovine respiratory disease 

Disease 

Epidemiology 

Clinical and laboratory findings 

Response to treatment 

Pneumonic pasteurellosis 
(shipping fever) 

Common disease in North America. 

Young cattle recently stressed by 
weaning or transportation, mixing 
from many different sources, many 
animals affected, some found dead, 
common in feedlots. Epidemics occur 
7-10 days after arrival in the lot, but 
cattle may be sick on arrival or 
within a few days after arrival. 

Acute toxemic bronchopneumonia, moderate 
dyspnea, fever, increased breath sounds 
over ventral aspects of lungs, moist crackles, 
cough, pleuritis. 

Good response to treatment in early 
stages. Failure to respond as a 
result of advanced lesions, 
pleuritis, abscesses, inadequate 
dosage, and incorrect diagnosis. 

Pneumonic pasteurellosis 
(enzootic calf 
pneumonia) 

Common disease in unweaned, housed 
dairy calves, occasionally in pastured 
beef calves 2 and 6 months of age. 

Acute, subacute, and chronic pneumonia, 
moderate fever, loud breath sounds 
ventrally, crackles and wheezes. 

Respond favorably to treatment for 
uncomplicated secondary 
bacterial bronchopneumonia. 

Viral interstitial 
pneumonia 
(parinfluenza-3 virus 
[PI-3V], bovine 
respiratory syncytial 
virus [BRSV]) 

Yearling and adult cattle indoors or 
outdoors, young cows in closed dairy 
herd, may occur following addition 
to herd, high morbidity, low 
mortality. 

Sudden onset of acute pneumonia, moderate 
dyspnea and toxemia, loud breath sounds 
and wheezes attributable to bronchiolitis, 
no moist crackles unless secondary 
pneumonia. 

Leukopenia and lymphopenia. 

Gradual recovery occurs in 3-5 days. 
Treat secondary complication with 
antimicrobials. 

Bovine respiratory 
syncytial virus infection 

Young cattle 6-8 months of age, adult 
dairy cattle, herd outbreaks are 
characteristic; case-fatality rate varies 
from 1%-30%. Maternal antibody in 
calves is not protective. 

Inappetence, fever, coughing, dyspnea, and 
abnormal lung sounds suggestive of 
interstitial pneumonia. Death common in 
those with severe respiratory distress. 

Fourfold or greater seroconversion to BRSV. 
Immunofluorescence of nasopharyngeal 
smears and virus isolation. 

Acute bronchiolitis and alveolitis. 

Treat secondary complications with 
antimicrobials for 3-5 days. 

Histophilus somni 
(formerly Haemophilus 
somnus) pneumonia, 
pleuritis, and 
myocardial abscesses 

Common in feedlot calves, 6-8 months 
of age; mean fatal disease onset for 
pneumonia is 12 days after animal in 
the lot, and day 22 for myocarditis 
and pleuritis. 

Toxemic suppurative pleuropneumonia, 
dyspnea, mouth breathing. Persistent fever 
for several days. Concurrent myocarditis 
may cause sudden death. 

Inadequate response to treatment. 

Infectious bovine 
rhinotracheitis 

Common disease. All age groups but 
mostly young feedlot cattle, 
outbreaks common, occurrence 
unpredictable. Most common in 
unvaccinated herds. 

Acute rhinotracheitis with discrete nasal 
lesions, inspiratory dyspnea, explosive loud 
coughing, ocular and nasal discharge, high 
fever for 3-5 days; 1 % die of secondary 
bacterial pneumonia. 

Virus isolation from nasal swabs. 

Acute and convalescent serology. 

Gradual recovery occurs in 3-5 days 
in spite of treatment. 

Treat secondary pneumonia. 

Mycoplasma bovis 
pneumonia 

Feedlot cattle with history of respiratory 
disease. Dairy calves with enzootic 
pneumonia. Mastitis in lactating dairy 
cows. 

Acute to chronic bronchopneumonia, 
anorexia, fever, polyarthritis, otitis. Exudative 
bronchopneumonia, extensive foci of 
coagulative necrosis. Nasal swabs, 
transtracheal wash joint fluid, lung tissue, 
serology (consider presence of maternal 
antibodies in young calves). 

No response to antibiotic therapy. 

Atypical interstitial 
pneumonia (acute 
pulmonary emphysema 
and edema, fog fever) 

Occurs 4-10 days after adult cattle 
turned into lush autumn pasture. 
Outbreaks usual, sudden onset, high 
case fatality. Incidental occurrence in 
feedlot cattle toward the end of the 
finishing period. 

Sudden and rapid death, severe loud dyspnea 
with grunting expiration, loud breath 
sounds over ventral aspects, crackles, 
subcutaneous emphysema, severe cases die, 
laboratory data not helpful, confirm at 
necropsy. 

Most severe cases die; moderate to 
mild cases recover; treatment 
difficult to evaluate. Pasture form 
can be prevented with monensin 
in the feed for a few days before 
and after change of pasture. 
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Table 12-7 Differential diagnosis of bovine respiratory disease—cont'd 


Disease 

Epidemiology 

Clinical and laboratory findings 

Response to treatment 

Extrinsic allergic alveolitis 
(bovine farmer's lung) 

Not common. Mature cattle housed 
during winter months and exposed 
to moldy or dusty feeds. Several 
animals over period of time. 

Chronic coughing, dyspnea, weight loss, 
reduced milk yield, loud breath sounds, 
crackles, dull but not toxemic, abnormal 
nasal discharge. 

No response to treatment. 

Chronic interstitial 
pneumonia (diffuse 
fibrosing alveolitis) 

Single animals only. May be chronic 
form of epidemic acute interstitial 
pneumonia. 

Chronic onset of coughing, dyspnea, weight 
loss, reduced milk yield, decreased breath 
sounds, no toxemia, cor pulmonale. 

No response to treatment. 

Verminous pneumonia 

All ages susceptible, usually young 

Moderate to severe dyspnea, coughing, fever. 

No response to antimicrobials. 

(Dictyocaulus viviparus) 

cattle 6-12 months on pasture, wet 
warm seasons, outbreaks common, 
enzootic area. 

loud breath sounds, crackles over dorsal 
half of lung, eosinophilia may occur, larvae 
in feces 3 weeks after infection. 

Responds to anthelmintics. 

Ascaris suis pneumonia 

Not common. All ages. On pasture 
previously occupied by pigs. 

Sudden onset, severe dyspnea, rapid deaths, 
loud breath sounds, crackles over entire 
lung. Will recover gradually if not too 
severe. 

No specific treatment response. 

Allergic rhinitis (summer 

Mostly late summer, autumn when 

Sudden onset, dyspnea, inspiratory wheezing, 

Into housing, antihistamines, 

sniffles) 

pasture in flower. Sporadic cases. 
Mostly Channel Island breeds. Cows 
may have disease each year. 

mucopurulent then caseous yellow to 
orange nasal discharge. Sneeze, rub muzzle 
in bushes, twigs up nose, bleed. 

excellent response if early In 
cases of long duration, wheezing 
persists until nasal mucosa 
sloughs. 

Pulmonary abscess 

Single animal. History of pneumonia 
with no response to treatment. 
Occasionally, several cases in feedlot. 

Chronic coughing with epistaxis and 
hemoptysis, chronic toxemia, mild fever, 
crackles and wheezes distributed randomly. 
Neutrophilia. 

None. 

Calf diphtheria 

Young calves, dirty conditions, or on 
rough dry pasture. Usually only few 
affected. 

Acute toxemia, fever, inspiratory stridor and 
stertor, necrotic lesions visible in larynx and 
oral cavity. 

Responds to antimicrobials and 
topical treatment. 

Embolic pneumonia 

1-8 years of age. History of respiratory 

Dullness, polypnea, hyperpnea, thoracic pain, 

No response to treatment. 

attributable to ruptured 
vena caval abscess 

disease with hemoptysis and epistaxis 
and poor response to treatment. 

frequent coughing with hemoptysis, 
epistaxis, temperature variable, anemia. 
Common, widespread foci of crackles and 
wheezes with increased breath sounds. 

May die rapidly from massive hemorrhage. 
Hepatomegaly and congestive heart failure. 
Neutrophilia and hypergammaglobulinemia. 

Slaughter for salvage. 

Aspiration pneumonia 

History is important. Following faulty 
drenching techniques or 
regurgitation and aspiration in weak 
cows (i.e., milk fever). 

Acute bronchopneumonia with toxemia 24-48 
hours following aspiration. Loud breath 
sounds ventral half, moist crackles. 

Marked leukopenia and neutropenia. 

May respond to treatment if treated 
early. 

Dusty feed rhinotracheitis 

Few days following introduction of 
finely chopped dry feed. 

Feed contains high concentrations of 
"fines," 

Outbreak of coughing, rhinitis with copious 
serous nasal discharge, conjunctivitis, and 
ocular discharge. 

Bright and alert. 

Recover in few days following 
removal of dusty feed. 

Enzootic nasal granuloma 

In enzootic area up to 30% morbidity 
in a herd, up to 75% of herd. 

Coastal regions, autumn is worst, 
Channel 

Island breeds most affected. Loss is a 
result of continuous loss of 
production. 

A chronic debilitating disease. All ages, 
mostly adults. 

May be acute "summer sniffles" early. 

Then chronic dyspnea with stertor, eat 
indifferently, lose condition, have to be 
culled. Chronic nasal discharge. Smear 
nodules on nasal cavity mucosa palpable 
through nostril, 

None. 

Contagious bovine 

Outbreak in susceptible cattle— 

Acute fibrinous pneumonia, and pleurisy. 

Not to be treated. Eradication is 

pleuropneumonia 

morbidity up to 100%, mortality up 
to 50% if cattle stressed, traveling. 

Aerogenous spread, no mediate 
contagion. Outbreaks as a result of 
introduction of cattle often 
inapparent "carriers" that are 
detectable by CF test. Incubation 
period 3-6 weeks. 

Dyspnea, fever 40.5°C (104.5°F), deep cough 
or shallow and, fast, elbows out, grunting 
respiration. Pain on chest percussion. 

Pleuritic friction rub early; moist crackles. 

Course 3 days to 3 weeks. 

urgent. Is treated in enzootic 
areas where eradication is not 
attempted. 
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Viruses 

• Bovine herpesvirus-1 (BHV-1) 
causing infectious bovine 
rhinotracheitis (IBR) 

• Bovine respiratory syncytial virus 
(BRSV) 

• Parainfluenza-3 virus (PI-3V) 

• Bovine virus diarrhea virus 
(BVDV) 

• Bovine coronavirus (BoCV) 

• Bovine adenovirus (BAV) 

Bacteria 

• Mannheimia haemolytica 

• Pasteurella multocida 

• Histophilus somni (formerly 
Haemophilus somnus) 

Mycoplasma spp. 

• Mycoplasma bovis 

• Mycoplasma mycoides causing 
contagious bovine pleuropneumonia 
(CBPP) 

• Mycoplasma bovirhinis 

• Mycoplasma dispar 

• Ureaplasma diversum 
Uncertain or unknown etiology 

• Atypical interstitial pneumonia 
Verminous 

• Dictyocaulus viviparus 

Role of Etiologic Agents 

The role of the etiologic agents in the cause 
of BRD is controversial and often uncertain 
because the major pathogens are ubiquitous 
in clinically normal animals. The disease is 
considered to be the result of the effects 
of stressors causing immunosuppression, 
which allow colonization of the respiratory 
tract by opportunistic pathogens. The spec¬ 
trum of the immune status of the animals is 
also a major factor. Animals vaccinated well 
before natural infection may be resistant to 
clinical disease caused by specific pathogens. 
Animals that underwent natural infection 
and developed adequate humoral or cell- 
mediated immunity may also be immune to 
clinical disease. 

Clearly the viral-bacterial synergism is 
a major factor in the pathophysiology of the 
BRD complex. It is well recognized that 
the effect of a virus that usually is nonfatal 
combined with various bacteria commonly 
resident in the upper respiratory tract of 
healthy individuals can cause fatal bacterial 
pneumonia. Numerous experimental models 
of synergism between virus and bacteria 
have been studied. In cattle, the viruses 
having received the most attention in this 
context are PI-3 and BHV-1, which in 
combination with bacteria such as M. hae¬ 
molytica or P. multocida can cause clinical 
disease considerably more severe than 
experimental infection caused by either viral 
or bacterial infection alone. Many mecha¬ 
nisms have been suggested behind this viral- 
bacterial synergism, including impaired 
neutrophil function or recruitment following 
initial viral infection, decreased macrophage 


activity, or altered number and responsive¬ 
ness of lymphocytes. Most likely several 
mechanisms are involved in the virus 
induced suppression of pulmonary antibac¬ 
terial defense. 

Many epidemiologic studies of bovine 
respiratory disease have attempted to corre¬ 
late the level of serum antibodies in feedlot 
calves on arrival at the feedlot and over the 
first 30 to 50 days of the feeding period with 
morbidity and mortality as a result of respi¬ 
ratory disease. A low level of antibody to a 
specific pathogen on arrival followed by sig¬ 
nificant seroconversion in animals that 
develop BRD in the first few weeks of the 
feeding period suggest that the pathogen was 
an important etiologic factor. Conversely, 
those animals with a high level of antibody 
on arrival that do not develop BRD are con¬ 
sidered immune. However, some animals 
with low levels of antibody may remain 
normal and seroconvert during the early part 
of the feeding period. 

Feedlot cattle commonly seroconvert to 
the BHV-1, PI-3V, BVDV, and BRSV, and 
possibly also to Mycoplasma bovis and other 
Mycoplasma spp., within the first month after 
arrival. Seroconversion to these pathogens 
occurs both in animals that develop respira¬ 
tory disease and those that remain normal 
within the same group, but the relative 
importance of each agent and their causative 
nature is controversial. Seroconversion to M. 
haemolytica leukotoxin, BRSV, and BVDV 
were predictive of approximately 70% of all 
respiratory disease cases in Ontario feedlots. 
Calves arriving with high serum antibody 
levels to Histophilus somni had less bovine 
respiratory disease than calves with lower 
levels. 

Many respiratory pathogens that can 
cause disease are present in diseased and 
clinically normal individuals alike during 
outbreaks of BRD. It has been suggested that 
UBRD in weaned beef calves is not a highly 
contagious disease and that although respira¬ 
tory pathogens may be important etiologic 
factors, the presence of other contributing 
factors is as important for the development 
of clinical disease. Stress resulting from 
weaning, transportation, processing, crowd¬ 
ing, or harsh weather is considered to be an 
important contributor to outbreaks of BRD. 
Studies exploring the effect of stress resulting 
from weaning and maternal separation 
showed that the viral-bacterial synergism 
was altered when weaning occurred at the 
time of a primary viral infection with BH V-1 
followed by a secondary bacterial infection 
with M. haemolytica resulting in significantly 
increased mortality rates. 5 Similarly calves 
weaned immediately before transport to a 
feedlot developed significantly more UBRD 
compared with calves adapted to weaning for 
45 days. 6 This suggests that identifying and 
avoiding environmental and management 
risk factors are crucial to control BRD 
outbreaks. 


The relationships between bacterial and 
viral antibody titers and undifferentiated 
fever and mortality in recently weaned beef 
calves in western Canada were examined. 
Feedlot calves are commonly exposed to M. 
haemolytica, H. somni, BHV-1, BVDV, and 
M. bovis in the early feeding period. Sero¬ 
conversion to M. haemolytica leukotoxin was 
associated with a decreased risk of undiffer¬ 
entiated fever. Higher arrival BVDV anti¬ 
body titer was associated with a decreased 
risk of undifferentiated fever. Higher arrival 
H. somni antibody titer and increases in H. 
somni antibody titer after arrival were both 
associated with a decreased risk of undiffer¬ 
entiated fever. The odds of overall mortality 
(OR 5.09) and histophilosis mortality (OR 
11.31) in clinical cases were higher than in 
the controls. In summary, protective immu¬ 
nity to M. haemolytica leukotoxin H. somni, 
BHV-1, BVDV, and Mycoplasma spp. may be 
necessary to reduce the occurrence of undif¬ 
ferentiated fever. 

Chronic, antibiotic-resistant pneumonia, 
sometimes with polyarthritis, occurs in 
feedlot cattle. M. bovis, BVDV, and H. somni 
are commonly found in the tissues at nec¬ 
ropsy. This coinfection suggests the possibil¬ 
ity of synergism between the BVDV and M. 
bovis in the pneumonia with the arthritis 
syndrome. 

BVDV has been identified as a contribu¬ 
tor to respiratory disease in feedlot calves. On 
arrival in feedlots, 39% of animals were sero¬ 
positive for BVDV, and those animals treated 
for UBRD had larger titer increases to the 
virus than nontreated animals. BVDV-lb 
strains have been associated with acute 
pneumonia in commingled calves that were 
not vaccinated with BVDV vaccines, and 
in which M. haemolytica and P. multocida 
were also present in the pneumonic lesions. 
Experimental infection of seronegative and 
immunocompetent calves with BVDV type 
resulted in primary respiratory disease. 

Bovine coronavirus (BoCV) has been 
implicated as a cause of UBRD based largely 
on the isolation of the virus from the nasal 
cavities of cattle with respiratory disease. 
However, based on seroepidemiology of 
BoCV titers in feedlot cattle, although higher 
antibody titers to the virus were associated 
with a decreased subsequent risk of treat¬ 
ment for UBRD, there was no association 
between evidence of recent infection (titer 
increase) and the occurrence of UBRD. 
Other studies have shown that BoCV infec¬ 
tions are not associated with an increased 
risk of treatment for UBRD. BoCV is wide¬ 
spread in the cattle and can be found in the 
feces and nasal swabs of recently arrived 
feedlot cattle and calves with and without 
clinical signs of BRD. Exposure to BoCV 
before arrival in the feedlot is common, with 
90% of animals being seropositive on arrival. 
BoCV can be isolated from feedlot cattle in 
many different locations and most cattle 
seroconvert to the virus during the first 28 





days after arrival in the feedlot. Cattle shed¬ 
ding the virus from the nasal cavity and 
developing an antibody response to the virus 
were 1.6 times more likely to require treat¬ 
ment for respiratory disease than cattle that 
did not shed the virus or develop an immune 
response. Cattle that shed the virus from the 
nasal cavity were 2.2 times more likely to 
have pulmonary lesions at slaughter than 
cattle that did not shed the virus. In natural 
outbreaks of shipping fever, more than 80% 
of affected cattle shed BoCV at the beginning 
of the epidemic when the M. haemolytica 
infection rate was low. 

The role of BoCV in epidemics of ship¬ 
ping fever pneumonia in cattle was examined 
by the collection of nasal swabs and serum 
samples before the onset of the epidemic, 
during the course of the illness, and after 
death when necropsies were done and 
samples of lung tissues were examined. 
Respiratory BoCV was isolated from the 
nasal secretions before and after transport, 
from lung tissues of those cattle that died 
early in the epidemic but not later. Pasteurella 
spp. were isolated from all cattle that had 
severe pneumonia. All cattle were immuno- 
logically naive to both infectious agents at the 
onset of the epidemic, but those that died 
after day 7 had rising antibody titers to BoCV 
and M. haemolytica. In contrast, the 18 clini¬ 
cally normal and BoCV-negative cattle had 
high antibody titers to BoCV from the begin¬ 
ning, and their antibody responses to M. hae¬ 
molytica were delayed. 

CLINICAL CASE DEFINITION AND 

EPIDEMIOLOGY 

Clinical Case Definition 

The most important part of the clinical and 
epidemiologic examination is to determine 
the case definition, which includes the fol¬ 
lowing questions. 

What Is the Clinical Disease That Is 
Present in the Affected Animals? 

• Which body system is affected and 
where in that body system is the 
lesion? 

• Do the animals have pneumonia, 
rhinitis, laryngitis, tracheitis, 
bronchitis or combinations of these 
abnormalities? 

The clinician should attempt to make a clini¬ 
cal diagnosis by closely examining several 
typically affected animals and determine 
whether the lesions are in the lower or upper 
respiratory tract. The presence of toxemia, 
depression, fever, anorexia, and agalactia in 
lactating dairy cattle indicates a primary or 
secondary bacterial infection. The presence 
of loud breath sounds (consolidation) 
and abnormal lung sounds (crackles and 
wheezes) indicates the presence of pneumo¬ 
nia. Diseases of the upper respiratory tract 
are characterized by inspiratory dyspnea, 
stridor, loud coughing, sneezing, wheezing, 
and lesions of the nasal mucosa. 
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Which Animals Are Affected? 

Determining which animals are affected 
includes age of animals affected, a single 
animal or group of animals, and vaccination 
history. Recently arrived feedlot cattle mixed 
from many different origins are susceptible 
to fibrinous pneumonia associated with M. 
haemolytica. 

Where Are the Affected Animals? 

Are the infected animals in the feedlot, on 
pasture, or housed in a barn? If in a barn, 
with what quality of ventilation? 

When Were the Animals Affected? 

• How soon after arrival in the feedlot 
did the animals become affected? 

• What stressors may have recently 
preceded the outbreak? 

• What risk factors could have 
predisposed to this outbreak? 

• Have the animals been recently 
shipped and mixed with animals 
from another source? 

Consideration of the clinical and epide¬ 
miologic findings can then be correlated, and 
hypotheses formulated and tested to deter¬ 
mine why the disease occurred. 

Occurrence 

Bovine respiratory disease occurs under 
many different situations, including all age 
groups, feedlot animals kept outdoors, 
housed dairy calves, nursing and recently 
weaned beef calves, dairy and beef cattle 
heifers, and adult lactating dairy cows. Epi¬ 
demics of acute respiratory disease have 
been described in dairy calves from birth to 
6 months of age. Outbreaks of BRSV can 
occur in dairy cattle heifers and adult dairy 
cattle. 

Pneumonic pasteurellosis is most 
common in recently arrived feedlot calves 
(shipping fever) and unweaned dairy calves 
(enzootic calf pneumonia). In calves 3 to 5 
weeks after arrival in the feedlot, H. somni 
pleuropneumonia may be more likely. Atypi¬ 
cal interstitial pneumonia (pasture-induced) 
is the most likely diagnosis when confronted 
with an outbreak of acute respiratory disease 
in mature cattle that have been moved from 
a summer pasture to a lush autumn pasture 
within the last 4 to 10 days. 

Risk Factors 

The risk factors that have been identified in 
outbreaks of respiratory disease in feedlot 
cattle include the purchase of cattle from 
auction markets and mixing of cattle from 
many different sources. An epidemiologic 
study of fatal fibrinous pneumonia in 
auction-market-derived feedlot calves in 
western Canada revealed that peak mortality 
occurred approximately 16 days after arrival 
at the feedlot. The risk of fatal fibrinous 
pneumonia was consistently greater for 
calves entering the feedlot in November, 
shortly after the auction sales had peaked, 


when the feedlot was reaching capacity. 
Increased mixing at the auction markets was 
associated with increased fatal disease risk. 
The distance calves were transported by 
truck was not associated with fatal disease 
risk. When the incidence of fatal fibrinous 
pneumonia was high, the disease clustered 
within truckloads or pens. Risk factors posi¬ 
tively associated with disease clustering 
included increased mixing of calves from dif¬ 
ferent farms, month of purchase, number of 
calves passing through the auction markets, 
and weather conditions at arrival. 

Transportation of feedlot calves increases 
serum concentration of oxidative stress bio¬ 
markers, which are related to episodes of 
bovine respiratory disease. Transportation 
stress significantly decreases serum total 
antioxidant capacity and increases malondi- 
aldehyde concentrations in steer calves. 
It is proposed that stressors such as market¬ 
ing through an auction barn and transporta¬ 
tion precipitate oxidative stress, which 
reduces the antioxidant defense capacity and 
increases total body lipid peroxidation, 
resulting in increased susceptibility to BRD. 
These biomarkers may be useful to measure 
the oxidative stress of transported cattle. 
There is some experimental evidence that 
acidogenic diets and ketoacidosis may affect 
lymphocyte function, which may affect 
vaccine efficacy. 

The literature on how the adequacy of 
diets of recently arrived feedlot cattle may 
affect their health and immunity has been 
reviewed. Diets for newly arrived stressed 
beef cattle must be formulated to compen¬ 
sate for decreased feed intake and known 
nutrient deficiencies. 8 

The literature on the risk factors for 
bovine respiratory disease in dairy heifers 
and the effect of the disease on productivity 
has been reviewed with relevance to com¬ 
mercial dairy farming in the Netherlands. 
Bovine respiratory disease in dairy heifers 
increases the risk of mortality directly after 
the disease episode by up to 6 times, reduces 
growth during the first 6 months of life by up 
to 10 kg, and increases the likelihood of dys¬ 
tocia after first calving. Both herd size and 
other diseases in dairy heifers are clearly 
associated with the risk of bovine respiratory 
disease. Season and colostrum feeding are 
important. The most important risk factors 
for mild and severe pneumonia in dairy 
calves aged birth to 3 months were inade¬ 
quate air circulation and the purchase of 
cattle. 

DIAGNOSIS AND 
DIFFERENTIAL DIAGNOSIS 
Individual Animal Diagnosis 

Although the clinical diagnosis of BRD can 
readily be made even by cursory examina¬ 
tion in severe or advanced cases, the chal¬ 
lenge is to identify newly affected animals in 
early stages of the disease, which is a critical 
factor for treatment efficacy. In general, 
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medical treatment is more effective the 
earlier in the process it can be initiated, 
and delaying treatment is considered a major 
factor contributing to treatment failures. A 
bayesian estimation of the performance of 
using clinical observation for diagnosis of 
BRD yielded an estimated sensitivity and 
specificity of 0.62 and 0.63 respectively, sug¬ 
gesting that up to 38% of truly diseased 
animals may go undiagnosed and conversely 
that up to 37% of animals diagnosed and 
subsequently treated for BRD are unaffected 
by respiratory disease. 9 Another study 
reported that 68% of feedlot cattle with lung 
lesions at slaughter were never treated for 
bovine respiratory disease, further suggest¬ 
ing that current methods of diagnosing 
bovine respiratory disease based on visual 
appraisal by feedlot pen riders may not 
always effectively identify sick animals. The 
limitations of identifying clinically affected 
animals that need therapy was a major factor 
in the development of metaphylactic use of 
antimicrobials. 

The subjective clinical findings of distant 
examination that have been used by animal 
attendants in commercial feedlots to identify 
sick animals that need to be closely exam¬ 
ined include: 

• Degree of ruminal fill (1, normal; 2, 
slightly gaunt; 3, moderately gaunt; 

4, excessively gaunt) 

• Attitude (1, normal; 2, slight 
lethargy; 3, severe lethargy; 4, 
nonambulatory) 

• Ocular discharge (1, none; 2, slight; 3, 
moderate; 4, abundant) 

• Nasal discharge (1, none; 2, slight; 3, 
moderate; 4, abundant) 

• The sounds heard on auscultation of 
the lungs at three sites along a line 
extending from the cranioventral to 
caudodorsal lung fields (1, normal; 2, 
slightly harsh; 3, moderately harsh; 4, 
severely harsh) 

Frequently the rectal temperature 
of animals that appear dull is measured; 
if temperature is found to be above a prede¬ 
termined level, they are considered to have 
BRD if no other clinical findings are detect¬ 
able that are referable to other organ systems. 
In most cases, the thorax of these animals is 
not auscultated for evidence of pneumonia. 
Although a fever when combined with other 
clinical signs is a valuable parameter in the 
process of making a diagnosis, fever of unde¬ 
termined origin can as well be unassociated 
with respiratory disease and does not imper¬ 
atively require treatment. In a feedlot pen of 
112 recently arrived bull calves that were 
fitted with reticuloruminal temperature¬ 
sensing boluses, a total of 449 fever episodes 
were recorded in 110 animals during the first 
40 days after arrival. Of these fever episodes, 
74% were not associated with any visually 
apparent clinical signs or respiratory disease, 
and 75% lasted for less than 48 hours. A 
negative effect on average daily weight gain 


of feverish animals with or without clinical 
signs was recorded with prolonged episodes 
of fever, with an approximate decrease of 
33 g/day for each day of fever. 10 

Because of the difficulty in identifying 
cattle with early stage respiratory disease in 
large feedlots, several advanced monitoring 
techniques have been developed and studied 
for their suitability to help making a rapid 
and accurate diagnosis in the field situation. 
The feeding and watering behavior of healthy 
and sick animals in a commercial feedlot has 
been examined using radiofrequency tech¬ 
nology to record individual animal behav¬ 
iors. Eating and drinking behaviors are 
associated with clinical signs of bovine respi¬ 
ratory disease, but there is no obvious pre¬ 
dictive association between signs of bovine 
respiratory disease in recently arrived 
weaned beef calves and eating and drinking 
behavior. Calves that were sick had greater 
frequency and duration of drinking 4 to 5 
days after arrival than calves that were not 
sick. Sick calves had significantly lower fre¬ 
quency and duration of eating and drinking 
11 to 27 days after arrival but had greater 
frequency of eating 28 to 57 days after arrival 
than calves that were not sick. Calves at 
slaughter that had a higher percentage of 
lung tissue with lesions had lower frequency 
and duration of eating 11 to 27 days after 
arrival but had greater frequency and dura¬ 
tion of eating 28 to 57 days after arrival. 
Experimentally, the electronic acquisition of 
feeding behavior data for feedlot cattle, when 
analyzed using cumulative sums (CUSUM) 
procedures, offers the potential for predict¬ 
ing morbidity before conventional visual 
methods of appraisal. The feeding behavior 
during the first 30 days when cattle are in a 
receiving pen may be used to detect animal 
morbidity approximately 4 days earlier than 
conventional methods typically employed in 
commercial feedlots. Overall accuracy, posi¬ 
tive predictive value and sensitivity of the 
CUSUM prediction method were 87%, 91%, 
and 90%, respectively. 

Infrared thermography used to monitor 
infrared heat loss in calves has been studied 
as a tool for early detection of animals with 
BRD, with promising results. 11 Measuring 
heat loss each time calves accessed waterers 
allowed to combine thermography data and 
watering frequency, a procedure that was 
deemed more sensitive, specific, and cost 
effective than conventional approaches to 
monitor animals at risk of BRD. 11 

Temperature- sensing reticuloruminal 
boluses have been used to monitor calves at 
risk of developing BRD. This technology 
allows remote and continuous recording of 
the reticular temperature of animals fitted 
with a temperature-sensing bolus and 
permits the identification of animals with 
prolonged fever episodes not associated with 
apparent clinical signs and thereby poten¬ 
tially improves the sensitivity of the detec¬ 
tion of animals with BRD in a field setting. 10 


Prolonged fever episodes are certainly not 
always attributable to respiratory disease, but 
even when not associated with clinical signs, 
prolonged fever was found to negatively 
affect average daily weight gain. 10 

Herd-Level Diagnosis 

The clinician is limited in most situations to 
correlating clinical, epidemiologic, and nec¬ 
ropsy findings in making a diagnosis. Diag¬ 
nostic laboratories may not be readily 
available, and their resources for microbio¬ 
logical and serologic investigations may be 
much less than is needed for an accurate 
determination of causes. In case a diagnostic 
laboratory is not within reach, on-site post¬ 
mortem examination of fresh carcasses of 
untreated animals deceased or euthanized in 
the early stage of the disease can provide 
valuable information and diagnostic mate¬ 
rial for further analysis. Coordinating the 
necropsy with a pathologist who may attend 
and guide the procedure via teleconference 
or assess gross findings on digital material 
and suggest collection of specific specimens 
is advisable. 

A systematic method of data collection 
from the customized records of large feedlots 
has been developed and validated for use in 
the National Animal Health Monitoring 
System. The current collection of data from 
large feedlots provides an acceptable level of 
sensitivity and specificity for the program, 
but it is important that the veterinarian 
makes regular clinical observations to vali¬ 
date the data. 

The course of the disease, especially when 
animals have been treated, alters the gross 
and microscopic appearance of tissues and 
the microbiological (bacteriologic, virologi- 
cal) and serologic findings so that the ani¬ 
mals status is impossible to determine. 

CLINICAL PATHOLOGY 
Antemortem Diagnostic Procedures 

A number of diagnostic procedures are avail¬ 
able that vary in their practicality, their suit¬ 
ability to detect specific pathogens, the 
rapidity with which test results are available, 
their economy, the level of stress for the 
patient, the quality of the material obtained, 
and the interpretability of the results. 

Nasal/Nasopharyngeal Swabs 

Nasal and nasopharyngeal swabs are fre¬ 
quently used for antemortem sample collec¬ 
tion under field conditions because this 
procedure is technically less demanding and 
less invasive than a transtracheal wash or 
bronchoalveolar lavage. Certainly for upper 
respiratory tract viral infection such as 
BHV-1 this method has it merits. In contrast, 
the significance of bacterial isolates or nega¬ 
tive test results must be interpreted cau¬ 
tiously. 12 Isolates of M. haemolytica from 
nasopharyngeal swabs were found to be 
highly representative for the isolates present 
in lung tissue in clinically affected animals. 1 ’ 





However, because most bacterial pathogens 
of the lower respiratory tract such as M. hae- 
molytica can be part of the normal upper 
respiratory flora, isolation of one or several 
of these agents from a nasopharyngeal swab 
does not necessarily indicate that it is the 
cause of disease. 14 Although isolation of M. 
bovis from a nasal swab confirms the pres¬ 
ence of this pathogen in the herd, the asso¬ 
ciation of the presence of M. bovis in the 
upper respiratory tract with clinical disease 
or its presence in the lower respiratory tract 
reported in the literature is more variable. 
Some authors reported that M. bovis is com¬ 
monly found in the upper respiratory tract 
in healthy calves; however, this is not con¬ 
firmed by others. 44 ' 45 On the other hand, cul¬ 
tures form nasopharyngeal swabs were found 
to yield a positive result in only 33% of 
animals infected with M. bovis . 13 

To collect a nasopharyngeal swab sample, 
a long, sterile culture swab guarded by an 
external sheath must be inserted through the 
nasal cavity of the properly restrained calf. 
The tip of the swab should be approximately 
at the height of the medial canthus of the eye 
before the tip of the swab is extruded beyond 
the sheath and firmly rotated against the 
mucosa. The tip of the swab must then be 
retracted into the sheath before removing the 
whole swab. Swabs may be submitted for 
bacterial/mycoplasma culture or virus isola¬ 
tion. Depending on the diagnostic objective, 
two or three swabs placed into specific trans¬ 
port medium for the analysis requested may 
be required. 13 

Transtracheal Wash/ 

Bronchoalveolar Lavage 

Transtracheal wash (TTW) and bronchioal- 
veolar lavage (BAL) are antemortem sample 
collection techniques yielding material suit¬ 
able for a broader spectrum of diagnostic 
procedures. Besides of bacterial or fungal 
cultures, isolation/identification of virus or 
parasites samples can also be used for cytol¬ 
ogy. 12 These procedures are technically more 
demanding and more invasive than swab 
collection. They require proper restraint, 
local anesthesia, and aseptic technique. The 
TTW is performed in the previously clipped 
and aseptically prepared middle trachea 
region. A 10-gauge 2-inch needle is advance 
through a previously placed stab incision 
through the anesthetized skin between two 
cartilage rings into to trachea. Sterile poly¬ 
propylene tubing is then inserted through 
the needle and advanced to the level approxi¬ 
mately 10 cm beyond the thoracic inlet. 
Twenty to thirty mL of warm sterile saline or 
lactated Ringer’s solution are then infused 
and rapidly aspirated back. This procedure 
typically yields between 5 and 10 mL of fluid 
that can either be submitted in the sealed 
syringe or transferred into a sterile tube. 15 
Transtracheal wash samples can also be 
collected by endoscopy using the biopsy 
port. 


Diseases of the Bovine Respiratory Tract 


909 


To perform a BAL, commercially avail¬ 
able kits are available that consist of a long 
tube with an inflatable cuff at the tip. The 
tube is passed intranasally into the trachea 
and further into the lungs, where it is lodged 
into a bronchus. The airway is then sealed by 
inflating the cuff, and warm lactated Ringers 
solution is infused (approximately 30 mL for 
a calf and up to 180 mL for an adult cow) and 
immediately aspirated. 12 ' 15 

Serology 

Serum samples may be submitted for deter¬ 
mination of the levels of specific antibody 
titers to suspected viral pathogens of the 
bovine respiratory tract and to Mycoplasma 
spp. Paired acute and convalescent serum 
samples from both affected and normal 
animals in the herd are desirable. In a group 
of animals in a feedlot, or dairy or beef cattle 
herd, serology for a specific etiologic agent 
may be followed over a period of time to 
determine seroconversion and its relation¬ 
ship to occurrence or absence of clinical 
disease. Although serology is highly sensitive 
because most respiratory pathogens of cattle 
induce a strong antibody response, the time 
delay with which results of paired serum 
samples become available presents a disad¬ 
vantage. 16 Moreover, interpretation of serol¬ 
ogy results in animals with respiratory 
disease is often complicated by vaccination 
procedures and the timing of sample collec¬ 
tion. 12 Serology is always done in serum and 
not in plasma. 

Serum Biochemistry and Hematology 

The suitability of serum concentrations of 
acute-phase proteins (APPs), such as fibrino¬ 
gen, serum amyloid A (SAA), or haptoglobin 
(Hp), as a diagnostic tool to identify calves 
with BRD has been explored in numerous 
studies, with variable outcome. 17 ' 21 Although 
increased concentrations of SAA and Hp in 
calves with BRD compared with healthy 
calves suggest that measuring the serum 
concentrations of these APPs could assist the 
early detection of calves with respiratory 
disease, the discriminative ability of Hp by 
itself for BRD was found to be no better than 
determination of the rectal temperature. 18 
Haptoglobin concentrations vary consider¬ 
ably between calves even in healthy animals 
and were significantly affected by sex and 
rectal temperature. 18 The increase in serum 
Hp was found to occur within 24 hours of 
experimental challenge with M. haemolytica 
of BHV-1 -infected calves but occurred 
between 4 and 8 days of infection with BRSV 
or BVD. For SAA, the wide variation between 
animals and the less pronounced increase in 
SAA concentration in animals suffering of 
respiratory disease impair the ability of this 
parameter to discriminate between healthy 
calves and animals affected by BRD. 20 

Leukocyte counts are of little value as pre¬ 
dictors of respiratory disease because leuko¬ 
cytosis and neutrophilia occur in some 


animals, but in others there may be a neutro¬ 
penia or no significant change. 16 

Other Procedures 

With ultrasonographic equipment having 
become more available in routine food 
animal practice, the use of this imaging tech¬ 
nique as potentially suitable ancillary diag¬ 
nostic tool to diagnose BRD was studied by 
several authors. 22 ' 24 Thoracic ultrasonogra¬ 
phy is relatively easy to perform with stan¬ 
dard equipment under field conditions but 
requires a certain degree of expertise and 
routine of the operator to obtain reproduc¬ 
ible results. Results of ultrasonographic 
examination of pneumonic calves were 
found to be highly correlated with the results 
of radiographic and postmortem examina¬ 
tion. In contrast, the association between 
ultrasonographic findings and ancillary tests 
assessing lung and respiratory functions are 
less obvious. 25 Although the method was 
found a useful ancillary diagnostic tool to 
determine type and degree of pleural and 
pulmonary lesions, ultrasonography results 
were not found to be associated with animal 
health outcomes such as subsequent treat¬ 
ment, chronicity, wastage, or mortality. 26 

More invasive diagnostic procedures 
such lung biopsies have been studied for 
their usefulness as ancillary diagnostic tool. 
Although easy to perform with minimal 
risk to the animal, this procedure was not 
found useful for characterizing early respira¬ 
tory disease in feedlot cattle under field 
conditions. 27 

Postmortem Samples 

Postmortem samples may be collected either 
during on-site necropsy or at the diagnostic 
laboratory. Animals selected for postmortem 
sample collection should have the following 
characteristics: 

• Representative of the typical clinical 
case of the herd 

• In the early phase of the disease 

• Untreated 

Contacting the diagnostic laboratory 
before euthanizing the animal is advisable to 
discuss the diagnostic workup best suited for 
the specific herd, and thus the required 
material is advisable. 

Bacterial Culture and Antimicrobial 
Sensitivity 

The results of antimicrobial susceptibilities 
of bacterial pathogens isolated from the lung 
tissues of cattle with pneumonia over a 
period of years may provide some indication 
of trends in antimicrobial sensitivities, but 
the results are of limited value for making 
decisions about the selection of antimicro¬ 
bial in affected animals. 

The literature on the principles of antimi¬ 
crobial susceptibility testing of bacterial 
pathogens associated with bovine respiratory 
disease has been reviewed. Two different 
methods are used. The Kirby-Bauer method 
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is the traditional in vitro test of bacterial sus¬ 
ceptibility or resistance to antimicrobials, 
which uses a disk containing a standardized 
concentration of an antimicrobial. Bacteria 
grow or fail to grow surrounding the disk, 
and results are interpreted as resistance or 
susceptibility of the bacteria to certain anti¬ 
microbials. The serial-dilution testing uses a 
broth or agar medium with selected dilutions 
of antimicrobials in 1:2 dilution steps. 
Results are expressed as susceptible, interme¬ 
diate susceptibility, or resistant and also as 
minimum inhibitory concentrations (MICs), 
which are considered more reliable. The MIC 
is defined as “the lowest concentration of an 
antimicrobial that prevents visible growth of 
a microorganism in agar or broth dilution 
susceptibility test.” 

It is important to adhere to standards set 
by the National Committee on Clinical 
Laboratory Standards/Veterinary Antimi¬ 
crobial Susceptibility Testing Subcommittee 
(NCCLS/VASTS). Veterinary-specific break¬ 
points are determined by the NCCLS/VASTS 
through a consensus process based on 
reviewing pharmacokinetic, MIC, zone- 
diameter scattergram and clinical trial data 
relating to an antimicrobial application. The 
subcommittee selects MIC breakpoints and 
zone-interpretative criteria that best fit the 
definitions of susceptible, intermediate sus¬ 
ceptibility, and resistant. 

The most veterinary-specific break¬ 
points for pathogens in bovine respiratory 
disease have been determined for few 
antibiotics: ceftiofur crystalline free acid, 
ceftiofur-hydrochloride, ceftiofur-sodium, 
danofloxacin, enrofloxacin, florfenicol, 
spectinomycin-sulfate, tulathromycin, and 
tilmicosin-phosphate. 28,29 The breakpoints 
for oxytetracycline and chlortetracycline are 
adapted from human breakpoints developed 
for tetracycline. 

NECROPSY FINDINGS 

Because this clinical syndrome has a multi¬ 
factorial etiology, necropsy findings will vary 
with the factors involved in a particular 
animal or herd, but some form of pneumonia 
is always present. The most common finding 
is fibrinous bronchopneumonia with varying 
degrees of fibrinous pleuritis and pulmonary 
abscesses (usually bacterial). The pneumonia 
involves the cranial lung lobes and the 
ventral portions of the middle and caudal 
lobes. Affected areas are dark-red and firm 
(cranioventral consolidation) and may be 
covered with thick sheets of fibrin on the 
visceral and parietal pleura. A cut surface of 
affected lung lobe is dark-red and may be 
marbled, whereas the bronchi and bronchi¬ 
oles are filled with a purulent exudate. Tra¬ 
cheobronchial and mediastinal lymph nodes 
are usually enlarged. In subacute or chronic 
cases, there are areas of coagulative necrosis 
or encapsulated abscesses within the consoli¬ 
dated lungs, and the fibrin in the pleura is 
replaced by fibrous tissue resulting in tough 


adhesions. Microscopically, alveoli are filled 
with an exudate composed of fibrin mixed 
with inflammatory cells, mostly neutrophils, 
macrophages, and fewer lymphocytes. The 
exudate extends to the lower airways. 

With primarily viral infections, the 
common lesion is an acute, diffuse interstitial 
pneumonia. The lungs are diffusely red-tan, 
are enlarged, and do not collapse. All lobes 
are rubbery, wet, and heavy. Emphysema is 
present mainly in the diaphragmatic lobes, 
and there is white froth in the trachea. 
Microscopically, there will be interstitial 
pneumonia, necrotizing bronchiolitis, and, 
in some cases, viral inclusion bodies in epi¬ 
thelial cells or syncytial cells. 

Samples for Postmortem 
Confirmation of Diagnosis 

Tissue samples (lung and tracheobronchial 
lymph nodes) are submitted for histopathol- 
ogy, bacteriology, and virology. However, the 
length of time usually required to do the 
diagnostic work and interpret the results 
means that the procedure is expensive and to 
an extent inconclusive because the results are 
available only when the outbreak is over, par¬ 
ticularly in feedlot operations. 

Interpretation of Results of Clinical 
Pathology and Necropsy Findings 

A large body of information has been gener¬ 
ated on the microbiology and, more recently, 
molecular microbiology of specific patho¬ 
gens associated with BRD, but only a fraction 
is applicable clinically. Insufficient effort has 
been directed toward integrating the infor¬ 
mation and applying it to the effective control 
of respiratory disease on the farm. Ideally, 
investigations of outbreaks of bovine respira¬ 
tory disease should consist of in-depth exam¬ 
inations of a representative sample of the 
affected group and normal in-contact animals 
using a multidisciplinary approach involving 
clinical, epidemiologic, and laboratory inves¬ 
tigation. These procedures, especially those 
requiring detailed virological and serologic 
examinations, are expensive, and in the light 
of the economic status of cattle industries, 
they are not likely to be lightly borne. But it 
will only be when such a multidisciplinary 
approach is brought to bear on bovine respi¬ 
ratory disease that we will improve our posi¬ 
tion with respect to knowing what actually 
occurs in outbreaks of the disease. 

Of paramount importance is the identifi¬ 
cation of risk factors, which, if valid, gives 
the clinician a powerful clinical tool for the 
clinical management and control of BRD. 

TREATMENT 

The principles of the clinical management of 
outbreaks of acute undifferentiated bovine 
respiratory diseases are as follows: 

• The clinician must visit the farm and 
do the clinical and epidemiologic 
investigations necessary to solve the 
problem, to assist the owner or the 


animal attendants with the clinical 
management of the disease, and to 
monitor the problem and the herd 
until recovery occurs. Simply 
dispensing antimicrobials to the 
owner without clinical examination 
of the animals is inadequate and 
contradicts the intention of the 
veterinarian-client relationship. The 
veterinarian is professionally obliged 
to provide explicit instructions about 
medication of affected animals and 
the drug withdrawal requirements 
and to keep adequate records of 
affected animals, treatments given, 
and the results of laboratory 
examinations. A final report should 
be prepared by the veterinarian and 
sent to the owner. 

• Increased surveillance of the group is 
required to detect affected animals as 
soon as clinical abnormalities, such 
as depression, nasal discharge, and 
dyspnea, are noticeable. 

• New cases must be treated as soon as 
they are detected. Each treated 
animal should be suitably identified 
and a record kept of the initial body 
temperature, the treatment 
administered and the instructions for 
follow-up treatment. Treatment 
failures and disease recurrence a few 
days after an initial apparent 
recovery are often attributable to late 
treatment. Delaying treatment until 
48 hours after an experimental 
aerosol infection of M. haemolytica 
was found to prolong the course of 
the disease and increase mortality. 

• Unless otherwise determined, when 
toxemia, causing pyrexia and 
anorexia, is present a primary or 
secondary bacterial pneumonia 
should be suspected, in which case 
antimicrobial therapy is of prime 
importance. Antimicrobials should 
be administered parenterally at least 
initially. Treatment via medicated 
feed or water bears the risk of 
underdosage in anorectic animals 
that are most severely affected. The 
regular use of a particular 
antimicrobial in feedlots may 
increase the level of resistance to M. 
haemolytica. Antimicrobials 
commonly used for treatment of 
UBRD are summarized in the 
treatment box of this section. 

• Antiinflammatory therapy should 
routinely be combined with 
appropriate antimicrobial therapy in 
severe cases of BRD that are 
characterized by dyspnea, pyrexia, 
and anorexia. 

A beneficial response to therapy should 
be apparent within 12 to 24 hours. The body 
temperature should decline significantly, and 
the appearance of the animal and its appetite 
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should improve. The response to treatment, 
or lack of it, is valuable information in 
making a final decision on cause. One of the 
emerging problems inherent in such broad 
policies in treatment is public health concern 
with the amount of antibiotic residue in 
meat, the spreading of resistance to antimi¬ 
crobials, and the increased public awareness 
and concern about indiscriminate antibiotic 
use in food-producing animals. 30 Pressure is 
now being applied to use antimicrobials only 
when necessary, which necessitates a more 
accurate diagnosis. 

A number of antimicrobials are regis¬ 
tered for the treatment of BRD, of which 
some are listed in the treatment box of this 
section. Some of the antimicrobials with a 
label for treatment of BRD, such as third- 
and fourth-generation cephalosporins and 
fluoroquinolones, are also classified as criti¬ 
cally important for human an animal health 
and should therefore be used restrictively. 
The World Organization for Animal Health 
(OIE) issued following recommendations for 
these classes of antimicrobials: 31 

• Not to be used as preventive 
treatment applied by feed or water in 
the absence of clinical signs 

• Not to be used as first-line treatment 
unless justified—when used in a 
second-line treatment, it should 
ideally be based on the results of 
bacteriologic tests. 

• Extra-label/off-label use should be 
limited and reserved for instances 
where no alternatives are available. 
Such use should be in agreement 
with the national legislature in force. 

A recent mixed-treatment comparison 
meta-analysis of antibiotic treatments for 
BRD attempted a ranking of commonly used 
antimicrobials based on data published 
in over 90 publications. 32 Based on the 
publically available information, the authors 
estimated tulathromycin followed by enro- 
floxacin, danofloxacin, and florfenicol as the 
most effective antimicrobials for the treat¬ 
ment of BRD. Gamithromycin was estimated 
to be less effective but comparable to tilmi- 
cosin at label dose. Oxytetracycline, trime¬ 
thoprim/sulfur, and ceftiofur injected at the 
base of the ear all ranked poorly in this anal¬ 
ysis. For oxytetracycline, the retreatment risk 
was estimated to be between 64% and 77% 
and thus far above the risk calculated for 
other evaluated antimicrobials. 32 

Antiinflammatory therapy was beneficial 
in cases of severe BRD that is characterized 
by marked dyspnea, fever, and feed-intake 
depression. The best established effects 
of nonsteroidal antiinflammatory drugs 
(NSAIDs) in animals suffering of BRD are a 
more rapid decline of the rectal temperature 
and faster return to normal feed and water 
intake. Long-term effects on clinical 
outcome, disease recurrence, and severity 
of chronic lung lesions reported in the 
literature are more variable. 33 The precise 


mechanism through which NSAIDs act in 
calves with respiratory disease is not entirely 
understood, but antiinflammatory proper¬ 
ties improving respiratory gas exchange and 
antipyretic and analgesic properties improv¬ 
ing the wellbeing and thereby feed and water 
consumption are believed to be of prime 
importance. Numerous studies documented 
a more pronounced improvement in the 
initial phase of the disease in calves treated 
with NSAIDs and antimicrobials compared 
with animals treated with antimicrobials 
alone, a finding that is significant from an 
animal welfare perspective. A recent survey 
among U.S. feedlots revealed that, on average, 
NSAIDs were part of the standard initial 
treatment for respiratory disease in 55.9% of 
all feedlots, whereas steroids were used in 
30.9% of the surveyed U.S. feedlots. 1 Never¬ 
theless, the veterinarian must be aware that 
the combination of antiinflammatory and 
antimicrobial therapy complicates the assess¬ 
ment of the antimicrobial effect that should 
take place no later than 48 hours after first 
treatment because clinical improvement 
cannot unequivocally be attributed to the 
susceptibility of the causative pathogen to 
the administered antimicrobial drug. Experi¬ 
mental and clinical evaluation of the role 
of corticosteroid therapy in acute pneumo¬ 
nia in cattle yielded mostly unfavorable 
results. 34 Steroids are powerful antiinflam¬ 
matory agents, but their effects on the ani¬ 
mal’s defensive measures, specifically with 
repeated use, reduces the value of their use 
in syndromes of infectious origin unless they 
have a short duration of action. 35 


TREATMENT AND PROPHYLAXIS 


Treatment 

Antimicrobial therapy 

Tulathromycin (2.5 mg/kg SC as single dose) 
(R1) 

Florfenicol (20 mg/kg q48 IM or 40 mg/kg SC 
as single dose) (R1) 

Tilmicosin (10 mg/kg SC as single dose) (R1) 

Gamithromycin (6 mg/kg SC as single dose) 
(R1) 

Enrofloxacin* (2.5-5.0 mg/kg q24 SC/IM for 
3 days or 7.5-12.5 mg/kg SC/IM as single 
dose)(R1) 

Danofloxacin* (6 mg/kg q48h SC or 8 mg/kg 
SC as single dose) (R1) 

Ceftiofur* crystalline acid free (6.6 mg/kg SC 
posterior pinna as single treatment) (R1) 

Ceftiofur hydrochloride* (1.1-2.2 mg/kg SC 
q24 for 3 days) (R1) 

Ceftiofur sodium* (1.2-2.2 mg/kg SC/IM q24h 
for 3 days) (R1) 

Cefquinome* (1 mg/kg IM q24 for 3-5 days) 
(R1) 

Oxytetracycline (10 mg/kg IM q24 for 4 days 
(R2) 


Trimethoprim (2.66 mg/kg) + sulfadoxine 
(13.33 mg/kg) IM q24h for 3 days) (R2) 

Antiinflammatory therapy 
Flunixin meglumine (2.2 mg/kg IV as single 
dose) (R2) 

Ketoprofen (3 mg/kg IM q24h for 2-3 days) 
(R2) 

Carprofen (1.4 mg/kg IV or SC as single dose) 
(R2) 

Meloxicam (0.5 mg/kg SC/IV as single dose) 
(R2) 

Diclofenac (2.5 mg/kg IM as single dose) (R2) 
Tolfenamic acid (2 mg/kg IM/IV q24-48h or 
4 mg/kg IM/IV as single dose) (R2) 
Prednisolone acetate (0.5 mg/kg IM q24h) 

(R3) 

Dexamethasone (0.01-0.03 mg/kg IM/IV) 

(R3) 

Flumethasone (0.03 mg/kg IM/IV) (R3) 

Metaphylaxis 

Tulathromycin (2.5 mg/kg SC as single dose) 
(R1) 

Florfenicol (40 mg/kg SC as single dose) (R1) 
Tilmicosin (10 mg/kg SC as single dose) (R1) 
Gamithromycin (6 mg/kg SC as single dose) 
(R1) 

Oxytetracycline long acting formulation 
(20 mg/kg IM) (R2) 

Enrofloxacin* (7.5-12.5 mg/kg SC as single 
dose) (R3) 

Danofloxacin* (8 mg/kg SC as single dose) 
(R3) 

Ceftiofur* crystalline acid free (6.6 mg/kg SC 
posterior pinna as single treatment) (R3) 
Cefquinome* (1 mg/kg IM q24 for 3-5 days) 
(R3) 

Vaccination 

Vaccination against M. haemolytica and R 
multocida (R2) 

Vaccination against H. somni (R3) 

Vaccination against BRSV, PI-3V, BHV-1 (R2) 
Vaccination against BVDV (R2) 

*These are classified as critically important 
antimicrobials in human and veterinary medicine. 
Use as first-line treatment is discouraged. 


CONTROL 

When confronted with an outbreak, one of 
the major decisions to be made is whether or 
not to recommend metaphylactic antimicro¬ 
bial mass medication of all in-contact 
animals in an attempt to treat cases in the 
preclinical stage. 

Mass Medication or Metaphylaxic 
Antimicrobial Use 

Veterinarians frequently recommend 
metaphylactic mass medication, and field 
observations claim beneficial results. 8 
Treatment of a whole group of animals 
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is often preferable to selecting individuals 
for therapy because of the diagnostic chal¬ 
lenge of identifying early cases of BRD. 36 
Although the metaphylactic use of antimi¬ 
crobials to control BRD is debatable from 
the point of view of prudent antimicrobial 
use, this approach was documented to con¬ 
siderably reduce morbidity and mortality 
rates in a group, thereby having a significant 
positive effect on animal health and 
welfare. 37 ’ 38 

The use of tilmicosin at 10 mg/kg BW 
subcutaneously, florfenicol at 40 mg/kg BW 
subcutaneously, gamithromycin at 6 mg/ 
kg BW subcutaneously, tulathromycin at 
2.5 mg/kg BW, and ceftiofur crystalline- 
free acid at 6.6 mg/kg BW administered 
subcutaneously at the base of the ear was 
found effective in reducing the morbidity 
rate when given to feedlot calves at high risk 
of developing respiratory diseases. 39 ' 41 The 
results obtained with long-acting oxytetra- 
cycline at a dose of 20 mg/kg BW or higher 
reported in the literature are more variable. 37 
Although an economical advantage may 
result from the lower price of oxytetracy- 
cline compared with newer antimicrobials, 
morbidity rates were found to be higher with 
the use of oxytetracycline compared with 
tilmicosin. 3. 

The mass medication of feed supplies or 
water of newly arrived feedlot cattle has been 
investigated as a method of reducing the 
morbidity and mortality resulting from 
respiratory disease in a number of studies, 
but results are equivocal. Although studies 
suggesting that chlortetracycline and sulfa¬ 
methazine in feed are effective in reducing 
morbidity associated with BRD have been 
published, issues around study design and 
data analysis questioned the validity of the 
results. 3, A standard recommendation is to 
provide 150 mg/kg BW for the first 24 hours 
and reduce the level to 75 mg/kg BW for the 
duration of the medication period, which 
may last 5 to 10 days. 

Management of Risk Factors 

As a general outline for the control of bovine 
respiratory disease, the following factors 
are considered as contributing to disease, 
and their effects must be minimized with 
suitable management and disease prevention 
techniques: 

• Young, growing cattle are more 
susceptible than mature cattle 
because of a lack of sufficient 
immunity. The mixing of young 
cattle of different origins requires 
increased surveillance to detect 
evidence of disease. Vaccination of 
calves at strategic times may be 
necessary. 

• Cattle purchased from various 
sources and mingled in a feedlot are 
more likely to develop bovine 
respiratory disease than cattle that 
have originated from one source. 


Some cattle will be highly susceptible 
and others relatively resistant 
because of differences in nasal flora 
and immunologic, genetic, and 
nutritional backgrounds. A high level 
of management and constant 
surveillance are necessary to 
recognize, isolate, and treat clinical 
cases early to minimize morbidity 
and case mortality. 

• Rapid fluctuations in environmental 
temperatures and relative humidity, 
not only during the fall and winter 
months but also during warm 
seasons, will commonly precede 
outbreaks of respiratory diseases. 
Every practical and economical 
management technique must be used 
to provide as much comfort as 
possible and to avoid 
overcrowding. 

• Inadequate ventilation is a major 
predisposing cause of respiratory 
disease of cattle raised indoors. This 
is of major importance in dairy 
herds during the winter months in 
temperate climates. 

• Weaning calves 3 weeks or longer 
before sale was found to be beneficial 
for later development and animal 
health in several studies. 37 

• Weaning of beef calves during 
inclement weather may exacerbate 
the stress of weaning and commonly 
results in an outbreak of respiratory 
disease. 

• Stress associated with the marketing 
of cattle is a major factor. The 
movement of cattle through 
saleyards—where they may be 
overcrowded; mixed with cattle of 
many different origins; temporarily 
deprived of adequate feed and water; 
handled roughly while being sorted, 
weighed, tagged, blood sampled, 
vaccinated, or injected with 
antibiotics and/or vitamins, and then 
loaded on to uncomfortable vehicles 
and transported long distances 
without adequate rest stops—is 
stressful. The practice of 
preconditioning cattle before they 
enter the feedlot must continue to be 
examined to determine which 
aspects are most profitable. 

Presale vaccination programs are 
designed to establish an effective immune 
response to common respiratory tract patho¬ 
gens well in advance of any natural exposure 
that may occur while calves travel through 
the auction market or after they arrive in the 
feedlot. These programs usually require 
calves to be castrated, dehorned, and vacci¬ 
nated against BHV-1, PI-3V, BRSV, and 
BVDV. Some programs also require vaccina¬ 
tion against H. somni and M. haemolytica. 
Presale conditioning programs involve these 
procedures but also include weaning and 


nutritional components. Most such condi¬ 
tioning programs require calves to be 
weaned and adjusted to a roughage and 
concentrate diet for at least 30 days before 
sale. 

Vaccines 

Although vaccines for the control of acute 
respiratory disease associated with BHV-1, 
PI-3V, and Pasteurella spp. are available and 
widely used in the field, evidence document¬ 
ing their efficacy under field conditions is 
scant. 1,37 According to a large recent survey 
conducted in the United States, BVD vac¬ 
cines are used in 96.6 %, BHV-1 vaccines in 
93.7%, BRSV vaccines in 89.5%, and PI-3V 
vaccines in 85.1% of surveyed feedlots to 
control respiratory disease. 1 The use of vac¬ 
cines against Pasteurella spp. (63.8%) and 
Histophilus somni (69.7%) is less common. 
Preshipment vaccination of beef calves 3 
weeks before weaning with vaccines contain¬ 
ing BHV-1, PI-3V, Pasteurella spp., and H. 
somni did not reduce the incidence of UBRD 
compared with those unvaccinated. 

Many veterinarians and feedlot owners 
maintain that vaccination against respiratory 
disease is an essential component in their 
disease prevention programs, both to prevent 
specific disease of the respiratory tract such 
as clinical infectious bovine rhinotracheitis 
(IBR) and to reduce losses resulting from 
respiratory disease in the first few weeks after 
arrival. 

In North America, a large number of bac¬ 
terial and viral vaccines are available for the 
control of bovine respiratory disease. There 
are single-antigen and multiple-antigen vac¬ 
cines and modified live-virus or inactivated- 
virus vaccines containing one or more of the 
following antigens: M. haemolytica, P. multo- 
cida, H. somni, BHV-1, PI-3V, BRSV, and 
BVDV. There are many multiple-antigen vac¬ 
cines containing combinations of the respi¬ 
ratory viruses, BVDV, H. somni, P. multocida, 
and M. haemolytica. 

Selection of Vaccines 

The selection of which vaccine to recom¬ 
mend for the control of BRD in feedlot cattle 
is currently not possible based on the effi¬ 
cacy information that is available to the 
veterinarian. The vaccines are used widely, 
and many anecdotal claims for their effec¬ 
tiveness are made, but there is little scientific 
evidence that the vaccines are effective and 
economical in reducing the incidence or the 
consequences of respiratory disease such as 
suboptimal weight gain. In most cases the 
vaccines were approved for sale on the basis 
of tests for safety in animals, and the potency 
was measured by a serologic response to the 
vaccine or experimental challenge in animals 
under laboratory conditions. Nevertheless, 
although vaccination is consistently shown 
to result in antibody production, vaccine- 
induced titers are not always correlated with 
protection against disease. 37 
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Efficacy of Vaccines 

Meaningful field trials to evaluate vaccines 
for the control of bovine respiratory disease 
are difficult to achieve. The case definition of 
what is a “case of respiratory disease” has 
been very general, such as the presence of 
anorexia, depression, and a fever. Therefore, 
when testing a vaccine for the control of 
pneumonic pasteurellosis, the conclusions 
reached may be questionable if the cause of 
the sick animals in either the vaccinated or 
control group is not known—thus the impor¬ 
tance of case definition. In contrast to field 
trials, the measures used by the manufac¬ 
turer in the laboratory challenge of the 
vaccine have been specific. In a field trial, the 
control group and the vaccinated groups 
must be comparable. Where more than one 
vaccine is used to control respiratory disease 
in vaccinates and controls, it is difficult to 
evaluate one of the vaccines or the compo¬ 
nents of a multiple-antigen vaccine unless 
large numbers of animals are used. Another 
problem is the difficulty of having the con¬ 
trols and the vaccinates experience approxi¬ 
mately the same risk of being affected with 
respiratory disease. 

Field trials for bovine respiratory disease 
vaccines are often unsatisfactory because 
of inadequate planning, unsatisfactory 
experimental design, and lack of monitoring. 
The following comments on the use of vac¬ 
cines as an aid in the control of acute undif¬ 
ferentiated respiratory disease in feedlot 
cattle are based on the current information 
available. 

Pasteurella Vaccines 
Because fibrinous pneumonia associated 
with M. haemolytica is the most common 
lesion associated with bovine respiratory 
disease in feedlot cattle, much of the empha¬ 
sis has been on the development of effective 
vaccines for bovine pneumonic pasteurello¬ 
sis. Based on the immunologic and micro¬ 
biological observations of both naturally 
occurring and experimentally induced pneu¬ 
monic pasteurellosis, it appears that effective 
artificial immunization of cattle is possible. 
High levels of naturally acquired antibody to 
M. haemolytica have been associated with 
protection against the disease. 

Antibodies to M. haemolytica leukotoxin 
and certain bacterial surface components 
appear to be important for resistance to 
disease. The basis of a recently introduced 
pasteurella vaccine is that vaccination of 
calves with a leukotoxic culture supernatant 
from pathogenic M. haemolytica provided 
some protection against experimental chal¬ 
lenge with the organism. 

Vaccination of recently shipped nonpre- 
conditioned calves with the vaccine in 
Ontario resulted in a slight decrease in mor¬ 
bidity, slight improvement in response rates, 
and perhaps an important reduction in 
relapse rates. When the vaccine was com¬ 
bined with an intramuscular modified live 


BHV-1/PI-3V vaccine, the morbidity rate was 
increased, the response rate was decreased, 
and the mortality rate was increased in some 
groups. It appears that the use of modified 
live-virus vaccines in recently arrived calves is 
contraindicated; this is consistent with earlier 
observations in the Bruce County Project, 
where fall-placed calves were vaccinated on 
arrival with a modified live-virus vaccine. 

A recent meta-analysis reviewing the evi¬ 
dence behind the recommendation to vac¬ 
cinate to control BRD in calves identified 18 
trials that studied the use of vaccines either 
against M. haemolytica or M. haemolytica 
and P. multocida. 42 From these data the 
authors calculated a risk ratio (RR) of 0.93 
(Cl 0.89-0.98), indicating a significantly 
although minimally lower risk of morbidity 
in vaccinated feedlot cattle compared with 
controls and thus a potential benefit of using 
pasteurella vaccines. 

Histophilus somni (Formerly 
Haemophilus somnusj Vaccine 
Few studies have investigated the effective¬ 
ness of H. somni vaccination of feedlot cattle 
to control respiratory disease. The antibody 
response was found to be associated with 
protection against H. somni. 43 When used as 
part of a preconditioning program, the 
vaccine tended to have mildly positive or 
neutral effect on morbidity and mortality 
related to respiratory disease, whereas the 
effect appeared to be neutral or even negative 
when animals were vaccinated on arrival at 
the feedlot. 43 Observed effects on morbidity 
and mortality were below the significance 
level. Little scientific evidence is currently 
available to support the use of H. somni vac¬ 
cination to control BRD. 42 

Viral Vaccines 

Because prior infection of the respiratory 
tract with either BHV-1, BRSV, or PI-3V may 
predispose to pneumonic pasteurellosis, the 
vaccination of beef calves 2 to 3 weeks before 
weaning and feedlot cattle 2 weeks before 
shipment to a feedlot has been recommended 
as part of a preconditioning program. The 
results are variable, but vaccination of calves 
at 3 to 6 months of age with an intranasal 
modified-live BHV-1 and PI-3V vaccine has 
provided protection against experimental 
pneumonic pasteurellosis induced by aerosol 
challenge with BHV-1 followed 4 days later 
by an aerosol of M. haemolytica. It is impor¬ 
tant to vaccinate the calves at least 2 weeks 
before they are weaned, stressed, or trans¬ 
ported to a feedlot. 

A modified-live BHV-1 vaccine given to 
beef calves before weaning, at weaning, or 
immediately after arrival in the feedlot was 
associated with a significant reduction in the 
treatment rate in one of three groups immu¬ 
nized before weaning and in calves immu¬ 
nized after arrival in the feedlot. There was 
no significant effect of the vaccine on treat¬ 
ment rate in calves immunized at weaning, 


in calves immunized after arrival in a bull 
test station, or in yearlings immunized after 
arrival in the feedlot. It would appear that the 
vaccine did provide some protection, but the 
small reduction may not justify the cost of 
the vaccination program. 

Some feedlot veterinarians recommend 
that feedlot cattle be vaccinated on arrival 
with an M. haemolytica vaccine, the BHV-1 
and PI-3V vaccine, an H. somni vaccine, and 
the BRSV vaccine. The BVDV vaccine is the 
most commonly used vaccine in feedlots in 
the United States because BVD virus circu¬ 
lating in feedlots among newly received 
calves is considered to be an important factor 
predisposing to BRD. 1 It is expected that 
control will be achieved if the animals are 
vaccinated against all the common patho¬ 
gens that contribute to lesions of bovine 
respiratory disease. However, there is little, if 
any, published evidence based on controlled 
field trials that such blanket recommenda¬ 
tions are justifiable. 
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PNEUMONIC PASTEURELLOSIS 
OF CATTLE (SHIPPING FEVER 
PNEUMONIA) 


SYNOPSIS 


Etiology Mannheimia haemolytica serotype 
Al and A6; Pasteurella multotida serotype 
A3. 

Epidemiology Young, rapidly growing cattle, 
especially recently weaned beef calves 
placed in feedlot (shipping fever) and 
unweaned dairy calves (enzootic calf 
pneumonia). Can occur in nursing calves 
and mature cows. Stressors include 
transportation, mixing animals from many 
different sources, weaning, processing 
procedures, and ineffective ventilation of 
housed animals 


Signs Acute respiratory disease, abnormal 
lung sounds, fever, toxemia, anorexia, 
sudden death; respond to treatment with 
antimicrobials. 

Lesions Acute fibrohemorrhagic pneumonia, 
frequently with pleuritis. 

Clinical pathology Culture organism from 
nasopharyngeal swabs or transtracheal 
wash/bronchioalveolar lavage fluid. 

Diagnostic confirmation Culture organism 
from lung and histopathology of lung. 

Treatment Antimicrobials, NSAIDs. 

Control Preconditioning programs. 

Management strategies to reduce stress. 
Metaphylactic antimicrobial mass 
medication on arrival in the feedlot. Viral 
and bacterial vaccines. 


ETIOLOGY 

Pneumonic pasteurellosis is an entity within 
the bovine respiratory disease (BRD) 
complex, characterized clinically by acute 
bronchopneumonia with toxemia and patho¬ 
logically by lobar, anterioventrally distrib¬ 
uted, exudative pneumonia in which fibrin is 
usually a prominent part of the exudate and 
fibrinous pleuritis is common. 

M. haemolytica of the order Pasteurel- 
laceae, a gram-negative coccobacillus is 
considered the most important bacterial 
pathogen in weaned calves, whereas Pasteu¬ 
rella multocida is more commonly isolated 
from the lower respiratory tract of younger 
calves with respiratory disease. 1 There are 
currently 12 recognized serotypes of M. 
hameolytica (Al, A2, A5, A6, A7, A8, A9, 
A12, A13, A14, A16, and A17), of which 
serotype A2 and to a lesser extent A4 are 
commonly isolated from the upper respira¬ 
tory tract of healthy ruminants and thus are 
considered normal inhabitants of the naso¬ 
pharynx and tonsils of ruminants. Serotypes 
Al and, more recently, A6 are most com¬ 
monly associated with respiratory disease in 
cattle. 2 ' 3 

Pasteurella multocida has 5 capsular sero- 
groups (A, B, D, E, and F) and 16 somatic 
serotypes (1-16). Whereas P. multocida sero¬ 
types B and E are associated with hemor¬ 
rhagic septicemia in cattle and water buffaloes 
in tropical regions, serotype A3 and, to a 
lesser extent, D3 are the major pathogens 
associated with lower respiratory tract infec¬ 
tion in cattle. 4 Clearly, the presence oiP. mul¬ 
tocida in the upper respiratory tract does 
not equal disease because of the ubiquitous 
nature of this organism, but the proportion 
of fatal cases of shipping fever attributable to 
P. multocida appears to be increasing, accord¬ 
ing to the recent literature. 4 

The Pasteurella spp. are opportunistic 
pathogens and the final cause of the pneu¬ 
monia but rely on predisposing mechanisms 
allowing the bacteria to enter and colonize 
the lung and produce the lesions. Viruses or 


mycoplasmas may act synergistically to allow 
the bacteria to be pathogenic. Numerous 
environmental predisposing factors, gener¬ 
ally termed as stressors, have been discussed, 
such as the following: 

• Transportation 

• Comingling of groups of cattle from 
different sources 

• Confinement of cattle 

• Ineffective housing and ventilation 

• Extreme temperature changes 

• Weaning 

• Processing procedures 

EPIDEMIOLOGY 

Occurrence 

Pneumonic pasteurellosis is a common 
disease of young growing cattle in Europe, 
the United Kingdom, and North America. 
The condition has arbitrarily been subdi¬ 
vided into two main categories that are enzo¬ 
otic calf pneumonia (ECP), primarily 
ascribed to Pasteurella multocida and ship¬ 
ping fever mainly ascribed to Mannheimia 
haemolytica. Whereas ECP is considered a 
condition predominantly affecting unweaned 
dairy calves, shipping fever is discussed as 
disease of older weanling, Stocker, or feeder 
cattle. 1 Nursing beef calves, yearlings, and 
mature dairy and beef cows may also be 
affected, but less frequently. 

Morbidity and Mortality 

Shipping fever is the most common illness 
among cattle in U.S. feedlots, with an average 
incidence of 16.2% and a mortality rate of 
approximately 4%. 5 Considerable regional 
differences in morbidity rates were reported, 
with feedlots in the central region of the 
United States reporting twice the percentage 
of cattle affected compared with other 
regions (17.8% vs. 8.8% respectively). 5 The 
peak incidence of disease occurs within 
the first 3 weeks after arrival of the calves in 
the feedlot. 

The incidence of respiratory disease in 
postweaning dairy heifers in the United 
States was 5.9%, and respiratory disease was 
determined to be the most common cause of 
death in weaned and the second most 
common cause of death in unweaned heifers 
(after diarrhea) with 46.5% and 22.5% of 
death losses respectively in the United 
States. 0 The percentage of death losses attrib¬ 
utable to respiratory disease in weaned dairy 
heifers rose from 34.8% of all deaths in 1991 
to 46.5% in 2007. 6 

An observational study of the epidemiol¬ 
ogy of fatal fibrinous pneumonia in feedlot 
calves purchased from auction marts in 
western Canada and placed in a commercial 
feedlot between September 1 and December 
31 over a 4-year period identified some valid 
information. Peak fibrinous pneumonia 
occurred approximately 16 days after arrival 
at the feedlot; the median number of days 
between arrival and the first treatment of 
fatal fibrinous pneumonia cases varied from 












3 to 8 days. The fatal fibrinous pneumonia 
rates varied 11-fold (0.25%-2.73%) between 
years. The fatal fibrinous pneumonia propor¬ 
tionate mortality varied from 10% to 57%. 
Fully 75% of the calves that died of fibrinous 
pneumonia already were sick within 2 weeks 
after arrival. When the incidence of fatal 
fibrinous pneumonia was high (greater than 
2%), the disease clustered, either within 
certain truckload groups of calves or within 
certain pens, or within both. Clustering 
could have been a result of contagious 
factors, noncontagious factors, or both. 

Economic Importance 

Pneumonic pasteurellosis is a major cause of 
economic loss in the feedlot and dairy indus¬ 
try. It is responsible for the largest cause of 
mortality in feedlots in North America. In 
addition to the death losses, the costs of 
treatment (which include the personnel 
involved in the detection and actual treat¬ 
ment, the drugs used and the vaccines) are 
considerable. Indirect costs of the disease, 
which include increased risk of culling or 
death, losses associated with delayed entry 
into the milking herd and possibly decreased 
productivity are difficult to estimate.' The 
average cost of treatments for a single case of 
respiratory disease in feedlots determined in 
a recent U.S. survey was $23.40, which was 
considerably higher than the costs per case 
of $12.59 reported in similar study from 
1999/’ A study from 1990 estimated the 
average costs per clinical case with an average 
$14.71 for unweaned and $1.95 for weaned 
dairy calves. 8 Long-term costs were esti¬ 
mated at between $15 and $49 for a typical 
Dutch dairy farm with an overall disease 
incidence of 60%. 9 

Risk Factors 
Animal Risk Factors 

The disease occurs most commonly in young 
growing cattle from 6 months to 2 years of 
age but all age groups are susceptible. Calves 
that are nonimmune to M. haemolytica are 
considered to be more susceptible to the 
disease than calves that have serum neutral¬ 
izing antibodies to the organism and its leu- 
kotoxin (LKT). Calves that have recovered 
from the experimental disease are resistant 
to naturally occurring disease. Auction 
market calves that originate from many dif¬ 
ferent farms and are mixed at the market are 
at high risk. Calves may develop the disease 
before weaning if housed in crowded, poorly 
ventilated barns, when exposed to rapid 
changes in temperature and humidity, or 
when subjected to stress. 

The disease occurs commonly in out¬ 
breaks 7 to 10 days after cattle have arrived 
in the feedlot following stressful transporta¬ 
tion. This forms a major part of the “shipping 
fever” complex, which is a major hazard in 
the practice of rearing beef cattle on range 
country and then transporting them long 
distances to other centers for growing and 
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finishing. However, the distance that calves 
were transported by truck from the auction 
markets to the feedlot was not associated 
with an increased risk of fatal fibrinous 
pneumonia, as determined by one study. 

Herd outbreaks in dairy herds are not 
uncommon, especially when recent intro¬ 
ductions have been made or cattle are 
returned to their home farms after summer 
grazing on community pastures or exhibi¬ 
tion at fairs. Outbreaks of peracute pleuro¬ 
pneumonia attributable to M. haemolytica 
have been reported in adult dairy cattle. 
Many animals were affected of which a high 
proportion were in the immediate postpar¬ 
turient period. All affected farms had pur¬ 
chased cows and/or heifers within the last 12 
months, but there was no history of trans¬ 
portation or movement of affected animals. 
Mature beef cows are also susceptible to 
pneumonic pasteurellosis if they are sub¬ 
jected to stressors during the summer 
months or in the fall of the year, usually asso¬ 
ciated with moving large groups to or from 
pasture during inclement weather. 

Environmental and Management 
Risk Factors 

A number of environmental risk factors have 
been discussed in the literature. In addition 
to prior infection with viral pathogens that 
are discussed under “Pathogen Risk Factors,” 
other predisposing factors generally summa¬ 
rized as “stressors” include the mixing of 
cattle from different sources; transportation; 
sudden and extreme temperature changes; 
cold coupled with wetness, dust, or acute 
metabolic disturbances; and feed and/or 
water deprivation (e.g., during transporta¬ 
tion). 4 Mixing of recently weaned beef calves 
from different sources at auction markets 
was associated with an increased risk of fatal 
fibrinous pneumonia in calves moved to 
feedlots in western Canada, especially in 
November, shortly after auction sales had 
peaked and when the feedlot was reaching 
capacity. 

The role of stress as a risk factor in ship¬ 
ping fever pneumonia has been examined 
experimentally. Experimental transportation 
and handling to mimic stress, followed by an 
aerosol of M. haemolytica, did not result in 
significant lesions of pneumonia but did 
make the animals susceptible to BHV-1. 
Similarly, stress related to weaning and 
maternal separation at the time of primary 
BHV-1 infection increased the innate 
immune response that correlated signifi¬ 
cantly with mortality following a secondary 
bacterial infection. 10 

Confinement in drafty or humid and 
poorly ventilated barns, exposure to inclem¬ 
ent weather, transport, fatigue, and depriva¬ 
tion from feed and water are commonly 
followed by outbreaks of the disease in cattle. 
In calves kept at a constant temperature of 
16° C (60°F), the bacterial populations in the 
nasopharynx were at a minimum between 


65% and 75% relative humidity and tended 
to rise at humidities outside that range. 

An increase in virulence of the bacteria is 
often evident after animal passage; at the 
commencement of an outbreak only those 
animals that have been subjected to devital¬ 
izing influences are affected, but the disease 
may subsequently spread to other animals in 
the group. There is little tendency for the 
disease to become an area problem, with 
sporadic outbreaks occurring with the 
appearance of conditions favorable to the 
development of the disease. 

Pathogen Risk Factors 

Pasteurella are considered normal inhabit¬ 
ants of the upper- and opportunistic patho¬ 
gens of the lower respiratory tract of cattle. 
Although the precise mechanism is not well 
understood, concurrent viral infection of the 
upper respiratory tract is considered a key 
element in the pathogenesis of pneumonic 
pasteurellosis. Viral infection of the upper 
respiratory tract causes cellular damage, 
resulting in microenvironmental changes 
that facilitate the colonization of the mucosa 
of the upper respiratory tract with patho¬ 
genic serotypes of M. haemolytica and/or P. 
multocida. 1 Calves inoculated intranasally 
with BHV-1 or PI-3V become more suscep¬ 
tible to colonization with M. haemolytica 
even in the presence of antibodies to the 
organism in the serum and nasal secretion. 

The assumption that infection with 
several different viruses and mycoplasma 
may predispose to pneumonic pasteurellosis 
has been a subject of intense research activity 
and is corroborated by the observation that 
coinfection of the lower respiratory tract 
with other pathogens is significantly more 
common than infection with either M. hae¬ 
molytica or P. multocida alone. 4 Seroepide- 
miologic surveys of cattle in feedlots reveal 
that BHV-1, PI-3V, BVDV, and BRSV were 
present, active, and associated with respira¬ 
tory disease. The presence of antibody indi¬ 
cates current or recent exposure to the virus 
but does not indicate resistance. Cattle with 
low titers to BHV-1 or BRSV were at 
increased risk of subsequent treatment for 
bovine respiratory disease. Treated cattle also 
had greater increases to PI-3V and/or BVDV 
antibodies than control calves. Although 
there is evidence that BVDV can experimen¬ 
tally affect certain immune mechanisms, 
there is little direct evidence that the virus is 
a major predisposing factor in the causation 
of naturally occurring pneumonic pasteurel¬ 
losis. Seroepidemiologic surveys indicate 
that seroconversion to BVDV is related to 
increased risk of respiratory disease at both 
individual and group levels. Serologically, 
there is also evidence of a high prevalence of 
M. bovis and M. dispar in feedlot calves. But 
the relative importance of these pathogens as 
a cause and effect relationship is controver¬ 
sial. Bovine coronavirus has been associated 
with some natural outbreaks of shipping 
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fever in feedlot cattle. Up to 80% of affected 
animals shed bovine coronavirus from their 
nasal cavities when the infection rate with 
Pasteurella spp. was low. 

The virulence factors of M. haemolytica 
and P. multodda include the following: 
Surface proteins and carbohydrates 

• Adhesion proteins and fimbriae 
allowing adherence to the mucosal 
membranes 

• Capsular polysaccharides 

• Outer membrane proteins (OMPs), 
some of which are iron regulated and 
critically important for iron 
acquisition by the microorganism 

• Lipopolysaccharides (also termed 
endotoxins, particularly lipid A) that 
are responsible for pyrexia and 
hypotensive shock and contribute to 
pulmonary lesions 

• Lipoproteins (e.g., lipoprotein PlpE) 
Toxins and extracellular enzymes 

• Leukotoxin (LKT) of M. haemolytica, 
which induces apoptosis or cell 
necrosis in ruminant leukocytes 

• Glycoproteases that can hydrolyze 

IgG 

• Neuramidase 

M. haemolytica serotypes A1 and A2 can 
survive for long periods of time in relatively 
low-nutrient in vivo fluids. Both strains sur¬ 
vived for at least 244 days in ovine and 156 
days in bovine tracheobronchial washings, 
respectively. This may provide an explana¬ 
tion for the long survival of the organism in 
the nasopharynx of ruminants. 

Immune Mechanisms 

Calves that have recovered from the experi¬ 
mental disease are resistant to naturally 
occurring disease. Numerous M. haemolyt¬ 
ica antigens may stimulate the immune 
response and resistance to disease. These 
antigens include many of the previously 
mentioned virulence factors such as capsular 
polysaccharides, LKT, and surface antigens, 
including iron-regulated proteins, a sero¬ 
type-specific outer membrane protein, and 
several other antigens that are less well 
defined. High antibody responses to M. 
haemolytica surface-extract proteins are 
correlated with resistance to experimental 
pneumonic pasteurellosis. Resistance to 
experimental challenge with the organism 
correlates directly with serum LKT neutral¬ 
izing titers. Aerosol exposure of calves to M. 
haemolytica results in the development of 
LKT neutralizing antibodies in pulmonary 
lavage samples and an accompanying 
increase in serum neutralizing antibody titer. 
Because aerosol exposure of calves to viable 
M. haemolytica elicits a protective immune 
response characterized by enhanced clear¬ 
ance of the organism from the lung and by 
protection against fibrinous pneumonia, it is 
possible that the presence of preexisting anti¬ 
bodies to LKT in the lungs provides immu¬ 
nity by protecting phagocytic leukocytes 


from LKT and by promoting phagocytosis 
and intracellular killing of the organism. 

Passive immunization with antibodies to 
whole M. haemolytica or LKT-containing 
supernatants provides protection against 
experimentally induced pneumonic pasteu¬ 
rellosis similar to the protection provided by 
active immunization with these antigens. In 
contrast, antibodies to lipopolysaccharide 
provided little protection against challenge. 

Cattle exposed to live organisms produce 
antibodies to both cell surface antigens and 
LKT, whereas exposure to the killed vaccine 
results in the production of antibodies pri¬ 
marily to cell surface antigens. 

The experimental lung challenge of calves 
with formalin-killed P. multodda does not 
provide subsequent protection to challenge 
with live P. multodda. 

Method of Transmission 

Transmission of pasteurellas probably occurs 
by the inhalation of infected droplets 
coughed up or exhaled by infected animals, 
which may be clinical cases or recovered car¬ 
riers in which the infection persists in the 
upper respiratory tract. M. haemolytica and 
P. multodda are highly susceptible to envi¬ 
ronmental influences and it is unlikely that 
mediate contagion is an important factor in 
the spread of the disease. When conditions 
are optimal, particularly when cattle are 
closely confined in inadequately ventilated 
barns, when overcrowded in trucks and 
trains, or held for long periods in holding 
pens in feedlots, the disease may spread very 
quickly and affect a high proportion of the 
herd within 48 hours. In animals at pasture, 
the rate of spread may be much slower. 

PATHOGENESIS 

Colonization of Upper and Lower 
Respiratory Tract 

Considerable research has centered on deter¬ 
mining how the pasteurellas, which are part 
of the normal flora of the upper respiratory 
tract, colonize first the upper- and then the 
lower respiratory tract. Under normal condi¬ 
tions the bovine lung is practically sterile 
because of an effective lung clearance mecha¬ 
nism. The current hypothesis is that a 
combination of a viral infection of the respi¬ 
ratory tract and/or devitalizing influences 
from transportation, temporary starvation, 
weaning, rapid fluctuations in ambient tem¬ 
perature, the mixing of cattle from different 
origins, and the excessive handling of cattle 
after arrival in a feedlot can collectively 
promote an increase in the total number and 
virulence of pasteurellas in the nasopharynx. 
Enhanced bacterial growth in the upper 
respiratory tract results in inhalation of 
aerosol droplets into the trachea and lungs. 2 

In clinically normal cattle, M. haemolyt¬ 
ica are present in low numbers in the tonsil 
and nasal passages, and those that are iso¬ 
lated are predominantly serotype A2, which 
is rarely associated with disease. Exposure of 


healthy cattle to stressors such as viral infec¬ 
tion, change in management practices, and 
environmental changes leads to an explosive 
growth and selective colonization by M. hae¬ 
molytica A1 in the upper respiratory tract. 

The experimental intranasal exposure of 
calves to a leukotoxin-deficient M. haemo¬ 
lytica elicits an increase in the serum anti¬ 
body titers against the organism and 
decreased colonization of the nasopharynx 
by wild-type M. haemolytica. This could 
allow an immune response to develop before 
transportation and offer protection from 
nasopharyngeal colonization and pneumo¬ 
nia by wild-type M. haemolytica. 

Under normal conditions, alveolar mac¬ 
rophages will effectively clear pasteurellas 
from the alveoli by phagocytic mechanisms. 
When the large numbers of organisms enter 
and colonize the lung, they interact with 
alveolar macrophages. Neutrophils enter the 
lung within the first few hours after bacterial 
inoculation. 

Bovine alveolar macrophages release 
superoxide anion when exposed to M. hae¬ 
molytica, and the response is dependent on 
the presence of opsonizing antibody and the 
quantity of organisms presented to the 
phagocyte. This may have a major role in the 
pathogenesis of the acute lung injury associ¬ 
ated with pneumonic pasteurellosis. It is an 
important mechanism by which this phago¬ 
cyte can initiate microbicidal activity and 
may provide clues to further study of the 
defense mechanisms of the lung. 

Virulence Factors and Cellular and 
Humoral Reactions 

The lung injury caused by the organisms 
after entry into the lung is dependent on 
important virulence factors. 

Of the previously mentioned virulence 
factors, the ones that are considered the most 
relevant for the pathophysiology of pulmo¬ 
nary pasteurellosis of cattle are as follows: 

• Fimbriae 

• Capsular polysaccharides 

• Lipopolysaccharide (LPS or 
endotoxin) 

• Leukotoxin (LKT) for M. 
haemolytica 

The interactions of these virulence factors 
contribute to the pathogenesis of the disease. 
Fimbriae enhance the colonization of 
the upper respiratory tract. The capsular 
polysaccharides of the organism inhibit 
complement-mediated serum killing and 
phagocytosis and intracellular killing of the 
organism. The capsule also enhances neutro¬ 
phil-directed migration and adhesion of the 
organism to the alveolar epithelium. The LPS 
can alter bovine leukocyte functions and is 
directly toxic to bovine endothelium. It also 
modifies cardiopulmonary hemodynamics 
and elevates circulatory prostanoids, sero¬ 
tonin, cAMP, and cGMP. The organism 
induces morphologic alterations in bovine 
pulmonary endothelial cells, the effects of 
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which can be partially inhibited by indo- 
methacin. Tissue factor is involved in intraal- 
veolar fibrin deposition and coagulopathy 
associated with pneumonic pasteurellosis in 
cattle. 

The migration and activation of neutro¬ 
phils in inflamed tissue are regulated by a 
complex network of interactions among 
cytokines, leukocytes, vascular endothelium, 
cellular adhesion molecules, and soluble che- 
motactic factors. The inflammatory cyto¬ 
kines tumor necrosis factor alpha, interleukin 
(IL) 1 beta, and IL-8 play a central role in 
the initiation and orchestration of these 
interactions. IL-8 is the dominant cytokine 
expressed within the lungs during the acute 
phase of pneumonic pasteurellosis. 

The lipopolysaccharide (LPS) of P. mul- 
tocida or M. haemolytica is capable of causing 
direct injury to bovine pulmonary arterial 
endothelial cells, which may be a contribut¬ 
ing pathogenic mechanism. LPS interacts 
with numerous cell types and humoral medi¬ 
ator systems, resulting in widespread injury 
to the lung. LPS can readily cross the alveolar 
wall either from the air or blood and interact 
with cells and humoral mediators. LPS can 
be found in the neutrophils in the alveolus, 
interstitial tissue, and capillary lumen; in 
intravascular, interstitial, and alveolar mac¬ 
rophages; in endothelial cells; and on alveo¬ 
lar epithelial cell surfaces. The interaction of 
endotoxin with cells leads to cell activation 
and death. 

Leukotoxin (LKT) is produced by all 
known serotypes of M. haemolytica and is a 
heat-labile protein exotoxin, a pore-forming 
cytolysin that affects macrophages, lympho¬ 
cytes, neutrophils, and platelets of ruminants 
specifically. 2 The bacterium produces LKT, 
with maximum production occurring during 
the log phase of growth, peaking after 6 
hours of incubation. Following the inhala¬ 
tion of M. haemolytica into the lung, there is 
an accumulation of neutrophils that, when 
destroyed by LKT, results in the release of 
proteolytic enzymes, oxidant products, and 
basic proteins, which degrade cellular mem¬ 
branes, increasing capillary permeability. 
This causes fluid accumulation in the inter- 
stitium of the alveolar wall, alveolar wall 
necrosis, and pulmonary edema. LKT also 
induces histamine release from bovine mast 
cells. 

LKT follows a species-specific dose- 
dependent activation-inhibition paradox 
on bovine leukocytes. 2 Exposure to low 
concentrations of LKT can activate 
neutrophils and macrophages to stimulate 
respiratory burst and degranulation, proin- 
flammatory cytokine release, and histamine 
release from mast cells. At high concentra¬ 
tions, LKT induces apoptosis in bovine 
leukocytes. Apoptosis is a process of pro¬ 
grammed cell death distinguished from 
necrosis by the orderly shutdown of cell 
functions. At even higher concentrations, 
LKT causes transmembrane pore formation, 


resulting in cell swelling and subsequent cell 
death. 2 

Supernatants of the organism can also 
cause rapid cytolysis of platelets. The genes 
that code for the synthesis and secretion of 
LKT have been cloned. It is a highly immu¬ 
nogenic protein that is produced by all 15 
serotypes ofM. haemolytica. Cattle with high 
LKT antibody titers have higher survival 
rates in natural and experimental cases of 
pneumonic pasteurellosis than animals with 
low antibody titers. LKT antigens and bacte¬ 
rial surface component are now used in com¬ 
mercial vaccines to elicit resistance against 
pneumonic pasteurellosis. 

Experimental Pneumonic 
Pasteurellosis 

In an attempt to understand the pathogenesis 
of bovine pneumonic pasteurellosis, the 
experimental disease has been reproduced 
using several different methods; the most 
commonly used is the sequential aerosol 
infection of calves with either the PI-3 virus 
or the BHV-1 virus followed by an aerosol of 
M. haemolytica 3 days or more later. Expo¬ 
sure of calves to aerosols of PI-3V followed 
by M. haemolytica at intervals of 3 to 13 days 
later results in a purulent bronchopneumo¬ 
nia. The virus interferes with the lung clear¬ 
ance of M. haemolytica when an aerosol of 
the bacteria is given 7 days following the viral 
infection. There is little interference after 
only 3 days and a moderate degree at 11 days. 

Pneumonic pasteurellosis similar to the 
naturally occurring disease can be repro¬ 
duced experimentally by exposing calves 
sequentially to aerosols of BHV-1 and M. 
haemolytica 4 days apart. The virus infection 
partly destroys the clearance mechanism of 
the respiratory tract epithelium and exacer¬ 
bates the subsequent M. haemolytica infec¬ 
tion. Both antigens can be detected by 
immunohistochemical methods in the bron- 
choalveolar fluid cells. 

The viral-bacterial synergism is associ¬ 
ated with the release of cytokines, which 
attract more leukocytes and increase leuko¬ 
cyte expression of CDlla/CD18. In this 
experimental model, vaccination of the 
animal against the virus before challenge 
with the viral-bacterial aerosol sequence is 
protective. The interaction between the 
BHV-1 virus and M. haemolytica can persist 
for up to 30 days after infection with the 
virus. A sequential aerosol infection of 
BHV-1 and P. multocida, or P. multocida 
alone, can also result in pneumonia. Experi¬ 
mental in vitro studies indicate that BHV-1 
infection does not have a direct effect on the 
ability of neutrophils to phagocytize M. hae¬ 
molytica; rather, there is an indirect effect, 
perhaps through the release of mediators 
that have an effect on phagocyte function. 
Large amounts of interferon are produced 
throughout the course of BHV-1 infection, 
which reduces chemotaxis and elevates 
oxidase activity by bovine neutrophils. 


The intratracheal injection of P. multocida 
serotype A3 into 8-week-old calves results 
in clinical and pathophysiologic findings 
characteristic of bovine pneumonic pasteu¬ 
rellosis and gross pathologic and micro¬ 
scopic changes similar to field cases. 
Concentrations of the acute-phase proteins 
haptoglobin, serum amyloid-A, and alpha-1 
acid glycoprotein increased, suggesting a role 
for these proteins as markers of the onset of 
and progress of the disease. 

The intratracheal instillation of live M. 
haemolytica into conscious calves results in 
acute cardiovascular changes consisting of 
two systemic hypodynamic and pulmonary 
vasoconstrictive phases. 

Synergism Between Pathogens 

Experimentally, synergism may occur 
between M. haemolytica and M. bovis in pro¬ 
ducing pneumonia in gnotobiotic calves but 
not in conventional calves. 

The role of BVDV in outbreaks of pneu¬ 
monic pasteurellosis is uncertain. In one 
study the virus did not impair the pulmonary 
clearance of M. haemolytica. In a different 
study the endobronchial inoculation of 
calves with the virus and M. haemolytica 
sequentially 5 days apart resulted in a severe 
fibrinopurulent bronchopneumonia and 
pleuritis involving up to 75% of the total lung 
volume. Endobronchial inoculation of the 
organism only caused a localized noninva- 
sive lesion in the lungs. 

In summary, pneumonic pasteurellosis 
can be reproduced experimentally without a 
preceding virus infection, and it is likely that 
the naturally occurring disease can also 
occur without a preceding viral infection. 4 

CLINICAL FINDINGS 

The spectrum of clinical findings depends in 
part on whether the disease is occurring in 
groups of young cattle in a large commercial 
feedlot, in a small farm feedlot, or in indi¬ 
vidual animals such as lactating dairy cows, 
in which illness is more easily recognized 
based on milk production and feed intake. In 
the feedlot situation, affected animals must 
be identified primarily by visual observation 
followed by closer physical examination. 

Feedlot 

In the feedlot, the disease usually occurs 
within 10 to 14 days after the animals have 
been stressed or have arrived in the feedlot. 
It may occur within 1 day after arrival if the 
animals have been incubating the disease 
before arrival. Animals found dead may be 
the first indication of an outbreak in which 
many weaned beef calves are obviously 
affected and some are in the incubation 
stages of the disease. 

When viewed from a distance, affected 
cattle are depressed, and their respirations 
are rapid and shallow. There may be a weak 
protective cough, which becomes more pro¬ 
nounced and frequent if they are urged to 





918 


Chapter 12 


Diseases of the Respiratory System 


walk. Those that have been ill for a few days 
will appear gaunt because of anorexia. A 
mucopurulent nasal discharge, a crusty nose, 
and an ocular discharge are common. 
Although affected cattle are anorexic, they 
may continue to drink maintenance amounts 
of water. 

When the disease has been diagnosed in 
a group or pen of animals, and new cases are 
occurring daily, those that are in the earliest 
stages of the disease are not obviously ill 
when examined from a distance. If the entire 
group of animals is put through a chute and 
examined closely, up to 20%, or even more, 
of apparently normal animals may have a 
fever ranging from 40° to 41° C (104°-106° F) 
and no other obvious clinical abnormalities. 
Auscultation of the thorax of some of these 
subclinical cases will reveal rapid, shallow 
respirations and an increase in the loudness 
of the breath sounds. These animals respond 
remarkably well to treatment. If not treated 
at this stage, they may progress to clinical 
cases within a few days, or they may recover 
uneventfully. 

When the presence of a fever of 40° C 
(104.0F), or higher in animals that are 
depressed is used to decide whether or not 
the animal has pneumonia and requires 
treatment, some animals are treated unnec¬ 
essarily. In a feedlot pen of 112 recently 
arrived bull calves that were fitted with retie- 
uloruminal temperature-sensing boluses, a 
total of 449 fever episodes were recorded in 
110 animals during the first 40 days after 
arrival. Of these fever episodes, 74% were not 
associated with any visually apparent clinical 
signs or respiratory disease, and 75% lasted 
for less than 48 hours. A negative effect on 
average daily weight gain of feverish animals 
with our without clinical signs was recorded 
with prolonged episodes of fever with an 
approximate decrease of 33 g/day for each 
day of fever. 11 

Outbreaks of the disease in feedlots may 
last for 2 to 3 weeks or longer after the first 
index case, depending on the health status of 
the cattle when first affected. Outbreaks can 
be prolonged in feedlots that add groups of 
newly arrived cattle to an existing pen of 
cattle every few days to fill the pen to 
optimum capacity. The disease then occurs 
in each new group of cattle and may spread 
to previously resident cattle, perpetuating 
the disease for several weeks. 

The origin of the cattle also influences 
the severity and length of outbreaks. In well- 
nourished cattle originating from one ranch 
and maintained as a single group, the mor¬ 
bidity may be less than 5% and the mortality 
nil. The outbreak will last only a few days, 
and the cattle return to normal quickly. In 
cattle that have originated from a variety of 
sources and moved through saleyards and 
then commingled in the feedlot, the disease 
may persist for several weeks. In these situa¬ 
tions, many animals are sick with the disease 
when they arrive at the feedlot. Some cattle 


will develop complications, never fully 
recover, and are culled later. 

Early Identification of Affected 
Animals in Feedlots 

Where large numbers of cattle are involved, 
early identification is crucial to successful 
therapy. Identification of individual animals 
with early-stage respiratory disease in a large 
group presents a major challenge. Methods 
of diagnosing bovine respiratory disease 
based on visual appraisal by feedlot pen 
riders may not always effectively identify sick 
animals. A bayesian estimation of the perfor¬ 
mance of using clinical observation for diag¬ 
nosis of bovine respiratory disease yielded an 
estimated sensitivity and specificity of 0.62 
and 0.63, respectively, suggesting that up to 
38% of truly diseased animals may go undi¬ 
agnosed and conversely that up to 37% of 
animals diagnosed and subsequently treated 
for respiratory disease are unaffected by 
respiratory disease. 12 Improvement of the 
accuracy of both the diagnosis and the selec¬ 
tion of those animals that require treatment 
will require improvement in the accuracy of 
the identification of affected animals by 
visual observation and the use of rapid and 
reliable clinical examination techniques of 
individual animals that can identify animals 
with evidence of pulmonary disease. Close 
physical examination techniques, such as 
auscultation of the lungs, are not routinely 
used in feedlots because of the time required 
to examine individual animals and the per¬ 
ceived inaccuracy of the examination in 
making a clinical diagnosis. 

More recently, novel approaches to 
monitor calves at increased risk of develop¬ 
ing respiratory disease, such as the use of 
temperature-sensing reticuloruminal boluses 
or infrared thermography to monitor heat 
loss in calves, have been studied, with prom¬ 
ising results. 1113 There is certainly a need to 
further improve our clinical diagnostic tech¬ 
niques and to develop new ones that can be 
applied to making a rapid and accurate 
diagnosis beside the animal in the field 
situation. 

Close Physical Examination 

The typical case of pneumonic pasteurellosis 
reveals a fever of 40 to 41°C (104-106°F), 
bilateral mucopurulent nasal discharge, 
gaunt abdomen with rumen atony, coughing, 
varying degrees of polypnea and dyspnea, 
and evidence of bronchopneumonia. In the 
early stages there are loud breath sounds 
audible over the anterior and ventral parts of 
the lungs. As the disease progresses, these 
breath sounds become louder and extend 
over a greater area; crackles become audible, 
followed by wheezes in a few days, especially 
in chronic cases. Pleuritic friction rubs may 
be audible, although their absence does not 
preclude the presence of extensive adherent 
pleuritis. In severe cases or those of several 
days’ duration, the dyspnea is marked, 


commonly with an expiratory grunt, 
although the respiratory rate may not be 
elevated. 

The course of the disease is only 2 to 4 
days. If treated early, affected cattle recover 
in 24 to 48 hours, but severe cases and those 
that have been ill for a few days before being 
treated may die or become chronic despite 
prolonged therapy. Some cattle recover spon¬ 
taneously without treatment. 

A mild diarrhea may be present in some 
cases but is usually of no consequence. On 
an affected farm, calves may be affected with 
pneumonia, and young calves may die of 
septicemia without having shown previous 
signs of illness. 

CLINICAL PATHOLOGY 
Bacterial Culture 

Nasopharyngeal swabs taken from clinical 
cases before treatment often yield a pure 
culture of pasteurellas, but M. haemolytica 
serotype A1 is the most common isolate 
obtained from weaned cattle with acute 
pneumonic pasteurellosis. The same sero¬ 
type can usually be isolated from the upper 
respiratory tract of apparently healthy in¬ 
contact calves. P. multocida is the predomi¬ 
nant pathogen cultured from swabs or 
bronchioalveolar lavage fluid in unweaned 
calves with pulmonary pasteurellosis. 
In recent years the number of clinical cases 
of bovine pneumonic pasteurellosis in 
older calves attributed to P. multocida in 
the absence of other Pasteurellaceae has 
increased considerably. 4 

The antimicrobial sensitivity of the pas¬ 
teurellas isolated can be determined, but 
interpretation of the results is often difficult 
because it is not known whether the isolates 
from nasopharyngeal swabs represent those 
causing the lesions. Significant differences 
may exist between the antimicrobial sensi¬ 
tivities of isolates from nasopharyngeal 
swabs and those from the lung tissues. Thus 
it is not yet possible to recommend routine 
culturing and antimicrobial sensitivity deter¬ 
mination of pasteurellas from nasal cavity or 
nasopharyngeal mucus from cattle with 
acute shipping fever pneumonia. In healthy 
calves monitored from the farm to the 
feedlot, there was no relationship between 
the nasal flora and pulmonary lesions. 

Serum Biochemistry and Hematology 

The suitability of serum concentrations of 
acute-phase proteins (APPs) such as fibrino¬ 
gen, serum amyloid A (SAA) or haptoglobin 
(Hp) as a diagnostic tool to identify calves 
with BRD has been explored in numerous 
studies with variable outcome. 14 ' 19 Although 
increased concentrations of SAA and Hp in 
calves with BRD compared with healthy 
calves suggest that measuring the serum 
concentrations of these APPs could assist the 
early detection of calves with respiratory 
disease, the discriminative ability of Hp by 
itself for BRD was found to be no better than 





determination of the rectal temperature. 15 
The concentration of Hp varies considerably 
between calves even in healthy animals and 
is significantly affected by sex and rectal tem¬ 
perature. 15 The increase in serum Hp was 
found to occur within 24 hours of experi¬ 
mental challenge with M. haemolytica of 
BHV-1 infected calves but occurred between 
4 and 8 days of infection with BRSV or 
BVDV. For SAA the wide variation between 
animals and the less pronounced increase in 
SAA concentration in animals suffering of 
BRD impairs the ability of this parameter to 
discriminate between healthy calves and 
animals affected by BRD. 17 

Leukocyte and differential cell counts are 
of little value as predictors of respiratory 
disease because leukocytosis and neutro¬ 
philia occur in some animals, but in others 
there may be a neutropenia or no significant 
change. 

NECROPSY FINDINGS 

There is marked pulmonary consolidation, 
usually involving at least the anteroventral 
third of the lungs. The stage of pneumonia 
varies within the affected tissue, commenc¬ 
ing with congestion and edema and passing 
through various stages of airway consolida¬ 
tion with serofibrinous exudation in the 
interlobular spaces. A catarrhal bronchitis 
and bronchiolitis, and a fibrinous pleuritis 
are usually present and may be accompanied 
by a fibrinous pericarditis. The lung is firm 
and the cut surface usually reveals an irregu¬ 
lar, variegated pattern of red, white, and gray 
tissue as a result of hemorrhage, necrosis, 
and consolidation. Coagulation necrosis of 
pneumonic lungs is the most characteristic 
lesion in pneumonic pasteurellosis. In 
chronic cases there are residual lesions 
of bronchopneumonia with overlying 
pleural adhesions. Occasionally, sequestra of 
necrotic lung tissue are found. P. multocida 
causes a fibrinopurulent bronchopneumonia 
without the multifocal coagulation necrosis 
that is characteristic of the fibrinous lobar 
pneumonia associated with M. haemolytica. 

The sequential gross and microscopic 
lesions of experimental bovine pneumonic 
pasteurellosis have been described and may 
provide guidelines for aging the lesions in 
naturally occurring cases. On days 2 to 3 
after infection the lesion is characterized by 
soft grayish-purple consolidation; on day 6 
the affected areas are firm and nodular; on 
days 9 to 10 the nodular lesions are more 
prominent and fibrous tissue encapsulates 
the lesions and becomes obvious. The initial 
microscopic changes consist of flooding of 
the alveoli with edema, fibrin, and hemor¬ 
rhage. Large numbers of neutrophils and 
macrophages move into the alveoli by day 2. 
The classical lesion is visible by day 4 and 
consists of necrotic tissue surrounded by a 
dark zone of inflammatory cells. The elon¬ 
gate, “oat-cell” profile of some of these leu¬ 
kocytes is a useful marker in culture-negative 
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cases. In nonfatal cases a walling-off reaction 
by fibrous tissue isolates the necrotic tissue. 
Determination of the age of the lesions by 
gross and/or microscopic examination may 
assist in correlating the occurrence of the 
disease with specific health management 
procedures in the herd. In feedlot cattle, 
determining the age of bacterial pneumonia 
can help to assess whether or not the pneu¬ 
monia was present in the animal on arrival 
or if treatment failure resulted from late 
detection or from inadequate drug therapy. 
The degree of necrosis and fibrosis are the 
main lesions used to age pneumonia. 

In general, M. haemolytica causes a 
fibrinous pleuropneumonia with extensive 
thrombosis of interstitial lymph vessels and 
limited evidence of bronchitis and bronchi¬ 
olitis. In contrast, bronchopneumonia attrib¬ 
utable to P. multocida is associated with a 
suppurative bronchitis, minor thrombosis of 
interstitial lymph vessels, and considerably 
less exudation of fibrin. 

The organism is easily cultured from 
acute, untreated cases, but other species of 
bacteria, including anaerobes, are often 
found in more chronic cases. More sophisti¬ 
cated tests such as PCR and immunoperoxi- 
dase techniques are available for the detection 
of M. haemolytica but are seldom required in 
diagnostic cases. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—lung, bronchial lymph 
node (CULT) 

• Histology—formalin-fixed lung (LM) 


DIFFERENTIAL DIAGNOSIS 


The differential clinical diagnosis of 
pneumonic pasteurellosis is summarized in 
Table 12-6. 

As a general guideline the common 
pneumonias of cattle may be divided into 
bronchial, interstitial, and hematogenous. 

• The bronchial pneumonias include 
pneumonic pasteurellosis and other less 
common bacterial pneumonias 
characterized by toxemia and shallow 
respiration and a good response to early 
treatment. 

• The interstitial pneumonias include 
the viral and parasitic pneumonias and 
acute interstitial pneumonias 
characterized by marked respiratory 
distress and a slow or no response to 
treatment. In viral pneumonias the 
animals may die acutely in a few days 
or recover over a period of several 
days. 

• The hematogenous pneumonias are 

associated with vena caval thrombosis 
and pulmonary aneurysm and are 
characterized by acute respiratory 
distress, hemoptysis, and no response to 
treatment. 


Pneumonic pasteurellosis of cattle is an 

acute, toxemic bronchopneumonia with a 
high fever and a good response to treatment 
in the early stages. Depression and anorexia 
are common. The disease is most common in 
young beef and dairy calves that have been 
recently stressed following weaning or mixed 
in auction markets and shipped to feedlots. 
The disease can also occur in mature cattle as 
a primary or secondary pneumonia. 

In viral interstitial pneumonia of calves, 
young and adult cattle there is characteristic 
dyspnea, a moderate fever, only a mild 
toxemia, and loud breath sounds over the 
ventral aspects of the lungs followed by 
crackles and wheezes in a few days, and 
recovery may take several days. Pneumonia 
attributable to BRSV may be mild with 
uneventful recovery or severe with dyspnea 
and subcutaneous emphysema and a high 
case-fatality rate. 

Lungworm pneumonia occurs most 
commonly in young pastured cattle and is 
characterized by dyspnea, coughing, only mild 
toxemia, and a moderate or normal 
temperature; the course may last several days. 
Usually many cattle are affected. Crackles and 
wheezes are usually audible over the dorsal 
aspects of the lungs, and the response to 
treatment is usually favorable if treatment is 
initiated early when signs are first noticed. 

Less common causes of acute 
pneumonia in calves and young cattle 
include infection with Klebsiella pneumoniae, 
Streptococcus spp., and Fusobacterium 
necrophorum, all of which are 
characterized by a bronchopneumonia 
indistinguishable clinically from pneumonic 
pasteurellosis. 

Acute/atypical interstitial pneumonia 
(fog fever) usually occurs in outbreaks in 
pastured cattle that have been moved from 
dry to lush pasture (or just a different species 
of pasture or on to a recently harvested cereal 
grain field); the onset is sudden, and some 
cattle may be found dead, whereas others are 
in severe respiratory distress with an expiratory 
grunt. 

Infectious bovine rhinotracheitis (IBR) 

is characterized by rhinitis, usually with 
discrete lesions in the nares, tracheitis, loud 
coughing, high fever, and no toxemia unless 
secondary bacterial pneumonia is present. 
Recovery usually occurs gradually over 4 to 7 
days. 

Contagious bovine pleuropneumonia 

resembles pneumonic pasteurellosis but occurs 
in plague form; there is severe, painful, 
toxemic pleuropneumonia, and the case- 
fatality rate is high. 


TREATMENT 
Antimicrobial Therapy 

The recommendations for the treatment of 
bovine pneumonic pasteurellosis are based 
on clinical experience and the results of clini¬ 
cal field trials. Approximately 85% to 90% of 
affected cattle recover within 24 hours if 
treated in a timely manner. 
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Choice of Antimicrobial 

Choice of antimicrobial will depend on the 
cost, availability, expected efficacy based on 
previous experience with the antimicrobial 
in a particular area, ease of administration, 
frequency of administration required, con¬ 
centrations of the antimicrobial that can be 
achieved in the lung tissues of affected 
animals, and length of the withdrawal period 
required before slaughter or withholding of 
milk in case of lactating dairy cattle. Accord¬ 
ing to a recent survey among feedlots in the 
United States, the most commonly used anti¬ 
microbials used for the first-line treatment of 
BRD were tulathromycin (66.3%), followed 
by fluoroquinolones (43.1%), florfenicol, 
or third-generation cephalosporins (both 
34.8%) and tetracyclines (28.1%). 5 Com¬ 
monly used antimicrobials registered for the 
treatment of BRD and their dosages are listed 
in the treatment table of this section. 

Several novel antimicrobials, such as the 
macrolides tilmicosin, tulathromycin, or 
gamithromycin, have successfully been used 
for treatment and control of bovine respira¬ 
tory pasteurellosis. Other commonly used 
antimicrobials with proven efficacy include 
florfenicol, an analog of thiamphenicol, and 
the chinolones enrofloxacin difloxacin and 
danofloxacin. Ceftiofur preparations have 
been evaluated and also found to be effective 
for the treatment of bovine respiratory pas¬ 
teurellosis. Ceftiofur crystalline-free acid 
sterile suspension (CCFA-SS), a long-acting 
ceftiofur administered subcutaneously in the 
middle third of the posterior aspect of the 
ear, is effective, safe, and practical for the 
treatment of experimental pneumonic pas¬ 
teurellosis and the control and treatment of 
bovine respiratory disease in feedlot cattle. 

Some of the antimicrobials with a label 
for treatment of BRD, such as third- and 
fourth-generation cephalosporins and fluo¬ 
roquinolones, are also classified as critically 
important for human an animal health and 
should therefore be used restrictively. The 
World Organization for Animal Health 
(OIE) issued following recommendations for 
these classes of antimicrobials: 20 

• Not to be used as preventive 
treatment applied by feed or water in 
the absence of clinical signs 

• Not to be used as first-line treatment 
unless justified. When used in a 
second-line treatment, it should 
ideally be based on the results of 
bacteriologic tests 

• Extra-label/off-label use should be 
limited and reserved for instances 
where no alternatives are available. 
Such use should be in agreement 
with the national legislature in force. 

Antimicrobial Sensitivity 

The antimicrobial sensitivity of M. haemo- 
lytica varies, depending on the geographic 
origin of the animals and the previous use of 
the drug in the herd or the feedlot. Most 


isolates of M. haemolytica have some degree 
of multiple antimicrobial resistance, associ¬ 
ated with continued use. 

Surveys of antimicrobial sensitivity 
trends for pathogens isolated from cattle 
with respiratory disease from all over the 
world based on MIC indicate that, overall, 
resistance to ampicillin, tetracycline, eryth¬ 
romycin, and sulfamethazine is frequently 
encountered among isolates of M. haemo¬ 
lytica and P. multocida. 3 The widespread 
resistance to erythromycin may account for 
the wide variation in sensitivity to tilmicosin 
because of cross-resistance. Ampicillin- and 
tetracycline-resistant Pasteurella isolates 
from dairy cattle (dairy herds and calf 
ranches) with pneumonia were spatially 
clustered within certain geographic areas in 
California. The percentage of M. haemolytica 
isolates resistant to ampicillin was 21.3%; to 
P. multocida, 12.3%. The percentage of M. 
haemolytica isolates resistant to tetracycline 
was 37%; to P. multocida, 52.5%. This rein¬ 
forces the need to establish regional esti¬ 
mates of percentages of bacterial isolates 
which are susceptible to commonly used 
antimicrobials. 

It was noticed that M. haemolytica sero¬ 
type A6, the prevalence of which increased 
significantly over the last decade, exhibited 
significantly higher antimicrobial resistance 
rates than serotytpes A1 and A2. 21 

Tetracycline resistance (tet) genes have 
been found in isolates of P. multocida, M. 
haemolytica, M. glucosida, and M. varigena 
from cases of respiratory diseases in cattle 
and pigs in Germany. Tetracycline resistance 
in P. multocida and M. haemolytica is medi¬ 
ated by at least three different tet genes, most 
of which are located on the chromosomes. A 
new tet (H)-carrying plasmid has been iden¬ 
tified, and tet (B) has been detected in P. 
multocida and tet (G) in M. haemolytica. 
More recently, a plasmid carrying chloram- 
phenicol-florfenicol resistance gene floR was 
identified in M. haemolytica isolates from 
cattle. 22 

Medication of Feed and 
Water Supplies 

There is much interest in mass medication of 
the drinking water or feed supply or both. 
The rationale is that the medication of the 
feed or water would successfully abort an 
outbreak by treating those animals incubat¬ 
ing the disease, provide convalescent therapy 
to those that have already been treated indi¬ 
vidually, and deal with mild cases before 
they become acutely ill and need individual 
treatment. However, there are problems. The 
amount of water that cattle drink is directly 
proportional to feed consumption. If they are 
inappetent or anorexic, water consumption 
will decline to only maintenance require¬ 
ments, and therapeutic levels of drug will not 
be achieved if the concentration in the water 
is provided at a level for normal consump¬ 
tion. The other major problem is the 


provision of a uniform concentration of drug 
in the water supply, either through automatic 
water proportioners in the waterline or 
placing the drug directly into water tanks. 
Both can be unreliable. The mass medication 
of feed supplies or water of newly arrived 
feedlot cattle has been investigated as a 
method of reducing the morbidity and mor¬ 
tality as a result of respiratory disease in a 
number of studies, but results are equivocal. 
Although studies suggesting that chlortetra- 
cycline and sulfamethazine in feed are effec¬ 
tive in reducing morbidity associated with 
BRD in calves have been published, issues 
around study design and data analysis ques¬ 
tioned the validity of the results. 23 

Antiinflammatory Agents 

Antiinflammatory therapy was found to be 
beneficial in numerous studies in cases of 
severe respiratory disease that is character¬ 
ized by marked dyspnea, fever, and feed 
intake depression. The best established 
effects of nonsteroidal antiinflammatory 
drugs (NSAIDs) in animals suffering of 
respiratory disease are a more rapid decline 
of the rectal temperature and faster return to 
normal feed and water intake. Long-term 
effects on clinical outcome, disease recur¬ 
rence, and severity of chronic lung lesions 
reported in the literature are more variable. 24 
The precise mechanism through which 
NSAIDs act in calves with respiratory disease 
is not entirely understood, but antiinflam¬ 
matory properties improving respiratory gas 
exchange and antipyretic and analgesic prop¬ 
erties improving the well-being and thereby 
feed and water consumption are believed to 
be of prime importance. 25 Numerous studies 
documented a more pronounced improve¬ 
ment in the initial phase of the disease in 
calves treated with NSAIDs and antimicrobi¬ 
als compared with animals treated with anti¬ 
microbials alone, a finding that is significant 
from an animal welfare perspective. Not¬ 
withstanding the veterinarian must be aware 
that this combination treatment complicates 
the assessment of the antimicrobial effect 
that should take place 48 hours after first 
treatment, as clinical improvement cannot 
unequivocally be attributed to the suscepti¬ 
bility of the causative pathogen to the admin¬ 
istered antimicrobial drug. Experimental 
and clinical evaluation of the role of cortico¬ 
steroid therapy in acute pneumonia in cattle 
yielded mostly unfavorable results. 26 Steroids 
are powerful antiinflammatory agents, but 
their effects on the animal’s defensive mea¬ 
sures, specifically with repeated use, reduces 
the value of their use in syndromes of infec¬ 
tious origin unless they have a short duration 
of action. 27 

A recent survey among U.S. feedlots 
revealed that on average NSAIDs were part 
of the standard initial treatment for respira¬ 
tory disease in 55.9% of all feedlots, whereas 
steroids were used in 30.9% of the surveyed 
U.S. feedlots. 5 





Failure to Respond 

The causes of failure to respond to therapy 
include the following: 

• Delayed initiation of treatment 
resulting in complications such as 
pulmonary abscess, bronchiectasis, 
and pleuritis 

• Presence of viral or interstitial 
pneumonia or some other 
pneumonia that is not responsive to 
antimicrobials 

• Inadequate dose of antimicrobials, 
inadequate treatment duration 

• Antimicrobial resistance of the 
bacteria 


TREATMENT AND CONTROL 


Treatment 

Antimicrobial therapy 
Tulathromycin (2.5 mg/kg SC as single dose) 
(R-1S 

Florfenicol (20 mg/kg q48 IM or 40 mg/kg SC 
as single dose) (R-1) 

Tilmicosin (10 mg/kg SC as single dose) (R-1) 
Gamithromycin (6 mg/kg SC as single dose) 
(R-1) 

Enrofloxacin* (2.5-5.0 mg/kg q24 SC for 3 
days or 7.5-12.5 mg/kg SC as single dose) 
(R-1) 

Danofloxacin* (6 mg/kg q48h SC or 8 mg/kg 
SC as single dose) (R-1) 

Ceftiofur* crystalline acid free (6.6 mg/kg SC 
posterior pinna as single treatment) (R-1) 

Ceftiofur hydrochloride* (1.1-2.2 mg/kg SC 
q24 for 3 days) (R-1) 

Ceftiofur sodium* (1.2-2.2 mg/kg SC/IM 
q24h for 3 days) (R-1) 

Cefquinome* (1 mg/kg IM q24 for 3-5 days) 
(R-1) 

Oxytetracycline (10 mg/kg IM q24 for 4 days 
(R-2) 

Trimethoprim (2.66 mg/kg) + sulfadoxine 
(13.33 mg/kg) IM q24h for 3 days (R-2) 

Antiinflammatory therapy 
Flunixin meglumine (2.2 mg/kg IV as single 
dose)(R-2) 

Ketoprofen (3 mg/kg IM q24h for 2-3 days) 
(R-2) 

Carprofen (1.4 mg/kg IV or SC as single dose) 
(R-2) 

Meloxicam (0.5 mg/kg SC/IV as single dose) 
(R-2) 

Diclofenac (2.5 mg/kg IM as single dose) (R-2) 
Tolfenamic acid (2 mg/kg IM/IV q24-48h or 
4 mg/kg IM/IV as single dose) (R-2) 
Prednisolone acetate (0.5 mg/kg IM q24h) 
(R-3) 

Dexamethasone (0.01-0.03 mg/kg IM/IV) (R-3) 
Flumethasone (0.03 mg/kg IM/IV) (R-3) 
Metaphylaxis 

Tulathromycin (2.5 mg/kg SC as single dose) 
(R-1) 
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Florfenicol (40 mg/kg SC as single dose) (R-1) 
Tilmicosin (10 mg/kg SC as single dose) (R-1) 
Gamithromycin (6 mg/kg SC as single dose) 
(R-1) 

Oxytetracycline long-acting formulation 
(20 mg/kg IM) (R-2) 

Enrofloxacin* (7.5-12.5 mg/kg SC as single 
dose) (R-3) 

Danofloxacin* (8 mg/kg SC as single dose) 
(R-3) 

Ceftiofur* crystalline acid free (6.6 mg/kg SC 
posterior pinna as single treatment) (R-3) 
Cefquinome* (1 mg/kg IM q24 for 3-5 days) 
(R-3) 

Vaccination 

Vaccination against M. haemolytica and P. 
multocida (R-2) 

Vaccination against H. somni (R-3) 

Vaccination against BRSV, PI-3V, BHV-1 (R-2) 
Vaccination against BVDV (R-2) 

*These are classified as critically important 
antimicrobials in human and veterinary medicine. 
Use as first-line treatment is discouraged. 20 


CONTROL 

Satisfactory economical control of the 
disease depends on the successful integra¬ 
tion of management and perhaps the use of 
vaccines and antimicrobials metaphylacti- 
cally. It is unrealistic to depend on a vaccine, 
an antimicrobial, or a single management 
technique to control the disease. Successful 
control begins with the adoption of effective 
management techniques, the judicious use of 
efficacious vaccines, and care in handling 
and transportation of cattle. 

Management Strategies 
Preconditioning Programs 

Because of the common occurrence of the 
disease at the time of shipment from the 
ranch to the feedlot, much attention has been 
given to reducing the incidence of disease at 
this time. This led to the development in 
North America of the concept of precondi¬ 
tioning. The objective of preconditioning 
was to prepare the weaned calf for the feedlot 
environment by vaccinating it for all the 
commonly anticipated diseases before 
weaning and distributing all stressful proce¬ 
dures such as castration, dehorning, brand¬ 
ing, and deworming over a period of time 
rather than concentrating these at weaning 
time. Weaning at least 2 weeks before ship¬ 
ment is considered as one of the most desir¬ 
able preconditioning practices. This was to 
result in a weaned calf that could be moved 
into a feedlot in which the feed bunks 
and water bowls would not be strange but 
familiar and the calf would adjust quickly. 
The most common vaccinations were for 
BHV-1, PI-3V, BVDV, BRSV, and clostridial 
disease. In some situations, calves were also 


vaccinated for H. somni and against pneu¬ 
monic pasteurellosis. 

Weaning Procedures 

Beef calves should be weaned at least 2 to 3 
weeks before shipping and well in advance of 
anticipated inclement weather. A common 
successful practice is to begin feeding hay 
and providing water to calves at least 2 weeks 
before weaning in the same corral or paddock 
into which they will subsequently be weaned. 
Following such a weaning program, the 
calves require only a minimum of adjust¬ 
ment; the only adjustment necessary should 
be to the loss of their dams. Recently weaned 
calves should be observed at least twice daily 
for evidence of respiratory disease and 
treated promptly if necessary. They should 
not be transported long distances until they 
appear to be healthy and are eating liberal 
quantities of hay and drinking water nor¬ 
mally. During transportation liberal quanti¬ 
ties of bedding are necessary, and cattle 
should not be without feed and water for 
more than 24 to 30 hours. For long trips, 
calves should be rested for 8 to 12 hours and 
fed water and hay at intervals of 24 hours. 
This will minimize the considerable loss of 
body weight as a result of shrinkage and the 
effects of temporary starvation. 

Creep Feeding 

The use of creep feed for calves for several 
weeks before weaning has been successful 
but may not always be economical. A high- 
energy ration containing cereal grains, a 
protein supplement, and the necessary vita¬ 
mins and minerals is provided for the calves 
in a creep arrangement to which the dams do 
not have access. At weaning time the dams 
are removed from the calves, and the stress 
on the calves is minimal. This program has 
been very successful for purebred herds, 
where it may be economical, but in com¬ 
mercial herds, it is only economical when the 
market value of the calves warrants it. 

Conditioning Programs 

In the absence of preconditioning programs, 
conditioning programs have become the 
usual procedure for preparing beef calves or 
yearlings for the feedlot. This begins with 
movement of the animals from their farm 
source to the feedlot. The ideal situation 
would be to avoid public saleyards and move 
the cattle directly from the ranch to 
the feedlot. This avoids the stress of han¬ 
dling, overcrowding, temporary starvation, 
exposure to aerosol infection from other 
cattle, and the unnecessary delays associated 
with buying and selling cattle. However, large 
intensified feedlots are unable to buy cattle 
directly from the herd of origin according to 
their needs at a particular time and thus 
inevitably purchase large groups of cattle of 
different backgrounds. This has necessitated 
the development of conditioning proce¬ 
dures or processing procedures in which, 
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after arrival, the cattle are individually iden¬ 
tified; injected with a mixture of vitamins A, 
D, and E; treated with a residual insecticide; 
perhaps given an anthelmintic; injected with 
a long-acting antimicrobial; and vaccinated 
for clostridial and respiratory diseases. The 
issue of whether the cattle should be pro¬ 
cessed immediately after arrival or after a rest 
period of 2 to 3 weeks remains unresolved 
because there are few data to support one 
time over the other. However, the feedlot 
industry feels that processing immediately 
after arrival is most economical. 

Feeding Newly Arrived Cattle 

The feeding and nutritional status of newly 
arrived cattle is important, but there are few 
scientific data to formulate a sound econom¬ 
ical feeding program that will promote rapid 
recovery from shipping stress. Good results 
can be achieved when stressed calves are fed 
a receiving ration consisting of 50% to 75% 
concentrate with good-quality hay in a total 
mixed ration for the 2 to 3 weeks until the 
cattle have become adapted to their new 
environment. 

Vaccines 

General Comments 

The use of vaccines against respiratory 
viruses and to a lesser extent against bacterial 
pathogens to control shipping fever and 
enzootic calf pneumonia is widespread. 
According to a large recent survey conducted 
in the United States, BVD vaccines are used 
in 96.6%, BHV-1 vaccines in 93.7%, BRSV 
vaccines in 89.5%, and PI-3 vaccines in 
85.1% of surveyed feedlots to control BRD. 5 
The use of vaccines against pasteurellas 
(63.8%) and Histophilus somni (69.7%) is less 
common. Notwithstanding the evidence of 
efficacy for this practice is equivocal at best. 
A review of the literature in 1997 on the effi¬ 
cacy of the vaccines available for the control 
of bovine respiratory disease concluded that 
there were few documented data to support 
the use of vaccines against respiratory disease 
under feedlot conditions. Since that time 
progress has been made in understanding 
immunity to pneumonic pasteurellosis, 
and some vaccines with varying degrees 
of efficacy have been developed. Various 
commercial vaccines differ in the rapidity 
and intensity of serum antibody responses 
to M. haemolytica whole cells and leuko- 
toxin. Although the vaccines have been 
evaluated by experimental challenge of vac¬ 
cinated animals with specific pathogens in a 
laboratory environment, there is little scien¬ 
tific evidence available that the vaccines are 
protective against bovine respiratory pasteu¬ 
rellosis as it occurs in the real-world situa¬ 
tion. 23 Respiratory vaccines have consistently 
resulted in antibody production against the 
specific antigen, but obtained titers did 
frequently not protect against respiratory 
disease. Failures of vaccination can certainly 
not exclusively be attributed to the vaccines 


themselves. Factors such as timing of vacci¬ 
nation or animal stress hampering the 
immune response to vaccination are likely to 
contribute to the poor vaccine perfor¬ 
mance. 23 Optimal vaccine response can only 
be expected in a fully immunocompetent 
animal, takes 2 to 3 weeks to develop, and 
may require multiple doses of vaccine to 
elicit protective immunity. 28 

Pasteurella Vaccines 
Based on the immunologic and microbio¬ 
logical observations of both the naturally 
occurring and experimental disease, it 
appears that immunization of cattle is pos¬ 
sible. Calves that recover from experimen¬ 
tally induced pneumonic pasteurellosis 
possess increased resistance to subsequent 
experimental challenge. Cattle that have 
recovered from the natural disease are resis¬ 
tant to the disease. The challenge in the 
development of an efficacious vaccine against 
pneumonic pasteurellosis has been to deter¬ 
mine the most effective protective antigens 
of the organism. Several different Pasteurella 
vaccines have been developed based on the 
virulence factors, including leukotoxin, lipo- 
polysaccharides, capsular polysaccharides, 
and outer membrane proteins. Each of the 
vaccines produced may provide some pro¬ 
tection against experimental and naturally 
occurring disease, but none provides a high 
degree of protection. 

Modified live and killed vaccines are 
currently available. Live streptomycin- 
dependent P. multocida vaccines have been 
associated with improved health and weight- 
gain performance compared with unvacci¬ 
nated calves in some studies. Killed pasteurella 
vaccines did not show significant effects on 
morbidity, mortality, or extent of pulmonary 
damage and even were reported to result in 
increased morbidity in some cases. 29 

Leukotoxin Extract Vaccine 

High leukotoxin-neutralizing antibody titers 
induced by natural infections have been 
associated with reduced susceptibility to 
pneumonic pasteurellosis. Vaccination of 
calves with a leukotoxic culture supernatant 
from pathogenic M. haemolytica provides 
some protection against experimental chal¬ 
lenge with the organism. 

The efficacy of the leukotoxin extract 
vaccine has been evaluated in clinical field 
trials against naturally occurring bovine 
respiratory disease in weaned beef calves 6 
to 8 months of age entering feedlots in 
Ontario and Alberta. In an initial field trial 
in Alberta, auction-market-derived calves 
were given two doses of the vaccine within 
1 to 5 days of arrival. Mortality from all 
causes was significantly lower in vaccinated 
calves (4.2% vs. 2.1%), and mortality as a 
result of fibrinous pneumonia was lower 
(2.2% vs. 1.1%). In a trial in Ontario feed- 
lots, recently shipped nonpreconditioned 
calves were vaccinated within 24 hours after 


arrival. The vaccine resulted in a slight 
decrease in morbidity, slight improvement 
in treatment response rates, and a reduction 
in relapse rates. When the vaccine was com¬ 
bined with a modified live-virus vaccine 
containing the BHV-1 and PI-3 viruses, the 
mortality rate increased. However, the 
number of calves in each group was insuf¬ 
ficient to adequately evaluate the differences. 
In another trial in Alberta the vaccine did 
not result in a change in morbidity or weight 
gain. Total mortality rates were increased 
significantly, and mortality rates from respi¬ 
ratory disease tended to be increased in 
ranch calves vaccinated at the ranch. In 
summary, there were no major benefits from 
vaccination. 

A single vaccination of a M. haemolytica 
bacterin-toxoid given to calves on arrival in 
the feedlot reduced overall crude mortality, 
but there were no differences between vac¬ 
cinates and nonvaccinates in bovine respira¬ 
tory disease-specific mortality, morbidity, 
and/or average daily gain. 

Passive Immunity to 
Mannheimia haemolytica 

Vaccination of pregnant dairy cows at 6 and 
3 weeks before parturition with a leukotoxin 
extract vaccine induced leukotoxin-neutral¬ 
izing serum antibody titers in the cows, 
increased titers in colostrum, and increased 
passive leukotoxin colostral antibody titers 
in the calves. Vaccination was also associated 
with increased indirect agglutinating serum 
antibody titers in the cows. The protective 
effect of the antibodies against naturally 
occurring disease in the calves was not 
determined. 

Vaccination of beef cows with a com¬ 
bined genetically attenuated leukotoxin M. 
haemolytica vaccine and an H. somni vaccine 
once at 4 weeks prepartum increases passive 
antibody titers to both organisms in their 
calves. Double vaccination of the calves with 
preexisting maternal antibodies at 1 and 2 
months of age will increase antibody titers to 
both organisms until 6 months of age. Vac¬ 
cination of beef calves with low levels of pre¬ 
existing antibody at 3 and 4 months of age 
will increase antibody titers to H. somni until 
6 months of age and to M. haemolytica until 
5 months of age. Thus prepartum vaccina¬ 
tion may be an effective measure for the 
control of pneumonia in calves under 2 
months of age, and vaccination of the calves 
at 3 and 4 months of age may provide addi¬ 
tional protection until the calves are 6 
months of age. 

Evaluation of Efficacy of Mannheimia 
haemolytica Vaccines 
Meta-analysis of the published literature on 
the efficacy of the various vaccines 
against pneumonic pasteurellosis of cattle 
indicates that culture supernatants and/ 
or potassium-thiocyanate-extracted outer- 
membrane protein vaccines perform as well 
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as live vaccines. Live vaccines are considered 
to be the best in terms of protective immu¬ 
nity induced against pneumonic pasteurel- 
losis because they replicate at the site of 
injection and produce the important immu¬ 
nogens that stimulate a protective immune 
response. However, live vaccines are associ¬ 
ated with side effects such as fever, local 
abscessation, and lameness. 

Commercial vaccines have been evalu¬ 
ated by measuring antibodies in 4- to 
6-week-old calves vaccinated against leuko- 
toxin, capsular polysaccharide, whole-cell 
antigens, and iron-regulated outer-mem¬ 
brane proteins. A bacterin-toxoid, a leuko- 
toxin culture supernatant, a modified live M. 
haemolytica and P. multocida vaccine, and an 
outer-membrane extract of the organism 
were evaluated. All vaccines induced anti¬ 
bodies to the antigens, but there were wide 
variations between the vaccines: some vac¬ 
cines demonstrated little if any antibody to 
leukotoxin or outer-membrane proteins. The 
highest leukotoxin antibody titer did not 
reach its peak until 14 days after the booster 
dose of vaccine, which suggests that a second 
dose of vaccine is necessary for protection. 

The efficacy of three commercial vaccines 
was evaluated against experimental pneu¬ 
monic pasteurellosis. Protective immunity 
was evaluated by assessment of clinical 
scores and lung lesions after endobronchial 
challenge with virulent M. haemolytica. 
There was significant correlation between 
lung and serum antibody levels against leu¬ 
kotoxin, capsular polysaccharide, and outer- 
membrane proteins. The vaccines did not 
provide optimal protection, but the bacterin- 
toxoid vaccine was superior to the others. 
The culture supernatant containing leuko¬ 
toxin, lipopolysaccharide, and capsular poly¬ 
saccharide provided the best protection 
against experimental disease compared with 
a sodium salicylate extract containing outer- 
membrane proteins, lipopolysaccharide, and 
capsular polysaccharide, and a combination 
of these two. Leukotoxin is an important 
virulence factor in the disease, and its use in 
vaccines provides significant protection. 
Muramyl dipeptide analogs may increase the 
humoral and protective response of calves to 
capsular polysaccharide. 

Adverse Vaccine Reactions 

Some adverse reactions are associated with 
live vaccines. Systemic infection attributable 
to M. haemolytica occurred 2 to 18 days fol¬ 
lowing vaccination with an avirulent live 
culture of M. haemolytica. Lesions included 
injection site inflammation, purulent menin¬ 
gitis, and polyarthritis. Abscess formation at 
injection sites after vaccination with modi¬ 
fied live M. haemolytica vaccines is also pos¬ 
sible. The purified capsular polysaccharide of 
M. haemolytica used in combination with 
other antigens did not provide protection 
but rather caused a high incidence of 
anaphylaxis. 


Histophilus somni Vaccines 

Few studies have investigated the effective¬ 
ness of H. somni vaccination of feedlot cattle 
to control respiratory disease. The antibody 
response was found to be associated with 
protection against H. somni. 1 When used as 
part of a preconditioning program the 
vaccine tended to have mildly positive or 
neutral effect on morbidity and mortality 
related to respiratory disease, whereas the 
effect appeared to be neutral or even nega¬ 
tive when animals were vaccinated on arrival 
at the feedlot. 1 Observed effects on morbid¬ 
ity and mortality were below the significance 
level. Little scientific evidence is currently 
available to support the use of H. somni vac¬ 
cination to control BRD. 29 

Viral Vaccines 

Because prior infection of the respiratory 
tract with either BHV-1, BRSV, or PI-3V 
may predispose to pneumonic pasteurello¬ 
sis, the vaccination of beef calves 2 to 3 
weeks before weaning and feedlot cattle 2 
weeks before shipment to a feedlot has 
been recommended as part of a precondi¬ 
tioning program. A modified live-virus 
BRSV vaccine given to beef calves before 
weaning, at weaning, or immediately after 
arrival in the feedlot was associated with a 
significant reduction in the treatment rate 
in one of three groups immunized before 
weaning and in calves immunized after 
arrival in the feedlot. There was no signifi¬ 
cant effect of the vaccine on treatment rate 
in calves immunized at weaning, in calves 
immunized after arrival in a bull test station, 
or in yearlings immunized after arrival in 
the feedlot. It would appear that the vaccine 
did provide some protection, but the small 
reduction may not justify the cost of the 
vaccination program. Vaccination of calves 
at 3 to 6 months of age with an intranasal 
modified live BHV-1, BRSV, and PI-3V 
vaccine provides protection against experi¬ 
mental pneumonic pasteurellosis induced by 
aerosol challenge with BHV-1 followed 4 
days later by an aerosol of M. haemolytica. 
Using this principle of control, it would be 
necessary to vaccinate the calves at least 2 
weeks before they are weaned, stressed, or 
transported to a feedlot. Vaccination on 
arrival with modified live-virus vaccines, 
although commonly done, may be associ¬ 
ated with increased mortality. 

Antimicrobial Metaphylaxis 

The early onset of pneumonic pasteurellosis 
in cattle within a few days after arrival in 
combination with the limitations of identify¬ 
ing clinically affected animals that need 
therapy was a major factor in the develop¬ 
ment of metaphylactic use of antimicrobials. 
Although the metaphylactic use of antimi¬ 
crobials to control BRD is debatable from the 
point of view of prudent antimicrobial use, 
this approach was documented to consider¬ 
ably reduce morbidity and mortality rates in 


a group, thereby having a significant positive 
effect on animal health and welfare. The 
administration of antimicrobials to high-risk 
calves immediately after arrival is particu¬ 
larly effective under commercial feedlot con¬ 
ditions. Meta-analysis of the literature on 
mass medication for bovine respiratory 
disease indicates that metaphylactic paren¬ 
teral mass medication of calves with long- 
acting antimicrobials such as oxytetracycline, 
florfenicol, tilmicosin, or other novel macro- 
lide antimicrobials on arrival at the feedlot 
will reduce bovine respiratory disease mor¬ 
bidity rates. 

The use of tilmicosin at 10 mg/kg BW 
subcutaneously, florfenicol at 40 mg/kg BW 
subcutaneously, gamithromycin at 6 mg/kg 
BW subcutaneously, tulathromycin at 
2.5 mg/kg BW and ceftiofur crystalline-free 
acid at 6.6 mg/kg BW administered subcuta¬ 
neously at the base of the ear were found 
effective in reducing the morbidity rate when 
given to feedlot calves at high risk of devel¬ 
oping respiratory diseases. 30 ' 32 The results 
obtained with long acting oxytetracycline at 
a dose of 20 mg/kg BW or higher reported 
in the literature are more variable. 23 Although 
an economical advantage may result from 
the lower price of oxytetracycline compared 
with newer antimicrobials, morbidity rates 
were found to be higher with metaphylactic 
treatment with oxytetracycline compared 
with tilmicosin. 23 

Mass Medication of Feed and 
Water Supplies 

The mass medication of feed supplies or 
water of newly arrived feedlot cattle has been 
investigated as a method of reducing the 
morbidity and mortality resulting from 
respiratory disease in a number of studies, 
but results are equivocal. Although studies 
suggesting that chlortetracycline and sulfa¬ 
methazine in feed are effective in reducing 
morbidity associated with BRD in calves 
have been published issues around study 
design and data analysis questioned the 
validity of the results. 23 A standard recom¬ 
mendation is to provide 150 mg/kg BW for 
the first 24 hours and reduce the level to 
75 mg/kg BW for the duration of the medi¬ 
cation period, which may last 5 to 10 days. 
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DISEASES OF THE RESPIRATORY 
TRACT ASSOCIATED WITH 
MYCOPLASMA SPP. 

Several mycoplasmas have been isolated 
from pneumonic and nonpneumonic lungs 
of cattle, sheep, and goats (Table 12-6), but 
attempts to reproduce respiratory tract 
disease with the isolates have resulted in 
inconclusive findings. 

Sheep 

In sheep, M. ovipneumoniae is the most 
important species of mycoplasma affecting 
the respiratory tract. The pathogen is the 
cause of atypical or ovine nonprogressive 
pneumonia, also known as summer pneu¬ 
monia in New Zealand and Australia. 1 M. 
ovipneumoniae is believed to cause disease 
by predisposing the lower respiratory tract to 
invasion by other organisms, such as Parain- 
fluenza-3 virus or Mannheimia haemolytica. 
M. ovipneumoniae, although in low numbers, 
is frequently isolated from the upper respira¬ 
tory tract of healthy sheep, which may act as 
source of infection to young lambs. A high 
prevalence of M. ovipneumoniae in associa¬ 
tion with M. haemolytica in lung tissue of 
lambs has been reported from Turkey and 
more recently from Italy. 2 Lambs get infected 
during the first days of life but usually do not 
show clinical signs before 5 or 10 weeks of 
age. Clinical disease is commonly triggered 
by stress, inclement weather, or a secondary 
bacterial infection. 3 

The clinical presentation can vary from 
mildly affected dull lambs with increased 
respiratory rate, coughing, increased rectal 
temperature, anorexia, and poor growth to 
severely affected animals with acute fibrin¬ 
ous pneumonia, lung consolidation, pleuri- 
tis, and pulmonary abscesses formation. 
Most commonly the disease results in 
chronic, persistent, and irregular cough, with 
mucopurulent nasal discharge. 3 Treatment 
with fluoroquinolones, tetracyclines, or mac¬ 
rolid antibiotics often results in a rapid 
improvement that is followed by a relapse 
once the treatment is discontinued. 

The diagnosis is complicated by the 
common occurrence of M. ovipneumonia in 
the field. Whereas isolation of the pathogen 
from the upper respiratory tract is of 
little diagnostic value, the presence of it 
in the lower respiratory tract, particularly 
when associated with lung lesions is highly 
suggestive of an etiologic role of this patho¬ 
gen. Paired serum samples obtained 2 to 3 
weeks apart from acutely affected animals to 
determine rising antibody titers give a good 
indication of an active infectious process and 
are of more diagnostic value than the simple 
determination of an antibody titer at one 
time. 

In the United States, M. ovipneumonia 
has recently been associated with several 
outbreaks of epizootic pneumonia, a devas¬ 
tating respiratory tract disease of yet 


unknown etiology in sheep. 4 Although a 
number of other pathogens, such as 
Mannheimia haemolytica and Pasteurella 
multocida, have consistently been isolated 
from sick animals along M. ovipneumoniae; 
this latter pathogen was the only agent with 
a significantly higher prevalence in animals 
from outbreaks (95%) than unaffected 
control animals (0%). 4 

Other Mycoplasma spp. occasionally 
associated with respiratory disease in sheep 
include M arginini, M. agalactiae, M. putre- 
faciens, M. mycoides subsp. capri (formerly 
M. mycoides subsp. mycoides LC), M. capric- 
oloum subsp. capricolum, and M. bovis. 
When found in clinically affected animals, 
these Mycoplasma spp. are frequently iso¬ 
lated in combination with other pathogens, 
obscuring their role in ovine respiratory 
disease. Only M. capricoloum subsp. capri¬ 
colum is considered an important pathogen 
and the major cause of pneumonia in sheep 
in North Africa. 

Goats 

Mycoplasma infections in goats most com¬ 
monly involve the Mycoplasma mycoides 
cluster organisms that include M. mycoides 
subsp. capri, M. capricolum subsp. caprico¬ 
loum, and M capricolum subsp. capripneu- 
moniae, the etiologic agent of the contagious 
caprine pleuropneumonia (see also “Conta¬ 
gious Caprine Pleuropneumonia”) . 'Although 
contagious caprine pleuropneumonia is 
characterized by clinical disease specifically 
affecting the respiratory tract, the other 
members of the M. mycoides cluster have also 
been associated with polyarthritis. 0 

Contagious agalactia is another eco¬ 
nomically important disease of sheep and 
goats caused by mycoplasmal infection and 
occasionally associated with respiratory 
disease (see also “Contagious Agalactia”). 
Mycoplasma spp. incriminated as etiologic 
agents of contagious agalactia are Myco¬ 
plasma agalactia, the classical etiologic agent 
of the disease, Mycoplasma putrefaciens, and 
the two species of the mycoides cluster, Myco¬ 
plasma mycoides subsp. capri and M. capri¬ 
colum subsp. capricolum. 

Other Mycoplasma spp. associated 
with respiratory disease in goats include 
M. arginini, M. bovis, and M. 
ovipneumoniae.' 

The most common syndrome in goats 
associated with mycoplasma is a chronic 
interstitial pneumonia with cough, unthrifti- 
ness proceeding to extreme emaciation, 
chronic nonpainful bony enlargement of 
joints, and chronic indurative mastitis. The 
pneumonia in some cases progresses to the 
point where cor pulmonale develops, with a 
subsequent appearance of the signs of con¬ 
gestive heart failure. 

Cattle 

M. bovis is a major cause of calf pneumonia 
(see also “ Mycoplasma bovis Pneumonia”). In 
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England and Wales, serologic screening 
between 2000 and 2009 revealed a herd sero- 
prevalence of M. bovis of over 30%, and M. 
bovis was isolated on average in 40% of pneu¬ 
monic lungs submitted during that time 
period. 8 In Israel, M. bovis was isolated from 
26% to 65% of samples from pneumonic 
calves submitted between 2004 and 2008. 9 M. 
bovis was also the strain isolated from more 
than half of the 1000 samples from calves 
with bronchopneumonia that were submit¬ 
ted to different diagnostic laboratories in 
France between 2003 and 2008. 8 In a series 
of cases of chronic, antibiotic-resistant pneu¬ 
monia, sometimes with concurrent polyar¬ 
thritis, in feedlot cattle in western Canada, 
M. bovis was present in the lung tissues of 
more than 90% of cases, and bovine viral 
diarrhea virus (BVDV) was present in 60% 
of the cases suggesting a possible synergism 
between M. bovis and the BVDV. Outbreaks 
of pneumonia and arthritis in beef calves 
associated with infection caused by M. bovis 
and Mycoplasma californicum have been 
described in a mixed dairy cattle and beef 
cattle herd kept under extremely poor 
housing and hygienic conditions. The preva¬ 
lence of infection of M. bovis in Danish cattle 
appeared to increase over a period of several 
years. 

A large increase in the detection of M. 
alkalescens since 2003 has been reported 
from Great Britain, where this species 
accounted for 26% of all isolated from bovine 
lungs in 2009. A similar trend has been 
observed in France and Israel, but the signifi¬ 
cance of this development is not clear. 8 

M. arginini, M. dispar, Ureaplasma diver- 
sum, M. bovirhinis, M. canis, M. canadense, 
and M. bovigenitalium have also been iso¬ 
lated from the lungs of pneumonic cattle, but 
it is uncertain if they are primary causes of 
disease. 8 During a 3-year period in Belgium, 
in calves with respiratory disease, the preva¬ 
lence ofM fooviswas31.5%,M dispar 45.5%, 
M. canis 10.7%, and Ureaplasma diversum 
14.8%, and in half the cases they occurred 
in association with Pasteurella and/or 
Mannheimia species. In a survey of pneu¬ 
monic bovine lungs submitted to a diagnos¬ 
tic laboratory in Denmark, 83% were found 
infected with mycoplasmas. The predomi¬ 
nant mycoplasmas were Ureaplasma spp. 
(72%), M. dispar, (48%), and M. bovis (24%). 
Multiple species mycoplasma infections were 
predominant. 

M. dispar is capable of producing pneu¬ 
monia without clinical signs in gnotobiotic 
calves, and in conjunction with Ureaplasma 
spp. it has been found commonly in “cuffing” 
pneumonia of calves. It could, therefore, be 
a precursor to other infections causing enzo¬ 
otic pneumonia in calves or with pasteurellae 
producing fibrinous pneumonia of calves. 

Horses 

Mycoplasma spp. appear to be opportunis¬ 
tic pathogens in equine respiratory tract 


infection. M. felis has been associated with 
outbreaks of lower respiratory tract disease 
and pleuritis of horses. In a retrospective 
study reviewing the occurrence of different 
pathogens isolated from specific anatomic 
sites of horses revealed that Mycoplasma 
spp. were isolated from 6 out of nearly 
200 horses with respiratory disease and in 
each case were part of chronic, mixed 
infection. 10 
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CONTAGIOUS BOVINE 
PLEUROPNEUMONIA 
(LUNG SICKNESS, CBPP) 


SYNOPSIS 


Etiology Mycoplasma mycoides subsp. 
mycoides (small colony) {MmmSC). 

Epidemiology A major plague of cattle, 
endemic in Africa but considered as 
eradicated in most other parts of the 
world. Reportable disease to the World 
Organization for Animal Health (OIE, list A). 
Insidious nature of disease allows it to 
spread undetected for months. 

Signs Fever, agalactia, anorexia, depression, 
coughing, thoracic pain, back arched, 
dyspnea, expiratory grunting, pleuritic 
friction rubs, dull areas of lung, edema of 
throat and dewlap. 

Clinical pathology Complement fixation test 
(CFT), competitive enzyme-linked 
immunosorbent assay (C-ELISA). Nucleic 
acid recognition of causative organism with 
polymerase chain reaction (PCR). 

Lesions Remarkable pleuritis, marked 

consolidation and marbling of lung, pleural 
adhesions. 

Diagnostic confirmation Isolation of 
organism from tissue (lung) or pleural or 
synovial fluid. 

Treatment Not recommended because of 
usually poor treatment response and the 
risk of developing carrier animals. 

Control Identification and slaughter of sick 
animals. Vaccination followed by test and 
slaughter. Antimicrobial therapy of exposed 
animals may reduce disease transmission 
but is prohibited in many countries. 
Establish disease-free areas. Control 
movement of cattle in control areas. 


ETIOLOGY 

Mycoplasma mycoides subsp. mycoides 
small colony (SC) ( MmmSC ) is the cause of 
the contagious bovine pleuropneumonia 
(CBPP). This pleomorphic organism belongs 
to the mycoides cluster, which consists of six 
closely related mycoplasma species, that are 
subdivided into two groups, capricoloum and 
mycoides (Table 12-8). Only two of the six 
species cause disease in cattle, MmmSC, 
which is the cause of CBPP, and Mycoplasma 
bovine group 7 (Bg7), which may cause arthri¬ 
tis and bovine mastitis. The four others, two 
subspecies within the Mycoplasma mycoides 
group and two subspecies within the Myco¬ 
plasma capricolum group, are responsible for 
goat respiratory and other diseases. 

Although MmmSC has been isolated 
from buffalos, sheep, and goats, which may 
thus function as hosts, the pathogen only 
causes disease in ruminants of the Bos genus 
(i.e., bovine and zebu cattle). The disease is 
not communicable to other species. 1 MmmSC 
is very similar culturally and antigenically to 
the causative organism of caprine contagious 
pleuropneumonia, but the two can be dif¬ 
ferentiated culturally and biochemically. 

EPIDEMIOLOGY 

CBPP is considered one of the economically 
most important cattle plagues affecting 
Africa, and with relaxation of import con¬ 
trols and increase in international trade, it 
presents a constant risk for disease-free 
countries. The World Organization for 
Animal Health (OIE) has categorized CBPP 
as so-called “List A” disease. List A currently 
lists a total of 15 diseases notifiable to the 
OIE that are considered “transmissible dis¬ 
eases that have the potential for very serious 
and rapid spread, irrespective of national 
borders, that are of serious socioeconomic or 
public health consequence and that are of 
major importance in the international trade 
of animals and animal products.” 2 The Pan 
African Programme for the Control of Epi¬ 
zootics (PACE), which is implemented in 32 
African countries, identified CBPP as the 
second most common transboundary disease 
in Africa after rinderpest. 3 

Occurrence and Prevalence 
of Infection 

Under natural conditions, CBPP occurs in 
cattle of the species Bos. Although buffaloes 
can be infected by artificial means, only one 
single case has been reported in an American 
buffalo and none in African buffaloes or 
other wild ruminants. Wild and small rumi¬ 
nants are currently not considered to play a 
relevant role in the epidemiology of CBPP. 1,3 

Currently CBPP affects around 30 coun¬ 
tries in sub-Saharan Africa, of which several 
are endemically infected. Although the con¬ 
dition was eradicated from many countries 
during the nineteenth and twentieth centu¬ 
ries through stringent movement control 
and culling of infected cattle, it has reemerged 
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Table 12-8 Contagious pleuropneumonia-1: Members of the Mycoplasma mycoides 
cluster 

Name 

Main disease 

Main (and other) hosts 

M. mycoides subsp. mycoides SC 

Contagious bovine 

Cattle (goats, sheep, 

variant 

pleuropneumonia 

buffalo) 

M. mycoides subsp. mycoides LC 
variant 

Caprine pneumonia, 
contagious agalactiae 

Goats (sheep, cattle) 

Mycoides subsp. capri 

Caprine pneumonia 

Goats (sheep) but rare 

M. capricolum subsp. capricolum 

Caprine pneumonia, 
contagious agalactiae 

Goats (sheep, cattle) 

M. capricolum subsp. 
capripneumoniae 

Contagious caprine 
pleuropneumonia 

Goats (sheep) 

M. bovine group 7 (Bg7) 

Arthritis, also mastitis, calf 
pneumonia 

Cattle 


in Africa during the second half of the past 
century, and several outbreaks have been 
recorded in southern Europe until the end 
of last century. Reasons behind the failure 
to contain CBPP in Africa include the 
following: 4,5 

• Changes of ecological/ 
environmental factors, such as 
availability of water, droughts, and 
floods, leading to increased 
movement of livestock over long 
distances 

• Civil strife and political and 
economic difficulties complicating 
the strict movement control of 
apparently infected cattle 

• Lack or insufficient resources 
allocated to CBPP control, 
particularly limited funding for 
vaccination, livestock movement 
control, and mass education of 
farmers and veterinarians 

• Limited potency and field 
performance of CBPP vaccines 

• Reduced disease surveillance (e.g., 
serologic screening and abattoir 
studies) 

• Distraction by control and 
prevention of other economically 
important diseases (e.g., rinderpest 
or avian influenza) 

Historically CBPP spread throughout the 
European continent during the eighteenth 
century through uncontrolled movement of 
livestock caused by transhumance and wars. 
During the nineteenth and twentieth centu¬ 
ries the disease was introduced into the 
United States, Asia, Australia, and Japan. 
CBPP was first introduced into Africa 
through an infected Holstein Friesian bull 
imported from the Netherlands to South 
Africa in 1854. 4 From there the disease spread 
to other South African countries, causing the 
death of over 100,000 cattle. 6 By 1939 the 
disease was eradicated in most South African 
countries but not in war-torn Angola and 
Namibia, where it still remains a threat for 
neighboring disease-free countries. 6 


CBPP was reported from 27 African 
countries between 1995 and 2002, of which 
13 were in West Africa, two in Central 
Africa, six in East Africa and the remainder 
in South Africa. 3 In East Africa CBPP is 
endemic in Burundi, Rwanda, large parts of 
Tanzania, southern Sudan, Ethiopia, and 
Somalia. 3,7,8 Guinea, Mali, Niger, and Mauri¬ 
tania are endemically infected countries in 
West Africa and Angola and Zambia in the 
South African region. 3 Numerous epidemic 
outbreaks of the disease, spreading from 
endemic neighboring regions through 
livestock movement have been reported, 
including Burundi and Zambia in 1997, 
Tanzania in 1996 and 1999, and Botswana in 
1995 and 1998. 3,9 

The infection prevalence varies consider¬ 
ably in endemic regions of the world. 
Whereas a seroprevalence of 8% of the cattle 
population has been reported in Sudan, 
prevalence rates in the range of 25% have 
been given for Ethiopia, Chad, Guinea, and 
Tanzania. For Burkina Faso and Uganda, 
prevalence rates below 5% have been 
reported.’ 

In Asia, CBPP has been reported from 
Assam in India, Bangladesh, and Myanmar. 
Sporadic outbreaks have been recognized in 
the Middle East, probably derived from 
importation of cattle from Africa. The latest 
Asian outbreaks reported to the OIE 
occurred in Mongolia, India, and Pakistan in 
1973, 1990, and 1997 respectively. 10 In China 
CBPP first occurred at the beginning of the 
twentieth century through livestock ship¬ 
ments from Australia. 10 In the early 1950s 
China implemented its first control mea¬ 
sures, including a vaccination program, after 
having suffered severe economic damage 
from the plague. The country declared itself 
free of CBPP in 1996 and is currently offi¬ 
cially recognized as CBPP-free by the OIE. 11 

The disease was introduced into Austra¬ 
lia in 1858 by dairy cattle imported from 
England into the colony of Victoria. It spread 
rapidly throughout Australia by cattle being 
driven to take up new pastoral lands 


everywhere, aided by the bullock teams, 
which provided the only form of transporta¬ 
tion of goods and supplies in those days. In 
1958 a national eradication campaign was 
commenced. Australia was declared free 
from the disease 1973. 

The disease was introduced into the 
United States in 1842 through cattle imports 
from England. CBPP became so widespread 
over the following 40 years that the federal 
government initiated the first intensive cam¬ 
paign to control an animal disease in 1887. 
By implementing strict quarantine and 
culling diseased animals the disease could be 
eradicated by 1892. CBPP was never recorded 
to occur in South America. 

In Europe, after having been eradicated 
at the end of the nineteenth century, the 
disease reemerged in Portugal in 1951 and in 
Spain in 1957. 4 In the 1980s, after an appar¬ 
ent absence of 13 years, CBPP was diagnosed 
on the borders of France and Spain, from 
where the disease apparently spread to Por¬ 
tugal, where another outbreak was recorded 
in 1983. Although the disease could be 
rapidly controlled in France and Spain, 
recurrent outbreaks occurred in Portugal 
until the end of last century. Italy, which had 
been free of the disease since 1899, saw an 
outbreak of CBPP between 1990 and 1993 
that could never be traced back to its source. 
Within these 3 years the disease spread over 
an area 59 km 2 , affecting nearly 100 cattle 
herds and requiring the slaughter of over 
24000 cattle. The disease was eradicated in 
1993. The last reported outbreak in Europe 
occurred in northern Portugal in 1999. As of 
2004, Europe is free from CBPP and the 
European Union rules prevent the importa¬ 
tion of live animals from affected areas. A 
recent phylogenetic analysis indicated all 
MmmSC strains isolated in Europe since 
1980 were derived from a common ancestor, 
suggesting that a single strain may have 
spread, largely unnoticed, in southern 
Europe between 1980 and 1993. 12 

Source of Infection 

The focus of infection is often provided by 
recovered “carrier” animals in which a pul¬ 
monary sequestrum preserves a potential 
source of organisms for periods as long as 3 
years. For many years, it was thought that 
conditions of stress attributable to starvation, 
exhaustion, or intercurrent disease can cause 
the sequestrum to break down and convert 
the animal into an active case. Experimental 
evidence throws some doubt on this explana¬ 
tion, but droplet infection is usually associ¬ 
ated with a donor lesion in the lungs. Renal 
lesions are not uncommon and large numbers 
of viable MmmSC are passed in the urine of 
infected animals, and inhalation of urine 
droplets may be a route of infection. The 
organism has been isolated from the semen 
and preputial washings of two young bulls 
that were the result of frozen embryos 
implanted into Portuguese cows and were 
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being considered for entry into a breeding 
center. 

Methods of Transmission 

Transmission occurs from direct and 
repeated contacts between sick and healthy 
animals. The principal route of infection is 
by the inhalation of infective droplets from 
active or carrier cases of the disease. Mediate 
infection by contamination of inanimate 
objects is unlikely under natural conditions, 
but it has been effected experimentally. 
Infected hay remained infective for up to 144 
hours. Other inanimate objects such as pla¬ 
centa and urine can also remain infective for 
long periods. It has been suggested that urine 
may be a mode of transmission, especially in 
European countries with temperate climates, 
where cattle are reared intensively in 
restricted geographic areas and many herds 
share the same watercourse. Spread of the 
pathogen may also occur by discharges from 
local tail lesions resulting from vaccination 
with virulent culture. 

A separation of 6 m between animals is 
usually considered to be sufficient, but trans¬ 
mission over 200 m is suspected to occur. 3 
Cattle may be infected for periods of up to 8 
months before the disease becomes apparent, 
underscoring the importance of sufficiently 
long quarantine period before a herd can be 
declared to be free of the disease. 

CBPP is usually transmitted through 
movements of live animals; trade in animal 
products is not thought to be a significant 
risk. 

Risk Factors 
Animal Risk Factors 

CBPP occurs only in cattle; a rare natural 
case has been observed in one buffalo but 
has not been detected in other wildlife. In 
sheep and goats, the injection of culture 
causes a local cellulitis without pulmonary 
involvement. There is no difference in the 
susceptibility of Bos taurus and Bos indicus 
cattle and both races respond equally to 
vaccination. 

Immune Mechanisms 
The exact nature of the immunity conferred 
by vaccination or by naturally occurring 
disease is not entirely understood, although 
it can be transferred by the administration of 
serum from an immune animal. The lack of 
a cell wall and endotoxins may enable myco- 
plasmas to colonize the animal without 
inducing an immune response, and the pre¬ 
dilection for the mucosal membranes may 
also limit the humoral response. For these 
reasons it is suggested that the organism is a 
poor immunogen, which may account for 
the frequent lack of good circulating anti¬ 
body responses in experimentally infected 
and vaccinated cattle. There is a poor rela¬ 
tionship between antibody titer and the 
severity of lesions; animals with high anti¬ 
body titers may have no visible lesions, and 


those with severe lesions may have low or 
undetectable titers. 

Management Risk Factors 

The occurrence and incidence of CBPP is 
heavily influenced by management systems, 
disease control policies and regulations of a 
country, knowledge of the disease by farmers 
and veterinarians, and livestock field officers. 
The diagnostic capability of veterinary 
laboratories, disease-surveillance and moni¬ 
toring systems, adequacy of vaccination pro¬ 
grams, government budgets allocated to 
control programs, the effectiveness of educa¬ 
tion programs, and the desire of cattle owners 
and traders to control the disease are criti¬ 
cally important management factors that 
influence the effectiveness of control of the 
disease in a country. 

Pathogen Risk Factors 

M. mycoides subsp. mycoides is sensitive to all 
environmental influences, including disin¬ 
fectants, heat, and drying, and does not ordi¬ 
narily survive outside the animal body for 
more than a few hours. A low incidence can 
be anticipated in arid regions because of the 
rapid destruction of the organism in exhaled 
droplets. 

The organism can be grouped into two 
major, epidemiologically distinct, clusters. 
One cluster contains strains isolated from 
different European countries since 1980, 
and a second cluster contains African and 
Australian strains collected over the last 50 
years. 

The current European strains lack a sub¬ 
stantial segment of genetic information, 
which may have occurred by a deletion 
event. The strains found in reemerging out¬ 
breaks of CBPP, which occurred after the 
eradication of the epidemic in Europe in the 
middle of the twentieth century, represent 
a phylogenetically newer cluster that has 
been derived from a strain of the older 
cluster of MmmSC that is still endemic 
on the African continent. The genome 
of MmmSC type strain PG1 T has been 
sequenced to map all genes and to facilitate 
further studies regarding the cell function of 
the organism. 

A variety of potential virulence factors 
have been identified, including genes encod¬ 
ing putative variable surface proteins, 
enzymes, and transport proteins responsible 
for the production of hydrogen peroxide and 
the capsule that is thought to have toxic 
effects on the animal. Galactan is also associ¬ 
ated with pathogenicity of the organism, but 
its mode of action is uncertain. Galactan can 
cause necrosis and a connective tissue 
response in cattle similar to the sequestra in 
chronically infected animals. 

The phylogeny of the Mycoplasma mycoi¬ 
des cluster according to sequencing of puta¬ 
tive membrane protein genes has been 
examined. Molecular epidemiology of CBPP 
by multilocus sequence analysis of MmmSC 


strains found a clear distinction between 
European, south-western African, and sub- 
Saharan strains. This indicates that the CBPP 
outbreaks that occurred in Europe were not 
a result of introduction from Africa and con¬ 
firms true reemergence. Strains of MmmSC 
isolated from recent outbreaks of CBPP in 
Africa have been compared with vaccine 
strains and older isolates. A Botswanan field 
isolate differed from all other strains of 
MmmSC tested by a variety of criteria. The 
new isolate may possess a set of protective 
antigens different from those of other strains 
of MmmSC, including vaccine strains. Such 
findings have implications for the control of 
CBPP in Africa. 

The last strains isolated from an epidemic 
are usually of lower virulence than the 
first strains. Strains are most virulent when 
first isolated and lose their virulence after 
subculture. 

Economic Importance 

CBPP is considered as one of the two eco¬ 
nomically most important diseases of cattle 
(beside rinderpest) in Africa. Direct losses 
are from mortality, reduced milk yield, vac¬ 
cination costs, and disease surveillance. The 
indirect costs associated with the chronic 
nature of the disease are more difficult to 
assess and include decreased weight gain or 
loss of body weight, impaired working ability, 
reduced fertility, losses resulting from quar¬ 
antine, and losses related to restrictions of 
trade and cattle movement. 

Annual losses attributed to mortality, 
decreased beef and milk production, and loss 
in draught power occurring in 12 endemi- 
cally infected sub-Saharan African countries 
were estimated to be €30.1 million. 3 

Costs associated of managing and eradi¬ 
cating the disease after the CBPP outbreak of 
1995 in Botswana were estimated at $98 
million. 13 The eradication campaign after the 
most recent European outbreak of CBPP in 
Portugal at the end last century, which 
required the slaughter of over 85,000 cattle 
was estimated to cost more than €200 
million. 14 

PATHOGENESIS 

Even after more than 100 years since CBPP 
was discovered, the pathogenesis is not well 
understood. The disease is an acute lobar 
pneumonia and pleurisy. The organism 
invades the lungs of cattle and causes a 
mycoplasmemia; this results in localization 
in numerous other sites including the 
kidneys, joints and brain, resulting in high 
morbidity and mortality. An essential part 
of the pathogenesis of the disease is throm¬ 
bosis in the pulmonary vessels, probably 
before the development of pneumonic 
lesions. The mechanism of development of 
the thrombosis is not understood, but there 
is no general increase in blood coagulability 
and no generalized tendency to spontaneous 
thrombosis. 
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The production of hydrogen peroxide 
and other active oxygen species is widely 
believed to play an important role in 
mycoplasma pathogenicity, and it has been 
demonstrated to result in lysis of erythro¬ 
cytes, the peroxidation of lipids in M. mycoi¬ 
des infected fibroblasts, and inhibition of 
ciliary movement in tracheal organ cultures 
infected with M. mycoides and M. ovipneu- 
moniae. European MmmSC strains appear to 
be distinguished from other M. mycoides 
strains by their lack of glycerol phosphate 
oxidase activity and ability to oxidize 
glycerol. 

Death results from anoxia and presum¬ 
ably from toxemia. Under natural conditions 
a proportion of animals in a group do not 
become infected, either because of natural 
immunity or because they are not exposed to 
a sufficiently large infective dose. These 
animals may show a transient positive reac¬ 
tion to the complement fixation test (CFT). 
Approximately 50% of the animals that do 
become infected go through a mild form of 
the disease and are often recognized as clini¬ 
cal cases. 

CLINICAL FINDINGS 

There is considerable variation in the sever¬ 
ity of clinical disease from hyperacute to 
acute to chronic and subacute forms. With 
acute presentation, high disease incidence of 
nearly 90% and fatality rates of 50% and 
higher are observed. Acute disease is the 
common presentation in outbreaks occur¬ 
ring in previously unaffected regions. 1J Mild 
or even subacute forms with low mortality 
rates are common presentation in zones 
where the disease in endemic. Approxi¬ 
mately 25% of the infected cattle have been 
estimated to remain as recovered carriers 
with or without clinical signs. 

Acute Form 

After an incubation period of 3 to 6 weeks 
(in occasional instances up to 6 months), 
there is a sudden onset of high fever (40° C 
[105°F]), a drop in milk yield, anorexia, and 
cessation of rumination. There is severe 
depression, and the animals stand apart or 
lag behind a traveling group. Coughing, at 
first only on exercise, and thoracic pain are 
evident; affected animals are disinclined to 
move, standing with the elbows out, the back 
arched, and the head extended. Respirations 
are shallow, rapid, and accompanied by expi¬ 
ratory grunting. Pain is evidenced on percus¬ 
sion of the chest. Auscultation reveals 
pleuritic friction sounds in the early stages of 
acute inflammation, and dullness, fluid 
sounds, and moist gurgling crackles in the 
later stages of effusion. Dullness of areas of 
the lung may be detectable on percussion. 
Edematous swellings of the throat and 
dewlap may occur, and swelling of the large 
movable joints may be present. In calves, val¬ 
vular endocarditis and myocarditis may 
occur. In fatal cases death occurs after a 


variable course of disease from several days 
to 3 weeks. In the peracute form, affected 
cattle may die within 1 week after the onset 
of respiratory distress. 

Chronic and Subacute Forms 

Recovered animals may be clinically normal 
but in some an inactive sequestrum forms 
in the lung, with a necrotic center of suffi¬ 
cient size to produce a toxemia causing 
unthriftiness, a chronic cough, and mild 
respiratory distress on exercise. These 
sequestra may break down when the animal 
is exposed to environmental stress and may 
cause an acute attack of the disease. During 
the Italian outbreak of 1990, less than 5% of 
cattle in an infected herd had evidence of 
clinical disease. This was possibly a result of 
the use of antimicrobials and antiinflamma¬ 
tory agents, which may have masked clinical 
signs and facilitated the formation of chronic 
lesions. In Africa, up to one-third of 
acute cases that recover become potential 
carriers. 

CLINICAL PATHOLOGY 
Culture and Nucleic Acid Recognition 
Culture of the organism is the reference 
method for detection of the pathogen. 
However, mycoplasmas are labile, making it 
necessary to use a special transport medium 
protecting this microorganism and prevent¬ 
ing proliferation of other bacteria. Long¬ 
distance transport of samples, particularly 
when unrefrigerated drastically affects the 
viability of the bacteria rendering them unfit 
for culture. 16 Frequently, attempts to isolate 
MmmSC fail because the organism is labile, 
is present in too little quantities, and is so 
demanding in its growth requirements. Neg¬ 
ative results should therefore always be 
regarded as inconclusive. 1 

In case of successful culture final identi¬ 
fication of mycoplasmas is usually made by 
means of a biochemical test such growth 
inhibition, the fluorescent antibody test 
(FAT) or the immunofluorescence tests 
(IMF). Specific nucleic acid recognition 
using the polymerase chain reaction (PCR) 
has become common practice over the last 
two decades. 

Although most PCR protocols rely on 
previous culture, preenrichment, or extrac¬ 
tion of mycoplasma, PCR is also used without 
prior culture, directly using samples taken 
from nasal swabs, bronchioalveolar lavage or 
transtracheal wash fluid, pleural fluid, blood, 
urine, or pulmonary tissue. The PCR can 
identify the organism in bacterial isolates or 
clinical material within 2 days of extraction 
and is sensitive and highly specific. 1 
An inconvenience of the PCR results from 
its high sensitivity, which makes it suscepti¬ 
ble to false-positive results caused by 
contamination. 

More recently isothermal loop- 
mediated amplification (LAMP) of DNA 

sequences specific for MmmSC has been 


developed. The LAMP assay detects MmmSC 
DNA directly form crude samples of pulmo¬ 
nary or pleural fluid and serum or plasma 
within 1 hour using a simple dilution 
protocol. 16 

Immunologic Tests 

A number of immunologic test to identify 
the causative agent or its antigen in tissue, 
biological fluids, or cultures are available. 
Such tests include the indirect fluorescent 
antibody test (IFA) and the fluorescent 
antibody test (FAT), which both use hyper¬ 
immune rabbit serum against MmmSC and 
labeled antibovine IgG. The growth inhibi¬ 
tion test (GIT) is based on direct inhibition 
of growth of MmmSC by a specific hyper¬ 
immune serum. Although this is a simple 
test to perform cross-reactions within the 
mycoides cluster are common. 1 The antigen 
immunodiffusion test (AGID) has also 
been used to detect specific antigens present 
on the surface of MmmSC. The AGID is con¬ 
sidered to lack sensitivity, and little is known 
about its specificity. 1 Because all these tests 
depend on the presence of a minimum 
number of organisms, only positive results 
should be considered conclusive. 

Serologic Tests 

Serologic tests that identify an immune reac¬ 
tion of an individual animal to infection with 
MmmSC include the complement fixation 
test (CFT) and the competitive enzyme- 
linked immunosorbent assay (C-ELISA). 
Both are prescribed tests for international 
trade according the OIE. This group of diag¬ 
nostic tests has important limitations because 
of the nature of the pathogenesis of the 
disease with its long incubation period and 
the relatively rapid decline of the antibody 
titer. 

The complement fixation test (CFT) is 

rapid to perform and easy to interpret. With 
a sensitivity in the range of 70% to 80% and 
specificity of 98% it is best suited to diagnose 
clinically affected animals with acute lesions 
but less suitable to identify either animals in 
early stage of the disease, chronically infected 
or carrier animals with low antibody titers. 1,17 
The therapeutic use of antimicrobials further 
increases the risk of a false-negative test 
results. Vaccinated animals give a positive 
reaction for about 6 weeks, although this 
period may be much longer if severe 
vaccination reactions occur. Because of the 
limited sensitivity the CFT is considered 
unreliable on an individual animal level, but 
it is deemed to be highly effective in detect¬ 
ing infected herds when testing the entire 
population. The test is widely used in to 
determine freedom of disease on a herd 
level. 1 Because false positive results caused 
by serologic cross-reactions with other 
species of the mycoides cluster can occur, 
it is advisable to confirm a positive test 
result by postmortem and bacteriologic 
examination. 
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The C-ELISA has a similar or even 
greater specificity than the CFT. 1,1 The sen¬ 
sitivity of the C-ELISA was found to 
be superior to the CFT particularly to 
detect animals in the chronic stage of the 
disease, whereas the CFT appears to out¬ 
perform the C-ELISA in the detection of 
animals in the acute phase of the disease. 17,18 
An indirect ELISA based on a recombinant 
protein, LppQ-NX (LppQ ELISA), has 
been developed and provides good sensitiv¬ 
ity and specificity for the diagnosis of CBPP 
and is robust under harsh climatic condi¬ 
tions. The CFT, competitive ELISA, and 
LppQ ELISA, all used for detection of anti¬ 
bodies to MmmSC, were compared with 
postmortem inspection for the diagnosis of 
CBPP in naturally infected cattle in an 
endemic area in Zambia between 2007 and 
2008. 1 The percentage of positive sample 
was 67.5% for post postmortem examina¬ 
tion, 59.0% for the C-ELISA, 52.6% for the 
CFT, and 44.4% for the LppQ ELISA. Of 
the three serologic tests the CFT identified 
the largest number of animals in the acute 
phase of the disease, whereas the C-ELISA 
was the most sensitive test to detect animals 
in advanced stages of the disease. The LppQ 
ELISA had a very poor sensitivity (10.8%) to 
identify animals in the early stage of the 
disease, whereas in the chronic stage it had a 
sensitivity ranging above the CFT but below 
the C-ELISA. 

The immunoblotting test (IB) is based 
on an immunoenzymatic reaction with 
higher sensitivity and specificity than the 
CFT. The IB is recommended as a confirma¬ 
tory test on positive samples previously ana¬ 
lyzed with another test because IB is not 
suitable for mass screening and may be dif¬ 
ficult to standardize. 1 

No single serologic test is capable of 
detecting all CBPP affected animals in the 
field. These tests are most useful for diagno¬ 
sis at the herd level. In the absence of a “gold 
standard” test for the serologic diagnosis of 
CBPP, some uncertainties remain unre¬ 
solved. Suspicious CBPP cases identified by 
positive serology must be confirmed by 
further investigations that demonstrate the 
presence of antigen in the respiratory tissues 
of animals. 

NECROPSY FINDINGS 

Lesions are confined to the thoracic cavity 
and lungs, and the lesions are usually unilat¬ 
eral. The pleural cavity may contain large 
quantities of clear, yellowish-brown fluid 
with pieces of fibrin. This fluid is ideal for 
culture of the organism. Caseous fibrinous 
deposits are present on the parietal and vis¬ 
ceral surfaces of the pleura. The interlobular 
septae are prominently distended with 
amber-colored fluid surrounding distended 
lymphatics. This fluid distinctly outlines the 
lobules, which vary in color, with red, gray, 
or yellow hepatization. Consolidation of the 
lungs with a typically marbled appearance is 


characteristic. In chronic or advanced cases, 
a sequestrum of necrotic lung varying size 
from 1 to 10 cm in diameter is surrounded 
by a fibrous capsule. If these sequestrae 
rupture and are drained by a bronchus, they 
can be a source of aerosol infection to cattle. 
Such a mechanism may contribute to epi¬ 
demics in closed herds. In affected calves, 
exudative peritonitis, arthritis, bursitis, and 
fibrinous arthritis of carpal and tarsal joints 
may be present. 

Histologically, in the early stages the 
typical lesion consists of bronchiolar necro¬ 
sis and edema, progressing to exudative 
serofibrinous bronchiolitis with extension to 
the alveoli and adjacent lymphatics. This 
process extends to the tracheobronchial 
lymph nodes and pleural lymphatics. The 
mediastinal, sternal, aortic, and intercostal 
lymph nodes are enlarged, edematous, and 
hemorrhagic. Lymphatics become throm¬ 
bosed and fibrosed. The pulmonary lobules 
become consolidated with alveolar edema, 
fibrin, and inflammatory cells. Coagulation 
necrosis is common, and the organism can 
be demonstrated in these lobules by 
immunohistochemistry. 

Perivascular organization foci, or “orga¬ 
nizing centers,” in the interlobular septa are 
considered typical of CBPP. They consist of 
a center occupied by a blood vessel with pro¬ 
liferation of connective and inflammatory 
cells surrounded by a peripheral zone of 
necrotic cells. Type I foci contain more pro¬ 
liferative cells in the central zone, which is 
larger than the peripheral zone. In Type II 
foci, the proliferative cells are scarce, and the 
peripheral zone is relatively larger. Immuno- 
reactive antigen is visible in the central zone 
inside blood vessels. Immunocytochemical 
tests can be used to detect the organism in 
tissue sections and provide valuable confir¬ 
matory diagnosis after slaughter. Stained 
antigen is visible in the smaller bronchioles 
and alveoli and within the interlobular septa 
of the lung. Immunofluorescent staining of 
impression smears of lungs may be more 
sensitive and rapid than culture. 

Renal lesions are frequently detectable 
in CBPP in field and experimental cases. 
In the acute phase of the disease, multiple 
renal infarcts are common. In subacute 
and chronic cases, the infarcts progress 
to form large areas of fibrosis accompa¬ 
nied by tubular dystrophic calcification, 
tubular atrophy, and lymphocyte 
interstitial infiltrates. Immunohistochemi- 
cally, the MmmSC antigen is present in 
several renal structures. 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed lung 
(LM, IHC) 

• Mycoplasmology—effusion fluid in 
serum tube, lung, bronchial lymph 
node (MCULT, FAT, PCR, 

C-ELISA) 


DIFFERENTIAL DIAGNOSIS 


A diagnosis based on a history of contact 
with infected animals, clinical findings, a 
complement fixation test, necropsy findings, 
and cultural examination is necessary. 

Diseases that must be differentiated from 
CBPP include the following: 

Rinderpest Erosive stomatitis, dysentery, 
and erosions throughout the alimentary 
tract 

Foot and mouth disease Salivation, 
lameness, fever, and vesicular stomatitis 

Hemorrhagic septicemia Acute disease with 
death in 6 to 72 hours. Edema of the neck 
and brisket, lung lesions similar to CBPP. 
Culture of Pasteurella spp. 

Theileriosis (East Coast fever) Coughing, 
nasal and ocular discharge, diarrhea, 
enlargement of peripheral lymph nodes, 
ulceration of abomasum. No lung lesions. 
Ephemeral fever Ocular discharge, drooling 
saliva, lameness, enlarged joints, self- 
limiting disease of short duration; most 
affected cattle recover quickly; 
fluctuating fever; secondary pneumonia 
may occur. 

Pulmonary abscesses Large abscesses 
containing foul-smelling purulent material; 
may have total destruction of lung. 

Tuberculosis Tubercular nodules may 
resemble CBPP sequestra, but they are 
degenerative cheese-like lesions, often 
calcified. 

Farcy Abscesses of lungs containing 

foul-smelling material and enlarged local 
lymph nodes. 

Actinobacillosis Generalized lesions of lung 
and other adjacent tissues. 

Echinococcal (hydatid cysts) Pulmonary 
cysts with a double wall and containing 
clear fluid, often calcified when old. 


TREATMENT 

Official conventional wisdom in the past 
held that treatment of clinical cases of CBPP 
with antimicrobials is counterproductive to 
contain the disease because it gives rise to 
persistent infection and may produce symp¬ 
tomless carrier animals. 5 Accordingly, the 
use of antimicrobials is legally banned in 
many endemically affected countries. Never¬ 
theless, the use of antimicrobials in affected 
regions is widespread, mainly because, 
with limited availability of vaccines, it is 
considered the only available and effective 
treatment and control measure. 5,19 In recent 
years the popularity of antibiotic treatment 
and the perception of positive results led to 
some research activity suggesting that anti¬ 
microbial use may be of value primarily to 
control disease transmission. 5 

Despite the perception of veterinarians 
and farmers that antibiotics can alleviate the 
clinical course of the disease, enabling some 
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improvement in condition, field studies 
suggest that antimicrobial therapy had little 
to no effect on severity of signs, course of the 
disease, and mortality rate in clinically 
affected animals. 20,21 Treatment failures in 
clinically affected animals may be attribut¬ 
able to inadequate dosage or duration of 
treatment and to the chronic nature of the 
condition. Treatment success of antimicro¬ 
bial therapy to treat mycoplasma infection 
greatly depends on a timely initiation of the 
treatment, but clinically affected animals in 
endemic areas frequently are in an advanced 
or even chronic stage of disease and thus are 
unlikely to show strong treatment response. 21 
Because of the generally poor treatment 
response and because these animals present 
a source of infection for herdmates, clinically 
affected animals should rather be culled than 
treated. 

In contrast the treatment of in-contact 
animals appeared to considerably reduce 
disease transmission, which resulted in a 
marked decrease in the disease occurrence, 
morbidity, and mortality rates in affected 
herds. 21 An increasing body of evidence sug¬ 
gests that use of antimicrobials, primarily as 
a part of a disease control program, should 
be reconsidered. 5,15,19 

The major classes of antimicrobials that 
are effective against mycoplamsas are tetra¬ 
cyclines, macrolides, florfenicol, and fluoro¬ 
quinolones. A number of in vitro and in vivo 
studies have been published in recent 
years with results supporting the use of fluo¬ 
roquinolones, several different macrolides, 
and tetracyclines to reduce the shedding of 
MmmSC. 21 ' 24 Beta-lactam antibiotics and 
sulfonamides are inherently ineffective 
against the Mycoplasmas that do not have a 
cell wall and do not synthesize folic acid. 



Oxytetracycline long-acting formulation 
(20 mg/kg IM) 

Vaccination 

Vaccination with T1/44 or T1SR MLV vaccines 
(R-1) 

"The use of antimicrobials is legally prohibited in 
many countries affected by CBPP. 


CONTROL 

There are four essential tools in CBPP 
control and eradication: livestock move¬ 
ment control, stamping out, vaccination, 
and treatment . 3 

The possible strategies used for control in 
affected countries or regions are as follows: 

• Slaughter of all sick and in-contact 
cattle. This requires full cooperation 
of cattle owners and an adequate 
and timely compensation system. 

This strategy is impractical in 
developing countries with a pastoral 
economy. 

• Slaughter of all sick cattle and 
vaccination of in-contact cattle. 

This strategy is used frequently and 
usually perpetuates the disease. 

• Vaccination of healthy cattle with 
slaughter of sick cattle in an 
epidemic and revaccination of 
cattle at risk. This method depends 
on the ability of the authorities to 
detect epidemics rapidly, most 
effectively, by abattoir surveillance 
and to maintain vaccination for at 
least 3 years. Vaccination in endemic 
areas must be done annually, 
whereas newly infected areas require 
repeat vaccinations aimed at 
eradication of the disease. 

Although the combination of movement 
control, quarantine, and culling of infected 
animals, when strictly enforced, can success¬ 
fully eradicate CBPP, as is documented by 
numerous examples of the past centuries, 
this approach requires a financial and logistic 
effort that is beyond the means of many 
endemically infected countries in Africa. In 
these countries social and civil disturbances 
interfere with effective disease control. 
Farmers fleeing civil unrest may move their 
cattle to endemic areas and then return with 
them when the threat is over, making strict 
livestock movement control logistically and 
politically unenforceable. Culling of infected 
and in-contact animals requires a system of 
financial reimbursement for farmers that is 
far beyond the financial resources of many 
affected countries. 

In view of the epidemiologic situation 
of CBPP and the socioeconomic structure 
of many African countries, control of the 
condition is largely based on vaccination 
in Africa, whereas treatment of affected 
animals—although widely practiced—is 
legally prohibited in many countries. 3 


Although there are examples of successful 
eradication of CBPP on the continent, efforts 
to contain the disease keep failing in many 
sub-Saharan countries, which lead to a 
reemergence of the disease in the region over 
the past decades and regular recurrent out¬ 
breaks in countries where the disease has 
previously been eradicated. 

Removal of Sources of Infection 

To control or eradicate CBPP, enforcing suit¬ 
able surveillance strategies is imperative. 
Surveillance needs to cover the susceptible 
species (cattle and possibly buffaloes) and 
should comprise clinical surveillance, sero¬ 
logic surveillance, and pathologic surveil¬ 
lance . 1 Because of the limited sensitivity of 
available tools randomized surveillance is 
discouraged, and the interpretation of sur¬ 
veillance results should be interpreted on a 
herd level rather than an individual animal 
level. All infected and suspicious reactors 
and clinical cases should be destroyed or 
transported under close control to abattoirs. 
Where this cannot be done without a chance 
of spread to animals along the route, destruc¬ 
tion on the farm is necessary. Animals that 
eventually go to abattoirs should be kept 
under quarantine until slaughter, irrespec¬ 
tive of their status. 

Clinical Surveillance 

Clinical surveillance aims at identifying clin¬ 
ical signs consistent with CBPP in a herd by 
closely examining susceptible individual 
animals. It requires good knowledge of the 
possible clinical presentation of the condi¬ 
tion particularly in endemic regions, where 
affected animals may only show mild and 
subtle signs. Although the diagnosis of CBPP 
cannot be confirmed solely on the basis of 
physical examination, clinical surveillance 
can greatly contribute to the level of confi¬ 
dence in the overall surveillance strategy 
when a large number of animals in a 
susceptible herd are regularly examined. 
Animals suspected to be infected must be 
followed up, either by serologic or pathologic 
surveillance. 

Pathologic Surveillance 

Systematic pathologic surveillance con¬ 
ducted on slaughterhouse material, thus 
including large numbers of clinically unap- 
parent animals is considered the most effec¬ 
tive approach to screen for the presence of 
the disease within a herd and, more impor¬ 
tant, within a region or a country. 1 Appro¬ 
priate training of the personnel conducting 
pathologic surveillance to identify character¬ 
istic and suspicious lesions is essential. Sus¬ 
pected cases must be followed up to confirm 
the presence of the specific pathogen in the 
tissue. 

Serologic Surveillance 

Because of the limited sensitivity of the avail¬ 
able serologic tests, serology is unsuitable as 












a stand-alone screening procedure but may 
be used in the framework of epidemiologic 
investigations. Serologic surveillance results 
should primarily be interpreted at a herd 
level, and positive results should be con¬ 
firmed by clinical or pathologic examination 
and identification of the specific pathogen. 
Because animals in the incubation phase and 
early stages of the disease may test negative, 
it is necessary to have two negative tests 2 
months apart. After vaccination a positive 
reaction occurs; this usually disappears 
within 2 months but may persist for 5 
months. 

Vaccination 

Vaccination against CBPP has been used in 
countries where rigorous cattle movement 
control, quarantine, and stamping out cannot 
be implemented, as is the case in many 
African countries that cannot afford the pro¬ 
hibitive costs of culling entire infected herds. 
Although CBPP vaccination is doomed to 
fail when used as stand-alone strategy to 
control CPBB, a systematic vaccination strat¬ 
egy in combination with intense surveillance 
and removal of infected animals can contrib¬ 
ute to the containment of the disease and 
reduction of the infection prevalence to the 
point where vaccination can be discontinued 
and remaining infected animals can be 
culled to achieve complete eradication of the 
disease. 3 ' 25 Extensive vaccination in Australia 
reduced the incidence of the disease to an 
extremely low level, and complete eradica¬ 
tion of the disease was achieved shortly 
afterward. Vaccine application is usually 
controlled by local legislation. 

All effective CBPP vaccines have been 
based upon live versions of the disease- 
causing MmmSC, either attenuated or not. 
Currently the only vaccines in use are live 
vaccine derived from the T1 strain (Tl/44 
and T1SR) of live attenuated Mycoplasma 
mycoides subsp. mycoides SC and attenuated 
through repeated passage in embryonated 
eggs before production in artificial growth 
media. 215 Unfortunately these vaccines are 
characterized by poor and variable efficacy, 
with only between 30% and 60% of vacci¬ 
nated animals being protected. In some situ¬ 
ations, the Tl/44 vaccine induces a good 
immunity, especially when herds are revac¬ 
cinated annually, in which case the level of 
protection exceeds 85%. Induced immunity 
is short lived, particularly for the T1SR 
strain, requiring revaccination at least on a 
yearly basis. Either systemic or local adverse 
reactions are common, particularly for the 
Tl/44 strain. Within 2 to 4 weeks following 
injection, an invading edema develops 
known as the “Willems” reaction. The inci¬ 
dence of these reactions varies from area to 
another. The reversion to virulence of the 
Tl/44 vaccine has also been observed when 
it was serially passaged by endobronchial 
intubation resulting in the development 
of lesions of CBPP in animals that were 
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infectious to in-contact animals. This sug¬ 
gests that animals given the currently used 
vaccines (Tl/44 and T1SR) subcutaneously 
could be reservoirs for MmmSC and infect 
other animals in areas previously free of 
CBPP. 

The value of calfhood vaccination is 
limited because arthritis, myocarditis, and 
valvular endocarditis occur 3 to 4 weeks after 
vaccination of calves less than 2 months old. 
Vaccination of calves after this age is recom¬ 
mended because it avoids the occasional 
deaths which occur after vaccination of 
adults. 

Historically, pleural exudate from natural 
cases (natural lymph) was used in an attempt 
to immunize cattle at risk. Vaccination was 
carried out by injection into the tough con¬ 
nective tissue at the tip of the tail with a 
high-pressure syringe. “Natural lymph vac¬ 
cination” caused severe reactions with 
sloughing of the tail and extensive cellulitis 
of the hindquarters, necessitating destruc¬ 
tion or causing death of the animal in many 
instances. Draining infected injection sites 
may have contributed to the spreading of this 
disease and others. 

Inactivated CBPP vaccines have been 
field tested but results have been inconclu¬ 
sive. Immunostimulating complex (ISCOM) 
protein subunit vaccines have been devel¬ 
oped, and early results are encouraging. The 
capsular polysaccharide (CPS) of MmmSC is 
an important surface antigen and pathoge¬ 
nicity factor previously known as a galactan. 
The immune response in mice of capsular 
polysaccharide conjugate vaccines against 
CBPP indicates that protection against 
MmmSC mycoplasmemia in mice is cell- 
mediated rather than humoral immunity. 

Antimicrobial Use 

As mentioned previously the use of antimi¬ 
crobials for treatment and control of CBPP 
is banned in many countries affected by the 
disease because it is considered to be coun¬ 
terproductive for the control and eradication 
of the disease because it may result in sub- 
clinically infected animals carrying and pos¬ 
sibly shedding the pathogen for prolonged 
period of time. Despite the ban, the use of 
antimicrobials is widespread mainly because 
vaccine coverage vaccine efficacy is limited. 5,15 
Recent field trials and epidemiologic studies 
provided evidence corroborating the empiri¬ 
cal observation that the use of antimicrobials 
in infected herds is able to contain disease 
transmission. 5,15,21 Using a homogeneous 
model based on publically available data, one 
study concluded that the potential impact of 
reducing the infectious period by the use of 
antimicrobials on disease persistence and 
mortality was in the same range as the impact 
of currently available vaccines. 25 In single 
isolated herds of 500 head of cattle, a 50% 
reduction in length of the infectious period 
caused the fade-out of the disease in essen¬ 
tially 100% of herds, a 60% decline in the 


number of cases, and a 73% decline in mor¬ 
tality. 25 Accordingly a significant decline in 
mortality, seropositivity, frequency of mor¬ 
phologic lesions, and severity of clinical 
scores was observed in herds where all in¬ 
contact animals received a treatment with 
danofloxacin at a dose of 2.5 mg/kg on 3 
consecutive days compared with untreated 
herds. 21 This mounting body of evidence 
warrants the reconsideration of the use of 
antimicrobials in an CBPP eradication or 
control program. 

Disease Control on an Area Basis 

The prevention of entry of infected animals 
into a free area is a difficult task. Only the 
following classes of cattle should be permit¬ 
ted to enter: 

1. Cattle that have neither been in an 
infected area nor in contact with 
infected animals for at least 6 months. 
This may be relaxed to permit entry of 
cattle going to immediate slaughter after 
a clinical examination and a period of 1 
month in a free area. 

2. Cattle that have given negative reactions 
to the CFT or C-ELISA on two 
occasions within the preceding 2 
months and have not been in contact 
with infected animals during this 
period. Less rigid measures than 

these will permit introduction of the 
disease. 

When the disease is already present in an 
area, two methods of control are possible: 
vaccination and eradication by test and 
slaughter of reactors. The method chosen 
will depend largely on the economy of the 
cattle industry in the affected area. A 
vaccination program may be the first step 
to reduce the incidence of the disease to 
the point where eradication becomes 
possible. 

In areas where farms are large, fencing is 
poor, and the collection of every animal 
cannot be guaranteed, eradication of the 
disease by test and slaughter is impractical. 
Vaccination can be practiced whenever the 
cattle are brought together. Animals moving 
out of or into infected areas and groups of 
cattle that contain active cases must be vac¬ 
cinated. Moving cattle that develop the 
disease should be halted, clinical cases 
slaughtered, and the remainder vaccinated. 
Results are usually good provided the vac¬ 
cination is carried out carefully, but some 
further cases as a result of prevaccination 
infection are to be expected. 

When outbreaks occur in small areas 
where herds can be adequately controlled, 
complete eradication should be attempted 
by periodic testing and the destruction of 
reactors, and in-contact animals should be 
vaccinated. To avoid unnecessary contact 
between cattle, retesting is delayed until 5 to 
6 months after the first test when vaccination 
reactions have usually subsided. Under most 
circumstances all nonreactors should be 
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vaccinated. This practice is particularly 
applicable in feeder cattle that will be slaugh¬ 
tered subsequently and when extensive out¬ 
breaks occur in closely settled areas where 
the chances of spread are great. Simple test 
and slaughter in these latter circumstances 
will be too slow to control the rate of spread. 
In either case the herd should not be released 
from quarantine until two tests at an interval 
of more than 2 months are completely 
negative. 

World Organization for Animal 
Health (OIE)—CBPP Status for 
Countries or Regions 

CBPP is a so-called “List A” disease, making 
it a notifiable disease to the OIE. 2 To qualify 
as a CBPP-free country or zone according to 
the rules of the OIE the country must fulfill 
the following requirements: 

• Have a record of regular and prompt 
animal disease reporting 

• Submission of a declaration to the 
OIE on a yearly basis stating the 
following: 

• There has been no outbreak of 
CBPP during the past 24 
months. 

• No evidence of CBPP infection 
has been found during the past 
24 months. 

• No vaccination has been 
carried out during the past 24 
months. 

This declaration has to be supported by evi¬ 
dence documenting that a surveillance 
program is in operation and that regulatory 
measures for the prevention and control of 
CBPP have been implemented. 1 In case a 
country loses the status as CBPP-free because 
of an outbreak, one of the following waiting 
periods applies: 

• 12 months after the last case, where 
a stamping-out policy combined 
with serologic surveillance and 
strict movement control is 
enforced. 

• 12 months after slaughter of the last 
vaccinated animal, where vaccination 
was used. 

As of May 2015 the following countries 
are recognized by the OIE as CBPP-free: 
Argentina, Australia, Botswana, Canada, 
China, France, India, Portugal, Singapore, 
Switzerland, and the United States. 2 

In Europe, legislation exists to prevent the 
spread of CBPP. Any outbreak in a previously 
CBPP-free country must be reported to the 
European Commission within 24 hours of 
confirmation of the disease; the Commission 
will then inform other member states. Unaf¬ 
fected regions may export only to other 
member states if cattle come from herds in 
which all animals over 12 months of age have 
been serologically negative in the previous 
12 months. All animals for export must have 
been serologically tested negative 30 days 
before being loaded. Cattle from restricted 


areas must not be exported to other member 
states until all herds in the area have passed 
three clear herd tests on all animals over 12 
months of age at intervals greater than 3 
weeks apart. 
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MYCOPLASMA BOVIS 
PNEUMONIA, POLYARTHRITIS, 
MASTITIS, AND RELATED 
DISEASES OF CATTLE 


SYNOPSIS 


Etiology M. bovis 

Epidemiology Occurs in dairy and beef cattle 
of all ages. Pneumonia, otitis, and 
polyarthritis primarily seen in feedlot cattle 
and dairy calves; mycoplasmal mastitis in 
dairy cows. 

Clinical findings Unresponsive pneumonia, 
polyarthritis, otitis media/interna, mastitis in 
dairy herds. 

Diagnostic confirmation Culture or 

detection of antigen or bacterial DNA from 
respiratory secretions, joint fluid, milk. 

Treatment Antimicrobial therapy, often with 
poor treatment outcome. 

Control Biosecurity and biocontainment 
procedures. Prevent entry of infected 
animals into herds. Purchase animals free 
of mycoplasma. Pasteurization of milk of 
cows with mycoplasma mastitis before 
feeding to calves. Metaphylactic 
antimicrobial therapy might be justified in 
herds with high morbidity and mortality 
rates. Vaccines have been unsuccessful. 


ETIOLOGY 

Mycoplasma spp. belong to the class of Mol- 
licutes, a group of bacteria enveloped by a 
complex plasma membrane but lacking a cell 
wall. They are characterized by their small 
size, their tiny genome, and their intimate 
association with host cells that is essential for 
their survival. Mycoplasmas typically inhabit 
mucous membranes, including those of the 
respiratory tract, urogenital tract, the 
mammary gland, or the conjunctivae.'M. 
bovis is a major cause of disease of cattle 
causing pneumonia, otitis media, arthritis, 
tenosynovitis, keratoconjunctivitis, mastitis, 
meningitis, and reproductive disorders, 
including abortion. 2 It is the etiologic agent 
of the so-called chronic pneumonia and 
polyarthritis syndrome (CPPS) of feedlot 
cattle that has been recognized in the United 
States and Canada. 

Mycoplasma bovis is highly adapted to 
cattle but has occasionally been isolated 
from small ruminants, buffaloes, and, in 
rare instances, even from humans with 
bronchopneumonia. 

EPIDEMIOLOGY 

Occurrence 

M. bovis that was first isolated in 1961 from 
cow with mastitis in the Unites States, has 
spread to many countries of the world via 
animal movements and is now recognized as 
a worldwide pathogen of intensively farmed 
cattle. 1 Of 1600 isolates of Mycoplasma 
species recovered from ruminant animals in 










Britain over a 10-year period, M. bovis was 
the most common species, mostly from 
pneumonic calves, but occasionally also 
from cattle with mastitis and arthritis. A 
serologic survey of pneumonic cattle found 
M. bovis antibody-positive samples in 18%. 

Mycoplasma bovis that is a common 
although not ubiquitous inhabitant of the 
upper respiratory tract of cattle is considered 
a major cause of respiratory disease affect¬ 
ing beef and dairy calves alike. In England 
and Wales, serologic screening between 2000 
and 2009 revealed a herd seroprevalence of 
M. bovis of over 30% and M. bovis was iso¬ 
lated on average in 40% of pneumonic lungs 
submitted during that time period. 2 In Israel, 
M. bovis was isolated from 26% to 65% of 
samples from pneumonic calves submitted 
between 2004 and 2008. 3 M. bovis was also 
the strain isolated from more than half of the 
1000 samples from calves with broncho¬ 
pneumonia that were submitted to different 
diagnostic laboratories in France between 
2003 and 2008. 2 In a recent Italian study, 37% 
of lung tissue samples from pneumonic dairy 
calves less than 1 month old submitted to a 
diagnostic laboratory tested positive on PCR 
for Mycoplasma spp. Of the positive samples, 
31% were identified as M. bovis* 

The chronic pneumonia and polyarthri¬ 
tis syndrome (CPPS) of feedlot cattle has 
been reported in Canada and the United 
States. It occurs commonly in young feedlot 
cattle usually affecting many animals a few 
weeks after arrival and mingling in the lot. In 
Canada, the disease has been seen com¬ 
monly in young cattle (6-8 months of age) 
following shipment from western rangelands 
to eastern feedlots, which suggests that long 
transportation and mixing of cattle of differ¬ 
ent origins may be important epidemiologic 
characteristics. The morbidity ranges from 
20% to 85% and the case-mortality rate from 
3% to 50%. Calves affected with arthritis 
commonly have necropsy evidence of myco¬ 
plasmal pneumonia, and it is proposed that 
the pneumonia precedes the development of 
the arthritis. In feedlot calves the prevalence 
of M. bovis infection was found to be below 
7% at the time animals enter the feedlot but 
increases dramatically within to first weeks 
in the feedlot to values between 40% and 
100% in most studies. 5 In a group of feedlot 
cattle, from Alberta, Canada, with chronic 
unresponsive pneumonia and polyarthritis, 
M. bovis was the most common pathogen 
isolated, having been detected in 82% of 
cases, including 71% in lungs and 45% in 
joints. In a series of cases of chronic, antibi¬ 
otic-resistant pneumonia, sometimes with 
concurrent polyarthritis, in feedlot cattle in 
western Canada, M. bovis was present in the 
lung tissues of more than 90% of cases, and 
the BVDV was present in 60% of the cases, 
suggesting a possible synergism between M. 
bovis and the BVDV. Outbreaks of pneumo¬ 
nia and arthritis in beef calves associated 
with infection attributable to Mycoplasma 
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bovis and Mycoplasma californicum have 
been described in a mixed dairy cattle and 
beef cattle herd kept under extremely poor 
housing and hygienic conditions. 

Mycoplasma arthritis of cattle has been 
reported in a number of countries including 
Canada, the United States, several European 
countries and the United Kingdom. Com¬ 
monly, arthritis occurs in association with 
respiratory disease or otitis media in calves, 
or mastitis in adult cattle, and it is proposed 
that the pneumonia precedes the develop¬ 
ment of the arthritis. Calves suckling cows 
with experimental mastitis attributable to 
this organism may develop mycoplasmal 
arthritis, and a high incidence is recorded in 
calves in dairy herds where mycoplasmal 
mastitis was occurring. In Ireland, infection 
has occurred in housed adult dairy cattle, 
without any evidence of pneumonia, produc¬ 
ing severe polyarthritis with a clinical inci¬ 
dence in 12 farms that varied from 2% to 66%. 

Otitis media/interna has been described 
in preweaned Holstein dairy calves in dairy 
herds that have expanded in size. Affected 
calves were 2 to 5 weeks of age, morbidity 
was 3% to 10%, and case-fatality rates esti¬ 
mated at 50%. In a retrospective study in 
calves submitted for necropsy in California, 
affected calves were 2 weeks to 4 months of 
age, 92% were from dairy herds, and most 
cases occurred during late winter and spring. 
M. bovis, M. bovirhinis, and M. alkalescens 
were isolated from the ears of affected calves. 
Outbreaks of suppurative otitis media and 
pneumonia associated with M. bovis have 
been described in calves on a dairy farm in 
the United Kingdom with a disease inci¬ 
dence of 20%. 6 Outbreaks in beef cattle farms 
in Japan with morbidity and mortality rates 
of 8% to 40% and 30% to 100%, respectively 
have also been reported. 

Mycoplasma bovis has been recognized as 
pathogen of the bovine mammary gland 
(see also “Mastitis Caused by Mycoplasma 
spp.”) that is widespread within the dairy 
cattle population in the United States. A 
national survey conducted in 2002 in the 
United States determined a prevalence of 
mycoplasma culture positive bulk tank milk 
samples of 7.9%, of which 86% were identi¬ 
fied as M. bovis. 7 In contrast the herd preva¬ 
lence of M. bovis in Canadian dairy herds 
was estimated to be 1.7%, 1.5% in Belgium, 
and 0.56% in Japan. 8,9 M. bovis was not 
detected in recent survey in dairy herds in 
New Zealand. 10 

Economic Importance 

M. bovis has been associated with respi¬ 
ratory disease in calves and mastitis in 
dairy cows, that both have a considerable 
prevalence at least in some parts of the 
world. Costs related to infection with myco¬ 
plasma include expenses for treatment and 
diagnosis, death and culling losses and 
implementation of control measures. The 
chronicity and poor treatment response of 


most diseases associated with M. bovis con¬ 
tribute considerably to these expenses. The 
costs to the U.S. beef industry were esti¬ 
mated with approximately $32 million per 
year as result of decreased weight gain and 
lost carcass value. Mycoplasma mastitis was 
estimated to cost the U.S. dairy industry 
approximately $108 million per year. 11 

Risk Factors 
Pathogen Risk Factors 

The virulence factors of M. bovis and mecha¬ 
nisms of pathogenicity are not well under¬ 
stood, but the organism’s ability to vary the 
expression of variable surface proteins 
(VSPs), a family of lipoproteins on the bacte¬ 
rial surface with high frequency is currently 
being investigated. The organism has 13 VSP 
genes involved in antigenic variation that 
alter the antigenic character of its surface 
components and may act to enhance coloni¬ 
zation and/or adherence to host cells or to 
evade the host’s immune defense systems. 5 
These VSP proteins and some unrelated pro¬ 
teins such as pMB67 and P48 are the primary 
antigenic targets of the host’s antibody 
response, which, however, does not appear to 
be protective. 

M. bovis can induce apoptosis of lympho¬ 
cytes, and a C-terminal fragment of VSP-L is 
able to impair the lymphocyte proliferative 
response to mitogens. The bacterium can fur¬ 
thermore adhere to neutrophils and block the 
oxidative burst in these cells. 5 Several strains 
of M. bovis produce biofilm, protecting the 
organism from heat and desiccation and pos¬ 
sibly playing a role in evading the host’s 
immune response and in resistance to anti¬ 
microbial therapy in vivo. ’M. bovis produces 
hydrogen peroxide in quantities that vary 
between strains. Peroxide production can 
result in oxidative injury to host tissues. The 
organism is also able to penetrate through 
lung epithelial junctions and cause systemic 
infections. There is some evidence of vari¬ 
ability of M. bovis strains to cause arthritis. 

Animal Risk Factors 

The immune status of the individual animal 
is important in determining the susceptibil¬ 
ity to respiratory disease, particularly in 
young ruminants. An association between 
failure of transfer of passive immunity and 
the risk and severity of respiratory disease in 
young calves is well established. It is however 
not clear whether maternal antibodies 
against M. bovis have a protective effect in 
calves. An association between M. bovis 
specific serum antibody titers in the first 
weeks of life and the risk of developing respi¬ 
ratory tract disease could thus far not be 
established. 1 

Age appears to influence the susceptibil¬ 
ity at least to some forms of M. bovis infec¬ 
tion. Otitis media is most commonly 
observed in calves 2 to 6 weeks of age and is 
uncommon in older calves. Age-related sus¬ 
ceptibility is also observed in other species. 1 
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Although a genetic effect on the suscep¬ 
tibility to mycoplasma infection in cattle has 
not been confirmed, the genetic background 
is considered an important determinant 
of resistance to mycoplasmal respiratory 
disease in nonruminants. 1 

Environmental Risk Factors 

With direct animal contact being the main 
route of infection, introducing infected 
animals into a herd with no or low M. bovis 
infection prevalence presents a major risk for 
disease transmission. Similarly, high infec¬ 
tion prevalence within the herd or mingling 
calves from different origins presents a high 
risk of infection for young calves. Feeding 
colostrum or waste milk of cows with clinical 
or subclinical M. bovis mastitis was shown to 
result in colonization of the upper respira¬ 
tory tract with this pathogen and was associ¬ 
ated with increased occurrence rates of 
mycoplasmal otitis. 11 

Specific and nonspecific immune 
response that is a critical determinant of the 
susceptibility to respiratory tract infection 
can be compromised by a number of envi¬ 
ronmental factors, such heat or cold stress, 
overcrowding, poor ventilation, transporta¬ 
tion, inadequate nutrition, or stress related to 
processing procedures. 

Concomitant infection of the respiratory 
tract with other viral or bacterial pathogens 
may compromise the nonspecific immune 
response. M. bovis infection may predispose 
to superinfection of the respiratory tract with 
other bacterial pathogens, and previous 
infection of the respiratory tract with other 
pathogens may facilitate to progression of M. 
bovis into the lower respiratory tract. Experi¬ 
mental infection studies have confirmed a 
synergistic effect of M. bovis with other 
common pathogens of the respiratory tract, 
such as M. haemolytica or P. multocida.' 

Environmental temperatures have been 
found to affect the degree of nasal shedding 
and the incidence rate of clinical disease. 
Sudden drops of the environmental tempera¬ 
ture were associated with increased rates of 
nasal shedding of M. bovis and higher occur¬ 
rence rates of respiratory disease caused by 
M. bovis. 1 

Methods of Transmission 

Direct transmission of M. bovis from infected 
to uninfected animals is considered the 
primary route of disease transmission, 
an assumption that is corroborated by 
epidemiologic evidence indicating that the 
seroprevalence in feedlot cattle increases 
dramatically in the first weeks in the feedlot. 
Clinically normal cattle in infected herds 
harbor M. bovis in the upper respiratory 
tract with no apparent adverse effect and 
may shed the organism through the nasal 
discharge for months to years. 5 M. bovis 
might be transmitted with respiratory secre¬ 
tions, via aerosols, direct nose-to-nose 
contact, or fomites. Although mycoplasmas 


in general do not easily survive in the envi¬ 
ronment, M. bovis can survive for prolonged 
periods outside the host, particularly in cool 
and humid conditions. Nonetheless the role 
of fomites and environmental contamination 
deserves further investigation but, with 
exception of the transmission of mycoplasma 
mastitis, is currently considered to be of 
limited epidemiologic relevance. 

Oral ingestion of M. bovis contaminated 
milk or colostrum results in colonization of 
the oral cavity and upper respiratory tract 
with this pathogen and increased occurrence 
of otitis media. 12 Feeding colostrum or milk 
of cows shedding M. bovis through the 
mammary gland must therefore be con¬ 
sidered as an effective route of disease 
transmission. 

Intrauterine infection of calves appears to 
occur infrequently. Transmission of myco¬ 
plasma mastitis is considered to primarily 
occur in the milking parlor through con¬ 
taminated milk. 

PATHOGENESIS 

As with many mycoplasmas, M. bovis is both 
immune reactive and immunosuppressive. 
Upon incubation with M. bovis, alveolar 
macrophages are activated and produce 
TNF-alpha and nitric oxide, two powerful 
initiators of immune activity. M. bovis is also 
immunosuppressive by inhibiting neutrophil 
degranulation and oxidative bursts and pro¬ 
liferation of lymphocytes by mitogens. M. 
bovis also induces bovine lymphocyte apop¬ 
tosis through the production of a protein 
that is different from other mycoplasmas 
both pathogenic and nonpathogenic. The 
protein is an immuno-inhibitory peptide 
that can suppress Concanavalin A (ConA)- 
induced proliferation of bovine lymphocytes. 
This represents a unique immunosuppres¬ 
sive peptide produced by the M. bovis. 

Despite its deleterious effects on lympho¬ 
cytes, infected cattle are able to generate 
measurable humoral and cellular immune 
responses against M. bovis. Serologic analy¬ 
sis indicates that M. bovis stimulates 
increased production of antigen-specific 
IgGl, whereas very little IgG2 is produced. 

There is a systemic phase of M. bovis 
infection, including a potential interaction 
of the pathogen with endothelial cells. It is 
one of the most invasive bovine mycoplas¬ 
mas capable of invading through lung 
epithelial junctions and causing systemic 
infections such as arthritis and mastitis fol¬ 
lowing pneumonia. Localized lung vasculitis 
and the presence of thrombi within subsy- 
novial vessels has been observed, both sug¬ 
gestive of interaction of M. bovis with 
epithelial cells. 

Arthritis is normally regarded as a sequel 
to pneumonia or mastitis and infection in 
the respiratory tract or in the mammary 
gland is believed to lead to bacteremia and 
localization in joints. However, arthritis can 
suddenly occur in regions or countries where 


mycoplasmal pneumonia has been recog¬ 
nized for many years, suggesting that a new 
strain with different virulence or tropism has 
been introduced. The intraarticular injection 
of M. bovis into calves causes severe fibrino- 
suppurative synovitis and tenosynovitis, 
erosion of cartilage, and its replacement by 
polypoid granulation tissue. Erosion of the 
cartilage is accompanied by chronic osteo¬ 
myelitis and formation of pannus tissue. His¬ 
tologically, there is extensive ulceration of 
synovial membranes of leukocytic infiltra¬ 
tion of the subsynovium, congestion, hyper¬ 
emia, and thrombosis of the subsynovial 
vessels. Intratracheal inoculation of the 
organism results in pneumonia and severe 
lameness, which suggests that M. bovis is 
involved in pneumonia-arthritis syndrome. 

In otitis media/interna of calves there is 
facial nerve paralysis because of proximity of 
CN VII to the tympanic cavity. Although 
hematogenous spreading of the pathogen to 
the middle and inner ear is considered a pos¬ 
sible route of infection of this organ, an 
ascending infection from the oral cavity 
through the Eustachian tubes to the middle 
ear, resulting in clinical otitis media could be 
experimentally induced by feeding milk 
replacer contaminated with M. bovis. 1,12 
Varying degrees of peripheral vestibuloco¬ 
chlear dysfunction occur because of the 
involvement of the vestibulocochlear recep¬ 
tors and nerve. The spontaneous regurgita¬ 
tion and dysphagia may be associated with 
lesions involving the glossopharyngeal nerve 
(CN IX) with or without the vagus nerve 
(CN X). These nerves may be affected by the 
inflammation associated with meningitis 
because both CN IX and CN X travel through 
the jugular foramen. 

CLINICAL FINDINGS 

Pneumonia and polyarthritis associated with 
M. bovis may occur alone or together in 
cattle of all ages, including dairy and beef 
calves in their original herds, in growing 
dairy and beef cattle heifers, and in mature 
dairy and beef cows. 

Chronic Pneumonia and Polyarthritis 
Syndrome 

The disease is most common in feedlot calves 
within a few weeks after arrival in the feedlot. 
The morbidity rate may be up to 25%. 
Affected calves commonly have had a history 
of respiratory disease with poor to no treat¬ 
ment response to antimicrobial therapy. Aus¬ 
cultation of the lungs reveals areas of loud 
bronchial tones, crackles and wheezes, and 
areas of muffled lung sounds indicating con¬ 
solidation and occlusion of the bronchi with 
exudate. Depression, inactivity, inappetence, 
coughing, nasal discharge, fever, and pro¬ 
gressive weight loss are common. 

Arthritis 

Although mycoplasmal arthritis is 
most commonly seen concurrent with 





pneumonia, cattle of any age can be affected. 
Cases tend to occur sporadically, but out¬ 
breaks have been reported in calves and 
adult cows and as part of CPPS in feedlot 
cattle. 11 There is stiffness of gait, acute, non- 
weight-bearing lameness, inappetence, mod¬ 
erate fever, and progressive loss of weight. 
Swelling of the large movable limb joints and 
distension of tendon sheaths, associated with 
fibrinous synovitis and synovial fluid effu¬ 
sions, are characteristic. Both forelimbs and 
hindlimbs can be affected, and involvement 
of the carpal joints, the fetlocks and the prox¬ 
imal and distal interphalangeal joints com¬ 
monly can be clinically detected. In calves, 
pneumonia is a common finding in the 
affected group. Some affected cattle spend 
considerable time in recumbency, lose 
weight, and develop decubitus ulcers, and 
they must be destroyed. Mildly affected cases 
recover spontaneously over a period of 
several weeks, but severe cases become pro¬ 
gressively worse, may develop discharging 
sinuses over affected joints, and must be 
culled. 

Otitis Media/Interna 

Otitis media/interna occurs in young beef 
and dairy calves as enzootic disease or as 
outbreaks. Feedlot calves are sporadically 
affected. 11 Clinical findings depend on the 
extent of the inflammation, which can 
involve only the middle ear or middle and 
inner ear. Varying degrees of depression, 
coughing, nasal discharge, inappetence, and 
fever are common in affected groups of 
calves. Head shaking, scratching, or rubbing 
of the ear are signs of ear pain. Otitis 
externa that is characterized by purulent 
exudate in the external ear may occur as 
result of a ruptured tympanic membrane. A 
unilateral head tilt and paralysis of the lip, 
eyelid, and ear muscles on the same side 
are common. When the eye on the affected 
side is threatened, the eyeball may retract, 
but there is no palpebral fissure closure. An 
intermittent loss of balance on the affected 
side may be apparent when the animal 
attempts to walk. Bilateral peripheral CN 
VII and VIII deficits (bilateral ear, lip, and 
eyelid paresis; bilaterally absent menace and 
palpebral reflexes; normal gait; balance loss 
to either side) are suggestive of bilateral 
otitis media/interna. Dysphagia, spontane¬ 
ous regurgitation of milk and difficulty in 
sucking from a bottle or prehending feed 
may occur. Partially chewed feed may accu¬ 
mulate in the oral cavity, along with diffi¬ 
cult prehension and mastication. Bilateral 
vestibular disease (balance loss to either 
side) may occur. Endoscopy of the pharynx 
may reveal collapse of the nasopharynx, 
dorsal displacement of the soft palate, and 
a widely dilated, hypomotile esophagus. 
Opisthotonus and nystagmus are common, 
and ataxia, recumbency, and death in 
several days may occur. The mortality rate 
is about 50%. 
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CLINICAL PATHOLOGY 

Clinical and pathologic signs are not charac¬ 
teristic for M. bovis infection, so laboratory 
diagnosis is necessary for identification. 
The organism can be detected by culture, 
identification of specific bacterial DNA 
by polymerase chain reaction (PCR), or 
identification of specific bacterial antigen, 
for example, with a sandwich-ELISA or 
immunohistochemistry. 

Culture 

Culture methods for the detection of M. 
bovis are typically used on lung tissue, nasal 
swabs, bronchioalveolar lavage (BAL), or 
transtracheal wash (TTW) fluid and syno¬ 
vial fluid. Culture methods have the advan¬ 
tage that they can isolate multiple 
mycoplasma species at the same time and 
may reveal novel or unexpected species. 
Nonetheless culture methods require 
complex growth media, special equipment, 
and technical skills. They are time consum¬ 
ing, laborious, difficult, and expensive. 5 The 
sensitivity of mycoplasma culture in clinical 
material is rather low for several reasons. 
Infected animals may shed the pathogen 
intermittently and the distribution within 
affected tissue is uneven. Poor handling of 
samples and long shipping times will affect 
the viability of this labile microorganism. 
Cultures may also fail in cases sampled 
animals were previously treated with anti¬ 
microbials or samples are contaminated 
with other pathogens, as is commonly the 
case with samples collected from the respi¬ 
ratory tract. Although mycoplasma colonies 
can be identified by their characteristic 
morphology, they cannot readily be 
differentiated from each other, making spe- 
ciation by immunologic methods or PCR 
necessary. 1 

DNA Probe and Polymerase 
Chain Reaction 

Molecular tests to detect bacterial DNA of 
M. bovis have been developed in recent 
decades and have been widely adopted for 
clinical diagnostic M. bovis infection. The 
main advantages of these methods are 
lower costs per sample, a considerably 
shortened turnaround time, and the com¬ 
patibility with molecular testing for other 
pathogens. Because this method does not 
require the presence of living organisms, it 
is suitable to be used on previously stored 
samples. 1 

Immunohistochemistry 

Immunohistochemical (IHC) techniques 
can be used to detect the antigen of M. bovis 
in the tissues of cattle. IHC can be performed 
using formalin-fixed and paraffin-embedded 
tissue. Histology and immunohistochemis¬ 
try can be used to analyze the lesions and 
distribution of the M. bovis antigen in the 
lungs of cattle with pneumonia and can be 
performed retrospectively. 


Enzyme-Linked 
Immunosorbent Assay 

A monoclonal antibody-based sandwich 
ELISA (sELISA) for the detection of M. bovis 
in clinical material has been developed in 
Europe. The sensitivity of this ELISA is 
similar to that of conventional culture but 
can be improved when samples are incu¬ 
bated for a short period before antigen 
capture. 1 

Serology 

Because M. bovis infection induces a robust 
humoral response, several methods of 
detecting antibodies against M. bovis have 
been developed. Available tests that can be 
used on serum and other body fluids such as 
milk or synovia include the passive or indi¬ 
rect hemagglutination (HA) test, the indirect 
ELISA, and the film inhibition test. A variety 
of ELISA test kits are now commercially 
available. 

Antibodies against M. bovis are detect¬ 
able with the ELISA as early as 6 to 10 days 
post experimental inoculation. Notwith¬ 
standing correlation between antibody titers 
and clinical disease was found to be poor, 
and seroconversion in feedlot cattle is 
observed in healthy and sick calves alike, 
suggesting that paired serum samples may 
not be a good predictor of M. bovis respira¬ 
tory disease. 5 Furthermore, serum antibody 
titers can remain elevated for months to 
years after an infection, meaning that a high 
titer may not necessarily be consistent with 
ongoing or recent infection. 1 Maternal anti¬ 
bodies may result in high antibody titers in 
young calves, but with a half-life of 12 to 16 
days normally wane within the first months 
of life. 1 

Serology is currently considered to be of 
limited diagnostic value on an individual 
animal level but is useful on a herd level to 
screen a group of animals. 

Sample Collection and Handling 

The choice of the specimen submitted for 
mycoplasma diagnostics and handling of the 
sample can have a great impact on the final 
test result and its validity. A number of ante¬ 
mortem diagnostic procedures are available 
for the diagnosis of respiratory disease that 
vary in their practicality, their suitability to 
detect a specific pathogen, the rapidity with 
which test results are available, their 
economy, the level of stress for the patient, 
the quality of the material obtained, and the 
interpretability of the results. Nasal, naso¬ 
pharyngeal or conjunctival swabs, bron¬ 
chioalveolar lavage (BAL), and transtracheal 
washes (TTW) are the most commonly used 
procedures to detect M. bovis in living 
animals. Nasal/nasopharyngeal swabs are 
frequently used under field conditions 
because this procedure is technically less 
demanding and less invasive than a TTW or 
BAL. Although presence of M. bovis on swab 
material is useful to confirm the presence of 
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the pathogen in a herd, the diagnostic value 
on an individual animal level is limited 
because of the high occurrence of upper 
respiratory tract infection with M. bovis in 
clinically healthy cattle of infected herds. 
Comparison of paired culture results from 
nasopharyngeal swabs and BAL samples in 
cattle with respiratory disease indicate that 
the correlation between the presence of M. 
bovis in the upper respiratory tract and its 
presence in the lower respiratory tract or 
clinical disease is poor. 1 In contrast, excellent 
agreement between paired BAL fluid samples 
and corresponding tissue cultures obtained 
during necropsy have been reported, sug¬ 
gesting that samples collected from the lower 
respiratory tract such as BAL or TTW fluid 
are better suited to make a diagnosis on an 
individual animal. 1 

When using swabs, wooden cotton swabs 
should be avoided because they can inhibit 
growth of mycoplasma. 11 The tip of the swab 
should be inserted approximately to the 
height of the medial canthus of the eye and 
must be firmly rotated against the mucosa to 
harvest many cells to which mycoplasmas are 
adhered. Swabs should then be stored in 
aerobic bacterial or mycoplasma transport 
media. Samples submitted for culture must 
either be kept refrigerated when shipping 
time does not exceed 24 hours or otherwise 
frozen. Because prolonged frozen storage 
significantly decreases the isolation of M. 
bovis, storage time should not exceed 7 to 
10 days. 1 

Tissue samples can be formalin-fixed 
when used for histology and IHC or must be 
placed on ice and transported to the diagnos¬ 
tic laboratory immediately for culture. 11 

NECROPSY FINDINGS 

At necropsy, the characteristic lung lesion of 
M. bovis is a caseonecrotic bronchopneu¬ 
monia comprising raised, white, sharply 
demarcated, friable foci of caseous necrosis 
within consolidated areas mostly in the cra- 
nioventral lung lobes. 13 ' 15 The necrotic foci 
often range from 1 to 10 mm in size but can 
coalesce and grow up to 5 cm in diameter. 
Larger foci are frequently surrounded by 
pale firm connective tissue. Between 10% 
and 50% of total lung surface may be con¬ 
solidated. When the lung is squeezed, the 
necrotic material falls out as a single or mul¬ 
tiple pieces, and sequestra may be seen. 14 

Microscopically, the specific lesions are 
areas of coagulative to caseous necrosis orig¬ 
inating mostly from bronchioles and bronchi. 
Well-developed foci of necrosis contain an 
eosinophilic coagulum at the center sur¬ 
rounded by accumulations of mostly degen¬ 
erate neutrophils, macrophages and an outer 
zone of plasma cells, lymphocytes, and 
degenerate bronchiolar/bronchial epithelial 
cells. Adjacent lung tissue shows typical sup¬ 
purative bronchopneumonia and atelectasis. 
Within the necrotic lesions, and especially in 
the inflammatory cells at the margin, M. 


bovis antigen or DNA can be detected by 
immunohistochemistry or molecular tech¬ 
niques respectively. 

Fibrinous polysynovitis is remarkable at 
necropsy. One or more joints are swollen (as 
detected clinically). Acute lesions consist of 
a serofibrinous exudate within joint cavities 
and tendon sheaths, and the synovium is 
reddened and hyperplastic. Later, the exudate 
becomes purulent or fibrinopurulent, and 
there may be foci of necrosis as described in 
the lung. Microscopically, large numbers of 
lymphocytes and plasma cells are found 
within the hypertrophic synovial villi. 
Immunohistochemical and molecular tech¬ 
niques are used for specific diagnosis in the 
tissues of feedlot cattle. 

Involvement of the ears by M. bovis can 
lead to otitis media. A fibrinous, purulent or 
caseating exudate is present in one or both 
middle ears with or without concurrent 
involvement of the lungs and joints. 

Samples for Confirmation 
of Diagnosis 

• Histology—lung, synovial 
membrane (LM, IHC) 

• Mycoplasmology—lung, culture 
swab from joint cavity and affected 
middle ear (MCULT) 

• PCR—lung, synovial membrane or 
exudate from middle ear 


DIFFERENTIAL DIAGNOSIS 


A diagnosis of infection by M. bovis should be 
considered when pneumonia and arthritis, 
synovitis, and possibly otitis occur at about 
the same time. The disease must be 
differentiated from other causes of joint 
swelling and lameness in feedlot cattle. With 
M. bovis infection there are usually several 
animals affected in a short period of time, 
which serves to distinguish it from other 
sporadic causes of arthritis. 

Differential clinical diagnosis for respiratory 
disease: 

• Pneumonic pasteurellosis of cattle is 

an acute, toxemic bronchopneumonia 
with a high fever and a good response 
to treatment in the early stages. 
Depression and anorexia are common. 
The disease is most common in young 
beef and dairy calves that have been 
recently stressed following weaning or 
mixed in auction markets and shipped to 
feedlots. The disease can also occur in 
mature cattle as a primary or secondary 
pneumonia. 

• In viral interstitial pneumonia of 

calves, young and adult cattle there is 
characteristic dyspnea, a moderate fever, 
only a mild toxemia, and loud breath 
sounds over the ventral aspects of the 
lungs followed by crackles and wheezes 
in a few days, and recovery may take 
several days. Pneumonia attributable to 
BRSV may be mild with uneventful 


recovery or severe with dyspnea and 
subcutaneous emphysema and a high 
case-fatality rate. 

• Lungworm pneumonia occurs most 
commonly in young pastured cattle and 
is characterized by dyspnea, coughing, 
only mild toxemia, and a moderate or 
normal temperature; the course may last 
several days. Usually many cattle are 
affected. Crackles and wheezes are 
usually audible over the dorsal aspects 
of the lungs, and the response to 
treatment is usually favorable if 
treatment is initiated early when signs 
are first noticed. 

• Atypical interstitial pneumonia (fog 
fever) and atypical interstitial 
pneumonia of feedlot cattle. The 

former usually occurs in adult pastured 
cattle that have been moved from dry to 
lush pasture (or just a different species 
of pasture or on to a recently harvested 
cereal grain field); the latter is 
incidentally observed in feedlot cattle 
most commonly in the finishing period; 
the onset is sudden and some cattle 
may be found dead, whereas others are 
in severe respiratory distress with an 
expiratory grunt. This condition is usually 
not associated with toxemia. 

• Infectious bovine rhinotracheitis (IBR) 
is characterized by rhinitis, usually with 
discrete lesions in the nares, tracheitis, 
loud coughing, high fever, and no 
toxemia unless secondary bacterial 
pneumonia is present. Recovery usually 
occurs gradually over 4 to 7 days. 

• Contagious bovine pleuropneumonia 
(CBPP) resembles pneumonic 
pasteurellosis but occurs in plague form; 
there is severe, painful, toxemic 
pleuropneumonia, and the case-fatality 
rate is high. 

Differential clinical diagnosis for arthritis: 

• Traumatic aseptic arthritis may be 

associated with history of trauma and 
sudden onset of lameness without signs 
of systemic disease. Synovial fluid 
collected by arthrocentesis is colorless or 
yellow to red-tinged (as a result of 
hemorrhage). Synovia is clear with 
moderate cellularity. 16 Culture of synovia 
is negative. 

• Traumatic septic arthritis with 
bacterial contamination of joint cavity 
commonly involves a single joint with 
worsening lameness. A skin lesion over 
the affected joint might be present. 
Synovial fluid is cloudy, with decreased 
viscosity, high cellularity, fibrin content, 
and a tendency to clot. 

• Septic arthritis as a result of 
hematogenous infection is a common 
complication of omphalitis or septicemia 
(e.g., diarrhea) in calves. Frequently 
involves several joints and is associated 
with clinical omphalitis. Common 
pathogens are Trueperella (formerly 
Arcanobacterium) pyogene, E. coli. 
Salmonella spp.. Streptococcus spp.. 











Staphylococcus spp. Histophilus somni, 
and others. 

• For a definitive diagnosis, joint fluid 
must be placed immediately into 
laboratory media specially prepared for 
Mycoplasma spp. The failure to isolate 
the mycoplasma from the fluid of joints 
that have been affected for more than 
14 days does not preclude a diagnosis 
of mycoplasma arthritis because the 
organism may have been eliminated 
from the joint. 

• Other pathogens isolated from the ear 
of animals with otitis include mites, 
nematodes, Mycoplasma spp., and 
variety of bacteria. 17 

Differential clinical diagnosis for otitis in 
cattle: 

• Bovine parasitic otitis caused by 
Rhabditis bovis. Diagnosis is made by 
identifying the nematode in the 
secretion of the external ear 

• Otitis externa caused by mites such 
as Raillietia auris. 

• Otitis media/interna as a 
complication of respiratory tract 
disease caused by pathogens such as 
M. haemolytica, P. multoc/da, H. somni. 
Streptococcus spp., and Staphylococcus 
spp. 


TREATMENT 

In general, treatment response to antimicro¬ 
bial therapy is fair at best for respiratory tract 
disease and is particularly disappointing for 
mycoplasmal arthritis. Limited drug distri¬ 
bution into infected caseous lung tissue 
where M. bovis is present in largest numbers 
and the fibrin deposition and biofilm pro¬ 
duction that characterizes some M. bovis 
strains all contribute to resistance to antimi¬ 
crobials in vivo that may contrast in vitro 
susceptibility. 2 Mycoplasmas have a theoreti¬ 
cal susceptibility to antimicrobials that 
disrupt protein or DNA synthesis, such as 
tetracyclines, macrolides, florfenicol, and 
fluoroqinolones. In contrast they are inher¬ 
ently resistant to all p-lactam antibiotics 
because they lack a cell wall and to sulfon¬ 
amides because they do not produce folic 
acid. 

Although a large number of studies docu¬ 
ment the efficacy of different antimicrobials 
for treatment of cattle experimentally 
infected with M. bovis, little information is 
available about treatment efficacy under field 
conditions. Several antimicrobials, including 
tylosin, oxytetracycline, lincomycin, spec- 
tinomycine, and oleandomycin, have been 
used in the past to treat naturally occurring 
M. bovis infection and were reported to 
result in clinical improvement. However, 
because of the common resistance of M. 
bovis against most of these antimicrobials 
that has been documented in recent years, 
these substances can no longer be considered 
appropriate choices. 1,2 
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The published results of in vitro antimi¬ 
crobial testing of isolates of M. bovis recov¬ 
ered from various locations are highly 
variable. The antimicrobial susceptibility of 
M. bovis strains, cultured from cases of 
pneumonia, arthritis, and mastitis of cattle, 
measured in vitro indicate that enrofloxacin, 
florfenicol, and spectinomycin all exhibited 
good to excellent activity. 18 The in vitro sus¬ 
ceptibilities of Belgian field isolates of M. 
bovis to 10 antimicrobials found that tiamu- 
lin was the most active against the organism. 
The fluoroquinolones, danofloxacin, enro¬ 
floxacin, and marbofloxacin were effective 
against strains of M. bovis, whereas gentami¬ 
cin was ineffective. In a series of British 
isolates of M. bovis, most isolates were sus¬ 
ceptible to danofloxacin but less susceptible 
to florfenicol. An industry sponsored study 
found tulathromycin and florfenicol at label 
dose to be effective for the treatment of respi¬ 
ratory disease in cattle caused among others 
by M. bovis under field conditions. 19 
Gamithromycin at label dose was found to be 
effective in treating naturally occurring clini¬ 
cal pneumonia caused by M. bovis. 20 

In calves with a high incidence of respira¬ 
tory disease associated with M. bovis and 
Pasteurella spp. the use of valnemulin in the 
milk of the calves for 4 days resulted in 
improved weight gains and fewer cases of 
mycoplasmal infection and required fewer 
treatments with antibiotics than those in the 
placebo treated group. 

Little evidence to support recommenda¬ 
tions for an appropriate treatment duration 
with antimicrobials is available in the litera¬ 
ture. Common wisdom holds that early 
treatment and prolonged therapy are the two 
most important factors contributing to the 
success of treatment of mycoplasmal infec¬ 
tion. 2 Given that M. bovis infection often 
becomes chronic, prolonged use of antimi¬ 
crobials at least until clinical signs resolves 
appears warranted. 11 This implies that in 
many cases antimicrobials would have to be 
administered in an extra-label manner. 

In addition to antimicrobial therapy 
short-term use of antiinflammatory drugs 
for management of pain and respiratory dis¬ 
tress is certainly indicated in severe cases. 

In case of early stage septic arthritis 
involving a single or few joints joint irriga¬ 
tion may be attempted. The objective of this 
procedure is to drain infected synovial fluid 
thereby reducing the number of bacteria and 
removing fibrin, debris, and other harmful 
products of inflammation. Joint lavage can 
be performed either by “tidal flush” through 
the same needle inserted into the infected 
joint or, preferably, by “through-and- 
through” lavage in which fluid is injected and 
drained through different 14-gauge needles 
that are placed into the joint as far apart as 
possible. Depending on the size of the joint, 
a minimum of 250 mL and up to several 
liters are needed for effective joint lavage. 21 ' 22 
Warmed polyionic solutions (e.g., lactated 


Ringer’s or isotonic saline solution) are com¬ 
monly flushed through the joint applying 
pressure until draining fluid becomes clear. 
Adding polyvidone-iodine to the irrigation 
solution to obtain a 0.01% to 0.1% solution 
has been recommended for its bactericidal 
effect. 23 Aseptic technique is required to 
prevent secondary bacterial infection. 
Because treatment efficacy is greatly impaired 
by fibrin accumulation in the joint, joint irri¬ 
gation should mainly be considered in early 
stages of the disease. Arthroscopic joint 
debridement has been used to treat septic 
arthritis in cattle in other species, with good 
outcome. This approach allows to effectively 
remove fibrin and debride to synovial mem¬ 
brane but requires adequate surgical equip¬ 
ment and skills. 24 Arthrotomy is rarely done 
because it is a major surgery with long after 
care and often unrewarding outcome. 

In cases of otitis media with ruptured 
tympanic membrane irrigation of the middle 
ear has been recommended. Irrigation solu¬ 
tions used include various apparently empir¬ 
ical dilutions of povidone iodine, hydrogen 
peroxide or chlorhexidine. 17 Perforating the 
still intact tympanic membrane (myrin- 
gothomy) with a sharp object has been pro¬ 
posed to allow drainage and irrigation of the 
middle ear. The advantages and risks of this 
procedure do not appear to have been prop¬ 
erly evaluated. 


TREATMENT AND CONTROL 


Treatment 

Antimicrobial therapy 

Tulathromycin (2.5 mg/kg SC as single dose) 

Florfenicol (20 mg/kg q48 IM) 

Tilmicosin (10 mg/kg SC as single dose) 
Gamithromycin (6 mg/kg SC as single dose) 
Enrofloxacin (2.5-5.0 mg/kg q24 SC) 
Danofloxacin (6 mg/kg q48h SC) 

Oxytetracycline (10 mg/kg IM q24) 
fi-lactam antibiotics (R-4) 

Erythromycin (R-4) 

Sulfonamides (R-4) 

Antiinflammatory therapy 
Flunixin meglumine (2.2 mg/kg IV as single 
dose)(R-2) 

Ketoprofen (3 mg/kg IM q24h for 2-3 days) 
(R-2) 

Carprofen (1.4 mg/kg SC/IV as single dose) 

(R-2) 

Meloxicam (0.5 mg/kg SC/IV as single dose) 

(R-2) 

Diclofenac (2.5 mg/kg IM as single dose) (R-2) 
Tolfenamic acid (2 mg/kg IM/IV q24-48h or 
4 mg/kg IM/IV as single dose) (R-2) 

Metaphylaxis 

Tulathromycin (2.5 mg/kg SC as single dose) 
Florfenicol (40 mg/kg SC as single dose) 

Continued 
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Tilmicosin (10 mg/kg SC as single dose) 
Gamithromycin (6 mg/kg SC as single 
dose) 

Oxytetracycline long-acting formulation 
(20 mg/kg IM as a single dose) 

Enrofloxacin* (7.5-12.5 mg/kg SC as single 
dose) 

Danofloxacin* (8 mg/kg SC as single dose) 

Vaccination 

Vaccination against M. bovis (R-3) 

* These are classified as critically important 
antimicrobials in human and veterinary medicine. 
Use as first-line treatment is discouraged, 2S 


CONTROL 

Biosecurity 

Effective control consists in maintaining a 
closed herd or screen and quarantine newly 
purchased animals. Aggressive surveillance 
and culling of infected animals is advisable 
for herds with low infection prevalence. In 
high-prevalence herds and operations where 
maintaining closed herds or enforcing a 
quarantine is impractical, as is the case in 
feedlots, the focus of the control measures 
must be on limiting stress, controlling con¬ 
comitant and potentially debilitating dis¬ 
eases such as bovine viral diarrhea (BVD) 
and segregating clinically affected animals 
from new arrivals. 

Bioecurity and biocontainment proce¬ 
dures should be implemented to prevent the 
introduction of infection into the herd and 
to minimize the spread of infection in the 
herd. 

Biosecurity measures applicable to dairy 
herds include the following: 11 

• Bulk-tank cultures from the herd of 
origin of newly purchased dry cows 
or heifers 

• Recur to bulk-tank culture 
history of the herd of origin or if 
unavailable. 

• Obtain cultures from at least 3 
bulk tank samples collected at 
least 3 to 4 days apart. 

• Individual milk samples of newly 
purchased lactating cows should be 
submitted for detection of 
mycoplasma (culture, PCR, 

C-ELISA) before introducing these 
animals into the herd. Be aware of 
low sensitivity of a single milk 
sample to detect subclinical 
infection. 

• Test for M. bovis antibodies in milk 
or serum to identify infected 
animals. 

• Screen calf health records from herd 
of origin of newly purchased animals 
for history of clinical signs consistent 
with M. bovis infection (e.g., 
polyarthritis or otitis) when 
available. 


Procedures that have been recommended 
to control M. bovis transmission in calves 
include the following: 1 

• Avoid exposure of calves to milk/ 
colostrum contaminated with M. 
bovis. 

• Avoid feeding milk/colostrum 
from infected cows. 

• Pasteurize milk/colostrum of 
cows of unknown status in 
infected herds before feeding to 
calves. 

• Feed milk replacer. 

• Reduce airborne exposure to M. 
bovis. 

• Segregate calves with suspected 
or confirmed clinical M. bovis 
infection. 

• Prevent overcrowding. 

• Provide adequate ventilation. 

• Promptly treat calves with 
respiratory disease. 

• Prevent fomite transmission. 

• Sanitize nipples, bottles, tube 
feeders, buckets, and so forth. 

• Wear gloves when feeding 
newborn calves and assisting sick 
calves to nurse, and change gloves 
between animals. 

• Consider all-in, all-out procedure 
and sanitize pens between calves or 
separate younger from older calves 
to prevent disease transmission. 

• Consider metaphylactic use of 
antimicrobials in situations with high 
morbidity/mortality rates. 

• Use nonspecific measures to 
stimulate calf health. 

• Ensure adequate transfer of 
passive immunity. 

• Provide adequate nutrition. 

• Minimize stress. 

• Control other potentially 
debilitating pathogens (e.g., other 
pathogens of the respiratory tract 
or BVDV 

In dairy herds, pasteurization of myco¬ 
plasma mastitis milk at 65°C (149F) for 1 
hour can kill mycoplasmas and reduce the 
incidence of respiratory disease in calves. A 
temperature of 65°C (149F) killed M. bovis 
and M. ccdifornicum after 2 minutes of expo¬ 
sure, whereas M. canadense remained viable 
for up to 10 minutes. Exposure to 70° C 
(158 F) inactivated M. bovis and M. californi- 
cum after 1 minute, butM. canadense samples 
were positive for up to 3 minutes. 

Metaphylactic Use of Antimicrobials 

Although the prophylactic/metaphylactic 
use of antimicrobials is undesirable from a 
standpoint of prudent use of antimicrobials, 
it is well established that treatment of myco¬ 
plasmal infection is most effective when 
initiated early in the course of disease. 11 
Metaphylactic use of antimicrobials in 
animals at high risk of developing respira¬ 
tory disease of undetermined etiology has 


clearly been demonstrated to reduce the 
incidence and severity of disease in 
feedlot cattle. 26 ' 28 For the treatment of other 
mycoplasmal infection in cattle such as con¬ 
tagious bovine pleuropneumonia (CBPP), 
the metaphylactic treatment of in-contact 
animals was reported to significantly reduce 
disease transmission, severity scores in 
affected animals, and mortality rates within 
herds. 29 This suggests that metaphylactic 
treatment of mycoplasmal infection might be 
more successful than initiating treatment 
after disease is clinically apparent. Given 
limited evidence, available metaphylactic 
antimicrobial therapy of animals at high risk 
of developing M. bovis infection is probably 
justified in herds with high morbidity and 
mortality rates. 11 

Vaccines 

Some vaccines have been developed, but they 
have not been sufficiently efficacious or have 
yielded poor results. A quadrivalent inacti¬ 
vated vaccine containing BRSV, PI-3 virus, 
and M. dispar and M. bovis provided some 
protection against naturally occurring out¬ 
breaks of bovine respiratory disease. A 
vaccine containing formalin-inactivated 
strains of M. bovis and Mannheimia haemo- 
lytica from affected herds reduced losses 
from pneumonia and the cost of treatment 
in newly arrived feedlot calves. 

A single dose of vaccine for M. bovis 
pneumonia, inactivated with saponin, pro¬ 
vided protection against experimental chal¬ 
lenge of calves 3 to 4 weeks of age with a 
virulent isolate of M. bovis. The vaccine also 
reduced the spread of M. bovis to internal 
organs. Attempts to vaccinate against M. 
bovis arthritis have been unsuccessful. 
Experimental vaccines against mycoplasma 
vaccines have been unsuccessful and may 
even exacerbate the mastitis. 

Currently there are several M. bovis bac- 
terin vaccines that have been licensed in the 
United States for the control of M. bovis 
pneumonia in calves, and several U.S. com¬ 
panies are permitted to produce custom 
autogenous bacterin vaccines. No registered 
M. bovis vaccine is currently available in 
Europe. There is currently no convincing evi¬ 
dence documenting the efficacy of vaccines 
to control M. bovis infection under field 
conditions. 11 
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ENZOOTIC PNEUMONIA 
OF CALVES 


SYNOPSIS 


Etiology Bovine respiratory syncytial virus 
(BRSV), bovine coronavirus (BoCV), 
Parainfluenza-3 virus (PI-3); less frequently, 
bovine herpesvirus-1 (BHV-1; infectious 
bovine rhinotracheitis, IBR) and other 
viruses; Mycoplasma bovis, Mycoplasma 
spp.; secondary opportunistic bacterial 
infection with Pasteurella multocida, rarely 
with Mannheimia haemolytica. 

Epidemiology Housed dairy calves under 3-5 
months; high morbidity low mortality; veal 
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calves; beef calves crowded in calving 
grounds; poor colostral immunoglobulin 
status; inadequately ventilated calf barns; 
excessive infection pressure on newborn 
calf because of close proximity to adult 
cattle in barns; economically important. 

Signs Mild to severe dyspnea, fever, loud 
breath sounds over cranioventral lungs 
(consolidation), coughing, high morbidity; 
low case-fatality rate, secondary bacterial 
pneumonia with toxemia. 

Clinical pathology Isolate pathogens from 
nasal swabs, transtracheal aspirates. 
Serology for seroconversion to viruses. 

Differential diagnosis: 

• Pneumonic pasteurellosis caused by 
Mannheimia haemolytica 

• Histophilus somni pleuropneumonia 

• Aspiration pneumonia 

• Dyspnea of enzootic muscular 
dystrophy 

• Chronic cases may resemble 
congenital cardiac defects 

Treatment Antimicrobials to prevent and 
treat secondary bacterial pneumonia. 

Control Ensure adequate colostral intake. 
Good housing and ventilation. Prevent 
crowding in calf barns. Raise dairy calves 
separate from adult cattle or in calf 
hutches. 


ETIOLOGY 

The term enzootic pneumonia should be 
considered more as a description than a 
diagnosis, similar to the term shipping fever. 
Enzootic pneumonia refers to clinical respi¬ 
ratory disease in dairy and veal calves raised 
in confinement under 6 months of age, 
whereas shipping fever refers to clinical 
respiratory disease in recently weaned beef 
calves shortly after transportation. 

The cause of enzootic pneumonia is mul¬ 
tifactorial, associated with various species of 
viruses, mycoplasma, bacteria, and environ¬ 
mental and host risk factors contributing to 
the pathogenesis, severity and nature of the 
pneumonia. Respiratory pathogens such as 
bovine respiratory syncytial virus (BRSV), 
bovine coronavirus (BoCV), and myco¬ 
plasma act as primary pathogens, and bacte¬ 
rial infection with Pasteurella multocida acts 
as a common secondary opportunistic com¬ 
plication. Mannheimia hemolytica is isolated 
from calves with enzootic pneumonia at a 
much lower rate than P. multocida . u 

Bovine Respiratory Syncytial Virus 

Bovine respiratory syncytial virus (BRSV) 
causes pneumonia in both dairy and beef 
cattle of all ages, but primarily in dairy calves 
under 6 months of age. BRSV isolates belong 
to an antigenic grouping different from that 
of Human Respiratory Syncytial Virus 
(HRSV), and distinct antigenic subgroups of 
BRSV exist. 


Bovine Coronavirus 

Bovine coronavirus (BoCV) is one of the 
more newly identified viral respiratory 
pathogens of cattle, being first described in 
1993. As a consequence, the clinical signifi¬ 
cance of BoCV in bovine respiratory disease, 
and enzootic pneumonia in particular, is still 
being determined. 

The current evidence indicates that BoCV 
plays a primary and important role in enzo¬ 
otic pneumonia. BoCV was the most com¬ 
monly identified viral pathogen identified in 
nasal swabs from calves with respiratory 
disease in Ireland, being present in 23% of 
calves. 3 BoCV was identified throughout the 
year, but at a much lower rate in summer. ’ 
BoCV was the only virus detected in approx¬ 
imately 75% of respiratory disease outbreaks 
in two to 3-month calves in Italy. 4 

Parainfluenza-3 Paramyxovirus 

The evidence for viruses as primary etiologic 
agents is based on virus isolation, serologic 
evidence of active infection, lesions of viral 
pneumonia, and experimental infection. The 
parainfluenza-3 (PI-3) virus has been iso¬ 
lated most commonly from affected calves 
and inoculation of the virus into colostrum- 
deprived calves results in a pneumonia that 
resembles the naturally occurring disease. 

Mycoplasma bovis and 
Mycoplasma spp. 

Mycoplasma bovis is a major cause of calf 
pneumonia, and in conjunction with BRSV 
and BoCV, is considered one of the three 
most important and common etiologic 
agents of calf pneumonia. In addition, Myco¬ 
plasma dispar, M. bovirhinis, and Ureaplasma 
diversum, are frequently isolated from the 
lungs of pneumonic calves. Acholeplasma 
laidlawii and M. arginini are also found but 
of dubious significance. 

Mixed Viral and Other 
Pathogen Infections 

A survey of viral infections of the respira¬ 
tory tract of calves over a 3-year period 
revealed that BRSV, the PI-3 virus and 
bovine virus diarrhea virus (BVDV) were 
significantly associated with respiratory 
disease. Seroepidemiologic and clinical 
surveys of calves raised as herd replace¬ 
ments in dairy herds commonly reveals evi¬ 
dence of BRSV and PI-3 virus infections 
associated with respiratory disease. The 
rhinoviruses, adenoviruses, reoviruses, and 
enteroviruses were also isolated but in 
much lower frequency, and were considered 
not to be important. Chlamydia spp. has 
been associated with respiratory disease in 
calves and usually as part of a mixed infec¬ 
tion with viruses and bacteria. A recent 
metagenomics study identified the presence 
of bovine adenovirus, bovine rhinitis A 
virus, and bovine influenza D virus either 
alone or in combination in 62% of calves 
with respiratory disease. 3 
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Bacteria 

P. multocida is frequently isolated from the 
lungs of calves with enzootic pneumonia. 
Because it is a commensal of the upper respi¬ 
ratory tract, P. multocida is typically consid¬ 
ered as an opportunistic pathogen in calves 
with enzootic pneumonia. 6 M. haemolytica 
and P. multocida may both be recovered from 
the lungs of calves with pneumonia and may 
act synergistically with the Mycoplasma spp. 
to cause a more severe and fatal pneumonia; 
however, M. haemolytica is not commonly 
isolated from calves with enzootic pneumo¬ 
nia. 1,2 Several other bacterial species may 
also be recovered from pneumonic lungs, 
including Histophilus somni (formerly 
Hemophilus somnus), Trueperella (formerly 
Arcanobacterium or Actinomyces or Coryne- 
bacterium ) pyogenes, Fusobacterium spp., 
Streptococcus spp., and Staphylococci spp., 
particularly from chronically infected 
animals. 

Bibersteinia trahalosi (formerly P. hae¬ 
molytica Biotype T) has been infrequently 
isolated from young dairy calves and adult 
cows with respiratory disease. It is currently 
uncertain whether B. trahalosi acts as a 
primary respiratory pathogen in bovine 
respiratory disease or plays a secondary and 
opportunistic role. Calves challenge exposed 
with a virulent isolate of B. trahalosi and 
previously vaccinated with a modified live 
leukotoxin positive M. haemolytica vaccine 
had less severe clinical signs of respiratory 
disease, lower mortality, and reduced lung 
lesions scores than unvaccinated calves.' In 
contrast, intratracheal inoculation of 2- to 
3-month-old dairy calves with leukotoxin 
positive or negative strains of B. trahalosi 
failed to induce clinical signs of respiratory 
disease. 8 Interestingly, B. trahalosi inhibits the 
growth of M. haemolytica via a proximity- 
dependent mechanism, 9 leading to specula¬ 
tion that most of the pathology in field cases 
attributed to B. trahalosi pneumonia was 
actually attributable to M. haemolytica infec¬ 
tion that has been overgrown. Additional 
studies are needed to clarify the role of B. 
trahalosi in bovine respiratory disease. 

EPIDEMIOLOGY 
Occurrence 
Dairy Calves 

Enzootic pneumonia occurs most com¬ 
monly in housed dairy calves from 2 weeks 
to 5 months of age being raised as herd 
replacements. Pneumonia can be responsible 
for up to 30% of all deaths of calves in dairy 
herds from birth to 16 weeks of age, second 
to enteritis, which can account for 44% of all 
deaths. Some farms report many cases of 
pneumonia, whereas others have none, 
emphasizing the role that management and 
environment play in the incidence of enzo¬ 
otic pneumonia. 

Pneumonia can be the single largest cause 
of death in veal calf farms. The calves are 
purchased at about 10 days of age, assembled 


into large groups of 25 to 50 per group and 
fed a milk substitute diet for about 16 weeks 
and then sent to slaughter. The peak inci¬ 
dence of disease occurs about 5 weeks after 
arrival in the calf house during which time 
PI-3 and BRSV are recovered most often. 

Beef Calves 

Enzootic pneumonia occurs in nursing beef 
calves and can account for significant reduc¬ 
tions in weaning weight and a significant 
cause of economic loss as a result of disease 
in the neonatal period. In cow-calf herds in 
northwestern Quebec, one of the major 
causes of a low percentage of weaned calf- 
crop was the occurrence of diarrhea and 
pneumonia in calves under 2 weeks of age. 
Pneumonia can also occur after beef calves 
have been housed. 

Morbidity and Case Fatality 

Morbidity rate and case-fatality rates vary 
depending on the quality of housing and 
management provided, and the type and 
amount of viruses and bacteria that predom¬ 
inate in the environment at any one time. 
The morbidity rate may reach 100%, and the 
case-fatality rate is usually less than 5%. 

On veal calf farms, pneumonia can be the 
largest single cause of death, with mortality 
rates up to 3.7% and culling rates at 5.1%. 
Peak death and cull losses occur during the 
7th and 8th week of production. 

In Ontario Holstein dairy herds, 15% of 
calves were treated for pneumonia before the 
age of weaning. Treatment rates for pneumo¬ 
nia increased slightly until about the 6th 
week of life and then declined until weaning. 
Calves that had pneumonia during the first 
3 months of life had an increased risk of 
mortality before they reached calving age. In 
Holstein herds in New York, the crude inci¬ 
dence rate for respiratory disease within 90 
days of birth was 7.4%. In those same herds, 
dullness of calves and unspecified diagnosis 
within 90 days of birth increased the hazard 
rate of death after 90 days of age 4.3-fold 
above that for heifers without dullness within 
90 days of birth. These data indicate pneu¬ 
monia in dairy calves in the first 3 months of 
age can have an adverse effect on long-term 
survival and subsequent growth rate. 

Methods of Transmission 

Aerosol infection and direct contact are the 

methods of transmission and both are accen¬ 
tuated in crowded, inadequately ventilated 
conditions. Newborn calves raised in indi¬ 
vidual pens may become infected within 5 to 
15 days after an experimentally infected calf 
is placed in the calf house. 

Risk Factors 

Because most of the pathogens described 
under etiology can be found in the respira¬ 
tory tract of normal calves, it has been 
generally accepted that environmental risk 
factors, such as ambient temperature, relative 


humidity, air quality, and population density, 
are necessary to precipitate the disease. In 
addition, several animal risk factors make 
calves susceptible to the pathogens in their 
environment. There are also pathogen risk 
factors that determine the disease outcome. 

Animal Risk Factors 

The onset of calf pneumonia occurs between 
2 and 4 weeks of age when the concentration 
of serum IgGi, IgG 2 and IgA in the nasal 
secretions are lowest. When the concentra¬ 
tions of serum IgG 2 begin to increase at 
about 2 to 4 months of age, the incidence of 
new cases of pneumonia begins to decline. 
The spectrum of colostral antibodies present 
in home-raised calves will depend on the 
spectrum of infection in the adult cows. In 
herds infected with BRSV, newborn calves 
acquire colostral antibodies to BRSV, which 
declines to undetectable levels in an average 
of about 100 days with a range of 30 to 
200 days. 

Most calves that recover from clinical 
enzootic pneumonia are resistant to further 
attacks of the disease associated with the 
same infectious agents. Herd immunity to 
one or more viruses develops, and severe 
outbreaks of disease usually occur following 
the introduction of animals that may be car¬ 
riers of infectious agents to which the resi¬ 
dent animals are nonimmune. In commercial 
veal calf units where market-purchased 
calves are being introduced on a regular 
basis, there is commonly a succession of 
minor epidemics of enzootic pneumonia. 
The incidence is highest in the recently intro¬ 
duced calves and the disease will occur in a 
small percentage of resident calves. 

In a study of range beef calves from birth 
to 45 days of age, respiratory disease 
accounted for a total mortality of 1% and was 
associated with twins, which may result in a 
less viable calf at birth that may be neglected 
and abandoned. The risk of respiratory 
disease was also higher for male calves. The 
recent advancement of calving dates of beef 
cattle herds in the cold areas of North 
America from April-June to January-March 
results in crowded conditions in calving 
yards, which creates the environmental con¬ 
ditions similar to those of housed dairy 
calves. This has increased the incidence risk 
for enzootic pneumonia in beef calves. 

Environmental and Management 
Risk Factors 

Environmental risk factors, such as inade¬ 
quate housing and ventilation are major con¬ 
tributors to the disease process. These 
include calving area, calf housing, spatial 
separation between calves, mixing calves of 
different age groups, and seasonal effects. 
Dairy herds that do not house calves in 
groups before weaning, or that house calves 
in groups of seven or fewer calves per group, 
are less likely to be affected with high mortal¬ 
ity rate as a result of respiratory disease. The 





calving area and environment can affect calf 
health through stress and the degree of expo¬ 
sure to infectious agents. Inadequate ventila¬ 
tion, improper climate control, and poorly 
constructed facilities can induce stress in 
calves. Crowding results in close contact and 
promotes spread of infection, and also results 
in excess moisture that, in the presence of 
inadequate ventilation (movement of air) 
and supplemental heat, causes a high relative 
humidity and chilling of calves. Many calf 
barns are old, adapted barns that are occu¬ 
pied for several months without depopula¬ 
tion and disinfection. Monitoring 48 dairy 
herds over 1 year in the National Animal 
Health Monitoring System revealed that 
mortality was lower in herds that used calf 
hutches compared with those that did not. In 
commercial veal units, the longer the disin¬ 
fection and vacancy break, up to 6 to 7 days, 
the lower the incidence of disease in new 
calf crops entering the unit. Ventilation is 
commonly inadequate where dairy calves 
are raised because of poor design of the 
building. 

Rapid changes in weather, particularly 
during the winter months, are often followed 
by outbreaks of acute pneumonia because of 
inadequate ventilation. A common practice 
during cold weather is to close the air inlets 
and turn off the ventilating fans in an attempt 
to maintain the inside temperature at a com¬ 
fortable level. This results in increased rela¬ 
tive humidity, condensation of moisture on 
walls and on the calves, leading to wet condi¬ 
tions, and the reduced ventilation results in 
an increase in the concentration of droplet 
infection. Attempts to correlate meteorologic 
data with the daily morbidity rate have not 
yet provided evidence for the hypothesis that 
climatic factors have an influence on inci¬ 
dence. This may be because of the difficulties 
associated with accurately monitoring mete¬ 
orologic data, and the lack of a direct rela¬ 
tionship between the environment outside a 
calf barn and the microclimate of the calf 
inside the barn. The disease appears to be 
most common during the winter months 
when calves are housed continuously and 
when ventilation is commonly inadequate. 

Humid weather results in a marked 
increase in the percentage of bacterial col¬ 
ony-forming particles of less than 4 to 7|am 
in size. This provides the beginnings of a 
sound physical framework for the explana¬ 
tion of this and other, as yet empirical, rela¬ 
tionships between the microenvironment in 
calf barns and the etiology and epidemiology 
of calf pneumonia. 

The management risk factors that can 
influence the incidence rate and mortality 
of calves with pneumonia include the 
following: 

• Colostrum feeding practices 

• General feeding practices 

• Quality of perinatal care provided by 
the personnel 

• Age at weaning 
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• Use of prophylactic antimicrobials 

• Health management of the dams. 

The feeding of a coccidiostat to pre¬ 
weaned calves may be associated with an 
increase in the risk of enzootic pneumonia 
because herds with a history of disease would 
be more likely to feed a coccidiostat. 

Factors associated with mortality to 21 
days of life in dairy heifers in the United 
States include: 

• First colostrum-feeding method, 
timing and volume 

• Time of separation from dam 

• Calving ease 

• Twin birth. 

Inadequate transfer of passive immu¬ 
nity has consistently been identified as a 
major risk factor for enzootic pneumonia. 10 
Optimizing the feeding of colostrum, as sum¬ 
marized in Chapter 20, is an important 
method for decreasing morbidity and mor¬ 
tality associated with enzootic pneumonia. 
Up to 31% of mortality is associated with 
ineffective colostrum feeding. The longer the 
calf is left with the dam after birth, the greater 
the mortality, presumably as a result of greater 
exposure of the calf to pathogens harbored 
by the dam. Difficult calving also may inter¬ 
fere with the optimum ingestion of colostrum 
and absorption of immunoglobulins. 

A path model of individual-calf risk 
factors for calfhood morbidity and mortality 
in New York Holstein herds indicated that 
management appeared to affect, directly and 
indirectly, the risk of respiratory disease 
within 90 days of birth. Being born in loose 
housing is strongly related to development of 
clinical signs of calf diarrhea within 14 days 
of birth, which in turn increases the risk of 
respiratory disease within 90 days of birth. 

Calves reared as herd replacements may 
be born inside and raised indoors until they 
are about 6 months of age and then turned 
out to pasture for the summer. In the case of 
veal calf-rearing units, the calves are kept 
and fed indoors under intensive conditions 
from a few days of age until they reach 
150 kg body weight (BW) at 12 weeks of age. 
In the barley-beef units, the calves are fed 
indoors on an intensive basis from weaning 
until they reach market weight at 10 to 12 
months of age. In all of these situations, 
young, growing calves are raised together 
in confined conditions that promote 
the spread of respiratory disease associated 
with several viruses, Mycoplasma spp., and 
Pasteurella spp. 

Based on serologic surveys, most calves 
raised in close confinement will have become 
infected by several viruses, including the 
BRSV, PI-3 virus, adenoviruses, BHV-1, and 
bovine viral diarrhea virus. If natural expo¬ 
sure to these viruses, Mycoplasma spp., and 
bacteria is so widespread and inevitable, it 
raises serious questions about the rationale 
for vaccination. In most cases the effects of 
the viruses and Mycoplasma spp. are minimal. 
The stress factors associated with inadequate 


ventilation, high relative humidity, chilling, 
and secondary bacterial complications are 
responsible for the onset of clinical disease. 

Pathogen Risk Factors 

The infectious agents are ubiquitous in the 
respiratory secretions of the animals and in 
their environment, and more numerous in 
crowded poorly ventilated conditions. The 
spectrum of infectious agents that are present 
and acting in a calf population and the sever¬ 
ity of clinical disease will vary between 
farms, between countries, and from season 
to season. It has been assumed that older 
calves and mature animals in a herd are the 
source of infection for the young calves. This 
assumes major importance in control mea¬ 
sures that are commonly designed to rear 
calves separate from older animals. 

Bovine Respiratory Syncytial Virus 
Infection with BRSV may be subclinical, 
mildly clinical, or highly fatal. Raising calves 
in close proximity to older cattle may result 
in constant exposure to infectious agents to 
which the mature animals are immune. The 
disease may be endemic on particular farms 
in which almost every calf experiences clini¬ 
cal disease. Herd epidemics may occur fol¬ 
lowing the introduction of a different virus, 
such as BRSV, or following a breakdown in 
the ventilation system. The disease occurs 
specifically in nursing beef calves from 1 to 
4 months of age while on pasture. Veal calves 
that are seronegative for BRSV on arrival to 
the veal unit were twice as likely to develop 
respiratory disease within the first 3 weeks 
compared with seropositive calves. 10 

Bovine Coronavirus 
Information regarding pathogen risk factors 
is just starting to be identified. Veal calves 
that are seronegative for BoCV on arrival to 
the veal unit are 1.7 times as likely to develop 
respiratory disease within the first 3 weeks as 
are seropositive calves. 10 

Parainfluenza-3 Virus 
This is commonly subclinical in a group of 
calves, and clinical disease may not occur 
until other pathogens are present or when 
adverse environmental conditions precipitate 
clinical disease. Following natural infection 
of young calves, the PI-3 virus may persist 
for several weeks. However, the presence of 
PI-3 infection may predispose to respiratory 
disease by interfering with normal pulmo¬ 
nary clearance mechanisms and allowing 
secondary invasion by bacteria or mycoplas- 
mas. PI-3 decreases the phagocytic ability of 
alveolar macrophages, enhances the produc¬ 
tion of arachidonic acid signally cascade, a 
proinflammatory response, and enhances 
contraction of respiratory smooth muscle, 
resulting in bronchoconstriction. 11 

The number and types of Mycoplasma 
spp. that colonize the nose and trachea of 
calves are influenced by the age of calves and 
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not by the environmental temperature or 
relative humidity. Mycoplasma spp. start to 
colonize the upper respiratory tract of calves 
within days after birth, and the peak isola¬ 
tion rate from their nasal cavities occurs at 
about 2 to 6 weeks of age, and from the 
trachea at 6 to 8 weeks of age. Over 92% of 
calves collected from farms and reared in a 
controlled environment can harbor Myco¬ 
plasma spp. in their noses when they are 2 
weeks of age. The rate of recovery falls gradu¬ 
ally thereafter. 

Mycoplasma dispar colonizes the respira¬ 
tory tract of experimentally infected young 
calves for several months and can be isolated 
from nasal swabs and transtracheal samples 
throughout the period of colonization. M. 
dispar and P. multocida have been cultured 
from transtracheal aspirates of dairy calves 
with pneumonia under 3 months of age. In 
calves aged 1 to 5 months in calf-rearing 
farms that purchase calves from dairy farms, 
the prevalence and level of colonization of 
the respiratory tracts with Mycoplasma spp. 
can be more than 90% over a 2-year period. 
M. dispar, M. bovirhinis, and Acholeplasma 
laidlawii have all been isolated from such 
calves. A high degree of colonization with M. 
dispar among 1- to 2-month-old calves on 
these rearing farms indicates the ability of 
the pathogen to spread among the calves and 
colonize the respiratory tract. M. dispar is 
able to spread very rapidly among groups of 
calves, and airborne transmission is consid¬ 
ered to be an important mode of trans¬ 
mission in addition to direct contact. The 
infection rate in the calves at the farms of 
origin is small. 

Pasteurella multocida is a normal com¬ 
ponent of the upper respiratory tract of 
calves but is frequently isolated from the 
lungs of calves with enzootic pneumonia. It 
appears that isolation of P. multocida from 
pneumonic lung reflects the overwhelming 
of the calf immune system rather than a 
primary pathogenic response. Different 
strains of P. multocida exist in the upper 
respiratory tract of calves, particularly if 
calves come from different sources, and P. 
multocida infection can amplify the severity 
of lower respiratory tract disease in the pres¬ 
ence of impaired defense mechanisms. 12 P. 
multocida is more frequently isolated from 
the nasal passages of dairy calves less than 10 
weeks of age than similarly aged beef calves; 13 
this is thought to reflect differences in 
housing and management and is consistent 
with the predominance of enzootic pneumo¬ 
nia cases in dairy calves. 

Mixed Flora 

Although a mixed flora of viruses, myco¬ 
plasma, and bacteria can be isolated from the 
respiratory tract of calves with pneumonia, 
and the unpassaged respiratory material can 
cause disease similar to the naturally occur¬ 
ring disease, the inoculation of pure cultures 
ofM. bovis, M. dispar, and Ureaplasma spp., 


or pure cultures of BRSV, BoCV, or PI-3, into 
calves does not produce the severe clinical 
disease seen in the field. The failure of pure 
cultures of a pathogen to produce a severe 
pneumonia may be for one of three reasons: 

• Combinations of organisms are 
required for disease 

• Laboratory passage of the pathogens, 
necessary for purification causes 
their attenuation 

• Material in the respiratory secretion 
other than the pathogens identified 
is required for disease, which may 
include agents that were not detected 
by routine culture techniques. 

Economic Importance 

The economic losses associated with enzo¬ 
otic pneumonia may be considerable. One 
estimate reports that the disease accounts for 
50% of all calf mortality and a reduction of 
7% in live weight gain. In commercial veal 
units, the presence of enzootic pneumonia 
may be associated with a prolonged time in 
the unit because of reduced daily weight 
gain. 

The economic loss attributable to calf- 
hood morbidity and mortality is well recog¬ 
nized by the dairy industry. However, the 
long-term effects of morbidity from diseases 
such as enzootic pneumonia on health and 
performance may constitute an even greater 
economic loss to the herd. Calfhood diseases 
occurring in the first 3 months of life may 
have serious long-term consequences. Heifer 
calves that are treated for pneumonia during 
the first 3 months of life are 2.5 times more 
likely to die after 90 days of age than heifers 
that are not treated for pneumonia. Heifer 
calves without respiratory disease are twice 
as likely to calve, and calved for the first time 
6 months earlier, compared with calves with 
respiratory illness as calves. Some studies 
have found no significant independent asso¬ 
ciation with calfhood disease status with first 
lactation milk production. However, the 
population selected did not include all 
heifers affected as calves; a heifer could have 
a suboptimal rate of growth or unthrifty 
appearance and would be removed from the 
herd before milk production was measured. 

PATHOGENESIS 

Viruses 

The respiratory viruses can cause a viral 
interstitial pneumonia affecting the cranial 
lobes of the lung that may be subclinical, 
mildly clinical, or severe and highly fatal. The 
pathogenesis of BRSV and BHV-1 pneumo¬ 
nia is described elsewhere in this chapter. 
The pathogenesis of experimental respira¬ 
tory bovine coronavirus infection has not 
been well described. 

Parainfluenza-3 

Subclinical viral pneumonia associated 
with the PI-3 virus uncomplicated by sec¬ 
ondary bacterial invasion is usually of minor 


importance. In subclinical PI-3 infection in 
calves, seroconversion will occur, and at 
necropsy there are microscopic lesions 
consisting of bronchiolitis, bronchial and 
bronchiolar epithelial hyperplasia, alveolar 
epithelialization, and giant-cell syncytial for¬ 
mation. In the mild form there are slight 
clinical signs such as coughing and polypnea. 
In the severe form of viral pneumonia, such 
as in respiratory syncytial viral infection, 
there is severe dyspnea, with mouth breath¬ 
ing and an expiratory grunt, but a marked 
absence of toxemia compared with a bacte¬ 
rial pneumonia. Death can occur without 
secondary bacterial bronchopneumonia. 
Atelectasis and consolidation of the anterior 
lobes of the lungs are characteristic and 
account for the loud bronchial tones audible 
on auscultation over the anterior ventral 
aspect of thorax. 

The experimental intranasal inoculation 
of the PI-3 virus into colostrum-deprived 
calves results in a pneumonia that is grossly 
and histologically similar to the naturally 
occurring disease. Within 2 to 4 days follow¬ 
ing infection there is bronchiolitis and bron¬ 
chitis and cellular exudate in the bronchiolar 
lumina. These lesions become more severe 
and are accompanied by alveolar cell thick¬ 
ening and hyperplasia. Beginning at about 14 
days following infection, there is healing of 
the bronchiolar and alveolar lesions. The 
bronchiolar exudate becomes organized by 
fibroblasts, and mononuclear cells predomi¬ 
nate in the alveolar exudate. Bronchiolitis 
obliterans is widespread, but reepithelializa- 
tion of damaged bronchiolar mucosa and 
alveoli occur. 

Experimentally, the PI-3 virus can affect 
alveolar macrophages, which may impair the 
lung clearance mechanisms and allow M. 
haemolytica to produce a secondary bacterial 
bronchopneumonia. However, aerosols of 
PI-3 followed by M. haemolytica 7 days later 
do not necessarily result in significant pul¬ 
monary disease. 

After the primary viral pneumonia is 
established, bacterial invasion may occur 
and the resulting pneumonia will vary 
with the species of bacteria that are present. 
Secondary bacterial pneumonias usually 
respond to treatment, although relapses are 
common if the viral pneumonia is extensive. 
Viruses are capable of reducing the resis¬ 
tance of mucous membranes, allowing bac¬ 
teria such as pasteurellae to invade tissues. 
They are also capable of destroying the cilia 
on the bronchial mucosa that act as an esca¬ 
lator and help to keep the lower respiratory 
tract free of potential pathogens. In animals 
where there is an uncomplicated viral pneu¬ 
monia with very extensive lesions, there may 
be minimal clinical signs and almost com¬ 
plete resolution. 

Mycoplasma 

The pathogenesis of M. bovis pneumonia is 
described elsewhere in this chapter. 
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The endobronchial or intratracheal inoc¬ 
ulation of gnotobiotic calves with Myco¬ 
plasma spp. does not usually result in 
significant clinical disease. However, 2 or 3 
weeks following inoculation, there is micro¬ 
scopic evidence of pneumonia. The lesions 
produced by experimental inoculation of 
calves with M. bovis, M. dispar, or Urea- 
plasma spp. are characterized by peribron¬ 
chiolar and perivascular “cuffing,” catarrhal 
bronchiolitis, and atelectasis. Intranasal 
inoculation of Ureaplasma diversum into SPF 
calves results in thick cuffs of round cells 
surrounding the bronchi, bronchioli, and 
blood vessels and a lobular catarrhal pneu¬ 
monia. However, clinical signs of pneumonia 
are not observed. Inoculation of M. canis 
results in only a slight pathologic change that 
disappears 9 days after infection. M. dispar 
produces an alveolitis without cuffing lesions. 
It is thought that the Mycoplasma spp. are 
synergistic with each other, viruses, and bac¬ 
teria in producing the lesions of subclinical 
and clinical enzootic pneumonia. 

Bacteria 

The pathogenesis of P. multocida and M. hae- 
molytica pneumonia is described elsewhere 
in this chapter, and the pathogenesis of His- 
tophilus somni pneumonia is described in 
Chapter 22. 

CLINICAL FINDINGS 

Regardless of the identity of the causative 
pathogen, the clinical findings in almost all 
enzootic pneumonias of calves are similar. In 
the experimental viral pneumonia, a febrile 
reaction occurs on about day 5 and is fol¬ 
lowed by the appearance of rhinitis, pneu¬ 
monia, and mild diarrhea. The fever is only 
moderate (40-40.5° C [104-105°F]). A 
harsh, hacking cough, easily stimulated by 
pinching the trachea, is characteristic. 

Clinical scoring systems have been 
developed to assist in the field diagnosis of 
respiratory disease in calves with enzootic 
pneumonia. 14,15 Factors considered of poten¬ 
tial clinical utility, such as rectal temperature, 
presence and nature of nasal and ocular dis¬ 
charges, presence and nature of a cough, 
respiratory rate, and degree of depression, 
are assigned a whole integer score and the 
individual scores added to provide a summa- 
tive score. Ultrasonographic examination of 
the cranioventral lung fields may provide 
helpful additional information. Current 
scoring systems for dairy calves 14,15 have not 
been well validated, 16 and the use of a sum- 
mative clinical score is statistically illegal, 
even when weights are assigned to measured 
factors. Despite these limitations, appropri¬ 
ately designed and validated clinical scoring 
systems show promise as providing a practi¬ 
cal method for implementing effective treat¬ 
ments earlier to calves with respiratory 
disease. 

In naturally occurring cases, the clinical 
findings are similar, although the fever is 


usually higher. This may be attributable to 
bacterial invasion in the early stages. The 
nasal discharge is only moderate in amount 
and is mucopurulent. On auscultation of the 
thorax the major abnormalities can be 
detected over the ventral aspects of the apical 
and cardiac lobes. The breath sounds are 
loud and harsh and represent breath sounds 
transmitted through consolidated lung. The 
intensity of the heart sounds is increased 
because of shrinkage of lung tissue in the 
cardiac area. The usual course ranges from 4 
to 7 days. Some peracute cases of uncompli¬ 
cated viral pneumonia die within 1 day after 
the onset of signs. Infections with the PI-3 
virus generally cause mild respiratory disease 
characterized by coughing, nasal discharge, 
slight fever, and recovery in a few days. 

M. bovis pneumonia in young calves is 
characterized by the sudden onset of severe 
dyspnea, fever, and rapid deterioration in 
spite of therapy. 

In BRSV pneumonia there may be a 
sudden onset of acute pneumonia in 80% to 
90% of a group of calves. The clinical findings 
are characteristic of a severe viral pneumo¬ 
nia. Affected calves are usually mentally 
alert, and there is only a mild fever. There is 
polypnea and dyspnea, which in a few days 
become worse, with mouth breathing and an 
expiratory grunt. Loud breath sounds, indi¬ 
cating consolidation, are audible over the 
anterior lobes of the lung. Squeaky, wheezing 
sounds as a result of the bronchiolitis are also 
commonly audible over the periphery of the 
consolidated areas. Loud, crackling sounds 
as a result of interstitial emphysema may also 
be audible over the dorsal aspects of the 
lungs. Death may occur in 2 to 4 days in spite 
of intensive therapy. 

When secondary bacterial bronchopneu¬ 
monia occurs, the fever, dyspnea, and 


toxemia are usually more severe. When sec¬ 
ondary infection with Pasteurella spp. occurs, 
the temperature rises to 41° to 41.5° C (106- 
107°F), the area of lung affected is much 
increased, and loud harsh breath sounds as a 
result of edema are followed by crackles and 
a pleuritic friction rub. These cases usually 
respond rapidly to adequate treatment. 
When Trueperella pyogenes is the secondary 
invader, consolidation is marked, and there 
is a profound toxemia and loud breath 
sounds. In cases where Fusobacterium nec- 
rophorum is present, the clinical findings are 
similar, and pulmonary abscesses are likely 
to develop. The calf has lost a substantial 
amount of weight and stands with its neck 
stretched out in an attempt to decrease upper 
airway resistance (Fig. 12-15). Necrotic 
lesions are often present in the mouth and 
pharynx in these cases, and the pulmonary 
infection probably originates from here. 
With both of these latter infections there may 
be some response to antibiotic treatment, but 
there is a predisposition to relapse soon after 
treatment is terminated. Coughing, dyspnea, 
anorexia, and emaciation continue, and the 
animal eventually has to be destroyed. 

CLINICAL PATHOLOGY 

The etiologic cause of a case of bovine respi¬ 
ratory disease cannot be differentiated in 
most cases based on clinical examination in 
conjunction with consideration of history 
and signalment.' As a result, it is sometimes 
helpful to submit appropriately collected and 
transported samples to a laboratory for anal¬ 
ysis. Detailed methods for primary respira¬ 
tory pathogens are described elsewhere in 
the appropriate section of this book. 

Acute-phase reactants, such as serum 
haptoglobin and haptoglobin-matrix metal¬ 
loproteinase 9 (Hp-MMP 9), are biomarkers 



Fig. 12-15 Holstein Friesian heifer with enzootic pneumonia. Notice the poor body condition, 
anxious look, conjunctivitis, nasal discharge, open-mouth breathing with blood-tinged foamy 
saliva, and extended neck in an attempt to facilitate breathing. 
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of inflammation and may therefore indicate 
the presence or absence of active lung pathol¬ 
ogy in calves at risk of developing respiratory 
disease. 18 However, the clinical utility of 
serum biomarkers needs to be compared 
with tests that can be conducted rapidly and 
calf-side, such as rectal temperature, pres¬ 
ence and nature of nasal and ocular dis¬ 
charges, or ultrasonographic examination of 
the cranioventral lung fields, 14 ' 15 ' 16 before 
they are widely adopted. 

The oxygen tension (Po 2 ) in arterial (pref¬ 
erably) or venous blood is decreased in calves 
with respiratory disease, primarily as a result 
of ventilation-perfusion mismatch. 19 ' 20 The 
partial pressure of oxygen in arterial blood 
(Pao 2 ) is negatively associated with the 
extent of lung lesions in calves with experi¬ 
mentally induced BRSV infection, with a 
0.6% to 0.8% increase in the proportion of 
affected lung for every 1 mm Hg decrease in 
Pao 2 from the reference value. 20 As such, 
arterial Po 2 provides an excellent method for 
quantifying the proportion of diseased lung 
and monitoring the response to treatment. 

Isolation of Pathogens 

Nasopharyngeal swabs, transtracheal aspi¬ 
rates, and lung lavage samples may be taken 
for isolation of viruses, mycoplasmas, and 
bacteria, and the methods have been 
described in detail. 21,22 Special laboratory 
media are required to isolate Mycoplasma 
spp. Determination of drug sensitivity to the 
bacteria may be valuable, particularly when 
a number of calves are involved in an out¬ 
break. The isolation of BRSV from natural 
infections is difficult because of the labile 
nature of the virus. The immunofluorescent 
antibody test for antigen detection is one of 
the most rapid, reliable, and sensitive tests 
for BRSV from tracheal aspirates, nasal 
swabs, and lung samples. 

After experimental infection with PI-3, 
the median time to shedding is 1 day, the 
median time to peak shedding is 4 days, 
and the median time until shedding ceased 
is 10 days. 23 

Serology 

Serologic tests have been more extensively 
used for confirmation of suspected BRSV 
infections. The standard serologic test is a 
virus-neutralization test using microtiter 
plates. Others include a modified indirect 
fluorescent antibody test, indirect hemagglu¬ 
tination, and an ELISA test, the latter of 
which is considered to be sensitive and spe¬ 
cific and has the advantage of giving test 
results within several hours, whereas the 
virus-neutralization test requires 5 to 6 days 
for completion. The complement fixation test 
is less specific and less sensitive than the 
ELISA test. 

NECROPSY FINDINGS 

In uncomplicated viral pneumonia, irrespec¬ 
tive of the specific cause, there are areas of 


atelectasis and emphysema in the apical and 
cardiac lobes, with little macroscopic involve¬ 
ment of the diaphragmatic lobes. In the later 
stages, a dark red consolidation featuring a 
hobnail appearance of the pleural surface 
affects most of the ventral portions of 
the apical and cardiac lobes. The lesions 
are always bilateral. Histologically, there 
is a bronchointerstitial pneumonia. Acute 
inflammation of the nasal mucosa, particu¬ 
larly on the turbinate and ethmoid bones, is 
usually accompanied by a marked, mucopu¬ 
rulent exudation. In PI-3 infection, intracy- 
toplasmic inclusion bodies are widespread in 
the lungs; after experimental infection, they 
are present on day 5, but they have disap¬ 
peared by day 7 after infection. 

In respiratory syncytial viral pneumonia 
there is severe interstitial pneumonia and 
interstitial emphysema. Histopathologically, 
there is severe bronchiolitis, alveolitis 
with multinucleated syncytia (which often 
contain eosinophilic intracytoplasmic inclu¬ 
sion bodies), and alveolar epithelial cell 
hyperplasia. 

When bacterial or mycoplasmal invasion 
has occurred, the lesions vary with the agent 
present. Extensive hepatization with mottled 
red and gray lobules and considerable inter¬ 
lobular aggregations of serofibrinous fluid, 
often accompanied by a fibrinous pleuritis, 
is characteristic of P. multocida infection. 
Extensive consolidation and suppuration 
occur with T. pyogenes and F. necrophorutn 
infections. In the latter case there may be 
necrotic lesions in the mouth and upper 
respiratory tract. 

Confirmation of this diagnosis at nec¬ 
ropsy is somewhat awkward because the 
population of pathogens responsible may 
change between the time of disease onset and 
the death of the calf. In severe outbreaks it 
may be necessary to euthanize animals early 
in the course of the disease or to perform 
serologic surveys for respiratory pathogens 
among surviving herdmates. 

Samples for Confirmation 
of Diagnosis 

• Histology—lung (several sections), 
trachea, turbinate (LM, IHC) 

• Virology—lung (several sections), 
trachea (FAT, ISO) 

• Mycoplasmology—lung (MCULT, 
FAT) 

• Bacteriology—lung (CULT) 


DIFFERENTIAL DIAGNOSIS 


Clinically, the diagnosis of pneumonia is 
usually readily obvious, but the causative 
agents are usually not determined. Young 
calves raised indoors and affected with a 
cough, nasal discharge, and pneumonia are 
usually affected with enzootic pneumonia 
associated with the agents described under 
etiology. The common diseases of the 


respiratory tract of young calves that may 
resemble enzootic pneumonia include the 
following: 

Bacterial pneumonia caused by M. 

haemolytica or H. somni in young calves 
is characterized by severe toxemia, fever, 
dyspnea, grunting, and a poor response 
to therapy. 

M. bovis pneumonia is characterized by 
sudden onset of dyspnea, fever, 
depression, and poor response to 
therapy in a group of calves. 

Calf diphtheria usually affects a single calf 
and is characterized by inspiratory 
dyspnea, stridor, toxemia, fever, and 
obvious lesions of the larynx. 

Lungworm pneumonia occurs in young 
calves at pasture, and marked dyspnea, 
coughing, and a few deaths are 
characteristic. A fever is common in 
lungworm pneumonia, and there are 
loud breath sounds over the ventral 
aspects of the lungs, and loud and moist 
crackles over the dorsal aspects. 

Acute myocardial dystrophy in young 
calves, following turnout on pasture, is 
characterized by sudden onset of 
weakness, polypnea and dyspnea as a 
result of pulmonary edema and lesions 
of the diaphragm, tachycardia and 
arrhythmia, and skeletal muscular 
weakness. 

Aspiration pneumonia occurs occasionally 
in calves that have been force-fed 
colostrum or milk. There is a sudden 
onset of marked dyspnea, anxiety, and 
distress, and death may occur within a 
few minutes. However, some calves 
survive, and there is marked dyspnea 
with abdominal breathing and loud 
breath sounds and crackles over the 
dorsal and ventral aspects of both lungs. 
Some calves will recover completely in a 
few days. 

BRSV interstitial pneumonia in weaned beef 
calves must be differentiated from 
pneumonic pasteurellosis. In BRSV 
pneumonia there is a sudden onset of 
marked dyspnea; fever; anxiety, but not 
toxemia; mouth breathing in advanced 
cases; loud breath sounds and wheezes 
over both lung fields, especially over the 
ventral aspects; and subcutaneous 
emphysema. Several animals are usually 
involved. Affected animals fail to 
respond to treatment with 
antimicrobials, and the case-fatality rate 
is usually over 75%. There may be a 
history of mild respiratory disease in the 
affected group about 10 days previously. 
In pasteurellosis, depression, toxemia, 
fever, loud breath sounds over the 
ventral aspects of the lungs, and a 
favorable response to treatment are 
characteristic. 

Chronic enzootic pneumonia is 

characterized by bronchiectasis and 
pulmonary abscessation, causing 
unthriftiness and a poor response to 
therapy. 











TREATMENT 
Antimicrobial Therapy 

Uncomplicated enzootic pneumonia associ¬ 
ated with mycoplasma or viruses is unlikely 
to respond to treatment, but antimicrobial 
therapy daily for 3 days is indicated because 
of the high probability of secondary bacterial 
pneumonia. Any of the antimicrobials used 
commonly for the treatment of acute undif¬ 
ferentiated bovine respiratory disease (ship¬ 
ping fever) are effective, with a preference 
for antimicrobials that are effective against 
Mycoplasma spp. and P. multocida, H. somni, 
and M. haemolytica These are described in 
detail in the section on pasteurellosis earlier 
in the chapter. 

Early treatment is necessary to avoid 
the development of incurable secondary 
complications, such as pulmonary abscesses, 
pleuritis, bronchiectasis, and suppurative 
pneumonia. In commercial veal calf units, 
the case-fatality rate can be kept to a low level 
by early and adequate treatment. In some 
cases it may be sufficient to treat animals 
once only, but a proportion of cases are likely 
to relapse after an initial response. Such cases 
require repeated daily therapy for 3 to 5 days. 
If the number of relapses in an area or on a 
farm is excessive, all cases should receive 
multiple treatments. 

Adjunctive Therapy 

Bronchodilators and NSAIDs as adjunctive 
therapy for enzootic pneumonia in calves are 
used, but their efficacy is questionable. 

Correction of Adverse Environmental 
Conditions 

The clinical management of an outbreak of 
enzootic pneumonia in calves must include 
correction of adverse environmental condi¬ 
tions that may have precipitated the disease. 

CONTROL 

Environmental and Management 
Practices 

Control of the disease in housed calves is 
dependent on effective animal and environ¬ 
mental management. Overcrowding, drafty 
or inadequately ventilated housing, exposure 
to inclement weather, and sudden changes in 
environmental temperatures are major risk 
factors. Recently purchased calves should be 
isolated for several weeks before being intro¬ 
duced to the group. 

Ideal Environmental Conditions 

Control is especially difficult and expensive 
in countries where the calves are housed for 
several months during the winter months in 
northern climates. The most comfortable 
ambient temperature for young calves ranges 
from 13° to 21°C (55-70°F) with a relative 
humidity of 70%. To achieve these environ¬ 
mental conditions requires a suitable insula¬ 
tion material in the walls and ceilings, ample 
bedding to absorb moisture from feces and 
urine, and adequate movement of air to 
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remove aerosol particles that may be infec¬ 
tious. This requires an adequate air inlet and 
outlet system, adequate capacity fans, and 
supplemental heat during very cold periods. 
The installation of recirculating air filter 
units can lead to a substantial reduction in 
the concentration of airborne bacteria to 
which calves are exposed. Field studies in 
veal calf units indicate that mean aerial bac¬ 
teria concentration in filtered barns can be 
reduced by 45%, the number of calves requir¬ 
ing treatment reduced by 19%, the number 
of repeat courses of treatment and the total 
antibiotic usage reduced by 29% and 35%, 
respectively. At slaughter, the average area of 
lung consolidation in calves from filtered 
barns can be reduced by 35%. In general, air 
filtration can result in a reduction in both the 
incidence and severity of clinical and sub- 
clinical pneumonia in calves and in improved 
weight gain. 

In spite of ideal hygiene and management 
it may not be possible to prevent the develop¬ 
ment of new cases if the infection already 
exists in a herd, or if cattle from other herds 
are moved into the herd. At present, it is 
feasible only to be vigilant and treat new 
cases urgently and vigorously because a strict 
hygiene program may not be feasible in the 
average commercial herd. If management is 
inadequate and the general resistance of the 
animals is low, losses resulting from calf 
pneumonia with significant bacterial or 
mycoplasmal invasion can be sufficient to 
make calf-rearing unprofitable. 

Calf Barns or Hutches 
Where economics permit, the ideal situation 
is to construct a calf barn completely removed 
from the main adult cow barn to minimize 
the spread of infection from adults that may 
be symptomless carriers. After the colostral 
feeding period, calves are removed from the 
calving barn and placed in individual pens in 
the calf barn. The raising of young calves 
outdoors in calf “hutches” or “igloos” is 
highly satisfactory and economical, even in 
countries where the outside temperatures go 
well below freezing. With adequate bedding, 
protection from the prevailing winds and 
adequate nutrition, calves will grow satisfac¬ 
torily. Dairy herds that have had difficulty 
controlling enzootic pneumonia of calves 
have found this system to be an excellent 
alternative to the construction of a stand¬ 
alone, well-ventilated calf house. Nutritional 
deficiencies, usually of energy and protein, 
are common in young calves and often accen¬ 
tuate the severity of the pneumonia. Young 
calves should receive a balanced calf starter 
grain ration supplemented with essential 
vitamins and minerals and good-quality hay 
beginning by at least 3 weeks of age. 

Vaccines and Immunization 
There is insufficient information available 
from field trials to make firm recommenda¬ 
tions for the use of vaccines for the control 


of enzootic pneumonia in calves. It is diffi¬ 
cult to evaluate the results of vaccination 
trials because investigators use so many 
combinations of vaccines and different vac¬ 
cination schedules, and there are many dif¬ 
ferent management variables and differences 
in methods of evaluation. In addition, many 
vaccination trials are not randomized con¬ 
trolled trials. Recommendations regarding 
vaccination protocols for BRSV, BHV-1, M. 
haemolytica, P. multocida, and M. bovis are 
presented elsewhere in this chapter; recom¬ 
mendations for a BVDV vaccination 
protocol are presented in Chapter 9, and rec¬ 
ommendations for an H. somni vaccination 
protocol are presented in Chapter 22. 

Any successful vaccine would have to be 
multivalent and would have to be effective 
when given before 2 months of age or earlier 
in the “window of susceptibility” to coin 
cide with the decline in passive (maternal) 
immunity, the increase in active immunity, 
and the occurrence of enzootic pneumonia 
in calves (Fig. 12-16). 

There is good field evidence that the colos¬ 
tral immunologic status of the calf has a sig¬ 
nificant effect on the susceptibility of the calf 
to pneumonia. There is a clear association 
between low levels of IgG^ IgG 2 and IgA of 
calves at 2 to 3 weeks of age, and subsequent 
susceptibility to pneumonia at 2 to 3 months 
of age. Calves with signs of pneumonia had 
low levels of IgGi compared with nonpneu- 
monic calves that had relatively higher levels. 
In addition, calves with high levels of serum 
immunoglobulin do not respond normally to 
vaccine and any vaccine for enzootic pneu¬ 
monia would have to be administered during 
this relatively refractory period. However, for 
veal calves, which are purchased at a few days 
of age and with low levels of immunoglobu¬ 
lin, this may not be a problem. A 2015 meta¬ 
analysis concluded that in natural exposure 
trials, 2-week-old to 4-month-old dairy 
calves vaccinated with commercially avail¬ 
able vaccines against BHV-1, BVDV, BRSV, 
and PI-3 for protection against respiratory 
disease had no reduction in morbidity or 
mortality compared with age-matched 
unvaccinated controls. 24 

Vaccines currently available for BoCV are 
only licensed to control neonatal diarrhea in 
calves. Their efficacy in controlling respira¬ 
tory disease is unknown but is likely to be 
poor. This is because respiratory isolates 
belong to subclades 2a, 2b, and 2c, whereas 
enteric isolates and a vaccine strain for 
control of enteric disease in calves belong to 
the antigenically different clade 1, 25 

The intranasal inoculation of calves with 
virulent or a modified strain of PI-3 virus 
stimulates the development of both serum 
antibody and nasal secretion antibody. The 
nasal secretion antibody is dose dependent. 
Challenge exposure of these calves provides 
protection against clinical disease. These 
factors should be considered in the develop¬ 
ment and administration of PI-3 viral 
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Window of 
Susceptibility 



H Innate Immunity ■ Passive (maternal) Immunity □ Active Immunity 

Fig. 12-16 Development of the immune response in the calf from conception to puberty. The 
window of susceptible is the optimal time for vaccination against enzootic pneumonia and 
represents the time during which passive (maternal) immunity is waning and active immunity 
is increasing. (Reproduced, with permission, from Chase CCL, Hurley DJ, Reber AJ. Neonatal 
immune development in the calf and its impact on vaccine response. Vet Clin Food Anim 2008; 
24:87-104.) 


vaccines if the objective is to establish an 
optimal concentration of antibody in the 
nasal secretion. The parenteral administra¬ 
tion of two sequential doses, 2 weeks apart, 
of an inactivated PI-3 virus vaccine with 
adjuvant will induce high levels of serum 
antibody and prevent virus excretion in 
nasopharyngeal secretions after challenge. 
Successful immunization of calves against 
PI-3 infection may be useful for protection 
against pneumonic pasteurellosis if PI-3 pre¬ 
cedes the bacterial infection. This is pre¬ 
sented in greater detail in the section on 
pneumonic pasteurellosis. A single dose of 
an experimental vaccine for M. bovis pneu¬ 
monia, inactivated with saponin, given sub¬ 
cutaneously to 3- to 4-week-old calves 
followed by experimental challenge 3 weeks 
later with a virulent strain of M. bovis pro¬ 
vided protection against clinical pneumonia. 
Unvaccinated calves developed clinical signs 
of disease as a result of lung lesions. The 
vaccine also reduced the spread of M. bovis 
to internal organs. Calves tested 6 months 
after immunization had high levels of 
humoral immunity. The successful use of 
saponin in vaccines has been demonstrated 
for other mycoplasma infections, such as 
contagious caprine pleuropneumonia 
(CCPP) and contagious agalactia. The 
saponin may preserve the major antigens 
seen in untreated whole cells. 


TREATMENT AND CONTROL 


Treatment 

Antimicrobial treatment for animals to address 
concurrent bacterial and Mycoplasma bovis 
pneumonia (see treatment 
recommendations for Pasteurella multocida 


and Mannheimia hemolytica in this chapter, 
with a preference for antimicrobials that 
are also effective against mycoplasma 
organisms) (R-1) 

Anti-inflammatory treatment (see treatment 
recommendations for Pasteurella multocida 
and Mannheimia hemolytica in this 
chapter) 

Non-steroidal anti-inflammatory agents (R-2) 

Corticosteroids (R-3) 

Control 

Optimize transfer of passive immunity via 
colostrum. (R-1) 

House in a well ventilated area, preferably in 
individual calf hutches before weaning, (R-1) 

Vaccination of dairy calves less than 6 months 
of age with killed BRSV vaccine. (R-1) 

Vaccination of dairy calves less than 6 months 
of age with combined modified live or 
inactivated vaccine against BHV-1, BVDV, 
BRSV, and PI-3. (R-3) 

Vaccination of dairy calves less than 6 months 
of age with BoCV vaccine. (R-3) 


FURTHER READING 
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Dabo SM, Taylor JD, Confer AW. Pasteurella multocida 
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BOVINE RESPIRATORY 
SYNCYTIAL VIRUS 


SYNOPSIS 


Etiology Bovine respiratory syncytial virus 
(BRSV); subtypes A, B, AB, and untyped. 

Epidemiology Prevalence of infection high; 
disease most common in calves under 6 
months of age but adult cattle also 
affected; recurrent infections and disease in 
herds common; persistent infection in few 
seropositive cows. Immunity following 
natural infection or vaccination short-lived. 
Antibodies following natural exposure are 
different than those following experimental 
infection or vaccination. Maternal antibody 
does not prevent infection, but high levels 
decrease severity of clinical disease. 

Signs Mild, moderate, or severe dyspnea; 
fever, agalactia, coughing, wheezes of 
lungs; most animals recover; small 
percentage develop severe fatal viral 
interstitial or bacterial pneumonia. 
Outbreaks occur in cattle under 6 months 
of age and also in adult cattle. 

Clinical pathology Difficult to isolate or 
detect virus in tissues. 

Immunohistochemical tests of 
nasopharyngeal swabs and lung tissue. 
Serology. 

Differential diagnosis Bacterial pneumonia. 
Other viral interstitial pneumonias. 

Infectious bovine rhinotracheitis. Lungworm 
pneumonia. 




















Treatment Nothing specific. 

Control Minimize stressors. Control by natural 
exposure and treat secondary bacterial 
pneumonia. Modified live-virus and 
inactivated virus vaccines available but 
efficacy uncertain because lack of field 
trials. 


ETIOLOGY 

Bovine respiratory syncytial virus (BRSV) is 
a cause of a viral pneumonia primarily in 
calves under 6 months of age and also in 
yearlings and adult cattle. BRSV is a pneu¬ 
movirus in the family Paramyxoviridae. 
Antigenic and genetic subtypes have been 
identified. Using monoclonal antibodies 
against a glycoprotein (G protein on the 
surface of the virus), four subgroups have 
been identified: A, B, AB, and untyped. There 
are six genetic subgroups based on G and five 
subgroups based on F (a fusion protein on 
the surface of the virus that causes fusion of 
cell membranes with resultant formation of 
syncytia) or N (nucleoprotein). 1 The evolu¬ 
tion of BRSV into subtypes may have been 
driven, in part, by selection pressure applied 
by vaccination. 

BRSV is genetically and antigenically 
related to human respiratory syncytial virus 
(HRSV). Other pneumoviruses include 
ovine respiratory syncytial virus (ORSV) and 
caprine respiratory syncytial virus (CRSV), 
with BRSV being most closely related to 
CRSV. BRSV provides a good model for 
HRSV, and consequently many studies 
related to identifying virulence factors and 
understanding the immunopathogenicity of 
BRSV infection have been conducted. 

EPIDEMIOLOGY 

BRSV was first reported in Europe in 1970 
and was subsequently reported in the United 
States in 1974. Distribution is currently 
worldwide. A case could be made that BRSV 
is the most important viral cause of respira¬ 
tory disease in calves less than 6 months 
of age and in adult dairy cattle. 2 BRSV is a 
rare cause of respiratory disease in adult 
beef cows. 3 

Occurrence 

Prevalence of Infection 

The virus is ubiquitous in the cattle popula¬ 
tion and new infections occur most com¬ 
monly in autumn and winter annually and 
may result in severe respiratory disease. In 
longitudinal studies in dairy herds, 90% of 
primary infections occur in calves and 
heifers; very few occur in cattle over 2 years 
of age, and all cattle in the herds are seroposi¬ 
tive when they are over 3 years of age. Recur¬ 
rent infections occurring annually at the 
same time, and in cows of all ages, without 
new introductions into the herd, are charac¬ 
teristic of BRSV infections in a herd. The 
virus appears to circulate during summer at 
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very low levels or not at all, with almost all 
isolations coming from winter and spring. 4 
Persistent BRSV infection in some of the 
cows in a herd might be a means for the virus 
to survive during the summer, but a steady 
state of reinfection of seropositive cows 
throughout the year at a low level might also 
maintain a reservoir of infection. Monthly 
data on the prevalence of BRSV antibodies 
in dairy herds suggest that persistent infec¬ 
tion in seropositive cows is more likely than 
population persistence. 

When the prevalence of infection in the 
cattle population is high, the incidence of 
clinical disease is much lower. 2 It can be 
assumed that most mature cattle have been 
exposed to the virus, but unexposed cattle 
are susceptible to developing clinical disease 
after infection. Surveys in the United States, 
England, Denmark, Sweden, and France 
found seropositive rates in herds ranging 
from 50% to 80%. Cattle entering feedlots 
may seroconvert to the virus, which may be 
associated with an increased risk to subse¬ 
quent treatment for respiratory disease. A 
high percentage of young beef bulls aged 
about 6 months and entering performance 
test stations may seroconvert to BRSV and 
adenovirus, both of which may be associated 
with clinical respiratory disease. 

Occurrence of Clinical Disease 

In general, clinical infection is most common 
in calves under 6 months of age and some 
BRSV infections are undoubtedly associated 
with enzootic pneumonia of housed dairy 
calves. In dairy herds, recent introductions 
of young cattle purchased from public sale- 
yards may introduce the infection to home- 
farm cattle that have had no previous 
exposure to the viruses or those in which 
their immunity to a previous infection with 
the virus has declined. Thus adult dairy cows 
may be affected with a highly fatal pneumo¬ 
nia attributable to the virus. A high preva¬ 
lence of infection exists in Swedish cattle, 
and annual outbreaks of disease have 
occurred in adult cattle, with pregnant or 
recently calved cows being most severely 
affected. Outbreaks have occurred in beef 
cattle on pasture. The disease occurs in 
nursing beef calves 1 to 8 months of age on 
pasture with their dams without any history 
of previous stress. A common occurrence is 
in weaned beef calves 6 to 8 months of age 
within 2 to 3 weeks following weaning and 
commingling in confinement. Yearling cattle 
in feedlots are also susceptible. 

In North America, herd epidemics of 
clinical disease usually occur during the fall 
and winter months. Nursing beef calves may 
be affected with clinical disease during the 
summer months. Some outbreaks have 
occurred in nursing beef calves between 1 
and 2 months of age while they are still in 
nursery pastures or in the calving areas. 

A spontaneous outbreak of respiratory 
disease in goats attributable to BRSV has 


been described, and sheep can be infected 
with the virus. 

Morbidity and Case Fatality 

The morbidity rate in herd epidemics of 
clinical disease can vary from 30% to 50% or 
higher. The case-fatality rate is usually low, 
3% to 5%, but may be higher. 

Methods of Transmission 

The mode of transmission has not been 
defined, but aerosol infection and direct 
contact are probable. Infection spreads 
rapidly among susceptible cattle. 

Risk Factors 
Animal Risk Factors 

Naturally occurring BRSV infection affects 
both dairy and beef cattle, and those under 
6 to 10 months of age are most susceptible to 
clinical disease. Nursing beef calves with 
colostral BRSV antibody are not protected 
from infection, but the incidence and sever¬ 
ity of clinical disease is inversely related to 
the level of maternal antibodies in calves 
younger than 3 months. The highest percent¬ 
age of reinfections occurs most commonly in 
cows during their first lactation. Older 
animals may have a more effective immunity 
because of previous exposure. 

Seroepidemiologic surveys in feedlot 
cattle found that seroconversion to the virus 
may occur in up to 70% of animals within 1 
month after arrival. Animals with low titers 
to the virus on arrival are at increased risk of 
subsequent treatment for respiratory disease, 
which suggests that the virus may be a factor 
in bovine respiratory disease. In some situa¬ 
tions in feedlot cattle, high BRSV serum anti¬ 
body levels on arrival were related to a lower 
risk of respiratory disease. 

Environmental Risk Factors 

The highest incidence of clinical disease 
occurs in autumn and winter months. Out¬ 
breaks have been associated with changes in 
weather, especially declining ambient tem¬ 
peratures and atmospheric pressure. 

Pathogen Risk Factors 

BRSV has a narrow host range, affecting pri¬ 
marily cattle. Important antigenic differences 
between BRSV isolates have been described. 
Subgroups A and AB are associated with 
severe respiratory disease and circulate in the 
Dutch cattle population. In natural outbreaks 
of infection in closed dairy cattle herds and 
veal calf units in Denmark, using DNA 
sequence data, identical viruses were isolated 
within a herd during outbreaks, but viruses 
from recurrent infections varied by up to 
11% even in closed herds. It is possible that 
a quasispecies variant swarm of BRSV per¬ 
sisted in some of the calves in each herd and 
that a new and different highly fit virus type 
(master and consensus sequence) became 
dominant and spread from a single animal in 
connection with each outbreak. 
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Antigenic subtypes may have relevance 
both in explaining differences in virulence 
between subtypes and in the development 
of new vaccines for the control of clinical 
disease. The production and characterization 
of monoclonal antibodies to a vaccine 
strain of BRSV has been described. The 
respiratory syncytial virus of goats and 
sheep, caprine respiratory syncytial virus, 
and ovine respiratory syncytial virus are 
antigenically related, but not identical, to 
BRSV. 

The BRSV may act synergistically with a 
concurrent experimental challenge of the 
virus and 3-methylindole to produce more 
severe pulmonary disease similar to BRSV 
pneumonia seen in feedlot cattle, than either 
agent alone. But vaccination of cattle with 
BRSV vaccines does not protect the potential 
synergism between the 3-MI and BRSV 
infection. 

Whether or not the virus persists in indi¬ 
vidual animals in spite of the presence of 
maternal or naturally acquired antibodies 
has been a major question. Serologic findings 
indicate persistence of the virus, but the virus 
could not be detected in lung lavage fluid or 
nasal swabs. Experimentally, the virus per¬ 
sisted in tracheobronchial and mediastinal 
lymph nodes for up to 71 days after infection. 
In vitro, the virus was still able to replicate in 
bovine B-lymphocyte cell lines 6 months 
after infection. This may explain the absence 
of the virus between epidemics, recurrent 
infections in the same individuals and inap- 
parent reinfection of adults. 

Immune Mechanisms 

After a natural BRSV infection, the protec¬ 
tion is short-lived and multiple reinfections 
are common. In endemic areas, the absence 
of BRSV-associated disease in adult cattle is 
possibly as a result of repeated infections. 
This places a constraint on vaccine develop¬ 
ment because one or two vaccinations would 
have to induce immunity that only repeated 
natural infections can provide. BRSV infec¬ 
tions can occur in the presence of high to 
moderate levels of maternal antibodies. 
Maternal antibodies, which are directed 
against the F, G, and N proteins of BRSV, are 
commonly present in calves but do not 
protect against infection. However, the inci¬ 
dence and severity are inversely related to the 
level of specific maternal antibody, and 
natural infection does not prevent reinfec¬ 
tion but appears to offer good protection 
against clinical disease after infection. 
Primary BRSV infections in calves less than 
1 month of age are less severe than those 
in calves 2 to 4 months of age, probably 
as a result of decreased proinflammatory 
TNF-a production in calves less than 1 
month of age. 3 

The BRSV colostral antibody of dairy 
calves varies dependent on season of the year 
when the calves are born. Dairy calves born 
during the winter months in the Netherlands 


have lower BRSV colostral antibody titers 
than those born during the summer months. 
Whether this may be attributable to the sea¬ 
sonal periodicity of BRSV circulation or to 
other factors influencing antibody develop¬ 
ment or colostrum intake is uncertain. 
Calves born in the summer have higher anti¬ 
body titers at 14 to 19 weeks of age, most 
likely attributable to BRSV exposure. Calves 
born during the season of infection may be 
primed with BRSV field virus during the 
period of maternally derived immunity and 
may be better protected against disease by 
cellular immunity during the next season of 
infection. 

IgM and IgA are the predominant anti¬ 
body isotypes in the respiratory tract after 
BRSV infection, with IgA especially promi¬ 
nent after reinfection. Both serum antibody 
responses and local antibody responses are 
suppressed by maternal antibodies. After 
natural BRSV infection of cattle, antibodies 
are predominantly directed against the 
epitope A, whereas after experimental infec¬ 
tion, or vaccination with an inactivated 
vaccine, antibodies against epitope B and 
nonneutralizing epitope C are markedly 
increased compared with the same epitopes 
in naturally infected cattle. 

The subgroups of the virus are based on 
antigenic differences of the G protein, and 
BRSV infection protects against reinfection 
by homologous strains of the virus. It is also 
known that a complete BRSV can partially 
protect against a BRSV infection with a 
strain that contains an antigenic dissimilar G 
protein. Therefore incorporation of repre¬ 
sentative viruses of different BRSV sub¬ 
groups in vaccines for cattle does not seem 
necessary to achieve cross-protection. Vac¬ 
cination of calves with a formalin-inactivated 
BRSV vaccine followed by challenge expo¬ 
sure to virulent virus increased the severity 
of clinical disease and lesions compared with 
calves nonvaccinated and challenged. Vacci¬ 
nation did not induce neutralizing antibod¬ 
ies, but IgG antibodies were detected with 
ELISA. Immunization with formalin-inacti¬ 
vated BRSV vaccine mainly primes a Th2- 
like inflammatory response characterized by 
a significant eosinophilic influx in the bron¬ 
chia alveolar lung field and lung tissues and 
high levels of immunoglobulin E serum 
antibodies. 

PATHOGENESIS 

BRSV causes rhinitis, tracheitis, bronchitis, 
bronchiolitis, and mild interstitial pneumo¬ 
nia. In naturally occurring cases, the main 
lesions are bronchitis and bronchiolitis in 
the cranioventral portions of the lungs 
combined with widespread emphysema and 
edema throughout the lungs. BRSV infection 
causes airway obstruction and hyperactivity 
that may persist for up to 30 days following 
viral exposure. In naturally occurring cases, 
the cranioventral lung fields are particularly 
poorly ventilated, and there is arterial 


hypoxemia associated with mismatching of 
ventilation and perfusion. Radiographic and 
radionuclide lung perfusion imaging reveals 
the presence of bullous emphysema and 
areas of marked atelectasis. 

The pathogenesis of acute fatal pneumo¬ 
nia as a result of BRSV is not clear. The char¬ 
acteristic lesions are exudative or necrotizing 
bronchiolitis, atelectasis, interstitial edema, 
and emphysema. The acute fatal disease is 
commonly preceded by a mild respiratory 
disease several days previously, which sug¬ 
gests that hypersensitivity may be a patho¬ 
genic mechanism causing lung injury. The 
second stage may follow initial improvement 
or recovery from the first stage and is associ¬ 
ated with the onset of extreme respiratory 
distress. The virus-specific IgE antibody may 
play a role in the pathogenesis of the severe 
disease as part of a hypersensitivity reaction. 
The IgM and IgA antibodies are not involved 
in a hypersensitivity reaction. In experimen¬ 
tally induced infection in calves, there is con¬ 
siderable injury to bronchiolar epithelium 
including hypertrophy, hyperplasia, and for¬ 
mation of syncytia, which facilitates move¬ 
ment of virus between cells. 1 In the alveoli, 
BRSV infection results in necrosis of type I 
pneumocytes; the response of type II pneu- 
mocytes includes hypertrophy, hyperplasia, 
and syncytial formation. It is suggested that 
an immune-mediated mechanism may be 
responsible for the widespread lesions over 
the entire lung. 

The severe, highly fatal form of the 
disease, also known as the “malignant” form, 
or paroxystic respiratory distress syn¬ 
drome (PRDS), is associated with extensive 
pulmonary mast cell degranulation. In a 
series of naturally occurring paroxystic 
respiratory disease in calves, paired serum 
samples were taken 3 weeks apart and lungs 
examined at necropsy. The serum concentra¬ 
tion of tryptase was used as a marker of mast 
cell degranulation. Tryptase is a preformed 
serine protease stored in mast cell granules 
and causes significant changes in the respira¬ 
tory tract smooth muscle tone and vascular 
permeability. The substances released by the 
mast cells are at least partially responsible for 
the pulmonary edema, in particular by 
means of venoconstriction and the increase 
in the vascular permeability induced by the 
histamine. The edema and bronchoconstric- 
tion caused by the mast cell leukotrienes 
impede bronchiolar flow, which causes ven¬ 
tilatory asynchronism. The mechanical con¬ 
straints caused by the asynchronism are 
aggravated because the bovine lungs consist 
of a number of compartments, which pre¬ 
vents any collateral ventilation and any dis¬ 
sipation of interlobular pressure gradients. 
The breaking point is reached when the level 
of the mechanical constraints exceeds the 
level of tissue resistance, causing interstitial 
emphysema. 

Calves that die of the BRSV-associated 
PRDS have a uniform pattern of gross 





lesions. The trachea and bronchi are filled 
with a white-to-pink froth, and the lungs are 
heavy and voluminous and fail to collapse. 
The most characteristic lesions were the dra¬ 
matic lung distension by edema, alveolar 
hyperinflation, and severe interstitial and 
subpleural emphysema, often with large dis¬ 
secting bullae on the dorsal edge of the dia¬ 
phragmatic lobes. 

Microscopically, the most characteristic 
lesions are bronchitis, bronchiolitis, alveolar 
edema, mononuclear cell infiltration, hyaline 
membrane deposition, and scattered hyper¬ 
plasia of type-2 pneumocytes. There is a clear 
gradient in the severity of inflammatory 
changes in the airway along a craniocaudal 
axis, with lesions being more frequent and 
severe in the cranial parts except for hyper¬ 
inflation and emphysema. Extensive mast 
cell degranulation occurs in the diaphrag¬ 
matic lobes, where neither the virus nor 
the epithelial syncytia nor the bronchiolitis 
typically observed in cranioventral zones are 
found. 

Experimental Reproduction of 
BRSV Pneumonia 

Experimental reproduction of the disease 
has been difficult; in most cases, infection 
results in only mild clinical disease with 
limited lesions. 

Severe respiratory tract disease and 
lesions can be reproduced experimentally in 
conventionally reared calves, and the virus 
can be recovered from tissues. Severe disease 
similar to the naturally occurring disease can 
be induced with a single aerosol of a low- 
passage clinical isolate of the virus. Moderate 
to severe BRSV-induced pneumonia can be 
reproduced in colostrum-fed calves, and 
nasal shedding of the virus and demonstra¬ 
tion of the antigen in the lungs at necropsy 
provides evidence that the virus causes the 
disease. 

In neonatal calves with experimental 
acute infection with BRSV, there is increased 
pulmonary resistance and decreased compli¬ 
ance, which explains the severe dyspnea 
observed in some calves. There is no evi¬ 
dence that transplacental infection occurs. 
Experimental infection of young lambs with 
BRSV can result in severe pathologic changes 
with only mild clinical disease. 

In experimentally infected calves, the 
virus can be detected in the bronchiolar epi¬ 
thelial cells and in alveolar cells, including 
bronchial ciliated and mucous cells, and 
bronchiolar ciliated and nonciliated epithe¬ 
lial (Clara) cells. Syncytia are often observed 
in the bronchiolar walls and in the alveoli, 
and such syncytia were always replicating the 
virus. However, syncytial cell formation is 
not unique to infection with BRSV because 
it may also occur in other viral infections of 
the lung. Ultrastructural studies of experi¬ 
mental BRSV pneumonia reveal that BRSV 
replicates primarily in the superficial layer of 
respiratory ciliated epithelium and to a lesser 
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extent in type II pneumocytes. BRSV infec¬ 
tion of ciliated cells in the airway can result 
in the loss of cilia and ciliated cells, which 
may interfere with lung clearance mecha¬ 
nisms and predispose to bacterial pneumo¬ 
nia. The severity of clinical signs following 
experimental BRSV infection in calves is 
positively associated with the magnitude of 
decreased clearance of an inhaled protein 
marker, indicating that BRSV-induced cili¬ 
ated epithelial damage affects the effective¬ 
ness of the mucociliary escalator. 6 

Experimental BRSV infection in calves 
induces an acute-phase-protein response. 
Strong and reproducible acute-phase pro¬ 
teins haptoglobin and serum amyloid A will 
peak at 7 to 8 days after inoculation of the 
virus. The proinflammatory cytokine, tumor 
necrosis factor (TNF-a), can be detected in 
the bronchoalveolar lung lavage fluids, and 
high levels appear on the days when severe 
lung lesions and clinical signs are obvious. It 
may be involved in mechanisms leading to 
increased permeability of endothelium. 

CLINICAL FINDINGS 

The clinical findings vary considerably from 
herd to herd and from year to year. In dairy 
cattle, disease occurs most commonly in 
young calves under 6 to 10 months of age, 
although outbreaks of severe disease in 
mature dairy cattle also occur. Clinical signs 
of infection in older cattle, particularly those 
with previous exposure to the virus, are less 
severe. In large dairy herds, episodes of infec¬ 
tion are usually mild and often unnoticed, 
despite cattle having a fever, slight inappe¬ 
tence, and a corresponding decrease in milk 
production that lasts 3 to 5 days. Primary 
infections in lactating dairy cattle may cause 
a considerable decrease in daily milk produc¬ 
tion. However, reinfections are not associated 
with an important loss of milk production. 

A sudden outbreak of acute respiratory 
disease in a group of animals is a character¬ 
istic of a primary BRSV infection. The 
disease is more severe in animals with no 
previous exposure to the virus. A dry, non¬ 
productive cough, severe dyspnea and 
polypnea, and bilateral nasal discharge are 
characteristic. A fever of 40° to 42° C (104- 
108° F) is common and milk production in 
lactating cows declines markedly. Feed con¬ 
sumption in the affected group declines for a 
few days. The fever usually persists for 3 to 5 
days in spite of therapy with antimicrobials. 
Toxemia is not a feature unless there is sec¬ 
ondary bacterial pneumonia. On ausculta¬ 
tion of the lungs there are loud breath 
sounds over the ventral aspects, indicating 
consolidation, and wheezes that indicate 
bronchiolitis. These are the findings of a 
viral interstitial pneumonia. Most animals 
recover within 5 to 7 days. Approximately 
1% to 2% of affected animals will develop a 
fatal viral pneumonia characterized by 
severe dyspnea with abdominal breathing 
and an expiratory grunt, the head stretched 


out horizontally, mouth breathing with 
foamy salivation, marked anxiety, persistent 
fever, and death within 2 to 5 days after 
onset. Feed and water consumption are 
decreased because of severe dyspnea, which 
results in a gaunt abdomen and dehydration. 
Affected animals are reluctant to move or lie 
down. The loud breath sounds audible 
over the ventral two-thirds of both lung 
fields indicate that extensive consolidation 
is becoming pronounced. Subcutaneous 
emphysema over the withers may also occur. 
Occasionally, some animals that are not 
being observed closely will die with peracute 
pneumonia within a few days and represent 
the index case of an outbreak. 

In outbreaks of BRSV infection in young 
dairy cattle under 12 to 16 months of age, 
the first clinical abnormalities usually noticed 
are coughing and a mild nasal discharge in 
50% to 75% of the animals. Inappetence with 
a fever of 40°C (104°F) or higher lasts for 
about 3 days followed by recovery in most 
cases. Coughing, nasal discharge, and con¬ 
junctivitis may persist for several days or a 
few weeks in 10% to 30% of the animals with 
no long-lasting complications. Abdominal 
breathing, and loud and abnormal lung 
sounds may occur in approximately 50% of 
the animals, but these commonly resolve 
within 10 days. 

In an outbreak of BRSV in recently 
weaned beef calves 6 to 8 months of age, 
nasal and lacrimal discharge, polypnea and 
dyspnea, fever of 40° to 42°C (104-108°F), 
decreased feed intake, coughing, and leth¬ 
argy are common. In a small percentage of 
affected animals, within a few days the 
dyspnea becomes marked, with mouth 
breathing and the production of frothy saliva 
created by the labored respirations. Subcuta¬ 
neous emphysema over the withers as a 
result of severe interstitial emphysema also 
occurs. Loud breath sounds, wheezing, and 
crackling sounds are audible over the ventral 
aspects of the lungs. Death may occur within 
a few days after the onset of the dyspnea. 
Secondary bacterial bronchopneumonia 
may occur but is uncommon. 

CLINICAL PATHOLOGY 

It is difficult to obtain a definitive etiologic 
diagnosis of BRSV infection because the 
virus is highly labile in tissue samples, and 
virus detection in specimens is poor because 
of inadequate laboratory techniques. The 
virus replicates slowly, classical virus isola¬ 
tion is laborious, and several blind passages 
are often necessary before any cytopathic 
effect can be seen. Nasopharyngeal swabs for 
virus isolation and paired serum samples are 
necessary to make a definitive etiologic diag¬ 
nosis. Successful laboratory diagnosis of 
BRSV is generally based on one of the fol¬ 
lowing four criteria: 

• Virus isolation 

• Detection of BRSV antigen in 
suspected tissues 
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• Indications of BRSV seroconversion 

• Histopathology 

The high prevalence of antibody titers to 
the virus and the need for skilled personnel 
to process and interpret the diagnostic tests 
have hindered development of a routine 
diagnostic test. Successful isolation of the 
virus from typical clinical cases of disease is 
often unsuccessful and can take 11 to 21 days 
because of the late appearance of any notice¬ 
able cytopathic effect. Because of these 
difficulties, isolation of the virus is not com¬ 
monly recommended as a routine diagnostic 
approach. 

Virus Isolation or Detection 

After experimental infection, the median 
time to shedding is 3 days, the median time 
to peak shedding is 5 days, and the median 
time until shedding ceased is 9 days.' 

The ideal sample for isolation of the virus 
is a transtracheal aspirate in the very early 
stages of the disease. The sample also 
provides cells for immunofluorescent anti¬ 
body (IFA) staining. Nasopharyngeal swabs 
are also useful, but sampling technique 
must ensure good contact with the most 
caudal part of the pharyngeal cavity, and the 
samples must be placed in viral transport 
medium and shipped on cold packs and not 
frozen. 

The PCR assay is rapid and sensitive and 
is the preferred method for the analysis of 
clinical specimens because of advantages in 
speed, sensitivity, sample lability, and cost. 4 
The presence of the virus can be determined 
by using PCR on moistened cotton nasal 
swabs taken in the acute phase of a suspected 
outbreak. 4 The virus can be detected and 
quantified in cell cultures using real-time 
quantitative RT-PCR and quantitative com¬ 
petitive RT-PCR assays. A rapid patient-side 
immunomigration assay designed to detect 
HRSV can accurately detect BRSV in field 
studies, thereby providing a rapid calf-side 
diagnostic test. 8 

The fluorescent antibody test for virus 
detection is one of the most rapid, reliable, 
and sensitive tests for the diagnosis of BRSV 
infection. For tracheal aspirates, an aliquot of 
the sample is centrifuged onto a microscopic 
slide to obtain a cell preparation for the IFA 
test. The virus can be detected in tissues with 
monoclonal or polyclonal antibodies and 
avidin-biotin complex immunohistochemis- 
try. This is typically done on formalin-fixed, 
paraffin-embedded tissues. 

Serology 

The standard serologic test for specific BRSV 
antibodies is the virus-neutralization (VN) 
test, usually done with microtiter plates. 
Paired acute and convalescent samples from 
both affected and normal animals in the herd 
are desirable. The majority of dairy calves do 
not have detectable maternal antibodies 
directed against BRSV after 5 months of age; 9 
consequently, a positive titer in cattle aged 6 


months or more indicates exposure to infec¬ 
tion within the population. The indirect 
ELISA is a rapid and reliable test for detect¬ 
ing antibodies to BRSV in milk, bulk-tank 
milk, and serum. A microneutralization 
ELISA has been developed that correlates 
well with other assays and is useful in assess¬ 
ing antibody responses to the virus both in 
naturally occurring disease and in vaccina¬ 
tion studies. 

Arterial Blood Gas Analysis and 
Blood L-Lactate Concentration 

The partial pressure of oxygen in arterial 
blood (Pao 2 ) is negatively associated with the 
extent of lung lesions in calves with experi¬ 
mentally induced BRSV infection, with a 
0.6% to 0.8% increase in the proportion of 
affected lung for every 1 mm Hg decrease in 
Pao 2 from the reference value. 10 As a conse¬ 
quence, measurement of Pao 2 provides 
clinical useful information regarding the 
proportion of damaged lung and the response 
to treatment. In contrast, arterial blood 
L-lactate concentration was not useful in 
predicting the proportion of damaged lung 
and usually remained within the reference 
interval, even in the presence of severe arte¬ 
rial hypoxemia. 

NECROPSY FINDINGS 

Affected lungs are voluminous and heavy, 
and they fail to collapse when the thoracic 
cavity is opened. The cranioventral portions 
of the lung are consolidated and usually dark 
red or plum-colored. The interlobular septa 
are edematous, and mucoid exudate can 
often be expressed from small bronchi. 
Severe interstitial emphysema and edema are 
prominent over the dorsal and caudal lobes. 
Subpleural emphysema is often obvious in 
the cranial and caudal lobes. The caudodor- 
sal lung regions may be “meaty” in consis¬ 
tency. The caudal lobes are often markedly 
distended because of interstitial emphysema, 
and large bullae are common. The interlobu¬ 
lar septa of the caudal lobes are usually dis¬ 
tended because of emphysema and edema. 
Subcutaneous emphysema over the withers, 
thorax, and neck are common. Secondary 
bacterial bronchopneumonia with pleuritis 
may occur. 

Histologically, there is bronchiolitis and 
bronchitis. Large multinucleated syncytia are 
present, projecting from the bronchiolar 
walls or lying free in the lumen. Hyperplasia 
is necrosis of the bronchiolar epithelium are 
common. Exudates consisting of neutro¬ 
phils, macrophages, desquamated epithelial 
cells, and syncytia are present in the bron¬ 
chiolar lumina. Small airways are often 
occluded with exudate. Alveolar changes 
include cellular infiltration and thickening of 
alveolar septae with multinucleate giant-cell 
syncytia in the alveoli. Epithelial syncytia 
containing eosinophilic intracytoplasmic 
inclusion bodies are often present on alveolar 
walls. The presence of epithelial syncytia is a 


useful feature, but the numbers and promi¬ 
nence of these structures can vary consider¬ 
ably. Other viruses can also induce these 
syncytia. In the caudodorsal lung regions, 
there is severe emphysema, often with 
rupture of alveolar walls and alveolar edema, 
sometimes with hyaline membrane forma¬ 
tion and swelling of alveolar epithelial cells. 

In experimental BRSV pneumonia, the 
findings include bronchitis, bronchiolitis, 
proliferative and necrotizing bronchiolitis, 
interstitial pneumonia with areas of atelecta¬ 
sis and alveolar edema, epithelial syncytium 
formation on bronchiolar and alveolar walls, 
and pneumocyte hyperplasia. Viral antigen 
can be demonstrated by immunoperoxidase 
or immunofluorescent staining of bronchio¬ 
lar and alveolar epithelium. 

Isolation of the BRSV from natural field 
cases has always been difficult because of the 
long duration required for the appearance of 
characteristic cytopathic effects. Fluorescent 
microscopy can be used for detection of the 
antigen in the cranioventral lung areas, but 
PCR is a more sensitive technique. It is advis¬ 
able to collect and sample several areas of 
lung because viral antigen/nucleic acid 
will be most abundant in areas of acute infec¬ 
tion. The virus can also be demonstrated in 
formalin-fixed paraffin-embedded bovine 
lung tissue using immunohistochemical 
techniques. 

Samples for Confirmation 
of Diagnosis 

• Histology—fixed lung (several sites) 
(LM, IHC) 

• Virology—chilled lung (several sites) 
(FAT, PCR); nasal swab (ELISA, 

PCR) 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis includes those 
infectious diseases of the respiratory tract of 
young cattle that commonly affect groups of 
animals in a short period of time. 

It is not usually possible to make a 
definitive etiologic diagnosis based on the 
clinical findings. However, the combination of 
the epidemiologic and clinical findings is 
usually suggestive of an acute viral respiratory 
disease. It is not usually possible to be more 
specific than making a clinical diagnosis of 
acute undifferentiated respiratory disease. 

• Acute respiratory disease attributable to 
BRSV infection in weaned beef calves is 
characterized by marked dyspnea, 
anorexia, mouth breathing, fever, 
subcutaneous emphysema, loud breath 
sounds, and death in a small percentage 
of animals in a few days or less. In some 
cases there may be a history of 
respiratory disease in the affected group 
several days previously. 

• Infectious bovine rhinotracheitis (IBR) is 
characterized by outbreak of coughing, 









profuse nasal discharge, fever, 
inappetence, and the presence of typical 
nasal lesions; pneumonia is not 
common. Recovery occurs in several 
days 

• Pneumonic pasteurellosis is characterized 
by anorexia, toxemia, fever, abnormal 
lung sounds, coughing, nasal discharge, 
and response to treatment with 
antimicrobials, fibrinous pneumonia at 
necropsy is typical. 

• Lungworm pneumonia occurs most 
commonly in groups of young cattle on 
summer pasture and is characterized by 
coughing, nasal discharge, tachypnea, 
abdominal breathing, fever and 
inappetence, and increased breath 
sounds with crackles. A necropsy 
diagnosis is usually necessary. 

• BRSV infection in mature dairy cattle 
may be mild and is characterized by a 
slight drop in milk production, fever for 
a few days, inappetence, and recovery in 
a few days. Adult cattle lacking 
immunity may develop severe fatal 
pneumonia, which must be distinguished 
from bacterial pneumonia, infectious 
bovine rhinotracheitis, and other causes 
of interstitial pneumonia. 


TREATMENT 
Antimicrobial Therapy 

Broad-spectrum antimicrobials given daily 
for 3 to 5 days for secondary bacterial pneu¬ 
monia are commonly administered but may 
not be necessary. Recovery usually occurs 
gradually over a period of 3 to 5 days. 
Severely affected animals will become worse 
in spite of therapy. 

Corticosteroids and Nonsteroidal 
Antiinflammatory Agents 

Corticosteroids and NSAIDs are used on 
the basis that widespread dissemination of 
the virus into the caudodorsal lung field is 
proinflammatory and results in extensive 
emphysema and severe respiratory distress. 
There is no evidence that such treatment is 
efficacious. Currently, there are no effective 
postinfection treatments for HRSV infection 
in humans, other than supportive care. 11 

CONTROL 

The ubiquitous nature of the virus, the per¬ 
sistency of infection in herds, the movement 
of cattle between herds, the expansion of 
herds, the replacement practices used in 
herds, and recurrent infections make control 
difficult. However, in BRSV-seronegative 
herds, effective biosecurity measures, includ¬ 
ing maintaining a closed herd, preventing 
nose-to-nose contact with cattle on adjacent 
farms, quarantining and testing new addi¬ 
tions to the herd, and providing boots for 
visitors, may be effective in preventing infec¬ 
tion from entering the herd. 9 A rational 
approach to control would be management 
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of the herd to minimize stressors such as 
inadequate ventilation. Herd replacements 
brought into the herd should be quarantined 
from the rest of the herd for 2 to 3 weeks 
before mixing with the remainder of the 
herd. 

Vaccines and Immunization 

An effective vaccine must be able to stimu¬ 
late an effective immune response in the 
presence of maternally derived antibody 
resulting from colostrum ingestion. This is 
because the majority of adult cattle are sero¬ 
positive, and clinical disease appears to be 
most common in calves aged 2 to 4 months. 
Currently, several types of immune response, 
influenced by vaccination protocol and 
vaccine composition, appear to provide pro¬ 
tection against BRSV, and optimal protection 
in the face of maternally derived antibodies 
may require both live and inactivated vac¬ 
cines. 12 However, immune responses to par- 
enterally administered modified live-virus 
(MLV) vaccines appears to be substantially 
inhibited in neonatal calves. As a result, the 
parenteral administration of a MLV BRSV 
vaccine is not expected to engender a protec¬ 
tive immune response to BRSV infection. 13 

Several MLV and inactivated virus vac¬ 
cines are available for the control of respira¬ 
tory disease resulting from BRSV infection, 
but appropriately controlled randomized 
clinical trials evaluating the efficacy of the 
vaccine under naturally occurring condi¬ 
tions against BRSV infection or clinical 
disease are lacking. Protection induced by 
BRSV vaccines is short lived and usually less 
than 4 months. 

A MLV vaccine administered by the 
intranasal route appears to provide the best 
vaccine candidate, based on our current 
understanding of the pathogenesis of BRSV 
infection. Such a vaccine was first made 
commercially available in 2007. However, 
administration of a MLV vaccine runs the 
risk of reversion to virulence and spread. The 
risk of reversion is reduced if gene deletion 
is employed. 12 In addition, maternal antibod¬ 
ies appear to inhibit priming of protective 
immune responses when intranasal BRSV 
vaccines are administered. 13,14 Cattle vacci¬ 
nated with MLV BRSV vaccines generally 
develop high concentrations of virus neu¬ 
tralizing antibodies (VN) and F (fusion) 
inhibiting antibodies, compared with low to 
moderate concentrations of total BRSV- 
specific IgG. A 2015 meta-analysis concluded 
that in experimentally induced exposure 
trials, beef or dairy calves vaccinated with 
modified live BRSV vaccines had no reduc¬ 
tion in morbidity or mortality compared 
with unvaccinated controls. This meta¬ 
analysis included calves vaccinated by the 
intranasal route. 15 Cattle receiving inacti¬ 
vated virus vaccines develop lowered con¬ 
centrations of VN antibodies and higher 
concentrations of virus-specific (nonneutral¬ 
izing) IgG than cattle administered an MLV 


vaccine. The clinical significance of this dif¬ 
ference has not been determined. Inactivated 
BRSV vaccines have been successful when 
tested by experimental challenge of vacci¬ 
nated calves, which contrasts to the enhanced 
disease that may occur in children vacci¬ 
nated with a formalin-inactivated alum adju- 
vanted HRSV vaccine. A 2015 meta-analysis 
concluded that in experimentally induced 
exposure trials, dairy calves less than 6 
months of age vaccinated with inactivated 
BRSV vaccines had no change in morbidity 
but decreased mortality compared with 
unvaccinated controls. 15 

None of the 81 commercial BRSV vac¬ 
cines available in 2014 enable the differen¬ 
tiation of infected from vaccinated animals 
(DIVA). 16 Subunit BRSV vaccines provide an 
attractive alternative to MLV BRSV vaccines 
in that there is no potential for reversion to 
virulence, and vaccinated animals can be 
distinguished from naturally infected 
animals based on serologic testing. 12,16 The 
use of BRSV-immunostimulating com¬ 
plexes (ISCOMs) has been evaluated in 
calves with BRSV-specific maternal antibod¬ 
ies. The vaccine overcame the suppressive 
effect of colostral antibodies and induced a 
strong clinical and virological protection 
against a BRSV challenge. Clinical protec¬ 
tion was associated with a marked reduction 
in virus replication in the upper and lower 
respiratory tract and rapid antibody and 
T-helper-cell responses, which may be attrib¬ 
utable to the effects of the adjuvant in antigen 
presentation. 1 ' 


TREATMENT AND CONTROL 


Treatment 

Antimicrobial treatment for animals with a 
fever to address concurrent bacterial 
pneumonia (see treatment 
recommendations for Mannheimia 
hemolytica in this chapter) (R-1) 

Antiinflammatory agents 

Nonsteroidal antiinflammatory agents (R-2) 

Corticosteroids (R-3) 

Control 

Vaccination of dairy calves less than 6 months 
of age with inactivated BRSV vaccine. (R-1) 

Vaccination of beef or dairy calves with 
modified live BRSV vaccine. (R-3) 
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INFECTIOUS BOVINE 
RHINOTRACHEITIS (RED NOSE), 
BOVINE HERPESVIRUS-1 
INFECTION 


SYNOPSIS 


Etiology Bovine herpesvirus-1 subtypes: 
BHV-1.1 (respiratory); BHV-1.2a and 1.2b 
(genital); BHV-1.3 (renamed BHV-5; 
encephalitic). 

Epidemiology Worldwide occurrence in 
cattle; high prevalence of infection; low 
incidence of disease; transmitted directly; 
latent infection characteristic; economic 
losses as a result of deaths and abortions, 
latent infection in breeding animals cause 
international trade problems and entry into 
artificial insemination units. 

Signs Rhinitis with typical nasal lesions, 
tracheitis, fever, conjunctivitis, coughing, 
nasal discharge, and recovery in few days; 
severe systemic disease in newborn calves, 
abortion outbreaks. 

Clinical pathology Isolation or detection of 
virus with tissue culture or polymerase 
chain reaction (PCR); serology with 
serum-neutralizing titer, enzyme-linked 
immunosorbent assay (ELISA). Bulk-tank 
milk antibodies. 

Lesions Rhinotracheitis, bronchopneumonia, 
nonsuppurative encephalitis, alimentary 
tract necrosis in calves with systemic 
disease, aborted fetuses autolyzed. 

Differential diagnosis All diseases associated 
with bovine respiratory tract disease: 
pneumonic pasteurella, viral interstitial 
pneumonia, Haemophilus 
pleuropneumoniae, allergic rhinitis. 

Treatment Antimicrobials for secondary 
bacterial infections. 

Control Vaccination of young breeding herd 
replacements using modified live virus or 


inactivated virus vaccines. Subunit and 
marker vaccines are preferred to 
conventional vaccines. Some countries have 
eradicated infection by identifying and 
eliminating seropositive animals. 


ETIOLOGY 

The bovine herpesvirus-1 (BHV-1), or the 
infectious bovine rhinotracheitis (IBR) virus, 
is an alpha-herpesvirus and the cause of the 
respiratory disease, abortion, conjunctivitis, 
and other clinical forms of the disease 
complex. Genetic analyses of various clinical 
isolates have found at least four distinct 
BHV-1 subtypes: a respiratory subtype, 
two genital subtypes, and an encephalitic 
subtype designated as BHV-1.1, BHV-1.2a, 
BHV-1.2b, and BHV-1.3, respectively. 
BHV-1.3 as a neuropathic subtype has been 
renamed as three genotypes, BHV-5a, 
BHV-5b, and BHV-Snon-a/non-b. 1 Anti¬ 
genic differences between isolates of the 
virus may account for some of the diverse 
epidemiologic and pathologic patterns of 
behavior of this herpesvirus, although devel¬ 
opment of rhinotracheitis or vulvovaginitis/ 
balanoposthitis depends more on the route 
of infection than on the subtype of the virus. 

Four ruminant alpha-herpesviruses are 
related to BHV-1 and have the potential 
for cross-infection of cattle in Europe: 
bovine herpesvirus-5, caprine herpesvirus-1 
(CpHV-1), cervine herpesvirus-1 (CvHV-1), 
and cervine herspesvirus-2 (CvHV-2). 
Buffalo herpesvirus-1 and elk herpesvirus 
are also closely related to BHV-1. BHV-5 is 
the cause of fatal meningoencephalitis in 
calves. CpHV-1 causes enteritis and general¬ 
ized infection in neonatal kids. Most CpHV-1 
infections in adults are subclinical, the virus 
can cause vulvovaginitis, balanoposthitis, or 
abortion. CvHV-1 can cause ocular disease 
in red deer and is widespread in free-living 
and farmed red deer. CvHV-2 has been iso¬ 
lated from reindeer in Finland, and serologic 
evidence of infection with a virus similar to 
BHV-1 has been reported in caribou in 
Canada. Although these viruses differ con¬ 
siderably in their virulence, they are closely 
related both genetically and antigenically, 
and they can establish latent infections 
similar to that of BHV-1. An immunofluo¬ 
rescence assay using monoclonal antibodies 
can discriminate between these related her¬ 
pesviruses. Bovine herpesvirus-4 has been 
associated with mastitis in cattle. 

EPIDEMIOLOGY 
Prevalence of Infection and 
Occurrence of Disease 

Reproductive disease as a result of BHV-1 
was first reported in Germany in 1841 as the 
cause of infectious pustular vulvovaginitis 
(IPV) and infectious pustular balanoposthi¬ 
tis (IPB). A more virulent disease form 
attributable to BHV-1.1 (infectious bovine 


rhinotracheitis) emerged in Colorado feed- 
lots in the United States in 1950, and this 
subtype has been widely disseminated, most 
likely as a result of the export of live cattle. It 
is believed that this subtype developed 
because of an adaption to multiply in respira¬ 
tory epithelium associated with large suscep¬ 
tible populations congregated on one feedlot. 
The virus is now distributed worldwide, 
but it has been eradicated from Austria, 
Denmark, Finland, parts of Germany, 
Sweden, parts of Italy, Switzerland, and 
Norway. 2 Control programs are running in 
several other countries. The respiratory form 
of clinical disease is most common in feedlot 
cattle and cattle on dairy and beef farms 
without a routine vaccination program. 

Wildlife 

Bovine herpesvirus infections exist in wild 
ruminants. Infections may be endemic in 
white-tailed deer in certain parts of Canada, 
and it is suggested a mild form of the disease 
occurs in these animals. Mule deer are sus¬ 
ceptible to infection, the disease has occurred 
naturally in a goat, and antibodies to the 
virus have been found in pronghorn antelope 
in western Canada and in Tanzania in game 
animals and cattle. According on serologic 
surveys, the virus is widespread in African 
wildlife, particularly the buffalo, which may 
be a reservoir of infection among the wildlife 
population. The virus has been recovered 
from the wildebeest in Africa, which sug¬ 
gests further that wildlife may serve as reser¬ 
voirs. Antibodies to the alpha-herpesviruses 
were found in reindeer, roe deer, and in red 
deer in Norway. In Saskatchewan, Canada, 
52% of Woodland caribou were seropositive 
for BHV-1. 

Morbidity and Case Fatality 

The uncomplicated form of the respiratory 
disease in cattle is not highly fatal, with most 
losses being mainly attributable to secondary 
bacterial bronchopneumonia. The morbidity 
and case-fatality rates in dairy cattle are 
about 8% and 3%, respectively, whereas in 
feedlot cattle the morbidity rate is usually 
20% to 30% in unvaccinated cattle and may 
rarely reach 100%. The case-fatality rate in 
feedlot cattle is invariably associated with 
secondary bacterial tracheitis and broncho¬ 
pneumonia and may reach 10%, but is 
usually no more than 1%. Morbidity and 
mortality are higher in feedlot cattle than in 
dairy herds because of the frequent introduc¬ 
tion of susceptible animals into an enzootic 
situation. The case-fatality rate in the sys¬ 
temic form of the infection in newborn 
calves is almost 100%. 

Methods of Transmission 

The main sources of infection are the nasal 
exudate and coughed-up droplets, genital 
secretions, semen, and fetal fluids and tissues. 
Aerosol infection is the method of spread 
of the respiratory disease. Experimentally, 












BHV-1 can be shed from calves into the envi¬ 
ronment and transported by air over a dis¬ 
tance of at least 3.9 m to sentinel calves 
housed in a separate building. The virus is 
stable for at least 1 month at 4°C (39F), 50 
days at 22°C (72 F), 10 days at 37° C (98.6F), 
and 21 minutes at 56°C (132F), and can 
survive 30 days in feed. Venereal transmis¬ 
sion is the method of spread of the genital 
diseases. The virus may survive for up to 1 
year in semen frozen at -196°C (-321°F). 

Introduction of animals into a group 
often precedes an outbreak of the disease. 
However, it can arise simultaneously in a 
number of dairy farms in an area and spread 
from these farms to adjacent farms until the 
entire area is affected. The same pattern of 
occurrence simultaneously in a number of 
foci is seen in feedlots, and from these foci 
infections it spreads to other pens in the lot. 
An outbreak usually reaches its peak in week 
2 or 3 and ends by week to 6. 

Risk Factors 
Animal Risk Factors 
Age and Breed Susceptibility 
All ages and breeds of cattle are susceptible, 
but the disease occurs most commonly in 
animals over 6 months of age, probably 
because of their greater exposure. There is no 
seasonal variation in incidence, except pos¬ 
sibly a higher occurrence in feedlot cattle in 
the fall and winter months when large 
numbers of susceptible animals are assem¬ 
bled. The disease complexes associated with 
the virus occur most commonly in animals 
that lack acquired immunity from previous 
natural infection or vaccination. An unvac¬ 
cinated herd of breeding cattle or a group 
of feedlot animals is highly susceptible to 
epidemics of respiratory disease and abor¬ 
tion. Newborn calves are highly susceptible 
to the systemic form of infection if the level 
of specific antibody to the virus in the colos¬ 
trum is inadequate or if there is failure of 
transfer of passive immunity. 

The analysis of the relationship between 
interferon genotype and severity of clinical 
disease in cattle experimentally inoculated 
with BHV-1 revealed that certain alleles of 
the interferon were significantly associated 
with the more severe clinical phenotype. A 
second allele at another locus was associated 
with the milder disease genotype. Thus selec¬ 
tive breeding programs aimed at altering the 
frequency of these alleles in cattle popula¬ 
tions may potentially improve animal health 
and lessen the economic impact of BHV-1 
infections. This potential control method 
has not been pursued with the introduction 
of national vaccination and eradication 
campaigns. 

Environmental and Management 
Risk Factors 

Several management factors have been 
associated with BHV-1 infection in a 
herd. Infected herds purchase cattle and 
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participate in cattle shows more often than 
negative farms. The positive farms have more 
visitors and are situated closer to other cattle 
farms. The failure to vaccinate regularly and 
keep reliable records of vaccination dates is 
commonly associated with inadequate 
disease control. In countries with BHV-1 
eradication programs, the loss of certifica¬ 
tion is commonly associated with yearly 
number of cattle purchased, farm density 
within a 1-km radius, and cattle density 
within a 1-km radius. 

Pathogen Risk Factors 
The IBR-like viruses are now designated 
BHV-1.1, and the IPV-like viruses are des¬ 
ignated BHV-1.2, with the latter subtype 
being further divided into two groups given 
the letter designations a and b. Subtype 1.2a 
isolates cause abortion; 1.2b isolates are not 
abortifacient. Subtype 1.3 (now renamed 
BHV-5), is the encephalitic strain and con¬ 
sists of three subtypes as identified earlier. 
Currently available vaccines, which are made 
with 1.1 subtype vaccines, cannot be given to 
pregnant cattle because they are abortifa¬ 
cient. The currently available MLV BHV-1 
vaccines can cause infertility in cattle infected 
14 days after breeding. 

The virulence of the virus or its host 
tissue specificity changes as a result of 
unknown factors. The BHV-1 genome is not 
stable during host animal passage, and varia¬ 
tions can occur in the restriction endonucle¬ 
ase patterns of the viruses within individual 
animals during both acute infections 
and after viral reactivation or after viral 
reactivation followed by superinfection with 
a different subtype of BHV-1 than was used 
for the primary inoculation. The virus of IBR 
is similar to the virus causing IPV in cows 
and IPB of bulls. It has been suggested that 
the IPV was transmitted to North America 
from Europe in infected cattle, but continued 
to cause lesions in only the genital tract until 
its introduction into dense populations of 
cattle in feedlots encouraged rapid passage 
through many hosts and thus encouraged 
adaptation to the respiratory tract. Only 
rarely do the respiratory and genital forms 
of the disease occur together. However, 
by routine methodology it is difficult, and 
usually impossible, to distinguish between 
isolates obtained from the reproductive 
tract and the respiratory mucosa. Likewise, 
with the exception of temperature-sensitive 
mutants, vaccine strains cannot be distin¬ 
guished from field isolates. 

The virulence of several strains of one 
genotype can vary widely. The outcome of 
BH V-1 infection can vary from subclinical to 
a systemic infection in neonatal calves that is 
often highly fatal. Vaccine strains of BH V-1.1 
have been associated with outbreaks of 
meningoencephalitis in feedlot cattle within 
7 to 10 days after routine vaccination intra- 
nasally with a vaccine intended for the intra¬ 
muscular route. Newborn calves under 3 


days of age are susceptible to the highly fatal 
systemic form of IBR if vaccinated intramus¬ 
cularly with a modified live-virus BH V-1 and 
PI-3 vaccine. An outbreak of a subclinical 
form of IBR has been described in a dairy 
herd of high health status and managed 
under high standards of biosecurity, and 
known to be serologically negative for the 
virus for the previous 15 years. Although 
70% of the cows had seroconverted to the 
virus, no clinical signs were observed, with 
the exception of an ocular discharge in a few 
cows, and their performance and productiv¬ 
ity were unaffected. The causative virus was 
isolated after reactivation with cortico¬ 
steroids and had the DNA profile of a BHV-1 
strain normally associated with severe respi¬ 
ratory disease. 

The glycoprotein E (gE) gene is a viru¬ 
lence factor of BHV-1 is important in the 
development of gE-negative marker vac¬ 
cines used in eradication programs in 
Europe. These marker vaccines, either inac¬ 
tivated or live attenuated, are deleted in the 
gene coding for the nonessential glycopro¬ 
tein E (gE) of BHV-1 to allow serologic dif¬ 
ferentiation between vaccinated and infected 
cattle. 

Immune Mechanisms 
Immunity to the virus is complex and 
consists of relationships between local 
and systemic antibody and cell-mediated 
immunity. Following natural infection or 
vaccination with the modified live-virus 
(MLV) vaccines, both cell-mediated and 
humoral components of the immune system 
are activated. The level of humoral immunity 
has been used as an indicator of previous 
infection and an indirect measure of resis¬ 
tance to clinical disease. However, the level 
of serum neutralizing (SN) antibody is not a 
reliable indicator of resistance to clinical 
respiratory disease. Animals with low levels 
of antibody may be immune because of cell- 
mediated immunity. The level of cell-medi¬ 
ated immunity can be evaluated using the 
delayed-type hypersensitivity test. Experi¬ 
mentally, the virus-neutralizing (VN) titers 
are lower in calves inoculated with both 
the IBR and parainfluenza-3 (PI-3) viruses 
than in calves infected with a single virus. 
This suggests that mixed viral infections 
may result in greater immunosuppression, 
although infectious virus synthesis may be 
suppressed by interference. 

Following intranasal infection or the use 
of a MLV IBR virus vaccine intranasally, 
local secretory antibody and interferon are 
produced. The interferon appears in 3 days 
and persists for 10 days. The presence of the 
interferon does not protect calves against 
experimental challenge 3 days after vaccina¬ 
tion. However, the presence of even low 
levels of antibody in the serum or nasal 
secretion, which appears by day 7 following 
vaccination, provides varying degrees of 
resistance to clinical disease for 9 months. 
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Colostral Immunity 

Calves acquire colostral antibodies from 
dams with humoral antibody. The duration 
of the colostral immunity varies from 1 to 
6 months of age depending on the 
initial level acquired by the calf. Maternal 
antibody in the calf may interfere with the 
successful vaccination of calves before 6 
months of age. 

Economic Importance 

BHV-1 infection can cause major economic 
consequences in a dairy or beef cattle breed¬ 
ing herd or in a beef feedlot. Losses are 
incurred because of epidemics of abortion, 
infertility as a result of IPV and IPB in bulls, 
loss of production and deaths from the respi¬ 
ratory form of the disease in all ages of cattle, 
deaths from the highly fatal systemic form of 
the disease in newborn calves, and the cost 
of treatment when secondary bacterial infec¬ 
tions of the respiratory tract occur. 

PATHOGENESIS 

The virus causes disease through several dif¬ 
ferent pathways including a primary infec¬ 
tion restricted to the respiratory tract, eyes, 
and reproductive tract. Systemic spread to 
many organs by viremia occurs and neuronal 
spread. In addition, the virus can establish 
latency in neuronal or lymphoid cells. Upon 
reactivation, the viruses reestablish the lytic 
cycle of replication. The innate immune 
response is primarily activated in animals 
infected with IBR though Toll-like receptors 
2 and 4, and the development of an effective 
cytotoxic T-cell response is critical for the 
elimination of cells infected with virus. 3 

Respiratory Disease 

The BHV-1 virus infects the nasal cavities 
and upper respiratory tract, resulting in rhi¬ 
nitis, laryngitis, and tracheitis. The pharyn¬ 
geal tonsil is readily infected by the virus and 
may be an important lymphoid tissue for 
early antiviral responses. There is extensive 
loss of cilia in the trachea, leaving the tra¬ 
cheal epithelium covered by microvilli. Intra¬ 
tracheal administration of the virus results in 
almost complete denudation of tracheal 
columnar cells, which presumably has an 
adverse effect on the defense mechanisms of 
the respiratory tract. Spread from the nasal 
cavities to the ocular tissues probably occurs 
by way of the lacrimal ducts and causes con¬ 
junctivitis with edema and swelling of the 
conjunctiva, multifocal plaque formation on 
the conjunctivae, peripheral corneal edema, 
and deep vascularization. The virus can also 
enhance the prevalence and severity of IBR 
in calves. In neonatal calves, potentially fatal 
infection, associated with the continued 
presence of viral antigen and active inflam¬ 
mation, contrasts with repair and clearance 
of viral antigen in weanling calves. Experi¬ 
mentally, the endobronchial inoculation of 
calves with the BHV-1 causes an interstitial 
pneumonia. The viral antigen can be detected 


in the desquamated cells and macrophages of 
bronchoalveolar fluid. 

Encephalitis 

The mechanism by which the brain is 
infected is presumed to be spread of the virus 
from the nasal mucosa via the trigeminal 
peripheral nerve to the trigeminal ganglion, 
resulting in a nonsuppurative encephalitis. 
However, a viremia has been suspected. 
Severe encephalitis can be produced experi¬ 
mentally in colostrum-deprived calves with 
neurovirulent type BHV-1.3. Experimental 
infection with BHV-1.1 produces respiratory 
disease and a mild encephalitis. Intranasal 
inoculation of young calves and adult cows 
with BHV-1 can result in nonfatal trigeminal 
ganglionitis and encephalitis, which may 
be an important mechanism for latent 
infection. 

Abortion 

Systemic invasion by the virus is followed by 
localization of the virus in several different 
tissues. The virus may be transported by 
peripheral leukocytes to the placenta and 
transferred to the fetus to cause abortion. 
The fetus is highly susceptible to the virus, 
which causes a peracute infection that is 
usually fatal. Infection in the last trimester of 
gestation may result in mummification, 
abortion, stillbirth, or weak calves with the 
usual lesions of IBR and the lesions of the 
stomachs and intestines that have been pro¬ 
duced by experimental administration of the 
virulent virus to newborn calves. 

The systemic form of the infection in 
newborn calves is characterized by severe 
inflammation and necrosis of the respiratory 
and alimentary tracts, including the pharynx, 
esophagus, lungs, larynx, lymph nodes, and 
liver, and nephritis and encephalitis. There is 
severe laryngeal edema and respiratory dis¬ 
tress that results in difficulty in swallowing 
and aspiration pneumonia. A severe, highly 
fatal syndrome characterized by diffuse 
erosion and ulceration of the upper alimen¬ 
tary tract, including the oral cavity, has 
occurred in beef feedlot cattle. 

Latency 

The BHV-1 virus can become latent follow¬ 
ing a primary infection with a field isolate or 
vaccination with an attenuated strain. The 
virus may remain latent indefinitely, and 
recrudescence, reactivation, and shedding of 
the virus can occur following the use of large 
doses of corticosteroids that mimic the 
effects of stress. Transportation of cattle with 
latent infection can reactivate the virus, 
resulting in reexcretion of the virus and a 
rise in neutralizing antibodies. Attenuated 
vaccine strains can remain in a latent stage, 
and vaccination does not provide protection 
against the establishment of latent infection 
with a wild strain. Vaccination also does not 
inhibit reexcretion of a wild strain that was 
in the latent form at the time of vaccination. 


The vaccine virus and the field isolates can 
be excreted after live-virus vaccination and 
subsequent field isolate challenge. Colostral 
antibodies in calves do not prevent initial 
virus replication, and latency can persist 
after the decline in colostral immunity and 
the calves are seronegative. 

The location of latency of the virus in the 
body varies; the virus remains localized near 
the site of its first multiplication and during 
recrudescence will be reexcreted by the 
tissue primarily infected. The BHV-1 can be 
isolated from the trigeminal ganglion of 
clinically normal cattle during the latent 
period, and trigeminal ganglionitis can be 
observed during recrudescence. Latent 
infection with virulent BHV-1 virus may 
occur in the trigeminal ganglion of calves 
previously vaccinated with the MLV vaccine. 
The virulent virus may spread along the tri¬ 
geminal peripheral nerve despite the pres¬ 
ence of humoral antibodies in vaccinated 
calves. Recrudescence of the virus from the 
trigeminal ganglion and spread along the 
peripheral nerves by intraaxonal flow to the 
nasal mucosa can occur in calves treated 
with corticosteroids and, presumably, occurs 
following stress. The virus has been isolated 
from the trigeminal ganglia of 10% of clini¬ 
cally normal cattle at slaughter, 40% of which 
had SN antibody to the virus. 

The practical aspect of latency is that all 
cattle from endemic herds must be consid¬ 
ered as potential sources of BHV-1 virus and 
capable of spreading infection to previously 
unexposed animals. Some latent carriers do 
not possess detectable antibodies. The only 
method of identification is by treatment with 
dexamethasone to initiate recrudescence and 
detection of the virus from nasal secretions, 
or the PCR examination of the trigeminal 
ganglion at necropsy. 

A combined serologic and clinical sur¬ 
veillance of 20 dairy herds over three con¬ 
secutive years revealed wide variations in the 
circulation of the virus. In some herds there 
was no identification of active infection, 
whereas in others one or two cycles of infec¬ 
tion occurred in calves and yearlings, often 
without any clinical evidence of disease. 
Reactivation and shedding of the virus can 
occur in known carrier bulls at the time of 
mating, which may explain the higher inci¬ 
dence of titers in bulls than cows in some 
beef herds. Breeding bulls in an artificial 
insemination center that were vaccinated 
with a MLV vaccine were shedding the 
vaccine virus in the semen, and the virus 
could be recovered from preputial washings 
2 to 3 months after the last immunization. 
However, the frequency of recurrent infec¬ 
tions and the amount of virus excreted are 
reduced after vaccination. 

The presence of passively acquired anti¬ 
bodies in calves does not prevent virus rep¬ 
lication and establishment of latent infection. 
It is also possible to experimentally produce 
BHV-1 seronegative passively immunized 





calves that do not have antibody response 
after infection but develop a cell-mediated 
immune response after infection detected by 
a specific interferon gamma assay. The failure 
to easily detect such animals presents an epi¬ 
demiologic threat for the control of BHV-1 
infections. Marker glycoprotein E-negative 
vaccines can also establish latency not only 
in naive but also in passively immunized 
neonatal calves after a single intranasal inoc¬ 
ulation. This indicates that gE-negative vac¬ 
cines, when used in calves with passive 
antibodies, can result in seronegative vaccine 
virus carriers. 

The experimental intrapreputial infection 
of young bulls with BHV-1.2 caused acute 
balanoposthitis, latent infection, and detec¬ 
tion of viral DNA in regional neural (sacral 
nerve ganglia, pelvic sympathetic plexus) 
and nonneural tissues (lymph nodes) 50 days 
after experimental reactivation. Following 
experimental infection in calves the BHV-5 
also can result in latent infection of surviving 
animals. 

Parturition may also be a stimulus for 
reactivation and shedding of a thermosensi¬ 
tive vaccine strain of the virus in vaccinated 
animals. Reactivation and shedding of the 
virus has also been observed in cattle that 
recovered from the respiratory form of the 
disease and 5 months later were experimen¬ 
tally infected with Dictyocaulus viviparus. 
The placenta may harbor the virus in a latent 
stage for up to 90 days without transmitting 
the virus to the fetus. Recrudescence may 
be differentiated from primary infection 
and reexposure by the intranasal route based 
on the distribution of antiviral antibody 
activity among serum IgM, IgGi, and IgG 2 
isotypes. 

Predisposition to Pneumonia 

The role of the virus in affecting the lung 
clearance mechanism of cattle in the patho¬ 
genesis of pneumonic pasteurellosis has been 
reviewed and is presented in the section on 
shipping fever pneumonia in cattle. Experi¬ 
mental aerosol exposure of calves with the 
BHV-1 virus impairs the function of alveolar 
macrophages, which allows Mannheimia 
haemolytica to persist and proliferate in the 
lung and produce the characteristic lesion. In 
vitro studies indicate that the BHV-1 virus 
can interfere with the function of effector 
cells, such as macrophages, neutrophils, and 
lymphocytes. Aerosol exposure of calves to 
BHV-1 can affect the composition of alveolar 
phospholipids, which can alter the function 
of lung surfactant and compromise pulmo¬ 
nary defense mechanisms. The BHV-1 can 
cause alteration in the glycoconjugate com¬ 
position of bovine nasal epithelial surfaces, 
which may promote M. haemolytica prolif¬ 
eration in the early stages of pneumonic pas¬ 
teurellosis. The virus also causes varying 
degrees of obstructive lung disease, resulting 
in increased resistance to breathing, reten¬ 
tion of carbon dioxide, and increased resting 
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lung volume. Excessive airway constriction 
and impairment of bronchial relaxation 
occurs, which may compromise lung defense 
mechanisms and allow development of sec¬ 
ondary bacterial pneumonia. A severe fatal 
BHV-1 pneumonia can occur. 

Experimentally, active BHV-1 infection 
triggers cytokine expression on bronchial 
epithelial cells that facilitates recruitment 
of neutrophils. 4 BHV-1 infection also affects 
bovine peripheral blood neutrophils, 
enhances the binding of M. haemolytica leu- 
kotoxin to bronchoalveolar leukocytes, and 
increases their killing. The virus increases 
the number of bronchoalveolar leukocytes, 
resulting in many more leukotoxin- 
responsive cells being present in the lung. 
The net effect is that BHV-1 infection ampli¬ 
fies the detrimental effect of M. haemolytica 
in the lung. 4 

Reproductive Failure 
The intrauterine inoculation of the BHV-1 
into cattle results in an acute necrotizing 
endometritis in the uterine body and caudal 
portions of the uterine horns but minimal 
lesions in the anterior parts of the horns. 
Experimental inoculation of the virus into 
heifers on the day after estrus and insemina¬ 
tion can result in lesions of the ovaries 
consisting of focal necrosis and cellular infil¬ 
tration. Commercially available vaccinal 
strains of the BHV-1 virus can produce 
similar lesions. The ovarian lesions have 
marked effects on luteal function, and plasma 
progesterone values in the first estrus after 
inoculation are markedly lower than those in 
subsequent normal cycles. Whether the 
BHV-1 virus causes reproductive failure as a 
result of necrosis of the corpus luteum or 
embryonic infection remains to be deter¬ 
mined. Recently hatched bovine embryos 
can be infected with any of several strains of 
BH V-1 and such infection in vitro is embryo- 
cidal. Experimentally induced infection 
during early pregnancy (7-28 days) will 
cause oophoritis and, in some cases, embry¬ 
onic mortality. The effects of the virus on the 
genital tract and on reproductive perfor¬ 
mance in cattle have been reviewed. 

Bovine Mastitis 

BHV-1 and BHV-4 have been associated 
with mastitis in cattle. Both viruses, includ¬ 
ing the foot-and-mouth disease virus, and 
the PI-3 virus have been isolated from milk. 
BHV-4 has been isolated from cows with 
clinical mastitis that also developed antibod¬ 
ies against the virus at the time of the masti¬ 
tis, and no bacteria were isolated from the 
milk samples. Bovine umbilical cord endo¬ 
thelial cells were used to culture the virus. 
Experimental inoculation of the ductus pap¬ 
illaris of the teat has resulted in replication 
of the virus and subclinical mastitis after 
BHV-4 infection. Simultaneous intramam¬ 
mary and intranasal inoculation of lactating 
cows with BHV-4 did not induce clinical but 


subclinical mastitis. It is unlikely that BHV-4 
is a major mastitis pathogen. 

CLINICAL FINDINGS 
Rhinitis (Red Nose), Tracheitis, 
and Conjunctivitis 

After experimental infection there is an 
incubation period of 3 to 7 days, but in 
infected feedlots the disease occurs 10 to 20 
days after the introduction of susceptible 
cattle. 

There is considerable variation in the 
severity of clinical signs following natural 
infection, dependent on the strain of the 
virus, the age susceptibility, and environ¬ 
mental factors. In North America, where the 
disease is endemic, the clinical disease is 
usually mild in dairy cattle and in range beef 
cattle. A severe form of the disease can occur 
in feedlots where crowding and commin¬ 
gling from several sources occur. A severe 
form of upper respiratory tract disease and 
encephalitis has been reported in neonatal 
beef calves. Clinical disease is most common 
after 6 months of age in colostrum-fed calves 
as a result of waning colostral IgG (passive 
immunity). 

There is sudden onset of anorexia, loud 
coughing, fever (up to 42°C [108°F]), severe 
hyperemia of the nasal mucosa with numer¬ 
ous clusters of grayish foci of necrosis on the 
mucous membranes of the nasal septum 
visible just inside the external nares, a serous 
discharge from the eyes and nose, increased 
salivation, and sometimes a slight hyperex¬ 
citability. A marked fall in milk yield may be 
the earliest indication in dairy cattle. The res¬ 
pirations are increased in rate and are 
shallow, but only an increase in the loudness 
of breath sounds is audible on auscultation 
of the lungs unless secondary pneumonia is 
present. A severe primary viral, or secondary 
bacterial, tracheitis may cause inspiratory 
dyspnea with abnormal tracheal breath 
sounds transmitted to the lungs. Respiratory 
distress is evident on exercise. A short, 
explosive cough is characteristic of some 
outbreaks but not in others. Sudden 
death within 24 hours after first signs appear 
can result from extensive obstructive 
bronchiolitis. 

In dairy cattle, many animals in a herd 
become affected within a few days. The 
disease is usually mild, characterized by 
inappetence, coughing, profuse bilateral 
serous nasal discharge, excessive salivation, 
nasal lesions, moderate fever, moderate drop 
in milk production, and recovery in a few 
days. Several animals may have the conjunc¬ 
tival form of the disease with obvious con¬ 
junctivitis and profuse ocular discharge. The 
affected animals as a group do not return to 
full production for 10 to 14 days. The out¬ 
break of respiratory disease will be followed 
by abortions in several days up to 90 days 
after the index case occurred. 

In feedlot cattle the illness is often more 
prolonged, the febrile period is longer, the 
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nasal discharge becomes more profuse and 
purulent, and the convalescent period is 
longer. Some deaths may occur in the acute 
febrile period, but most fatalities are attribut¬ 
able to a secondary bronchopneumonia and 
occur after a prolonged illness of up to 4 
months in which severe dyspnea, complete 
anorexia, and final recumbency are obvious 
signs. Some recovered animals may have a 
persistent snoring respiration and a grossly 
thickened, roughened nasal mucosa accom¬ 
panied by nasal discharge. 

Ocular Form of IBR 

Conjunctivitis is a common finding in typical 
“red nose,” but outbreaks of conjunctivitis 
may occur as the major clinical finding. One 
or both eyes may be affected, which is easily 
misdiagnosed as infectious keratoconjuncti¬ 
vitis (pinkeye) associated with Moraxella 
bovis. However, the IBR lesions are confined 
to the conjunctiva and there are no lesions of 
the cornea except diffuse edema. The con¬ 
junctiva is reddened and edematous, and 
there is a profuse, primarily serous, ocular 
discharge. The cornea is initially unaffected, 
but occasionally may be damaged as a result 
of secondary bacterial infection. Calves less 
than 6 months of age may develop encepha¬ 
litis, which is marked by incoordination, 
excitement alternating with depression, and 
a high mortality rate. Salivation, bellowing, 
convulsions, and blindness are also recorded. 

Systemic Disease in Newborn Calves 

In newborn calves under 10 days of age, the 
systemic form of the disease is severe and 
highly fatal. Sudden anorexia, fever, exces¬ 
sive salivation, and rhinitis, often accompa¬ 
nied by unilateral or bilateral conjunctivitis, 
are common. The oral mucous membranes 
are usually hyperemic, erosions of the soft 
palate covered by tenacious mucus are 
common, and an acute pharyngitis covered 
by tenacious mucopurulent exudate is char¬ 
acteristic. The larynx is usually edematous, 
and respiratory distress is common. Bron¬ 
chopneumonia is common, and loud breath 
sounds, crackles, and wheezes associated 
with consolidation are present. Outbreaks of 
the disease commonly occur in highly sus¬ 
ceptible herds where the herd immunity has 
declined, the dams are not vaccinated, and 
there is minimal, if any, specific colostral 
immunity. Diarrhea and dehydration, 
referred to as the alimentary form of BHV-1 
infection, occur in some affected calves. The 
cause of the diarrhea is uncertain, but it may 
be related to the ruminal lesions. 

Abortion 

Abortion is a common sequela and occurs 
some weeks after the clinical illness or par¬ 
enteral vaccination of nonimmune pregnant 
cows with the MLV vaccine of bovine tissue 
culture origin. Abortion may occur up to 90 
days following vaccination if the virus 
becomes latent in the placenta and infects 


the fetus much later than usual. This raises 
the possibility that vaccination even with safe 
vaccines may appear to be the cause of abor¬ 
tion if natural infection preceded vaccina¬ 
tion. It is most common in cows that are 6 to 
8 months pregnant. Retention of the placenta 
often follows, but residual infertility is unim¬ 
portant. However, endometritis, poor con¬ 
ception, and short estrus can occur after 
insemination with infected semen. The 
infectious bovine rhinotracheitis virus has 
been isolated from semen 12 months after 
storage. 

Infectious pustular vulvovaginitis is char¬ 
acterized by frequent urination, elevation of 
the tail, and a mild vaginal discharge. The 
vulva is swollen, and small papules, then ero¬ 
sions and ulcers, are present on the mucosal 
surface. Mucosal ulcers may coalesce, and 
sloughing of brown necrotic tissue may 
occur. Recovery usually occurs in 10 to 14 
days unless there are complications. 

Balanoposthitis is characterized by 
similar lesions of the glans penis and prepu¬ 
tial mucosa. 

CLINICAL PATHOLOGY 
Virus Isolation or Detection 

After experimental infection, the median 
time to shedding is 2 days, the median time 
to peak shedding is 4 days, and the median 
time until shedding ceases is 14 days. 5 Isola¬ 
tion of the virus from nasal swabs using 
tissue culture combined with a fourfold rise 
in antibody titers between acute and conva¬ 
lescent phase sera are desirable for a positive 
diagnosis of the disease. When using nasal 
swabs, cotton and polyester swabs are rec¬ 
ommended rather than calcium alginate 
swabs, which are viricidal within 2 hours. 
The virus can be detected in nasal swabs by 
the use of an ELISA, direct and indirect 
immunofluorescence techniques, immuno- 
peroxidase, and by electron microscopic 
examination that may reveal herpes-like 
viral particles. The sensitivity of the direct 
immunofluorescence techniques is compa¬ 
rable to the cell culture technique. The 
ELISA is highly sensitive. A combination of 
the indirect immunofluorescence test and 
virus isolation from both ocular and nasal 
swabs of several animals will increase the 
recovery rate. 

The PCR assay is as sensitive as virus iso¬ 
lation and is a practical alternative for the 
rapid detection of the virus. The results are 
available in 1 day, compared with virus isola¬ 
tion, which requires 7 days. The PCR assay 
can be used for detection of virus in semen 
and is considered equivalent to that of stan¬ 
dard virus isolation and dot blot hybridiza¬ 
tion. The PCR assay with Southern blot 
hybridization is considered to be highly sen¬ 
sitive and can detect the virus in semen 
before they develop any detectable antibody. 
The PCR assay can also detect 5 times as 
many positive semen samples as the virus 
isolation on egg yolk-extended semen. PCR 


is considered the diagnostic test of choice for 
routine diagnosis of BHV-1 in aborted 
fetuses. 6 

Using restriction endonuclease analysis 
of viral DNA, it is now possible to distinguish 
field isolates of the virus from vaccine strains, 
which may be useful in the investigation of 
vaccine-induced epidemics of the disease. 

Serology 

Several serologic tests are available for the 
detection of antibody and a rise in titer 
between the acute and convalescent phases 
of the infection. 

The primary immune response to BHV-1 
experimental inoculation of cattle is charac¬ 
terized by the formation of IgM and IgG 
antibodies, primarily IgG^ by postinocula¬ 
tion day 7. Secondary immune responses 
are characterized primarily by the formation 
of IgG 2 antibody. A secondary immune 
response resulting from abortion induced by 
intraamniotic virus inoculation is character¬ 
ized by a substantial increase in IgM anti¬ 
body. A secondary BHV-1 exposure by the 
intranasal route does not result in secondary 
IgM antibody formation. 

The VN test has been widely used and is 
the standard by which other techniques have 
been evaluated. The ELISA is a specific, sen¬ 
sitive, and practical test for detection of 
BHV-1 antibodies and has advantages over 
the SN test. The IgM-ELISA test is useful for 
the diagnosis of recent infection with BHV-1 
in calves. 

The detection of latent BHV-1 infection 
in cattle is important in control programs 
and in international trade activities. There¬ 
fore tests to detect specific antibodies in 
serum must be highly sensitive to detect low 
levels of BHV-1-specific antibodies. This 
emphasizes the need for international stan¬ 
dardization of tests to detect BHV-1-specific 
antibodies in cattle. In endemically infected 
herds, BHV-1 transmission is not continuous 
but is sufficient to produce detectable anti¬ 
bodies. A serologic test negative carrier 
status (latent infection) occurs when there is 
no reexposure to stimulate humoral immu¬ 
nity. In other words, it remains very chal¬ 
lenging to identify latently infected cattle 
when they are housed in a population with 
minimal BHV-1 transmission.' 

An immunofluorescence assay using 
monoclonal antibodies can discriminate 
between the four ruminant alpha-herpesvi¬ 
ruses related to the BHV-1. They include the 
bovine herpesvirus-5, caprine herpesvirus-1 
(CpHV-1), cervine herpesvirus-1 (CvHV-1), 
and cervine herspesvirus-2 (CvHV-2). 
Buffalo herpesvirus-1 and elk herpesvirus 
are also closely related to BHV-1. 

Bulk-tank milk testing for BHV-1 anti¬ 
bodies may be useful in eradication and 
monitoring programs because it offers the 
possibility of rapid and inexpensive screen¬ 
ing. The correlation between the bulk milk 
test and the within-herd prevalence of 
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seropositive animals can be as high as 0.86. 
If BHV-1 is detected in the bulk milk, there 
is a high probability that more than one 
animal in a herd is infected and that the 
infection has spread. The BHV-1 blocking 
ELISA is in use on bulk milk samples as part 
of the Danish surveillance system for BHV-1 
infection in dairy herds. The test can detect 
seropositive herds, with prevalence propor¬ 
tions as low as 1 seropositive cow out of 70 
cows. 

Specific antibody against BHV-1 may be 
detectable in fetal fluids and increases the 
rate of diagnosis of abortion. 

NECROPSY FINDINGS 
In adult cattle, gross lesions are restricted to 
the muzzle, nasal cavities, pharynx, larynx, 
and trachea, and they terminate in the large 
bronchi. There may be pulmonary emphy¬ 
sema or secondary bronchopneumonia, but 
for the most part the lungs are normal. In the 
upper respiratory tract there are variable 
degrees of inflammation, but the lesions are 
essentially the same in all anatomic regions. 
In mild cases there is swelling and conges¬ 
tion of the mucosae. Petechiae may be 
present, and there is a moderate amount of 
catarrhal exudate. In severe cases the exudate 
is profuse and fibrinopurulent. When the 
exudate is removed, the mucosa is intact 
except for small numbers of necrotic foci in 
the nasal mucosa, but there may be diffuse 
denudation of epithelium in the upper part 
of the trachea. Lymph nodes in the throat 
and neck region are usually swollen and 
edematous. Histologically, there is acute, 
catarrhal inflammation of the mucosa. Inclu¬ 
sion bodies are rarely seen in natural cases 
but do occur transiently in the nuclei of 
respiratory epithelial cells in experimentally 
infected animals. Secondary bacterial inva¬ 
sion will cause a more severe necrotizing 
change, which is usually followed by 
the development of bronchopneumonia. 
The virus is usually isolated from affected 
tissues using cell culture techniques. It can 
also be demonstrated in paraffin-embedded 
tissues by utilizing immunohistochemical 
techniques. 

In the systemic form in neonatal calves a 
severe epithelial necrosis has been observed 
in the esophagus and rumen, with the adher¬ 
ent necrotic epithelium having the pulta- 
ceous quality of milk curd. The laryngeal 
mucosa is congested and edematous, with 
multiple focal lesions in the mucosa. Bron¬ 
chopneumonia is common, with a thick 
white exudate coating the tracheal lumen 
and extending into the bronchi. Histologi¬ 
cally, there is necrosis of the pharynx, larynx, 
associated lymph nodes, esophagus, and 
liver. Inclusion bodies are evident in many 
surviving epithelial cells. Systemic infection 
in neonatal calves may be more common 
than is currently realized; 2.1 % of 2980 calves 
examined at necropsy between 1 and 30 days 
of age had lesions consistent with BHV-1 


infection, although it was not clear whether 
BHV-1 was the primary cause of death in all 
cases. 8 

The encephalitic form lacks gross lesions 
but is characterized microscopically by non¬ 
suppurative inflammation, neuronal degen¬ 
eration and gliosis, located particularly in the 
cerebral cortex and the internal capsule. 
Inclusion bodies are sometimes present. 
Both immunoperoxidase and PCR tests 
are capable of detecting BHV-5 antigen in 
formalin-fixed brain tissues affected with 
bovine herpesvirus encephalitis. 

Aborted fetuses show moderately severe 
autolysis and focal necrotizing hepatitis. 
Microscopically, foci of necrosis rimmed by 
very few leukocytes are visible in the liver 
and many other organs. Occasionally, intra¬ 
nuclear inclusion bodies can be seen. Viral 
antigen can be demonstrated in sections of 
the lung, liver, spleen, kidney, adrenal gland, 
placenta, and in mummified fetuses using 
the avidin-biotin complex system. Using this 
system, the viral antigen can be found in fetal 
tissues from which the virus could not be 
isolated in cell culture. 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed samples: 
abortion/neonate: lung, liver, trachea, 
kidney, adrenal gland, rumen, 
esophagus, pharynx; respiratory form: 
nasal turbinate, trachea, pharynx, 
lung; encephalitic form: half of 
midsagittally sectioned brain (LM, 
IHC) 

• Virology— abortion/neonate: lung, 
liver, kidney, rumen; respiratory 
form: lung, trachea, nasal swab; 
encephalitic form: half of 
midsagittally sectioned brain (FAT, 
ISO, PCR) 


DIFFERENTIAL DIAGNOSIS 


Infectious bovine rhinotracheitis is 
characterized by acute rhinotracheitis, 
coughing, profuse nasal discharge, nasal 
septum lesions, bilateral conjunctivitis, 
anorexia, fever, and gradual recovery in a few 
days. Secondary bacterial tracheitis and 
pneumonia can occur. It must be 
differentiated from the following: 

• Pneumonic pasteurellosis is characterized 
by marked toxemia and depression, 
coughing, anorexia, gauntness, fever, 
abnormal lung sounds, and good 
response to antimicrobials. 

• Bovine virus diarrhea is characterized by 
depression, anorexia, salivation, oral 
erosions and ulcers, persistent diarrhea, 
dehydration, and death in a few days. 

• Malignant head catarrh is characterized 
by remarkable mental dejection, 
prominent lesions of nares, severe 
erosive lesions in oral cavity, interstitial 


keratitis, enlarged peripheral lymph 
nodes, high persistent fever, hematuria, 
terminal encephalitis, and death in 
several days. 

• Calf diphtheria occurs usually in a single 
animal and there is depression, fever, 
inability to suck or eat, inspiratory 
dyspnea and stridor, fetid oral and 
laryngeal lesions, and severe toxemia. 

• Viral pneumonia of calves occurs in a 
group of calves and is characterized by 
mild depression, inappetence, fever, 
coughing, dyspnea, abnormal lung 
sounds, no nasal lesions, and recovery in 
a few days. 

• Allergic rhinitis occurs in cattle on 
pasture in summer months and is 
characterized by sneezing and wheezing 
with inspiratory dyspnea, mouth 
breathing, normal temperature, and 
profuse thickened nasal discharge that is 
caseous and greenish-orange in color. 

• Systemic form of IBR in newborn calves 
must be differentiated from acute 
pneumonia, septicemia, and toxemias. 


TREATMENT 
Antimicrobial Therapy 

Broad-spectrum antimicrobials are indicated 
if secondary bacterial tracheitis and pneu¬ 
monia are present. Affected cattle should 
be identified, isolated, and monitored fre¬ 
quently for evidence of secondary bacterial 
disease accompanied by anorexia and 
toxemia and treated accordingly. The trache¬ 
itis is particularly difficult to treat; antimi¬ 
crobials daily for several days are necessary. 

CONTROL 

The diseases associated with the virus may 
occur unpredictably at any time, and even 
closed herds with no introductions may 
remain free of the disease for several years 
and suddenly experience an outbreak. The 
current strategies for control are natural 
exposure, biosecurity, vaccination, or erad¬ 
ication of the virus from a herd or even the 
cattle population of a country. 

Natural Exposure or Vaccination 
Natural Exposure 

Cattle that have recovered from a natural 
infection with the virus are immune to 
further clinical disease. However, to depend 
on natural exposure of the herd is risky 
because not all animals will become infected 
and become immune. Abortion storms occur 
in herds that are not vaccinated and depend 
on natural exposure. Vaccination is therefore 
recommended in areas where the prevalence 
of infection is high and eradication is not 
feasible because of the extensive nature of the 
cattle population and movement of animals 
from one area to another. The virus is sensi¬ 
tive to many disinfectants including 1% qua¬ 
ternary ammonium bases, 1% phenolic 
derivatives, and 10% Lugol’s iodine. 
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Biosecurity 

Biosecurity is any practice or system that 
prevents the spread of infectious agents from 
infected animals to susceptible animals or 
that prevents the introduction of infected 
animals into a herd, region or country in 
which the infection has not yet occurred. 
Biosecurity is an integral part of any success¬ 
ful livestock enterprise and reduces the risks 
and consequences of introducing an infec¬ 
tious disease. The components of biosecurity 
include management and placement pro¬ 
grams, farm layout, decontamination, pest 
control, and immunization. All of these 
factors directly affect productivity and 
profitability. 

The introduction of new infections into 
herds can be prevented or minimized by pur¬ 
chasing animals directly from herds known 
to be free of a particular disease. The adop¬ 
tion of this principle requires awareness of 
the possibility of purchasing unknown 
infected animals and testing animals for the 
infection before entry into the herd. It may 
also require keeping the introduced animal 
in quarantine for several weeks after arrival 
before it is mixed with the other animals. 

Veterinarians need to work with their 
clients to develop a specific disease control 
and biosecurity protocol for each farm. The 
benefits of a rigidly enforced biosecurity 
program need to be stressed. Veterinarians 
can assist producers in developing methods 
to handle livestock and to purchase replace¬ 
ment stock by designing protocols that con¬ 
centrate on general and specific aspects, such 
as design and construction of isolation rates. 

Closed Herd 

A closed farming system to prevent the 
introduction of infectious diseases into dairy 
farms is technically possible and is economi¬ 
cal. A closed dairy farming system could 
prevent the introduction of BHV-1 and can 
be a good starting point for eradication of 
infectious diseases from the herd. 

In the cattle industry, animals are moved 
freely from their farms of origin to veterinary 
clinics, cattle shows and sales, auction 
markets, 4H club events, and community 
grazing pastures. Cattle are commonly 
returned to their farms of origin after being 
at shows and sales, veterinary clinics and 
other events where animals from other farms 
are mixed. Animals may commingle with 
those from adjacent herds (broken fences or 
cattle breaching fences from one pasture to 
another). Breeding bulls may be leased from 
their farm or origin, used on another farm, 
and then returned to the farm of origin. The 
mixing of animals that occurs in all of these 
circumstances provides opportunities for the 
transmission of important infectious agents. 

Vaccination 

With currently available diagnostic tests, it 
is not possible to identify animals that have 
a latent BHV-1 infection. The next best 


strategy is to use a well-planned vaccination 
program. 

Rationale for Vaccination 
Vaccination protects animals from severe 
clinical signs of infection and assists in 
control and eradication programs. The 
rationale for vaccination is based on the 
following: 

• The virus is ubiquitous and the 
occurrence of the disease 
unpredictable. 

• Economic losses from abortion, 
neonatal disease, and respiratory 
disease can be high. 

• Colostral immunity in calves wanes 
by 4 to 6 months of age. 

• The vaccine will prevent abortions 
caused by the virus and provide 
protection against respiratory disease 
if given at least 10 days before natural 
exposure. 

Several attenuated live and inactivated 
BHV-1 vaccines are currently available, with 
attenuated vaccines being administered 
intranasally or intramuscularly. The vaccine 
strains have usually undergone multiple pas¬ 
sages in cell culture to induce attenuation. 

Modified live-virus (MLV) vaccines 
offer three advantages over inactivated 
vaccines: 

• Induction of a rapid immune 
response 

• Relatively long duration of immunity 

• The induction of local immunity 

Protection from infection and disease has 

been observed within 40 to 96 hours follow¬ 
ing intranasal or IM vaccination with MLV 
vaccines. This rapid development may be 
attributable to interferon induced locally, but 
intranasal vaccination also induces secretory 
IgA antibody and cell-mediated immunity. 
Vaccination trials have found that the tradi¬ 
tional MLV vaccines are safe and effective in 
preventing clinical disease and are more 
effective than inactivated vaccines. 

Both the intranasal and intramuscular 
stimulate the production of humoral anti¬ 
body. The intranasal vaccine stimulates the 
production of local interferon and local anti¬ 
body in the nasal mucosae, is safe for use in 
pregnant cows, and is highly effective for the 
prevention of abortion caused by the virus. 
The intramuscular vaccine of bovine tissue 
culture origin is abortigenic, especially in 
nonimmune cows. The intranasal vaccine 
provides protection against respiratory 
disease induced by experimental challenge 
72 hours after vaccination. In general, the 
intranasal vaccine provides effective protec¬ 
tion against the respiratory form of the 
disease but occasionally disease occurs in 
vaccinated animals. The intranasal vaccines 
do not cause a significant systemic reaction 
and have been used in the face of an outbreak 
where all in-contact animals are vaccinated 
in an attempt to reduce the number of 
new cases. A major requirement of the 


intranasal vaccine is that the vaccine virus 
must multiply on the nasal mucous mem¬ 
branes. If the vaccine is not administered 
into the nasal cavities carefully, or if the 
animal is difficult to handle or snorts out 
the vaccine, vaccination will not occur. The 
careful administration of a temperature-sen¬ 
sitive vaccine in 2 mL of diluent into one 
nostril is as effective as a two-nostril vaccina¬ 
tion method using a total of 5 mL of diluent. 
Serum antibody titers were similar for beef 
cattle vaccinated in high (>32° C, >90 F) or 
moderate (21°C, 69F) ambient temperatures 
with an intranasal vaccine. 9 The preexistence 
of some local antibody from natural expo¬ 
sure or coinfection with a virulent strain of 
the virus may also restrict the multiplication 
of the vaccine virus, especially the tempera¬ 
ture-sensitive mutants. 

Temperature-Sensitive BHV-1 Modified 
Live Vaccine. An intranasal BHV-1 vaccine 
containing an MLV strain whose growth is 
restricted to the upper respiratory tract has 
been developed in Europe. The vaccine strain 
is chemically treated to produce a tempera¬ 
ture-sensitive characteristic, so that it cannot 
replicate at the body temperature of the 
animal. Prebreeding vaccination of replace¬ 
ment heifers with the vaccine provides fetal 
protection. The vaccine is efficacious and safe 
for use in pregnant cattle. Intranasal vaccina¬ 
tion stimulates both systemic and local cell- 
mediated immunity and antibody. 

Disadvantages of Modified Live Vaccines. 

The extensive use of MLV vaccines has 
reduced the incidence of clinical disease but 
there are some potential disadvantages. MLV 
vaccines must be stored and handled prop¬ 
erly to avoid loss of potency. The parenteral 
MLV vaccine is potentially abortigenic and 
cannot be used on nonimmune pregnant 
cattle. The virus in MLV vaccines can also 
become latent following vaccination. Fatal, 
generalized BHV-1 infection has been asso¬ 
ciated with vaccination of beef calves under 
3 days of age with MLV containing BHV-1 
and PI-3. An outbreak of meningoencepha¬ 
litis occurred in purchased Holstein Friesian 
male calves vaccinated intranasally at 1 and 
3 weeks of age with a commercial MLV 
vaccine containing BHV-1, bovine virus 
diarrhea virus (BVDV), PI-3, bovine adeno¬ 
virus infection type-7 and bovine respiratory 
syncytial virus (BRSV). Parenteral vaccina¬ 
tion was recommended as the proper vacci¬ 
nation protocol. The isolated virus was 
classified as BHV-1.1. 

Shedding of Virus by Vaccinated Animals. 

There is some concern that MLV-vaccinated 
calves may shed the vaccine virus, which 
could then spread to pregnant cattle, result¬ 
ing in abortion. In calves vaccinated with the 
intranasal vaccines, the virus replicates in the 
respiratory tract and is shed for 7 to 14 days. 
In nonimmune calves, replicating virus can 





be detected 9 hours after vaccination, with 
peak shedding occurring at 4 days. However, 
the intranasal vaccination of feeder calves 
at 7 months of age does not result in trans¬ 
mission of the vaccine virus to nonvacci- 
nated animals comingled with vaccinated 
calves. Calves vaccinated with a live temper¬ 
ature-sensitive mutant of BHV-1 vaccine 
were protected against clinical illness from 
experimental challenge, but excreted the 
virus 2 months later following treatment 
with corticosteroids. This emphasizes the 
general principle that the use of a MLV 
vaccine implies a continuing commitment to 
vaccination that may reduce the incidence of 
disease but is unlikely to eradicate the 
infection. 

Inactivated Vaccines. Inactivated virus vac¬ 
cines were developed because of some of the 
disadvantages of MLV vaccines. The vaccines 
contain high levels of inactivated virus or 
portions of the virus particle (glycoproteins) 
supplemented with an adjuvant to stimulate 
an adequate immune response. Inactivated 
vaccines are given intramuscularly or subcu¬ 
taneously. They do not cause abortion, 
immunosuppression, or latency, although 
they do not prevent the establishment of 
latency by field strains. They do not cause 
shedding and are safe for use in and around 
pregnant animals. They are also relatively 
stable in storage. 

Inactivated vaccines, however, may not 
be as efficacious as MLV vaccines because of 
the potential for destruction of some of the 
protective antigens during the inactivation 
process. They require two doses of the 
vaccine and protection is not observed until 
7 to 10 days following the second dose of the 
vaccine, which is usually given 10 to 14 days 
after the primary vaccination. 

A major disadvantage of both the MLV 
and inactivated vaccines is that neither 
allows for differentiation between vaccinated 
and naturally infected animals. These factors 
render conventional vaccines ineffective for 
a concurrent vaccination and eradication 
strategy and inappropriate for use in breed¬ 
ing bulls for export market or artificial 
insemination units that demand BHV-1 -free 
animals. These limitations, along with major 
advances in molecular biology and protein 
purification techniques, have encouraged the 
development of genetically engineered atten¬ 
uated vaccines and nucleic acid-free subunit 
vaccines. 

Subunit Vaccines. A subunit vaccine con¬ 
tains only one or more of the antigens of the 
pathogen necessary to evoke protective 
immunity, and lacks the components that 
might cause unwanted side effects. The major 
surface glycoproteins of the BHV-1 are the 
antigens responsible for stimulating protec¬ 
tive immunity. To produce a subunit vaccine 
containing only surface glycoproteins, the 
proteins are isolated from the virus of 
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virus-infected cells, or the peptides can be 
synthesized. The major glycoproteins of 
BHV-1 originally designated gl, gill, and 
gIV are now named gB, gC, and gD, and they 
induce high levels of antibody in cattle that 
are fully protected from experimental 
disease. The level of immunity based on 
serum antibody titers and protection against 
experimental challenge is much greater with 
the individual glycoproteins than are those 
immunized with commercially available 
inactivated vaccines. 

BHV-1 subunit vaccines provide a 
number of advantages: 

• They do not contain live virus and 
therefore cannot be shed to other 
animals, cause abortion, or establish 
latent infections. 

• They prevent infection and disease. 

• They are not immunosuppressive. 

• Serologic assays, based on one or 
more antigens not present in the 
vaccine, provide a potential to 
differentiate vaccinates from 
naturally infected animals. 

Prevention of infection by the use of a 
BHV-1 subunit vaccine combined with the 
use of a diagnostic test to identify infected 
cattle offers the potential for vaccination of 
breeding bulls for artificial insemination 
units and export and for eradication of the 
virus. 

The potential disadvantages of subunit 
vaccines include the following: 

• Because of the amount of 
glycoprotein needed, two 
immunizations may be necessary for 
protection. 

• Subunit vaccines will have to be 
compatible with the commonly 
available multivalent vaccines. 

• The efficiency of subunit vaccines is 
highly dependent on the use of an 
effective adjuvant. 

Marker vaccines or DIVA (differentia¬ 
tion of infected from vaccinated animals) 

attenuated or inactivated vaccines are based 
on deletion mutants of one or more viral pro¬ 
teins, which allows the distinction between 
vaccinated and infected animals based on 
respective antibody responses. This vaccine 
approach was very successful in eradication 
programs for pseudorabies. A marker 
vaccine must be accompanied by a diagnos¬ 
tic test, which enables distinction of infected 
from vaccinated animals. These tests detect 
antibodies against a glycoprotein that is 
lacking in the vaccine. The desirable charac¬ 
teristics of the companion diagnostic test 
include the following: 

• Antibodies are detectable in 2 to 3 
weeks after infection, both in 
vaccinated and unvaccinated cattle. 

• Antibodies must persist for at least 2 
years, preferably lifelong. 

• A low level of virus replication gives 
rise to detectable antibody 
formation. 


• Cattle repeatedly given the matching 
marker vaccine remain negative in 
the test. 

• The test should be suitable to detect 
antibodies in milk. 

• The test has high sensitivity and 
specificity in comparison with 
conventional antibody tests. 

Mutants of BHV-1 have been developed 
by deleting one or more of the nonessential 
glycoproteins. Marker vaccines offer the 
advantage of evaluating the effect of vaccina¬ 
tion on the circulation of the field virus under 
naturally occurring conditions. Using a gE- 
deleted BHV-1 strain, both a killed virus 
and MLV marker vaccine have been devel¬ 
oped. These vaccines induce all the relevant 
immune responses against BHV-1-specific 
immune reactions, including antibodies 
against gE. Both vaccines have the capacity to 
reduce, and even to stop, the spread of BHV-1. 
A serologic test that detects gE-specific anti¬ 
bodies in serum and milk is also available. 
These vaccines have been tested according 
to the current European requirements for 
the development of bovine vaccines. The live 
vaccine is safe in pregnant cattle and is con¬ 
sidered safe for all kind of breeding cattle, 
including bulls. The live-virus marker vaccine 
is also efficacious in the presence of maternal 
antibody, and vaccination of very young 
calves, irrespective of their BHV-1 status, 
can be recommended. An inactivated BHV-1 
gE-negative vaccine resulted in only a slight 
decrease of about 1.4 liters per cow in milk 
production after a double vaccination. One 
concern with this use of modified live BHV-1 
gE-negative vaccines is the potential for 
recombination of vaccine-virus and field- 
virus strains resulting in the emergence of 
virulent BHV-1 virus that is gE-negative on 
serologic testing. This potential can be 
mitigated by development of double mutant 
vaccine strains, such as a gE and thymidine 
kinase mutant Bo-HV-1 strain. 10 

Combination or Multivalent Vaccines. The 

vaccines available for the control of diseases 
associated with BHV-1 infection are mostly 
multivalent antigen vaccines containing 
other respiratory pathogens such as PI-3, 
BRSV, and BVDV. Some also contain the 
antigens for the control of leptospirosis 
and campylobacteriosis. Vaccines containing 
only BHV-1 are not in common use. A Cana¬ 
dian field trial to compare the serologic 
responses in calves to eight commercial vac¬ 
cines against BHV-1, PI-3, BRSV, and BVDV 
found some differences. Antibody responses 
to BHV-1 were higher in calves vaccinated 
with MLV vaccines than in those vaccinated 
with the inactivated vaccines. There were no 
differences in seroconversion rates and titers 
to BHV-1 between intranasal and MLV IM 
vaccines following a single vaccination. 
However, after double vaccination with MLV 
BHV-1 vaccines, both seroconversion rates 
and changes in titers to the virus were higher 
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in calves vaccinated IM than in those vacci¬ 
nated intranasally. Whether or not these dif¬ 
ferences in antibody titers reflect differences 
in vaccine efficacy against naturally occur¬ 
ring disease in the field situation is unknown. 

The vaccination of calves with multiva¬ 
lent vaccines containing MLV or MLV and 
inactivated BHV-1 is associated with virus- 
specific interferon gamma production and 
protection from clinical disease as a result of 
challenge 5 days after a single vaccination. 

Immunization and Latency. Immunization 
with vaccines, as with natural infection, does 
not prevent subsequent infection and the 
possibility of latency. 

Vaccination Programs in Herds 
Beef Breeding Herds. Beef calves should be 
vaccinated 2 to 3 weeks before weaning as 
part of a preweaning preconditioning 
program. Calves vaccinated with the paren¬ 
teral MLV BHV-1 vaccine before colostral 
BHV-1 antibody titers reach low levels do 
not develop an immediate, active serologic 
response, as indicated by serologic titers, but 
are sensitized to the virus. Revaccination at 
a later date, when maternal antibodies have 
decreased to undetectable levels, results in a 
marked serologic response. Heifer and bull 
replacements are vaccinated at least 2 
weeks before breeding. When outbreaks of 
the respiratory disease occur in unvaccinated 
beef herds, all cattle in the herd may be 
vaccinated with the intranasal vaccine. 
Whether or not beef herds should be 
vaccinated annually following the initial vac¬ 
cination is uncertain. There are field reports 
of outbreaks of abortion as a result of the 
virus in beef cattle that were vaccinated 3 
years previously, which suggests that revac¬ 
cination of breeding females every 2 years 
may be indicated. Because both natural 
infection and vaccination results in latent 
infection, it may be that the persistence of 
the virus, combined with natural exposure, 
may result in persistence of antibody. The 
duration of protective immunity following 
vaccination is uncertain, but usually lasts 1 
year. Antibodies last for at least 5.5 years in 
heifers following experimental infection and 
complete isolation during that time. 

The MLV BHV-1 vaccine given intrana¬ 
sally or parenterally can enhance the preva¬ 
lence of infectious bovine keratoconjunctivitis 
in beef calves vaccinated between 4 and 10 
months of age, when the risk for the ocular 
disease is highest. The explanation for the 
pathogenic mechanism is uncertain. 

Feedlot Cattle. Feedlot cattle should be vac¬ 
cinated at least 10 days before being placed 
in the lot, especially one in which the disease 
may be enzootic. If this is not done, a high 
incidence of the respiratory form of the 
disease may occur in recent arrivals. If vac¬ 
cination before arrival is not possible, the 
next best procedure is to vaccinate the cattle 


on arrival and place them in an isolation 
starting pen for 7 to 10 days, during which 
time immunity will develop. A 2015 meta¬ 
analysis concluded that in natural exposure 
trials, beef calves vaccinated with commer¬ 
cially available vaccines against BHV-1, 
BVDV, BRSV, and PI-3 had slightly less than 
half the risk of developing clinical signs of 
pneumonia and approximately l/5th the risk 
of dying from respiratory disease. Moreover, 
vaccination with modified live or inactivated 
IBR vaccine decreased the risk of developing 
clinical signs of respiratory disease by 39% 
to 46%, respectively, in beef and dairy calves 
to experimental challenge compared with 
unvaccinated controls. 11 Collectively, this is 
strong supportive evidence that vaccination 
against IBR is effective in beef calves in 
North America. 

Dairy Cattle. The necessity of vaccinating 
dairy cattle will depend on the prevalence of 
the disease in the area and in the herd and 
the movement of cattle in and out of the 
herd. A closed herd may remain free of 
BH V-1 infection indefinitely and vaccination 
may not be indicated. But to avoid unpre¬ 
dictable abortion storms as a result of the 
virus in dairy herds, heifer replacements 
should be vaccinated for the disease 2 to 3 
weeks before breeding. Vaccination of a 
large dairy herd with a persistent BHV-1 
infection has been successful in controlling 
the respiratory form of the disease. The intra¬ 
nasal vaccine has been used extensively in 
newborn calves in problem herds, but its 
efficacy at such an age is unknown. The par¬ 
enteral vaccination of beef calves under 3 
days of age with an MLV BHV-1 and PI-3 
vaccine caused high mortality. If the sys¬ 
temic form of the disease poses a threat to a 
potential calf crop, the pregnant cows could 
be vaccinated with the intranasal vaccine in 
late pregnancy; this will increase the level of 
colostral antibody available to the newborn 
calf and will provide newborn calves with 
protection against the highly fatal systemic 
form of the disease. A 2015 meta-analysis 
concluded that in natural exposure trials, 
dairy calves vaccinated with commercially 
available vaccines against BHV-1, BVDV, 
BRSV, and PI-3 had similar risk of develop¬ 
ing clinical signs of pneumonia and dying 
from respiratory disease than unvaccinated 
controls. 11 The markedly different effect of 
vaccination in dairy calves to that seen in 
beef cattle may be because respiratory disease 
occurs most frequently before 6 months of 
age in dairy calves. However, as indicated 
previously, vaccination with modified live or 
inactivated IBR vaccine decreased the risk 
of developing clinical signs of respiratory 
disease to experimental challenge by 39% to 
46%, in beef and dairy calves, respectively, 
compared with unvaccinated controls. 11 Col¬ 
lectively, there is moderate supportive evi¬ 
dence that vaccination against IBR is effective 
in dairy calves in North America. 


Bulls intended for use in artificial 
insemination centers present a special 
problem of disease control because the virus 
in semen can have severe consequences on 
reproductive performance. Bulls that are 
seropositive to the virus must be considered 
as carriers and potential shedders of the 
virus, and should not be allowed entry to 
these centers. Not all bulls that are seronega¬ 
tive can necessarily be considered free of the 
virus, and regular attempts at the isolation of 
the virus must be made from preputial 
washing and semen. Bulls that become 
infected while at the centers should be kept 
isolated, culled, and replaced with clean 
bulls. Bulls from herds that routinely vacci¬ 
nate against BHV-1 should not be vaccinated 
with conventional vaccines if destined for an 
artificial insemination center. Cattle destined 
for export should not be vaccinated in case 
importing countries prohibit the introduc¬ 
tion of seropositive cattle. This will not guar¬ 
antee that such animals will not become 
positive from natural infection. The use of 
marker vaccines has some potential in breed¬ 
ing bulls intended for artificial insemination 
units and for export. 

Eradication 

Eradication of the BHV-1 virus from a single 
herd or the cattle population in a country can 
be considered as an alternative to vaccina¬ 
tion, particularly when the initial prevalence 
of infection based on serology is low. 2 Sero¬ 
logically positive animals are removed or 
culled, and only seronegative animals intro¬ 
duced into the herd. Control is focused on 
segregation and elimination of seropositive 
animals and reduction of animal movement 
to prevent spread. This approach is not fea¬ 
sible in countries with extensive cattle popu¬ 
lations and where management practices 
result in movement of cattle from one region 
to another. 

Eradication Using Marker Vaccines. Some 
countries are beginning an immunization 
program with the marker vaccines, which 
will protect the cattle against disease but still 
allow differentiation between vaccinated 
animals and those that have been naturally 
infected and are potential carriers of the 
latent virus. These infected animals could be 
eliminated over a period of time. Successful 
eradication depends not only on the efficacy 
of the vaccine but also on the quality of the 
tests. False-positive test results can lead to 
unnecessary culling of cattle, an increase of 
costs, and reduced cooperation of farmers in 
the eradication program. As an example, a 
compulsory eradication program for BHV-1 
began in The Netherlands in 1998. The 
program required that farms either vaccinate 
all cattle twice yearly or be approved for a 
certified BHV-1-free or specific-pathogen- 
free (SPF) status. To become a certified 
BHV-1 free herd, cattle have to be sampled 
individually and all seropositive animals 
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culled as soon as their status is known. The 
BHV-l-free herd status is monitored by 
monthly bulk milk samples. The spread of 
BHV-1 between herds can be prevented 
using a surveillance system of sampling 
herds annually, both individual milk samples 
and blood samples. 

Herds with BHV-2 infected (seropositive) 
animals are required to vaccinate with a gly¬ 
coprotein E (gE)-negative BHV-1 vaccine. 
The vaccine may be either an inactivated or 
live vaccine both based on a spontaneous 
BHV-1 mutant without the complete gE 
gene. These so-called marker vaccines or 
DIVA vaccines allow the identification of 
cattle infected with the wild-type BHV-1 
within a vaccinated population using a gE- 
ELISA or a commercially available gE-block- 
ing ELISA that both specifically detect gE 
antibodies. The eradication program is based 
on the presumption that all BHV-1 wild-type 
strains express gE and induce antibodies that 
can be measured with a gE-blocking ELISA. 

Loss of Certification. The probability of 
and risk factors for the introduction of 
BHV-1 into SPF Dutch dairy farms has been 
examined. A total of 95 SPF dairy farms were 
monitored for 2 years, during which time 14 
introductions of infectious diseases occurred 
on 13 of the 95 farms, for a total incidence 
rate per herd-year at risk of 0.09. Outbreaks 
were usually associated with allowing 
cattle to return to their farm, cattle grazed 
more often at other farms, and protective 
clothing less often provided to the veterinar¬ 
ian. For a successful eradication program, 
farms should remain BHV-1 free, which can 
be achieved by a more-closed farming 
system. A more-closed farming system is one 
that rules out the possibility of direct contact 
with other cattle from other farms. Also, the 
farmer requests that professional visitors 
such as veterinarians and artificial insemina¬ 
tion (AI) technicians to wear protective farm 
clothing when handling cattle. Protective 
farm clothing includes coveralls or overcoats 
and boots that can be worn over “off-farm” 
clothing and that the farmer provides to the 
visitors before handling cattle. A sanitary 
barrier is a covered area outside the barn in 
which visitors put on protective farm cloth¬ 
ing over their off-farm clothes. A sanitary 
barrier has a “dirty” side, where visitors leave 
their off-farm boots, and a “clean” side, 
where visitors wear protective clothing and 
can enter the barn. All of these measures 
would be economical. 


TREATMENT AND CONTROL 


Treatment 

Antimicrobial treatment for animals with a 
fever to address concurrent bacterial 
pneumonia (see treatment 
recommendations in this chapter for 
Mannheimia hemolytica) (R-1) 


Control 

Vaccination of beef calves > 6 months of age 
against BHV-1 (preferably with modified 
live glycoprotein E-negative vaccine) or 
with modified live or killed vaccine against 
BHV-1, BVDV, BRSV, and PI-3 (R-1) 

Vaccination of dairy calves less than 6 months 
of age against BHV-1 (preferably with 
modified live glycoprotein E-negative 
vaccine) (R-2) 

Vaccination of dairy calves less than 6 months 
of age with modified live or killed vaccine 
against BHV-1, BVDV, BRSV, and PI-3 (R-3) 
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LUNGWORM IN CATTLE 


SYNOPSIS 


Etiology The nematode Dictyocaulus viviparus 
(the bovine lungworm). 

Epidemiology Disease seen mostly in dairy 
calves; immunity develops relatively quickly, 
but cattle will succumb if exposed to 
overwhelming numbers of infective larvae 
while grazing. 

Signs Coughing, tachypnea, dyspnea. 

Clinical pathology Characteristic larvae in 
feces (but not present during all stages of 
disease); eosinophilia; enzyme-linked 
immunosorbent assay (ELISA) tests for 
serum antibodies. 


Lesions Large volumes of consolidation in 
diaphragmatic lobes of lung, emphysema, 
worms up to 8 cm long in bronchi (only in 
patent phase of disease). 

Diagnostic confirmation Clinical pathology 
as noted; at necropsy, distribution of 
lesions in lungs and demonstration of 
worms in bronchi. 

Treatment Eprinomectin, avermectins/ 

milbemycins and benzimidazoles are active 
against all parasitic stages of D. viviparus; 
eprinomectin and avermectins also have a 
persistent protective effect; levamisole also 
used. 

Control Vaccination; early-season anthelmintic 
prophylactic programs using suitable 
intraruminal boluses or multiple doses of 
avermectins/milbemycins; keep susceptible 
animals off potentially dangerous pasture. 


ETIOLOGY 

The nematode Dictyocaulus viviparus is the 
only lungworm of cattle. The disease it causes 
has many local names, including the 
following: 

• Parasitic bronchitis 

• Verminous pneumonia 

• Verminous bronchitis 

• Husk 

• Hoose 

Bovine lungworm has a very wide distri¬ 
bution through temperate and cold areas 
and, depending on climatic conditions and 
season, can cause serious losses. 1 The disease 
reaches its greatest importance in mild, 
damp regions of the British Isles and parts of 
western Europe. D. viviparous is also carried 
by the European bison, in which it causes a 
disease with similar pathologic lesions to 
those in cattle. 2 ' 3 Deer carry similar parasites, 
including D. eckerti and D. capreolus. It is 
uncertain whether deer play a role in the 
transmission of D. viviparus but lungworm 
species are generally host specific. 

LIFE CYCLE 

Adult lungworms live in the trachea and 
bronchi. The females are prolific egg produc¬ 
ers, and it has been estimated that a single 
infested calf may contaminate a pasture with 
33 million larvae. The eggs are coughed up 
and swallowed. They hatch in the air pas¬ 
sages or alimentary canal, and larvae are 
passed in the feces. These develop in the 
dung pat through to the infective third stage, 
which is protected by cuticles retained from 
both first and second molts. Because the 
ensheathed larvae cannot feed, glycogen 
granules are stored in the intestinal cells. 
Moisture is essential for the survival and 
development of the larvae, and a moderate 
temperature of 18° to 21°C (65-70° F) 
permits their full development to the infec¬ 
tive state in 3 to 7 days. Larvae survive best 
in cool, damp surroundings, especially when 
the environment is stabilized by the presence 
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of long herbage or free water. Under optimum 
conditions, larvae may persist for over 1 year. 
They can overwinter in climates as cold as 
Canada and Germany. When warmer spring 
weather arrives, the larvae resume their 
motility but quickly die once their food 
stores are depleted. 

Transmission occurs when cattle ingest 
third-stage larvae while grazing. These 
migrate through the intestinal wall to reach 
the mesenteric lymph nodes. From here they 
pass via the lymphatics to the venous blood¬ 
stream and through the heart to the lungs, 
where they break into the alveoli. They 
migrate up the bronchioles to their predilec¬ 
tion site in the larger air passages and start 
to lay eggs some 3 to 4 weeks after infesta¬ 
tion. Most adult worms succumb to immune 
expulsion within a few weeks. These events 
determine the progression of the clinical 
syndrome and their approximate timing is as 
follows: 

1. Penetration phase (ingestion to arrival 

of larvae in lung), days 1 to 7 

2. Prepatent phase (larvae in lung), days 7 

to 25 

3. Patent phase (mature worms in lung) 

days 25 to 55 

4. Postpatent phase (lungworms 

disappearing from lung), days 55 to 70 

EPIDEMIOLOGY 

Bovine parasitic bronchitis is a sporadic and 
largely unpredictable disease. This is because 
immunity develops more quickly than is the 
case with many other nematode infections, 
but nevertheless can remain incomplete for 
many weeks and may wane in the absence of 
reinfection. In most grazing seasons, immu¬ 
nity will develop fast enough to protect 
calves against the accumulating numbers 
of infective larvae on the grass. The farmer 
may not even realize that the land is 
contaminated. Clinical outbreaks occur 
when weather patterns, management, or 
other factors result in sudden exposure to a 
pasture challenge sufficient to overwhelm 
any immunity that has already developed. In 
comparison with the gastrointestinal nema¬ 
todes of cattle, relatively few worms (i.e., a 
few hundred or thousand) are required to 
produce clinical signs. Thus the disease is 
almost entirely confined to grazing cattle and 
occurs most frequently in young animals in 
their first year on grass, although outbreaks 
are becoming more common in adults. 4 The 
epidemiology of lungworm disease is largely 
concerned with factors determining the 
number of infective larvae on the pasture 
and the rate at which they accumulate. 

Infective D. viviparus larvae are relatively 
inactive and are incapable of traveling more 
than 5 cm from the dung pat. Factors that 
disperse the larvae more widely over the 
pasture include mechanical spread by the 
following: 

• Rain 

• Earthworms 


• Wheeled vehicles 

• Human and animal feet 

A fungus, Pilobolus, plays a particularly 
important role in this process and can trans¬ 
fer larvae across field boundaries. Fungal 
spores on grass pass through the grazing 
animal and germinate in the feces. Dictyo- 
caulus larvae climb onto the sporangium 
(fruiting body), which fills with water and 
bursts, propelling the fungal spore and the 
lungworm larvae for distances of up to 3 m. 5 

Dairy calves are most vulnerable to lung¬ 
worm disease because they are often reared 
indoors until 4 to 5 months of age and then 
placed on paddocks grazed each year by suc¬ 
cessive calf crops. If the paddocks are heavily 
contaminated, acute disease may occur in 1 
week or so. Usually, however, only sufficient 
larvae survive the winter to induce low- 
grade asymptomatic infections in the suscep¬ 
tible calves, which then start to recontaminate 
the pasture and recycle the infection. With 
the high stocking densities commonly used, 
pasture challenge can reach pathogenic levels 
within 2 to 4 months. This model does not 
satisfactorily explain all outbreaks, and it has 
been suggested that larvae may be washed 
into the soil to emerge later (e.g., onto hay 
aftermath). Beef calves at grass with their 
dams are less likely to be affected as this 
system provides fewer opportunities for large 
numbers of larvae to accumulate, but out¬ 
breaks can occur particularly after weaning 
in the autumn. 6 

In older animals, larvae ingested in the 
autumn become hypobiotic and resume their 
development in the following spring. This 
event occasionally causes disease in housed 
cattle 6 but such infections are usually asymp¬ 
tomatic and provide a source of pasture con¬ 
tamination when these carrier animals are 
put out to graze. This is thought to be the 
main source of infection in more severe cli¬ 
mates where overwintering larvae may not 
survive on the pasture, but carrier animals 
have also been incriminated in disease out¬ 
breaks in, for example, Louisiana in the 
United States. 

Immunity to reinfestation occurring 
after initial exposure to D. viviparus is vari¬ 
able in degree and duration. It normally pro¬ 
vides protection during the first grazing 
season and is boosted by exposure to over¬ 
wintered larvae at the beginning of each 
subsequent grazing season. Cattle removed 
from infected pastures for long periods can 
suffer clinical disease when reexposed. 
Recently the number of outbreaks of para¬ 
sitic bronchitis in yearling and adult cattle in 
the United Kingdom, Denmark and some 
other countries has been rising. Reasons 
for this are speculative but include the 
following: 

• A decline in the use of vaccination 

• Changes in weather patterns and 
management systems 

• Use of highly effective anthelmintic 
strategies in the first grazing season 


that may prevent adequate antigenic 
exposure 

PATHOGENESIS 

Migrating D. viviparus larvae provoke little 
damage until they reach the lungs. Thereaf¬ 
ter, passage of larvae up the bronchioles 
causes them to become blocked by mucus, 
eosinophils, and other inflammatory cells, 
leading to collapse of the alveolae that they 
supply. Coughing and dyspnea occur if a suf¬ 
ficiently large volume of lung tissue is 
affected. This is accompanied by pulmonary 
edema and interstitial emphysema. As no 
structural damage has yet occurred, treat¬ 
ment at this stage in the disease produces an 
immediate clinical response. Later, however, 
when mature parasites are in the major 
bronchi, eggs and fragments of worms killed 
by immunity are aspirated and provoke a 
foreign-body pneumonia. Secondary bacte¬ 
rial infections establish and sequelae such as 
bronchiectasis occur. Such lesions are slow to 
resolve, and treated animals will require a 
long recovery period. Later still, once all or 
most of the worms have been expelled, the 
alveolar lining cells of some 25% of recover¬ 
ing animals become cuboidal and nonfunc¬ 
tional. The reason for this is unknown but 
may be a response to substances released by 
the dead worms. Because this reaction is 
irreversible, many animals affected in this 
way will die. 

The response of the lung varies widely 
depending on the number of larvae ingested, 
the nutritional status and age of the host, and 
whether or not it is exposed to lungworm 
infection for the first time. Vaccinated 
animals or those that have recovered from 
clinical or subclinical infection may cough 
and even become tachypneic if grazed on 
contaminated pasture. This is known as the 
“reinfection syndrome” and occurs as many 
larvae reach the lungs before succumbing to 
the immune response. Exposure of older pre¬ 
viously infected animals to massive challenge 
may invoke a severe or fatal hypersensitivity 
reaction. 

CLINICAL FINDINGS 

Outbreaks vary in severity from sporadic 
coughing with no apparent production loss 
to acute cases with a rapidly fatal outcome. 
Individuals within a group are usually 
affected to varying degrees. Poorly nourished 
animals appear less able to withstand lung¬ 
worm infection. Nevertheless, it is not 
unusual for severe infestations to be fatal in 
well-fed calves. 

Acute cases have rapid shallow abdomi¬ 
nal breathing of sudden onset that may reach 
a rate of 60 to 100 breaths/min. There is a 
frequent bronchial cough, a slight nasal dis¬ 
charge, a temperature of 40 to 41° C (104— 
105°F) and a heart rate of 100 to 120 bpm. 
The animal is bright and active and will 
attempt to eat, although respiratory distress 
often prevents this. Progress of the disease is 
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rapid, and within 24 hours dyspnea may 
become very severe, accompanied by mouth 
breathing with the head and neck out¬ 
stretched, a violent respiratory heave and 
grunt, cyanosis, and recumbency. On auscul¬ 
tation, lung consolidation is evidenced by 
loud breath sounds, and crackles are heard 
over the bronchial tree. The crackling of 
interstitial emphysema commences over the 
dorsal two-thirds of the lung but is never as 
evident as in less acute cases. Fever persists 
until just before death, which usually occurs 
in 3 to 14 days and is greatly hastened by 
exercise or excitement. The case-fatality rate 
in this form of the disease is high, probably 
of the order of 75% to 80%. 

Subacute disease is more common in 
calves than the very acute form. The onset is 
usually sudden, the temperature is normal or 
slightly elevated and there is an increase in 
the rate (60-70 breaths/min) and depth of 
respiration. An expiratory grunt is heard in 
severe cases and expiration may be relatively 
prolonged. There are frequent paroxysms of 
coughing. The course of the disease is longer, 
3 to 4 weeks, and auscultation findings vary 
widely with the duration of the illness 
and the area of lung involved. In general, 
there is consolidation and bronchitis ven- 
trally and marked emphysema dorsally. 
Affected animals lose weight very quickly 
and are very susceptible to secondary bacte¬ 
rial bronchopneumonia. The mortality rate is 
much less than in the acute form, but many 
surviving calves have severely damaged 
lungs. Consequently, they may remain 
stunted for long periods, and breathing may 
be labored for several weeks. Some surviving 
calves may show a sudden exacerbation of 
dyspnea around 7 to 8 weeks after the initial 
onset of disease. In these relapsed cases the 
prognosis is grave. 

Adult dairy cattle are usually immune 
but sporadic outbreaks do occur as a result 
of waning immunity. Mortality is low but 
morbidity can be high, with reduced milk 
yields causing significant economic loss. 7 ' 9 
Coughing is a constant feature, but other 
clinical signs are variable and may include 
dyspnea, nasal discharge, and weight loss.' 
Sudden exposure of immune adults to 
massive challenge can cause severe intersti¬ 
tial pneumonia. 

CLINICAL PATHOLOGY 

The presence of D. viviparus larvae in feces 
confirms lungworm infestation, but their 
absence does not necessarily exclude the 
possibility of parasitic bronchitis. No larvae 
will be passed in the early stages of disease 
when the causal worms are still immature, 
nor will they be a constant finding when par¬ 
tially immune animals (e.g., dairy cows) 
succumb to challenge. In general, larvae can 
be found about 12 days after signs appear 
(i.e., around 24 days after infestation occurs). 
They are few in number at first but may 
become more numerous later. 


Enzyme-linked immunosorbent assay 
(ELISA) tests using adult or larval worm 
antigen for the detection of D. viviparous- 
specific antibodies in serum and in milk 
(including bulk tank milk) have been devel¬ 
oped. 10,1112 Care is required with interpreta¬ 
tion because antibodies to adult antigen may 
not be detectable until several weeks after 
primary challenge and do not correlate with 
the immune status of the animal. Eosino- 
philia is a fairly consistent finding but not 
pathognomonic. 

An alternative method, if disease is sus¬ 
pected but the lungworms are still in the 
prepatent stage, is to examine pasture clip¬ 
pings for larvae. This is a laborious proce¬ 
dure because large amounts of herbage 
(0.5-1 kg) must be used, and the yield of 
larvae is low. 

NECROPSY FINDINGS 

Adult D. viviparus are up to 8 cm long and 
easily seen when the trachea and bronchi are 
cut open. Worms may also be recovered by 
lung perfusion. Up to several thousand may 
be present in severely affected animals. In 
prepatent disease, however, careful micro¬ 
scopic examination of bronchial mucus is 
necessary to find larvae. Adult worms may 
be few or absent if the case is of sufficient 
duration for immune expulsion to have 
taken place. 

In acute cases, morphologic changes 
include the following: 

• Enlargement of the lungs as a result 
of edema and emphysema 

• Widespread areas of collapsed tissue 
of a dark pink color 

• Hemorrhagic bronchitis with much 
fluid filling all the air passages 

• Enlargement of the regional lymph 
nodes 

Histologically, the characteristic signs are as 
follows: 

• Edema 

• Eosinophilic infiltration 

• Dilation of lymphatics 

• Filling of the alveoli and bronchi 
with inflammatory debris 

• Larvae in the bronchioles and 
alveoli 

In subacute cases, interstitial emphy¬ 
sema is usually gross. Areas of dark pink 
consolidation are present in the diaphrag¬ 
matic lobe and may also occur in other lobes. 
They can occupy two-thirds of the lung 
volume. There is froth in the bronchi and 
trachea. The regional lymph nodes are 
enlarged. Histologically, eggs and larvae can 
be seen in the air passages, the bronchial 
epithelium is much thickened, the bronchi¬ 
oles are obstructed with exudate, and the 
alveoli show epithelialization and foreign- 
body giant-cell reaction. 

The reinfection syndrome is character¬ 
ized by the presence of numerous 5-mm 
gray-green nodules formed by lymphoretic- 
ular cells clustering around dead larvae. 


DIAGNOSTIC CONFIRMATION 

D. viviparus larvae may be demonstrated by 
placing feces on a fine sieve or dental gauze 
on the top of a water-filled funnel (the Baer- 
mann technique). The larvae that swim into 
the water and collect at the bottom of the 
funnel are less than 0.5 mm long, sluggish, 
and often appear curved or coiled. Their 
most important diagnostic feature is the 
presence of easily visible refractile granules 
in the intestinal cells. Because not all animals 
will be shedding larvae, samples should be 
taken from all, or at least a representative 
proportion, of the group. Grass samples are 
washed in water with a surfactant and the 
sediment Baermannized as described previ¬ 
ously. A technique that effectively separates 
larvae from plant debris by migration 
through agar gel has been reported. Gather¬ 
ing grass close to dung pats maximizes 
chances of finding larvae. Cattle with para¬ 
sitic bronchitis are likely to have eosino- 
philia, and serologic tests can be used to rule 
out some other respiratory diseases, such as 
infectious bovine rhinotracheitis (IBR). 

In view of the uncertainties associated 
with laboratory tests for parasitic bronchitis 
and the need for prompt treatment, diagno¬ 
sis often has to be based on clinical history, 
signs, and auscultation. Affected animals 
have usually grazed alongside potential car¬ 
riers or had access to pasture previously used 
by susceptible calves or older carrier animals. 
The timing of the outbreak may coincide 
with that expected from recycling of an 
infection initiated by overwintered larva 
(often 2-4 months after turnout) or recent 
exposure to heavily contaminated land. 
Many of the clinical signs of parasitic bron¬ 
chitis are common to pneumonias of bacte¬ 
rial and viral origin. One feature that may be 
of value in differentiation is the relative soft¬ 
ness and paroxysmal nature of the cough in 
parasitic infection. 


DIFFERENTIAL DIAGNOSIS 


• Bacterial bronchopneumonia 

• Acute and chronic interstitial pneumonia 

• Viral pneumonia 

• Acute interstitial pneumonia (fog fever) 

• Heavy infestations with ascarid larvae on 
pastures contaminated with pig feces 


In adult cattle, the major problem in 
diagnosis is to differentiate the acute form of 
the disease from acute interstitial pneumonia 
attributable to other causes. Clinically, the 
diseases are indistinguishable, and a history 
of movement onto a new pasture 1 to 2 weeks 
before the onset of the disease may be 
common to both. It is necessary to demon¬ 
strate D. viviparus antibodies in blood, 
worms at necropsy, and larvae in the herbage 
or in the feces of animals that previously 
grazed the pasture. 
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TREATMENT AND CONTROL 


Treatment 

Eprinomectin (0.5 mg/kg TOPp, 0.2 mg/kg SC) 
(R-1) 

Ivermectin (0.2 mg/kg, SC, PO; 0.5 mg/kg, 
TOPp) (R-1) 

Doramectin (0.2 mg/kg, SC, IM) (R-1) 
Moxidectin (0.2 mg/kg, PO, SC; 0.5 mg/kg, 
TOPp) (R-1) 

Albendazole (10 mg/kg, PO) (R-2) 

Oxfendazole (7.5 mg/kg, PO) (R-2) 

Febantel (7.5 mg/kg, PO) (R-2) 

Fenbendazole (5 mg/kg, PO) (R-2) 

Netobimin (7.5 mg/kg) (R-2) 

Levamisole (7.5 mg/kg) (R-3) 

Control 

Eprinomectin extended-release formulation 
(1.0 mg/kg, SC) (R-2) 

Ivermectin long-acting formulation (0.63 mg/ 
kg, SC) (R-2) 

Vaccination 

Live irradiated infective D. viviparus larvae 
(1000 larvae/calf, PO) (R-2) 

PO, orally; SC, subcutaneously; TOPp, topical 
pour on formulation. 


Anthelmintics may be used prophylactically 
to prevent disease from occurring, as a cura¬ 
tive treatment once disease strikes, or to 
prevent reinfection following an outbreak. 
Avermectins and milbemycins are particu¬ 
larly useful for prophylaxis and prevention of 
reinfection because they are not only highly 
effective against the lungworms present 
in the animals at the time of treatment but 
have prolonged activity against subsequent 
incoming larvae. The duration of this persis¬ 
tent effect varies with compound and 
formulation. 

Most modern broad-spectrum drugs 

are active against D. viviparus. Dosage rates 
and label claims vary from country to 
country according to local conditions and 
regulatory requirements. Avermectins and 
milbemycins (macrocyclic lactones) are par¬ 
ticularly potent against immature and mature 
stages; doses of ivermectin, for example, as 
low as 0.05 mg/kg, are effective. At commer¬ 
cial dose rates, ivermectin by injection or as 
a pour-on formulation provides residual pro¬ 
tection for up to 28 days; corresponding 
figures are up to 35 days for doramectin by 
injection and 42 days both for doramectin as 
a pour-on formulation and moxidectin by 
either route of administration. These com¬ 
pounds are given at 0.2 mg/kg by injection 
and 0.5 mg/kg as a pour-on formulation. 
Eprinomectin is the compound of choice for 
adult dairy cattle because it has a nil milk 
withdrawal period 14 and provides residual 
protection of up to 28 days when given topi¬ 
cally (0.5 mg/kg). Albendazole (10 mg/kg), 


febantel (7.5 mg/kg), fenbendazole (5 mg/ 
kg), netobimin (7.5 mg/kg), and oxfendazole 
(4.5 mg/kg), which are given orally, are 
active against all stages of the parasite but 
have no residual activity. Levamisole (oral or 
injection—7.5 mg/kg; pour on—10 mg/kg) 
also has activity against lungworm but no 
persistent effect. 

Sustained-release intraruminal devices 
(“boluses”) provide extended periods of pro¬ 
tection. For example, fenbendazole is 
released for up to 140 days from one bolus. 
There are also pulse release boluses contain¬ 
ing oxfendazole that release five or six 
anthelmintic doses at 3-week intervals. Most 
boluses normally protect against disease but 
may allow some worms to establish (in the 
case of the fenbendazole bolus) or to reach 
the lungs between pulses (oxfendazole 
bolus), which may allow immunity to 
develop. Formulations of eprinomectin 
extended-release injection have been devel¬ 
oped that have greater than 98% efficacy 
against D. viviparus and provide protection 
from reinfestation for up 150 days in 
catlle. 13,14,15,16 Similarly, an ivermectin long- 
acting injectable formulation has been 
shown to have up to 100% efficacy against D. 
viviparous in cattle for at least 77 days. 17 

For veterinarians in the field, the 
outcome of therapeutic treatment is often 
unpredictable because it depends on the 
amount of structural damage in the lungs. 
Best results are obtained early in the course 
of disease when most pathologic changes can 
be quickly resolved. In severe cases, treat¬ 
ment may initially exacerbate clinical signs 
because the death and disintegration of 
many worms in the air passages releases anti¬ 
gens and adds to the mass of foreign material 
that can be aspirated. Because of animal 
welfare considerations and the high risk of 
mortality, anthelmintic treatments are often 
combined with an antihistamine or nonste¬ 
roidal antiinflammatory drug (NSAID) such 
as flunixin to reduce the severity of the 
reaction to the larvae and an antibiotic or 
sulfonamide to prevent secondary bacterial 
infection. Severely affected animals should 
be brought indoors for nursing and all other 
members of the group removed from the 
contaminated pasture and placed on clean 
grazing ground. 

CONTROL 

Two major strategies of control derive from 
the premise that the main factor govern¬ 
ing the occurrence of disease is the density 
of D. viviparus larvae on pasture grazed 
by susceptible cattle. First, cattle grazing 
potentially contaminated pasture can be 
protected by vaccination or anthelmintic 
cover. Alternatively, steps can be taken to 
ensure that pastures are safe for grazing. 
This is usually achieved by prophylac¬ 
tic anthelmintic programs, but delaying 
spring turnout until overwintered larvae 
have died away is a theoretical option on 
organic farms. 


Sensible grazing management is impor¬ 
tant in all systems but cannot be relied upon, 
per se, for controlling parasitic bronchitis in 
view of the unpredictable nature of the 
disease. Although natural immunity pro¬ 
vides adequate protection on many farms, it 
cannot be accurately measured nor predeter¬ 
mined. With the possible exception of beef 
suckler systems, calves should not be run 
with or follow older cattle because these may 
harbor asymptomatic patent infections and 
contaminate the pasture. An important con¬ 
sideration is that clean pasture can be con¬ 
taminated by larvae from neighboring fields 
carried on windborne fungal spores (see epi¬ 
demiology paragraph earlier). Although the 
numbers of larvae spread in this way are 
likely to be small, they can initiate the epide¬ 
miologic cycle culminating in disease after 
some weeks. 

Vaccination of calves with two doses of 
1000 infective larvae attenuated by irradia¬ 
tion is a long-established and effective 
method of preventing disease. Only healthy 
calves should be vaccinated and they should 
be at least 8 weeks old. The vaccine is given 
6 and 4 weeks before turnout. Exposure to 
lightly contaminated pasture will boost 
immunity, but low-grade patent infections 
may develop in some animals. Vaccinated 
and nonvaccinated calves should not be 
grazed together because the former may con¬ 
taminate the pasture, enabling lungworm to 
cycle through the susceptible animals. The 
vaccine gives a high level of protection under 
most conditions, but vaccinated calves 
should not be put onto heavily contaminated 
pasture. Coughing may occur when immune 
responses kill lungworm larvae in the lungs. 
Overt disease can occur in cases of over¬ 
whelming challenge. To avoid such problems 
on severely affected farms, vaccinated calves 
should be allowed only gradual access to 
pasture. An experimental recombinant 
subunit vaccine, based on the parasites para- 
myosin as a recombinant antigen, that over¬ 
comes the disadvantages of the attenuated 
vaccine has been developed. 18 

In some endemic areas, for example, in 
the south of Ireland, which has mild winters 
and an early start to the grazing season, the 
ideal vaccination program described earlier 
may be inconvenient and it is possible, by 
cautiously avoiding periods when massive 
pasture contamination is likely to occur, to 
vaccinate at pasture. Calves are sometimes 
vaccinated at less than 8 weeks old to allow 
spring-born calves to graze during late 
summer and autumn, but optimal protection 
may not be afforded in all cases. 

Strategic anthelmintic programs 
provide an alternative to vaccination. The aim 
is to suppress the infection initiated by over¬ 
wintered larvae and thereby prevent subse¬ 
quent contamination of the pasture. This can 
be done by application of a suitable intraru¬ 
minal bolus at or just before spring turnout or 
by giving two or three doses of an avermectin/ 
milbemycin during the early grazing season. 










These systems are designed to control 
parasitic gastroenteritis and lungworm. Clin¬ 
ical field experiments have demonstrated 
good results with ivermectin, fenbendazole, 
and oxfendazole boluses and with ivermectin 
treatments given at 3, 8, and 13 weeks after 
turnout, or doramectin administered at 
turnout and again 8 weeks later. Calves may 
become vulnerable after the period of anthel¬ 
mintic cover if pasture contamination occurs 
(e.g., because of fungal spread). An extra 
anthelmintic treatment may be indicated in 
regions with a very long grazing season. 
Calves that are exposed to infection but pro¬ 
tected by chemoprophylaxis during their first 
grazing season generally have substantial 
resistance to reinfection in their second year. 
Nevertheless, field experiments have shown 
that immunity can be compromised to a 
degree related to the level of protection pro¬ 
vided. There is concern that such intensive 
treatment may provoke anthelmintic resis¬ 
tance, but no resistant strains of D. viviparus 
have yet been reported. 

FURTHER READING 

Panciera RJ, Confer AW. Pathogenesis and pathology of 
bovine pneumonia. Vet Clin North Am Food A. 
2010;26:191. 

Panuska C. Lungworms of ruminants. Vet Clin North 
Am Food A. 2006;22:583. 
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ATYPICAL INTERSTITIAL 
PNEUMONIA OF CATTLE (ACUTE 
BOVINE RESPIRATORY DISTRESS 
SYNDROME, ACUTE 
PULMONARY EMPHYSEMA, 

AND EDEMA) 


SYNOPSIS 


Etiology Uncertain; a number of etiologies 
such as D,L-tryptophan in forage, inhalation 
of toxic gases and fumes, hypersensitivity 
to molds, mycotoxicosis, and plant 
poisonings or feed supplementation with 
melengestrol acetate have been discussed. 
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Epidemiology Occurs primarily in adult cattle 
moved from dry to lush pasture and 
incidentally in feedlot cattle. Outbreaks or 
incidental cases of AIP in adult cattle 
moved from dry to lush pasture in autumn. 
In feedlot cattle incidental cases are 
observed toward the end of the finishing 
period. 

Signs Outbreaks of acute respiratory distress 
in pasture form of disease within days of 
moving to lush pastures; severe dyspnea, 
open-mouth breathing with extended head 
and neck, expiratory grunt, subcutaneous 
emphysema, and rapid death. Subacute 
form less severe and may survive but 
develop cor pulmonale later. 

Clinical pathology None clinically applicable. 

Lesions Enlarged firm lungs that do not 
collapse, diffuse congestion and edema, 
interstitial and bullous emphysema, 
cranioventral consolidation, hyaline 
membrane formation, alveolar epithelial 
hyperplasia, fibrosis. 

Diagnostic confirmation Lesions at necropsy. 

Treatment Symptomatic, no effective 
treatment available. 

Control Grazing management. Use of 
antimicrobials to control conversion of 
tryptophan to 3-methylindole in pastured 
animals. 


Atypical interstitial pneumonia (AIP) of 
cattle has been known for many years under 
many different terms, including acute inter¬ 
stitial pneumonia, acute pulmonary emphy¬ 
sema and edema (APEE), acute bovine 
respiratory distress syndrome (ABRDS), 
bovine pulmonary emphysema, pulmonary 
adenomatosis, bovine asthma, pneumoco¬ 
niosis, and “fog fever.” The syndrome that is 
characterized by diffuse or patchy damage to 
alveolar septa is known to occur in an acute 
and chronic form. The acute presentation, 
frequently occurring as an outbreak in adult 
pastured cattle a few days after they are 
moved from heavily grazed summer pastures 
to lush fall pastures, is also referred to as “fog 
fever.” A similarly acute to peracute syn¬ 
drome in feedlot cattle, primarily affecting 
animals toward the end of the finishing 
period, is known as acute or atypical intersti¬ 
tial pneumonia of feedlot cattle. A more 
chronic form occurring sporadically, often 
with secondary bacterial involvement, has 
also been described. 

The term atypical interstitial pneumonia 
refers to some clinical characteristics of the 
syndrome that set it apart from the common 
acute infectious respiratory tract diseases, 
especially the viral diseases also causing 
interstitial pneumonia. Clinically the syn¬ 
drome is atypical, especially compared with 
the bacterial pneumonias: 

• Presentation can be acute or chronic. 

• Acute or chronic respiratory distress 
in absence of toxemia 


• Syndrome is progressive and 
generally nonresponsive to 
treatment. 

• Pathology consists of varying degrees 
of pulmonary emphysema, edema, 
hyaline membrane formation, and 
alveolar epithelial cell and interstitial 
tissue hyperplasia. 

ETIOLOGY 

The precise etiology of the condition is cur¬ 
rently not entirely understood, but because 
of the obvious epidemiologic differences 
between the conditions occurring in pas¬ 
tured, housed, and feedlot cattle, it is assumed 
the AIP can have several different etiologies, 
all leading to the characteristic lung lesions. 
The etiologies presented in the following 
subsections have been proposed. 

Ingestion of Excessive Amounts of 
D,L-Tryptophan With the Forage 

Clinical cases of AIP are frequently reported 
in adult cattle that have been moved from a 
dry to a lush pasture in the autumn season. 
Specific forages have not been implicated, 
but affected cattle have often been consum¬ 
ing alfalfa, kale, rape, turnip tops, rapidly 
growing pasture grass, and several other 
feeds. The levels of tryptophan in lush 
pasture are sufficient to yield toxic doses of 
3-methylindole, the product of tryptophan 
fermentation in the rumen. A 450-kg cow 
eating grass at an equivalent DM intake of 
3.5% of BW/day with a tryptophan concen¬ 
tration of 0.3% of DM would ingest 0.11 g 
tryptophan/kg BW/day. The total amount 
ingested over a 3-day period would approxi¬ 
mate the single oral dose of 0.35 g/kg BW 
needed to reproduce the disease experimen¬ 
tally. However, pasture levels of tryptophan 
are not necessarily higher in those associ¬ 
ated with the disease compared with normal 
pastures. 

D,L-tryptophan is converted in the rumen 
to 3-methylindole (3ml), which, when given 
orally or intravenously, also produces the 
lesions characteristic for AIP in cattle and 
goats. In some naturally occurring cases of 
AIP in beef cows changed from a dry summer 
range to a lush green pasture, there is a 
marked increase in the ruminal levels of 
3ml, whereas in other cases the levels are not 
abnormal. Failure to detect abnormally high 
levels in the rumen and plasma of naturally 
occurring cases may be related to the rapid 
metabolism and elimination of 3ml. 

Ingestion of D,L-tryptophan has generally 
been discounted as a possible cause for AIP 
in feedlot cattle because of its sporadic 
occurrence and the lack of an epidemiologic 
association between occurrence of the 
disease and ration changes. Nevertheless, 
significantly higher concentration of a 3ml 
metabolite in the blood of animals affected 
by AIP compared with healthy control 
animals were measured in one study, sug¬ 
gesting a possible etiologic role of d,l- 
tryptophan in AIP in feedlot cattle. 1 
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Hypersensitivity to Molds 

AIP has also been associated with chronic 
hypersensitivity to moldy hay based on 
the presence of serum precipitins of the 
thermophilic antigens of Thermopolyspora 
polyspora, Micropolyspora faeni, and Thermo- 
actinomyces vulgaris in cattle with allergic 
alveolitis, a condition also termed as “bovine 
farmers lung.” In Switzerland, a high 
incidence of serum precipitins against 
Micropolyspora faeni (60%) and moldy hay 
antigen (80%) was demonstrated in exposed 
but apparently healthy cattle from an area 
where the chronic presentation of bovine 
farmer s lung is common. Outbreaks of acute 
respiratory disease in adult cattle as a result 
of acute allergic pneumonitis can occur 15 
hours after the introduction of severely 
moldy hay. Serologic investigation and pro¬ 
vocative challenge may reveal a hypersensi¬ 
tivity pneumonitis attributable to allergens of 
Micropolyspora faeni. A hypersensitivity 
pneumonitis has been produced experimen¬ 
tally in calves by exposure to aerosols of 
Micropolyspora faeni with or without prior 
sensitization by subcutaneous injection of 
the antigen. 

Although clinically allergic pneumonitis 
and AIP share a very similar presentation, 
there are significant pathologic differences 
indicating that allergic pneumonitis and AIP 
are different conditions. 2 Although hyaline 
membrane formation, which is characteristic 
for AIP, is rarely seen with allergic pneumo¬ 
nitis, the latter is typically associated with 
microscopic granuloma formation that is not 
seen with AIP. 2 

Inhalation of Toxic Gases and Fumes 

Incidental cases of AIP have been reported 
in cattle exposed to different noxious gases 
and fumes, such as silo gas, nitrogen dioxide, 
chlorine gas, or zinc oxide fumes/’ The 
experimental inhalation of nitrogen dioxide 
gas is capable of causing acute interstitial 
pneumonia in cattle and severe alveolar 
edema and emphysema in pigs, but it seems 
unlikely that animals of either species would 
be exposed naturally to a significant concen¬ 
tration of the gas for a sufficiently long 
period to produce such lesions. 

Pigs that survived experimental exposure 
to silo gas did not have the lesions seen in 
silo-fillers’ disease in humans, and experi¬ 
mental exposure of cattle to nitrogen dioxide 
gas produces lesions that do not occur in 
naturally occurring AIP. Acute pulmonary 
emphysema and deaths have occurred in 
cattle exposed to zinc oxide fumes produced 
by the welding of galvanized metal in an 
enclosed barn housing cattle. 

Parasitic Infestation 

For many years it was thought that massive 
infestation of the lungs by large numbers of 
lungworm larvae in a lungworm-sensitized 
animal could cause an allergic reaction 
resulting in the development of AIP. The 


possibility of such hypersensitivity as being 
associated cannot be totally ignored, but at 
the present time there is no evidence to 
support such a theory. Such hypersensitivity 
may occur when the level of larval infesta¬ 
tion of pasture is extremely high, but it is not 
involved in the great majority of cases. In 
most cases of naturally occurring AIP, there 
is no laboratory evidence of lungworm infes¬ 
tation of affected and in-contact animals. 
Reinfection of cattle with lungworm will 
occur 2 to 3 weeks following introduction to 
an infected pasture and cause acute respira¬ 
tory distress that may be indistinguishable 
clinically from AIP. 

The migration of abnormal parasites, par¬ 
ticularly Ascaris suis, has been observed to 
cause an acute interstitial pneumonia in 
cattle that were allowed access to areas previ¬ 
ously occupied by swine. 

Mycotoxicosis and Plant Poisonings 

The ingestion of sweet potatoes infested with 
the mold Fusarium solani has been incrimi¬ 
nated as a cause of AIP in cattle. Growth of 
the mold on the potatoes produces the toxins 
ipomeamarone and ipomeamaronol and a 
lung edema factor. The latter is a collective 
term for a group of substances capable of 
causing death associated with severe edema 
and a proliferative alveolitis of the lungs of 
laboratory animals. It produces a respiratory 
syndrome that is clinically and pathologi¬ 
cally indistinguishable from AIP. 

The fungus Fusarium semitectum growing 
on moldy garden beans, Phaseolus vulgaris, 
which were discarded on pasture, was associ¬ 
ated with acute pulmonary emphysema in 
cattle that consumed the beans and their 
vines. The fungus produces a pulmonary 
toxin. The pulmonary toxin 4-ipomeanol 
(ipomeanol) accumulates in mold-damaged 
sweet potatoes and induces pulmonary 
edema, bronchiolar necrosis, and interstitial 
pneumonia in many mammalian species. 
Outbreaks have occurred in lactating cows 
following ingestion of sweet potatoes 
damaged by Myzus tersicae. Other Fursarium 
spp. have been found in peanut-vine hay, 
which has been associated with acute respi¬ 
ratory distress and atypical interstitial pneu¬ 
monia in adult beef cattle. The population 
mortality rate as a result of respiratory 
disease was about 12% and the case-fatality 
rate 77%. Clinical signs occurred within a 
few days to 2 months after the animals were 
fed the peanut-vine hay. 

A weed, Perilla frutescens, is considered 
to be a cause of the disease in cattle in the 
United States and wherever the plant is 
found. High morbidity and high case-fatality 
rates are characteristic, and the plant con¬ 
tains a perilla ketone that can be used to 
produce the disease experimentally. 

Turf-quality perennial ryegrass straw 
(Lolium perenne) infected with the endo¬ 
phyte (Acremonium lolii), which yields toxic 
substances, including lolitrem-B, has been 


associated with atypical pneumonia in 
weaned beef calves. However, feeding the 
suspect hay resulted in typical ryegrass 
staggers but not atypical interstitial 
pneumonia. 

Melengestrol Acetate 

Melengestrol acetate (MGA), a feed additive 
commonly fed to feedlot heifers to suppress 
estrus, has been associated with AIP based 
on epidemiologic evidence. Data obtained 
from Canadian feedlots indicated that the 
great majority of cases of AIP occurred in 
heifers and that discontinuing MGA treat¬ 
ment resulted in a reduced number of emer¬ 
gency slaughters, most of which were 
attributable to AIP. 2 Further work did not 
reveal any effect of oral MGA administration 
on plasma 3ml concentration. If MGA 
does play a role in the etiology of AIP, the 
mechanism through which this occurs is not 
clear. 

Bacterial and Mycoplasma spp. 
Infections 

There is no evidence that any of the common 
bacterial pathogens of cattle such as 
Mannheimia haemolytica, Pasteurella multo- 
cida, Histophilus (Haemophilus) somni, or 
Mycoplasma spp. are primarily associated 
with AIP. In a series of feedlot cattle with 
clinical findings consistent with AIP, the 
pathogens were present in the lung tissues of 
some animals at necropsy, but their presence 
was not considered as a primary cause of 
the pneumonia but rather secondary to 
the initial injury of the lung that was 
undetermined. 

Viral Infections 

Certain viral infections of the lung may 
result in interstitial pneumonia. In the inter¬ 
stitial pneumonias caused by the bovine 
respiratory syncytial virus (BRSV) there is a 
bronchiolitis and alveolitis, and these should 
be termed bronchiointerstitial pneumonias. 
The BRSV is an important cause of outbreaks 
of acute interstitial pneumonia in beef calves 
2 to 4 weeks after weaning. Pathologic evalu¬ 
ation of the lung tissues of feedlot cattle that 
had acute interstitial pneumonia found that 
BRSV was not a causative agent. In a series 
of cases of interstitial pneumonia in feedlot 
cattle in Saskatchewan, the presence of the 
BRSV antigen was demonstrated in only 7% 
of cases, and there was more severe bron¬ 
chiolar epithelial necrosis than in the other 
cases that were negative for the virus. 

EPIDEMIOLOGY 

AIP occurs primarily in adult cows and bulls, 
usually 4 to 10 days after they are moved 
abruptly from a dry or overgrazed summer 
pasture to a lush autumn pasture. The new 
pasture may or may not have been grazed 
during that summer, and the species of grass 
or plants does not seem to make a difference, 
but usually there is some lush regrowth of 
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grass, legume, or other palatable plants. 
Merely changing pasture fields in the autumn 
has precipitated the disease. 

AIP in pastured animals usually occurs in 
outbreaks, with the morbidity ranging from 
10% in some herds up to 50% and higher in 
others, with a case fatality ranging from 25% 
to 50%. It is not unusual to observe a mild 
form of the disease in about one-third of the 
adults at risk, but only 10% of those at risk 
may be severely affected. Often, a number of 
cows are found dead without premonitory 
signs; many others are severely ill and die 
within 24 hours. Calves and young growing 
cattle up to 1 year of age grazing the same 
pasture are usually unaffected. 

A retrospective analysis and random 
sample survey of cattle ranches in northern 
California found that the type of forage man¬ 
agement has a significant effect on the occur¬ 
rence of the disease. The greatest occurrence 
of the disease was in herds where the cattle 
were moved from summer ranges to second- 
growth hay fields or to irrigated pastures or 
from one irrigated field to another. The adult 
morbidity rate was 2.6% and the case-fatality 
rate about 55%. The disease did not occur on 
ranches with limited or no movement of 
cattle from summer ranges to lush autumn 
pastures. The timespan over which the 
disease occurs during the autumn months is 
only 2 to 4 weeks. The incidence of the disease 
declines rapidly following the first frost. The 
disease has also occurred in the same herd 
on the same pasture in successive years. 

AIP in pastured cattle has been recorded 
in Canada, the United States, Great Britain, 
Holland, New Zealand, and other countries. 
The disease is rare in Australia. The disease 
has been recognized in France for many years 
as an aftermath disease or aftermath emphy¬ 
sema, especially in the Normandy region. 

Some reports have suggested a breed pre¬ 
dilection, with Herefords being more com¬ 
monly affected than the Jersey, Holstein, 
Shorthorn, and Angus breeds, but there are 
few exact epidemiologic data to support the 
observation. 

AIP in feedlot cattle is recognized as 
important cause of economic loss in feedlot 
cattle in western Canada and the United 
States. The disease occurs sporadically, and 
the incidence is about 2.8% of all cattle 
placed in feedlots. 4 Cases occur most com¬ 
monly during the summer and fall months, 
with a higher incidence rate toward the end 
of the finishing period. In southern Alberta, 
the disease is most common during hot, dry, 
and dusty spring and summer days, and typi¬ 
cally affects animals expected to be ready for 
slaughter within 15 to 45 days. Some feedlot 
operators have observed that the disease is 
more common in cattle exposed to excessive 
dust from bedding. 

In southern Alberta feedlots, the disease 
occurred late in the finishing period, 
when animals had been on feed an average 
of 114 days and weighed 475 kg. All 


confirmed cases were in heifers, and plasma 
concentrations of 3ml metabolites (adducts) 
were higher in heifers with AIP than in con¬ 
trols. Most of the heifers were receiving 
melengestrol (MGA) orally to suppress 
estrus. The odds of an animal with acute 
interstitial pneumonia being a heifer were 
3.1 times greater than the odds that an 
animal with the disease was a steer. In 
some large feedlots the estimated relative risk 
was 4.9. 

Other types of atypical interstitial pneu¬ 
monia occur sporadically and may affect 
only a single animal or several over a period 
of time. There is not necessarily a seasonal 
incidence except in areas where cattle are 
housed and fed dusty and moldy hay during 
the winter months. AIP has been reported to 
occur in weaned beef calves about 4 weeks 
after weaning. 

PATHOGENESIS 

Because of the number and variety of cir¬ 
cumstances in which acute or chronic inter¬ 
stitial pneumonia occurs, it is difficult to 
suggest a basic underlying cause, or to 
explain the mechanisms for the development 
of the lesions and the variations that occur 
from one circumstance to another. 

The L-isomer of tryptophan contained 
in feed is metabolized by ruminal micro¬ 
organisms to indoleacetic acid, which is then 
converted to 3-methylindole (3ml). The con¬ 
version of L-tryptophan to 3ml is maximal at 
a ruminal pH near neutrality. The 3ml is 
absorbed from the rumen and metabolized 
by a mixed-function oxidase system to an 
active intermediate, which has pneumotoxic 
properties. 

Bioactivation of 3ml by alveolar Clara 
cells leads to profound cellular injury in 
Clara and type-1 alveolar epithelial cells and, 
ultimately, atypical interstitial pneumonia. It 
is postulated that the compound responsible 
for causing the injury is the electrophilic 
metabolite of 3ml, 3-methylenedolenine 
(3mEIN), which forms stable adducts with 
cellular macromolecules. (Adducts are com¬ 
pounds formed by an addition reaction.) 

Concentrations of 3mEIN in lung tissue 
and blood were higher in feedlot cattle that 
had died of AIP than in healthy feedlot cattle. 
However, lung tissue concentrations of 
3mEIN were similar in samples from cattle 
with interstitial pneumonia and broncho¬ 
pneumonia. Mean concentration of 3mEIN- 
adduct increased to a maximum value on 
day 33 and then decreased to a minimum on 
day 54 after arrival in the feedlot. Plasma 
3ml concentrations initially decreased and 
remained low until after day 54. Neither 
3mEIN-adduct concentrations nor plasma 
3ml concentrations were associated with del¬ 
eterious effects on weight gains. 

The reaction that occurs is a nonspecific 
but fundamental reaction of the pulmonary 
parenchyma to a wide variety of insults that 
may be ingested, inhaled, or produced 


endogenously. Pulmonary edema is the first 
morphologic change occurring in ruminants 
given 3ml. The edema is preceded by degen¬ 
eration, necrosis, and exfoliation of type I 
alveolar septal cells. During the acute stage, 
there is flooding of the alveoli with serofibri¬ 
nous exudate, congestion, edema of alveolar 
walls, and hyaline membrane formation. 
Varying degrees of severity of interstitial 
emphysema also occur. The interstitial 
emphysema may spread within the lymphat¬ 
ics to the mediastinum and into the subcu¬ 
taneous tissues over the withers, over the 
entire dorsum of the back, and, occasionally, 
over the entire body, including the legs. If the 
acute phase is severe enough, there is marked 
respiratory distress and rapid death from 
hypoxemia. Unlike the bacterial pneumo¬ 
nias, the emphasis is on edema and prolifera¬ 
tion rather than on necrosis. 

The lesions have been produced experi¬ 
mentally in cattle, sheep, and goats following 
oral or IV administration of 3ml. Calves 
appear be more resistant to experimental 
toxicity with 3ml than adults, which sup¬ 
ports the observation that the naturally 
occurring disease is uncommon in calves 
grazing the same pasture in which adults are 
affected. 

In case the animal survives the acute 
stage a proliferative stage follows that is 
marked by proliferation of alveolar type II 
cells. There is alveolar epithelialization and 
interstitial fibrosis, the latter being progres¬ 
sive and irreversible. The central features of 
chronic interstitial pneumonia are intraal- 
veolar accumulation of mononuclear cells, 
proliferation and persistence of alveolar type 
2 cells, and interstitial thickening by accu¬ 
mulation of lymphoid cells and fibrous 
tissue. Diffuse fibrosing alveolitis is a form of 
chronic interstitial pneumonia of uncertain 
etiology, but it is possibly the chronic form 
of AIP. 

AIP has been recorded in sheep, and 
there was extensive alveolar epithelialization. 
In Norway, an acute respiratory distress syn¬ 
drome has occurred in lambs moved from 
mountain pastures onto lush aftermath 
pasture. The lesions were those of AIP and 
alveolar epithelial hypersensitivity to molds 
in the grass is being explored. The experi¬ 
mental oral administration of 3ml to lambs 
will result in acute dyspnea and lesions 
similar to those that occur in cattle and adult 
sheep following dosing with 3ml. However, 
the lesions in experimental lambs are differ¬ 
ent from those that occur in lambs affected 
with the naturally occurring disease. 

CLINICAL FINDINGS 

This acute form of AIP in pastured cattle is 
usually obvious. Within 4 to 10 days after 
adult cattle have been moved onto a new 
pasture, they may be found dead without any 
premonitory signs. In the experimental 
disease, the typical clinical signs of respira¬ 
tory disease appear within 24 to 36 hours 
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after the oral administration of L-tryptophan 
to adult cattle and within 4 days, 50% of the 
dosed cows will die. One or several cattle 
may exhibit labored breathing, often with an 
expiratory grunt, open-mouthed breathing, 
head and neck extended, frothing at the 
mouth, and anxiety. Severely affected cattle 
do not graze, stand apart from the herd, and 
are reluctant to walk. If forced to walk, they 
may fall and die within a few minutes. Mod¬ 
erately affected cattle continue to graze, but 
their respirations are increased above 
normal. Coughing is infrequent regardless of 
the severity. The temperature is normal to 
slightly elevated (38.5-39.5°C [ 102—103°F]) 
but may be up to 41 to 42°C (106-108°F) 
during very warm weather. There is a similar 
variation in the heart rate (80-120/min), and 
those with a rate of more than 120/min are 
usually in the terminal stages of the disease. 
Bloat and ruminal atony are common in 
severe cases. Subcutaneous emphysema is 
common over the withers and may extend to 
the axillae and ventral aspects of the thorax. 
The nostrils are flared, and the nasal dis¬ 
charge is normal. Diarrhea may occur but is 
mild and transient. 

Loud, clear breath sounds audible over 
the ventral aspects of the lung, indicating 
consolidation without bronchial involve¬ 
ment, are the characteristic findings on aus¬ 
cultation in the early stages of the acute 
disease. The intensity of the breath sounds 
may be less than normal over the dorsal 
parts of the lung if involvement is severe, 
but in animals that survive for several days 
the loud crackles characteristic of interstitial 
emphysema are of diagnostic significance. 
Most severely affected cases will die within 2 
days of onset, but less severe cases will live 
for several days and then die of diffuse pul¬ 
monary involvement. Those that survive 
longer than 1 week will often have chronic 
emphysema and remain unthrifty. Of those 
moderately affected cattle that recover in a 
few days, some will develop congestive heart 
failure a few months later, as a result of 
chronic interstitial pneumonia (cor pulmo¬ 
nale). Calves running with their adult dams 
will usually not be affected. 

AIP in nonpastured cattle such as 
feedlot cattle usually occur sporadically, but 
several animals may be affected over a period 
of time. There may or may not be a history 
of a change of feed or the feeding of moldy 
or dusty feed. In many cases, a few days will 
elapse after the appearance of signs before 
the owner is aware of the affected animals. 
The animal may have been treated with an 
antimicrobial for a bacterial pneumonia with 
little or no response. Dyspnea, increased 
respiratory effort sometimes with a grunt, 
deep coughing, a fall in milk production, an 
absence of toxemia, a variable temperature 
(38.5-40°C [102-104°F]) and a variable 
appetite are all common. On auscultation 
there are loud breath sounds over the ventral 
aspects of the lungs and crackles over both 


dorsal and ventral aspects. The presence of 
moist crackles suggests secondary bacterial 
bronchopneumonia. Subcutaneous emphy¬ 
sema is uncommon in these, and most will 
become progressively worse. 

Yearling cattle with acute interstitial 
pneumonia that may be viral in origin may 
become much worse and die in a few days in 
spite of therapy. Mature cattle affected with 
the chronic form of AIP will survive in an 
unthrifty state with the chronic disease for 
several weeks and even months. 

The major clinical features of all these 
other interstitial pneumonias are obvious 
respiratory disease, lack of toxemia, poor 
response to treatment, progressive worsen¬ 
ing, and abnormal lung sounds distributed 
over the entire lung fields. 


DIFFERENTIAL DIAGNOSIS 


Atypical Interstitial pneumonia (AIP) is 

usually obvious when presented with an 
outbreak of acute respiratory disease in adult 
cattle that have recently been moved onto a 
new pasture. The onset is sudden; several 
cattle may have been found dead, and many 
are dyspneic. 

Clinical differential diagnoses for AIP 
include: 

• Pneumonic pasteurellosis (shipping 
fever, enzootic pneumonia of calves) 
that is characterized by fever, toxemia, 
mucopurulent nasal discharge and less 
dyspnea; young cattle are more 
commonly affected, and there is a 
beneficial response to therapy within 24 
hours. 

• Organophosphatic insecticide 
poisoning may resemble AIP because of 
the dyspnea, but additionally there is 
pupillary constriction, mucoid diarrhea, 
muscular tremor and stiffness of the 
limbs, and no abnormal lung sounds. 

• Nitrate poisoning may occur in cows 
moved into a new pasture with high 
levels of nitrate. Many cows are affected 
quickly, they are weak, stagger, gasp, fall 
down, and die rapidly. The chocolate 
brown coloration of the mucous 
membranes, the lack of abnormal lung 
sounds, and the response to treatment 
are more common in nitrate poisoning. 

• Other interstitial pneumonias in 
cattle are generally not associated with a 
change of pasture in the autumn and 
are difficult to diagnose clinically and 
pathologically, especially when they 
occur in a single animal. The chronic 
and subacute types of interstitial 
pneumonia are difficult to differentiate 
from each other and from other 
pneumonias of cattle. 

• Extrinsic allergic alveolitis (bovine 
farmer's lung) occurs in housed cattle 
exposed to dusty or moldy feeds for a 
prolonged period and is characterized by 
a history of chronic coughing, weight 
loss, poor milk production, occasionally 


green-colored nasal discharge, and dry 
crackles over most aspects of the lungs. 
Not infrequently, acute cases occur, and 
animals die within a week after the 
onset of signs. 

• Verminous pneumonia caused by 
Dyctiocaulus viviparus occurs in young 
cattle on pasture in the autumn months 
and causes subacute or acute disease 
that may resemble AIP clinically but not 
epidemiologically. Identification of the 
larvae in the feces or tissues of affected 
animals should be attempted. 

• Verminous pneumonia caused by 
aberrant migration of Ascaris suis larvae 
may be indistinguishable from acute 
interstitial pneumonia, but a history of 
previous occupation of the area by pigs 
may provide the clue to the diagnosis, 
which can only be confirmed on 
histologic examination of tissues. 


CLINICAL PATHOLOGY 

There are no abnormalities of the hemogram 
or serum biochemistry that have any diag¬ 
nostic significance. Examination of feces and 
forage for lungworm larvae will aid in dif¬ 
ferentiation from verminous pneumonia if 
past the prepatent period. 

NECROPSY FINDINGS 

In AIP the lungs are enlarged and firm and 
do not collapse on cutting. In the early stages 
of acute cases they contain much fluid that is 
more viscid than usual edema fluid. The 
pleura is pale and opaque and appears to be 
thickened. In peracute cases, the entire lungs 
are homogeneously affected in this way. Such 
cases usually have edema of the larynx. 

In the more common acute case, the lung 
has a marbled appearance. Adjacent lobes 
may be affected with any one of four abnor¬ 
malities. Areas of normal, pink lung are 
restricted to the dorsal part of the caudal 
lobes. There are areas of pale tissue indicative 
of alveolar emphysema, areas of a dark pink 
color affected by early alveolar exudation, 
yellow areas in which the alveoli are filled 
with coagulated protein-rich fluid, and 
dark red areas where epithelialization has 
occurred. The latter two lesions are firm on 
palpation and resemble thymus or pancreas. 
They are more common in the ventral parts 
of the cranial lobes. 

In chronic cases, as a sequela to the acute 
form described previously, the obvious dif¬ 
ferences in the age of the lesions suggest that 
the disease progresses in steps by the peri¬ 
odic involvement of fresh areas of tissue. In 
all cases there is usually a frothy exudate, 
sometimes containing flecks of pus, in the 
bronchi and trachea, and the mucosa of these 
passages is markedly hyperemic. 

Histologically, the characteristic findings 
are an absence of inflammation, except in the 
case of secondary bacterial invasion, and the 
presence of an eosinophilic, protein-rich 
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fluid that coagulates in the alveoli or may 
subsequently be compressed into a hyaline 
membrane. This is more apparent in acute 
cases, and if animals live for a few days, there 
is evidence of epithelialization of the alveolar 
walls. In longstanding cases, there is exten¬ 
sive epithelialization and fibrosis. There is a 
lack of obvious lesions of the small airways, 
which differentiates interstitial pneumonia 
from bronchopneumonia. 

Bacteriologic examination of the lungs is 
often negative, although in longstanding 
cases in which secondary bacterial pneumo¬ 
nia has developed, Pasteurella multocida, 
Mannheimia haemolytica, Streptococcus spp., 
and Trueperella (formerly Arcanobacterium) 
pyogenes may be found. A careful search 
should be made for nematode larvae. 

TREATMENT 

The treatment of AIP in cattle is empirical 
and symptomatic because there is no specific 
therapy available. The lesion is irreversible 
in severe cases, and treatment is unlikely to 
be effective. When outbreaks of the disease 
occur on pasture, the first reaction is to 
remove the entire herd from the pasture to 
avoid the development of new cases. However, 
almost all new cases will usually occur by day 
4 after the onset of the outbreak, and removal 
from the pasture usually will not prevent new 
cases. Conversely, leaving the herd on pasture 
usually will not result in additional cases. 
Severely affected cattle should be removed 
from the pasture with extreme care, very 
slowly, and only if necessary, and they should 
be moved to shelter from the sun. Immediate 
slaughter for salvage may be indicated in 
severe cases. Mild or moderately affected 
cases will commonly recover spontaneously 
without any treatment if left alone and not 
stressed, a fact that has not been given due 
consideration when claims are made for the 
use of certain drugs. Several different drugs 
have been advocated and used routinely for 
the treatment of AIP in cattle. However, none 
has been properly evaluated, and definitive 
recommendations cannot be made. 

Treatment of the chronic interstitial 
pneumonias is unsatisfactory because the 
lesion is progressive and irreversible. 


TREATMENT AND CONTROL 


Treatment 

No specific treatment is available for AIP. 

Control 

AIP in pastured cattle 

Monensin (200 mg/head PO q24h from 1 day 
before pasture change for at least 4 days 
after moving to fall pasture) (R-2) 

Chlortetracycline (2.5 g/head PO q24h from 1 
day before pasture change for at least 4 
days after moving to fall pasture) (R-2) 

Lasalocid (200 mg/head PO q24 from 1 day 
before pasture change for at least 14 days) 


CONTROL 

There are no known reliable methods for the 
prevention of AIP in pastured cattle, but 
there are some strategies that merit 
consideration. 

Grazing Management 

If lush autumn pasture contains toxic levels 
of the substance that causes the acute disease, 
it would seem rational to control the intro¬ 
duction of cattle to the new pasture. This can 
be done by controlling the total grazing time 
during the first 10 days: allow the cattle to 
graze for 2 hours on the first day, increasing 
by increments of 1 hour per day, and leave 
them on full time at the end of 10 to 12 days. 
If possible, this may be accomplished by 
rotating cattle back and forth, either between 
the summer and fall pastures or between the 
fall pasture and a drylot where ample supply 
of dry, mature hay is available. Dry, mature 
hay may be offered ad libitum to adult cattle 
in the morning before going on pasture for 
at least 4 days into the grazing period to 
reduce consumption of pasture forages. Such 
a management procedure is laborious and 
may not be practical depending on the size 
and terrain of the pasture and the holding 
yards that are available. 

Inhibition of 3-Methylindole 
Production in Rumen 

Controlling the conversion of d,l- 
tryptophan in forage to 3ml is a plausible 
control strategy. Experimental tryptophan- 
induced AIP can be prevented by oral 
administration of chlortetracycline or poly¬ 
ether antibiotics such as monensin. The daily 
oral administration of 2.5 g/head of chlortet¬ 
racycline beginning 1 day before and for 4 
days following administration of a toxin of 
L-tryptophan will prevent clinical signs. 

The daily oral administration of monen¬ 
sin at the rate of 200 mg/head/day beginning 
1 day before and for 7 days after an abrupt 
change from a poor-quality hay diet to a lush 
pasture reduced the formation of 3ml during 
the 7 days of treatment, but the effect of the 
drug was diminished on day 10, 3 days after 
its withdrawal. Because the effects of monen¬ 
sin on ruminal 3ml are diminished within 
48 hours after withdrawal of the drug, effec¬ 
tive prevention of acute pulmonary edema 
and emphysema may require continuous 
administration of monensin for the critical 
period of approximately 10 days after the 
mature animals are exposed to the lush 
pasture. The daily feeding of monensin in 
either an energy or protein supplement will 
effectively reduce ruminal 3ml formation in 
pasture-fed cattle. 

Lasalocid at a dose of 200 mg per head 
once daily in ground grain for 12 days 
reduced the conversion of tryptophan to 3ml 
and prevented pulmonary edema. 

Any combination of these management 
practices may reduce 3ml production to a 
greater extent than just providing monensin 


or implementing grazing management tech¬ 
niques alone. 

Other Forms of AIP 

The control of nonpasture cases of AIP 
depends on the suspected cause and removal 
of it from the environment of the animals. 
Every attempt must be made to control the 
concentration of dust and moldy foods to 
which cattle are exposed. Feed supplies 
must be harvested, handled, and stored with 
attention to minimizing dust and molds. In 
the preparation of mixed ground feed for 
cattle, the fineness of grind must be con¬ 
trolled to avoid dusty feed particles that may 
be inhaled. Because of the creation of dust, 
the grinding and mixing of dry feeds such as 
hay, straw, and grains should not be done in 
the same enclosed area in which cattle are 
housed. If dusty feeds must be used, they 
should be wetted to assist in dust control. 
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Diseases of the Ovine and 
Caprine Respiratory Tract 

ENZOOTIC NASAL 
ADENOCARCINOMA OF SHEEP 
AND GOATS (ENZOOTIC 
NASAL TUMOR) 

Intranasal adenocarcinoma has been 
recorded as a sporadic disease of sheep and 
goats for many years and is now recognized 
as a contagious neoplasm in these species. 1 
The disease in sheep and goats is associated 
with related but different retroviruses, the 
ovine nasal adenocarcinoma virus (ENT-1) 
and the caprine adenocarcinoma virus 
(ENT-2), respectively. These retroviruses are 
highly conserved, with North American and 
European isolates being 96% homologous. 2 
They are homologous with the retrovirus 
that causes jaagsiekte (JSVR) but can be dis¬ 
tinguished by unique sequences of the 
genome. Nasal adenocarcinoma is not a 
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component of the disease jaagsiekte, nor are 
pulmonary tumors present in sheep and 
goats with nasal adenocarcinoma. Infections 
with the viruses of enzootic nasal adenocar¬ 
cinoma and jaagsiekte can occur in the 
same sheep, and this can potentiate the pro¬ 
liferation of jaagsiekte virus in the infected 
sheep. 


Enzootic nasal adenocarcinoma is 
recorded in the United States, Canada, 
Europe, Japan, India, China, and Africa. It is 
believed to occur on all continents except 
Australia and New Zealand, but it is not 
present in the United Kingdom. The disease 
occurs sporadically but is often clustered in 
certain flocks and herds, and it is assumed to 


transmit by the respiratory route. The preva¬ 
lence in affected flocks varies in different 
countries. It is generally less than 2% but can 
be as high as 10% to 15%. 

There is no seasonal occurrence and no 
apparent breed or genetic predisposition. 

There is no apparent influence of nasal 
myiasis on the prevalence of nasal adenocar¬ 
cinoma in infected flocks. 

Clinical disease is recorded occurring as 
early as 7 months of age, but most occurs in 
mature sheep between 2 and 4 years of age. 
Affected animals are afebrile, have a profuse 
seromucous or seropurulent nasal discharge, 
and sneeze and shake their heads frequently. 
There is depilation around the nostrils. The 
tumor may be unilateral or bilateral. 

As the disease progresses, there is 
dyspnea, stertorous breathing with flaring of 
the nostrils at rest, and open-mouthed 
breathing following exercise. Some animals 
develop facial deformity and protrusion of 
one or both eyes from tumor growth, and the 
tumor may protrude from the nostril (Fig. 
12-17). There is progressive loss of weight, 
emaciation, and death after a clinical course 
of 3 to 6 months. There is no detectable 
immune response in affected animals. 

At postmortem, the tumor masses are in 
the ethmoid turbinates, with metastasis to 
regional lymph nodes in some cases. The 
tumors may be unilateral or bilateral and are 
gray or pink in color with a granular surface. 
The tumors originate in the serous glands of 
the turbinates and have the histologic fea¬ 
tures of adenocarcinoma. 

The disease has been transmitted experimen¬ 
tally in both goats and sheep, with challenge 
of young kids resulting in disease at 12 to 16 
months of age. 
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CONTAGIOUS CAPRINE 
PLEUROPNEUMONIA 


SYNOPSIS 



Fig. 12-17 A, Nasal adenocarcinoma in a Suffolk ewe. Notice the seromucous to seropurulent 
nasal discharge (left greater than right). Very little air movement was detected from the right 
nostril. 6, Endoscopic view of a nasal adenocarcinoma (dorsal pink gray spherical mass) in a 
Suffolk ram with clinical signs of an upper respiratory tract obstruction. 


Etiology Mycoplasma capricolum subsp. 
capripneumoniae. 

Epidemiology Highly contagious disease of 
goats, outbreaks in wild small ruminants do 
occur 

Clinical findings Pleuropneumonia. 

Lesions Pleuropneumonia with no 
enlargement of the interlobular septa. 

Diagnostic confirmation Culture, 

polymerase chain reaction (PCR) on pleural 
fluid. Latex agglutination test. 

Treatment Antimicrobials. 

Control Herd biosecurity; vaccination provides 
strong immunity but of short duration. 
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Table 12-9 Summary of systemic mycopl 

asmoses of sheep and goats 


Bacterial species 

Animals affected 

Diseases caused 

Pathogenicity 

M. agalactiae 

Sheep/goats 

Contagious agalactia, arthritis, pneumonia, 
granular vaginitis, pinkeye 

High 

M. arginini 

Sheep/goats 

Pneumonia, arthritis, vaginitis, pinkeye, mastitis 

Low 

M. capricolum subsp. capricolum 

Sheep/goats 

Mastitis and agalactia, pneumonia, arthritis 

High 

M. mycoides subsp. capri (formerly M. 
mycoides subsp. mycoides) 

Goats 

Contagious agalactia, pneumonia, arthritis, 
high mortality in young kids 

Moderate 

M. ovipneumoniae 

Sheep/goats 

Pneumonia 

Commonly precursor to 
pneumonic pasteurellosis 

M. putrefaciens 

Goats 

Mastitis and arthritis 

High 

Urea plasma sp. 

Goats 

Vaginitis 

Low 

Mycoplasma capricolum subsp. 
capripneumoniae (formerly strain F38) 

Sheep/goats 

Contagious caprine pleuropneumonia 

High 


ETIOLOGY 

Contagious caprine pleuropneumonia 
(CCPP) is a classical disease of goats, asso¬ 
ciated with Mycoplasma capricolum subsp. 
capripneumoniae and commonly confused 
with other serious pneumonias of goats and 
sheep (first isolated in 1976 and previously 
known as mycoplasma strain F38) (Tables 
12-6 and 12-9). The disease was first 
described in Algeria in 1873 and presents 
primarily as a pleuropneumonia. The 
organism is difficult to grow, which can 
lead to poor differentiation of the CCPP 
from pneumonic disease induced by other 
mycoplasmas (M. capricolum subsp. capri¬ 
colum and M. mycoides subsp. capri). 
Highly specific PCR tests can differentiate 
infections within the M. mycoides cluster of 
goats and will provide more information on 
the distribution and epidemiology of these 
diseases. 

EPIDEMIOLOGY 

Occurrence 

CCPP is one of the most serious fatal 
diseases of goats in Africa and Asia and 
has serious socioeconomic effects for sub¬ 
sistence goat herders. It is known as Abu 
Nini in the Sudan. The exact distribution is 
uncertain, but clinical disease has been 
reported from 38 countries, mostly from 
Africa and Asia, with recent detections in 
Mauritius (2009), Turkey (2009), and China 
(2012). 1,2 However, the causative organism 
has only been isolated in some of these 
countries because of the difficulty growing it 
and lack of mycoplasmal laboratories. CCPP 
has many similarities clinically and at nec¬ 
ropsy to contagious bovine pleuropneumo¬ 
nia, caused by M. mycoides subsp. mycoides 
SC, but it is not transmissible to cattle. Sheep 
can be infected experimentally and sero- 
convert, and they have been reported with 
respiratory disease in Eritrea. Captive and 
free-ranging wild ungulates, including deer, 
gazelles, and ibex, can also become infected 
and suffer disease. 1,2 M. capricolum subsp. 


capripneumoniae is highly infectious. In 
newly affected flocks the illness is acute and 
severe following a brief incubation period 
(generally 6-10 days, but up to 28 days), with 
morbidity rates of 90% and case mortality 
rates of 60% to 100%. The disease is less 
severe and more sporadic in endemically 
exposed flocks. 

Transmission 

The disease is readily transmitted by inhala¬ 
tion, but the organism does not survive for 
long in the environment. Infection is brought 
into the flock by asymptomatic carrier or 
clinically affected animals. 

Agent 

Mycoplasmas are among the fastest evolving 
bacteria, with high mutation rates. 3 Myco¬ 
plasma capricolum subsp. capripneumoniae 
shows a degree of heterogeneity not found 
among other members of the M. mycoides 
cluster. Based on sequencing of several genes, 
including 16SrRNA and H2 locus and other 
proteins, 24 haplotypes were identified in 25 
strains of Mycoplasma capricolum subsp. cap¬ 
ripneumoniae and placed within six genotyp- 
ing groups (A to F), with two distinct 
evolutionary lineages identified.' Lineage 1 
contains two groups with strains from East 
Africa, Qatar, Niger, and Mauritius; lineage 
2 is subdivided into three groups with strains 
from the United Arab Emirates, China, and 
Tajikistan. 

CLINICAL FINDINGS 

All ages and sexes are affected. Clinical find¬ 
ings are restricted to the respiratory system 
and include cough, dyspnea with an extended 
neck, painful cough, and fever (40.5-41.5° C 
[104.5-106°F]). Animals often lay down, 
although they can stand and walk, and con¬ 
tinue to eat and ruminate. In the terminal 
stages there is rapid respiratory rate, mouth 
breathing, tongue protrusion, and frothy 
salivation, followed by death in 2 or more 
days. In less acute infections the clinical signs 


are milder, and coughing may only occur fol¬ 
lowing exercise. Under adverse climatic con¬ 
ditions or in kids the disease may occur in a 
septicemic form, with little clinical or post¬ 
mortem evidence of pneumonia. 

Outbreaks of CCPP in gazelle in the 
Middle East had similar clinical and patho¬ 
logic signs to goats, although there was often 
sudden death. 2 

CLINICAL PATHOLOGY 

Antigen can be detected in lung tissue and 
pleural fluid by PCR based upon the 16S 
rRNA genes. A real-time PCR offers advan¬ 
tages over conventional PCR including 
speed, greater specificity and sensitivity, and 
elimination of post-PCR processing. 4 Sero¬ 
logic tests used to identify carrier animals 
include complement fixation, ELISA, and a 
latex agglutination test. The latter is robust, 
available commercially, and suitable for field 
use. Monoclonal antibody is used in sero¬ 
logic tests to identify caprine isolates by the 
disc growth inhibition method, which will 
include M. agalactiae, M. capricolum subsp. 
capricolum, and the other members of the M. 
mycoides cluster associated with goats. A 
competitive ELISA using monoclonal anti¬ 
bodies is highly specific for CCPP. 5 

NECROPSY FINDINGS 

The necropsy findings are similar to those of 
contagious bovine pleuropneumonia except 
that there is no thickening of the interlobular 
septa. Lesions are restricted to the lungs 
(often one lung) and pleura, with hepatiza¬ 
tion, increased pleural fluid, and a fibrinous 
pleuritis, which differentiates the disease 
from that caused by M. mycoides subsp. 
capri. Histologically, there is acute serofibri¬ 
nous to chronic fibrino-nectoric pneumonia 
with interstitial intralobular edema, rather 
than a thickening of the interlobular septa 
that occurs with other mycoplasmal infec¬ 
tions. Inflammatory exudate consists mainly 
of neutrophils. There is also peribronchiolar 
lymphoid hyperplasia. 
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Samples for Confirmation 
of Diagnosis 

• Bacteriology—Pleural fluid and lung 
from the interface of the hepatized 
and normal lung tissue. These 
mycoplasmas are fragile and should 
be freeze dried or placed in transport 
medium if there is to be a significant 
transport time (>2 days). 
Conventional or real-time PCR can 
be performed on samples of pleural 
fluid dried on filter paper. 

• Serology—CFT, Latex agglutination, 
competitive ELISA 3 


DIFFERENTIAL DIAGNOSIS 


The other pulmonary mycoplasmoses from 
which this disease needs to be differentiated 
are those associated with Mycoplasma 
mycoides subsp. capri (formerly M. mycoides 
large colony type) and M. capricolum subsp. 
capricolum. 


TREATMENT 

Clinical cases respond to a range of antibiot¬ 
ics, including intramuscular tylosin (10 mg/ 
kg BW), oxytetracycline (15 mg/kg/d), or 
tilmicosin, marbofloxacin, and danofloxa- 
cin. 6 ' 8 The severity of the disease is reduced, 
but treated animals are still sources of 
infection. 

CONTROL 

Effective biosecurity measures are needed to 
prevent the introduction of the disease into 
a flock via contact with infected carriers. 
Killed vaccines effectively reduce morbidity 
and mortality rates. These have been widely 
used in many countries, although they can 
be of variable quality. 2 Immunity is generally 
short lived, and so a booster 1 month after 
the first vaccination provides additional pro¬ 
tection. There is little evidence that maternal 
antibody interferes with the development of 
immunity, but kids born to does that have 
been vaccinated while pregnant are often not 
vaccinated before 10 to 12 weeks of age. Live 
attenuated vaccines have been trialed but are 
not yet commercially available and may not 
be permitted in some jurisdictions. 9 

FURTHER READING 

Nicolas R, Churchward C. Contagious caprine 

pleuropneumonia: new aspects of an old disease. 
Transbound Emerg Dis. 2012;59:189-196. 

Prats-van der Ham M, et al. Contagious caprine 
pleuropneumonia (CCPP) and other emergent 
mycoplasmal diseases affecting small ruminants in 
arid lands. / Arid Environments. 2015;119:9-15. 
Radostits O, et al. Contagious caprine pleuropneumonia. 
In: Veterinary Medicine: A Textbook of the Diseases 
of Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1140-1141. 
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CHRONIC ENZOOTIC 
PNEUMONIA OF SHEEP 
(CHRONIC NONPROGRESSIVE 
ATYPICAL PNEUMONIA, 
SUMMER PNEUMONIA, 
PROLIFERATIVE EXUDATIVE 
PNEUMONIA) 


SYNOPSIS 


Etiology Multifactorial, with Mycoplasma 
ovipneumoniae, viruses and secondary 
bacterial infections implicated. 

Epidemiology Affects sheep under 12 months 
of age. Seasonal occurrence, summer and 
autumn in southern hemisphere. Common 
disease affecting most flocks, but severity 
varies between farms. 

Clinical findings Insidious onset. Coughing, 
nasal discharge and uneven weight gain in 
a mob. 

Lesions Consolidation of anterioventral lobes 
of lung. Pleuritis. 

Diagnostic confirmation Postmortem 
lesions. 

Treatment Antimicrobials for severely affected 
individual sheep. 

Control No effective control procedure 
established. 


Enzootic pneumonia is defined here as the 
common, lowly pathogenic disease of sheep, 
particularly lambs, which is common in 
all sheep populations. The disease is recog¬ 
nized by different names in different areas of 
the world. It can be differentiated from the 
acute fibrinous pneumonia and pleurisy 
associated with Mannheimia (Pasteurella) 
haemolytica, which is often called enzootic 
pneumonia in the British literature, and from 
the chronic progressive pneumonias, maedi 
and jaagsiekte. 

ETIOLOGY 

Although the disease is well known, its cause 
is not well defined. This is partly because of 
its nonfatal character, which leads to incom¬ 
plete examination of early cases; most of 
those submitted for examination or nec¬ 
ropsy are distorted by secondary bacterial 
infections. It has a multifactorial etiology, 
with a mix of (mainly) Mycoplasma ovipneu¬ 
moniae, Bordetella parapertussis, chlamydia, 
parainfluenza-3 (PI-3) virus, adenovirus, a 
respiratory syncytial virus, and reovirus 


nominated as causes. M. haemolytica is a 
common secondary infection and may lead 
to more acute, suppurative respiratory 
disease. The disease, which might be most 
accurately identified as chronic undifferenti¬ 
ated enzootic pneumonia of sheep, is prob¬ 
ably a collection of etiologically specific 
diseases. 

M. ovipneumoniae 

M. ovipneumoniae is now considered to be 
one of the more important parts of the 
disease complex, and may be the initiating 
cause. 1 It is commonly isolated in large 
numbers from the lungs of affected sheep, 
but it can also be isolated from the nasal 
cavity of some normal sheep and less occa¬ 
sionally from normal lung. 1 Experimental 
challenge with pure cultures of the organism 
produces minimal lesions, but aerosol or 
intrabronchial challenge with homogenates 
of affected lung that contain the organism 
produces proliferative interstitial and lym¬ 
phoid pneumonic lesions indistinguishable 
from the natural disease. M. ovipneumoniae 
is a facultative pathogen that requires com¬ 
promised lung defense mechanisms to initi¬ 
ate lesions; infection with this organism 
subsequently predisposes the lung to sec¬ 
ondary infection with organisms such as 
Past, haemolytica. There is considerable het¬ 
erogeneity in M. ovipneumoniae, and several 
different strains may be isolated from a 
pneumonic lung. 2 Differences between 
strains in pathogenicity are not determined. 
Other mycoplasma, including M. mycoides 
subsp. mycoides, M. mycoides subsp. capri, 
M. putrifasciens, and M. argininii, may be 
associated with chronic enzootic pneumonia 
in tropical zones, but M. argininii is consid¬ 
ered to have no role in atypical pneumonia 
of lambs in the United Kingdom. 3 

B. parapertussis 

B. parapertussis is a common isolate from the 
nasal cavities and lungs of sheep with chronic 
enzootic pneumonia in New Zealand and is 
also believed to have an initiating role in the 
disease. It produces a cytotoxin that damages 
ciliated epithelium in the trachea and experi¬ 
mental challenge of colostrum-deprived 
lambs produces mild pulmonary lesions 
similar to those seen early in the natural 
disease. B. parapertussis also can predispose 
pneumonic pasteurellosis. 

Parainfluenza-3 (PI-3) Virus 

PI-3 is a cause of a mild undifferentiated 
pneumonia in sheep, and surveys around the 
world have shown that it is a widespread 
infection. The disease is clinically mild and 
marked by the presence of interstitial pneu¬ 
monia. Antibodies to PI-3 are present in 
lambs soon after birth, but the half-life is 
short, and lambs are susceptible by the time 
they are weaned and mixed with other 
lambs, which is when clinical disease often 
occurs. In the experimentally produced 
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disease in lambs there is a slight seromucosal 
nasal discharge, coughing, increased sensi¬ 
tivity to tracheal compression, and fever of 
40° to 41° C (104-106°F). At necropsy there 
is obvious hyperemia of the upper respira¬ 
tory mucosa, including the trachea; the 
bronchial lymph nodes are enlarged; and 
there are small foci of catarrhal inflamma¬ 
tion of pulmonary parenchyma of the apical 
and cardiac lobes. However, challenge of 
lambs at 2 weeks of age with this virus and 
M. haemolytica, although producing disease, 
did not result in prolonged disease lasting 
to slaughter, and it was concluded that these 
agents, without other factors, were not 
the cause of enzootic pneumonia. This 
conclusion is supported by the results of 
vaccine trials with PI-3 against enzootic 
pneumonia. 4 

Bovine Respiratory Syncytial Virus 

BRSV has resulted in pneumonia following 
experimental challenge of sheep and is evi¬ 
denced clinically by fever and hyperpnea 
and pathologically by multifocal pulmonary 
consolidation and necrosis of epithelial 
cells. There is little evidence for BRSV as a 
cause of significant respiratory disease in 
sheep. 

Other Agents 

Adenovirus and a type-3 reovirus have been 
used experimentally to produce pneumonic 
lesions, and a vaccine has been produced to 
protect lambs against the adenovirus infec¬ 
tion. Similarly, sheep herpesvirus, caprine 
herpesvirus-1, will produce an interstitial 
pneumonia in experimentally challenged 
SPF lambs, but there is no evidence of a 
causal association with chronic enzootic 
pneumonia. 

Autoantibodies to upper respiratory cilia 
have been detected in sheep colonized with 
M. ovipneumoniae, and it is suggested that 
they contribute to the pathogenesis of cough¬ 
ing in this disease. 

EPIDEMIOLOGY 

Occurrence 

Enzootic pneumonia affects animals up to 12 
months but may commence as early as 6 
weeks of age. The disease can occur in both 
lambs at pasture and housed lambs. In many 
affected flocks, 80% of 4- to 5-month-old 
lambs have clinical signs and lesions, and the 
disease is credited with causing a significant 
depression in growth rate after weaning in 
lamb flocks with a high prevalence. This has 
been confirmed in controlled studies on the 
effect of the experimentally produced disease 
on weight gain in housed and pasture-fed 
lambs. 

Enzootic pneumonia has a seasonal 
pattern that differs according to locality and 
management. In Australia and New Zealand, 
the period of peak prevalence is in the late 
summer and autumn. In a longitudinal 
slaughter study of lambs in New Zealand, the 


prevalence of pneumonic lesions was found 
to increase from early summer to early 
autumn, with an overall prevalence of pneu¬ 
monia of 42%. There were significant differ¬ 
ences in prevalence between different regions 
of the country. Factors such as comingling 
sheep from different sources and environ¬ 
mental stress can precipitate clinical disease. 

Environmental Risk Factors 

In Australia and New Zealand, clinical out¬ 
breaks of enzootic pneumonia in lambs aged 
5 to 8 months are often associated with heat 
stress, yarding after weaning, use of plunge 
or shower dips, and transport or mustering 
of sheep in hot dry conditions. Cases com¬ 
mence within 1 to 3 weeks after transport. In 
contrast, in the United Kingdom and Europe 
this disease occurs primarily in the late 
winter and early spring; in the more inten¬ 
sive production systems of the northern 
hemisphere, the disease is commonly associ¬ 
ated with environmental problems of 
housing. In Ireland, an association has been 
made between the occurrence of lesions at 
slaughter and the extent of rain and wind- 
chill experienced by the sheep in the 2 
months before slaughter. 

Economic Importance 

Death loss from this disease is minor, but 
economic loss is considerable and includes 
reduced growth rate, prolonged periods on 
the farm before reaching slaughter weight, 
the drug and labor costs associated with 
treatment, slaughterhouse wastage, and 
downgrading of carcasses with pleural adhe¬ 
sions and an effect on carcass quality. The 
situation is similar to that with enzootic 
pneumonia of pigs. 

CLINICAL FINDINGS 

The disease is insidious in onset and can 
persist in a group of lambs for 4 to 7 months. 
The disease has mild clinical manifestations, 
with the primary signs being poor and 
uneven weight gains, an increased nasal 
discharge, coughing, increased respiratory 
rate, and respiratory distress with exercise. 
Increased intensity and a higher pitch of 
breath sounds are heard on auscultation over 
the region of the bronchial hilus, and sounds 
of fluid in the airways are heard in some 
cases at rest but can usually be elicited by 
inducing the lamb to cough. There may be 
periods of fever. 

There is a relationship between the pro¬ 
portion of the lung affected with pneumonia 
and average daily gain, and in one study 
weight gain was reduced by 50% when 
greater than 20% of the lung was affected. 
The weight loss is most apparent clinically 
soon after the disease commences. 

NECROPSY FINDINGS 

At postmortem there are clearly demarcated 
areas of consolidation in the anterioventral 
lobes, and there may be pleuritis with pleural 


adhesions. The diagnosis is on gross lesions 
and the presence of typical lesions on histo¬ 
logic examination. 

TREATMENT AND CONTROL 

Treatment is not usually undertaken unless 
there is secondary infection to produce 
acute respiratory disease. Nevertheless, lin- 
comycin (5 mg/kg IM), given twice or three 
times at intervals of 2 days, and oxytetracy- 
cline (20 mg/kg, IM), given twice at 4-day 
interval, both gave good clinical cure and 
increased growth rates in a study in Greece. 5 
Control is based on the avoidance of stress 
factors that can exacerbate existing 
infection. 

FURTHER READING 

Radostits O, et al. Chronic enzootic pneumonia of sheep 
(chronic nonprogressive pneumonia, summer 
pneumonia, proliferative exudative pneumonia). In: 
Veterinary Medicine: A Textbook of the Diseases of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1361-1362. 

Scott PR. Treatment and control of respiratory disease 
in sheep. Vet Clin North Am Food A. 
2011;27:175-186. 
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OVINE PROGRESSIVE 
PNEUMONIA (MAEDI, 
MAEDI-VISNA) 

Ovine progressive pneumonia and maedi are 
North American and European terms for 
slow virus diseases of sheep in which a 
chronic progressive pneumonia is a major 
manifestation. The name maedi is derived 
from the Icelandic term for dyspnea. Maedi- 
visna virus can also produce visna, which 
is a disease of the nervous system and is 
discussed elsewhere under that heading. 
Additional manifestations of infection are 
arthritis, indurative mastitis, and ill-thrift. 
These diseases have a close relationship with 
caprine arthritis encephalitis. La Bouhite and 
Graff-Reinert disease are local names for 
maedi in France and South Africa, respec¬ 
tively. In the United States it was originally 
described as Montana progressive pneumo¬ 
nia, and in Holland as zwoergersiekte. 


SYNOPSIS 


Etiology Ovine retroviruses 

Epidemiology Most sheep infected as lambs. 
Persistent infection. High prevalence of 
infection in many countries but low 
prevalence of clinical disease. Transmission 
is via infected colostrum and milk, but 
lateral transmission also occurs. 

Continued 
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Clinical findings Clinical disease of mature 
sheep, long incubation, long clinical course. 
Dyspnea and respiratory distress, initially 
with exercise but eventually also at rest. 
Some sheep also manifest chronic wasting 
and/or indurative mastitis. 

Necropsy findings Lungs uniformly increased 
in bulk with enlargement of bronchial and 
mediastinal lymph nodes. Lymphocytic 
interstitial pneumonia. Discrete or diffuse 
hardening of mammary glands with 
lymphoid infiltration. 

Diagnostic confirmation Clinical signs, 
pathology and serology. Polymerase chain 
reaction (PCR) provides confirmation of 
infection. 

Treatment None. 

Control Segregated rearing. Test and cull. 


ETIOLOGY 

Maedi-visna virus (MW) and ovine 
progressive pneumonia virus (OPPV) are 
single-stranded RNA nononcogenic ovine 
lentiviruses within the retrovirus family. They 
have a tropism for monocytes, macrophages, 
and dendritic cells, but not T-lymphocytes. 
This is an important determinant of their 
pathogenesis because they induce a persistent 
infection in sheep that can cause lympho- 
proliferative changes in the lung, mammary 
tissues, brain, and joints. There is a high 
degree of relatedness with the lentivirus asso¬ 
ciated with caprine arthritis encephalitis 
(CAE), and these ovine and caprine lentivi¬ 
ruses share nucleotide homology and sero¬ 
logic properties. Consequently, MW, OPPV, 
and CAE viruses are now regarded as a viral 
continuum and referred to as small ruminant 
lentiviruses (SRLV). 1 

Isolates of MW from naturally infected 
sheep are genetically heterogeneous, anti¬ 
genic drift is common, and antigenic varia¬ 
tion of the surface protein facilitates the 
persistence of the virus in the host, both as 
latent and chronic infections. There is evi¬ 
dence for variation in pathogenic potential 
between isolates and hosts, and it is esti¬ 
mated that only about 30% of infected 
animals develop disease. 2 

There is some evidence that the North 
American strains of ovine lentivirus may 
have originated from cross-species transmis¬ 
sion of caprine arthritis-encephalitis virus 
rather than from maedi lentivirus. However, 
the similarity in clinical manifestation of 
maedi and ovine progressive pneumonia and 
the evidence that the causative viruses are 
part of a continuum permit the discussion of 
these diseases as a single entity. 

EPIDEMIOLOGY 

Occurrence 

The earliest reports of the disease were from 
South Africa and the United States, but it 
now occurs in all major sheep-producing 


countries with the exception of Australia, 
New Zealand, and Iceland. Maedi virus was 
present in Iceland, being introduced in 1933 
through the importation of infected Karakul 
sheep, but was eradicated in 1965. Because of 
the susceptibility of the local sheep and man¬ 
agement practices that favored transmission, 
it developed to a problem of major national 
significance. In individual flocks the annual 
mortality was often 15% to 30%, and in these 
circumstances sheep farming was not eco¬ 
nomically viable. Approximately 105,000 
sheep are believed to have died of the disease, 
and 650,000 sheep had to be slaughtered to 
eradicate it from the country. 

The international movement of sheep has 
facilitated the spread of the disease, and it is 
believed to have been introduced into 
Denmark, Norway, Sweden, and Great 
Britain since the 1970s through the importa¬ 
tion of infected sheep. However, as yet no 
other country has experienced the severity of 
disease that occurred in Iceland. 

Host Range 

Sheep and goats are the only species known 
to be susceptible to MW, and infection 
cannot be established by experimental chal¬ 
lenge in cattle, deer, pigs, dogs, horses, chick¬ 
ens, mice, and rats. Rabbits are susceptible, 
but infection is limited to the acute stage 
before the production of antibody; chronic 
infection, as seen in sheep and goats, does 
not occur. Hybrid mouflon-domestic sheep 
and calves have been experimentally infected 
with CAE virus, although the infection was 
cleared naturally in the latter, and SRLV 
nucleic acid detected in wild ibexes in close 
contact with goats. 2 

A serologic survey of wildlife in the 
United States found no evidence of infection 
in bighorn sheep, elk, white-tail deer, or 
antelope. All breeds of sheep appear to be 
susceptible to infection, but there may be dif¬ 
ferences in breed susceptibility, based on dif¬ 
ferences in seroprevalence in flocks with 
more than one breed of sheep. These differ¬ 
ences are not consistent and so they may 
reflect differences in the susceptibility of 
family lines within a breed. Variations in the 
gene encoding an ovine transmembrane 
protein (TMEM 154) are associated with 
increased or decreased susceptibility of 
sheep to SRLV; sheep with glutamate at posi¬ 
tion 35 have increased susceptibility, whereas 
those with lysine or a deletion have decreased 
susceptibility. 3 The average frequency of 
highly susceptible alleles across 74 sheep 
breeds was 0.51, with more than 25% of 
mainstream breeds being greater than 0.8. 4 
In contrast, frequency of highly susceptible 
alleles across 3 hill breeds was 0.26 to 0.42, 
suggesting that they would be less affected by 
MW infection. 

Prevalence 

The prevalence of infection varies between 
farms, breeds, and countries. In the United 


States, infection is more common in the 
western and midwestern and uncommon in 
the southern states. An estimate of flock 
seroprevalence (flocks with 1 or more posi¬ 
tive sheep) of 48%, and overall seropreva¬ 
lence of 24%, was recorded in samples 
collected in 2001 from sheep in 29 states. 
More recently, samples collected in Wyoming 
in 2011 found a flock prevalence for OPPV 
of 47.5% and overall seroprevalence of 18%, 
with open range (unfenced) flocks at signifi¬ 
cantly higher risk compared those that were 
fenced in (an odds ratio of 3.5). 6 In Canada, 
a random survey found a flock prevalence of 
63%, with 19% of sheep over 1 year of age 
being seropositive, and more recently a flock 
prevalence of 25% in Manitoba. Serologic 
surveys that use the AGID test will markedly 
underestimate prevalence, demonstrated 
by a study in Alberta where 27% of culled 
ewes were positive on histopathology, but 
using the AGID there was a seroprevalence 
of only 13%.' 

In the United Kingdom, MW was intro¬ 
duced more recently, and so this country has 
lower flock and within-flock prevalence rates 
(estimated at 3% and up to 15%, respectively, 
in 2010). However, there is concern that the 
prevalence of maedi-visna may be increas¬ 
ing, demonstrated by a steady increase in the 
number of introduced infections in approxi¬ 
mately 2600 flocks that participate in a 
maedi-visna accreditation scheme. These 
breakdowns are usually caused by flocks not 
adhering to the biosecurity rules of the 
scheme, such as introducing sheep into a 
nonaccredited flock on the same holding. 3 

There is considerable variation in the 
prevalence of seropositive sheep between 
flocks. Rates of seropositivity increase with 
age, and so within-flock seroprevalence is 
influenced by the average age of the flock. 
Flock seroprevalence also has been positively 
associated with the use of foster ewes, allow¬ 
ing lambs older than 1 day to have contact 
with other lambing ewes, flock size, close 
contact during confinement for lambing, 
stocking density on pasture, and the length 
of time that the flock has been in existence. 
Within flock seroprevalence is much higher 
in flocks that are also infected with pulmo¬ 
nary adenomatosis compared with those that 
are not. 

Transmission 

The disease is spread most commonly 
by inhalation of infected aerosols and the 
ingestion of infected colostrum or milk. Ver¬ 
tical transmission following in utero infec¬ 
tion is possible but relatively uncommon. 
Virus is also shed in the semen of infected 
rams if there are leukocytes in the semen, 
and so this risk may be increased in rams 
that are also infected with Brucella ovis. 

Lambs may contract the infection at or 
shortly after birth, either from contact with 
infected ewes or from ingestion of infected 
colostrum and milk. The virus then infects 







dendritic cells at the mucosal surface, and 
these migrate to local lymph nodes, where 
virus is transferred to macrophages and 
spreads systemically. 2 Alveolar macrophages 
play a similar role when infection occurs via 
the respiratory route. Lambs born to sero¬ 
positive ewes have a significantly greater risk 
of infection than those from seronegative 
ewes, and lambs born to ewes that have been 
infected for a long time are at greater risk of 
infection. The chance of transmission to 
lambs from infected ewes increases with the 
period of contact, but it can occur within the 
first 10 hours of life. 

Lateral transmission can occur in older 
sheep, and this was probably important in 
the transmission of the disease in Iceland 
and the Basque area of Spain, and it has been 
a significant component of the spread of 
infection of the virus in flocks in the United 
Kingdom. In some flocks, the spread of 
infection can be rapid, and the majority of 
the flock can seroconvert within a few years 
of the introduction of infected sheep. The 
spread of infection is often rapid in flocks 
that are concurrently infected with the retro¬ 
virus causing pulmonary adenomatosis. 
There are many macrophages in the lungs of 
these sheep, and so these cells will also be 
infected with MW if it is present. In dual- 
infected sheep, the copious lung fluid pro¬ 
duced by sheep with pulmonary adenomatosis 
contains MW and can increase the risk of 
lateral transmission of maedi-visna. 

Economic Importance 

Economic loss from this disease is associated 
with increased mortalities, decreased lon¬ 
gevity, decreased value of cull animals, and 
reduced productivity associated with sub- 
clinical infections, such as failure to thrive or 
to rear lambs. Losses are usually more severe 
in intensive housed operations, and they can 
be catastrophic in flocks that derive a large 
proportion of income from the sale of breed¬ 
ing animals (stud or seedstock flocks). 

Clinical disease occurs in sheep 2 years 
old or older, usually in sheep 3 to 4 years of 
age. Severe disease is more likely when the 
within-flock prevalence exceeds 50% and 
has a case-fatality rate of 100%. 9 Up to 
30% of infections are subclinical, and so 
clinical disease may not be obvious or 
common in flocks that have a low preva¬ 
lence. A high proportion of infected sheep, 
premature culling, and high mortality rates 
have occurred in flocks in Iceland, the Neth¬ 
erlands (particularly the Texel breed), the 
United States, the United Kingdom, and 
other European countries, especially in 
intensively managed dairy flocks. 

It is possible that the major economic loss 
associated with infection with these viruses 
rests with the effects of subclinical infection 
on productivity of infected flocks. Subclini¬ 
cal infection of breeding ewes in some flocks 
has been associated with a reduction in con¬ 
ception rate and lowered birth weights and/ 
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or reduced growth rates in their lambs. The 
reduction in growth rate of the lamb is asso¬ 
ciated with indurative mastitis and a lowered 
milk intake. This may be expressed by a 
decreased growth rate of lambs from only 
older ewes. In other flocks there has been no 
evidence of effect on the birth weight or 
growth rate of lambs born of infected ewes. 
Subclinical infection has no effect on mature 
ewe body weight or greasy fleece weight. 

PATHOGENESIS 

SRLV infections are classed as immunopath- 
ologic diseases, whereby the host immune 
response is responsible for most of the 
pathology rather than the virus itself. 

The virus infects cells of the monocyte/ 
macrophage lineage and attaches to cells by 
the binding of its envelope glycoprotein to 
specific receptors on the cell surface. The 
virus replicates its RNA genome via a DNA 
intermediate provirus that is integrated into 
the chromosomal DNA of infected cells. 
With initial infection there is virus replica¬ 
tion; this is followed by an immune response 
that restricts viral replication but fails to 
eliminate the virus completely. The immune 
response occurs between 2 and 8 weeks after 
infection, with antibody to different viral 
antigens emerging at different times during 
this period, although some sheep do not 
develop an antibody response until several 
months after infection. The ability to estab¬ 
lish latent infection of monocytes, which 
then transfer virus to other organs, may be 
related to the fact that SRLV are relatively 
poor at inducing type 1 interferon (IFN), an 
important mediator of immunity to viral 
infection. 

In monocytes, replication is restricted 
and does not proceed beyond the synthesis 
of provirus in most infected cells. The prin¬ 
cipal site of virus replication is the macro¬ 
phage, and pulmonary secretions and milk 
containing infected macrophages are the 
main source of virus for natural transmis¬ 
sion. Diseases such as pulmonary adenoma¬ 
tosis, which increase the number of 
macrophages in lung secretions, will facili¬ 
tate transmission of ovine progressive pneu¬ 
monia virus via aerosols. 

The replication of virus initiates viral- 
specific immune responses (immune activa¬ 
tion), and immune-mediated lesions develop 
in various organs. Production of viral antigen 
attracts more monocytes, which become 
latently infected, and so a cycle of latent 
infection and immune activation, with lym¬ 
phocytic hyperplasia, is established. 2 The 
infected macrophages in the affected tissues 
are surrounded by a slowly progressing 
inflammatory response, creating a focus of 
mononuclear cell aggregation. Many tissues 
can be involved, but the lungs, mammary 
gland, central nervous system and joints are 
most affected. Any or all of these organs can 
be affected in a single sheep, but genetic dif¬ 
ferences in host susceptibility and the virus 


often lead to a predominance of a single syn¬ 
drome in a flock. For example, Border 
Leicesters in the United States and Texels in 
Holland appear more susceptible to lung 
infection (maedi), whereas Icelandic sheep 
are more susceptible to the central nervous 
disease (visna). 

In the lung there is a gradual develop¬ 
ment of a lymphocytic interstitial pneumo¬ 
nia dominated by CD8+ T lymphocytes, 
hyperplasia of smooth muscle, and fibrosis. 2 
There is no healing or shrinkage of tissue, so 
the lungs increase in size and weight, alveolar 
spaces are filled, and dyspnea and anoxia 
gradually develop. The pathologic lesions 
develop very slowly during the preclinical 
and clinical stages of the disease, so that they 
are widespread and there is little ability to 
compensate when clinical signs do appear. In 
the central nervous system there is infiltra¬ 
tion of the meninges and white matter 
with lymphocytes. The demyelination that 
occurs in visna is believed to result from the 
direct effect of the virus on oligodendrocytes 
and astrocytes and is believed to be the result 
of an inflammatory response provoked 
by the presence of viral antigen in these 
cells. Similar infiltrations occur in the 
udder. Lymphoid follicles are found in the 
alveolar parenchyma, often with atrophy of 
the alveolar tissue. Numerous lymphocytic 
follicles also occur around the lactiferous 
ducts, some of which may be occluded by 
lymphocytic aggregates protruding into their 
lumens. 

CLINICAL FINDINGS 

There is a long incubation period. Clinical 
disease, if it occurs, does not develop before 
2 years of age, and most clinically affected 
sheep are older than 3 years. The clinical 
signs develop insidiously and progress 
slowly, and there is a long clinical course. 

The earliest signs are usually listlessness 
and loss of body condition that progresses to 
emaciation. The presenting syndrome can be 
one of an increased cull rate of ewes in poor 
condition. Signs of respiratory involvement 
are not evident in the initial stages of the 
disease, but there is exercise intolerance, and 
affected sheep will fall back behind the flock 
when the flock is moved. Dyspnea, with an 
increase in respiratory rate (80-120/min at 
rest) and flaring of the nostrils, or open- 
mouth breathing, develops later, but there is 
no evidence of excess fluid in the lungs. 
There may be coughing and some nasal dis¬ 
charge, but in most instances this occurs in 
sheep with secondary bacterial pneumonia. 
The body temperature is in the high normal 
range, and there may be inflammation of the 
third eyelid. Clinical illness lasts for 3 to 10 
months, and the disease is always fatal. Clini¬ 
cally affected sheep are more prone to other 
diseases, such as pregnancy toxemia. In some 
sheep, clinical respiratory disease is minimal, 
and the major manifestation is wasting and 
the thin ewe syndrome. 
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Indurative mastitis (“hard bag” or “hard 
udder”) also has an insidious onset, with 
ewes usually in their third or later lactation 
before the disease becomes clinically obvious, 
although histologic changes will be apparent 
far sooner. In early stages, hardening of the 
udder is more easily detected at drying off. 
In advanced cases the udder is enlarged and 
uniformly very firm, but the teats are limp. 
There is very little milk in the teat cistern, 
although it appears normal. 9 Mammary 
involvement may occur, along with signs of 
respiratory infection, or affected ewes may 
show no other clinical abnormality. The 
lambs of ewes with less severe involvement 
may have a reduced growth rate. 

Arthritis is occasionally seen in naturally 
infected sheep, usually when they are from 1 
to 6 years of age. These sheep become lame 
and emaciated, with obvious swelling of the 
carpal joints. 

CLINICAL PATHOLOGY 

There is a progressive, moderate hypochro¬ 
mic anemia, with hemoglobin levels falling 
from 12 to 14 g/dL to 7 to 8 g/dL, and some 
depression of the red cell count. There is a 
tendency to leukocytosis, which in experi¬ 
mental infections is quite marked between 
exposure and the onset of clinical disease, 
but the count returns to normal when clini¬ 
cal signs appear. There is also hypergamma¬ 
globulinemia. There is an increase in the 
number of lymphocytes and neutrophils in 
bronchoalveolar lavage fluid, with more 
CD8+, fewer CD4+, and an inversion of the 
CD4+/CD8+ cell ratio. 

In clinical cases, diagnosis is by the pres¬ 
ence of the appropriate clinical syndrome, 
supported by the presence of a positive 
serologic test for the virus. A positive 
serologic test, by itself, has limited value for 
the diagnosis of individual sheep because 
there is a high prevalence of seropositivity in 
many flocks, especially in older animals. A 
positive test indicates that the animal is 
infected, but does not indicate that signs or 
lesions are attributable to infection with the 
virus. 

Detection of Antigen 

PCR is a sensitive method for detection of 
small amounts of viral nucleic acid, but it 
may not be available for routine diagnosis 
in some jurisdictions. It has been used to 
detect antigen in the third eyelid of infected 
sheep. 

Serologic Tests 

Assessing flock status (the presence or 
absence of infection) and the status of an 
individual sheep currently relies on serologic 
testing. The agar gel immunodiffusion 
(AGID) and ELISA tests are used in most 
countries. The AGID test is easy to perform 
and inexpensive, and thus it is often the most 
commonly used routine diagnostic test. It 
has a high specificity but often a lower 


sensitivity than the indirect and competitive 
ELISA tests, which may vary depending on 
the antigen used. 10 Sensitivities of these tests 
vary from 64% to 97%, and thus they will be 
unsuited for diagnosis of infection in indi¬ 
vidual animals or use in test and cull pro¬ 
grams if at the lower end of this range. The 
value of serologic testing rests primarily with 
the establishment of the infection status of 
the flock. A negative test in an individual 
sheep could mean that the sheep is free of 
infection, but this result can also occur in an 
infected animal that has not yet responded 
to infection. 

A commercial indirect ELISA using a 
recombinant core protein and a synthetic 
transmembrane protein as antigens was 
developed in the Netherlands. Although it 
had high sensitivity and specificity, it was 
labor intensive and expensive, and so a 
pooling procedure that required modifica¬ 
tions to the test was developed. 11 Subse¬ 
quently, testing of bulk milk tank samples by 
ELISA or PCR was confirmed as a cost-effec¬ 
tive alternative for flock testing and capable 
of detecting early infection in dairy flocks. 
The ELISA detected a within-herd preva¬ 
lence of less than 1% when samples were 
tested undiluted and less than 3% when 
using samples diluted 1 in 10. 12 All the bulk 
milk samples from known SRLV-free flocks 
(138) tested negative, whereas 50% of 
samples from flocks with an unknown SRLV 
status (111) were positive. 12 Agreement 
between the ELISA and two real-time PCR 
tests on a subsample of 59 milk samples was 
90% for the LTPCR and 98% for the leader- 
gag PCR. 12 

NECROPSY FINDINGS 

Lesions may be present in the lungs and 
associated lymph nodes, brain, joints, 
mammary gland, and blood vessels, but 
gross lesions in most sheep are confined to 
the lungs and, in some cases, the mammary 
glands. In advanced cases, the lungs are 
larger and 2 to 4 times as heavy as normal 
lungs. They collapse much less than normal 
when the chest is opened, and are gray-blue 
to gray-yellow in color. There is a diffuse 
thickening of both lungs, with abnormal 
color and consistency in all lobes and consis¬ 
tent enlargement of the bronchial and 
mediastinal lymph nodes. Histopathologic 
changes are characteristic of a chronic inter¬ 
stitial pneumonia, with proliferation of lym¬ 
phoid tissue and the presence of numerous 
lymphoid follicles. There is infiltration of 
lymphocytes and macrophages in the inter¬ 
alveolar septa, which are thickened, and the 
bulk of the alveolar space is replaced by the 
thickened alveolar walls. Larger airways are 
unaffected. There is a complete absence of 
healing, consistent with the progressive 
nature of the disease, and vasculitis is often 
present. 

Lesions of arthritis, encephalitis, and 
mastitis are often present. The mastitic lesion 


comprises an interstitial accumulation of 
lymphocytes and the presence of periductal 
lymphoid nodules with atrophy of alveolar 
tissue. Culture of the virus is difficult, and 
confirmation of the diagnosis is often limited 
to the presence of characteristic microscopic 
lesions, preferably supported by a positive 
serologic titer to the virus. Immunohisto- 
chemistry is highly specific, but it may not 
be routinely available. 

Samples for Confirmation 
of Diagnosis 

• Virology—lung, mammary gland, 
synovial membrane, brain (PCR, 

ISO) 

• Bulk or individual milk—(PCR, 
ELISA) 

• Serology—heart blood serum 
(AGID, ELISA, PCR) 

• Histology—formalin-fixed lung, 
bronchial lymph node, mammary 
gland, synovial membrane, half of 
brain section midsagittally (LM, 

IHC) 


DIFFERENTIAL DIAGNOSIS 


There are several chronic pneumonias 
requiring differentiation from maedi: 

• Jaagsiekte 

• Parasitic pneumonia 

• Chronic suppurative pneumonia 

• Caseous lymphadenitis 

• Postdipping pneumonia 

• Enzootic pneumonia 

• Melioidosis 

• Chronic wasting conditions: 

• Johne's disease 

• Caseous lymphadenitis 


TREATMENT 

No treatment has been successful. Secondary 
bacterial infections can be treated with com¬ 
monly used antibiotics, such as tetracyclines, 
but there will be no improvement in the 
underlying chronic pneumonia. 

CONTROL 

In the past, the only control attempted was 
eradication by complete destruction of all 
sheep in a flock or area and subsequently 
restocking. However, it is possible to greatly 
reduce the prevalence, and even eradicate the 
disease, by either (a) testing all sheep and 
removing seropositive sheep from the flock, 
or (b) by removal of lambs at birth and 
rearing them in isolation from other sheep. 

Many jurisdictions have developed 
accreditation programs for flocks to establish 
that they have a low risk of infection with 
MW. Once flocks are seronegative they are 
subjected to testing at various intervals, typi¬ 
cally 1 to 3 years depending on an assessment 
of the biosecurity risk and the presence of 
untested sheep on the same farm holding. 
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Test and Cull 

Test and cull involves the detection and 
culling of seropositive animals and is the pre¬ 
ferred method when lateral transmission is 
the dominant mode of transmission in the 
flock. All sheep (and goats) on the farm are 
serologically tested once or twice a year, and 
seropositive animals and their progeny of 
less than 1 year of age are removed (culled), 
preferably for slaughter. If immediate slaugh¬ 
ter is not feasible, the seronegative flock must 
be kept isolated from infected sheep and 
clothing and equipment that have been in 
contact with any seropositive animals. 
Testing is continued semiannually or annu¬ 
ally until there are at least two consecutive 
negative tests. The offspring of older sero¬ 
negative ewes are kept for replacements. 
Using this approach, an initial seropreva- 
lence to MW of 66% in a Spanish dairy flock 
was reduced to 0.2% within 2 years and 
remained below 2.2% for the next 4 years, 
and the seronegative flock returned to pretest 
numbers within 8 years. 13 

Testing all animals, not just those greater 
than 1 year old, using a combination of serol¬ 
ogy and real-time PCR assay to detect provi- 
ral DNA, combined with a shorter testing 
interval of 3 months, may be able to acceler¬ 
ate eradication. 14 Using this system, antibody 
and proviral DNA-negative ewes, proviral 
DNA-negative lambs, and antibody and pro¬ 
viral DNA-negative yearling ewes were 
retained as breeders. The PCR test can dis¬ 
criminate lambs that are not infected but 
serologically positive as a result of maternal 
antibodies. 

Segregated Rearing 

Lambs must be separated from the ewes at 
birth and receive no colostrum from their 
dam. They can be given bovine colostrum, or 
colostrum from a known seronegative flock, 
then reared on milk replacer completely 
separate from other sheep. This method may 
be of particular value when lines of sheep of 
high genetic merit are desirable to maintain. 
The disadvantage is that it is labor-intensive 
and expensive, and there is no cash flow 
unless the infected sheep are maintained in 
production pending the establishment of a 
mature infection-free flock. However, retain¬ 
ing infected sheep creates considerable 
potential for reinfection of the artificially 
reared flock, either via accidental contact or 
fomites. 

With either method, any future introduc¬ 
tions into the flock should be sourced from 
a known seronegative flock. 

Flock Biosecurity and Other 
Control Methods 

Once infection is introduced it is difficult 
and expensive to eradicate; thus, establish¬ 
ing and maintaining good biosecurity is 
a cost-effective way of preventing the 
introduction of maedi-visna and other 
important infectious diseases, such as foot 


rot. Unfortunately, the specificity and sensi¬ 
tivity of most currently available serologic 
tests are inadequate to reliably determine 
the infection status of an individual. Con¬ 
sequently, the results of flock tests from a 
potential source of replacement sheep 
should be examined, along with postmor¬ 
tem and other animal health records if these 
are available. Rams and replacement ewes 
should be acquired from accredited free 
flocks in countries where these programs 
exist and should be transported directly 
from the source farm rather than through 
markets or farms of unknown status. 

Other control procedures that attempt to 
limit or delay the spread of infection and, 
consequently, the occurrence of clinical 
disease within an infected flock have limited 
success. Lambing in sheds and close confine¬ 
ment paddocks is conducive to spread of 
disease, and so ceasing or modifying this 
practice is recommended for infected flocks. 
In flocks that have a high incidence of clini¬ 
cal disease, culling animals before the age at 
which they develop clinical signs can reduce 
the economic impact of the disease. 

In countries where the disease is endemic, 
there is often a great deal of movement of 
animals between farms, especially rams 
but also replacement ewes. Thus restricting 
movement of animals between farms and pre¬ 
venting comingling in common grazed areas 
should help limit the spread of the disease. 

Vaccination and Genetic Selection 

There is currently no effective vaccine against 
the SRLVs, including MW and OPPV, and 
in some cases candidate vaccines have 
enhanced viremia and/or the immune- 
mediated pathology of the disease. 2 The 
difficulty in developing effective vaccines 
is common among the lentiviruses, with 
various approaches, including attenuated 
vaccines, vector vaccines, and proviral DNA 
vaccines, having little success. The reasons 
are obscure but probably relate to the 
underlying dysfunction in T-cell-mediated 
immune responses. 

However, marker-assisted genetic selec¬ 
tion, to identify those sheep less susceptible 
to infection, has the potential to supplement 
existing control measures. For example, in a 
trial involving 187 lambs, the probability of 
infection following natural exposure to 
OPPV was 3.6 times greater in crossbred 
lambs with susceptible or heterozygous dip- 
lotype to ovine transmembrane protein gene 
154 (TEM154 diplotype “1 3” or “3 3”) com¬ 
pared with lambs with diplotype “1 l.” 15 This 
is an active research area, and it is expected 
that additional markers will be identified 
with additional investigations. 
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OVINE PULMONARY 
ADENOCARCINOMA 
(JAAGSIEKTE, PULMONARY 
ADENOMATOSIS) 


SYNOPSIS 


Etiology Jaagsiekte sheep retrovirus. 

Epidemiology Disease of mature sheep with 
geographic clustering but low prevalence. 
Spread probably mainly by respiratory route 

Key signs Dyspnea, profuse watery 

pulmonary discharge, loud fluid sounds on 
auscultation, long clinical course with 
progressive emaciation. 

Pathology Tumors in lung. 

Diagnostic confirmation Histologic changes 
are diagnostic and histopathologic 
confirmation, including 
immunohistochemistry, is the only method 
currently available. 

Treatment None. 

Control Culling and strict biosecurity. 


Jaagsiekte is Afrikaans for “driving disease” 
because of the tendency for affected sheep to 
show clinical signs when driven. The disease 
manifests clinically as a chronic progressive 
pneumonia and is a contagious disease of 
sheep resulting from the development of a 
bronchioalveolar adenocarcinoma in the 
lungs. 
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ETIOLOGY 

The disease is associated with an infectious 
beta-retrovirus, jaagsiekte sheep retrovirus 
(JSRV) of the family Retroviridae. JSRV has 
two forms, an exogenous infectious form 
that alone can produce the disease and an 
endogenous RSRV-related provirus that is 
present in all sheep genomes. 1 The disease 
has been transmitted experimentally with 
partially purified retrovirus from infected 
lungs, by infection with cloned JSRV, and 
supportive evidence for retrovirus as the 
causative agent includes an inverse dose 
relationship between reverse-transcriptase 
activity in the infectious inoculum and the 
incubation period of the experimental 
disease. 

The presence of retrovirus has been dem¬ 
onstrated in the lungs of sheep with jaag¬ 
siekte in different countries, there is serologic 
cross-reactivity, and strains from different 
countries have been sequenced. 

A herpesvirus has also been isolated in 
several countries from the lungs of sheep 
with jaagsiekte, but epidemiologic studies 
show that it is not the causative agent. 

EPIDEMIOLOGY 

Occurrence 

The disease has worldwide distribution and 
is recorded in most countries that have sig¬ 
nificant sheep populations, with the excep¬ 
tion of Australia and New Zealand. Until 
recently there has been no practical method 
to detect infected sheep, and estimates of the 
prevalence of jaagsiekte are largely based on 
clinical or postmortem observations. The 
prevalence of the disease appears to vary 
depending on the breed of sheep and the 
type of flock management. In most endemi- 
cally infected flocks, annual losses attribut¬ 
able to jaagsiekte are between 2% and 10%, 
although the tumor is present in a much 
higher proportion of the flock, and infection 
without lesions is also common. Annual 
mortality can be higher in flocks where the 
infection has recently been introduced and 
before the disease becomes endemic. PCR 
analysis of peripheral blood leukocytes of 
sheep in infected flocks shows significantly 
higher rates of nonclinical infection. 

Prevalence varies between countries, and 
there can be areas of high prevalence within 
countries; in Britain, the Borders and the east 
coast of Scotland, and East Anglia in England, 
appear to be foci of infection from which 
other outbreaks arise. The prevalence may be 
higher than generally recognized; in a biased 
sample, histologic evidence of jaagsiekte was 
detected in 25% of cases of pneumonia in 
sheep submitted to a diagnostic laboratory in 
Scotland over a 6-year period. In a more 
recent study, ovine pulmonary adenocarci¬ 
noma was confirmed in 0.8% of fallen 
(culled) adult sheep at a slaughterhouse. 2 

The disease is also a significant cause of 
mortality in adult sheep in South Africa and 
Peru, but it is a minor disease in the United 


States and Canada. It occurred in epizootic 
proportions in Iceland during the same 
period of time as the maedi-visna epizootic 
but has been eradicated by a rigorous slaugh¬ 
ter policy. 

Animal and Environmental 
Risk Factors 

Mature sheep, 2 to 4 years of age, are most 
commonly affected, but the disease can 
occur in younger animals. There are reports 
of the occurrence of jaagsiekte in goats at 
very low prevalence rates in India and 
Greece, and the disease has been experimen¬ 
tally transmitted to goat kids. The lesions 
produced were small and circumscribed, and 
goats have low susceptibility to infection. 

Jaagsiekte has a prolonged clinical course 
and is uniformly fatal. In some reports there 
is a greater prevalence of onset of clinical 
disease in the winter months, but in others 
there is no seasonal variation in clinical 
onset. Ewes may show a sudden onset of 
clinical disease in late pregnancy. 

The incubation period in natural cases is 

1 to 3 years, but it may be as short as 5 to 12 
months after experimental transmission. 
Clinical disease is rare in sheep younger than 

2 years and is most common at 3 to 4 years 
of age. Very rarely, cases occur in lambs 3 to 
6 months old, and disease can be reproduced 
in lambs of this age by challenge of very 
young lambs. A genetic or familial suscepti¬ 
bility to the disease is suspected. 

Because of the method of spread, the 
disease is likely to assume more importance 
in systems of sheep husbandry where there 
are significant periods of close contact, as, for 
example, occurs with intensified lamb-rear¬ 
ing systems. Close housing during the winter 
is a potent predisposing cause and probably 
accounted for the occurrence of the disease 
in epizootic form in Iceland. However, the 
disease occurs commonly in range sheep in 
other countries. Sheep that have a combined 
infection with jaagsiekte and the maedi- 
visna lentivirus have an increased ability to 
transmit maedi-visna infection, and flocks 
with the combined infection can suffer high 
losses from pneumonic disease. 

Transmission 

Experimental transmission has been effected 
by pulmonary or IV injection, or by intratra¬ 
cheal inoculation of infected lung material. 
The incubation period of the experimental 
disease in young lambs is much shorter 
than that in mature sheep. The disease has 
also transmitted by inhalation of infected 
droplets when sheep are kept in close contact, 
and it is assumed that the natural mode of 
transmission is by droplet infection from 
respiratory secretions, which are copious in 
sheep with clinical disease. A longitudinal 
study of the natural transmission showed 
that infection established readily and rapidly 
in young lambs and also horizontally in adult 
sheep, but that the majority of infected sheep 


did not show clinical disease during their 
commercial life span. 

PATHOGENESIS 

The virus replicates in the type II pneumo- 
cytes in the alveolus. Type II pneumocytes 
and Clara cells in the terminal bronchioles 
are transformed, and their growth produces 
intraalveolar and intrabronchiolar polypoid 
ingrowths. These cells are surfactant- 
producing secretory cells, and there is also 
copious production of fluid. The excessive 
surfactant-like protein produced in the 
tumor provides a stimulus for the accumula¬ 
tion of macrophages seen in association with 
this disease. The adenomatous ingrowths of 
alveolar epitheliums encroach gradually 
upon alveolar airspace so that anoxic anoxia 
occurs. The lesions produced by experimen¬ 
tal inoculation are identical with those of the 
naturally occurring disease. 

CLINICAL FINDINGS 

Affected sheep are afebrile and show pro¬ 
gressive respiratory distress with loss of 
weight. Clinical signs are not evident until a 
significant proportion of the lung is compro¬ 
mised by the tumor. 1 Occasional coughing 
and some panting after exercise are the earli¬ 
est signs, but coughing is not a prominent 
sign in this disease unless there is concurrent 
parasitic pneumonia. Subsequently there is 
emaciation, dyspnea, lacrimation, and a 
profuse watery discharge from the nose, with 
death from 6 weeks to 4 months later. A diag¬ 
nostic test, colloquially known as the wheel¬ 
barrow test, in this disease is to hold the 
sheep up by the hindlegs: in affected animals 
a quantity of watery mucus (up to about 
200 mL) runs from the nostrils. Moist crack¬ 
les are audible over the affected lung areas 
and may be heard at a distance, so that a 
group of affected animals are said to produce 
a sound like slowly boiling porridge. There is 
no elevation of body temperature unless 
there is secondary infection, and the appetite 
is normal. Advanced cases may have cor pul¬ 
monale. Pasteurellosis (Mannheimia haemo- 
lytica) is a common complication and often 
the cause of death. 

CLINICAL PATHOLOGY 

No immune reaction can be detected in 
affected animals, and there is no serologic 
test. Sheep in advanced stages of the disease 
may show neutrophilia and lymphocytope¬ 
nia. The pulmonary fluid contains round 
or spherical clusters of epithelial cells, 
which have the hyperplasic adenomatous 
epithelium typical of pulmonary lesions and 
increased numbers of macrophages. Earlier 
reports of a consistent elevation in circulat¬ 
ing immunoglobulin concentrations have 
not been substantiated. JSRV can be detected 
by exogenous JSVR-specific PCR in periph¬ 
eral blood leukocytes and can be used to 
demonstrate that JSVR is not present in 
flocks or regions. 3 
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NECROPSY FINDINGS 

Lesions are usually restricted to the thoracic 
cavity. As in maedi, the lungs are grossly 
increased in size and in weight (up to 3 times 
normal). There are extensive areas of neo¬ 
plastic tissue, particularly of the anterioven- 
tral regions of one or both lungs, with smaller 
lesions in the diaphragmatic lobes. The 
affected areas are solid and slightly raised 
above the adjacent normal lung. This, with 
the excess frothy fluid in the bronchi, is char¬ 
acteristic. The bronchial and mediastinal 
lymph nodes are enlarged and hyperplastic, 
and they occasionally contain small metasta- 
ses. Pneumonic pasteurellosis is a frequent 
complication, and secondary pulmonary 
abscesses and pleurisy may develop. Histo¬ 
logically, the alveolus is lined by cuboidal 
and columnar epithelial cells that form char¬ 
acteristic adenomatous ingrowths of alveolar 
epithelium into the alveolar spaces. 

Differences between the pathology of 
classical (progressive) and atypical (nonpro¬ 
gressive) forms of the disease are seen using 
immunohistochemistry, with an influx of 
T-cell subsets and expression of MHC class 
II in the latter. 4 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed lung, 
bronchial lymph node (LM) 


DIFFERENTIAL DIAGNOSIS 


Chronic pneumonias requiring differentiation 
from jaagsiekte: 

• Maedi 

• Parasitic pneumonia 

• Chronic suppurative pneumonia 

• Caseous lymphadenitis 

• Postdipping pneumonia 

• Enzootic pneumonia 

• Melioidosis 

TREATMENT 

No treatment is available. 

CONTROL 

In Iceland, where the disease assumed epizo¬ 
otic proportions, eradication was achieved in 
the 1950s by complete slaughter of all sheep 
in the affected areas. In areas where the prev¬ 
alence is lower, the disease can be satisfacto¬ 
rily controlled, but not eradicated, by 
slaughter of clinically affected sheep. There is 
evidence that the disease is spreading in 
sheep populations in some countries, such as 
the United Kingdom, and flocks that are free 
of disease should attempt to obtain replace¬ 
ment sheep from flocks that are free of 
jaagsiekte. Infected flocks can reduce the 
prevalence of disease by culling sheep at 
the onset of clinical signs and also culling 
the progeny of affected ewes. PCR can detect 
infection in the preclinical stages, but there 
has been no trial to establish if eradication 


from a flock can be achieved with this 
technology. 

Exclusion of the disease from unaffected 
flocks requires strict biosecurity measures. 

FURTHER READING 

Griffiths DJ, Martineau HM, Cousens C. Pathology and 
pathogenesis of ovine pulmonary adenocarcinoma. 

/ Comp Pathol. 2010;142:260-283. 

Radostits O, et al. Ovine pulmonary adenocarcinoma 
(jaagsietke, pulmonary adenomatosis). In: 

Veterinary Medicine: A Textbook Of the Disease of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1366-1368. 
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NASAL BOTS INFESTATION 

Infestation of sheep and goats with larvae of 
the nasal hot fly (Oestrus ovis ) has a serious 
effect on the productivity and welfare of both 
sheep and goats. Adult activity induces stress 
responses and significant behavioral change. 
Larval infestation induces moderate to 
severe pathology that reduces productivity. 

Similar flies are known to affect horses, 
donkeys, and mules (Rhinoestrus spp.) in the 
Mediterranean region and to affect camels 
{Cephenemyia titillator) in Africa and Aus¬ 
tralia. Wild ungulates are affected by nasal 
hots (e.g., Cephenemyia spp.). Very little is 
known about the pathology and impact of 
these later groups of flies, but similarities in 
life history suggest their effects will be similar 
to those discussed here. 


SYNOPSIS 


Etiology Oestrus ovis inhabits the nasal 
passages and sinuses of sheep and goats. 
Similar species affect horses and camels. 

Epidemiology Larvae are sprayed onto the 
nares of hosts by passing females. Flies are 
active during spring and summer, inducing 
behavioral changes in hosts under attack. 

In temperate climates there is only a single 
generation per year, but in warmer 
climates two generations occur. First instars 
in the nasal passages undergo hypobiosis 
during winter or hot summer when survival 
of pupae or adults is low, resuming 
development when conditions are more 
favorable. 

Clinical signs Shortly after arrival of the 
larvae an increase in nasal discharge and 
sneezing are evident. As the infestations 
develop the amount of discharge increases 
and the nostrils may become caked with 
dust and debris, forcing the infested 
animals to breathe through their mouth. 

Clinical pathology Changes are noted to the 
mucosa of the ethmoid and sinus regions. 


Inflammation of these surfaces tissues is 
evident and increases as the larvae become 
mature. Changes to the epithelial structure 
are noted, including the erosion of the 
surface ciliary covering and a breakdown in 
epithelial cell integrity. Abrasive action of 
the body armature and the activity of 
proteolytic enzymes excreted/secreted by 
the larvae are responsible for the 
pathology. Secondary effects Include the 
induction of lung lesions and the activation 
of latent "orf" infections. Diagnostic 
confirmation. Behavioral changes during fly 
season and nasal discharge 

Differential diagnosis Unthriftiness usually 
caused by helminth infection. 

Treatment Macrocyclic lactone endectocides, 
clorsulon. 

Control Treatment given when fly activity has 
ceased. 


ETIOLOGY 

The sheep nose hot affects sheep and goats in 
most regions, but it is particularly significant 
in the Mediterranean basin, central America, 
southern Africa, and eastern Europe. The 
larvae inhabit the nasal passages and sinuses, 
eventually being expelled through the nares. 
Goats are less dramatically affected than 
sheep. The slightly dorsoventrally flattened, 
segmented larvae are light cream in color, 
but as they reach maturity dark bands appear 
on each segment. Species affecting horses 
and camels have distributions that are 
similar. 

LIFE CYCLE AND EPIDEMIOLOGY 

The adult fly is stout, mottled gray in color, 
and about 1cm long. Its mouthparts are rudi¬ 
mentary, and it does not feed. In North 
America, flies emerge in the late spring and 
mate, and the females begin larviposition 
activities approximately 2 to 3 weeks later. 
Adult flies attempting to deposit larvae on 
the nares annoy the sheep and cause them to 
bunch or seek shelter. Stamping of the feet 
and shaking of the head are common. Sheep 
may bunch together and press their heads 
into the fleece of others. Fly activity occurs 
primarily during the warmer parts of the day 
but still may result in the loss of a good deal 
of grazing time. Behavioral changes in goats 
are less dramatic, presumably because of 
their browsing habit. 

Larval development takes place in in the 
dorsal turbinates and frontal sinuses. The 
period of development can vary 3 weeks to 
several months, after which they migrate to 
the nostrils. Larvae feed on the mucosal 
secretions and cells eroded from the mucosal 
epithelium. The larvae are thick, yellowish- 
white in color, and when mature there is a 
dark dorsal band on each segment. The 
ventral surface has rows of small spines on 
each segment. Mature larvae exit the host, 
usually during a bout of sneezing, and 
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actively burrow beneath the upper layers of 
soil and ground litter. Pupation occurs at 
these locations, and development of the 
adults requires 4 to 5 weeks but may take 
longer at low temperatures. In temperate 
areas there may be one or two generations 
per year, but several generations may be 
completed in hot areas. O. ovis are adapted 
to the various climates prevailing wherever 
sheep and goats are kept. When winters are 
cold, the larvae can overwinter by remaining 
dormant in the first instar (hypobiosis), but 
in warmer climates development may con¬ 
tinue throughout the winter. In those regions 
where summer temperatures are extreme, 
the larvae will also undergo hypobiosis. 

O. ovis are an important zoonosis because 
the females may larviposit in the eye, in the 
nose, or on the lips of humans. In some 
countries ophthalmomyiasis or infection of 
the upper respiratory tract is a common 
occurrence. 

PATHOGENESIS 

The stress of the larviposition attacks can be 
significant with reduced grazing time and 
overheating resulting from bunching. Herds¬ 
men find the animals are more nervous and 
difficult during the fly activity periods. 

Larvae induce a gradually increasing rhi¬ 
nitis and sinusitis as the infestation persists. 
Marked changes in the structure of the epi¬ 
thelial tissues are noted, with a marked cel¬ 
lular degeneration and a loss of the ciliary 
layer. The changes are a result of both 
mechanical activity of the larval spines and 
mouthhooks and the effect of proteolytic 
enzymes excreted or secreted. 1,2 Varying 
degrees of mucous discharge are observed in 
the later stages of the infestation. This can 
lead to the nostrils being occluded by adher¬ 
ent straw and dust. 

CLINICAL FINDINGS 

Early in the infestation there is a distinct rhi¬ 
nitis accompanied by a muco- to mucopuru¬ 
lent discharge. 1 Later as larvae mature a 
sinusitis is evident. Presence of mature larvae 
in nasal cavities may induce excessive sneez¬ 
ing, which assists larval exit. 

Activity of the larvae in the nasal cavities, 
and the changes they induce lead to an 
increases incidence of secondary pathology. 
The number and severity of lung abcess are 
more significant in nose bot-infested sheep. 
The presence of hots also is correlated with 
increased carcinomas and may lead to reac¬ 
tivation of latent “orf ” symptoms. 

DIAGNOSIS 

The behavioral changes during fly activity, 
including bunching and burying of noses in 
neighbors’ fleeces, is a reliable indicator of fly 
attack. Nasal discharge and excessive sneez¬ 
ing are highly suggestive but not definitive. 
Infested sheep and goats develop some level 
of immunity from exposure to larval anti¬ 
gens but is unlikely to be used on the farm. 2 


An ELISA for detection of antibodies to 
larvae secretions has been developed but is 
not currently used. 2 

TREATMENT 

Closantel 5 mg/kg and ivermectin 0.2 mg/ 
kg, in addition to other macrocyclic lactones, 
are effective, and the use of these compounds 
for fluke or worm control also controls nasal 
bots. 

CONTROL 

Treatment should preferably be applied after 
the cessation of fly activity, although it may 
be necessary to apply treatments during pro¬ 
longed fly activity to give relief. 1 

RECOMMENDATION 

Treatment should be applied once or twice a 
year. This is not absolutely necessary but will 
increase both endurance and the animal’s 
well-being. Population control of the flies is 
probably not likely. 
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LUNGWORM INFESTATION IN 
SHEEP AND GOATS 


SYNOPSIS 


Etiology The nematode parasites Dictyocaulus 
filaria, Muellerius capillaris, and 
Protostrongylus rufescens. 

Epidemiology Infective D. filaria larvae are 
found on grass, but M. capillaris and R 
rufescens are transmitted when molluscan 
intermediate hosts are accidentally ingested 
by grazing animals. 

Signs D. filaria and P. rufescens can cause 
bronchitis and loss of condition. M. 
capillaris is asymptomatic in sheep but may 
be pathogenic in goats. 

Clinical pathology Characteristic larvae in 
feces. 

Lesions D. filaria and P. rufescens: scattered 
patches of consolidation; M. capillaris: small 
fibrous nodules up to 5 mm in diameter. 

Diagnostic confirmation Characteristic 
larvae in feces. 

Treatment Avermectins/milbemycins, 
benzimidazoles or levamisole. 

Control No specific measures available. 


ETIOLOGY 

Infestations with the nematode Muellerius 
capillaris are ubiquitous. Dictyocaulus filaria 
and Protostrongylus rufescens are encoun¬ 
tered sporadically. Cystocaulus ocreatus and 


Neostrongylus linearis have been recorded in 
some countries. 

LIFE CYCLE 

D. filaria has a direct life cycle like that of D. 
viviparus in cattle. The life cycles of the other 
(protostrongylid) species are similar except 
that they have different predilection sites in 
the lung and have indirect life cycles with 
molluscan intermediate hosts. Transmission 
occurs when infected slugs or snails are acci¬ 
dentally ingested during grazing. 

EPIDEMIOLOGY 

D. filaria infestations in sheep appear to 
follow the same pattern as those of D. vivipa¬ 
rus in calves, but the number of lungworms 
is usually low. The third-stage larvae are 
long-living in damp, cool surroundings. The 
lambs of one season are the main source of 
infection for the next season’s lambs, but 
larvae passed by ewes and yearlings also con¬ 
tribute to pasture contamination. The preva¬ 
lence of infection is low in spring and 
summer but rises rapidly in the autumn and 
winter, when most clinical cases are seen. 
Warm, wet summers give rise to heavier 
burdens in the following autumn and winter. 
Immunity after natural exposure is strong 
and durable in sheep but less so in goats. 

M. capillaris infestations in sheep have 
been recorded from most parts of the 
world, 1,2,3 and in many temperate areas 
almost all sheep are infected.^ Massive inva¬ 
sion with larvae is uncommon because the 
intermediate hosts are not usually ingested in 
large numbers nor are they grossly infested 
with larvae. Massive infestations with this 
worm do not develop acutely, and heavy 
infestations, when they occur, appear to 
develop over a long period of time. Infected 
sheep carry patent infection from 1 year to 
the next. 

PATHOGENESIS 

The relative pathogenicity of each lungworm 
is dependent on its predilection site. D. 
filaria lives in the trachea and bronchi so 
aspirated eggs, larvae, and debris can affect a 
large volume of lung tissue. It is therefore the 
most pathogenic species and provokes 
changes resembling those described for D. 
viviparus. The volume of damaged lung is 
however usually insufficient to cause severe 
dyspnea. Adult P. rufescens are found in 
smaller bronchioles, and so associated 
lesions are much smaller. M. capillaris is 
found in the lung parenchyma, where it 
becomes encysted in fibrous nodules. Lesions 
are thereby confined to its immediate sur¬ 
roundings. Consequently, this worm is gen¬ 
erally considered to be relatively innocuous. 
Heavy mixed protostrongylid infections can 
impair pulmonary gaseous exchange. 

CLINICAL FINDINGS 

Lambs 4 to 6 months of age are most severely 
affected with lungworms, but sheep of all 










ages are susceptible. Clinically D. fdaria is 
associated with bronchial irritation that 
results in coughing, moderate dyspnea, and 
loss of condition. There may be added fever 
and evidence of toxemia if secondary bacte¬ 
rial infection occurs. It is highly pathogenic 
in young goats. P. rufescens infestations in 
sheep and goats cause clinical signs similar 
to those of D. fdaria. 

CLINICAL PATHOLOGY 

Laboratory diagnosis depends on the detec¬ 
tion of first-stage larvae in the feces by the 
Baermann technique. D. filaria larvae have 
refractile granules in their intestinal cells and 
a conical tail. P. rufescens has a wavy tail as 
does M. capillaris, which, in addition, has a 
spine just anterior to the tail. 

NECROPSY FINDINGS 

D. filaria lesions are similar to those of the 
subacute form of parasitic bronchitis in 
calves with exudate in the bronchioles, scat¬ 
tered patches of consolidation, and thicken¬ 
ing of the alveolar septa, 6 8 but widespread 
lesions are not common. M. capillaris is 
found in small fibrous nodules up to 5 mm 
in diameter. Most of these are in the paren¬ 
chyma of the lung immediately under the 
pleura. Many of them are calcified and often 
contain only one live or dead worm. Infesta¬ 
tion of goats leads to a diffuse infection quite 
different from the nodular reaction in sheep 
and to the production of an interstitial pneu¬ 
monia. Whether this is attributable solely to 
M. capillaris infection or whether a chlamyd¬ 
ial or viral agent is involved has not been 
determined. However, cases of nodular reac¬ 
tion in goats attributable to M. capillaris 
larvae have been reported. 6 

DIAGNOSTIC CONFIRMATION 

The presence of larvae in the feces confirms 
lungworm infection, but their number 
is often no indication of the degree of 
infestation. 


DIFFERENTIAL DIAGNOSIS 


Lungworm infestation in sheep needs to be 
differentiated from maedi and jaagsiekte. 


TREATMENT 



Ivermectin, moxidectin, the benzimidazoles, 
and levamisole are effective against D. filaria 
at normal dose rates. Ivermectin, in addition, 
has a label claim for P. rufescens. It is doubtful 
whether treatment of sheep for M. capillaris 
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is ever justified. In goats, one or two doses of 
ivermectin (0.2 mg/kg, SC o rPO) or ele¬ 
vated doses of benzimidazoles destroys the 
adult worms but not the immature stage, but 
regular daily oral doses of fenbendazole (up 
to 5 mg/kg/d) in the feed for 1 to 2 weeks or 
albendazole (1 mg/kg in the feed for 2 weeks) 
are highly effective against all stages. The 
label dose of albendazole (7.5 mg/kg BW, 
once in sheep and 10 mg/kg BW once in 
goats) is effective in treating adult lung- 
worms, but is not effective against the imma¬ 
ture stage. 

CONTROL 

An attenuated vaccine for D. filaria is avail¬ 
able in a few countries where this worm is a 
particular problem. With most forms of 
sheep husbandry, there are few precaution¬ 
ary measures that can be taken, particularly 
against lungworms with molluscan interme¬ 
diate hosts. 
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Diseases of the Equine 
Respiratory Tract 

ABNORMALITIES OF THE UPPER 
RESPIRATORY TRACT 
OF HORSES 

Impairment of ventilation by abnormalities 
of the upper respiratory tract is an important 
cause of poor performance in athletic horses. 
Abnormalities that impair athletic capacity 
are those that reduce the effective diameter 
of the upper airway, thereby increasing the 
work needed to maintain the same level of 
tidal volume and minute ventilation or, as 
is the case clinically, reducing the minute 
ventilation achieved by the horse during 
maximal exercise. In other words, a reduc¬ 
tion in effective diameter of the upper airway 
increases work of breathing at all exercise 
intensities, and at maximal intensity, when 
the effort expended on breathing cannot be 
increased, decreases maximal minute venti¬ 
lation. The result is diminished oxygenation 
of arterial blood and delivery of oxygen to 
muscle and other tissues, exacerbated hyper¬ 
capnia, and reduced athletic capacity during 
high-speed exercise. 1 ' 3 

The work of breathing is, simplistically, 
determined by the volume of air moved and 
the pressure required to do so. The relation¬ 
ship between pressure and resistance in the 
airway is described mathematically by a rear¬ 
rangement of Poiseuille’s law: 


Resistance to flow = pressure drop/flow 

= 8 X viscosity of the air 

X length of the airway /{nx [radius ] 4 ) 

Given that the viscosity of air is constant 
and the length of the airway does not change 
for an individual horse, the radius of the 
airway has a huge effect on resistance to flow. 
Notice that a change in pressure is inversely 
proportional to the fourth power of the 
radius (r 4 ), with the consequence that rela¬ 
tively small changes in radius have large 
effects on the pressure needed to generate a 
given flow of air. For this reason, abnormali¬ 
ties of the upper airway that cause only small 
reductions in airway diameter can have clini¬ 
cally important effects on ventilation during 
high intensity exercise. 

Another consequence of changes in 
airway diameter and structure is the genera¬ 
tion of abnormal airflow patterns that result 
in production of abnormal respiratory 
sounds. Such sounds can vary from gurgling 
through to roaring and can be of diagnostic 
importance. 4 

Advent of first rigid and then flexible 
endoscopes allowed greater refinement of 
diagnosis of disorders of the upper respira¬ 
tory tract of horses when examined at rest. A 
further advance was the ability to examine 
the upper airway during intense exercise. 
This was first achieved in horses running on 
a treadmill and has now progressed to exam¬ 
ination of horses running over ground. 
Although there are advantages to each 
mode of examination (at rest, treadmill, 
over ground), greatest diagnostic utility 
is achieved by examination of horses exercis¬ 
ing over ground and performing their cus¬ 
tomary activity wearing their usual tack and 
with their rider. 5 ' 8 

Laryngeal hemiplegia caused by recur¬ 
rent laryngeal neuropathy is a well- 
recognized abnormality of the upper airway 
associated with impaired performance by 
racehorses. In many of its forms, it is readily 
identified in horses at rest. However, more 
subtle abnormalities or those that develop as 
the horse fatigues are best detected, or can 
only be detected, on examination during 
strenuous exercise. It is now clear that most 
abnormalities of the upper airway of horses, 
with the exception of laryngeal hemiplegia, 
can only reliably be detected by examination 
of exercising horses. 9 

Abnormalities developing during strenu¬ 
ous exercise by horses are best referred to as 
“dynamic” abnormalities. This term should 
not be used to denote the mode of examina¬ 
tion (ie, “dynamic endoscopy”), which 
should be specified as “over ground” or 
“treadmill.” Terms describing abnormalities 
detected during endoscopic examination of 
the upper airway of horses have recently 
been standardized (Table 12-10). 10 

The use of endoscopy during exercise has 
revealed that dynamic abnormalities of the 
upper airway are often complex and involve 
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Table 12-10 Preferred terms for describing findings 
upper airway of horses (modified from ) 

on endoscopic examination of the 


Preferred 


Preferred term 

abbreviation 

Also known as 

Recurrent laryngeal neuropathy 

RLN 

Laryngeal paralysis, laryngeal hemiplegia 

Dynamic laryngeal collapse 

DLC 

Bilateral arytenoid cartilage collapse 

Intermittent dorsal displacement of the 

iDDSP 


soft palate 

Persistent dorsal displacement of the soft 

pDDSP 

Permanent DDSP 

palate 

Palatal instability 

PI 


Vocal fold collapse 

VFC 

Vocal cord collapse 

Medial deviation of the aryepiglottic fold 

MDAF 

Aryepiglottic fold collapse, Axial 
deviation of the aryepiglottic fold 

Nasopharyngeal collapse 

NPC 

Nasopharyngeal obstruction, pharyngeal 
wall collapse 

Ventromedial luxation of the apex of the 

VLAC 

Collapse of the apex of the corniculate 

corniculate process of the arytenoid 


process of the arytenoid 

Cricotracheal ligament collapse 

Collapse of the margins of the epiglottis 

Epiglottic retroversion 

Rostral deviation of the palatopharyngeal 

RDPA 


arch 

High speed treadmill endoscopy 

HSTE 


Overground endoscopy 

OGE 

Dynamic respiratory endoscopy, 
telemetric endoscopy 


multiple structures. 911 Up to 50% of horses 
examined during high-speed exercise have 
multiple abnormalities of the upper airway. 
Furthermore, examination of exercising 
horses has revealed abnormalities not appar¬ 
ent during examination of resting horses, 
including the full spectrum of manifestations 
of recurrent laryngeal neuropathy, palatal 
instability including intermittent dorsal dis¬ 
placement of the soft palate, vocal fold 
collapse, aryepiglottic fold collapse, axial 
deviation of the aryepiglottic folds, dynamic 
nasopharyngeal collapse, collapse of the cor- 
niculate process of the arytenoid cartilage, 
bilateral arytenoid and vocal fold collapse, 
and epiglottic retroversion. 9 

FURTHER READING 

Franklin SH, Allen KJ. Assessment of dynamic upper 
respiratory tract function in the equine athlete. 
Equine VetEduc. 2015;doi:10.1111/eve. 12432. 
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PALATAL DYSFUNCTION 
(INSTABILITY, DORSAL 
DISPLACEMENT OF THE 
SOFT PALATE) 

The soft palate of equids is unique in that it 
provides an airtight seal between the oro¬ 
pharynx and nasopharynx during respira¬ 
tion, rendering equids obligate nasal 
breathers. During swallowing the soft palate 
is transiently displaced dorsally to permit 
passage of the feed bolus as part of the 
normal act of deglutition. Abnormalities of 
the soft palate that result in alteration of its 
anatomic position (displacement) or inabil¬ 
ity to maintain normal tone during exercise 
are associated with impaired respiration and 
exercise intolerance. 1 ' 3 Displacement of the 
soft palate other than during deglutition is 
abnormal and can be intermittent, which is 
usually associated with exercise, or persis¬ 
tent, which is usually associated with disrup¬ 
tion of the nerve supply to the pharynx. 

Palatal Instability and Intermittent 
Dorsal Displacement of the Soft 
Palate During Exercise 

Dysfunction of the palate during exercise 
results in a range of structural abnor¬ 
malities that reduce the functional area of 
the rima glottidis (the opening of the 
larynx) and thus impair ventilation during 
high-speed exercise. Dysfunction during 
exercise ranges from palatal instability to 


Fig. 12-18 Endoscopic view of dorsal 
displacement of the soft palate in a resting 
Thoroughbred racehorse. 

intermittent dorsal displacement of the soft 
palate. 4 Palatal instability and dorsal dis¬ 
placement of the soft palate cause an expi¬ 
ratory obstruction to airflow through the 
larynx and pharynx. 4 

Palatal instability is evident as dorsoven- 
tral billowing of the soft palate during high 
speed exercise and flattening of the epiglottis 
against the palate. Palatal instability is sig¬ 
nificantly associated with dorsal displace¬ 
ment of the soft palate during exercise. 1 
Dorsal displacement of the soft palate is an 
extreme of palatal instability and results 
when the caudal border of the soft palate 
displaces dorsal to the epiglottis (Fig. 12-18). 
Palatal instability is also associated with axial 
deviation of the aryepiglottic folds and 
abnormalities in the conformation of the 
epiglottis. 1 ' 5 

Estimates of the prevalence of the disease 
in the wider population are unreliable 
because of the transient nature of the insta¬ 
bility and displacement and the fact that it 
only occurs during exercise. Additionally, 
examination of large numbers of horses to 
determine prevalence in populations of 
horses has not been performed, with most 
reports being prevalence rates in horses 
selected for high-speed endoscopic examina¬ 
tion. It is estimated to occur in 0.5% to 1.3% 
of Thoroughbred racehorses, and of 52 Thor¬ 
oughbred racehorses examined using over 
ground endoscopy, 25% had dorsal displace¬ 
ment of the soft palate, 40% had axial 
deviation of the aryepiglottic fold, 35% had 
vocal fold collapse, and 33% had abnormal 
arytenoid function. 6 Forty-eight percent of 
the horses had multiple abnormalities. 
Nineteen of 57 Thoroughbred yearlings had 
intermittent dorsal displacement during a 
single examination using over ground endos¬ 
copy.' Dorsal displacement was detected 
in 10 of 46 Standardbred racehorses exam¬ 
ined using overground endoscopy during 
racing—these horses were presumably con¬ 
sidered healthy before examination. 8 Three 











percent of performance horses (nonracing) 
had dorsal displacement of the soft palate as 
the sole abnormality during exercise. 9 

Palatal instability and intermittent dorsal 
displacement of palate are a common part of 
complex dynamic abnormalities of the upper 
respiratory tract in harness horses, with 7 
0% of examined horses having a complex 
disorder. 5 Similarly, 19% of performance 
horses (nonracing horses) had complex 
upper respiratory tract abnormalities during 
exercise. 9 

The cause of intermittent displacement of 
the soft palate during exercise is unknown, 
although a number of mechanisms, includ¬ 
ing palatal myositis, ulcers of the caudal 
border of the soft palate, caudal retraction of 
the larynx, and lower respiratory disease, are 
suggested. Retropharyngeal lymphadenopa- 
thy can cause neurogenic paresis of the pha¬ 
ryngeal and palatal muscles, with dorsal 
displacement of the soft palate the most 
obvious sign of pharyngeal collapse during 
exercise. The immediate cause of the dis¬ 
placement is the high turbulent flow and 
negative intrapharyngeal pressure generated 
during exercise. 10 

Displacement of the soft palate during 
strenuous exercise places the soft palate 
dorsal to the epiglottis, a position in which it 
impedes flow of air during expiration. Peak 
expiratory airflow, minute ventilation, tidal 
volume, and rate of oxygen consumption 
are all decreased in horses with dorsal 
displacement of the soft palate, whereas 
inspiratory flow and breathing rate are not 
affected. 4 

Clinical Signs 

The clinical signs include exercise intoler¬ 
ance and intermittent production of a gur¬ 
gling noise during strenuous exercise. 
Endoscopic examination of resting horses 
usually demonstrates a normal pharynx and 
larynx. Brief nasal occlusion (30-60 s) that 
induces displacement of the soft palate (Fig. 
12-18), in combination with a history of 
respiratory noise during exercise, increases 
the likelihood of the disorder. 

Endoscopic examination of affected 
horses during exercise is the gold standard 
for diagnosis and reveals signs of palatal 
instability or dorsal displacement of the soft 
palate and related abnormalities. 

Detection of palatal instability and 
associated abnormalities is described as 
follows: 1 

Axial deviation of the aryepiglottic folds: 
Graded as none, mild, moderate or 
severe. 

1. Mild ADAF, defined as axial collapse of 
the aryepiglottic folds with the folds 
remaining abaxial to the vocal cords. 

2. Moderate ADAF, defined as axial 
deviation of the aryepiglottic folds less 
than halfway between the vocal cord 
and the midline. 
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3. Severe ADAF, defined as collapse of the 
aryepiglottic folds more than halfway 
between the vocal cord and the 
midline. 

Epiglottic conformation: Epiglottic 

conformation is categorized into three 
groups. 

1. Convex epiglottic appearance when the 
epiglottis maintained a convex shape 
during exercise; typically only the tip of 
the epiglottis is in contact with the soft 
palate. 

2. Flattened epiglottis where the 
epiglottis loses its convex shape and 
appears to lie flat or slightly concave on 
the surface of the soft palate, but the tip 
of the epiglottis remains ventral to the 
base. 

3. A tipped up appearance when the 
epiglottis has a flattened or concave 
appearance and during inspiration the 
tip of the epiglottis is at the same level 
as or higher than the base of the 
epiglottis. 

Obstruction of the rima glottidis by the soft 
palate (soft palate stability): The stability 
of the soft palate is graded according to 
whether the rima glottidis is obscured by 
the billowing soft palate. 

1. The soft palate is considered stable 
when there is no movement or lifting of 
the soft palate was observed (Fig. 

12-19). 

2. Palatal instability with no rima glottidis 
obstruction when the soft palate lifts up 
to the level of the base of epiglottis but 
the rima glottidis is not obscured 

(Fig. 12-20). 

3. Palatal instability with rima glottidis 
obstruction when the soft palate lifts so 
that the rima glottidis becomes obscured 
(Fig. 12-21). 

Soft palate conformation: The soft palate of 
horses with palatal instability is either 
flaccid, billowing dorsally in front of the 



Fig. 12-19 Normal airway of a horse during 
exercise. (Reproduced with permission. ) 


epiglottis or billowing dorsally either 
side of the epiglottis. The presence or 
absence of a sling appearance to the 
ventrolateral pharyngeal walls at the 
level of the guttural pouch ostia should 
be noted. The caudal soft palate should 
be assessed as to whether a concave 
appearance was present and if so should 
be graded as absent, small, or large 
during each of inspiration and 
expiration. 

Radiographic examination of the pharynx 
reveals a shortened epiglottis (<7 cm) in 
some affected horses. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses for exercise intolerance 
and respiratory noise include laryngeal 
hemiplegia, subepiglottic cysts, arytenoid 
chondritis, and aryepiglottic fold 
entrapment. The important differentiating 
factor is that the noise occurs predominantly 
during expiration, and it has a more gurgling 
sound to it than does the noise produced by 
horses with laryngeal hemiplegia. 



Fig. 12-20 Palatal instability with no rima 
glottidis obstruction. The epiglottis has a 
flattened appearance, and the soft palate 
appears flaccid with no concave depression 
caudally. (Reproduced with permission. 1 ) 



Fig. 12-21 Palatal instability with 
obstruction of the rima glottidis. The soft 
palate is billowing in front of the rima 
glottidis. (Reproduced with permission. 1 ) 
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Treatment 

There is no definitive treatment and no evi¬ 
dence that any one treatment is superior. 11 
Usual methods of surgical intervention 
include augmentation of the epiglottis by 
injection of polytetrafluoroethylene (Teflon) 
paste, resection of the caudal edge of the soft 
palate or sternothyrohyoideus myectomy, 
and palatal sclerotherapy, 12 although some of 
these interventions may have deleterious 
effects on upper airway airflow. A newer sur¬ 
gical technique involves the “laryngeal tie- 
forward” procedure. 13,14 Reports of success of 
surgical treatment of the disease are not 
definitive, in part because horses with the 
disorder that went untreated are not exam¬ 
ined. It is plausible that the response to surgi¬ 
cal treatment could be the result of enforced 
rest rather than the manipulation. Treatment 
of retropharyngeal lymphadenopathy may 
be beneficial. Nonsurgical treatment includes 
the use of antiinflammatory drugs, tongue- 
ties, 1 ' a variety of bits, and a laryngohyoid 
support apparatus. 

Persistent Dorsal Displacement of 
the Soft Palate 

Persistent dorsal displacement of the soft 
palate is usually the result of damage to the 
innervation of the pharyngeal and palatal 
muscles as a result of the following: 

• Guttural pouch mycosis 

• Guttural pouch empyema 

• Retropharyngeal lymph node 
abscessation 

• Equine protozoal myeloencephalitis 

• Otitis media 

• Myositis or muscle disease, such as 
white-muscle disease 

• Botulism 

• Idiopathic in young foals. 16 
Blockade of the pharyngeal branch of the 
vagus nerve by injection of local anesthetic 
causes persistent dorsal displacement of the 
soft palate, whereas blockade of the hypoglos¬ 
sal and glossopharyngeal nerves does not. 

Clinical Signs 

Persistent dorsal displacement of the soft 
palate causes dysphagia and stertorous respi¬ 
ration. Food material discharges from the 
nares and there is frequent coughing, prob¬ 
ably secondary to the aspiration of feed 
material. Affected horses may develop aspi¬ 
ration pneumonia. If the condition persists, 
there is dehydration and weight loss. Endo¬ 
scopic examination of the upper airways 
reveals dorsal displacement of the soft palate 
and may reveal other abnormalities, such as 
guttural pouch mycosis, that provide a cause 
for the disease. 

Treatment 

Treatment should be directed toward resolu¬ 
tion of the underlying disease and provision 
of food and water. It is often necessary to 
feed affected horses through a nasogastric 
tube. 
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DISEASES OF THE GUTTURAL 
POUCHES (AUDITORY TUBE 
DIVERTICULUM, EUSTACHIAN 
TUBE DIVERTICULUM) 

The guttural pouches are diverticula of the 
auditory (or eustachian) tubes found in 
equids and a limited number of other species. 
The function of the guttural pouch is unclear, 
although it could have a role in regulation of 
cerebral blood pressure, swallowing, and 
hearing. It is unlikely to have a role in brain 
cooling. Each guttural pouch of an adult 
horse has a volume of approximately 300 mL 
and is divided by the stylohyoid bone into 
lateral and medial compartments. 

The medial compartment of the guttural 
pouch contains a number of important 
structures including the internal carotid 
artery and glossopharyngeal, hypoglossal, 
and spinal accessory nerves in addition to 
branches of the vagus nerve and the cervical 
sympathetic trunk. Retropharyngeal lymph 
nodes lie beneath the mucosa of the ventral 
aspect of the medial compartment, an 
important factor in the development of gut¬ 
tural pouch empyema. 

In the lateral compartment the external 
carotid artery passes along the ventral aspect 
as do the glossopharyngeal and hypoglossal 
nerves. Involvement of any of the aforemen¬ 
tioned structures is important in the patho¬ 
genesis and clinical signs of guttural pouch 
disease and may result in abnormalities, such 
as Horner’s syndrome, that are not readily 
recognized as being caused by guttural 
pouch disease. 

The common diseases of the guttural 
pouch are described here. 

GUTTURAL POUCH EMPYEMA 
ETIOLOGY 

Empyema is the accumulation of purulent 
material in one or both guttural pouches. 
Initially, the purulent material is liquid, 
although it is usually viscid, but over time it 
becomes inspissated and is kneaded into 
ovoid masses called chondroids (Fig. 12-22). 
Chondroids occur in approximately 20% of 



Fig. 12-22 Chondroids removed at 
postmortem from the guttural pouch of a 
horse. 


horses with guttural pouch empyema. The 
condition is most commonly associated with 
S. equi var. equi infection and is a recognized 
sequela to strangles. Therefore any horse 
with guttural pouch empyema should be iso¬ 
lated and treated as if it were infected with S. 
equi var. equi until proven otherwise. The 
empyema can be associated with other con¬ 
ditions of the guttural pouches, especially if 
there is impaired drainage of the pouch 
through the pharyngeal opening of the 
eustachian tube. 

EPIDEMIOLOGY 

The epidemiology, apart from its association 
with strangles, has not been defined. The 
disease occurs in all ages of horses, including 
foals, and all equids, including asses and 
donkeys. The case-fatality rate is approxi¬ 
mately 10%, with one-third of horses having 
complete resolution of the disease. Guttural 
pouch empyema occurs in approximately 7% 
of horses with strangles. The recovery rate 
for horses with uncomplicated empyema 
treated appropriately is generally considered 
to be good, although the presence of chon¬ 
droids worsens the prognosis. 

PATHOGENESIS 

The pathogenesis of guttural pouch empyema 
is unclear, although when secondary to 
strangles it is usually attributable to the 
rupture of abscessed retropharyngeal lymph 
nodes into the medial compartment. Con¬ 
tinued drainage of the abscesses presumably 
overwhelms the normal drainage and pro¬ 
tective mechanisms of the guttural pouch, 
allowing bacterial colonization, influx of 
neutrophils, and accumulation of purulent 
material. Swelling of the mucosa, especially 
around the opening to the pharynx, impairs 
drainage and facilitates fluid accumulation 
in the pouch. The accumulation of material 
in the pouch causes distension and mechani¬ 
cal interference with swallowing and breath¬ 
ing. Inflammation of the guttural pouch 
mucosa may involve the nerves that lie 
beneath it and result in neuritis with subse¬ 
quent pharyngeal and laryngeal dysfunction 
and dysphagia. 
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CLINICAL FINDINGS 

Clinical findings include the following: 

• Purulent nasal discharge 

• Swelling of the area caudal to the 
ramus of the mandible and ventral to 
the ear 

• Lymphadenopathy 

• Carriage of the head with the 
nose elevated above its usual 
position 

• Dysphagia and other cranial nerve 
dysfunction 

• Respiratory stertor 

The nasal discharge is usually unilateral, as is 
the disease, intermittent, and white to yellow. 
Guttural pouch empyema is not usually asso¬ 
ciated with hemorrhage, although the dis¬ 
charge may be blood tinged. Bilateral disease, 
and the resultant neuritis and mechanical 
interference with swallowing and breathing, 
may cause discharge of feed material from 
the nostrils, dysphagia, and respiratory 
stertor. 

Endoscopic examination of the pharynx 
reveals drainage of purulent material from 
the pharyngeal opening of the eustachian 
tube of the affected side. The guttural pouch 
contains a variable quantity of purulent 
material, although in severe cases the quan¬ 
tity of fluid may be sufficient to prevent 
adequate examination of the pouch with an 
endoscope. 

Radiographic examinations demon 
strate the presence of radiodense material 
in the guttural pouch, sometimes the 
presence of an air-gas interface (fluid 
line) within the pouch and distension 
of the pouch with impingement into the 
nasopharynx. Chondroids are evident as 
multiple circular radiodensities. Passage 
of a catheter into the guttural pouch 
via the pharyngeal opening permits aspira¬ 
tion of fluid for cytology and bacterial 
culture. 

CLINICAL PATHOLOGY 

Hematologic examination may reveal evi¬ 
dence of chronic infection, including a mild 
leukocytosis, hyperproteinemia, and hyper- 
fibrinogenemia. Fluid from the affected gut¬ 
tural pouch contains large numbers of 
degenerate neutrophils and occasional intra¬ 
cellular and extracellular bacteria. Bacterial 
culture yields S. equi in approximately 30% 
of cases and S. zooepidemicus in approxi¬ 
mately 40% of cases. 

NECROPSY FINDINGS 

Lesions of guttural pouch empyema 
include the presence of purulent material 
in the guttural pouch and inflammation 
of the mucosa of the affected guttural 
pouch. 

DIAGNOSTIC CONFIRMATION 

Diagnostic confirmation in a horse with 
clinical signs of guttural pouch disease is 
achieved by demonstration of purulent 


material in the guttural pouch by endoscopic 
or radiographic examination and examina¬ 
tion of the fluid. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis of guttural pouch 
empyema includes the following conditions: 

• Abscessation of retropharyngeal lymph 
nodes 

• Guttural pouch tympany 

• Guttural pouch mycosis 

Guttural pouch empyema should also be 
differentiated from other causes of nasal 
discharge in horses, including the following: 

• Sinusitis 

• Recurrent airway obstruction (heaves) 

• Pneumonia 

• Esophageal obstruction 

• Dysphagia of other cause 
Infection by Mycobacterium avium 

complex organisms causes nasal discharge 
and granulomatous lesions in the guttural 
pouch. 


TREATMENT 

The principles of treatment are removal of 
the purulent material, eradication of infec¬ 
tion, reduction of inflammation, relief of 
respiratory distress, and provision of nutri¬ 
tional support in severely affected horses. 1 

Removal of purulent material can be 
difficult but can be achieved by repeated 
flushing of the affected guttural pouch. The 
guttural pouch can be flushed through a 
catheter (10-20 French, 3.3- to 7-mm male 
dog urinary catheter) inserted as needed via 
the nares, or a catheter (polyethylene 240 
tubing) with a coiled end inserted via the 
nares and retained in the pouch for several 
days. The pouch can also be flushed through 
the biopsy port of an endoscope inserted into 
the guttural pouch. 

The choice of fluid with which to flush the 
guttural pouch is arbitrary, but frequently 
used fluids include normal (isotonic) saline, 
lactated Ringer’s solution, or 1% (v/v) povi¬ 
done-iodine solution. It is important that the 
fluid infused into the guttural pouch be non¬ 
irritating because introduction of fluids such 
as hydrogen peroxide or strong solutions of 
iodine (e.g., 10% v/v povidone iodine) will 
exacerbate the inflammation of the mucosa 
and underlying nerves and can actually 
prolong the course of the disease. 2 The fre¬ 
quency of flushing is initially daily, with 
reduced frequency as the empyema resolves. 

Infusion of antibiotics into the guttural 
pouches is probably without merit although 
this is debated. Because of the viscid nature 
of the empyema fluid, it is necessary to infuse 
large volumes of lavage solution (1-2 L) on 
consecutive days. It may be necessary to treat 
for 7 to 10 days. The infusion of acetylcyste¬ 
ine (60 ml of a 20% solution) into the pouch 
after lavage with 1 to 2 L of saline has been 
reported to be effective in aiding the removal 


of purulent material. Removal of chondroids 
usually requires surgery, although dissection 
and removal of chondroids through the pha¬ 
ryngeal opening has been described. A stone 
remover inserted through the biopsy channel 
of the endoscope can be useful for removal 
of small numbers of chondroids, but is 
tedious if there are large numbers of them. A 
rule of thumb is that if the chondroids 
occupy more than one-third of the volume 
of the guttural pouch, then removal should 
be carried out surgically. 

Systemic antimicrobial administration 
is recommended for all cases of guttural 
pouch empyema because of the frequent 
association of the disease with bacterial 
infection and especially S. equi and S. zooepi¬ 
demicus infection of the retropharyngeal 
lymph nodes. The antibiotic of choice is 
penicillin G (procaine penicillin G, 
20,000 IU/kg intramuscularly every 12 hours 
for 5-7 days), although a combination of sul¬ 
fonamide and trimethoprim (15-30 mg/kg 
orally every 12 hours for 5-7 days) is often 
used. Topical application of antimicrobials 
into the guttural pouch is probably ineffec¬ 
tive because they do not penetrate the 
infected soft tissues of the pouch and retro¬ 
pharyngeal area. 

NSAIDs such as flunixin meglumine 
(1 mg/kg intravenously or orally every 12 
hours) or phenylbutazone (2.2 mg/kg intra¬ 
venously or orally every 12 hours) are used 
to reduce inflammation and pain. Severely 
affected horses may require relief of respira¬ 
tory distress by tracheotomy. Dysphagic 
horses may need nutritional support, includ¬ 
ing administration of fluids. 

Chronic cases refractory to treatment 
might require fistulation of the guttural 
pouch into the pharynx. 

CONTROL 

Prevention of guttural pouch empyema is 
based on a reduction in the frequency and 
severity of S. equi infection in horses (see 
“Strangles”). 
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GUTTURAL POUCH MYCOSIS 
ETIOLOGY 

Mycosis of the guttural pouch is caused by 
infection of the dorsal wall of the medial 
compartment of the pouch, caudal and 
medial to the articulation of the stylohyoid 
bone and the petrous temporal bone. The 
most common fungi isolated from the lesions 
are Aspergillus (Emericella) nidulans, Asper¬ 
gillus fumigatus, and, rarely, Penicillium spp. 
and Mucor spp., although spores of these 
fungi are present in the guttural pouches of 
normal horses. Other fungal species isolated 
include Fusarium, Trichosporon, Acremo- 
nium , and Rhodotorula. 1 
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EPIDEMIOLOGY 

The disease occurs in horses of both sexes 
and all breeds. Horses are affected at all ages, 
with the youngest recorded case being a 
6-month-old foal. The overall prevalence is 
low, although precise figures are lacking. 
Among horses left untreated the case-fatality 
rate is ~50% to 60%, whereas in those treated 
medically it is -45%, and in horses treated 
surgically the case-fatality rate is 33%. 1,2 

PATHOGENESIS 

The pathogenesis of the disease is unclear, 
although it is likely that fungal spores gain 
access to the guttural pouch through the 
pharyngeal opening. The spores then germi¬ 
nate and proliferate in the mucosa of the 
dorsal, medial aspect of the medial compart¬ 
ment of the guttural pouch. The location of 
the lesion is consistent, but the reason for the 
disease occurring in this particular position 
is unclear. Factors that predispose to the 
development of mycotic lesions have not 
been determined, although it appears 
unlikely that fungal infection is the initial 
insult to the mucosa. Invasion of guttural 
pouch mucosa is followed by invasion of the 
nerves, arteries, and soft tissues adjacent to 
it. Invasion of the nerves causes glossopha¬ 
ryngeal, hypoglossal, facial, sympathetic, or 
vagal dysfunction. Invasion of the internal 
carotid artery, and occasionally the maxillary 
or external carotid, causes weakening of the 
arterial wall and aneurysmal dilatation of the 
artery, with subsequent rupture and hemor¬ 
rhage. Death is caused by hemorrhagic shock 
or, in horses with dysphagia, aspiration 
pneumonia or starvation. 

Guttural pouch mycosis is usually unilat¬ 
eral, although in approximately 8% of cases 
there is erosion of the medial septum and 
spread of infection into the other pouch. 
There is no predisposition for either the left 
or right pouch. Guttural pouch mycosis pre¬ 
sents as either epistaxis that is not associated 
with exercise or as cranial nerve disease. 

CLINICAL FINDINGS 

The clinical signs of guttural pouch mycosis 
include epistaxis (75% of cases), dysphagia 
(15%), and purulent nasal discharge (10%). 1-3 
Epistaxis is usually severe and frequently life- 
threatening. There is profuse bleeding of 
bright red blood from both nostrils during an 
episode, and between episodes there may be a 
slight, serosanguineous nasal discharge. 
There are usually several episodes of epistaxis 
over a period of weeks before the horse dies. 
Most horses that die of guttural pouch 
mycosis do so because of hemorrhagic shock. 

Signs of cranial nerve dysfunction are 
common in horses with guttural pouch 
mycosis and can precede or accompany 
epistaxis. 

• Dysphagia is the most common sign 
of cranial nerve disease and is 
attributable to lesions of the 
glossopharyngeal and cranial 


laryngeal (vagus) nerves. Dysphagic 
horses may attempt to eat or drink 
but are unable to move the food 
bolus from the oral cavity to the 
esophagus. 

• Affected horses frequently have nasal 
discharge that contains feed material 
and often develop aspiration 
pneumonia. 

• Lesions of the recurrent laryngeal 
nerve cause laryngeal hemiplegia. 

• Horner’s syndrome (ptosis of the 
upper eyelid, miosis, enophthalmos, 
and prolapse of the nictitating 
membrane) is seen when the lesion 
involves the cranial cervical ganglion 
or sympathetic nerve trunk. 

• Facial nerve dysfunction, evident as 
drooping of the ear on the affected 
side, lack of facial expression, 
inability to close the eyelids, corneal 
ulceration, and deviation of the 
muzzle away from the affected side, 
also occurs. 

Signs of cranial nerve and sympathetic trunk 
dysfunction may resolve with eradication 
of the infection, but they are frequently 
permanent. 

Guttural pouch mycosis is also associated 
with pain on palpation of the parotid region, 
head shyness and abnormal head position. 
The infection may spread to the atlanto- 
occipital joint, causing pain on movement 
of the head, or to the brain, causing 
encephalitis. 4 

Endoscopic examination of the guttural 
pouch reveals a plaque of dark yellow to 
black necrotic material in the dorsal aspect 
of the medial compartment. A sample of the 
material can be collected through a biopsy 
port of the endoscope and submitted for 
culture. The mycotic plaque cannot be easily 
dislodged by manipulation with biopsy 
instruments or the end of the endoscope. In 
cases with ongoing or recent hemorrhage, 
the presence of large quantities of blood 
might prevent identification of the mycotic 
plaque. Both pouches should always be 
examined because of the occasional occur¬ 
rence of bilateral disease or extension of the 
disease through the medial septum. Caution 
should be exercised in performing endo¬ 
scopic examination of the guttural pouch of 
horses with acute or ongoing hemorrhage 
because of the risk of exacerbating the hem¬ 
orrhage. These horses are usually referred for 
urgent surgical intervention. 

Radiographic examination of the gut¬ 
tural pouches may reveal the presence of a 
lesion in the appropriate position, but it is 
frequently unrewarding. 

CLINICAL PATHOLOGY 

There are no characteristic findings on the 
hemogram, nor are there serum biochemical 
abnormalities. Horses with repeated hemor¬ 
rhage are often anemic. Immunoblot may 
identify the presence of serum antibodies 


specific for A. fumigatus in infected horses, 
although the diagnostic usefulness has not 
been determined. Culture of a sample of the 
necrotic tissue will frequently yield one of 
the causative fungi. 

NECROPSY FINDINGS 

Lesions of guttural pouch mycosis include 
the presence of a clearly demarcated, 
yellowish-brown to black, dry plaque of 
necrotic tissue in the dorsal aspect of the 
medial compartment of the guttural pouch. 
The plaque of tissue is firmly adherent to 
underlying tissues and may perforate the 
medial septum and invade the other pouch. 
The infection may involve the adjacent 
nerves and blood vessels and spread to soft 
tissues and bone. Histologic examination 
reveals the presence of inflammatory cells in 
nerves and tissues surrounding the gross 
lesion. There is chromatolysis and degenera¬ 
tion of neurones in affected nerves. The 
internal carotid artery may have an aneurys¬ 
mal dilatation, or there may be rupture of the 
arterial wall without dilatation. There is 
usually partial thrombosis of the arterial 
wall. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses for epistaxis not 
associated with exercise include ethmoidal 
hematoma or guttural pouch empyema, 
neoplasia, rupture of the longus capitis 
muscle, and penetration by a foreign body. 


TREATMENT 

Treatment of guttural pouch mycosis involves 
prevention of death from hemorrhage and 
administration of antifungal agents. 

Prevention of hemorrhage from the 
internal carotid or maxillary artery is 
achieved by surgical ligation, transarterial 
coil embolization, or occlusion with intra¬ 
arterial balloons of one or more of the exter¬ 
nal carotid, internal carotid, or maxillary 
artery. 5 ' 8 Because of the high rate of death 
from hemorrhage in horses with guttural 
pouch mycosis, some authorities recom¬ 
mend that all horses with the disease have 
the internal artery ligated or occluded. 
Medical treatment of horses with hemor¬ 
rhage secondary to guttural pouch mycosis 
is rarely successful. 

Administration of antifungal agents by 

instillation into the guttural pouch through 
a catheter or endoscope has been reported, 
although there is disagreement about the 
need for such treatment in horses that have 
had the problematic arteries ligated or 
occluded. Oral administration of antifungal 
agents is generally ineffective or prohibitively 
expensive, although itraconazole (5 mg/kg 
orally once daily) might be useful. Agents 
reported to be usefully given by topical 
administration include enilconazole (60 ml 
of 33 mg/mL solution once daily for 3 
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weeks), miconazole (60 mL of 1 mg/mL 
solution), natamycin, and nystatin. Topical 
therapy is laborious because it must be con¬ 
tinued for weeks and involves placement and 
maintenance of a catheter in the guttural 
pouch or instillation of medication by daily 
endoscopy. 

Horses with signs of cranial nerve or 
sympathetic trunk damage may not recover 
completely even if cured of the fungal infec¬ 
tion because of irreparable damage to the 
affected nerves. Provision of supportive care, 
including fluid and nutrient administration 
to dysphagic horses and administration of 
antibiotics to prevent or treat aspiration 
pneumonia, may be indicated. 

CONTROL 

There are no recognized effective measures 
to control or prevent the disease. 
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GUTTURAL POUCH TYMPANY 

ETIOLOGY AND EPIDEMIOLOGY 

Guttural pouch tympany refers to the gaseous 
distension of one, rarely both, guttural 
pouches of young horses. Tympany develops 
in foals up to 1 year of age but is usually 
apparent within the first several months of 
life. Fillies are more commonly affected than 
are colts by a ratio of 2 to 4:1, and the disease 
has a heritability of 0.8. The cause is not 
known, although a polygenic cause has been 
proposed for Arabians, and genome-wide 
association studies have identified linked 
regions in Arabian and Warmblood horses. 1 
The presence of a quantitative trait loci on 
ECA2 in fillies and ECA15 in colts supports 
the reported sex distribution of the disease. 2 

CLINICAL FINDINGS 

Clinical findings include marked swelling of 
the parotid region of the affected side, with 
lesser swelling of the contralateral side. The 
swelling of the affected side is not painful on 
palpation and is elastic and compressible. 
The disease is usually unilateral but can be 
bilateral. There are stertorous breath sounds 
in most affected foals as a result of impinge¬ 
ment of the distended pouch on the naso¬ 
pharynx. Respiratory distress can develop. 
Severely affected foals are dysphagic and 
develop aspiration pneumonia. 

Endoscopic examination of the pharynx 
reveals narrowing of the nasopharynx by the 
distended guttural pouch. The guttural 
pouch openings are usually normal. There 
are usually no detectable abnormalities of the 
guttural pouches apart from distension. 


Radiographic examination demonstrates air- 
filled pouches, and dorsoventral images 
permit documentation of which side is 
affected. There are no characteristic changes 
in the hemogram or serum biochemical 
profile. 

There are no characteristic lesions, and 
necropsy examination usually does not dem¬ 
onstrate a cause for the disease. 

TREATMENT 

Treatment consists of surgical fenestration of 
the medial septum allowing drainage of 
air from the affected pouch into the unaf¬ 
fected side. The usual approach is through 
Viborg’s triangle. Creation of salpingopha¬ 
ryngeal fistulas using transendoscopic 
laser fenestration is reported in a foal with 
bilateral disease. 3 The prognosis for long¬ 
term resolution after surgery is approxi¬ 
mately 60%. 

A nonsurgical option for treatment 
involves placement of Foley catheters (22 or 
24 French) into the guttural pouches. Place¬ 
ment is achieved by endoscopic guidance via 
the ipsilateral nostril and resulted in resolu¬ 
tion of the tympany in 5 of 8 foals over a 
period of weeks to months. The catheters are 
sutured in position and remain in place for 
weeks. 4 
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OTHER GUTTURAL 
POUCH DISEASES 

Rupture of the longus capitis muscle or 

avulsion of its insertion on the basisphenoid 
bone causes epistaxis and is usually associ¬ 
ated with trauma to the head, such as is caused 
by rearing and falling over backward. Endo¬ 
scopic examination reveals the following: 

• Compression of the nasopharynx 
that is asymmetric 

• Blood in the guttural pouch 

• Submucosal hemorrhage and 
swelling of the medial aspect of the 
medial compartment of the guttural 
pouch 

Radiographic examination reveals ventral 
deviation of the dorsal pharynx and loss of 
the usual radiolucency associated with the 
guttural pouch (Fig. 12-23). Treatment is 
conservative and consists of supportive care, 
monitoring the hematocrit, and administra¬ 
tion of broad-spectrum antibiotics if there is 
concern of the development of secondary 
infection. The prognosis for complete recov¬ 
ery is guarded. 

Traumatic injury to the guttural pouch 
can occur during attempts to pass a nasogas¬ 
tric tube. 1 Clinical signs include swelling of 
the throatlatch area, pain on palpation, crep¬ 
itus, and pain on swallowing. Endoscopic 
and radiographic examination is diagnostic. 
Treatment is supportive, including adminis¬ 
tration of antimicrobials and analgesics and 
ensuring maintenance of hydration and 
nutrition. 



Fig. 12-23 Lateral radiograph of the head of a horse with rupture of the longus capitis 
muscle after rearing and falling over backward. There is loss of radiolucency of the guttural 
pouches and evidence of an avulsion fracture of the basisphenoid bone (white arrow). 
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Various neoplasms have been recorded 
as involving the guttural pouches. The pre¬ 
senting signs are swelling of the parotid 
region, epistaxis, dysphagia, or signs of 
cranial nerve disease. Neoplasms include 
melanoma, lymphosarcoma, hemangio- 
sarcoma, squamous-cell carcinoma, and 
sarcoma. Diagnosis is made by physical, 
endoscopic, and radiographic examination 
and biopsy. The prognosis is very poor to 
hopeless. 
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DISEASES OF THE EPIGLOTTIS 
AND ARYTENOIDS 

Aryepiglottic Fold Entrapment 
(Epiglottic Entrapment) 

Entrapment of the epiglottis in the fold of 
tissue that extends from the arytenoid carti¬ 
lage to the ventrolateral aspect of the epiglot¬ 
tis causes exercise intolerance and respiratory 
noise during exercise in racehorses. The dis¬ 
order occurs in both young and mature race¬ 
horses, and it is found in approximately 1% 
of Thoroughbred racehorses. The entrap¬ 
ment is often detected during rhinolaryngo- 
scopic examination of racehorses, although 
it might not be the cause of poor perfor¬ 
mance. The condition occurs in nonrace¬ 
horses (13 cases in 23 adult horses with 
epiglottic disease). 1 The presence of aryepi¬ 
glottic fold entrapment causes a predomi¬ 
nantly expiratory obstruction to airflow 
across the larynx during exercise. The inter¬ 
ference with airflow, if any, does not appre¬ 
ciably impair performance in all horses. 

Clinical Signs 

Clinical signs are of exercise intolerance and 
respiratory noise during exercise. Acute 
cases can be associated with epiglottitis, 
whereas chronic cases are usually an inciden¬ 
tal finding during endoscopic examination 
of the upper airway. 

Endoscopic examination of the upper 
airway reveals the border of the epiglottis to 
be obscured by the aryepiglottic folds (Fig. 
12-24). Normally, the serrated margin of the 
epiglottis and dorsal blood vessels extending 
to the lateral margins of the epiglottis are 
readily apparent, but when the epiglottis is 
entrapped, these features are no longer 
visible. Because of the frequently intermit¬ 
tent nature of the entrapment, the horse 
should be examined on several occasions 
and preferably immediately after strenuous 
exercise. Radiography of the pharynx reveals 
the entrapped epiglottis. 

Treatment 

Treatment consists of surgical revision of the 
aryepiglottic fold. 23 Surgery is reported to 
have both a high success rate and, 2 in some 
reports, a complication rate for surgical cor¬ 
rection of 60%, indicating that careful 


W 


Fig. 12-24 Endoscopic view of the pharynx 
and larynx of a horse with entrapment of 
the epiglottis by the aryepiglottic folds. 

consideration should be given to not attempt¬ 
ing surgical repair, especially in animals 
performing to expectation. Entrapment asso¬ 
ciated with acute epiglottitis should include 
administration of antimicrobials and antiin¬ 
flammatory agents to resolve the epiglottitis. 

Epiglottic Retroversion During 
Exercise 

Retroversion of the epiglottis occurs during 
exercise in horses. The condition is rare and 
is associated with poor performance and an 
inspiratory “grunt” during exercise. Endo¬ 
scopic examination at rest might reveal that 
the tip of the epiglottis is pointed more dorsal 
than normal, but this finding is not conclu¬ 
sive evidence of the disorder. Endoscopy 
during high-speed exercise demonstrates 
that the tip of the epiglottis is pointed dorsally 
or, in severe cases, points caudally through 
the rima glottidis. Retroversion occurs only 
during inspiration. Poll flexion during exer¬ 
cise exacerbates the condition. Frequency of 
retroversion increases as the intensity of exer¬ 
cise increases. There is no definitive treat¬ 
ment, and the prognosis for successful return 
to athletic performance is poor. 4 

Epiglottitis 

Epiglottitis is usually a disease of racehorses, 
although animals of any age can be affected. 
The clinical signs are exercise intolerance, 
respiratory noise, and coughing. The disease 
can readily be mistaken for epiglottic entrap¬ 
ment. The epiglottis is thickened and ulcer¬ 
ated, and these changes are apparent on 
endoscopic examination. Treatment includes 
topical application of a mixture of nitrofura- 
zone, dimethyl sulfoxide, glycerin, and pred¬ 
nisolone, and systemic administration of 
antiinflammatory drugs. The prognosis for 
recovery is excellent. 

Subepiglottic Cysts 

Fluid-filled cysts in the subepiglottic, dorsal 
pharyngeal, or soft palate tissues cause 


exercise intolerance and abnormal respira¬ 
tory noise in exercising adult horses and 
mild dysphagia, chronic cough, and nasal 
discharge in foals. Most cysts are asymptom¬ 
atic. 5 The cysts are usually embryonic rem¬ 
nants, although cysts may be acquired in 
adult horses by obstruction or inflammation 
of mucous glands. Endoscopic examination 
of the upper airway reveals the presence of 
smooth-walled cysts. Subepiglottic cysts 
may only be apparent on careful examination 
of the epiglottis, although most will cause 
the epiglottis to assume a more upright 
posture than is normal. Treatment is 
surgical removal or intralesion injection 
with formalin. 6 

Arytenoid Chondritis 

Arytenoid chondritis is a progressive disease 
of the arytenoid cartilages in which there is 
distortion of the cartilage with consequent 
partial occlusion of the lumen of the larynx. 
The cause of the disease is not known, but it 
is most common in racehorses in heavy 
work. Distortion and swelling of the carti¬ 
lage, combined with restricted abduction, 
increase resistance to airflow through the 
larynx and cause respiratory noise during 
exercise and exercise intolerance. In severe 
cases respiratory noise and increased respi¬ 
ratory effort are apparent at rest. The disease 
can occur as a progression of idiopathic 
mucosal ulceration of the axial aspect of the 
arytenoid cartilages. 

Endoscopic examination reveals the car¬ 
tilage to be enlarged and distorted, and there 
may be luminal projections of cartilage and 
granulation tissue. In less severe cases there 
is mild swelling of the cartilage and ulcer¬ 
ation of the mucosa covering the cartilage. 
Bilateral disease is uncommon. Ultrasono¬ 
graphic examination is useful in determining 
the extent of the lesion.' Affect cartilages are 
increased in size and echogenicity and have 
an abnormal contour. The cartilage contains 
areas of necrosis, dystrophic mineralization, 
and granulation tissue. 

Treatment 

Treatment requires surgical removal of the 
affected cartilage, although progression of 
the disease can be achieved in horses with 
mild lesions by administration of antimicro¬ 
bials and antiinflammatory drugs. 

The disease also occurs in calves, in 
which it can be treated by partial 
arytenoidectomy. 8 

Mucosal Lesions of the 
Arytenoid Cartilages 

Lesions of the mucosa of the axial aspect of 
the arytenoid cartilages are observed in 
Thoroughbred racehorses. 9 The condition 
occurs in approximately 2.5% of Thorough¬ 
bred racehorses and 0.6% of Thoroughbred 
yearlings. The pathogenesis is unknown. The 
disorder is recognized during endoscopic 
examination of the horses for other reasons 
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Fig. 12-25 Lateral radiograph of the head of a yearling horse demonstrating presence of a 
retropharyngeal mass (identified by white arrow). 


(before sale, examination for exercise- 
induced pulmonary hemorrhage). Endo¬ 
scopic appearance of the lesion is that of a 
roughly circular lesion of the mucosa of the 
axial surface of the arytenoid cartilage, with 
or without visual evidence of inflammation, 
and without deformity of the underlying car¬ 
tilage. The lesions can progress to arytenoid 
chondritis, although most do not. 9 Because 
of the risk of progression, medical therapy, 
including systemic or local administration of 
antimicrobial and antiinflammatory drugs, is 
indicated. The prognosis for full recovery is 
excellent. 

Axial Deviation of the 
Aryepiglottic Folds 

Axial deviation of the aryepiglottic folds is 
one of the most common abnormalities 
detected during laryngoscopic examination 
of horses running on a treadmill and is part 
of the pharyngeal instability complex of dis¬ 
eases in horses. 10 ' 14 The disorder can only be 
detected in horses by endoscopic examina¬ 
tion of the larynx while the horse is perform¬ 
ing strenuous exercise. Collapse of the axial 
portion of the aryepiglottic folds causes 
obstruction of the laryngeal airway during 
inspiration. Treatment is symptomatic. 

Retropharyngeal Lymphadenopathy 

Lymphadenopathy of the retropharyngeal 
lymph nodes is usually associated with S. 
equi var. equi infection and is often a sequela 
to strangles (see “Strangles” in this chapter). 15 
Shedding of S. equi from clinically inappar- 
ent retropharyngeal lymph node abscesses 
is an important source of new infections in 
horse barns. Retropharyngeal lymphade¬ 
nopathy is also caused by trauma to the 
pharynx, brachial cysts remnants, 16 neopla¬ 
sia (predominantly lymphosarcoma), 1 ' 
and infection by Actinomyces spp. 18 Enlarge¬ 
ment of the retropharyngeal lymph nodes 
compresses the nasopharynx, increases 
resistance to airflow, and may impair swal¬ 
lowing (Fig. 12-25). 

Clinical Signs 

Clinical signs are swelling of the parotid 
region, although this may be slight even in 
horses with marked respiratory distress, pain 
on palpation of the parotid region, stertorous 
respiratory noise, respiratory distress, and 
dysphagia evident as food material discharg¬ 
ing from the nostrils. Affected horses 
are frequently depressed, inappetent, and 
pyrexic. 

Endoscopic examination of the upper 
airway will reveal ventral displacement of the 
dorsal wall to the pharynx and narrowing of 
the nasopharynx. There may be deviation of 
the larynx to the side away from the mass. 
Guttural pouch empyema often coexists with 
retropharyngeal lymph node infection, and 
the guttural pouches should be examined. 
Radiography will reveal the presence of a soft 
tissue density in the retropharyngeal region 


with compression of the guttural pouches 
and pharynx. Hematologic examination 
often demonstrates a mature neutrophilia 
and hyperfibrinogenemia. 

Treatment 

Treatment consists of administration of pen¬ 
icillin (procaine penicillin 20,000 IU/kg, 
intramuscularly every 12 hours) until signs 
of the disease resolve, followed by adminis¬ 
tration of a combination of sulfonamide and 
trimethoprim (15-30 mg/kg orally every 12 
hours for 7-14 days). Administration of anti¬ 
inflammatory drugs such as phenylbuta¬ 
zone (2.2 mg/kg intravenously or orally 
every 12 hours) is important in reducing 
inflammation and swelling and thereby 
allowing the horse to eat and drink. Horses 
that have severe respiratory distress may 
require a tracheotomy. Dysphagic horses 
might require fluid and nutritional support. 
Surgical drainage of the abscess is difficult 
and should be reserved for cases with large, 
cavitating lesions evident on radiographic or 
ultrasonographic examination. 

Control consists of preventing infection 
of horses by S. equi var. equi and adequate 
treatment of horses with strangles. 
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RECURRENT LARYNGEAL 
NEUROPATHY (ROARERS) 

Neuropathy of the recurrent laryngeal nerve 
(usually the left one) causes paresis or paraly¬ 
sis of the cricoarytenoid muscle and failure 
of abduction of the arytenoid cartilages. This 
is apparent during exercise as obstruction of 
the upper airway and abnormal respiratory 
noise during heavy exercise. The idiopathic 
disease is referred to as recurrent laryngeal 
neuropathy, thereby describing the lesion, 
whereas other causes of laryngeal hemiplegia 
are referred to more specifically. 

ETIOLOGY 

The cause of laryngeal hemiplegia is degen¬ 
eration of the recurrent laryngeal nerve with 
subsequent neurogenic atrophy of the crico¬ 
arytenoid dorsalis and other intrinsic 
muscles of the larynx. The etiology of neu¬ 
ronal degeneration is unknown, but the 
pathologic changes are typical of a distal axo- 
nopathy. There is evidence of a genetic com¬ 
ponent to recurrent laryngeal neuropathy, 
with a genome-wide association study in 
Thoroughbreds demonstrating a major 
quantitative trait locus near a known locus 
for body height and explaining 60% of the 
recurrent laryngeal neuropathy phenotype. 1 
This study follows on from two others that in 
total identified three significant loci (ECA10, 
21, and 31) in Warmblood horses. 2,3 To date, 
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no studies have identified it as a simple men- 
delian trait. 4 

The disease is usually idiopathic, but 
occasional cases are caused by guttural 
pouch mycosis or inadvertent perivascular 
injection of irritant material, such as phenyl¬ 
butazone, around the jugular vein and 
vagosympathetic trunk. Bilateral laryngeal 
paralysis is usually associated with intoxica¬ 
tion (organophosphate, haloxon), trauma 
from endotracheal intubation during general 
anesthesia, or as a complication of hepatic 
encephalop athy. 5 

EPIDEMIOLOGY 

Prevalence 

The disease affects large horses more 
commonly than ponies, and it is commonly 
recognized in draft horses, Thoroughbreds, 
Standardbreds, Warmbloods, and other 
breeds of large horse. The prevalence of 
laryngeal hemiplegia in Thoroughbred horses 
in training is between 1.8% and 13% depend¬ 
ing, among other factors, on the criteria used 
to diagnose the condition. Among apparently 
normal Thoroughbred horses examined after 
racing, grade 4 laryngeal hemiplegia was 
detected in 0.3% of 744 horses, grade 3 in 
0.1%, and grade 2 in 1.1%. Male horses over 
160 cm tall are at most risk of developing the 
disease. There is evidence of a familial distri¬ 
bution of the disease, with offspring of 
affected parents being more frequently 
affected (61%) than adult offspring of unaf¬ 
fected parents (40%). 

PATHOGENESIS 

Axonal degeneration causes preferential 
atrophy of the adductor muscles of the 
larynx, although both the adductor (dorsal 
cricoarytenoid muscle) and adductor 
(lateral cricoarytenoid muscle) are involved. 
Fiber-type grouping of laryngeal muscles, 
evidence of recurrent laryngeal neuropathy, 
is present in draft foals as young as 2 weeks 
of age, indicating an early onset of the 
disease. The disease is progressive in some 
horses. 

Compromised function of the adductor 
muscles results in partial occlusion of the 
larynx by the arytenoid cartilage and vocal 
fold during inspiration. The obstruction is 
most severe when airflow rates through the 
larynx are large, such as during strenuous 
exercise. Laryngeal obstruction increases 
the work of breathing, decreases the maximal 
rate of oxygen consumption, and exacerbates 
the hypoxemia and hypercarbia normally 
associated with strenuous exercise by horses. 
These effects result in a severe limitation to 
athletic capacity and performance. 

CLINICAL FINDINGS 

Clinical findings include exercise intolerance 
and production of a whistling or roaring 
noise during strenuous exercise. The disease 
can be detected by analysis of respiratory 
noise. 


Endoscopic examination of the upper 
airway provides the definitive diagnosis in 
most cases. Examination of the larynx is 
performed with the horse at rest and the 
position and movement of the arytenoid car¬ 
tilages assessed. Laryngeal function can also 
be observed during swallowing, brief 
(30-60 s) bilateral nasal occlusion, and 
during and after exercise. 

The severity of the disease is graded I 
through IV with five subgrades; there are 
therefore seven grades of abnormality: 

• Grade I is normal, there being 
synchronous, full abduction and 
adduction of both arytenoid 
cartilages. 

• Grade II presents as weakness of the 
adductors evident as asynchronous 
movement and fluttering of the 
arytenoid cartilage during inspiration 
and expiration but with full 
abduction during swallowing or 
nasal occlusion. 

• Subgrade 1: Transient asynchrony, 
flutter, or delayed movements. 

• Subgrade: Asymmetry of the rima 
glottidis as a result of reduced 
mobility of the affected arytenoid 
cartilage and vocal fold but with 
full symmetric abduction 
achieved and maintained after 
swallowing or nasal occlusion. 

• Grade III has asynchronous 
movement of the arytenoid cartilage 
during inspiration or expiration; full 
abduction is not achieved during 
swallowing or nasal occlusion. 

• Subgrade 1: Asymmetry of the 
rima glottidis as a result of 
reduced mobility of the affected 
arytenoid cartilage and vocal fold 
but with full symmetric 
abduction achieved but not 
maintained after swallowing or 
nasal occlusion. 

• Subgrade 2: Obvious arytenoid 
abductor deficit and arytenoid 
asymmetry. Full abduction is 
never achieved. 

• Subgrade 3: Marked but not total 
arytenoid deficit and asymmetry 
with little arytenoid movement. 
Full abduction is never achieved. 

• Grade IV implies marked 
asymmetry of the larynx at rest and 
no substantial movement of the 
arytenoid cartilage during respiration 
swallowing or nasal occlusion. 

Intraobserver agreement (two observers, 
80 recordings) of the same recording of an 
endoscopic examination on standing draff 
horses was 76% when the recording was 
graded twice, and it is thus regarded as excel¬ 
lent. 6 Two observers assigned the same grade 
and subgrade for 63% of recordings differed 
by one grade for 32% of recordings and by 
two grades in 5 % of recordings, which is 
assessed as good agreement. Repeatability of 


examination in the same horse was low when 
the same horse was examined twice, 24 to 48 
hours apart. Forty-two percent of horses had 
the same grade assigned on both examina¬ 
tions, 42% differed by one grade, 17% 
received an improved grade (ie, less severe) 
and 26% a worse grade, and 13% of horses 
differed by two grades. One horse improved 
by four grades. 

Endoscopic examination during strenu¬ 
ous exercise on a treadmill or over ground 
can be beneficial in determining the severity 
of the disease or detecting disease of lesser 
severity. 7 ' 10 Horses with early or mild degen¬ 
eration of the recurrent laryngeal nerve and 
associated laryngeal musculature can have 
normal laryngeal function at rest. However, 
the loss of muscle function becomes appar¬ 
ent during exercise, when the laryngeal 
muscles of affected animals fatigue more 
rapidly than do those of normal animals, 
with the result that laryngeal dysfunction 
can become apparent during or immediately 
after exercise. Endoscopic examination 
during exercise is useful in differentiating the 
disease from axial deviation of the aryepi- 
glottic folds. 

Ultrasonographic examination of the 
larynx and musculature is both sensitive 
(-90%) and specific (-98%) for detection of 
atrophy of the cricoarytenoid muscle or 
abnormal laryngeal function. 11 ' 13 

There are no characteristic changes in the 
hemogram or in serum biochemical vari¬ 
ables in resting horses. During exercise there 
is a marked exacerbation of the normal 
exercise-induced hypoxemia and the devel¬ 
opment of hypercapnia in affected horses. 

NECROPSY FINDINGS 

Lesions are confined to an axonopathy of the 
recurrent laryngeal nerves and neurogenic 
muscle atrophy of the intrinsic muscles of the 
larynx. 14,15 A technique for ultrasound 
guided biopsy of the cricoarytenoid lateralis 
muscle is described. 16 

DIAGNOSTIC CONFIRMATION 

Diagnostic confirmation is achieved by 
endoscopic examination of the larynx. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses of exercise intolerance 
and exercise-induced respiratory noise include 
the following: 

• Dorsal displacement of the soft palate 

• Subepiglottic cysts 

• Arytenoid chondritis 

• Aryepiglottic fold entrapment 

• Axial deviation of the aryepiglottic folds 


TREATMENT 

Treatment requires a prosthetic laryngo- 
plasty with or without ventriculectomy. 1 An 
alternative to prosthetic laryngoplasty is 
implantation of a nerve-pedicle graft into the 
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larynx. Effectiveness of the procedure is 
assessed by the return of the horse to its pre¬ 
vious level of athletic activity. 18 ' 21 

The disease is not life-threatening, and 
horses that are not required to work strenu¬ 
ously or in which respiratory noise associ¬ 
ated with mild exercise is not bothersome to 
the rider may not require surgery. A compli¬ 
cation of surgical repair that includes pros¬ 
thetic laryngoplasty is that horses can no 
longer close the glottis and therefore do not 
have an effective cough. This could be the 
cause of tracheal inflammation and accumu¬ 
lation of debris in the trachea of these 
horses. 
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EQUINE PLEUROPNEUMONIA 
(PLEURITIS, PLEURISY) 

ETIOLOGY 

Pleuropneumonia of horses is almost always 
associated with bacterial infection of the 
lungs, pleura, and pleural fluid. The most 
common bacterial isolates from tracheal 
aspirates or pleural fluid of horses with pleu¬ 
ropneumonia are as follows: 

• Aerobes or facultative anaerobes, 
including S. equi var. zooepidemicus, 
Pasteurella spp., Actinobacillus spp., 
Enterobacteriaceae (particularly E. 
coli, Klebsiella spp., and Enterobacter 
spp.), Pseudomonas spp., 
Staphylococcus spp., and Bordetella 
spp. S. zooepidemicus is isolated from 
over 60%, Enterobacteriaceae from 
approximately 40% of cases, and 
Pasteurella!Actinobacillus spp. from 
approximately one-third of cases. 
Corynebacterium pseudotuberculosis 
can cause septic pericarditis and 
pleuritis, although this is an 
uncommon disease. Mycoplasma felis 
is an unusual cause of pleuritis in 
horses. R. equi, usually a cause of 
pneumonia in foals, rarely causes 
pleuropneumonia in 
immunocompetent adult horses. 


• Obligate anaerobes, including 

Bacteroides spp. (including B. fragilis 
and B. tectum), Prevotella spp., 
Clostridium spp., Eubacterium, 
Prevotella spp., Peptostreptococcus 
spp., Fusobacterium spp., and 
Bacteroides sp. are isolated from 
approximately 20%, Clostridium sp. 
from 10%, and Eubacterium sp. from 
6% of horses with pleuropneumonia. 
Obligate anaerobes are cultured from 
approximately 70% of horses with 
severe pneumonia. 


SYNOPSIS 


Etiology Most infections are polymicrobial 
combinations of S. equi var. 
zooepidemicus, Actinobacillus sp., 
Pasteurella sp., Enterobacteriaceae, and 
anaerobic bacteria, including Bacillus 
fragilis. Disease attributable to infection by 
a single bacterial species occurs. Other 
causes are Mycoplasma felis, penetrating 
chest wounds and esophageal perforation. 

Epidemiology Recent prolonged transport, 
racing, viral respiratory disease and 
anesthesia increase the likelihood of a 
horse developing pleuropneumonia. 
Aspiration of feed material secondary to 
esophageal obstruction or dysphagia also 
causes the disease. 

Pathogenesis Overwhelming challenge of 
oropharyngeal bacteria or reduced 
pulmonary defense mechanisms allow 
proliferation of bacteria in small airways, 
alveoli, and lung parenchyma. Subsequent 
inflammation and further spread of 
infection involve the visceral pleura. 
Impaired drainage of pleural fluid and 
increased permeability of pleural capillaries 
cause the accumulation of excessive pleural 
fluid, which then becomes infected. Fibrin 
deposition and necrosis of lung causes 
formation of intrathoracic abscesses. Death 
is attributable to sepsis and respiratory 
failure. 

Clinical signs Fever, depression, anorexia, 
respiratory distress, cough, nasal discharge, 
exercise intolerance, reduced breath sounds 
on thoracic auscultation, and presence of 
pleural fluid and pneumonia on thoracic 
radiology and ultrasonography. Chronic 
disease is characterized by weight loss, 
increased respiratory rate, nasal discharge, 
and exercise intolerance. 

Clinical pathology Leukocytosis, 

hyperfibrinogenemia, hypoalbuminemia, 
hyperglobulinemia. Pleural fluid 
leukocytosis, hyperproteinemia and 
presence of intra- and extracellular 
bacteria. Similar findings in tracheal 
aspirate. 

Diagnostic confirmation Clinical signs, 
examination of pleural fluid. 

Treatment Systemic administration of 

broad-spectrum antimicrobials for weeks to 


months, chronic effective drainage of the 
pleural space, infusion of recombinant 
tissue plasminogen activator (tenecteplase) 
into pleural space, and nursing care. 

Prevention Reduce exposure of horses to risk 
factors including prolonged transportation 
and viral respiratory disease. 


Equine pleuropneumonia is associated 
with polymicrobial infections of the lungs 
and pleura in 50% to 80% of cases, although 
disease associated with infection with a 
single bacterial species occurs. Infections 
with a single bacterial species are usually by 
S. zooepidemicus, Pasteurella!Actinobacillus 
sp. or one of the Enterobacteriaceae, whereas 
almost all infections by anaerobes are poly¬ 
microbial. Infection by obligate anaerobic 
bacteria is associated with disease of more 
than 5 to 7 days’ duration. 

Pleuritis is also caused by penetrating 
chest wounds, perforated esophagus, and 
tracheobronchial foreign bodies. 1,2 Crypto¬ 
coccus spp can cause the disease in horses 
and other species. Other diseases, such 
as congestive heart failure or neoplasia, 
can cause pleural effusion without 
inflammation. 

EPIDEMIOLOGY 

Pleuropneumonia occurs worldwide in 
horses of all ages and both sexes, although 
most cases occur in horses more than 1 and 
less than 5 years of age. Estimates of the inci¬ 
dence or prevalence of the disease are not 
available. The case-fatality rate varies 
between 5% and 65%, with the higher rate 
reported in earlier studies. 

Risk Factors 

The risk of a horse developing pleuropneu¬ 
monia is increased factorially in the follow¬ 
ing cases: 

• By a factor of 4 if the horse is a 
Thoroughbred racehorse 

• By a factor of 14 if the horse was 
transported more than 500 miles in 
the previous week 

• By a factor of 10 if the horse has a 
recent (< 2 week) history of viral 
respiratory tract disease or exposure 
to a horse with such disease 

• By a factor of 4 if the horse has raced 
within the previous 48 hours 

Other suggested risk factors include general 
anesthesia, surgery, disorders of the 
upper airway, exercise-induced pulmonary 
hemorrhage, esophageal obstruction, and 
dysphagia. 

PATHOGENESIS 

Bacterial pleuropneumonia develops fol¬ 
lowing bacterial colonization of the lungs 
with subsequent extension of infection to 
the visceral pleura and pleural space. Organ¬ 
isms initially colonizing the pulmonary 
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parenchyma and pleural space are those nor¬ 
mally present in the upper airway, oral cavity, 
and pharynx, with subsequent infection by 
Enterobacteriaceae and obligate anaerobic 
bacteria. 

Bacterial colonization and infection of 
the lower airway is attributable to either 
massive challenge or a reduction in the effi¬ 
cacy of normal pulmonary defense mecha¬ 
nisms or a combination of these factors. 
Confinement with the head elevated for 12 
to 24 hours, such as occurs during transport 
of horses, decreases mucociliary transport 
and increases the number of bacteria and 
inflammatory cells in the lower respiratory 
tract and probably contributes to the devel¬ 
opment of lower respiratory tract disease. 
Transport alters the composition of pulmo¬ 
nary surfactant, which can impair the activ¬ 
ity of pulmonary defense mechanisms, 
allowing otherwise innocuous bacterial con¬ 
tamination to cause disease. 

Overwhelming bacterial challenge can 
occur in dysphagic horses, horses with 
esophageal obstruction, and racehorses that 
inhale large quantities of track debris while 
racing. A single bout of exercise on a tread¬ 
mill markedly increases bacterial contamina¬ 
tion of the lower airways. Viral respiratory 
disease can decrease the efficacy of normal 
lung defense mechanisms. 

Bacterial multiplication in pulmonary 
parenchyma is associated with the influx of 
inflammatory cells, principally neutrophils, 
tissue destruction, and accumulation of cell 
debris in alveoli and airways. Infection 
spreads both through tissue and via airways. 
Extension of inflammation, and later infec¬ 
tion, to the visceral pleura and subsequently 
pleural space causes accumulation of excess 
fluid within the pleural space. Pleural fluid 
accumulates because of a combination of 
excessive production of fluid by damaged 
pleural capillaries (exudation) and impaired 
reabsorption of pleural fluid by thoracic 
lymphatics. 

Accumulation of parapneumonic 
pleural effusions has been arbitrarily divided 
into three stages: exudative, fibrinopurulent, 
and organizational: 

1. The exudative stage is characterized by 
the accumulation of sterile, protein-rich 
fluid in the pleural space as a result of 
increased pleural capillary permeability. 

2. Bacterial invasion and proliferation, 
further accumulation of fluid, and 
deposition of fibrin in pleural fluid and 
on pleural surfaces occurs if the disease 
does not resolve rapidly and is referred 
to as the fibrinopurulent stage. 

3. The organizational stage is associated 
with continued fibrin deposition, 
restriction of lung expansion, and 
persistence of bacteria. The pleural fluid 
contains much cellular debris and 
bronchopleural fistulas may develop. 

These categorizations are useful diagnosti¬ 
cally and therapeutically. 


CLINICAL SIGNS OF ACUTE DISEASE 

The acute disease is characterized by the 
sudden onset of a combination of fever, 
depression, inappetence, cough, exercise 
intolerance, respiratory distress, and nasal 
discharge. 3 The respiratory rate is usually 
elevated, as is the heart rate. 

Nasal discharge ranges from serosan- 
guineous to mucopurulent, is usually present 
in both nares and is exacerbated when the 
horse lowers its head. The breath may be 
malodorous, although this is a more 
common finding in horses with subacute to 
chronic disease. Horses with pleuritis are 
often reluctant to cough, and if they do, the 
cough is usually soft and gentle. Ventral 
edema occurs in approximately 50% of 
horses with pleuropneumonia. 

The horse may appear reluctant to move 
or may exhibit signs of chest pain, including 
reluctance to move, pawing, and anxious 
expression, which may be mistaken for colic, 
laminitis, or rhabdomyolysis. Affected horses 
often stand with the elbows abducted. 

Auscultation of the thorax reveals atten¬ 
uation of normal breath sounds in the ventral 
thorax in horses with significant accumula¬ 
tion of pleural fluid. However, the attenua¬ 
tion of normal breath sounds may be mild 
and difficult to detect, especially in large or 
fat horses or in horses in which there is only 
slight accumulation of pleural fluid. Auscul¬ 
tation of the thorax with the horses respira¬ 
tory rate and tidal volume increased by 
having it breathe with a large airtight bag 
over its nostrils may reveal crackles and 
wheezes in the dorsal lung fields and attenu¬ 
ation of the breath sounds ventrally. There is 
often fluid in the trachea detectable as a tra¬ 
cheal rattle. 

Percussion of the chest wall may reveal a 
clear line of demarcation, below which the 
normal resonant sounds are muffled. This 
line of demarcation represents the dorsal 
limit of the pleural fluid. Both lung fields 
should be examined to identify localized 
areas of consolidation. Careful percussion of 
the thorax is a cheap and effective way of 
identifying the presence and extent of pleural 
fluid accumulation. 

Ultrasonographic examination of the 

thorax is a very sensitive technique with 
which to detect accumulation of pleural 
fluid, determine the character of the fluid 
including the presence of accumulations of 
fibrin 1 , identify localized areas of fluid accu¬ 
mulation or pulmonary consolidation, iden¬ 
tify sites for thoracocentesis, and monitor 
response to treatment. The examination is 
best performed using a 3.5 to 5.0 sector 
scanner. Linear probes, such as those used 
for routine reproductive examination, are 
adequate to identify fluid but do not allow 
good examination of all areas of the chest 
accessible with sector scanners. The entire 
thorax should be examined in a systematic 
fashion. The presence of and characteristics 
of fluid within the pleural space, presence 


and location of pulmonary consolidation or 
abscessation, and potential sites for diagnos¬ 
tic and therapeutic thoracocentesis should 
be identified. For horses with longstanding 
disease, the area cranial to the heart should 
be examined for the presence of cranial tho¬ 
racic masses (abscesses). This examination 
requires that the horses ipsilateral forelimb 
be placed well forward, usually with the aid 
of an assistant, to allow adequate visualiza¬ 
tion of the cranial thorax. 

• Excessive pleural fluid can be 
detected by thorough 
ultrasonographic examination of 
both hemithoraces. Pleural fluid 
initially accumulates ventrally in 
acute cases, but may become 
localized dorsally in chronic cases 
with septation of the pleural space 
and trapping of fluid. 

• The pleural fluid may contain small 
gas echoes, an indication of infection 
with anaerobic bacteria and a poor 
prognosis, strands of fibrin, or 
echogenic material consistent with 
cellular debris. Sterile pleural 
effusion, such as may be present 
during the earliest stages of the 
disease, is clear and homogeneous 
without fibrin strands. With 
increasing chronicity the amount of 
fibrin increases, the parietal and 
visceral pleura become thickened, 
and the pleural fluid becomes 
echogenic consistent with the 
presence of cellular debris. 

• Regions of consolidated or 
atelectatic lung adjacent to the 
visceral pleura may be evident on 
ultrasonographic examination, but 
lung consolidation deeper in the 
lung is not evident. 

• Accumulation of fibrin is associated 
with a worse prognosis than is 
accumulation of parapneumonic 
fluid that does not include fibrin 
deposits. 4 

• Ultrasonography is more sensitive 
than radiographic examination in 
detection of small quantities of 
pleural fluid. 

Radiographic examination of horses 
with excessive pleural fluid reveals ventral 
opacity that obscures the ventral diaphrag¬ 
matic and cardiac silhouettes. Radiographic 
examination might not reveal the presence of 
small amounts of excessive pleural fluid. 3 It 
is not possible on radiographic examination 
to differentiate accumulation of pleural fluid 
from consolidation of the ventral lung lobes. 
Radiographic examination may be useful in 
demonstrating lesions, such as pulmonary 
abscesses or consolidation, that are not con¬ 
fluent with the visceral pleura and therefore 
not able to be detected by ultrasonographic 
examination. 

Collection of pleural fluid by thoraco¬ 
centesis of both hemithoraces and of a 
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tracheal aspirate is necessary to characterize 
the nature of the pleural fluid and determine 
the bacterial species present (see “Clinical 
Pathology”). Both tracheal aspirates and 
pleural fluid should be examined in any 
horse with pleuropneumonia because bacte¬ 
ria may be recovered from one sample but 
not the other. Examination of bronchiolar 
lavage fluid is not useful in diagnosing pleu¬ 
ropneumonia in horses. 

The clinical course of the acute form of 
the disease may be less than 10 days if effec¬ 
tive therapy is instituted before the pleural 
effusion becomes infected or there is sub¬ 
stantial deposition of fibrin in the pleural 
space. The prognosis for a return to previous 
function is good in horses that respond. 
However, most cases, even if appropriate 
therapy is instituted, progress to at least stage 
2 of the disease process, and the disease 
becomes chronic. 

CLINICAL SIGNS IN CHRONIC 
DISEASE 

The chronic disease is characterized by inter¬ 
mittent fever, weight loss, cough, increased 
respiratory rate, nasal discharge, malodorous 
breath, exercise intolerance, and depression. 
Severely affected horses may display signs of 
respiratory distress. Signs of thoracic pain 
are less than in the acute disease. 

Findings on auscultation of the chest are 
similar to those of the acute disease, inas¬ 
much as there is attenuation of normal 
breath sounds ventrally and the presence of 
crackles and wheezes dorsally. There is fre¬ 
quently ventral edema of the thorax. 

Ultrasonographic examination reveals 
the presence of excessive pleural fluid that is 
very echogenic, consistent with it containing 
cellular debris, and contains large amounts 
of fibrin. The visceral and parietal pleura are 
thickened, and there may be evidence of lung 
atelectasis, consolidation, or abscessation. 
Septation of the pleural space by fibrin and 
fibrous tissue results in localized accumula¬ 
tion of purulent pleural fluid. Air in the 
pleural space may indicate the presence of 
one or more bronchopleural fistulae. 

Radiographic examination reveals 
a combination of ventral opacity, 
pulmonary consolidation, pneumothorax, 
and abscessation. 

Complications 

Complications of pleuropneumonia include 
the following: 4,6 

• Development of jugular 
thrombophlebitis (-25% of cases) 

• Pulmonary, mediastinal, or pleural 
abscesses (~10%-20% of cases) 

• Cranial thoracic mass (5%-10% of 
cases) 

• Bronchopleural fistula (5%) 

• Pericarditis (2%) 

• Laminitis (1%—14%) 

• Appropriate secondary 
erythrocytosis' 


Development of intrathoracic abscesses is 

evident as chronic disease, weight loss, 
cough, and fever, readily detected by a com¬ 
bination of ultrasonographic and radio- 
graphic examination. 

Cranial thoracic masses are evident as 
an elevation in heart rate, prominent jugular 
pulse, spontaneous jugular thrombosis, and 
forelimb pointing. The signs are referable to 
a mass in the cranial thorax displacing the 
heart caudally and to the left and impairing 
venous return to the heart in the cranial vena 
cava. Ultrasonographic and radiographic 
examination reveals the presence of the 
mass. 

Bronchopleural fistulae develop when a 
section of pulmonary parenchyma sloughs, 
leaving an open bronchiole that communi¬ 
cates with the pleural space. Mild pneumo¬ 
thorax develops. The bronchopleural fistula 
can be diagnosed by infusion of fluorescein 
dye into the pleural space and detecting its 
presence at the nares or by pleuroscopic 
examination. 

Prognosis 

The prognosis for life for horses able to be 
treated aggressively is very good (60%-95%), 
and the prognosis for return to previous 
function if the horse survives is reasonable 
(60%). The prognosis for return to previous 
function for horses that develop chronic 
disease and complications is poor (31%). 
Prognosis for horses with fibrinous pleural 
effusion is worse than for horses with pleural 
effusions that do not include ultrasono- 
graphically identifiable accumulations of 
fibrin (100% of 11 cases vs. 62% of 63 cases, 
respectively). 4 

CLINICAL PATHOLOGY 

Acute pleuropneumonia is characterized by 
leukocytosis with a mature neutrophilia, 
mild to moderate anemia, hyperfibrinogen- 
emia, and hypoalbuminemia. There are 
similar findings in horses with chronic 
disease, and hyperglobulinemia is also 
usually present. Severely affected horses with 
acute disease often have hemoconcentration 
and azotemia. Horses with chronic disease 
that impairs respiratory gas exchange, 
causing chronic hypoxemia, can have sec¬ 
ondary erythrocytosis.' 

Pleural fluid in acute cases is usually 
cloudy and red to yellow. It has an increased 
leukocyte number (>10,000 cells/|lL, 10 x 10 
cells/L) comprised principally of degenera¬ 
tive neutrophils, and an increased protein 
concentration (>2.5 g/dL, 25 g/L), and it 
may contain intracellular and extracellular 
bacteria. A Gram stain of the fluid should be 
examined. The pleural fluid should be cul¬ 
tured for aerobic and anaerobic bacteria. A 
putrid odor suggests infection by anaerobic 
bacteria. Sterile pleural fluid has a pH, Po 2 
and Pco 2 , and lactate, glucose, and bicarbon¬ 
ate concentration similar to that of venous 
blood. Infected pleural fluid is acidic and 


hypercarbic and has an increased concentra¬ 
tion of lactate and decreased concentrations 
of bicarbonate and glucose compared with 
venous blood. 

Tracheal aspirates have a leukocytosis 
comprised of degenerate neutrophils with 
intra- and extracellular bacteria. Cultures of 
tracheal aspirates more frequently yield 
growth than do cultures of pleural fluid (90% 
vs. 66%). 

DIAGNOSTIC CONFIRMATION 

The presence of excessive pleural fluid con¬ 
taining bacteria and degenerate neutrophils 
in combination with clinical signs of respira¬ 
tory disease provides confirmation of the 
disease. 


DIFFERENTIAL DIAGNOSIS 


Diseases that may cause respiratory distress 
and pleural effusion in horses include the 
following: 

• Intrathoracic neoplasia, including 
mesothelioma, lymphoma, and extension 
of gastric squamous-cell carcinoma 

• Penetrating chest wounds 

• Esophageal perforation 

• Diaphragmatic hernia 

• Congestive heart failure 

• Hemangiosarcoma (causing hemothorax) 

• African horse sickness 

• Pulmonary hydatidosis 

• Pulmonary infarction and pneumonia 


NECROPSY FINDINGS 

The pneumonia involves all areas of the lungs 
but is most severe in the cranial and ventral 
regions. The pleura are thickened and have 
adherent fibrin tags, and there is excessive 
pleural fluid. The pleural fluid contains 
strands of fibrin and is usually cloudy and 
serosanguineous to yellow. Histologically, 
there is a purulent, fibrinonecrotic pneumo¬ 
nia and pleuritis. 

TREATMENT 

Given early recognition of the disease and 
prompt institution of appropriate therapy, 
the prognosis for horses with pleuropneu¬ 
monia is favorable. However, the long course 
of the disease and the associated expense 
often limit therapeutic options and make the 
outcome a decision based on economic 
rather than medical grounds. 

The principles of treatment are prompt 
broad-spectrum antimicrobial therapy; 
removal of infected pleural fluid and cellular 
debris, including necrotic lung; relief of pain; 
correction of fluid and electrolyte abnormali¬ 
ties; relief of respiratory distress; treatment of 
complications; and prevention of laminitis. 

Antimicrobial Treatment 

The prompt institution of systemic, 
broad-spectrum antimicrobial therapy is 

the single most important component of 
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treatment of horses with pleuropneumonia. 
Antimicrobial therapy is almost always 
started before the results of bacterial culture 
of pleural fluid or tracheal aspirate are 
received and the antimicrobial sensitivity of 
isolated bacteria are determined. Use of anti¬ 
biotics or combinations of antibiotics with 
a broad spectrum of antimicrobial activity 
is important because of the polymicrobial 
nature of most infections and because the 
wide range of gram-positive and gram¬ 
negative bacteria that may be associated 
with the disease makes prediction of the 
susceptibility of the causative organisms dif¬ 
ficult. Furthermore, superinfection with 
bacteria, especially Enterobacteriaceae and 
obligate anaerobes, commonly occurs in 
horses with disease initially associated with 


a single bacterial species. Administration of 
drugs that are effective in the treatment of 
penicillin-resistant obligate anaerobes is also 
important. 

Recommended doses for antimicrobials 

used in the treatment of pleuropneumonia 
are provided in Table 12-11. Antimicrobial 
therapy should be broad spectrum to include 
coverage of the likely bacteria involved in the 
disease. It should therefore provide coverage 
against Streptococcus spp., Actinobacillus/ 
Pasteurella spp., Enterobacteriaceae, and 
anaerobes, including Bacteroides spp. A 
combination of penicillin G, an aminogly¬ 
coside, and metronidazole provides broad- 
spectrum coverage and is a frequently used 
empirical therapy until the results of bacte¬ 
rial culture are known. Results of bacterial 


culture and subsequent antimicrobial sus¬ 
ceptibility testing may aid selection of further 
antimicrobials. However, superinfection 
with gram-negative and anaerobic bacteria is 
common, and there is a sound rationale for 
continued use of a combination of antimi¬ 
crobials providing broad-spectrum coverage 
throughout treatment of the disease. 

Antimicrobial therapy will be pro¬ 
longed in most cases, usually being required 
for at least 1 month and often several months. 
As the disease resolves it may be possible to 
change from parenteral antibiotics to orally 
administered antibiotics such as a combina¬ 
tion of trimethoprim-sulfonamide, although 
the clinical response to this combination is 
sometimes disappointing, or doxycycline or 
enrofloxacin. 


Table 12-11 Antimicrobial agents and recommended doses for treatment of pleuropneumonia in horses 

Drug 

Dose, route, and 
interval 

Comments 

Procaine penicillin G 

22,000-44,000 lU/kg IM 
q 12h 

Effective against Streptococcus sp. and most anaerobes, with the exception of Bacteroides 
fragilis. Achieves low plasma concentrations but has prolonged duration of action. Cheap. 
Synergistic with aminoglycosides. Should not be used as sole treatment. 

Sodium or potassium 
penicillin G 

22,000-44,000 lU/kg IV 
q6h 

Effective against gram-positive organisms (except penicillinase-producing bacteria such as 
Staphylococcus spp.) and most anaerobes. Achieves high plasma concentrations. Synergistic 
with aminoglycosides. Expensive. 

Ampicillin sodium 

11-22 mg/kg IV or IM 

Wider spectrum than penicillin G. Achieves high plasma concentrations. 

Ampicillin trihydrate 

20 mg/kg IM q12-24h 

Synergistic with aminoglycosides 

Low blood concentrations. Muscle soreness. Not recommended. 

Ceftiofur sodium 

2.2-4.4 mg/kg IM or IV 
q 12h 

Wide spectrum of action against gram-positive and gram-negative organisms and most 
anaerobes. Can be used as sole treatment, though not recommended. 



Clinical results sometimes disappointing 

Ceftiofur crystalline 

7 mg/kg IM q4 days 

Prolonged concentration in blood and bronchoalveolar lavage fluid. 

Cefotaxime 

40 mg/kg IV q6h 

Wide spectrum of action against gram-positive and gram-negative organisms and most 
anaerobes. Can be used as sole treatment, though not recommended. 

Cefepime 

2.2 mg/kg IV or IM q8h 

Wide spectrum of action against gram-positive and gram-negative organisms and most 
anaerobes. Can be used as sole treatment, although not recommended. 

Chloramphenicol 

50 mg/kg, PO q6h 

Good spectrum of action, including anaerobic bacteria. Poor oral bioavailability and 
disappointing clinical efficacy. Use prohibited in some countries. Potential human health 
hazard. Risk of diarrhea 

Gentamicin sulfate 

7 mg/kg, IV or IM q24h 

Active against Staphylococcus spp. and many gram-negative organisms. Inactive against 
anaerobes. Poor activity against Streptococcus spp. Synergistic with penicillin 

Enrofloxacin 

7 mg/kg IV or PO q24h 

Active against some gram-positive and gram-negative bacteria. Not good or reliable activity 
against streptococci. Contraindicated in young animals because of risk of cartilage damage. 

Amikacin sulfate 

10 mg/kg IV or IM q24h 

Wider spectrum of gram-negative activity than gentamicin. Expensive 

Trimethoprim- 

sulfonamides 

15-30 mg/kg PO q12h 

Theoretical wide spectrum of action. Disappointing clinical efficacy. 

Rifampin 

5-10 mg/kg PO q12h 

Penetrates abscesses well. Active against gram-positive and some gram-negative bacteria. 

Must be used in conjunction with another antibiotic (not an aminoglycoside). 

Doxycycline 

10 mg/kg PO q 12h 

Broad spectrum of activity, but resistance unpredictable. Only moderate blood concentrations. 
Suitable for prolonged therapy but not treatment of the acute disease. 

Ticarcillin—clavulanic 
acid 

50 mg/kg IV q6h 

Broader spectrum of gram-negative activity than penicillin G. Expensive. 

Metronidazole 

15-25 mg/kg PO q6-8h 

Active against anaerobes only. Used in conjunction with other antimicrobials (especially 
penicillin and aminoglycosides). Neurotoxicity rare. 

IM, intramuscularly; IV, intravenously; PO, orally; q, dose administered every "h" hours. 
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The decision to discontinue antimicro¬ 
bial therapy should be based on lack of 
fever, nasal discharge, and respiratory dis¬ 
tress or cough; lack of evidence of intratho- 
racic abscesses on ultrasonographic and 
radiographic examination of the thorax; 
and resolution of neutrophilia and hyperfi- 
brinogenemia. There should be no appre¬ 
ciable pleural fluid on ultrasonographic 
examination. 

Thoracic Drainage 

Chronic, effective drainage of the pleural 
cavity and intrathoracic abscesses is critical 
for successful treatment of horses with pleu¬ 
ropneumonia. Horses with sterile pleural 
fluid may require only a single drainage of 
pleural fluid. More severely affected horses 
may require intermittent drainage on each of 
several days, and most cases will require 
insertion of a tube into the pleural space to 
provide continuous drainage for several days 
to several weeks. Horses with chronic disease 
may benefit from a thoracotomy that pro¬ 
vides continuous drainage and the ability to 
lavage the chest. Ultrasonographic examina¬ 
tion of the chest is very useful in identifying 
the presence of pleural fluid, the optimal sites 
for drainage, and the efficacy of drainage. 

Intermittent thoracic drainage can be 
achieved by inserting a bovine teat cannula 
or similar blunt cannula into the pleural 
space. This should be done aseptically and 
under local anesthesia. If ultrasonographic 
examination is not available, the cannula 
should be placed in the sixth to eighth inter¬ 
costal space on the right side or the seventh 
to ninth on the left side just above the level 
of the olecranon. Pleural fluid that does not 
contain large fibrin clots (which clog the 
cannula) can be drained and the cannula 
removed. However, the process is slow if 
large quantities of fluid must be removed. 
Intermittent drainage is indicated when the 
quantities of pleural fluid are small (< 5 L), 
relatively cell-free, or localized. This situa¬ 
tion is most likely to occur in horses with 
acute disease. 

Insertion of large plastic chest tubes 

(20-30 French, 6- to 10-mm outside diame¬ 
ter) facilitates rapid fluid removal, allows 
drainage of viscid fluid, and provides con¬ 
tinuous drainage. The chest tube should be 
inserted in an aseptic fashion under local 
anesthesia at sites indicated by ultrasono¬ 
graphic examination or as described previ¬ 
ously. A one-way valve should be attached to 
the external end of the tube to prevent aspi¬ 
ration of air and development of a pneumo¬ 
thorax. A balloon or condom with the end 
removed is an effective one-way valve. The 
chest tube is secured to the chest wall with a 
purse-string suture. The tube maybe retained 
for several days to a week, but it should be 
monitored frequently (every few hours) and 
cleared of fibrin clots as needed. 

Complications of drainage of pleural 
fluid include collapse of the animal if the 


fluid is removed too rapidly, pneumothorax, 
sudden death as a result of cardiac puncture 
or laceration of a coronary vessel, and perfo¬ 
ration of abdominal viscera. Collapse can be 
prevented by administering fluids intrave¬ 
nously during pleural fluid drainage and by 
removing the fluid gradually (over a period 
of 30 minutes). Some horses develop celluli¬ 
tis around the chest tube, which requires that 
the tube be removed. 

Thoracotomy may be required in recur¬ 
rent or chronic cases to provide drainage of 
intrathoracic abscesses or chronic pleural 
effusion that is refractory to treatment with 
antimicrobials. Thoracotomy is an effective 
intervention in many horses, with 14 of 16 
horses treated by thoracotomy surviving and 
6 returning to athletic activity. 8 Thoracotomy 
should not be considered an emergency or 
heroic procedure in such cases. 

Pleural Lavage 

Infusion and subsequent removal of 5 to 10 L 
of warm saline or balance polyionic electro¬ 
lyte solution into the affected pleural space 
may be beneficial in the treatment of cases 
with viscid fluid or fluid containing large 
amounts of fibrin and cell debris. The fluid 
can be infused through the chest tube that is 
used to drain the pleural space. Care should 
be taken not to introduce bacteria with the 
infusion. 

Fibrinolytic Therapy 

Tissue plasminogen activators have been 
administered to horses in an attempt to 
increase activity of plasmin and hence the 
rate of lysis of fibrin in the pleural cavity. 
Earlier attempts at fibrinolytic therapy used 
streptokinase or urokinase and were not 
beneficial. Use of modified compounds, such 
as alteplase and tenecteplase, is effective in 
hastening fibrinolysis, enhancing resolution 
of accumulated pleural fluid, and improving 
survival. 6 ' 9,10 There does not appear to be an 
increased risk of prolonged hemostasis. The 
procedure in one case involved intrapleural 
infusion of 12 mg of tenecteplase in 500 ml 
of isotonic saline after drainage of excessive 
pleural fluid. 10 The treatment was repeated 
on three occasions over 10 days. Pharmaco¬ 
kinetics of alteplase in horses are described. 11 
A recommended protocol is infusion of 
tenecteplase (2-10 mg in 1-2 L of isotonic, 
polyionic fluid) ql2 to 24h for 3 days, with a 
dwell time of 4 hours. 6 

Supportive Therapy 

Acutely or severely ill horses may be dehy¬ 
drated and azotemic, and they may have 
acid-base disturbance. These horses should 
be treated with appropriate fluids adminis¬ 
tered intravenously. 

Pleuropneumonia is a painful disease, 
and every attempt should be made to relieve 
the horses chest pain. NSAIDs, including 
flunixin meglumine (1 mg/kg, orally, intra¬ 
muscularly, or intravenously, every 8 hours) 


or phenylbutazone (2.2 mg/kg, orally or 
intravenously, every 12 hours), often provide 
effective analgesia and presumably reduce 
inflammation in the pleural space. 

Horses should be provided with good 
nursing care, including a comfortable stall, 
free access to palatable water, and a good 
diet. Affected horses will often not eat ade¬ 
quately and should be tempted with fresh 
and nutritious fodder. 

Attention should be paid to the horse’s 
feet to detect early signs of laminitis and 
allow appropriate measures to be taken. 

CONTROL 

Prevention of pleuropneumonia involves 
reduction of risk factors associated with the 
disease. The main risk factors are other infec¬ 
tious respiratory diseases and transporta¬ 
tion. Every effort should be made to prevent 
and treat respiratory disease in athletic 
horses, including institution of effective 
vaccination programs. Horses with infec¬ 
tious respiratory disease should not be vigor¬ 
ously exercised until signs of disease have 
resolved. 

Transportation of athletic horses is 
common and essential for their participation 
in competitive events. It cannot, therefore, be 
eliminated. Every effort should be made to 
minimize the adverse effects of transporta¬ 
tion on airway health. Recommendations for 
transport of horses first made in 1917 are still 
relevant. Updated, these recommendations 
include the following: 

• Not transporting a horse unless it is 
healthy. Horses with fever should not 
be transported 

• Knowledgeable staff familiar with the 
horse should accompany it. 

• Suitable periods of rest and 
acclimation should be provided 
before recently transported or raced 
horses are transported. 

• The time during which horses are 
confined for transportation should 
be kept to a minimum. Horses 
should be loaded last and unloaded 
first in flights with mixed cargo. 

• The route taken should be the most 
direct and briefest available. 

• Horses should be permitted adequate 
time to rest at scheduled breaks. If 
possible, on long journeys horses 
should be unloaded and allowed 
exercise (walking) and access to hay 
and water. 

• Horses should have frequent, 
preferably continuous, access to 
feed and water during 
transportation. 

• Horses should not be exercised after 
arrival until they are free of fever, 
cough, or nasal discharge. 

• Horses should not be restrained 
during transportation such that they 
are unable or unwilling to lower 
their heads. 
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• Air quality should be optimal in 
the vehicle used to transport the 
horse. 
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ACUTE BRONCHO-INTERSTITIAL 
PNEUMONIA IN FOALS 

Acute broncho-interstitial pneumonia is a 
disease of foals less than 7 months of age, and 
usually less than 2 months of age, character¬ 
ized by a rapid onset of respiratory distress. 
The condition is clinically similar to acute 
lung injury identified in other species. 1 The 
etiology is unclear in many cases, but causes 
or agents associated with the disease include 
equine influenza virus infection, 2 R. equi, 
equine herpesvirus-2, equine arteritis virus, 
or Pneumocystis carinii. The disease is likely 
a result of severe pulmonary injury by any 
of a number of infectious or toxic agents. 
The respiratory distress results from loss of 
pulmonary function because of necrosis 
of the epithelium of alveoli and terminal 
bronchioles. 

Foals typically present with an acute 
onset (<4 days) of respiratory distress, 
pyrexia, and tachycardia. Foals are depressed 
and reluctant to eat. There is a pronounced 
respiratory effort with a marked abdominal 
component in most affected foals. Crackles, 
wheezes, and increased bronchial breath 
sounds are auscultable in most foals. Radio- 
graphic examination reveals a bronchointer- 
stitial pattern that is always diffuse, although 
in some foals there is also a focal interstitial 
pattern. The prognosis is guarded, with 
approximately 50% of affected foals dying of 
the disease. 

There is a neutrophilic leukocytosis and 
hyperfibrinogenemia in most cases. Arterial 
hypoxemia is present in severely affected 
foals. Tracheal aspirate demonstrates neutro¬ 
philic inflammation. Culture of the tracheal 
aspirate yields Rhodococcus equi, S. zooepi- 
demicus, and Actinobacillus sp., in addition 
to other organisms that are of questionable 
significance. Serology might demonstrate 
evidence of infection by equine influenza 
virus or equine herpesvirus-2. Viral isolation 
can identify equine influenza virus. 2 

NECROPSY FINDINGS 

Necropsy examination reveals the presence 
of diffusely reddened, wet, and firm lungs 
that fail to collapse. The predominant 


histologic lesion is necrosis of the epithelium 
of terminal bronchioles and alveoli. 

TREATMENT 

Principles of treatment are correction of 
hypoxemia, reduction of inflammation, and 
removal of inciting causes. Severely affected 
foals might require nasal insufflation of 
oxygen to ameliorate or correct hypoxemia. 
Administration of corticosteroids has been 
associated with improved survival. Broad- 
spectrum antibiotics are administered to 
treat concurrent bacterial infections and 
prevent secondary infection. 

CONTROL 

There are no specific control measures, but 
reduction of exposure of foals to infectious 
respiratory disease would be prudent. 
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CHRONIC INTERSTITIAL 
PNEUMONIA IN FOALS 

Chronic interstitial pneumonia is a sporadic 
disease of foals less than 10 months of age 
characterized by respiratory distress of 
several weeks’ duration. The etiology is 
unknown, but the disease likely represents a 
common final response to injury caused by 
any one of a number of infectious or toxic 
agents (see “Interstitial Pneumonia of 
Horses” and “Acute Bronchointerstitial 
Pneumonia of Foals”). 

Affected foals are bright and alert and 
have markedly increased respiratory effort. 
The respiratory rate is elevated, and there is 
a prominent abdominal component to respi¬ 
ratory effort. Fever is low grade and intermit¬ 
tent. Thoracic auscultation reveals increased 
intensity of normal breath sounds and the 
presence of wheezes and crackles in most 
affected foals. Ultrasonographic examination 
of the thorax reveals extensive “comet tail” 
signs in most cases. Radiography demon¬ 
strates the presence of moderate to severe 
interstitial pneumonia that in some cases can 
include focal opacities suggestive of alveolar 
disease. The prognosis with appropriate 
treatment is excellent. 

Affected foals have neutrophilic leukocy¬ 
tosis and hyperfibrinogenemia. Serologic 
examination for antibodies to common 
respiratory viruses is unrewarding. Culture 
of tracheal aspirates does not consistently 
yield growth of known pathogens, although 
Nicoletella semolina is associated with similar 
clinical signs and presentation. 1 Lung biopsy 
is not warranted because the characteristic 
changes on radiographic examination, com¬ 
bined with the clinical signs, are diagnostic 
for the disease. The risk of adverse events 
associated with lung biopsy outweighs any 
diagnostic utility given the good prognosis 
for complete recovery from the disease. 


Treatment consists of administration of 
corticosteroids such as dexamethasone phos¬ 
phate at an initial dosage of 0.1 to 0.25 mg/kg 
intravenously every 24 hours for 3 to 5 days 
followed by a declining dose administered 
orally over 2 to 3 weeks. Prednisolone can be 
substituted for dexamethasone. Broad-spec¬ 
trum antibiotics (combination of penicillin 
and aminoglycoside, trimethoprim-sulfon¬ 
amide, or doxycycline) should be adminis¬ 
tered for 1 to 2 weeks. 

There are no recognized control mea¬ 
sures, although control of infectious respira¬ 
tory disease in the herd is prudent. 

FURTHER READING 

Nout YS, Hinchcliff KW, Samii VF, et al. Chronic 

pulmonary disease with radiographic interstitial 

opacity (interstitial pneumonia) in foals. Equine Vet 

J. 2002;34:542. 
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INTERSTITIAL PNEUMONIA IN 
ADULT HORSES 

Interstitial pneumonia can be associated 
with other systemic disease, such as infection 
by influenza virus, equine infectious anemia 
virus, or intoxication by various plants or 
minerals (silica), or it can be a primary 
disease. Equine multinodular pulmonary 
fibrosis (EMPF) was previously included in 
this topic but is now discussed separately 
later in this section on diseases of the equine 
respiratory tract. 1 

ETIOLOGY 

Interstitial pneumonia is a common finding 
in horses associated with various infectious 
agents (Hendra virus, equine influenza 
virus, 2 ' 3 equine infectious anemia, 4 Rhodococ¬ 
cus equi, Aspergillus sp., Cryptococcus sp. and 
Histoplasma sp., Pneumocystis carinii, Paras- 
caris equorum, and Dictyocaulus arnfiedli). 
Intoxication with perilla ketone, derived 
from Perilla frutescens, causes acute restric¬ 
tive lung disease of horses. Similarly, inges¬ 
tion of Eupatorium sp. in Australia and 
Hawaii causes interstitial pneumonia in 
horses. Ingestion of Crotalaria spp. causes 
interstitial pneumonia in donkeys. 1 ’ Inhala¬ 
tion or ingestion of agricultural chemicals or 
environmental toxins (e.g., paraquat) has the 
potential to cause interstitial pneumonia in 
other species, but this has not been demon¬ 
strated in horses. 1 Silicosis causes interstitial 
pneumonia in horses in California. 6 Lipid 
pneumonia has an interstitial component.' 

Chronic pleuropulmonary fibrosis and 
elastosis occurs in aged donkeys in the 
United Kingdom. 8,9 The disease was present 
in 32% of over 1100 postmortem examina¬ 
tions of donkeys. 9 The etiology of the disease 
is unknown. 

Hypersensitivity reactions may cause 
severe respiratory disease in horses. Incrimi¬ 
nating allergens include fungi (unspecified) 








and chicken dust. Interstitial pneumonia has 
also been reported subsequent to adminis¬ 
tration of an immunostimulant containing 
mycobacterial cell-wall extract. 

Chronic eosinophilic pneumonia of adult 
horses is idiopathic. 10 

EPIDEMIOLOGY 

The disease occurs in adult horses, without 
apparent breed, sex, or age predisposition. In 
cases in which the cause is infectious, the 
epidemiology of the disease is characteristic 
of that of the causal organism. 

PATHOGENESIS 

The initial insult causes injury to parenchy¬ 
mal cells and an acute alveolitis. Alveolitis 
results from damage to epithelial and endo¬ 
thelial cells by toxic, metabolic (free radi¬ 
cals), or infectious agents. This is followed by 
a phase of cellular proliferation of type 2 
pneumocytes and fibroblasts with connec¬ 
tive tissue deposition. At this time there is an 
influx of inflammatory cells, the exact type 
depending to some extent on the cause of the 
disease. Infiltration of neutrophils, lympho¬ 
cytes, and macrophages is common. Contin¬ 
ued injury to the lung results in development 
of severe interstitial fibrosis and destruction 
of gas exchange units. 

Interstitial pneumonia results in altered 
pulmonary function including reduced com¬ 
pliance, impaired pulmonary gas exchange, 
and a reduction in total and vital lung capac¬ 
ity. The work of breathing is increased. 

CLINICAL SIGNS 

Horses with interstitial pneumonia have 
various combinations of: weight loss, recur¬ 
rent cough, depression, anorexia, fever, or 
respiratory distress. Signs of respiratory dis¬ 
tress are variable between cases and depend 
on the severity of the disease. The usual 
history of is a gradual onset of increased 
respiratory effort. Heart and respiratory rates 
are usually elevated. Pyrexia is not a constant 
finding. There may be a nasal discharge. 
Thoracic auscultation may reveal only 
increased intensity of normal breath sounds 
or the presence of occasional crackles and 
wheezes. 

Thoracic radiography reveals pulmonary 
disease, usually apparent as severe, diffuse 
interstitial disease. Ultrasonographic exami¬ 
nation may reveal the presence of multiple 
“comet tail” signs in the lung parenchyma 
confluent with the pleural surface. There is 
no excess pleural fluid. 

Intradermal skin testing may be useful to 
identify the inciting allergen in cases of aller¬ 
gic interstitial pneumonia. 

CLINICAL PATHOLOGY 

Hematologic and serum biochemical abnor¬ 
malities vary with the inciting cause of the 
disease. Bronchoalveolar lavage, which is 
preferred over collection of tracheal aspi¬ 
rates, demonstrates changes consistent with 
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the underlying disease, which is usually 
inflammatory. 

NECROPSY FINDINGS 

The lungs do not deflate as anticipated, and 
there may be indentations from the ribs on 
the surface of the lungs. The histologic 
changes depend on the etiology of the 
disease. 

TREATMENT 

Treatment should be directed toward any 
cause of the disease that is identified, such as 
administration of anthelmintics to horses 
with parasitic disease. Bronchodilating 
drugs, such as clenbuterol, can be consid¬ 
ered, but bronchoconstriction is not a prom¬ 
inent component of the disease. 

CONTROL 

Prevention of exposure to potential infec¬ 
tious, toxic, or environmental causes is 
prudent. 

FURTHER READING 

Bruce EH. Interstitial pneumonia in horses. Comp Cont 
EducPract Vet. 1995;17:1145. 

Buergelt CD. Interstitial pneumonia in the horse: a 
fledgling morphological entity with mysterious 
causes. Equine Vet J. 1995;27:4. 
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EXERCISE-INDUCED 
PULMONARY HEMORRHAGE OF 
HORSES (BLEEDERS) 


SYNOPSIS 


Etiology Pulmonary hemorrhage during 
exercise. 

Epidemiology Present in most (>80%) 
Thoroughbred and Standardbred 
racehorses, although clinical signs are less 
common. Occurs worldwide in any horse 
that performs strenuous exercise. 
Case-fatality rate is low, although because 
of the high incidence of the disease, deaths 
occur frequently during racing. 

Pathogenesis Probably associated with 
rupture of pulmonary capillaries by the 
high pulmonary vascular pressures 
generated during exercise. There does not 
appear to be a contributory role for 
preexisting inflammation and obstruction of 


small airways, although this is unclear. 

There is tissue damage caused by large and 
rapid changes in intrathoracic pressure. 

Clinical signs Epistaxis is an uncommon but 
very specific sign of EIPH in horses that 
have just exercised. Endoscopic examination 
of the trachea and bronchi reveals blood. 

Clinical pathology Presence of hemosiderin¬ 
laden macrophages in tracheal aspirates or 
bronchial lavage fluid. 

Lesions Fibrosis and discoloration of the 
caudodorsal regions of the lungs. Fibrosis, 
accumulation of hemosiderin-laden 
macrophages in interstitial tissue, 
inflammation and bronchial artery 
angiogenesis. Florses dying acutely 
have blood-filled airways and heavy, wet 
lungs. 

Diagnostic confirmation Demonstration of 
blood in the trachea or bronchi by 
endoscopic examination, or cytologic 
examination of tracheal aspirates or 
bronchoalveolar lavage fluid. 

Treatment Furosemide is effective in 
decreasing the frequency and severity of 
the disease. 

Control There are no specific control 
measures; however, prevention of 
environmental and infectious respiratory 
disease might reduce the incidence of the 
disease. 


ETIOLOGY 

Exercise-induced pulmonary hemorrhage of 
horses (EIPH) is a disease that occurs in 
horses during strenuous exercise. 1 There is 
evidence of a genetic component to epistaxis 
in Thoroughbred racehorses {h 2 = 0.27-0.5), 2 
but there are no reports of heritability or 
genetic factors contributing to EIPH. 

EPIDEMIOLOGY 

EIPH is primarily a disease of horses, 
although it occurs in racing camels and 
Greyhounds. 3 EIPH occurs in horses world¬ 
wide, and there does not appear to be any 
geographic distribution. It is a disorder of 
horses that run at high speed, such as Thor¬ 
oughbred or Standardbred racehorses. The 
disorder is uncommon in endurance horses 
and is rare in draft breeds, although it does 
occur in horses used for these activities. 4 
There is increasing recognition of its impor¬ 
tance in sport horses (3-day event, show 
jumping, but not in dressage). 3 

The prevalence of EIPH varies with the 
method used to detect it and the frequency 
with which horses are examined, as dis¬ 
cussed later in this section. Epistaxis associ¬ 
ated with exercise is almost always 
attributable to pulmonary hemorrhage and 
occurs only in a small proportion of race¬ 
horses. Epistaxis occurs in only 3% of horses 
that have blood detected in the trachea by 
endoscopic examination performed within 2 
hours of racing. The prevalence of epistaxis 
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in racehorses varies between 0.1% and 9.0%, 
with the frequency depending on the breed, 
age and sex of horses selected for study, the 
type of racing, and the timing and frequency 
of observation of horses after racing. Epi- 
staxis is more common in older horses. There 
are conflicting reports of a sex predisposi¬ 
tion, although epistaxis may be more 
common in female Thoroughbreds. Epistaxis 
is more common after races of less than 
1600 m than in longer races, although not all 
sources agree on this point. However, horses 
in steeplechase races, which are typically 
longer than 2000 m, are at greater risk of 
epistaxis than are horses in flat races. Inci¬ 
dence of epistaxis in steeplechase horses in 
the United Kingdom is 5.3 per 1000 starts 
and 3.6 per 1000 starts in hurdle racing. 0 Risk 
factors for horses in jumps races (steeple¬ 
chase) include previous epistaxis (odds ratio 
[OR] 6.1 [4.4-8.3]), racing in a claiming race 
(OR 5.9 [1.4-25]), greater than 9 starts in 
previous 4 to 6 months (OR 10 [2-47]), and 
racing on firmer ground. 1 ' Epistaxis is rela¬ 
tively uncommon, and most horses with EIPH 
do not have epistaxis. 

There are a variety of other methods of 
detecting EIPH, including endoscopic exam¬ 
ination of the airways and microscopic 
examination of tracheal aspirates or bron- 
choalveolar lavage fluid. 

Almost all Thoroughbred racehorses in 
active training have hemosiderophages in 
bronchoalveolar lavage fluid, indicating that 
all have some degree of EIPH. The preva¬ 
lence of EIPH decreases when diagnosis is 
based on endoscopic examination of horses 
after exercise or racing. 

EIPH is very common in Thoroughbred 
racehorses, with estimates of prevalence, 
based on a single endoscopic examination of 
the trachea and bronchi, of 43% to 75%. 7 ’ 8 
The prevalence increases with the frequency 
of examination, with over 80% of horses 
having evidence of EIPH on at least one 
occasion after examination after each of 
three consecutive races. 9 There can be 
considerable variability in severity of EIPH 
within an individual horse on repeated 
examination over a racing season. 8 The prev¬ 
alence of EIPH in Standardbred racehorses 
is assumed to be lower, with 26% to 34% of 
horses reported to have blood in the trachea 
after racing. However, these studies were 
based on a single examination and one only 
reported as positive those horses with blood 
covering more than one half the tracheo¬ 
bronchial tree. When examined after each of 
three races, 87% of Standardbred racehorses 
have evidence of EIPH on at least one occa¬ 
sion, suggesting that EIPH is as common in 
Standardbred racehorses as it is in Thor¬ 
oughbred racehorses. 

Exercise-induced pulmonary hemor¬ 
rhage occurs in approximately 62% of racing 
Quarter Horses and has been observed in 
Quarter Horses used for barrel racing. The 
disorder occurs in racing Appaloosa horses. 


Approximately 11% of polo ponies are 
affected with EIPH. The disease occurs in 
draft horses but is not well documented. 

Age is considered a risk factor for EIPH, 
with the prevalence of the disorder being 
higher in older horses, but the risk factor is 
the amount of racing that a horse has com¬ 
pleted, not its age. 10,11 There is no consistent 
association of sex with prevalence of EIPH. 
Among Thoroughbred racehorses there is an 
unclear relationship between the speed of 
racing and the risk of EIPH. 10,12 Lesions of 
EIPH are not detected in young Thorough¬ 
bred racehorses that have trained at speeds 
of less than 7 m/s. 

The risk of EIPH increases with racing at 
lower ambient temperatures 10,12 and with the 
wearing of bar shoes during racing. 12 There 
is no association between risk of EIPH and 
track hardness. 10,12 

PATHOGENESIS 

The cause of EIPH is rupture of alveolar 
capillary membranes with subsequent 
extravasation of blood into interstitial and 
alveolar spaces. The source of blood in such 
instances is the pulmonary circulation. 
Bleeding from bronchial circulation during 
exercise has been suggested, based on histo¬ 
logic evidence of bronchial angiogenesis in 
horses that have experienced previous epi¬ 
sodes of EIPH, but contribution of the bron¬ 
chial circulation to EIPH has not been 
demonstrated. Regardless of the contribu¬ 
tion of bronchial circulation to blood in the 
airways, the likely initial lesion is in capillar¬ 
ies associated with the pulmonary circula¬ 
tion. There is increasing evidence that the 
primary lesion is arteriovenous remodeling 
of pulmonary veins. 1 ’ 16 Remodeling of pul¬ 
monary veins results in loss of distensibility 
and partial occlusion to blood flow with sub¬ 
sequent presumed increases in pulmonary 
alveolar capillary pressure. 13,17 Hemorrhage 
into the interstitial space and alveoli, with 
subsequent rostral movement of blood in the 
airways, results in blood in the trachea and 
bronchi. 

Rupture of alveolar capillaries occurs sec¬ 
ondary to an exercise-induced increase in 
transmural pressure (pressure difference 
between the inside of the capillary and the 
alveolar lumen). If the transmural stress 
exceeds the tensile strength of the capillary 
wall, the capillary ruptures. The proximate 
cause of alveolar capillary rupture is the high 
transmural pressure generated by positive 
intracapillary pressures, which are largely 
attributable to capillary blood pressure, and 
the lower intraalveolar pressure generated by 
the negative pleural pressures associated 
with inspiration. 

During exercise, the absolute magnitudes 
of both pulmonary capillary pressure and 
alveolar pressure increase, with a consequent 
increase in transmural pressure. Strenuous 
exercise is associated with marked increases 
in pulmonary artery pressure in horses. 


Values for mean pulmonary arterial pressure 
at rest of 20 to 25 mm Hg increase to more 
than 90 mm Hg during intense exercise 
because of the large cardiac output achieved 
by exercising horses. The increases in pulmo¬ 
nary artery pressure, combined with an 
increase in left atrial pressure during exer¬ 
cise, probably result in an increase in pulmo¬ 
nary capillary pressure. Combined with the 
increase in pulmonary capillary pressure is a 
marked decrease (more negative) in pleural, 
and therefore alveolar, pressure during exer¬ 
cise. The pleural pressure of normal horses 
during inspiration decreases from approxi¬ 
mately -0.7 kPa (-5.3 mm Hg) at rest to as 
low as -8.5 kPa (64 mm Hg) during strenu¬ 
ous exercise. Together, the increase in pul¬ 
monary capillary pressure and decrease 
(more negative) in intrapleural (alveolar) 
pressure contribute to a marked increase in 
stress in the alveolar wall. Although the alve¬ 
olar wall and pulmonary capillaries of horses 
are stronger than those of other species, 
rupture may occur because the wall stress in 
the alveolus exceeds the mechanical strength 
of the capillary. 

Other theories of the pathogenesis of 
EIPH include: small-airway disease, upper 
airway obstruction, hemostatic abnormali¬ 
ties, changes in blood viscosity and erythro¬ 
cyte shape, intrathoracic sheer forces 
associated with gait, and bronchial artery 
angiogenesis. It is likely that the pathogenesis 
of EIPH involves several processes, including 
pulmonary hypertension, lower alveolar 
pressure, and changes in lung structure, that 
summate to induce stress failure of pulmo¬ 
nary capillaries. 

Obstruction of either the upper or lower 
airways has been proposed as a cause of 
EIPH. Inspiratory airway obstruction results 
in more negative intrapleural, and therefore 
alveolar, pressures. This effect is exacerbated 
by exercise, with the result that alveolar 
transmural pressure is greater in horses with 
airway obstruction. The higher transmural 
pressure in such horses may increase the 
severity of EIPH, although this has not been 
demonstrated. Moreover, although inspira¬ 
tory airway obstruction may predispose to 
EIPH, the prevalence of this condition is 
much less than that of EIPH, indicating that 
it is not the sole factor inducing EIPH in 
most horses. 

Horses with moderate to severe EIPH 
have histologic evidence of inflammation 
of the small airways, and there is a clear 
association between the presence of EIPH 
and inflammatory changes in bronchoal¬ 
veolar or tracheal aspirate fluid. However, 
instillation of autologous blood into the 
airways does not induce a marked inflamma¬ 
tory response in normal horses, and it is 
therefore unclear whether inflammation 
alone induces or predisposes to EIPH. 18,19 
Theoretically, small-airway inflammation 
and bronchoconstriction have the potential 
to produce intrathoracic airway obstruction 





and, therefore, a more negative alveolar pres¬ 
sure. Given that small-airway disease is 
common in horses, there is the potential for 
an important effect of factors such as viral 
infections, air pollution, and allergic airway 
disease to contribute to the initiation or 
propagation of EIPH. 

The characteristic location of lesions of 
EIPH in the caudodorsal lung fields has led 
to the proposal that hemorrhage is a result of 
tissue damage occurring when waves of 
stress, generated by forelimb foot strike, are 
focused and amplified into the narrowing 
cross-sectional area of the caudal lung lobes. 
According to the theory, the locomotor 
impact of the forelimbs results in transmis¬ 
sion of forces through the scapula to the 
body wall, from where they pass into the 
lungs and caudally and dorsally. As the wave 
of pressure passes into the narrower cau¬ 
dodorsal regions of the lungs it generates 
progressively greater shearing forces that 
disrupt tissue and cause EIPH. However, 
studies of intrapleural pressures have not 
demonstrated the presence of a systemic 
pressure wave passing through the lung and 
do not provide support for this hypothesis. 

Horses with EIPH have been suspected of 
having defects in either hemostasis or fibri¬ 
nolysis. However, although exercise induces 
substantial changes in blood coagulation and 
fibrinolysis, these is no evidence that horses 
with EIPH have defective coagulation or 
increased fibrinolysis. 

Regardless of the cause, rupture of pul¬ 
monary capillaries and subsequent hemor¬ 
rhage into airways and interstitium causes 
inflammation of both airways and intersti¬ 
tium with subsequent development of fibro¬ 
sis and alteration of tissue compliance. 
Heterogeneity of compliance within the 
lungs, and particularly at the junction of 
normal and diseased tissue, results in the 
development of abnormal shear stress with 
subsequent tissue damage. These changes are 
exacerbated by inflammation and obstruc¬ 
tion of small airways, with resulting uneven 
inflation of the lungs. The structural abnor¬ 
malities, combined with pulmonary hyper¬ 
tension and the large intrathoracic forces 
associated with respiration during strenuous 
exercise, cause repetitive damage at the 
boundary of normal and diseased tissue with 
further hemorrhage and inflammation. The 
process, once started, is lifelong and contin¬ 
ues for as long as the horse continues to 
perform strenuous exercise. 

CLINICAL FINDINGS 

Poor athletic performance or epistaxis are 
the most common presenting complaints for 
horses with EIPH. Although poor perfor¬ 
mance may be attributable to any of a large 
number of causes, epistaxis associated with 
exercise is almost always secondary to EIPH. 

Epistaxis as a result of EIPH occurs 
during or shortly after exercise and is usually 
first noticed at the end of a race, particularly 
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when the horse is returned to the paddock 
or winner s circle and is allowed to lower its 
head. It is usually bilateral and resolves 
within hours of the end of the race. Epistaxis 
may occur on more than one occasion, espe¬ 
cially when horses are raced or exercised at 
high speed soon after an initial episode. 

Exercise-Induced Pulmonary 
Hemorrhage and Performance 

Failure of racehorses to perform to the 
expected standard (poor performance) is 
often, accurately or not, attributed to EIPH. 7 
Many horses with poor performance have 
cytologic evidence of EIPH on microscopic 
examination of tracheobronchial aspirates or 
bronchoalveolar lavage fluid or have blood 
evident on endoscopic examination of the 
tracheobronchial tree performed 30 to 90 
minutes after strenuous exercise or racing. 
However, it is important to recognize that 
EIPH is very common in racehorses, and it 
should be considered the cause of poor per¬ 
formance only after other causes have been 
eliminated. Severe EIPH undoubtedly results 
in poor performance and, on rare occasions, 
death of Thoroughbred racehorses. 1 ' 7 ' 20 Thor¬ 
oughbred horses with EIPH have impaired 
performance compared with unaffected 
horses.' Affected horses have a lower likeli¬ 
hood of finishing in the first three places, are 
less likely to be elite money earners, and 
finish further behind the winner than do 
unaffected horses. 

Results of studies in Standardbred race¬ 
horses indicate either a lack of effect of EIPH 
on performance or an association between 
EIPH and superior performance. There was 
no relationship between presence of EIPH 
and finishing position in 29 Standardbred 
racehorses with intermittent EIPH examined 
on at least two occasions, nor in 92 Standard- 
bred racehorses examined on one occasion. 
However, of 965 Standardbred racehorses 
examined after racing, those finishing first or 
second were 1.4 times more likely (95% con¬ 
fidence interval 0.9-2.2) to have evidence of 
EIPH on tracheobronchoscopic examination 
than were horses that finished in seventh or 
eighth position. 

Physical Examination 

Apart from epistaxis in a small proportion of 
affected horses (Fig. 12-26), there are few 
abnormalities detectable on routine physical 
examination of horses with EIPH. Rectal 
temperature and heart and breathing rates 
may be elevated as a consequence of exercise 
in horses examined soon after exercise, but 
values of these variables in horses with EIPH 
at rest are not noticeably different from those 
of horses with no evidence of EIPH. Affected 
horses may swallow more frequently during 
recovery from exercise than do unaffected 
horses, probably as a result of blood in the 
larynx and pharynx. Coughing is common 
in horses recovering from strenuous exercise 
and after recovery from exercise; horses with 



Fig. 12-26 Thoroughbred racehorse with 
epistaxis secondary to exercise-induced 
pulmonary hemorrhage during racing. 


EIPH are no more likely to cough than are 
unaffected horses. 1 Other clinical signs 
related to respiratory abnormalities are 
uncommon in horses with EIPH. Respira¬ 
tory distress is rare in horses with EIPH and, 
when present, indicates severe hemorrhage 
or other serious lung disease such as pneu¬ 
monia, pneumothorax or rupture of a pul¬ 
monary abscess. Lung sounds are abnormal 
in a small number of EIPH-affected horses 
and, when present, are characterized by 
increased intensity of normal breath sounds 
during rebreathing examination. Tracheal 
rales may be present in horses with EIPH but 
are also heard in unaffected horses. 

Tracheobronchoscopy 

Observation of blood in the trachea or large 
bronchi of horses 30 to 120 minutes after 
racing or strenuous exercise provides a 
definitive diagnosis of EIPH. The amount of 
blood in the large airways varies from a few 
small specks on the airway walls to a stream 
of blood occupying the ventral one-third of 
the trachea. Blood may also be present in the 
larynx and nasopharynx. If there is a strong 
suspicion of EIPH and blood is not present 
on a single examination conducted soon 
after exercise, the examination should be 
repeated in 60 to 90 minutes. Some horses 
with EIPH do not have blood present in the 
rostral airways immediately after exercise, 
but do so when examined 1 to 2 hours later. 
Blood is detectable by tracheobronchoscopic 
examination for 1 to 3 days in most horses, 
with some horses having blood detectable for 
up to 7 days. 

Bronchoscopic examination can be used 
to estimate the severity of EIPH through the 
use of a grading system. The interobserver 
repeatability of tracheobronchoscopic assess¬ 
ment of severity of EIPH using a grading 
scale of 0 to 4 is excellent, and this scoring 
system has been widely adopted for use 
(Fig. 12-27). 7 ’ 8,12,21 

• Grade 0: No blood detected in the 
pharynx, larynx, trachea, or 
mainstem bronchi. 

• Grade 1: Presence of one or more 
flecks of blood or two or more short 
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Fig. 12-27 Grading of EIPH in Thoroughbred racehorses—Grades 1 (A), 2 (B), 3 (C), and 4 (D). 
(Reproduced with permission Hinchcliff et al. 2005. 21 ) 


(< one-quarter of the length of the 
trachea) narrow (<10% of the 
tracheal surface area) streams of 
blood in the trachea or mainstem 
bronchi visible from the tracheal 
bifurcation. 

• Grade 2: One long stream of blood 
(> half the length of the trachea) or 
greater than 2 short streams 
occupying less than one-third of the 
tracheal circumference. 

• Grade 3: Multiple, distinct streams 
of blood covering more than 
one-third of the tracheal 
circumference. No blood pooling at 
the thoracic inlet. 

• Grade 4: Multiple, coalescing 
streams of blood covering greater 
than 90% of the tracheal surface with 
pooling of blood at the thoracic inlet. 

It is assumed that a higher score represents 
more severe hemorrhage, but although the 
repeatability of this scoring system has been 
established, the relationship between the 
amount of blood in the large airways and the 
actual amount of hemorrhage has not been 
established. 

Radiography 

Thoracic radiography is of limited use in 
detecting horses with EIPH. Radiographs 


can demonstrate the presence of densities in 
the caudodorsal lung fields of some horses, 
but many affected horses have minimal to 
undetectable radiographic abnormalities. 1 
Examination of thoracic radiographs of 
horses with EIPH can be useful in ruling out 
the presence of another disease process, such 
as a pulmonary abscess, contributing to the 
horses pulmonary hemorrhage or poor ath¬ 
letic performance. 

Prognosis 

Horses that have experienced one episode of 
epistaxis are more likely to have a second 
episode. For this reason most racing jurisdic¬ 
tions do not permit horses with epistaxis to 
race for a period of weeks to months after 
the initial instance, with more prolonged 
enforced rest after a subsequent episode of 
epistaxis and retirement from racing after a 
third bout. The recurrence rate after one 
episode of epistaxis in Thoroughbred horses 
is approximately 13.5% despite affected 
horses not being permitted to race for 1 
month after the initial episode. This high rate 
of recurrence suggests that the inciting pul¬ 
monary lesions have not healed. 

Long-term examination of performance 
of horses with EIPH indicates the horses 
with grade 4 EIPH have shorter racing 
careers, but it is not clear if this is a function 


of the biology of the disease or a manage¬ 
ment decision by owners and trainers. 11 
There is no association between measures of 
long-term performance measured over 10 
years and grades 1, 2, or 3 of EIPH in Thor¬ 
oughbred racehorses. 11 

Clinical Pathology 
Examination of Airway Secretions 
or Lavage Fluid 

The presence of red cells or macrophages 
containing either effete red cells or the break¬ 
down products of hemoglobin (hemosidero- 
phages) in tracheal or bronchoalveolar lavage 
fluid provides evidence of EIPH. Detection 
of red cells or hemosiderophages in tracheal 
aspirates or bronchoalveolar lavage fluid is 
believed to be both sensitive and specific in 
the diagnosis of EIPH. Examination of 
airway fluids indicates the presence of EIPH 
in a greater proportion of horses than does 
tracheobronchoscopic examination after 
strenuous exercise or racing. The greater sen¬ 
sitivity of examination of airway fluid is 
probably attributable to the ability of this 
examination to detect the presence of small 
amounts of blood or its residual products 
and the longevity of these products in the 
airways. Although endoscopic examination 
may detect blood in occasional horses up to 
7 days after an episode of EIPH, cellular evi¬ 
dence of pulmonary hemorrhage persists for 
weeks after a single episode. Red blood cells 
and macrophages containing red cells are 
present in bronchoalveolar lavage fluid or 
tracheal aspirates for at least 1 week after 
strenuous exercise or instillation of autolo¬ 
gous blood into airways, and hemosidero¬ 
phages are present for at least 21 days and 
possibly longer. 

Recent studies have reported on the use 
of red cell numbers in bronchoalveolar 
lavage fluid as a quantitative indicator of 
EIPH. However, this indicator of EIPH 
severity has not been validated nor demon¬ 
strated to be more reliable or repeatable than 
tracheobronchoscopic examination and 
visual scoring. Furthermore, considerable 
concern exists over the suitability of red cell 
counts in bronchoalveolar lavage fluid for 
assessment of severity of EIPH given that an 
unknown area, although presumably small, 
of the lung is examined by lavage and 
that there is a risk that this area of lung may 
not be representative of the lung as a whole, 
similar to the situation of examination of 
bronchoalveolar lavage fluid of horses 
with pneumonia. Bronchoalveolar lavage of 
sections of both lungs, achieved using an 
endoscope, may obviate some of these 
concerns. 

Tracheal aspirates may be obtained any 
time after exercise by aspiration either during 
tracheobronchoscopic examination or 
through a percutaneous intratracheal needle. 
Aspirates obtained through an endoscope 
may not be sterile, depending on the collec¬ 
tion technique. Bronchoalveolar lavage fluid 
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can be obtained through either an endoscope 
wedged in the distal airway or a cuffed 
tube inserted blindly into a distal airway. 
Collection of fluid through an endoscope 
has the advantage of permitting examination 
of the distal airways and selection of the 
area of lung to be lavaged. However, it 
does require the use of an endoscope that is 
longer (2 m) than those readily available in 
most equine practices. Use of a commercial 
bronchoalveolar lavage catheter does not 
require use of an endoscope, and this proce¬ 
dure can be readily performed in field 
situations. 


DIFFERENTIAL DIAGNOSIS 


Epistaxis and hemorrhage into airways can 
occur as a result of a number of diseases 
(Table 12-12). 


Necropsy 

Exercise-induced pulmonary hemorrhage is 
a rare cause of death of racehorses, but 
among racehorses that die during racing for 
reasons other than musculoskeletal injuries, 
EIPH is common. 20 Necropsy examination of 
horses is usually incidental to examination 
for another cause of death. Pertinent abnor¬ 
malities in horses with EIPH are restricted to 
the respiratory tract. Grossly, horses exam¬ 
ined within hours of strenuous exercise, such 
as horses examined because of catastrophic 
musculoskeletal injuries incurred during 
racing, may have severe petechiation in the 
caudodorsal lung fields. Horses with chronic 
disease have blue/gray or blue/brown discol¬ 
oration of the visceral pleural surfaces of the 
caudodorsal lung fields that is often sharply 
demarcated, especially on the diaphragmatic 
surface. The discoloration affects both lungs 
equally, with 30% to 50% of the lung fields 
being discolored in severe cases. Affected 
areas do not collapse to the same extent as 


unaffected areas and, in the deflated lung, 
have a spleen-like consistency. On cut 
surface, the discolored areas of lung are pre¬ 
dominantly contiguous with the dorsal 
pleural surface and extend ventrally into the 
lung parenchyma. Areas of affected lung may 
be separated by normal lung. There is prolif¬ 
eration of bronchial vessels, predominantly 
arteries and arterioles, in affected areas. His¬ 
tologically, affected areas exhibit bronchiol¬ 
itis, hemosiderophages in the alveolar lumen 
and interstitial spaces, and fibrosis of inter¬ 
lobular septa, pleura, and around vessels and 
bronchioles. 

Treatment 

Prevention of EIPH is contentious because it 
can involve the administration of medica¬ 
tions on the day of racing. The efficacy of 
various interventions and medications has 
recently been evaluated in two systematic 
reviews, both of which concluded that there 
was moderately strong to strong evidence 


Table 12-12 Causes of epistaxis in horses 

Disease 

Epidemiology 

Clinical signs and diagnosis 

Treatment and control 

Hemorrhage into trachea 

or bronchi, sometimes with epistaxis 


Exercise-induced 

Horses after strenuous exercise. 

Epistaxis is a rare but very specific sign of EIPH. 

Efficacy of various drugs used for 

pulmonary hemorrhage 

Most common in 

Only occurs after exercise. 

treatment and control is debated. 

(EIPH) 

Thoroughbred and 
Standardbred racehorses. 

Endoscopic examination of the airways is 

Furosemide is used extensively before 



diagnostic, 

racing. 

Trauma 

Sporadic. Associated with 

Physical examination reveals site and nature of the 

Symptomatic treatment. 


trauma to head, neck, or 

trauma. Can require endoscopic examination of 



chest. 

upper airways. 


Pneumonia 

Recent transport or respiratory 

Fever, tachypnea, abnormal lung sounds, 

Antimicrobials, NSAIDs, oxygen. 


disease. Can occur as 

leukocytosis; radiography demonstrates lung 

Control by vaccination and prevention 


outbreaks though usually 

lesions. Cytologic and microbiological 

of respiratory disease. 


individual animals. 

examination of tracheal aspirate. 


Lung abscess 

Sporadic. Hemorrhage can 

Sometimes no premonitory signs. Fever, 

Antibiotics. 


occur after exercise. 

depression, anorexia, cough. Hemogram 
demonstrates leukocytosis. 




Hyperfibrinogenemia. Ultrasonography or 




radiography demonstrates lesion. Tracheal 
aspirates. 


Intrabronchial foreign body 

Sporadic. 

Cough, hemoptysis, fever. Endoscopy or 

Removal of foreign body—often not 



radiography reveals foreign body. 

readily achieved. 

Pulmonary neoplasia 

Sporadic. Often older horse, 

Cough, hemoptysis. Demonstrate mass on 

None. 


but not always. 
Hemangiosarcoma. 

ultrasonographic or radiographic examination. 


Epistaxis (in addition to the previously listed diseases) 



Guttural pouch mycosis 

Sporadic. Acute-onset epistaxis. 

Severe, life-threatening epistaxis. Tachycardia, 

Surgical ligation or occlusion of 



anemia, hemorrhagic shock. 

arteries in the guttural pouch. 

Ethmoidal hematoma 

Sporadic. 

Epistaxis not associated with exercise. 

Surgery or injection of mass 



Usually unilateral. 

with formaldehyde. 

Thrombocytopenia 

Sporadic. 

Epistaxis, mild, intermittent. Petechiation and 

Glucocorticoids. 



ecchymotic hemorrhages. Thrombocytopenia. 


Neoplasia 

Sporadic. 

Neoplasia of upper airways. 

None. 

Trauma 

Sporadic. 

Injury to head or pharynx. 

Symptomatic. 

Sinusitis 

Sporadic. 

Endoscopic or radiographic examination of sinus. 

Drainage. 

Antimicrobials. 
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that administration of furosemide before 
racing reduces the frequency and severity of 
EIPH in Thoroughbred racehorses. 1,22 There 
was either weak evidence or no evidence of 
efficacy of other interventions. There is a rec¬ 
ommendation for use of furosemide, but 
because of the regulatory issues related to its 
use, this is only a weak recommendation. 1 

Therapy of EIPH is usually a combination 
of attempts to reduce the severity of subse¬ 
quent hemorrhage and efforts to minimize 
the effect of recent hemorrhage. Treatment of 
EIPH is problematic for a number of reasons. 
First, the pathogenesis of EIPH has not 
been determined although the available evi¬ 
dence supports a role for stress failure of 
pulmonary capillaries secondary to exercise- 
induced pulmonary hypertension. Second, 
there is a lack of information using large 
numbers of horses under field conditions 
that demonstrates an effect of any medica¬ 
tion or management practice (with the 
exception of bedding) on EIPH. There are 
numerous studies of small numbers of horses 
(< 40) under experimental conditions but 
these studies often lacked the statistical 
power to detect treatment effects and, fur¬ 
thermore, the relevance of studies conducted 
on a treadmill to horses racing competitively 
is questionable. 1 Treatments for EIPH are 
usually intended to address a specific aspect 
of the pathogenesis of the disease and will be 
discussed in that context but should be con¬ 
sidered in the context of the amount and 
strength of evidence, which for most treat¬ 
ments is scant and weak. 

Prevention of Stress Failure of the 
Pulmonary Capillaries 

There is interest in reducing the pressure dif¬ 
ference across the pulmonary capillary 
membrane in an effort to reduce EIPH. The¬ 
oretically, this can be achieved by reducing 
the pressure within the capillary or increas¬ 
ing (making less negative) the pressure 
within the intrathoracic airways and 
alveolus. 

Reducing Pulmonary Capillary 
Pressure 

Furosemide administration as prophylaxis of 
EIPH is permitted in a number of racing 
jurisdictions worldwide, most notably 
Canada, the United States, Mexico, and most 
of the South American countries. Within the 
United States and Canada, almost all Thor¬ 
oughbred, Standardbred, and Quarter Horse 
racing jurisdictions permit administration of 
furosemide before racing. 

The efficacy of furosemide in treatment of 
EIPH is now well documented. 9,22 The mech¬ 
anism by which furosemide reduces the 
severity of EIPH is unknown, although it is 
speculated that furosemide, by attenuating 
the exercise-induced increase in pulmonary 
artery and pulmonary capillary pressure of 
horses, reduces the frequency or severity of 
pulmonary capillary rupture. 


Furosemide is associated with superior 
performance in both Thoroughbred and 
Standardbred racehorses, which further 
complicates assessment of its efficacy in 
treating EIPH. 

An increase in pulmonary capillary pres¬ 
sure secondary to altered rheostatic proper¬ 
ties of blood during exercise has been 
suggested as a possible contributing factor 
for EIPH. 

Increasing Alveolar Inspiratory 
Pressure 

Airway obstruction, either intrathoracic or 
extrathoracic, increases airway resistance 
and results in a more negative intrathoracic 
(pleural) pressure during inspiration to 
maintain tidal volume and alveolar ventila¬ 
tion. Causes of extrathoracic airway obstruc¬ 
tion include laryngeal hemiplegia and other 
abnormalities of the upper airway, whereas 
intrathoracic obstruction is usually a result 
of bronchoconstriction and inflammatory 
airway disease. Horses with partial extratho¬ 
racic inspiratory obstruction or bronchocon¬ 
striction and airway inflammation associated 
with recurrent airway obstructive disease 
(heaves) have pleural (and hence alveolar) 
pressures that are lower (more negative) than 
those in unaffected horses or in horses after 
effective treatment. Hypothetical relation¬ 
ships between the horse’s bit, airway obstruc¬ 
tion and EIPH are not supported to date by 
empirical evidence. 23,24 

Partial inspiratory obstruction, such as 
produced by laryngeal hemiplegia, exacer¬ 
bates the exercise-induced decrease in intra¬ 
pleural pressures with a consequent increase 
in transmural capillary pressures. These 
changes may exacerbate the severity of 
EIPH, although an association between 
upper airway obstructive disease and EIPH 
has not been demonstrated. Surgical correc¬ 
tion of airway obstruction is expected to 
resolve the more negative intrapleural pres¬ 
sure, but its effect on EIPH is unknown. 

Recently the role of the nares in contrib¬ 
uting to upper airway resistance, and hence 
lowering inspiratory intrapleural pressure 
during intense exercise, has attracted the 
attention of some investigators. Application 
of nasal dilator bands (Flair strips) reduces 
nasal resistance by dilating the nasal valve 
and reduces red cell count of bronchoalveo- 
lar lavage fluid collected from horses after 
intense exercise on a treadmill. Furthermore, 
application of the nasal dilator strips to 
horses in simulated races reduces red cell 
count in bronchoalveolar lavage fluid of 
some, but not all, horses. 

The role of small-airway inflammation 
and bronchoconstriction in the pathogenesis 
of EIPH is unclear. However, horses with 
EIPH are often treated with drugs intended 
to decrease lower airway inflammation and 
relieve bronchoconstriction. Beta-adrenergic 
bronchodilatory drugs such as clenbuterol 
and albuterol (salbutamol) are effective in 


inducing bronchodilation in horses with 
bronchoconstriction, but their efficacy in 
preventing EIPH is either unknown or, in 
very small studies, is not evident. Cortico¬ 
steroids, including dexamethasone, flutica¬ 
sone, and beclomethasone, administered by 
inhalation, parenterally, or enterally, reduce 
airway inflammation and obstruction but 
have no demonstrated efficacy in preventing 
EIPH. Cromolyn sodium (sodium cromogly- 
cate) has no efficacy in preventing EIPH. 

Water vapor treatment (inhalation of 
water-saturated air) has been proposed as a 
treatment for EIPH because of its putative 
effect on small-airway disease. However, 
water vapor treatment has no effect on EIPH. 

The use of bedding of low allergenic 
potential (shredded paper) to prevent EIPH 
has no apparent effect on prevalence of the 
condition. Although it is suggested that pre¬ 
venting or minimizing small-airway disease 
may reduce the severity of EIPH, studies to 
demonstrate such an effect have not been 
reported. However, optimizing the air quality 
in barns and stables and preventing infec¬ 
tious respiratory disease appear to be sensi¬ 
ble precautions. 

Interstitial Inflammation and 
Bronchial Angiogenesis 
Hemorrhage into interstitial tissues induces 
inflammation with subsequent development 
of fibrosis and bronchial artery angiogenesis. 
The role of these changes in perpetuating 
EIPH in horses is unclear but is probably 
of some importance. Treatments to reduce 
inflammation and promote healing with 
minimal fibrosis have been proposed. Rest is 
an obvious recommendation, and many 
racing jurisdictions have rules regarding 
enforced rest for horses with epistaxis. 
Although the recommendation for rest is 
intuitive, there is no information that rest 
reduces the severity or incidence of EIPH in 
horses with prior evidence of this disorder. 

Similarly, corticosteroids are often 
administered, either by inhalation, enterally 
or parenterally, in an attempt to reduce pul¬ 
monary inflammation and minimize fibro¬ 
sis. Again, the efficacy of this intervention in 
preventing or minimizing the severity of 
EIPH has not been documented. 

Excessive Bleeding 
Coagulopathy and Fibrinolysis 
Exercise induces substantial changes in 
blood coagulation and fibrinolysis. However, 
there is no evidence that horses with EIPH 
have defective coagulation or increased fibri¬ 
nolysis. Regardless, aminocaproic acid, a 
potent inhibitor of fibrin degradation, has 
been administered to horses to prevent 
EIPH. The efficacy of aminocaproic acid in 
preventing EIPH has not been demon¬ 
strated. 1 Similarly, estrogens are given to 
horses with the expectation of improving 
hemostasis, although the effect of estrogens 
on coagulation in any species is unclear. 





1003 


Diseases of the Equine Respiratory Tract 


There is no evidence that estrogens prevent 
EIPH in horses. 

Vitamin K is administered to horses with 
EIPH, presumably in the expectation that it 
will decrease coagulation times. However, 
because EIPH is not associated with pro¬ 
longed bleeding times, it is unlikely that this 
intervention will affect the prevalence or 
severity of EIPH. 

Platelet Function 

Aspirin inhibits platelet aggregation in 
horses and increases bleeding time. Seem¬ 
ingly paradoxically, aspirin is sometimes 
administered to horses with EIPH because of 
concerns that increased platelet aggregation 
contributes to EIPH. There is no evidence 
that aspirin either exacerbates or prevents 
EIPH. 

Capillary Integrity 

Capillary fragility increases the risk of 
hemorrhage in many species. Various biofla¬ 
vonoids have been suggested to increase 
capillary integrity and prevent bleeding. 
However, hesperidin and citrus bioflavo¬ 
noids have no efficacy in prevention of EIPH 
in horses. Similarly, vitamin C is adminis¬ 
tered to horses with EIPH without scientific 
evidence of any beneficial effect. 

Summary of Treatment Options 

Selection of therapy for horses with EIPH is 
problematic. Given that most horses have 
some degree of pulmonary hemorrhage 
during most bouts of intense exercise, the 
decision must be made not only as to the 
type of treatment and its timing but also 
which horses to treat. Moreover, the appar¬ 
ently progressive nature of the disease with 
continued work highlights the importance of 
early and effective prophylaxis and empha¬ 
sizes the need for studies of factors such as 
air quality and respiratory infections in incit¬ 
ing the disorder. 

The currently favored treatment for EIPH 
is administration of furosemide before 
intense exercise. Its use is permitted in race¬ 
horses in a number of countries but is con¬ 
tentious in many. A frequent practice is to 
administer furosemide before high-speed 
training, and not on the day of racing, in 
jurisdictions that do not permit race day 
administration of medications. There is 
increasing interest in the effect of furosemide 
administered 24 hours before racing; its effi¬ 
cacy in this situation remains to be deter¬ 
mined. The association between furosemide 
administration and superior performance in 
Standardbred and Thoroughbred racehorses 
should be borne in mind when recommend¬ 
ing use of this drug. 

Prevention and Control 

There are no documented preventive strate¬ 
gies. Rest is an obvious recommendation for 
horses with EIPH, but the hemorrhage is 
likely to recur when the horse is next 


strenuously exercised. The duration of rest 
and the optimal exercise program to return 
horses to racing after EIPH is unknown, 
although some jurisdictions require exercise 
no more intense than trotting for 2 months. 
Firm recommendations cannot be made on 
duration of rest because of a lack of objective 
information. 

Although a role for lower airway disease 
(either infectious or allergic) in the genesis 
of EIPH has not been demonstrated, control 
of infectious diseases, and minimization of 
noninfectious lower airway inflammation 
appears prudent. 

Concern about the role of impact waves 
in the genesis of EIPH has led to discussion 
of “low-stress” training protocols, but these 
have not been adequately evaluated. 

FURTHER READING 
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Med. 2015;29:743-758. 

Sullivan SL, et al. A systematic review and meta-analysis 
of the efficacy of furosemide for exercise-induced 
pulmonary haemorrhage in Thoroughbred and 
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2015;47:341-349. 
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RECURRENT AIRWAY 
OBSTRUCTION (HEAVES) 


SYNOPSIS 


Etiology Combined genetic predisposition 
with environmental challenge of inhaled 
barn and feed dust containing inciting 
agents that can include particles of molds, 
endotoxin, mites, plant debris, and 
inorganic material. 

Epidemiology Predominantly a disease of 
horses stabled in poorly ventilated barns 


and fed quality hay. Occurs worldwide but 
more commonly in the northern 
hemisphere. Increased prevalence in older 
horses. No breed or sex predilection. 

Clinical signs Range of severity of clinical 
signs. Chronic cough, mucopurulent nasal 
discharge, poor athletic performance, 
increased respiratory rate, increased 
expiratory effort, wheezes on thoracic 
auscultation, and abundant mucopurulent 
material in the trachea on endoscopic 
examination. 

Clinical pathology Neutrophilia in tracheal 
aspirate and bronchoalveolar lavage fluid. 

Lesions Bronchiolitis with mononuclear cell 
infiltration, epithelial, and goblet cell 
hyperplasia, neutrophil accumulation in 
airway lumens, and alveolar hyperinflation. 

Diagnostic confirmation Clinical signs, 
examination of bronchoalveolar lavage 
fluid, and the response to treatment. 

Treatment Remove the inciting cause by 
providing a dust-free environment, and 
administer corticosteroids. Bronchodilators 
are useful for treatment of acute 
branch oconstriction. 

Control Prevent exposure to inciting cause. 
Ensure optimal air quality in stables or 
maintain horses at pasture. 


Recurrent airway obstruction (RAO; heaves) 
is a recurrent disease of stabled adult horses 
characterized by neutrophilic airway inflam¬ 
mation and airway obstruction manifest 
clinically by the presence of coughing, excess 
mucus accumulation in airways, neutro¬ 
philic bronchoalveolar lavage fluid or tra¬ 
cheal aspirate, bronchospasm, tachypnea and 
increased respiratory effort, and exercise 
intolerance. Clinical severity ranges from 
mild coughing with minimal exercise intol¬ 
erance during infrequent recurrences of the 
disease through to severe and persistent 
coughing, airway obstruction, and markedly 
increased work of breathing and abnormal 
breathing pattern. Removal of exposure to 
hay and straw and keeping the horse at 
pasture results in remission of the disease. 

The disease should be differentiated from 
the usually transient inflammatory airway 
disease of young adult horses in which there 
is no clinically significant impairment of pul¬ 
monary function. The disease is classically 
considered to have an allergic component. 

ETIOLOGY 

Genetics 

There is a genetic component to the disease, 
although the precise pattern of inheritance 
and gene association is yet to be determined. 1 
There is a familial pattern to the disease 
in some breeds, and for Warmbloods and 
Lipizzan, affected parents increase the likeli¬ 
hood of off-spring developing recurrent 
airway obstruction (RAO) by fivefold. 2 Seg¬ 
regation analysis indicates a mixed mode of 
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inheritance in Warmbloods. 3 It appears likely 
that multiple genes are involved in the pre¬ 
disposition to RAO and the genes involved 
might differ with breed of horse or other 
animal or environmental factors. Evidence 
for a multigene cause for predisposition to 
RAO includes the finding of quantitative 
trait loci (QTL) located on two different 
chromosomes (ECA 13 and ECA 15) in dif¬ 
ferent families of affected Warmbloods 4,5 and 
failure to identify a monogenetic predisposi¬ 
tion to RAO. Further studies in half-sibling 
horses and from unrelated horses indicates 
that at least one causative variant is a QTL 
region located on ECA 13 that is not associ¬ 
ated with any coding variants, suggesting 
that the cause is a regulatory mutation. 6 The 
cause does not appear to be abnormalities in 
the gene encoding DNAH3 (dynein—a com¬ 
ponent of cilia), although it is located in this 
QTL and has 53 polymorphisms including 7 
nonsynonymous variants.' Similarly, muta¬ 
tions in the integrin alpha X gene, which is 
related to allergy in humans and is located in 
the region of the QTL in ECA 13, are not 
associated with RAO. 4,8 However, expression 
of interleukin 4 receptor gene, which is also 
located in the region of the QTL, is greater 
in bronchoalveolar lavage fluid of RAO- 
affected half-siblings than in unaffected 
animals, suggesting a role for this cytokine, 
or a mutation in its gene, in RAO. 9 

Environmental Factors 

RAO is caused by inhalation by susceptible 
horses of dust particles found in barns, 
bedding, and feed materials such as dusty 
hay. The inhaled particles include endotoxin, 
mites, plant debris, inorganic materials, and 
conidia and fragments of molds. Faenia rec- 
tivirgula (formerly known as Micropolyspora 
faeni), Aspergillus fumigatus, and Thertno- 
actinomyces vulgaris are molds commonly 
associated with respiratory disease in suscep¬ 
tible horses, as evidenced by experimental 
studies involving inhalation of mold or mold 
fragments by horses. Molds contain a 
number of inflammatory substances, includ¬ 
ing various allergens, glucans, mycotoxins, 
and proteases, and it is not clear which of 
these agents are the inciting cause of RAO. 
Furthermore, dust containing mold also con¬ 
tains endotoxin. Inhalation of fungal spores, 
endotoxin and silica microspheres causes 
RAO in susceptible horses but not in healthy 
horses. 10 There was neutrophilic inflamma¬ 
tion in both healthy and RAO horses but 
bronchospasm in only RAO horses. 10 Endo¬ 
toxin contamination of molds contributes to 
the airway response to inhalation of prepara¬ 
tions of molds used in experimental studies 
and inhalation of endotoxin alone produces 
airway inflammation and impaired respira¬ 
tory function in horses in a dose-dependent 
manner, with RAO-susceptible horses having 
an exaggerated response at lower doses. 
Endotoxin concentrations in the breathing 
zone of horses are eight times higher in 


stables than at pasture. 11 However, the 
response to endotoxin is less than that of 
susceptible horses exposed to hay dust con¬ 
taining endotoxin, indicating that endotoxin 
alone is not sufficient to cause the clinical 
signs of RAO. Other compounds in hay dust 
are integral to the development of RAO. 

It is emphasized that there is not one 
causative agent acting alone but rather a 
range of agents that, when inhaled in suffi¬ 
cient concentration by susceptible horses, 
induce airway disease. It is likely that RAO is 
associated with the potentiating interactions 
among several agents present in barn or hay 
dust and is not simply a response to one 
agent. The mechanisms underlying develop¬ 
ment of airway inflammation and respiratory 
dysfunction are provided under “Pathogen¬ 
esis.” Viral infections and 3-methylindole 
intoxication are not considered important 
causes of RAO. 

EPIDEMIOLOGY 

Occurrence 

Although RAO is one of the more common 
diseases of horses and is a major cause of loss 
of performance and wastage in European 
horses, there are few reports of its epidemio¬ 
logic characteristics. The disease is common 
in Europe and North America but is rare in 
Australia. The prevalence of RAO in the 
Great Britain, based on a random survey of 
owners who use veterinary surgeons, is 14% 
(95% confidence interval of 10.7%-17.4%). 12 
The 7-day incidence (ie, new occurrence of 
the disease in an animal) of RAO in horses 
and ponies in Great Britain is 0.4% (0%- 
0.8%), and the prevalence of RAO was 5.8% 
(95% Cl 4.2%-7.5%), as reported by owners. 13 
In Germany, 83% of horses believed to be 
healthy at an auction were found to have 
clinical evidence of chronic pulmonary 
disease. 

Inflammatory airway disease is very 
common in horses, with 96% of racehorses 
in Hong Kong examined at necropsy and 
27% of healthy racehorses in training having 
an increased proportion (>20%) of neutro¬ 
phils in tracheal aspirate, indicating inflam¬ 
matory airway disease. Among stabled 
pleasure horses in Michigan, -17% had 
cytologic or endoscopic evidence of airway 
inflammation, 11 and 12% of horses examined 
in an abattoir in the northern United States 
had histologic evidence of bronchitis. 
However, although airway inflammation is a 
component of RAO, the airway inflamma¬ 
tion common in young athletic horses 
and stabled horses is not generally consid¬ 
ered to be RAO or necessarily a prodrome 
of RAO. 

The case-fatality rate for moderately to 
severely affected horses is approximately 
20% over a 2- to 4-year period. Among 
horses greater than 15 years of age, presence 
of RAO is not significantly associated with 
death (P = 0.73, hazard ratio 1.19, 95% Cl 
0.4-3.2). 14 Most mildly to moderately affected 


horses respond well to treatment and con¬ 
tinue to perform at a satisfactory level. 

Risk Factors 
Animal Risk Factors 

The disease occurs in adult horses and ponies. 
A survey of horse and pony owners in Great 
Britain found that the median age of horses 
and ponies with the disease is 18.2 years 
versus 12.7 for unaffected animals. 13 Another 
owner survey found the median age of RAO 
affected horses as 13 years (interquartile 
range [IQR] of 9.5-20 years), whereas that of 
unaffected horses was 10 years (IQR 7-14.4 
y). 12 The odds of a horse having RAO (as 
reported by the owner) increases with greater 
age (odds ratio of 5.1, 8.1, 11.4, 9.5, and 18.3 
for horses 5-7, 7-9, 9-11, 11-15, and greater 
thanl 5 years of age compared with horses < 5 
years). 12 Examination of a convenience 
sample stratified random sample of 3000 
horses of le to 40 years of age in the Nether¬ 
lands revealed spontaneous coughing during 
a 10 minute observation period in 1% of 
horses, nasal discharge in 1.9%, and abnor¬ 
mal respiratory effort in 1%. 15 Of 200 horses 
and ponies greater than 15 years of age in the 
United Kingdom randomly chosen for exam¬ 
ination by a veterinarian, 13.6% had marked 
abnormalities (expiratory wheeze, cough 
and/or increased abdominal effort) during 
rebreathing examination that are consistent 
with RAO. 16 A further 17.8% had moderately 
severe abnormalities. Those horses and 
ponies with abnormalities identified during 
rebreathing examination were significantly 
older (median 21.2 years) than were animals 
without abnormalities (18.0 years). 16 Simi¬ 
larly, 15% of horses greater than 30 years of 
age have marked clinical signs consistent with 
RAO, and a further 19% have moderate 
abnormalities. 1 ' 

There is no apparent breed, sex, or height 
predisposition, 12 with the exception that 
Thoroughbreds are 3 times more likely to be 
examined for the disease than are ponies, 
although this could represent a sampling bias 
in that owners of Thoroughbreds might be 
more likely to seek veterinary attention than 
owners of ponies. The finding of increased 
likelihood of Thoroughbred horses having 
the disease is not consistent among studies. 
A survey of donkey owners in the United 
Kingdom did not elicit any reports of signs 
consistent with RAO in any of the -1700 
animals. 18 This might represent underreport¬ 
ing of the condition in donkeys or a low 
prevalence of the disease in donkeys. 

There are horses that develop the disease 
and other horses, maintained in an identical 
situation, that do not. 12 Development of 
disease is dependent on the horse being sus¬ 
ceptible to the inflammatory effect of inhaled 
dust but the reasons for this individual sus¬ 
ceptibility are poorly understood. As noted 
earlier (“Etiology—Genes”), familial predis¬ 
position has been suggested based on the 
observation that Lipizaners and German and 
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Swiss Warmbloods are 3.2 times more likely 
to have RAO if one parent was affected and 
4.6 times as likely if both parents had RAO. 
There is no association between major histo¬ 
compatibility markers (equine leukocyte 
antigens) and occurrence of RAO. 

Exposure to inciting agents is associated 
with a variety of environmental factors, 
including potentially outdoor concentrations 
of aeroallergens and climatic factors 
but most importantly housing and feeding 
practices. 

Environmental Risk Factors 

Season 

Horses are approximately 2 times more likely 
to be examined by a veterinarian because of 
the disease in winter or spring compared 
with summer, suggesting a seasonality to the 
occurrence of the disease perhaps as a result 
of increased stabling during winter. Signs of 
respiratory disease in horses with RAO are 
~2 times more likely to occur in winter 
months, with peak values of 45% to 50% of 
RAO-affected horses having clinical signs of 
the disease in January and February in Great 
Britain (Fig. 12-28). 

Housing and Hay Feeding 
There is a clear association between housing, 
feeding of hay, and development of the 
disease. Typically, susceptible horses are 
clinically normal when at pasture and 
develop signs of disease within hours to days 
of being housed in stables and fed dusty hay. 
Moving affected horses to pasture, or improv¬ 
ing air quality by increasing ventilation and 
feeding processed feedstuffs, results in reso¬ 
lution of the disease. 

Horses living in urbanized environments 
are approximately twice as likely to have the 
disease. Although the reason for this associa¬ 
tion has not been demonstrated, it is reason¬ 
able to assume that at least part of the 
increased risk is attributable to poorer air 
quality for horses in an urban environment. 12 

Management practices that might con¬ 
tribute to development or exacerbation of 
RAO vary widely around the world, with dif¬ 
fering practices related to duration of sta¬ 
bling, type of bedding, air quality in stables 


and such. Within Great Britain, 4% of horses 
are stabled 24 hours per day year round and 
9% stabled all day (24 hours) in winter. 19 61% 
are stabled part of each day with pasture 
turn-out and 36% are turned for 24 hours 
each day. 19 

Development of disease is related to inha¬ 
lation of respirable particles that gain access 
to the lower respiratory tract. Respirable par¬ 
ticles are less than 5 |im diameter, the prin¬ 
cipal source of these particles in stalls is hay, 
and the majority of particles are fungal 
spores. The concentration of particles in air 
of the stable is determined by the rate of 
release of particles from hay, which is depen¬ 
dent in large part on the quality of the hay, 
concentration of fungal spores in the hay, 
and the rate of clearance of dust from the 
stable, a function of the ventilation rate. 
Concentrations of respirable dust particles in 
the breathing zone of stabled horses can be 
as high as 20 mg/m 3 . The severity of increases 
in neutrophil count and proportion and 
decreases in pulmonary function in experi¬ 
mental models of RAO are related in a dose- 
dependent fashion to the amount of dust 
inhaled. The presence of dust particles, and 
not the soluble products in hay dust, is 
responsible for most of the airway neutro¬ 
philia induced by inhalation of hay dust. 

Hay is the usual original source of spores 
in stable air. However, decomposing wood 
shavings are also a source of spores of fungi 
that multiply during degradation of plant- 
based materials, and housing horses in poorly 
ventilated stalls deeply bedded with wood 
shavings may be detrimental to their respira¬ 
tory health. Spores from hay enter the 
bedding either directly or after dispersal 
through the air and multiply in the bedding 
if it is not removed regularly. Diced paper 
and wood shavings, when fresh, usually 
contain very few spores. Barley and wheat 
straw are usually free of any small spores such 
as A. fumigatus or M. faeni. Bedding horses 
on fresh wood shavings and feeding a nutri¬ 
tionally complete pelleted ration results in a 
respirable dust burden 3% of that of horses 
fed hay and bedded with straw. Dust burdens 
measured in the air of the stall underestimate 
the respirable particle challenge of horses 


because of the high concentration of particles 
in hay and bedding, areas from which the 
horse inhales while eating. 

Respiratory health of horses is related to 
stable design and ventilation, with horses in 
poorly ventilated barns having more respira¬ 
tory disease than horses in well-ventilated 
barns. See “Control” for recommendations 
regarding stable design. 

PATHOGENESIS 

Susceptible horses, when exposed to ade¬ 
quate concentrations of respirable dust in the 
breathing zone, develop airway inflamma¬ 
tion including neutrophilia in airway 
secretions, excess mucus accumulation, and 
bronchospasm within hours to days of expo¬ 
sure. Longer-term changes include bron¬ 
chiolitis with peribronchial lymphocytic 
infiltration and increased thickness of sub¬ 
mucosal smooth muscle and bronchial epi¬ 
thelium. Notably, eosinophils are not an 
important component of the inflammatory 
response in horses with RAO, either in bron- 
choalveolar lavage fluid or in peribronchial 
infiltrates. 20 These morphologic changes con¬ 
tribute to the reduction in airway diameter 
that underpins the physiologic effect of the 
disease. Emphysema and bronchiectasis 
develop as the severity of the disease worsens. 

The mechanisms underlying these 
responses to inhalation of dust are not 
well defined but can be considered in the 
contexts of immune and inflammatory 
responses, mucus secretion, and pulmonary 
dysfunction. 

Inflammatory and Immune Responses 

The precise immunologic abnormalities and 
mechanisms causing airway and peribron¬ 
chial inflammation in affected horses is 
unclear. 21 Inflammation is associated with 
excessive mucus production, airway swelling, 
and abnormal lung function. The inflamma¬ 
tory response in horses with RAO is neutro¬ 
philic, with lesser numbers of mast cells and 
rarely eosinophils. 20 The mechanisms under¬ 
lying this inflammatory response have not 
been fully elucidated, but differing responses 
in RAO and healthy horses, and differing 
responses among families of RAO sensitive 
horses, to antigenic challenge supports an 
acquired immune-mediated process. 22 Fur¬ 
thermore, upregulated expression of IL1 (3, 
IL8, TLR4, TNFa, TGF(Jl, and NFk|3 tran¬ 
scripts in RAO-affected compared with 
healthy horses and the strong correlation with 
clinical variables indicative of disease severity 
provide support for an immune-mediated 
disease process. 23 There is currently no clear 
consensus on the immune mechanisms 
involved in development or perpetuation of 
RAO despite numerous studies examining 
cell types, 20 ' 24 ' 28 cytokines, 23 ' 29 ' 34 gene expres¬ 
sion, 23 ’ 29,31,35 and antibody isotypes. 36 

The presence of allergen-specific IgE anti¬ 
bodies in bronchoalveolar lavage fluid is sup¬ 
portive of a hypersensitivity reaction (type 1 
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Fig. 12-28 Proportion of horses in Great Britain with recurrent airway obstruction (RAO) that 
display clinical signs of respiratory disease in each month. (Reproduced with permission. 12 ) 
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hypersensitivity response), as is the observa¬ 
tion that reaginic antibodies (IgE and some 
classes of IgG) in serum of horses sensitive 
to Aspergillus fumigatus cause mast cell (rat 
origin) degranulation. 36 Others have pro¬ 
posed type 3 and type 4 immune reactions as 
the basis of the disease, and there are sugges¬ 
tions of polarized Thl or Th2 responses. 
Detection of increased mRNA expression of 
thymic stromal lymphopoietin, a cytokine 
involved in lymphocyte development and 
driving a Th2 response, in bronchoalveolar 
lavage fluid (BALF) and peribronchial cells 
of horses with RAO is evidence of a con¬ 
tribution of a Th2 mechanism to RAO. 32 
One proposed explanation is that RAO- 
susceptible horses exhibit a Th2-like immune 
response to inhalation of hay or barn dust 
characterized by increased expression of 
interleukins 4 and 5 and decreased expres¬ 
sion of interferon-yin cells obtained by bron¬ 
choalveolar lavage. Others have not detected 
a pure Th2-like cytokine profile, finding 
instead a mixed inflammatory response 
including increases in expression (mRNA) in 
cells obtained from bronchoalveolar lavage 
fluid of affected horses of interferon-y, tumor 
necrosis factor-a, interleukins 1J3 and 4, and 
interleukins 8 and 17 (potent attractors of 
neutrophils) but not interleukins 2, 5, and 10. 
However, all the studies cited previously 
were performed on crude preparations of 
cells obtained by bronchoalveolar lavage, and 
the results could have been influenced by the 
varying proportions of types of cells in these 
preparations. A study examining just CD4 
and CD8 lymphocytes in blood and bron¬ 
choalveolar lavage fluid of RAO-affected 
horses demonstrated a general down-regula¬ 
tion in expression of interferon-y, and inter¬ 
leukins 4, 5, and 13 and no evidence of a 
cytokine profile consistent with either sole or 
predominate Thl - or Th2-like responses. The 
magnitude of the inflammatory response 
varies depending on the challenge (i.e., 
nature of the inhaled material) with responses 
to endotoxin characteristically being less 
than that of hay dust. Regardless of the 
underlying mechanism, it is clear that T cells 
are involved in mediating and likely modu¬ 
lating the response to exposure to inciting 
agents in susceptible horses 2 ' and this results 
in airway inflammation and interference 
with normal respiratory function. The role of 
the observed increased rate of T-cell apopto¬ 
sis in resolution of clinical signs after removal 
of the inciting agents in RAO-affected horses 
is uncertain. 2 ' 

Following inhalation of inciting agents 
there is recruitment of neutrophils, but not 
eosinophils or platelets, into the lungs in 
most horses that develop changes in lung 
function. Histologically, there is peribron¬ 
chiolar accumulation of lymphocytes and 
luminal accumulations of neutrophils in 
affected horses. The neutrophilic response is 
airways is mediated at least in part by IL-8 
and IL-17 and by MAPK and PI3K pathways 


in horses with heaves. 30 The entry of neutro¬ 
phils into the airways is associated with 
activation of neutrophils and platelets. Neu¬ 
trophil activation occurs in horses with RAO 
10 and 24 hours after antigen challenge and 
is mediated by increased expression of CD 13 
on circulating neutrophils of susceptible 
horses exposed to inciting dust. 37 However, 
there is not increased expression of mRNA 
for TNF-alpha, IL-beta, IL-8, and MIP-2 in 
horses with RAO, suggesting that release of 
these cytokines is not necessary for the neu¬ 
trophilic response characteristic of the 
disease. 38 The neutrophils of horses during 
episodes of RAO, but not when the horses 
are asymptomatic, have increased adherence 
in vitro to protein coated plastic suggesting 
a mechanism for the increased migration of 
neutrophils into airways of affected horses. 
However, neutrophils of asymptomatic 
RAO-affected horses (ie, those horses in 
remission of the disease) have an exagger¬ 
ated serum concentration of TNF and mRNA 
expression after lipopolysaccharide exposure 
compared with cells of healthy horses. 26 A 
greater proportion of neutrophils in BALF of 
RAO-affected horses are viable and have a 
slower rate of apoptosis compared with those 
of unaffected horses, suggesting a role for 
increased neutrophil survival in airways in 
horses with RAO. 28 

Inhibition of neutrophil phosphodiester- 
ase-4 activity does not alleviate clinical signs 
of RAO or decrease neutrophil numbers in 
bronchoalveolar lavage fluid in affected 
horses, suggesting that neutrophils are not 
primarily involved in the genesis of airway 
obstruction. The extent to which neutrophils 
in the airways are activated has not been 
determined, and their role in the develop¬ 
ment of respiratory dysfunction is unclear 
given that glucocorticoid administration 
attenuates the respiratory dysfunction but 
not airway neutrophilia in horses with RAO 
(see under “Treatment”). 

Airway inflammation is associated with 
increases in concentration of inflammatory 
mediators including leukotriene B 4 , pros¬ 
tanoids including thromboxane, and prote¬ 
ases. Activity of matrix metalloproteinase-9 
is higher in horses with RAO than in unaf¬ 
fected horses and is induced in a dose- 
dependent manner by inhalation of inciting 
substances including hay dust and endo¬ 
toxin. MMP-9 is likely important in the 
inflammatory process associated with RAO 
through excessive gelatinolytic proteolysis 
that can contribute to lung injury and 
through a role in lung remodeling. Inflam¬ 
mation is also associated with increased oxi¬ 
dative stress in lungs of horses with RAO as 
indicated by elevated concentrations of epi- 
PGF2a and redox ratio of glutathione in pul¬ 
monary lavage fluid. 

RAO is associated with platelet activation 
and increases in mean platelet volume, indi¬ 
cating consumption of platelets and bone 
marrow release of younger thrombocytes. 35 ' 37 


Platelets are consumed in part by formation 
of neutrophil-platelet aggregates. 3. 

Mucus 

Accumulation of excessive quantities of 
mucus in the large airways is characteristic 
of horses affected by RAO and can contribute 
to nonbronchospastic airway obstruction. 
Accumulation of mucus is attributable to 
decreased clearance and increased produc¬ 
tion. The mucus in horses with RAO differs 
in both composition and viscoelasticity from 
that of clinically normal horses and this 
might contribute to its decreased clearance. 
The viscosity of mucus can increase threefold 
in RAO susceptible horses stabled and 
exposed to hay dust. Increased production of 
mucus is associated with up-regulation of the 
equine MUC5AC gene, which is responsible 
for production of mucin, but not with IL-13 
or epithelial gene (CLCA1, EGFR, Bcl-2 and 
MUC5AC expression, 39 in the small airways 
of horses with RAO. 

Airway Function and Gas Exchange 

Inhalation of inciting agents causes changes 
in lung function characterized by an increase 
in pulmonary resistance, lower dynamic 
compliance, altered distribution of ventila¬ 
tion, impaired gas exchange, increased 
functional residual capacity, and an altered 
breathing strategy. Airway obstruction is a 
result of bronchospasm, inflammatory thick¬ 
ening of airways, and accumulation of mucus 
and cells in the airways. Bronchospasm is 
largely relieved by administration of bron- 
chodilator drugs or removal of the inciting 
cause, but residual effects on lung function 
remain and are attributable to inflammation 
and fibrosis and bronchoconstriction of 
small airways. Bronchoconstriction in both 
normal and affected horses is caused by para¬ 
sympathetic activity and release of acetyl¬ 
choline that reacts with muscarinic receptors 
on airway smooth muscle. However, the 
response is exaggerated in horses with RAO. 
Stimulation of airway sensory receptors 
results in an exaggerated bronchoconstric- 
tive response, possibly because of the action 
of inflammatory mediators and/or byprod¬ 
ucts. The exaggerated bronchoconstrictive 
response is not specific for allergens, and any 
substance that activates airway sensory 
receptors may incite bronchoconstriction 
once the sensitivity of the receptors is 
enhanced by inhalation of the inciting aller¬ 
gens. Exaggerated airway responsiveness to 
inhaled irritants persists for up to 3 days after 
a single exposure to the inciting agent and is 
likely important in the development of clini¬ 
cal signs of the disease. Bronchoconstriction 
increases work of breathing, but hypoventila¬ 
tion probably contributes little to the hypox¬ 
emia of affected horses, given that Paco 2 is 
rarely increased. 

Hypoxemia, which can be severe 
(<60 mm Hg, 8 kPa), is attributable to venti¬ 
lation- perfusion mismatches and increased 
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dead-space ventilation. The increased minute 
ventilation of affected horses, a result of 
maintained tidal volume and increased 
respiratory rate, mainly supplies dead space 
and regions with high V/Q ratios. Pulmo¬ 
nary hypertension in affected horses is prob¬ 
ably attributable to hypoxia and perhaps 
inflammatory mediators with vasoconstric¬ 
tor activity. 

The elevated functional residual capac¬ 
ity and characteristic breathing strategy of 
affected horses is attributable to airway 
obstruction. Airway obstruction causes trap¬ 
ping of air in alveoli and a higher end- 
inspiratory volume. The high end-inspiratory 
volume maximizes airway diameter and 
facilitates the high expiratory and inspiratory 
flow rates necessary for affected horses to 
maintain a normal tidal volume while 
increasing their respiratory rate. 

Bronchiectasis (irreversible dilation and 
deformation of bronchi or bronchioles) 
occurs in some horses affected with RAO for 
a prolonged duration. Neutrophilic inflam¬ 
mation is essential for the development of 
bronchiectasis. 

Surfactant of horses with RAO has a 
lower phospholipid concentration and lower 
percentage of phosphatidylglycerol that is 
not a result of leakage of plasma into BALE 40 
The clinical importance of this abnormality 
is unclear. 

RAO causes pulmonary artery hyperten¬ 
sion with consequent abnormal cardiac 
septal motion, decreased left ventricular 
diameter and stroke volume, and increased 
pulmonary artery diameter. 41 

CLINICAL FINDINGS 

The degree to which horses are affected varies 
considerably and is quantifiable by consider¬ 
ation of a combination of clinical signs. 42 
Minimally affected horses have airway 
inflammation evident on endoscopic or cyto¬ 
logic examination of the airways, but few 
other signs on physical examination, whereas 
severely affected horses have very obvious 
clinical signs. Owner-reported scoring 
systems are useful in staging the disease and 
predicting onset of clinical signs. 43,44 

The usual history is that of chronic cough 
in a stabled horse, and owner-reported rates 
of coughing correlate well with the clinical 
condition and bronchial sensitivity to hista¬ 
mine challenge of horse. 45 Typically, the 
disease is precipitated by exposure to hay and 
stabling, and disease remission occurs in 
most horses when pastured and removed 
from hay. There may be a history of reduced 
exercise tolerance. 

Affected horses are usually bright and 
alert and have a normal appetite and rectal 
temperature. Severely affected horses appear 
anxious and have a greatly increased respira¬ 
tory effort. 

Coughing is common in horses with 
RAO, although it is neither particularly spe¬ 
cific nor sensitive as an indicator of the 


disease. Coughing may consist of a single 
cough every few seconds to minutes, or there 
may be a paroxysm of coughing. The cough 
can also be elicited by digital massage of the 
larynx and proximal part of the trachea 
because horses with airway inflammation 
have increased sensitivity of the cough reflex. 
Stimulation of the larynx or proximal trachea 
by digital massage does not elicit coughing 
in normal horses. The cough becomes more 
pronounced and wheezing with exercise. It 
also occurs more frequently when the horse 
is exposed to cold air, physical activity, or 
excitement; when placed in a dusty environ¬ 
ment; or if dusty feed is offered. The amount 
of coughing, which must be counted over at 
least 15 minutes and preferably 1 hour for 
accurate determination of its severity, cor¬ 
relates closely with the amount of mucus in 
airways, maximal change in pleural pressure 
(a measure of bronchoconstriction), and 
neutrophil count in bronchoalveolar lavage 
fluid. Coughing is more frequent in horses 
with RAO, and affected horses often have 
paroxysmal coughing, especially after barn 
cleaning and feeding. 

An intermittent, bilateral, mucopurulent 
to serous nasal discharge is a common sign 
in affected horses. 

The resting respiratory rate is increased 
from a normal of 12/min up to 24 to 36/min. 
There is a pronounced effort during expira¬ 
tion, and markedly affected horses have an 
obvious abdominal component to respira¬ 
tion. Normal horses have a biphasic pattern 
of airflow during inspiration and expiration, 
whereas affected horses lack the second 
phase of respiration—evident as lower thora¬ 
coabdominal asynchrony. 46 Longstanding 
cases develop a “heave line” in the flank as a 
result of hypertrophy of the abdominal 
oblique musculature. It is evident as a trough 
or furrow along the costal arch. In advanced 
cases the nostrils may be visibly dilated 
during inspiration, and the force of the expi¬ 
ratory effort causes the anus to protrude. 

Heart rate is commonly within the 
normal range or only slightly increased. In 
horses with RAO, the heart rate is signifi¬ 
cantly higher during exercise than in healthy 
horses. 

Abnormal lung sounds are one of the 
most frequent abnormalities detected on 
clinical examination and the sensitivity of 
this finding can be increased from 70% to 
almost 90% by auscultating the thorax while 
the horse breathes for 60 to 120 seconds with 
an airtight plastic bag over its nostrils. The 
bag should be large enough to enable the 
horse to breathe unhindered (10-15 L) and 
should not leak. Accumulation of carbon 
dioxide in the bag increases the horses respi¬ 
ratory rate and tidal volume and accentuates 
lung sounds. Auscultation of the lungs in the 
early stages of the disease may reveal only a 
slight increase in the amplitude of normal 
breath sounds. Abnormal lung sounds 
become audible as the disease progresses. 


Wheezing and crackling sounds occur at 
the end of inspiration and the end of expira¬ 
tion. These abnormal sounds are audible 
over most of the lung but are usually easiest 
to detect over the upper one-half of both 
lung fields. Auscultation of the trachea 
usually reveals moist sounds characteristic of 
fluid in the trachea. Some affected horses 
have quieter than expected lung sounds. 

Percussion of the thorax may reveal an 
increase in the area of resonance by as much 
as one to two intercostal spaces caudally. 
However, the area of resonance delineated by 
percussion is too labile and ill-defined to be 
of diagnostic value. 

Endoscopic examination of the upper 
airways, trachea, and bronchi reveals an 
abundance of mucopurulent material in the 
trachea, which, in severe cases, is also present 
in the nasopharynx. Detection of signs of 
inflammation in the upper airway does not 
reflect the presence or severity of inflamma¬ 
tion in the lower airway. 4 ' The amount of 
mucus can be graded on a scale from 0 to 5 
(Fig. 12-29). 48 

• Grade 0—no visible mucus. 

• Grade 1—small blobs of mucus that 
are not confluent. 

• Grade 2—multiple blobs of mucus, 
some of which are confluent. 

• Grade 3—mucus confluent in a 
stream in the ventral aspect of the 
trachea or multiple large blobs 
around the circumference of the 
lumen. 

• Grade 4—large pool of mucus in the 
ventral aspect of the airway. 

• Grade 5—Profuse amounts of mucus 
occupying more than 25% of the 
tracheal lumen. 

Observation of tracheal mucus of grade 4 
or 5 has a high specificity (92%) but low sen¬ 
sitivity (52%) for detection of RAO. Assess¬ 
ment of tracheal septum thickness is not 
useful in determining the severity of RAO. 49 

Radiographic examination of the thorax 
usually reveals evidence of bronchial disease 
with some evidence of interstitial disease. 
Radiography is more useful in ruling out 
other diseases, such as granulomatous or 
interstitial pneumonia, than in confirming 
RAO. 

Sophisticated techniques for measuring 
pulmonary function, such as determination 
of tidal flow-volume loops, nitrogen 
washout, or forced expiratory flow-volume 
loops, may identify mildly or subclinically 
affected animals but have limited day-to-day 
clinical utility. 

Measurement of pleural pressure 
changes by insertion of an esophageal 
balloon is relatively simple and may be 
useful in monitoring response to treatment. 
Affected horses have pleural pressure changes 
during respiration greater than 6 cm H 2 0. 
Administration of atropine (0.02 mg/kg, IM 
or IV), isoproterenol (isoprenaline), or a 
p 2 -adrenergic agonist such as terbutaline 
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Scoring System for Tracheal Mucus 



Grade 0: No mucus; clean or a single Grade 3: Marked; confluent or stream 

small blob of mucus forming mucus accumulation 



Grade 1: Little; multiple small blobs of mucus Grade 4: Large; pool-forming mucus 



Grade 2: Moderate; larger blobs Grade 5: Extreme; profuse amounts 

of mucus of mucus 


Fig. 12-29 Endoscopic grading of tracheal mucus in horses. (Modified from Gerber V, Straub 
R, Marti E et al. Endoscopic scoring of mucus quantity and quality: observer and horse 
variance and relationship to inflammation, mucus viscoelasticity and volume. Equine Vet J 
2004,36: 576-582 with permission from the Equine Veterinary Journal.) 


(0.002-0.005 mg/kg, IV) reduces the maximal 
change in pleural pressure of horses 
with RAO. 

Abnormalities in left and right ventricu¬ 
lar function are detectable in horses with 


RAO. These include reduced early diastolic 
filling velocities, elevated late diastolic 
filling velocities, thereby decreased E/A quo¬ 
tient, prolonged electromechanical coupling 
periods between electrocardiograph Q-wave 


and maximal velocities, and compensatory 
elevated systolic strain in the right heart 50 
and abnormal cardiac septal motion, 
decreased left ventricular diameter and 
stroke volume, and increase pulmonary 
artery diameter. 41,51 

The course of the disease is dependent 
on the removal or continual presence of the 
precipitating cause. If the cause is removed 
in the early stages, complete recovery can 
occur. In the continual presence of the pre¬ 
cipitating cause relapses occur commonly or 
the disease becomes progressive and affected 
horses become severely incapacitated. Bron¬ 
chiectasis, evident on radiographic exami¬ 
nation of the thorax, develops in horses with 
RAO of prolonged duration. With conscien¬ 
tious management and adequate housing, 
breeding animals and hunters or show 
jumpers with RAO can remain useful for 
many years. 

Lung biopsy of horses with RAO is 
described, 52,1 but it is not a clinically relevant 
diagnostic test because of the risk of adverse 
events and clinicians’ ability to detect and 
stage the disease based on less invasive clini¬ 
cal and clinicopathologic information. 42,43,45 

CLINICAL PATHOLOGY AND 
SPECIAL EXAMINATIONS 

There are no significant changes in the 
hemogram or serum biochemistry of affected 
horses. The Pao 2 is below normal in moder¬ 
ately to severely affected horses and the 
Paco 2 is usually normal, although it may be 
increased in severely affected horses. Blood 
oxygen tension measurements should be 
corrected for the temperature of the animal 
and the altitude. At approximately sea level, 
Pao 2 values of normal horses are usually 
greater than 90 mm Hg (12 kPa), whereas 
affected horses have Pao 2 less than 82 mm Hg 
(10.9 kPa). With increases in altitude the 
values in both normal and affected horses 
decrease. The normal hypoxemia that occurs 
in horses during intense exercise is exacer¬ 
bated by RAO. 

Bronchoalveolar lavage fluid from 
affected horses during symptomatic episodes 
has a relative neutrophil count greater than 
5% to 10%, and usually over 50%, of the 
absolute nucleated cell count. It is recom¬ 
mended that horses not be considered to 
have airway inflammation unless greater 
thanl5% of cells in bronchoalveolar lavage 
fluid are neutrophils. During periods of 
remission, the bronchoalveolar lavage fluid 
of previously affected horses is not different 
from that of normal horses. Absolute nucle¬ 
ated cell counts in bronchoalveolar lavage 
fluid of affected horses are reported, but the 
values depend on the collection technique 
used. The relative proportions of macro¬ 
phages and lymphocytes in bronchoalveolar 
lavage fluid of affected horses are lower than 
those of normal horses. Eosinophil numbers 
in bronchoalveolar or tracheal aspirate fluid 
of affected horses may be mildly elevated (up 
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to 10%), but are usually low (<3%-5%). 
Higher values should raise the index of 
suspicion for Dictyocaulus arnfieldi or 
Parascaris equorum infestation. Bronchial 
collapse, observed endoscopically, during 
bronchoalveolar lavage is a sign of airway 
inflammation. 54 

Aspirates of tracheal fluid reveal a pro¬ 
found neutrophilia (>90%). 

Measurement or identification of pre- 
dpitins in serum of horses is not useful in 
identifying horses with RAO. 

Intradermal testing using putative aller¬ 
gens has been investigated as a means of 
identifying horses with RAO or of identify¬ 
ing antigens with which to hyposensitize 
affected horses with variable or undeter¬ 
mined efficacy. Retrospective examination of 
records of horses with a history of RAO sug¬ 
gests that they are more likely to react, and 
react to a larger number, of intradermally 
injected allergens than horses without a 
history of RAO. However, reactions to 
individual allergens cannot be used to deter¬ 
mine hypersensitivity to particular allergens, 
although it is suggested that overall patterns 
of reactivity, with a history of exposure of the 
horse to these allergens, might be useful in 
guiding management of affected horses. 
Contrary to these results, a prospective study 
demonstrated that horses with RAO did not 
have a greater rate of reaction to intradermal 
skin tests than did horses not affected by 
RAO. Intradermal testing did not distinguish 
clinically relevant reactions from those that 
were not clinically relevant. Horses with 
RAO have greater sensitivity to intradermal 
injection of histamine, which is commonly 
used as a positive control, than horses 
without RAO. Overall, intradermal skin 
testing is neither useful in detecting horses 
with RAO nor in determining hypersensitiv¬ 
ity to particular allergens in individual 
horses. Results of such testing might be 
useful in management of horses, but this has 
not been demonstrated. The usefulness of 
intradermal skin testing and subsequent 
administration of preparations of antigens 
selected on the basis of intradermal testing, 
in an effort to hyposensitize horses with 
RAO, has not been determined. The apparent 
lack of efficacy of intradermal testing might 
be because the extent of reactivity to intra¬ 
dermal injection of mold preparations does 
not correlate with the severity of pulmonary 
dysfunction after inhalation of the same 
preparation in horses with RAO. 

Lung biopsy demonstrates peribronchio¬ 
lar lymphoplasmacytic inflammation, goblet 
cell metaplasia, alveolar fibrosis, and bron¬ 
chial lumen exudate and neutrophils. The 
severity of bronchiolar neutrophil and mast 
cell infiltration correlates well with the sever¬ 
ity of the clinical signs. 

NECROPSY FINDINGS 

The major findings are restricted to the 
lungs, which are pale and voluminous and do 


not collapse when the chest cavity is opened. 
The tissue damage is primarily centered on 
airways which are less than 2 mm in diam¬ 
eter. Microscopically, a variable degree of 
alveolar emphysema is accompanied by a 
chronic bronchiolitis featuring diffuse epi¬ 
thelial hyperplasia, goblet cell metaplasia, 
peribronchiolar fibrosis, and cellular infiltra¬ 
tion by lymphocytes, plasma cells, mast cells, 
and sometimes eosinophils. Plugs of mucus 
with entrapped neutrophils often occlude 
bronchiolar lumina. Changes in airway col¬ 
lagen and elastic fiber content correlate with 
lung function in horses with RAO. 55 

Samples for Postmortem 
Confirmation of Diagnosis 

• Formalin-fixed lung for light 
microscopic examination 

DIAGNOSTIC CONFIRMATION 

Confirmation of the disease is based on the 
presence of a history and clinical signs con¬ 
sistent with the disease, in particular the 
response to stabling and pasturing, and dem¬ 
onstration of reversible airway obstruction. 
Objective confirmation can be achieved by 
measuring the response of maximal changes 
in pleural pressure in response to broncho- 
dilator drug (atropine or glycopyrrolate) 
administration. 


DIFFERENTIAL DIAGNOSIS 


Horses with respiratory distress may have the 
following conditions: 

• Interstitial pneumonia 

• Heart failure 

• Bacterial pneumonia 

• Pleuritis 

• Pulmonary or mediastinal neoplasia, 
including leiomyosarcoma 

• Parasitic pneumonia (D. arnfieldi ) 

Nasal discharge may be caused by the 

following: 

• Guttural pouch diseases including 
empyema 

• Dysphagia of any cause 

• Esophageal obstruction 

• Sinusitis 

• Pneumonia 


TREATMENT 

The principles of treatment are as follows: 

• Removal of the inciting cause 

• Reduction of airway inflammation 

• Bronchodilation 

• Correction of hypoxemia 

RAO is an inflammatory disease caused 
by inhalation exposure to inciting agents. 
Bronchoconstriction is secondary to 
inflammation. Control of the disease is 
based upon preventing inhalation of incit¬ 
ing agents and suppression of inflamma¬ 
tion by administration of corticosteroids, 
practices supported by substantial evi¬ 
dence. 56 Relief of bronchoconstriction 


should be necessary only during acute 
exacerbations of the disease, and adminis¬ 
tration of bronchodilatory drugs for 
more than several days is not optimal 
treatment in most horses. Drugs used in 
the treatment of RAO are summarized in 
Table 12-13. 

It is essential that the horse is not exposed 
to the inciting agents and irritant substances 
that could provoke or worsen the disease. 
Even relatively brief exposure of susceptible 
horses to the inciting agents, such as can 
occur if a horse is brought into a poorly ven¬ 
tilated barn to be fed, can result in airway 
hypersensitivity and the development or 
maintenance of clinical signs. Affected 
horses should be moved to a clean environ¬ 
ment, ideally pasture, in which the concen¬ 
tration of airborne allergens is reduced to an 
absolute minimum. If the horse cannot be 
kept at pasture, then it should be housed in 
a well-ventilated barn (see “Control” for 
details), bedded with clean wood shavings or 
shredded paper and fed a complete pelleted 
ration. If affected horses are fed hay, it should 
be thoroughly wetted to minimize the release 
of spores. Remission of clinical signs can be 
expected in 4 to 21 days if the environmental 
changes are adequate. This may be all that is 
necessary to control the disease in many 
horses. 

Antiinflammatory Drugs 

The disease is essentially one of inflamma¬ 
tion of the airways, and therefore one of the 
mainstays of treatment is administration of 
antiinflammatory drugs. Nonsteroidal anti¬ 
inflammatory drugs such as phenylbuta¬ 
zone and flunixin meglumine are not 
effective. Corticosteroids including dexa- 
methasone, prednisolone, triamcinolone, 
and betamethasone are effective in control¬ 
ling the disease.’' Dexamethasone (0.04- 
0.1 mg/kg, intravenously, intramuscularly 
or orally every 24-48 hours) can be given to 
control the acute signs of the disease, and 
then the dose reduced and eventually dis¬ 
continued as environmental alterations 
have their effect. Similarly, prednisolone 
(1-2 mg/kg, orally once daily), but not 
prednisone (which is not absorbed after 
oral administration to horses), can be given 
initially, then the dose reduced by approxi¬ 
mately one half every 5 to 10 days as the 
disease is controlled. Both prednisolone 
(2 mg/kg per day) and dexamethasone 
(0.05 mg/kg day) improve clinical signs of 
the disease in the face of continued expo¬ 
sure to inciting causes, and prednisolone 
improves lung function. 58 Often predniso¬ 
lone or dexamethasone sodium phosphate 
is effective when administered every second 
day when the disease has been controlled. 
Dexamethasone-21-isonicotinate 
(0.04 mg/kg, intramuscularly) is effective 
when administered every 3 days, but not 
when administered only once. Isoflupre- 
done (0.03 mg/kg, intramuscularly once 
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Table 12-13 Drugs used in the treatment of heaves in horses 




Drug 

Dose and frequency 

Route 

Comments 

Bronchodilators 





fi 2 -agonists 

Clenbuterol 

0.8-3.2 pg/kg q 12 hourly 

Oral or IV 

Initial therapy with lowest dose. 

Gradual increments depending on response. For short-term 
therapy pending environmental control and corticosteroid 
administration. 


Albuterol 

50 pg/kg 

Oral 

Unknown and doubtful efficacy. 


Albuterol 

1-3 pg/kg q6-12 hours 

Inhalation 

Has short duration of action (1 hour). 

Can be combined with ipratropium to prolong duration of 
bronchodilation. 


Fenoterol 

2-4 pg/kg as needed 

Inhalation 

Short duration of action. 


Pirbuterol 

1-2 pg/kg as needed 

Inhalation 

Short duration of action. 


Salmeterol 

0.5-1.0 pg/kg q6-12 
hours 

Inhalation 

Longest acting (l 2 -agonist available for inhalation. 


Terbutaline 

0.2 mg/kg as needed 

Inhalation 

Marked adverse effects including tachycardia. Not absorbed 
after oral administration. 


Terbutaline 

0.005 mg/kg as needed 

IV 

Marked adverse effects, including sweating and tachycardia. 

Parasympatholytics 

Ipratropium 

0.5-3.0 pg/kg q4-6 h 

Inhalation 

Usually combined with albuterol for rapidity of onset of 
bronchodilation. Duration of action is ~6 h. 


Glycopyrrolate 

5 pg/kg as needed 

IV or IM 

Useful for short-term or emergency relief of 
bronchoconstriction. 


Atropine 

0.01-0.02 mg/kg as 
needed 

IV or IM 

Useful for diagnosis of reversible airway obstruction and 
short-term relief of bronchoconstriction. Can cause colic. 

Miscellaneous 

Theophylline 

5-10 mg/kg q8—12 hours 

Oral 

Antiquated therapy. Moderate bronchodilation, variable 
absorption, narrow therapeutic index, frequent adverse 
central nervous system effects. Not recommended. 

Pentoxifylline 

Antiinflammatory drugs 

10-15 mg/kg q12 hourly 

Oral 

Not used clinically. Experimental evidence of efficacy. 

Corticosteroids 

Dexamethasone 

0.02-0.1 mg/kg q24 

IV, IM, or 

Effective at reducing clinical signs within 3 days. Gradually 


phosphate or in 
alcohol 

hourly 

oral 

reduce dose and frequency to lowest efficacious dose. 


Dexamethasone-21 

isonicotinate 

0.04-0.06 mg/kg q3 days 

IM 

Effective. Infrequent dosing. 


Prednisolone 

1-2 mg/kg q24 hourly 

Oral or 

IM 

Effective at reducing clinical signs within 3 days. Gradually 
reduce dose and frequency to lowest efficacious dose. 


Prednisone 

1-2 mg/kg q24 hourly 

Oral 

Variable efficacy and not efficacious in most horses. Do not 


Triamcinolone acetonide 

0.011-0.022 mg/kg q2-4 
weeks 

IM, SC 

Infrequent dosing and therefore lack of ability to taper dose. 
Should not be repeated at < 3-month intervals. 


Beclomethasone 

1-9 pg/kg q 12 hourly 

Inhalation 

Relief of bronchoconstriction within 3 days. Lowest dose does 
not cause adrenal suppression and is effective in relief of 
bronchoconstriction. 


Fluticasone 

2-12 pg/kg q 12 hourly 

Inhalation 

Potent and effective. Expensive. 

Other 

Cromolyn sodium 

200 mg q 12 hourly 

Inhalation 

Undetermined efficacy. Should be used before exposure to 
inciting agent. 


Montelukast 

0.11 mg/kg q24 hourly 

Oral 

Leukotriene receptor antagonist. 

Not efficacious at this dose. 


Data from: Couetil, L.L. (2014) In Hinchcliff KW, Kaneps AJ, and Geor RJ (eds): Equine Sports Medidne and Surgery: Basic and clinical sciences of the equine athlete, 
ed. 2. Elsevier Health Sciences, p 614. 


daily) is as effective as dexamethasone in 
alcohol in control of exacerbations of RAO, 
although it does cause hypokalemia. Tri¬ 
amcinolone (0.09 mg/kg, intramuscularly) 
administered once provides long-term 
(weeks) relief of signs in some horses. 

Inhaled corticosteroids, such as beta¬ 
methasone, beclomethasone, or fluticasone, 
are useful in controlling the disease. Both 
inhaled and parenterally administered corti¬ 
costeroids suppress adrenal function of 
horses but 500 pg of beclomethasone 
propionate inhaled twice daily effectively 


alleviated signs of RAO and causes less 
adrenal suppression than doses of 1000 pg or 
1500 pg. Inhaled administration of flutica¬ 
sone suppressed serum cortisol concentra¬ 
tions of horses for 8 to 24 hours after 
administration, and this effect persists with 
continued administration over 1 year. 59 The 
clinical importance of this long-term sup¬ 
pression is unclear, although it does not 
impair innate or acquired immunity, and 
adverse clinical signs are not detected. 60 It is 
important to reiterate that the use of gluco¬ 
corticoids should only be as an adjunct to 


control of the horses environment and 
reduction in the inhaled particle burden. 

Clenbuterol decreases the production of 
inflammatory cytokines by cells obtained 
from bronchoalveolar lavage fluid of horses 
with RAO, suggesting that clenbuterol can 
have antiinflammatory effects in such horses. 
The clinical applicability of this finding 
remains to be determined. 

In summary, a number of different 
corticosteroid preparations are useful in 
the control of RAO. Drugs administered 
by inhalation appear to have a reduced 
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potential for adverse effects including 
adrenal suppression, but they are more 
difficult to administer and require more 
frequent administration than drugs 
administered orally, intravenously, or intra¬ 
muscularly. Improvements in respiratory 
effort and clinical signs are evident in 
approximately 3 days and persist for the 
duration of treatment. Cell counts and the 
neutrophilia in bronchoalveolar lavage fluid 
are not reliably reduced by administration 
of corticosteroids. Affected horses, after 
institution of appropriate measures to 
control inhalation of hay and barn dust, 
should be treated with the lowest dose that 
controls the disease and only for as long as 
necessary. The dose of corticosteroid can be 
reduced gradually and the frequency of 
administration decreased from once daily to 
once every second or third day (or greater, 
depending on the preparation) to achieve 
this end. Administration of the lowest effec¬ 
tive dose is important because of the effects 
of corticosteroids in suppressing immune 
and adrenal function. It is suggested that 
dexamethasone and triamcinolone increase 
the likelihood of horses developing lamini- 
tis, but this relationship has not been con¬ 
clusively demonstrated. 

Bronchodilator Drugs 

Bronchodilator drugs might be needed to 
provide acute relief of airway obstruction but 
should not be used as maintenance therapy. 
Atropine (0.02-0.04 mg/kg, intramuscu¬ 
larly) can be used to provide short-term 
relief of bronchoconstriction, but its use is 
associated with gastrointestinal side effects, 
including colic, that preclude its long-term 
use. Use of N-butylscopolammonium 
bromide causes fewer adverse effects than 
does atropine. 61 Glycopyrrolate (0.005 mg/ 
kg intramuscularly every 8-12 hours) is a 
potent bronchodilator with minimal gastro¬ 
intestinal effects. Ipratropium bromide, a 
parasympatholytic drug with minimal extra- 
pulmonary effects when given by inhalation, 
is very effective in relieving airway obstruc¬ 
tion in severely affected horses. Similarly, 
revatropate (1 mg, inhaled), a selective M-l 
and M-3 muscarinic antagonist, is as effec¬ 
tive as ipratropium (0.3 mg) in relieving 
clinical signs and improving lung function in 
horses with RAO. 62 

p,-adrenergic agonists are potent bron- 
chodilators frequently used in the manage¬ 
ment of horses with RAO. They can be 
administered orally or by inhalation, with 
the latter being preferred. Clenbuterol 
hydrochloride is used as maintenance 
therapy at a dose of 0.8 to 3.2 (Ig/kg, orally 
every 12 hours, and is effective in controlling 
signs in 75% of affected horses. The lower 
dose should be used initially and then 
increased in 0.8-jig/kg increments until the 
desired effect is achieved or side effects of 
tachycardia, muscle fasciculation, and sweat¬ 
ing are apparent. Gradual, incremental 


increases in dose lessen the frequency and 
severity of side effects. Terbutaline is not 
absorbed after oral administration to horses. 
Terbutaline and clenbuterol can also be 
given intravenously, at a dose one-tenth of 
that given orally, to severely affected horses 
in which the need for bronchodilation is 
urgent. Adverse effects of (3 2 -agonist admin¬ 
istration include tachycardia, sweating, and 
apprehension. Prolonged administration of 
clenbuterol is associated with potentially 
adverse effects on cardiac structure, 
alterations in body composition, and an 
impaired response to training. Delayed par¬ 
turition may occur in mares treated in 
late pregnancy. P 2 -Adrenergic agonists 
may transiently exacerbate hypoxemia in 
severely affected horses. Intratracheal 
administration does not produce detectable 
bronchodilation. 

Bronchodilators administered by inha¬ 
lation to horses include the p 2 -agonists 
albuterol, salbutamol, and salmeterol, and 
the parasympatholytic ipratropium. The effi¬ 
cacy and duration of action of each of these 
drugs varies somewhat, but all are effective 
in producing bronchodilation in affected 
horses. Salmeterol produces bronchodilation 
in horses with RAO that persists for up to 6 
hours, although onset of action requires 30 
to 60 minutes. Similarly, ipratropium reduces 
pleural pressure changes and attenuates 
clinical signs of airway obstruction in horses 
with RAO. Efficacy of drugs is influenced 
by the mode of delivery, with handheld 
devices available for the delivery of some 
compounds. 63 

Theophylline (aminophylline) is a non- 
adrenergic bronchodilator given at a dose of 
5-10 mg/kg PO every 8-12 hours. Signs of 
toxicity include tachycardia, excitement, and 
convulsions. Theophylline is not a drug of 
first choice for the treatment of RAO and is 
now used infrequently because of the avail¬ 
ability of efficacious antiinflammatory drugs 
and other bronchodilators. 

Other Drugs 

Sodium cromoglycate is useful for the pro¬ 
phylaxis of RAO, but it has no direct bron- 
chodilatory activity. Its mechanism of action 
is unclear, but it may act to prevent the 
degranulation of mast cells. It can be given at 
a dose of 80 to 200 mg per 425-kg horse by 
inhalation once daily for 4 days and then 
repeated in 1 to 2 weeks. 

Pentoxifylline at high doses improves 
respiratory function, but not bronchoalveo¬ 
lar lavage fluid cytology, of horses with RAO. 
However, bioavailability after oral adminis¬ 
tration is quite variable, contributing to 
variations in the responses of horses to the 
drug. 

Drugs that reduce leukotriene produc¬ 
tion or activity do not appear to be useful in 
the treatment of RAO. An experimental 
leukotriene D4 receptor antagonist was not 
effective in relieving signs of RAO. Similarly, 


montelukast did not improve respiratory 
function in 5 horses with RAO. 

Mucolytics are often used but their effi¬ 
cacy is not established and is doubtful. 
Cough suppressants should not be used 
because they may impair clearance of muco¬ 
purulent material from the airways. 

Antibiotics are often given to affected 
horses but are probably not necessary in the 
vast majority of cases. 

Acupuncture is not effective in the treat¬ 
ment of RAO. 

Administration of large quantities of iso¬ 
tonic electrolyte solution intravenously is 
associated with a decrement in respiratory 
function in both normal and heavy horses 
and is not recommended as a treatment 
for RAO. 

An acoustic device (“sound therapy”) did 
not improve clinical signs or lung function 
in horses with RAO. 64 

Integrated Therapy 

Initial treatment of affected horses usually 
involves changes to the horses environment 
and feed in combination with administration 
of corticosteroids. Corticosteroids and |3 2 - 
adrenergic agonists can be given as com¬ 
bined therapy to severely affected horses 
until the disease is controlled, at which time 
therapy should consist of environmental 
control and, if needed, administration of the 
lowest effective dose of corticosteroids. 
Bronchodilators are sometimes used as sole 
therapy, but their use without correction of 
the housing and feeding factors, and attempts 
to control inflammation, is not rational. 
Long-term administration of bronchodila¬ 
tors is not optimal therapy and, given the 
documented adverse effects, is not recom¬ 
mended. Long-term control of RAO is 
achieved by environmental management and 
administration of corticosteroids. 

CONTROL 

Control of RAO centers upon minimizing 
the exposure of horses to inciting agents. 
These agents are present in air of stables 
and barns and, when present in sufficient 
concentration or combination, induce the 
disease in susceptible horses. There is con¬ 
siderable evidence supporting the practice of 
minimizing inhalation by horses of poor- 
quality air in the control of RAO. 56 

Housing horses in stalls with good air 
quality is essential in reducing the occur¬ 
rence of the disease. 65-66 Adequate ventila¬ 
tion is critical in maintaining good air 
quality in stalls. Few horse housing units 
have adequate ventilation although a well- 
designed individual box stall can meet the 
needs of the horse both for air hygiene and 
thermal comfort. Many horse barns have 
inadequate open space for ventilation in 
still air conditions when the doors are closed 
at both ends of the building. When the 
release rate of spores is low, ventilation rates 
of 4 air changes per hour are satisfactory. 
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However, suggested minima are 8 to 10 air 
changes per hour, airspace of 44 nfhead, 
and floor space of 9.2 mTiead. In practical 
terms, if the upper half of the stable door is 
open, and faces open air and not into a barn, 
the natural ventilation should exceed the 
minimum specifications. Hay and dusty feed 
materials should not be stored above stalls or 
in the same airspace as horses. Bedding 
should be changed frequently, preferably 
daily. Use of cardboard as bedding material 
is effective as part of an overall regimen to 
improve air quality. 

A portable slit sampler is an accurate, 
quick, and simple semiquantitative method 
of assessing the mold contamination of 
source materials such as hay, straw, and other 
feeds and bedding collected from stables. 
Newer technology, such as real-time con¬ 
tinuous particle monitors, is useful in evalu¬ 
ating the effects of interventions to reduce 
airborne dust concentrations in the breath¬ 
ing zone of horses. 65 Real-time continuous 
monitoring also provides information on 
peak particle counts, which might be 
more closely related to disease severity than 
average counts. 

The greatest contributor to airborne dust 
concentrations in stables is hay with straw 
bedding being an important other source. 65 
Dust and presence of molds in hay can be 
reduced by use of agricultural practices 
during hay making including early harvest, 
adequate drying (and lack of rain), and prep¬ 
aration as haylage. 67 The health hazard posed 
by any moldy source material depends on the 
types of organisms present and their abun¬ 
dance. The size of the respirable challenge 
from heated hays and straws arises from the 
prolificacy of the species involved and their 
small spore size. The highest respirable chal¬ 
lenges are from the presence of thermotoler- 
ant and thermophilic mold species. The most 
critical factors in determining the microbial 
development in plant-based materials are 
water content and thermal environment. 
Hay baled at 15% to 20% moisture heats 
little; it is virtually dust-free and contains few 
spores. Baling hay with 20% to 30% moisture 
leads to temperatures of up to 35° to 45° C 
(95 to 113F). At these temperatures, hazard¬ 
ous contamination may develop with the 
appearance of thermotolerant fungi and acti- 
nomycetes. The heaviest contamination of 
hay and straw occurs with baling at 35% to 
50% moisture, when spontaneous heating up 
to 50° to 60°C (122 to 140F) may occur. 
Microscopically, these hays show large 
numbers of fungal spores in the 2- to 5-pm 
size range. 

Dust particle concentrations in the 
breathing zone can be reduced by feeding of 
soaked hay. 66 

FURTHER READING 

Ivester KM, Couetil LL. Management of chronic airway 

inflammation in the horse: a systematic review. 

Equine Vet Educ. 2014;26:647-656. 


Pirie RS. Recurrent airway obstruction: a review. Equine 
Vet J. 2014;46:276-288. 
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PASTURE-ASSOCIATED HEAVES 
(PASTURE-ASSOCIATED 
RECURRENT AIRWAY 
OBSTRUCTION OF HORSES) 

Summer pasture-associated heaves occurs in 
horses in the southeastern region of the 
United States and in Great Britain. It appears 
to be a disease of adult horses that are on 
pasture most of the time in the summer. It 
occurs most commonly in the warm, humid 
summer months of June to September. 1 
Affected horses gradually recover during the 
cooler months of winter and early spring, 
and the disease can recur in the same horse 
each successive summer. Most severe signs 
occurred during late spring and early 
summer during times of high airborne 
pollen counts. Allergy to pollens and fungal 
spores appears to be a factor and is associated 
with conditions conducive to production of 
fungal spores and grass pollens. 1 Affected 
horses have increased expression of interleu- 
kin-4 and interferon-y in cells of bronchoal- 
veolar lavage fluid and peripheral blood 
mononuclear cells but not increased concen¬ 
trations of IgE in bronchoalveolar lavage 
fluid. Endothelin concentrations are higher 
in the BALF and serum of affected than unaf¬ 
fected horses. 2 

Affected horses have clinical findings 
typical of heaves including nasal discharge, 
coughing, tachypnea, labored expiratory 
effort, and crackles and wheezes on ausculta¬ 
tion. There is moderate-to-severe accumula¬ 
tion of mucus in the large airways evident 
on endoscopic examination. Lung function 
testing is consistent with bronchoconstric- 
tion. Bronchoalveolar lavage fluid contains 
large numbers of nondegenerate neutrophils 
and lesser numbers of lymphocytes and mast 
cells. Necropsy reveals overinflated lungs 
that do not collapse when the chest is opened 
and that retain the impressions made by the 
ribs. The predominant histologic finding is 
accumulation of mucus in small airways. 
Inflammation is not severe and most inflam¬ 
matory cells present are neutrophils and 
lymphocytes in peribronchial tissues. Treat¬ 
ment includes stabling and administration of 
corticosteroids and bronchodilators, as dis¬ 
cussed for recurrent airway obstruction (see 
Table 12-13). 

FURTHER READING 

McGorum BC, Pirie RS. A review of recurrent airway 

obstruction and summer pasture associated 

obstructive pulmonary disease. Ippologia. 

2008;19:11-19. 
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SYNCHRONOUS 
DIAPHRAGMATIC FLUTTER IN 
HORSES (THUMPS) 

Synchronous diaphragmatic flutter in horses 
is caused by an abrupt and powerful contrac¬ 
tion of the diaphragm synchronous with the 
heartbeat. Contraction of the diaphragm 
occurs because of stimulation of the phrenic 
nerve as it passes over the atria of the heart. 
Thumps is often associated with electrolyte 
or acid-base abnormalities in horses. The 
disease occurs commonly in horses used for 
strenuous exercise, and in particular horses 
used for endurance racing, in which approxi¬ 
mately 10% of horses eliminated from com¬ 
peting have thumps. 1 The disease occurs in 
Standardbred and Thoroughbred racehorses, 
and individual animals can be affected 
repeatedly. This disease also occurs sporadi¬ 
cally in adult horses and ponies that have not 
exercised, and peripartum mares (as part of 
lactation tetany). 

The syndrome is characterized by a 
violent hiccough occurring synchronously 
with every heartbeat. The lateral aspect of the 
thorax and cranial abdomen appear to jump 
or “thump” regularly in affected horses. It is 
often unilateral, with the contraction being 
felt very much more strongly on one side 
than the other. The horse is distressed 
because the hiccough interferes with eating, 
and to an extent with respiration. In some 
cases, there are additional signs suggestive of 
hypocalcemia. These include muscular rigid¬ 
ity and fasciculation, and a high-stepping 
gait. There is often hypocalcemia, hemocon- 
centration, alkalosis or mixed acid-base 
abnormalities, and hypokalemia, hypochlo- 
remia, and elevation of creatinine phospho- 
kinase levels in affected horses. Hypocalcemia 
can be profound. The disease is reported as 
a consequence of hypocalcemia secondary to 
primary hypoparathyroidism in two Thor¬ 
oughbred horses. 

The principles of treatment are correction 
of abnormalities in blood electrolyte con¬ 
centration, acid-base status, and hydration. 
Treatment with calcium borogluconate 
administered slowly intravenously rapidly 
resolves the condition in some horses that do 
not have severe abnormalities of electrolyte 
concentration or acid-base status. Horses 
might require administration of balanced 
isotonic polyionic electrolyte solutions intra¬ 
venously (e.g., Ringer’s solution or 0.9% 
sodium chloride), and consideration should 
be given to supplementing these fluids with 
calcium (e.g., 50 mL of 23% calcium boro¬ 
gluconate per liter of fluid). 

The pathogenesis is thought to be related 
to hyperirritability of the phrenic nerve 
caused by metabolic disturbances, including 
hypocalcemia, and the phrenic nerve being 


stimulated by each atrial depolarization to 
fire with each heartbeat. The stimulation 
occurs because of the close physical proxim¬ 
ity of the heart to the nerve in the horse. 
Dietary supplementation with calcium and 
other electrolytes during a ride is recom¬ 
mended, but excessive calcium feeding 
beforehand may reduce the activity of calcium 
homeostatic mechanisms and is to be avoided. 

Regular veterinary inspection of all 
horses at the mandatory stops of endurance 
rides will reveal those animals with “thumps,” 
and these horses should not be allowed to 
proceed in the event. 
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RHODOCOCCUS EQUI 
PNEUMONIA OF FOALS 


SYNOPSIS 


Etiology Virulent strains of Rhodococcus equi 
(Rhodococcus hoagii/Prescottella equi) 

Epidemiology Sporadic disease of 1- to 
5-month-old foals that is endemic on some 
farms. Foals are infected likely by inhalation 
during first weeks of life. 

Clinical signs Pneumonia, fever, respiratory 
distress, cough, lack of nasal discharge, 
failure to thrive, multiple distended joints 
and uveitis. Occasionally diarrhea or septic 
osteomyelitis. 

Clinical pathology Leukocytosis, 

hyperfibrinogenemia, inflammatory cells in 
tracheal aspirate. 

Necropsy lesions Pulmonary consolidation 
and abscessation. Nonseptic polyarthritis. 

Diagnostic confirmation Culture or 

polymerase chain reaction (PCR) detection 
of R. equi from tracheal aspirate. 

Treatment Administration of a macrolide in 
combination with rifampin, for example, 
azithromycin (10 mg/kg PO q24 h) and 
rifampin (5 mg/kg PO q12h or 10 mg/kg 
PO q24h). 

Control Ensure adequate transfer of passive 
immunity. Decrease stocking density. 
Decrease environmental contamination by 
virulent strains of R. equi. Do not use mass 
medication of foals with subclinical disease. 


Disease in foals caused by Rhodococcus equi 
is important because of its high incidence in 
valuable livestock, widespread distribution, 
insidious onset, high case-fatality rate in the 
more severely affected foals, cost of treat¬ 
ment, lack of a protective vaccine, and cost 
of implementation of control measures. 

ETIOLOGY 

Rhodococcus equi (Rhodococcus hoagiil 
Prescottella equi) is a gram-positive, pleo¬ 
morphic rod that is a soil-dwelling 


actinomycete. 1 ' 2 The most important mani¬ 
festation of R. equi infection is pneumonia in 
foals. It also causes pleuropneumonia, pneu¬ 
monia, osteomyelitis, and abortion in immu¬ 
nocompromised and normal adult horses; 
abscesses that must be differentiated from 
tuberculosis in pigs and ruminants; pneumo¬ 
nia in immunosuppressed humans; and 
lymph node infection in wild boar ( Sus 
scrofa), red deer ( Cervus elaphus), and roe 
deer ( Capreolus capreolus ). 2 3 There is species 
tropism for ruminants, pigs, and horses, 
determined by host-adapted plasmids, 
whereas infection in humans appears to be 
zoonotic. 2 The organism is a natural inhabit¬ 
ant of soil, grows well at temperatures 
ranging from 10° to 40° C, and is readily iso¬ 
lated from the feces of herbivores and their 
environment. However, isolates of R. equi 
vary in virulence, with many isolates obtained 
from feces or soil not being pathogenic. 

There are a large number of virulent 
strains of R. equi, based on pulsed-field gel 
electrophoresis of chromosomal DNA, and 
foals can be infected with multiple strains at 
the same time, with identical strains located 
in multiple sites in the body. 4 Although there 
is evidence of clustering of strains on farms 
and on most farms one or two strains pre¬ 
dominate, there is little evidence of marked 
regional variations in prevalence of strains 
of virulent R. equi. Only rarely will it be pos¬ 
sible to link infections to a given site or 
region on the basis of analysis of chromo¬ 
somal DNA. 

Virulence of R. equi is dependent on the 
ability of the organism to enter, survive in, 
and replicate in macrophages. It is a faculta¬ 
tive intracellular parasite of macrophages, in 
which it survives by virtue of virulence 
factors that act to prevent phagosome- 
lysosome fusion and bacterial death. 2 Viru¬ 
lence is associated in part with the presence 
of highly immunogenic virulence associ¬ 
ated proteins (Vap, coded by plasmid gene 
pVAP), of which pVAPA is apparently the 
most important, although the precise role of 
the other Vap proteins has not been deter¬ 
mined. The presence of VapA is necessary 
but not sufficient for pathogenicity, which 
requires the presence of other virulence 
factors, including a number of microbial 
enzymes. 2 Virulence plasmids can be lost by 
R. equi strains and reacquired by conjugation 
with virulent strains. 5 Genomic analysis has 
identified additional virulence factors that 
are chromosomal rather than plasmid based. 2 

Vap A is a surface-expressed, lipid- 
modified protein that elicits an intense 
humoral response by foals. Expression of Vap 
A, C, D, and E is upregulated by incubation at 
37°C (98.6F), consistent with their role as 
virulence factors. Other genes probably 
involved in virulence are also upregulated by 
conditions that mimic those in vivo. The pres¬ 
ence of the virulence proteins is associated 
with enhanced ability of virulent R. equi to 
survive and replicate within macrophages, 
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whereas avirulent strains replicate poorly or 
not at all. Virulence is associated with the 
presence of the plasmid, and loss of the 
plasmid by a strain of R. equi results in loss of 
virulence. A recent review provides a detailed 
discussion of the virulence factors of R. equi . 2 

EPIDEMIOLOGY 

Occurrence 

R. equi pneumonia in foals has a worldwide 
distribution. Clinical disease is often spo¬ 
radic but on farms where the disease is 
endemic, annual subdinical morbidity can 
be high (up to 92%) and can vary widely 
from year to year. The median percentage of 
foals that developed clinical disease caused 
by R. equi at farms on which the disease was 
endemic was 6.6%, with 38% of farms having 
more than 10% of foals affected. Increased 
use of ultrasonographic examination of the 
thorax of all foals on a farm demonstrates the 
subdinical disease can affect many, if not 
the vast majority, of foals on farms in which 
the disease is endemic. For example, of 444 
foals born on one stud farm during a breed¬ 
ing season, 426 (92%) had lesions consistent 
with R. equi infection. Eighteen of the foals 
had lung lesions less than 1cm (considered 
unaffected), 128 had lesion scores greater 
than 1 cm and less than 10 cm, and 280 had 
lesions greater than 10 cm. 6 The detection of 
R. equi pneumonia in one foal on a farm 
should prompt an examination of all other 
foals on that farm. 

Case-fatality rates for foals on farms, as 
opposed to those treated at veterinary teach¬ 
ing hospitals, are 29% to 42% (for 113 and 19 
affected foals, respectively). The median 
case-fatality rate for 32 farms in Texas was 
25%, and the case-fatality rate was more than 
50% for 22% of farms. The case-fatality rate 
among foals treated at veterinary teaching 
hospitals is approximately 28%. 

Current evidence supports the hypothesis 
that foals are exposed and infected within the 
first 2 weeks of life. The age at onset of clini¬ 
cal signs of disease associated with R. equi 
varies between 2 weeks and 6 months, but 
the peak prevalence for pneumonic disease 
is between 1 and 3 months. The disease is 
rare in adult horses. Risk factors in foals for 
development of R. equi pneumonia have not 
been determined, although a large number 
of factors have been examined. The month in 
which the foal was born, gestational age, 
dam’s parity, antimicrobial administration 
during the first week of life, exposure to 
pasture at less than 2 weeks of age, need for 
treatment to correct inadequate transfer of 
passive immunity, and size of mare/foal 
groups were not associated with risk of 
disease on farms in Texas. 

The prevalence of virulent R. equi in iso¬ 
lates from the environment does not appear 
to be greater on farms where the disease is 
endemic. Morbidity varies widely among 
geographic areas and individual farms, prob¬ 
ably because of environmental factors that 


affect the number of virulent R. equi and the 
ease of infection. Because aerosol infection 
by virulent R. equi in dust is thought to be 
the most important route of infection of 
foals, factors that favor the accumulation and 
persistence of R. equi in soil and its ability to 
become aerosolized most probably increase 
the risk of infection. Such factors might 
include the following: 

• Hot and dry weather, favoring 
formation of dust 

• Soil pH and moisture 

• Crowding of pastures with young 
horses 

• Poor pasture hygiene, allowing 
accumulation of feces 

• Dusty pastures 

However, empirical demonstration of the 
importance of these risk factors has not been 
reported, with several exceptions. Soil pH, 
salinity, and concentrations of various ele¬ 
ments including iron, zinc, and copper are 
not associated with the risk of foals develop¬ 
ing R. equi pneumonia on farms in Texas. 
These soil-associated risk factors were exam¬ 
ined because R. equi is a normal inhabitant 
of the soil and of the intestine of ruminants, 
horses, and pigs. It is not highly resistant, but 
it has been found to survive in moist soil for 
periods of longer than 12 months. The infec¬ 
tion is considered to be soil associated and 
to be maintained through a soil-horse cycle. 
The number of organisms in the soil and 
stable areas on horse farms increases with the 
time that the farms have housed horses, 
although there is not a strong correlation 
between R. equi concentration in soil and 
prevalence of pneumonia in foals. 

Farms of larger size, with more resident 
mares, greater numbers of foals (>15), and 
greater foal density per acre, 8 and the pres¬ 
ence of mares brought on to the farm for 
breeding, are all associated with greater risk 
of foals developing R. equi pneumonia. R. 
equi pneumonia does not appear to be asso¬ 
ciated with poor farm management or lack 
of preventative health practices such as vac¬ 
cination, deworming, or administration of 
hyperimmune plasma. The practice of testing 
for failure of transfer of passive immunity is 
associated with an increased likelihood of the 
disease on a farm. However, this association 
probably reflects the facts that the disease is 
more likely on larger farms, which are more 
likely to perform this test, and that farms that 
have had the disease are more likely to insti¬ 
tute preventive care procedures. 

Transmission 

Most foals are exposed to infection, as dem¬ 
onstrated by seroconversion or ultrasono¬ 
graphic examination of the thorax, but only 
a few develop severe disease, although many 
have subdinical infection and lesions. The 
organism colonizes the intestine of the 
normal foal during the first 2 months of life 
and has been detected in the feces as early as 
5 days. Inhalation of the organism in dust is 


probably the most important route of trans¬ 
mission for pneumonic disease. ' 9 Intestinal 
disease, which may be clinically inapparent, 
usually occurs with pulmonary disease, but 
the source of the infection is unclear, 
although it may be ingestion of contami¬ 
nated material or swallowing of infected 
respiratory secretions. Foals over 5 weeks of 
age have generally been resistant to experi¬ 
mental challenge. 

Zoonotic Implications 

R. equi is an occasional pathogen of humans. 2 
Infection is more common in immunocom¬ 
promised people but is only infrequently 
associated with strains of R. equi that are 
virulent in foals. 

PATHOGENESIS 

Exposure of foals to R. equi is common, 
based on rate of seroconversion, yet the 
development of clinical disease is much less 
common, although subdinical disease on 
farms with endemic disease can be as high as 
95% (426 of 444 foals born on one farm in 
one breeding season). 6 The reason for this is 
not fully understood, although development 
of the disease probably depends on exposure 
to an infectious dose of organism and the 
susceptibility of the foal. Foals subject to 
experimental challenge exposure are much 
more susceptible to infection, and by lower 
doses, during the first week of life. 10 Higher 
doses are required to induce disease in 
3-week and 6-week-old foals. 10 Lower chal¬ 
lenge doses are associated with milder and 
more slowly progressive disease and sponta¬ 
neous resolution of infection. For spontane¬ 
ous disease, exposure presumably occurs 
within the first few days of life, before waning 
of maternally derived passive immunity. 
Infection results in increases in serum con¬ 
centration of VapA-specific IgG(T) in foals. 11 

In adult horses, in which the disease is 
rare, protective immunity is associated with 
both cellular and humoral immune responses 
characterized by enhanced immunoprolif- 
erative responses of CD4 and CD8 cells and 
presence of IgGa and IgGb antibodies to Vap 
A. Opsonizing antibody to R. equi is an 
important defense mechanism in experi¬ 
mentally infected foals and administration of 
R. equi hyperimmune plasma or plasma rich 
in anti-Vap A and C antibodies protects 
experimentally infected foals from develop¬ 
ing pneumonia. Overall, these results suggest 
that foals that develop R. equi pneumonia 
have a T-helper-cell (Th)2-like response to 
infection, rather than a Thl-like response. 
Thl-like responses, which are associated 
with enhanced CD4 and CD8 responses, are 
believed to be important in resistance to the 
disease. Whether the switch to a Th2-like 
response to infection is a function of virulent 
R. equi or an attribute of susceptible foals has 
not been determined. 

Experimental and clinical studies indi¬ 
cate that the foal is infected several weeks or 
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Table 12-14 Frequency and prevalence of extrapulmonary manifestations of infection 
by R. equi in 150 foals. (Reproduced with permission. ) 


EPD 

No. of affected 
foals (%) 

No. of foals with 

antemortem 

diagnosis 

No. of foals with 

postmortem 

diagnosis 

Diarrhea 

50 (330) 

50 

0 

Immune-mediated polysynovitis 

37 (25) 

36 

1 

Ulcerative enterotyphlocolitis 

31 (21) 

0 

31 

Intraabdominal abscesses 

25(17) 

12 

13 

Abdominal lymphadenitis 

25(17) 

5 

20 

Uveitis 

16 (11) 

16 

0 

Pyogranulomatous hepatitis 

16 (11) 

0 

16 

Septic synovitis 

14(9) 

12 

2 

Mediastinal lymphadenitis 

12 (8) 

7 

5 

Peritonitis 

11 (7) 

10 

1 

Peripheral lymphadenopathy 

11 (7) 

10 

1 

R. equi bacteremia 

11 (7) 

11 

0 

Subcutaneous abscesses 

8(5) 

8 

0 

Pyogranulomatous nephritis 

7(5) 

0 

7 

Hyperthermia 

6(4) 

6 

0 

Pericarditis 

6(4) 

2 

4 

Osteomyelitis 

5(3) 

5 

0 

Pleural effusion 

5(3) 

2 

3 

Granulomatous meningitis 

5(3) 

0 

5 

Vertebral body osteomyelitis 

3(2) 

3 

0 

Paravertebral abscess 

3(2) 

3 

0 

Cellulitis/lymphangitis 

2(1) 

2 

0 

Immune-mediated hemolytic anemia 

2(1) 

2 

0 

One (1/150 [0.7%]) foal each had an antemortem diagnosis of the following: sinusitis, immune-mediated 
thrombocytopenia, hyperlipemia, telogen effluvium, granulomatous dermatitis, myositis, lymphoid 
hyperplasia, omphalitis, bone marrow erythroid hypoplasia, seizures, and right ventricular double apex 
secondary to pulmonary hypertension. One (1/150 [0.7%]) foal each had a postmortem diagnosis of the 
following: pyometra, pyogranulomatous stomatitis, pyogranulomatous splenitis, pneumothorax, valvular 
endocarditis, and myelophthisis. 


months before clinical signs are observed. 
Virulent strains of R. equi are facultative 
intracellular parasites of macrophages, which 
they ultimately destroy. Neutrophils are bac¬ 
tericidal for R. equi but the organism can 
survive by inclusion in macrophages. Opso¬ 
nization of R. equi by specific antibodies 
results in enhanced lysosome-phagosome 
fusion and greater killing of R. equi by equine 
macrophages and monocytes, whereas entry 
of R. equi into macrophages by nonimmune 
phagocytosis is not associated with enhanced 
killing. Its survival in the macrophage is 
associated with absence of phagosome-lyso- 
some fusion. Nonvirulent strains do not pro¬ 
liferate in macrophages and monocytes. The 
combined action of humoral and cellular 
immune systems is important in preventing 
development of the disease after inhalation 
of bacteria. Without opsonization, the capac¬ 
ity of the pulmonary macrophage of foals to 
kill R. equi is impaired and the organism can 
persist in the pulmonary macrophage of 
infected foals. The inability of the pulmonary 
macrophages to destroy R. equi leads to 
persistent infection in the lung and a 
chronic bronchopneumonia with extensive 
abscessation and an associated suppurative 
lymphadenitis. 

Intestinal infection is common in foals 
with R. equi pneumonia, although clinical 
manifestations of the intestinal infection, 
such as diarrhea, are uncommon. Gastro¬ 
intestinal tract infection is characterized 
by ulcerative lesions of the mucosa of the 
large intestine and cecum. In rare cases 
bacteremia and subsequent suppurative 
foci may develop in many organs, including 
bones and joints, liver, kidneys, and 
subcutis. 

CLINICAL FINDINGS 

The most common manifestation of the 
disease is subclinical infection and pulmo¬ 
nary abscessation detected by ultrasono¬ 
graphic examination of the thorax of 
apparently healthy foals. 6,12 

R. equi pneumonia 
R. equi pneumonia of foals presents as an 
acute onset of inappetence, fever, depression, 
and tachypnea or as a more chronic disease 
characterized by cough and failure to thrive. 
Apparent acute onset of the clinical disease 
is preceded by a long incubation period 
during which clinical signs are minimal. 
Severe clinical disease is evident as respira¬ 
tory distress, and the foal is reluctant to move 
and to suckle. Cyanosis can be present in 
severe cases. Auscultation of the chest can 
reveal crackles and wheezes, but abnormal 
lung sounds are often much less apparent 
than the severity of the respiratory disease 
suggests they should be. Foals with R. equi 
abscesses often do not have abnormal lung 
sounds, and there is usually minimal nasal 
discharge. It must be emphasized that the 
classical severe disease represents one end of 


the spectrum of consequences of infection of 
foals by R. equi, and much more common is 
subclinical disease that resolves spontane¬ 
ously and without treatment. However, clini¬ 
cal disease is important because it is these 
foals that are at risk of death and that require 
prolonged treatment. 

Ultrasonographic examination of the 
chest reveals the presence of pulmonary con¬ 
solidation before clinical signs are apparent 
and is a useful means of detecting subclinical 
disease and triaging foals for treatment. 
Radiographic examination of affected 
animals shows evidence of consolidation of 
lung tissue, lymphadenopathy, and cavitating 
lesions in the lungs. Odds of survival are 
inversely related to severity of alveolar 
pattern and presence and number of cavi- 
tated lesions evident on thoracic radio¬ 
graphs. 13 Ultrasonographic examination of 
foals is more sensitive for detection of lesions 
than is radiographic examination, with radi¬ 
ography enabling detection of lesions in 20 
of 42 affected foals in which disease was con¬ 
firmed by ultrasonographic examination. 14 

Extrapulmonary manifestations of 
R. equi infection 

Extrapulmonary manifestations of R. equi 
pneumonia are common in foals, and many 


are associated with an increased chance of 
death (Table 12-14). 15 Of 150 foals with R. equi 
pneumonia examined at a referral hospital, 
111 (74%) had at least one extrapulmonary 
manifestation of the disease detected ante or 
postmortem. Of foals examined postmortem, 
76% had an extrapulmonary manifestation 
of the disease that was not detected, or detect¬ 
able, antemortem. Common abnormalities 
include diarrhea (50% of foals), immune- 
mediated polysynovitis (37%), ulcerative 
enterotyphlocolitis (31%), intraabdominal 
abscesses (25%), and abdominal lymphadeni¬ 
tis (25%). 15 R. equi infection of other 
structures includes septic synovitis, peritoni¬ 
tis, bacteremia, subcutaneous abscesses, 
osteomyelitis of the abaxial skeleton, and ver¬ 
tebral body osteomyelitis, in addition to other 
sites. Noninfectious abnormalities include 
immune-mediated hemolytic anemia, 16 
uveitis, and hyperthermia. 

Intraabdominal abscesses are associated 
with ill-thrift, weight loss, variable abdomi¬ 
nal distension, fever, depression, and, in 
some cases, colic. Ultrasonographic exami¬ 
nation can reveal the abscess. 17 

PROGNOSIS 

The morbidity and case-fatality rates are pro¬ 
vided under “Epidemiology.” Presence of an 
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extrapulmonary manifestation of R. equi 
infection is associated with a case-fatality 
rate of 57% compared with 18% in foals with 
only R. equi pneumonia. A larger number of 
extrapulmonary manifestation was associ¬ 
ated with an increased chance of death. Pres¬ 
ence of uveitis, septic synovitis (but not 
immune-mediated polysynovitis), abdomi¬ 
nal lymphadenitis and intraabdominal 
abscessation, pleural effusion, R. equi bacte¬ 
remia and pyogranulomatous hepatitis were 
all independently associated with increased 
risk of death. 

R. equi infection in Thoroughbred and 
Standardbred foals is associated with a 
reduced chance of racing as an adult com¬ 
pared with the overall population of foals, 
but affected foals that survive have a similar 
racing performance as adults to horses that 
did not have R. equi pneumonia. 

CLINICAL PATHOLOGY 

Hematologic evaluation usually reveals 
leukocytosis with neutrophilia and monocy¬ 
tosis, and elevation in the concentrations 
of acute-phase proteins, including plasma 
fibrinogen and serum amyloid A—changes 
characteristic, but not diagnostic, of R. equi 
infection. Monitoring of blood white cell 
concentration and plasma fibrinogen con¬ 
centration is useful in foals from farms on 
which the disease is endemic. White blood 
cell concentrations above 13.0 X 10/L 
(13,000 cells/pL) have a sensitivity and speci¬ 
ficity of 95% and 61%, respectively, for R. 
equi pneumonia. The high sensitivity means 
that few foals with the disease will be missed, 
whereas the moderate specificity means that 
a number of foals will be incorrectly sus¬ 
pected as having the disease. Because a high 
white cell count can be caused by a number 
of diseases other than R. equi pneumonia, 
foals with high white cell counts from farms 
on which the disease is endemic should be 
further examined for evidence of disease, 
including detailed clinical examination pos¬ 
sibly including ultrasonographic examina¬ 
tion, culture or PCR of tracheal aspirates, or 
thoracic radiography. Measurement of 
plasma fibrinogen concentration is less 
useful for detecting foals with R. equi pneu¬ 
monia. Plasma fibrinogen concentrations of 
400 mg/dL (0.4 g/L) have sensitivity and 
specificity of 91% and 51%, respectively, 
whereas concentrations of 600 mg/dL 
(0.6 g/L) have sensitivity and specificity of 
38% and 96%, respectively. The positive and 
negative predictive values of the tests depend 
on the prevalence of the disease among the 
group of foals examined, being low for farms 
on which the disease is rare and increasing 
as the prevalence of the disease increases. 
Serial measurement of serum amyloid A 
concentrations is not useful for detecting 
foals with clinically inapparent R. equi pneu¬ 
monia, 18 nor do foals with pneumonia 
reliably have higher serum amyloid A con¬ 
centrations than normal foals. 


Differentiation of pneumonia caused by 
R. equi from that caused by other infectious 
causes in foals can be challenging. Using 
microbiological culture as the “gold stan¬ 
dard,” identification of gram-positive cocco- 
bacilli in tracheal aspirates was highly 
specific (91%) but poorly sensitive (35%) for 
R. equi infection. 19 White cell counts greater 
than 20,000 cells/|LL (86% specificity), fibrin¬ 
ogen concentrations greater than 700 mg/dL 
(92% specificity), radiologic evidence of tho¬ 
racic abscessation (85% specificity), and the 
presence of gram-positive coccobacilli in 
tracheal aspirates (91% specificity) in pneu¬ 
monic foals are highly suggestive of R. equi 
infection. 19 

Transtracheal aspirates from affected 
foals reveal a neutrophilic leukocytosis. 
Intracellular, gram-positive pleomorphic 
rods characteristic of R. equi may be present 
in tracheal aspirates, but the sensitivity of this 
observation has not been determined, and all 
tracheal aspirates should be cultured. 

Although numerous serologic tests have 
been developed, including agar gel immuno¬ 
diffusion, synergistic hemolysis inhibition, 
radial immunodiffusion, and various ELISAs, 
none has demonstrated value in the diagno¬ 
sis of the disease in individual animals. 20 
Currently available serologic tests, either as 
single or paired samples, are not reliable in 
confirming or excluding the presence of R. 
equi pneumonia in foals. 

Culture of tracheal aspirates is the gold 
standard for antemortem diagnosis of the 
disease, although sensitivity of culture is less 
than that of PCR examination of tracheal 
aspirates. Culture of tracheal aspirates has a 
sensitivity of approximately 86%, based on 
diagnosis of R. equi pneumonia at necropsy. 
A PCR test for the rapid detection of R. equi 
in tracheal aspirates has a sensitivity of 100% 
and a specificity of 91% in foals with a clini¬ 
cal diagnosis of R. equi pneumonia. PCR 
examination of nasal swabs for presence of 
R. equi has a sensitivity of 15%, which is too 
low to be clinically useful. More recent quan¬ 
titative real-time PCR assays permit the 
rapid detection and quantification of virulent 
(VapA-gene-positive) strains of R. equi in 
tracheobronchial aspirates. This assay detects 
R. equi at concentrations as low as 20 cfu/mL 
of tracheobronchial fluid, providing a spe¬ 
cific and highly sensitive test for the presence 
of this organism. A multiplex PCR test 
simultaneously detects R. equi and the pres¬ 
ence of virulence factors, thereby permitting 
rapid differentiation of pathogenic from 
nonpathogenic strains ofR. equi in biological 
samples. 

Collection and culturing of breath from 
foals is not useful in diagnosing R. equi 
pneumonia or in predicting onset of the 
disease. 21 

NECROPSY FINDINGS 

The predominant lesions are a pyogranulo¬ 
matous pneumonia plus lymphadenitis of 


the bronchial lymph nodes. Grossly, the firm, 
raised lung nodules may reach several centi¬ 
meters in diameter and can be located any¬ 
where in the lung field, especially in the 
cranioventral quadrant. If several nodules 
coalesce, the lesion may be misinterpreted as 
a suppurative bronchopneumonia. Histo¬ 
logically, organisms are easily demonstrated 
within the macrophages and giant cells com¬ 
prising these lesions. Many cases also have 
ulcerative enterocolitis, with abscessation 
of mesenteric or cecocolic lymph nodes. 
Although necropsy may reveal widespread 
infection, many cases are subclinical. 

Samples for Postmortem 
Confirmation of Diagnosis 

• Bacteriology—chilled lung, affected 
lymph nodes, and swabs from 
atypical sites (CULT) 

• Histology—formalin-fixed lung, 
lymph node, and colonic lesions 

DIAGNOSTIC CONFIRMATION 

Antemortem diagnosis is by culture of R. 
equi from aspirates of tracheal fluid. 
Currently available serologic tests do not 
provide confirmation of disease in individual 
animals. 


DIFFERENTIAL DIAGNOSIS 


The pneumonic form of the disease may be 
confused with other causes of pneumonia in 
foals (Table 12-15). Other causes of diarrhea 
in this age group include parasitism as a result 
of cyathostomes, infection by Salmonella sp., 
and antibiotic-induced diarrhea. 

The aseptic synovitis and joint effusion 
that frequently accompanies R. equi 
pneumonia should be differentiated from 
septic arthritis as a result of 5. zooepidemicus. 
Salmonella spp., R. equi, or other bacteria. 


TREATMENT 

The principles of treatment are cure of R. 
equi infection, relief of respiratory distress, 
and correction of associated immune-medi¬ 
ated diseases. 

Elimination of infection requires the 
administration of antimicrobial agents that 
are both effective against the organism and 
able to penetrate infected macrophages to 
gain access to the organism. Customary in 
vitro antibiotic sensitivity testing, using 
Kirby-Bauer or dilution methodology, has 
not been demonstrated to be useful in pre¬ 
dicting the clinical efficacy of treatment, and 
ex vivo testing of antimicrobial efficacy using 
macrophage culture systems more closely 
predicts in vivo efficacy. 22 R. equi isolates 
from ill foals are frequently sensitive in 
vitro to a variety of antibiotics, including 
the aminoglycosides gentamicin and neomy¬ 
cin, tetracycline, sulfonamides, and chloram¬ 
phenicol, whereas most are resistant to 
cephalosporins and penicillin. However, 
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Table 12-15 Differential diagnosis of respiratory diseases of older (not newborn) foals 


Disease 

Epidemiology 

Clinical findings 

Clinical pathology 

Necropsy findings 

Treatment and response 

Rhodococcus equi 
infection 

Enzootic to a farm. 

Foals up to 6 months. 
Infection by 
inhalation. Case- 
fatality rate =30%. 

Pneumonia in 1- to 
6-month-olds. 

Occasional diarrhea. 
Aseptic synovitis and 
uveitis in affected foal. 
Septic osteomyelitis. 

Inflammatory cells in 
tracheal aspirate. Culture 
or PCR detection of R. 
equi from tracheal fluid. 
Serum tests not useful in 
individual animals. 

Suppurative 
bronchopneumonia. 
May be mesenteric 
and other lymph 
node abscess. 

Rarely septicemia. 

Erythromycin estolate, or 
clarithromycin, plus 
rifampicin. Advanced 
cases may be refractory. 

Interstitial 

pneumonia 

Sporadic occurrence in 
foals to 6 months of 
age. Cause not 
identified. 

Respiratory distress with 
minimal cough, slight 
nasal discharge and low 
grade to non-existent 
fever. Lungs sounds not 
remarkable. 

None diagnostic. Rule out 
other diseases. 
Radiography useful. 

Interstitial pneumonia. 

Corticosteroids. Broad- 
spectrum antibiotics 
(e.g., penicillin and 
gentamicin). Supportive 
care. 

Viral respiratory 
disease (see Table 
12-16) 

Foals usually over 2 
months. Rhinitis virus, 
herpesvirus, and 
influenza virus 
infection. 

Fever, cough, nasal 
discharge. 

Viral isolation. Serology. 

Usually survive 
although fatal 
influenza infection 
reported. 

Supportive. Antibiotics for 
secondary bacterial 
(.Streptococcus 
zooepidemicus) 
infection 

Combined 
immunodeficiency 
of Arabian foals 

Inherited as autosomal 
recessive trait. 

Affected animals are 
homozygous. 

Poor condition, tire easily, 
cough, ocular and nasal 
discharge, diarrhea in 
some. 

Severe lymphopenia. 
Hypogammaglobulinemic 
as passive immunity 
declines. 

Lymphocytes absent 
from lymphoid 
tissue. Adenoviral 
pneumonia. 

None. 

Respiratory tract 
infection with 5. 
zooepidemicus 

Outbreaks in foals up to 
weaning. Likely 
secondary to viral 
infection. 

Fever, nasal discharge, 
cough, inappetence. 
Minimal 

lymphadenopathy. 

S. zooepidemicus in 
tracheal aspirates. 

Usually survive. 

Penicillin. Good recovery 
rate 

Parasitic pneumonia 

Migrating stages of 
Parascaris equorum. 
Foals > 6 weeks old. 

Cough, slight nasal 
discharge. Rarely fever. 

Eosinophils in tracheal 
aspirate. 

Death rare. 

Anthelmintics, e.g., 
fenbendazole 

Pneumocystis jirovici 
(formerly P. 
carinii) 
pneumonia 

Immunodeficient foals 
or foals administered 
corticosteroids. 

Cough, mucopurulent 
nasal discharge, fever, 
lethargy, tachypnea. 

Neutrophils and 
macrophages and P. 
jirovici cysts in tracheal 
aspirate or 

bronchoalveolar lavage 
fluid. 

Pneumonia, diffuse 
with neutrophilic or 
lymphocytic/ 
plasmacytic 
infiltration and 
alveolar edema. P. 
jirovici evident in 
silver-stained lung 
sections. 

Sulfonamide/trimethoprim 
30 mg/kg q 12 h 
recommended but 
often not effective. 


PCR, polymerase chain reaction. 


treatment with antibiotics other than a mac- 
rolide (erythromycin, azithromycin, clarith¬ 
romycin, gamithromycin) and rifampin is 
associated with a lower recovery rate. Treat¬ 
ment with penicillin, with or without genta¬ 
micin, chloramphenicol, or tetracycline, is 
not effective. Trimethoprim-sulfadiazine 
combinations might be effective in some 
foals but are not the preferred treatment. 
Neomycin has been recommended for treat¬ 
ment of R. equi pneumonia, but the risk of 
nephrotoxicosis, need for parenteral admin¬ 
istration, and lack of demonstration of clini¬ 
cal efficacy do not support its use at this time. 

The treatment of R. equi pneumonia in 
foals is achieved by administration of mac- 
rolide antibiotics in combination with 
rifampin. Conventional treatment is admin¬ 
istration of the combination of an acid-stable 
erythromycin (preferably estolate) at a dose 
of 25 mg/kg orally every 12 hours and 
rifampin at a dose of either 5 mg/kg every 


12 hours or 10 mg/kg every 24 hours. Other 
esters or preparations of erythromycin are 
less well absorbed or have shorter elimina¬ 
tion half-lives than the estolate ester and 
must be administered more frequently. 
Erythromycin ethylsuccinate does not 
provide optimal therapy for R. equi pneumo¬ 
nia in foals because of poor absorption after 
oral administration. The macrolide antibiot¬ 
ics azithromycin and clarithromycin have 
also been used to treat foals with R. equi 
pneumonia. Treatment of foals with a com¬ 
bination of clarithromycin (7.5 mg/kg orally 
every 12 hours) and rifampin results in 
improved survival over foals treated with 
azithromycin (10 mg/kg orally q24h) and 
rifampin or erythromycin and rifampin in a 
veterinary teaching hospital. Azithromycin 
is typically administered with rifampin at 
a dose rate of 10 mg/kg q24h for every 
24 hours for 5 to 7 days and then once 
every 48 hours. Gamithromycin (6 mg/kg 


intramuscularly [IM] or intravenously [IV] 
once every 7 days, with or without adminis¬ 
tration of rifampin) is currently not recom¬ 
mended for routine use pending results of 
studies demonstrating its equivalence to or 
superiority over other treatments. Adminis¬ 
tration of gamithromycin (6 mg/kg IM or IV 
once every 7 days, with foals administered 
IV gamithromycin also administered 
rifampin) was associated with resolution of 
lesions detected by ultrasonographic exami¬ 
nation in 95% of foals with R. equi pneumo¬ 
nia. 2, IM was associated with marked 
lameness in 35% of foals and colic that 
required administration of analgesics in 45% 
of foals. Tulathromycin was not as effective 
as the combination of azithromycin- 
rifampin in treatment of R. equi abscesses in 
foals in a large prospective field study. 24 
Tilmicosin is poorly active against R. equi. 2 ' 

Ultrasonographic examination of the 
thorax of foals may permit identification of 
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Fig. 12-30 Abscess score based on ultrasonographic examination of foals on a farm with 
endemic ft. equi infection administered a placebo, tulathromycin, doxycycline, doxycycline and 
rifampin, or azithromycin and rifampin. There was no effect of antimicrobial treatment on 
resolution of the abscess score. (Modified from Venner M, Astheimer K, et al.: Efficacy of Mass 
Antimicrobial Treatment of Foals with Subclinical Pulmonary Abscesses Associated with 
Rhodococcus equi, J Vet Int Med 27:171, 2013.) 


foals with clinically inapparent pulmonary 
abscesses, providing the opportunity for 
early intervention in the disease. However, 
many (-90%) lesions less than 10 cm in 
diameter will resolve without treatment, and 
treatment with antimicrobials confers no 
clear benefit over watchful waiting (Fig. 
12-30). 12 Another study demonstrated reso¬ 
lution of lesions in 44% of foals with lesions 
greater than 1.0 cm administered a pla¬ 
cebo—a resolution rate not statistically dif¬ 
ferent from that in foals administered 
tulathromycin (IM), azithromycin alone, or 
azithromycin and rifampin. 6 

It is unclear if there is an advantage to 
combined therapy of rifampin and a macro- 
lide compared with treatment with a macro- 
lide alone. The current recommendation is to 
use the combination of drugs. 

Gallium maltoate has been investigated 
for treatment of foals with R. equi pneumo¬ 
nia. The pharmacokinetics in foals have been 
determined, and it appears to be safe for 
administration to foals and was not inferior 
to administration of clarithromycin and 
rifampin in treatment of foals with pulmo¬ 
nary lesions consistent with R. equi infec¬ 
tion. 26 ' 30 However, the study did not include 
an untreated or placebo treated group, and 
given the high rate of spontaneous resolution 
of lesions without treatment in such foals, 6,12,31 
it cannot be concluded that either treatment 
was superior to no treatment. 

Therapy should be continued until the 
foal is clinically normal and has a normal 
plasma fibrinogen concentration and 
white blood cell count, which can require 
treatment for at least 1 month and often 
longer. Radiographic or ultrasonographic 
demonstration of resolution of the pulmo¬ 
nary consolidation and abscessation is useful 
in the decision to stop therapy. The case- 
fatality rate is approximately 30% (see 
“Epidemiology”) even with appropriate 
treatment. 


Adverse effects of macrolide-rifampin 
therapy include the development of diarrhea 
in some foals and their dams. Administra¬ 
tion of erythromycin to foals is associated 
with an eightfold increase in the risk of diar¬ 
rhea. Antibiotic therapy should be temporar¬ 
ily discontinued in foals that develop 
diarrhea. 

During hot weather, some foals treated 
with erythromycin become hyperthermic 
(40-4i°C [104-105.5°F]) and tachypneic, 
and occasional deaths result from this syn¬ 
drome. The basis for this hyperthermic 
event, which may occur in healthy foals 
administered erythromycin, is unknown. 
Affected foals should be treated urgently 
with antipyretics, cold water bathing, and 
housing in a cooler environment. 

The emergence of R. equi isolates resis¬ 
tant to rifampin and one or more macro- 
lides has been documented and underscores 
the need for monitoring of R. equi sensitivity 
to these antimicrobials. Case-fatality rate is 
higher (75%) in foals with R. equi resistant 
to one or more of rifampin and a macrolide 
compared with that in foals infected with 
susceptible bacteria (30%). 32 The develop¬ 
ment of resistance during monotherapy with 
rifampin is a recognized contraindication to 
the use of this drug alone. 

Ancillary therapy with NSAIDs, bron- 
chodilators, and mucolytics might be of 
value. Foals in severe respiratory distress 
require intranasal or intratracheal adminis¬ 
tration of oxygen. 

CONTROL 

Control measures are designed to maximize 
the resistance of the foal to infection and to 
reduce the infection pressure on the foal by 
decreasing contamination of the foal’s envi¬ 
ronment with virulent R. equi. Ensuring 
adequate transfer of colostral immunoglob¬ 
ulins in all foals through routine monitoring 
of serum immunoglobulin concentrations in 


1-day-old foals is an essential part of any 
control program. To decrease environmen¬ 
tal contamination with virulent R. equi, 
efforts should be made to reduce fecal con¬ 
tamination of pastures and to reduce or 
eliminate dusty or sandy areas. These efforts 
should include grassing or paving of bare 
areas, removal and composting of fecal mate¬ 
rial on a regular basis, reduction of stocking 
density, and reduction in the size of mar el 
foal bands. 

On farms with endemic disease, regular 
physical examination, including ultrasono¬ 
graphic examination of the thorax of foals 
and once-daily monitoring of rectal temper¬ 
ature, can permit early identification of 
affected foals. These foals can then be moni¬ 
tored for resolution or progression of the 
disease, with animals in the latter group 
administered antimicrobials. Comments 
noted earlier about the effectiveness of mass 
medication of all foals with lung lesions 
should be noted. 6,12,31 Measurement of blood 
white cell count, as detailed previously, can 
be useful in early identification of affected 
foals. Identification of one foal affected with 
R. equi pneumonia on a farm should prompt 
an examination of all other foals on the farm. 

The administration to foals of a hyperim¬ 
mune serum, obtained from mares vacci¬ 
nated with an autogenous vaccine, limits the 
severity of disease produced by experimental 
challenge but has not been consistently 
useful in preventing or decreasing the preva¬ 
lence of naturally occurring disease. This 
unpredictable efficacy could be attributable 
to variable concentrations of R. equi anti- 
Vap-A IgG in batches of plasma. 33 

There are no vaccines effective in preven¬ 
tion of R. equi pneumonia in foals. 34,35 

FURTHER READING 

Vazquez-Boland JA, et al. Rhodococcus equi: the many 
facets of a pathogenic actinomycete. Vet Microbiol. 
2013;167:9-33. 
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STREPTOCOCCUS 
ZOOEPIDEMICUS INFECTION 

Streptococcus equi var. zooepidemicus (S. 
zooepidemicus) is one of the bacteria most 
commonly isolated from the upper respira¬ 
tory tract of both clinically normal horses 

and horses with respiratory disease and from 
the female genital tract, wounds, and gut¬ 
tural pouch. 1 Almost all horses harbor a 
number of antigenic types of S. zooepi¬ 

demicus in their tonsils, and this may be the 
source of opportunistic infections of other 
body systems, including the lungs and genital 
tract. Currently, over 300 variants of S. 
zooepidemicus are recognized by multilocus 
sequence typing, and disease is associated 
with specific variants. 2,3 S. zooepidemicus is 
the most common beta-hemolytic strepto¬ 
coccus isolated from horses at necropsy 
examination, representing 72% of isolates. 4 
Most isolates are from placenta, fetal tissues, 
and genital tract of mares, but this likely rep¬ 
resents the population of animals examined 
and would not include clinically normal 
horses in which S. zooepidemicus is com¬ 
mensal in the upper respiratory tract. 

Outbreaks of upper or lower respiratory 
disease are associated with particular vari¬ 
ants of S. zooepidemicus (eg, ST-24 and 
ST-307), 2 * ' 5 and endometritis is caused by a 
specific variant genetically distinct to those 
causing respiratory disease. 6 * Pathogenicity of 
S. zooepidemicus in horses is related to the 
presence of superantigens (szeN and szeP, 
but not szeF).' 

S. zooepidemicus can cause disease in 

humans, cats, dogs, and poultry. 812 Infection 

and disease of humans working with horses 

by S. zooepidemicus identical to or closely 

related to that isolated from horses with 
which the human cases had contact high¬ 

lights the zoonotic potential of the organ¬ 

ism. 12 * An outbreak of disease in chickens was 

associated with a strain of S. zooepidemicus 
isolated from horses on the same farm, 9 * and 
infection of three dogs, with disease in two, 
housed on horse stud farms. 8 The disease in 

dogs is usually a highly contagious often fatal 
pneumonia. 11 The organism also causes 

acute, severe pneumonia and systemic illness 
in cats usually as an outbreak of disease in 
catteries. 10 


S. zooepidemicus is frequently isolated 
from horses with pleuropneumonia, endo¬ 
metritis, neonatal septicemia, abortion, and 
mastitis, suggesting a role for this organism 
in the pathogenesis of these diseases. 4 S. 
zooepidemicus is likely important in the 
development of respiratory disease in foals 
and adult horses. S. zooepidemicus was iso¬ 
lated from 88% of foals with clinical evidence 
of lower respiratory tract disease, and isola¬ 
tion of the organism was associated with an 
increased proportion of neutrophils in bron- 
choalveolar lavage fluid, suggesting a causal 
role for this organism. Similarly, the number 
of S. zooepidemicus isolated from tracheal 
aspirates of adult horses is directly propor¬ 
tional to the number of neutrophils in the 
aspirate and the probability that they have a 
cough. The association of S. zooepidemicus 
and inflammatory airway disease in race¬ 
horses is independent of previous viral infec¬ 
tion, suggesting a role for S. zooepidemicus as 
a primary pathogen. Presence and number of 
colony forming units (cfu) of S. zooepi¬ 
demicus in tracheal aspirates of horses is sig¬ 
nificantly associated with the risk of the 
horse having inflammatory airway disease. 
Adult horses dying of pneumonia associated 
with transportation often yield S. zooepi¬ 
demicus on culture of lung lesions, and the 
disease can be reproduced experimentally. S. 
zooepidemicus with Chlamydophila caviae 
causes conjunctivitis and rhinitis in adult 
horses. lj These results clearly demonstrate a 
role for S. zooepidemicus in the pathogenesis 
of respiratory disease of horses. However, it 
is unclear whether S. zooepidemicus is a 
primary cause of disease, a secondary con¬ 
taminant, or an invader of airways compro¬ 
mised by viral infection or other agents. 

Clinical signs of S. zooepidemicus infec¬ 
tion of the lower respiratory tract of foals and 
horses include coughing, mild fever, muco¬ 
purulent nasal discharge, and increased 
respiratory rate. Endoscopic examination of 
the trachea and bronchi reveals erythema and 
presence of mucopurulent exudate. Tracheal 
aspirates or bronchoalveolar lavage fluid of 
affected horses or foals have an increased 
(>10%) proportion of neutrophils. S. zooepi¬ 
demicus is a frequent isolate from the cornea 
of horses with ulcerative keratitis. 

Treatment consists of the administration 
of antimicrobials, including penicillin (pro¬ 
caine penicillin, 20,000 IU/kg IM every 12 
hours) or the combination of a sulfonamide 
and trimethoprim (15-30 mg/kg orally every 
12 hours). S. zooepidemicus isolates from 
horses in southern England demonstrate 
increasing resistance to tetracycline but not 
the combination of trimethoprim and sul¬ 
fonamide (TMS). 14 Most S. zooepidemicus 
isolates (70%) are resistant to gentamicin, 
whereas 95% are sensitive to penicillin and 
55% sensitive to TMS. Forty-five percent of 
isolates are resistant to enrofloxacin—a 
recent phenomenon. 14 Different sensitivity 
patterns are reported for S. zooepidemicus 


isolates from Western Canada, although the 
high proportion of isolates sensitive to peni¬ 
cillin (95%) and ceftiofur (99%) is consistent 
with that in England. 1 A higher proportion 
of Canadian isolates are sensitive to gentami¬ 
cin (85%) or enrofloxacin (91%). 

Control consists of isolation to prevent 
spread of infectious respiratory disease and 
vaccination to prevent viral respiratory 
disease. 

FURTHER READING 

Waller AS. Equine respiratory disease: a causal role for 
Streptococcus zooepidemicus. Vet J. 2014;201:3-4. 
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STRANGLES 


SYNOPSIS 


Etiology Streptococcus equi subsp. equi. 

Epidemiology Highly contagious disease that 
affects horses of all ages but is most 
common in young animals. Prolonged 
carrier state in asymptomatic animals. S. 
equi causes disease in only equids. 

Clinical signs Acute onset of fever, anorexia, 
depression, submandibular and pharyngeal 
lymphadenopathy with abscessation and 
rupture, and copious purulent nasal 
discharge. Metastatic infection in other 
organ systems. 

Clinical pathology Culture of 5. equi from 
nasal and abscess discharges. Polymerase 
chain reaction (PCR) of nasal, pharyngeal or 
guttural pouch swabs. High serum antibody 
titer to SeM. 

Lesions Caseous lymphadenopathy with 
rhinitis and pharyngitis, pneumonia, and 
metastatic infection in severe cases. 

Diagnostic confirmation Culture of 5. equi 
or PCR. 

Treatment Systemic administration of 
penicillin. Local treatment of abscesses. 

Control Isolation and quarantine of cases. 
Serologic testing followed by PCR and 
culture of nasopharyngeal swabs or 
guttural pouch lavage of serologically 
positive horses enabling detection of 
carrier status. Vaccination might reduce 
the case attack rate and severity of disease 
but confounds identification of carrier 
horses. 
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ETIOLOGY 

Streptococcus equi subsp. equi (S. equi) is a 
gram-positive coccobacillus that produces a 
beta-hemolysin, evident as a zone of clear 
hemolysis surrounding colonies growing on 
blood agar. There is evidence that S. equi is a 
biovar or genovar of S. zooepidemicus. S. equi 
is highly host-adapted to Equidae. Genetic 
analysis, particularly of the variable region of 
the SeM gene, demonstrates the existence of 
clones that vary geographically. 15 For 
instance, 21 SeM alleles were detected among 
145 S. equi strains isolated in the United 
Kingdom, 1 and two SeM alleles detected 
in horses in New Zealand had distinct 
geographic distributions. 5 Similar analysis 
reveals the presence of two major S. equi 
clades in Ireland, with both being also 
common in the United Kingdom. 1 Individual 
outbreaks can be caused by S. equi of the 
same SeM type and be restricted geographi¬ 
cally or by use of horse. 6 Analysis of SeM 
mutations in real time allows differentiation 
or linkage of strangles outbreaks and enables 
risk assessment of equine events where there 
is incursion of the disease. It is unclear 
whether changes in the SeM protein associ¬ 
ated with these strains are associated with 
differing pathogenicity. 1 There is variation in 
virulence related to the amount of M protein 
and hyaluronic capsule produced. An atypi¬ 
cal milder form of the disease is associated 
with a capsule-deficient variant of S. equi, 
and an intranasal vaccine is based on a live, 
attenuated, nonencapsulated SeM-2 strain, 
although this strain can cause disease. 7 

EPIDEMIOLOGY 

Occurrence 

Strangles occurs in horses, ponies, donkeys, 
and mules worldwide, with the exception of 
Iceland. Outbreaks are seen relatively fre¬ 
quently on breeding farms and in polo and 
racing stables, when the infection is intro¬ 
duced by new arrivals that are often asymp¬ 
tomatic, and in horses taken to fairs and 
riding schools. An incidence of 35% over a 
3-year period is reported for horse studs in 
Australia, and there were approximately 600 
recorded outbreaks in the United Kingdom 
in 2010. 2 

Strangles can affect horses of any age, 
although the morbidity rate is usually 
greater in younger horses such as foals and 
weanlings. Age-specific attack rates of stran¬ 
gles of 18% for brood mares, 48% for 1-year- 
old horses, and 38% for foals during an 
outbreak on a breeding farm are reported, 
although higher morbidity rates (100%) can 
occur, especially in young horses. The risk of 
occurrence of an outbreak of strangles 
increases with the size of the group of horses: 
farms with 100 or more horses have a 26 
times greater risk of experiencing an out¬ 
break than farms with fewer than 15 
horses. 

The case-fatality rate without treatment 
is about 9%, but with adequate early 


treatment it may be as low as 1% to 
2%. Deaths are usually attributable to 
pneumonia. 

Source of Infection and Transmission 

S. equi is an obligate parasite of horses and 
all infections are attributable to transmission 
from infected horses, either directly or by 
fomites. Nasal and abscess discharge from 
infected animals that contaminates pasture, 
tack, stalls, feed and water troughs, groom¬ 
ing equipment, and hands and clothes of 
grooms and veterinarians is often the source 
of infection for susceptible horses. S. equi 
survives in the environment for less than 3 
days, and although fomite transfer is impor¬ 
tant in transmission of infection, prolonged 
quarantine of facilities is not warranted. 8 
Direct transmission from infected animals to 
susceptible animals occurs through contact. 

Approximately 10% to 40% of horses that 
recover from the clinical disease have persis¬ 
tent infection of S. equi in the pharynx and 
guttural pouches for many months and are 
an important source of infection. Horses 
with clinically inapparent disease, such as 
some cases of guttural pouch empyema, can 
shed the organism for over 3 years. The 
period of infectivity is important in terms of 
the length of quarantine that needs to be 
imposed on horses that have apparently 
recovered from the disease. Because nasal 
shedding of S. equi can be intermittent, 
repeated culture of nasopharyngeal swabs or 
use of PCR examination of guttural pouch 
washings is necessary to document the 
carrier status of individual horses. 

The clinically inapparent nature of the 
infection makes detection of carriers prob¬ 
lematic, especially when considering intro¬ 
duction of horses into a previously closed 
herd in which strangles is not endemic. 
Endoscopic or radiographic examination of 
clinically inapparent shedders can demon¬ 
strate lesions in the guttural pouches, 
paranasal sinuses, or pharynx, but because 
some persistent carriers of S. equi do not 
have detectable abnormalities of the naso¬ 
pharynx, the most reliable approach to 
detecting carriers is PCR examination of 
nasal swabs or guttural pouch lavage fluid 
(see “Control”). 9 

Animal Risk Factors 

Strangles is more common in young or naive 
horses, although the disease can occur in 
horses of any age. Animals that have previ¬ 
ously had the disease are less likely than 
naive animals to develop the disease on sub¬ 
sequent exposure. A proportion (approxi¬ 
mately 25%) of horses that recover from the 
disease do not develop a protective immune 
response and are susceptible to reinfection 
and a second bout of strangles. Resistance 
to the disease is associated with the pro¬ 
duction of serum and mucosal IgG anti¬ 
bodies to the streptococcal M protein. The 
presence in the nasopharynx of antibodies 


to streptococcal M protein is thought to be 
important in conferring resistance to the 
disease. Serum IgGb antibodies specific for 
SeM protein, which is important in the anti¬ 
phagocytic activities of S. equi, are produced 
by most but not all horses during convales¬ 
cence. Similarly, IgA and IgGb against 
SeM protein are detectable on nasal and 
pharyngeal mucosa after S. equi infection 
but not after intramuscular administration 
of vaccines containing M protein. 
Serum bactericidal activity alone is not con¬ 
sidered to be a good indicator of resistance 
to the disease, especially if it is induced by 
administration of a vaccine. Antibodies 
similar to those found in the nasopharynx 
after infection with S. equi are present in 
colostrum and milk of mares that have 
recovered from the disease, are passed to 
foals via the colostrum, and are secreted into 
the foal’s nasopharyngeal mucosa. These 
acquired antibodies are important in medi¬ 
ating the resistance of young foals to the 
disease. 

Although strong immunity occurs after 
an attack, this immunity wanes. 

Importance 

Strangles is one of the most important dis¬ 
eases of horses in developed countries, 
accounting for up to 30% of reported infec¬ 
tious disease episodes. The disease is impor¬ 
tant not only because of the deaths that it 
causes but more importantly because of the 
disruption of the management of commer¬ 
cial horse establishments, the time necessary 
to treat affected horses, and the esthetic 
unpleasantness of the running noses and 
draining abscesses. 

PATHOGENESIS 

Virulence of S. equi is attributable to the 
presence of M proteins on the surface of the 
bacteria, a hyaluronic acid capsule and 
the production of a leukocidal toxin. M pro¬ 
teins are associated with S. equi adhesion to 
oral, nasal, and pharyngeal tissues; invasion 
of pharyngeal tonsils and associated lym¬ 
phoid structures; and evasion of the innate 
host immune response. S. equi produces two 
M proteins—SeM and SzPSe. SeM is unique 
to S. equi and plays a dominant role in resis¬ 
tance of the organism to phagocytosis. Varia¬ 
tions in structure of M protein are associated 
with decreased virulence. The M proteins 
interfere with the deposition of complement 
component 3b on the surface of the bacteria 
and bind fibrinogen, both of which reduce 
the susceptibility of the bacteria to phagocy¬ 
tosis by neutrophils. The antiphagocytic 
activity of S. equi reduces the efficacy of neu¬ 
trophils in engulfing and destroying the 
bacteria. 

The capsule of S. equi is associated with 
resistance to nonimmune phagocytosis and 
pathogenicity. Strains of S. equi that do not 
produce a capsule do not induce disease, 
although they are able to infect guttural 





pouches and cause seroconversion in experi¬ 
mental studies. 

Following exposure of the oral and naso¬ 
pharyngeal mucosal surfaces to S. equi, bac¬ 
teria lodge in the pharyngeal and tonsillar 
lymphoid tissues, where they multiply 
rapidly. There is no evidence of colonization 
of mucosal surfaces and streptococci can be 
detected in pharyngeal tonsils within hours 
of exposure. 10 The binding of S. equi to 
pharyngeal cells is caused by fibrinogen 
binding proteins associated with M protein. 
The resistance of S. equi to nonimmune 
phagocytosis results in accumulation of large 
numbers of organisms surrounded by degen¬ 
erating neutrophils. Release of streptolysin S 
and streptokinase may contribute to tissue 
damage by directly injuring cell membranes 
and indirectly through activation of plas¬ 
minogen. Bacteremia may occur. Migration 
of neutrophils into the lymph nodes causes 
swelling and abscessation within 48 hours of 
infection, 10 with associated disruption of 
lymph drainage and development of edema 
in tissues drained by the affected nodes. 
Swelling of retropharyngeal lymph nodes 
may interfere with deglutition and respira¬ 
tion. Most abscesses eventually rupture 
and drain, and the infection resolves with 
the development of an effective immune 
response. Nasal shedding of S. equi usually 
begins 4 to 7 days after infection, or 2 days 
after onset of fever, and persists for 2 to 3 
weeks in most horses but up to years in 
exceptional cases. Cessation of shedding 
accompanies development of an effective 
serum and mucosal immune response. 

Death is usually attributable to pneumo¬ 
nia caused by aspiration of infected material, 
although other causes of death include 
asphyxiation secondary to upper airway 
swelling and impairment of organ function 
by metastatic infection. Rare deaths also 
occur as a result of infarctive purpura hem¬ 
orrhagica in horses infected with S. equi. 

Metastatic infection of the heart valves, 
brain, eyes, joints, and tendon sheaths or 
other vital organs can occur and cause a 
chronic illness and eventual death. Meta¬ 
static infection may occur because of bacte¬ 
remia or extension of infection along chains 
of lymph nodes. Purpura hemorrhagica 
can occur as a sequela to S. equi infection and 
is associated with high serum antibody titers 
to SeM. 

CLINICAL FINDINGS 

The disease manifests as an acute disease of 
varying severity, chronic infection of retro¬ 
pharyngeal lymph nodes and guttural 
pouches, and as chronic disease associated 
with metastatic infection of organs distant to 
the upper respiratory tract. 11,12 The severity 
of the acute disease varies with the age and 
immune status of the animal, the size of the 
inoculum, and the duration of exposure to 
infection. The term strangles derives from the 
enlarged retropharyngeal lymph nodes and 
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guttural pouches causing respiratory distress 
in severely affected equids. 

Acute Disease 

The acute disease is characterized by muco¬ 
purulent nasal discharge and abscessation of 
submandibular and retropharyngeal lymph 
nodes. After an incubation period of 1 to 3 
weeks the disease develops suddenly, with 
complete anorexia, depression, fever (39.5— 
40.5°C [103—105°F]), a serous nasal dis¬ 
charge that rapidly becomes copious and 
purulent, and a severe pharyngitis and laryn¬ 
gitis. Rarely there is a mild conjunctivitis. 

Lymphadenopathy becomes apparent as 
the submandibular lymph nodes enlarge and 
palpation elicits a painful response. The 
pharyngitis may be so severe that the animal 
is unable to swallow, and there is a soft, moist 
cough. The head may be extended. 

The febrile reaction commonly subsides 
in 2 to 3 days but returns as the characteristic 
abscesses develop in the lymph nodes of the 
throat region. The affected nodes become 
hot, swollen, and painful. Swelling of the 
retropharyngeal lymph nodes can cause 
obstruction of the oro- and nasopharynx 
with subsequent respiratory distress and dys¬ 
phagia. Death by asphyxiation can occur at 
this time in severe cases. Obvious swelling of 
the nodes can take 3 to 4 days to develop; the 
glands begin to exude serum through the 
overlying skin at about 10 days and rupture 
to discharge thick, cream-yellow pus soon 
afterward. Average cases run a course of 3 
weeks; severe cases can last as long as 3 
months. 

Retropharyngeal abscesses can rupture 
into the guttural pouches, resulting in 
guttural pouch empyema and ultimately in 
prolonged infection and formation of chon- 
droids. Retropharyngeal lymph node absces¬ 
sation might not be apparent on external 
evaluation and can often only be detected by 
radiographic or endoscopic examination of 
the pharynx. Infection of retropharyngeal 
lymph nodes and guttural pouches is impor¬ 
tant in persistent infection and carrier status 
of some horses. 

If the infection is particularly severe, 
many other lymph nodes, including the pha¬ 
ryngeal, submaxillary, parotid, and retrobul¬ 
bar nodes, can abscess at the same time. 
Local abscesses also occur at any point on the 
body surface, particularly on the face and 
limbs, and the infection can spread to local 
lymphatic vessels causing obstructive edema. 
This occurs most frequently in the lower 
limbs, where edema may cause severe swell¬ 
ing. Abscess formation in other organs prob¬ 
ably occurs at this time. 

An atypical form of the disease can occur 
and is characterized by widespread subclini- 
cal infection within a stable or yard and a 
mild disease. Affected horses have a transient 
fever for 24 to 48 hours and a profuse nasal 
discharge, and are anorexic. A moderate 
enlargement of the mandibular lymph nodes 


occurs in only about one-half of the affected 
horses. 

Strangles in burros is a slowly develop¬ 
ing debilitating disease. At postmortem 
examination the characteristic lesions consist 
of caseation and calcification of abdominal 
lymph nodes. 

Complications 

Complications occur in about 20% of cases. 
The most common fatal complication is the 
development of suppurative necrotic bron¬ 
chopneumonia, which probably occurs sec¬ 
ondary to the aspiration of pus from ruptured 
abscesses in the upper airway, or metastatic 
infection of the lungs. 

Extension of the infection into the gut¬ 
tural pouches, usually as a result of rupture 
of retropharyngeal lymph nodes into the 
medial compartment, causes empyema, 
which can lead to the formation of accretions 
of inspissated pus (chondroids). Involvement 
of the guttural pouches is evident clinically 
as distension and, after resolution of other 
signs, unilateral or bilateral nasal discharge. 
Guttural pouches of affected horses should 
be examined endoscopically for evidence of 
retropharyngeal abscessation or guttural 
pouch empyema or chondroid formation. 

Retropharyngeal lymphadenopathy can 
impair the function of the recurrent laryn¬ 
geal nerves, with subsequent unilateral or 
bilateral laryngeal paresis and consequent 
respiratory distress. 

Metastatic infection (“bastard stran¬ 
gles”) results in the formation of abscesses in 
any organ or body site but most commonly 
in the lungs, mesenteric lymph nodes, 11 ' 13 
liver, spleen, kidneys, and brain. Clinical 
signs depend on the organ affected and the 
severity of the infection, but intermittent 
fever, chronic weight loss, and sudden death 
as a result of rupture of abscesses into a 
body cavity are common manifestations of 
metastatic infection. Rectal examination or 
percutaneous ultrasonographic examination 
can reveal intra-abdominal abscesses in 
some horses with metastatic abscesses in the 
abdomen. Peritoneal fluid from these horses 
is often abnormal. 

Metastatic infections can occur in the 
central nervous system. Extension of 
infection to the meninges results in suppura¬ 
tive meningitis characterized clinically by 
excitation, hyperesthesia, rigidity of the 
neck, and terminal paralysis. Abscesses in 
the brain cause a variety of clinical signs, 
depending on location of the abscess, includ¬ 
ing severe depression, head pressing, abnor¬ 
mal gait, circling, and seizures. Metastatic 
infections of the ocular and extraocular 
structures, heart valves and myocardium, 
joints, bones, tendon sheaths, and veins may 
occur. 

Purpura hemorrhagica can occur as a 
sequela to S. equi infection. 

Two myopathic syndromes occur with S. 
equi infection in horses. Muscle infarction, 
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which may be extensive, is assumed to result 
from immune-mediated vasculitis associated 
with purpura hemorrhagica. Often the 
muscle lesions in these horses are associated 
with other lesions consistent with severe 
purpura hemorrhagica, including infarctions 
in the gastrointestinal tract, skin, and lungs. 
Rhabdomyolysis and subsequent muscle 
atrophy results in signs of muscle disease, 
including stilted gait and elevated serum 
activity of creatine kinase and other muscle- 
derived enzymes, and is assumed to be 
attributable to cross-reactivity of anti-SeM 
antibodies with myosin. 

Myocarditis and glomerulonephritis have 
been suggested as sequelae to S. equi infec¬ 
tion but have not been conclusively demon¬ 
strated to occur. 

CLINICAL PATHOLOGY 

Hematologic abnormalities during the 
acute phase of the disease include leukocyto¬ 
sis, with a neutrophilia reaching a peak as the 
lymph nodes abscess. Hyperfibrinogenemia 
is characteristic of both the acute and chronic 
disease. Hematologic and biochemical 
abnormalities associated with metastatic 
infection depend on the site of the infection 
and its severity. Leukocytosis with a hyper- 
proteinemia attributable to a polyclonal 
agammaglobulinemia is characteristic of 
metastatic and chronic abscessation. Hypo- 
albuminemia may be present. Serum bio¬ 
chemical profile can reveal evidence of 
specific organ dysfunction. There can be an 
anemia, which is likely attributable to the 
hemolytic effect of streptolysin O, immune- 
mediated hemolysis, or anemia of chronic 
disease. 

A number of serologic tests to measure 
antibodies to SeM have been developed. An 
early commercial test that measured the 
serum IgG antibody titer to SeM was used 
to determine response to vaccination, suit¬ 
ability for vaccination and presence of meta¬ 
static infection. This ELISA has a sensitivity 
and specificity of 90% and 77%, respec¬ 
tively. 14 The test is not useful in diagnosis of 
the acute disease. Serum antibody titers to 
SeM are very high (>1:12800) in horses with 
metastatic infection or purpura hemorrhag¬ 
ica. Further tests have been developed with 
the aim of detecting horses that have been 
exposed to S. equi, with the intent of enabling 
quarantine and control measures. 14 ELISA 
assays for antibodies to SeM that combined 
analysis of two antigens restricted to S. equi 
provides sensitivity and specificity of 93% 
and 99%, respectively. 14 Use of this assay 
allows detection of horses that have been 
exposed to S. equi and therefore might be 
carriers of the organism. These horses can 
then be examined using PCR of nasopharyn¬ 
geal swabs (3 over 3 weeks) or guttural pouch 
lavage fluid (once). 9 ’ 15-16 The high sensitivity 
of the test means that horses that test nega¬ 
tive are unlikely to have been exposed or to 
be carriers. 14 


PCR testing is useful to detect shedding 
of S. equi DNA and has a greater sensitivity 
than routine culture. 9-15 ' 16 PCR testing of 
nasopharyngeal swabs or guttural pouch 
lavage fluid has a sensitivity of 90% to 95% 
and specificity of 86% to 97% with turn¬ 
around time of approximately 2 hours. 15,16 
The test is reported to be more specific than 
culture for detection of S. equi shedding. The 
PCR does not differentiate between live 
and dead S. equi, and false-negative results 
occur in the presence of large numbers of 
S. equi. 

Culture of nasal, pharyngeal, guttural 
pouch, or abscess discharge will usually yield 
S. equi in 30% to 40% of horses with active 
disease or in carriers. 9 Abscesses can rapidly 
become contaminated with S. zooepidemicus, 
which can impede isolation of S. equi, 
although the two can be differentiated by 
culture or PCR analysis. 1 ' 

NECROPSY FINDINGS 

In the rare fatalities that occur, necropsy 
examination usually reveals suppuration in 
internal organs, especially the liver, spleen, 
lungs, pleura, and peritoneum. When the last 
is involved, it is usually as a result of exten¬ 
sion from abscesses in the mesenteric lymph 
nodes. The microscopic changes of abscessa¬ 
tion and suppurative lymphadenitis are 
uncomplicated. The widespread ecchymotic 
hemorrhages of purpura hemorrhagica are 
not specific to this infection, but S. equi 
should always be investigated as a potential 
cause of such lesions. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—swab of abscess wall, 
enlarged lymph node (CULT), or 
PCR 

DIAGNOSTIC CONFIRMATION 

Confirmation of strangles depends on the 
detection of S. equi from nasopharyngeal 
swabs, discharges from abscesses, or guttural 
pouch lavage by PCR or culture. As dis¬ 
cussed previously, PCR has greater utility at 
detecting presence of the organism. Shed¬ 
ding of S. equi in nasal discharges begins 1 to 
4 days after the onset of fever, and ruptured 
abscesses often become contaminated 
with Streptococcus zooepidemicus and S. 
equisimilis. 

History and clinical findings are usually 
highly suggestive of the disease, and classical 
cases of the strangles do not represent a diag¬ 
nostic challenge. However, outbreaks of 
milder form of the disease are more chal¬ 
lenging to diagnose, and confirmation is 
based on identification of the organism or 
demonstration of seroconversion. In acute 
disease, nasopharyngeal swabs or pus aspi¬ 
rates from abscesses can confirm S. equi 
infection. Because false negative culture 
results occur in 30% to 40% of cases, and 
qPCR has a sensitivity 94% and specificity 


96%, and combining qPCR with culture 
will detect more than 90% of infected 
horses. 9 

Carriers are defined as horses shedding 
bacteria more than 6 weeks after clinical 
recovery. These horses will have serologic 
evidence of infection and can be detected by 
a series of at least 3 nasopharyngeal swabs at 
weekly intervals, or a single guttural pouch 
lavage ideally combined with a single naso¬ 
pharyngeal swab, submitted for qPCR com¬ 
bined with culture. This will detect greater 
than 90% of carriers. 18 

Infection by Actinomyces denticolens 
caused submandibular abscessation in 
horses that can appear clinically similar to 
strangles. Diagnosis is based on bacterial 
culture. 19-20 

TREATMENT 

The specific treatment of choice for S. equi 
infection of horses is penicillin, either as 
procaine penicillin G (22,000 IU/kg intra¬ 
muscularly every 12 hours) or potassium 
or sodium penicillin G (22,000 IU/kg 
intravenously every 6 hours). Tetracycline 
(6.6 mg/kg intravenously every 12-24 hours) 
and sulfonamide-trimethoprim combina¬ 
tions (15-30 mg/kg orally or intravenously 
every 12 hours) can be efficacious but should 
only be used if penicillin cannot be admin¬ 
istered. Aminoglycosides, such as gentami¬ 
cin or amikacin, and the fluoroquinolones 
are not effective. Proportions of a small 
number (10) S. equi isolates from horses in 
southern England during 2007 to 2012 resis¬ 
tant to various antimicrobials were as follows: 
enrofloxacin 40%, gentamicin 80%, penicil¬ 
lin or ceftiofur 0%, trimethoprim-sulfon¬ 
amide combination 20%, doxycycline 10%, 
oxytetracycline 0%, and resistant to three 
or more antimicrobials 20%. 21 Similar sensi¬ 
tivities are reported for 22 isolates from 
Western Canada, with all isolates sensitive to 
ampicillin, ceftiofur, cephalothin, penicillin, 
erythromycin, amoxicillin-clavulanic acid, 
and no isolates sensitive to amikacin or neo¬ 
mycin. Approximately 80% of isolates were 
sensitive to TMS or tetracycline. 22 Use of 
ceftiofur, a third-generation cephalosporin, 
in horses is discouraged on public health 
grounds. 21 


DIFFERENTIAL DIAGNOSIS 


See Table 12-16 for a list of differential 
diagnoses of infectious upper respiratory tract 
disease of horses. Pneumonia should be 
differentiated from pleuropneumonia 
associated with transport or other stress. 
Chronic weight loss as a result of metastatic 
infection should be differentiated from equine 
infectious anemia, parasitism, inadequate 
nutrition and neoplasia, especially gastric 
squamous-cell carcinoma, alimentary 
lymphosarcoma, and granulomatous enteritis. 
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Table 12-16 Differential diagnosis of diseases of the upper respiratory tract of horses 




Clinical signs 


Disease 

Epidemiology 

Respiratory tract 

Other 

Diagnosis and clinical 
pathology 

Strangles 
(Streptococcus 
equi infection) 

Incubation period 4-8 days. 
Course 10-21 days. 

Spreads by inhalation or 
ingestion. Mostly young 
horses in recently 
commingled groups. Long 
period (many months) of 
inapparent infection in 
some horses. 

Copious, purulent nasal 
discharge. Cranial 
lymphadenitis and rupture. 
Moist cough. Obstruction 
of pharynx can cause 
dyspnea. 

Severe illness with suppuration, 
fever. Atypical cases show 
involvement of other organs. 
Serious sequelae include 
pneumonia, metastatic 
spread of infection, 
mesenteric abscess or 
purpura hemorrhagica. 

5. equi in nasal, pharyngeal or 
guttural pouch swabs, 
oropharyngeal pus. or 
lymph node abscess pus. 

PCR of nasal, pharyngeal or 
guttural pouch swabs. 
Serology to detect exposed 
horses. Leukocytosis. 
Hyperfibrinogenemia. 

Equine viral arteritis 
(EVA) 

Incubation period 1-6 days. 
Course 3-8 days. Some 
deaths. 

Serous/purulent nasal 
discharge. Slight cranial 
lymphadenitis, cough. 
Conjunctivitis, purulent 
with edema or petechiae. 
Dyspnea. 

Severe disease. Anasarca. 

Ventral edema, prepuce, 
legs, scrotum. May be 
diarrhea, jaundice. Up to 

50% of mares abort. 

Virus in blood at fever peak. 
Serology. Leukopenia. 

Equine viral 
rhinopneumonitis 
(EHV-1) 

Incubation period 2-10 days. 
Course 2-5 days. Cough 
may last as long as 3 
weeks. 

Serous/purulent nasal 
discharge. Slight cranial 
lymphadenitis, coughing, 
conjunctivitis. Mild 
respiratory disease; in 
young. 

Abortion in mares. Virus may 
cause myelopathy. 

Virus in nasal discharge or 
peripheral blood buffy coat. 
PCR of nasal discharge or 
blood. Tissue culture and 
serologic tests. Leukopenia. 
Virus in intranuclear hepatic 
inclusions of fetus. 

Equine viral 
rhinopneumonitis 
(EHV-4) 

Incubation period 2-10 days. 
Course 2-5 days. Cough 
may last as long as 3 
weeks. 

Serous/purulent discharge. 

Slight cranial 
lymphadenitis, coughing, 
conjunctivitis. 

Mild respiratory disease; in 
young horses. 

Virus in nasal discharge. 

Tissue culture and serologic 
tests. Leukopenia. 

Equine influenza 
(H3N8 rarely 

H7N1) 

Incubation period 2-3 days. 
Course 7 days. Cough may 
persist 3-4 weeks. 

Enzootic, worldwide (not 
Australia). Explosive 
outbreaks; 80%-100% 
morbidity in young. 

Nasal discharge slight, serous 
only. Slight cranial 
lymphadenitis. Severe 
cough. No conjunctivitis 
and no respiratory distress. 

Minimal extrarespiratory signs. 
Temperature 39-41 °C 
(102-105° F). 

Virus in nasal discharge. Good 
serologic tests available. 
Rapid ELISA test for viral 
antigen in nasal secretions. 
PCR of nasal secretions. 

Equine rhinitis virus 

Incubation period 3-8 days. 
Rapid spread, high 
morbidity (70%). Solid 
immunity after natural 
infection. Excreted in urine. 

Pharyngitis, pharyngeal 
lymphadenitis, nasal 
discharge serous to 
mucopurulent. Cough 
persists 2-3 weeks. 

Mild disease. Emphasis on 
coughing. Fever to 39.5°C 
(103°F). 

Equine rhinitis virus on tissue 
culture. Serologic tests 
available. 

Equine adenovirus 

Many inapparent infections. 
High proportion of 
population serologically 
positive. 

Mild respiratory signs in 
adults. Fatal pneumonia in 
Arabian foals with 
combined 
immunodeficiency. 

Transient softness of feces. In 
mares can cause abortion 
without clinical illness. 

Adenovirus in oropharyngeal 
swabs. Serologic tests 
available. 


ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction. 


There is considerable debate about the 
treatment of horses with strangles. Folklore 
and anecdotal reports suggest that antibiotic 
treatment of horses with strangles is contra¬ 
indicated because it promotes the develop¬ 
ment of metastatic infection. There is no 
experimental or empirical evidence to 
support this contention, and horses with 
strangles should be treated with therapeutic 
doses of an appropriate antibiotic, such as 
procaine penicillin, for a period of time suf¬ 
ficient to effect a cure, as appropriate. 

Treatment for S. equi infection depends 
on the stage of the disease, as follows: 


Horses with early clinical signs 
including fever, anorexia, depression, 
and purulent nasal discharge should 
be isolated and treated with 
therapeutic doses of penicillin for at 
least 5 days. The purpose of 
treatment is to prevent further 
development of the disease in the 
affected animal and to minimize 
environmental contamination with S. 
equi and transmission to other 
horses. Treatment should start as 
soon as clinical signs are observed, 
and the full course of treatment 


should be completed to minimize the 
chances of recrudescence of the 
infection. Treatment at this stage 
causes rapid resolution of fever, 
anorexia, nasal discharge, and 
lymphadenopathy in individual 
horses and may abort an incipient 
outbreak of the disease in a stable or 
yard. However, treated horses may 
not develop a protective immune 
response and consequently may be at 
risk of reinfection if exposed to S. 
equi after completion of the course of 
treatment, leading one authority to 












Chapter 12 ■ Diseases of the Respiratory System 


recommend that only severely 
affected animals be treated. 

Horses with submandibular lymph 
node abscessation but without other 
clinical abnormalities probably do 
not require antibiotic treatment. 

Such horses should be isolated and 
efforts made to aid maturation and 
rupture of affected lymph nodes. 
Systemic antibiotic therapy with 
penicillin is indicated in horses with 
advanced signs of strangles, 
including prolonged fever, 
depression, anorexia, or dyspnea 
resulting from retropharyngeal 
lymphadenopathy. Retropharyngeal 
abscessation frequently responds to 
antimicrobial therapy, although 
surgical drainage may be required in 
some instances. 

Horses with metastatic infection 

require systemic penicillin therapy in 
combination with specific therapy for 
the complication. Pulmonary and 
mesenteric abscesses are problematic 
because they are usually not 
amenable to surgical drainage, and 
prolonged antimicrobial therapy is 
required to attempt to effect a cure. 
Guttural pouch empyema requires 
either surgical drainage or repeated 
flushing of the affected pouch 
through the pharyngeal openings. 
Removal of pus and inspissated 
material in the guttural pouches can 
be achieved under endoscopic 
guidance. Alternatively, rigid or 
flexible indwelling catheters can be 
inserted for repeated flushing of the 
pouches with sterile isotonic 
electrolyte solutions (such as 0.9% 
NaCl) and topical medications. 
Substances and solutions that are 
irritating or injurious to mucus 
membranes, such as iodine, 23 
hydrogen peroxide, and similar 
irritant compounds, should not be 
infused into the guttural pouches. 
Combined topical and systemic 
administration of potassium benzyl 
penicillin may be beneficial. 
Chondroids can often be removed 
using wire snares. Horses with 
metastatic or guttural pouch 
infections are likely infectious and 
should be isolated. 

Treatment of purpura hemorrhagica 

is dealt with elsewhere. 

Management of horses that have 
been exposed to horses with 
strangles is controversial. Some 
authorities recommend treatment of 
such in-contact horses with 
penicillin until affected horses are 
isolated and no longer are a source 
of infection. However, close 
examination of exposed animals, 
including monitoring rectal 


temperature, and treatment of horses 
at the first sign of illness is probably 
a more reasonable approach. 

Ancillary treatment consists of adminis¬ 
tration of nonsteroidal antiinflammatory 
drugs (NSAIDs) to reduce swelling and 
provide pain relief, application of hot poul¬ 
tices to encourage rupture of abscesses, pro¬ 
vision of intravenous hydration in animals 
unable to drink, and wound care, including 
cleaning of ruptured abscesses and applica¬ 
tion of petroleum ointment to surrounding 
skin to prevent scalding. Horses with severe 
upper airway obstruction may require place¬ 
ment of a short-term tracheotomy. 

CONTROL 

All establishments that house multiple 
horses, and at which horses both enter and 
leave, should have biosecurity plans detailing 
the measures to be taken before new horses 
enter the facility. The principles of control 
measures include the prevention of trans¬ 
mission of S. equi from infected horses (cases 
or carriers) to susceptible animals and 
enhancement of resistance to infection and 
disease. 

There are two basic approaches to stran¬ 
gles prevention: eradication or control. 24 The 
eradication approach aims to create and 
maintain a guaranteed disease-free state 
within the group and is most suited for 
closed herds. The control approach aims to 
reduce the frequency and severity of out¬ 
breaks but accepts that disease will occur 
from time to time. In many facilities with 
large numbers or frequent turnover of 
horses, such as large training yards or stud 
farms, a control approach may be more 
achievable than eradication. 24 

The approach to managing horses enter¬ 
ing a facility in which S. equi infection is 
not present involves serologic testing of all 
horses before entry using an ELISA of 
known high sensitivity and specificity. 
Horses that are seropositive on arrival have 
prima facie evidence of exposure and are 
considered to be potential carriers of S. equi 
until demonstrated by PCR and culture to 
be negative for the organism. These horses 
are then screened for S equi carriage by gut¬ 
tural pouch lavage combined with a naso¬ 
pharyngeal swab tested by qPCR and 
culture. 9,15 Horses with negative or equivocal 
serology on arrival should not be admitted 
to the facility and should be retested 10 
to 14 days later to establish serologic 
status and then either admitted to the facility 
if they are seronegative or screened for 
S equi carriage if they are seropositive. 24 
Any horses testing positive for carriage 
need to be treated (see previous discussion) 
and cured of infection before entry into the 
yard. 

Vaccination provides a useful adjunct to 
management changes, especially in groups of 
horses with open management systems, and 
may be more appropriate for yards aiming 


for control rather than eradication. 24 
However, vaccination complicates interpre¬ 
tation of serologic screening of new arrivals 
because it is not possible at this time to dif¬ 
ferentiate between serologic responses to 
vaccination and infection. 

Prevention of Transmission 

Methods to control transmission of S. equi 
on affected premises are detailed in Table 
12-17 and are as follows: 

• Infected animals should be isolated 
immediately. 

• All potential sources of fomites— 
including pails, brooms, grooming 
brushes, and blankets—should be 
thoroughly cleaned and disinfected 
and the bedding burned. 

Disinfection with phenolic 
compounds is preferred because they 
retain their activity in the presence 
of some organic matter, whereas 
bleach and quaternary ammonium 
compounds are inactivated by 
organic material. 

• Emergency prophylactic treatment, 
using injections of benzathine 
penicillin every 48 hours in foals and 
yearlings that are most susceptible, 
has been used but most treated 
animals develop strangles when the 
treatment is discontinued. This 
method of prophylaxis is not 
recommended. 

• People who care for affected horses 
should, ideally, avoid contact with 
susceptible animals. If this is not 
practical, then strict isolation 
protocols, including the wearing of 
protective boots and clothes that are 
changed between affected and 
normal horses, should be 
implemented. 

• Horses with elevated temperatures 
should have nasopharyngeal or 
guttural pouch swabs cultured. 

• As detailed previously, horses should 
be examined by nasopharyngeal 
swab or guttural pouch lavage to 
detect carriers. Carriers should be 
treated and demonstrated to be no 
longer carriers before being allowed 
access to potentially susceptible 
horses. 

Enhanced Resistance 

The majority of horses develop solid immu¬ 
nity to strangles after recovery from the 
spontaneous disease. This immunity lasts for 
up to 5 years in approximately three-quarters 
of recovered horses. Maximum resistance to 
disease probably requires both systemic and 
mucosal immunity to a variety of S. equi 
factors including, but not limited to, M 
protein. As noted previously, vaccination will 
result in positive results of serologic testing 
for exposure to S. equi. It is not possible at 
this time to differentiate between responses 
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Table 12-17 Aims and associated measures used to control transmission of 
Streptococcus equi in affected premises and herds 


Aim 


Measure 


Prevent spread of 5. equi 
infection to horses on 
other premises and to 
new arrivals on the 
affected premises 

Establish whether 
clinically recovered 
horses are carriers. 

Investigate apparently 
healthy horses from 
which 5. equi is 
recovered. 

Eliminate S. equi from 
guttural pouches. 

Prevent infection of 
uninfected horses by S. 
equi from infected 
horses. 


Stop all movement of horses on and off affected premises immediately 
and until the outbreak is controlled. 

Horses with strangles and their contacts should be maintained in 
well-demarcated quarantine areas. Clustering of cases in groups allow 
parts of the premises to be allocated as contaminated or clean. 

At least three nasopharyngeal swabs or washings taken at weekly 
intervals from all recovered cases and their contacts and examined by 
culture and PCR. Horses that are consistently negative are returned to 
the clean area. 

Serology to determine exposure, with positive horses subject to 
nasopharyngeal swabbing (three times) or guttural pouch lavage and 
PCR and culture. Serologically negative horses should be retested in 
10-14 days. 

Treatment of guttural pouches, as detailed under "Treatment." 

Personnel should have dedicated protective clothing when dealing with 
infected horses. 

Personnel should not deal with infected and uninfected horses. If this is 
not possible, then infected horses should be dealt with after 
uninfected horses. Strict hygiene should be implemented, including 
provision of disinfection facilities for personnel and diligent and 
thorough cleaning of stables and bams. If practicable, equipment 
should be destroyed after use with infected horses. 

Organic material should be removed from stables and then appropriate 
phenolic disinfectants or steam should be applied. This cleaning 
should be repeated. Feces and waste from infected animals should be 
composted in an isolated location. 

Uninfected horses should not be introduced to pastures used to house 
infected horses for 4 weeks. Water troughs should be disinfected 
daily. Horse vans should be thoroughly cleaned and disinfected after 
each use. 


PCR, polymerase chain reaction. 

Source: modified from Sweeney CR et al. J Vet Intern Med 2005; 19:123-134. 


to vaccination and responses to natural 
infection. This ambiguity confounds use of 
serologic tests in control of the disease. 
The benefits of potential increases in resis¬ 
tance to the disease induced by vaccination 
should be weighed against the restrictions 
this imposes on use of serologic testing in 
control programs. 

The efficacy of vaccination of adult 
horses with S. equi bacterins or M protein 
extracts of S. equi administered intramuscu¬ 
larly is controversial. Administration of M 
protein vaccines elicits an increase in the 
concentration of serum opsonizing antibod¬ 
ies but does not confer a high degree of resis¬ 
tance to natural exposure. However, in a 
controlled field trial, vaccination with an M 
protein commercial vaccine three times at 
2-week intervals reduced the clinical attack 
rate by 50% in a population of young horses 
in which the disease was endemic. Horses 
vaccinated only once were not protected 
against strangles. A modified live vaccine 
induced a strong antibody response but 
caused substantial morbidity and some 
deaths among young ponies, highlighting the 
challenges with use of attenuated vaccines. 25 


Administration of a live, attenuated submu¬ 
cosal vaccine to mares appears to be safe. 26 

This result suggests that, in the face of an 
outbreak, vaccination might reduce the 
number of horses that develop strangles but 
will not prevent strangles in all vaccinated 
horses. A common vaccination protocol 
involves the administration of an M protein 
vaccine intramuscularly for an initial course 
of three injections at 2-week intervals, with 
further administration of the vaccine every 6 
months in animals at increased risk of con¬ 
tracting the disease. On breeding farms, vac¬ 
cination of mares during the last 4 to 6 weeks 
of gestation and of the foals at 2 to 3 months 
of age might reduce the incidence of the 
disease. 

The vaccines are administered by the 
intramuscular route and frequently cause 
swelling and pain at the injection site. Injec¬ 
tion site reactions are usually less severe 
with the M protein vaccines. Injection into 
the cervical muscles may cause the horse to 
be unable to lower its head to eat or drink for 
several days—injection into the pectoral 
muscles is preferred for this reason. There 
are reports of purpura hemorrhagica, the 


onset of which was temporally associated 
with administration of a S. equi vaccine. 
Owners should be clearly warned of the 
limited efficacy and potential adverse effects 
of vaccination. The effect of vaccination in 
confounding interpretation of results of 
serologic testing used in control of the 
disease should be considered before horses 
are vaccinated. 

Foals that receive adequate high-quality 
colostrum from exposed or vaccinated 
mares have serum and nasopharyngeal 
mucosal immunoglobulins (IgGb) that 
provide them with resistance to S. equi infec¬ 
tion. This passive immunity wanes at approx¬ 
imately 4 months of age. Vaccination of 
brood mares 1 month before foaling increases 
colostral IgG antibodies to M protein, and 
presumably serum and mucosal immuno¬ 
globulin concentrations in their foals, but the 
efficacy of this approach in preventing stran¬ 
gles in foals is not reported. 

An intranasal vaccine of an avirulent live 
strain of S. equi has recently been developed 
and appears useful. Use of the intranasal 
modified live vaccine can result in strangles 
caused by the vaccine strain. 7 The vaccine is 
composed of a live variant (strain 707-27) 
that does not possess a capsule and is there¬ 
fore avirulent when administered intrana- 
sally. Anecdotal reports suggest that recent 
manipulation of the genome by deletion of 
genes HasA and HasB, associated with for¬ 
mation of the capsule, has increased the 
genetic stability of the vaccine strain. The live 
attenuated vaccine should only be adminis¬ 
tered intranasally to healthy horses. The effi¬ 
cacy of the vaccine in field situations, safety 
in the face of an outbreak and in pregnant 
mares, incidence of adverse effects, and risk 
of reversion to virulence have not been 
reported. It should not be used in potentially 
exposed horses during an outbreak of the 
disease. Intramuscular injection of the 
vaccine results in the formation of abscesses. 
The vaccine should not be administered to 
horses concurrently with intramuscular 
administration of other vaccines because of 
the risk of contamination of needles and 
syringes with S. equi vaccinal strain and sub¬ 
sequent development of abscesses at injec¬ 
tion sites. 

An experimental modified live 
vaccine administered intramuscularly to 
ponies conferred protection to experimental 
challenge. 27 

Vaccination by submucosal injection of a 
modified live vaccine is reported to provide 
short-lived (90-day) immunity to disease. 
The commercial form of the vaccine is 
administered into the submucosal tissues of 
the upper lip and is recommended for use in 
horses at moderate to high risk of developing 
strangles. At present there is no evidence of 
reversion of the vaccinal strain to virulence, 
and horses developing strangles subsequent 
to vaccination have all been infected with 
virulent strains of S. equi, apparently before 
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development of immunity as a result of vac¬ 
cination. The vaccine appears to be safe for 
use in pregnant mares. 26 

FURTHER READING 

Mallicote M. Update on Streptococcus equi subsp equi 
infections. Vet Clin North Am Equine. 

2015;31:27-35. 
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GLANDERS 


SYNOPSIS 


Etiology Burkholderia mallei 

Epidemiology Contagious disease of solipeds 
(equids) and possibly camels. Important 
potential zoonosis. 

Clinical findings Acute or chronic form, and 
characterized by pneumonia and nodules 
or ulcers in the respiratory tract and on the 
skin. The disease is highly fatal. 

Clinical pathology Complement fixation test, 
mallein test, isolation of organism 

Necropsy findings Extensive 

bronchopneumonia in acute cases. Miliary 
nodules in internal organs and ulcerated 
nodules in skin and respiratory tract. 

Treatment and control Control is by 
slaughter of clinically affected and carrier 
animals detected by serologic or mallein 
tests. Rarely are affected animals treated, 
and if so it is by prolonged administration 
of antimicrobials. 


ETIOLOGY 

Burkholderia mallei, a gram-negative bacte¬ 
rium, is the causative organism of glanders. 


It has close genetic and antigenic relatedness 
to Burkholderia pseudomallei. Isolates of B. 
mallei recovered from three continents over 
a period of 30 years have identical allelic pro¬ 
files, but phylogenetic determination of 
strains can be achieved using molecular 
diagnostic techniques (for example, next- 
generation whole-genome sequencing and 
multiple-locus variable-number tandem 
repeats). 1 ' 3 Determination of phylogenetic 
relationships is a powerful tool for determin¬ 
ing the source, and epidemiologic character¬ 
istics, of outbreaks of the disease. 

The only natural hosts of the organism 
are equids, with infection in other species 
being a result of transmission from infected 
equids. Humans in close contact with 
affected equids can be infected and develop 
an often fatal disease. Infection in humans is 
also caused through inadvertent exposure in 
laboratories. The organism is considered a 
category B biothreat (biologic warfare agent) 
by the Centers for Disease Control in the 
United States. 4,5 

EPIDEMIOLOGY 
Geographic Occurrence 

Glanders is restricted geographically to 
South America, eastern Europe, Asia Minor, 
Asia, and North Africa. Recent cases in 
Western Europe (Germany) are reported in 
horse imported from Brazil, 6 where the 
disease is present, 3 and in another horse, 
some years later, that was born in Germany. 7 
These cases highlight the need for vigilance 
in detection of glanders. 6 Occurrence of 
outbreaks of the disease since 1986 is 
cataloged and available. 8 The disease has 
reemerged, or at least been detected, recently 
in India and Pakistan. 2 ' 9,10 An outbreak in 
Bahrain was attributed to multiple introduc¬ 
tions of infection, rather than simply one 
source. 1 

The disease was more widespread but has 
been eradicated from most countries. Glan¬ 
ders was an important disease when there 
were large concentrations of horses in 
cities and armies, but now has sporadic 
occurrence, or occurs in localized outbreaks, 
even in infected areas. 

Host Occurrence 

Horses, mules, and donkeys are the species 
usually affected. The disease can occur 
naturally in camels, although the number 
of reported cases is low, suggesting that 
camels are not particularly susceptible to 
infection. 11 

Humans are susceptible and the infection 
is often fatal. Carnivores, including lions 
can be infected by eating infected meat 
and infections have been observed in sheep 
and goats. 

Source of Infection and Transmission 

B. mallei is an obligate parasite and is readily 
destroyed by light, heat, and the usual disin¬ 
fectants and is unlikely to survive in a 


contaminated environment for more than 
6 weeks. 

Infected animals or carriers that have 
made an apparent recovery from the disease 
are the important sources of infection. Car¬ 
riers can be clinically normal and shed the 
organism for years. Chronic nodular lung 
lesions, which have ruptured into the 
bronchi, infect upper airway passages and 
nasal or oral secretions. Spread to other 
animals occurs mostly by ingestion, the 
infection spreading on fodder and utensils, 
particularly communal watering troughs, 
contaminated by nasal discharge or sputum. 
Rarely the cutaneous form appears to arise 
through contamination of skin abrasions by 
direct contact or from harness or grooming 
tools. Spread by inhalation can also occur, 
but this mode of infection is probably rare 
under natural conditions. 

Experimental Reproduction 

An experimental model for disease has been 
reproduced by intratracheal inoculation of 
horses with cultures of B. mallei. Horses 
showed fever within 24 to 48 hours of chal¬ 
lenge followed by the progressive develop¬ 
ment of signs of respiratory distress with 
epistaxis and purulent nasal and ocular dis¬ 
charge. On postmortem there was lymph- 
adenopathy, ulcerative lesions in the nasal 
septa, and pneumonia. 

Host and Pathogen Risk Factors 

Horses tend to develop the chronic form, 
mules and donkeys the acute form, but all 
types of equid and all ages are susceptible. 
The disease is more likely when animals are 
in a stressed state from heavy work, and 
animals that are poorly fed and kept in a 
poor environment are more susceptible. 

The stress associated with movement of a 
large number of horses can precipitate an 
outbreak with high mortality rates. In the 
few animals that recover, there is a long con¬ 
valescence with the frequent development of 
the “carrier” state. Animals rarely make a 
complete recovery. 

Economic Importance 

The disease has little current economic 
importance, although the threat of horse 
movement reintroducing glanders into 
countries that have eradicated it is a 
concern. 

Zoonotic Implications 

Although humans are not highly susceptible, 
the infection can gain access through skin 
abrasions to produce granulomatous disease 
and pyemia. Infection can also occur from 
inhalation of infectious material. The case 
fatality is high. Horse handlers in general 
are at risk, and veterinarians conducting 
postmortem examinations without proper 
precautions are at particular risk. The organ¬ 
ism is identified as a possible agent of 
bioterrorism. 










PATHOGENESIS 

Invasion occurs mostly through the intesti¬ 
nal wall and a septicemia (acute form) or 
bacteremia (chronic form) is set up. Local¬ 
ization always occurs in the lungs but the 
skin and nasal mucosa are also common 
sites. Other viscera can become the site of the 
typical nodules. Terminal signs are in the 
main those of bronchopneumonia or, in 
acute disease, chronic wasting. 

CLINICAL FINDINGS 
Acute Disease 

Acute disease presents with high fever, 
cough, and nasal discharge, with rapidly 
spreading ulcers appearing on the nasal 
mucosa and nodules appearing on the skin 
of the lower limbs or abdomen. Death as a 
result of septicemia occurs in a few days. 

Chronic Disease 

The disease is evident as fever, inappetence, 
weight loss, enlargement of submandibular 
lymph nodes, and exercise intolerance in 
almost all affected horses. Cough, dyspnea, 
and nasal discharge occur in approximately 
two-thirds of cases, and greater than 70% of 
cases have ulcers on the nasal septum or 
nodules and ulcers in the skin, usually of 
the legs. 12 

Three major manifestations are described, 
although one or more of all three can occur 
in the same animal: 

1. Pulmonary 

2. Skin 

3. Nasal, although the chronic nasal and 
skin forms commonly occur together. 

Pulmonary Form of Disease 
The pulmonary form manifests as a chronic 
pneumonia with cough, frequent epistaxis, 
and labored respiration. 

Nasal Form of Disease 
In the nasal form, lesions appear on the 
lower parts of the turbinates and the 
cartilaginous nasal septum. They com¬ 
mence as nodules (1 cm in diameter), 
which ulcerate and may become confluent. 
In the early stages there is a serous nasal 
discharge that may be unilateral and that 
later becomes purulent and blood stained. 
Enlargement of the submaxillary lymph 
nodes is a common accompaniment. On 
healing, the ulcers are replaced by a charac¬ 
teristic stellate scar. 

Skin Form of Disease ("Farcy") 

The skin form is characterized by the appear¬ 
ance of subcutaneous nodules (1-2 cm in 
diameter), which soon ulcerate and dis¬ 
charge pus of the color and consistency of 
dark honey. In some cases the lesions are 
more deeply situated and discharge through 
fistulous tracts. Thickened fibrous lymph 
vessels radiate from the lesions and connect 
one to the other. Lymph nodes draining the 
area become involved and may discharge 
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to the exterior. The predilection site for cuta¬ 
neous lesions is the medial aspect of the 
hock, but they can occur on any part of the 
body. 

Animals affected with the chronic form 
are usually ill for several months, frequently 
showing improvement but eventually either 
dying or making an apparent recovery to 
persist as occult cases. 

CLINICAL PATHOLOGY 

Chronic disease caused anemia and a mod¬ 
erate leukocytosis and neutrophilia. 12 

The principal tests used in the diagnosis 
of glanders are demonstration of presence of 
the organism by culture or detection of 
specific DNA (such as by PCR testing), 13 
the mallein test, or one of various serologic 
tests—complement fixation test, 14,15 

C-ELISA, immunoblot, 16 Rose Bengal test, 
indirect hemagglutination, agar-gel immu¬ 
nodiffusion, indirect fluorescent antibody 
testing, counterimmune electrophoresis, and 
dot-ELISA. 8 Details of test procedures are 
available in the OIE Manual on diagnostic 
tests and vaccines. 1 ' 

All serologic tests are dependent on the 
host mounting an immune response to infec¬ 
tion. Detectable immune responses might 
require a period of up to 2 weeks after infec¬ 
tion to develop to the stage where they are 
detectable. The precise time depends on host 
factors and the characteristics of the particu¬ 
lar serologic test. 

The intent of testing affects the test 
chosen for use. Tests intended to screen 
horses for international travel must have a 
high sensitivity, to avoid false negative 
results, but also high specificity, to ensure 
that there are few false-positive results. 
From the point of international movement 
of horses, tests should first have a high 
sensitivity to ensure that there are few 
false-negative results—with the potential 
for consequent transportation of infected 
animals—whereas detection of diseased 
animals in populations of horses in which 
the disease is rare demands tests with high 
specificity. The solution is often to first 
screen with tests of high sensitivity, such 
as the complement fixation test, followed 
by a test with much higher specificity 
(but often lower sensitivity), such as immu- 
noblotting. 11 ’ The outcome of such serial 
testing is a high sensitivity and specificity. 
The diagnostic performance of various tests 
has improved with use of refined reagents 
(including use of recombinant or purified 
bacterial proteins or lipopolysaccharide, 16 or 
antibodies) and optimized tests conditions, 18 
such as the temperature at which comple¬ 
ment fixation tests are incubated. 15 All sero¬ 
logic tests can be inaccurate for periods up 
to 6 weeks following performance of the 
mallein test. 

Molecular diagnostic techniques must 
discriminate between B. mallei and the 
closely related B. pseudomallei. Whereas 


older molecular diagnostic tests did not do 
so because of the close genetic relationship 
between these organisms, more modern tests 
do discriminate at a level that is clinically 
useful. 13,19 

Discussion of all the currently available 
tests is beyond the scope of this text, 
and readers are referred to recent 
publications. 5,8 

Mallein Test 

The test is not generally recommended 
because of animal welfare concerns; however, 
it can be useful in remote endemic areas 
where sample transport or proper cooling of 
samples is not possible. 1 ' The mallein test 
involves the intradermal injection of mallein, 
a purified or semipurified protein of B. 
mallei, 20 into the subcutaneous tissues of the 
eyelid or lateral side of the neck. Mallein 
(0.1 mL of a 1.0 mg/mL concentration of 
mallein) is injected intradermally with a 
tuberculin syringe. Ideally, the thickness of 
the skin is measured using calipers before 
injection of mallein and 48 hours following 
injection. Some infected animals exhibit a 
general hypersensitivity reaction after inoc¬ 
ulation. The mallein test can be negative in 
recently infected animals, in those with 
acute disease, and in advanced cases in 
horses. 1 ' 

The mallein test has poorer sensitivity 
(-75%) than does serologic testing (Rose 
Bengal—90%, complement fixation—97%, 
and others). 21 

NECROPSY FINDINGS 

In the acute form there are multiple pete¬ 
chial hemorrhages throughout the body 
and a severe catarrhal bronchopneumonia 
with enlargement of the bronchial lymph 
nodes. 

In the more common chronic form, the 
lesions in the lungs take the form of miliary 
nodules, similar to those of miliary tubercu¬ 
losis, scattered throughout the lung tissue. 
Ulcers are present on the mucosa of the 
upper respiratory tract, especially the nasal 
mucosa and to a lesser extent that of the 
larynx, trachea, and bronchi. Nodules and 
ulcers may be present in the skin and sub¬ 
cutis of the limbs, which may be greatly 
enlarged. Local lymph nodes receiving 
drainage from affected parts usually contain 
foci of pus and the lymphatic vessels have 
similar lesions. Necrotic foci may also be 
present in other internal organs. B. mallei, 
and sometimes Arcanobacterium pyogenes, 
are isolated from infected tissues, and this is 
the main means of confirmation of diagnosis 
at necropsy. 

DIAGNOSTIC CONFIRMATION 

In live animals that could be carriers, the 
complement fixation test is used as the offi¬ 
cial test in most countries. The mallein test 
is used in those horses whose sera is 
anticomplementary. 
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DIFFERENTIAL DIAGNOSIS 


• Epizootic lymphangitis 

• Ulcerative lymphangitis 

• Sporotrichosis 

• Melioidosis 

• Strangles 

• Rhodococcus equi infection 

• Equine pleuropneumonia 

• Other causes of pneumonia 


TREATMENT 

There is little information on treatment 
because control of the disease requires 
death of affected equids to prevent further 
spread of infection, and the granulomatous 
nature of the disease likely requires pro¬ 
longed administration of antimicrobials 
capable of penetrating abscesses. Antimi¬ 
crobial sensitivity of B. mallei isolates is 
reported. 22 

However, in instances in which high- 
value animals are treated, a treatment proto¬ 
col of enrofloxacin (8 mg/kg IV q24 h) and 
trimethoprim-sulfadiazine (32 mg/kg IV 
q24h) for 7 days, followed by enrofloxacin 
(4 mg/kg IV q24h) and trimethoprim-sulfa¬ 
diazine (16 mg/kg IV q24h) for 2 weeks, and 
then 6 mg/kg doxycycline PO ql2h for 9 
weeks has been used. Treated horses 
responded within 1 week to treatment, with 
reduction of pyrexia and improved appetite. 
Nodules on the legs had resolved by week 3 
of treatment. All 23 treated horses recovered 
and did not have evidence of disease recru¬ 
descence or a carrier status 1 year after the 
cessation of treatment. 12 

CONTROL 

Control of glanders involves measures to 
reduce spread of the disease among equids in 
areas where the disease is endemic and eradi¬ 
cation of the disease when desired or when 
the disease occurs as an emergency disease 
outbreak in areas where the disease is not 
endemic. 

Control of glanders is based on identifi¬ 
cation of infected animals by either serologic 
testing, intradermal mallein testing, or 
detection of the organism (culture or PCR) 
(see previous discussion). The mallein test 
and complement fixation test are the OIE- 
approved tests for glanders for the purposes 
of international movement of horses— 
noting the comments given previously about 
the characteristics of these tests. When 
attempting to identify infected animals, the 
delay in seroconversion or development of 
a positive mallein test after infection 
should be considered. Mallein testing can 
influence the sensitivity of subsequent sero¬ 
logic testing. 

If glanders is detected, or suspected, in 
area free of the disease, then the affected 
horse and contact animals should be 
promptly quarantined until their disease 


status has been established. Eradication of 
the disease involves identification of infected 
animals with subsequent euthanasia and 
controlled disposal of these equids. Equids 
that could have been infected but that are 
negative on serologic or bacteriologic testing 
should have serologic tests repeated in 2 to 3 
weeks. During this time, they should be 
quarantined. 

Complete quarantine of affected premises 
is necessary. A vigorous disinfection program 
for food and water troughs and premises gen¬ 
erally should be instituted to prevent spread 
while eradication is being carried out. Car¬ 
casses of infected animals and contaminated 
or potentially contaminated bedding, feed, 
and tack that cannot be disinfected should 
be burned or deeply buried, consistent with 
local culture and laws. B. mallei is susceptible 
to most common disinfectants, including 
benzalkonium chloride, 1% sodium hypo¬ 
chlorite, 70% alcohol, and others. ' B. mallei 
does not persist in soil and is destroyed by 
exposure to sunlight or heating (>55° C 
>131F for at least 10 minutes). 5 

B. mallei is a potential zoonosis that can 
cause severe illness and death in people. 
Barrier precautions, including the wearing of 
surgical masks, face shields, gloves, and 
gowns, are strongly recommended for 
people dealing with infected or suspect 
equids. 5 

There is currently no vaccine for glanders 
in animals or people. 1 ' 

FURTHER READING 

Dvorak GD, Spickler AR. Zoonosis update—Glanders. 

JAVMA. 2008;233:570-577. 

Khan I, et al. Glanders in animals: a review on 

epidemiology, clinical presentation, diagnosis, and 
countermeasures. Transbound Emerg Dis. 
2013;60:204-221. 
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VIRAL INFECTIONS OF THE 
RESPIRATORY TRACT 
OF HORSES 

Viral respiratory tract disease is considered 
by veterinarians in the United States to be 
second only to colic among medical diseases 
in importance to the health and welfare of 
horses. The situation is likely similar in most 
developed countries and especially those in 
which equine influenza is endemic. Episodes 
of upper respiratory tract disease character¬ 
ized by fever, nasal discharge, and cough are 
common in horses, especially young animals 
and horses housed in groups in stables and 
barns. An estimated 17% of equine opera¬ 
tions in the United States have one or more 
horses affected by upper respiratory disease 
each year, and 1.5% of horses develop the 
disease every 3 months. 1 Upper respiratory 
disease is most common in spring and least 
common in winter. Strangles was an uncom¬ 
mon cause of disease, occurring in only three 
horses per 1000 per 3 months. Viral respira¬ 
tory disease is approximately three times 
more common in horses less than 5 years 
of age. 

With the exception of Streptococcus equi 
and possibly Mycoplasma spp., all the other 
known or suspected causes of nonparasitic 
infectious upper respiratory disease of horses 
are viral and include the following: equine 
herpesvirus types 1, 2, 3 (rarely), and 4; 
equine influenza virus; arguably, equine rhi¬ 
nitis virus types A-1 and B-1,2, and 3; equine 
adenovirus; equine viral arteritis; and, his¬ 
torically, equine parainfluenza type 3 virus. 
Equine Hendra virus and African horse sick¬ 
ness cause signs of severe respiratory disease. 
There is minimal evidence that equine coro- 
navirus causes respiratory disease in horses 2 ' 3 
and there is evidence that the Middle Eastern 
respiratory syndrome (MERS) coronavirus, a 
disease of humans and camelids, does not 
cause disease in horses. 4 Both s. equi and 
equine arteritis virus infection can be mild 
and lack outstanding clinical signs, thus 
closely resembling disease associated with 
some viral causes of upper respiratory tract 
disease. Therefore differentiation among dis¬ 
eases associated with these agents based on 
clinical signs and epidemiologic characteris¬ 
tics is difficult, and definitive diagnosis is 
only achieved through serologic or microbio¬ 
logical examination of blood or nasal 
discharge. 

Isolation and identification of a 

causative organism from nasopharyngeal 
swabs or airway washings of acutely affected 
horses provides a definitive diagnosis, 
although on occasion more than one poten¬ 
tial pathogen may be isolated. Demonstra¬ 
tion of seroconversion or a three- to fourfold 
increase in titer from serum samples 
collected during the acute and convalescent 
(usually 3 weeks after onset of clinical 
signs) phases of disease is persuasive evi¬ 
dence of infection. Immunofluorescence, 
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enzyme-linked immunosorbent assay 
(ELISA) and polymerase chain reaction 
(PCR) tests may provide rapid diagnosis 
through detection of viral particles in nasal 
swabs and tissue specimens. The ability to 
determine the cause of an outbreak 
of upper respiratory disease in horses is 
enhanced by the use of multiple diagnostic 
tests and obtaining samples from more than 
one horse in an outbreak. However, defini¬ 
tive diagnosis of the cause of nasal discharge, 
cough, and fever is often not achieved. 

All the agents known to cause upper 
respiratory disease in horses are relatively 
sensitive to environmental influences, and 
spread of the agent is dependent on trans¬ 
mission from infected horses, either directly 
or on fomites. Introduction of an infected 
horse into a susceptible population of horses 
may result in an explosive outbreak of upper 
respiratory tract disease. Such events are 
common on stud farms and in racing stables, 
where relatively closed bands of horses are 
maintained for much of the year. The 
movement of horses over long distances 
may facilitate the introduction of pathogens 
to which the local population of horses is 
naive. 

The opposite situation occurs when 
young horses are introduced into larger 
bands of mixed aged animals, such as 
happens in racing stables or barns of pleasure 
horses. The younger, possibly naive, horse 
is then exposed to endemic pathogens to 
which the resident horses have developed 
resistance. 

Young horses are at particular risk of 
developing infectious disease of the upper 
respiratory tract. The diseases are usually a 
problem only in yearlings and 2-year-olds; 
young foals acquire a passive immunity from 
the dam and adults have acquired a perma¬ 
nent immunity through exposure or vaccina¬ 
tion. In a horse population it is the average 
age and the mix of ages that largely deter¬ 
mine its herd resistance, and when 30% to 
40% of that population has not previously 
been exposed to infection then major out¬ 
breaks are likely. All of the diseases are trans¬ 
mitted by droplet infection, and over long 
distances, so that limitation of their spread is 
possible only by rigid isolation and intensive 
sanitary precautions, and even the best pro¬ 
tected studs are likely to be infected from 
time to time. 

Parainfluenza-3 Virus 

Upper respiratory tract disease associated 
with equine parainfluenza-3 (PI-3) is charac¬ 
terized by a mild self-limiting disease that is 
not clinically distinguishable from the others 
in the group. The epidemiology and eco¬ 
nomic importance of disease associated with 
this agent is unknown. 1 

Equine Adenovirus Infection 

Two antigenic types of equine adenovirus, 
EAdV-1 and EAdV-2, are recognized that 


have been associated with respiratory 
disease in foals and adult horses and diar¬ 
rhea in foals, respectively. 1 The virus causes 
fatal pneumonia in Arabian foals, and likely 
Fell pony foals, with severe combined immu¬ 
nodeficiency and has been isolated from oth¬ 
erwise apparently healthy foals with severe 
pneumonia, but its importance in clinical 
respiratory disease of immunocompetent 
foals is uncertain. EAdV-1 can be isolated or 
detected by PCR from healthy adult horses, 
although at a very low rate, 3 ' 6 and from 1% 
to 3% horses with signs of upper respiratory 
disease. 7,8 Genomic analysis of EAdV-2 indi¬ 
cates markedly different lineage to that of 
EAdV-1. 9 The virus is readily isolated from, 
or detected by PCR, in nasal swabs of 
approximately 50% of sick or healthy foals. 6 
Postparturient mares can shed the virus. 6 
Infection with EAdV-1 and EAdV-2 is world¬ 
wide. Serologic surveys differ in the propor¬ 
tion of seropositive horses, likely at least 
partially a result of the testing methodology, 
with serum neutralization tests yielding 
higher seropositive rates than ELISA tests. 3 
Approximately 80% of horses in New South 
Wales, Australia are positive by serum neu¬ 
tralization assay for either or both of EAvV-1 
or EAdV-2. 3 EAdV is considered to cause a 
mild respiratory disease with fever, cough¬ 
ing, nasal discharge, and conjunctivitis. Foals 
are assumed to acquire the infection from 
their dams, which secrete the environmen¬ 
tally stable virus in nasal discharge, urine, 
and feces. The virus is not associated with 
inflammatory airway disease in racehorses in 
England, but it has been associated with 
small outbreak of upper respiratory tract 
disease. 

Diagnosis can be made on cell smears 
taken from conjunctiva or nasal mucosa that 
reveal characteristic adenoviral intranuclear 
inclusion bodies. Serologic methods include 
serum neutralization, hemagglutination 
inhibition, complement fixation, ELISA, or 
precipitating antibody tests. The serum neu¬ 
tralization test is most accurate, but the hem¬ 
agglutination inhibition test is most suitable 
for a screening test. Virus genetic material 
can be detected by specific PCR testing. 5,7 No 
specific control measures are indicated for 
normal foals. 

Reovirus 

A reovirus, or a series of serotypes, cause 
mild upper respiratory tract disease of 
horses. Infection with these agents appears 
to be of little clinical or economic 
importance. 
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EQUINE INFLUENZA 


SYNOPSIS 


Etiology Influenza virus H3N8 (previously A/ 
equine 2) of two lineages (Eurasian and 
American) and numerous, evolving, strains. 
Currently circulating viruses are of the 
American lineage, Florida clades 1 and 2. 
H7N7 has not been identified as a cause of 
disease for decades. 

Epidemiology Short incubation period and 
highly contagious nature of the virus result 
in explosive outbreaks of disease. Viral 
shedding by subclinically affected horses is 
important for introduction of infection to 
populations. Prolonged carrier state is not 
recognized. 

Clinical signs Upper respiratory disease 
complicated by pneumonia. Abortion is not 
a feature of the disease. 

Clinical pathology None characteristic. 

Lesions Rhinitis, pneumonitis. Rarely causes 
death. 

Diagnostic confirmation Demonstration of 
virus in nasopharyngeal swab either by 
culture, enzyme-linked immunosorbent 
assay (ELISA), polymerase chain reaction 
(PCR), or membrane-bound immunoassay. 

Treatment Supportive care. There is no 
specific treatment. 

Control Quarantine to prevent introduction of 
the virus. Hygiene and disinfection to 
prevent fomite spread. Vaccination in 
enzootic areas with vaccine containing 
strains or antigens protective against 
currently circulating strains (Florida clade 1 
and clade 2), to prevent clinical disease. 


ETIOLOGY 

Equine influenza is associated with infection 
by influenza A virus—either equine influ¬ 
enza A/H7N7 or equine influenza A/H3N8 
virus, members of the influenza virus A 
genus of the family Orthomyxoviridae. Influ¬ 
enza A viruses are typed according to the 
surface proteins—hemagglutinin (HA) and 
neuraminidase (NA) of which there are 18 
HA subtypes (H1-H18) and 11 NA subtypes 
(Nl-Nll). 1 Influenza virus is an RNA virus 
that has eight segments to its genome that 
encode 10 proteins. The hemagglutinin 
and neuraminidase proteins are used for 
antigenic characterization of virus strains. 
Mutations in these genes or poor-fidelity 
RNA copying results in changes in amino 
acid composition of viral proteins that can be 
detected by serologic tests (see “Clinical 
Pathology”) and that have important conse¬ 
quences for infectivity and pathogenicity of 
the virus. 










1030 


Chapter 12 


Diseases of the Respiratory System 


Of the two serologically distinct subtypes 
of equine influenza virus, all reported out¬ 
breaks in the past three decades have been 
associated with strains of EIV-A/H3N8. 
There are no reports of disease associated 
with EIV-A/H7N7 in the past 35 years, and 
reports of seroconversion might be related to 
use of vaccines containing EIV-A/H7N7 
antigen. There are no reports of other influ¬ 
enza viruses, such as the H1N1 avian virus, 
causing disease in horses, although the 
avian-like influenza A/I/Jilin89 (H3N8) 
caused severe disease and high mortality 
among horses in China in 1989 and there is 
a single report of avian H5N1 being isolated 
from sick horses, which also had serologic 
evidence of exposure to the virus, in Egypt 
during an outbreak of the disease in birds. 2 

Equine influenza H3N8 virus can infect 
dogs and cause serious disease and death. 3 ' 4 
Canine influenza virus infection, which orig¬ 
inated in horses, is now endemic in dogs 
populations in much of the world. 3 Dogs are 
also susceptible to infection with equine 
influenza virus (Florida clade 1) when in 
close contact with horses infected with, and 
clinically ill from, the virus. 1 ’ Equine influ¬ 
enza virus H3N8 was isolated from one of 
-400 healthy Bactrian camels sampled in 
Mongolia. 6 The H3N8 virus can infect pigs 
but is not associated with disease;' seals, in 
which it can cause a fatal respiratory disease; 
and birds. 8,9 Experimental infection of cats 
with equine N3H8 influenza virus causes 
respiratory disease, and the infection can 
spread to in-contact cats. 10 

Canine influenza, N3N8, which is of 
equine origin, does not appear to pose a zoo¬ 
notic risk. 10 At this time, equine H3N8 virus 
does not appear to be an important zoonotic 
threat. 

Equine influenza H3N8 virus was first 
detected as a cause of respiratory disease in 
horses in 1963 in the United States. It subse¬ 
quently became widely distributed, appear¬ 
ing in the United Kingdom in 1965, and 
evolved into multiple lineages and sublin¬ 
eages. There are two major lineages of EIV- 
H3N8 that circulate in horse populations—a 
Eurasian lineage and an American lineage 
(the names of which do not reflect the 
current geographic distribution of the 
viruses). This divergence in the virus 
occurred in the early 1980s, and there has 
been subsequent evolution of the American 
lineage into Kentucky, Argentinian, and 
Florida sublineages, with the Florida sublin¬ 
eage composed of two clades—clade 1 and 
clade 2 (Fig. 12-31). 11 For purposes of 
vaccine production, clade 1 is represented by 
A/eq/South Africa/04/2003-like or A/eq/ 
Ohio/2003-like viruses, and clade 2 is 

represented by A/eq/Richmond/1/2007-like 
• 12 n 

viruses. * 

The predominating virus lineage or strain 
varies from year to year and from region to 
region. Both of Florida clades currently 
cocirculate and coevolve worldwide. Viruses 


of the Eurasian lineage have not been 
detected since 2005 (2015 OIE data). 12,14 The 
important point is that there is continual 
change in the viral lineage or strain in some 
populations of horses and that constant 
monitoring of viral strains is vital for appro¬ 
priate composition of vaccines and for 
molecular epidemiology. For instance, the 
majority of viruses from Europe (France, 
Italy and the United Kingdom) and North 
America characterized antigenically and/or 
genetically between January 2003 and April 
2004 were of the American lineage. This con¬ 
tinues to be the case with American lineage, 
Florida sublineage, clade 2 being the virus 
detected in Europe, 15 Northern Africa, 16 Asia 
(India, China, Mongolia), 1 ' 19 Ireland (before 
2009), and the United Kingdom. 12 ' 16 Within 
clade 2, there are at least two identified virus 
subpopulations with amino acid substitu¬ 
tions in FLA1 at either position 144 or posi¬ 
tion 179. The majority of 2014 viruses 
characterized had a valine at position 144 
and an isoleucine at position 179. 13 Equine 
influenza viruses detected in recent out¬ 
breaks in the United States of America have 
been Florida sublineage clade l, 12 although 
clade 2 was isolated from a horse in Califor¬ 
nia that had been imported from Europe. 20 
Although clade 1 viruses predominate in 
America and clade 2 in Europe, clade 1 
viruses have caused outbreaks in Europe 
(France), 15,21 Australia, Africa, and Asia, and 
the virus circulating in Ireland in 2014/15 is 
from clade 1 (although different from the 
virus that caused outbreaks in Australia and 
Japan in 2007). 22 

Viral Evolution 

Identification of the lineage and sublineage 
of the virus is based on nucleotide sequenc¬ 
ing of the hemagglutinin gene to detect 
mutations in the gene resulting in amino 
acid substitutions in the FLA1 domain. These 
amino acid substitutions alter the charge, 
acquisition of glycosylation sites, and/or 
receptor binding avidity of the virus and 
hence its biologic activity including infectiv- 
ity, immunogenicity, and virulence. 11 Hem- 
agglutination inhibition assay (HI) has been 
used to type viruses, but this is now being 
complemented by genetic testing and deter¬ 
mination of amino acid composition of 
major antigens (HA and NA). For instance, 
the amino acid composition of clade 1 and 
clade 2 viruses differs by at least seven amino 
acids in the HA1 domain of hemagglutinin. 23 
Information about EIV strains changes con¬ 
stantly and is available at the equiflunet or 
OIE websites. 12,13 

The existence of lineages and strains of 
virus is important in the epidemiology of the 
disease because the antigenic differences 
among strains can be sufficient to prevent 
cross-protection provided by natural infec¬ 
tion or vaccination. Cross-protection refers 
to the ability of one antigen (virus strain) to 
produce immunity in the horse against 


infection with another type of antigen (virus 
strain). Infection or challenge with the same 
type of antigen is referred to as homologous 
challenge, whereas that with a different anti¬ 
genic type is referred to as heterologous chal¬ 
lenge. Strains of influenza virus circulate 
between and among populations of horses, 
with more than one strain of virus circulat¬ 
ing at any one time in some horse popula¬ 
tions, although individual disease outbreaks 
are associated with a single viral strain. 
Many, but not all, of these virus strains are 
constantly evolving, and evolution of the 
viruses is necessary for perpetuation of 
cycles of infection through the emergence, or 
reemergence by cycling, of heterologous 
strains. Evolutionary stasis, the continued 
circulation of older strains of virus, occurs 
and has importance for vaccine composition 
for many diseases, but not, apparently, for 
equine influenza virus (EIV), where emer¬ 
gence of new strains is common and of great 
importance for control of the disease. Evolu¬ 
tion of strains of equine H3N8 virus occurs 
through antigenic drift. Antigenic drift, the 
accumulation of point mutations in the gene 
coding for the major surface protein hemag¬ 
glutinin, occurs continuously in virus circu¬ 
lating in horse populations. Antigenic drift 
occurs most rapidly in hemagglutinin 
protein but also occurs in M and NS genes. 
Antigenic drift, by producing heterologous 
viral strains, contributes to the continuing 
susceptibility of horses to infection and the 
reduced efficacy of some vaccines. 11 For 
example, the 2007 outbreak of equine influ¬ 
enza in Japan in a population of vaccinated 
horses, was associated with the Florida clade 
1 virus, whereas the vaccines in use at that 
time included viruses of Eurasian and Amer¬ 
ican (Argentinian) strains. 24 

Antigenic shift is an event in which there 
is a dramatic alteration in the viral genome 
occurring by reassortment of viral genes 
during coinfection of a cell by two different 
types of virus (for example infection of a pig 
by both avian and human influenza viruses). 
Antigenic shift, which has not been docu¬ 
mented for influenza viruses infecting 
horses, has the potential to produce new 
viruses with markedly different host infectiv- 
ity and pathogenicity to either parent virus. 

RNA viruses, such as equine influenza 
virus, are genetically labile, and during an 
outbreak there is considerable genetic varia¬ 
tion of the viruses infecting a single animal, 
with dominant and one or more less domi¬ 
nant variants of a strain proliferating in 
the horse and being transmitted to other 
horses. 25 ' 26 Furthermore, the dominant form 
of the virus within a horse can change over 
the course of the infection. This pattern of 
multiple variants infecting one horse and 
being transmitted to other horses results in a 
relatively large number of variants of the 
virus in a group of horses during an out¬ 
break, constituting a loose bottleneck to viral 
evolution. 25,26 
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Fig. 12-31 Phylogenetic tree illustrating evolving nature of equine influenza virus N3H8 from the virus originally detected in 1963. Note that 
there are two lineages (Eurasian and American) that diverged in the early 1980s; that the American lineage further evolved into Kentucky, 
Argentinian, and Florida sublineages (clades 1 and 2); and that these continue to evolve. Strains causing substantial outbreaks are highlighted 
in green, dates of large outbreaks are identified in the boxes, and vaccine strains are identified in yellow. (Reproduced with permission. ) 
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Persistence in the Environment 

According to the Ausvet Plan, equine influ¬ 
enza virus is inactivated by exposure to ultra¬ 
violet light for 30 minutes, by heating at 
50° C (122 F) for 30 minutes, and by ether 
and acid (pH 3) treatment. 2 ' Exposure to 
sunlight for 15 minutes at 15°C (59F) also 
inactivates the virus. The virus persists in 
canal water (pH 6.9) for up to 18 days at 
22°C (72F) and 14 days at 37° C (98.6F); in 
tap water (pH 7.0) for 14 days at 4°C (42 F) 
and up to 2 days at 37°C (98.6F); in horse 
blood for 18 hours at 37°C (98.6F); in horse 
urine (pH 8.0) for 5 to 6 days at 4°C (42 F), 
15°C (59F), and 37°C (98.6F); in soil under 
dark storage at 18°C (65 F) for 24 hours; and 
in soil exposed to sunlight for 8 hours at 
15°C (59F). 27 The capacity for the virus to 
persist in carcasses is unknown. 2, 

EPIDEMIOLOGY 

Occurrence 

Worldwide, the only large horse populations 
in which influenza virus infection does not 
occur are in Australia and New Zealand, 
although Australia experienced its first out¬ 
break of equine influenza in 2007 and subse¬ 
quently was declared free of the virus. 28,29 
Widespread use of aircraft to move horses 
between countries in short periods has 
increased the spread of equine influenza 
viruses, as exemplified by the 2007 outbreak 
in Australia allegedly associated with impor¬ 
tation of horses and failure to contain the 
infection in the quarantine facility; 30 the 
2003 outbreak in South Africa associated 
with a virus from North America;, and an 
earlier outbreak in Hong Kong. In all cases 
virus was introduced by imported horses. 

Epidemics of equine influenza have 
occurred in Europe or North America in 
1956 (H7N7), 1963 (H3N8), 1969, 1979, and 
1989, although this does not represent a 
comprehensive listing of large-scale out¬ 
breaks. Epidemics affecting more than 1 
million horses occurred in China in 1989 
(associated with the novel H3N8 Jilin virus) 
and 1993/1994 (associated with a conven¬ 
tional H3N8 virus closely related to 1991 
European isolates). Epidemics in Japan, 
Europe, and North America have been asso¬ 
ciated with introduction of a novel virus (for 
example, the 1963 appearance of H3N8 virus 
in Miami) or antigenic drift of existing 
viruses and resultant inefficacy of extant vac¬ 
cines. 14,31,32 The epidemics in Australia (2007) 
and South Africa (2003) were associated 
with introduction of the virus into a naive 
and unvaccinated population of horses. 30 

Localized outbreaks of disease in stables 
or race courses occur almost annually in 
countries in which the disease is endemic, 
likely related to the movement of horses into 
the training and racing populations, with 
subsequent introduction of virus and devel¬ 
opment of disease in at risk horses (see 
“Animal Risk Factors”). Disease associated 
with equine influenza virus usually occurs as 


outbreaks associated with the introduction 
of virus into a population of susceptible 
horses. Virus may be introduced by clinically 
affected horses or, more commonly, by 
horses that are not noted to be clinically ill. 
Vaccinated horses can become infected and 
shed influenza virus while not becoming ill, 33 
especially if vaccinated with heterologous 
strains, and this is likely a common method 
of introduction of virus into susceptible 
populations. 

Outbreaks of influenza virus infection 
can cause clinical disease in nearly all (98%) 
horses in a susceptible population, although 
in populations of horses of mixed age and 
with varying serum titers to equine influenza 
the morbidity rate can be much lower (16%- 
28%). The incidence of disease in one race 
track population was approximately 130 
cases per 1000 horses at risk per month, 
although this rate likely varies widely among 
outbreaks. The mortality rate is usually very 
low (<1%) with most deaths associated with 
secondary bacterial infections. However, an 
outbreak of disease in China associated with 
a novel H3N8 (Jilin virus) strain was associ¬ 
ated with a morbidity rate of 80% and mor¬ 
tality rate of 20% to 35%. 

The disease in populations of vaccinated 
or previously exposed horses is associated 
with a lower morbidity and mortality and 
slower spread, as a result of the milder 
disease induced by influenza virus infection 
of immune or partially immune horses. In an 
outbreak among vaccinated racehorses in 
Hong Kong, 75% of horses had serologic evi¬ 
dence of infection, 37% had clinical signs of 
infection, and 0.2% died. Horses imported 
from Australia and New Zealand, where the 
disease does not occur, had a morbidity rate 
of 52%, whereas horses from the northern 
hemisphere had a morbidity rate of 20%, 
likely reflecting the effect of previous expo¬ 
sure to influenza virus or repeated vaccina¬ 
tion. The attack rate of infection (proportion 
of at risk horses infected by the virus) during 
an outbreak in a large population of naive 
horses in Australia was -98% (mean) varying 
from 10% to 100%, with farms with lower 
numbers of horses generally having a higher 
attack rate. 34 The mortality rate attributable 
to equine influenza was 0.6% and case-fatal¬ 
ity rate 6%, based on a questionnaire of more 
than 1200 horse owners in Australia during 
the influenza outbreak (46% return rate) that 
involved self-reporting and was therefore at 
risk of sampling bias. 35 The mortality rate 
appeared to be highest among foals (68% of 
reported deaths). 35 

The profile of an epidemic can vary from 
explosive with a large proportion of a small 
group of susceptible horses housed in close 
proximity, such as a small band, developing 
clinical disease within 24 to 48 hours, to 
much more prolonged outbreaks lasting 
several weeks in larger groups of horses of 
varying susceptibility housed in multiple 
barns. During larger outbreaks among horses 


of varying susceptibility there is a character¬ 
istic three phase pattern. The first stage is 
associated with the first cases of disease and 
slow spread over 10 to 14 days. This stage is 
followed by one of rapid spread of the disease 
to horses clustered in stalls around horses 
affected during the first phase of the out¬ 
break. The third phase is characterized by 
declining numbers of cases. 

Origin of Infection and Transmission 

Equine influenza virus is relatively suscepti¬ 
ble to environmental conditions, and during 
an outbreak infection must originate from an 
infected horse, although the proximate 
source of virus can be contaminated equip¬ 
ment or other fomites, including people. 
Transmission of equine influenza virus 
occurs by direct contact, inhalation of aero¬ 
sols of infected material, and on fomites. 
Survival of the virus on clothing and sur¬ 
faces, including vehicles used to transport 
horses shedding the virus, can result in 
transmission of infection in the absence of 
horse to horse contact. Fomite transfer on 
veterinary clothing, equipment, or vehicles 
was likely responsible for the spread of infec¬ 
tion from quarantined horses in both South 
African outbreaks. However, in most 
instances, horses are infected by other horses 
that are in close proximity or have physical 
contact, for instance, exercise ponies (horses 
or ponies used to accompany racehorses 
from the stable to the track in preparation for 
racing or training gallops) or stable mates. 
Aerosol spread occurs over distances of 
35 m, possibly further (see “Meteorologic 
factors” on this page), and is enhanced by 
the frequent coughing characteristic of the 
disease. Equine influenza virus in aerosols 
survives longer (24-36 hours) than human 
or porcine strains (15 hours). 

Clinically affected horses excrete more 
virus than do horses in which the infection 
is inapparent. The duration of infectivity of 
clinically affected horses is 3 to 8 days and 
with the short incubation period of 2 to 3 
days combine to produce the potential for a 
very rapid new infection rate and a charac¬ 
teristic explosive outbreak. 

Risk Factors 
Animal Factors 

All age groups of horses, including newborn 
foals, are susceptible. The greatest risk 
appears to be between the ages of 2 and 6 
months, serum levels of passively acquired 
antibodies being lost by foals at 2 months of 
age. A recent survey of more than 8000 
horses in the United States revealed that only 
20.2% of horses aged 6 to 17 months had a 
detectable influenza antibody titer (HI), 
compared with 89.0% of horses aged 20 years 
or more. The percentage of horses that had 
a high equine influenza antibody titer 
increased as the horse’s age increased such 
that 45% to 51% of horses older than 5 years 
had high titers. This observation is consistent 





with most cases of the disease occurring in 
2-year-old or younger horses, probably 
because older horses are immune through 
either natural exposure or vaccination. Thor¬ 
oughbred racehorses 2 years of age or older 
were 5 to 8 times more likely to develop 
influenza than were horses 5 years of age in 
a well-characterized series of outbreaks. 
Seronegativity to a H3N8 virus (Saska¬ 
toon/90) was associated with a 13- to 38-fold 
increase in likelihood of developing influ¬ 
enza, independent of the effect of age. It is 
probable that outbreaks occur as a result of 
a natural accumulation of young animals 
that have not been previously exposed, the 
comingling of these susceptible animals with 
older infected ones at race and show 
meetings, and the significant level of anti¬ 
genic “drift.” This capacity of the virus to 
change slightly and continuously in antigenic 
composition leads to the frequent appear¬ 
ance of new strains that are likely to breach 
existing natural and induced immunologic 
barriers. 

Outbreaks can occur at any time of year, 
and their timing probably depends on hus¬ 
bandry and management practices, such as 
yearling sales, transport of horses for racing 
and sale, and movement of show and breed¬ 
ing animals. These events often provide the 
combination of a population of susceptible 
animals housed in crowded, poorly venti¬ 
lated barns that facilitate transmission of the 
virus. 

Immunity depends on the means of expo¬ 
sure (vaccination or natural infection), the 
strain of the virus, and the time since expo¬ 
sure. After infection, protective immunity to 
homologous strains of the virus is present and 
persists for 1 year, possibly up to 2 years. Field 
studies of disease outbreaks indicated that the 
concentration of antibodies in serum that 
provide some resistance to disease might be 
less than that suggested from experimental 
studies. Protective immunity induced by 
natural infection is characterized by produc¬ 
tion of IgA in nasal secretions and IgGa and 
IgGb in serum, whereas administration of an 
inactivated, alum-adjuvanted commercial 
vaccine induces only a serum IgG(T) response 
that is not protective against challenge. 
Immunity after vaccination lasts for a much 
shorter period of time, 3 to 4 months, and is 
specific for the subtypes, and their strains, of 
virus included in the vaccine. Immunity fol¬ 
lowing infection or vaccination is less protec¬ 
tive against infection by a heterologous strain. 
Similarly, vaccination exposure to a heterolo¬ 
gous virus may induce only a poor anamnes¬ 
tic immune response. These observations are 
consistent with the concurrent circulation of 
multiple viral strains influenza virus in horse 
populations and the cycling of virus strains 
causing disease in consecutive years. 

Management Factors 

Housing of large numbers of horses in close 
contact, or in enclosed environments such as 
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large barns or stables, provides optimum 
conditions for facilitating contact and aerosol 
spread of the virus. Shed barns, which char¬ 
acteristically have poorer ventilation and 
greater stocking density than pole barns, are 
associated with a fourfold increase in risk of 
influenza. 

Presence of small numbers of horses with 
access to large numbers of at risk horses 
might affect the course of an epidemic. Track 
ponies, which have close contact with large 
numbers of horses on a daily basis, are 
important in spread of influenza in racing 
barns. 

Meteorologic Factors 

The influence of weather and wind on spread 
of equine influenza has not been extensively 
investigated. During the outbreak in Austra¬ 
lia, the hazard of equine influenza infection 
was higher when relative humidity was less 
than 60% and lowest on days when daily 
maximum air temperature was 20° to 25° C 
(68 to 77 F). 36 The increased risk of spread at 
lower relative humidity is mediated by both 
virion and aerosol droplet nuclei stability. 36 
In cool, dry conditions, droplets are desic¬ 
cated and remain small, which may stabilize 
influenza aerosols and facilitate longer range 
transmission, whereas at high relative 
humidity, the droplets absorb water and 
settle, thereby decreasing the time aloft avail¬ 
able for dispersion by wind. ’ 6 

There was a relationship between the 
direction of prevailing winds and spread of 
equine influenza infection during the 2007 
outbreak in Australia. There was a clear trend 
for appearance of newly infected premises to 
occur to the west of previously infected 
premises, consistent with predominant wind 
patterns.’ 7 It is likely that wind carriage of the 
virus facilitated dispersal of infection. In a 
cluster of 437 infected premises, 81% were 
not contiguous to a previously infected 
premise and the mean distance from newly 
infected premises to the closest previous 
infected premises was 0.85 +/- 1.50 km, with 
a range of 0.01 to 12.94 km. 37 Wind speeds 
greater than 30 km per hour from the direc¬ 
tion of nearby infected premises were associ¬ 
ated with increased hazard of infection. 36 At 
wind speeds of greater than 30 km per hour, 
an aerosol of influenza droplet nuclei would 
only need to be stable for minutes to be able 
to infect horses on nearby premises. 36 This is 
consistent with spread of equine influenza 
virus over 1 to 2 km, or possibly up to 13 km, 
via wind-borne aerosol. 38 

Economic Importance 

Influenza causes minimal loss through death 
of horses, but it causes much inconvenience 
in racing stables because it occurs in explo¬ 
sive outbreaks and affected horses have to 
break training. Such outbreaks have the 
capacity to close down the racing industry in 
a country for a period of months. An addi¬ 
tional cost is incurred because of restrictions 


on international movement of horses and 
associated quarantine periods. 

Zoonotic Potential 

There is evidence that humans can be 
infected by equine influenza virus H3N8, 
especially among individuals working 
with horses, although such seroconversion 
appears to be uncommon. 39 ' 41 

AUSTRALIAN OUTBREAK (2007) 

Australia experienced its first ever outbreak 
of equine influenza in 2007 as a result of 
equine influenza in horses in a quarantine 
station and a breach in the quarantine of 
these infected imported horses. 42,43 Equine 
influenza virus H3N8, American subtype, 
Florida clade 1 lineage, with an HA sequence 
identical to that of a virus isolated from a 
contemporaneous outbreak in Japan, 44 was 
introduced into a population of horses that 
were naive to the infection and unvaccinated 
for the disease. Over the course of 4 months, 
nearly 70,000 horses were infected on over 
9,000 premises in New South Wales and 
Queensland, with a mean attack rate of 98%. 34 
In the first 10 days of the equine influenza 
outbreak in Australia, horses on 197 premises 
were infected. 38 Timely and complete imple¬ 
mentation of a horse movement ban (“stand¬ 
still”) is widely credited as the most effective 
of the control measures that facilitated the 
rapid eradication of this disease from the 
Australian horse population. The effective¬ 
ness of this ban was impressive: of 1052 horse 
movements in a contact-tracing data set, 978 
occurred during the first 10 days of the epi¬ 
demic. 38 Vaccination was introduced in an 
attempt to control spread of the disease, but 
this began 6 weeks into the outbreak, well 
after the peak of reported daily infections. 45 
Modeling indicates that vaccination could 
have contributed to abbreviating the dura¬ 
tion and reducing the geographic size of the 
outbreak by 8% to 9%. 43 

A comprehensive series of articles 
describing aspects of this epizootic is 
available. 5,28 ' 30 ' 34353738,43 ' 98 

PATHOGENESIS 

The disease is principally one of inflamma¬ 
tion of the upper respiratory tract, although 
pulmonary lesions are common in adult 
horses, and the disease can cause severe, fatal 
pneumonia in foals. The virus is inhaled and 
attaches to respiratory epithelial cells with its 
hemagglutinin spikes, fuses with the cell, and 
is released into the cytoplasm, where it rep¬ 
licates. New virions are released from the cell 
surface and infect other cells or are expelled 
into the environment. Initial viral infection 
and replication occurs mainly in the naso¬ 
pharyngeal mucosa, but by 3 to 7 days after 
infection, virus can be recovered from cells 
throughout the respiratory tract. Infection of 
the respiratory mucosa results in death of 
epithelial cells, inflammation, edema, and 
loss of the protective mucociliary clearance. 
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Death of cells is a result of influenza virus- 
induced apoptosis of respiratory epithelial 
cells and local and systemic increases in 
interferon and interleukin-6. Proliferation by 
opportunistic bacteria, commonly Strepto¬ 
coccus zooepidemicus, occurs because of the 
disruption of normal clearance mechanisms 
and can exacerbate the inflammation and 
cause bronchopneumonia. Viremia, if it 
occurs, is mild and brief, although it may be 
related to some of the systemic signs of the 
disease. Some speculate that myocarditis, 
myositis, and encephalitis occur occasionally 
in response to influenza virus infection, but 
definitive proof is lacking and was not 
evident in horses in the Australian epizo¬ 
otic' or in ponies experimentally infected 
with equine influenza virus." Influenza virus 
has not been isolated from tissues other than 
those of the respiratory tract. Enteritis was 
reported in horses in the 1989 Chinese out¬ 
break (Jilin/89), but is not reported for 
disease associated with conventional virus 
strains. 

CLINICAL FINDINGS 

Outbreaks of equine influenza are charac¬ 
terized by a sudden onset and rapid spread 
of disease. Typically, in a large group of sus¬ 
ceptible horses the incidence of the disease 
peaks about 1 week after the first case is 
noticed, and new cases do not develop after 
21 to 28 days. The disease may have an atten¬ 
uated clinical course in a population of vac¬ 
cinated or previously exposed horses, and 
there is evidence that disease severity varies 
widely among even naive horses, with some 
horses having severe signs of disease 
and others having no clinical evidence of 
infection. 71 - 78 ’ 90 ' 92 

The mild disease in immune animals may 
be clinically indistinguishable from upper 
respiratory diseases associated with other 
common agents such as EHV-4, equine rhi¬ 
nitis virus, and arteritis virus. 

Clinically, the disease starts with a fever 
(38.5-41°C [101-106°F]) after an incuba¬ 
tion period of 24 to 72 hours. Horses may be 
depressed, refuse feed, and be reluctant to 
move. The dominant sign is cough, which is 
dry and hacking in the beginning and moist 
later, and that commences soon after the 
temperature rise and lasts for 1 to 3 weeks. It 
is easily stimulated by manual compression 
of the upper trachea. During the early stages 
of the disease, nasal discharge is not a promi¬ 
nent sign and, if it occurs, is watery. There is 
no marked swelling of the submaxillary 
lymph nodes but they may be painful on pal¬ 
pation in the early stages of the disease, espe¬ 
cially in younger horses. Limb edema or 
swelling is unusual in horses with influenza. 
Abnormal lung sounds, characterized by 
crackles, wheezes, and increased intensity of 
normal breath sounds, may be apparent in 
both uncomplicated disease and in horses 
with secondary bacterial pneumonia. Ultra¬ 
sonographic examination of lungs of horses 


with influenza, even clinically mild disease, 
reveals pulmonary consolidation, fluid 
bronchograms, and peripheral irregularities. 
Tracheal aspirates are neutrophilic, yield 
heavy growth of S. zooepidemicus, and are 
consistent with bronchitis and pneumonia. 
Horses, unwisely, forced to exercise have 
reduced endurance. Horses that are pro¬ 
tected against environmental stress pursue 
an uncomplicated course, with most horses 
have complete recovery in 7 to 14 days, 
although a mild cough can persist for weeks. 

The previous paragraphs provide a 
description of the classical disease. However, 
in outbreaks there is a range of disease sever¬ 
ity. Mucopurulent nasal discharge is observed 
in 75% to 90% of horses, cough in approxi¬ 
mately 60%, fever in 20% to 50%, inappe¬ 
tence in 20% to 30%, and signs of depression 
in 20% to 40%. Undoubtedly, the proportion 
of horses showing each of these signs will 
vary from outbreak to outbreak depending 
on the age and susceptibility of horses in the 
population, among other factors. 

Late term mares and young foals were 
the groups of horses that appeared to have 
large numbers or proportion of severely 
affected individuals during the Australian 
epizootic. Late term mares appeared to have 
a greater frequency of severe, paroxysmal 
coughing and a higher-than-expected inci¬ 
dence of dystocia, although these reports 
are largely anecdotal. 83 - 90 - 92 Young foals had 
the highest case-fatality rate (see below) and 
death was often attributable to interstitial 
pneumonia. 100 - 101 

Complications and a more severe disease 
occurs in a small number of horses. Horses 
that are worked, transported, or exposed to 
adverse climatic conditions can experience a 
worsening of the cough, and severe bronchi¬ 
tis, pneumonia, and edema of the legs may 
develop. Complications are usually associ¬ 
ated with secondary bacterial infection, 
usually Strep, zooepidemicus, that results in a 
mucopurulent nasal discharge, persistent 
fever, and markedly abnormal lung sounds. 
Icterus, encephalitic signs, incoordination, 
and myoglobinuria are reported as rare com¬ 
plications. Electrocardiographic abnormali¬ 
ties have been reported in horses with 
influenza and were attributed to myocarditis. 
However, there is no objective evidence of 
myocarditis secondary to influenza infection 
of horses, 97 - 99 nor is there a clear association 
between influenza infection and electrocar¬ 
diographic abnormalities. 

A more severe form of the disease, associ¬ 
ated with an antigenically distinct strain of 
equine influenza 2, is reported from China. 
The mortality rate is 35%, and death is attrib¬ 
utable to pneumonia and enteritis. 

A severe form of the disease is also 
reported in young foals. 100,101 Foals develop 
fever, severe respiratory distress, and acute 
interstitial pneumonia that is commonly 
fatal. The disease is not invariably associated 
with failure of transfer of passive immunity. 


CLINICAL PATHOLOGY 

There are no characteristic changes on hema¬ 
tologic or serum biochemical examination of 
horses clinically affected by equine influenza 
virus infection. 

Confirmation of the diagnosis of infec¬ 
tion by equine influenza virus is achieved 
through virus isolation, indirect demonstra¬ 
tion of virus in nasopharyngeal swabs 
by detection of viral genome (RT-PCR or 
variations) or proteins (ELISA), and/or 
serology. 102 

Serology 

Measurement of antibody concentrations 
against the viral hemagglutinin antigen is 
important in determining susceptibility to 
infection, vaccine efficacy, and exposure— 
factors important in implementing control 
measures (see following discussion). Docu¬ 
mentation of seroconversion, a three- to 
fourfold increase in hemagglutination inhi¬ 
bition (HI) antibody titer, or a doubling in 
antibody titer measured by the single radial 
hemolysis test, in paired sera collection 14 
to 21 days apart provides retrospective con¬ 
firmation of the diagnosis. The single radial 
hemolysis test is more reproducible than the 
hemagglutination inhibition test, is the pre¬ 
ferred test for determining concentrations of 
antibody against the hemagglutinin antigen, 
and better correlates with susceptibility to 
infection. 102 For the single radial hemolysis 
test, the virus is coupled to red blood cells 
that are then included in agarose. Wells are 
punched in the agar plate filled with test sera. 
Influenza antibodies then cause lysis of red 
cells, with the diameter of the zone of hemo¬ 
lysis proportional to the concentration of the 
strain specific antibody in the serum. Anti¬ 
bodies against the nonstructural protein 
(nucleocapsid protein, NS1) are detectable in 
horses after natural infection, but not after 
vaccination with an inactivated virus, thereby 
permitting differentiation of immunologic 
responses to infection and vaccination by 
canary pox-vectored vaccines, 74 but not by 
other subunit vaccines. 103 

ELISA tests for detection of antibodies to 
equine influenza virus are available and have 
been characterized. A blocking ELISA for 
influenza A was accurate (area under curve 
= 0.993 +/- 0.003 standard error), informa¬ 
tive (z = -32.0; p < 0.0001) and had sensitiv¬ 
ity and specificity at cut-point percentage 
inhibition greater than or equal to 50 of 
0.99 (95% CL 0.98-0.99) and 0.97 (95% Cl: 
0.96-0.98), respectively, and detected sero¬ 
conversion as early as day 3 after onset 
of clinical signs and in 50% of horses by 
day 5 , 104 ' 105 Other commercially available 
ELISA tests have similar diagnostic test 
characteristics. 106 

Rapid Detection of Virus 
Rapid identification of the cause of the out¬ 
break is important when instituting control 
measures. Timely demonstration of virus in 
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nasopharyngeal swabs can be achieved by use 
of tests that detect viral antigen (ELISA or 
similar tests) or viral genome (real-time 
reverse-transcription polymerase chain reac¬ 
tion [rtRT-PCR or qRT-PCR]) or a reverse- 
transcription loop-mediated isothermal 
amplification assay. Such tests can be invalu¬ 
able in confirming an outbreak or occurrence 
of disease, in monitoring infection rates, and 
in achieving control. 54 ’ 62 ' 65 ' 74 ’ 76 ' 77 ' 87 ' 107 Detec¬ 
tion of viral antigen by ELISA or similar 
methods and of viral genome by RT-PCR is 
not necessarily associated with shedding of 
live (infectious) virus (a false-positive test 
result). Both methodologies can detect non- 
viable remnants of viruses, often for long 
periods of time, and detection of low levels of 
viral RNA or antigen should be considered in 
the context of available clinical and epidemio¬ 
logic data. Viral RNA has been detected in 
nasal swabs of horses for up to 34 days after 
natural infection, with RNA detected in all of 
36 horses tested for the first 10 days after onset 
of clinical signs. 105 

Virus can be detected rapidly in clinical 
specimens by a reverse-transcription PCR 
(RT-PCR) test for nucleoprotein gene, hem¬ 
agglutinin gene of H3N8 viruses and hemag¬ 
glutinin gene of H7N7 virus. The rtRT-PCR is 
widely available, is the most sensitive of the 
currently available tests, and is suited for 
throughput of large numbers of samples 
when rapid decision making is required, such 
as during outbreaks of the disease. 87,108 ' 110 
rtRT-PCR can detect virus as early as 1 day 
after experimental infection of horses, at the 
same time as virus isolation detected the 
virus, and before onset of clinical signs. 111 
RT-PCR is highly sensitive and can result in 
detection of even very small quantities of viral 
RNA, such as can occur when nasal swabs are 
contaminated with inactivated intramuscular 
vaccine. 94 

Recent development of field tests (on-site 
tests) to detect viral genome will further 
enhance diagnosis and control of the disease. 
The insulated isothermal RT-PCR (iiRT- 
PCR) method on the POCKIT™, a field- 
deployable device, is about 100-fold more 
sensitive than the rRT-PCR assay targeting 
the NP gene of EIV subtype H3N8 (Miami 
1/63/H3N8). 111 The iiRT-PCR assay identi¬ 
fied accurately 15 EIV H3N8 strains and two 
canine influenza virus (CIV) H3N8 strains, 
and it did not cross-react with H6N2, H7N7, 
and H1N1 subtypes or any other equine 
respiratory viral pathogens. There was 100% 
agreement between the iiRT-PCR assay and 
the universal influenza virus type A rRT-PCR 
assay in detecting the EIV A/equine/Ken- 
tucky/7/07 strain in 56 nasal swab samples 
collected from experimentally inoculated 
horses. 111 The utility of this test in field situ¬ 
ations remains to be demonstrated. 

The Directigen Flu A test (Becton Dick¬ 
inson) is a rapid test designed for use with 
humans that identifies influenza viral nucleo¬ 
protein (NP, which is highly conserved 


among influenza A viruses) by a membrane- 
bound enzyme immunoassay. It has been 
validated for use in horses and is effective 
because of the conserved nature of the target 
antigen across influenza A strains. Results 
are available in as little as 15 minutes. The 
test had sensitivity of 68% to 83% and speci¬ 
ficity of 78% to 95%, compared with RT-PCR 
or virus culture. 113 Sensitivity was 54%, but 
specificity and positive predictive value were 
100% compared with serologic diagnosis. 
The low sensitivity compared with serology 
was ascribed to inadequate collection 
of nasopharyngeal swabs, or collection of 
samples when horses were not excreting 
virus. The high specificity and positive pre¬ 
dictive value of the test mean that a positive 
result confirms the diagnosis of influenza 
infection. The relatively low specificity means 
that samples should be collected from a 
number of horses in various stages of the 
disease. Nasopharyngeal swabs should be 
collected by inserting a cotton gauze swab 
approximately 30 cm (12 in.) into the nostril 
or, preferably, nasopharynx of an adult horse 
and leaving it in place for 60 seconds. The 
swab should then be transferred to special¬ 
ized transport media and shipped to the 
laboratory. 

Other rapid diagnostic tests include the 
Flu OIA (Biostar) assay for influenza A and 
B viral antigen. The test cross reacts with 
equine herpesvirus 2 and is therefore not 
useful for diagnosis of upper respiratory 
disease of horses. Other ELISA diagnostic 
assays, including an antigen capture ELISA, 
are available. 114 

Use of rapid tests is not a substitute for 
viral isolation, which is important for typing 
of the isolate and subsequent epidemiologic 
studies and vaccinal applications. Isolation of 
the virus provides a definitive diagnosis and 
is best achieved when samples are collected 
during the first 48 hours after onset of 
clinical signs. Material for viral culture 
should be inoculated into the transport 
medium quickly. The transport medium 
should contain phosphate buffered saline 
(PBS) containing either 40% glycerol or 
2% tryptose phosphate broth with 2% antibi¬ 
otic solution (penicillin [10,000 units], strep¬ 
tomycin [10,000 units] in sterile distilled 
water [100 mL|), and 2% fungizone (250 mg/ 
mL stock). 113 If the samples are to be inocu¬ 
lated within 1 to 2 days they may be held at 
4° C (39F), but, if kept for longer, they should 
be stored at -70° C (-94 F) or below. Samples 
should be kept cool during transport to the 
laboratory. 

NECROPSY FINDINGS 

Necropsy material is rarely available for adult 
horses, and the lesions in these fatalities 
are usually complicated by other pathogens. 
Histologically, a necrotizing bronchiolitis 
accompanies widespread pulmonary edema. 
Foals dying of acute respiratory distress asso¬ 
ciated with influenza infection have severe 


diffuse interstitial pneumonia that is charac¬ 
terized histologically by necrotizing bronchi¬ 
tis and bronchiolitis and multifocal interstitial 
pneumonia. 9 

Samples for Postmortem 
Confirmation of Diagnosis 

• Nasal swabs in viral transport 
media, and sections of lung and 
trachea should be submitted for virus 
isolation or demonstration by 
fluorescent antibody or PCR testing. 

• Formalin-fixed nasopharynx, 
trachea, and lung should be 
submitted for light microscopic 
examination. 


DIFFERENTIAL DIAGNOSIS 


See Table 12-16. 


TREATMENT 

Currently, there is no specific treatment of 
influenza virus infection of horses. 

Amantadine is used in humans for pro¬ 
phylaxis and treatment of influenza infection 
in high-risk populations, and it has been 
investigated for use in horses. Amantadine 
administered intravenously caused transient 
neurologic abnormalities in experimental 
horses. Rimantidine (30 mg/kg PO ql2 
hour) administered 12 hours before experi¬ 
mental inoculation of horses with equine 
influenza KY/91 mitigated signs of disease 
but did not eliminate viral shedding. Admin¬ 
istration of peramivir (~8 mg/kg IV once) to 
horses experimentally infected with equine 
influenza virus attenuated the severity of 
clinical signs. 116,11. The safety and efficacy of 
permavir, amantadine, and rimantidine in 
horses with naturally occurring disease have 
not been demonstrated at this time. Until 
these issues are resolved, and because the 
infection has such a low case-fatality rate, the 
use of these drugs in horses cannot be 
recommended. 

Antibiotic treatment of uncomplicated 
cases is probably not warranted, but horses 
that develop prolonged fever (longer than 5 
days), signs of pneumonia, or a profuse 
mucopurulent nasal discharge should be 
treated with broad-spectrum antibiotics, 
such as potentiated sulfonamides (15-30 mg/ 
kg, PO, IM, or IV, every 12 h), ceftiofur 
(2.2 mg/kg, IM, every 12 hours), or procaine 
penicillin (20,000 IU per kg, IM, every 12 
hours) with or without gentamicin (6.6 mg/ 
kg, IM, every 24 hours). The usual cause of 
secondary bacterial infection is S. zooepi- 
demicus, which is susceptible to penicillin. 

Supportive treatment includes rest, pro¬ 
vision of a dust-free environment and, on 
occasion, administration of nonsteroidal 
antiinflammatory drugs (NSAIDs). However, 
NSAIDs should be used judiciously, as their 
analgesic properties may mask signs of 
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complications, such as pleuritis. Corticoste¬ 
roids are contraindicated in the treatment of 
this disease. Cough suppressants are also 
contraindicated because coughing is a 
normal protective mechanism that aids in 
the clearance of material from the airway. 
Mucolytics can be administered but their 
efficacy is unknown. Clenbuterol adminis¬ 
tration does not alter the course of the 
disease and is not recommended. 

CONTROL 

The fundamental aims of a control program 
are the following: 

• Increase the immunity of both 
individual animals and the 
population to infection. 

• Reduce the opportunities for spread 
of infection between horses. 

• Prevent the introduction of infection 
or of novel strains of the virus into a 
population. 

These aims are achieved by vaccination, 
hygiene, and quarantine. It is important to 
note that effective quarantine that includes 
isolation of horses for 4 weeks before intro¬ 
duction into a new population of horses pre¬ 
vents introduction of the disease. 115 

Immunity and Vaccination 

The aim of vaccination in enzootic areas is to 
prevent clinical disease caused by infection 
with equine influenza virus. This aim includes 
two components—induction of herd immu¬ 
nity by widespread vaccination of almost all 
horses in a population and induction of pro¬ 
tective immunity in individual horses. 102,118 

The first aim is actually more difficult to 
achieve because of the perception by horse 
owners in enzootic areas that influenza is not 
an important disease or that their horse(s) 
are not at risk and the inability of regulators 
to mandate vaccination on a country-wide 
scale. 118 The result is that an insufficient pro¬ 
portion of horses in a population are vacci¬ 
nated to confer herd immunity on the 
population as a whole, with consequential 
localized outbreaks or epizootics of the 
disease. 102,118 

Induction of protective immunity in indi¬ 
vidual horses through vaccination is achiev¬ 
able with certain limitations. Immunity 
induced by vaccination, especially vaccina¬ 
tion using inactivated virus, is not as durable 
as that conferred by natural infection, nor 
does it induce the same type of immune 
response, 1 although this might not apply for 
modified live vaccines. 119 Furthermore, many 
factors influence the onset, duration, spec¬ 
trum, and efficacy of vaccination programs, 
including the product administered, fre¬ 
quency of administration, frequency with 
which different equine influenza vaccines are 
administered to horses, age, and sex. 120 ' 128 
That said, the responses of most horses to 
vaccination are predictable, and with increas¬ 
ing knowledge of the immune responses to 
vaccination, vaccination programs can be 


expected to confer immunity to clinical 
disease when properly applied. 1,33,102,119,127 ' 129 
Reports of vaccine failure might in actuality 
be failures of vaccination programs. 118 

Vaccination does not induce sterile 
immunity to equine influenza virus, and this 
is important in understanding of the 
epidemiology and control of the clinical 
disease. 27,33,11 ' The extent of cross-protection 
against infection and/or disease by each of 
two influenza virus strains depends on the 
antigenic distance between the strains (see 
Fig. 12-31). 1 Infection by equine influenza 
virus or vaccination using an effective 
vaccine can induce immunity and resistance 
to infection and development of disease as a 
result of a homologous virus. For example, 
vaccination with an inactivated Florida clade 
2 virus, or vaccine containing the relevant 
HA antigen, confers considerable resistance 
to infection by a Florida clade 2 strain of the 
virus, but limited immunity, or immunity 
only at peak antibody titers, to infection by 
a Eurasian lineage virus or a Florida clade 1 
virus. 102 Therefore, the level of protection 
provided by vaccines is often critically 
dependent on how closely the vaccine strain 
matches the virus encountered by the horse. 
This phenomenon is the basis for the recom¬ 
mendation that contemporary vaccines 
contain both Florida clade 1 (A/equi2/South 
Africa/4/03 or Ohio/03) and a clade 2 
(Richmond/1/07) virus strains or HA 
antigens. 12,13,118 

A large number of vaccines to prevent 
disease as a result of infection by equine 
influenza virus and recommendations for 
vaccination programs are available. 12,13,11 M3o,m 
These include vaccines that include whole 
inactivated virus or viruses, 110,126 virus sub¬ 
units (e.g., HA protein) either as the purified 
protein or in a live vector (canary pox), 122,123,129 
and vaccines containing various adjuvants 
and immune stimulating complexes, 132 or 
live attenuated virus for intranasal adminis¬ 
tration. 119,133 There are numerous reports of 
the efficacy of one or more of these vac¬ 
cines. 33,103,110,119127,129,132134 A comparison of 
each vaccine is beyond the scope of this text, 
but several principles should be considered 
when selecting a vaccine: the vaccine should 
induce a measurable immune response and 
demonstrable protection against disease 
(natural or experimental), it should contain 
pertinent viral strains, it should be safe, and 
it should be practical (i.e., readily adminis¬ 
tered). Ideally, it should be possible to dif¬ 
ferentiate naturally infected horses from 
those that are seropositive as a result of 
vaccination. 

Immunity to influenza through adminis¬ 
tration of inactivated vaccines can be assessed 
by measurement of serum antibody concen¬ 
trations against hemagglutinin, using the 
single radial hemolysis test, whereas immu¬ 
nity gained through natural infection is inde¬ 
pendent of serum antibody concentration 
and appears to be mediated largely by cell. 


However, serum antibody concentration is 
currently used as an indicator of susceptibil¬ 
ity of individual horses to infection, and as a 
guide in the development and application of 
vaccination protocols, including monitoring 
of need for vaccination in individual horses. 
Serum antibody concentrations to hemag¬ 
glutinin measured by single radial hemolysis 
are specific for the strain of virus and are 
strongly predictive for resistance to disease 
associated with that virus in both experi¬ 
mental and field challenge. Failure of a com¬ 
mercial inactivated virus multivalent vaccine 
to induce detectable increases in antibody 
concentration in Thoroughbred racehorses 
was associated with lack of protection against 
natural infection by a heterologous influenza 
virus. It is important to reiterate that resis¬ 
tance to disease after vaccination or natural 
infection is greatest for homologous virus 
and less for challenge by heterologous virus. 
Thus horses with antibody concentrations 
protective to disease associated with homol¬ 
ogous virus can be susceptible to disease 
associated with heterologous virus. 

Vaccination against equine influenza is 
now in general use in countries where the 
disease occurs, and use of efficacious vac¬ 
cines is effective in limiting the severity of 
clinical illness and morbidity during an 
outbreak. 12,13 Administration of a subunit, 
canary pox-vectored vaccine, is partially 
credited with abbreviating the equine influ¬ 
enza epizootic in Australia and for allowing 
continued commercial racing. 63,81,98 Vaccine 
efficacy is limited by the short duration of 
immunity induced by vaccination, the pres¬ 
ence in horse populations of multiple viral 
strains and of antigenic drift in these strains, 
and the poor immunity induced by vaccines 
(and natural infection) to challenge by het¬ 
erologous virus. Furthermore, the immune 
responses induced by administration of inac¬ 
tivated virus or subunit vaccines, which are 
primarily an increase in serum IgG(T) anti¬ 
body titer, differ markedly from the immune 
responses to natural infection, which are 
production of IgA in nasal secretions and 
IgGa and IgGb in serum. 

Multiple factors are important in deter¬ 
mining the efficacy of a vaccine in protecting 
against disease. Factors include efficacy of 
the vaccine in stimulating an immune 
response, viral strains included in the vaccine 
amount of antigen in a dose of vaccine adju¬ 
vant, and timing and frequency of adminis¬ 
tration of the vaccine. 

Vaccines 

A complete listing of current commercially 
available vaccines, the viral stains or antigens 
included, and the adjuvant used is available 
at the equiflunet website. 13 This site should 
be consulted for up-to-date information on 
equine influenza vaccines as this is a rapidly 
developing field. At time of writing, there 
was only one vaccine that included both 
Florida clade 1 and Florida clade 2 virus 
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antigens (clade 1 is represented by A/eq/ 
South Africa/04/2003-like or A/eq/ 
Ohio/2003-like viruses, and Clade 2 is 
represented by A/eq/Richmond/1/2007-like 
viruses 12,13 ), consistent with the most recent 
OIE recommendations. 1 ' The OIE recom¬ 
mends that H7N7 and H3N8 (Eurasian 
lineage) virus no longer be included in 
vaccines. 

Most vaccines are comprised of inacti¬ 
vated or subunits of virus combined with an 
adjuvant. Inclusion of an adjuvant is impor¬ 
tant in maximizing the immune response to 
vaccination. The important factor in vaccine 
composition is the inclusion of adequate 
amounts of antigen of pertinent strains of 
virus. H7N7 virus is no longer a cause of 
clinical disease, and it should not be included 
in contemporary vaccines. Inclusion of 
antigen from both American and Eurasian 
lineages of H3N8 virus is essential, and 
vaccine composition should be regularly 
updated to reflect those viruses currently cir¬ 
culating in the horse population. The vaccine 
must include an adequate amount of antigen, 
measured by the single radial diffusion assay, 
preferably, the single radial hemolysis assay, 
because there is a clear relationship between 
dose of antigen and magnitude and duration 
of antibody response. There is increasing 
concern, and some evidence, that inclusion 
of multiple antigens in vaccines (for example, 
tetanus toxoid, equine herpesvirus, encepha¬ 
lomyelitis virus) reduces the efficacy of influ¬ 
enza vaccines. Although this concern has yet 
to be proved conclusively, it should be borne 
in mind when formulating vaccine programs 
for horses at high risk of influenza. 

A modified live-virus vaccine is available 
in North America and has proven to be effec¬ 
tive in experimental studies in preventing 
disease against heterologous virus challenge 
(both American and Eurasian lineages). 122 
Furthermore, the duration of protection is at 
least 6 months after completion of a course 
of vaccination and there is a strong anamnes¬ 
tic response. 122 Vaccinated ponies had 
had significantly lower clinical scores, had 
smaller increases in rectal temperature, and 
shed less virus over fewer days than did the 
unvaccinated controls in response to chal¬ 
lenge 6 months after vaccination. After chal¬ 
lenge at 12 months, vaccinates had rectal 
temperatures and duration and concentra¬ 
tion of virus shed significantly reduced com¬ 
pared with those in unvaccinated animals. 

A live recombinant canary pox-vectored 
vaccine has been used in Europe, America, 
South Africa, and Australia. 70,129 The vaccine 
uses the viral vector to introduce influenza 
hemagglutinin genes into host cells. 
The recombinant virus expresses the hemag¬ 
glutinin gene of both Florida clade 1 
H3N8-Ohio/03 and Florida clade 2 H3N8- 
Richmond/1/07. 13 The canary pox infection 
of the host cell is abortive, with no virus pro¬ 
duced, but influenza viral gene is expressed 
and presented through MHC class 1 by the 


host cell, with subsequent induction of an 
immune response. A form of this vaccine, 
including both European and American lin¬ 
eages, was used to aid in the control of the 
2003 influenza outbreak in South Africa and 
the 2007 epizootic in Australia. 63 An advan¬ 
tage of use of this vaccine is the ability to 
differentiate vaccinated horses from horses 
that seroconvert as a result of natural infec¬ 
tion. This is achieved by detection of anti¬ 
bodies to both HA and internal viral proteins 
(NP) in naturally infected horses and only 
antibodies to HA in vaccinated horses. 54 ’ 74 
There are variations of this testing, based on 
the same principle of differential induction 
of antibodies, that can differentiate infected 
horses from those receiving an inactivated 
virus vaccine. 

Other novel vaccine strategies include 
use of DNA or vector vaccines. 135 Although 
effective in inducing a protective response, 
technological issues currently limit the wide¬ 
spread use of DNA vaccines. 

Objective 

The objective of a vaccination program is to 
ensure that horses have maximal immunity 
at the times of greatest risk of exposure to 
influenza virus. Therefore young horses 
should be adequately vaccinated before 
being introduced into larger populations of 
horses. Older horses should receive frequent 
booster vaccinations before, and during, the 
racing or show season. Mares should be 
revaccinated before being shipped to breed¬ 
ing farms. It is important in any control 
program that all horses in a herd be vacci¬ 
nated so that the population immunity to 
infection is maximal. 

The objective of vaccination during the 
epizootic in Australia was to first control and 
then eliminate infection from the conti¬ 
nent. 63 As such, the program of vaccination 
involved prophylactic vaccination, imple¬ 
mented before a disease outbreak, and reac¬ 
tive vaccination, implemented as part of a 
response to a disease outbreak, in conjunc¬ 
tion with quarantine and movement control 
measures, as set out in the Ausvet Plan. 1 
Reactive strategies include ring vaccination 
around identified sources of infection to 
limit further spread by producing an immune 
buffer, blanket (mass) vaccination and pre¬ 
dictive vaccination whereby selective groups 
of horses are vaccinated because they are 
identified as having the potential to contrib¬ 
ute most to future spatial transmission of 
infection. Ring vaccination was implemented 
through the creation of vaccination buffer 
zones 10-km wide or wider around foci of 
infection where lateral spread of infection 
was occurring. Predictive vaccination was 
used where there were large accumulations 
of horses and/or movement of personnel or 
fomites (vehicles) in contact with horses. 
Groups of horses suitable for predictive vac¬ 
cination include racehorses, breeding horses, 
police horses, and other essential groups. 


Blanket vaccination refers to vaccination of 
all horses in an area, thereby permitting 
limited movement and use of horses in 
that area. 27,63 

Timing 

Foals 

Timing of vaccination of foals depends on 
the immune status of the mare and conse¬ 
quent acquisition of passive immunity by the 
foal. The presence of even small amounts of 
maternally derived antibody interferes with 
the immune response of foals to vaccination. 
Furthermore, vaccination of foals while they 
continue to have passive immunity can result 
in impaired responses to subsequent vacci¬ 
nations. The practical significance of this 
latter observation is unknown but because of 
its potential importance should be consid¬ 
ered when developing vaccination protocols 
for foals. Therefore vaccination of foals born 
to mares vaccinated more than once yearly 
should be delayed until the foals are at least 
24 weeks of age when the immunity resulting 
from the vaccination is much better; this 
might leave some foals unprotected because 
passively acquired immunity is short lived, 
and some foals of recently vaccinated dams 
are seronegative by 4 weeks of age. Foals of 
unvaccinated mares can be vaccinated at less 
than 1 month of age. Vaccinations are carried 
out at 6- to 12-week intervals for at least two 
injections. Subsequently, booster injections 
are given at least once a year, although more 
frequent vaccination confers a greater 
immunity. 

Racehorses and Show Horses 
Yearlings and young horses are at increased 
risk of disease, and careful attention to their 
vaccination status is important in reducing 
the incidence of disease in this group. Year¬ 
lings and 2 year olds in racing stables in Great 
Britain typically have antibody concentra¬ 
tions against influenza before vaccination on 
arrival at the stable that are not protective. 
Vaccination increases antibody titer such 
that approximately three quarters of year¬ 
lings and 2 year olds have protective titers. 
For yearlings entering training the important 
predictors of antibody titer before vaccina¬ 
tion on arrival at the stable were the time 
since a previous vaccination, total number of 
previous vaccinations, and the age at first 
vaccination. This study demonstrates the 
need for appropriate vaccination of young 
horses before they enter larger populations of 
horses, both to protect the young horse from 
disease and also to confer herd immunity on 
the population that they are entering. 

Vaccination of racehorses and show 
horses and other horses at increased risk of 
exposure should be frequent. Booster vac¬ 
cines should be timed to maximize immu¬ 
nity at the time of greatest exposure, such as 
introduction to a new stable or at the begin¬ 
ning of the show season. For maximal pro¬ 
tection subsequent booster injections should 
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be administered at intervals of 6, or even 4, 
months. Measurement of antibody concen¬ 
trations by single radial hemolysis can be 
useful in determining the need for booster 
vaccination. Previously, vaccination during 
the racing season was disliked by trainers 
because of transitory swellings at injection 
sites and an infrequent mild systemic reac¬ 
tion; however, administration of contempo¬ 
rary vaccines is rarely associated with these 
adverse effects. In general, vaccination 
appears to have no adverse effect on 
performance. 

Schedule 

Various schedules have been proposed for 
influenza vaccinations of horses, with differ¬ 
ent regulatory bodies having specific recom¬ 
mendations. The FEI requires all horses 
competing in FEI competition to provide 
evidence of sufficient vaccination against 
equine influenza. 131 ’ This involves regular six 
monthly booster vaccinations following a 
primary vaccination course. All horses and 
ponies for which an FEI Passport or a 
National Passport approved by the FEI has 
been issued must have the vaccination 
section completed and endorsed by a veteri¬ 
narian, stating that it has received two injec¬ 
tions for primary vaccination against equine 
influenza, given between 1 and 3 months 
apart. In addition, a booster vaccination 
must be administered within each succeed¬ 
ing 6 months (+21 days) following the 
second vaccination of the primary course. 
None of these injections must have been 
given within the preceding 7 days, including 
the day of the competition or of entry into 
the competition stables. 

The British Horse Racing Authority has 
strict vaccination requirements that must be 
complied with to enter horses in their com¬ 
petitions or onto its premises. 130 The program 
includes a first equine influenza vaccination 
to be followed by a second vaccination 21 to 
92 days later, with a third vaccination 150 to 
215 days from the second vaccination. 
Thereafter vaccinations should be annually, 
with the last permissible day being the same 
date as the previous year’s vaccination. 

A schedule proposed for control of influ¬ 
enza in a large area includes the following 
rules: 

• Mandatory vaccination for all horses 
entering racing premises 

• Horses not to race in the 10-day 
period following vaccination 

• Horses coming from international 
locations must be vaccinated before 
departure. 

• All horse events, including shows, 
sales, and gymkhanas, should apply 
the same restrictions. 

• The recommended vaccination 
program using inactivated or subunit 
vaccine is as follows: 

• Mares should be vaccinated 
during the final 4 to 6 weeks of 


gestation to ensure adequate 
passage of passive immunity to 
the foal. 

• Vaccination of foals at 6 months 
of age 

• Two vaccinations initially at 21 
days, and not more than 92 days 
apart 

• A booster vaccination 5 to 7 
months later 

• Annual boosters or, in the face of 
increased infection pressure or 
when the risk of infection is high, 
boosters should be at 6-month or 
even 4-month intervals. 

• When vaccination schedules 
break down and a horse goes 
longer than 12 months without a 
booster, recommence with a 
two-vaccination schedule. 

• Yearlings and 2-year-olds may 
require an additional vaccination 
between the second vaccination 
of the primary series and the 
booster at 6 months. 

Control Measures 

Spread of equine influenza virus is by 
infected horses, fomites (humans, equip¬ 
ment, and vehicles), and by dispersion of 
infected aerosols by wind or, more proxi- 
mately, by coughing and sneezing. Control is 
achieved by preventing movement of infected 
or potentially infect horses and their contact 
with uninfected horses (i.e., quarantine), dis¬ 
infection of fomites or personnel or preven¬ 
tion of contact of potentially contaminated 
fomites or personnel with susceptible horses, 
and reduction of ambient contamination of 
the virus. 

Hygienic precautions can be of value in 
limiting the spread of the disease, as was 
documented during the epizootic in Austra- 
lia .57.64.72,82,86,89.98 Vehicles used for the trans¬ 
port of horses are thought to play a large part 
in transmission and should be thoroughly 
disinfected between shipments. 

The surfactant action of soaps and deter¬ 
gents is an effective decontaminant for El 
virus because of the susceptibility of the 
virus’s outer lipid envelope. Soap and water 
or alcohol-based hand rubs, applied for at 
least 20 seconds are satisfactory for personal 
disinfection of human influenza virus and 
likely equine influenza virus. 137,138 Virkon® 
and quaternary ammonium compounds are 
suitable for decontaminating surfaces and 
equipment and for foot dips. Virkon® is not 
approved for use on skin and is unsuitable for 
disinfecting vehicles because it is corrosive. 

A comprehensive description of means of 
decontaminating personnel, vehicles, and 
equipment is provided in a number of refer¬ 
ences, 27,115 and evidence of efficacy in pre¬ 
venting spread of infection is documented in 
some instances. 72,86 

Quarantine is imperative to prevent 
introduction of virus by animals in the 


incubation period of the disease or subclini- 
cally infected horses. The most common 
introduction of infection, especially interna¬ 
tionally, is through importation of subclini- 
cally infected horses. Also, because vaccinated 
animals can be infected and be shedding 
virus but not have signs of infection, isola¬ 
tion of introduced animals is an essential 
precaution, especially when an outbreak is 
in progress. The period of isolation should 
be at least 21 days and ideally 28 days. 115 
The degree of isolation required cannot be 
specified because of lack of basic informa¬ 
tion, but it is suggested that droplet infection 
can occur over a distance of 32 m and wind- 
borne spread of up to 13 km. 58 There should 
be maximum biosecurity with regard to 
clothing, utensils, and personnel because 
this is effective in preventing spread of 
infection. 86,89 

It is important to recognize that abrupt 
imposition of quarantine and “standstill” of 
horses during an epizootic of the disease is 
associated with considerable psychological, 
emotional, logistic, and economic impact 
to owners, trainers, and horse-related 
businesses. 50 - 52,57,60,66,80,93 

Control measures during an outbreak 
are intended to eliminate sources of infec¬ 
tion, reduce transmission of virus, enhance 
the resistance of at-risk horses, and decrease 
the number of horses at risk. Infected horses 
(identified by stall-side or rapid laboratory 
tests), and clinically affected horses should 
be removed from the group and isolated for 
3 to 4 weeks. Ventilation of shed rows and 
barns should be optimal to minimize aerosol 
spread of the virus. No horses should be 
introduced or allowed to leave until the 
outbreak is over, probably about 4 weeks 
after the first case is identified. Movement 
of horses between barns or paddocks should 
be avoided. Training and racing should 
be suspended. The opportunity for fomite 
transfer on clothing, tack, feed utensils, 
or vehicles should be minimized by strict 
hygiene. Vaccination of clinically normal 
horses in the face of an outbreak can enhance 
the immunity of at-risk horses and is prob¬ 
ably safe. 

A comprehensive plan for management 
of incursion of equine influenza into an area 
free of the infection is provided in Austvet 
Plan for equine influenza and in the special 
issue of the Australian Veterinary Journal 
(2011, Volume 89, Supplement) describing 
responses to the 2007 incursion of equine 
influenza into Australia and its prompt 
eradication. 27 

FURTHER READING 

Landolt GA. Equine influenza. Vet Clin North Am 

Equine. 2014;30:507-521. 

Slatter J, et al. Report of the International Equine 

Influenza Roundtable Expert Meeting at Le 

Touquet, Normandy, February 2013. Equine Vet J. 

2013;46:645-650. 

Special Issue. Equine Influenza in Australia in 2007. 

Aust Vet J. 2011;89(suppl 1): 1 -173. 
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EQUINE RHINITIS (EQUINE 
RHINITIS VIRUS) 

The equine rhinitis viruses are ubiquitous in 
populations of horses. Infection has been 
associated with mild respiratory disease, 
although their role in the common infectious 
respiratory diseases of horses is uncertain. 

The equine rhinitis viruses are of four 
types—ERAV-1 and ERBV-1, 2, and 3. 
Equine rhinitis A virus (formerly equine rhi- 
novirus-1) is a species within the genus Aph- 
thovirus containing a single serotype, equine 
rhinitis A virus-1 (ERAV-1). There is little 
genetic variation in this virus. 1 2 * The genus 
includes foot-and-mouth disease virus and 
bovine rhinitis virus, of the Picornaviridae. 
Equine rhinovirus 2 and equine rhinovirus 3 
are now classified in the genus Erbovirus as 
equine rhinitis B virus (ERBV) types 1 and 

2, respectively. 2,3 A third equine rhinitis B 
virus has been identified—ERBV-3. 4 

The viruses are widely distributed in 

horse populations globally and infect sub¬ 
stantial proportions of horses worldwide. For 

example, antibodies to ERBV were detected 

in 86% of 50 weanling Thoroughbred from 

three stud farms in Australia, with 48%, 10%, 
and 62% of yearlings being seropositive for 

ERBV-1, ERBV-2, and ERBV-3, respectively. 5 
Fifty-six percent of the horses had evidence 
of infection by two serotypes, and 12% had 
evidence of infection by all three serotypes. 5 
Others find similar seroprevalence for 
ERBV-1 and ERBV-2 in Australia. 6 Virus 
genome is detected by PCR in nasal swabs in 
a much smaller proportion of horses (0%- 
16%), suggesting differences in sensitivity of 
the assay, minimal or intermittent shedding 
of the virus or differences in the populations 
of horses sampled. 7 * ' 9 

Serologic evidence of infection with 
ERAV is present in 50% to 100% of horses, 
although the prevalence of seropositive 
animals varies from almost zero in yearlings, 
to 8% in horses newly introduced to a train¬ 
ing yard, to 61% in the same horses 7 months 
later. 6 Twenty-eight percent of 113 horses in 
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Ontario with signs of respiratory disease 
were seropositive for ERAV. 10 

ERAV is present in nasal discharge, feces, 
and/or urine of experimentally infected clin¬ 
ically normal horses and can be shed in the 
urine for at least 37 days. 11,12 Virus was 
detected in 23% of 215 urine samples col¬ 
lected from Thoroughbred racehorses as part 
of postrace drug monitoring. 11 These horses 
were therefore presumed to not have signs of 
infectious respiratory disease, and this repre¬ 
sents a shedding rate in clinically normal 
horses. 11 The importance of urine shedding 
of the virus in transmission of infection is 
unclear, although the inhalation of aerosols 
of infected urine might transmit the virus. 
The virus has been detected in semen of a 
stallion. 13 

The role of ERAV or ERBV in genesis of 
respiratory disease of horses is unclear. The 
disease can be reproduced experimentally in 
seronegative ponies, 12 and there are a small 
number of reports of ERV association with 
respiratory disease, but clear causal associa¬ 
tion with common naturally occurring 
respiratory disease is lacking. High titers to 
ERAV are detected in horses with disease 
caused by equine influenza virus in Ontario, 
and it is suggested that this could be impor¬ 
tant in the development of respiratory 
disease, but without conclusive evidence. 10 
The high prevalence of ERV infection in 
horses means that detection of the virus in 
horses with signs of respiratory disease 
could occur by chance in a proportion of 
individuals with ERV not being causative. 
None of 52 horses with signs of infectious 
respiratory disease in New Zealand had 
ERAV or ERBV virus (by tissue culture) or 
viral DNA (by PCR) detected in nasal 
swabs. 9 Similarly, ERAV was not detected in 
nasal swabs of any of 336 horses with respi¬ 
ratory disease (or in any of the 39 healthy 
controls) in the western United States, and 
ERBV was detected in 9 of 336 samples. 14 
Although there is some evidence to indicate 
a causative role for ERAV and ERBV in 
common infectious respiratory disease of 
horses, the importance of the virus remains 
to be determined. 

The disease thought to be associated with 
ERAV is characterized by an incubation 
period of 3 to 8 days, fever, pharyngitis, pha¬ 
ryngeal and submandibular lymphadenitis, 
and a copious nasal discharge that is serous 
early and becomes mucopurulent later. A 
cough persists for 2 to 3 weeks. The uncom¬ 
plicated disease is mild and self-limiting. 
Among a group of susceptible horses, there 
is rapid spread of infection and disease. 
Studies in England have not identified the 
virus as an important cause of inflammatory 
airway disease in racehorses. 

The virus has been associated with abor¬ 
tion in dromedary camels. 15 

Virus neutralizing antibody develops 
within 7 to 14 days of infection and 
persists for long periods. 11 Immunity after 


natural infection is said to be solid and 
long-lasting. 

Diagnosis is based on serologic testing, 
detection of viral DNA, or tissue culture 
of the virus, which is environmentally 
resistant. 

There is no specific treatment, and a com¬ 
mercial vaccine is not available. Planned 
exposure of young horses to infection has 
been recommended, but this should be 
reconsidered in light of current knowledge of 
the prolonged shedding of the virus in urine 
and feces. The virus appears to have minimal 
zoonotic potential. 
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EQUINE VIRAL 

RHINOPNEUMONITIS (EQUINE 
HERPESVIRUS-1 AND -4 
INFECTIONS) 


SYNOPSIS 


Etiology EHV-4, and EHV-1, 
alpha-herpesvirus. 

Epidemiology Transmission between horses 
and by mediate contagion. Lifelong latency 
of infection with putative periodic 
reactivation of virus shedding. Respiratory 
disease occurs as sporadic disease and as 
outbreaks. Younger animals more 
commonly affected by disease. Immunity 
following vaccination or infection is 
apparently short lived. 

Clinical signs Upper respiratory disease; 
rarely, abortion or myeloencephalopathy. 

Clinical pathology Seroconversion or 

increase in titer detected by enzyme-linked 
immunosorbent assay (ELISA) able to 
differentiate EHV-1 from EHV-4. 

Diagnostic confirmation Virus isolation 
from, or polymerase chain reaction test on, 
blood, nasopharyngeal swabs, or tissue. 
Seroconversion or increase in titer detected 
by ELISA able to differentiate EHV-1 from 
EHV-4. 

Treatment There is no specific treatment. 

Control Vaccination (of minimal efficacy). 
Quarantine. Hygiene. 


ETIOLOGY 

Upper respiratory disease of foals and adults 
is associated with equid herpesvirus-4 
(EHV-4) or, less commonly, EHV-1, an 
alpha-herpesvirus. The DNA sequence of 
EHV-4 has been determined. There appear 
to be strains of EHV-4 that vary in virulence, 
based on severity of clinical disease, but at 
present it is not possible to differentiate 
between strains of low and high virulence by 
laboratory methods. 

EPIDEMIOLOGY 

Occurrence 

Infection with EHV-4 is endemic in horse 
populations worldwide. 1 ' 8 The serologic 
surveys of prevalence of serologic evidence 
of infection are of limited value because 
earlier studies used techniques that were 
unable to differentiate between antibodies to 
EHV-1 and EHV-4. Recent serologic surveys 
using ELISA tests capable of differentiating 
between antibodies to EHV-1 and EHV-4 
demonstrate that almost all horses and foals 
greater than 60 days of age have evidence of 
infection by EHV-4. Young foals can be sero¬ 
positive as a result of transfer of immuno¬ 
globulins from seropositive dams, making 
determination of the time of first infection, 
and active seroconversion, difficult. Further¬ 
more, serologic tests are also unable to dif¬ 
ferentiate between responses to natural 
infection and to vaccination. 

EHV-4 can be isolated from both clini¬ 
cally normal foals and those with signs of 
upper respiratory disease with similar fre¬ 
quency. Shedding of virus is more likely in 
foals with nasal discharge. There is a marked 
seasonal distribution to the pattern of shed¬ 
ding, with the most frequent detection of 
shedding being in early autumn (March). 

Upper respiratory tract disease attribut¬ 
able to EHV-4 is very common and probably 
affects almost all horses during the first 2 
years of life. EHV-4 rarely causes abortion in 
mares, septicemia in newborn foals, or 
myeloencephalopathy in adult horses. The 
frequency of respiratory disease attributable 
to EHV-1 is unclear but is apparently much 
less common than that for EHV-4. 1,2 ' 5 ' 7 Sero- 
prevalence of EHV-1 specific antibodies is 
9% to 28% in adult Thoroughbred horses, 
26% of Thoroughbred brood mares, 11% of 
Thoroughbred foals, and 46% to 68% of 1- 
and 2-year-old Thoroughbred racehorses in 
Australia. Sixty-one percent of 82 normal 
horses and horses with upper respiratory 
tract disease had antibodies to EHV-1 in 
New Zealand. Prevalence of serum antibod¬ 
ies to EHV-4 and EHV-1 were 93% and 
1%, respectively, in young Thoroughbreds 
presented for sale as yearlings in South 
Africa. 5 EHV-4 DNA was detected in 14% of 
animals, whereas EHV-1 DNA was not 
detected in any horses at sale. 3 Similarly, in 
England, EHV-1 was not associated with 
clinical respiratory disease in Thoroughbred 
racehorses. 
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Method of Transmission 

EHV-4 is highly infectious, and transmis¬ 
sion probably occurs by the inhalation of 
infected droplets or by the ingestion of 
material contaminated by nasal discharge. 
Foals infected with EHV-4 have prolonged 
and profuse shedding of virus in nasal secre¬ 
tions. Mediate infection may occur, the virus 
surviving for 14 to 45 days outside the 
animal. 

Infections always arise from other 
horses, both by direct contact and via 
fomites. Horses and foals are infectious 
during the active stage of disease and, 
because horses become latently infected, 
presumably during subsequent periods of 
viral reactivation and shedding. The dura¬ 
tion of latency is unknown but is assumed 
to be lifelong. EHV-4 establishes latency in 
the trigeminal ganglion, which is the origin 
of the maxillary branch of the trigeminal 
(5th cranial) nerve that provides sensory 
innervation to the nasal mucosae. It is 
assumed that reactivation of the virus and 
subsequent virus shedding poses a risk to 
in-contact, susceptible animals, but this has 
not been definitively demonstrated in field 
situations. If this were the case, then clini¬ 
cally normal animals harbor latent virus 
that during periods of reactivation can 
infect susceptible animals. If true, this 
feature of the disease has obvious impor¬ 
tance in the prevention, control, and man¬ 
agement of outbreaks of disease. 

Risk Factors 
Immunity 

Immunity resulting from natural infection of 
the respiratory tract is of short duration 
despite the persistence of serum virus¬ 
neutralizing (VN) antibodies. If similar to 
EHV-1, immunity to EHV-4 is likely associ¬ 
ated with cytotoxic T-cell responses because 
of the importance of cell-associated virus in 
dissemination of infection throughout the 
horse. Because of the short duration of 
immunity an animal can become clinically 
affected a number of times during its life, 
although subsequent disease tends to be 
milder. Foals born to mares with serum anti¬ 
bodies to the virus acquire a protective 
passive immunity that persists for up to 180 
days, provided that they ingest sufficient 
high-quality colostrum. Unfortunately, VN 
antibodies are not necessarily an indication 
of resistance to infection. 

Age 

Foals are infected by EHV-4, presumably 
from the dam or other mares in the band of 
mares and foals, early in life and excrete large 
quantities of virus in nasal secretions. Horses 
are infected repeatedly throughout life, with 
episodes of disease being less frequent and 
milder with increasing age. EHV-4 is isolated 
more frequently from younger than from 
older horses, suggesting an age-associated 
decrease in susceptibility to disease. 


Economic Importance 

Disease associated with EHV-4 is apparently 
of considerable economic importance 
because of the loss of training time and 
opportunities to perform during convales¬ 
cence and quarantine. Although the upper 
respiratory disease is a mild inflammation of 
the respiratory tract of horses, characterized 
by coughing and nasal discharge, the impor¬ 
tance of the disease is the large numbers of 
animals affected in an outbreak. Fatalities in 
uncomplicated cases of rhinopneumonitis 
are rare. 

PATHOGENESIS 

The pathogenesis of EHV-4 infection and 
disease is assumed to be similar to that of 
EHV-1, with the exception that the virus 
does not commonly cause abortion, neonatal 
septicemia, or myeloencephalopathy. The 
virus is inhaled and binds to epithelium of 
the upper respiratory tract, enters epithelial 
cells, and reproduces. The infection then 
spreads throughout the respiratory tract, 
including trachea and bronchioles, and to 
lymphoid tissues associated with the respira¬ 
tory tract. There is a viremia, although this 
may be of short duration. There is cell death 
and development of intranuclear inclusion 
bodies in the respiratory tract and associated 
lymphoid tissues. The EHV-4 virus then 
becomes latent, as evidenced by isolation of 
virus from lymph nodes associated with the 
respiratory tract and detection of viral 
genome in trigeminal ganglia, although this 
has not been a consistent finding. The factors 
causing viral recrudescence from these latent 
sites have not been determined. It should 
be noted that definitive evidence of viral 
recrudescence of EHV-4 as a cause of out¬ 
breaks of disease is lacking, and experimen¬ 
tal induction of recrudescence is achieved 
only by administration of large doses of 
corticosteroids. 

CLINICAL FINDINGS 

The classical respiratory tract form of the 
disease (rhinopneumonitis) is virtually 
indistinguishable on the basis of clinical 
signs from the other respiratory tract dis¬ 
eases of horses. There is an incubation period 
of 2 to 20 days. Fever, conjunctivitis, cough¬ 
ing, and mild inflammation of the upper 
respiratory tract are the cardinal manifesta¬ 
tion of the disease, but inapparent infection 
is common. The temperature varies from 39° 
to 40.5°C (102.5-105.5°F). There is enlarge¬ 
ment, but not abscessation, of the subman¬ 
dibular lymph nodes, especially in foals and 
yearlings. These signs are more likely to 
occur in young horses or when horses are 
assembled in sale barns. Edema of the limbs 
and diarrhea occur rarely. The length of the 
illness is usually 2 to 5 days, although the 
nasal discharge and cough may persist for 1 
to 3 weeks. Secondary bacterial invasion, 
usually Streptococcus equi subsp. zooepi- 
demicus, may exacerbate the clinically 


inapparent viral pneumonia. Young foals can 
develop primary viral pneumonia. 

EHV-4 only rarely causes abortion or 
neurologic disease. 

CLINICAL PATHOLOGY 

Results of hematologic and serum biochemi¬ 
cal examinations are neither specific nor 
diagnostic. In adult horses with rhinopneu¬ 
monitis there may be pronounced leukope¬ 
nia, largely attributable to depression of 
neutrophils. 

Serologic tests are of critical importance 
in diagnosis and control of equine herpesvi¬ 
rus infections. Serum antibody levels to 
EHV-1/4 may be determined by ELISA, 
virus neutralization (VN), or complement 
fixation (CF) tests. The CF and VN tests are 
not able to differentiate between seroconver¬ 
sion associated with EHV-1 and EHV-4, 
whereas an ELISA using recombinant anti¬ 
gens specific for EHV-1 and EHV-4 is able to 
differentiate infection by each of these types 
of equine herpesvirus. Many, if not all, adult 
horses have serum antibodies to EHV-4 as a 
result of previous infection or vaccination. 
Thus the demonstration of antibodies is not 
in itself sufficient to confirm a diagnosis of 
the disease. Complement-fixing antibody 
appears on the 10th to 12th day after experi¬ 
mental infection but persists for only a few 
months. Demonstration of a three- to four¬ 
fold increase in the serum concentration of 
specific complement-fixing antibodies in 
acute and convalescent serum samples pro¬ 
vides persuasive evidence of recent infection, 
albeit by either EHV-1 or EHV-4. Comple¬ 
ment-fixing antibodies persist for only a 
short time (several months), whereas VN 
antibodies persist for over a year, and testing 
for them is therefore a more reliable means 
of determining that previous infection with 
the virus has occurred. Until recently, sero¬ 
logic differentiation of antibodies to EHV-1 
and EHV-4 was not possible. However, 
highly specific ELISA tests based on the vari¬ 
able region of the C terminus of glycoprotein 
G, at least one of which is commercially 
available, have been developed that can dif¬ 
ferentiate between antibodies to EHV-1 and 
EHV-4 in horse serum. The ELISA is reported 
to be more sensitive, easier to perform, more 
rapid, and more reproducible than the virus 
neutralization test. Importantly, the ELISA 
test is able to differentiate between infections 
associated with EHV-1 and EHV-4. 

Identification of the virus in nasal swabs 
or blood buffy coat by culture or a PCR test 
provides confirmation of infection. 9 The use 
of seminested or multiplex PCR provides 
rapid identification of EHV-4 viral genome 
in pharyngeal swabs. The test is at least as 
sensitive as viral isolation in identifying pres¬ 
ence of virus. However, the use of rapid and 
innovative diagnostic techniques based on 
ELISA, PCR, immunohistochemical staining 
with peroxidase, or nucleic acid hybridiza¬ 
tion probes is often restricted to specialized 





1042 


Chapter 12 


Diseases of the Respiratory System 


reference laboratories. Therefore the method 
of choice for diagnosis of rhinopneumonitis 
by diagnostic virology laboratories handling 
many routine samples continues to be the 
traditional methodology of cell culture isola¬ 
tion followed by sero-identification of the 
isolated viruses. The virus can be isolated in 
tissue culture, chick embryos, and hamsters, 
from either nasal washings or aborted 
fetuses. 

Samples of nasopharyngeal exudate for 
virus isolation are best obtained from horses 
during the very early, febrile stages of the 
respiratory disease, and they are collected via 
the nares by swabbing the nasopharyngeal 
area with a 5 x 5 cm gauze sponge attached 
to the end of a 50-cm length of flexible, stain¬ 
less steel wire encased in latex rubber tubing. 
A guarded uterine swab device can also be 
used. After collection, the swab should be 
removed from the wire and transported 
promptly to the virology laboratory in 3 mL 
of cold (not frozen) fluid transport medium 
(serum-free minimal essential medium 
[MEM] with antibiotics). Virus infectivity 
can be prolonged by the addition of bovine 
serum albumin or gelatine to 0.1% (w/v). 

NECROPSY FINDINGS 

Fatalities are extremely rare in the respira¬ 
tory forms of EHV-4 infection or EHV-1 
disease restricted to the respiratory tract. 

Samples for Confirmation 
of Diagnosis 

• Virus isolation or identification by 

fluorescent antibody testing or PCR 

of nasal swabs or blood 


DIFFERENTIAL DIAGNOSIS 


The upper respiratory diseases of horses are 
listed in Table 12-16. There is no specific 
treatment, although antibiotics are often 
administered to horses with respiratory tract 
disease to prevent or treat secondary bacterial 
infection. There is, however, no evidence that 
antibiotic treatment shortens the duration of 
the disease or prevents complications. 


CONTROL 

Principles of a control program include the 
following: 

• Enhancing the immunity of 
individual horses by vaccination 

• Minimizing the risk of introducing 
EHV-4 infection to the farm or 
stable 

• Hygiene to prevent spread of virus 
on fomites such as clothes and tack 

• Rapid isolation of any horse with 
disease that could be attributable to 
EHV-4 

Vaccination 

Vaccines for protection against rhinopneu¬ 
monitis contain both inactivated EHV-1 and 


EHV-4 virus, presumably because both 
viruses cause respiratory disease in horses. 
None of the currently available vaccines con¬ 
sistently prevents infection of vaccinated 
horses or provide complete protection 
against disease associated with EHV-4, 
although a combined EHV-1/EHV-4 inacti¬ 
vated virus vaccine attenuated the clinical 
signs of disease in experimentally infected 
foals. The development of modified live- 
virus vaccines administered intranasally 
holds promise for effective control of both 
EHV-1 and EHV-4 in foals and adults. 

Hygiene 

Standard hygienic procedures should be 
adopted to avoid spread of the disease, with 
particular attention being given to the isola¬ 
tion of introduced horses. 
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EQUINE MULTINODULAR 
PULMONARY FIBROSIS 

Equine multinodular pulmonary fibrosis 
(EMPF) is a recently described progressive 
fibrosing lung disease of adult horses. 1 

ETIOLOGY 

EMPF is strongly associated with infection 
by equine herpesvirus-5 (EHV-5), a gamma- 
herpesvirus. 1 ' 10 Most cases of EMPF have 
detectable EHV-5 in the lung lesions or in 
bronchoalveolar lavage fluid, the virus is 
most abundant in lesions compared with 
unaffected areas or lung from unaffected 
horses, and inoculation of healthy horses 
with EHV-5 derived from affected horses 
results in nodular pulmonary fibrosis. 6 

EHV-5 antigen can be detected in lungs 
of unaffected horses, and the virus is widely 
distributed in horses worldwide, with both 
healthy horses and horses with evidence 
of non-EMPF respiratory disease having 
detectable virus in respiratory secretions. 11 ’ 16 
The ubiquity of EHV-5 infection in horses 
raises the possibility that infection with 
EHV-5 in horses with EMPF is coincidental 
and not causative or contributory to the 
disease. However, the almost universal 
detection of EHV-5 in horses with EMPF 
and the similarity of distribution of EHV-5 
antigen in lungs and lesions of horses 
inoculated with the virus and naturally 
occurring cases of EMPF suggests a role for 


EHV-5 in the genesis of the lesions. It is 
plausible, but increasingly unlikely, that 
EHV-5 infects the abnormal tissues of lungs 
of horses with EMPF after development of 
the lesions and is not a contributory agent 
to the disease. Although Kochs postulates 
have not been fulfilled for EHV-5 and EMPF, 
the weight of evidence supports a role for 
EHV-5 in the initiation, development, or 
proliferation of nodular pulmonary fibrosis 
in horses. 

Both asinine gammaherpesvirus-5 and 
equine gammaherpesvirus-5 were isolated 
from two horses with EMPF. 4 ' 1 The impor¬ 
tance of this finding is unclear and might just 
represent the high frequency of infection of 
horses by asinine gammaherpesvirus-5. 

EHV-5 is also associated with skin and 
ocular disease and lymphoma in horses, and 
both EMPF and lymphoma can occur in the 
one animal. 18 ' 21 

EPIDEMIOLOGY 

The epidemiology of EMPF is not well estab¬ 
lished, and current knowledge is based on 
individual reports of small numbers of cases 
with the resultant potential for reporting and 
case-selection bias. The disease has been 
reported from Australia, New Zealand, 
Brazil, Europe, the United Kingdom and 
North America and appears to have a world¬ 
wide distribution. 1 ' 2 ' 4 ' 5 ' 7 ' 8 ' 17,19,22 ' 25 Horses most 
commonly reported as affected are middle- 
aged to older light breeds (Thoroughbreds) 
and Warmbloods, although the disease is 
reported in horses as young as 2 years of 
age. 5,7,17 ' 26 ' 2 There are no readily apparent risk 
factors. 

The case-fatality rate is high (>50%) in 
untreated and treated horses. There are no 
estimates of cause-specific mortality or mor¬ 
bidity rates. 

PATHOGENESIS 

The molecular pathogenesis of EMPF is 
unknown, although parallels are drawn 
between Epstein-Barr virus associated inter¬ 
stitial (fibrosing) pneumonia in people and 
the disease in horses. 6 The lesion in horses 
progresses through proliferation of type 2 
pneumocytes to alveolar fibrosis and focal 
obliteration of normal lung architecture. 
There is systemic evidence of inflammation, 
and the fever, weight loss, lethargy, and exer¬ 
cise intolerance of affected horses demon¬ 
strate a systemic response to the disease. 
Exercise tolerance could be attributable to 
diminished gas exchange in damaged lungs, 
the systemic inflammatory effects of the 
disease, or, more likely, a combination of 
both. 

CLINICAL SIGNS 

Horses with EMPF have various combina¬ 
tions of weight loss, recurrent cough, depres¬ 
sion, anorexia, fever, tachycardia, tachypnea, 
or respiratory distress. 6 ' 7 ' 8 ' 22 ' 27 Signs of respi¬ 
ratory disease might not be apparent at 
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initial examination, but as the disease pro¬ 
gresses respiratory distress develops in most, 
but not all, cases. The usual history is of a 
gradual onset of increased respiratory effort, 
although some horses have a sudden onset of 
respiratory distress. Heart and respiratory 
rates are often elevated. Pyrexia is not a con¬ 
stant finding and can be intermittent in 
affected horses. There can be a nasal dis¬ 
charge but this is not invariable or character¬ 
istic. Thoracic auscultation might reveal only 
increased intensity of normal breath sounds 
or the presence of occasional crackles and 
wheezes. Typically, there is tachypnea with 
an increased respiratory effort. 

Thoracic radiography reveals pulmonary 
disease, usually apparent as severe, diffuse 
interstitial disease with nodular opacities.' 
The interstitial opacity can be diffuse or 
nodular with multiple well-defined opacities 
against an overall background of increased 
interstitial density. Ultrasonographic exami¬ 
nation often reveals the presence of multiple 
nodules in the lung parenchyma confluent 
with the pleural surface.' There is no excess 
pleural fluid. 

Lymphoma in horses with EMPF and 
lymphoma associated with EHV-5 infection 
and treated with acyclovir have been 
reported, raising the possibility of a common 
etiology of the two diseases. 19,20 

CLINICAL PATHOLOGY 

Hematologic examination usually reveals a 
neutrophilic leukocytosis, mild anemia, lym¬ 
phopenia, and hyperfibrinogenemia. 2,7,8,22 
Pancytopenia occurs in a small proportion of 
cases. 2 Hypoproteinemia and hypoalbumin- 
emia are common. Arterial oxygen tension is 
not invariably abnormal but declines as the 
disease progresses. 

Examination of a tracheal aspirate 
reveals neutrophil inflammation. Macro¬ 
phages contain occasional intranuclear 
inclusions. 7,8,28 

Serologic testing for antibodies to fungi 
including Blastomyces, Coccidioides, Histo- 
plasma, Aspergillus, and Cryptococcus spp. 
assists with ruling out diseases caused by 
these organisms. EHV-5 can be detected by 
PCR examination of bronchoalveolar lavage 
fluid in most affected horses. 7 

NECROPSY FINDINGS 

Gross lesions are restricted to the lungs and 
occur in two distinct forms, the more 
common form being numerous coalescing 
nodules of fibrosis with little unaffected lung 
present (diffuse nodular form). 1 Individual 
nodules are up to 5 cm in diameter, pale tan 
to white, and moderately firm. The less 
common lesion consists of multiple discrete 
nodules up to 10 cm in diameter and sepa¬ 
rated by grossly normal lung (discrete 
nodular form). The nodules are otherwise 
similar in appearance and texture to those of 
the diffuse form. Bronchial lymph nodes 
may be markedly enlarged. 


Histopathologic findings are restricted to 
the lungs and bronchial lymph nodes, and 
the lesions are similar regardless of the gross 
pathology. Nodules are sharply demarcated 
from unaffected lung tissue, and they consist 
of marked interstitial expansion of alveolar 
parenchyma by well-organized mature col¬ 
lagen. 1 ' In most cases, the alveolar architec¬ 
ture is preserved, but in rare cases, fibrosis 
is arranged in broad interlacing bundles 
without preserving the alveolar structure. 
Affected alveoli are lined by cuboidal cells, 
and the lumen contains inflammatory cells, 
primarily neutrophils and macrophages, the 
latter occasionally containing intranuclear 
inclusion bodies consistent with a herpesvi¬ 
rus infection. Changes in bronchial 
lymph nodes consist of marked lymphoid 
hyperplasia, often with nonspecific sinus 
histiocytosis. 

Specimen for Laboratory Diagnosis 

Specimens for diagnosis include lung 
nodules for histopathology, in situ hybridiza¬ 
tion, and PCR. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnoses include the 
following: lung abscess, chronic 
pleuropneumonia, silicosis, lipid pneumonia, 
eosinophilic pneumonia, fungal pneumonia, 
pulmonary neoplasia (either primary—granular 
cell tumor—or secondary such as metastatic 
squamous-cell carcinoma), congestive heart 
failure, or chronic kidney disease. 


DIAGNOSTIC CONFIRMATION 

Diagnosis is confirmed by demonstration of 
compatible lesions in lungs at necropsy or on 
biopsy. 

TREATMENT 

There are no treatments with established effi¬ 
cacy, and management of the disease is 
based on first principles and empirical treat¬ 
ment with antiviral drugs, antiinflammatory 
drugs, and antimicrobials. 

Reduction of inflammation and relief of 
pain is achieved by administration of nonste¬ 
roidal antiinflammatory drugs (phenylbuta¬ 
zone, flunixime meglumine, ketoprofen) or 
corticosteroids (dexamethasone or predniso¬ 
lone). Antimicrobials are administered to 
treat secondary bacterial infection and 
include penicillin, penicillin in combination 
with an aminoglycoside, or tetracycline or 
doxycycline. 

Antiviral drugs have been administered 
to horses with EMPF, and some of these 
treated horses have survived. 7,28 Acyclovir 
and valacyclovir (a metabolite of acyclovir) 
are both active in vitro against gamma- 
herpesviruses. Acyclovir is administered 
orally (20 mg/kg PO q8h) but has variable 
absorption compared with valacyclovir, and 
one cannot be confident that adequate 


concentrations in the blood are achieved 
in all horses. 29 ' 31 The preferred drug, based 
on pharmacokinetic properties, is valacyclo¬ 
vir (30-40 mg/kg PO q8h). 30,31 A 2-week 
course of treatment with valacyclovir was 
associated with resolution of the disease in 
one horse. 28 

CONTROL 

There are no known control measures. 

FURTHER READING 

Dunkel B. Pulmonary fibrosis and gammaherpesvirus 
infection in horses. Equine Vet Educ. 2012;24:200. 
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EQUINE HENDRA 
VIRUS INFECTION 

ETIOLOGY 

An acute disease of horses transmissible to 
humans and characterized in horses by fever 
and respiratory distress, but with capacity for 
pleiotropic clinical expression, occurs in 
northeastern Australia. The disease is associ¬ 
ated with infection by equine Hendra virus 
(henipavirus, HeV, in the family Paramyxo- 
viridae), which is closely related to Nipah 
virus (classified as the same genus). 1,2 There 
is very little genomic variation in HeV. 3 
Infection by HeV, or Nipah virus, causes 
meningoencephalitis or, less frequently, 
respiratory disease in humans in contact 
with infected horses. 4 

A disease syndrome in horses and 
humans in the Philippines in 2014 was 
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associated with infection by a henipavirus 
closely related to Nipah virus/’ The disease 
caused encephalitic signs and death in both 
horses and humans, there was horse-human 
and human-human spread, and the source 
of infection appeared to be fruit bats. The 
case-fatality rate in humans was approxi¬ 
mately 50%, with a higher fatality rate among 
those with an acute encephalitic disease. At 
least 10 horses died, although this number 
likely underrepresents the actual number of 
horse deaths. Infection in some humans was 
associated with butchering or eating horses. 5 

EPIDEMIOLOGY 

The disease in horses is uncommon, in that 
the morbidity or mortality rate within the 
population of at risk horses is low, with 
approximately two to four outbreaks 
reported each year involving a small 
number of horses. Between 1994 and 2013 
there were 48 outbreaks of disease in 
horses, of which approximately 6 involved 
human disease. 2 The case-fatality rate was 
high in early outbreaks, and because of 
control measures that involve test and 
slaughter of infected horses, all horses 
infected in outbreaks are destroyed. 

The disease is important because of the 
zoonotic nature of the infection and the high 
case-fatality rate in infected humans. 

Transmission 

The source of the virus is a wildlife host, the 
frugiverous pteropoid bats (fruitbats and 
flying foxes, Pteropus spp.). Approximately 
25% of pteropid bats, including representa¬ 
tives of all four main species in eastern 
Australia (the grey-headed flying-fox, Ptero¬ 
pus poliocephalus; the black flying-fox, Ptero¬ 
pus alecto; the little red flying-fox, Pteropus 
scapulatus; and the spectacled flying-fox, 
Pteropus conspicillatus), were identified as 
being seropositive for HeV. The bats are 
seropositive for antibodies to the virus, the 
only seropositive mammals of 34 wildlife 
species sampled, and the virus can be iso¬ 
lated from pteropoid postpartum uterine 
fluid and fetal tissue. Mechanism of spread 
from bats to horses is uncertain, but it is 
speculated that ingestion by horses of 
infected bat fetal fluids and tissues might 
transfer infection from bats to horses. Fruit 
bats are consistently present when the 
disease occurs in horses. 6 

The disease spreads from bats to horses, 
and there is considerable interest in deter¬ 
mining risk factors associated with transmis¬ 
sion. 1 Infection of horses likely involves 
contact with virus soon after (hours) it is 
excreted from bats. 9 This is consistent with 
the 40x increase in risk of disease for horses 
in postal codes where fruit bats roost. 8 Sero¬ 
logic evidence indicates waxing and waning 
infection on a seasonal basis, and epidemio¬ 
logic evidence and modeling favors an effect 
of anthropogenic changes in bat habitat 
favoring urbanization of bat colonies and 


reduced migration of bats. Urbanization 
increases the risk of spread of infection to 
horses, and reduced migration of bats 
reduces herd immunity in flocks, resulting in 
outbreaks of virus shedding and spread to 
horses. 12 ' 13 

Dissemination of infection between 
horses by mechanical spread of infected 
nasal discharge likely occurred in the largest 
outbreak, and this could have been the route 
of infection of the human fatality. The virus 
is present in nasal discharges and urine of 
infected horses, and spread from horse to 
horse might also occur through inhalation of 
infected urine. Horse-to-horse transmission 
of infection is uncommon, 6 likely because 
the virus does not persist in the environment 
but can occur. Human-to-human transmis¬ 
sion of infection has not been reported. 

Disease occurs in horses, humans, cats, 
and guinea pigs, although in the latter two 
species the disease was a result of experi¬ 
mental infection. Dogs can become infected, 
but they do not appear to be at high risk of 
developing the disease, if they are at any risk 
at all, and there is no evidence that they 
propagate infection. Fruit bats do not 
develop clinical disease when experimen¬ 
tally infected. 

Zoonotic Potential 

The disease has important zoonotic implica¬ 
tions; there have been four human deaths 
(-60% case-fatality rate) as a result of menin¬ 
goencephalitis or pneumonitis and respira¬ 
tory failure. Deaths all occurred in people 
who had close contact with infected horses, 
and the high risk associated with treating 
infected horses, or performing postmortem 
examinations on horses that have died of the 
disease, has prompted some veterinarians in 
endemic areas to exit from equine practice. 14 
The reasons are concern about personal 
safety or legal liability for the safety of 
coworkers and owners of horses. Flowever, 
the virus is not easily transmitted to humans, 
as evidenced by the observation that most 
people in contact with clinically affected 
horses do not develop antibodies to the 
virus. 

CLINICAL SIGNS 

The incubation period of the spontaneous 
disease is 8 to 11 days, but it is much shorter 
in experimentally induced disease. Death 
usually occurs within 24 to 48 hours of first 
onset of clinical signs, and affected horses 
housed in paddocks are often found dead. 6 
Clinical signs of the disease in horses 
include lethargy, which is often marked, 
depression, loss of appetite, fever, ataxia, 
blindness, head pressing, aimless wandering, 
tachycardia, tachypnea, and copious frothy 
nasal discharge. Horses can show aimless 
pacing and can become entangled in fence— 
which can be mistaken for an accident rather 
than a consequence of neurologic disease 
associated with HeV infection. 6 There can 


also be hemorrhagic nasal discharge and 
swelling of the head. Some horses have 
muscle tremor. Death in acutely affected 
horses is sometimes associated with severe 
respiratory distress. Clinically inapparent 
infections of horses can occur. 

An important understanding is that HeV 
can cause protean clinical signs, which might 
be interpreted as evidence of respiratory 
(dyspnea), neurologic (ataxia, blindness), 
muscular (muscle fasciculations), hepatic 
(head pressing) or gastrointestinal (terminal 
colic) disease. 

CLINICAL PATHOLOGY 

Characteristic changes in the hemogram or 
serum biochemical profile are not reported. 
If infected animals survive more than a few 
days after the onset of clinical signs, they 
develop serum-neutralizing antibodies. The 
recommended range of samples for HeV 
exclusion from the live horse are 10 mL of 
clotted, EDTA, and heparin blood; pooled 
nasal swabs from each nostril; swabs 
from other mucosal surfaces (e.g., oral 
cavity, rectum, or conjunctiva); or urine col¬ 
lected in, preferably, phosphate-buffered 
glycerol saline or isotonic sterile saline. 6 
Antibodies are detectable by immunofluo¬ 
rescence microsphere immunoassays, or 
rapid immune plaque assay. 1 ’ Viral genome 
can be detected by RT-PCR that is highly 
specific. Viral isolation in Vero cells or 
imaging using electron microscopy demon¬ 
strate presence of the virus. Details of diag¬ 
nostic tests are available from the OIE. 

NECROPSY 

Necropsy examination reveals pulmonary 
edema with hemorrhage and froth in the 
airways. Histologic examination reveals an 
interstitial pneumonia characterized by 
extensive vascular damage and necrosis of 
alveolar macrophages. Pulmonary vascular 
changes include edema and hemorrhage 
within alveoli, plus necrosis and thrombosis 
of alveolar capillaries and small arterioles. 
The distinctive histologic feature is the pres¬ 
ence of syncytial giant cells within blood 
vessels of the lungs and other organs. Ret¬ 
rospective diagnosis of the disease can be 
documented using an immunohistochemi- 
cal technique or demonstration of viral 
nucleic acid in tissue by a test based on the 
PCR. Postmortem, 10 mL of blood can be 
collected from the jugular vein in addition 
to the submandibular lymph node and 
swabs as per a live horse. Field experience 
suggests that it is relatively easy to safely 
collect jugular blood from recently dead 
horses. 6 

TREATMENT AND CONTROL 

There is no specific treatment for this 
disease. Ribavirin has been investigated for 
use in infected or exposed humans but is not 
used in horses, for which control measures 
are implemented. 2 
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The control measures in the described 
outbreaks included slaughter of all infected 
horses, extensive serologic testing, and 
control of movement of horses within a 
defined disease control zone. The disease in 
index cases is likely attributable to contact of 
susceptible horses with infected fluids of 
pteropoid bats, and interventions that 
prevent or reduce the frequency of this 
occurrence are sensible, although the efficacy 
of this control technique has not been 
determined. 

An effective vaccine is available, and its 
use is strongly advised in horses living or visit¬ 
ing areas where the disease is endemic. 16 ' 18 
In addition to preventing disease in horses, 
the vaccine provides veterinarians attending 
horses in endemic areas with some level 
of confidence that the horse is not infected 
with HeV. 17 

Strict biosecurity measures must be used 
by veterinarians examining potentially 
infected horses in areas where the disease is 
endemic, although this practice is often met 
with resistance. 18 Because of the protean 
nature of the disease, all sick horses should 
be considered as sources of infection. Bios¬ 
ecurity practices should be in place for 
examination of all horses, and the degree to 
which personal protective equipment is used 
can be adjusted based on the risk that the 
horse being examined is infected. Detailed 
guidelines for personal biosecurity are 
available. 19 
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PULMONARY AND SYSTEMIC 
ASPERGILLOSIS 
C ASPERGILLUS SPP.) 

Diseases of horses and cattle associated with 
infection with Aspergillus spp. are character¬ 
ized by either localized infections with slow 
progression or fulminant systemic or pulmo¬ 


nary disease. Localized infections are of 
the nasal cavities and paranasal sinuses; 1 ' 3 
eye; reproductive tract, including placenta; 4 
mediastinum; or guttural pouch (see “Gut¬ 
tural Pouch Mycosis”). Systemic disease can 
affect any organ, including the brain, liver, 
and kidney, 5 but the most common manifes¬ 
tation is as acute pulmonary disease with or 
without infection of other tissues. 3,5 ' 9 

ETIOLOGY 

The causative organism is Aspergillus spp., 
usually A. fumigatus but occasionally one 
of A. flavus, A. deflectus, A. nidulans, A. 
niger, A. clavulatus, A. nidulans, or A. 
sydowii. 3, 5,7,8,10,11 Aspergilli reproduce both 
sexually and asexually and hence are classi¬ 
fied as dimorphic fungi. Asexual reproduc¬ 
tion is by production of conidiophores and 
conidia. The organism is ubiquitous in 
organic material, and infections are opportu¬ 
nistic and associated with heavy contamina¬ 
tion with the organism or decreased host 
defenses, although obvious risk factors are 
not always identified. Because its ubiquitous, 
the organism is often recovered from tracheal 
aspirates performed using contaminated 
equipment in horses with mild signs sugges¬ 
tive of noninfectious respiratory disease, 
such as heaves. In this instance recovery of 
the organism is of no clinical importance. 

EPIDEMIOLOGY 

Risk factors for development of aspergillosis 
include heavy environmental contamination 
with conidia and decreased host resistance, 
such as in horses with immune suppression 
associated with myeloproliferative disease 
(lymphoma), enterocolitis, or administration 
of immunosuppressive drugs such as corti¬ 
costeroids. Specific risk factors for guttural 
pouch mycosis and infections of the nasal 
cavity or paranasal sinuses have not been 
identified, with the exception of an associa¬ 
tion between surgical resection of ethmoidal 
hematoma and subsequent nasal aspergillo¬ 
sis. Systemic or pulmonary aspergillosis is 
commonly associated with rumenitis, third- 
compartment ulceration in camelids," 
enterocolitis, or administration of immuno¬ 
suppressive drugs in adult horses. An out¬ 
break pulmonary aspergillosis causing death 
of five albino Asmara donkey foals aged 20 
to 30 days, but not of nonalbino herdmates, 
occurred without history of intercurrent 
disease or drug administration. 6 

CLINICAL FINDINGS 

Aspergillus spp. causes both localized 
and systemic disease in horses, cattle, cam¬ 
elids, and likely other species. Localized dis¬ 
eases include guttural pouch mycosis, 
which is discussed in detail elsewhere in this 
text. Fungal granulomas in the paranasal 
sinuses or nasal passages in any species 
of farm animal are caused by a number 
of organisms, including Cryptococcus neo- 
formans, Conidiobolus spp., Rhizomucor 


pusillus, Scedosporium apiospermum, and, 
rarely, Aspergillus spp. 1 ' 3,11 ' 13 The disease is 
evident as nasal discharge that is usually uni¬ 
lateral, distortion of the contour of the head 
over the affected sinus, and lesions detectable 
on endoscopic examination of the nasal pas¬ 
sages. Radiography can reveal the presence 
of a mass in the paranasal sinuses or nasal 
cavity associated with lysis and proliferation 
of bone. There is hyperfibrinogenemia and 
leukocytosis. 

Systemic aspergillosis, including asper- 
gillus pneumonia, is a severe disease usually 
evident as acute death without localizing 
signs in animals with other preexisting sys¬ 
temic disease, such as enterocolitis, neonates 
with inadequate passive immunity, or those 
receiving immunosuppressive drugs. 3,8,9 
Horses with aspergillus pneumonia often 
have a very brief clinical course once signs of 
respiratory disease develop. Most commonly, 
horses with pulmonary aspergillosis die 
without signs of respiratory disease. Signs of 
pulmonary aspergillosis include fever, tachy¬ 
pnea, crackles and wheezes on thoracic 
auscultation, epistaxis, and frothy nasal dis¬ 
charge. Radiography reveals diffuse, miliary, 
nodule interstitial pneumonia (Fig. 12-32). 
Ultrasonographic examination demonstrates 
numerous small intrapulmonary masses 
adjacent to the pleural surface. Affected 
horses have hyperfibrinogenemia and leuko¬ 
cytosis at the time of development of the 
disease, but usually they have had neutrope¬ 
nia as a result of the enterocolitis. Aspergillus 
spp. can be isolated from tracheal aspirates 
of affected horses. The prognosis is very 
poor. 

Aspergillus fumigatus can cause solitary, 
cavitated lesions in the lungs of foals. 8 

Disseminated aspergillosis has a variety 
of manifestations but is always a severe 
disease with a brief clinical course. Affected 
horses often have severe depression and can 
have signs of brain disease as a result of 
mycotic vasculitis and encephalitis. 5 The 
prognosis is very poor. 

Aspergillus spp. is also associated with 
development of granulomas in the mediasti¬ 
num of horses without apparent predispos¬ 
ing factors. Affected horses have progressively 
worsening respiratory distress, cough, fever, 
and occasional nasal discharge. Horner’s 
syndrome can develop if the mass encroaches 
on the vagosympathetic trunk within the 
thorax. The mass is evident on radiographic 
examination of the thorax. Cultures of 
tracheal aspirates yields Aspergillus spp. 
Affected horses have neutrophilia, hyperfi¬ 
brinogenemia, hyperglobulinemia, and mild 
anemia. 

Keratomycosis attributable to Aspergillus 
spp. infection is infrequent in horses. The 
disease is characterized by blepharospasm, 
photophobia, epiphora, and corneal ulcer¬ 
ation and opacity. Aspergillus spp. infections 
of the reproductive tract include mycotic 
placentitis and abortion and mycotic 
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Fig. 12-32 Radiograph of the caudal thorax of an adult horse with pulmonary aspergillosis 
secondary to acute enterocolitis. Note the military and interstitial densities. 


endometritis . 4 Fungal osteomyelitis of the 
proximal sesamoid occurs in horses that 
have received intraarticular administration 
of corticosteroids. 14 

CLINICAL PATHOLOGY 

Definitive diagnosis of the disease is based 
on demonstration of organisms within 
lesions, either by histologic examination, 
culture, or use of PCR to demonstrate fungal 
DNA. 2 Antemortem demonstration of high 
concentrations of antibodies to Aspergillus 
spp. provides persuasive, but not definitive, 
evidence of infection. Both agar gel immu¬ 
nodiffusion assays and ELISA assays are 
available. These assays might not be useful in 
immunocompromised animals or in those 
with fulminant disease. 

NECROPSY FINDINGS 

Acute lesions are characterized by purulent, 
necrotizing inflammation. Chronic lesions 
are granulomas that contain macrophages, 
neutrophils, and giant cells. Pulmonary 
lesions are characterized by an acute necro- 
hemorrhagic alveolitis. Organisms morpho¬ 
logically consistent with Aspergillus spp. are 
detected in the lesions as fungal hyphae, 
although these must be differentiated from 
Pseudoallescheria boydii or Fusarium spp. 
Reagents for immunofluorescent detection 
of Aspergillus spp. in lesions are available and 
useful in confirming the diagnosis. 

TREATMENT AND CONTROL 

Treatment of systemic or pulmonary disease 
is usually unrewarding, although surgical 


resection of a single large cavitating lesion in 
the lungs of a foal followed by administration 
of voriconazole (10 mg/kg PO q24h for 2-4 
weeks) effected a cure. 8 A dose of voricon¬ 
azole of 4 mg/kg orally q24h produces con¬ 
centrations of drug greater than 0.5 (jg/mL 
in body fluids. This concentration is greater 
than the concentration of voriconazole 
required to inhibit growth of filamentous 
fungi. 15 

Localized disease can be treated by surgi¬ 
cal resection and administration of antifun¬ 
gal agents. Antifungal agents reported to be 
effective in treatment of localized disease in 
horses associated with Aspergillus spp. 
include itraconazole (3 mg/kg ql2h, PO for 
3-5 months) or enilconazole (0.2%-2.0% 
solution administered topically via an 
indwelling intranasal catheter ql2h for 2-5 
weeks). The lesions were debulked before 
treatment with enilconazole was started. 1 
Seven of eight horses with nasal aspergillosis 
treated in this way recovered. 1 Topical treat¬ 
ment with enilconazole (10 mg/mL of solu¬ 
tion) after surgical resection resulted in 
resolution of aspergillosis of the frontal sinus 
of a horse. Topical administration of nata- 
mycin (25 mg) was used for varying periods 
of time to treat mycotic rhinitis in three 
horses. 

Amphotericin is likely effective against 
Aspergillus spp. and is cheaper than the 
azole class of drugs, but it is potentially 
nephrotoxic and must be administered 
intravenously. Fluconazole is not effective 
against the filamentous fungi, including 
Aspergillus spp. 



Fig. 12-33 Granulomatous lesion caused by 
R. seeberi in a Belgian Warmblood horse. 

(Reproduced with permission. 1 ) 


There are no specific control measures or 
means of preventing disease associated with 
Aspergillus spp. 
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RHINOSPORIDOSIS 

Rhinosporidiosis is a chronic disease of the 
nasal mucosa in cattle and nasal mucosa, 
pharynx, and larynx in horses that causes 
formation of large polyps or granulomatous 
lesions (Fig. 12-33). 1,2 The causative agent, 
Rhinosporidium seeberi, is an aquatic protist 
that typically causes disease in amphibians. 
Its exact taxonomy is the subject of debate. 2,3 

Exposure to the organism is almost uni¬ 
versal, based on serologic studies, in buffalo, 
cats, cattle, dogs, goats, horses, and in some 
areas with high prevalence of the disease, 
humans (such as Sri Lanka). 4,5 The disease is 
not endemic in western Canada or the 
United Kingdom, and affected horses in 
those areas were imported from Argen¬ 
tina. 2,6 ' 8 The disease is reported in a Warm- 
blood horse in Belgian that had never left the 
country. 1 Other cases in horses are reported 
from the Costa Rica, the southern United 
States, South Africa, and South America. 7,9 

The disease is evident as single or multi¬ 
ple, pedunculated or sessile, pink to red 
masses in the mucous membranes of the 
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nose and nasopharynx. The lesions can 
bleed and become evident as epistaxis. 7 No 
uniformly effective treatment is described, 
and surgical removal in three horses with 
pharyngeal or laryngeal lesions was not 
associated with cure—the disease progress¬ 
ing slowly over many months. 1 ' 2 ' 7 Excision 
of a single mass in the rostral nares of a 
mule was curative. 9 There is no effective 
pharmacotherapy. 

Confirmation of disease is achieved by 
examination of biopsy material demonstrat¬ 
ing moderate multifocal hyperplasia and 
ulceration of the mucosa, mild to moderate, 
multifocal, lymphoplasmacellular inflamma¬ 
tory infiltrate multiple and spherical to 
polygonal organisms of variable appearance, 
consistent with R. seeberi, in the lamina 
propria mucosae.' PCR analysis of affected 
tissue reveals presence of R. seeberi DNA. 2,7 

A related condition in cattle also thought 
to be caused by an unidentified fungus, 
similar to Rhinosporidium spp., is nasal gran¬ 
uloma, in which the lesions are small (0.5- 
2.0 cm diameter) mucosal nodules in the 
anterior third of the nasal cavity. Histologi¬ 
cally, there is a marked eosinophilic reaction, 
and yeast-like bodies are present in cells 
or free in the tissue spaces. Clinical signs 
include severe dyspnea with loud stertor 
and a mucopurulent or blood-stained nasal 
discharge. A high incidence of the disease 
may occur on some farms and in particular 
areas. 

Other diseases with similar clinical pro¬ 
files include nasal obstruction associated 
with the blood fluke Schistosoma nasalis and 
chronic allergic rhinitis. 1 
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LUNGWORM IN HORSES 


SYNOPSIS 


Etiology The nematode parasite Dictyocaulus 
arnfieldi. 

Epidemiology Infection is by ingestion of 
larvae on herbage; donkeys and foals shed 
most larvae, but adult horses can 
perpetuate life cycle. 

Signs Chronic cough in adult horses. 

Clinical pathology Eggs or larvae in feces 
(but often absent in affected adults); 
eosinophils in tracheal mucus. 

Lesions Discrete areas of hyperinflation in 
lung tissue. 


Diagnostic confirmation Response to 
treatment if no eggs/larvae in feces. 

Treatment Eprinomectin, ivermectin, 

fenbendazole (elevated dose); mebendazole 
over 5 days for donkeys. 

Control Avoid grazing donkeys and horses on 
same pasture. 


ETIOLOGY 

Lungworm disease in horses is associated 
with the nematode parasite Dictyocaulus 
arnfieldi. 

LIFE CYCLE 

The life cycle of D. arnfieldi is direct and is 
almost identical to that of D. viviparus, 
except that the eggs do not hatch until shortly 
after they are passed in the feces. 

EPIDEMIOLOGY 

Infestations with D. arnfieldi are recorded 
more commonly in donkeys than in horses, 
and the former are considered to be the more 
normal host. Patent infections may persist in 
donkeys throughout their lives but in horses 
are generally confined to foals. These animals 
therefore provide the most important sources 
of pasture contamination. Nevertheless, a 
small proportion of infected adult horses 
shed low numbers of eggs, and this may be 
sufficient to perpetuate the life cycle even in 
the absence of donkeys and foals. As with D. 
viviparus, larvae can cross field boundaries 
by fungal transfer. 

PATHOGENESIS 

Adult worms are found in the smaller 
bronchi, which they almost completely 
block. In adult horses however, few larvae 
reaching the lungs develop to this stage. 
Bronchioles in affected areas are surrounded 
by dense infiltrations of inflammatory cells, 
the epithelium becomes hyperplastic, and 
excessive mucus is produced. The conse¬ 
quent interference with airflow leads to 
patches of hyperinflation in the lung tissue. 

CLINICAL FINDINGS 

Lungworm disease in horses is characterized 
by a chronic cough. Experimental infections 
produce an afebrile condition with coughing, 
increased respiratory rates, and forced expi¬ 
ration being most intense during weeks 3 to 
5 after infection. Thereafter the signs decrease 
in severity but coughing may persist for 
several months. Heavy infestations in 
donkeys do not cause clinical illness. Horse 
foals may also be symptomless, although 
some show clinical signs. 

CLINICAL PATHOLOGY 

Characteristic eggs may be found in the feces 
of a small proportion of cases. Eosinophils 
and sometimes eggs or larvae may be dem¬ 
onstrated in tracheal mucus. 


NECROPSY FINDINGS 

The most obvious lesions at necropsy are dis¬ 
crete patches of overinflation. 

DIAGNOSTIC CONFIRMATION 

D. arnfieldi eggs in fresh feces are oval, are 
thin shelled, and contain a larva. Because the 
eggs may have hatched before arrival at the 
laboratory, it is usual to harvest larvae with 
the Baermann technique. The larvae resem¬ 
ble those of D. viviparus, but the tail ends in 
a small spine. Because many clinical cases are 
nonpatent and because tracheal mucus is dif¬ 
ficult to sample, confirmation of diagnosis is 
often dependent on response to treatment. 


DIFFERENTIAL DIAGNOSIS 


• Recurrent airway obstruction (heaves) 

• Pulmonary abscessation and pneumonia 

• Inflammatory airway disease 


TREATMENT 


TREATMENT 


Eprinomectin (0.5 mg/kg, top.) (R2) 

Ivermectin (0.2 mg/kg SQ) (R2) 

Mebendazole (20 mg/kg, q 1 d for 5 days) (R3) 


Eprinomectin, as a pour-on formulation 
(0.5 mg/kg), has 100% efficacy in eliminating 
fecal larvae in donkeys within 7 days after 
treatment. 1 Ivermectin at the standard equine 
dose is highly effective against immature and 
mature stages. For donkeys, mebendazole 
may be used at 15 to 20 mg/kg daily for 5 
days, but this should not be attempted within 
the first 4 months of pregnancy. 

CONTROL 

Donkeys and horses should not be grazed on 
the same pasture. If this is impossible, the 
former should be treated regularly for lung¬ 
worm. If there is a problem in a closed herd 
of adult horses, individuals with patent infec¬ 
tion can be identified by fecal screening and 
treated. 
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PROGRESSIVE ATROPHIC 
RHINITIS (CONCHAL ATROPHY 
OF SWINE) 

Atrophic rhinitis is a disease affecting pri¬ 
marily young pigs but causing anatomic 
lesions that may persist for life. The term 
nonprogressive atrophic rhinitis is used for the 
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slight to severe rhinitis and usually transient 
atrophy of the conchal bones (formerly 
called the turbinates) in which no toxigenic 
P. multocida are found, when there are no 
clinical signs and no obvious growth retarda¬ 
tion. This mild form is probably as a result of 
infection with Bordetella bronchiseptica (BB) 
or nontoxigenic P. multocida (PM). 

The term progressive atrophic rhinitis is 
proposed for the infection with toxigenic 
P. multocida (PM) (capsular serotype D and 
A strains) characterized by shortening or 
distortion of the snout, sneezing, nasal dis¬ 
charge, and epistaxis. Progressive atrophic 
rhinitis is often accompanied by reduced 
growth rates in severe cases. 

The organism is a zoonosis, 1 but this is 
rarely from the pig, 2 although pig farmers 
often have PM in their nasal cavities. 3 


SYNOPSIS 


Etiology Toxigenic strains of Bordetella 
bronchiseptica and Pasteurella multocida 

Epidemiology Young growing pigs. High 
percentage of pigs reared under intensive 
conditions may have some degree of 
atrophic rhinitis. Infection is widespread 
and transmitted by carrier sow to piglet. 
Housing and ventilation risk factors. 
Immunity develops in herd. Major 
economic importance because may affect 
growth rate and predispose to pneumonia. 

Signs Initially sneezing when piglets 3 to 9 
weeks of age. Nasal discharge. Deformity 
of face with nasal bones (twisted snout). 
Growth rate may be decreased. 

Clinical pathology Culture organism from 
nasal swabs; polymerase chain reaction 
(PC R) 

Lesions Varying degrees of severity of 
atrophic rhinitis. 

Diagnostic confirmation Necropsy 
examinations of snouts. 

Differential diagnosis list 

• Inclusion-body rhinitis 

• Necrotic rhinitis 

• Inherited prognathia 

Treatment Antimicrobials in early stages; 
nothing later. 

Control Eliminating toxigenic strains of P. 
multocida. Depopulation and repopulation. 
Reduction of infection. Mass medication. 
Medicated early weaning. Vaccination. 


ETIOLOGY 

Infection of the nasal cavities with BB fol¬ 
lowed by toxigenic strains of PM—primarily 
capsular type D and occasionally type A— 
results in progressive turbinate atrophy. PM 
has four subspecies ( multocida , septica, gal- 
licida, and tigris), but multocida is usually 
isolated from pigs 4 . There are five capsular 
serotypes (A-F) of PM. PM type A strains 
were formerly thought to be associated 


entirely with lung infections but there is 
increasing evidence that some strains of PM 
type A are toxin producers and may be 
involved in atrophic rhinitis. Toxin produc¬ 
tion appears to be independent of serotype. 
The strains of PM isolated from the lungs are 
usually nontoxigenic and of capsular type A 
but a small proportion are toxigenic and are 
capsular type D. Serotype B is probably the 
most common one associated with septice¬ 
mic pasteurellosis. 

The majority of cases of progressive atro¬ 
phic rhinitis were associated with toxA- 
containing capsular type D strains. 

Somatic antigens reflecting differences in 
lipopolysaccharides have also been used, in 
addition to a variety of other techniques. 5 
The poultry type of analysis 6 based on mul¬ 
tilocus sequence typing will be adapted for 
use for the pig eventually. There may a 
limited genetic heterogeneity in both the 
healthy pig strains and the PAR strains. 

EPIDEMIOLOGY 

Occurrence 

Atrophic rhinitis occurs worldwide where 
pigs are reared under intensive conditions. It 
has, however, become much less important 
with the onset of vaccination, improvement 
in resistance by pig breeding companies, and 
general attention to the environment in the 
farrowing house. 

Some surveys have shown that 50% of 
finished pigs and sows at slaughter have 
lesions of atrophic rhinitis. The incidence of 
clinical disease varies from 5% to 30%, which 
in part depends on the method of detection 
of the gross lesions. Abattoir surveys of the 
snouts of slaughtered pigs indicate that the 
incidence of gross lesions ranges from 14% 
to 50%. However, the incidence of gross 
lesions in abattoir surveys is biased by the 
source of the pigs; the incidence may be low 
in pigs from herds that have attempted to 
control the disease and high in some com¬ 
mercial herds with no control program. In 
pigs slaughtered from pig testing stations the 
incidence of lesions may be uniform over a 
long period. The published data on the inci¬ 
dence of gross lesions are also variable 
because of the lack of a uniform method of 
evaluating and quantifying the lesions. 

The incidence and severity of the lesions 
may vary with the season and the type of 
facility in which pigs are reared. In a slaugh¬ 
ter survey of the snouts and lungs of pigs 
from 21 pig herds over one winter and one 
summer, the lesions of atrophic rhinitis were 
more severe among pigs slaughtered in the 
summer, whereas lesions of pneumonia were 
more severe among pigs slaughtered in the 
winter. Lesions of atrophic rhinitis were also 
more severe in pigs farrowed in central, 
enclosed farrowing houses and finished in 
enclosed, mechanically ventilated buildings 
than in pigs farrowed individually in sow 
huts and finished on dirt lots. It is possible 
that the incidence and severity of the lesions 


at slaughter may be a reflection of the condi¬ 
tion of the housing facilities when the 
animals were piglets several months previ¬ 
ously, but many other factors could have 
been involved. 

Prevalence of Infection 

B. bronchiseptica readily colonizes the 
ciliated mucosa of the respiratory tract of 
pigs and infection of the nasal cavities of 
pigs is present in almost every pig herd, with 
the prevalence of infection in pigs in com¬ 
mercial herds varying from 25% to 50%. 
Serologic surveys of individual herds have 
found that up to 90% of the pigs are positive, 
which indicates that there is no reliable 
correlation between the frequency of isola¬ 
tion of the organism and the percentage 
of animals with antibody. The prevalence 
of infection is just as high in specific- 
pathogen-free herds as in nonspecific- 
pathogen-free herds. 

The prevalence of infection of toxigenic 
PM type D is higher in herds with clinical 
disease. The organism can be present in 50% 
to 80% of weaned pigs in a herd with clinical 
disease in the finishing pigs. Toxigenic type 
D PM was first detected in New South Wales, 
Australia, in 1986; in all herds examined, the 
introduction of pigs from an infected herd in 
South Australia was associated with an 
increased risk of infection. Toxigenic PM 
type D has been isolated rarely from herds 
free of atrophic rhinitis. 

Whereas BB is eliminated from the respi¬ 
ratory tract of most infected pigs, leaving 
only a few infected at slaughter, PM often 
persists. 

Method of Transmission 

Direct contact and droplet infection are pre¬ 
sumed to be the most likely methods of 
transmission. The reservoir of infection is 
the infected sow, and litters of piglets become 
infected at an early age. Colonization of the 
tonsil by PM in conventionally reared pigs is 
common. In the Netherlands, it has been rec¬ 
ognized that infection is usually by one of 
four possibilities. These are artificial insemi¬ 
nation centers, laborers, neighborhood 
infection by direct aerosol or indirect local 
contact, and the presence of carrier animals 
and birds. 

The infection is usually introduced into 
a herd by the purchase of infected pigs. 
Spread between piglets is probably enhanced 
after weaning when mixing of litters occurs, 
and 70% to 80% of a large weaned group 
may become infected. Infection persists for 
up to several weeks and months, followed 
by a gradual reduction in the intensity and 
rate of infection. In herds where BB is the 
initiating agent, up to 90% of pigs 4 to 10 
weeks of age will have nasal infection, but 
this infection rate falls to approximately 15% 
by 12 months of age, and the proportion of 
carrier pigs within the breeding herd 
decreases with increasing age of sow. The 









prevalence of infection is also much higher 
during the period from October to March 
than at other times of the year, and the 
prevalence of serologically positive animals 
is highest from July to December. This 
is most probably a result of the winter 
housing conditions, with few air changes per 
hour, fluctuating temperatures, and high 
humidity. 

The epidemiology of toxigenic strains of 
PM as a causative agent of atrophic rhinitis 
is not as well understood. The organism 
colonizes the tonsils of clinically normal 
pigs. In contrast to BB, which is ubiquitous 
in pig herds, the toxigenic isolates of PM 
appear to be restricted to herds affected with 
progressive atrophic rhinitis. The organism is 
invariably present in herds with progressive 
atrophic rhinitis but may also be present in 
about 5% of the pigs in a herd with no clini¬ 
cal history of atrophic rhinitis. The main 
source of toxigenic isolates of PM for young 
pigs appears to be the pharyngeal tissues of 
the breeding stock. About 10% to 15% of 
sows in farrowing houses may be infected 
with toxigenic isolates, and piglets become 
infected within a week after birth. In contrast 
to BB, infection of piglets at 12 to 16 weeks 
of age with toxigenic PM will still result in 
varying degrees of severity of lesions. 

It is possible for growing pigs to develop 
lesions of atrophic rhinitis well beyond the 
age of 3 weeks if they are exposed to pigs 
affected with disease and infected with PM 
and BB. 

Risk Factors 
Animal Risk Factors 

The age at which piglets first become infected 
with BB has an important effect on the devel¬ 
opment of lesions. The most severe lesions 
occur in nonimmune animals infected 
during the first week of life. Animals infected 
at 4 weeks of age develop less severe lesions, 
whereas those infected at 10 weeks do not 
develop significant lesions. 

Immune Mechanisms 
The level of immunity in the young pigs will 
influence the level of infection and the inci¬ 
dence of clinical disease. Colostral immunity 
from sows serologically positive to BB is 
transferred to piglets and provides protec¬ 
tion for 2 to 5 weeks. Clinical disease does 
not occur in piglets with high levels of 
passive antibody. Older pigs from 10 to 12 
weeks of age may become infected but are 
less likely to develop severe turbinate atrophy 
and may develop inapparent infection and 
become carriers. 

Vaccination of the sow before parturition 
to increase colostral immunity or vaccina¬ 
tion of the young pig will increase the rate of 
clearance of the organism from the nasal 
cavity and reduce the incidence of clinical 
disease. In chronically affected herds a level 
of immunity develops with increasing age of 
the breeding herd. 
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Pathogen Factors 

The virulence characteristics of BB and the 
toxigenic isolates of PM are important risk 
factors. Both organisms are required to 
produce lesions similar to the naturally 
occurring progressive disease. The virulence 
of BB is dependent on the ability to produce 
heavy, persistent colonization in the nasal 
cavity and the production of a heat-labile 
toxin. Bordetella spp. produce several viru¬ 
lence factors and toxins, which are regulated 
by a two-component sensory transduction 
system encoded by the bvg locus. These viru¬ 
lence factors include adhesins such as fila¬ 
mentous agglutinin, pertactin, and fimbriae; 
the adenylate cyclase-hemolysin toxin; and 
the dermonecrotic toxin. In cell cultures the 
dermonecrotic toxin stimulates DNA and 
protein synthesis and assembly of actin stress 
fibers while inhibiting cell division, resulting 
in polynucleation of cells. It mediates these 
through the modification and activation of 
the small guanosine 5'-triphosphate (GTP)- 
binding protein Rho. 

There are both toxigenic and nontoxi- 
genic strains of BB. Colonization of the nose 
was greater with the dermonecrotic-toxin- 
positive strains than with the dermonecrotic- 
toxin-negative mutant strains. This was 
maintained for the first, second, and third 
weeks postinoculation, but by the fourth 
week the position had changed to the oppo¬ 
site. All dermonecrotic-toxin-positive pigs 
had pneumonia but the dermonecrotic - 
toxin-negative animals were able to colonize 
the lung more freely. There is an outer mem¬ 
brane protein P68 perlactin (BB perlactin 
gene [prn]), an adhesin, that may play a part 
in the protective immunity and may be 
extremely variable. The most important 
experiment is one that shows that PM mutant 
strains without the capacity to produce PM 
type D toxin did not produce turbinate 
atrophy. Only certain porcine phase 1 cul¬ 
tures possess both properties. However, even 
the most virulent of 10 isolates of BB did not 
cause progressive turbinate atrophy or sig¬ 
nificant snout deformation in experimental 
infections. The severe lesions of atrophic rhi¬ 
nitis cannot be attributed to this organism 
alone. Experimental inoculation of specific- 
pathogen-free or gnotobiotic pigs with the 
organism results in a nonprogressive moder¬ 
ately severe turbinate atrophy 2 to 4 weeks 
after infection, followed frequently by regen¬ 
eration of the turbinates. These virulence 
characteristics of BB are consistent with the 
observations that in herds where the organ¬ 
ism is common it can provoke sneezing and 
coughing but no evidence of clinical turbi¬ 
nate atrophy. Examination of the turbinates 
within 2 weeks after the sneezing will reveal 
some mild lesions, but no lesions will be 
evident when the pigs are examined at 
slaughter. It may be that the adhesins left 
over in the nasal cavity from an infection of 
BB are subsequently available for the attach¬ 
ment of other bacteria. 


Toxigenic isolates of PM colonize the 
nasal cavities, elaborate several toxins, and 
produce progressive lesions of the turbinate 
bones and snout. Toxigenic PM can colonize 
the upper respiratory tract of pigs, and the 
presence of the capsule is a virulence factor. 
The presence of BB can enhance the coloni¬ 
zation of PM, particularly the toxigenic type 
D strains isolated from pigs. The cytotoxin of 
BB is required for optimum growth by toxi¬ 
genic PM; other products of phase 1 BB 
growth assist colonization by PM, and the 
degree of atrophy of the turbinates in these 
mixed infections is related to the numbers of 
toxigenic PM in the nasal cavity. Severe tur¬ 
binate damage and shortening of the snout 
can be reproduced in specific-pathogen-free 
and gnotobiotic pigs by combined infection 
with BB and certain strains of PM. Following 
experimental infection both organisms may 
persist in the nasal cavities for up to 64 days. 
The cell envelope proteins and lipopolysac- 
charides of PM strains associated with atro¬ 
phic rhinitis have been characterized and 
compared. At least three protein patterns and 
sixlipopolysaccharide patterns can be distin¬ 
guished, which can be used to predict the 
pathogenic character of some of the strains. 
This will obviate the need to use the guinea- 
pig skin test to distinguish those strains that 
are associated with atrophic rhinitis and 
those that are not. 

The gene for the osteolytic toxin of PM 
has been cloned and expressed in E. coli ; the 
protein expressed has been shown to have 
the same properties as the native toxin. The 
toxin is the main colonization factor pro¬ 
duced by toxigenic strains of the organism 
and antitoxin made from the toxin is protec¬ 
tive experimentally and cross-protective 
between toxins from different capsule types. 
The toxin can produce turbinate atrophy 
when injected intranasally and also when 
given intramuscularly, intraperitoneally, 
intravenously, or intradermally. Fingerprint¬ 
ing techniques have been used to show 
that outbreaks of atrophic rhinitis since 
1985 in Australia have been associated 
primarily with a single strain of toxigenic 
type D PM. 

Environmental Factors 

The effects of housing, population density, 
and adequacy of ventilation on the preva¬ 
lence of infection of BB and toxigenic isolates 
of PM and on the incidence and severity of 
atrophic rhinitis have not been examined in 
detail. Atmospheric ammonia, dust, and 
microbial concentrations in the farrowing 
house and dust in weaner barns have a 
significant role in the severity of atrophic 
rhinitis. The mean daily gain of gilts with 
atrophic rhinitis exposed to ammonia may 
be smaller than that of those not affected. 
Undocumented field observations suggest 
that the disease is more common and severe 
when pigs are confined, overcrowded, and 
housed in poorly ventilated unsanitary 
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barns, all of which promote the spread of 
infection. 

There is no effect of high levels of 
ammonia on the severity of turbinate atrophy. 
It has been shown that high levels of ammonia 
have no effect on the disease progression of 
atrophic rhinitis and pneumonia but do 
enhance the colonization of the nasal turbi¬ 
nates by toxigenic PM. A recent experiment 
has shown that higher numbers of PM bac¬ 
teria were isolated from the tonsil than the 
nasal membranes per gram of tissue. Aerial 
pollutants contribute to the severity of 
lesions associated with atrophic rhinitis by 
facilitating colonization of the upper respira¬ 
tory tract by PM. 

Management factors such as confinement 
farrowing and the use of continual through¬ 
put farrowing houses and weaner houses are 
also considered to be important risk factors. 
Adverse climatic conditions (below thermo¬ 
neutrality with drafty periods) can result in 
a lower amount of energy available for 
production because of increased mainte¬ 
nance requirements, which results in growth 
retardation associated with lowered feed 
intake. 

Economic Importance 

Historically, it was accepted as dogma that 
atrophic rhinitis was an important cause of 
economic loss in pig herds because of 
decreased growth rate, less-than-optimal 
feed efficiency, and the fact that it was a 
major risk factor in enzootic swine pneumo¬ 
nia. A number of field studies have found an 
association between atrophic rhinitis and 
reduced growth rate in some herds, whereas 
other observations were unable to show an 
association between the presence of the 
disease and growth rate. The lack of a stan¬ 
dard system for evaluation of conchal lesions 
may be a factor in the variable results 
between observations. 

Some field studies have failed to show 
that the disease has an effect on growth rate 
in finishing pigs or that there is a cause and 
effect relationship between atrophic rhinitis 
and pneumonia. The presence of pneumonia 
in pigs from a test station reduced mean 
daily weight gains by 33% for each 10% of 
affected lung, but atrophic rhinitis did not 
affect daily gain and there was no association 
between the development of atrophic rhinitis 
and the development of pneumonia. Pigs 
vaccinated against BB had turbinate atrophy 
scores or mean daily gains no different from 
those of unvaccinated pigs. In another study 
there was a low positive correlation between 
the herd mean turbinate atrophy score and 
the herd mean percentage pneumonia score. 
A recent report from Illinois indicates that 
the prevalence of clinical atrophic rhinitis in 
farrow-to-finish herds ranged from 0% to 
20%, and in pigs from those herds examined 
at the abattoir the incidence of turbinate 
lesions ranged from 5 to 92%. In some of the 
herds the mean daily weight gain was 15% to 


18% higher than in herds where pigs had 
severe turbinate lesions. In an Australian 
report there was no correlation between the 
severity of atrophic rhinitis and growth rate 
or back-fat thickness. 

In one study of three commercial pig 
herds, the snouts and lungs of individual pigs 
were examined and scored at slaughter, and 
the results were correlated with growth indi¬ 
cators for each pig (average daily gain during 
the growing and finishing phases, and days 
to reach market). Scores for lung lesions were 
also correlated to scores for snout lesions. 
Contrary to findings in many other studies, 
pigs that reached market weight at the 
youngest age did not have the lowest score 
for lung lesions, nor the lowest grade for 
snout lesions, nor the least extensive or 
severe lesions. It was concluded that lung 
lesions and grades for snout lesions in pigs at 
slaughter are not valid indicators for deter¬ 
mining the economic effect of either pneu¬ 
monia or atrophic rhinitis on growth 
performance of pigs. 

PATHOGENESIS 

Following infection of the nasal cavity, BB 
becomes closely associated with the ciliated 
epithelium of the respiratory tract. It can 
bind to respiratory tract mucus. The organ¬ 
ism produces a heat-labile toxin that results 
in a nonprogressive, moderately severe tur¬ 
binate atrophy that is apparent within 2 to 4 
weeks after infection, followed frequently by 
regeneration of the conchae. There is, ini¬ 
tially, ciliary loss and ciliary stasis, followed 
by reduction in mucociliary clearance, fol¬ 
lowed by hyperplasia and metaplasia of the 
nasal epithelium, fibrosis in the lamina 
propria, and resorption and replacement 
fibrosis of the osseous core. Experimental 
infection with BB alone does not result in 
severe persistent conchal atrophy or twisting 
or shortening of the snout. The strains of BB 
that produce cytotoxin may predispose to 
the colonization of PM in the nasal cavities. 

The preferred habitat of PM appears to be 
the tonsillar crypt, but following damage by 
BB, it can inhabit the epithelium of the URT. 

Infection and colonization of the nasal 
cavities, particularly the mucus, with the 
toxigenic strains of PM results in the elabora¬ 
tion of a toxin that causes progressive conchal 
atrophy. The toxin is thermolabile and der- 
monecrotic and is called the dermonecrotic 
toxin of PM. It interferes with G-protein and 
Rho-dependent signaling pathways in the 
cells. It is encoded by the toxA gene. The 
inoculation of a toxin from a toxigenic strain 
of type D PM into the nasal cavities of gno- 
tobiotic pigs results in severe bilateral 
atrophy of the conchae. Atrophy of the 
ventral conchae can be produced experimen¬ 
tally with pathogenic BB in piglets at 6 weeks 
of age and with toxigenic PM strains in 
piglets as old as 16 weeks of age. 

The toxin enhances osteoclastic resorp¬ 
tion and impairs osteoblastic synthesis of the 


conchal osseous core; irreversible changes 
can occur within a few days. The toxin is a 
one chain toxin of 1285 amino acids, and 
different domains of the toxin are involved in 
cell uptake and intracellular activities. The 
toxin is able to subvert cell cycle progression 
and cell-cell signaling systems in osteoblasts 
and osteoclasts. The toxin is the sole agent 
responsible for the conchal atrophy, and the 
effect appears to be related to the total expo¬ 
sure to the toxin; that is, it is dose dependent. 
The toxin PMT activates various heterotri- 
meric G proteins, which causes the deamida¬ 
tion of the alpha-subunits of the G proteins. 811 
More important, this also appears to have 
an immunomodulatory effect. There is an 
inverse relationship between the number of 
PM and the total concentration of immuno¬ 
globulin. This may in part be one of the 
reasons that local changes in the nose 
produce such adverse growth effects, and 
they may be a result of the fact that the 
PM type D toxin has in fact changed the 
immune functions and that the PM may 
have predisposed to many other agents. 
These authors’ conclusion is that PM signifi¬ 
cantly suppresses the antigen-specific IgG 
immune responses of pigs to parenteral 
antigen challenge. The epithelium and the 
submucosa undergo secondary atrophy, and 
the conchae may disappear almost com¬ 
pletely within 10 to 14 days. These lesions 
can persist until the animal is 90 kg in body 
weight. The conchal atrophy is not accompa¬ 
nied by an inflammatory reaction. The effect 
of the PM toxin is restricted to the nasal 
cavity; this is supported by the intriguing 
observation that the parenteral injection of 
the toxin into gnotobiotic piglets results in 
turbinate lesions and shortening and twist¬ 
ing of the snout. The parenteral injection of 
the dermonecrotoxin of PM capsular type D 
into specific-pathogen-free adult pigs will 
result in moderate conchal atrophy. In piglets 
7 days of age, the intramuscular injection of 
the purified dermonecrotoxin will result in 
severe atrophy of the conchae. The culture 
filtrate of a nonatrophic-rhinitis pathogenic 
PM will not cause lesions after intramuscular 
injection. The disappearance of the conchae 
and the involvement of the bones of the face 
lead to deformity of the facial bones with the 
appearance of dishing and bulging of the face 
and, if the lesion is unilateral, to lateral devi¬ 
ation of the snout. 

The effect on growth rate, if any, may be 
attributable to the chronic irritation and 
interference with prehension. Experimen¬ 
tally, atrophic rhinitis suppressed the health 
of pigs, reducing their activity and feed 
intake. Experimentally, parenteral injections 
of the toxin decrease physeal area and reduce 
chondrocyte proliferation in long bones, in 
addition to conchal atrophy. 

Reliable experimental models of atrophic 
rhinitis in gnotobiotic pigs are now available 
and are useful for studying the pathogenesis 
of the disease and testing vaccine strategies. 





A sterile sonicate of a toxigenic strain of BB 
is instilled into the nasal cavities of piglets at 
5 days of age followed by intranasal inocula¬ 
tion of toxigenic strains of PM at 7 days 
of age. 

The toxin can also affect the liver and 
urinary tract and decrease the physeal area 
in the long bones. 

CLINICAL FINDINGS 

The clinical findings of atrophic rhinitis 
depend on the stage of the lesions. In acute 
cases in piglets 3 to 9 weeks of age, irritation 
of the nasal mucosa causes sneezing, some 
coughing, small amounts of serous or muco¬ 
purulent nasal discharge, and transient uni¬ 
lateral or bilateral epistaxis. The frequency 
of sneezing may be a measure of the inci¬ 
dence and severity of the disease. In piglets 
born from sows vaccinated with BB and 
PM vaccine before farrowing, followed by 
two vaccinations within 3 weeks of age, 
the frequency of sneezing at 3 to 9 weeks 
of age was much less than in piglets given 
only BB vaccine. There may be rubbing of 
the nose against objects or on the ground. 
A watery ocular discharge usually accompa¬ 
nies this and may result in the appearance 
of dried streaks of dirt below the medial 
canthus of the eyes. There may be a decrease 
in growth rate. In infection with BB these 
clinical signs will disappear spontaneously in 
a few weeks, when the pigs will appear 
normal. In severe cases, respiratory obstruc¬ 
tion may increase to the point of dyspnea 
and cyanosis, and sucking pigs may have 
great difficulty in nursing. The nasal secre¬ 
tions become thicker and nasal bleeding may 
also occur. 

In the more chronic stages, inspissated 
material may be expelled during paroxysms 
of sneezing. During this chronic stage, there 
is often pronounced deformity of the face as 
a result of arrested development of the bones, 
especially the conchae, and the accumulation 
of necrotic material in the nasal cavities. The 
nasal bones and premaxillae turn upward 
and interfere with approximation of the 
incisor and, to a lesser extent, the molar 
teeth. There are varying degrees of brachyg- 
nathia superior and protrusion of the lower 
incisor teeth. Prehension and mastication 
become difficult, with a resulting loss of body 
condition. Facial distortion in the final stages 
takes the form of severe “dishing” of the 
face with wrinkling of the overlying skin. 
If the condition is unilateral, the upper jaw 
may be twisted to one side. These visible 
facial deformities develop most commonly 
in pigs 8 to 10 weeks old within 3 to 4 weeks 
after infection, but they may occur in 
younger pigs. 

The most serious effects of the advanced 
disease are depression of growth rate and 
unthriftiness. The appetite may be unaf¬ 
fected, but much feed is lost by spillage, and 
feed efficiency may be reduced in some 
instances. 
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CLINICAL PATHOLOGY 
Culture and Detection of Bacteria 

It is important to be able to detect infected 
animals in a herd, especially the carrier 
animal. Nasal swabs are used to detect the 
bacteria and to determine their drug sensi¬ 
tivity. The collection of the nasal swabs must 
be done carefully and requires a special 
transport medium to ensure a high recovery 
rate. A sampling technique and a special 
culture medium to facilitate the isolation 
and recognition of BB are described. The 
external nares are cleaned with alcohol, 
and a cotton-tipped flexible wire is pushed 
into the nasal cavity (of each side in turn) 
until it reaches a point midway between 
the nostril and the level of the medial canthus 
of the eye. On removal, the cotton tip is 
cut off into 0.5 mL of an ice-cold sterile 
transport medium comprising phosphate- 
buffered saline (PBS, pH 7.3) with fetal 
calf serum (5% v/v). The samples are then 
placed on special media, preferably within 
4 hours. Normally the organism grows 
well on conventional culture media, espe¬ 
cially when younger pigs are sampled. 
However, in the carrier pig the organism 
may be sparse, and the selective medium is 
recommended. 

The nasal culturing procedure has been 
used as an aid in the control of atrophic rhi¬ 
nitis associated with BB. A series of three 
nasal swabs from each animal is considered 
to be about 77% efficient in detecting infected 
animals for possible culling and elimination 
from the herd. However, in some studies 
there may be no marked difference in the 
prevalence of BB or PM in pig herds with or 
without clinical atrophic rhinitis. 

Toxigenic PM grow readily in the labora¬ 
tory but are difficult to isolate from nasal 
swabs because they are frequently overgrown 
by commensal flora. Selective laboratory 
media containing antimicrobial agents have 
been developed to promote the isolation of 
PM from nasal swabs. Inoculation of cotton 
swabs to selective medium on the same 
day as the sampling provides the best isola¬ 
tion of toxigenic PM. Immersion of pigs at 
slaughter in the scalding tank can result in a 
marked reduction in the isolation of toxi¬ 
genic PM. 

A cell culture assay using embryonic 
bovine lung cell cultures is available and is a 
sensitive in vitro test for the differentiation 
of toxigenic from nontoxigenic isolates of 
PM. This test can replace the lethal tests in 
mice or the dermonecrotic tests in guinea 
pigs. 

Serology 

Agglutination tests and an ELISA test are 
available for the detection of pigs infected 
with BB, especially carrier animals. Serology 
is of value in the assessment of the response 
of pigs vaccinated with the BB vaccines. 
There are currently no reliable serologic tests 
for Pasteurellae. 


Antigen Detection 

A PCR method originally described in 1996 
for the enhanced detection of toxigenic PM 
directly from nasal swabs has been described 
and upgraded. This was shown to be 10 times 
more sensitive than PM type D toxin (PMT) 
ELISA and 5 times more sensitive than clini¬ 
cal bacteriology with subsequent use of PMT 
ELISA. A nested PCR has also been 
described. Similarly, a PCR method for the 
detection of BB has been described that pro¬ 
duces 78% more positives than culture, par¬ 
ticularly with swabs with a high mixed 
bacterial load. Recently a nested-PCR has 
been described that was reported to be more 
specific and sensitive than the other PCR 
methods previously described. It does not 
require culture, it is less laborious, and the 
results can be provided within 24 hours. The 
authors concluded that this test was suitable 
for breeding company evaluations and for 
eradication schemes. 

Radiography 

Some aids to the clinical diagnosis have been 
examined but are not highly accurate. Radi¬ 
ography of the nose is not reliable in detect¬ 
ing the severity of conchal atrophy. 

NECROPSY FINDINGS 

The typical lesions of atrophic rhinitis are 
restricted to the nasal cavities, although con¬ 
current diseases, especially virus pneumonia 
of pigs, may produce lesions elsewhere. In 
the early stages there is acute inflammation, 
sometimes with the accumulation of pus, but 
in the later stages, there is evidence only of 
atrophy of the mucosa and decalcification 
and atrophy of the conchae and ethmoid 
bones, which may have completely disap¬ 
peared in severe cases. The inflammatory 
and atrophic processes may extend to involve 
the facial sinuses. There is no evidence of 
interference with the vascular supply to the 
affected bones. The changes in the nasal cavi¬ 
ties are most readily seen if the head is split 
in the sagittal plane but for accurate diagno¬ 
sis the degree of conchal symmetry, volume, 
and atrophy and medial septum deviation 
should be assessed by inspection of a vertical 
cross-section of the skull made at the level of 
the second premolar tooth. 

The clinical diagnosis is confirmed and 
the severity of the lesions is assessed by the 
postmortem examination of a cross-section 
of the snout. The snout must be sectioned at 
the level of the second premolar tooth 
because the size of the conchal bone reduces 
anteriorly and may give a false-positive result 
if the section is taken too far forward. Quan¬ 
tification of the severity of the lesions has 
been of value for monitoring the incidence 
and severity of the disease in a herd. Several 
systems have been used for grading the 
severity of lesions of the snout. Most of them 
have used a subjective visual scoring system 
in which snouts are grade 0 (complete nor¬ 
mality) to 5 (complete conchal atrophy). 
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Reasonable agreement among observers 
recording morphologic changes of nasal 
conchae is achievable with some training. 

The standards for each grade are as 
follows: 

• Grade 0: No deviation from absolute 
normality, with nasal septum straight 
and conchae symmetric and filling 
nasal cavities. 

• Grade 1: Slight irregularity, 
asymmetry, or distortion of the nasal 
structures without atrophy. 

• Grade 2: Marked distortion of nasal 
structure but without marked 
atrophy. 

• Grade 3: Definite atrophy of the 
conchae with or without distortion. 

• Grade 4: More severe atrophy with 
severe atrophy of one or more 
conchae. 

• Grade 5: Very severe atrophy in 
which all conchae have virtually 
disappeared. 

Such a discontinuous grading system 
does not provide a direct quantitative rela¬ 
tionship. Regular examination of the snouts 
from heads of pigs sent to slaughter can be 
used to assess the level of conchal atrophy in 
the herd. Morphometric methods, using 
either point counting or semiautomated pla¬ 
nimetry applied to photographic or impres¬ 
sion prints of sections of the snout to measure 
the extent of conchal atrophy on a continu¬ 
ous scale as a morphometric index, are now 
available. Cross-sections of the snout are 
photographed or used to make impression 
prints, which are then measured. A morpho¬ 
metric index is determined, which is the 
ratio of free space to total cross-sectional 
area of the nasal cavity. The system correlates 
well with the visual grading system of 0 to 5 
but is labor-intensive and relatively expen¬ 
sive. The conchal perimeter ratio may be a 
more reliable morphometric measure of 
atrophic rhinitis and also provides paramet¬ 
ric data suitable for quantitative analysis. A 
morphometric analysis using conchal area 
ratio is the best method for quantifying gross 
morphologic turbinate changes. Descrip¬ 
tions of the methods for making snout 
impressions are available. Computed tomog¬ 
raphy has been described. 

A major limitation of the grading system 
is that conchal atrophy occurs as a continu¬ 
ous spectrum, and it is difficult to decide, for 
example, if a pig with a grade 3 lesion repre¬ 
sents the more severe manifestation of BB 
infection, which may not progress further, or 
an early manifestation of infection with toxi¬ 
genic PM, which could develop into a severe 
herd problem. 

Histologically, the lesions vary according 
to the stage of the disease; initially there is a 
neutrophilic infiltrate followed by more 
chronic mononuclear cell infiltration. The 
conchal bones are eroded by osteoclasts, and 
new bone formation is reduced with degen¬ 
eration dystrophy and reparative processes. 


Samples for Confirmation 
of Diagnosis 

• Bacteriology—nasal swabs are not as 
good as tonsil swabs but are easier to 
obtain. The highest isolation rates are 
achieved with Knight medium 

or KPMD. Conventional 
biochemistry can then be used to 
identify. 12 

• Histology—formalin-fixed cross- 
section of snout at level of second 
premolar 

• Antigen detection—nasal swabs. 
ELISAs based on the use of PMT- 
specific monoclonal AB are rapid, 
sensitive and specific. The kmtl gene 
has been used as a target for the 
loop-mediated isothermal 
amplification method. 13 Diagnostic 
tests have been reviewed. 14 

Computer tomography can be helpful. 13 


DIFFERENTIAL DIAGNOSIS 


The occurrence of sneezing in the early stages 
and of facial deformity in the later stages are 
characteristic of this disease. Diagnosis 
depends on clinical signs, pathology, and 
demonstration of PM and its toxin. 

Inclusion-body rhinitis as a result of a 
cytomegalovirus is a common infection in 
young piglets in which there is sneezing and 
conjunctivitis. However, by itself it does not 
progress to produce turbinate atrophy and 
facial distortion. Under good hygienic 
conditions the course of the disease is about 
2 weeks, and the economic effects are 
minimal. In the early acute stages, atrophic 
rhinitis may be mistaken for swine influenza, 
which, however, usually occurs as an outbreak 
affecting older pigs and accompanied by a 
severe systemic reaction without subsequent 
involvement of facial bones. 

Necrotic rhinitis is manifested by external 
lesions affecting the face, and virus 
pneumonia of pigs is characterized by 
coughing rather than sneezing. 

The inherited prognathic jaw of some 
breeds of pigs has been mistaken for the 
chronic stage of atrophic rhinitis; protrusion of 
the lower jaw is quite common in adult 
intensively housed pigs and has been 
attributed to behavioral problems of pushing 
the snout against fixed equipment such as 
bars and nipple drinkers. 


TREATMENT 

Treatment early in the course of the disease 
will reduce the severity of its effects, but it is 
of little value in chronically affected pigs, and 
these pigs are best culled at an early age 
because of their persistent poor growth rate 
and high food conversion. 

Tylosin at 20 mg/kg BW, oxytetracycline 
at 20 mg/kg BW, or trimethoprim-sulfadox- 
ine (40 mg/200 mg/mL) at 0.1 mL/kg BW 
may be given parenterally, or the creep feed 
may be medicated with sulfamethazine and/ 


or tylosin at 200 and 100 mg/kg of feed 
respectively. Parenteral injections need to be 
repeated every 3 to 7 days for at least three 
injections, and feed medication should be 
given for 3 to 5 weeks. The problem with early 
creep medication is in obtaining adequate 
intakes of the antibacterial. This is seldom 
achieved before 2 weeks of age, and parenteral 
antibiotics may be required if significant 
infection occurs before this stage. 

The parenteral administration of antimi¬ 
crobial agents to individual piglets at - to 7-day 
intervals beginning at 3 days of age for a total 
of three to five injections per piglet has been 
recommended for the treatment and control 
of atrophic rhinitis. However, in a large herd 
such a treatment regimen would be a major 
task, and until a cost-benefit analysis indi¬ 
cates a beneficial effect over other methods, we 
cannot recommend such a practice. 

The treatment of experimental BB infec¬ 
tion in young pigs has been successful with 
the use of trimethoprim-sulfadiazine in the 
drinking water at levels of 13.3 and 77.6 pg/ 
mL respectively, for 3 weeks. This method 
would remove the necessity to inject pigs 
repeatedly. 

Tilmicosin has proved useful; fed con¬ 
tinuously over 6 weeks at concentrations of 
200 g per ton of feed, it controlled transmis¬ 
sion of atrophic rhinitis, weight gains were 
positively affected, and fewer nasal swabs 
were positive for PM at the end of the study 
period. A resistance to some antibiotics has 
recently been reported. 12 ' 16 

CONTROL 

Effective control depends on developing 
methods of eliminating or controlling the 
prevalence of toxigenic isolates of PM, which 
cause progressive atrophic rhinitis if they 
become established in the nasal cavity. Previ¬ 
ous infection of the nasal cavity with BB may 
enhance the establishment of toxigenic PM 
and result in progressive atrophic rhinitis. 

Although there is considerable informa¬ 
tion available on the ecology of BB and the 
methods by which it might be eliminated or 
controlled in a herd, there is little docu¬ 
mented information available on methods 
that can be used for control of the toxigenic 
isolates of PM associated with atrophic 
rhinitis. 

Control of atrophic rhinitis can be 
attempted in at least four ways: 

• Total eradication 

• Reduction of infection pressure 

• Mass medication with antimicrobials 
to reduce the severity and adverse 
effects of infection 

• Vaccination 

Regardless of the method employed, any 
effective control program must have a system 
for monitoring the incidence of clinical 
disease in the herd and the incidence and 
severity of conchal lesions of the pigs sent to 
slaughter. Accurate and reliable methods for 
monitoring clinical disease are not available, 









but the incidence of acute rhinitis and facial 
deformities could be recorded regularly. At 
slaughter, snouts can be examined for lesions 
of conchal atrophy and for assessing a 
mean snout score for each group of pigs 
slaughtered. 

Eradication 

Total eradication can only be achieved with 
confidence by complete depopulation for a 
4-week period and repopulation with 
primary or purchased specific-pathogen-free 
stock. This approach has the added advan¬ 
tage of also eliminating enzootic pneumonia, 
which may be a significant contributing 
factor to the economic importance of this 
disease. However, this method of control is 
extremely costly, and the economic impor¬ 
tance of the disease would need to be care¬ 
fully evaluated in relation to this cost before 
this method was instituted. Other techniques 
of obtaining pigs free of atrophic rhinitis, 
such as the isolated farrowing of older and 
presumed noncarrier sows with subsequent 
clinical and postmortem examinations of a 
proportion of the litters, have had a signifi¬ 
cant failure rate in the field and are not rec¬ 
ommended. Eradication by repopulation 
with cesarean-derived stock may be essential 
in breeding nucleus herds where a high gen¬ 
eration turnover results in a low herd sow age 
and a low herd level of immunity. The break¬ 
down rate of herds established by this 
method can be significant, presumably 
because the initiating organisms are not 
solely confined to pigs. 

A pilot control scheme was initiated in 
Britain in which a herd had to meet the fol¬ 
lowing conditions: 

• It must be inspected by a 
veterinarian every 6 months over a 
period of 2 years, over which time 
there must be no clinical evidence of 
atrophic rhinitis. 

• The herd owner must certify that 
atrophic rhinitis has not been 
suspected over the same time period. 

• Cross-sections of snouts taken from 
at least 30% of marketed pigs must 
be examined regularly by a 
veterinarian, and over a 2-year 
probationary period the average 
six-month snout score must not 
exceed 0.5. 

• There must be no vaccination or 
treatment for atrophic rhinitis. 

• New breeding stock can be 
introduced only from other qualified 
herds or herds derived by 
hysterectomy, artificial insemination, 
or embryo transfer techniques. 

Over a 5-year period 45 herds qualified at 
some stage, and 34 were still qualified at the 
end of 5 years. As of 1988, some herds had 
exceeded the snout score limit of 0.5, with 
their average scores increasing to 2.24. In 
these herds, there was no clinical, epidemio¬ 
logic, or bacteriologic evidence that they 
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were at risk of developing severe atrophic 
rhinitis. It is suggested that the higher scores 
were associated with a group of recurrent 
husbandry factors, especially overstocking 
and unsatisfactory conditions in the weaner 
barns. These increased scores suggested the 
possibility that the upper limit for the snout 
scores in qualifying herds could be raised 
and allow bacteriologic testing to be con¬ 
fined to more doubtful herds. 

Eradication in the Netherlands was based 
on the fact that they thought that there were 
four main possibilities for the spread of toxi¬ 
genic PM: artificial insemination centers, 
laborers, neighborhood infection either by 
aerosol or by local spread, and carrier 
animals or birds. They assumed that most 
herds were closed or buying certified stock 
and that the major source of infection was 
therefore the boar. In this study they tested 
boars; in herds with less than 50 boars they 
tested all, and in those with more than 50 
they tested 50 as the minimum. They took 
nasal and tonsil samples, which were placed 
in cold transport medium and sent to the 
laboratory within 24 hours under cooled 
conditions for overnight culture followed 
by PCR. 

Reduction of Infection 

Reduction of infection pressure can be 
attempted. Infection of piglets occurs pri¬ 
marily either from carrier sows or from other 
infected piglets in the immediate environ¬ 
ment and severe atrophic rhinitis generally 
results from infection of piglets under 3 
weeks of age. If these factors can be mini¬ 
mized, the incidence and severity of the 
disease can be reduced. An all-in, all-out pig 
flow is one of the most effective methods of 
control of atrophic rhinitis. Changing to an 
all-in, all-out pig flow from continuous flow 
management can improve snout scores by 
50%, lung scores by 55%, average daily gain 
by 0.14 lb, and days to market by 13 days. 

Because severe lesions depend on infec¬ 
tion of the piglet under 3 weeks of age, every 
attempt should be made to minimize the 
severity of the challenge to young piglets. It 
is a common observation that the effects of 
atrophic rhinitis are minimal under good 
systems of management and adequate venti¬ 
lation, nondusty conditions, and good 
hygiene. The use of continual-throughput 
farrowing houses and weaner houses allows 
a buildup of infection with the presence of 
actively infected pigs that can provide a high 
infection pressure on piglets born into or 
introduced into these areas. The use of all-in, 
all-out systems of management in these areas 
is recommended, and young piglets should 
be kept in a separate area from older pigs. 

Mass Medication 

The prophylactic use of antimicrobials is fre¬ 
quently employed to reduce the incidence of 
the disease within the herd. Antimicrobials 
are used both within the breeding herd to 


reduce the prevalence of carriers and in 
young suckling and weaner pigs to reduce 
the severity of the infection. The medication 
is begun about 2 weeks before farrowing, 
continued throughout lactation, and incor¬ 
porated in the creep feed for the sucking pigs 
and the starter feeds for the weaned pigs. In 
this way there is continuous medication of 
the sow and the piglets during the most sus¬ 
ceptible period. For the breeding herd, sulfa¬ 
methazine at levels of 450 to 1000 mg/kg 
feed, with the higher levels being given to dry 
sows on restricted feeding, has been recom¬ 
mended. Sulfonamide resistance has proved 
a problem in some countries but beneficial 
results may still be achieved with these levels. 
It is recommended that medication be con¬ 
tinued for a 4- to 6-week period. Carbadox 
at a level of 55 ppm in combination with sul¬ 
famethazine at 110 ppm is reported to be 
effective in clearing experimentally induced 
BB infection, and when used alone improved 
growth rate and feed efficiency in pigs with 
naturally occurring atrophic rhinitis. In the 
starter period, carbadox fed alone or in com¬ 
bination with sulfamethazine improved 
average daily gain in piglets from herds with 
naturally occurring atrophic rhinitis. Use of 
the medication, however, did not result in a 
reduction of mean nasal lesion scores as a 
result of atrophic rhinitis. Sulfamethazine at 
110 mg/kg of feed is more effective than sul- 
fathiazole at the same concentration for the 
control of experimentally induced atrophic 
rhinitis attributable to BB. Sulfamethazine 
may also be incorporated in creep rations, 
and the use of tetracyclines (200 mg/kg), 
tylosin (50-100 mg/kg), and penicillin 
(200 mg/kg) has also been suggested. 

Medicated early weaning is recom¬ 
mended to obtain pigs free from pathogens, 
including BB that are endemic in the herd of 
origin. The sows are fed medicated feed from 
5 days before to 5 days after weaning, and the 
piglets are dosed from birth to 10 days of age. 

Vaccination 

There has been considerable interest in the 
development of vaccines for the control and 
prevention of atrophic rhinitis attributable to 
BB. Inactivated vaccines have been used to 
vaccinate the pregnant sow 4 to 6 weeks 
before farrowing; in some cases, this is fol¬ 
lowed by vaccination of the piglets at 7 and 
28 days of age. In general, the use of the 
vaccine in pregnant sows in herds where the 
disease has been endemic has reduced 
the incidence of clinical atrophic rhinitis. 
However, the results from one study to 
another have been highly variable. Vaccina¬ 
tion of the pregnant sow results in an increase 
in colostral antibody titer, which does 
improve the clearance rate of BB in the 
piglets. However, it has been difficult to eval¬ 
uate the efficacy of the BB used alone because 
the conchal atrophy associated with infec¬ 
tion of piglets with BB experimentally or 
naturally heals and regenerates completely 
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when they are reared to about 70 to 90 kg 
BW in good housing conditions. 

Vaccination with both components (BB 
and PM) in a vaccine reduces lesions consid¬ 
erably compared with a placebo and a group 
with only PM type D toxin in the vaccine, 
but neither vaccine eliminated toxigenic PM 
from the upper respiratory tract. 

Experimentally, piglets born from sows 
vaccinated with PM are protected from a 
challenge with atrophic rhinitis toxin. This 
indicates that artificial immunization for 
atrophic rhinitis should be possible. Vaccina¬ 
tion of sows at least three times before far¬ 
rowing for the first time and during each 
subsequent pregnancy with a vaccine con¬ 
taining BB and PM was highly successful in 
reducing the incidence of atrophic rhinitis in 
the pigs. The incidence in affected herds was 
reduced from 7.5% to about 2%. Experimen¬ 
tally, the vaccine provides good protection 
against challenge in piglets from vaccinated 
sows. 

A recombinant PM toxin derivative 
vaccine given to gilts 4 to 5 weeks before 
farrowing and again 2 to 3 weeks later pro¬ 
vided excellent protection in their piglets 
against experimental challenge with BB and 
toxigenic PM. This indicates the excellent 
immunoprotective properties of the non¬ 
toxic derivative of the PM toxin. In five field 
trials, a single-component vaccine contain¬ 
ing a nontoxic but highly immunogenic 
protein, as the antigen, provided much better 
protection than the control vaccine contain¬ 
ing killed PM and killed BB. 

Experimental infection and vaccination 
of pregnant minimum-disease sows with BB 
resulted in much higher agglutinins in serum 
and colostrum than in sows only vaccinated 
or control animals, and the piglets were pro¬ 
vided with protection against experimental 
disease. Vaccination of pregnant gilts with 
purified inactivated PM toxin resulted in a 
high degree of protection of their progeny 
against progressive atrophic rhinitis. 

A new vaccine has been described 
using a truncated PM type D toxin that is 
immunogenic and nontoxic, a toxoid for BB, 
and an adjuvant. Sows were vaccinated at 
8 to 6 weeks and 4 to 2 weeks before farrow¬ 
ing. The vaccinated animals had fewer 
organisms. 

FURTHER READING 

Horiguchi Y. Swine atrophic rhinitis caused by 

Pasteurella multocida and Bordetella dermonecrotic 
toxin. Curr Top Microbiol Immunol. 
2012;36:1113-1129. 
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FACIAL NECROSIS 
(FACIAL PYEMIA) 

Facial necrosis (facial pyemia) was formerly 
called necrotic rhinitis or bullnose or para¬ 
nasal abscessation and is often confused with 
atrophic rhinitis (AR). It occurs in growing 
pigs usually before 1 week of age and may 
occur in herds where AR is present and even 
in the same pig, but there appears to be no 
relationship between the two diseases. The 
diseases differ by the presence of oral and 
facial lesions. Necrotic ulcer in pigs may 
involve the mouth and face, but the lesions 
are erosive rather than necrotic. 

There are a variety of other conditions of 
the face of the young pig that can be con¬ 
fused. The common occurrence of Fusobac- 
terium necrophorum in the lesions suggests 
that any injury to the face or nasal or oral 
cavities may lead to bacterial invasion, espe¬ 
cially if the environment is dirty and heavily 
contaminated. The disease is now rarer fol¬ 
lowing a general improvement in hygiene in 
piggeries but possibly also as a result of the 
declining occurrence of AR following vacci¬ 
nation and eradication of P. multocida toxi¬ 
genic type D and much greater care in teeth 
clipping of the young pig. It is also associated 
with fighting in piglets trying to reach a teat, 
especially when milk is in short supply. 

The lesions develop as a necrotic cellulitis 
of the soft tissues of the nose and face but 
may spread to involve bone and produce 
osteomyelitis. Local swelling is obvious, and 
extensive lesions may interfere with respira¬ 
tion and mastication. The lesions may be 
ulcerated, crusty, and extensive. Depression 
of food intake and toxemia may result and 
poor growth, and some deaths result. Treat¬ 
ment by the local application of debride¬ 
ment, disinfection with substances such as 
chlorhexidine or iodophors and the use of 
antibiotic creams and parenteral antibacte¬ 
rial drugs, and the oral administration of 
sulphonamides is satisfactory in early cases. 
Oral dosing with sulphadimidine has been 
effective in young pigs. Improvement of sani¬ 
tation, elimination of injuries, and disinfec¬ 
tion of pens usually result in a reduction of 
incidence, and cross-fostering will reduce 
competition and fighting. 

FURTHER READING 

Done JT. Facial deformities of the pig. Vet Ann. 

1977;17:96. 


BORDETELLA RHINITIS 

Bordetella bronchiseptica (BB) is capable of 
causing two major disorders on its own. The 
first is Bordetella rhinitis, and the second 
Bordetella bronchitis. It is also capable of 
infecting man but the contribution of pig 
strains to human disease is unknown. 

ETIOLOGY 

It is a small, aerobic, gram-negative bacte¬ 
rium that produces a beta hemolytic 1- to 
2-mm gray colony on some nutrient blood 
agars but is nonhemolytic on some enriched 
media. On MacConkey media it produces 
nonlactose fermenting colonies in 48 hours. 
Nearly all the strains express one of two anti- 
genically distinct O-antigen serotypes (01/ 
02) that are not cross-reactive. 1 Variation in 
virulence can result from strain variation 2,3 
and may be related to different phylogenetic 
lineages. 4 

EPIDEMIOLOGY 

The bacterium is often isolated from healthy 
animals. 5 Carrier animals usually introduce 
it to a herd. Strains from other animals 
(dogs, rodents, etc.) are not so likely to colo¬ 
nize the pig because only a few strains occur 
in the pig, and these tend to be different from 
other species. Spread is by aerosol from 
sneezing and through direct and indirect 
contact. 

Infection usually occurs early in life and 
what happens then depends usually on the 
state of immunity. Maternal antibody usually 
lasts long enough to cover the establishment 
of infection and prevents pathology but does 
not lead to removal of the agent. 

Cross-fostering; multiple ages in the same 
house; multisourcing to a nursery or finish¬ 
ing house; poor ventilation and environmen¬ 
tal control and, in particular, lack of an all-in, 
all-out policy followed by effective cleaning, 
disinfection, and drying policy are condu¬ 
cive to the spread of the condition. 

PATHOGENESIS 

Bordetella is a complicated organism with 
several virulence factors. It exists in four 
colony phases. Expression of the virulence 
genes requires cooperation of the BvgAS 
(virulence genes system). 6 

Phase I colonies contain fully virulent 
organisms (Bvg +) expressing genes for 
flagellae (fla ), the mannose-resistant fila¬ 
mentous hemagglutin, ' 8 and the outer mem¬ 
brane protein pertactin (PN), all of which are 
involved in adhesion. Other factors include 
a hemolysin that is adenylate cyclise, a cyto- 
toxin, an osteocytic toxin, and the dermone¬ 
crotic toxin ( dnt ). The adenylate cyclise may 
modulate cytokine production in dendritic 
cells and alter immunomodulatory func¬ 
tion. 9 The tracheal cytotoxin is likely to act 
on the cilia and cause ciliostasis. The Bvg + 
organisms also possess the bfrZ gene for the 
exogenous ferric siderophore receptor, which 







is essential because BB has huge require¬ 
ments for iron. 

Phases II and III do not have all these. 
Reversion to phase I only takes place in vivo. 
The organisms also differ between strains in 
the presence of genes for flagellae and fim¬ 
briae. The organisms colonize the cilia of the 
URT and then proliferate, and then the cilia 
are lost as the organisms increase further in 
number. Pertactin may be required for this. 9 
Toxic substances then diffuse from the BB 
into the epithelium and below and damage 
the osteoblasts. Mild turbinate atrophy may 
then begin but usually resolves by about 70 
days postinfection. 

In the lung, BB causes a pneumonia 
similar to Mycoplasma hyopneumoniae (EP), 
and the organism lives in large numbers in 
the main bronchi (formerly called bronchitis 
X), where it may cause a mucopurulent tra¬ 
cheitis and bronchitis. 

The organism also enhances the ability of 
other organisms to colonize the respiratory 
tract, notably P. multocida, 10 S. suis, and H. 
parasuis. In turn, PRRSV predisposes to 
infection with BB. Coinfection of BB with 
PRCV and SIV leads to a longer outbreak of 
more severe pneumonia. 11 

CLINICAL SIGNS 

Clinical signs may be severe in newly estab¬ 
lished herds, rapidly expanding herds, or in 
herds with poor immunity or where there are 
immunosuppressive disorders. 

Normally, outbreaks of sneezing will 
occur in baby pigs. It may be paroxysmal or 
be accompanied by epistaxis. There may be 
tear staining. The signs of progressive atro¬ 
phic rhinitis are rarely seen with just BB 
infection. 

In the pneumonic form there may be 
fever to 40°C (104F), anorexia and loss of 
condition, and possibly a high mortality. It 
may cause a reduction in growth rate that 
may reach 20% to 30%. Coinfection with 
other agents contributes to an increased 
severity of signs, and respiratory viruses may 
favor the colonization by BB. 12 

PATHOLOGY 

In an uncomplicated infection there is a mild 
catarrhal rhinitis. There may be some degree 
of conchal (turbinate) atrophy with deviation 
of the nasal septum, and excess mucus 
production. 

In the lung infection there may be con¬ 
solidation of cranial and middle lobes of the 
lung. Histologically, the nasal epithelium is 
infiltrated with inflammatory cells, it some¬ 
times shows mucous metaplasia, and there 
may be fibrosis that is almost pathogno¬ 
monic for BB infection. In the lung there 
may be a catarrhal exudate with neutrophilic 
infiltration. 

DIAGNOSIS 

In early cases, severe sneezing and tear stain¬ 
ing will be a good indication. Sneezing is 
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the method of clearing the nasal cavity of 
irritation (infection, noxious gases such 
as ammonia or heavy burdens of dust) 
and is the clinical sign indicating the nasal 
cavity is stressed. In early cases of bronchial 
infection there may be a cough, which 
indicates that the trachea, main-stem 
bronchi, and the major part of the bronchial 
tree are clogged with exudate that needs to 
be physically removed because the normal 
mucociliary clearance mechanism is 
overcome. 

In early infections BB can be isolated 
from the whole of the respiratory tract, 
but in chronic or recovered cases it may only 
be isolated from the nasal cavity (ethmotur- 
binates in particular). Nasal swabs using 
cotton tips can be collected, placed in 
transport media, and cultured on special 
media. 

At postmortem the BB can be grown on 
blood agar plates with 48 hours of 
incubation. 

PCR tests based on the dermonecrotic 
toxin have been used successfully 13 and in 
multiplex PCRs with P. multocida. 

Antibody tests (agglutination and 
ELISAs) can also be used to assess the herd 
status. 

IMMUNITY 

There is an IgM immunity to the hemagglu¬ 
tinin within 7 days and IgG appears 4 to 5 
weeks later. This immunity usually prevents 
turbinate atrophy and pneumonic damage. It 
is necessary for a good IgA response to clear 
the URT of infection, 14 but vaccine protec¬ 
tion is not as good as natural infection 
protection. 15 

TREATMENT 

Parenteral treatment with almost all antibiot¬ 
ics is possible for severe acute case because 
in vitro sensitivity to most antibiotics is high. 
Only after this should treatment via water 
and food should be considered. BB are, 
however, largely resistant to Ceftiofur, and 
there is evidence that they are becoming 
more resistant to trimethoprim-sulphon- 
amide combinations 

CONTROL 

Medication can be used to control the onset 
of the problem. 

Threatened pigs in a single airspace 
should all be given antibiotics in the feed 
after weaning (trimethoprim/sulphonamides 
at 30 mg/kg daily) or tetracyclines. 

Strategic medication using the same anti¬ 
biotics, given parenterally, at 3, 10, and 21 
days of age will also reduce the clinical 
signs. 

Medicated early weaning techniques and 
long-term treatment in the water for 28 days 
have also been used to eradicate the agent. 

Vaccination using formalin killed alum 
adjuvenated vaccines usually combined with 
P. multocida toxoid have been successfully 


used for a long time. 16 They can be given to 
sows 6 and 2 weeks before farrowing to stim¬ 
ulate maternal antibody and to piglets at 7 
and 28 days of age, but in this case they may 
be negated by maternal antibodies. 

All-in, all-out management, with good 
ventilation reduces the level of infection. 
Purchasing clean stock with a period of isola¬ 
tion and quarantine will also remove 
the infection, as will treating incoming 
stock. It is sensitive to several on-farm 
disinfectants. 17 
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PLEUROPNEUMONIA OF PIGS 
ASSOCIATED WITH 
ACTINOBACILLUS 
PLEUROPNEUMONIAE 

ETIOLOGY 

Actinobacillus pleuropneumoniae (APP), 
formerly known as Haemophilus pleuropneu¬ 
moniae, is the causative organism of pleuro¬ 
pneumonia in pigs. Some strains require V 
factor (NAD) for growth (biotype I), but 
some strains do not require this factor (type 
II). It forms small translucent mucoid beta- 
hemolytic colonies around staphylococcal 
streaks on sheep blood agar. It is a small 
gram-negative, encapsulated rod. The organ¬ 
ism causes severe, rapidly fatal fibrohemor- 
rhagic and necrotizing pleuropneumonia. 
The survivors often have bacteria-laden 
sequestra in the lungs that are poorly pene¬ 
trated by antibiotics but do act as sources of 
the organism for later outbreaks. It does not 
affect humans and has no public health 
significance. 

Recently a completely nonpathogenic 
species, A. porcitonsillarum, has been 
identified. 

EPIDEMIOLOGY 

Occurrence 

It is widely distributed worldwide. The 
primary reservoir is domesticated pigs, but 
wild boar are also affected. 1 

The only natural host is the pig but it has 
been isolated from cattle, deer, lambs, and 






1056 


Chapter 12 


Diseases of the Respiratory System 


some rodents can be infected experimentally. 
It is probably not carried by birds and 
rodents. The diversity of strains isolated from 
healthy pigs could be higher than that of 
strains recovered from diseased pigs. 

It appears that few pigs are infected from 
their sows, and then the organism spreads 
after weaning as the maternal antibodies dis¬ 
appear. The disease occurs worldwide in 
growing pigs from 2 to 6 months of age, with 
rapid spread both within the initially affected 
group and subsequently to other older or 
younger pigs in a herd. There are probably 
large numbers in the nose of affected animals. 
Abattoir surveys have found that the lungs of 
pigs from about 50% of herds monitored for 
several months may have lesions attributable 
to APP. This chronic pleurisy is presumably 
associated with APP. 2,3 Sero-epidemiologic 
surveys have found that pigs in 70% of herds 
may have antibodies to one or more of 
several recognized serotypes of the organ¬ 
ism. The prevalence of infection continues to 
increase—presumably as a result of confine¬ 
ment rearing, crowding, inadequate ventila¬ 
tion, close contact, and commingling of pigs 
of various age groups. The incidence of clini¬ 
cal disease is much less than the prevalence 
of infection. In most countries, the more 
dense the pig population, the more prevalent 
the APP is likely to be, and this has been 
documented in Belgium. In the United States 
it may not be as important as in Eurasia, and 
it was not reported to be of major impor¬ 
tance at the Iowa clinic. 4 In Europe, it may 
have become more common in recent years. 

Most herds have one or more types but 
these are usually avirulent. In some countries 
there may have been a shift from virulent to 
avirulent serotypes. In Canada, over 75% of 
the pigs were positive for APP in the upper 
respiratory tract. 3 There is a relative homo¬ 
geneity within a particular serotype. 6 

A strain may be virulent in one country 
but not in another depending on the genetic 
makeup determining the presence of viru¬ 
lence factors. 

Morbidity and Case Fatality 

The morbidity rate can exceed 50%, and the 
mortality may vary from 1% to 10%. 

Methods of Transmission 

Transmission is usually by pig to pig contact 
or more correctly nose-to-nose contact. 
Aerosol droplets only carry over short dis¬ 
tances before they are precipitated. In 
Denmark it was suggested that the para¬ 
mount factor in the spread of APP was the 
aerosol spread from infected neighbors. 7 In 
this study, the trading of subclinically 
infected animals, the frequency of stock pur¬ 
chases, the use of multiple sources, and poor 
biosecurity were factors associated with the 
spread of APP in the Danish SPF herds. Most 
of the herds use AI and bring in pigs in sterile 
containers. The organism can be spread in 
the air for a distance of 1 m. Aerosol 


transmission of APP9 was possible over 
2.5 m. An experiment with transferring air 
from a group of pigs with serotype 2 showed 
that if 10% of the air was transferred, then 
there was no transmission, but if 70% was 
transferred, then the APP did spread. Exper¬ 
imental aerosol exposure of pigs to serotype 
9 results in infection and induces protection 
to subsequent challenge from the homolo¬ 
gous strain. 

Only a few organisms need to be carried 
in the tonsil and nasopharynx for a pig to 
become infectious during travel. Pigs may 
carry the APP in the nose, and the carriage 
occurs for both low- and high-virulence 
strains. The carrier state can be activated by 
stress or other pathogens. The subclinically 
infected carrier pig is the most common 
source of infection. It has been suggested 
that shedding only takes place at the time of 
active infection, not when the organism is 
just carried. 

Transmission is by the respiratory route, 
principally via nose-to-nose contact. Over¬ 
crowding and inadequate ventilation may 
facilitate spread. Peak transmission may 
occur at around 11 weeks. Experimental 
intranasal challenge has been followed by 
death in a period as short as 24 hours. The 
mixing of infected pigs (seeder pigs) with 
normal susceptible pigs for 48 hours can 
mimic field infection, with the development 
of clinical disease, febrile responses, lung 
lesions, and mortality. 

The subclinically infected carrier pig is 
the most common means by which the infec¬ 
tion is transmitted between herds. Severe 
outbreaks may occur unexpectedly in sus¬ 
ceptible breeding herds with no previous 
history of the disease or in intensive feeder 
pig operations in which pigs are introduced 
on a regular basis from a variety of sources. 
Herds that continuously introduce replace¬ 
ment stock are highly susceptible to an out¬ 
break. Following the initial outbreak, general 
herd immunity develops, but the infection 
persists, and sporadic cases may continue to 
occur. The organism is not readily isolated 
from normal respiratory tissues, but persists 
in chronic lesions within the lungs of recov¬ 
ered and apparently clinically healthy pigs. 
These pigs provide a source of infection, 
especially in a finishing herd buying from 
diverse sources. The indirect transmission of 
infection has been proposed but may be rare. 
An on-farm study described five cases of 
being transmitted by aerosol or boots or 
clothes, but the other three cases could have 
been any combination of these three or even 
other indirect sources. 

Risk Factors 
Pathogen Factors 
Biotypes 

There are two biotypes. Biotype 1 requires 
NAD (NAD dependent) (13 serotypes), and 
biotype 2 does not (NAD independent; 2 
serotypes). Biotype I should be differentiated 


from other Actinobacillus species. The isola¬ 
tion of biotype 2 may be increasing. It easily 
grows on blood agar plates, as does A. suis 
(see later discussion), which may also under 
some circumstances produce pleuropneu¬ 
monia. 3 In addition, atypical biotype II 
strains belonging to APP serotypes 2, 4, 7, 9, 
and 11 have also been identified. 8 In Canada, 
two biotype I APP 13 strains have been found 
(should be biotype II). 9 

Serotypes 

In 1997, two new serotypes were proposed: 
APP14 and APP15. Serotypes APP1 to 
APP12 form biotype 1 together with APP15. 
Biotype 2 is composed of APP 13 and 14. 
Within these categories there are variations 
because strains may acquire characteristics 
of other strains. Some of the serotypes 
are heterogeneous (they share antigenic 
determinants with other serotypes). Hetero¬ 
geneity has been reported for APP3, 6, 
and 8; APP4 and 7; and APP1, 9, and 11. 
Restriction endonuclease fingerprinting 
analysis can be used for comparison of 
serotypes. 

Serotype 5 is subdivided into subtypes A 
and B. Serotype 1 has also been divided into 
antigenic subtypes 1A and IB. The preva¬ 
lence of serotypes of APP varies considerably 
according to geographic location. APP1, 
5, and 7 are common in North America; 
APP2 and 9 are common in continental 
Europe; and APP3 is common in England 
and Ireland. APP8 is also found in Ireland. 
In the British Isles, APP2 and 8 were most 
common, with 3, 6, and 7 also occurring fre¬ 
quently. APP5, 9, 10, and 12 occurred only 
rarely. APP1 and 4 were not isolated. 

In Denmark they routinely find 9 strains 
of the 15. It is usually APP2 followed by 6, 5, 
and 12. APP1, 7, 8, and 14 are infrequent, 
and APP3, 4, 9, 11, 13, and 15 have not yet 
been found. APP2 is the dominant isolate in 
Sweden and Switzerland. APP 10 is common 
in France (also Brazil). APP4 is common in 
Spain as APP7 and many are nontypeable, 
but APP4 rarely appears elsewhere. 8 And in 
Spain, biotype II is also quite common. 

APP1, 7, and 12 are common in Austra¬ 
lian pigs, with APP1 being the most common, 
and APP 15 is also found there and in Japan. 10 

In North America, the most common 
serotypes, in order of frequency, are APP1, 5, 
and 7. APP1 is most common in eastern 
Canada, accounting for 66% to 83% of the 
isolates, and is the second most prevalent 
isolate in western Canada and the United 
States. APP2 is of low frequency in Canada. 
However, serotype 2 has now been reported 
as causing disease in growing and finishing 
pigs in the United States. Serotype 3 has a low 
incidence in Canada and the United States. 
Serotype 5 isolations are common in Canada 
and the United States. The most common 
serotypes isolated in Quebec were 1,5,2, and 
7 in that order. Serotype 6 has not been 
reported in North America. 
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The serotyping of isolated strains is 
important in the epidemiologic and immu¬ 
nologic study of APP infection. It is also 
important when comparing or analyzing the 
effectiveness of different treatments to know 
the virulence of the strains and sensitivity to 
antimicrobials. An effective immunization 
program also depends on consideration of 
the multiplicity of immunogenic types that 
occur in a particular area or country. 

It is important to realize that some strains 
share lipopolysaccharide O-chains and may 
therefore cross-react. The antigenic cross¬ 
reactions between APP3, 8, and 15 can also 
be explained by the presence of structural 
similarities. 11 

In one study it was suggested that the 
presence of APP9 may go clinically unno¬ 
ticed as M. hyopneumoniae as this potenti¬ 
ates the APP infection. 12 

Virulence Factors 

APP attaches to tonsillar epithelium. It also 
adheres to tracheal rings in vitro and alveolar 
epithelial cells. Genes that are involved in 
energy metabolism, nutrient uptake, and 
stress response are essential for the survival 
of APP in the pig host. These would include 
enzymes that are produced in vivo to ensure 
that there is oxygen. A metalloprotease 
has been found that can degrade porcine IgA 
and IgG. 

Several other virulence attributes and 
their biological effects have been described. 
Multiple virulence factors are involved in the 
development of the disease, and lesions are 
likely caused by toxic factors associated with 
the organism. 

The capsular components are antiphago¬ 
cytic and inhibit bactericidal activity of the 
serum but do not cause any lesions them¬ 
selves. Discovery of mutants without 
capsules that were no less able to adhere 
to respiratory tract tissues suggests that the 
outer membrane proteins were then 
unmasked (without the capsule), and these 
were able to adhere to epithelial cells. It is 
therefore an LPS independent adherence. 
The outer membrane proteins (OMPs) 
(60 kDa) adhere to fibers of type III collagen 
in the lung. The outer membrane proteins 
appear to be common to all serotypes. Some 
of the outer membrane proteins are also 
involved in iron uptake, which is essential for 
proliferation. 

The lipopolysaccharides (LPS) of APP are 
serotype specific but will cross-react with 
one another. LPS of APP is an important 
adhesin. It also induces inflammation by 
stimulating TNF-a, IL-1, 11-6, and IL-8. 
However, the construction of antibodies to 
LPS blocked adherence to tracheal cells, so 
our understanding is not yet complete. The 
LPS causes an endotoxemia and reproduces 
certain typical lesions of the natural disease 
but not the hemolytic or necrotizing effects. 
Some LPS also help APP to stick to mucus, 
tracheal rings, and lung, but they do not 


seem to be involved in adherence to cultured 
porcine alveolar epithelial cells. 

Porcine hemoglobin also binds to LPS 
with APP, and this is a property of the APP 
OMP. 

Under iron-deficiency growth condi¬ 
tions, APP expresses 2 transferrin binding 
proteins. Recently a ferrichrome receptor in 
APP has been described. 

There are adhesins (fimbriae) involved in 
attachment. They are particularly associated 
with serotype 1 but also 3 and 5 and are 
usually a feature of subculture 1 (56% of 
strains), but only 8% on subculture 2 and 
none on 3. 

Apx Toxins 

Not all the differences in virulence are 
explained by capsules, LPS, hemolysins, and 
Apx toxins. Certainly, all strains need ApxIV 
and two out of Apx II or III. There is no 
certain way to differentiate virulent from 
avirulent strains 

Several exotoxins are produced including 
hemolysins. The hemolytic activity of this 
organism is characteristic of this species of 
bacteria. This range of exotoxins is part of the 
pore-forming RTX group known as the Apx 
toxins. The latest is Apx IVA, and the gene is 
present in all APP strains and is species spe¬ 
cific and therefore can be used to confirm 
identification of the organism. The Apx IVA 
gene is found in all APP serotypes and is 
absent in the other related species in the Pas- 
teurellacae and, therefore, is considered 
species specific for APP and is thus being 
used in a PCR to identify APP strains. It is 
secreted by a type I secretion system. 

The Apx toxins are described in the fol¬ 
lowing discussion: I through III can be pro¬ 
duced in vitro, but Apx IVa is only produced 
in vivo and is specific to APP. All 90 strains 
investigated in one study had Apx IVa genes. 
Mutants without the capacity to produce Apx 
toxins do not cause disease. There are basi¬ 
cally four different patterns. Both Apxl and 
II are essential for the production of lesions. 
Apx III specifically targets leukocytes by 
binding CD18 1 ’ The Apx gene is present in 
all APP strains. 

Major RTX toxins in APP are as follows: 

• Apxl 110 kDa is strongly hemolytic 
and weakly cytotoxic. 

. ApxII 102 kDa is weakly hemolytic 
and moderately cytotoxic. 

. ApxIII 120 kDa is not hemolytic but 
strongly cytotoxic. 

• ApxIV 202 kDa has largely unknown 
actions but is essential for full 
virulence of APP. 14 


Serotypes 1, 5a, 5b, 9, and 11 produce I 
and II; serotypes 2, 3, 4, 6, and 8 produce II 
and III; serotypes 7 and 12 produce II; sero¬ 
type 10 only produces Apx I. 

There are differences in opinion as to 
what constitutes virulence. Generally, the 
following is representative, but it does vary 
considerably from country to country and 
isolate to isolate (Box 12-2). 

These are toxic to alveolar macrophages, 
neutrophils, and endothelial cells. In small 
doses they are stimulatory but in large doses 
lethal. The gene expression is controlled over 
the growth curve by a novel regulating 
pathway. Several genes have recently been 
identified that have helped in survival, 
including the knowledge that it can produce 
toxins under anaerobic conditions. The LPS 
of APP can also stimulate the release of 
nitric oxide from macrophages by virtue of 
the enzyme nitric oxide synthase that 
damages tissues and may disrupt vascular 
tone, neuronal signaling, and host defense 
mechanisms. Nitric oxide synthase 2 and 
cyclooxygenase 2 have been found in swine 
experimentally infected with APP. Urease 
activity may also be required for APP to 
establish infection in the respiratory tract. 

The increase in antimicrobial drug 
resistance that has occurred is an indirect 
virulence factor and an important disease- 
promoting mechanism. The ability of the 
organism to resist complement killing in 
vitro may reflect a virulence mechanism in 
vivo that assists bacteria in avoiding the pul¬ 
monary defenses of swine and promotes bac¬ 
terial invasion of the lung. 

Differences in pathogenicity exist 
between serovar 1 and serovars 7, 3, and 2. 
The differences between serotypes 1, 2, and 
7 are low. Serotype 3 seems less virulent than 
1. The differences in capsular structure and 
biochemical composition between virulent 
and avirulent isolates may contribute to viru¬ 
lence. A smooth-type lipopolysaccharide 
and a rough-type lipopolysaccharide have 
been isolated and characterized from 
serotype 5. The intrabronchial infusion of 
the preparations into pigs induces lesions 
typical of those in pigs that die of acute 
pleuropneumonia. 

APP may interact with P. multocida 
to produce a severe pneumonia, whereas 
P. multocida alone is relatively nonpatho- 
genic. Experimentally, a combination of 
P. multocida and the crude toxin of APP 
resulted in moderate-to-severe pneumonic 
pasteurellosis. 

Of increasing importance and recogni¬ 
tion is the formation of biofilms at mucosal 
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surfaces. It is part of the extracytoplasmic 
stress response to the presence of APP. 15 
Many strains of APP under appropriate 
growth conditions form biofilms. 16 Serovars 
5b and 11 may exhibit biofilm formation, 
and a histone-like protein H-NS regulates 
biofilm formation and virulence of APP. 17 

Animal Risk Factors 

The major animal risk factors are related to 
the immune mechanisms and the immune 
status of pigs of varying ages. A major animal 
risk factor is that clinically recovered pigs 
commonly serve as carriers of the organism 
and never fully recover from the infection. 
Normally, the APP is detected in mixed bac¬ 
terial samples from the tonsils and/or nasal 
samples by PCR from the age of 4 weeks on, 
but it has been detected as early as 11 days in 
tonsil samples, so it is possible for the sow to 
infect the piglet. Isolations become more 
common from 4 to 12 weeks as maternal 
antibody wanes. The median length of tonsil¬ 
lar carriage may be 7 to 8 weeks. Coloniza¬ 
tion of the lungs can develop from around 12 
to 16 weeks in some herds to as late as 23 
weeks in others. 

Factors associated with pleurisy in pigs in 
a case-control analysis of slaughter pigs in 
England and Wales 18 showed that risk factors 
included the following: 

• No all-in/all-out policy 

• Pigs with more than 1-month age 
difference in the same shed 

• Repeated mixing 

• Moving during the rearing phase 

Decreased incidence was associated with 

the following: 

• Grow to finish or wean to finish in a 
house filled with less than 3 sources 

• With cleaning and disinfection of 
grower and finisher groups between 
groups and extended down time of 
grower or finisher units 

Noninfectious factors in the occurrence 
of pleurisy have been investigated in France. 19 
This study was in 143 farrow to finish herds, 
where management, husbandry, and housing 
conditions were recorded. An increased risk 
for extensive pleuritis occurred where there 
was a short temperature range for the venti¬ 
lation control, lack of disinfection in the 
farrowing room, late surgical procedures on 
the piglets, a mean temperature below 23° C 
(75 F) in the finishing room, and a herd size 
above 200 sows. 

Immune Mechanisms 

Colostral immunity lasts from 2 weeks 
(usually 5) to 3 months. After an experimen¬ 
tal or natural infection antibodies occur 10 
to 14 days postinfection and reach their 
height at 4 to 6 weeks postinfection. In 
the animals that are subclinically affected 
there may be no antibodies produced to 
the toxins. 

In most herds, high antibody levels in 
4-week-old piglets can still be detected, and 


this maternal antibody (AB) continues to 
decrease until about 12 weeks, and then the 
AB starts to rise with the acquisition of a 
pathogenic burden. The presence and decay 
of acquired colostral antibodies between 2 
weeks and 2 months determines the age at 
which APP infection is most likely to occur. 
The maternal antibody titers halve every 3 
weeks and therefore may remain for 12 to 56 
days. 

Nasal colonization can occur as early as 4 
weeks, and APP can be found in the lungs 
from 12 weeks; it is usually 12 to 23 weeks 
before there is any seroconversion to Apx 
toxins. In other words, nasal colonization 
does not always produce antibodies. 

Active immunity to disease usually 
follows experimentally induced and natu¬ 
rally occurring infections, and infection with 
one serotype of APP confers a strong immu¬ 
nity to the same serotype and a partial pro¬ 
tection against heterologous strains. Most 
recovered pigs have a strong humoral immu¬ 
nity but it does not necessarily stop them 
from becoming carriers and thence possible 
shedders of APP. Vaccination with killed 
bacteria produces partial protection against 
the homologous strain and none against 
heterologous strains. Second-generation 
vaccines with Apx toxins produce good pro¬ 
tection against clinical disease caused by any 
serotype but do not prevent animals from 
becoming carriers through subclinical infec¬ 
tions. However, vaccine immunity is sero¬ 
type specific. 

The antibody response to APP infections 
or vaccination is demonstrated by the com¬ 
plement fixation test or other serologic tests. 
There is a good correlation between a CF 
titer and resistance to infection, and the 
organism usually cannot be isolated from 
seropositive animals. Susceptibility to APP 
can be predicted by the absence of neutral¬ 
izing antibodies to the organism, whereas 
protection can be predicted by the presence 
of these antibodies. An aerosol exposure of 
pigs to viable or inactivated serotype 9 
induced antibodies in pulmonary fluids and 
serum, and protected against homologous 
challenge. However, the organism may 
persist in necrotic foci in the lungs or tonsils 
of pigs considered immune to the infection. 
Within 2 to 3 weeks of an acute disease out¬ 
break, the morbidity decreases because of the 
development of immunity. Clinical disease is 
unlikely in adult immune animals, and 
immune sows confer passive immunity to 
their piglets that provides protection for the 
first weeks of life. However, acute disease 
may occur in piglets 3 to 8 weeks of age if 
colostral immunity is initially low and wanes 
to below protective levels. Also, severe cases 
can occur in nonimmune gilts and boars 
introduced into infected herds. 

Pigs infected with hemolytic Actinobacil- 
lus spp. may become false-positive reactors 
for APP. Such pigs may also be less suscep¬ 
tible to pleuropneumonia caused by APP. 


Environmental and 
Management Factors 

Outbreaks of the disease appear to occur in 
pigs that lack immunity, are overcrowded, or 
have been subjected to recent stressors, such 
as marked changes in ambient temperature 
or a failure in the ventilation system. The 
organism survives better when conditions 
are wet or in mucus and may last days or 
even weeks. It survives in water for 30 days 
at 4°C (39° F) but has a very short survival 
under dry and warm conditions. Outbreaks 
may occur in breeding herds following trans¬ 
portation to and from livestock shows and 
sales. Presumably, the infection was con¬ 
tracted by commingling with clinically 
healthy but infected pigs. The hypothalamic- 
pituitary-adrenal axis is stimulated in 
response to a wide variety of stressors, and 
this may lead to activation of the organism 
from the tonsils. The highest risk is associ¬ 
ated with the introduction of pigs from sales 
barns and the lowest risk from stock whose 
health status is known to the purchaser. 

Economic Importance 

The economic losses associated with the 
disease are considered to be attributable to 
peracute deaths, the costs of treatment of 
individually affected pigs and mass medica¬ 
tion of the feed and water, and chronic 
disease that delays the marketing of finishing 
pigs. Field observations indicate that 5.64 
additional days are required for pigs with 
subclinical infection to reach market weight 
of 113.6 kg compared with uninfected herd- 
mates. However, other observations and 
investigations indicate that average daily gain 
is not significantly affected by infection with 
APP. Undoubtedly, there are major economic 
losses associated with the endemic nature of 
the disease, which is characterized by per¬ 
acute deaths that recur sporadically, some¬ 
times punctuated by outbreaks. 

PATHOGENESIS 

The interactions of APP with host epithelial 
cells seem to involve complex interactions 
resulting in the regulation of various bacte¬ 
rial genes, including some coding for puta¬ 
tive adhesins. 20 

The natural route of infection is aeroge- 
nous. In growing pigs the disease appears to 
be a respiratory infection without septice¬ 
mia, producing a fibrinous necrotizing hem¬ 
orrhagic pleuropneumonia with pleuritis. 
Early after intranasal inoculation the bacte¬ 
ria were mainly associated with the stratified 
squamous epithelium and detached epithe¬ 
lial cells in the tonsil. If only a few organisms 
are inhaled, probably they are trapped in the 
tonsil and remain there until they are acti¬ 
vated. If large numbers are inhaled or if 
spread from the tonsil reservoir occurs, then 
a bacteremia probably results. Vacuolation 
and desquamation of the tonsillar epithelium 
was observed and there were many migrat¬ 
ing neutrophils and these distend the 
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tonsillar crypts. They do not bind to the tra¬ 
cheal (perhaps in the newborn) or to the 
bronchial epithelium, but they can stick to 
the alveolar wall. 20 The Apxl of APP10 
induces apoptosis in porcine alveolar epithe¬ 
lial cells. 21 The adhesion of bacteria to cells 
appears to be essential and seems to be medi¬ 
ated by polysaccharides and proteins. 22 The 
role of the fimbriae is not clear. Discharge of 
vesicles containing proteases and Apx toxins 
from APP1 has been described. Later the 
bacteria are associated with the crypt walls 
and detached cells in the crypts. Experimen¬ 
tal aerosol exposure of pigs to APP results in 
a severe fibrinous hemorrhagic necrotizing 
pleuropneumonia that simulates the natural 
disease. The organism expresses a number of 
factors that help to acquire iron and it can 
use a variety of compounds, including hemo¬ 
globin. 22 Normally, the APP are kept out of 
the alveoli by the mucociliary clearance 
mechanism but not if there are large numbers 
of APP or there is preexisting damage to the 
clearance such as occurs as in M. hyopneu- 
moniae infection. 12 It is a very determined 
battle in the alveolus between the APP viru¬ 
lence factors and the host defense mecha¬ 
nisms. The cytokine production excites the 
defenses and increases the permeability of 
the alveolar capillary walls and allows access 
of antibodies and complement. The macro¬ 
phages need opsonins to help phagocytosis 
as APP is resistant to the action of comple¬ 
ment. The Apx 1 toxin induces apoptosis in 
the macrophages, which are then killed by 
leukotoxins, and these then release further 
amounts of proteases etc. The characteristics 
of the pathogenesis have been described. 23 ' 25 
Within a few hours following endobronchial 
inoculation of various doses of the organism 
into 12-week-old pigs, clinical evidence of 
dyspnea and fever are obvious. An aerosol 
infection with the organism results in pul¬ 
monary edema with multifocal petechial 
hemorrhages and a diffuse neutrophilic 
bronchiolitis and alveolitis within hours of 
infection. In the lung, the recruitment of 
neutrophils is directed toward the viable 
APP organisms, and possibly 30% of the lung 
neutrophils respond. This is further enhanced 
by IL-8 activity. The porcine mononuclear 
cell phagocytic populations during inflam¬ 
mation produced by APP have been 
described. 26 The lesion is particularly marked 
in the dorsocaudal regions of the lung. The 
ability of APP hemolysin to debilitate pul¬ 
monary macrophages may enhance the mul¬ 
tiplication of the organism, but experimentally 
the hemolysin of serovar 2 is not an essential 
factor for the production of the lesions. In 
the acute stages there are marked vascular 
changes in the lungs. The lesions resemble 
infarcts because of the vasculitis, thrombosis, 
and hemorrhage. There are many necrotic 
foci that serve as reservoirs of the organism 
in pigs that recover. In the experimental 
disease, the leukogram is typical of acute 
inflammation; however, hypoxemia and 


alveolar hypoventilation are not features 
of the disease. The hematologic and physio¬ 
logic findings indicate that the peracute 
disease resembles septic shock. Immediately 
after infection the levels of IL-1, IL-6, and 
TNF-a begin to rise. Moderate levels help in 
defense, but high levels make things worse. 
At the same time the IL-10 suppresses TNF-a 
and IL-1 production in macrophages and 
monocytes, which up-regulates the other 
inflammatory cytokines. Pretreatment of the 
pig with IL-10 reduces the severity of the 
pleuropneumonia. The prolonged survival 
of APP during the infections may be 
attributable to the effect the organism has 
in downgrading the protective responses of 
the host. 

The distribution of porcine monocytes in 
different lymphoid tissues and the lungs 
during experimental. A. pleuropneumoniae 
infection and the role of chemokines has 
been described. 27 This study showed that 
monocyte counts in various organs changed 
during inflammation. The CD 163 + mono¬ 
cyte counts were found in the lungs and 
TBLN from APP-infected pigs, suggesting 
that monocytes migrate just to these organs. 

CLINICAL FINDINGS 

The clinical signs vary with the immune 
status and environmental stress and custom¬ 
arily may be seen between 6 and 20 weeks of 
age. In all cases there is a reduced growth 
rate and reduced feed intake, therefore 
leading to reduced weight gain. There is no 
relationship between average daily gain and 
serologic response to APP. The illness may 
be peracute, acute, subacute, or chronic. In 
all stages there is very little exercise toler¬ 
ance, with varying degrees of increase in 
respiratory rate. The onset is sudden. Several 
pigs that were not seen ill may be found 
dead, and others show severe respiratory 
distress. Affected pigs are disinclined to 
move and are anorexic. A fever of up to 
41° C (105.8°F) is common, and labored res¬ 
pirations with an exaggerated abdominal 
component (‘thumps’), cyanosis, and fre¬ 
quently a blood-stained frothy discharge 
from the nose and mouth are characteristic, 
particularly just before death. In peracute 
cases, the clinical course may be as short as 
a few hours, but in the majority of pigs it is 
1 to 2 days. In many cases, the animals “dog- 
sit” with elbows abducted to relieve pressure 
on the lungs, and they show dyspnea. 
Chronic cases, which usually appear after 
the acute phase has disappeared, are febrile 
and anorexic initially, but respiratory dis¬ 
tress is less severe, and a persistent cough 
may develop. If affected pigs are not treated, 
there will be a high case-fatality rate. Otitis 
media in a weaned pig caused by infection of 
the middle ear with the organism has been 
described. There may also be lesions in the 
joints with fluctuating swellings of the hocks 
and the synovial membranes replaced by 
granulation tissue. 


The course of the disease in a herd may 
last for several weeks, during which time 
new acute cases develop and chronic cases 
become obvious by an unthrifty appearance 
and chronic coughing. 

Abortions may occur and the disease may 
cause sudden deaths in adult pigs, particu¬ 
larly those that are kept outdoors during the 
summer months and exposed to very warm 
weather. 

Computer tomography and radiography 
have been described as aids to diagnosis. 28 

Recently a very mild condition very 
similar to swine influenza, with just a slight 
increase in respiratory rate, has been 
described. 29 

CLINICAL PATHOLOGY 

Plasma cortisol rises 24 hours postchallenge. 
Haptoglobin is increased. Within 48 hours 
IL-1 a, IL-1 (3, and IL-8 were increased, and 
there was a 50% reduction in iron and zinc. 
Plasma IGF-1 concentrations were reduced 
in response to the APP challenge as they 
were with endotoxin challenge. The LPS of 
APP produces rises in inflammatory cyto¬ 
kines (TNF-a, IL-6, and IL-10). Band neu¬ 
trophils are significantly increased in early 
infections from 18 to 48 hours, and the early 
changes have been described. 30 

Culture of Organism 

In an outbreak, the diagnosis is preferably 
made by culture at necropsy. Carrier pigs can 
be identified by culturing the organism from 
the upper respiratory tract using nasal swabs 
from live pigs on the farm and samples from 
tonsils at slaughter. A selective medium for 
the culture of the organism from the airways 
of slaughtered pigs may increase the isolation 
rate because of the high degree of contami¬ 
nation. The culture of APP has recently been 
complicated by the identification of the non- 
pathogenic A. porcitonsillarum. 

Serotype of Organism 

Tests to determine the serotype include 
slide agglutination, immunodiffusion, ring 
precipitation, indirect hemagglutination, 
immunofluorescence, coagglutination, and 
counterimmunoelectrophoresis. The latter 
is quicker, more sensitive, and more easily 
performed than direct immunofluorescence 
and immunodiffusion procedures. The coag¬ 
glutination test is simple and rapid, the 
immunodiffusion test is considered to be the 
most serotype-specific, and there is a good 
correlation between the rapid slide aggluti¬ 
nation test and the indirect fluorescent anti¬ 
body tests. The rapid slide agglutination test 
is the method of choice of some workers, but 
the coagglutination test is serotype-specific, 
sensitive, simple, rapid, reproducible, and 
easier to read and interpret than the rapid 
slide or tube agglutination tests. The Interna¬ 
tional Pig Veterinary Society has recom¬ 
mended that the coagglutination test is 
currently the method of choice for routine 





1060 


Chapter 12 


Diseases of the Respiratory System 


serotyping of field strains. This technique 
does not allow separation of the heteroge¬ 
neous serovar 8 from serovars 3 and 6, the 
heterogeneous serovar 9 from serovar 1, 
or the heterogeneous serovar 7 from 4. The 
results are reported as group 9-1, group 
8-3-6, and group 7-4, respectively. The final 
identification of heterogeneous serovars can 
only be achieved by the agar gel diffusion test 
and by indirect hemagglutination. Reference 
strains and the corresponding antisera are 
available to bring some uniformity into 
serotyping. 

Detection of Antigen 

The polymerase chain reaction (PCR) is a 
highly sensitive test for the detection of the 
organism from tissue samples. A PCR for 
type 4 has been developed. Some detect 
OMP; others detect Apx genes. Apx IVA 
based ELISAS can be used for evaluating 
APP status in commercial herds, but some 
appear limited by high carriage rates of low- 
virulence APP. 31 Immunomagnetic separa¬ 
tion of APP1 and 2 has been described with 
greater sensitivity than possible with isola¬ 
tion or even PCR. A PCR-based RFLP analy¬ 
sis of the OM1A gene may also be of value 
in differentiating APP serotypes. A multiplex 
PCR has been developed. There is often dis¬ 
parity between immunologic and PCR-based 
serotyping. 32 

Serology 

Serology is the best method for surveillance 
purposes and is the best way to detect sub- 
clinical infections but may give unexplained 
results. 33 In addition, some of the strains do 
not produce ApxIV do not produce antibod¬ 
ies. 34 Sometimes diagnostic interpretation is 
difficult. 22 - 33 

Tests for antibodies to toxins and/or cap¬ 
sular antigens have a low specificity and can 
also be positive for A. suis infection. Most 
commonly used are antigens using O-chain 
LPS. 35 They tend to be grouped together: 
(1, 9, 11), (2, 3, 6), (8, 4, 7), (10 and 12), 
(3 and 5), (15, 3, 6). 11 

For the serologic diagnosis of infection in 
live animals the complement fixation test is 
reliable, but an enzyme-linked immunosor¬ 
bent assay (ELISA) test is highly specific 
and more sensitive than the complement 
fixation test. 

The complement fixation test has been 
used routinely in the past in some countries 
and has a high degree of sensitivity and spec¬ 
ificity. It is, however, a cumbersome test, and 
many laboratories find it difficult to perform, 
and so it is rarely used nowadays. Pigs being 
imported into China and Russia still require 
a CFT negative test. 

The ELISA is a rapid and sensitive test 
and can be adapted to automation. The 
ELISA for serotypes 1, 2, 5, and 7 distin¬ 
guishes exposed from unexposed pigs or 
herds. Because of cross-reactivity with other 
serotypes and A. suis, the serodiagnosis of 


serotype infections cannot be made with cer¬ 
tainty. A blocking ELISA is available for 
detection of antibodies against serotype 2 
and also 2, 6, 8, and 12, which is the domi¬ 
nating serotype in Danish swine herds, 
causing approximately 70% of diagnosed 
outbreaks of pleuropneumonia. A similar 
test is available for serotype 8. A mixed-anti- 
gen ELISA for serodiagnosis of serotypes 1, 
5, and 7 has a sensitivity of 96% and specific¬ 
ity of 99.5% and can be used for herd health 
monitoring programs. The long-chain lipo- 
polysaccharide of serotypes 4, 5, and 7 is a 
superior antigen to the crude extracts used 
as antigens in the ELISA for the serodiagno¬ 
sis of pleuropneumonia. 

There are now ELISAs for the detection 
of antibodies to the Apx toxins, and the one 
for type II Apx was described as sensitive, 
inexpensive, and highly discriminatory. A 
multiplex PCR for all toxins in one test is a 
reliable typing system. A new ELISA for the 
Apx IV produced by all 15 serotypes means 
that you can detect all APP with one test. It 
has a specificity of 100% and a higher sensi¬ 
tivity than culture (93.8%). This is important 
because you can find Apx I to III in pigs 
associated with A. suis and A. rossii, but Apx 
IV is only produced by APP in vivo. It will 
detect the toxin from 2 to 3 weeks 
postinfection. 

An inhibition enzyme immunoassay for 
the serodiagnosis of serotypes 2 and 5 had a 
sensitivity and specificity of 100% and 98.9%, 
respectively. The detection of antibodies to 
APP is an essential feature in the epidemio¬ 
logic study and control of pleuropneumonia 
in pigs. Serologic testing can be used to 
monitor the level of infection in a breeding 
herd over a period of time and as the piglets 
become older. A minimum of 30 serum 
samples from adult pigs is necessary to 
provide a reliable assessment of the herd’s 
infection status. None of these serologic tests 
is completely reliable, and in certain situa¬ 
tions a combination of two tests is needed for 
interpretation of low titers in some pigs. In 
most instances, serologic diagnosis is type- 
specific, and protection obtained by vaccina¬ 
tion is type-specific and will protect only 
against the serotype contained in the vaccine. 
Thus it is important to determine the 
serotypes that are causing disease in the 
herd. 

An important strategy of control of this 
disease is to detect infected pigs in a herd or 
to exclude infected pigs from being imported 
into a herd. Because there is no reliable 
method for the detection of every infected 
pig, the effectiveness of this barrier is reduced 
whenever pigs, such as breeding stock or 
weanlings, are allowed into a herd. There is 
a need for a highly sensitive and specific test 
for the identification of infected pigs. 
Although bacteriologic culture is specific it 
is not sensitive. The ELISA test may be a 
useful test for the antemortem diagnosis of 
infected herds. 


NECROPSY FINDINGS 

Characteristic lesions are confined to the 
thoracic cavity and consist of hemorrhagic 
and fibrinous pleuropneumonia with a ten¬ 
dency to sequestration in the chronic form. 
In peracute cases the lungs are swollen, firm, 
and dark red. In peracute cases the trachea 
and bronchi are full of frothy fluid. Fluid and 
blood ooze from the cut surface, and there 
may be marked edema of the interlobular 
septa, reflecting widespread thrombosis and 
alterations in capillary permeability. There 
may be hemorrhagic areas of necrosis that 
are very variable. In acute cases there are 
layers of fibrin on the pleural surface and 
pericardium. In pigs that die less acutely, 
focal black or red raised areas of pneumonia 
are present. Lesions may occur throughout 
the lung, including the diaphragmatic lobes. 
The quantitative morphology of peracute 
pulmonary lesions induced by the organism 
has been described. In chronic cases there is 
fibrosis of the fibrinous pleurisy and adhe¬ 
sions result between the visceral and parietal 
pleura, and on removal of the lungs from the 
thorax portions of lung may remain adherent 
to the thoracic cage. 36 A fibrinous pleuritis 
overlies the affected lung tissue, and a fibrin¬ 
ous pericarditis may also be present. The 
organism can be isolated from affected lung 
tissue, but generally not from other internal 
organs. Occasionally, otitis, endocarditis, 
pericarditis, and serous arthritis may follow, 
particularly when infection involves serotype 
3. An osteomyelitis and arthritis caused by 
APP has been demonstrated using fluores¬ 
cent in situ hybridization. 

Histologically, vasculitis and widespread 
thrombosis is usually evident, in addition to 
an abundance of fibrin and neutrophils 
within alveoli. A fibrinous thrombosis with 
IHC demonstration of APP has been 
described. In situ hybridization can be used 
to detect IL-1, IL-6, and TNF-a in streaming 
degenerate alveolar leukocytes (oat cells) and 
the boundary zone of oxidative necrosis. A 
less intense signal was seen in the dense zone 
of degenerate cells in granulation tissue sur¬ 
rounding the necrotic areas. IL-1 was also 
seen in the scattered endothelial cells border¬ 
ing zones of coagulative necrosis. IL-6 is the 
cytokine that is most elevated, and serum 
amyloid and haptoglobin are also elevated. 

In a chronically infected herd, fibrous 
pleural adhesions may be present in a large 
proportion of the pigs at market as a result 
of infection several months earlier. Subacute 
to chronic lung lesions are encapsulated by 
fibrous tissue, and sequestra may be present. 
A high prevalence of fibrous or fibrinous 
pleuritic lesions on inspection at the abattoir 
is very suggestive of APP infection. 37,38 

DIAGNOSIS 

The provisional diagnosis of pleuropneumo¬ 
nia associated with APP in the pig is usually 
based on history, clinical signs, and the post¬ 
mortem picture. The acute cases then require 





laboratory investigation to confirm, and 
chronic cases may prove antigen negative 
(the lesions are usually fibrous or fibrinous) 
but possibly antibody positive. A variety of 
samples need to be taken from acute cases 
and should be from lesions not from inflam¬ 
matory exudates and particularly not from 
the lungs. 

Samples for Confirmation 
of Diagnosis 

The evolution of diagnostic tests has been 
described as follows: 39 

• Bacteriology—lung culture is 
relatively easy if the carcass is freshly 
dead. The culture is achieved on 55 
sheep blood agar with a cross-streak 
of Staphylococcus epidermidis or S. 
aureus. The plates are incubated 
overnight with 5% C0 2 , and a clear 
zone of complete hemolysis results. 
Typing will confirm the identity of 
APP1-15 and if atypical PCRs can be 
used. PCRs for 3, 6, and 8 were 
described; 40 1, 7, and 12; 41 15 and 7; 42 
and also 1, 2, and 8. Sometimes 
serotypes cannot be differentiated. 
Toxin typing using a PCR can be 
used to determine which Apx toxin 
genes are carried by a certain isolate. 
They can also be isolated from pure 
and mixed bacterial cultures by 
immunomagnetic separation. 

• Histology—formalin-fixed lung 
(LM). APP can be further identified 
by IHC, which is particularly useful 
in chronic cases and ISH. 

• Serology—used to check the herd 
status. Coagglutination can be used 
first, with confirmation by agar gel 
diffusion and indirect 
hemagglutination. 


DIFFERENTIAL DIAGNOSIS 


The rapidity of onset and spread with fever, 
anorexia, severe dyspnea, and high mortality 
differentiates APP from the majority of 
respiratory diseases in pigs. 

Enzootic pneumonia is more insidious in 
its occurrence and has distinctively different 
epidemiologic, clinical, and pathologic 
features. 

Pasteurellosis is characterized by a 
necrotizing bronchopneumonia. 

Swine influenza is characterized by an 
explosive outbreak of respiratory disease. 
However, this is not restricted to growing pigs 
and the mortality is low. There is a distinct 
difference in the respiratory lesion on 
necropsy examination. 

Glasser's disease is characterized by 
serositis, arthritis, and meningitis, and occurs 
in younger pigs. 

Mulberry heart disease may present 
with similar clinical findings, but there is no 
pneumonia on necropsy examination. 
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A. porcitonsillarum also produces and 
secretes Apxll by an operon that does not 
occur in APP 

Actinobacillus suis shares cross reactions 
with APP 3, 6, and 8. 

Actinobacillus lignieresii have some 
cross reactions with APP serotypes. 


TREATMENT 
Antimicrobial Therapy 

The results of treatment are often disappoint¬ 
ing because of the severity of acute disease 
and persistence of infection in recovered 
pigs. It is best to assume that APP cannot 
be eliminated using antibiotic therapy. 41 
Although antimicrobials may reduce mortal¬ 
ity and improve average daily gain, treated 
animals often continue to harbor the organ¬ 
ism and are a source of infection to other 
animals. If animals are clinically ill, then 
injection of antimicrobials is necessary. 
Affected and in-contact pigs should be 
treated parenterally with antimicrobials. 
Tetracycline, spectinomycin, and penicillin 
have been effective and are recommended 
unless drug resistance has occurred. Penicil¬ 
lin may have inconsistent results. 43 Fluoro¬ 
quinolones are distributed to bronchial 
secretions, bronchial mucosa, and alveolar 
macrophages. The pharmacokinetics of dan- 
ofloxacin are favorable for APP treatment. In 
fact, elevated C-reactive protein, IL-6, and 
haptoglobin (all elevated rapidly after infec¬ 
tion) all return to normal, as do the reduced 
plasma zinc, ascorbic acid, and alpha tocoph¬ 
erol rapidly after treatment. Ceftiofur and 
fluoroquinolones were the most active agents 
against APP. APP is only eliminated from the 
respiratory tract in animals medicated with 
enrofloxacin. Tilmicosin is useful for treat¬ 
ing outbreaks. 

In a large study in Switzerland of 
83APP and 58 A. porcitonsillarum (PT) 
strains screened for susceptibility to 20 anti¬ 
microbial agents, it was found that there was 
resistance to sulphamethoxazole, sulphon- 
amide-trimethoprim, tiamulin, tilmicosin, 
tetracycline, and ampicillin. A few of the PT 
strains showed increased susceptibility to 
enrofloxacin. 44 Both APP and PT remain 
susceptible to cephalosporins, fluoroquino¬ 
lones, and phenicols, which are not be used 
except in special cases. In the last few years 
resistance to tetracyclines and trimethoprim- 
sulphonamide has increased. 45 ' 4 ' There is no 
clear association between antimicrobial sus¬ 
ceptibility and serotype. 44 There have been 
enrofloxacillin-resistant APP isolates found 
in Taiwan. 48 

In finishing units, where outbreaks of the 
disease have been confirmed, the twice-daily 
intramuscular injection of pigs early in the 
course of the disease with antimicrobials, 
based on drug sensitivity tests, daily until 
clinical recovery occurred, was superior to 
the mass medication of feed and water. A 


considerable amount of labor is required, but 
it is considered to be the most cost-effective 
method. 

In a study of SPF pigs experimentally 
infected with APP2 and treated with 
enrofloxacin(E), tetracycline(T), or 

penicillin(P) at the onset of disease or left 
untreated, it was found that the animals 
treated with E and T recovered rapidly. 
All except the E group developed antibodies. 
They were later challenged with APP2 
again, but here the E group developed 
serious disease. The implication is that the E 
was so successful initially in eradicating the 
APP that it did not allow an antibody 
response to develop to resist the 
rechallenge. 43 

Antimicrobial Sensitivities 

The antimicrobial sensitivities of isolates of 
APP have been monitored, and there is some 
variation based on geographic location. The 
large expansion in the size of swine herds, 
and the introduction of breeding stock from 
many different sources, has led to an increase 
in the incidence of porcine pleuropneumo¬ 
nia and extensive use of parenteral antimi¬ 
crobials. To ensure an optimal response to 
therapy, it is necessary to monitor antimicro¬ 
bial sensitivity on a herd basis. 

The antimicrobial sensitivity of the 
organism was determined in isolates from 
Europe, Japan, South Africa, and North 
America between 1989 and 1991. They were 
highly susceptible to danofloxacin and mod¬ 
erately susceptible to amoxicillin, ceftiofur, 
and trimethoprim-sulfamethoxazole. There 
was widespread resistance to other currently 
available antimicrobials. In another study, 
thiamphenicol and metronidazole had good 
activity, and the cephalosporins and fluoro¬ 
quinolones were most active. A comparison 
of the minimum inhibitory concentrations 
(MICs) of several antimicrobials against 
several bacterial pathogens of swine, includ¬ 
ing APP, from the United States, Canada, and 
Denmark found that ceftiofur and enrofloxa¬ 
cin were the most active antimicrobials. 

Plasmid-mediated antimicrobial resis¬ 
tance has been found in isolates of the 
organism that are resistant to certain 
antimicrobials. 

Antimicrobials in Experimental 
Disease 

In these experimental infections enrofloxa¬ 
cin and ceftiofur are particularly effective 
and also tulathromycin. 49 

The therapeutic efficiency of some com¬ 
monly used antimicrobials has been evalu¬ 
ated for the treatment of experimentally 
induced pleuropneumonia using serotype 1 
APP. Florfenicol in the feed at 50 ppm pre¬ 
vented pneumonia when pigs were experi¬ 
mentally inoculated with serotype 1, 2, and 
5 strains and thiamphenicol-resistant strains 
of the organism. The combination of trime¬ 
thoprim and sulfamethoxazole is superior to 
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a combination of trimethoprim and sulfadi- 
methoxine. Oxytetracycline in the water at 
222 mg/L for 7 days beginning 24 hours 
before experimental challenge reduced the 
case-fatality rate, lung lesions, and the isola¬ 
tion of the organism compared with the 
unmedicated group. Treatment of chroni¬ 
cally affected pigs did not improve rate or 
gain, nor did it eliminate the infection. 
Enrofloxacin at 150 ppm in the feed pro¬ 
vided effective control of the experimental 
disease. 

Mass Medication of Feed 

In-feed medication with sulfadimethoxine 
and sulfamethoxazole in combination with 
trimethoprim has been described. 

Oxytetracycline in the feed at 1600 mg/ 
kg of feed for 6 days before experimental 
challenge and for 9 days after challenge, pro¬ 
vided 100% protection from clinical disease, 
but 400, 800, or 1200 mg/kg of feed did not 
prevent subsequent shedding and transmis¬ 
sion to seronegative animals. Tetracycline 
should be administered through the feed of 
all in-contact pigs during the outbreak, 
but the persistence of the organism in 
chronically affected pigs may result in clini¬ 
cal disease when the medication is 
withdrawn. 

Doxycycline in feed at 250 ppm for 8 
consecutive days is useful for the control 
of APP. 

Tilmicosin fed to pigs at 200 to 400 pg/g 
is effective in controlling and preventing 
APP-induced pneumonia, using seeder pigs, 
when administered in the feed for 21 days. 
In commercial herds, 400 pg/g of feed for 21 
days is no more effective than 200 pg/g of 
feed for the control of naturally acquired 
pneumonia caused by APP and P. multocida. 
Sulfathiazole at the rate of 28 g/3.8 L of 
drinking water for 12 days has also been suc¬ 
cessful. Tiamulin in the drinking water at a 
concentration to deliver 23 mg/kg BW for 5 
days after an initial individual treatment of 
affected pigs has also been recommended. 

CONTROL 

It is impossible to guarantee freedom because 
the detection of carriers is almost totally 
impossible. There are no techniques as yet for 
identifying the animal that may have only a 
few organisms in the tonsil. You can guaran¬ 
tee freedom from clinical disease at the time 
of inspection but little else. In a recent study 
of 980 pigs there was no evidence of an APP 
clinical or pathologic case until the occur¬ 
rence of PMWS resulted in the isolation of 
an APP7 from the series of pigs in a unit that 
had until that time been considered free. 

There are two options for the control and 
prevention of porcine pleuropneumonia: 

1. Control at an economical level using 

good management combined with the 

possible use of vaccines 

2. Eradication of the infection from the 

herd 


Determining which option to select 
requires careful consideration of the advan¬ 
tages and disadvantages of each option. With 
an understanding of the factors that result in 
clinical disease, it is possible to maintain an 
infected breeding herd and produce pigs 
with a small risk of clinical disease. 

Control by Management 

Management and housing improvements 
can prevent clinical episodes. One of the 
most important things to do is to make sure 
that there is vaccination for enzootic 
pneumonia. 

Control is difficult and unreliable because 
pigs that recover from clinical disease 
provide a source of future infection for fin¬ 
ishing operations that purchase all of their 
introductions. The all-in, all-out system of 
purchasing, feeding, and marketing pigs, 
with a thorough cleaning between groups of 
animals in a finishing operation, should be 
adopted. The disease is highly contagious, 
and control measures must be directed 
toward identifying infected pigs and elimi¬ 
nating their introduction into uninfected 
herds. When moving pigs between herds, it 
is critically important that the herds be 
matched according to their infection status. 
Source herds for feeder animals are sero- 
tested, and then pigs of like immune status 
are commingled to produce a population 
that is compatible immunologically. 
By commingling only animals from serone¬ 
gative herds, the risk of disease is greatly 
decreased and growth performance 
improved. The mixing of animals from herds 
known to be infected with homologous sero¬ 
types is also effective. 

Every economical effort must be made to 
identify and isolate infected pigs and to 
exclude the importation of clinically normal 
but infected pigs into herds in which the 
infection is not present. This is a major 
challenge that is dependent on the availabil¬ 
ity of a highly sensitive and specific labora¬ 
tory test. The acquisition of new breeding 
stock for herds free of the infection should 
include a period of quarantine and two sero¬ 
logic tests 3 weeks apart. Only seronegative 
animals should be introduced into the herds. 
A seropositive animal should be considered 
a potential carrier. Field trials have shown 
that it is not possible to rear seronegative 
animals within a breeding and rearing herd 
heavily infected with serotype 2 of the organ¬ 
ism. Neither medication of the sows and 
piglets with trimethoprim-sulfonamides, 
nor a strictly applied all-in, all-out system 
reduced the percentage of seropositive 
animals. 

Management practices must emphasize 
the rearing of weaned pigs in pens separate 
from older stock that are carriers of the 
organism. Large breeding herds and finish¬ 
ing units should subdivide the total herd into 
separate units, which minimizes the spread 
of infection. Early weaning and segregation 


of gilts from infected stock have been used 
to develop a seronegative herd. 

Herds can be classified into one of three 
categories depending on their infection 
status: 

CATEGORY 1. Serologically positive for 
APP without a history of clinical 
disease. A majority of herds are 
serologically positive but do not have 
clinically apparent disease. Good 
management and environmental quality 
control can minimize the incidence of 
clinical disease. Good ventilation, the 
use of all-in, all-out management 
practices, and appropriate stocking 
densities are important. 

CATEGORY 2. Serologically negative and 
clinically free of APP. These herds can 
be maintained free of infection with 
good biosecurity practices. New 
breeding stock must be obtained from 
herds free of infection. Artificial 
insemination can be used to limit the 
introduction of live pigs. Pigs sold from 
these herds to herds with endemic 
infection are highly susceptible to 
infection. 

CATEGORY 3. History of clinical disease 
caused by APP, which has been 
pathologically and microbiologically 
confirmed. In these herds, acute disease 
outbreaks occur most commonly in pigs 
9 to 20 weeks of age. Pigs are usually 
protected by colostral immunity for the 
first 8 weeks of life. The severity of 
outbreaks can be reduced by mass 
medication of the feed, treatment of 
individual pigs, and good management 
practices to ensure adequate 
ventilation. 

Eradication 

The Danish SPF system was the first to try to 
eradicate APP. Each month 20 serum samples 
were tested for APP 2 and 6 and were col¬ 
lected at the monthly clinical inspection. 
This happened every 3 months also for 
APP12 and annually for APP 1, 5, 7, and 10. 
Recurring outbreaks of pleuropneumonia is 
the most common reason for an eradication 
strategy. Eradication is done by depopulating 
the entire herd, followed by repopulation 
with animals from herds that are clinically 
and serologically negative. Eradication can 
be successful but the risk of introducing 
infections into the herd is high unless bios¬ 
ecurity measures are adopted and strictly 
implemented. 

An alternative to depopulation is medi¬ 
cated early weaning, in which pigs are 
weaned at 10 to 15 days of age, treated with 
antimicrobials, and reared in isolation. 
Transmission of infection between the sow 
and piglets does not occur before 11 days of 
age, about half of the piglets are infected at 
16 days of age, and if weaned at 21 days of 
age most of the piglets are infected. 
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The early weaning program can be 
expanded to the three-site system of rearing. 
Adults and nursing piglets are housed in one 
site. At weaning, piglets are moved to the 
nursery barn for growth to 25 kg, and then 
moved to a third site for the final growing 
period. The adults may be serologically posi¬ 
tive for infection, but the nursery pigs, 
growing pigs, and finishing pigs are negative. 

Age segregation, distance that prevents 
aerosol transmission, and adherence to strict 
biosecurity practices can reduce the preva¬ 
lence of infection and the incidence of 
disease. 

Vaccination 

A wide range of vaccines have been devel¬ 
oped over the years. ’" There are two main 
groups of vaccines. One is killed organisms 
the bacterins, and these are serotype specific. 
The second group are subunit toxin-based 
vaccines. These contain Apx I, II, III with or 
without OMP and show a high degree of pro¬ 
tection all APP1-12 serotypes. The in vivo 
ApxIV works well but has not yet been com¬ 
mercialized, 48 although ApxIV is not needed 
for effective vaccination. An Apx 1A mutant 
has potential for a live attenuated APP 
vaccine. 4 Animals vaccinated with bacterins 
will produce antibodies that will cross-react 
with ELISA tests that use polysaccharides as 
antigens. There is a considerable effect of 
adjuvants in these vaccines. 

Natural or experimental infection with a 
serotype of APP induces a strong immunity 
to both homologous and heterologous sero¬ 
types. Vaccination has been attempted to 
prevent pleuropneumonia in pigs. However, 
the protection obtained by parenteral vacci¬ 
nation is serotype specific, and vaccines must 
therefore contain the serotype existing in the 
swine population. The mortality rate is lower 
in vaccinated animals, but they are still car¬ 
riers of the organism. 

Serotype 8 is closely related to serotypes 
3 and 6, and parenteral revaccination using 
a capsular extract or killed APP serotype 8 
provides a high degree of protection against 
challenge with serotypes 3 or 6. A tetravalent 
vaccine containing serotypes 1, 2, 5, and 7 
stimulated titers to all four serotypes and an 
anamnestic response was induced by a 
second vaccination. This suggests that the 
serologic and cross-protective properties of 
APP serotypes should be identified before 
they are used as antigen in the complement 
fixation test and in vaccines. 

The protein associated with the capsule of 
APP is responsible for serotype-specific pro¬ 
tection against mortality in mice. Further 
purification and characterization of this 
protein antigen is needed to determine 
whether it is the specific antigen responsible 
for protection against mortality in swine or 
if it is a necessary carrier for a serotype-spe¬ 
cific capsular disaccharide antigen. 

The vaccines that have been evaluated are 
killed vaccines with an adjuvant. In one 


experimental trial, two and three vaccina¬ 
tions using a bacterin containing serotypes 1 
and 5 prevented mortality following an 
aerosol challenge with the same serotypes as 
present in the vaccine. However, all vacci¬ 
nated pigs had severe signs of respiratory 
disease and the vaccine did not prevent the 
development of lung lesions. The use of 
a formalin-inactivated alum-precipitated 
vaccine containing serotype 1 was effective 
in decreasing the morbidity and mortality 
rates from naturally occurring pleuropneu¬ 
monia. The adjuvanted vaccines have caused 
considerable tissue reaction, resulting in 
abscesses and granulomas. The mineral oil 
adjuvants are highly irritant and cause gran¬ 
ulomas, which are present 8 weeks after 
vaccination but result in high titers. The alu¬ 
minum hydroxide adjuvants are less irritat¬ 
ing but result in lower titers. Vaccines 
containing a lecithin-base oil at 5% are non¬ 
irritating and stimulate high complement 
fixation titers. 

Subunit vaccines containing purified or 
partially purified antigens provide better 
protection than whole cell vaccines. Capsu¬ 
lar antigens, outer membrane proteins, lipo- 
polysaccharide, and soluble toxic factors are 
immunogenic in pigs. An acellular vaccine 
containing multiple virulence factors pro¬ 
vided complete protection from mortality 
and significantly reduced morbidity to 
homologous challenge. Pigs vaccinated with 
the cell extract had fewer clinical signs of 
pleuropneumonia than pigs vaccinated with 
three other commercial vaccines and chal¬ 
lenged with serotype 1. A vaccine containing 
the LiCi cell extracts and a crude hemolysin 
isolated from serotype 1 provided protection 
against both mortality and morbidity in vac¬ 
cinated pigs challenged by intratracheal 
inoculation. An experimental vaccine using 
bacterial “ghosts,” which are empty cells pro¬ 
duced by bacteriophage lysis appears to be 
successful. A better cellular response was 
observed to inactivated bacteria than to 
ghost vaccines. Bacteria grown in conditions 
resulting in high in vitro adhesin levels 
induced better protection than those grown 
in NAD rich medium. An APP type 2 vaccine 
has been described with deletions in the 
Apx IIA gene, which can then function 
as a negative marker vaccine, which appears 
to be capable of protecting pigs without 
shedding. 

Antigenic variation within a capsular 
serotype, for example in subtypes 1A and IB, 
as a result of antigenic variation within the 
lipopolysaccharide, can result in the failure 
of whole cell bacterins to provide protection 
against the same capsular serotype. This lack 
of cross-protection within a capsular sero¬ 
type provides a partial explanation for vac¬ 
cination failures observed under field 
conditions. 

A polyvalent bacterin containing sero¬ 
types 1, 3, 5, and 9 provided satisfactory pro¬ 
tection against homologous challenge 14 


days after the second vaccination. Mortality 
was reduced, and lung lesions, pleural adhe¬ 
sions, and isolations of the organism from 
the tonsils and lungs were reduced. 

It is possible in the future that a differen¬ 
tiation from vaccinated animals test may be 
based on the ApxIVA gene. 52 

Live vaccines using laboratory-obtained 
nonvirulent mutants have also been devel¬ 
oped and shown to protect against homolo¬ 
gous and heterologous serotypes. 53 ' 55 
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MYCOPLASMA PNEUMONIA 

(MYCOPLASMA 

HYOPNEUMONIAE) 

ETIOLOGY 

Mycoplasma hyopneumoniae (once also 
called Mycoplasma suipneumoniae ) is the 
primary causative agent. M. hyopneumoniae 
(MH) inhabits the respiratory tract of pigs, 
appears to be host specific and survives in 
the environment for only a very short period 
of time. The disease has been reproduced 
with pure cultures, and the organism can be 
demonstrated directly or indirectly in pigs 
with enzootic pneumonia worldwide. The 
isolation of MH is complicated by the pres¬ 
ence of other mycoplasmas in the upper 
respiratory tract of pigs including M. hyo- 
pharyngis, M. hyorhinis, M. sualvi, and Acho- 
leplasma species. The nonpathogenic M. 
flocculare also complicates the culture of M. 
hypneumoniae. The strains of MH are anti- 
genically and genetically diverse. Multilocus 
sequence typing has been used to estimate 
genetic diversity, 12 and it showed that spe¬ 
cific MH strains are responsible for local 
outbreaks as they are in geographic contact 
or operative contact. 

A wide variety of genetic diversity was 
found in U.S. strains using comparative 
genomic hybridization. Significant variation 
at the genetic level has also been found; 3 
and it has not yet been established as to 
what constitutes cross protection and viru¬ 
lence. 4 MH varies its surface proteins 
through varied proteolytic events. 5,6 A pro- 
teonomic survey of MH identified a total of 
31 different coding DNA sequences.' Geno- 
typing of MH in wild boar samples showed 
that variability was high, but there was 
geographic relatedness; they were related to 
the domestic pigs, but no matching types 
were found. 8 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

Enzootic pneumonia occurs in pigs world¬ 
wide, and the incidence is high in intensive 
pig rearing enterprises. Lesions may be 
present in 40% to 80% of the lungs of pigs at 
abattoirs. The peak incidence of pneumonia 
occurs at 16 to 20 weeks of age, which is 
likely related to the increased stocking 
density in this period. In northern climates, 
the incidence of clinical disease and preva¬ 
lence of lesions at slaughter are higher in the 
summer months. The prevalence of lung 
lesions is often highest in pigs slaughtered in 
the winter months compared with autumn - 
slaughtered pigs. The amount of broncho¬ 
pneumonia lesions in individual lungs 
ranged from 0% to 69%, with an average of 
7.8%. A 2002 survey in the United States 
showed that 82.3% of finishing sites had at 


least one animal positive on antibody testing 
and 94.4% of breeding sites. Seroprevalences 
were higher in the clinically affected herds, 
and most of the pigs were infected with MH 
at a younger age. A study in the United 
Kingdom showed that geographic location of 
the finishing unit appeared to be a statisti¬ 
cally significant risk factor for EP-like lesions 
and pleurisy. 9 In addition, they also found 
that part-slatted floors were a potential risk 
factor. In a study of colonization at weaning 
and the infection at slaughter, average lung 
lesion scores, percentage of affected lungs, 
presence of MH on the bronchial epithelium, 
and seroconversion, it was found that the 
severity of the disease can be predicted by 
the prevalence at weaning in segregated 
systems. Strategies focused on reducing colo¬ 
nization at weaning may help to control MH 
in segregated production systems. 10 Vaccina¬ 
tion does not prevent transmission to senti¬ 
nel pigs in contact with infected animals. 
Transmission of MH from asymptomatic 
carriers to unvaccinated and vaccinated sen¬ 
tinels was not different. 11 

Morbidity and Case Fatality 

In infected herds, the morbidity rate is high 
during the growing period, but the case- 
fatality rate is low. There is however, an 
increase in the number of treatments of sick 
pigs in comparison with herds free from the 
disease. The morbidity rate falls markedly 
with increasing age, and there is a much 
lower incidence of pneumonic lesions in 
sows, even though they may still harbor the 
organism. However, when MH gains entry 
into a herd that has been previously free of 
the disease, all ages of pigs are affected, and 
mortality, even in adults, can occur. 

Methods of Transmission 

The organism is an inhabitant of the respira¬ 
tory tract of pigs, and transmission occurs by 
direct nose-to-nose contact, which is the 
main form of transmission. Airborne trans¬ 
mission and fomites are less important. 
Mycoplasma can be transmitted over 1, 75, 
and 150 m, and recently aerosol has been 
seen to be transmitted over 9.2 km. 12 AL hyo¬ 
pneumoniae was found to travel long dis¬ 
tances from an infected experimentally 
infected group of pigs. 13 Airborne transmis¬ 
sion was suggested on 80% of farms where 
acute respiratory disease was present. No air¬ 
borne organisms were found on farms 
without acute respiratory disease. There is no 
other known host for the organism, although 
infection and breakdown of closed pneumo¬ 
nia-free herds has occurred without any pig 
introductions. The number of organisms 
required for infection is very small, and the 
possibility of wind-borne infection has been 
suggested. Transmission is by the respiratory 
route and in infected herds occurs primarily 
from the sow to the suckling piglets. In a 
study of shedding of MH in different parities: 
gilts were 73% positive, parity 2 to 4 sows 


were 42% positive, parity 6 to 7 sows 50% 
positive, and parity 8 to 11 sows were 6% 
positive. Generally, the nursery is considered 
the area where transmission occurs and 
infection spreads slowly. Within pen trans¬ 
mission measured by PCR is very slow. 
Animals can be PCR positive and not infec¬ 
tious for long periods of time and then can 
become very infectious up to 119 days, as has 
been recorded. 11 There is therefore a nonlin¬ 
ear excretion of MH. It is thought that one 
infected nursery pig will infect on average 
one littermate. Boars can also infect sows 
when they are kept together in service areas, 
but in these areas the disease spreads slowly. 
The disease is also transmitted and exacer¬ 
bated during the grouping and stress of pigs 
that occurs at weaning. Transmission can 
occur as early as 1 week of age, but usually it 
is not observed under 6 weeks of age. 14 The 
highest clinical and pathologic incidence 
occurs in the postweaning and growing 
period, and in most herds this is maintained 
through the growing period to market age. 
The start of finishing is the critical point. 
Direct exposure (nose-to-nose contact) of 
pigs at 9 to 11 weeks of age to seropositive 
gilts results in seroconversion to the organ¬ 
ism by 21 days and is most frequent by about 
llweeks after exposure. The presence of 
gross lesions of pneumonia correlated with 
the seroconversion. 

Frequent coughing by infected, inten¬ 
sively reared pigs suggests that repeated 
aerosol exposure occurs and is an important 
natural mode of transmission of respiratory 
pathogens. There is general agreement that 
management and environmental conditions 
considerably influence the severity of the 
disease. 

The reinfection of enzootic pneumonia- 
free herds, recurrences or so-called break¬ 
downs, occurs at a rate of about 3% of herds 
every 6 months. In a study of swine herds 
that had participated in the Pig Health 
Control Association Scheme in the United 
Kingdom, the close proximity of the unin¬ 
fected herds to infected herds appeared to be 
the most important risk factor that could 
explain the introduction of the infection. The 
size of the herd, the density of the pig popu¬ 
lation in the area, the distance to the next 
road regularly used for transportation of 
pigs, and differences in topography were risk 
factors associated with reinfection. There 
was little evidence to indicate that unex¬ 
plained breakdowns occurred in association 
with long-term latent infection in other 
herds from which animals had been 
imported. Clinical signs of enzootic pneu¬ 
monia in these herds commonly did not 
occur for several months after the introduc¬ 
tion of infected pigs. 

MH was not transmitted during a 
20-week period when personnel weekly con¬ 
tacted susceptible pigs in a naive herd after 
they had been in contact with pigs in an 
infected herd. A comprehensive herd specific 






prevention program is necessary to reduce 
transmission of disease caused by MH. L ’ 

Risk Factors 

The prevalence, incidence, and severity of 
pneumonia in swine herds are determined 
by interactions among infectious agents, the 
host, the environment, and management 
practices. This being said a large survey of 
the seroprevalence of MH in 50 finishing 
herds showed that there were no risk indica¬ 
tors. Each farm is an individual one, with the 
farm itself exerting a great effect. A recent 
study in suckling pigs at the age of weaning 
in the United Kingdom 16 has suggested that 
an increase in the number of live pigs born 
alive was linked to a lower incidence of MH 
in suckling pigs at weaning. Grinding the 
piglets’ teeth also reduced the incidence of 
MH. A second dose of iron was also associ¬ 
ated with a reduced level of MH. A low envi¬ 
ronmental temperature also produced an 
increase in the incidence of pneumonia. 

In a study of MH in coughing piglets (3-6 
weeks of age) from 50 herds with endemic 
respiratory disease in Germany, 1 ' it was 
found that MH was detected in the lavage 
fluid in 12.3% of the suckling piglets and 
10.6% of the weaned piglets. The study 
showed that the detection of MH in young 
piglets is associated with one or two site pro¬ 
duction and inappropriate gilt acclimatiza¬ 
tion. In a study of nasal carriage in farmers 
using PCR it was found that 15% of farmers 
carried MH in their nose, but it is not pos¬ 
sible to say that they were colonized. 18 

Animal Risk Factors 

Several factors such as breed, age, presence 
of diarrhea, the prevalence of atrophic rhini¬ 
tis, birth weight, and weaning weight, have 
been examined as animal risk factors. In 
some herds, the risk of coughing and pneu¬ 
monic lesions increased with increasing age 
of pigs within a herd. In a survey of two dif¬ 
ferent groups of pigs slaughtered at different 
ages, the age-specific prevalence of pneu¬ 
monic lesions was 2.7% in pigs less than 16 
weeks of age at slaughter, but it increased 
rapidly when pigs were between 16 and 22 
weeks of age at slaughter. Infection at an 
early age has a greater effect than infection 
later in life. Pigs coughing by 14 weeks of age 
were, on average, 6.2 to 6.9 kg lighter than 
those with onset of disease near market age. 
The highest seroconversion rate occurs 
between 3 to 4 months of age. In a recent 
experimental infection, 77.7% of the infected 
animals were still positive 185 days later, and 
100% of the naturally infected animals were 
still infected at the same time. There may be 
selective differences in the colonization rates 
between litters. There may also be a sex effect 
on colonization. A longitudinal study of the 
diversity and dynamics of MH infection has 
been described. 19 

In a study of a large number of sows in 
northwestern Germany, it was found that the 
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risk of a sow being seropositive was increased 
in herds with two- or three-site production, 
when piglets were not vaccinated, when 
herds had 2-week farrowing intervals, and in 
herds without AI/AO management of the 
farrowing units. The lack of an acclimatiza¬ 
tion period for boars was also associated 
with the risk of a sow being seropositive. 20 

Immune Mechanisms 

Pigs that recover from experimentally 
induced enzootic pneumonia are resistant to 
subsequent challenge. The nature of the 
immunity induced by MH, whether serum 
or local antibody mediated, T-cell mediated, 
or a combination of these factors, is not clear. 
Based on lymphocyte transformation tests of 
experimentally infected pigs, it is possible 
that cell-mediated immunity correlates with 
protective immunity. The median half-life of 
passively acquired antibodies to MH is 16 
days, the persistence of antibodies is related 
to the initial antibody concentration, and 
antibodies waned by 30 to 63 days after birth 
depending on initial concentration. It has 
been detected as late as 155 days of age. The 
titer of maternal antibodies is a major 
concern when pigs are vaccinated. The age of 
the piglet vaccinated is not the key factor. 
The level of the sow’s antibodies approxi¬ 
mately 4 weeks prepartum are at their highest 
and similar to the levels in colostrum. Immu¬ 
nity is not conferred through colostral 
immunoglobulins, and thus piglets born 
from immune dams are susceptible to infec¬ 
tion and clinical disease. No significant cor¬ 
relations have been found between the 
colostral antibody levels and the coloniza¬ 
tion status of the sows. The level of immuno¬ 
globulins to MH can be used to monitor 
infection in the herd. Pigs usually serocon- 
vert to APP and then MH. 

Pigs raised under unfavorable conditions 
develop pneumonic lesions more frequently 
than pigs raised under better conditions, 
regardless of their immune status. Pigs vac¬ 
cinated with inactivated MH organisms 
develop both a cell-mediated and humoral 
immune response, but they are not protected 
from challenge exposure by natural infec¬ 
tion. Local immunity, particularly secretory 
IgA, is considered to be important in protec¬ 
tion against mycoplasma infection. MH may 
suppress alveolar macrophage function, 
which may predispose the lung to secondary 
infection. The organism is very clever in 
evading the immune response, probably by 
changing the nature of the immune response 
to one that is less effective. To do this it 
causes the production of cytokines IL-la 
and beta, IL-6, and TNF-a by macrophages 
and monocytes and induces local inflamma¬ 
tion. This is essentially moving the immune 
response from a TH1 type response to a 
T-helper type 2 response. 

In an experimental study it was shown 
that PRRSV vaccine strain and the natural 
infection were able to induce T-regs in pigs 


naturally infected with MH. This suggests 
that the exacerbation of MH following PRRS 
may be attributable to the ability of PRRSV 
vaccination and viral infection to induce 
regulatory T cells. 21 

Pathogen Risk Factors 

MH adheres to the tracheal and bronchial 
mucosae and causes an extensive loss of cilia. 
An evaluation of the virulence factors of MH 
field isolates has been made. 

Environmental and Management 
Risk Factors 

Pathogenesis 

MH colonizes the respiratory epithelium 
for a long time and produces a prolonged 
inflammatory response and suppresses and 
modulates the immune reactions. Little is as 
yet known about the virulence factors of 
MH. A wide variety of proteins are pro¬ 
duced. Mycoplasma have the smallest 
genomes of organisms capable of separate 
existence. This genome encodes for several 
immunogenic proteins including a cytosolic 
protein p36 (which may have lactic dehydro¬ 
genase activity); membrane proteins P46, 
P65, and P74 (can produce neutralizing anti¬ 
bodies); and an adhesin P97. The P97 adhesin 
mediates adherence of MH to swine cilia. An 
adhesin-like protein (PI 10) composed of a 
P54 and 2 P28 units has also been found. 
Attachment is a complex process involving 
many gene products. A recent study of the 
total protein profile, glycoprotein profile, and 
size differences in the amplified PCR product 
of P97 adhesin genes suggests that there is an 
intraspecies variation in the MH population 
in the United States. Combination with 
the P102 adjacent gene allows the two pro¬ 
teins to contribute to cellular adherence. 5,6 
A highly immunogenic MH lipoprotein 
Mhp366 was identified by peptide-spot 
array, 22 and this may be a useful method for 
detecting MH infections. The in vivo viru¬ 
lence of MH isolates does not correlate with 
in vitro adhesion assessed by a microtiter 
adherence assay. 23 These observations suggest 
that mechanisms other than adherence may 
be responsible for observed differences in 
virulence. 

The Mycoplasma penetrate the mucus 
layer and attach to cilia. They appear only to 
attach to the cilia. They release calcium^ 
ions from the endoplasmic reticulum of the 
ciliated cells. As a result there is a clumping 
and a loss of cilia and excess production of 
mucus by goblet cells. 24 This results in a dys¬ 
function of mucociliary clearance. The sec¬ 
ondary bacteria attach to the damaged 
epithelium. 

In experimental infections of tracheal 
explants with MH, it was shown that IL-10, 
IL-6, and IL-8 were produced. 25,26 There is 
also a production of TNF-a and IL-1 and 
IL-18, but the production of IFN-y is inhib¬ 
ited. 28 These are possible mechanisms for the 
down-regulation of cell-mediated immunity 





1066 


Chapter 12 


Diseases of the Respiratory System 


that allows for the enhancement of the dura¬ 
tion and severity of pneumonia with PRRSV 
and a mechanism to modulate the immune 
response. 

Macrophages have an impaired phago¬ 
cytic activity after MH infection. MH 
also alters the function of B- and T-cell 
lymphocytes. 

The experimental inoculation of the J 
strain of MH into piglets causes gross pneu¬ 
monic lesions that are detectable 7 to 10 days 
later. Moderately extensive pneumonia is 
present 6 weeks after inoculation, progres¬ 
sive recovery can be observed after 10 weeks, 
and residual lung lesions are detectable in a 
few pigs up to 37 weeks after inoculation. 
Experimental infections vary in their effects 
in clinical signs and pathology. 29 

MH causes peribronchiolar lymphore- 
ticular hyperplasia and mononuclear accu¬ 
mulation in the lamina propria, which causes 
obliteration of the bronchial lumina. There is 
also perivascular lymphoid hyperplasia. The 
bronchial mucous glands undergo hypertro¬ 
phy; there are increased numbers of poly¬ 
morphonuclear cells in the bronchial lumina 
and macrophages in the alveoli. Lympho¬ 
cytes, together with plasma cells and macro¬ 
phages are responsible for the increase in the 
thickness of the interlobular septa as the 
disease progresses. The hyperplastic BALT 
(bronchial and bronchiolar associated lym¬ 
phoid tissue) in enzootic pneumonia cases 
consisted of macrophages, dendritic cells, T- 
and B-lymphocytes, and IgG + and IgA + cells. 
In these aggregates CD4 + predominated over 
CD8 + cells. The cells in the BALT released 
IL-2, IL-4 TNL-a, and, to a lesser, extent 
IL-la and p. IL-la and TNL-a were also 
released in bronchoalveolar lavage fluids, 
and IL-6 and IL-8 were found in the mono¬ 
nuclear cells of the alveolar septa. 

Hyperplasia of type II alveolar epithelial 
cells is progressive as the disease becomes 
worse. Affected pigs cough persistently, show 
labored respiration and reduced exercise tol¬ 
erance. The lesions are similar to those of 
chronic bronchitis. After infection, MH mul¬ 
tiplies in tracheal and bronchial mucosae, 
adheres to the ciliated cells, and causes a 
cytopathic effect and exfoliation of epithelial 
cells. There is a significant increase in the 
gland/wall ratio and a decrease in the ratio 
of respiratory to expiratory resistance. 

The effects of this chronic pulmonary 
lesion have been the subject of considerable 
investigation. It is thought that the presence 
of mycoplasmal lesions uncomplicated by 
secondary bacterial infections has minimal 
effect on the production of the pig if the envi¬ 
ronmental conditions are suitable. The 
lesions will heal, and any loss in production 
from the initial infection will be regained by 
compensatory regrowth. Severe lesions or 
those accompanied by secondary bacterial 
bronchopneumonia and pleuritis will usually 
cause a significant decrease in average daily 
gain and feed efficiency. Secondary infection 


with Pasteurella spp. results in acute episodes 
of toxemic bronchopneumonia and pleuritis. 
Dual infections are usually more severe than 
single infections. Lor example, SIV and MH 
together are more severe. 

A longitudinal study was made in four 
herds until slaughter. The percentage of pigs 
testing positive increased from 35% at 6 
weeks to 96% at slaughter at 26 weeks. 
Within each herd only one distinct strain 
was detected 19 and was present in the same 
animal for at least 12 weeks. 

The pulmonary and hematologic 
changes in experimental MH pneumonia 
cause no significant changes in heart rate, 
respiratory rate, and rectal temperature, even 
though at necropsy well-demarcated pulmo¬ 
nary lesions were present. There were several 
measurable changes in respiratory functions 
as a result of the atelectasis: partial occlusion 
of the bronchioles with exudate, localized 
pulmonary edema, and a reduction in oxygen 
perfusion to the alveoli leading to a decrease 
in the partial pressure of oxygen in the arte¬ 
rial blood. There are no remarkable changes 
in the hematology. The body weight gains 
are decreased compared with the control 
animals. 

The distribution of lesions is characteris¬ 
tic. They occur in the right middle lobe, the 
right cranial and left middle lobes, and the 
left cranial and diaphragmatic lobes, in that 
order of frequency. The differences in patho¬ 
genicity between high- and low-virulence 
isolates is associated with a faster in vitro 
growth, a raised capacity to multiply in the 
lungs, and the induction of a more severe 
inflammatory process. 30 It has been shown 
recently that MH- derived lipid-associated 
proteins induce apoptosis in alveolar 
macrophages by increasing nitric oxide pro¬ 
duction, oxidative stress and caspase-3 
activation. 31 

In a study to assess the duration of infec¬ 
tion with MH 60 pigs were infected and 
studied until the population became negative 
on estimation of DNA in bronchial swabs. 
DNA was detected in 100% of the animals at 
94 days postinfection, 615 at 214 days, and 
0% at 254 days PI. Experimentally infected 
pigs transmitted to sentinels at 80 and 200 
days post infection. 32 

CLINICAL FINDINGS 

The appearance of clinical pneumonia 
depends on the number of organisms, their 
virulence, and the involvement of secondary 
agents. The more pathogenic strains induce 
more pneumonia. 30 It is also influenced and 
made more severe by PCV2 33 ' 34 and together 
with PRRSV is also more severe. 

A natural incubation period of 10 to 16 
days is shortened to 5 to 12 days in experi¬ 
mental transmission. Two forms of the 
disease are described. In the relatively rare 
acute form, a severe outbreak may occur in 
a susceptible herd when the infection is first 
introduced. In such herds pigs of all ages are 


susceptible and a morbidity of 100% may be 
experienced. Suckling piglets as young as 10 
days of age have been infected. Acute respira¬ 
tory distress with or without fever is charac¬ 
teristic and increased mortality may occur. 
The usual course of this form of the disease 
within a herd is usually about 3 months, after 
which it subsides to the more common 
chronic form. 

The chronic form of the disease is much 
more common and is the pattern seen in 
endemically infected herds. Young piglets are 
usually infected when they are 3 to 10 weeks 
of age, and clinical signs may be seen in suck¬ 
ling piglets. More commonly, the disease 
shows greatest clinical manifestation after 
weaning and in the growing period. The 
onset of clinical abnormality is insidious and 
coughing is the major manifestation. Initially 
only a few pigs within the group may show 
clinical abnormality, but then the incidence 
generally increases until coughing may be 
elicited from most pigs. It may disappear in 
2 to 3 weeks or persist throughout the 
growing period. In affected herds, individual 
pigs may be heard to cough at any time, but 
coughing is most obvious at initial activity in 
the morning and at feeding time. Coughing 
may also be elicited by exercising the pigs 
around the pen, and it occurs with greater 
frequency in the period immediately follow¬ 
ing the exercise. A dry or crackling, hacking 
cough, which is usually repetitive, is charac¬ 
teristic. Respiratory embarrassment is rare 
and there is no fever or obvious inappetence. 
Subsequently there is retardation of growth 
that varies in severity between individuals so 
that uneven group size is common. Clinical 
disease becomes less obvious with increasing 
age and is rarely detected in the sow herd, 
although gilts and young sows frequently 
harbor MH. 

CLINICAL PATHOLOGY 

Raised haptoglobin levels have been found in 
pigs with lung conditions resembling Myco¬ 
plasma infection but not A. pleuropneu- 
moniae -type lesions. 35 

Serologic Tests 

Serologic tests are best used to assess the 
herd status. All the three assays in use in the 
United States have excellent specificity, but 
the sensitivity is low, from 37% to 49%. The 
tests vary in their efficacy in different experi¬ 
mental infections. 36 

Serologic tests have included the CFT 
(low sensitivity), indirect hemagglutination 
test (good for early detection as it detects 
IgM), and the latex agglutination test. The 
unsatisfactory sensitivities and specificities 
of these tests led to the development of 
ELISA systems, DNA probe technology, and 
PCR to accurately diagnose enzootic pneu¬ 
monia. The ELISAs detect all classes of IgG 
and are very sensitive, but they detect the 
onset of seroconversion rather than infec¬ 
tion. An SIgA-ELISA has been developed for 





detecting secretory IgA from nasal swabs, 3 ' 
and it is capable of detecting MH infection 
from MH vaccinated pigs. 

An ELISA using a commercially available 
antigen (Auspharm) is highly sensitive 
(95.6%) and specific (98.8%) for antibodies 
against MH when pig sera from commercial 
herds of known infection status were evalu¬ 
ated. An improved ELISA is also available, 
and the two ELISAs are able to distinguish 
populations of gross pathology-negative 
pigs in endemic herds from pigs in true spe¬ 
cific pathogen-free (SPF) herds. Pigs from 
the former group have significantly higher 
ELISA activity with both tests and would 
represent recovered or exposed nondiseased 
pigs, or pigs with only histologic lesions in 
endemic herds. The ELISA is ideal for 
diagnostic laboratories and should obviate 
much of the need for culture and immuno- 
fluorescent histopathology, reducing the cost 
of diagnosis. The ELISA can also detect anti¬ 
bodies in the colostrum of sows with a high 
specificity. A recent study comparing three 
ELISAs has shown that the sensitivities of the 
tests were lower than previously reported 
especially for vaccinated animals. Animals 
within 21 days postinfection were also not 
easily detected. The blocking ELISA was the 
most sensitive. All three were highly specific. 
There is also a blocking ELISA against a p40 
protein. 

Colostrum has also been used for the cer¬ 
tification of freedom from MH but must be 
achieved during the first 2 hours after partu¬ 
rition. High-parity sows are a better source 
for the detection of antibodies. 

Detection of Organism 

For the highest level of accuracy in detecting 
the organism the use of a number of tests 
would be best. 

The organism can be detected in lung 
tissues by culture, immunofluorescence, 
PCR, and antigen-ELISA, and all have high 
sensitivity in the acute stages of pneumonia. 
A PCR-based assay can differentiate MH, M. 
flocculare, and M. hyorhinis and also detect 
low numbers of organisms. It can also be 
used on the bronchoalveolar lavage. The 
identification of the p36 and p46 protein 
genes has enabled them to be used in a PCR 
for MH, with a sensitivity of 86.6% and a 
specificity of 96.7%. Nested PCR is much 
better. There is a good correlation between 
the results of nested-PCR and histology. In 
situ hybridization shows MH on the surface 
of the epithelial cells, not in the cytoplasm, 
with an occasional signal in the cytoplasm of 
the alveolar and interstitial macrophages. A 
PCR 38 had a diagnostic sensitivity of 97.3% 
and a specificity of 93.0%. 

Herd Certification 

The determination of the presence or absence 
of MH within a herd for certification pur¬ 
poses can be difficult and should be 
approached with caution. It should not be 
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based on a single examination procedure. It 
requires a surveillance system that combines 
regular farm visits and serologic, cultural, 
and tissue examination of selected pigs and 
of those sent to slaughter. The herd should be 
examined clinically for evidence of the 
disease, and the lungs from several ship¬ 
ments of pigs should be examined at the 
abattoir and subsequently histologically. 
There can be seasonal variation in the sever¬ 
ity of lung lesions and at certain times 
market-age pigs may not have visible gross 
lesions, even though infection may be 
present in the herd. If doubt exists, the lungs 
of younger pigs, preferably clinically suspect 
pigs, or recently weaned pigs, should be 
examined after elective slaughter. The herd 
should also be examined for the presence of 
antibody to MH. 

NECROPSY FINDINGS 

Except in severe cases, the damage is con¬ 
fined to the cranial and middle lobes, which 
are clearly demarcated from the normal lung 
tissue. The lesions are commonly more 
severe in the right than in the left lung 
(simply because it is larger, has a larger 
supply of main-stem bronchi and a greater 
arterial supply). Plum-colored or grayish 
areas of lobular consolidation are evident. 
Enlarged, edematous bronchial lymph nodes 
are characteristic. In acute cases, there is 
intense edema and congestion of the lung 
and frothy exudate in the bronchi. When 
secondary invasion occurs, pleuritis and 
pericarditis are common, and there may be 
severe hepatization and congestion with a 
suppurative bronchopneumonia. 

Evaluation of the pneumonic lesions at 
slaughter has been used extensively for herd 
health monitoring. Scoring of the lesions is 
typically done on both lungs (the entire 
pluck). To overcome the logistical problems 
associated with examining entire plucks 
during the slaughtering procedure, an alter¬ 
nate system based on scoring the right lung 
only has been investigated. The overall right 
lung relative sensitivities for the detection of 
catarrhal pneumonia or chronic pleuritis 
were 81% and 72%, respectively. It is sug¬ 
gested that an evaluation of the right lung 
pathology is a useful alternative when the 
purpose of the survey is to demonstrate the 
presence or absence of lesions, or when 
scoring the severity of the lesion is the 
objective. 

The microscopic changes of enzootic 
pneumonia include lymphohistiocytic peri¬ 
bronchiolar cuffing with increased numbers 
of mononuclear leukocytes in the bronchial 
lamina propria. There is hyperplasia of the 
bronchiolar epithelium and filling of alveoli 
with macrophages, protein-rich fluid and 
small numbers of lymphocytes and plasma 
cells. Hyperplasia of type II alveolar epithe¬ 
lial cells occurs as the disease progresses. 

These histologic changes were most 
marked from 7 to 28 dpi coinciding with a 


significant increase in the immunohisto- 
chemical demonstration of II-la, IL-1(3, 
IL-8, TNF-a and INF-y, lymphoid markers 
CD4+ and CD8+, muramidase, and IgG and 
IgA. 39 The lesions and immunohistochemical 
signals declined in intensity after 35 days. 

In one study, a definitive diagnosis of 
Mycoplasma pneumonia of swine was based 
on the demonstration of MH in lung sections 
using specific antisera or successful culture 
of the organism. Utilizing these techniques, 
it was found that up to 19% of grossly normal 
lungs may be infected with MH. Conversely, 
the organism could not be demonstrated in 
about 33% of the lungs of pigs from herds 
thought to be affected with MH pneumonia, 
even though typical gross lesions were 
present. The sensitivity of these techniques 
may be surpassed by newer PCR methods. 
The organism can also be detected in 
formalin-fixed paraffin-embedded porcine 
lung by the indirect immunoperoxidase test. 
The results of immunofluorescence tests 
performed on piglets with experimentally 
induced pneumonia revealed that MH 
organisms are located primarily on bronchial 
and bronchiolar epithelial surfaces of lungs 
with gross lesions of pneumonia. Fluores¬ 
cence was most intense 4 to 6 weeks after 
infection and began to decrease at 8 to 12 
weeks. This suggests a decrease in the 
number of MH in the more advanced stages 
of the disease. When assessing plucks at 
slaughter to determine the severity of pneu¬ 
monia in a group, it must be remembered 
that in most instances the lesions observed 
represent a chronic, partially resolved disease 
process. Therefore the clinical effects of the 
infection may have caused a greater degree 
of respiratory compromise than is apparent 
at slaughter. 

In a recent study the histopathology of 
lungs in slaughter pigs vaccinated with dif¬ 
ferent vaccines has been described. 40 Lung 
lesion scores and MH loads differed widely 
between the three different vaccine groups 
but were correlated with each other. 

DIAGNOSIS 

Typical epidemiology and a dry hacking 
cough are suggestive of MH. Typical lesions 
need to be investigated at the margins of the 
lesions and culture attempted. Recently 
farms have been described that have more 
than 1 strain of MH. 1 

Tracheal bronchial swabbing associated 
with RT-PCR could be an accurate diagnos¬ 
tic method. 41 

The most sensitive sampling methods for 
detecting MH in live, naturally infected pigs 
were tracheobronchial swabbing or washing 
compared with oropharyngeal brushing and 
nasal swabbing. 42 

Samples for Confirmation 
of Diagnosis 

• Touch preparations using Giemsa 
stained slides have been used. 
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• Histology—formalin-fixed lung 
(LM, IHC). Simple histopathology 
may not always indicate MH 
infection. For example, Aujeszky’s 
disease together with FI multocida 
may be difficult to differentiate from 
MH. Lesions may be characteristic 
but not pathognomonic. 

Detection in lung tissue is either by FA or 
IHC, and these are rapid and cheap and more 
often used than ISH. The more fresh the 
material or immediately fixed material gives 
better results. 

In experimentally infected pigs MH 
could be reisolated from liver and spleen of 
experimentally infected pigs and contact 

• 4T 

Pigs- 

Indirect immunofluorescence (IF) and 
indirect immunoperoxidase (IHC) for MH 
in tissues are extremely useful. However, IF 
has a lack of sensitivity and IHC is time con¬ 
suming and expensive. 

Mycoplasmology lung (MCULT, FAT, 
PCR). Isolation of MH is complicated by the 
overgrowth that occurs from M. hyorhinis 
and M. flocculare. The organism is fastidious, 
and 4 to 8 weeks are sometimes needed for 
growth. It also requires specialized media, 
including swine serum. For these two reasons 
it is not so commonly used now. Many 
animals that are culture positive do not have 
gross or microscopic lesions. 

PCRs have become a sensitive and spe¬ 
cific method for identifying MH. 38,41 Lung 
tissue, bronchial swabs, or bronchial wash¬ 
ings are the best sites. Nested PCRs raise the 
sensitivity and may detect as few as four to 
five organisms. A real-time TaqMan PCR 
that simultaneously detected the proteins 
P46, P97, and PI02 has been designed 44 that 
can detect 10 s Mycoplasma per pig. 

In addition, a multiplex PCR has been 
developed that can be used on culture broth 
for several mycoplasma. 45 

A number of RT-PCRs have been devel¬ 
oped that allow quantification. 44,46 The PCR 
can be used as a one-step test but is not good 
for nasal swabs. The nested PCR can be used 
for these, but it does tend to produce some 
false positives. Correct samples give a better 
diagnosis. Samples from lavage and tracheo¬ 
bronchial sites were the best for nested PCR, 
and lung tissue and nasal swabs are not the 
most reliable. 43 

TREATMENT 

There is no effective treatment to eliminate 
infection with MH, although the severity of 
the clinical disease may be reduced. 

Isolates of the organism from the 
United States were susceptible to lincomy- 
cin-spectinomycin, tylosin, and oxytetracy- 
cline. Isolates from the United Kingdom 
were susceptible to doxycycline and oxy- 
tetracycline. Doxycycline, a semisynthetic 
tetracycline, has a greater antimicrobial 
activity, is better absorbed orally and is 
more widely distributed in tissues than the 


first-generation tetracyclines (oxytetracy- 
cline, tetracycline, and chlortetracycline). 
Tetracyclines given as a preventative in-feed 
are more effective than giving tetracyclines 
once clinical signs of coughing have started. 4 ' 
This is particularly true when using the drug 
around times of stress and acquisition of the 
organisms (ie, in the nursery and at weaning). 
A recent study has shown that CTC when 
administered at the onset of clinical signs via 
the feed at a dosage of 500 ppm during two 
alternate weeks was able to decrease the 
prevalence of pneumonia lesions and numer¬ 
ically reduced the performance losses and 
clinical signs. 48 

In some early studies, a mixture of 
tylosin tartrate at a dose of 50 mg/kg BW and 
tiamulin at 10 mg/kg BW orally daily for 10 
days significantly reduced the pulmonary 
lesions associated with the experimental 
disease. However, the use of 60, 120, or 
180 mg of tiamulin per liter of drinking 
water for 10 days was not effective in sup¬ 
pressing the lesions of experimentally 
induced MH pneumonia or infection in 
disease-free pigs. 

The newer fluoroquinolones have good in 
vitro activity against MH and exhibit supe¬ 
rior activity to tylosin, tiamulin, oxytetracy- 
cline, and gentamicin. Ciprofloxacin is 
particularly active against MH. 

Tilmicosin is particularly effective 
because it appears to prevent the attachment 
of MH to the surface of the epithelial 
cells. 

Tetracyclines will either prevent trans¬ 
mission or suppress lesion formation in 
experimental pigs but the levels required are 
high and in an infected herd continuous 
administration would be necessary, which 
would be uneconomic. Treatment is gener¬ 
ally restricted to individual pigs showing 
acute respiratory distress as a result of a 
severe infection or secondary invaders. 
Broad-spectrum antimicrobials are used, 
usually tetracyclines, but the response is only 
moderately good. The occurrence of severe 
signs within a group of pigs may necessitate 
treatment. Tetracyclines, tylosin, or spiramy¬ 
cin fed at 200 mg/kg feed for 5 to 10 days is 
recommended. A combination of 300 g of 
oxytetracycline and 30 g of tiamulin per ton 
of finished feed fed for 2 to 3 days/week over 
a 16-month period has been used to reduce 
the incidence of enzootic pneumonia in a 
large herd. Lung lesions were reduced, 
average daily gain increased, and efficiency 
of feed conversion increased, with an overall 
increase in profitability. Valnemulin may 
prove to be effective in the treatment of 
enzootic pneumonia. There is a higher sus¬ 
ceptibility to valnemulin and tiamulin when 
used in conjunction with doxycycline as a 
treatment. 

Tulathromycin administered as a single 
injection at a standard dosage of 2.5 mg/kg 
is effective in the treatment of swine pneu¬ 
monia associated with mycoplasmosis. 


Oral florfenicol feed supplementation 
(20 g/ton) reduces the effects of MH 
infection. 49 

There is no evidence for resistance to 
lincomycin/spectinomycin, oxytetracycline, 
doxycycline, gentamicin, flufenicol, and tiam¬ 
ulin. There is evidence for some resistance 
from the field to tetracyclines, macroloides, 
linosamides, and fluoroquinolones. 50,51 

CONTROL 

Control strategies have been reviewed. 52 In 
all cases recommended management proce¬ 
dures such as all in/all out pig flow, medi¬ 
cated and segregated early weaning, and 
multisite operations further facilitate control 
of respiratory disease. 

MH infects only pigs and transmission 
requires close pig-to-pig contact. If transmis¬ 
sion can be prevented, it is possible to limit 
or even eradicate the disease from a herd. 
There are thus two levels at which control 
can be practiced: (1) Complete eradication of 
the disease or (2) Controlling the disease and 
its effects at a low level. 

The principles of control of MH include 
the following strategies: 

• Regular inspection of the herd for 
clinical evidence of disease and 
slaughter checks of lungs 

• Rigorous biosecurity of animals 
being introduced into the herd and 
control of visitors 

• Provision of adequate environmental 
conditions, including air quality, 
ventilation, temperature control, and 
stocking density 

• The use of the all-in, all-out system 
of production in which groups of 
pigs by age or stage of production 
are moved through the herd from 
the gestation barn, farrowing barn, 
nursery rooms, and finishing units as 
groups and the pens previously 
occupied are cleaned, disinfected, 
and left vacant for several days 
before animals are reintroduced. 
Because most infection is believed to 
occur between 4 to 12 weeks, 
nursery depopulation has become an 
effective way of controlling the 
infection in nursery pigs. 

Control by Eradication 

Control by eradication is the most satisfac¬ 
tory and is probably mandatory for large 
breeding companies, herds supplying 
replacement stock to other herds, and for 
large intensive farrow-to-finish enterprises. 
It is based on the principle that the source of 
infection for the young pig is the gilt or the 
sow and this chain of infection must be inter¬ 
rupted to prevent infection. In the past, the 
10-month cutoff point has been used in erad¬ 
ication programs, but in view of the coloni¬ 
zation studies, this may be too soon. This is 
especially so in ofl-site production systems 
where the time of infection is delayed. 





There are three different principle 
methods. First, there is total depopulation 
followed by restocking with noninfected 
stock (Danish SPF system). Second, the test 
and removal of all positives and inconclu- 
sives. Third, complete eradication without 
total depopulation and restocking. 

Eradication without restocking has been 
described, and here the secret was to wait 
until farrowing finished, then vaccinate all 
sows and treat with tiamulin at 6 mg/kg 
daily for 3 weeks and then monitor with 
blood tests. 

Specific Pathogen-Free or 
Minimal-Disease Pigs 

Several methods of eradication have been 
attempted, but the most satisfactory is repop¬ 
ulation with specific-pathogen-free (SPF) 
pigs. The principle underlying this method is 
that the piglet in utero is free of infection 
with MH. If it is taken from the uterus at 
term by suitable sterile hysterectomy or hys¬ 
terotomy techniques and reared artificially in 
an environment free of pigs, it will remain 
free of this infection. In practice this has 
been carried out in special units, and the 
piglets have been subsequently used to 
repopulate existing farms where all pigs have 
been removed 30 days before the introduc¬ 
tion of the SPF pigs and a thorough cleaning 
program completed. This method was ini¬ 
tially developed for the control of MH and 
atrophic rhinitis. Moreover, if suitable pre¬ 
cautions are taken and if the piglets are used 
to populate new units that have had no previ¬ 
ous exposure to pigs, then freedom from 
other important diseases such as internal and 
external parasitism, leptospirosis, brucello¬ 
sis, swine dysentery, and others can be 
achieved. The progeny of these primary SPF 
herds can subsequently be used to repopulate 
other or secondary SPF herds known as 
minimal disease pigs. 

Because of the cost and technical diffi¬ 
culty of this method, other methods of eradi¬ 
cating MH have been attempted, but they are 
generally less satisfactory and have a higher 
failure rate. These include “snatching” of pigs 
at birth and isolated farrowing. In the former 
the piglets are caught and removed from the 
sow immediately at birth and reared as previ¬ 
ously described or foster-suckled on SPF 
sows in another environment. Although MH 
may be eliminated by this method, fecal 
contamination during parturition of the 
vulva and vagina and consequently of the 
piglet is common, and this method is less 
satisfactory for disease control than removal 
by hysterectomy. 

Isolated Farrowing 

Isolated farrowing techniques have proved 
successful in small herds but have a high 
failure rate when practiced on a large scale. 
Older sows believed to be free of infection 
are farrowed in isolation in individual pens 
erected outside on pasture and each sow and 


Diseases of the Swine Respiratory Tract 


1069 


litter is kept as a separate unit. The litter is 
inspected clinically at regular intervals, and 
subsequently a proportion of the litter, 
usually excess males and gilts undesirable for 
breeding, will be examined at slaughter for 
evidence of pneumonia. Any litters with 
clinical, pathologic, or laboratory evidence of 
pneumonia are eliminated from the program. 
Litters that pass inspection are kept for 
repopulation of the herd. Because of the dif¬ 
ficulties in detecting carrier pigs without 
lesions, eradication by methods using these 
principles frequently fails. 

Minimal Disease Herds 

Minimal disease herds have been established 
in most countries with significant pig popu¬ 
lations, either by breeding companies or 
private purebred breeders. As a result, in 
most countries there is a nucleus of MH-free 
stock. The establishment of primary SPF 
herds is technically difficult and very costly 
and should not be undertaken lightly. There 
is also a considerable delay in cash flow 
between the time of initial population and 
buildup of herd numbers to the time when 
significant numbers of pigs are available 
for sale. If eradication by repopulation is 
intended, it is preferable to purchase preg¬ 
nant gilts from established primary SPF 
herds unless the maintenance of existing 
genetic lines dictates otherwise. Before rec¬ 
ommending eradication by this method it is 
essential that the pig owner understands the 
principles of this method of control and the 
restrictions that will need to apply if it is to 
be successful. Farrow-to-finish enterprises 
established by this method should be run as 
closed herds, and if further genetic material 
is required it should be introduced by hyster¬ 
ectomy techniques or by purchase from the 
initial source herd. The use of artificial 
insemination is an alternate method; 
however, isolation of MH from semen has 
been recorded. 

The problem of certifying and maintain¬ 
ing herds free of MH is a major task. 

Reinfection of Herds 

Reinfection of MH-free pig herds occurs 
despite high standards of isolation and strict 
precautions when complete protective cloth¬ 
ing and showering routines are required for 
all visitors entering the unit. All visitors are 
debarred entry if they have been to a possible 
source of infection during the previous 48 
hours and even up to 7 days. Also, the major¬ 
ity of breakdowns occur in herds that have 
not imported infected stock recently. In rein¬ 
fected herds that imported stock there was 
no concurrent evidence of breakdown in the 
parent herds, which supported the conten¬ 
tion that the importation of infected pigs was 
an unlikely source of the infection. An epi¬ 
demiologic investigation of these reinfec¬ 
tions suggests that close proximity of 
uninfected herds to infected herds may be an 
important factor. The organism does not 


survive for more than a few days under dry 
conditions; however, it can survive in diluted 
tap water and rainwater for 2 to 3 weeks, and 
it has been suggested that the organism may 
be transported in moist air and that airborne 
infection between piggeries is a possible 
method of transmission. In Switzerland, 107 
farms were reinfected of the 3983 that were 
eradicated during the period 1996 to 1999 
(2.6%). The significance of known risk 
factors such as farm size, high density of 
pigs, and farm type was confirmed in this 
analysis. 

Some preliminary estimates of risk 
indices based on the proximity of other pig 
units has indicated that the most important 
factor was the reciprocal of the square of dis¬ 
tance to the nearest other unit. The crucial 
distance for maximum survival was about 
3.2 km. A breakdown was described recently 
in which a whole variety of measures were 
included in an attempt to control the disease. 

Antimicrobial Prophylaxis 

Eradication has also been attempted by anti¬ 
microbial treatment of newborn piglets with 
oxytetracycline on days 1, 7, and 14, which 
were weaned on day 14 and moved to offsite 
nursery. This is known as a low-cost modi¬ 
fied medicated-early-weaning program. This 
can be followed by serologic testing of the 
breeding herd and culling of positive reac¬ 
tors. Control by vaccination on the one hand 
and by the use of tilmicosin on the other 
produced similar results when measured by 
serologic results and the prevalence of mac¬ 
roscopic lung lesions. Lincocin with or 
without vaccination considerably improves 
the growth and performance. Doxycycline in 
the feed at 11 mg/kg BW is effective in con¬ 
trolling pneumonia caused by P. multocida 
and MH in feeder pigs. 

Low-Level Disease 

The alternative to eradication is to limit the 
effects of the disease in those herds where 
eradication is either not desirable or feasible. 
The effects of the disease are generally less 
severe in nonintensive rearing situations, in 
small herds where individual litters are 
reared separately, and where litters from 
older sows can be reared separately from 
other pigs. Where litters are grouped at 
weaning, a low stocking density with less 
than 25 pigs in initial pen groups and 100 
pigs in a common airspace may also reduce 
the severity of the disease. 

Temperature, humidity and ventilation 
also have an important influence on the 
disease. It is possible to determine an optimal 
air temperature zone for growing-finishing 
pigs based on the measurement of behavioral 
and health-related problems. They are inter¬ 
related with stocking density and housing. 
The subject is too broad for treatment here, 
and the requirements for pigs at different 
ages and under different housing situations 
may be found in standard texts on pig 
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housing and production. The environmental 
risk factors associated with the incidence of 
MH should be assessed in each circum¬ 
stance. Some important environmental vari¬ 
ables that should be assessed and modified 
include the following: 

• Number of pigs per shed 

• Number of pigs per pen 

• Airspace per pig 

• Floor space per pig 

• Cleaning and disinfection techniques 
used 

• Number of air changes per hour 

• Waste disposal system 

• Number of temperature fluctuations 
in a 24-hour period 

• Direction of the flow of air in the 
building 

• Concentrations of ammonia and 
hydrogen sulfide in the building 

• Dust levels 

• Feeding and watering systems 

• Whether or not the all-in, all-out 
system is being used effectively 

Medication of Breeding Stock 

The original medicated early weaning 
program was based on medication of the 
sows with tiamulin at the time of farrowing 
and the early weaning of the piglets to an 
off-site location. A variation of this method 
is to prevent the spread of infection by the 
following means: 

• Isolation of the breeding stock 

• Strategic antimicrobial medication of 
the breeding stock 

• Reintroduction of the breeding stock 
to the original but empty and 
disinfected gestation barn 

• Separate rearing of the piglets before 
and after initiating the program 

• Regulation of flow of animals 
through the herd. Farrowing barns 
are emptied out when possible and 
cleaned, disinfected, and left empty. 
After weaning their piglets, sows are 
transferred to the dry sow barns. 

Sows about to farrow are treated 
with tiamulin and moved to the 
farrowing barn. 

Medication and vaccination was used to 
eradicate MH without total depopulation. 53 

Source of Feeder Pigs 

Where possible the purchase of weaners or 
pigs for finishing units should be from herds 
free of the disease or from a single source. 
Purchase through saleyards or the purchase 
of coughing or uneven litters is not advisable. 
When pigs from infected herds are pur¬ 
chased it may be necessary to medicate the 
feed prophylactically with one of the tetracy¬ 
cline group of antibiotics or tylosin or spira¬ 
mycin at 100 to 200 mg/kg of feed for a 
2-week period after introduction. Medica¬ 
tion of the feed of finishing pigs with tiamu¬ 
lin at 20 and 30 mg/kg of feed over an 8-week 
period on farms with histories of severe 


complicated enzootic pneumonia resulted in 
improved weight gains and feed efficiency, 
but the extent and severity of the lung lesions 
did not change. The level of 30 mg/kg in the 
feed was superior to the level of 20 mg/kg. 
Tiamulin at 100 mg/kg combined with 
chlortetracycline at 300 mg/kg of feed for 7 
days was effective in herds with a history of 
MH complicated by the presence of P. mul- 
tocida and Actinobacillus pleuropneumoniae. 

Introduced pigs should be isolated from 
the rest of the herd and preferably they 
should be reared as a batch through a house 
on the all-in, all-out system. A high stocking 
density should be avoided and internal para¬ 
sites should be controlled. 

Vaccination 

A general observation was that Ascaris sum 
infection affected the response to vaccina¬ 
tion for MH. 54 Vaccination reduces the mac¬ 
rophage infiltration in bronchus associated 
lymphoid tissue infected with a virulent MH 
strain. ' 5 In the same study MH was reduced 
in the lungs in the vaccinated pigs, and the 
high-virulence strain was inhibited more 
than the low virulence strain. Vaccination 
significantly reduces clinical signs macro¬ 
scopic and microscopic lung lesions espe¬ 
cially infected with avirulent strain. 56 The 
effect was less pronounced with a less viru¬ 
lent strain. Vaccination does not, however, 
reduce the transmission to other pigs. 5 ' 

MH vaccines are generally bacterins con¬ 
sisting of outer membrane proteins or whole 
organisms. The vaccines give little protection 
against initial infection and often incomplete 
protection against clinical pneumonia. The 
vaccines produce a TH1 response and also 
IgA and IgG in the lavage fluids. Natural 
maternal antibodies do not seem to inhibit 
vaccination, but vaccination of sows may 
inhibit subsequent immunity. 

Vaccination with killed MH induces pro¬ 
tection in pigs against experimental chal¬ 
lenge exposure with the organism. A 
cost-benefit analysis shows that the vaccina¬ 
tion is economically beneficial. The relation¬ 
ships between maternally derived antibodies, 
age, and other factors in vaccine response 
have been discussed. 

Intranasal vaccination of attenuated MH 
adjuvanted with bacterial DNA may be 
effective in evoking the local cellular and 
humoral response and the systemic immune 
response. 58 

A killed MH vaccine evaluated in a single 
herd reduced the prevalence of pneumonic 
lesions in slaughter pigs from 69% to 36% 
and the prevalence of pleuritis from 20% to 
13%. There was a small decrease in the 
number of days to market. It usually results 
in a 2% to 8% increase in daily gain. The 
mortality rate is usually only better numeri¬ 
cally. Feed conversion efficiency increases by 
about 2% to 3%. Other limited studies indi¬ 
cate that vaccination can reduce the severity 
and prevalence of lung lesions detected at 


slaughter (4%-6% compared with 12% in 
controls). It improves feed efficiency and 
increases average daily gain during the fin¬ 
ishing period. In other studies the average 
daily gain was not improved. Under experi¬ 
mental conditions the transmission in 
nursery pigs was only numerically lower 
in vaccinated pigs and the vaccination does 
not prevent the establishment of MH in 
the lung. 59 

Vaccination of piglets improved pulmo¬ 
nary health, but vaccination of sows alone 
did not prove to be sufficient. 60 

Vaccination of sows against MH reduced 
the prevalence of positive piglets at weaning 
and could be used to control MH infections 
as judged by a nested PCR. PRRS vaccination 
does not interfere with MH vaccination. 
Needle-less intradermal vaccination has also 
been described. Double-vaccinated pigs 
show a lower percentage of MH-compatible 
gross lesions and a lower MH prevalence in 
the URT compared with single vaccinated 
animals. 61 

Both dual and single injection vaccines 
are available, but the protection obtained is 
similar. The single dose vaccine gives protec¬ 
tion for up to 23 weeks. The level of protec¬ 
tion will probably last 4 months. Vaccination 
is economically attractive. 

DNA vaccination using a p42 heat-stable 
protein gene has also been used, and this 
induces rises in IL-2, IL-4, and IFN-y, which 
indicates that it induces both a Thl and a Th2 
response. Vaccination for mycoplasma gen¬ 
erally induces local mucosal immunity, 
humoral and cellular immunity. A recent 
study has shown that inactivated vaccine 
produced both systemic and mucosal cellu¬ 
lar and humoral immune responses. 62 It 
appears to prime the immune response, but 
this may not become fully operational until 
natural exposure takes place. 63 

Sow vaccination strategies are still under¬ 
going study but it has been shown that the 
severity of the pneumonia in piglets born to 
vaccinated sows was reduced. 64 It increased 
the percentage of seropositive sows and 
piglets at weaning but did not affect the sow 
or piglet colonization. Maternal antibodies 
do not interfere with vaccination unless they 
are very high. 

PRRS V infection may reduce the response 
to vaccination, but this may depend on the 
strains of both agents. In a study there were 
no significant differences between the pro¬ 
tective efficacy of a combined PRRSV/MH 
vaccine and the two single vaccines. 65 

Intradermal vaccination was successful in 
reducing lesions by 10.4% compared with 
controls, and 6% in the intramuscular injec¬ 
tion group. Intradermal vaccination afforded 
greater protection especially with regard to 
morbidity, lung lesion, and pleuritis scores. 66 

Subunit vaccines may be developed in the 
future, and other immunodominant antigens 
other than P97 should be taken into 
account. 67 






FURTHER READING 

Desrosiers R. A review of some aspects of the 
epidemiology, diagnosis and control of M. 
hyopneumoniae infections. / Sw Hlth Prod. 
2001;9:233-237. 
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PORCINE RESPIRATORY DISEASE 
COMPLEX AND MYCOPLASMAL 
PNEUMONIA OF PIGS 

Mycoplasma hyopneumoniae (MH) is a sig¬ 
nificant contributor to the porcine respira¬ 
tory disease complex (PRDC), together with 
PRRS, PCV2, SIV, and secondary bacterial 
agents such as Pasteurella multocida 1 (PM), 
Actinobacillus pleuropneumoniae (APP) and 
Hparasuis (HPS), E. coli, Klebsiella, Trueper- 
ella pyogenes, Bordetella bronchiseptica, strep¬ 
tococci, and staphylococci , 2 ' 6 In the study in 
Denmark, 3 five bacterial species, five viruses, 
and two Mycoplasma species were found in 
different combinations. The study in 
Germany 4 found that among a variety of 
pathogens, PCV2 and alpha-hemolytic 
streptococci were most frequently detected. 
There were also more associations between 
the organisms in clinical cases than in the 
healthy pigs. Porcine respiratory disease 
complex is a better name for what was once 
called enzootic pneumonia. This term really 
means pneumonia that occurs naturally in 
the population and includes a complex of 
many bacterial and viral agents with the 
occasional addition of parasites and 
protozoa. 

Some primary pathogens such as MH 
and APP are not usually isolated from 
healthy pigs and may be responsible for sub- 
clinical infections. A Danish study found 
that Actinomyces hyovaginalis was a common 
isolate from pyemic lungs in pigs. The 
authors did a study in the 1960s involving 
full viral, bacteriologic, and environmental 
and management analyses, which showed 
that each farm was an individual with its own 
set of variables, and that the only significant 
factor was that MH was associated with clini¬ 
cal disease and economic loss. 

Simultaneous occurrence of Aujeszkys 
disease does increase the severity of acute 
mycoplasmal pneumonia. The jury is still out 
as to whether TTV has a role to play in 
PRDC. 7 In a recent study, lipoteichoic acid 
from Staphylococcus aureus exacerbated 
respiratory disease in porcine-coronavirus 
infected pigs. 8 

Normally, the bacteria live in symbiosis 
with the host. The three major enzootic pig 
viruses (PRRS, PCV2, and SIV) 9 ' 13 destabi¬ 
lize the situation through direct pathologic 
effects or disturbances of the immune system. 
This complex is characterized by slow 
growth, decreased food conversion effi¬ 
ciency, anorexia, fever, cough, and dyspnea 
in grower finisher pigs typically around 16 to 
22 weeks of age. It corresponds to what was 
originally called enzootic pneumonia. 


ETIOLOGY 

Some of the bacteria live happily in the upper 
respiratory tract, for example, Bordetella 
bronchiseptica (BB), some strains of Hemoph¬ 
ilus parasuis (HPS), and M. flocculare, and, 
M. hyorhinis. M Other organisms are inhaled 
directly or more likely introduced by nose- 
to-nose contact (MH) or even aerosols, 
whereas others flare up in times of stress 
from small numbers normally harbored in 
the nasopharynx and tonsils, such as APP 
and PM. 

There is variation in the strains of many 
of these organisms and this determines the 
outcome of infection in many cases. Simi¬ 
larly, there may be breed dispositions to 
some of the agents. 15,16 

The presence of PRRS, P. multocida, 
H. parasius, M. hyorhinis, or S. suis 
correlated with a higher probability of also 
finding MH. 17 

EPIDEMIOLOGY 

The combination of pathogens involved in 
the respiratory disease complex is legendary 
and varies from country to country, region 
to region, and even farm to farm. 18 When a 
new agent enters the field (e.g., the pandemic 
SIV2009 19 or Torque teno virus), then the 
position becomes even more complicated 
until the population at large becomes 
immune. 

Secondary bacterial pneumonia can be a 
significant cause of mortality in the weaning- 
to-market period. Some of the risk factors for 
pleuritis and cranioventral pneumonia have 
recently been reviewed. 24,25 The relationships 
between the infectious and noninfectious 
factors in PRDC have been reviewed. 26 

Atrophic rhinitis may also be present 
along with enzootic pneumonia, and the two 
diseases in combination may have a greater 
economic effect than either disease alone. 
When outbreaks of respiratory disease in 
pigs occur, they are frequently the result of 
complex interactions between many agents. 
The importance of MH is not only its effect 
as a primary pathogen but also its ability to 
act synergistically with other infecting agents 
to produce significant respiratory disease. 
MH causes a mild pneumonia, whereas P. 
multocida is not pathogenic alone but aggra¬ 
vates the pneumonia initiated by the former 
pathogen. The epidemiologic associations 
between MH and Actinobacillus pleuropneu¬ 
moniae antibody titers, and lung lesions in 
pigs at slaughter have been examined. Only 
titers to the Mycoplasma pneumonia were 
associated with lesions. 

The extent of the lesions produced by MH 
in PRDC may be influenced by other con¬ 
tributing factors to account for the variations 
in severity of lesions. Concurrent infection 
with lungworm, migrating ascarids, and an 
adenovirus has resulted in lesions of greater 
severity and secondary invasion of pneu¬ 
monic lesions by Pasteurellae, Streptococci, 
Mycoplasma, and Bordetella bronchiseptica; 
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Klebsiella pneumoniae is very common and 
largely influences the outcome of the disease 
in individual pigs. In some abattoir surveys 
of lungs, P. multocida can be cultured from 
16% of normal lungs and from 55% of lungs 
with lesions resembling those of enzootic 
pneumonia. P. multocida and Haemophilus 
spp. may also be found in conjunction with 
MH in the lungs of slaughter-weight swine 
affected with pneumonia and examined at 
the abattoir. Those lungs with both MH and 
P. multocida had the most macroscopic 
pneumonia, and those lungs with either of 
the agents alone had much less pneumonia. 
MH renders the lungs susceptible to P. mul¬ 
tocida colonization and infection. 

Along with MH, other Mycoplasma 
species, such as M. hyorhinis, Acholeplasma 
granularum and Acholeplasma laidlawii, 
have been isolated from the lungs of pigs at 
slaughter, but their significance is unclear. 
MH and Mycoplasma hyorhinis have been 
isolated from 30% and 50% of pneumonic 
lungs, respectively, from pigs examined at 
slaughter. MH was also isolated from 12% of 
lungs with no gross lesions of pneumonia. In 
a survey in Norway, MH, P. multocida and 
M. hyorhinis were detected in 83%, 43%, and 
37% of the pneumonic lungs respectively. 
Most of the macroscopic pneumonia—up to 
25%—occurred in lungs with all three patho¬ 
gens. M. flocculare was the most frequently 
isolated organism in the nonpneumonic 
lungs. 

MH potentiates the severity of PCV2- 
associated lung and lymphoid lesions and 
increases the amount and perhaps the pres¬ 
ence of PCV2 antigen. It also increases the 
incidence of PMWS in pigs. 

Several environmental and management 
factors are associated with a high prevalence 
of pneumonic lesions at slaughter. They 
include continuous versus all-in, all-out pro¬ 
duction, open herds, large temperature fluc¬ 
tuations, semisolid pen partitions, and large 
numbers of pigs in a common airspace. 
These factors may operate individually or in 
combination synergistically. Housing pigs in 
a clean, isolated, disease-free and low-stress 
environment positively influences the health 
of pigs. Complex animal production systems 
in the industrialized world have been 
reviewed. 27 

The primary and secondary pathogens of 
the disease produce their most detrimental 
economic effects and the highest level 
of morbidity and mortality during the 
finishing period when the economics of 
production necessitate indoor housing 
and intensification. 

Four main groups of environmental 
factors that contribute to high levels of 
clinical disease and lesions at slaughter 
include: 

1. Meteorologic 

2. Population and social 

3. Management 

4. Airborne pollution 


Meteorological factors include wide 
fluctuations in the temperature indoors, 
wide variations in relative humidity, irregu¬ 
lar ventilation rates, and winter housing. 
However, experimentally, elevated concen¬ 
trations of ammonia and fluctuating ambient 
temperature did not influence the severity of 
the pneumonia or its effect growth rate. The 
noninfectious factors associated with pneu¬ 
monia and pleuritis in slaughtered pigs in 
143 farrow-to-finish farms in France were 
analyzed. 28,29 

Population factors that contribute to an 
increased prevalence of pneumonia are 
increasing herd size, increased population 
density, and decreased airspace and floor 
space per pig. All management practices 
influence the microclimate, and the quality 
of housing and management influences the 
incidence of pneumonic lesions at slaughter. 
Larger-than-average swine farms milling 
their own feed and with characteristics of 
modern buildings (mechanized inlets, slatted 
floors) and in close proximity to other farms 
tend to have a higher risk of enzootic pneu¬ 
monia. Extensively housed pigs with above- 
average pen space and air volume have a 
reduced prevalence of enzootic pneumonia 
lesions. 

Management factors associated with 
enzootic pneumonia include family farms 
that feed pigs on the floor and feeder barns 
that obtain pigs from multiple sources com¬ 
pared with those with good facilities and 
where the pigs originate directly from breed¬ 
ing units. The disease is a particular problem 
in continuous-flow herds. In pigs reared in 
all-in, all-out groups in the farrowing house, 
nursery, and growing-finishing unit, any 
Mycoplasma transmitted from sows to pigs 
or between pigs do not necessarily result in 
clinical signs or lesions of pneumonia. Pigs 
reared in all-in, all-out systems do not have 
lesions or minimal lesions at slaughter and 
gained at a faster rate than litter-mate pigs 
reared in a continuous system. Risk factors 
in suboptimal housing in Australia were 
described. 30 

In small herds, the factors commonly 
associated with a high prevalence of enzootic 
pneumonia were larger numbers of pigs per 
pen section, larger group sizes, and drafty 
farrowing and weaner accommodation. 

A study of housing density on species 
diversity and number of airborne microor¬ 
ganisms at fattening facilities has shown that 
the total number of bacteria and fungi did 
not exceed 10 4 and 10 3 CFU per m 3 respec¬ 
tively. The number of organisms correlated 
with housing density. The most numerous 
were gram-positive bacteria and then gram¬ 
negative bacteria and fungi. 11 

Airborne pollution in pig houses is 
thought to contribute to an increased inci¬ 
dence of clinical disease and prevalence of 
lesions at slaughter. 32 The pollutants include 
microorganisms, endotoxic cell wall con¬ 
stituents, and ammonia. 29 Ammonia is the 


most important because it is a powerful cilio- 
toxic agent in its own right before determin¬ 
ing its effects on microorganisms. Toxic 
levels of ammonia, high concentrations of 
aerial dust, and high colony counts of aerial 
bacteria may contribute to an increased inci¬ 
dence and prevalence of pneumonia, but 
these factors have not been quantified and 
are commonly based on subjective evalua¬ 
tions by the observer. A large study of 960 
pigs has shown that there are no influences 
of ammonia or dust on the respiratory health 
of pigs. Environmental air contaminants 
such as dust, ammonia, carbon dioxide, and 
microbes in swine barns measured over a 
period of 12 months were associated with 
lesions of pneumonia and pleuritis at 
slaughter. 

In a study of experimentally infected 
animals, it was found that 6/114 long-dis¬ 
tance samples were positive for MH. Three 
samples collected at 3.5, 6.8, and 9.2 km 
from the herd of origin were infectious. 33 

In large herds, factors associated with a 
high prevalence were higher pen stocking 
rate, airspace stocking rate, and a trend 
toward higher atmospheric ammonia 
levels in the summer months. The trend 
to increased herd size has not been accom¬ 
panied by the satisfactory control of pneu¬ 
monia. It has been shown that pig-shed air 
polluted by alpha-hemolytic cocci and 
ammonia causes subclinical disease and pro¬ 
duction losses. 34 

Combination and Interaction of 
Environmental Risk Factors 

A computer-based guide can indicate how 
the prevalence of the disease can be influ¬ 
enced by the combined effect of risk factors. 
The expected prevalence is estimated by con¬ 
sideration of 11 risk factors that include the 
following: 

1. Number of pigs in the same room 
2/3. All-in, all-out versus continuous 
flow of pigs 

4. Type °f partitions separating 

adjacent pens 

5/6. Presence or absence of diarrhea as a 
clinical problem 

7/8. Liquid versus solid manure disposal 
9. Ascarid control efficiency 

10/11. Presence or absence of active 
Aujeszky’s disease. 

The temperature and humidity influence 
the penetration into the lungs of both 
primary and secondary pathogens by influ¬ 
encing the size of infected aerosol particles 
and the protective mechanism in the respira¬ 
tory tract. Temperature and humidity also 
influence the sedimentation of infected par¬ 
ticles in the air and the ventilation and stock¬ 
ing density. Pigs kept at high stocking 
densities and subjected to environmental 
temperature fluctuations, cold drafty condi¬ 
tions, and poor nutrition are more likely to 
suffer greater adverse effects from this 
disease. 





In a study of the effect of different housing 
and feeding systems considering liquid 
versus dry feeding in fully slatted and straw- 
based housing, there were no differences 
between in the lung lesions. 35 

Economic Losses and Importance 

In annual surveys completed by the Ameri¬ 
can Association of Swine Practitioners, 
pneumonia consistently ranks as the most 
economically important disease in finishing 
pigs. The prime importance of enzootic 
pneumonia is in its economic effects on pig 
rearing. The disease adversely affects feed 
conversion efficiency and daily rate of gain 
under certain circumstances. However, the 
magnitude of these effects depends on the 
conditions in which the pigs are reared and 
has been a subject of much controversy. The 
complexity of pneumonia and its interac¬ 
tions with the environment make measuring 
the effect of pneumonia on performance 
very difficult. 

An accurate assessment of the biological 
and economic effects of enzootic pneumonia 
has been challenging because of the difficulty 
of conducting a controlled experiment in 
which pigs of equivalent genetic merit, both 
free of the disease and infected, are raised in 
an identical manner. In addition, studies on 
the association between performance param¬ 
eters and the severity of lesions of the lungs 
have yielded widely variable results depen¬ 
dent on the management and environmental 
conditions and the different research design 
and techniques used. In general, there is a 
proportional relationship between severity 
of pneumonia and depression of perfor¬ 
mance but in other observations, this rela¬ 
tionship was not found. Where pigs are 
raised under good management, infection of 
herds previously free of the disease has 
resulted in no adverse economic effect other 
than during the initial period of acute infec¬ 
tion in the herd. However, in other situations 
adverse economic effects are associated with 
the disease. One study estimated a reduction 
of feed conversion efficiency as high as 22%, 
and although the effect of the disease is prob¬ 
ably not this severe in most piggeries, a sig¬ 
nificant economic reduction can occur even 
under good management conditions. 

Because there is no universally accepted 
method of measuring the extent or preva¬ 
lence of pneumonia in pigs at slaughter, the 
results of studies of correlations between the 
lesions and performance have been difficult 
to compare. In general, the economic loss 
associated with respiratory disease ranges 
from a 2% to 25% reduction in average daily 
gains. Some methods have been compared 
and the most informative procedure is to 
assess the percentage of lung involved and 
calculate a mean value for the herd sample. 
The relationship between the weight of pneu¬ 
monic lesions from pigs at slaughter and 
their performance indicated that within a 
range between 3.32% and 74.5% for the 


Diseases of the Swine Respiratory Tract 


1073 


weight of a pneumonic lung, a 10% increase 
in the weight of pneumonic lung was associ¬ 
ated with a decrease in mean daily gain of 
31.4 g and a 13.2-day increase to slaughter at 
104 kg live weight. There is a high correlation 
between rapid gross lung scores and detailed 
examination, which indicates that lungs can 
be visually scored accurately as they pass on 
a slaughter line. On average, mean daily gain 
decreases from 23 to 37 g for every 10% of 
the lung affected by pneumonia. However, 
the rapid subjective scoring of the lungs, 
adjusted for lung proportions, is considered 
adequate for estimating naturally occurring 
pneumonia and just as informative as 
detailed dissection of the lungs. 

Because the prevalence of pneumonia 
peaks at about 60 to 65 kg BW and then 
declines steadily to a very low level in pigs 
that are 125 kg or more, the age and weight 
at slaughter must be considered when evalu¬ 
ating the effects of the lesions on perfor¬ 
mance and when comparing results between 
different observations. Weight losses are 
more substantial in pigs affected early in life. 
In some studies, lung lesion scores detected 
at slaughter did not significantly correlate to 
growth indicators during any season. The 
gross lesions of mycoplasmal pneumonia 
heal over a 2-month period, which may 
explain why significant correlations are not 
found between growth indicators and lung 
lesions scores. The effects of the lesions on 
mean daily gains over an entire growth 
period may vary from one study to another 
because of the different times during growth 
when the lesions exerted their effects and in 
part to compensatory regrowth following 
recovery from the lesions. Radiographic 
examination of the lungs of pigs from 21 to 
150 days of age, and gross examination of the 
lungs at slaughter revealed that lesions pro¬ 
gress and regress dynamically throughout 
the life of the animals and examination at 
slaughter is an inadequate indicator of life¬ 
time pneumonia. 

CLINICAL SIGNS 

There are very basically four signs of respira¬ 
tory disease: 

• Sneezing is indicative of affliction of 
the nasal cavity gas, dust, or 
infection (PRCV, PCMV, or PAR). 

• Coughing is indicative of affliction 
of the larynx, trachea, and mainstem 
bronchi and upper bronchial tree 
because coughing is the only way to 
clear large amounts of infected 
debris (SIV, MH). 

• Dyspnea or difficult breathing is 

indicative of the terminal bronchioles 
and alveoli being affected (APP, PM, 
PRRS, and PCV2) 

• Parameters of growth may be 
affected when fever is involved or 
tissue damage is extensive, in which 
case the CNS (hypothalamus) 
instructs the systems to shut down 


so appetite, and therefore, growth, is 
reduced. Growth rate is reduced, 
daily gain falls, days to slaughter 
increases, and feed efficiency falls as 
growth is replaced by immunologic 
recovery. 

The principle sign of PRDC is pneumonia 
manifested as coughing, labored breathing, 
fever, lethargy, recumbency, anorexia, discol¬ 
oration of the extremities/cyanosis, weight 
loss and slow growth, nasal and ocular dis¬ 
charges, and death. In small batches the 
disease may affect the group over a short 
period of time, and most may recover, 
leaving a few to become chronically affected, 
hospitalized, or having to be euthanized. In 
the larger batches with different age groups, 
there may be rolling waves of infection, or 
pneumonias may progress to pleurisy. 

Some pigs affected with the chronic form 
of mycoplasmosis may later develop acute 
pneumonia as a result of secondary invasion 
with Pasteurella or other organisms. 

A series of investigations has shown that 
PRRSV does not predispose to MH infec¬ 
tion, although lesions are more severe in 
those pigs that both infections. MH does 
potentiate PRRSV induced disease and 
lesions. There maybe an association between 
the seroconversion to PRRSV and the trans¬ 
mission of MH. 

PATHOLOGY 

Proliferative and necrotizing pneumonia 
(PNP) is a form of interstitial pneumonia 
that occurs in weaning and postweaning 
pigs. In an Italian study of 28 pigs PRRSV 
was found in 11 pigs, PCV2 in 4 pigs, and 
both viruses in the lungs of 8 pigs; in the 
other 5 pigs nothing was detected. 36 A granu¬ 
lomatous lymphadenitis and pneumonia 
has been associated with Actinobacillus por- 
cinotonsillarum in a slaughter pig. 3 ' This 
organism was previously thought to be 
nonpathogenic. 

In the study in Denmark, 3 no clear cut 
associations were found between pathogens 
and histologic lesions. They came to the 
conclusion that PRDC was more common 
than Mycoplasma pneumonia in Danish 
finishing pigs. 

TREATMENT 

There are many variables in an outbreak of 
PRDC, and it is essential to approach the 
problem in a sensible way. The first thing to 
do is to establish a diagnosis, probably using 
postmortem examinations and a variety of 
laboratory aids, such as IHC, ISH, and PCR. 
The definition of the primary pathogens 
from the secondaries and opportunists is the 
next major step. The third step is to treat the 
pigs quickly and effectively. The fourth step 
should be to assess the immune status of the 
herd and how to improve it. The fifth step is 
to understand the epidemiology of the agents 
in the herd and the health background of 
the herd. The last step is use the latest 
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knowledge, strong biosecurity techniques, 
and modern vaccines correctly and to 
manage the units to use the best in manage¬ 
ment and environmental control. 

MONITORING 

Monitoring of respiratory disease has been 
achieved principally by slaughter checks. 
These involve snout inspection for the pres¬ 
ence of progressive atrophic rhinitis. A cross 
section of the snout at the level of the 1st or 
2nd premolar is examined. For the examina¬ 
tion of the lungs, the percentage of the lung 
that is consolidated is calculated that is firm 
to the touch. 18,38 Recently examination of 
digital images has been used. 39 There is a sig¬ 
nificant negative association between pneu¬ 
monia score and growth. 40 

In addition, the site of pleuritic lesions on 
the lungs can also be marked on cards and 
can be recorded as fresh or old fibrotic 
adhesions. 

CONTROL 

By definition PRDC is chronic respiratory 
disease (although there are periods of acute 
respiratory disease) in the continual produc¬ 
tion units of breeder/weaner and breeder/ 
feeder herds. In PRDC there are many poten¬ 
tial agents, but there are some guiding prin¬ 
ciples that will help to maintain health. 
Maternal antibodies from sows on the 
same farm as the piglets will provide some 
protection, which wanes quickly. Young pigs 
then become susceptible, and if the numbers 
of pathogens are not too high they will 
develop active immunity without succumb¬ 
ing to disease. Infection follows the usual 
pattern of colonization, replication, excre¬ 
tion, and immune development. Disease 
may follow after replication and excretion, 
and the duration will depend on the level of 
replication and the agents involved. Older 
pigs are always a source of infection for 
younger pigs and will maintain a cycle of 
infection; therefore, they should be kept 
away from younger pigs, although sows 
should not be kept away entirely from young 
stock because their immunity is not then 
maintained. 

All-in, All-Out 

The first rule is all-in, all-out by age by build¬ 
ing or by room. Complete disinfection after 
cleaning is then carried out, followed by 
drying and resting. The pig flow through 
the buildings must be established 
and maintained. 

Buildings 

• Make the production to suit the 
building provision, identifying 
bottlenecks. 

• Where necessary, alter the 
buildings (new divisions, new 
buildings, etc.). 

• Consider what the correct stocking 
rates are for the buildings. 


• Ensure buildings are adequately 
ventilated to remove polluted air and 
excess heat without draughts or 
overventilation. 

Production 

Review productivity and consider batch pro¬ 
duction (i.e., a larger number of pigs less 
often) to enable filling and emptying of 
buildings. It is to effective to artificially con¬ 
struct a batch of different ages and hospital¬ 
ized pigs. Evenness of production from the 
breeding units will prevent overstocking or 
understocking. 

Sick Pigs 

The sick pig is a welfare problem and a 
hazard in itself, so always hospitalize a sick 
pig as early as possible, treat, and cull it if no 
response. The hospital area should be well 
away from other pigs, and recovered pigs 
should not be returned to the mainstream. 

Diagnosis 

On farm or laboratory postmortem exami¬ 
nations should be used to achieve diagnosis 
if there are sudden acute cases. Cross-sec¬ 
tional blood sampling of the herd to establish 
epidemiologic patterns of pathogens is 
sometimes necessary. The use of slaughter 
pig information from the abattoir will indi¬ 
cate patterns of pathology. 

Active Control 

Lack of sound management cannot be com¬ 
pensated by use of medication and vaccina¬ 
tion, but these may help. Partial depopulation 
with medication in Denmark has been 
described. 41 Protection of your unit by the 
imposition of effective biosecurity from 
without and within the unit can be extremely 
beneficial in limiting the ingress of patho¬ 
gens. The use of bird-proofing and rodent 
control is becoming much more important 
and in many cases the repair of the buildings 
is more important than other factors because 
cleaning and disinfection are pointless if 
there are areas where the organic matter can 
collect. Prophylactic or metaphylactic medi¬ 
cation will help if targeted at the correct 
bacterial agent in feed or water. 

Vaccination for PRRS, PCV2, Myco¬ 
plasma hyopneumoniae, Hemophilus para- 
suis, and A. pleuropneumoniae , Aujeszky’s 
disease, and S. suis will also help. 

The effect of vaccination for PCV2 in pigs 
suffering from PRDC has been described. 42 
Additional strategies for PRDC will include 
partial depopulation and full depopulation 
as discussed for MH. 
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PORCINE CYTOMEGALIC VIRUS 
(INCLUSION-BODY RHINITIS, 
GENERALIZED CYTOMEGALIC 
INCLUSION-BODY DISEASE 
OF SWINE) 

Porcine cytomegalic virus rhinitis (formerly 
inclusion-body rhinitis), associated with a 
beta herpesvirus (family Herpesviridae), is 
an extremely common, but generally minor, 
disease in young pigs. It was first recognized 
in 1955. The virus is now called porcine her- 
pesvirus-2. It is associated with the porcine 
respiratory disease complex-1. 

ETIOLOGY 

The virus (PCMV; SuHV-2) belongs to the 
subfamily of beta-herpesviruses of the family 
Herpesviridae. The virions exhibit typical 
morphology of herpesviruses. There are 
believed to be no serotypes or genotypes, 
although there is some antigenic variability. 
It has not yet been found as a problem in 
xenotransplantation although it does grow in 
human fibroblast cultures. 1 

EPIDEMIOLOGY 

The virus is present in the upper respiratory 
tract of nearly all herds and pigs (in excess of 
90%), and the major infection site is the 
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conchal (turbinate) epithelium. It does not 
affect other species. SPF herds established by 
hysterectomy techniques are not necessarily 
exempt, and congenital transmission of the 
virus has been demonstrated. High excretion 
occurs predominantly in the 2- to 4-week 
period after infection. Transmission is via 
the respiratory route through direct contact 
and aerosol infection, possibly also via urine, 
and usually perinatally. 

When the virus first enters a susceptible 
herd, both transplacental and horizontal 
virus transmission takes place. Antibody 
responses start quickly, so there are often no 
clinical signs but widespread infection. 

PATHOGENESIS 

The virus invades epithelial cells, especially 
those of the nasal mucous glands, to produce 
destruction of acinar cells and metaplasia of 
the overlying epithelium, and the major clin¬ 
ical manifestation is that of upper respiratory 
disease. Following infection, the virus may 
become generalized. In older pigs, general¬ 
ization is restricted to epithelial cells of 
other organ systems, especially those of the 
renal tubules, and is clinically inapparent. 
However, in very young pigs the virus also 
shows a predilection for reticuloendothelial 
cells, and generalization may result in further 
clinical abnormality. 

The virus also crosses the placenta, so it 
is possible for intrauterine infection to 
produce fetal death, along with runting after 
birth and very early pneumonia, rhinitis, and 
poor piglet weights at weaning. Congenitally 
infected animals excrete for life. 

CLINICAL SIGNS 

The incubation period is generally 10 to 21 
days. Clinically, the disease affects piglets up 
to approximately 10 weeks of age, but the age 
at manifestation in any herd can depend on 
the method of husbandry. The disease usually 
occurs when the virus is introduced into the 
susceptible herd or if for some reason there 
is a huge increase in the number of suscep¬ 
tible pigs. A wide age-spectrum of involve¬ 
ment may be seen initially when the disease 
is introduced into the herd for the first time. 
In most herds the disease affects pigs in the 
late suckler and early weaner stage. It is at its 
most severe in pigs under 2 weeks of age. 
Sneezing is the most prominent sign and fre¬ 
quently occurs in paroxysms and following 
play fighting. There is a minor serous nasal 
discharge that rarely may be blood-stained 
and also sometimes muco-purulent, with a 
brown or black exudation around the eyes. 
There may be coughing. The clinical course 
varies approximately from 2 to 4 weeks. All 
pigs within the group are affected, but there 
is usually no mortality. Neonatal pigs may 
die without showing signs. 

Generalized cytomegalic inclusion-body 
disease may occur in pigs exposed to intra¬ 
uterine infection and usually occurs as an 
outbreak involving several litters. The 


syndrome is characterized by sudden death 
and anemia. There is often a history of scour¬ 
ing within the group within the first week of 
life, and affected pigs show skin pallor and 
often superficially appear plump and well 
developed as a result of edema, especially in 
the neck and forequarter regions. Death, 
resulting primarily from anemia, occurs 
during the week 2 to 3 of life, and mortality 
within the group may approach 50%. Pete¬ 
chial hemorrhages have been a feature of the 
experimentally produced disease in gnotobi- 
otic pigs but do not necessarily occur in field 
outbreaks. A moderate anemia producing a 
check to growth, but without significant 
mortality, which may be seen in recently 
weaned pigs experiencing the disease. Many 
survivors may be stunted. 

More serious effects from generalized 
infection are seen when piglets are exposed 
to heavy infection at a very young age. It also 
occurs when there are new imports and 
when intercurrent disease and poor nutri¬ 
tion reduce resistance. This commonly 
occurs in large herds with high-density con¬ 
tinual throughput farrowing and weaning 
houses. In addition to upper respiratory 
disease, infection at this age may result in 
enteric disease, sudden death, anemia, and 
wasting, with a marked unevenness of 
growth within the litters. 

There may be complete blockage of the 
nasal passages. It is believed that the olfactory 
epithelium may be damaged so that there is 
no sense of smell and that piglets may not 
then eat, explaining the that so many die. 

PATHOLOGY 

Gross changes are not seen often in pigs over 
3 weeks of age. In pigs under 3 weeks it may 
be possible to see catarrhal rhinitis, hydro¬ 
thorax, and edema in various tissues. In fetal 
infections there may be stillbirths, mummi¬ 
fication, embryonic death, and infertility. 
Interstitial nephritis and random focal gliosis 
in the CNS with inclusion bodies can be 
additional findings, with petechiation in the 
choroid plexuses, cerebellum, and olfactory 
lobes. In the acute fatal syndrome most of the 
basophilic inclusions are seen in the capillary 
endothelium and sinusoidal cells of the lym¬ 
phoid tissues. Multifocal hemorrhage and 
edema results from the vascular damage. 

DIAGNOSIS 

Inclusion-body rhinitis is not a primary 
cause of atrophic rhinitis. However, it is 
probably contributory in lowering local 
resistance to infection and in predisposing to 
more severe infection with Bordetella bron- 
chiseptica and other respiratory pathogens. 

The diagnosis of inclusion body rhinitis 
is commonly made following the demonstra¬ 
tion of typical intranuclear inclusion bodies 
in histologic sections from electively slaugh¬ 
tered piglets. Large basophilic inclusion 
bodies are found in the mucous gland cells 
of the conchal mucosa and may also be 


demonstrated in exfoliated cells obtained via 
nasal swabs from live pigs. Small intranu¬ 
clear inclusion bodies are found in the retic¬ 
uloendothelial cells. These are best taken 
from several pigs at the height of clinical 
infection. Diagnosis by virus isolation is 
uncommon because the virus has proved 
difficult to grow, but it will establish in 
porcine lung macrophage cultures and 
immortalized cells. 

Antibody to infection may be detected by 
indirect immunofluorescent techniques. 
ELISAs have been developed to show both 
IgM and IgG responses. Recently a PCR has 
been developed and this showed that 59% of 
pigs tested positive. However, only 59% of 
PCR positive pigs had clinical signs and 
lesions consistent with inclusion-body rhini¬ 
tis. The original experimentalists described 
the presence of intranuclear inclusions, cyto- 
megaly, and karyomegaly as being pathogno¬ 
monic. Virus isolation and PCRs can be 
used. The best PM samples are conchal 
mucosa, lungs, pulmonary macrophages col¬ 
lected by lavage, and the kidneys. PCM V can 
occasionally be demonstrated in the brain, 
liver, and bone marrow. Virus isolation is 
possible on primary or immortalized cells. 

Antibodies can be detected by IFA, which 
peaks at 6 weeks postinfection and remains 
quite high for 10 to 11 weeks. The develop¬ 
ment of serum antibody levels coincides with 
the disappearance of viremia. 

DIFFERENTIAL DIAGNOSIS 

Differential diagnosis includes CSF, enterovi¬ 
ruses, parvoviruses, PRRSv, PCV2, and PRV. 

TREATMENT 

There is no effective treatment, and none is 
warranted in most herds. With severe rhini¬ 
tis, antibiotics may temporarily reduce the 
severity of secondary bacterial infection. 

CONTROL 

Control of severe disease rests with manage¬ 
ment procedures that avoid severe challenge 
to very young piglets. It is also possible to 
produce virus-free pigs from hysterotomy- 
derived pigs, but it is necessary to monitor. 
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SWINE INFLUENZA 


SYNOPSIS 


Etiology Influenza A virus subtypes H1N1, 
H1N2, and H3N2 of Orthomyxovirus. 

Epidemiology United States, England, Japan, 
Canada, Belgium. Worldwide. Young pigs. 
High morbidity, low mortality. During cold 
months. Antigenic diversity of virus. 

Aquatic birds are natural reservoirs. Spread 
between pigs, New strains develop, 

Continued 
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Signs High incidence of anorexia, fever, 
thumps, muscle stiffness; recovery in 
several days. 

Clinical pathology Polymerase chain reaction 
(PCR) test to detect virus. Hemagglutination 
test and enzyme-linked immunosorbent 
assay (ELISA). 

Lesions Marked congestion of upper 
respiratory tract. Exudate in bronchi. 
Atelectasis. Suppurative bronchiolitis. 

Diagnostic confirmation Demonstrate virus 
in tissues. 

Differential diagnosis list: 

• Enzootic pneumonia 

• Hog cholera 

• inclusion-body rhinitis 

• Atrophic rhinitis 

Treatment Antimicrobials for secondary 
infection. 

Control No effective measures available. 
Vaccines are in use in certain parts of the 
world. 


INTRODUCTION 

Swine influenza is an important cause of 
broncho-interstitial pneumonia throughout 
all pig-keeping areas of the world. Real prob¬ 
lems are associated with the changing viruses 
that cause the disease and the ability of rapid 
genetic change to occur by genetic drift or 
shift. 

ETIOLOGY 

Classical clinical swine influenza is associ¬ 
ated with influenza A virus subtypes H1N1, 
H1N2, and H3N2 belonging to the Ortho¬ 
myxovirus genus of the Orthomyxoviridae 
family. The three types occur together as in 
Korea. 1 Other types have been isolated from 
pigs, but as yet have not established as wide¬ 
spread endemic strains. Only influenza A 
viruses are important in pigs. They occur in 
a large number of species, including humans, 
primates, pigs, horses, sea mammals, and 
birds. Avian viruses are more stable than 
mammalian viruses, where the rate of evolu¬ 
tion is much greater. Specific subtypes vary 
in their ability to cross species barriers. Spe¬ 
cific gene combinations do have a part to 
play in influenza virus species specificity. 2 
Unstable gene constellations in avian species 
become stable only in secondary hosts but 
may then adapt and circulate freely. 3 

The methods by which they cross the 
species barrier are not well understood and 
are probably polygenic. 4,5 An isolate of a 
Korean H1N1 virus was very similar to a U. S. 
virus, suggesting that it had been transmitted 
possibly by birds. 6 

When new variants occur in pig hus¬ 
bandry they are usually found in the pig 
population before they acquire the ability 
to spread rapidly and become associated 
with disease. They are named using the fol¬ 
lowing convention: A/species/localization/ 


isolate number/year of isolation, for example, 
A/Wisconsin/125/98. If no species is indi¬ 
cated, it is a human virus. They are described 
with reference to the hemagglutinin (HA or 
H) and the neuraminidase (NA or N) that 
project from the surface of the viral enve¬ 
lope. There are 16 HA and 9NA forms that 
can be distinguished antigenically and genet¬ 
ically, and all of these have occurred in 
waterfowl and shore birds. They provide a 
permanent source of infection, as does the 
water on which they float. The H binds to 
sialic acid and mediates the virus infection of 
the host and contains most of the antigenic 
sites. It is the viral receptor-binding protein 
and mediates fusion with the host-cell mem¬ 
brane. It is an alpha2-3-galactose linkage in 
avians and an alpha2-6-galactose linkage on 
the glycocalyx of epithelial cells in mammals. 7 
The HA and NA are associated with receptor 
binding and virus release. 8 No combination 
of HA and NA has as yet been identified that 
will increase viral stability during interspe¬ 
cies transmission. The distribution of these 
receptors and the limited replication of avian 
viruses in swine complicate the picture. 9 The 
pig possesses both types of receptor and has 
therefore been considered as a “mixing 
vessel” because it can be infected by both 
avian and mammalian viruses. The N protein 
catalyzes cleavage of sialic acid and thereby 
facilitates the virus cell entry by degradation 
of mucins. The NA and HA are also the main 
targets of the host immune responses. 

The segmented nature of the virus facili¬ 
tates the changes in the virus. The surface 
HA and NA antigens undergo two types of 
change: antigenic drift and antigenic shift. 
Anitigenic drift involves small changes but 
the shift may involve whole segments of the 
genome being changed. If a cell is infected 
with two or more viruses, interchange of 
genetic material can take place. The 8 RNA 
segments encode for 10 or 11 proteins. 10,11 

It may take multiple mutations to make a 
distinct HA, 12 and then this has to link with 
other gene segments compatibly to facilitate 
survival, replication, and transmission. 13 For 
example, in the spread of the pandemic 2009, 
it appeared that the M segment was crucial 
to the transmission of the virus. 

It is possible that within the currently cir¬ 
culating strains, a reassortant will occur 
every 2 to 3 years. 14 

Three types are found worldwide H1N1, 
H3N2, and H1N2. In Europe three SIV sub- 
types are cocirculating: (a) an avian-like 
H1N1 that came from wild birds in 1979, (b) 
a humanlike H3N2 with HA and NA genes 
originating from human virus descendants 
of the Hong Kong/68 pandemic virus, and 
(c) a subtype H1N2 reassortant that acquired 
HI from human influenza in the 1980s. 

HI N1—CLASSICAL 

In the United States, these were found on 
their own until 1998. They were very similar 
to the 1918 pandemic virus. 15 Since the 


appearance of other viruses, particularly the 
triple reassortants, there seems to have been 
an increase in the genetic diversity of the 
H1N1 strains in the United States (as also in 
the H1N2). 

A typical reassortant found in Ohio 16 had 
genes from human (PB1), swine (NA, HA, 
NP, M and NS), and avian (PB2 and PA). 
Even though the viruses were isolated over 
only 3 years, there was evidence of antigenic 
drift. 

H1N1—OTHERS 

Humanlike H1N1 viruses have been found in 
Canada, 1 and H1N1 viruses with the human 
HI have spread across North America; these 
have commonly been isolated from swine 
disease outbreaks in the United States. 

A triple-reassortant H1N1 virus was 
found in China with the NP and NS genes 
from a classical swine influenza virus, PB1 
from a human virus and HA, NA, M, PB2, 
and PA genes from an avian virus. Five genes 
were also closely related to H1N2 viruses 
founds in China (NS, NP, PB2, PB1, and 
PA). 18 

H1N1 AVIAN-LIKE 

Wild bird H1N1 viruses were transmitted to 
pigs in the late 1970s and established a stable 
lineage displacing the classical H1N1 swine 
lineage; once this had happened, interspecies 
transmission was facilitated. An H1N1 iso¬ 
lated from a turkey farm in northern 
Germany in 2009 showed a high affinity with 
avian-like porcine H1N1 viruses circulating 
and suggested that turkeys may be a possible 
bridge between avian and mammalian 
hosts. 19 

The predominance of avian-like swine 
genes in the Thai pig population has been 
described. 20 An experimental transmission 
of avian-like swine H1N1 has been described, 
and the virus transmitted through naive and 
vaccinated pigs without causing clinical 
signs. 21 

H1N1 HUMANLIKE VIRUSES IN PIGS 

Humanlike viruses were reported in pigs in 
China before the pandemic, 22 and it was con¬ 
cluded that pigs may act as reservoirs for 
older human H1N1 viruses. 

H1N1-PANDEMIC 2009 

There is no evidence that the 2009 pig H1N1 
pandemic existed in pigs before May 20 09 23 
and before it was reported in humans. Soon 
after its discovery in Canada in 2009, 24 it 
spread rapidly around the world, and most 
pig cases are believed to originate from 
humans, although there was often no real 
proof until 2011. 25 It has been shown that 
the virus is fully capable of causing a global 
problem for swine. 26 The initial incursions 
of this virus into European pigs has been 
described 27 from separate nonlinked sites, 
suggesting infection of pigs from humans. 
The global spread from an animal source has 







been described. 28 It has established itself 
in pig populations in face of relatively 
high levels of herd immunity to other 
viruses. In the Norwegian pig population, 
there was no prevalence of influenza until 
the infection of pigs from humans with 
(H1N1) pdm09. 29 

The virus is a reassortant of genes from 
the most recent triple reassortant in North 
America and the European avian-like 
subtype H1N1 viruses. 30 

The precursors of this virus may have 
existed in swine for a long time, which sug¬ 
gests that the evolution has occurred over a 
long period. 30 ' 31 A direct precursor has not 
been recognized. 32 33 The situation was sum¬ 
marized. 34 It transmits very effectively 
between pigs. 33 The evolutionary character¬ 
istics of the HI gene of the pdm2009 virus 
are different from the seasonal human 
viruses and the swine H1N1 viruses. 36 

The pandemic virus seems to cocirculate 
and interact more intensely with the endemic 
SI Vs lineages and gives rise, it seems, to more 
reassortants, the properties of which have yet 
to be seen. 3 A mono-reassortant of the NA 
from an HINI with the pandemic occurred 
in Hungary. 38 In a study in Germany, the N2 
was from three different porcine lineages in 
an HINlpdm backbone. 

Six new strains of the pdm-like (H1N1) 

2009 strain of H1N1 were isolated and char¬ 
acterized in Poland. They belong to one 
lineage. 39 The pigs in finishing and growing 
sectors experienced acute onset of respira¬ 
tory signs. There was anorexia, poor concep¬ 
tion rates (50% lower), high morbidity (up to 
100%), and low mortality at 2% to 3% in 
growers and 1% to 2% in finishers. At 
postmortem there were depressed, well- 
demarcated. pale purple areas of consolida¬ 
tion in all lobes. 

Novel reassortants have followed with 
this 2009 virus, and it was pointed out in 

2010 that although the virus may be of swine 
origin, significant viral evolution may still be 
ongoing 40 and others starting with a 2010 
virus in Hong Kong. 41 In this virus, only the 
NA gene of the 2009 pandemic was reas¬ 
sorted. A novel swine reassortant has been 
described in the United Kingdom with all the 
internal genes from the 2009 virus and HA 
and NA genes from a swine subtype H1N2 
virus. 42 It is not clear if this virus can be 
transmitted between pigs. A novel reas¬ 
sortant has been found in Canada from ab 
H3N2 and a pandemic (H1N1) 2009 virus 
on several pig farms and also in mink. 43 

In another reassortant, the NA glycopro¬ 
tein of the pdm09 virus has been replaced by 
the NA gene from either H1N2 or H3N2 
European swine viruses. 44 

Other reassortants of the 2009 virus have 
been discovered since from a variety of 
countries Italy, Argentina, Germany, China, 
Thailand, and the United States. 44 ' 50 

Nine reassortants have been described 
across the United States. 31 
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A reassortant of the pdmHINI 2009 
virus with an H3N2 virus from healthy pigs 
has been reported in Thailand. 32 

H1N2 

Since 2005, the human HA gene in H1N2 has 
spread across North America. 

A novel reassortant in H1N2 had the NA 
and HA from the recent H1N2 isolates in 
the United States and four internal genes 
(PB2, PB1, PA, and NS) from the contempo¬ 
rary swine triple reassortants in circulating 
strains, known as the TRIG, but the NP and 
the M genes were derived from the 2009 pan¬ 
demic H1N1. 53 

An avian-like H1N2 SIV generated by 
reassortment of circulating avian-like H1N1 
and H3N2 subtypes in Denmark has been 
described. 54 The Danish H1N2 has an avian- 
like HI and differs from most other HlN2s 
in Europe and North America. These have 
HI genes of human or classical swine origin, 
respectively. The variant is also circulating in 
Italy and Sweden. The infection dynamics are 
similar to the those of the assorted HlN2s 
and similar to the older avian-like H1N1 
subtype. A novel reassortant influenza A 
(H1N2) virus derived from A (H1N1) virus 
Japanpdm09 has been described for the first 
time in Japan. 219 

H3N2—CLASSICAL 

H3N2 variants arrived in the United States 
from 1998 onward (North Carolina, Iowa, 
Minnesota, Texas), although they may have 
circulated previously and had been unable 
to establish a stable lineage. Most are triple 
reassortants from human (HA, NA, and 
PB1), swine (NS, NP, and M), and avian 
(PB2 and PA) lineages. By 1999 these were 
widespread in the United States, and a 
double assortant that had also been found 
had not spread widely. These are capable of 
being placed in one of three phylogeneti- 
cally distinct humanlike lineages (clusters). 
The third cluster seems to be dominant and 
some have developed into a fourth cluster. 55 
A study of 97 isolates showed that genetic 
and serologic differences existed between 
North American isolates 56 and that they 
show tendencies to reassortment. Once 
established, these have spread rapidly and 
evolved. 57 

H3N2—NOVEL 

A noncontemporary H3N2 virus was found 
to be a wholly human H3N2 virus. 58 Triple- 
reassortant H3N2 SIVs were isolated from 
pigs 59 and have formed a stable lineage in 
Canadian swine. 

Novel H3N2 viruses in the United States 
in humans have been linked visits to state 
fairs and contact with pigs. Similar occur¬ 
rences have been found in the past, but these 
have not had a component of H1N1 in the 
virus, as does this 2011 variant. 

Seven novel H3N2 viruses were isolated 
from U.S. pigs between winter 2010 and 


spring 2011 containing internal gene seg¬ 
ments from the pandemic H1N1 2009. 30 The 
evolution of novel H3N2 viruses in North 
American swine has been described. 61 

A novel avian-like H3N2 containing an 
H5N1 highly pathogenic segment has been 
described in southern China. 62 

An influenza A (H3N2) virus from pigs 
was isolated from pigs and its biological 
properties reported. 63 The virus produced 
mild interstitial pneumonia with marked 
oronasal shedding for about 14 days. Because 
there is likely to be little cross immunity to 
these strains, they may cause disease in both 
humans and pigs in the future. 

OTHER VIRUSES 

Two H5N1 influenza viruses have been iso¬ 
lated from swine in Jiangsu Province in 
China, and the authors have suggested that 
swine are naturally infected with H5N1 
virus. 220 This was similar to the situation in 
Indonesia. 64 Quite often these reach pigs 
from avians, particularly ducks, including 
H1N1, H3N2, H3N3, H4N6, H5N1, 64 ' 66 and 
H9N2. 

H2N3 viruses were isolated from farms in 
central United States 67,68 and were probably 
of waterfowl origin. The ability of this virus 
to live in three different mammalian hosts 
suggests that it is well adapted. 

An H3N1 SIV has been isolated from pigs 
with respiratory disease in Korea 69 and also 
in Italy, ” where the HA has been acquired 
from a human virus, and the other genes 
came from the currently circulating viruses 
in the swine population. 

Novel viruses can occur in pigs at any 
point in time. An avian H4N6 virus appeared 
in Canada in 1999 and was associated with a 
lake on which there were large numbers of 
waterfowl. Ducks shed large amounts of 
virus, and this can be recovered from lake 
water. 

An avian-like H4N8 SIV was discovered 
in southern China. 62 

An assessment of the reassortant rates of 
the European strains of SIV suggested that 
there was one reassortment every 2 to 3 
years, and we should expect these to occur 
in the future between the swine strains and 
the new human pandemic strain (2009). 14 

A high level of genetic compatibility 
between swine-origin H1N1 and highly 
pathogenic avian H5N1 influenza virus was 
shown.' 1 

The avian H5N1 viruses in birds in Indo¬ 
nesia have been transmitted to pigs on 
numerous occasions' 3 but appear to become 
attenuated. 

H5N2 reassortant viruses have been 
characterized from pigs in Korea. 73 A sero¬ 
logic surveillance of H1N1 viruses in 
China showed that there was no naturally 
occurring H5N1 infection in pigs. 74 A highly 
pathogenic turkey H5N1 virus failed to 
infect pigs cohoused with infected chicks or 
chickens.' 5 
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A H6N6 virus was found in swine in 
China and seems to have adapted from 
domestic ducks. 76 

The isolation and characterization of two 
H5N1 influenza viruses from swine in 
Jiangsu Province in China has been 
described. 220 The H5N1 virus has spread to a 
range of avian and mammalian species but 
has not been fully characterized in the pig. 
Both swine viruses bound preferentially to 
avian-type receptors. The findings suggest 
that pigs are naturally infected with avian 
H5N1 viruses and are a potential zoonotic 
threat. In a study of enhanced infectivity of 
H5N1 highly pathogenic avian influenza 
virus in pig ex vivo respiratory tract organ 
cultures following adaptation by in vitro 
passage. 221 It was suggested that the muta¬ 
tions in the H5N1 virus may provide a rep¬ 
lication or infection advantage in pigs in vivo 
and that pigs may continue to play an impor¬ 
tant part in the ecology of influenza viruses, 
including those of avian origin. 

An H7N2 virus was isolated in South 
Korea and was a recombinant from an avian 
H7N2 and H5N3 virus. 77 

H9N2 SIVs have been described in 
China, 8 where the six internal genes are 
from H5 viruses and the HA and NA from 
the H9 lineages. In a survey in China, 54 
genotypes were identified including 19 novel 
genotypes,' 9 and there is a continuing evolu¬ 
tion of these viruses. In this study, at least five 
antigenic groups were recognized, and 
during the period of 2002 to 2003 there was 
a considerable antigenic drift. 

Human H7N9 IV replicates in swine 
respiratory tissue explants. 80 Three Chinese 
isolates all replicated in tracheal and bron¬ 
chial explants. These viruses were originally 
avian viruses that appeared in humans in 
China with over 130 cases, with a mortality 
of 32%. The surface proteins are probably 
from ducks and the internal genes possibly 
from chickens. There are two lineages 
reported at the moment. Collectively these 
viruses could lead to another pandemic. The 
infectivity, transmission, and pathology of 
these viruses in pigs has been described. 81 

An H10N5 virus has been isolated from 
pigs in central China. 82 There is no evidence 
as yet that the “bird” viruses H10N8 and 
H7N9 poultry viruses that have killed people 
in China are as yet occurring in pigs in China. 

EPIDEMIOLOGY 

The segmented nature of the viral genome is 
a critical structural feature that enables the 
viruses to be reassorted. Since 1998, H, N, and 
PB1 polymerase genes from human viruses; 
M, NS, and NP genes from classical swine 
viruses; and PA and PB2 polymerase genes 
from avian viruses have also been found. 

Occurrence 

Influenza viruses are ubiquitous in pigs 
worldwide with the exception of Norway 
until the 2009 pandemic. 83 


A seroprevalence and genetic character¬ 
ization of five subtypes of influenza A viruses 
(HI, H3, H5, H7, and H9) in the Chinese pig 
population has been described. 84 HI is the 
most common, followed by H3. 

A study in the United Kingdom suggested 
that at least 52% of farms had antibodies to 
at least one type. 85 

A Belgian study involving seven Euro¬ 
pean countries 86 showed all had antibodies, 
but the Czech Republic, Ireland, and Poland 
had relatively lower levels. 

Both H1N1 and H3N2 are found in 
Poland but at quite low levels. 87 

Chinese studies suggested that there was 
31.1% positive to HI and 28.6% positive for 
H388. In a recent study in southern China, 
over 50% of the pigs tested had a HI titer 
to one or more influenza H1N1 viruses, 
and most commonly pdm/09-like viruses. 
One group had Eurasian avian-like swine 
H1N1 surface genes and pdm/09 internal 
genes. 50 

The viruses were similarly widespread in 
Korea 88,89 and also in Malaysia. 90 

In Canada, 83.1% of the sows and 40.3% 
of the finishing pigs were positive for H1N l 91 
but less than 10% to the Colorado and Texas 
strains of H3N293. In Argentina, over 70% 
were positive for H1N1 and H3N294. In 
Brazil, 46% were positive for H1N1. 93 

Swine influenza first appeared in the 
United States immediately following the 
1918 pandemic of human influenza (Spanish 
flu), and it was generally believed that it was 
caused by adaptation of the human influenza 
virus to swine. Nucleotide sequencing of the 
genes coding for the internal virus proteins 
indicates that the human pandemic H1N1 
strain and the classic swine strain H1N1 have 
a common avian ancestor. It is suggested that 
a virulent avian strain H1N1 entered the 
human population in 1918, causing the pan¬ 
demic. The pandemic virus was then intro¬ 
duced into the swine population, where it 
has persisted unchanged. In contrast, this 
classical swine influenza was seen in the 
United Kingdom in 1941 but then disap¬ 
peared until it was seen in Czechoslovakia in 
1950 and Germany in 1959. Influenza was 
not seen again until observed in swine in 
Europe in 1979, possibly following importa¬ 
tion of pigs from North America, associated 
with a virus antigenically related to contem¬ 
porary avian H1N1 strains found in ducks. 
These avian-like strains have been the most 
common since 1979. 

Swine influenza still occurs in the United 
States, and viruses of the H1N1 lineage were 
the dominant cause of SIV from 1930 to the 
1990s. These were highly conserved (rela¬ 
tively unchanged), but new antigenic and 
genetic variants did occur. Classical H1N1 
viruses have also been isolated from pigs 
from South America, Europe, and Asia. Wild 
pigs also have H1N1. In the 1980s there were 
many genetic mixings between avian-like 
H1N1 and human-like H3N2 viruses. In 


1992 many outbreaks of classical swine influ¬ 
enza occurred in England, associated with 
a group of H1N1 viruses that were distin¬ 
guishable from classical swine viruses, the 
European swine viruses, and human H1N1 
viruses, all of which are known to be circulat¬ 
ing in pigs. Influenza A virus subtypes H1N1 
and H3N2 are endemic in pigs in Great 
Britain. Two distinct antigenic variants of 
H1N1 viruses have been associated with out¬ 
breaks of swine influenza, one of which was 
probably transmitted from birds to pigs in 
the early 1990s. The H1N2 subtypes isolated 
from pigs in Great Britain appear to have 
originated from a human H1N1 virus, which 
was circulating in the pig population in the 
1980s, and from swine H3N2. It is suggested 
that the H1N1 viruses have disappeared 
from the human population, and the pig 
population provides a reservoir for the virus. 
Serologic surveys indicate that a swine H1N1 
influenza virus has circulated in the swine 
population in North America for many 
years. Recent isolates from Quebec possess a 
hemagglutinin distinguishable from subtype 
H1N1. 

Transmission of viruses between pigs and 
humans and vice versa have shaped the 
current epidemiology of influenza viruses in 
North America. 

Epidemics of swine influenza have also 
occurred in Japan, Canada, Belgium, and 
France. In North America, human H3N2 
have been found much less often than in the 
rest of the world, but the very recent intro¬ 
duction of H3N2 from humans to pigs was 
probably the major factor in the emergence 
of the recent strains. 

Mixtures of human and classical virus 
genes have been isolated from pigs in Asia 
and the United States. H3N2 viruses with 
human H and N genes and avian internal 
protein genes have been isolated from pigs in 
Asia. This type of H3N2 has been found in 
Korea and is currently the dominant H3N2 
virus in pigs in Europe. Since 1998 double 
and triple reassortants have been isolated 
from pigs in the United States. The North 
Carolina virus had three human genes and 
five swine genes. They include human H and 
N genes, genes from swine H1N1 viruses, 
and two others from avians. 

All the reassortant viruses found in North 
America have the triple-assortant gene 
complex (avian PA, PB2; the NS, NP, and M 
genes of classical swine lineage; and the PB1 
of human gene lineage). This suggests that 
this set of reassortants can more readily 
accept changes in NA and HA) 

Prior infection with swine influenza 
viruses is a barrier to infection with avian 
influenza viruses. 94 

SEASONALITY 

A study of circulating viruses in five Euro¬ 
pean countries showed that isolation of 
viruses was possible throughout the year, 
especially during winter and spring. 95 





Soon after the occurrence of the H3N2 
viruses, new H1N2 viruses arose in the 
United States, where the human H3 had been 
replaced by a porcine HI and then spread. 
They had been known elsewhere in the world 
for some time: Japan, France, Germany, and 
Taiwan. They were described in the United 
Kingdom, where they were found to be the 
most severe cause of pathology associated 
with the SIV viruses. These were all reassor- 
tants between human H3N2 and classical 
H1N1. 

Human H3N2 and avian H1N1 were iso¬ 
lated in the United Kingdom and were then 
found to have spread to Europe. They are 
usually human H and N and the rest avian 
genes, but one Italian virus has an avian HI. 
They have shown considerable genetic drift 
in Europe. 

Subtype H3N2 has been isolated in 
Canada from pigs with severe proliferative 
and necrotizing pneumonia (PNP), although 
this PNP is probably associated with PRRS 
and PCV2. Serologic surveys indicate the 
infection is widespread in the swine popula¬ 
tions in some countries. 

The first unusual virus to be found in 
pigs was an H9N2 introduced to pigs in 
South East Asia, probably from land-based 
poultry. 

Further problems occurred in the 
autumn of 1999 when an avian H4N6 was 
found in pigs with pneumonia on a com¬ 
mercial swine farm in Canada. Since then 
the avian H5N1 has appeared in pigs in 
China and is being carried west by bird 
migrations into Russia. The potential of 
avian viruses to spread to pigs and persist 
in pigs is unknown. Even if the viruses do 
not replicate, they can contribute viral genes 
to other pig viruses. This is the reason for 
continual surveillance of SIV viruses. These 
were wholly avian viruses that were of North 
American lineage. It was the first report of 
an interspecies transmission of an avian 
H4 virus to domestic pigs under natural 
conditions. 

The disease usually affects young pigs, 
but all ages may be affected. Typically, 
sudden-onset epidemics occur with a high 
morbidity rate but with a low case-fatality 
rate of less than 5%. Loss of body condition 
is marked, which is usually the important 
cause of financial loss, although occasionally 
death losses may be extensive if the pigs 
are kept under inadequate conditions 
or if secondary bacterial infections occur. 
Abortions and deaths of newborn pigs have 
also been reported as causes of loss in this 
disease. 

A low level of infection was reported in 
Poland in 2007 in pigs, wild boar, and animal 
keepers. 96 

The 2009 pandemic first affected pigs 
in Canada 9 and has since been found 
worldwide: Norway, 98 Italy, 99 Canada, 100,104 
Argentina, 101 South Korea, 102 Thailand, 103 
and Europe. 27 
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Risk Factors 
Animal Risk Factors 

In a study in the Netherlands, it was shown 
that at the end of the finishing period, the 
seroprevalences in farrow to finish herds and 
specialized finishing herds were 44.3% and 
62.0% for H1N1, 6.6% and 19.3% for H3N2, 
and 57.2% and 25.6% for H1N2. The inci¬ 
dence for all three types was highest at the 
beginning of finishing in farrow to finish and 
at the end in finishing herds. 105 

Risk factors include high pig density, 
large herd size, high replacement rates, and 
purchase of pigs. 90,91, 106,107 

Young, growing pigs are most susceptible. 
The viral infection is commonly complicated 
by bacterial infection caused by Haemophilus 
parasuis, A. pleuropneumoniae, and possibly 
other opportunists of the upper respiratory 
tract of the pig. When an epidemic occurs, 
most of the pigs in the herd are affected 
within a few days, which suggests that all 
animals are previously infected and that 
some risk factor, such as inclement weather, 
precipitates the epidemic. 

The agent also contributes to the PRDCx. 
In a study in Korea, 14 of 105 cases had SIV, 
whereas in Iowa it has been reported in 19% 
of the cases of PRDC. 

Environmental Risk Factors 

Epidemics occur mainly during the cold 
months of the year, commencing in the late 
autumn or early winter and terminating with 
a few outbreaks in early spring. Several days 
of inclement weather often precede an out¬ 
break. Three risk factors for SIV were identi¬ 
fied on a survey of Belgian finishing farms, 
where H1N1 was found in 71% and H3N2 
was found in 22%. There was a close associa¬ 
tion between H1N1 and H3N2. H1N1 
appeared to be associated with fully slatted 
floors, increasing numbers of pigs in the 
locality, and dry feeding. H3N2 was associ¬ 
ated with the purchase of pigs from more 
than two herds, increasing numbers of pigs 
locally, and natural ventilation. 

Pathogen Factors 

It has been shown that prior infection with 
swine influenza viruses in pigs is a barrier to 
subsequent infection with avian influenza 
viruses. 94 

Molecular microbiology has now revealed 
the antigenic diversity of the virus. Several 
different H and N antigens have been identi¬ 
fied and grouped on the basis of serologic 
tests, which refine the diagnosis and reveal 
more about the epidemiologic relationships. 
The H3N2 strain similar to H3N2 strains 
found in the human population has been iso¬ 
lated from an outbreak in England. 

Two antigenically distinct H1N1 influ¬ 
enza A viruses were isolated during an out¬ 
break of respiratory disease in swine in 
Canada in 1990 to 1991. One is a variant of 
the swine H1N1 influenza virus that is wide¬ 
spread in the American Midwest, whereas 


the other is similar to the virus isolated from 
swine in 1930. This suggests that influenza 
viruses can be maintained for long periods 
in swine herds, especially in certain geo¬ 
graphic areas. It is proposed that the anti¬ 
genic diversity of these viruses may be 
attributable to the result of drifts in the pop¬ 
ulation of circulating swine influenza viruses 
in an area.' The antigenic diversity oligonu¬ 
cleotide analysis of strains isolated from out¬ 
breaks in Sweden indicated a similarity with 
the Danish strain. One of the Swedish strains 
was closely related to the U.S. strain. 

The H1N1 strain of the virus can be 
found in pig tissues at slaughter but it does 
not persist for more than 2 to 3 weeks in deep 
frozen or refrigerated storage. 

Virus circulation in weaned pigs may 
maintain infections in herds, 108 and the 
introduction of susceptible pigs at regular 
intervals will maintain this circulation. 

Methods of Transmission 

Of most importance is that in birds, influ¬ 
enza viruses mainly affect the intestinal tract 
(without clinical effects), but in mammals, 
replication occurs mainly in the respiratory 
tract (with illness). 

The right combination of NA and M 
genes is necessary for the replication and 
transmissibility of influenza virus infections 

• • 109 

in pigs. 

The natural reservoir of influenza A virus 
is aquatic birds. Various subtypes have been 
established in other species, such as influ¬ 
enza A H1N1 viruses, which infect human 
and different animal species. The influenza 
viruses may be transmissible between 
humans and pigs. Swine are the sole animals 
known to be susceptible to influenza A 
viruses of human, swine, and avian origin. 
Swine may become infected with related type 
A human influenza strains during epidemics 
of human influenza, but they show no clini¬ 
cal signs of infection. The human strains 
have been isolated from pigs in Hong Kong, 
and pigs may serve as a reservoir for pan¬ 
demics in humans and a source of genetic 
information for recombination between 
human and porcine strains. In Japan, pigs 
may be seropositive to the H1N1 human 
viruses relative to human H1N1 influenza 
epidemics and seropositive to human H3N2 
viruses unassociated with human epidemics 
of disease. In Czechoslovakia, influenza A 
viruses are brought into pig herds by carrier 
people. 

Pigs can be naturally infected with a 
range of avian influenza viruses. There have 
been at least three independent introduc¬ 
tions of distinct wholly avian viruses into 
pigs. The virus in the late 1970s spread 
throughout Europe and the United Kingdom 
and became a major cause of SI. These 
viruses also undergo drift. 

Elsewhere in the world antibodies against 
H4, H5, and H9 viruses have been isolated 
from Asian pigs and avian H4N6, H3N3, and 
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H1N1 viruses have been recovered from pigs 
in Canada. 

Aerosol transmission is more efficient at 
low temperatures and low humidity because 
the virus is more stable under these condi¬ 
tions. 110 Aerosol transmission of a novel swine 
origin Hlnl virus was shown in China. 111 

In water the avian viruses survive 
better at low temperature and salinity and 
high pH. 112 - 113 

The avian virus survives better on nonpo- 
rous surfaces rather than porous ones 114 and, 
if there is mucus, much longer. 11 ’ 

Swine are susceptible to both human and 
avian viruses because they have receptors on 
their respiratory epithelial cells for both 
avian (receptor SA 2, 3 Gal) and human 
(receptor SA a 2, 6 Gal). Several reassortants 
have been isolated from pigs in the United 
States and other parts of the world. 

Thus swine have an important role in the 
ecology of influenza A viruses and are 
regarded as a “mixing vessel” for the intro¬ 
duction of reassorted viruses into the human 
population. 

There is a report claiming that outbreaks 
of influenza in turkeys followed outbreaks of 
swine influenza in pigs from nearby swine 
herds. Swine and other influenza viruses 
have also been isolated from cattle, and 
experimental inoculation of calves has been 
successful. The swine influenza virus may 
cause natural infection in cattle and the virus 
can be transferred to uninoculated calves. 

The primary route of infection is through 
pig-to-pig contact 116,117 via the nasopharyn¬ 
geal route. Peak shedding occurs 2 to 5 days 
postinfection (>10 7 infectious particles/mL 
at a peak) but also by aerosols and contami¬ 
nated fomites. 118 

The rapid spread of infection from pig to 
pig occurs by inhalation of infective droplets. 
The disease may appear almost simultane¬ 
ously in several herds within an area follow¬ 
ing the first cold period in late autumn. The 
virus can persist in infected swine, which can 
act as convalescent carriers and be the reser¬ 
voir of the virus between epidemics. However, 
the experimental inoculation of a swine influ¬ 
enza virus into specific-pathogen-free (SPF) 
pigs resulted in a mild disease and the period 
of viral shedding was shorter than 4 weeks. 

Water contaminated with bird droppings 
has been implicated as a source of influenza 
virus in several swine outbreaks. 68 Fomites 
and aerosols 92 are probably important in the 
transmission of influenza. 119 ' 122 

Insects may be important (certainly in 
avian influenza 123 ) and blowflies have been 
implicated. 124,125 

Long-distance pig travel via transport 
may help spread. 126 

International trade may also facilitate the 
intercontinental spread of viruses. 127 

Immunity 

An infection with live virus also stimulates 
mucosal immunity and cellular immunity, 


whereas inactivated vaccines only stimulate 
a limited serologic (HI) response. Preexisting 
immunity in European pigs to established 
SIV strains may partially protect against 
(H1N1) 2009 virus, but the extent of such 
protection needs to be assessed. 128 

Many of the host defense cells have 
sensors that ultimately up-regulate the pro¬ 
duction of interferons, up-regulate other 
cells, and activate them through cytokines 
and in general increase the production of 
host antiviral proteins. The flu virus survives 
in part by blocking the release of 
interferons. 

Both cell-mediated immunity and 
humoral responses are important. A high HI 
titer provides better protection against chal¬ 
lenge than a low HI titer. The levels of IgA 
seem to be more important in providing 
some protection against heterologous viral 
strains. It is the antibody-mediated immune 
reactions at the mucosal level, not the sys¬ 
temic level, that are important in protecting 
the respiratory tract. Improved adjuvants 
may aid the efficacy of inactivated vaccines. 
They do not prevent infection, but they can 
mediate the killing of infected cells. The 
immune response is rapid and completes 
elimination of the virus within 1 week. Anti¬ 
bodies decline by 8 to 10 weeks. The IgA 
levels in nasal washes are the most important 
defense. There is limited cross-protection 
between different viruses, and protection 
after vaccination is more virus specific. 

Maternal antibody rarely prevents infec¬ 
tion with influenza viruses and only provides 
partial protection. Maternal protection will 
last from 4 to 14 weeks, with no pigs being 
completely protected from nasal virus shed¬ 
ding upon challenge, but at least the lung is 
protected. Pigs with a high maternal anti¬ 
body level did not develop an immune 
response. It was reported that there was 
enhancement of pneumonia by inactivated 
vaccine used in the face of an H1N1 chal¬ 
lenge. 129 Maternal antibody does not cross 
protect between subtypes. 

Pigs infected or vaccinated with Euro¬ 
pean SIVs frequently have cross-reactive 
antibodies to pandemic (H1N1) 2009 virus 
and related North American SIVs. 

Prior infection with an H1N1 SIV par¬ 
tially protects pigs against a low-pathogenic 
H5N1 avian influenza virus. 130 

ZOONOTIC IMPLICATIONS 

Only influenza A viruses are zoonotic. The 
suspected cases were reviewed. 131 It is highly 
likely that in the future, further viruses will 
emerge from animal species to infect humans 
and vice versa. People who work with pigs 
are at an increased risk of zoonotic influenza 
virus infection 2 (including farmers, meat 
processing workers, and veterinarians) 133,134 
and should be vaccinated. 135 The Ohio out¬ 
break of H1N1 at a state fair is an example. 

H2 viruses have been absent from the 
human population since 1968 and as such 


will present a huge problem if they suddenly 
turn up as a zoonosis. However, an H2N3 
infection in pigs was not transmitted to 
humans from ill pigs. 136 

In the United States, there were only 
11 reported zoonotic cases between 2005 
and 2009. 137 

The human pandemic 2009 H1N1 virus 
has its closest relatives in strains of H1N1 in 
swine from North America and occasionally 
from turkeys. There are probably at least two 
swine ancestors for this 2009 pandemic. 

Subclinical infections at Ohio fairs from 
2009 to 2011 were described. 138 The influenza 
A virus (OH07) isolated from humans that 
attended an Ohio state fair is pathogenic in 
pigs and fails to cross-react with many swine 
HI antisera. The virus gene segments were 
similar to those circulating in swine viruses, 
although there were numerous nucleotide 
changes leading to differences in amino acid 
composition. 139 

Swine influenzas pose a significant health 
risk to humans ever since the first human 
and porcine outbreaks in the United States in 
1918. By 1970, there was evidence that 
people who came into contact with pigs 
through their jobs became infected with the 
viruses, and a virus was isolated from pigs 
and workers. There is very little evidence of 
maintenance of human H1N1 in the pig 
populations, but human H3N2 strains have 
been recovered regularly from pigs in Asia 
and Europe. The drift that has taken place in 
pigs of former human H3N2 has also been 
minimal compared with the rate of drift in 
the human population. The viruses from pigs 
found in humans have been reviewed. 
Poultry and swine workers should be vacci¬ 
nated in swine pandemic planning. 135 

PATHOGENESIS 

Classical swine influenza was originally 
described as a disease of the upper respira¬ 
tory tract, the trachea and bronchi being 
particularly affected, with secondary bacte¬ 
rial pneumonia as a result of Pasteurella mul- 
tocida. However, recent descriptions of the 
lesions in naturally occurring cases and in 
the experimental disease indicate that the 
primary lesion is a viral interstitial pneumo¬ 
nia. Viral replication takes place in the epi¬ 
thelial cells of the nasal mucosa, tonsils, 
trachea, lungs, and tracheo-bronchial lymph 
nodes. No other sites have been detected, 
and viremia is of low titer. Inoculation of the 
H1N1 strain of influenza virus isolated in 
England from pigs with clinical disease into 
6-week-old pigs caused fever, coughing, 
sneezing, and anorexia. A widespread inter¬ 
stitial pneumonia, with lesions in the bronchi 
and bronchioles, and hemorrhagic lymph 
nodes were characteristic. The H3N2 swine 
influenza virus isolated in Canada is associ¬ 
ated with a proliferative and necrotizing 
pneumonia (PNP) of pigs, and there is evi¬ 
dence the strain may be related to A/Sw/ 
Hong Kong/76H3N2 swine influenza virus. 





There is recent evidence that this PNP is 
more a feature of PRRS and PCV2 than SIV. 
A new antigenic variant of H1N1 swine 
influenza A virus isolated in Quebec has 
been associated with proliferative and necro¬ 
tizing pneumonia of pigs. 

In the United Kingdom, there has also 
been recorded an H1N7 that included both 
equine and human influenza genes. It was of 
low pathogenicity for pigs, found on only 
one farm, and did not establish in the pig 
world. Reassortant H3N1 viruses from 
human and classical swine H1N1 have also 
been seen in the United Kingdom and also 
in Taiwan. 

The virus causes an acute infection with 
shedding beginning on day 1 and finishing 
by day 7. Infected cells in the respiratory 
tract are reduced by 2 to 3 days postinocula¬ 
tion. Most of the effects of the infection are 
caused by the production of proinflamma- 
tory cytokines (IFN-a, TNF-a, IL-1, 
and IL-6.). 

Pigs have receptors for both avian (sialic 
acid-alpha-2,3 terminal saccharides (SA- 
alpha-2,3) and mammalian viruses (SA- 
alpha-2,6) in the upper respiratory tract. 
Both types have been detected in major 
porcine organs. 140 ' 141 In experimental infec¬ 
tions, SIV was widely distributed in bronchi, 
but it was also present in epithelial cells of 
the nose, trachea, bronchioles, and alveolar 
type I and II cells in severely affected animals. 
The avian virus was found in the lower respi¬ 
ratory tract, especially in alveolar type II cells 
and occasionally in bronchiolar epithelial 
cells. Receptor 2,6 was the predominant 
receptor in all levels of the tract, but the 2,3 
was found only in small numbers in the 
bronchioles and in the alveoli. The receptor 
expression of both types of receptors was 
reduced in influenza-affected areas com¬ 
pared with nonaffected areas. 141 The distribu¬ 
tion of receptors is similar in the pig to that 
of humans, and as in humans, avian viruses 
prefer to infect the alveolar cells. The in vitro 
attachment of virus to the upper and lower 
respiratory tract tracts of pigs has been 
characterized. 143 

The pathogenicity of SIV lies in its ability 
to elude host antiviral immune responses. 
In pigs SIV infection induced long-lived 
increase of CD8+ T cells and local lympho- 
proliferative responses. 144 The activation of 
cell-mediated immunity or cytotoxic T- 
lymphocytes depends on the efficient deliv¬ 
ery of signals by antigen presenting cells. 
Dendritic cells are the most potent APCs. A 
study on porcine dendritic cells (DCs) has 
recently been published. 145 In one study, 146 it 
was shown that DCs could infect susceptible 
cells by close contact. The swine, human, or 
avian viruses differentially activate porcine 
dendritic cell cytokine profiles. 147 

There is an important role for IFN-a 
(induces fever and a transient rise in neutro¬ 
phil counts) with IL-6 and IL-12 induction 
and an important role of these three 
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cytokines in the symptoms of swine influ¬ 
enza. 148 There is a strong up-regulation of 
additional cytokines (IFN-a and IL-12) and 
several acute-phase proteins during the acute 
stages of a swine influenza virus infection. 
These produce inflammation, fever, malaise, 
and loss of appetite. The depth of infection 
in the lung probably determines how much 
of these cytokines are produced. Contrary to 
widespread belief, there is no evidence that 
the virus causes reproductive failure in 
swine. The experimental inoculation of sero¬ 
negative pregnant gilts did not reveal any 
evidence of transplacental transmission of 
the virus to the fetus. 

The pandemic H1N1 influenza virus 
causes disease in pigs and up-regulates genes 
related to inflammatory and immune 
responses. The virus is effectively shed from 
the nasal passages. Pigs infected with the 
pandemic virus mounted an early potent 
immune response, and it has been shown 
that such a response is associated with an 
increased viral pathogenesis. It also pro¬ 
duced a higher proinflammatory cytokine 
response when given to macaques. 149 The 
PB1-F2, which is expressed from a+1 reading 
frame of the viral RNA polymerase subunit 
PB1, is able to induce apoptosis and promote 
inflammation. 150 Dysregulation of lipid 
metabolism also occurs at the site of primary 
infection. 1 ’ 1 

The pandemic 2009(H1N1) virus was 
shown to be more pathogenic in ferrets than 
the standard seasonal H1N1 virus with more 
extensive viral replication taking place in 
trachea, bronchi, and bronchioles and the 
more normal nasal cavity. 152 The virus repli¬ 
cates to higher titers in the lung tissues. It 
showed less efficient respiratory droplet 
transmission in ferrets. 1 ” 

In patients with pandemic A (H1N1) 
pdm09, it was found that the numbers of 
dendritic cells and T cells were significantly 
reduced compared with controls. On the 
other hand, the frequency of natural killer 
cells and T-regulatory cells increased. The 
concentrations of plasma interferon (IFN- 
a/y) and interleukin (IL-15) were signifi¬ 
cantly higher than in the control group. 154 

CLINICAL FINDINGS 

The patterns of disease in farms may vary 
considerably from an endemic form, with 
waves of infection to single epidemic out¬ 
breaks depending on the strains of virus 
involved. 1 ” 

It is essentially a herd disease. The signs 
have not changed over the 80 years. After an 
incubation period of 1 to 7 days (usually 
1-3), the disease appears suddenly, with a 
high proportion of the herd showing fever 
(up to 41.5°C [107°F]), anorexia, and severe 
prostration. The animal is disinclined to 
move or rise because of muscle stiffness and 
pain. Labored, jerky breathing (“thumps”) is 
accompanied by sneezing and a deep, painful 
cough that often occurs in paroxysms. There 


is congestion of the conjunctivae with a 
watery ocular and nasal discharge. Some¬ 
times there is open-mouth breathing and 
dyspnea, especially if the pigs are forced to 
move. Morbidity is usually 100%, but mor¬ 
tality is rarely above 1%. In general, the 
severity of the illness appears greater than it 
truly is, and after a course of 4 to 6 days, signs 
disappear rapidly, depending, in part, on the 
level of colostral antibody. However, there is 
much loss of weight, which is slowly regained. 
Clonic convulsions are common in the ter¬ 
minal stages in fatal cases. The condition 
may continue to affect the herd for several 
weeks as the disease spreads, especially so if 
the herd is outdoors and the population dis¬ 
persed. The new H3N2 reassortants in the 
United States have been associated with 
respiratory disease but also spontaneous 
abortion in sows and death of adult pigs. The 
clinical signs are dependent on immune 
status but are also influenced by age, infec¬ 
tion pressure, concurrent infections, climatic 
conditions, housing, and, most of all, by the 
secondary infections, particularly bacteria. 

The clinical and epidemiologic character¬ 
istics of pdmHINI 2009 virus in pigs have 
been described. 156 There are differences in 
disease presentation, spread, and duration of 
infection. These factors include whether they 
were outdoors or housed, age of the pigs, 
intercurrent disease, and management. In 
breeding pigs the infection was mild or inap- 
parent, with a more typical clinical appear¬ 
ance detected in their progeny. Mortality was 
low unless complicated by other diseases, 
especially S. suis infections. The virus trans¬ 
mitted very easily. The clinical signs were 
usually sneezing and coughing. 

CONCURRENT INFECTIONS 

There is some question as to whether other 
viruses can predispose to SIV, but experi¬ 
mentally infection with PRCV and H1N1 or 
H3N2 SIV has not shown this. Pigs with both 
M. hyopneumoniae and SIV coughed more 
and had more pneumonia than either of the 
two agents on their own. 

Preinfection with M. hyopneumoniae 
modifies the outcome of infection with SIV 
H1N1 but not H1N2. The H1N2 was more 
pathogenic than the H1N with an earlier 
shedding and greater spread in the lungs. 
The M. hyo and H1N1 seemed to act syner- 
gistically, but the M. Hyo and H1N2 seemed 
to compete because H1N2 appeared to elimi¬ 
nate M. hyo in the caudal lobes. 1 ’ 

The occurrence of SIV in pigs presents 
opportunities for an increased impact of bac¬ 
terial infections such as H. parasuis (HPS). It 
has been shown that coinfection between 
H3N2 and both a virulent and nonvirulent 
strain of HPS and porcine bone marrow den¬ 
dritic cells was heightened because it raised 
the levels of II 1 (3, TNF-a, IL-6, IL-12, and 
IL-10 compared with SIV or mock infec¬ 
tions. 158 With the virulent strain of HPS, 
11-12 and IFN-a increased differentially. 





1082 


Chapter 12 


Diseases of the Respiratory System 


CLINICAL PATHOLOGY 
Experimental Infections 

Following experimental H1N1 infection, it 
was found that IFN-a, IL-6, IL-1, and TNF-a 
peaked in bronchoalveolar lavage fluid 
(BALF) at 24 to 30 hours postinfection, when 
virus titers and the severity of the clinical 
signs were maximal. 159 Serum cytokine con¬ 
centrations were not detectable or 100-fold 
lower than the BALF readings, but IFN-y and 
IL-12 in serum followed the lavage pattern. 
The acute-phase protein(APP), C-reactive 
protein, and haptoglobin were raised 24 
hours after the cytokine response, and the 
lipopolysaccharide binding protein only 
increased in the BALF. The findings suggested 
that IFN-a and IL-12 play an important part 
in the pathogenesis of SIV and that APPs are 
induced by cytokines. 164 Acute-phase pro¬ 
teins and serum amyloid were raised when 
pigs were simultaneously infected with H1N1 
virus and P. multocida . 160 

Experimental infections with the human 
1918 pandemic influenza virus produced 
only a mild disease and pigs, and they did not 
become moribund, whereas in other mam¬ 
malian species the effects were lethal. 161 The 
findings suggested that the virus entered the 
swine population from humans and then 
established the classical H1N1 lineage in pigs. 

Experimental infection with H1N1 Euro¬ 
pean swine influenza virus protects pigs 
from infection with the 2009 pandemic 
H1N1 human virus. 162 Experimental infec¬ 
tions with the U.S. isolates of the p(HlNl) 
2009 were described, 163 and all the pigs 
developed clinical signs similar to those 
induced by endemic SIV viruses. 

Within 24 hours of the onset of clinical 
signs there is a switch of cells in the bronchial 
lavage from macrophages to over 50% 
neutrophils. 

Serologic Tests 

After infection has ceased to circulate in the 
herd, SIV AB could still be demonstrated 
after 28 months postinfection. 

It is extremely important to make sure 
that the antigens that are used in the sero¬ 
logic tests are contemporary to the viral 
strains that may be found in the country. 
Diagnosis of acute SIV infections requires 
the use of paired serum samples. 

The hemagglutination inhibition test has 
been the recommended test for many years 
and still remains so. However, it is tedious 
and has only moderate sensitivity but high 
specificity. It has been adapted and modified. 
One HI test for H1N1 will detect other 
H1N1 strains, but this is not true for H3N2 
when the Midwest strains are compared with 
the North Carolina strains because they 
differ considerably. Above 1:80 is usually 
considered positive, and within 5 to 7 days 
the titers may reach 1:320 to 1:640 by 2 to 
3 weeks postinfection. An ELISA-based test 
is now available to estimate the hemaggluti¬ 
nation titer and can be used at the herd 


screening level. 164 Antiinfluenza A nucleo- 
protein antibodies have been detected in pigs 
using a commercial ELISA developed for 
avian species. 165 

Detection of Virus 

Virus is likely to be found in the nasopharyn¬ 
geal area during the acute phase of the 
disease. Swabs should be taken on Dacron, 
placed in transport medium, and stored at 
4° C for no more than 48 hours; if storage will 
be longer, samples should be frozen at -70° C 
(-94 F). Viruses can also be isolated from 
trachea or lung tissues of pigs. They can be 
grown in hens’ eggs or increasingly in tissue 
culture. Samples need to be cool and moist. 
The virus is then detected by hemagglutinat- 
ing activity in egg fluids about 5 days after 
inoculation. There are some strains that may 
not grow in hens’ eggs or require more than 
one cell line to isolate and identify the virus, 
which may require 1 to 2 weeks. 

Oral Fluids 

Pen-based oral fluids provide an easy, effec¬ 
tive, and safe collection method for the 
detection of SI with rapid testing methods, 
such as RT-PCR. 166 Virus isolation from 
nasal swabs was more successful than using 
oral fluids. 1 ' 

The sensitivity of oral fluids for detecting 
influenza A virus in populations of vacci¬ 
nated and nonvaccinated pigs has been 
described. The overall sensitivity of oral fluids 
was 80%, and virus was isolated from 51% of 
RRT-PCR positive oral fluids. The method 
can detect SIV even when pen prevalence is 
low and when pigs have been vaccinated. 168 

Antigen Detection 

A PCR test can be used to detect virus in 
nasal swab specimens and gives results 
similar to virus isolation. Recently a gel- 
based multiplex RT-PCR assay was devel¬ 
oped to detect HI and H3 subtypes of SIV. 
An RT-n-PCR for the identification of SIV in 
clinical samples has been described. 1 A real¬ 
time RT-PCR assay for differentiating the 
pandemic H1N1 2009 pandemic from SIVs 
has also been described. 1 1 A real-time 
RT-PCR has been developed for the detec¬ 
tion of p(HlNl)2009 and European SIV A 
infections. 1 ' 1 A real-time RT-PCR for pan¬ 
demic influenza A virus (H1N1) 2009 matrix 
gene has been described. 1 1 

A multiplex RT-PCR assay for differenti¬ 
ating European SIV subtypes H1N1, H1N2, 
and H3N2 has been described 169 ' 1 ' 3 and used 
in North American pigs. 174 

Loop-mediated isothermal amplification 
has been used for the rapid and specific 
detection of H3 SIV. 175 

There are rapid detection methods for 
the 2009p(HlNl) using multiplex rtRT- 

PCR 176,177,222 

The virus can be detected by direct 
immunofluorescence of lung tissue or lavage 
fluids. 


Immunohistochemistry on fixed tissue is 
also useful. The positivity is mainly in the 
bronchial and bronchiolar epithelial cells 
and less intense in the interstitial cells and 
alveolar macrophages. 

NECROPSY FINDINGS 

Swelling and marked edema of cervical and 
mediastinal lymph nodes are evident. There 
is congestion of the mucosae of the pharynx, 
larynx, trachea, and bronchi. A tenacious, 
colorless, frothy exudate is present in the air 
passages. Copious exudate in the bronchi is 
accompanied by collapse of the ventral parts 
of the lungs. This atelectasis is extensive and 
often irregularly distributed, although the 
apical and cardiac lobes are most affected, 
and the right lung more so than the left. It 
may reach 50% by 4 to 5 days postinfection. 
The affected tissue is clearly demarcated, 
dark red to purple, and often reminiscent 
of enzootic pneumonia. Surrounding the 
atelectatic areas the lung is often emphyse¬ 
matous and may show many petechial 
hemorrhages. 

Histologically, in acute swine influenza 
the major feature is necrotizing bronchiolitis. 
There is a suppurative bronchiolitis and 
widespread interstitial pneumonia charac¬ 
terized by the early appearance of neutro¬ 
phils followed by the accumulation of 
macrophages and mononuclear cells in the 
alveolar walls. After a few days there is a 
peribronchial and peribronchiolar infiltra¬ 
tion of lymphocytes. In the variant of H1N1 
swine influenza in Canada, there is more 
diffuse damage to the respiratory epithelium, 
resulting in firm to meaty lungs that appear 
thymus-like on cut surface. 

Microscopically, there is marked prolif¬ 
eration of type II pneumocytes, in addition 
to the presence of macrophages and necrotic 
inflammatory cells in the alveoli. The influ¬ 
enza type A virus can be demonstrated by 
indirect immunofluorescence staining using 
monoclonal antibody directed to certain 
protein parts of the human type A influenza 
virus. The influenza type A virus can be 
detected and differentiated from the virus of 
porcine reproductive and respiratory syn¬ 
drome in formalin-fixed, paraffin-embedded 
lung tissue using immunogold staining. 

Samples for Confirmation 
of Diagnosis 

These are best collected from animals with 
high fevers and clear nasal discharge. Most 
pigs may excrete virus for 5 to 7 days postin¬ 
fection, but the peak load may be around 24 
hours postinfection 

• Histology—formalin-fixed lung, 
trachea, turbinate (LM, IHC). After 
72 hours there is little IFA or IHC 
positivity. Histopathology may help 
in the diagnosis for 2 weeks 
postinfection. 

• Virology—nasopharyngeal swab in 
viral transport media; lung and 





trachea (ISO, FAT, PCR) fresh chilled 
but not frozen. Keep cool. Do not 
use cotton. 


DIFFERENTIAL DIAGNOSIS 


The explosive appearance of an upper 
respiratory syndrome, including conjunctivitis, 
sneezing, and coughing, with a low mortality 
rate, serves to differentiate swine influenza 
from the other common respiratory diseases 
of swine. 

Enzootic pneumonia of pigs is most 
commonly confused with swine influenza, but 
it is more insidious in its onset and chronic in 
its course. 

Hog cholera is manifested by less 
respiratory involvement and a high mortality 
rate. 

Inclusion-body rhinitis in piglets may 
resemble swine influenza quite closely. 

Atrophic rhinitis has a much longer course 
and is accompanied by characteristic distortion 
of the facial bones. 


TREATMENT 

No specific treatment is available. Treatment 
with penicillin, sulfadimidine, or, preferably, 
a broad-spectrum antibiotic may be of value 
in controlling possible secondary invaders. 
The provision of comfortable, well-bedded 
quarters, free from dust, is of major impor¬ 
tance. Clean drinking water should be avail¬ 
able, but feed should be limited during the 
first few days of convalescence. Medication 
of the feed or water supplies with a broad- 
spectrum antibiotic for several days is a 
rational approach to minimizing secondary 
bacterial pneumonia. 

A novel monoclonal antibody was shown 
to be effective against lethal challenge with 
swine lineage and 2009 pandemic H1N1 
influenza viruses. 178 

CONTROL 

Treatment of human influenza is possible 
with oseltamivir, but some viruses have 
become resistant; however, there is no evi¬ 
dence that natural oseltamivir resistance in 
swine and wild waterbirds is common. 

There are only two options: vaccination 
and biosecurity. Biosecurity is difficult 
because there is always the possibility of 
aerosol infections and wild fowl/poultry 
infections It should be aimed at preventing 
transmission from people to pigs and vice 
versa. 

Eradication following herd closure and 
partial depopulation has been achieved. 180 
There was no introduction of replacement 
animals, replacement gilt deliveries were 
seronegative and went to quarterly instead of 
monthly, and the nursery was totally depop¬ 
ulated along with the finishing sites once 
shedding had finished. 181 

The perceptions of the pig producers in 
Australia in response to the occurrence of 
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the pandemic 182 suggests that ongoing com¬ 
munications about biosecurity are very 
important when new outbreaks occur. 

Vaccination against swine influenza in a 
herd experiencing an outbreak of PCVAD is 
of questionable value. 183 

A study of vaccination in pigs infected 
with PRRS at the time of vaccination 
against SIV showed increased levels of mac¬ 
roscopic and microscopic lesions and also 
increased clinical disease and shedding of 
the virus. 184 

All-in, all-out systems may remove infec¬ 
tion with each group of pigs, and the sub¬ 
sequent disinfection may wipe out the virus. 
Good housing and protection from inclem¬ 
ent weather help to prevent the occurrence 
of severe outbreaks. Once the disease has 
appeared on a unit, there is little that can 
be done to prevent spread to other pigs. 
Recovered animals are immune to subse¬ 
quent infection for up to 3 months. 

The air filtration systems proposed for 
PRRSV and M. hyopneumoniae ls5 may also 
be able to control SIV. 

VACCINATION 

Whole inactivated virus may not be the best 
adjuvant for the induction of cross-reactive 
cellular and mucosal immunity against anti¬ 
genic variants. 

Live attenuated vaccines could prime pigs 
for better cross-reactivity. One method of 
achieving this is to use truncation of the NS1 
gene 200 that encodes an immune-modulating 
interferon antagonist. It replicates poorly but 
elicited neutralizing serum antibodies and 
mucosal antibodies and provided robust pro¬ 
tection against homologous challenge given 
a single intranasal (IN) application. These 
vaccines provide in a single IN dose a 
better protection than an inactivated vaccine 
given intramuscularly (IM). A concern 
with inactivated adjuvanted vaccines is the 
phenomenon of vaccine-associated enhanced 
respiratory disease. 186,187 

Another obstacle is the presence of 
maternally derived immunity. It can reduce 
clinical disease, but passive antibodies are 
less effective in blocking viral shedding from 
the upper respiratory tract because the main 
Ig in colostrum is IgG. Pigs with maternally 
derived antibodies have suppressed adaptive 
antibody responses to homologous infection 
or vaccination. This interference affects IgM 
and HI titers in serum or nasal mucosa. The 
cellular response is less susceptible to mater¬ 
nally derived antibodies. The perception is 
that live attenuated IN vaccines are less likely 
to be interfered with by MDA. 188 

Virus transmission is reduced in neonatal 
pigs with homologous maternal immunity 
compared with seronegative neonatal 
pigs and pigs with heterologous maternal 
immunity. 189 Vaccine development has been 
described. 190 

The genetic homology of the vaccine 
and the challenge virus is not the ultimate 


predictor for swine influenza vaccine 
performance. 191 

Vaccination with currently approved 
commercial vaccines in the United States did 
not fully prevent transmission, but certain 
vaccines may provide a benefit by limiting 
shedding, transmission, and zoonotic spill¬ 
over at agricultural fairs. 192 

Vaccination decreases lesions and clinical 
signs and may eliminate virus shedding. 193 
Vaccines may well reduce transmission but 
do not eliminate infection. 94 

In the United States, a large number of 
producers vaccinate sows (-67%), and many 
vaccinate weaner pigs (20%). A large propor¬ 
tion vaccinated breeding pigs with autoge¬ 
nous vaccines, not commercial vaccines, and 
these by law are prepared by inactivating 
virus cultures. The main reason is that com¬ 
mercial vaccines are not upgraded fast 
enough. Vaccines (1) need to be developed 
quickly to keep pace with the virus changes, 
(2) need to have better cross-protection 
against new isolates, and (3) need to be able 
to overcome maternal antibody, which may 
negate vaccine use. 

Vaccines may use only one or two circu¬ 
lating strains of H3N2 in the vaccine, but the 
wide variation in H3N2 present in the swine 
population may mean that only a small per¬ 
centage of currently circulating strains may 
be protected against by the current vaccine 194 
and that regular challenge studies may be 
necessary to determine the effectiveness of 
vaccines. 

Vaccination with influenza A virus 
decreased transmission rates in pigs, 19 ’ but it 
was not completely prevented when a heter¬ 
ologous vaccine was used. 

INACTIVATED VACCINES 

Inactivated whole-virus vaccines have 
limited ability or complete failure to protect 
against homologous challenge and even 
poorer cross-protection to heterologous 
strains. 196 They can stimulate both humoral 
and cellular immunity. 19 ' 

A trivalent inactivated swine flu vaccine 
was shown to be protective for all three 
strains (H1N1, H1N2, and H3N2). 198 

Inactivated vaccines from U.S. viruses 
and the new pandemic showed partial pro¬ 
tection, but none was able to prevent all 
shedding or clinical disease. 199 

MODIFIED LIVE 

Modified live vaccines or vectored subunit 
vaccines induce a balanced immune response 
(humoral and cell -mediated) and will 
improve homologous and heterologous pro¬ 
tection. All vaccinated pigs developed a sig¬ 
nificant level of HI titer and serum IgG and 
IgA antibodies. 200,201 

A modified live vaccine as a master donor 
strain has been developed for the 2009 pan¬ 
demic virus, 202 and a pandemic virus vaccine 
was developed that was superior to commer¬ 
cial vaccines. 203 
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Adjuvanted and nonadjuvanted A(H1N1) 
pdm/09 influenza vaccines were shown to 
produce strong antibody responses and 
included high levels of specific IgGl and HI 
titers to HI virus. The adjuvanted vaccines 
produced a greater response. 204 

An eight-segment SIV with HI and H3 
was found to be attenuated and protective 
against both H1N1 and H3N2 subtypes 

• • 205 

in pigs. 

Vaccines, both commercial inactivated 
and adjuvanted SIV for IM use, are available 
in the United States and Europe. Active 
immunization occurs in the face of maternal 
derived antibody when titers are less than 10 
for H1N1 and less than 40 for H3N2. Some 
of the vaccines contain the original H1N1 
viruses, but others such as those used in the 
United States, contain a monovalent H1N1 
virus. Following the outbreaks of H3N2 in 
the United States in 1998, both monovalent 
and bivalent H1N1/H3N2 SIV vaccines 
became available. Autogenous vaccines are 
used in the United States. 

In Europe, although the viruses have 
changed, the old vaccines are still used 
because they produce high antibody titers. 
There is a need to add H1N2 to the vaccines, 
however, because there is no cross protec¬ 
tion between the European H1N2 and H1N1 
and H3N2 viruses and because it was shown 
that there is no current vaccine protection 
against H1N2. There is evidence from the 
United States showing that there is cross 
protection with the U.S. strain of H3N2 for 
H1N2 infections. Most animals with titers 
greater than 160 are probably protected 
against viral replication in the lungs and 
disease. Sow vaccination is important in 
controlling infection in suckling pigs and 
often controls the infection in nursery pigs. 
Intranasal or IN/IM vaccination of pigs with 
formalin-inactivated SIV induces very spe¬ 
cific IgM, IgG, and IgA antibodies in their 
nasal secretions and sera, resulting in com¬ 
plete protection. 

A recent trial of a new H1N1/H3N2 
vaccine was successful, with reduced viral 
shedding and reduced clinical signs and 
pneumonia. 

Experimental vaccines continue to be 
produced, including a human adenovirus 5 
recombinant expressing the hemagglutinin 
and nucleoprotein of H3N2 SIV that has 
been used experimentally to provide protec¬ 
tion against challenge with H3N2. Complete 
protection was shown by lack of nasal shed¬ 
ding and by lack of lung lesions following 
subsequent challenge. 

A DNA vaccine elicited robust serum 
antibody and cellular responses after three 
immunizations and conferred significant 
protection against influenza virus chal¬ 
lenge. 206 Vaccination with human adenovirus 
vector vaccines has been shown to induce 
both cell-mediated and humoral immunity, 
making them more effective than inactivated 
vaccines and nearly as good as live vaccines. 


They can also prime the immune response in 
the presence of maternal antibody. 207 

Recently an avian-like H1N1 influenza 
virus was shown to be able to transmit effi¬ 
ciently through four pairs of vaccinated pigs 
at antibody levels that were thought to be 
protective. 208 

Immunity induced by infection with 
European avian-like H1N1 SIV affords pro¬ 
tection for pigs against North American SIVs 
with a classical HI and possibly also protects 
against the pHINl. 209 

Pandemic (H1N1)2009 influenza virus¬ 
like particles are immunogenic. 210 The vac¬ 
cinated pigs were protected and showed 
reduced lung lesions, reduced viral shedding, 
and inhibition of viral replication in the 
lungs. 

NEWER OPTIONS 

Elastase-dependent SIV mutants can be used 

as live-virus vaccines against swine influenza 
• • 211 212 
in pigs. ’ 

Use of the M2 conserved matrix protein 
may have potential as a vaccine but requires 
an immune response to the HA protein to 
reduce shedding. 213 

Replicon particle vaccine protects swine 
against influenza. 214 ' 216 

Vaccination with NSl-truncated H3N2 
SIV primes T cells and confers cell-mediated 
cross-protection against a H1N1 hetero- 
subtypic challenge in pig. 217 In addition, 
there was a significantly lower level of Thl- 
associated cytokines in infected lungs. A 
similar vaccine can be used to differentiate 
between infected and vaccinated animals. 218 
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Torremorell M, et al. Transmission of influenza A virus 
in pigs. Transbound EmergDis. 2012;59(suppl 
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Vincent A, et al. Swine influenza viruses: a North 
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PORCINE RESPIRATORY 
CORONAVIRUS 

Infection with coronavirus causes a rapid 
seroconversion to some of the tests for TGE 
and is responsible for “vaccinating” large 
populations of pigs worldwide against the 
threat of TGE. This has coincided with the 
great reduction in TGE in most countries. It 
was first identified in Belgium in 1986 and 
since then has spread worldwide. 

ETIOLGY 

The virus is very similar to TGE, and the 
major difference is a 621- to 628-base-pair 
deletion in the S protein gene causing a trun¬ 
cated S protein and loss of the ability of the 
TGE to bind sialic acid. It has a tropism for 
the respiratory tract. It is one of the four 
swine coronaviruses and is a mutant of TGE, 
first isolated in 1984. The virus has been fully 
or partially sequenced and has 96% to 98% 
homogeneity with TGE. 1 Lipoteichoic acid 
from S. aureus exacerbates respiratory 
disease in PRCV-infected pigs, 2 and coinfec¬ 
tion with B. bronchiseptica is reported.’ 
PRRSV-induced immunosuppression exac¬ 
erbates the inflammatory response to PRCV 
in pigs. 4 PRCV-infected pigs produce anti¬ 
bodies that neutralize TGE virus. 

EPIDEMIOLOGY 

The virus distribution is affected by the 
season and the density of pig farms, and in a 
dense area there is rapid local spread prob¬ 
ably by aerosol. The virus infects pigs of all 
ages by contact or airborne transmission and 
in areas of high density can probably spread 
several kilometers. The virus circulates in the 
herd, infects pigs less than 10 to 15 weeks of 
age after the maternal antibodies have 
declined, and becomes endemic. Experimen¬ 
tally, infected pigs shed virus from the nose 
for less than 2 weeks. The infection can be 
maintained in herds, cycle regularly, or 
appear in waves. In Europe, these waves 
often coincide with the rainy season. There 
is no evidence of fecal/oral transmission. 






1086 


Chapter 12 


Diseases of the Respiratory System 


PATHOGENESIS 

The virus has a tremendous ability to repli¬ 
cate in the respiratory tract in most of the 
airway but rarely the alveolar macrophage. 5 ' 8 
The main targets are type 1 and type 2 alveo¬ 
lar epithelial cells, and it induces necrosis in 
these cells, causing a rise in cytokines that 
induces a rise in nitric oxide and IFN-a. The 
shedding from the nose lasts 4 to 6 days. The 
pneumonia produced and the viral replica¬ 
tion peak at 7 to 10 days postinoculation and 
then resolve with the increasing levels of 
neutralizing antibody. 

CLINICAL SIGNS 

Most infections are inapparent, but in a sus¬ 
ceptible population there may be respiratory 
signs such as labored breathing and cough¬ 
ing, followed by depression, anorexia, and 
decreased growth rates. 

LESIONS 

The lesions are usually self-limiting. The 
major lesions are broncho-interstitial pneu¬ 
monia with cuffing and syncytial formation 
from type 2 hyperplasia, followed by necrosis 
and lymphoid hyperplasia. Necrotic cells and 
inflammatory cells may obstruct the lumen 
of the alveoli. 

DIAGNOSIS 

Virus isolation in PK and swine testicle cells 
is necessary using nasal fluid or lung homog¬ 
enates, and frequently PRCV produces syn¬ 
cytia in culture. 

Respiratory samples are required for 
diagnosis of PRCV. Currently, RT-PCR or 
qRT-PCR is needed to differentiate TGEV 
and PRCV. The primers target the S protein. 
Multiplex PCR has now been developed for 
TGEV, PRCV, and PEDV 9 and up to eight 
viruses. Multiplex microarray has also been 
developed for the rapid differentiation of 
eight coronaviruses. 10 

Blocking ELISAs have been developed to 
differentiate antibodies of PRCV from TGE 
and should be used on a herd basis. Recently, 
new ELISAs have been developed that will 
also differentiate TGE, PRCV, and the new 
TGE-like coronaviruses. 11,12 

TREATMENT 

There is no treatment for PRCV infections 
except supportive therapy and control of sec¬ 
ondary infections. 13 

CONTROL 

Neonatal pigs require 6 to 8 days after PRCV 
exposure to produce partial immunity to 
TGE. Sows naturally exposed to PRCV rein¬ 
fected with PRCV during pregnancy secreted 
TGEV antibodies in milk and provided a 
high degree of protection. 
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LUNGWORM IN PIGS 
ETIOLOGY 

The lungworms that infest pigs are Meta- 
strongylus apri ( M. elongatus), M. salmi, and 
M. pudendotectus. M. apri is the most 
common species, but mixed infestations are 
not uncommon. 

LIFE CYCLE 

Adult Metastrongylus spp. appear much like 
D. viviparus in the bronchi of their host. 
Their life cycles are also similar, except that 
Metastrongylus spp. eggs are passed in the 
feces and earthworms act as intermediate 
hosts. Here development to infective larvae 
takes about 2 weeks, and transmission occurs 
when the earthworm is eaten by a pig. 


SYNOPSIS 


Etiology The nematode parasites 

Metastrongylus apri (M. elongatus), M. 
salmi, and M. pudendotectus. 

Epidemiology Transmission is by ingestion of 
the earthworm intermediate host. 

Signs Check in growth rate; barking cough. 

Clinical pathology Characteristic eggs in 
feces. 

Lesions Grayish nodules near the ventral 
border of the diaphragmatic lobes of the 
lung. 

Diagnostic confirmation Characteristic eggs 
in feces. 

Treatment Doramectin, ivermectin, 

fenbendazole, flubendazole, levamisole. 

Control Difficult, unless pigs reared on 
concrete. 


EPIDEMIOLOGY 

The disease is most prevalent in pigs 4 to 6 
months of age in husbandry systems that 
allow access to earthworms. The eggs first 
appear in the feces 3 to 4 weeks after infesta¬ 
tion and at their peak reach levels of 25 to 50 
eggs per gram of feces. The eggs are very 
resistant to cold temperatures and can 
survive for over 1 year in the soil. Larvae may 
survive in the earthworm for up to 7 years. 
The primary host must ingest an intermedi¬ 
ate host to become infested, and this is an 
important factor influencing the spread of 
the disease. Once ingested the infective 
larvae migrate to the lungs in much the same 
manner as do D. viviparus larvae. Many 


infestations are asymptomatic and induce 
immunity against reinfection. 

PATHOGENESIS 

The pathogenesis is similar to that of D. 
viviparus. These worms may provide a route 
of transmission for swine influenza virus, 
and possibly hog cholera virus, from pig to 
pig, but this is unproven. 

CLINICAL FINDINGS 

Lungworm infection in pigs can cause a 
marked check in growth rate. The bronchitis 
is accompanied by sporadic bouts of a 
barking cough, which is easily stimulated by 
exercise. Pneumonia is a feature of severe 
cases. Fatal bronchopneumonia can occur in 
coinfections of porcine circovirus type 2 and 
Metastrongylus spp. 1 

CLINICAL PATHOLOGY 

Laboratory diagnosis is by demonstration of 
the characteristic eggs in feces. 

NECROPSY FINDINGS 

Early lesions comprise small areas of consoli¬ 
dation as a result of verminous pneumonia. 
More chronic cases have bronchitis, emphy¬ 
sema, peribronchial lymphoid hyperplasia, 
and bronchiolar muscular hypertrophy, 
often accompanied by areas of overinflation. 
The lesions are small and discrete, appearing 
as grayish nodules up to 1 cm in diameter, 
and are present particularly at the ventral 
border of the diaphragmatic lobes. 

DIAGNOSTIC CONFIRMATION 

The Metastrongylus egg is embryonated (lar- 
vated) and has a thick shell and a wavy 
outline. They may be missed on routine 
screening as they are usually passed in small 
numbers and do not float well in saturated 
salt (NaCl) solution. A flotation fluid with a 
higher specific gravity should be used. There 
will always be a history of access to yards or 
paddocks where earthworms exist. 


DIFFERENTIAL DIAGNOSIS 


• Other swine pneumonias 

• Migrating larvae in heavy Ascaris 
infestation 


TREATMENT 



A number of anthelmintics are effective at 
normal pig dose rates, including abamectin, 


















ivermectin, 2 doramectin, fenbendazole, and 
flubendazole. Levamisole (8 mg/kg) has 
been used in the water or feed. 

CONTROL 

Rearing pigs on concrete reduces the risk 
considerably but, in view of the longevity of 
the eggs and larvae in the earthworm, little 
can be done if pigs are kept on contaminated 
land. Pastures that are known to be contami¬ 
nated should be left for at least 6 months 
before restocking, although infested earth¬ 
worms may persist in hog lots for up to 4 
years. 

FURTHER READING 

Roepsdorff A, Mejer H, Nejsum P, Thamsborg SM. 
Helminth parasites in pigs: new challenges in pig 
production and current research highlights. Vet 
Parasitol. 2011;180:72. 
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Respiratory System 
Toxicoses 

FURAN (IPOMEANOL AND 

3- METHYLINDOLE) TOXICOSIS 

4- Ipomeanol (4-IPO) is a furanoterpinoid 
mycotoxin produced by Fusarium solani 
(synonym F. javanicum) and F. semitectum 
growing on garden refuse. It has the effect of 
causing lesions indistinguishable from those 
of atypical interstitial pneumonia. Other 
known causes of these lesions are 3-methyl- 
indole and the ketone produced by Perilla 
frutescens, Zieria arhorescens, and one of the 
fungi Fusarium solani or Oxysporum spp. on 
Ipomoea batatas (sweet potatoes) tubers and 
tryptophan-containing plants. 1 Catabolism 
by the fungus of phytoalexins induced in the 
tubers produces four closely related ipomean- 
ols: ipomeanine (IPO), 4-ipomeanol (4-IPO), 
1-ipomeanol (1-IPO), and 1,4-ipomeadiol 
(DIOL). 2 These are not toxic until activated 
by pulmonary microsomal enzymes; 4-IPO 
and IPO are ultimately the most toxic. Exper¬ 
imental administration of infected potatoes 
to calves is associated with bronchiolitis and 
interstitial pneumonia. Unweaned, nursing 
calves may not be affected. ’ 

Animals are exposed to these toxins in a 
number of ways. Cows gain access to moldy 
sweet potatoes by grazing plowed potato 
fields or being fed spoiled sweet potatoes. 
The toxic dose is 7.5 mg IPO/kg BW, which 
converts to about 6 kg of spoiled sweet pota¬ 
toes per adult cow. 1 The mortality rate is 
often high. 2 Perilla mint (purple mint or 
beefsteak plant) is widespread in the south¬ 
eastern United States 4 and found in Asia 
and several other parts of the world. 1 ’ All 
large animal species are susceptible, but poi¬ 
soning is most widely reported in cattle. 
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Cows are exposed by eating the leaves and 
seeds; toxicity is highest in the seed portion 
of the plant. 4 

In a similar fashion, tryptophan toxicosis 
occurs in cows grazing on lush pastures 
with elevated concentrations of tryptophan. 
Outbreaks often develop several days to a 
week after cows are moved from poor pas¬ 
tures or forage to early summer pastures 
with high tryptophan content in the grasses. 
Rumen microflora convert tryptophan to 
3-methylindole, which is then activated by 
cytochrome p450 in the lung to a reactive 
compound. 4 

The clinical signs present in ipomeanol 
and 3-methylindole toxicosis are similar to 
acute respiratory distress syndrome and 
atypical interstitial pneumonia. The reactive 
compounds produced in the lung damage 
the pulmonary endothelial cells and result in 
acute pulmonary emphysema and edema. 1,4 
Affected animals have labored breathing, 
frequently standing with an open mouth 
and extended neck. Frothy foam from the 
nostrils or a foam-covered tongue may 
be present. Treatment is aimed toward 
reducing edema, supporting respiration, and 
reducing physical stress. Animals living 
longer than 48 hours have a good prognosis 
for survival. 4 

FURTHER READING 

Kerr LA, Johnson BJ, Burrows GE. Intoxication of cattle 
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Yokoyama MT, Carlson JR, Dickinson EO. Ruminal 
and plasma concentrations of 3-methylindole 
associated with tryptophan-induced pulmonary 
edema and emphysema in cattle. Am J V. 1975;36: 
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GALEGINE TOXICOSES 

Galegine, an isoprenoid guanidine, is found 
in the following plants: 

Galega officinalis: French honeysuckle 1 
Schoenus asperocarpus: poison sedge 
(Australia) 

S. rigens (Australia) 

Verbesina encelioides: crown beard (North 
America and Australia) 1 

Ingestion of galegine-containing plants is 
associated with a syndrome of severe 
dyspnea, frothing from the nose, convul¬ 
sions, and sudden death in ruminants as a 
result of pulmonary edema with large fluid 
accumulations in the thoracic cavity, the 
result of a direct effect on pulmonary vascu¬ 
lar permeability. 1 Sheep may find access via 


these plants being mixed in with hay or 
among a standing crop. 

REFERENCE 

1. Jai SC, et al. Indian J Trad Know. 2008;7:511. 

MANURE GAS POISONING AND 
CONFINEMENT EFFECTS 

ETIOLOGY 

Confinement housing of cattle and swine is 
accompanied by manure storage for varying 
periods of time, often in large holding pits 
under slatted floors. Oxygen is excluded 
from the storage so that anaerobic bacteria 
degrade the organic and inorganic constitu¬ 
ents of manure, yielding hydrogen sulfide, 
ammonia, methane, and carbon dioxide as 
major gases. 1,2 When diluted with water to 
facilitate handling, liquid manure in storage 
separates by gravity. The solid wastes form 
sediment, the lightweight particles float to 
the top, leaving a middle layer that is rela¬ 
tively fluid. Thorough remixing is necessary 
before pits are emptied to prevent the fluid 
fraction from flowing out and the solids 
remaining. The remixing or agitation results 
in the release of large quantities of toxic gases 
from the slurry. 2 

Besides the well-established gaseous toxi¬ 
cants listed, certain other agents with detri¬ 
mental inhalation risks are present in 
confinement operations and have been best 
characterized for swine confinement opera¬ 
tions. Total dust is a major contaminant in 
swine barns 3 and may range from 2 to 
7 mg/m. Particulates may adsorb gases and 
be part of the objectionable odors released 
and reaching neighbors near confinement 
operations. Respirable dusts may be 10% or 
more of the total dusts generated in swine 
barns. Such dust is contaminated with bacte¬ 
ria, fungi, endotoxins, and glucans. 3 Dusts 
are primarily composed of feed or fecal 
material. Both endotoxins and glucans have 
been suggested as potential contributors to 
swine respiratory disease and respiratory 
complications for workers in swine build¬ 
ings. So far, however, high mortality and 
acute death losses in confinement operations 
are most commonly caused by excessive con¬ 
centrations of hydrogen sulfide and carbon 
dioxide, whereas subacute or chronic irrita¬ 
tion and disease of the upper respiratory 
tract may also be contributed by elevated 
ammonia levels. Methane is explosive and 
may act as an asphyxiant, but is not impli¬ 
cated as a toxicant. 

Additional factors that must be consid¬ 
ered in a differential diagnosis include pos¬ 
sible power loss during electrical storms or 
equipment failure; this results in the cessa¬ 
tion of the artificial ventilation required to 
cool the building and exhaust carbon dioxide 
from the animals’ respiration. In these situa¬ 
tions, C0 2 levels build rapidly, and environ¬ 
mental temperatures increase dramatically 
as well, especially when weather conditions 
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are hot and humid. 1 Acute loses from hyper¬ 
thermia or heat stroke may be mistaken for 
manure gas poisoning. 1 This is important for 
veterinarians because they may be called to 
establish a diagnosis that affects insurance 
claims for many thousands of dollars. Besides 
overheating and C0 2 accumulation, electro¬ 
cution should be considered whenever there 
are large numbers of acute losses in a con¬ 
finement building. 

PATHOGENESIS 

The exposure of humans, cattle, and swine 
to high concentrations (above 700 ppm of 
H 2 S) of manure gases, particularly hydrogen 
sulfide, can be associated with peracute 
deaths in cattle and swine. Hydrogen sulfide 
is both an irritant and an acute toxicant. 
Fatal or severe exposure often is associated 
with respiratory distress and pulmonary 
edema. Exposure to low concentrations 
of hydrogen sulfide over long periods is 
thought to be associated with reduced 
performance in cattle and swine. At high 
concentrations, from 500 to 1000 ppm, 
carotid-body receptors are stimulated, 
causing rapid breathing. As high concentra¬ 
tions continue or increase, the respiratory 
center is depressed, and animals become 
depressed and die. High concentrations of 
H 2 S depress olfactory sensors, and the offen¬ 
sive rotten-egg odor is no longer detected as 
a warning sign. 

Ammonia is either an irritant or corro¬ 
sive agent depending on the concentration. 
Ammonia combines with tissue moisture to 
produce ammonium hydroxide, a strong 
alkali capable of causing tissue necrosis. 

CLINICAL FINDINGS 

In acute hydrogen sulfide poisoning the 
animals die suddenly. Affected animals may 
be found dead throughout a building in 
various postures of lateral or sternal recum¬ 
bency. There may be little or no evidence 
of struggle or excitement because high con¬ 
centrations can be associated with nearly 
immediate respiratory paralysis. In acute 
ammonia poisoning the syndrome includes 
conjunctivitis, sneezing, and coughing for 
a few days, but pigs will soon acclimatize, 
after which no effects may be detectable. 
An increased incidence of pneumonia and 
reduced daily weight gains in pigs are asso¬ 
ciated with exposure to a combination of 
gaseous ammonia at levels of 50 to 100 ppm 
and the presence of atmospheric dust in 
barns. Higher concentrations of ammonia 
(100-200 ppm) are associated with irritation 
to the conjunctiva and respiratory mucosa. 
At very high ammonia concentrations 
(>500 ppm), there is pharyngeal and laryn¬ 
geal irritation, laryngospasm, and coughing. 
Concentrations above 2000 ppm can be 
associated with death within 30 minutes. 
Carbon dioxide overexposure first is associ¬ 
ated with mild to moderate excitement, fol¬ 
lowed by depression, weakness, coma, and 


death. Concentrations above 30% in air are 
serious, and 40% C0 2 for more than a few 
minutes can cause death. 

NECROPSY FINDINGS 

In cattle that have died from acute hydrogen 
sulfide poisoning, lesions include pulmonary 
edema, extensive hemorrhage in muscles 
and viscera, and bilaterally symmetric cere¬ 
bral edema and necrosis. Ammonia expo¬ 
sure results in lacrimation, conjunctivitis, 
corneal opacity, tracheal hyperemia or hem¬ 
orrhages, and pulmonary edema. Secondary 
bacterial pneumonia may be evident in 
exposed animals. For carbon dioxide, the 
principal lesions are of cyanosis. 

CONTROL 

Production of hydrogen sulfide in manure 
can be inhibited by aeration using air as the 
oxidizing agent or the use of chemical oxi¬ 
dizing agents. The use of ferrous salts virtu¬ 
ally eliminates hydrogen sulfide evolution. 
Adequate ventilation with all doors and 
windows wide open during remixing and 
agitation of the slurry will reduce the con¬ 
centration of hydrogen sulfide to nontoxic 
levels. Animals and personnel should not 
enter closed barns when the pits are being 
emptied. In confinement buildings, ammonia 
usually does not accumulate to fatal levels, 
but much of the economic loss is from 
reduced feed consumption and possibly 
increased susceptibility to acute or chronic 
respiratory disease. Limiting protein supple¬ 
mentation to actual needs has been consid¬ 
ered a means for reducing nitrogen losses 
and the resultant production of ammonia in 
feces and urine. 

FURTHER READING 

Hartung J, Phillips VR. Control of gaseous emissions 
from livestock buildings and manure stores. / Agr 
Eng Res. 1994;57:173-189. 

Hooser SB, et al. Acute pit gas (hydrogen sulfide) 

poisoning in confinement cattle. / Vet Diagn Invest. 
2000;12:272-275. 

Radostits O, et al. Manure gas poisoning. In: Veterinary 
Medicine: A Textbook of the Disease of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:1848. 
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PLANTS CAUSING 
PULMONARY DISEASE 
(UNIDENTIFIED TOXINS) 

The following plants have been associated 
with pulmonary disease. The toxins cur¬ 
rently are unidentified. 

Dyspnea and pulmonary edema: 

• Glechoma hederacea (= Nepeta 
hederacea: ground ivy) 

• Gyrostemon spp.: camel poison 


Pulmonary consolidation and fibrosis, 
characterized by dyspnea and cough 
(horses): 

• Eupatorium (= Ageratina) 
adenophorum: crofton weed 

• E. riparium: mist flower 

• Lactuca scariola: prickly lettuce 


Neoplastic Diseases of the 
Respiratory Tract 

Neoplasms arising as a result of viral infec¬ 
tion (nasal adenocarcinoma of sheep, ovine 
pulmonary adenocarcinoma) and non¬ 
neoplastic tumors (equine ethmoidal hema¬ 
toma) are dealt with under those headings in 
this chapter. 

PULMONARY AND 
PLEURAL NEOPLASMS 

Primary neoplasms of the lungs, including 
carcinomas and adenocarcinomas, are rare in 
animals and metastatic tumors also are rela¬ 
tively uncommon in large animals. Primary 
tumors reported in lungs or pleura of the farm 
animal species include the following: 

Horses 

• Granular cell tumors are the most 
common tumor arising in the 
pulmonary tissue of horses. 

• Malignant melanomas in adult gray 
horses 

• Pulmonary adenocarcinoma (either 
primary or as metastatic disease) 

• Pulmonary leiomyosarcoma 

• Bronchogenic carcinoma, pulmonary 
carcinoma, bronchogenic squamous¬ 
cell carcinoma, pulmonary 
chondrosarcoma, and bronchial 
myxoma are all rare tumors in lungs 
of horses. 

• Mesothelioma arise from the visceral 
or parietal pleura. 

Cattle 

• Pulmonary adenocarcinoma is the 
most commonly reported primary 
lung tumor in cattle. The 
ultrastructure and origin of some of 
these have been characterized. 

• Lymphomatosis in young cattle may 
be accompanied by pulmonary 
localization 

Sheep 

• Ovine pulmonary adenocarcinoma 
(jaagsiekte sheep retrovirus) is locally 
common in some areas. 

Goats 

• An asymptomatic, squamous-cell- 
type tumor, thought to be a benign 
papilloma, has been observed in 10 
of a series of 1600 adult Angora 
goats. The lesions were mostly 

in the diaphragmatic lobes, were 
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multiple in 50% of the cases, 
and showed no evidence of 
malignancy, although some had 
necrotic centers. 

• Bronchoalveolar carcinoma not 
related to ovine adenocarcinoma 
virus is reported. 1 

A wide variety of tumors metastasize to the 
lungs, and these tumors can originate in 
almost any tissue or organ. A series of tho¬ 
racic neoplasms in 38 horses included lym¬ 
phosarcoma, metastatic renal cell carcinoma, 
primary lung carcinomas, secondary cell car¬ 
cinoma from the stomach, pleural mesothe¬ 
lioma, and malignant melanoma. 

The etiology of the tumors is unknown in 
most cases, apart from those arising from 
viral infections. Equine granular cell tumors 
arise from the Schwann cells of the periph¬ 
eral nervous system in the lungs. 

Characteristically, primary pulmonary or 
pleural tumors arise in middle-aged to old 
animals. The prevalence of these tumors is 
not well documented, although they are rare 
in abattoir studies of horses. The tumors 
occur sporadically, with the exception of 
those associated with infectious agents 
(bovine lymphomatosis, ovine pulmonary 
adenocarcinoma). 

The pathogenesis of pulmonary tumors 
includes impairment of gas exchange, either 
by displacement of normal lung with tumor 
tissue and surrounding atelectasis and necro¬ 
sis or by obstruction of the large airways 
(e.g., granular cell tumor in horses). 

CLINICAL FINDINGS 

Clinical findings are those usually associated 
with the decrease in vital capacity of the 
lungs and include dyspnea that develops 
gradually, cough, and evidence of local con¬ 
solidation on percussion and auscultation. 
There is no fever or toxemia, and a neoplasm 
can be mistaken for a chronic, encapsulated 
pulmonary abscess. Major clinical findings 
included weight loss, inappetence, and 
dyspnea and coughing. An anaplastic small¬ 
cell carcinoma of the lung of a 6-month-old 
calf located in the anterior thorax caused 
chronic bloat, anorexia, and loss of body 
weight. Some tumors, notably mesothelioma 
and adenocarcinoma, cause accumulation of 
pleural fluid. Hypertrophic pulmonary oste¬ 
opathy occurs in some animals with pulmo¬ 
nary tumors. 

Ovine pulmonary adenocarcinoma can 
metastasize to liver, kidneys, skeletal muscle, 
gastrointestinal tract, spleen, skin, and 
adrenal glands. 2 

Granular cell tumors in horses present 
as chronic coughing and exercise intolerance 
in horses without signs of infectious disease. 
As the disease progresses, there is increased 
respiratory rate and effort and weight loss, 
suggestive of severe heaves. However, horses 
are unresponsive to treatment for heaves. 
The disease can progress to cor pulmonale 
and right-sided heart failure. A bronchial 


mass is evident on endoscopic or radio- 
graphic examination (Figs. 12-34 and 12-35). 
There are no characteristic hematologic or 
serum biochemical changes. 

Hemangiosarcomas of the thoracic cavi¬ 
ties of horses occur and are evident as excess 
pleural fluid with a high red blood cell 
count. 3 

Thymoma, or lymphosarcoma as a part 
of the disease bovine viral leukosis, is not 
uncommon in cattle and can resemble pul¬ 
monary neoplasm, but there is usually dis¬ 
placement and compression of the heart, 
resulting in displacement of the apex beat 
and congestive heart failure. The presence of 


r i 


■ 

Fig. 12-34 Endoscopic view of a granular 
cell tumor in a horse. 


jugular engorgement, ventral edema, tachy¬ 
cardia, chronic tympany, and hydropericar¬ 
dium can cause a mistaken diagnosis of 
traumatic pericarditis. Mediastinal tumor or 
abscess (cranial thoracic masses) can have a 
similar effect. Metastasis to the bronchial 
lymph nodes can cause obstruction of the 
esophagus with dysphagia, and in cattle 
chronic ruminal tympany. This tumor is also 
common in goats, many of which show no 
clinical illness. 

Radiographic or ultrasonographic 

examination is useful in demonstrating the 
presence of a mass in the lungs or thorax. 
Endoscopic examination is useful for detec¬ 
tion of tumors that invade the larger airways, 
such as granular cell tumors of horses. Tho¬ 
racoscopy and pleural biopsy can be useful 
in the diagnosis of lesions at the pleural 
surfaces. 

The nature of the tumor can sometimes 
be determined by examination of pleural 
fluid, into which some tumors shed cells, or 
of tumor tissue obtained by biopsy. Examina¬ 
tion of pleural fluid for the presence of tumor 
cells is not very sensitive because many 
tumors do not shed sufficient numbers of 
cells to be detectable, but it is quite specific 
in that detection of abnormal cells is 
diagnostic. 

TREATMENT 

There is no effective treatment, with the 
exception of resection of localized tumors. 
Granular cell tumors in horses have been 
successfully treated by lung resection or 
transendoscopic electrosurgery. 4 ' 5 
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Diseases of the Respiratory System 


FURTHER READING 

Davis EG, Rush BR. Diagnostic challenges: equine 
thoracic neoplasia. Equine Vet Educ. 
2013;25:96-107. 
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Congenital and Inherited 
Diseases of the 
Respiratory Tract 

CONGENITAL DEFECTS 

Primary congenital defects are rare in the 
respiratory tracts of animals. Congenital 


defects of the soft palate of foals have been 
sporadically reported; horses with minor 
defects can grow normally and may be able 
to have a successful athletic career for their 
intended use. 1 Hypoplasia of the epiglottis is 
detected occasionally in horses. Tracheal 
hypoplasia is recognized in calves and Min¬ 
iature horses. Bronchogenic cysts are rare in 
foals 2 and calves 3 and result from the abnor¬ 
mal development of the tracheobronchial 
system during the embryonic period. Bron¬ 
chogenic cysts can cause respiratory distress 
and dysphagia, particularly when located in 
the cervical region. Secondary defects, which 
are associated with major defects in other 
systems, are more common. Most of the 
defects are associated with defects of the oral 
cavity, face, and cranial vault, particularly 
cleft palate. Accessory lungs are recorded 
occasionally, and if their bronchi are vesti¬ 
gial, the lungs can present themselves as 
tumor-like masses occupying most of the 


chest. Pulmonary hypoplasia has been asso¬ 
ciated with congenital diaphragmatic hernia. 
Retrosternal hernia (Morgagni hernia), 
which is a right ventral diaphragmatic defect, 
has been surgically corrected in adult horses 
as a result of incarceration of the large colon; 
in all cases the defect was thought to be 
congenital. 4 

REFERENCES 

1. Barakzai SZ, et al. Equine Vet J. 2014;46:185. 

2. Matsuda K, et al. Vet Pathol. 2010;47:351. 

3. Lee JY, et al. / Vet Diagn Invest. 2010;22:479. 

4. Pauwels FF, et al. / Am Vet Med Assoc. 2007;231:427. 
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How to Use This Book 


We would like you to get the most out of this book. To do that, you 
should follow the directions provided in this section. And if you keep 
doing this every time you use the book, you will develop a proper 
diagnostic routine of going from: 



... and become what we wish for every one of you: a thinking 
clinician. 

FOR EXAMPLE 

A yearling bull has a sudden onset of dyspnea, fever, anorexia, abnor¬ 
mal lung sounds, and nasal discharge. 

Step 1 The bull’s problem is dyspnea. Go to the index and find the 
principal entry for dyspnea. 

Step 2 The discussion on dyspnea will lead you to respiratory tract 
dyspnea and cardiac dyspnea. 

Step 3 Via the index, consult these and decide that the system 
involved is the respiratory system and that the lungs are the location 
of the lesion in the system. 

Step 4 Proceed to diseases of the lungs and decide on the basis of 
the clinical and other findings that the nature of the lesion is 
inflammatory and is pneumonia. 

Step 5 Proceed to pneumonia, and consult the list of pneumonias 
that occur in cattle. Consult each of them via the index and decide 
that pneumonic pasteurellosis is the probable specific cause. 

Step 6 Proceed to the section on pneumonic pasteurellosis and 
determine the appropriate treatment for the bull and the chances of 
saving it. 

Step 7 Don’t forget to turn to the end of the section on pneumonic 
pasteurellosis and remind yourself of what to do to protect the rest 
of the herd from sharing the illness. 


Guidelines for Selection and Submission 
of Necropsy Specimens for Confirmation 
of Diagnosis 

In this edition we continue with the subheading Samples for Confirma¬ 
tion of Diagnosis to serve as a rough guideline for the collection of 
samples at necropsy. Several points must be emphasized with regard 


to this section. First and foremost, collection of these samples is not 
advocated as a substitute for a thorough necropsy examination. 

Furthermore, the samples listed are selected to confirm the diagnosis, 
but a conscientious diagnostician should also collect samples that can 
be used to rule out other disease processes. Even the best of practitio¬ 
ners can make an incorrect tentative diagnosis, but it is an even more 
humbling experience if there are no samples available to pursue alter¬ 
nate diagnoses. Also, recall that some diseases may be the result of 
several different etiologic factors (e.g., neonatal diarrhea of calves), 
and the veterinarian who samples to confirm one of these factors but 
does not attempt to investigate others has not provided a good service 
to the client. 

A huge variety of veterinary diagnostic tests have been developed, 
but each veterinary diagnostic laboratory (VDL) offers only a selected 
panel, chosen after consideration of a number of factors. Such factors 
may include cost, demand, reliability, sensitivity and specificity, and 
the availability of appropriate technology at the lab. The array of 
diagnostic tests is constantly improving, and it is beyond the scope of 
this text to list all the tests available for a given disease or to recom¬ 
mend one test method to the exclusion of others. Under the Samples 
for Confirmation of Diagnosis sections, we have merely listed some of 
the more common tests offered. Advances in molecular biology are 
providing exciting avenues for disease diagnosis, but many of these 
tests have limited availability in VDLs at present. For optimal effi¬ 
ciency in the confirmation of a diagnosis at necropsy, the practitioner 
must contact the VDL to determine what tests are offered and to 
obtain the preferred protocol for sample collection and submission to 
that particular laboratory. Most VDLs publish user guidelines, which 
include the tests available and the samples required. The guidelines 
listed here are broad, and individual VDLs may have very specific 
requirements for sample handling. 

Several general statements can be made with regard to the submis¬ 
sion of samples to VDLs: 

• The samples should be accompanied by a clearly written and 
concise clinical history, including the signalment of the animal 
and feeding and management information. Failure to provide 
this information deprives the owner of the full value of the 
expertise available from the laboratory staff. 

• If a potentially zoonotic disease is suspected, this should be clearly 
indicated in a prominent location on the submission form. 

• All specimens should be placed in an appropriate sealed, 
leak-proof container and clearly labeled with a waterproof 
marker to indicate the tissue/fluid collected, the animal sampled, 
and the owner’s name. At some VDLs, pooling of tissues within 
a single bag or container is permitted for specific tests (such as 
virus isolation), but in general, all fresh samples should be 
placed in separate containers. When packaging samples for 
shipment, recognize that condensation from ice packs and frozen 
tissues will damage any loose paper within the package; the 
submission sheet should be placed within a plastic bag for 
protection or taped to the outside of the shipping container. 

• Samples for histopathology can be pooled within the same 
container of 10% neutral-buffered formalin. An optimal tissue 
sample of a gross lesion should include the interface between 
normal and abnormal tissue. For proper fixation, tissue 
fragments should not be more than 0.5 cm in width, and the 
ratio of tissue to formalin solution should be 1:10. If necessary, 
large tissues such as brain can be fixed in a larger container and 
then transferred to a smaller one containing only a minimal 
quantity of formalin for shipping to the laboratory. To speed 
fixation and avoid artifactual changes, formalin containers 
should not be in direct contact with frozen materials during 
shipment. 
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• In the Samples for Confirmation of Diagnosis sections, the tests 
are listed under various discipline categories (bacteriology, 
virology, etc.). The appropriate sample(s) is noted, followed by 
the types of test that might be applied to these samples. The 
following is a list of these different tests, including any 
abbreviation used in this section of the text. A brief discussion of 
how the samples collected for each test should be handled is also 
provided. Again, it must be emphasized that this is by no means 
a complete listing of diagnostic tests available, and different 
VDLs often have differing sample handling procedures. 

• Aerobic culture = (CULT). These samples should generally 
be kept chilled during shipment. If a transit time of greater 
than 24 hours is anticipated the samples should be frozen, 
then packaged appropriately so that they are still frozen upon 
arrival at the VDL. Various bacterial species cannot be 
recovered using routine culture techniques, and most of these 
are highlighted in the text by the phrase “special culture 
requirements.” 

• Agar gel immunodiffusion = (AGID). A type of serologic 
test. Chilled or frozen serum may be submitted. 

• Anaerobic culture = (ANAEROBIC CULT). Confirmation of 
the diagnosis requires that any swabs be transported in 
special transport media and that the VDL attempts to grow 
bacteria from the samples under anaerobic culture 
conditions. Transport requirements are as for (CULT) 

(aerobic culture) specimens. 

• Analytical assay = (ASSAY). This refers to a broad range of 
tests in which a substance is quantitatively measured. The 
substance to be assayed is listed in brackets, e.g. (ASSAY 
[Ca]) denotes a test for calcium levels. The method used to 
perform the assay is not listed, but in general, frozen samples 
may be submitted for most of these analytical assays. 

• Bioassay = (BIOASSAY). This typically refers to tests in 
which the sample material is administered to an animal 
under experimental conditions. Preserved material is 
inappropriate, and some bioassays cannot be performed using 
samples that have been frozen. The VDL performing the test 
should be contacted for instructions prior to sample 
collection 

• Complement fixation = (CF). A serologic test. Ship chilled 
or frozen serum. 

• Cytology = (CYTO). Air-dried impression smears are usually 
adequate. Keep dry during transport. 

• Direct smear = (SMEAR). The type of test is usually given in 
brackets (e.g., [Gram]). Air-dried smears are usually adequate 
but must be kept dry during shipment. 

• Enzyme-linked immunosorbent assay = (ELISA). Chilled or 
frozen samples are usually acceptable. There are many 
variants of ELISA (e.g., antigen-capture, kinetic, indirect, 
direct, etc.), and the specific type used is not specified in this 
portion of the text. 

• Electron microscopic examination = (EM). Appropriate 
sample collection and handling varies with the specimen 
being examined. Most of the diagnostic specimens submitted 
to VDLs for EM are fecal samples, and these do not require 
any special preservative. 


• Fecal floatation = (FECAL). Sample can be fresh, chilled, or 
frozen. 

• Fluorescent antibody test = (FAT). This may refer to either a 
direct or indirect method of antigen detection. Generally, 
cryostat sections are utilized, and therefore the tissue received 
by the laboratory should still be frozen upon arrival to 
provide the best results. Freeze/thaw cycles should be 
avoided. If impression smears are being shipped, they should 
be kept dry. 

• Fungal culture = (FCULT). Special media is required. 
Transport as per (CULT) specimens. 

• Immunohistochemical testing = (IHC). Many of 
these tests can be performed on formalin-fixed material, 
but in some instances frozen tissues must be delivered 
to the laboratory. In such instances the test is listed 
under a heading distinct from histology (e.g., virology, 
bacteriology, etc.). 

• Indirect hemagglutination = (IHA). A serologic test. Ship 
chilled or frozen serum. 

• In-situ hybridization = (IN-SITU HYBRID). Samples should 
be shipped chilled, although some test methods can use 
formalin-fixed material. These tests utilize nucleic acid probes 
that bind with complementary nucleic acid sequences in the 
specimen. Although not widely used in routine diagnostics at 
present, these methods may gain more prominence as their 
use is refined, 

• Virus isolation = (ISO). Samples should be kept chilled 
during shipment or maintained in a frozen state if prolonged 
transit times are anticipated, 

• Latex agglutination = (LATEX AGGLUTINATION). Fresh, 
chilled, or frozen samples are acceptable. 

• Light microscopic examination = (LM). Formalin-fixed 
tissues are preferred. The shipment of fresh tissues to the 
VDL permits more tissue autolysis prior to fixation, resulting 
in less useful specimens. If Bouin’s fixative is available, it is 
the preferred preservative for eye globes. 

• Microagglutination test = (MAT). A type of serologic test. 
Ship chilled or frozen serum. 

• Mycoplasmal culture = (MCULT). These types of organism 
have specific growth requirements that are usually not met by 
standard bacteriologic culture techniques. Transport as per 
(CULT) specimens. Culture swabs cannot be submitted in 
media containing charcoal or glycerol. 

• Polymerase chain reaction = (PCR). Tissues should be 
frozen and maintained in that state until arrival at the VDL. 
Swabs and fluids submitted for PCR testing should be chilled 
but not frozen. These tests are capable of detecting minute 
quantities of nucleic acid, so if multiple animals are tested, 
the samples should be “clean” to avoid false positives through 
cross-contamination (i.e., blood/tissue from one animal 
contaminating the sample from another) 

• Serum urea nitrogen = (SUN). A useful test to determine 
degree of renal compromise. Sample can be shipped chilled 
or frozen. 

• Virus neutralization = (VN). A serologic test. Ship chilled or 
frozen serum. 
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Introduction 

Diseases of the bladder and urethra are 
more common and more important than 
diseases of the kidneys in farm animals. 
Occasionally, renal insufficiency develops as 
a sequel to diseases such as pyelonephritis, 
embolic nephritis, amyloidosis, and nephro¬ 
sis. Knowledge of the physiology of urinary 
secretion and excretion is required to prop¬ 
erly understand disease processes in the 
urinary tract. The principles of renal insuf¬ 
ficiency presented here are primarily extra¬ 
polated from research in other species, 
particularly human medicine. Although gen¬ 
erally these principles probably apply to farm 
animals, the details of renal function and 
renal failure in farm animals have just started 
to be studied in depth. 


PRINCIPLES OF RENAL 
INSUFFICIENCY 

The kidneys excrete the end products of 
tissue metabolism (except for carbon 
dioxide), and maintain fluid, electrolyte, and 
acid-base balance, by varying the volume of 
water and the concentration of solutes in the 
urine. For conceptual purposes it is helpful 
to think of the kidney as composed of many 
similar nephrons, which are the basic func¬ 
tional units of the kidney. Each nephron is 
composed of blood vessels, the glomerulus, 
and a tubular system that consists of the 
proximal tubule, the loop of Henle, the distal 
tubule, and the collecting duct. 

The glomerulus is a semipermeable filter 
that allows easy passage of water and low 
molecular weight solutes, such as electro¬ 
lytes, glucose, and keto acids, but restricts 
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passage of high molecular weight sub¬ 
stances, such as plasma proteins. Glomeru¬ 
lar filtrate is derived from plasma by simple 
passive filtration driven by arterial blood 
pressure. Glomerular filtrate is identical to 
plasma except that it contains little protein 
or lipids. The volume of filtrate, and there¬ 
fore its content of metabolic end products, 
depends on the hydrostatic pressure and the 
plasma oncotic pressure in the glomerular 
capillaries and on the proportion of glom¬ 
eruli, which are functional. Because these 
factors are only partially controlled by the 
kidney, in the absence of disease, the rate of 
filtration through the glomeruli is relatively 
constant. 

Epithelial cells in the renal tubules 
actively and selectively reabsorb substances 
from the glomerular filtrate while permitting 
the excretion of waste products. Proximal 
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tubular cells are therefore metabolically very 
active and, consequently, are susceptible to 
injury from ischemia (decreased blood 
blood) or hypoxia. Glucose is reabsorbed 
entirely, within the normal range of plasma 
concentration; phosphate is reabsorbed in 
varying amounts depending on the needs of 
the body for phosphorus conservation; other 
substances, such as inorganic sulfates and 
creatinine, are not reabsorbed in appreciable 
amounts. The tubules also actively secrete 
substances, particularly electrolytes, as they 
function to regulate acid-base balance. As a 
result of the balance between resorption and 
secretion, the concentration of solutes in the 
urine varies widely when the kidneys are 
functioning normally. 

The principal mechanism that regulates 
water reabsorption by the renal tubules is 
antidiuretic hormone (ADH). Tissue dehy¬ 
dration and an increase in serum osmolality 
stimulate the secretion of ADH from the 
posterior pituitary gland. The renal tubules 
respond to ADH by conserving water and 
returning serum osmolality to normal, pro¬ 
ducing concentrated urine. 

Diseases of the kidneys, and in some 
instances of the ureters, bladder, and urethra, 
reduce the efficiency of the kidneys func¬ 
tions, resulting in disturbances in protein, 
acid-base, electrolyte, and water homeostasis 
and in the excretion of metabolic end prod¬ 
ucts. A partial loss of function is described 
as renal insufficiency. When the kidneys 
can no longer regulate body fluid and solute 
composition, renal failure occurs. 

RENAL INSUFFICIENCY AND 
RENAL FAILURE 

Renal function depends on the number and 
functionality of the individual nephrons. 
Renal insufficiency can occur from abnor¬ 
malities in the 

• Rate of renal blood flow 

• Glomerular filtration rate 

• Efficiency of tubular reabsorption. 

Of these three abnormalities, the latter 
two are intrinsic functions of the kidney, 
whereas the first depends largely on vasomo¬ 
tor control, which is markedly affected by 
circulatory emergencies such as shock, dehy¬ 
dration, and hemorrhage. Circulatory emer¬ 
gencies may lead to a marked reduction in 
glomerular filtration, but they are extrarenal 
in origin and cannot be considered as true 
causes of renal insufficiency. However, pro¬ 
longed circulatory disruption can cause renal 
ischemia and ultimately renal insufficiency. 

Glomerular filtration and tubular reab¬ 
sorption can be affected independently in 
disease states, and every attempt should be 
made to clinically differentiate glomerular 
disease from tubular disease. This is because 
the clinical and clinicopathologic signs of 
renal dysfunction depend on the anatomic 
location of the lesion and the imbalance in 
function between glomeruli and tubules. 


Renal dysfunction tends to be a dynamic 
process so the degree of dysfunction varies 
with time. If renal dysfunction is so severe 
that the animal’s continued existence is not 
possible, it is said to be in a state of renal 
failure, and the clinical syndrome of uremia 
will be present. 

CAUSES OF RENAL INSUFFICIENCY 
AND UREMIA 

The causes of renal insufficiency, and there¬ 
fore of renal failure and uremia, can be 
divided into prerenal, renal, and postrenal 
groups. 

Prerenal causes include congestive heart 
failure and acute circulatory failure, either 
cardiac or peripheral, in which acute renal 
ischemia occurs in response to a decrease in 
renal blood flow. Proximal tubular function 
is affected by renal ischemia to a much greater 
extent than the glomerulus or distal tubules; 
this is because of the high metabolic demands 
of the proximal tubules. However, those parts 
of the tubules within the medulla are particu¬ 
larly susceptible to hypoxic damage because 
of the low oxygen tension in this tissue, the 
dependency of blood flow on glomerular 
blood flow, and the high metabolic rate of this 
tissue. Renal medullary necrosis is a direct 
consequence of these factors. 

Renal causes include glomerulonephri¬ 
tis, amyloidosis, pyelonephritis, embolic 
nephritis, and interstitial nephritis. Acute 
renal failure can be produced in any of the 
farm animal species by administration of a 
variety of toxins (see the section Toxic 
Nephrosis). The disease is also secondary to 
sepsis and hemorrhagic shock. Experimental 
uremia has also been induced by surgical 
removal of both kidneys but the results, 
especially in ruminants, are quite different 
from those in naturally occurring renal 
failure. The clinical pathology is similar, but 
there is a prolonged period of normality after 
the surgery. 

Postrenal uremia may also occur, spe¬ 
cifically complete obstruction of the urinary 
tract by vesical or urethral calculus, or more 
rarely by bilateral urethral obstruction by 
transitional cell carcinoma located in the 
trigone region of the bladder. Internal 
rupture of any part of the urinary tract, such 
as the bladder, ureters, or urethra, will also 
cause postrenal uremia. 

PATHOGENESIS OF RENAL 
INSUFFICIENCY AND 
RENAL FAILURE 

Damage to the glomerular epithelium 
destroys its selective permeability and per¬ 
mits the passage of plasma proteins into the 
glomerular filtrate. The predominant protein 
is initially albumin, because of its negative 
charge and a lower molecular weight than 
globulins; however, with advanced glomeru¬ 
lonephritis (such as renal amyloidosis) all 
plasma proteins are lost. Glomerular filtra¬ 
tion may cease completely when there is 


extensive damage to glomeruli, particularly 
if there is acute swelling of the kidney, but it 
is thought that anuria in the terminal stages 
of acute renal disease is caused by back dif¬ 
fusion of all glomerular filtrate through the 
damaged tubular epithelium rather than fail¬ 
ure of filtration. When renal damage is less 
severe, the remaining nephrons compensate 
to maintain total glomerular filtration by 
increasing their filtration rates. When this 
occurs, the volume of glomerular filtrate may 
exceed the capacity of the tubular epithelium 
to reabsorb fluid and solutes. The tubules 
may be unable to achieve normal urine con¬ 
centration. As a result, an increased volume 
of urine with a constant specific gravity is 
produced and solute diuresis occurs. This is 
exacerbated if the tubular function of the 
compensating nephrons is also impaired. 
The inability to concentrate urine is clinically 
evident as polyuria and is characteristic of 
developing renal insufficiency. 

Decreased glomerular filtration also 
results in retention of metabolic waste prod¬ 
ucts such as urea and creatinine. Although 
marked increases in serum urea concentra¬ 
tion are probably not responsible for the 
production of clinical signs, because urea 
readily crosses cell membranes and therefore 
is an ineffective osmole, the serum urea 
nitrogen (SUN) concentration can be used 
to monitor glomerular filtration rate. How¬ 
ever, the utility of SUN concentration as 
a measure of glomerular filtration rate is 
reduced because serum urea concentrations 
are influenced by the amount of protein in 
the diet, by hydration, and by gastrointestinal 
metabolism of urea. Serum urea concentra¬ 
tions are substantially higher in animals on 
high-protein diets, and dehydration increases 
serum urea concentration by increasing 
resorption of urea in the loop of Henle, which 
is independent of effects of hydration of the 
glomerular filtration rate. Urea is excreted 
into saliva of ruminants and metabolized 
by ruminal bacteria. In contrast, creatinine 
is excreted almost entirely by the kidney, 
creatinine originates from the breakdown 
of creatine phosphate in muscle, and serum 
concentrations of creatinine are a useful 
marker of glomerular filtration rate. The 
relationship between serum creatinine con¬ 
centration and glomerular filtration rate is 
hyperbolic (a reduction in glomerular filtra¬ 
tion rate by half results in a doubling of the 
serum creatinine concentration). Phosphate 
and sulfate retention also occurs when total 
glomerular filtration is reduced and sulfate 
retention contributes to metabolic acidosis in 
renal insufficiency. Phosphate retention also 
causes a secondary hypocalcemia, due in part 
to an increase in calcium excretion in the 
urine. In horses, the kidneys are an important 
route of calcium excretion; thus the decreased 
glomerular filtration rate present in horses 
with chronic renal failure usually results in 
hypercalcemia. Variations in serum potas¬ 
sium concentrations also occur and appear to 






depend on potassium intake. Hyperkalemia 
is not usually a serious complication of renal 
insufficiency in ruminants because affected 
animals often have decreased appetites and 
therefore reduced potassium intakes, and 
excess saliva can be excreted by the salivary 
glands and ultimately the feces. 

Loss of tubular resorptive function is evi¬ 
denced by a continued loss of sodium and 
chloride; hyponatremia and hypochloremia 
eventually occur in all cases of renal failure. 
The continuous loss of large quantities of 
fluid from solute diuresis can cause clinical 
dehydration. More often it makes the animal 
particularly susceptible to dehydration when 
there is an interruption in water availability 
or when there is a sudden increase in 
body water loss by another route, as in 
diarrhea. 

The terminal stage of renal insufficiency, 
renal failure, is the result of the cumulative 
effects of impaired renal excretory and 
homeostatic functions. Sustained excretion 
of large volumes of dilute urine results in 
dehydration. If other circulatory emergen¬ 
cies arise, acute renal ischemia might result, 
leading to acute renal failure. Prolonged 
hypoproteinemia results in rapid loss of body 
condition and muscle weakness. Acidemia 
secondary to metabolic acidosis and hypona¬ 
tremia can also be a contributing factor to 
muscle weakness and mental attitude. All 
these factors play some part in the produc¬ 
tion of clinical signs of renal failure, which 
are typically manifested as weakness, leth¬ 
argy, inappetence and, with extensive glo¬ 
merular lesions, dependent edema caused by 
hypoproteinemia. However, the clinical syn¬ 
drome is variable and rarely diagnostic for 
renal failure. Bleeding diathesis can also be 
present in severely uremic animals and has 
been associated with a lack of antithrombin 
(a small protein readily lost through the 
damaged glomerulus), platelet factor 3, 
platelet dysfunction, or disseminated intra¬ 
vascular coagulation. 

Renal failure is seen as the clinical state of 
uremia. Uremic animals exhibit clinical signs 
of disease, which should be compared with 
azotemic animals that have an increase in the 
plasma or serum concentrations of urea and 
creatinine and retention of other solutes as 
described earlier, but do not necessarily have 
clinical signs of disease. 


Clinical Features of 
Urinary Tract Disease 

The major clinical manifestations of urinary 
tract disease are 

• Abnormal constituents of urine 

• Variations in daily urine flow 

• Abdominal pain, painful urination 
(dysuria), and difficult urination 
(dysuria and stranguria) 

• Abnormal sized kidneys 
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• Abnormalities of the bladder and 
urethra 

• Acute and chronic renal failure 

ABNORMAL CONSTITUENTS 
OF THE URINE 

Laboratory analysis of urine is initially done 
using dipstick and refractometry on a voided 
or catheterized urine sample and microscopic 
examination of the sediment from a centri¬ 
fuged urine sample. Urine dipsticks and 
refractometry (optical and digital) provide 
excellent low-cost point-of-care tests for eval¬ 
uation of the urinary system. Widely available 
urine dipsticks typically measure 1 factor 
(acetoacetate), 5 factors (blood, glucose, ace- 
toacetate, pH, and protein) or 10 factors 
(blood, glucose, bilirubin, acetoacetate, pH, 
protein, specific gravity, urobilinogen, nitrite, 
and leukocytes). Specific information regard¬ 
ing tests of renal function and injury con¬ 
ducted on urine, such as specific gravity and 
osmolality, enzymuria, and quantitative pro¬ 
teinuria and glycosuria, are discussed later in 
this chapter. 

VARIATIONS IN DAILY 
URINE FLOW 

An increase or decrease in urine flow is often 
described in animals, but accuracy demands 
physical measurement of the amount of 
urine voided over a 24-hour period. This is 
not usually practicable in large-animal prac¬ 
tice, and it is often necessary to guess whether 
the flow is increased or decreased. Accurate 
measurement of the amount of water con¬ 
sumed is often easier and is usually used to 
estimate 24-hour urine production. Care 
should be taken to differentiate increased 
daily urine flow from increased frequency in 
urination without increased daily flow. The 
latter is much more common. Decreased 
urine output rarely, if ever, presents as a clini¬ 
cal problem in agricultural animals. 

Normal urine production is highly vari¬ 
able in large animals and is dependent to a 
large extent on diet, watering systems, and 
the palatability of the water. Pregnant mares 
housed in tie stalls consume approximately 
53 + 6 mL of water per kilogram body weight 
(BW) per day, of which 50 + 8 mL/kg is from 
drinking water with the remainder being 
water in feed. However, most of this water is 
excreted in the feces, with fecal and urinary 
water excretion being 34 + 8 (mL/kg)/day 
and 8 + 2 (mL/kg)/day, respectively. Neona¬ 
tal foals produce urine at an average rate of 
150 (mL/kg)/day. 

Polyuria 

Polyuria occurs when there is an increase in 
the volume of urine produced over a 24-hour 
period. Polyuria can result from extrarenal 
causes, such as when horses habitually drink 
excessive quantities of water (psychogenic 
polydipsia) and, much less common, in 


central diabetes insipidus, when there is 
inappropriate secretion of ADH from the 
pituitary, or when there is failure of the 
tubules to respond to ADH (nephrogenic 
diabetes insipidus). Polyuria occurs in 
horses with tumors of the pars intermedia 
of the pituitary gland. Although the cause 
of the polyuria is not known, it might be 
secondary to osmotic diuresis associated 
with the glucosuria or to central diabetes 
insipidus. Central diabetes insipidus is 
reported in sibling colts but is extremely rare 
in other species with isolated reports in a 
ram and a cow. Another extrarenal cause is 
administration of diuretic drugs, including 
corticosteroids. 

Kidney disease results in polyuria when 
the resorptive capacity of the remaining 
tubules is exceeded. Polyuria can also occur 
when the osmotic gradient in the renal 
medulla is not adequate to produce concen¬ 
trated urine. Nephrogenic diabetes insipidus 
causes polyuria because the tubules fail to 
respond to ADH. 

When polyuria is suspected, a urine 
sample should be collected to determine spe¬ 
cific gravity or osmolality. If urine is isosthe- 
nuric with a constant specific gravity of 1.008 
to 1.012 (the specific gravity of plasma), then 
the presence of renal disease should be 
strongly considered. Serum urea and creati¬ 
nine concentrations should be determined to 
evaluate glomerular filtration. If serum urea 
and creatinine concentrations are within 
normal limits, a water deprivation test can be 
performed to assess the animal’s ability to 
produce concentrated urine. 

Oliguria and Anuria 

Reduction in the daily output of urine (oli¬ 
guria) and complete absence of urine 
(anuria) occur under the same conditions 
and vary only in degree. In dehydrated 
animals, urine flow naturally decreases in 
an effort to conserve water as plasma osmo¬ 
lality increases. Congestive heart failure and 
peripheral circulatory failure may cause a 
reduction in renal blood flow that oliguria 
follows. Complete anuria is most common 
in urethral obstruction, although it can 
also result from acute tubular nephrosis. Oli¬ 
guria occurs in the terminal stages of all 
forms of nephritis. Anuria and polyuria lead 
to retention of solutes and disturbances of 
the acid-base balance that contribute to the 
pathogenesis of uremia. 

Pollakiuria 

This is an increase in the daily number of 
postures for urination and is usually accom¬ 
panied by a decreased volume of urine. Pol¬ 
lakiuria may occur with or without an 
increase in the volume of urine excreted 
and is commonly associated with disease 
of the lower urinary tract such as cystitis, 
the presence of calculi in the bladder, ure¬ 
thritis, and partial obstruction of the urethra. 
Other causes of pollakiuria include equine 








1098 


Chapter 13 


Diseases of the Urinary System 


herpesvirus infection, sorghum cystitis, neu¬ 
ritis of the cauda equina in horses, neoplasia, 
obstructive lesions and trauma to the urethra, 
abnormal vaginal conformation, and urachal 
infection. 

Dribbling is a steady, intermittent 
passage of small volumes of urine, some¬ 
times precipitated by a change in posture or 
increase in intraabdominal pressure, reflect¬ 
ing inadequate or lack of sphincter control. 
Dribbling occurs in large animals with 
incomplete obstructive urolithiasis and from 
persistent urachus. 

Persistent urachus is also called pervious 
or patent urachus. Failure of the urachus 
to obliterate at birth in foals causes urine 
to dribble from the urachus continuously. 
Urine may also pass from the urethra. Retro¬ 
grade infection from omphalitis is common, 
resulting in cystitis. Persistent urachus is 
extremely rare in calves, lambs, and kids. 

Abnormalities of micturition are classi¬ 
fied as neurogenic or nonneurogenic. Mictu¬ 
rition is mediated principally by the pelvic 
and pudendal nerves through lumbosacral 
spinal cord segments under the involuntary 
control of centers in the brainstem and vol¬ 
untary control of the cerebrum and cerebel¬ 
lum. Reported neurogenic causes of urinary 
incontinence in horses include cauda equine 
neuritis, herpesvirus-1 myelitis, Sudan grass 
toxicosis, sorghum poisoning, trauma, and 
neoplasia. Nonneurogenic causes of urinary 
incontinence in horses include ectopic 
ureter, cystitis, urolithiasis, hypoestrogen- 
ism, and abnormal vaginal conformation. 

ABDOMINAL PAIN AND 
PAINFUL AND DIFFICULT 
URINATION (DYSURIA AND 
STRANGURIA) 

Abdominal pain and painful urination 
(dysuria) and difficult and slow urination 
(stranguria) are manifestations of discom¬ 
fort caused by disease of the urinary tract. 
Acute abdominal pain from urinary tract 
disease occurs only rarely and is usually 
associated with sudden distension of the 
renal pelvis or ureter, or infarction of the 
kidney. None of these conditions is common 
in animals, but occasionally cattle affected 
with pyelonephritis may have short episodes 
of acute abdominal pain caused by either 
renal infarction or obstruction of the pelvis 
by necrotic debris. During these acute attacks 
of pain, the cow may exhibit downward 
arching of the back, paddling with the hind 
feet, rolling, and bellowing. Abdominal pain 
from urethral obstruction and distension of 
the bladder is manifested by tail switching, 
kicking at the belly, and repeated straining 
efforts at urination accompanied by grunt¬ 
ing. Horses with acute tubular nephrosis fol¬ 
lowing vitamin K3 administration might 
show renal colic with arching of the back, 
backing into corners, and rubbing of the 
perineum and tail head. 


Dysuria or painful/difficult urination 

occurs in cystitis, vesical calculus, urethritis, 
and is caused by the presence of periurethral 
masses such as pelvic lymphoma. 1 Dysuria is 
manifested by the frequent passage of small 
amounts of urine. Grunting may occur with 
painful urination, and the animal may remain 
in the typical posture after urination is com¬ 
pleted. Differentiating pain caused by urinary 
disease from pain caused by other causes 
depends largely on the presence of other 
signs indicating urinary tract involvement. 

Stranguria is slow and painful urination 
associated with disease of the lower urinary 
tract including cystitis, vesical calculus, ure¬ 
thral obstruction, and urethritis. The animal 
strains to pass each drop of urine. Groaning 
and straining may precede and accompany 
urination when there is urethral obstruction. 
In urethritis, groaning and straining occur 
immediately after urination has ceased and 
gradually disappear and do not recur until 
urination has been repeated. 

Urine scalding of the perineum or 
urinary burn is caused by frequent wetting 
of the skin with urine. It may be the result of 
urinary incontinence or the animal’s inability 
to assume normal posture when urinating. 

MORPHOLOGIC 
ABNORMALITIES OF 
KIDNEYS AND URETERS 

Enlarged or decreased size of kidneys may be 
palpable on rectal examination or detected by 
ultrasonography. In cattle, gross enlargement 
of the posterior aspect of the left kidney may 
be palpable in the right upper flank. Abnor¬ 
malities of the kidneys, such as hydronephro¬ 
sis in cattle, may also be palpable on rectal 
examination. Increases in the size of the 
ureter may be palpable on rectal examination 
and indicate ureteritis or hydroureter. 

PALPABLE ABNORMALITIES OF 
THE BLADDER AND URETHRA 

Abnormalities of the bladder that may be 
palpable by rectal examination include gross 
enlargement of the bladder, rupture of the 
bladder, a shrunken bladder following rup¬ 
ture, and palpable abnormalities in the blad¬ 
der such as cystic calculi. Abnormalities of 
the urethra include enlargement and pain of 
the pelvic urethra and its external aspects in 
male cattle with obstructive urolithiasis and 
obstruction of the urethral process of male 
sheep with obstructive urolithiasis. 

ACUTE AND CHRONIC 
RENAL FAILURE 

The clinical findings of urinary tract disease 
vary with the rate of development and stage 
of the disease. In most cases, the clinical 
signs are those of the initiating cause. In 
horses, depression, colic, and diarrhea are 
common with oliguria or polyuria. Clinical 


signs in cattle with uremia are similar and in 
addition are frequently recumbent, and in 
severe and terminal cases cattle may have a 
bleeding diathesis. In chronic renal disease 
of all species, there is a severe loss of BW, 
weakness, anorexia, polyuria, polydipsia, 
and ventral edema. 

UREMIA 

Uremia is the systemic state that occurs in 
the terminal stages of renal insufficiency. 
Anuria or oliguria may occur with uremia. 
Oliguria is more common unless there is 
complete obstruction of the urinary tract. 
Chronic renal disease is usually manifested 
by polyuria, but oliguria appears in the 
terminal stages when clinical uremia devel¬ 
ops. The uremic animal is depressed and 
anorexic with muscular weakness and 
tremor. In chronic uremia, the body con¬ 
dition is poor, probably as a result of contin¬ 
ued loss of protein in the urine, dehydration, 
and anorexia. The respiration is usually 
increased in rate and depth but is not dys- 
pneic; in the terminal stages it may become 
periodic in character. The heart rate is mark¬ 
edly increased because of terminal dehydra¬ 
tion, but the rectal temperature remains 
normal except in infectious processes and 
some cases of acute tubular nephrosis. An 
ammoniacal or uriniferous smell on the 
breath is often described in textbooks but is 
rarely clinically detectable. Uremic encepha¬ 
lopathy occurs in a small proportion of 
cattle, goats, and horses with chronic renal 
failure that involves an unknown metabolic 
pathway. It is associated with seizures, 
tremors, abnormal behavior, and muscle 
weakness, and histologic evidence of myelin 
vacuolation may be present. 1 

The animal becomes recumbent and 
comatose in the terminal stages of uremia. 
The temperature falls to below normal and 
death occurs quietly; the whole course of 
the disease is one of gradual intoxication. 
Necropsy findings, apart from those of the 
primary disease, are nonspecific and include 
degeneration of parenchymatous organs, 
sometimes accompanied by emaciation and 
moderate gastroenteritis. 

Uremia has been produced experimen¬ 
tally in cattle by bilateral nephrectomy and 
urethral ligation. There is a progressive 
increase in serum urea concentration (mean 
daily increase of 53 mg/dL), serum creati¬ 
nine concentration (mean daily increase of 
approximately 3.5 mg/dL), and serum uric 
acid concentration. Similar findings are 
reported in prerenal uremia in cattle. Inter¬ 
estingly, serum phosphate and potassium 
concentrations were for the most part 
unchanged because of increased salivary 
secretion of both factors, and acidemia and 
metabolic acidosis were not evident. Serum 
potassium concentrations were mildly 
increased after 5 to 7 days of bilateral 
nephrectomy. 
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Special Examination of 
the Urinary System 

Lack of accessibility limits the value of physi¬ 
cal examination of the urinary tract in farm 
animals. Palpation per rectum can be per¬ 
formed on horses and cattle and is described 
in Chapters 7 and 8. In small ruminants and 
calves the urinary system is largely inacces¬ 
sible to physical examination, although the 
kidneys may be palpated transabdominally 
and the urethra palpated digitally with the 
finger for periodic contractions that are 
common in male sheep and goats with 
obstructive urolithiasis. Urinalysis and 
determination of the serum or plasma con¬ 
centration of urea nitrogen or creatinine is a 
required component of any examination of 
the urinary system. 

TESTS OF RENAL FUNCTION 
AND DETECTION OF 
RENAL INJURY 

The simplest and most important test of 
urinary function is the determination of 
whether or not urine is being voided. This can 
be accomplished in large animals by keeping 
them on a clean, dry floor that is examined 
periodically. Placing an absorbent cloth 
under recumbent foals and calves will also 
help determine whether urine is being passed. 

Renal function tests evaluate the func¬ 
tional capability of the kidney and generally 
assess blood flow to the kidneys, glomerular 
filtration, and tubular function. These tests 
depend on whether they are based on the 
examination of serum/plasma, urine, or 
both, and assess either function or the pres¬ 
ence of injury. The most practical screening 
tests for the presence of decreased renal 
function are determination of serum creati¬ 
nine concentration and urine specific gravity. 
Determination of both factors assists differ¬ 
entiation of renal azotemia from prerenal 
azotemia. In prerenal azotemia, tubular 
function remains intact and renal conserva¬ 
tion of water is optimized, resulting in the 
production of concentrated urine. Animals 
with prerenal azotemia therefore have 
increased serum concentrations of creatinine 
and urea and increased urine specific gravity. 
For comparison, animals with some degree 
of renal azotemia have increased serum con¬ 
centrations of creatinine and urea and a 
lower than expected value for urine specific 
gravity. Determination of urine specific 
gravity should therefore be routinely per¬ 
formed in all dehydrated animals before the 
initiation of treatment, because oral or intra¬ 
venous (IV) fluid therapy will directly change 
urine specific gravity. 

COLLECTION OF URINE SAMPLES 

Collection of urine samples can be diffi¬ 
cult. Free-flow and catheterized samples are 


equally useful for routine urinalysis. Urine 
samples for analysis should be collected by 
midstream voiding, or cystocentesis in small 
male ruminants, preferably with ultrasono¬ 
graphic guidance. Bethanechol (0.075 mg/kg 
subcutaneously) has occasionally been used 
to produce urine in reluctant individuals, but 
a spontaneously voided sample is preferred 
for initial screening, which is routinely done 
using urine dipsticks. 

Horses will often urinate shortly after 
they are walked into a freshly bedded box 
stall. Cows urinate if they are relaxed and 
have their perineum and vulval tip massaged 
upward very gently, without touching the 
tail. Success rates in obtaining a urine sample 
can approach 100% if cows are recumbent 
and quietly encouraged to stand before 
attempting perineal stimulation to induce 
urination. Steers and bulls may urinate if the 
preputial orifice is massaged and splashed 
with warm water. Ewes often urinate imme¬ 
diately after rising if they have been recum¬ 
bent for some time. Occluding their nostrils 
and threatening asphyxia may also induce 
urination just as they are released and 
allowed to breathe again; however, this is a 
stressful procedure and should not be per¬ 
formed in sick or debilitated sheep. An IV 
injection of furosemide (0.5-1.0 mg/kg BW) 
produces urination in most animals in about 
20 minutes. The sample is useful for micro¬ 
biologic examination but its composition has 
been drastically altered by the diuretic. 
Diuretics should be used with extreme 
caution in dehydrated animals. 

Urine samples obtained by bladder cath¬ 
eterization using a urethral catheter are 


preferred for microbiologic examination, 
provided aseptic technique is applied, includ¬ 
ing bandaging the tail of female horses or 
holding the tail of cattle out of the way. The 
perineal region should then be cleaned with 
dilute povidone iodine or chlorhexidine to 
minimize urinary tract contamination, and 
there should be routine use of sterile surgical 
gloves and lubrication. Rams, boars, and 
young calves usually cannot be catheterized 
without fluoroscopy because of the presence 
of a suburethral diverticulum and the small 
diameter of the urethra. A precurved cathe¬ 
ter and fluoroscopic guidance can be used to 
facilitate catheterization of rams and bucks. 
Ewes and sows can be catheterized, but their 
vulvas are often too small relative to hand 
size to allow access to the urethra. Cows can 
be catheterized relatively simply provided 
that a fairly rigid, small-diameter (0.5-cm) 
catheter is used, such as an artificial insemi¬ 
nation pipette. A finger can be inserted into 
the suburethral diverticulum on the ventral 
aspect to direct the tip of the catheter over 
the diverticulum and into the external ure¬ 
thral orifice (Fig. 13-1). For longer term 
catheterization of adult cattle (3 days), 24- to 
28-French Foley catheters are placed into the 
bladder using the same insertion method; 
however, insertion of Foley catheters is facili¬ 
tated by application of sterile lube on the 
outside of the catheter and placement of an 
insemination pipette into the catheter lumen 
to increase rigidity. Retention of Foley cath¬ 
eters in cows is facilitated by using a balloon 
volume of 60 to 75 mL; use of smaller balloon 
volumes permits the catheter to move 
into the urethra, leading to pollakiuria, 



Fig. 13-1 Lateral view of the urethra (a), vagina (b), and suburethral diverticulum (c) in adult 
female cattle as viewed from the left. A finger is inserted into the suburethral diverticulum on 
the ventral aspect to direct the tip of the catheter over the diverticulum and into the external 
urethral orifice. (Reprinted with permission from Rosenberger G. Clinical examination of cattle. 
Berlin: Parey; 1979; 453.) 
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stranguria, and potential catheter extrusion. 
The incidence of urinary tract infection with 
indwelling Foley catheters in dairy cows is 
3% per catheterized day; : the urine should 
therefore be periodically examined for evi¬ 
dence of cystitis and antimicrobial treatment 
instituted whenever indicated. Mares can be 
catheterized easily, either by blindly passing 
a rigid catheter into the external urethral 
orifice or by using a finger as a guide for a 
flexible catheter. Long-term catheterization 
of the bladder of the mare requires a similar 
technique to that described for cows. 

Male horses can also be catheterized 
easily if the penis is relaxed. When urethral 
obstruction is present, the penis is usually 
relaxed, but administration of an ataractic 
drug (acepromazine is often used) makes 
manipulation of the penis easier and often 
results in its complete relaxation. Because of 
the long urethra, the catheter must be well 
lubricated. The catheter should be rigid 
enough to pass through the long urethra but 
flexible enough to pass around the ischial 
arch. In all species, catheterization over¬ 
comes the natural defense mechanisms that 
prevent infectious organisms from ascend¬ 
ing the urinary tract. As a result, attention to 
hygiene during catheterization is essential. 

TESTS OF URINE SAMPLES 

Urinalysis is an essential component of the 
examination of the urinary system. The 
reader is referred to a textbook of veterinary 
clinical pathology for details of the biochem¬ 
ical and microscopic examination of the 
urine. Cytologic examination of urine should 
take place as soon after collection as possible 
because casts (cylindrically shaped molds 
that indicate tubular injury) are fragile and 
can rapidly disintegrate. The common abnor¬ 
malities of urine are discussed later. 

The urine sample should be centrifuged; 
the supernatant should be used for labora¬ 
tory analysis and the sediment and remain¬ 
ing supernatant for routine urine analysis. 

Specific Gravity 

Specific gravity of urine is the simplest test 
to measure the capacity of renal tubules to 
conserve fluid and excrete solute. For most 
species, the normal specific gravity range is 
1.015 to 1.035, and in azotemic animals, spe¬ 
cific gravity should be greater than 1.020 if 
the azotemia is prerenal in origin. In chronic 
renal disease the urine specific gravity 
decreases to 1.008 to 1.012 and is not appre¬ 
ciably altered by either deprivation of water 
for 24 hours or the administration of large 
quantities of water by stomach tube. It is 
important to recognize that a specific gravity 
of less than 1.008 indicates that the kidney 
can produce dilute urine and, if sustained, 
indicates better renal function than a fixed 
urine specific gravity of 1.008 to 1.012. 

Specific gravity can be inaccurate when 
other refractive particles are present in urine, 


such as glucose or protein. Urine specific 
gravity should therefore be used with caution 
in animals with proteinuria or glucosuria. As 
an alternative to specific gravity, osmolality 
of a fluid directly measures the concentration 
of solute in the fluid. Urine osmolality there¬ 
fore provides a more accurate assessment of 
the tubule’s ability to conserve or excrete 
solute than urine specific gravity and is the 
preferred test of urine concentrating ability 
for research studies. However, urine specific 
gravity is sufficiently accurate for clinical use 
in animals without proteinuria or glucosuria, 
because there is a linear relationship between 
urine specific gravity and osmolality and 
urine specific gravity explains 52% of the 
variation in urine osmolality. The 95% con¬ 
fidence interval for predicting osmolality 
from the specific gravity measurement is 
+157 mOsmol/kg. 

pH 

The pH of urine can be measured using pH 
papers calibrated in 0.2 to 0.3 pH units or 
urine dipstick point-of-care tests that are 
calibrated in 0.5 pH units. The physiologic 
range of urine pH is 4.5 to 9.0, with herbivore 
urine typically being between 7.0 and 8.5. 
Cattle on high-grain diets may have slight 
aciduria (pH 6.0-7.0), and ruminants and 
horses ingesting an acidogenic diet will have 
aciduria, with urine pH as low as 5.0. Urine 
pH on free-catch samples is typically 0.1 to 
0.2 pH units lower than anaerobically col¬ 
lected samples; the difference is most likely 
caused by the loss of C0 2 from urine during 
voided, which is accompanied by an increase 
in pH. It is for this reason that some research 
studies collect urine using a Foley catheter 
into a glass jar with mineral oil on the 
surface. For clinical use, it is sufficient to 
completely fill a screw top container with 
urine and minimize the air at the top of the 
container before urine pH is measured. 

An interesting and consistent finding is 
that aciduria is always accompanied by 
increased urine excretion of calcium. Low 
luminal pH in the distal convoluted tubule 
and connecting tubule decreases the number 
of epithelial Ca channels (transient receptor 
potential vanilloid member 5 [TRPV5]); the 
TRPV5 channel is considered to be the 
primary gatekeeper of active calcium reab¬ 
sorption in the distal region of the urinary 
tract. Low luminal pH also decreases the 
pore size of the TRPV5 channel, resulting in 
decreased calcium uptake from the tubular 
lumen into the epithelial cell. The low 
luminal pH-induced decrease in TRPV5 
number and activity result in decreased 
calcium absorption in the distal convoluted 
tubule and connecting tubule, directly result¬ 
ing in hypercalciuria. 

Net Acid Excretion 

The kidney plays a central role in acid-base 
homeostasis by adjusting urine electrolyte 
excretion to maintain constant blood pH. 


Measurement of urinary net acid excretion 
(NAE) provides a sensitive and clinically 
useful method for evaluating acid-base 
balance. This is because NAE provides an 
estimate of endogenous acid production and 
the magnitude of dietary acidification when 
an acidogenic diet is fed. The term NAE is 
commonly used in studies of renal physiol¬ 
ogy in humans, other omnivores, and carni¬ 
vores, in which urine pH is typically acidic, 
compared with plasma pH in a healthy 
animal (7.40). The term net base excretion 
(NBE) is more appropriate in cattle and other 
herbivores because urine pH is usually alka¬ 
line. It should be recognized that NBE = 
-NAE, with both measured in milliequiva- 
lents per liter. 3 

Urinary NAE is the most sensitive index 
of acid-base status and is clinically underuti¬ 
lized. The Jorgensen method is often used to 
measure NAE and involves laboratory titra¬ 
tion of urine to a standardized endpoint in 
which the temperature is 37°C, Pco 2 is 0 mm 
Hg, and pH is 7.40 (equivalent to plasma pH 
in a clinically normal animal). The method 
involves acidification of the urine sample to 
pH <4.0 to convert all HC0 3 " to C0 2 and 
dissolve the phosphate sediment, heating to 
a boil, cooling, and alkalinization back to pH 
7.40 to determine measured titratable acidity 
(TA). 3 Measured TA is defined as the number 
of milliequivalents of OH - (as NaOH) that 
must be added to a bicarbonate-free urine 
sample to increase the pH to 7.40. Formalde¬ 
hyde is then added to the urine sample 
(which decreases the urine pH to below 7.40) 
and the sample titrated with NaOH back to 
pH 7.40 to determine the ammonium con¬ 
centration ([NH 4 + ]). NAE is then calculated 
as NAE = TA + [NH 4 + ]. Accurate results are 
obtained with the Jorgensen method if urine 
is anaerobically stored at -20°C for up to 
30 days and thawed at room temperature 
(20°C) for 2 hours, or anaerobically stored at 
4°C for <3 days. 

NAE for healthy pasture-fed or silage-fed 
cattle is usually less than -210 to -90 mEq/L, 
but is usually expressed as the negative of 
NAE, which is called NBE, where NBE = 
-NAE (i.e., NBE is usually +90 to +210 
mEq/L). Mean NAE for grain-fed cattle with 
subclinical rumen acidosis (mean rumen pH 
5.8-6.0) ranged from +80 to +140 mEq/L 
(i.e., NBE = -80 to -140 mEq/L). Urine pH 
and -NAE are related in herbivores, where 
pH = 6.1 + log 10 (NBE + [NH 4 + ]), with NBE 
expressed in mEq/L and the urine ammo¬ 
nium ion concentration ([NH 4 + ]) expressed 
in mEq/L (Fig. 13 2). 3 

Hematuria 

Hematuria can be from prerenal causes when 
vascular damage occurs, such as trauma to 
the kidney, septicemia, and purpura hemor¬ 
rhagica. Renal causes include acute glomeru¬ 
lonephritis, renal infarction, embolism of 
the renal artery, tubular damage from 
toxic insult, and pyelonephritis. Postrenal 
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Net base excretion (mEq/L) 

Fig. 13-2 Relationship between urine pH and net base excretion (equivalent to the negative 
value for net acid excretion) for cows fed diets of different dietary cation-anion difference. 
The dashed lines indicate that net base excretion = 0 mEq/L (by definition) when pH 7.40. 
Notice that urine pH is poorly associated with net base excretion at pH <6.3 (dotted line); 
at this urine pH renal ammonium ion concentration ([NH 4 + ]) becomes markedly increased. 
(Reproduced with permission from Constable PD, Gelfert CC, Furl I M et al. Am J Vet Res 2009; 


70(7):915-925.) 

hematuria occurs particularly in urolithiasis 
and cystitis. A special instance of hematuria 
is enzootic hematuria of cattle when hemor¬ 
rhage originates from tumors of the urinary 
bladder. In affected cattle, the strength of the 
urine dipstick reaction for blood is associated 
with the number and severity of tumor 
nodules (hemangiomas). 4 Hematomas of the 
bladder wall (cystic hematoma) cause hema¬ 
turia in neonatal foals/’ Treatment of foals 
with cystic hematoma can include medical 
and surgical approaches based on the degree 
of urinary tract obstruction and other signs. 

Typically, lesions of the kidney, bladder, 
and proximal urethra cause hemorrhage 
throughout or toward the end of urination, 
whereas lesions of the middle and distal 
urethra are responsible for bleeding at the 
beginning of urination. In severe cases of 
hematuria, blood may be voided as grossly 
visible clots, but more often hematuria causes 
a deep red to brown coloration of the urine. 
Less severe cases may show only cloudiness 
that settles to form a red deposit on standing. 
The hematuria may be so slight that it is 
detectable only on microscopic examination 
of the sediment from a centrifuged urine 
sample. In females, free-flow urine samples 
may be contaminated by blood from the 
reproductive tract, and it may be necessary 
to collect a sample by urethral catheteriza¬ 
tion to avoid the chance of contamination of 
the urine occurring in the vagina. 

Blood in urine is always positive on bio¬ 
chemical tests for hemoglobin and myoglo¬ 
bin. Because red blood cells can be lysed in 
dilute urine, red-colored urine should be 
examined microscopically for the presence 
of erythrocytes. The presence of a heavy 
brown deposit is not sufficient for a diagnosis 
of hematuria, because this may also occur in 
hemoglobinuria. If the bladder or urethra is 


involved in the process that causes hematu¬ 
ria, abnormalities may be detectable on 
physical examination. 

Gross hematuria persisting for long 
periods may result in severe blood loss 
anemia. Severe urinary tract hemorrhage of 
undetermined origin in aged mares has been 
recorded. The syndrome is widely recog¬ 
nized, although not well documented, in 
Arabian mares. Endoscopic examination 
reveals hemorrhage in one ureter, but ultra¬ 
sonographic examination of the kidneys does 
not reveal any significant abnormalities. 
Surgical removal of the affected kidney is 
not recommended, because the hemorrhage 
sometimes recurs in the remaining kidney. 
Treatment is nonspecific. Severe hematuria 
can also occur in horses with pyelonephritis. 

Hemoglobinuria 

False hemoglobinuria can be seen in hema¬ 
turia when erythrocytes are lysed and release 
their hemoglobin. In this case erythrocytes 
can be detected only by microscopically 
examining urine sediment for cellular debris. 

True hemoglobinuria causes a deep red to 
brown coloration of urine and gives a posi¬ 
tive reaction to biochemical tests for hemo¬ 
globin. There is no erythrocyte debris in 
sediment. Dipstick tests for proteinuria may 
not be positive unless the concentration of 
hemoglobin is very high. There are many 
causes of intravascular hemolysis, which is 
the source of hemoglobinuria. The specific 
causes are listed later. 

Normally, hemoglobin liberated from cir¬ 
culating erythrocytes is converted to bile pig¬ 
ments in the cells of the reticuloendothelial 
system. If hemolysis exceeds the capacity of 
this system to remove the hemoglobin, it 
accumulates in the blood until it exceeds a 
certain renal threshold and then passes into 


the urine. Some hemoglobin is reabsorbed 
from the glomerular filtrate by the tubular 
epithelium but probably not in sufficient 
amounts to appreciably affect the hemoglo¬ 
bin content of the urine. Hemoglobinuria 
will only be present when the plasma con¬ 
centration exceeds the renal threshold. Con¬ 
sequently, hemoglobin is grossly visible in 
plasma by the time hemoglobinuria is visible. 
Hemoglobin precipitates to form casts in the 
tubules, especially if the urine is acidic, 
resulting in some plugging of tubules, but the 
chief cause of uremia in hemolytic anemia is 
ischemic tubular nephrosis. 

Myoglobinuria 

The presence of myoglobin (myohemoglo- 
bin) in the urine is evidence of severe muscle 
damage. The only notable occurrence in 
animals is azoturia of horses. Myoglobinuria 
is not common in enzootic muscular dystro¬ 
phy, possibly because there is insufficient 
myoglobin in the muscles of young animals. 
The myoglobin molecule (molecular weight 
16,500 g) is much smaller than hemoglobin 
(molecular weight 64,000 g) and passes the 
glomerulus much more readily, so a detect¬ 
able dark brown staining of the urine occurs 
without very high plasma levels of myoglo¬ 
bin. There is no detectable discoloration of 
the serum as seen in hemoglobinemia. Inher¬ 
ited congenital porphyria is the other disease 
that causes a red-brown discoloration of 
urine. In porphyria, the plasma is also normal 
in color, but it is differentiated from myoglo¬ 
binuria based on a negative reaction to the 
guaiac test and the characteristic spectro¬ 
graph. The porphyrins in inherited congeni¬ 
tal porphyria are the only pigments that 
fluoresce under ultraviolet light. 

The presence and type of pigment in the 
urine can be determined accurately by spec- 
trographic examination, but this is rarely 
clinically available. Myoglobinuria is usually 
accompanied by clinical signs and clinical 
biochemistry abnormalities of acute myopa¬ 
thy, and clinical differentiation of myoglo¬ 
binuria from hemoglobinuria is usually 
made on the basis of the clinical signs and 
serum biochemical findings, including mea¬ 
surement of muscle-derived enzymes such as 
creatine kinase. As with hemoglobin, myo¬ 
globin can precipitate in tubules and may 
contribute to uremia. 

Ketonuria 

Ketonuria is a common finding in sick rumi¬ 
nants and is seen in starvation; acetonemia 
of lactating dairy cattle; and pregnancy 
toxemia of ewes, does, and beef cattle. A 
small amount of ketonuria is normally 
present in dairy cows in early lactation. As a 
result, it is important that the assay method 
used to demonstrate ketonuria is appropriate 
for urine, because there may be a risk for 
false-positive reactions on some tests. The 
standard test is sodium nitroprusside, 
which turns an intense purple color in the 
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presence of acetoacetate, one of the three 
keto acids. 

Glucosuria 

Glucosuria occurs in acute tubular nephrosis 
as a result of failure of tubular resorption, 
and is one of the most sensitive indices for 
the presence of a proximal tubule. Glucos¬ 
uria is occasionally detected in severely ill 
ruminants, particularly those with abomasal 
volvulus or a small intestinal obstruction. 
Glucosuria in combination with ketonuria 
occurs only in diabetes mellitus, an extremely 
rare disease in ruminants. Glucosuria might 
be seen in ruminants in association with 
enterotoxemia caused by Clostridium per- 
fringens type D and can occur after paren¬ 
teral treatment with dextrose solutions, 
adrenocorticotropic hormones, or glucocor¬ 
ticoid analogs. Horses with tumor of the pars 
intermedia of the pituitary gland often have 
glucosuria. 

Glucose is freely filtered by the glomeru¬ 
lus and reabsorbed from the filtrate in the 
proximal tubules, with the renal threshold 
approximating 150 mg/dL in horses and 
cattle. Glucosuria in the face of a normal 
serum glucose concentration therefore indi¬ 
cates the presence of abnormal proximal 
tubular function. Glucosuria occurs early in 
the development of aminoglycoside-induced 
proximal tubule nephropathy and provides a 
useful inexpensive and practical screening 
test for nephrotoxicity in animals without 
hyperglycemia. 

Proteinuria 

Proteinuria can be prerenal, renal, or postre- 
nal in origin, and it is clinically helpful to 
identify the anatomic source of protein loss. 
Prerenal proteinuria is caused by an abnor¬ 
mal plasma content of proteins that traverse 
glomerular capillary walls, and the proteins 
have normal permselectivity properties 
(such as hemoglobin, myoglobin, and immu¬ 
noglobulin light chains). Renal proteinuria 
is caused by abnormal renal handling of 
normal plasma proteins and is functional or 
pathologic. Functional renal proteinuria is 
mild and transient as a result of altered renal 
physiology during or in response to a tran¬ 
sient phenomenon, such as high-intensity 
exercise or fever. Pathologic renal protein¬ 
uria is caused by structural or functional 
lesions within the kidney, regardless of their 
magnitude or duration. There are three sub¬ 
categories of pathologic renal proteinuria: 
glomerular, which is caused by lesions alter¬ 
ing the permselectivity properties of the glo¬ 
merular capillary wall; tubular, which is 
caused by lesions that impair tubular recov¬ 
ery of plasma proteins that ordinarily tra¬ 
verse glomerular capillary walls that have 
normal permselectivity properties (typically 
low molecular weight proteins); and intersti¬ 
tial, which is caused by inflammatory lesions 
or disease processes (such as acute interstitial 
nephritis) that result in exudation of proteins 


from the peritubular capillaries into the 
urine. Postrenal proteinuria is caused by 
entry of protein into the urine after it enters 
the renal pelvis and is urinary or extrauri- 
nary. Urinary postrenal proteinuria is 
caused by the entry of proteins derived from 
hemorrhagic or exudative processes affecting 
the renal pelvis, ureter, urinary bladder, and 
urethra. Extraurinary postrenal protein¬ 
uria is caused by entry of proteins derived 
from the genital tract or external genitalia 
during voiding or in the process of collecting 
urine for analysis. 

Constituents in glomerular filtrate 
depend on the size, shape, and charge of the 
filtered particles, with most plasma constitu¬ 
ents (such as electrolytes and glucose) readily 
filtered by the glomerulus; consequently, glo¬ 
merular filtrate concentrations are usually 
similar to that of plasma. Proteins with 
molecular (formula) weights less than 60 
kilodaltons (kDa = 60,000 g) pass through 
the glomerulus to some extent, but albumin 
(molecular weight 65 kDa) is usually not 
present in glomerular filtrate. Hemoglobin 
and myoglobin are small pigmented proteins 
(17 kDa) that are freely filtered and present 
in the glomerular filtrate; ultimately they are 
visible as hemoglobinuria or myoglobinuria. 
Tamm-Horsfall protein is a glycoprotein 
produced by tubular cells in the loop of 
Henle. The urine concentration of Tamm- 
Horsfall protein is usually low but may be 
increased in inflammatory diseases of the 
kidney, and the glycoprotein can be incorpo¬ 
rated into urinary casts. 

Normal urine contains only small 
amounts of protein that are insufficient to be 
detected using standard dipstick tests. It 
should be noted that the highly alkaline 
urine produced by herbivores always pro¬ 
duces a false-positive reaction (trace or 1+) 
for protein on urine dipstick tests. Prerenal 
proteinuria may be detected using standard 
dipstick tests in animals with hemoglo¬ 
binuria and myoglobinuria, because both 
compounds are proteins. Functional renal 
proteinuria is observed in normal foals, 
calves, kids, and lambs in the first 40 hours 
after they receive colostrum. Pathologic 
renal or postrenal proteinuria and hematuria 
may be present when urinary tract infections 
are present. Postparturient cows usually have 
protein present in a free-catch urine sample 
as a result of washout of uterine fluids that 
are expelled during urination or traces 
remain in the caudal vagina; this is a classic 
example of extraurinary postrenal protein¬ 
uria. Demonstration that proteinuria origi¬ 
nates in the kidney is easier if abnormal 
elements that form in the kidney, such as 
tubular casts, are also present in the urine, or 
morphologic abnormalities of the kidneys 
are palpable per rectum or identified 
ultrasonographically. 

Proteinuria is most accurately quantified 
by determining the amount of protein passed 
in a 24-hour period, but this is impractical 


in clinical cases. Proteinuria is more easily 
quantified by indexing the protein concen¬ 
tration to creatinine concentration in a single 
urine sample; this has been shown to provide 
an accurate representation of 24-hour protein 
loss in the urine. 

Chronic pathologic renal proteinuria may 
cause hypoproteinemia as in chronic glo¬ 
merulonephritis and acute tubular nephrosis 
in horses and in amyloidosis of cattle. When 
proteinuria originates from pyelonephritis 
or cystitis, other clinical and clinicopatho- 
logic evidence of these diseases is usually 
present. 

Urine protein concentrations in animals 
without lower urinary tract disease or hema¬ 
turia are normally much lower than serum 
protein concentrations and similar to cere¬ 
brospinal fluid (CSF) protein concentration. 
Glomerular filtrate normally contains low 
concentrations of low molecular weight pro¬ 
teins such as P 2 -microglobulin (molecular 
weight 11,800 g) and lysozyme (molecular 
weight 14,400 g). This is because the healthy 
glomerulus excludes high molecular weight 
proteins such as albumin (molecular weight, 
65,000 g) and globulins from the glomerular 
filtrate; normally functioning proximal 
tubules reabsorb these low molecular weight 
proteins, leading to very low urine protein 
concentrations. Alterations in tubular func¬ 
tion can therefore lead to proteinuria, but 
typically glomerular injury produces much 
larger increases in urine protein concentra¬ 
tion than those produced by altered proxi¬ 
mal tubule function. A transient and marked 
proteinuria is reported in foals for the first 2 
days of life after ingestion of colostrum; the 
proteinuria is attributed to the presence of 
low molecular weight proteins in colostrum 
that, after active absorption by small intesti¬ 
nal epithelial cells, end up in the glomerular 
filtrate. 

Determination of urine protein concen¬ 
trations requires a sensitive analytical test, 
such as the Coomassie brilliant blue method. 
Urinary protein concentrations may be 
indexed to the urine creatinine concentra¬ 
tion to account for denominator effects of 
changes in urine volume. Dividing the 
urinary protein concentration (mg/dL) by 
the creatinine concentration (mg/dL) pro¬ 
duces a unitless ratio, which provides a sensi¬ 
tive and reliable diagnostic method for the 
detection and quantification of proteinuria 
and is well correlated with 24-hour protein 
excretion in urine samples without evidence 
of blood. 

The normal urinary protein to creatinine 
ratio in the horse appears to be less than 1.0, 6 
and small increases in the ratio (from 0.1- 
0.4) are observed in horses during the devel¬ 
opmental stage of experimentally induced 
laminitis in horses.' In animals with massive 
proteinuria, a urinary protein to creatinine 
concentration ratio of less than 13 is consid¬ 
ered to be more indicative of tubular than 
glomerular proteinuria. Generally, increased 





urinary concentrations of albumin and p 2 - 
microglobulin indicate glomerular protein¬ 
uria and tubular proteinuria, respectively. 
Proteinuria is massive and sustained in cattle 
and sheep with advanced renal amyloidosis 
and animals with advanced glomerulone¬ 
phritis (glomerular proteinuria) but is mild 
in animals without glomerular disease but 
with proximal tubular injury (tubular pro¬ 
teinuria). Microalbuminuria does not appear 
to have been evaluated as an early and sensi¬ 
tive test of glomerular disease in large 
animals, but increases in urine albumin con¬ 
centration would be expected in animals 
with glomerular disease. 

Casts 

Casts are organized, tubular structures that 
vary in appearance depending on their com¬ 
position. They occur only when the kidney 
is involved in the disease process. Casts are 
present as an indication of inflammatory or 
degenerative changes in the kidney, where 
they form by agglomeration of desquamated 
cells and Tamm-Horsfall proteins. Casts 
may not form in all cases of renal disease. In 
addition, casts readily dissolve in alkaline 
urine and are best detected in fresh urine 
samples. 

Cells and Pyuria 

Leukocytes, erythrocytes, and epithelial cells 
in urine may originate in any part of the 
urinary tract. Leukocytes or pus in urine 
(pyuria) indicates inflammatory exudation at 
some point in the urinary tract, usually the 
renal pelvis or bladder. Pyuria may occur as 
grossly visible clots or shreds, but is often 
detectable only by microscopic examination 
of urine sediment. Individual cells and leu¬ 
kocytic casts may be present. Pyuria is 
usually accompanied by the presence of bac¬ 
teria in urine. 

Bacteriuria 

Diagnosis of a urinary tract infection is 
based on finding a clinically relevant bacte¬ 
riuria in urine collected by free catch (mid¬ 
stream collection into a sterile container), 
catheterization, or cystocentesis. In horses 
and adult cattle, collection of urine is limited 
to free catch and transurethral catheteriza¬ 
tion of the bladder, because the size of the 
animal and intrapelvic position of the 
bladder prevents cystocentesis. In contrast, 
cystocentesis can be performed under ultra¬ 
sonographic guidance in calves, small rumi¬ 
nants, and pigs. When culturing a urine 
sample obtained by catheterization, the first 
20 mL or so should be discarded because of 
the potential for contamination from vaginal 
or distal urethral flora. 

Marked bacteriuria suggestive of bacte¬ 
rial infection is usually defined as more than 
30,000 colony forming units (cfu)/mL from 
free-catch specimens (some laboratories use 
10,000 or 100,000 cfu/mL), and more than 
1000 cfu/mL from catheterized specimens. It 
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is important to quantify the number of bac¬ 
teria in urine samples, because the number 
of cfus is usually associated with disease 
severity in animals with bacterial cystitis or 
pyelonephritis. For example, 13% of urine 
samples obtained directly from the bladder 
of slaughtered male and female cattle using a 
sterile needle and syringe were positive for 
bacteria associated with urinary tract infec¬ 
tion in cattle; however, gross or histologic 
evidence of infection was not identified in 
any animal. 8 

Rapid detection of urinary tract infection 
can be accomplished using the Uriscreen 
test, which is a solution of 10% H 2 0 2 and a 
coloring agent. It provides a low-cost point- 
of-care test that detects catalase activity in a 
fluid sample placed in a tube by the develop¬ 
ment of a ring of foam within the tube within 
2 minutes. The Uriscreen test has been used 
successfully to identify bacteriuria in septic 
calves 9 and has the potential for wider use in 
the detection of bacteriuria in other large 
animals. 

Crystalluria 

Crystalluria should not be overinterpreted in 
farm animals. Crystals in the urine of her¬ 
bivorous animals have no special signifi¬ 
cance unless they occur in very large numbers 
and are associated with clinical signs of irri¬ 
tation of the urinary tract. Calcium carbon¬ 
ate and triple phosphate crystals are common 
in normal urine. If they occur in large 
numbers, it may suggest that the urine is 
concentrated and indicate the possible future 
development of urolithiasis. The presence of 
calcium carbonate crystals in the peritoneal 
fluid of a neonatal foal has been used to 
confirm a diagnosis of ruptured bladder. 

The ventral aspect of the equine bladder 
may contain a calcium carbonate-rich sedi¬ 
ment (called sabulous material), especially 
when horses are fed alfalfa hay. This sedi¬ 
ment is observed toward the end of urination 
when the bladder is fully contracted, as evi¬ 
denced by a change in urine clarity from 
clear to opaque. 

Enzymuria 

A clinically useful index of proximal tubular 
injury is determining the y-glutamyl trans¬ 
ferase (GGT) activity in urine. 10 Most 
enzymes present in serum and plasma have 
a molecular weight greater than that of 
albumin (i.e., >65,000 g) and are normally 
not detectable in the glomerular filtrate; the 
presence of high molecular weight enzymes 
in urine such as GGT (molecular weight 
330,000 g) is called parenchymatous enzy¬ 
muria. For comparison, the presence of low 
molecular weight enzymes (such as lyso¬ 
zyme) in urine is called tubular enzymuria 
because damage to the proximal tubule 
impairs its ability to reabsorb enzymes from 
the glomerular filtrate. 

Most of the GGT activity in urine origi¬ 
nates from the luminal brush border of the 


proximal tubular epithelial cells of the 
kidney. High levels of GGT activity in 
the urine result from an increase in the 
rate of proximal tubular epithelial cell 
destruction, and GGT is released into the 
urine during the active phase of tissue 
destruction; an increase in urine GGT 
activity therefore reflects parenchymatous 
enzymuria. The activity of GGT (or other 
high molecular weight enzymes such as p- 
N-acetylglucosaminidase, p-glucuronidase, 
and AT-acetyl-P-glucosaminidase [NAD]) in 
urine can therefore be used to detect the 
presence of proximal renal tubular epithelial 
cell damage before the onset of renal dys¬ 
function. GGT is the preferred enzyme for 
identifying the presence of parenchymatous 
enzymuria, because the assay is inexpensive 
and widely available and the kidney has the 
highest content of GGT of any organ in the 
body, increasing the sensitivity of the test. 

Urine GGT activity is frequently indexed 
to an indicator of urine concentration, such 
as urine creatinine concentration, to correct 
for denominator effects induced by changes 
in urine volume, and a GGT to creatinine 
ratio higher than 25 IU/g creatinine is con¬ 
sidered abnormal in the horse. However, it 
may be more appropriate to calculate the 
fractional clearance of GGT (which com¬ 
pares the extent of tubular damage with the 
amount of functioning kidney mass) instead 
of the urinary GGT to creatinine ratio (which 
compares the amount of tubular damage 
with muscle mass). Indexing serum/plasma 
GGT activity to serum/plasma creatinine 
concentration is not physiologically valid, 
because enzymes present in urine are not 
normally filtered through the glomerulus; 
using the urine GGT activity alone therefore 
appears to be more appropriate. Interest¬ 
ingly, urine GGT activity appears more sen¬ 
sitive as an index of tubular injury than the 
urine GGT to creatinine ratio in horses and 
sheep and appears to be the most sensitive 
indicator of tubular injury in animals treated 
with aminoglycosides. 

Other enzymes, such as alkaline phos¬ 
phatase, lactate dehydrogenase, NAD, matrix 
metalloproteinase (gelatinases localized to 
renal tubules, such as MMP-2), and mem¬ 
brane-associated carbonic anhydrase VI 11 
have been examined in urine as potential 
indicators of tubular injury. 12 None of these 
enzymes have consistently proven superior 
to urine GGT activity in detecting tubular 
injury, and a systematic review of acute renal 
injury in humans identified urine GGT 
activity (indexed to urine creatinine concen¬ 
tration) as the preferred test. 

TESTS OF SERUM 

These tests depend on either the accumula¬ 
tion, in cases of renal insufficiency, of metab¬ 
olites normally excreted by the kidney or the 
excretion of endogenous substances by the 
kidney. 
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Serum Urea Nitrogen and 
Creatinine Concentration 

Determination of SUN and creatinine con¬ 
centration is an essential component of any 
evaluation of the urinary system. These 
serum indices of function are simple esti¬ 
mates of glomerular filtration because urea 
and creatinine are freely filtered by the glom¬ 
erulus. Serum concentrations of urea and 
creatinine do not rise appreciably above the 
normal range until 60% to 75% of nephrons 
are destroyed. 

Serum urea and creatinine concentra¬ 
tions are influenced by blood flow to the 
kidneys and may be increased in prerenal 
uremia. They also suffer from the disadvan¬ 
tage that their serum concentrations can 
vary with the rate of protein catabolism (and 
protein intake in the case of serum urea con¬ 
centration) and are not dependent only on 
renal function. In cattle, for example, serum 
urea concentrations caused by prerenal 
lesions may be higher than those resulting 
from renal disease, because salivary secre¬ 
tion of urea, rumen metabolism of urea, 
and decreased feed intake (and therefore 
decreased protein intake) may lower serum 
urea concentration in chronic disease. Urea 
is usually expressed in terms of urea nitro¬ 
gen, but the term blood urea nitrogen (BUN) 
should no longer be used when analysis is 
performed on serum (SUN). The units for 
urea are reported as mg/dL or mmol/L and 
different when expressed in terms of urea 
nitrogen or urea, and are most commonly 
expressed as urea nitrogen, where 1 mg/dL = 
0.357 mmol/L. 

Creatinine in herbivores is essentially 
totally derived from endogenous creatine. 
Creatine is produced by the liver from amino 
acids and circulates in the plasma before 
being taken up by skeletal muscle, in which 
it stores energy in the form of phosphocre- 
atine. Creatine is converted to creatinine by 
a nonenzymatic irreversible process and is 
distributed throughout the body water. Cre¬ 
atinine is therefore released from skeletal 
muscle at a constant rate in animals without 
myonecrosis and is therefore an indirect 
index of muscle mass; this is the reason why 
serum creatinine concentrations are highest 
in intact males, intermediate in adult females, 
and lowest in neonates and cachectic animals. 
Serum creatinine concentrations are con¬ 
stant within an animal because they reflect 
muscle mass, which does not change rapidly; 
an increase in serum creatinine concentra¬ 
tion of more than 0.3 g/dL should be consid¬ 
ered to be clinically significant. The units for 
creatinine are reported as mg/dL or pmol/L, 
where 1 mg/dL = 88.4 jimol/L. 

Serum creatinine concentration is rou¬ 
tinely measured using the Jaffe reaction, in 
which a colored product is formed from cre¬ 
atinine and picrate in an alkaline solution. 
However, the alkaline picrate reaction has 
poor specificity, because it also detects a 
number of noncreatinine chromogens in 


serum, which do not appear to be present in 
urine. In other words, the creatinine concen¬ 
tration may be overestimated in serum but is 
accurately measured in urine. The former 
induces some error in the calculation of frac¬ 
tional clearance of electrolytes. The progres¬ 
sion of renal failure may be monitored by 
plotting the reciprocal of serum creatinine 
concentration against time. Extrapolation of 
the resultant linear relationship to the x-axis 
intercept provided some clinically useful 
prognostic information in a horse with 
advanced renal failure. 

Glomerular Filtration Rate 

The accepted gold standard measurement for 
renal function is measurement of the glo¬ 
merular filtration rate using inulin clearance. 
Inulin, a metabolically inert carbohydrate, 
crosses freely across the glomerulus and is 
neither absorbed nor secreted by renal 
tubules. Endogenous creatinine clearance 
has also been used to estimate glomerular fil¬ 
tration rate; however, this test suffers from 
inaccuracies related to the presence of non¬ 
creatinine chromogens in plasma and the 
tubular secretion of creatinine in some spe¬ 
cies. Exogenous creatinine clearance mini¬ 
mizes the errors induced by noncreatinine 
chromogens in plasma but requires the IV 
injection of creatinine and is therefore com¬ 
plicated and expensive. Although the renal 
clearances of inulin or creatinine are the pre¬ 
ferred research methods for measuring renal 
excretory function, these techniques are 
impractical in clinical patients and male 
ruminants because they require urethral cath¬ 
eterization, rinsing and removal of the blad¬ 
der contents, and timed urine collections. 

Renal excretory function is more practi¬ 
cally assessed in clinical patients by measur¬ 
ing the plasma clearance of water-soluble, 
nonmetabolized compounds of exogenous 
origin that have low plasma protein binding 
(such as iohexol, iodixanol, phenolsulfon- 
phthalein, or sodium sulfanilate), because 
these techniques do not require urine collec¬ 
tion. A practical test to determine glomerular 
filtration rate is the IV injection of the radio- 
logic contrast agent iohexol at 150 mg/kg, 
followed by collection of serum samples at 3 
and 4 hours, or 4 and 6 hours, postinjection. 
An alternative test protocol used in calves is 
the IV injection of the radiologic contrast 
agent iodixanol at 40 mg/kg, followed by 
collection of serum samples at 1, 2, and 
3 hours postinjection. 1 ’ Plasma clearance 
of technetium-diethyleneaminopentaacetic 
acid or technetium-mercaptoacetyltriglycine 
has also been evaluated in horses, but the 
technique requires measurement by a gamma 
camera and is therefore not suitable for use 
in the field. Plasma clearance tests have been 
evaluated in cattle, goats, sheep, and horses 
and provide a useful clinical test to monitor 
renal function in an individual animal over 
time, particularly iohexol clearance. Iohexol 
has become the most popular of these tests 


because iohexol is freely filtered at the glom¬ 
erulus, neither secreted nor absorbed by the 
kidneys, has a low degree of protein binding, 
and is not toxic, but is widely available, 
relatively inexpensive, and easily assayed. 14 
However, the accuracy of plasma clearance 
techniques of exogenously administered 
compounds may not be sufficiently adequate 
for research studies. 

TESTS OF URINE AND SERUM 

Urine Osmolality to Serum 
Osmolality Ratio 

A urine to plasma osmolality ratio of 1 indi¬ 
cates isoosmotic clearance of materials by 
the kidney. A ratio less than 1 indicates that 
the kidneys are diluting the urine, and a 
ratio more than 1 indicates that the urine 
is being concentrated. Because the plasma 
osmolality is much more constant than urine 
osmolality, the important clinical factor is 
whether urine osmolality is less than, equal 
to, or greater than, 300 mOsm/kg. Measure¬ 
ment of urine osmolality requires a dedi¬ 
cated laboratory unit and is rarely indicated 
in the clinical management of renal disease 
because of the widespread availability of 
handheld refractometers; measurement of 
urine osmolality is needed only in research 
studies. 

Water Deprivation Test 

This can be used to assess renal concentrat¬ 
ing ability in animals that have isosthenuria 
with urine specific gravity of 1.008 to 1.012 
but do not have azotemia. Water deprivation 
tests should not be performed on animals 
that are already azotemic and should be 
undertaken with extreme caution and fre¬ 
quent (hourly to every 2 hours) monitoring 
in animals that are polyuric but not azo¬ 
temic. Animals that are unable to conserve 
water because of renal disease can rapidly 
become dehydrated and develop prerenal 
uremia as a result. 

In brief, the water deprivation test moni¬ 
tors the animal’s ability to detect an increase 
in serum osmolality, release ADH, and 
produce a concentrated urine as a result of 
the action of ADH on the kidney. The test 
usually requires documentation that the 
animal has polyuria and polydipsia, with 
water consumption greater than cohorts of 
the same age, lactation stage, and diet, when 
housed under the same conditions. Before 
conducting the water deprivation test, the 
animal is weighed and a Foley catheter is 
placed in the bladder (females), or the animal 
is housed in a dry stall (males). Access to 
water is prevented and the urine and serum 
are tested every 1 to 2 hours or when voided 
in males. The test should be stopped when 
the urine specific gravity increases to more 
than 1.015 to 1.020, when there is an increase 
in serum/plasma creatinine concentration of 
0.3 g/dL or greater, or when there has been a 
decrease in BW of 5% or more. 






Animals that concentrate their urine after 
water deprivation are diagnosed with psy¬ 
chogenic polydipsia and their water avail¬ 
ability is gradually decreased. Animals that 
fail to concentrate their urine after water 
deprivation are diagnosed with diabetes 
insipidus; nephrogenic diabetes insipidus 
can be ruled out if the animal produces 
concentrated urine within a few hours of an 
intramuscular (IM) injection of exogenous 
vasopressin (0.15-0.30 U/kg BW). In the 
latter case, the diagnosis is neurogenic dia¬ 
betes insipidus as a result of inadequate 
release of ADH. Such cases are extremely rare 
in large animals and have been attributed to 
pituitary neoplasia (particularly pituitary 
adenoma in horses) or encephalitis. Determi¬ 
nation of plasma vasopressin concentrations 
using a radioimmunoassay may assist in dif¬ 
ferentiation of nephrogenic from neurogenic 
diabetes insipidus; in the former the plasma 
vasopressin concentration increases during 
the water deprivation test. However, because 
the assay for plasma vasopressin concentra¬ 
tion is not widely available and has not been 
validated for all large animals, the response to 
exogenous vasopressin is the preferred clini¬ 
cal test for differentiating nephrogenic from 
neurogenic diabetes insipidus. Two related 
horses have been diagnosed with nephro¬ 
genic diabetes insipidus, suggesting that this 
may be inherited as an X-linked disorder. 

Water deprivation tests are not needed if 
urine specific gravity is below 1.008, because 
the presence of hyposthenuria indicates that 
tubular function is acting to conserve solute 
and produce dilute urine. In other words, a 
specific gravity below 1.008 is a better clini¬ 
cal sign than a constant specific gravity of 
1.008 to 1.012, because a low specific gravity 
indicates the presence of some tubular func¬ 
tion. Low specific gravity may occur in dia¬ 
betes insipidus, following excessive water 
intake or fluid administration, or following 
diuretic administration. Neonatal animals 
on fluid diets and dairy cows in early lacta¬ 
tion often produce dilute urine. 

Renal Clearance Studies 

In animals with renal disease, serum/plasma 
creatinine and urea nitrogen concentrations 
are insensitive indicators of renal dysfunc¬ 
tion and exceed the upper limit of the 
reference range only after extensive loss of 
nephron function. Increases in serum con¬ 
centrations of creatinine or urea nitrogen 
cannot be used to distinguish between prer- 
enal, renal, and postrenal azotemia. Urine 
specific gravity can be used to differentiate 
prerenal from renal azotemia. However, 
results of urinalysis do not reflect the magni¬ 
tude of the disease and they are not specific 
for specific renal disease. 

Calculation of renal clearance of creati¬ 
nine, urea nitrogen, and electrolytes, along 
with measurement of specific enzyme activ¬ 
ity in the urine, is a more sensitive indicator 
of damage to the tubules than serum 
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biochemical analysis. Urinary diagnostic 
indices have been used to evaluate renal 
function and to detect and estimate the 
extent of renal damage in agricultural 
animals. For example, it can be clinically 
useful to determine the urine to serum con¬ 
centration, the ratio of urinary creatinine to 
urea nitrogen, the renal clearance of creati¬ 
nine and urea nitrogen, the urine to serum 
osmolality ratio, the urine protein concentra¬ 
tion or urine protein to creatinine ratio, the 
fractional clearances of electrolytes, and 
urine enzyme activity. Early diagnosis of 
renal injury facilitates initiation of appropri¬ 
ate treatment and reduces the incidence of 
irreversible renal failure. Sequential mea¬ 
surement of these indices can aid in the 
determination of prognosis and allows mon¬ 
itoring and evaluation of the extent of recov¬ 
ery of renal function. 

The tests require simultaneous sampling 
of blood and urine. Samples can also be col¬ 
lected daily for several days and weekly to 
determine any age-related changes. Analyti¬ 
cal methods can have a large impact on mea¬ 
sured values for urinary electrolytes. Urine 
samples need to be acidified (usually with 
HC1) to accurately measure urine calcium 
concentration 15 ; however, this can be prob¬ 
lematic if measurement of urine chloride 
concentration is required. Accurate mea¬ 
surement of urine sodium and potassium 
concentrations using ion-selective potenti- 
ometry requires at least 20-fold dilution to 
minimize salt type binding in urine. Occa¬ 
sionally such dilution is not sufficient to 
provide accurate potassium measurements 
because of the formation of zwitterion 
complexes. Accurate measurement of urine 
chloride concentration by ion-selective 
potentiometry because the electrode used is 
also sensitive to bicarbonate concentration, 
which is abundant in herbivore urine. As a 
consequence, urine chloride concentrations 
measured by potentiometry should be 
assumed to be an undermeasurement when 
performed in alkaline urine. 

Fractional Clearance 

The fractional clearance from plasma of a 
given substance is calculated by comparing 
the amount of the substance excreted in the 
urine with the amount filtered through the 
glomerulus. The formula used to calculate 
fractional clearance of substance X (EC X ) is 

FC X (%) = ([U X ]/[S X ]) 

X100/{[U 

creatinine ]/[S creatinine ]) 

where [ U x ] and [S x ] are the urine and serum 
(or plasma) concentrations of A, respectively, 
and [Ucreatinme] and [S crea tmme] are the urine and 
serum (or plasma) concentrations of creati¬ 
nine, respectively. The fractional clearance 
provides information regarding the action of 
tubular transport mechanisms on the filtered 
substances; a value below 100% indicates net 
reabsorption, whereas a ratio above 100% 
indicates net secretion. Fractional clearance 


has been erroneously called fractional excre¬ 
tion; the latter term is confusing, inappropri¬ 
ate, and has no scientific basis. 

Sodium and inorganic phosphate are 
reabsorbed from the glomerular filtrate by 
the renal tubules; therefore, the fractional 
clearance of sodium and phosphate provide 
clinically useful indices of tubular function 
and both can be accurately measured. 
Sodium retention is an important proximal 
tubular function, and the fractional clear¬ 
ance of Na is usually less than 1% for animals 
(and often <0.2%) unless they have a high 
oral or IV sodium intake, when fractional 
clearance values can be increased to 4%. 
Renal phosphorus excretion is affected by 
acid-base status and body calcium and phos¬ 
phate status and is therefore a less specific 
indicator of tubular function than fractional 
clearance of sodium. Values for the fractional 
clearance of phosphorus normally vary from 
0.1% to 0.4%, although higher values may be 
seen in ruminants with high phosphate 
intakes. Typically, tubular function can be 
adequately characterized by determining the 
fractional clearance of sodium alone, or 
sodium and phosphorus; the fractional 
clearance of chloride rarely adds useful 
information in clinical cases because it is 
highly correlated to the fractional clearance 
of sodium, and determination of the frac¬ 
tional clearance of potassium is hampered by 
methodologic limitations associated with 
zwitterion formation in urine. Determina¬ 
tion of the fractional clearance of calcium 
can be useful when dietary intake and 
metabolism of calcium are evaluated. Sub¬ 
stantial variations in fractional clearance 
values are present in horses over a 24-hour 
period as a result of the electrolyte load 
ingested with feed. Some standardization of 
the time of urine collection in relation to 
feeding is therefore needed in research 
studies but is clearly impractical in clinical 
cases. 

Fractional clearance values for a number 
of electrolytes have been determined for 
horses, foals, cattle, and sheep. The urinary 
excretion of endogenous substances and 
other urinary diagnostic indices of renal 
function have been measured in healthy neo¬ 
natal foals. The urine volume of neonatal 
foals is proportionately greater than that of 
calves, and the normal neonatal foal pro¬ 
duces dilute urine. Compared with normal 
values in adult horses, fractional clearance 
of electrolytes was similar for sodium but 
higher for potassium, phosphorus, and cal¬ 
cium. Renal function in newborn calves is 
similar to adult cattle within 2 to 3 days of 
birth, and calves can excrete large load vol¬ 
umes in response to water overload and con¬ 
serve water in response to water deprivation 
as efficiently as adult cattle. 

Animals with acute renal azotemia have 
a low urinary creatinine to serum creatinine 
and urine nitrogen to serum nitrogen; 
animals with acute prerenal azotemia have a 
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Table 13-1 Indices of renal function in healthy adult horses and foals less than 30 days 
of age 




Fig. 13-3 Ultrasonographic image (left) and drawing (right) that illustrates a bovine left kidney 
imaged from the right paralumbar fossa obtained by placing the transducer parallel to the 
longitudinal axis of the cow just below the transverse processes of the lumbar vertebrae 3 to 5. 
The kidney is moved toward the right paralumbar fossa by palpation per rectum. 1, caudal 
vena cava; 2, renal cortex; 3, medullary pyramid; 4, renal sinus; a, hyperechoic line representing 
the perirenal fat; b, hypoechoic line representing the medial wall of the rumen; c, hyperechoic 
line (internal reverberation artifact) reflecting from the tissue-gas interphase superimposed on 
the image of the medial wall of the rumen; Cr, cranial; Cd, caudal; M, medial. (Reproduced 
with permission from Imran S, Sharma S. Veterinarni Medicina 2014; 59:29-32.) 


normal to high urinary creatinine to serum 
creatinine ratio and urinary nitrogen to 
serum nitrogen ratio. However, animals with 
acute renal azotemia also have a low urine 
specific gravity relative to the serum creati¬ 
nine concentration, and it remains to be 
determined whether measurement of urinary 
creatinine and urea concentrations and 
serum urea concentrations provide any more 
information in clinical cases than that pro¬ 
vided by urine specific gravity and serum 
creatinine concentration. 

Summary of Renal Function Tests 

In summary, the serum (or plasma) creati¬ 
nine or urea nitrogen concentration provides 
a useful screening test for the presence of 
urinary tract disease, with an increase in 
serum creatinine concentration of 0.3 mg/dL 
or more over baseline providing a useful 
clinical test for the presence of nephrotoxi- 
cosis in normally hydrated animals treated 
with potentially nephrotoxic agents. Azote¬ 
mia can be prerenal, renal, or postrenal in 
origin; the cause is most practically differen¬ 
tiated in azotemic animals by measuring the 
specific gravity of urine before any treatment 
has been administered. In animals suspected 
of having urinary tract disease, the urinary 
protein concentration and protein to creati¬ 
nine ratio provide clinically useful indices of 
glomerular and tubular function and injury, 
the urine specific gravity and fractional 
clearance of sodium and phosphorus provide 
clinically useful indices of tubular function 
in animals not on IV or oral fluids and con¬ 
suming a normal diet, and determination of 
urine GGT activity and analysis of urine for 
the presence of casts provide clinically useful 
and sensitive indices of tubular injury. The 
results of most other laboratory tests rarely 
provide additional information in an animal 
suspected to have urinary tract disease and 
are not currently recommended for routine 
clinical use. A summary table for indices of 
renal function in the horse is presented in 
Table 13-1. 

DIAGNOSTIC EXAMINATION 
TECHNIQUES 

Ultrasonography 

Transcutaneous and transrectal ultrasonog¬ 
raphy is commonly used to detect and 
characterize anatomic abnormalities of the 
kidneys, ureters, bladder, and urethra in 
horses, cattle, and small ruminants. Ultraso¬ 
nography is an effective screening test for 
diagnosing obstructive conditions of the 
urinary tract, including hydronephrosis, 
hydroureter, and bladder distension and can 
be used to visualize the kidney and guide the 
biopsy needle during renal biopsy. Removal 
of the hair coat and the use of an ultrasono¬ 
graphic coupling gel assist in obtaining 
acceptable acoustic coupling, whereas satu¬ 
ration of a foal’s hair coat with alcohol or 
coupling gel may be adequate when clipping 


is not desirable. Ultrasonography should be 
performed before endoscopy, because the 
latter introduces air into the bladder and 
urethra, which interferes markedly with 
ultrasonographic images. 

Techniques for ultrasonographic evalua¬ 
tion of the urinary system of the horse have 
been described, 16 and extensive information 
is available that documents age-related 
changes in renal dimensions. Generally, a 5- 
to 10-MHz linear probe is used transrectally 
to image the left kidney and a 2.5- to 3-MHz 
sector transducer used transcutaneously to 
image the right kidney in adult horses. The 
right kidney is easy to visualize through the 
dorsolateral aspect of the last two to three 
right intercostal spaces. The left kidney is 
harder to visualize transcutaneously and is 
usually located medial to the spleen in the 
paralumbar region between horizontal lines 
drawn from the tuber coxae and tuber ischii. 
A translumbar approach using a 3.5-mHz 
transducer has also been used for ultraso¬ 
nography in adult horses. 1 ' Kidneys are 
imaged in both cross-sectional and axial 
planes and are usually <18 cm long. Ureteral 
tears have been identified using transrectal 


ultrasonography. Uroperitoneum is readily 
diagnosed in foals by ultrasonographic 
examination of the ventral abdomen, as is 
the underlying lesion in the bladder or 
urachus. Ultrasonography has been used to 
visualize the renal changes in foals following 
administration of phenylbutazone. 

In cattle, the right kidney is easily acces¬ 
sible to ultrasonography from the body 
surface. Generally, a 5- to 10-MHz linear 
probe is used transrectally and a 2.5- to 
3.5-MHz sector transducer used transcuta¬ 
neously in adult cattle. Images of the right 
kidney are visualized best using a transcuta¬ 
neous approach with the transducer placed 
in the lumbar or paralumbar region, 18 
whereas images of the left kidney are best 
obtained using a transrectal approach. A 
report of a transcutaneous approach for 
imaging the left kidney is available (Fig. 
13-3). 19 Ultrasonographic changes in the cow 
with pyelonephritis include a dilated renal 
collecting system, renal or ureteral calculi, 
echogenic material within the renal collect¬ 
ing system, and subjective enlargement of 
the kidney with acute disease or a small 
irregular kidney with chronic disease. Cattle 
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with enzootic bovine hematuria caused by 
chronic bracken fern ingestion have a thick¬ 
ened bladder wall (normally <2 mm) on 
transrectal ultrasonography and irregular 
sessile masses (transitional cell papilloma) 
extending into the bladder lumen. A com¬ 
plete description of the ultrasonographic 
examination of the bovine urinary tract is 
available. 20 

Techniques for ultrasonographic evalua¬ 
tion of the urinary system of the sheep and 
more recently the goat 2! have been described 
using a 5-MHz linear transducer. Kidneys 
were most easily detected from the 12th 
intercostal space on the right side and dorsal 
right flank. The right kidney was 8.0 + 0.7 cm 
long (mean + SD) and the left kidney was 8.4 
± 0.6 cm long. The bladder was 5.1 ± 1.4 cm 
in length, and the largest cross-sectional 
diameter was 2.6 + 1.1 cm. The ureters could 
not be identified, but the urethra could be 
identified in most goats as echogenic lines 
with no visible lumen. 

Endoscopy 

Transurethral endoscopy can be easily per¬ 
formed in mares, stallions, geldings, and 
cows to examine the urethra and bladder and 
flow of urine from both ureters. Horses and 
cows are sedated and adequately restrained 
for the procedure, using a flexible endoscope 
of 12 mm or less outer diameter and a 
minimum length of 1 m for stallions and 
geldings. The tail of female horses and cattle 
should be bandaged or held out of the 
way and the perineal region cleaned with 
dilute povidone iodine or chlorhexidine 
to minimize urinary tract contamination. 
The endoscope should be disinfected using 
a glutaraldehyde-based product, including 
the accessory channel, and rinsed with 
sterile water. 

The endoscope should pass easily along 
the urethra into the bladder. Air insufflation 
of the bladder is needed for adequate visual¬ 
ization. Biopsy of diseased tissue or mechan¬ 
ical disruption of calculi can be attempted 
under endoscopic guidance. Identification of 
an ectopic ureter may be assisted by IM 
administration of azosulfamide (2 mg/kg 
BW, provides a red color) or IV administra¬ 
tion of sodium fluorescein (10 mg/kg BW, 
provides a green color), phenolsulfonphtha- 
lein (1 mg/kg BW, provides a red color), or 
indigo carmine (0.25 mg/kg BW, provides a 
purple blue color) to color the urine being 
produced, 5 to 20 minutes before endoscopy, 
which assists visualization of the urine 
stream. The ureters are identified at 10 and 2 
o’clock and empty periodically in spurts; 
separate urine samples can be collected from 
each ureter to evaluate left and right kidney 
function. 

Venous embolism has been reported 
during urinary tract endoscopy of a standing 
gelding. 22 Routine sedation and endoscopic 
procedures were used with the bladder and 
urethra distended to 20 mm Hg. The horse 


collapsed 30 minutes after the start of the 
procedure, exhibiting ataxia, generalized 
muscle twitching, and horizontal nystagmus. 
The horse recovered after an additional 30 
minutes, and ultrasonographic examination 
the next day revealed the presence of gas in 
both ureters and the renal pelvis of both 
kidneys. Venous air embolism is reportedly 
more likely to occur in humans when the 
operative site is more than 5 cm above the 
right atrium, which was the case in this 
gelding. 

Renal Biopsy 

Percutaneous renal biopsy can be performed 
in sedated and adequately restrained cows 
and horses. A coagulation profile should be 
run before renal biopsy is attempted in 
animals with severe and chronic renal disease 
or those animals suspected to have a coagu¬ 
lopathy. Renal biopsy is contraindicated in 
animals with documented pyelonephritis 
because of the risk of perirenal abscessation 
after the biopsy procedure. 

The left kidney is usually biopsied because 
it is more accessible. In cows, the left kidney 
is moved to the right paralumbar fossa and 
fixed in position by rectal manipulation. In 
horses, the left kidney is identified using 
transabdominal ultrasonography and fixed 
in position by palpation per rectum. The skin 
over the biopsy site is aseptically prepared 
and 5 to 10 mL of local anesthetic is infil¬ 
trated along the proposed track for the 
biopsy needle. A small stab incision is made 
in the skin with a scalpel, and a renal biopsy 
sample is collected by introducing a biopsy 
needle through the abdominal wall and 
manipulating it into the caudal pole of the 
kidney. The depth of insertion is typically 
3 cm for the right kidney and approximately 
7 cm for the left kidney (depth is more vari¬ 
able). The renal biopsy is fixed in 10% forma¬ 
lin and submitted for examination and 
histologic diagnosis. Biopsy of the caudal 
pole is thought to minimize the risk of 
trauma to the renal pelvis, renal artery, and 
renal vein, but a biopsy location effect has 
not been demonstrated in large animals. 
Laparoscopic biopsy of the kidneys, with or 
without the development of pneumoperito¬ 
neum, with the horse in a standing position 
has been reported. 23 Clear advantages of 
laparoscopic biopsy over an ultrasound- 
guided percutaneous biopsy method have 
not been identified. 

Possible complications of renal biopsy 
are hemorrhage and bowel penetration in 
all animals and abscessation in animals 
with pyelonephritis. Hemorrhage after renal 
biopsy can be extensive, is usually perirenal, 
and can be life-threatening, with fatality rates 
reported of 2.1% (1/48) 24 in cattle using lapa¬ 
roscopic biopsy, 0% (0/82) in cattle using 
nonultrasound-guided biopsy 25 and 0% 
(0/25) in cattle using percutaneous ultra- 
sound-guided biopsy of the right kidney, 18 
and 0.7% (1/151) 26 in horses using 


percutaneous biopsy. These fatality rates 
should be compared with a fatality rate of 
0.2% in humans undergoing renal biopsy. 
Occasionally, severe hematuria is present for 
hours after the biopsy procedure but usually 
resolves within a few days. Because of the 
potential for life-threatening sequelae, renal 
biopsy should only be performed when the 
etiology is uncertain and histologic examina¬ 
tion will direct treatment or when an early 
and accurate prognosis is desired. In animals 
with acute tubular injury, electron micro¬ 
scopic examination of the basement mem¬ 
brane is required to provide an accurate 
prognosis on return to normal function. 

Test of Uroperitoneum and 
Bladder Rupture 

Ultrasonographic examination of the abdo¬ 
men is most useful in detecting the presence 
of excessive fluid, and this examination fre¬ 
quently allows visualization of the lesion in 
the bladder or urachus. Further testing is 
sometimes needed to confirm that the fluid 
is urine. Generally, in uroperitoneum, sub¬ 
stantial quantities of fluid can be easily 
obtained by abdominocentesis. Warming the 
fluid may facilitate detection of the urine 
odor, although this is a subjective and poorly 
sensitive diagnostic test. If there is doubt 
that the fluid is urine, its creatinine concen¬ 
tration can be compared with that in serum. 
If creatinine in the fluid is at least twice the 
serum value, the fluid is confirmed as urine, 
although ruptured bladder should be sus¬ 
pected whenever the abdominal fluid creati¬ 
nine concentration exceeds that of serum. In 
animals with uroabdomen or suspected to 
have uroabdomen, the administration of 
30 mL of sterile 1% methylene blue into the 
bladder via a urethral catheter or cystocente- 
sis has been used to confirm that the bladder 
is the site of urine leakage. Abdominal para¬ 
centesis is performed some minutes after 
administration and the fluid examined visu¬ 
ally for the presence of a blue tinge. Absence 
of a blue color suggests the presence of ure¬ 
teral or renal rupture. 

Radiography 

Radiographic examination has limited value 
for the diagnosis of urinary tract disease in 
farm animals with the potential exception of 
radiolucent particles in the bladder of rumi¬ 
nants with urolithiasis. Contrast studies may 
be used to examine the lower urinary tract in 
neonatal animals. With the widespread avail¬ 
ability of ultrasonography and endoscopy, 
the indications for radiography have become 
more limited. A positive-contrast urethro¬ 
gram was of value in diagnosing urethral 
recess dilatation in a bull calf, and IV urog¬ 
raphy was successful in diagnosing a dilated 
ureter in a 4-month-old heifer calf. Histori¬ 
cally, excretory urography, positive contrast 
cystography, and urethrography have been 
used, particularly in foals, but these tests 
are expensive, not widely available, and 
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time-consuming. Radiography is currently 
being performed on animals with equivocal 
results using other cheaper, faster, and 
more widely available tests such as 
ultrasonography. 

Cystometry and Urethral 
Pressure Profile 

Urodynamic tests in the mare permit com¬ 
parison of the normal micturition reflex with 
that of the incontinent patient. Cystometry 
involves measurement of luminal pressure 
during inflation of the bladder with mea¬ 
sured volumes of 0.9% NaCl or carbon 
dioxide. The pressure-volume relationship 
during filling with fluid or gas provides 
information on bladder capacity, maximal 
luminal pressure during the detrusor reflex, 
and stiffness of the bladder wall. The ure¬ 
thral pressure profile involves measurement 
of pressure along the urethra while with¬ 
drawing a fluid-filled or gas-filled catheter at 
constant rate. The catheter tip pressure is 
graphed against distance, and the maximum 
urethral closure pressure is determined 
as the maximum urethral pressure minus 
bladder luminal pressure. The functional 
urethral length is defined as the length of 
the urethra in which urethral pressure 
exceeds bladder luminal pressure. 

The test can be performed in restrained 
mares with or without xylazine sedation 
(1.1 mg/kg BW, intravenously), but sedation 
is recommended. Values for cystometry and 
urethral pressure profiles in female horses 
and pony mares are available. 

Computed Tomography 

Computed tomography (CT) is considered 
the method of choice in human medicine for 
the imaging diagnosis of pyelonephritis, 
renal tumors, and renal trauma. CT urogra¬ 
phy is also the preferred technique for evalu¬ 
ating urinary tract disorders in humans. 2 ' 
Consequently, there is interest in applying 
CT to urinary tract diseases of large animals, 
such as obstructive urolithiasis in goats and 
sheep. A CT study of 28 healthy female 
Saanen goats indicated that CT was a useful 
imaging modality that provided visualiza¬ 
tion of the kidneys, ureters, and urinary 
bladder. 27 The clinical utility of CT in 
obstructive urethral conditions of large 
animals remains to be determined. 


Principles of Treatment of 
Urinary Tract Disease 

Fluid and Electrolytes 

Treatment of acute renal failure in all species 
is aimed at removing the primary cause and 
restoring normal fluid balance by correcting 
dehydration, acid-base disorders, and elec¬ 
trolyte abnormalities. The prognosis for 
acute renal failure will depend on the initiat¬ 
ing cause and severity of the lesion. If the 
acute disease process can be stopped, the 


animal may be able to survive on its remain¬ 
ing functional renal tissue. When toxic 
nephrosis is suspected, an attempt should be 
made to identify and remove the initiating 
cause or to move the animal from the suspect 
environment. 

Ruminants with chronic renal failure 
typically have mild to marked hyponatremia 
and hypochloremia; the serum calcium and 
potassium concentrations may be decreased 
because of inappetence, serum magnesium 
concentration may be normal or increased, 
and serum phosphate concentration may 
be normal or increased, because urine pro¬ 
vides a route of excretion of magnesium and 
phosphorus. The acid-base status is charac¬ 
terized by acidemia and metabolic acidosis 
in severely affected cases to metabolic alka¬ 
losis in mildly affected cases. Ruminants 
with acute renal failure have similar clinico- 
pathologic changes, although the serum 
phosphorus concentration is usually mark¬ 
edly elevated in acute renal failure, because 
many cases are initiated by decreased renal 
blood flow. 

Horses with acute or chronic renal failure 
have similar electrolyte changes to those 
in ruminants, with the marked difference 
being the presence of hypercalcemia and 
hypophosphatemia in some horses. Hyper¬ 
calcemia in horses with renal disease is 
attributed to poorly regulated intestinal 
calcium absorption, with urine being the 
predominant route of calcium excretion. 
Decreases in the function of nephrons in the 
horse will therefore decrease the urinary 
loss of calcium and result in hypercalcemia. 
The hypercalcemia is marked and is thought 
to result directly in hypophosphatemia in 
horses with renal failure. 

Balanced electrolyte solutions or isotonic 
(0.9% NaCl) saline supplemented with 
potassium (if hyperkalemia is not present) 
and calcium (if hypercalcemia is not present) 
can be used to correct fluid and electrolyte 
deficits. The required volume of replacement 
fluid can be determined on the basis of clini¬ 
cal signs as outlined in Chapter 5. As the 
fluid deficit is corrected, the patient should 
be observed for urination. The healthy horse 
produces 15 to 30 mL urine/kg BW each day, 
which is equivalent to 7.5 to 15.0 L/day for a 
500-kg horse. If anuria or oliguria is present, 
the rate of fluid administration should be 
monitored to prevent overhydration. If the 
patient has anuria or oliguria after the fluid 
volume deficit is corrected, a diuretic should 
be administered to help restore urine flow. 
Furosemide (1-2 mg/kg BW IV or IM every 
2-6 hours) or mannitol (0.25-2.0 g/kg BW 
in a 20% solution administered IV over 
15-20 minutes) may be used, but furosemide 
is preferred because of its much lower cost 
and ease of administration. Mannitol admin¬ 
istration has not been proven to be effective 
in humans and is no longer recommended 
for treatment of oliguric acute renal failure 
in humans. Diuretics should not be used 


until dehydration has been corrected and 
furosemide administration should be used 
with caution in horses with acute renal 
failure caused by aminoglycoside toxicity, 
because furosemide may augment the neph¬ 
rotoxicity. After urine flow is restored, the 
resulting diuresis will increase the mainte¬ 
nance fluid requirement. B vitamins should 
be frequently administered because their rate 
of loss in the urine is anticipated to be higher 
than normal in animals with renal failure. 

Animals nonresponsive to fluid loading 
and diuretics could be administered low- 
dose (“renal dose”) dopamine as a continu¬ 
ous IV infusion (3-5 pg/kg BW/min) with 
dopamine diluted in 0.9% NaCl, 5% dex¬ 
trose, or lactated Ringer’s solution. Dopa¬ 
mine is an dj, p!, P 2 , DA^ and DA 2 agonist 
and therefore has a complex pharmacody¬ 
namic profile that is dependent on species, 
organ, and cardiovascular status. Dopamine 
is theoretically the preferred pharmacologic 
agent to selectively increase renal blood flow 
and therefore glomerular filtration rate in 
animals with renal failure, although low- 
dose dopamine infusion does not alter cre¬ 
atinine clearance (an index of glomerular 
filtration rate) in healthy adult horses and 
has not been shown to be of benefit in treat¬ 
ing renal failure in humans. Dopamine acts 
primarily as an inotropic agent at low doses 
(<5 pg/kg BW/min) and primarily as a vaso¬ 
pressor at higher doses. The mean arterial 
blood pressure and electrocardiogram 
should therefore be monitored during dopa¬ 
mine administration to ensure that dopa¬ 
mine infusion does not lead to hypertension 
or clinically significant cardiac arrhythmias. 
Although there are good theoretical grounds 
for use of dopamine in animals with renal 
failure, this is no longer the practice in 
human medicine because of the lack of effi¬ 
cacy of the drug in preventing or treating 
acute renal failure. Fenoldopam mesylate, a 
dopamine-1 receptor agonist, at 0.04 pg/kg 
BW/min may have a role in the treatment of 
anuria and oliguria in sick foals, because this 
rate of infusion increased urine output 
without altering systemic hemodynamics 
and cardiac output in healthy foals. 27 IV infu¬ 
sion of norepinephrine (0.1 pg/kg BW/min), 
with or without dobutamine (5 pg/kg BW/ 
min), does not alter urine output, endoge¬ 
nous creatinine clearance, or fractional clear¬ 
ance of electrolytes in neonatal foals, 28 
suggesting minimal therapeutic effects in 
foals with anuria or oliguria. Animals that 
remain anuric after IV fluid administration 
of furosemide/mannitol and dopamine have 
a grave prognosis and can only be managed 
with peritoneal dialysis or hemodialysis. 

Intermittent-flow peritoneal dialysis 
has been used successfully in a foal with a 
ruptured urinary bladder. A urinary catheter 
was placed in the bladder and secured to the 
perineal region. An area of the ventral mid¬ 
line was clipped and prepared for aseptic 
surgery. Local anesthetic was infused, and a 
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stab incision was made in the skin with a 
scalpel blade. An 11-French peritoneal dialy¬ 
sis catheter was placed in the stab incision 
then forced into the abdomen. The rigid 
stylet was removed, the catheter was secured 
to the skin, and the stab incision site was 
bandaged. Peritoneal fluid was allowed to 
drain; dialysis was then accomplished by 
infusing 2 L of a hypertonic dialysis solution, 
clamping the catheter for 1 hour, then open¬ 
ing the catheter and allowing drainage to 
occur for 2 to 3 hours. Dialysis was repeated 
9 times over a 36-hour period. Intermittent- 
flow peritoneal dialysis has also been used 
in 4 adult horses with acute renal failure 
using a similar catheterization technique 
(24-French de Pezzer or 28-French catheter 
secured using a purse-string suture followed 
by a Chinese finger trap suture pattern) and 
periodic infusion of 10 to 15 L of warmed, 
sterile, acetated Ringers or lactated Ringers 
solution. 29 The fluid was left for 0.5 to 1 hour 
and then allowed to drain back into the 
fluid bag from which it was delivered. Not all 
of the infused fluid is usually recovered; 
attachment of a Fleimlich valve to the cath¬ 
eter for several hours permits drainage of 
additional fluid. 

Continuous-flow peritoneal dialysis has 

been used successfully in an adult horse with 
azotemia refractory to IV fluids, furosemide, 
dopamine infusion, and intermittent-flow 
peritoneal dialysis. A 28-French indwelling 
thoracic tube was placed in the ventral 
abdomen and a 2.2-mm diameter, 15-cm 
long spiral fenestrated catheter was placed in 
the left flank via peritoneoscopy to allow for 
inflow of dialysate (Fig. 13-4). 30 Acetated 


Ringers with 1.5% glucose was continuously 
infused through the catheter in the left flank 
at approximately 3 L/h, with abdominal fluid 
collected into a sterile closed collection 
system from the catheter in the ventral 
midline of the abdomen. The quantity of 
intraabdominal fluid was controlled by posi¬ 
tioning the collection bags relative to the 
level of the withers to maintain a constant 
and modest intraperitoneal pressure. 

Hemodialysis (renal replacement ther¬ 
apy) has been used successfully to treat a 
foal with presumed oxytetracycline nephro- 
toxicosis. Venovenous hemodialysis was 
performed under isoflurane anesthesia after 
surgical placement of a Teflon/Silastic arte¬ 
riovenous shunt in the median artery and 
vein using a dialysis delivery system, a hol¬ 
low-fiber artificial kidney, and acetate-base 
dialysate. Anticoagulation during dialysis 
was accomplished with a loading dose of 
heparin (100 U/kg BW IV) and then hourly 
boluses of 20 U/kg BW or a continuous rate 
infusion of 50 IU/kg each hour to prolong 
the activated clotting time. Three dialysis 
treatments, lasting 4 to 6 hours, were admin¬ 
istered over a 4-day period, resulting in a 
marked reduction in azotemia. The safety 
and efficacy of venovenous hemodialysis has 
been investigated in five adult horses. 31 Renal 
replacement therapy is more efficient than 
intermittent or continuous-flow peritoneal 
dialysis and requires shorter treatment inter¬ 
vals but does require vascular access, antico¬ 
agulation treatment, sterile filters and tubing, 
a peristaltic pump, and potentially a method 
for warming the fluids to core body tempera¬ 
ture immediately before IV infusion. 


The treatment of chronic renal failure will 
depend on the stage of disease and the value 
of the animal. In chronic failure, therapy is 
aimed at prolonging life. In food-producing 
animals, emergency slaughter is not recom¬ 
mended because the carcass is usually 
unsuitable for human consumption. Animals 
in chronic failure should have free access to 
water and salt, unless edema is present. 
Stresses such as sudden environmental and 
dietary changes should be avoided. The 
ration should be high in energy-giving food 
and properly balanced for protein. Acute 
renal failure may occur in patients in chronic 
failure and can be treated like other cases of 
acute renal failure. 

Antimicrobial Agents 

Selection of antimicrobial agents for the 
treatment of urinary tract infections should 
be based on quantitative urine culture of a 
catheterized urine sample. A clinically rele¬ 
vant bacterial concentration indicative of 
cystitis or pyelonephritis is 1000 cfu/mL or 
30,000 cfu/mL of urine from a catheterized or 
midstream free-catch sample, respectively. 

The ideal antimicrobial for treatment of 
urinary tract infections should meet several 
criteria. It should 

• Be active against the causal bacteria 

• Be excreted and concentrated in the 
kidney and urine 

• Be active at the pH of urine 

• Have low toxicity, particularly 
nephrotoxicity 

• Be easily administered 

• Be low in cost 

• Have no harmful interactions with 
other concurrently administered drugs 

Appropriate first-line antimicrobials include 
penicillin, ampicillin, amoxicillin, ceftiofur, 
and cefquinome in ruminants and 
trimethoprim-sulfonamides and ceftiofur in 
horses. Antimicrobial therapy for lower 
urinary tract infections should continue for 
at least 7 days; for upper urinary tract infec¬ 
tions 2 to 4 weeks of treatment is often neces¬ 
sary. Success of therapy can be evaluated by 
repeating the urine culture 7 to 10 days after 
the last treatment. 

Manipulation of urine pH should be con¬ 
sidered as part of the treatment of bacterial 
urinary tract infections. Generally, Esche¬ 
richia coli attach best to urinary epithelial 
cells at pH 6.0, whereas Corynehacterium 
renale attaches best in alkaline urine. In other 
words, when treating an E. coli pyelonephritis 
or cystitis, the diet should be altered to ensure 
an alkaline urine pH. Likewise, urine pH 
should be acidic when treating urinary tract 
infections caused by C. renale. 

FURTHER READING 
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Clin North Am Equine Pract. 2007;23:641-653. 



Fig. 13-4 Drawing of the system for continuous-flow peritoneal dialysis in an adult horse. TPN, 
total parenteral nutrition. (Reproduced with permission from Gallatin LL et al. J Am Vet Med 
Assoc 2005; 226:756-759.) 
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Diseases of the Kidney 

GLOMERULONEPHRITIS 

Glomerulonephritis can occur as a primary 
disease or as a component of diseases affect¬ 
ing several body systems, such as equine 
infectious anemia and chronic swine fever. 
In primary glomerulonephritis, the disease 
involves only the kidney, predominantly 
affecting the glomeruli, although the inflam¬ 
matory process extends to affect the sur¬ 
rounding interstitial tissue and blood vessels. 


Primary and secondary glomerulonephritis 
are rare causes of clinical disease in farm 
animals. The disease is sometimes associated 
with other chronic, systemic illness such as 
in cows with Johne’s disease, bovine virus 
diarrhea, fascioliasis, 1 or leptospirosis; pigs 
with hog cholera or African swine fever; and 
horses with equine infectious anemia. Prolif¬ 
erative glomerulonephritis is reported as an 
incidental finding in normal sheep, cattle, 
goats, and pigs. Clinical disease from glo¬ 
merulonephritis is rare in these species but 
has been reported in cattle and as a congeni¬ 
tal condition in sheep, as described later. 
Proliferative glomerulonephritis can cause 
chronic renal failure in horses. Glomerulo¬ 
nephritis is present is animals with amyloi¬ 
dosis, which is a generalized deposition of 
antibody-antigen complexes. Amyloidosis is 
discussed in detail in Chapter 11. 

The immune system plays a major role in 
the pathogenesis of glomerular lesions. Glo¬ 
merular injury can be initiated by an immune 
response in which antibodies are directed 
against intrinsic glomerular antigens or by 
foreign antigens planted in the glomerulus. 
Alternatively, and more commonly, circulat¬ 
ing antigen-antibody complexes may be 
deposited in the glomerulus. As the com¬ 
plexes accumulate, they stimulate an inflam¬ 
matory response that damages the glomerular 
filtration system. Inflammatory damage to 
the glomerulus alters the selective permea¬ 
bility of the filtration system allowing plasma 
protein, particularly albumin, to pass into 
the glomerular filtrate. In horses, the glo¬ 
merular lesion is thought to be caused by the 
deposition of circulating antigen-antibody 
complexes, but the origin of these complexes 
is unknown. Infections with streptococci 
and equine infectious anemia virus may be 
involved but are not likely to be involved in 
all cases. 

Glomerulonephritis is a common cause 
of chronic renal failure in horses. Several 
forms of glomerulonephritis are recognized 
in horses: membranous glomerulonephritis, 
poststreptococcal glomerulonephritis, mem- 
branoproliferative glomerulonephritis, and 
focal glomerulosclerosis. As discussed ear¬ 
lier, most are probably immune mediated 
and associated with circulating antibody- 
antigen complexes. Over 80% of horses with 
equine infectious anemia have glomerular 
lesions, and viral antigen-antibody com¬ 
plexes are present in the glomerular base¬ 
ment membrane. Purpura hemorrhagica is 
associated with glomerulonephritis. 

The nephrotic syndrome is seen in some 
advanced cases of glomerulonephritis and is 
a clinical syndrome characterized by protein¬ 
uria, hypoproteinemia leading to generalized 
edema, and hypercholesterolemia. Nephrotic 
syndrome is rarely diagnosed in large ani¬ 
mals for unknown reasons, relative to the dog 
and human, but is most common in cattle 
with advanced renal amyloidosis. Hypercho¬ 
lesterolemia is attributed to increased hepatic 


synthesis of proteins in response to chronic 
proteinuria, but appears to be an inconsistent 
finding in cattle. 1 Dermatitis-nephropathy 
syndrome is a systemic necrotizing vasculitis 
and glomerulonephritis syndrome of grow¬ 
ing pigs in the UK and Canada. The cause is 
unknown, but an immune-mediated patho¬ 
genesis is suspected. Growing pigs are 
affected with a morbidity ranging from 1% 
to 3%. The skin is affected with a papular 
dermatopathy with a characteristic distribu¬ 
tion of bluish red spots at least 1 cm in diam¬ 
eter beginning first in the perineal region 
and then extending to the pelvic limbs and 
along the ventral body wall to the neck and 
ears. In the glomeruli, there are extensive 
granular complement deposits with scattered 
immunoglobulins. 

Porcine dense deposit disease, porcine 
membranoproliferative glomerulonephritis 
type II, is a common cause of early loss of 
newborn piglets in the Norwegian Yorkshire 
breed. The disease is associated with exten¬ 
sive complement activation caused by a defi¬ 
ciency of factor H, a plasma protein that 
regulates complement. Affected piglets are 
clinically normal at birth and for the first 
few weeks of life. Thereafter they become 
unthrifty and die of renal failure within 72 
days of birth. In the kidneys there is exten¬ 
sive glomerular proliferation and marked 
thickening of the glomerular capillary wall. 
Large amounts of dense deposits are consis¬ 
tently found within the glomerular basement 
membrane. This disease is inherited with a 
simple autosomal recessive pattern and com¬ 
plete penetrance. A pathogenetic mechanism 
of a defective or missing complement regula¬ 
tion protein is hypothesized. A spontaneous 
glomerulonephritis of unknown etiology 
and unrelated to any breed has been recorded 
in pigs. A necrotizing glomerulonephritis is 
listed as occurring in pigs fed a waste product 
from an industrial plant producing a proteo¬ 
lytic enzyme. Glomerulonephritis has also 
been recorded in pigs in the absence of clini¬ 
cal illness, although an association with the 
“thin sow” syndrome is suggested. 

In Finnish Landrace lambs less than 4 
months of age there is an apparently inher¬ 
ited mesangiocapillary glomerulonephritis 
that is remarkably similar to forms of human 
glomerulonephritis. Affected lambs appear 
to absorb an agent from colostrum that 
induces an immunologic response, followed 
by the granular deposition of immune 
complexes and complement within the 
glomerular capillary walls; this initiates a 
fatal mesangiocapillary glomerulitis. Many 
affected lambs are asymptomatic until found 
dead. Some have signs of tachycardia, edema 
of the conjunctiva, nystagmus, walking in 
circles, and convulsions. The kidneys are 
enlarged and tender. There is severe pro¬ 
teinuria and low plasma albumin. SUN 
concentration is markedly increased with 
hyperphosphatemia and hypocalcemia. At 
necropsy the kidneys are large and pale and 
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have multifocal pinpoint yellow and red 
spots throughout the cortex. On histopatho¬ 
logic examination, there are severe vascular 
lesions in the choroid plexuses and the lateral 
ventricles of the brain. The disease is thought 
to be conditioned in its occurrence by inheri¬ 
tance and to be limited to the Finnish Land- 
race breed; however, cases have also occurred 
in crossbred lambs. 

Glomerulopathy and peripheral neu¬ 
ropathy in Gelbvieh calves is a familial and 
probably heritable disease causing illness in 
calves of this breed of less than 13 months of 
age. The initial physical abnormality is poste¬ 
rior ataxia that progresses to generalized 
paresis and recumbency. The neurologic defi¬ 
cits include loss of conscious proprioception 
and diminished or absent peripheral reflexes 
but maintained consciousness. Affected ani¬ 
mals continue to eat and drink normally. 
Serum creatinine and urea concentrations 
are markedly elevated. Necropsy examina¬ 
tion reveals neuropathy, myelopathy, and 
glomerulopathy. The disease is terminal. 

REFERENCE 
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PYELONEPHRITIS 

Pyelonephritis usually develops by ascend¬ 
ing infection from the lower urinary tract. 
Clinically pyelonephritis is characterized by 
pyuria, hematuria, cystitis, ureteritis, and 
suppurative nephritis. 

ETIOLOGY 

Pyelonephritis may develop in a number 
of ways: 

• Secondary to bacterial infections of the 
lower urinary tract 

• Spread from embolic nephritis of 
hematologic origin such as septicemia in 
cattle associated with Pseudomonas 
aeruginosa 

• Specific pyelonephritis associated 
with C. renale, C. pilosum (formerly 
C. renale type 2), and C. cystitidis 
(formerly C. renale type 3) in cattle and 
C. suis in pigs 

• Secondary to anatomic abnormalities of 
the kidneys or distal structures 
permitted ascending infection of the 
kidney 

• In association with nephroliths, 
although whether the nephrolith or 
the pyelonephritis occurred first is 
uncertain 

PATHOGENESIS 

Pyelonephritis develops when bacteria from 
the lower urinary tract ascend the ureters 
and become established in the renal pelvis 
and medulla. Bacteria are assisted in ascend¬ 
ing the ureters by urine stasis and reflux of 
urine from the bladder. Urine stasis can 
occur as a result of blocking of the ureters 
by inflammatory swelling or debris, by 


pressure from the uterus in pregnant 
females, and by obstructive urolithiasis. Ini¬ 
tially the renal pelvis and medulla are 
affected because they are relatively more 
hypoxic, and localized tissue hypertonicity 
depresses the phagocytic function of leuko¬ 
cytes. Infection in advanced cases may 
extend to the cortex. Pyelonephritis causes 
systemic signs of toxemia and fever and, if 
renal involvement is bilateral and sufficiently 
extensive, uremia develops. Pyelonephritis is 
always accompanied by pyuria and hematu¬ 
ria because of the inflammatory lesions of 
the ureters and bladder. 

Pyelonephritis in cattle caused by C. 
renale used to be very common, but clinical 
disease has decreased markedly, with the 
majority of pyelonephritis cases in cattle now 
caused by E. coli. The reason for the decrease 
in C. renale isolation from clinical cases is 
unclear but is probably related to a change in 
diet toward concentrates with an associated 
decrease in urine pH. Other potential reasons 
could be the widespread use of (3-lactam 
antibiotics and the marked decrease in ure¬ 
thral catheterization to obtain a urine sample 
in cows suspected to be ketotic. Transmis¬ 
sion of C. suis in pigs may occur after mating 
with infected boars, because many boars 
carry C. suis in their preputial sac fluid. Field 
observations suggest that slight trauma at 
breeding, especially in small gilts, may be an 
important factor in transmission. 

CLINICAL FINDINGS 

The clinical findings in pyelonephritis vary 
between species. In sows there may be an 
initial period during which a vaginal dis¬ 
charge is noted, but most affected animals 
die without premonitory illness. Character¬ 
istically, affected pigs will lose weight and 
eventually become emaciated. The disease in 
cattle usually has a protracted course 
and is characterized by fever, pyuria or 
hematuria, and intermittent episodes of 
abdominal pain (see previous section Bovine 
Pyelonephritis). 

The disease in horses is often chronic, 
although acute disease occurs. Gross hema¬ 
turia is recognized in some horses with 
pyelonephritis, although this is not a com¬ 
mon finding. Ultrasonographic examination 
of the kidneys can confirm the diagnosis, 
based on the presence of abnormally shaped 
kidneys with loss of the corticomedullary 
gradient, hypoechoic or hyperechoic abnor¬ 
malities in the renal cortex, and increased 
echogenicity. These findings should prompt 
examination of the urine for leukocytes, 
casts, protein, and bacteria. 

CLINICAL PATHOLOGY 

Erythrocytes, leukocytes, and cell debris are 
present in the urine on microscopic exami¬ 
nation and may be grossly evident in severe 
cases, particularly in horses. Quantitative 
urine culture is necessary to determine the 
causative bacteria. 


NECROPSY FINDINGS 

The kidney is usually enlarged, and lesions 
in the parenchyma are in varying stages 
of development. Characteristic lesions are 
necrosis and ulceration of the pelvis and 
papillae. The pelvis is usually dilated and 
contains clots of pus and turbid urine. 
Streaks of gray, necrotic material radiate 
out through the medulla and may extend 
to the cortex. Affected areas of parenchyma 
are necrotic and may be separated by 
apparently normal tissue. Healed lesions 
appear as contracted scar tissue. Infarction 
of lobules may also be present, especially 
in cattle. Histologically the lesions are 
similar to those of embolic nephritis except 
that there is extensive necrosis of the apices 
of the papillae. Necrotic, suppurative lesions 
are usually present in the bladder and 
ureters. 

TREATMENT 

General principles of treatment of urinary 
tract infections were presented earlier. A spe¬ 
cific treatment for severe asymmetric pyelo¬ 
nephritis is unilateral nephrectomy, but this 
should only be done in nonazotemic animals. 
An overlooked component of treatment is 
alteration in urinary pH, which will affect the 
ability of the bacteria to attach to epithelial 
cells. As a generalization, C. renale attaches 
best in alkaline urine and E. coli attaches best 
in acidic urine. 


DIFFERENTIAL DIAGNOSIS 


The presence of pus and blood in the urine 
may suggest cystitis or embolic nephritis as 
well as pyelonephritis. It may be difficult to 
distinguish between these diseases, but renal 
enlargement or pain on rectal palpation of 
the kidney indicates renal involvement. 
Ultrasonographic changes associated with 
pyelonephritis include a dilated renal 
collecting system, renal or ureteral calculi, 
increased echogenicity, loss of 
corticomedullary echogenicity, and subjective 
enlargement of the kidney with acute disease 
or a small irregular kidney with chronic 
disease.' Parenchymal hyperechogenicity can 
be caused by tubular degeneration and 
replacement fibrosis. 
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NEPHROSIS 

Nephrosis includes degenerative and inflam¬ 
matory lesions primarily affecting the renal 
tubules, particularly the proximal convo¬ 
luted tubules. Nephrosis is classified into two 
main groups: (1) tubular injury caused by 
ischemic insult and (2) cell death or damage 
to the tubules caused by nephrotoxins (toxic 
agents that preferentially damage renal 
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tubular epithelial cells). Nephrosis is the 
most common cause of acute kidney failure 
and often multiple animals are affected if 
there is exposure to nephrotoxins, such as 
plant toxicities. Uremia from nephrosis may 
develop acutely or may occur in the terminal 
stages of chronic renal disease. 

ISCHEMIC NEPHROSIS 

Reduced blood flow through the kidneys 
usually is caused by general circulatory 
failure. There is transitory oliguria followed 
by anuria and uremia if the circulatory 
failure is not corrected. 

ETIOLOGY 

Any condition that predisposes the animal to 
marked hypotension and release of endoge¬ 
nous pressor agents potentially can initiate 
hemodynamically mediated acute renal 
ischemia and renal failure. Ischemia may be 
acute or chronic. 

Acute Renal Ischemia 

• General circulatory emergencies such as 
shock, dehydration, acute hemorrhagic 
anemia, and acute heart failure; renal 
failure secondary to calf diarrhea has 
been described 

• Embolism of renal artery, recorded in 
horses 

• Extreme ruminal distension in cattle 

Chronic Renal Ischemia 

• Chronic circulatory insufficiency such as 
congestive heart failure 

PATHOGENESIS 

Acute ischemia of the kidneys occurs when 
compensatory vasoconstriction affects the 
renal blood vessels in response to a sudden 
reduction in cardiac output. As mean arterial 
blood pressure decreases below 60 mm Hg 
(the lower limit for autoregulation of renal 
blood flow), glomerular filtration decreases, 
and metabolites that are normally excreted 
accumulate in the bloodstream. The concen¬ 
tration of urea nitrogen in plasma or serum 
increases, giving rise to the name prerenal 
uremia. As glomerular filtration falls, tubular 
resorption increases, causing reduced urine 
flow. Up to a certain stage, the degenerative 
changes are reversible by restoration of 
renal blood flow, but if ischemia is severe 
enough and of sufficient duration, the renal 
damage is permanent. Proximal tubules are 
highly sensitive to ischemia because they 
are one of the energetically most active cells 
in the body. Acute circulatory disturbances 
are more likely to be followed by degenera¬ 
tive lesions than chronic congestive heart 
failure. 

The parenchymatous lesions vary from 
tubular necrosis to diffuse cortical necrosis 
in which both tubules and glomeruli are 
affected. The nephrosis of hemoglobinuria 
appears to be caused by the vasoconstriction 


of renal vessels rather than a direct toxic 
effect of hemoglobin on renal tubules. 
Uremia in acute hemolytic anemia and in 
acute muscular dystrophy with myoglobin¬ 
uria may be exacerbated by plugging of the 
tubules with casts of coagulated protein, but 
ischemia is also an important factor. 

CLINICAL FINDINGS 

Renal ischemia does not appear as a distinct 
disease, and its signs are masked by the clini¬ 
cal signs of the primary disease. Oliguria and 
azotemia will go unnoticed in most cases 
if the circulatory defect is corrected in the 
early stages. However, renal insufficiency 
may cause a poor response to treatment with 
transfusion or the infusion of other fluids in 
hemorrhagic or hemolytic anemia, in shock 
or dehydration. In these cases, unexplained 
depression or a poor response to therapy 
indicates that renal involvement should be 
investigated. The general clinical picture is 
one of acute renal failure and is described 
under uremia. 

CLINICAL PATHOLOGY 

Laboratory tests can be used to evaluate renal 
function once the circulatory condition has 
been corrected. Urinalysis as well as SUN 
and creatinine concentrations are common 
indices. Serum biochemistry on serially col¬ 
lected samples may also be used to monitor 
the response to therapy. On urinalysis, pro¬ 
teinuria is an early indication of damage to 
the renal parenchyma. The passage of large 
volumes of urine of low specific gravity after 
a period of oliguria is usually a good indica¬ 
tion of a return of normal glomerular and 
tubular function. 

NECROPSY FINDINGS 

Lesions of renal ischemia are present primar¬ 
ily in the cortex, which is pale and swollen. 
There may be a distinct line of necrosis 
visible at the corticomedullary junction. 
Histologically there is necrosis of tubular 
epithelium and, in severe cases, of the glom¬ 
eruli. In hemoglobinuria and myoglobinuria 
hyaline casts are present in the tubules. 
Severe ischemic injury can disrupt the base¬ 
ment membranes of the proximal tubules. 

TREATMENT 

Treatment must be directed at correcting 
fluid, electrolyte, and acid-base disturbance 
as soon as possible. If renal damage has 
occurred, supportive treatment as suggested 
for the treatment of acute renal failure should 
be instituted. 


DIFFERENTIAL DIAGNOSIS 


Evidence of oliguria and azotemia in the 
presence of circulatory failure suggests renal 
ischemia and the possibility of permanent 
renal damage. It is important to attempt to 
differentiate the early reversible prerenal stage 
from the stage in which degeneration of renal 


parenchyma has occurred. When ischemic 
renal lesions are present, urinalysis may be 
helpful in diagnosis, particularly if the urine 
is not appropriately concentrated in a 
dehydrated patient. After irreversible ischemic 
changes have occurred, it is impossible to 
differentiate clinically between ischemia and 
other primary renal diseases such as 
glomerulonephritis and toxic nephrosis. 

History and clinical signs of chronic disease 
will help determine whether the acute 
syndrome is superimposed on chronic renal 
disease. 


TOXIC NEPHROSIS 

The kidneys are particularly vulnerable to 
endogenous and exogenous toxins because 
they receive a large proportion of the total 
cardiac output (typically 20%) and because 
substances are concentrated in the kidney for 
excretion. 

ETIOLOGY 

Most cases of nephrosis are caused by the 
direct action of toxins, but hemodynamic 
changes may contribute to the pathogenesis. 

Toxins 

• Metals: mercury, arsenic, cadmium, 
selenium, and organic copper 
compounds; nephrosis can be 
reproduced experimentally in horses by 
the oral administration of potassium 
dichromate and mercuric chloride, 
including topical blistering agents 
containing mercuric chloride 

• Antimicrobials, such as 
aminoglycosides, and overdosing with 
neomycin and gentamicin in the 
treatment of calves; treatment with 
tetracycline preparations accidentally 
contaminated by tetracycline 
degradation compounds and repeated 
daily dosing with long-acting 
oxytetracycline preparations may 
induce toxicity; treatment with 
sulfonamides 

• Horses treated with vitamin K3 
(menadione sodium bisulfite) 
administered by IM or IV injection 

• Horses treated with vitamin D2 
(ergocalciferol) and cholecalciferol (D3) 

• Treatment of horses with nonsteroidal 
antiinflammatory drugs (NSAIDs), 
including phenylbutazone and flunixin 
meglumine; dose rates of more than 
8.8 mg/kg BW of phenylbutazone per 
day for 4 days are likely to cause 
nephrosis; doses of 4.4 mg/kg BW are 
considered to be safe, but toxicity is 
enhanced by water. The usual 
presentation of NS AID toxicosis in 
horses is gastrointestinal ulceration, 
including right dorsal colitis 

• Ketoprofen in sheep at 30 mg/kg IV, 
once 2 ; renal toxicity may be facilitated 













by concomitant activation of the 
alternative complement pathway 

• Benzimidazole compounds used as 
anthelmintics; only some of them but 
including thiabendazole 

• Monensin in ruminants 

• Low-level aldrin poisoning in goats 

• Highly chlorinated naphthalenes 

• Oxalate in plants 

• Oxalate in fungi, e.g., Penicillium spp. 
and mushrooms 

• Oxalate in ethylene glycol or ascorbic 
acid, which is a metabolic precursor to 
oxalate 

• Primary hyperoxaluria caused by an 
inherited metabolic defect in Beefmaster 
calves 

• Tannins in the foliage of oak trees and 
acorns 

• Unidentified toxin in Amaranthus 
retroflexus in pigs, cattle, and lambs, 2 in 
Narthecium asiaticum fed to cattle and 
Isotropis forrestii in ruminants 

• Mycotoxins, such as ochratoxins and 
citrinins, fumonisins in ruminants 

• Ingestion of Lophyrotoma interrupta 
(sawfly) larvae by cattle 

• Cantharidin in horses following 
ingestion of dead blister beetles in 
alfalfa hay and hay products 

• Most nonspecific endogenous or 
exogenous toxemias cause some degree 
of temporary nephrosis 

PATHOGENESIS 

In acute nephrosis there is obstruction to the 
flow of glomerular filtrate through the tubules 
caused by interstitial edema and intraluminal 
casts. If there is sufficient tubular damage, 
there may be back leakage of glomerular fil¬ 
trate into the interstitium. There may also be 
a direct toxic effect on glomeruli, which 
decreases glomerular filtration. The com¬ 
bined effect is oliguria and uremia. In sub¬ 
acute cases, impaired tubular resorption of 
solutes and fluids may lead to polyuria. 

CLINICAL FINDINGS 

Clinical signs may not be referable to the 
urinary system. In peracute cases, such as 
those caused by vitamin K3 administered by 
injection, there may be colic and stranguria. 
In acute nephrosis there is oliguria and pro¬ 
teinuria with clinical signs of uremia in the 
terminal stages. These signs include depres¬ 
sion, dehydration, anorexia, hypothermia, a 
slow or an elevated heart rate, and weak 
pulse. Diarrhea may be present that is suffi¬ 
ciently intense to cause severe clinical dehy¬ 
dration. In cattle there is a continuous mild 
hypocalcemia with signs reminiscent of 
that disease, which responds, in a limited 
way, to treatment with calcium. Cattle with 
advanced and severe nephrosis may exhibit 
a bleeding diathesis. Polyuria is present in 
chronic cases. 

Many systemic diseases such as septice¬ 
mia cause temporary tubular nephrosis. The 
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degree of renal epithelial loss is not sufficient 
to cause complete renal failure and, provided 
the degree of renal damage is small, complete 
function is regained. 

CLINICAL PATHOLOGY 

In acute tubular nephrosis, urinalysis abnor¬ 
malities are usually present before serum or 
plasma urea and creatinine concentrations 
are increased. Proteinuria, glucosuria, enzy- 
muria, and hematuria are initial changes on 
urinalysis in experimental toxic nephrosis. 
The earliest indication of tubular epithelial 
damage in experimentally induced nephrosis 
is the detection of the proximal tubule 
enzyme GGT in urine. Hypoproteinemia 
may be present. In acute renal disease of 
horses, hypercalcemia and hypophosphate¬ 
mia can be present, although this is not the 
usual finding. In the chronic stages the urine 
is isosthenuric and may or may not contain 
protein. Azotemia occurs when uremia is 
present. Ultrasonographically, renal changes 
are seen in foals receiving high daily doses of 
phenylbutazone. 

NECROPSY FINDINGS 

In acute cases the kidney is swollen and wet 
on the cut surface and edema, especially of 
perirenal tissues, may be apparent. Histo¬ 
logically there is necrosis and desquamation 
of tubular epithelium, and hyaline casts are 
present in the dilated tubules. In phenylbu¬ 
tazone poisoning the renal lesion is specifi¬ 
cally a renal medullary necrosis. There may 
also be ulcers in all or any part of the alimen¬ 
tary tract from the mouth to the colon if 
phenylbutazone was administered orally. 

TREATMENT 

Treatment should be directed at general 
supportive care for acute renal disease as 
outlined earlier. If the toxin can be identified, 
it should be removed. Treatment for specific 
toxins may be available, as described else¬ 
where in the text. Hemodialysis was used 
successfully to treat a foal with presumed 
oxytetracycline nephrotoxicosis. 


DIFFERENTIAL DIAGNOSIS 


Clinical differentiation from acute 
glomerulonephritis is difficult, but clinical 
signs of involvement of other organs in the 
toxic process may be present. 

• A combination of polyuria and glycosuria is 
an uncommon finding in large animals and 
is usually caused by nephrosis. 

• Diabetes mellitus is rare in horses and 
extremely rare in ruminants. 

• Cushing's syndrome (chronic 
hyperadrenocorticism pituitary pars 
intermedia dysfunction) is more common in 
horses and includes characteristic signs of 
polyuria, glycosuria, debilitation, hirsutism, 
polyphagia, and hyperglycemia. 

• Diarrhea in terminal stages of uremia in a 
horse can be confused with the other 


causes of acute diarrhea. It requires a 
blood urea and creatinine estimation and a 
urinalysis for differentiation. 


FURTHER READING 

Schmitz DG. Toxins affecting the urinary system. Vet 

Clin North Am Equine Pract. 2007;23:677-690. 
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RENAL TUBULAR ACIDOSIS 

Renal tubular acidosis (RTA) is a rare disease 
of large animals that is characterized by 
normal glomerular function but abnormal 
tubular function. RTA should be suspected 
whenever there is a hyperchloremic strong 
ion (metabolic) acidosis and normal anion 
gap with no discernible extrarenal cause 1 ; it 
is important to note that a common extrare¬ 
nal cause of hyperchloremic strong ion aci¬ 
dosis is aggressive IV administration of 0.9% 
NaCl. This means that extreme caution needs 
to be exercised when attempting to diagnose 
RTA in sick animals receiving IV fluids. 

Four major types of tubular functional 
defect exist in humans: (1) nephrogenic dia¬ 
betes insipidus, in which the collection 
ducts do not respond to ADH (vasopressin); 

(2) distal RTA (type I), which is a defect in 
the ability to secrete hydrogen ions in the 
distal convoluted tubules against a concen¬ 
tration gradient (in humans, type III is now 
considered a variant of type I); and (3) proxi¬ 
mal RTA (type II), which is characterized by 
decreased bicarbonate reabsorption in the 
proximal convoluted tubules. A variant of 
proximal RTA that does not appear to have 
been reported in large animals is Fanconi’s 
syndrome, which is a genetic defect in 
humans related to the tubular resorption of 
glucose, various amino acids, urate, and 
phosphate. (4) hyperkalemic distal RTA 
(type IV) is caused by the resistance of distal 
nephron cells to aldosterone, resulting in 
hyperkalemia, natriuresis, and the inability 
to concentrate urine. Type IV RTA has not 
been reported in domestic animals. 

Only a small number of RTA cases have 
been documented in horses, and these have 
been predominantly distal RTA (type I). Dif¬ 
ferentiating between RTA type I and type II is 
difficult and unreliable in horses, 1 and a 
report exists of a horse that may have both 
types. 2 The urine of humans with proximal 
RTA (type II) is acidic, whereas the urine of 
humans with distal RTA (type I) is very alka¬ 
line, regardless of the serum bicarbonate con¬ 
centration, but aciduria is rarely present in 
herbivores suspected to have proximal RTA 
(type II). There is one report of RTA in a 
lethargic 3-month-old calf with Salmonella 
enterica serovar Agona that was more consis¬ 
tent with RTA type I than type II. The calf 
responded to IV sodium bicarbonate. 3 
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Nephrogenic Diabetes Insipidus 

This is a very rare condition with reports 
in three colts, of which two were related. 1 
Clinical signs are chronic and extreme poly¬ 
dipsia and polyuria, poor body condition, 
and growth rate. Diagnosis in nonazotemic 
normally hydrated animals includes the 
inability to concentrate urine in response to 
IV hypertonic saline (7.5% NaCl, 1-2 mL/kg 
BW), which increases plasma osmolality and 
triggers released of ADH. Another diagnostic 
test is the administration of exogenous 
aqueous vasopressin (0.25-0.5 U/kgBW, IM) 
or desmopressin acetate (0.05 |4g/kg, IV), a 
potent synthetic analog of vasopressin. An 
increase in urine specific gravity to greater 
than 1.025 within 2 hours is supportive of a 
diagnosis of central diabetes insipidus, and 
the failure to concentrate urine is supportive 
of a diagnosis of nephrogenic diabetes insipi¬ 
dus or medullary washout. Water deprivation 
can also be used, because it is expected to 
increase plasma vasopressin concentration. 4 
Water deprivation typically rapidly dehy¬ 
drates animals with nephrogenic diabetes 
insipidus, and their hydration status, BW, and 
urine specific gravity and volume should be 
monitored frequently. 

Specific treatment protocols in horses 
with nephrogenic diabetes insipidus have not 
been identified but should focus on restricted 
water and sodium intake and the long-term 
administration of thiazide diuretics. 

Distal Renal Tubular Acidosis 
(Type I) 

Horses with distal RTA (type I) have a pro¬ 
found strong ion acidosis caused by hyper¬ 
chloremia (normal anion gap metabolic 
acidosis), hypokalemia, an alkaline urine pH 
(typically >8.0), and increased fractional 
clearance of sodium. A practical diagnostic 
test for distal RTA (type I) involves examin¬ 
ing the ability of the distal convoluted 
tubules to excrete hydrogen ions by the oral 
administration of ammonium chloride 
(0.1 g/kg BW in 6 L of water via nasogastric 
tube). 1,5 Inability to achieve an acidic urine 
(pH <6.5) after oral ammonium chloride 
administration is consistent with a diagnosis 
of distal RTA (type I). 

Treatment of horses and a calf with distal 
RTA (type I) has been symptomatic and 
focuses on oral or IV administration of 
sodium bicarbonate. 3,5 Spontaneous recovery 
has been reported in horses. 

Proximal Renal Tubular Acidosis 
(Type II) 

The classic explanation for this disorder is a 
failure to reabsorb bicarbonate in the proxi¬ 
mal tubules, resulting in excessive loss of 
bicarbonate in the urine and metabolic aci¬ 
dosis (decreased plasma bicarbonate con¬ 
centration) but variable urine pH. Because 
the molecular basis for this defect has not 
been identified, it has been proposed that 
proximal RTA (type II) may result from 
channel dysfunctions of strong electrolytes 


in proximal renal tubule cells. 1 Reabsorption 
of bicarbonate requires energy, therefore, 
disease processes that lead to proximal tubu¬ 
lar damage have the potential to result in 
proximal RTA (type II). 

A practical diagnostic test for proximal 
RTA (type II) in humans is measuring the 
change in urine Pco 2 during oral or IV 
sodium bicarbonate administration, but this 
test does not appear to have been performed 
in horses. Normally, urine and plasma Pco 2 
are similar but, during bicarbonate diuresis, 
urine Pco 2 becomes greater than plasma 
Pco 2 . The urine to plasma Pco 2 gradient 
during IV sodium bicarbonate administra¬ 
tion is therefore measured; one horse with 
proximal RTA developed a urine to plasma 
Pco 2 gradient of 29 mm Hg during bicar¬ 
bonate loading. Treatment of horses with 
proximal RTA (type II) is uncertain. 

FURTHER READING 

McKenzie EC. Polyuria and polydipsia in horses. Vet 
Clin North Am Equine Pract. 2007;23:641-653. 
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HEMOLYTIC UREMIC-LIKE 
SYNDROME 

Glomerular and tubulointerstitial disease, 
consistent with profound microangiopathy 
and glomerular degeneration in humans 
with hemolytic-uremic syndrome, has been 
diagnosed in two horses. Both horses were in 
oliguric renal failure and had clinicopatho- 
logic evidence of intravascular hemolysis 
and morphologic evidence of arteriolar 
microangiopathy and intravascular coagula¬ 
tion. The mortality rate is expected to be 
extremely high. The pathogenesis in horses 
is unclear, although hemolytic-uremic syn¬ 
drome in humans is caused by toxins pro¬ 
duced by E. coli 0157:H7. 

HYDRONEPHROSIS 

Hydronephrosis is a dilatation of the renal 
pelvis with progressive atrophy of the renal 
parenchyma. It occurs as a congenital or an 
acquired condition following obstruction of 
the urinary tract. Any urinary tract obstruc¬ 
tion can lead to hydronephrosis, but the 
extent and duration of the obstruction are 
important in determining the severity of the 
renal lesion. Urinary tract obstructions that 
are chronic, unilateral, and incomplete are 
more likely to lead to hydronephrosis. Acute 
obstructions of bladder or urethra that are 
corrected promptly are not usually associated 
with significant kidney damage. As a result, 


recurrence of the obstruction rather than 
renal failure is the major sequel to urolithiasis 
in ruminants. In cases of acute complete 
obstruction the clinical picture is dominated 
by signs of anuria, dysuria, or stranguria. 

Chronic or partial obstructions cause 
progressive distension of the renal pelvis and 
pressure atrophy of the renal parenchyma. If 
the obstruction is unilateral, the unaffected 
kidney can compensate fully for the loss of 
function and the obstruction may not cause 
kidney failure. Unilateral obstruction may be 
detectable on palpation per rectum of a 
grossly distended kidney. Chronic bilateral 
obstructions, although they are rare in large 
animals, can cause chronic kidney failure. 
Hydronephrosis and chronic renal failure 
have been recorded in a steer suffering from 
chronic partial obstruction of the penile 
urethra by a urolith. Partial obstruction of 
the ureters by papillomas of the urinary 
bladder has been recorded in a series of 
cows. Compression by neoplastic tissue in 
cases of enzootic bovine leukosis may also 
cause hydronephrosis. Ultrasonography can 
be used as an aid to diagnosis. 

INTERSTITIAL NEPHRITIS 

Interstitial nephritis is rarely recognized as a 
cause of clinical disease in farm animals, 
although it is a frequent postmortem finding 
in some species. Interstitial nephritis may be 
diffuse or have a focal distribution. In calves, 
focal interstitial nephritis (white-spotted 
kidney) is a common incidental finding at 
necropsy but does not present as a clinical 
urinary tract disease. Focal interstitial 
nephritis of cattle is not associated with lep¬ 
tospirosis or active bacterial infection. In 
pigs, diffuse interstitial nephritis is observed 
following infection by Leptospira sp. and is 
important clinically because of the resultant 
destruction of nephrons that occurs. The 
kidney is an important reservoir for Lepto¬ 
spira spp. in other species, particularly cattle, 
but renal disease is not a common clinical 
problem in carrier animals. 

Chronic interstitial fibrosis is a common 
postmortem finding in horses suffering from 
chronic renal failure. This is thought to rep¬ 
resent an end-stage condition rather than 
primary interstitial disease. The initiating 
cause of the renal disease is usually not 
evident, but most cases are thought to begin 
with acute tubular nephrosis. Horses with 
chronic interstitial nephritis have the clinical 
syndrome of chronic renal failure with 
uremia. 

Chronic interstitial nephritis with diffuse 
zonal fibrosis (CINF) occurs in Japanese 
Black cattle (Wagyu) as an autosomal reces¬ 
sive disorder leading to death before puberty. 
Clinically there is growth retardation 
between 3 and 5 months of age. A genome¬ 
wide scan using microsatellite markers in a 
Wagyu pedigree segregated for CINF 
mapped the CINF locus to bovine chromo¬ 
some 1. 
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EMBOLIC NEPHRITIS 

Embolic lesions in the kidney do not cause 
clinical signs unless they are very extensive, 
in which case septicemia may be followed 
by uremia. Even though embolic nephritis 
may not be clinically evident, transient 
proteinuria and pyuria may be observed if 
urine samples are examined at frequent 
intervals. 

ETIOLOGY 

Embolic suppurative nephritis or renal 
abscess may occur after any septicemia or 
bacteremia when bacteria lodge in renal 
tissue. 

Emboli may originate from localized 
septic processes such as 

• Valvular endocarditis, in all species 

• Suppurative lesions in uterus, udder, 
navel, and peritoneal cavity in cattle or 
be associated with systemic infections 
such as: 

• Septicemia in neonatal animals, 
including Actinobacillus equuli 
infection in foals and E. coli 
septicemia in calves 

• Erysipelas in pigs and C. 
pseudotuberculosis in sheep and goats 

• Septicemic or bacteremic 
Streptococcus equi infection in horses 

PATHOGENESIS 

Bacterial emboli localize in renal tissue and 
cause the development of focal suppurative 
lesions. Emboli can block larger vessels and 
cause infarction of portions of kidney, with 
the size varying with the caliber of the 
occluded vessel. Infarcts are not usually so 
large that the residual renal tissue cannot 
compensate fully and they usually cause no 
clinical signs. If the urine is checked repeat¬ 
edly, the sudden appearance of proteinuria, 
casts, and microscopic hematuria, without 
other signs of renal disease, suggests the 
occurrence of a renal infarct. The gradual 
enlargement of focal embolic lesions leads to 
the development of toxemia and gradual loss 
of renal function. Clinical signs usually 
develop only when multiple emboli 
destroy much of the renal parenchyma, or 
when there are one or more large infected 
infarcts. 

CLINICAL FINDINGS 

Usually there is insufficient renal damage to 
cause signs of renal disease. Signs of toxemia 
and the primary disease are usually present. 
The kidney may be enlarged on rectal exami¬ 
nation. Repeated showers of emboli or grad¬ 
ual spread from several large, suppurative 
infarcts may cause fatal uremia. Spread to the 
renal pelvis may cause signs similar to pyelo¬ 
nephritis. Large infarcts may cause bouts of 
transient abdominal pain. 

CLINICAL PATHOLOGY 

Hematuria and pyuria are present in embolic 
nephritis, but microscopic examination may 


be necessary to detect these abnormalities 
when the lesions are minor. Proteinuria is 
present but is also normally present in neo¬ 
natal animals in the first 30 to 40 hours of 
life. Culture of urine at the time when pro¬ 
teinuria occurs may reveal the identity of the 
bacteria infecting the embolus. Hematology 
usually reveals evidence of an acute or 
chronic inflammatory process. 

NECROPSY FINDINGS 

In animals that die of intercurrent disease, the 
early lesions are seen as small gray spots in the 
cortex. In later stages these lesions may have 
developed into large abscesses, which may be 
confluent and in some cases extend into the 
pelvis. Fibrous tissue may surround long¬ 
standing lesions, and healed lesions consist of 
areas of scar tissue in the cortex. These areas 
have depressed surfaces and indicate that 
destruction of cortical tissue has occurred. 
Extensive scarring may cause an obvious 
irregular reduction in the size of the kidney. 

TREATMENT 

General information on treatment of urinary 
tract infections was presented earlier. Anti¬ 
microbials should be selected on the basis of 
quantitative urine culture and susceptibility 
testing. In treating septicemic neonatal 
animals, particular care must be taken to 
avoid the use of potentially nephrotoxic 
drugs. Antimicrobial treatment should be 
continued for a fairly lengthy period (7-14 
days). In embolic nephritis, the primary 
disease and the renal disease must be con¬ 
trolled to prevent recurrence of the embolic 
lesions. In neonatal animals this may involve 
treatment for septic shock. The urine culture 
should be repeated at intervals after treat¬ 
ment is completed to ensure that the infec¬ 
tion has been completely controlled. 


DIFFERENTIAL DIAGNOSIS 


Differentiation from pyelonephritis is difficult 
unless the latter is accompanied by signs of 
lower urinary tract infection such as cystitis or 
urethritis. The kidney is enlarged in both 
conditions, and the findings on urinalysis are 
the same when embolic nephritis invades the 
renal pelvis. Many cases of embolic nephritis 
go unrecognized clinically because of 
the absence of overt signs of renal 
involvement. 

Severely dehydrated neonatal animals 
may experience prerenal uremia and are 
susceptible to ischemic tubular nephrosis. 

The presence of other signs of sepsis should 
increase suspicion of the presence of embolic 
nephritis. 

The sudden occurrence of bouts of acute 
abdominal pain in some cases of renal 
infarction may suggest acute intestinal 
obstruction, but defecation is usually 
unaffected and rectal examination of the 
intestines is negative. 


Infectious Diseases of 
the Kidney 

LEPTOSPIROSIS 


SYNOPSIS 


Etiology Leptospira interrogans (many distinct 
serovars) and L. borgpetersenii (many 
distinct serovars) are found. 

Epidemiology Worldwide distribution, most 
commonly in warm, wet climates. Occurs in 
cattle, sheep and goats, pigs, and horses. 
Host-adapted (maintenance or reservoir) 
and non-host-adapted (accidental or 
incidental) leptospirosis is dependent on 
the response of each species to particular 
serovars. Prevalence of infection is greater 
than incidence of clinical disease. 
Transmission by urine of infected animals; 
some wildlife species may transmit to 
cattle. Ground surface moisture is the most 
important factor for persistence of the 
organism; major zoonosis. 

Signs Acute, subacute, and chronic 
forms; there is fever, acute hemolytic 
anemia, changes in milk, stillbirths, 
abortion in all species (especially pigs), 
weak neonates, infertility, milk drop 
syndrome, and periodic ophthalmia 
(recurrent uveitis in horse). 

Clinical pathology Demonstration and/or 
culture of organism in blood, urine, 
cervicovaginal mucus, body fluids, and 
tissues. Serologic tests, primarily 
macroscopic agglutination test, and ELISA 
and DNA probes are done. 

Lesions Anemia, jaundice, hemoglobinuria, 
serous hemorrhages, autolysis of aborted 
fetuses, fetal hepatitis, and nephritis are 
observed. 

Diagnostic confirmation Culture or 
demonstrate organism in body 
fluids or tissues, and there are high serum 
titers. 

Treatment Antimicrobials used to treat acute 
infection and eliminate leptospiruria. 

Control Antimicrobials are used to 

eliminate carriers; vaccination is done with 
vaccines containing serovars that are 
causing the disease in that geographic 
area. 


ETIOLOGY 

Leptospires, which are spirochetes pertaining 
to the family Leptospiraceae are the causative 
agents of leptospirosis. They are motile, 
gram-negative, obligate aerobe microorgan¬ 
isms with an optimal growth temperature of 
28°C to 30°C (82.4°F-86°F). The organism is 
characterized by its distinctive hooked ends. 
The genus Leptospira was initially divided 
into two species: L. interrogans sensu lato, 
which comprised the pathogenic strains, and 
L. biflexa sensu lato, comprising all sapro¬ 
phytic strains of the organism. 1 Within the 
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two Leptospira spp., different serovars are dif¬ 
ferentiated based on the cross-agglutination 
absorption test (CAAT). For this classifica¬ 
tion two strains are considered different if, 
after cross-absorption with adequate amounts 
of heterologous antigen, 10% or more of the 
heterologous titer regularly remains in either 
of the two antisera. The serovar is considered 
the basic systematic unit for Leptospira spp., 
and antigenically related serovars are grouped 
into serogroups. Currently over 250 patho¬ 
genic serovars and 24 pathogenic serogroups 
are recognized. 1 However, the CAAT is cum¬ 
bersome and time-consuming to perform 
and few diagnostic laboratories are able to 
perform it. Isolated strains are therefore not 
routinely identified at the serovar but only at 
the serogroup level, which can be determined 
by means of the micro agglutination test 
(MAT). Serogroups have no taxonomic 
status, but are convenient for application 
such as diagnosis and epidemiology. 

With molecular typing techniques becom¬ 
ing more available the taxonomy of Leptospira 
spp. has been reorganized based on genomic 
DNA-DNA hybridization, and the patho¬ 
genic strains previously comprised in the Lep¬ 
tospira interrogans sensu lato complex are 
now divided into 13 different species based on 
DNA hybridization studies. These are L. alex- 
anderi , L. alstonii, L. borgpetersenii, L. inadai, 
L. interrogans (sensu stricto), L. fainei, L. 
kirschneri, L. licerasiae, L. noguchi, L. santaro- 
sai, L. terpstrae, L. weilii, and L. wolffii. 
However, the correlation between the sero¬ 
logic and the genotypic classification is poor, 
which makes the taxonomy of Leptospira spp. 
confusing. Not only can pathogenic and sap¬ 
rophytic strains be part of the same genotypic 
species, but a single serovar and serogroup 
can also pertain to different genotypic species. 
So are the antigenically similar serovars 
Hardjo-bovis and Hardjo-prajitno (serogroup 
Hardjo) now classified into two different 
genotypic species, which are L. borgpetersenii 
(for serovar Hardjo-bovis ) and L. interrogans 
(sensu stricto, for serovar Hardjo-prajitno). 
The novel molecular classification is often 
conceived as impractical by clinical microbi¬ 
ologists, which is the reason the serologic 
taxonomy is still widely used. 2 

EPIDEMIOLOGY 
Risk Factors 
Animal Risk Factors 
Serovars and Species Susceptibility 
The epidemiology of leptospirosis is most 
easily understood by classifying the disease 
into two broad categories: host-adapted and 
non-host-adapted leptospirosis. An animal 
infected with a host-adapted species of the 
organism, is a “maintenance” or “reservoir” 
host. Exposure of susceptible animals to non- 
host-adapted serovars results in accidental 
or incidental disease. Each Leptospira 
species is adapted to one or a few particular 
maintenance host(s), although it may cause 
disease in any mammalian species. The 


organism is maintained in nature by 
chronic infection of renal tubules of mainte¬ 
nance hosts. 2 

A specific species behaves differently 
within its maintenance host species than it 
does in other, incidental or accidental hosts. 
A maintenance host is characterized by 

• A high susceptibility to infection 

• Endemic transmission within the host 
species through direct contact 

• Relatively low pathogenicity for its host 

• A tendency to cause chronic rather than 
acute disease, producing insidious 
economic loss through reproductive 
losses 

• Persistence of the strain in the kidney 
and sometimes the genital tract with 
chronic excretion of the pathogen in 
urine 

• Prevalence of chronic excretion in urine 
increases with age 

• A low antibody response to infection, 
with difficulties in diagnosis 

Examples of this relationship are serovar 
Bratislava in swine, and serovar Hardjo- 
Bovis in cattle. In contrast, an incidental 
host is characterized by 

• Relatively low susceptibility to infection 
but high pathogenicity for the host 

• A tendency to cause acute, severe rather 
than chronic disease 

• Sporadic transmission within the host 
species and acquisition of infection from 
other species, sometimes in epidemic 
form 

• A short kidney phase 

• A marked antibody response to 
infection, making for ease of diagnosis 

• An example of this relationship is 
serovar Pomona ( kennewicki ) infection 
in cattle. 

Some common leptospiral serovars and their 
maintenance hosts are seen in Box 13-9. 


Serovar 

Maintenance hosts 

Hardjo: 

Cattle 

Bratislava: 

Pig, horse 

Pomona (kennewicki): 

Pig, cattle, skunk, 
raccoon, opossum 

Grippotyphosa: 

Raccoon, opossum, 
squirrel, vole 

Icterohaemorrhagiae: 

Rat 

Canicola: 

Dog 


Some common leptospiral serovars and their 
accidental hosts are seen in Box 13-10. 



Calves and lambs are highly susceptible 
to infection, and septicemia is likely to occur. 

Pathogen Risk Factors 

The mechanisms through which leptospires 
cause host tissue damage and disease are cur¬ 
rently not well understood. Virulent strains 
were found to adhere to cultured renal tubular 
epithelial cells, and adhesion is enhanced by 
subagglutinating concentrations of homolo¬ 
gous antibody because they are commonly 
found in infected maintenance hosts. The 
corresponding adhesin allowing this attach¬ 
ment has not been identified. 3 Leptospires are 
phagocytosed by macrophages and neutro¬ 
phils in the presence of specific antibody and 
complement but are resistant to complement 
and killing in nonimmune hosts. Virulent 
strains were found to attach to neutrophils 
without being killed, suggesting that the outer 
membrane of such strains may possess an 
antiphagocytic component. 2 

There is no unequivocal evidence for a 
classical exotoxin that would be secreted by 
Leptospira spp., but the outer membrane 
of the organism contains a lipopolysaccha- 
ride (LPS or endotoxin) that resembles the 
standard gram-negative LPS chemically and 
immunogenically. However leptospiral LPS 
was found to be considerably less potent than 
LPS from gram-negative bacteria in standard 
tests for endotoxin activity such as the rabbit 
pyrogenicity or the mouse lethality test. 3 
Leptospiral LPS possesses an antiphagocytic 
component and stimulates adherence of neu¬ 
trophils to endothelial cells and platelets 
causing aggregation and suggesting a role in 
the development of thrombocytopenia. 2 In 
mice, apoptosis of lymphocytes is elicited by 
LPS via induction of tumor necrosis factor-a 
(TNF-a). 2 

Along with LPS, the leptospiral outer 
cell membrane contains several outer mem¬ 
brane proteins (OMPs) that are highly 
immunogenic. Indeed an inverse associa¬ 
tion between the expression of OMPs and 
virulence has been demonstrated for the 
serovar grippotyphosa. Downregulation of 
the expression of OMPs reduces the 
humoral immune response, facilitating the 
evasion from the hosts immune system. 

Some virulent strains were found to 
produce either cell-associated or extracellu¬ 
lar sphingomyelinases, a class of substances 
that functions as hemolysin. Furthermore, 
these strains exhibit chemotaxis toward 
hemoglobin. The presence of a specific anti¬ 
body prevents hemolysis. 

Environmental and Management 
Risk Factors 

The prevalence of a specific leptospiral 
serovar depends on the availability of a 
maintenance host species, which can be a 
domestic or wildlife species. 

The occurrence of indirect disease trans¬ 
mission through contaminated soil, water, or 
other fomites is determined by a number of 
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environmental factors. Leptospira spp. can 
survive for prolonged periods in a moist envi¬ 
ronment at warm temperatures (optimal 
around 28°C (82°C) and neutral or mildly 
stagnant water. In contrast, survival is 
impaired at temperatures below 10°C (50°F) 
or above 35°C (95°F) or on dry soil. Ground 
surface moisture and water is the most 
important factor governing the persistence of 
the organism in bedding or soil; it can persist 
for as long as 183 days in water-saturated soil 
but survives for only 30 minutes when the soil 
is air dried. In soil, under average conditions, 
survival is likely to be at least 42 days for L. 
Pomona. It survives in free, surface water for 
long periods; the survival period is longer in 
stagnant than in flowing water, although per¬ 
sistence in the latter for as long as 15 days has 
been recorded. Contamination of the envi¬ 
ronment and capacity of the organism to 
survive for long periods under favorable con¬ 
ditions of dampness may result in a high inci¬ 
dence of the disease on heavily irrigated 
pastures, in areas with high rainfall and tem¬ 
perate climate, in fields with drinking water 
supplies in the form of easily contaminated 
surface ponds, and in marshy fields and 
muddy paddocks or feedlots. Numerous out¬ 
breaks of leptospirosis have occurred follow¬ 
ing heavy rainfall events and floods. 4 Stagnant 
waters have been incriminated as a possible 
source of infection in pastured animals in 
tropical regions. 5 Exposure of humans, pets, 
or livestock to rodents and rats that are 
adapted hosts for certain serovars (e.g., 
Icterohaemorrhagiae or Grippotyphosa) has 
been shown to be an important risk factor for 
infection in many species. 4 

Certain management factors have been 
identified that pose risks of L. Hardjo infec¬ 
tion being introduced into dairy herds: 

• Purchase of infected cattle 

• Cograzing or common grazing with 
infected cattle or sheep 

• Purchase or loan of an infected bull 

• Access of cattle to contaminated water 
supplies such as streams, rivers, flood, 
or drainage water 

Occurrence and Prevalence 
of Infection 

Leptospirosis is a disease affecting most 
animal species, including humans, and has 
a worldwide occurrence. It is considered the 
most common bacterial zoonosis worldwide 
with increasing incidence in industrialized 
and developing countries and has been 
classified as a reemerging infectious disease 
of humans, particularly in tropical and sub¬ 
tropical regions. 0 Leptospirosis has a higher 
prevalence in tropical and subtropical 
regions with seasonal occurrence. Peaks in 
disease incidence are observed during the 
warm months of the year in temperate cli¬ 
mates and during the rainy season in the 
tropics. 4 Although more than 250 patho¬ 
genic serovars have been identified, gener¬ 
ally few serovars prevail in a particular 


region, which largely depends on the pres¬ 
ence of an adapted host species. Most lep- 
tospiral infections are subclinical, and 
infection is more common than clinical 
disease. 

Numerous infection prevalence studies 
have been published for different species in 
different geographic regions. Reported 
values are, unfortunately, not easy to compare 
because some studies are based on serology, 
whereas others determine the occurrence of 
bacterial DNA in urine or renal tissue. Fur¬ 
thermore, there is no consensus on the crite¬ 
ria for positive or negative serology, and 
cutoff values for seropositivity differ between 
studies. It is generally assumed that serologic 
studies tend to underestimate the infection 
prevalence because isolation of bacterial 
DNA from seronegative individuals was 
commonly reported in different animal 
species. 7 ' 9 The occurrence and infection 
prevalence of leptospirosis will be discussed 
for different animal species. 

Serologic surveys of cattle in the African 
continent reveal evidence of antibodies 
against numerous leptospiral serovars and 
some previously not described strains of 
serovars. In West Africa, serosurveys of dairy 
herds revealed 45% of cattle were positive to 
one or more serovars, which probably repre¬ 
sented natural infection because vaccination 
had not been practiced. 

Leptospirosis is common in farm animals 
in Portugal. Outbreaks of clinical disease 
have been recorded in cattle and pigs, in 
sheep and goats and, to a lesser extent, in 
horses. In Italy, serologic surveys indicate 
that sheep, horses, pigs, and dogs have the 
highest number of positive responses. 

Cattle 

Serovars of Leptospira spp. of major impor¬ 
tance in cattle include L. Hardjo and L. 
Pomona. Depending on the geographic 
region other serovars such as Icterohaemor¬ 
rhagiae, Grippotyphosa, and Bratislava may 
occur with considerable prevalence. The 
serovar L. Hardjo is adapted to cattle, and 
cattle are the only maintenance host for this 
serovar. The serovar Hardjo of which two 
types, Hardjo-bovis and Hardjo-prajitno, are 
recognized has been split into two separate 
genospecies. Serovar Hardjo type Hardjo- 
bovis is now classified in the genospecies L. 
borgpetersenii serovar Hardjo, and serovar 
Hardjo, type Hardjo-prajitno now belongs 
to the genospecies L. interrogans serovar 
Hardjo. L. borgpetersenii serovar Hardjo 
(formerly serovar Hardjo-bovis) occurs 
worldwide, whereas L. interrogans serovar 
Hardjo (formerly Hardjo-prajitno) has been 
isolated primarily from cattle in the UK. 

Hardjo and Pomona are the most preva¬ 
lent serovars in the cattle population of 
North and South America, Australia, and 
New Zealand; in Europe, Hardjo is the most 
prevalent serovar in cattle. 10 Seroprevalences 
among cattle in the United States were 


estimated with 29% for serovar Hardjo, 23% 
for serovar Pomona, 19% for serovar Ictero¬ 
haemorrhagiae, and 11% for serovar Canic- 
ola. 10 Seroprevalence surveys in Ontario 
found Hardjo was most common in beef 
cattle, whereas Pomona was most common 
in dairy cattle. In Prince Edward Island, 14% 
of dairy cows were serologically positive for 
serovar Hardjo. Serologic surveys of cattle 
farms in Alberta found infection with Hardjo 
was widespread across the province, and 
the prevalence has increased. In contrast, 
Pomona reactors were found usually on 
single premises within a locality compared 
with the clustering of Hardjo reactor herds. 
Surprisingly, the seroprevalence of unvacci¬ 
nated beef cattle kept on community pas¬ 
tures in western Canada was 9.6% for serovar 
Pomona, 6.7% for serovar Grippotyphosa, 
6.1% for serovar Icterohaemorrhagiae, and 
5.2% for serovar Canicola but only 0.2% for 
serovar Hardjo. 11 

In beef cattle in Queensland, Australia, 
the major serovars in order of decreasing 
crude seroprevalence were Hardjo (15.8%), 
Tarassovi (13.9%), Pomona (4.0%), and Szw- 
ajizak (2%). Vaccinates were not included in 
the Hardjo and Pomona seroprevalence; and 
the seroprevalence for Hardjo and Pomona 
tended to increase with the age of the 
animals. The data indicate that serovars 
other than Hardjo, Pomona, and Tarassovi 
are unlikely to have a significant role in 
bovine infertility, and cattle are unlikely to be 
a source of human infection in central 
Queensland. In New Zealand, a seropreva¬ 
lence rate in beef cattle of 40% for serovar 
Hardjo and 7% for serovar Pomona has been 
reported. 12 

The morbidity rate for clinical disease 
may vary from 10% to 30%, depending on 
the clinical manifestation of infection, and 
the case-fatality rate is usually low at about 
5%. The case-fatality rate in calves is much 
higher than in adult cattle. A high rate of 
abortions (up to 30%) and loss of milk pro¬ 
duction are the major causes of loss, but 
deaths in calves may also be significant. 

Recent serologic studies from Europe 
revealed comparatively low seroprevalence 
rates in dairy cattle below 1.6 % in dairy cattle 
in Sweden and Bosnia-Herzegovina. 13,14 The 
most prevalent serovars in Bosnia- 
Herzegovina were Pomona, followed by 
Hardjo and Grippotyphosa; in Sweden cattle 
were found to be free of serovar Hardjo. In a 
serologic survey of dairy cows conducted in 
herds with suboptimal reproductive effi¬ 
ciency in a region in Spain, L. Bratislava and 
L. Grippotyphosa were the most prevalent 
serovars. The risk of seroconversion against 
L. Grippotyphosa was higher during the 
spring season, whereas L. Bratislava did not 
differ among seasons. The prevalence of L. 
Hardjo was low, which indicates that the 
reproductive inefficiency was unassociated 
with Hardjo. In surveys of dairy and beef 
cattle in Spain, L. Bratislava is the most 
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frequently detected serovar, whereas Hardjo 
is at a relatively low seroprevalence compared 
with similar studies in western European 
countries. 

In Spain, serovars Grippotyphosa, 
Tarassovi, and Copenhageni are more fre¬ 
quent in dairy herds, probably related to 
management practices and geographic loca¬ 
tion of these herds, which facilitate the 
contact with maintenance hosts for these 
serovars. 

In Turkey, L. Hardjo is the dominant 
serovar identified in serologic surveys of 
cattle, but L. Grippotyphosa is the dominant 
serovar causing clinical disease in cattle, the 
disease is uncommon in sheep. 

In South Africa a seroprevalence of lep¬ 
tospirosis in cattle originating from commu¬ 
nal grazing areas of 19.4% has been reported. 
Although serovar Pomona was most preva¬ 
lent (22%), a wide variety of other serovars 
including Tarassovi (19%), Bratislava (15%), 
Canicola (13%), Hardjo (13%), Icterohaem- 
orrhagiae (12%), Szwajizak (4%), and Grip¬ 
potyphosa (2%) were common. 1 ’ 

Farmed Deer 

Leptospirosis is a well-established clinical 
disease in farmed deer in New Zealand. 
Slaughterhouse surveys of farmed deer in 
New Zealand found serologic evidence of 
serovar Hardjo in 73.6%, Pomona in 41.5%, 
Copenhageni in 11.3%, and Tarassovi in 
15.1% of farms. 

A more recent study reported a herd sero¬ 
prevalence of 42% for serovar Hardjo alone, 
7% for serovar Pomona alone, and 23% 
for serovars Hardjo and Pomona combined. 
The individual animal seroprevalence was 
reported with 21% tested for serovar Hardjo 
alone, 9% for serovar Pomona alone, and 4% 
for both serovars. 12 Because of the high prev¬ 
alence of serovar Hardjo in farmed deer in 
New Zealand, it has been proposed that 
farmed deer may function as maintenance 
hosts for this serovar. 16 

Sheep and Goats 

The disease in sheep and goats has been 
reported in many countries. Reported preva¬ 
lences range from 5% to 42%. Predominant 
serovars isolated in Australia and Italy 
included Castellonis, Poi, Sejroe, Hardjo, 
Copenhageni, and Cynopteri. 1 18 In Guyana, 
serovars Pomona, Grippotyphosa, Hardjo, 
and Bratislava, and in Trinidad serovars 
Copenhageni and Autumnalis were predom¬ 
inant. 19,20 Infection with L. Hardjo occurs but 
is unlikely to be a source of infection for cattle 
herds. Sheep are not natural maintenance 
hosts for pomona or hardjo and are likely to 
have infections of relatively short duration, 
producing severe pathologic effects. However, 
persistent leptospiruria caused by Hardjo in 
sheep in which no contact with cattle has 
occurred suggests that sheep may be a main¬ 
tenance host for this serovar. This could com¬ 
plicate control of Hardjo infection in cattle, 


which are free of this serovar, and infected 
sheep are a potential zoonotic risk to abattoir 
workers, sheep farmers, and shearers, which 
previously had not been considered. Infec¬ 
tion with serovar Hardjo is widespread in 
Merino stud rams in South Australia. 

Seroprevalences reported for goats range 
among 2.1% in northern Italy, over 13.1% in 
Nigeria, and 20.8% in Brazil, 17,21,22 which 
involved Icterohaemorrhagiae and Copen¬ 
hageni serovars. 

Pigs 

Leptospira serovars most common in pigs 
are Bratislava, for which this species is 
the maintenance host, and Pomona, and 
grippotyphosa; less common serovars 
include Icterohaemorrhagiae, Canicola, and 
Hardjo. In infected herds the prevalence of 
positive serologic reactors is high, and in 
large infected pig populations it is about 
20%. In Iowa, 38% of sera from National 
Animal Health Monitoring System herds 
were positive for 1 or more of 12 serovars. 
The most common serovar antibodies found 
in pigs in Prince Edward Island swine herds 
were L. Icterohaemorrhagiae, L. Bratislava, 
L. Autumnalis, and L. Pomona. In Trinidad 
an individual animal seroprevalence of 
5% with a farm prevalence of 33.3% has 
been reported. Predominant serovars were 
Bratislava of the Australis serogroup (2.0%) 
and members of the Icterohaemorrhagiae 
serogroup (2.5%). 19 

The Australis serogroup of leptospires is 
now important because of an increasing 
awareness that antibodies to Bratislava are 
widespread in the pig populations of many 
countries, the recovery of Lora, Muenchen, 
and Bratislava from pigs, and the involve¬ 
ment of Bratislava and Muenchen in repro¬ 
ductive problems of swine herds. All of 
the pig isolates of the Australis serogroup 
have been identified as either Bratislava or 
Muenchen, and there are also differences at 
the subserovar level, which may be impor¬ 
tant in understanding the epidemiology of 
the Australis serogroup, the development of 
efficacious vaccines, and the pathogenesis 
of disease. Economic losses are about equally 
divided between abortions and deaths of 
weak and unthrifty newborn pigs. Infection 
of pigs at slaughter is associated with multi¬ 
focal interstitial nephritis, which results in 
condemnation of kidneys. 

Swine are affected by several leptospiral 
serovars, and the clinical signs often associ¬ 
ated with these infections include poor 
reproductive performance. Seropositive 
sows have a greater risk of weak newborn 
pigs and have more weak newborn piglets 
per litter. In some areas suboptimal repro¬ 
ductive performance was associated with 
certain serovars, such as Grippotyphosa, and 
not others, such as Autumnalis, Bratislava, 
Pomona, and Icterohaemorrhagiae. 

Pigs in intensive housing present a 
different problem from those in more 


conventional housing or at pasture. In large 
pig units the possibility for cross-infection is 
high because of high population density. The 
movement of pigs from pen to pen and 
access to effluent from other pens are the 
critical means of spread in these circum¬ 
stances. The spread of infection within pig¬ 
geries is encouraged by mixing infected pigs 
with uninfected pigs, which results in epi¬ 
demics within the pens. Transmission from 
infected to susceptible grower pigs occurs 
continuously in grower houses, with a con¬ 
stant proportion of pigs becoming infected 
each week. Introduction onto a farm may be 
via an imported boar; boars are frequently 
found to harbor leptospires in the genital 
tract. Leptospira were found commonly in 
the kidneys of slaughter fattening pigs in 
Vietnam but are not considered to be the 
cause of the white-spotted kidneys of pigs. 

Horses 

Although the precise prevalence of infection 
in horse populations of different geographic 
regions is not known, serologic evidence 
suggests leptospiral infection is common in 
horses. Predominant serovars occurring in 
this species include the serovars Bratislava, 
Pomona, Icterohaemorrhagiae, and Grippo¬ 
typhosa. Because of the relatively frequent 
occurrence of L. Bratislava, horses are 
thought to be maintenance hosts for this 
serovar. 

Serologic surveys of Thoroughbred and 
Standardbred horses in Ontario revealed a 
higher prevalence of Bratislava, which 
increased with age. In a survey of horses in 
Alberta, titers to L. Icterohaemorrhagiae, 
Bratislava, Copenhageni, and Autumnalis 
were common (94.6, 56.6, 46.5, and 43.5%, 
respectively). The prevalence to other 
serovars ranged from 0.8% to 27.2%. The 
probability of being seropositive increased 
by approximately 10% with each year of life. 
Horses managed as individuals (e.g., race¬ 
track horses) were about half as likely to be 
seropositive as those managed in groups 
(e.g., rodeo horses). 

A Swedish study determined a seropreva¬ 
lence of 16.6% for Bratislava, 8.3% for Ictero¬ 
haemorrhagiae, 1.2% for Sejroe, 0.5% for 
Pomona, and 0.4% for Grippotyphosa. An 
increase of the seroprevalence with age was 
found for serovars Bratislava and Ictero¬ 
haemorrhagiae. 21 A bacteriologic survey of 
kidneys from abattoir horses in Portugal 
found serogroups L. australis and L. pomona, 
which were identified as L. Bratislava, and L. 
kirschneri serovar Tsaratsovo, respectively. 

Rodent exposure was associated with risk 
of exposure to all serovars. Management was 
associated positively with the risk of expo¬ 
sure to serovars Pomona and Bratislava, but 
not with risk of exposure to Autumnalis. Soil 
and water had a positive association with risk 
of exposure to Pomona and Autumnalis but 
not to Bratislava. The wildlife index value and 
the population density of horses turned out 
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together were associated with risk of expo¬ 
sure to Autumnalis. For the serovar Bratislava 
a Swedish study reported highest seropreva- 
lences from April to June and from October 
to December and for serovar Icterohaemor- 
rhagiae from October to December. 23 

Economic Importance 

Leptospirosis is not only considered the most 
important bacterial zoonosis worldwide but 
also presents a major cause of economic loss 
in farm animals. The majority of leptospiral 
infections are subclinical and associated with 
fetal infections causing abortions, stillbirths, 
and the birth of weak neonates with a high 
death rate in cattle, sheep, horses, and pigs. 
In cattle, epidemics of abortions, infertility, 
and increased culling rate cause major eco¬ 
nomic losses. Epidemics of agalactia in dairy 
herds (the milk drop syndrome) are associ¬ 
ated with infection with L. hardjo. 

Zoonotic Implications 

Leptospirosis is probably the most prevalent 
zoonotic disease in the world predominantly 
affecting tropical and subtropical regions. It 
is now recognized as an emerging, poten¬ 
tially epidemic disease associated with excess 
rainfall in tropical settings, representing a 
significant public health hazard. Most recent 
outbreaks were reported from Nicaragua in 
2007, Sri Lanka in 2008, and the Philippines 
in 2009). 24 

Annual incidences of clinical leptospiro¬ 
sis vary greatly with highest rates on the 
Seychelles (43.2/100,000 population), Trini¬ 
dad and Tobago (12/100,000), Barbados 
(10/100,000), Jamaica (7.8/100,000), and 
Costa Rica (6.7/100,000). 2 ’ In the United 
States the Centers for Disease Control and 
Prevention estimate that between 100 and 
200 clinical cases are diagnosed every year 
(0.1/100,000), half of which are in Hawaii. In 
Europe, the highest incidence rates have been 
reported from Croatia (1.7/100,000), Portu¬ 
gal (0.7/100,000), Denmark (0.6/100,000), 
and Slovenia (0.5/100,000). 

Although most cases of leptospiral infec¬ 
tion are asymptomatic or only associated 
with mild clinical disease, mortality in 
humans remains significant, particularly 
in developing countries because of delays in 
diagnosis caused by lack of diagnostic infra¬ 
structure and adequate clinical suspicion 
when patients are presented for medical 
diagnosis and care. The overall case-fatality 
rate ranges between 1% and 5%, depending 
on the clinical presentation and the age of the 
patient. The icteric form of the disease, 
which occurs in 5% to 10% of all patients, 
has an overall mortality of 5% to 15%, 
whereas mortality rates of over 50% have 
been reported in cases with myocardial 
involvement. Mortality is higher in the 
elderly. 26 

Leptospirosis can be prevented through 
appropriate hygiene, sanitation, and animal 
husbandry. It is essential to educate people 


working with animals or animal tissues about 
measures for reducing the risk of exposure to 
such zoonotic pathogens as leptospira. 

Humans are considered to be purely inci¬ 
dental hosts for leptospirae and have rarely 
been implicated in spreading the disease. 2 ' 
Leptospirosis is an important zoonosis and is 
an occupational hazard to butchers, farmers, 
hunters, pet traders, rodent catchers, veteri¬ 
narians, and sewer workers. In recent decades 
the epidemiology has undergone major 
changes, with a shift away from the tradi¬ 
tional occupational disease in developed 
countries to a disease associated with recre¬ 
ational exposures. Human infection is 
most likely to occur by contamination 
with infected urine or uterine contents. 
Veterinarians may become infected by han¬ 
dling the tissues and urine of sows that have 
aborted from pomona infection. Although 
leptospirae may be present in cow’s milk for 
a few days at the peak of fever in acute cases, 
the bacteria do not survive for long in the 
milk and are destroyed by pasteurization. 
However, farm workers who milk cows are 
highly susceptible to L. interrogans serovar 
Hardjo infection, and one New Zealand 
survey found 34% of milkers were seroposi¬ 
tive, mostly to L. interrogans serovar Hardjo, 
but a high proportion were also positive to 
L. interrogans serovar Pomona. This has 
aroused alarm, and leptospirosis became 
known as “New Zealand’s No.l dairy occu¬ 
pational disease.” A campaign of vaccination 
of dairy cattle across the country resulted in 
a marked decrease in the incidence of the 
disease in humans. In most situations, dogs, 
cats, and horses are unlikely to contribute to 
human infection. 

The epidemiology of leptospirosis in New 
Zealand has been changing. The annual 
incidence of human leptospirosis in New 
Zealand from 1990 to 1998 was 4.4 per 
100,000. Incidence was highest among meat¬ 
processing workers (163/100,000), livestock 
farm workers (91/100,000). and forestry- 
related workers (24/100,000). The most 
commonly detected serovar was ballum 
(11.9%). The annual incidence of leptospiro¬ 
sis declined from 5.7/100,000 from 1990 to 
1992 to 2.9/100,000 from 1995 to 1998. The 
incidence of serovar Hardjo and serovar 
Pomona infection declined, whereas the 
incidence of serovar Ballum infection 
increased. The increasing incidence of 
serovar Ballum suggests changing transmis¬ 
sion patterns via direct or indirect exposure 
to contaminated water. 

Veterinary students may be exposed to 
leptospirosis by taking courses in food 
inspection and technology, on-farm clinical 
work experiences, contact with pets (espe¬ 
cially carnivores), and contact with animal 
traders. In a 1-year period, the seropreva- 
lence of leptospirosis in veterinary students 
in a veterinary school in Spain increased 
from 8.1% to 11.4%. The incidence of the 
disease during the study was 0.039. 


Methods of Transmission 

The source of infection is an infected animal 
that contaminates pasture, drinking water, 
and feed by infective urine, aborted fetuses, 
and uterine discharges. All of the leptospiral 
types are transmitted within and between 
species in this way. A viable infected neonate 
can harbor the infection for several weeks 
after birth. The semen of an infected bull 
may contain leptospirae, and transmission 
by natural breeding or artificial insemination 
can occur but is uncommon. In rams, the 
semen is likely to be infective for only a few 
days during the period of leptospiremia; in 
boars there is no evidence of coital transmis¬ 
sion. L. interrogans serovar Hardjo is excreted 
from the genital tract of aborting cows for as 
long as 8 days after abortion or calving and 
is detectable in the oviducts and uterus for 
up to 90 days after experimental infection 
and in naturally infected cows. It may also be 
present in the genital tract of bulls, and vene¬ 
real spread of the infection is possible. Young 
pigs may act as carriers for 1 year and adult 
sows for 2 months. Because of the high 
intensity and long duration of the infection 
in pigs, they play an important role in the 
epidemiology of leptospirosis. 

Leptospiruria 

Urine is the chief source of contamination 

because animals, even after clinical recovery, 
may shed leptospirae in the urine for long 
periods. All animals that have recovered 
from infection may intermittently shed 
organisms in the urine and act as “carriers.” 
In cattle, leptospiruria may persist for a mean 
period of 36 days (10-118 days) with the 
highest excretion rate in the first half of this 
period. Sheep and horses are not common 
sources of infection because of low-grade 
and intermittent leptospiruria. In any species, 
the leptospirae may persist in the kidney 
for much longer periods than they can be 
recovered from the urine by routine labora¬ 
tory methods. Urine drinking by calves is not 
an uncommon form of pica in some dairy 
herds and is a means of transmission. 

Wildlife as Source of Infection 

Although surveys of the incidence of lepto¬ 
spirosis in wildlife have been conducted and 
the pathogenic effects of L. Pomona on some 
species (particularly deer and skunks) have 
been determined, the significance of wildlife 
as a source of infection for domestic animals 
is uncertain. Variable rates of seroprevalence 
to leptospires have been documented in 
white-tailed deer, mule deer, pronghorns, 
moose, red deer, and elk. There is a high 
prevalence of infection in feral pigs, and 
in wild brown rats trapped on farms in the 
UK the prevalence of L. icterohaemorrhagiae 
and Bratislava was about 14%. L. Canicola is 
known to spread from domestic dogs and 
jackals to cattle and, when hygiene is poor, 
even from humans to cattle. The serovar 
Bratislava has been associated with severe 
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Table 13-2 Forms of leptospirosis in the animal species 


VetMedlO 

Acute form 

Subacute form 

Chronic form 

Cattle 

+ 

(Calves only) 

+ 

+ 

(Abortion) 

Sheep and goat 

+ 

(Includes abortion) 

- 

- 

Pig 

+ 

(Rarely and only in piglets) 


+ 

(Abortion) 

Horse 

- 

+ 

+ 

(Abortion and periodic ophthalmia) 


interstitial nephritis in raccoons in a recre¬ 
ational area in Quebec, which were also sero¬ 
logically positive to Pomona, Hardjo, and 
Grippotyphosa. 

The expanding wild boar population in 
urban and suburban areas has been incrimi¬ 
nated as a possible source of infection for 
humans, domestic animals, and livestock in 
some countries. Infection prevalence rates in 
wild boars have been reported from Japan 
and Germany with 15.2% (positive poly¬ 
merase chain reaction [PCR] on kidney 
tissue) and 18% (serology), respectively. 26,27 
The most prevalent serovars in the German 
study were Pomona and Bratislava; in the 
Japanese study the predominant genospecies 
were L. interrogans and L. borgpetersenii. 

Portal of Entry of Organism 

Entrance of the organism into the body 
occurs most probably through cutaneous or 
mucosal abrasions. Transplacental transmis¬ 
sion is uncommon, but neonatal infection in 
utero has occurred. Oral dosing is an unsat¬ 
isfactory method for experimental transmis¬ 
sion compared with injection and installation 
into the nasal cavities, conjunctival sac, and 
vagina. 

PATHOGENESIS 

Leptospirosis manifests itself as a disease in 
several different ways. Leptospires invade the 
host across mucosal surfaces or softened 
skin. They have the ability to bind to epithe¬ 
lial cells and attach to the constituents of 
the extracellular matrix through an active 
process involving surface proteins. Patho¬ 
genic leptospires are found extracellularly 
between cells of the liver and kidney. Release 
of lymphokines such as TNF-a from mono¬ 
cytes through the endotoxic activity of the 
leptospiral LPS may be an important viru¬ 
lence mechanism. Induction of TNF-a 
release may help explain the damage to 
endothelial cells with resultant hemorrhage 
seen in severe leptospirosis. 

Leptospirosis can occur as an acute and 
severe disease caused by septicemia with evi¬ 
dence of endotoxemia such as hemorrhages, 
hepatitis, nephritis, meningitis; as a subacute 
moderately severe disease with nephritis, 
hepatitis, agalactia, and meningitis; or as a 
chronic disease characterized by abortion, 
stillbirth, and infertility. In the occult form, 
there is no clinical illness. The form of the 
disease depends largely on the species of the 
host as set out in Table 13-2. Variations 
between serotypes of L. interrogans in their 
pathogenicity also affect the nature of the 
signs that appear. For example, in L. Pomona 
infections, intravascular hemolysis and 
interstitial nephritis are important parts of 
the disease. However, L. Hardjo does not 
produce hemolysin and does not cause inter¬ 
stitial nephritis, but it does cause clinical 
infection in sexually mature, lactating or 
pregnant females. Thus infection occurs in 
the pregnant uterus and lactating mammary 


gland resulting in septicemia, abortion, and 
mastitis. The pathogenesis of the disease 
associated with L. Pomona is set out as 
follows. 

Acute Form 

After penetration of the skin or mucosa, the 
organisms multiply in the liver and migrate 
to, and can be isolated from, the peripheral 
blood for several days until the accompany¬ 
ing fever subsides. At this time, serum anti¬ 
bodies begin to appear and organisms can be 
found in the urine. 

Septicemia, Capillary Damage, 
Hemolysis, and Interstitial Nephritis 

During the early period of septicemia, suffi¬ 
cient hemolysin may be produced to cause 
overt hemoglobinuria as a result of extensive 
intravascular hemolysis. This is an unlikely 
event in adult cattle but is common in young 
calves. If the animal survives this phase of the 
disease, localization of the infection may 
occur in the kidney. Hemolysis depends on 
the presence of a serovar that produces 
hemolysin. Capillary damage is common to 
all serovars and during the septicemic phase 
petechial hemorrhages in mucosae are 
common. Vascular injury also occurs in the 
kidney and if the hemolysis is severe, anemic 
anoxia and hemoglobinuric nephrosis may 
occur. There is some evidence that the lepto¬ 
spiral LPS may exacerbate the vascular 
lesions. The infection localizes in the renal 
parenchyma, causing an interstitial nephri¬ 
tis, and persistence of the leptospirae in these 
lesions results in prolonged leptospiruria. 
The renal lesion develops because the infec¬ 
tion persists there long after it has been 
cleared from other tissue sites. In the acute 
phase of the disease, the animal may die of 
septicemia or hemolytic anemia or both. 
Subsequently, the animal may die of uremia 
caused by interstitial nephritis. 

Focal chronic interstitial nephritis, also 
called white-spotted kidney, is a common 
finding in clinically healthy cattle at slaughter 
and has frequently been assumed to be related 
to current or prior infection with Leptospira 
spp. However, studiesofwhite-spotted kidney 
in cattle at the abattoir indicate that neither 
Leptospira spp. nor active infection by other 
bacteria are associated with the lesions. 


Abortion 

Following systemic invasion, abortion may 
occur because of fetal death, with or without 
placental degeneration. Abortion usually 
occurs several weeks after septicemia 
because of the time required to produce the 
changes in the fetus, which is usually auto- 
lyzed at birth. Abortion occurs most often 
in the second half of pregnancy, probably 
because of the greater ease of invasion of the 
placenta at this stage, but may occur at any 
time from 4 months on. Although abortion 
often occurs in both cattle and horses after 
either the acute or the subacute form of the 
disease, abortion without prior clinical 
illness is also common. This is particularly 
the case in sows and occurs to a lesser 
extent in cows and mares; this may be from 
degenerative changes in the placental epithe¬ 
lium. Leptospirae are rarely present in the 
aborted fetuses; however, if the aborted fetus 
has survived the infection long enough to 
produce antibodies, these may be 
detectable. 

Experimental infection of serologically 
negative pregnant cattle with a north 
Queensland strain of L. borgpetersenii serovar 
Hardjo resulted in seroconversion and shed¬ 
ding of the organism in the urine. Elective 
cesarean sections were done 6 weeks after 
challenge. There was no evidence of L. Hardjo 
infection of the fetuses. Some of the fetuses 
had histopathologic lesions consistent with 
Neospora sp. infection. 

Encephalitis 

Localization of leptospirae in nervous tissue 
is common in sheep and goats and may result 
in the appearance of signs of encephalitis. 

Subacute and Occult Forms 

In the subacute form, the pathogenesis is 
similar to that of the acute septicemic form, 
except that the reaction is less severe. It 
occurs in all species, but the common form 
is found in adult cattle and horses. Occult 
cases, with no clinical illness but with rising 
antibody titers, are common in all animals. 
These are difficult to explain but may be 
associated with strains of varying pathoge¬ 
nicity, but with leptospirosis, characteristi¬ 
cally, differences between groups may be 
associated with prior immune status. 
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environmental conditions, or number of car¬ 
riers in relation to severity of exposure. 

Periodic Ophthalmia (Recurrent 
Uveitis) in the Horse 

There is some evidence of a causal relation¬ 
ship between leptospiral infection and peri¬ 
odic ophthalmia in the horse. The incidence 
of serologically positive reactors is higher in 
groups of horses affected with periodic oph¬ 
thalmia than in normal animals. Agglutinins 
are present in the aqueous humor in greater 
concentration than in the serum. Serologic 
surveys indicate that leptospira infection is 
not a major factor in the etiology of equine 
anterior uveitis in the UK, but serologic evi¬ 
dence of Pomona is associated with uveitis in 
horses in the United States. The opacity in 
both cornea and lens is a consequence of the 
antigenic relationship between leptospires 
and components of the ocular tissues and 
does not require the presence of living bacte¬ 
ria. A 52-kDa protein appears to be involved 
in the antigenic relationship between the 
leptospires and equine ocular tissues and 
is located inside the bacterium. The uveitis 
alters the composition of the aqueous humor 
and impedes the nutrition of the ocular 
structures, leaving sequelae such as iris 
atrophy, synechiae, and corneal opacity. 

Retinal immunopathology in horses with 
uveitis has been described and may be 
a primary immunologic event in equine 
uveitis, providing evidence that leptospira- 
associated uveitis may be a distinct subset of 
equine uveitis. 

Pulmonary Hemorrhage 

Respiratory manifestation of leptospirosis 
associated with severe respiratory distress, 
pulmonary hemorrhage, and high case fatal¬ 
ity has been described in humans, dogs, and 
horses. 28 ' 30 The pathogenesis of this clinical 
presentation only occurs in a small subset of 
infected patients and is poorly understood. 
Endothelial damage of small pulmonary 
blood vessels and fibrin deposition along 
alveolar walls have been reported as consis¬ 
tent findings. Furthermore, lung lesions were 
found to be associated with the expression of 
TNF and endothelial nitric oxide synthase 
in experimentally induced leptospirosis in 
hamsters, suggesting a role of local or sys¬ 
temic inflammatory mechanism in the 
pathogenesis of this pulmonary form of the 
disease. 13 Immune-mediated mechanisms 
have also been proposed as a possible cause 
for pulmonary hemorrhage, but corroborat¬ 
ing evidence is not yet available. 

Immune Mechanisms 

Following infection, specific antibodies are 
induced that opsonize leptospires, facilitat¬ 
ing their elimination from most parts of the 
body. However, leptospires that reach the 
proximal renal tubules, genital tract, and 
mammary glands appear to be protected 
from circulating antibodies. They persist and 


multiply in these sites and may be excreted 
and transmitted to susceptible, in-contact 
animals, primarily by urine. Furthermore, 
and of major importance, the level of 
serum antibody commonly declines to unde¬ 
tectable levels in animals that are persistently 
infected. 

The first serologic response with L. 
Hardjo infection is the production of immu¬ 
noglobulin M (IgM) antibodies. These rise 
rapidly but usually decline to undetectable 
concentrations by 4 weeks after infection. 
Within 1 to 2 weeks of infection, IgGi anti¬ 
bodies appear, and at 3 months they repre¬ 
sent 80% of antibodies detected in the MAT. 
The MAT titer peaks 11 to 21 days after 
infection but may vary from 1:3200 to an 
undetectable concentration. It declines grad¬ 
ually over 11 months, but the persistence is 
variable. Vaccination induces antibodies that 
are mainly of the IgG class with levels 
peaking at 2 weeks after a two-dose vaccina¬ 
tion but decreasing rapidly to levels lower 
than those after natural infection. Approxi¬ 
mately 95% of vaccinated heifers do not have 
MAT antibodies 20 weeks after the second of 
two vaccinations given 4 weeks apart, but the 
absence of titers is not necessarily an indica¬ 
tion that protection has waned. Vaccinated 
animals are protected from natural challenge 
for many months after their MAT titers 
become undetectable. The serologic response 
of calves vaccinated at 3 months of age is 
lower than those vaccinated at 6 months of 
age because of the presence of maternal anti¬ 
body. Transfer of passive immunity antibod¬ 
ies to newborn calves occurs via the 
colostrum, and the antibodies persist in the 
calves for 2 to 6 months. 

Although antibodies against leptospiral 
LPS give passive protection in some animal 
models, cattle vaccinated against serovar 
hardjo with pentavalent vaccines are vulner¬ 
able to infection with serovar hardjo despite 
the presence of high titers of anti-LPS anti¬ 
body. It is now known that peripheral blood 
mononuclear cells (PBMCs) from cattle vac¬ 
cinated with an L. interrogans serovar Hardjo 
vaccine, which protects against serovar 
Hardjo, proliferated in vitro in response to 
Hardjo antigens. Thus a cell-mediated 
immune response to serovar Hardjo is prob¬ 
ably necessary for protection. A protective 
killed vaccine against serovar Hardjo induces 
a strong antigen-specific proliferative 
response by PBMC from vaccinated cattle 2 
months after the first dose of vaccine. This 
response was absent from unvaccinated 
cattle. The mean response peaked by 2 months 
after completion of the two-dose vaccination 
regimen, and substantial proliferation was 
measurable in in vitro cultures throughout 7 
months of the study period. Up to one-third 
of the PBMCs from vaccinated animals pro¬ 
duced interferon gamma (IFN-y) after 7 days 
in culture with antigen. One-third of the IFN- 
y-producing cells were gamma delta lympho¬ 
cytes, with the remainder cells being CD4+ T 


cells. Thus a very potent Thl-type immune 
response was induced and sustained follow¬ 
ing vaccination with a killed bacterial vaccine 
adjuvanted with aluminum hydroxide and 
the involvement of gamma delta T cells in the 
response. The induction of this Thl-type cel¬ 
lular immune response is associated with the 
protection afforded by the bovine leptospiral 
vaccine against L. borgpetersenii serovar 
Hardjo. 

The immune response of naive and vac¬ 
cinated cattle following challenge with a 
virulent strain of L. borgpetersenii serovar 
Hardjo has been examined. Beginning at 2 
weeks after challenge, IFN-y was measured 
in antigen-stimulated PBMC cultures from 
nonvaccinated animals, although the amount 
produced was always less than that in cul¬ 
tures of PBMC from vaccinated animals. 
IFN-y + cells were also evident in antigen- 
stimulated cultures of PBMC from vacci¬ 
nated but not from nonvaccinated animals 
throughout the postchallenge period. Naive 
and vaccinated animals had similar levels of 
antigen-specific IgGi following challenge; 
vaccinated animals had twofold more IgG 2 . 
It is evident that although infection may 
induce a type 1 response, it is too weak to 
prevent establishment of chronic infection. 

CLINICAL FINDINGS 

The clinical findings in leptospirosis are 
similar in each animal species and do not 
vary greatly with the species of Leptospira, 
except that infection with icterohaemorrha- 
giae usually causes a severe septicemia. For 
convenience the various forms of the disease 
are described as they occur in cattle, and 
comparisons are made with the disease in 
other species. In all animals the incubation 
period is 3 to 7 days. 

Cattle 

Leptospirosis in cattle may be subclinical, 
acute, subacute, or chronic and is most 
often associated with serovars hardjo or 
pomona. 

Acute Leptospirosis Associated 
With pomona 

Calves up to 1 month old are most susceptible 
to the acute leptospirosis. The disease is man¬ 
ifested by septicemia, with high fever (40.5- 
41.5°C; 105-107°F), anorexia, petechiation 
of mucosae, depression, acute intravascular 
hemolysis with hemoglobinuria, jaundice, 
and pallor of the mucosae. Because of the 
ensuing anemia, tachycardia, loud heart 
sounds, and a more readily palpable apex 
beat are present; dyspnea is also prominent. 
The case-fatality rate is high, and if recovery 
occurs then convalescence is prolonged. In 
adult cattle, abortion caused by the systemic 
reaction may occur at the acute stage of 
the disease. Milk production is markedly 
decreased, and the secretion is thickened, 
red-colored, or may contain blood clots. The 
mammary gland is limp and soft. Mastitis as 
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part of leptospirosis has often been described 
in cattle and a high somatic cell count in 
grossly abnormal milk suggests mastitis, but 
these changes are caused by a general vascu¬ 
lar lesion rather than local injury to mammary 
tissue. Severe lameness caused by synovitis is 
recorded in some animals and a necrotic der¬ 
matitis, probably caused by photosensitiza¬ 
tion, is recorded in others. 

Subacute Leptospirosis Associated 
With L. pomona 

The subacute form of leptospirosis differs 
from the acute form only in degree. Similar 
clinical findings are observed in a number of 
affected animals, but not all of the findings 
are present in the same animal. The fever is 
milder (39-40.5°C; 102-105°F), and depres¬ 
sion, anorexia, dyspnea, and hemoglobinuria 
are common, but jaundice may or may not 
be present. Abortion usually occurs 3 to 4 
weeks later. One of the characteristic findings 
is the marked drop in milk production and 
the appearance of bloodstained or yellow- 
orange, thick milk in all four quarters without 
apparent physical change in the udder. 

Chronic Leptospirosis Associated With 
L. pomona 

The clinical findings in the chronic form of 
leptospirosis are mild and may be restricted 
to abortion. Severe “storms” of abortions 
occur most often in groups of cattle that are 
at the same stage of pregnancy when they are 
exposed to infection. The abortions usually 
occur during the last trimester of pregnancy. 
Apart from the abortion, there is no depres¬ 
sion of reproductive efficiency in cattle 
affected by leptospirosis. Many animals in 
the group develop positive MATs without 
clinical illness. 

There are occasional reports of lepto- 
spiral meningitis in cattle. In coordination, 
excessive salivation, conjunctivitis, and mus¬ 
cular rigidity are the common signs. 

Leptospirosis Associated With 
L. hardjo 

Infertility and milk drop syndrome occurs 
only in pregnant or lactating cows because 
the organism is restricted to proliferation in 
the pregnant uterus and the lactating 
mammary gland. There is a sudden onset of 
fever, anorexia, immobility, and agalactia. 
The milk is yellow to orange and may contain 
clots. The udder is flabby, there is no heat or 
pain, and all four quarters are equally affected. 
The sudden drop in milk production may 
affect up to 50% of cows at one time and cause 
a precipitate fall in the herd’s milk yield. The 
decline may last for up to 8 weeks but an 
individual cow’s milk production will return 
to normal within 10 to 14 days. The milk may 
have a high leukocyte count, which subsides 
over a period of about 14 days as milk pro¬ 
duction returns. In some cases, there is no 
evidence of mastitis, no change in the consis¬ 
tency of the milk, and no changes in the 


udders of affected cows, but leptospiruria 
may be present in up to 30% of affected cows. 

The herd fertility status incorporating the 
first service conception rate, the number of 
services per conception for cows conceiving, 
the calving-to-conception interval, and the 
culling rate usually reveals a low reproduc¬ 
tive performance, especially during the year 
of the diagnosis. The effect is also temporary 
and not easily detected. Exposure of nonvac- 
cinated dairy cows to L. Hardjo can be asso¬ 
ciated with a subsequent reduction in 
fertility, as indicated by a greater time from 
calving to conception and a higher number 
of breeding times per conception. 

Abortion may occur several weeks after 
the initial infection and may also occur as 
the only evidence of the disease; in some areas 
or circumstances it is the principal clinical 
manifestation of leptospirosis caused by 
serovar Hardjo and the principal cause of 
abortion in cattle. In others it is thought to be 
an uncommon cause of abortion. This may be 
related to different strains of the serotype or 
to the degree to which the disease has become 
enzootic. Thus outbreaks of milk yield drop 
and systemic illness appears to be the charac¬ 
teristic clinical picture when the disease first 
appears in an area. However, as natural 
immunity develops in adult cows only heifers 
become newly infected, and the only sign is 
abortion. Furthermore, many cows have sub- 
clinical infections with hardjo in which only a 
fall in milk yield may be detectable. 

Pigs 

Leptospira serovars Pomona and Bratislava 
are the most common causes of infection, and 
chronic leptospirosis is the most common 
form of the disease in pigs. Pigs are the main¬ 
tenance host for serovar Bratislava, which 
generally does not cause clinical disease other 
than reproductive failure, including occa¬ 
sional abortions and stillbirths. Serovar 
Pomona is of intermediate pathogenicity for 
pigs and is characterized by abortion and a 
high incidence of stillbirths. Acute disease 
may be observed in young pigs infected with 
serovar Pomona. Clinical signs include fever, 
anorexia, hemolytic anemia with hemoglo¬ 
binuria, and j aundice. In an infected herd, the 
rearing rate may fall as low asl0%to30%. An 
abortion “storm” may occur when the disease 
first appears in a herd, but abortions diminish 
as herd immunity develops. Most abortions 
occur 2 to 4 weeks before term. Piglets pro¬ 
duced at term may be dead or weak and die 
soon after birth. Serovar Hardjo may be a 
sporadic cause of reproductive disease. There 
was no association between infertility and 
antibodies to serovars autumnalis and ictero- 
haemorrhagiae. Icterohaemorrhagiae infec¬ 
tion causes septicemic leptospirosis with a 
high mortality rate. 

Sheep and Goats 

The disease is rare in sheep and goats so that 
good descriptions of the naturally occurring 


disease in them are lacking; most affected 
animals are found dead, apparently from 
septicemia. Affected animals are febrile, 
dyspneic, snuffle, and hang their heads 
down. Some have hemoglobinuria, pallor of 
mucosae, and jaundice and die within 12 
hours. Lambs, especially those in poor con¬ 
dition, are most susceptible. The chronic 
form may occur and is manifested by loss 
of bodily condition, but abortion seems to 
be almost entirely a manifestation of the 
acute form when the infection is pomona. 
With Hardjo, abortion has been recorded 
as the only clinical sign, and oligolactia 
and agalactia, similar to the bovine milk 
drop syndrome, have been observed in lac¬ 
tating ewes. 

Horses 

Although clinical leptospirosis in horses is 
uncommon, serologic surveys suggest that 
subclinical infection frequently occurs. 
These serologic studies revealed that 
bratislava is among the most prevalent 
serovars in the horse population in many 
countries, and it has been proposed that 
horses are the reservoir host for this serovar, 
which is rarely associated with clinical 
disease. Clinical leptospirosis is in most cases 
caused by serovars Pomona and Grippoty- 
phosa and is associated with abortions, still¬ 
births, severe systemic disease in foals, 
intravascular hemolysis, renal and liver 
disease, and recurrent uveitis. 

Abortion 

L. interrogans serovar Pomona is a major 
cause of abortions and stillbirths in the 
equine population. The gestational ages at 
which abortion occurs ranges from 140 days 
to full-term mean (250 days) and typically 
follows 2 to 3 weeks after an episode of mild 
clinical illness with fever, anorexia, and in 
rare instances with jaundice. 

Periodic Ophthalmia 

Recurrent uveitis in horses (periodic oph¬ 
thalmia, moon blindness, or recurrent iri¬ 
docyclitis) is a late complication of systemic 
leptospirosis in horses with signs beginning 
months to years after naturally acquired or 
experimentally induced infection. It is often 
associated with infection with L. interrogans 
serovar Pomona. Clinically there are recur¬ 
rent episodes of ocular disease including 
photophobia, lacrimation, conjunctivitis, 
keratitis, a pericorneal corona of blood 
vessels, hypopyon, and iridocyclitis. Recur¬ 
rent attacks usually terminate in blindness in 
both eyes. There is a strong relationship 
between uveitis and leptospiral seroactivity 
in horses. Seropositive horses with uveitis are 
at increased risk of losing vision, compared 
with seronegative horses with uveitis, and 
Appaloosas are at an increased risk of devel¬ 
oping uveitis and associated blindness, com¬ 
pared with that in non-Appaloosas. The 
disease has been produced experimentally by 





producing infection with Pomona. Infection 
with pomona in foals has been observed in 
association with Rhodococcus equi to cause 
a very heavy mortality rate. The foals died 
of a combination of interstitial nephritis 
and uremia and pulmonary abscessation 
and chronic enteritis. Leptospirosis has been 
suspected as a cause of renal dysfunction 
in a horse and hematuria and leptospiruria 
described in a foal. 

Nonulcerative keratouveitis associated 
with leptospiral infection has been described 
in horses. Photophobia, epiphora, and bleph¬ 
arospasm are common. Hyperemia of the 
bulbar conjunctiva, edema of the paralimbal 
cornea, pupillary block, and iris bombe are 
also present. As the disease progresses, there 
may be hyphema, hypopyon, and organized 
fibrin in the anterior chamber, miosis, and 
dyscoria caused by posterior synechiae, 
and the cornea may become opaque and 
vascularized. The cornea retains no fluores¬ 
cein dye. 

Neonatal Foal Disease 

Acute leptospirosis in foals is the most severe 
form of the disease in horses characterized 
by vasculitis with petechial hemorrhages and 
intravascular hemolysis with hemoglobin¬ 
uria, jaundice, and anemia. Renal failure, 
severe hepatopathy, and severe pulmonary 
hemorrhage have been reported in some 
instances.’ 2 

CLINICAL PATHOLOGY 
General Considerations 

Laboratory procedures used in the diagnosis 
of leptospirosis include culture or detection 
of leptospires or leptospiral DNA in blood or 
body fluids and detection and measurement 
of antibody in blood and body fluids such 
as urine, CSF, and cervicovaginal mucus. 
Culture of leptospires is laborious and can 
take up to 13 weeks. Serologic and micro¬ 
biologic detection of chronically infected 
animals is difficult, as is the confirmation of 
leptospirosis as a direct cause of reproductive 
losses in a herd. A positive diagnosis of lep¬ 
tospirosis in individual animals is often dif¬ 
ficult because of the variation in the nature 
of the disease, the rapidity with which the 
organism dies in specimens once they are 
collected, and their transient appearance in 
various tissues. During the septicemic stage, 
leptospirae are present only in the blood and 
there may be laboratory evidence of acute 
hemolytic anemia and increased erythrocyte 
fragility and often hemoglobinuria. A leuko¬ 
penia has been observed in cattle, and in 
other species there is a mild leukocytosis. 
However, the only positive diagnostic 
measure at this stage of the disease is culture 
of the blood. If abortion occurs, the kidney, 
lung, and pleural fluid of the aborted fetuses 
should be examined for the presence of the 
organism. Serologic testing at the time of 
abortion is often unreliable because the acute 
titers have already peaked and are declining. 
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In the stage immediately after the subsidence 
of the fever, antibodies begin to develop and 
the leptospirae disappear from the blood and 
appear in the urine. The leptospiruria is 
accompanied by albuminuria of varying 
degrees and persists for varying lengths of 
time in the different species. 

The diagnosis of leptospirosis is much 
easier on a herd basis than in a single animal, 
because in an infected herd some animals are 
certain to have high titers and the chances of 
demonstrating or isolating the organism in 
urine or milk are increased with samples 
being taken from many animals. On the 
other hand, in a single animal, depending on 
when the infection occurred, the titer may 
have declined to a low level and be difficult 
to interpret. This becomes particularly 
important for the clinician confronted with 
a diagnosis of abortion caused by leptospiro¬ 
sis in which the infection may have occurred 
several weeks previously and the serum may 
be negative or the titers too low for an accu¬ 
rate interpretation. Examination of the urine 
may be useful in these cases, but intermittent 
shedding of the pathogen by chronically 
infected animals must be taken into account. 

Serologic and Related Tests 
Acute and convalescent sera taken 7 to 10 
days apart should be submitted from each 
clinically affected animal, or from those with 
a history of abortion, and sera should also be 
taken from 15% to 25% of apparently normal 
animals. Ten blood samples should be taken 
from each of the yearlings, the first-calf 
dams, the second-calf dams, and the mature 
age group to determine the infection status 
across the herd. If possible, wildlife or 
rodents known to inhabit the farm and use 
nearby water supplies should be captured 
and laboratory examinations of their tissues 
and blood performed and the results com¬ 
pared with those obtained in the farm 
animals. 

MAT is the most common serologic test 
for the diagnosis of leptospirosis. It is the 
reference test against which all other sero¬ 
logic tests are evaluated and is the prescribed 
diagnostic test for international trade. 32 It is 
a serogroup-specific test, and a serovar rep¬ 
resentative of each expected serogroup in the 
region should be tested. Although the MAT 
does not usually cross-react with antibodies 
against other bacteria, there is significant 
cross-reactivity between serovars and sero- 
groups of Leptospira. Therefore, MAT cannot 
be used to definitively identify a serovar 
causing infection. 32 

In animals that survive infection, acute 
leptospirosis can readily be diagnosed on 
the basis of demonstrating a rising antibody 
titer against specific serovars in acute and 
convalescent sera. MAT is particularly useful 
in diagnosis of disease associated with 
incidental, non-host-adapted serovars or 
acute disease associated with host-adapted 
serovars. It is less useful in the diagnosis 


of chronic disease in maintenance hosts, 
because antibody response to infection may 
be negligible in chronic infections or may 
persist from subclinical infections. In pigs, 
MAT has an adequate sensitivity for some 
serovars, such as pomona, but is insensitive 
to infection associated with bratislava. The 
herd serologic response to infection is often 
more helpful than the individual’s response 
in chronic infections in maintenance hosts. 

A major concern is the failure of the MAT 
to differentiate between titers after vaccina¬ 
tion and those after natural infection because 
the titers may be of similar magnitude; 
however, titers after infection are generally 
higher and persist longer than vaccination 
titers. In any case, the vaccination history 
must be taken into account when interpret¬ 
ing positive MAT results. 34 MAT is not a 
measure of immunity to infection because 
vaccination results primarily in an IgG 
response, with low (1:100-1:400) and tran¬ 
sient (1-4 months) titers, but immunity is 
common in vaccinated animals long after 
MAT titers are negative. There is no consen¬ 
sus on the appropriate cutoff value for sero- 
positivity; a MAT titer of >1:100 is frequently 
considered positive, and a fourfold rise in 
titer on a paired sample taken 2 weeks apart 
is diagnostic. In abortion associated with 
incidental serovars, MAT titers against 
pomona and other incidental serovars are 
high, often >1:3000. Paired sera are of 
limited value in chronic infections or in cases 
of aborting cattle because abortion occurs 
after infection and titers are static or declin¬ 
ing. If several aborting cows have high titers 
(>1:300), this is evidence for the diagnosis 
of leptospirosis in unvaccinated herds. 

The antibody enzyme-linked immuno¬ 
sorbent assay (ELISA) test is sensitive but 
lacks the serovar specificity of the MAT. 34 It 
has convenient technical features including 
automation and can be used efficiently as a 
screening test for large numbers of serum 
samples. ELISA can be useful for detection 
of recent infection (IgM) before agglutinat¬ 
ing antibodies (IgG) are present, but it is of 
limited use in regions where vaccination 
with leptospiral vaccine is common prac¬ 
tice. 34 Specific ELISAs for IgM or IgG anti¬ 
bodies are available. A positive IgM-specific 
ELISA result can therefore indicate that 
infection occurred within the previous 
month. For a diagnosis of leptospiral abor¬ 
tion in cattle, a titer of 1:3000 is proposed as 
the threshold for Pomona, but no similar 
critical figure is available for Hardjo. ELISAs 
have also been developed for the use in milk 
of individual cows or in bulk milk to detect 
antibodies against serovar Hardjo. 

An indirect ELISA has been developed 
for the detection of bovine antibodies to 
multiple Leptospira serovars including Cani- 
cola, Copenhageni, Grippotyphosa, Hardjo, 
Pomona, and Sejroe. 

An antibody capture ELISA is available 
to detect antibodies to a protective LPS 
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fraction of L. borgpetersenii serovar Hardjo 
in cattle. 

An ELISA has been used to detect a spe¬ 
cific antibody to L. Hardjo in the cervico- 
vaginal mucus as early as 2 weeks after 
natural or experimental infection and may 
reach high levels after 8 weeks. This may 
show some promise in diagnosis but has not 
yet been evaluated. 

A commercially available ELISA and the 
ImmunoComb Leptospirosis Kit, which 
detect L. hardjo antibodies, have been com¬ 
pared with the MAT. The ImmunoComb and 
ELISA tests both exceeded the positive results 
obtained with the MAT. The ImmunoComb 
is very simple and quick, requiring no sophis¬ 
ticated equipment. 

Aqueous Humor Antibody 

Measurement of aqueous humor antibody 
titers against leptospires in horses offers a 
more accurate means of establishing a diag¬ 
nosis of leptospiral-associated uveitis than 
serology alone. 

Demonstration or Culture 
of Organism 

A number of tests are available to detect lep¬ 
tospires or leptospiral DNA in tissues or 
body fluids. 

Culture of Urine 

Of all the laboratory diagnostic tests for 
leptospirosis, the examination of urine 
samples for the organism probably offers 
the best opportunity to demonstrate the 
presence of infection. Failure to demon¬ 
strate the presence of Leptospira in a urine 
sample does not rule out chronic infection 
because intermittent shedding is common. 
In individual animals, negative tests on 
three consecutive weekly urine samples has 
been considered to be good evidence that 
the animal is not a chronic renal carrier. 34 
Collection of urine following treatment 
with a diuretic such as furosemide was 
found to increase the chances of detecting 
the organism in voided urine. 34 Treatment 
with antimicrobials in the recent past 
decreases the chances to recover the patho¬ 
gen from urine of a chronically infected 
patient. For maximum efficiency, one-half 
of each urine sample should be submitted 
with added formalin (1 drop to 20-30 mL 
of urine) and the other half submitted in 
the fresh state. The formalin prevents bacte¬ 
rial overgrowth, and the fresh urine sample 
may be used for culture. A liquid culture 
medium of 1% bovine serum albumin solu¬ 
tion containing 5-fluorouracil at 100 to 
200 (ig/mL should be used as transport 
medium. 34 Leptospira are fastidious and 
slow growing and culture requires incuba¬ 
tion on special growth media for at least 16 
and preferably 26 weeks. 34 The time 
required for detection varies with the 
serovar and the number of organisms 
present in the sample. 


Examination of urine using dark-field 
microscopy or fluorescent antibody test are 

useful tests. The fluorescent antibody test is 
more sensitive than dark-field microscopy, 
detects degenerated as well as intact lepto¬ 
spires, and may be serovar specific. 

Leptospira in tissue can be identified by a 
variety of immunochemical staining tech¬ 
niques, such immunofluorescence, or by 
various immunohistochemical techniques. 
These immunostain techniques are rapid and 
can be performed on material unsuitable for 
culture but require a minimum amount of 
bacterial antigen. Because the number of 
Leptospira present in tissue of chronically 
infected animals is low and often localized 
these methods are less suitable to identify 
chronic carrier states. 34 

PCR-based assays provide rapid and sen¬ 
sitive diagnostic techniques for detection or 
leptospiral DNA in body fluids and tissues. 
A variety of primers are used, some of which 
are only specific for the genus Leptospira and 
others designated to identify only pathogenic 
species. These PCR assays do not identify the 
infecting serovar, although it is possible to 
identify a specific species by sequencing the 
PCR amplicons. 34 Detection of leptospiral 
DNA with PCR-based assays in urine was 
found to be highly sensitive and specific to 
identify chronically infected and shedding 
cattle and horses. Several studies reported a 
considerable number of seronegative indi¬ 
viduals that were Leptospira positive by urine 
PCR. 7 ' A multiplex PCR is highly sensitive 
for detection of the organism in aborted 
bovine fetuses. Using a Leptospira PCR assay, 
L. kirschneri has been identified as a potential 
cause of abortion in a fetal foal born on a 
farm with a history of repeated abortions. 
Further confirmation of L. kirschneri was 
done by DNA sequence analyses of the PCR- 
amplified DNA fragment. 

Using PCR to detect the presence of Lep¬ 
tospira DNA, 70% of horses with uveitis were 
positive for Leptospira DNA, and 28% were 
culture positive for leptospires from the 
aqueous humor; only 6% of horses free of 
uveitis used as controls were positive. The 
serologic results did not correlate well with 
the presence of Leptospira DNA or organ¬ 
isms in the aqueous humor. 

NECROPSY FINDINGS 

Acute bovine leptospirosis is characterized 
by anemia, jaundice, hemoglobinuria, and 
subserosal hemorrhages. There may be ulcers 
and hemorrhages in the abomasal mucosa. 
Pulmonary edema and emphysema are also 
common in this species. Histologically, there 
is focal or diffuse interstitial nephritis and 
centrilobular hepatic necrosis and in some 
cases, there are vascular lesions in the 
meninges and brain in subacute to chronic 
infections. Leptospirae may be visible in sil¬ 
ver-stained sections, especially in the proxi¬ 
mal convoluted tubules of the kidney. In 
acute infections, there may be minimal 


inflammation, with only hemoglobin-filled 
renal tubules and centrilobular hepatic 
necrosis evident microscopically. 

In the later stages, the characteristic 
finding is a progressive interstitial nephritis 
manifested by small, white, cortical foci that 
are initially raised but become slightly 
depressed as the lesion ages. Many clinically 
normal cattle presented to abattoirs have 
these lesions, which may represent sequela to 
episodes of bacteremia from a variety of 
pathogens and should not be considered 
pathognomonic for leptospirosis. 

Aborted bovine fetuses are usually auto- 
lyzed to the point where no lesions or bacte¬ 
ria can be demonstrated. Even in a fresh fetus 
the positive identification of leptospirae in 
lesions is not an easy task. Culture of these 
organisms is difficult, and L. interrogans 
serovar Hardjo is particularly fastidious in its 
cultural requirements. The use of a fluores¬ 
cent antibody technique assists in the dem¬ 
onstration of organisms, but false positives 
are common unless the test is interpreted by 
an experienced diagnostician. Dark-field 
microscopy may be attempted but is not 
well suited to tissues collected at necropsy. 
PCR techniques show considerable promise, 
although sample processing requirements 
are stringent, and the use of multiple primer 
sequences may be required in some cases. 
Immunoperoxidase techniques are highly 
useful in the demonstration of leptospirae in 
formalin-fixed tissues, although this test is 
not serovar specific. Traditional silver-based 
staining of fixed material is also successful in 
a few cases. Antibodies to leptospirae are 
detectable in the serum of some aborted 
fetuses. 

Gross placental lesions in cases of equine 
abortion and stillbirth associated with lepto¬ 
spirosis include nodular cystic allantoic 
masses, diffuse edema, and areas of necrosis 
with a mucoid exudate on the chorionic 
surface. The liver is enlarged, mottled, and 
pale-red to yellow. The kidneys are swollen 
and edematous with pale, radiating streaks 
in both cortex and medulla. Microscopic 
changes may include a suppurative and non¬ 
suppurative nephritis, dissociation of hepa- 
tocytes, a mixed leukocytic infiltration of 
portal triads, a giant cell hepatopathy, pneu¬ 
monia, and myocarditis. Thrombosis, vascu¬ 
litis, and a mixed population of inflammatory 
cells are evident in the placenta. A variety of 
tests, as described for cattle, are available to 
try to confirm the diagnosis. 

Aborted piglets are usually severely auto- 
lytic, with bloodstained fluid in the subcutis 
and filling the body cavities. Multiple necro¬ 
tic foci, 1 to 4 mm in diameter and irregular 
in outline, are found in the liver of approxi¬ 
mately 40% of aborted fetuses. Microscopic 
inflammatory changes may also be found in 
the kidneys. The fetal membranes are thick 
and edematous. Leptospirae can be demon¬ 
strated using the battery of tests already 
mentioned for cattle. 
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Samples for Confirmation 
of Diagnosis 

• Bacteriology: chilled kidney, liver, 
placenta [CULT (has special growth 
requirements), fluorescent antibody test 
[FAT], PCR] 

• Histology: formalin-fixed kidney, liver, 
brain, heart, lung, placenta (LM, 
immunohistochemistry [IHC]) 

• Serology: heart-blood serum or 
pericardial fluid from fetus (MAT, 
ELISA). 

The zoonotic potential of this organism 
should be noted when handling carcasses 
and submitting specimens. 


DIFFERENTIAL DIAGNOSIS 


The differential clinical diagnosis of the 
common forms of leptospirosis in each species 
is as follows. 

Cattle 

• Acute leptospirosis: Must be differentiated 
from those diseases causing hemolytic 
anemia with or without hemoglobinuria 
(Table 13-3), which include babesiosis, 
anaplasmosis, rape and kale poisoning 
postparturient hemoglobinuria, and 
bacillary hemoglobinuria. 

• Chronic leptospirosis causing abortion: 

Must be differentiated from all other 
causes of abortion in cattle; most 
diagnostic surveys reveal that a specific 
cause is identifiable in only about 30% of 
fetuses submitted to a diagnostic 
laboratory. The vaccination history of the 
aborting cattle is a crucial part of the 
history since, for example, outbreaks of 
abortions caused by infectious bovine 
rhinotracheitis occur primarily in 
unvaccinated cows. The specific causes of 
abortion in cattle vary depending on 
geographic location. Other common causes 
of abortion in cattle include infectious 
bovine rhinotracheitis and protozoal 
abortion (Sarcocystis sp., Toxoplasma 
gondii, and Neospora caninum). Less 
common causes are brucellosis, bovine viral 
diarrhea, pine needle abortion, mycotic 
placentitis, Campylobacter, ureaplasma, and 
possibly mycoplasma. 

• Milk drop syndrome: Characterized by a 
sudden drop in milk yield in up to 
30%-50% of the cows within several days. 
Must be differentiated from other causes 
of a decline in milk production of the herd 
including (1) change of feed, (2) change of 
management, and (3) epidemic of 
infectious disease such as bovine 
respiratory disease. 

Sheep and goats 

Chronic copper poisoning and poisoning 
caused by rape in sheep may present a clinical 
picture similar to that in leptospirosis, but 
there will be no febrile reaction. Anaplasmosis 
associated with Anaplasma ovis may be 
accompanied by fever and hemoglobinuria 


but is more commonly a chronic, emaciating 
disease. 

Horses 

• Abortion, stillbirths, and perinatal deaths of 
foals: Causes include Streptococcus 
zooepidemicus. Salmonella abortivoequina, 
Escherichia coli, and Actinobacillus equuli. 
Other bacterial infections include equine 
herpes virus, equine viral arteritis, and fungal 
infections. Diagnosis depends on laboratory 
examination of fetal tissues and fluids 
including bacterial culture, direct fluorescent 
antibody test for equine herpes virus and 
leptospires, serologic examination of fetal 
fluids for leptospiral antibodies using the 
microagglutinin test, and special stains to 
demonstrate leptospires in fetal tissues. 

• Isoimmune hemolytic anemia: Within 36 
hours after birth, there is weakness, 
hemoglobinuria, pallor, failure to suck, 
tachycardia, high case-fatality rate, and 
cross-matching blood tests. 

• Infectious equine anemia: Symptoms 
include chronic relapsing fever, anemia, 
weakness, jaundice, edema, oral mucous 
membrane hemorrhages, and a Coggins 
serologic test is used for diagnosis. 

• Exertional rhabdomyolysis: Symptoms 
include acute onset of stiff gait, weakness, 
sweating, distress, myoglobinuria, and 
creatine kinase test is used for diagnosis. 

• Periodic ophthalmia: Differentiate from 
other causes of iridocyclitis of horses, and 
conjunctivitis, keratitis, and hypopyon, 
which may occur in equine viral arthritis. 

Pigs 

Abortion in the last trimester: The common 
manifestation of leptospirosis in pigs must be 
differentiated from all other causes of 
abortion, mummification, and stillbirths in 
swine. Other common causes of abortion in 
swine are parvovirus and porcine reproductive 
respiratory syndrome. Less common causes 
are brucellosis; pseudorabies; and the 
stillbirth, mummification, embryonic death, 
infertility virus. 


TREATMENT 

Treatment objectives can be to treat indi¬ 
viduals with clinical disease or to treat 
chronically infected animals that may be 
clinically normally but chronically or inter¬ 
mittently shedding leptospires in urine. 

Antimicrobial Therapy 

In vitro studies indicate that leptospires are 
highly susceptible to ampicillin, amoxicillin, 
penicillin G, cefotaxime, erythromycin, and 
fluoroquinolone ciprofloxacin and have a 
good susceptibility to streptomycin, tylosin, 
and tetracyclines. 

For infections caused by pomona, dihy¬ 
drostreptomycin (12 mg/kg IM twice daily 
for 3 days) is effective in the treatment of 
the systemic infection. For the elimination 
of leptospiruria in cattle and pigs, a single 
dose of dihydrostreptomycin (25 mg/kg IM) 
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has been recommended. In an outbreak in 
cattle, the simultaneous treatment of all 
animals with dihydrostreptomycin (25 mg/ 
kg IM as single dose) and vaccination has 
been successful in preventing new cases and 
abortion when pregnant cattle are involved. 
A similar approach is recommended for out¬ 
breaks in swine. Annual revaccination and 
regular serologic testing for new infections, 
combined with controlling the source of new 
infections, will usually successfully control 
further outbreaks. A surveillance system in 
the area is necessary; however, to detect the 
introduction of new serotypes. The use of 
streptomycin/dihydrostreptomycin in food- 
producing animals has been discouraged 
because their administration, even at label 
dose, had the potential to lead to residue 
violations, and these substances are no 
longer available for the use in food-produc¬ 
ing animals in some countries.’ 3 Oxytetra- 
cycline, amoxicillin, tilmicosin, and ceftiofur 
are also effective for resolving leptospirosis 
in cattle. 

Dihydrostreptomycin G (25 mg/kg IM 
for 1 day, 3 days, or 5 days), or oxytetracy- 
cline (40 mg/kg IM daily for 3 days or 5 
days), tylosin (44 mg/kg IM daily for 5 
days), or erythromycin (25 mg/kg IM daily 
for 5 days) are all effective for treatment of 
persistent leptospirosis caused by Pomona in 
swine, although these dose protocols exceed 
label recommendations. In groups of pigs, 
the feeding of oxytetracycline (800 g/t of 
feed for 8-11 days) is claimed to eliminate 
carriers. Antimicrobial feeding should begin 
1 month before farrowing to avoid the 
occurrence of abortion. 

For outbreaks of leptospiral abortion in 
horses, treatment of pregnant mares with 
dihydrostreptomycin (50 mg/kg) IM daily 
for 3 to 5 days can minimize further abor¬ 
tions; this treatment regimen, however, has 
not been extensively evaluated. 

For equine periodic ophthalmia, most 
recommended treatments have little effect on 
the course of the disease. A course of a suit¬ 
able antibiotic systemically, and the adminis¬ 
tration of a corticosteroid, either parenterally 
in an acute episode or subconjunctivally in a 
chronic case, is most likely to be satisfactory. 
Nonulcerative keratouveitis requires long¬ 
term and intensive medication and recurs 
with tapering of treatment. Topical and 
subconjunctival corticosteroids are recom¬ 
mended in controlling nonulcerative kera¬ 
touveitis. Intravitreal implantation of 
cyclosporine is effective. Atropine eye oint¬ 
ment is also usually applied three times daily 
to maintain dilatation of the pupil. 

Blood Transfusions 

Blood transfusions (5-10 L/450 kg BW) are 
indicated as treatment for the hemolytic 
anemia in acute leptospirosis in cattle. The 
clinical indications for a blood transfusion 
include obvious pallor of the mucous mem¬ 
branes, weakness, and tachycardia. 
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Table 13-3 Differential diagnosis of diseases of cattle characterized by acute hemolytic anemia with or 

without hemoglobinuria 

Disease 

Epidemiology 

Clinical findings 

Laboratory findings 

Leptospirosis 

All ages, cattle on pasture 

Acute fever, red-colored milk 

Hemoglobinuria abortion; may die in 
24-48 hours 

Leptospira titers 

Postparturient 

hemoglobinuria 

High-producing lactating cows 4-6 weeks 
postpartum 

Acute; no changes in milk; no fever; die 
in 12-48 hours; marked hemoglobinuria 

Hypophosphatemia 

Bacillary 

hemoglobinuria 

Usually mature cattle on summer pasture in 
enzootic area 

Acute fever, abdominal pain; may die in 

2-4 days; hemoglobinuria 

Leukopenia or leukocytosis 

Babesiosis 

Enzootic areas, tick borne, young animals 

Acute fever, jaundice, abortion, course of 
2-3 weeks; marked hemoglobinuria 

Blood smear, complement 
fixation test, transmission tests 

Anaplasmosis 

Yearling and mature cattle, common in 
summer, insect borne, common in feedlots 

No hemoglobinuria, jaundice common, 
fever 

Anaplasms on blood smear, 
complement fixation test 

Chronic copper 
poisoning 

Follows long-term oral administration of 
medicines or feeds containing copper 

Severe jaundice; no fever Hemoglobinuria 

Toxic levels of copper in blood, 
liver, and feces 

Cold-water hemolytic 
anemia of calves 

Following consumption of large quantities of 
cold water after period of limited intake 

Sudden onset within 1 hour after 
ingestion; no fever; may die in a few 
hours; hemoglobinuria 

Acute hemolytic anemia 

Rape and kale 
poisoning 

All ages of cattle on rape crop grown for 
fodder in fall 

Peracute hemolytic anemia, may die in a 
few hours after onset; no fever 
Hemoglobinuria 

Acute hemolytic anemia 

Drug induced 

Some drug preparations when given IV 

Mild hemoglobinuria; no hemolytic 
anemia 

Nil 

Blood transfusion 
reaction 

Using blood from same donor more than 1 
week after initial transfusion 

Sudden onset, dyspnea, hiccoughs, 
trembling, responds to adrenalin 

Nil 

The common causes of hematuria in cattle are pyelonephritis and cystitis caused by Corynebacterium renale, nonspecific cystitis, and enzootic hematuria. 

Myoglobinuria occurs occasionally in young cattle affected with enzootic-nutritional muscular dystrophy and may be confused with hemoglobinuria. 


Treatment and Control 

Cattle 

Dihydrostreptomycin (25 mg/kg IM every 24 
hours for 3-5 days) (R-2) 

Oxytetracycline (20 mg/kg IM every 24 hours 
for 3-5 days) (R-2) 

Oxytetracycline, long acting (20 mg/kg IM as 
a single or repeated dose) (R-2) 

Tilmicosin (20 mg/kg SC as a single dose) (R-2) 

Tulathromycin (2.5 mg/kg SC as single dose) 
(R-2) 

Tylosin (18 mg/kg every 24 hours for 3-5 
days) (R-2) 

Erythromycin 8 mg/kg IM every 24 hours for 
5 days (R-2) 

Horses (abortion) 

Dihydrostreptomycin (50 mg/kg IM every 24 
hours for 3-5 days) (R-2) 

Swine 

Dihydrostreptomycin (25 mg/kg IM every 24 
hours for 3-5 days) (R-2) 

Oxytetracycline 3 (40 mg/kg IM every 24 hours 
for 3-5 days) (R-2) 

Tylosin 3 (44 mg/kg every 24 hours IM for 5 
days) (R-2) 

Erythromycin 3 (25 mg/kg IM for 5 days) 

(R-2) 

Control 

Dihydrostreptomycin (25 mg/kg IM as a single 
dose) to all positive reactors (R-2) 


Oxytetracycline, long acting (20 mg/kg IM as a 
single dose to all positive reactors) (R-2) 

Tilmicosin (20 mg/kg SC as a single dose to all 
positive reactors) (R-2) 

Tulathromycin (2.5 mg/kg SC as single dose to 
all positive reactors) (R-2) 

Vaccination with multivalent vaccines 11 of 
exposed animals in an infected herd (R-2) 

Vaccination with multivalent vaccines b of 
replacement heifers within 4-6 months of 
age (R-2) 

“Dosage protocol exceeds label recommendations. 

b Limited efficacy against infection with serovar 

hardjo. 

IM, intramuscular; SC, subcutaneous. 


CONTROL 

Biosecurity and Biocontainment 

The first step in control is to identify the 
source of the original source of infection 
and to interrupt transmission. Sources of 
infection include clinically affected animals, 
aborted fetuses, placentas, carrier animals, 
wildlife, dogs and cats, and environmental 
sources such as water supplies. Education 
about leptospirosis is an effective method for 
reducing its incidence and its effects. Inten¬ 
sive well-directed education and publicity 
campaigns in New Zealand, used in conjunc¬ 
tion with a campaign for immunization of 
cattle, reduced the incidence of leptospirosis. 
Groups to which educational efforts should 


be directed include professionals in human 
and veterinary medicine and public health, 
primary human and animal health care prac¬ 
titioners, wildlife and conservation scientists, 
water and sewage engineers and planners, 
health administrators and educators, and last 
but not least, the public at risk. 

Three main considerations are impor¬ 
tant when assessing the risks and likely 
financial implications of the disease to dairy 
producers: 

1. Likelihood of a herd being infected 

2. Likely effects of the disease on the dairy 
enterprise, both physically and 
financially, following the initial 
infection compared with a leptospirosis- 
free herd 

3. Likely longer term effects of the disease 
The probability of infection of cattle by 

L. Hardjo is increased by four factors: 

1. Purchase of infected cattle 

2. Cograzing or common grazing with 
infected cattle or sheep 

3. Use of natural service with an infected 
bull 

4. Access of cattle to contaminated water 
such as streams, rivers, flood, or 
drainage water 

Assessment of the risks facing different types 
of herds suffering losses from L. hardjo can 
then be used to help support decisions con¬ 
cerning control of the disease. 

Producers with one or more of the main 
risk factors should consider strategies that 
















(1) directly remove or diminish those risk 
factors or (2) indirectly diminish their 
importance for the herd, for example, by vac¬ 
cination. Strategies that successfully dimin¬ 
ish one or more of the risk factors but leave 
one other will yield little benefit because of 
the importance of each of the identified risk 
factors. 

Vaccination is one strategy that can 
diminish all of the risk factors and provide 
some degree of assurance against potentially 
high and costly disease losses. Producers 
with high-risk herds are likely to choose vac¬ 
cination. If a herd continues to have any of 
the risk factors, then whole-herd vaccination 
is likely to be the preferred option; otherwise 
the disease could easily be reintroduced. 
Decision tree analysis of leptospirosis vacci¬ 
nation in beef cattle in Australia indicates 
that the beneficial economic effects of vac¬ 
cination depend on the value of the calf 
and the probability of calf loss caused by 
leptospirosis. 

Eradication 

Detection and elimination of carrier 
animals presents some difficulties. Positive 
reactors to the MAT do not necessarily void 
infective urine continuously, and chronically 
infected animals may shed leptospires while 
being serologically negative. 7 ' 9 Repeated 
examination of the urine for the organism, 
either by culture or PCR, may be necessary 
to identify carrier animals. For practical pur¬ 
poses, serologically suspicious and positive 
reactors should be considered carriers and 
culled or treated as described previously. 

In groups of pigs, it should be assumed 
that infection is herdwide and all pigs 
should be treated as though they were car¬ 
riers. In these circumstances, the feeding of 
antimicrobials provides some protection, 
although it is not guaranteed to eliminate 
the carrier state. Leptospirosis has been 
eradicated from commercial pig herds by 
treating all pigs with dihydrostreptomycin 
at 25 mg/kg IM at one time. However, if 
the pigs have been exposed to heavy infec¬ 
tion, not all of them are completely cleared 
of leptospiruria, and further treatment will 
be necessary. 

In cattle herds, if the bulls are infected 
then they should not be used naturally or for 
artificial insemination even though the anti¬ 
microbials in the semen diluent is sufficient 
to ensure that no spread occurs. Elimination 
of infection can be difficult, especially in 
large commercial herds in an endemic area 
in which replacement cows and bulls are 
introduced from saleyards and cattle mingle 
with other herds on the range. Eradication of 
Hardjo is a possibility in purebred herds in 
which intensive measures are economically 
feasible, and owners should be urged to 
undertake a program to eliminate leptospi¬ 
rosis from the herd and to prevent its entry. 
The following measures can be taken to 
eliminate hardjo infection: 
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1. Judicious combination of group 

serologic testing 

2. Segregation of age classes 

3. Selective vaccination 

4. Possibly artificial insemination 

5. Isolation of the herd from outside 

sources of infection. 

Bulls suspected of spreading infection should 
be treated to reduce the level of urinary shed¬ 
ding regardless of subsequent vaccination. 
Exposure of cattle to herds, heavily infected 
with leptospirosis, for example, on commu¬ 
nal grazing pastures should be avoided. The 
herd should be monitored periodically, 
coincident with other serologic testing. In 
endemic areas, all cattle over 6 to 9 months 
of age should be vaccinated, and vaccination 
should be continued for up to 5 years to mini¬ 
mize the number of susceptible cattle until 
no long-term shedders remain in the herd. 

Simple management procedures to limit 
the infection in beef cows until their second 
calves are born and the culling of older car¬ 
riers can greatly decrease and possibly eradi¬ 
cate the infection from a herd. Virgin yearling 
bulls are used on virgin yearling heifers, and 
young cows are segregated from older cows 
until 38 to 39 months of age when they go to 
pasture after being bred with their second 
calf. This delays direct exposure of heifers to 
infected cattle until their third breeding. 
These practices must be combined by moni¬ 
toring infection by serologic and other labo¬ 
ratory methods. 

If eradication is attempted and completed, 
introduced animals should be required to 
pass a serologic test on two occasions at least 
2 weeks apart before allowing them to enter 
the herd. Urine examination for leptospirae 
should be performed if practicable. 

Hygiene 

Control of the source of the organism is 
achieved by appropriate hygienic strategies. 
If the environmental sources of infection are 
identifiable, in the form of yards, marshes, 
and damp calf pens, every attempt must be 
made to avoid animal contact with these 
infective surroundings. Wet areas should be 
drained or fenced and pens disinfected after 
use by infected animals. The possibility that 
rats and other wild animals may act as a 
source of infection suggests that contact 
between them and farm animals should be 
controlled. 

Vaccination 

Vaccination against leptospirosis in cattle 
and swine is in general use and an effective 
method for control of the disease. In New 
Zealand, a publicity campaign to promote 
the widespread vaccination of cattle resulted 
in a marked reduction in the incidence of 
human leptospirosis. Most of the vaccines 
are formalin-inactivated bacterins contain¬ 
ing one or more serotypes. Vaccines 
containing Freund’s complete adjuvant 
induce higher serologic responses but not 


necessarily superior protection. The immune 
response is serotype specific and protection 
is dependent on the use of bacterins contain¬ 
ing serotypes prevalent in the area. The bac¬ 
terins induce a low titer to the MAT, which 
appears early and declines after several 
weeks; however, protective immunity against 
the disease and renal infection persists for at 
least 12 months in cattle. Regular serologic 
testing in herds vaccinated annually can be 
used to monitor new infections because 
these will induce a titer to the MAT. However, 
neither the ELISA nor the MAT can reliably 
differentiate serologic responses in cattle 
after leptospiral vaccination from those fol¬ 
lowing natural infections. 

Cattle 

The difficulty of keeping purebred herds free 
of Hardjo infection increases as the reservoir 
of infection increases. Several control mea¬ 
sures can be applied, especially in large herds 
that are at high risk. In endemic areas, trans¬ 
mission in commercial herds can be sup¬ 
pressed by annual vaccination of bulls, 
replacement heifers, and 2- and 3-year-old 
females a few weeks before release of the 
bulls. Potential replacement heifer calves 
should be handled and raised in segregation 
from the adult herd after weaning and vac¬ 
cinated a month before exposure to older 
cattle. Herd sires should be purchased from 
uninfected herds or at least purchased 
subject to a negative serologic test. 

Vaccination as part of a herd health 
program should start with the calves at 4 to 
6 months of age, followed by revaccination 
annually. Such programs should provide sig¬ 
nificant rises in calving rates, but have little 
or no effect on perinatal or postnatal losses. 

Bovine Leptospiral Vaccines and 
Their Efficacy 

Current bovine multivalent leptospiral bac¬ 
terins are inactivated whole-cell vaccines 
containing L. interrogans serovar Hardjo, 
Canicola, Pomona, and Icterohaemorrhagiae 
and L. kirschneri serovar Grippotyphosa 
and generally induce protective immunity 
against infection with non-host-adapted 
strains. In contrast, protection against the 
host-adapted serovar Hardjo is more elusive 
with conflicting evidence about vaccine effi¬ 
cacy. Vaccination of cattle with a pentavalent 
leptospiral vaccine containing either Hardjo- 
bovis or Hardjo-prajitno failed to protect 
cattle from experimental infection with 
hardjo-bovis 6 months after vaccination. 
They also failed to prevent abortion, still¬ 
birth, and vertical transmission of infection 
when vaccinated cows were challenged with 
L. borgpetersenii serovar Hardjo during preg¬ 
nancy, and the infection rates for control and 
vaccinated cattle did not differ. The Hardjo- 
bovis vaccine is more antigenic than the 
hardjo-prajitno as measured by higher anti¬ 
body titers in vaccinated animals. Calves as 
young as 4 weeks of age, vaccinated in the 
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presence of maternally derived antibody, can 
be fully protected against homologous viru¬ 
lent challenge. 36 However, monovalent vac¬ 
cines with a field isolate of L. borgpetersenii 
serovar Hardjo and another with L. interro¬ 
gans serovar Hardjo found these vaccines 
prevented infection and colonization follow¬ 
ing challenge with L. borgpetersenii serovar 
Hardjo strains from the United States and 
Europe. 

A protective killed vaccine against serovar 
hardjo induced a strong, sustained Thl or 
cell-mediated response. The vaccine is com¬ 
posed of a whole-cell bovine isolate of L. 
borgpetersenii serovar Hardjo and aluminum 
hydroxide and is given as two doses subcu¬ 
taneously 4 weeks apart. Following vaccina¬ 
tion, a Thl cell-mediated response occurred 
characterized by the production of IFN-y 
cells including CD4+ and WC1 gamma delta 
T cells. 

A monovalent L. borgpetersenii serovar 
Hardjo (type Hardjo-bovis) vaccine commer¬ 
cially available in Australia, New Zealand, 
Ireland, and the UK, given as two doses, 4 
weeks apart, protected heifers against renal 
colonization and urinary shedding when 
challenged with L. borgpetersenii serovar 
Hardjo strain 203,4 months after vaccination. 
None of the animals shed leptospires in their 
urine or kidneys at necropsy. In contrast, 
all nonvaccinated control heifers became 
infected with serovar Hardjo and shed organ¬ 
isms in their urine. A pentavalent leptospiral 
vaccine with serovar Hardjo (type Hardjo- 
bovis) also containing BHV1, BVDV, PI-3, 
and BRSV fractions against important viral 
respiratory pathogens was found to protect 
heifers vaccinated at 1 month of age from 
colonization of the kidney and to reduce 
leptospiral shedding with urine in experi¬ 
mentally challenged animals for at least 1 

37 

year. 

Two monovalent hardjo vaccines pro¬ 
vided protection from infection against L. 
borgpetersenii serovar Hardjo, whereas a 
pentavalent vaccine containing the Hardjo 
organisms did not. The protective monova¬ 
lent vaccines produced strong cell-mediated 
immune responses in vaccinated cattle as 
demonstrated by proliferation of lympho¬ 
cytes and production of IFN-y by their 
PBMCs in response to culture with serovar 
hardjo antigens. This response is generally 
much lower or absent in antigen-stimulated 
cultures of PBMC from cattle vaccinated 
with the pentavalent vaccine and nonvacci¬ 
nated cattle. 

In conclusion, protective immunity to 
serovar Hardjo correlates with induction 
of a substantial immune response that is 
characterized by antigen-specific IFN-y- 
producing T cells. There is no cross¬ 
immunity between L. Pomona and Hardjo, 
and in areas where both diseases occur, a 
bivalent vaccine is used routinely. If separate 
vaccines are used the L. Pomona vaccine 
should be administered at least once 


annually, but the L. Hardjo vaccine provides 
some protection against L. szwajizak. 

Swine 

Vaccination of sows and gilts before breeding 
with a bivalent vaccine, containing pomona 
and tarassovi, protects them against infec¬ 
tion and the development of leptospiruria 
and is widely practiced, especially in large 
intensive piggeries. In the United-States, vac¬ 
cination of gilts and sows with two doses of 
a bacterin containing five or six leptospiral 
serovars, one of which contained Bratislava, 
before the first breeding and thereafter before 
each breeding improves reproductive perfor¬ 
mance. L. Bratislava is an important cause of 
abortions in sows in North America and 
Europe, and vaccination is effective. Vaccina¬ 
tion of pregnant gilts and sows can provide 
protection to the piglets for the first several 
weeks after birth. 

Vaccination and Antimicrobial 
Strategies 

Whether or not to vaccinate depends on the 
cost of the procedure relative to the losses that 
can be anticipated. If the disease is spreading 
rapidly, as evidenced by the frequent appear¬ 
ance of clinical cases with a high range of 
titers or rising titers in a number of animals, 
then (1) all clinical cases and positive reactors 
should be treated, (2) the negative animals 
vaccinated, and (3) the herd should be moved 
on the first day of treatment to a clean field. 
Retesting a group to determine the rate of 
spread would be an informative procedure, 
but active measures must usually be com¬ 
menced before this information is available. 
Another variation of this program, and a 
highly practical one, is the vaccination of 
all cattle in the herd and the treatment with 
one dose of dihydrostreptomycin (25 mg/kg 
IM) of all pregnant cows to eliminate renal 
infection and leptospiruria. However, anti¬ 
microbial therapy is not highly efficacious, 
especially in cattle infected with Hardjo. 

A successful control strategy has been 
described for Hardjo infection in a large, 
closed beef herd. All animals were treated 
with dihydrostreptomycin once followed by 
removal to a clean pasture to prevent new 
cases and annual vaccination of the whole 
herd for 5 years. All cattle introduced into 
the herd were treated with the antimicrobial 
and quarantined; at the end of the trial the 
entire herd was treated prophylactically with 
the antimicrobial to minimize the risk of 
residual infection. By the end of the trial all 
young stock entering the breeding program 
were seronegative. There was serologic evi¬ 
dence of a high level of control, and bacterio- 
logic monitoring at the end of the trial 
indicated that Hardjo had been eliminated 
from the herd. 

Vaccination is also recommended to pro¬ 
tect animals continuously exposed to infec¬ 
tion from wildlife, other domestic species, 
and rodents. The serologic status of these 


groups can also be determined as necessary 
before a decision is made to vaccinate. 

If only sporadic cases occur, it may be 
more profitable to attempt to dispose of reac¬ 
tors or treat them to ensure that they no 
longer act as carriers. A degree of immunity 
is likely to occur in pigs after natural infec¬ 
tion, and when the disease is endemic “herd 
immunity” may significantly decrease inci¬ 
dence of clinical disease. 

One of the theoretical disadvantages of 
vaccination is the possible development of 
renal carrier animals that are sufficiently 
immune to resist systemic invasion but not 
colonization of the kidney, which leads to the 
development of a carrier animal with tran¬ 
sient leptospiruria. This may occur but not 
frequently enough to invalidate vaccination. 
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BOVINE PYELONEPHRITIS 


SYNOPSIS 


Etiology Corynebacterium renale and 
Escherichia coli are the most common 
causative agents. 

Epidemiology There is incidental disease with 
worldwide occurrence. Organisms pertain 
to normal flora of the lower urogenital 
tract. Ascending infection is most common 
in adult cows within weeks after calving, 
occasionally in calves as a complication 
of omphalourachitis. Predisposing 
factors are vaginal/uterine infection or 
immunosuppression. 

Clinical findings Periodic episodes of 
hematuria, pyuria, colic, straining to 
urinate, fever, loss of condition, and drop 
in milk production are observed. Palpable 
abnormality of kidney, ureters, and bladder 
on rectal examination. Cystitis is 
determined by endoscopic examination 
and pyelonephritis by ultrasound 
examination. 

Clinical pathology Cloudy urine with 
hematuria, proteinuria; on microscopic 
examination there is increased cellularity of 
sediment with bacteria. Elevated serum 
total protein, globulin and fibrinogen, and 
low serum albumin. Cases with markedly 
elevated serum creatinine and urea 
nitrogen concentrations have poor 
prognosis. 

Necropsy findings Cystitis and pyelonephritis 
are found. 

Diagnostic confirmation Gross changes in 
urine, together with palpable abnormalities 
in the urinary tract, and the presence of 
bacteria in the urine are seen. 

Treatment Prognosis is fair at best, prolonged 
course of antimicrobial therapy, and 
nephrectomy in unresponsive cases. 

Control Avoidance of urinary catheterization 
and artificial insemination. 


ETIOLOGY 

Pyelonephritis is an inflammation of the 
renal pelvis and renal parenchyma resulting 


Infectious Diseases of the Kidney 


1129 


from an ascending bacterial urinary tract 
infection. C. renale and E. coli are the patho¬ 
gens most commonly isolated from cattle 
with pyelonephritis. Other bacteria that 
have been associated with bovine pyelone¬ 
phritis include C. pilosum, C. cystitidis, True- 
perella (formerly Arcanobacterium) pyogenes, 
Proteus spp., a-hemolytic Streptococcus spp., 
and Staphylococcus . 1 ’ 1 C. pilosum and C. cys¬ 
titidis are commonly isolated in conjunction 
with C. renale but are considered part of the 
normal flora of the vulva. 

Infection with C. renale may stimulate 
production of an antibody that causes cross¬ 
reactions with the complement-fixing test for 
Johne’s disease. 

EPIDEMIOLOGY 

Occurrence 

Although the disease is widespread in 
Europe, North America, Australia, Africa, 
Japan, and Israel and probably occurs all over 
the world, it seldom constitutes an important 
problem in any herd or area. As a rule, clini¬ 
cal cases are sporadic, even in herds found 
to harbor a significant number of carriers. 
Differences in disease prevalence can prob¬ 
ably be explained by differences in predis¬ 
posing management factors. One study in 7 
herds found an annual incidence that varied 
from 0.5% to 1.5% and in one herd was 16%. 
A slaughterhouse survey conducted in the 
United States estimated the prevalence of 
pyelonephritis in the dairy cattle population 
with less than 1%. 3 Subclinical infection may 
be more frequent than first recognized, and 
13% of adult cattle have bacteria associated 
with pyelonephritis in their bladder at 
slaughter, in the absence of gross or histo¬ 
logic evidence of pyelonephritis or cystitis. 4 
Chronic cystitis and pyelonephritis (etiology 
unstated) have been found in 5.3% and 0.2% 
of cattle at slaughter. 

Although pyelonephritis is considered to 
be a predominantly a bovine disease, sheep 
are occasionally affected. 

Source of Infection and Transmission 

Both C. renale and E. coli pertain to the resi¬ 
dent flora of the lower urogenital tract of 
cattle. C. renale can be isolated from urine 
of affected or carrier animals and in Japan 
has been isolated from the vagina or vaginal 
vestibule of approximately 6% of healthy 
cows. Clinically and subclinically infected 
cattle can shed C. renale with urine for pro¬ 
longed periods into the environment, in 
which it can survive for over 50 days. The 
incidence of cows excreting C. renale in their 
urine is higher in herds where the disease 
occurs than in herds where the disease is 
unknown. 

In cattle, infection can be transmitted by 
direct contact, by the use of contaminated 
brushes, or by the careless use of catheters. 

Venereal transmission of C. renale infec¬ 
tion has also been proposed. This is sug¬ 
gested by the occasional occurrence of a 


series of cases in a herd, usually related to the 
use of a particular bull, and the cessation of 
cases when artificial insemination is used. 
The organism can often be isolated from the 
prepuce, urethra, and semen of bulls that 
have no detectable lesions in the prepuce. 
C. renale can be a cause of balanoposthitis 
in bulls. 

Ascending infection of the urinary tract 
with E.coli has generally attributed to fecal 
contamination of the urinary tract, fre¬ 
quently in association with impaired urinary 
tract defense. 1 

Risk Factors 
Animal Risk Factors 

Pyelonephritis is most common in adult 
cows in the weeks to months following par¬ 
turition. In young calves pyelonephritis can 
often be traced back to an ascending umbili¬ 
cal infection. 2 Female cattle are more suscep¬ 
tible to ascending urinary tract infections 
than males presumably because of a shorter 
and wider urethra. In bulls and steers pyelo¬ 
nephritis may occur as a complication of a 
urinary tract obstruction. 

Approximately 75% of clinical cases 
occur in postparturient cows following abor¬ 
tion, dystocia, or puerperal infection, sug¬ 
gesting that inflammation and infection of 
the lower urogenital tract presents as an 
important predisposing factor. 2 

Pathogen Risk Factors 

C. renale and E.coli are normal inhabitants 
of the lower urogenital tract of ruminants, 
but certain strains possess pili, a virulence 
factor facilitating the colonization of the 
mucosa of the urinary tract and the progres¬ 
sion of the infection. Piliated strains of both 
bacteria occur and have a greatly enhanced 
ability to adhere to epithelial cells of the 
urinary tract. 

Environmental Risk Factors 

An increase in clinical cases is usually found 
in the colder seasons of the year and heavily 
fed, high-producing dairy herds appear to 
show an increased susceptibility. 

The systematic use of urinary catheters 
to collect urine from cows in early lactation 
with suspect ketosis has been associated 
with increased occurrence rates of pyelone¬ 
phritis. Although not intentionally pro¬ 
duced, the disease occurred in 10% of a 
group of cattle used to teach veterinary 
students the technique of urinary 
catheterization. 

In Israel, the ingestion of rock rose 
(Cistus salvifolius) is reported to produce 
urinary retention and predisposes cattle to 
pyelonephritis. 

Economic Importance 

Unless appropriate treatment is instituted 
early, the disease is highly fatal and economic 
loss is mainly caused by the deaths of affected 
animals. 
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PATHOGENESIS 

Pyelonephritis usually develops as an 
ascending urinary tract infection involving 
successively the bladder, ureters, and kid¬ 
neys. Trauma to the urethra, urine stasis, or 
a patent urachus in calves may facilitate 
ascending infection. The destruction of renal 
tissue and obstruction of urinary outflow 
ultimately result in uremia and the death of 
the animal. 

Piliated and nonpiliated forms of C. 
renale are present in infected animals, but 
their relative importance to the pathogenesis 
of the disease is uncertain. Piliated forms of 
C. renale and E. coli have a greater ability to 
attach to urinary tract epithelium, are more 
resistant to phagocytosis, and are probably 
important to the carriage of the organism 
and to the initial ascending infection. 
However, in the course of an infection there 
is a shift from piliated to nonpiliated forms, 
which may reflect a response to the develop¬ 
ment of antipilus antibodies. 

CLINICAL FINDINGS 

Early signs vary considerably from case to 
case. The first sign observed may be the 
passage of bloodstained or cloudy urine in 
an otherwise normal cow. In other cases, the 
first sign may be an attack of acute colic, 
manifested by swishing of the tail, treading 
of the feet and kicking at the abdomen, and 
straining to urinate. The attack passes off in 
a few hours. Such attacks are caused by 
obstruction of a ureter or renal calyx by pus 
or tissue debris and may be confused with 
acute intestinal obstruction. More often the 
onset is gradual with a fluctuating tempera¬ 
ture (about 39.5°C; 103°F), capricious appe¬ 
tite, loss of condition, and drop in milk 
yield over a period of weeks. Other than 
this, there is little systemic reaction, and 
the diagnostic signs are associated with the 
urinary tract. 

The most obvious sign is the presence of 
blood, pus, mucus, and tissue debris in 
urine, particularly in the last portion voided 
(Fig. 13-5). Urination is frequent, may occur 
in a dribble rather than a stream, and may be 
painful. Periods during which the urine is 
abnormal may be followed by apparent 
recovery with later remissions. 

In the early stages, rectal examination 
may be unremarkable, but later there is 
usually detectable thickening and contrac¬ 
tion of the bladder wall and enlargement of 
one or both ureters. These are not normally 
palpable, but in chronic cases they may be 
felt in their course from the renal pelvis of 
the left kidney to the bladder. The terminal 
portion of the ureters may also be palpated 
through the floor of the vagina over the neck 
of the bladder. The palpable left kidney may 
show enlargement, absence of lobulation, 
and pain on palpation; the right kidney may 
be palpable in small ruminants if it is signifi¬ 
cantly enlarged. In many cases there are no 
distinct clinical signs referable to the urinary 
tract, and the history and clinical signs may 



Fig. 13-5 Change in urine appearance 
during voiding in a Holstein-Friesian cow 
with chronic cystitis. Top left is from the 
initial urine stream, followed by the bottom 
left, and bottom right, and the top right is 
the last urine voided. Notice the presence of 
blood clots in the last urine sample. 


be weight loss and suspected gastrointestinal 
disease. In these cases, examination of the 
urine is essential to diagnosis. The course is 
usually several weeks or even months and 
the terminal signs are those of uremia. 

Endoscopic examination of the urethra 
and bladder can be diagnostic. Ultrasound 
examination shows cystic changes in the 
affected kidney, a reduction in renal pelvis 
diameter, a reduction in renal parenchyma, 
a widened ureter, and a hyperechoic 
bladder wall. 5 

CLINICAL PATHOLOGY 

Urine analysis reveals proteinuria and hema¬ 
turia, and the latter is grossly apparent in 
most cases. Urine pH is greater than 8.5 in 
most but not all cases, whereas the specific 
gravity has been recorded between 1.008 and 
1.021Microscopic examination will show 
pyuria. The presence of bacteria in suspected 
urine can be confirmed by culture, specific 
immunofluorescence, or direct microscopic 
examination. 

Hematologic and blood biochemical 
examination reveals hypoalbuminemia and 
hypergammaglobulinemia in advanced cases. 
Neutrophilia may be present but is not con¬ 
stant in all cases. Serum creatinine and BUN 
are elevated in advanced and severe cases, but 
these parameters are not reliable indicators 
for the presence of pyelonephritis in mild or 
early cases. 2 Serum creatinine and BUN con¬ 
centrations above 1.5 and 100 mg/dL, respec¬ 
tively, carry a grave prognosis. 

Ultrasonography was found useful to 
confirm the diagnosis and determine the 
extent of the disease. In particular this allows 
examination of the right kidney, which is not 
accessible by rectal examination. Ultraso¬ 
nography may demonstrate cystic changes 
in the affected kidney, dilated renal sinuses 
and ureters, and a thickened echogenic 
bladder. 2,5 

NECROPSY FINDINGS 

With pyelonephritis, the kidneys are usually 
enlarged and the lobulation less evident than 
normal (Fig. 13-6). The renal calyces and 


grossly enlarged ureters contain blood, pus, 
and mucus. Light-colored necrotic areas may 
be observed on the kidney surface. Changes 
visible on the cut surface include excavation 
of papillae, abscessation, and wedge-shaped 
areas of necrosis that extend from the distal 
medulla into the cortex. The bladder and 
urethra are thick walled and their mucous 
membranes are hemorrhagic, edematous, 
and eroded (Fig. 13-7). Histologically, the 
renal lesions are a confusing mixture of 
acute suppurative changes and various 
degrees of fibrosis with mononuclear cell 
infiltration. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: kidney; culture swab from 
ureter (CULT) 

• Histology: formalin-fixed kidney, ureter, 
bladder (LM) 


DIFFERENTIAL DIAGNOSIS 


Cases characterized by acute colic 

• Acute intestinal obstruction 

• Urinary tract obstruction in bulls and steers 
Chronic cases 

• Traumatic reticulitis 
Blood in urine 

• Cystitis 

• Urolithiasis 

• Enzootic hematuria 

• Postparturient hemoglobinuria 

• Anaplasmosis/babesiosis 

• Leptospirosis 


TREATMENT 

Treatment recommendations for pyelone¬ 
phritis reported in the literature are empiri¬ 
cal, and unfortunately strong data supporting 
their clinical efficacy are not available. 
Common wisdom holds that pyelonephritis 
caused by C. renale is best treated with peni¬ 
cillin administered parenterally daily for at 
least 2 to 3 weeks. For cases of suspected or 
confirmed infection with E. coli a broad- 
spectrum antimicrobial should be chosen. 
A number of antimicrobials, including 
ampicillin, amoxicillin, tetracycline, trime¬ 
thoprim-sulfas, ceftiofur, and gentamycin 
have been proposed. 

In early cases where little structural 
damage has occurred, permanent recovery 
can be expected following such a course of 
treatment. Generally, a good prognosis is 
suggested by an improvement in condition, 
appetite, and milk yield and clearing of the 
urine. However, in well-established cases 
with extensive tissue destruction the prog¬ 
nosis is fair at best, relief is only transient, 
and relapses are common. For valuable 
animals, in which ultrasound has established 
the diagnosis and confirmed that the 
contralateral kidney is unaffected, unilateral 
nephrectomy may be an alternative with rea¬ 
sonable prognosis. 0 The surgical technique 
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Fig. 13-6 Bilateral, severe, chronic pyelonephritis and ureteritis in an old Holstein-Friesian cow 
with profound azotemia and severe renal failure. Notice the extensive cortical thinning in 
response to hydronephrosis, particularly in the left kidney (left). (Photograph graciously 
provided by Dr. D. Michael Rings, United States.) 



Fig. 13-7 Severe chronic cystitis in the same animal. The bladder is opened and focal areas of 
cystitis are evident. (Photograph graciously provided by Dr. D. Michael Rings, United States.) 


has been described, and the surgery can be 
performed in the standing animal under 
local anesthesia. 7 


TREATMENT AND CONTROL 


Treatment 

Procaine penicillin (22,000 IU/kg IM every 12 
hours or 44,000 IU/kg IM every 24 hours 
for 2-3 weeks) (R-2) 

Ampicillin (10 mg/kg IM every 24 hours for 
2-3 weeks) (R-2) 

Amoxicillin (10 mg/kg IM every 24 hours for 
2-3 weeks) (R-2) 

Oxytetracycline (10 mg/kg IM every 24 hours 
for 2-3 weeks) (R-2) 


Trimethoprim-sulfadoxine (16 mg combined 
per kg slow IV injection or IM every 12 
hours for 2-3 weeks) (R-2) 

Ceftiofur sodium (1.2-2.2 mg/kg IM or SC 
every 24 hours for 2-3 weeks) (R-2) 

Control 

Adhere to aseptic technique when 

catheterizing the bladder of the cow. (R-1) 

Consider changing to artificial insemination in 
herd outbreaks of pyelonephritis with bull 
breeding. (R-2) 

IM, intramuscular; SC, subcutaneous. 


CONTROL 

One specific control measure usually prac¬ 
ticed is isolation of affected animals. 


Procedures such as urinary catheterization 
should be avoided, and routine vaginal 
examinations should be conducted with 
proper hygienic precautions. Where natural 
breeding is practiced, some reduction in 
occurrence may be achieved by the introduc¬ 
tion of artificial insemination. 
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URINARY DISEASE IN SWINE 

Glomerulonephritis 

In pigs, glomerulonephritis occurs sporadi¬ 
cally and may be associated with immu¬ 
nologic, thrombotic, toxic, or unknown 
mechanisms. It has been seen as a sporadic 
event following infectious diseases such as 
African swine fever, classical swine fever, 
streptococcal infections, and cytomegalic 
virus infections. There is also a specific condi¬ 
tion of glomerulonephritis in Yorkshire pigs 
in Norway. The condition of porcine dermati¬ 
tis and nephropathy syndrome is a specific 
condition seen in many countries after the 
advent of porcine circovirus 2 infections but 
reaching its most severe in the UK. It is 
immune mediated, possibly through a type III 
hypersensitivity reaction, and is discussed in 
more detail in relation to porcine circovirus. 

Nephrosis 

Acute tubular necrosis (nephrosis) is a 
feature of a number of pig disorders includ¬ 
ing pig weed toxicity, nephrotoxins, and anti¬ 
biotic use. 

Embolic Nephritis 

It is important to remember that the pig 
kidney has a wide range of congenital defor¬ 
mities, such as cystic kidneys, which persist 
into adult life. Most importantly it has a neph¬ 
rogenic zone, which gives rise to new glo¬ 
merular units in the 3 months after birth, and 
these are readily visible under the capsule of 
the kidney. They are readily involved in 
kidney lesions associated with septicemia and 
thrombosis, and involvement of these patho¬ 
logic processes in the occurrence of the 
“Turkey egg” kidney has now been associated 
with over 30 different etiologic agents. The 
most important of these conditions are Acti- 
nobacillus suis, Streptococcus, suis, strepto¬ 
cocci, staphylococci, E.coli, Erysipelothrix. 
rhusiopathiae, and T. pyogenes. 

Interstitial Nephritis 

One of the common causes of interstitial 
nephritis is leptospirosis and another is 
PCV2 infection. They may only be visible on 
histologic examination. 
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Other Conditions 

These include urolithiasis, which is found in 
pigs that are sometimes on unusual diets or 
where there is a shortage of water. The 
bladder of sows sometimes also contains 
some sediment and there may be infection- 
induced calculi. Uric acid and urates are 
sometimes found in the kidneys of piglets. 
The kidney worm ( Stephanurus ) is a cause of 
kidney problems in some parts of the world, 
and mineralization of the kidneys in vitamin 
D toxicosis may also be seen very occasion¬ 
ally. Chronic salt intoxication has recently 
been seen in growing pigs and is character¬ 
istically seen as diffuse bilateral interstitial 
fibrosis. 1 

PORCINE CYSTITIS AND 
PYELONEPHRITIS 


SYNOPSIS 


Etiology Actinobaculum suis is the specific 
cause, but a range of other bacteria 
(principally Escherichia coli) may also cause 
the condition. 

Epidemiology Infection of male pigs causes 
the disease in sows. The organism is in the 
prepuce and environment. Transmission is 
venereal and through dirty farrowing 
houses. Trauma to the urogenital tract of 
females predisposes to disease. 

Clinical findings Unexpected death in acute 
cases. There is pain on urination, 
bloodstained, turbid urine accompanied by 
vaginal discharge; often after sen/ice; 
cystitis on endoscopic examination. 

Clinical pathology Hematuria, pyuria, 
proteinuria, bacteremia are seen. Urine pH 
>8.5. Demonstration of organism by 
culture or immunofluorescence; azotemia, 
increased concentrations of urea and 
creatinine, hyperkalemia, and 
hyponatremia. 

Necropsy findings Purulent cystitis and 
pyelonephritis. 

Diagnostic confirmation Urinalysis, 
endoscopic examination, and 
demonstration of A. suis. 

Treatment Unrewarding unless early in the 
course of the disease—antimicrobials and 
supportive therapy; humane destruction of 
cases. 

Control Antimicrobials by injection, in water, 
or in feed; ensure adequate water supply 
for lactating sows to aid urination and 
improve postfarrowing hygiene. 


ETIOLOGY 

Cystitis and pyelonephritis are associated 
with a variety of agents including E. coli and 
others ( Pseudomonas aeruginosa, staphylo¬ 
cocci, streptococci, Proteus spp., Klebsiella 
spp., enterococci, and A. pyogenes). Infec¬ 
tions with most of these organisms result in 
catarrhal/purulent cystitis. 


The genotypic and phenotypic character¬ 
ization of E. coli strains associated with 
porcine pyelonephritis has been described. 2 
The specific disease is most commonly asso¬ 
ciated with Actinobaculum suis. This was 
formerly known as Eubacterium suis and 
before that as Corynebacterium suis. This 
organism is a large gram-positive rod that is 
difficult and slow to grow and requires 
special culture media. 

EPIDEMIOLOGY 

All these organisms causing cystitis and 
pyelonephritis are thought to produce the 
condition as a result of ascending infection. 
The disease is a particular problem when 
sows are in stalls or tethered. The condition 
may not be so serious when associated with 
all the species other than A. suis and in these 
cases may be seen as frequent urination, the 
presence of blood or pus in the urine, and a 
progressive loss of condition. It is in postpu- 
bertal sows that have bred. 

Occurrence 

The infection may be common but the 
disease is better viewed as sporadic. The 
disease is probably worldwide in outdoor 
and indoor units. There are no details of 
prevalence, although it has been described 
as the most important cause of sow deaths, 
with up to 25% associated with urinary 
tract infection. It probably occurs more 
frequently than is recognized because there 
is a considerable subclinical infection rate. 
In a recent study in the United States, 
A. suis was isolated from 4.7% of the blad¬ 
ders of sows collected at random at a 
slaughterhouse. 

In small herds, the disease tends to occur 
in small outbreaks when a small number of 
sows become infected after being mated to a 
single boar. Often, the clinical outbreak may 
be 2 to 3 weeks after the use of the suspected 
boar. More serious outbreaks can occur in 
large, intensive piggeries. The disease can 
also occur sporadically and be a normal 
feature of sow mortality. 

In a recent study of 1745 pregnant sows, 
28.3% were found to have urinary infections 
and A. suis was found in 20.6% of these. It 
was less prevalent (13.7%) in the sows with 
urinary infections than in those without 
(23.1%). In an abattoir survey in the Nether¬ 
lands, the prevalence of cystitis in slaugh¬ 
tered sows was 11%, with a variation 
depending on group from 0% to 35%. In this 
study of 114 bladders, A. suis was not iso¬ 
lated, but E. coli was the most commonly 
isolated together with S. dysgalactiae, A. pyo¬ 
genes, Aerococcus viridans, and S. suis. 

Source of Infection and Transmission 

A. suis is a normal inhabitant of the porcine 
prepuce and can be isolated from the prepu¬ 
tial diverticulum of boars of various ages. 
The prevalence of the infection in adult 
males may be as high as 90%, and the 


organism can be isolated from the floor of 
the pens containing infected boars. 

Infection and colonization of the prepu¬ 
tial diverticulum may occur in pigs as early 
as 5 weeks of age if they are housed with 
older pigs. Frequently, this infection may 
occur from pen floor contamination because 
of poor hygiene. Piglets can also become 
infected, at an early age, from sows that have 
chronic cystitis and pyelonephritis, and the 
infection can spread rapidly to other male 
pigs when they are grouped at weaning. 
Although infection is common in the male 
pig, cystitis and pyelonephritis is extremely 
uncommon in females. A. suis is rarely iso¬ 
lated from the urogenital tract of the healthy 
female pig. 

Clinical disease is almost entirely 
restricted to the female pig that has bred. 
Venereal transmission is thought to be the 
primary if not the sole method of infection 
of the sow. Trauma to the vagina may be 
an important predisposing factor allowing 
infection to establish, and trauma at parturi¬ 
tion with infection from the environment 
may also be important. 

There is no doubt that, where the condi¬ 
tions in stall houses are rife with fecal con¬ 
tamination and poor drainage from the rear 
half of the stall, perineal and vulval contami¬ 
nation is much greater. 

Risk Factors 

Clinical signs may occur at any age but are 
common at 3 to 4 weeks postservice. The 
disease is more common in sows kept in 
intensive confinement conditions than in 
those that are kept in open lots, pens, or 
pasture, but it does occur in these systems if 
the hygiene is poor. Differences in feeding 
patterns and exercise that occur in the differ¬ 
ent management systems can influence the 
frequency and volume of water intake. This 
in turn has an important effect on the fre¬ 
quency of urination and the residual volume 
of urine in the bladder following micturi¬ 
tion, which is one of the factors that may 
predispose to the establishment of urinary 
tract infection. Because many lactating sows 
will only stand when they are fed, usually 
twice a day, they will also only urinate and 
drink twice a day. If they cannot take in 
enough water from either a trough or a tap 
during this period at the correct flow rate, 
they may be suffering from an inadequate 
water intake. It has also been shown that 
crystalluria may well damage the mucosa 
and aid the formation of cystitis and that the 
crystals also support infection of the bladder, 
particularly where there is an insufficient 
water supply. 

Economic Importance 

In one of the best studies of sow mortality in 
the UK it was reported that the principal 
cause of death in up to 25% of the sows was 
urinary tract infection. If the sow mortality 
is below 5% then cystitis/pyelonephritis 










is unlikely to be an important problem in 
the herd. 

Cystitis and pyelonephritis is of great 
importance because it is a major cause of 
death (annual death rate may be in excess of 
5%) in sows in both Great Britain and the 
United States and, even more important, a 
cause of serious culling; the recommenda¬ 
tion is to cull affected sows because they will 
always be a source of infection. Considerable 
prevention, treatment, and hygiene costs will 
also ensue. 

PATHOGENESIS 

The organism is widespread in the prepuce 
of boars, is introduced into the sow at service, 
but it usually rapidly dies out. In healthy sows, 
A. suis can be isolated from the vagina, but 
not from the bladder, for a short period after 
an infected service. In experimental infec¬ 
tions of normal sows, it rapidly dies out. The 
factors that allow it to establish in the uro¬ 
genital tract are unknown, but trauma to the 
vagina and urethral opening and service into 
the bladder are supposed factors. The other 
organisms listed may also act synergistically 
to damage the mucosa and facilitate coloniza¬ 
tion by A. suis. This may be true, because A. 
suis possesses two sorts of pili by which it 
attaches to damaged bladder epithelium. Cys¬ 
titis results in damage to the ureterovesical 
junction facilitating ascending infection from 
the bladder to the kidneys. In infected sows, 
tortuosity and blockage of the ureters is fairly 
common. This and the changes in the kidney 
may lead to chronic renal failure and the 
inability to retain sodium with potassium 
retention in the blood and sudden death and 
even acute renal failure if the blockage is com¬ 
plete and bilateral. 

CLINICAL FINDINGS 

Mildly affected sows may only show transient 
inappetence, and other animals are recog¬ 
nized because they are uremic. In the more 
severely affected groups, the presentation is 
either as an acute case, usually postservice, or 
as a chronic one, which can occur at any time. 

Most commonly sows present as acute 
renal failure and sudden death. Sows are sud¬ 
denly severely ill, unwilling to rise, show 
profound depression and circulatory col¬ 
lapse, and die within 12 hours. In one series 
of cases, 40% of the affected sows presented 
as unexpected deaths, and in the remainder 
the mean interval between presenting 
signs and death was 1.6 days and the longest 
interval was 5 days. The condition may 
occur in older sows (fourth parity sows and 
above). 

Where the surveillance is good, the sows 
are observed to be depressed, anorectic, 
mildly febrile (normal to 39.5°C; 103°F), and 
sometimes show arching of the back, twitch¬ 
ing of the tail, and painful urination. There 
is frequent passage of bloodstained, turbid 
urine accompanied by vaginal discharge. 
Examination with a vaginal speculum will 
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confirm the bladder as the source of the 
bloody discharge. 

The case-fatality rate is high. Sows that 
survive the acute disease develop chronic 
renal failure with weight loss and polydipsia 
and polyuria. They are usually culled for 
poor performance. 

Endoscopic examination of the bladder 
in acute cases may show little other than 
mild inflammation, but in more serious cases 
there are ulcerative and erosive bladder 
lesions. In sows large enough to allow rectal 
examination, it may be possible to feel the 
large and thickened bladder and dilated tor¬ 
tuous ureters in chronic cases. Boars are 
usually unaffected clinically but intermittent, 
hematuric episodes lasting several days have 
been recorded. 

The condition can be seen as a sequel to 
any locomotor, particularly central brain or 
spinal, condition in which there is an inabil¬ 
ity to stand to drink or micturate, e.g., 
organophosphorus poisoning. 

CLINICAL PATHOLOGY 

Sows’ urine is frequently turbid (83.1%) and 
usually this can be associated with the pres¬ 
ence of crystals (96.1%). 

Urinalysis usually shows hematuria, 
pyuria, proteinuria, and a pronounced bac- 
teriuria (usually in excess of 10 5 cfu/mL 
of urine). A Gram stain on a smear of the 
urine or pus may show the organisms. The 
urine is alkaline with a pH of more than 8.5 
and usually approaching 9 as a result of 
the urease, which cleaves urea to produce 
ammonia. Midstream urine contains 10 5 cfu/ 
mL or more. A number of species of bacteria 
may be found as suggested in the introduc¬ 
tion, but A. suis requires special culture 
media. It is now possible to use immuno¬ 
fluorescence for a more rapid and specific 
diagnosis. Examination of blood shows a 
pronounced azotemia, with increased con¬ 
centrations of urea and creatinine and also 
hyperkalemia and hyponatremia. NAD con¬ 
centrations are elevated, indicating proximal 
renal tubular damage. 

NECROPSY FINDINGS 

A very varied pathology may be visible in 
these cases. In some sows, there may be an 
extensive purulent nephritis and pyelitis with 
similar changes in the dilated ureters and the 
bladder. In others there may be severely 
hemorrhagic kidneys and blood in the pelvis. 

In acute cases, the bladder wall is swollen, 
edematous, and hyperemic and may be 
covered by a gritty, mucinous material. In 
other cases, the bladder wall may just be 
thickened, inflamed, and covered by exten¬ 
sive thick mucus. In some of these cases, the 
ureterovesical valves may have been com¬ 
pletely destroyed by necrosis. There may be 
minimal gross changes in the kidneys in acute 
cases but there may be microscopic changes 
of a diffuse tubular and interstitial nephritis. 
In the chronic case, there are ulcerative and 


erosive lesions in the bladder wall and there 
may be pus in the bladder, thick-walled 
ureters, and an obvious pyelonephritis. 

Samples for the Confirmation 
of Diagnosis 

• Bacteriology: kidney, bladder, and ureter 
for aerobic and anaerobic culture and 
special media for A. suis. A special 
urea-enriched medium with polymixin 
or nalidixic acid is necessary in which 
dry colonies of A. suis, about 2 to 3 mm 
in diameter, grow after 2 days’ 
incubation 

• Histology: formalin-fixed bladder, 
ureter, and kidney 

DIAGNOSIS 

Diagnosis is based on high mortality; clinical 
findings; history of service; and clinical 
pathology, particularly bacteriology, immu¬ 
nofluorescence for specific bacteria, or isola¬ 
tion by culture have a similar sensitivity and 
specificity. 


DIFFERENTIAL DIAGNOSIS 


• Other causes of sudden and unexpected 
deaths 

• Hematuria 

• Stephanurus dentatus (where it occurs) 

• The separation of the condition associated 
with Actinobaculum suis from those 
associated with other bacteria can only be 
achieved by bacterial culture and other 
laboratory techniques. 


TREATMENT 

Early treatment with antibiotics is recom¬ 
mended, but if there is acute renal failure 
then the case-fatality rate is high. Penicillin 
given at 15,000 IU/kg IM daily for 7 to 10 
days has been successful in early cases. The 
IM injection of streptomycin at 10 mg/kg has 
also been used successfully. The isolation 
of other organisms may indicate the need 
for other broad-spectrum antibiotics. A 
recent outbreak of cystitis and endometritis 
associated with a falling conception rate 
from 88% to 75% and thought to be caused 
by E. coli (together with staphylococci and 
streptococci) was successfully treated with 
an ammonium chloride urinary acidifier, 
whereas the amoxicillin used previously was 
without effect. Enrofloxacin at the rate of 
10 mg/kg BW in the feed for a period of 10 
days has also proved effective, as has 2.5 mg/ 
kg in the food for at least 20 days. 

The response can be monitored by the 
reduction in the urine pH. Treated sows 
should be loose housed with access to plenty 
of water. The treatment should be continued 
for at least 2 to 3 weeks after the outbreak has 
appeared to finish clinically. Oral electrolyte 
therapy is also beneficial. In chronic cases, 
the lesions are well advanced and the organ¬ 
isms may be contained in the calculi and 
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then therapy is not successful and relapses 
may occur. In many cases, humane destruc¬ 
tion is the best option, especially because it 
is not possible, except in very early cases, to 
eliminate the organism. Preputial washing 
on a regular basis may prevent the carriage 
of organisms by boars, especially because it 
has been shown that semen may be fre¬ 
quently contaminated by A. suis, and up to 
50% of boars in some studs may be affected. 

CONTROL 

Routine prophylactic administration of anti¬ 
biotics has proved of little value in the long¬ 
term control of the disease. A temporary 
solution has been the use of sow treatment 
with oxytetracycline followed by in-feed 
medication with 400 g/t for 21 days. It is not 
possible to eradicate the infection from the 
prepuce of a boar, although daily infusions 
may help reduce the infection. Artificial 
insemination with the semen treated with 
antibiotics is a further option. 

Trauma to the vagina at mating should be 
reduced by boar management and the super¬ 
vision of mating. There should be nonslip 
floors in the service areas. Animals showing 
distress, pain, or bleeding after mating 
should be treated. 

The service areas should have very good 
hygiene with regular cleaning and disinfec¬ 
tion after every use. The perineal region of 
each sow should be cleaned before mating. 
Farrowing accommodation and crates 
should also be properly cleaned and disin¬ 
fected and allowed to dry before sows are 
introduced. The major organism (A. suis) 
will persist on bad floors but is susceptible to 
phenolic, quaternary ammonium, and for¬ 
malin-based products. 

Other control procedures involve the 
provision of an adequate water intake. This 
should preferably be from the mains without 
impurities or toxins or bacterial contamina¬ 
tion. Loose housing and twice-a-day feeding 
will encourage the consumption of water. The 
provision of adequate numbers of drinkers 
for the stage of the breeding cycle and provid¬ 
ing the necessary flow rate for each age of pig 
is essential (at least 1.5 L/min for gestating 
sows and 2.2 L/min for lactating sows). A 
simple check on water supply can be to check 
appetite: if the sows are not consuming 10 kg 
of food on day 18 of lactation then there is 
probably something wrong with water provi¬ 
sion. Similarly, troughs must contain at least 
a reasonable supply of water. In the welfare 
codes, all animals have to be provided with 
a fresh supply of high-quality water. 

FURTHER READING 

Done SH, Carr JC. The urinary tract. In: Sims LD, 

Glastonbury JRW, eds. Pathology of the Pig. Victoria, 

Australia: Agriculture Victoria; 1996:359-384. 
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KIDNEY WORM DISEASE 
IN PIGS CAUSED BY 
STEPHANURUS DENTATUS 

ETIOLOGY 

Stephanurosis is a disease of swine caused by 
the migration of larvae and young adults of 
the nematode parasite Stephanurus dentatus 
through the body. 


SYNOPSIS 


Etiology The nematode parasite Stephanurus 
dentatus. 

Epidemiology Eggs are shed in urine; 
infective larvae enter pig when swallowed 
or by skin penetration; earthworms can act 
as transport hosts; prepatent period is at 
least 6 months. 

Signs Poor growth; emaciation in severe cases 
with stiffness of gait. 

Clinical pathology Eggs in urine; 
eosinophilia. 


LIFE CYCLE 

S. dentatus are large (2- to 5-cm) thick 
roundworms that inhabit the perirenal 
tissues and less often inhabit the other 
abdominal organs and spinal canal of the pig. 
Adult worms lie in cysts around the renal 
pelvis and the wall of the ureter. The cysts 
communicate with the urinary passages, and 
the eggs are passed out into the urine of the 
host. They are very prolific egg layers; an 
infective adult sow may void as many as a 
million eggs in a day. Under suitable envi¬ 
ronmental conditions the eggs hatch and, 
after undergoing two molts, the larvae 
develop to the infective third stage in about 
4 days. The eggs and larvae are very sensitive 
to cold and desiccation; eggs in a dry situa¬ 
tion die within an hour. Exposure to tem¬ 
peratures below 10°C (50°F) is damaging and 
4°C (40°F) is lethal. Most larvae in optimum 
conditions of moisture, warmth, and shelter 
from sunlight survive for about 3 months 
and some for as long as 5 months. Larvae 
may survive for long periods as facultative 
parasites in earthworms, and this may enable 
the larvae to survive even when the soil 
microclimate is adverse. 

Larvae may penetrate the skin or be 
ingested. Larvae that are ingested cross the 
wall of the stomach, or more commonly 
the small intestine, and reach the liver via 
the portal vessels; from the skin the larvae 
reach the systemic circulation and pass to 
the liver via the lungs in 1 to 6 weeks. In the 
liver the larvae migrate from the blood 
vessels through the parenchyma and eventu¬ 
ally, about 3 months after infestation, having 
undergone a fourth molt, penetrate the cap¬ 
sule of the liver and reach the perirenal tis¬ 
sues to establish themselves as adults. Egg 
laying usually commences about 6 months 
after infestation, but the prepatent period 


may be very much longer and individual 
worms appear to live as long as 2 years. 

During their migration the larvae often 
follow an erratic path and cause the develop¬ 
ment of atypical lesions and clinical signs. 
These larvae often reach maturity in these 
aberrant sites, and prenatal infection can 
occur in this way. 

EPIDEMIOLOGY 

Kidney worms are common in most tropical 
and subtropical countries such as Africa, the 
East and West Indies, Brazil, Hawaii, the 
Philippines, the southern United States, 
and Australia, where the climate is suffi¬ 
ciently mild to permit the survival of eggs 
and larvae. 

PATHOGENESIS 

The principal effect of these worms is the 
damage caused by the migrating larvae and 
young adults. The migrating worms cause a 
great deal of necrosis, fibrosis, and occa¬ 
sional abscess formation along the path of 
their migration. This is most marked in the 
perirenal tissues and the liver. S. dentatus 
have been observed rarely in cattle. Experi¬ 
mentally dosed calves develop severe hepatic 
injury similar to that which occurs in pigs, 
but the life cycle is not completed and no 
perirenal lesions develop. 

CLINICAL FINDINGS 

The mortality rate is not high; production 
losses and condemnation of parts or all of the 
infested carcass are of greatest economic sig¬ 
nificance. Poor growth in spite of a good 
appetite may be the only sign in mild cases. 
Badly affected animals become emaciated 
and develop ascites. In the early stages, 
nodules in the skin of the belly wall and 
enlargement and soreness of the peripheral 
lymph nodes may be evident. Many appar¬ 
ently unrelated clinical signs are produced by 
aberrant larvae. For example, thrombi may 
be induced in blood vessels, such as the 
portal veins, hepatic artery, and posterior 
vena cava, and paralysis may result if larvae 
invade the spinal cord. Involvement of the 
psoas muscles causes local pain and stiffness 
of gait. The passage of larvae through the 
peritoneum and pleura gives rise to adhe¬ 
sions. Larvae may also become encysted in 
the lung. Weakness and eventual paralysis of 
the hindlegs occur in a number of cases. 
Passage through the peritoneum and pleura 
causes the formation of adhesions, and many 
larvae become encysted in the lung. 

CLINICAL PATHOLOGY 

Large, thin-walled, embryonated eggs are 
present in the urine when adult worms are 
present in the ureter wall. An eosinophilia is 
seen 2 to 3 weeks after infection, peaking at 
6 to 7 weeks and still elevated at 20 weeks. 
However, this has little specific diagnostic 
significance. Anemia does not occur. Only a 
transient rise in aspartate aminotransferase 










is seen, and serum enzymes seem to be of 
little value in diagnosis. 

NECROPSY FINDINGS 

The common findings include fibrosis and 
abscess formation in perirenal tissues with 
large adult worms present and occasionally in 
the pelvis of the kidney and ureter; infarcts 
and scars in the kidney; and enlargement and 
scarring of the liver, sometimes accompanied 
by ascites. The hepatic lesions include irregu¬ 
lar whitish tracks in the parenchyma, exten¬ 
sive fibrosis, hemorrhage, and eosinophilic 
abscess formation. The liver may be covered 
with a diphtheritic membrane. Larvae may 
also be present in peripheral lymph nodes 
and cutaneous nodules, in small abscesses in 
the lung and pancreas, and in thrombi of 
blood vessels, particularly in the liver and 
lungs. Pleurisy and peritonitis, if they are 
present, are usually manifested by adhesions. 

DIAGNOSTIC CONFIRMATION 

A definite diagnosis of stephanurosis may be 
made by finding eggs in the urine or by nec¬ 
ropsy. Young pigs with a heavy infestation of 
larvae may present a problem in diagnosis 
because adult worms and characteristic renal 
lesions may not yet be present. An ELISA test 
can detect infection from 2 weeks after infec¬ 
tion, but serologic tests are not likely to 
become a routine diagnostic procedure. 


DIFFERENTIAL DIAGNOSIS 


• Other causes of poor growth and 
emaciation in pigs, e.g., poor nutrition and 
chronic bacterial diseases such as necrotic 
enteritis and swine dysentery, but these are 
accompanied by intermittent diarrhea. 

• Other parasitic diseases such as ascariasis 
and hyostrongylosis. 

• Other causes of posterior weakness in 
pigs such as vitamin A deficiency, 
osteodystrophia, sometimes fracture of a 
lumbar vertebra, brucellosis, erysipelas 
when intervertebral joints are involved, or 
by spinal cord abscess or lymphoma. 


TREATMENT 

Single doses of ivermectin (SC) or doramec- 
tin (IM) at 0.3 mg/kg, or fenbendazole at 
3 mg/kg in the feed for 3 days, are effective 
against migrating and adult stages, whereas 
levamisole at 8 mg/kg removes the adults 
only, preventing egg output for at least 4 
weeks. 

CONTROL 

Regular anthelmintic treatment of all pigs 
with fenbendazole or ivermectin at 4-month 
intervals should prevent further contamina¬ 
tion of the environment with eggs. The free- 
living stages should then eventually die out, 
but this may take some time as infected 
earthworms may survive for at least 1 year. 

Management techniques may also be 
used for controlling kidney worm. Because 
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the prepatent period of S. dentatus is at least 
6 months, one method is to breed entirely 
from gilts until the transmission cycle is 
broken. Under this system the gilts are 
raised, allowed to farrow, and sent to market 
as soon as the litter is weaned and before any 
eggs are shed. Boars are confined on concrete 
to prevent contamination of the soil by eggs 
in their urine. This technique has the advan¬ 
tage of maintaining a fully stocked farm 
while control is achieved, but it has obvious 
economic penalties. 

Other management techniques depend 
on the provision of dry ground in which eggs 
and larvae are less likely to survive. Sleeping 
shelters should be placed on high ground, 
preferably bare of vegetation. Because pigs in 
yards commonly urinate against fences, a 2- 
to 3-m strip of earth inside the boundary 
should be kept free of herbage. Muddy spots 
and water holes should be filled in and drain¬ 
age provided. Water and feed troughs should 
be on a concrete apron. Young animals should 
be segregated from adults and fields rested 
for 3 to 6 months after the adults are removed. 
Such programs are rewarding if performed 
diligently and intelligently, but the extra work 
involved has militated against general accep¬ 
tance of this approach. Because of the impor¬ 
tance of mature animals as sources of 
infestation, early replacement of breeding 
stock is recommended in problem herds. 

Toxic Agents Affecting 
the Kidney 

CITRININ TOXICOSIS 

Citrinin (CTN or CIT) is most widely known 
as a nephrotoxin produced by Penicillium 
citrinum, P. verrucosum, Monascus ruber, 
Aspergillus ochraceus, and A. terreus. 1 ' 3 It is 
commonly found in combination with och- 
ratoxin A (OTA) as a contaminant in human 
and animal feeds, 2,4,5 and the concentration 
of CTN often exceeds that of OTA. 6 When 
present as cocontaminants the effects of OTA 
and CTN are generally additive; at higher 
concentrations, the effects may be more than 
additive. 1 

The signs and lesions associated with 
poisoning by OTA and CTN are generally 
similar. The target organ is the kidney, but the 
liver and bone marrow have been implicated 
as well. 2 In mice and rats, CTN is embryo- 
cidal, fetotoxic, and has an adverse effect 
on reproduction. 2 ' An increase in testicular 
and preputial weight, abnormal sperm, and 
decreased numbers of live sperm were noted 
in mice treated with CTN. 7 Females mated to 
CTN-treated mice had a lower pregnancy 
rate. Information on carcinogenicity is rare, 
with benign renal tumors reported in mice 
receiving CTN for 60 to 80 weeks. 1 

CTN is rapidly absorbed and distributed, 
in particular to the liver and kidney. 1 In 


humans it is metabolized to dihydrocitri- 
none (DH-CIT), which may be the primary 
method of detoxification. Excretion is 
through the urine and feces. The presence of 
CTN in human and animal food and food 
products can be identified by several 
methods 5,8 and in human urine and plasma 
by liquid chromatography mass spectrome¬ 
try (LC-MS/MS). 3 

CTN may play a different role in the 
pyrexia-pruritus-hemorrhagic syndrome in 
cattle. 9 Serious outbreaks of this idiopathic 
disease have been recorded in the UK since 
1977 and may be related to CTN in moldy 
citrus pulp cubes. Clinical signs in affected 
cows include pruritus, hair loss, papular 
dermatitis, variable appetite with roughage 
being taken but not concentrates, fever (40— 
41.5°C; 104-106.7°F), and mucosal petechia- 
tion. Dermatitis is widespread, exudative, 
initially papular, and itchy. It occurs princi¬ 
pally on the head, neck, perineum, and 
udder. Pruritus is variable in degree, but is 
often so marked that the skin becomes raw 
and bleeds. The dermatitis subsides but the 
fever persists, and over a period of 4 to 7 
weeks the animal becomes so unthrifty that 
it is usually sent for slaughter. The morbidity 
rate is usually 10%, but may be as high as 
100%. Seriously affected animals die. A 
similar but more severe syndrome occurs in 
which there is petechiation in all tissues, 
especially subserosally. In these cases, there 
are multiple hemorrhages in all mucosae and 
free blood at the anus and other orifices. 

Postmortem examination shows pete¬ 
chiation in all organs and tissues, although it 
is absent altogether in some cases. Histologic 
findings include low-grade, long-standing 
interstitial nephritis and very little else of 
significance. Hematology, blood chemistry, 
and serum enzymes are similarly normal. 
Antibody reactivity to some components of 
ruminal contents may be elevated but not 
apparently significantly. 

FURTHER READING 

Krogh P, Hald B, Pederson EJ. Occurrence of ochratoxin 
A and citrinin in cereals associated with mycotoxic 
porcine nephropathy. Acta Pathol Microbiol Scand 
[B] Microbiol Immunol. 1973;81(6):689-695. 
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ETHYLENE GLYCOL TOXICOSIS 

Accidental poisoning with ethylene glycol 
may occur in swine, goats, cattle, and 
horses. 12 Although the most common source 
is antifreeze or windshield deicers, ethylene 
glycol is also found in paints, solvents, deter¬ 
gents, and some pharmaceuticals. 1 The toxic 
dose rates determined experimentally for 
cattle are 5 to 10 mL/kg BW in adults and 
2 mL/kg in nonruminant calves. 1 

The pathogenesis of the disease is depen¬ 
dent on the development of acidosis and 
oxalate nephrosis. In swine this is mani¬ 
fested by ascites, hydrothorax and hydro¬ 
pericardium, depression, weakness, and 
posterior paresis. In cattle there is dyspnea, 
incoordination, paraparesis, recumbency, 
and death. 

Metabolic acidosis, hypocalcemia, and 
uremia are hallmarks of intoxication. Cal¬ 
cium oxalate crystals are present in large 
numbers in the kidney (renotubular) and 
vasculature. Signs of acute renal failure are 
seen within the first 24 hours. 1 The treatment 
recommended for companion animals, etha¬ 
nol or more often 4-methylpyrazole (fomepi- 
zole), is worth considering, especially in 
small pet ruminants. 2 

A variety of diagnostic tests are available 
including quantitation in serum. The pres¬ 
ence of the chemical in tissue can be detected 
by chromatography. Kidney cortex (5-10 g) 
should be frozen in a Whirl-Pak before 
submission. 3 

FURTHER READING 

Osweiler GD, Eness PG. Ethylene glycol poisoning in 
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OCHRATOXINS 

(OCHRATOXICOSIS) 


SYNOPSIS 


Etiology Ochratoxin A produced primarily by 
Aspergillus ochraceus and Penicillium 
verrucosum. 

Epidemiology Worldwide distribution; 
pigs and chickens are commonly 
affected. 

Clinical pathology Increased serum 
concentrations of creatinine and urea 
nitrogen; glucosuria and proteinuria; 
decreased urine specific gravity. 

Lesions Renal toxicity with damage to 
epithelial cells of proximal tubules. 

Diagnostic confirmation High-performance 
liquid chromatography or liquid 
chromatography mass spectrometry on 
tissues (kidney liver, and muscle). 


Treatment Remove contaminated feed. 
Control Nonspecific other than attention to 
harvesting and storage procedures. 


ETIOLOGY 

Ochratoxins are a group of isocoumarin 
derivative mycotoxins (A, B, and C) pro¬ 
duced primarily by Aspergillus ochraceus 
and Penicillium verrucosum and less often 
by several other species of Aspergillus and 
P. nordicum. 1 3 Ochratoxin A (OTA) is the 
most toxic member of the group; ochratoxin 
B (OTB) and ochratoxin C (OTC) are less 
toxic and rarely occur. 3 OTA is a well-known 
nephrotoxin with neurotoxic, carcinogenic, 
genotoxic, immunotoxic, and teratogenic 
properties. 2,4 

EPIDEMIOLOGY 

Occurrence 

Cereal and cereal products are most often 
contaminated, but OTA can be found in a 
variety of other products including beer, 
chocolate, pork and pork products, poultry, 
raisins, and wine. 4,5 Feed contamination by 
OTA occurs worldwide from temperate to 
tropical climates with the incidence in the 
Northern Hemisphere considerably higher 
than the Southern Hemisphere. 0 Aspergillus 
spp. are present in the more tropical regions 
of the world and Penicillium spp. in temper¬ 
ate regions. 4 P. verrucosum-c ontaminated 
cereals are found more frequently in north¬ 
ern European countries as opposed to those 
in southern Europe. 5 

Risk Factors 
Animal Risk Factors 

Swine, dogs, other monogastric animals, and 
chickens are most often affected from inges¬ 
tion of OTA-contaminated feeds. 4,7 Rumi¬ 
nant animals are more resistant to OTA 
toxicosis with goats the possible exception. 3,7 
The oral LD 50 of acute OTA toxicity in pigs 
is 1 mg/kg BW, that of cockerel chicks 
3.3 to 3.9 mg/kg BW, and that of turkeys 
5.9 mg/kg BW. 7 

Environmental Factors 

The amount of OTA in feeds and thus resid¬ 
ual in body organs varies from year to year 
depending on climate conditions, harvest¬ 
ing, and storage. 

Human Risk Factors 

Ochratoxin residues have been detected 
as a carryover in pigs and poultry meats 
and have significance for persons eating 
contaminated pork. Information regarding 
the presence of OTA in cows milk is scarce, 
but the carryover is estimated to be less 
than 1%. 1,4,8 

Farm or Premise Risk Factors 

The fungus grows primarily on stored barley 
or corn. Raw animal feed, especially 


unprocessed feeds, contain much higher 
levels of OTA than foods for human con¬ 
sumption. Experimentally, pigs fed diets 
containing OTA in concentrations as low as 
25 pm/kg feed developed decreased feed 
efficiency and weight loss. 4 

PATHOGENESIS 

In pigs, OTA is rapidly absorbed, highly 
protein bound (99%), undergoes enterohe- 
patic recirculation, and is distributed to 
kidney, liver and muscle, and fat. 3,8,9 It is 
metabolized in the liver by carboxypeptidase 
and trypsins to a less toxic ochratoxin-a 
(OTa). 1,3 Elimination is slow, primarily 
because of high protein binding and renal 
reabsorption. Excretion is biliary and renal. 
The serum half-life in pigs is very long 
(72-150 hours). 3 

Ruminant resistance to OTA toxicity may 
be caused by decreased absorption and deg¬ 
radation of OTA to less toxic OTa by rumen 
protozoa and microbes. 1 3,7,8 

Nephrotoxicity from OTA involves 
several different mechanisms. The principal 
lesion is a degenerative change in the epithe¬ 
lial cells in the proximal convoluted tubules 
with impairment of tubular function and 
fibrosis. 1,6 Several other mechanisms such as 
inhibition of RNA synthesis, disruption of 
renal and hepatic mitochondria, and impair¬ 
ment of antioxidant enzymes also may be 
involved. 310,11 

CLINICAL FINDINGS 

Affected pigs show a reduced daily weight 
gain, decreased feed efficiency, lower final 
BWs, polyuria, and polydipsia. 4,6,10 Ochra¬ 
toxin is associated with poor sperm quality 
in boars, and is thought to be associated 
with fetal death and resorption, and thus 
abortion. 

CLINICAL PATHOLOGY 

Creatinine and BUN levels are elevated, glu¬ 
cosuria and proteinuria are evident, and 
urine specific gravity is low. 7,8 

NECROPSY FINDINGS 

The most obvious abnormalities are found 
in the kidneys with renal enlargement, 
fibrosis, and necrosis of renal tubular epi¬ 
thelium. Microscopic lesions in the proxi¬ 
mal tubules included cloudy swelling, 
granular or vacuolar degeneration, and des¬ 
quamation of the epithelial cells. 10 Poison¬ 
ing by ochratoxin in pigs resembles Balkan 
endemic nephropathy, a naturally occurring 
disease of humans. 8 

DIAGNOSIS 

Assessment of OTA levels in tissue is 
performed with a variety of methods 
including immunoassay and spectrome¬ 
try. 12,13 LC-MS/MS has been demonstrated 
to be more sensitive and specific for OTA 
in pig tissues than high-performance liquid 
chromatography. 13 













DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

Citrinin toxicosis 

Hereditary glomerular disease(s) 

Melamine toxicosis 

Polycystic kidney disease 

Porcine dermatitis and nephropathy syndrome 


TREATMENT 

There is no specific treatment other than 
removing pigs from the contaminated feed 
and providing clean, mycotoxin-free food. 
Residues in the tissue persist for a long period 
of time, and it may take several months for 
them to decrease to an acceptable level. 

CONTROL 

Animal feeds should not be used unless they 
have levels of OTA less than 10 parts per 
billion. Several different gastrointestinal 
adsorbents (activated charcoal, bentonite, 
and cholestyramine) have been evaluated, 
but no single product has been effective 
against most mycotoxins. 4 Strategies should 
be used to decrease fungal growth (and thus 
OTA production) during harvesting and 
storage. 
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PLANT POISONINGS CAUSED BY 
KNOWN TOXINS 

IFORRESTINE 

Iforrestine, a heterocyclic nephrotoxin, is 
present in six species of Isotropis. Lamb 
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poison or Bloom poison, e.g., I. forrestii, I. 
atropurpurea, and I. cuneifolia, is associated 
with severe renal damage and uremia in cattle 
and sheep. Clinical signs include anorexia, 
depression, diarrhea, oliguria, anuria, recum¬ 
bency, and death. Proteinuria and glycosuria 
are constant, and there is severe renal tubular 
necrosis. 

PLANT POISONINGS FROM 
UNIDENTIFIED TOXINS 

UREMIA, NEPHROSIS—WITH HIGH 
BLOOD UREA NITROGEN 

• Amaranthus spp. 

• Anagallis arvensis 

• Azadirachta indica 

• Cassine buchanani 

• Catha edulis (khat) 

• Dimorphandra gardneriana 

• Lythrum hyssopifolia 

• Petiveria alliacea (anamu) 

• Psilostrophe spp. (paperflowers) 

• Sapium sebiferum (Chinese tallow tree) 

• Sarcolobus globosus 

• Sartwellia flaveriae 

POLYDIPSIA, POLYURIA 

• Orobanche minor (broom rape). 

RED URINE CAUSED BY A 
PIGMENTED SUBSTANCE FROM 
THE PLANT 

• Haloragis odontocarpa (raspwort) 

• Swartzia madagascariensis 

• Trifolium pratense (red clover); in deer 

• Xanthorrhoea minor, in cattle; probably 
associated with plant resins. 

CYSTITIS 

• Gyrostemon (= Didymotheca) 
cupressiformis (double-seeded emu 
bush). 

FUNGI LACKING 
IDENTIFIED TOXINS 

Grain infected with Tilletia tritici (wheat 
smut) fungus should not be included in 
rations for pigs because it is thought to be 
associated with glomerulonephritis and 
failure to gain weight. Estimates of the 
maximum safe content of infected grain that 
can be fed in the ration vary from 5% to 30%. 

FURTHER READING 

Colegate SM, Dorling PR, Huxtable CR, et al. 
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Renal Neoplasia 

Primary tumors of the kidney are rare. Renal 
carcinomas occur in cattle and horses and 


nephroblastomas occur in pigs. Enlargement 
of the kidney is the characteristic sign; in 
cattle and horses neoplasms should be con¬ 
sidered in the differential diagnosis of renal 
enlargement. In pigs, nephroblastomas may 
be so big they cause visible abdominal 
enlargement. Renal adenocarcinomas are 
very slow growing but are not usually diag¬ 
nosed until the disease is well advanced. The 
gross and histologic description of a series of 
primary renal cell tumors in slaughter cattle 
has been recorded. 

In horses, the most common signs are 
weight loss, reduced appetite, hematuria, 
and intermittent bouts of abdominal pain. 1 ' 2 
Some affected horses have massive ascites 
and hemoperitoneum. Metastasis of the 
tumor to the axial skeleton can result in lame¬ 
ness, which can be the clinical abnormality 
that is recognized first. The tumor can also 
metastasize to the lungs and mouth. Masses 
on the left kidney of horses are usually readily 
palpable on rectal examination. Horses with 
renal carcinoma can have clinically apparent 
periods of hypoglycemia, which is confirmed 
by measurement of serum glucose concen¬ 
tration and is attributable to production of 
insulin-like growth factor by the neoplastic 
tissue. Ultrasonographic examination of the 
kidney and renal biopsy confirm the diagno¬ 
sis. Unilateral nephrectomy was successful in 
the treatment of an 11 -year-old female alpaca 
with hematuria caused by a transitional cell 
papilloma in the renal pelvis. 3 

Metastatic neoplasms are fairly common 
in the kidney, particularly in enzootic bovine 
leukosis, but they do not cause clinical renal 
disease. Tumor masses may be palpable as 
discrete enlargements in the kidneys of cattle 
or may involve the kidney diffusely, causing 
generalized enlargement of the kidney. 
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Congenital and Inherited 
Renal Diseases 

RENAL HYPOPLASIA 

Developmental abnormalities of the kidneys 
are classified as renal agenesis, hypoplasia, 
and dysplasia, with agenesis and hypoplasia 
representing different degrees of the same 
condition. Renal hypoplasia is defined as a 
decrease in total renal parenchyma of one- 
third or more, with a proportionately greater 
loss of medullary than cortical tissue. The 
diagnosis of renal hypoplasia is straightfor¬ 
ward in neonates but can be difficult to dif¬ 
ferentiate from renal dysplasia in adults. 

Renal agenesis results from failure of the 
ureteral bud to contact the metanephric blas¬ 
tema during organogenesis and has been 
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reported to occur in cattle and alpacas. 1 
Bilateral renal agenesis is fatal shortly after 
birth, but unilateral renal agenesis may be 
clinically undetectable except for compensa¬ 
tory hypertrophy of the remaining kidney. 

Bilateral renal hypoplasia with or without 
agenesis is recorded in Large White piglets; 
the piglets die at birth or die in the first 3 
months of life. Clinical signs exhibited by 
older pigs included lethargy, shivering, 
anorexia, diarrhea, and a slow rate of growth. 
The disease was suspected to be inherited in 
a simple autosomal recessive manner, and 
the basic defect appeared to be failure of 
development of mesonephric mesenchyme. 

Cases of bilateral renal hypoplasia have 
been recorded in four horses 1 day to 3 years 
of age that had common histories of stunting, 
poor growth rate, anorexia, depression, and 
lethargy. Evidence of chronic renal failure 
was present on clinicopathologic examina¬ 
tion. Transrectal and transabdominal ultra¬ 
sonography revealed small kidneys and 
small renal medulla and pelves and was con¬ 
sidered a useful diagnostic test. 

Renal hypoplasia is part of a congenital 
multisystem disorder of Poll Merino/Merino 
sheep that has been named brachygnathia, 
cardiomegaly, and renal hypoplasia syn¬ 
drome (BCRHS ). 2 ’ 3 The abnormalities are 
described in detail in Chapter 21. 
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POLYCYSTIC KIDNEYS 

In most species this is a common congenital 
defect. If it is extensive and bilateral the 
affected animal is usually stillborn or dies 
soon after birth. In some cases, bilateral 
defects are compatible with life, and clinical 
signs may not present until the residual 
nephron mass is gradually exhausted and the 
animal is adult. If it is unilateral no clinical 
signs appear because of compensatory activ¬ 
ity in the other kidney, but in an adult the 
enormously enlarged kidney may be encoun¬ 
tered during rectal examination. 

In adult horses, polycystic disease may 
also be acquired rather than congenital. The 
disease is rare, but affected animals present 
in varying stages of chronic renal failure. 

A high incidence of renal defects has 
been recorded in sucking pigs from sows 
vaccinated during early pregnancy with 
attenuated hog cholera virus; bilateral renal 
hypoplasia has been observed as a probably 
inherited defect in Large White pigs. Most 
polycystic kidneys in pigs appear to be inher¬ 
ited in a polygenic manner and have no effect 
on the pig’s health or renal function. 
However, there is a record of the defect in 
newborn pigs in one herd in which it caused 
gross abdominal distension caused by mod¬ 
erate ascites and gross cystic distension of 


the kidneys and tract. There was no evidence 
that the disease was inherited in this instance, 
and a toxic origin was surmised. 

Isolated cysts occur in the kidneys of 
all species and are of no clinical significance. 
The increased availability of ultrasono¬ 
graphic examination of the kidneys of 
animals facilitates antemortem identification 
of these cysts. The cysts are usually solitary 
and unilateral. 

Congenital polycystic kidney disease of 
lambs occurs as an autosomal recessive 
trait. 1 The disease is recognized in Romney, 
Perendale, and Coopworth sheep in New 
Zealand and most likely originated in the 
Romney breed 50 years ago. Lambs die at or 
shortly after birth and there is no apparent 
sex predisposition. Necropsy examination 
reveals an abdomen distended by the 
enlarged kidneys (3.5-14 cm in length), 
which contain large numbers of fluid-filled 
1- to 5-mm cysts. There are gross and histo¬ 
logic abnormalities of the liver and pancreas, 
and dysplastic changes and associated cyst 
formation are observed in bile ductal, pan¬ 
creatic, and epididymal tissues. A likely can¬ 
didate gene for the disorder is polycystic 
kidney hepatic disease 1. A pathologically 
similar disease is reported in a Nubian goat. 
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RENAL DYSPLASIA 

Renal dysplasia is defined as disorganized 
development of the renal parenchyma caused 
by anomalous differentiation. Each kidney 
is formed from separate metanephric and 
uteric buds, and an appropriate interaction 
between these buds is required for the devel¬ 
opment of normal renal architecture. 1 Histo¬ 
logically, renal dysplasia is characterized by 
persistence of abnormal mesenchymal struc¬ 
tures, including undifferentiated cells, carti¬ 
lage, immature collecting ductules, and 
abnormal lobar organization, and the lack 
of normal nephrons and collecting ducts. 
Affected kidneys do not function normally 
and azotemia develops. 

Renal dysplasia is very rare in horses with 
isolated reports in several breeds. It is most 
commonly identified in foals but less severely 
affected animals can survive to adulthood. 
Clinicopathologic findings include azotemia, 
oliguria, and increased serum phosphorus 
and potassium concentrations in affected 
foals. 1 Renal dysplasia can occur as an appar¬ 
ent spontaneous disease in foals and in foals 
born to mares treated with sulfadimidine, 
pyrimethamine, and folic acid during preg¬ 
nancy. Renal dysplasia has been diagnosed in 
a 4-month-old foal with benign ureteropel- 
vic polyps associated with hydronephrosis. 
Renal dysplasia has also been diagnosed 
in two adult horses with weight loss, azote¬ 
mia, hypercalcemia, and increased fractional 
clearance of sodium. Ultrasonographic 


examination of the kidneys revealed a poor 
distinction between the cortex and medulla 
caused by a hyperechoic medulla, which was 
caused by fibrosis. Histologic changes in 
both horses were indicative of interruption 
of nephrogenesis after the initiation, but 
before the complete differentiation, of the 
metanephric blastema. There is one report of 
multiple renal cysts being present in a 
9-day-old Thoroughbred filly with renal 
dysplasia. 2 

Inherited cystic renal dysplasia has been 
identified in lambs sired by carrier Suffolk 
rams out of mixed ewes. Signs include 
recumbency and coma by days 2 to 3. Abor¬ 
tions and stillbirths occurred in the flocks at 
the same time. The kidneys are enlarged and 
cystic. The condition may have been caused 
by an autosomal dominant gene. 

Congenital renal dysplasia has been 
recorded in two successive years in a Leices¬ 
ter sheep flock crossbred with Suffolk and 
Swaledale rams. Affected lambs were born 
alive, were reluctant to stand or move, sucked 
poorly, and had wet coats. Lambs improved 
with nursing and provision of warmth, but 
none with clinical signs at birth survived 
beyond 5 days after birth. At necropsy, the 
kidneys were bilaterally small with fine intra- 
cortical cysts and distinct cortical and med¬ 
ullary zones. An inherited dominant trait 
with complete penetrance is suspected. 

Renal tubular dysplasia has been diag¬ 
nosed in Japanese Black cattle (Wagyu) with 
renal failure, poor growth, and long hooves. 
Calves were undersized at birth and had 
repeated episodes of diarrhea during the 
neonatal period. They began to show signs of 
growth retardation from 2 to 5 months of age 
but had a normal appetite. Clinicopathologic 
findings included azotemia, increased serum 
phosphorus concentrations, and oliguria. At 
necropsy, the main lesion was dysplasia of 
the proximal tubule epithelial cells, with sec¬ 
ondary interstitial fibrosis with a reduction 
in the numbers of glomeruli and tubules in 
older cattle. An autosomal recessive mode of 
inheritance has been determined associated 
with a deletion of the paracellin-1 gene on 
chromosome l, 3 which has been renamed 
the claudin-16 (CL-16) gene. Bovine CL-16 
deficiency is classified as type 1 or type 2 
depending on the site of the gene mutation. 4 
The CL-16 gene encodes a protein that is part 
of the tight junction of renal epithelial cells 
that restricts diffusion of solutes through the 
paracellular pathway. Deletion of the CL-16 
gene is considered to be the cause for the 
renal tubular dysplasia, and a DNA-specific 
test for this mutation has been developed. 
Heterozygotes are usually clinically normal 
and have normal renal function, although 
one report indicated that some heterozygotes 
have histologic renal lesions. 4 Renal dyspla¬ 
sia with nephrosclerosis appears to be a dif¬ 
ferent condition in cattle and has been 
reported in six calves with poor growth rates 
aged 3 to 6 months. 5 Renal dysplasia has also 







been diagnosed in Japanese Black cattle that 
are of normal gene type, 6 suggesting that 
although the renal lesions may be associated 
with a homozygous deletion of the CL-16 
gene, there may be accompanying defects 
that have not been characterized. 
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RENAL LIPOFUCINOSIS 
OF CATTLE 

Dark brown or black discolored kidneys 
(“black kidneys”) have been reported as inci¬ 
dental findings in slaughter cattle for more 
than 100 years, 1 and has been termed renal 
lipofuscinosis of Danish cattle. A pigment 
with characteristics similar to those lipofus- 
cin is present in secondary liposomes in epi¬ 
thelial cells of the proximal tubules. Cases 
occurred only in Holstein cattle or the Red 
Danish Dairy Breed and mainly in animals 
aged 3 years or older. The prevalences of the 
abnormality were 0.3-0.4% and 1.3-2.5%, 
respectively in Holstein and Red Danish 
Dairy breeds. 2 Affected animals produce 
slightly less milk than similarly aged animals 
without renal lipofuscinosis. Epidemiologic, 
genealogic, and genotype analyses indicate 
an autosomal recessive inheritance on chro¬ 
mosome 17, with incomplete penetrance of 
the genotype in Danish Holsteins. 2 
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EQUINE RENAL CORTICAL 
TUBULAR ECTASIA 

A 16-year-old Thoroughbred pregnant mare 
with hemoabdomen, laminitis, and unilateral 
epistaxis was examined. Her physical condi¬ 
tion deteriorated rapidly and the horse was 
euthanized. A ruptured ovarian artery was 
found to be the cause of the hemoabdomen, 
and variably sized, firm, light brown nodular 
cortical masses that did not extend past the 
corticomedullary junction were an incidental 
finding in both kidneys. Histologically, the 
masses were diagnosed as renal cortical 
tubular ectasia, 1 which has some similarities 
to medullary sponge kidney (Cacchi-Ricci 
syndrome) in humans. The renal cortical 
masses are thought to represent disruption at 
the “ureteric bud-metanephric mesenchyme” 
interface. 
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Diseases of the Ureters, 
Bladder, and Urethra 

ECTOPIC URETER AND 
URETERAL DEFECTS 

Ectopic ureter has been recorded in cattle 
and horses. The condition may be unilateral 
or bilateral with urinary incontinence 
present since birth as the major clinical 
manifestation. Reported neurogenic causes 
of urinary incontinence in horses include 
cauda equine neuritis, herpesvirus-1 myeli¬ 
tis, Sudan grass toxicosis, sorghum poison¬ 
ing, trauma, and neoplasia. Nonneurogenic 
causes of urinary incontinence in horses 
include ectopic ureter, cystitis, urolithiasis, 
hypoestrogenism, and abnormal vaginal 
conformation. 

The ectopic ureter opens into the uro¬ 
genital tract at a place other than the bladder 
such as the cervix, urethra, or vagina. The 
condition is often complicated by ascending 
infections, hydronephrosis, and dilatation of 
the ureter. Definite diagnosis requires excre¬ 
tory urography or endoscopy; visualization 
of the ureteral openings during endoscopy 
can be assisted by IV administration of 
phenolsulfonphthalein (0.01 mg/kg BW) or 
indigo carmine (0.25 mg/kg BW) to impart 
a red or blue color, respectively, to the urine 
being produced. Surgical treatment involv¬ 
ing ureterovesical anastomosis or unilateral 
nephrectomy has been successful. 

Unilateral and bilateral ureteral defects 
have been reported in newborn foals. The 
clinical presentation is similar to rupture 
of the urinary bladder, but ureteral defects 
may be more common in filly foals than in 
colts. 


PARALYSIS OF THE BLADDER 
AND OVERFLOW 
INCONTINENCE 

Paralysis of the bladder is uncommon in large 
animals. It usually occurs as a result of neu¬ 
rologic diseases affecting the lumbosacral 
spinal cord such as equine herpes myelopa¬ 
thy and cauda equina syndrome, and particu¬ 
larly ascending spinal meningitis in lambs 
after tail docking. In all species, compression 
of the lumbar spinal cord by neoplasia (lym¬ 
phosarcoma and melanoma) or infected 
tissue (vertebral osteomyelitis) can cause 
paralysis of the bladder. Excessive tension on 
the tail, such as by application of tail ropes 
or use of the tail for restraint in cattle, can 
injure the cauda equina and result in bladder 
paralysis. In horses, spinal cord degeneration 
following consumption of sorghum can lead 
to bladder paralysis and posterior ataxia. Iat¬ 
rogenic bladder paralysis occurs in horses 
in which there has been epidural injection of 
an excessive quantity of alcohol. Equine 
protozoal myeloencephalitis and equine 


polyneuritis can cause signs of cauda equina 
dysfunction in horses. In some horses, idio¬ 
pathic bladder paralysis and overflow incon¬ 
tinence may occur sporadically in the absence 
of other neurologic or systemic signs. When 
the bladder is markedly distended from a 
urinary tract obstruction, it may take several 
days after removal of the obstruction before 
normal bladder tone returns. 

When bladder paralysis arises from spinal 
cord disease, other upper or lower motor 
neuron signs are usually present. Bladder 
involvement is indicated by incontinence 
with constant or intermittent dribbling of 
urine. Urine flow is often increased during 
exercise. The bladder is enlarged on examina¬ 
tion per rectum, and urine can be easily 
expressed by manual compression. In horses, 
chronic distension of the atonic or hypotonic 
bladder leads to accumulation of a sludge of 
calcium carbonate crystals called sabulous 
urolithiasis . 1 Urine stasis produces ideal 
conditions for bacterial growth, and cystitis 
is a common sequel. Treatment is supportive 
and aimed at relieving bladder distension by 
regular catheterization and lavage. During 
catheterization, care must be taken to avoid 
introducing infection. Manual or pharmaco¬ 
logically induced emptying of the bladder 
is incomplete so there is a constant risk 
of cystitis. Pharmacologic enhancement of 
bladder emptying can sometimes be achieved 
by administration of parasympathomimetic 
agents such as bethanechol (parasympathetic 
stimulation via the pelvic nerve stimulates 
detrusor contraction; 0.2 to 0.4 mg/kg every 
6 to 8 hours, orally) and sympatholytics such 
as prazosin and phenoxybenzamine (sympa¬ 
thetic stimulation via the hypogastric nerve 
causes detrusor relaxation and internal 
sphincter contraction). The administration 
of antimicrobial agents as a prophylaxis 
against the development of cystitis is 
advisable. The prognosis for paralysis associ¬ 
ated with spinal cord disease depends on the 
prognosis for the primary disease. Paralysis 
in the absence of spinal cord disease has a 
poor prognosis. 

Cattle ingesting Cistus salvifolius, a shrub 
found in the Mediterranean region, had 
urinary retention as the primary clinical 
sign. Cattle had decreased appetites and 
rumen motility, weight loss, and persistent 
elevation of the tail head and difficulty in 
urination. A greatly distended urinary 
bladder was always detected on palpation 
per rectum. The mortality rate in advanced 
cases was high, and affected animals 
have severe cystitis, pyelonephritis, and a 
marked increase in bladder wall thickness. 
No evidence of neurologic injury was 
present, and it is likely that urine retention 
was secondary to severe cystitis and swelling 
of the bladder wall that prevented normal 
urination. 
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EVERSION OF THE BLADDER 

Bladder eversion through the urethra into 
the vagina and through the vulva occurs 
very rarely in mares and cows, and is 
most common immediately after parturi¬ 
tion. Eversion is secondary to severe strain¬ 
ing in the periparturient period, an increase 
in intraabdominal pressure, and the pres¬ 
ence of a short wide urethra in mares or 
concomitant hypocalcemia in cows. Bladder 
eversion observed immediately after parturi¬ 
tion must be differentiated from uterine pro¬ 
lapse. There is a report of bladder eversion in 
a nonpregnant mare secondary to chronic 
cystitis. 1 Treatment is administration of an 
epidural or sedation, aseptic cleaning of the 
perineal region and exposed tissue, exami¬ 
nation of the prolapsed tissue to ensure lac¬ 
erations or full thickness necrotic sections 
are not present, application of sterile lube 
to assist movement of tissues, and gentle 
retropulsion. 

Umbilical evagination of the bladder has 
been reported in a neonatal filly. The bladder 
prolapsed through the umbilicus such that 
the mucosa of the bladder was outside 
(bladder eversion). Correction is surgical. 
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PATENT URACHUS 

Failure of the urachus to close at birth is most 
common in foals and is very rare in other 
species. Patent urachus occurs as three syn¬ 
dromes in foals: congenital and present at 
birth; acquired and secondary to urachal 
infection or inflammation; or secondary to 
severe systemic illness, usually sepsis. The 
urachus is part of the umbilicus during fetal 
development and drains urine into the allan¬ 
toic fluid during intrauterine life; after birth, 
a patent urachus will therefore manifest as 
urine leaking from the umbilicus. The urine 
flow varies from a continuous stream during 
micturition to constant or intermittent drib¬ 
bling, or a continuous moistening of the 
umbilical stalk. Healthy foals with congenital 
patent urachus heal in several days, and no 
specific treatment is required. Formerly, cau¬ 
terization with phenol or silver nitrate was 
practiced, but this treatment has the theo¬ 
retical potential to induce necrosis and 
increases susceptibility to infection. 

Foals with patent urachus secondary to 
umbilical disease usually have an enlarged 
umbilicus, and some have a purulent dis¬ 
charge. Foals that have patent urachus sec¬ 
ondary to other umbilical disease might 
require surgical correction, although most 
respond to a 7- to 14-day course of antimi¬ 
crobials. Foals with patent urachus second¬ 
ary to systemic disease, usually sepsis, 
should have their other disease treated 
aggressively and the urachus allowed to close 
spontaneously, which it usually does. 


Ultrasonographic examination of the umbi¬ 
licus of all foals with patent urachus is essen¬ 
tial to determine the extent of disease and 
presence of intraabdominal disease. As with 
all sick foals, the immune status of foals with 
patent urachus secondary to umbilical or 
systemic disease should be determined by 
measurement of serum IgG concentration, 
and foals with low serum IgG concentration 
should receive a blood or plasma transfu¬ 
sion. Cystitis is an occasional sequel to patent 
urachus, but omphalitis and urachal abscess 
may also develop as complications. Patent 
urachus is rarely diagnosed in neonatal 
ruminants but has been recorded in a lamb. 

Urachal abscess is discussed as a sub¬ 
group of umbilical abscess in Chapter 19. 
When the infection is localized in the 
urachus, there are usually signs of cystitis, 
especially increased frequency of urination. 

RUPTURE OF THE BLADDER 
(UROPERITONEUM) 

Rupture of the bladder is most common in 
castrated male ruminants as a sequel to 
obstruction of the urethra by calculi. Rare 
cases are recorded in cows as a sequel to a 
difficult parturition, in mares after normal 
parturition, possibly because of compression 
of a full bladder during foaling, and in a 
gelding caused by penile and preputial squa¬ 
mous cell carcinoma. 1 In cattle, abnormal 
fetal position during prolonged dystocia is 
suspected to obstruct the urethra and dis¬ 
tend the bladder. Subsequent manipulation 
within the pelvic canal during correction of 
the dystocia is suspected to lead to rupture 
of a distended bladder. Occasionally, the 
urachal remnant can rupture spontaneously 
in adult cattle, resulting in uroperitoneum. 
The urachal remnant may be identified using 
transrectal ultrasonography and a 7.5-MHz 
transducer. 2 Uroperitoneum in foals is dis¬ 
cussed in the next section. 

After the bladder ruptures, uroperito¬ 
neum results in a series of abnormalities 
that arise from failure of the excretory process 
combined with solute and fluid redistribu¬ 
tion between the peritoneal fluid and extra¬ 
cellular fluid. The peritoneal membrane 
serves as a semipermeable membrane 
through which low molecular weight solutes 
readily pass. High molecular weight com¬ 
pounds also diffuse across the peritoneal 
membrane but at a much slower rate. Urine 
is usually hypertonic, especially in animals 
whose water intake is decreased by uremia. 
Osmotic pressure from hypertonic urine pro¬ 
motes movement of extracellular water into 
the peritoneal cavity. This movement, com¬ 
bined with reduced intake, results in clinical 
dehydration. Urine usually has a lower con¬ 
centration of sodium and chloride and higher 
concentrations of urea, creatinine, potas¬ 
sium, and phosphate than plasma. Diffusion 
along these concentration gradients across 
the peritoneal membrane results in a general 


pattern of azotemia with hyponatremia, 
hypochloremia, hyperkalemia, and hyper¬ 
phosphatemia. There are minor differences 
between species in these general biochemical 
changes. In particular, the blood concentra¬ 
tion of urea rises much more slowly in rumi¬ 
nants than in horses, and hyperkalemia is not 
as common in ruminants as in horses because 
excessive potassium can be excreted in the 
saliva and therefore eliminated in the feces. 

Bladder rupture leads to gradual develop¬ 
ment of ascites from uroperitoneum, ruminal 
stasis, constipation, and depression. In cattle, 
uremia may take 1 to 2 weeks to develop to 
the point in which euthanasia is necessary. 
The degree of uremia between individual 
patients can be highly variable. With therapy, 
the survival rate of steers in one study was 
49%. The best predictor of survival among 
clinical pathology tests was the serum phos¬ 
phate concentration: all animals with levels 
greater than 9.0 mg/dL (2.9 mmol/L) died. 
In mature horses, clinical signs of depres¬ 
sion, anorexia, colic, abdominal distension, 
and uremia develop within 1 to 2 days fol¬ 
lowing rupture. 

In cases of ascites or when urinary tract 
obstruction is evident, it is important in con¬ 
sidering treatment and prognosis to deter¬ 
mine whether the bladder has ruptured. The 
urea and creatinine concentrations in plasma 
or serum can be compared with the values in 
the peritoneal fluid. The ratio of urea in peri¬ 
toneal fluid to that in serum is a good guide 
in the early stages, but after 40 hours the ratio 
of the peritoneal to serum creatinine greater 
than 2:1 is diagnostic of uroperitoneum. 
Treatment is surgical with a goal of bladder 
repair. To avoid the costs of laparotomy in 
feedlot animals, a urethrostomy is created or 
an indwelling catheter is placed and the 
rupture is allowed to repair itself. 
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UROPERITONEUM IN FOALS 
ETIOLOGY 

Uroperitoneum, the accumulation of urine 
in the peritoneal cavity, occurs in foals as a 
result of a variety of situations: 

• Congenital (i.e., present at birth) 
rupture of the bladder 

• Bladder rupture associated with sepsis 

• Rupture of the urachus, often secondary 
to sepsis 

• Avulsion of the bladder from its urachal 
attachment, presumably as a result of 
trauma or strenuous exercise 

• Rarely, as embryologic failure of the 
halves of the bladder to unite 
(schistocystitis) 

• Ureteral defects 

The etiology of congenital rupture is unclear, 
but its association with birth, markedly 
greater prevalence in colts, and the traumatic 









nature of the lesion suggest that it occurs 
during birth as a result of compression of a 
distended bladder. Intraabdominal pressures 
of the mare during parturition are large, and 
these compressive forces are experienced by 
the foal during phase 2 of parturition. Com¬ 
pression of a distended bladder can cause 
rupture. The greater prevalence in colts is 
speculated to be a result of the greater resis¬ 
tance to bladder emptying conferred by the 
longer urethra of male foals. 

Rupture of the bladder occurs as a dis¬ 
tinct entity in septic foals. The underlying 
reason for bladder rupture is unclear but is 
usually related to infection, inflammation, 
and necrosis of the lower urinary tract. This 
cause of uroperitoneum in foals is increas¬ 
ingly recognized as the most common, espe¬ 
cially among hospitalized foals. 

Rupture of the urachus occurs in septic 
foals. It is probably of similar etiology to 
rupture of the bladder in septic foals. The 
urachus of affected foals almost always has 
infection, inflammation, and necrosis evi¬ 
dent on histologic examination. 

Avulsion of the bladder from its urachal 
attachments is presumed to occur as a result 
of trauma, such as might occur with vigorous 
exercise. The possibility also exists that there 
is an underlying defect in affected foals, such 
as urachitis or omphalitis. 

Embryologic failure of the halves of the 
bladder to unite during organogenesis has 
been reported anecdotally and in case 
reports, although adequate documentation 
of its occurrence is lacking. This defect would 
be a true congenital anomaly, arising during 
gestation. 

Ureteral defects are an uncommon cause 
of uroperitoneum in foals. The defects appear 
to be congenital and more common in fillies. 
Both ureters can be affected. 

The relative frequency of these diseases is 
that approximately 20% of foals with uro¬ 
peritoneum do so because of urachal rupture, 
approximately 30% because of rupture of the 
dorsal bladder wall, 18% because of rupture 
of the ventral bladder wall, and the remain¬ 
der because of multiple defects involving 
combinations of the urachus and dorsal and 
ventral bladder. One report of rupture of the 
urethra and bladder exists in a colt foal. 1 

Uroperitoneum also occurs rarely in cal¬ 
ves as a consequence of umbilical infection. 

EPIDEMIOLOGY 

The epidemiology of uroperitoneum is not 
well documented. The incidence in foals 
appears to be approximately 0.2%, although 
this estimate is based on a study conducted 
50 years ago. The prevalence in hospitalized 
foals is 2.5%. Male foals are at greater risk 
than are females for congenital rupture; 
more than 80% of foals with this disease are 
colts. In contrast, there is no sex predilection 
for development of uroperitoneum in foals 
with sepsis. The age at diagnosis ranges from 
2 to more than 60 days, with most cases 


Diseases of the Ureters, Bladder, and Urethra 


1141 


recognized within the first 2 weeks of life. 
The average age at diagnosis is approximately 
4 to 5 days, although the age at presentation 
depends on the underlying cause. Foals with 
congenital rupture of the bladder or ureteral 
defects are usually recognized at about 3 to 5 
days of age, whereas foals with uroperito¬ 
neum secondary to sepsis are usually older 
(5-9 days of age, but up to 60 days). The 
prognosis for survival for foals with uroperi¬ 
toneum depends on the underlying cause 
and availability of appropriate treatment. 
Foals with congenital rupture of the bladder 
that are recognized and treated in a timely 
fashion have an excellent prognosis (>80%) 
for survival, whereas those with uroperito¬ 
neum secondary to sepsis have a more 
guarded prognosis (50%-60%) because of 
the sepsis. 

PATHOPHYSIOLOGY 

The pathophysiology of uroperitoneum is 
that of postrenal azotemia. Regardless of 
the underlying cause of the uroperitoneum, 
accumulation of urine within the peritoneal 
cavity results in substantial electrolyte, acid- 
base, and cardiovascular effects in affected 
foals. The basic principle is that affected 
foals are unable to excrete metabolic waste 
products that are normally excreted in the 
urine, and are unable to maintain water 
and electrolyte balance. Young foals derive 
almost all of their nutritional needs, includ¬ 
ing water, from mares milk. Mare’s milk has 
a low sodium concentration (approximately 
12 mEq/L) and a higher potassium concen¬ 
tration (25 mEq/L) compared with serum 
and a dry matter content of 11%. Therefore 
foals ingest a diet that contains a large quan¬ 
tity of water and potassium but little sodium. 
Consequently, the urine of foals contains 
little sodium (7 mEq/L) and has a low osmo¬ 
lality (100 mOsmol/kg). Leakage of urine 
into the peritoneum, a semipermeable mem¬ 
brane, results in considerable fluid and elec¬ 
trolyte shifts. Partial equilibration of water 
and electrolytes across the peritoneal mem¬ 
brane results from diffusion of water from 
the peritoneum with resultant dilution of 
serum and reductions in serum sodium and 
chloride concentrations. The low concentra¬ 
tion of sodium in uriniferous peritoneal fluid 
favors diffusion of sodium from the blood 
into the peritoneal fluid, resulting in a reduc¬ 
tion in intravascular sodium content and a 
consequent reduction in effective circulating 
volume. Excretion of relatively large quanti¬ 
ties of potassium in urine and accumulation 
of potassium-rich fluid in the peritoneum 
allows diffusion of potassium into the 
blood and an increase in plasma potassium 
concentration. 

The peritoneal membrane is permeable to 
creatinine and urea, as evidenced by the effi¬ 
cacy of peritoneal lavage in the treatment of 
renal failure in a variety of species, including 
horses. Consequently, serum creatinine and 
urea concentrations are higher in foals with 


uroperitoneum than in unaffected foals. 
However, equilibration of concentrations of 
these compounds is not complete and peri¬ 
toneal fluid concentrations of urea, creati¬ 
nine, and potassium are higher than those 
in serum. 

Foals with uroperitoneum have com¬ 
promised circulatory function because of 
reduced effective circulating plasma (blood) 
volume, despite having an increase in total 
body water content. Circulatory function is 
further impaired by a combination of hyper¬ 
kalemia, abdominal distension, and accumu¬ 
lation of fluid in the pleural space, resulting in 
foals with uroperitoneum that have signs of 
mild to moderate circulatory compromise. 

Hyperkalemia and acidosis associated 
with uroperitoneum predispose affected 
foals to development of malignant cardiac 
rhythm disturbances, including ventricular 
tachycardia and fibrillation. This abnormal 
cardiac rhythm is a common cause of death 
of affected foals. 

CLINICAL SIGNS 

Clinical signs in foals with uroperitoneum 
depend in part on the underlying disease. 
Foals with congenital rupture or mild sepsis 
have progressive signs of lethargy, decreased 
appetite, mild abdominal discomfort, and 
abdominal distension. These signs usually 
first become apparent at 2 to 4 days of age. 
These foals do not typically have a fever. 
As the disease progresses and the amount 
of urine accumulated in the peritoneum 
increases, foals have progressive distension 
of the abdomen and make frequent attempts 
to urinate. Foals that attempt to urinate ven- 
troflex their back (mild lordosis) and have a 
wide-based stance. This should be contrasted 
with foals with tenesmus, which characteris¬ 
tically have a narrow-based stance (all four 
limbs being under the body) and arch their 
back. Affected foals sometimes produce 
small quantities of urine, but usually there is 
lack of urination. Abdominal distension is 
most apparent when the foal is standing. In 
moderate to severe cases, there is a readily 
appreciable fluid wave on ballottement of the 
abdomen. As abdominal distension increases, 
the foal’s tidal volume is impaired and 
breathing becomes rapid and shallow. The 
extremities become cool as cardiovascular 
function is impaired. 

Ventral edema and preputial swelling 
occur in some foals. Foals with urachal 
rupture close to or within the abdominal wall 
or in the subcutaneous tissues will have sub¬ 
cutaneous accumulation of urine (which can 
be mistaken for ventral edema). 

Foals with uroperitoneum secondary to 
sepsis usually have signs of sepsis as the 
initial and predominant sign of disease. 
These signs can range from mild fever and 
enlargement of the umbilical structures to 
septic shock and its attendant abnormalities. 
Initial signs of uroperitoneum in these 
foals are easily overlooked. As the disease 
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develops, these foals have progressive 
abdominal distension. Signs of cardiovascu¬ 
lar dysfunction can be incorrectly attributed 
to worsening of sepsis. It is important when 
treating septic foals to maintain a high index 
of suspicion and constant vigilance for devel¬ 
opment of uroperitoneum. 

Infusion of contrast agents, such as meth¬ 
ylene blue or fluorescein, into the bladder 
with subsequent detection of these com¬ 
pounds in the peritoneal fluid has been 
used to diagnose uroperitoneum. However, 
use of this method of diagnosis is now obso¬ 
lete except in those instances in which ultra¬ 
sonographic examination of the foal is not 
possible. 

Imaging 

Ultrasonographic examination of the abdo¬ 
men of foals has simplified detection of uro¬ 
peritoneum in foals and is the preferred 
imaging modality for the detection of 
excessive peritoneal fluid in foals. The 
ultrasound examination is best performed 
with a 5-MHz sector scan probe, with more 
detailed examination of the umbilical struc¬ 
tures performed using a 7-MHz linear or 
sector scan probe. However, diagnosis of the 
presence of excessive peritoneal fluid can be 
achieved using a 7-MHz linear sector scan 
probe, such as is routinely used for examina¬ 
tion of the mare’s reproductive tract. The 
examination is performed transcutaneously. 

Ultrasonography reveals the presence of 
an excessive quantity of fluid that is mini¬ 
mally echogenic. Intestine, mesentery, and 
omentum are readily visualized floating in 
this fluid. The presence of a large quantity 
of minimally echogenic fluid in the perito¬ 
neum of foals is very specific (effectively 
100%) for uroperitoneum. The procedure is 
also sensitive, especially if performed repeat¬ 
edly to detect changes in the amount of fluid, 
especially when the initial examination is 
equivocal. The umbilical structures should 
be examined closely and the urachus tracked 
to the bladder. Frequently a defect in the 
urachus or umbilicus is identified. The thorax 
of affected foals should also be examined, 
because foals with large quantities of urine 
in the peritoneum often have a substantial 
accumulation of pleural fluid. This can be 
important when considering anesthesia in 
these foals. 

Radiographic examination of foals with 
suspected uroperitoneum is rarely per¬ 
formed because of the utility of ultrasono¬ 
graphic examination in this disease. Plain 
abdominal radiography is of limited useful¬ 
ness in the detection of uroperitoneum or 
localizing the source of urine. Positive 
contrast cystography using a 10% solution 
of iohexol or similar water-soluble contrast 
agent administered into the bladder through 
a Foley catheter can be useful in detection of 
leaks, especially small leaks that cannot be 
visualized on ultrasonographic examination. 
Care should be taken to ensure that the 


bladder is sufficiently distended to ensure 
that any leak is visualized. Use of barium 
contrast medium, or negative-contrast cys¬ 
tography (infusion of air into the bladder), 
are contraindicated. IV pyelography is of 
very limited usefulness in the detection of 
ureteral defects because of the difficulty in 
localizing the site of the leak. 

Electrocardiographic examination can 
reveal cardiac arrest, atrioventricular block, 
presumed intraventricular block, ventricular 
premature complexes, ventricular tachycar¬ 
dia, and ventricular fibrillation. These abnor¬ 
malities are most likely to occur in foals that 
are hyperkalemic at the time of induction of 
anesthesia. 

CLINICAL PATHOLOGY 

Foals with uncomplicated uroperitoneum 
have hyponatremia, hypochloremia, hypobi- 
carbonatemia (metabolic acidosis), acide¬ 
mia, hyperkalemia, and azotemia. Severely 
affected foals can be profoundly hypona- 
tremic (<110mEq/L) and hyperkalemic 
(>7.0 mEq/L). Serum or plasma creatinine 
and urea nitrogen concentrations are ele¬ 
vated. When interpreting SUN concentra¬ 
tions in foals, it should be kept in mind that 
the urea concentration in normal foals is 
much lower than in adults. 

Diagnosis based on serum electrolyte 
abnormalities is confounded in hospitalized 
foals that are being treated with IV fluids. 
Administration of fluids prevents the devel¬ 
opment of hyponatremia and hypochloremia 
in septic foals that develop uroperitoneum 
during the course of their disease. However, 
fluid administration does not prevent the 
increases in serum creatinine or urea nitro¬ 
gen concentration. 

Hematologic abnormalities reflect any 
underlying sepsis. 

Analysis of peritoneal fluid reveals 
that it has a low specific gravity (<1.010), 
low total protein concentration (<2.5 g/dL; 
25 g/L), and low white cell count (<1000 
cells/pL, 1 X 10 9 cells/L). Peritoneal fluid 
can have a uriniferous odor, but this is not 
a reliable diagnostic sign. Peritoneal fluid 
from foals with uroperitoneum has elevated 
concentrations of creatinine (usually twice 
that in a contemporaneous serum sample), 
urea nitrogen (twice that of serum), and 
potassium. Microscopic examination of the 
fluid can reveal calcium carbonate crystals, 
the presence of which is diagnostic for 
urine. 

NECROPSY FINDINGS 

Necropsy examination confirms the presence 
of uroperitoneum and the structural defect 
allowing leakage of urine into the abdomen. 
The defect can have signs of healing, 
which can make it readily confused with a 
malformation, because affected foals can 
survive for days after the rupture occurs, 
which is sufficient time for partial healing of 
the defect. 


DIFFERENTIAL DIAGNOSIS 


Ultrasonographic demonstration of an 
excessive quantity of poorly echogenic fluid in 
the abdomen of a foal that is passing little if 
any urine and that has hyponatremia and 
hyperkalemia is diagnostic of uroabdomen. 
Confirmation of the diagnosis can be 
achieved by measurement of creatinine 
concentration in the peritoneal fluid. 
Ultrasonographic examination greatly 
facilitates the diagnosis. 

The principal differential diagnoses for 
azotemia in foals are uroperitoneum and renal 
disease. Primary renal disease in foals can 
cause hyponatremia, hyperkalemia, and 
azotemia, but there is no accumulation of 
fluid in the peritoneum. Additionally, in 
primary renal disease there are abnormalities 
in urine composition (presence of blood, 
protein, leukocytes, and casts). Hyponatremia 
and hyperkalemia can occur in foals with 
enterocolitis, but the other clinical signs are 
diagnostic of this disease. Addison's disease 
(mineralocorticoid deficiency) does occur in 
foals but is rare, and there is no accumulation 
of fluid in the abdomen. 


TREATMENT 

Definitive treatment of uroperitoneum in 
foals is surgical repair of the defect. However, 
there is no need for surgery on an emergency 
basis. Instead, care should be taken to correct 
life-threatening electrolyte and fluid abnor¬ 
malities before the foal is subjected to 
anesthesia. Principles of medical treatment 
are prevention of potentially lethal cardiac 
arrhythmia; correction of electrolyte, fluid, 
and acid-base abnormalities; and relief of 
abdominal distension. 

Potentially life-threatening electrolyte 
abnormalities, especially hyperkalemia, 
should be corrected urgently and before any 
attempted surgical correction of the ana¬ 
tomic defect. 

Correction of fluid and electrolyte abnor¬ 
malities is best achieved by draining the 
abdomen and ensuring continued voiding of 
urine while administering isotonic fluids 
intravenously. Because the foal has normal 
kidney function, draining urine from the 
abdomen allows the foal to restore normal 
serum electrolyte concentrations and fluid 
balance provided it is allowed to nurse and/ 
or is administered parenteral fluids. 

Peritoneal drainage is achieved by place¬ 
ment of a catheter into the abdomen. It 
should be placed so it remains in place until 
the electrolyte abnormalities have been cor¬ 
rected and the foal is a suitable candidate for 
surgical repair of the anatomic defect. An 
ideal catheter is a Foley balloon-tipped cath¬ 
eter placed into the abdomen through a 
small (5-mm) incision in the skin and exter¬ 
nal abdominal wall. The catheter should be 
placed in the inguinal region and to one side 
of the linear alba to avoid injury and con¬ 
tamination of a future surgical site and to 









minimize the chances of the catheter being 
plugged by omentum. The catheter is inserted 
under local anesthesia, and the balloon is 
inflated to secure the catheter in the 
abdomen. The catheter can be further 
secured by a suture. Sedation or tranquiliza- 
tion should be avoided in foals at risk of 
cardiac or respiratory distress because of the 
electrolyte abnormalities. Urine should be 
allowed to drain from the catheter into a 
closed collection system that minimizes the 
chances of ascending infection of the 
peritoneum. 

Hyperkalemia is usually readily corrected 
by peritoneal drainage and administration of 
potassium-free fluid, such as 0.9% sodium 
chloride. Serum potassium concentration 
declines quickly when effective peritoneal 
drainage is obtained, and serum potassium 
concentrations can normalize in 8 to 12 
hours. If emergency management of hyper¬ 
kalemia is required, administration of 5% 
dextrose either alone or, if hyponatremia is 
also present, in 0.9% sodium chloride, is 
effective in reducing serum potassium con¬ 
centration. Sodium bicarbonate (1-3 mEq/ 
kg BW, IV) will also decrease serum potas¬ 
sium concentration. Calcium gluconate 
antagonizes the effect of hyperkalemia on 
cardiac function and is useful in the treat¬ 
ment of hyperkalemic arrhythmias. The 
serum potassium concentration should be 
lower than 5.5 mEq/L before the foal is 
anesthetized. Mare’s milk, which is rich in 
potassium, should be withheld until the 
serum potassium concentration is below the 
required level. 

Hyponatremia is resolved by drainage of 
the peritoneum and administration of 0.9% 
to 1.8% sodium chloride intravenously. 
Serum sodium concentration, especially if 
markedly low, should be corrected slowly to 
prevent the development of hyponatremic 
encephalopathy. Serum sodium concentra¬ 
tions should be increased by approximately 
1 (mEq/L)/h. 

Affected foals should be administered 
broad-spectrum antibiotics because of the 
risk of peritonitis and because many foals 
with uroperitoneum have sepsis. The immune 
status of young foals should be examined by 
measurement of serum IgG concentration 
and, if it is less than 800 mg/dL (8 g/L), 
the foal should receive 20 to 40 mL/kg of 
plasma. 

Correction of the defect in the bladder, 
urachus, or urethra is surgical. Nonsurgical 
management has been described in a foal in 
which a Foley catheter was inserted in the 
bladder and left in place for 5 days. The 
bladder was constantly drained of urine and 
this allowed the tear to heal. This technique 
offers an alternative to surgical repair of 
bladder rupture. However, surgical repair is 
definitive and is the recommended method 
of treatment. 

Subcutaneous rupture of the urachus can 
similarly be treated by placement of a Foley 
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catheter through the patent urachus and into 
the bladder. The defect in the urachus is then 
allowed to heal and the catheter is removed 
in 3 to 6 days. 

PREVENTION AND CONTROL 

There are no recognized means of preventing 
or controlling this disease. Minimizing the 
risk of foals developing septic disease is 
expected to reduce the incidence of uroperi¬ 
toneum secondary to sepsis. 
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CYSTITIS 

Inflammation of the bladder is usually 
associated with bacterial infection and is 
characterized clinically by frequent, painful 
urination (pollakiuria and dysuria) and the 
presence of blood (hematuria), inflamma¬ 
tory cells, and bacteria in the urine. 

ETIOLOGY 

Cystitis occurs sporadically as a result 
of the introduction of infection into the 
bladder when trauma to the bladder has 
occurred or when there is stagnation of the 
urine. In farm animals, the common associa¬ 
tions are 

• Cystic calculus 

• Difficult parturition 

• Contaminated catheterization 

• Late pregnancy 

• As a sequel to paralysis of the bladder; a 
special case of bladder paralysis occurs 
in horses grazing sudax or Sudan grass 
and in horses with equine herpesvirus 
myoencephalopathy. 

In the previous cases, the bacterial popula¬ 
tion is usually mixed but is predominantly E. 
coli. There is also the accompaniment of spe¬ 
cific pyelonephritides in cattle and pigs, asso¬ 
ciated with C. renale and Eubacterium suis, 
respectively. Many sporadic cases also occur 
in pigs, especially after farrowing. Common 
isolates from these are E. coli, Streptococcus, 
and Pseudomonas spp. C. matruchotii causes 
encrusted cystitis in horses. 

Enzootic hematuria of cattle resembles 
cystitis. 

PATHOGENESIS 

Bacteria frequently gain entrance to the 
bladder but are usually removed by the flush¬ 
ing action of voided urine before they invade 
the mucosa. Mucosal injury facilitates inva¬ 
sion, but stagnation of urine is the most 
important predisposing cause. Bacteria 
usually enter the bladder by ascending the 
urethra, but descending infection from 
embolic nephritis may also occur. 

CLINICAL FINDINGS 

The urethritis that usually accompanies cysti¬ 
tis causes painful sensations and the desire to 
urinate. Urination occurs frequently and is 


accompanied by pain and sometimes grunt¬ 
ing; the animal remains in the urination 
posture for some minutes after the flow has 
ceased, often manifesting additional expul¬ 
sive efforts. The volume of urine passed on 
each occasion is usually small. In very acute 
cases, there may be moderate abdominal 
pain, as evidenced by treading with the hind- 
feet, kicking at the belly and swishing with 
the tail, and a moderate febrile reaction. 
Acute retention may develop if the urethra 
becomes blocked with pus or blood, but this 
is unusual. 

Chronic cases show a similar syndrome, 
but the signs are less marked. Frequent uri¬ 
nation and small volume are the characteris¬ 
tic signs. In chronic cases, the bladder wall 
may feel thickened on rectal examination 
and, in horses, a calculus may be present. In 
acute cases, no palpable abnormality may be 
detected but pain may be evidenced. Endo¬ 
scopic examination of the bladder of affected 
horses reveals widespread inflammation of 
the cystic mucosa and occasionally the pres¬ 
ence of a cystic calculus. 

CLINICAL PATHOLOGY 

Blood and pus in the urine is typical of acute 
cases, and the urine may have a strong 
ammonia odor. In less severe cases, the urine 
may be only turbid, and in chronic cases there 
may be no abnormality on gross inspection. 
Microscopic examination of urine sediment 
will reveal erythrocytes, leukocytes, and 
desquamated epithelial cells. Quantitative 
bacterial culture is necessary to confirm 
the diagnosis and to guide treatment 
selection. 

NECROPSY FINDINGS 

Acute cystitis is manifested by hyperemia, 
hemorrhage, and edema of the mucosa. The 
urine is cloudy and contains mucus. In sub¬ 
acute and chronic cases, the wall is grossly 
thickened and the mucosal surface is rough 
and coarsely granular. Highly vascular papil¬ 
lary projections may have eroded, causing 
the urine to be bloodstained or contain large 
clots of blood. In the cystitis associated with 
Sudan grass, soft masses of calcium carbon¬ 
ate may accumulate in the bladder, and the 
vaginal wall may be inflamed and coated 
with the same material. 

TREATMENT 

Antimicrobial agents are indicated to control 
the infection, and determination of the 
antimicrobial susceptibility of the causative 
bacteria is essential. Relapses are common 
unless treatment is continued for a minimum 
of 7 and preferably 14 days. Repeated bacte¬ 
rial culture of urine at least once during and 
again within 7 to 10 days after completion 
of treatment should be used to assess the 
success of therapy. Recurrence of the infec¬ 
tion is usually caused by failure to eliminate 
foci of infection in the accessory glands and 
in the bladder wall. 
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Chapter 13 


Diseases of the Urinary System 


DIFFERENTIAL DIAGNOSIS 


The clinical and laboratory findings of cystitis 
resemble those of pyelonephritis and cystic 
urolithiasis. 

• Pyelonephritis is commonly accompanied 
by bladder involvement and differentiation 
depends on whether there are lesions in 
the kidney. This may be determined by 
rectal examination but in many cases it is 
not possible to make a firm decision. 
Provided the causative bacteria can be 
identified, this is probably not of major 
importance as the treatment will be the 
same in either case. However, the 
prognosis in pyelonephritis is less favorable 
than in cystitis. Thickening of the bladder 
wall, which may suggest a diagnosis of 
cystitis, occurs also in enzootic hematuria 
and in poisoning by the yellow-wood tree 
('Terminalia oblongata) in cattle and by 
sorghum in horses. 

• The presence of calculi in the bladder 
can usually be detected by rectal 
examination, by ultrasonographic 
examination, by endoscopic examination in 
female ruminants and in both sexes of 
horses, or by radiographic examination in 
smaller animals. 

• Urethral obstruction may also cause 
frequent attempts at urination, but the 
urine flow is greatly restricted, usually only 
drops are voided and the distended bladder 
can be felt on rectal examination. 


The prognosis in chronic cases is 
poor because of the difficulty of com¬ 
pletely eradicating the infection and the 
common secondary involvement of the 
kidney. Free access to water should be per¬ 
mitted at all times to ensure a free flow 
of urine. 

UROLITHIASIS IN RUMINANTS 

Urolithiasis is common as a subclinical dis¬ 
order among ruminants raised in manage¬ 
ment systems where the ration is composed 
primarily of grain or where animals graze 
certain types of pasture. In these situations, 
40% to 60% of animals may form calculi in 
their urinary tract. Urolithiasis becomes an 
important clinical disease of castrated male 
ruminants when calculi cause urinary tract 
obstruction and usually obstruction of the 
urethra. Urethral obstruction is character¬ 
ized clinically by complete retention of urine, 
frequent unsuccessful attempts to urinate, 
and distension of the bladder. Urethral per¬ 
foration and rupture of the bladder can be 
sequelae. Mortality is high in cases of ure¬ 
thral obstruction, and treatment is surgical. 
As a result, prevention is important to limit 
losses from urolithiasis. 

ETIOLOGY 

Urinary calculi, or uroliths, form when 
inorganic and organic urinary solutes are 


precipitated out of solution. The precipitates 
occur as crystals or as amorphous “deposits.” 
Calculi form over a long period by a gradual 
accumulation of precipitate around a nidus. 
An organic matrix is an integral part of most 
types of calculus. Several factors affect the 
rate of urolith formation, including condi¬ 
tions that affect the concentration of specific 
solutes in urine, the ease with which solutes 
are precipitated out of solution, the provision 
of a nidus, and the tendency to concretion of 
precipitates. These are presented in the fol¬ 
lowing section. Factors that contribute to the 
clinical syndrome of obstructive urolithiasis 
are dealt with separately. 

EPIDEMIOLOGY 
Species Affected 

Urolithiasis occurs in all ruminant species 
but is of greatest economic importance in 
feeder steers and wethers (castrated lambs) 
fed heavy concentrate rations and animals 
on range pasture in particular problem 
areas. These range areas are associated with 
the presence of pasture plants containing 
large quantities of oxalate, estrogens, or 
silica. When cattle graze pasture containing 
plants with high levels of silica, uroliths 
occur in animals of all ages and sexes. The 
prevalence of uroliths is about the same in 
cows, heifers, bulls, and steers grazing on 
the same pasture, and they may even occur 
in newborn calves. Females and bulls usually 
pass the calculi, and obstructive urolithiasis 
is primarily a problem in castrated male 
animals. 

Obstructive urolithiasis is the most 
common urinary tract disease in breeding 
rams and goats. There are three main groups 
of factors that contribute to urolithiasis: 

• Those that favor the development of a 
nidus about which precipitation and 
concretion can occur 

• Those that facilitate precipitation of 
solutes on to the nidus 

• Those that favor concretion by 
cementing precipitated salts to the 
developing calculus 

Nidus Formation 

A nidus favors the deposition of crystals 
about itself. It may be a group of desqua¬ 
mated epithelial cells or necrotic tissue that 
may be formed as a result in occasional cases 
from local infection in the urinary tract. 
When large numbers of animals are affected, 
it is probable that some other factor, such as 
a deficiency of vitamin A or the administra¬ 
tion of estrogens, is the cause of excessive 
epithelial desquamation. When stilbestrol 
was used as a growth promoter, mortality 
rates of 20% from obstructive urolithiasis 
were recorded in wethers receiving stilbes¬ 
trol implants compared with no mortalities 
in a control group. Diets low in vitamin A 
have been suspected as a cause of urolithia¬ 
sis, but vitamin A deficiency does not appear 
to be a major causative factor. 


Precipitation of Solutes 

Urine is a highly saturated solution contain¬ 
ing a large number of solutes, many of them 
in higher concentrations than their individ¬ 
ual solubilities permit in a simple solution. 
Urinary stone formation is currently attrib¬ 
uted to supersaturation, crystal growth, and 
aggregation, with supersaturation and the 
urinary concentration of promoters and 
inhibitors playing dominant roles in stone 
formation. 1 Several factors may explain why 
solutes remain in solution. Probably the most 
important factor in preventing precipitation 
is the presence of protective colloids that 
convert urine into a gel. These colloids are 
efficient up to a point, but their capacity to 
maintain the solution may be overcome by 
abnormalities in one or more of a number of 
other factors. Even in normal animals, crys¬ 
tals of a number of solutes may be present in 
the urine intermittently and urine must be 
considered to be an unstable solution. 
The physical characteristics of urine, the 
amount of solute presented to the kidney 
for excretion, and the balance between water 
and solute in urine all influence the ease of 
calculus formation. In most cases, these 
factors can also be influenced by manage¬ 
ment practices. 

The pH of urine affects the solubility of 
some solutes, with mixed phosphate and car¬ 
bonate calculi more readily formed in an 
alkaline than an acid medium. More impor¬ 
tant, the urine pH in ruminants is dependent 
on the urinary strong ion difference, with 
urine pH increasing with higher urine con¬ 
centrations of potassium, sodium, magne¬ 
sium, and calcium (with the effect of 
potassium predominating). Likewise, urine 
pH decreases in ruminants with higher urine 
concentrations of chloride and sulfate. 2 The 
high urine potassium concentration in her¬ 
bivores is the main reason that they have an 
alkaline urine. 

Ammonium chloride or phosphoric acid 
added to the rations of steers increases the 
acidity of the urine and reduces the inci¬ 
dence of calculi. The mechanism is uncertain 
but is probably related to the effect of pH on 
the stability of the urinary colloids or the 
effect of diuresis. In contrast, variations in 
pH between 1 and 8 have little influence on 
the solubility of silicic acid, the form of silica 
excreted in the urine of ruminants. As a 
result, dietary supplementation with ammo¬ 
nium chloride does not consistently prevent 
the formation of siliceous calculi. 

The amount of solute presented to the 
kidney for excretion is influenced by the 
diet. Some pasture plants can contain up to 
6% silica. Although ruminants grazing on 
these plants absorb only a small portion of 
the ingested silica, the kidney is the major 
route of excretion of absorbed silicic acid. 
The urine of these animals often becomes 
supersaturated with silicic acid, which pro¬ 
motes the polymerization or precipitation of 
the silicic acid and calculus formation. 










Feeding sodium chloride prevents the 
formation of silica calculi by reducing the 
concentration of silicic acid in the urine 
and maintaining it below the saturation 
concentration. An excessive intake of miner¬ 
als may occur from highly mineralized arte¬ 
sian water, or from diets containing high 
concentrations, particularly of phosphates in 
heavy-concentrate diets. Sheep with a high 
dietary intake of phosphorus have an 
increased concentration of phosphorus in 
their urine and an increased development of 
calculi. In cattle, sediment begins to appear 
in urine when concentrates reach 1.5% of the 
BW, and urolithiasis formation begins when 
concentrates have been fed for 2 months at 
the rate of 2.5% of the animal’s BW. 

Diets high in magnesium such as some 
calf milk replacers have been frequently 
associated with an increasing incidence 
of obstructive urolithiasis. 3 Supplemental 
calcium in the diet helps prevent calculus 
formation when phosphate or magnesium 
intake is high. 

Ingestion of plants with a high oxalic 
acid content can be a risk factor for forma¬ 
tion of calcium carbonate calculi in sheep. 
Although dietary excesses contribute to 
certain types of urolithiasis, calculus forma¬ 
tion can rarely be recreated experimentally 
by simple overfeeding. The process of forma¬ 
tion of urinary calculi is more complex than 
a simple dietary excess. However, recogni¬ 
tion of associations between diet and some 
types of urolithiasis has been useful in devel¬ 
oping preventive strategies. 

Feeding practices can influence the 
function of the kidney and may contribute to 
calculus formation. In sheep fed grain in a 
few large meals, there is a marked reduction 
in urine volume and a marked increase in 
urine concentration and calcium excretion at 
the time of feeding. These short-term changes 
in urine composition may be factors in the 
development of uroliths. 

The concentration of urine is an impor¬ 
tant determinant of the concentration of 
individual solutes in the urine. Although it is 
difficult to induce urolithiasis by restricting 
access to water, concentrated urine is a risk 
factor for calculus formation. Animals can 
be forced to produce concentrated urine 
because of lack of easy access to water, a par¬ 
ticular problem in pastured animals; lack of 
familiarity with water delivery systems; and 
poor quality of available water. Water depri¬ 
vation can be exacerbated by heavy fluid loss 
by sweating in hot, arid climates. 

Factors Favoring Concretion 

Most calculi, and siliceous calculi in particu¬ 
lar, are composed of organic matter as well 
as minerals. This organic component is 
mucoprotein, particularly its mucopolysac¬ 
charide fraction. It acts as a cementing agent 
and favors the formation of calculi when 
precipitates are present. The mucoprotein 
content of urine of feeder steers and lambs is 
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increased by heavy concentrate-low rough- 
age rations, by feeding pelleted rations, even 
more so by implantation with diethylstilbes- 
trol and, combined with a high dietary intake 
of phosphate, may be an important cause of 
urolithiasis in this class of livestock. These 
high levels of mucoprotein in urine may be 
the result of a rapid turnover of supporting 
tissues in animals that are making rapid 
gains in weight. 

Miscellaneous Factors in the 
Development of Urolithiasis 

Stasis of urine favors precipitation of solutes, 
probably by virtue of the infection that com¬ 
monly follows, providing cellular material 
for a nidus. Certain feeds, including cotton¬ 
seed meal, rice straw, and milo sorghum, are 
credited with causing more urolithiasis than 
other feeds. Alfalfa is in an indeterminate 
position: by some observers it is thought to 
cause the formation of calculi, by others it is 
thought to be a valuable aid in preventing 
their formation. Pelleting appears to increase 
calculi formation if the ration already has 
this tendency. 

Attempts to produce urolithiasis experi¬ 
mentally by varying any of the previous 
factors are usually unsuccessful, and natural 
cases most probably occur as a result of the 
interaction of several factors. In feedlots a 
combination of high mineral feeding and a 
high level of mucoprotein in the urine asso¬ 
ciated with rapid growth are probably the 
important factors in most instances. In range 
animals a high intake of mineralized water, 
or oxalate or silica in plants, are most com¬ 
monly associated with a high incidence of 
urinary calculi, but again other predisposing 
factors, including deprivation or excessive 
loss of water, may contribute to the develop¬ 
ment of the disease. Limited water intake at 
weaning and in very cold weather may also 
be a contributory factor. 

Composition of Calculi 

The chemical composition of urethral calculi 
varies and appears to depend largely on the 
dietary intake of individual elements. In 
semiarid areas such as the great plains of 
North America and parts of Australia, the 
dominant pasture grasses have a high content 
of silica. Cattle and sheep grazing these pas¬ 
tures have a high prevalence of siliceous 
calculi. Calculi containing calcium carbonate 
are more common in animals on clover-rich 
pasture or when oxalate-containing plants 
abound. Calcium, ammonium, and magne¬ 
sium carbonate are also common constitu¬ 
ents of calculi in cattle and sheep at pasture. 

Cattle, sheep, and goats eating a high 
grain diet in feedlots usually have calculi 
composed of struvite (magnesium ammo¬ 
nium phosphate, NH 4 MgP0 4 .6H 2 0). Cattle, 
water buffalo, and Boer goats in China fed 
grain, cottonseed meal, or rice straw as part 
of their diet may also have crystals present 
in their urine composed of magnesium 


potassium phosphate (KMgP0 4 .6H 2 0), 1,3,4 
but these crystals do not appear to precipi¬ 
tate to form calculi. High concentrations of 
magnesium in feedlot rations also cause a 
high prevalence of struvite calculi in lambs 
and goats. Experimental feeding of a ration 
with high magnesium content increases the 
prevalence of struvite urolithiasis in goats 3 
and calcium apatite urolithiasis in calves. 
Oxalate calculi are extremely rare in rumi¬ 
nants but have been observed in goats and 
induced experimentally in feedlot cattle. 
Xanthine calculi in sheep are recorded in 
some areas in New Zealand where pasture 
is poor. 

Estrogenic subterranean clover can 

cause urinary tract obstruction in wethers in 
a number of ways. Soft, moist, yellow calculi 
containing 2-benzocoumarins, isoflavones 
and indigotin-indirubin, have been observed. 
Calculi or unformed sediments of benzocou- 
marins (urolithins) and 4'-0-methylequol, 
either singly or in various combinations with 
equol, formononetin, biochanin A, indigotin, 
and indirubin, also occur. Obstruction is pro¬ 
moted by estrogenic stimulation of squa¬ 
mous metaplasia of the urethral epithelium, 
accessory sex glandular enlargement, and 
mucous secretion. Pastures containing these 
plants are also reputed to cause urinary 
obstruction by calculi consisting of calcium 
carbonate. Feedlot lambs receiving a supple¬ 
ment of stilbestrol (1 mg/kg of feed or 2 mg 
per lamb daily) developed urethral obstruc¬ 
tion thought to be caused primarily by plugs 
of mucoprotein. The accessory sex glands 
were also enlarged. 

Risk Factors for Obstructive 
Urolithiasis 

The risk factors important in the formation 
of urinary calculi are also important in the 
development of obstructive urolithiasis. 

The size of individual calculi and the 
amount of calculus material are both 
important in the development of urethral 
obstruction. Often the obstruction is caused 
by one stone, although an aggregation of 
many small struvite calculi often causes 
obstruction in sheep fed high-concentrate 
rations. 

Once calculi form, the most important 
factor contributing to the occurrence of 
obstruction is the diameter of the urethra. 
Wethers (castrated lambs) and steers (cas¬ 
trated cattle) are most commonly affected 
because of the relatively small diameter of 
the urethra in these animals. Castration sig¬ 
nificantly impacts the diameter of the urethra 
in steers. When the urethral diameter of 
late castrates (6 months old) was compared 
with early castrates (2 months old), it was 
found to be 8% larger and would be able to 
expel a calculus that was 13% larger than a 
calculus passed by early castrates. Bulls can 
usually pass calculi that are 44% larger than 
those that could be passed by an early cas¬ 
trated steer. 





1146 


Chapter 13 ■ Diseases of the Urinary System 


Occurrence 

Urethral obstruction may occur at any site 
but is most common at the distal sigmoid 
flexure in steers near the insertion of the 
retractor penis muscle, and in the vermi¬ 
form appendage, distal to the sigmoid 
flexure, at the distal sigmoid flexure, or 
subischially in wethers or rams; these are all 
sites where the urethra narrows. 5 Urolithiasis 
is as common in females as in males, but 
obstruction rarely if ever occurs because of 
the shortness and large diameter of the 
urethra. Repeated attacks of obstructive uro¬ 
lithiasis are not uncommon in wethers and 
steers and at necropsy up to 200 calculi may 
be found in various parts of the tract of one 
animal. However, generally, a single calculus 
causes obstruction in cattle, whereas multi¬ 
ple calculi are common in sheep. 

In North America, obstructive urolithia¬ 
sis caused by siliceous calculi is most 
common in beef feeder cattle during the fall 
and winter months. The calves are weaned 
at 6 to 8 months and moved from pasture to 
a feedlot in which they are fed roughage and 
grain. The incidence of obstructive urolithia¬ 
sis is highest during the early part of the 
feeding period and during cold weather, 
when the consumption of water may be 
decreased. 

Although the occurrence of obstructive 
urolithiasis is usually sporadic, with cases 
occurring at irregular intervals in a group of 
animals, outbreaks may occur, affecting a 
large number of animals in a short time. In 
outbreaks it is probable that factors are 
present that favor the development of calculi, 
as well as the development of obstruction. 
For example, multiple cases of obstructive 
urolithiasis can occur in lambs within a few 
weeks of introducing a concentrated ration. 
Obstructive urolithiasis increases in occur¬ 
rence with age but has occurred in lambs as 
young as 1 month of age. 

PATHOGENESIS 

Urinary calculi are commonly observed at 
necropsy in normal animals and in many 
appear to cause little or no harm. Calculi 
may be present in the kidneys, ureters, 
bladder, and urethra. In a few animals, pyelo¬ 
nephritis, cystitis, and urethral obstruction 
may occur. Obstruction of one ureter may 
cause unilateral hydronephrosis, with com¬ 
pensation by the contralateral kidney. The 
major clinical manifestation of urolithiasis is 
urethral obstruction, particularly in wethers 
and steers. This difference between urolithia¬ 
sis and obstructive urolithiasis is an impor¬ 
tant one. Simple urolithiasis has relatively 
little importance, but obstructive urolithiasis 
is a fatal disease unless the obstruction is 
relieved. Rupture of the urethra or bladder 
occurs within 2 to 3 days if the obstruction 
is not relieved and the animal dies of uremia 
or secondary bacterial infection. Rupture 
of the bladder is more likely to occur with 
a spherical, smooth calculus that causes 


complete obstruction of the urethra. Rupture 
of the urethra is more common with irregu¬ 
larly shaped stones that cause partial obstruc¬ 
tion and pressure necrosis of the urethral 
wall. 

CLINICAL FINDINGS 

Calculi in the renal pelvis or ureters are not 
usually diagnosed antemortem, although 
obstruction of a ureter may be detectable on 
rectal examination, especially if it is accom¬ 
panied by hydronephrosis. 6 Occasionally the 
exit from the renal pelvis is blocked and the 
acute distension that results may cause acute 
pain, accompanied by stiffness of the gait and 
pain on pressure over the loins. Calculi in the 
bladder may cause cystitis and are mani¬ 
fested by signs of that disease. 

Obstruction of the Urethra by 
a Calculus 

This is a common occurrence in steers and 
wethers and causes a characteristic syn¬ 
drome of abdominal pain with kicking at the 
belly, treading with the hindfeet, and swish¬ 
ing of the tail. Repeated twitching of the 
penis, sufficient to shake the prepuce, is often 
observed, and the animal may make strenu¬ 
ous efforts to urinate, accompanied by 
straining, grunting, and grating of the teeth, 
but these result in the passage of only a few 
drops of bloodstained urine. A heavy pre¬ 
cipitate of crystals is often visible on the pre¬ 
putial hairs or on the inside of the thighs 
(Fig. 13-8). Some animals with urethral 
obstruction will have a dry prepuce because 
of the absence of urination, although this 
sign is not specific for urolithiasis. 

The passage of a flexible catheter up 
the urethra, after relaxing the penis by lum¬ 
bosacral epidural anesthesia, by pudendal 
nerve block or by administering an ataractic 


drug, may make it possible to locate the sites 
of obstructions that are anterior to the 
sigmoid flexure. However, catheterization of 
the urethra from the glans penis to the 
bladder is almost impossible in cattle and 
ruminants because of the urethral diverticu¬ 
lum and its valve. A precurved coronary 
catheter has been used to catheterize the 
bladder of calves and goats but requires fluo¬ 
roscopic guidance. 

Cattle with incomplete obstruction 
(“dribblers”) will pass small amounts of 
bloodstained urine frequently. Occasionally 
a small stream of urine will be voided fol¬ 
lowed by a complete blockage. This confuses 
the diagnosis. In these animals the calculus 
is triangular in shape and allows small 
amounts of urine to move past the obstruc¬ 
tion at irregular intervals. However, these 
instances are rare. 

The entire length of the penis must be 
palpated for evidence of a painful swelling 
from the preputial orifice to the scrotum, 
above the scrotum to locate the sigmoid 
flexure, and proximally up the perineum as 
far as possible. 

In rams, bucks, and wethers the urethral 
process of the exteriorized penis must be 
examined for enlargement and the presence 
of multiple calculi. Extrusion of the penis is 
difficult in prepubertal sheep and goats 
because of the presence of an attachment 
from the prepuce to the glans penis; loss 
of this attachment is mediated by testoster¬ 
one and is usually complete by the onset 
of puberty, although separation may not 
occur in castrated animals. Penile extrusion 
is facilitated by xylazine sedation and posi¬ 
tioning the animals with lumbosacral flexion. 
Abnormal urethral processes should be 
amputated, and in many animals grit is 
detected during urethral transection. 



Fig. 13-8 Extensive precipitation of crystals on the preputial hairs of a steer with obstructive 
urolithiasis. 
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On rectal examination, when the size of 
the animal is appropriate, the urethra and 
bladder are palpably distended and the ure¬ 
thra is painful and pulsates on manipulation. 

In rams with obstructive urolithiasis, 
sudden depression, inappetence, stamping 
the feet, tail swishing, kicking at the abdomen, 
bruxism, and anuria or the passage of only 
a few drops of urine are common. Clinical 
examination must include inspection of the 
ventral abdomen for edema, inspection and 
palpation of the preputial orifice for crystals, 
palpation of the penis in the area of the 
sigmoid flexure, and inspection and palpa¬ 
tion of the urethral process (vermiform 
appendage) of the exteriorized penis. 

Rupture of Urethra or Bladder 

If the obstruction is not relieved, urethral 
rupture or bladder rupture usually occurs 
within 48 hours. With urethral rupture, the 
urine leaks into the connective tissue of the 
ventral abdominal wall and prepuce and 
causes an obvious fluid swelling, which may 
spread as far as the thorax (Fig. 13-9). This 
results in a severe cellulitis and toxemia. The 
skin over the swollen area may slough, per¬ 
mitting drainage, and the course is rather 
more protracted in these cases. When the 
bladder ruptures, there is an immediate relief 
from discomfort but anorexia and depres¬ 
sion develop as uremia develops. Two types 
of bladder rupture have been described: mul¬ 
tiple pinpoint perforations in areas of necro¬ 
sis or discrete tears in the bladder wall. The 
site of leakage is almost always on the dorsal 
aspect of the bladder. Complete urethral 
obstruction therefore results in urethral 
rupture or bladder rupture and never both in 
the same animal because pressure is released 
once rupture occurs. 


A fluid wave is detectable on tactile per¬ 
cussion, and the abdomen soon becomes 
distended. The animal may continue in this 
state for as long as 2 to 3 days before death 
occurs. Fibrin deposition around the dorsal 
surface of the bladder may be palpated per 
rectum in steers. In rare cases death occurs 
soon after rupture of the bladder as a result 
of severe internal hemorrhage. 

In rare cases calculi may form in the 
prepuce of steers. The calculi are top shaped 
and, by acting as floating valves, cause 
obstruction of the preputial orifice, disten¬ 
sion of the prepuce, and infiltration of the 
abdominal wall with urine. These cases 
may be mistaken for cases of urethral 
perforation. 

CLINICAL PATHOLOGY 

Urinalysis 

Laboratory examinations may be useful in 
the diagnosis of the disease in its early stages 
when the calculi are present in the kidney 
or bladder. The urine usually contains 
erythrocytes and epithelial cells and a higher 
than normal number of crystals, which are 
sometimes accompanied by larger aggrega¬ 
tions described as sand or sabulous deposit. 
Bacteria may also be present if secondary 
invasion of the traumatic cystitis and pyelo¬ 
nephritis has occurred. 

Serum Biochemistry 

SUN and creatinine concentrations will be 
increased before either urethral or bladder 
rupture occurs and will increase even further 
afterward. Rupture of the bladder will result 
in uroabdomen. Because urine has a much 
lower sodium and chloride concentration 
and higher osmolality than plasma, equili¬ 
bration of electrolytes and free water into the 


abdomen of the ruminant will always result 
in hyponatremia, hypochloremia, hyper¬ 
phosphatemia, and hypoosmolality in serum, 
with the magnitude of the changes reflecting 
the volume of urine in the abdomen. Hyper¬ 
magnesemia appears to be a common find¬ 
ing in weaned lambs with urolithiasis, 7 
although few studies have reported changes 
in plasma magnesium concentrations in 
affected animals. Similar changes in serum 
biochemistry are present in steers with rup¬ 
tured urethras, with the magnitude of the 
changes being smaller than in steers with 
ruptured bladders. Interestingly, steers with 
ruptured bladder or urethra typically have 
serum potassium concentrations within the 
normal range; this result most probably 
reflects the combined effects of increased 
salivary potassium loss in the face of hypo¬ 
natremia and inappetence. A minority of 
ruminants with urolithiasis will have hyper¬ 
kalemia. 8 Prolonged duration of urolithiasis 
usually results in hypophosphatemia in 
goats, presumably from increased phospho¬ 
rus secretion by the salivary glands. 8 

Abdominocentesis and Needle 
Aspirate of Subcutaneous Tissue 

Abdominocentesis is necessary to detect 
uroperitoneum after rupture of the bladder 
or needle aspiration from the subcutaneous 
swelling associated with urethral rupture. 
However, it is often difficult to identify the 
fluid obtained from the peritoneal cavity or 
the subcutaneous tissues as urine other than 
by appearance and smell or by biochemical 
examination. Generally, in uroperitoneum, 
substantial quantities of fluid can be easily 
obtained by abdominocentesis. Warming the 
fluid may facilitate detection of the urine 
odor, although this is a subjective and poorly 
sensitive diagnostic test. 

Ultrasonography 

Ultrasonography is an extremely useful aid 
for the diagnosis of obstructive urolithiasis 
in rams and bucks, with a 10- to 15-MHz 
linear probe used to assess the urethra for 
dilatation proximal to the obstruction or 
rupture at the site of obstruction and a 
5-MHz microconvex or linear probe used to 
evaluate the bladder and kidneys. 39 All parts 
of the urinary tract must be examined for 
urinary calculi. The kidneys are examined 
from the paralumbar fossa and the bladder 
and urethra transrectally. The kidneys are 
examined for enlargement, and the renal 
pelves, medullary pyramids, and urethra 
examined for dilatation. The size of the 
bladder should be noted and its contents 
examined. Distended bladders can reach 
20 cm in diameter in adult rams, wethers, 
and bucks, and ultrasonographically appear 
as an anechoic (black) area surrounded by 
a bright white (hyperechoic) line. The 
bladder diameter should be measured in two 
dimensions at right angles to each other 
because the bladder shape changes with 



Fig. 13-9 Holstein-Friesian steer with obstructive urolithiasis, urethral rupture, and urine 
collecting ventrally to the site of rupture. (Photograph graciously provided by Dr. Bruce L. Hull, 
United States.) 
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animal movement. 9 A ruptured bladder does 
not always empty completely Fibrin tags 
may be visualized ultrasonographically in 
animals with uroabdomen or on the dorsal 
surface of the bladder, which is the usual 
site for rupture. In rams with obstructive 
urolithiasis, the urethra and bladder are 
markedly dilated. Because of severe cystitis, 
the contents of the bladder appear as multi¬ 
ple, tiny, uniformly distributed echoes. The 
renal pelves are commonly dilated, and in 
experimentally induced urethral ligation in 
male goats, ultrasonographically determined 
renal dimensions increased after 24 hours of 
obstruction. 9 

Radiography 

Plain radiography is very helpful in small 
ruminants in which radiopaque calculi 
(calcium carbonate, calcium oxalate, and 
silica) are common. 9 Plain radiography helps 
to identify the best method for surgical 
correction and confirm resolution of the 
obstruction, but it is not effective in small 
ruminants with struvite calculi because the 
stones are radiolucent and very small in 
diameter. 5 Contrast radiography using excre¬ 
tory urography, retrograde urethrography, 
cystourethrography, and normograde cysto¬ 
urethrography via tube cystotomy have also 
been used because of concerns that the rumen 
and abdominal viscera (and wool in sheep) 
obscures the bladder in plain radiographs. 

NECROPSY FINDINGS 

Calculi may be found in the renal pelvis or 
bladder of normal animals or of those dying 
of other diseases. In the renal pelvis they 
may cause no abnormality, although in occa¬ 
sional cases there is accompanying pyelone¬ 
phritis. Unilateral ureteral obstruction is 
usually accompanied by dilatation of the 
ureter and hydronephrosis. Bilateral obstruc¬ 
tion causes fatal uremia. Calculi in the 
bladder are usually accompanied by varying 
degrees of chronic cystitis. The urethra or 
urethral process may be obstructed by one 
or more stones or may be impacted for a 
number of centimeters with a fine sabulous 
deposit. 

When rupture of the urethra has 
occurred, the urethra is eroded at the site of 
obstruction, and extensive cellulitis and 
accumulation of urine are present in the 
ventral abdominal wall. When the bladder 
has ruptured the peritoneal cavity is dis¬ 
tended with urine and there is mild to mod¬ 
erate chemical peritonitis. In areas where 
urolithiasis is a problem, it is an advantage to 
determine the chemical composition of the 
calculi. 


DIFFERENTIAL DIAGNOSIS 


Obstruction of the urethra in ruminant 
animals is almost always caused by a calculus 
and is characterized clinically by anuria or 


dribbling, swishing of the tail, abdominal pain 
with kicking at the abdomen or stamping the 
feet, and a progressively worsening condition. 

Nonobstructive urolithiasis may be 
confused with pyelonephritis or cystitis, 
and differentiation may be possible only by 
rectal examination in the case of vesical calculi 
or by radiographic examination in smaller 
animals. Subsequent development of 
hydronephrosis may enable a diagnosis to be 
made in cattle. Ultrasonographic examination 
is extremely useful in sheep and goats. 

A rectal examination, if possible, may 
reveal distension of the bladder and dilatation 
and pulsation of the urethra if the bladder 
has not ruptured. 

In adults, rupture of the bladder is 

usually the result of obstructive urolithiasis, 
although other occasional causes of urethral 
obstruction are observed. 

Rupture of the urethra in cattle is 
characterized by diffuse swelling of the 
subcutaneous tissues of the ventral body wall, 
and the skin is usually cooler than normal. It 
must be differentiated from other causes of 
swelling of the ventral abdominal wall, 
including abscesses and herniation of 
abdominal wall, which can be determined by 
close physical examination and needle 
aspiration. 

Dilatation of the urethral recess in 

young cattle is characterized by a midline 
perineal swelling and may resemble pulsation 
of the perineal urethra in obstructive 
urolithiasis. The urethral recess arises from the 
junction of the pelvic and spongy parts of the 
urethra at the level of the ischial arch. A fold 
of urethral mucosa proximal to the recess acts 
as a valve to prevent the retrograde flow of 
urine into the pelvic urethra. An abnormally 
large urethral recess has been described in a 
calf. When there is dilatation of the urethral 
recess, during urination the proximal urethra 
pulses and the swelling may enlarge slightly. 
There is no urethral obstruction, and urine 
flows passively from the penis for several 
minutes after the urethral pulsation ceases. 
The dilatation can be radiographed using 
contrast media. 


TREATMENT 

The treatment of obstructive urolithiasis has 
traditionally been primarily surgical, includ¬ 
ing urethral process amputation (rams, weth¬ 
ers, bucks, llamas, and alpacas), prepubic and 
perineal urethrostomy, laser lithotripsy, tube 
cystotomy, and bladder marsupialization. 
Cattle or lambs with obstructive urolithiasis 
that are near the end of their feedlot feeding 
period and close to being marketed can be 
slaughtered for salvage if the result of an ante¬ 
mortem inspection is satisfactory. Animals 
in the early stages of obstruction before ure¬ 
thral or bladder rupture will usually pass 
inspection at an abattoir. The presence of 
uremia warrants failure to pass inspection. 
Recent studies suggest reasonable treatment 
response to medical treatment of bucks with 
urolithiasis. 10 


Rams, bucks, and wethers should all have 
their glans penis exteriorized and inspected 
and the urethral process amputated using a 
scalpel blade. This is best accomplished by 
having an assistant restrain the animal in a 
sitting position. The penis is exteriorized by 
grasping the shaft of the penis within the 
prepuce and retracting the prepuce to expose 
the tip of the penis, which is then grasped 
with a gauze sponge. 10 Exteriorization of the 
penis can be very difficult in prepubertal 
rams and bucks because of the presence of 
a persistent frenulum. Xylazine administra¬ 
tion may facilitate exteriorization of the 
penis but increases urine production and 
therefore shortens the time to urethral or 
bladder rupture in animals with a complete 
obstruction. 

It was thought that calculi cannot be dis¬ 
solved by medical means, but recent studies 
suggest that administration of specific solu¬ 
tions into the bladder can rapidly dissolve 
most uroliths, although one report stated 
that radiopaque calculi (calcium carbonate, 
calcium oxalate, and silica) do not dissolve 
readily by urinary acidification by dietary 
means or infusion of Walpole’s solution into 
the bladder through a tube cystotomy 5 or 
directly through a long needle. 10 Successful 
outcomes have occurred following instilla¬ 
tion of 30 to 200 ml of an acetic acid solu¬ 
tion (Walpole’s buffer, pH adjusted to 4.3—4.8; 
contains 1.16% sodium acetate, 1.09% glacial 
acetic acid, and 97.75% distilled water) or 
hemiacidrin solution through a cystotomy 
catheter or long needle into the bladder after 
removal of most but not all the urine in the 
bladder; hemiacidrin is an acidic gluconoci- 
trate solution with magnesium carbonate 
used for dissolution of magnesium ammo¬ 
nium phosphate and calcium phosphate uro¬ 
liths in humans. The advantage of hemiacidrin 
is that it is reportedly less irritating to the 
urothelium than other acids of similar pH, 
such as Walpole’s solution. The cystotomy 
tube can be placed surgically or transcutane- 
ously using abdominal ultrasound. The latter 
technique involves placement of a 12-French 
sleeved trocar into the lumen of the bladder, 
followed by removal of the trocar and place¬ 
ment of a 10-French silicone Foley catheter 
through the sleeve of the trocar into the 
lumen of the bladder. The balloon on the 
Foley catheter is then inflated using 0.9% 
NaCl, the trocar sleeve removed from the 
abdomen, and the Foley catheter secured to 
the abdomen. The cystotomy catheter pro¬ 
vides an alternative route for urine to leave 
the bladder and is allowed to drip continu¬ 
ously. The cystotomy catheter is occluded for 
30 minutes to 2 hours after infusion of a low 
pH solution to retain the solution in the 
bladder and urethra, after this time the solu¬ 
tion is drained from the bladder via the cys¬ 
totomy tube. Checking the pH of the fluid in 
the bladder using pH strips is thought to be 
helpful in verifying that the target pH of <5.0 
has been reached. 10 
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In early stages of the disease or in cases 
of incomplete obstruction, treatment with 
smooth muscle relaxants such as phenothi- 
azine derivatives (aminopromazine, 0.7 mg/ 
kg of BW) has been tried to relax the urethral 
muscle and permit passage of the obstruct¬ 
ing calculus; however, treatment efficacy is 
unknown. Animals treated medically should 
be observed closely to ensure that urination 
occurs and that obstruction does not recur. 
However, field observations indicate that 
these relaxants are ineffective, and it is diffi¬ 
cult to believe that smooth muscle relaxants 
could be efficacious given that the urethral 
and periurethral tissue contains very little 
smooth muscle. Slight sedation induced by 
acepromazine (0.02 mg/kg IV every 4-6 
hours) is of unknown benefit, and if used the 
sedation should not prevent the animal from 
standing when approached. A more rational 
treatment includes parenteral NSAIDs or 
infiltration of local anesthetic around the 
origin of the retractor penile muscles or a 
pudendal nerve block; this theoretically 
relaxes the retractor penis muscle and 
straightens the sigmoid flexure, creating a 
wider and straighter urethral passageway. 

Retrograde hydropulsion is only occa¬ 
sionally successful, although it is frequently 
used as part of the initial treatment. This 
technique involves catheterization of the ure¬ 
thral orifice with a suitably sized urinary 
catheter and intermittent injection of 0.9% 
NaCl containing 2% lidocaine into the 
urethra in an attempt to flush out the calculi. 
Frequently, a gritty feeling is detected during 
this procedure, and one usually is left with 
the impression that the procedure is creating 
additional urethral trauma that may contrib¬ 
ute to urethral stricture. The addition of 
lidocaine is thought to decrease urethral 
sp asm but its efficacy and safety are unknown. 
Retrograde hydropulsion may also pack 
small crystals more tightly into the urethra. 
Cystotomy and normograde hydropulsion 
appear to have a higher success rate than 
retrograde hydropulsion. 

Surgical treatment includes perineal 
urethrostomy to relieve bladder pressure 
and for the removal of calculi. This is a 
salvage procedure, and treated animals can 
be sent to slaughter for salvage when they 
have recovered sufficiently to pass antemor¬ 
tem inspection. In a series of 85 cases of sur¬ 
gical treatment of urethral obstruction in 
cattle, only 35% of animals recovered satis¬ 
factorily. In small ruminants, which invari¬ 
ably have multiple calculi, amputation of the 
urethral process may restore urine flow but 
usually provides only temporary relief, and 
the long-term prognosis in sheep and goats 
is poor because there is a high rate of recur¬ 
rence of obstruction with stricture formation 
at the urethrostomy site. A recent surgical 
modification suggests that urethral stricture 
formation can be decreased in goats with 
transection of the penile body attachments 
from the pelvis and careful apposition of 


the urethra to the skin. 11 If perineal ure¬ 
throstomy is unsuccessful, tube cystotomy 
is indicated. Urethroscopy and laser litho¬ 
tripsy have successfully dissolved uroliths 
in a small number of small ruminants and 
one steer, but the technique is expensive 
and not widely available. Prepubic ure¬ 
throstomy has been performed in a small 
number of small ruminants that have under¬ 
gone stricture formation following perineal 
urethrostomy, whereas urinary bladder 
marsupialization by laparotomy or using 
a laparoscopy-assisted surgical technique 12 
offers an alternative surgical method for cor¬ 
rection. There is one report of erection 
failure in a male goat as a sequela to obstruc¬ 
tive urolithiasis; erection failure was attrib¬ 
uted to vascular occlusion of the corpus 
cavernosum penis. Surgical correction of 
urethral dilatation associated with the ure¬ 
thral recess in cattle has been described. 

PREVENTION 

A number of agents and management proce¬ 
dures have been recommended in the pre¬ 
vention of urolithiasis in feeder lambs and 
steers. First, and probably most important, 
the diet should contain an adequate balance 
of calcium and phosphorus to avoid precipi¬ 
tation of excess phosphorus in the urine. This 
is the major difficulty in controlling uroli¬ 
thiasis in feedlot ruminants, because their 
diets are grain rich (and therefore phospho¬ 
rus rich). The ration should have a Ca: P ratio 
of 1.2:1, but higher calcium inputs (1.5— 
2.0:1) have been recommended, as have for¬ 
mulation of low oxalate and silica diets 5 and 
low-magnesium diets. Every practical effort 
must be used to increase and maintain water 
intake in feeder steers that have just been 
moved into a feedlot situation. The addition 
of salt at the level of 4% of the total ration of 
feeder calves has been shown experimentally 
to have this effect on both steers and lambs. 
Under practical conditions, salt is usually fed 
at a concentration of 3% to 5%, higher con¬ 
centrations causing lack of appetite. It is 
thought that supplementary feeding with 
sodium chloride helps to prevent urolithiasis 
by decreasing the rate of deposition of mag¬ 
nesium and phosphate around the nidus of a 
calculus, but it is possible that salt-related 
diuresis may also play an important role. 
Feeding of pelleted rations may predispose 
to the development of phosphate calculi 
(such as struvite or apatite) by reducing the 
salivary secretion of phosphorus. 

The control of siliceous calculi in cattle 
fed native range grass hay, which may con¬ 
tain a high level of silica, is dependent pri¬ 
marily on increasing the water intake. The 
feeding of alfalfa hay is considered to increase 
urine flow and lower the incidence of uroli¬ 
thiasis but the important reason may be that 
it contains considerably less silica. As in 
feedlot animals, water intake can be pro¬ 
moted by supplementing the ration with salt. 
For yearling (300 kg) steers the daily 


consumption of 50 g of salt does not prevent 
the formation of siliceous calculi; at a 200-g 
daily intake the occurrence of calculi is sig¬ 
nificantly reduced, and at 300 g daily calcu¬ 
lus formation is almost eliminated. For calves 
on native range, providing supplements 
(“creep feeds”) containing up to 12% salt is 
effective in eliminating siliceous calculi. This 
effect is caused by the physical diluting effect 
of increased water intake promoted by salt 
supplementation. If the calves consume suf¬ 
ficient quantities of salt to increase the water 
intake above 200 g/kg BW per day, the for¬ 
mation of siliceous calculi will be completely 
suppressed. Because siliceous calculi form in 
the last 60 days before weaning, it is recom¬ 
mended that calves on range be started on 
creep feed without salt well before weaning 
and, once calves are established on the sup¬ 
plement, the salt concentration should be 
gradually increased to 12%. It is usually nec¬ 
essary to increase the salt gradually to this 
level over a period of several weeks and 
incorporate it in pellets to facilitate mixing. 

An alkaline urine (pH >7.0) favors the 
formation of phosphate-based stones (stru¬ 
vite and apatite) and calcium carbonate- 
based stones. Struvite crystallization is 
reported to occur at urine pH >7.2, and dis¬ 
solution is reported to occur at urine pH 
<6.5. 13 Feeding an agent that decreases urine 
pH to a target range of 6.0 to 6.5 will there¬ 
fore protect against phosphate and calcium 
carbonate-based stones. The feeding of 
ammonium chloride (at 0.5%-2.0% of dry 
matter intake, approximately 45 g/day to 
steers, 10 g daily to sheep, and 0.4-0.5 g/kg 
BW each day to male goats) may prevent 
urolithiasis caused by struvite or calcium 
carbonate, but the magnitude of urine acidi¬ 
fication achieved varies markedly depending 
on the acidogenic nature of the diet. The 
safety of long-term feeding of these diets has 
not been well documented. A potentially 
practical method to prevent urolithiasis in 
goats is to feed a dietary cation anion differ¬ 
ence (DCAD) of 0 mEq/kg dry matter, where 
DCAD = [Na] + [K] - [Cl] - [S] with con¬ 
stituents measured in milliequivalents per 
kilogram of feed on a dry matter basis. 13 
Depending on the aggressiveness of the 
dosage of ammonium chloride and acidoge- 
nicity of the DCAD diet formulation, urine 
pH decreases over 2 to 5 days before stabiliz¬ 
ing. 14 Urine pH should always be closely 
monitored when adding ammonium chlo¬ 
ride to the ration, because clinically relevant 
acidemia, metabolic acidosis, depression, 
and inappetence can result from overzealous 
administration rates, and bone demineral¬ 
ization can theoretically occur with sus¬ 
tained feeding because aciduria promotes 
hypercalciuria. For range animals, ammo¬ 
nium chloride can be incorporated in a 
protein supplement and fed at about two- 
thirds of the earlier dosage. An acidic urine 
(pH <7.0) favors the formation of silicate 
stones, so ammonium chloride manipulation 
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of urine pH is not indicated in animals at risk 
of developing siliceous calculi. However, 
ammonium chloride may prevent the forma¬ 
tion of silica calculi in sheep, which may have 
been caused by the urine-diluting effects of 
additional chloride intake. 

When urolithiasis is caused by pasture 
exposure, females can be used to graze the 
dangerous pastures because they are not as 
susceptible to developing urinary tract 
obstruction. In areas where the oxalate 
content of the pasture is high, wethers and 
steers should be permitted only limited 
access to pasture dominated by herbaceous 
plants. Adequate water supplies should be 
available, and highly saline waters should be 
regarded with suspicion. Sheep on lush 
pasture commonly drink little if any water 
apparently because they obtain sufficient in 
the feed. Although the importance of vitamin 
A in the production of the disease has been 
decried in recent years an adequate intake 
should be ensured, especially during drought 
periods and when animals are fed grain 
rations in feedlots. Deferment of castration, 
by permitting greater urethral dilatation, 
may reduce the incidence of obstructive uro¬ 
lithiasis, but the improvement is unlikely to 
be significant. 

FURTHER READING 

Ewoldt JM, et al. Surgery of obstructive urolithiasis in 
ruminants. Vet Clin North Am Food Anim Pract. 
2008;24:455. 
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UROLITHIASIS IN HORSES 

Urolithiasis occurs sporadically in horses. 
The prevalence is low at about 0.04% to 0.7% 
of all horse accessions or diagnoses. Animals 
from about 5 to 15 years of age and older 
are most often affected, and 76% are males 
(27% intact and 49% geldings) and 24% are 
females. The uroliths are most commonly in 
the bladder (cystic), although they also occur 
in the renal pelvis, ureters, and urethra. In 
most cases, there is a single discrete yellow¬ 
ish stone, but a sandy sludge accumulates in 
cases of paralysis of the bladder. Almost all 
equine uroliths are composed of calcium 


carbonate (CaC0 3 ) in the form of calcite, 
which is the most stable hexagonal crystal 
form, although other CaC0 3 forms such as 
vaterite (a metastable hexagonal crystal 
form) and aragonite (an orthorhombic form) 
have been identified that may be more gray- 
white in color. The factors that contribute to 
urolith formation in horses are not under¬ 
stood. Urine from healthy adult horses is 
characterized by a substantial quantity of 
mucoprotein, a high concentration of miner¬ 
als, considerable insoluble sabulous material, 
and alkalinity. Equine urine is normally 
supersaturated with calcium carbonate, and 
it is normal for crystals of calcium carbonate 
to be present; this is related in some manner 
with the occurrence of calcium carbonate 
uroliths in horses. Nephrolithiasis may arise 
as a sequel to degenerative or inflammatory 
processes in the kidney in which inflamma¬ 
tory debris serves as a nidus for calculus 
formation. 

The clinical findings of urolithiasis in the 
horse include: 

• Stranguria (straining to urinate) 

• Pollakiuria (frequent passage of small 
amounts of urine), hematuria, and 
dysuria (difficult urination) 

• Incontinence resulting in urine scalding 
of the perineum in females or of the 
medial aspect of the hindlimbs in males 

• Painful urination with hematuria 
associated with cystitis 

• Weight loss, particularly in horses 
with nephroliths and chronic renal 
failure 

• Uroabdomen is horses with rupture of 
the bladder, or less frequently, kidney or 
ureter 

• Bacterial infection of urine is common, 
usually caused by E. coli, Staphylococcus 
spp., and Streptococcus spp. 

The bladder wall may be thickened and large 
calculi in the bladder may be palpable per 
rectum, just as the hand enters the rectum. 
Calculi are usually spheroid and have an 
irregular surface. Large calculi may be 
observed using transrectal ultrasonography 
and cystoscopy. Calculi may also be palpated 
in the ureters, per rectum, or enlarged ureters 
may be present. 

In males, urethral calculi may present 
with signs of complete or partial obstruction 
that may be confused with colic of gastro¬ 
intestinal origin. Horses with urethral 
obstructions make frequent attempts to 
urinate but pass only small amounts of 
blood-tinged urine. Unless rupture has 
occurred, the bladder is grossly enlarged. 
The calculus can be located by palpation of 
the penile urethra and by passage of a lead 
wire or catheter. If a catheter or lead wire is 
passed, care should be taken to prevent 
damage to the urethral mucosa. Bladder 
rupture leads to uroperitoneum but, if the 
rupture occurs at the neck of the bladder, 
urine may accumulate retroperitoneally and 
produce a large, diffuse, fluid swelling that is 


palpable per rectum. When rupture occurs, 
acute signs disappear and are replaced by 
depression, immobility, and pain on palpa¬ 
tion of the abdominal wall. The heart rate 
rises rapidly, and the temperature falls to 
below normal. 

Urinalysis reveals evidence of erythro¬ 
cytes, leukocytes, protein, amorphous debris, 
and calcium carbonate crystals. 

Renal calculi are frequently bilateral and 
affected animals have often progressed to 
chronic renal failure by the time of diagnosis 
without having displayed signs of urinary 
tract obstruction. A history of chronic weight 
loss and colic in a horse with renal failure 
indicates the possible presence of renal 
calculi. Treatment is supportive as for all 
cases of chronic renal failure. 

Treatment for cystic calculi is surgical 
removal of all calculi and correction of any 
defect in the bladder. Recurrence of cystic 
and urethral calculi is common in the horse, 
which may be related to the failure to remove 
all calculi. Perineal urethrotomy has been 
used for removal of cystic calculi in a gelding. 
Urethral calculi in males are removed 
through the external urethral orifice or by 
urethrotomy at the site of obstruction. Some 
cystic calculi can be removed with the aid of 
electrohydraulic lithotripsy, laser lithotripsy 
under endoscopic visualization, or surgery. 
Extracorporeal shock wave lithotripsy does 
not appear to have been used in the horse. In 
large mares with bladder calculi less than 
10 cm in diameter, it is possible to remove 
the calculi manually by passing a very small 
well-lubricated gloved hand through the 
urethra into the bladder and retrieving the 
calculi after administration of epidural anal¬ 
gesia and sedation. Simultaneous palpation 
per rectum can assist in bringing the calculus 
to the neck of the bladder. There is one report 
of laparoscopic removal of a large bladder 
urolith in a standing gelding. 1 Percutaneous 
nephrostomy of the right kidney under ultra¬ 
sonic guidance has been used for short-term 
diversion of urine in a horse with ureteral 
calculi. 

Control measures typically focus on 
dietary modifications including decreasing 
calcium intake, but there appears to be an 
absence of studies documenting efficacy in 
control. Water intake should be facilitated 
and high calcium content feeds, such as 
alfalfa and clover hay, should be avoided. 
Ammonium chloride, at 200 mg/kg BW 
orally twice daily and decreased at biweekly 
intervals until a dosage of 20 to 60 mg/kg 
BW is reached, is recommended to maintain 
the urine pH below 7.0. Urine pH needs to 
be frequently monitored during supplemen¬ 
tation with oral ammonium chloride because 
of the variability in individual response. 
Ascorbic acid (1-2 g/kg daily) administered 
orally is reported to acidify equine urine, but 
recommended dose rates vary widely and 
studies documenting treatment efficacy in 
urolithiasis appear to be lacking. 
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URETHRAL TEARS IN STALLIONS 
AND GELDINGS 

Urethral rents are lesions in the convex 
surface at the level of the ischial arch in geld¬ 
ings and stallions. The lesions communicate 
with the corpus spongiosum and cause hem¬ 
orrhage at the end of urination in geldings 
or during ejaculation by stallions. Stallions 
do not have hematuria, despite having a 
lesion identical to that in geldings, presum¬ 
ably because of the lower pressure in the 
corpus spongiosum of stallions at the end 
of urination compared with that in geldings. 
The disease is apparently caused by contrac¬ 
tion of the bulbospongiosus muscle at the 
end of urination, with a consequent increase 
in pressure in the corpus spongiosum and 
expulsion of blood through the rent. The 
cause of the rent has not been determined. 
The diagnosis is confirmed by endoscopic 
examination of the urethra with visualiza¬ 
tion of the rent in the urethral mucosa. 
Treatment of the disease is by temporary 
subischial urethrostomy and sexual rest. 
Sexual rest alone was successful in one 
stallion. 

URETHRAL DEFECTS 

An anomalous vas deferens caused a chronic 
partial urethral obstruction in a 2-year-old 
Limousin bull, resulting in bilateral hydrone¬ 
phrosis, pyelonephritis of the left kidney, and 
bilateral ureteral dilatation. There are two 
reports of a ruptured urinary bladder in neo¬ 
natal calves apparently caused by a congeni¬ 
tal urethral obstruction that was corrected 
by passing a urethral catheter. Congenital 
urethral obstruction with subsequent hydro¬ 
nephrosis and uroperitoneum is reported in 
a lamb. 

Urethral atresia is recorded rarely in 
calves and is manifested by failure to pass 
urine and distension of the patent proximal 
portion of the urethra. 

Imperfect closure of the external male 
urethra in a series of newborn lambs (hypo¬ 
spadias) is recorded with other neonatal 
defects including atresia ani and diaphrag¬ 
matic hernia. No genetic influence was sus¬ 
pected, and the cause was unidentified. 

Continuous urethral spasm has been 
reported in a Standardbred mare with a 
3-year history of stranguria and pollakiuria. 1 


Physical examination, including ultrasonog¬ 
raphy of the bladder and urethra, was unre¬ 
markable. The condition resolved following 
treatment for 1 month with oral aceproma- 
zine (0.04 mg/kg, every 8 hours) and did not 
recur. 

FURTHER READING 

Chaney KP. Congenital anomalies of the equine urinary 
tract. Vet Clin North Am Equine Pract. 2007;23: 
691-696. 
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URINARY BLADDER NEOPLASMS 

Tumors of the urinary bladder are common 
only in cattle, and they are associated with 
bracken poisoning (see the section Bovine 
Enzootic Hematuria), but they do occur in 
other circumstances. For example, 18 cows 
are recorded in one series, with angioma, 
transitional epithelial carcinoma, and vascu¬ 
lar endothelioma as the most common 
tumors. Abattoir surveys in Canada, the 
United States, and Australia identified papil¬ 
lomas, lymphomas, adenomas, hemangio¬ 
mas, and transitional cell tumors of the 
bladder occurring at low frequencies in 
slaughter cattle, accounting for 0.01% of all 
bovine malignancies. 1 Papillomas appear to 
be associated with the bovine papillomavirus 
(BPV), and BPV type 1 (BPV-1) and BPV 
type 2 (BPV-2) are the only viruses known 
to infect the urothelium of the urinary 
bladder of healthy cattle. A recent report 
of a Kaposi-like vascular tumor of the 
urinary bladder in a cow is available. 2 Most 
bladder neoplasms develop from focal areas 
of hyperplasia within the transitional cell 
layer, and approximately 80% of these can be 
classified as carcinomas and 17% are papil¬ 
lomas. Because these neoplasms arise from a 
common site, they can be very similar in 
gross and histologic appearance and very dif¬ 
ficult to differentiate. The immunoenzymatic 
labeling of intermediate filaments in bovine 
urinary bladder tumors is an accurate indica¬ 
tor of histogenesis. 

Bladder neoplasia caused by squamous 
cell carcinoma, transitional cell carcinoma, 
lymphosarcoma, fibromatous polyp, and 
rhabdomyosarcoma occurs rarely in the 
horse. 3 Clinical signs included hematuria, 
weight loss, stranguria, and the secondary 
development of cystitis. Prognosis is usually 
poor because of the rapid growth of the 
neoplasia, likelihood of metastasis, and 
challenges with obtaining adequate surgical 
access. 
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BOVINE ENZOOTIC HEMATURIA 


SYNOPSIS 


Etiology Long-term ingestion of bracken 
fern, Pteridium aquilinum, in cattle with 
latently infected with bovine papillomavirus 
type 2. 

Epidemiology Enzootic to areas with 
significant growth of bracken fern; fatal, 
chronic disease of adult cattle. 

Clinical signs Hematuria, anemia, and 
sometimes palpable lesions in bladder. 

Clinical pathology Hematuria. 

Necropsy findings Hemangiomas and other 
neoplastic lesions in bladder mucosa. 

Diagnostic confirmation Endoscopic 
examination of the bladder and biopsy; 
bladder lesion histopathology. 

Treatment None. 

Control Eradication of bracken. 


ETIOLOGY 

Chronic ptaquiloside poisoning caused by 
the ingestion of Pteridium aquilinum (pri¬ 
marily), but also Pteridium spp., Cheilanthes 
sieberi, or Onychium contiguum is associated 
with enzootic hematuria in cattle. In the past, 
the genus was commonly treated as having 
only one species, P. aquilinum, but more 
recently the genus is being subdivided into 
approximately 10 species. A high incidence 
of vesicular carcinomas, similar to the 
bladder lesions of enzootic hematuria in 
cattle, has also been recorded in sheep 
grazing bracken for long periods. 

EPIDEMIOLOGY 

Enzootic hematuria is an area problem on all 
continents where bracken grows. Bracken 
fern is a very common plant worldwide and 
the only higher order plant known to cause 
cancer in animals when ingested. There is a 
strong association between BPV-2 and 
chronic bracken fern ingestion in cattle with 
naturally acquired and experimentally 
induced bladder cancer. The overall preva¬ 
lence of cancer can reach 10% in endemic 
areas, such as Sao Miguel Island in the 
Azores, and the disease may be associated 
with heavy losses in areas where bracken is a 
common plant. 1 The disease is usually fatal. 
Cattle over 3years of age are most often 
affected, and the disease has also been 
recorded in sheep and water buffalo exposed 
to infested pastures for periods exceeding 2 
years. The disease occurs mainly on poor, 
neglected, or recently opened up land and 
tends to disappear as soil fertility and land 
management improves. It is not closely asso¬ 
ciated with a particular soil type, although it 
is recorded most commonly on lighter soils. 
The ptaquiloside content of bracken varies 
considerably between geographic locations, 
and there is good correlation between its 
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concentration and neoplasia in rats fed 
bracken from those areas. 

PATHOGENESIS 

BPV-2 infects the bladder mucosa, produc¬ 
ing a latent infection. Chemical carcinogens 
and immunosuppressants from bracken fern 
act in a synergistic manner with BPV-2, 
resulting in neoplastic disease. 2,3 Ptaquiloside 
from bracken is excreted in the urine and 
converts to an aglycone dienone intermediate 
at high urine pH and this substance is the 
ultimate carcinogen, explaining the location 
of tumor formation in the bladder. It has been 
suggested that the dienone reacts with DNA, 
particularly with adenosine, to initiate carci¬ 
nogenesis. BPV-2 appears to undergo major 
changes on cancer development through 
expression of a viral oncoprotein called E5 
and modifying telomerase activity. 4,5 

Hemorrhage from the bladder wall 
lesions occurs intermittently resulting in 
ongoing blood loss. Deaths are caused by 
hemorrhagic anemia. 

CLINICAL FINDINGS 

Severe cases are manifested by the passage of 
large quantities of blood, often as clots, in the 
urine. Hemorrhagic anemia develops and 
the animal becomes weak and recumbent, 
and may die after an illness lasting 1 to 2 
weeks. Less severe cases are characterized by 
intermittent, mild clinical hematuria or per¬ 
sistent subclinical hematuria. In these cases, 
there is a gradual loss of condition over 
several months and eventually clinical evi¬ 
dence of anemia. On rectal examination, 
there may be thickening of the bladder wall. 
Secondary bacterial infection of the bladder 
may lead to the development of cystitis and 
pyelonephritis. Cystoscopy reveals the pres¬ 
ence of multiple different-sized white to 
reddish colored nodules protruding into the 
bladder lumen 2,6 (Fig. 13-10). 

CLINICAL PATHOLOGY 

Urine dipstick reaction to blood is positively 
associated with the number and severity of 
lesions in the bladder. 6 In the absence of 


gross hematuria, a urine sample should be 
centrifuged and the deposit examined for 
erythrocytes. Repeated examinations may be 
necessary. Nonspecific anemia is detectable 
by hematologic examination, but clotting 
time indices (activated partial thromboplas¬ 
tin time, prothrombin time, and D-dimer) 
are within reference range. 7 Granulocyte and 
thrombocyte numbers are typically normal. 
At least one of the viral proteins of BPV-2 
(E5 oncoprotein) is expressed in tumors and 
can be detected using PCR. 

NECROPSY FINDINGS 

All tissues of the carcass are pale, and the 
animal is usually emaciated. The urinary 
bladder contains blood clots or bloodstained 
urine. The presence of premalignant heman¬ 
giomas in the submucosa of the urinary 
bladder is typical of the disease. A range of 
other neoplasms may be present, including 
malignant hemangiosarcoma, hemangioen¬ 
dotheliomas (tumors that are histologically 
intermediate in appearance between heman¬ 
gioma and hemangiosarcoma), transitional 
cell carcinoma, adenoma, fibroma, and pap¬ 
illoma. 2,3,8 The malignant types may have 
invaded the deeper structures of the bladder 
and have metastasized to the lumboaortic 
lymph node (the regional lymph node) 3 or 
lungs. Tumors expressing p53 mutations 
appear to be more aggressive. 9 The neoplastic 
changes in the bladder are accompanied by 
inflammatory changes of the mucosa and 
submucosa, including proliferative changes 
of mucosal epithelium, lymphocytic infil¬ 
trates, congestion, edema, and hemorrhage. 
In some cases, lesions are seen in the ureters 
and renal pelvis. The severity of the blood 
loss is not necessarily related to the size or 
extent of the lesions, and animals may bleed 
to death when only small localized lesions 
are present. 


DIFFERENTIAL DIAGNOSIS 


Diagnosis confirmation is by signs in animals 
grazing fern-infested pasture and preferably 



Fig. 13-10 Luminal surface of bladders from cattle with bovine enzootic hematuria. 

A, The bladder contains multiple tumors, with the two tumors ( arrows) diagnosed as 
hemangiosarcoma. B, The bladder contains a transitional cell carcinoma. (Reproduced with 
permission from Carvalho T, Pimto C, Peleteiro MC. J Comp Pathol 2006; 134:336-346.) 


by histopathology of bladder lesions. The 
differential list includes: 

• Cystitis 

• Pyelonephritis 

Both are usually accompanied by fever, 
frequent urination, and the presence of pus 
and debris in the urine. Bacteriologic 
examination of the urine will reveal the 
presence of infection. 


TREATMENT 

Primary 

No treatment should be attempted and 
affected animals should be disposed of at the 
first opportunity. 

Supportive 

Blood transfusion may be justified in severe 
cases and hematinic mixture should be pro¬ 
vided in other cases. 

CONTROL 

A general improvement in nutrition is often 
followed by a decrease in the number of 
animals affected. A specific recommendation 
is to apply gypsum (225-335 kg/hectare) to 
the pasture as a fertilizer, which is a measure 
reputed to delay the onset of the disease. 
Bracken eradication is difficult and should 
not be undertaken without the advice of the 
local weed control officer. 
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Diseases of the Prepuce 
and Vulvovaginal Area 

ENZOOTIC POSTHITIS 
(PIZZLE ROT, SHEATH ROT, 
BALANOPOSTHITIS) AND 
VULVOVAGINITIS (SCABBY 
ULCER) 


SYNOPSIS 


Etiology Multifactorial; organisms that 
produce urease, usually Corynebacterium 
renale, produce lesions only in certain 






















circumstances of management and urinary 
composition. 

Epidemiology Disease of wether sheep and 
occasional disease of bulls and goats; may 
occur as enzootic disease in sheep on 
high-protein diets and following good 
rains. 

Clinical findings Pustules and scabs at 
preputial orifice; extension to involve 
internal prepuce in severe disease with 
signs of urinary obstruction; ulcers and 
scabs at the mucocutaneous junction of 
vulva in ewes; and urine staining of wool 
predisposes to fly strike. In large mobs of 
wethers these strikes are often not obvious 
("covert strikes"), but are an important 
means of multiplying Lucilia cuprina flies 
early in the fly season. 

Diagnostic confirmation Clinical. 

Treatment Dietary restriction, topical 
disinfectants, and surgical opening of 
ventral prepuce. 

Control Reduction of protein intake; 

testosterone; hemicastrate or cryptorchid 
castration. 


ETIOLOGY 

The etiology of these diseases is multifacto¬ 
rial. High urea concentrations in urine, asso¬ 
ciated with high protein in pasture, result in 
cytotoxic levels of ammonia when the urea is 
split by urease-producing organisms present 
in the prepuce and vagina. Estrogens in 
pasture, causing swelling and congestion of 
the prepuce, may predispose to disease. Most 
often the organism is C. renale , but outbreaks 
of posthitis in sheep associated with other 
urease-producing organisms (e.g., R. equi 
and C. hofmannii ) have been described. 

Mycoplasma mycoides LC has also been 
incriminated as a cause of posthitis and vul¬ 
vovaginitis in sheep. 

EPIDEMIOLOGY 

The disease is reported primarily from Aus¬ 
tralia, South Africa, and South America but 
occurs in all countries with large pastoral 
sheep industries. 

Host Occurrence 
Sheep 

In Australia, enzootic posthitis occurs most 
often in Merino sheep, particularly wethers 
over 3 years of age and young rams, but in a 
severe outbreak young wethers and old rams 
may also be affected. An ulcerative vulvitis 
often occurs in ewes in the same flocks in 
which posthitis occurs in wethers and is 
thought to be a venereal extension of that 
disease. The disease also occurs in goats. 

Cattle 

Posthitis is uncommon in bulls but is 
reported to occur at high rates and to be 
economically important in South America. 
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There appears to be no counterpart to ovine 
vulvitis in cows. 

Source of Infection and 
Transmission 

The causative organism can be recovered 
from lesions and from the clinically normal 
prepuce of most sheep. It is also present in 
the lesions of vulvitis in ewes and posthitis 
in bulls and Angora goat wethers. 

Flies are considered to be probable 
mechanical vectors, and contact with 
infected soil and herbage is a likely method 
of spread. Infection at dipping or shearing 
seems not to be important. Transmission to 
ewes appears to occur venereally from 
infected rams. Although the natural disease 
in cattle is usually benign, they may act as 
reservoirs of infection for sheep on the 
same farm. 

Host and Environmental 
Risk Factors 

Diet and season are the major risk factors. 
Enzootic posthitis occurs most extensively 
on lush, improved pasture with a high 
legume content and reaches its highest inci¬ 
dence in the autumn in summer rainfall 
areas and in the spring where the major rain¬ 
fall is in winter. In these circumstances it can 
occur in epizootic proportions in wethers. 
The incidence in affected flocks may be as 
high as 40%, and in some areas the disease is 
so common that it is not possible to maintain 
flocks of wethers. 

Factors of lesser importance are contin¬ 
ued wetness of the area around the prepuce 
caused by removal of preputial hairs at shear¬ 
ing; a high-calcium, low-phosphorus diet; 
and the ingestion of large quantities of alka¬ 
line water. 

The high incidence in castrates and young 
rams is probably related to the close adher¬ 
ence of the preputial and penile skins, which 
separate in mature animals, and to a lesser 
understood influence of testosterone. 

Experimental Reproduction 

Implantation of the organism on a scarified 
prepuce in the presence of urine is capable of 
causing the external ulceration that is char¬ 
acteristic of the disease. 

Economic Importance 

Many deaths occur because of uremia and 
secondary bacterial infections and all affected 
sheep show a severe setback in growth rate 
and wool production. Young rams that are 
affected are incapable of mating. 

PATHOGENESIS 

The organism is capable of hydrolyzing urea 
with the production of ammonia. It is 
thought the initial lesion in the wether (the 
external lesion) is caused by the cytotoxic 
effect of ammonia, produced from urea in 
the urine by the causative bacteria. This 
lesion may remain in a static condition for a 


long period but, when there is a high urea 
content of the urine associated with a high- 
protein diet, and continued wetting of the 
wool around the prepuce, the lesion pro¬ 
ceeds to invade the interior of the prepuce, 
producing the “internal lesion.” A similar 
pathogenesis is postulated for vulvar lesions. 

CLINICAL FINDINGS 

The primary lesion starts as a pustule, which 
breaks and forms a soft scab. Small scabs are 
found on the skin dorsal to the preputial 
orifice (external lesion) and around the 
external orifice on the nonhaired part of the 
prepuce. These may persist for long periods 
without the appearance of any clinical signs. 
The scab is adherent and tenacious. When 
extension to the interior of the prepuce 
occurs (internal lesion), there is extensive 
ulceration and scabbing of the preputial 
opening, and a hard core can be palpated 
extending 1 to 2 inches into the prepuce. 
With pressure, a semisolid core of purulent 
material can be extruded from the preputial 
orifice. Affected sheep may show restless¬ 
ness, kicking at the belly, and dribbling urine 
as in urethral obstruction. The area is often 
infested by blowfly maggots. In rams, the 
development of pus and fibrous tissue adhe¬ 
sions may interfere with urination and pro¬ 
trusion of the penis and cause permanent 
impairment of function. 

Some deaths occur from obstructive 
uremia, toxemia, and septicemia. During 
an outbreak many sheep may be affected 
without showing clinical signs and are 
detected only when they are subjected 
to a physical examination. Others recover 
spontaneously when feed conditions 
deteriorate. 

In ewes the lesions are confined to the lips 
of the vulva and consist of pustules, ulcers, 
and scabs. These extend minimally into the 
vagina. Their presence may distort the vulva, 
and the ewe may urinate onto the wool with 
a consequent increased susceptibility to fly 
strike. 

In bulls, lesions are similar to the external 
lesions, which occur in wethers but rarely 
there may be invasion of the interior of 
the prepuce. The external lesions occur at 
any point around the urethral orifice and 
may encircle it. Their severity varies from 
local excoriation to marked ulceration with 
exudation and edema. There is a tendency 
for the lesions to persist for several months 
without treatment and with highly alkaline 
urine. 

CLINICAL PATHOLOGY 

Isolation of the causative diphtheroid bacte¬ 
rium may be necessary if there is doubt as to 
the identity of the disease. 

NECROPSY AND DIAGNOSTIC 
CONFIRMATION 

Necropsy is not required, and the diagnosis 
is clinical. 
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Chapter 13 ■ Diseases of the Urinary System 


DIFFERENTIAL DIAGNOSIS 


• Ulcerative dermatosis in sheep 

• Herpes balanoposthitis in bulls 
Obstructive urolithiasis in wethers may 
superficially resemble posthitis, but there is no 
preputial lesion. 


TREATMENT 

The principal measures are restriction of the 
diet to reduce the urea content of the urine, 
removal of the wool around the prepuce or 
vulva to reduce the risk of fly strike, segrega¬ 
tion of affected sheep and disinfection of the 
preputial area, and surgical treatment of 
severe cases. 

Sheep can be removed onto dry pasture 
and their feed intake restricted to that 
required for subsistence only. They should be 
inspected at regular intervals, the wool 
should be shorn from around the prepuce, 
and affected animals should be treated indi¬ 
vidually. Weekly application of a 10% copper 
sulfate ointment is recommended for exter¬ 
nal lesions; when the interior of the prepuce 
is involved, it should be irrigated twice 
weekly with a 5% solution of copper sulfate, 
cetrimide (20% in alcohol or water with or 
without 0.25% acid fuchsin), or 90% alcohol. 


Penicillin topically, or oxytetracycline or 
penicillin parenterally, may assist recovery. 

In severe cases the only satisfactory treat¬ 
ment is surgical, and surgical treatment is 
necessary if the prepuce is obstructed. The 
recommended procedure is to open the ven¬ 
tral sheath by inserting one blade of a pair of 
scissors into the external preputial orifice 
and cutting the prepuce back as far as the end 
of the urethral process; extension beyond 
this leads to trauma of the penis. Badly 
affected rams should be disposed of as they 
are unlikely to be of value for breeding. 


TREATMENT AND PROPHYLAXIS 


Treatment 

Testosterone enanthate (150 mg SC) (R1) 
Long-acting Oxytetracycline (20 mg/kg IM) (R2) 

Prophylaxis 

Testosterone enanthate (75 mg SC) (R1) 

IM, intramuscular; SC, subcutaneous. 


CONTROL 

Subcutaneous implantation with a mix of 
testosterone esters is highly effective as a pre¬ 
ventive, but testosterone propionate is no 
longer permitted for use in sheep that will 


be used for human food. Testosterone enan¬ 
thate is available in some jurisdictions. A 
single injection of 75 mg is used for preven¬ 
tion and 150 mg for treatment. It is most 
economical to use preventive treatments 
coincident with the periods of maximum 
incidence, the flush of pasture growth in 
spring and autumn, but timing will vary 
from district to district. 

Alternative control procedures investi¬ 
gated include running male lambs as crypt- 
orchids, called short scrotum lambs, in 
which the testes are pushed into the ingui¬ 
nal canal and a rubber ring is applied to 
remove the scrotum. Another is to run male 
lambs as hemicastrates. The prevalence of 
posthitis is significantly reduced in Merino 
short scrotum lambs and hemicastrates. 
There is an increase in live weight, with no 
increase in fleece weight, but there are 
obvious masculine characteristics such as 
horn growth. 

FURTHER READING 

Radostits O, et al. Enzooitic Posthitis (Pizzle Rot, 

Sheath Rot, Balanoposthitis); Vulvovaginitis 
(Scabby Ulcer). Veterinary Medicine: A Textbook 
of the Disease of Cattle, Horses, Sheep, Goats and 
Pigs. 10th ed. London: W.B. Saunders; 2007: 

793-795. 
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Introduction 

This chapter focuses on the diagnosis, treat¬ 
ment, and control of large animal diseases 
primarily affecting the nervous system. In 
general, the principles of clinical neurology 
and their application to large animal neurol¬ 
ogy has not kept pace with the study of 
neurology in humans and small animals, 
although remarkable progress has been 
made in equine neurology over the last 30 
years. To a large extent this shortfall is caused 
by the failure of large-animal clinicians to 
relate observed clinical signs to a neuroana- 
tomical location of the lesion. In many cases 
this failure has been because of adverse envi¬ 
ronmental circumstances, or the large size or 
nature of the animal, all of which adversely 
impact the quality of the neurologic exami¬ 
nation. It may be very difficult to do an 


adequate neurologic examination on an 
ataxic belligerent beef cow that is still able to 
walk and attack the examiner. An aggressive, 
paretic bull in broad sunlight can be a daunt¬ 
ing subject if one wants to examine the 
pupillary light reflex; ophthalmoscopic 
examination of the fundus of the eye in a 
convulsing steer in a feedlot pen can be an 
exasperating task. Thus at one end of the 
spectrum is the clinical examination of pigs 
affected with nervous system disease, which 
is limited to an elementary clinical examina¬ 
tion and necropsy examination. At the other 
end, neurologic examination of the horse 
with nervous system disease is very advanced. 
The global occurrence of bovine spongiform 
encephalopathy (BSE) has highlighted the 
importance of accurate clinical diagnosis in 
adult cattle with neurologic abnormalities. 

Discrete lesions of the central nervous 
system (CNS) resulting in well-defined 


neurologic signs are not common in agricul¬ 
tural animals. Many diseases are character¬ 
ized by diffuse neurologic lesions associated 
with bacteria, viruses, toxins, nutritional dis¬ 
orders, and embryologic defects, and the 
clinical findings of each disease are similar. 
Rather than attempting to localize lesions in 
the nervous system, large-animal practitio¬ 
ners more commonly devote much of their 
time to attempting to identify whether an 
animal has diffuse brain edema or increased 
intracranial pressure, as in polioencephalo- 
malacia (PEM); whether it has clinical signs 
of asymmetric brainstem dysfunction and 
depression of the reticular activating system, 
as in listeriosis; or whether the dysfunction 
is at the neuromuscular level, as in hypomag- 
nesemic tetany. 

Radiographic examination, including 
myelography, is not used routinely as a diag¬ 
nostic aid in large-animal practice. The 
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collection of cerebrospinal fluid (CSF) from 
the different species and ages of large animal 
without causing damage to the animal or 
contaminating the sample with blood is a 
technique that few large-animal veterinari¬ 
ans have mastered. However, the collection 
of CSF from the lumbosacral cistern is not 
difficult if the animals are adequately 
restrained, and the information obtained 
from analysis of CSF can be very useful in 
the differential diagnosis of diseases of the 
brain and spinal cord. Referral veterinary 
centers are now providing detailed neuro¬ 
logic examinations of horses with nervous 
system disease, and the clinical and 
pathologic experience has expanded the 
knowledge base of large-animal clinical 
neurology. 

In spite of the difficulties, the large- 
animal practitioner has an obligation to 
make the best diagnosis possible using the 
diagnostic aids available. The principles of 
large-animal neurology are presented in this 
chapter, and the major objective is to recog¬ 
nize the common diseases of the nervous 
system by correlating the clinical findings 
with the location and nature of the lesion. 
Accurate neuroanatomical localization of 
the lesion(s) remains the fundamental 
requirement for creating a differential diag¬ 
nosis list and diagnostic and treatment plan. 

A disease such as rabies has major 
public health implications, and it is impor¬ 
tant for the veterinarian to be able to rec¬ 
ognize the disease as early as possible and 
to minimize human contact. It is also 
important to be able to recognize treatable 
diseases of the nervous system, such as 
polioencephalomalacia (PEM), listeriosis, 
and nervous ketosis, and to differentiate 
these diseases from untreatable and globally 
important diseases such as Bovine Spongi¬ 
form Encephalopathy (BSE). 

The nontreatable diseases must also be 
recognized as such, and slaughter for salvage 
or euthanasia recommended if necessary. 
There must be a major emphasis on progno¬ 
sis because it is inhumane and uneconomic 
to hospitalize or continue to treat an adult 
cow or horse with incurable neurologic 
disease for an indefinite period. If they are 
recumbent, the animals commonly develop 
secondary complications such as decubitus 
ulcers and other self-inflicted injuries 
because of repeated attempts to rise. Very 
few diseases of the nervous system of farm 
animals are treatable successfully over an 
extended period of time. This has become 
particularly important in recent years with 
the introduction of legislation prohibiting 
the slaughter of animals that have been 
treated with antibiotics until after a certain 
withdrawal period, which may vary from 5 
to 30 days. This creates even greater pressure 
on the clinician to make a rapid, inexpensive, 
and accurate diagnosis and prognosis. 

Because of limitations in the neurologic 
examination of large animals, there must be 


much more emphasis on the history and epi¬ 
demiologic findings. Many of the diseases 
have epidemiologic characteristics that give 
the clinician a clue to the possible causes, 
thus helping to narrow the number of pos¬ 
sibilities. For example, viral encephalomyeli¬ 
tis of horses occurs with a peak incidence 
during the insect season, lead poisoning is 
most common in calves after they have been 
turned out on to pasture, and PEM occurs in 
grain-fed feedlot cattle and sheep. 

The functions of the nervous system are 
directed at the maintenance of the body’s 
spatial relationship with its environment. 
These functions are performed by the several 
divisions of the nervous system including the 
following: 

• Sensorimotor system, responsible for 
the maintenance of normal posture and 
gait 

• Autonomic nervous system, controlling 
the activity of smooth muscle and 
endocrine glands, and thus the internal 
environment of the body 

• Largely sensory system of special senses 

• Psychic system, which controls the 
animal’s mental state 

The nervous system is essentially a reactive 
one geared to the reception of internal and 
external stimuli and their translation into 
activity and consciousness; it is dependent 
on the integrity of both the afferent and effer¬ 
ent pathways. This integrative function 
makes it often difficult to determine in a sick 
animal whether abnormalities are present in 
the nervous system; the musculoskeletal 
system; or acid-base, electrolyte, and energy 
status. Accordingly, the first step when exam¬ 
ining an animal with apparent abnormalities 
in the nervous system is to determine 
whether other relevant systems are function¬ 
ing normally. A decision to implicate the 
nervous system is often made on the exclu¬ 
sion of other systems. 

The nervous system itself is not indepen¬ 
dent of other organs, and its functional 
capacity is regulated to a large extent by the 
function of other systems, particularly the 
cardiovascular system. Inadequate oxygen 
delivery caused by cardiovascular disease 
commonly leads to altered cerebral function 
because of the dependence of the brain on an 
adequate oxygen supply. 

It is important to distinguish between 
primary and secondary diseases of the 
nervous system because both the prognosis 
and the treatment will differ with the cause. 

In primary disease of the nervous 
system, the lesion is usually an anatomic one 
with serious, long-range consequences. In 
secondary disease, the lesion, at least in its 
early stages, is more likely to be functional 
and therefore more responsive to treatment, 
provided the defect in the primary organ can 
be corrected. The clinical findings that 
should arouse suspicion of neurologic dis¬ 
turbance include abnormalities in the three 
main functions of the system. 


Posture and Gait 

An animal’s ability to maintain a normal 
posture and to proceed with a normal gait 
depends largely on the tone of the skeletal 
muscle but also on the efficiency of the pos¬ 
tural reflexes. Abnormalities of posture and 
gait are among the best indications of 
nervous system disease because these func¬ 
tions are governed largely by the coordina¬ 
tion of nervous activity. Along with 
contributing to posture and gait, skeletal 
muscle tone is characteristic in its own right. 
However, its assessment in animals is subject 
to great inaccuracy because of our inability 
to request complete voluntary relaxation by 
the patient. In humans it is a very valuable 
index of nervous system efficiency, but in 
animals it has serious limitations. The most 
difficult step whenever there is a defect of 
gait or posture is to decide whether the 
defect originates in the skeleton, the muscles, 
or the nervous system. 

Sensory Perceptivity 

Tests of sensory perception in animals can 
only be objective and never subjective, as 
they can be in humans, and any test used in 
animals is based heavily on the integrity of 
the motor system. 

Mental State 

Depression or enhancement of the psychic 
state is not difficult to judge, particularly if 
the animal’s owner is observant and accurate. 
A helpful method for evaluating mental state 
is to answer the question: Is the animal 
responding appropriately for its environ¬ 
ment? The difficulty usually lies in deciding 
whether the abnormality is caused by 
primary or secondary changes in the brain. 


Principles of Nervous 
Dysfunction 

Nervous tissue is limited in the ways in 
which it can respond to noxious influences. 
Because of its essentially coordinating func¬ 
tion, the transmission of impulses along 
nerve fibers can be enhanced or depressed in 
varying degrees, with the extreme degree 
being complete failure of transmission. 
Because of the structure of the system, in 
which nerve impulses are passed from 
neuron to neuron by relays at the nerve cells, 
there may also be excessive or decreased 
intrinsic activity of individual cells giving 
rise to an increase or decrease in nerve 
impulses discharged by the cells. The end 
result is the same whether the disturbance is 
one of conduction or discharge, and these are 
the only two ways in which disease of the 
nervous system is manifested. Nervous dys¬ 
function can thus be broadly divided into 
two forms, depressed activity and exagger¬ 
ated activity. These can be further subdi¬ 
vided into four common modes of nervous 
dysfunction; excitation (irritation) signs, 
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release of inhibition signs, paresis or paral¬ 
ysis caused by tissue damage, and nervous 
shock. 

MODES OF NERVOUS 
DYSFUNCTION 

Excitation (Irritation) Signs 

Increased activity of the reactor organ occurs 
when there is an increase in the number of 
nerve impulses received either because of 
excitation of neurons or because of facilita¬ 
tion of passage of stimuli. 

The excitability of nerve cells can be 
increased by many factors, including stimu¬ 
lant drugs, inflammation, and mild degrees 
of those influences that in a more severe 
form may cause depression of excitability. 
Thus early or mild hypoxia may result in 
increased excitability, whereas sustained or 
severe hypoxia will cause depression of func¬ 
tion or even death of the nerve cell. 

Irritation phenomena may result from 
many causes, including inflammation of 
nervous tissue associated with bacteria or 
viruses, certain nerve poisons, hypoxia, and 
edema. In those diseases that cause an 
increase in intracranial pressure, irritation 
phenomena result from interference with 
circulation and the development of local 
anemic hypoxia. The major manifestations of 
irritation of nervous tissue are tetany, local 
muscle tremor, and whole-body convulsions 
in the motor system and hyperesthesia and 
paresthesia in the sensory system. For the 
most part the signs produced fluctuate in 
intensity and may occur periodically as 
nervous energy is discharged and reaccumu¬ 
lated in the nerve cells. 

The area of increased excitability may be 
local or sufficiently generalized to affect the 
entire body. Thus a local lesion in the brain 
may cause signs of excitatory nervous dys¬ 
function in one limb, and a more extensive 
lesion may cause a complete convulsion. 

Release of Inhibition Signs 

Exaggeration of normal nervous system 
activity occurs when lower nervous centers 
are released from the inhibitory effects of 
higher centers. The classic example of a 
release mechanism is experimental decere¬ 
brate rigidity caused by transection of the 
brainstem between the colliculi of the mid- 
brain. This results in an uninhibited extensor 
tonus of all the antigravity muscles. The head 
and neck are extended markedly in a posture 
of opisthotonus, and all four limbs in the 
quadruped are extended rigidly. The tonic 
mechanism or myotactic reflex involving the 
lower motor neuron has been released from 
the effects of the descending inhibitory 
upper motor neuron pathways. 

Cerebellar ataxia is another example of 
inhibitory release. In the absence of cerebel¬ 
lar control, combined limb movements are 
exaggerated in all modes of action including 
rate, range, force, and direction. In general, 
release phenomena are present constantly 


while the causative lesion operates, whereas 
excitatory phenomena fluctuate with the 
building up and exhaustion of energy in the 
nerve cells. 

Paresis or Paralysis Caused by 
Tissue Damage 

Depression of activity can result from depres¬ 
sion of metabolic activity of nerve cells, and 
the terminal stage is complete paralysis when 
nervous tissue is destroyed. Such depression 
of activity may result from failure of supply 
of oxygen and other essential nutrients, 
either directly from their general absence or 
indirectly because of failure of the local cir¬ 
culation. Infection of the nerve cell itself may 
cause initial excitation, then depression of 
function, and finally complete paralysis 
when the nerve cell dies. 

Signs of paralysis are constant and are 
manifested by muscular paresis or paralysis 
when the motor system is affected and by 
hypoesthesia or anesthesia when the sensory 
system is involved. Deprivation of metabo¬ 
lites and impairment of function by actual 
invasion of nerve cells or by toxic depression 
of their activity produce temporary, partial 
depression of function that is completely lost 
when the neurons are destroyed. 

Nervous Shock 

An acute lesion of the nervous system causes 
damage to nerve cells in the immediate 
vicinity of the lesion but there may be, in 
addition, a temporary cessation of function 
in parts of the nervous system not directly 
affected. The loss of function in these areas 
is temporary and usually persists for only a 
few hours. Stunning is an obvious example. 
Recovery from the flaccid unconsciousness 
of nervous shock may reveal the presence of 
permanent residual signs caused by the 
destruction of nervous tissue. 

Determining the type of lesion is difficult 
because of the limited range of modes of 
reaction to injury in the nervous system. Irri¬ 
tation signs may be caused by bacterial or 
virus infection, by pressure, by vascular dis¬ 
turbance or general hypoxia, by poisons, and 
by hypoglycemia. It is often impossible to 
determine whether the disturbance is struc¬ 
tural or functional. Degenerative lesions 
produce mainly signs of paresis or paralysis 
but unless there are signs of local nervous 
tissue injury, such as facial nerve paralysis, 
paraplegia, or local tremor, the disturbance 
may only be definable as a general distur¬ 
bance of a part of the nervous system. 
Encephalopathy is an all-embracing diagno¬ 
sis, but it is often impossible to go beyond it 
unless other clinical data, including signal- 
ment of the animal, epidemiology, and sys¬ 
temic signs, are assessed or special tests, 
including radiographic examination and 
examination of the CSF, are undertaken. 

Some information can be derived from a 
study of the sign-time relationship in the 
development of nervous disease. A lesion 
that develops suddenly tends to produce 


maximum disturbance of function, some¬ 
times accompanied by nervous shock. Slowly 
developing lesions permit a form of compen¬ 
sation in that undamaged pathways and 
centers may assume some of the functions of 
the damaged areas. Even in rapidly develop¬ 
ing lesions partial recovery may occur in 
time, but the emphasis is on maximum 
depression of function at the beginning of 
the disease. Thus a slowly developing tumor 
of the spinal cord will have a different pattern 
of clinical development from that resulting 
from an acute traumatic lesion of the 
vertebrae. Another aspect of the rapidity of 
onset of the lesion is that irritation phenom¬ 
ena are more likely to occur when the 
onset is rapid and less common when the 
onset is slow. 


Clinical Manifestations 
of Diseases of the 
Nervous System 

The major clinical signs of nervous system 
dysfunction include the following: 

• Altered mentation 

• Involuntary movements 

• Abnormal posture and gait 

• Paresis or paralysis 

• Altered sensation 

• Blindness 

• Abnormalities of the autonomic 
nervous system 

ALTERED MENTATION 

Excitation States 

Excitation states include mania, frenzy, and 
aggressive behavior, which are manifesta¬ 
tions of general excitation of the cerebral 
cortex. The areas of the cortex that govern 
behavior, intellect, and personality traits in 
humans are the frontal lobes and temporal 
cortex. The clinical importance of these 
areas, which are poorly developed in animals, 
is not great. The frontal lobes, temporal 
cortex, and limbic system are highly suscep¬ 
tible to influences such as hypoxia and 
increased intracranial pressure. 

Mania 

In mania the animal acts in a bizarre way and 
appears to be unaware of its surroundings. 
Maniacal actions include licking, chewing of 
foreign material and sometimes themselves, 
abnormal voice, constant bellowing, appar¬ 
ent blindness, walking into strange sur¬ 
roundings, drunken gait, and aggressiveness 
in normally docile animals. A state of delir¬ 
ium cannot be diagnosed in animals, but 
mental disorientation is an obvious compo¬ 
nent of mania. 

Diseases characterized by mania include 
the following: 

• Encephalitis, e.g., the furious form of 
rabies, Aujeszky’s disease in cattle 
(pseudorabies, mad itch) 









• Degenerative diseases of the brain, e.g., 
mannosidosis, early PEM, poisoning by 
Astragalus sp. 

• Toxic and metabolic diseases of brain, 
e.g., nervous ketosis, pregnancy toxemia, 
acute lead poisoning, poisoning with 
carbon tetrachloride, and severe hepatic 
insufficiency, especially in horses 

Frenzy 

Frenzy is characterized by violent activity 
and with little regard for surroundings. The 
animal’s movements are uncontrolled and 
dangerous to other animals in the group and 
to human attendants, and are often accom¬ 
panied by aggressive physical attacks. 

Examples of frenzy in diseases of the 
nervous system include the following: 

• Encephalomyelitides, e.g., Aujeszkys 
disease. 

• Toxic and metabolic brain disease, e.g., 
hypomagnesemic tetany of cattle and 
sheep, poisoning with ammoniated 
roughage in cattle. 

Examples of frenzy in diseases of other 
body systems include the following: 

• Acute pain of colic in horses. 

• Extreme cutaneous irritation, e.g., 
photosensitization in cattle. Apparently 
reasonless panic, especially in individual 
horses or groups of cattle, is difficult to 
differentiate from real mania. A horse 
taking fright at a botfly or a swarm of 
bees and a herd of cattle stampeding at 
night are examples. 

Aggressive Behavior 

Aggression and a willingness to attack other 
animals, humans, and inert objects is char¬ 
acteristic of the early stages of rabies and 
Aujeszkys disease in cattle, in sows during 
postparturient hysteria, in the later stages of 
chronic hypoxia in any species, and in some 
mares and cows with granulosa-cell tumors 
of the ovary. The latter are accompanied by 
signs of masculinization and erratic or con¬ 
tinuous estrus. It is often difficult to differen¬ 
tiate between an animal with a genuine 
change in personality and one that is in pain 
or is physically handicapped, e.g., pigs and 
cattle with atlantoaxial arthroses. 

Depressive States 

Depressive mental states include somnolence, 
lassitude, narcolepsy/catalepsy, syncope, and 
coma. They are all manifestations of depres¬ 
sion of cerebral cortical function in various 
degrees and occur as a result of those influ¬ 
ences that depress nervous system function 
generally, as well as those that specifically 
affect behavior, probably via the limbic 
system. It is not possible to classify accurately 
the types of depressive abnormality and relate 
them to specific causes, but the common 
occurrences in farm animals are listed next. 

Depression Leading to Coma 

In all species this may result from the 
following: 
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• Encephalomyelitis and encephalomalacia 

• Toxic and metabolic diseases of the 
brain such as uremia, hypoglycemia, 
hepatic insufficiency, toxemia, 
septicemia, and most toxins that damage 
tissues generally 

• Hypoxia of the brain, as in peripheral 
circulatory failure of periparturient 
hypocalcemia in dairy cows 

• Heat stroke 

• Specific poisons that cause somnolence, 
including bromides, amitraz in horses, 
methyl alcohol, Filix mas (male fern), 
and kikuyu grass 

Syncope 

The sudden onset of fainting (syncope) may 
occur as a result of the following: 

• Acute circulatory and heart failure 
leading to acute cerebral hypoxia 

• Spontaneous cerebral hemorrhage, a 
most unlikely event in adult animals 

• Traumatic concussion and contusion 

• Lightning strike, electrocution 

Narcolepsy (Catalepsy) 

Affected animals experience episodes of 
uncontrollable sleep and literally “fall” asleep. 
The disease is recorded in Shetland ponies 
and is thought to be inherited in them, in 
other horses, and in cattle. 

Compulsive Walking or 
Head Pressing 

Head-pressing is a syndrome characterized 
by the animal pushing its head against fixed 
objects and into a corner of a pen as well as 
leaning into a stanchion or between fence 
posts. Head-pressing should be differenti¬ 
ated from compulsive walking, in which 
affected animals put their heads down and 
walk slowly while appearing blind. If they 
walk into an object, they lean forward and 
indulge in head-pressing; if confined to a 
stall they will often walk around the pen 
continuously or head-press into a corner. 
The syndrome represents a change in 
behavior pattern caused by an unsatisfied 
compulsive drive characteristic of a disorder 
of the limbic system. Causes include the 
following: 

• Toxic and metabolic brain disease, 
especially PEM and hepatic 
encephalopathy 

• Diseases manifested by increased 
intracranial pressure 

• Encephalomyelitides 

Aimless Wandering 

A similar but less severe syndrome to com¬ 
pulsive walking is aimless walking, severe 
mental depression, and apparent blindness 
with tongue protrusion and continuous 
chewing movements, although the animal is 
unable to ingest feed or drink water. Causes 
include the following: 

• Toxic and metabolic diseases of brain, 
including poisoning by Helichrysum sp. 
and tansy mustard 


• Degenerative brain diseases, e.g., 
nigropallidal encephalomalacia in 
horses, ceroid lipofuscinosis in sheep, 
hydrocephalus in the newborn 

INVOLUNTARY MOVEMENTS 

Involuntary movements are caused by invol¬ 
untary muscle contractions, which include 
gradations from fasciculations, shivering and 
tremor, to tetany, seizures, or convulsions. 
Opisthotonus or “backward tone” is a sus¬ 
tained spasm of the neck and limb muscles 
resulting in dorsal and caudal extension 
of the head and neck with rigid extension of 
the limbs. 

Tremor 

This is a continuous, repetitive twitching of 
skeletal muscles that is usually visible and 
palpable. The muscle units involved may be 
small and cause only local skin movement, 
in which case the tremor is described as fas¬ 
ciculations; or the muscle units may be 
extensive and the movement much coarser 
and sufficient to move the extremities, eyes, 
or parts of the trunk. The tremor may 
become intensified when the animal under¬ 
takes some positive action. This is usually 
indicative of cerebellar involvement and is 
the counterpart of intention tremor in 
humans. True tremor is often sufficiently 
severe to cause incoordination and severe 
disability in gait. Examples of causes of 
tremor include the following: 

• Diffuse diseases of the cerebrum, 
cerebellum, and spinal cord 

• Degenerative nervous system disease, 
e.g., hypomyelinogenesis of the newborn 
as in congenital tremor of pigs and 
calves, poisoning by Swainsona sp. 

• Toxic nervous system disease caused by 
a large number of poisons, especially 
poisonous plants and fungi, Clostridium 
botulinum toxin in shaker foal 
syndrome; metabolic disease such as 
hyperkalemic periodic paralysis in the 
horse; early stages of hypocalcemia in 
the cow (fasciculations of the eyelids 
and ears). 

Tics 

Tics are spasmodic twitching movements 
made at much longer intervals than in 
tremor. The intervals are usually at least 
several seconds in duration and often much 
longer. The movements are sufficiently wide¬ 
spread to be easily visible and are caused by 
muscles that are ordinarily under voluntary 
control. They are rare in large animals but 
may occur after traumatic injury to a spinal 
nerve. 

Tetany 

Tetanus is a sustained contraction of muscles 
without tremor. The most common cause is 
C. tetani intoxication following localized 
infection with the organism. The degree of 
muscular contraction can be exaggerated by 
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stimulation of the affected animal, and the 
limbs are rigid and cannot be passively flexed 
easily (“lead pipe” rigidity). 

Myoclonus is a brief, intermittent tetanic 
contraction of the skeletal muscles that results 
in the entire body being rigid for several 
seconds, followed by relaxation. Inherited 
congenital myoclonus (hereditary neuraxial 
edema) of polled, horned, and crossbred Her¬ 
eford calves is a typical example. Affected 
calves are bright and alert and can suck nor¬ 
mally, but if they undertake a voluntary 
movement or are handled their entire body 
becomes rigid for 10 to 15 seconds. 

Convulsions 

Convulsions, seizures, fits, or ictus are violent 
muscular contractions affecting part or all of 
the body and occurring for relatively short 
periods as a rule, although in the late stages 
of encephalitis they may recur with such 
rapidity they give the impression of being 
continuous. 

Convulsions are the result of abnormal 
electrical discharges in forebrain neurons 
that reach the somatic and visceral motor 
areas and initiate spontaneous, paroxysmal, 
involuntary movements. These cerebral dys¬ 
rhythmias tend to begin and end abruptly, 
and they have a finite duration. A typical 
convulsion may have a prodromal phase or 
aura that lasts for minutes to hours, during 
which the animal is oblivious to its environ¬ 
ment and seems restless. The beginning of 
the convulsion may be manifested as a local¬ 
ized partial convulsion of one part of the 
body that soon spreads to involve the whole 
body, when the animal usually falls to the 
ground thrashing rhythmically. Following 
the convulsion there may be depression and 
temporary blindness, which may last for 
several minutes up to a few hours. 

The convulsion may be clonic with typical 
“paddling” (involuntary movement in which 
repeated muscle spasms alternate with 
periods of relaxation). Tetanic or tonic con¬ 
vulsions are less common and are manifested 
by prolonged muscular spasm without inter¬ 
vening periods of relaxation. True tetanic 
convulsions occur only rarely, chiefly in 
strychnine poisoning and in tetanus, and in 
most cases they are a brief introduction to a 
clonic convulsion. 

Convulsions can originate from distur¬ 
bances anywhere in the prosencephalon, 
including cerebrum, thalamus, or even the 
hypothalamus alone. However, the initiating 
cause may be in the nervous system outside 
the cranium or in some other system alto¬ 
gether; convulsions are therefore often subdi¬ 
vided into intracranial and extracranial types. 
Causes are many and include the following. 

Intracranial convulsions are caused by 

• Encephalomyelitis, meningitis 

• Encephalomalacia 

• Acute brain edema 

• Brain ischemia, including increased 

intracranial pressure 


• Local lesions caused by trauma 
(concussion, contusion), abscess, tumor, 
parasitic injury, hemorrhage 

• Inherited idiopathic epilepsy 
Extracranial convulsions are caused by 

brain hypoxia, as in acute circulatory or 
cardiac failure, and toxic and metabolic dis¬ 
eases of the nervous system, including the 
following: 

• Hepatic encephalopathy 

• Hypoglycemia (as in newborn piglets 
and in hyperinsulinism caused by islet 
cell adenoma of the pancreas as 
described in a pony) 

• Hypomagnesemia (as in lactation tetany 
in cows and mares) 

• Inorganic poisons, poisonous plants, 
and fungi; there are too many to give a 
complete list, but well-known examples 
are the chlorinated hydrocarbons, 
pluronics used in bloat control in cattle, 
Clostridium spp.; intoxications, e.g., C. 
perfringens type D and C. sordellii, and 
subacute fluoroacetate poisoning 

• Congenital and inherited defects 
without lesions, e.g., familial convulsions 
and ataxia in Angus cattle 

Involuntary Spastic Paresis 

Involuntary, intermittent contractions of 
large muscle masses may result in spasmodic 
movements of individual limbs or parts of 
the body. In most, contractions occur when 
voluntary movement is attempted. Diseases 
in this category include the following: 

• Stringhalt and Australian stringhalt of 
horses 

• Inherited spastic paresis (Elso heel) of 
cattle 

• Inherited periodic spasticity (stall 
cramp) of cattle 

• Inherited congenital myotonia of cattle 

• Inherited myotonia of goats 

ABNORMAL POSTURE 
AND GAIT 

Posture 

Posture is evaluated with the animal at rest. 
Abnormal postures may be adopted inter¬ 
mittently by animals in pain, but in diseases 
of the nervous system the abnormality is 
usually continuous and repeatable. Devia¬ 
tion of the head and neck from the axial 
plane or rotation of the head and neck from 
the horizontal plane (head tilt); drooping of 
the lips, eyelids, cheeks, and ears; and opis¬ 
thotonus and orthotonos are examples, 
although the latter two are often intermittent 
because they occur as part of a convulsive 
seizure. Head pressing and assumption of a 
dog-sitting posture are further examples. 
Abnormalities of posture and gait are the 
result of lesions of the brainstem, cerebellum, 
all levels of the spinal cord, spinal nerve 
roots, peripheral nerves, neuromuscular 
junctions, and muscles. The clinical empha¬ 
sis is on vestibular disease, cerebellar disease, 


and spinal cord disease. It is important to 
emphasize that cerebral lesions do not cause 
abnormalities in posture and gait. 

Vestibular Disease 

The vestibular system is a special propriocep¬ 
tive system that assists the animal in main¬ 
taining orientation in its environment with 
respect to gravity. It helps to maintain the 
position of the eyes, trunk, and limbs in rela¬ 
tionship to movements and positioning of 
the head. 

From the vestibular nuclei, the vestibulo¬ 
spinal tracts descend ipsilaterally through 
the length of the spinal cord. These neurons 
are facilitatory to ipsilateral motor neurons 
going to extensor muscles of the limbs, are 
inhibitory to ipsilateral motor flexor muscles, 
and are inhibitory to contralateral extensor 
muscles. The principal effect of unilateral 
stimulation of this system on the limbs is a 
relative ipsilateral extensor tonus and contra¬ 
lateral flexor tonus, which promote ipsilat¬ 
eral support of the trunk against gravity. 
Conversely, a unilateral vestibular lesion 
usually results in ipsilateral flexor and 
contralateral extensor tonus, forcing the 
animal toward the side of the lesion. 

The nuclei of cranial nerves (CNs) III, IV, 
and VI, which control eye movement, are 
connected with the vestibular system by way 
of a brainstem tract called the medial longi¬ 
tudinal fasciculus. Through this tract, coor¬ 
dinated eye movements occur with changes 
in positioning of the head. Through these 
various pathways, the vestibular system 
coordinates movements of the eye, trunk, 
and limbs with head movements and main¬ 
tains equilibrium of the entire body during 
motion and rest. 

Signs of vestibular disease vary depend¬ 
ing on whether there is unilateral or bilateral 
involvement and whether the disease 
involves peripheral or central components of 
the system. 

The vestibular influence on balance can 
be affected 

• At the inner ear 

• Along the vestibular nerve or 

• At the vestibular nucleus in the medulla. 
Unilateral excitation or loss of function can 
be caused by lesions at any of these points. 

General signs of vestibular system dys¬ 
function are staggering, leaning, rolling, cir¬ 
cling, drifting sideways when walking and a 
head tilt, and various changes in eye position 
such as strabismus and nystagmus. The 
walking in a circle toward the affected side is 
accompanied by increased tone in the 
contralateral limbs, which is most easily 
observed in the contralateral forelimb. Rota¬ 
tion or tilt of the head occurs, and severely 
affected animals fall to the affected side. 

When the lesion affects the inner ear, as in 
some cases of otitis media, the affected side is 
turned down, the animal falls to that side, and 
there may be facial paralysis on the same side 
if the lesion is extensive and affects CN VII. In 






the recumbent position, the affected side is 
held to the ground, and if these animals are 
rolled over to the opposite side they quickly 
roll back to the affected side. When the ves¬ 
tibular nuclei are affected, as in listeriosis, the 
animal falls to the affected side. 

Nystagmus and forced circling are 
common when there is irritation of the ves¬ 
tibular nucleus or the medial longitudinal 
fasciculus. 

Causes of vestibular disease include the 
following: 

• Otitis media interna with involvement 
of the inner ear 

• Focal lesion at the vestibular nucleus, 
e.g., listeriosis 

• Traumatic injury to the vestibular 
apparatus in the horse caused by 
fracture of the basisphenoid, 
basioccipital, and temporal bones; the 
clinical signs include lack of control of 
balance, rotation of the head, circling to 
the affected side, nystagmus, and facial 
paralysis 

In paradoxical vestibular syndrome there is 
also head tilting, but circling in a direction 
away from the side of the lesion. Deviation 
of the head and neck must be distinguished 
from a head tilt. Asymmetric lesions of the 
forebrain such as a brain abscess, some cases 
of PEM, verminous larval migration, or head 
trauma may cause an animal to hold its head 
and neck turned to one side, but there is no 
head tilt and the circle is large in diameter. 
In fact, the presence of a head tilt (deviation 
of eyes away from a horizontal plane) accom¬ 
panied by a tight circle provide clinically 
useful methods of differentiating a cerebral 
lesion from a vestibular lesion. 

Gait 

Gait is assessed when the animal is moving. 
Neurologic gait abnormalities have two com¬ 
ponents, weakness and ataxia. Weakness 
(paresis) is evident when an animal drags its 
limbs, has worn hooves, or has a low arc to the 
swing phase of the stride. When an animal 
bears weight on a weak limb, the limb often 
trembles and the animal may even collapse on 
that limb because of lack of support. While 
circling, walking on a slope, and walking with 
the head elevated, an animal frequently will 
stumble on a weak limb and knuckle over at 
the fetlock. During manipulation of the limb, 
the clinician will usually make the subjective 
observation that the muscle tone is reduced. 

Ataxia 

Ataxia is an unconscious, general proprio¬ 
ceptive deficit causing incoordination when 
the animal moves. It is manifested as a 
swaying from side to side of the pelvis, trunk, 
and sometimes the whole body (truncal 
sway). Ataxia may also appear as a weaving 
of the affected limb during the swing phase 
of the stride. This often results in abducted 
or adducted foot placement, crossing of the 
limbs, or stepping on the opposite foot. 
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Hypermetria is an increased range of 
movement and is seen as an overreaching of 
the limbs with excessive joint movement. 
Hypermetria without paresis is characteristic 
of spinocerebellar and cerebellar disease. It is 
a decreased range of movement that is char¬ 
acterized by a stiff or spastic movement of 
the limbs with little flexion of the joints, par¬ 
ticularly the carpal and tarsal joints. 

Dysmetria is a term that includes both 
hypermetria and hypometria, with goose¬ 
stepping being the most common sign. It 
usually is caused by a lesion in the cerebel¬ 
lum or cerebellar pathway. 

In equine degenerative myeloencepha- 
lopathy (EDM), there is dysmetria of the 
hindlimbs and tetraparesis caused by neur- 
axonal dystrophy originating in the acces¬ 
sory cuneate nuclei. Severely affected horses 
lift their feet excessively high and stamp 
them to the ground. 

Cerebellar Disease 

When cerebellar function is abnormal there 
is ataxia, which is an incoordination when 
the animal moves. In general terms, there 
are defects in the rate, range, and direction 
of movement. In typical cerebellar diseases, 
ataxia of the limbs is common and no weak¬ 
ness is evident. In true cerebellar ataxia (e.g., 
cerebellar hypoplasia), the affected animal 
stands with the legs wide apart, sways, and 
has a tendency to fall. Ataxia of the head and 
neck are characterized by wide, swinging, 
head excursions; jerky head bobbing; and an 
intention tremor (nodding) of the head. 

The head tremor may be the most obvious 
sign in mild cases of cerebellar hypoplasia in 
young foals. The limbs do not move in 
unison, the movements are grossly exagger¬ 
ated, muscular strength is usually preserved, 
and there is a lack of proper placement of the 
feet (hypermetria and hypometria); falling is 
common. The fault in placement is the result 
of poor motor coordination and not related 
in any way to muscle weakness or proprio¬ 
ceptive deficit. Attempts to proceed to a par¬ 
ticular point are usually unsuccessful, and 
the animal cannot accurately reach its feed 
or drinking bowl. Examples of cerebellar 
disease include the following: 

• Inherited defects of cerebellar structure 
or abiotrophy in most breeds of cattle 
and in Arabian horses 1 

• Congenital cerebellar defects resulting 
from maternal viral infections such as 
bovine virus diarrhea (BVD) infection 
in cattle 

• Dysplastic disease of the cerebellum of 
the horse 

• Traumatic injury, e.g., by parasite larvae 
such as Hypoderma bovis, which have 
caused unilateral cerebellar ataxia in 
adult cattle 

• Tremorgenic mycotoxicoses and 
ryegrasses 

• Cerebellar degeneration in cattle in 
Uruguay caused by grazing the 


perennial shrub Solarium bonariense 
(“Naranjillo”) 2 

• Encephalomyelitis in which other 

localizing signs also occur 

Spinal Cord Disease 

Ataxia caused by cerebellar dysfunction can 
be difficult to differentiate from the proprio¬ 
ceptive defects and partial motor paralysis 
(weakness) that occur in animals with spinal 
cord lesions, and it is most important that 
this differentiation is made. Spinal cord 
disease, causing varying degrees of weak¬ 
ness, and ataxia are common in large animals. 
The weakness is caused by damage to the 
upper or lower motor neurons and the pro¬ 
prioceptive deficit by damage to the ascend¬ 
ing sensory neurons. With a mild or even 
moderate cervical spinal cord lesion in an 
adult cow or horse, signs of ataxia and weak¬ 
ness may be evident in the pelvic limbs only, 
and it can be difficult to determine whether 
the thoracic limbs are involved. 

Close examination of the gait, posture, 
and postural reactions in the limbs, together 
with a search for localizing abnormalities, 
will often be productive in localizing the 
lesion. Signs of weakness or ataxia may be 
elicited by gently pushing the hindquarters 
to one side or pulling the tail to one side as 
the animal is walked (the sway response). 
The normal animal resists these movements 
or steps briskly to the side as it is pushed or 
pulled. The weak animal can be easily pulled 
to one side and may stumble or fall and may 
also tend to buckle or collapse when strong 
pressure is applied with the hand over the 
withers and loin regions. The ataxic animal 
may sway to one side, be slow to protract a 
limb, cross its hindlegs, or step on its oppo¬ 
site limb. 

It is often difficult to distinguish paresis 
from ataxia, but in most instances it is unim¬ 
portant because of the close anatomic 
relationship of the ascending general pro¬ 
prioceptive and descending upper motor 
neuron tracts in the white matter of the spinal 
cord. These same abnormal sway responses 
can be elicited in the standing animal. 

The ataxic animal may abduct the 
outside pelvic limb too far as it is pushed to 
one side or moved in a small circle. This may 
appear as a hypermetric movement similar 
to a stringhalt action and is assumed to be a 
sign of a general proprioceptive tract lesion. 
The pushed or circled animal may keep a 
clinically affected pelvic limb planted in one 
position on the ground and pivot around it 
without moving it. The same failure to pro¬ 
tract the limb may be seen on backing. It may 
even force the animal into a “dog-sitting” 
posture. 

Examples of ataxia caused by spinal cord 
disease include the following: 

• Limited trauma to the spinal cord 

• The early stages of a developing 

compression lesion in the vertebral 

canal 
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• Degenerative and inflammatory diseases 
of the nervous system, especially those 
causing enzootic incoordination in 
horses and staggers in sheep (both of 
them dealt with under their respective 
headings) 

• Functional diseases in toxic and 
metabolic diseases of the nervous 
system in which lesions have not yet 
been identified and that are caused 
mainly by poisons, especially plant 
materials; typical examples are 
poisoning by the fungi Claviceps paspali, 
Diplodia spp., Acremonium lolii, the 
grass Phalaris aquatic, the ferns Zamia 
and Xanthorrhea spp., and herbaceous 
plants such as Kallstroemia, Vicia, 
Baccharis, Solanum, Aesculus, and Ficus 
spp. 

• Heat stress in lambs’ 

• Nutritional deficiency especially of 
thiamine, occurring naturally in horses 
poisoned by bracken and horsetail, and 
experimentally in pigs 

• Developmental defects including 
congenital abnormalities and 
abiotrophic abnormalities that develop 
sometime after birth; examples are 
Brown Swiss weavers and Pietrain 
creeper pigs. 

In many of these diseases, incoordination 
and paresis are a stage in the development of 
tetraplegia or paraplegia. 

PARESIS AND PARALYSIS 

The motor system comprises the following: 

• Pyramidal tracts, which originate in the 
motor cortex 

• Extrapyramidal system, which originates 
in the corpus striatum, red nucleus, 
vestibular nucleus, and roof of the 
midbrain 

• Peripheral nerves, which originate in the 
ventral horn cells 

The pyramidal tracts are of minor importance 
in hoofed animals (ungulates), reaching only 
to the fourth cervical segment. Accordingly, 
lesions of the motor cortex in farm animals 
do not produce any deficit of gait. There is 
also no paresis, although in an acute lesion 
weakness may be evident for the first day or 
two. If the lesion is unilateral, the paresis will 
be on the contralateral side. This is in marked 
contradistinction to the severe abnormalities 
of posture and gait that occur with lesions of 
the pons, medulla, and spinal cord. 

The main motor nuclei in these animals 
are subcortical and comprise the extrapyra¬ 
midal system, and most combined move¬ 
ments are controlled by nerve stimuli 
originating in the tectal nuclei, reticular 
nuclei, vestibular nuclei, and possibly red 
nuclei. The pyramidal and extrapyramidal 
tracts comprise the upper motor neurons, 
which reach to the ventral horn cells of the 
spinal cord, whose cells, together with their 
peripheral axons, form the lower motor 


neurons. Paralysis is a physiologic result in 
all cases of motor nerve injury, which if 
severe enough is expressed clinically. The 
type of paralysis is often indicative of the site 
of the lesion. 

A lesion of the upper motor neuron 
causes the following: 

• Spasticity with loss of voluntary 
movement 

• Increased tone of limb muscles 

• Increased spinal reflexes 

The spasticity of an upper motor neuron 
lesion usually occurs with the affected limb 
in extension. These are all release phenom¬ 
ena resulting from liberation of spinal reflex 
arcs from higher control. 

A lesion of the lower motor neuron 
causes: 

• Paresis or paralysis with loss of 
voluntary movement 

• Decreased tone of the limb muscles 

• Absence of spinal reflexes 

• Wasting of the affected muscle 
(neurogenic atrophy) 

Because injuries to specific peripheral nerves 
are treated surgically, these are dealt with in 
surgical textbooks and are not repeated here. 

A special form of paralysis is the Schiff 
Sherrington syndrome, which is common 
in dogs but recorded rarely in large animals. 
It is caused by acute, severe compressive 
injury of the thoracolumbar spinal cord and 
manifested by extensor rigidity or hyperto¬ 
nia of the forelimbs and hypotonic paralysis 
of the hindlimbs. Neurons located in the 
lumbar spinal cord are responsible for the 
tonic inhibition of extensor muscle alpha 
motor neurons in the cervical intumescence. 
The cell bodies of these neurons are located 
in the ventral gray column from L1-L7, with 
a maximum population from L2-L4. Their 
axons ascend to the cervical intumescence. 
Acute severe lesions cranial to these neurons 
and caudal to the cervical intumescence will 
suddenly deprive the cervical intumescence 
neurons of this source of tonic inhibition, 
resulting in a release of these latter neurons. 
This results in extensor hypertonia observed 
in the thoracic limbs, which can function 
normally in the gait and postural reactions, 
except for the hypertonia. 

The degree of paresis or paralysis needs 
to be defined. Paralysis is identified as an 
inability to make purposeful movements. 
Thus convulsive, uncontrolled movements as 
they occur in PEM may still fit a description 
of paralysis. Paresis, or weakness short of 
paralysis, can be classified into four 
categories: 

• Animals that cannot rise or support 
themselves if helped up but can make 
purposeful movements in attempting to 
rise 

• Animals that cannot rise but can 
support themselves if helped up 

• Animals that can rise but are paretic 
and can move the limbs well and 
stumble only slightly on walking 


• Animals that move with difficulty and 
have severe incoordination and 
stumbling. 

Probably the most difficult decision in farm 
animal neurology is whether a patients 
inability to move is because of a nervous or 
muscular deficit. For example, the horse 
recumbent because of exertional rhabdomy- 
olysis often resembles a horse with an injured 
spinal cord. Examples of paresis and paraly¬ 
sis include the following: 

• Focal inflammatory, neoplastic, 
traumatic lesions in the motor pathway. 
These lesions usually produce an 
asymmetric nervous deficit. 

• Toxic and metabolic diseases of the 
nervous system in their most severe 
form, e.g., flaccid paralysis associated 
with tick bite ( Ixodes holocyclus, 
Ornithodoros sp.), poisoning, botulism, 
and snakebite. Comparable tetanic 
paralyses include tetanus, lactation 
tetany of mares, and hypomagnesemic 
tetany of cows and calves. In contrast to 
inflammatory, neoplastic, and traumatic 
lesions in the motor pathway, toxic and 
metabolic lesions usually produce a 
symmetric nervous deficit. 

Neurogenic Muscular Atrophy 

Destruction of the lower motor neurons 
either within the vertebral canal or periph¬ 
eral to it causes neurogenic atrophy. Whether 
or not the atrophy is visible depends on how 
many neurons and therefore how many 
muscle fibers are affected. 

ALTERED SENSATION 

Lesions of the sensory system are rarely diag¬ 
nosed in animals, except for those affecting 
sight and the vestibular apparatus, because of 
the impossibility of measuring subjective 
responses. 

Although animals must experience pares¬ 
thesia, as in Aujeszky’s disease (pseudorabies) 
in cattle and sheep, the animal’s response of 
licking or scratching does not make it possi¬ 
ble to decide whether the diagnosis should be 
paresthesia or pruritus. Lesions of the periph¬ 
eral sensory neurons cause hypersensitivity 
or decreased sensitivity of the area supplied 
by the nerve. Lesions of the spinal cord may 
affect only motor or only sensory fiber tracts 
or both, or may be unilateral. 

Although it is often difficult to decide 
whether failure to respond to a normally 
painful stimulus is caused by failure to per¬ 
ceive or inability to respond, certain tests may 
give valuable information. The test usually 
used is pricking the skin with a needle, or 
pinching the skin with a pair of forceps, and 
observing the reaction. In exceptional cir¬ 
cumstances, light stroking may elicit an exag¬ 
gerated response. The “nibbling” reaction 
stimulated by stroking the lumbar back of 
sheep affected with scrapie is a striking 
example of hypersensitivity. 
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In every test of sensitivity, it must be 
remembered that there is considerable 
variation between animals and in an indi¬ 
vidual animal from time to time, and much 
discretion must be exercised when assessing 
the response. In any animal, there are also 
cutaneous areas that are more sensitive than 
others. The face and the cranial cervical 
region are highly sensitive, the caudal cervi¬ 
cal and shoulder regions less so, with sensi¬ 
tivity increasing over the caudal thorax and 
lumbar region and to a high degree on the 
perineum. The proximal parts of the limbs 
are much less sensitive than the distal parts 
and sensitivity is highest over the digits, par¬ 
ticularly on the medial aspect. 

Absence of a response to the application 
of a painful stimulus to the limbs (absence 
of the withdrawal reflex) indicates interrup¬ 
tion of the reflex arc; absence of the reflex 
with persistence of central perception, as 
demonstrated by groaning or body move¬ 
ment such as looking at the site of stimulus 
application, indicates interruption of motor 
pathways and that central perception of pain 
persists. In the horse, the response can be 
much more subtle than in other species, and 
movements of the ears and eyelids are the 
best indicators of pain perception. Increased 
sensitivity is described as hyperesthesia, 
decreased as hypoesthesia, and complete 
absence of sensitivity is described as anes¬ 
thesia. Special cutaneous reflexes include the 
anal reflex, in which spasmodic contraction 
of the anus occurs when it is touched, and 
the corneal reflex, in which there is closure 
of the eyelids on touching the cornea. The 
(cutaneous trunci) panniculus reflex is valu¬ 
able in that the sensory pathways, detected 
by the prick of a pin, enter the cord at spinal 
cord segments T1-L3, but the motor path¬ 
ways leave the cord only at spinal cord seg¬ 
ments C8, Tl, and T2. The quick twitch of 
the superficial cutaneous muscle along the 
whole back, which is the positive response 
(panniculus reflex), is quite unmistakable. 
Examination of the eye reflexes and hearing 
are discussed under the section Cranial 
Nerves (see later). 

BLINDNESS 

Blindness is manifested as a clinical abnor¬ 
mality by the animal walking into objects 
that it should avoid. Vision is a cerebral cor¬ 
tical function and is evaluated using the 
pupillary light reflex, the menace response, 
and the ability to navigate around a novel 
obstacle course. 

The pupillary light reflex is present at 
birth in large animals but does not need an 
intact cerebral cortex. This is the reason why 
ruminants with thiamine-responsive polio- 
encephalomalacia appear blind but have an 
intact pupillary light reflex; in contrast, 
ruminants with lead poisoning and a greater 
extent of cerebral dysfunction appear blind 
but have a depressed or absent pupillary light 


reflex. The pupillary light reflex measures the 
integrity of the retina, optic nerves and 
chiasm, and oculomotor and pretectal nuclei 
in the midbrain, and then to a descending 
motor pathway that includes the oculomotor 
nerve, ciliary ganglion, and constrictor 
pupillae muscle. 

The menace or blink response is used to 
test the integrity of the entire visual pathway 
(retina, optic nerves, optic chiasm, optic 
tract, lateral geniculate nucleus, and inter¬ 
nal capsule to the visual area in the cere¬ 
brum [occipital lobe]). The visual cortex 
processes the information and relays signals 
to the motor cortex. The descending motor 
pathway receives some input from the cer¬ 
ebellum and proceeds from the ipsilateral 
pons to the contralateral facial nerve nucleus 
in the medulla oblongata, and then to the 
facial nerve, and finally the orbicularis oculi 
muscle. A threatening gesture of the hand (or 
even better by the index finger in a pointing 
manner) toward the eye elicits immediate 
closure of the eyelids. The finger must come 
close enough to the eye without touching the 
tactile hairs of the eyelids or creating a wind 
that can be felt by the animal. Some stoic, 
depressed, or even excited animals may not 
respond to a menace reflex with closure of the 
eyelids; others may keep the eyelids partially 
or almost closed. It may be necessary to alert 
the patient to the risk of injury by touching 
the eyelids first. The menace response is a 
learned response that is absent in neonates. 
Most foals have a menace response by 9 days 
after birth and most calves by 5 to 7 days 
after birth. Group housing of neonatal calves 
appeared to facilitate faster learning of the 
menace response as a result of more visual 
threats. 4 

The most definitive test is to make the 
animal walk an obstacle course and place 
objects in front of it so that it must step over 
the objects easily. A similar procedure is the 
only way to test for night blindness (nycta¬ 
lopia). The area should be dimly lit, but the 
observer should be able to see the obstruc¬ 
tions clearly. A decision that the animal is 
blind creates a need for examination of the 
visual pathways. 

Central or Peripheral Blindness 

Blindness may be central or peripheral. 
Animals with forebrain lesions are centrally 
blind, with depressed menace response in 
one or both eyes, whereas the pupillary light 
reflexes are usually intact. In peripheral 
blindness, such as hypovitaminosis A, the 
menace reflex is absent, and the pupillary 
light reflexes are also absent. 

Blindness can be caused by lesions along 
the visual pathway, from the eye to the cere¬ 
bral cortex: 

• Diseases of the orbit include 

keratoconjunctivitis, hypopyon, cataract, 
panophthalmia, mixed ocular defects 
inherited in white Shorthorn and Jersey 
cattle, night blindness in Appaloosa 


horses, and sporadic cases of blindness 
caused by idiopathic retinal degenerative 
disease in cattle. 

• Diseases of the retina include retinal 
dysplasia of goats, lenticular cataracts 
caused by poisoning with hygromycin in 
pigs, and congenital ocular 
malformations in calves after 
intrauterine infection with BVD virus 
(usually accompanied by cerebellar 
defects). 

• Diseases of the optic nerve and 
chiasma, e.g., abscess of pituitary rete 
mirabile, constriction of optic nerve by 
diet deficient in vitamin A, tumor of 
pituitary gland, and injury to the optic 
nerve, especially in horses after rearing 
and falling backward. There is a sudden 
onset of unilateral or bilateral blindness 
with no ophthalmologic change until 3 
to 4 weeks after the injury, when the 
optic disc becomes paler and less 
vascular. 

• Metabolic or ischemic lesions of the 
cerebral cortex as in PEM, cerebral 
edema, and hydrocephalus. 

• Localized infectious or parasitic 
lesions caused by abscesses or migrating 
larvae. 

• Functional blindness in which there is 
complete, often temporary, apparent 
blindness in the absence of any physical 
lesions is seen. Causes are acetonemia, 
pregnancy toxemia, and acute 
carbohydrate indigestion (hyper 
D-lactatemia) of ruminants. 

• Specific poisonings causing blindness 
include F. mas (male fern), Cheilanthes 
spp. (rock fern), and rape. Stypandra 
spp. cause a specific degeneration of the 
optic nerves. Lead poisoning in cattle 
can also cause blindness. 

ABNORMALITIES OF THE 
AUTONOMIC NERVOUS SYSTEM 

Lesions affecting the cranial parasympathetic 
outflow do so by involvement of the oculo¬ 
motor, facial, vagus, and glossopharyngeal 
nerves or their nuclei. The effects produced 
are discussed in the Cranial Nerves section of 
Special examination of the Nervous System. 

In general, the lesions cause abnormality 
of pupillary constriction, salivation, and 
involuntary muscular activity in the upper 
part of the alimentary and respiratory tracts. 
Lesions of the spinal sympathetic system 
interfere with normal function of the heart 
and alimentary tract. For the most part, 
affections of the autonomic nervous system 
are of minor importance in farm animals. 
Central lesions of the hypothalamus can 
cause abnormalities of heat exchange, mani¬ 
fested as neurogenic hyperthermia or hypo¬ 
thermia and obesity, but they are also of 
minor importance. 

Some manifestations of autonomic 
disease are important. Autonomic imbalance 
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is usually described as the physiologic basis 
for spasmodic colic of horses; grass sickness 
of horses is characterized by degenerative 
lesions in the sympathetic ganglia; and 
involvement of the vagus nerve in traumatic 
reticuloperitonitis of cattle can lead to 
impaired forestomach and abomasal motility 
as well as the development of vagus 
indigestion. 

Defects of sphincter control and motility 
of the bladder and rectum may also be of 
importance in the diagnosis of defects of 
sacral parasympathetic outflow and the 
spinal sympathetic system. The sacral seg¬ 
ments of the spinal cord are the critical ones, 
and loss of their function will cause inconti¬ 
nence of urine and loss of rectal tone. The 
parasympathetic nerve supply to the bladder 
stimulates the detrusor muscle and relaxes 
the sphincter; the sympathetic nerve supply 
has the reverse function. A spinal cord lesion 
may cause loss of the parasympathetic 
control and result in urinary retention. 
Incontinence, if it occurs, does so from over¬ 
flow. When the sympathetic control is 
removed, incontinence occurs but the 
bladder should empty. Similar disturbances 
of defecation occur. Both micturition and 
defecation are controlled by medullary and 
spinal centers, but some measure of control 
is regained even when the extrinsic nerve 
supply to the bladder and rectum is com¬ 
pletely removed. 


Special Examination of 
the Nervous System 

Veterinarians commonly include several 
components of a neurologic examination in 
a complete clinical examination. Most often 
a diagnosis and differential diagnosis can be 
made from consideration of the history and 
the clinical findings. However, if the diagno¬ 
sis is uncertain it may be necessary to 
conduct a complete neurologic examination, 
which may uncover additional clinical find¬ 
ings necessary to make a diagnosis and give 
a prognosis. 

The accuracy of a clinical diagnosis of 
neurologic diseases in the horse is high. In a 
study of 210 horses in which a definitive 
pathologic diagnosis was confirmed, the 
overall accuracy of clinical diagnosis for all 
diseases was 0.95; the accuracy ranged from 
0.79 to 1.00, the sensitivity varied from 0.73 
to 0.95, and the specificity varied from 0.88 
to 1.00 for individual disease categories. 
Some neurologic diseases are therefore 
underdiagnosed, whereas others are overdi¬ 
agnosed. The use of careful and thorough 
clinical examinations and diagnostic tech¬ 
niques, combined with confirmed pathologic 
diagnoses, will result in more accurate diag¬ 
nosis and therapy. Retrospective studies of 
series of ataxic horses, for example, will add 
to the body of knowledge and improve 
diagnosis. 


NEUROLOGIC EXAMINATION 

The primary aim of the neurologic examina¬ 
tion is to confirm whether or not a neuro¬ 
logic abnormality exists and to determine 
the neuroanatomical location of the lesion. A 
clinicoanatomic diagnosis is necessary 
before one can develop a list of differential 
diagnoses and decide whether or not treat¬ 
ment is possible. The format for a precise 
practical examination procedure that is 
logical in sequence, easy to remember with 
practice, and emphasizes the need for an 
anatomic diagnosis is outlined later. The 
rationale for the sequence is that the exami¬ 
nation starts from a distance to assess posture 
and mentation and then proceeds to a closer 
examination that may require placing the 
animal in stocks or a chute. The examination 
sequence is therefore suitable for minimally 
handled beef cattle, dairy cattle, horses, 
sheep, goats, and New World camelids. The 
results of the neurologic examination should 
be documented and not left to memory. 
There are many standard examination forms 
available that outline each step in the exami¬ 
nation and provide for documentation of the 
results. 

SIGNALMENT AND 
EPIDEMIOLOGY 

The age, breed, sex, use, and value of the 
animal are all important considerations in 
the diagnosis and prognosis of neurologic 
disease. Some diseases occur more frequently 
under certain conditions, for example, lead 
poisoning in nursing beef calves turned out 
to pasture in the spring of the year. Histophi- 
lus somni meningoencephalitis is most 
common in feedlot cattle from 6 to 10 
months of age, and hypovitaminosis A is 
most common in beef calves 6 to 8 months 
of age after grazing dry summer pastures. In 
the horse, there are several clearly defined 
diseases that affect the spinal cord including 
cervical stenotic myelopathy, degenerative 
myeloencephalopathy, protozoal myelitis, 
equine rhinopneumonitis myelopathy, rabies 
polioencephalomyelitis, and equine motor 
neuron disease. Some of these diseases have 
distinguishing epidemiologic characteristics 
that are useful in diagnosis and differential 
diagnosis. The neurologic examination of the 
newborn foal is fraught with hazards because 
of the different responses elicited from those 
in adults. The differences relate mostly to the 
temporary dysmetria of gait and exaggerated 
responses of reflexes. 

HISTORY 

Special attention should be given to the 
recording of an accurate history. The ques¬ 
tioning of the owner should focus on the 
primary complaint and when it occurred and 
how it has changed over time (the sign-time 
relationship). The duration of signs; the 


mode of onset, particularly whether acute 
with later subsidence, or chronic with 
gradual onset; the progression of involve¬ 
ment; and the description of signs that occur 
only intermittently should be ascertained. 
When the disease is a herd problem, the 
morbidity and mortality rates and the 
method of spread may indicate an intoxica¬ 
tion when all affected animals show signs 
within a very short period. Diseases associ¬ 
ated with infectious agents may have an 
acute or chronic onset. Neoplastic diseases of 
the nervous system may begin abruptly but 
are often slowly progressive. For some dis¬ 
eases, such as epilepsy, consideration of the 
history may be the only way to make a diag¬ 
nosis. Traumatic injuries have a sudden 
onset and then often stabilize or improve. 

When obtaining a history of convulsive 
episodes, an estimate should be made of their 
duration and frequency. The pattern is also 
important and may be diagnostic, e.g., in salt 
poisoning in swine. The occurrence of pallor 
or cyanosis during the convulsion is particu¬ 
larly important in the differentiation of 
cardiac syncope and a convulsion originat¬ 
ing in the nervous system. 

HEAD 

Behavior 

The owner should be questioned about the 
animal’s abnormal behavior, which can 
include bellowing, yawning, licking, mania, 
convulsions, aggressiveness, head-pressing, 
wandering, compulsive walking, and head¬ 
shaking. Head-shaking may be photic in 
origin and can be tested by the application of 
blindfolds, covering the eyes with a face 
mask, and observing the horse in total dark¬ 
ness outdoors. In one horse, head-shaking 
ceased with blindfolding or night darkness 
outdoors, and became less with the use of 
gray lenses. Outdoor behavior suggested 
efforts to avoid light. 

Mental Status 

Assessment of mental status is based on the 
animal’s level of awareness or consciousness. 
Coma is a state of complete unresponsive¬ 
ness to noxious stimuli. Other abnormal 
mental states include stupor, somnolence, 
deliriousness, lethargy, and depression. 
Animals may exhibit opisthotonus, either 
spontaneously or in response to stimulation 
(Fig. 14-1). Large animals that are recumbent 
because of spinal cord disease are usually 
bright and alert unless affected with compli¬ 
cations, which may cause fever and anorexia. 
Mature beef cattle that are recumbent with a 
spinal cord lesion and not used to being 
handled may be quite aggressive and 
apprehensive. 

Head Position and Coordination 

Lesions of the vestibular system often result 
in a head tilt. Lesions of the cerebrum often 
result in deviation of the head and neck. In 
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cerebellar disease, there may be jerky move¬ 
ments of the head, which are exaggerated by 
increasing voluntary effort. These fine jerky 
movements of the head are called intention 
tremors. Animals with severe neck pain will 
hold their neck in a fixed position and be 
reluctant to move the head and neck. Head¬ 
shaking in horses has been associated with 
ear mite infestation, otitis externa, CN dys¬ 
function, cervical injury, ocular disease, 


guttural pouch mycosis, dental periapical 
osteitis, and vasomotor rhinitis. However, 
idiopathic head-shaking in the horse is often 
associated with evidence of nasal irritation, 
sneezing and snorting, nasal discharge, 
coughing, and excessive lacrimation. 

Cranial Nerves 

Abnormalities of CN function assist in local¬ 
izing a lesion near or within the brainstem. 


Some of the information on CN dysfunc¬ 
tion is presented in tabular form (Tables 
14-1 through 14-6) in addition to the more 
detailed examination described here. 

Olfactory Nerve (Cranial Nerve I) 

Tests of smell are unsatisfactory in large 
animals because of their response to food by 
sight and sound. 

Optic Nerve (Cranial Nerve II) 

The only tests of visual acuity applicable in 
animals are testing the eye preservation 
(menace) reflex (provoking closure of the 
eyelids and withdrawal of the head by stab¬ 
bing the finger at the eye) and by making the 
animal run a contrived obstacle course. Both 
tests are often difficult to interpret and must 
be performed in such a way that other senses 
are not used to determine the presence of the 
obstacles or threatened injury. In more intel¬ 
ligent species, a good test is to drop some 
light object, such as a handkerchief or feather, 
in front of the animal. It should gaze at the 
object while it is falling and continue to 
watch it on the ground. The same method 
can be applied to young ruminants, which 
demonstrate normal vision by following the 
examiner’s moving hand at an age so early 
that they have not yet developed a menace 
reflex. Ophthalmoscopic examination is an 
integral part of an examination of the optic 
nerve. 

Oculomotor Nerve (Cranial Nerve III) 

This nerve supplies the pupilloconstrictor 
muscles of the iris and all the extrinsic 



Fig. 14-1 Abnormal mentation in Simmental calf with bacterial meningitis. The calf is 
exhibiting opisthotonus and is acting inappropriately for its surroundings. 


Table 14-1 Correlation between clinical findings and location of lesions in the nervous system of farm animals: abnormalities of 
mental state (behavior) 

Principal sign 

Secondary signs 

Location of lesion 

Example 

Mania hysteria/ 
hyperexcitability 

Continuous, leading to paralysis; 

aggression, convulsions 

Intermittent, acetonuria, signs of hepatic 
insufficiency 

Cerebrum-limbic system 

Cerebrum-limbic system 

Peracute lead poisoning, rabies, 
encephalitis 

Hypoglycemia, hypoxia 

Coma (recumbency with no 
response to stimuli; dilated 
pupils) 

Gradual development 

Hypothermia, peripheral vascular collapse. 
Clinicopathologic tests 

Sudden onset 

Normal temperature, pulse/heart rate slow 
to normal, nosebleed, skin laceration, 
bruising middle of forehead or poll 

Cerebral-brainstem reticular 
formation (ascending reticular 
activating system) 
Cerebral-brainstem reticular 
formation (ascending reticular 
activating system) 

Hepatic insufficiency, uremia, 
toxemia, septicemia 

Accidental, severe blunt trauma with 
edema, concussion, contusion of 
brain 

Narcolepsy/catalepsy 
Uncontrollable sleep 

With or without sudden loss of 
consciousness, intermittent falling caused 
by loss of voluntary motor function 

Brainstem control of cerebral 
cortex 

Inherited in Shetland ponies, 

American Miniature horses, and 
Suffolk horses 

Compulsive walking and 
head-pressing, aggressive 
behavior, grinding of teeth. 

Apparent blindness, nystagmus 

Cerebral-visual cortex and limbic 
system 

Increased intracranial pressure in 
polioencephalomalacia 

No ataxia 

Apparent blindness, no nystagmus, hepatic 
insufficiency shown on clinical pathology 
tests 

Cerebral-visual cortex and limbic 
system 

Hepatic insufficiency (i.e., ammonia 
intoxication; in pyrrolizidine 
poisoning) 

Imbecility in neonate; lack of 
response to normal stimuli; 
can walk, stand 

Blindness 

Cerebral cortex absent; 
hydranencephaly 

Intrauterine infection with Akabane 
or bovine virus diarrhea virus in 
calves 
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Table 14-2 Correlation between clinical findings and location of lesion in the nervous system of farm animals: involuntary movements 

Principal sign 

Secondary signs 

Location of lesion 

Example 

Tremor (continuous 

Moderate tetany 

No specific focal lesion 

Congenital tremor of Herefords 

repetitive movements 


Generalized disease, e.g., 

Hypomyelinogenesis, shaker pigs, lambs with 

of skeletal muscles) 


hypomyelinogenesis 

border disease 


Intention tremor, sensory ataxia 

Cerebellum 

Cerebellar hypoplasia 


With head rotation 

Vestibular apparatus 

Otitis media and interna 

Fracture of petrous temporal bone 

Nystagmus 

Usually with tetraparesis, impaired 
consciousness, abnormal pupils, 
opisthotonus, facial palsy, dysphagia 

Cerebellopontine and midbrain areas 

Injury, increased intracranial pressure, 
polioencephalomalacia, listeriosis 


Pendular nystagmus 

No lesion 

Benign sporadic occurrence in dairy cattle, 
inherited in Finnish Ayrshire bulls 


Independent episodes 

Focus of irritation in cerebral cortex or 
thalamus, with spread of excitation 

Idiopathic or traumatic epilepsy 

Convulsions 

Continuous, leading to paralysis 

Cerebral cortex 

Increased intracranial pressure, encephalitis 


Intermittent, related to periods of 
metabolic stress 

Cerebral cortex 

Hypomagnesemia (lactation tetany); 
hypoglycemia (e.g., of baby pigs) 

Tenesmus (straining) 

Later paralysis of anus, sometimes tail 
head 

Sexual precocity in male 

Caudal cord segments and cauda 
equina, stimulation of nerve cells, 
later paralysis 

Rabies, subacute local meningitis 

Compulsive rolling 

Disturbance of balance, cannot stand, 
must lie on one side 

Nystagmus 

Vestibular apparatus 

Brain abscess, otitis media 


Table 14-3 Correlation between clinical findings and location of lesion in the nervous system of farm animals: abnormalities 
of posture 

Principal sign 

Secondary signs 

Location of lesion 

Example 

Paresis (difficulty in rising. 

Persistent recumbency, muscle tone and reflexes 

Loss of function in nervous tissue, 

Lymphosarcoma affecting spinal 

staggering gait, easily 

variable depending on site of lesion 

e.g., spinal cord, may be upper 

cord 

falling) 

General loss of muscle tone including vascular, 
alimentary systems 

or motor neuron lesion 

Depression of synaptic or 
neuromuscular transmission for 
metabolic reasons or toxic 

reasons 

Periparturient hypocalcemia, 
botulism, peracute coliform 
mastitis, tick paralysis 

Flaccid paralysis 

(1) Pelvic limbs only 

Thoracic normal 

Pelvic limbs flaccid, no tone, or reflexes, no anal 
reflex, urinary incontinence straining initially 
Thoracic limbs normal 

Pelvic limbs normal tone and reflexes, anal reflex 
normal 

No withdrawal reflex caudally 

Tissue destruction, myelomalacia at 
lumbosacral cord segments L4 to 
end osteomyelitis, fracture 

Cord damage at thoracolumbar 
cord segments T3-L3 

Paralytic rabies 

Spinal cord local meningitis, 
vertebral body 

Spinal cord local meningitis as 
previously mentioned, damage by 
vertebral fracture, lymphosarcoma 

(2) Thoracic and pelvic 

Flaccid paralysis, normal tone and reflexes hindlimbs 

Cord damage at cervicothoracic 

Fracture of vertebra lymphosarcoma, 

limbs 

Absent tone and reflexes in front limbs 

Atrophy only in front 

No withdrawal reflex caudally 

Intact perineal reflex 

Flaccid paralysis all four legs and neck 

Unable to lift head off ground 

Normal tone and reflexes all legs 

Pain perception persists 

No withdrawal reflex caudally 

segments C6-T2 

Cord damage at upper cervical 
segments C1-C5 

abscess 

Injury while running or falling, 
abscess or lymphosarcoma 

Spastic paralysis 
(permanent, no 
variation, all four limbs 
in extension, increased 
tone, exaggerated 
reflexes, opisthotonus) 

Cranial nerve deficits trigeminal to hypoglossal 

Loss of central perception of pain 

Depression 

Medulla, pons and midbrain 

Abscess, listeriosis 
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Table 14-3 Correlation between clinical findings and location of lesion in the nervous system of farm animals: abnormalities 
of posture-cont'd 

Principal sign 

Secondary signs 

Location of lesion 

Example 

Tremor 

Tremor (fine or coarse; no convulsions) 

Red nucleus and reticular apparatus 
and midbrain/basal ganglia area 
tracts 

Congenital disease of calves, e.g., 
hypomyelinogenesis, neuraxial 
edema 

Tetany (all four limbs 
extended, 
opisthotonus) 

Intense hyperesthesia, prolapse third eyelid 

Decreased synaptic resistance 
generally 

Tetanus 

Tetanu (variable intensity 
modifiable by 
treatment) 

Exaggerated response to all external stimuli, i.e., 
hyperesthesia 

Increased neuromuscular 
transmission 

Hypomagnesemia 

Paralysis of anus 

No anal or perineal reflex 

May be straining 

Damage to spinal cord at segments 
SI-S3 

Injury or local meningitis, early 
rabies 

Paralysis of tail 

Flaccid tail with anesthesia 

Injury to caudal segments 

Injury or local meningitis, early 
rabies 

Opisthotonus 

With spastic paralysis, tremor, nystagmus, blindness 
Part of generalized tetanic state or convulsion 

Cerebrum, cerebellum and 
midbrain 

Neuromuscular transmission defect, 
tetanus, hypomagnesemia 

Polioencephalomalacia, trauma 
Tetanus 

Falling to one side 

Mostly with circling 

Also with deviation of tail 

No detectable lesion in spinal cord 

Xanthorrhea hastile poisoning 


Table 14-4 Correlation between clinical findings and location of lesion in the nervous 

system of farm animals: abnormalities of gait 

Principal sign 

Secondary signs 

Location of lesion 

Example 

Circling 

(1) Rotation of the 

Nystagmus, circles, muscle weakness, falls 

Vestibular nucleus 

Brain abscess, listeriosis 

head 

easily, may roll, other cranial nerves 
affected 




Nystagmus, walks in circles, falls 

Inner ear (vestibular canals), 

Otitis media, otitis interna, fracture petrous temporal 


occasionally, animal strong 

cranial nerve VII, facial 

bone (horse) 


Falls easily if blindfolded, sometimes facial 

nerve 



paralysis 



(2) Deviation of the 

Deviation of head and gaze, compulsive 

Cerebrum 

Brain abscess in calf (infection from dehorning or 

head 

walking, depression 


umbilicus) 


Can walk straight 

Balance may be normal 

Unable to walk straight 

Facial paralysis, other cranial nerve deficits. 

Medulla 

Listeriosis 


head may be rotated 



Cerebellar ataxia 

Exaggerated strength and distance of 

Cerebellum 

Inherited cerebellar hypoplasia in all species, especially 


movement, direction wrong 


Arabian horses; Claviceps paspali poisoning; Gomen 


Hypermetria 


disease a probable plant poisoning; destruction by 


Incoordination because of exaggerated 


a virus, especially BVD in cattle; hematoma in the 


movement 


fourth ventricle causes cerebellar displacement 


No paresis 


Idiopathic cerebellar degeneration in adult cattle 

Sensory ataxia 

No loss of movement or strength but timing 

Damage to sensory tracts in 

Cervical cord lesion, thoracolumbar if just pelvic limb 


movement wrong, legs get crossed, feet 
badly placed when pivoting 

spinal cord 


Sensorimotor ataxia 

Weakness of movement, e.g., scuffing toes, 

Moderate lesion to spinal 

Plant poisonings, e.g., sorghum 


knuckling, incomplete flexion, extension 

cord tracts 

Cervical vertebral compression of spinal cord 


causes wobbly, wandering gait, falls 
down easily, difficulty in rising 


Degenerative myelopathy 

BVD, bovine viral diarrhea. 
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Table 14-5 Correlation between clinical findings and location of lesion in the nervous system of farm animals: abnormalities of the 
visual system 

Principal sign 

Secondary signs 

Location of lesion 

Example 

Blindness (bumps into 

Pupillary dilatation 

Optic nerve (examine fundus of eye) 

Vitamin A deficiency 

objects) 

No pupillary light reflex 


Pituitary rete mirabile abscess 

Peripheral blindness or 

No menace reflex 

Retina 

Congenital retinal dysplasia of goats 

Nutritional deficiency of vitamin A 

night blindness 

Central blindness 

Pupil normal size 

Cerebral cortex 

Inherited defect of Appaloosa foals 
Polioencephalomalacia, lead poisoning 

Abnormal dilatation of 

Pupillary light reflexes normal 
Absence of pupillary light reflex 

Motor path of oculomotor nerve 

Snakebite, atropine poisoning, milk fever 

pupils (mydriasis) 

Can see and does not bump into 
objects 

Absent pupillary light reflex 

Retinal lesion 

Toxoplasmosis, trauma, ophthalmitis 


No vision 

Retinal damage on 
ophthalmoscopic examination 
Absent pupillary light reflex 

Optic nerve atrophy and fibrosis 

Avitaminosis A in cattle 

Abnormal constriction 

No vision 

Retina normal 

Diarrhea, dyspnea 

Failure to activate acetylcholine 

Organophosphate poisoning 

of pupil (miosis) 

Blindness, coma, semicoma, 

Diffuse lesion 

Polioencephalomalacia, acute lead poisoning 

Horner's syndrome 

spastic paralysis 

Hemilateral sweating and 

Damage to cranial thoracic and cervical 

Mediastinal tumor 

Drooping upper eyelid, 

temperature rise side of face 

sympathetic trunk 

Guttural pouch mycosis 

miosis, 

and upper neck 


Neoplastic space-occupying lesions of the cranium 

enophthalmos 

Unilateral exophthalmus; nasal 


involving the periorbit; perivascular injection 

Nystagmus 

Abnormal position of 

obstruction 

See Table 14-2 

Dorsomedial deviation of eyeball 

Trochlear (cranial nerve IV) 

around jugular vein or normal intravenous 
injection of xylazine hydrochloride in normal 
horses, melanoma at the thoracic inlet in a 
horse 

Polioencephalomalacia 

eyeball and eyelids 

and eyelid 

Facial (cranial nerve VII) 

Listeriosis 


Ventrolateral fixation 

Protrusion and medial deviation 

Oculomotor (cranial nerve III) 

Abducent (cranial nerve VI) 

Abscess/tumor, e.g., bovine viral leukosis 

No palpebral reflex 


Deficit sensory branch of cranial nerve V 

Trauma 

Absence of menace 


Facial nerve (provided vision is present) 

Listeriosis 

response 

Absence of pupillary 
light reflex 


Oculomotor (provided vision is present) 



Table 14-6 Correlation between clinical findings and location of lesion in the nervous system of farm animals: disturbances of 
prehension, chewing, or swallowing 


Principal sign 

Secondary signs 

Location of lesion 

Example 

Inability to prehend or inability to 
chew 

Facial (nasal septal) hypalgesia 

Inappropriate movements of 
tongue 

Inappropriate movements of 
lips 

Inadequate chewing 
movements of jaw 

Sensory branch of trigeminal 
(cranial nerve V) dysfunction 

Hypoglossal (cranial nerve XII) nerve 
dysfunction 

Facial (cranial nerve VII) nerve 
dysfunction 

Motor branch of the trigeminal 
(cranial nerve V) nerve 
dysfunction 

Poisoning by Phalaris aquatica in cattle 

Local medullary lesion 

Poisoning by P. aquatica in cattle 

Listeriosis, local medullary lesion 

Traumatic injury to petrous temporal bone, 
otitis media and interna, listeriosis, guttural 
pouch mycosis 

Poisoning by P. aquatica in cattle, listeriosis 

Inability to swallow (in absence of 
physical foreign body; in 
pharyngeal paresis or paralysis) 

Regurgitation through nose 
and mouth, inhalation into 
lungs causing aspiration 
pneumonia 

Inappropriate swallowing 
movements 

Glossopharyngeal (cranial nerve IX) 
nerve dysfunction. Also vagus 
(cranial nerve X) 

Nuclei in medulla globus pallidus 
and substantia nigra 

Abscess or tumor adjacent to nerve 

Listeriosis, abscess in medulla 

Poisoning by Centaurea sp. 













muscles of the eyeball except the dorsal 
oblique, the lateral rectus, and the retractor 
muscles. Loss of function of the nerve results 
in pupillary dilatation and defective pupil¬ 
lary constriction when the light intensity is 
increased, abnormal position (ventrolateral 
deviation) or defective movement of the eye¬ 
balls, and palpebral ptosis. 

The pupillary light reflex is best tested by 
shining a bright point source of light into the 
eye, which causes constriction of the iris of 
that eye (direct pupillary reflex). Constric¬ 
tion of the opposite eye (consensual pupil¬ 
lary light reflex) will also occur. The 
consensual light reflex may be used to local¬ 
ize lesions of the optic pathways. 

Examination of the menace reflex (eye 
preservation reflex to a menace) and the 
results of the pupillary light reflex can be 
used to distinguish between blindness caused 
by a lesion in the cerebral cortex (central 
blindness) and that caused by lesions in the 
optic nerve or other peripheral parts of the 
optic pathways (peripheral blindness). 

As examples, in PEM (central blindness) 
the menace reflex is absent, but the pupillary 
light reflex is present. In the ocular form of 
hypovitaminosis A (peripheral blindness) in 
cattle, the menace reflex is also absent, the 
pupils are widely dilated, and the pupillary 
light reflex is absent. In PEM, the optic 
nerve, oculomotor nucleus, and oculomotor 
nerve are usually intact but the visual cortex 
is not; in hypovitaminosis A, the optic nerve 
is usually degenerate, which interferes with 
both the menace and pupillary light reflexes. 

Testing of ocular movements can be per¬ 
formed by moving the hand about in front of 
the face. In paralysis of the oculomotor 
nerve, there may also be deviation from 
the normal ocular axes and rotation of the 
eyeball. There will be an absence of the 
normal horizontal nystagmus reaction with 
a medial jerk of the eyeball in response to 
quick passive movement of the head. Failure 
to jerk laterally indicates a defect of the 
abducens nerve. 

Trochlear Nerve (Cranial Nerve IV) 

This nerve supplies only the dorsal oblique 
muscle of the eye so that external movements 
and position of the eyeball are abnormal 
(dorsolateral fixation) when the nerve is 
injured. This is common in PEM in cattle, 
resulting in a dorsomedial fixation of the 
eyeball. In other words, the medial angle of 
the pupil is displaced dorsally when the head 
is held in normal extension. 

Trigeminal Nerve (Cranial Nerve V) 

The sensory part of the trigeminal nerve sup¬ 
plies sensory fibers to the face and can be 
examined by testing the palpebral reflex and 
the sensitivity of the face. The motor part of 
the nerve supplies the muscles of mastica¬ 
tion and observation of the act of chewing 
may reveal abnormal jaw movements 
and asymmetry of muscle contractions. 
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There may also be atrophy of the muscles, 
which is best observed when the lesion is 
unilateral. 

Abducent Nerve (Cranial Nerve VI) 

Because the abducent nerve supplies motor 
fibers to the retractor and lateral rectus 
muscles of the eyeball, injury to the nerve 
may result in protrusion and medial devia¬ 
tion of the globe. This is not readily observ¬ 
able clinically. An inherited exophthalmos 
and strabismus occurs in Jersey cattle. 

Facial Nerve (Cranial Nerve VII) 

The facial nerve supplies motor fibers for 
movement of the ears, eyelids, lips, and nos¬ 
trils, in addition to the motor pathways of the 
menace, palpebral, and corneal reflexes. The 
symmetry and posture of the ears, eyelids, 
and lips are the best criteria for assessing the 
function of this nerve. Ability to move the 
muscles in question can be determined by 
creating a noise or stabbing a finger at the 
eye. Absence of the eye preservation reflex 
may be caused by facial nerve paralysis or 
blindness. Facial paralysis is evidenced by 
ipsilateral drooping of the ear, ptosis of the 
upper eyelid, drooping of the lips, and 
pulling of the philtrum to the unaffected 
side. There may also be drooling of saliva 
from the commissures of the lips, and in 
some cases a small amount of feed may 
remain in the cheeks of the affected side. 

The common causes of damage to the 
nerve are fracture of the petrous temporal 
bone, guttural pouch mycosis, and damage 
to the peripheral nerve at the mandible. A 
common accompaniment is injury to the 
vestibular nerve or center. A diagnosis of 
central, compared with peripheral, nerve 
involvement can be made by identifying 
involvement of adjacent structures in the 
medulla oblongata. Signs such as depression, 
weakness, and a head tilt would result, and 
are frequently present in ruminants and New 
World camelids with listeriosis. 

Vestibulocochlear Nerve 
(Cranial Nerve VIII) 

The cochlear part of the vestibulocochlear 
nerve is not easily tested by simple clinical 
examination, but failure to respond to 
sudden sharp sounds, created out of sight 
and without creating air currents, suggests 
deafness. The cochlear portion can be 
tested electronically (the brainstem auditory 
evoked response, or BAER, test) to diagnose 
a lesion of the auditory nerve, eliminating 
the possibility of a central brain lesion. 
Abnormalities of balance and carriage of the 
head (rotation around the long axis and not 
deviation laterally) accompany lesions of the 
vestibular part of the vestibulocochlear 
nerve, and nystagmus is usually present. 

In severe cases, rotation of the head is 
extreme, the animal is unable to stand and 
lies in lateral recumbency; moving to achieve 
this posture is compulsive and forceful. 


There is no loss of strength. In some species 
there is a relatively common occurrence of 
paralysis of the facial and the vestibular 
nerves as a result of otitis interna and otitis 
media. This does occur in the horse but is 
less common than traumatic injury to the 
skull as a result of falling. 

Pendular nystagmus should not be mis¬ 
taken as a sign of serious neurologic disease. 
It is characterized by oscillations of the 
eyeball that are always the same speed and 
amplitude and appear in response to a visual 
stimulus, e.g., a flashing light. Pendular nys¬ 
tagmus is observed most frequently in Hol- 
stein Friesian cattle (prevalence of 0.51% in 
2932 Holstein Friesian and Jersey cows), is 
not accompanied by other signs, and there is 
no detectable histologic lesion. A familial 
relationship was observed in Ayrshire bulls 
in Finland. 

Glossopharyngeal Nerve (Cranial 
Nerve IX) and Vagus Nerve 
(Cranial Nerve X) 

The glossopharyngeal nerve is sensory from 
the pharynx and larynx, and the vagus nerve 
is motor to these structures. Dysfunction of 
these nerves is usually accompanied by 
paralysis of these organs with signs of dys¬ 
phagia or inability to swallow, regurgitation 
through the nostrils, abnormality of the 
voice, and interference with respiration. 

Because of the additional role of the 
vagus nerve in supplying nerve fibers to the 
upper alimentary tract, loss of vagal nerve 
function will lead to paralysis of the pharynx 
and esophagus. Parasympathetic nerve fibers 
to the stomach are also carried in the vagus, 
and damage to them could cause hypomotil- 
ity of that organ. The principal clinical 
finding in vagus nerve injury is laryngeal and 
pharyngeal paralysis. 

Spinal Accessory Nerve 
(Cranial Nerve Xi) 

Damage to this nerve is extremely rare and 
the effects are not documented. Based on its 
anatomic distribution, loss of function of this 
nerve could be expected to lead to paralysis 
of the trapezius, brachiocephalic, and sterno- 
cephalic muscles and lack of resistance to 
lifting the head. 

Hypoglossal Nerve (Cranial Nerve XII) 

As the motor supply to the tongue, the func¬ 
tion of this nerve can be best examined by 
observing the motor activity of the tongue. 
There may be protrusion and deviation or 
fibrillation of the organ, which all result in 
difficulty in prehending food and drinking 
water. The most obvious abnormality is the 
ease with which the tongue can be pulled 
out. The animal also has difficulty in getting 
it back into its normal position in the mouth, 
although diffuse cerebral disease can also 
produce this clinical sign. In lesions of some 
duration, there may be obvious unilateral 
atrophy. 
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POSTURE AND GAIT 

The examiner evaluates posture and gait to 
give a general assessment of brainstem, 
spinal cord, and peripheral nerve and muscle 
function. Evaluation of posture and gait con¬ 
sists of determining which limbs are abnor¬ 
mal and looking for evidence of lameness 
suggesting a musculoskeletal gait abnormal¬ 
ity. Weakness and ataxia are the essential 
components of gait abnormality. Each limb 
is examined for evidence of these abnormali¬ 
ties. This is done while the animal is standing 
still, walking, trotting, turning tightly (pivot¬ 
ing), and backing up. To detect subtle asym¬ 
metry in the length of the stride, the observer 
should walk parallel to or behind the animal, 
step for step. If possible, the gait should also 
be evaluated while the animal is walking up 
and down a slope or walking with the head 
and neck held extended, while blindfolded 
and while running free in an enclosure. 

The best observations are made when the 
animal is running free, preferably at a fast 
gait, to avoid abnormalities resulting from 
being led. Also, slight abnormalities such as 
a high-stepping gait, slight incoordination of 
movement, errors of placement of feet, stum¬ 
bling, and failure to flex joints properly are 
all better observed in a free animal. 

Weakness or paresis is evident when an 
animal drags its limbs, has worn hooves, or 
has a low arc to the swing phase of the stride. 
When an animal bears weight on a weak 
limb, the limb often trembles and the animal 
may even collapse on that limb because of 
lack of support. While circling, walking on a 
slope, and walking with the head held ele¬ 
vated, an animal frequently will stumble on 
a weak limb and knuckle over on the fetlock. 

The presence of weakness in the limbs of 
horses or cattle can be determined by pulling 
the tail while the animal is walking forward. 
A weak animal is easily pulled to the side and 
put off stride. While the animal is circling, 
the examiner can pull on the lead rope and 
tail simultaneously to assess strength. Ease in 
pulling the animal to the side occurs because 
of weakness caused by lesions of the descend¬ 
ing upper motor neuron pathway, the ventral 
horn gray matter level with the limb, or 
peripheral nerves or muscle. With lower 
motor neuron lesions, the weakness is often 
so marked that it is easy to pull an animal to 
the side while it is standing or walking. In 
contrast, a weak animal with a lesion of the 
upper motor neuron pathways will often fix 
the limb in extension, reflexly, when pulled 
to one side. It resists the pull and appears 
strong. 

Severe weakness in all four limbs, but 

with no ataxia and spasticity, suggests neuro¬ 
muscular disease. Obvious weakness in only 
one limb is suggestive of a peripheral nerve 
or muscle lesion in that limb. 

Ataxia is an unconscious, general pro¬ 
prioceptive deficit causing poor coordina¬ 
tion when moving the limbs and the body. 


It results in swaying from side to side of the 
pelvis, trunk, and sometimes the entire body. 
It may also appear as a weaving of the affected 
limb during the swing phase. This often 
results in abducted or abducted foot place¬ 
ment, crossing of the limbs, or stepping on 
the opposite foot, especially when the animal 
is circling or turning tightly. Circumduction 
of the outside limbs when turning and cir¬ 
cling is also considered a proprioceptive defi¬ 
ciency. Walking an animal on a slope, with 
the head held elevated, often exaggerates 
ataxia, particularly in the pelvic limbs. When 
a weak and ataxic animal is turned sharply 
in circles, it leaves the affected limb in one 
place while pivoting around it. An ataxic gait 
may be most pronounced when an animal is 
moving freely, at a trot or canter, especially 
when attempting to stop. This is when the 
limbs may be wildly abducted or adducted. 
Proprioceptive deficits are caused by lesions 
affecting the general proprioceptive sensory 
pathways, which relay information on 
limb and body position to the cerebellum 
(unconscious proprioception) and to the 
thalamus and cerebral cortex (conscious 
proprioception). 

Knuckling the flexed foot while the 
animal stands on the dorsum to determine 
how long the animal leaves the foot in this 
state before returning it to a normal posi¬ 
tion is a test for conscious proprioception in 
dogs and cats. The test has not been useful 
in horses and adult cattle but is useful in 
sheep, goats, New World camelids, and 
calves. Depressed animals will often allow 
the foot to rest on the dorsum for prolonged 
periods. Crossing the limbs and observing 
how long the animal maintains a cross- 
legged stance has been used to test conscious 
proprioception. 

Hypermetria is used to describe a lack of 
direction and increased range of movement, 
and is seen as an overreaching of the limbs 
with excessive joint movement. Hypermetria 
without paresis is characteristic of spinocer¬ 
ebellar and cerebellar disease. 

Hypometria is seen as stiff or spastic 
movement of the limbs with little flexion of 
the joints, particularly the carpal and tarsal 
joints. This generally is indicative of increased 
extensor tone and of a lesion affecting the 
descending motor or ascending spinocere¬ 
bellar pathways to that limb. A hypometric 
gait, particularly in the thoracic limbs, is best 
seen when the animal is backed up or when 
it is maneuvered on a slope with the head 
held elevated. The thoracic limbs may move 
almost without flexing. 

Dysmetria is a term that incorporates 
both hypermetria and hypometria. Animals 
with severe cerebellar lesions may have a 
high-stepping gait but have limited move¬ 
ment of the distal limb joints, especially in 
thoracic limbs. 

The degree of weakness, ataxia, hypome¬ 
tria, and hypermetria should be graded for 
each limb. The types of gait abnormalities 


and the degree of weakness reflect various 
nervous and musculoskeletal lesions. Gener¬ 
ally, with focal, particularly compressive, 
lesions in the cervical spinal cord or brain¬ 
stem, neurologic signs are one grade more 
severe in the pelvic limbs than in the thoracic 
limbs. Thus with a mild, focal, cervical spinal 
cord lesion, there may be more abnormality 
in the pelvic limbs with no signs in the tho¬ 
racic limbs. The anatomic diagnosis in such 
cases may be a thoracolumbar, cervical, or 
diffuse spinal cord lesion. 

A moderate or severe abnormality in the 
pelvic limbs, and none in the thoracic limbs, 
is consistent with a thoracolumbar spinal 
cord lesion. With a mild and a severe change 
in the thoracic and the pelvic limb gaits, 
respectively, one must consider a severe tho¬ 
racolumbar lesion plus a mild cervical lesion, 
or a diffuse spinal cord disease. 

Lesions involving the brachial intumes¬ 
cence (spinal cord segments C6-T2) with 
involvement of the gray matter supplying 
the thoracic limbs, and diffuse spinal 
cord lesions may both result in severe gait 
abnormality in the thoracic limbs and the 
pelvic limbs. 

A severely abnormal gait in the thoracic 
limbs, with normal pelvic limbs, indicates 
lower motor neuron involvement of the tho¬ 
racic limbs; a lesion is most likely to be 
present in the ventral gray columns at spinal 
cord segments C6-T2 or thoracic limb 
peripheral nerves of muscle. 

Gait abnormalities can occur in all four 
limbs, with lesions affecting the white matter 
in the caudal brainstem, when head signs, 
such as CN deficits, are used to define the site 
of the lesion. Lesions affecting the cerebrum 
cause no change in gait or posture. 

It is important for clinicians to recognize 
that a poor level of agreement exists between 
skilled and experienced observers of gait 
abnormalities in horses. 5 There is also poor 
agreement between pathology and clinical 
signs. The level of agreement is particularly 
poor when gait abnormalities are subtle. 
Consequently, there is an important need to 
develop a set of objective parameters that 
quantify the severity of ataxia in horses, with 
appropriate repeatability. 

NECK AND FORELIMBS 

If a gait abnormality was evident in the tho¬ 
racic limbs and there was no evidence of 
brain involvement, then examination of the 
neck and forelimbs can confirm involvement 
of the spinal cord, peripheral nerves (spinal 
cord segments C1-T2), or thoracic limb 
muscles. The neck and forelimbs are exam¬ 
ined for evidence of gross skeletal defects, 
asymmetry of the neck, and muscle atrophy. 
The neck should be manipulated from side 
to side and up and down to detect any evi¬ 
dence of resistance or pain. Localized unilat¬ 
eral sweating of the neck and cranial shoulder 
is evidence of Horner’s syndrome, in which 
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there are varying degrees of ptosis; prolapse 
of the third eyelid; miosis; enophthalmos; 
and increased temperature of the face, neck, 
and shoulder. The syndrome is associated 
with lesions affecting the descending sympa¬ 
thetic fibers in the white matter of the spinal 
cord or gray matter in the cranial thoracic 
segments, thoracocervical sympathetic 
trunk, cervical vagosympathetic trunk, or 
cranial cervical ganglion and its pregangli¬ 
onic and postganglionic fibers. 

Sensory perception from the neck and 
forelimbs is assessed using a painful stimu¬ 
lus such as a blunt needle or forceps. The 
local responses as well as the cerebral 
responses are noted when the skin over the 
shoulders and down the limbs is pricked. 

Gait deficits are evaluated by making the 
horse or halter-broken ruminant perform a 
series of movements. Such exercises should 
include walking and trotting in a straight 
line, in large circles, in tight circles, backing 
on a level ground and on a slight slope, 
walking and trotting over curbs or low obsta¬ 
cles, walking in straight lines and circles, and 
walking on a slope with the head held ele¬ 
vated. The sway reaction for the thoracic 
limb is assessed by pushing against the 
shoulders and forcing the animal first to 
resist and then to take a step laterally. This 
can be done while the animal is standing still 
and walking forward. Pulling the tail and 
lead rope laterally at the same time will assess 
the strength on each side of the body. Making 
the animal turn in a tight circle by pulling 
the lead rope and tail at the same time will 
indicate strength; an adult horse should be 
able to pull the examiner around and should 
not pivot on a limb or be pulled to the side. 
Pressing down with the fingers on the withers 
of a normal animal causes some arching, fol¬ 
lowed by resistance to the downward pres¬ 
sure. An animal with weakness in the 
thoracic limbs may not be able to resist this 
pressure by fixing its vertebral column but 
will arch its back more than normal and 
often buckle in the thoracic limbs. 

In smaller farm animal species, other 
postural reactions can be performed. These 
include wheelbarrowing and the hopping 
response test. The spinal reflexes are assumed 
to be intact in animals that are ambulating 
normally. 

If a large mature horse, cow, or pig has a 
gait abnormality, it is very rare to cast the 
animal to assess the spinal reflexes. However, 
spinal reflexes are usually examined in calves, 
sheep, and goats. 

A recumbent animal that can use its tho¬ 
racic limbs to sit up in the dog-sitting posi¬ 
tion may have a lesion caudal to spinal cord 
segment T2. If a recumbent animal cannot 
attain a dog-sitting position, the lesion may 
be in the cervical spinal cord. In lambs aged 
between 4 and 10 weeks with thoracic verte¬ 
bral body abscesses extending into the epi¬ 
dural space causing spinal cord compression, 
the thoracic limbs are normal and the lambs 


frequently adopt a dog-sitting position and 
move themselves around using the thoracic 
limbs only. Lambs with a cervical spinal cord 
lesion are unable to maintain sternal recum¬ 
bency and have paresis of all four limbs. 

However, mature cattle with the downer 
cow syndrome secondary to hypocalcemia 
may be unable to use both the thoracic and 
pelvic limbs. If only the head, but not the 
neck, can be raised off the ground, there may 
be a severe cranial cervical lesion. With a 
severe caudal cervical lesion, the head and 
neck can usually be raised off the ground but 
thoracic limb function is decreased and the 
animal is unable to maintain sternal 
recumbency. 

Assessment of limb function is done by 
manipulating each limb separately, in its free 
state, for muscle tone and sensory and motor 
activity. A limb that has been lain on for 
some time cannot be properly evaluated 
because there will be poor tone from the 
compression. A flaccid limb, with no motor 
activity, indicates a lower motor lesion to that 
limb. A severe upper motor neuron lesion to 
the thoracic limbs causes decreased, or 
absent, voluntary effort, but there is com¬ 
monly normal or increased muscle tone in 
the limbs. This is caused by release of the 
lower motor neuron, which reflexly main¬ 
tains normal muscle tone from the calming 
influence of the descending upper motor 
neuron pathways. 

The tone of skeletal muscle may be 

examined by passively flexing and extending 
the limbs and moving the neck from side to 
side and up and down. Increased muscle 
tone, spasticity, or tetany may be so great that 
the limb cannot be flexed without consider¬ 
able effort. If the spastic-extended limb does 
begin to flex but the resistance remains, this 
is known as lead-pipe rigidity, which is seen 
in tetanus. If after beginning to flex an 
extended spastic limb the resistance sud¬ 
denly disappears (“clasp-knife release”), then 
this suggests an upper motor neuron lesion, 
which occurs in spastic paresis in cattle. 

Flaccidity, or decreased muscle tone, 
indicates the presence of a lower motor 
neuron lesion with interruption of the spinal 
reflex arc. 

Localized atrophy of muscles may be 
myogenic or neurogenic and the difference 
can be determined only by electromyogra¬ 
phy (EMG), a technique not well suited to 
large-animal practice. If the atrophic muscle 
corresponds to the distribution of a periph¬ 
eral nerve, then it is usually assumed that the 
atrophy is neurogenic. In addition, neuro¬ 
genic atrophy is usually rapid (will be clini¬ 
cally obvious in a few days) and much more 
marked than either disuse or myogenic 
atrophy. 

Spinal Reflexes of the Thoracic Limbs 

Spinal reflexes of the thoracic limbs include 
the flexor reflex, the biceps reflex, and the 
triceps reflex. The flexor reflex is tested by 


stimulation of the skin of the distal limb and 
observing for flexion of the fetlock, knee, 
elbow, and shoulder. The reflex arc involves 
sensory fibers in the median and ulnar 
nerves, spinal cord segments C6-T2, and 
motor fibers in the axillary, musculocutane¬ 
ous, median, and ulnar nerves. Lesions 
cranial to spinal cord segment C6 may 
release this reflex from the calming effect of 
the upper motor neuron pathways and cause 
an exaggerated reflex with rapid flexion of 
the limb, and the limb may remain flexed 
for some time. A spinal reflex may be intact 
without cerebral perception. Cerebral 
responses to the flexor reflex include changes 
in the facial expression, head movement 
toward the examiner, and vocalization. Con¬ 
scious perception of the stimulus will be 
intact only as long as the afferent fibers in the 
median and ulnar nerves, the dorsal gray 
columns at spinal cord segments C6-T2, and 
the ascending sensory pathways in the cervi¬ 
cal spinal cord and brainstem are intact. 

The laryngeal adductory reflex is of 
special interest in the examination of ataxic 
horses. In normal horses, a slap on the saddle 
region just caudal to the withers causes a 
flickering adductory movement of the 
contralateral arytenoid cartilage that is 
visible by an endoscope. Reflex muscle con¬ 
traction can be palpated on the dorsolateral 
surfaces of the larynx. The reflex is absent 
when there is damage to afferent tracts up 
the spinal cord, when there is damage to the 
recurrent laryngeal nerves, and in tense or 
frightened horses. Elicitation of the reflex is 
called the slap test. 

TRUNK AND HINDLIMBS 

If examination of the posture, gait, head, 
neck, or thoracic limbs reveals evidence of a 
lesion, then an attempt should be made to 
explain any further signs found during 
examination of the trunk and hindlimbs that 
could have been caused by the lesion. If there 
are only signs in the trunk and hindlimbs, 
then the lesion(s) must be either between 
spinal cord segments T2 and S2 or in the 
trunk and pelvic limb nerves or muscles. It 
must be remembered that a subtle neuro¬ 
logic gait in the pelvic limbs may be any¬ 
where between the midsacral spinal cord and 
the rostral brainstem. 

The trunk and hindlimbs are observed 
and palpated for malformations and asym¬ 
metry. Diffuse or localized sweating, the 
result of epinephrine release and sympa¬ 
thetic denervation, is often present in horses 
affected with a severe spinal cord injury. 

Gentle pricking of the skin over the 
trunk and over the lateral aspects of the body 
wall on both sides, including on either side 
of the thoracolumbar vertebral column, will 
test-stimulate the cutaneous trunci reflex. 
The sensory stimulus travels to the spinal 
cord in thoracolumbar spinal nerves at the 
level of the site of stimulation. These impulses 
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are transmitted up the spinal cord to spinal 
cord segments C8-T1, where the lateral tho¬ 
racic nerve is stimulated, causing contrac¬ 
tion of the cutaneous trunci muscle, which is 
seen as a flicking of the skin over the trunk. 
Lesions anywhere along this pathway will 
result in suppression or absence of this reflex 
caudal to the site of the lesion. Degrees of 
hypalgesia and analgesia have been detected 
caudal to the sites of thoracolumbar spinal 
cord lesions, especially if they are severe. In 
mature cattle with fractured thoracolumbar 
vertebrae associated with traumatic injury or 
vertebral body abscesses in calves, the site of 
the lesion may be able to be localized with 
this reflex. Sensory perception of pinpricking 
the trunk and hindlimbs may also be absent 
caudal to the lesion. 

The sway reaction for the pelvic limbs 
involves pushing against the pelvis and 
pulling on the tail with the animal standing 
still and walking forward. An animal that is 
weak in the pelvic limbs will be easily pulled 
and pushed laterally, especially while 
walking. Proprioceptive deficits can be 
observed as overabduction and crossing of 
the limbs when a step is taken to the side. 

Pinching and pressing down on the tho¬ 
racolumbar or sacral paravertebral muscles 
with the fingers causes a normal animal to 
extend slightly, then fix, the thoracolumbar 
vertebral column. It also resists the ventral 
motion and usually does not flex the thoracic 
or pelvic limbs. A weak animal usually is not 
able to resist the pressure by fixing the verte¬ 
bral column; thus it overextends the back 
and begins to buckle in the pelvic limbs. 

In the recumbent animal, examination 
of the pelvic limbs includes the pelvic limb 
spinal reflexes, the degree of voluntary effort, 
and the muscle tone present. Observing the 
animal attempting to rise on its own or fol¬ 
lowing some coaxing will help to assess the 
pelvic limbs. The flexor spinal reflex is per¬ 
formed by pricking the skin and observing 
the flexion of the limb; central perception of 
the painful stimulus is also noted. The affer¬ 
ent and efferent pathways for this reflex are 
in the sciatic nerve and involve spinal cord 
segments L5-S3. 

The patellar reflex is evaluated by placing 
the animal in lateral recumbency and sup¬ 
porting the limb in a partly flexed position. 
The intermediate patellar ligament (horses) 
or patellar ligament (ruminants, pigs, and 
New World camelids) is then tapped with a 
heavy metal plexor. This results in extension 
of the stifle joint. The sensory and motor 
fibers for this reflex are in the femoral nerve, 
and the spinal cord segments are L4 and L5. 
The patellar reflex is hyperactive in newborn 
farm animals. The gastrocnemius reflex and 
the cranial tibial reflex are not evaluated 
because they cannot be reliably induced. 

The spinal cord of the calf has more 
control of basic physical functions than in 
humans, dogs, and horses. For example, 
calves are able to retain control of the pelvic 


limb in spite of experimentally induced 
lesions that cause hemiplegia in dogs and 
humans. Also, transection of the spinotha¬ 
lamic tract in the calf cord does not produce 
an area of hypalgesia or analgesia on the 
contralateral side as such a lesion would do 
in a human. 

Skin sensation of the pelvic limbs should 
be assessed independently from reflex activ¬ 
ity. The femoral nerve is sensory to the skin 
of the medial thigh region, the peroneal 
nerve to the dorsal tarsus and metatarsus, 
and the tibial nerve to the plantar surface of 
the metatarsus. 

TAIL AND ANUS 

Tail tone is evaluated by lifting the tail and 
noting the resistance to movement. A flaccid 
tail, with no voluntary movement, is indica¬ 
tive of a lesion of the sacrococcygeal spinal 
cord segments, nerves, or muscles. Decreased 
tone in the tail can be detected with severe 
spinal cord lesions cranial to the coccygeal 
segment. 

The perineal reflex is elicited by lightly 
pricking the skin of the perineum and 
observing reflex contraction of the anal 
sphincter and clamping down of the tail. The 
sensory fibers are contained within the peri¬ 
neal branches of the pudendal nerve (spinal 
cord segments S1-S3). Contraction of the 
anal sphincter is mediated by the caudal 
rectal branch of the pudendal nerve, and tail 
flexion is mediated by the sacral and coccy¬ 
geal segments and nerves (spinal cord seg¬ 
ments Sl-coccyx). An animal with a flaccid 
tail and anus, caused by a lower motor 
neuron lesion, will not have an anal or tail 
reflex. However, it may still have normal sen¬ 
sation from the anus and tail provided that 
the sensory nerves and spinal cord and 
brainstem white matter nociceptive path¬ 
ways are intact. 

Observation of defecation and urination 
movements and postures contributes to 
knowledge of the state of the cauda equina. 
Thus neuritis of the cauda equina is charac¬ 
terized by flaccid paralysis and analgesia of 
the tail, anus and perineum, rectum, and 
bladder. There is no paresis or paralysis of the 
hindlimbs unless lumbosacral segments of 
the cord are damaged. 

PALPATION OF THE BONY 
ENCASEMENT OF THE CENTRAL 
NERVOUS SYSTEM 

Palpable or visible abnormalities of the 
cranium or spinal column are not commonly 
encountered in diseases of the nervous 
system, but this examination should not be 
neglected. There may be displacement, 
abnormal configuration, or pain on deep pal¬ 
pation. These abnormalities are much more 
readily palpable in the vertebral column and 
if vertebrae are fractured. Abnormal rigidity 
or flexibility of the vertebral column, such as 


occurs in atlantooccipital malformations in 
Arabian horses and cattle, may also be 
detectable by manipulation. 

COLLECTION AND 
EXAMINATION OF 
CEREBROSPINAL FLUID 

The collection and laboratory analysis of CSF 
from farm animals with clinical evidence of 
nervous system disease can provide useful 
diagnostic and prognostic information. A 
case series involving 102 cattle highlighted 
the clinical utility of CSF analysis in the ante¬ 
mortem diagnoses of nervous diseases. 6 

CSF is formed mostly from the choroid 
plexuses of the lateral, third, and fourth ven¬ 
tricles by the ultrafiltration of plasma and the 
active transport of selected substances across 
the blood-brain barrier; as such CSF should 
be regarded as a modified ultrafiltrate of 
plasma. A small amount of CSF is formed 
from the ependymal lining of the ventricular 
system, the pia arachnoid and meningeal 
blood vessels, and the central canal of the 
spinal cord. The rate of CSF turnover is 
approximately 1% per minute; accordingly, it 
takes many minutes for systemic electrolyte 
or acid-base changes (such as an increase in 
plasma magnesium concentration in hypo- 
magnesemic beef cattle) to result in detect¬ 
able and clinically relevant changes in CSF 
concentrations. CSF in the ventricular 
system flows caudally and diffuses out of the 
lateral recess in the fourth ventricle to circu¬ 
late around the brain and spinal cord. The 
presence of CSF in the subarachnoid space 
separates the brain and spinal cord from the 
bony cranium and vertebral column, which 
reduces trauma to the underlying delicate 
nervous tissue. CSF flows within the sub¬ 
arachnoid space of leptomeninges, and it is 
primarily in this location that CSF equili¬ 
brates with the extracellular fluid (ECF) 
compartment of CNS parenchyma. 6 It also 
helps regulate intracranial pressure, main¬ 
tains electrolyte and acid-base homeostasis, 
serves as an intracerebral transport system 
for neurotransmitters and hormones, and 
has excretory functions with the removal of 
products of cerebral metabolism. CSF analy¬ 
sis therefore provides a clinically valuable 
insight into diseases of the CNS. 

Collection of Cerebrospinal Fluid 

CSF can be collected from the lumbosacral 
cistern with sedation (horses) or restraint 
(ruminants) and the atlantooccipital cistern 
(cisterna magna) using injectable general 
anesthesia. For collection it is necessary to 
puncture the subarachnoid space in either 
the lumbosacral space or cisterna magna. 
Although there is no substantial difference 
between the composition of lumbosacral or 
cisternal CSF samples unless there is a 
compressive lesion of the spinal cord, the 
general policy is to sample as close to the 
lesion as possible, with the exception that 








atlantooccipital sampling should not be 
attempted in animals suspected to have 
increased intracranial pressure. CSF should 
be collected into a sterile tube and there is no 
need to add an anticoagulant, even in 
samples visibly contaminated with blood. 
Cytology should be performed as soon as 
possible after collection (ideally within 15 
minutes) because the cells rapidly degenerate 
after collection. The reason for this rapid 
degeneration appears to be associated with 
the low oncotic pressure in CSF; the addition 
of autologous serum to make a 11% serum 
solution permitted storage of bovine CSF 
samples for 24 hours at 4°C before cytologic 
examination was performed with no loss in 
cell integrity. 7 The addition of serum to CSF 
in a ratio that provides an approximate final 
serum solution of approximately 11% should 
therefore be considered if there is an unavoid¬ 
able delay before cytologic examination can 
be performed. 8 

Collection From the 
Lumbosacral Cistern 

The lumbosacral site is preferred because 
general anesthesia is not required. CSF can 
be collected from the lumbosacral cistern 
with relative ease provided that adequate 
restraint can be achieved and the anatomic 
landmarks can be identified. It can be col¬ 
lected from the standing or recumbent 
animal. If recumbent, the animal should be 
placed in sternal recumbency with hips 
flexed and the pelvic limbs extended along¬ 
side the abdomen. This widens the lumbosa¬ 
cral space to permit correct placement of the 
spinal needle. Ultrasonographic guidance 
has been described but is rarely needed. 9 

The site for collection is the midpoint of 
the lumbosacral space, which can be identi¬ 
fied as the midline depression between the 
last palpable dorsal lumbar spine (L6 in 
cattle, goats, and horses; L6 or L7 in sheep 
and pigs; L7 in New World camelids) and the 
first palpable sacral dorsal spine (usually S2). 
In well-conditioned animals, these land¬ 
marks cannot always be identified; in which 
case the site is identified as the midpoint of 
a line connecting the caudal aspect of the 
tuber coxae. The site is clipped, surgically 
prepared, and 1 to 2 mL of local anesthetic is 
administered subcutaneously. Sterile surgical 
gloves should be worn. Flypodermic spinal 
needles with stylettes are recommended 
because ordinary needles commonly plug 
with tissue. The length and gauge of needle 
depends on the size of the animal, but at least 
15-cm (6-inch) 18-gauge needles are needed 
for adult horses and cattle. These needles can 
bend considerably with animal movement, 
requiring the use of at least an 18-gauge 
needle; very tall horses may need a 20-cm 
needle because the depth needed maybe 16 
to 18 cm. The following guide is recom¬ 
mended (Table 14-7). 

Provided the animal is well restrained 
and care is exercised in introducing the 
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Table 14-7 Needle length gauge for 
lumbosacral cerebrospinal fluid 
collection 

Species and body 
weight 

Length (cm) and 
gauge of needle 

Lambs < 30 kg 

2.5 and 20 

Ewes 40-80 kg 

4.0 and 20 

Rams > 80 kg 

5.0 and 20 

Calves < 100 kg 

4.0 and 20 

Calves 100-200 kg 

5.0 and 18 

Cattle > 200 kg 

10.0-15.0 and 18 


needle, little difficulty should be encoun¬ 
tered. For collection from the lumbosacral 
space the needle is slowly advanced perpen¬ 
dicular or up to 15 degrees caudal to perpen¬ 
dicular to the plane of the vertebral column. 
The needle must be introduced in a perfectly 
vertical position relative to the plane of the 
animal’s vertebral column because of the 
danger of entering one of the lateral blood 
vessels in the vertebral canal. Changes in 
tissue resistance can be felt as the needle 
point passes sequentially through the subcu¬ 
taneous tissue and interarcuate ligament; 
then there is a sudden ‘“pop” caused by the 
loss of resistance as the needle point pene¬ 
trates the ligamentum flavum into the epidu¬ 
ral space. Once the needle point has 
penetrated the dorsal subarachnoid space, 
CSF will well up in the needle hub within 2 
to 3 seconds. Failure to appreciate the 
changes in resistance as the needle moves 
down may result in puncture of the conus 
medullaris, which may elicit an immediate 
pain response and some discomfort. Move¬ 
ment of the pelvic limbs may dislodge the 
needle point, with the risk of causing local 
trauma and hemorrhage in the leptomenin- 
ges, which results in blood in the sample. 
Repeated CSF taps of the lumbosacral space 
may make it more difficult to obtain an ade¬ 
quate sample volume because of fibrosis of 
epidural tissue. 

Careful aspiration with a syringe attached 
to the needle held between the thumb and 
index finger is usually required to obtain a 
sample of 2 to 3 mL, which is sufficient for 
laboratory analysis. This can be facilitated by 
firmly resting the forearms and wrists on the 
animal’s back. Failure to obtain fluid is 
usually caused by incorrect direction of the 
needle, in which the case the bony land¬ 
marks of the lumbosacral space (depression) 
must be rechecked and, with the needle cor¬ 
rectly realigned, the procedure repeated. 
Occasional small rotations of the needle to 
change the direction of the bevel can be suc¬ 
cessful in obtaining CSF, particularly in 
smaller animals. 

In animals with a vertebral body abscess 
and neurologic disease confined to the 
hindlimbs, CSF may be difficult to obtain 


from the lumbosacral space because flow is 
occluded. In these circumstances, if a sample 
is obtained, the CSF protein may be increased 
as a result of stagnation of CSF distal to the 
lesion with exudation or transudation of 
protein from the lesion (Froin’s syndrome). 

Collection From the Atlantooccipital 
Cistern (Cisterna Magna) 

This site is preferred for intracranial lesions 
because the fluid is produced in the sub¬ 
arachnoid space and flows caudally down the 
spinal cord. Flowever, this site is rarely used 
because of the inherent risk of needle pene¬ 
tration of the brainstem. Xylazine at 0.20 mg/ 
kg body weight (BW) intramuscularly is 
effective in providing adequate sedation and 
analgesia for this procedure in cattle. A 
general anesthetic (such as combined intra¬ 
venous administration of xylazine and 
ketamine) is recommended for horses. 
Ultrasonographic guidance has been 
described but is rarely needed. 

The site is prepared as with the lumbosa¬ 
cral cistern. Ventriflexion of the head and 
neck of cattle enlarges the space of the cis¬ 
terna magna and allows easy entry using a 
styletted spinal needle inserted at a point 
created by the transection of the transverse 
line of the cranial rim of the wing of the atlas 
and the dorsal midline. The needle is 
advanced carefully and steadily, and the tip 
is directed rostrally toward the symphysis of 
the lower jaw. The needle point goes through 
the skin, ligamentum nuchae, and leptomen- 
inges. In most mature cattle with a BW over 
500 kg, a 20-gauge, 10-cm (4-inch) spinal 
needle will enter the cisterna magna at 5 to 
7 cm after going through the ligamentum 
nuchae, which provides some increased 
resistance. A 20-gauge 3.8-cm (1.5-inch) 
needle can be used in sheep, goats, foals, and 
neonatal calves. The entrance to the cisterna 
magna is at a depth of approximately 4 to 
6 cm in adult horses and 1.5 to 2.5 cm in 
neonatal foals. Once at the lower range of the 
anticipated depth to enter the cisterna 
magna, the spinal needle is advanced 1 to 
2 mm at a time. When the needle point 
punctures the leptomeninges, the animal 
may move its head slightly. At that point the 
needle is advanced only 1 to 2 mm and the 
stylette is then removed. If the end of the 
needle is in the cisterna magna, CSF will flow 
out of the needle freely and the manometer 
can be attached and the pressure measured. 

Cerebrospinal Fluid Pressure 

CSF pressure can be determined by the use 
of a manometer attached to the spinal needle. 
Normal CSF pressures of the cisterna magna 
in cattle and xylazine/ketamine-anesthetized 
horses range from 5 to 15 cm H 2 0 (unknown 
reference point) and 28 + 4 cm H 2 0 (refer¬ 
enced to the right atrium), respectively. 
When the fluid system is properly connected, 
occlusion of both jugular veins causes a 
marked rise in CSF pressure; this is called 
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Queckenstedt’s test. This test involves bilat¬ 
eral jugular vein compression, which results 
in a sudden increase in intracranial sub¬ 
arachnoid pressure that is transmitted to the 
cranial subarachnoid space. The resultant 
CSF pressure wave is transmitted to the 
lumbar area (when obtaining CSF from the 
lumbosacral space) in the absence of an 
obstruction in the spinal subarachnoid 
space, resulting in an increased flow of CSF. 

Variations in CSF pressure are not of 
much use in clinical diagnosis except in 
hypovitaminosis A, and measurement of 
CSF pressure is only indicated in animals 
with signs of cerebral disease (abnormal 
mentation) that may have cerebral edema. 
Care is needed in interpreting results because 
the pressure is greatly affected by voluntary 
movement such as tenesmus. CSF pressure is 
increased in a number of diseases, including 
PEM, bacterial meningitis, and hypovita¬ 
minosis A, reflecting the presence of 
increased intracranial pressure. Xylazine 
given intravenously causes a decrease in 
intracranial pressure in healthy conscious 
horses. Intracranial pressure is increased in 
anesthetized horses when their head is 
placed lower than their heart because of an 
increase in the hydrostatic pressure gradi¬ 
ent. 10 Epidural pressure of cattle changes 
with change in position from standing to 
lateral recumbency to dorsal recumbency, 
and epidural pressure is positive in laterally 
recumbent animals. 

Analysis of Cerebrospinal Fluid 

Analysis of CSF has greater diagnostic value 
than hematology in animals with nervous 
system disease. CSF can be examined for the 
presence of protein, cells, and bacteria. The 
white blood cell count in normal animals is 
usually less than 5 cells/iiL. 11 An increase in 
the CSF leukocyte count above 5 cells/|iL is 
termed a pleocytosis and is categorized as 
mild (6 to 49 cells/|tL), moderate (50 to 200 
cells/|lL), or marked (>200 cells/pL). The dif¬ 
ferential white cell count comprises mostly 
lymphocytes and monocytes (mononuclear 
cells predominate); there are no erythrocytes 
in the CSF of healthy animals with an atrau¬ 
matic CSF tap. Cytologic examination of CSF 
is usually done after a Cytospin preparation 
that carefully concentrates the cells without 
destroying their architecture. This is needed 
because the cell count in CSF is usually very 
low. With bacterial infections of the nervous 
system, the CSF concentration of protein will 
be increased and the white blood cell count 
increased up to 2000 cells/pL with more than 
70% neutrophils. A neutrophilic pleocytosis 
is considered 95% to 100% indicative of an 
inflammatory process within the CNS. 
Samples that show visible turbidity usually 
contain large numbers of cells (>500 cells/pL) 
and a great deal of protein. 

The CSF glucose concentration is usually 
60% to 80% of serum glucose concentration; 
this steady-state value reflects facilitated 


transport across the blood-brain barrier, 
absence of binding proteins for glucose in 
CSF, and nervous tissue metabolism of 
glucose. However, sudden changes in plasma 
glucose concentrations are not immediately 
reflected in CSF glucose concentrations, 
because CSF turns over at around 1% per 
minute. Typically, a lag time of up to 3 hours 
is needed for CSF glucose concentration to 
be in equilibrium with plasma glucose con¬ 
centrations. Therefore hyperglycemia from 
the stress of handling and restraint may not 
be reflected by an increased CSF glucose 
concentration. 

In cattle, protein concentrations range 
from 23 to 60 mg/dL, sodium concentrations 
from 132 to 144 mmol/L, potassium 2.7 to 
3.2 mmol/L, magnesium 1.8 to 2.1 mEq/L, 
and glucose concentrations 37 to 51 mg/dL. 
In the horse, the reference values for CSF are 
similar. Neonatal foals under 3 weeks of age 
have higher CSF protein concentrations than 
do adult horses. Glucose concentrations 
peak in the first 48 hours after birth and then 
decrease to adult values by the second week 
of life. Concentrations of sodium and potas¬ 
sium are not affected by age and are similar 
to values reported for adult horses and 
ponies. In sheep, protein concentrations 
range from 12 to 60 mg/dL and glucose con¬ 
centrations from 38 to 63 mg/dL. 

Cytokine concentrations in CSF may 
have prognostic value, 11 and the cytokine 
gene expression in nucleated cells in CSF 
may have clinical utility in the diagnosis of 
specific nervous diseases. 13 The presence of 
one or more eosinophils in CSF is extremely 
unusual and should be assumed to indicate 
the presence of aberrant parasite migration 
or fungal encephalitis. Theoretically, the CSF 
glucose concentration will be decreased and 
CSF lactate concentration will be increased 
in animals with bacterial meningitis because 
of bacterial metabolism, but these are unreli¬ 
able signs and usually do not provide addi¬ 
tional information to that provided by 
determination of CSF leukocyte and protein 
concentrations. Bacteria may also be cul¬ 
tured from the CSF. 

The creatine kinase and lactate dehydro¬ 
genase activities in CSF have been examined 
as an aid in the differentiation of some neu¬ 
rologic diseases. However, creatine kinase 
activity is considered to be unreliable in the 
horse; contamination of the sample with epi¬ 
dural fat and dura may increase CSF creatine 
kinase activity. In contrast, CSF creatine 
kinase activity >19.5 U/L provided an excel¬ 
lent prognostic test of nonrecovery in sheep 
with Listeriosis. 12 Insufficient information is 
available to evaluate the clinical utility of CSF 
lactate dehydrogenase activity in large 
animals. 

Blood contamination of CSF can make 
interpretation difficult. A formula has been 
developed that “corrects” the CSF values for 
the degree of blood contamination, based on 
the red blood cell count (RBC) in CSF 


{RBC C sf) and blood (RBCbi 00 d)» in which 
the corrected value for substance X in CSF 
(^corrected) where X is a concentration or activ¬ 
ity) is derived from the measured value of X 
in CSF (X C sf) and blood (X blood ) and applying 
the following formula: 

X corrected = X CSJI — {X b ] ood X RBC C SF/RBC blood ) ■ 

Calculation of a “corrected” value rarely 
provides additional insight into the CSF 
analysis and is not commonly practiced in 
large animals. Xanthochromia is a slight 
yellow tinge to CSF that indicates previous 
erythrocyte lysis or more commonly 
increased protein concentration. A foamy 
appearance to the CSF is also suggestive of 
increased protein concentration. 

Protein fractionation of CSF is not 
routinely performed because it requires 
sensitive electrophoresis methodology or 
species-specific radial immunodiffusion 
assays. Albumin (ALB) concentration in 
CSF can also be measured using an immu¬ 
nologic technique based on the detection 
of albumin-antialbumin immune com¬ 
plexes by nephelometry. 7 Calculation of the 
albumin quotient and IgG index may be 
informative in specific neurologic diseases. 
Theoretically, these calculations can differen¬ 
tiate four blood-brain permeability patterns, 
normal blood-brain barrier permeability 
(normal albumin quotient and IgG index), 
intrathecal IgG production with normal 
blood-brain barrier permeability (normal 
albumin quotient and increased IgG index), 
increased blood-brain barrier perme¬ 
ability without intrathecal IgG production 
(increased albumin quotient and normal IgG 
index), and increased blood-brain barrier 
permeability with intrathecal production 
of IgG (increased albumin quotient and 
increased IgG index). The albumin quotient 
is calculated from the albumin concentra¬ 
tion in CSF (ALB CSP ) and serum (ALB ssrllm ), 
in which: 

Albumin Quotient = (ALB CSF ) 

x 100/(ALB senlm ). 

The normal range for albumin quotient in 
the adult horse is 0.6 to 2.2 for atlantooccipi- 
tal CSF samples and 0.7 to 2.3 for lumbosa¬ 
cral CSF samples, but the mean is 0.4 to 0.5 
in cattle and adult llamas. Because CSF 
protein is most often derived by disturbance 
of the blood-brain barrier and inflammation 
(resulting in an increased CSF albumin con¬ 
centration), an increased CSF protein con¬ 
centration is usually accompanied by an 
increased albumin quotient. 

In animals suspected to have increased 
immunoglobulin production in the CNS (a 
rare occurrence, and almost always accom¬ 
panied by disturbance of the blood-brain 
barrier), the IgG index can be calculated 
from the IgG concentration in CSF {IgG c sf) 
and serum ( IgG selum ), and the albumin 
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concentration in CSF (ALB C sr) and serum 
(ALB semm ), in which: 

IgG Index = ( IgG CSF /( IgG senlm ) 
x ( ALB serum /ALB 

CSF/)■ 

An IgG index of more than 0.3 is suspected 
to indicate intrathecal IgG production in the 
adult horse. This formula corrects the CSF 
IgG concentration for an increased permea¬ 
bility of the blood-brain barrier; therefore, 
theoretically it provides a more sensitive 
method for detecting local production of IgG 
within the CNS. Calculating the albumin 
quotient and IgG index is expensive and 
rarely provides additional information to 
that provided by CSF protein concentration 
alone, and for this reason is not commonly 
performed in large animals. 

When antigen-specific titers are mea¬ 
sured, two modified CSF indices, the 
Goldmann-Witmer coefficient (C-value) 
and the antibody index (AI), can be calcu¬ 
lated to distinguish intrathecal versus pas¬ 
sively acquired antibodies in the CSF. 14,15 The 
C-value is calculated as 

C-value = ( IgG semm X reciprocal CSF titer )/ 

(IgGcsp X reciprocal serum titer). 

The AI is calculated as the ratio of the spe¬ 
cific antibody quotient to the albumin quo¬ 
tient, in which 

AI = ({reciprocal CSF titer] / 

{reciprocal serum titer}) / 

({CSF albumin concentration] / 

{serum albumin concentration}). 

The urine dipstick protein test provides a 
useful on-farm assessment of CSF protein 
concentration and is underutilized in 
clinical practice. Most dipsticks use the fol¬ 
lowing gradations of trace (<25 mg/dL), 1+ 
(28-75 mg/dL), 2+ (115-240 mg/dL), and 
3+ (470-590 mg/dL), and a study of dog CSF 
samples indicated that all dogs with a urine 
dipstick protein of 2+ or greater had 
increased CSF protein concentration. 16 
Similar studies do not appear to have been 
conducted in large animals. 

The Pandy test also provides a useful 
on-farm assessment of CSF protein concen¬ 
tration. The basis for the test is that proteins 
(globulin and albumin) are precipitated by a 
saturated solution of phenol in water. The 
Pandy test uses a 10% solution of carbolic 
acid crystals dissolved in water (providing a 
saturated aqueous solution of phenol); the 
solution is termed Pandy’s solution. One mil¬ 
liliter of Pandys solution is placed in a glass 
tube and one drop (approximately 0.05 mL) 
of CSF is carefully layered on top. A turbid 
appearance at the interface signifies the pres¬ 
ence of elevated concentrations of globulin 
or albumin in the CSF and is regarded as a 
positive Pandys reaction (usually a total 
protein concentration greater than approxi¬ 
mately 50 mg/dL). A variant of the test has 
the sample thoroughly mixed and the degree 
of turbidity ranked from 1+ (faint turbidity) 


to 4+ (dense milk-colored precipitate). A 
negative Pandys reaction shows no turbidity 
or precipitate, and this is the expected result 
in normal CSF samples. A positive control 
(4+) can be run at the same time by adding 
a drop of serum or plasma to 1 mL of Pandys 
solution. Because Pandys solution contains 
phenol, clinicians should wear gloves 
and protective eyewear when handling the 
solution, and dispose of used reagents 
appropriately. 

In summary, collection and analysis of 
CSF from the lumbosacral region provides a 
practical, safe, and informative diagnostic 
tool in conscious large animals with neuro¬ 
logic disease. Analysis of CSF in animals 
with CNS disease has greater diagnostic 
value than analysis of the leukon or serum 
biochemical analysis. Routine assessment of 
CSF should include total protein concentra¬ 
tion (including the semiquantitative Pandy 
test and urine dipstick measurement), eryth¬ 
rocyte count, leukocyte count, and leukocyte 
differential count. Other analytical proce¬ 
dures on CSF can be performed in specific 
diseases related to the nervous system. 


EXAMINATION OF THE 
NERVOUS SYSTEM WITH 
SERUM BIOCHEMICAL ANALYSIS 

Arterial Plasma Ammonia 
Concentration 

In animals suspected of having hepatic 
encephalopathy, measurement of the arterial 
plasma ammonia concentration provides a 
clinically useful diagnostic test and a means 
of monitoring the response to treatment. In 
monogastrics, ammonia is produced by bac¬ 
terial degradation of amines, amino acids, 
and purines in the gastrointestinal tract, by 
the action of bacterial and intestinal urease 
on urea in the gastrointestinal tract, and by 
the catabolism of glutamine by enterocytes. 
In ruminants, ammonia is derived predomi¬ 
nantly from bacterial metabolism in the 
rumen and catabolism of amino acids in 
tissue. Absorbed ammonia is normally con¬ 
verted to urea by the liver and to glutamine 
by the liver, skeletal muscle, and brain. In the 
presence of hepatic dysfunction, ammonia is 
inadequately metabolized, resulting in high 
plasma ammonia concentrations. Ammonia 
is a direct neurotoxin that alters inhibitory 
and excitatory neurotransmission in the 
brain. 

Hyperammonemia can be used as a 
specific indicator of hepatic dysfunction. 
Normal values for arterial plasma ammonia 
concentration are less than 29 pmol/L in 
adult cattle but may reach higher values in 
the immediate periparturient period. Arte¬ 
rial values are higher than venous values and 
are preferred for analysis. 

Blood gas analysis and serum electrolyte 
determination should be routinely under¬ 
taken in animals with clinical signs of 


encephalopathy to rule out metabolic causes 
of cerebral dysfunction. 
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EXAMINATION OF THE 
NERVOUS SYSTEM WITH 
IMAGING TECHNIQUES 

Radiography 

Examination of the bony skeleton of the head 
and vertebral column to detect abnormalities 
that are affecting the nervous system of 
large animals is commonly used in referral 
centers. Conventional diagnostic radiogra¬ 
phy remains the best method for the initial 
evaluation of trauma to the brain and spinal 
cord, but usually the trauma needs to have 
displaced bone for the lesion to be readily 
visible on a radiograph. Lesions that can be 
identified on plain radiographs include frac¬ 
tured, luxated, or subluxated vertebra; inter¬ 
vertebral disk prolapse; discospondylitis; 
osteomyelitis; and neoplasia. 1 The injection 
of contrast media into the CSF system 
(myelography) is used for the detection of 
spinal cord compression but is not often per¬ 
formed in large animals because spinal cord 
depression surgery is rarely undertaken and 
because sensitivity and specificity estimates 
are low depending on criteria used for inter¬ 
pretation. 2 In cases of peripheral nerve injury 
the radiograph of the appropriate limb may 
reveal the presence of a fracture or space- 
occupying lesion that has caused dysfunc¬ 
tion of the peripheral nerve. 
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Radiography has been used to diagnose 
lesions of the tympanic bullae in cattle (otitis 
interna) characterized by thickening of the 
bulla wall, increased soft tissue opacity 
within the bulla, and osteolysis of the bulla 
wall and trabeculations. 3 Radiography is not 
as sensitive as computed tomography (CT) 
for the diagnosis of otitis media, however, 
because CT provides more detailed informa¬ 
tion regarding the bony structures of the 
middle ear 4 and is more sensitive and specific 
than radiography in the diagnosis of otitis 
media in calves. 3 

Computed Tomography 

CT of the skull has several advantages over 
radiography because structures are viewed in 
cross section without superimposition. The 
use of contrast agents and development of 
computer software and technology that 
permit rapid acquisition times and three- 
dimensional reconstruction allows a large 
amount of information to be obtained from 
a CT examination. Numerous diseases of the 
head of the horse, including those of the 
brain and cervical spine, can be diagnosed 
using this technique, but the limiting factors 
are the weight of the patient (a custom- 
designed table is required for adult horses 
and cattle), accessibility for large animals, 
and the need for general anesthesia. 

CT provides an excellent image of skeletal 
cranial defects and soft tissue defects that 
differ considerably from surrounding tissue. 
CT has been used for the antemortem diag¬ 
nosis of many conditions in foals, horses, and 
cattle, including cerebral abscess, poren¬ 
cephaly, meningoencephalocele, pituitary 
adenoma, cervical stenotic myelopathy, 
spinal cord rupture, and otitis interna/media, 
and has been used to guide brain biopsy for 
in vivo diagnosis of an intracranial mass. 4 ' 
CT provides less contrast resolution than 
magnetic resonance imaging (MRI), but CT 
provides better spatial resolution (i.e., is 
more able to differentiate fine anatomic fea¬ 
tures such as bone trabeculae), is more 
widely available, and has a shorter scan 
acquisition time. In a case series of 57 cases, 
CT was a useful diagnostic test in horses with 
abnormal mentation or a history of trauma 
followed by a period of unconsciousness. In 
contrast, CT did not provide clinically 
helpful information in horses with 
seizures. 8 

Magnetic Resonance Imaging 

MRI scanning uses nuclear magnetic reso¬ 
nance to create cross-sectional images based 
on the magnetic properties of tissues. In 
general, MRI provides an excellent image of 
soft tissue defects and is considered superior 
to CT for intracranial and intraspinal lesions 
because MRI provides a high contrast 
between soft tissues and better anatomic 
detail. MRI can be performed in standing 
sedated horses; however, these MRI units 
(typically 0.25 T) produce low-resolution 


images that may not have sufficient detail to 
be diagnostic for many nervous diseases. 
Higher resolution images are produced by 
more expensive magnets (typically 1.0-3.0 
T) that require the patient be immobile. The 
limiting factors for MRI use are therefore 
cost (MRI is more expensive than CT), the 
weight of the patient, accessibility for large 
animals, and the need for general anesthesia 
for higher resolution images (usually MRI 
has a longer imaging time than CT). Other 
challenges specific to MRI are that the envi¬ 
ronment provides considerable challenges 
for the monitoring of anesthesia and the 
placement of limbs to minimize postanes¬ 
thetic myopathy/neuropathy syndrome, par¬ 
ticularly in horses. 9 

MRI has been used for the antemor¬ 
tem diagnosis of a number of neurologic 
conditions in foals and horses, including 
brain abscess, hydrocephalus, nigropalli- 
dal encephalomalacia, 10 cerebellar abiotro¬ 
phy in Arabian horses, 11 cervical stenotic 
myelopathy, 3 and peripheral nerve sheath 
tumor (PNST) in the tongue. 12 MRI has also 
been used to diagnose PEM and cerebel¬ 
lar hypoplasia in calves 1 ’ and PEM, leuko- 
encephalomalacia, and porencephaly and 
demyelination in sheep and goats. 14 More 
studies are required documenting the clini¬ 
cal superiority of MRI versus other diag¬ 
nostic modalities. For instance, MRI can 
differentiate horses with cervical stenotic 
myelopathy (CSM) and cervical vertebral 
stenosis from healthy horses and horses 
with other causes for ataxia; however, MRI 
cannot accurately localize the site of cord 
compression. MRI will be more widely used 
in the diagnosis of nervous diseases, partic¬ 
ularly intracranial and cervical spinal cord 
disease, as equipment and acquisition costs 
decrease. 
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Ultrasonography 

Ultrasonography of the cricoarytenoideus 
lateralis muscle has been used as part of the 
examination of horses with suspected laryn¬ 
geal hemiplegia and compared with endo¬ 
scopic findings obtained at rest and during 
exercise. An 8.4-MHz curvilinear transducer 
was applied over the larynx and four acoustic 
windows evaluated. Subjectively assessed 
increased echogenicity of this muscle had a 
sensitivity of 94.6% and a specificity of 94.5% 
for detecting laryngeal hemiplegia. 1 The 
reported advantages of ultrasonography are 
that it is widely available, noninvasive, and 
depicts a real-time view of the tissues. 

The supraspinous ligament has been eval¬ 
uated in horses with and without back 
pathology using ultrasonography. Linear and 
sector array transducers (5-10 MHz) were 
used to obtain longitudinal and cross- 
sectional views of the supraspinous ligament, 
and lesions were identified and categorized. 
All 39 horses studied had at least one site of 
supraspinous ligament desmitis, and there 
was no association between desmitis lesions 
and clinical signs of pain that could be local¬ 
ized to this region. 2 

Ultrasonography has been used to diag¬ 
nose syringohydromyelia and segmental 
hypoplasia of the lumbar spinal cord in a 

4- day-old Holstein Friesian calf that had 
been unable to stand since birth. The calf was 
placed in right lateral recumbency, and lum¬ 
bosacral flexion was induced to enable wid¬ 
ening of ultrasound windows. Diagnostic 
images of the lumbar spinal cord were 
obtained in sagittal and transverse orienta¬ 
tions at the lumbosacral junction (L6-S1), as 
well as the proximal lumbar intervertebral 
junctions up to L2-L3, using a 6- to 10-MHz 
linear transducer. 3 

An ultrasound imaging technique of the 
tympanic bullae has been developed for the 
diagnosis of otitis media in calves. 4 A 
7.5-MHz linear probe is applied to the base 
of the ear without the use of coupling gel and 
with the calf in a standing position. The 
probe is applied ventral to the base of the ear 
and caudal to the mandible. Abnormalities 
detected included anechoic to hyperechoic 
content; trabeculae lysis; and thinning, 
deformation, and rupture of the bulla wall. 
In calves, ultrasonography has also been 
used to identify the femoral nerve in calves 
to assist in the diagnosis of spastic paresis 
cases that involve the quadriceps muscle 
(such as in Belgian Blue cattle with a crani- 
ally directed hyperextension of the limb) 
instead of the more common form of spastic 
paresis that involves the gastrocnemius 
muscle and a caudally directed hyperexten¬ 
sion of the hindlimb. 5 ' 6 Placement of a 

5- MHz curved linear array transducer over 
the dorsal paravertebral space between the 
fifth and sixth lumbar transverse processes 
provided the best view of the femoral nerve 
and permitted selective blocking of the 
femoral nerve using 4% procaine solution. 





ENDOSCOPY 

(RHINOLARYNGOSCOPY) 

Endoscopy (rhinolaryngoscopy) is now a 
routine technique for the examination of 
horses with suspected laryngeal hemiplegia, 
which is a distal axonopathy of the left recur¬ 
rent laryngeal nerve. 

Endoscopic examination of the epidural 
and subarachnoid space from the atlantooc- 
cipital space to the eighth cervical nerve has 
been performed safely in healthy adult 
horses. 7 The procedure was performed under 
general anesthesia. The technique may have 
clinical utility in the diagnosis of cervical 
vertebral stenotic myelopathy because phys¬ 
ical constraints do not currently permit 
imaging of the caudal cervical vertebral 
column by MRI or CT. 

Endoscopy has also been used to examine 
the anatomic structures in the sacrococcygeal 
area of adult cattle. Cows were restrained and 
sedated with xylazine (0.03 mg/kg, intrave¬ 
nously). A lidocaine epidural was adminis¬ 
tered and a flexible endoscope (outside 
diameter, 2.3 mm) introduced through an 
introducer set and a small amount of air 
introduced. The procedure permitted visual¬ 
ization of blood vessels, connective tissue, fat, 
nerves, and the spinal dura mater. 8 

OPHTHALMOSCOPY 

Ophthalmoscopy for the examination of the 
structures of the eye is important in the diag¬ 
nosis of diseases affecting the optic nerve 
such as in vitamin A deficiency and the optic 
disc edema (papilledema) associated with 
diffuse cerebral edema. 

ELECTROMYOGRAPHY 

Electromyographic needle examination is a 
technique that records the electrical activity 
generated by single muscle fibers and the 
summated electrical activity of muscle fibers 
in individual motor units. The technique 
involves inserting a recording needle into the 
muscle of interest and recording the resul¬ 
tant EMG. Typically, animals are unsedated 
and restrained in stocks or a chute. An 
abnormal EMG signals include short- 
duration and low-amplitude motor unit 
action potentials, which indicate diseased 
muscle fibers of early or incomplete reinner¬ 
vation after denervation. Other abnormali¬ 
ties include the presence of fibrillation 
potentials, positive sharp waves, and complex 
repetitive discharges that occur when the 
skeletal cell membrane becomes unstable 
because of denervation or myopathy. 

EMG provides a more practical diagnos¬ 
tic test than electroencephalography (EEG) 
and provides a sensitive indicator of neuro¬ 
logic dysfunction and assists in the neuro- 
anatomic localization of the lesion. 8 It is 
especially useful for evaluating peripheral 
nerve injury and diagnosing hyperkalemic 
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periodic paresis in horses and should be 
helpful in additional studies on calving- 
associated paralysis and other peripheral 
nerve injuries in cattle. EMG can discrimi¬ 
nate between lower motor neuron and myo¬ 
genic disorders, and nerve conduction 
studies can differentiate axonal loss from 
demyelination. In addition, repetitive stimu¬ 
lation can provide information regarding 
neuromuscular transmission. Reference 
values for motor nerve conduction velocity 
have been developed for calves and, as 
expected, conduction velocities are related to 
the nerve fiber diameter. 10 

Somatosensory evoked potentials of the 
trigeminal complex using the infraorbital 
nerve have been used in horses to assist in 
the diagnosis of idiopathic head-shaking. An 
electrical surface stimulus is applied at a set 
stimulus rate but variable stimulus currents 
to a focal area of the buccal mucosa. Record¬ 
ing electrodes placed along the sensory 
pathway of the trigeminal complex detect the 
presence or absence of sensory nerve action 
potentials (SNAPs) and nerve conduction 
velocity. 11 The threshold current required to 
trigger a SNAP provides clinically useful 
information about the sensitivity of the ana¬ 
tomic location to stimuli. 

EMG has been coupled with transcranial 
magnetic stimulation to induce magnetic 
motor evoked potentials in the horse. This 
provides a useful noninvasive evaluation of 
cervical spinal cord dysfunction in horses 
with radiologic abnormalities of the cervical 
vertebrae by detecting the presence of a neu¬ 
ropathy involving the descending motor 
tracts. However, EMG does not provide 
information on upper motor neurons; there¬ 
fore it is not useful in the clinical evaluation 
of horses suspected to have hindlimb neuro¬ 
logic deficits caused by cervical spinal cord 
disease. 9 

ELECTROENCEPHALOGRAPHY 

EEG has not been used to any significant 
degree in large animals. It requires sophisti¬ 
cated equipment, a quiet dim environment 
free from electrical interference, and a quiet 
patient that has minimal muscular activity. 
Because of the difficulty in obtaining quality 
recordings in a conscious large animal, it is 
preferred that the animal is sedated or anes¬ 
thetized for the recording, which confounds 
interpretation of the EEG pattern depending 
on the anesthetic protocol. Thorough and 
repeated observations of simultaneously 
recorded EEG and video may facilitate inter¬ 
pretation of the EEG, 12 ' 13 but the clinical 
utility of EEG remains uncertain in large 
animals exhibiting nervous signs consistent 
with an intracranial lesion. Therefore EEG 
has been primarily used in large animals as 
an antemortem or research tool, and its use 
will probably remain as a complementary 
test to other neurologic examinations and 
diagnostic tests at referral institutions. 


Recommendations have been made to 
standardize EEG techniques for animals; 
these typically involve meticulous prepara¬ 
tion of the recording sites on the scalp, and 
placement of electrodes over the left and 
right frontal areas, the left and right occipital 
areas, and the vertex area, and a reference 
electrode is placed behind the tip of the 
nose. The addition of other recording 
sites increases the ability to localize a focal 
lesion. 12 Neurologic disease is associated 
with changes in EEG frequency or ampli¬ 
tude, or both, and frequency changes are a 
more reliable indicator of disease. In general, 
focal EEG abnormalities indicate a focal 
lesion in the cortex, whereas diffuse EEG 
abnormalities indicate diffuse cortical or 
subcortical lesions or focal subcortical 
lesions. 

EEG has been used to study epilepsy in 
goats and cattle, congenital hydranencephaly 
and hydrocephalus in cattle, scrapie in sheep, 
thiamine-responsive PEM in cattle, and BSE 
in cattle. When performed under controlled 
conditions, EEG has been shown to be a 
useful diagnostic tool for the early diagnosis 
of equine intracranial diseases, with ade¬ 
quate sensitivity and specificity. 

ELECTRORETINOGRAPHY 

Flash electroretinography (ERG) is a record¬ 
ing of rod and cone function of the eyes. The 
animal is sedated (usually with xylazine) and 
topical 0.5% proparacaine is applied to both 
eyes to permit the placement of a contact 
lens electrode on both eyes. Subcutaneous 
electrodes are then placed at the lateral 
canthus and midline at the nostrils to provide 
reference and ground electrodes, respec¬ 
tively. A period of dark adaptation is then 
implemented, and a standardized flash 
sequence applied. 10 Decreased B-wave ampli¬ 
tudes during flash ERG have been identified 
in horses with equine motor neuron disease 
and attributed to lipofuscin deposits on the 
retina. 

BRAINSTEM AUDITORY 
EVOKED POTENTIALS 

The brainstem auditory evoked potential 
(BAEP) is a recording of the electrical activ¬ 
ity of the brainstem following an acoustic 
stimulation; as such, BAEP can be used to 
evaluate the integrity of the auditory pathway. 
The use of the BAEP permits differentiation 
of cochlear pathology (including otitis 
media/interna) from retrocochlear pathol¬ 
ogy (auditory nerve or brainstem). 

BAEP is obtained on a sedated patient 
(xylazine is frequently used) by recording 
neuroelectrical activity from generators in 
the auditory pathway immediately following 
an acoustic click stimulus, and BAEP wave¬ 
forms for horses, 14 ponies, foals, 15 ' 16 and 
calves have been recorded. Such recordings 
can be useful in evaluating horses suspected 
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to have deafness, vestibular disease, brain¬ 
stem disease, or temporohyoid osteoarthrop¬ 
athy, 1 ' as well as calves with otitis media and 
facial paralysis, 18 and to monitor the response 
to treatment. 17 

INTRACRANIAL PRESSURE 
MEASUREMENT 

Intracranial pressure has been measured in 
neonatal foals, although the clinical utility of 
such measurements in foals has not been 
demonstrated. Increases in intracranial 
pressure can cause decreases in cerebral 
perfusion pressure and irreversible injury 
to the CNS. 

The head-down position in the horse 
increases the hydrostatic pressure gradient 
between the heart and brain, increasing 
mean intracranial pressure in isoflurane- 
anesthetized horses from 31 to 55 mm Hg 
when placed in the Trendelenburg position 
to facilitate abdominal surgery. 19 Similar 
directional changes in intraocular pressure 
were measured in adult horses sedated with 
detomidine. 20 Hydrostatic pressure effects on 
intracranial pressure have also been observed 
in isoflurane-anesthetized adult cattle. 21 In 
other words, large animals suspected to have 
increased intracranial pressure should be 
encouraged to keep their heads elevated to 
prevent cerebral edema formation. In addi¬ 
tion, head position must be standardized 
when intracranial pressure is measured. 

KINETIC GAIT ANALYSIS 

Lameness is common in large animals and 
usually results in asymmetric gait abnormal¬ 
ities; lameness caused by selected musculo¬ 
skeletal abnormalities is discussed in Chapter 
15. Ataxia caused by spinal cord disease also 
causes gait abnormalities that are usually 
symmetric and particularly evident in the 
hindlimbs. Diagnostic differentiation of 
lameness and neurologic causes of gait 
abnormalities can be challenging, even to 
experienced practitioners. Consequently, 
kinetic gait analysis offers an objective quan¬ 
titative test that may assist in the differentia¬ 
tion of neurologic from musculoskeletal 
causes for a gait abnormality. Two indices 
appear to have the greatest clinical utility in 
identifying the presence of a neurologic gait 
abnormality: higher lateral force peak and 
increased variation in vertical force peak in 
both hindlimbs. 22 
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Diffuse or Multifocal 
Diseases of the Brain and 
Spinal Cord 

There are many different causes of diffuse or 

multifocal nervous system disease in large 

domestic animals. 

• Infectious causes include bacteria, 
viruses, fungi, and helminth, arthropod, 
and protozoan parasites. 

• Exogenous substances such as lead, salt, 
selenium, organophosphate insecticides, 
feed additives such as urea, poisonous 
plants, and many other chemicals are 
common causes. 

• Endogenous substances such as 
products of disease in other body 
systems or of abnormal metabolism 
such as bacterial toxins, ammonia, and 
carbon dioxide can cause abnormalities 
of the nervous system. 

• Metabolic and nutritional causes include 
ischemia secondary to cardiopulmonary 
disease; hypoglycemia; 
hypomagnesemia; copper deficiency in 
pregnant animals; and hyper 
D-lactatemia in calves, lambs, and kids 
with neonatal diarrhea and adult 
ruminants with grain overload. 

• Chronic acidemia associated with 
diarrhea can cause mental depression 
and ataxia (whereas experimentally 
induced acute acidemia does not 
cause mental depression in neonatal 
calves). 

• Idiopathic diseases account for several 
diseases of the spinal cord of horses. 

• Malformation occurs primarily in the 
developing fetus and results in 


congenital nervous system disease, 
which is usually present at birth. Many 
different teratogens can cause congenital 
defects. In some cases of inherited 
disease, the clinical signs do not 
manifest until sometime after birth. 

Responses of Central Nervous 
System to Injury 

The CNS may respond to injury by morpho¬ 
logic changes that include cerebral edema 
and brain swelling, inflammation, and demy- 
elination. Malformations occur when the 
CNS is affected during fetal life. 

The remainder of this chapter will present 
the general clinical aspects of the diseases 
of the nervous system according to anatomic 
sites and causative agent. The salient features 
of the etiology, pathogenesis, clinical find¬ 
ings, diagnosis, and treatment of these clini- 
coanatomic diseases are described. Cerebral 
hypoxia, hydrocephalus, cerebral edema, 
meningitis, encephalitis, myelitis, encepha- 
lomalacia, and myelomalacia are common to 
many diffuse or multifocal diseases of the 
nervous system and are described here. 

CEREBRAL HYPOXIA 

Cerebral hypoxia occurs when the supply of 
oxygen to the brain is reduced for any reason. 
An acute or chronic syndrome develops 
depending on the acuteness of the depriva¬ 
tion. Initially there are irritation signs 
followed terminally by signs of loss of 
function. 

ETIOLOGY 

All forms of hypoxia, including anemic, 
anoxic, histotoxic, and stagnant forms cause 
some degree of cerebral hypoxia, but signs 
referable to cerebral dysfunction occur only 
when the hypoxia is severe. Hypoxia of the 
brain may be secondary to a general systemic 
hypoxia or be caused by lesions restricted to 
the cranial cavity. 

Cerebral Hypoxia Secondary to 
General Hypoxia 

• Poisoning by hydrocyanic acid or nitrite 

• Acute heart failure in severe copper 
deficiency in cattle 

• Anesthetic accidents 

• Terminally in pneumonia, congestive 
heart failure 

• During or at birth in foals, hypoxic- 
ischemic encephalopathy in foals (also 
known as neonatal encephalopathy, 
perinatal asphyxia, dummy foal 
syndrome, or neonatal maladjustment 
syndrome), 1 or intrapartum hypoxia in 
calves and lambs caused by prolonged 
parturition 

Cerebral Hypoxia Secondary to 
Intracranial Lesion 

• In increased intracranial pressure 

• In brain edema 
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PATHOGENESIS 

The CNS is extremely sensitive to hypoxia, 
and degeneration occurs if the deprivation is 
extreme and prolonged for more than a few 
minutes. The effects of the hypoxia vary with 
the speed of onset and with the severity. 
When the onset is sudden, there is usually a 
transitory period during which excitation 
phenomena occur, and this is followed by a 
period of loss of function. If recovery occurs, 
a second period of excitation usually devel¬ 
ops as function returns. In more chronic 
cases the excitation phase is not observed, 
and the signs are mainly those of loss of 
function. These signs include dullness and 
lethargy when deprivation is moderate and 
unconsciousness when it is severe. All forms 
of nervous activity are depressed, but the 
higher centers are more susceptible than 
medullary centers and the pattern of devel¬ 
opment of signs may suggest this. 

CLINICAL FINDINGS 

Acute and chronic syndromes occur depend¬ 
ing on the severity of the hypoxia. Acute 
cerebral hypoxia is manifested by a sudden 
onset of signs referable to paralysis of all 
brain functions, including tetraparesis and 
unconsciousness. Muscle tremor, beginning 
about the head and spreading to the trunk 
and limbs, followed by recumbency, clonic 
convulsions, and death or recovery after 
further clonic convulsions is the most 
common pattern, although affected animals 
may fall to the ground without premonitory 
signs. In chronic hypoxia, there is lethargy, 
dullness, ataxia, weakness, and blindness and 
in some cases muscle tremor or convulsions. 
In both acute and chronic hypoxia, the signs 
of the primary disease will also be evident. 
Cerebral hypoxia of fetal calves is thought to 
be a cause of weakness and failure to suck 
after birth, leading to the eventual death of 
the calf from starvation. Such hypoxia can 
occur during the birth process, especially if 
it is difficult or delayed, or during late 
pregnancy. 

CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

There is no distinctive clinical pathology or 
characteristic necropsy lesion other than 
those of the primary disease. 


DIFFERENTIAL DIAGNOSIS 


Clinically there is little to differentiate cerebral 
hypoxia from hypoglycemia or 
polioencephalomalacia in which similar signs 
occur. Irritation and paralytic signs follow one 
another in many poisonings including lead 
and arsenic and in most diffuse diseases of 
the brain including encephalitis and 
encephalomalacia. The differential diagnosis of 
cerebral hypoxia depends on the detection of 
the cause of the hypoxia. 


TREATMENT 

An increase in oxygen delivery is essential 
and can usually only be provided by remov¬ 
ing the causative agent. A respiratory stimu¬ 
lant (the most effective is doxapram, 2 mg/ 
kg BW, intravenously) 2 may be advantageous 
in acute cases, and artificial respiration may 
be necessary and effective. 

INCREASED INTRACRANIAL 
PRESSURE, CEREBRAL EDEMA, 
AND BRAIN SWELLING 

Diffuse cerebral edema and brain swelling 
usually occur acutely and cause a general 
increase in intracranial pressure. Cerebral 
edema is rarely a primary disease, but is 
commonly an accompaniment of other dis¬ 
eases. Cerebral edema is often a transient 
phenomenon and may be fatal, but complete 
recovery or recovery with residual nervous 
signs also occurs. It is manifested clinically 
by blindness, opisthotonus, muscle tremor, 
paralysis, and clonic convulsions. 

ETIOLOGY 

Diffuse cerebral edema and brain swelling 
may be vasogenic, when there is increased 
permeability of capillary endothelium, and 
cytotoxic when all the elements of brain 
tissue, glia, neurons, and endothelial cells 
undergo swelling. Causes include the 
following. 

Vasogenic Edema 

• Brain abscess, neoplasm, hemorrhage, 
lead encephalopathy, purulent 
meningitis 

• Minor edema after most traumatic 
injuries, in many encephalitides and 
many poisonings, including propylene 
glycol in the horse; probably contributes 
to the pathogenesis 

• Accidental intracarotid injection of 
promazine in horses 

• Leukoencephalomalacia in horses 
caused by fumonisin consumption 

• Septicemia in neonatal foals 

Cytotoxic Edema 

• Hypoxia 

• PEM of ruminants (thiamine deficiency 
or sulfur toxicosis) 

• Salt poisoning of swine 

Interstitial Edema 

• Hydrocephalus 

PATHOGENESIS 

Cerebral Edema and Brain Swelling 

This disease is potentially life-threatening 
because of the limited ability for accommo¬ 
dation of increased volume within the con¬ 
fines of the dura and the cranium. CNS 
parenchyma does not possess a lymphatic 
system, and the interstitial space between 
cells, especially in the gray matter, is much 
narrower than in other tissues. When CNS 


edema develops, of necessity it largely accu¬ 
mulates within cells, although interstitial 
fluid will form if cells lyse or if the edema is 
severe. 

Cerebral edema usually occurs to some 
degree in all pathologic states, whether 
degenerative or inflammatory or traumatic 
or neoplastic. Edema around chronic, focal 
lesions such as abscesses, parasitic cysts, 
and primary or metastatic tumors in white 
matter often produce marked swelling. 
Cerebral hemispheric swelling compresses 
the underlying brainstem, flattening the 
rostral colliculi and distorting the aque¬ 
duct. As the swollen brain expands and fills 
the confines of the calvaria, some regions 
are prone to herniation. If this occurs, the 
accompanying blood vessels are likely to 
become occluded, which may result in 
hemorrhage or infarction. Commonly with 
brain swelling the caudal lobe of the cerebel¬ 
lar vermis protrudes as a flattened lip over 
the medulla oblongata toward the foramen 
magnum. 

In vasogenic edema the primary insult is 
to the wall of cerebral capillaries, allowing 
the escape of plasma fluid and proteins under 
the hydrostatic pressure of the circulation. 
The inciting vascular injury may be brain or 
spinal cord trauma, vasculitis, a neoplasm, or 
a cerebrovascular accident. Vasogenic edema 
affects predominantly the white matter, in 
which fluid accumulates within the cyto¬ 
plasm of astrocytes and spreads in the inter¬ 
stitial spaces. Vasogenic edema moves over 
very long distances and from one hemi¬ 
sphere to the other via the corpus callosum. 
A chronic epidural abscess involving the 
frontal lobe can produce sufficient brain 
swelling from vasogenic edema to induce 
herniation of the occipital cortex beneath the 
tentorium cerebelli. 

Cytotoxic edema results from an injury 
to a glial cell that disturbs osmoregulation of 
that cell by depletion of energy stores and 
failure of energy-dependent ionic pumps. 
This leads to cell swelling with fluid and 
differs from edema in other tissues in which 
fluid accumulation is interstitial. Cytotoxic 
edema reflects a specific cellular insult and 
may result from ischemia or hypoxia, nutri¬ 
tional deficiency, an intoxication, or an 
inherited metabolic abnormality. Brain 
swelling from cytotoxic edema is less dra¬ 
matic than that seen in vasogenic edema. It 
may affect just the gray matter, just the white 
matter, or both. 

The ECF volume in vasogenic edema is 
increased by the edema fluid, which is a 
plasma filtrate containing plasma protein. In 
cytotoxic edema it is the cellular elements 
themselves that increase in size. In hypoxia 
this is because of failure of the adenosine 
triphosphate (ATP)-dependent sodium 
pump within the cells. As a result sodium 
accumulates within the cells and water 
follows to maintain osmotic equilibrium. In 
PEM and salt poisoning, the edema of the 
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brain is primary. In salt poisoning in pigs 
there is an increase in concentration of 
cations in brain tissue with a sudden passage 
of water into the brain to maintain osmotic 
equilibrium. The cause of the edema in PEM 
of ruminants, associated with a thiamine 
inadequacy, is unknown. When promazine is 
injected accidentally into the carotid artery 
of the horse, it produces a vasogenic edema 
and infarction generally, but especially in the 
thalamus and corpora quadrigemina on the 
injected side. The vasogenic edema sur¬ 
rounding an abscess is localized and is not 
evident in the white matter. 

Cerebral edema and cerebellar herniation 
have been described in neonatal foals admit¬ 
ted to an intensive care unit for treatment. 
All foals had septicemia. It was suggested 
that hypoglycemia, hypoxia, or the altera¬ 
tions in cerebral blood flow associated with 
septicemia might have initiated injury to cell 
membranes, resulting in vascular damage 
and subsequent edema. It is hypothesized 
that cerebellar herniation occurs in neonatal 
foals with sepsis because of the inelastic 
nature of the dural folds and the anatomic 
rigidity of the neonatal equine skull. This is 
in contrast to the human infant, in whom 
cerebral edema occurs in bacterial meningi¬ 
tis but cerebral or cerebellar herniation is not 
normally a feature. The relatively small brain 
of the newborn foal is only 1% of total body 
mass compared with the human infant, 
which is 12% and in which the brain is 
enclosed within a large but relatively thin 
calvarium with sutures that, in the preterm 
infant at least, can be separated by excess 
internal pressure. 

An increase in intracranial pressure 
occurs suddenly and, as in hydrocephalus, 
there is a resulting ischemic anoxia of the 
brain caused by compression of blood vessels 
and impairment of blood supply. This may 
not be the only factor that interferes with 
cerebral activity in PEM and salt poisoning. 
The clinical syndrome produced by the rapid 
rise in intracranial pressure is manifested by 
involuntary movements such as tremor and 
convulsions followed by signs of weakness. If 
the compression of the brain is severe enough 
and of sufficient duration, ischemic necrosis 
of the superficial layers of the cortical gray 
matter may occur, resulting in permanent 
nervous defects in those animals that recover. 
Opisthotonus and nystagmus are commonly 
observed and are probably caused by the 
partial herniation of the cerebellum into the 
foramen magnum. 

CLINICAL FINDINGS 

Although the rise of intracranial pressure in 
diffuse edema of the brain is usually more 
acute than in hydrocephalus, the develop¬ 
ment of clinical signs takes place over a 
period of 12 to 24 hours and nervous shock 
does not occur. There is central blind¬ 
ness, and periodic attacks of abnormality 
occur in which opisthotonus, nystagmus, 


muscle tremor, and convulsions are 

prominent. 

In the intervening periods, the animal is 
dull, depressed, and blind, and optic disc 
edema may be present. The involuntary signs 
of tremor, convulsions, and opisthotonus are 
usually not extreme, but this varies with the 
rapidity of onset of the edema. Because of 
the involvement of the brainstem, in severe 
cases muscle weakness appears, the animal 
becomes ataxic, goes down and is unable to 
rise, and the early signs persist. Clonic con¬ 
vulsions occur terminally, and animals that 
survive may have residual defects of mental¬ 
ity and vision. 

CLINICAL PATHOLOGY 

Clinicopathologic observations will depend 
on the specific disease causing the edema. 

NECROPSY FINDINGS 

Microscopically the gyri are flattened and the 
cerebellum is partially herniated into the 
foramen magnum with consequent distor¬ 
tion of its caudal aspect. The brain has a soft, 
swollen appearance and tends to sag over the 
edges of the cranium when the top has been 
removed. Caudal portions of the occipital 
lobes herniate ventral to the tentorium 
cerebelli. 


DIFFERENTIAL DIAGNOSIS 


Diffuse brain edema causes a syndrome not 
unlike that of encephalitis, although there are 
fewer irritation phenomena. Differentiation 
from encephalomalacia and vitamin A 
deficiency may be difficult if the history does 
not give a clue to the cause of the disease. 
Metabolic diseases, particularly pregnancy 
toxemia, hypomagnesemic tetany of calves, 
and lactation tetany, resemble it closely, as do 
some cases of acute ruminal impaction. In the 
history of each of these diseases, there are 
distinguishing features that aid in making a 
tentative diagnosis. Some of the poisonings, 
particularly lead, organic mercurial and 
arsenicals, and enterotoxemia associated with 
Clostridium perfringens type D produce similar 
nervous signs, and gut edema of swine may 
be mistaken for diffuse cerebral edema. 


TREATMENT 

Decompression of the brain is desirable in 
acute edema. The treatment will depend in 
part on the cause; the edema associated with 
PEM will respond to early treatment with 
thiamine. In general terms, edema of the 
brain responds to parenteral treatment with 
hypertonic solutions (mannitol and hyper¬ 
tonic sodium chloride are most often used) 
and corticosteroids (specifically dexametha- 
sone). Hypertonic solutions are most appli¬ 
cable to cytotoxic edema and corticosteroids 
to vasogenic edema. This is in addition to 
treatment for the primary cause of the 
disease. 


Hypertonic solutions open the blood- 
brain barrier by shrinking endothelial cells 
and widening the tight junctions. 3 The mag¬ 
nitude of the opening is dependent on the 
type of hypertonic solution (mannitol and 
hypertonic saline are used most frequently 
with mannitol as the first choice treatment) 
and the achieved plasma concentration. The 
magnitude of the opening is also dependent 
on age, with neonates having a “leakier” 
blood-brain barrier than adults. 3,4 This sup¬ 
ports clinical observations that mannitol 
treatment appears to be more successful in 
treating neonates suspected to have cerebral 
edema than adults. The preferred treatment 
is mannitol given as a 20% solution in a 
series of bolus intravenous infusions of 0.25 
to 1 g/kg BW every 4 to 6 hours. The sug¬ 
gested dose rate has been derived from those 
recommended for humans and dogs but is 
very expensive. There are dangers with man¬ 
nitol: it should not be repeated often, it must 
not be given to an animal in shock, and it 
should be given intravenously slowly. A 
recent meta-analysis suggested that hyper¬ 
tonic saline (1.5-23.5% NaCl at 10-30 mL/ 
kg BW total dose) may be as effective as 20% 
mannitol in the treatment of cerebral edema, 
with 7.5% NaCl as the most commonly used 
osmalality. 5 

Dexamethasone administration (1 mg/ 
kg BW intravenously every 24 hours) is no 
longer recommended for the treatment of 
cerebral edema in human infants, 6 and its 
efficacy in large animals with cerebral edema 
is uncertain. Dexamethasone is thought to 
decrease cerebral edema and CSF produc¬ 
tion and inhibit tumor-induced angiogen¬ 
esis in patients with intracranial tumors. 
Hypertonic glucose given intravenously is 
not recommended because an initial tem¬ 
porary decompression is followed after a 
4- to 6-hour interval by a return to pre¬ 
treatment CSF pressure when the glucose is 
metabolized. 

Diuretics usually produce tissue dehy¬ 
dration too slowly to be of much value in 
acute cases, but they may be of value as an 
adjunct to hypertonic solutions or in early 
or chronic cases. The removal of CSF from 
the cisterna magna in an attempt to provide 
relief may cause complications. In some 
cases the removal of 25 to 75 mL of CSF pro¬ 
vides some temporary relief, but the condi¬ 
tion becomes worse later because portions of 
the swollen brain herniate into the foramen 
magnum. There is no published informa¬ 
tion available on how much CSF can be 
safely removed; therefore recommendations 
cannot be made. 
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HYDROCEPHALUS 

Obstructive hydrocephalus may be congeni¬ 
tal or acquired and is manifested in both 
cases by a syndrome referable to a general 
increase in intracranial pressure. Irritation 
signs of mania, head-pressing, muscle 
tremor, and convulsions occur when the 
onset is rapid, and signs of paralysis includ¬ 
ing dullness, blindness, and muscular weak¬ 
ness are present when the increased pressure 
develops slowly. 

ETIOLOGY 

Obstructive hydrocephalus may be congeni¬ 
tal or acquired, but in both instances it is 
caused by defective drainage or absorption of 
CSF. In the congenital disease, there is an 
embryologic defect in the drainage canals 
and foramina between the individual ven¬ 
tricles or between the ventricles and the 
subarachnoid space, or in the absorptive 
mechanism, the arachnoid villi. 

Congenital Hydrocephalus 

Causes include the following: 

• Alone, with lateral narrowing of the 
mesencephalon 

• Inherited defects of Hereford, Holstein, 
Ayrshire, and Jersey cattle 

• Inherited combined defects with 
chondrodysplasia, or in white Shorthorn 
cattle combined with hydrocephalus, 
microphthalmia, and retinal dysplasia 

• Virus infections of the fetus suggest 
themselves as possible causes of 
embryologic defects in the drainage 
system, but there are no verified 
examples of this; the cavitation of brain 
tissue and subsequent accumulation of 
fluid, hydranencephaly, which occurs 
after infection with bluetongue virus in 
lambs, and Akabane virus in calves, is 
compensatory, not obstructive 

• Vitamin A deficiency may contribute 

• Other occurrences, sometimes at high 
levels of prevalence, but without known 
cause 

Acquired Hydrocephalus 

Causes include the following: 

• Hypovitaminosis A in young growing 
calves causing impaired absorption of 
fluid by the arachnoid villi 

• Cholesteatoma in choroid plexuses of 
the lateral ventricles in the horse; these 
may produce an acute, transient 
hydrocephalus on a number of 
occasions before the tumor reaches 
sufficient size to cause permanent 
obstruction 

• Other tumor or chronic inflammatory 
lesion obstructing drainage from the 
lateral ventricles 

PATHOGENESIS 

Increased intracranial pressure in the fetus 
and before the syndesmoses of the skull have 
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fused causes hydrocephalus with enlarge¬ 
ment of the cranium. After fusion of the 
suture lines the skull acts as a rigid container, 
and an increase in the volume of its contents 
increases intracranial pressure. Although the 
increase in volume of the contents may be 
caused by the development of a local lesion 
such as an abscess, tumor, hematoma or 
cestode cyst, which interferes with drainage 
of the CSF, the more common lesion is a 
congenital defect of CSF drainage. 

Clinical and pathologic hydrocephalus 
has been produced experimentally in animals 
by creating granulomatous meningitis. The 
clinical signs included depression, stiffness 
of gait, recumbency, and opisthotonus with 
paddling convulsions. The general effects in 
all cases are the same, the only difference is 
that local lesions may produce localizing 
signs as well as signs of increased intracranial 
pressure. These latter signs are caused by 
compression atrophy of nervous tissue and 
ischemic anoxia caused by compression of 
blood vessels and impairment of blood 
supply to the brain. 

In congenital hydrocephalus the signs 
observed are usually those of paralysis of 
function, whereas acquired hydrocephalus, 
being more acute, is usually manifested first 
by irritation phenomena followed by signs of 
paralysis. Edema of the optic papilla is a sign 
of increased intracranial pressure and may 
be detected using an ophthalmoscope. Bra¬ 
dycardia occurs inconstantly and cannot be 
considered to be diagnostic. 

CLINICAL FINDINGS 

In acquired hydrocephalus there is, in most 
cases, a gradual onset of general paresis. Ini¬ 
tially there is depression, disinclination to 
move, central blindness, an expressionless 
stare, and a lack of precision in acquired 
movements. A stage of somnolence follows 
and is most marked in horses. The animal 
stands with half-closed eyes, lowered head, 
and a vacant expression and often leans 
against or supports itself on some solid 
object. Chewing is slow, intermittent, and 
incomplete, and animals are often observed 
standing with food hanging from their 
mouths. The reaction to cutaneous stimula¬ 
tion is reduced, and abnormal postures are 
frequently adopted. Frequent stumbling, 
faulty placement of the feet, and incoordina¬ 
tion are evidenced when the animal moves, 
and circling may occur in some cases. Bra¬ 
dycardia and cardiac arrhythmia have been 
observed. 

Although the emphasis is on depression 
and paresis, signs of brain irritation may 
occur, particularly in the early stages. These 
signs often occur in isolated episodes during 
which a wild expression, charging, head¬ 
pressing, circling, tremor, and convulsions 
appear. These episodes may be separated by 
quite long intervals, sometimes of several 
weeks’ duration. In vitamin A deficiency in 
calves, blindness and papilledema are the 



Fig. 14-2 A, Holstein Friesian calf with 
hydrocephalus caused by in utero infection 
with bovine viral diarrhea virus. The calf was 
able to suckle but appeared to have 
diminished responsiveness to its 
environment. B, Piglet with meningocele 
secondary to in utero hydrocephalus. 


early signs and an acute convulsive stage 
occurs terminally. 

Congenitally affected animals are usually 
alive at birth but are unable to stand and most 
die within 48 hours. The cranium is some¬ 
times domed, the eyes protrude, and nystag¬ 
mus is often evident (Fig. 14-2). Meningocele 
is an infrequent accompaniment. 

CLINICAL PATHOLOGY 

Examination of the composition and pres¬ 
sure of the CSF will be of value. The fluid is 
usually normal biochemically and cytologi- 
cally but the pressure is increased. A marked 
increase in serum muscle enzyme activity 
has been observed in calves with congenital 
hydrocephalus, caused probably to an 
accompanying muscular dystrophy. Convul¬ 
sions, if they occur, may contribute to this 
increase. 

NECROPSY FINDINGS 

On necropsy the cranium may be enlarged 
and soft in congenital hydrocephalus. The 
ventricles are distended with CSF under 
pressure and the overlying cerebral tissue is 
thinned if the pressure has been present for 
some time. 







1182 


Chapter 14 


Diseases of the Nervous System 


DIFFERENTIAL DIAGNOSIS 


Congenital hydrocephalus resembles vitamin A 
deficiency in newborn pigs, toxoplasmosis, 
and hydranencephaly if there is no distortion 
of the cranium. 

Acquired hydrocephalus needs to be 
differentiated from other diffuse diseases of 
the brain, including encephalitis and 
encephalomalacia, and from hepatic 
dystrophies, which resemble it very closely. In 
these latter diseases, there may be other signs 
of diagnostic value, including fever in 
encephalitis and jaundice in hepatic dystrophy. 
In most cases it is necessary to depend largely 
on the history and recognition of individual 
disease entities. 


MENINGITIS 

Inflammation of the meninges occurs most 
commonly as a complication of a preexisting 
disease. Meningitis is usually associated with 
a bacterial infection and is manifested clini¬ 
cally by fever, cutaneous hyperesthesia, and 
rigidity of muscles. Although meningitis 
may affect the spinal cord or brain specifi¬ 
cally, it commonly affects both and is dealt 
with here as a single entity. Meningoenceph¬ 
alitis is common in neonatal farm animals. 
Primary bacterial meningitis is extremely 
rare in adult farm animals, with the excep¬ 
tion of listeriosis and H. somni (formerly 
Haemophilus somnus) infection, although 
the latter is more a vasculitis than a primary 
meningitis. The possibility of immunodefi¬ 
ciency should be considered in adult horses 
with bacterial meningitis. Compared with 
adults, bacterial meningitis is more common 
in neonates because their immune system is 
immature, the blood-brain barrier is incom¬ 
plete, and umbilical infections are common, 
providing a nidus of infection. 

ETIOLOGY 

Most significant meningitides are bacterial, 
although most viral encephalitides have 
some meningitic component. 

Cattle 

• Viral diseases including bovine 
malignant catarrh, sporadic bovine 
encephalomyelitis 

• Bacterial diseases including listeriosis, 

H. somni, chronic lesions elsewhere in 
the body possibly associated with 
meningitis in adult animals; rarely 
tuberculosis 

• Facial paralysis syndrome of calves in 
the Franklin district of New Zealand 1 

Sheep 

• Melioidosis, S. aureus (tick pyemia) in 
newborn lambs 

• Pasteurella multocida in lambs 

• Mannheimia (Pasteurella) haemolytica in 
lambs 


Horses 

• Strangles, Pasteurella haemolytica (also 
donkeys and mules), Streptococcus suis, 

S. equi, Actinomyces spp., Klebsiella 
pneumonia, Staphylococcus aureus, 2 
coagulase-negative staphylococci, 
Anaplasma phagocytophilum (equine 
granulocytic ehrlichiosis, formerly 
named Ehrlichia equi), Borrelia 
burgdorferi , 3 Sphingobacterium 
multivorum, and Cryptococcus 
neoformans. 

Pigs 

• Glasser s disease, erysipelas, 
salmonellosis; S. suis type 2 in weaned 
and feeder pigs 

Coliform and streptococcal septicemias are 
probably the most common causes of men¬ 
ingitis in neonatal farm animals. The infec¬ 
tion may originate from omphalophlebitis, 
bacteremia, or bacterial translocation across 
the gastrointestinal tract in neonates less 
than 24 hours of age or with enteritis. Septi¬ 
cemia occurs in all species, especially calves, 
and may be accompanied by polysynovitis, 
endocarditis, and hypopyon. The causative 
bacteria are usually a mixed flora. 

Hematogenous infection occurs from 
other sites also. In neonatal animals, some 
of the common infections include the 
following: 

• Calf: Escherichia coli ; the disease is most 
common in calves under several days of 
age and can occur in less than 24 hours 
after birth; failure of transfer of colostral 
immunoglobulins is a common 
contributing factor 

• Piglet: S. zooepidemicus, S. suis type 1 

• Lamb: S. zooepidemicus 

PATHOGENESIS 

Inflammation of the meninges causes local 
swelling and interference with blood supply 
to the brain and spinal cord but as a rule 
penetration of the inflammation along blood 
vessels and into nervous tissue is of minor 
importance and causes only superficial 
encephalitis. Failure to treat meningitis asso¬ 
ciated with pyogenic bacteria often permits 
the development of a fatal choroiditis, with 
exudation into CSF, and ependymitis. There 
is also inflammation around the nerve 
trunks as they pass across the subarachnoid 
space. The signs produced by meningitis 
are thus a combination of those resulting 
from irritation of both central and periph¬ 
eral nervous systems. In spinal meningitis, 
there is muscular spasm with rigidity of the 
limbs and neck, arching of the back, and 
hyperesthesia with pain on light touching of 
the skin. When the cerebral meninges are 
affected, irritation signs, including muscle 
tremor and convulsions, are the common 
manifestations. Because meningitis is 
usually bacterial in origin, fever and toxemia 
can be expected if the lesion is sufficiently 
extensive. 


Defects of drainage of CSF occur in both 
acute and chronic inflammation of the 
meninges and produce signs of increased 
intracranial pressure. The signs are general 
although the accumulation of fluid may be 
localized to particular sites such as the lateral 
ventricles. 

A newly described mild nonsuppurative 
meningitis is associated with facial paralysis 
in calves in a specific geographic location in 
New Zealand. 1 Affected animals have a fever 
with unilateral or bilateral dysfunction of the 
facial nerve (CN VII; buccal and auriculo- 
palpebral branches). The case-fatality rate 
ranges from 38% to 52%, and affected calves 
do not have listeriosis or M. bovis infection. 

CLINICAL FINDINGS 

Acute meningitis usually develops suddenly 
and is accompanied by fever and toxemia in 
addition to nervous signs. Vomiting is 
common in the early stages in pigs. There is 
trismus, opisthotonus, and rigidity of the 
neck and back. Motor irritation signs include 
tonic spasms of the muscles of the neck 
causing retraction of the head, muscle 
tremor, and paddling movements. Cutane¬ 
ous hyperesthesia is present in varying 
degrees, with even light touching of the skin 
causing severe pain in some cases. There may 
be disturbance of consciousness manifested 
by excitement or mania in the early stages, 
followed by drowsiness and eventual coma. 

Blindness is common in cerebral menin¬ 
gitis but not a constant clinical finding. In 
young animals, ophthalmitis with hypopyon 
may occur, which supports the diagnosis of 
meningitis. The pupillary light reflex is 
usually much slower than normal. Examina¬ 
tion of the fundus of the eyes may reveal 
evidence of optic disc edema, congestion of 
the retinal vessels, and exudation. 

In uncomplicated meningitis the respira¬ 
tion is usually slow and deep, and often 
phasic in the form of Cheyne Stokes breath¬ 
ing (a breathing pattern characterized by a 
period of apnea followed by a gradual 
increase in the depth and rate of respiration) 
or Biot’s breathing (an irregular breathing 
pattern characterized by groups of quick, 
shallow inspirations followed by periods of 
apnea). Terminally there is quadriplegia and 
clonic convulsions. 

The major clinical finding of meningoen¬ 
cephalitis in calves under 2 weeks of age was 
depression, which progressed rapidly to 
stupor, but the mental state changed to 
hyperesthesia, opisthotonus, and seizures in 
unresponsive terminal cases. Meningoen¬ 
cephalitis should be considered in calves that 
have been treated for the effects of diarrhea 
with fluid therapy but fail to respond and 
remain depressed. 

In a series of 32 cases of meningitis in 
neonatal calves, the mean age at admission 
was 6 days (range, 11 hours to 30 days). The 
major clinical findings were lethargy (32/32), 
recumbency (32/32), anorexia and loss of the 
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suck reflex (26/32), and stupor and coma 
(21/32). The frequencies of other clinical 
findings were as follows: opisthotonus (9/32), 
convulsions (7/32), tremors (6/32), and 
hyperesthesia (6/32). The case-fatality rate 
was 100%; this case series was accumulated 
before the widespread availability of third- 
generation cephalosporins labeled for use in 
food animals. 

Although meningitis in farm animals is 
usually diffuse, affecting particularly the 
brainstem and upper cervical cord, it may be 
quite localized and produce localizing signs, 
including involvement of the cranial or 
spinal nerves. Localized muscle tremor, 
hyperesthesia, and rigidity may result. 
Muscles in the affected area are firm and 
board-like on palpation. Anesthesia and 
paralysis usually develop caudal to the men¬ 
ingitic area. Spread of the inflammation 
along the cord is usual. Reference should be 
made to the specific diseases cited under Eti¬ 
ology in this section for a more complete 
description of their clinical manifestations. 

In newborn calves, undifferentiated diar¬ 
rhea, septic arthritis, omphalophlebitis, and 
uveitis are frequent concurrent clinical find¬ 
ings. Bacterial meningitis has been repro¬ 
duced experimentally in calves, resulting in 
typical clinical signs consisting of convul¬ 
sions, depression, circling and falling to 
one side, ataxia, propulsive walking, loss of 
saliva, tremors, recumbency, lethargy, and 
nystagmus. 

CLINICAL PATHOLOGY 
Cerebrospinal Fluid 

CSF collected from the lumbosacral space or 
cisterna magna in meningitis contains ele¬ 
vated protein concentrations, has a high cell 
count, and usually contains bacteria. The col¬ 
lection of CSF from the lumbosacral space 
of calves has been described under the 
section Special Examination of the Nervous 
System. Culture and determination of anti¬ 
microbial susceptibility is strongly recom¬ 
mended because of the low antimicrobial 
concentrations achieved in the CSF. In a 
series of meningitis in neonatal calves, the 
CSF revealed marked pleocytosis (mean 
4,000 leukocytes/|i.L; range, 130-23,270 
leukocytes/pL), xanthochromia, turbidity, 
and a high total protein concentration. 

Hematology 

Hemogram usually reveals a marked leuko¬ 
cytosis, reflecting the severity of the systemic 
illness secondary to septicemia. 

NECROPSY FINDINGS 

Hyperemia, the presence of hemorrhages, 
and thickening and opacity of the meninges, 
especially over the base of the brain, are the 
usual macroscopic findings. The CSF is often 
turbid and may contain fibrin. A local super¬ 
ficial encephalitis is often present. Additional 
morbid changes are described under the spe¬ 
cific diseases and are often of importance in 


differential diagnosis. In neonatal calves with 
meningitis, lesions of septicemia are com¬ 
monly present at necropsy and E. coli is the 
most common isolated organism. 


DIFFERENTIAL DIAGNOSIS 


Hyperesthesia, severe depression, muscle 
rigidity, and blindness are the common clinical 
findings in cerebral meningitis, but it is often 
difficult to differentiate meningitis from 
encephalitis and acute cerebral edema. 
Examination of the CSF is the only means of 
confirming the diagnosis before death. 

Analysis of CSF is very useful in the differential 
diagnosis of diseases of the nervous system of 
ruminants. Details are presented in the section 
Collection and Examination of Cerebral Spinal 
Fluid. Subacute or chronic meningitis is 
difficult to recognize clinically. The clinical 
findings may be restricted to recumbency, 
apathy, anorexia, slight incoordination if 
forced to walk, and some impairment of the 
eyesight. Spinal cord compression is usually 
more insidious in onset and is seldom 
accompanied by fever; hyperesthesia is less 
marked or absent, and there is flaccidity 
rather than spasticity. 


TREATMENT 

Most of the viral infections of the nervous 
system are not susceptible to chemothera- 
peutics. Some of the larger organisms such 
as Chlamydia spp. are susceptible to broad- 
spectrum antimicrobial agents such as the 
tetracyclines and chloramphenicol. 

Bacterial infections of the CNS are usually 
manifestations of a general systemic infec¬ 
tion as either bacteremia or septicemia. 
Treatment of such infections is limited by the 
existence of the blood-brain and blood-CSF 
barriers, which prevent penetration of some 
substances into nervous tissue and into the 
CSF. Very little useful data exist on the pen¬ 
etration of parenterally administered antibi¬ 
otics into the CNS of either normal farm 
animals or those in which there is inflamma¬ 
tion of the nervous system. 

In humans it is considered that most anti¬ 
microbials do not enter the subarachnoid 
space in therapeutic concentrations unless 
inflammation is present, and the degree of 
penetration varies among drugs. Chloram¬ 
phenicol is an exception; levels of one-third 
to one-half of the plasma concentration are 
commonly achieved in healthy individuals; 
chloramphenicol administration is now 
much reduced in developed countries 
because of the idiosyncratic occurrence of 
aplastic anemia in humans. The relative dif¬ 
fusion of gram-negative antimicrobial agents 
from blood into CSF in humans is shown in 
Table 14-8. 

The most promising antimicrobial agents 
for the treatment of bacterial meningitis in 
farm animals are trimethoprim-sulfonamide 
combinations, the third-generation cepha¬ 
losporins, and fluoroquinolones. When 


Table 14-8 Relative diffusion of 
gram-negative antimicrobials 

Excellent with or 

Good only with 

without inflammation 

inflammation 

Sulfonamides 

Ampicillin 

Third-generation 

Carbenicillin 

Cephalosporins 

Cephalothin 

Cefoperazone, 

cefotaxime 

Cephaloridine 

Minimal or not good 

No passage with 

with inflammation 

inflammation 

Tetracycline 

Polymyxin B 

Streptomycin 

Kanamycin 

Gentamicin 

Colistin 


treating bacterial meningitis, pharmacody¬ 
namic principles suggest that CSF antimi¬ 
crobial concentrations should have a peak 
concentration that is at least five times the 
minimum bactericidal concentration (MBC) 
of the pathogen, and concentrations above 
the MBC are required during the entire 
dosing interval for optimal bactericidal 
activity. 

In most instances of bacterial encephalitis 
or meningitis in farm animals, it is likely that 
the blood-brain barrier is not intact and that 
parenterally administered drugs will diffuse 
into the nervous tissue and CSF to a greater 
extent than in healthy animals. Certainly, 
the dramatic beneficial response achieved by 
the early parenteral treatment of H. somni 
meningoencephalitis in cattle using intrave¬ 
nous oxytetracycline or intramuscular peni¬ 
cillin suggests that the blood-brain barrier 
may not be a major limiting factor when 
inflammation is present. Another example of 
an antibiotic that does not normally pass the 
blood-brain barrier well but is able to do so 
when the barrier is damaged is penicillin in 
the treatment of listeriosis. When cases of 
bacterial meningoencephalitis fail to respond 
to antimicrobial agents to which in vitro 
testing indicates that the organisms are sus¬ 
ceptible, other reasons should also be consid¬ 
ered. Often the lesion is irreversibly advanced 
or there is a chronic suppurative process that 
is unlikely to respond. 

Intrathecal injections of antimicrobial 
agents have been suggested as viable alterna¬ 
tives when parenteral therapy appears to be 
unsuccessful. However, there is no evidence 
that such treatment is superior to appropri¬ 
ate parenteral therapy. In addition, intrathe¬ 
cal injections can cause rapid death and 
therefore are not recommended. 

Glucocorticoids may be administered 
in an attempt to decrease nerve damage 
resulting from inflammation. Appropri¬ 
ate randomized clinical trials have not 
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been performed in large animals, but 
steroid administration in adult humans with 
meningitis was associated with decreased 
mortality. 4 
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ENCEPHALITIS 

Encephalitis is, by definition, inflammation 
of the brain, but in general usage it includes 
those diseases in which inflammatory lesions 
occur in the brain, whether there is inflam¬ 
mation of the nervous tissue or primarily of 
the vessel walls. Clinically, encephalitis is 
characterized initially by signs of involuntary 
movements, followed by signs caused by 
loss of nervous function. The meninges 
and spinal cord may be involved in an 
encephalitis, causing varying degrees of 
meningoencephalomyelitis. 

ETIOLOGY 

Many encephalitides of large animals are 
associated with viruses but other infectious 
agents are also common. Some causes are as 
follows. 

All Species 

• Viral infections including rabies, 
pseudorabies, Japanese B encephalitis. 
West Nile virus encephalomyelitis 

• Bacterial infections of neonatal farm 
animals 

• Toxoplasmosis, which is not a common 
cause in any species 

• Sarcocystosis 

• Verminous encephalomyelitis, which is 
migration of larvae of parasitic species 
that normally have a somatic migration 
route, e.g., Halicephalobus gingivalis 
(previously H. deletrix or Micronema 
deletrix) and Setaria spp. 

Cattle 

. BSE 

• Viral infections including malignant 
catarrhal fever, BVD virus, sporadic 


bovine encephalomyelitis, Akabane 
virus, and bovine herpesvirus-5 
(BHV-5), rarely louping-ill virus, 1 and 
astrovirus (BoAstV-NeuroSl) 2 

• Bacterial infections including Listeria 
monocytogenes, H. somni (formerly 
Haemophilus somnus), heartwater, and 
clostridial infections following 
dehorning of calves 

• Migration of Hypoderma bovis 
occasionally to brain and spinal cord 

• Newborn calves with in utero protozoal 
infection of Neospora caninum 3 

Sheep 

• Scrapie 

• Viral infections including louping-ill, 
visna (associated with maedi-visna virus 
[MW]), BVD virus (border disease), 
and Akabane virus 

• Thrombotic meningoencephalitis 
associated with H. somni (formerly H. 
ovis ) in lambs 

• Bacterial meningoencephalitis in lambs 
2 to 4 weeks of age 

• Migration of Oestrus ovis 

Goats 

• Scrapie 

• Caprine arthritis encephalitis (CAE) 
virus, Akabane virus 

New World Camelids 

• Viral infection caused by Eastern equine 
encephalitis virus 4 

• Bacterial infection caused by L. 
monocytogenes 

• Verminous encephalomyelitis caused by 
Parelaphostrongylus tenuis (“meningeal 
worm” of white-tailed deer) 

Horses 

• Viral infections including infectious 
equine encephalomyelitis; Borna disease; 
equine herpesvirus-1 (EHV-1) 
myeloencephalopathy; equine infectious 
anemia; eastern, western, Venezuelan, 
and West Nile equine encephalomyelitis; 
Murray Valley encephalitis virus 5,6 ; 

Shuni virus 7 ; and rarely louping-ill virus 

• Bacterial meningoencephalitis caused by 
Anaplasma phagocytophilum (equine 
granulocytic ehrlichiosis) and Borrelia 
burgdorferi 8 

• Protozoal myeloencephalitis caused by 
Sarcocystis neurona infection 

• Verminous encephalomyelitis caused by 
Strongylus vulgaris, P. tenuis (meningeal 
worm of white-tailed deer), and 
Draschia megastoma-, Angiostrongylus 
cantonensis, which normally migrates 
through the CNS of the rat, has been 
found as a cause of verminous 
encephalomyelitis in foals 

Pigs 

• Bacterial infections as part of the 
systemic infections with Salmonella 


and Erysipelas spp., rarely 
L. monocytogenes 

• Viral infections including hog 
cholera, African swine fever, 
encephalomyocarditis, swine vesicular 
disease, hemagglutinating 
encephalomyelitis virus, and porcine 
encephalomyelitis virus 

PATHOGENESIS 

Compared with other extraneural tissues, 
the inflammatory response mounted by the 
nervous system is unique. The CNS is in a 
sequestered and immunologically dormant 
state within the body. The capillary endothe¬ 
lial blood-brain barrier restricts free access by 
blood constituents. The CNS lacks special¬ 
ized dendritic antigen-presenting cells, and 
the intrinsic expression by CNS cells of major 
histocompatibility complex molecules, espe¬ 
cially class II, is low. There is no lymphatic 
system within nervous tissue, but cells and 
antigens within the CNS drain into the circu¬ 
lation and into the cervical lymph nodes. 

The CNS has unique populations of cells 
consisting of parenchymal cells, which are 
neurons and neuroglia. The neuroglia are 
supporting cells and are subdivided into 
macroglia and microglia. The macroglia are 
astrocytes and oligodendrocytes; the third 
glial cell type is a microglial cell. The brain 
and spinal cord are enclosed by meninges 
(dura, arachnoid, and pia), which provide 
protection, a compartment for CSF circula¬ 
tion (the subarachnoid space), support for 
blood vessels, and a sheath for the cranial 
and spinal nerves. Within the brain and 
spinal cord are the ventricular system and 
central canal, which are lined by ependymal 
cells, and the choroid plexuses, which 
produce the CSF. Circulation of the CSF 
moves from the lateral, third, and fourth 
ventricles into the central canal or through 
lateral apertures at the cerebellomedullary 
angle into the subarachnoid space of the 
brain. CSF in the subarachnoid space drains 
via specialized arachnoid granulations into 
intracranial venous sinuses, with some 
draining into venous plexuses associated 
with cranial and spinal nerves. CSF may also 
cross the ventricular surface into the adja¬ 
cent parenchyma. 

The histologic characteristics of CNS 
inflammation include the following: 

• Perivascular cuffing 

• Gliosis 

• Neuronal satellitosis and neuronophagia 
A perivascular compartment, actual or 
potential, exists around all CNS arteries, 
arterioles, venules, and veins. A characteris¬ 
tic feature of CNS inflammation is perivas¬ 
cular cuffing, which is the accumulation of 
leukocytes of one or multiple types in the 
perivascular space. All perivascular cuffing 
results in vasculitis of some degree. In bacte¬ 
rial diseases, polymorphonuclear cells pre¬ 
dominate with a minor component of 
mononuclear cells. In general, viral diseases 






are characterized by lymphocyte-rich cells 
with some plasma cells and monocytes; 
some arbovirus infections cause a polymor¬ 
phonuclear cell response. In immune- 
mediated diseases, there are mixtures of 
polymorphonuclear and mononuclear cells. 
In thrombogenic diseases, such as throm¬ 
botic meningoencephalitis, vascular occlu¬ 
sion precludes the development of cuffing 
around injured vessels. 

Gliosis is the increased prominence of 
glial cells, resulting from cytoplasmic swell¬ 
ing and the acquisition of more cell pro¬ 
cesses, from cell proliferation, or both. Either 
of the macroglia (oligodendrocytes or astro¬ 
cytes) or microglia may participate in gliosis. 

Neuronal satellitosis occurs when oligo¬ 
dendrocytes react and proliferate in response 
to degenerating neurons, which may be 
infected by a virus. 

Neuronophagia is the progressive degen¬ 
eration of the neuron characterized by its 
piecemeal division and phagocytosis, even¬ 
tually leaving a dense nodule of glial cells and 
fragments of the former neuron. Details of 
the form, functions, and roles of astrocytes 
in neurologic disease have been reviewed. 

Primary demyelination is characteristic 
of only a small number of inflammatory neu¬ 
rologic diseases and is associated with only a 
few viruses. The inflammatory neuraxial dis¬ 
eases of large animals include visna in sheep 
and caprine arthritis encephalitis. The demy- 
elinating process may be initiated directly by 
the infectious agent alone or by an immuno¬ 
logic response initiated by the agent. 

With the exception of the viruses of 
bovine malignant catarrh and EHV-1, which 
exert their effects principally on the vascula¬ 
ture, those viruses that cause encephalitis do 
so by invasion of cellular elements, usually 
the neurons, and cause initial stimulation 
and then death of the cells. Those bacteria 
that cause diffuse encephalitis also exert their 
effects primarily on vascular endothelium. L. 
monocytogenes does so by the formation of 
microabscesses. In some diseases, such as 
meningoencephalitis in cattle associated 
with H. somni, the lesions may be present in 
the brain and throughout the spinal cord. 

Entrance of the viruses into the nervous 
tissue occurs in several ways. Normally the 
blood-brain barrier is an effective filtering 
agent, but when there is damage to the endo¬ 
thelium infection readily occurs. The syner¬ 
gistic relationship between the rickettsias of 
tick-borne fever and the virus of louping-ill 
probably has this basis. Entry may also occur 
by progression of the agent up a peripheral 
nerve trunk, as occurs with the viruses of 
rabies and pseudorabies and with L. mono¬ 
cytogenes. Entry via the olfactory nerves is 
also possible. 

The clinical signs of encephalitis are 
usually referable to a general stimulatory or 
lethal effect on neurons in the brain. This 
may be in part due to the general effect of 
inflammatory edema and in part to the direct 
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effects of the agent on nerve cells. In any 
particular case, one or the other of these 
factors may predominate, but the tissue 
damage and therefore the signs are general¬ 
ized. Clinical signs are often diverse and can 
be acute or chronic, localized or diffuse, and 
progressive or reversible. Because of diffuse 
inflammation in encephalitis, the clinical 
signs are commonly multifocal and asym¬ 
metric. This is not the case in listeriosis, in 
which damage is usually localized in the 
pons-medulla. Localizing signs may appear 
in the early stages of generalized encephalitis 
and remain as residual defects during the 
stage of convalescence. In calves with throm¬ 
boembolic meningoencephalitis caused by 
H. somni, prolonged recumbency may be 
associated with widespread lesions of the 
spinal cord. Visna is a demyelinating enceph¬ 
alitis, and caprine leukoencephalomyelitis is 
both demyelinating and inflammatory and 
also invades other tissues including joints 
and lung. 

In verminous encephalomyelitis, destru¬ 
ction of nervous tissue may occur in many 
parts of the brain and in general the severity 
of the signs depends on the size and mobility 
of the parasites and the route of entry. One 
exception to this generalization is the experi¬ 
mental “visceral larva migrans” produced by 
Toxocara canis in pigs when the nervous 
signs occur at a time when lesions in most 
other organs are healing. The signs are appar¬ 
ently provoked by a reaction of the host to 
static larvae rather than trauma caused by 
migration. Nematodes not resident in 
nervous tissues may cause nervous signs 
caused possibly by allergy or by the forma¬ 
tion of toxins. 

CLINICAL FINDINGS 

Because the encephalitides are associated 
with infectious agents, they are often accom¬ 
panied by fever, anorexia, depression, and 
increased heart rate. This is not the case in 
the very chronic diseases such as scrapie and 
BSE. In those diseases associated with agents 
that are not truly neurotropic, there are char¬ 
acteristic signs, which are not described here. 

The clinical findings that can occur 
in encephalitis are combinations of the 
following: 

• Subtle to marked changes in behavior 

• Depression 

• Seizures 

• Blindness 

• Compulsive walking 

• Leaning on walls or fences 

• Circling 

• Ataxia 

Bacterial meningoencephalitis in lambs 2 to 
4 weeks of age is characterized by lack of suck 
reflex, weakness, altered gait, and depression 
extending to stupor, but hyperesthesia to 
auditory and tactile stimuli. Opisthotonus is 
common during the terminal stages. 

There may be an initial period of excite¬ 
ment or mania. The animal is easily startled 


and responds excessively to normal stimuli. 
It may exhibit viciousness and uncontrolled 
activity including blind charging, bellowing, 
kicking, and pawing. Self-mutilation may 
occur in diseases such as pseudorabies. 
Mental depression, including head-pressing, 
may occur between episodes. 

Involuntary movements are variable in 
their occurrence or may not appear at all. 
When they do occur, they include convul¬ 
sions, usually clonic, and may be accompa¬ 
nied by nystagmus, champing of the jaws, 
excessive frothy salivation, and muscle 
tremor, especially of the face and limbs. In 
cattle with malignant catarrhal fever, there is 
severe depression for a few days followed by 
the onset of tremors associated with the ter¬ 
minal encephalitis. Unusual irritation phe¬ 
nomena are the paresthesia and hyperesthesia 
of pseudorabies and scrapie. 

Signs caused by loss of nervous func¬ 
tion follow and may be the only signs in 
some instances. Excessive drooling and pha¬ 
ryngeal paralysis are common in rabies. In 
horses with equine encephalomyelitis, feed 
may be left hanging from the mouth, 
although swallowing may not be impaired. 
The loss of function varies in degree from 
paresis with knuckling at the lower limb 
joints, to spasticity of the limbs with resul¬ 
tant ataxia, to weakness and recumbency. 
Recumbency and inability to rise may be the 
first clinical finding encountered as in many 
cases of meningoencephalitis associated with 
H. somni. Hypermetria, a staggering gait and 
apprehensiveness progressing to belliger¬ 
ency, may occur in a disease such as BSE. 

Clinical signs referable to certain ana¬ 
tomic sites and pathways of the brain and 
spinal cord are manifested by deviation of 
the head, walking in circles, abnormalities of 
posture, ataxia, and incoordination but these 
are more often residual signs after recovery 
from the acute stages. Progressive ascending 
spinal cord paralysis, in which the loss of 
sensation and weakness occur initially in the 
hindlimbs followed by weakness in the fore¬ 
limbs, is common in rabies. Residual lesions 
affecting the CNs do not commonly occur in 
the encephalitides, except in listeriosis 
and protozoal encephalitis of horses, both 
infections predominating in the caudal 
brainstem. 

In the horse with cerebral nematodiasis 
caused by S. vulgaris, the clinical signs are 
referable to migration of the parasite in the 
thalamus, brainstem, and cerebellum. There 
is incoordination, leaning and head-pressing, 
dysmetria, intermittent clonic convulsions, 
unilateral or bilateral blindness, and paraly¬ 
sis of some CNs. The onset may be gradual 
or sudden. The clinical diagnosis is extremely 
difficult because examination of CSF and 
hematology are of limited value. A patho¬ 
logic diagnosis is necessary. In foals with 
neural angiostrongylosis, tetraparesis was 
the result of progressive and multifocal neu¬ 
rologic disease. 
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CLINICAL PATHOLOGY 

Clinical pathology may be of considerable 
assistance in the diagnosis of encephalitis, 
but the techniques used are for the most part 
specific to the individual diseases. 

Hemogram 

In the horse, complete and differential blood 
counts and serum chemistry profiles are rec¬ 
ommended for most neurologic cases. 

Serology 

Acute and convalescent sera can be submit¬ 
ted when a specific infectious disease is sus¬ 
pected for which a serologic diagnosis is 
possible. 

Cerebrospinal Fluid 

Laboratory examination of CSF for cellular 
content and pathogens may also be indi¬ 
cated. In bacterial meningoencephalitis, 
analysis of CSF obtained from the lumbosa¬ 
cral space reveals a highly significant increase 
in protein concentration with marked neu¬ 
trophilic pleocytosis. 

NECROPSY FINDINGS 

In some of the common encephalitides there 
are no gross lesions of the brain apart from 
those that occur in other body systems and 
that are typical of the specific disease. In 
other cases, on transverse section of the 
brain, extensive areas of hemorrhagic necro¬ 
sis may be visible, as in meningoencephalitis 
in cattle caused by H. somni. Histologic 
lesions vary with the type and mode of action 
of the causative agent. Material for labora¬ 
tory diagnosis should include the fixed brain 
and portions of fresh brain material for 
culture and for transmission experiments. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of encephalitis cannot depend 
entirely on the recognition of the typical 
syndrome because similar syndromes may be 
caused by many other brain diseases. Acute 
cerebral edema and focal space-occupying 
lesions of the cranial cavity, and a number of 
poisonings, including salt, lead, arsenic, 
mercury, rotenone, and chlorinated 
hydrocarbons, all cause similar syndromes, as 
do hypovitaminosis A, hypoglycemia, 
encephalomalacia, and meningitis. 

Fever is common in encephalitis but is not 
usually present in rabies, scrapie, or bovine 
spongiform encephalopathy; but it may occur 
in the noninflammatory diseases if convulsions 
are severe. 

In general, the clinical diagnosis rests on 
the recognition of the specific encephalitides 
and the elimination of the other possible 
causes on the basis of the history and clinical 
pathology, especially in poisonings, and on 
clinical findings characteristic of the particular 
disease. In many cases a definite diagnosis can 
only be made on necropsy. For differentiation 


of the specific encephalitides, reference 
should be made to the diseases listed under 
the previous section Etiology. 

Infestation with nematode larvae causes a 
great variety of signs depending on the 
number of invading larvae and the amount 
and location of the damage. 


TREATMENT 

Specific treatments are dealt with under each 
disease. Antimicrobials are indicated for bac¬ 
terial meningoencephalomyelitis. In general, 
the aim should be to provide supportive 
treatment by intravenous fluid and electro¬ 
lyte therapy or stomach tube feeding during 
the acute phase. Sedation during the excite¬ 
ment stage may prevent the animal from 
injuring itself, and nervous system stimu¬ 
lants during the period of depression may 
maintain life through the critical phase. 
Although there is an increase in intracranial 
pressure, the removal of CSF is contraindi¬ 
cated because of the deleterious effects of the 
procedure on other parts of the brain. 
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EPILEPSY 

Seizures occur most frequently in conjunc¬ 
tion with other signs of brain disease. The 
syndrome of inherited, recurrent seizures, 
which continues through life with no under¬ 
lying morphologic disease process, is true 
epilepsy, which is extremely rare in farm 
animals. Familial epilepsy has been recorded 
in Brown Swiss cattle and Arabian foals. 1 

Residual lesions after encephalitis may 
cause symptomatic epileptiform seizures, but 
there are usually other localizing signs. A 
generalized seizure is manifested by an initial 
period of alertness, the counterpart of the 
aura in human seizures, followed by falling 
in a state of tetany, which gives way after a 
few seconds to a clonic convulsion with 


paddling, opisthotonus, and champing of the 
jaws. The clonic convulsions may last for 
some minutes and are followed by a period 
of relaxation. The animal is unconscious 
throughout the seizure, but appears normal 
shortly afterward. 

Some seizures may be preceded by a local 
motor phenomenon such as tetany or tremor 
of one limb or of the face. The convulsion 
may spread from this initial area to the rest 
of the body. This form is referred to as jack- 
sonian epilepsy and the local signs may indi¬ 
cate the whereabouts of the local lesion or 
point of excitation. Such signs are recorded 
very rarely in dogs and not at all in farm 
animals. The seizures are recurrent, and the 
animal is normal in the intervening periods. 

EEG has been performed but there are 
significant challenges in obtaining and inter¬ 
preting the EEG from a conscious foal. It is 
not clear whether the EEG recording changed 
the initial treatment protocol for affected 
foals, and it should be noted that a diagnosis 
of epilepsy in humans is made primarily on 
clinical grounds. 1 

TREATMENT 

Treatment is empirical. Seizures in foals can 
be initially controlled with intravenous diaz¬ 
epam (0.1-0.4 mg/kg; the large dose range 
suggests that some seizures are of short dura¬ 
tion). Long-term seizure control emphasizes 
oral phenobarbital because of its cost and 
proven efficacy in humans and dogs. A 
loading intravenous phenobarbital dose that 
has been used in foals is 12 to 20 mg/kg 
diluted in 1 L of 0.9% NaCl and adminis¬ 
tered over 30 minutes, followed by oral phe¬ 
nobarbital at 6 to 12 mg/kg every 12 hours. 
The oral dose is adjusted based on clinical 
response and measured peak and trough 
serum phenobarbital concentrations. Thera¬ 
peutic phenobarbital concentrations for 
horses are unknown, but the therapeutic 
range in humans is 15 to 40 pg/mL. Once 
seizure control is established with oral phe¬ 
nobarbital and the foal is seizure free for 6 
months, the phenobarbital dose can be 
decreased by 20% every 2 weeks and the 
horse closely monitored. If phenobarbital 
does not provide adequate seizure control, 
potassium bromide can be tried at a tentative 
initial oral dose of 25 mg/kg every 24 hours. 
Clients should wear gloves during adminis¬ 
tration of potassium bromide. 

FURTHER READING 

McBride S, Hemmings A. A neurologic perspective of 

equine stereotypy. J Equine Vet Sci. 2009;29:10-16. 
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MYELITIS 

Inflammation of the spinal cord (myelitis) is 
usually associated with viral encephalitis. 
Clinical signs of myelitis are referable to the 













loss of function, although there may be signs 
of irritation. For example, hyperesthesia or 
paresthesia may result if the dorsal root 
ganglia are involved. This is particularly 
noticeable in pseudorabies and to a lesser 
extent in rabies. However, paresis or paraly¬ 
sis is the more usual result of myelitis. There 
are no specific myelitides in farm animals, 
with most viral infections producing an 
encephalomyelitis with variations on the 
predominance of clinical signs being 
intracranial or extracranial. Viral myelitis 
associated with EHV-1 (the equine rhino- 
pneumonitis virus) is now commonplace, 
and equine infectious anemia and dourine 
include incoordination and paresis in their 
syndromes. In goats, CAE is principally a 
myelitis, involving mostly the white matter. 

Equine protozoal myeloencephalitis 
(EPM) causes multifocal lesions of the CNS 
mostly on the spinal cord. The most accurate 
diagnosis is based on histologic findings: 

• Necrosis and mild to severe, 
nonsuppurative myeloencephalitis 

• Infiltration of neural tissue by 
mononuclear cells 

• Sometimes giant cells, neutrophils, and 
eosinophils 

• Infiltration of perivascular tissue by 
mononuclear cells including 
lymphocytes and plasma cells. 

EPM is caused primarily by S. neurona, 
which has the opossum (Didelphis virgin- 
iana) as the definitive host, raccoons as the 
most likely intermediate host, and the horse 
acting as a dead end host. Occasional cases 
of protozoal myeloencephalitis in horses are 
associated with Neospora hughesi. 

Myelitis associated with N. caninum 
infection in newborn calves has been 
described. Affected calves were recumbent 
and unable to rise but were bright and alert. 
Histologically, there was evidence of proto¬ 
zoal myelitis. 

ENCEPHALOMALACIA 

The degenerative diseases of the brain are 
grouped together under the name encepha- 
lomalacia. By definition encephalomalacia 
means softening of the brain. It is used here 
to include all degenerative changes. Leuko- 
encephalomalacia and PEM refer to soften¬ 
ing of the white and gray matter, respectively. 
Abiotrophy is the premature degeneration of 
neurons caused by an inborn metabolic error 
of development and excludes exogenous 
insults of neurons. The underlying cellular 
defect in most abiotrophies is inherited. The 
syndrome produced in most degenerative 
diseases of the nervous system is essentially 
one of loss of function. 

ETIOLOGY 

Some indication of the diversity of causes of 
encephalomalacia and degenerative diseases 
of the nervous system can be appreciated 
from the examples that follow, but many 
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sporadic cases occur in which the cause 

cannot be defined. 

All Species 

• Hepatic encephalopathy is thought to be 
caused by high blood levels of ammonia 
associated with advanced liver disease. 
This is recorded in experimental 
pyrrolizidine alkaloid poisoning in 
sheep, in hepatic arteriovenous anomaly, 
and thrombosis of the portal vein in the 
horse. Congenital portacaval shunts are 
also a cause of hepatic encephalopathy. 

• Abiotrophy involves multisystem 
degenerations in the nervous system as 
focal or diffuse lesions involving the 
axons and myelin of neuronal processes. 
These include a multifocal 
encephalopathy in the Simmental breed 
of cattle in New Zealand and Australia 
and progressive myeloencephalopathy in 
Brown Swiss cattle, known as “weavers” 
because of their ataxic gait. 

• Poisoning by organic mercurials and, in 
some instances, lead; possibly also 
selenium poisoning; a bilateral 
multifocal cerebrospinal poliomalacia of 
sheep in Ghana. 

• Cerebrovascular disorders 
corresponding to the main categories in 
humans are observed in animals, but 
their occurrence is chiefly in pigs, and 
their clinical importance is minor. 

• Congenital hypomyelinogenesis and 
dysmyelinogenesis are recorded in 
lambs (hairy shakers), piglets 
(myoclonia congenita), and calves 
(hypomyelinogenesis congenita). All are 
associated with viral infections in utero. 
EH V-1 infections in horses cause 
ischemic infarcts. 

• Cerebellar cortical abiotrophy occurs in 
calves and lambs. 

Ruminants 

. BSE 

• Plant poisons, e.g., Astragalus spp., 
Oxytropis spp., Swainsona spp., Vida 
spp., Kochia scoparia 

• Focal symmetric encephalomalacia of 
sheep, thought to be a residual lesion 
after intoxication with C. perfringens 
type D toxin 

• PEM caused by thiamine inadequacy in 
cattle and sheep and sulfur toxicosis in 
cattle; poliomalacia of sheep caused 
possibly by an antimetabolite of 
nicotinic acid 

• Progressive spinal myelopathy of 
Murray Grey cattle in Australia 

• Spongiform encephalopathy in newborn 
polled Hereford calves similar to maple 
syrup urine disease 

• Neuronal dystrophy in Suffolk 
sheep 

• Shakers in horned Hereford calves 
associated with neuronal cell body 
chromatolysis 


• The abiotrophic lysosomal storage 
diseases including progressive ataxia of 
Charolais cattle, mannosidosis, 
gangliosidosis, and globoid cell 
leukodystrophy of sheep 

• The inherited defect of Brown Swiss 
cattle known as weavers, and presented 
elsewhere, is a degenerative 
myeloencephalopathy 

• Swayback and enzootic ataxia caused by 
nutritional deficiency of copper in lambs 

• Prolonged parturition of calves causing 
cerebral hypoxia and the weak calf 
syndrome 

• Idiopathic brainstem neuronal 
chromatolysis in cattle 

• Bovine bonkers caused by the 
consumption of ammoniated forages 

• Inherited neuronal degeneration in 
Angora goats 

Horses 

• Leukoencephalomalacia caused by 
feeding moldy corn infested with 
Fusarium moniliforme, which produces 
primarily fumonisin Bi and, to a lesser 
extent, fumonisin B 2 U 

• Nigropallidal encephalomalacia caused 
by feeding on yellow star thistle 

(Centaurea solstitialis ) 3 

• Poisoning by bracken and horsetail 
causing a conditioned deficiency of 
thiamine 

• Ischemic encephalopathy of neonatal 
maladjustment syndrome of foals 

• EDM, 4,3 which is associated with 
vitamin E deficiency 

Ruminants and Horses 
Neurotoxic Mycotoxins 
Swainsonine and slaframine produced by 
Rhizoctonia leguminicola cause mannose 
accumulation and parasympathomimetic 
effects. Lolitrems from A. lolii and paspalit- 
rems from C. paspali are tremorgens found 
in grasses. 

Pigs 

• Leukoencephalomalacia in mulberry 
heart disease 

• Subclinical attacks of enterotoxemia 
similar to edema disease 

• Poisoning by organic arsenicals, and 
salt. 

PATHOGENESIS 

The pathogenesis of the degenerative dis¬ 
eases can be subdivided into the following: 

• Metabolic and circulatory disorders 

• Intoxications and toxic-infectious 
diseases 

• Nutritional diseases 

• Hereditary, familial, and idiopathic 
degenerative diseases 

Metabolic and Circulatory 

Hepatic encephalopathy is associated with 
acquired liver disease, and the resultant 
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hyperammonemia and other toxic factors are 
considered to be neurotoxic. Disorders of 
intermediary metabolism result in the accu¬ 
mulation of neurotoxic substances such as in 
maple syrup urine disease of calves. Lyso¬ 
somal storage diseases are caused by a lack 
of lysosomal enzymes, which results in an 
accumulation of cellular substrates and 
affecting cell function. 

CNS hypoxia and ischemia impair the 
most sensitive elements in brain tissue, espe¬ 
cially neurons. Severe ischemia results in 
necrosis of neurons and glial elements and 
areas of infarcts. Gas anesthesia-related neu¬ 
rologic disease occurs in animals that have 
been deprived of oxygen for more than 5 
minutes. The hypoxia is lethal to neurons, 
and on recovery from anesthesia affected 
animals are blind and seizures may occur. 
The typical lesion consists of widespread 
neuronal damage. Postanesthetic hemor¬ 
rhagic myelopathy and postanesthetic cere¬ 
bral necrosis in horses are typical examples. 

Hypoglycemia occurs in neonates 
deprived of milk and in acetonemia and 
pregnancy toxemia and clinical signs of leth¬ 
argy, dullness progressing to weakness, sei¬ 
zures, and coma have been attributed to 
hypoglycemia. However, there are no studies 
of the CNS in farm animals with hypo¬ 
glycemia and the effects, if any, on the 
nervous tissue are unknown. 

Intoxications and 
Toxic-Infectious Diseases 

A large number of poisonous substances 
including poisonous plants, heavy metals 
(lead, arsenic, and mercury), salt poisoning, 
farm chemicals, antifreeze, herbicides, and 
insecticides can directly affect the nervous 
system when ingested by animals. They 
result in varying degrees of edema of the 
brain, degeneration of white and gray matter, 
and hemorrhage of both the central and 
peripheral nervous system. Toxic-infectious 
diseases such as edema disease of swine and 
focal symmetric encephalomalacia of sheep 
are examples of endotoxins and exotoxins 
produced by bacterial infections, which have 
a direct effect on the nervous system result¬ 
ing in encephalomalacia. 

Nutritional Diseases 

Several nutritional deficiencies of farm 
animals can result in neurologic disease: 

• Vitamin A deficiency affects bone 
growth, particularly remodeling of the 
optic nerve tracts, and CSF absorption. 
The elevated CSF pressure and 
constriction of the optic nerve tracts 
results in edema of the optic disc and 
wallerian-type degeneration of the optic 
nerve resulting in blindness. 

• Copper deficiency in pregnant ewes can 
result in swayback and enzootic ataxia 
of the lambs. Copper is an integral 
element in several enzyme systems such 
as ceruloplasmin and lysyl oxidase, and 


copper deficiency affects several organ 
systems. The principal defect in 
swayback appears to be one of defective 
myelination probably caused by 
interference with phospholipid 
formation. However, some lesions in the 
newborn are more extensive and show 
cavitation with loss of axons and 
neurons rather than simply 
demyelination. In the brain, there is a 
progressive gelatinous transformation of 
the white matter, ending in cavitation 
that resembles porencephaly or 
hydranencephaly. In the spinal cord the 
lesions are bilateral, and it is suggested 
that the copper deficiency has a primary 
axonopathic effect 

• Thiamine deficiency in ruminants can 
result in PEM or cerebrocortical 
necrosis. Thiamine, mainly as thiamine 
diphosphate ([TDP]; pyrophosphate), 
has an important role as a coenzyme in 
carbohydrate metabolism, especially the 
pentose pathway. Diffuse 
encephalopathy may occur characterized 
by brain edema and swelling, resulting 
in flattening of the gyri, tentorial 
herniation, and coning of the cerebellar 
vermis. Bilateral areas of cerebral 
cortical laminar necrosis are widespread. 

Hereditary, Familial, and Idiopathic 
Degenerative Diseases 

A large number of neurologic diseases of 
farm animals are characterized by abnor¬ 
malities of central myelinogenesis. In most 
instances, the underlying abnormality 
directly or indirectly affects the oligodendro¬ 
cyte and is reflected in the production of 
CNS myelin of diminished quantity or 
quality or both. Many of these are inherited 
and manifest from or shortly after birth. 
They include leukodystrophies, hypomyeli- 
nogenesis, spongy degeneration, and related 
disorders. Neuronal abiotrophy, motor 
neuron diseases, neuronal dystrophy, and 
degenerative encephalomyelopathy of horses 
and cattle are included in this group. 

Polioencephalomalacia and 
Leukoencephalomalacia 

PEM appears to be, in some cases at least, a 
consequence of acute edematous swelling of 
the brain and cortical ischemia. The patho¬ 
genesis of leukoencephalomalacia appears to 
be related to vasogenic edema as a result of 
cardiovascular dysfunction and an inability 
to regulate cerebral blood flow. Whether the 
lesion is in the gray matter (PEM) or in the 
white matter (leukoencephalomalacia) the 
syndrome is largely one of loss of function, 
although as might be expected irritation 
signs are more likely to occur when the gray 
matter is damaged. 

CLINICAL FINDINGS 

Weakness of all four limbs is accompanied 
by the following: 


• Dullness or somnolence 

• Blindness 

• Ataxia 

• Head-pressing 

• Circling 

• Terminal coma 

In the early stages, particularly in ruminant 
PEM, there are involuntary signs including 
muscle tremor, opisthotonus, nystagmus, 
and convulsions. 

In equine leukoencephalomalacia, 

which may occur in outbreaks, initial signs 
include anorexia and depression. In the neu¬ 
rotoxic form, which is the most common, the 
anorexia and depression progresses to ataxia, 
circling, apparent blindness, head-pressing, 
hyperesthesia, agitation, delirium, recum¬ 
bency, seizures, and death. An early and con¬ 
sistent sign in affected horses is reduced 
proprioception of the tongue, which mani¬ 
fests as delayed retraction of the tongue to 
the buccal cavity after the tongue has been 
extended. In the hepatotoxicosis form, clini¬ 
cal findings include icterus, swelling of the 
lips and nose, petechiation, abdominal 
breathing, and cyanosis. Horses with either 
syndrome may be found dead without any 
premonitory signs. 

In many of the leukoencephalomalacias, 
the course may be one of gradual progression 
of signs, or more commonly a level of abnor¬ 
mality is reached and maintained for a long 
period, often necessitating euthanasia of the 
animal. For example, EDM is a diffuse 
degenerative disease of the equine spinal 
cords and caudal portion of the brainstem 
and primarily affects young horses. There is 
an insidious onset of symmetric spasticity, 
ataxia, and paresis. Clinical signs may pro¬ 
gress slowly to stabilize for long periods. All 
four limbs are affected, but the pelvic limbs 
are usually more severely affected than the 
thoracic limbs. There is no treatment for the 
disease, no spontaneous recovery and, once 
affected, horses remain atactic and useless 
for any athletic function. 

CLINICAL PATHOLOGY 

There are no clinicopathologic tests specific 
for encephalomalacia, but various tests may 
aid in the diagnosis of some of the specific 
diseases mentioned in this section under 

Etiology. 

NECROPSY FINDINGS 

Gross lesions including areas of softening, 
cavitation, and laminar necrosis of the cortex 
may be visible. The important lesions are 
described under each of the specific 
diseases. 

TREATMENT 

The prognosis depends on the nature of the 
lesion. Early cases of thiamine deficiency- 
induced PEM can recover completely if 
treated with adequate levels of thiamine. 
Encephalomalacia caused by sulfur-induced 
PEM and lead poisoning is more difficult to 






treat. Young calves with acquired in utero 
hypomyelinogenesis and horses with myeli¬ 
tis associated with EHV-1 infection can 
make complete recoveries. 


DIFFERENTIAL DIAGNOSIS 


The syndromes produced by encephalomalacia 
resemble very closely those caused by most 
lesions that elevate intracranial pressure. The 
onset is quite sudden, and there is depression 
of consciousness and loss of motor function. 
One major difference is that the lesions tend 
to be nonprogressive, and affected animals 
may continue to survive in an impaired state 
for long periods. 
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MYELOMALACIA 

Degeneration of the spinal cord (myelomala¬ 
cia) occurs rarely as an entity separate from 
encephalomalacia. One recorded occurrence 
is focal spinal poliomalacia of sheep, and in 
enzootic ataxia the lesions of degeneration 
are often restricted to the spinal cord. In both 
instances there is a gradual development of 
paralysis without signs of irritation and 
with no indication of brain involvement. 
Progressive paresis in young goats may be 
associated with the virus of CAE and other 
unidentified, possibly inherited causes of 
myelomalacia. 

Degeneration of spinal cord tracts has 
also been recorded in poisoning by Phalaris 
aquatica in cattle and sheep, by Tribulus ter- 
restris in sheep, 1 by sorghum in horses, by 
3-nitro-4-hydroxyphenylarsonic acid in pigs, 
and by selenium in ruminants; the lesion is 
a symmetric spinal poliomalacia. Poisoning 
of cattle by plants of Zamia spp. produces a 
syndrome suggestive of injury to the spinal 
cord but no lesions have been reported. Pan¬ 
tothenic acid (PA) or pyridoxine deficiencies 
also cause degeneration of the spinal cord 
tract in swine. 

A spinal myelinopathy, possibly of genetic 
origin, is recorded in Murray Grey calves. 
Affected animals develop ataxia of the hind¬ 
legs, swaying of the hindquarters, and 
collapse of one hindleg with falling to one 
side. Clinical signs become worse over an 
extended period. 

Sporadic cases of degeneration of spinal 
tracts have been observed in pigs. One 
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outbreak is recorded in the litters of sows on 
lush clover pasture. The piglets were unable 
to stand, struggled violently on their sides 
with rigid extension of the limbs and, 
although able to drink, usually died of star¬ 
vation. Several other outbreaks in pigs have 
been attributed to selenium poisoning. 

Neuraxonal dystrophy is a progressive 
degenerative process of CNS axons charac¬ 
terized initially by discontinuous swellings 
(called spheroids) along the distal section of 
axons. The spheroids reflect an inability of 
the neuron to maintain a normal structure 
and function. Neuraxonal dystrophy has 
been diagnosed in a number of sheep breeds, 
including Suffolks in the United States, 
Coopworth and Romney lambs in New 
Zealand, and Merino sheep in New Zealand 
and Australia, where it was previously been 
called Murrurrundi disease or ovine seg¬ 
mental axonopathy. The disease is consistent 
with an autosomal recessive disorder. 2 

EDM (neuraxonal dystrophy) affects 
young horses and has been recorded in the 
United States, Canada, the UK, and Austra¬ 
lia. EDM appears to be inherited with 
vitamin E intake during growth modifying 
the clinical expression and is pathologically 
more advanced form of neuraxonal dystro¬ 
phy. 3,4 The major clinical signs are referable 
to bilateral leukomyelopathy involving the 
cervical spinal cord. There is abnormal posi¬ 
tioning and decreased strength and spasticity 
of the limbs as a result of upper motor 
neuron and general proprioceptive tract 
lesions. Hypalgesia, hypotonia, hyporeflexia, 
muscle atrophy, or vestibular signs are not 
present, and there is no evidence of CN, cere¬ 
bral, or cerebellar involvement clinically. 
Abnormal gait and posture are evident, 
usually initially in the pelvic limbs but even¬ 
tually also in the thoracic limbs. There are no 
gross lesions, but histologically there is 
degeneration of neuronal processes in the 
white matter of all spinal cord funiculi, espe¬ 
cially the dorsal spinocerebellar and sulco¬ 
marginal tracts. The lesion is most severe in 
the thoracic segments and is progressive. 5 

Motor neuron diseases are a group of 
nervous disorders characterized by selective 
degeneration of upper motor neurons and/or 
lower motor neurons. Common characteris¬ 
tics of motor neuron diseases are muscle 
weakness or spastic paralysis. Motor neuron 
diseases have been identified in a number of 
species and are currently considered incur¬ 
able. 6 An inherited motor neuron disease 
has been identified in an extended family of 
Romney lambs. Lower motor neuron signs 
predominated and affected lambs were euth¬ 
anized at 4 weeks of age. The disorder was 
inherited in a simple autosomal recessive 
manner. 6 Bovine spinal muscular atrophy is 
an inherited motor neuron disease of Brown 
Swiss cattle characterized by progressive 
weakness and severe neurogenic muscle 
atrophy with early postnatal onset and death 
within the first few months of life. 2 


An inherited lower motor neuron 

disease has been recorded in pigs. Clinical 
findings of muscular tremors, paresis, or 
ataxia developed at 12 to 59 days of age. 
There is widespread degeneration of myelin¬ 
ated axons in peripheral nerves and in the 
lateral and ventral columns of lumbar and 
cervical segments of the spinal cord. Axonal 
degeneration is present in ventral spinal 
nerve roots and absent in dorsal spinal nerve 
roots when sampled at the same lumbar 
levels. 

Equine motor neuron disease is a neu- 
rodegenerative condition that affects horses 
from 15 months to 25 years of age of many 
different breeds and has been associated with 
oxidative stress and vitamin E deficiency. 7 ' 8 
Progressive weakness, short-striding gait, 
trembling, long periods of recumbency, and 
trembling and sweating following exercise 
are characteristic clinical findings. The weak¬ 
ness is progressive and recumbency is per¬ 
manent. Appetites remain normal or become 
excessive. At necropsy, degeneration or loss 
of somatic motor neurons in the spinal 
ventral horns, angular atrophy of skeletal 
muscle fibers, and the presence of lipofuscin 
deposits in the ventral horns of the spinal 
cord and retina are characteristic. 

Sporadic cases of spinal cord damage in 
horses include hemorrhagic myelomalacia 
following general anesthesia and acute spinal 
cord degeneration following general anes¬ 
thesia and surgery. Following recovery from 
the anesthesia, the horse is able to assume 
sternal recumbency but not able to stand. A 
hemorrhagic infarct assumed to be caused by 
cartilage emboli, and a venous malformation 
causing spinal cord destruction, have also 
occurred in the horse. The disease must be 
differentiated from myelitis and spinal cord 
compression caused by space-occupying 
lesions of the vertebral canal and cervical, 
vertebral malformation/malarticulation. 
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Focal Diseases of the 
Brain and Spinal Cord 

TRAUMATIC INJURY TO 
THE BRAIN 

The effects of trauma to the brain vary with 
the site and extent of the injury, but initially 
nervous shock is likely to occur followed by 
death, recovery, or the persistence of resid¬ 
ual nervous signs. Traumatic lesions of the 
skull or vertebral column were the most 
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commonly diagnosed nervous diseases of 
horses at necropsy in a large case series 
of 4,319 horses with clinical signs of 
nervous disease, accounting for 34% of all 
diagnoses. 1 

ETIOLOGY 

Traumatic injury to the brain may result 
from direct trauma applied externally, by 
violent stretching or flexing of the head and 
neck, or by migration of parasitic larvae 
internally Recorded causes include the 
following: 

• Direct trauma is an uncommon cause 
because of the force required to damage 
the cranium. Accidental collisions, 
rearing forward, falling over backward 
after rearing are the usual reasons. 

• Periorbital skull fractures in horses are 
caused by direct traumatic injury 
commonly from colliding with gate 
posts. 

• Cerebral injury and CN injury 
accounted for a large percentage of 
neurologic diseases in horses. Young 
horses under 2 years of age seem most 
susceptible to injuries of the head. 

• Injury by heat in goat kids is achieved 
with prolonged application of a hot iron 
used for disbudding 

• Pulling back violently when tethered 
can cause problems at the 
atlantooccipital junction. 

• Animals trapped in bogs, sumps, cellars, 
and waterholes and dragged out by the 
head, and recumbent animals pulled 
onto trailers can suffer dire 
consequences to the medulla and 
cervical cord, although the great 
majority of them come to surprisingly 
little harm. 

• The violent reaction of animals to 
lightning stroke and electrocution 
causing damage to central nervous 
tissue; the traumatic effect of the 
electrical current itself also causes 
neuronal destruction. 

• Spontaneous hemorrhage into the brain 
is rare but sometimes occurs in cows at 
parturition, causing multiple small 
hemorrhages in the medulla and 
brainstem. 

• Brain injury at parturition, recorded in 
lambs, calves, and foals, is possibly a 
significant cause of mortality in the 
former. 

PATHOGENESIS 

The initial reaction in severe trauma or hem¬ 
orrhage is nervous shock. Slowly developing 
subdural hematoma, a common develop¬ 
ment in humans, is accompanied by the 
gradual onset of signs of a space-occupying 
lesion of the cranial cavity, but this seems to 
be a rare occurrence in animals. In some 
cases of trauma to the head, clinical evidence 
of injury to the brain may be delayed for a 
few days until sufficient swelling, callus 


formation, or displacement of the fracture 
fragments has occurred. Trauma to the 
cranial vault may be classified, from least to 
most severe, as concussion, contusion, lac¬ 
eration, and hemorrhage. 

Concussion 

Concussion is usually a brief loss of con¬ 
sciousness that results from an abrupt head 
injury, which produces an episode of rapid 
acceleration/deceleration of the brain. 

Contusion 

With a more violent force, the brain is con¬ 
tused. There is maintenance of structure but 
loss of vascular integrity, resulting in hemor¬ 
rhage into the parenchyma and meninges 
relative to the point of impact. Bony defor¬ 
mation or fracture of the calvaria results in 
two different kinds of focal lesions: 

• Direct (coup) contusions immediately 
below the impact site 

• Indirect (contrecoup) contusions to the 
brain at the opposite point of the skull; 
these hemorrhages result from tearing 
of leptomeningeal and parenchymal 
blood vessels. 

Laceration 

The most severe contusion is laceration in 
which the CNS tissue is physically torn or 
disrupted by bony structures lining the 
cranium or by penetrating objects such as 
bone fragments. Focal meningeal hemor¬ 
rhage is a common sequel to severe head 
injury. Subdural hematomas usually follow 
disruption of bridging cerebral veins that 
drain into the dural venous sinuses, but sub¬ 
arachnoid hemorrhages are more common. 
The importance of these hemorrhages is that 
they develop into space-occupying masses 
that indent and compress the underlying 
brain. Progressive enlargement of the hema¬ 
toma can result in secondary effects such as 
severe, widespread brain edema, areas of 
ischemia, herniations, midline shift, and 
lethal brainstem compression. 

In birth injuries the lesion is principally 
one of hemorrhage subdurally and under the 
arachnoid. 

Experimental Traumatic 
Craniocerebral Missile Injury 

Traumatic insult of the brains of sheep with 
a .22 caliber firearm results in a primary 
hemorrhagic wound track with indriven 
bone fragments and portions of muscle and 
skin. There is crushing and laceration of 
tissues during missile penetration; second¬ 
ary tracks caused by bone and bullet frag¬ 
ments; widely distributed stretch injuries to 
blood vessels, nerve fibers, and neurons as a 
consequence of the radial forces of the tem¬ 
porary cavity that develops as a bullet pen¬ 
etrates tissue; marked subarachnoid and 
intraventricular hemorrhage; and distortion 
and displacement of the brain. The lesions 
are consistently severe and rapidly fatal. 


CLINICAL FINDINGS 

Clinical signs of neurologic disease usually 
follows the pattern of greatest severity ini¬ 
tially with recovery occurring quickly but 
incompletely to a point where a residual 
defect is evident, with this defect persisting 
unchanged for a long period and often per¬ 
manently. This failure to improve or worsen 
after the initial phase is a characteristic of 
traumatic injury. 

With severe injury there is cerebral shock 
in which the animal falls unconscious with 
or without a transient clonic convulsion. 
Consciousness may never be regained, but in 
animals that recover it returns in from a few 
minutes up to several hours. During the 
period of unconsciousness, clinical examina¬ 
tion reveals dilatation of the pupils; absence 
of the eye preservation and pupillary light 
reflexes; and a slow, irregular respiration, 
with the irregularity phasic in many cases. 
There may be evidence of bleeding from the 
nose and ears, and palpation of the cranium 
may reveal a site of injury. Residual signs 
vary a great deal. Blindness is present if the 
optic cortex is damaged, hemiplegia may be 
associated with lesions in the midbrain, and 
traumatic epilepsy may occur with lesions in 
the motor cortex. 

Fracture of the petrous temporal bone 

is a classic injury in horses caused by rearing 
and falling over backward. Both the facial 
and the vestibular nerves are likely to be 
damaged so that at first the animal may be 
unable to stand and there may be blood from 
the ear and nostril of the affected side. When 
the animal does stand, the head is rotated 
with the damaged side down. There may be 
nystagmus, especially early in the course of 
the disease. The ear, eyelid, and lip on the 
affected side are also paralyzed and sag. 
Ataxia with a tendency to fall is common. 
Some improvement occurs in the subsequent 
2 or 3 weeks as the horse compensates for the 
deficit, but there is rarely permanent recov¬ 
ery. An identical syndrome is recorded in 
horses in which there has been a stress frac¬ 
ture of the petrous temporal bone resulting 
from a preexisting inflammation of the bone. 
The onset of signs is acute but unassociated 
with trauma. 

Fracture of the basisphenoid and/or 
basioccipital bones is also common. These 
fractures can seriously damage the jugular 
vein; carotid artery; and glossopharyngeal, 
hypoglossal, and vagus nerves. The cavern¬ 
ous sinus and the basilar artery may also be 
damaged and lead to massive hemorrhage 
within the cranium. Large vessels in the area 
are easily damaged by fragments of the frac¬ 
tured bones, causing fatal hemorrhage. A 
midline fracture of the frontal bones can also 
have this effect. 

Other signs of severe trauma to the brain 
include opisthotonus with blindness and 
nystagmus and, if the brainstem has been 
damaged, quadriplegia. There may also be 
localizing signs, including head rotation, 
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circling, and falling backward. Less common 
manifestations of resulting hemorrhage 
include bleeding into the retropharyngeal 
area, which may cause pressure on guttural 
pouches and the airways and lead to asphyxia. 
Bleeding may take place into the guttural 
pouches themselves. 

Newborn lambs affected by birth injury 
to the brain are mostly dead at birth, or die 
soon afterward. Surviving lambs drink 
poorly and are very susceptible to cold stress. 
In some flocks it may be the principal mech¬ 
anism causing perinatal mortality. 

DIAGNOSIS 

Radiography of the skull is important to 
detect the presence and severity of fractures, 
which may have lacerated nervous tissue; 
however, CT is a much more sensitive 
method for detecting fractures of the cal¬ 
varium and basilar bone than radiography. 1 

CLINICAL PATHOLOGY 

CSF should be sampled from the cerebello¬ 
medullary cistern and examined for evidence 
of RBCs. Extreme care must be taken to 
ensure that blood vessels are not punctured 
during the sampling procedure because this 
would confound the interpretation of the 
presence of RBCs. The presence of heme pig¬ 
ments in the CSF (xanthochromia) suggests 
the presence of preexisting hemorrhage; the 
presence of eosinophils or hypersegmented 
neutrophils suggests parasitic invasion. 

NECROPSY FINDINGS 

In most cases a gross hemorrhagic lesion will 
be evident, but in concussion and nemato- 
diasis the lesions may be detectable only on 
histologic examination. 


DIFFERENTIAL DIAGNOSIS 


Unless a history of trauma is available 
diagnosis may be difficult. 


TREATMENT 

The principles of treatment of animals exhib¬ 
iting neurologic abnormalities after a trau¬ 
matic event are derived from the results of 
large, controlled, multicenter clinical trials in 
humans. Similar studies have not been per¬ 
formed in large animals. The general prin¬ 
ciples are (1) stabilize the patient by ensuring 
a patent airway, obtaining vascular access 
and attending to wounds; (2) specific treat¬ 
ment for hyperthermia, because brain defects 
may result in an inability to regulate core 
temperature; (3) prevent or treat systemic 
arterial hypotension; (4) optimize oxygen 
delivery; (5) ensure adequate ventilation by 
placing in sternal recumbency whenever 
possible; (6) decrease pain; (7) monitor 
plasma glucose concentration and maintain 
euglycemia; and (8) prevent or treat cerebral 
edema by having the head elevated or by the 
intravenous administration of a hyperosmo¬ 
lar agent (20% mannitol as a series of bolus 


infusions of 0.25-1.0 g/kg BW every 4-6 
hours, the latter is an expensive treatment; 
hypertonic saline, 7.2% NaCl, 2 mL/kg BW 
every 4 hours for five infusions). Intravenous 
catheterization should be confined to one 
jugular vein, and the neck should not be 
bandaged in an attempt to minimize promo¬ 
tion of cerebral edema by jugular venous 
hypertension. 

Seizures should be treated when they 
occur by initially administering diazepam at 
0.1 mg/kg intravenously. If no improvement 
is noticed within 10 minutes, then one or two 
additional doses of diazepam (0.1 mg/kg, 
intravenously; total dose 0.3 mg/kg, intrave¬ 
nously) should be administered at 10-minute 
intervals. Midazolam could be substituted 
for diazepam, but dose rates are not well 
defined. If this dosage protocol of diazepam 
does not provide adequate seizure control, 
then phenobarbitone (20 mg/kg intrave¬ 
nously over 20 minutes) should be adminis¬ 
tered to effect; the phenobarbitone can be 
diluted in 0.9% NaCl solution. This should 
provide seizure control for a number of 
hours. If seizures return, then oral phenobar¬ 
bitone (6 mg/kg every 8 hours) can be 
administered to foals and horses, with a 
reduction in the oral dose to 3 mg/kg every 
8 hours if seizures are controlled. An alterna¬ 
tive protocol in horses is a mixture of 12% 
chloral hydrate and 6% magnesium sulfate 
to effect at an intravenous administration 
rate not exceeding 30 mL/min. Euthanasia 
should be considered to adult ruminants 
with seizures that are only responsive to 
intravenous phenobarbitone. 

Many anecdotal treatments have been 
used in large animals, but evidence attesting 
to their efficacy is lacking. Among the more 
popular empiric antioxidant treatments are 
dimethyl sulfoxide (1 g/kg BW IV as a 10% 
solution in 0.9% NaCl) administered intrave¬ 
nously or by nasogastric tube every 12 hours, 
vitamin E (a-tocopherol, 50 IU/kg BW 
administered orally every day), vitamin C 
(ascorbic acid, 20 mg/kg BW administered 
orally every day), and allopurinol (5 mg/kg 
BW administered orally every 12 hours). 
Corticosteroids have also been advocated; 
promoted treatments include an antiinflam¬ 
matory dose of dexamethasone (0.05 mg/kg 
BW IV every day) or a high dose of methyl- 
prednisolone sodium succinate (30 mg/kg 
BW initial IV bolus, followed by continuous 
infusion of 5.4 mg/kg BW per hour for 
24-48 hours); the latter treatment is prohibi¬ 
tively expensive in large animals and must be 
given within a few hours of the traumatic 
event to be effective. Intravenous magnesium 
sulfate (50 mg/kg BW) in the first 5 to 10 L 
of intravenous fluids has also been advocated 
on the basis that it inhibits several aspects of 
the secondary injury cascade. 

The overall short-term survival rate in 
one case series of 34 cases was 62%. 2 In those 
animals that recover consciousness within a 
few hours or earlier, the prognosis is 


favorable and little or no specific treatment 
may be necessary other than nursing care. 
When coma lasts for more than 3 to 6 hours, 
the prognosis is unfavorable, and slaughter 
for salvage or euthanasia is recommended. 
Horses with basilar bone fractures are 7.5 
times more likely not to survive as horses 
without this type of fracture. 2 Treatment for 
cerebral edema of the brain as previously 
outlined may be indicated when treatment 
for valuable animals is requested by the 
owner. Animals that are still in a coma 6 to 
12 hours following treatment are unlikely to 
improve, and continued treatment is proba¬ 
bly not warranted. 

FURTHER READING 

MacKay RJ. Brain injury after head trauma: 

pathophysiology, diagnosis, and treatment. Vet Clin 
North Am Equine Pract. 2004;20:199-216. 
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BRAIN ABSCESS 

Abscesses of the brain are rare, but occur 
most commonly in young farm animals 
under 1 year of age and rarely in older 
animals. They appear to be more common in 
ruminants than in horses. Brain abscesses 
were not observed at necropsy in a large case 
series of 4,319 horses with clinical signs of 
nervous disease in France. 1 They produce a 
variety of clinical signs depending on their 
location and size. Basically the syndrome 
produced is one of a space-occupying lesion 
of the cranial cavity with some motor irrita¬ 
tion signs. Localized or diffuse meningitis is 
also common, along with the effects of the 
abscess. 

ETIOLOGY 

Abscesses in the brain originate in a number 
of ways. Hematogenous infections are 
common, but direct spread from injury to 
the cranium or via the nasopharynx may 
also occur. 

Hematogenous Spread 

The lesions may be single, but are often 
multiple, and are usually accompanied by 
meningitis. The infection usually originates 
elsewhere. 

• Actinobadllus mallei from glanders 
lesions in lung 

• Streptococcus zooepidemicus var. equi as 
a complication of strangles in horses 

• Cory neb acterium pseudotuberculosis in a 
goat causing an encapsulated abscess in 
the left cerebellar peduncles 

• Actinomyces bovis and Mycobacterium 
bovis from visceral lesions in cattle 

• Fusobacterium necrophorum from 
lesions in the oropharynx of calves 

• Pseudomonas pseudomallei in 
melioidosis in sheep 










1192 


Chapter 14 


Diseases of the Nervous System 


• Staphylococcus aureus in tick pyemia of 
lambs 

• Systemic fungal infections such as 
cryptococcosis may include 
granulomatous lesions in brain. 

Local Spread 

• Via peripheral nerves from the 
oropharynx, the one specific disease is 
listeriosis in ruminants and New World 
camelids. 

• Multifocal meningoencephalitis 
associated with lingual arteritis induced 
by barley spikelet clusters. 

• Space-occupying lesions of facial and 
vestibulocochlear nerves and geniculate 
ganglion secondary to otitis media in 
calves. 

• Abscesses of the rete mirabile of the 
pituitary gland are seen secondary to 
nasal septal infection after nose-ringing 
in cattle. Trueperella ( Arcanobacterium 
or Actinomyces or Corynebacterium ) 
pyogenes is the most common isolate, 
and several other species of bacteria that 
cause chronic suppurative lesions have 
been recovered. Similar abscesses, 
usually containing T. pyogenes, occur in 
the pituitary gland itself. 

• Extensions from local suppurative 
processes in cranial signs are seen after 
dehorning from otitis media. The lesions 
are single and most commonly contain 
T. pyogenes and are accompanied by 
meningitis. 

PATHOGENESIS 

Infectious agents can invade the CNS by four 
routes: 

• Retrograde infection via peripheral 
nerves 

• Direct penetrating injuries 

• Extension of adjacent suppurative 
lesions 

• By way of the systemic circulation 

Single abscesses cause local pressure effects 
on nervous tissue and may produce some 
signs of irritation, including head-pressing 
and mania, but the predominant effect is one 
of loss of function caused by destruction of 
nerve cells. Multiple abscesses have much the 
same effect. In single abscesses the signs 
usually make it possible to define the loca¬ 
tion of the lesion, whereas multiple lesions 
present a confusing multiplicity of signs and 
variation in their severity from day to day, 
suggesting that damage has occurred at a 
number of widely distributed points and at 
different times. 

The pituitary abscess syndrome has an 

uncertain pathogenesis. The pituitary gland 
is surrounded by a complex mesh of inter¬ 
twined arteries and capillary beds known as 
the rete mirabile, which has been identified 
in cattle, sheep, goats, and pigs but not 
horses. This extensive capillary network sur¬ 
rounding the pituitary gland makes it sus¬ 
ceptible to localization by bacteria that 


originate from other sources of infection. 
Nose-ringing of cattle may result in septic 
rhinitis, which could result in infection of 
the dural venous sinus system, which com¬ 
municates with the subcutaneous veins of 
the head. Bacteria may also reach the rete 
mirabile by way of lymphatics of the nasal 
mucosa and cribriform plate. CN deficits 
occur as a result of the extension of the 
abscess into the adjacent brainstem. 

CLINICAL FINDINGS 

General signs include mental depression, 
clumsiness, head-pressing, and blindness, 
often preceded or interrupted by transient 
attacks of motor irritation including excite¬ 
ment, uncontrolled activity, and convulsions. 
A mild fever is usually present, but the tem¬ 
perature may be normal in some cases. 

The degree of blindness varies depending 
on the location of the abscess and the extent 
of adjacent edema and meningoencephalitis. 
The animal may be blind in one eye and have 
normal eyesight in the other eye or have 
normal eyesight in both eyes. Unequal pupils 
and abnormalities in the pupillary light 
reflex, both direct and consensual, are 
common. Uveitis, iris bombe, and a collec¬ 
tion of fibrin in the anterior chamber of an 
eye may be present in some cases of multiple 
meningoencephalitis in cattle. Nystagmus is 
common when the lesion is near the vestibu¬ 
lar nucleus; strabismus may also occur. 

Localizing signs depend on the location 
of lesions and may include cerebellar ataxia, 
deviation of the head with circling and 
falling, and hemiplegia or paralysis of indi¬ 
vidual or groups of CNs often in a unilateral 
pattern. In the later stages, there may be pap¬ 
illedema. In calves with lesions of the facial 
and vestibulocochlear nerves and geniculate 
ganglion, clinical signs may include droop¬ 
ing of the ears and lips, lifting of the nose, 
slight unilateral tilting of the head, and 
uncontrolled saliva flow. Inability to swallow 
may follow and affected calves become 
dehydrated. 

These localizing signs may be intermit¬ 
tent, especially in the early stages, and may 
develop slowly or acutely. 

Pituitary gland abscesses are most 
common in ruminants, primarily cattle 2 to 
5 years of age, but are relatively rare. The 
most common history includes anorexia, 
ataxia, depression, and drooling from the 
mouth with inability to chew and swallow. 
The most common clinical findings are 
depression, dysphagia, dropped jaw, blind¬ 
ness, and absence of pupillary light reflexes. 
Terminally, opisthotonus, nystagmus, ataxia, 
and recumbency are common. Characteris¬ 
tically, the animal stands with a base-wide 
stance with its head and neck extended and 
its mouth not quite closed; there is difficulty 
in chewing and swallowing, and drooling 
of saliva. Affected animals are usually non- 
responsive to external stimuli. CN deficits 
are common, and usually asymmetric, 


multifocal, and progressive. These include 
reduced tone of the jaw, facial paralysis, 
strabismus, and a head tilt. There may also 
be ptosis and prolapse of the tongue. Bra¬ 
dycardia has been recorded in about 50% 
of cases. Terminally there is opisthotonus, 
nystagmus, and loss of balance, followed by 
recumbency. 

CLINICAL PATHOLOGY 
Cerebrospinal Fluid 

Leukocytes, protein, and bacteria may be 
present in the CSF, but only when the abscess 
is not contained. 

Hematology 

In pituitary gland abscessation there may be 
hematologic evidence of chronic infection 
including neutrophilia, hyperproteinemia, 
and increased fibrinogen, although it is 
unlikely that a pituitary abscess itself is suf¬ 
ficiently large enough to induce these changes. 

Imaging 

Radiographic examination will not detect 
brain abscesses unless they are calcified or 
cause erosion of bone. CT has been used to 
diagnose a brain abscess in the horse. MRI is 
the preferred imaging modality to diagnose 
a cerebral abscess, with mature abscesses 
having an isointense to hypointense core on 
T1-weighted images and an isotense to 
hyperintense core with a hypointense capsule 
on T2-weighted images. 2 

Electroencephalography 

Electroencephalographic assessment of 
central blindness caused by brain abscess in 
cattle has been reported. 

NECROPSY FINDINGS 

The abscess or abscesses may be visible on 
gross examination and if superficial are 
usually accompanied by local meningitis. 
Large abscesses may penetrate to the ven¬ 
tricles and result in a diffuse ependymitis. 
Microabscesses may be visible only on histo¬ 
logic examination. A general necropsy 
examination may reveal the primary lesion. 


DIFFERENTIAL DIAGNOSIS 


Brain abscess is manifested by signs of 
involuntary movements and loss of function, 
which can occur in many other diseases of 
the brain, especially when local lesions 
develop slowly. This occurs more frequently 
with tumors and parasitic cysts but it may 
occur in encephalitis. The characteristic clinical 
findings are those of a focal or multifocal 
lesion of the brain, which include the 
following: 

• Localizing signs of hemiparesis and ataxia 

• Postural reaction deficit 

• Vestibular signs, including head tilt and 
positional nystagmus 

• Cranial nerve deficits 









There may be evidence of the existence of 
a suppurative lesion in another organ, and a 
high cell count and detectable infection in the 
CSF to support the diagnosis of abscess. Fever 
may or may not be present. The only specific 
disease in which abscess occurs is listeriosis, in 
which the lesions are largely confined to the 
medulla oblongata and the characteristic signs 
include circling and unilateral facial paralysis. 
Occasional cases may be associated with 
fungal infections, including cryptococcosis. 
Toxoplasmosis is an uncommon cause of 
granulomatous lesions in the brain of most 
species. 

Many cases of brain abscess are similar to 
otitis media but there is, in the latter, rotation 
of the head, a commonly associated facial 
paralysis and an absence of signs of cerebral 
depression. 

The pituitary gland syndrome in cattle 
must be differentiated from listeriosis, 
polioencephalomalacia, lead poisoning, other 
brain abscesses, and 

thrombomeningoencephalitis. In sheep and 
goats, Parelaphostrongylus tenuis infection 
and caprine arthritis encephalomyelitis 
syndrome may resemble the pituitary gland 
abscess syndrome. 


TREATMENT 

Parenteral treatment with antimicrobials is 
indicated but the results are often unsatisfac¬ 
tory because of the inaccessibility of the 
lesion, with the clear exception being liste¬ 
riosis. Treatment of pituitary gland abscess is 
not recommended, and an antemortem diag¬ 
nosis is rarely obtained. There is one success¬ 
ful report of recovery after surgical excision 
of the complete abscess in a 1-month-old 
alpaca. 2 

FURTHER READING 

Kessell AE, Finnie JW, Windsor PA. Neurological 
diseases of ruminant livestock in Australia. III. 
Bacterial and protozoal infections. Aust Vet J. 
2011;89:289-296. 

Morin DE. Brainstem and cranial nerve abnormalities: 
listeriosis, otitis media/interna, and pituitary abscess 
syndrome. Vet Clin North Am Food Anim Pract. 
2004;20:243-274. 
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TUMORS OF THE CENTRAL 
NERVOUS SYSTEM 

Primary tumors of the CNS are extremely 
rare in farm animals. They produce a syn¬ 
drome indicative of a general increase in 
intracranial pressure and local destruction of 
nervous tissue. Tumors of the peripheral 
nervous system are more common. 

ETIOLOGY 

The reader is referred to the review literature 
for a summary of available references on the 
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tumors of the CNS of farm animals, which 
include the following: 

• Meningeal tumors in cattle 

• Oligodendroglioma in a cow 1 

• Ependymoblastoma in a heifer 2 

• Primitive neuroectodermal tumor with 
ependymal differentiation in a cow 3 

• Cerebellar medulloblastoma in a calf 1 

• Choroid plexus carcinoma in a goat 3 

• Equine papillary ependymoma 

• Lymphoma confined to the CNS in a 
horse. 6 

PATHOGENESIS 

The development of the disease parallels that 
of any space-occupying lesion, with the con¬ 
current appearance of signs of increased 
intracranial pressure and local tissue destruc¬ 
tion. Many lesions found incidentally at nec¬ 
ropsy may not have had any related clinical 
findings. 

CLINICAL FINDINGS 

The clinical findings are similar to those 
caused by a slowly developing abscess and 
localizing signs depending on the location, 
size, and speed of development of the tumor. 
Clinical signs are usually representative of 
increased intracranial pressure, including 
opisthotonus, convulsions, nystagmus, dull¬ 
ness, head-pressing, and hyperexcitability. 
Common localizing signs include circling, 
deviation of the head, and disturbance of 
balance. 

CLINICAL PATHOLOGY 

There are no positive findings in the clinico- 
pathologic examination, which aids in 
diagnosis. 

NECROPSY FINDINGS 

The brain should be carefully sectioned after 
fixation if the tumor is deep-seated. 

TREATMENT 

There is no treatment. 


DIFFERENTIAL DIAGNOSIS 


Differentiation is required from the other 
diseases in which space-occupying lesions of 
the cranial cavity occur. The rate of 
development is usually much slower in tumors 
than with the other lesions. 
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4. Bianchi E, et al. / Vet Intern Med. 2015;29:1117. 

5. Klopfleisch R, et al. / Comp Pathol. 2006; 135:42. 
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CENTRAL NERVOUS SYSTEM- 
ASSOCIATED TUMORS 

The pituitary gland (hypophysis) consists 
of the adenohypophysis (pars distalis, inter¬ 
media, tuberalis) and the neurohypophysis 


(pars nervosa). Tumors of the pituitary gland 
are common in older horses. Cushing’s syn¬ 
drome in horses almost invariably originates 
from an adenoma of the pars intermedia of 
the pituitary gland. Initially, these animals 
exhibit only one remarkable sign, namely, 
hirsutism. Horses with Cushing’s disease 
only do not manifest polyuria and polydip¬ 
sia. Major sequelae of an adenoma of the pars 
intermedia of the pituitary gland are type 2 
diabetes mellitus and laminitis. Diagnosis of 
an adenoma of the pars intermedia of the 
pituitary gland in the horse mainly depends 
on dynamic endocrinologic function tests. 
The sensitivity of the adrenocorticotropin 
test is about 80%. 

Pituitary adenomas can arise from other 
parts of the pituitary gland; there is a report 
of a nonfunctional chromophobe adenoma 
located in the pars distalis of an alpaca with 
depression and compulsive walking. 1 

FURTHER READING 

McFarlane D. Equine pituitary pars intermedia 
dysfunction. Vet Clin North Am Equine Pract. 
2011;27:93-113. 
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METASTATIC TUMORS OF THE 
CENTRAL NERVOUS SYSTEM 

Many primary tumors of nonnervous tissue 

have the potential for metastasis or localized 

growth into the CNS. 

• Ocular squamous cell carcinoma of 
cattle may invade the cranium through 
the cribriform plate 

• Lymphomas of cattle may metastasize 
to the CNS with either a multicentric 
distribution or occasionally as the only 
lesion. Most commonly bovine 
lymphoma occurs as an epidural mass 
in the vertebral canal. Intracranial 
lymphoma usually involves the 
leptomeninges or the choroid plexus. 
Clinical signs are related to the 
progressive compression of the nervous 
tissue at the site of the mass. Lymphoma 
in the horse has occurred in the 
epidural space with spinal cord 
compression. 

• Thymic lymphosarcoma rarely 
metastasizes to the cerebellum and 
intracranial extradural sites in yearling 
cattle. 1 

• Rhabdomyosarcoma invaded the 
thoracic spinal cord of a heifer, resulting 
in posterior paresis. 2 

• Schwannomas (also called neuromas) 
originate from the Schwann cells of 
cranial or spinal nerve roots except CNs 
I and II, which are myelinated by 
oligodendroglia. Local growth of a 
schwannoma into the thoracic or sacral 
spinal cord produced clinical signs of 
spinal cord dysfunction in two adult 
cattle. 3 Schwannomas occur in adult 
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horses with no apparent breed or sex 
predisposition. There is one report of 
successful treatment of a dermal 
schwannoma using localized radiation 
therapy. 4 In domestic animals, 
schwannomas can be difficult to 
differentiate from neurofibromas, and 
consequently, schwannomas and 
neurofibromas are categorized as PNSTs 
by the WHO. 

• Malignant melanoma has been 
diagnosed in a cow with hindlimb 
ataxia 3 and in gray horses where they 
are usually metastases from skin tumors. 

CENTRAL NERVOUS SYSTEM- 
ASSOCIATED MASSES 

Cholesterinic granulomas, also known as 
cholesteatomas, may occur in up to 20% of 
older horses without any clinical effects. 
However, they can be associated with signifi¬ 
cant neurologic disease. Affected horses are 
usually obese. Cholesterinic granulomas 
occur in the choroid plexus of the fourth 
ventricle or in the lateral ventricles and 
mimic cerebrocortical disease. It has been 
suggested that cholesterol granulomas result 
from chronic hemorrhage into the plexus 
stroma, but the underlying pathogenesis is 
unknown. 

Brownish nodular thickening of the plex¬ 
uses with glistening white crystals is a 
common incidental finding in mature and 
aged horses. Occasionally, deposits in the 
plexuses of the lateral ventricles are massive 
and fill the ventricular space and cause sec¬ 
ondary hydrocephalus caused by the buildup 
of CSF behind the mass. CSF may be xantho¬ 
chromic with an elevated total protein. 

Clinical findings include episodes of 
abnormal behavior such as depression and 
bolting uncontrollably and running into 
fences and walls. Some horses exhibit pro¬ 
found depression, somnolence, and reluc¬ 
tance to move. Seizures have also been 
reported. Other clinical findings reported 
include decreased performance, aggres¬ 
sion, head tilt, incoordination, intermittent 
convulsions, hindlimb ataxia progressing 
to recumbency, intermittent circling in one 
direction, and spontaneous twitching along 
the back and flank. There are often serious 
changes in temperament, with previously 
placid animals becoming violent and aggres¬ 
sive. In others there are outbursts of fren¬ 
zied activity followed by coma. The horse 
may be normal between attacks, and these 
may be precipitated by moving the head 
rapidly. 

These signs are referable to cerebrocor¬ 
tical disease and the differential diagnosis 
of cholesterol granulomas must include 
diffuse cerebral encephalopathy caused 
by abscess, tumor, toxicosis, metabolic 
disease, encephalomyelitis, trauma, and 
hydrocephalus. At necropsy, large choles¬ 
terol granulomas are present in the choroid 
plexus. 
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Plant Toxins Affecting the 
Nervous System 

CANNABINOIDS 

Cannabinoids are resinoids found in the 
plant Cannabis sativa (marijuana). The toxic 
principle is the alkaloid tetrahydrocannabi¬ 
nol. Most reports of poisoning are in dogs 
and humans, but cattle and horses have also 
been affected. Clinical signs of poisoning in 
horses include restlessness, hypersensitivity, 
tremor, sweating, salivation, dyspnea, stag¬ 
gering gait, and death or recovery after a few 
hours. No significant necropsy lesions are 
recorded. The toxin is detectable in stomach 
or rumen contents. 

CYNANCHOSIDE 

Cynanchoside is found in Cynanchum spp. 
(monkey rope), 1 and a very similar toxin is 
found in Marsdenia rostrata (milk vine), M. 
megalantha, 1 Sarcostemma brevipedicellatum 
(= S. australe ; caustic vine), and S. viminale 
(caustic bush). It is associated with hypersen¬ 
sitivity; ataxia; muscle tremors; recumbency; 
tetanic and clonic convulsions; opisthotonus; 
and death in horses, donkeys, pigs, and 
ruminants. 1,2 Other less common signs 
include teeth grinding, dyspnea, salivation, 
and vomiting. 

DITERPENOID (KAURENE) 
GLYCOSIDES (ATRACTYLOSIDE, 
CARBOXYATRACTYLOSIDE, 
PARQUIN, CARBOXYPARQUIN, 

AND WEDELOSIDE) 

Diterpenoid glycoside toxins have been 
found in the following species: 

Atractylis 

Atractylodes 

Callilepsis 

Cestrum 

Iphiona 

Wedelia 

Xanthium 

Xanthium strumarium (cockleburr, Noo- 
goora burr) includes the taxa X. canadense, 
X. italicum , X. orientale, X. pungens, and X. 
chinense, and is poisonous to pigs and rumi¬ 
nants. X. spinosum (Bathurst burr) is also 
toxic and assumed to contain diterpenoid 
glycosides. The two cotyledonary leaves, 
either within the spiny burrs or just after 
sprouting, contain the largest amount of 
toxin and are the usual source of poisoning. 
The cockleburs occur on most continents. 
Poisonings are reported from North America, 
UK, Europe, and Australia. Most deaths 
occur on flood plains on which the weed is 
allowed to grow in abundance. After heavy 


rain the seeds in the burrs sprout and are 
palatable to all species, especially calves and 
pigs. Mortalities are also recorded in adult 
cows and sheep. Burrs may contaminate feed 
grains and poison livestock fed on the com¬ 
pounded ration. 

Cestrum spp. (e.g., C. parqui, C. laeviga- 
tum), are garden plants originating from 
South and Central America which, except for 

C. diurnum, also contain a carboxyatractylo- 
side toxin. 

Wedelia asperrima (yellow daisy), W. 
biflora, and W. glauca contain wedeloside. 
Severe hepatic necrosis is the principal nec¬ 
ropsy finding, and the clinical syndrome and 
clinical pathology are characteristic of 
hepatic encephalopathy. 

Poisoning by diterpenoid glycoside toxins 
in pigs and calves is acute, manifested by 
hyperexcitability, so that the entire herd 
appears restless, followed by severe depres¬ 
sion, rigidity of the limbs and ears, weakness 
and a stumbling gait, falling easily and 
recumbency, and clonic convulsions with 
opisthotonus. Calves may be belligerent. 
Acute cases die during the first convulsive 
episode. The course may be as long as 48 
hours and terminate in recovery, but death is 
the usual outcome. The characteristic lesion 
is hepatic necrosis. 

Treatment is not undertaken. Control 
depends on keeping livestock away from 
pasture dominated by these weeds, especially 
when there are large quantities of sprouted 
Xanthium spp. seeds available. 

STYPANDROL 

Stypandrol (syn. hemerocallin), a binaph¬ 
thoquinone (binaphthalene tetrol) is found 
in Dianella revoluta (flax lily), Stypandra 
glauca (= S. imbricata, S. grandiflora — 
nodding blue lily), and Hemerocallis spp. 
(day lily). Field cases occur only with S. 
glauca and are characterized by blindness, 
incoordination, posterior weakness and, 
eventually, flaccid paralysis and recumbency 
in grazing ruminants. Dilatation and immo¬ 
bility of the pupil, with retinal vascular con¬ 
gestion, hemorrhage, and papilledema visible 
ophthalmoscopically, are characteristic. At 
necropsy there is diffuse status spongiosis in 
the brain, general neuronal vacuolation, and 
axonal degeneration of optic nerve fibers and 
the photoreceptor cells of the retina/’ Only 
the young green shoots are poisonous, so 
that outbreaks occur only in the spring when 
the plant is flowering. 

TROPANE ALKALOIDS 

Tropane alkaloids include atropine, hyoscya- 
mine, hyoscine, and scopolamine, found in 
the following: 4,5 

Atropa belladonna (deadly nightshade) 
Datura stramonium (common thorn apple, 

jimsonweed, gewone stinkblaar) 4 

D. ferox (large thornapple, groot 

stinkblaar) 4 
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Duboisia leichhardtii 
D. myoporoides (corkwoods) 

Hyoscyamus niger (henbane). 

D. stramonium grows universally but 
cases of poisoning are few, possibly because 
of its unpalatability, its high toxic dose, and 
because it produces ruminal atony in cattle. 
All parts of Datura spp. contain belladonna 
alkaloids with the highest amount in the 
flowers, followed by the stem, seeds, leaves, 
and roots. 1 The seeds of the plant are likely 
to contaminate grain supplies and may be 
associated with poisoning. 4 

Clinical signs are primarily caused by 
blockade of peripheral muscarinic receptors 
innervating smooth muscle, cardiac muscle, 
and exocrine glands. Ingestion of these 
plants in sufficient quantity is associated with 
a syndrome of mydriasis (pupil dilation and 
blindness), dry mouth, restlessness, tremor, 
tachycardia, hyperthermia, and frenzied 
actions. 11 Colic, in particular impaction colic, 
is reported in horses. 4 Convulsions, recum¬ 
bency, and death may occur. Cholinesterase 
inhibitors such as physostigmine may be 
used to reverse the anticholinergic effects. 4 
There are no significant necropsy lesions. 

TUTIN 

Tutin is a poisonous constituent of the Cori- 
aria spp. (tutu trees) in New Zealand. It is 
associated with a short course of hypersensi¬ 
tivity, restlessness, and convulsions followed 
by death, with no visible lesions at necropsy. 

FURTHER READING 

Botha CJ, Naude TW. Plant poisonings and 
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Jain MC, Arora N. Ganja ( Cannabis sativa) refuse as 
cattle feed. Indian J Anim Sci. 1988;58:865-867. 
Naude TW, Gerber R, Smith R, et al. Datura 

contamination of hay as the suspected cause of an 
extensive outbreak of impaction colic in horses. / S 
Afr Vet Assoc. 2005;76:107-112. 
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INDOLE ALKALOIDS 

A large number of indole alkaloids occur in 
fungi, especially the Claviceps and Acremo- 
nium spp. In plants there are also some 
groups of toxins with similar toxic effects, 
and similar to those of the fungi. The impor¬ 
tant two are the p-carbolines and the 
dimethyl tryptamines; followed by the 
hydroxyl methyl tryptamines, and a miscel¬ 
laneous group of alstonine and related toxins. 
Plants included in the latter group that are 
associated with an incoordination syndrome 
like phalaris staggers are Gelsemium semper- 
virens (yellow jessamine), Alstonia constricta 
(bitter bark tree), and the mushroom 


Psilocybe spp. (mad or magic mushroom). 
Poa hueca and Urtica spp. (stinging nettle) 
are associated with a more acute syndrome 
of convulsions and sudden death. Phalaris 
spp. are unusual in that they contain both 
P-carbolines and methylated tryptamines. 
Related indole alkaloids of the pyrrolidinoin- 
doline type have poisoned livestock in 
Australia (idiospermuline in Idiospermum 
australiense) and North America (calycan- 
thine in Calycanthus spp.), producing tetanic 
convulsions. 

P-CARBOLINE INDOLEAMINE 
ALKALOID POISONING 

p-Carboline indole alkaloids (harmala 
alkaloids) in plants include harmaline, tetra- 
hydroharmine, harman, norharman, tetrahy- 
droharman, harmine, harmol, harmalol, 
peganine, and deoxypeganine. 1 The mecha¬ 
nism of action for these alkaloids is competi¬ 
tive inhibition of monoamine oxidase 
(primarily MAO-A) resulting in increased 
serotonin activity. 2 Synthetic forms of these 
alkaloids are associated with clinical signs 
similar to those occurring in natural plant 
poisonings with Peganum harmala (African 
or Turkish rue), P. mexicana (Mexican rue), 
Phalaris spp., T. terrestris (caltrop, catshead 
burr), T. micrococcus (yellow vine), Kallstro- 
emia hirsutissima (hairy caltrop, carpet 
weed), and K. parviflora . 1 ’ 

The characteristic syndrome, similar to 
that of an upper motor neuron lesion, 
includes hypermotility or hypomotility, 
sometimes sequentially in the same patient, 
muscle tremor, partly flexed paresis of the 
thoracic and/or the pelvic limb, hypermetria, 
a wide-based stance, crossing of the limbs, 
extension of the neck, swaying of the head, 
walking backward, sudden jumping move¬ 
ments, sham eating, and terminal convul¬ 
sions. The net effect, seen in all farm animal 
species and camels, is one of easy stimula¬ 
tion, by stimulating gait incoordination and 
stumbling, fetlock knuckling, falling, and 
recumbency. The signs appear gradually; are 
similar to, but less severe than, those associ¬ 
ated with the methylated tryptamines; and 
are irreversible. There is axonal degeneration 
in peripheral nerves. Long-term cases of T. 
terrestris poisoning pivot on their front limbs 
while their hindlimbs trace a circle. The piv¬ 
oting is related to the unilateral muscle 
atrophy of limbs of one side or the other. 

FURTHER READING 

Allen JRF, Holmstedt BR. The simple (3-carboline 
alkaloids. Phytochemistry. 1980;19:1573-1582. 
Bourke CA. A novel nigrostriatal dopaminergic disorder 
in sheep affected by Tribulus terrestris staggers. Res 
Vet Sci. 1987;43:347-350. 

Moran EA, Couch JF, Clawson AB. Peganum harmala, a 
poisonous plant in the Southwest. Vet Med. 
1940;35:234-235. 
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INDOLIZIDINE ALKALOID 
TOXICOSIS (LOCOISM, 
PEASTRUCK) 

The two indolizidine alkaloids of plant origin 
are castanospermine and swainsonine and 
both of them affect cellular enzyme activity. 

CASTANOSPERMINE POISONING 

Castanospermine, an indolizidine alkaloid 
found in the seeds of Castanospermum 
australe (Moreton Bay chestnut tree), is 
structurally and functionally similar to 
swainsonine. 1 It inhibits a-glucosidase activ¬ 
ity so that affected cattle have been misdiag¬ 
nosed as heterozygotes for generalized 
glycogenosis type II (Pompe’s disease). The 
seeds are also associated with hemorrhagic 
gastroenteritis with myocardial degeneration 
and nephrosis in cattle and sheep if eaten in 
large quantities. 1 

SWAINSONINE POISONING 


SYNOPSIS 


Etiology Poisoning by some plants in the 
genera of Astragalus, Oxytropis, and 
Swainsona. It is associated with induced 
mannosidosis. 

Epidemiology Grazing toxic plants for 2-6 
weeks is associated with signs, reversible if 
pasture is changed. 

Clinical pathology Urine content of 
mannose-containing oligosaccharides is 
elevated. 

Lesions Vacuolation of neurons. 

Diagnostic confirmation Swainsonine can 
be detected in serum, urine, or animal 
tissues; the endophyte may be detected in 
the plant. 

Treatment No treatment is available. 

Control Restrict both the amount of plant 
and time animals allowed to graze infected 
pastures. 


ETIOLOGY 

Swainsonine is an indolizidine alkaloid 
found in many Astragalus spp., Oxytropis 
spp., and Swainsona spp. legumes. 2,3 Some 
Ipomoea spp. 4 as well as Turbina cordata 5 and 
Sida carpinifolia 6,7 contain swainsonine 
either alone or in combination with mixtures 
of other alkaloids. Ingestion of the toxic 
plants over a long period is associated with 
an induced lysosomal storage disease in all 
animal species. Not all plants in a particular 
species contain swainsonine. In North 
America there are over 354 different species 
of Astragalus and 22 species of Oxytropis, yet 
only 20 of them are known to contain swain¬ 
sonine or are associated with locosim. 2 The 
common plants in which the alkaloid’s 
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presence has been identified include the 
following: 

• Astragalus lentiginosus, A. mollisimus, A. 
wootonii, A. emoryanus. 2 Other plants of 
this genus that are associated with a 
similar disease, and in which the 
presence of swainsonine is assumed, are 
A. northoxys, A. lentiginosus var. 
waheapensis, A. lusitanicus, and A. 
thurberi. 

• Oxytropis sericea, O. ochrocephala. 2 
Other plants of this genus that are 
associated with a similar disease, and in 
which the presence of swainsonine is 
assumed, are O. besseyi, O. condensata, 

O. lambertii, and O. puberula. 

• Swainsona canescens, S. galegifolia, S. 
brachycarpa, S. greyana, S. luteola, S. 
procumbens, S. swainsonioides. 3 
Undifdum oxytropis (formerly Embellisa 

spp.), a fungal endophyte present in the 
seeds, has been identified in the genera of 
Astragalus spp. and Oxytropis spp. as well as 
in S. canescens and is currently thought to be 
responsible for the production of swainso¬ 
nine. 6 ' 8,9 Swainsonine is also synthesized by 
the fungus R. leguminicola, but the disease 
associated with this fungus is caused by its 
slaframine content. 

EPIDEMIOLOGY 

Occurrence 

Poisoning is most common in North America 
(as locoism associated with Astragalus spp. 
and Oxytropis spp.) and in Australia as 
Darling pea or peastruck ( Swainsona spp.), 
but it occurs worldwide. 2,3,8 Toxicity from 
Oxytropis spp. has been reported in China, 
Ipomea spp. in goats in Brazil, 4 T. cordata in 
goats in Brazil, 5 S. carpinifolia in horses in 
Brazil, 10 and unknown swainsonine source 
in a horse in Belgium. 

Risk Factors 
Animal Risk Factors 

All animal species are affected, and experi¬ 
mental administration of the alkaloid to 
monogastric, farm, and laboratory animals is 
associated with the typical neuronal A. len¬ 
tiginosus lesions. Horses are highly sensitive 
to swainsonine and develop clinical signs 
when fed 0.2 mg swainsonine/kg BW for 60 
days followed by cattle and sheep at 0.25 mg/ 
kg BW for 30 to 45 days.' 11 

Grazing animals must ingest the plants 
for at least 2 weeks, and more often 6 weeks, 
before clinical signs appear.' The plants are 
not addicting, but animals appear to have a 
preference for them over other plants. It may 
be that the plants are more palatable to them 
at certain times of the year compared with 
what other forage is available. 2 

Swainsonine is excreted in the milk and 
may intoxicate nursing animals. 2 

PATHOGENESIS 

Swainsonine is a specific inhibitor of lyso¬ 
somal a-mannosidase causing accumulation 


of mannose in lysosomes and thus wide¬ 
spread neurovisceral cytoplasmic vacuola¬ 
tion. 2 ' The vacuoles are accumulations of 
mannose-rich oligosaccharides, including 
abnormal glycoproteins. Vacuolation reaches 
its greatest intensity in the CNS, and this is 
probably related to the predominance of 
nervous signs in the disease. Vacuolation of 
the chorionic epithelium may be related to 
the occurrence of abortion, and a transient 
infertility is suspected in rams to be the 
result of a similar lesion in the epithelium of 
the male reproductive tract. The lesion 
appears quickly and is reversible if the swain¬ 
sonine intake ceases. In addition, swainso¬ 
nine inhibits mannosidase II resulting in an 
alteration of glycoprotein synthesis, process¬ 
ing, and transport. The net result is a 
dysfunction of membrane receptors and cir¬ 
culating insulin, as well as impairment of 
cellular adhesion. 2,7 

CLINICAL FINDINGS 

After several weeks of grazing affected 
pasture adult animals begin to lose condi¬ 
tion and young animals cease to grow. The 
appetite is diminished, and the coat becomes 
dull and harsh. 2,7,10,11 Several weeks later 
nervous signs of depression; gait incoor¬ 
dination; muscle tremor; and difficulty in 
rising, eating, and drinking become appar¬ 
ent. Sheep commonly adopt a “star-gazing” 
posture, and horses may show nervousness, 
excitation, rearing over backward when 
handled, tremors, colic, recumbency, and 
death. 11 Cases may become overexcited if 
stressed or stimulated. Recovery is likely if 
the animal is removed from the source of 
the toxin soon after signs appear. Recovery 
may be complete or there may be a residual 
gait incoordination if the animal is excited. 
Advanced cases may show no improvement, 
and others become recumbent and die. 
Calves at high altitudes fed A. lentiginosus or 
O. sericea develop a higher incidence of con¬ 
gestive heart failure than calves not fed on 
the plants. 

Pregnant ewes ingesting Astragalus 
spp. plants may abort or produce abnormal 
offspring with contractures. The defects 
take the form of small, edematous, or 
dead fetuses or skeletal deformity. 2,12 There 
are no such abnormalities recorded with 
Swainsona spp. 

CLINICAL PATHOLOGY 

Vacuolation in circulating lymphocytes 
occurs in poisoning caused by Swainsona 
spp., and may have diagnostic significance. 
Serum levels of a-mannosidase are signifi¬ 
cantly reduced and swainsonine levels 
increased. Swainsonine levels reflect the 
amount being ingested and not the duration 
of exposure, and quickly return to normal 
when ingestion of the plants ceases.' The 
urine content of mannose-containing oligo¬ 
saccharides is greatly increased during the 
period of intake of swainsonine. 


NECROPSY FINDINGS 

The characteristic microscopic lesion is fine 
vacuolation of the cytoplasm in neurons 
throughout the CNS. Similar vacuolation is 
present in cells of other organs, especially the 
kidney, and the fetus in animals poisoned by 
Astragalus spp. High blood and tissue levels 
of swainsonine are detectable, including in 
frozen material. 

In aborted calves, lambs, and foals there 
is extensive vacuolation of the chorionic epi¬ 
thelial cells. The skeletal deformities include 
arthrogryposis and rotation of the limbs 
about their long axis. 

Diagnosis is made by documenting expo¬ 
sure to a swainsonine-containing plant, 
identifying the clinical signs, and swainso¬ 
nine serum or tissue concentrations. Recently 
a quantitative polymerase chain reaction 
(PCR) method was identified that can 
measure fungal endophytes in the Astragalus 
spp. and Oxytropis spp. ! 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

• Conium spp. piperidine alkaloids 

• Inherited mannosidosis 

• Lupinus spp. quinolizidine alkaloids 

• Nicotiana spp. alkaloids 


TREATMENT 

There is no effective treatment for Swainso¬ 
nine poisoning. Removal of the affected 
animals from access to source plants may 
result in partial or complete recovery, pro¬ 
vided the cases are not too advanced. 

CONTROL 

Pregnant animals should not be exposed to 
sources of swainsonine, but other stock may 
be grazed on the plant without ill effect for 
short, specified periods, namely 4 weeks for 
sheep and cattle and 2 weeks for horses. The 
most important factor is the amount of plant 
material ingested and the amount of time the 
animal is exposed to the toxin. Animals 
should not be allowed to graze when toxic 
plants are palatable and other forage is in 
short supply. In the western part of the 
United States, cattle should not be allowed to 
graze on locoweed-infected pastures until 
late May or early June, when other grasses 
have begun to grow. Pastures should not be 
overstocked because a lack of adequate 
forage will force animals to graze on loco- 
weed. Animals grazing on locoweed pastures 
should be monitored closely and moved to a 
different pasture if they begin to show signs 
of poisoning. Herbicides may be used to 
control Astragalus spp. and Oxytropis spp., 
but the endophyte is contained in the seeds 
and they are drought resistant and able over¬ 
winter, allowing only for control and not 
elimination. Attempts to reduce consump¬ 
tion of the toxic plants by creating condi¬ 
tioned reflex aversion, to reduce absorption 









of ingested swainsonine or by supplementing 
the diet with bentonite, have not been 
rewarding. 

FURTHER READING 

Radostits O, et al. Indolizidine alkaloid poisoning. In: 
Veterinary Medicine: A Textbook of the Disease of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1870. 

Stegelmeier BL, James LF, Panter KE, et al. The 
pathogenesis and toxicokinetics of locoweed 
( Astragalus and Oxytropis spp.) poisoning in 
livestock. / Natural Toxins. 1999;8:35-45. 
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NEUROGENIC QUINOLIZIDINE 
ALKALOIDS (LUPINUS SPP.) 

ETIOLOGY 

Alkaloids causing the nervous syndrome 
include sparteine, lupinine, lupanine, 
hydroxylupanine, spathulatine, and ther- 
mopsine. These vary widely in their toxic¬ 
ity and their concentration in plant species, 
and within the same species between years, 
depending largely on the climate. Species of 
lupin known to contain them are Lupinus 
angustifolius and L. cosentinii (synonym 
L. digitatus). Species that are associated 
with the characteristic nervous syndrome 
and in which the presence of the alka¬ 
loids in the plant is assumed include the 
following: 

L. argenteus 
L. caudatus 
L. cyaneus 
L. greenei 
L. laxiflorus 
L. leucophyllus 
L. leucopsis 
L. onustus 
L. pusillus 
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EPIDEMIOLOGY 

The alkaloids are present in all parts of the 
plant but are in their greatest concentration 
in the seeds and pods; most outbreaks of poi¬ 
soning occur when livestock graze mature, 
standing lupins, carrying many pods. Sheep 
eat the plant more readily and are more com¬ 
monly affected than cattle or horses. The 
mortality rate in sheep is high. In cattle, it is 
usually low but may be as high as 50%. 

Other plants in which the alkaloids occur 
and which are associated with the nervous 
disease include the following: 

Cytisus (synonym Laburnum, Sarothamnus 
spp.) 

Baptisia spp. 

Sophora spp. 

Spartium junceum (Spanish broom) 
Thermopsis spp. 

CLINICAL FINDINGS 

In the nervous disease, affected animals may 
develop dyspnea and depression, followed by 
coma and death without a struggle. More 
acute cases have convulsive episodes in 
which they are dyspneic and staggery, and 
show frothing at the mouth, clonic convul¬ 
sions, and grinding of the teeth. A more pro¬ 
longed disease is reported in cattle poisoned 
experimentally with Thermopsis montana. 
There is anorexia, depression, edematous 
swelling of the eyelids, tremor, a stilted gait, 
arching of the back and a tucked-up 
abdomen, rough hair coat, and prolonged 
recumbency. 

PATHOLOGY 

Severe myopathy results in high aspartate 
aminotransferase (AST), creatine kinase 
(CK) and lactic acid dehydrogenase (LDH) 
activities. The possibility of a myopathy 
being associated with lupins has been raised 
because the prevalence of enzootic muscular 
dystrophy appears to be much higher on 
lupin than on other pasture. Lupins are low 
in selenium and vitamin E content, and clas¬ 
sical white muscle disease may also occur. 
Histologic and biochemical examination of 
affected calves discount myopathy as the 
primary lesion. In poisoning by Cytisus 
spp., both C. laburnum (laburnum) and 
C. scoparius (broom) are associated with 
fatalities. 

FURTHER READING 

Panter KE, Maryland HF, Gardner DR, et al. Beef cattle 
losses after grazing Lupinus argenteus (silvery 
lupine). Vet Hum Toxicol. 2001;43:279-282. 

NITROCOMPOUND PLANT 
TOXICOSIS (MILK VETCH) 


SYNOPSIS 


Etiology Several different toxins; miserotoxin 
in certain Astragalus spp. is the most 
important. 


Epidemiology Limited to geographic 
distribution of the toxic plants; mostly 
North America but other countries affected 
depending on specific plant. 

Clinical pathology Nonspecific; 
methemoglobin values >20%. 

Lesions Degenerative lesions in peripheral 
nerves and spinal cord. 

Diagnosis confirmation Associated with 
isolation of nitrotoxins in tissues and fluids. 

Treatment None. 

Control Management of pasture to avoid 
grazing pasture when relevant plants are 
abundant. 


ETIOLOGY 

Nitrocompounds (nitrotoxins) poisonous to 
animals occur in a number of plants, espe¬ 
cially in some species of Astragalus. They are 
all glycosides of 3-nitropropionic acid (NPA) 
or of 3-nitro-ropanol (NPOH). Miserotoxin 
is the most common and well known toxin; 
other toxins include cibarian, corollin, coro- 
narian, coronillin, and karakin. 1 The best 
known occurrences of the nitrocompounds 
include the following: 

• A. canadensis (Canadian milk vetch), A. 
emoryanus (Emory’s milk vetch), A. 
miser (forest or woody milk vetch), A. 
pterocarpus (winged milk vetch), A. 
tetrapterus (four-wing milk vetch), and 
others; contain miserotoxin. 1 

• Corynocarpus laevigatus (karaka tree); 
contains karakin. 2 

• Oxytropis spp., a plant genus very 
similar botanically to Astragalus spp., is 
associated with the same diseases as the 
latter but its toxic agent has not been 
identified. 

• Securigera varia (Coronilla varia), 
contains cibarian and others. 1 

• Indigofera linnaei (Birdsville indigo), 
contains karakin and other 
nitrocompounds. 3 

EPIDEMIOLOGY 

Occurrence 

The occurrence of these plant poisonings is 
determined by the presence and ingestion of 
the specific plants. Astragalus and Oxytropis 
spp. are, for the most part, limited in distri¬ 
bution to North America, but poisoning of 
sheep by A. lusitanicus is recorded in 
Morocco, and of all species by O. puberula in 
Kazakhstan. Corynocarpus spp. occur in 
New Zealand and Indigofera spp. are wide¬ 
spread, occurring in North America, Austra¬ 
lia, Africa, and Southeast Asia. 

Astragalus and Oxytropis spp. are herba¬ 
ceous legumes, most of them are perennial, 
and they dominate the desert range over 
large areas of the United States. They provide 
excellent forage. Only some species contain 
miserotoxin, but this makes them very 
destructive and very heavy losses of sheep 
and cattle may occur. 
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Risk Factors 
Animal Risk Factors 

Cattle are the more susceptible. Lactating 
animals are more susceptible than dry 
animals. There are reports of the disease in 
horses in North America and a similar 
disease in horses in China after grazing O. 
kansuensis 

Human Risk Factors 

Miserotoxin and its metabolic end products 
may be excreted in the milk of cows eating 
these plants. 

PATHOGENESIS 

In ruminants the glycosides are hydrolyzed 
in the rumen to NPOH and NPA. Both are 
absorbed from the rumen and once in the 
liver, NPOH is further biodegraded to NPA. 
Nitrous dioxide (N0 2 ) formed during bio¬ 
degradation may account for methemoglo¬ 
binemia. 1 Some nitrite may also be formed 
resulting in methemoglobinemia in horses 
and ruminants. The onset of clinical signs is 
associated with the accumulation of NPA 
and a resulting neurologic syndrome, char¬ 
acterized principally by nervous signs and 
the development of degenerative lesions in 
the CNS. In experimental animals the dose 
rate and length of exposure to the toxin 
determine whether the acute or chronic 
disease occurs. Typically, animals must have 
consumed nitrotoxin plants for a week or 
more before showing signs. Morbidity is 10% 
to 15%; case-fatality rate may be up to 30%.' 

CLINICAL FINDINGS 
Acute Poisoning 

Death may occur as soon as 3 hours after the 
commencement of signs, but the course is 
usually about 24 hours. Common signs 
include ataxia or a staggering walk, recum¬ 
bency, and death from respiratory or cardiac 
arrest. 

Chronic Poisoning 

The syndrome in cattle is often referred to as 
“cracker heels,” because of the noise made 
when rear hooves strike each other. 1 Affected 
animals lose weight, and develop a poor hair 
coat, nasal discharge, and poor exercise tol¬ 
erance. Respiratory distress, with loud stertor 
(roaring), is more marked in sheep than in 
cattle and knuckling of the fetlocks and inco¬ 
ordination, followed in some by paraplegia, 
is more common in cattle. Temporary blind¬ 
ness and drooling of saliva may also be 
evident. The mortality rate is very high, with 
the course lasting over several months. 
Animals that recover have a long convales¬ 
cence. Death may occur suddenly if affected 
animals are stressed. 

I. linnaei poisoning in horses (synonym 
Birdsville horse disease) is associated with 
weight loss, gait incoordination, easy falling, 
toe dragging, dyspnea, and convulsions. 3 The 
plant is equally poisonous when dry or green, 
although most cases occur in the spring when 


the plant is succulent. Horses need to graze 
the plant for about 10 days before signs 
appear. Characteristic signs include segrega¬ 
tion and somnolence, with the animal often 
standing out in the open in the hot sun, appar¬ 
ently asleep when unaffected horses have 
sought the shade. There is marked incoordi¬ 
nation, with the front legs being lifted and 
extended in an exaggerated manner. The 
hocks are not flexed, causing the fronts of 
the hind hooves to be dragged on the ground. 
The head is held in an unnaturally high posi¬ 
tion and the tail is held out stiffly. There is 
difficulty in changing direction, and incoor¬ 
dination increases as the horse moves. The 
horse commences to sway and at the canter 
there is complete disorientation of the hind¬ 
legs so that the animal moves its limbs franti¬ 
cally but stays in the one spot with the legs 
becoming gradually abducted until it sits 
down and rolls over. Terminally there is 
recumbency with intermittent tetanic con¬ 
vulsions, which may last for up to 15 minutes 
and during which death usually occurs. 

A chronic syndrome may develop in 
some horses subsequent to an acute attack. 
Affected animals can move about, but there 
is incoordination and dragging of the hind- 
feet with wearing of the toe, and inspiratory 
dyspnea (roaring) may also occur. No lesions 
have been described in the nervous system 
of affected animals. I. linnaei contains the 
toxic amino acid, indospicine, an analog of 
arginine, and NPA. 3 Poisoned horses may 
not always develop the liver damage typical 
of intoxication by indospicine 3 ; however, 
supplementation of the diet with arginine- 
rich protein feeds prevents development of 
the disease. 4 Peanut meal (0.5-1 kg/day) and 
gelatin provide readily available and cheap 
sources of arginine. 

CLINICAL PATHOLOGY 

Methemoglobinemia concentrations greater 
than 20% may occur in cattle and horses. 
Laboratory procedures for the determination 
of blood levels of miserotoxin, some other 
nitrotoxins, and NPOH and NPA are 
available. 

NECROPSY FINDINGS 

Brown discoloration of the blood, and exten¬ 
sive petechiation in tissues, are common 
findings in the acute form of the disease. In 
the chronic disease, there are degenerative 
changes in the spinal cord and peripheral 
nerves, especially the sciatic nerve, as well as 
areas of necrosis in the thalamus and Pur- 
kinje cells in some cerebellar folia, white 
matter spongiosis in the globus pallidus, and 
distension of the lateral ventricles. 1 Nonspe¬ 
cific gross lesions include pulmonary emphy¬ 
sema and pneumonia, abomasal ulceration, 
and pericardial/pleural fluid. 

Diagnosis confirmation depends on the 
identification of the poisonous plants in the 
environment and the toxins in the plants and 
animal tissues 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list (chronic form) 

• Chronic cyanide poisoning 

• Paspalum staggers 

• Phalaris staggers 

• Ryegrass staggers 


TREATMENT 

Treatment includes removing animals from 
the suspected pastures and providing an 
alternate food source. The use of injectable 
thiamine has not shown to be of any value. 
There is no specific treatment for the chronic 
form of the disease, and some animals may 
ultimately recover. 

CONTROL 

Control of the growth of the plants by stimu¬ 
lating growth of competitive grasses, or the 
widespread use of selective herbicides, is 
recommended but unlikely to be a practi¬ 
cable procedure in many of the situations in 
which the plants occur. Experimentally, the 
use of some herbicides significantly reduces 
the content of miserotoxin in A. miser var. 
oblongifolia in pasture. Variations between 
species of Astragalus spp. in their capacity 
to produce miserotoxin and store seleno- 
compounds (some of them, e.g., A. toanus, 
do both) provides opportunities to manipu¬ 
late the grazing of particular fields to best 
advantage. 

FURTHER READING 

Anderson RC, Majak W, Rasmussen MA, et al. Toxicity 
and metabolism of the conjugates of 
3-nitropropanol and 3-nitropropionic acid in 
forages poisonous to livestock. / Agric Food Chem. 
2005;53:2344-2350. 

Benn M, McEwan D, Pass MA, et al. Three 

nitropropanoyl esters of glucose from Indigofera 
linnaei. Phytochemistry. 1992;7:2393-2395. 

Majak W, Benn M. Additional esters of 3-nitropropanoic 
acid and glucose from fruit of the New Zealand 
karaka tree, Corynocarpus laevigatus. 

Phytochemistry. 1994;35:901-903. 

Majak W, Stroesser L, Lysyk T, et al. Toxicity and 
development of tolerance in cattle to timber 
milkvetch. / Range Manage. 2003;56:266-272. 
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PIPERIDINE ALKALOID PLANT 
TOXICOSIS 

ETIOLOGY 

The important, identified piperidine alka¬ 
loids include coniine, cynapine, nicotine, 










and lobeline. These alkaloids are primarily 
neurotoxins; some alkaloids present in 
Conium maculatum and Nicotiana spp. are 
also teratogens and are dealt with separately 
in Chapter 18. 

CONIUM 

C. maculatum (poison hemlock) contains five 
major acetate-based piperidine alkaloids— 
coniine, N-methylconiine, conhydrine, 
pseudoconhydrine, and y-coniceine—and a 
number of other, lesser, alkaloids. y-Coniceine 
is likely a precursor of the others and is much 
more toxic. 1 The concentration of each of the 
alkaloids in different parts of the plant, in dif¬ 
ferent climates, and at different times of the 
year is quite variable. For example, the con¬ 
centration of the y-coniceine is high in the 
fruits when they are formed, but there is no 
significant content in the roots. In the 
dormant stage, the toxicity of the roots is 
very high. 

EPIDEMIOLOGY 

Poison hemlock occurs in most parts of 
the world. All animal species are affected, 
with cattle, sheep, goats, horses, and pigs 
showing the nervous form of the disease. 
Poisoned cattle, pigs, and sheep also produce 
deformed offspring, with ewes being much 
less susceptible than cows and sows. Grazing 
animals are poisoned by eating the stand¬ 
ing plant, the seeds, or roots at the appro¬ 
priate time of their development. The 
plant may also be fed in hay or green feed 
or the seeds may contaminate harvested 
grain. Milking cows secrete the alkaloids in 
their milk. 

PATHOGENESIS 

The alkaloids are associated with two modes 
of poisoning, paralysis of skeletal muscle by 
blocking transmission at neuromuscular 
junctions and by acting as teratogens. All of 
the major alkaloids are associated with the 
acute disease. Only coniine and y-coniceine 
are known to be teratogenic. 

CLINICAL FINDINGS 

Clinical signs in the acute, neurologic form 
of poisoning include tremor, staggering gait, 
knuckling of fetlocks, belching, vomiting, 
frequent urination and defecation, drooling 
of saliva, tachycardia, and pupillary dila¬ 
tion. 2,3 In cows and sows, prolapse of the 
nictitating membrane occurs, and in affected 
cows, a characteristic mousy odor of the milk 
and urine is described. The course in cattle, 
goats, and horses is only a few hours and 
terminates in recumbency and death by 
respiratory paralysis, without convulsions. 
Sheep are least affected and recovery is 
common. 

CYNAPINE 

Cynapine, a piperidine alkaloid found in 
Aethusa cynapium (fool’s parsley, lesser 
hemlock) is associated with dyspnea 
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and gait incoordination in cattle, goats, 
and pigs. 

NICOTIANA 

The most common poisonous members of 
the tobacco family of plants include the 
following: 

Nicotiana tabacum (commercial tobacco) 

N. attenuata (wild tobacco) 

N. exigua 

N. glauca (tree tobacco) 

N. megalosiphon 
N. trigonophylla (wild tobacco) 

AT. velutina 

The principal toxins include nicotine, anaba- 
sine, and anagyrine. 4 Other alkaloids occur¬ 
ring in Nicotiana spp., but which are not 
recorded as having poisoned animals, are 
nornicotine and anatabine. Duboisia hop- 
woodii (pituri) is another plant with these 
alkaloids. Several alkaloids may be present in 
the one plant, but most plant species have a 
particular alkaloid that predominates. The 
concentration of the alkaloid varies between 
parts of the plant and between different 
stages of growth. 

Acute poisoning of livestock ingesting 
Nicotiana spp. or D. hopwoodii is associated 
with muscle tremor, weakness, incoordina¬ 
tion, pupil dilation, and recumbency with 
limb paddling progressing to paralysis. Diar¬ 
rhea may be present. The alkaloid anabasine 
is teratogenic. 

Tobacco-specific nitrosamines, formed 
from Nicotiana spp. alkaloids, are known to 
be carcinogenic to laboratory animals, but 
there is no record of this association in agri¬ 
cultural animals. 

LOBELINE 

The piperidine alkaloid lobeline is 
found in the plant Lobelia berlandieri. 
Ingestion of the plant is associated with 
mouth erosions, salivation, and diarrhea. 
Necropsy lesions are limited to the lesions of 
enteritis. 

FURTHER READING 

Galey FD, Holstege DM, Fisher EG. Toxicosis in dairy 
cattle exposed to poison hemlock ( Conium 
maculatum) in hay: isolation of Conium alkaloids 
in plants, hay, and urine. / Vet Diagn Invest. 
1992;4:60-64. 

Panter KE, Keeler RF, Baker DC. Toxicoses in livestock 
from the hemlocks ( Conium and Cicuta spp. J Anim 
Sci. 1988;66:2407-2413. 
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CORYNETOXINS 
(TUNICAMINYLURACILS) 
(ANNUAL RYEGRASS STAGGERS, 
FLOOD PLAIN STAGGERS, 
STEWART RANGE SYNDROME) 


SYNOPSIS 


Etiology Corynetoxins (tunicaminyluracils) 
present in infected grass (Lolium rigidum, 
Lachnagrostis filiformis, Polypogon 
monspeliensis) eaten by all species. A 
similar tunicaminyluracil has been isolated 
from water-damaged wheat eaten by pigs. 

Epidemiology Outbreaks in Australia 
(summer to early fall) and South Africa 
when grazing animals ingest infected 
seedhead galls. Occurs anytime of the year 
in animals fed infected hay. 

Clinical pathology Increased activity of 
hepatic enzymes in serum; prolonged 
prothrombin and activated partial 
thromboplastin time. 

Lesions Perivascular edema in meninges and 
brain; hemorrhages in multiple tissues. 

Diagnosis confirmation Tunicaminyluracil in 
pasture seed heads. 

Treatment Magnesium sulfate in horses or 
small herds. Removal of animals from 
infected fields or hay; reduce stress. 

Control Keep animals off infected pastures; 
decrease prevalence of infection by various 
methods (see text); test hay before 
purchasing. 


ETIOLOGY 

Nematode larvae infest and are associated 
with galls in the seedheads of Lolium rigidum 
(Wimmera or annual ryegrass), Polypogon 
monspieliensis (annual beard grass), and 
Lachnagrostis filiformis (formerly Agrostis 
avenacea and commonly referred to as blown 
or blowaway grass). 1,2 Nematodes in the 
genus Anguina (A. agrostis, A. funesta, A. 
paludicola ) transport the corynetoxin pro¬ 
ducing bacteria Rathayibacter toxicus into 
the cuticle of grass seeds. 1,3,4 Bacteriophages 
were originally felt to play an integral part, 
but that may no longer be the case. 2 Coryne¬ 
toxins (tunicaminyluracils) are glycolipid 
tunicaminyluracil antibiotics produced in 
the seedhead gall and sheep, cattle, and 
horses grazing the pasture are poisoned 
when they are ingested. 1,3,5 Animals eating 
corynetoxin-infected hay are poisoned. 1,2 

Other outbreaks have been recorded. In 
the 1960s, sheep and cattle in the northwest¬ 
ern United States developed a similar neuro¬ 
logic condition when fed fescue infected 
with A. agrostis and Rathayibacter-like 
organisms. 1 Tunicaminyluracil has been iso¬ 
lated from water-damaged wheat, which 
when fed to pigs is associated with clinical 
signs and deaths similar to those associated 
with the tunicaminyluracil on grasses. 1 
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EPIDEMIOLOGY 

Occurrence 

Poisoning that occurs in livestock pastured 
on L. rigidum (termed annual ryegrass toxic¬ 
ity or ARGT) or in those grazing L. filiformis 
(flood plain staggers) has become a very 
important cause of death losses on farms in 
western and southern Australia, southern 
New South Wales, and also in South Africa. 1,3,5 
Toxicity associated with ingestion of P. mon- 
spieliensis (termed Stewart range syndrome) 
is found in flood-prone portions in southeast¬ 
ern South Australia. 1 Typically, in Australia, 
infected seed heads are toxic beginning with 
the dry summer period and continuing until 
the onset of fall rains. 1,2 Clinical signs do not 
occur until the stock has been on pasture for 
several days or up to 12 weeks. 1 Forced exer¬ 
cise and high ambient temperatures precipi¬ 
tate or exacerbate clinical signs. 1,5 

Risk Factors 
Animal Risk Factors 

The oral dose of tunicamycins in sheep 
associated with the onset of clinical signs fol¬ 
lowing investigational intraduodenal admin¬ 
istration is 150 |ig/kg. 6 The subcutaneous 
lethal dose is much smaller, 30 to 40 (tg/kg 
as a single dose or a set of small sequential 
doses. The toxins are cumulative if the inter¬ 
val between doses are few days. 

Plant Risk Factors 

Pasture improvement based on annually 
alternating crop-pasture rotations seem to 
predispose to the disease, with the worst out¬ 
breaks occurring after the end of a cropping 
year. This can be avoided by burning the 
pasture in the autumn. The organism is 
introduced onto farms by the introduction of 
infested grass seed or contaminated agricul¬ 
tural implements. 2 L. rigidum has become a 
weed in southern Australia and herbicide- 
resistant strains have evolved, complicating 
control measures. Hay made from infested 
grass remains poisonous for 5 to 6 years. Poi¬ 
soning associated with L. filiformis has 
occurred in cattle on extensive pasture 
recently subjected to severe flooding, hence 
the name flood plain staggers. 1 

PATHOGENESIS 

Corynetoxins are similar structurally to 
tunicamycin antibiotics originally isolated 
from an actionmycete ( Streptomyces lysosu- 
perificus). 1 Collectively the group, including 
corynetoxins, is referred to as tunicaminylu- 
racil antibiotics. They are potent inhibitors of 
lipid linked N-glycosylation of glycoproteins 1 
and capable of causing cerebral vascular 
lesions in experimental animals. Interference 
with cardiovascular function and vascular 
integrity leads to interference with oxygen¬ 
ation of tissues, particularly the brain. 

CLINICAL FINDINGS 

Signs appear when the cattle or sheep are 
disturbed or stressed, especially by driving. 


The animals fall in a convulsion with pad¬ 
dling of limbs, nystagmus, opisthotonus, jaw 
champing and salivation, head nodding, 
tetanic extension of limbs and, in sheep, pos¬ 
terior extension of the hindlimbs. 1 ' 3 Death 
may occur during a convulsion or, if left 
alone, the animal may recover to the point of 
being able to stand, but there may be gait 
incoordination caused by hypermetria, stiff 
gait, a broad-based stance, head swaying, 
rocking backward and forward, and loss of 
balance. Intermittent convulsive episodes 
recur and the animals soon go down again. 
Death occurs in up to 24 hours. Further cases 
occur for up to 10 days after affected animals 
are removed from the pasture. 2 Morbidity 
and mortality rates may reach as high as 
100% in sheep flocks. In surviving ewes, 
abortion may occur in up to 10% of pregnant 
sheep. 1 

Poisoning occurs less frequently in horses 
and stress is often a precipitating factor.’ 
Colic with tachycardia, borborygmi, and 
congested mucous membranes, is often the 
first sign observed followed by hypermetria, 
ataxia, muscle tremors, recumbency, convul¬ 
sions with limb paddling, and death. 

CLINICAL PATHOLOGY 

Blood levels of liver enzymes, bilirubin, and 
bile acids are elevated. Prothrombin time 
and activated partial thromboplastin time 
are prolonged. 1 

NECROPSY FINDINGS 

Necropsy findings are inconsistent and non¬ 
specific. The liver may be enlarged and pale 
or icteric. There may be hemorrhages in a 
range of tissues. Histologically, there may be 
perivascular edema in the brain, particularly 
in cerebellar meninges. Other lesions may 
include significant liver damage. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

• Lead poisoning 

• Perennial ryegrass staggers 

• Phalaris staggers 

• Poisoning by any one of a large number of 
plants in which the toxic agent has not 
been identified. 


TREATMENT 

Affected flocks or herds should be removed 
from a toxic pasture as slowly and as quietly 
as possible to good-quality feed with shade 
and water in a place free of disturbance. 1,5 
Stress should be kept to a minimum. 

No specific antidote or antitoxin is avail¬ 
able. 1,1 ’ An antidote was developed by CSIRO 
in Australia for use early in outbreaks of poi¬ 
soning, but field trials were disappointing.' 
Pharmacologic measures are impractical 
in herd situations, although intravenous 
administration of magnesium sulfate could 
be used for individual animals. Horses have 


been treated successfully with an intravenous 
injection of magnesium sulfate (approxi¬ 
mately 100 mg/kg BW; range of 60-200 mg/ 
kg) and supportive measures including flu- 
nixin meglumine, dimethyl sulfoxide, and 
intravenous fluids. 5 Doses of 25 to 150 mg/ 
kg intravenously have been used for hypo¬ 
magnesemia in horses and may be useful 
in managing equine cases. 8 It is recom¬ 
mended that magnesium not be adminis¬ 
tered concurrently with calcium-containing 
intravenous fluids. Used in combination, 
calcium is used preferentially at the neuro¬ 
muscular junction, limiting the effective¬ 
ness of magnesium in preventing muscle 
contractions. 5 

CONTROL 

Pasture management in endemic areas 
should aim to reduce exposure of livestock 
to mature pastures with seedheads. This may 
be achieved by a variety of measures such as 
heavy stocking during winter and spring, 
harvesting pasture for silage or hay before 
seeding followed by heavy grazing to remove 
ryegrass seedlings, burning crop and pasture 
residues, and herbicide application. 2 

Methods exist for testing hay and are 
used for hay exported from Australia. 2,9 
Recent improvements in testing have short¬ 
ened the turnaround time considerably. 10 
Hay purchased for use within Australia 
should be tested and accompanied by a dec¬ 
laration stating that testing occurred and the 
hay is safe for use. 2 

Two cultivars of L. rigidum (Guard and 
Safeguard) resistant to A. funesta have been 
developed that significantly reduce the 
number of galls per kilogram of hay and the 
risk of developing ARGT. 2 Pasture applica¬ 
tion of Dilophospora alopecuri, a fungal 
pathogen of A funesta, has been studied, but 
the results are mixed and may be uneconom¬ 
ical. 11 Immunization against the toxin is 
promising but difficult as glycolipids are 
poor immunogens. 1 
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MISCELLANEOUS PLANT 
TOXINS AFFECTING THE 
NERVOUS SYSTEM 
(UNIDENTIFIED TOXINS) 

Plants with ingestions resulting in signs of 
gait incoordination, with or without recum¬ 
bency, convulsions, or lesions of nervous 
system include the following: 

Ageratina altissima 
Araujia hortorum (cruel vine) 

Berula erecta 

Brachychiton populneus (kurrajong tree) 
Brachyglottis repanda (rangiora) 
Catharanthus spp. 

Centella uniflora 

Combretum platypetalum 

Craspedia chrysantha 

Doronicum hungaricum (wild sunflower) 

Echinopogon spp. (roughbearded grass) 1 

Ervum spp. 

Euphorbia mauritanica 

Gomphrena celosioides (soft khaki weed) 

Hoy a spp. (wax flower) 1 
Idiospermum australiense 
Melanthrium hybridum 
M. virginicum (bunchflower) 

Melica decumbens (dronkgras) 

Melochia pyramidata 
Modiola caroliniana (creeping mallow) 
Pennisetum clandestinum (kikuyu grass) 2,3 
Rhodomyrtus macrocarpa (finger cherry; 
also is associated with blindness). 

E. mauritanica is associated with hyper¬ 
sensitivity, stiffness, tremor, incoordination, 
recumbency, and convulsions in sheep. 1 
Echinopogon ovatus poisoning in calves and 
lambs is characterized by stress-induced epi¬ 
sodes of stiff-legged incoordination and easy 
falling and bellowing followed by spontane¬ 
ous recovery. 

G. celosioides is associated with outbreaks 
of incoordination in horses in northern Aus¬ 
tralia. Spontaneous recovery follows removal 
from the pasture. 

P. clandestinum poisoning was originally 
attributed to rumen acidosis, but the current 
suggestion is that it is a poisoning associated 
with the fungi Fusarium torulosum growing 
on the grass, which is an unlikely association 
in some outbreaks. 2,3 Epidemiologically, the 
disease occurs concurrently with circum¬ 
stances conducive to fungal growth, includ¬ 
ing warmth, moisture, and litter under the 
grass, often caused by the depredations of 
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heavy infestations of sod webworms (grass 
caterpillars), African black beetles, leaf 
hoppers, and armyworm caterpillars ( Pseu- 
doletia separata, Pseudocalymma elegans, 
Spodoptera exempta). 2 

Cattle, sheep, and to a lesser extent, goats, 
show signs of poisoning in late summer and 
autumn. 2 * Clinical signs include depression, 
hypersalivation, abdominal pain, ruminal 
tympany and stasis, paralysis of the tongue 
and pharynx, sham drinking, muscle tremors, 
incoordination, recumbency, diarrhea, dehy¬ 
dration, and death. 2 In the forestomachs 
there is distension, mucosal reddening, and 
extensive microscopically visible necrosis in 
the rumen and abomasum. 

Plant ingestions associated with paraly¬ 
sis in ewes and horses, with lesions of a 
lysosomal storage disease and prominent 
neuronal pigmentation in the brain and 
spinal cord include the following: 

Romulea spp. (onion weed) 1 

Solidago chilensis 

Stachys arvensis (stagger weed) 

Stephania spp. 

Trachyandra spp. 

T. laxa 
T. divaricata. 

Romulea bulbocodium is associated with a 
high incidence of phytobezoars, a level of fer¬ 
tility in ewes as low as 20%, and a severe gait 
incoordination when stimulated to move. 1 
Affected sheep walk with their heads held 
high, fall easily, struggle momentarily, then 
relax and get up and walk normally. If they are 
left on the same pasture for 3 or 4 weeks, they 
become permanently recumbent. 

Plant ingestions resulting in signs of 
mania (e.g., wild running, hyperexcitability, 
incoordination, circling, aimless wandering, 
blindness) include the following: 

Burttia prunoides 
Pisum sativum 
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Fungal Toxins Affecting 
the Nervous System 

Diplodia maydis (synonym D. zeae, Stenocar- 
pella maydis ) is associated with a serious 
disease of maize crops called corn cob rot. 
Infected cobs fed to cattle, sheep, goats, and 
horses are associated with diplodiosis, a 
neuromycotoxicosis, reported in Australia, 
Argentina, Brazil, and most often in South 
Africa. 1 The toxin has been identified as dip- 
lonine; a second toxin, diplodiatoxin, has 
been identified but may not be related to 


poisoning. 1 The fungus develops its toxin 
only after a prolonged (more than 6 weeks) 
period of growth. This may explain frequent 
reports that the fungus is not poisonous. The 
same applies to cultured fungus used to 
produce the disease experimentally; it must 
be a culture that is at least 8 weeks old. 

Clinical signs in adults include lacrima- 
tion, salivation, tremor, ataxia, paresis, and 
paralysis, but signs disappear when the corn 
is removed from the diet. If the subjects are 
females in the second and third trimesters of 
pregnancy, there may be a very high mortal¬ 
ity rate (up to 87%) in stillborn or newborn 
lambs or calves; many of the dead neonates 
have widespread degeneration of the CNS. 
Affected animals recover if feeding of the 
infected grain is stopped. 

At postmortem, a status spongiosus 
lesion may occur in the brain of affected 
animals, but in most cases there are no nec¬ 
ropsy lesions. Fetuses are much more suscep¬ 
tible, and spongiform lesions in the brain are 
present in most. Their BWs are less than 
normal, and the gestation period is also 
reduced. 
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TREMORGENIC MYCOTOXINS 

Tremorgenic mycotoxins are produced by 
fungi belonging to the Penicillium, Aspergil¬ 
lus, Claviceps, and Neotyphodium genera. 1 
Over 20 different mycotoxins, all contain¬ 
ing a tryptophan indole moiety, affect many 
different mammals including cattle, sheep, 
goats, and horses. The fungi grow on a 
wide variety of foodstuffs including spoiled 
food, garbage, stored grains, forages (grasses 
and legumes), malt (beverage) residues, 
and compost piles. 2,3 Despite the different 
fungi and mycotoxins, the common neu¬ 
rologic signs of prolonged muscle tremors, 
ataxia, and stress-exacerbated weakness are 
similar in most species. 2 Hyperexcitabil¬ 
ity or depression, tetanic seizures, recum¬ 
bency, paralysis, and rarely death may 

2 4 

occur. 

Tremorgenic mycotoxins are rapidly 

absorbed from the gastrointestinal tract, and 
signs occur anywhere from a few hours to 
several days, depending on the species and 
particular mycotoxin. Age is important with 
younger animals more susceptible than 
older. 5 They are lipid soluble and easily move 
across the blood-brain barrier and into the 
CNS. Excretion is primarily biliary and fecal; 
little hepatic metabolism occurs. 6 

The mechanism of action is unknown, 
but generally tremorgenic mycotoxins 
interfere with inhibitory neurotransmitters 
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(y-amino butyric acid [GABA] and 
glycine) and stimulate excitatory neu¬ 
rotransmitters. Treatment is supportive and 
symptomatic. 

Aspergillus-Assodated Mycotoxins 

Aspergillus clavatus, other Aspergillus spp., 
and Penicillium spp. produce several tremor- 
genic mycotoxins associated with outbreaks 
in cattle and sheep. Verruculogen is the most 
widely recognized mycotoxin; less recog¬ 
nized mycotoxins produced by these fungi 
include tryptoquivaline, territrems A and B, 
and aflatrem. A. c/avafus-associated myco¬ 
toxins have been incriminated in several 
neurologic outbreaks in sheep and cattle. 2,7 ' 8 
Common clinical signs included tremors, 
posterior paresis, knuckling at the fetlocks, 
recumbency, and death. The specific myco¬ 
toxin may be patulin, although that was not 
present in all cases. 2 

Bermudagrass Staggers 

Cattle in California, Oklahoma, and Texas 
have developed tremors and neurologic signs 
after grazing on mature bermudagrass 
{Cynodon dactylon ) infected with C. cyn- 
odontis. Analysis of infected seedheads 
showed high concentrations of the tremor- 
gens paspalitrems and paspaline-like indole- 
diterpenes and low concentrations of ergine 
and ergonovine. 1 

C/a v/ceps-Associated Mycotoxins 
(Paspalum or Dallis Grass Staggers) 

Cattle, sheep, and horses may develop “grass 
staggers” after several days after grazing on 
mature Bahia grass ( Paspalum notatum) or 
Dallis grass (P. dilatatum ) infected with C. 
paspali. 2AA9 The tremorgenic mycotoxins 
paspaline and paspalitrems A, B, and C are 
present in the sclerotia (ergots); paspalitrem 
B is most commonly associated with the 
onset of signs in cattle and sheep. Affected 
animals develop exercise-induced nervous¬ 
ness, odd facial expressions, tremors, ataxia, 
seizures, and death. 

Neotyphodium -Associated Mycotoxins 
(Perennial Ryegrass Staggers) 

Horses, deer, cattle, alpacas, and in particu¬ 
lar, sheep grazing on perennial ryegrass ( L. 
perenne) in the northwestern United States, 
Australia, New Zealand, and some parts 
of Europe have developed neurologic 
signs similar to other stagger-producing 
grasses. 2,5,10 Lolitrems A, B, and D and other 
lolitrem precursors produced by the endo¬ 
phyte Neotyphodium lolii are the tremorgenic 
mycotoxins most involved. 9,10 Lolitrem B 
(maximum tolerable dose 2 mg/kg BW) is 
the predominant mycotoxin associated with 
the onset of signs in sheep and cattle. 2 Signs 
most often occur in the late summer/early 
fall when animals are on overgrazed pas¬ 
tures. Tremors begin in the head, progress to 
the neck and shoulder, and finally include 
the extremities. Affected animals are 


uncoordinated and become recumbent or 
develop seizures when stressed. If removed 
from infected grasses and not stressed, 
affected animals recover in 7 days or so. 

Penicillium -Associated Mycotoxins 

Penitrem A and roquefortines, produced by 
Penicillium spp., are the most common 
mycotoxins associated with tremors. In 
general, toxicosis with these mycotoxins are 
more common in small animals ingesting 
spoiled food (meats, cheese, nuts, eggs, etc.) 
and garbage, but cases have occurred in 
horses, cattle, and sheep. Janthitrem A, B, 
and C produced by P. janthinellum have been 
associated with outbreaks of staggers in 
sheep grazing on ryegrass. 
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MISCELLANEOUS FUNGAL 
TOXINS AFFECTING THE 
NERVOUS SYSTEM 
(UNIDENTIFIED TOXINS) 

BLACK SOIL BLINDNESS 

This is a mycotoxicosis of grazing cattle, 
associated with the fungus Corallocytostroma 
ornicopreoides growing on Mitchell grass 
(Astrebla spp.) in pastures on heavy basalt 
(black soil) soil in tropical northwest Austra¬ 
lia. The disease has occurred only once, in a 
year marked by heavy seasonal rainfall and a 
longer than usual growing season. Morbidity 
and mortality were high at the peak of the 
outbreak. Clinical characteristics include 
blindness and death within 24 hours. Nec¬ 
ropsy lesions include renal tubular nephro¬ 
sis, rumenoreticulitis, and moderate liver cell 
damage. 

NERVOUS SIGNS 

Nervous signs of tremor, gait incoordination, 
recumbency, and convulsions are the primary 
toxic effects present after ingestion of Tricho- 
thecium roseum and Penicillium cyclopium. 
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Other Toxins Affecting the 
Nervous System 

INORGANIC TOXINS AFFECTING 
THE NERVOUS SYSTEM 

LEAD TOXICOSIS (PLUMBISM) 


SYNOPSIS 


Etiology Accidental ingestion of lead metal or 
lead-containing substances, ingestion of 
lead-contaminated feed, or grazing 
pastures containing excessive lead in the 
soil. 

Epidemiology Occurs in all age groups. One 
of the most common poisonings of farm 
livestock, especially in young calves after 
turn out in spring. In cattle, usually 
sporadic and caused by ingestion of a 
single source of lead but outbreaks occur 
when feed is contaminated. High 
case-fatality rate if untreated. Sources 
include discarded lead batteries, lead-based 
paints, industrial sources of lead, ash 
residues, pastures near motor vehicle 
highways, and smelters. Occurs in sheep 
and horses grazing contaminated pastures. 

Clinical pathology Lead levels in blood, 
feces, liver, kidney; elevated porphyrins in 
blood. 

Lesions Encephalopathy, degeneration of liver 
and kidney; pale musculature, brain laminar 
cortical necrosis, intranuclear renal inclusion 
bodies. 

Diagnostic confirmation Toxic levels of lead 
in blood and tissues. 

Treatment Supportive care, removal of large 
amounts of lead from the gastrointestinal 
tract, chelation therapy. 

Control Identify and prevent access of 
animals to sources of lead. 


ETIOLOGY 

Lead poisoning is associated with the acci¬ 
dental ingestion of lead metal or lead- 
containing compounds; ingestion of feed, 
usually forage, containing lead; or grazing 
lead-contaminated pastures. 1,2 The latter two 
are often associated with environmental 
pollution. Both organic and inorganic lead 
are toxic, with organic lead the most bio- 
available followed by inorganic lead and then 
metallic lead. 13 

EPIDEMIOLOGY 

Where groups of animals have access to the 
same source of lead, outbreaks occur and 
the morbidity rate ranges from 10% to 30%. 
The case-fatality rate may reach 100% but 













early intensive therapy can be successful and 
reduce the figure to less than 50%. In one 
recorded outbreak, in which a discarded 
24-V battery was accidentally mixed and 
ground up into the feed of 80 heifers, 55 of 
the animals died or were euthanized. 

Occurrence 

Lead is one of the most common poisonings 
in farm animals, especially young cattle. 1 
Sheep and horses are also affected but not as 
often. 3,4 Pigs, because of housing conditions, 
are not often exposed to lead and appear to 
be more tolerant than other species. 

Risk Factors 
Animal Risk Factors 
Cattle 

Data from diagnostic toxicology laboratories 
illustrate that lead poisoning is one of the 
most common toxicosis in cattle. In Alberta, 
Canada, over a period of 22 years, lead poi¬ 
soning was the most frequently diagnosed 
toxicoses of cattle, representing 0.68% of all 
bovine submissions to the provincial diag¬ 
nostic laboratories. Most cases of poisoning 
occur during the summer months from May 
to August, when the cattle have ready access 
to lead-containing materials such as crank¬ 
case oil and batteries that are being changed 
in agricultural machinery. In many countries 
the incidence of the disease is highest in 
cattle in the spring of the year a few days after 
the animals have been turned out onto 
pasture. 5 Poisoning is most common in 
younger cattle, with 52% of the cases reported 
in animals 6 months of age or less. 6 Younger 
animals are more susceptible to lead toxico¬ 
sis presumably because of a higher rate of 
gastrointestinal tract absorption. In addition, 
young cattle are especially curious and seem 
to seek out and find sources of lead. Con¬ 
fined housing of calves with or without over¬ 
crowding is often followed by the appearance 
of pica, which may be associated with 
boredom and an increase ingestion of lead- 
containing objects. 

Lead poisoning in cattle is usually acute 
and caused by accidental ingestion of a toxic 
quantity of lead over a short period of time.' 
The natural curiosity, licking habits, and lack 
of oral discrimination of cattle makes any 
available lead-containing material a potential 
source of poisoning. Cattle will readily drink 
motor oil; lick older machinery grease, 
peeling paint, and paint ashes; and chew 
lead-based batteries. Many countries cur¬ 
rently ban leaded gasoline, and in these areas 
used motor oil may not contain lead as well 
as motor oil from diesel engines or present- 
day machinery grease. 8 In ruminants, there 
is a tendency for metallic lead particles to 
settle in the reticulum, and poisoning results 
from the gradual conversion of lead particles 
to soluble lead acetate. Several epidemics of 
lead poisoning in domestic animals have 
been recorded throughout the world in 
which the source of the metal was 
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contamination of pasture or crops by nearby 
lead mining or industrial lead operations. 9,10 
Animals eating vegetation in these areas may 
accumulate amounts of lead sufficient to 
produce clinical signs of lead poisoning. 

Buffalo 

Lead poisoning in buffalo has been reported 
and provides interesting comparative data; 
they may have a higher tolerance to lead than 
cattle. 

Sheep 

Sheep are usually affected by eating soil or 
forage contaminated by environmental 
sources of lead. 

Horses 

Horses are much more selective in their 
eating habits. They usually do not lick old 
paint cans, lead storage batteries, and peeling 
paint, and they do seem to find the taste of 
used motor oil attractive. Lead poisoning in 
horses is most common when they graze 
lead-contaminated pastures rather than by 
the accidental ingestion of a toxic amount of 
lead. 2,4,10 Young horses are particularly more 
susceptible than older horses and cattle 
grazing on the same pasture. 

Environmental Risk Factors 

Environmental pollution with lead is a 
common occurrence in cities and surround¬ 
ing suburbs. For farm animals, significant 
pollution is more likely to occur near smelt¬ 
ers or other industrial enterprises or near 
major highways where pasture is contami¬ 
nated by exhaust fumes of automobiles if 
leaded gasoline is still used in the region. 
Much of the poisoning is subclinical because 
of the low level of absorption, but lead- 
intoxicated animals have served as sentinels 
for human lead exposure. 11 

Lead is still commonly found in pastures 
near highways. The lead levels in the whole 
blood of sheep grazing near main highways 
in three areas of the Nile delta region of 
Egypt were 0.062, 0.067, and 0.083 parts per 
million (ppm). Pasture adjacent to heavily 
used roads may carry as much as 390 mg/kg 
of lead, in contrast to 10 mg/kg on lightly 
used roads. 9,10 The concentration of lead on 
pasture varies markedly with proximity to 
the traffic, falling rapidly the greater the dis¬ 
tance and with the time of the year. Pastures 
contaminated by smelters are recorded as 
carrying 325 mg/kg of lead (equivalent to a 
daily intake for an animal of 6.4 mg/kg 
BW). 12 In some locations near lead smelters, 
lead poisoning is considered to be a predict¬ 
able occurrence in horses that are allowed to 
graze on local pastures. 4 As a result horses 
are either not raised in these areas or hay is 
imported from other areas. Although inges¬ 
tion is the principal method of poisoning of 
animals, inhalation may also be a significant 
method of entry for cattle grazing close to 
smelters or highways. 


Lead as an environmental contaminant is 
often combined with cadmium, which has 
some effects similar to those of lead, thus the 
effects may be somewhat additive. Experi¬ 
mental poisoning with both elements is asso¬ 
ciated with reduced weight gain in calves at 
dose levels up to 18 mg/kg BW of each con¬ 
taminant, and clinical signs appear at levels 
above 18 mg/kg BW of each. Lead is also 
combined with chromate for industrial pur¬ 
poses. The combination is nontoxic when 
combined with lead at lead intake levels of 
less than 100 mg/kg BW. 

Environmental pollution in the vicinity 
of lead and zinc-ore processing factories can 
result in varying degrees of poisoning with 
lead, zinc, and cadmium. 1 ’ These can be 
monitored by the analysis of blood, hair, and 
tissues obtained at necropsy. 

Farm or Premise Risk Factors 

The relationship between lead concentra¬ 
tions in blood of cattle with lead poisoning 
and those in the milk is exponential. 14 The 
lead level in milk is relatively constant up to 
a blood level of 0.2 to 0.3 mg/L, and increases 
sharply at higher blood levels. The biological 
half-life of lead excretion in cattle is between 
6 and 14 weeks. 15 Studies in six affected dairy 
herds reported a variable half-life ranging 
from 48 to 2507 days. 2 One probable reason 
for this great variance is the ability of the 
ruminant to retain variable amounts of 
metallic lead in the rumen, which acts as a 
continuing reservoir. Half-life studies do not 
account for variable intake and retention of 
a persistent reservoir of toxicant, so the 
concept of using half-life excretion in dealing 
with lead-poisoned cattle is not likely accu¬ 
rate. Owners of such cattle should be advised 
of the potentially long withdrawal period. It 
may be advisable to test periodically and 
allow marketing based on actually measured 
levels or to estimate the costs of such a plan 
and consider salvage. This recent work casts 
doubt on the economic utility of holding 
recovered animals. In acutely sick cows that 
were emergency slaughtered, the range of 
lead levels in edible muscle tissue was 
0.23 to 0.50 mg/kg. The concentrations in 
the kidneys ranged from 70 to 330 mg/kg 
and in the livers 10 to 55 mg/kg. 

Human and Public Health 
Risk Factors 

The source of lead intoxication in animals 
must be identified so humans are not inad¬ 
vertently poisoned. In one recent study, 
investigations involving cattle deaths from 
lead poisoning led to elevated blood levels in 
a pregnant woman, dog, cat, and remaining 
cattle. 11 

A major concern with the treatment of 
lead-poisoned animals, particularly food- 
producing animals, is the assurance that the 
edible tissues of recovered animals do not 
contain toxic levels of lead. The length of 
time required after successful treatment of 
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cattle with typical clinical lead poisoning 
before such animals can be sent to slaughter 
or before the milk can be used safely is not 
known. It is suggested that treated animals 
should be appropriately identified 6 and blood 
lead levels determined once or twice monthly 
for several months. When the blood lead 
levels have dropped to background levels for 
three consecutive samplings at least 2 weeks 
apart, the animals are assumed to be safe for 
slaughter. Undocumented field observations 
suggest that at least 6 months are necessary 
for background levels to be achieved. Deci¬ 
sions about reaching acceptable residue 
levels will depend on national or local regu¬ 
lations as well as the economics of maintain¬ 
ing a herd for long periods without sales of 
milk or meat, and appropriate food safety 
and public health officials should be con¬ 
sulted in this decision. The lead concentra¬ 
tions in blood and milk from periparturient 
heifers 7 months after an episode of acute 
lead poisoning revealed no lead in the milk. 
Animals that had been severely affected by 
lead poisoning experienced a transient 
increase in whole-blood lead concentration 
at parturition that was not high enough to be 
considered toxic. 

Transmission (Sources of Lead) 

Lead poisoning is most common in cattle on 
pasture, particularly if the pasture is poor 
and the animals are allowed to forage in 
unusual places, such as trash dumps. 15,16 
Phosphorus deficiency may also be a predis¬ 
posing factor, because affected animals will 
chew solid objects as a manifestation of 
osteophagia. However, cattle on lush pasture 
may also seek out foreign material to chew. 
Discarded lead batteries are one of the most 
common sources of lead poisoning in cattle. 13 
In Alberta, Canada, over a period of 22 years, 
discarded batteries or used crankcase oil 
accounted for more than 80% of cases for 
which the source of lead was determined: 
batteries, 39.5%; used crankcase oil, 31.6%. 
The batteries are commonly placed in 
garbage dumps on the farm and, in temper¬ 
ate climate countries, the batteries freeze 
during the winter months and break open, 
exposing the plates, which are attractive and 
palatable for cattle to lick and chew. 

The contamination of forage supplies 
with shotgun lead pellets used in hunting 
and shooting exercises can serve as a source 
of lead for cattle grazing the pasture or con¬ 
suming haylage or silage made from the con¬ 
taminated field. 16 Automobile batteries have 
been accidentally added to feed mixers in 
which they are ground by powerful augers 
and mixed into the feed supply of cattle. Dis¬ 
carded lead-based paint cans are particularly 
dangerous but fences, boards, the walls of 
pens, painted canvas, and burlap are also 
common sources in calves. Painted silos may 
cause significant contamination of the 
ensilage. One outbreak of lead poisoning in 
cattle was associated with silage containing 


1200 mg/kg dry matter lead, which had 
become contaminated by ash and debris left 
after burning an old lead-containing electri¬ 
cal cable in the silo before it had been filled. 

Metallic lead in the form of lead shot, 
solder, or leaded windows has been associ¬ 
ated with mortalities, although, experimen¬ 
tally, sheet lead is not toxic. 1,2,4 Lead sheeting 
that has been exposed to the weather or sub¬ 
jected to acid corrosion appears to be more 
damaging, possibly because of the formation 
of a fine coating of a soluble lead salt. Lead 
poisoning can be a major hazard in the vicin¬ 
ity of oil fields, and engine sump oil may 
contain over 500 mg lead per 100 mL. Auto¬ 
motive and other mineral oils are very palat¬ 
able to young beef calves. As lead use 
becomes restricted in many countries, grease 
and lead-contaminated engine oil have 
become less common sources of lead. 8 Less 
common but still potent sources of lead are 
linoleum, roofing felt, putty, automobile oil 
filters, and aluminum paint. Some of the 
latter paints contain large quantities of lead, 
and others none at all. Only lead-free alumi¬ 
num paint should be used on fixtures to 
which animals have access. 

Lead parasiticide sprays, particu¬ 
larly those containing lead arsenate, were 
once associated with heavy losses in cattle 
grazing in recently sprayed orchards or veg¬ 
etable crops. These are not commonly used 
now, except in some countries, but cattle 
may accidentally ingest old stores of the 
compound. 

PATHOGENESIS 

The absorption, distribution, and elimina¬ 
tion of lead vary depending on the chemical 
form of lead, amount ingested, age and 
species of animal, and other physiologic 
factors. Deficiencies in calcium, iron, and 
zinc are associated with increased lead 
absorption and increased toxicity. Lead from 
salts such as lead sulfate are absorbed more 
than metallic lead from battery plates. 13 
Regardless of the chemical form of the 
ingested lead, only a small proportion (2%- 
10%) is absorbed because of the formation in 
the alimentary tract of insoluble lead com¬ 
plexes, which are excreted in the feces. 1,1 ’ 
Once absorbed, 60% to 90% of lead is found 
in erythrocytes and the rest bound to 
albumin and other proteins. 3 Very little lead 
is found unbound in the serum. Lead is dis¬ 
tributed to first to the soft tissues, especially 
kidneys and liver, and ultimately to bone, 
which serves as a storage or “sink” for excess 
lead. Excretion is slow and primarily through 
bile and the milk of lactating animals with 
little excreted in the urine. 1 3,14 

Blood lead concentrations are an excel¬ 
lent marker of exposure in animals. In cows, 
blood-level concentrations greater than 
0.35 ppm have been associated with poison¬ 
ing 1 and blood lead levels less than 0.1 ppm 
with normal background exposure. In 
horses, blood lead levels greater than 0.2 to 


0.35 ppm have been associated with poison¬ 
ing 4 and blood lead levels less than 0.2 ppm 
with background exposure. Correlation 
between blood lead levels and milk levels is 
good; correlation between blood lead levels 
and the presence or severity of clinical signs 
is often poor. 14,17 

Lead is transferred across the placental 
barrier, 1 ' and high liver levels occur in the 
lambs of ewes fed more than normal amounts 
of lead. Calves born from cows experimen¬ 
tally poisoned with lead have elevated levels 
of lead in bone, kidney, and liver. In a natu¬ 
rally occurring case of lead poisoning in a 
pregnant heifer, the blood and liver concen¬ 
trations in the fetus were 0.425 and 4.84 ppm, 
respectively, which was 72% and 84% of the 
same tissue lead concentrations of the dam. 
Hepatic lysosomes of the fetus contained 
metallic electron densities, which may have 
been lead. 

Several biochemical processes are affected 
by lead. Lead is a neurotoxicant and at ele¬ 
vated doses it disrupts the blood-brain 
barrier allowing albumin, water, and electro¬ 
lytes to enter, resulting in edema. The com¬ 
plete mechanism of action associated with 
lead’s neuropathy is unknown, but its ability 
to substitute for calcium and/or zinc is 
involved. 3 Lead mimics or inhibits the action 
of calcium altering the release of neurotrans¬ 
mitters and activating protein kinases. 3 It 
also binds to a sulfhydryl group on proteins 
resulting in inhibition of enzymes, confor¬ 
mational changes in proteins, and alterations 
in calcium/vitamin D metabolisms. 16 Lead 
inhibits 5-aminolevulinic acid dehydratase 
(D-ALAD) and ferrochelatase activity, thus 
decreasing heme synthesis and hemoglobin 
production. 2,3,18 This not only plays a role 
in lead-associated anemia but results in 
decreased oxygen carrying capacity with the 
nervous system susceptible to the resulting 
tissue ischemia. 

CLINICAL FINDINGS 

Lead is toxic to a number of organ systems 
including the nervous, gastrointestinal, 
hematologic, cardiovascular, renal, musculo¬ 
skeletal, and reproductive systems. 6 The 
major effects of lead toxicity are often mani¬ 
fested in three main ways 7 : 

• Lead encephalopathy 

• Gastroenteritis 

• Degeneration of peripheral nerves 
Clinical signs vary depending on the species, 
type and amount of lead involved, and dura¬ 
tion of exposure. Typically, acute nervous 
system involvement occurs following the 
ingestion of large doses in susceptible 
animals such as calves, alimentary tract irri¬ 
tation following moderate doses, and periph¬ 
eral nerve lesions following long-term 
ingestion of small amounts of lead. The 
nervous signs of encephalopathy and the 
lesions of peripheral nerve degeneration are 
caused by the degenerative changes of 
nervous system tissue. Gastroenteritis is 
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associated with the caustic action of lead 
salts on the alimentary mucosa. 

Cattle 

The signs of acute lead poisoning are more 
common in calves and younger cattle and 
have a sudden onset and short duration, 
usually lasting only 12 to 24 hours. Many 
animals, especially those on pasture, are 
found dead without any observable signs. 
Staggering and muscle tremors particularly 
of the head and neck, with champing of the 
jaws (chewing gum fits) and frothing at the 
mouth are obvious. Snapping of the eyelids, 
rolling of the eyes, and bellowing are 
common. Blindness and cervical, facial, and 
auricular twitching are consistent in acute 
lead poisoning of cattle. 15 The animal eventu¬ 
ally falls and intermittent tonic-clonic con¬ 
vulsions occur and may continue until death. 
Pupillary dilation, opisthotonus, and muscle 
tremors are marked and persist between the 
convulsive episodes (Fig. 14-3). There is 
hyperesthesia to touch and sound, and the 
heart and respiratory rates are increased. In 
some cases, particularly in adults, the animal 
remains standing, is blind, maniacal, charges 
into fences, attempts to climb or jump over 
walls, and head-presses strongly against 
walls or fences. Frenzy is common and some 
animals appear to attack humans, but the gait 
is stiff and jerky and progress is impeded. 
Death usually occurs during a convulsion 
and is caused by respiratory failure. 

The subacute form is more common 
in adult cattle, and in this form the 
animal remains alive for 3 to 4 days. Gastro¬ 
intestinal tract dysfunction is one of the most 
common abnormalities. Ruminal atony is 


accompanied by constipation in the early 
stages. Later a fetid diarrhea occurs in most 
cases. Grinding of the teeth is common, and 
hypersalivation may occur. Neurologic signs 
include dullness, blindness, and some abnor¬ 
mality of gait including incoordination and 
staggering, and sometimes circling. The cir¬ 
cling is intermittent and not always in the 
same direction and usually occurs when the 
animal is confined in a small space like a box 
stall. Muscle tremor and hyperesthesia are 
common but not as pronounced as in the 
acute form. 

Sheep 

Lead poisoning in sheep is usually mani¬ 
fested by a subacute syndrome similar to that 
seen in adult cattle. There is anorexia and 
scant feces followed by the passage of dark, 
foul-smelling feces. Weakness and ataxia 
follow, often with abdominal pain, but there 
is no excitement, tetany, or convulsions. 
Polyuria occurs when the intake of lead is 
small but with large amounts there is 
oliguria. 

Chronic toxicity is rare, but two syn¬ 
dromes of posterior paresis have been 
described in young lambs in old lead-mining 
areas, and tissue levels of lead are abnormally 
high in both instances. In both syndromes 
there is gait impairment. Osteoporosis is 
present in one but in the other there is no 
suggestion of skeletal changes. In the osteo¬ 
porotic disease the signs occur only in lambs 
3 to 12 weeks of age and never in adults. 
There is stiffness of gait, lameness, and pos¬ 
terior paralysis. Affected lambs are unthrifty 
and the bones, including the frontal bones, 
are very fragile. The paralysis is caused by 


lesions of the vertebrae, usually affecting one 
or more of the lumbar bones, resulting in 
compression of the spinal cord. In the other 
form, gait abnormalities occur in the same 
lamb age group and are manifested initially 
by incomplete flexion of the limb joints so 
that the feet drag while walking. In a later 
stage the fetlocks are flexed, the extensor 
muscles paretic, and the lamb soon becomes 
recumbent. Recovery is common, although 
many lambs die of concurrent disease. 

Horses 

Acute and chronic lead poisoning occurs in 
horses and ponies, although more rarely 
than other species. Signs occur most often in 
horses ingesting contaminated forage or soil 
found near old lead mines, smelters, and 
battery recycling depots. 31 The clinical find¬ 
ings are extremely variable, but include 
ataxia, weakness, hypotonia, muscle tremors, 
rough hair coat, dysphagia, weight loss, 
dyspnea, roaring or stridor, seizure like 
movements, colic, and maniacal behavior. 3 A 
roughened hair coat, pharyngeal dysfunc¬ 
tion, and weight loss were the most common 
clinical findings in 10 case reports involving 
a total of 68 animals. Some horses died 
without any previous clinical illness but 
where clinical signs are apparent they were 
usually distinct and dramatic rather than 
subtle. Inspiratory dyspnea associated with 
paralysis of the recurrent laryngeal nerve is 
the most common finding. This may be 
accompanied by pharyngeal paralysis in 
which recurrent choke and regurgitation of 
food and water through the nostrils occur. 
Aspiration pneumonia may result after inha¬ 
lation of ingesta through the paralyzed 
larynx. Paralysis of the lips occasionally 
accompanies the other signs. 

Pigs 

Early signs include squealing as though in 
pain, mild diarrhea, grinding of the teeth, 
and salivation. The disease is usually a pro¬ 
longed one and listlessness, anorexia, and 
loss of weight develop followed by muscle 
tremor, incoordination, partial or complete 
blindness, enlargement of the carpal joints, 
and disinclination to stand on the front feet. 
Convulsive seizures occur in the terminal 
stages. 

CLINICAL PATHOLOGY 
Hematology 

In chronic lead poisoning, hematologic 
examination may reveal a normocytic, nor¬ 
mochromic anemia in some, and, although 
basophilic stippling does not occur often 
enough to be diagnostic, it is recorded in 
some experimental poisonings. 3 It is recorded 
as occurring in lead-exposed pigs and a 
horse. In some, poikilocytosis and anisocy- 
tosis were marked. The CSF is approximately 
normal with slightly elevated leukocyte 
numbers but no increase in protein or other 
biochemical components. 



Fig. 14-3 Holstein Friesian steer with acute lead toxicity. Notice the abnormal mentation, 
contraction of facial muscles, and marked dilatation of the pupils. The bandage around the 
neck protected an intravenous catheter that was used for daily intravenous Ca-EDTA 
treatment. The steer recovered following treatment. 
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Blood Lead 

Whole-blood levels are generally the best 
sample for determining the lead status of the 
animal. Bovine blood lead reference materi¬ 
als are available and have been certified for 
many years. Whole-blood levels of lead in 
normal ruminants are usually below 0.05 to 
0.25 ppm; poisoned animals, including 
horses, usually have levels above 0.35 ppm 
and deaths begin at 1.0 ppm. 1,3,4 Buffalo may 
have blood levels above 1.0 ppm and still 
survive, which suggests that they have a 
higher tolerance level than cattle. Blood lead 
concentrations also fluctuate markedly after 
administration of lead and, consequently, the 
clinical importance of blood lead concentra¬ 
tions is often questionable and a diagnosis 
based on this single determinant is 
equivocal. 

Blood lead concentration also has limited 
value for assessing the effectiveness of 
therapy for lead poisoning. Blood level con¬ 
centrations may change rapidly during chela¬ 
tion therapy, often decreasing by 50% or 
more within 24 hours after initiation of treat¬ 
ment despite certain body tissues still con¬ 
taining high concentrations of lead. Thus the 
evaluation of biochemical indicators such as 
aminolevulinic acid dehydratase (ALA-D) 
may be useful. The blood and liver levels of 
fetuses from pregnant cattle with lead poi¬ 
soning may be higher than what are consid¬ 
ered toxic levels in adults, which suggests 
concentration in the fetus. 

Milk Lead 

Only limited information is available on the 
concentrations of lead that occur in cattle 
affected with field cases of lead poisoning. 
Lead levels of 0.13 mg/L of milk have 
occurred in natural cases with a half-life of 
4.6 days. The regulatory limit for lead in 
bovine milk in the Netherlands is 0.05 mg/L 
milk. In acute lead poisoning in lactating 
buffalo pastured near smelters in India, the 
lead concentrations in milk were 1.13 ppm 
compared with 0.24 ppm in the milk from 
buffalo in unpolluted areas. The mean lead 
concentrations in the forage of poisoned 
animals were 706 + 73.0 ppm, compared 
with the unpolluted area of 78 + 12 ppm. 

Fecal Lead 

Fecal levels of lead represent unabsorbed 
and excreted lead deriving from the bones, 
and are of limited value unless considered 
in conjunction with blood levels because 
ingested lead may have been in an insoluble 
form and harmless to the animal. When fecal 
levels are high, it can be assumed that the 
lead has been ingested in the preceding 2 
to 3 weeks, but high blood levels may be 
maintained for months after ingestion. Thus 
high blood and low fecal levels indicate that 
the lead was taken in some weeks previ¬ 
ously, but high blood and high fecal levels 
suggest recent ingestion and significant 
absorption. 


Urinary Lead 

Urine lead levels are variable, rarely high 
(0.2-0.3 mg/L), and although elevated 
urine levels are usually associated with high 
blood levels, this relationship does not 
necessarily hold. 

8-ALA-D 

Because of some of the limitations of 
blood lead, other indirect measurements 
of lead poisoning, such as the levels of 8- 
ALA-D in blood, are used to supplement 
blood lead determinations. For example, 
the best method of detecting the presence 
of lead poisoning in its early stages, except 
in the horse, is the estimation of 8-ALA-D 
in the blood. The evaluation of 8-ALA-D 
and blood lead concentrations together 
can assist in resolving diagnostic situa¬ 
tions in which the blood lead concentra¬ 
tion is in the questionable range of 0.25 to 
0.35 ppm. 

8-ALA-D is important in the synthesis of 
heme and is probably the most sensitive 
enzyme in the heme pathway. Inhibition of 
the enzyme results in a block in the utiliza¬ 
tion of 8-ALA, a subsequent decline in heme 
synthesis and a marked increase in the 
urinary excretion of 8-ALA. 1 ' In cattle, 
sheep, and pigs affected with chronic lead 
poisoning, the plasma levels of 8-ALA-D are 
decreased, and the urinary levels of 8-ALA 
are increased before clinical signs are detect¬ 
able. In sheep, erythrocyte 8-ALA-D is rec¬ 
ommended as the most sensitive diagnostic 
test available. 

The disadvantages of the assay for blood 
8-ALA-D include age-related variations, 
particularly in calves 12,18 ; the methods used 
for analysis are not yet uniform and blood 
must be collected in polystyrene or polyeth¬ 
ylene tubes rather than glass tubes and an 
anticoagulant other than ethylenediamine- 
tetraacetic acid (EDTA) must be used. The 
levels of 8-ALA-D increase in calves from 
birth to 10 weeks of age and age-matched 
controls should be evaluated simultaneously 
when conducting the test in calves of younger 
than 6 months of age. In cattle under 1 year 
of age, 8-ALA-D values of less than 200 mmol 
of porphobilinogen (PBG)/mL of RBC/h 
should raise suspicion of their having 
ingested lead. In this same age range values 
below 100 mmol would confirm ingestion of 
lead. In cattle equal to or less than 2 years of 
age, values of 8-ALA-D of less than 100 mmol 
of PBG/mL of RBC/h would indicate inges¬ 
tion of lead. 

The d8-ALA-D is so sensitive to lead 
that it remains inhibited even after lead 
exposure has ceased. Following treatment 
with a chelating agent the blood lead levels 
will often decline giving a false indica¬ 
tion of a positive treatment effect. If the 
8-ALA-D levels do not decrease following 
therapy, it indicates that there is sufficient 
lead present to continue to suppress the 
enzyme. 


Erythrocyte Protoporphyrin 

The levels of free erythrocyte zinc protopor¬ 
phyrin increase in lead poisoning, and this is 
indicative of the chronic metabolic effect of 
lead on the erythroid cells being released 
from bone marrow into the peripheral circu¬ 
lation. A mean value of 22 pig coproporphy¬ 
rin per 100 mL of erythrocytes has been 
determined. It may be of some value along 
with determinations of blood lead and 8- 
ALA-D. The use of 8-ALA-D activity and 
erythrocyte protoporphyrin content as 
cumulative lead exposure indicators in 
cows environmentally exposed to lead is 
recommended. 

Plasma S-Aminolevulinic Acid 

In human beings, 8-ALA is suggested as a 
sensitive marker of trace exposures to lead. 18 
Plasma 8-aminolevulinic acid has been eval¬ 
uated in cattle as a biomarker for acute lead 
poisoning and the results showed it to be a 
promising tool. 2,18 Further work is necessary, 
however, to establish concentrations in unex¬ 
posed, intermittently exposed, and chroni¬ 
cally exposed animals. 

NECROPSY FINDINGS 

In most acute cases there are no gross lesions 
at necropsy. In cases of longer standing there 
may be some degree of abomasitis and enter¬ 
itis, diffuse congestion of the lungs, and 
degeneration of the liver and kidney. Epicar- 
dial hemorrhages are common. Congestion 
of meningeal and cerebral vessels may also 
be observed and hemorrhages may be 
present in the meninges. An increase in CSF 
is often recorded but is of minor degree in 
most cases. 

In chronic cases, gross lesions in cattle 
include cerebrocortical softening, cavitation, 
and yellow discoloration with the most 
severe lesions in the occipital lobes. HTsto- 
logic lesions were most severe at the tips of 
the gyri. Similar lesions were produced 
experimentally. Acid-fast inclusion bodies 
deep in the renal cortex have diagnostic sig¬ 
nificance. Examination of the contents of the 
reticulum in ruminants for particulate lead 
matter is essential. Flakes of paint, lumps of 
red lead, or sheet lead usually accumulate in 
this site. Their absence is not remarkable, 
especially if animals have licked fresh paint, 
but their presence does give weight to the 
provisional diagnosis. 

Liver and Kidney Lead 

The submission of alimentary tract contents 
and tissues for analysis forms an important 
part of the diagnosis of lead poisoning, but 
results must be interpreted with caution. 

Cattle 

In the kidney cortex 25 mg/kg (ppm) of lead 
wet weight (WW) is diagnostic and is a more 
reliable tissue for assay than liver, which may 
contain 10 to 20 mg/kg WW. The concentra¬ 
tions in the kidney are always much higher 





than in the liver. A diagnostic laboratory 
found mean levels in livers of poisoned cattle 
of 93 |Tg/g WW, and 438 pg/g WW in 
kidneys. Tissue lead levels in cattle from 
industrial areas are significantly higher (liver 
0.23 mg/kg WW, kidney 0.42 mg/kg WW) 
than in cattle from clear air zones (liver and 
kidney less than 0.1 mg/kg WW). 

Horses 

Levels of lead at 4 to 7 mg/kg (ppm) WW 
have been found in the livers of horses dying 
of chronic lead poisoning but 25 to 250 mg/ 
kg are more likely, and 40 mg/kg WW may 
occur in the livers of affected pigs. 

Samples for Confirmation 
of Diagnosis 

• Toxicology: 50 g liver, kidney, and 
reticulum content (determine lead 
concentration) 

• Histology: formalin-fixed cerebral 
cortex, kidney (light microscopy) 


DIFFERENTIAL DIAGNOSIS 


In all cases, the possibility of access to lead 
and the environmental circumstances that may 
arouse suspicion of other poisonings or errors 
in management should be considered. 
Estimation of the lead content of blood and 
feces should be performed at the earliest 
opportunity and tissues for necropsy 
specimens submitted for analysis. 

Differential diagnosis list 

Cattle (see Table 14-12) 

Arsenic poisoning 

Claviceps paspali toxicity 
Diseases resulting in blindness 
(hypovitaminosis A, ophthalmitis, 
polioencephalomalacia) 

Hypomagnesemic tetany 
Meningoencephalitis 
Nervous acetonemia 

Sheep 

Enzootic ataxia caused by copper deficiency 
Enzootic muscular dystrophy 
Polyarthritis caused by bacterial infection 

Horses (see Table 14-11) 

Botulism 

Equine degenerative myeloencephalopathy 
Equine motor neuron disease 
Equisetum spp. (horsetail toxicosis) 

Fumonisin toxicosis (equine 
leukoencephalomalacia) 
Hepatoencephalopathy caused by hepatotoxic 
plants 

Laryngeal hemiplegia 
Protozoal encephalomyelitis 
Rabies 

Viral encephalomyelitides, including West Nile 
virus 
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TREATMENT 

Treatment in most animals includes support¬ 
ive care, preventing further exposure to lead, 
surgical removal of large amounts of lead 
from the gastrointestinal tract, and chelation 
therapy. Supportive care should include the 
use of tranquilization for those animals with 
neurologic signs and intravenous fluids to 
prevent and treat dehydration. Chelation 
therapy may be used to lower blood level 
concentrations but may not remove it com¬ 
pletely from tissues or affect tissue damage. 
Large amounts of lead left in the gastro¬ 
intestinal tract before chelation may result in 
enhanced or increased absorption of lead. 
Lead mobilized from tissue sites during che¬ 
lation may transiently increase blood lead 
levels and exacerbate clinical signs. 

Calcium Versenate 

Calcium versenate (calcium disodium EDTA 
[CaEDTA]) has been used successfully in 
cases of lead poisoning produced experi¬ 
mentally in calves and in natural cases in 
cattle and horses. 3,4,14 Cattle may be treated 
with 73.3 mg/kg/day slow intravenously 
divided two to three times a day for 3 to 5 
days. 19 If necessary, after a rest period of 2 
days, an additional 3 to 5 days of treatment 
may be used. Other doses and dosage regi¬ 
mens are available. 14,19 Horses may be treated 
with CaEDTA at 75 mg/kg BW divided two 
to three times a day by slow intravenous 
infusion for 4 to 5 days. 4,19 If necessary, after 
a rest period of 2 days, an additional 4 to 5 
days of therapy may be used. 

The disadvantages of CaEDTA is that it 
must be given intravenously and there are 
side effects. Renal and gastrointestinal toxic¬ 
ity may occur with long-term therapy, and 
essential minerals such as copper and iron 
may be removed with multiple treatments. 3 
Severe neurologic signs and dyspnea 
occurred in a horse receiving a second round 
of CaEDTA therapy. 4 

Succimer (Dimercaptosuccinic Acid) 

Dimercaptosuccinic acid has been used for 
many years in human medicine as a specific 
chelator for arsenic, lead, and mercury. 
Published doses are available for dogs, 
cats, and birds but not large animals. 19 Suc¬ 
cimer has the advantages of heavy metal 
specificity, oral administration, and lack of 
nephrotoxicity. 3 

Thiamine Hydrochloride 

When used in combination with CaEDTA, 
thiamine is a valuable agent for the treatment 
of lead poisoning. Thiamine hydrochloride 
reduced the deposition of lead in most 
tissues, especially liver, kidney, and the 
central and peripheral nervous system of 
experimentally poisoned calves. The 
recommended dose is 2 mg/kg BW intra¬ 
muscularly, given at the same time as 
CaEDTA, with a total daily dose not to 
exceed 8 mg/kg BW. 19 


Magnesium Sulfate 

Oral dosing with small amounts of magne¬ 
sium sulfate has been used on the basis that 
soluble lead salts will be precipitated as the 
insoluble sulfate and excreted in the feces. 14 
However, the lead is often present in large 
quantities and in the form of particles, which 
are only slowly dissolved. 

Rumenotomy 

Rumenotomy to remove the ingested lead 
has been used but may be unsatisfactory 
because of the difficulty in removing particu¬ 
late material from the recesses of the reticu¬ 
lar mucosa. However, it may be appropriate 
when a valuable animal is affected and it is 
known that the animal ingested a certain 
compound of lead, which may be removable 
from the reticulum and rumen. 


TREATMENT AND CONTROL 


Cattle 

Calcium versenate (73 mg/kg/day slow IV 
divided two to three times a day for 3-5 
days. Rest x 2 days. Repeat 4-5 days of 
therapy if need be) (R-2) 

Thiamine HCI (2 mg/kg BW IM, given at the 
same time as CaEDTA; max 8 mg/kg BW/ 
day)(R-2) 

Horses 

Calcium versenate (75 mg/kg BW divided two 
to three times a day slow IV for 4-5 days. 
Rest x 2 days. Repeat 4-5 days of therapy 
if need be) (R-2) 

Thiamine HCI (2 mg/kg BW IM, given at the 
same time as CaEDTA; max 8 mg/kg BW/ 
day)(R-2) 


BW, body weight; CaEDTA, calcium disodium 
ethylenediaminetetraacetic acid; IM, 
intramuscular; IV, intravenous. 


CONTROL 

The following practices are recommended to 

reduce the incidence of lead poisoning: 

• Limit grazing on pastures near lead 
mines, smelters, or battery recycling 
depots. 

• Use phosphate rock treatment on 
contaminated pastures (phosphate salts 
bind to lead yielding low solubility lead 
phosphates). 4 

• Keep trash out of pastures. 

• Do not burn wood or other substances 
in pastures, and keep animals away from 
ashes. 

• Provide adequate nutrition and 
consistent feeding practices to minimize 
pica or abnormal feeding behavior in 
livestock. 

• Consider temporarily adding calcium 
phosphate to the diet to decrease lead 
absorption. 4 

• Dispose of or store used lead batteries, 
motor oil, and leaded petroleum 
products in areas animals cannot access. 
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• Use vehicle service and machinery 
storage areas separate from areas used 
by livestock. 

• Use only lead-free paints on fencing, 
boards, and buildings. 

• Dispose of contaminated carcasses 
according to Environmental Protection 
Agency regulations. 

• Identify the source of lead intoxication. 

FURTHER READING 

Radostits O, et al. Veterinary Medicine: A Textbook of the 
Disease of Cattle, Horses, Sheep, Goats and Pigs. 10th 
ed. London: W.B. Saunders; 2007:1799. 
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MERCURY TOXICOSIS 


SYNOPSIS 


Etiology Ingestion, inhalation, or dermal 
exposure to mercury compounds including 
fungicides, phenylmercury treated grain, 
contaminated ashes, etc. 

Epidemiology Generally organic preparations 
used in seed grain fed accidentally to 
livestock. 

Clinical pathology High levels of mercury in 
all tissues; elevated serum urea nitrogen 
and creatinine concentration; decreased 
osmolarity, glycosuria, proteinuria, and 
phosphaturia. 

Lesions 

• Inorganic salts: acute, gastroenteritis; 
chronic, nephrosis. 

• Organomercurials: neuronal necrosis in 
brain and spinal nerves. 

Diagnostic confirmation High blood, urine, 
tissue, hair levels of mercury. 

Treatment Supportive and symptomatic care; 
judicious use of chelation in acute cases; 
treatment of chronic intoxication generally 
unrewarding. 

Control Care in the handling of agricultural 
and pharmaceutical mercury compounds. 


ETIOLOGY 

Mercury is a naturally occurring element 
(heavy metal) that occurs in three different 
forms. 1 Metallic mercury, an environmental 
pollutant, comes from sources such as 
mining, smelting, fossil fuels, volcanoes, and 
forest fires. 2 It is used in a variety of products 
including thermometers, button batteries, 
barometers, and dental fillings. Inorganic 
mercury (mercury salts) is produced when 
mercury is combined with a salt such as 
sulfur or chlorine. Fungicides, disinfectants, 
antiseptics, and older anthelmintics may 
contain inorganic mercurial compounds. 
Organic mercury (organomercurials) is 
formed when mercury combines carbon to 
form, among others, methylmercury, ethyl- 
mercury, and phenylmercury. 

EPIDEMIOLOGY 

Occurrence 

Stringent state and national standards have 
made mercury poisoning in animals a rare 
occurrence. Toxicosis, when it occurs, is 
most often associated with oral ingestion of 
an organic mercury compound. In general, 
this is chronic and caused by accumulation 
of grain contaminated with mercury in the 
form of phenylmercury. 3 Acute or chronic 
poisoning can occur from either inorganic or 
organic mercury compounds but is generally 
accidental in nature. 4 

Because of the availability of fungicidal 
agents other than mercury it is possible to 
limit the use of mercuric agents by legislation 
to those excreted rapidly by animals, the 
phenylmercury compounds, and prohibit 
those that are most highly retained in animal 
tissues, the ethyl and methyl compounds. 5 
Worldwide use of mercurial fungicides has 
declined, and poisoning is much less 
common than in the past. The most common 
products, when used, are dusts of 5.25% 
methoxyethylmercury silicate or methylmer¬ 
cury dicyandiamide. These and ethylmercu- 
ric chloride are toxic when fed to pigs at the 
rate of 0.19 to 0.7 6 mg of mercury per kilo¬ 
gram BW per day for 60 to 90 days. Methyl- 
mercury dicyandiamide fed to pigs at the 
rate of 5 to 15 mg/kg is associated with 
illness, and 20 mg/kg is associated with some 
deaths with a delay of 3 weeks between 
dosing and illness. 

Treated seed is usually not harmful if it 
comprises only 10% of the ration and must 
be fed in large amounts for long periods 
before clinical illness occurs. A single 
feeding even of large amounts of grain is 
thought to be incapable of causing mercury 
poisoning in ruminants, but horses may be 
susceptible. 

Accidental administration of medicines 
containing mercury, licking of skin dressings 
(e.g., mercuric oxide), and absorption from 
liberally applied skin dressings or combined 
with dimethyl sulfoxide may be associated 
with sporadic cases that may occur in horses 
after application of mercury-containing 


“blisters.” Inorganic mercury salts contami¬ 
nating lakes or other anaerobic ecologic 
areas can be reduced and converted to meth¬ 
ylmercury and serve as a source of organic 
mercurial poisoning or food contamination 
through accumulation in fish or fish meal. 

Risk Factors 
Animal Risk Factors 

The toxicity of mercury compounds depends 
on their solubility and the susceptibility of 
the animals. Cattle are highly susceptible, 
with toxicosis occurring on an average daily 
intake of mercury, in organic mercury form, 
of 10 mg/kg BW/day, whereas toxic effects 
are only obtained in sheep with intakes of 
17.4 mg/kg BW/day. In horses, the acute 
toxic dose inorganic mercury is 5 to 10 g. 5 
Chronic ingestion of inorganic mercuric 
chloride (0.8 g/kg BW/day) for 14 weeks 
resulted in mercury toxicity. 5 

Human Risk Factors 

Meat, liver, and kidneys from animals poi¬ 
soned by mercury are unsuitable for human 
consumption. Depending on the form of 
mercury, milk may not be safe. 

PATHOGENESIS 

The toxicokinetics of mercury depends on 
the form and route of exposure. Metallic 
mercury is primarily absorbed through the 
respiratory tract with very little by inges¬ 
tion. 1 It is lipophilic and once distributed to 
the kidneys it crosses both the blood-brain 
and placental barriers in which it can remain 
for extended periods of time. Excretion is via 
urine and feces and a small amount in milk. 
Inorganic mercury has limited gastro¬ 
intestinal absorption (<40%), is not lipo¬ 
philic, is distributed to several body organs, 
and accumulates in the kidney. 3 Excretion is 
via urine and feces with very small amounts 
in the milk. Organic mercury is almost com¬ 
pletely absorbed from the gastrointestinal 
tract (90%-95%). It is rapidly distributed to 
the circulatory system, is lipophilic, and 
crosses both the blood-brain and placental 
barriers in which it is trapped and accumu¬ 
lates in the brain and fetus, accumulates in 
RBCs, and undergoes further distribution 
to body tissues, reaching equilibrium in 
approximately 4 days. Excretion is very slow 
and primarily fecal, although some urine and 
milk excretion occurs. 

The mechanism of action relates to the 
specific form of mercury. Metallic mercury 
and organic mercury accumulate in the brain 
and are potent neurotoxicants. 1,5,6 Toxicity 
from methylmercury is multifactorial. It 
inhibits protein synthesis in the brain by 
interfering with aminoacyl tRNA synthetase 
enzymes, generates excess free radicals, and 
inhibits antioxidant enzymes resulting in cell 
death. All forms of mercury accumulate in 
the kidney, concentrating in the proximal 
renal tubular cells, producing cell membrane 
permeability, excess free radical formation, 
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inhibition of antioxidant enzymes, and 
induction of glutathione and glutathione- 
dependent enzymes. 1,5 Acute toxicity results 
in acute tubular necrosis and renal failure; 
chronic toxicity results in renal interstitial 
fibrosis and renal failure. 5 

CLINICAL FINDINGS 

The toxic effects of mercury depend on the 
form, route of exposure, dose, and duration 
of exposure. 1,5 The target organs of both inor¬ 
ganic and organic mercury are the brain and 
kidney, and this is where the most damage 
occurs. 1,6,7 

Acute inorganic mercury toxicosis occurs 
when large amounts of inorganic mercury 
are ingested. There is an acute gastroenteritis 
with vomiting of bloodstained material and 
severe diarrhea. 4 Death occurs within a few 
hours from shock and dehydration. In less 
acute cases the patient survives several days. 
The syndrome includes salivation, a fetid 
breath, anorexia, oliguria, tachycardia, 
hyperpnea, and, in some cases, posterior 
paralysis and terminal convulsions. 

Chronic inorganic mercury toxicosis 
occurs when small amounts of inorganic 
mercury are ingested over longer periods. 
Damage to the kidney and nervous system 
in addition to the gastrointestinal tract 
is likely to occur. 4 Signs include depres¬ 
sion, anorexia, emaciation, a stiff, stilted 
gait that may progress to paresis, alopecia, 
scabby lesions around the anus and vulva, 
pruritus, petechiation and tenderness of the 
gums and shedding of the teeth, persistent 
diarrhea, weakness, incoordination, and 
convulsions. 

Chronic organic mercurial poisoning is 
associated with neurologic syndromes. 4,5 In 
pigs blindness is accompanied by staggering, 
gait instabilities, lameness, recumbency, and 
inability to eat, although the appetite is good. 
Cattle poisoned in this way show ataxia, neu¬ 
romuscular incoordination, paresis, recum¬ 
bency, convulsions, evidence of renal failure, 
and death. Clinical signs may not develop 
until 20 days after feeding is commenced. 
Sheep are similar to cattle, although signs of 
tetraplegia may occur. Horses show renal 
disease, neurologic abnormalities, colic, and 
laminitis. 

CLINICAL PATHOLOGY 

Mercury can be detected at higher levels 
than normal in the blood, urine, feces, milk, 
tissues, and hair of affected animals and in 
the toxic source material. 1,4,8 Urine is the best 
source for metallic and inorganic mercury 
and hair for organic mercury. Generally, 
blood is useful only for the first 3 to 5 days 
postexposure as distributed to other tissues 
occurs. 1 Creatinine and serum urea nitrogen 
concentrations will be elevated and urinaly¬ 
sis may show reduced osmolarity, glycosuria, 
proteinuria, and phosphaturia. Less than 
0.2% of ingested mercury is excreted in 
cows milk. 


NECROPSY FINDINGS 

In acute cases, there is severe gastroenteritis 
with edema, hyperemia, and petechiation of 
the alimentary mucosa. The liver and kidneys 
are swollen, and the lungs are congested and 
show multiple hemorrhages. There may be 
an accompanying catarrhal stomatitis. A 
crusting focus of dermatitis may be identi¬ 
fied if exposure was percutaneous. 

Histologically, the renal tubular epithelial 
cells are swollen and vacuolated, and pro¬ 
teinuria is evident. An ulcerative colitis may 
also be visible. In chronic toxicity associated 
with organic mercury compounds there are 
also degenerative changes in nerve cells in 
the cortex of the cerebrum, brainstem, and 
spinal cord. The lesions include neuronal 
necrosis, neuronophagia, cortical vacuola- 
tion, and gliosis. Fibrinoid necrosis of lepto- 
meningeal arterioles may be seen. Other 
common microscopic changes include 
degeneration of granular cells of the cerebel¬ 
lar cortex and of Purkinje cells of the 
myocardium. 

Mercury reaches its greatest concentra¬ 
tion in the kidney, and this tissue should be 
submitted for assay. In horses with acute 
mercury toxicosis, renal tissue with mercury 
at more than 10 pg/g of mercury is diagnos¬ 
tic. 4 Concentrations of 100 mg/kg may be 
present in the kidney of animals poisoned 
with inorganic mercury. With chronic 
organic mercurial poisoning in swine, levels 
of mercury up to 2000 mg/kg may be present 
in the kidney. 

Samples for Confirmation 
of Diagnosis 

• Toxicology: 50 g kidney, brain is half 
fresh and half in formalin, 500 g of 
suspect feed (ASSAY [Hg]); muscle 
tissue for potential residues in food 
animal edible tissues 

• Histology: formalin-fixed kidney, heart, 
oral and/or skin lesions; half of 
midsagittally sectioned brain (LM) 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

• Arsenic toxicosis (especially organic 
arsenicals in swine) 

• Lead toxicosis 


TREATMENT 

Treatment should be aimed toward removal 
of the source and providing supportive care. 
Activated charcoal followed by mineral oil or 
another laxative should be used in acute 
cases. Further care includes intravenous 
fluids to enhance hydration, promote excre¬ 
tion, and correct electrolyte abnormalities, 
gastrointestinal protectants, and pain medi¬ 
cations. Antioxidants, including selenium, 
have been used in human beings. 9 

There is no true antidote, and the use of 
chelation agents is controversial. In acute 


toxicity in horses, intramuscular dimercaprol 
(BAL) at 3 mg/kg BW every 4 hours x 2 days, 
followed by 3 mg/kg BW every 6 hours on day 
3, and then 3 mg/kg BW twice a day X10 days 
has been used. 4 Penicillamine, 3 mg/kg BW 
orally every 6 hours has also been used effec¬ 
tively. 4 In cattle and swine, intramuscular 
dimercaprol at 3 mg/kg BW every 6 hours for 
4 days, followed by every 12 hours for 10 days 
has been recommended. 10 

CONTROL 

Seed grains dusted with mercury compounds 
should not be fed to animals. 

FURTHER READING 

Graeme MD, et al. Heavy metal toxicity, part I: arsenic 
and mercury. / EmergMed. 1988;16:45-56. 

Neathery MW, Miller WJ. Metabolism and toxicity of 
cadmium, mercury, and lead in animals: a review. / 
Dairy Sci. 1975;58:1767. 

Radostits O, et al. Mercury poisoning. In: Veterinary 
Medicine: A Textbook of the Disease of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:1814. 
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BORON TOXICOSIS 

Boron, an essential element for plant growth, 
is added to many agricultural fertilizers and 
presents yet another toxic chemical in the 
list of farm hazards for animals. Boron com¬ 
pounds such as boric acid or sodium borate 
are generally of low toxicity and reports of 
poisoning in cattle rare. In some fertilizers, a 
solubilized form of boron is used to increase 
availability thus increasing its toxicity and 
palatability. Cattle accidentally ingesting 
a boron-containing fertilizer developed 
depression, weakness, tremor, and ataxia; 
other reported signs include short periods 
of gait spasticity, dorsiflexion of the head, 
and flutter of the periorbicular muscles, fol¬ 
lowed by stumbling backward and sternal 
recumbency, then lateral recumbency, and 
a quiet death. The case-fatality rate is 100%. 
There are no gross lesions on necropsy 
examination. 

Experimental dosing with the fertilizer 
in goats is associated with the previously 
mentioned syndrome plus head-shaking, 
ear-flicking, star-gazing (staring), phantom 
dodging, oral champing, restless weight 
shifting from foot to foot, sawhorse stance, 
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mild diarrhea, and frequent urination. The 
goats do not eat or drink but paw food and 
water as though they are hungry but unable 
to prehend. 

FURTHER READING 

Radostits O, et al. Veterinary Medicine: A Textbook of 
the Disease of Cattle, Horses, Sheep, Goats and Pigs. 
10th ed. London: W.B. Saunders; 2007:1830. 

Sisk DBB, et al. Acute, fatal illness in cattle exposed to 
boron fertilizer. / Am Vet Med Assoc. 1988;193: 
943-946. 

BROMIDE TOXICOSIS 

Bromide salts are available in several forms 
including sodium bromide, potassium 
bromide, and methyl bromide. 1 ' Potassium 
bromide has been added to horse feed and 
studied in horses for treatment of epilepsy. 1,2 
Sodium bromide is commonly used in swim¬ 
ming pools as an alternative to chlorine and 
in the petroleum industry around oil wells. 
Methyl bromide is a soil fumigant once com¬ 
monly used worldwide. Because of its effect 
on the ozone layer, a planned phase out of 
methyl bromide will be complete in 2015. 3 

Ingestion of methyl bromide-con¬ 
taminated oat hay by horses, goats, and cattle 
and sodium bromide-pelleted feed by cattle 
has resulted in toxicosis. Clinical signs are 
neurologic in nature and include ataxia, 
weakness, and lethargy. 

FURTHER READING 

Knight HD, Costner GC. Bromide intoxication of 
horses, goats, and cattle. / Am Vet Med Assoc. 
1977;171:446. 

Knight HD, Reina-Guerra M. Intoxication of cattle with 
sodium bromide-contaminated feed. Am J Vet Res. 
1977;38:407. 

Lynn G, et al. Grain fumigant residues, occurrence of 
bromides in the milk of cows fed sodium bromide 
and grain fumigated with methyl bromide. / Agric 
Food Chem. 1963;11:87-91. 
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ORGANIC TOXINS AFFECTING 
THE NERVOUS SYSTEM 

ANTHELMINTIC TOXICOSIS 

Anthelmintics are drugs used to treat infec¬ 
tions with parasitic worms. This includes 
both flat worms (e.g., flukes and tapeworms) 
and round worms (i.e., nematodes). Poison¬ 
ing associated with most of the newer anthel¬ 
mintics is rare and usually caused by an 
accidental overdose in individual animals or 
a mixing error when added to feed. Older 
anthelmintics carry the burden of higher 
toxicity, but fortunately their use has declined 
dramatically. 

COMMONLY USED ANTHELMINTICS 

Commonly used anthelmintics include the 
following groups: 


• Amino-acetonitrile derivatives 
(monepantel) 

• Benzimidazoles and probenzimidazoles 
(albendazole, fenbendazole, etc.) 

• Cyclic octadepsipeptides (emodepside) 

• Imidazothiazoles (levamisole) 

• Macrocyclic lactones ([MLs] ivermectin, 
moxidectin, doramectin) 

• Miscellaneous (Piperazine, clorsulon) 

• Praziquantel/epsiprantel 

• Salicylanilides/substituted phenols 
(closantel, rafoxanide, oxyclozanide) 

• Tetrahydropyrimidines (pyrantel and 
morantel) 

OLDER ANTHELMINTICS 

Older, rarely used anthelmintics include: 

• Carbon tetrachloride 

• Hexachloroethane 

• Hexachlorophene 

• Nicotine 

• Phenothiazines 

• Sumicidin (fenvalerate) 

• Tetrachlorethylene 

CURRENTLY USED ANTHELMINTICS 
Amino-Acetonitrile Derivatives 
(Monepantel) 

Amino-acetonitrile derivatives (ADD) are a 
group of synthetic compounds with activity 
against intestinal nematodes. Anthelmintics 
in this group work by binding to an MPTL-1, 
nematode-specific acetylcholine receptor. 1 
Monepantel, an ADD, was originally mar¬ 
keted in New Zealand as a drench for sheep, 
but it is now used in Australia, South 
America, Europe, and other countries. 1,2 
Oral administration to sheep at 5x the rec¬ 
ommended dose every 3 weeks X 8 treat¬ 
ments did not result in any adverse effects. 1 
No adverse effects were noted in ewes when 
given 3x the recommended dose every 5 
days for their entire reproductive cycle. 2 

Benzimidazoles (Albendazole, 
Fenbendazole, and Thiabendazole) 
and Probenzimidazoles (Febantel, 
Netobimin, etc.) 

The benzimidazoles are generally not water 
soluble and thus poorly absorbed from the 
gastrointestinal tract. Probenzimidazoles 
must be absorbed and metabolized into their 
respective active compounds. The mecha¬ 
nism of action of this group is inhibition of 
parasitic (l-tubulin, which generally makes 
them safe drugs. 3 Many of them, however, 
are contraindicated in pregnancy because of 
antimitotic activity with resultant embryo 
toxicity and teratogenicity. 3,4 

Albendazole, Cambendazole, 
and Parbendazole 

Albendazole at four times the standard dose 
produces some fetal abnormalities if given 
early in pregnancy. Cambendazole and par¬ 
bendazole are teratogens and are specifically 
contraindicated in pregnant animals, espe¬ 
cially during the first third of the pregnancy 


and at dose rates higher than normal. The 
safety margin is small, and their use at any 
dose level is not recommended in these 
females. Defects produced include rotational 
and flexing deformities of the limbs, over¬ 
flexion of the carpal joints, abnormalities of 
posture and gait, vertebral fusion and asym¬ 
metric cranial ossification, cerebral hypopla¬ 
sia, and hydrocephalus. 

Fenbendazole 

A dose of fenbendazole and the flukicide 
bromsalans to cattle either simultaneously or 
within a few days of each other may be 
accompanied by deaths. Because fenbenda¬ 
zole and the other tertiary benzimidazoles, 
oxfendazole and albendazole, are extremely 
valuable in removing dormant Ostertagia 
ostertagi larvae, it is suggested that Fascol 
(bromsalans) should not be used when this 
is an important problem or if 2 weeks should 
elapse between treatments. 

Thiabendazole 

At an oral dose rate of 800 mg/kg BW in 
sheep, transient signs of salivation, anorexia, 
and depression appear. There are similar 
signs at larger dose rates, and death is 
likely at a dose rate of 1200 mg/kg BW. 
Toxic nephrosis is the cause of death and 
is reflected in the clinical and pathologic 
findings of hypokalemia, hypoproteinemia, 
and uremia. 

Cyclic Octadepsipeptides 
(Emodepside) 

Currently emodepside is the only commer¬ 
cially available member of this group, and it 
is registered in the United States and Europe 
for use in dogs and cats. 1 It has been used 
experimentally in sheep and cattle and found 
to be effective and safe. 1,5 Anthelmintics in 
the groups have a dual mechanism of action, 
binding to a SLO-1, calcium-activated potas¬ 
sium channel SLO-1 and binding to am 
HC110R, latrophilin-like receptor. The result 
is inhibition of pharyngeal muscle activity in 
parasites resulting in death. 1,5 

Imidazothiazoles (Levamisole) 

All commercial preparations of levamisole 
consist of the levo isomer. Its mechanism of 
action is similar to nicotine by causing pro¬ 
longed depolarization and neuromuscular 
junction blockade resulting in parasympa¬ 
thetic stimulation and cholinergic type 
signs. 5 '' The absorption of levamisole is rapid 
regardless of the route of administration. 
Elimination is rapid with an elimination 
half-life of 2.34 hours (intramuscularly) and 
5.44 hours (orally) in sheep, 1.44 hours 
(orally) in goats, and 6.9 hours (intramuscu¬ 
larly) and 9.3 hours (orally) in swine. 8 

There are some human health implica¬ 
tions because levamisole may be found in 
meat, milk, and cheese especially in toxic 
situations. The withdrawal period of sheep is 
13 days, goats 9 days, swine 11 days, and beef 








and milk from dairy cows 48 hours. 8 A recent 
study involving six dairy cows receiving 
levamisole at 5 mg/kg BW and oxyclozanide 
at 10 mg/kg BW showed levamisole residues 
greater than 0.83 (ag/kg for the first 10 milk¬ 
ings and concentration of levamisole resi¬ 
dues in soft, hard, and whey cheeses. 9 

Accidental injection of pigs caused vom¬ 
iting, salivation, ataxia, recumbency, and a 
high mortality within a few minutes of injec¬ 
tion. In pigs, concurrent treatment with 
levamisole and pyrantel tartrate resulted in 
enhanced toxicity of the levamisole. 6 

Sheep accidentally receiving a double 
dose of levamisole as a drench developed 
depression, head-shaking, muscle tremors, 
spastic movements, and diarrhea.' Levami¬ 
sole used during the breeding season has an 
adverse effect on the semen quality in rams 
when used as an anthelmintic and on preg¬ 
nancy in ewes when used as an immuno¬ 
modulatory agent. 10 

Double doses in goats produce mild 
depression and ptosis, whereas higher doses 
produce, in addition, head-shaking, twitch¬ 
ing of facial muscles, grinding of teeth, sali¬ 
vation, tail-twitching, increased micturition, 
and straining. 

Following treatment at standard doses, 
some cattle show signs of lip-licking, 
increased salivation, head-shaking, skin 
tremors, and excitability. The excitability is 
more marked in calves; when released they 
tend to raise their tails and run around the 
paddock. Coughing may commence within 
15 to 20 minutes, but this is from the death 
and expulsion of lung worms and stops in 24 
hours. With higher doses, the signs are more 
pronounced, defecation is frequent, and 
hyperesthesia in the form of a continuous 
twitching of the skin may be seen. 

Macrocyclic Lactones (Ivermectin, 
Moxidectin, and Doramectin) 

Macrocyclic lactones are insecticides, acari- 
cides, and nematicides in a number of species 
and are covered in a separate chapter. 

Miscellaneous (Piperazine 
and Clorsulon) 

Piperazine 

Piperazine acts to block neuromuscular 
transmission in the parasite resulting in 
flaccid paralysis and rapid expulsion of 
parasites. Piperazine should not be used 
in animals with a heavy parasite load, in 
particular foals, because it may result 
in an ascarid-impaction colic or intestinal 
perforation. 

Piperazine compounds are relatively non¬ 
toxic but poisoning can occur in horses on 
normal or excessive doses. Signs follow a 
delay of 12 to 24 hours and include incoor¬ 
dination, pupillary dilation, hyperesthesia, 
tremor, somnolence, and either swaying 
while at rest or lateral recumbency. Recovery 
follows in 48 to 72 hours without 
treatment. 
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Clorsulon 

Clorsulon is a sulfonamide used primarily in 
the treatment of liver flukes in cattle and 
sheep. It has a high margin of safety and few 
reports of toxicosis. Infected sheep treated 
with 100 mg/kg showed no adverse effects 
and neither did uninfected sheep treated 
with 200 mg/kg and 400 mg/kg. No acute 
toxic dose is recorded for cattle, although 
cows treated with 25x the label dose showed 
no changes in weight gain or feed consump¬ 
tion. 11 Uninfected goats treated with 35 mg/ 
kg every other day for three doses showed no 
adverse effects. 11 Clorsulon is distributed to 
muscle and secreted into milk so appropriate 
precautions need to be taken both with 
normal use and in overdose situations. 

Praziquantel/Epsiprantel 

Praziquantel and epsiprantel are effective 
against cestode parasites in most species of 
animals and humans. 12 Both products have a 
wide margin of safety, and reports of toxicity 
in large animals are scarce. 

Salicylanilides/Substituted Phenols 
(Closantel, Rafoxanide, 
and Oxyclozanide) 

Closantel, rafoxanide, and oxyclozanide are 
halogenated salicylanilides effective against 
Fasciola spp. in sheep and have approxi¬ 
mately the same low level of toxicity if dosed 
appropriately. They are capable of causing 
CNS signs including temporary or perma¬ 
nent blindness if overdosed, especially in 
small rumianants. 13,14 Overdosed sheep and 
goats developed retinal lesions characterized 
by necrosis, loss of the photoreceptor layer, 
and retinal separation. 14 Status spongiosus of 
the cerebral and cerebellar white matter were 
consistent findings at postmortem. 14 

All three drugs are highly protein bound 
and have very long terminal half-lives (clos¬ 
antel, 14.5 days; rafoxanide, 16.6 days; oxy¬ 
clozanide, 6.4 days) in sheep. Associated 
with their use are tissue residues and the 
need for long withholding times. 

Tetrahydropyrimidines 
(Pyrantel and Morantel) 

Pyrantel, either as pamoate or tartrate salt, is 
widely used in horses and pigs and, to a 
lesser extent, ruminants. Morantel tartrate, 
the methyl ester, is more widely used in 
ruminants. There are two mechanisms of 
action. 1 The first mechanism is inhibition of 
fumarate reductase, whereas the second 
mechanism is a direct action on acetylcho¬ 
line receptors at the neuromuscular junction. 
It is the second mechanism that is responsi¬ 
ble for paralysis and death of the parasite. 

All of these drugs have been on the 
market for over 30 years and are considered 
safe in most species studied. Pyrantel 
pamoate is labeled for administration to 
mares a month before foaling; no adverse 
reactions were reported when it was admin¬ 
istered at the recommended dose to pregnant 


mares or breeding stallions. No adverse reac¬ 
tions were reported when pyrantel tartrate 
was administered at the recommended dose 
to pregnant mares or breeding stallions. 
Horses dosed with pyrantel tartrate at 
100 mg/kg BW developed incoordination, 
sweating, and an increased respiratory rate. 
Cattle dosed at 200 mg/kg morantel tartrate 
(20x the recommended dose) did not exhibit 
any adverse effects. Morantel tartrate has a 
14-day meat withdrawal in cattle, but no 
milk withholding time. 

OLDER ANTHELMINTICS 
Carbon Tetrachloride 

Carbon tetrachloride is sometimes acciden¬ 
tally administered in excessive quantities but 
deaths are more common when sheep are 
given standard doses or cattle are dosed by 
mouth instead of by injection. Standard 
doses of 2 mL per sheep to kill adult Fasciola 
hepatica or 1 mL/10 kg BW to obtain efficacy 
against immature forms, have been widely 
used but in some circumstances these doses 
can be highly toxic. Doses as low as 
0.5 mL/10 kg BW can be associated with 
liver damage in calves, and clinical effects are 
apparent at 1 mL/10 kg BW in goats. 

Inhalation of carbon tetrachloride is 
associated with an immediate and acute 
depression of the CNS and peripheral and 
circulatory collapse. Diffuse pulmonary 
edema occurs and sheep that survive show 
hepatic and renal damage. Ingestion of toxic 
doses may result in death within 24 hours 
because of anesthetic depression and severe 
pulmonary edema, or may occur 3 to 7 days 
later resulting from renal and hepatic insuf¬ 
ficiency. Deaths are associated with almost 
complete liver and kidney failure. 

In gross overdosing or inhalation there is 
an immediate onset of staggering, falling, 
progressive narcosis, collapse, convulsions, 
and death caused by respiratory failure. 
Animals that survive this stage or, as in the 
most common form of carbon tetrachloride 
poisoning in which animals absorb insuffi¬ 
cient dose to produce narcosis, additional 
signs may be manifested in 3 to 4 days. These 
include anorexia, depression, muscle weak¬ 
ness, diarrhea, and jaundice. After a further 
2 to 3 days affected sheep go down and mild- 
to-moderate clonic convulsions may occur, 
but death is always preceded by a period of 
coma. Survivors are emaciated and weak, 
and may develop photosensitization or shed 
their wool. They are very susceptible to envi¬ 
ronmental stresses, particularly inclement 
weather, and isolated deaths may occur for 
several months. 

Animals dying after inhalation of the 
drug show marked pulmonary, hepatic, and 
renal damage. Those dying of massive oral 
overdosing may show abomasitis and inflam¬ 
mation of the duodenum. In addition acute 
hepatic swelling, pallor, and mottling accom¬ 
panied by centrilobular necrosis and fatty 
degeneration, and renal lesions of extensive 
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tubular necrosis and degeneration, are 
observed in animals that die after the inges¬ 
tion of small doses. 

Hexachloroethane 

Hexachloroethane is preferred to carbon tet¬ 
rachloride for the treatment of fascioliasis in 
cattle, but it is not completely without danger. 
Deaths are rare (1 in 20,000) cattle treated 
and in sheep (1 in 40,000), but nonfatal 
illness is not uncommon. Susceptible groups 
may show narcosis, muscle tremor, and 
recumbency after administration of the stan¬ 
dard dose (cattle, 15 g per 6 months of age 
up to a maximum of 60 g; sheep, 0.4 g/kg 
BW); such animals should be given half this 
dose on two occasions at 48-hour intervals. 

Animals with large overdoses show 
ataxia, dullness, anorexia, dyspnea, ruminal 
tympany, and sometimes abdominal pain, 
diarrhea, and dysentery. Necropsy lesions 
include acute abomasitis and enteritis, edema 
of the abomasal mucosa, and hepatic centri- 
lobular necrosis. Treatment with calcium 
borogluconate as in milk fever elicits a good 
response. 

Hexachlorophene 

At high dose rates (25-50 mg/kg BW) hexa¬ 
chlorophene is associated with atrophy of 
seminiferous epithelium of the testis of 
young adult rams. Repeated dosing is associ¬ 
ated with periportal fatty changes in liver. 

Nicotine 

Nicotine poisoning seldom occurs in 
animals except in lambs and calves in which 
nicotine sulfate is still incorporated in some 
vermifuges. Doses of 0.2 to 0.3 g nicotine 
sulfate have been toxic for lambs weigh¬ 
ing 14 to 20 kg. Animals in poor condition 
are more susceptible than well-nourished 
animals. Animals are affected within a few 
minutes of dosing and show dyspnea with 
rapid shallow respirations, muscle tremor 
and weakness, recumbency, and clonic con¬ 
vulsions. Animals that survive the acute 
episode may show abdominal pain, saliva¬ 
tion, and diarrhea. At necropsy there may 
be abomasitis and inflammation of the 
duodenum. 

Phenothiazine 

Exposure to phenothiazine has occurred in 
the past from its extensive use as an anthel¬ 
mintic. Keratitis, a noteworthy sign of poi¬ 
soning, is most common in calves, rarely in 
pigs and goats, and usually after a heavy 
single dose of phenothiazine, but it can occur 
in a program of daily intake in a dietary 
premix. Phenothiazine is absorbed from the 
rumen as the sulfoxide, conjugated in the 
liver and excreted in the urine as leukophe- 
nothiazine and leukothionol. As urine is 
voided, further oxidation turns the meta¬ 
bolic products to a red-brown dye, phenothi¬ 
azine and thionol, which may be confused as 
hematuria or hemoglobinuria. 


Cattle are unable to detoxify all the sulf¬ 
oxide and some escapes into the circula¬ 
tion and can enter the aqueous humor of 
the eye, causing photosensitization. Other 
photodynamic agents that cannot enter the 
eye may also be produced, and they, with 
the sulfoxide, are associated with photosen¬ 
sitization of light-colored parts of the body. 
Hyperlacrimation with severe blepharo¬ 
spasm and photophobia commences 12 to 36 
hours after treatment and is followed by the 
development of a white opacity on the lateral 
or dorsal aspects of the cornea, depend¬ 
ing on which is exposed to sunlight. Most 
animals recover within a few days, particu¬ 
larly if kept inside or in a shaded paddock. 
If the animals continue to be exposed, a 
severe conjunctivitis with keratitis may 
result. 

Sumicidin 

Sumicidin (fenvalerate) is a synthetic pyre- 
throid anthelmintic capable of causing non¬ 
fatal restlessness, yawning, frothing at the 
mouth, dyspnea, ear and tail erection, pupil¬ 
lary dilation, ruminal tympany, regurgitation 
of ruminal contents, staggering, tremor, 
clonic convulsions, and recumbency after a 
single oral dose. Single oral doses of >450 mg/ 
kg are lethal. Repeated daily dosing (113 mg/ 
kg BW or 225 mg/kg BW) also causes death 
after 5 to 15 days. 

Tetrachlorethylene 

Tetrachlorethylene rarely produces incoordi¬ 
nation, which may be evident for 1 or 2 hours 
after dosing in cattle or sheep. Treatment is 
not usually necessary. 

FURTHER READING 

Cornwell RL, Jones RM. Controlled laboratory trials 
with pyrantel tartrate in cattle. Br Vet J. 
1970;126:134-141. 

Dayan AD. Albendazole, mebendazole and praziquantel. 
Review of non-clinical toxicity and 
pharmacokinetics. Acta Trop. 2003;86:151-159. 
Delatour P, Parish R. Benzimidazole Anthelmintics and 
Related Compounds: Toxicity and Evaluation of 
Residues. Orlando, FL: Academic Press; 1986. 
McKellar QA, Jackson F. Veterinary anthelmintics: old 
and new. Trends Parasitol. 2004;20:456. 

McSherry BJ, et al. The hematology of phenothiazine 
poisoning in horses. Can Vet J. 1966;7:3. 

Radostits O, et al. Poisoning by anthelmintics. In: 
Veterinary Medicine: A Textbook of the Disease of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1830. 

Van Cauteren H, Vandenberghe J, Herin V, et al. 
Toxicological properties of closantel. Drug Chem 
Toxicol. 1985;8(3):101-123. 

Von Samson-Himmelstjerna G, et al. Efficacy of two 
cyclooctadepsipeptides, PF1022A and emodepside, 
against anthelmintic-resistant nematodes in sheep 
and cattle. Parasitology. 2005;130:343-346. 

REFERENCES 

1. Epe N, et al. Trends Parasitol. 2013;29:129. 

2. Malikides N, et al. New Zeal Vet J. 2009;57:192. 

3. Danaher M, et al. J Chromatography. 2007;845:1. 

4. Teruel M, et al. Biocell. 2011;35:29. 

5. Crisford A, et al. Mol Pharmacol. 2011;79:1031. 


6. Hsu WH, Martin RJ. Antiparasitic agents. In: Hsu 
WH, ed. Handbook of Veterinary Pharmacology. 
Ames, IA: Wiley-Blackwell; 2013:379. 

7. Rahimi S, et al. Iran J Vet Med. 2008;6:12. 

8. Zanon RB, et al. / Vet Pharmacol Ther. 2013;36:298. 

9. Whelan M, et al. / Agric Food Chem. 2010;58:12204. 

10. Pancarci SM, et al. Bull Vet Inst Pulawy. 
2007;51:253. 

11. Lanusse CE, et al. Anticestodal and antitrematodal 
drugs. In: Rivere JE, Papich MG, eds. Veterinary 
Pharmacology and Therapeutics. 9th ed. Ames, IA: 
Wiley-Blackwell; 2009:1095. 

12. Slocombe J, et al. Vet Parasitol. 2007;144:366. 

13. Ecco R, et al. Vet Rec. 2006; 159:564. 

14. Van der Lugt JJ, et al. Comp Pathol. 2007; 136:87. 

15. Elsheikha HM, McOrist S. Antiparasitic drugs: 
Mechanisms of action and resistance. In: Elsheikha 
HM, Khan NA, eds. Essentials of Veterinary 
Parasitology. Norfolk, UK: Caister Academic Press; 
2011:87. 

MACROCYCLIC LACTONE 
(IVERMECTIN, MOXIDECTIN, 
ETC.) TOXICOSIS 


SYNOPSIS 


Etiology Exposure to any of the macrocyclic 
lactone compounds including abamectin, 
doramectin, eprinomectin, ivermectin, and 
moxidectin. 

Epidemiology Wide application as 

insecticides, nematicides, and ascaricides. 
Ivermectin is most popular because of 
safety and efficacy. Agricultural uses include 
miticides, ascaricide, and insecticide. 

Clinical pathology Nonspecific changes in 
CBC and elevations in liver enzymes; 
increases in plasma and milk concentrations 
of specific compound. 

Lesions Nonspecific postmortem lesions. 

Diagnostic Confirmation Clinical signs, 
history of exposure, analysis of tissue or 
body fluids. 

Treatment No antidote, supportive care; 
intravenous intralipid emulsion in individual 
cases. 

Control Use appropriate dose for size and 
weight of animal; keep agricultural and 
crop products stored where animals cannot 
access them. 


CBC, complete blood count. 


ETIOLOGY 

Ivermectin, the most widely recognized of 
the group, is a semisynthetic ML originally 
obtained from Streptomyces avermitilis. 1 It is 
approved for oral or injectable use as an 
endectocide in horses, cattle, sheep, goats, 
swine, and many other species but not lactat- 
ing cattle, sheep, and goats. 1 ' 2 Abamectin is a 
mixture of ivermectin B la and B lb used pri¬ 
marily as an injectable product in cattle. 
Other ML endectocides used in livestock 
include doramectin (injectable and pour- 
on), eprinomectin (pour-on), and moxidec¬ 
tin (oral, injectable, pour-on). 3 ' 7 They are 
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also agricultural products used on crops 
and fields as miticides, ascaricides, and 
insecticides. 8 

EPIDEMIOLOGY 

The MLs have a wide margin of safety in 
most species when used at the recommended 
doses and according to label directions. Clin¬ 
ical signs of toxicosis in all species involve 
neurologic dysfunction as well as some 
gastrointestinal disturbances. 9 Many of the 
case reports involve younger animals and are 
caused by an incomplete blood-brain barrier, 
failure to adequately estimate weight, or 
massive overdoses. ' 10 There have been case 
reports of adult horses developing neuro¬ 
logic signs when administered the recom¬ 
mended dose of ivermectin. These may be 
caused by the presence of a toxic plant, other 
medications, low body fat, or other physio¬ 
logic reasons. 

Eight-month-old Jersey bull calves receiv¬ 
ing 600 pg/kg BW either intravenously or 
subcutaneously developed neurologic signs 
including depression, ataxia, and miosis. 
Calves receiving 8 mg/kg BW developed neu¬ 
rologic signs and became recumbent 24 hours 
after dosing with ivermectin. 11 Horses receiv¬ 
ing 6 to 10 times the recommended dose of 
ivermectin developed ataxia, depression, and 
vision impairment within 24 hours of dosing. 
Three horses displayed classic signs of iver¬ 
mectin toxicosis after receiving the normal 
recommended dose and consuming toxic 
plants in the Solarium family. 12 

Occurrence 

Poisoning associated with MLs has been 
reported worldwide in a large number of 
animal species most often secondary to an 
inadvertent overdose or misuse of the 
product. Agricultural use of the product as a 
miticide, insecticide, or ascaricide opens the 
door to herd problems should animals be 
exposed to bulk quantities. 

Risk Factors 
Animal Risk Factors 

Reports of toxicosis are most common in 
horses and often in foals. In general, a dosing 
error has occurred and the animal has 
received several times the recommended 
dose. 9,10 Signs of toxicosis have been reported 
with normal doses, but these often occur in 
conjunction with another compound or 
substance. 11 

Environmental Risk Factors 

MLs are excreted in the feces of treated 
animals and may contaminate the field or act 
as a poison to nontarget species either 
directly through defecation or when manure 
is spread in a pasture or field. 13,14 

PATHOGENESIS 

The pharmacokinetic properties of MLs 
depend on the dose, specific formulation, 
and route of administration. In general, MLs 


are slowly absorbed, widely distributed 
throughout the body to fat and liver, 
poorly metabolized, and excreted primarily 
unchanged in the feces. 1,5 Up to 90% of iver¬ 
mectin and 77% of moxidectin are excreted 
via bile into the feces. 1,6 At normal doses they 
do not cross the blood-brain barrier of 
healthy, adult large animals, which his due 
primarily to action of the P-glycoprotein 
transporter system. 5,6 They are lipophilic, in 
particular moxidectin, and thus the lack of 
body fat may play a role in the elimination 
half-life and toxicity in debilitated animals. 5 
In the absence of body fat, MLs concentrate 
in the serum and may reach levels high 
enough to overcome the blood-brain barrier. 5 
They exert their toxic effects by binding 
to GABA and glutamate-gated chloride 
channels. Binding to glutamate-gated chlo¬ 
ride channels results in hyperpolarization 
and paralysis of the parasites pharyngeal 
pump musculature. 1,5,6 Glutamate-gated 
chloride channels are present only in nema¬ 
todes and arthropods. In animal species, 
GABA-gated channels are only found in the 
CNS and poisoning does not occur unless 
the P-glycoprotein transporter is over¬ 
whelmed or compromised and MLs are 
allowed to enter. 

CLINICAL FINDINGS 

Clinical signs in horses are primarily those 
of neurologic dysfunction. 9,10, 12,15 Intoxicated 
horses are ataxic and stand base wide with 
the head down. Muscle tremors, head¬ 
pressing, impaired vision, and facial nerve 
abnormalities including ptosis, have been 
reported. Mydriasis is commonly reported. 
Other signs include hyperthermia, colic, sei¬ 
zures, and recumbency. Similar signs have 
been reported in other species including 
cattle and pigs. 1 

NECROPSY FINDINGS 

Postmortem findings are nonspecific. Tissues 
and body fluids (serum and milk) may be 
analyzed for the presence of ML compounds 
using high-performance lipid chromatogra¬ 
phy. 16 Gastrointestinal contents, feces, fat, 
and liver are the best specimens to submit for 
postmortem analysis. 6 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

• Blue-green algae toxicosis 

• Central nervous system trauma 

• Encephalitis 

• Hepatic encephalopathy 

• Organophosphorus compound or 
carbamate toxicosis 


TREATMENT 

There is no antidote for ML toxicosis and 
treatment is symptomatic and supportive. 
Activated charcoal should be administered in 
recent overdoses when the animal is stable; 


multiple doses are recommended because 
MLs undergo enterohepatic recirculation. 
Methocarbamol has been recommended 
for tremors, diazepam or phenobarbital for 
seizures, and intravenous fluids for rehy¬ 
dration. 9,10,12 Physostigmine is no longer 
recommended because of the incidence 
of seizures. Sarmazenil, a benzodiazepine 
agonist effective at GABA receptor sites, at 
0.04 mg/kg BW intravenously every 2 hours 
x 6 doses has been used with equivocal 
success. 5,10 

An intravenous intralipid emulsion (ILE) 
containing 20% soybean oil in water has 
been used successfully in the treatment of 
ivermectin and moxidectin overdoses in 
dogs 1 ,ls and was successful in treating a large 
overdose in a miniature Shetland pony. 10 The 
mechanism of action of ILEs in drug over¬ 
doses is not completely understood. When 
associated with lipophilic drug overdoses, it 
may act as a vascular “lipid sink,” pulling 
drugs from the CNS back into the systemic 
circulation in which they can be metabolized 
and/or excreted. 10 There currently is no spec¬ 
ified dose in large animals; the recommended 
small animal dose is a bolus of 1.5 mL/kg 
BW slowly over 1 to 3 minutes, followed by 
an infusion of 0.25 to 0.5 mL/kg BW over 30 
to 60 minutes. 19 The dose (0.25 mL/kg BW) 
may be repeated in 4 to 6 hours if there is no 
evidence of lipemia in the serum. 10 



CONTROL 

Careful attention should be paid to adminis¬ 
tration as most of the case reports revolve 
around errors in administration, primarily 
because of miscalculation of an animal’s 
weight or failure to read and follow direc¬ 
tions. As with all anthelmintics and insecti¬ 
cides, MLs should be kept in an area where 
animals cannot access them. 
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ORGANOPHOSPHORUS 
COMPOUNDS AND 
CARBAMATE INSECTICIDES 


SYNOPSIS 


Etiology Poisoning by accidental exposure or 
overdosing with any one of the very large 
number of insecticides in these two groups 
of organic compounds. 

Epidemiology Outbreaks occur from 
overdosing, use of oil-based preparations 
formulated for use on nonanimal surfaces, 
dehydrated animals, drift of spray from 
orchards, field crops to pasture. 

Clinical pathology Marked depression of 
blood cholinesterase levels. 

Lesions 

Acute disease: no diagnostic lesions. 

Delayed neurotoxicity: degenerative lesions 
in peripheral nerves and spinal cord. 

Diagnostic confirmation Depressed 
cholinesterase levels in blood; 
organophosphate or carbamate in feed or 
environment. 

Treatment Atropine in large doses to effect 
or atropine plus 2-PAM; remove residual 
toxin from hair coat; prevent absorption 
from gastrointestinal tract with activated 
charcoal and cathartics. 

Control Avoid use in stressed, especially 
dehydrated, animals. Special constraints 
with chlorpyrifos. 

ETIOLOGY 

Organophosphorus (OP) compounds and 
carbamates act in essentially the same 
manner therapeutically and toxicologically, 
but bonding of the compound to the esterase 
enzyme is irreversible in the OP compounds 
and spontaneously degradable with the car¬ 
bamates, rendering the carbamates poten¬ 
tially less dangerous. A large number of 


compounds are included in the group, and 
those used for the direct treatment of animals 
have been selected for their low toxicity. A 
vast amount of information is available on 
the relative toxicities of the many compounds 
but it is not possible to provide details here 
and the information does not lend itself to 
summarization. 1 

EPIDEMIOLOGY 

Occurrence 

All animal species are affected. OP com¬ 
pound and carbamate poisoning in animals 
may occur less frequently as safer insecti¬ 
cides are developed. 2 

Source of Toxin 

• Grazing in recently sprayed areas, 
particularly orchards in which the most 
toxic compounds are frequently used 

• Spray used on cereal crops and in 
orchards carried by wind onto pasture 
fields 

• Hay or cubes made from plants sprayed 
with organophosphate compounds 

• Inadvertent access to granular 
insecticides intended for crops 

• Use of old insecticide containers as 
feeding utensils 

• Contamination of water supplies 

• Too high a concentration of the 
insecticide in a spray 

• Storage toxicity of some compounds 
appears to increase with storage 

• Application to animals of products 
containing oily bases designed 
specifically for spraying on walls or 
plants 

Risk Factors 
Animal Risk Factors 

Susceptible groups include the following: 

• Young animals (but with some 
compounds adults are more so), 
stressed, water-deprived, and chilled 
animals; the increased susceptibility 
caused by restriction of water intake is 
noted especially after oral treatment to 
control warble fly infestations. 

• Pregnant females in that congenital 
defects occur in their offspring. 

• Brahman and Brahman-cross cattle 
appear to be more susceptible to some 
compounds than other cattle. 

• Dorset Down sheep may be especially 
susceptible. 

• Chlorpyrifos is more toxic for male 
animals with high blood levels of 
testosterone and is not recommended 
for use in bulls over 8 months of age. 

Environmental Risk Factors 

The introduction of these compounds into 
animal therapeutics as treatments for nema¬ 
tode, botfly, sheep nasal botfly, and warble fly 
infestations and as insecticidal sprays on 
plants and soil has increased their impor¬ 
tance as possible causes of poisoning and as 


causes of pollution of milk, meat, and eggs. 
They also have a role in the poisoning of 
native birdlife and other nontarget animals. 2 

Transmission 

• Formulation used, especially the solvent 
or vehicle used and droplet size 

• Method of application, e.g., the toxicity 
of pour-ons is delayed by 24 hours 
compared with sprays 

PATHOGENESIS 

OP compounds are highly toxic and readily 
absorbed by ingestion, inhalation, and by 
percutaneous and perconjunctival absorp¬ 
tion. Once absorbed, sulfur-containing OPs 
(phosphorothioates and phosphorodithio- 
ates) are metabolized by mixed function 
oxidases (MFOs) and sulfur is exchanged 
for oxygen, thus increasing toxicity. There 
are two forms of toxicity: cholinesterase 
inactivation and an OP-induced, delayed 
neurotoxicity. 

Cholinesterase Inactivation 

The inactivation of cholinesterase by these 
OP compounds is associated with an increase 
in acetylcholine in tissues and increased 
activity of the parasympathetic nervous 
system and of the postganglionic cholinergic 
nerves of the sympathetic nervous system. 
The toxic effects thus reproduce the musca¬ 
rinic and nicotinic responses of acetylcholine 
administration. Differences between the tox¬ 
icities of compounds depend on the stability 
of this bonding between esterase and com¬ 
pound, and the toxicity of the substance 
formed by the bonding. 

The muscarinic effects of acetylcholine 
are the visceral responses of the respiratory 
system and include marked respiratory dis¬ 
tress caused by a decrease in dynamic lung 
compliance and arterial oxygen tension and 
an increase in total pulmonary resistance; 
there is bronchial constriction and increased 
mucous secretion by bronchiolar glands. 
In the alimentary tract there is increased 
peristalsis and salivation. Effects in other 
systems include hypotension and bradycar¬ 
dia, pupillary constriction, sweating, and 
abortion. 

The nicotinic effects are the skeletal 
muscle responses of twitching, tremor and 
tetany, convulsions, opisthotonus, weakness, 
and flaccid paralysis. There is a difference 
in the relative muscarinic and nicotinic 
responses between species, and the visceral 
effects are more marked in ruminants and 
the muscular effects more evident in pigs in 
which posterior paralysis is the common 
manifestation. 

Organophosphorus-lnduced 
Delayed Neurotoxicity 

This form of toxicity is manifested by distal 
axonopathy commencing 1 or 2 weeks after 
the poisoning incident. There is a dieback of 
neurons causing regional flaccid paralysis, 
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especially in long neurons. The pathogenesis 
of this lesion is the toxic end product pro¬ 
duced by the interaction between some OP 
compounds and the esterase, a phosphory- 
lated neurotoxic esterase. The most severe 
effects are associated with industrial OP 
compounds. Typical examples include the 
following: 

• Congenital defects in young carried by 
poisoned pregnant females. 

• Bilateral laryngeal hemiplegia 
in horses. 

• Paralytic ileus may possibly be 
associated with chlorpyrifos toxicosis. 
Haloxon, in particular, has this neuro¬ 
toxic effect because it is associated with only 
a slight depression in cholinesterase levels, 
but a neurotoxic response in the form of 
hindlimb ataxia has been reported in a pro¬ 
portion of treated sheep and pigs. The sus¬ 
ceptibility of sheep is determined by each 
individual’s genetic ability to metabolize this 
class of OP compound. 

CLINICAL FINDINGS 
Acute Poisoning 

In general, signs of acute toxicity in animals 
may occur within minutes of inhalation or 
ingestion of solutions of the more toxic com¬ 
pounds and deaths 2 to 5 minutes later. After 
cutaneous application of dichlorvos to calves 
clinical signs appear within 30 minutes, peak 
at about 90 minutes, and disappear in 12 
to 18 hours. With less toxic compounds in 
solid form, signs may not appear for some 
hours and deaths may be delayed for 12 to 
24 hours. 

Cattle, Sheep, and Goats 
Acute Toxicosis 

In acute cholinesterase inactivation the pre¬ 
monitory signs, and the only signs in mild 
cases, are salivation, lacrimation, restless¬ 
ness, nasal discharge, cough, dyspnea, diar¬ 
rhea, frequent urination, and muscle stiffness 
with staggering. Grunting dyspnea is the 
most obvious, often audible from some dis¬ 
tance because of the number affected. Addi¬ 
tional signs include protrusion of the tongue, 
constriction of the pupils with resulting 
impairment of vision, muscle tremor com¬ 
mencing in the head and neck and spreading 
over the body, bloat, collapse, and death with 
or without convulsions or severe respiratory 
distress. In sheep and goats, the signs also 
include abdominal pain. Signs disappear at 
12 to 18 hours. 

Delayed Neurotoxicity 

In these cases, the signs do not appear for at 
least 8 days and up to 90 days after the poi¬ 
soning. Signs include posterior incoordina¬ 
tion and paralysis. Chlorpyrifos is a specific 
example of this kind of poisoning. It should 
not be applied to adult dairy cattle or to 
mature bulls. The signs include anorexia, 
depression, recumbency, a distended 
abdomen, ruminal stasis and diarrhea, and 


fluid splashing sounds on percussion of the 
right flank. Severe dehydration develops and 
may result in death. 

Pigs 

Acute Toxicosis 

In pigs acute cholinesterase inactivation vis¬ 
ceral effects (except vomiting) are less pro¬ 
nounced than in ruminants and salivation, 
muscle tremors, nystagmus, and recum¬ 
bency are characteristic. In some instances, 
the syndrome is an indefinite one with 
muscle weakness and drowsiness the only 
apparent signs. Respiratory distress and diar¬ 
rhea do not occur. 

Delayed Neurotoxicity 

Outbreaks of posterior paralysis occur 3 
weeks after dosing with an OP anthelmintic; 
clinical signs vary in severity from knuckling 
in the hindlimbs to complete flaccid paraly¬ 
sis. The hindlimbs may be dragged behind 
while the pigs walk on the front legs. Affected 
pigs are bright and alert and eat well. 

Horses 

Acute Toxicosis 

Signs include abdominal pain and grossly 
increased intestinal sounds, a very fluid diar¬ 
rhea, muscle tremors, ataxia, circling, weak¬ 
ness, and dyspnea. Increased salivation 
occurs rarely. In foals, fluid diarrhea, which 
is a transient sign in moderate intoxication, 
may be expanded to a severe gastroenteritis 
with heavier dose rates. 

Delayed Neurotoxicity Syndrome 

Bilateral laryngeal paralysis develops in foals 
after dosing with an OP anthelmintic. 

Miscellaneous Signs of 
Organophosphorus Poisoning 

• Piglets with congenital defects of the 
nervous system manifested clinically by 
ataxia and tremors are produced by 
sows dosed with OP compounds during 
pregnancy. Teratogenicity may be a 
characteristic of only some OP 
compounds, e.g., trichlorfon is 
teratogenic and dichlorvos is not. 

• A significant drop in conception rate 
when the administration is at the 
beginning of estrus. 

• Most OP compounds are associated 
with only temporary interference with 
cholinesterase and are not associated 
with any permanent effects in recovered 
animals. With some compounds, 
especially coumaphos and ronnel, the 
recovery period may be quite long (up 
to 3 months in the case of ronnel) 
because of slow excretion of the 
compound and the combined 
compound-esterase complex. 

• Absorption of an OP compound may 
also be associated with significant 
changes in the patients cholinesterase 
status without causing clinical signs. 


• Potentiation of the action of 

succinylcholine chloride can occur for 
up to 1 month after the administration 
of the OP compound in horses; the 
administration of the relaxant to a 
sensitized horse can be followed by 
persistent apnea and death. This, and a 
number of other interactions with drugs 
that may themselves have toxic effects, 
means that the manufacturer’s 
instructions for OP compounds must be 
followed explicitly. 

CLINICAL PATHOLOGY 

The estimation of cholinesterase in body 
tissues and fluids is the most satisfactory 
method of diagnosing this poisoning, but it 
is essential that proper methods and stan¬ 
dards of normality be used. Convincing 
figures are of the order of 50% to 100% 
reduction from normal controls. The degree 
and the duration of the depression of blood 
cholinesterase levels varies with the dose rate 
and the toxicity of the compound used. 
Blood cholinesterase levels are depressed for 
much longer than clinical signs are apparent, 
e.g., after dichlorvos poisoning the depres¬ 
sion of cholinesterase level in the blood does 
not reach bottom until 12 hours after appli¬ 
cation, and the return to normal levels takes 
7 to 14 days. Similarly, cholinesterase levels 
in cattle poisoned with terbufos, an agricul¬ 
tural insecticide, do not commence to rise 
toward normal until 30 days and are not 
normal for 150 days after the poisoning inci¬ 
dent. Unlike organophosphate insecticides, 
carbamate insecticide cholinesterase inhibi¬ 
tors may spontaneously reverse binding, and 
cholinesterase depression may not be detect¬ 
able in recently poisoned animals. 

Suspected food material can be assayed 
for its content of OP compounds but assays 
of animal tissues or fluids are virtually value¬ 
less and may be misleading. 

NECROPSY FINDINGS 

There are no gross or histologic lesions at 
necropsy in acute cholinesterase inactivation 
cases, but tissue specimens could be col¬ 
lected for toxicologic analysis. Material sent 
for laboratory analysis for cholinesterase 
should be refrigerated but not deep frozen. 

Distinctive degenerative lesions in periph¬ 
eral nerves and spinal cord can be seen in 
delayed neurotoxicity cases, and hypoplasia is 
visible in the cerebrum, cerebellum, and 
spinal cord in congenitally affected piglets. 


DIFFERENTIAL DIAGNOSIS 


Outbreaks of a syndrome of dyspnea, 
salivation, muscle stiffness, and constriction of 
the pupils after exposure plus a history of 
exposure and depressed blood levels of 
cholinesterase suggest intoxication with these 
organophosphorus compounds, but diagnostic 
confirmation requires positive assay results on 

Continued 
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suspected toxic materials. In cattle the 
morbidity and case-fatality rates are 
approximately 100%, but in pigs the recovery 
rate is good and all pigs may recover if intake 
has been low and access is stopped. With the 
other poisons listed next, death is much more 
common in pigs, and residual defects, 
including blindness and paralysis, occur in a 
proportion of the survivors. 

Differential diagnosis list 

Cattle 

• Early stages of nicotine poisoning 

• Groups of cattle affected by acute bovine 
pulmonary emphysema and edema (fog 
fever) 

• Sporadic cases of anaphylaxis 
Horses 

• Lead toxicosis 
Pigs 

• Arsenic toxicosis 

• Avitaminosis A 

• Mercury poisoning 

• Sodium chloride (salt) poisoning 


TREATMENT 

Animals that have been dipped or sprayed 
should be washed with water to which soap 
or a detergent is added to remove residual 
OP material. When oral intake has occurred, 
activated charcoal will adsorb residual toxin 
in the gut. 

Primary treatment is urgent and critical, 
especially in cattle because of the usually high 
case-fatality rate. Atropine is the antidote for 
muscarinic effects, but does not reverse the 
nicotinic effects of the OP compound, i.e., 
tremors, spasms, and convulsions. The rec¬ 
ommended dose in sheep and goats is 0.5 mg/ 
kg BW with given intravenously and the 
remainder intramuscularly or subcutane¬ 
ously. 3 This should be repeated every 3 to 4 
hours for 1 to 2 days with salivation and heart 
rate guiding therapy. Atropine appears to 
have low efficacy in sheep. This is not a 
serious drawback because sheep are much 
less susceptible than cattle to larger doses of 
atropine. The recommended dose of atropine 
in horses is 0.02 to 0.2 mg/kg BW intrave¬ 
nously to effect, ’ but it needs to be given with 
care because horses are very susceptible to 
the gastrointestinal effects of atropine. 

Oximes, if available and economically 
feasible, may be useful in the early treatment 
of poisoning from OP compounds. Their 
usefulness as antidotes declines rapidly with 
the passage of time after the poisoning 
occurs, and they are of doubtful use after 24 
hours. The most common oxime is pralidox- 
ime chloride (2-PAM). The recommended 
dose rate for 2-PAM in ruminants is 25 to 
50 mg/kg BW given intravenously as a 20% 
solution over 6 minutes. 4 In horses 2-PAM at 
doses of 20 mg/kg BW has given good 
results. 4 Treatment may need to be repeated 
for up to 10 days to counteract slower acting 
compounds such as coumaphos. 


TREATMENT AND CONTROL 


Ruminants 

Atropine sulfate (0.5 mg/kg BW with X given 
IV and the remainder IM or SC; repeat 
every 3-4 hours for 1-2 days) (R1) 

Pralidoxime chloride (2-PAM) (25-50 mg/kg 
BW IV as a 20% solution over 6 minutes. 
Repeat as needed) (R2, depending on 
economics; not for herd use) 

Horses 

Atropine sulfate (0.02 to 0.2 mg/kg BW IV to 
effect; repeat judiciously SC every 1.5-2 
hours) (R1, only if needed) 

Pralidoxime chloride (2-PAM) (20 mg/kg BW 
IV; repeat every 4-6 hours as needed) (R2) 


BW, body weight; IM, intramuscularly; IV, 
intravenously; SC, subcutaneously. 


CONTROL 

Most outbreaks occur after accidental access 
to compounds. Animals to be treated orally 
with OP insecticides should be permitted 
ample fresh drinking water beforehand. Use 
of chlorpyrifos is restricted to beef cattle and 
not in calves less than 12 weeks old or in 
bulls over 8 months of age. 

FURTHER READING 

Abdelsalam EB. Factors affecting the toxicity of 

organophosphorus compounds in animals. Vet Bull. 
1987;57:441-448. 

Barrett DS, et al. A review of organophosphorus 
ester-induced delayed neurotoxicity. Vet Human 
Toxicol. 1985;27:22-37. 

Radostits O, et al. Organophosphorus compounds and 
carbamates. In: Veterinary Medicine: A Textbook of 
the Disease of Cattle, Horses, Sheep, Goats and Pigs. 
10th ed. London: W.B. Saunders; 2007:1834. 

Savage EP, et al. Chronic neurological sequelae of acute 
organophosphate pesticide poisoning. Arch Environ 
Health. 1988;43:38. 
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INDUSTRIAL 

ORGANOPHOSPHATES 

Principal industrial uses of organophos- 
phates are as fire-resistant hydraulic fluids, as 
lubricants, and as coolants. A number of 
compounds including tri-o-tolyl phosphate, 
tri-o-cresyl phosphate (TOCP), and triaryl 
phosphates (TAP) have come to veterinary 
notice as being associated with poisoning in 
animals. TAPs contain a number of isomers 
as well as TOCP (e.g., m-cresol, p-cresol, 
o-cresol), and all of them are more poisonous 


than TOCP. Poisoning may occur by inges¬ 
tion or cutaneous absorption. 

Clinical signs of delayed neurotoxicity do 
not occur until several weeks after contact 
and include irreversible neurologic signs of 
respiratory stertor, dyspnea, dysuria, knuck¬ 
ling, leg weakness, and posterior paralysis. 

Diagnostic confirmation depends on evi¬ 
dence of exposure to the toxicant, signs 
referable to the nervous system lesions, and 
a positive assay for the toxicant in the ani¬ 
mals tissues. Necropsy lesions characteristi¬ 
cally include neuronal degeneration in the 
spinal cord and peripheral nerves. 

ROTENONE TOXICOSIS 

Rotenone has been extensively used in the 
past to control bovine Hypoderma larvae 
(cattle grubs). It is a neurotoxicant; chronic 
exposure results in degeneration of neuronal 
cells, especially dopaminergic neurons. 1 Use 
as a pesticide and insecticide in the United 
States is being phased out, in part because of 
its link to Parkinson’s disease in humans. 2 

It has a reputation for low mammalian 
toxicity but relatively high toxicity to aquatic 
life. The mammalian oral LD 50 is 100 to 
300 mg/kg, whereas the LD 50 for fish is less 
than 100 (ig/L of water. Oral absorption in 
mammals is limited but enhanced by fat in 
the diet. 

Ingesta at necropsy may contain as much 
as 2000 ppm of rotenone. Signs include 
salivation, muscle tremor, vomiting, ascend¬ 
ing paralysis, incoordination, quadriplegia, 
respiratory depression, coma, and death. 
Accidental oral exposure may be treated with 
activated charcoal, and an osmotic cathartic 
for decontamination followed by control of 
seizures is needed. Phenothiazine tranquiliz¬ 
ers are contraindicated in rotenone toxicosis. 

FURTHER READING 
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Graham OH, et al. The potential of animal systemic 
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ORGANOCHLORINE 

INSECTICIDES 


SYNOPSIS 


Etiology Poisoning by any of the group of 
insecticides including aldrin, hexachloride, 
chlordane, DDT, dieldrin, endrin, heptachlor, 
isodrin, lindane, methoxychlor, or 
toxaphene. 

Epidemiology Accidental or misinformed 
overdosing. Usage on animals now 
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superceded by other less toxic compounds. 
Stored or leftover products may accidentally 
be accessed by animals. It is important 
because of residues in animal products 
used in the human food chain. 

Clinical pathology Assay of compounds in 
animal tissues. 

Lesions No consistent significant lesions; 
some animals show pale musculature. 

Diagnostic confirmation Chemical assay of 
liver or brain for acute poisoning; fat or 
other animal tissue for chronic poisoning. 

Treatment. Supportive care only; control 
hyperthermia and seizures. Removal of 
residual chemical; activated charcoal for 
oral detoxification. 

Control Do not use these insecticides and 
store them appropriately. 


DDT, dichlorodiphenyltrichloroethane. 


ETIOLOGY 

This group of poisons includes dichlorodi- 
phenyltrichloroethane (DDT), benzene 
hexachloride (and its pure gamma isomer, 
lindane), aldrin, dieldrin, chlordane, toxa- 
phene, methoxychlor, dichlorodiphenyldi- 
chloroethane, isodrin, endrin, and 
heptachlor. Methoxychlor is less toxic than 
DDT, and isodrin and endrin are more 
toxic than aldrin and dieldrin. Camphor 
(2-bornanone) is chemically similar to toxa- 
phene and is associated with a similar syn¬ 
drome when fed accidentally. 

EPIDEMIOLOGY 

Occurrence 

Poisoning with these compounds has been 
recorded in all animal species. The chlori¬ 
nated hydrocarbons have come under so 
much criticism as environmental contami¬ 
nants that they are rarely used directly on 
animals, so outbreaks of clinical illness asso¬ 
ciated with them are much less common 
than they were. 

Risk Factors 
Animal Risk Factors 

The compounds vary in their ability to pass 
the skin barrier. Benzene hexachloride, 
aldrin, dieldrin, and chlordane are readily 
absorbed. Species susceptibility to skin 
absorption also varies widely. Very young 
animals of any species are more susceptible 
than adults, and lactating and emaciated 
animals also show increased susceptibility. 

Farm or Premise Risk Factors 

Many outbreaks are associated with the 
application to animals of products intended 
for crops, e.g., endosulfan, and labeled spe¬ 
cifically “Not For Animal Use.” These insec¬ 
ticides may contaminate soil and persist 
there for many years. Rooting animals such 
as pigs are particularly susceptible to this 
source of poisoning. These compounds are 


also sometimes fed accidentally and in large 
amounts in lieu of feed additives, and are 
associated with acute poisoning. In feedlot 
animals, signs may continue for as long as a 
year because of repeated contamination from 
the environment. Insect baits, e.g., grasshop¬ 
per baits containing toxaphene and chlor¬ 
dane, used on pasture and for leaf-eating 
insects on market gardens can be associated 
with poisoning in livestock, which may eat 
large quantities of them. These insecticides, 
especially heptachlor, are incorporated in the 
soil before the crop of potatoes or maize is 
sown to control soil pests. Subsequent 
grazing of the field will cause contamination 
of the livestock for several years. 

Environmental Risk Factors 

Organochlorines are closely regulated and 
banned in many countries primarily because 
of their persistence in the environment, but 
some are still widely used in agriculture, 
principally on growing plants to control 
insect pests and on stored seed grain to 
control fungi. If the plants or grain, even 
milled and by-products, e.g., bran, are fed to 
animals, they can be associated with prob¬ 
lems of tissue residues; if they are fed in suf¬ 
ficient quantities they can be associated with 
clinical illness. 

Human Risk Factors 

Because the compounds are soluble in fat 
and accumulate in body stores they are for¬ 
midable threats to the meat industry. They 
are also excreted in significant amounts in 
milk and enter the human food chain at this 
point. They are concentrated still further in 
cream and butter. 

Transmission 

Ingestion, inhalation, aspiration, and percu¬ 
taneous absorption are all possible portals of 
entry so that contamination of feed and 
application of sprays and dips can all be asso¬ 
ciated with poisoning. 

Method of Application 

Dipping of animals is the most hazardous 
method of application because entry may 
occur through all portals. Spraying is safer 
because percutaneous absorption and inha¬ 
lation are the only portals of entry. The small 
particle size of the compound and concen¬ 
tration of animals in confined spaces while 
spraying increase the possibility of poison¬ 
ing. Oily preparations are not used for animal 
treatment but are used inadvertently and are 
readily absorbed through the skin. 

Formulation Used 

Concentrations of insecticide in formula¬ 
tions used for spraying barns are much 
higher than those used for animals. Among 
spray preparations simple solutions are most 
dangerous followed by emulsions and, least 
of all, suspensions of wettable powder. 
Dusting is safest and is preferred to other 


methods. Preparations for use on plants are 
often unstable emulsions, which come out of 
suspension quickly when they reach the 
plant. If these preparations are used in 
animal dips, the first few animals through 
the dip can be heavily contaminated and 
suffer acute, lethal toxic effects. Although the 
treatment of pastures to control their insect 
pests is usually safe to animals grazing, the 
treated pasture or hay made from it can cause 
contamination of animal products. This con¬ 
tamination can be avoided by incorporating 
the insecticide into superphosphate granules 
(“prills”) instead of applying it as sprays 
or dusts. 

PATHOGENESIS 

The mechanism of action of organochlorines 
is to induce repetitive discharge of motor 
and sensory neurons by interference with 
axonal transmission of nerve impulses. After 
absorption, cyclodiene insecticides are acti¬ 
vated by the MFO system, and any prior 
chemical or environmental exposures that 
increase the MFO system may exacerbate the 
onset of poisoning. The diphenyl aliphatic 
(DDT) organochlorines affect sodium chan¬ 
nels, prolonging sodium influx and inhibit¬ 
ing potassium efflux at the nerve membrane. 
The cyclodiene organochlorines competi¬ 
tively inhibit the binding of GABA at recep¬ 
tor sites, resulting in loss of GABA inhibition 
and resultant stimulation of the neuron. In 
all organochlorine poisonings recovery may 
occur, but with smaller animals paralysis 
follows and finally collapse and death ensue. 

Most of the substances accumulate in the 
fat depots, where they are a potential source 
of danger in that sudden mobilization of the 
fat may result in liberation of the compound 
into the bloodstream and the appearance of 
signs of poisoning. 

CLINICAL FINDINGS 

The speed of onset of illness after exposure 
varies from a few minutes to a few hours, 
depending on the portal of entry and the 
compound and its formulation, but it is 
never very long. 

The toxic effects produced by the 
members of this group include complete 
anorexia, increased excitability and irritabil¬ 
ity followed by ataxia, muscle tremor, weak¬ 
ness and paralysis, and terminal convulsions 
in severe cases. Salivation and teeth grinding 
occur in large animals and vomiting occurs 
in pigs. Variations on this clinical syndrome, 
which is common to all organochlorine 
intoxications, include the following: 

• DDT and methoxychlor chronic 
poisoning may be associated with 
moderate liver damage. 

• Benzene hexachloride, lindane, 
chlordane, toxaphene, dieldrin, endrin, 
aldrin, and heptachlor are associated 
with an exaggerated syndrome including 
teeth grinding, champing of jaws, 
dyspnea, tetany, snapping of the eyelids, 
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auricular spasms, opisthotonus, frequent 
micturition, frenzied movements, 
walking backward, climbing walls, 
violent somersaults, and aimless 
jumping. Fever of 5% to 7% above 
normal may occur, possibly as a result 
of seizure activity. Seizures may persist 
for 2 or 3 days if the animal does not 
die. 

CLINICAL PATHOLOGY 

Blood, hair, and ingesta can be assayed 
chemically for specific toxins. The removal of 
a biopsy from the fat pad near the cow’s tail 
offers a satisfactory means of providing 
samples for tissue analysis. Organochlorine 
residues in acutely poisoned animals may 
reach 4 to 7 ppm in brain or liver. 

NECROPSY FINDINGS 

At necropsy there are no specific major 
lesions in the nervous system, but toxic hep¬ 
atitis and tubular nephritis appear in some 
cases. Tissue levels need to be high to be 
good indicators of recent intoxication. If pos¬ 
sible, the specimens should be deep frozen, 
and the suspected compound should be 
nominated because assay procedures are 
long and involved. 

Samples for Postmortem 
Confirmation of Diagnosis 

• Specimens of hair, if the portal is 
percutaneous 

• Ingesta, if oral intake is probable 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

• Lead poisoning 

• Rabies 

• Pseudorabies of cattle 

• Polioencephalomalacia 

• Thromboembolic meningoencephalitis 

• Salt poisoning in pigs 


TREATMENT 

There is no specific primary treatment. Acti¬ 
vated charcoal (2 g/kg) given early by 
stomach tube will bind pesticide in rumen 
and reduce further absorption. The use of 
mineral oil should be avoided because it will 
increase the absorption of lipid organochlo- 
rines. Residual chemical should be removed 
from the coat with a degreasing soap and 
copious water rinse. Supportive treatment 
includes sedation with diazepam or pento¬ 
barbital sodium until signs disappear, moni¬ 
toring and treating hyperthermia, and 
replacing fluid losses. 

Treatment to reduce the contamination 
of tissues is unsuccessful and in most cases 
the time required for the contamination to 
subside varies between compounds but is 
lengthy, taking 3 to 6 months or longer. For 
example, cows fed DDT prepartum need an 
average of 189 days from parturition for the 


level in the milk fat to decline to 125 ppm. 
After the source of contamination is removed, 
drenching of cows with up to 2 kg of acti¬ 
vated charcoal followed by daily incorpora¬ 
tion in their feed for 2-week intervals has 
been recommended for this purpose. Neither 
of these procedures is really practical in the 
average farm operation. The common proce¬ 
dure for reducing the level of tissue contami¬ 
nation in animals is to put them in a feedlot 
without any contact with pasture and feed 
them on energy-intensive rations. Sheep 
decontaminate much more quickly than 
cattle, and animals on a high plane of nutri¬ 
tion eliminate the toxins more quickly. 

CONTROL 

Avoidance of the use of the compounds is 
recommended. 
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SODIUM FLUOROACETATE 
(COMPOUND 1080) TOXICOSIS 

ETIOLOGY 

Sodium fluoroacetate in the form of com¬ 
pound 1080 is used as a potent rodenticide 
in agriculture. It is currently used in the 
United States against coyotes and in Austra¬ 
lia and New Zealand against introduced 
species such as possums. 1 ' 2 It is also formed 
naturally by fluoride uptake from the soil 
and water in many plants that are native to 
Africa, Australia, and Brazil. The toxic dose 
level for domestic animals including sheep is 
0.3 mg/kg BW, 3 and 0.4 mg/kg BW is lethal 
for cattle. Sublethal doses may be cumulative 
if given at sufficiently short intervals. 

EPIDEMIOLOGY 

The use of fluoroacetate in agriculture poses 
a hazard for grazing farm animals because it 
is usually spread out across fields combined 
with cereals, carrots, or bread as bait and is 
attractive to ruminants. 

PATHOGENESIS 

Fluoroacetate in the body is converted to 
fluorocitrate, which inhibits the enzymes 
aconitase and succinate dehydrogenase in 


the tricarboxylic acid cycle (Krebs cycle) 
leading to the accumulation of significant 
amounts of citrate in tissues and to irrevers¬ 
ible cardiac damage. Two actions are mani¬ 
fest: CNS stimulation producing convulsions 
and myocardial depression with ventricular 
fibrillation. In sheep the predominant effect 
with acute poisoning is on the myocardium 
and the pulmonary system; in pigs and dogs 
it is the nervous system. 

CLINICAL SIGNS 

Clinical signs vary widely among species. In 
herbivores, sudden death in acute cases typi¬ 
cally occurs. The animals are found dead 
without evidence of a struggle, or there are 
tetanic convulsions and acute heart failure 
with the animals showing weakness and 
dyspnea accompanied by cardiac arrhyth¬ 
mia, a weak pulse, and electrocardiographic 
evidence of ventricular fibrillation. 

In sheep with subacute poisoning, the 
signs are similar but are not apparent when 
the animal is at rest. When they are dis¬ 
turbed, the nervous signs of tremor and con¬ 
vulsions appear but disappear when the 
sheep lies down. 

Pigs manifest the nervous form of the 
disease, including hyperexcitability and 
violent tetanic convulsions. In all cases there 
is a period of delay of up to 2 hours after 
ingestion before signs appear. 

CLINICAL PATHOLOGY/ 

NECROPSY FINDINGS 

There are no specific lesions, but the tissues 
contain elevated levels of citrate. 

TREATMENT/CONTROL 

No specific treatment is available. In cats, 
calcium gluconate and sodium succinate 
have been used successfully in the treatment 
of experimental intoxication. 4 Care in the 
disposition of baits and highly dependable 
retrieval of uneaten baits before allowing 
livestock access to baited fields preempts 
most mortalities. 

FURTHER READING 

Radostits O, et al. Veterinary Medicine: A Textbook of the 
Disease of Cattle, Horses, Sheep, Goats and Pigs. 10th 
ed. London: W.B. Saunders; 2007:1839. 
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MOLLUSCICIDE TOXICOSIS 

Metaldehyde 

Metaldehyde is the active ingredient in prod¬ 
ucts used to control slugs and snails (mol- 
lusks), mites, and insects. 13 It is often used 
in combination with a carbamate, such as 
methiocarb, and historically with calcium 











arsenate. 3 Metaldehyde is often bran based 
with molasses frequently added to attract 
snails and slugs. It is a neurotoxicant to all 
mammals by inhalation, ingestion, and 
dermal exposure. The mechanism of action 
is unknown, but it may be related to changes 
in the concentration of neurotransmitters in 
the brain. Outbreaks have occurred in cattle, 
goats, sheep, and horses. 1 ' 3 The acute lethal 
dose in adult cattle is 0.2 g/kg BW and less 
in calves’; in horses it is 0.1 g/kg BW. The 
onset of signs varies depending on the con¬ 
centration and amount ingested, but in cattle 
it is reported to be 15 minutes to 24 hours 
postingestion. 3 Prolongation may be caused 
by delayed rumen absorption. 

Ingestion of a toxic amount of metalde¬ 
hyde causes CNS stimulation with profound 
muscle tremors and hyperthermia. Other 
reported signs in ruminants include incoor¬ 
dination, hyperesthesia, hypersalivation, 
dyspnea, diarrhea, partial blindness, uncon¬ 
sciousness, cyanosis, and death caused by 
respiratory failure. 2,3 All the signs are exacer¬ 
bated by excitement or activity. A mortality 
rate of 3% may be expected. Signs in horses 
are similar plus heavy perspiration and death 
in 3 to 5 hours. 

There is no antidote, and treatment is 
largely supportive. Mineral oil and activated 
charcoal (1-3 doses) maybe used to decrease 
absorption. Muscle tremors and seizures 
should be controlled with a tranquilizer and/ 
or muscle relaxant. Intravenous fluids should 
be used to replace and restore fluids and elec¬ 
trolytes. Rumenotomy may be effective if 
performed before the onset of clinical signs. 

Methiocarb 

Methiocarb is a carbamate molluscicide used 
alone or in combination with metaldehyde. It 
has anticholinesterase and nicotinic and 
muscarinic activities. 4 The compound is 
usually in pellet form and dyed blue or yellow 
so that affected animals can be detected by the 
blue/yellow staining of their mouths. 3,4 

The signs can vary widely depending on 
the degree of receptor stimulation. Poisoning 
of sheep is associated with depression, 
hypersalivation, diarrhea, dyspnea, aimless 
wandering, and ataxia. Death is caused by 
pulmonary edema. Horses show sweating, 
lacrimation, urine dribbling or polyuria, 
muscle tremor, hypersalivation, and finally 
recumbency and death caused by pulmonary 
edema. 4 

Binding to acetylcholinesterase is revers¬ 
ible so recovery can occur with supportive 
care. Atropine is an effective antidote but 
likely will need to be repeated several times, 
especially if the amount ingested is large. 
Additional treatment is supportive and 
aimed toward specific system involvement. 

FURTHER READING 

Booze TF, Oehme FW. Metaldehyde toxicity: a review. 

Vet Human Toxicol. 1985;27:11-15. 

Giles CJ, et al. Methiocarb poisoning in a sheep. Vet Rec. 

1984;114:642. 
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STRYCHNINE 

Strychnine has been used for years as a 
rodenticide and avicide. Historically it has 
been used as an appetite stimulant and laxa¬ 
tive and most recently, as a contaminant in 
LSD and other street drugs. It is an alkaloid 
derived primarily from seeds and bark 
of the Strychnos nux-vomica tree, although 
it is found in various amounts in many 
Strychnos spp. 

Strychnine poisoning is an uncommon 
occurrence in large animals and usually 
associated with accidental overdosing with 
strychnine preparations or accidental access 
to strychnine treated bait meant for rodent 
control. Cattle are particularly susceptible to 
parenteral administration (30-60 mg of 
strychnine hydrochloride may be fatal) but 
less susceptible to oral administration 
because of destruction of the drug in the 
rumen. Lethal doses by parenteral injection 
are 200 to 250 mg in horses, 300 to 400 mg 
in cattle, and 15 to 50 mg in pigs. 

Strychnine is rapidly absorbed from 
the gastrointestinal tract in monogastric 
animals and less so by ruminants. Dis¬ 
tribution to tissues is rapid as is hepatic 
metabolism. In most animals, 50% of strych¬ 
nine is eliminated in 6 hours following a 
sublethal dose. 

It is a potent neurotoxicant and convul- 
sant, exerting its action at the postsynaptic 
membrane. In the spinal cord, strychnine 
interferes with the inhibition of motor cell 
stimulation resulting in simultaneous muscle 
contraction. In the brain, it interferes with 
inhibitory responses of the motor neurons 
resulting in neuronal excitation. The convul- 
sant effects of strychnine are caused by inter¬ 
ference with glycine-mediated postsynaptic 
inhibition. The net effect is that all skeletal 
muscles become hyperexcited, and tetanic 
seizures may be provoked by the application 
of minor external stimuli. In these convul¬ 
sive episodes there is extension of the limbs, 
opisthotonus, and protrusion of the eyeballs. 
The seizures may last for 3 to 4 minutes and 
are followed by periods of partial relax¬ 
ation, which become progressively shorter 
as the disease develops. Hyperthermia 
may be extreme. Respiratory arrest leads 
to death. 

There is no antidote and treatment is sup¬ 
portive. Animals should be kept in a dark, 
calm area and not stimulated in any manner. 
Seizures should be treated with diazepam or 
a barbiturate. If seizures can be adequately 
controlled, animals may survive. 

FURTHER READING 

Boyd RE, et al. Strychnine poisoning. Am J Med. 

1983;74:507-512. 


Ward JC, Garlough FE. Strychnine IV: lethal dose 
studies on cattle and sheep. / Am Pharm Assoc. 
1936;125:422-426. 
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PSYCHOSES, NEUROSES, AND 
STEREOTYPY 

Psychoses or neuroses are rarely documented 
in farm animals, whereas stereotypy is 
common, particularly in horses. Stereotypic 
behavior is repetitive behavior induced by 
frustration, repeated attempts to cope, or 
CNS dysfunction. Primary equine stereoty¬ 
pies include crib-biting, weaving, box 
walking, tongue rolling, and lip movement. 

Crib-Biting and Windsucking 
Crib-biting or “cribbing” is an oral stereo¬ 
typic behavior in which the horse grasps an 
object, usually the feed box or any solid pro¬ 
jection, with the incisor teeth, then arches 
the neck and, by depressing the tongue and 
elevating the larynx, pulls upward and back¬ 
ward and swallows air, emitting a loud grunt 
at the same time. This results in erosion of 
the incisor teeth and intermittent bouts of 
spasmodic colic and flatulence. Crib-biting 
must be distinguished from chewing wood 
from boredom and from pica caused by a 
mineral deficiency. Windsucking (aeropha- 
gia) is an oral stereotypic behavior in which 
the horse flexes and arches the neck and 
swallows air and grunts, but there is no 
grasping of objects. 

Crib-biting is viewed as a vice and poten¬ 
tially “contagious” problem and affected 
horses are usually not welcome in stables. 
Once established, crib-biting is primarily 
postprandial. Treatments include environ¬ 
mental enrichment (move horse to a stall 
where they can view more activity; change 
stall door/walls so that other horses can be 
seen) and feeding more hay and less concen¬ 
trate so that feeding takes longer. More 
aggressive treatments include placement of a 
crib-strap (a strap placed around the neck of 
the horse that has two pieces of metal hinges 
at the ventral area; during arching of the neck 
the crib-strap tightens around the pharynx) 
or neurectomy or myectomy. Weaning in a 
box stall appears to increase the risk of devel¬ 
oping crib-biting. 

Weaving 

Weaving is a locomotor behavior during 
which the horse moves its head and neck 
laterally while its weight is moved to the 
contralateral forelimb, usually while the 
horse is positioned at the stall door with its 
head over the stable door into the aisle. There 
is no specific treatment and closing the top 
half of the stable door merely moves the 
activity back into the stall. Feeding hay ad 
libitum may decrease the time devoted to 
this activity (anecdotal reports). 
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Box Walking 

The term box walking refers to persistent 
walking around the perimeter of the stall in 
a circular, repetitive manner. There is no spe¬ 
cific treatment, but anecdotal reports suggest 
that feeding hay ad libitum may decrease the 
time devoted to this activity. Other stereo¬ 
typical behavior includes persistent kicking 
of the stall, in the absence of pruritic lesions 
of the lower limbs, and cutaneous and sub¬ 
cutaneous mutilation by self-biting. 

Farrowing Hysteria in Sows 

Hysteria in sows at farrowing is a common 
occurrence. This syndrome is most common 
in gilts. Affected animals are hyperactive and 
restless and they attack and savage their 
piglets as they approach the head during the 
initial teat sucking activity after birth. Serious 
and often fatal injuries result. Cannibalism is 
not a feature. 

When the syndrome occurs, the remain¬ 
ing piglets and freshly born piglets should be 
removed from the sow and placed in a warm 
environment until parturition is finished. 
The sow should then be tested to see if she 
will accept the piglets. If not, ataractic or 
neuroleptic drugs should be administered to 
allow initial sucking, after which the sow will 
usually continue to accept the piglets. 

Azaperone (2 mg/kg BW IM) is usually 
satisfactory, and pentobarbital sodium 
administered intravenously until the pedal 
reflex is lost has been recommended. Proma¬ 
zine derivatives are effective but subsequent 
incoordination may result in a higher crush¬ 
ing loss of piglets. The piglets’ teeth should 
be clipped. 

Affected gilts should be culled subse¬ 
quently because the syndrome may recur at 
subsequent farrowing. Where possible, gilts 
should be placed in their farrowing accom¬ 
modation 4 to 6 days before parturition and 
the farrowing environment should be kept 
quiet at the time of parturition. 

Tail-Biting, Ear-Chewing, and 
Snout-Rubbing in Pigs 

The incidence of cannibalism has increased 
with intensification of pig rearing, and it is 
now a significant problem in many pig¬ 
rearing enterprises. Tail-biting is the most 
common and occurs in groups of pigs, espe¬ 
cially males, from weaning to market age. 

Ear-chewing is less common and is gen¬ 
erally restricted to pigs in the immediate 
postweaning and early growing period, 
although both syndromes may occur con¬ 
currently. The incidence of ear-chewing has 
increased with the practice of docking piglet 
tails at birth. The lesions are usually bilateral 
and most commonly involve the ventral part 
of the ear. Lesions from bite wounds may 
also occur on the flanks of pigs. There is fre¬ 
quently an association with mange infesta¬ 
tion with both of these vices. 

A syndrome of snout-rubbing to produce 
eroded necrotic areas on the flanks of pigs 


has been described. Affected pigs were 
invariably colored, although both white and 
colored pigs acted as agonists. 

The causes of these forms of cannibalism 
in pigs are poorly understood, but they are 
undoubtedly related to an inadequate total 
environment. Affected groups are usually 
more restless and have heightened activity. 
Factors such as a high population density, 
both in terms of high pen density and large 
group size; limited food and competition for 
food; low protein and inadequate nutrition; 
boredom; and inadequate environment in 
terms of temperature, draft, and ventilation 
have been incriminated in precipitating the 
onset of these vices. 

When a problem is encountered, each of 
these factors should be examined and cor¬ 
rected or changed if necessary. Prevention is 
through the same measures. Chains or tires 
are frequently hung for displacement activity 
but are not particularly effective. 

The problem may recur despite all 
attempts at prevention. Also for economic 
reasons it is not always possible to imple¬ 
ment the radical changes in housing and 
management that may be necessary to avoid 
the occurrence of these vices. Because of this, 
the practice of tipping or docking the piglets’ 
tails at birth has become common as a 
method of circumventing the major manifes¬ 
tation of cannibalism. 

HEAD-SHAKING IN HORSES 

Head-shaking by horses is a troubling syn¬ 
drome associated with hypersensitivity of 
the trigeminal nerve in most affected horses. 
The disorder is characterized by repeated, 
sudden shaking or tossing of the head. It 
is proposed that a subgroup of horses with 
defined trigeminal hypersensitivity be clas¬ 
sified as having trigeminal-mediated facial 
dysesthesia. 1 

ETIOLOGY 

The etiology is complex and often unclear 
and conditions associated with head-shaking 
include the following 2 : 

• Ear mites 

• Otitis interna/externa 

• Ophthalmic disease (uveitis) 

• Trombicula autumnalis (chiggers) 
infestation of the muzzle 

• Guttural pouch disease (mycosis) 

• Stylohyoid arthropathy 

• Osteitis of the petrous temporal bone 

• Dental disease (wolf teeth, ulceration, 
periodontal disease, periapical abscess) 

• Behavioral abnormalities 

• Trigeminal neuralgia 

• Optic neuritis 

• Photic head-shaking (optic-trigeminal 
summation) 

• Neck pain 

• Rhinitis or sinusitis (including fungal 
sinusitis) 3 

• Ethmoidal disease including hematoma 


• Infraorbital neuritis 

• Excessive neck flexion by rider 

• Equine protozoal myeloencephalitis 

• Ill-fitting tack including bit and bridle 

• Obstructive airway disease (heaves, 
laryngeal hemiplegia, epiglottic cysts, 
etc.) 

• Fractures of the nuchal crest 4 

• Surgery of the paranasal sinuses 5 

Most cases of the disease are idiopathic 
despite intensive investigation of affected 
horses. Photic head-shaking is a common 
cause of the disease. Most cases have some 
seasonal distribution, although the reason 
for this is undetermined. Trigeminal neural¬ 
gia is considered an important cause of the 
disease. It is not associated with EHV-1 
infection of the trigeminal ganglia. 6 

EPIDEMIOLOGY 

The epidemiology of the disease is not well 
defined. The syndrome occurs in horses 
throughout the world. The syndrome is spo¬ 
radic, usually affects only one horse on a 
farm, and does not occur as outbreaks. It has 
a seasonal occurrence in approximately 60% 
of horses with the majority first demonstrat¬ 
ing head-shaking, or being most affected, 
during spring and summer. Head-shaking is 
worst on sunny days, and less severe on 
cloudy days, in approximately 60% of horses. 
Sunshine and windy weather worsen the 
condition in many horses. 7 Seventy-five 
percent and 80% of affected horses have less 
severe signs at night or when ridden indoors, 
respectively. 

Affected horses are usually mature adults 
with onset of head-shaking at 7 to 9 years of 
age in over half of the cases, although signs 
can occur in horses as young as 1 year. 2 The 
disease is reported twice as often in geldings 
as in mares. There is an apparent predisposi¬ 
tion to the disease in Thoroughbreds, but this 
is not consistently reported. Most affected 
horses are used for general riding, although 
this might represent an age effect because the 
syndrome tends to occur in older horses that 
are not used for racing. There is no apparent 
association of temperament and risk of 
head-shaking. 

PATHOGENESIS 

The pathogenesis of head-shaking depends 
on the cause, but it is increasingly persuasive 
that the majority of cases involve hypersen¬ 
sitivity of the trigeminal nerve. 18 ' 10 The tri¬ 
geminal nerve provides sensory function of 
the nose and nasal mucosa. Horses affected 
by head-shaking have low stimulus thresh¬ 
olds for the trigeminal nerve than do healthy 
horses, although once stimulated nerve con¬ 
duction is not different between the groups. 9 
The lower stimulus threshold likely makes 
affected horses more sensitive to noxious 
stimuli. A method is also described for 
assessment of the trigeminocervical reflex in 
normal horses. 11 This technique might be 
useful in head-shaking horses. 10 ' 12 







Head-shaking is related to exposure to 
bright light in some animals. This is a condi¬ 
tion referred to as photic or optic-trigeminal 
summation because of its similarity to a syn¬ 
drome in people. Trigeminal neuralgia is 
thought to cause acute, sharp, and intense 
pain in the face. Although this cannot be 
definitively diagnosed in horses, its presence 
is inferred from the horse’s behavior and 
response to analgesia of the infraorbital or 
posterior ethmoidal nerves. 

CLINICAL FINDINGS 

The clinical signs of head-shaking are unmis¬ 
takable. Movements of the head are sudden 
and apparently spontaneous and involve 
lateral, dorsal, ventral, or rotatory movement 
of the nose usually during exercise. Horses 
rarely have the behavior only at rest, with 
most affected both at rest and during exercise 
and about 10% exhibiting signs only during 
exercise. The action often resembles that of a 
horse trying to dislodge something from its 
nose. Approximately 90% of horses have ver¬ 
tical movement of the head (as if flipping the 
nose). The head-shaking can be so severe it 
causes lateral, dorsal, or ventral flexion of the 
neck to the level of the caudal cervical verte¬ 
brae, although more commonly only the 
rostral one-third of the neck is involved, if it 
is involved at all. Some horses rub their nose 
on objects, the ground, or their front limbs, 
sometimes during exercise. Affected horses 
often snort or sneeze. There can be twitching 
of the facial muscles and flipping of the upper 
lip. The movements are sudden and at times 
appear to catch the horse by surprise. The 
frequency and/or severity of movements are 
usually increased during exercise. Severely 
affected horses can stumble and fall if head¬ 
shaking occurs during exercise, rendering the 
horse unsafe to ride. 

A grading system to classify the severity 
of signs is as follows: 

0 No signs of head-shaking 

1 Intermittent and mild clinical signs: 

facial muscle twitching; rideable 

2 Moderate clinical signs: definable 

conditions under which head-shaking 

occurs; rideable with some difficulty 

3 Rideable to unpleasant to do so: difficult 

to control 

4 Unrideable and uncontrollable 

5 Dangerous with bizarre behavior patterns 

This system might be useful for assessing 
response to therapy and concisely describing 
the severity of the signs. 

Ancillary testing involves radiography of 
the skull; endoscopic examination of both 
nostrils and ethmoidal regions, nasophar¬ 
ynx, larynx, and guttural pouches; otoscopic 
examination of the external auditory canal 
and tympanic membrane (difficult to achieve 
in a conscious horse, a small endoscope is 
necessary); desensitization of the infraorbital 
and posterior ethmoidal nerves; biopsy of 
the nasal mucosa (in horses with suspected 
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rhinitis); radiographic examination of the 
head and neck; measurement of stimulus 
threshold for action potentials in the trigem¬ 
inal nerve, 9 and therapeutic trials including 
application of contact lenses or masks, or 
administration of medications (see the fol¬ 
lowing section Treatment). 

CLINICAL PATHOLOGY 

There are no characteristic hematologic or 
serum biochemical abnormalities. 

NECROPSY FINDINGS 

There are no characteristic findings on nec¬ 
ropsy, apart from those of any underlying 
disease. Evidence of lesions in the trigeminal 
nerve is lacking. 


DIFFERENTIAL DIAGNOSIS 


The disease must be differentiated from the 
stereotypic weaving that occurs during 
stabling and not during exercise. 


TREATMENT 

The principles of treatment include relief of 
specific underlying diseases, removal of 
management or environmental conditions 
that cause head-shaking, and administration 
of medications. There is the potential for an 
important placebo effect, in the owners, for 
treatment of head-shaking. 13 

If underlying conditions are detected, 
such as ear mites, dental disease, and other 
conditions listed in the previous section Eti¬ 
ology, then these conditions should be 
treated effectively. Effective treatment will 
alleviate head-shaking, if in fact the condi¬ 
tion was the cause of the disease. However, 
most horses with head-shaking have sea¬ 
sonal or photic disease and treatment is more 
difficult. A survey of owners of 254 horses 
with head-shaking revealed that only 129 
horses had been treated by a veterinarian 
and, of those, only 6% had complete resolu¬ 
tion of head-shaking, whereas 72% had no 
response to treatment. Other treatments 
used were on the advice of lay “back special¬ 
ists,” homeopathy, alternative therapies, or 
face or head masks. Success rates for these 
interventions varied between 6% and 27%, 
with the most success obtained by use of a 
nose net (27%). Nose nets provided better 
control of signs than did face or eye masks. 
These figures on the success of treatment 
illustrate the refractory, and therefore frus¬ 
trating, nature of the disease. 

Fitting of nose masks alleviates or lessens 
head-shaking in some horses. The design of 
the nose mask does not appear to be impor¬ 
tant regarding whether it covers the entire 
rostral face or just the nostrils. The nose 
masks were most effective for treatment of 
up-and-down head-shaking, but not for 
side-to-side or rubbing behavior. 

Blue-tinted contact lenses have been sug¬ 
gested for use in horses with photic head¬ 
shaking. Others have not found this 


intervention useful. Administration of 
sodium cromoglycate eye drops has demon¬ 
strated potential in a small number of horses 
for treatment of seasonal head-shaking, pre¬ 
sumably because of the amelioration of the 
effects of seasonal allergy. 14 

Sclerosis of the infraorbital or posterior 
ethmoidal nerves is performed in those 
horses that have reduced or eliminated head¬ 
shaking after injection of local anesthetic 
into the infraorbital foramen or around the 
posterior ethmoidal nerve. Sclerosis is 
achieved by injection of 5 mL of 10% phenol 
in oil. Care must be taken to ensure that the 
phenol is deposited only around the nerve. 
The procedure should be done under general 
anesthesia. 

Cyproheptadine (0.3 mg/kg, orally every 
12 hours) improved head-shaking in 43 of 61 
horses, based on owner-reported efficacy. 
Responses were usually observed within 1 
week of the start of therapy. Others have not 
replicated this success but found that the 
combination of carbamazepine (4 mg/kg 
orally every 6 to 8 hours) and cyprohepta¬ 
dine improved clinical signs in seven horses 
within 3 to 4 days of starting treatment. 

Acupuncture and chiropractic manipu¬ 
lation appear to be minimally effective. 

Prevention of exposure to bright light is 
an obvious recommendation, but not practi¬ 
cal for most horse owners. 

Caudal compression of the infraorbital 
nerve with platinum coils provides a surgical 
treatment option for horses that do not 
respond to medical treatment or environ¬ 
mental modification. 15 Of 58 horses treated 
using caudal compression of the infraorbital 
nerve a successful outcome was initially 
achieved in 35 of 57 (63%) horses, but recur¬ 
rence occurred between 9 and 30 months 
later in 9 (26%). Surgery was repeated in 10 
of 31 (32%) horses. Final success rate, con¬ 
sidering only response to the last performed 
surgery, was 28 of 57 (49%) horses with 
median follow-up time of 18 months (range 
266 months). Nose-rubbing was reported 
postoperatively in 30 of 48 (63%) horses and 
resulted in euthanasia of four horses. 16 

Administration of dexamethasone in a 
pulsed dose schedule (60 mg orally every 24 
hours X 4 days, every 3 weeks for 4 months) 
to 12 horses did not result in improvement 
of clinical signs in a randomized, placebo- 
controlled, blinded field trial. 7 

Addition of an unspecified feed supple¬ 
ment to the diet of 44 affected horses in a 
randomized, blinded placebo controlled 
study did not detect a beneficial effect of the 
supplement. 13 

CONTROL 

There are no recognized measures for pre¬ 
venting development of the disease. 

FURTHER READING 

Pickles K, Madigan J, Aleman M. Idiopathic 

headshaking: is it still idiopathic? Vet J. 

2014;201:21-30. 
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TAIL-BITING IN SWINE 

Tail-biting, which is the chewing or biting or 
sucking of a tail of a fellow pig, is an example 
of cannibalism. It is a very complex problem 
that is widespread and has demanded more 
attention with time. It is an intractable 
problem 12 that is very unpredictable. It has a 
high economic impact because of euthanasia, 
medical costs, other infections, and condem¬ 
nations. This has increased with intensive 
farming and is the most serious of the vices of 
the domestic pig. It is much more important 
than flank-biting, nosing, or ear-biting. It has 
been seen in outdoor pigs and on organic 
units. About 60% of farms in the UK have at 
one time or another experienced tail-biting in 
single pigs or as a group problem. It is a 
serious welfare issue because it often leads to 
systemic infections from a whole variety of 
opportunist bacteria, principally Trueperella 
pyogenes and Streptococcus spp., which lead to 
septicemias and particularly spinal abscessa- 
tion. Both ear-chewing and tail-biting have 
also increased in recent years. * 1 2 3 It is assumed 
that contented pigs do not tail-bite. 

Three stages of tail-biting have been 
recognized 3 * : 

1. Two-stage initial phase that includes 
predamage and damage probably related 
to having no substrates or play items 

2. A second stage called sudden or forceful 
in which there are probably inadequate 
resources 

3. An obsessive phase that includes many 
of the factors described in stages 1 and 
2, principally those associated with 
genetics, attraction to blood, and protein 
metabolism upsets 

The diagnosis of the condition is very diffi¬ 

cult. It occurs under all conditions including 

outdoors. Possibly 0.5% to 0.7% of docked 

pigs are bitten and 2% to 4% of undocked 

pigs. A recent survey in the UK suggested 

that 90% of farms had pigs that were not 

bitten, 6% had small problem, and 4% had 
big problems. Most abattoirs do not record 
pigs bitten, and many bitten pigs are sent to 


small abattoirs. There are probably three 
mild lesions to every one serious lesion and 
these are probably not recorded. 

ETIOLOGY 

There are said to be three basic scenarios: (1) 
gentle chewing that escalates; (2) two-stage 
biting; and (3) sudden forceful biting, which 
may be sudden frustration over a lack of a 
resource. 5,6 

Tail-biting usually begins with one pig 
doing the biting and one pig being bitten in 
an environment that for some reason has 
caused stress. It then spreads rapidly through 
the whole group as the bitten tail becomes 
more attractive. 

The inadequate total environment for an 
animal that naturally requires the opportu¬ 
nity to socially interact and demonstrate its 
natural behavior of inquisitiveness and 
rooting is often the underlying cause. Abnor¬ 
mal foraging behavior has been suggested 
as the underlying cause. 6 Abnormalities of 
ventilation, particularly draffs, appear very 
unsettling to pigs. The normal pig group is 
probably under 20 and over that number 
the individual’s place in the hierarchy is 
probably lost. 

EPIDEMIOLOGY 

“Belly-nosing” may be one of the behavior 
patterns that predispose to tail-biting. It is 
often associated with early weaning and is 
the persistent rubbing of the snout on the 
belly of another pig. It may be misdirected 
suckling behavior. 7 This behavior is not elim¬ 
inated by providing environmental enrich¬ 
ment, suckling devices, of extra drinkers or 
nipple feeders. There is a genetic linkage with 
Landrace pigs 8 and with weight for age. 9 

The condition is found worldwide. It is 
often more prevalent in males than females 
and may be part of natural aggressiveness. 
The real cause is still unknown but is prob¬ 
ably a mental reaction on the part of the pig 
to unsavory living conditions. Under normal 
circumstances happy pigs root for 18% of the 
time and probably doze for about 82% of the 
time. They are really the “couch potatoes” of 
the domesticated farm animals. If they have 
nothing to do, they cause trouble. Recent 
studies have suggested that the “trouble¬ 
some” pig may be lighter, more active, and 
possess more “nosing” behavior patterns. 10 
Others have suggested that it is the heavier 
pigs that are bitten. 

The causes for tail-biting are multifacto¬ 
rial, but it has to be considered that there 
may be a bad “psychologically disturbed pig.” 
Once the behavior has started it behaves like 
an epidemic. Recent studies have suggested 
that the way the tail is held has a very con¬ 
siderable influence on whether it is bitten 
or not. 

Anal biting may or may not be related to 
tail-biting. It has certainly been a feature of 
a few cases of anal irritation in response to 
oral dosing with Lincocin. 


RISK FACTORS 

These have been reviewed. 4 3 Traits related to 
foraging, exploration feeding, motivation to 
feed, and sociability are heritable. 1112 

Because of modern genetics, pigs grow 
faster and are more aggressive. Aggression is 
also heritable. 13 Some of the breeds may be 
more heavily bitten, but Hampshires are less 
frequently bitten. Some pigs may be unable 
to use food properly because of a metabolic 
deficiency. 

There is a subset of pigs called the fanati¬ 
cal biters who are generally small males with 
low lightweight gain. These biters have a low 
growth rate from weaning to finishing. They 
spend more time chewing than they do 
rooting. In a poor environment, they will 
chew other pigs rather than root. Some of 
these biters have respiratory or alimentary 
diseases or porcine circovirus type 2 (PCV2) 
infections. There are other types of pigs 
that bite. 

The tail-biting hypothesis suggests that 
there may be a big protein demand that is not 
being met, so there is a protein deficiency as 
a result of poor intake of food. There may be 
a dysfunctional autonomic nervous system 
regulation involving the general sense 
responses, interrelated illnesses, and sup¬ 
pressed thyroid hormone T 3 production. It 
may be that there is a lack of tyrosine for 
serotonin production, which is an important 
neurotransmitter. Pigs with higher levels of 
serotonin spend more time rooting, and in 
the “bit tail blood model” it is found that 
serotonin-deficient pigs do more biting. 

• There may be breed, line, or family 
predispositions. 

• White pigs have more of a problem than 
colored breeds. 

• There is a genetic tendency to be a biter 
or to bitten. 

• Tail-biting is associated with lean tissue 
growth and backfat thickness 

FACTORS INCREASING BITING 

• Tails are bitten more frequently when 
there is a low weight gain (nutrition). 

• Males may be more predisposed, 
but there is less biting in single sex 
rearing. 

• When there are no interests provided 
and there are no toys with which to play. 

• High-density stocking. 

• Over stocking. 

• Large group sizes. 

• Mixing and moving. 

• Space postweaning. 14 

• If you move pigs from a straw-based 
system to a slatted system they will bite 
much more. 

• Insufficient trough space, if feeders are 
blocked then pigs will bite to get at the 
feeder. 

• Insufficient drinkers. 

• Inadequate nutrition. 

• Change in ration formulation leading to 
food sensing. 
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• Low-protein diets encourage biting and 
chewing. 

• Not enough amino acids (lysine, 
tryptophan, but true position 
unknown). 

• Low salt. 

• Nonsatisfying environments, particularly 
those with a poor layout, on nonstraw 
systems are badly affected. 

• Boredom (lack of toys). 

• Inadequate environment. 

• Low temperatures: cold and damp is bad 
on straw-based systems, and poor- 
quality straw is a problem. 

• High temperatures. 

• Fluctuating temperatures. 

• Draffs. 

• Too high a humidity. 

Variable tail docking length is also a 
factor. The variation in tail anatomy and 
position is also important. 13 

Concurrent disease, particularly PCV2 
infection and skin, disease may predispose to 
biting. 

In a summary, overstocking was thought 
to be important in 60% of cases, inadequate 
ventilation in 50%, wrongly positioned ven¬ 
tilation in 50%, and cold drafts in 40%. Sick 
pigs that are not moved promptly were 
thought to be important in 60% of outbreaks 
and boredom in 50%. The other factors 
were considered to be of lesser importance 
(below 20%). 

CLINICAL FINDINGS 

At the start there is no effect on the bitten pig 
because the end of the tail is relatively insen¬ 
sitive, but as the bitten area extends toward 
the anus it becomes more painful and the 
bitten pig shows signs of distress. With con¬ 
tinuation the pig may be reluctant to feed, 
reluctant to move, and eventually become 
paralyzed as spinal abscessation becomes 
the reality. 

CLINICAL PATHOLOGY 

There may be chewed, gnawed, and partially 
or completely removed tails. In an early 
study at an abattoir 19.9% of the lesions on 
the carcasses were related to tail-biting and 
61.75 of carcass abscesses were associated 
with tail-biting. 

NECROPSY 

At necropsy or in the abattoir it is a bitten tail 
as well as the abscessation that is most notice¬ 
able along the length of the spine as infection 
tracts along lymphatics and longitudinal 
spinal veins. In some cases, the carcass is so 
badly affected that the whole carcass is con¬ 
demned. In some cases, there will be evidence 
of flank-biting and ear-biting (sometimes the 
ear is completely bitten off), which are part 
of the same disturbed pig syndrome. 

TREATMENT 

Remove affected pigs to hospital accom¬ 
modation, pen separately, and treat the 


wounds by cleaning, disinfection, and 
topical palliatives and possibly parenteral 
broad-spectrum antibiotics. Shoot badly 
affected or paraplegic pigs. Casualty slaugh¬ 
ter is not very useful because of the carcass 
damage. 

CONTROL 

There is no really successful plan for control 
that will work all the time. There is a hus¬ 
bandry advisory tool with 100 possible risk 
factors. The spreadsheet lists 83 factors. 
Weighted for risk factors the tool shows that 
a quarter of the farms have no problems and 
a quarter of the farms have a serious problem. 
Attend to all the listed factors and even then 
you will not always remove the problem, but 
it will certainly be reduced. Nothing is ever 
completely effective. 

First, observe pigs several times a day and 
remove the biter as soon as it is seen to bite 
and put it into separate accommodation. 

Elevating the salt level to 0.8% often 
works even though there is already 0.4% 
in the diet, which is thought to be 
sufficient. Make sure there is plenty of water 
available. 

The improved environment is one of the 
most important items, particularly the appli¬ 
cation of negative pressure systems. Lower¬ 
ing light levels reduces the “glowing effect” of 
blood-covered surfaces similar to housing 
broiler birds in infrared lights to reduce 
“vent pecking.” 

The provision of an improved environ¬ 
ment by providing “playthings” that satisfy 
the desire of the pig to sniff, inquire, taste, 
and chew is most important. These items 
should be malleable, which is why straw or 
peat, or spent mushroom compost or rubber 
cords, or even tires 16 are more satisfying than 
chains. The chains are no good because they 
slap other pigs and increase the restlessness. 
Straw provision has the ability to keep pigs 
occupied for longer than other substrates, 1718 
and it is better if it is provided daily. 19 
Housing systems that have had ad libitum 
feeding systems with multiple feed spaces 
have had a reduced prevalence of the 
problem. 

This attention to sucking and chewing is 
the basis of all the saliva tests that have been 
developed to detect viruses such as porcine 
reproductive and respiratory syndrome 
(PRRS) and PCV2 and antibodies to them. 
Hanging a set of cotton cords in a pen that 
will soon be sucked by most pigs as part of 
play will provide a readily accessible sample 
source for saliva antigens antibodies and 
many other substances such as acute phase 
proteins. This does not involve disturbing the 
pigs or requiring handling and invasive tech¬ 
niques for the individual pig for investigating 
herd profiles. 

The provision of straw is no guarantee 
that tail-biting will be stopped. 20 

Tail docking is the only technique that 
does reduce the presence of tail-biting. The 
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conditions attached to use of this practice 
vary from country to country and often 
mean that the technique has to be prescribed 
by a veterinarian only after the presence of a 
tail-biting problem has been established on 
that farm. Even tail-docked pigs have evi¬ 
dence of being tail-bitten. 21 

The ideal length of tail docking is not 
really known. One of the major problems 
is that tails differ in thickness and length 
before any consideration of the length to 
be cut off. Too short a tail, i.e., cut very 
short, interferes with the nervous control 
around the anus, may lead to fecal inconti¬ 
nence, and exposes the anus itself to being 
bitten. 

Tail docking produces a neuroma at the 
site of nerve transection, which results in the 
formation of many sensitive nerve endings 
that enable the pig to react more sensitively 
to any nosing of its tail. 

In a recent survey, 18 62% thought that 
docking was effective in preventing tail- 
biting, 47% thought adding straw was 
helpful, 46% thought that playthings were 
effective, but only 18% thought reducing 
stocking density was helpful. The latter may 
be because of the economic implications of 
reducing stocking. All in all, reducing stock¬ 
ing density and adding straw together was 
considered to be the best option. 22 

FURTHER READING 

Taylor NR, et al. Tail biting: a new perspective. Vet J. 
2009;186:137-147. 

Taylor NR, et al. The prevalence of risk factors for tail 
biting. VetJ. 2012;194:77-88. 

Zonderland JJ Thesis. Talking tails-quantifying the 
development of tail biting in pigs. 2010; http:// 
edepot.wur.nl/151535. 
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Chapter 14 


Diseases of the Nervous System 


Bacterial Diseases 
Primarily Affecting the 
Cerebrum 

ENTEROTOXEMIA ASSOCIATED 
WITH CLOSTRIDIUM 
PERFRINGENS TYPE D (PULPY 
KIDNEY, OVEREATING DISEASE) 


SYNOPSIS 


Etiology An acute toxemia of ruminants 
associated with the proliferation of 
Clostridium perfringens type D in the 
intestines and the liberation of e-toxin that 
produces vascular damage and the damage 
to the nervous system typical of this 
disease. 

Epidemiology Lambs 3-10 weeks of age and 
lambs and calves after weaning. Goats of 
all ages. Affected animals in good condition 
and on a rising plane of nutrition. 

Clinical findings The disease in lambs and 
calves and young goats has a rapid course 
with diarrhea, depression, and convulsions. 
At this age animals are often found dead. 
Adult goats show more chronic disease 
with abdominal pain and bloody diarrhea. 

Clinical pathology Hyperglycemia and 
glycosuria in sheep. 

Necropsy findings None specific to all cases. 
Sheep and some goats may have gross or 
histologic areas of malacia in internal 
capsule, lateral thalamus, and cerebellar 
peduncles. 

Diagnostic confirmation Epidemiology, 
clinical and necropsy findings, 
demonstration of e-toxin 

Treatment Anti-e antitoxin. 

Control Feed restriction, antitoxin, 
vaccination. 


ETIOLOGY 

Enterotoxemia results from the proliferation 
of C. perfringens type D in the small intes¬ 
tine. This organism produces a number of 
toxins, of which the epsilon toxin is the most 
important and results in vascular damage 
and the damage to the nervous system typical 
of this disease. The presence of C. perfringens 
type D in the intestine does not in itself result 
in disease unless other factors intercede that 
promote proliferation and the production of 
toxin. The natural habitat of the organism is 
in the intestine and in soil contaminated by 
feces, although it does not persist in soil for 
long periods of time. 

EPIDEMIOLOGY 

Occurrence 

Enterotoxemia associated with C. perfringens 
type D is a disease of ruminant animals, 
primarily of lambs, and is worldwide in 
its distribution. The common practice of 


vaccination against this disease has reduced 
its prevalence, but it is still a common 
disease. 

Although most common in lambs, it 
is also an important disease of calves and 
goats. It occurs rarely in adult cattle, deer, 
domesticated camels, and possibly horses. In 
pastured sheep, it causes heavy losses, partic¬ 
ularly in flocks managed for the production 
of lamb and mutton. The prevalence in flocks 
varies a great deal but seldom exceeds 10%. 
The case-fatality rate approximates 100%. 
In North America enterotoxemia ranks 
as one of the main causes of loss among 
feedlot lambs. In a survey in two feedlots 
the disease had an annual prevalence of 
3.1% and 1.5%; it ranked third in impor¬ 
tance as a cause of death despite a policy 
of vaccination, and the costs of preven¬ 
tion programs were the largest expenditure 
of all disease prevention programs in the 
feedlots. 

Experimental Reproduction 

The disease can be produced experimentally 
in susceptible sheep, goats, and cattle by the 
injection into the duodenum of whole 
culture of C. perfringens type D and dextrin 
or starch. Clinical disease occurs as early as 
30 minutes and usually within 6 to 8 hours 
of the start of duodenal infusion and death 1 
to 9 hours following the onset of clinical 
signs. The disease has also been reproduced 
by intravenous infusion of epsilon toxin. 

Animal and Management 
Risk Factors 

C. perfringens type D normally inhabits the 
alimentary tract of sheep and other rumi¬ 
nants but only in small numbers. The extent 
to which it occurs in the alimentary tract 
varies widely between flocks, although this 
accounts only in part for the variable preva¬ 
lence. The organism does not persist for 
more than 1 year in the soil. 

Under certain conditions, the organisms 
proliferate rapidly in the intestines and 
produce lethal quantities of epsilon toxin. In 
most, if not all circumstances, the affected 
animals are on highly nutritious diets and 
are in very good condition. The husbandry 
conditions in which the disease occurs 
include grazing on lush, rapidly growing 
pasture or young cereal crops, and heavy 
grain feeding in feedlots. Lambs on well-fed, 
heavy-milking ewes are particularly suscep¬ 
tible. The occurrence of the disease under 
these conditions has given rise to the name 
“overeating disease.” 

Sheep 

The highest incidence of the disease is in 
suckling lambs between 3 and 10 weeks of 
age, although lambs as young as 1 to 5 days 
old can be affected. 1 The risk for disease in 
this age group is highest when ewes are 
grazed on lush pastures that result in profuse 
lactation. The disease can occur following 


rain in set stocked flocks, and in flocks newly 
introduced to lush pastures it is often mani¬ 
fested 5 to 14 days after introduction. Larger 
and more rapidly growing single lambs are 
more susceptible than twins. Weaned lambs 
up to 10 months of age are the second most 
susceptible age group, and again the occur¬ 
rence of disease is associated with highly 
nutritious diets. Feeder lambs are most com¬ 
monly affected soon after they are intro¬ 
duced into feedlots. 

Calves 

Enterotoxemia in calves is most common 
between 1 and 4 months of age and the same 
risk factors pertain as for lambs. Veal calves 
are particularly at risk. Feeder cattle may 
develop disease shortly after introduction to 
the lot. It is a common belief among cattle¬ 
men and veterinarians that many unex¬ 
plained sudden deaths in feeder cattle after 
the period of acclimatization are caused by 
this type of enterotoxemia. Flowever, there is 
no laboratory evidence to support such field 
observations, and a controlled trial found no 
protective effect of vaccination. 

Goats 

Enterotoxemia is a common disease in goats 
under intensive or extensive grazing systems, 
occurring in many countries, and is particu¬ 
larly important in countries with a large goat 
population. 2 The peracute disease in goat 
kids has the same age occurrence as in lambs, 
but less acute and chronic forms of entero¬ 
toxemia occur in adult goats. Sudden changes 
in diet appear to be the most common pre¬ 
disposing factor. Disease can occur in vac¬ 
cinated goats because vaccination is poorly 
protective against the enteric and chronic 
form of the disease in this species. 2 

Outbreaks in sheep and goats have fol¬ 
lowed the administration of phenothiazine 
and other anthelmintics, and a high inci¬ 
dence has been observed in association with 
heavy tapeworm infestation. 

Horses 

Type D enterotoxemia is rare in horses, but 
it has been suspected in mature horses fed 
concentrates during a drought. C. perfrin¬ 
gens type D can be isolated in high numbers 
from gastric reflux of horses with anterior 
enteritis. 

PATHOGENESIS 

In the normal course of events, ingested C. 
perfringens type D are destroyed in large 
numbers in the rumen and abomasum, 
although some survive to reach the duode¬ 
num, in which multiplication occurs and 
toxin is produced. Toxemia does not occur 
because the movement of ingesta keeps the 
bacterial population and toxin content down 
to a low level. In certain circumstances, this 
does not hold and multiplication of the 
organisms and the production of toxin pro¬ 
ceeds to the point in which toxemia occurs. 
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One of the circumstances has been shown to 
be the passage of large quantities of starch 
granules into the duodenum when sheep 
overeat on grain diets or are changed sud¬ 
denly from a ration consisting largely of 
roughage to one consisting mainly of grain. 
Other factors such as heavy milk feeding 
may have the same effect. A slowing of ali¬ 
mentary tract movement has also been 
thought to permit excess toxin accumulation 
and it may be that any factor that causes 
intestinal stasis will predispose to the disease. 
The importance of diet in the production of 
ruminal stasis has been discussed in diseases 
of the forestomachs of ruminants. 

The epsilon toxin of C. perfringens type D 
is a pore-forming protein that increases 
the permeability of the intestinal mucosa to 
this and other toxins, facilitating its own 
absorption. 3 

A receptor for epsilon toxin has been iden - 
tified on vascular endothelial cells, and the 
clinical signs and pathologic findings can be 
explained by the widespread vascular damage 
and increase in vascular permeability. 

Acute cases are characterized by the 
development in the brain of degeneration of 
vascular endothelium; perivascular and 
intercellular edema; and microscopic foci of 
necrosis in the basal ganglia, thalamus, inter¬ 
nal capsule, substantia nigra, subcortical 
white matter, and cerebellum. The damage to 
the vascular endothelium leads to the accu¬ 
mulation of protein-rich fluid effusions 
observable in heart, brain, and lung. The 
postmortem autolysis of kidney tissue that 
occurs so rapidly and is the characteristic of 
“pulpy kidney” has the same basis. 

There is a pronounced hyperglycemia 
caused by the mobilization of hepatic glyco¬ 
gen; severe hemoconcentration; and eleva¬ 
tion of blood concentrations of pyruvate, 
lactate, and a-ketoglutarate. 

In contrast to sheep, goats with entero- 
toxemia produced by C. perfringens type D 
also have a hemorrhagic enterocolitis that is 
present in both the natural and the experi¬ 
mental disease. The genesis of this lesion is 
uncertain, but it is responsible for the major 
clinical signs that present in goats with this 
disease. 

A degree of natural immunity may be 
attained by nonlethal exposure to the toxin. 
Because a proportion of lambs, calves, and 
kids appear to be exposed to subclinical but 
antigenic levels of C. perfringens toxin, they 
become immune without having shown 
signs of illness or without having been 
vaccinated. 4 

CLINICAL FINDINGS 
Lambs 

The course of the illness is very short, often 
less than 2 hours and never more than 12 
hours. Many lambs are found dead without 
previously manifesting signs. In closely 
observed flocks the first signs may be dull¬ 
ness, depression, yawning, facial movements, 


and loss of interest in feed. Acute cases may 
show little more than severe clonic convul¬ 
sions with frothing at the mouth and rapid 
death. Cases that survive for a few hours 
show a green, pasty diarrhea, staggering, 
recumbency, opisthotonus, and severe clonic 
convulsions. The temperature is usually 
normal but may be elevated if convulsions 
are severe. Death occurs during a convulsion 
or after a short period of coma. 

Adult Sheep 

These usually survive for longer periods of 
up to 24 hours. They lag behind the flock and 
show staggering and knuckling; champing of 
the jaws; salivation; and rapid, shallow, irreg¬ 
ular respiration. There may be bloat in the 
terminal stages. Irritation signs, including 
convulsions, muscle tremor, grinding of the 
teeth, and salivation, may occur but are less 
common than in lambs. 

Calves 

The syndrome is similar to that seen in adult 
sheep, with nervous signs predominating. 
Peracute cases are found dead without 
having shown premonitory signs of illness 
and with no evidence of struggling. The 
more common, acute cases show a sudden 
onset of bellowing, mania, and convulsions, 
with the convulsions persisting until death 
occurs 1 to 2 hours later. Subacute cases, 
many of which recover, do not drink, are 
quiet and docile, and appear to be blind, 
although the eye’s preservation reflex per¬ 
sists. They may continue in this state for 2 to 
3 days and then recover quickly and com¬ 
pletely. In an outbreak of the disease in calves 
all three forms of the disease may be seen. 
Experimental inoculation of whole or 
washed cultures of C. perfringens type D into 
the duodenum of 9-month-old calves pro¬ 
duced severe clinical signs within 2 to 5 
hours of inoculation. ’ 

Goats 

Diarrhea is a prominent sign in affected 
goats, especially in those that survive for 
more than a few days. 2 In the peracute form, 
which occurs most frequently in young kids, 
there are convulsions after an initial attack of 
fever (40.5°C, 105°F) with severe abdominal 
pain and dysentery; death occurs in 4 to 36 
hours. In the acute form, which is more 
common in adults, there is usually no fever, 
and abdominal pain and diarrhea are promi¬ 
nent with death or recovery within 2 to 4 
days. In chronic cases, the goats may be ill 
for several weeks and show anorexia, inter¬ 
mittent severe diarrhea and, in some cases, 
dysentery and the presence of epithelial 
shreds in the feces. Chronic wasting, anemia, 
and eventual emaciation also occur with 
chronic disease in goats. 

CLINICAL PATHOLOGY 

A high plasma glucose concentration of 8.3 
to 11.1 mmol/L (150 to 200 mg/dL) and 


marked glycosuria are characteristic of the 
terminal stages of enterotoxemia in sheep, 
and are supportive for a diagnosis but are not 
pathognomonic. 6 Hyperglycemia and gly¬ 
cosuria are variably present in goats with the 
disease and calves with experimentally 
induced disease.’ 

NECROPSY FINDINGS 

The body condition of the animal is usually 
good, but there is often fecal staining of the 
perineum and rapid decomposition of the 
carcass. In peracute cases there may be no 
gross lesions. More frequently, there is an 
excess of clear, straw-colored pericardial and 
thoracic fluid that clots on exposure to air. 
Many petechiae are present in the epicar- 
dium and endocardium, and there is pulmo¬ 
nary edema. Patchy congestion of the 
abomasal and intestinal mucosae is usual, 
and the small intestine often contains a mod¬ 
erate amount of thin, creamy ingesta. The 
content of the large intestine may be watery 
and dark green. 

The characteristic finding of soft, 
pulpy kidneys is only useful in animals nec- 
ropsied within a few hours after death 
because it is nonspecific and merely corre¬ 
lates to a more rapid rate of autolysis. 
Microscopy of experimentally induced ovine 
type D enterotoxemia cases confirms that the 
renal changes represent autolysis and not a 
true nephrosis. 

The liver is dark and congested. The 
rumen and abomasum of feedlot lambs may 
be overloaded with concentrates. In goats 
there is acute fibrinonecrotic and hemor¬ 
rhagic enterocolitis, although microscopic 
examination may be needed to detect this 
change. 

In sheep that have not died acutely there 
may be symmetric areas of hemorrhage, 
edema, and liquefaction in the brain, espe¬ 
cially in the area of the basal nuclei. Again, 
microscopic evaluation of the tissue is 
critical. 

Gram-stained smears of ingesta from 
several levels in the small intestine should be 
examined. In affected animals the short, fat, 
gram-positive rods dominate the slide to the 
almost complete exclusion of other bacteria. 
Bowel filtrates can be tested for toxicity by 
injection into mice. If the filtrate is toxic, the 
type of toxin can be determined by protec¬ 
tion of the mice with specific antisera. This 
does not determine the type of clostridia, but 
detection of (3-toxin indicates the presence of 
types B or C, and e-toxin indicates the pres¬ 
ence of B or D. 

The time taken for diagnosis by mouse 
neutralization tests, as well as humanitarian 
considerations, has promoted the develop¬ 
ment of alternative tests. Commercial 
enzyme-linked immunosorbent assay 
(ELISA) kits and multiplex PCR assays have 
become available for toxin detection and 
require minimal amounts of intestinal 
content. 6 Nevertheless, it is important to base 
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a diagnosis on epidemiologic, clinical, and 
pathologic information, not just the detec¬ 
tion of toxin at postmortem. 

e-Toxin is stable if frozen, but at average 
temperatures it is possible to identify the 
toxin from the intestine of a sheep dead for 
up to 12 hours. The addition of one drop of 
chloroform to each 10 mL of ingesta will sta¬ 
bilize the toxin for up to 1 month. Alterna¬ 
tively, intestinal contents can be absorbed on 
filter paper and shipped at environmental 
temperatures, with little loss of activity for as 
long as 74 days as detected by immunoassay. 
Hyperglycemia and glucosuria may also be 
detected in necropsy material. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: 20 to 30 mL of intestinal 
content, frozen in a leak-proof glass or 
plastic container (ELISA, latex 
agglutination, bioassay, anaerobic 
culture, PCR); air-dried smears of 
ingesta from several levels of gut 
(cyto-Gram stain) 

• Clinical pathology: urine (assay- 
glucose) (best performed at time of 
necropsy) 

• Histology: fixed colon, ileum, jejunum, 
entire brain 


DIFFERENTIAL DIAGNOSIS 


Lambs 

• Acute pasteurellosis 

• Septicemia associated with Histophilus 
somni (formerly Haemophilus agni) 

• Clostridium sordellii 

• Polioencephalomalacia 

• Rumen overload 

Sheep 

• Hypocalcemia 

• Hypomagnesemia 

• Focal symmetric encephalomalacia (chronic 
enterotoxemia) 

• Rabies 

• Pregnancy toxemia 

• Louping-ill 

Calves 

• Lead poisoning 

• Polioencephalomalacia 

• Hepatoencephalopathy 

• H. somni (formerly Haemophilus somni) 

Goats 

• Salmonellosis 

• Coccidiosis 

In lambs, but not in goats, a history of 
vaccination against the disease is a significant 
consideration in the ranking of a list of 
differential diagnoses. 


TREATMENT 

In general, the clinical course of the disease 
is too acute for effective treatment. Hyperim¬ 
mune serum, an efficient short-term prophy¬ 
lactic, is unlikely to be of much value in sick 
animals because of the acute nature of the 


disease. In goats the course is longer, and 
antitoxin in combination with orally admin¬ 
istered sulfadimidine may be effective in 
treatment. 2 

CONTROL 

There are three major control measures 
available: reduction of the food intake, 
administration of antitoxin, and vaccination. 
These may be used individually or in 
combination. 

Reduction in Food Intake 

Reduction in food intake is the cheapest but 
least effective in control and is used as a 
short-term control while waiting for immu¬ 
nity to develop after vaccination. Reduction 
in food intake will cause a setback in the 
growth of the lambs and for this reason 
farmers tend to rely more on vaccination as 
a control measure. However, exercise of 
lambs, by mustering or herding around the 
paddock, may help slow the course of an 
outbreak. 

Antitoxin 

Antitoxin can be administered to all sheep as 
soon as an outbreak commences. The admin¬ 
istration of e- antitoxin 200 IU/kg BW will 
provide for protective circulating antitoxin 
levels for 21 to 29 days. Immediate losses are 
prevented, and in most instances the disease 
does not recur. Toxoid is cheaper, but to 
administer it alone at such times may result 
in further serious losses before active immu¬ 
nity develops. 

Vaccination 

Immunity in sheep is readily produced by 
suitable vaccination. A blood level of 0.15 
Wellcome unit of e-antitoxin per milliliter of 
serum is sufficient to protect sheep. Vaccines 
available are toxoids, and adjuvants generally 
improve the antigenicity. Activated alum- 
precipitated toxoid is the common vaccine in 
use. A recombinant C. perfringens type D 
toxoid has been shown to induce antibody 
titers comparable to a traditional toxoid and 
may offer a more consistent or cost-effective 
method of vaccine production.' 

Vaccination of maiden ewes twice at an 
interval of at least 1 month and with the last 
vaccination approximately 4 weeks before 
lambing will result in good passive immunity 
in young lambs, with 97% of lambs having 
protective antibody levels at 8 weeks of age 
and a significant proportion at 12 to 16 
weeks of age. This is sufficient to protect 
lambs during their highest risk period. Older 
ewes that have been vaccinated the previous 
year receive a single booster vaccination 4 
weeks before lambing. Sheep vaccinated for 
3 consecutive years can be considered to be 
permanently immune and to require no 
further vaccination. 

When faced with an outbreak in lambs, 
the recommended procedure is to admin¬ 
ister antiserum and toxoid immediately and 


repeat the toxoid in a month’s time. The 
simultaneous administration of hyperim¬ 
mune serum with this vaccine does not 
interfere with the stimulation of antibody 
production, nor does the presence of pas¬ 
sively derived colostral immunity. 

Lambs can be vaccinated with toxoid 
when 4 to 10 weeks of age and again a month 
later. 

Any vaccination of sheep is not without 
risk of precipitating blackleg or other clos¬ 
tridial disease, and if these are a severe 
problem in an area it may be wise to vacci¬ 
nate a portion of the flock as a pilot test and 
proceed with vaccination of the remainder 
only when no complications arise. A multi¬ 
valent bacterin-toxoid containing antigens to 
all of the clostridial diseases is commonly 
used in sheep in these circumstances or 
where all of these diseases are likely to occur. 
Vaccination should not be done in sheep 
with wet fleeces. 

Vaccination with toxoid is effective in 
calves but is not highly effective in goats, 
having a limited effect in preventing the 
disease although reducing its incidence and 
severity. 2 The anti-e titer in goats following 
vaccination is variable, sometimes equiva¬ 
lent, but often lower or of shorter duration to 
that induced in sheep. The reasons for 
decreased protection following the use of 
commercial vaccines against type D infec¬ 
tions in goats are not fully understood. 2 
Thus, goat owners should be advised that 
vaccination with the current commercial 
vaccines often provides limited protection 
against type D infections, even if multiple 
booster vaccines are given at 3- to 6-month 
intervals. This occurs especially when a high 
level of concentrate feeding occurs, such as 
in dairy production. The use of hyperim¬ 
mune serum must also be performed with 
caution in goats, particularly Saanens, which 
are very prone to anaphylactic reactions. 
Despite the limitations of protection against 
the enteric manifestations of the disease, vac¬ 
cination is protective against the peracute 
form of the disease and kids should be vac¬ 
cinated twice, a month apart, commencing at 
4 weeks of age with booster vaccinations at 
6-month intervals. 

Local reactions to vaccination are 
common in both sheep and goats and may 
be visible for at least 6 months. In sheep these 
are generally hidden by the wool, but the 
vaccination site should be high on the neck 
and close to the base of the ear to minimize 
carcass blemish. With goats, especially show 
goats, the owner should be warned of this 
occurrence. Goats, especially show goats, 
should be vaccinated under the loose skin of 
the axilla, where local reactions will be 
hidden by the elbow. 
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FOCAL SYMMETRIC 
ENCEPHALOMALACIA 


SYNOPSIS 


Etiology The disease is a chronic neurologic 
manifestation of enterotoxemia associated 
with Clostridium perfringens type D e-toxin, 
with vascular damage and damage to the 
nervous system. 

Epidemiology Sporadic disease in weaners 
and mature sheep, usually following a 
change of pasture, anthelmintic treatment, 
or supplementary feeding with grain and 
incomplete vaccination regimens. 

Clinical findings Aimless wandering, an 
inability to eat, and a dummy syndrome are 
predominant findings 

Clinical pathology None reported. 

Necropsy findings Gross or histologic areas 
of malacia in internal capsule, lateral 
thalamus, and cerebellar peduncles. 

Diagnostic confirmation Epidemiology, 
clinical and necropsy findings. 

Treatment Supportive. 

Control Complete vaccination. 


ETIOLOGY 

Lesions of focal symmetric encephalomala- 
cia have been produced in experimental 
enterotoxemia and by infusion with e-toxin 
of C. perfringens type D. Similar brain lesions 
have been described in an experimentally 
induced case of enterotoxemia in a 9-month- 
old calf that survived for 8 days. 1 
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EPIDEMIOLOGY 

Focal symmetric encephalomalacia occurs 
most often in lambs, weaners, and mature 
sheep, but lesions consistent with focal sym¬ 
metric encephalomalacia have also been 
reported in calves and goats. 2 In grazing 
sheep. It has the same seasonal occurrence as 
enterotoxemia but may occur in sheep of 
poor body condition. In weaners and mature 
sheep, there is often a history of supplemen¬ 
tary feeding of highly fermentable carbohy¬ 
drate, such as cereal grains, a move to fresh 
pasture, or of anthelmintic administration 5 
to 14 days preceding the occurrence of initial 
cases. This is often combined with an incom¬ 
plete history of vaccination, and outbreaks 
have been associated with the grazing of 
young green cereal crops. The morbidity is 
usually low but may approach 15%. The 
case-fatality rate is high. 

CLINICAL FINDINGS 

Most often, because of infrequent observa¬ 
tion of sheep of this age, the finding of dead 
sheep is the first indication of the disease. 
Clinically affected sheep are separate from 
the group or can be detected by slow move¬ 
ment of the flock. They show no fear of 
humans or dogs and can be examined 
without restraint. Blindness, aimless wan¬ 
dering, head-pressing, and incoordination 
are the predominant findings. More severely 
affected sheep lie quietly in lateral recum¬ 
bency with moderate dorsiflexion of the 
head and show infrequent nystagmus with 
paddling convulsions. The sheep are unable 
to eat and most cannot drink, although some 
affected lambs may still retain a suck reflex. 
The clinical course varies from 1 to 14 days, 
with the majority of affected sheep surviving 
for 5 to 7 days. 

NECROPSY FINDINGS 

Lesions are confined to the brain, and 
formalin-fixed samples of this tissue are 
required for confirmation of the diagno¬ 
sis. In many cases the characteristic lesions 
can be detected on macroscopic examina¬ 
tion and consist of areas of hemorrhage 
and softening in the internal capsule, 
lateral thalamus, and cerebellar peduncles. 
Malacia, edema, and hemorrhage are visible 
histologically. Glycosuria is not a feature, 
and toxin cannot be demonstrated in gut 
contents. 

TREATMENT AND CONTROL 

There is no treatment. Less severely affected 
cases may recover if they are maintained 
with fluids and nutrients given by stomach 
tube. Outbreaks cease if the sheep are vac¬ 
cinated with pulpy kidney vaccine. 

FURTHER READING 

Finnie JW. Pathogenesis of brain lesions produced 
in sheep by Clostridium perfringens type D 
epsilon toxin: a review. Aust Vet J. 2003;81: 

219-221. 
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cells. Toxicon. 2013;75:122-135. 
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CEREBROSPINAL ANGIOPATHY 

Cerebrospinal angiopathy is a sporadic 
disease of recently weaned pigs manifested 
primarily by neurologic signs and wasting. It 
is probably a form of edema disease. It affects 
only one or a few pigs within a litter up to 5 
weeks after weaning, although a similar con¬ 
dition has been reported in finishing and 
adult pigs. The disease is characterized by the 
variety of neurologic signs that it presents. 
Incoordination and a decreased central 
awareness are common presenting signs but 
abnormal head position, aimless wandering, 
and persistent circling may also be observed. 
There is usually apparent impairment of 
vision. Fever is not a feature, and the clinical 
course may last for several days. Affected 
animals may die but are often euthanized 
because of emaciation. Wasting without 
neurologic disorder may also occur. They 
are also prone to savaging by unaffected 
penmates. 

Histologically, the disease is character¬ 
ized by an angiopathy that is not restricted 
to the CNS. The similarity of the angiopathy 
to that seen in chronic edema disease has 
led to postulation that this disease is a sequel 
to subclinical edema disease. The disease has 
been reported occurring in pigs 15 to 27 days 
after experimental E. coli infection. The char¬ 
acteristic feature is the presence of perivas¬ 
cular eosinophilic droplets. 

The main differential diagnosis is that of 
spinal or brain abscess and the porcine viral 
encephalomyelitides. Affected pigs should be 
housed separately as soon as clinical signs 
are observed. In view of the nature of the 
lesion, therapy is unlikely to be of value; 
however, recovery following treatment with 
oxytetracycline has been reported. 

FURTHER READING 

Harding DJD, et al. Cerebrospinal angiopathy in pigs. 

Vet Rec. 1966;79:388. 

Viral Diseases Primarily 
Affecting the Cerebrum 

RABIES 


SYNOPSIS 


Etiology Lyssavirus of family Rhabdoviridae 
Epidemiology Occurs in all farm animals 
worldwide except Australia and New 

Continued 
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Zealand. Major zoonoses. Transmitted by 
bites of infected animal. Different animals 
are vectors depending on geographic 
location: foxes in Europe and North 
America, skunks and raccoons in North 
America, mongoose in Africa, vampire bats 
in South America. 

Signs Incubation period varies from 2 weeks 
to several months. 

Cattle: Paralytic form: bizarre mental 
behavior (yawning, bellowing), 
incoordination, decreased sensation of 
hindquarters, drooling saliva, 
recumbency, and death in 4-7 days. 
Furious form: hypersensitive, belligerent, 
then paralysis and death as in paralytic 
form. 

Sheep: Outbreaks common; sexual 
excitement, wool pulling, attacking, 
incoordination, and then paralysis. 
Horses: Abnormal postures, lameness or 
weakness, depression, ataxia, pharyngeal 
paralysis, recumbency, hyperesthesia, 
biting, loss of anal sphincter tone, death 
in 4-6 days. 

Pigs: Excitement, attack, twitching of nose, 
clonic convulsions, paralysis. 

Clinical pathology No antemortem test. 

Lesions Nonsuppurative encephalomyelitis. 

Differential diagnosis list 

• Cattle: Lead poisoning, lactation tetany, 
hypovitaminosis A, listerial 
meningoencephalitis, 
polioencephalomalacia, nervous 
acetonemia. 

• Sheep: Enterotoxemia, pregnancy toxemia, 
louping-ill, scrapie. 

• Horse: Viral encephalomyelitis, herpes viral 
paralysis, cerebrospinal nematodiasis, 
equine degenerative myeloencephalopathy, 
protozoal encephalomyelitis, neuritis of 
cauda equina, horsetail poisoning, Borna, 
Japanese encephalitis, botulism. 

• Pig: Pseudorabies, Teschen disease, 

Glasser's disease, and other meningitides 
(Escherichia, coli and Streptococcus suis). 

Diagnostic confirmation Fluorescent 
antibody test of brain. Negri bodies 
histologically. 

Treatment None. All rabies cases are fatal. 

Control Prevention of exposure. Vaccination 
of domestic animals and wildlife. 

Quarantine and biosecurity to prevent entry 
of virus into country. 


ETIOLOGY 

Rabies is caused by single-stranded RNA 
viruses in the genus Lyssavirus of the family 
Rhabdoviridae. The Lyssavirus genome con¬ 
tains about 12 kb, and five separate genes 
encode for two membrane-associated pro¬ 
teins: matrix (M); glycoprotein (G); and 
three structural proteins, nucleoprotein (N), 
phosphoprotein (P), and polymerase (L). 1 

Currently, seven distinct genetic lineages 
are identified in the genus Lyssavirus: classical 


rabies virus (RABV, genotype 1, which 
includes a number of variants), Lagos bat 
virus (LBV, genotype 2), Mokola virus 
(MOKV, genotype 3), Duvenhage virus 
(DUUV, genotype 4), European bat lyssavirus 
(EBLV, subdivided into genotype 5 and geno¬ 
type 6), and the Australian bat lyssavirus 
(ABLV, genotype 7). It was recognized long 
ago that the strain of virus known as the 
“street” rabies virus differed in some way 
from “fixed” strains that had been cultivated 
for vaccine production (grown in cell culture 
or passaged through serial generations of 
laboratory animals). A large number of rabies 
virus strains are adapted to particular host 
species but remain infective for any mammal. 

EPIDEMIOLOGY 

Occurrence 

Rabies occurs in all warm-blooded animals. 
The disease occurs in cattle, sheep, horses, 
and pigs, in most countries, except the 
insular countries that exclude it by rigid 
quarantine measures or prohibition of the 
entry of dogs. However, the genus Lyssavirus 
can still cause surprises. In 1996 and 1998, 
two women died in Queensland, Australia, 
from infections with a newly discovered 
rabies-related virus (Australian bat lyssavi¬ 
rus). In 2002 a man died in Scotland after 
contracting European bat lyssavirus rabies 
indicating that after a century of apparent 
freedom from rabies, the disease is now 
enzootic in the UK. 

Europe 

In Europe, sylvatic rabies is a major problem 
for which the red fox is the principal vector. 
The disease is still spreading from a focal 
point that developed in Poland in the mid- 
1930s. It is endemic in Yugoslavia and 
Turkey, and has spread westward to Germany, 
Denmark, Belgium, Czechoslovakia, Austria, 
Switzerland, and France. Spread continues at 
the rate of about 30 to 60 km (18-37 miles) 
per year, and the threat to the UK increases 
each year. 2 Finland had been free of rabies 
since 1959, but in 1988 sylvatic rabies 
occurred with the raccoon dog as the vector. 

United States 

Information on rabies surveillance in the 
United States is published annually by the 
Centers for Disease Control and Prevention 
(CDC). In 2013, 92% of cases occurred in 
wild animals, 4.2% in cats, 1.5% in cattle, and 
1.5% in dogs. The disease occurred in rac¬ 
coons, bats, skunks, foxes, sheep and goats, 
horses and mules, mongoose, rodents and 
lagomorphs, and humans. 

The most frequently reported rabid wild¬ 
life cases occurred in raccoons, skunks, bats, 
and foxes. The relative contributions of those 
species continue to change in recent decades 
because of fluctuations in enzootics of rabies 
among animals infected with several distinct 
variants of the rabies virus. Endemic raccoon 
rabies occurs in the Appalachian mountain 


range and the entire eastern seaboard of the 
United States. Endemic skunk rabies occurs 
mainly in three geographic regions: the 
north central United States and the Canadian 
provinces of Manitoba, Saskatchewan, and 
Alberta; south central United States; and 
California. Within these broad areas, the 
disease persists in enzootic foci and erupts 
every 6 to 8 years. Experimental studies 
suggest that the species specificity of endemic 
rabies is caused by differences in the patho¬ 
genicity of variants of rabies virus. Skunk 
rabies peaks in the spring and early winter, 
which is probably a reflection of certain life 
history events within the skunk population. 

The prevalence of rabies in bats in the 
United States is about 7%, and transmission 
to humans is rare even though sensational 
journalism has caused many people to con¬ 
sider bats as a serious threat to health. Trends 
in national surveillance for rabies among 
bats in the United States from 1993 to 2013 
have consistently found a diffuse geographic 
pattern of rabies in bats throughout the con¬ 
tinental United States. Although spillover 
infection of bat variants of rabies among ter¬ 
restrial animals such as dogs and cats are 
rare, these variants of rabies virus have been 
associated with 92% of the indigenously 
acquired human rabies infections in the 
United States since 1990. 

Canada 

The arctic fox variant of rabies invaded most 
of Canada south of 60°N and east of the 
Rocky Mountains in the early 1950s largely 
by the migration of arctic foxes into the 
populated areas. It died out in most of that 
range, but persisted for over 40 years in 
southern Ontario with sporadic incursions 
into narrow adjacent strips in western 
Quebec and northern New York. The princi¬ 
pal vectors were red foxes (Vulpes vulpes) 
and, to a lesser extent, striped skunks ( Mephi¬ 
tis mephitis). From 1957 to 1989, Ontario 
experienced more animal rabies cases than 
almost every North American jurisdiction 
almost every year, and over 95% of those 
cases were limited to the southernmost 10% 
of the provinces land area. 

A second major outbreak, involving 
striped skunks, progressed from North 
Dakota into the Prairie Provinces during the 
late 1950s and 1960s. In the 1990s, the 
endemic areas in Canada are southern 
Ontario, which accounts for 85% of the 
Canadian diagnoses, and the Prairie Prov¬ 
inces where rabies is endemic in skunks. In 
western Canada, the main reservoirs of the 
rabies virus are skunks, bats, and foxes. 

Africa 

Rabies occurs in most countries in the African 
continent, but the reported incidence is sur¬ 
prisingly low for an area with such a high 
population of wild carnivores. The incidence 
of rabies, and the range of species involved, is 
increasing in Africa, and a number of wildlife 
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hosts has been identified, including wild 
dogs, jackals, and mongoose. 

In South Africa over a 4-year period, of 
all the domestic animal rabies cases reported, 
cattle accounted for half of the rabies cases 
in domestic animals. The mongoose 
accounted for 70% of the wild animal cases 
reported. Widespread distribution of the 
rabies virus occurs when the young mon¬ 
gooses are evicted from their parents’ terri¬ 
tory during the winter months, forcing them 
to scatter over a wide area. This increases the 
probability of domestic animals coming in 
contact with rabid animals. 

South America, Latin America, 
and the Caribbean 

Rabies in cattle is a major economic and 
public health problem in South America, 
where vampire bat-transmitted rabies results 
in cyclic outbreaks. Bovine paralytic rabies is 
endemic in the tropical regions extending 
from northern Mexico, to northern Argen¬ 
tina, and on the island of Trinidad. 

Distribution of Virus Variants 

The Lyssavirus genus belongs to the Rhabdo- 
viridae family of the Mononegavirales order 
and includes unsegmented RNA viruses 
causing rabies encephalomyelitis. They are 
well fitted to vectors belonging to the orders 
Carnivora (flesh-eating mammals including 
skunks) and Chiroptera (the order which 
comprises all of the 178 genera in 16 families 
of bats). Seven genotypes have been delin¬ 
eated within the genus. These genotypes are 
divided into two immunopathologically and 
genetically distinct phylogroups. Phylogroup 
I includes two African genotypes: Mokola 
virus, which has been isolated from shrews 
and cats, although its reservoir remains 
unknown, and Lagos bat virus, which has 
been found mainly in frugivorous bats but 
also in an insectivorous bat. Phylogroup II 
has five genotypes: DUXJV (Africa), EBLV-1 
(Europe), EBLV-2 (Europe), Australian bat 
lyssavirus (Australia), and the classical RABV 
(worldwide). Members of the genotypes 
Duvenhage virus, EBLV-1, and EBLV-2 are 
exclusively found in insectivorous bats, 
members of the genotype Australian bat lys¬ 
savirus are found in both insectivorous and 
frugivorous bats, and members of the geno¬ 
type RABV are found in carnivorous and 
American bats (insectivorous, frugivorous, 
and hematophagous). The fact that lyssavi- 
ruses are well established in two ecologically 
distinct mammal orders may very likely 
be the consequence of successful host 
switching. 

Analysis of 36 carnivoran and 17 chirop- 
teran lyssaviruses representing the main 
genotypes and variants strongly supports the 
hypothesis that host switching occurred in 
the history of the lyssaviruses. In fact, lyssa¬ 
viruses evolved in chiroptera long before the 
emergence of carnivoran rabies, very likely 
following spillover from bats. Using dated 


isolates, the emergence of carnivoran rabies 
from chiropteran lyssaviruses is estimated to 
have occurred 888 to 1459 years ago. In 
Europe, bat rabies is associated with two spe¬ 
cific virus strains: European bat lyssavirus 
type 1 and European bat lyssavirus type 2. 
European bat lyssavirus type 1 isolates have 
been found in serotine bats in France. Euro¬ 
pean bat lyssavirus type 2 has now been 
found in Daubentons bats in England and 
Scotland. 

In North America, variants of rabies virus 
are maintained in the wild by several ter¬ 
restrial carnivore species, including rac¬ 
coons, skunks, and a number of bat species. 
Each antigenically and genetically distinct 
variant of the virus in mammalian species 
occurs in geographically discrete areas and is 
strongly associated with its reservoir species. 
Within each area, a spillover of rabies into 
other species occurs, especially during epi¬ 
demics. Temporal and spatial analysis of 
skunk and raccoon rabies in the eastern 
United States indicated that epidemics in 
raccoons and skunks moved in a similar 
direction from 1990 to 2000. However, there 
is no evidence that the raccoon rabies virus 
variant is cycling independently in the skunk 
population of the eastern United States or 
that the variant has undergone any genetic 
adaptations among skunks. 

Within broad geographic regions, rabies 
infections in terrestrial mammals can be 
linked to distinct virus variants, identified by 
panels of monoclonal antibodies or by 
genetic analysis. These analyses have demon¬ 
strated substantial differences between iso¬ 
lates from various parts of the world and 
conventional vaccines do not fully protect 
against some of the naturally occurring anti¬ 
genic variants that exist in nature. Most out¬ 
breaks of rabies tend to be host species 
specific. Each variant is maintained primar¬ 
ily by intraspecific transmission within a 
dominant reservoir, although spillover infec¬ 
tion of other species may occur within the 
region. Geographic boundaries of the cur¬ 
rently recognized reservoirs for rabies in ter¬ 
restrial mammals have been established. 
Reservoirs for rabies virus are found world¬ 
wide. The virus is maintained at endemic and 
epidemic levels in a wide variety of Carniv¬ 
ora and Microchiroptera (bats) species. 

The geographic boundaries of the cur¬ 
rently recognized reservoirs for rabies in ter¬ 
restrial species in North America are as 
follows: 

• Raccoons in the southeastern United 
States 

• Red and arctic foxes in Alaska, resulting 
in spread across Canada as far east as 
Ontario, Quebec, and the New England 
states 

• Striped skunks in California, the north 
central states, and the south central 
states 

• Gray foxes in small reservoirs in 
Arizona 


• Coyotes in south Texas as a result of 

spread from domestic dogs in a 

long-standing reservoir at the Texas- 

Mexico border 

In Ontario, wildlife rabies persists in two 
predominant species: the red fox and the 
striped skunk. Molecular epidemiology 
studies indicate that there is no host specific¬ 
ity, but there are very clear and consistent 
differences in the virus from distinct geo¬ 
graphic regions. In Canadian studies, two 
major antigenic groups can be distinguished 
among the rabies virus isolates examined. 
One group is found in Ontario, Quebec, and 
the Northwest Territories and is represented 
in the wild by endemic red fox and striped 
skunk rabies that originated in northern 
Canada. The second group is found in Mani¬ 
toba where striped skunk rabies is endemic. 

Overlying the disease in terrestrial 
mammals are multiple, independent reser¬ 
voirs for rabies in several species of insec¬ 
tivorous bats. Distinct viral variants can be 
identified for different bat species, but geo¬ 
graphic boundaries cannot be defined for 
rabies outbreaks in the highly mobile bat 
species. 

Methods of Transmission 

The source of infection is always an infected 
animal, and the method of spread is almost 
always by the bite of an infected animal, 
although contamination of skin wounds by 
fresh saliva may result in infection. Not all 
bites from rabid animals result in infection 
because the virus is not always present in the 
saliva; the virus may not gain entrance to the 
wound if the saliva is wiped from the teeth 
by clothing. The virus may appear in the milk 
of affected animals, but spread by this means 
is unlikely as infection. The rabies virus is 
relatively fragile, susceptible to most stan¬ 
dard disinfectants, and dies in dried saliva in 
a few hours. 

One of the most important parameters in 
rabies models is the transmission rate, or the 
number of susceptible animals infected by a 
diseased animal per unit of time. In a popu¬ 
lation of 19 raccoons feeding at a concen¬ 
trated, common food source available during 
the summer in rural eastern Ontario, rac¬ 
coons bite and are bitten an average of 1.0 to 
1.3 times per hour, respectively. 

Because of the natural occurrence of 
rabies in animals in caves inhabited by 
infected insectivorous bats, inhalation as a 
route of infection came under suspicion. It is 
now accepted that interbat spread, and 
spread from bats to other species is princi¬ 
pally by bites, but that infection by inhalation 
also occurs. That infection can occur by 
ingestion has been put to use in devising 
systems of vaccinating wildlife by baiting 
them with virus-laden baits. 

Animal Vectors 

Traditionally, the dog, and to a minor extent 
the cat, have been the main source animals. 
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However, native fauna, including foxes, 
skunks, wolves, coyotes, vampire, insectivo¬ 
rous and fruit-eating bats, raccoons, mon¬ 
goose, and squirrels provide the major source 
of infection in countries where domestic 
Carnivora are well controlled. In general, 
foxes are less dangerous than dogs, because 
foxes tend to bite only one or two animals in 
a group, whereas dogs will often bite a large 
proportion of a herd or flock. Raccoons and 
skunks are major reservoirs of rabies in 
North America. 

Bats are the most important species in 
which subclinical carriers occur. Multiplica¬ 
tion of the virus without invasion of the 
nervous system is known to occur in fatty 
tissues in bats and may be the basis of the 
“reservoiring” mechanism in this species. 
Violent behavior is rare in rabid animals of 
this species, but it has been observed. Bats 
represent a serious threat of spread of rabies 
because of their migratory habits. Most 
spread is within the species, but the threat to 
humans and animal species by bats cannot 
be completely disregarded. Although rodents 
can be infected with the rabies virus they are 
not thought to play any part in the epidemi¬ 
ology of rabies, either as multipliers or 
simply as physical carriers of the virus. Many 
of the viruses they carry are rabies-like rather 
than classical rabies. 

Rabies has occurred in swine herds where 
the skunk population is high, where farms 
were settled from rough terrain resulting in 
considerable interface between wildlife and 
domestic animals, and in which the manage¬ 
ment system allows the pigs to run free on 
the premises. The disease has occurred in 
pigs reared in a closed feeder barn where 
access by wildlife was very unlikely. 

There is a difference in the role between 
vectors. For example, in Europe it is thought 
that foxes carry the infection into a new area, 
but other species disseminate it within an 
area. Foxes are the principal vectors and, as in 
Canada, cattle are the principal receptors. In 
western Canada, the main reservoirs of infec¬ 
tion are skunks, bats, and foxes. This would 
have important consequences for control 
programs based on wildlife surveillance. 

Domestic livestock like cattle are rarely a 
source of infection, although chance trans¬ 
mission to humans may occur if the mouth 
of a rabid animal is manipulated during 
treatment or examination. The virus may be 
present in the saliva for periods up to 5 days 
before signs are evident. 

Seasonal Spread 

Spread of the disease is often seasonal, with 
the highest incidence in the late summer and 
autumn because of large-scale movements of 
wild animals at mating time and in pursuit 
of food. In Canada, the frequency of rabies 
infection in livestock populations increases 
in the fall when adolescent foxes mature, 
begin mating behavior, and travel over large 
areas. 


Latent Infection 

Because of rapid developments in virologic 
techniques, especially serologic screening of 
animal populations to obtain presumptive 
diagnoses of the presence of a virus in the 
population, the question of latent infection 
and inapparent carriers of rabies has assumed 
some importance. The presence of rabies 
antibodies in animals in a supposed rabies- 
free area is likely to arouse concern. Inappar¬ 
ent carriers do occur in bats and there is 
some evidence that latent infections can 
occur in other species. 

Zoonotic Implications 

The disease in unvaccinated and untreated 
humans has always been considered fatal. 
The prime importance of rabies is its trans- 
missibility to humans, with veterinarians 
being at special risk. European data indicate 
that by far the greatest proportion of humans 
requiring pretreatment for rabies have been 
exposed to a rabid domestic animal, and not 
a wild one. Human rabies is extremely rare 
in countries where canine rabies is controlled 
by regular vaccination. 

Economic Importance 

Rabies is not of major economic importance 
in farm animals, although individual herds 
and flocks may suffer many fatalities. The 
economic costs of rabies in a country are 
associated with pet animal vaccinations, 
animal bite investigations, confinement and 
quarantine of domestic animals that bite 
humans or that are suspected of exposure to 
rabid animals, salaries of animal control offi¬ 
cers, laboratory diagnosis, the costs of preex¬ 
posure and postexposure prophylaxis and 
treatment and consultation, public educa¬ 
tion, staff training, and clerical costs. 

PATHOGENESIS 

Following the deep introduction of rabies 
virus by the bite of a rabid animal, initial 
virus multiplication occurs in striated muscle 
cells at the site. The neuromuscular spindles 
then provide an important site of virus entry 
into the nervous system, which may also 
occur at motor end plates. In the olfactory 
end organ in the nares, neuroepithelial cells 
are in direct contact with the body surface, 
and these cells extend without interruption 
into the olfactory bulb of the brain. Follow¬ 
ing entry of the virus into nerve findings, 
there is invasion of the brain by passive 
movement of the virus within axons, first 
into the spinal cord, and then into the brain. 
The immune response during this phase of 
the infection is minimal and explains why 
neutralizing antibody and inflammatory 
infiltration are usually absent at the time of 
onset of encephalitic signs. Antibody titers 
reach substantial levels only in the terminal 
stages of the disease. Following entry of 
rabies virus to the CNS, usually in the spinal 
cord, an ascending wave of neuronal infec¬ 
tion and neuronal dysfunction occurs. 


The primary lesions produced are in the 
CNS, and spread from the site of infection 
occurs only by way of the peripheral nerves. 
This method of spread accounts for the 
extremely variable incubation period, which 
varies to a large extent with the site of the 
bite. Bites on the head usually result in a 
shorter incubation period than bites on the 
extremities. The severity and the site of the 
lesions will govern to a large extent whether 
the clinical picture is primarily one of irrita¬ 
tive or paralytic phenomena. The two 
extremes of the paralytic or dumb form and 
the furious form are accompanied by many 
cases that lie somewhere between the two. 
Gradually ascending paralysis of the hind¬ 
quarters may be followed by severe signs of 
mania, which persist almost until death. 
Destruction of spinal neurons results in 
paralysis, but when the virus invades the 
brain, irritation of higher centers produces 
manias, excitement, and convulsions. Death 
is usually caused by respiratory paralysis. 
The clinical signs of salivation, indigestion 
and pica, paralysis of bladder and anus, and 
increased libido all suggest involvement of 
the autonomic nervous system, including 
endocrine glands. At death, there are viral 
inclusions and particles in almost all neurons 
in the brain, spinal cord, and ganglia, but 
none in the supportive cells of the CNS. Elec¬ 
tron microscopic examination also shows 
the presence of the virus in the cornea, which 
it reaches centrifugally along the peripheral 
nerves. 

Virus reaches the salivary glands and 
many other organs in the same way, but the 
highly infective nature of saliva arises from 
passage of the virus along the olfactory nerve 
to taste buds and other sensory end organs 
in the oropharynx, rather than from the sali¬ 
vary glands. Experimentally, infection of 
nonnervous tissues in skunks and foxes has 
been reproduced in the adrenal medulla, 
cornea, and nasal glands. The virus may be 
found in milk, in some organs and in fetuses, 
but the virus cannot be demonstrated in the 
blood at any time. 

Variations in the major manifestations as 
mania or paralysis may depend on the source 
of the virus. Virus from vampire bats almost 
always causes the paralytic form. “Fixed” 
virus that has been modified by serial intra¬ 
cerebral passage causes ascending paralysis 
in contrast to “street” virus, which more 
commonly causes the furious form. The site 
of infection and the size of the inoculum may 
also influence the clinical course. There is 
also a geographic difference in the propor¬ 
tion of animals affected by the furious or 
paralytic form of the disease. In the Ameri¬ 
cas most cases are paralytic. In Africa and 
India most cases in farm animals are the 
furious form. 

The disease is always fatal, but infre¬ 
quently an experimentally infected animal 
shows clinical signs of the disease but 
recovers. There are two recent records of 





spontaneous recovery in man, and the occur¬ 
rence of nonfatal rabies in all species has 
been reviewed. There appears to be no field 
occurrence in domestic animals of the 
finding in experimentally infected mice that 
some strains of virus invade only peripheral 
nerves and spinal ganglia leaving a number 
of survivors with permanent nervous disabil¬ 
ity. The pathogenesis of recovery from rabies 
is important relative to vaccination and sero¬ 
logic testing to determine the incidence and 
prevalence of the disease. 

CLINICAL FINDINGS 

Among farm animals, cattle are most com¬ 
monly affected. The incubation period in 
naturally occurring cases is about 3 weeks, 
but varies from 2 weeks to several months in 
most species, although incubation periods of 
5 and 6 months have been observed in cattle 
and dogs. 

Cattle 

Experimentally, in cattle the average incuba¬ 
tion period was 15 days and the average 
course of the disease was 4 days. Unvacci¬ 
nated cattle had shorter incubation and clini¬ 
cal duration of disease than vaccinated cattle. 
Major clinical findings included excessive 
salivation (100%), behavioral change (100%), 
muzzle tremors (80%), vocalization (bellow¬ 
ing 70%), aggression, hyperesthesia and/or 
hyperexcitability (70%), and pharyngeal 
paralysis (60%). The furious form occurred 
in 70%. 

In the paralytic form, knuckling of the 
hind fetlocks, sagging and swaying of the 
hindquarters while walking, and often devia¬ 
tion or flaccidity of the tail to one side, are 
common early signs. Decreased sensation 
usually accompanies this weakness and is 
one of the best diagnostic criteria in the 
detection of rabies. It is most evident over the 
hindquarters. Tenesmus, with paralysis of 
the anus, resulting in the sucking in and 
blowing out of air, usually occurs late in the 
incoordination stages just before the animal 
becomes recumbent. This is a characteristic 
finding but it may be transient or absent. 
Drooling of saliva is one of the most constant 
findings. The yawning movements are more 
accurately described as voiceless attempts to 
bellow, and voiceless bellowing is considered 
a helpful clinical sign for distinguishing 
rabid cows from nonrabid cows, and when 
sound is generated in rabid cattle, the bel¬ 
lowing is of a higher pitch than normal. 3 
When paralysis occurs, the animal becomes 
recumbent and unable to rise. Bulls in this 
stage often have paralysis of the penis. Death 
usually occurs 48 hours after recumbency 
develops and after a total course of 6 to 
7 days. 

In furious rabies, the animal has a tense, 
alert appearance, is hypersensitive to sounds 
and movement, and is attracted to noise so 
that it may look intently or approach as 
though about to attack. In some cases, it will 
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violently attack other animals or inanimate 
objects. These attacks are often badly directed 
and are impeded by the incoordination of 
gait. Frequently, loud bellowing is usual at 
this stage. The sound is characteristically 
hoarse and the actions are exaggerated. 
Sexual excitement is also common, with 
bulls often attempting to mount inanimate 
objects. Multiple collections of semen for 
artificial insemination have been made 
during very short periods from bulls that 
later proved to be rabid. With this violent 
form of the disease, the termination is char¬ 
acteristically sudden. Severe signs may be 
evident for 24 to 48 hours and the animal 
then collapses suddenly in a paralyzed state, 
dying usually within a few hours. 

There is no consistent pattern in either 
the development or the range of signs. Body 
temperatures are usually normal but may be 
elevated to 39.5°C to 40.5°C (103°F-105°F) in 
the early stages by muscular activity. Appe¬ 
tite varies also. Some animals do not eat or 
drink, although they may take food into the 
mouth. There is apparent an inability to 
swallow. Others eat normally until the termi¬ 
nal stages. The course may vary from 1 to 6 
days. So wide is the variation in clinical find¬ 
ings that any animal known to be exposed 
and showing signs of spinal cord or brain 
involvement should be considered rabid 
until proved otherwise. 

Sheep and Goats 

In sheep experimentally infected, the average 
incubation period was 10 days, and the 
average course of the disease was 3 days. 
Major clinical findings included muzzle and 
head tremors (80%); aggressiveness, hyper¬ 
excitability, and hyperesthesia (80%); trismus 
(60%); salivation (60%); vocalization (60%); 
and recumbency (40%). The furious form 
occurred in 80% of sheep. In one large-scale 
outbreak in sheep, deaths occurred 17 to 111 
days after exposure. 

Rabies often occurs in a number of 
animals at one time because of the ease with 
which a number of sheep can be bitten by a 
dog or fox. Clinically, the picture is similar 
to that seen in cattle. The minority of animals 
show sexual excitement, attacking humans 
or each other, and vigorous wool pulling; 
sudden falling after violent exertion, muscle 
tremor, and salivation are characteristic. 
Excessive bleating does not occur. Most 
sheep are quiet and anorectic. Goats are 
commonly aggressive, and continuous bleat¬ 
ing is common. 

Horses 

Most recorded cases in horses are lacking in 
distinctive nervous signs initially, but incline 
to the paralytic form of the disease. Experi¬ 
mentally, the average incubation period was 
12 days and the average duration of disease 
was 6 days. Unvaccinated animals had 
shorter incubation periods and duration of 
clinical disease. Muzzle tremors were the 


most frequently observed and most common 
initial signs. Other clinical findings included 
pharyngeal paresis (71%), ataxia or paresis 
(71%), and lethargy or somnolence (71%). 
The furious form occurred in 43% of cases, 
some of which began as the dumb form. The 
paralytic form was not observed. 

In naturally occurring cases, the initial 
clinical findings may include abnormal pos¬ 
tures, frequent whinnying, unexplained 
aggressiveness and kicking, biting, colic, 
sudden onset of lameness in one limb fol¬ 
lowed by recumbency the next day, high- 
stepping gait, ataxia, apparent blindness, and 
violent head-tossing. Lameness or weakness 
in one leg may be the first sign observed, but 
the usual pattern of development starts with 
lassitude, then passes to sternal recumbency 
and lateral recumbency, followed by pad¬ 
dling convulsions and terminal paralysis. 

In a series of 21 confirmed cases in 
horses, the clinical findings at the time of 
initial examination included ataxia and 
paresis of the hindquarters (43%), lameness 
(24%), recumbency (14%), pharyngeal 
paralysis (10%), and colic (10%). The major 
clinical findings observed over the course of 
hospitalization included recumbency 
(100%), hyperesthesia (81%), loss of tail and 
anal sphincter tone (57%), fever ~38.5°C 
(52%), and ataxia and paresis of the hind¬ 
quarters (52%). Mean survival time after the 
onset of clinical signs was 4 days (range, 1-7 
days). Clinical findings of the furious form 
of rabies, such as aggressiveness (biting), 
compulsive circling, and abnormal vocaliza¬ 
tion, were evident in only two horses. Sup¬ 
portive therapy, given to nine horses, had no 
effect on survival time and did not correlate 
with the detection of Negri bodies at nec¬ 
ropsy. Horses developing the furious form 
show excitement, become vicious, and bite 
and kick. Their uncontrolled actions are 
often violent and dangerous and include 
blind changes, sudden falling, and rolling 
and chewing of foreign material or their own 
skin. Hyperesthesia and muscular twitching 
of the hindlimbs followed by crouching and 
weakness are also recorded in the horse. 

Pigs 

Pigs manifest excitement and a tendency to 
attack, or dullness and incoordination. 
Affected sows show twitching of the nose, 
rapid chewing movements, excessive saliva¬ 
tion, and clonic convulsions. They may walk 
backward. Terminally, there is paralysis and 
death occurs 12 to 48 hours after the onset 
of signs. The clinical findings in pigs are 
extremely variable, and individual cases may 
present in a variety of ways and only one or 
two of the classical findings may occur. 

CLINICAL PATHOLOGY 

No antemortem laboratory examination is of 
diagnostic value, but tests for lead on blood, 
urine, and feces may help to eliminate lead 
poisoning as a possible diagnosis. Virus 
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neutralization tests are available, but the 
presence of antibodies is not diagnostic. 
Other available tests are passive hemaggluti¬ 
nation, complement fixation, radioimmuno¬ 
assay, and indirect fluorescent antibody 
staining. These are used to determine 
immune status rather than as a diagnostic 
aid. An ELISA is available for measurement 
of rabies-specific antibody in the sera of 
major domestic and wildlife reservoirs in 
North America. 

NECROPSY FINDINGS 

Confirmation of a diagnosis of rabies 
depends on careful laboratory examination 
of fresh brain. The recommended laboratory 
procedure includes the following tests and it 
is recommended that at least two of them be 
used on all specimens. 

• The most widely used test is the 
fluorescent antibody test (FAT) on 
impression smears from the brain. 
Current recommendations include 
sampling of the hippocampus, medulla 
oblongata, cerebellum, or gasserian 
ganglion. 4 However, a recent publication 
stipulates that the hippocampus and 
cerebellum are less desirable samples 
than the thalamus, pons, or medulla for 
the detection of viral antigen, and that 
the current sampling recommendations 
stem from the visibility of Negri bodies, 
rather than the true distribution of viral 
antigen. An FAT can be completed in 
approximately 2 hours and is accurate 
when done routinely by experienced 
personnel because it detects all 
genotypes if a potent conjugate is used. 5 
The reliability of FAT confirmed by the 
mouse inoculation test is over 99%. 
Those specimens that are negative on 
FAT, and have contact with humans, are 
inoculated into experimental mice. The 
incubation period in mice before clinical 
signs are seen averages 11 to 12 days 
(range of 4-18 days), and death occurs 
in 7 to 21 days. The mouse brain is 
harvested as soon as signs appear and is 
submitted to the same tests described 
earlier. Thus a positive result can be 
obtained as soon as 4 to 7 days after 
inoculation. Some mice must be left for 
the full 21 days because only a negative 
result at that time can give a complete 
negative to the test. A tissue culture 
infection test is now available, which 
allows demonstration of the virus in 
stained tissue culture cells within 4 days. 
This may replace the mouse inoculation 
test. 

• A dot ELISA is available for the 
detection of rabies antigen in animals. It 
is rapid, simple, economical and, in 
comparison with the FAT, the agreement 
is 95%. 

• A histologic search for Negri bodies in 
tissue sections has results available in 48 
hours. Because of false-positive 


diagnoses the technique is in some 
disrepute. 

• An immunohistochemical (IHC) test 
for rabies can be used on formalin-fixed, 
paraffin-embedded brain tissues of 
domestic animals and wild animals 
when fresh tissues are not available. In 
some cases, the brain tissue may be 
negative for the rabies virus using 
standard diagnostic techniques, but IHC 
tests may detect the presence of antigen. 

• A reverse transcriptase (RT-)PCR test 
has been found of value in detecting 
rabies infection in decomposed brain 
samples that were negative by the direct 
FAT. 

The histopathologic changes of rabies infec¬ 
tion include a nonsuppurative encephalomy¬ 
elitis and ganglioneuritis, with neuronal 
necrosis and the formation of glial nodules. 
Negri bodies are most commonly found in 
the Purkinje cells of the cerebellum in rumi¬ 
nants. Spongiform change has also been 
reported in the brain of a heifer infected with 
rabies virus. 

Samples for Confirmation 
of Diagnosis 

• Histology: half of midsagittally 
sectioned brain, cervical spinal cord 
(including root ganglia), gasserian 
ganglion, parotid salivary gland 
(LM, IHC) 

• Virology: half of midsagittally sectioned 
brain, cervical spinal cord (FAT, 
BIOASSAY). 

Note the zoonotic potential of this 
organism when handling carcass and sub¬ 
mitting specimens. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of rabies is one of the most 
difficult and important duties that a 
veterinarian is called on to perform. Because 
in most cases there is a probability of human 
exposure, failure to recognize the disease may 
place human life in jeopardy. It is not even 
sufficient to say that if rabies occurs in the 
area one will classify every animal showing 
nervous signs as rabid, because nervous signs 
may not be evident for some days after the 
illness commences. In addition, many animals 
suffering from other diseases will be left 
untreated. The best policy is to handle all 
suspect animals with extreme care but 
continue to treat them for other diseases if 
such treatment appears to be indicated. If the 
animal is rabid, it will die and the diagnosis 
can then be confirmed by laboratory 
examination. 

Several diseases are characterized by signs 
of abnormal mental state or paralysis, or a 
combination of both (see Table 14-9 for the 
horse; Table 14-10 for cattle). Rabies must be 
differentiated from the following common 
diseases affecting the nervous system, 
according to species. 


Cattle and sheep 

• Lead poisoning. In acute and subacute lead 
poisoning in cattle the clinical findings are 
similar to those of furious and dumb 
rabies. In acute lead poisoning, the 
common clinical findings are blindness, 
convulsions, champing of the jaws with the 
production of frothy saliva, and twitching 
of the eyelids and ears. In subacute lead 
poisoning in cattle there is blindness, 
stupor, head-pressing, grinding of the 
teeth, and almost no response to 
treatment. Rabid cattle are usually not 
blind, and signs of motor irritation such as 
convulsions and twitching of the facial 
muscles usually do not occur. However, 
there are signs of bizarre mental behavior, 
such as wild gazing, bellowing, yawning, 
attacking, and compulsive walking. 

• Lactation tetany occurs in lactating cattle 
on lush pasture in the spring during cold 
wet and windy weather, and is 
characterized by hyperesthesia, tremors, 
convulsions, recumbency, and rapid death. 

• Vitamin A deficiency occurs in groups of 
young cattle from 6 months to 18 months 
of age not receiving adequate carotene 
intake or vitamin A supplementation and is 
characterized by blindness in the ocular 
form and episodes of tremors and 
convulsions. 

• Polioencephalomalacia in cattle and sheep 
is characterized by blindness, nystagmus, 
opisthotonus, and convulsions; bellowing, 
loss of sensation, and tenesmus do not 
occur. 

• Listeriosis in cattle and sheep is manifested 
by localizing signs of circling and facial 
nerve paralysis. 

• Enterotoxemia in sheep is usually confined 
to lambs on heavy carbohydrate diets. 

• Pregnancy toxemia is a disease of pregnant 
ewes and is readily differentiated by the 
presence of ketonuria. 

• Louping-ill in sheep is transmitted by 
insects, has a seasonal occurrence, and a 
localized geographic distribution. 

Horses 

In horses, rabies must be differentiated from 
several diseases of the nervous system 
(summarized in Table 14-1 1). 

The most common include diseases 
include viral encephalomyelitis, herpes virus 
myeloencephalopathy, cerebrospinal 
nematodiasis, equine degenerative 
myeloencephalopathy, equine protozoal 
myeloencephalitis, neuritis of the cauda 
equina, horsetail poisoning, Borna, Japanese 
encephalitis, and botulism. 

Pigs 

In pigs, rabies must be differentiated from 
pseudorabies, Teschen disease, and 
involvement of the brain in several other 
diseases of the pigs, such as hog and African 
swine fever, meningitis associated with 
Streptococcus suis type II, Haemophilus spp., 
Glasser's disease, Escherichia coli, septicemia, 
and erysipelas. 

Text continued on p. 1237 
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Table 14-9 Diseases of horses characterized by signs of intracranial or disseminated lesions of the central nervous system 

Disease 

Etiology and epidemiology 

Clinical and laboratory findings 

Treatment and control 

Infection causes 

Viral encephalomyelitis 

Summer season 

Stage of slight hyperexcitability and mild fever 

Supportive therapy, thick bedding 

(WEE, EEE, VEE) 

Insect vector, usually mosquitoes 

initially, impaired eyesight, circling and walking 

Recovery rate 60%-75% 


Young nonvaccinated horses at 

Stage of mental depression, somnolence, leaning, 

Vaccinate foals at 6 months of age 


greatest risk, outbreaks may 

feed hanging from mouth, unsteady 

and other horses for the first time, 


occur 

Stage of paralysis, unable to swallow, weakness, 

twice 2 weeks apart and once or 

Rabies 

All age groups, knowledge of 

recumbency; dies 2-4 days after onset 

Serology for diagnosis 

Ascending paralysis, hypersalivation, will bite 

twice annually thereafter 

No treatment 


disease in area, wildlife 

Ataxia and paresis of hindlimbs, lameness, 

All die 


Usually single animal affected 

recumbency, pharyngeal paralysis, colic, loss of 

Vaccinate horses if anticipate 


Not common 

tail and sphincter tone, fever 

outbreak 

Herpesvirus 

Can occur as outbreaks 

Dies in 1 week 

Immunofluorescent antibody testing on brain for 
positive diagnosis 

Symmetric ataxia and paresis, bladder paralysis, 

No specific therapy 

myeloencephalopathy 

Neurologic disease usually 

recumbency may occur, spontaneous recovery 

Antiinflammatory drugs may be 

(EHV-1) 

preceded by fever 

possible, CSF (hemorrhage or xanthochromia) 

useful 


Mature horses 

Vasculitis with subsequent focal malacia in gray and 

Use of corticosteroids is controversial 

WNE 

West Nile virus 

white matter of brain and spinal cord 

Fever, muscle fasciculations, weakness, ataxia, 

Recovery may occur spontaneously 

Supportive 


Late summer in temperate regions 

depression, cranial nerve disease, recumbency 

Antiserum 


Can occur as epizootics 

Prominent signs of spinal cord precede sign of 

Interferon 


Now enzootic in most of North 

intracranial disease in most cases 

Antiinflammatory, drugs including 

Borna 

America 

Virus 

Pharyngeal paralysis, muscle tremor, flaccid paralysis, 

corticosteroids 

Prevention by vaccination 

No treatment 

Japanese encephalitis 

Direct transmission 

Germany and other European 
countries 

Disease is recorded in Japan 

Low morbidity, high case-fatality 
rate 

Japanese encephalitis virus 

course 1-3 weeks 

Viral encephalomyelitis with inclusion bodies 

Fever, lethargy, jaundice, dysphagia, incoordination, 

Spontaneous recovery 


Sporadic 

staggering, recovery in 1 week 

Vaccination in endemic areas 

Protozoal 

Asia including Japan and China, 
parts of Oceania including New 
Guinea and Torres Strait 

Pig is mammalian amplifying host 
Vector mosquitoes, birds infected 
Sarcocystis neurona 

Serology 

Any central nervous system disorder. 

Antiprotozoal medications 

myeloencephalitis 

Single animal affected 

Usually causes ataxia but can cause cerebral and 

(pyrimethamine + sulphonamide, 


Infectious but not contagious 

cranial nerve disease 

ponazuril, or nitazoxanide) 

Cerebrospinal 

Migration of larval stages of 

Clinical signs referable to gray matter lesions are 

Vaccine available in the United 

States, but not recommended 

Ivermectin or moxidectin at usual 

nematodiasis 

Strongylus vulgaris, Habronema 

common 

doses 

(verminous 

sp., and Filaroides 

Hypalgesia, hyporeflexia, hypotonia, muscle atrophy 

High dose benzimidazole 

encephalitis) 

Micronema deletrix 

and cerebral, cerebellar and cranial nerve 

Antiinflammatory drugs 


(Helicephalobolus) deletrix 

involvement 

Parasite control 

Brain abscess 

Not common 

Sporadic 

Progressive encephalitis, incoordination, sensory 
deficits, blindness in one or both eyes, course of 
several days 

Pleocytosis of CSF 

Hemorrhage and malacia of thalamus, brainstem, 
cerebellum 

Obtunded mentation, variable signs of intracranial 

Antimicrobials 


Often a complication of strangles 

disease 

Surgical drainage 



Leukocytosis 

Variable pleocytosis and increased protein 
concentration in CSF 

CT scan 

Prognosis is poor 


Continued 








1234 


Chapter 14 ■ Diseases of the Nervous System 


Table 14-9 Diseases of horses characterized by signs of intracranial or disseminated lesions of the central nervous system—cont'd 

Disease 

Etiology and epidemiology 

Clinical and laboratory findings 

Treatment and control 

Physical 

Traumatic injury to the 

History of traumatic injury (falling, 

Coma, depression, hemorrhage from nose and ears. 

Antiinflammatory drugs, mannitol 

brain 

rearing-up and falling 
backward) 

blindness, cranial nerve deficits 

Often rupture of longus capitus muscle 

Fair to poor prognosis 

Facial nerve paralysis 

Associated with prolonged 
surgical recumbency and 
compression of facial nerve 

Facial nerve paralysis lasting several days 

Paralysis of ear, eyelid, lip, nostril on one side 

No alteration in sensation or vestibular function 

Supportive 

Lightning strike 

Observed lightning strike or 
history of recent thunderstorm 
activity 

Death is most common 

Horses that survive strike often have prominent 
signs of vestibular disease 

Supportive 

Recovery is possible 

Fracture or arthritis of 
the temporal- 

Sporadic in older horses 

Acute onset circling, head tilt, nystagmus, unilateral 
facial paralysis, dysphagia 

Antibiotics, antiinflammatory drugs, 
supportive care 

stylohyoid articulation, 
otitis media 

Intoxications 

Horsetail poisoning 

Ingestion of plants mixed with hay 

Incoordination, swaying from side to side, muscle 

Thiamine parenterally. Good 

(Equisetum arvense) 

Not common 

tremor recumbency, bradycardia, cardiac 
arrhythmia 

response 

Equine 

leukoencephalomalacia 
(fumonisin toxicosis) 

Horses eating moldy corn grain 
contaminated with Fusarium 
moniliforme fungus 

Muscle tremor, weakness, staggering gait, 
dysphagia, depression 

None 

Hepatoencephalopathy 

Horses on inadequate pasture 

Develops slowly, commonly ill for 2-3 weeks 

No treatment 

associated with 
hepatotoxic plants 
( Crotalaria, Senecio 
and Amsinckia) 

forced to eat poisonous plants 
More than one animal may be 
affected 

Geographic distribution 

previously, depression, pushing, ataxia, hypertonic 
face and lips, yawning, compulsive walking, loss 
of weight, icterus, photosensitization occasionally 
Serum liver enzymes elevated and liver function 
tests abnormal 

Hyperammonemia 

Gross and histopathologic liver lesions 

Prevent access to poisonous plants 

Lead poisoning 

Grazing on pastures contaminated 
by atmospheric lead from 
nearby factories, not common 
now 

Usually a chronic disease 

Inspiratory dyspnea caused by paralysis of recurrent 
laryngeal nerve 

Pharyngeal paralysis, dysphagia, aspiration 
pneumonia, paralysis of lips, weakness and 
recumbency 

Ingestion of large amounts causes subacute form 
similar to that seen in cattle 

Calcium versenate 

Yellow-star thistle 

Ingestion of yellow-star thistle in 

Difficult prehension, fixed facial expression with 

No treatment 

poisoning ( Centaurea 
sp., anigropallidal 
encephalomalacia of 
horses) 

California and Australia 

Summer months on weedy 
pasture 

mouth held half open, hypertonic face and lips, 
persistent chewing movements and rhythmic 
protrusion of tongue, yawning and somnolence 
but easily aroused, aimless walking, slight 
stiffness of gait, high mortality 

Malacia of globus plants pallidus and substantia 
nigra 

Prevent access to poisonous plants 

Botulism 

Ingestion of preformed toxin of 

Cl. botulinum in decaying grass 
or spoiled silage, hay or grain. 
Sporadic in horses. 

Endemic in foals in some areas of 
North America 

Flaccid paralysis of skeletal muscles leading to 
weakness, stumbling and recumbency. Mentation 
normal. 

Skin sensation normal. Paralysis of tongue and 
thoracic muscles. Die in 2-4 days. Some recover. 
Filtrates of intestinal tract into laboratory animals 

Supportive therapy, antitoxins. 
Vaccination in enzootic areas. 
Prevent contamination of feed by 
animal carcasses 

Tetanus 

Wounds infected with Clostridium 
tetani 

Sporadic 

Generalized tetany of all skeletal muscles 

Fever, hyperesthesia, protrusion of third eyelid, 
trismus, recumbency followed by tetanic 
convulsions, die in 5-10 days 

Prognosis unfavorable 

Dark stall, penicillin, muscle 
relaxants, supportive therapy and 
antitoxin parenterally or into 
subarachnoid space 

Toxoid vaccination 

Metabolic and idiopathic 

Lactation tetany 

Lactating mares, suckling foals 
Hypocalcemia 

Acute onset of generalized stiffness, trismus, no 
hyperesthesia, no prolapse of third eyelid, 
diaphragmatic flutter, soft heart sounds 

Serum hypocalcemia 

Rapid response to calcium 
borogluconate intravenously 
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Table 14-9 Diseases of horses characterized by signs of intracranial or disseminated lesions of the central nervous system—cont'd 

Disease 

Etiology and epidemiology 

Clinical and laboratory findings 

Treatment and control 

Idiopathic epilepsy of 

Single horse 

Recurrent episodes of typical clonic-tonic 

Control seizures with phenobarbital 

Arabians 

First noticed from shortly after 

convulsions lasting 10-15 minutes, loss of 

or potassium bromide 


birth up to 6 months of age 

consciousness, sweating, tachycardia, 

Spontaneous recovery as foals 


Etiology unknown 

spontaneous defecation 

No lesions 

mature 

Idiopathic epilepsy of 

Sporadic disease 

Tonic-clonic convulsions 

Control seizures acutely with 

adult horses 

Unknown cause 

Variable periodicity and intensity 

diazepam and in the long term 


Can be associated with brain 


with phenobarbital and/or 


lesions detectable on EEG or CT 


potassium bromide 

Spontaneous recovery unlikely 

Cerebellar hypoplasia of 

Inherited 

Defective eye blinks, ataxia, head-nodding, slight 

Eliminate carrier animals 

Arabian and Swedish 

Signs noticeable from 2-6 months 

tremor of head and neck, intention tremor of the 


Gotland foals 

of age 

head, high-stepping gait, difficulty in rising, legs 
wide apart, difficulty in jumping over obstacles, 
fall backward if dorsiflex head and neck 




Cerebellar hypoplasia grossly or histologically 


Lower motor neuron 

Associated with stabling and no 

Weight loss, weakness, muscle fasciculations, 

No definitive cure 

disease 

access to pasture 

maintained appetite 

Some cases stabilized with 


Sporadic 

Normal mentation 

administration of oral vitamin E 


North America and Europe 

Low serum vitamin E concentration 

Poor prognosis for return to function 


Low serum vitamin E 

Diagnosis by muscle biopsy 



concentrations 



Note: Other less common diseases affecting the nervous system of horses include space-occupying lesions (cholesteatomas of old horses, tumors), intracranial myiasis 
caused by migration of Hypoderma bovis, hydrocephalus in young horses, the accidental injection of an ataractic drug into the carotid artery, and bacterial meningitis 

in young horses as a sequel to streptococcal infection. 



CSF, cerebrospinal fluid; CT, computed tomography; EEE, eastern equine encephalitis; EEG, electroencephalogram; EHV-1, equine herpesvirus-1; VEE, Venezuelan 

| equine encephalitis; WEE, 

western equine encephalitis; WNE, West Nile encephalomyelitis. 



Table 14-10 Differential diagnosis of diseases of cattle with clinical findings referable to brain dysfunction 


Disease 

Epidemiology 

Clinical findings 

Clinical pathology and 
pathology 

Response to treatment 

Lead poisoning 

All ages of calves and cows on 
pasture with access to dumps 
Discarded lead batteries, used 
crankcase oil, lead-based paint 
common sources 

Case-fatality rate high 

Acute in calves 

Blindness and "chewing gum" 
champing of jaws, convulsions, 
charging, rapid death 

Subacute in adults: blindness, stupor, 
head-pressing, grinding teeth, rumen 
static, protozoa dead 

Blood and tissue for lead 
Encephalomalacia 

Will respond favorably to 
treatment in early 
stages if not too 
severe but most cases 
do not return to 
normal 

Calcium versenate and 
thiamine hydrochloride 
Must be concerned 
about disposition of 
meat and milk of 
treated animals 

Polioencephalomalacia 

Grain-fed rapidly growing feedlot 
cattle 

May occur on pasture containing 
plants and water high in 
sulfates 

Outbreaks occur 

Sudden onset, blindness, tremors and 
shaking of head, twitching of ears, 
head-pressing, opisthotonus, 
nystagmus, strabismus, rumen 
contractions normal, CSF pressure 
increased 

Blood biochemistry (see text) 
Brain for histopathology 

Responds to thiamine in 
early stages 

Cases caused by sulfate 
toxicity may not 
respond 

Hypovitaminosis A 

Calves 6-8 months of age most 
commonly but mature cows 
too off dry summer pasture 
(CSF form) 

Young rapidly growing cattle fed 
deficient ration for several 
months (ocular form) 

CSF form: sudden onset; syncope and 
convulsions followed by recovery, 
eyesight and pupils normal 

Nyctalopia 

CSF pressure increased 

Ocular form: blindness in daylight, 
pupils dilated and fixed, optic disc 
edema 

Syncope and convulsions may also 
occur 

Usually preceded by nyctalopia but 
missed by owner 

Plasma and liver vitamin A 
Optic nerve constriction 
Squamous cell metaplasia of 
parotid ducts 

CSF form: recover in 48 
hours following 
treatment with vitamin 
A injections 

Ocular form: will not 
recover because of 
optic nerve 
degeneration 


Continued 
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Table 14-10 Differential diagnosis of diseases of cattle with clinical findings referable to brain dysfunction—cont'd 

Disease 

Epidemiology 

Clinical findings 

Clinical pathology and 
pathology 

Response to treatment 

Haemophilus 

Feedlot cattle (8-12 months), 

Found down, fever common, ataxic, not 

Neutrophilia CSF contains 

Respond favorably to 

meningoencephalitis 

outbreaks, preceded by 

usually blind, fundic lesions, irritation 

neutrophils 

antimicrobials if 

(thromboembolic 

respiratory disease in group 

signs uncommon, weakness and 

Typical gross lesions in brain 

treated early 

meningoencephalitis) 

High case fatality if not treated 

paresis common, synovitis, laryngitis, 

Pleuritis, pneumonia, 

Later, high case-fatality 


early 

pleuritis 

synovitis, myocardial 

rate 

Listeria 

Sporadic 

May die in 8-10 hours 

Myocardial abscesses may also occur 

Unilateral facial paralysis, deviation of 

abscesses 

CSF for cells 

Recovery may occur. 

meningoencephalitis 

Fed silage 

head and neck, mild fever, 

Brain for histopathology 

Antimicrobials 

Nervous signs with 

Yearlings and adults 

In 20% of young cattle affected 

endophthalmitis, may be recumbent 

Tonic-clonic convulsions, normal 

Oocysts in feces 

Residual signs in 
survivors common 

Unfavorable response to 

coccidiosis (see text) 

with dysentery caused by 

eyesight, hyperesthesia, normal 


treatment 

Rabies 

coccidiosis 

Case fatality may exceed 50% 
Cattle exposed to wildlife, one or 

temperature, dysentery, may live 2-4 
days 

Quiet and dull (dumb form) or excitable 

Hemogram normal 

Must control coccidiosis 

None 

Bovine spongiform 

more affected, all ages, 
incubation 3 weeks to few 
months 

Mostly in dairy cattle; epizootic 

and easily annoyed (furious form) 

Bellowing, yawning, drooling, saliva, 
eyesight normal, tenesmus, ascending 
paralysis beginning with anesthesia 
over tail head, progressive course, 
dies in 4-6 days, usually no gross 
muscular tremors or convulsions, mild 
fever early 

Insidious onset, clinical course several 

Brain for laboratory 
diagnosis 

None 

None 

encephalopathy 

(BSE) 

Pseudorabies 

began in Britain in 1986; long 
incubation period; caused by 
scrapie-like agent in protein 
concentrate made from sheep 
carcasses following change in 
processing procedures 

Disease of pigs transmitted to 

weeks, change in behavior, 
hyperesthesia, ataxia, loss of body 
weight, stare, agnostic behavior, kick 
during milking, knuckling, falling, 
progressive weakness leading to 
recumbency 

Intense, local pruritus at site of bite, 

Tissues for injection into 

None 

Hypomagnesemic 

cattle by bites 

Lactating dairy cows on lush 

excitement, bellowing, convulsions, 
paralysis, death 2-3 days 

Acute: sudden onset of irritability. 

rabbit 

Histopathology of brain 
Serum magnesium level 

Responds to magnesium 

tetany (lactation 

pasture, late pregnant beef 

hyperesthesia; convulsions, 

slow 

sulfate early 

tetany) 

Nervous acetonemia 

cows, cold, windy weather in 
spring 

May be precipitated by long 
transportation or deprivation of 
feed and water 

Outbreaks occur 

Seen in yearlings too 

Case mortality can be high 

2-6 weeks postpartum 

recumbency, loud heart sounds, 
tachycardia, polypnea. Subacute: 
gradual onset (2-4 days), 
hyperirritable, difficult to handle, 
stilted gait, falling, stumbling, sudden 
movement may precipitate convulsion 

Sudden onset, bizarre mental behavior, 

Ketonuria, hypoglycemia 

Responds to glucose 

Bovine bonkers (bovine 

High-producing cow 

Single animal 

Mature cattle and calves 

chewing, licking, bellowing, 
hyperesthesia, sweating 

Periodic episodes of hyperexcitability. 

Information not available 

parenterally and/or 
propylene glycol orally 

Recover spontaneously 

hysteria) 

consuming ammoniated feeds 

bellowing, running, charging, circling, 


following removal of 


(lucerne hay, bromegrass hay, 
fescue hay, wheat hay, maize 
stalks or silage) 

May also occur when animals 
have access to molasses-urea- 
protein blocks 

Toxic agent may be substituted 
imidazole formed by 
combination of soluble 
carbohydrates and ammonia 
Usually occurs when high-quality 
forage treated with ammonia 
concentrate of more than 3% 
dry matter by weight 

Can occur in nursing cows fed 
ammoniated feedstuffs 

convulsions, weaving, episodes last 

30 seconds and may recur every 5-10 
minutes 

Some die 

Most recover following removal of feed 


feed source 








1237 


Viral Diseases Primarily Affecting the Cerebrum 


Table 14-10 Differential diagnosis of diseases of cattle with clinical findings referable to brain dysfunction—cont'd 

Disease 

Epidemiology 

Clinical findings 

Clinical pathology and 
pathology 

Response to treatment 

Hepatic 

encephalopathy (i.e., 
ragwort poisoning) 

Cattle with access to plants 
containing pyrrolizidine 
alkaloids 

Many cattle may be affected 

Loss of body weight, gradual onset of 
aggressive behavior, ataxia, muscular 
tremors, recumbency, convulsions, 
tenesmus and bellowing 

Hyperbilirubinemia, 
decreased excretion of 
bromsulphthalein (BSP) 
Liver lesions 

No treatment 

Brain abscess 

Sporadic, young cattle (6 months 
to 2 years of age) may have 
history of previous infections 

Localizing signs, rotation or deviation of 
head and neck, loss of equilibrium, 
circling, mild fever, may be blind in 
one eye, nystagmus one eye 

Neutrophilia, neutrophils in 
CSF 

Unfavorable response to 
therapy 

Enterotoxemia caused 
by Clostridium 
perfringens type D 

Calves 2-4 months of age 
sucking high producing cows 
grazing on lush pastures 
Outbreaks occur 

Uncommon 

Peracute: found dead. Acute: bellowing, 
mania, convulsions, blindness, death 
in 1-2 hours 

Subacute: dull, depressed, blind 

Hyperglycemia (150— 

200 mg/dL), glycosuria 
marked 

Smear intestinal contents 
Recover toxin (mouse 
protection tests) 

Hyperimmune serum 

Most die 

Vaccination effective 

Whole-milk 

hypomagnesemic 
tetany of calves 

Calves 2-4 months of age on 
whole milk 

Also in calves on milk replacers, 
concentrates and hay and 
occasionally in nursing calves 
on pasture 

Sudden alertness, hyperesthesia, 
head-shaking, opisthotonus, muscular 
tremors, frothing at mouth, 
convulsions, heart rate 200-250 
beats/min 

Serum magnesium levels 
usually below 0.8 mg/dL 

Magnesium sulfate 
intravenously gives 
good response, must 
follow up daily 
because of previous 
depletion of bone 
reserves 


TREATMENT 

No treatment should be attempted after clin¬ 
ical signs are evident. If the bite is seen, 
immediately after exposure, irrigation of the 
wound with 20% soft soap solution or a solu¬ 
tion of benzalkonium chloride for at least 5 
minutes may prevent the establishment of 
the infection. The area exposed to potential 
infection should be doused with iodine solu¬ 
tion or a 40% to 50% alcohol solution if 
iodine is unavailable. 2 Immediate and thor¬ 
ough washing of all bite wounds and 
scratches with soap and water is perhaps the 
most effective measure for preventing rabies 
in veterinarians bitten by rabid animals. In 
experimental animals, simple local wound 
cleansing has been shown to markedly 
reduce the likelihood of rabies. Postexposure 
vaccination is unlikely to be of value in 
animals, because death usually occurs before 
appreciable immunity has had time to 
develop. Euthanasia of suspect animals must 
be avoided, particularly if human exposure 
has occurred, because the development of 
the disease in the animals is necessary to 
establish a diagnosis. Antirabies serum may 
become available for animal treatment at 
some future date. In some countries, cases 
of rabies in farm animals are notifiable to 
the animal health and disease regulatory 
bodies. 

CONTROL 

The major goal of rabies control in domestic 
and wild animals is the reduction or elimina¬ 
tion of human rabies. The most rational 
approach to reducing human rabies is to 
reduce the prevalence and incidence of 


disease in animals. In developed countries, 
this has been accomplished by vaccination of 
dogs and cats, leaving much rabies in wildlife 
to be controlled. In countries without wild¬ 
life reservoirs, such as the Philippines, it 
would be economically advantageous to 
eliminate dog rabies. In Africa, where the 
incidence of rabies as well as the range of 
species involved is increasing, there is a need 
to develop new and economical methods of 
vaccinating domestic animals. 

Dogs remain the major vector for trans¬ 
mission to humans in developing countries 
and are responsible for an estimated 59,000 
human deaths worldwide annually. 6 ' 7 Preex¬ 
posure immunization for individuals, like 
veterinarians, who are at high risk to rabies, 
has been recommended by the World Health 
Organization (WHO), because it reduces 
risk and provides a more rapid anamnestic 
response, eliminating the need for human 
globulin should exposure occur. Rabies pre¬ 
exposure vaccination is now mandatory in 
many veterinary colleges. Despite some mild 
adverse reactions, immunization against 
rabies is an important prophylaxis measure 
well accepted by veterinary students. 

For farm animals, there are two useful 
control techniques: the prevention of expo¬ 
sure and preexposure vaccination. 

Prevention of Exposure to the Virus 

This can be achieved by controlling access of 
wildlife species that are likely to come into 
contact with the farm livestock in particular 
areas or through vaccination of the wildlife. 
Foxes accounted for a very large proportion 
(85% in Europe) of wildlife rabies, and a 


control program aimed at reducing their 
population using poison or traps was 
attempted until the 1970s. This method of 
population reduction failed to control out¬ 
breaks or reduce enzootic rabies. 

Point infection control has been shown 
to be highly successful in controlling raccoon 
rabies. This involves the use of three tactics: 
population reduction, trap-vaccinate-release, 
and oral vaccination with baits to control the 
spread of raccoon rabies. 

Preexposure Vaccination of Humans 

The most successful form of rabies preven¬ 
tion is preexposure vaccination. In human 
medicine, there are no reported cases of 
rabies deaths in anyone who has had preex¬ 
posure vaccination followed by a booster 
vaccination if exposed. The CDC has pub¬ 
lished the recommendations of the Advisory 
Committee on Immunization Practices 
(ACIP) for human rabies prevention, which 
indicate that rabies preexposure vaccination 
should be offered to persons more likely to 
be exposed to rabies virus than the popula¬ 
tion of the United States at large. The recom¬ 
mendations of the ACIP for preexposure 
prophylaxis and maintenance of a detectable 
antibody titer differ depending on the esti¬ 
mated degree of risk of exposure to the virus. 
Four risk categories have established: con¬ 
tinuous, frequent, infrequent, and rare. The 
classification depends on factors such as the 
occupation of the individual and geography. 

With directed continuing education, 
common sense, first aid, and the avail¬ 
ability of modern biologic agents, human 
rabies is nearly always preventable. Rabies 
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preexposure vaccination is recommended 
for anyone at increased risk of exposure to 
rabies, including veterinarians, veterinary 
students who work in university veterinary 
teaching hospitals, laboratory staff working 
with rabies, vaccine producers, animal and 
wildlife control personnel, and zoologists. 
The standard preexposure regimen is three 
doses of vaccine intramuscularly or intrader- 
mally on days 0, 7, and 28 (or 21). A booster 
dose after 1 year increases and prolongs the 
antibody response. This preexposure vacci¬ 
nation permits postexposure vaccination to 
consist of two doses of vaccine on days 0 
and 3 instead of five doses on days 0, 3, 7, 
14, and 28 and avoids the need for postex¬ 
posure of administration of human rabies 
immunoglobulin. 

Postexposure Vaccination of Humans 

Modern postexposure treatment is highly 
successful if done adequately. Wound care 
with infiltration of the wound with human 
rabies immunoglobulin and active rabies 
immunization is essential, especially after 
severe exposure. Postexposure treatment is 
assumed to neutralize or inactivate virus 
while it is still in the wounds, before it gains 
access to the nervous system where it is pro¬ 
tected from the immune system. Therefore 
treatment after exposure to rabies virus is 
very urgent, even if the patient was bitten 
months before. 

Postexposure Vaccination of 
Domestic Animals 

An effective postexposure protocol for 
unvaccinated domestic animals exposed 
to rabies includes immediate vaccination 
against rabies, a strict isolation period of 
90 days, and administration of booster 
vaccinations during the third and eighth 
weeks of the isolation period. The protocol 
has been effective in dogs, cats, cattle, and 
horses. 

Vaccination of Domestic Animals 

A Compendium of Animal Rabies Control is 
published annually by the National Associa¬ 
tion of State Public Health Veterinarians in 
the United States and Canada. It provides 
recommendations for immunization proce¬ 
dures in domestic animals and the vaccines 
licensed and marketed in the United States. 
Detailed information is provided on preex¬ 
posure vaccination, management of dogs 
and cats and livestock, postexposure man¬ 
agement, and control methods in wild 
animals. Such publications should be con¬ 
sulted when necessary. In general, for cattle, 
sheep, and horses, the primary vaccination is 
given at 3 months of age and boosters given 
annually. Farm livestock in endemic areas 
where clinical cases of rabies occur are 
common should be vaccinated. 

In countries where vampire bats are a 
major vector for rabies in farm livestock, vac¬ 
cination of livestock is necessary, but in 


countries such as Argentina vaccination does 
not support a cost-benefit analysis. 

Vaccines 

Almost all rabies vaccines for domestic 
animals are inactivated. Inactivated tissue 
culture cell vaccines given to cattle result in 
neutralizing antibodies in 1 month after the 
primary vaccination. A booster given 1 year 
later increases the titers, which are detectable 
1 year after the booster. A vaccine inactivated 
with binary ethylenimine, and containing 
aluminum hydroxide adjuvant, provides 
excellent protection for up to 3 years and is 
very useful for the control of rabies in cattle 
in Latin America where the vampire bat is 
the main vector. 

Vaccinal antibodies are present in the 
colostrum of vaccinated cows and it is rec¬ 
ommended that, where cattle are vaccinated 
annually, calves be vaccinated at 4 months of 
age and again when 10 months of age, but 
vaccination should be delayed 6 months for 
calves born to and receiving colostrum from 
previously vaccinated dams. 8 However, in 
areas with endemic and epizootic rabies, 
calves can be vaccinated as early as 2 months 
of age and be protected in the presence of 
passive immunity from colostral antibodies 
provided they are revaccinated 4 months 
later. 9 Calves from unvaccinated dams can be 
protected by vaccinating them at 17 days of 
age. Postvaccinal paralysis does not occur 
after its use. Coadministration of levamisole 
(6 mg/kg, subcutaneously) with vaccination 
does not increase the vaccine titer; however, 
the effect on cell-mediated immunity was 
not specifically evaluated in that study. 10 

Vaccination of Wildlife 

Mass oral vaccination of terrestrial wild 
animals is a rabies control method that is 
feasible, effective, and internationally 
accepted. It is based on the concept of applied 
herd immunity. The vaccines are efficacious 
when fed as vaccine baits. The factors affect¬ 
ing acceptance of baits for delivery of oral 
rabies vaccine to raccoons have been 
examined. 

The oral immunization of foxes has 
resulted in a substantial decrease in the 
number of rabies cases in Europe. As a result 
of oral vaccination of the red fox ( V. vulpes) 
against rabies, using hand and aerial distri¬ 
bution of vaccine-laden baits, the rabies 
virus has almost been completely eradicated 
from Western and Central Europe. The same 
dramatic decrease occurred in southern 
Ontario, Canada. In most countries, vaccine 
baits were distributed twice yearly during the 
spring (March to May) and autumn (Septem¬ 
ber to October). Several European countries 
have become rabies free: Belgium, Luxem¬ 
bourg, France, Italy, Switzerland, Finland, 
and the Netherlands. 

Progress has been made in applying oral 
rabies vaccination to contain and eliminate 
some strains of terrestrial rabies in North 


America. Raboral V-RG is the only rabies 
vaccine licensed for use in the United States. 
It has not produced sufficient levels of popu¬ 
lation immunity in skunks in the wild at the 
current dose, and it may be less effective in 
skunks than in other species. Skunks are a 
major contributor to rabies in North America 
and this has raised concerns about an inde¬ 
pendent maintenance cycle for raccoon 
rabies in skunks. The national rabies man¬ 
agement goals of virus containment and 
elimination will likely remain elusive until an 
oral vaccine is licensed that is immunogenic 
in all terrestrial rabies reservoir species. Vac¬ 
cination will succeed in reducing or eradicat¬ 
ing rabies only if a sufficient proportion of 
the target population can be immunized. 
Mathematical modeling techniques are now 
being tested to examine the population 
biology of rabies in wildlife species such as 
raccoons and skunks. 

It is notable that no practical vaccina¬ 
tion methods have been developed for bats. 
Phylogenetic analyses of viruses from bats 
and carnivores suggest a historical basis 
for still existing viral origins caused by 
interactions between these taxa. Thus the 
possibility for pathogen emergence result¬ 
ing from transmission by rabid bats with 
subsequent perpetuation among other 
animals cannot be discounted easily on any 
continent. 

Quarantine and Biosecurity 

The most effective method of preventing the 
entry of rabies into a country free of the 
disease is the imposition of a quarantine 
period of 4 to 6 months on all imported dogs. 
This system has successfully prevented the 
entry of the disease into island countries, but 
has obvious limitation in countries that have 
land borders. The occurrence of the disease 
in two dogs in the United Kingdom in 1969 
to 1970 in which the incubation period 
appeared to last 7 to 9 months suggests that 
the more usual period of 6 months may give 
incomplete protection. Therefore vaccina¬ 
tion on two occasions with an inactivated 
vaccine while the animal is still in quarantine 
for 6 months is the current recommendation. 
To require a longer period of quarantine 
would encourage evasion of the law by 
smuggling. The situation in the UK, and in 
any country where the disease does not 
occur, is a vexed one. It is possible to rely 
chiefly on quarantine and act swiftly to 
stamp the disease out if it occurs. The shock 
eradication program would include quaran¬ 
tine of, and vaccination in, a risk area, ring 
vaccination around it, and destruction of all 
wildlife. This procedure is likely to be 
adopted in countries where the risk is small, 
such as Australia. Where the risk is great, 
consideration must be given to mass vaccina¬ 
tion of wildlife by baits, because wildlife are 
the cracks in the defense armor. The use of 
combined vaccines containing rabies vaccine 
in other vaccines used in dogs would be an 





effective and panic-free way of increasing the 
immune status of the pet population. 
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PSEUDORABIES 
(AUJESZKY'S DISEASE) 

The disease was first described in cattle and 
was known then as pseudorabies because of 
the similarity to rabies and thereafter Aujesz¬ 
ky’s disease after the Hungarian physician 
who first isolated the virus. 


SYNOPSIS 


Etiology Aujeszky's disease vims (suid 
herpesvirus 1) (SuHV-1). 

Epidemiology Found in pigs worldwide and 
major economic importance in swine¬ 
raising areas. High prevalence of infection; 
lower incidence of disease. Infected pig 
source of infection; latent infection is 
characteristic; spread occurs within herds, 
between herds, and from infected carriers; 
long-distance aerosol transmission occurs 
from area to area; immunity follows 
infection or vaccination. 

Signs Fever, incoordination, recumbency, 
convulsion, and death in piglets. Coughing, 
nasal discharge, sneezing, and dyspnea in 
older growing pigs. In cattle and sheep, 
intense pruritus at site of bite, excitement, 
circling, convulsions, fever, recumbency, 
paralysis, and death in 48 hours or less. 

Clinical pathology Serology for virus¬ 
neutralizing antibodies. Detection of virus 
in tissues. 

Lesions Viral encephalitis. 

Diagnostic confirmation Detection of virus 
in tissues; serology; inclusion bodies in 
nervous tissue and respiratory tract. 

Differential diagnosis 

Swine 

• Viral encephalomyelitis (Teschen disease) 

• Rabies 

• Streptococcal meningitis 

• Hog cholera 

• African swine fever 
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• Glasser's disease 

• Septicemias ( Escherichia coli, erysipelas, 
salmonella) 

• Bowel edema 

• Salt poisoning 

• Reproductive insufficiency (parvovirus). 

Cattle and sheep 

• Nervous form acetonemia 

• Rabies C 

• Acute lead poisoning. 

Treatment None. 

Control Depopulation and repopulation, test 
and removal, segregation of progeny, and 
vaccination with subunit vaccines that 
distinguish between infected and 
vaccinated pigs. 


ETIOLOGY 

Pseudorabies is caused by porcine 
herpesvirus-1 (SuHV-1), Aujeszky’s disease 
virus, or pseudorabies virus (PRV), of the 
genus Varicellovirus , a member of the family 
of Herpesviridae, 1 subfamily Alphaherpes- 
virinae. It exists as a single serotype. Many 
cell lines are used for PRV culture. There are 
four major genome types; Type 1 is found 
in the United States and Europe; Type 2 
is found in central Europe, Type 3 is found 
in Eastern Europe, and Type 4 is found only 
in Asia. 

EPIDEMIOLOGY 

Occurrence 

PRV primarily affects pigs and occurs inci¬ 
dentally in other species. It has a worldwide 
distribution except for Norway, Australia, 
and most of the islands of Southeast Asia. 
Control programs have eliminated the con¬ 
dition in many countries, 2 leaving isolated 
pockets in Northern Ireland and in France. 
It is still endemic in eastern and south¬ 
eastern Europe, Latin America, Africa, 
and Asia. For example, in Poland from 
2005 to 2009 around 0.4% of the popula¬ 
tion was infected. 3 In countries where the 
disease has been eradicated vaccination is 
not allowed. 

The disease persists in feral pigs, wild 
boar, and hybrids 4,5 at quite high levels in 
many European countries and also in the 
United States 2 and these permanently 
threaten the domestic pig population. 

The reservoir of Aujeszky’s disease has 
shifted from domestic pigs to wild and feral 
pig populations and circulates unchecked in 
many countries. 0 Thus the identification of 
reservoirs and the epidemiologic surveil¬ 
lance is becoming more difficult. 

PRV is primarily a disease of pigs, and 
naturally occurring cases in cattle, sheep, 
dogs, cats, rats, and horses are rare and 
usually fatal. Many other species have also 
been affected, but only pigs survive the infec¬ 
tion. Infection in other species often occurs 
when pigs cohabit with other species. 


Morbidity and Case Fatality 

Typically, the disease spreads rapidly in 
infected herds over a period of 1 to 2 weeks, 
and the acute stage of the outbreak lasts 1 to 
2 months. In sucking pigs, the morbidity and 
mortality rates approach 100%, but in mature 
swine there may be no clinical signs, and 
affected animals usually recover. The highest 
morbidity occurs initially in unweaned 
piglets, but as the outbreak continues and 
piglets become passively immunized through 
the sow’s colostrum, the major incidence 
may occur in weanlings. 

In recent years, there has also been an 
increase in the morbidity and case-fatality 
rates in older pigs associated with the inten¬ 
sification of pig rearing and the dominance 
of more virulent strains. 

Risk Factors 
Animal Risk Factors 

The seroprevalence of infection varies widely 
between herds, and between breeding and 
finishing pigs within herds. The most impor¬ 
tant animal risk factors of virus persistence 
are herd size and the population density of 
the sows in the herd. Endemic infection is 
more likely in herds of breeding sows with 
more than 66 sows. In breeding herds, spread 
of infection is positively associated with 
increasing size of the herd, having the gilts in 
the same barn as the sows (gestation barn), 
and serologic evidence of infection in the 
finishing pigs. The seroprevalence of infec¬ 
tion is low in quarantined breeding herds, 
which makes them prime candidates for 
elimination of the disease by test and removal. 

In the early period of a compulsory vac¬ 
cination program with gl-deleted vaccines, 
in an area endemically infected with the 
disease, the seroprevalence of infected breed¬ 
ing females is higher in farrow-finish than 
farrow-feeder herds. Mandatory vaccination 
is beneficial in both herds but the pattern is 
linear in farrow-feeder herds and curvilinear 
in farrow-finish herds, and is more rapid in 
the early period of the program. In the 
farrow-finish herds, the odds of infected 
breeding females were associated positively 
with seropositivity in the finishing pigs of the 
herd and with the density of the pigs in the 
county in which the herd is located. In 
Belgium the presence of finishing pigs in the 
same herd increased the chances of being 
infected. The spread and transmission of the 
virus between herds can be reduced by a 
reduction in the contact rate between the 
herds and their size and by a reduction of the 
transmission within the herd. 

The factors associated with circulation of 
the virus within herds include confinement 
of finishing pigs, concurrent infection with 
Actinobadllus pleuropneumoniae, the length 
of time since the herd has been under quar¬ 
antine, and the presence of clinical disease. 

In general, PRV does not increase the 
susceptibility of animals to infection with 
other pathogens. 
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The primary risk factors associated with 
seroprevalence of the virus in 500 swine 
herds in Illinois included total confinement 
and density of infected herds in the geo¬ 
graphic area. It was calculated in Belgium 
that if there were over 455 pigs per squared 
kilometer, then there was a 10-fold increase 
in the risk of PRV. Total confinement is asso¬ 
ciated with higher seroprevalence, presum¬ 
ably because of increased density of 
population and increased risk of transmis¬ 
sion. Seroprevalence is higher in vaccinated 
herds, increases over the course of the eradi¬ 
cation program, and decreases with an 
increased time between quarantine and the 
development of a herd plan. In the Nether¬ 
lands, the risk factors contributing to sero¬ 
prevalence of infection in breeding herds 
included the presence of finishing pigs, pro¬ 
duction type (producers of finishing pigs had 
a higher prevalence than producers of breed¬ 
ing stock), vaccination of sows during 
nursing (compared with vaccinating all sows 
simultaneously at 5-month intervals, or vac¬ 
cination during the second half of gestation), 
pig density in the municipality in which the 
herd was located (seroprevalence increased 
with higher pig density), herd size of fewer 
than 100 sows, average within-herd parity 
(seroprevalence increased with higher 
within-herd parity), replacement pigs raised 
on the premises, and vaccine strain adminis¬ 
tered to the sows. 

Environmental Risk Factors 

The virus is resistant to environmental con¬ 
ditions depending on pH, humidity, and 
temperature. The virus may survive for 2 to 
7 weeks in an infected environment and for 
up to 5 weeks in meat. The infectivity of the 
virus in an aerosol decreases by 50% in 1 
hour. Environments at 4°C supported the 
survival of the virus in aerosol better than 
at 22°C. The virus is lipophilic and sensitive 
to several commonly used disinfectants. 
Sodium hypochlorite (5.25%) is the most 
desirable and practical disinfectant. Suspen¬ 
sions of the virus in saline G solution and on 
the solid fomites, whole corn, and steel 
remained infectious for at least 7 days. Loam 
soil, straw, and concrete supported survival 
of the virus at 25°C for up to 1 week. During 
shipment of pigs, bedding material and 
surfaces in contact with pigs may become 
contaminated. Rinsing a needle between 
sampling may reduce the probability of 
mechanically transmitting the disease. 

Pathogen Factors 

Field strains of the virus differ in virulence. 
Numerous genomically different strains of 
the virus exist, and restriction endonuclease 
(RE) analysis can distinguish between virus 
isolates, which is useful for identifying new 
isolates of the virus as they appear in pig 
populations. In Denmark, restriction frag¬ 
ment analyses of older clinical isolates, and 
of isolates from all the virologically con¬ 
firmed outbreaks since 1985, indicated the 


introduction of foreign strains. Strain varia¬ 
tion in virulence has been observed in field 
isolates and produced by laboratory attenua¬ 
tion. Virulence also affects the tropism of the 
virus. Many of the highly virulent strains are 
neuroinvasive; many of the moderately viru¬ 
lent or mild strains are not neuroinvasive but 
affect the respiratory tract. The highly 
adapted or vaccinal strains often acquire a 
tropism for the reproductive systems. Inacti¬ 
vation of several genes that are not essential 
for viral replication can reduce the virulence 
of the virus. 

Some field strains of the virus from 
Poland and Hungary have been identified by 
restriction fragment pattern analysis as 
derivatives of conventionally attenuated 
vaccine strains. This is considered a rare 
event but must be considered in relationship 
to trade in semen from vaccinated boars or 
trade in live animals between disease-free 
areas and areas in which vaccination with 
live attenuated strains is practiced. 

Methods of Transmission 

Pseudorabies is not very contagious and 
large quantities of the virus are required to 
infect pigs except very young piglets. Larger 
doses of virus are needed for oral infection 
than nasal infection. In feral pig and wild 
boar populations it appears to be venereal 
transmission that is more important.' It can 
be transmitted transplacentally, especially in 
the last third of gestation. It can also be 
passed through the colostrum. In milk excre¬ 
tion of virus takes place for 2 to 3 days fol¬ 
lowing infection. Virus can be transmitted 
for up to 12 days in semen following infec¬ 
tion. Venereal transmission of latent infec¬ 
tion in sows and boars has been suspected, 
but there is no direct evidence. The virus 
cannot usually be isolated from urine. 

In a study of PRV in wild swine in the 
United States it was found that the virus was 
found in the oral cavity of feral pigs and was 
widely distributed in the tonsils, salivary 
glands, taste buds, and even mucosa in the 
region of the tusks. 8 

Infected swine shed virus in large quanti¬ 
ties from all body excretions, secretions, and 
aerosols. Virus shedding starts 1 to 2 days 
after infection, reaches a peak at 2 to 5 days, 
and may last up to 17 days. Virus can 
be isolated from the oropharynx for 18 to 
25 days. 

Pigs, and possibly rodents, appear to be 
the primary host for the virus. The virus is 
present in the nasal discharge and in the 
mouth of affected pigs on the first day of 
illness and for up to 17 days after infection. 
This suggests that short-length aerosol trans¬ 
mission is a common occurrence within 
buildings or units but long distance trans¬ 
mission is still doubted. After infection and 
recovery pigs may be regarded as carriers. 

Within Flerds 

Transmission within herds occurs by direct 
oral-nasal contact between infected and 


susceptible pigs and aerosols from projection 
of discharges during sneezing, but it may 
also occur via contaminated drinking water 
and feed. Transmission within herds is inde¬ 
pendent of the size of the population. 

The transmission of virus decreases 
rapidly following the start of a vaccination 
program, but extensive spread can still occur 
even among finishing pigs vaccinated twice. 
Vaccinated pigs may shed more virulent 
virus but there are no significant differences 
in magnitude of transmission. Mixing of 
chronically infected pigs with seronegative 
pigs may not result in seroconversion in the 
seronegative pigs until a clinical outbreak of 
disease occurs. 

Between Herds 

Transmission between herds is caused by the 
introduction of infected animals, and the 
virus may still be introduced into vaccinated 
breeding herds. Other methods of transmis¬ 
sion have been suggested, including farm 
laborers, vehicles, feedstuffs, rodents, and 
wild or domestic animals, the carcasses of 
dead infected animals, and infected food and 
water. 

Within an Area 

Transmission within an area is a major 
problem and not well understood. Some evi¬ 
dence indicates that area spread may be asso¬ 
ciated with markets and the frequency of 
delivery of pigs to market per year. In France, 
it has been suggested that the presence of an 
infected herd within 1 km is an important 
factor in the spread of PRV. The concurrent 
occurrence of an outbreak of disease on 
many farms in the same area in Denmark 
suggested long-distance airborne transmis¬ 
sion of the virus. 

Infection is spread by airborne transmis¬ 
sion. Sneezing probably generates the air¬ 
borne virus. In a series of outbreaks in 
Britain between 1981 andl982, 7 of 11 were 
found likely to have been transmitted by 
aerosol on meteorologic grounds. Airborne 
spread occurred between herds 2 to 9 km 
apart. An epidemic in Denmark in 1987 to 
1988, associated with foreign strains of the 
virus, suggests that airborne transmission 
occurred across the German-Danish border, 
especially as a southerly wind was blowing 
during the period of transmission. 

Computer modeling based on the mean 
dose of virus received by an animal at a farm 
downwind can be used to predict the air¬ 
borne spread of the virus. 

The virus is inactivated in meat after 35 
days of storage at —18°C (0.5°F). Meat from 
infected pigs may cause infection when fed 
to dogs. 

Latency 

Pigs that recover from infection are latent 
carriers of the virus for life. Reactivation, fol¬ 
lowed by shedding and spreading the virus, 
may occur following stress such as transport 
or farrowing, or by the administration of 





corticosteroids. Serologic testing of latent 
carriers detects the antibody response to the 
whole virus or to a PRV virus glycoprotein. 
During natural infection, the virus replicates 
at the site of infection, usually in the oronasal 
areas. The virus gains entry into the nerve 
endings and ascends by retrograde axonal 
transport to the cell body in the trigeminal 
ganglion. Viral components can be found in 
both the trigeminal ganglion and the tonsils. 
The tonsil is a primary site of virus replica¬ 
tion and serves as an area for monitoring 
virus shedding during acute infection and 
reactivation. The virus can be isolated from 
tissue fragments of pigs clinically recovered 
from disease for up to 13 months and fol¬ 
lowed by a challenge with the live virus, 
which may be shed by sows for up to 19 
months after initial infection. Virus gene 
products can be found in the trigeminal 
ganglia and tonsils for many weeks following 
acute infection. Latent infection can also 
occur in vaccinated pigs. 

Other Species 

The rarity of spread to other species is caused 
by scanty nasal discharge and the improba¬ 
bility of the discharge coming into contact 
with abraded skin or nasal mucosa of animals 
other than pigs. The disease has occurred in 
sheep and cattle following the use of a mul¬ 
tidose syringe previously used in infected 
swine. It may spread from normal or clini¬ 
cally affected pigs to animals of other species, 
but does not usually spread between animals 
of the other species. For example, sheep and 
calves can be infected experimentally, but 
there is no evidence that they excrete the 
virus. The disease may occur in pigs, sheep, 
and cattle on the same farm. Brown rats may 
be a minor source of infection but are 
unlikely to be an important reservoir; they 
are capable of spreading the disease to dogs. 
The wild Norway rat is thought to have only 
a minor role in the transmission of the 
disease to farm animals. The virus causes 
fatal disease in dogs, which are usually 
infected from close association with infected 
pigs. The raccoon can be infected experi¬ 
mentally, but is not considered to be a long¬ 
term subclinical carrier of the virus. The 
possible role of wild animals in transmission 
of PRV in swine has been examined with 
inconclusive results. It has been seen in 
Kodiak, polar, and Himalayan bears fed on a 
diet of raw pig’s heads. Five viral isolates were 
recovered from latently infected wild boar 
originating from two regions of East 
Germany, but in the Netherlands the wild 
boar were said to be rarely affected. The PRV 
infections in the wild boar in Germany are 
said to exist in the country as an endemic 
infection and persist completely separately 
from the domestic population and also do 
not appear to affect it. The sacral ganglia and 
trigeminal ganglia of wild pigs were said to 
be a source of infection. The latency was 
shown in 9/16 sacral ganglia, 7/16 trigeminal 
ganglia, and 5/13 tonsils from feral swine in 
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the United States, but even so most of the 
transmission in feral swine is expected to be 
venereal. The experimental infection of wild 
boars and domestic pigs with different strains 
has been performed and the clinical signs 
depended on the strain but the wild boar 
could infect the domestic strains and vice 
versa. The low virulence strains were highly 
adapted to the wild boar. 

Immune Mechanisms 

When infected with a virulent strain of the 
virus, pigs develop an immune response that 
can completely, or almost completely, prevent 
the virus from replicating after the pig 
becomes reinfected. Following natural infec¬ 
tion, sows acquire immunity, which is trans¬ 
ferred to their piglets in the colostrum and 
persists in the piglets until 5 to 7 weeks of 
age. Following intranasal challenge, piglets 
with colostral immunity from naturally 
infected sows are protected from clinical 
disease, but not against subclinical 
infection. 

Vaccination of pigs with attenuated PRV 
virus prevents clinical disease and death that 
may otherwise follow exposure to the viru¬ 
lent virus. Vaccination does not, however, 
prevent either acute or latent infection with 
virulent virus. Consequently, vaccinated 
pigs, as well as nonvaccinated pigs that 
survive infection with the virulent virus, 
can become virus carriers and a source of 
the virus following reactivation of a latent 
infection. This is of vital importance in 
eradication programs in which it is neces¬ 
sary to identify infected pigs regardless of 
their vaccination status. Maternal immu¬ 
nity interferes with inactivated virus vac¬ 
cination much more than with live virus 
vaccination. 

Vaccination of pregnant sows induces a 
maternal immunity, which protects piglets 
from experimental disease. However, latent 
infection of young pigs with highly virulent 
virus can develop in the absence of clinical 
signs. The virus can reach the uterine and 
fetal tissues, via infected mononuclear cells, 
which is the presence of circulating antibod¬ 
ies induced on vaccination. Vaccination of 
piglets before challenge exposure has little or 
no effect on the rate of establishment of 
virus latency, but vaccination does reduce 
shedding after subsequent experimental 
reactivation of the virus with dexametha- 
sone. Attenuated tyrosine kinase-negative 
vaccine strains of the virus can also establish 
a reactivatable, latent infection. 

In growing and finishing pigs in quar¬ 
antined herds, the serologic status is unpre¬ 
dictable because the infection may continue 
to spread, may cease temporarily, or may 
cease altogether. Evaluation of the sero¬ 
logic status of the boars in a breeding herd 
does not accurately reflect the serostatus of 
the herd. 

It has been suggested that the T cells are 
more important than the B cells in the clear¬ 
ance of PRV from the host, and it has been 


shown that strong T-cell-mediated responses 
after challenge produce the best protection. 

Economic Importance 

The economic losses associated with pseudo¬ 
rabies in swine are caused by clinical disease 
and the costs of serologic analysis and vac¬ 
cination programs. Economic loss estimates 
must include the measurement of losses 
during and immediately after clinical out¬ 
breaks of disease and the indirect losses 
incurred until after eradication of the disease. 
Losses have been estimated at $25 to $50 per 
sow per year; these include only losses during 
the period of the outbreak and the direct 
losses attributable to death and abortions. 
When expanding the observations of eco¬ 
nomic losses to 3 months after the termina¬ 
tion of the outbreak, estimated losses may be 
as high as $145 per sow per year. Economic 
analyses of the losses in a commercial 
farrow-finish herd of 240 breeding-age sows 
in the United States revealed that the major 
part of the loss was caused by death of suck¬ 
ling pigs at 76% of total loss, nursery pig 
mortality accounted for 12.6% of total net 
loss, sow culling and deaths accounted for 
9.4% of net loss, and market pig deaths 
accounted for 1.2% of net losses. 

The costs of eradicating PRV vary 
depending on the methods used. 
Depopulation-repopulation is the most 
expensive method because it requires culling 
of animals, clean-up costs, and downtime, 
which represents the largest proportion of 
expense. In addition, the probability of rein¬ 
fection following repopulation is a risk. 

Test and removal is the most inexpensive, 
and segregation of offspring is an intermedi¬ 
ate cost. The cost of eradicating the virus 
from a swine herd can be in excess of $220 
per inventoried sow; some estimates are 
much higher. In large breeding herds or fin¬ 
ishing herds with the continual influx of sus¬ 
ceptible pigs, the disease may become 
endemic. PRV may also be a significant cause 
of reproductive inefficiency in pig herds, and 
infection within the herd may be initially 
manifested by abortions in the sow herd, fol¬ 
lowed later by the more typical occurrence of 
neurologic disease in suckling and growing 
pigs. The economic losses from the disease 
can be very high because of mortality in 
young pigs, decreased reproductive perfor¬ 
mance, and the necessity to depopulate to 
eradicate the disease from a herd. An eco¬ 
nomic assessment of an epidemic of PRV in 
a 150-sow farrow-finish operation on 
selected production and economic variables 
has been made. The mean litter size remained 
the same throughout the period of observa¬ 
tion, but there was a twofold increase in 
suckling pig mortality and 3.5-fold increase 
in stillbirths during the months of the epi¬ 
demic compared with the period before the 
epidemic. Following the epidemic, suckling 
pig mortality was 14% greater and stillbirth 
rate was 71% greater than during the months 
preceding the outbreak. The major economic 
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losses (88% of the total loss) were related to 
breeding herd removal/depopulation and 
production downtime. 

PATHOGENESIS 

The portal of entry is through abraded skin, 
oral mucosa, or via the intact nasal mucosa. 
Strain differences in the effect of historical 
PRV strains in porcine respiratory nasal 
mucosa explants shows that there were dif¬ 
ferences in the strains. 8 The virus is pantropic 
and affects tissues derived from all embry¬ 
onic layers. Receptor and receptor-binding 
virion proteins that can mediate the virus 
entry into the cell and cell-to-cell spread 
have been described. The various glycopro¬ 
teins of the virus are required for various 
stages of virion morphogenesis. For example, 
deletion of glycoproteins gE, gl, and gM 
inhibits the virion maturation. Pseudorabies 
glycoprotein gK is a virion structural compo¬ 
nent involved in virus release from the cell 
but not viral entry, and its presence is impor¬ 
tant to prevent immediate reinfection. 
Viremia occurs with localization of the virus 
in many viscera, but with multiplication 
occurring primarily in the upper respiratory 
tract. Viral and cell interactions have been 
described in detail. 9 Spread to the brain 
occurs byway of the olfactory, glossopharyn¬ 
geal, or trigeminal nerves, i.e., via the auto¬ 
nomic nerves. It can pass across synapses 
and infect higher level neurons. 10 Cells with 
the common leukocyte antigen CD45+ pop¬ 
ulate the CNS-infected areas from the local 
capillaries, and the number of cells is 
increased in proportion to the number of 
infected neurons. Virus disappears from the 
brain by the eighth day, coinciding with the 
appearance of neutralizing antibody in the 
blood. When the virus gains entry through a 
skin abrasion, it quickly invades the local 
peripheral nerves, passing along them cen- 
tripetally and causing damage to nerve cells. 
It is this form of progression that causes local 
pruritus in the early stages of the disease, and 
encephalomyelitis at a later stage when the 
virus has invaded the CNS. In pigs, pruritus 
does not develop after intramuscular injec¬ 
tion, but a local paralysis indicative of 
damage to low motor neurons occurs before 
invasion of the CNS in some pigs. In cattle, 
pruritus of the head and neck is usually asso¬ 
ciated with respiratory tract infection, 
whereas perianal pruritus is usually caused 
by vaginal infection. 

The inoculation of PRV into the nasal 
cavities or brain results in signs of encepha¬ 
litis instead of local pruritus. With oral inoc¬ 
ulation, there is an initial stage of viral 
proliferation in the tonsillar mucosa, fol¬ 
lowed by systemic invasion, localization, and 
invasion of the CNS along peripheral and 
autonomic nerve trunks and fibers. Lesions 
of Auerbach’s myenteric plexus and the skin 
may also occur. The peripheral blood mono¬ 
nuclear cells, tonsils, lymph nodes, and bone 
marrow are a poor source of virus after 


experimental infection. The trigeminal 
ganglia and olfactory bulb are good sources 
of virus. The virus may be present in the 
trigeminal ganglion of a naturally infected 
sow without any history of clinical disease. 
Experimental inoculation of the virus into 
young pigs can result in a mild pneumonia, 
which may progress to a severe suppurative 
bronchopneumonia. 

The virus can invade the uterus and infect 
preimplantation embryos, which can lead to 
degeneration of the embryo and reproduc¬ 
tive failure. Virulent PRV virus can cause 
lesions in the uterine endothelium and 
ovarian corpora lutea of pigs in early preg¬ 
nancy, and gene-deleted mutant virus 
vaccine given intravenously during estrus 
can cause ovarian lesions, which may affect 
fertility. Through the use of embryo transfer 
procedures, infected embryos may dissemi¬ 
nate the virus from donors to recipients. 

In other species the virus tends to be 
restricted to the nervous system. 

CLINICAL FINDINGS 
Pigs 

The incubation period in natural outbreaks 
is about 1 day but may be from 1 to 8 days. 
The major signs are referable to infection of 
the respiratory, nervous, and reproductive 
systems. There is considerable variation in 
the clinical manifestation, depending on the 
virulence and tropism of the infecting strain. 
Nervous system disease is the major mani¬ 
festation, but with some strains, respiratory 
disease may be the initial and prime present¬ 
ing feature. There is also strain variation in 
the pattern of age susceptibility. 

Young pigs a few days to a month old are 
most susceptible. Very young sucklings 
develop an indistinct syndrome, but promi¬ 
nent nervous signs occur in older piglets. A 
febrile reaction, with temperatures up to 
41.5°C (107°F), occurs before the onset of 
nervous signs. Incoordination of the 
hindlimbs causing sideways progression is 
followed by recumbency, fine and coarse 
muscle tremors, and paddling movements. 
Lateral deviation of the head, frothing at the 
mouth, nystagmus, slight ocular discharge, 
and convulsive episodes appear in a few 
animals. A snoring respiration with marked 
abdominal movement occurs in many, and 
vomiting and diarrhea in some affected pigs. 
Deaths occur about 12 hours after the first 
signs appear. In California, a consistent sign 
has been blindness caused by extensive 
retinal degeneration. 

In growing and adult pigs, the disease is 
much less severe but there is considerable 
variation depending on the virulence of the 
infecting strain. In growing pigs, mortality 
falls with increasing age and is generally less 
than 5% in pigs at 4 to 6 months of age. With 
some strains, fever is a prominent sign, 
whereas depression, vomiting, and some¬ 
times marked respiratory signs, including 
sneezing, nasal discharge, coughing, and 


severe dyspnea are common. Trembling, 
incoordination, and paralysis and convul¬ 
sions follow, and precede death. With others, 
the disease may be manifested at this age by 
mild signs of posterior incoordination and 
leg weakness. In adults, fever may not be 
present, and the infection may cause only a 
mild syndrome of anorexia, dullness, agalac¬ 
tia, and constipation. However, virulent 
strains may produce acute disease in adults, 
characterized by fever, sneezing, nasal pruri¬ 
tus, vomiting, incoordination and convul¬ 
sions, and death. Infection in early pregnancy 
may result in embryonic death, or abortion, 
and early return to estrus. An abundant 
vaginal discharge may occur. Infection in late 
pregnancy may result in abortion, or in the 
subsequent birth of mummified fetuses, 
which may involve all or only part of the 
litter. Abortion may result from the effects of 
fever or from viral infection of the fetus. 

Concurrent infection has been described 
with PCV2, and PRRS and swine influenza 
virus, and in these cases the resultant disease 
is more likely to be a severe proliferative and 
necrotizing pneumonia. 11 

Cattle, Sheep, and Goats 

There may be sudden death without obvious 
signs of illness. More commonly, there is 
intense, local pruritus with violent licking, 
chewing, and rubbing of a particular body 
part. Itching may be localized to any part of 
the body surface, but is most common about 
the head, the flanks, or the feet, which are the 
sites most likely to be contaminated by virus. 
There is intense excitement during this stage, 
and convulsions and constant bellowing may 
occur. Maniacal behavior, circling, spasm of 
the diaphragm, and opisthotonus are often 
evident. A stage of paralysis follows in which 
salivation, respiratory distress, and ataxia 
occur. The temperature is usually increased, 
sometimes to as high as 41°C to 41°C (106°F- 
107°F). Final paralysis is followed by death 
in 6 to 48 hours after the first appearance of 
illness. A case of nonfatal PRV in a cow is 
recorded. There is also a report of PRV 
occurring in feedlot cattle in which there 
were nervous signs, bloat, and acute death, 
but no pruritus. In young calves, it is charac¬ 
terized clinically by encephalitis, no pruritus, 
erosion in the oral cavity and esophagus, and 
a high case-fatality rate. An outbreak in 
sheep was associated with skin abrasions 
acquired at shearing. Affected ewes were 
dull, inappetent, and had a fever of 41.1°C. 
About 23 of 29 affected sheep developed the 
“mad itch,” with nibbling of their fleece and 
frenzied attempts to bite one area of the skin 
and rub it against the wall and bars of their 
pen. Terminally, recumbency, tremors, and 
opisthotonus were common, and death 
occurred within 12 to 24 hours after onset. 
Five farm cats also became ill and died; the 
virus was isolated from the brain of one cat. 
In goats, rapid deaths, unrest, lying down 
and rising frequently, crying plaintively, 





profuse sweating, and spasms and paralysis 
terminally are characteristic. There may be 
no pruritus. 

The clinical findings in dogs and cats are 
similar to those in cattle, with death occur¬ 
ring in about 24 hours. In France, cases in 
dogs have been linked to strains of virus 
from wild boars. 

CLINICAL PATHOLOGY 
Serology 

The commonly used serologic tests for PRV- 
specific antibodies are the serum neutraliza¬ 
tion (SN) and ELISA tests. 

Serum Neutralization Test 

The SN test using the Shoppe strain has been 
the gold standard against which other sero¬ 
logic tests are compared and has been most 
widely used because of its sensitivity and 
specificity. Specific virus-neutralizing (VN) 
antibodies are detectable in the serum of 
recovered pigs, and this test is in routine use 
for herd diagnosis and survey purposes. 
Antibody is detectable on the seventh day 
after infection, reaches a peak about the 35th 
day, and persists for many months. Paired 
serum samples taken as early as possible, and 
about 3 weeks later, show a marked antibody 
rise. However, the SN test lacks the sensitiv¬ 
ity necessary for detection of pigs with low 
levels of humoral titers of specific SN anti¬ 
bodies, which can be enhanced by using the 
Bartha gill strain. 

Some herds may have no serologic evi¬ 
dence of previous infection or current spread 
of the virus but have single reactors in the 
herd that may be infected with the virus. 
Such singleton reactors may be found in 
herds being monitored serologically for pres¬ 
ence of infection. These singleton reactors 
may be infected with strains of the virus that 
are relatively avirulent. 

Enzyme-Linked Immunosorbent Assay 

The ELISA test is more sensitive than the SN 
test, especially early in the immune response 
to PRV antigens. However, because of its 
high sensitivity, screening ELISAs yield some 
false positives, which must be confirmed by 
another test, such as another ELISA, SN test, 
or latex agglutination test. False positives are 
unlikely to be caused by infection with other 
herpesviruses. ELISA has also been used as 
a meat juice test with high sensitivity (93%) 
and specificity (98%). 

The indirect ELISA is a more rapid and 
convenient procedure, offering many advan¬ 
tages over the SN test for routine serodiag- 
nostic work. An indirect ELISA, using whole 
blood collected onto paper disks, is a rapid 
and convenient test and eliminates the costs 
of using vacutainer tubes and separating the 
blood. An indirect ELISA based on recombi¬ 
nant and affinity-purified glycoprotein E of 
PRV to differentiate vaccinated from natu¬ 
rally infected animals has been developed. 
An indirect ELISA has been developed in the 
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Czech Republic that can be used because of 
its high sensitivity and specificity for blood 
serum on frozen pork samples. It has allowed 
the demonstration of PRV in meat juice with 
only marginal titers in the blood. 

Commercial ELISA kits are available and 
some are more specific than others. A highly 
sensitive and specific competitive ELISA 
based on baculovirus-expressed PRV glyco¬ 
protein gE and gl complex has been 
described. This allows detection as early as 2 
weeks postinfection and can handle large 
numbers of tests without the need to handle 
live virus. 

In countries where vaccination is regu¬ 
larly used for control of the disease, an assay 
to serologically distinguish infected from 
vaccinated pigs is critical. Although a vacci¬ 
nation program will reduce the circulation of 
virus in the field, it will not eliminate the 
virus from the pig population. To eradicate 
the virus, the ability to differentiate infected 
from vaccinated pigs is crucial. Several com¬ 
mercial ELISA kits can differentiate between 
vaccinated and naturally infected pigs. Dif¬ 
ferentiation is possible when vaccine virus 
strains have either a natural, or a genetically 
engineered, deletion that encodes for either 
gl, gill, or gX genes. Commercial ELISA kits 
that specifically detect antibody responses to 
gl of the virus offer considerable advantages 
as diagnostic tests for the virus, with a sensi¬ 
tivity of 99.2% and specificity of 100%. The 
gl ELISA is able to distinguish infected pigs 
from those vaccinated with gl-negative vac¬ 
cines. The field strains of the virus produce 
antibodies to gl when inoculated into pigs. 
Unvaccinated pigs, or pigs vaccinated with 
gl-negative vaccines, that become subclini- 
cally infected with field strains of the virus 
may be detected with the gl-ELISA for 
a long time after infection. Thus pigs that 
are seropositive in the gl-ELISA have 
either been infected with PRV or have been 
vaccinated with gl-positive vaccines; gl- 
seronegative pigs can be considered to be 
uninfected. Eradication of the virus from 
swine herds is possible by gl-ELISA testing, 
and culling gl-seropositive pigs in herds 
using gl-negative vaccines. 

Detection of pigs in the latent phase of 
infection can be done serologically. Pigs of 
any age that survive the acute infection phase 
become latent carriers for life, and serologic 
testing consistently detects animals in the 
latent phase of infection if the test detects the 
antibody response to the whole virus or to a 
reliable PRV glycoprotein. Of several sero¬ 
logic tests examined, the gl and gill marker 
systems, which performed with similar sen¬ 
sitivity as the screening tests, were superior 
to the gX marker system in detecting anti¬ 
bodies in infected pigs. 

Detection of Virus 

In infected pigs the virus is usually present 
in nasal secretions for up to 10 days. A 
common method for the diagnosis of PRV in 


sows is to take swabs from the nasal mucosa 
and vagina. Polyester and wire swabs shipped 
in 199 tissue culture medium supplemented 
with 2% fetal bovine serum (FBS) buffered 
with 0.1% sodium bicarbonate and HEPES 
will yield optimum recovery of the virus. 
Wooden applicator sticks with cotton wool 
have antiviral activity and recovery of the 
virus may not be possible after 2 days, which 
is of practical importance if the samples are 
shipped by mail. The virus can be demon¬ 
strated in nasal cells by immunofluorescence 
and immunoperoxidase techniques. It can be 
detected by direct filter hybridization of 
nasal and tonsillar specimens from live pigs. 
The virus survives on tonsil swabs taken with 
Dacron-tipped applicators for up to 72 hours 
in cell culture medium under transport. 

New PCR techniques have been used and 
they can differentiate between true and false 
serologic positives when single reactor pigs 
have been found. A molecular beacon 
RT-PCR for the detection of PRV, African 
swine fever (ASF), PCV2, and Porcine Par¬ 
vovirus has been described 12 and for the 
detection of PRV, ASF, and PRRS. 13 A multi¬ 
plex PCR for PRV, porcine respiratory coro- 
navirus, and PCV2 has been described. 14 

Loop-mediated isothermal amplification 
(LAMP) for rapid detection and differentia¬ 
tion of wild-type PRV and gene-deleted virus 
vaccines was described. 1 ’ 

NECROPSY FINDINGS 

There are no gross lesions typical and con¬ 
stant for the disease, and in some cases 
lesions are absent or minimal and diagnosis 
must rely on laboratory examination. When 
pruritus has occurred, there is considerable 
damage to local areas of skin and extensive 
subcutaneous edema. 

Gross lesions in the upper respiratory 
tract are the most obvious and these include 
necrotic rhinitis, conjunctivitis, laryngitis, 
and tracheitis. The lungs show congestion, 
edema, and some hemorrhages. Hemor¬ 
rhages may be present under the endocar¬ 
dium and excess fluid is often present in the 
pericardial sac. In pigs, there are additional 
lesions of visceral involvement. Slight sple¬ 
nomegaly, meningitis, and excess pericardial 
fluid are observed, and there may be small 
necrotic foci in the spleen and liver. In sows, 
there may be a necrotizing placentitis and 
endometritis. Foci of hepatic, splenic, or pul¬ 
monary necrosis may be seen in aborted 
fetuses. 

Histologically, in all species, there is 
severe and extensive neuronal damage in 
the spinal cord, paravertebral ganglia, and 
brain. Perivascular cuffing and focal necrosis 
are present in the gray matter, particularly in 
the cerebellar cortex. Intranuclear inclusion 
bodies occur infrequently in the degenerat¬ 
ing neurons and astroglial cells, particularly 
in cerebral cortex in the pig. These inclu¬ 
sions are of considerable importance in dif¬ 
ferential diagnosis. Necrotizing lesions with 
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inclusion-body formation in the upper respi¬ 
ratory tract and lungs is strongly suggestive 
of porcine pseudorabies. Ultrastructural 
observations have been made that included 
syncytia, cellular debris and macrophages, 
and lymphocytes with vacuoles in their cyto¬ 
plasm. Virus may be detected by direct fluo¬ 
rescent antibody examination or by growth 
in tissue culture. The tissues of the head and 
neck regions of nonimmune pigs yield virus 
most consistently and in the highest concen¬ 
tration after challenge. The immunoperoxi- 
dase test can be used to study the distribution 
of the virus in different tissues. Latent virus 
can be detected using a DNA hybridization 
dot blot assay. Whenever possible, whole 
carcasses and fetuses should be submitted 
for laboratory examination. The location of 
the optimal neural samples, including the 
paravertebral ganglia, has been described 
for sheep. The placental lesions in pregnant 
sows that have aborted from natural infec¬ 
tion with pseudorabies consist of necrotizing 
placentitis and the presence of intranuclear 
inclusions. In an experimental infection of 
loops of intestine it was shown that there was 
necrosis of the follicles in the Peyers patches 
and degeneration of the epithelial cells in 
the crypts and villi and degeneration of the 
cells in the myenteric plexuses. Intranuclear 
inclusion bodies were found 2 to 4 days after 
inoculation. The primary target of the wild 
PRV was the macrophages of the subepithe- 
lial area of the dome of the Peyer’s patch. 

Samples for Confirmation 
of Diagnosis 

• Histology: half of midsagittally 
sectioned brain, spinal cord with 
paravertebral ganglia, gasserian 
ganglion, placenta, liver, lung, spleen, 
tonsil, and retropharyngeal lymph node 
(LM) should be collected. IHC has been 
used to confirm cases in countries 
where the disease is rare and other 
corroborating evidence is lacking. In 
situ hybridization has also been used 
Can also collect muscle samples for 
meat juice ELISAs. 

• Virology: brain, spinal cord, liver, 
spleen, tonsil, retropharyngeal lymph 
node (FAT, ISO). CSF is not good for 
virus isolation. The best source is the 
trigeminal ganglion in the domestic pig 
and the sacral ganglia in feral pigs. Viral 
isolation takes about 2 to 5 days. There 
are several PCRs available 5 and also 
nested PCRs and RT-PCRs. 16,17 


DIFFERENTIAL DIAGNOSIS 


The different clinical forms of pseudorabies in 
pigs and ruminants resemble several diseases. 

Teschen disease occurs in similar forms in 
certain areas; the diagnosis is dependent on 
serology and pathology. 


Rabies is rare in pigs and is usually 
accompanied by pruritus at the site of the 
bite. 

Streptococcal meningitis is restricted to 
sucking pigs of 2-6 weeks of age, the lesions 
are usually obvious at necropsy, and the 
causative organism is readily cultured from the 
meninges. The response to treatment with 
penicillin is good and is of value as a 
diagnostic test. 

Encephalopathy associated with hog 
cholera, African swine fever, salmonellosis, 
Glasser's disease, Escherichia coli septicemia 
and erysipelas are considerations, and are 
usually obvious at necropsy. 

Bowel edema causes typical edema of the 
head and eyelids in weaner pigs as well as a 
rapid death. 

Salt poisoning causes typical intermittent 
nervous signs, with a typical history of water 
deprivation. 

Respiratory form of pseudorabies should 
be considered in any outbreak of respiratory 
disease that is poorly responsive to usually 
effective therapeutic measures. 

Reproductive inefficiency associated with 
enterovirus (SMEDI) and parvovirus infections 
closely resembles that associated with 
pseudorabies and requires laboratory 
differentiation by virus isolation and serologic 
testing. 

In cattle the local pruritus is distinctive, 
but the disease may be confused with the 
nervous form of acetonemia in which 
paresthesia may lead to excitement. The rapid 
recovery that ordinarily occurs in this form of 
acetonemia is an important diagnostic point. 
The furious form of rabies and acute lead 
poisoning cause signs of mania, but pruritus 
does not occur. 

SMEDI, stillbirth, mummification, embryonic 
death, and infertility. 

TREATMENT 

There is no treatment. 

CONTROL 

The control of pseudorabies is difficult and 
currently unreliable because normal healthy 
pigs may be infected and shed the virus for 
up to several months. One of the most 
important future concerns is the infection in 
wild boar 18 and their illegal transportation 
across countries. 19 

An important principle in control and 
eradication of the disease is the reproduction 
ratio, R 0 , which is defined as the average 
number of new infections caused by one 
typical infectious animal. When R 0 > 1, the 
infection can spread; when R 0 < 1, the infec¬ 
tion will disappear. In eradication programs 
it is essential that R be less than 1 and the 
infection will die out in the herd. 

Strategies Available 

The methods of control or eradication 
include depopulation and repopulation, test 
and removal, segregation of progeny, and 


vaccination. The selection of a strategy for 
the control or elimination of the disease 
depends on the following: (1) source of the 
herd infection; (2) method of transmission 
of the virus; (3) survival of the virus in the 
environment; (4) sensitivity and specificity 
of the diagnostic test; (5) risk factors in the 
herd, which include type of operation, degree 
of herd isolation, prevalence of infection, 
value of the genetic material, level of 
management expertise, and availability of 
suitable virus-free replacement swine if 
depopulation and repopulation is chosen as 
a strategy. 

The eradication of the disease from small 
herds was described in Hungary. In this 
country the shared use of boars, the pig 
density, and the infection in the surrounding 
area were the most significant influences on 
the spread and control of the disease. 

Breeding stock producers favor eradica¬ 
tion, farrow-finish producers that do not sell 
breeding stock or feeder pigs are generally 
more concerned with the reduction of losses 
from clinical PRV infection than with eradi¬ 
cation. In the United States offsite all in/all 
out finishing was more frequent among the 
successful farms than the unsuccessful ones. 
The unsuccessful farms also had other 
infected herds within 3.2 km (2 miles) and 
often no cleaning or disinfection. 

Economics of Control and Eradication 

Depopulation-repopulation is the most 
expensive form of eradication, the segrega¬ 
tion of progeny method the is next expen¬ 
sive, and the test and removal method is the 
most inexpensive per sow. A computerized 
decision-tree analysis and simulation model¬ 
ing can evaluate the economics of control 
and eradication strategies. The optimal alter¬ 
native is to test and remove seropositive 
animals if the initial prevalence is -57%; oth¬ 
erwise vaccination of sows only is preferred. 
Vaccination may be recommended at lower 
prevalence rates as a conservative approach. 
Eradication by test and removal combined 
with the use of gene-deleted vaccines is 
advantageous at any prevalence rate of infec¬ 
tion. Depopulation and repopulation is not 
the best option under any circumstances. 
Once formulated, a decision-tree analysis 
can be adapted to the prevailing economic or 
epidemiologic conditions. 

Determination of Prevalence 
of Infection 

In large herds, the virus must be eliminated 
from the growing-finishing pigs and the 
breeding herd. Large herds that are virus 
positive are infected in both groups; smaller 
herds are frequently infected in only the 
breeding herd. An initial step in eradication 
is to determine the prevalence of infection. 
Representative samples of finishing pigs 
older than 4 months, and of breeding sows, 
gilts, and boars are tested. On the basis of the 
test results and the risk factors in the herd, a 
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cost-effective plan can be devised for the 
individual herd. 

Depopulation and Repopulation 

When the prevalence of infection in the herd 
is over 50%, eradication can be achieved by 
depopulation and repopulation with virus- 
free breeding stock. However, depopulation 
is the most expensive method and is not 
compatible with the retention of valuable 
pedigree stock. The entire herd is depopu¬ 
lated over a period of months as the animals 
reach market weight. After removal of the 
animals the entire premises are cleaned and 
disinfected. Repopulation should be delayed 
at least 30 days after the final disinfection, 
and swine should originate from a 
pseudorabies-free qualified herd and be iso¬ 
lated on the premises and retested 30 days 
after introduction. All herd additions should 
be isolated and tested 30 days after 
introduction. 

Test and Removal 

The test and removal program is recom¬ 
mended when the prevalence of infection in 
the herd is below 50%. This method requires 
testing of the entire breeding herd and 
immediate removal of all seropositive 
animals; 30 days after removal of seroposi¬ 
tive animals, the herd is retested, and if nec¬ 
essary at 30-day intervals, until the entire 
herd tests are negative. Following a second 
negative test, the testing regimen may be 
changed to test only 25% of the herd every 4 
months. Seropositive animals are identified 
and culled. The test and removal method is 
superior to the vaccination system as a 
method of control. Valuable genetic material 
from breeding stock that is seropositive may 
be salvaged using embryo transfer tech¬ 
niques. Embryos may be transferred safely to 
susceptible recipient gilts from sows that 
have recovered from infection, but not from 
sows that are in the active stages of infection. 
The virus does not penetrate the outer cover¬ 
ing of the embryo, but it can become attached 
to it so that it may physically transfer to the 
uterus of the recipient. This transfer of infec¬ 
tion may occur if the donor sow is in the 
active phase of infection. 

Offspring Segregation 

The objective of this strategy is to raise a 
PRV-negative breeding herd to replace the 
infected herd. Once the herd is diagnosed as 
PRV infected, a regular schedule of vaccina¬ 
tion is instituted. Gilts are vaccinated at first 
breeding, and both sows and gilts are vacci¬ 
nated 2 to 4 weeks before farrowing to 
provide a high level of colostral immunity to 
their piglets. Offspring are removed at 
weaning and raised apart from the infected 
herd. At 4 months of age, and then again 
before breeding, the segregated replacements 
are tested for antibody. Because colostral 
immunity is no longer detectable by 4 
months of age, any animals over 4 months of 


age that are seropositive are considered pseu¬ 
dorabies infected. As the gilts reach repro¬ 
ductive maturity, the old sow herd is replaced. 
Segregation between the infected sow herd 
and the clean gilt herd is maintained until all 
positive sows have been removed and the 
facilities disinfected. Groups of seronegative 
pigs are identified and combined into larger 
groups to establish a new herd. The original 
herd is gradually depopulated and the prem¬ 
ises cleaned and disinfected. The new herd is 
then monitored on a regular basis. 

Control Programs in Effect 

PRV was first diagnosed in the North Island 
of New Zealand in 1976, an eradication 
program was started in 1989, and the virus 
was cleared from the North Island in 1997. 

A pseudorabies control program was 
introduced in England in 1983 when the 
infection was spreading rapidly. New legisla¬ 
tion imposed restrictions on the movement 
of pigs where clinical signs of the disease 
were present in the herd. The first part of the 
eradication scheme involved testing all of 
those herds previously known to have PRV. 
Within several months after the beginning of 
the eradication campaign, 417 herds had 
been slaughtered, involving 342,275 pigs, of 
which 72.5% were salvaged. Only 121 herds 
had been known to be previously infected, 
while the remaining 296 herds had been 
identified through trace backs and reports of 
new cases. By 1985 it was concluded that the 
disease was well controlled in England with 
only 10 to 14 infected herds remaining. 
Farmers were compensated for all animals 
slaughtered and also for consequential loss 
associated with the loss of stock. The cost of 
the eradication program was financed by a 
levy on all pigs normally marketed for 
slaughter in England. In 1995 England was 
free of Aujeszky’s disease. Following the suc¬ 
cessful use of the gene-deletion vaccination 
and an eradication program the Netherlands 
and Germany are free of the disease. In 
Sweden the herds were declared free from 12 
to 53 months after the start of the program. 
Now, in Northern Ireland, PRV is more 
widespread than it ever was in Britain before 
the eradication program. Because the infec¬ 
tion rate is over 50%, an eradication program 
based on slaughter of infected herds would 
destroy the swine industry. Thus the control 
program in Northern Ireland is based on the 
use of vaccination, the culling of seropositive 
animals, and the gradual introduction of 
seronegative animals. 

In the United States the national pseudo¬ 
rabies eradication program was implemented 
in 1989 as a joint State-Federal-Industry- 
sponsored program. Pilot projects were con¬ 
ducted in Iowa, Illinois, Pennsylvania, 
Wisconsin, and North Carolina from 1984 to 
1987. In the pilot projects, 97.5% of 116 
herds that were initially PRV positive were 
successfully cleared of infection. This indi¬ 
cated that eradication of PRV virus from 


herds of swine can be efficiently achieved 
and is most effective applied on an area basis. 
The introduction of the gene-deleted PRV 
vaccines in the program was the technical 
breakthrough needed to be able to offer the 
national eradication program, since it was 
now possible to distinguish between natu¬ 
rally infected and vaccinated animals. The 
program consisted of the following: stage I, 
preparation; stage II, control; stage III, man¬ 
datory herd clean-up; stage IV, surveillance; 
and stage V, free. As of 2004, commercial 
swine operations in all 50 states of the US 
were considered free of PRV; however, 
endemic infection exists in feral pigs in a 
number of states. Endemic PRV infection 
remains a concern for commercial herds. 

When an outbreak of the disease occurs 
in a susceptible herd the mortality may be 
very high, and the first consideration is to 
prevent spread to uninfected sows and litters 
and pregnant sows from infected pigs. They 
should be attended by separate personnel, or 
adequate barriers to mechanical transmis¬ 
sion of infection should be arranged. On 
affected premises, cattle should be separated 
from pigs, and dogs and cats should be kept 
from the area. The affected herd should be 
quarantined, and all pigs sold off the farm 
should be for slaughter only. 

Vaccines and Vaccination 

Vaccination is used to reduce clinical disease 
when outbreaks occur or when the disease is 
endemic in the herd. An effective immunity 
develops after natural infection or vaccina¬ 
tion, and piglets from immune sows are pro¬ 
tected from clinical disease during the 
nursing period by colostral immunity. 
However, the presence of circulating anti¬ 
body does not prevent infection, the devel¬ 
opment of latency, and subsequent activation 
and excretion of the virus. However, vaccina¬ 
tion reduces viral shedding after natural 
infection. On farms in which the disease is 
endemic or outbreaks have occurred, vacci¬ 
nation of the sows, and management proce¬ 
dures to reduce the spread of infection, have 
markedly reduced preweaning mortality and 
reproductive failures. Field studies in large 
numbers of herds in which the sows were 
vaccinated three times annually show that 
the reproduction ratio was below 0.66, which 
is significantly below, 1 and massive spread of 
the virus does not occur. 

It is often virtually impossible to prevent 
the spread of infection in a susceptible herd 
and vaccination of all pigs at risk, especially 
pregnant sows, is recommended. The vaccine 
reduces losses in infected herds, limits the 
spread of infection, and decreases the inci¬ 
dence in endemic areas. With a properly 
controlled and monitored vaccination and 
culling program in a breeding herd, it is pos¬ 
sible to control clinical disease and reduce 
the infection pressure. All breeding stock 
present during an outbreak are subsequently 
vaccinated regularly until they are all culled, 
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which removes the major sources of virulent 
virus. Following this phase, newly intro¬ 
duced gilts and boars are tested, and moni¬ 
tored regularly. This is considered to be less 
costly than the test and slaughter policy. 

However, in vaccinated herds, the virus 
continues to circulate and an accurate epide¬ 
miologic analysis is not possible because 
titers caused by vaccination cannot be 
distinguished from those caused by natural 
infections. 

Control of the diseases in many countries 
has always been based on compulsory inten¬ 
sive vaccination of the entire population. 

Vaccines 

Conventional modified live virus and inacti¬ 
vated virus vaccines have been available. 
Both vaccines will reduce the incidence rate 
and severity of clinical disease in an infected 
herd. They also reduce the field virus shed¬ 
ding and latency in the trigeminal ganglion 
after exposure to field virus. The vaccine effi¬ 
ciency is, however, markedly influenced by 
the modified live virus vaccine strain and the 
route of administration. The vaccine geno¬ 
type plays a very important role in the effec¬ 
tiveness of the vaccine program. Recently 
needle-free transdermal vaccination using a 
modified live PRV vaccine has been 
described, preventing the loss of any needles 
in the carcass. Cell-mediated immunity in 
the form of cytotoxic T cells may play an 
important part in the effectiveness of the 
vaccine. The deficiencies of inactivated vac¬ 
cines in producing virus-specific interferon-y 
(IFN-y) can be enhanced by the use of simul¬ 
taneous administration of interleukin-12, 
which appears to upregulate Thl/Th2 
expression. 

Pregnant Sows 

Vaccination of pregnant sows induces SN 
antibodies, which are transferred to the 
newborn piglets and provide protection 
against infection. Vaccination during preg¬ 
nancy produces more protection against 
PRV for piglets than sow vaccination before 
mating. A better protection was observed in 
sows vaccinated with an attenuated virus 
than in sows vaccinated with inactivated 
virus. Piglets rely on colostral and milk anti¬ 
bodies for protection, and the vaccination of 
piglets born from vaccinated sows does not 
produce a significant serologic response until 
the piglets are about 12 weeks of age. Mater¬ 
nally derived antibodies may disturb or even 
block the development of active humoral 
responses. 20 Earlier vaccination of piglets 
from infected or vaccinated sows is ineffec¬ 
tive because high levels of maternal antibod¬ 
ies interfere with a serologic response 
stimulated by the vaccine. Maternal immu¬ 
nity interferes with the development of active 
immunity from vaccination until at least 15 
weeks of age, even when the colostral titers 
are low. Thus in a situation in which the 
majority of sows have been infected or 


vaccinated, vaccination of weaned pigs may 
not yield desirable results. Both inactivated 
virus and attenuated live virus vaccines 
provide similar results when piglets born 
from vaccinated sows are vaccinated before 
colostral immunity has waned. 

Growing and Finishing Pigs 

The optimal vaccination strategy for growing 
and finishing pigs in an eradication program 
is controversial. In eight persistently infected 
herds’ vaccinations, both intranasally and 
intramuscularly, were made at 4 and 10 
weeks of age. Only one vaccination is given 
to finishing pigs in endemic areas in Europe. 
However, this does not reduce the prevalence 
of infection in finishing pigs in herds with a 
high prevalence. Double vaccination of fin¬ 
ishing pigs will reduce the spread of the 
virus, but extensive spread can still occur. 
The presence of maternal antibodies may 
interfere with the induction of antibodies, 
and double vaccination 4 weeks later may 
boost immunity. Mean daily weight gain was 
also improved by a second vaccination with 
a direct economic benefit. 

Marker or Subunit Vaccines 

A major development in vaccination against 
pseudorabies has been the introduction of 
genetically engineered live vaccine strains 
used to make marker or subunit vaccines. 
Vaccination with modified live gene-deleted 
vaccines is now an integral part of pseudora¬ 
bies eradication programs worldwide. The 
most common gene deletions are for glyco¬ 
proteins E (gE) or gl and G (gG) or gX, and 
gill. A gD/gE-negative vaccine was described. 
In Europe, use of gE vaccines has become the 
standard. These vaccines, in conjunction 
with a companion diagnostic test, can distin¬ 
guish between naturally infected and vacci¬ 
nated animals. Colostrum can also be used 
to monitor antibodies against gl protein of 
the virus. 

A study comparing intranasal and intra¬ 
muscular vaccination showed that pigs given 
both vaccines (intranasally and intramuscu¬ 
larly) had a significantly better clinical and 
virologic protection after challenge than the 
single intranasal vaccination. The recombi¬ 
nant vaccines are able to circumvent the 
inhibition of active immunity that occurs 
when maternally derived antibody is still 
present. Animals vaccinated with a deleted 
vaccine are not able to mount an immune 
response against the protein whose gene has 
been deleted in the vaccine virus genome. In 
contrast, wild-type virus-infected animals 
produce antibodies against all the viral gly¬ 
coproteins. Differentiating ELISAs, specific 
for the deleted marker protein, then allow 
discrimination between infected animals, 
which can be culled from the herd, and vac¬ 
cinated animals. These vaccines reduce the 
severity of clinical disease and viral shed¬ 
ding. However, the presence of colostral anti¬ 
bodies in growing pigs may interfere with an 


immune response, which may result in 
increased virus excretion on challenge expo¬ 
sure. Repeated vaccination is needed to 
provide some protective immunity against 
challenge exposure to virulent virus. 

These mutants have also been rendered 
thymidine kinase-deficient (TK-) mutants, 
and are avirulent and immunogenic. Pigs 
inoculated with these mutants are resistant 
to experimental challenge with the virulent 
virus, and the virulent virus cannot be recov¬ 
ered from the ganglia, which suggests that 
vaccination reduced colonization of the 
ganglia. The ideal vaccine strain should 
prevent clinical disease and mortality, should 
not be transmitted to nonimmunized 
animals, and should prevent colonization of 
the ganglia by a potential superinfecting 
virulent virus reducing the natural reservoir 
of the virus. The TK- mutant virus possesses 
these desirable characteristics. The high effi¬ 
cacy of recently constructed gl-negative 
deletion mutant vaccines of PRV virus 
provide a sound basis for implementing the 
“gl” approach to the future control of the 
disease. 

Piglets born from sows vaccinated with 
deleted (gill, TK) strains at 3 days and 9 and 
11 weeks of age developed detectable anti¬ 
bodies that lasted up to 100 days of age when 
vaccinated. Maternal antibodies in piglets 
from sows vaccinated with gill-deleted 
vaccine decay to undetectable levels at 7 
weeks of age. The vaccination of piglets at 3 
days of age with the same vaccine results in 
a priming effect, which protects the piglets 
against virulent virus challenge at 7 weeks of 
age. Thus effective protection could be pro¬ 
vided by active immunization from birth 
through weaning, in the nursery, and into 
the growing and finishing stages of produc¬ 
tion. Piglet vaccination at 10 and 14 weeks 
was considered to be the optimal time for 
vaccination. 21 

Although genetically engineered live 
virus vaccines have been shown to be effica¬ 
cious and safe, there is a possibility of spread 
between vaccinated and unvaccinated 
animals, of persistence in the field and of 
recombination between different vaccine 
strains, which can lead to enhanced viru¬ 
lence. New viral mutants lacking glycopro¬ 
teins gD, gE, gG, and gl may form the basis 
for the development of new vaccines that do 
not recombine. A gB deletion vaccine has 
been described for intranasal use and has 
been shown to produce both local and serum 
antibodies. Recently a DNA vaccine was 
shown to give as good a response as gD 
plasmid vaccine, but the DNA vaccine had to 
be given intradermally. It can overcome 
maternally derived antibody, and the vaccine 
described in this case still gave protection 
against infectious PRV challenge at the end 
of the finishing period. 

Even more radical is a vaccine with a 
granulocyte-macrophage colony stimulating 
factor. 





Experimentally, immunized pigs can be 
latently infected with the wild-type virus 
without being detected by the gE-specific 
ELISA routinely used to discriminate 
between infected and vaccinated pigs. Thus 
gE seronegative pigs may still be infected and 
be a source of infection. 

Remarkable progress has been made with 
the use of gl-deleted vaccines. Intensive 
regional vaccination of finishing pigs with a 
gl-deleted vaccine, along with companion 
diagnostic tests, reduced the seroprevalence 
in infected finishing herds from 81% to 19% 
in 2 years. Vaccination increases the virus 
dose needed for establishment of infection 
and decreases the level and duration of virus 
excretion after infection. In the control 
group, with routine disease control, no sig¬ 
nificant change in seroprevalence occurred. 
The consistent application of intensive vac¬ 
cination of all breeding herds in a region, 
including those herds participating in a pro¬ 
duction chain, can also decrease the preva¬ 
lence of infection in heavily infected areas. 
The intensive regional vaccination did not 
completely eliminate virus infections within 
these herds; the source of infection was not 
determined. It is suggested that the virus 
either circulated at a low level within herds, 
or its introduction or reactivation did not 
lead to an extensive spread of the virus. A 
voluntary vaccination program on individ¬ 
ual farms was unsuccessful in reducing the 
prevalence of virus-infected breeding pigs. 
The importation of breeding stock from 
outside the area is associated with a higher 
prevalence of virus-infected pigs because of 
lack of vaccination. The introduction of 
infections can be reduced by purchasing 
virus-free animals and by increasing farm 
biosecurity procedures. 

Vaccination of breeding herds three times 
annually to ensure a high level of immuniza¬ 
tion can lead to elimination of the disease 
when the reproduction ratio is less than one. 

The method used for vaccination may 
influence the effect of the vaccine. Using gly¬ 
coprotein vaccines, intramuscular vaccina¬ 
tion in the neck, and six-point intradermal 
vaccination in the back provided the best 
protection; six-point intradermal injections 
resulted in a better vaccination than two- 
point injections. BW changes and viral 
excretion after challenge were compared 
with VN titers, antigen-specific IgG and IgA 
responses in serum, and virus-specific lym- 
phoproliferative responses in peripheral 
blood during the immunization period. 

An intensive eradication program in 
farrow-finish herds using a gl-deleted 
vaccine in breeding and growing-finishing 
pigs, and decreases of movement and mixing 
of growing-finishing pigs was successful 
in 3 years. The initial goal was to decrease 
viral spread in the growing-finishing pigs, 
which enabled production of seronegative 
replacement gilts. Increases in the number 
of sows culled, combined with an increase 
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in the number of seronegative replacement 
gilts, resulted in a decrease in seropreva¬ 
lence of sows. Bimonthly serologic monitor¬ 
ing indicated minimal spread of the virus 
in the growing-finishing pigs after 1 year. 
Eighteen months after the initiation of the 
program, the test and removal of sero¬ 
positive sows commenced in all herds. All 
herds were released from quarantine within 
3 years, indicating that eradication can be 
achieved by vaccination and management 
changes designed to minimize the spread 
of virus combined with test-and-removal 
procedures. 

An attenuated gl-deleted-TK-deleted 
vaccine was used to eradicate the virus from 
a large farrow-finish herd in Sweden. At the 
start of the program, 86% of the breeding 
animals were seropositive. The breeding 
stock was vaccinated every 4 months and 
monitored serologically. Seropositive sows 
and boars were culled at an economic rate. 
The herd was declared gl negative 39 months 
after the start of the program. Monitoring the 
herd for another 4 years, until all vaccinated 
animals had been culled, revealed the herd 
free of the virus. 

In New Zealand, progress toward eradi¬ 
cation using a subunit vaccine is reported. 
Those farms that combined vaccination with 
good management techniques, intensive 
testing, and culling eradicated the wild virus 
infection within 2 years; those that made 
little or no progress has less than satisfactory 
standards of hygiene and did not practice an 
intensive testing and culling program. 

Vaccination of both breeding stock and 
growing pigs is recommended. A combined 
vaccination-eradication program for the 
disease would generally comprise four 
phases: 

1. A systematic and intensive vaccination 

campaign 

2. Screening of pigs for gl antibodies 

3. Economic culling of infected breeding 

pigs 

4. Final ending of vaccination. 

Piglets at 3 days of age can be vaccinated 
with one of these genetically engineered vac¬ 
cines and be protected from experimental 
challenge at 5 weeks of age. 

A recent study has shown that infection 
with PRRS virus does not inhibit the devel¬ 
opment of a vaccine-induced protection 
against PRV. 

Vaccination of wild boar with an attenu¬ 
ated live vaccine has been shown to protect 
against infection. 

Vaccination of cattle with an inactivated 
vaccine is recommended where they are in 
close contact with swine and where a low 
level of exposure is likely. 
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SPORADIC BOVINE 
ENCEPHALOMYELITIS 
(BUSS DISEASE AND 
TRANSMISSIBLE SEROSITIS) 

Sporadic bovine encephalomyelitis (SBE) is 
associated with a chlamydia, and character¬ 
ized by inflammation of vascular endothe¬ 
lium and mesenchymal tissue. There is 
secondary involvement of the nervous 
system, with nervous signs, in some 
cases. 

ETIOLOGY 

The disease is associated with specific strains 
of Chlamydophila ( Chlamydia ) pecorum. 1 ' 2 It 
resists freezing but is highly susceptible to 
sodium hydroxide, cresol, and quaternary 
ammonium compounds in standard concen¬ 
trations. The chlamydia can be passaged in 
guinea pigs and hamsters and adapted to 
grow in the yolk sac of developing chick 
embryos. 

EPIDEMIOLOGY 

Occurrence 

The disease has been reported only from the 
United States, Europe, Japan, Israel, and Aus¬ 
tralia, 1 but a provisional diagnosis has been 
made in Canada and South Africa. In the 
United States it was most common in the 
midwestern and western States, but there 
have been no reports of its occurrence for the 
last 30 years. 

Sporadic cases or outbreaks occur in 
individual herds. Although the disease has 
not reached serious economic proportions in 
the endemic infection, there is some sero¬ 
logic evidence that widespread subclinical 
infections occur. 

Only cattle and buffalo are affected, and 
calves less than 6 months of age are most 
susceptible. Other domestic and experimen¬ 
tal species appear to be resistant. There is no 
seasonal incidence and cases appear at any 
time of the year. A strong and apparently 
persistent immunity develops after an attack 
of the disease. 
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Prevalence of Infection 
Morbidity and Case-Fatality Rates 

The occurrence is sporadic, but outbreaks 
have occurred resulting in severe loss from 
both deaths of animals and loss of condition. 
Morbidity rates average 12.5% (5-50%) and 
are highest in calves (25%) and lowest in 
animals over a year old (5%). Mortality rates 
average about 31% and are higher in adults 
than in calves. In affected herds a stage of 
herd immunity is reached when only intro¬ 
duced animals and newborn calves are 
susceptible. 

Method of Transmission 

The method of spread is not known but is 
suspected to be fecal-oral. 1 Spread from 
farm to farm does not occur readily. On 
some farms only sporadic cases may occur, 
but on others one or two cases occur every 
year. In still other herds the disease occurs in 
outbreak form, with a number of animals 
becoming affected within a period of about 
4 weeks. The epidemiology of SBE resembles 
in many ways that of malignant catarrhal 
fever in cattle. The organism can be isolated 
from many organs, including liver, spleen, 
and CNS, and from the blood, feces, urine, 
nasal discharges, and milk in the early stages 
of the disease. There is some evidence that 
the organism is eliminated in the feces for 
several weeks after infection. 

PATHOGENESIS 

The causative agent is not specifically neu¬ 
rotropic and attacks principally the mesen¬ 
chymal tissues and the endothelial lining of 
the vascular system, with particular involve¬ 
ment of the serous membranes. Encephalo¬ 
myelitis occurs secondarily to the vascular 
damage. Neurologic signs may be caused by 
infection with specific strains; C. pecorum 
genotype ST 23 has been associated with 
SBE cases from Australia, England, and the 
United States, 1 whereas other strains have 
been isolated from cattle with pneumo¬ 
nia and polyarthritis 2 and calves with poor 
weight gain.’ 

CLINICAL FINDINGS 

Affected calves are depressed and inactive, 
but the appetite may be unaffected for several 
days. Nasal discharge and salivation with 
drooling are frequently observed. A fever is 
common (40.5°C-41.5°C, 105°F-107°F), and 
remains high for the course of the disease. 
Dyspnea, coughing, a mild catarrhal nasal 
discharge, and diarrhea may occur. During 
the ensuing 2 weeks, difficulty in walking 
and lack of desire to stand may appear. Stiff¬ 
ness with knuckling at the fetlocks is evident 
at first, followed by staggering, circling, and 
falling. Opisthotonus may occur but there is 
no excitement or head-pressing. The course 
of the disease varies between 3 days and 3 
weeks. Animals that recover show marked 
loss of condition and are slow to regain the 
lost weight. 


CLINICAL PATHOLOGY 
Hematology 

In experimental cases, leukopenia occurs in 
the acute clinical stage. There is a relative 
lymphocytosis and depression of polymor¬ 
phonuclear cells. 

Detection of Agent 

The causative agent can be isolated from the 
blood in the early clinical phase, and can be 
used for transmission experiments in calves 
and guinea pigs, and for culture in eggs. 
Elementary bodies are present in the guinea 
pig tissues and yolk-sac preparations. 

Serology 

Serologic methods, including a complement 
fixation test for the detection of circulating 
antibody, are available although there is dif¬ 
ficulty in differentiating antibodies to the 
chlamydia from those to the typical psittaco¬ 
sis virus. 

NECROPSY FINDINGS 

A fibrinous peritonitis, pleurisy, and pericar¬ 
ditis, accompanied by congestion and pete- 
chiation, are characteristic. In the early 
stages, thin serous fluid is present in the cavi¬ 
ties, but in the later stages this has progressed 
to a thin fibrinous net covering the affected 
organs, or even to flattened plaques or irreg¬ 
ularly shaped masses of fibrin lying free in 
the cavity. Histologically, there is fibrinous 
serositis involving the serosa of the perito¬ 
neal, pleural, and pericardial cavities. A 
diffuse encephalomyelitis involving particu¬ 
larly the medulla and cerebellum, and a men¬ 
ingitis in the same area, are also present. 
Minute elementary bodies are present in 
infected tissues and in very small numbers in 
exudate. The necropsy findings are diagnos¬ 
tic for SBE, and confirmation can be obtained 
by the complement fixation test or SN tests. 


DIFFERENTIAL DIAGNOSIS 


Clinically, the disease resembles other 
encephalitides of cattle. The epidemiology and 
pathogenesis resembles malignant catarrhal 
fever in cattle, but the mortality rate is much 
lower, there are no ocular or mucosal lesions, 
and the serositis of SBE does not occur in 
bovine malignant catarrh. A viral 
encephalomyelitis of calves (Kunjin virus) has 
been identified, but has not been associated 
with clinical signs of disease of the nervous 
system. An encephalomyocarditis virus, a 
primary infection of rodents that also occurs 
in primates and causes myocarditis in pigs, 
has been transmitted experimentally to calves 
but without causing significant signs of 
disease. 

Listeriosis is usually sporadic and is 
accompanied by more localizing signs, 
especially facial paralysis and circling. 

Rabies may present a very similar clinical 
picture, but the initial febrile reaction and the 
characteristic necropsy findings as well as the 


epizootiologic history of SBE should enable a 
diagnosis to be made. 

Lead poisoning can be differentiated by 
the absence of fever, the more severe signs of 
motor irritation, and the shorter course of the 
disease. Because of the respiratory tract 
involvement, SBE may be easily confused with 
pneumonic pasteurellosis, especially if 
outbreaks occur, but in the latter disease 
nervous signs are unusual and the response to 
treatment is good. 

SBE, sporadic bovine encephalomyelitis. 


TREATMENT 

Broad-spectrum antimicrobials control the 
agent in vitro. However, clinical results with 
chlortetracycline and oxytetracycline have 
been irregular, but may be effective if used in 
the early stages of the disease. 

CONTROL 

Control measures are difficult to prescribe 
because of lack of knowledge of the method 
of transmission. It is advisable to isolate 
affected animals. No vaccine is available. 
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BORDER DISEASE (HAIRY 
SHAKER DISEASE OF LAMBS, 
HAIRY SHAKERS, 
HYPOMYELINOGENESIS 
CONGENITA) 


SYNOPSIS 


Etiology Pestivirus strains in the border 
disease and bovine virus diarrhea 
genotypes. 

Epidemiology Congenital disease transmitted 
by persistently infected sheep, rarely cattle. 

Clinical findings Abortions, stillbirths, barren 
ewes, and the birth of small weak lambs, 
some of which have an abnormally hairy 
birth coat, gross tremor of skeletal muscles, 
inferior growth, and a variable degree of 
skeletal deformity. 

Clinical pathology None specific. 

Lesions Hypomyelination in brain and spinal 
cord of lamb. 

Diagnostic confirmation Detection of virus 
and/or demonstration of serologic response. 

Treatment Supportive. 

Control Avoid infection of pregnant sheep. 
Identify and cull persistently infected 
animals. 


ETIOLOGY 

The causal agent, border disease virus (BDV), 
is a pestivirus within the family Flaviviridae. 
Four members of the pestivirus genus have 
been identified; bovine virus diarrhea virus 
















(BVDV) types 1 and 2, classical swine fever 
virus, and BDV. Isolates from border disease 
predominantly fall within the BDV geno¬ 
type, but sheep and goat isolates also fall in 
the BVDV genotypes. Pestiviruses consist of 
a single strand of RNA and were originally 
named after the host from which they were 
isolated. However, their interspecies trans- 
missibility means an increasing reliance on 
phylogenetic studies based on sequences 
generated from relatively well conserved 
regions of the viral genome, such as the 5' 
untranscribed region. On this basis BDV can 
be phylogenetically segregated into at least 
seven clusters, subtypes BDV-1 to BDV-7. 1 

Strains of BDV have differing pathoge¬ 
nicity, and variations in pathogenicity also 
result from interactions between the virus 
and different host genotypes, specifically 
between different breeds of sheep. Persistent 
infections in sheep are associated with non- 
cytopathic strains of virus. An isolate of 
BDV, now designated as BDV-5, caused a 
leukopenic enterocolitis in sheep and 
growing lambs in the Aveyron region of 
France (Aveyron disease). 2 The disease 
caused high mortality in sheep in this region 
in 1984 but has not occurred since then. 

EPIDEMIOLOGY 

Occurrence 

Border disease was originally described in 
the border country between England and 
Wales. It has subsequently been reported 
from most of the major sheep-producing 
countries and probably occurs in all of them. 
The disease occurs primarily in sheep, and 
less often in goats and free-living ruminants, 
such as chamois. 3 The prevalence of infection 
is much higher than the incidence of clinical 
disease because the latter only occurs when 
there is infection during pregnancy. BDV-1 
has been detected in sheep from Australia, 
New Zealand, UK, and United States; BDV-2 
from ruminants in Germany; BDV-3 in Swit¬ 
zerland and Austria; BDV-4 in Spain; BDV-5 
and BDV-6 in France; and BDV-7 in Turkey. 1 

Studies on seroprevalence suggest that 
pestivirus infections in sheep and goats are 
less common than in cattle, but there are 
considerable differences in seroprevalence 
between different geographic areas and 
flocks. Flock seroprevalence in different 
regions or countries generally falls within the 
range of 5% to 50%. The prevalence of sero¬ 
positive females within positive flocks is 
influenced by age, with a lower seropreva¬ 
lence in sheep 4 to 8 months of age than in 
older sheep. Seroprevalence is higher in 
flocks with persistently infected sheep, but 
there can still be a significant proportion of 
seronegative sheep present in a flock con¬ 
taining persistently infected sheep. 

Source of Infection 

Infection can be introduced into a flock with 
the purchase of persistently infected replace¬ 
ment sheep. Persistently infected sheep 
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excrete virus in nasal secretions, saliva, 
urine, and feces, and provide the major 
source of infection. A proportion of persis¬ 
tently infected sheep may survive to adult¬ 
hood and may breed successfully to produce 
further persistently infected sheep. However, 
the breeding efficiency of persistently 
infected sheep is poor, and the probability of 
establishing lines of persistently infected 
sheep appears less than with the equivalent 
infection in cattle. 

Virus is also present in the placenta and 
fetal fluids at the birth of persistently infected 
lambs and in the products of abortion result¬ 
ing from infection with the virus in early 
pregnancy. In flocks where there is a long 
lambing period it is possible that this could 
provide a source for clinical disease in late- 
lambing ewes. Field observations suggest 
that transmission during the lambing period 
is limited. 

Calves persistently infected with BVDV 
can infect sheep, and in countries where 
pregnant sheep and cattle are housed in close 
proximity during the winter this can be an 
important source of infection for outbreaks 
of border disease. In some countries this 
appears to be the major source, and studies 
in both Northern Ireland and the Republic 
of Ireland suggest that cattle are the primary 
source of infection for sheep in those coun¬ 
tries. There is also evidence that bovine 
strains are important in goat infections. In 
contrast BDV is the predominant ovine pes¬ 
tivirus in Great Britain and New Zealand. 

Free-living deer are also a potential 
source of infection. Outbreaks of disease 
have also occurred after vaccinating preg¬ 
nant goats with an Orf vaccine contaminated 
with a pestivirus. 

Transmission 

Natural transmission is by sheep-to-sheep 
contact, but successful experimental trans¬ 
mission has followed both oral and conjunc¬ 
tival challenge. 

The spread of infection within a suscep¬ 
tible flock is facilitated by factors such as 
close contact at mating time or mustering 
and aggregating sheep for any purpose. 
There is an increased risk for explosive out¬ 
breaks of border disease where animals are 
housed in early pregnancy. 

Host Risk Factors 

Border disease may occur as an outbreak or 
as a sporadic disease. When infection is 
introduced into a susceptible flock in early 
pregnancy, an outbreak with infertility, abor¬ 
tion, and congenital disease in lambs from all 
ages of ewes is likely. Subsequently, older 
sheep in the flock will have acquired immu¬ 
nity and disease occurs only in introduced 
sheep and maiden ewes. Persistently infected 
ewes have reduced fertility but will give 
birth to congenitally affected lambs through¬ 
out their breeding life. The disproportional 
occurrence of outbreaks of clinical disease in 


certain breeds suggests that they may 
have higher rates of persistently infected 
individuals. 

Experimental Reproduction 

Border disease is readily reproduced by the 
experimental oral, conjunctival, and paren¬ 
teral infection of pregnant ewes before 80 
days’ gestation. Experimental disease can be 
produced with both BDV and BVDV strains. 

The following have been produced 
experimentally, although there are strain 
differences in clinical and pathologic 
manifestations: 

• Placentitis 

• Abortions 

• Mummified fetuses 

• Congenital malformations, including 
hydrocephalus, porencephaly, cerebellar 
hypoplasia and dysplasia, and 
arthrogryposis 

• Fetal growth retardation 

• Hypomyelinogenesis 

• Birth of weak lambs with nervous 
disorders 

• A hairy birth coat 

Experimental infections of pregnant 
cows with BDV results in similar defects 
with placentitis, mummification, and 
abortion of fetuses; intrauterine growth 
retardation with abnormal osteogenesis; and 
hypomyelinogenesis. 

The disease has also been produced 
experimentally in goat kids by inoculation of 
pregnant goats but there are no abnormali¬ 
ties of hair coat, and embryonic mortality 
and abortion are more common than in the 
experimental disease in ewes. 

Economic Importance 

The effect of infection varies with the 
immune status of the flock and whether 
infection occurs during pregnancy. In fully 
susceptible flocks, abortion and neonatal 
lamb loss resulting from infection can be 
25% to 75% of the expected lamb crop 
depending on the strain of the virus. An 
assessment of the economic losses caused by 
infertility, abortion, neonatal losses, and low 
carcass weight indicate that an outbreak of 
border disease can result in a potential 
reduction of income in excess of 20%. 

Where sheep and cattle are comingled, 
the presence of BDV in sheep could also 
jeopardize efforts to control and eradicate 
pestivirus (BVDV) from cattle herds. Persis¬ 
tently infected sheep readily transmit BDV 
to seronegative calves; thus the antigenic 
similarity between the two viruses will com¬ 
plicate attempts to demonstrate freedom 
from BVD in cattle by serology. 4 

PATHOGENESIS 
Nonpregnant Sheep 

In adolescent and adult nonpregnant sheep, 
infection and viremia are subclinical. The 
intramuscular inoculation of immunocom¬ 
petent lambs with BDV results in a mild 
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transient disease and a subsequent reduction 
in growth rate, but no gross or microscopic 
lesions. 

Pregnant Sheep 

When BDV infects susceptible pregnant 
ewes the virus infects the placenta to produce 
an acute necrotizing placentitis and it subse¬ 
quently invades the fetus. This may result in 
early embryonic death, abortion and still¬ 
birth, the birth of lambs with malformations 
and/or neurologic abnormalities, the birth of 
small weak lambs that are immunosup- 
pressed, or the birth of lambs with no clinical 
abnormality. The ultimate outcome of the 
infection depends on the age of the fetus, the 
properties of the strain of the virus, the dose 
of the virus, the genotype of the host, and the 
ability of the fetus to respond to the virus. 
Immune competence to the virus in the fetus 
develops between approximately 61 and 
80 days’ gestation; thus fetal age at the time 
of infection determines the outcome of 
infection. 

Infection in Early Pregnancy 

Fetal death occurs when there is infection of 
the fetus with virulent strains before the 
development of immune competence and 
uncontrolled viral replication. Prenatal death 
is more likely to follow infections in early 
pregnancy, but is recorded with infections 
from 45 to 72 days’ gestation. 

Persistent infections occur in lambs that 
survive infection in early pregnancy before 
the development of immune competence 
and result from maternal infections between 
21 and 72 days’ gestation but never later. The 
virus is present in all organs, and lambs born 
persistently infected will remain so for their 
lifetime, with few exceptions; persistent 
infections have been recorded to at least 5 
years of age. 

Most persistently infected sheep are 
unable to produce a specific antibody to 
BDV, but some show intermittent seroposi- 
tivity with low antibody levels or occasion¬ 
ally undergo frank seroconversion. The 
humoral response to other pathogens and 
antigens is normal. However, cell-mediated 
immunity is compromised, with change in 
T-cell populations and a deficiency in 
lymphocyte function. Persistently infected 
lambs are more susceptible to intercurrent 
disease and commonly die before reaching 
maturity. 

Hypomyelinogenesis occurs in persis¬ 
tently infected lambs and resolves spontane¬ 
ously in lambs that survive to the age of 6 
months. Most of these lambs exhibit neuro¬ 
logic dysfunction at birth, varying from a 
continuous light tremor to tonic-clonic con¬ 
traction of the skeletal muscles involving the 
whole body and head (shakers). 

A deficiency of the thyroid T 3 and T 4 hor¬ 
mones has been detected in lambs affected 
with border disease and may be the basic 
cause of the lack of myelination. The enzyme 


2,3-cyclic nucleotide-3-phosphodiesterase is 
associated with normal myelination and 
depends on normal amounts of thyroid 
hormone. The deficiency in thyroid hor¬ 
mones may also result in the reduced rate of 
weight gain that occurs in infected lambs. 
Other studies suggest a direct infection of 
oligodendroglia with the virus as the cause 
of the defective myelination. 

Fleece abnormality also occurs in persis¬ 
tently infected lambs and results from an 
enlargement of the primary hair follicles and 
a concurrent reduction in the number of sec¬ 
ondary follicles. The resulting hairiness is 
caused by the presence of large medullated 
primary fibers. BDV appears to have no 
effect on the skin and birth coat of coarse- 
fleeced breeds of sheep or on goats. 

Intrauterine growth retardation is a 
common feature of infection with BDV and 
is initiated shortly after infection. Deformi¬ 
ties of the skeleton include abnormally short¬ 
ened long bones and a reduction in 
crown-rump length and the long axis of the 
skull, which results in lambs appearing more 
compact and short-legged than normal (goat 
lambs). In the long bones there is evidence 
of growth arrest lines and disturbed osteo¬ 
genesis and ossification. 

Some persistently infected lambs do not 
have nervous signs or abnormalities of the 
fleece and are phenotypically normal. This 
limits the value of identification of infected 
lambs based on the presence of clinical 
abnormality at birth. 

In Midpregnancy 

When fetal infection occurs during the 
period of development of the ability to 
mount an immune response (between 
approximately 61 and 80 days’ gestation), the 
effect is variable. Some fetuses infected at this 
stage respond with a severe inflammatory 
process in the CNS with nodular periarteri¬ 
tis, necrosis, and inflammation of the germi¬ 
nal layers of the brain. Resultant lesions are 
hydranencephaly, cerebellar dysplasia, and 
multifocal retinal atrophy; such lambs 
exhibit behavioral abnormalities and more 
severe neurologic disease than shaker lambs. 

Infection in Late Pregnancy 

Infection of the fetus after 80 days’ gestation 
is likely to be controlled or eliminated by a 
fetal immune response. These lambs are 
born without clinical disease, and are virus 
negative, but have precolostral circulating 
antibody. 

Goats 

In goats, fetal death is the major outcome of 
infection of the pregnant doe with both BDV 
and BVDV, and infections before 60 days’ 
gestation almost invariably result in repro¬ 
ductive failure. Persistently infected shaker 
kids and clinically normal kids are born with 
infections around 60 days’ gestation but are 
a less common manifestation of the disease 


than occurs in sheep. The caprine fetus 
develops immune competence against pesti- 
viruses between 80 and 100 days’ gestation. 

Enteric Disease 

Experimental inoculation of a homologous 
strain of the BDV into persistently infected 
but clinically recovered lambs results in a 
severe clinical syndrome. This is character¬ 
ized by persistent diarrhea and respiratory 
distress associated with an inflammatory 
lymphoproliferative response in the CNS, 
intestines, lungs, heart, and kidney. A similar 
syndrome is seen in some persistently 
infected sheep that survive early life and 
reach weaning. This syndrome resembles 
certain aspects of mucosal disease in cattle, 
in which it is postulated that superinfection 
of persistently viremic immunotolerant 
cattle with a homologous strain of BVDV 
results in fatal mucosal disease. In such 
animals a specific and dynamic equilibrium 
exists between an attenuated form of the 
virus and the immunotolerant host. Distur¬ 
bance of this equilibrium either by injection 
of the homologous strain of BDV, or some 
other factor, results in fatal disease. 

CLINICAL FINDINGS 

The most obvious and characteristic features 
of border disease are evident at birth and 
relate to conformation and growth, fleece 
type, and neurologic dysfunction. An 
increased proportion of barren ewes will also 
be apparent in severe outbreaks. 

Conformation 

Affected lambs may have a lower birth weight 
than uninfected lambs, a decreased crown- 
rump length, and a shorter tibia/radius 
length so that they have a boxy appearance. 
The head has a shortened longitudinal axis 
and the cranium may be slightly domed 
(goat, lambs). 

Fleece 

The fleece, when dry, appears hairy and 
rough because of long hairs rising above the 
fleece to form a halo, especially over the 
nape, back, flanks, and rump. This feature is 
most evident in medium-wool and fine-wool 
breeds and is not observed in the coarse 
kempy-fleeced breeds, such as the Scottish 
Blackface. The halo kemp fibers are shed 
with time and are most evident in the first 3 
weeks of life. Some lambs have abnormal 
pigmentation occurring as patches of pig¬ 
mented fleece or hair, or a totally pigmented 
fleece. This can occur in white-faced sheep. 

Neurologic Dysfunction 

Neurologic dysfunction is manifest, with 
rhythmic tremors of the muscles of the pelvis 
and upper parts of the hindlimbs, or of the 
whole body, resulting in a characteristic 
jerking movement, and of the head and neck 
with rhythmic bobbing of the head (shaker 
lambs). In some less severe cases, only fine 





tremors of the ears and tail are evident. 
Tremors are most apparent during move¬ 
ment, and are absent while the lamb is sleep¬ 
ing. The tremors usually decline in severity 
as the lamb matures and may seem to disap¬ 
pear unless the animal is stressed. More 
severely affected lambs have difficulty in 
rising, and if able to stand with assistance 
exhibit an erratic gait especially of the hind¬ 
quarters. Paralysis does not occur. Affected 
lambs are often unable to nurse the ewe 
because they cannot hold onto the teat. They 
appear languid and lie around listlessly. They 
do not suck as they should and bloat con¬ 
tinuously, and the ewes’ udders become 
engorged with milk. 

Behavioral and visual defects with cir¬ 
cling, head-pressing, nystagmus, and gross 
incoordination are seen in lambs with the 
type of infection producing hydranenceph- 
aly and cerebellar dysplasia. These lambs are 
of lighter birth weight but have normal birth 
coats. 

Growth Rate 

Growth rate is reduced, affected lambs are 
unthrifty, and the majority will die before or 
at weaning time from parasitism, pneumo¬ 
nia, a mucosal disease-like syndrome, or 
nephritis. With good nursing care, they can 
be reared, but deaths may occur at any age. 
Puberty may be delayed and, in males, the 
testes are flabby and may not develop nor¬ 
mally. A study of lambs in a Spanish feedlot 
found that BDV-positive lambs (by RT-PCR 
or ELISA) were 12% (3.3 kg) lighter after 41 
days of lot feeding because of significantly 
lower average daily gain, 260 g per head per 
day compared with 320 g per head per day 
in BDV-negative lambs. 5 BDV-positive lambs 
also had double the chance of having diar¬ 
rhea or respiratory signs. 

Reproductive Performance 

Impaired reproductive performance of the 
flock occurs from low fertility, abortion, and 
poor viability of lambs. Abortions usually are 
not noticed until lambing when it is evi¬ 
denced by an unexpected increase in barren 
ewes. In goats, where there is often closer 
observation, the aborted fetuses may be rea¬ 
sonably well developed, small and underde¬ 
veloped, or autolyzed and unrecognizable as 
a fetus in expelled fetal fluid. 

CLINICAL PATHOLOGY 

There are no consistent changes in hematol¬ 
ogy or blood chemistry. Persistently infected 
lambs have changes in lymphocyte subpopu¬ 
lations, with a reduction in T lymphocytes 
and an altered CD8:CD4 ratio. 

Virus can be detected in blood and tissues 
by virus isolation, antigen ELISAs, and 
RT-PCR techniques (both conventional and 
real time). These are specialist techniques, 
but an RT-PCR ELISA may be a cost-effective 
and sensitive alternative for nonspecialist 
laboratories. 6 Antibody can be detected by 
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antibody ELISAs or SN tests, and a combina¬ 
tion of serology and virus isolation is usually 
used in the diagnosis of border disease. 

Detection of Persistently 
Infected Sheep 

For diagnosis of border disease in newborn 
lambs, precolostral blood samples should be 
taken from both clinically normal and 
affected lambs. Persistently infected sheep 
are seronegative and BDV can be isolated 
from leukocytes in the blood huffy coat. 
Lambs infected late in gestation will be sero¬ 
positive but virus negative. Persistently 
infected lambs that have received colostrum 
from their dam will be seropositive until they 
lose maternal passive immunity. 

Persistently infected adolescent and adult 
sheep in a flock can be identified by the 
detection of virus in blood; however, this is 
expensive in large flocks and an alternative is 
to test all sheep for antibody and then culture 
the huffy coat of seronegative sheep. Anti¬ 
genic differences between laboratory strains 
and field virus can result in false-negative 
serology, and serologic studies are best done 
with the homologous virus. 

Abortion 

Serologic tests are of limited value as an aid 
to the diagnosis of abortion associated with 
BDV infection. The infection of the ewe that 
results in abortion occurs several weeks 
before clinical disease is apparent, and unless 
prospective samples can be taken there is 
little chance of a rise in antibody titers in 
paired samples. Seropositivity in ewes indi¬ 
cates that the flock has been exposed to pes- 
tivirus but does not incriminate it in a disease 
process. Seronegativity indicates that BDV is 
not the cause of the abortion, with the excep¬ 
tion that aborting ewes, who themselves 
are persistently infected, will have no anti¬ 
body titer. 

NECROPSY FINDINGS 

Gross findings may be normal, or may 
include an abnormal wool coat and a reduc¬ 
tion in the size of the brain and spinal cord. 
Arthrogryposis, hydranencephaly, poren¬ 
cephaly, and cerebellar dysplasia may also be 
present. Histologically, there is a deficiency 
of stainable central myelin, with neurochem¬ 
ical and histochemical evidence of demyelin- 
ation or myelin dysmorphogenesis. In most 
sheep the myelin defect resolves substantially 
during the first few months of life. The brain, 
which has been very small, returns to normal 
weight, and chemical composition and 
degree of myelination. The histologic lesions 
of the skin consist of primary follicle enlarge¬ 
ment, increased primary fiber size, and an 
increased number of medullated primary 
fibers. 

Virus can be demonstrated by immuno- 
fluorescent staining of cryostat sections of 
tissues from affected lambs or by IHC stain¬ 
ing of formalin-fixed material. Preferred 


tissues for such tests include brain, thyroid 
gland, and skin. Virus titers reach high levels 
in the placentomes, so caruncles or cotyle¬ 
dons should be cultured for virus. Isolates 
are noncytopathic and the presence of viral 
antigens must be demonstrated by direct or 
indirect immunofluorescence or immune 
peroxidase techniques. 

Because of the closely related character of 
this pestivirus and BVDV, diagnostic tests to 
confirm infection parallel those for BVDV. 
Fetal serology can be useful for confirming 
exposure in abortions and stillbirths. PCR 
and ELISA techniques may be substituted for 
virus isolation if available. 

In the brain of naturally infected cases, 
viral antigens and RNA are found in the neu¬ 
ropil, glial, and neuronal cells, especially in 
periventricular areas, cerebellum, and brain¬ 
stem. Cell death occurs in both BDV- 
infected and adjacent cells by the activation 
of pathways that cause apoptosis, which are 
associated with the increased expression of 
nitric oxide synthases. 8 ' 9 

Samples for Confirmation 
of Diagnosis 

• Histology: formalin-fixed skin, spinal 
cord, half of midsagittally sectioned 
brain, skin, thyroid, distal ileum, colon, 
cecum, thymus, spleen, liver, heart, 
kidney (LM, IHC) 

• Serology: heart blood serum/thoracic 
fluid (virus neutralization) 

• Virology: placenta/caruncle, thymus, 
lymph node, spleen, thyroid, brain, 
ileum (ISO, FAT, ELISA, PCR). 


DIFFERENTIAL DIAGNOSIS 


Congenital disease 

• Swayback (copper deficiency) 

• Caprine encephalomyelitis 

Abortion 

• Enzootic abortion 

• Listeriosis 

• Toxoplasmosis 

• Leptospirosis 

• Rift Valley fever 

• Akabane disease 


TREATMENT 

There is no specific treatment for border 
disease. With care and nursing, many affected 
lambs will survive the immediate neonatal 
period, but they grow poorly, are very sus¬ 
ceptible to intercurrent disease during the 
growing period, and it is generally not eco¬ 
nomic to attempt to raise these lambs. 

CONTROL 

The principles are to attempt to engender 
flock immunity and to avoid exposing sheep 
to infection in early pregnancy. Persistently 
infected sheep are a continuous source of 
infection and those that survive to breeding 
age can perpetuate the disease. They should 
be identified and culled. 
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The problem is with their identification, 
because some persistently infected lambs 
show no clinical or phenotypic abnormality. 
Lambs that are clinically affected at birth 
should be permanently identified because 
the tremor and fleece abnormality disappear 
at 1 to 2 months of age and the lambs may 
no longer be recognizable as infected. Persis¬ 
tently infected animals can be identified by 
serologic screening of the ewe lambs intended 
for replacement stock at 6 months of age 
(after maternal passive immunity has 
waned), followed by virus isolation in sero¬ 
negative animals, but this is expensive and 
only practical in small flocks. An alternative 
is to keep no replacement ewes from an 
affected lamb crop. 

Persistently infected sheep can be run 
with the flock when it is not pregnant, par¬ 
ticularly with the replacement ewes, in an 
attempt to produce infection and immunity 
before pregnancy. They should be removed 
before breeding. Although this can result in 
“natural vaccination,” the rates of infection 
and seroconversion in replacement females 
can be low. In theory, cattle BVDV vaccines 
could be used to produce immunity but their 
efficacy would depend on a significant relat¬ 
edness to the BDV under consideration. 

In most flocks a serious outbreak of the 
disease is followed by minor disease in sub¬ 
sequent years, with the flock developing 
immunity in the initial outbreak. 

In flocks that are free of infection, replace¬ 
ment ewes and rams should be screened for 
infection before purchase or quarantined 
after arrival on the farm. Newly introduced 
sheep should be kept separate from the main 
flock until after lambing. Ideally, cattle 
should not be pastured or housed with preg¬ 
nant sheep. 

FURTHER READING 
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VISNA 


SYNOPSIS 


Etiology Neurovirulent strains of maedi-visna 
virus, a lentivirus. 

Epidemiology Occurs in association with 
maedi but endemic visna only recorded in 
Iceland. 


Clinical findings Afebrile disease with 
insidious onset. Progressive ataxia and 
wasting, long clinical course. 

Clinical pathology Pleocytosis and elevated 
protein, virus, virus proteins, and antivirus 
antibody in cerebrospinal fluid. 

Lesions Chronic demyelinating 
encephalomyelitis. 

Diagnostic confirmation Histology, 
demonstration of virus, PCR. 

Treatment None. 

Control As for ovine progressive pneumonia. 


ETIOLOGY 

Visna is the neurologic manifestation of 
maedi-visna disease caused by infection with 
Maedi-Visna Virus (MW). This virus is a 
single-stranded RNA, nononcogenic lentivi¬ 
rus within the retrovirus family. There are 
neurovirulent and nonneurovirulent strains 
of MW, and neurovirulence is enhanced by 
intracerebral passage of virus. There is a high 
degree of relatedness between MW, the 
ovine lentivirus associated with ovine pro¬ 
gressive pneumonia (OPP), and the Caprine 
Arthritis Encephalitis (CAE) virus. These 
ovine and caprine lentiviruses share nucleo¬ 
tide homology and serologic properties and 
are now regarded as a viral continuum and 
referred to as small ruminant lentiviruses 
(SRLV). 1 

Visna usually occurs in conjunction with 
maedi lesions in the lungs, with up to 18% of 
sheep affected by maedi having histologic 
lesions of visna in the brain. 

EPIDEMIOLOGY 

Occurrence 

Visna is a disease of sheep and rarely of goats. 
It was originally a significant cause of death 
in the epizootic of maedi-visna that occurred 
in Iceland from 1933 to 1965. It always 
occurred in association with maedi, but was 
sporadic and generally less important than 
the pulmonary manifestation of the infec¬ 
tion. The exception was in some flocks in 
which it was the major manifestation of the 
maedi-visna disease complex, but visna not 
been seen in Iceland since 1951 and maedi- 
visna has since been eradicated from that 
country. 

Despite the widespread occurrence of 
maedi-visna or OPP in many countries, visna 
is now an uncommon disease, and a high 
prevalence of neurologic disease has seldom 
been recorded in countries other than Iceland. 
The reason for this is not known but might be 
from an increased susceptibility of the Icelan¬ 
dic breed of sheep to the neurologic form of 
the disease, or to differences in the neuroviru¬ 
lence of different strains of the virus. In 
Britain, MW was first detected in the late 
1970s, and the initial clinical expression was 
largely maedi (dyspnea), but occasionally 
with coexistent visna. 


Experimental Transmission 

Sheep experimentally infected by intracere¬ 
bral inoculation spread MW to commin¬ 
gled sheep. The incubation period and the 
course of the disease are both protracted, 
with clinical signs not appearing until 2 years 
after experimental inoculation. 

PATHOGENESIS 

The virus infects cells of the monocyte- 
macrophage lineage and replicates its RNA 
genome via a DNA intermediate provirus, 
which is integrated into the chromosomal 
DNA of the host cell. Replication is limited 
and does not proceed beyond the synthesis 
of provirus in most cells. Persistent produc¬ 
tion of viral antigen results in lymphocytic 
hyperplasia. 

There are two basic lesions, an inflamma¬ 
tory lesion that is not related to the occur¬ 
rence of nervous signs, and a focal 
demyelination in the brain and spinal cord, 
the occurrence of which is related to the 
appearance of paresis. Experimental immu¬ 
nosuppression reduces the severity of lesions 
by suppressing the cellular proliferative 
response without suppressing the growth of 
the virus, whereas postinfection immuniza¬ 
tion enhances the severity of experimental 
visna. Viral nucleic acid and proteins are 
present in oligodendrocytes, and demyelin¬ 
ation is thought to be a direct effect of the 
virus on these cells as well as a sequel to the 
inflammatory response they provoke. 

CLINICAL FINDINGS 

The disease has an insidious onset, and the 
early clinical signs include lagging behind 
the flock because of ataxia and body wasting. 
The body wasting and the hindlimb ataxia 
are progressive. Affected animals show 
hypermetria and may stumble or fall as they 
traverse uneven ground or when making 
sudden turns. There is no fever, and a normal 
appetite and consciousness are retained. 
Additional signs include severe tremor of the 
facial muscles and knuckling of the distal 
limbs so that the animal stands on the flexed 
tarsi. Some animals may show a head tilt, 
aimless wandering, circling, and blindness. 2 

The clinical picture is not unlike that of 
scrapie without the pruritus. During the 
course of the disease, periods of relative nor¬ 
mality may occur. Affected animals may 
show clinical signs for several months before 
final paralysis necessitates slaughter. The 
disease is always fatal, and the clinical syn¬ 
drome in goats is the same as for sheep. 

CLINICAL PATHOLOGY 

There are an increased number of mononu¬ 
clear cells in the CSF, an elevated protein, 
and positive Pandy test. The pleocytosis is 
variable during the course of the disease. 
Virus, virus antigen, and antibody are also 
demonstrable in CSF. Serologic tests are 
detailed under the section on ovine progres¬ 
sive pneumonia in chapter 12. 












NECROPSY FINDINGS 

Muscle wasting and an interstitial pneumo¬ 
nia may be visible but there are no gross 
changes in the CNS. The characteristic histo¬ 
logic lesion is patchy, demyelinating enceph¬ 
alomyelitis. The inflammatory infiltrate is 
predominantly composed of lymphocytes 
and macrophages. Demyelination occurs in 
the white matter of the cerebrum and cere¬ 
bellum, and in the spinal cord. The histologic 
character of the lung is typical of ovine 
lentivirus-associated pneumonia. Isolation 
of the virus is difficult. Typical neural lesions 
and a positive serologic titer usually suffice 
for confirmation of the diagnosis. IHC tests 
and PCR-based assays have been successfully 
used to confirm this lentiviral infection in 
lung, mammary gland, and even third eyelid, 
but the use of these tests to confirm of the 
infection in CNS tissues is not well 
documented. 

Samples for Confirmation 
of Diagnosis 

• Histology: fixed spinal cord, half of 
midsagittally sectioned brain, lung, 
mammary gland, joint synovium 
(IHC, LM) 

• Serology: serum (Agar gel 
immunodiffusion test, ELISA) 

• Virology: chilled brain, spinal cord, 
lung, mammary gland (PCR, ISO). 


DIFFERENTIAL DIAGNOSIS 


Visna is a sporadic disease of mature sheep 
with an insidious onset of muscle wasting, 
progressive ataxia, and a long clinical course. 
These characteristics differentiate it from other 
diseases of sheep manifest with ataxia. 

Differentials include 

• Scrapie 

• Delayed organophosphate toxicity 

• Cerebrospinal nematodiasis 

• Segmental axonopathy (Murrurrundi 
disease) 


TREATMENT AND CONTROL 

There is no treatment for visna. It usually 
occurs in conjunction with signs of maedi 
and is a comparatively rare disease by itself. 
Control procedures are as for those sug¬ 
gested for OPP/maedi. It is possible to greatly 
reduce the prevalence, and even eradicate the 
disease, by either (1) testing all sheep with an 
ELISA and removing seropositive sheep 
from the flock, or (2) by removal of lambs at 
birth and rearing them in isolation from 
other sheep. Testing all sheep at shorter 
intervals (3-6 months) with a combination 
of serology and PCR tests can reduce the 
prevalence more rapidly but is more costly. 

Many jurisdictions have developed 
accreditation programs for flocks to establish 
that they have a low risk of infection 
with MW. Once flocks are seronegative they 
are subjected to testing at various intervals, 
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typically 1 to 3 years depending on an assess¬ 
ment of the biosecurity risk and the presence 
of untested sheep on the same farm holding. 

There is currently no effective vaccine 
against MW, and in some cases candidate 
vaccines have enhanced viremia and/or the 
immune-mediated pathology of the disease. 3 
The difficulty in developing effective vac¬ 
cines is common among the lentiviruses, 
with various approaches including attenu¬ 
ated vaccines, vector vaccines, and proviral 
DNA vaccines having little success. 

Marker-assisted genetic selection, to 
identify those sheep less susceptible to 
infection with MW, has the potential to 
supplement existing control measures. For 
example, in a trial involving 187 lambs, the 
probability of infection following natural 
exposure to OPP virus (a related virus that 
is part of the SRLV continuum) was 3.6 
times greater in crossbred lambs with sus¬ 
ceptible or heterozygous diplotype to ovine 
transmembrane protein gene 154 (TEM154 
diplotype “1 3” or “3 3”) compared with 
lambs with diplotype “1 1.” 4 This is an active 
research area and it is expected that addi¬ 
tional markers will be identified with future 
investigations. 

FURTHER READING 

Blacklaws B. Small ruminant lentiviruses: 

immunopathogenesis of visna-maedi and caprine 
arthritis and encephalitis virus. Comp Immunol 
Infect Dis. 2012;35:259-269. 

Radostits O, et al. Visna. In: Veterinary Medicine: A 
Textbook of the Diseases of Cattle, Horses, Sheep, 
Goats and Pigs. 10th ed. London: W.B. Saunders; 
2007:1413-1414. 
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CAPRINE ARTHRITIS 
ENCEPHALITIS 


SYNOPSIS 


Etiology Retrovirus (a small ruminant 
lentivirus). 

Epidemiology Persistent infection with 
perinatal and horizontal spread. 
Management of herd influences extent of 
seropositivity. 

Clinical findings This disease of goats is 
characterized by arthritis, especially of the 
carpal joints (big knee), in mature goats, 
and acute leukoencephalomyelitis in young 
goats. Indurative mastitis, and less 
commonly chronic pneumonia and chronic 
encephalomyelitis, occur in older goats. 

Clinical pathology Increased mononuclear 
cell count in cerebrospinal fluid. Lower 
or inverted CD4:CD8 ratio in peripheral 
blood. 


Lesions Chronic polysynovitis, degenerative 
joint disease in adults. Nonsuppurative 
demyelinating encephalomyelitis. Interstitial 
pneumonia. 

Diagnostic confirmation Microscopic lesions 
and agar gel immunodiffusion test. 

Treatment None. 

Control Segregation of the newborn from 
seropositive animals, and feeding of 
virus-free colostrum and milk. Prevention of 
horizontal transmission. Regular testing 
with segregation or culling. 


ETIOLOGY 

Caprine arthritis encephalitis (CAE), maedi- 
visna, and Ovine Progressive Pneumonia 
(OPP) viruses are single-stranded RNA, 
nononcogenic lentiviruses within the retro¬ 
virus family. They have a tropism for mono¬ 
cytes, macrophages, and dendritic cells, but 
not T lymphocytes. This is an important 
determinant of their pathogenesis because 
they induce a persistent infection that can 
cause lymphoproliferative changes in the 
lung, mammary tissues, brain, and joints. 
There is a high degree of relatedness between 
these lentiviruses, with shared nucleotide 
homology and serologic properties. Conse¬ 
quently, CAE, maedi-visna, and OPP viruses 
are now regarded as a viral continuum 
known as SRLV. 1 

There are genetically distinct isolates of 
CAE virus and they may differ in virulence. 
Because of the nature of the virus, recombi¬ 
nation during replication, hence antigenic 
drift, is common and may facilitate persis¬ 
tence of the virus in the host and the devel¬ 
opment of disease. Based on analysis of gag 
and pol genomic regions, SRLVs have been 
placed into five clusters (A to E), with A and 
B further divided into at least 13 and 3 sub- 
types, respectively. Some of these are geo¬ 
graphically restricted, such as cluster C in 
Norway, whereas others appear more dis¬ 
persed, probably reflecting the active trading 
of animals. In Canada, molecular analysis of 
goat and sheep isolates of SRLV from herds 
or flocks with only sheep or goats reveals a 
relatively simple arrangement, with goats 
infected with B1 subtype and sheep with A2 
subtype, respectively. However, on farms 
with both goats and sheep, there is evidence 
of crossover between sheep and goats, and 
vice versa, and mixed infections in both 
species. 2 Consequently, mixed flocks of goats 
and sheep may represent an active source for 
the evolution of these viruses, with a CAE- 
like virus responsible for severe outbreaks of 
arthritis in sheep in Spain and mixed infec¬ 
tions confirmed in many European countries 
and North America. 2 ' 4 

EPIDEMIOLOGY 
Geographic Occurrence 

There is serologic evidence of infection in 
most areas of the world, including Europe, 
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the UK, North America, Africa, Arabia, Aus¬ 
tralia, New Zealand, and South America. 
Although there is sampling bias, one study 
found marked differences in prevalence 
between countries, with a lower prevalence 
in developing countries that did not import 
dairy-type goats from North America or 
Europe. This may also reflect the absence of 
management factors that have a high risk of 
propagating infection in some countries, 
such as the pooling of colostrum. Other 
countries, such as New Zealand, have a low 
prevalence with the occurrence of CAE 
mainly in exotic importations. 

There may also be variation in seropreva- 
lence within countries. For example, in the 
United States, the prevalence of infection in 
goats in the western and middle parts of the 
country is approximately 50% of all goats 
tested, which is about twice that in the 
eastern and Rocky Mountain areas. Herd 
seroprevalence is greater than 60% in all 
regions. The seroprevalence within herds 
shows clustering, with most herds falling 
into either high or low seroprevalence 
groups. There are area differences in age 
prevalence of seropositivity, with some 
surveys showing no difference and others 
showing an increasing prevalence with 
increasing age. 

Clinical disease is much less common 
than infection, and the annual incidence of 
disease in heavily infected flocks is usually 
low and approximates 10%. 

Host Risk Factors 
Breeds 

All breeds are susceptible to infection but 
several studies have recorded apparent dif¬ 
ferences in breed susceptibility, which may 
reflect differences in management practices 
such as feeding practices of colostrum and 
milk, or genetic differences in susceptibility. 
There is often a higher prevalence of sero¬ 
positive goats in family-owned farms com¬ 
pared with institutional herds, which might 
reflect a greater movement of goats or com¬ 
ingling with other herds among the former. 

Housed Rocky Mountain goats ( Oream- 
nos americanus) have developed clinical 
disease attributed to infection with CAE 
virus, including interstitial pneumonia and 
synovial changes. Three of four affected goats 
had been fed raw goat milk from a source 
later found to have CAE virus. 5 

Age 

There is no age difference in susceptibility to 
experimental infection. Some herds show 
similar seroprevalence across age groups, 
whereas others show an increasing sero¬ 
prevalence with increasing age. These 
differences probably reflect differences in 
management between herds and differences 
in the relative importance of the mechanisms 
of transmission between herds. Increasing 
prevalence with age reflects management 
systems that increase the risk of acquiring 


infection from horizontal transmission. Leu- 
koencephalomyelitis occurs predominantly 
in young kids and arthritis in older goats. 

Method of Transmission 

More than 75% of kids born to infected dams 
may acquire infection, which can be poten¬ 
tially transmitted to them by several routes. 
Infection can also occur in older goats. 

Colostrum and Milk 

Observation of the natural disease and 
experimental studies indicate that the 
primary mode of transmission is through the 
colostrum and milk. The presence of anti¬ 
body in colostrum does not prevent infec¬ 
tion. The virus can be isolated both from the 
cells in the milk and from cell-free milk from 
infected dams. Kids born of noninfected 
dams, but fed colostrum and/or milk from 
infected dams, can become infected. A single 
feeding of infected milk can be sufficient to 
infect a kid. Conversely, the risk of infection 
is much lower in kids that are removed from 
the doe immediately after birth and reared 
on pasteurized milk, and many can be reared 
free from infection. 

Other Perinatal Transmission 

Intrauterine infection can occur, but appears 
to be infrequent and not of major signifi¬ 
cance in the control of the disease. The 
disease can be transmitted by contact both 
during and following the perinatal period, 
and perinatal transmission is most impor¬ 
tant in the epidemiology of the disease. Peri¬ 
natal transmission can result from contact 
with vaginal secretions, blood, saliva, or 
respiratory secretions, with the relative 
importance of these not clearly known. 

Contact Transmission 

Horizontal transmission occurs at all ages, 
and older goats can be infected by oral chal¬ 
lenge with virus. Contact transmission will 
result in the spread of the disease when an 
infected animal is introduced into an 
infection-free herd and has been one cause 
of spread in countries in which the infection 
has been introduced with imported animals. 

Prolonged comingling of uninfected with 
infected animals is likely to promote hori¬ 
zontal transmission. 

Other Routes 

Milk contains virus-free and virus-infected 
cells and shared milking facilities increase 
the risk of cross-infection. This possibly 
results from the transfer of infected cells in 
milk during the milking process. Both iatro¬ 
genic and venereal transmissions are possi¬ 
ble but are probably of limited significance. 

Experimental Reproduction 

Arthritis and mastitis have been reproduced 
by oral, intravenous, and intraarticular chal¬ 
lenge with CAE virus, although pneumonia 
is often not a feature of the experimental 


disease. Leukoencephalomyelitis in young 
lambs can be reproduced by intracerebral 
challenge, but this form of the disease has 
not been reproduced by more natural chal¬ 
lenge routes. Strains of the virus can be neu- 
roadapted by passage and show increased 
neurovirulence but not neuroinvasiveness, 
suggesting that these are separate 
characteristics. 

The relatedness between caprine and the 
ovine lentiviruses was first evident with 
experimental infections, with the CAE-type 
virus transferred to lambs by feeding them 
infected colostrum. This experimental infec¬ 
tion was followed by viremia and serocon¬ 
version, but some strains of the virus 
produced no clinical or histopathologic evi¬ 
dence of disease. Goat kids have been simi¬ 
larly infected with the maedi virus. The 
arthritic form of the disease has been pro¬ 
duced experimentally in cesarean-derived 
kids injected with virus isolated from the 
joints of infected goats. 

Economic Importance 

There is a high prevalence of infection in 
many countries, and several have opted for 
national or breed-associated control pro¬ 
grams. There is a higher cull rate in infected 
herds, with as many as 5% to 10% of goats 
culled each year for arthritis, and affected 
animals cannot be entered for show. Sero¬ 
positive herds have a higher incidence of 
disease. 

There are conflicting reports on the effect 
of infection on productivity in goat herds, 
but seropositive goats can have significantly 
lower milk production (around 10%), a 
reduced length of lactation, lower 300-day 
yields of milk, and impaired reproductive 
performance compared with seronegative 
goats. 

PATHOGENESIS 

Animals infected at birth remain persistently 
infected for life, although only a proportion, 
typically from 10% to 30%, will develop clin¬ 
ical disease. The virus persistently infects 
some cells of the monocyte-macrophage 
type, and the expression and shedding of 
virus occurs as infected monocytes mature 
to macrophages. 1 Disease is associated with 
the host’s immune response to the expressed 
virus. The development of neutralizing anti¬ 
body does not arrest viral replication because 
of ongoing expression of antigenic variants 
of the virus with differing type-specific neu¬ 
tralization epitopes. However, the immune 
complexes are thought to be the basis for the 
chronic inflammatory changes in tissues. 
Goats vaccinated with CAE virus develop 
more severe clinical disease following chal¬ 
lenge compared with nonvaccinated con¬ 
trols. The lesions are lymphoproliferative and 
followed by a multisystem disease syndrome. 
This primarily involves synovial-lined con¬ 
nective tissue, causing chronic arthritis, in 
the udder, causing swelling and hardening of 
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the glands (with or without mastitis), and in 
the lungs causing a chronic interstitial 
pneumonia. 

A retrovirus infection, detected by elec¬ 
tron microscopy and the presence of RT 
activity, is suspected as the cause of an 
immunodeficiency syndrome in llamas char¬ 
acterized by failure to thrive, anemia, leuko¬ 
penia, and recurrent infection, but this has 
not been reported since 1992. 

CLINICAL FINDINGS 
Joints 

Arthritis occurs predominantly in adult 
goats and is a chronic hyperplastic synovitis, 
which is usually noticeable only in the carpal 
joints. This gives rise to the lay term of big 
knee, although tarsal joints may also be 
affected. The onset may be insidious or 
sudden, and unilateral or bilateral. Goats 
may be lame in the affected leg, but this is 
usually not severe. Affected goats may live a 
normal life span but some gradually lose 
weight, develop poor hair coats, and eventu¬ 
ally remain recumbent most of the time and 
develop decubitus ulcers. Dilatation of the 
atlantal and supraspinous bursae occurs in 
some cases. The course of the disease may 
last several months. The arthritis may be 
accompanied by enlargement and hardening 
of the udder and by interstitial pneumonia, 
although this may be clinically inapparent. 
There can be herd and area differences in the 
clinical expression of the disease. For 
example, in some outbreaks in Australia 
pneumonia, rather than arthritis, has been 
the predominant clinical sign. 

Radiographically, there are soft tissue 
swellings in the early stages and calcification 


of periarticular tissues and osteophyte pro¬ 
duction in the later stages. Quantitative joint 
scintigraphy provides an accurate noninva- 
sive method for assessing the severity of the 
arthritis in a live animal. 

Brain 

Leukoencephalitis occurs primarily in 1- to 
5-month-old kids. The syndrome is charac¬ 
terized by unilateral or bilateral posterior 
paresis and ataxia. In the early stages, the gait 
is short and choppy, followed by weakness 
and eventually recumbency. In animals that 
can still stand, there may be a marked lack of 
proprioception in the hindlimbs (Fig. 14-4). 
Brain involvement is manifested by head tilt, 
torticollis, and circling. Affected kids are 
bright and alert and drink normally. Kids 
with unilateral posterior paresis usually pro¬ 
gress to bilateral posterior paresis in 5 to 10 
days. The paresis usually extends to involve 
the forelimbs, so that tetraparesis follows, 
and most kids are euthanized. The interstitial 
pneumonia that often accompanies the 
nervous form of the disease is usually not 
severe and not clinically obvious. 

Udder 

Indurative mastitis, or hard bag, is often ini¬ 
tially detected a few days after kidding. The 
udder is firm and hard but no milk can be 
expressed. There is no systemic illness and 
no bacterial mastitis. Recovery is never com¬ 
plete but there may be some gradual 
improvement. 

CLINICAL PATHOLOGY 

The synovial fluid from affected joints is 
usually brown to red-tinged, and the cell 


count is increased up to 20,000 |tL with 90% 
mononuclear cells. The CSF may contain an 
increased mononuclear cell count. There is a 
reduction in monocytes in peripheral blood, 
a decrease in the number of CD4+ lympho¬ 
cytes, and a lower or inverted CD4:CD8 
ratio. 

Serologic Testing 

For the live animal, there are a number of test 
systems available whose sensitivity and spec¬ 
ificity varies. The agar gel immunodiffusion 
test (AGID) and a variety of commercial 
ELISA tests are the most widely used, and the 
latter usually has a higher sensitivity and 
specificity. Differences in the performance of 
the ELISA tests may be related to the pep¬ 
tides they use and the types of SRLV present. 6 
Maternal antibody is lost by approximately 3 
months of age, hence a seropositive test in 
a goat older than 6 months is considered 
evidence of infection. Most animals have a 
persistent antibody response and remain 
seropositive for life, although some infected 
goats may become seronegative over time. 

A negative test does not rule out the pos¬ 
sibility of infection because there may be a 
considerable delay between infection and the 
production of detectable antibody. It is pos¬ 
sible that in some infected goats there is 
insufficient virus expression to lead to an 
antibody response. 

A competitive-inhibition ELISA, which 
detects antibody to the surface envelop of the 
virus, has very high sensitivity and specificity 
and may be more useful in determining the 
status of individual animals, such as before 
the movement of goats. Other tests with 
potentially greater sensitivity and/or speci¬ 
ficity are described, but are not generally 
available. For example, serum adenosine 
deaminase activity is used as a biochemical 
marker of HIV infection in humans, and is 
elevated in goats infected with CAE, but is 
not a routinely available veterinary test.' 

Other Tests 

A more cost-effective way of monitoring 
CAE in dairy goats may be testing the bulk 
tank milk. In Norwegian dairy flocks, an 
ELISA for testing bulk tank milk detected a 
within-herd prevalence of CAE of at least 
2%, with a sensitivity of 73% and specificity 
of 87%. s Identification of the presence of 
CAE is usually provided by isolation of the 
virus from tissue explants into tissue culture. 
PCR can be used to detect the presence of 
viral antigen or proviral DNA. Most primers 
for diagnostic purposes are selected to detect 
the broadest possible range of SRLV strains, 
whereas those selected for research purposes 
may take a type-specific approach. 2 A rapid 
detection assay based on LAMP has been 
developed for detecting CAEV proviral DNA 
in whole blood and whole-blood samples 
and separated mononuclear cells. 9 This assay 
can be performed in less well-equipped labo¬ 
ratories as well as in the field. 



Fig. 14-4 A 3-month-old Toggenburg kid with advanced progressive neurologic signs caused 
by infection with caprine arthritis encephalitis virus. The goat has normal mentation but is 
exhibits asymmetric weakness (hindlimbs worse than forelimbs) and proprioceptive 
abnormalities. 
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NECROPSY FINDINGS 

In the arthritic form of CAE, there is emacia¬ 
tion and chronic polysynovitis, with degen¬ 
erative joint disease affecting most of the 
joints of animals submitted for necropsy. 
Periarticular tissues are thickened and firm 
and there is hyperplasia of the synovium. The 
local lymph nodes are grossly enlarged and a 
diffuse interstitial pneumonia is usually 
present. Mammary glands are frequently 
involved, although gross changes are 
restricted to induration and increased 
texture. Microscopically, lymphoplasmacytic 
infiltrates of the interstitial tissues of 
mammary gland, lung, and synovium are 
characteristic. In the neural form the diag¬ 
nostic lesions are in the nervous system and 
involve the white matter, especially of the 
cervical spinal cord and sometimes the cer¬ 
ebellum and the brainstem. The lesion is a 
bilateral, nonsuppurative demyelinating 
encephalomyelitis. The infiltrating mononu¬ 
clear leukocytes tend to be more numerous 
in the periventricular and subpial areas. 
There is usually also a mild, diffuse, intersti¬ 
tial pneumonia in this form of the disease. In 
some cases, a severe lymphoplasmacytic 
interstitial pneumonia with extensive hyper¬ 
plasia of type II pneumocytes can occur in 
the absence of neurologic disease. 

Culture of the virus is difficult but can be 
attempted. A variety of nucleic acid recogni¬ 
tion tests, including in situ hybridization, 
PCR, and IHC, have been developed. For 
most cases, confirmation of the diagnosis is 
based on the characteristic microscopic 
lesions, preferably supported by antemortem 
serology. 

Samples for Confirmation 
of Diagnosis 

• Histology: formalin-fixed lung, 
bronchial lymph node, mammary gland, 
synovial membranes, half of 
midsagittally sectioned brain, spinal 
cord (LM, IHC) 

. Serology: blood (ELISA, AGID, PCR) 

• Virology: lung, synovial membrane, 
mammary gland, hindbrain (PCR, virus 
isolation). 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of the arthritic form 
of the disease includes the other infectious 
arthritides, such as those associated with 
mycoplasma and chlamydia. 

Leukoencephalitis must be differentiated 
from: 

• Swayback caused by copper deficiency 

• Spinal abscess 

• Cerebrospinal nematodiasis 

• Listeriosis 

• Polioencephalomalacia 


TREATMENT 

There is no treatment likely to be of value for 
any form of CAE. 


CONTROL 

A measure of control can be achieved by 
testing the herd every 6 months, and segre¬ 
gating or culling of seropositive animals. 
More complete control is dependent on 
preventing/minimizing perinatal transmis¬ 
sion of infection to the kid, particularly 
colostrum and milk transmission, coupled 
with identifying infected animals and main¬ 
taining them physically separated from the 
noninfected animals or culling them from 
the herd. 

Because of the evidence of transmission 
of SRLV between sheep and goats, the pres¬ 
ence of each species needs to be considered 
when developing control programs for CAE 
of goats or OPP of sheep. 

Prevention of Perinatal Transmission 

Early recommendations for control concen¬ 
trated on reducing transmission via milk and 
colostrum, but it is now recognized that this 
must be coupled with segregation. Newborn 
kids should be removed from the dam 
immediately at birth. There should be no 
contact with the dam, and fetal fluids and 
debris should be rinsed off the coat. Heat- 
treated goat colostrum or cow colostrum 
should be fed, followed by pasteurized milk 
or a commercial milk replacer. The kid 
should be segregated from the doe and other 
infected animals. In herds that feed pasteur¬ 
ized colostrum and milk there is a significant 
difference in subsequent seroconversions 
between those that segregate the kids at birth 
and for rearing and those that do not. 

Test and Segregate/Cull 

Animals over 3 months of age should be 
tested by ELISA or AGID every 6 months, 
and seropositive animals segregated or (pref¬ 
erably) culled from the herd. The interval 
between infection and seroconversion varies 
between goats, and the optimal interval for 
testing has not been determined. More fre¬ 
quent testing may be needed for large herds 
with a high seroprevalence. Segregation of 
seropositive and seronegative goats is essen¬ 
tial because horizontal spread in adult goats 
is important in maintaining and increasing 
infection rates in some herds, and even a 
brief contact time can allow transmission. 
Where culling is not practiced, seropositive 
goats should be milked after seronegative 
ones, and the use of common equipment, 
such as for ear-tagging, tattooing, and vac¬ 
cinating, should be avoided. 

Several countries have programs for herd 
accreditation of freedom from infection. The 
stringency of these schemes varies, and they 
may be governmental or breed society 
accreditation programs. Typically, they 
require that all adults in the herd test nega¬ 
tive on two herd tests at a 6-month interval. 
There are also restrictions on the movement 
and purchase of animals, and periodic sero¬ 
logic surveillance. For example, a scheme in 
Norway has been quite successful, with only 


5 of 406 flocks (1.2%) being reinfected over 
a 10-year period. 8 

Vaccination and Genetic Selection 

There is currently no effective vaccine against 
the SRLVs, including CAE, maedi-visna, or 
OPP viruses, and in some cases candidate 
vaccines have enhanced viremia and/or the 
immune-mediated pathology of the disease. 1 
The difficulty in developing effective vac¬ 
cines is common among the lentiviruses, 
with various approaches, including attenu¬ 
ated vaccines, vector vaccines, and proviral 
DNA vaccines having little success. The 
reasons are obscure, but probably relate to 
the underlying dysfunction in T-cell-medi- 
ated immune responses. 

However, marker-assisted genetic selec¬ 
tion, to identify animals less susceptible to 
infection, has the potential to supplement 
existing control measures. For example, in a 
trial investigating the control of OPP in 
lambs, the probability of infection following 
natural exposure to OPP virus was 3.6 times 
greater in crossbred lambs with susceptible 
or heterozygous diplotype to ovine trans¬ 
membrane protein gene 154 (TEM154 diplo¬ 
type 1 3 or 3 3) compared with lambs with 
diplotype 11.° Similar studies have not yet 
been undertaken in goats, but this is an 
active research area and it is expected that 
additional markers for conditions caused by 
SRLV will be identified in future. 

FURTHER READING 

Blacklaws B. Small ruminant lentiviruses: 

immunopathogenesis of visna-maedi and caprine 
arthritis and encephalitis virus. Comp Immunol 
Infect Dis. 2012;35:259-269. 

Hermann-Hoesing LM, et al. Diagnostic assays used to 
control small ruminant lentiviruses. / Vet Diagnost 
Invest. 2010;22:843-855. 

Radostits O, et al. Caprine arthritis encephalitis (CAE). 
In: Veterinary Medicine: A Textbook of the Diseases 
of Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1410-1413. 

REFERENCES 

1. Blacklaws B. Comp Immunol Microbiol Infect Dis. 
2012;35:259. 

2. Fras M, et al. Infect Genet Evol. 2013;19:97. 

3. Glaria I, et al. Vet Microbiol. 2009;138:156. 

4. Gjerset B, et al. Virus Res. 2007;125:153. 

5. Patton KM, et al. Vet Diagn Invest. 2012;24:392. 

6. de Andres X, et al. Vet Immunol Immunopathol. 
2013;152:277. 

7. Rodrigues LF, et al. Small Rumin Res. 2012;108:120. 

8. Nagel-Alne GE, et al. Vet Rec. 2015;176:173. 

9. Huang J, et al. Arch Virol. 2012;157:1463. 

10. Leymaster KA, et al. / Anim Sci. 2013;91:5114. 

OVINE ENCEPHALOMYELITIS 
(LOUPING-ILL) 


SYNOPSIS 


Etiology Louping-ill virus, flavivirus. 

Epidemiology Disease of sheep (and red 
grouse), and occasionally other domestic 














animals and man, transmitted by Ixodes 
ricinus. Occurs predominantly in lambs and 
yearling sheep in Great Britain and Europe 
in the spring, associated with tick rise. 

Clinical findings Fever, neurologic 

dysfunction, muscle tremor, incoordination, 
bounding gait. Recovery or convulsions and 
death. 

Lesions Nonsuppurative encephalitis. 

Diagnostic confirmation Serology, 
demonstration of virus. 

Control Vaccination, tick control. 


ETIOLOGY 

Louping-ill virus belongs to the genus Flavi- 
virus, which is divided into eight groups, one 
of which is the tick-borne encephalitis group. 
Louping-ill is antigenically related to the 
tick-borne encephalitis viruses. The latter 
circulate in Europe and Asia and are a serious 
zoonotic disease for humans, but do not 
infect sheep. 1 Louping-ill virus occurs in 
Great Britain, Ireland and Norway, but 
similar disease occurs elsewhere and there is 
antigenic diversity between isolates from dif¬ 
ferent geographic areas. Viruses that are 
closely related to louping-ill virus, and that 
cause very similar disease but in different 
regions of the world, include Russian spring- 
summer encephalitis, Turkish sheep enceph¬ 
alitis, Spanish sheep encephalitis, Spanish 
goat encephalitis, 2 and Greek goat encepha¬ 
litis viruses. In sheep, concurrent infection 
with the agent of tick-borne fever Ehrlichia 
[Cytoecetes) phagocytophila enhances the 
pathogenicity of the virus. 

EPIDEMIOLOGY 

Occurrence 

Geographic Occurrence 

Louping-ill was originally considered to be 
restricted to the border counties of Scotland 
and England but is now recognized as also 
occurring in upland grazing areas of Scot¬ 
land, in Ireland, southwest England, and in 
Norway; related viruses and diseases occur 
in Spain, Bulgaria, Greece, and Turkey. The 
distribution of the disease is regulated by the 
occurrence of the vector tick Ixodes ricinus, 
which requires suitable hosts and a ground 
layer microclimate of high humidity through¬ 
out the year. In these areas, louping-ill can be 
a common infection and may be a significant 
cause of loss. 

Host Occurrence 

Louping-ill virus can infect and produce 
disease in a wide variety of vertebrates 
including man, but predominantly sheep are 
affected because of their susceptibility and 
the fact that they are the main domestic 
animal species that graze the tick-infested 
areas. Nonruminant species, such as alpaca 
and horses, and wild ungulates such as 
chamois, 3 have also been infected. 
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Although sheep (and red grouse) are the 
only animals that commonly develop clinical 
disease, I. ricinus feeds on a number of dif¬ 
ferent hosts and the adult tick requires a large 
mammalian host. As a consequence, sero- 
positivity and occasional clinical disease 
occur in all other domestic species, espe¬ 
cially goat kids, but also cattle, horses, 
alpaca, 4 pigs, and humans. 

Traditionally, pigs have not been free- 
ranged on upland tick-infested areas, but 
they are susceptible to experimental infec¬ 
tion by all routes. 

Red deer ( Cervus elaphus) and roe deer 
[Capreolus capreolus ) are hosts for the tick in 
Scotland, and the elk ( Alces alces) may be in 
Sweden. Infection in these species is usually 
subclinical; however, when these animals are 
subjected to the stress of captivity, clinical 
illness is more likely to occur. This may be 
important to commercial deer farmers. 

Transmission 
Tick Transmission 

The reservoir for the disease and the major 
vector is the three host tick I. ricinus, which 
requires a single blood meal at each stage of 
development. Changes in the distribution of 
the tick are probably introducing this and 
other tick-borne disease into previously 
unaffected areas. The tick feeds for approxi¬ 
mately 3 weeks every year and completes its 
life cycle in 3 years. The larval and nymphal 
stages will feed on any vertebrate, but the 
adult female will engorge and mate only on 
larger mammals. The tick becomes infected 
by feeding on a viremic host and the virus 
translocates to the salivary gland of the sub¬ 
sequent stage to provide a source of infection 
at feeding in the following year. Transstadial 
transmission of the virus occurs, but trans- 
ovarial transmission does not; thus only the 
nymph and adult ticks are capable of trans¬ 
mitting the disease. The tick is seasonally 
active at temperatures between 7°C and 
18°C. Most ticks feed in the spring, with peak 
activity dependent on the latitude and eleva¬ 
tion of the pasture, but generally occurring 
in April and May. In some areas there is a 
second period of activity of a separate popu¬ 
lation of I. ricinus in the autumn during 
August and September. Although infected 
ticks can transmit the infection to a large 
number of vertebrate hosts, only sheep, red 
grouse ( Lagopus scoticus ), and possibly 
horses, attain a viremia sufficient to infect 
other ticks and act as maintenance hosts. 
Grouse amplify the virus, deer amplify the 
vector, and hares ( Lepus timidus) amplify 
both. Infection in red grouse is accompanied 
by a high mortality, and the louping-ill virus 
is essentially maintained in an area by a 
sheep-tick cycle and hare tick cycle. 

Nontick Transmission 

Although the major method of spread is by 
the bites of infected ticks, spread by droplet 
infection is of importance in man, and the 


infection can be transmitted in animals by 
hypodermic needle contamination and other 
methods. The virus is not very resistant to 
environmental influences and is readily 
destroyed by disinfectants. Pigs fed the car¬ 
casses of sheep that had died of louping-ill 
become infected with the louping-ill virus. 
The virus is excreted in the milk of experi¬ 
mentally infected female goats, and infects 
sucking kids to produce an acute disease. 
Virus is also excreted in the milk of ewes 
during the acute stages of infection but, para¬ 
doxically, does not result in the transmission 
of the infection to lambs. Grouse can be 
infected by eating infected ticks, and this is 
considered a major mechanism of infection 
for grouse. 

Host and Environmental Risk Factors 

The epidemiology of disease is dictated by 
the biology of the tick and so disease is sea¬ 
sonal, occurring during spring when the 
ticks are active. The prevalence of infection, 
as measured by seropositivity, is high in areas 
where the disease is enzootic. In these areas, 
the annual incidence of disease varies but 
there are cases every year and they occur 
predominantly in yearlings and in lambs. In 
enzootic areas, the majority of adult sheep 
have been infected and are immune. Colos- 
tral immunity from these ewes will protect 
their lambs for approximately 3 months, and 
these lambs are resistant to infection during 
the spring rise of the ticks. Ewe lambs that 
are retained in the flock are susceptible to 
infection at the second exposure the follow¬ 
ing spring. In the UK there are concerns that 
the density and range of ticks is increasing 
because of changes in climate and land man¬ 
agement; thus the distribution of tick-borne 
disease is also changing. 5 

The proportion of infected animals that 
develop clinical disease in any year is esti¬ 
mated to vary from 5% to 60% and is influ¬ 
enced by the intensity of the tick vector; 
the immune status of the flock; the age at 
infection; nutritional status; and factors 
such as cold stress, herding, and transport, 
and the occurrence of intercurrent disease. 
Naive animals introduced to an enzootic 
area are at high risk for infection and clinical 
disease. 

Intercurrent infection with E. ( Cytoece¬ 
tes ) phagocytophila and Toxoplasma gondii 
have been shown to increase the severity of 
experimental tick-borne fever in young 
lambs, but the relevance of this association 
to naturally occurring disease is uncertain. It 
would appear that concurrent infection with 
louping-ill and tick-borne fever is unlikely to 
occur in the field in young lambs because 
colostral immunity will protect against infec¬ 
tion with the louping-ill virus, whereas 
colostral immunity is not protective against 
tick-borne fever. Similarly, the superinfec¬ 
tion of Rhizomucor pusillus on this concur¬ 
rent infection has been observed in 
experimental conditions, but is not a 
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commonly recorded observation in natural 
disease. 

Zoonotic Implications 

Louping-ill is a zoonosis. The major risk for 
veterinarians is with the postmortem exami¬ 
nation and handling of tissues from infected 
animals. Laboratory workers, and shepherds 
and abattoir persons who handle infected 
sheep, are also at risk. The occurrence of virus 
in the milk of goats and sheep is a risk for 
human disease where raw milk is consumed. 

PATHOGENESIS 

After tick-borne infection, the virus prolifer¬ 
ates in the regional lymph node to produce a 
viremia that peaks at 2 to 4 days and declines 
with the development of circulating antibody 
before the development of clinical disease. 
Invasion of the CNS occurs in the early 
viremic stage in most if not all infected 
animals, but in most the resultant lesions are 
small and isolated and there is no clinical 
neurologic disease. The occurrence of clinical 
disease is associated with the replication of 
the virus in the brain, severe inflammation 
throughout the CNS, and necrosis of brain¬ 
stem and ventral horn neurons. The reason 
for more severe disease in some animals 
appears to be related to the rapidity and extent 
of the immune response. Animals that survive 
exposure to louping-ill virus have an earlier 
immune response to the infection and have 
high concentrations of antibody in the CSF. 

In experimental studies, there is a more 
severe and prolonged viremia and a higher 
mortality from louping-ill when there is con¬ 
current infection with tick-borne fever. 
Sheep with tick-borne fever have severe neu¬ 
tropenia, lymphocytopenia, defective cellu¬ 
lar and humoral immunologic responses, 
and high mortality associated with concur¬ 
rent infection with this agent is thought to 
be from enhanced viral replication of the 
louping-ill virus. The dual infection in exper¬ 
imental sheep also facilitates fungal invasion 
and a systemic mycotic infection with R. 
pusillus. 

CLINICAL FINDINGS 

In most sheep, infection is inapparent. There 
is an incubation period of 2 to 4 days fol¬ 
lowed by a sudden onset of high fever (up to 
41.5°C, 107°F) for 2 to 3 days followed by a 
return to normal. In animals that develop 
neurologic disease, there is a second febrile 
phase during which nervous signs appear. 
Affected animals stand apart, often with the 
head held high and with twitching of the lips 
and nostrils. There is marked tremor of 
muscle groups and rigidity of the muscula¬ 
ture, particularly in the neck and limbs. This 
is manifested by jerky, stiff movements and a 
bounding gait, which gives rise to the name 
louping-ill. Incoordination is most marked 
in the hindlimbs. The sheep walks into 
objects and may stand with the head pressed 
against them. Hypersensitivity to noise and 


touch may be apparent. Some animals will 
recover over the following days, although 
there may be residual torticollis and poste¬ 
rior paresis. In others, the increased muscle 
tone is succeeded by recumbency, convul¬ 
sions, and paralysis, and death occurs as 
early as 1 to 2 days later. Young lambs may 
die suddenly with no specific nervous signs. 

The clinical picture in cattle is very 
similar to that observed in sheep, with hyper¬ 
esthesia, blinking of the eyelids, and rolling 
of the eyes, although convulsions are more 
likely to occur in cattle, and in the occasional 
animals that recover from the encephalitis 
there is usually persistent signs of impair¬ 
ment of the CNS. 

Horses also show a similar clinical picture 
to sheep, with some showing a rapidly pro¬ 
gressing nervous disease with a course of 
approximately 2 days and others a transient 
disorder of locomotion with recovery in 10 
to 12 days. 

The infection is usually subclinical in 
adult goats but the virus is excreted in the 
milk and kids may develop severe acute 
infections. In humans an influenza-like 
disease followed by meningoencephalitis 
occurs after an incubation period of 6 to 18 
days. Although recovery is common, the 
disease can be fatal and residual nervous 
deficiencies can occur. 

CLINICAL PATHOLOGY 

The initial viremia that occurs with infection 
declines with the emergence of serum anti¬ 
body and virus is no longer present in the 
blood at the onset of clinical signs. Hemag¬ 
glutination inhibition (HI), complement¬ 
fixing, and neutralizing antibodies can be 
detected in the serum of recovered animals. 
HI and complement-fixing antibodies are 
relatively transient, but neutralizing antibod¬ 
ies persist. HI IgM antibody develops early 
in the disease and can be used as an aid to 
diagnosis in animals with clinical disease. 
Analysis of CSF is usually not considered 
because of the zoonotic risk. 

Molecular tests, including conventional 
and real-time RT-PCR, can target specific 
viruses in this tick-borne encephalitis virus 
group, and a pan-flavirvirus test has been 
developed. 6 

NECROPSY FINDINGS 

No gross changes are observed. Histologi¬ 
cally, there are perivascular accumulations of 
cells in the meninges, brain, and spinal cord, 
with neuronal damage most evident in cer¬ 
ebellar Purkinje cells and, to a lesser extent, 
in the cerebral cortex. Louping-ill virus can 
be demonstrated in formalin-fixed tissues by 
the avidin-biotin-complex immunoperoxi- 
dase technique. 

Samples for Confirmation 
of Diagnosis 

• Virology: chilled brain, halved 

midsagitally (VI, RT-PCR) 


• Histology: fixed brain, other half (LM, 
IHC) 

• Molecular: CNS tissue, blood, ticks 
(conventional and real-time RT-PCR) 


DIFFERENTIAL DIAGNOSIS 


The disease is restricted to areas in which the 

vector tick occurs. 

• In lambs, the disease has clinical similarities 
with delayed swayback, spinal abscess, and 
some cases of tick pyemia. Spinal abscess 
occurs shortly following a management 
procedure such as docking or castration or 
with tick pyemia; it has a longer clinical 
course, is commonly present at C7-T2, and 
can be established by radiographic 
examination. Tick pyemia can also occur in 
flocks that have louping-ill, and the 
determination of the contribution of each 
disease to flock mortality relies on clinical, 
epidemiologic, and postmortem 
examination. 

• In yearlings, the disease has similarities to 
spinal ataxia caused by trauma, to gid 
(Coenurus cerebralis), and to the early 
stages of polioencephalomalacia. 

• In adults, the disease in sheep resembles 
some stages of acute neurologic diseases, 
including scrapie, tetanus, hypocalcemia, 
hypomagnesemia, pregnancy toxemia, and 
listeriosis. 


TREATMENT 

An antiserum has been used and is protec¬ 
tive if given within 48 hours of exposure, but 
is of no value once the febrile reaction has 
begun. However, it is not commercially avail¬ 
able. Animals with clinical disease should be 
sedated if necessary during the acute course 
of the disease and kept in a secluded and 
dark area with general supportive care. 

CONTROL 

The prevention of louping-ill requires either 
the prevention of exposure of sheep to tick- 
infested pastures or the immunization of 
animals before exposure. Immunization has 
been the traditional approach. 

Historically, a formalinized tissue vaccine 
derived from brain, spinal cord, and spleen 
was used and provided excellent immunity 
in enzootic areas. The vaccine was not 
without risk for persons manufacturing it 
and at one stage led to an outbreak of scrapie 
where the vaccine was prepared from sheep 
incubating the disease. Currently, vaccina¬ 
tion is with a formalin-killed tissue culture- 
derived vaccine administered in an oil 
adjuvant. A single dose of this vaccine will 
give protection for at least 1 year and possi¬ 
bly up to 2 years. The vaccine is used in the 
autumn, or in the early spring 1 month 
before the anticipated tick rise, in all ewe 
lambs that will be held for flock replace¬ 
ments. Vaccination of pregnant ewes twice in 
late pregnancy is recommended to ensure 
adequate passive immunity to the lambs via 
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the colostrum. A recombinant vaccine has 
also been shown to offer protection against 
infection. 

The limited geographic occurrence of this 
disease and commercial economics has, and 
may, restrict the availability of vaccines. 
Consequently tick control, or the elimination 
of infection from pastures, may be required 
in the future. The intensity of tick infestation 
of pastures can be reduced by influencing the 
microclimate that they require for survival. 
In some areas this can be achieved by ditch¬ 
ing and drainage of the pastures. The control 
of the causative tick using acaricides pro¬ 
vides some protection against disease. 

Epidemiologic, modeling, and experi¬ 
mental studies indicate that sheep, red 
grouse, and hares are the only maintenance 
hosts for the virus and this, coupled with the 
fact that there is no transovarial transmission 
of the virus in the tick, offers a potential 
method for eradication of the infection from 
an area. However, this approach (the elimi¬ 
nation of wildlife hosts) is increasingly unac¬ 
ceptable in relationship to game and wildlife 
conservation, may have unintended conse¬ 
quences and is probably of dubious benefit- 
cost in relationship to alternate methods of 
control.' 

FURTHER READING 
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Tick-Borne Diseases: Geographical Distribution and 

Control Strategies in the Euro-Asia Region. 

Wallingford, UK: CABI Publishing; 2003. 


Radostits O, et al. Ovine encephalomyelitis (louping-ill). 
In: Veterinary Medicine: A Textbook of the Diseases 
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London: W.B. Saunders; 2007:1414-1418. 
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WEST NILE, KUNJIN, AND 
MURRAY VALLEY ENCEPHALITIS 


SYNOPSIS 


Etiology Flavivirus including West Nile 
virus (lineages 1 and 2) including Kunjin 
virus, and Murray Valley encephalitis virus. 
Closely related to Japanese encephalitis 
virus. 

Epidemiology Maintained in a bird-mosquito 
cycle. Mammals are incidentally infected. 
Enzootic in Africa, North America, Pakistan, 
southern Europe, and Australia. Epizootics. 
Affects a wide variety of species with a 
major impact on humans and horses. 

Clinical signs Weakness, incoordination, 
altered mentation, muscle fasciculations, 
recumbency. 


Clinical pathology MAC-ELISA for diagnosis. 
Lesions Polioencephalomyelitis. 

Diagnostic confirmation MAC-ELISA, PCR, 
clinical signs, lesions. 

Treatment None specific. Supportive care. 
Control Vaccination. Mosquito control. 

MAC-ELISA, M antibody-capture enzyme-linked 
immunosorbent assay. 


ETIOLOGY 

Encephalitis in horses, humans, and other 
species is associated with West Nile virus, an 
arthropod-borne flavivirus in the Japanese 
encephalitis virus group. Other viruses in the 
group include Japanese encephalitis virus 
(Japan and Southeast Asia), St. Louis enceph¬ 
alitis virus (United States), Kunjin virus 
(now considered a subtype of West Nile 
virus, Australia), 1-2 Murray Valley encephali¬ 
tis virus (Australia), 3 5 and Rocio virus 
(Brazil). Murray Valley virus causing 
encephalomyelitis in horses in southeastern 
Australia is endemic to northern Australia. 4 
Viruses causing, or suspected of causing 
encephalomyelitis in equids, are listed in 
Table 14-11. 6 

The virus was first isolated in 1937 from 
a human with fever in Uganda. There are at 
least two lineages of the virus, with one 
lineage (Lineage 1) isolated from animals in 
central and North Africa, Europe, Israel, and 


Table 14-11 Viruses causing encephalomyelitis in horses, reproduced with permission. 

Virus species 

Geographic location 

Reservoir species 

Equine syndrome 

Alphavirus 

Eastern equine encephalitis virus 

North/South/Central America, 

Caribbean 

Birds, rodents, snakes 

Encephalomyelitis 

Western equine encephalitis virus 

North/South America 

Birds, rodents, snakes 

Encephalomyelitis 

Venezuelan equine encephalitis virus 

Central/South America, Caribbean 

Cotton rat 

Encephalomyelitis 

Ross River virus 

Australia, Papua New Guinea 

Marsupial and placental 
mammals 

Systemic: hemolymphatic 
Neurologic ataxia 

Semliki Forest virus 

East and West Africa 

Unknown 

Encephalomyelitis 

Flavivirus 

Japanese encephalitis 

Asia, India, Russia, Western Pacific 

Birds, swine 

Encephalomyelitis 

Murray Valley 

Australia, Papua New Guinea 

Birds, horses, cattle, marsupials, 
and foxes 

Encephalomyelitis 

Kunkin virus 

Australia 

Water birds: herons and ibis 

Encephalomyelitis 

St. Louis encephalitis 

North, Central and South America 

Birds 

Serologic only recorded 

Usutu 

Europe, Africa 

Birds 

Serologic only recorded 

West Nile 

Africa, Middle East, Europe, North, 
Central and South America, Australia 

Passerine birds (crows, 
sparrows, robins) 

Encephalomyelitis 

Louping-ill 

Iberian Peninsula, UK 

Sheep, grouse 

Encephalomyelitis 

Powassan 

North American, Russia 

Lagomorphs, rodents, mice, 
skunks, dogs, birds 

Encephalomyelitis 

Tick-borne encephalitis 

Asia, Europe, Finland, Russia 

Small rodents 

Encephalomyelitis 

Bunyavirus 

California serogroup: California encephalitis, 
Jamestown Canyon, La Crosse, Snowshoe hare 

North America (United States and 
Canada), parts of eastern Asia 

Rodents and lagomorphs 

Encephalomyelitis 
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North America, whereas the other (Lineage 
2) is enzootic in central and southern Africa 
with outbreaks of disease in humans in 
central Europe, Greece, and Russia. 1 " 10 The 
recent outbreak in North America was asso¬ 
ciated with a Lineage 1 (Clade a) virus of 
African origin almost identical to that iso¬ 
lated from diseased geese in Israel, and 
which subsequently acquired a mutation that 
enhanced its capacity to reproduce in mos¬ 
quitos and its virulence in corvid birds and 
other species. 11 Viruses of both lineages can 
circulate at the same time in the same geo¬ 
graphic region. Virus of either lineage can 
cause disease, although that of Lineage 1 
appears to be associated with more severe 
disease in horses and other species. Kunjin 
virus, a West Nile virus (Lineage 1, Clade b), 
causes encephalomyelitis in horses in Aus¬ 
tralia. 12,13 An outbreak in Australia in 2011 
was associated with unusually wet weather 
(see later) and emergence of a strain of West 
Nile virus (WNVNSW2011) that had at least 
two amino acid changes associated with 
increased virulence of WNVNY99 (the 
strain associated with the epidemic in North 
America in 1999). 12 The WNV(KUN) 
NSW2011 strain also had adaptations that 
increased the amount of virus in material 
(saliva) regurgitated by mosquitos, which 
could have increased the rate of vector trans¬ 
mission of the virus. 14 The WNVNSW2011 
strain did not have all the virulence attributes 
of the WNVNY99 strain. 13 

Murray Valley encephalitis virus causes 
encephalomyelitis in horses in Australia. 3 

The West Nile virus causes disease in 
humans, horses, birds (including geese, 
raptors, and corvids), sheep, alpaca, and 
dogs. Experimental inoculation of little 
ravens ( Corvus mellori) with WNVKUN 
resulted in infection and viremia but not 
clinical disease. 13 

EPIDEMIOLOGY 

Distribution 

West Nile encephalitis virus is enzootic to 
Africa and sporadic outbreaks of the disease 
occurred in the 1960s in Africa, the Middle 
East, and southern Europe. Recently out¬ 
breaks affecting horses and other animals 
have occurred in southern France, Tuscany, 
Israel, and other parts of southern Europe. 
There is serologic evidence of common and 
widespread infection of equids with West 
Nile virus in Pakistan and Tunisia. 16,17 

The virus was introduced into New York 
City in North America in 1999 and subse¬ 
quently spread widely across the continent, 
including Canada, Mexico, and the Carib¬ 
bean, reaching the west coast by 2004. The 
virus caused widespread deaths of wild birds 
and disease and death in humans, horses, 
and other species in North America during 
this period. 

Introduction of the infection to North 
America was associated with an epizootic of 
disease that over several years moved across 


the continent. During the initial years of the 
epizootic there were large numbers of cases 
in horses (15,000) and humans (4,000) and 
death of at least 16,500 birds. As the front of 
the epizootic moved across the country, the 
infection became enzootic and the number 
of cases in horses in these regions decreased 
markedly over those in the first year. 

Infection by Kunjin virus (a strain of 
West Nile virus) rarely causes disease of 
horses in areas in which it is endemic (north¬ 
ern Australia) but was associated with an 
outbreak of neurologic disease in horses in 
southeastern Australia after a decade-long 
drought broke with record rains resulting in 
sixfold increases in vector density. 1,12 The 
outbreak did not extend into the subsequent 
year. 12 There is serologic evidence of infec¬ 
tion by flaviviruses (including Kunjin and/or 
Murray Valley encephalitis virus in 15%-18% 
of horses in southeast Queensland, where 
infection is presumed to be endemic and 
clinical disease is rare. 18 

Viral Ecology 

The virus is maintained by a cycling between 
amplifying hosts, usually birds, and insect 
vectors. Large mammals, including horses 
and humans, are incidentally infected and 
are not important in propagation of the 
virus. Amplifying hosts are those in which 
the viremia is of a sufficient magnitude and 
duration (1-5 days) to provide the opportu¬ 
nity to infect feeding mosquitoes. Mammals, 
and in particular horses, are generally not 
amplifying hosts because of the low level of 
viremia. 

The virus is spread by the feeding of orni- 
thophilic mosquitoes, usually of the genus 
Culex with mosquitos of the C. pipiens group 
being effective vectors. 19,20 The principal 
vectors for West Nile virus include Africa, C. 
univittatus ; Europe, C. pipiens, C. modestus, 
and Coquillettidia richiardii; Asia, C. quin- 
quefasciatus, C. tritaeniorhynchus, and C. 
vishnui ; United States, C. pipiens complex 
including C. pipiens and C. restuans in the 
northeastern and north central United States, 
C. tarsalis in the Great Plains and western 
United States; and C. nigripalpus and C. 
quinquefasciatus in southeastern United 
States. 21 C. annulirostris and a variety of 
other native and introduced species of mos¬ 
quitos are actual or potential vectors of West 
Nile virus in Australia. 21 

Infected mosquitoes carry the virus in 
salivary glands and infect avian hosts during 
feeding. The virus then multiplies in the 
avian host causing a viremia that may last for 
up to 5 days. Mosquitoes feeding on the 
avian host during the viremic phase are then 
infected by the virus. This pattern of infec¬ 
tion of amplifying hosts and mosquitoes is 
repeated such that the infection cycles in 
these populations. Increases in mosquito 
number, such as occur at the end of the 
summer, and enhanced viral replication in 
mosquitoes at higher ambient temperatures, 


increase the likelihood that avian hosts, or 
incidental hosts, will become infected. This 
results in an increase in the incidence of 
disease in late summer and early autumn. 

The principal avian host and vector 
species vary markedly between geographic 
regions. In North America the house sparrow 
{Passer domesticus) is the principal amplify¬ 
ing host and C. pipiens is the principal vector. 
C. pipiens, and other mosquito vectors, feed 
almost exclusively on passerine and colum- 
biform birds early in the season, but later in 
the summer in temperate regions switch to 
feeding on mammalian hosts. This change in 
feeding behavior is associated with increased 
frequency of infection and disease in 
mammals, including horses and humans, in 
the late summer. 

The virus cycles between the avian host 
and insect vectors year round in tropical 
regions. However, in temperate regions in 
which mosquitoes do not survive during the 
winter the mechanism by which the virus 
survives over winter is unknown. 

The primary vector involved in Murray 
Valley encephalitis virus transmission is the 
mosquito C. annulirostris , 1,3 Wading birds, 
particularly the rufous night heron ( Nyctico- 
rax caledonicus) appear to be the principal 
natural reservoirs of Murray Valley encepha¬ 
litis virus and West Nile virus in Australia. 1 

Transmission 

Transmission is only by the bite of infected 
insect vectors. There is no evidence of hori¬ 
zontal spread of infection among horses. The 
disease can be spread in humans by transfu¬ 
sion of blood or transplantation of organs 
obtained from an infected person. 

Animal Risk Factors 

The disease occurs in parts of the world as 
epidemics, apparently associated with spo¬ 
radic introduction of the virus into nonen¬ 
demic regions, such as the Mediterranean 
littoral and parts of central Europe. 22 Intro¬ 
duction of the virus to these regions occurs 
infrequently enough that horses have no 
active immunity and are susceptible to infec¬ 
tion and disease. Horses immune through 
either natural infection or vaccination are 
resistant to the disease. The effect of immu¬ 
nity was evidenced in North America by the 
marked decrease in morbidity and mortality 
among horses after the epizootic waned and 
the disease became enzootic. The decrease in 
morbidity was attributed to both natural and 
vaccinal immunity. Interestingly, although 
the number of cases in horses decreased 
rapidly, there was not a similar decrease in 
the number of human cases, perhaps because 
of the lack of a vaccine for use in humans. 

Horses of all ages appear to be equally 
susceptible to infection. Disease is reported 
in horses aged from 5 months to >20 years. 
There does not appear to be any predilection 
based on breed or sex. Polymorphism 
in horse genome is associated with 





susceptibility to disease, including a haplo- 
type associated with the promoter region of 
the OAS1 gene. 23 

Morbidity and Case Fatality 

The incidence of the disease during an epi¬ 
zootic can be as high as 74 cases per 1000 
horses at risk. The case-fatality rate for West 
Nile virus encephalomyelitis in horses in 
North America treated in the field is 22% to 
44%, whereas it is 30% to 43% of horses in 
referral centers. 24 The case-fatality rate for 
West Nile virus (Kunjin) and Murray Valley 
encephalitis virus infected horses in Austra¬ 
lia with signs of disease is 5% to 20%.' 

Zoonotic Implications 

Infection of humans by West Nile virus or 
Murray Valley encephalitis virus can result in 
fatal encephalitis, although less severe disease 
or inapparent infection is more common. 7,12,25 
The virus has zoonotic potential and tissues 
from potentially infected animals and virus 
cultures should be handled in containment 
level 3 facilities, particularly material from 
potentially infected birds. 

PATHOGENESIS 

Horses are infected by the bite of infected 
mosquitoes. Feeding by as few as seven 
infected mosquitoes is sufficient to cause 
infection in seronegative horses. Viremia, 
which persists for less than 2 days, occurs 2 
to 5 days after feeding by infected mosqui¬ 
toes. West Nile encephalitis occurs in only a 
small proportion of infected horses. The 
virus localizes in cells in the CNS where it 
induces a severe polioencephalomyelitis with 
the most severe lesions being in the spinal 
cord. Lesions are often evident in the ventral 
horn of the spinal cord, which is consistent 
with clinical signs of weakness. 

CLINICAL FINDINGS 

The incubation period of Wes Nile virus after 
natural infection is estimated to be 8 to 15 
days. Fever occurs early in the disease but is 
uncommon at the time that signs of neuro¬ 
logic disease become evident. Affected 
horses are often somnolent, listless, or 
depressed, although hyperexcitability has 
been reported. The signs of neurologic 
disease, including muscle fasciculation, 
weakness, and incoordination, develop 
within a period of hours and can progress 
over several days. Muscle fasciculations are 
common in the head and neck, but can occur 
in any muscle group. Weakness is most pro¬ 
nounced in limb and neck muscles and 
severely affected horses are recumbent with 
flaccid paralysis. Signs of neurologic disease 
are usually, but not reliably, bilaterally sym¬ 
metric. Altered mentation, blindness, and 
cranial nerve abnormalities, if they occur, 
usually become evident after signs of spinal 
cord disease are apparent. 

Weakness with or without ataxia is 
present in almost all affected horses, whereas 
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altered mentation is detected in approxi¬ 
mately 66% of horses. Cranial nerve abnor¬ 
malities are evident in approximately 40% of 
horses, whereas apparent blindness or lack of 
menace reflex occurs in 3% to 7% of horses. 

Median recovery time for horses treated 
in the field is 7 days, with a range of 1 to 
21 days. 

The prognosis depends on the severity of 
clinical signs. Horses that become recum¬ 
bent and unable to rise are approximately 50 
times more likely to die than are horses that 
remain able to stand while affected by the 
disease. Most horses that survive the initial 
disease do not have signs of neurologic dys¬ 
function 6 months later. 

Murray Valley encephalitis in horses 
causes signs consistent with encephalitis 
including fever, depressed mentation, abnor¬ 
malities in cranial nerves including paralysis 
of the facial muscles, ataxia, and recum¬ 
bency. 3,5 The clinical course can be 
prolonged. 

Other Species 

Disease associated with West Nile virus is 
documented in small numbers of other 
species, including squirrels, chipmunks, bats, 
dogs, cats, reindeer, sheep, alpaca, alligators, 
and a harbor seal during intense periods of 
local viral activity. West Nile virus infection 
in dogs is usually subclinical. 26 The disease in 
camelids is characterized by acute recum¬ 
bency and altered mentation. 

CLINICAL PATHOLOGY 

Affected horses are often mildly lymphope- 
nic, and hyperbilirubinemic (likely from 
anorexia), and occasionally azotemic. These 
changes are not diagnostic of West Nile or 
Murray Valley encephalitis. 

CSF is abnormal in approximately 70% 
of horses with signs of neurologic 
disease. Abnormalities include mononuclear 
pleocytosis and elevated total protein 
concentration. 6 

Serologic Tests 

Antibody can be identified in equine serum 
by IgM capture ELISA (IgM capture ELISA, 
M antibody-capture ELISA [MAC-ELISA]), 
HI, IgG ELISA, or plaque reduction neutral¬ 
ization (PRN). 27,28 Equine West Nile-specific 
IgM antibodies are usually first detectable 
7-10 days after infection and persist for 1 to 
2 months. Because the incubation period of 
the disease after infection by bite of infected 
mosquitoes is at least 8 days, West Nile- 
specific IgM is usually present at the time of 
development of clinical signs of the disease. 
MAC-ELISA is therefore a useful test in the 
diagnosis of the disease. 

West Nile virus neutralizing antibodies 
are detectable in equine serum by 2 weeks 
postinfection and can persist for more than 1 
year. In some serologic assays, antibody 
cross-reactions with related flaviviruses 
(St. Louis encephalitis virus or Japanese 


encephalitis virus), can be encountered. The 
PRN test is the most specific among West Nile 
serologic tests and all affected horses have 
titers >1:100 4 to 6 weeks after recovering 
from the disease, and 90% of horses maintain 
this titer 5 to 7 months after recovery. 

Detection by MAC-ELISA of West Nile- 
specific IgM in serum at dilutions greater 
than 1:400, in the presence of appropriate 
clinical signs, is considered diagnostic of 
West Nile virus. Similarly, a fourfold increase 
in PRN titer in serum collected during the 
acute and convalescent stages of the disease, 
in the absence of vaccination and in the pres¬ 
ence of appropriate clinical signs, is consid¬ 
ered diagnostic. 

Identification of West Nile Virus 

The virus can be grown in cell culture, and 
viral nucleic acid can be demonstrated in 
tissues of infected animals by RT-PCR. 29,30 
Note that infected horses have much lower 
concentrations of virus than do infected 
birds, and failure to demonstrate viral 
antigen in infected horses is not uncommon, 
especially if less sensitive techniques, such as 
IHC, are used. 

NECROPSY FINDINGS 

Gross lesions are infrequently seen. When 
present they consist of multifocal areas of 
congestion and hemorrhage within the 
medulla oblongata, midbrain, and spinal 
cord. Histopathologic changes include a 
nonsuppurative poliomeningoencephalomy- 
elitis with multifocal glial nodules and neu- 
ronophagia. The inflammatory changes and 
viral distribution are concentrated in the 
rhombencephalon and spinal cord, with 
comparatively little damage to the cerebrum. 
One IHC study of naturally infected horses 
concluded that examination of the spinal 
cord is required to accurately identify West 
Nile virus infection. Another report, in 
which RT-PCR was used, concluded that 
high-quality samples of medulla were suffi¬ 
cient to detect the presence of the virus. Post¬ 
mortem confirmation of the diagnosis 
through virus isolation is possible, but the 
sensitivity is generally inferior to molecular 
biology-based techniques. RT-PCR is gener¬ 
ally superior to IHC. The processing of tissue 
from multiple CNS sites is recommended to 
increase the chances of finding a virus-rich 
focus. High concentrations of West Nile 
virus are not found in non-CNS tissues of 
infected equids, in contrast to the distribu¬ 
tion of the virus in many other species. 

Samples for Confirmation 
of Diagnosis 

• Virology: minimum sample is half of 
sagittally sectioned hindbrain (must 
include medulla). Ideally a segment of 
thoracolumbar spinal cord as well. 
Submit samples chilled (VI, RT-PCR) 

• Histology: same samples, fixed in 
formalin (LM, IHC, RT-PCR). 
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Note the zoonotic potential of this disease 
when collecting and submitting specimens. 
Some authorities recommend using con¬ 
tainment level 3 precautions when han¬ 
dling potentially infected tissues, such as 
that from birds. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnoses for West Nile 
encephalitis include (Table 14-11) the 
following: 

• Eastern and Western encephalitis 

• Venezuelan equine encephalitis 

• Equine herpesvirus-1 myeloencephalopathy 

• Hendra virus infection 

• Rabies 

• Botulism 

• Hepatic encephalopathy 

• Borna disease 

• Equine protozoal myeloencephalitis 

• Leukoencephalomalacia 

• Lower motor neuron disease 


TREATMENT 

There is no specific treatment for West Nile 
encephalitis, although administration of IFN 
or hyperimmune globulin has been advo¬ 
cated. Affected horses are often administered 
nonsteroidal antiinflammatory drugs such as 
flunixin meglumine, dimethyl sulfoxide, or 
corticosteroids in an attempt to reduce 
inflammation in neural tissue. Administra¬ 
tion of corticosteroids minimally but statisti¬ 
cally significantly increases the likelihood of 
survival, but this practice is controversial. 
Treatment is based on supportive care and 
prevention of complications of neurologic 
disease and includes assistance to stand, 
including use of a sling support, administra¬ 
tion of antimicrobials, and maintenance of 
hydration and nutrition. 

CONTROL 

Control of disease associated with West Nile 
virus and other flaviviruses is achieved by 
vaccination and minimization of exposure. It 
is important to recognize that factors affect¬ 
ing vector density, as happened in Australia 
in 2011, introduction of new vectors, or 
emergence of virus strains with higher viru¬ 
lence can affect incidence of the disease and 
require revision of existing control mea¬ 
sures. 12,25 ' 31 Elimination of the virus is not 
practical given that it cycles through avian 
and insect vectors and that the horse is inci¬ 
dentally infected. 

Vaccination is effective in preventing 
development of disease, and reduces the like¬ 
lihood of death in horses with West Nile 
encephalitis by approximately two to three 
times. 32 ' 34 Vaccination is an important aspect 
of controlling the disease. There is no evi¬ 
dence that administration of the inactivated 
virus vaccine increases the risk of fetal loss 
in mares. Vaccination prevents viremia in 
most horses following exposure to West 
Nile virus-infected mosquitoes. Vaccination 
induces an IgG, but not an IgM, response in 


horses providing a means of identifying 
recently naturally infected horses from those 
with vaccine-induced serologic results. 32 

Both inactivated virus vaccine and a live 
canarypox-vectored recombinant vaccine 
are available in North America. 6 The inacti¬ 
vated virus vaccine should be administered 
in two doses at an interval of 3 to 6 weeks in 
early summer in the first instance, and then 
again once to twice yearly before the season 
of peak disease incidence. Foals from unvac¬ 
cinated mares should be administered the 
vaccine beginning at 2 to 3 months of age, 
and foals of vaccinated mares should be 
administered the vaccine beginning at 7 to 8 
months of age. Vaccination of foals that 
acquired passive immunity from the dam 
can be effective at inducing active immunity 
when the first dose of vaccine is adminis¬ 
tered at 3 months of age. 35 

Administration of the recommended two 
doses of inactivated virus vaccine fails to 
induce an adequate plaque reduction titer in 
approximately 14% of horses 4 to 6 weeks 
after vaccination and in 30% of horses 5 to 7 
months after vaccination. This effect was 
especially evident in horses >10 years of age. 
These results indicate that some horses will 
not develop protective immunity against 
West Nile virus despite administration of 
vaccine in the recommended dose and 
interval. 

Minimization of exposure of horses to 
the virus includes reducing the population 
density of mosquitoes and protecting horses 
from being bitten. Reducing the population 
of mosquitoes includes widespread spraying 
with insecticides and elimination of mos¬ 
quito breeding sites. Widespread spraying in 
cities is used when the disease is a risk for 
humans but is not practical for controlling 
mosquitoes in rural areas. Environmental 
concerns make this approach to control 
unacceptable in many regions. 

Removal of larval habitat by draining 
standing water is recommended for control 
of West Nile virus, although the efficacy of 
this approach has not been demonstrated. 
Standing water includes not just dams and 
ponds but also poorly maintained outdoor 
swimming pools, bird baths, discarded 
vehicle tires, and other receptacles that could 
hold water. Use of larvicidal compounds in 
standing water is recommended by some 
authorities. 

Minimizing the frequency with which 
horses are bitten by mosquitoes has the 
potential to reduce the risk of contracting the 
disease. However, specific recommendations 
are not available. Housing during periods of 
peak mosquito activity, especially at dawn 
and dusk, might reduce the risk of disease. 

FURTHER READING 

Long MT. West Nile virus and equine encephalitis 

viruses new perspectives. Vet Clin North Am Equine 

Pract. 2014;30:523-540. 

McVey DS, et al. West Nile Virus. Rev - Offlnt Epizoot. 

2015;2:431-439. 
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JAPANESE ENCEPHALITIS 

Japanese encephalitis is a neurologic disease 
of humans, horses, and cattle caused by Japa¬ 
nese encephalitis virus. The disease is an 
important zoonosis in Asia, arising as a 
result of virus infection of amplifying hosts 
(pigs) transmitted by mosquitos from the 
avian wildlife reservoir. Horses, cattle, and 
humans are not important in the propaga¬ 
tion of the disease because of the low levels 
of viremia in these species. There is an effec¬ 
tive vaccine. 

ETIOLOGY 

Japanese encephalitis flavivirus (JEV), a 
member of the Flaviviridae family (which 
also includes Murray Valley encephalitis 
virus, Kunjin virus, and West Nile virus), all 
of which cause disease in humans, horses, 
and other mammals, and Usutu virus, which 
causes disease only in birds. 1 ' 3 JEV, an envel¬ 
oped virus of about 50 nm in diameter, has 
a nonsegmented, single-stranded, positive- 
sense RNA genome of about 11 kb in length. 3 
The genome has one long open reading 
frame (ORF) that encodes a single poly- 
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protein is cleaved cotranslationally and 
posttranslationally into three structural pro¬ 
teins and seven nonstructural proteins. The 
three structural proteins are the capsid (C), 
precursor to membrane (prM), and envelope 
(E) proteins. 3 Based on the nucleotide 
sequence of genomic RNA, JEV is classified 
into five major genotypes. 4 ' 9 Genotype 1 
occurs in the People’s Republic of China, 
Vietnam, South Korea, Northern Thailand, 
Cambodia, Japan, Australia, India, and 
Chinese Taipei; Genotype 2 occurs in South¬ 
ern Thailand, Malaysia, Indonesia, Northern 
Australia, and Papua New Guinea; Genotype 
3 is present in Indonesia, Malaysia, Nepal, Sri 
Lanka, India, Indochinese Peninsula, Philip¬ 
pines, Chinese Taipei, South Korea, Peoples 
Republic of China, Vietnam, and Japan; 
Genotype 4 was isolated only during 1980 
and 1981 in Indonesia; and Genotype 5 
occurs Malaysia, Tibet (China), and South 
Korea (Fig. 14-5). 2,4,5 ' 9 JEV RNA has been 
detected in dead birds and a C. pipiens mos¬ 
quitos in Italy. 10 

The virus cycles between avian and mam¬ 
malian amplifying hosts and the mosquitoes 
(Fig. 14-6). 2 The natural maintenance reser¬ 
voir for JEV are birds of the family Ardeidae 
(herons and egrets), which do not demon¬ 
strate clinical disease but do have high levels 
of viremias. The pig is the principal mam¬ 
malian amplifying host among domestic 
animals. Horses, cattle, sheep, goats, dogs, 


cats, and humans become infected but likely 
play only a minor role in the spread of the 
virus because of the low level of viremia in 
these species. There are a number of species 
of mosquito important in the biology of the 
virus: 1112 C. tritaeniorhynchus is the primary 


vector, whereas C. gelidus, C. fuscocephala , 
and C. annulirostris are considered as 
secondary/regional vectors. The virus has 
been detected in Anopheles peditaeniatus 
Leicester, A. barbirostris (van der Walp ), and 
A. subpictus in India. 



Fig. 14-5 Distribution of Japanese Encephalitis Virus as of 2015. Viral genome has been 
detected in dead birds and mosquitos in Italy, but the virus has not been isolated nor disease 
consistent with Japanese encephalitis detected in that country, (reproduced with the 
permission of the World Organisation for Animal Health (OIE, www.oie.int). Fig. 2 of Morita 
K., et at, Japanese encephalitis. In New developments in major vector-borne diseases. Part II: 
Important diseases for veterinarians (S. Zientara, D. Verwoerd & P.-P. Pastoret..., eds). Rev. Sci. 
Tech. Off. Int. Epiz., 34 (2), page 443. doi: 10.20506/rst.34.2.2370.) 



Fig. 14-6 Transmission cycle of Japanese encephalitis virus between amplifiers (pigs and wild birds) and mosquito vectors (especially Culex 
tritaeniorhynchus), including the infection of dead-end hosts (humans, horses, cattle), (reproduced with the permission of the World 
Organisation for Animal Health (OIE, www.oie.int). Fig. 3 of Morita K., et at, Japanese encephalitis. In New developments in major vector-borne 
diseases. Part II: Important diseases for veterinarians (S. Zientara, D. Verwoerd & P.-P. Pastoret..., eds). Rev. Sci. Tech. Off. Int. Epiz., 34 (2), 
page 444. doi: 10.20506/rst.34.2.2370.) 
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Aedes koreicus, a potential vector of JEV, 
is reported for the first time in northern 
Italy/Switzerland (it has been reported in 
Belgium and parts of central Europe), con¬ 
tinuing a pattern of climate change-induced 
incursions of insect vectors of important 
viral diseases into Europe. 13 Ochlerotatus 
detritus (syn. Aedes detritus), a temperate 
zone (British) mosquito can be infected by 
JEV in laboratory settings and might be a 
competent vector in the field, although this 
remains to be established." 

The virus is destroyed by heating for 30 
minutes above 56°C and the thermal inacti¬ 
vation point (TIP) is 40°C. It is inactivated in 
acid environment of pH 1 to 3 but stable in 
alkaline environment of pH 7 to 9. The virus 
is very labile, is sensitive to ultraviolet light 
and gamma irradiation, and does not survive 
well in the environment. 

EPIDEMIOLOGY 

The disease in humans, horses, pigs, or cattle 
occurs throughout the Orient and South¬ 
east Asia and has extended into Papua New 
Guinea, the Torres Strait, and northern Aus¬ 
tralia. Outbreaks of disease occurred in the 
Torres Strait in 1995, and disease in humans 
has occurred rarely in northern Australia. 
Outbreaks of disease have not occurred 
in Australia, despite large populations of 
wild pigs, wading birds, and mosquitoes 
probably because the mosquitoes prefer to 
feed on marsupials, which are poor hosts 
for JEV. 

Sporadic clinical cases of JEV in horses 
have been reported in various countries 
including Japan, Hong Kong, Taiwan, and 
India. 4,14,15 Horse deaths are now uncommon 
in Japan with few to none reported in several 
decades, 2,15 because of vaccination of most 
horses, but 15% to 70% of race horses have 
antibodies to JEV that are not induced by 
vaccination. Antibodies against JEV were 
detected in 67 of 637 (10.5%) horses in India 
screened between 2006 and 2010. 14 Seroepi- 
demiologic surveys of cattle in Japan reveal 
that about 68% of animals are positive. 
Disease in horses and humans occurs in 
China. The prevalence of the disease is 
related to the population of pigs, the main 
amplifying host; the mosquito vector; and 
susceptible human and equine hosts. Japa¬ 
nese encephalitis virus HI seroprevalence 
was 74.7% (95% Cl = 71.5%-77.9%), JEV 
IgM seroprevalence was 2.3% (95% Cl = 
1.2%-3.2%) in pigs at slaughter in Laos, with 
greater prevalence during the monsoonal 
season. 16 Factors affecting the number of 
mosquitoes include availability of suitable 
habitat, such as a rice field in which survival 
of mosquito larvae is enhanced by applica¬ 
tion of nitrogenous fertilizers and the pres¬ 
ence of phytoplankton, which provide food 
and shelter for the larvae. 

CLINICAL SIGNS 

The clinical manifestations of the disease in 
horses vary widely in severity. 15 Mild cases 


show fever up to 39.5°C (103°F), anorexia, 
sluggish movements, and sometimes jaun¬ 
dice for 2 to 3 days only. A more severe form 
of the disease includes lethargy with variable 
febrile periods (as high as 41°C), with a pro¬ 
nounced stupor, bruxism and chewing 
motions, difficulty in swallowing, petechia- 
tion of mucosa, incoordination, neck rigid¬ 
ity, apparent impaired vision, paresis, and 
paralysis. Recovery usually occurs within 
about a week. More severe cases show pro¬ 
nounced lethargy, mild fever, and somno¬ 
lence. Jaundice and petechiation of the nasal 
mucosa are usual. There is dysphagia, inco¬ 
ordination, staggering, and falling. There is 
also a hyperexcitable form of the disease 
characterized by high fevers (41 °C or higher), 
profuse sweating and muscle tremors, 
aimless wandering, behavioral changes man¬ 
ifested by aggression, loss of vision, collapse, 
coma, and death. This severe type of the 
disease is uncommon, representing only 
about 5% of the total cases, but is more likely 
to terminate fatally. In most cases complete 
recovery follows an illness lasting from 4 to 
9 days. The disease occurs in foals and can 
manifest as encephalitis. 14 

Infection of cattle, sheep, and goats is 
usually clinically inapparent and of little 
overall significance, although rare cases of 
clinical disease occur in these species. 2,17,18 
Widespread losses, however, have been 
reported in swine, particularly in Japan. The 
disease occurs as a nonsuppurative encepha¬ 
litis in pigs under 6 months of age. Sows 
abort or produce dead pigs at term, and the 
disease has economic importance because of 
these losses. 

CLINICAL PATHOLOGY 

A variety of tests are available to detect anti¬ 
bodies to JEV or viral RNA. A latex aggluti¬ 
nation test provides accurate detection of 
antibodies in the field. However, definitive 
diagnosis of Japanese viral encephalitis 
should not be based exclusively on serology 
because infection with antigenically related 
viruses including Murray Valley encephalitis 
virus, Kunjin virus, and West Nile virus can 
cause false-positive (from the perspective of 
JEV) results. Isolation of this flavivirus is dif¬ 
ficult, and bioassay techniques are compara¬ 
tively slow. As a result, detection via PCR is 
likely to be increasingly utilized. Tests to 
detect viral RNA in mammalian tissues or 
mosquitos are available. 19 ' 23 

NECROPSY FINDINGS 

There are no characteristic gross changes. As 
is typical of most viral encephalitides, micro¬ 
scopic changes include a nonsuppurative 
encephalomyelitis, focal gliosis, neuronal 
necrosis, and neuronophagia. Lesions in 
piglets following experimental infection are 
glial cell aggregates and perivascular cuffing 
throughout the olfactory tract and pyriform 
cortex. JEV antigens were detected in the 
cytoplasm and neuronal processes of small 
nerve cells in the granule cell layer of the 


olfactory bulb, in the neuronal processes of 
the olfactory tract, and in the cytoplasm of 
neurons in the pyriform cortex. 24 

IHC can be used to demonstrate this 
virus in formalin-fixed, paraffin-embedded 
sections. 

ZOONOSIS 25,26 

Japanese encephalitis virus is endemic in 24 
countries in the WHO Southeast Asia and 
Western Pacific regions with more than 3 
billion people at risk of infection. Japanese 
encephalitis is the main cause of viral 
encephalitis in people in many countries of 
Asia occurring in almost 68,000 clinical 
cases yearly. Children are at greatest risk, 
with adults in endemic areas having protec¬ 
tive immunity as a consequence of child¬ 
hood infection. Most JEV infections are mild 
(fever and headache) or without apparent 
symptoms, but approximately 1 in 250 infec¬ 
tions results in severe disease characterized 
by rapid onset of high fever, headache, neck 
stiffness, disorientation, coma, seizures, 
spastic paralysis, and death. 25 Although 
symptomatic JEV is rare, the case-fatality 
rate among those with encephalitis can be as 
high as 30%. Permanent neurologic or psy¬ 
chiatric sequelae occur in 30% to 50% of 
people with clinical encephalitis. There is no 
effective, specific treatment and care of 
affected people includes symptomatic treat¬ 
ment. Safe and effective vaccines are avail¬ 
able to prevent JEV in people and 
consequently the WHO recommends JEV 
vaccination in all regions in which the 
disease is a recognized public health 
problem. 25 

Samples for Confirmation 
of Diagnosis 

• Virology: 5 mL chilled CSF fluid, 
chilled brain (split along midline) (ISO, 
BIOASSAY, PCR) 

• Histology: fixed samples of the other 
half of brain, lung, spleen, liver, heart 
(LM, IHC) 

Note the zoonotic potential of this 
organism when handling carcass and sub¬ 
mitting specimens. 

DIFFERENTIAL DIAGNOSIS 

Differential diagnosis in horses include 27 
other equine viral encephalitides (Eastern, 
Western, Venezuelan, Murray Valley, West 
Nile), African horse sickness, Borna disease, 
EHV infection, equine infectious anemia, 
acute babesiosis, hepatic encephalopathy, 
rabies, tetanus, botulism, cerebral nemato- 
diasis or protozoodiasis, or leukoencephalo- 
malacia ( F. moniliforme). 

Differential diagnoses for pigs include 27 
Menangle virus infection, porcine parvovi¬ 
rus infection, classical swine fever, porcine 
reproductive and respiratory syndrome, 
Aujeszky s disease (pseudorabies), La Piedad 
Michoacan paramyxovirus (blue eye 
paramyxovirus), hemagglutinating ence¬ 
phalomyelitis, encephalomyocarditis virus, 





porcine brucellosis, Teschen/Talfan, water 
deprivation/excess salt, and any other caus¬ 
ative agent of stillbirth, mummification, 
embryonic death, and infertility (SMEDI) or 
encephalitis in newborns. 

TREATMENT AND CONTROL 

There is no specific treatment for the disease. 

Control is by vaccination. Formalinized 
vaccines afford excellent protection in pigs 
and horses. A delta inulin-adjuvanted, inac¬ 
tivated cell culture-derived JEV vaccine was 
safe and well tolerated and induced a strong 
JEV-neutralizing antibody response in all 
foals and pregnant mares. The neutralizing 
activity was passively transferred to their 
foals via colostrum. Foals that acquired 
passive immunity to JEV via maternal anti¬ 
bodies had evidence of maternal antibody 
interference to subsequent vaccination at 
~35 days, but not at 1 year of age. 28 

The virus is inactivated by organic and 
lipid solvents, common detergents, iodine, 
phenol iodophors of 70% ethanol, 2% glutar- 
aldehyde, 3% to 8% formaldehyde, and 1% 
sodium hypochlorite. 27 
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EASTERN AND WESTERN 
EQUINE ENCEPHALOMYELITIS 


SYNOPSIS 


Etiology Eastern encephalitis and Western 
encephalitis viruses. 
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Epidemiology Disease limited to the 
Americas. Arthropod, usually mosquito- 
borne virus. Mammals, including horses, 
are accidental hosts. Horse is dead-end 
host for EEE and WEE. Case-fatality rate 
5%-70%. WEE and EEE occur as sporadic 
cases and as outbreaks. Both diseases 
affect humans. 

Clinical signs Fever, muscle fasciculation, 
severe depression, head-pressing, 
incoordination, recumbency, opisthotonus 
and paddling, and death. 

Clinical pathology Leukopenia. 

Lesions Nonsuppurative encephalomyelitis. 

Diagnostic confirmation Virus isolation and 
identification. Identification of viral antigen 
by indirect immunofluorescence. Serologic 
confirmation of exposure, preferably 
demonstrating an increase in 
hemagglutination inhibition, virus 
neutralization, or complement fixation titer. 

Treatment No specific treatment. Supportive 
care. 

Control Vaccination with formalin-inactivated 
vaccines (EEE, WEE). Insect control. 


EEE, eastern equine encephalitis; WEE, western 
equine encephalitis. 


ETIOLOGY 

Equine encephalomyelitis is associated with 
one of the two immunologically distinct 
arthropod-borne alphaviruses (family Toga- 
viridae): eastern equine encephalomyelitis 
virus (EEE) and western equine encephalo¬ 
myelitis virus (WEE). 

• There is one EEE virus strain, but two 
antigenic variants: North American and 
South American. 1 

• WEE likely arose as a recombinant of 
EEE and Sindbis virus. There are strains 
of WEE from Argentina, Brazil, and 
South Dakota that differ antigenically, 
and there are four major lineages of 
WEE in California whose geographic 
distributions overlap. 

All the viruses are extremely fragile and 
disappear from infected tissues within a few 
hours of death. Both EEE and WEE cause 
disease in humans. 2 WEE is the least virulent 
of these viruses in horses and humans and 
incidence of disease in humans appears to be 
declining. 3,4 Transmission cycles are depicted 
in Fig. 14-7. 

EPIDEMIOLOGY 

These encephalitis viruses cause disease in 
horses, humans, pigs, and various birds 
including ratites 5,6 and domestic pheasants. 

Distribution 

Equine eastern and western encephalomyeli¬ 
tis viruses are restricted to the Americas. The 
two viruses have distinct geographic ranges 
that may overlap: EEE is restricted to South 
America and North America typically east of 
the Mississippi River, whereas WEE is found 


west of the Mississippi River and predomi¬ 
nantly in the western United States and 
Canada, although it also occurs in Florida 
and South America. There is recent evidence 
of extension of the range of EEE into north¬ 
ern Maine and Vermont and the emergence 
of the disease in Tennessee. 611 

Viral Ecology 

Humans, horses, cattle, pigs, dogs, and ratites 
are accidental hosts of the virus. The EEE and 
WEE viruses are normally maintained in a 
host-vector relationship by cycling between 
mosquitoes, and some other hematophagous 
insects, and the definitive host. However, 
there are some important differences in the 
ecology of the different viruses. 

Western Equine Encephalomyelitis 

The definitive hosts of endemic WEE are 
wild birds, which are not clinically affected, 
and the vectors are the mosquitoes C. tar- 
salis (in the western United States) and 
Culiseta melanura (in the eastern and south¬ 
ern United States). Infected mosquitoes 
bite susceptible birds, usually nestlings or 
fledglings that then develop viremia. Mos¬ 
quitoes are infected by feeding on viremic 
birds or by vertical transmission. Verti¬ 
cal transmission is likely an important 
overwintering mechanism in WEE, and 
possibly EEE. 

Epidemics of WEE are uncommon, but 
sporadic individual cases are not. Epidemics 
of WEE are associated with factors that 
increase the number of infected mosquitoes 
or their feeding on susceptible (unvacci¬ 
nated) horses. The disease in horses occurs 
in midsummer and fall, and is associated 
with a change in the feeding habits of C. tar- 
salis. Horses, and humans, are dead-end 
hosts because the viremia in these species is 
not sufficiently severe to allow infection of 
feeding mosquitoes. 

Eastern Equine Encephalomyelitis 
The primary maintenance cycle of EEE 
virus is transmission between passerine 
birds by the mosquito C. melanura, an 
inhabitant of drainage ditches and swamps. 
However, other mosquitoes, including Aedes 
sollicitans and A. vexans, can propagate 
the virus through infection of large shore 
birds. The Carolina chickadee and yellow- 
crowned night heron are the most common 
avian hosts in the southeastern United 
States. Virus is detected in C. melanura and 
Anopheles quadrimaculatus mosquitos in 
Florida in February, both of which feed on 
the black-crowned night heron ( Nycticorax 
nycticorax ), The yellow-crowned night heron 
[Nyctanassa violacea), anhinga ( Anhinga 
anhinga), and great blue heron ( Ardea Hero- 
dias), suggesting a means for the virus cycle 
to overwinter. 12 There is increasing evidence 
that snakes could be a reservoir for the virus, 
with high seroprevalence rates for anti¬ 
body to EEE. 13,14 The reservoir of the virus 
during winter might involve the vertical 
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Fig. 14-7 Transmission cycles for infection with Western Equine Encephalitis Virus and Eastern Equine Encephalitis Virus in the Americas, 
(reproduced with the permission of the World Organisation for Animal Health (OIE, www.oie.int). Adapted from Fig. 1 of Arechiga-Ceballos N. & 
A. Aguilar-Setien, Alphaviral equine encephalomyelitis (Eastern, Western and Venezuelan). In New developments in major vector-borne diseases. 
Part II: Important diseases for veterinarians (S. Zientara, D. Verwoerd & P.-P. Pastoret..., eds). Rev. Sci. Tech. Off. Int. Epiz., 34 (2), page 492. 
doi: 10.20506/rst.34.2.2374.) 


transmission of infection to larvae that survive 
the winter. 

The vertebrate host in South America has 
not been identified, but cotton rats and 
house sparrows both have the potential to 
be vectors. 15 The virus in North America 
likely has Florida as its overwintering site 
with subsequent seasonal spread into other 
states of the United States and into Eastern 
Canada. 1,12 

Horses are usually dead-end hosts, 
although viremia can be sufficiently severe 
in some horses to permit infection of 
mosquitoes. 

Epidemics of EEE have occurred in the 
provinces of Ontario and Quebec; in virtu¬ 
ally all the states of the United States east of 
the Mississippi River; in Arkansas, Minne¬ 
sota, South Dakota, and Texas; in many of 
the Caribbean Islands; in Guatemala, Mexico, 
and Panama; and in Argentina, Brazil, 2,16 
Columbia, Ecuador, Guyana, Peru, Suri¬ 
name, and Venezuela. EEE continues to 
cause significant death losses annually in 
horses in Florida, primarily in unvaccinated 


horses. It is suggested that the incidence of 
clinical disease caused by EEE in Florida is 
much higher than reported, and there is a 
need to increase public awareness about the 
importance of vaccination, particularly in 
foals. Unexpected epizootics occur in inland 
states of the United States, and frequently the 
source of the infection is undetermined, 
although meteorologic factors that allow 
rapid movement of infected mosquitoes may 
be important.’ For instance, in 1972, out¬ 
breaks of EEE occurred in Quebec, Canada, 
and in Connecticut, which originated with 
mosquitoes carried on surface winds from 
Connecticut to Quebec, a distance of400 km, 
in 14 to 16 hours at a speed of 25 to 30 km/h 
and a temperature of 15°C. There may be a 
continual cycle of EEE virus in mosquitoes 
and birds in the southeastern United States, 
from where the virus could be distributed by 
infected mosquitoes on the wind along the 
Gulf and Atlantic Coasts and up the Missis¬ 
sippi Valley. 

There is an increased likelihood of detect¬ 
ing the virus in mosquitos near wooded 


areas in Florida, an observation that is con¬ 
sistent with the patchy occurrence of the 
disease in that state. 1 ' An outbreak of EEE in 
equids, a llama, and pheasants in Maine was 
associated with unusually high numbers of 
C. melanura that year. 8 

Animal Risk Factors 
Recovered horses are resistant to infection 
for at least 2 years, and vaccination confers 
immunity of variable duration (see under the 
section Control). Unvaccinated horses are at 
increased risk of disease; the risk of a vacci¬ 
nated horse contracting EEE is only 0.14 that 
of an unvaccinated horse. The disease is 
more severe, and case fatality is higher, in 
unvaccinated horses than in vaccinated 
horses. The case fatality in young foals from 
nonimmune mares, which are infected with 
WEE, is always high, often as high as 100%. 

Housing and exposure to mosquitoes 
are important risk factors for EEE, and pre¬ 
sumably WEE. During an outbreak in 1831, 
only horses kept at pasture were affected. The 
use of insect repellants reduces the odds of 
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a horse being infected with EEE to 0.04 that 
of an unprotected horse. Similarly, keeping 
horses at pasture near woods increases the 
risk of disease by almost four times, and the 
presence of swamp land increases the risk by 
over two times. Horses kept in areas with 
high precipitation have an increased risk of 
the disease, presumably because of the 
density of mosquitoes in these areas. 

Morbidity and Case Fatality 

Morbidity varies widely depending on sea¬ 
sonal conditions and the prevalence of insect 
vectors; cases may occur sporadically or in 
the form of severe outbreaks affecting 20% or 
more of a group. The prevalence of infections, 
as judged by serologic examination, is much 
higher than the clinical morbidity with ~9% 
of horses in Quebec serologically positive for 
EEE but with a much lower rate of occurrence 
of clinical disease. 18 The case-fatality rate 
differs with the strain of the virus; in infection 
with the WEE virus it is usually 20% to 30% 
and with the EEE it is usually between 40% 
and 80% and may be as high as 90%. 

Zoonotic Implications 
The susceptibility of humans to the caus¬ 
ative virus gives the disease great public 
health importance. Humans can become 
infected with the EEE and the WEE virus. 2 

PATHOGENESIS 

Inapparent infection is the mildest form of 
the disease and may be characterized by only 
a transient fever. A more severe form of the 
disease is manifested by tachycardia, depres¬ 
sion, anorexia, occasional diarrhea, and 
fever. 

A transitory viremia occurs at the height 
of the fever. Penetration of the virus into the 
brain does not occur in all cases, and the 
infection does not produce signs, other than 
fever, unless involvement of the CNS occurs. 
The lesions produced in nervous tissue are 
typical of a viral infection and are localized 
particularly in the gray matter of the cere¬ 
bral cortex, thalamus, and hypothalamus, 
with minor involvement of the medulla and 
spinal cord. It is this distribution of lesions 
that is responsible for the characteristic signs 
of mental derangement, followed at a later 
stage by paralysis. The early apparent blind¬ 
ness and failure to eat or drink appear to be 
cortical in origin. True blindness and pharyn¬ 
geal paralysis occur only in the late stages. 

CLINICAL FINDINGS 

The diseases associated with EEE and WEE 
viruses are clinically indistinguishable. The 
incubation period for EEE is 1 to 3 days and 
is 2 to 9 days for WEE. Uncomplicated 
disease usually lasts about 1 week. In the 
initial viremic stage there is fever, which may 
be accompanied by anorexia and depression, 
but the reaction is usually so mild that it goes 
unobserved. In the experimental disease, 
the temperature may reach 41°C (106°F) 


persisting for only 24 to 48 hours, with signs 
of neurologic dysfunction appearing at the 
peak of the fever. Animals that have signs of 
neurologic disease for more than 24 hours 
are often not pyrexic. 

Initial signs of neurologic disease include 
hypersensitivity to sound and touch, and in 
some cases transient periods of excitement 
and restlessness, with apparent blindness. 
Horses can have a period of anorexia and 
colic before onset of signs of neurologic 
disease. Affected horses may walk blindly 
into objects or walk in circles and in severe 
cases can mimic signs of horses with cata¬ 
strophic intestinal disease. Involuntary 
muscle movements occur, especially tremor 
of shoulder and facial muscles and erection 
of the penis. A stage of severely depressed 
mentation follows. Affected horses stand 
with the head hung low; they appear to be 
asleep and may have a half-chewed mouthful 
of feed hanging from the lips. At this stage 
the horse may eat and drink if food is placed 
in its mouth. The pupillary light reflex is still 
present. The animal can be aroused, but soon 
relapses into a state of somnolence. 

A stage of paralysis follows. There is 
inability to hold up the head, and it is often 
rested on a solid support. The lower lip is 
pendulous and the tongue protrudes from 
the mouth. Unnatural postures are adopted, 
with the horse often standing with the weight 
balanced on the forelegs or with the legs 
crossed. Head-pressing or leaning back on a 
halter are often seen. On walking, there is 
obvious incoordination, particularly in the 
hindlegs, and circling is common. Defeca¬ 
tion and urination are suppressed, and the 
horse is unable to swallow. Complete paraly¬ 
sis is the terminal stage. The horse goes 
down, is unable to rise, and usually dies 
within 2 to 4 days from the first signs of 
illness. A proportion of affected horses do 
not develop paralysis and survive, but have 
persistent neurologic deficits. 

Pigs 

EEE causes an encephalitis and myocarditis 
of piglets less than 2 weeks of age. The disease 
is characterized by incoordination, seizures, 
vomition, weight loss, and paddling. Recov¬ 
ered piglets can have retarded growth. 

Ratites and Pheasants 

The disease in emus is characterized by vom¬ 
iting, bloody diarrhea, and depression with 
absent to minimal signs of neurologic 
disease. 3 Pheasants display signs of neuro¬ 
logic disease and aberrant behavior such as 
excessive aggressive pecking and mortality 
rates of 30%. s Wild turkeys are rarely clini¬ 
cally infected, although they can become 
infected. 8 

CLINICAL PATHOLOGY 

There are no characteristic hematologic or 
biochemical abnormalities. The absence of 
biochemical indication of liver disease 


(hyperbilirubinemia, increased activity in 
serum of liver-specific enzymes such as sor¬ 
bitol dehydrogenase or y-glutamyl transfer¬ 
ase, absence of hyperammonemia) rules out 
hepatic encephalopathy. 

Diagnostic confirmation is achieved by 
one or more of the following: 

• Isolation of virus from an affected 
animal 

• Detection of viral antigen or nucleic 
acid in an animal with appropriate 
clinical signs 

• Seroconversion or an increase in serum 
titer of sick or recovered animal 

Virus isolation provides definitive proof 
of infection. However, viremia may have 
resolved by the time nervous signs have 
developed, and it can be advantageous to 
sample febrile animals instead of animals 
showing more advanced signs of the disease. 
Virus can be cultured in intracranially inoc¬ 
ulated suckling mice, weanling mice, guinea 
pigs, cell culture, newly hatched chicks, or 
embryonated eggs. Viral genome can be 
detected, and isolates can be identified, by 
quantitative RT-PCR, 19 ' 21 or by complement 
fixation, HI, virus neutralization, immuno- 
fluorescent assay (IFA), and antigen capture 
ELISA. 

Acute and convalescent sera taken 10 to 
14 days apart for the presence of neutraliz¬ 
ing, hemagglutination-inhibiting, or 
complement-fixing antibodies in the serum 
of affected or in-contact horses, is of value in 
detecting the presence of the virus in the 
group or in the area. A fourfold increase in 
complement-fixing antibodies is considered 
positive. 

Demonstration of viral nucleic acid in 
tissue, blood, or insects by PCR test may be 
a useful indicator of the presence of the virus. 
There may be sufficient viral antigen to be 
detected by ELISA in clinical material, and 
this may provide a useful test in the early 
stages of an epidemic. 

The presence of a high HI, complement 
fixation and neutralizing antibody in a single 
serum sample obtained from a horse during 
the acute phase of illness associated with the 
WEE virus can be used as presumptive evi¬ 
dence of infection with this virus. However, 
antibodies against the WEE virus can persist 
for years, are produced after vaccination with 
WEE or WEE/EEE bivalent vaccines, and in 
foals might be caused by colostral immunity. 
Therefore a single serum sample cannot be 
used to make a confirmed diagnosis of WEE 
using the HI, complement fixation or neu¬ 
tralization tests. Horses infected experimen¬ 
tally or naturally with either the WEE or the 
EEE virus do not produce detectable HI or 
neutralizing antibody for 5 to 10 days after 
infection. 

Circulating antibody appears on or near 
the day of onset of clinical illness. Infection 
with the WEE virus results in the production 
of serum IgM specific to WEE, and the 
ELISA test is a rapid, sensitive, and specific 
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test for IgM against WEE and EEE viruses. 
Additionally, the ratio of titers of EEE and 
WEE can be useful in detecting infection by 
EEE; ratios of >8:1 are highly suggestive of 
EEE infection. 

NECROPSY FINDINGS 

The brain meninges may appear congested, 
but there are generally no gross changes. His¬ 
tologic examination of the brain reveals peri¬ 
vascular accumulations of leukocytes and 
damage to neurons. The gray matter of the 
forebrain and midbrain are the most severely 
affected areas. Lesions associated with EEE 
antigen are also present in myocardium, 
stomach, intestine, urinary bladder, and 
spleen. 

Cell culture and transmission experi¬ 
ments using brain tissue as an inoculum are 
the traditional means of confirming a diag¬ 
nosis and require that the brain be removed 
within an hour of death. Transmission is by 
intracerebral inoculation of brain tissue into 
sucking mice or duck embryo tissue culture. 
Fluorescent antibody tests have been devel¬ 
oped to detect EEE virus in brain tissue. A 
PCR-based diagnostic test is available for 
EEE virus. Lesions similar to those seen in 
horses have also been described in a beef cow 
infected with EEE. The disease in piglets is 
characterized by disseminated perivascular 
cuffing, gliosis, focal necrosis of the cerebral 
cortex, and multifocal myocardial necrosis. 

Samples for Postmortem 
Confirmation of Diagnosis 

• Half of midsagittally sectioned brain 
and liver and spleen should be 
submitted for fluorescent antibody and 
PCR testing, virus isolation and 
bioassay. 

• Half of midsagittally sectioned brain, 
fixed in formalin, should be submitted 
for light microscopic examination. 

Note the zoonotic potential of these 
organisms when handling the carcass and 
submitting specimens. 


DIFFERENTIAL DIAGNOSIS 


Clinically, the disease has very great similarity 
to the other viral encephalomyelitides, from 
which it can often be discriminated by the 
geographic location of the horse, and to the 
hepatic encephalopathies and a number of 
other diseases (see later and in Table 14-12). 

West Nile encephalitis is predominantly a 
myelitis with later development of signs of 
neurologic disease, whereas EEE and WEE 
have predominant signs of encephalopathy. 

• Rabies. 

• Borna disease (occurs in Europe). 

• Japanese encephalitis (occurs in Asia). 

• Various other viral infections that are 
geographically restricted. 

• Hepatic encephalopathy, such as that 
associated with poisoning by Crotalaria, 


Senecio, and Amsinckia spp.; acute serum 
hepatitis or hepatopathy. 

• Botulism causes weakness evident as 
muscle fasciculation, recumbency, and 
dysphagia, but does not cause cerebral 
signs (irritation, behavioral abnormalities). 

• Yellow star thistle poisoning (Centaurea 
solstitialis, and poisoning by fumonisins 

(.Fusarium moniliforme) can produce similar 
clinical signs to that of the encephalitides, 
with the exception of fever. 


TREATMENT 

There is no definitive or specific treatment. 
Supportive treatment may be given with the 
intention to prevent self-inflicted injury and 
maintain hydration and nutritional status. 

CONTROL 

Control of viral encephalomyebtis of horses 
is based on the following: 

• Accurate clinical and laboratory 
diagnosis of the disease in horses 

• Use of sentinel animals to monitor the 
presence of the virus in the region 

• Quarantine of infected horses to stop 
movement of virus donors 

• Insect abatement when deemed necessary 

• Vaccination of all horses. 

Vaccination 

Vaccination of horses is important for the 
control of EEE and VEE. 3,22 Formalin- 
inactivated EEE and WEE virus vaccines are 
available (see Table 14-14 in Venezuelan 
Equine Encephalitis) and are effective, 
although over 50% of horses with EEE had 
been vaccinated within the previous year. 
This apparent poor protection can be 
explained by many horses not developing a 
detectable change in antibody titer after vac¬ 
cination with a bivalent vaccine and rapid 
decreases in antibody titer from a peak value 
achieved 2 to 4 weeks after vaccination. Vac¬ 
cines are available as univalent or bivalent 
preparations and in combination with other 
antigens (for instance, tetanus toxoid). 
Horses should be vaccinated well in advance 
of the anticipated encephalomyelitis season 
in a given area. Vaccination against both 
strains of the virus is advisable in areas where 
the strain has not been identified or where 
both strains exist. The currently recom¬ 
mended vaccination schedule consists of two 
doses of the vaccine initially, 10 days apart, 
followed by annual revaccination using two 
or three doses. 22 Annual revaccination is 
currently recommended because the dura¬ 
tion of effective immunity beyond 1 year is 
not known. It is probable that the initial two- 
dose vaccination lasts for up to 3 to 4 years. 
The emphasis in a vaccination program 
should be on the young horses. 

Colostral antibody can be detected in 
the blood of foals from vaccinated dams for 
up to 6 to 7 months, after which time it 
declines rapidly. Foals from vaccinated dams 


should be vaccinated at 6 to 8 months of age 
and revaccinated at 1 year of age. Foals from 
unvaccinated dams may be vaccinated at 2 to 
3 months of age and again at 1 year of age. 
Colostral antibodies in the foal will prevent 
the development of autogenous antibodies, 
and foals vaccinated when less than 6 months 
should be revaccinated when they are 1 year 
old or, in high-risk areas. Foals from vacci¬ 
nated mares should be vaccinated at 3,4, and 
6 months of age. 

Experimental DNA vaccines hold 
promise for the prevention of WEE. 

Protection From Insects 

Housing of horses indoors at night, espe¬ 
cially in fly-proofed stables, and the use of 
insect repellents may restrain the spread of 
the virus. Use of insect repellents decreases 
the risk of EEE in horses to 0.04 that of 
unprotected horses. 

Widespread spraying of insecticides to 
reduce the population of the vector insects 
has been used in the control of VEE; however, 
such measures are not practical for prevent¬ 
ing sporadic cases of EEE or WEE, and the 
environmental impact of widespread insecti¬ 
cide use should be considered. 

Complete eradication of the virus appears 
to be impossible because of the enzootic 
nature of the ecology of the virus. The horse 
is an accidental host for EEE and WEE virus 
making elimination of the virus impossible 
with methods currently available. 

Zoonotic Aspects of Control 
Control of the disease in humans in areas 
where the disease may occur is dependent on 
insect control, and a monitoring and surveil¬ 
lance early warning system is necessary to 
decide whether or not to take control mea¬ 
sures. In areas where WEE occurs, clinical 
cases of the disease in unvaccinated horses 
usually precede the occurrence of the disease 
in humans. The establishment of a reporting 
system in which practicing veterinarians 
report all clinical cases of the disease in 
horses will also assist in predicting potential 
epidemics of WEE virus infection in the 
human population. Serologic surveys of 
wildlife may also serve as good indicators of 
the geographic distribution and seasonality 
of circulation of these viruses and provide an 
early warning system before the detection of 
human cases. 

FURTHER READING 

Arechiga-Ceballos N, et al. Alphaviral equine 
encephalomyelitis (Eastern, Western and 
Venezuelan). Rev - Off Int Epizoot. 2015;34:491-510. 
Long MT. West Nile virus and equine encephalitis 

viruses new perspectives. Vet Clin North Am Equine 
Practice. 2014;30:523-533. 
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VENEZUELAN EQUINE 
ENCEPHALOMYELITIS 


SYNOPSIS 


Etiology Venezuelan encephalitis virus (types 
IAB, 1C, and, to a lesser extent, IE), an 
alphavirus. 

Epidemiology Disease limited to the 
Americas. Arthropod-borne, usually 
mosquito-borne, virus. VEE occurs as 
epidemics associated with mutation of virus 
and associated movement from enzootic to 
epizootic cycles. Virus cycles between 
sylvatic rodents (and probably not birds) 
and mosquitos in enzootic areas. Equids 
and humans are amplifying hosts important 
in propagation of VEE in epizootics. 
Care-fatality rate 5%-70% for equids. 

Clinical findings Fever, muscle fasciculation, 
severe depression, head-pressing, 
incoordination, recumbency, opisthotonus 
and paddling, and death. 

Clinical pathology Leukopenia. 

Lesions Nonsuppurative encephalomyelitis. 

Diagnostic confirmation Virus isolation and 
identification. RT-PCR provides more rapid 
identification of virus. Identification of viral 
antigen by indirect immunofluorescence. 
Serologic confirmation of exposure, 
preferably demonstrating an increase in 
hemagglutination inhibition, virus 
neutralization, or complement fixation 
titer. 

Treatment No specific treatment. Supportive 
care. 

Control Vaccination with formalin-inactivated 
or modified live virus is effective. Vaccines 
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being developed with newer technologies. 
Insect control. 


RT-PCR, reverse transcriptase-polymerase chain 
reaction. 


ETIOLOGY 

Venezuelan equine encephalomyelitis (VEE) 
is associated with an arthropod-borne alpha- 
virus (family Togaviridae) VEE. The VEE 
complex has one virus, VEE, with six antigen- 
ically related subtypes: I, VEE; II, Everglades; 
III, Mucambo; IV, Pixuna; V, Cabassou; and 
VI, AG80-663. Within subtype I are at least 
five variants (IAB, IC, ID, IE, and IF). Epi¬ 
demic (pathogenic) VEE in horses is associ¬ 
ated with variants IAB (originally identified 
as distinct variants, A and B are now consid¬ 
ered the same variant) IC, and IE; all other 
subtypes of I (D-F), and other variants of 
VEE virus (II-VI), are usually nonpathogenic 
for horses and are found in sylvatic or enzo¬ 
otic, nonequine cycles, although they can 
cause disease in humans. 1 The pathogenic 
variant, IAB, has been detected in cryptic 
circulation up to 8 years after an epizootic. 2 
The infection cycles between rodents and 
mosquitos as an enzootic cycle not associ¬ 
ated with disease in equids or humans (Fig. 
14-8). Birds might be involved in this enzo¬ 
otic cycling. Disease occurs when pathogenic 
variants of the virus become established 
and cycle between humans or horses, both 
of which have high levels of viremia, and 
mosquitos. 1,3 

Outbreaks of disease in horses and 
humans occur infrequently, but can affect 
large numbers of equids and humans when 
they do occur. Outbreaks were documented 
in Mexico in 1993 and 1996, and in Venezu¬ 
ela and Columbia in the autumn of 1995. The 
Columbian outbreak affected 90,000 people 
and killed an estimated 4000 horses. The 
strain involved in the Columbian outbreak 
was IC, whereas that involved in the Mexican 
outbreaks was a variant of the usually non¬ 
pathogenic IE. The outbreak in Mexico was 
associated with a variant of VEE that did 
not cause viremia in horses, although it 
was capable of causing neurologic disease 
in this species, and it might have been this 
attribute that abbreviated the course of the 
epidemic. There is evidence of continuing 
enzootic circulation of VEE IE in southern 
Mexico. 4,5 

The virus is extremely fragile and disap¬ 
pears from infected tissues within a few 
hours of death. 

EPIDEMIOLOGY 

Venezuelan equine encephalitis virus infects 
a range of species including rodents, humans, 
equids, cattle and dogs. 5 It causes disease in 
humans and equids. 


VEEV former 
subtypes ID-IF, ll-VI 



Selection through E2 
® T213R mutation 

,<= in VEEV ID & IE 




VEEV 



Fig. 14-8 Epidemiology of Venezuelan 
Equine Encephalitis virus in enzootic 
(endemic) and epizootic (epidemic) cycles. 
Note the need for mutation of the virus for 
development and establishment of 
epizootics, (reproduced with the permission 
of the World Organisation for Animal Health 
(OIE, www.oie.int). Adapted from Fig. 1 of 
Arechiga-Ceballos N. & A. Aguilar-Setien, 
Alphaviral equine encephalomyelitis 
(Eastern, Western and Venezuelan). In New 
developments in major vector-borne 
diseases. Part II: Important diseases for 
veterinarians (S. Zientara, D. Verwoerd & 

P.-P. Pastoret..., eds). Rev. Sc/. Tech. Off. Int. 
Epiz., 34 (2), page 492. doi: 10.20506/ 
rst.34.2.2374.) 


Distribution 

Pathogenic or epizootic VEE is found in 
northern South America, Central America, 
Mexico and, rarely, in the southern United 
States. The epizootic variants are currently 
exotic to the United States. Enzootic VEE 
strains have been identified in the Florida 
Everglades (subtype II), Mexico (variant IE), 
Central American countries (variant IE), 
Panama (variants ID and IE), Venezuela 
(variant ID), Colombia (variant ID), 
Peru (variants ID, IIIC, and HID), French 
Guiana (variant IIIB and subtype V), 
Ecuador (variant ID), Suriname (variant 
IIIA), Trinidad (variant IIIA), Brazil (vari¬ 
ants IF and IIIA and subtype IV), and Argen¬ 
tina (subtype VI). In an atypical ecologic 
niche, variant IIIB has been isolated in the 
United States (Colorado and South Dakota) 
in an unusual association with birds. 3 
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Viral Ecology 

VEE exists as both nonpathogenic and 
pathogenic strains. Nonpathogenic VEE 
viruses persist in sylvatic cycles in northern 
South America, Central America, and parts 
of the southern United States, and are impor¬ 
tant because they are the source of the epi¬ 
zootic strains of the virus that emerge at 
infrequent intervals. The enzootic strains 
also confound the diagnosis of VEE because 
of the extensive serologic cross-reactivity 
among endemic and epidemic VEE viruses. 
However, recent advances in diagnostic tech¬ 
niques may have solved this diagnostic 
problem. The nonpathogenic viruses are 
maintained in rodents associated with 
swamps, and transmitted by mosquitoes of 
the genus Culex, and perhaps other hema- 
tophagous insects. Humans, horses, cattle, 
pigs, dogs, and ratites are accidental hosts of 
the virus. Epidemics of VEE occur irregu¬ 
larly, the latest being in northern Columbia 
in 1995, and Mexico in 1993 and 1996. The 
source of virus during outbreaks is infected 
horses. Horses develop a profound viremia 
and are amplifying hosts that aid in the 
spread of the epizootic; other domestic 
species, including cattle, pigs, and goats, are 
not considered to be amplifiers of the virus. 
During epizootics, all species of mosquitoes 
that feed on horses, including Aedes, Pso- 
rophora, and Deinocerites species, are thought 
to be capable of spreading the infection, 
although O. taeniorhynchus is thought to be 
the principal vector responsible for transmis¬ 
sion of VEE virus during outbreaks, whereas 
Culex ( Melanoconion ) species mosquitoes 
transmit enzootic strains of VEE virus. 6 Epi¬ 
zootics end as the population of susceptible 
horses decreases below a critical level, either 
by death or vaccination. The reservoir of the 
virus between outbreaks, which may be up 
to 19 years, was unknown until it was dem¬ 
onstrated that epidemic VEE type IAB virus 
arises by mutation of endemic strains (types 
ID-F and II-VI), or that type IE (enzootic) 
mutates into an epizootic form serologically 
very similar to IE. This mutation of the 
endemic virus into the epidemic form has 
occurred on at least three occasions associ¬ 
ated with epidemics of VEE. It is likely that 
pathogenic strains of VEE will continue to 
emerge in areas where the nonpathogenic 
strains of the virus are endemic. 

Animal Risk Factors 
Recovered horses are resistant to infection 
for at least 2 years, and vaccination confers 
immunity of variable duration (see under the 
section Control). Housing and exposure to 
mosquitoes are important risk factors for 
EEE, and presumably VEE. 

Morbidity varies widely depending on 
seasonal conditions and the prevalence of 
insect vectors; cases may occur sporadically 
or in the form of severe outbreaks affecting 
20% or more of a group. The prevalence 
of infections, as judged by serologic 


examination, is much higher than the clini¬ 
cal morbidity; for example, up to 72% of 
horses examined in the Gulf region of 
Mexico had antibodies to VEE virus (variant 
IE). 5 Only 0.8% of horses in Trinidad have 
serologic evidence of infection.' 

The case-fatality rate is usually 40% to 
80% and may be as high as 90% with VEE. 

Zoonotic Implications 
The susceptibility of humans to the caus¬ 
ative virus gives the disease great public 
health importance. Humans can become 
infected with sylvatic and epizootic VEE 
subtypes. A recent outbreak of VEE in 
Columbia caused 75,000 human cases, 300 
fatalities, and killed approximately 4000 
horses. Human infections generally follow 
equine infections by approximately 2 weeks. 
The infection in humans is usually a mild, 
influenza-like illness in which recovery 
occurs spontaneously. When clinical enceph¬ 
alitis does occur, it is usually in very young 
or older people. Occurrence of the disease in 
humans can be limited by the use of a vaccine 
in horses, thus limiting the occurrence of the 
disease in horses in the area. There is a strong 
relationship between the mosquito popula¬ 
tion and the incidence of the disease in 
horses and in humans. The occurrence of the 
disease in humans may be predicted by an 
unusually high activity of virus in mosqui¬ 
toes. There are usually, but not always, wide¬ 
spread mortalities in horses before the 
disease occurs in humans. VEE infections, 
and disease, of epizootic or enzootic virus 
have occurred among laboratory workers as 
a result of aerosol infections from laboratory 
accidents, from handling of infected labora¬ 
tory animals, or inhalation of cage debris of 
infected laboratory animals. 3 Human VEE 
virus infections have originated by aerosol 
transmission from the cage debris of infected 
laboratory rodents and from laboratory acci¬ 
dents. Those who handle infectious VEE 
viruses or their antigens prepared from 
infected tissues or cell cultures should be 
vaccinated and shown to have demonstrable 
immunity in the form of a VEE virus-specific 
neutralizing antibody. 

All procedures producing aerosols 
from VEE virus materials should be con¬ 
ducted in biosafety cabinets at containment 
level 3. 3 

VEEV viruses are highly infectious via 
the aerosol route for humans and has been 
developed as a biologic weapon in the United 
States and in the former Soviet Union. 6 

The TC83 live attenuated VEE virus 
vaccine may be teratogenic in humans. 

PATHOGENESIS 

Inapparent infection is the mildest form of 
the disease and may be characterized by only 
a transient fever. A more severe form of the 
disease is manifested by tachycardia, depres¬ 
sion, anorexia, occasional diarrhea, and 
fever. 


Viremia persists throughout the course 
of the disease in VEE, and the blood provides 
a source of infection for biting insects. Trans¬ 
placental transmission of the VEE virus can 
occur in pregnant mares infected near term. 
The virus is present in saliva and nasal dis¬ 
charge, and this material can be used to 
transmit the disease experimentally by intra¬ 
nasal instillation. 

Penetration of the virus into the brain 
does not occur in all cases and the infection 
does not produce signs, other than fever, 
unless involvement of the CNS occurs. The 
lesions produced in nervous tissue are typical 
of a viral infection and are localized particu¬ 
larly in the gray matter of the cerebral 
cortex, thalamus, and hypothalamus, with 
minor involvement of the medulla and spinal 
cord. It is this distribution of lesions that is 
responsible for the characteristic signs of 
mental derangement, followed at a later stage 
by paralysis. The early apparent blindness 
and failure to eat or drink appear to be corti¬ 
cal in origin. True blindness and pharyngeal 
paralysis occur only in the late stages. 

CLINICAL FINDINGS 

The diseases associated with the different 
viruses are clinically indistinguishable. The 
incubation period for VEE is 1 to 6 days. 
Uncomplicated disease usually lasts about 1 
week. In the initial viremic stage there is fever, 
which may be accompanied by anorexia and 
depression, but the reaction is usually so mild 
that it goes unobserved. In the experimental 
disease, the temperature may reach 41°C 
(106°F) persisting for only 24 to 48 hours, 
with nervous signs appearing at the peak of 
the fever. Animals that have shown nervous 
signs for more than 24 hours may then have a 
temperature within the normal range. 

Early nervous signs include hypersensi¬ 
tivity to sound and touch, and in some cases 
transient periods of excitement and restless¬ 
ness, with apparent blindness. Affected 
horses may walk blindly into objects or walk 
in circles. Involuntary muscle movements 
occur, especially tremor of shoulder and 
facial muscles and erection of the penis. A 
stage of severe mental depression follows. 
Affected horses stand with the head hung 
low; they appear to be asleep and may have 
a half-chewed mouthful of feed hanging 
from the lips. At this stage the horse may eat 
and drink if food is placed in its mouth. The 
pupillary light reflex is still present. The 
animal can be aroused, but soon relapses into 
a state of somnolence. 

A stage of paralysis follows. There is 
inability to hold up the head, and it is often 
rested on a solid support. The lower lip is 
pendulous and the tongue may hang out. 
Unnatural postures are adopted, with the 
horse often standing with the weight bal¬ 
anced on the forelegs or with the legs crossed. 
Head-pressing or leaning back on a halter 
are often seen. On walking, there is obvious 
incoordination, particularly in the hindlegs, 
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and circling is common. Defecation and uri¬ 
nation are suppressed, and the horse is 
unable to swallow. Complete paralysis is the 
terminal stage. The horse goes down, is 
unable to rise, and usually dies within 2 to 4 
days from the first signs of illness. A propor¬ 
tion of affected horses do not develop paraly¬ 
sis and survive but have persistent neurologic 
deficits. 

In the experimental infection of horses 
with the endemic strain of the VEE virus, a 
fever and mild leukopenia occurs. Following 
infection with the epidemic strain of the 
virus, a high fever and severe leukopenia are 
common, and a high level of neutralizing 
antibodies develop about 5 to 6 days after 
infection. Clinical findings include profound 
depression, accompanied by flaccidity of lips, 
partially closed eyelids, and drooped ears; 
some horses chew continuously and froth at 
the mouth. In the terminal stages, there is 
recumbency and nystagmus. 

CLINICAL PATHOLOGY 

There are no characteristic hematologic or 
biochemical abnormalities. The absence of 
biochemical indication of liver disease 

(hyperbilirubinemia, increased activity in 
serum of liver-specific enzymes such as sor¬ 
bitol dehydrogenase and y-glutamyl transfer¬ 
ase, absence of hyperammonemia) rules out 
hepatic encephalopathy. 

Diagnostic confirmation is achieved by 
one or more of the following: 

• Isolation of virus from an affected 

animal 

• Detection of viral antigen or nucleic 

acid in an animal with appropriate 

clinical signs 

• Seroconversion or an increase in serum 

titer of sick or recovered animal. 

Virus isolation provides definitive proof 
of infection. However, viremia may have 
resolved by the time nervous signs have 
developed, and it may be advantageous to 
sample febrile animals instead of animals 
showing more advanced signs of the disease. 
Virus can be cultured in intracranially inoc¬ 
ulated suckling mice, weanling mice, guinea 
pigs, cell culture, newly hatched chicks, or 
embryonated eggs. Virus isolates can be 
identified by complement fixation, HI, virus 
neutralization, PCR, IFA, and antigen 
capture ELISA. A recently developed indi¬ 
rect fluorescent test using monoclonal anti¬ 
bodies enables the differentiation of endemic 
from epidemic strains of VEE. Interpretation 
of the results of serologic tests of horses in an 
area where endemic, nonpathogenic VEE 
virus exists is difficult because of the cross¬ 
reaction between endemic and epidemic 
strains of the virus. Therefore in areas where 
there is endemic, nonpathogenic VEE, dem¬ 
onstration of the presence of antibodies 
should not be considered persuasive evi¬ 
dence of the presence of the disease. 

Acute and convalescent sera taken 10 
to 14 days apart for the presence of 


neutralizing, hemagglutination-inhibiting, 
or complement-fixing antibodies in the 
serum of affected or in-contact horses, is of 
value in detecting the presence of the virus 
in the group or in the area. A fourfold 
increase in complement-fixing antibodies is 
considered positive. 

Demonstration of viral nucleic acid in 

tissue, blood, or insects by PCR test is a 
useful indicator of the presence of the virus. 8 
Use of modern bioinformatic techniques can 
enable viral genotyping, facilitating diagno¬ 
sis and forensic and epidemiologic investiga¬ 
tions. 9 There can be sufficient viral antigen to 
be detected by ELISA in clinical material, 
and this may provide a useful test in the early 
stages of an epidemic. 

NECROPSY FINDINGS 

The brain meninges may appear congested, 
but there are generally no gross changes. His¬ 
tologic examination of the brain reveals peri¬ 
vascular accumulations of leukocytes and 
damage to neurons. The gray matter of the 
forebrain and midbrain are the most severely 
affected areas. In some cases of VEE, lique- 
factive necrosis and hemorrhage are visible 
in the cerebral cortex. Cell culture and trans¬ 
mission experiments using brain tissue as an 
inoculum are the traditional means of con¬ 
firming a diagnosis and require that the 
brain be removed within an hour of death. 
Transmission is by intracerebral inoculation 
of brain tissue into sucking mice or duck 
embryo tissue culture. Fluorescent antibody 
tests have been developed to detect VEE 
virus and EEE virus in brain tissue. 

Samples for Postmortem 
Confirmation of Diagnosis 

• Half of midsagittally sectioned brain 
and liver and spleen should be 
submitted for fluorescent antibody and 
PCR testing, virus isolation and 
bioassay. 

• Half of midsagittally sectioned brain, 
fixed in formalin, should be submitted 
for light microscopic examination. 

Note the zoonotic potential of these 
organisms when handling the carcass and 
submitting specimens. 


DIFFERENTIAL DIAGNOSIS 


Clinically, the disease has very great similarity 
to the other viral encephalomyelitides, from 
which it can often be discriminated by the 
geographic location of the horse, and to the 
hepatic encephalopathies and a number of 
other diseases (see next). 

• Rabies. 

• West Nile virus encephalomyelitis. 

• Hendra disease (occurs in Australia). 

• Borna disease (occurs in Europe). 

• fapanese encephalitis (occurs in Asia). 

• Various other viral infections that are 
geographically restricted. 


• Hepatic encephalopathy, such as that 
associated with poisoning by Crotalaria, 
Senetio, and Amsinckia spp.; acute serum 
hepatitis or hepatopathy. 

• Botulism causes weakness that is evident as 
muscle fasciculation, recumbency, and 
dysphagia, but does not cause cerebral 
signs (irritation, behavioral abnormalities). 

• Yellow star thistle poisoning (Centaurea 
solstitialis) and poisoning by fumonisins can 
produce similar clinical signs to that of the 
encephalitides, with the exception of fever. 


TREATMENT 

There is no definitive or specific treatment. 
Supportive treatment may be given with the 
intention to prevent self-inflicted injury and 
maintain hydration and nutritional status. 

CONTROL 

Control of VEE of horses is based on the 
following: 

• Accurate clinical and laboratory 
diagnosis of the disease in horses 

• Use of sentinel animals to monitor the 
presence of the virus in the region 

• Quarantine of infected horses to stop 
movement of virus donors 

• Insect abatement when deemed 
necessary 

• Vaccination of all horses 

Vaccination 

Vaccination of horses is important not only 
because it minimizes the risk of disease in 
vaccinated horses but also because it pre¬ 
vents viremia, subsequent infection of 
feeding mosquitoes, and propagation spread 
of VEE. There are a number of commercial 
vaccines available (Table 14-12). 

One of the most important aspects of the 
control of VEE is the vaccination of the horse 
population to minimize the number of 
horses that are viremic and serve as amplify¬ 
ing hosts. A tissue culture-attenuated virus 
vaccine, TC83, is available for immunization 
of horses against VEE. The vaccine is consid¬ 
ered to be safe and efficacious. Concerns 
about reversion to virulence and safety have 
prompted the development of DNA and chi¬ 
meric vaccines, of which a number of experi¬ 
mental vaccines are reported. 1 " 15 The World 
Organization for Animal Health specifies 
vaccination by the TC83 attenuated virus 
vaccine or a formalin-killed virus vaccine. 3 

A highly effective immunity is produced 
within a few days following vaccination, and 
serum-neutralizing antibodies persist for 20 
to 30 months. The vaccine causes a mild 
fever, leukopenia, and a viremia and, because 
of conflicting reports about its capacity to 
cause abortion, should not be used in preg¬ 
nant mares. Antibodies to the heterologous 
alphaviruses, WEE and EEE, existing at the 
time of TC83 vaccination, may suppress the 
VEE antibody response to the vaccine. 
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Table 14-12 Commercial vaccines against alphaviral equine encephalomyelitis available for equines 

Name* 

Uses 

Administration** 

Equiloid Innovator: 
Encephalomyelitis 
vaccine-tetanus toxoid 

For the vaccination of healthy horses as an aid in the prevention of equine 
encephalomyelitis caused by Eastern and Western viruses, and tetanus 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

Fluvac Innovator 4 
Encephalomyelitis-influenza 
vaccine-tetanus toxoid 

For vaccination of healthy horses as an aid in the prevention of equine 
encephalomyelitis caused by Eastern and Western viruses, equine 
influenza from type A2 viruses, and tetanus 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

Fluvac Innovator 5 
Encephalomyelitis- 
rhinopneumonitis-influenza 
vaccine-tetanus toxoid 

For vaccination of healthy horses as an aid in the prevention of equine 
encephalomyelitis caused by Eastern and Western viruses, equine 
rhinopneumonitis caused by type 1 and 4 herpesviruses, equine 
influenza caused by type A2 viruses, and tetanus 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

Fluvac Innovator 6 
Encephalomyelitis- 
rhinopneumonitis-influenza 
vaccine-tetanus toxoid 

For vaccination of healthy horses as an aid in the prevention of equine 
encephalomyelitis caused by Eastern, Western, and Venezuelan viruses, 
equine rhinopneumonitis caused by type 1 and 4 herpesviruses, equine 
influenza caused by type A2 viruses, and tetanus 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

Fluvac Innovator Triple-E FT 
Encephalomyelitis-influenza 
vaccine-tetanus toxoid 

For vaccination of healthy horses as an aid in the prevention of equine 
encephalomyelitis caused by Eastern, Western, and Venezuelan viruses, 
equine influenza caused by type A2 viruses, and tetanus 

Inject one 1 mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

Triple-E T Innovator 
Encephalomyelitis vaccine- 
tetanus toxoid 

For intramuscular vaccination of healthy horses as an aid in the prevention 
of equine encephalomyelitis caused by Eastern, Western, and 

Venezuelan viruses, and tetanus 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

WEST Nile Innovator + EW 
Encephalomyelitis-West Nile 
virus vaccine 

For vaccination of healthy horses as an aid in the prevention of viremia 
caused by West Nile virus, and as an aid in the prevention of equine 
encephalomyelitis caused by Eastern and Western viruses 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

West Nile Innovator + EWT 
Encephalomyelitis-West Nile 
virus-tetanus toxoid 

For vaccination of healthy horses as an aid in the prevention of viremia 
caused by West Nile virus, and as an aid in the prevention of equine 
encephalomyelitis caused by Eastern and Western viruses and tetanus 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

West Nile-lnnovator + VEWT 
Encephalomyelitis-West Nile 
virus-tetanus toxoid 

For vaccination of healthy horses as an aid in the prevention of viremia 
caused by West Nile virus, and as an aid in the prevention of equine 
encephalomyelitis caused by Eastern, Western, and Venezuelan viruses 
and tetanus 

Inject one 1-mL dose intramuscularly using 
aseptic technique 

Administer a second 1-mL dose 3-4 weeks 
after the first dose 

*Commercial name and vaccine components 
**Recommended vaccination protocol 


However, the response to the vaccine is ade¬ 
quate to provide protection against VEE, and 
the interference is not considered significant. 
There is inconclusive evidence that WEE and 
EEE antibodies protect horses against infec¬ 
tion with virulent VEE virus, or conversely 
that VEE antibodies protect against infection 
with WEE and EEE viruses. Simultaneous 
vaccination using formalin-inactivated EEE, 
WEE, and VEE (the TC83 strain of VEE) is 
effective and recommended in areas where 
all three viruses may be present. 

Protection From Insects 
Housing of horses indoors at night, espe¬ 
cially in fly-proofed stables, and the use of 
insect repellents might restrain the spread 
of the virus. 

Widespread spraying of insecticides to 
reduce the population of the vector insects 
has been used in the control of VEE in 
humans, along with vaccination of horses. 
Complete eradication of the virus appears 


to be impossible because of the enzootic 
nature of the ecology of the virus: epidemic 
VEE arising by chance mutation of endemic 
strains of VEE, makes elimination of the 
virus impossible with methods currently 
available. 
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EQUID HERPESVIRUS-1 
MYELOENCEPHALOPATHY, 
ABORTION, AND 
NEONATAL SEPTICEMIA 


SYNOPSIS 


Etiology EHV-1 causes respiratory disease of 
adults, abortion, neonatal septicemia, and 
myeloencephalopathy. Infection by specific 
variants of the virus increases the likelihood 
of the clinically important manifestations of 
infection—myeloencephalopathy and/or 
abortion. 
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Epidemiology Transmission between horses 
and by mediate contagion. Lifelong latency 
of infection with periodic reactivation of 
virus shedding. Respiratory disease, 
abortion, and myeloencephalopathy occur 
prominently as outbreaks, but can affect 
sole animals. 

Clinical signs Upper respiratory disease, 
abortion, neonatal septicemia, and 
neurologic disease with incontinence, 
ataxia, and recumbency. 

Clinical pathology No pathogenic changes in 
hemogram or serum biochemistry profile. 
Detection of viral DNA and variant 
genotyping by RT-PCR in nasal swabs or 
white blood cells, seroconversion or 
increase in titer using an ELISA able to 
differentiate between EHV-1 and EEIV-4. 

Diagnostic confirmation Virus isolation 
from, or polymerase chain reaction test on, 
blood, nasopharyngeal swabs or tissue. 
Seroconversion or increase in titer. 

Treatment There is no specific treatment, 
although acyclovir, an antiviral agent, has 
been administered. Symptomatic treatment 
of neurologic signs in horses with 
myeloencephalopathy. 

Control Infection is ubiquitous. Management 
including quarantine, maintaining mares in 
small bands, and education of staff about 
importance of control measures to prevent 
outbreaks of abortion or 
myeloencephalopathy. Vaccination for 
prevention of abortion. Quarantine. 
Hygiene. 


EHV-1, equid herphesvirus-1; RT-PCR, reverse 

transcriptase-polymerase chain reaction. 


Herpesviruses infecting equids (such as 

horses, donkeys, mules, and zebra) are all 

viruses with a linear, double-stranded DNA 

genome in the order Herpesvirales, family 

Herpesviridae. 1 Equid herpesviruses (EHV)- 

1, 3, 4, 8 (syn. asinine herpesvirus-3), and 

9 (a virus infecting gazelle) are Alphaher- 

pesvirinae (alphaherpesviruses) in the 

genus Varicellovirus. EHV-6 (syn. asinine 

herpesvirus-1) is tentatively assigned to 

this genus. EHV-2, 5, and 7 (syn. asinine 

herpesvirus-2) are Gammaherpesvirinae 

(gammaherpesviruses). 1 There is also a zebra 

gammaherpesvirus, which appears to be 

associated with disease in nonequids housed 

in proximity to zebras (see later). 2,3 

Five herpesviruses have been associated 

with various diseases of horses and foals 

(EHV-1 to 5). Common names are “equine 

abortion virus” for EH V-1, “cytomegalovirus” 

for EHV-2, “equine coital exanthema virus” 

for EHV-3, and “rhinopneumonitis virus” for 

EHV-4 (although this term is sometimes 

used, confusingly, for EHV-1). Related her¬ 

pesviruses (asinine herpesvirus-1 to 6, some 

of which have been recently classified or 

identified as EHVs 1 ) infect, and some cause 

disease in, donkeys, mules, or horses. 4 * * * ' 


Some asinine herpesviruses cause a fatal 
interstitial pneumonia or neurologic disease 
in donkeys. 8 

Infection by EHV-1, EHV-4, or both is 
common, if not ubiquitous, in equids world¬ 
wide with most animals infected while juve¬ 
niles and latent virus in trigeminal ganglia 9 
and other tissues maintaining that infection. 
EHV-4 causes respiratory disease and, rarely, 
abortion. EHV-1 causes respiratory disease 
but also causes individual cases or outbreaks 
of myeloencephalopathy, abortion, and neo¬ 
natal septicemia. Certain variants of EHV-1, 
detectable by examination of viral genome, 
are associated with increased risk of myelo¬ 
encephalopathy, abortion, or both. 

A partial list of disease syndromes attrib¬ 
uted to EHV and asinine herpesvirus infec¬ 
tion and the viruses associated with them 
include the following: 

• Upper respiratory tract disease of adult 
horses, weanlings, and older foals is 
caused principally by EHV-4, although 
disease attributable to EHV-1 occurs. 
EHV-2 causes respiratory disease, 
including pneumonia, of foals, and 
rarely upper respiratory disease of 
adults. 

• Abortion in horses is almost always 
associated with EHV-1, although rare 
sporadic cases are associated with 
EHV-4. EHV-7 (syn. asinine 
herpesvirus-2, a gammaherpesvirus) 
was associated with abortion in a 
donkey. 4 * 

• Perinatal disease of foals, including 
birth of sick and weak foals and 
development of viral septicemia within 
48 hours of birth, is associated with 
EHV-1. 

• EHV-1 myeloencephalopathy (EHM) is 
associated with EHV-1 and rarely, if 
ever, with EHV-4. In donkeys it has 
been associated with an asinine 
gammaherpesvirus. 8 

• Coital exanthema is associated with 
EHV-3, and genital disease is an 
unusual manifestation of EHV-1 
infection. 

• Equine multinodular pulmonary 
fibrosis in horses is associated with 
infection by EHV-5. 10,11 

• Lymphoma in horses is tentatively 
associated with infection by EHV-5. 12 ’ 13 

• Chorioretinitis is associated with 
EHV-1 infection. 14 

• Dermatitis (erythema multiforme) is 
associated with EHV-5 infection in 
horses. 15 * * * * 

• Neurologic disease or abortion in 

gazelle, onagers, and polar bears is 
caused by EHV-9 or EHV-1 originating 
from zebra. 2,3,16,17 

The following discussion focuses on 
myeloencephalopathy, abortion, and neona¬ 
tal septicemia in equids associated with 
infection by EHV-1. Respiratory disease 
caused by EHV-4 and EHV-1 is discussed 


elsewhere in this text as are other manifesta¬ 
tions of EHV infection. 

ETIOLOGY 

EHV-1 is an alphaherpesvirus, a DNA virus 
with 76 ORFs. EHV-1 and EHV-4 are closely 
related and have extensive antigenic cross¬ 
reactivity but are genetically and biologically 
distinct viruses with different disease pro¬ 
files. 18,19 Phylogenetic mapping (“trees”) and 
genetic fingerprinting for EHV-1 are not 
available, as they are for many other viruses 
(see the section on Equine Influenza in 
Chapter 12 as an example), and are needed 
to investigate links between outbreaks and 
associations with virulence. 

Although EHV-1 virus is genetically 
stable, with limited genetic divergence and 
differences in strains of less than 0.1%, 
genetic variants of EHV-1 exist and some 
have differing biologic characteristics. 20 
Analysis of ORF 68 reveals at least 19 distinct 
DNA sequences allowing identification of 6 
major strain groups of EHV-1. 20 Importantly, 
a single nucleotide polymorphism (SNP) 
(A-G) at position 2254 in the DNA polym¬ 
erase gene (DNA pol , ORF 30) that results in 
substitution of asparagine (N) by aspartic 
acid (D) at position 752 in the DNA polym¬ 
erase protein is not limited to any one strain. 
Variants of the virus are therefore classified 
as N752 or D752, irrespective of the particu¬ 
lar strain. 20 This suggests that the D752/N752 
mutation has occurred multiple times. 21 The 
original isolation of EHV-1 in 1941 was of 
the D752 phenotype. 21 

The D752 variant is isolated more fre¬ 
quently than is N752 from horses with 
myeloencephalopathy and, increasingly, 
abortion. 22 * * * * * * ' 2 ' Infection with the D752 variant 
increases the risk of myeloencephalopathy by 
160x compared with that of infection with 
N752. 28 These data are based on retrospec¬ 
tively collected data that were not randomly 
collected, and this relative risk estimate 
could change markedly, although the asso¬ 
ciation between increased risk of EHM and 
infection by D752 is well accepted. 18,19,21,23,24,29 
However, horses can develop EHM when 
infected by the N752 variant in approxi¬ 
mately 25% of cases (noting the uncertainty 
around this estimate). 28 * 

The N752 variant is the one most com¬ 
monly reported as infecting asymptomatic 
horses. 28,30 Although estimates are poten¬ 
tially biased by the sampling method used in 
various epidemiologic studies, the D752 
variant was identified in 3%, 10.8%-19.4%, 
7.4%, 24%, and 10.6% of horses positive for 
EHV-1 sampled in Japan, the United States, 
Argentina, France, and Germany, respec¬ 
tively. 31 Horses can be infected by both vari¬ 
ants of the disease simultaneously, and each 
variant can cause disease (D752 variant 
causing neurologic disease in the dam and 
N752 causing abortion). 32 Both D752 and 
N752 variants were both isolated from tri¬ 
geminal ganglia of 12 of 153 horses 








1274 


Chapter 14 


Diseases of the Nervous System 


examined postmortem for reasons other 
than EHV-associated disease, indicating that 
symptomatic dual infection is common. One 
or the other variant, but not both, were iso¬ 
lated from a further 9/153 horses. 9 Similarly, 
of 70 Thoroughbred racehorses examined 
postmortem because of death secondary to 
catastrophic musculoskeletal injuries, 2 
carried only a latent neurotropic strain of 
EHV-1,6 carried a nonneurotropic genotype 
of EHV-1, and 10 were dually infected with 
neurotropic and nonneurotropic EHV-1. 33 
Among 132 mares from central Kentucky 
sampled postmortem, latent EHV-1 DNA 
was detected in the submandibular lymph 
node tissues of 71 (54%). Thirteen (18%) of 
the 71 latently infected horses were infected 
with the D752 variant, of which 11 were also 
infected with the N752 variant. 30 The remain¬ 
der were infected with only the N752 variant. 

The D752 variant of EHV-1 differs from 
the N 752 variant in that it causes higher levels 
of white blood cell-associated viremia (up to 
10-fold), infects CD4+ and CD8+ cells to a 
greater extent but CD 14 + and B cells to a 
lesser extent, and is less sensitive to aphidi- 
colin, a drug targeting the viral polymerase. 34 
The D752 variant is also more virulent in 
experimentally infected horses, with those 
infected with the D752 variant having higher 
rectal temperatures, a longer period of 
pyrexia after infection (3 days versus 1 day), 
and greater severity of nasal discharge, but 
no difference in nasal shedding of virus. 
Horses experimentally infected with D752 
variant developed EHM, whereas those 
infected with the N752 variant did not, 
although uniform development of EHM in 
horses or ponies experimentally infected 
with D752 variant is not present in other 
studies of the disease. 34 The D752 variant 
infects submucosal immune cells in respira¬ 
tory explants to a greater extent than does 
the N752 variant. 35 CSF from horses infected 
by D752 was abnormal, whereas that from 
horses infected with N752 was not 
abnormal. 34 

It is unclear whether viral load is associ¬ 
ated with the outcome of clinical disease, 
although one study of a small number of 
horses (seven) treated at a referral institu¬ 
tion, identified viral loads in nasal fluid and 
blood that were 1000X and lOOx greater in 
nonsurviving horses with EHM. These find¬ 
ings require confirmation because of the 
small number of horses examined and in 
surviving (five) and nonsurviving groups 
(two). 36 

Both N752 and D752 variants can cause 
disease. Virulence is associated with pres¬ 
ence of a functional gp2 protein, which is 
apparently responsible for viral egress from 
infected cells, and glycoprotein D and cell- 
surface glycosaminoglycans that are needed 
for efficient entry of EHV-1 into cells. 

The most important clinical syndromes 
associated with EHV-1 infection are 
abortion, neonatal septicemia, and 


myeloencephalopathy. Genital disease is an 
unusual manifestation of EHV-1 infection. 
Infection with EHV-1 causes retinitis and 
fatal disease in camelids. It also causes 
disease in wild equids including zebras and 
neurologic disease in black bears ( Ursus 
americanus), Thomsons gazelles ( Eudorcas 
thomsonii), guinea pigs ( Cavia porcellus f. 
dom.) Indian rhinoceros ( Rhinoceros unicor¬ 
nis), and polar bears in zoologic parks in 
which these animals are in proximity to 
equids (such as zebra). 37 ' 39 It is associated 
with abortions and stillbirths in guinea 
pigs. 37 

EPIDEMIOLOGY 

Occurrence 

Infection with EHV-1 is endemic in horse 
populations worldwide, and many adult 
horses have serologic evidence of infection. 
Serologic surveys, which provide an index of 
the extent of infection in the sampled popu¬ 
lation, performed before 1995 were hindered 
by the lack of an assay able to differentiate 
immune responses to EHV-1 from those to 
EHV-4. Furthermore, the advent of vaccines 
eliciting serum antibodies against EHV-1/4, 
and the inability of diagnostic tests to dif¬ 
ferentiate between antibodies induced by 
vaccination or natural infection, complicates 
assessment of the prevalence of serum anti¬ 
bodies to EHV-1/4. Seroprevalence of 
EHV-1-specific antibodies is 9% to 28% in 
adult Thoroughbred horses, 26% of Thor¬ 
oughbred broodmares, 11% of Thorough¬ 
bred foals, and 46% to 68% of 1- and 
2-year-old Thoroughbred race horses in Aus¬ 
tralia. Sixty-one percent of 82 normal horses 
and horses with upper respiratory tract 
disease had antibodies to EHV-1 in New 
Zealand. Of 70 Thoroughbred race horses 
examined postmortem, 18 (26%) and 58 
(83%) horses were PCR positive for the gB 
gene of EHV-1 and EHV-4, respectively, in 
at least one of trigeminal ganglia, bronchial, 
or submandibular lymph nodes sampled. 
Twelve horses were dually infected with 
EHV-1 and EHV-4. 33 

The EHV-1 D752 variant has been 
detected in equids in North America, Europe 
(the Netherlands, France, Belgium, and 
Germany), Australia, New Zealand, and 
South America. 18,27,30 ' 32,40 ' 43 It likely occurs 
worldwide given that it is not a recent muta¬ 
tion, having been detected in samples col¬ 
lected in the 1940s. 21 EHM is rarely reported 
in the Southern Hemisphere with the first 
case described in New Zealand in 2013. 18 

Upper respiratory tract disease associ¬ 
ated with EHV-1 infection has been sug¬ 
gested to occur as outbreaks, although this is 
not well documented. Signs of infectious 
upper respiratory disease affected 20% of 
Thoroughbred race horses at one race track 
in Canada over a 3-year period, and serocon¬ 
version to EHV-1 occurred in 5% to 18% of 
these horses, whereas the vast majority of 
horses seroconverted to influenza. However, 


all horses that seroconverted to EHV-1 also 
either seroconverted to influenza virus or 
had been recently vaccinated with a vaccine 
containing EHV-1. These results suggest that 
the stress of influenza disease may have trig¬ 
gered reactivation of latent EHV-1 infection 
in some horses, suggesting that EHV-1 did 
not have a primary role in the outbreak of 
respiratory disease. Similarly, in England, 
EHV-1 was not associated with clinical respi¬ 
ratory disease in Thoroughbred racehorses. 
EHV-1 was isolated from foals with purulent 
nasal discharge and respiratory disease con¬ 
current with neurologic disease among the 
dams in Australia. 

Abortion caused by EHV-1 occurs as 
both sporadic cases and as epizootics (abor¬ 
tion storms). 27,40,44 Approximately 3% of 
abortions in mares are attributable to EHV-1 
infection, although the actual incidence 
probably varies widely among years and geo¬ 
graphic regions. Outbreaks of EHV-1 abor¬ 
tion and birth of nonviable foals occurs 
sporadically on farms with sometimes cata¬ 
strophic losses. Loss of foals through abor¬ 
tion or birth of nonviable foals can be as high 
as -60% of pregnant mares on the farm. 27,40,44 
Initial cases can, in the absence of appropri¬ 
ate control measures, rapidly spread the 
infection and prompt diagnosis, and imple¬ 
mentation of control measures is important 
to limit the spread of infection. 27,29 Vaccina¬ 
tion with killed EHV-1 vaccine during late 
gestation does not reliably prevent the 
disease, although conventional wisdom is to 
ensure that mares are well vaccinated (see the 
section Control). 2 ' EHV-4 rarely causes 
abortion in mares. Disease of neonates asso¬ 
ciated with EHV-1 occurs both sporadically 
and as outbreaks in which up to 25% of foals 
may be affected. Foals infected in utero 
usually die soon after birth, whereas those 
infected in the period after birth may have 
milder disease and a lower mortality rate 
(6%). One-third of viremic foals may not 
seroconvert, based on the complement fixa¬ 
tion test. 

Myeloencephalopathy occurs as spo¬ 
radic cases but more often presents as an 
epizootic within a stable or barn or within a 
localized area. Morbidity rates in exposed 
horses range from 1% to 90%, mortality rates 
of 0.5% to 40%, and case-fatality rates of 
~15%-75%. 25, 32,41,43,45,46 The attack rate 
(number of horses with disease/number of 
horses infected) in outbreaks of the D752 
variant is 22% to 50%. 20 Pregnant or nursing 
mares are suggested to be at greater risk of 
this disease, but outbreaks occur on prem¬ 
ises, such as riding schools or race tracks, 
where there are no foals or pregnant mares. 

Method of Transmission 

EHV-1 is highly infectious, as evidenced by 
transmission of infection despite stringent 
biosecurity measures in referral hospitals, 
riding schools, and so on. 32,46,47 Transmission 
occurs by the inhalation of infected droplets 
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or by the ingestion of material contaminated 
by nasal discharges or aborted fetuses/ 
placenta/fetal fluids. Viral loads in nasal 
fluids in horses with EHM or aborted fetuses 
and associated tissues and fluids can be very 
high. 36,48 Other routes of infection are not 
recognized, although EHV-1 binds in vitro to 
embryos, and binding persists after 10 cycles 
of washing, suggesting that embryo transfer 
has the potential to transmit infection. 49 This 
route of infection has not been demonstrated 
as being important, or indeed possible, in the 
spread of spontaneous disease. EHV-1 DNA, 
but not EHV-4, was detected in semen 
samples of 51 of 390 stallions, illustrating the 
potential for spread of the virus during 
mating or artificial insemination. 50 

The virus is efficiently transmitted to 
in-contact animals, and rapid spread of 
infection results from close contact of an 
infected animal with susceptible horses. 
Infection can be spread over short distances 
in the absence of physical contact or fomite 
transmission. This likely occurs by airborne 
spread of virus in droplets of aerosolized 
nasal secretions. 

Infections always arise from other horses, 
either by direct contact or via fomites. 
Mediate infection from virus on fomites such 
as tack, veterinary equipment, vehicles, and 
housing occurs because the virus survives for 
14 to 45 days outside the animal. The source 
of the virus is always one of the following: 

• A horse or foal with active infection 

• A fetus, fetal membranes, or 

reproductive tract secretions of a mare 

immediately after abortion or birth of a 

weak foal 

• Virus shed by horses in which latent 

infection has reactivated. 

Horses and foals are infectious during the 
active stage of disease and, because horses 
become latently infected, during subsequent 
periods of viral reactivation and shedding. 
Latent infection occurs by inclusion of virus 
in immune cells (CD8+ T cells) in trigeminal 
ganglia, submandibular lymph nodes, 
and likely other immunologically active 
tissues. 9,30,51 Latent infection by EHV-1 virus 
can be reactivated by administration of cor¬ 
ticosteroids or other immunosuppressants 
but, at least in experimental situations, the 
resulting level of viremia is very low and 
in-contact susceptible horses were not 
infected. 51 

Virus is detectable in nasal fluids of 
approximately 70% of horses when they first 
exhibit clinical signs of EHM and for up to 9 
days after development of it. 32,47 The duration 
of nasal shedding is not related to age, dura¬ 
tion of fever, or severity of clinical signs. 32 

There is good circumstantial evidence, 
such as the occurrence of abortion, neonatal 
disease, or myeloencephalopathy in closed 
herds, to support a role for latency and reac¬ 
tivation in the genesis of the disease, although 
the importance of reversion from latency has 
been questioned. The duration of latency is 


unknown but is assumed to be lifelong. 
Latent EHV-1 virus is detectable in the tri¬ 
geminal ganglion and CD5/CD8 lympho¬ 
cytes. Reactivation of the virus might not 
result in clinical signs in the host animal, but 
there is shedding of virus in nasal secretions. 
Consequently, clinically normal animals 
harbor latent virus that can infect susceptible 
animals during periods of reactivation. This 
feature of the disease has obvious impor¬ 
tance in the prevention, control, and man¬ 
agement of outbreaks of disease. 

Abortion storms are usually attributable 
to an index case with the following: 

• A latently infected mare that sheds virus 
from the respiratory tract, but does not 
abort 

• A mare that aborts an infected 
conceptus 

• A mare that sheds virus from the 
respiratory tract, and then aborts 
Mares usually, but not always, abort from 

EHV-1 infection only once in their lifetime. 
A likely scenario in abortion storms is the 
reactivation of latent virus in a resident horse 
with subsequent shedding of virus in nasal 
secretions or, if the mare aborts, fetal tissues 
and uterine fluids. Contamination of the 
environment or horse-to-horse contact 
spreads infection to susceptible cohorts 
(primary transmission). The infected cohorts 
then further spread the virus to other horses 
in that band of mares (secondary transmis¬ 
sion), which then spread infection among 
other bands of mares and foals, paddocks 
or fields of horses, or farms (tertiary 
transmission). 

Outbreaks of myeloencephalopathy 
likely occur through similar mechanisms. 
Most outbreaks are associated with an index 
case or introduction of a horse with signs of 
infectious respiratory disease, with subse¬ 
quent development of new cases in horses 
that have either direct or indirect (aerosol or 
fomite) contact with the index case. 25,43,46,47 
Horses with clinical signs of myeloencepha¬ 
lopathy excrete the virus in nasal fluids, often 
in high concentrations, 36 and for periods of 
time up to 14 days (nasal shedding of the 
virus has been demonstrated up to 9 days 
after the onset of clinical signs of EHM) 32 
and can spread the disease, contrary to previ¬ 
ous supposition. This has important implica¬ 
tions for handling and care of affected horses, 
especially those severely affected horses that 
may be referred for intensive or specialized 
care. Extreme care should be exercised when 
accepting horses with EHM, or suspected 
EHM, to referral facilities or hospitals 
because these animals can cause nosocomial 
spread of infection and disease among hos¬ 
pitalized equids. 46,47 Furthermore, equids 
infected nosocomially can spread the infec¬ 
tion when they return home. 

Cycling of Infection 

Studies on Thoroughbred stud farms in 
Australia have demonstrated the temporal 


sequence of events that contribute to spread 
of EHV-1 infection in that region and these 
studies likely have relevance to other regions 
of the globe. There is a cyclical pattern in 
which horses are infected at a young age and 
the source of infection is, depending on the 
age of the foal, either its dam or other foals. 
Foals are infected by EHV-1 and shedding 
virus in nasal secretions as young as 11 days 
of age, often without development of clinical 
signs but usually associated with mucopuru¬ 
lent nasal discharge. Peak incidences of cases 
of respiratory disease associated with EHV-1 
are late during the foaling season before 
weaning, and again after weaning when foals 
from several groups are housed together. The 
source of infection in foals before weaning is 
mares and, as the number of foals in the herd 
increases over the course of the foaling 
season, other foals. Weanlings spread the 
disease among their herd during the period 
shortly after weaning when foals from more 
than one group are mixed. The incidence 
density of new cases among weanlings can be 
as high as 13 new cases per 1000 foal weeks. 
The disease associated with these outbreaks 
is mild and without long-term consequences 
to the foal or weanling. However, the pres¬ 
ence of foals excreting large quantities of 
EHV-1 has the potential to increase the risk 
of viral abortion in late-term mares in 
contact with these foals. Furthermore, the 
presence of respiratory disease associated 
with EHV-1 and shedding of virus by foals is 
associated with development of myeloen¬ 
cephalopathy in mares. 

Risk Factors 

Risk factors for EHM include the 
following 21 : 

• Presence of susceptible equids: based 
largely on age (>5 years) and immune 
status (there are no reports of horses 
affected twice by the disease, suggesting 
long-lasting immunity). 

• Introduction of EHV-1: almost always 
associated with a horse shedding the 
virus, either as a result of new infection 
or recrudescence of latent infection. 

• Presence of the D752 variant: although 
disease can occur associated with 
infection by N752. 

• Season: there appears to be higher 
incidences of the disease in the 
Northern Hemisphere in autumn, 
winter, and spring. 

• Pyrexia: horses that are pyrexic during 
an outbreak are more likely to develop 
EHM. 

• Movement of new horses onto the 
property, or use of horses in riding 
schools. 32 

• Possible associations with sex (increased 
risk if female) or breed (pony), although 
these associations are not consistent in 
all or most studies and are of limited 
usefulness in controlling or managing 
the disease. 43,46,47 
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Immunity 

Immunity to EH V-1 is mediated by cytotoxic 
T cells, which explains the limited efficacy of 
inactivated virus vaccines that have minimal 
effect in stimulating cytotoxic T cells despite 
being capable of inducing a humoral immune 
response. 52 The presence of EHV-1 cytotoxic 
T-cell precursors correlates well with protec¬ 
tion from experimental infection, and some 
of the EHV-1 antigens responsible for this 
resistance have been identified. 53 ' 55 Mares 
usually only abort from EHV-1 infection 
once in their lifetime, and there are no 
reports of horses developing myeloencepha- 
lopathy more than once. 

Lack of antibodies to EHV-1 was identi¬ 
fied as a risk factor in an outbreak of EHM 
in a herd of mares with foals at foot. Mares 
with strong antibody responses to EHV-1 
did not develop disease. 

Economic Importance 

Disease associated with EHV-1 is of consid¬ 
erable economic importance because of the 
loss of training time and opportunities to 
perform during convalescence and quaran¬ 
tine, the loss of pregnancies during abortion 
storms, and deaths caused by myeloencepha- 
lopathy and infection of neonates. 

PATHOGENESIS 

The three organ systems involved in clini¬ 
cal disease associated with EHV-1 infec¬ 
tion are the respiratory tract, uterus and 
placenta, and CNS. The common final 
pathway for injury in each of these body 
systems is damage to vascular endothelium 
with subsequent necrosis, thrombosis, and 
ischemia. 

Following EHV-1 exposure to the upper 
respiratory tract, virus can be detected in the 
soft palate and mainstem bronchus within 12 
hours, and at all levels of the respiratory tract 
by 24 hours. The virus gains access to the 
body after binding to respiratory mucosal 
epithelium where it forms plaques that do 
not extend into submucosal tissues. 35 In the 
respiratory tract there is an initial phase after 
infection of nasal epithelium 56 in which there 
is rapid proliferation of the virus in the nasal, 
pharyngeal, and tonsillar mucosae, with sub¬ 
sequent penetration and infection of local 
blood vessels. This is followed by a systemic, 
viremic phase in which the virus is closely 
associated with blood lymphocytes (espe¬ 
cially CD172a(+)), 56 from which it can be 
isolated. Infection induces increased produc¬ 
tion of IFN-y by T lymphocytes. 54 Absence of 
viral antigens on the surface of EHV-1 - 
infected peripheral blood mononuclear cells 
explains their ability to avoid complement- 
mediated lysis. This activity, combined with 
the immunosuppression that accompanies 
EHV-1 infection, 55 57 ’ 59 allows dissemination 
of the infection to the reproductive tract and 
CNS. Immunosuppression is mediated by 
production in EHV-1-infected cells of an 
“early protein” that interferes with peptide 


translocation by the transporter associated 
with antigen processing. Immunosuppres¬ 
sion is evident as reduced in vitro prolifera¬ 
tion of peripheral blood monocytes and 
downregulation of expression of major his¬ 
tocompatibility complex class I molecules on 
the surface of infected cells. It is from this 
point that the invasion of lungs, placenta, 
fetus, and nervous tissue occur. Movement of 
infected mononuclear cells into target tissues 
is associated with expression of adhesion 
molecules by endothelium in the gravid 
uterus and in leukocytes. 

Viral infection of endothelium results in 
death of endothelial cells, inflammation, 
activation of clotting factors and platelets, 
increases in markers of fibrin degradation, 
and formation of blood clots in small 
vessels. 60 ' 62 This thrombotic disease causes 
ischemia of neighboring tissues with subse¬ 
quent necrosis and loss of function. Another 
theory is that deposition of antigen-antibody 
complexes in small vessels results in an 
Arthus reaction with subsequent ischemia, 
necrosis, and loss of function. However, 
recent demonstration that mares with no 
antibody titer to EHV-1 were at increased 
risk of developing myeloencephalopathy 
does not support a role for type III hypersen¬ 
sitivity in this disease. Regardless of the 
underlying mechanism, clinical signs are a 
result of vasculitis and necrosis of tissue in 
the CNS and reproductive tract. This is in 
contrast to neurologic disease associated 
with herpesvirus in other species, in which 
the nervous system disease is a direct result 
of infection of neural tissues. 

Abortion is caused by damage to the pla¬ 
centa, endometrium, or fetus. Placental 
lesions include vasculitis, focal thrombosis, 
and infarction of the microcotyledons of the 
pregnant uterus. The fetus is infected and 
there are diagnostic lesions present in many 
aborted foals, including massive destruction 
of lymphocytes in the spleen and the thymus. 
In those abortions in which there is no lesion 
or evidence of virus infection in the foal, 
there may be extensive damage to the endo¬ 
metrium caused by an endothelial lesion and 
its attendant vasculitis, thrombosis, and sec¬ 
ondary ischemia. 

Foals that are infected in utero but 
survive to full term may be stillborn or weak 
and die soon after birth with pulmonary, 
hepatic, and cardiac lesions. EHV-1 infection 
in foals not infected before or at birth is 
usually a self-limiting, mild infection of the 
upper respiratory tract with an accompany¬ 
ing leukopenia and a transitory immune 
suppression, although uveitis and occasion¬ 
ally death occur in a small number of foals. 
Virus can be isolated from the nasal mucus 
and the buffy coat of the blood for some time 
after clinical signs have disappeared. 

The pathogenesis of myeloencephalopa¬ 
thy in horses contrasts with herpesvirus 
encephalitis of other species in which there 
is viral infection of neuronal tissue. The 


myeloencephalopathy in horses is, as dis¬ 
cussed earlier, the result of vasculitis, throm¬ 
bosis, and subsequent ischemia of neural 
tissue. Impairment of blood flow results in 
hypoxia and dysfunction or death of adjacent 
neural tissue. 

CLINICAL FINDINGS 

EHV-1 infection manifests as several forms 
of disease on a farm such that nervous system 
involvement can occur in an outbreak in 
which abortion and respiratory disease also 
feature, although more commonly one form 
of the disease (myeloencephalopathy or 
abortion) occurs alone or with mild respira¬ 
tory disease. Foals, stallions, and mares can 
be affected with one or the other form of the 
disease, although it is most commonly seen 
in adult horses. Onset of neurologic signs is 
usually, but not invariably, preceded by cases 
of respiratory disease, fever, limb edema, or 
abortion. 

Myeloencephalopathy 

Myeloencephalopathy initially occurs in an 
index case, which might or might not have 
had signs of infectious respiratory disease 
alone or with signs of neurologic disease. 
Signs of neurologic disease develop in other 
horses approximately 6 to 14 days after 
disease in the index case. Disease then devel¬ 
ops in a number of horses over a short period 
of time (3-10 days). Outbreaks in a stable 
can evolve rapidly. 25 - 43 ' 46 ' 47 

Fever, without signs of respiratory disease, 
often precedes signs of neurologic disease by 
24 to 72 hours. The onset of neurologic signs 
is usually rapid, with the signs stabilizing 
within 1 to 2 days. Fever is more common 
(odds ratio 20x, 95% Cl 3.4-390) in horses 
that go on to develop EHM, but the presence 
of limb edema or severity of nasal discharge 
are not associated with the likelihood of 
developing EHM during an outbreak of the 
disease. 32,46 Thirteen percent of 61 horses 
with fever recorded during an outbreak of 
abortion and EHM developed signs of 
EHM. 25 Six of seven pregnant mares aborted. 

Signs are variable but usually referable to 
spinal white matter involvement. Affected 
horses have variable degrees of ataxia and 
paresis manifest as stumbling, toe dragging, 
pivoting, and circumduction that is most 
severe in the hindlimbs. Signs are usually 
symmetric. There is often hypotonia of the 
tail and anus. 

Fecal and urinary incontinence are 
common and affected horses often dribble 
urine, have urine scalding of the skin of the 
perineum and legs, and require manual evac¬ 
uation of the rectum. The severity of signs 
can progress to hemiplegia or paraplegia 
manifesting as recumbency and the inability 
to rise. Less commonly, CN deficits, such as 
lingual or pharyngeal paresis, head tilt, nys¬ 
tagmus, or strabismus, are present. Affected 
horses are usually alert and maintain their 
appetite. 
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Severity of neurologic disease varies 
among horses within an outbreak, and the 
prognosis is related to the severity of disease. 
In general, horses that become recumbent 
have a poor prognosis for both short-term 
and long-term survival despite intensive 
nursing care. 43,46 ’ 47 However, less severely 
affected horses have a good prognosis for 
survival, with case-fatality rates as low as 2% 
to 3% in some outbreaks. Horses with mild 
signs of neurologic disease often recover 
completely and return to their previous level 
of performance, although some have persis¬ 
tent neurologic deficits after 1 year. 

Abortion 

Outbreaks of abortion might not be pre¬ 
ceded by clinically apparent respiratory 
disease. The incidence of abortion is highest 
in the last third of pregnancy, particularly in 
the 8- to 10-month period but can occur as 
early as the fifth month. Abortion occurs 
without premonitory signs, and the placenta 
is usually not retained. Frequently there is no 
mammary development. Affected mares 
sometimes have prolapse of the uterus. Some 
foals are stillborn, whereas others are weak 
and die soon after birth. 

Abortion storms are often long-lasting, 
with a period of 17 to 22 days separating the 
index case from cases caused by secondary 
transmission of the virus, suggesting an 
incubation period of 2 to 3 weeks. Experi¬ 
mental infections induce abortion 15 to 65 


days after intranasal inoculation of the virus. 
Although most abortions then occur within 
1 month of the first secondary cases, abor¬ 
tions on a farm can continue for many 
months. 27 

Neonatal Viremia and Septicemia 

In utero EHV-1 infection causes abortion or 
the birth of infected foals, some of which are 
normal at birth, but become weak and die 
within 3 to 7 days of birth with signs of respi¬ 
ratory distress and septicemia. A less severe 
form of the disease, characterized by pyrexia, 
nasal discharge, and chorioretinitis, occurs 
in slightly older foals that are apparently 
infected after birth. Affected foals that 
survive sometimes do not have serum anti¬ 
bodies to EHV-1. Death may be associated 
with secondary bacterial infection with E. 
coli or Actinobacillus equuli, although EHV-1 
infection alone is sufficient to cause death. 

Respiratory Disease 

The classical respiratory tract form of the 
disease (rhinopneumonitis) is virtually 
indistinguishable on the basis of clinical 
signs from the other upper respiratory tract 
diseases of horses and is identical to that 
associated with EHV-4. 

CLINICAL PATHOLOGY 

Results of hematologic and serum biochemi¬ 
cal examinations are neither specific nor 
diagnostic. EHV-1 infection of adult horses 


results in leukopenia that is attributable to 
both neutropenia and T-cell lymphopenia, 
with B-cell lymphocytosis occurring during 
the recovery period. EHV-1 septicemia of 
foals is characterized by profound leukope¬ 
nia, neutropenia with a left shift, and lym¬ 
phopenia. An approach to achieving prompt 
antemortem diagnosis of EHM is suggested 
in Fig. 14-9. 63 

CSF of horses with EHV-1 encephalomy- 
elopathy is characteristically xanthochromic 
and has an increased total protein concentra¬ 
tion (>1 g/L) with a normal white cell 
count. 32,64 The interpretation of EHV-1 anti¬ 
body in CSF is uncertain, although normal 
horses are not expected to have detectable 
antibodies to EHV-1 in the CSF. 

Serologic tests are of critical importance 
in diagnosis and control of EHV infections. 
Many horses have serum antibodies to 
EHV-1 and EHV-4 as a result of previous 
infection or vaccination. Thus the demon¬ 
stration of antibodies is not in itself sufficient 
to confirm a diagnosis of the disease. 
Complement-fixing antibody appears on the 
10th to 12th day after experimental infection 
but persists for only a limited period. Dem¬ 
onstration of a threefold to fourfold increase 
in the serum concentration of specific 
complement-fixing antibodies in acute 
and convalescent serum samples provides 
persuasive evidence of recent infection. 
Complement-fixing antibodies persist for 
only a short time (several months) while VN 



Fig. 14-9 Methodology for rapid antemortem diagnosis of equine herpesvirus-1 (EHV-1) myeloencephalopathy in horses with signs of nervous 
system disease. Solid lines represent a diagnostic pathway. EDTA, ethylenediaminetetraacetic acid. (Reproduced, with permission, from Pusterla 
N, Wilson WD, Madigan JE, Ferraro GL. Equine herpesvirus-1 myeloencephalopathy: a review of recent developments. Vet J 2009;180:279-289.) 
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antibodies persist for over a year, and testing 
for them is therefore a more reliable means 
of determining that previous infection with 
the virus has occurred. Until recently, sero¬ 
logic differentiation of antibodies to EHV-1 
and EHV-4 was not possible. However, 
highly specific ELISA tests based on differ¬ 
ences between EHV-1 and EHV-2 in the 
variable region of the C terminus of glyco¬ 
protein G, at least one of which is commer¬ 
cially available, have been developed that can 
differentiate between antibodies to EHV-1 
and EHV-4 in horse serum. The ELISA is 
reported to be more sensitive, easier to 
perform, more rapid, and more reproducible 
than the virus neutralization test. Impor¬ 
tantly, the ELISA test is able to differentiate 
between infections associated with EHV-1 
and EHV-4. 65 ' 66 

Identification of the virus in nasal 
swabs, or blood buffy coat, or tissue by 
culture or a PCR test provides confirmation 
of infection." 1 The use of seminested or 
multiplex PCR or qPCR, which avoids the 
risk of carryover contamination, provides 
rapid identification of EHV-1 viral genome 
in nasopharyngeal swabs, blood, and other 
tissues. The test is at least as sensitive as viral 
isolation in identifying presence of virus. 
Rapid identification of virus shedding using 
qPCR can facilitate monitoring and inter¬ 
ventions to prevent spread of infection and 
additional examination or prophylactic 
treatment of infected horses. 

Appropriate PCR testing can determine 
whether the EHV-1 is the D752 or N752 
variant. This information can be important 
in epidemiologic investigations and might 
have implications for administration of anti¬ 
viral therapy, although this is unclear, but 
generally does not influence management of 
a disease outbreak. 21 ~ 

The virus can be isolated in tissue culture, 
chick embryos and hamsters, from either 
nasal washings or aborted fetuses, and has 
growth characteristics that differentiate it 
from EHV-4. 73 

Samples of nasopharyngeal exudate for 
virus isolation are best obtained from horses 
during the very early, febrile stages of disease, 
and are collected via the nares by swabbing 
the nasopharyngeal area with a 5 X 5-cm 
gauze sponge attached to the end of a 50-cm 
length of flexible, stainless steel wire encased 
in latex rubber tubing. A guarded uterine 
swab devise can also be used. After collec¬ 
tion, the swab should be removed from the 
wire and transported promptly to the virol¬ 
ogy laboratory in 3 mL of cold (not frozen) 
fluid transport medium (serum-free minimal 
essential medium with antibiotics). Virus 
infectivity can be prolonged by the addition 
of bovine serum albumin or gelatin to 
0.1% (w/v). 

NECROPSY FINDINGS 

Macroscopic findings in aborted fetuses 
include petechial and ecchymotic hem 


orrhages, especially beneath the respiratory 
mucosae. The most consistent finding is an 
excess of clear yellow fluid in the pleural and 
peritoneal cavities. Focal hepatic necrosis 
and slight icterus may also be present. In 
some aborted fetuses the cut surface of the 
spleen reveals unusually prominent lym¬ 
phoid follicles, which are swollen from 
necrosis and edema. Acidophilic intranu¬ 
clear inclusion bodies may be evident histo¬ 
logically in a variety of cell types, including 
the bronchiolar and alveolar epithelium, 
hepatocytes, and dendritic cells of the lym¬ 
phoid tissues. Although the microscopic 
pathology is unimpressive, examination of 
the placenta via IHC techniques can be a 
useful aid in the diagnosis of EHV-1 -induced 
and EHV-4-induced abortions. In foals that 
are alive at birth but die soon afterward there 
is usually massive pulmonary congestion and 
edema, with collapse of the lung and hyaline 
membrane development in those that survive 
longer. 

In the nervous or paralytic form of the 

disease there is an acute disseminated myelo- 
encephalopathy. Hemorrhages may be visible 
grossly but often there are no macroscopic 
changes. Disseminated vasculitis occurs in 
the experimental disease, and the malacic 
lesions present in the nervous tissue are the 
result of leakage from these damaged vessels. 
The virus can be isolated from the brain, and 
the isolation is facilitated by use of an indi¬ 
rect peroxidase stain to establish the location 
of the virus. The virus infects endothelial 
cells within the CNS but has also been dem¬ 
onstrated within neurons and astrocytes and 
has been linked to chorioretinitis in a foal. In 
rare cases the virus may cause lesions in 
other tissues, such as the intestinal mucosa 
and spleen or pharynx. 

The laboratory examination of aborted 
fetuses should include a search for virus by 
tissue culture and IHC or PCR techniques, as 
well as a histologic examination of the lung 
and liver for the presence of inclusion bodies. 
A direct FAT has also been used. A serologic 
examination of the foal may provide useful 
information in those cases in which attempts 
at isolation are negative but seroconversion 
has occurred. However, a recent study found 
that fetal serology was an unreliable means 
of diagnosing EHV-1 abortion, and that IHC 
was slightly more sensitive than virus 
isolation. 

Samples for Confirmation 
of Diagnosis 

• Virology: chilled lung, liver, spleen, 
thymus, and thoracic fluid of aborted 
fetuses or neonates. Spinal cord or brain 
of horses with nervous disease (VI, 

PCR, FAT, serology). 

• Histology: fixed lung, liver, spleen, 
thymus, and trachea from fetuses or 
neonates. 

• Fixed brain and spinal cord from several 
sites, as well as Bourns fixed eye should 


be examined in adults with nervous 
disease (LM, IHC). 


DIFFERENTIAL DIAGNOSIS 


Respiratory disease in horses is associated with 
a variety of agents (Table 12-14). 

Abortion can be associated with 
leptospirosis, Salmonella abortusequi, 
placentitis associated with Streptococcus 
zooepidemicus or Escherichia coli, associated 
with mare reproductive loss syndrome, or 
congenital abnormalities, among other causes. 
When other pregnant mares are at risk, 
abortion in a late-term mare should always be 
considered to be caused by EHV-1 until 
proved otherwise. 

Neurologic diseases with clinical 
presentations similar to that associated with 
EHV-1 include rabies, equine protozoal 
myeloencephalitis, neuritis of the cauda 
equina (equine polyneuritis), trauma, acute 
spinal cord compression (cervical stenotic 
myelopathy), and equine degenerative 
myelopathy. Fever is rare in other neurologic 
diseases of horses, and any horse with 
neurologic disease and fever or a history of 
fever within the previous week should be 
considered to have EHV-1 
myeloencephalopathy. Outbreaks of posterior 
paresis or ataxia, especially in horses without 
fever, should prompt consideration of 
ingestion of intoxicants such as Astragalus 
spp., Swainsona spp., or sorghum. Ryegrass 
staggers can produce similar signs of ataxia. 

Neonatal septicemia can be associated 
with E. coli, Streptococci spp., and other 
bacteria, especially in foals with failure of 
transfer of maternal immunoglobulins. 

EHV-1, equid herphesvirus-1. 


TREATMENT 

Because of the highly contagious nature of 
EHV-1 infections, horses with respiratory 
disease, abortion, or neurologic disease, 
especially if these occur as an outbreak, 
should be isolated until the cause of the 
disease is identified. 

There is no specific treatment for the 

diseases associated with EHV infection, 
although acyclovir and other antiviral drugs 
are used on occasion to treat horses in out¬ 
breaks of myeloencephalopathy. 46 

Horses with EHM require intense sup¬ 
portive care. Nursing care to prevent urine 
scalding, pressure sores, and pneumonia is 
important in horses with myeloencephalopa¬ 
thy. Recumbent or severely ataxic horses 
should be supported to stand if at all possi¬ 
ble. Although a rope tied to the tail and slung 
over an overhead beam may be used to assist 
the horse to stand, a sling may be necessary 
to support more severely affected horses. 
Nursing care is important to prevent devel¬ 
opment of pressure sores in recumbent 
horses or those supported by slings. The 
perineum of incontinent horses should be 
cleaned frequently, and salves or ointments 
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to protect the skin applied. Some horses 
require catheterization of the bladder to 
relieve distension. Enemas, accompanied by 
careful manual evacuation of the rectum, 
might be needed to promote passage of feces. 

Administration of corticosteroids to 
these horses is controversial, but many clini¬ 
cians administer dexamethasone sodium 
phosphate (0.05-0.25 mg/kg intramuscu¬ 
larly every 12-24 hours) or prednisolone 
(1-2 mg/kg orally or parenterally every 24 
hours) for 2 to 3 days. Administration of cor¬ 
ticosteroids may be contraindicated because 
of the presence of replicating virus in affected 
horses. The use of antiplatelet drugs or anti¬ 
thrombotic compounds has received anec¬ 
dotal support, but there is no evidence that 
they do not harm affected horses and simi¬ 
larly no evidence of efficacy. 

Administration of drugs to inhibit viral 
replication has merit and is attempted during 
outbreaks of disease. The challenges of this 
approach are that the infection is well 
advanced by the time clinical signs of neuro¬ 
logic disease are detected, especially in cases 
early in the disease outbreak before purpose¬ 
ful monitoring is in place, pharmacokinetics 
and pharmacodynamics of the available 
drugs are unknown or imperfectly known, 
and the drugs are expensive. Antiviral drugs 
considered for use in horses with EHM 
include acyclovir, valacyclovir, penciclovir 
(after oral administration of its prodrug fam¬ 
ciclovir), ganciclovir, and valganciclovir. 74 ' 78 
Acyclovir is effective against EHV-1 in vitro, 
and pharmacokinetic studies suggest that 
administration of 10 mg/kg orally every 4 to 
6 hours (five times daily) or 10 mg/kg intra¬ 
venously every 8 hours results in acceptable 
concentrations of drug in the blood. 
However, further investigation reveals that 
there is a large variation between individual 
horses in the absorption of acyclovir with 
consequent failure to obtain therapeutic 
concentrations in many horses. 9 The in 
vitro activity of acyclovir, ganciclovir, cidofo- 
vir,adefovir,9-(2-phosphonylmethoxyethyl)- 
2,6-diaminopurine (PMEDAP) andfoscarnet 
against three abortigenic isolates and three 
neuropathogenic isolates of EHV-1 revealed 
variable activity of cidofovir and limited to 
no activity of foscarnet. 80 

Current recommendations for the pro¬ 
phylaxis and treatment of horses with 
EHM include administration of acyclovir 
(10-20 mg/kg every 5-8 hours, orally for 7 
days) or ganciclovir IV at 2.5 mg/kg every 
8 h for 24 h followed by maintenance dosing 
of 2.5 mg/kg every 12 h, or orally at 
30-40 mg/kg every 8-12 h for 7 days. The 
efficacy of these compounds has not been 
demonstrated in appropriate clinical trials, 
and earlier comments about the variability in 
oral bioavailability of acyclovir should be 
noted. 

Neonatal foals with septicemia should be 
treated aggressively with antibiotics and 
supportive care, including enteral or 


parenteral nutrition and fluid administration 
(see the section Clinical Assessment and 
Care of Critically Ill Newborns in Chapter 
19). Treatment with acyclovir has been 
reported. Failure of transfer of passive immu¬ 
nity should be rectified with oral or intrave¬ 
nous administration of colostrum or plasma, 
respectively. 

CONTROL 

Recommendations for programs to prevent 
introduction of infection and to control 
EHM and abortion outbreaks are available 
from several sources and might vary between 
countries. 18,21,29,81 

Prevention of Infection 

The general principles include the 
following: 

• Enhanced immunity, currently 
attempted by vaccination 

• Subdivision and maintenance of the 
farm population in groups of horses to 
minimize spread of the infection 

• Minimize risk of introduction of 
infection by new horses 

• Minimize risk of reactivation of latent 
infection in resident horses 

• Develop plans for implementation of 
these routine control measures, and for 
actions in the event of an abortion 

• Educate management and staff as to the 
importance of strict adherence to these 
procedures 

The relative importance of each of these 
measures has not been determined, but 
implementation of control measures, includ¬ 
ing allocation of mares to small bands based 
on anticipated foaling date, quarantine of new 
introductions, and vaccination of pregnant 
mares, has reduced the incidence of EHV-1 
abortion in central Kentucky. The most strik¬ 
ing association has been an apparent reduc¬ 
tion in the incidence of abortion storms. It 
must be emphasized that vaccination does 
not replace any of the other management pro¬ 
cedures in control of this disease and that 
abortions have occurred among vaccinated 
mares on farms on which the other manage¬ 
ment procedures have been ignored. 

Vaccination 

Vaccination against respiratory disease and 
abortion associated with EHV-1 is widely 
practiced despite lack of clear-cut evidence 
that vaccination reduces the incidence or 
severity of either of these diseases. Informa¬ 
tion regarding field efficacy of EH V vaccines 
is lacking, and that derived from experimen¬ 
tal challenge models is often contradictory or 
incomplete. Give these caveats, the following 
recommendations are made based on gener¬ 
ally accepted practices. 

None of the currently available vaccines, 
of which there are approximately 14 world¬ 
wide, consistently prevent infection of vacci¬ 
nated horses or provide complete protection 
against disease associated with EHV-1. 21,52,72 


The principal objective of vaccination has 
been to protect mares against abortion associ¬ 
ated with EH V-1, although vaccines intended 
to prevent rhinopneumonitis and containing 
both EHV-1 and EHV-4 are available. Addi¬ 
tionally, vaccination of mares is intended to 
reduce transmission of EHV-1 to foals in an 
attempt to interrupt the cyclical nature of 
infection on stud farms. Vaccines consisting 
of a modified live EHV-1, inactivated EHV-1, 
or a mixture of inactivated EHV-1 and EHV-4 
are available for intramuscular or intranasal 
administration to horses. Both inactivated 
and modified live EHV-1 vaccines elicit 
virus-neutralization and complement fixa¬ 
tion antibody responses in horses, although 
high antibody titers are not necessarily related 
to resistance to infection. 

Resistance to infection might be more 
closely related to cytotoxic T-cell responses. 
Widespread use of a combined EHV-1 and 
EHV-4 killed virus vaccine in Australia has 
not reduced serologic evidence of infection 
in foals on farms where mares are vaccinated, 
although the vaccine was effective in prevent¬ 
ing disease induced by experimental infec¬ 
tion. Complicating assessment of vaccine 
efficacy is the variable response to vaccina¬ 
tion by some mares and foals, with certain 
animals having minimal responses to vacci¬ 
nation, which in other horses elicits a strong 
immune response. Efforts are underway to 
develop modified live vaccines that can be 
administered intranasally. Intranasal admin¬ 
istration of one such EHV-1 vaccine induced 
protection against experimentally induced 
EHV-1 (and EHV-4) respiratory disease and 
abortion in mares, and prevented infection 
of foals even when administered in the pres¬ 
ence of maternally derived antibodies. An 
alternative approach is the development of 
subunit vaccines using the envelope glyco¬ 
protein D, which has been shown to elicit 
protective immunity in laboratory animal 
models of EHV-1 disease and administration 
of which induces VN antibody and glycopro¬ 
tein D-specific ELISA antibodies in horses. 
Current modified live vaccines appear to 
induce a more restricted IgG isotype than 
does natural infection, which could partly 
account for their limited efficacy. 53 

Despite the incomplete protection 
afforded by vaccines, vaccination against 
EHV-1 is an important part of most equine 
herd health programs in the vaccination of 
pregnant and nonpregnant mares, foals, and 
adult horses. The intent of vaccination of 
mares is to prevent abortion associated with 
EHV-1. One inactivated virus vaccine is 
reported to decrease the incidence of abor¬ 
tion by 65%, although others have not been 
able to replicate this success and there are 
reports of abortion storms on farms of well- 
vaccinated mares. An inactivated virus 
vaccine containing EHV-1 and EHV-4 pre¬ 
vented abortion in five of six mares exposed 
experimentally to EHV-1, whereas all six 
nonvaccinated mares aborted. Mares are 
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vaccinated with the inactivated vaccine 
during the fifth, seventh, and ninth months 
of gestation. Additional vaccinations at 
breeding and 1 month before foaling are rec¬ 
ommended by some authorities. 

No vaccines are currently licensed with 
the claim of preventing EHM, and the disease 
occurs in well-vaccinated horses. Concerns 
that the disease might represent a “second 
hit” as a result of vaccination and subsequent 
infection have not received widespread 
support and do not have empirical evidence 
that is in any way supportive. 21 

Foals are an important source of infec¬ 
tion and control of infection in foals is con¬ 
sidered critical to control of infection on a 
farm. Consequently, attention has been paid 
to the responses of foals to vaccination at 
various ages, given the risk of passive immu¬ 
nity interfering with vaccination and the 
early age at which foals are infected by 
EH V-1. Current recommendations vary with 
some authorities recommending vaccination 
of foals after 5 months of age, to avoid the 
interfering effect of passive immunity on 
response to vaccination. However, vaccina¬ 
tion of foals at this age likely misses the 
period of time when foals are first infected 
by EH V-1 from their dam or other mares in 
the band. One recommendation is that foals 
should be vaccinated in their third month, 
with revaccination 1 month and 6 months 
later. Modified live virus vaccine is given to 
foals at 3 to 4 months of age, and nonpreg¬ 
nant mares and other horses are given two 
doses administered 3 months apart followed 
by revaccination every 9 months. Because of 
the short duration of immunity following 
vaccination, frequent vaccination, perhaps at 
intervals as short as 3 months, of horses at 
high risk is recommended. However, the effi¬ 
cacy of such a program is uncertain. 

Subdivision of Horses on a Farm 

Maintenance of small groups of horses of 
similar age and reproductive status is recom¬ 
mended to minimize the chances of spread 
of infection. Pregnant mares, after weaning 
of foals, should be maintained in a herd that 
does not have access to foals, weanlings, non¬ 
pregnant mares, or other equids (donkeys). 
Similarly, weaned foals should be separated 
from horses of other ages in recognition of 
the high rate of infection and viral shedding 
in weanlings. Failure to adhere to these pro¬ 
cedures can result in rapid spread of infec¬ 
tion and abortions among at-risk mares. 
Pregnant mares should be combined into 
small groups (-10) early in pregnancy based 
on their anticipated foaling dates. Multipa¬ 
rous mares should not be mixed with mares 
that are pregnant for the first time. 

Management practices should be intro¬ 
duced that minimize the opportunities for 
viral spread. Ideally, pregnant mares are 
handled using facilities separate from those 
used to handle mares with foals or wean¬ 
lings. If common facilities must be used, 


pregnant mares should be handled first, after 
thorough cleaning of the facility, followed by 
mares with foals and finally weanlings and 
other horses. 

Minimize Risk of Introduction 
of Infection 

The only sources of virus are recrudescence 
of latent infection and introduction by newly 
arrived horses shedding virus. All horses 
must be considered as potentially shedding 
EHV-1 on arrival at a farm and should be 
isolated from resident horses. Introduction 
of new horses to the small groups of preg¬ 
nant mares should be avoided if at all pos¬ 
sible, or if absolutely necessary preceded by 
a 21-day isolation period. If at all possible, 
avoid mingling resident and nonresident 
mares even after quarantine of nonresident 
animals. 

Prevention of Reactivation of 
Latent Infection 

The factors inciting reactivation of latent 
infection and viral shedding are unknown. 
However, stressful events, such as transpor¬ 
tation or other disease, have the potential 
to cause reactivation of latent infection. 
For this reason pregnant mares should 
not be shipped within 8 weeks of expected 
foaling and all efforts, including vaccination, 
should be made to prevent other infectious 
diseases. 

Control of Outbreaks 

The principles underlying control of abor¬ 
tions or EHM caused by EHV-1 include the 
following: 

• Early and rapid diagnosis 

• Prevention of spread of infection 

• Treatment of individual cases 

These aims are approached through six 
stages: 

1. Preliminary recognition of the 
problem (outbreak): typically by 
owners or trainers recognizing the 
presence of sick horses. 

2. Preliminary veterinary investigation: 
conducted by a veterinarian on, usually, 
their first response to the owner’s 
concerns and leading to a presumptive 
clinical diagnosis. 

3. Establishing the diagnosis: use of 

appropriate laboratory and other testing 
to confirm or rule out specific 
diagnoses. 

4. Understanding and managing the 
outbreak: this is complex because it 
involves an understanding of the biology 
and epidemiology of the disease, the 
financial and social context of the 
outbreak, and assessment of the 
feasibility, and cost-effectiveness, of 
potential interventions. 

5. Establishing freedom of infection: 
documenting the end of the outbreak 
and confirming freedom from infection 
by the offending agent. 


6. Return the premise to normal function 
and activity. 

Control of Outbreaks of 
Myeloencephalopathy 

Diagnostic criteria for EHM are set out in the 
six stages list earlier. Adult horses with rapid 
onset of signs of nervous system disease, 
with or without fever, should be considered 
to have EHM until proven otherwise. 

Outbreaks of EHV-1-induced neurologic 
disease often occur in riding schools and 
similar situations where there is constant 
movement of horses on and off the property. 
As such it is exceedingly difficult to institute 
control measures that prevent introduction 
of the disease and that are compatible with 
the use of the horses. Having said that, the 
principles outlined earlier for preventing 
introduction of infection onto breeding 
farms also apply for prevention of myeloen¬ 
cephalopathy at riding stables. 

Reports of outbreaks of EHM in stables 
and veterinary hospitals have underscored 
the highly infectious nature of the 
disease. 25,46,47 EHV-1 is spread from infected 
horses, which can have virus in nasal fluid 
before onset of clinical signs, by aerosol, and 
on fomites. It is critical to prevent spread by 
diligent attention to biosecurity, including 
spread by personnel and aerosol. Infected 
horses should be isolated in a separate air 
space to uninfected or at risk horses. 

Detailed instructions for handling out¬ 
breaks of neurologic disease attributable to 
EHV-1 are available and provide advice on 
quarantine, disinfection, and sample collec¬ 
tion. There is no “one size fits all,” and the 
recommendations should be modified or 
adopted with a full understanding of the 
financial, social, and psychologic context of 
managing the outbreak. Guidelines for man¬ 
aging an outbreak of EHM include the 
following 21,29,72,82 : 

• Affected horses should be isolated 
because they are infectious. 

• The diagnosis should be confirmed by 
virus isolation, PCR, or histologic 
examination of tissues from affected 
horses that die or are euthanized. 

• Potentially affected horses should be 
tested to determine whether they are 
excreting the virus (nasal swabs). 

• There should be no movement of horses 
on or off the premises for at least 21 
days after the last case has occurred. 

• Movement among bands of horses on 
the farm should be avoided. 

• Animals should leave or move between 
bands only when there is no evidence of 
continued active infection in their 
group. 

• Vaccination in the face of an outbreak of 
EHM is not recommended. Clinically 
affected horses should not be vaccinated. 

• Prophylactic use of acyclovir has been 
reported, although the efficacy of this 
practice is unknown. 
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Table 14-13 Three-tiered approach to managing an outbreak of equine herpesvirus myeloencephalopathy. 

Three tiers of approach 

Action 

Gold tier 

Silver tier 

Bronze tier 

Segregate the population into 
small discrete groups that can 
be managed discretely to 
avoid infection transferring 
between them 

Yes 

The smaller the groups the better to 
minimize the impact of ongoing 
disease and possibly reduce later 
laboratory test costs 

Yes 

The smaller the groups the better to 
minimize the impact of ongoing 
disease and possibly reduce later 
laboratory test costs 

Yes 

The smaller the groups the better to 
minimize the impact of ongoing 
disease and possibly reduce later 
laboratory test costs 

Collect samples 

Collect full set from all animals 

NP swab in VTM, serum (5-10 mL) 
and heparinized whole blood 
(30 ml) 

Collect partial set from all animals 

NP swab in VTM and serum 
(5-10 mL) 

Collect partial set from all animals 

NP swab in VTM and serum 
(5-10 mL) 

Test samples 

Test full set from all animals 

NP swab by qPCR, serum by CFT and 
heparinized blood by virus isolation 

Test partial set from all animals 

NP swab by qPCR and serum by CFT 

Do not test, but freeze the partial 
set from all animals for possible 
testing later 

Observe for clinical disease 
(neurologic disease and/or 
abortion noting that pregnant 
mares should only be 
considered clear once they 
have a foaled successfully and 
have a healthy foal at foot) 

Observe all groups for 3-4 weeks: 

If no clinical disease is observed in a 
group: collect NP swabs and sera 
(pair with already tested sample in 
CFT) and test, consider EHV-1 free 
if all results are negative 
if clinical disease is observed in a 
group: immediately collect and test 
a full set of samples from all 
horses in the affected group 

Remove positives to an isolation area 
Repeat after 2-3 weeks and only 
consider EHV-1 free when all 
results are negative 

Observe all groups for 3-4 weeks: 

If no clinical disease is observed in a 
group: collect NP swabs and sera 
(pair with already tested sample in 
CFT) and test, consider EHV-1 free 
if all results are negative 

If clinical disease is observed in a 
group: immediately collect and test 
a full set of samples from all 
horses in the affected group 

Remove positives to an isolation area 
Repeat after 2-3 weeks and only 
consider EHV-1 free when all 
results are negative 

Observe all groups for 3-4 weeks: 

If no clinical disease is observed in a 
group: collect NP swabs and sera 
(pair with frozen samples in CFT) 
and test, consider EHV-1 free if all 
results are negative 

If clinical disease is observed in a 
group: immediately collect a full 
set of samples from all the 
affected group and test all, 
including frozen, samples 

Remove positives to an isolation area 
Repeat after 2-3 weeks and only 
consider EHV-1 free when all 
results are negative 

CFT, complement fixation test; NP, nasopharyngeal; qPCR, quantitative polymerase chain reaction; VTM, virus transport medium. 

Reproduced from Gonzalez-Medina 5 et al: Equine Vet J 2015; 47:142. 


A suggested, three-tiered approach to man¬ 
aging an outbreak of EHM is depicted in 
Table 14-13. 

Abortion 
Rapid Diagnosis 

Every abortion in a late-term mare should be 
considered to be associated with EHV-1 until 
proven otherwise. Therefore rapid and early 
diagnosis of the abortion or of EHM is 
important to instituting control measures. In 
regions with large numbers of breeding 
mares, all abortions in mares should be 
investigated by detailed postmortem exami¬ 
nation of the fetus and serologic examination 
of the mare. 

Prevention of Spread 

Diligent and concerted efforts must be made 
to prevent dissemination of infection from 
the initial focus in cases of abortion. Delay 
in doing so increases the incidence of abor¬ 
tion and prolongs the outbreak. 27 Infected 
fetal tissues and fluids, and contaminated 
materials such as bedding, should be placed 
in impervious containers and either trans¬ 
ported to a laboratory for examination or 
destroyed by incineration. Samples for labo¬ 
ratory examination should be handled to 
prevent spread of infection. Facilities and 


equipment that might have been contami¬ 
nated should be disinfected by thorough 
cleaning followed by application of a pheno¬ 
lic or iodophor disinfectant. 

The mare should be isolated until results 
of laboratory examination are negative for 
EHV-1 or until the second estrus, at which 
time it is unlikely that there is shedding of 
virus from the reproductive tract. Other 
mares in the same band as the mare that 
aborted should be considered exposed and at 
risk of abortion. These mares should be held 
in strict isolation until the results of labora¬ 
tory examination are negative for EHV-1, or 
until they foal or abort. Other recommenda¬ 
tions for horse movement include the 
following: 

• When an abortion occurs on the stud, 
no mares should be allowed to enter or 
leave it until the possibility of EH V-1 
infection is excluded. However, maiden 
and barren mares, i.e., mares that have 
foaled normally at home but that are not 
in foal, coming from home studs where 
no signs of the disease are occurring, 
may be admitted because they are 
considered not to be infected. 

• If EHV-1 infection is identified on the 
stud, all pregnant mares ready to foal 
that season (i.e., late-pregnant mares) 


should remain at the stud until they 
have foaled. The incubation period for 
EHV-1 abortion ranges between 9 and 
121 days. 

• All nonpregnant animals and mares that 
have foaled should remain at the stud 
for 30 days after the last abortion. 

The main problem that arises in this program 
is in deciding what to do with mares that 
come into contact with the respiratory 
disease but not the abortion disease. This 
may occur very early in pregnancy and pro¬ 
longed isolation would be onerous. The deci¬ 
sion usually depends on the owners risk 
aversion and the availability of facilities to 
maintain long-term isolation. 

FURTHER READING 

Gonzalez-Medina S, Newton JR. Equine herpesvirus- 
l:dealing pragmatically but effectively with an ever 
present threat. Equine Vet J. 2015;47:142-144. 

Lunn DP, et al. Equine herpesvirus-1 consensus 
statement. / Vet Intern Med. 2009;23:450-461. 
Pusterla N, Hussey GS. Equine herpesvirus 1 

myeloencephalopathy. Vet Clin North Am Equine 
Pract. 2014;30:489-506. 
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PERUVIAN HORSE 
SICKNESS VIRUS 

Peruvian horse sickness virus is an Orbivirus 
associated with causing neurologic disease in 
horses in Peru with a mortality rate of 
approximately 1.25% and a case-fatality rate 
of 78%. 1 A genetically identical virus has 
been isolated from horses dying of neuro¬ 
logic disease in northern Australia. 2 Sero¬ 
logic surveillance in that area demonstrates 
antibody to Peruvian horse sickness virus in 
11% of horses. The disease is described as 
causing motor incoordination, sagging jaw, 
tooth grinding, and stiff neck with death in 
8 to 11 days. 

REFERENCES 
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2. Mendez-Lopez MR, et al. / Vector Ecol. 2015;40:355. 

POWASSAN VIRUS 

The Powassan virus, a flavivirus that is 
spread by the bite of infected ticks, 1 occurs 
in Ontario and the eastern United States, and 
produces a nonsuppurative, focal necrotizing 
meningoencephalitis in horses. Approxi¬ 
mately 13% of horses sampled in Ontario in 
1983 were serologically positive to the virus. 
Experimental intracerebral inoculation of 
the Powassan virus into horses resulted in a 
neurologic syndrome within 8 days. Clinical 
findings include a “tucked-up” abdomen, 
tremors of the head and neck, slobbering and 
chewing movements resulting in foamy 
saliva, stiff gait, staggering, and recumbency. 
There is a nonsuppurative encephalomyelitis, 
neuronal necrosis, and focal parenchymal 
necrosis. The virus has not been isolated 
from the brain. 

REFERENCE 
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NIGERIAN EQUINE 
ENCEPHALITIS 

Nigerian equine encephalitis, a disease with 
low morbidity but high mortality, is charac¬ 
terized by fever, generalized muscle spasms, 


ataxia, and lateral recumbency of 3 to 5 days’ 
duration. The virus has not been identified, 
but the only report describes the lesions as 
consistent with an alphavirus, although 
Lagos bat virus, a pathogenic lyssavirus, is 
highly endemic in this area. 

MAIN DRAIN VIRUS 
ENCEPHALITIS 

The main drain virus has been isolated 
from a horse with severe encephalitis in 
California. 1 Clinical findings included 
incoordination, ataxia, stiffness of the neck, 
head-pressing, inability to swallow, fever, 
and tachycardia. The virus is transmitted by 
rabbits and rodents and by its natural vector, 
Culicoides variipennis. 

REFERENCE 
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BORNA DISEASE 

Borna disease is an infectious encephalo¬ 
myelitis of horses and sheep first recorded in 
Germany. It is associated with a negative 
sense, single-stranded RNA virus classified 
as Bornavirus within the order Mononegavi- 
rales. There is a recently recognized avian 
variant of Borna disease virus, which causes 
disease in birds. 1 

The disease and the virus in horses are 
indistinguishable from EEE. Borna disease is 
now recognized as a subacute meningoen¬ 
cephalitis in horses, cattle, sheep, rabbits, and 
cats in Germany, Sweden, and Switzerland. 2 
There are reports of encephalitis with Borna 
disease virus genome detected in lesions by 
PCR in a horse and a cow in Japan. The 
disease apparently occurs in New World 
camelids.’ Encephalitis associated with 
Borna disease virus was detected in young 
ostriches in Israel. The disease does not 
appear to be a common cause of nonsuppu¬ 
rative encephalitis in pigs. 4 Serologic evi¬ 
dence of infection by Borna disease virus is 
widespread both geographically and in the 
range of species. 5 ' 6 

Borna disease virus is suspected of 
causing disease in humans, including lym¬ 
phocytic meningoencephalitis, but infection 
is not associated with an increased preva¬ 
lence of psychiatric disorders. Others suggest 
that the presence of circulating Borna disease 
virus immune complexes (Borna disease 
virus antigen and specific antibodies) is asso¬ 
ciated with severe mood disorders in 
humans. The role, if any, of Borna disease 
virus in human neurologic or psychiatric 
disease has not been established with any 
certainty and is the subject of considerable 
debate. 1 

Detection of Borna disease virus genome 
by PCR analysis suggests that, although the 
spontaneous disease in horses and sheep 
occurs predominantly if not exclusively in 
Europe, clinically unapparent Borna disease 
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virus infection is widespread in a number of 
species including horses, cattle, sheep, cats, 
and foxes. However, concern has been raised 
that some of these reports might be based on 
flawed laboratory results as a consequence of 
contamination of PCR assays. Antibodies to 
Borna disease virus in serum or CSF have 
been detected in horses in the eastern United 
States, Japan, Iran, Turkey, France, and 
China, and in healthy sheep and dairy cattle 
in Japan. In areas in which the disease is not 
endemic, between 3% (United States) and 
42% (Iran) of horses have either antibodies 
or Borna disease virus nucleic acid, detected 
by PCR, in blood or serum. Similarly, 
approximately 12% to 20% of horses have 
serologic evidence of exposure to Borna 
disease virus in areas of Europe in which the 
disease is endemic. Antibodies to Borna 
disease virus and nucleic acid have been 
detected in humans in North America, 
Europe, and Japan. Closed flocks of sheep 
and herds of horses have evidence of persis¬ 
tent infection of some animals, based on 
serologic testing. It is worth noting that 
animals infected with the virus and those 
who are clinically ill may have undetectable 
to very low antibody titers. 

The method of transmission of infection 
between animals is unknown, but it is 
thought to be horizontal by inhalation or 
ingestion. Seropositive, clinically normal 
horses and sheep can excrete virus in con¬ 
junctival fluid, nasal secretions, and saliva, 
suggesting that they might be important in 
the transmission of infection. Removal of all 
seropositive and Borna disease virus RNA- 
positive sheep from a closed flock did not 
prevent seroconversion of other animals in 
the flock the following year. The possibility 
of vertical transmission is raised by the 
finding of Borna disease virus RNA in the 
brain of a fetal foal of a mare that died of 
Borna disease. 

There is a seasonal distribution to the 
prevalence of the disease, with most cases in 
horses occurring in spring and early summer. 
The virus has not been isolated from arthro¬ 
pods, including hematophagous insects. 

The morbidity in Borna disease is not 
high, approximately 0.006% to 0.23% of 
horses affected per year in endemic areas of 
Germany, but most affected animals die. 

The pathogenesis of the disease involves 
infection of cells of the CNS. It is assumed 
that the virus gains entry to the CNS through 
trigeminal and olfactory nerves, with subse¬ 
quent dissemination of infection throughout 
the brain. Viral transcription and replication 
occurs within the cell nucleus. Viral replica¬ 
tion does not appear to result in damage to 
the infected neuron. However, infected cells 
express viral antigens on their surface, which 
then initiate a cell-mediated immune 
response by the host that then destroys 
infected cells (immunosuppression prevents 
development of the disease). The inflamma¬ 
tory response is largely composed of CD3 


lymphocytes. The disease is subacute; infec¬ 
tion and the development of lesions may take 
weeks to months. Clinically inapparent 
infection appears to be common in a number 
of species, including horses. 

In field outbreaks the incubation 
period is about 4 weeks and possibly up to 
6 months. 

Clinical signs of the disease in horses 
include the following: 

• Moderate fever 

• Pharyngeal paralysis 

• Lack of food intake 

• Muscle tremor 

• Defects in proprioception 

• Hyperesthesia 

• Blindness or visual defects' 

Lethargy, somnolence, and flaccid paraly¬ 
sis are seen in the terminal stages, and death 
occurs 1 to 3 weeks after the first appearance 
of clinical signs. Infection without detectable 
clinical signs is thought to be common on 
infected premises. The frequency with which 
Borna disease virus is detected in horses with 
gait deficits is greater than in clinically 
normal horses, suggesting a role for the virus 
in inducing subtle disease. 

The presentation of the disease in cattle is 
similar to that in horses, with affected 
animals having reduced appetite, ataxia, 
paresis, and compulsive circling. The disease 
ends in the death of the animal after a 1- to 
6-week course. 

Hematology and routine serum biochem¬ 
istry are typically normal, with the exception 
of fasting-induced hyperbilirubinemia in 
anorexic horses. Clinicopathologic identifi¬ 
cation of exposed animals is achieved with 
complement fixation, ELISA, Western blot, 
or indirect immunofluorescent tests. 

At necropsy there are no gross findings, 
but histologically there is a lymphocytic and 
plasmacytic meningoencephalitis, affecting 
chiefly the brainstem, and a lesser degree of 
myelitis. The highest concentration of virus 
is in the hippocampus and thalamus. The 
diagnostic microscopic finding is the pres¬ 
ence of intranuclear inclusion bodies within 
neurons, especially in the hippocampus and 
olfactory bulbs. The virus can be grown on 
tissue culture and demonstrated within 
tissues by immunofluorescence and immu- 
noperoxidase techniques. Borna disease 
virus can also be detected in formalin-fixed, 
paraffin-embedded brain tissues using a 
nested PCR. 

Specific control measures cannot be rec¬ 
ommended because of the lack of knowledge 
of means of transmission of the virus. The 
role of inapparently infected horses in trans¬ 
mission of the disease is unknown, and there 
is no widespread program for testing for 
such horses. An attenuated virus vaccine was 
produced by continued passage of the virus 
through rabbits and used in the former 
East Germany until 1992. However, its use 
was discontinued because of questionable 
efficacy. 


FURTHER READING 
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TESCHOVIRUS INFECTIONS 

Important enteric viruses of the pig belong 
to the Picornaviridae particularly enterovi¬ 
ruses, teschoviruses and sapeloviruses (for¬ 
merly porcine enterovirus A or porcine 
enterovirus). 

SEROTYPES 

The most important disease of this group is 
Teschen itself, which was restricted to a par¬ 
ticular region around the town of Teschen in 
Czechoslovakia and the surrounding parts of 
Eastern Europe. 1,2 The mild forms of the 
disease have occurred elsewhere and are 
referred to as Talfan or in the past poliomy¬ 
elitis suum or benign enzootic paresis, and 
these are probably present worldwide. 


SYNOPSIS 


Etiology Porcine enteroviruses capable of 
causing encephalomyelitis. Teschen virus, 
Talfan virus, and others. 

Epidemiology Certain European countries, 
Scandinavia, and North America. Morbidity 
50%; case fatality 70%-90%. Teschen in 
Europe. Talfan in UK. Viral 
encephalomyelitis in North America. 
Transmitted by direct contact. 

Signs Acute Teschen: fever, stiffness, unable 
to stand, tremors, convulsions, and death 
in few days 

Subacute Talfan: milder than acute form. 
Most common in pigs under 2 weeks of 
age. Morbidity and case-fatality rate 
100%. Outbreaks. Hyperesthesia, tremors, 
knuckling of fetlocks, dog-sitting, 
convulsions, blindness, and death in a few 
days. Milder in older growing pigs and 
adults. 

Clinical pathology Virus-neutralization 
tests. 

Lesions Nonsuppurative encephalomyelitis. 

Diagnostic confirmation Demonstrate lesion 
and identify virus. 

Differential diagnosis list 

• Pseudorabies 

• Hemagglutinating encephalomyelitis 
virus 

Treatment None. 

Control Outbreaks will cease and herd 
immunity develops. 
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ETIOLOGY 

Originally, there were at least 13 enterovirus 
members, and these are now reclassified. The 
viruses are resistant to environmental effects 
(in one study of disinfectants only sodium 
hypochlorite was effective), are stable, and 
easily cultivated. The only known host is the 
pig, and the viruses are not zoonotic. 

Important enteric viruses belong to the 
Picornaviridae and the genera Enterovirus, 
Teschovirus, and Sapelovirus (these were for¬ 
merly known as porcine enterovirus A or 
porcine enterovirus serotype B. 1 In a survey 
of 206 viral isolates 97 (47%) were identified 
as teschoviruses, 18% as sapeloviruses, and 
3% as adenoviruses. 3 

Porcine enteric picornaviruses produce 
asymptomatic infections as well as reproduc¬ 
tive disorders, diarrhea, pneumonia, and 
dermal lesions. These viruses were previ¬ 
ously classified as enteroviruses. They are 
now reclassified into three groups on the 
basis of genomic sequences: (1) porcine tes¬ 
choviruses (PTVs) with 11 different sero- 
groups; (2) porcine enterovirus B, which 
corresponds to the former enterovirus sero¬ 
types 9 and 10; and (3) porcine sapelovirus 
(PSV), which corresponds to former entero¬ 
virus type 8 and has a single serotype that is 
divided into antigenic variants (PEV 8a, 8b, 
and 9c). It is associated with reproductive 
disease, diarrhea, and pneumonia. 

It appears that PTV-1, the most virulent 
type, is only found in Central Europe (there 
have been a number of independent isolates, 
such as the Konratice and Reporyje strains) 
and Africa. Talfan virus, isolated from 
England, and other unnamed isolates appear 
less virulent. Teschen and Talfan virus occur 
in subgroup 1, which is now called porcine 
enterovirus group 1 (PEV-1), but isolates 
from encephalomyelitis are also associated 
with other subgroups. The other PTVs and 
PSV are ubiquitous. Porcine enterovirus B 
(PEV-9 and PEV-10) is found in Italy, UK, 
and Japan. 4 

A PTV caused respiratory distress and 
acute diarrhea in China in 50-to 70-day-old 
pigs. 5 PTV-8 (a sapelovirus in the new clas¬ 
sification) caused a SMEDI-like syndrome in 
China, 6 ” in which approximately 80 gilts 
aborted and many piglets were stillborn or 
died soon after birth; samples from most 
were PTV positive. 

Within subgroups, strains may be further 
differentiated using a complement fixation 
test and monospecific sera. There is variation 
in virulence between strains, and with many 
strains, clinical encephalitis following infec¬ 
tion appears to be the exception rather than 
the rule. Most of the infections are 
subclinical. 

Polioencephalomyelitis is associated with 
PTV-1, 2, 3, and 5; reproductive disease is 
associated with PTV-1, 3, and 6; diarrhea is 
associated with PTV-1, 2, 3, and 5; pneumo¬ 
nia is associated with PTV-1, 2, and 3; peri¬ 
carditis and myocarditis have been associated 


with PTV-2 and 3; and cutaneous lesions are 
associated with PTV-9 and 10. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

There is serologic evidence that the disease 
occurs throughout the world. The most 
severe form of the disease, Teschen disease, 
appears to be limited to Europe and 
Madagascar, but the milder forms occur 
extensively in Europe (Hungary, 2012), Scan¬ 
dinavia, and North America (2002-2007) 
and recently in Japan (2012). The recent out¬ 
break in the United States (Indiana) was 
ascribed to porcine enterovirus Serogroup 5 
or 6 with the only characteristic feature being 
the histologic lesions of polioencephalomy¬ 
elitis. Losses caused by the disease result pri¬ 
marily from deaths. 

Serologic surveys in areas where the 
disease occurs indicate that a high propor¬ 
tion of the pig population is infected without 
any clinical evidence of the disease. In the 
majority of field occurrences, porcine 
encephalomyelitis is a sporadic disease 
affecting either one or a few litters, or a small 
number of weaned pigs. 

Morbidity and Case Fatality 

The morbidity rate is usually about 50% and 
the case-fatality rate 70% to 90% in Teschen. 
Talfan is much milder, and the morbidity 
rate below 6%. 

Methods of Transmission 

Infection is transmitted by the fecal-oral 
route and therefore by ingestion and possibly 
by aerosol. The virus replicates primarily in 
the intestinal tract, particularly the lower 
intestine and the ileum but also in the respi¬ 
ratory tract. Replication is thought to be in 
the reticuloendothelial cells of the lamina 
propria. There may be a viremia in the 
Teschen type of disease but not in the mild 
forms. Piglets may pick up the infection after 
weaning when the maternal antibody disap¬ 
pears. Many strains can infect the pig. They 
can be infected at any age with a strain that 
they have not been exposed to before. When 
infection first gains access to a herd, the 
spread is rapid and all ages of pigs may 
excrete virus in their feces. 

Risk Factors 
Animal Risk Factors 

Depending on the virulence of the infecting 
strain, clinical disease primarily affects 
young pigs but may occur in older pigs at the 
same stage. As infection becomes endemic 
and herd immunity develops, excretion of 
the virus is largely restricted to weaned and 
early grower pigs. Adults generally have high 
levels of serum antibody, and suckling piglets 
are generally protected from infection by 
colostral and milk antibody. Sporadic disease 
in suckling pigs may occur in these circum¬ 
stances in the litters of nonimmune or 


low-antibody sows, and may also occur in 
weaned pigs as they become susceptible to 
infection. In the recent outbreak in the 
United States, the major factor was the rapid 
decline of the maternal antibody in the 
piglets (<21 days). Seroconversion then 
coincided with the increased mortality in the 
herd. 

Pathogen Risk Factors 

The causative viruses will infect only pigs 
and are not related to any of the viruses that 
cause encephalomyelitis in other species. 
They are resistant to environmental condi¬ 
tions, including drying, and are present 
principally in the CNS and intestine of 
affected pigs. 

PATHOGENESIS 

The virus multiplies in the intestinal and 
respiratory tracts and Teschen produces a 
viremia. Invasion of the CNS may follow, 
depending on the virulence of the strains and 
the age of the pig at the time of infection. 
There is some strain difference in the areas 
of the CNS primarily affected, which 
accounts for variations in the clinical syn¬ 
drome. Histopathologic evidence of enceph¬ 
alitis may be the only evidence of disease. 

CLINICAL FINDINGS 
Acute Viral Encephalomyelitis 
(Teschen Disease) 

An incubation period of 10 to 12 days is fol¬ 
lowed by several days of fever (40°C-41°C, 
104°F-106°F). Signs of encephalitis follow, 
although these are more extensive and acute 
after intracerebral inoculation. They include 
stiffness of the extremities, and inability to 
stand, with falling to one side followed by 
tremor, nystagmus, and violent clonic con¬ 
vulsions. Anorexia is usually complete, and 
vomiting has been observed. There may be 
partial or complete loss of voice caused by 
laryngeal paralysis. Facial paralysis may also 
occur. Stiffness and opisthotonus are often 
persistent between convulsions, which are 
easily stimulated by noise and often accom¬ 
panied by loud squealing. The convulsive 
period lasts for 24 to 36 hours. A sharp tem¬ 
perature fall may be followed by coma and 
death on the third to fourth day, but in cases 
of longer duration the convulsive stage may 
be followed by flaccid paralysis affecting par¬ 
ticularly the hindlimbs. In milder cases, early 
stiffness and weakness are followed by flaccid 
paralysis without the irritation phenomena 
of convulsions and tremor. In a recent case 
in the UK, the pigs were off-color, showed 
anterior limb paralysis, and were reluctant to 
rise and were therefore euthanized. Pigs were 
bright and keen to eat and drink. 

Subacute Viral Encephalomyelitis 
(Talfan Disease) 

The subacute disease is milder than the acute 
form, and the morbidity and mortality rates 
are lower. The disease is most common and 





severe in pigs less than 2 weeks of age. Older 
sucking pigs are affected too, but less severely 
and many recover completely. Sows suckling 
affected litters may be mildly and transiently 
ill. The morbidity rate in very young litters is 
often 100% and nearly all the affected piglets 
die. In litters over 3 weeks old there may be 
only a small proportion of the pigs affected. 
The disease often strikes suddenly—all litters 
in a piggery being affected within a few 
days—but disappears quickly, with subse¬ 
quent litters being unaffected. Clinically, the 
syndrome includes anorexia, rapid loss of 
condition, constipation, frequent vomiting 
of minor degree, and a normal or slightly 
elevated temperature. In some outbreaks, 
diarrhea may precede the onset of nervous 
signs, which appear several days after the 
illness commences. Piglets up to 2 weeks of 
age show hyperesthesia, muscle tremor, 
knuckling of the fetlocks, ataxia, walking 
backward, a dog-sitting posture and termi¬ 
nally lateral recumbency, with paddling con¬ 
vulsions, nystagmus, blindness, and dyspnea. 

The Dresden type of teschovirus caused 
an ataxia and recumbency in a large group of 
pigs about 5 days after removal of the sows 
and housing in the production unit. Older 
pigs (4 to 6 weeks of age) showed transient 
anorexia and posterior paresis, manifested 
by a swaying drunken gait, and usually 
recovered completely and quickly. In the 
Japanese outbreak, the pigs had at 40 days of 
age a flaccid paralysis of the hindlimbs and 
became recumbent, although they could 
move using their forelegs. After the initial 
group of affected piglets the disease 
disappeared. 

Individual instances or small outbreaks of 
“leg weakness” with posterior paresis and 
paralysis in gilts and sows may also occur 
with this disease. 

CLINICAL PATHOLOGY 
Serology 

Virus-neutralization and complement fixa¬ 
tion are useful serologic tests. Antibodies are 
detectable in the early stages and persist for 
a considerable time after recovery. Because 
nearly all pigs are positive, it is only mean¬ 
ingful when paired serum samples are exam¬ 
ined. There is a good ELISA for the detection 
of teschovirus serology. 

Detection of Virus 

It is absolutely necessary to collect tissues 
from acutely ill animals. If they have been ill 
for several days, the viruses have probably 
disappeared. 

The virus is present in the blood of 
affected pigs in the early stages of the disease 
and in the feces in very small amounts during 
the incubation period before the signs of 
illness appear. Isolated viruses can be identi¬ 
fied by virus neutralization, complement 
fixation, and immunofluorescence. Brain 
tissue is usually used as a source of virus in 
transmission experiments. A nested PCR has 
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recently been described in which all 13 sero¬ 
types and field isolates were detected using 
three sets of primer pairs. It is more rapid 
and less time-consuming as a test than tissue 
culture and serotyping. Now RT-PCR can be 
used to detect viral RNA. New nested 
RT-PCRs have been developed to differenti¬ 
ate the viruses from each other. 

NECROPSY FINDINGS 

There are no gross lesions except muscle 
wastage in chronic cases. The lesions are only 
found by the microscope and are most severe 
in cases of Teschen. Microscopically, there is 
a diffuse nonsuppurative encephalomyelitis 
and ganglioneuritis with involvement of gray 
matter predominating. This takes the form of 
perivascular cuffing with mononuclear cells, 
focal gliosis, neuronal necrosis, and neuro- 
nophagia. The brainstem and spinal cord 
show the most extensive lesions, often with 
the most severe lesions in the cord. These 
take the form of degenerated or necrotic 
nerve cells in the ventral horns, glial nodules, 
occasional hemorrhage, and a diffuse infil¬ 
tration of mononuclear cells. In the white 
matter the changes were not so severe. Infil¬ 
tration of mononuclear cells was also seen in 
the dorsal root ganglia (together with degen¬ 
erated ganglion cells and neuronophagia) 
spinal nerves, and sciatic nerves. Swollen 
myelin sheaths and axonal spheroids were 
seen in the peripheral nerves. Meningitis, 
particularly over the cerebellum, is an early 
manifestation of the disease. No inclusion 
bodies are visible in neurons, in contrast to 
many cases of pseudorabies. Virus can be 
isolated from the brain and spinal cord early 
in the disease course, and from the blood 
during the incubation period. Recovery of 
the virus from the gastrointestinal tract does 
not confirm the diagnosis because asymp¬ 
tomatic enteric infection is common. Isola¬ 
tion attempts may prove unrewarding, 
necessitating the correlation of clinical, 
serologic, and necropsy findings to confirm 
the diagnosis. Recently an experimental 
infection with PEV-3 produced tremors 
and paralysis 3 to 7 days postinfection with 
all the animals having pericarditis and 
myocarditis. 

Samples for Confirmation 
of Diagnosis 

• Histology: half of midsagittally 
sectioned brain, spinal cord including 
spinal ganglia, gasserian ganglion (LM) 

• Virology: half of midsagittally sectioned 
brain, spinal cord (ISO, EAT) 

In the recent German cases the virus was 
isolated from all the tissues examined but not 
from the blood. A technique using monoclo¬ 
nal antibodies has been described that can be 
used either as an immunofluorescent agent 
or for immunoelectron microscopy. In the 
recent Japanese description cytopathogenic 
agents were recovered from the tonsil, brain¬ 
stem, and cerebellar homogenates. The PCR 


products from these were then sequenced 
and the isolate confirmed as PTV. Isolation 
of virus is not easy and needs to be from the 
brain and spinal cord. There are no firm indi¬ 
cations of when to take material and a good 
consistent site in the brain for isolation. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of diseases causing signs of 
acute cerebral disease in pigs is difficult 
because of the difficulty in neurologic 
examination of pigs, and the diagnosis usually 
depends on extensive diagnostic laboratory 
work particularly in histopathology. 

Pseudorabies and hemagglutinating 
encephalomyelitis virus disease are similar 
clinical syndromes. In general, viral diseases, 
bacterial diseases, and intoxications must be 
considered as possible groups of causes; 
careful selection of material for laboratory 
examination is essential. The differentiation of 
the possible causes of diseases resembling 
viral encephalomyelitis is described in the 
section Pseudorabies. 


IMMUNITY 

Pigs mount a classical humoral response 
with IgM and IgG and it may be that IgA is 
important to prevent entry beyond the intes¬ 
tinal epithelium. 

TREATMENT 

There is no treatment. 

CONTROL 

The sporadic occurrence of the disease in a 
herd is usually an indication that infection is 
endemic. When outbreaks occur, the possi¬ 
bility that introduction of a new strain has 
occurred should be considered. However, by 
the time clinical disease is evident, it is likely 
that infection will be widespread and isola¬ 
tion of affected animals may be of little value. 
A closed-herd policy will markedly reduce 
the risk of introduction of new strains into a 
herd, but there is evidence that they can gain 
access by indirect means. The sporadic 
nature of the occurrence of most incidents of 
porcine encephalomyelitis does not warrant 
a specific control program. 

Teschen disease is a different problem. 
Vaccines prepared by formalin inactivation 
of infective spinal cord and adsorption onto 
aluminium hydroxide have been used exten¬ 
sively in Europe. Two or three injections are 
given at 10- to 14-day intervals and immu¬ 
nity persists for about 6 months. A modified 
live virus vaccine is also available. 

In the event of its appearance in a 
previously free country, eradication of 
the disease by slaughter and quarantine 
should be attempted if practicable. Austria 
reported eradication of the disease, which 
had been present in that country for many 
years. A slaughter policy was supple¬ 
mented by ring vaccination around infected 
premises. 
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Prion Diseases Primarily 
Affecting the Cerebrum 

INTRODUCTION 

The transmissible spongiform encephalopa¬ 
thies (TSEs) are a group of progressive neu¬ 
rologic disorders that are transmissible and 
affect a number of animal species and 
humans (Table 14-14). They are nonfebrile 
with long incubation periods and a long 
course of disease. 

There is a debate about the nature of the 
infective agent causing TSEs. An abnormal 
folded isoform, designated PrP Sc , of a host- 
encoded cell-surface glycoprotein (prion 
protein, PrP c ) accumulates during disease 
and is associated closely with infectivity. The 
function of PrP c is not known and the mech¬ 
anism by which PrP c is converted to PrP Sc is 
uncertain. PrP Sc is rich in (3-sheets and can 
be isolated as insoluble aggregates. A theory 
is that the transmissible agent is the abnor¬ 
mal isoform of the prion protein and that, in 
the infected host, this can recruit further 
alternatively folded prion protein by acting 
as a template for protein folding. With this 
theory the long incubation period of prion 
diseases reflects the rise in level and deposi¬ 
tion of PrP Sc in a variety of tissues, including 


brain, eventually resulting in fatal spongi¬ 
form encephalopathy. 

Scrapie affects sheep and goats and is the 
prototypic disease for the group in domestic 
and wild animals. 

Although scrapie in sheep has been rec¬ 
ognized for over 200 years, the recent epi¬ 
demic of Bovine Spongiform Encephalopathy 
(BSE) has focused public attention and sci¬ 
entific research on the TSEs. With scrapie, 
and other TSEs, transmission can be effected 
by crude or purified extracts of brain or other 
tissues from affected animals, and the infec¬ 
tive agent is very resistant to ionizing and 
ultraviolet irradiation and to reagents that 
damage or modify nucleic acids. This, along 
with other experimental findings, has led to 
proposals that the infectious agent in scrapie, 
and other TSEs, is the PrP Sc itself, and not a 
small, unconventional virus or virino as pre¬ 
viously proposed. The structure of the infect¬ 
ing PrP Sc is thought to imprint on the normal 
cellular precursor PrP c , resulting in a change 
to the abnormal isoform, which is protease 
resistant and accumulates in cells. 

Naturally occurring TSEs, such as spo¬ 
radic Creutzfeldt-Jakob (vCJD) in humans 
or transmissible mink encephalopathy in 
mink, are associated with individual species 
or with closely related species as with scrapie 
in sheep, goats, and mouflon ( Ovis orientalis 
musimon ) and chronic wasting disease 
(CWD) in mule deer ( Odocoileus hemionus), 
white-tailed deer (O. virginianus), and elk 
[Cervus elaphus nelsoni). 

The results of attempts at interspecies 
transmission of these diseases are variable. 
Although, by definition, each TSE is trans¬ 
missible, the species to which they will trans¬ 
mit varies between the TSE, and can be 
influenced by the route of challenge; the 
tissues that contain infection also vary 
according to the particular TSE. Frequently 
they do not transmit. Successful primary 


transmission between different mammalian 
species typically requires a larger dose to 
affect disease than would be required for 
transmission to the same species. Also, 
usually, parenteral or intracerebral routes are 
required and success is greater with young 
animal recipients. This is the so-called 
“species barrier,” which may be absolute or 
partial because it will affect only a propor¬ 
tion of animals on first passage, or may result 
in an extended incubation period on first 
passage. 

When using transmission studies to 
detect the presence of one of these agents, 
optimal sensitivity is with a recipient host of 
the same species. Transgenic mice may elim¬ 
inate this barrier. 

The gold-standard technique for the diag¬ 
nosis of TSE agents is the passage of tissue in 
panels of inbred mice, which is a technique 
known as “strain typing.” Until recently this 
was the only way to differentiate scrapie and 
BSE. BSE presents with a characteristic incu¬ 
bation period, pattern of distribution, and 
relative severity of the changes in the brain 
of the different mouse strains (the lesion 
profile), which is distinct from all scrapie 
strains tested. 

When examining TSEs as a group, one 
cannot extrapolate the transmission particu¬ 
lars of one TSE to another and one cannot 
extrapolate risk factors or epidemiology 
from one to another, and certainly general¬ 
izations from an experimental model to a 
natural disease across a species barrier is sci¬ 
entifically inappropriate. 

The literature on this subject is large. This 
section will discuss scrapie in sheep and 
goats, and BSE, which are the two TSEs of 
agricultural animals. It will also discuss the 
risk for BSE in sheep. CWD in deer is briefly 
described but has not shown any evidence 
for transmission to agricultural animals 
other than deer. 


Table 14-14 Transmissible spongiform encephalopathies in animals and humans 


Disease 

Acronym 

Species 

Etiology 

First described 

Creutzfeldt-fakob disease 

CJD 

Man 

Sporadic familial 

1920 




iatrogenic 


Gerstmann-Straussler-Scheinker 

GSS 

Man 

Familial 

1936 

Kuru 


Man 

Acquired 

19S7 

Fatal familial insomnia 

FFI 

Man 

Familial 

1992 

Variant Creutzfeldt-fakob disease 

vCJD 

Man 

Acquired 

1996 

Scrapie 


Sheep, goats, mouflon 

Natural 

1738 

Transmissible mink encephalopathy 

TME 

Mink 

Acquired 

1964 

Chronic wasting disease 

CWD 

Deer, elk 

Natural 

1980 

Bovine spongiform encephalopathy 

BSE 

Cattle 

Acquired 

1986 

Zoo ungulate transmissible spongiform encephalopathy 

Zoo ungulate TSE 

Nyala, kudu, gemsbok, oryx 

Acquired 

1986 

Feline spongiform encephalopathy 

FSE 

Zoo cats (puma, cheetah and 

Acquired 

1990 


domestic cats) 












BOVINE SPONGIFORM 
ENCEPHALOPATHY 
(MAD COW DISEASE) 

Classical BSE is an afebrile, slowly progres¬ 
sive neurologic disorder affecting adult 
cattle. It is a subacute TSE that is uniformly 
fatal once cattle show signs of nervous 
disease. TSEs are caused by accumulation of 
p-sheets of prion proteins in nervous tissue, 
leading to slowly progressive neurodegener¬ 
ation and death. Current knowledge suggests 
that classical BSE originated from a sporadic 
spongiform encephalopathy preexistent in 
the cattle population, and that the causative 
prion was fed to genetically susceptible cattle 
in contaminated animal protein feeds. 


SYNOPSIS 


Etiology Epizootic disease was most likely 
caused by a bovine prion called the classical 
bovine spongiform encephalopathy strain 
that was fed back to genetically susceptible 
cattle in contaminated meat-and-bone 
meal. Major concern for zoonotic potential. 
Some countries have documented the 
presence of atypical bovine prion strains 
(H-type, L-type) at an extremely low 
prevalence. 

Epidemiology Has occurred as an epidemic 
in Great Britain associated with the feeding 
of infected meat-and-bone meal. Sporadic 
in other countries. 

Clinical findings Nonfebrile disease of adult 
cattle, with long clinical course. Disturbance 
in behavior, sensitivity, and locomotion. 

Clinical pathology None specific. 

Diagnostic confirmation Histology, 
demonstration of prion protein. 

Treatment None. 

Control Slaughter eradication. Avoidance of 
feeding ruminant-derived protein to 
ruminants. 


The disease is of considerable importance 
mainly because it has zoonotic potential and 
has spread to many countries. The cost of 
control is very high. 

ETIOLOGY 

Classical BSE is a prion-associated TSE that 
causes disease primarily in cattle and also in 
a number of other species, including humans. 

The stability of the lesion profile in cattle 
and experimental infection studies strongly 
suggests that the bovine epidemic in the UK, 
and the subsequent extended epizootic in 
other countries, was caused by transmission 
of a single stable bovine prion. 1 

A number of alternative hypotheses were 
originally offered for the epidemic in the UK. 
The most popular initial theory was that BSE 
was caused by transmission of a strain of 
scrapie that was modified to infect cattle. 
However, BSE has many characteristics that 
distinguishes it from conventional scrapie 
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strains, and there is no evidence that cattle 
develop infection or neurologic disease after 
8 or 10 years of oral administration of the 
scrapie agent. 1,2 Another hypothesis was that 
the agent could have entered into meat-and- 
bone meal (MBM) from the carcass of an 
animal that died in a zoo or a safari park in 
the UK. This hypothesis was based on the 
method of carcass disposal for these animals 
(many were rendered and not incinerated) 
and because of the high susceptibility of 
certain African ungulates and zoo carnivores 
to BSE infection. An additional hypothesis 
proposed that MBM from the Indian sub¬ 
continent was the source. The UK govern¬ 
ment has conducted several inquiries into 
the source of the BSE agent and the cause of 
the outbreak including the Phillips report in 
2000 and the Horn report in 2001, but these 
reports were not conclusive. 

The mass exposure of cattle in the UK to 
this agent, and the subsequent development 
of a disease epizootic in cattle in the latter half 
of the 1980s and the early 1990s, is currently 
thought to have been the consequence of a 
change in the method of processing of MBM 
prepared from slaughtered cattle latently 
infected with the classical BSE strain. This 
change in processing permitted the prion to 
persist in the feed, which was fed back to 
cattle to create a positive feedback loop. Sub¬ 
sequent recycling of the agent in MBM pre¬ 
pared from latently infected slaughter cattle 
amplified its occurrence until an epidemic of 
neurologic disease in adult cattle was identi¬ 
fied. In hindsight, it was not a wise decision to 
turn an evolutionary herbivore into a carni¬ 
vore by feeding contaminated MBM to cattle. 

There appear to be at least three different 
strains of prions identified from cattle with 
BSE. Discriminatory testing of 370 BSE cases 
in the EU between 2001 and 2011 indicated 
that 83% were classical BSE, which transmits 
to humans as vCJD, 7% were atypical high- 
type (H-type) BSE first diagnosed in the 
United States in 2004, and 10% were atypical 
low-type (L-type) BSE. 1 The L-type has been 
identified in cattle from Belgium, Canada, 
Germany, Italy, and Japan, whereas the 
H-type has been identified in cattle from 
France, Germany, Japan, the Netherlands, 
Poland, Sweden, Switzerland, the UK, and 
the United States. It is likely that atypical 
forms of BSE (H-type, L-type) represent a 
rare, sporadic, spontaneous disease in cattle 
related to old age, with some similarities to 
sporadic CJD in humans or the Nor98 
variant of scrapie in sheep and goats. 3 Only 
42 cases of atypical BSE had been reported 
by 2010, and all were in cattle at least 8 years 
of age with the exception of a possible case 
in a 23-month-old heifer. 4 

EPIDEMIOLOGY 

Occurrence 

Geographic Occurrence 

Classical BSE was first described in Great 
Britain in 1987, but the BSE inquiries 


considered it likely that there had been 
several undetected cycles of BSE in the 
southwest England in the 1970s and early 
1980s. Following its description in 1987, the 
disease developed to an epizootic with over 
183,000 cases, of which more than 95% were 
detected before 2000. The epidemic in the 
UK peaked at an annual total of more than 
37,000 clinical cases in 1992. The disease was 
recognized in Northern Ireland in 1998 and 
in the Republic of Ireland in 1999. The 
disease was subsequently recognized in Swit¬ 
zerland, Portugal, and France in the early 
1990s and then became widespread to 
involve 27 countries by 2015. 

Cases have occurred in imported British 
cattle in Oman and the Falkland and Channel 
Islands. Countries that have had cases of BSE 
in native-born cattle are Austria, Belgium, 
Canada, Czech Republic, Denmark, Finland, 
Germany, Greece, Ireland, Israel, Italy, Japan, 
Luxembourg, the Netherlands, Poland, Por¬ 
tugal, Slovakia, Slovenia, Spain, Switzerland, 
UK, and the United States. 

Occurrence in Cattle 
Great Britain 

In Great Britain, the first known clinical case 
of classical BSE probably occurred in 1985. 
The annual incidence subsequently increased 
and the disease became a major epizootic in 
the late 1980s. The disease was declared noti¬ 
fiable, and a statutory ban on the feeding of 
ruminant-derived protein to ruminants was 
introduced in 1988. A more extensive ban on 
feeding any animal protein to any agricul¬ 
tural animal was later implemented to avoid 
feed cross-contamination. The annual inci¬ 
dence peaked in 1992 and has fallen every 
year since to produce a bell-shaped epidemic 
curve at approximately the year 2000, with 
some cases every year since (Fig. 14-10). The 
reduction from the peak in 1992 is attributed 
to the 1988 ruminant-feed ban with the delay 
in response an effect of the incubation period 
of this disease. Britain has had the greatest 
number of affected cattle and, consequently, 
provides the majority of information on the 
disease. 

Herd Type 

A great proportion of cases have occurred in 
dairy and dairy crossbred herds, and by 
2002 62% of dairy herds in Great Britain had 
experienced one or more cases. In contrast, 
17% of beef herds had cases in the same time 
period. There has been no apparent breed 
predisposition. In both herd types, the risk 
for cases increased significantly with increas¬ 
ing herd size. A significant proportion of the 
cases in beef cattle herds have occurred in 
animals purchased into the herds from dairy 
herds. The reason for this difference in herd 
type is thought to be the greater use of con¬ 
centrates in dairy cattle. 

The disease has occurred in all regions 
of the country but was most prevalent in 
southwest England. Although the disease 
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BSE UK (x 1000) BSE EU non-UK (x 100) — vCJD UK — vCJD EU non-UK 

Fig. 14-10 The number of reported bovine spongiform encephalopathy (BSE) cases in cattle 
and variant Creutzfeldt-Jakob (vCJD) cases in humans by date of onset in the UK and in the 
European Union (EU) excluding the UK from 1988 to 2013. Note the different multiplier for 
BSE and vCJD cases in the UK and EU non-UK. (Published with permission from the European 
Centre for Disease Prevention and Control. http://ecdc.europa.eu/en/healthtopicsA/ariant_ 
Creutzfeldt-Jakob_disease(vCJD)/Pages/factsheet_health_professionals.aspx.) 


developed to an epizootic within the country, 
the disease does not occur as an epizootic 
within affected herds and most experience 
either single cases or a limited number of 
cases. The average within-herd incidence 
has remained below 2% since the disease was 
first described. 

Northern Ireland and Republic 
of Ireland 

In Northern Ireland classical BSE was recog¬ 
nized in 1998 and in the Republic of Ireland 
in 1999, but epizootic disease occurred Great 
Britain and Northern Ireland. The epidemio¬ 
logic features in both countries were similar 
to that in Great Britain, but the incidence has 
been lower. In Northern Ireland the inci¬ 
dence was approximately one-tenth of that in 
Great Britain. The yearly incidence of the 
disease peaked in 1994 in Northern Ireland 
but jumped unexpectedly in the Republic of 
Ireland in 1996 to 1998 and has remained 
high since. The source of infection in both 
countries is thought to have been MBM 
imported from Great Britain. In the Republic 
of Ireland there has been geographic cluster¬ 
ing with a higher incidence in two counties 
possibly associated with the location of feed 
suppliers. 

European Continent and 
Iberian Peninsula 

On the European continent classical BSE was 
recognized in Switzerland in 1999 and 
shortly after on the Iberian peninsula in Por¬ 
tugal. Both countries showed a case inci¬ 
dence with evidence of an epidemic curve. 
However this was not mirrored in EU 
member states in the continent, in which 
only sporadic cases were reported in the 
1990s, and it appears that the disease in this 
region was unrecognized, underreported, 


and was more widespread than recorded. 
Apparently cattle with typical clinical mani¬ 
festations and fallen stock with clinical signs 
that should have led to a suspicion of BSE 
were misdiagnosed or not reported. 

Switzerland established a surveillance 
system in 1999 testing fallen cattle, emer¬ 
gency slaughter, and normal cattle using Pri- 
onics Western blot rapid testing methods. 
This surveillance method was rapidly 
adopted by EU member countries so that all 
but two had recorded cases by the end of 
2001. In France, between the first notified 
case in 1991 and the establishment of man¬ 
datory testing in 2000, there were 103 cases 
detected by passive surveillance, but it is esti¬ 
mated that 301,200 cattle were infected with 
BSE during this period. The first report of 
L-type BSE was from Italy in 2004. 

North America 

Canada experienced a case of classical BSE 
in a cow imported from Great Britain in 
1993, but the first case in an indigenous 
Canadian cow occurred in 2003 in Alberta. 
Trace back on 40 herds and slaughter of over 
2000 suspects were all negative. The molecu¬ 
lar profile of the BSE agent from this case was 
very similar to the UK BSE strains and had 
no relationship to the agent associated with 
CWD in deer and elk. In 2003 a Canadian 
cow that had been exported to the United 
States as a young calf developed complica¬ 
tions at parturition, was shipped as a nonam¬ 
bulatory cow, and was discovered as a 
classical BSE case under a routine monitor¬ 
ing program of downer cows. Canada had 
two more cases of classical BSE in 2005. By 
2009, Canada had reported 14 cases of clas¬ 
sical BSE, with 1 H-type and 1 L-type. 

The United States had a case of atypical 
H-type BSE in a native-born cow in 2004. 


The affected cow had a new prion coding 
gene (E211K) that suggested the possible 
existence of a genetic susceptibility to devel¬ 
oping clinical signs. 5 A second case of atypi¬ 
cal H-type BSE has been reported in the 
United States. Genetic studies have indicated 
that susceptibility to classical BSE does not 
appear to be related to genetic differences in 
the prion coding gene. 6 

Japan 

Japan had reported 33 cases of BSE (32 clas¬ 
sical and 1 atypical in a 16-year-old Japanese 
black cow) by 2007. Cases were attributed to 
imported infected cattle and imported fat 
that was used in a milk replacer formulation 
fed to calves.' 

Age Incidence 

TSEs as a group have long and variable incu¬ 
bation periods, with genetic susceptibility to 
clinical disease playing a major role in the 
age of onset of clinical signs. BSE, like scrapie, 
has a long incubation period, 2.5 to at least 
8 years and possibly for the life span of cattle 
and is a disease that affects mature animals. 
Epidemiologic studies suggest that most 
affected cattle have been infected as calves, 
with the mean incubation period decreasing 
with increasing dose. Risk is greatest in the 
first 6 months of life and between 6 and 24 
months of age risk is related to feeding pat¬ 
terns of proprietary concentrates. Adult 
cattle are at low risk for infection. 

The modal age at onset of clinical signs 
is between 4 and 5 years, but there is a 
skewed distribution with the youngest age at 
onset recorded at 22 months and the oldest 
at 15 years. During the course of the out¬ 
break in the UK there has been a change in 
the age distribution of cases in both Britain 
and Northern Ireland, consistent with a 
sudden decrease in exposure as a result of the 
bans on ruminant protein feeding. The clini¬ 
cal course is variable, but the case fatality is 
100%. There is a variation in risk associated 
with the calendar month of birth-related to 
seasonal differences in calf management and 
exposure to ruminant protein in calf feeds. 

The majority of the occasional cases of 
BSE currently being diagnosed in the UK are 
attributed to residual contamination of raw 
feed, but may also reflect a very low level 
prevalence of atypical BSE cases. 1,8 

Other Species 

Spongiform encephalopathies have been 
identified in seven species of ungulates in 
zoos or wildlife parks in Great Britain since 
the occurrence of the disease in cattle. These 
animals had been fed MBM, but the appar¬ 
ently shorter incubation period suggests that 
they might be more susceptible to infection 
than cattle and there is evidence for horizon¬ 
tal transmission. 

Feline spongiform encephalopathy 

(FSE) also has been recorded in domestic 
cats in Great Britain since 1990 and in zoo 





















felids. The zoo felids had been fed cattle car¬ 
casses unfit for human consumption, or the 
zoo had a history of BSE in exotic ruminants 
and fed culled carcasses to other zoo animals. 
Transmission studies in mice with the agents 
associated with these encephalopathies in 
zoo ungulates and felids suggest that they are 
the same strain that causes BSE. The initial 
concern that there would be an outbreak of 
FSE in domestic cats did not occur, and only 
89 cases were confirmed to the end on 2003. 

Method of Natural Transmission 
Ingestion of Meat-and-Bone Meal 

The initial epidemiologic studies suggested 
that the disease in the UK was an extended 
common-source epidemic, and the only 
common source identified in these initial 
studies was the feeding of proprietary con¬ 
centrate feedstuffs. Epidemiologic studies 
also suggested that the presence of MBM in 
proprietary concentrates was the proxy for 
affected cattle to have been exposed to a 
scrapie-like agent, and this conclusion is sup¬ 
ported by case-control studies examining 
feeding practices to calves that subsequently 
developed the disease. This hypothesis 
explains breed differences in incidence 
because concentrates are not commonly fed 
to beef calves in the UK; it also can account 
for geographic differences in incidence. The 
oral route of challenge is known to be an 
inefficient route for the transmission of the 
agents associated with spongiform encepha¬ 
lopathies, and this is thought to be the reason 
for the low within-herd incidence of the 
disease in the face of a common exposure. 

MBM is manufactured by the rendering 
industry from tissues discarded in slaughter¬ 
houses and from down and dead livestock. 
The outbreak of BSE in Great Britain was 
temporarily preceded by a change in the 
method of processing of MBM to a continu¬ 
ous process with a cessation of the use of 
hydrocarbon fat solvents. It is postulated that 
this change permitted the cycling of unrec¬ 
ognized but extremely low-incidence cases 
of classical BSE. The initial exposure proba¬ 
bly occurred from 1981 to 1982 and, subse¬ 
quently, the agent recycled from infected 
cattle carcasses and offal used in the prepara¬ 
tion of MBM. Rendering procedures have 
subsequently been devised to minimize sur¬ 
vival of the agent. 

The marked fall in disease incidence fol¬ 
lowing the introduction of the feed ban in 
1987 in the UK substantiated the importance 
of ingestion of MBM as the major method of 
infection. Bans in Europe were largely intro¬ 
duced in 1990. 

Born-After-the-Ban 

In the UK and in other countries a number 
of cattle that were born-after-the-ban (BAB; 
French acronym NAIF) have developed the 
disease. Most of these were born in the years 
immediately following the ban and their 
numbers have decreased in subsequent years 
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but still continue at low levels. A case-control 
study found that vertical or horizontal trans¬ 
mission was not an important cause of these 
cases. It is thought that MBM that was 
already in the food chain at the time, in mills 
and on the farm, was fed until it was depleted. 

In several countries the occurrence of 
BAB cases has been geographically clustered, 
and also associated with certain birth 
cohorts. In the UK the clustering was related 
to areas with high concentrations of pigs and 
poultry, and it is thought that there was 
cross-contamination of feedstuffs in feed- 
mills. This is certainly possible with an infec¬ 
tive dose of 1 g or less for cattle. 

More recently, there has been concern 
about cattle in the UK that have developed 
BSE but that were born after the implemen¬ 
tation of the reinforced feed ban in 1996 
(BARBs). Up to 2005, there have been 
approximately 100 cases. Again there is no 
evidence of maternal or lateral transmission 
and the inadvertent use of illegal feed mate¬ 
rial residual on farms is suspected. 9 

Non-Feed-Borne Transmission 

There is no epidemiologic evidence for sig¬ 
nificant horizontal or vertical transmission 
of the disease in cattle, although the studies 
suggest that minor horizontal transmission 
may occur to birth cohorts of calves that sub¬ 
sequently develop BSE. This type of trans¬ 
mission is of minor importance to the 
perpetuation of the disease in a country, but 
it may be of significance to human health, 
and birth cohorts are included in trace backs 
of infection in the United States and Canada. 

Vertical Transmission 

In the absence of other mechanisms of trans¬ 
mission, vertical transmission is not consid¬ 
ered significant for the perpetuation of the 
disease in an epidemic form. There is an 
enhanced risk for the disease in calves born 
to infected cows, and this is higher in calves 
born after the onset of clinical disease in the 
cow. This may be the result of exposure, at 
birth, to high infectivity in birth products 
because there is no evidence for infection 
and transmission in embryo transplants. 
However, no detectable infectivity has been 
found in placentas from cows with the 
disease. 

A very elegant experiment that examined 
the risk for transmission of BSE via embryo 
transfer that used recipient cattle sourced 
from New Zealand and donor cows clinically 
affected with BSE, bred to bulls that did and 
did not have clinical BSE, concluded, after a 
7-year observation period on the progeny, 
that embryos were unlikely to carry BSE. 

Modeling the BSE epidemic in the UK 
indicated a constant and relatively high basic 
reproduction number (R 0 ) that is defined as 
the expected number of secondary infections 
produced in a susceptible population by a 
typical infected host. If R 0 > 1, then the agent 
can persist indefinitely; initial estimates for 


Ro before the first feed ban in 1988 ranged 
from 10 to 12. This degree of infectivity was 
consistent with the potential that a maxi¬ 
mally infectious animal could infect up to 
400 other cattle. Since the feed ban, the value 
for R 0 is thought to have decreased to 0 to 
0.25, indicating that the disease will soon 
disappear. 

Risk for Occurrence of Disease 
in Countries 

Changes in the method of processing MBM 
have occurred in countries other than the 
UK, and scrapie occurs in sheep in other 
countries. However, the major risk for the 
occurrence of the disease in other countries 
is the importation of latently infected cattle 
and/or the importation of infected MBM. 
This risk can be substantially avoided by pro¬ 
hibiting the feeding of MBM to cattle. 

An assessment in 1996 of risk for the 
occurrence of BSE in the United States con¬ 
cluded that the potential risk of an epizootic 
was small and that there are substantial dif¬ 
ferences in the strength of the risk factors 
between the United States and the UK. These 
result from differences in proportional 
numbers of sheep and cattle, differences in 
the nature of the beef and dairy industries, 
the type of animal used for beef production 
and the age at slaughter, and differences in 
the practice of feeding ruminant-derived 
protein in calf rations, which is uncommon 
in the United States. Thus the risk of an out¬ 
break similar to that in the UK was consid¬ 
ered negligible. However, a case in a 
native-born cow in the United States 
occurred in 2005. This, and contemporary 
cases in Canada suggested that infected 
MBM was imported to the North American 
continent at some time, or that in the United 
States, the case reflected the very low inci¬ 
dence of spontaneous atypical BSE in cattle. 
The cases in both countries occurred in cattle 
that were born before the ban on feeding 
MBM imposed in both countries in 1997. 

Countries with largely pastoral cattle are 
at low risk. 

The International Animal health code of 
the OIE describes five BSE risk categories 
for countries based on the importation of 
cattle from at-risk countries, the importation 
of potentially infected MBM, the consump¬ 
tion of MBM by cattle and other animals, 
animal feeding practices, livestock popula¬ 
tion structure, rendering practices, and the 
potential for recycling of BSE. In order of 
increasing incidence of BSE these categories 
are BSE free, BSE provisionally free, minimal 
BSE risk, moderate BSE risk, and high 
BSE risk. 

Experimental Reproduction 

Although studies on the transmissibility and 
experimental reproduction of BSE were 
established before the occurrence of human 
cases of BSE (vCJD), they have been critical 
in determining the risk of cattle products 
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for human disease and the risk for disease in 
other species. 

In cattle, disease has been experimentally 
reproduced by oral and intracerebral 
inoculation with infected cattle brain 
homogenates. 

Oral, intravenous, and intracerebral inoc¬ 
ulation of sheep with infected cattle brain 
homogenates also results in disease. Disease 
has also been reproduced in goats and mink 
by parenteral challenge. In pigs, disease has 
been produced by intracerebral challenge 
with infected brain homogenates but not oral 
challenge. It has not been produced by any 
route of challenge in poultry and is not pro¬ 
duced by oral challenge in farmed deer. 

Infectivity of Tissues 

Brain, spinal cord, and retina are tissues that 
are infective to cattle or laboratory animals 
from natural cases of BSE. The tissues that 
are infective to cattle or laboratory animals 
from experimentally infected cattle are brain, 
spinal cord, retina, distal ileum, bone 
marrow, trigeminal nerve, and lingual lymph 
tissue. The infective dose of brain material 
from a cow with classical BSE appears to be 
<1 mg of brain tissue. 10 


Parenteral injection of BSE brain: 

• Transmits from cattle to cattle, mice, goats, 
sheep, pigs, mink, guinea pig 

Orally fed BSE brain: 

• Transmits from cattle to cattle, mice, mink, 
sheep and goats 

• Not to pigs or farmed deer 


Other tissues including the major visceral 
organs, striated muscle, and tissue common 
for human consumption were negative by 
mouse bioassay, indicating that no infectivity 
could be detected. These tissues are currently 
being reexamined for infectivity using the 
most sensitive assay known, intracerebral 
infection into the host species, which in this 
case the host is cattle. These studies are 
ongoing but, at last report have only con¬ 
firmed the results of the negative mouse bio¬ 
assays. There is no evidence of infectivity in 
milk based on the fact that calves suckling 
cows with clinical BSE do not themselves 
develop BSE when mature and also on the 
lack of infectivity with intracerebral injection 
of mice. 


Strongest evidence of absence of infection in 
milk is the study that examined and found no 
increase in incidence of BSE in calves born to 
dams with BSE that suckled these cows during 
clinical disease compared with calves that 
suckled clinically normal dams. There is 
species susceptibility (no barrier) strength in 
this study. 

BSE, bovine spongiform encephalopathy. 


Economic Importance 

BSE is not of major economic significance to 
individual herds in countries in which it is 
endemic because of the low within-herd 
incidence. In most countries, compensation 
will cover cases detected by passive surveil¬ 
lance and, with active surveillance, most of 
the costs if there is selective culling in 
affected and trace back herds. However, it is 
arguable that this disease is the most eco¬ 
nomically devastating agricultural animal 
disease in the developed world. 

The disease has been of major economic 
importance in the UK and is estimated to 
have cost £600 billion. This has been from 
the national cost associated with detection 
and control procedures, the cost of compen¬ 
sation, and the cost of disposal of affected 
animals. These costs, along with the cost of 
loss of export markets, are very high. 

Worldwide, the public has developed an 
extreme concern for the public health risk 
associated with BSE infection in cattle and, 
consequently, all countries have been man¬ 
dated or encouraged to develop active sur¬ 
veillance programs. Not to do so runs the 
risk of loss of overseas markets and loss of 
home consumption of beef in favor of other 
meats. Further, the detection of a single case 
of BSE by these active surveillance programs 
results in the loss of export markets for the 
country and a severe fall in cattle prices for 
countries that rely on exports in their cattle 
industries. 

BSE is also arguably the disease that has 
been used most to influence trade in live 
cattle and cattle products with no science- 
base or attention to the internationally 
adopted OIE Terrestrial Animal Health 
Code. This is largely because of the success 
of local political influence of ranches and 
farmers. 

It is further arguable that the money 
spent, for reasons of public health, on this 
relatively minor zoonotic disease, by far out¬ 
weighs its relative importance as a cause of 
human disease. 

Zoonotic Implications 

Concerns that this disease could transmit to 
man were raised a very short time after its 
initial diagnosis. These unfortunately proved 
true in 1996 when a new form of CJD was 
reported. Although, with the initial cases, 
there was reservation as to causality, studies 
showed the agent associated with this disease 
is similar to that associated with BSE and the 
FSEs; there is now no doubt that this is a 
form of BSE in man. It differs from CJD in 
that it affects young people with a mean age 
onset in the third decade of life. In humans 
there is evidence for genetic susceptibility, 
and all cases have been homozygous for 
methionine at codon 129. The disease has 
been termed variant CJD (vCJD). 

The disease occurred in the UK despite 
the progressive bans on human consumption 
of beef products that contained infectivity 


that were implemented in 1998 and subse¬ 
quently tightened further as new informa¬ 
tion on potential infectivity became available. 
It is possible that exposure of affected 
humans occurred in the early and mid- 
1980s, before the recognition of the disease. 
There was initially extreme concern that 
there would be a very large outbreak in 
humans. However, this has not occurred. The 
total number of deaths form vCJD in the UK 
has reached 150. The peak number of deaths 
occurred in the year 2000, and the outbreak 
appears to have reached a plateau and is pos¬ 
sibly in decline, although the nature of the 
outbreak will be dependent on the range of 
incubation periods in humans. More than 
200 individuals had succumbed to this infec¬ 
tion worldwide by 2015. 

Although there is no evidence of direct 
transmission to humans, veterinarians and 
animal handlers should take appropriate pre¬ 
cautions when handling nervous system 
tissues of infected animals. Cow’s milk 
appears to provide a negligible risk of con¬ 
tracting vCJD disease. 11 

PATHOGENESIS 

Information on the pathogenesis and devel¬ 
opment of BSE in cattle was initially derived 
from studies published from Great Britain in 
the 1990s that studied the spatial and tempo¬ 
ral development of infectivity and pathologic 
change in cattle after oral challenge with a 
100-g dose of BSE-affected brain homoge¬ 
nate sourced from naturally clinically 
affected cattle. The experimental cattle were 
killed sequentially following challenge, and 
infectivity in tissues was subsequently deter¬ 
mined initially by infectivity assays by intra¬ 
cerebral and intraperitoneal injection into 
panels of inbred mice and subsequently by 
infectivity studies by intracerebral challenge 
of cattle to exclude any species barrier effects. 


• Long incubation period (5 years) 

• Oral infection 

• Infection of Peyer's patches, to brainstem 
via vagus nerve 

• Accumulation of abnormal prions destroys 
brain slowly 


BSE prions spread by two antegrade path¬ 
ways from the gastrointestinal tract to the 
CNS: (1) via the splanchnic nerves, mesen¬ 
teric and celiac ganglion complex, and 
lumbar/caudal thoracic spinal cord and (2) 
via the vagus nerve. 12 Following oral chal¬ 
lenge of calves, infectivity was initially 
detectable in the distal ileum, in the Peyer’s 
patches, but no infection is demonstrable in 
other lymphoreticular organs. Infectivity was 
identified at 4 months postinfection and was 
unchanged in magnitude at 24 months 
postinfection, revealing no decline or clear¬ 
ance of the agent from ileal Peyer’s patches. 13 
Infectivity was demonstrable in the cervical 
and thoracic dorsal root ganglia at 32 to 40 












months after infection and in the trigeminal 
ganglion at 36 to 38 months. Traces of infec- 
tivity were shown in sternal bone marrow in 
cattle killed 38 months postexposure. The 
earliest presence of abnormal PrP and infec- 
tivity in the CNS occurred 32 months post¬ 
exposure, before any typical diagnostic 
histopathologic changes in the brain. The 
onset of clinical signs and pathologic change 
in the brain occur at approximately the same 
time. Infectivity of peripheral nerves such as 
the sciatic nerve appears to be a secondary 
event after infection of the CNS. 12 ’ 13 

More recent reports of the oral experi¬ 
mental dosing studies have indicated that the 
50% infective dose for classical BSE was 
0.15 g of brain homogenate, with higher oral 
doses increasing the likelihood of developing 
BSE. 14 In addition, the incubation period 
decreased as the infective dose increased. In 
other words, an increase in the incidence of 
classical BSE disease indicates an increase in 
exposure, and a decrease in the age of clinical 
signs indicates a larger infective dose. 

CLINICAL FINDINGS 

The disease is insidious in onset and the 
clinical course progresses over several weeks, 
varying from 1 to 6 months in duration. 
There is a constellation of clinical signs 
with alterations in behavior, temperament, 
posture, sensorium, and movement, but the 
clinical signs are variable from day to day, 
although they are progressive over time 
Cattle that show behavioral, sensory, and 
locomotor abnormality together are highly 
suspect for BSE. The predominant neuro¬ 
logic signs are apprehensive behavior, 
hyperesthesia, and ataxia, and a high propor¬ 
tion of cases lose body condition and have a 
diminishing milk yield during the clinical 
course of the disease. Cattle with BSE do not 
always show neurologic signs in the initial 
stages of the disease, and animals with BSE 
may be sent to slaughter for poor production 
before the onset of clinical nervous signs. 
Cattle with vacuolar changes in the brain¬ 
stem usually have more severe clinical 
abnormalities; this observation is consistent 
with vacuolar change reflecting a more 
advanced histologic lesion. 1 ’ 


Clinical signs in BSE 

• Change in temperament and behavior 

• Apprehension, excitable, unusual kicking, 
head-tossing when haltered, separation 
from group 

• Change in posture and movement 

• Abnormal posture and ataxia 

• Fall in milk production 

• No antemortem test available 


Behavioral changes are gradual in onset 
and include changes, such as a reluctance to 
pass through the milking shed or to leave a 
vehicle or a pen, a change in milking order, 
and a reluctance to pass through passage¬ 
ways. Affected cattle are disoriented and may 
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stare, presumably at imaginary objects, for 
long periods. There is hyperesthesia to sound 
and touch, with twitching of the ears or more 
general muscle fasciculation and tremors. 
Many throw their head sideways and show 
head-shaking when the head or neck is 
touched. 

Other changes in temperament include 
the avoidance of other cows in loose housing 
but antagonistic behavior to herdmates and 
humans when in confined situations. 
Affected animals may kick during milking 
and show resistance to handling. Some cows 
show excessive grooming and licking and 
may show the equivalent of the scrapie 
scratch reflex. 

Bradycardia, associated with increased 
vagal tone and not occurring because of 
decreased food intake, is reported and may 
persist despite the cows nervousness during 
clinical examination. 

Relatively early in the course of the 
disease there is hindlimb ataxia with a 
shortened stride, swaying gait, and difficulty 
in negotiating turns. This should be espe¬ 
cially examined as animals exit transport 
vehicles or are trotted through an area. 
Knuckling, stumbling, and falling, with sub¬ 
sequent difficulty in rising, is common in the 
later stages of the disease. Cows show pro¬ 
gressive weakness, with ataxia and weight 
loss, and before the common recognition of 
the disease, they were sent to slaughter 
because of locomotor disabilities or changes 
in temperament. 

It has been recommended that the reac¬ 
tion of the animal to sudden noise, sudden 
light, sudden movement, and sudden touch 
be used as a test. Sudden noise is tested by 
clanging two metal objects together out of 
sight of the animal (the bang test), sudden 
light is tested with a camera flash (the flash 
test), sudden movement is tested by waving 
a clipboard toward the cow from a short dis¬ 
tance (the clipboard test), and sudden touch 
is tested by touching the animal on the 
hindlimbs with a soft stick (stick test). 
Abnormal reactions to these tests include 
being startled, head-tossing, salivation, 
snorting, running away, or panicky circling 
and kicking out on touch. These tests have 
been found positive in BSE suspects that had 
a history of behavioral change but did not 
show abnormalities of gait. 

Cattle infected with atypical BSE (H-type, 
L-type) appear more dull and to have a greater 
degree of difficulty in rising than cattle with 
classical BSE; otherwise they have similar 
clinical findings. 16 Abnormal BAEPs have 
been reported at the onset of neurologic signs 
in classical BSE-infected cattle and manifest 
as prolonged peak latency of waves III and V 
and prolonged I-V latency. 1 ' Prion accumula¬ 
tion in the auditory brainstem nuclei of 
BSE-infected cattle 18 may contribute to their 
hyperresponsiveness to the bang test. 

Electroencephalographic and evoked 
potential diagnostic methods have been 


proposed as antemortem diagnostic test 
methods but require further evaluation and 
would seem impractical for routine use. 
Antemortem assessment of retinal function 
and morphology identified changes 11 and 5 
months before the onset of unequivocal clin¬ 
ical signs in cattle experimentally infected by 
intracranial inoculation with classical BSE 
and H-type BSE. 19 Strain-specific differences 
in retinal function, the amount of prion 
accumulated in the retina, and the retinal 
glial response to disease were also 
identified. 

Clinical Signs and 
Passive Surveillance 

There is no reliable preclinical test for BSE, 
and clinical recognition of BSE is the major 
component of passive surveillance. 

At the peak of the outbreak in Great 
Britain, BSE was confirmed in 85% of sus¬ 
pects picked by passive surveillance. This 
percentage fell to 56% later in the outbreak. 
Farmers were fully compensated at notifica¬ 
tion and well informed and so were probably 
motivated to contact their veterinarian. Vet¬ 
erinarians were also very aware of the clinical 
presentation of BSE and observant at live¬ 
stock markets and while testing for tubercu¬ 
losis and at abattoirs. Relatively high success 
rates were also found in Switzerland in which 
approximately 59% of animals notified with 
BSE were confirmed. However, in other 
countries, passive surveillance was an utter 
failure. 

Although an aid to surveillance of a 
disease, passive surveillance of BSE based on 
clinical signs is an insensitive method of 
disease detection; targeting surveillance of 
emergency slaughtered cattle and fallen 
stock is 40 times more likely to detect cases 
of BSE than notification on the basis of clini¬ 
cal signs. One study found that the odds of 
finding a BSE case was 49 times higher in the 
fallen stock and 58 times higher in emer¬ 
gency slaughtered cattle greater than 24 
months of age compared with passive sur¬ 
veillance of clinical disease. 

CLINICAL PATHOLOGY 

There is no specific test for the antemortem 
diagnosis of this disease. Apolipoprotein E 
and two unidentified proteins are present in 
the CSF from clinical cases but not normal 
cattle, and the presence of a 30-kDa, 14-3-3 
protein in CSF in affected cows is reported, 
but there is no information of specificity. 

NECROPSY FINDINGS 

There are no abnormalities in gross pathol¬ 
ogy, and diagnosis is dependent on histologic 
findings or testing of brainstem samples 
using validated tests based on in situ IHC or 
Western immunoblots, with the obex and 
rostral brainstem being the subsampled 
region of choice. 12 The preferred method for 
determining prevalence is immunology- 
based rapid tests, which are validated to 
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detect classical BSE disease-associated 
prions. These tests typically apply proteinase 
K to destroy the cellular isoform of the prion 
protein (PrP c ) while maintaining a protein¬ 
ase K-resistant disease-associated isoform 
(PrP sc ). This approach has identified three 
types of BSE: classical type (C-type), H-type, 
and L-type, with the H and L designation 
referring to the apparent molecular weights 
of the proteins. 20 

Major histologic changes are in the brain¬ 
stem, and the pathognomonic lesion is a 
bilaterally symmetric intracytoplasmic vacu- 
olation of neurons and gray matter neuropil. 
The occurrence of vacuolation in the solitary 
tract and the spinal tract of the trigeminal 
nerve in the medulla oblongata is the basis 
of the statutory diagnosis of the disease in 
Great Britain. In Great Britain, statutory 
diagnosis is achieved by an examination of a 
single brainstem section obtained via the 
foramen magnum and obviating the need of 
extracting the brain with the associated risk 
of aerosol production. This sampling loca¬ 
tion has the potential to miss some cattle 
infected with atypical BSE. 21 

Scrapie-associated fibrils can be visual¬ 
ized by electron microscopy. Government 
regulatory agencies are usually responsible 
for the confirmation of this diagnosis and 
typically distribute specific protocols regard¬ 
ing the collection of samples and disposal of 
carcasses from suspect animals. 

Samples for Confirmation 
of Diagnosis 

• Immunology-based rapid tests: fresh 

brainstem 

• Histology: formalin-fixed brain, 

including midbrain and entire medulla 

oblongata (LM). 

Note the zoonotic potential of this 
disease when handling carcass and submit¬ 
ting specimens. 


DIFFERENTIAL DIAGNOSIS 


The disease should be considered in the 
differential diagnosis of any progressive 
neurologic disease in cattle. Primary 
differentials on clinical signs include the 
following: 

• Hypomagnesemia 

• Nervous acetonemia 

• Rabies 

• Lead poisoning 

• Listeriosis 

• Polioencephalomalacia 

• Tremorgenic toxins 

TREATMENT AND CONTROL 

There is no treatment for the disease. 

Detection of BSE in Surveillance and 
Control Programs 

Passive surveillance has been used in many 
countries. Suspect disease is notifiable with 
compulsory slaughter and compensation and 


disposal of the carcass by incineration. The 
limitations of passive surveillance were 
described earlier and, in most countries, 
passive surveillance has been replaced with 
some form of active surveillance. 

Active surveillance was initially directed 
at a targeted proportion of culled animals, 
animals manifesting neurologic disease, 
rabies suspects negative for rabies, fallen 
(down) cattle, and emergency slaughter cat¬ 
egories, and a proportion of cattle, or all 
cattle, over 24 to 30 months (depending on 
country) that were presented for slaughter 
for human consumption. In slaughter cattle, 
the sampling frame was set to detect BSE 
at a prevalence rate of one mature animal 
in a million mature animals. The ability to 
conduct active surveillance, particularly on 
slaughter cattle, has been allowed by the 
development of rapid tests that can be con¬ 
ducted and read while the carcass is being 
held so that positive test cattle are not 
released for human consumption. Positive 
rapid tests need to be confirmed by histology 
and IHC. More recently, because the average 
age of BSE cases has been over 11 years, 
meaning that they were born before the date 
of the reinforced feed ban, the majority of 
EU countries have now raised the age limit 
for testing to 72 months for healthy slaugh¬ 
tered cattle (or even stopped testing) and to 
48 months for fallen stock and emergency 
slaughter categories. 1 

In the United States, following the case of 
BSE in an imported cow, the United States 
Department of Agriculture (USDA) imple¬ 
mented an intensive national testing program 
for BSE that concentrated on a targeted high- 
risk population. The purpose is to help dis¬ 
cover if BSE is in the United States and, if so, 
at what level. The intention is to sample as 
many cattle over a 12- to 18-month period as 
possible with the goal of examining 268,500 
cattle. This would allow a detection rate of 1 
in 10 million with a 99% confidence level. 
The cattle will be over 30 months of age and 
include nonambulatory cattle, cattle that are 
too weak to walk, cattle that are moribund, 
cattle with neurologic signs, rabies suspects 
that are negative, and dead cattle. 

Control of BSE in Cattle 

Control programs use the following 
assumptions: 

• Infection and disease in cattle is 
introduced through feeding 
contaminated feed containing infected 
MBM or greaves. 

• The source of infection to cattle can be 
eliminated by effective prohibition on 
feeding infected feed. 

• There is no significant horizontal or 
vertical transmission. 

Based on this, most countries have estab¬ 
lished a ban on the feeding of ruminant 
protein to ruminants. This was done in 1987 
in the UK, the mid-1990s in most European 
countries, and in 1997 in Canada, the United 


States and Mexico. There is, however, a 
strong argument for banning all mammalian 
protein for feeding to all livestock. The expe¬ 
rience of several countries with animals that 
were born after the ban shows that cross¬ 
contamination in feed mills can occur. 
Although the removal of specified risk 
materials (SRMs), (brain, spinal cord, eyes, 
tonsil, thymus, spleen, and intestines) from 
cattle carcasses should reduce the risk of the 
BSE agent being in the subsequent rendered 
carcass, it obviously does not eliminate it. 
More detail of the regulations and of control 
procedures is available. 

These control procedures, initiated 
in the UK, were effective in changing the 
course of their epidemic, which is now on the 
wane. 

Measures to Protect Human Health 

High-risk animals, such as downer cows, 
should be kept out of the human food chain 
and not rendered for MBM. Infection is 
present in the tissues listed as SRMs (brain, 
spinal cord, eyes, tonsil, thymus, spleen, and 
intestines), which are removed from the 
carcass at slaughter. The removal of SRMs 
also protects against the risk posed by cattle 
that may be incubating the disease yet do not 
show any clinical signs. Together with a ban 
on products such as mechanically recovered 
meat that could be contaminated with SRMs, 
excluding SRMs from the human food chain 
is the most important food safety measure to 
protect public health. 

However, this may not be sufficient. The 
method of slaughter with captive bolt guns 
can result in the widespread dissemination of 
brain within the carcass with dissemination 
by blood into the pulmonary tissues and 
elsewhere. Also, the method of splitting the 
carcass and spinal cord can result in signifi¬ 
cant carcass contamination and contamina¬ 
tion of the slaughterhouse environment. 
Methods to decrease the risk of contamina¬ 
tion of the carcass at slaughter have been 
suggested. 

Based on transmission and infectivity 
experiments cattle under 30 months of age 
are considered to have very low risk of being 
infected, but there can be a risk in endemic 
countries with cattle over this age. Some 
countries with a high incidence of BSE have 
banned cattle over 30 months of age for 
human consumption. 

FURTHER READING 

Al-Zoughool M, Cottrell D, Elsaadany S, et al. 

Mathematical models for estimating the risks of 
bovine spongiform encephalopathy (BSE). / Toxicol 
Environ Health B Crit Rev. 2015;18:71-104. 

Hamir AN, Kehrli ME, Kunkle RA, et al. Experimental 
interspecies transmission studies of the 
transmissible spongiform encephalopathies to cattle: 
comparison to bovine spongiform encephalopathy 
in cattle. / Vet Diagn Invest. 2011;23(3):407. 

Harmon JL, Silva CJ. Bovine spongiform 
encephalopathy. / Am Vet Med Assoc. 

2009;234:59-72. 
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BOVINE SPONGIFORM 
ENCEPHALOPATHY AND SHEEP 

There is considerable speculation and 
concern that the agent of BSE could have 
become established in small ruminants. BSE 
can be readily experimentally transmitted to 
sheep and goats and produces clinical signs 
and lesions similar to scrapie. There is further 
concern following a recent report of the 
transmission of the agent from challenged 
ewes to their lambs. Further, the risk to 
human health from the ingestion of meat 
from sheep may be even greater than that 
from cattle because of the widespread distri¬ 
bution of the BSE agent in the lymphoid 
tissue of infected sheep. 

In the UK and Europe concentrates are 
commonly fed to meat-producing breeds of 
sheep in late pregnancy and early lactation 
and less commonly to their lambs. They are 
also fed to milk-producing sheep breeds and 
to lactating goats. Concentrates fed during 
the 1980s and 1990s could have contained 
infected MBM, and this risk would have 
lasted until the total ban on feeding MBM to 
all farm animals in 1996 in the UK and 2001 
in Europe. 

The inclusion of MBM in concentrate 
rations for small ruminants was less than 
that for cattle, and the proportion of concen¬ 
trate ration fed was also lower. This, coupled 
with the fact that prion diseases require a 
larger infective dose to produce disease in a 
cross-species to that required to produce the 
disease in the same species (the species 
barrier effect) may have resulted in an infec¬ 
tive dose to sheep that was too low to estab¬ 
lish infection. 

The possibility that BSE did establish in 
sheep during the BSE epidemic in Britain is 
not supported by a study that examined the 
incidence and new infection rates of scrapie 
flocks in Britain covering the period from 
1962 to 1998. This study found no evidence 
of a change in scrapie occurrence before, 
during, or following the BSE epidemic and 
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no temporal or spatial correlations of scrapie 
occurrence with the BSE epidemic. There 
have been other studies that have examined 
the risk factors for transmission of BSE to 
sheep and the possibility that it could be per¬ 
petuated by sheep-to-sheep transmission. 
Most have concluded that the risk that BSE 
has established in sheep is low but, with 
current knowledge, cannot rule out the 
possibility. 

There are no reports of naturally occur¬ 
ring cases of BSE detected in sheep. However, 
there is one report of a TSE in a goat in 
France that was found to have IHC and 
immunoblotting characteristics compatible 
with BSE, and, following injection into mice, 
incubation times compatible with those 
recorded for experimental ovine BSE. 1 

Experimental Transmission 

BSE can be experimentally transmitted to 
sheep and goats by intracerebral, oral, and 
intravenous routes using BSE-infected cow 
brain. The PrP genotype affects the incuba¬ 
tion period in both Cheviot and Romney 
sheep. PrP genotypes ARQ/ARQ and AHQ/ 
AHQ are associated with short incubation 
periods (approximately 18-36 months) fol¬ 
lowing challenge and also with disease sus¬ 
ceptibility. One study further suggests that 
AHQ/ARQ sheep have a similar susceptibil¬ 
ity to infection, and that sheep homozygous 
for alanine (A) at codon 131 and glutamine 
(Q) at codon 171 are more susceptible to BSE 
than any other genotype. In contrast, the PrP 
genotype ARR/ARR is associated with a long 
incubation period in sheep challenged intra- 
cerebrally, and ARR/ARR sheep are resistant 
to BSE challenged orally and do not have 
infectivity in their tissues. The ARR allele 
appears dominant in this respect because 
sheep carrying at least one ARR allele in 
combination with any other allele have a 
longer incubation period. PrP genotype 
VRQ/VRQ appears to have an intermediate 
incubation period. 

Texel and Lacaune sheep with PrP ARQ/ 
ARQ genotypes are susceptible. However, in 
these studies the survival of some sheep with 
susceptible genotypes suggests that factors 
other than the PrP genotype has influence on 
survival. Challenge dose in all of these 
studies has been high. 

In a recent study, 30 ewe lambs were dosed 
orally, at 6 months of age, with 5 g of infected 
cattle brain and subsequently mated. Twenty- 
four developed clinical disease between 655 
and 1065 days postinoculation and two 
lambs, born before their dams had clinical 
disease, also subsequently developed clinical 
disease. This study indicated that the agent of 
BSE can transmit either in utero or perinatally 
in sheep. There is no information on other 
routes of transmission and if they exist. 

PATHOGENESIS 

Following challenge of sheep with BSE, 
infectivity has been found in intestinal 


Peyer’s patches as early as 5 months postin¬ 
fection and in enteric nerves and spinal cord 
after 10 months with widespread dissemina¬ 
tion throughout the lymphoreticular system 
and peripheral nervous system by 21 
months. 1 

CLINICAL SIGNS 

The clinical signs reported in affected exper¬ 
imental animals are not well described in 
many of the experimental challenge studies 
but have varied in different studies. In one 
study, sheep and goats showed sudden onset 
of ataxia, which progressed rapidly to recum¬ 
bency. There was little evidence of pruri¬ 
tus and the clinical course was very short, 
lasting between 1 and 5 days in the majority 
of animals with one goat showing progres¬ 
sive weight loss over 3 weeks before it was 
culled. Genotype had no influence on the 
duration of the clinical course. In another 
study in sheep only, the clinical course was 
approximately 3 months and affected sheep 
showed pruritus with fleece loss and ataxia 
and behavioral change. Ataxia, weight loss, 
and pruritus were considered constant 
in another. 

In an experiment designed to test specifi¬ 
cally if clinical signs could be used for dif¬ 
ferentiation between scrapie and BSE, two 
different groups of sheep were inoculated 
with each agent. The duration of clinical 
signs varied quite markedly within both 
groups with a mean of approximately 9 days 
for each group but a variation in both from 
1 to over 80 days. As with natural scrapie, 
there was considerable variation in the 
nature of the clinical signs, but there was no 
marked difference in the frequencies of clini¬ 
cal signs between the two groups, except that 
ataxia was the first sign noticed in a signifi¬ 
cantly greater proportion of the BSE- 
challenged group, whereas pruritus was the 
first noticed sign in a significantly greater 
proportion of the scrapie-challenged group. 

DISPOSITION OF DISEASE- 
ASSOCIATED PRP 

Genotype and route of inoculation influence 
the disposition of disease-associated PrP in 
lymphoreticular system tissues (tonsil, 
spleen, and mesenteric lymph node). The 
most conspicuous effect is the absence of 
disease-associated PrP in peripheral lymph 
tissue in ARR/ARR genotype sheep and lack 
of infectivity, and there appears to be an 
inverse relationship between this disposition 
and the incubation period. Route of inocula¬ 
tion influences the relative intensity of 
disposition in tonsil, spleen, and mesenteric 
lymph node. 

Following experimental infection of 
sheep with BSE, disease-associated PrP can 
be detected in tonsil biopsies 11 to 20 months 
after challenge but, in contrast to scrapie, 
disease-associated PrP is not detected in 
biopsies of lymphoid tissue from the third 
eyelid. 
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DIAGNOSIS 

The diagnosis of BSE in clinically affected 
cattle can be achieved with several tech¬ 
niques, including the analysis of symptoms, 
histopathology, and the detection of the 
disease-associated form of the prion protein, 
by immunocytochemistry, Western blot, or 
ELISA. The profiling of vacuoles in the 
affected host had shown a remarkable uni¬ 
formity over the year and from different geo¬ 
graphic regions. However, this is not true 
with scrapie and the variation in the host 
brain with scrapie would not allow differen¬ 
tiation from BSE on histologic findings. The 
diagnosis of BSE in sheep presents problems, 
and the similarity of the clinical signs and 
pathology between scrapie and BSE could 
easily result in naturally occurring cases of 
BSE in sheep being misdiagnosed as scrapie. 

Strain Tying 

The gold-standard technique for the diagno¬ 
sis of TSE agents is the passage of tissue in 
panels of inbred mice, a technique known 
as strain typing. Until recently this was the 
only way to differentiate the two diseases. 
BSE presents with a characteristic range of 
incubation periods and a pattern of dis¬ 
tribution and relative severity of changes 
in the brain of the different mouse strains 
(the lesion profile), which is distinct from 
all scrapie strains tested. However, this 
method of diagnosis is both expensive and 
time-consuming. 

There has been a wide search for a dif¬ 
ferential test system in including prion 
protein profiling, studies in glycosylation 
and glycoform ratios, and other molecular 
and biochemical studies that are detailed 
elsewhere. A recent promising set of studies 
suggests that the site of truncation of disease- 
associated PrP during partial digestion by 
proteases located in lysozymes appears dif¬ 
ferent for sheep scrapie and experimental 
BSE. After digestion by exogenous enzymes, 
the BSE PrP molecule is shorter than that of 
scrapie stains giving rise to different IHC 
patterns, and this is supported by Western 
blot studies. Unlike scrapie, the intracellular 
truncation site of ovine BSE PrP is 
influenced by the cell type in which it accu¬ 
mulates, giving distinct patterns of immuno- 
labeling with different PrP antibodies. 
Epitope labeling shows that the shortest frag¬ 
ment of disease-associated PrP occurs in 
tangible body macrophages followed by glial 
cells and neurons. It appears that this differ¬ 
ence in truncation of PrP in experimentally 
infected BSE sheep is not influenced by route 
of inoculation or by genotype or by sheep 
bred, and it is proposed that truncation pat¬ 
terns, as detected by immunoblotting and 
IHC, can be used in surveys for BSE in sheep. 

CONTROL 

If BSE is or does establish in small ruminants 
in a country, there is significant concern for 
human health. The distribution of BSE 


infection in the carcasses of cattle is limited 
and can be removed by the ban of the use of 
SRMs (largely brain, spinal cord, and offal). 
In contrast, the distribution of the BSE agent 
in infected sheep is widespread, and it would 
be virtually impossible to remove this by 
trimming or selective organ removal from a 
carcass for human consumption. Also, lym¬ 
phocytes in milk could be infected. 

Active surveillance for TSEs in sheep and 
goats has been increased in the EU, and 
several rapid tests for use in sheep and goats 
are now available. 2 In the UK, a worst-case 
scenario, published in 2001 in a contingency 
plan to address BSE in sheep, threatened the 
national herd with slaughter, largely on the 
grounds that an epidemic of BSE in sheep 
could be harder to contain than was the case 
for BSE in cattle and that lamb could present 
a greater risk to consumers than beef. A 
more recent UK contingency plan would 
allow PrP genotype ARR homozygous sheep 
and ARR heterozygous sheep for human 
consumption. This plan is the same as the 
EU, except that there are differences in the 
maximum age allowed at slaughter between 
the UK and the EU recommendations. 

The risk for BSE in sheep was a major 
incentive for the development of national 
breeding programs for the control of scrapie, 
and possible BSE, including the National 
Scrapie Plan in the UK, launched in 2001, 
and the National Scrapie Eradication 
Program in the United States. The purpose 
in these breeding programs is to select 
against highly susceptible genotypes and 
select for the highly resistant genotype. 
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SCRAPIE 


SYNOPSIS 


Etiology A transmissible agent (prion, a 
proteinaceous infectious particle) that is 
highly resistant to chemical and physical 
agents, and appears not to contain DNA. 
Susceptibility of sheep to developing clinical 
disease after infection is determined by 
genetics. 

Epidemiology Transmitted primarily by 
contact with infected sheep and from 
environmental contamination; very long 
incubation period. 

Clinical findings Nonfebrile disease of adult 
sheep, goats, and mouflons with insidious 
onset and long clinical course. Clinical 
disease is rare in goats and mouflons. 
Affected animals show behavioral change, 
tremor, pruritus and locomotor disorder, 
and wasting. 

Clinical pathology Demonstration of scrapie 
prion protein by immunostaining of the 


obex in brain and selected lymphoid tissue 
elsewhere. 

Lesions Vacuolation of gray matter neuropil 
and neuronal perikarya, neuronal 
degeneration, gliosis. 

Diagnostic confirmation Demonstration of 
scrapie prion protein. 

Treatment None. 

Control Slaughter eradication. Genetic testing 
and selection/culling. 


Scrapie is a nonfebrile, fatal, chronic disease 
of adult sheep, goats, and mouflons (one of 
two ancestors of all modern sheep breeds) 
characterized clinically by pruritus and 
abnormalities of gait, and by a very long 
incubation period. It is the prototypic disease 
for a group of diseases known as TSEs. This 
group also includes CWD of deer and elk; 
transmissible mink encephalopathy; and 
FSE, CJD, and other spongiform encepha¬ 
lopathies of humans, and the relatively new 
disease, BSE, which is described separately 
under that heading. In Iceland scrapie is 
known as rida, in France as la tremblante, 
and in Germany as traberkrankheit. 

ETIOLOGY 

There has been a significant historical debate 
over the etiology of this disease. The current 
consensus view is that scrapie is associated 
with an infectious agent, but that the incuba¬ 
tion period for clinical manifestation of the 
disease and the susceptibility of the host to 
developing clinical disease after infection is 
determined by genetics. In other words, to 
develop clinical disease caused classical 
scrapie, an animal must be exposed to the 
infectious agent and have a susceptible 
genotype. 

Scrapie can be transmitted experimen¬ 
tally to other sheep and to certain laboratory 
animals, and infection induces the produc¬ 
tion in the brain, and some other tissues, of 
amyloid fibrils called scrapie-associated 
fibrils or prion rods. The main constituent of 
these is a disease-specific, protease-resistant 
neuronal membrane glycoprotein termed 
the prion protein, or PrP Sc . PrP Sc is an 
abnormal isoform of a host-coded mem¬ 
brane glycoprotein, PrP c , and the TSEs are 
characterized by the accumulation of PrP Sc in 
neuronal and other tissue. 

Transmission can be effected by crude or 
purified extracts of brain or other tissues 
from affected sheep, and the infective agent 
is very resistant to ionizing and ultraviolet 
irradiation and to reagents that damage or 
modify nucleic acids. This, along with other 
experimental findings, has led to the accepted 
view that the infectious agent in scrapie is 
PrP Sc itself, and not a small, unconventional 
virus or virino as previously proposed. The 
structure of the infecting PrP Sc is thought to 
imprint on the normal cellular precursor 
PrP c , with the template resulting in a change 
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to the abnormal isoform which is protease- 
resistant and accumulates in cells. 

More than 20 different strains of scrapie 
have been identified based on the 
following: 

• Strain typing by differences in 
incubation time of the experimental 
disease in inbred strains of mice of 
different genotype 

• The type, pattern, severity, and 
distribution of lesions in the brain of the 
different strains of experimental animals 
(lesion profiles) 

• Resistance to thermal inactivation 

• The type of disease produced in sheep 
and experimental animals (e.g., drowsy 
versus pruritic manifestations in goats) 

• The ability of a strain to produce disease 
in different species of experimental 
animals 

It is proposed that strain differences reflect 
differences in replicating information carried 
within the conformational state of the PrP Sc . 
The more important strains identified are 
called classical scrapie strains, comprising 
strain A and strain C (thought to be the most 
prevalent strain in the United States), and 
atypical (or discordant or nonclassical) 
scrapie strains, comprising the Nor98 strain 
and other discordant strains. Coinfection of 
strains can occur with scrapie. 

Nor98 was first reported in 1998 in five 
unrelated Norwegian sheep that had PrP Sc in 
a different location (cerebellum) than usually 
reported with scrapie. Nor98 has now been 
identified in sheep in a number of countries. 
Atypical scrapie is thought to arise spontane¬ 
ously and not be associated with an infective 
source. 1 Interestingly, atypical scrapie is 
usually not clinically apparent, but there are 
reports of sheep infected with atypical 
scrapie strains exhibiting some of the typical 
clinical signs of classical scrapie, particularly 
rear limb ataxia. 1,2 Atypical scrapie caused by 
Nor98 has been diagnosed in sheep in Aus¬ 
tralia and New Zealand; these are two coun¬ 
tries that do not have classical scrapie. 3 
Atypical scrapie is not considered rare com¬ 
pared with classical scrapie and appears to 
occur at a constant prevalence in different 
countries. 4 

EPIDEMIOLOGY 

Occurrence 

Geographic Occurrence and Incidence 

Scrapie in sheep occurs enzootically in the 
UK, Europe, and North America. Outbreaks 
have been reported in Australia, New 
Zealand, India, the Middle East, Japan, and 
Scandinavia, principally in sheep imported 
from enzootic areas. Australia and New 
Zealand used vigorous importation, quaran¬ 
tine, and culling policies to prevent subse¬ 
quent entry of the disease and are considered 
free of disease. 

The true prevalence of the disease both 
within and between countries is not known 
because there has been no test to detect the 


presence of infection in individual sheep or 
in flocks at all stages of infection. This is 
further confounded by secrecy about the 
existence of scrapie in many flocks and 
breeds. This secrecy results from a fear of 
economic penalties that could result from 
the admission of infection. 

In Great Britain, where the disease is 
enzootic and has been recognized for over 
250 years, the true incidence is unknown, 
although a questionnaire survey in 1988 sug¬ 
gests that one-third of sheep flocks are 
infected. In infected flocks the annual inci¬ 
dence ranges from 0.4 to 10 cases per 100 
sheep per year, with a mean of 1.1 cases per 
100 sheep per year. However, the annual 
incidence can approach 20% of the adult 
flock, on occasions up to 40%, and in flocks 
where there is no selection against the disease 
the annual incidence and mortality can reach 
a level that results in disbandment of the 
flock or its nonsurvival. 

Farmer consultation with a veterinarian 
about a case of scrapie and farmer reporting 
of cases of scrapie are notoriously low. His¬ 
torically, this is because factors such as the 
stigma associated with having scrapie diag¬ 
nosed in a purebred flock and concerns for 
future sales or, in the case of commercial 
flocks, a lack of incentive to consult and a 
lack of concern because nothing can be done 
to cure the present case or prevent future 
cases. In England, it has been estimated that 
only 13% of farmers who had a suspected 
case of scrapie in the past 12 months reported 
it. Possibly, the chance of improvement 
through genetic selection will alter this 
farmer trait. 

In the United States the disease is thought 
to have been introduced in 1947, and by 1992 
was found in 657 flocks in 39 states. In 2007 
the prevalence of infection in the United 
States was estimated at 0.1% to 0.3%. 

Host Occurrence 

Age 

Scrapie is a disease of mature sheep, although 
most are exposed as young sheep, and the 
incidence decreases with age at exposure. 
The age-specific incidence in sheep is highest 
between 2.5 and 4.5 years of age and cases 
rarely occur under 18 months of age. Natural 
disease in goats is rare. The age at death is 
similar to that in sheep, with a range from 2 
to 7 years. The case-fatality rate, with time, 
is 100%. The death loss is added to by the 
slaughter of infected and in-contact animals 
in countries where control and eradication is 
a practice. 

Breed 

Scrapie occurs in both sexes and in the 
majority of breeds, although the incidence is 
higher in some breeds than others. Breed 
differences in prevalence occur in several 
countries; an example would be the high 
prevalence in the Suffolk breed in the United 
States relative to white-faced breeds and in 


some Hill breeds in the UK. These probably 
reflect breed and flock differences in genetic 
susceptibility to the development of clinical 
disease. Similarly, the occurrence of out¬ 
breaks of scrapie may result from the 
introduction of infection to a genetically sus¬ 
ceptible flock or to a change in the genetic 
structure of flocks that are infected. 

Methods of Transmission 

Knowledge of transmission of scrapie is 
based primarily on the experimental disease 
and observations of the natural disease in 
experimental flocks. 

Sources and Routes of Infection 

The usual method of introduction into unaf¬ 
fected flocks is by the purchase of preclini- 
cally infected sheep. Infectivity can be 
demonstrated in the placenta, fetal fluids, 
saliva, colostrum, and milk of naturally 
occurring cases, 5 ' 7 and in the oral cavity of 
sheep with preclinical scrapie, 8 but has not 
been demonstrated in the urine or feces of 
natural cases, even though it can be demon¬ 
strated in the intestine. Ingestion of infected 
material appears the most likely route of 
infection, but scarification of the skin and 
conjunctival inoculation will also allow 
infection. Hay mites have been found to 
harbor the agent on scrapie-infected proper¬ 
ties and have been proposed as a reservoir 
for infection. 

Horizontal Transmission 

This is the usual method of spread, and the 
placenta is considered the major source of 
infection for the mother to her lamb, and to 
other lambs in close contact. Under natural 
conditions the disease in flocks often runs in 
families, and whether or not a lamb contracts 
scrapie appears to depend primarily on the 
current or future scrapie status of its dam. It 
is common for all the VQR/VQR lambs from 
dams dying of classical scrapie to develop 
scrapie. 

Scrapie can also transmit between sheep 
in close contact, and this can occur from 
sheep in the preclinical phase of the disease. 
Scrapie can be transmitted by blood transfu¬ 
sion. The importance of this route of infec¬ 
tion in field infections appears low because 
successful transmission appears to require at 
least 400 mL of blood. 

Under natural conditions, scrapie occurs 
in sheep and occasionally spontaneously in 
goats. Under experimental conditions, 
scrapie has been observed to spread from 
sheep to goats by contact, and the little evi¬ 
dence available on the natural disease in 
goats is consistent with the view that the 
scrapie can be maintained by contagion in a 
herd of goats living apart from infected 
sheep. 

Vertical Transmission 

There is a greater risk for scrapie in lambs 
born to infected dams, but this most 
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probably reflects horizontal transmission at 
birth from placentas. There are conflicting 
results between studies that have examined 
transmission by embryo transfer, and the 
importance of vertical transmission to the 
epidemiology of the natural disease remains 
to be determined. However, epidemiologic 
studies suggest that it is of rare occurrence, 
and there is significant evidence against the 
occurrence of in utero transmission. The 
agent has not been demonstrated in the 
testes or semen of rams. 

Environment 

An infected environment can also be the 
source, and scrapie-free sheep can develop 
disease after grazing pasture previously 
grazed by scrapie-infected sheep, with infec¬ 
tion by ingestion or possibly via abrasive 
lesions. Environmental infection can occur 
from the products of parturition and, 
although the scrapie agent has not been dem¬ 
onstrated in feces, it is suspected as being so 
in infected animals. The duration of infectiv- 
ity on inanimate materials such as pasture 
has not been defined, but field and experi¬ 
mental observations indicate that it is a long 
time, probably in excess of 16 years under 
some conditions. 9 ' 10 

Iatrogenic Transmission 

An outbreak of scrapie occurred in the 1930s 
following the use of a vaccine against 
louping-ill prepared from the brains of 
sheep. More recently, the use of a vaccine 
against contagious agalactia has been epide- 
miologically linked to an outbreak of scrapie 
in sheep and goats in Italy where there was a 
high attack rate and high mortality affecting 
several birth cohorts. 

Genetics 

Scrapie is recorded in most breeds of sheep, 
but there are breed, family, and individual 
differences in susceptibility. There is substan¬ 
tial genetic control of the incidence of 
disease, and in both the natural and experi¬ 
mental disease, genetics is a major determi¬ 
nant of susceptibility with the susceptibility 
of sheep strongly linked to certain polymor¬ 
phisms in the sheep PrP gene. 

In earlier studies, experimental challenge 
and breeding showed that sheep could 
exhibit a long or short incubation period fol¬ 
lowing challenge, and that this difference in 
incubation period or susceptibility was 
determined by a single gene called scrapie 
incubation period (Sip). There is a similar 
gene in mice (Sine) that determines incuba¬ 
tion period and susceptibility following 
experimental challenge. The Sip gene has two 
alleles, sA and pA, which, respectively, 
shorten or prolong the experimental incuba¬ 
tion period for most strains of the scrapie 
agent. The subsequent recognition of prion 
protein (PrP) and its association with scrapie 
led to the recognition of the gene that 
encodes PrP, which was found congruent to 


Sip in sheep, and Sip genetics have been 
entirely superseded by PrP genetics. 

Sheep have one pair of genes that influ¬ 
ence susceptibility to scrapie known as the 
prion protein genes. These code for a normal 
prion protein in the cell (PrP c ), which has 
254 amino acids with each codon in the gene 
encoding for a specific amino acid at a par¬ 
ticular location on PrP c . PrP c can be con¬ 
verted to a scrapie prion protein molecule 
(PrP Sc ) in infected sheep which, when it 
accumulates in the CNS, causes disease. The 
susceptibility of sheep to this conversion, 
and thus to scrapie, is strongly associated 
with certain polymorphisms at codons 
136,154, and 171. It is thought that there are 
at least two groups of scrapie TSE strains, 
one of which is influenced primarily by the 
amino acid at codon 136 and the other group 
by the amino acid at codon 171. Within these 
there may be subtypes because resistance to 
some 136-type TSEs can be affected by the 
amino acid at codon 154. 

• At codon 136 valine (V) is linked to 
scrapie susceptibility and alanine (A) is 
linked with resistance 

• At codon 154 histidine (H) is linked to 
susceptibility and arginine (R) to 
resistance 

• At codon 171 glutamine (Q) and 
histidine (H) are linked to susceptibility 
and arginine (R) to resistance. 


• The notations used for descriptions of the 
prion protein (PrR) genotype vary in 
different countries. 

• The susceptibility of sheep to scrapie is 
strongly associated with polymorphisms at 
codons 136, 154, and 171 in the prion 
protein gene. 

• The amino acids associated with these 
polymorphisms are alanine, valine, histidine, 
arginine, and glutamine. 

• In the description of the PrP genotype 
these are given the letters A, V, H, R, and 
Q, respectively. 

• The PrP genotype is listed in the order of 
codon 136 followed by 154 and then 171. 

• The amino acid at each codon is listed 
according to the letter designation for each 
of the two alleles separated by a backslash. 
Examples are ARR/ARR or ARRA/QR. These 
could also be expressed as AA^RR^RRm 
and AV 1 3 6 RQ 154 RR 1 7 1 . 

• In sheep in the United States the 
polymorphisms at codon 171 are the major 
determinant of scrapie susceptibility. 
Polymorphisms at codon 154 play a minor 
role and are usually not listed as part of the 
PrP genotype. 

• Genotypes in the United States are usually 
referred to using the letters of the amino 
acids in numerical order codon 136 
followed by codon 171. 

• The previous examples would be AA RR 
and AV RR. 

• They can also be referred to using the 
codon number followed by the 


corresponding amino acid 136AA, 171 RR 
and 136AV, 171 RR or the amino acid 
followed by the codon. 

• Often only the amino acids at codon 171 
are listed. 


Of the possible alleles from these poly¬ 
morphisms, only five, ARR, ARQ, VRQ, 
AHQ, ARH, are commonly seen. The rela¬ 
tionship between PrP genotype and suscep¬ 
tibility to scrapie is shown in Table 14-15 
using the groupings of the British National 
Scrapie Plan. 

It can be seen from Table 14-15 that in 
the Britain, the VQR allele confers the great¬ 
est degree of susceptibility and that ARR is 
associated with resistance. Estimates that 
quantify risk in the British national flock 
based on genotypes of the sheep, and those 
of scrapie-affected sheep, are available but 
they are not strongly concordant. There is 
also an effect of PrP genotype on the incuba¬ 
tion period, with the most susceptible geno¬ 
types (VQR) having the shortest incubation 
period and dying of scrapie at a younger age. 

The frequency and distribution of the 
various PrP genotypes varies considerably 
between flocks and between breeds of sheep. 
There are also some marked between-breed 
differences in susceptibility with the same 
PrP genotype. 

Susceptibility in the Suffolk and other 
black-faced breeds in the United States 
appears less complex than in other breeds 
and is strongly associated with sheep that are 
homozygous for glutamine at the 171 codon 
(171QQ) of the PrP gene, but is rare in sheep 
heterologous for glutamine and arginine 
(171QR) or homozygous for arginine 
(171RR) at codon 171. Suffolks are the pre¬ 
dominant breed affected with scrapie in the 
United States. They lack the VRQ allele, and 
the ARQ/ARQ genotype is the genotype that 
confers the greatest susceptibility. The asso¬ 
ciation between genotype and susceptibility, 
as defined in the scrapie eradication plan of 
the USD A, in the United Sates is shown in 
Table 14-16. 

Factors other than the PrP genotype 
influence susceptibility to scrapie because 
not all sheep with a susceptible genotype 
challenged with scrapie subsequently develop 
the disease. Also, there are some breed dif¬ 
ferences in the level of resistance or suscep¬ 
tibility conferred by a given genotype. For 
example, ARQ/ARQ Suffolk sheep are highly 
susceptible to scrapie, whereas ARQ/ARQ 
Cheviots are relatively resistant. Breed differ¬ 
ences in PrP genotype scrapie disease linkage 
and disease pattern differences with atypical 
strains of scrapie may be associated with 
polymorphisms in the PrP gene promoter. 
Atypical scrapie caused by to Nor98 strain is 
most common in sheep in Europe carrying 
phenylalanine (F) at position 141 or the 
PrP genotypes ARR/ARR, ARR/ARQ, and 
AHQ/ARQ. 1113 
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Table 14-15 PrP genotype and susceptibility to scrapie in national scrapie program in 
Great Britain 


NSP Type 

Main characteristic 

Genotypes 

Comments 

1 

ARR homozygous 

ARR/ARR 

Genetically most resistant 

2 

ARR heterozygous 
non-VQR 

ARR/AHQ 

ARR/ARQ 

ARR/ARH 

Sheep that are genetically resistant to scrapie, 
but will need careful selection when used 
for further breeding 

3 

Non-ARR and 
non-VQR 

AHQ/AHQ 

ARQ/AHQ 

AHQ/ARH 

ARH/ARH 

ARQ/ARH 

ARQ/ARQ 

Sheep that genetically have little resistance to 
scrapie and will need careful selection 
when used for further breeding 

Group 3 risk varies and can depend on 
breed, e.g., ARQ/ARQ Suffolk are highly 
susceptible 

ARQ/ARQ Cheviots are relatively resistant 

4 

ARR/VQR 

heterozygous 

ARR/VRQ 

Sheep that are genetically susceptible to 
scrapie and should not be used for 
breeding unless in the context of a 
controlled breeding 

5 

VQR and non-ARR 

AHQA/RQ 

ARQ/VRQ 

ARHA/RQ 

VRQA/RQ 

Sheep that are highly susceptible to scrapie 
and should not be used for breeding 


NSP, National Scrapie Program. 


Table 14-16 Scrapie susceptibility and 
genotype as defined by the U.S. Scrapie 
Eradication Plan 


Genotype Susceptibility 

1. AA RR Sheep that are resistant 

2. AA QR Sheep that are rarely susceptible 

3. AV QR Sheep that are susceptible to 

some scrapie strains that are 
thought to occur with low 
frequency in the United States 


4. AA QQ Sheep that are highly susceptible 

5. AV QQ Sheep that are highly susceptible 

6. W QQ Sheep that are highly susceptible 


There is less information on the genetics 
of scrapie in goats. There is high variability 
in the goat PrP gene that possibly can be 
exploited to select for goat-specific scrapie- 
resistant PrP genotypes. An initial report 
indicated that the H 154 , Q 2 n, and K 222 single 
nucleotide polymorphisms were associated 
with a high resistance to classical scrapie. 14 

Risk Factors 
Exposure Factors 

There is a dose-response relationship in 
naturally occurring scrapie. The high inci¬ 
dence in some Icelandic flocks is attributed 
to a high level of exposure, resulting from a 
long winter housing period with a higher 
risk for disease in lambs born in the winter 
housing period. 

Factors that influence exposure risk will 
vary with the management systems, which 
can vary markedly between countries. With 
that caveat, risk factors that have been 


identified in case-control studies include the 
following: 

• A higher risk for scrapie in larger flocks 
and in pedigree flocks 

• A greater risk in flocks that lamb 
communally in group pens compared 
with those that lamb in individual pens 
or outside on pasture 

• A greater risk in flocks that disposed of 
the placenta in the compost and spread 
sheep compost on the land 

• A lower risk in flocks in which cow 
compost is spread on the land 

• A greater risk in flocks that purchased 
replacement sheep through the market 

• A greater risk where different flocks 
share pastures or rams 

Age at Exposure 

Lambs exposed at birth have a shorter incu¬ 
bation period and higher risk for scrapie 
than lambs exposed at 6 to 9 months of age. 
Similarly, lambs or goats removed from 
infected dams at birth to a scrapie-free envi¬ 
ronment have a lower incidence of scrapie 
than those removed at later times. 

Infection Status of Parents 

Lambs born to affected ewes are at increased 
risk for scrapie, and the offspring from an 
infected ewe and an infected ram are at 
greater risk than those born from an infected 
ewe and an uninfected ram. However, even 
in high-incidence herds a considerable pro¬ 
portion of disease cannot be attributed to 
parental scrapie status and results from hori¬ 
zontal transmission. Also, the number of 
genetically susceptible sheep in an affected 
flock can increase the infection pressure. 


Goats 

Scrapie in goats is rare, and most cases arise 
in goats that are in close contact with infected 
sheep. Scrapie can spread from goat to goat 
with no sheep contact. 

Experimental Reproduction 

The agent is present in the brain, spinal 
cord, lymph nodes, intestinal tract tissue, 
and spleen of infected sheep, and has 
been extracted from sheep and goat brain. 
Experimentally, the disease can be trans¬ 
mitted to sheep, goats, mice and other 
laboratory animals using these tissues, and 
by a variety of routes of inoculation. The 
experimental disease has a long incuba¬ 
tion period that varies with the strain of 
the agent and the genetics of the recipient. 
Transmission of the disease to sheep has 
also been effected by the oral or intracere¬ 
bral administration with fetal membrane 
material from known infected ewes. Acci¬ 
dental transmission is recorded following 
vaccination against louping-ill, with vaccine 
contaminated by the agent of scrapie, and 
resulted in widespread dissemination of 
the disease. 

Pathogen Risk Factors 

The scrapie agent can be maintained in tissue 
culture, and infectivity is retained with 
passage. It can also be perpetuated in experi¬ 
mental animals. Infectivity also survives for 
remarkable periods in dead and formalin- 
ized tissues; infected brain homogenates 
buried in soil for 3 years retain their infectiv¬ 
ity. It is highly resistant to physical and 
chemical influences and can survive decon¬ 
tamination processes that are effective 
against conventional viruses. It is capable of 
withstanding the usual virucidal procedures 
and is not destroyed by boiling, by rapid 
freezing and thawing, or by exposure to ether 
or 20% formalin. Conventional heat treat¬ 
ments may reduce infectivity, but the agent 
is remarkable resistant to heat and steam 
sterilization at 27 psig (132°C) is required to 
totally destroy it. Chemical inactivation can 
be achieved with sodium hypochlorite pro¬ 
viding 2% (20,000 ppm) of available chlorine 
acting for 1 hour, and by 4% sodium 
hydroxide. 

Economic Importance 

Scrapie is of major concern to pedigree 
flocks and, if present and public, will curtail 
the sale of sheep and effectively result in the 
dissolution of the flock. Some countries have, 
or have had, eradication schemes. The 
disease is also of major international impor¬ 
tance because of the embargos maintained 
by several countries against sheep from 
enzootic areas. 

Zoonotic Implications 

There is no evidence for transmission of 
scrapie to humans or for a risk to public 
health. 
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PATHOGENESIS 

In both sheep and mice, the agent shows a 
predilection for tissues of the lymphoreticu- 
lar system in which it replicates during the 
incubation period before invading the 
nervous system. In naturally infected sheep, 
replication begins in the tonsil, retropharyn¬ 
geal lymph node and Peyer’s patches, and 
gut-associated lymphoid tissue, which prob¬ 
ably reflects the oral route of infection. PrP Sc 
subsequently becomes disseminated to other 
lymph nodes and the spleen. There may be a 
considerable period, ranging from 14 months 
to 7 years, before there is infection of the 
brain, and during this infection in the lym- 
phoreticular system probably provides the 
reservoir for maternal and horizontal trans¬ 
mission. The action of the PrP genotype may 
be to delay neural invasion, in which case it 
is possible that a nonclinical carrier state may 
exist for scrapie. 

How the scrapie agent reaches the CNS is 
not certain, but it is probably through trans¬ 
portation across intestinal villous entero- 
cytes 16 and subsequent infection of the 
autonomic nervous system. Gut-associated 
lymphoid nodules in the Peyer’s patches have 
a substantial network of nerve fibers and are 
probably the site for neuroinvasion. The 
scrapie agent has been detected in lymphoid 
nodules of the Peyer’s patches of the gut as 
early as 5 months after oral infection. 

Infection in the brain of sheep is initially 
in the diencephalon and medulla oblongata, 
with subsequent spread and replication in 
other areas of the brain. Characteristically, 
there is a noninflammatory, vacuolar degen¬ 
eration of gray matter and the presence of 
PrP Sc in scrapie-associated fibrils. Infec¬ 
tion results in the posttranslational modi¬ 
fication of this protein so that it becomes 
resistant to proteinases and to normal clear¬ 
ance and, consequently, accumulates in 
the cell. 

PrP Sc is also present in the placenta and 
in the trophoblast cells of the placentomes 
but not in the endometrium, myometrium, 
associated nerve plexuses, or in the fetus. The 
presence of PrP Sc in the placenta is deter¬ 
mined by the fetal PrP gene, and PrP Sc is not 
present in the placenta of fetuses carrying 
one or two ARR alleles. 

CLINICAL FINDINGS 
Incubation 

The incubation period varies from several 
months to several years. Scrapie is a non- 
febrile disease and the onset is insidi¬ 
ous, but as the disease progresses clinical 
signs become more obvious and severe. 
The clinical course is protracted, varying 
from 2 to 12 months, but lasting in most 
cases for about 6 months. Affected animals 
usually show behavioral change, tremor, 
pruritus, and locomotor disorder. A clin 
ical examination protocol to detect classi¬ 
cal and atypical scrapie in sheep has been 
developed. 16,17 


Early Signs 

The earliest signs are transient, nervous 
phenomena occurring at intervals of several 
weeks or under conditions of stress. These 
episodes include sudden collapse and sudden 
changes of behavior, with sheep charging at 
dogs or closed gates. 

Rubbing and biting at the fleece then 
begins but are often unobserved because of 
their infrequent occurrence. The apparent 
pruritus is manifested chiefly over the rump, 
thighs, and tail base. The poll and dorsum of 
the neck may also be involved and, less com¬ 
monly, the neck in front of the shoulder and 
the ribs behind the elbow. The affected areas 
have approximate bilateral symmetry. In this 
early stage a stilted gait is often observed. A 
general loss of condition may also be 
observed as an early sign, although the appe¬ 
tite may not be severely affected. 

Advanced Cases 

More advanced cases show intense pruritus, 
muscle tremor and marked abnormalities of 
gait, and severe emaciation. Persistent 
rubbing causes loss of wool over the areas 
mentioned previously. Scratching with the 
hindfeet and biting at the extremities also 
occurs. Hematoma of the ears and swelling 
of the face may result from rubbing. Light or 
deep pressure, pinpricking, and application 
of heat or cold may elicit the characteristic 
“nibbling or scrapie scratch” reaction, during 
which the animal elevates the head and 
makes nibbling movements of the lips and 
licking movements with the tongue (Fig. 
14-11). The sheep’s expression suggests that 
the sensations evoked are pleasant ones. The 
reaction may not be observed consistently, 
often disappearing when the sheep is excited 
or in new surroundings. 

Simultaneously with the development of 
pruritus there is serious impairment of 
locomotion. Hindlimb abnormalities appear 
first. There is incomplete flexion of the hock, 
shortening of the step, weakness, and lack of 
balance. The sense of spatial relationship 
appears to be lost, and the sheep is slow to 
correct abnormal postures. Adduction 
occurs during extension, and abduction 
occurs during flexion. When the animal is 
attempting to evade capture, gross incoordi¬ 
nation of head and leg movements is likely 
and the animal often falls. Convulsions, 
usually transient but occasionally fatal, may 
occur at this time. 

General hyperexcitability is evident. In 
the animal at rest an intermittent nodding 
and jerking of the head and fine tremor of 
superficial muscles may also be observed. In 
some cases, nystagmus can be produced by 
rotating the head sideways. Other clinical 
signs include inability to swallow, although 
prehension is unaffected; vomiting; loss of 
bleat; and blindness. A change of voice to a 
trembling note is often most noticeable. 

Anorexia is not evident in most cases 
until the last 4 to 5 weeks and results in rapid 


loss of BW. Abomasal distension and impac¬ 
tion occurs in a small number of cases. Preg¬ 
nancy toxemia may occur as a complication 
in pregnant ewes during this stage of scrapie. 
Finally, the sheep reaches a stage of extreme 
emaciation and inability to move without 
becoming readily fatigued. Sternal recum¬ 
bency follows and lateral recumbency with 
hyperextension of the limbs is the final stage. 
Pyrexia is not evident at any time. 

In a detailed study in 129 sheep with 
scrapie the proportional occurrence of signs 
was hindlimb ataxia 71%, head tremor 61%, 
altered mental status 57%, positive nibble 
reflex 51%, crouching position 51%, teeth 
grinding 44%, low head carriage 38%, body 
condition score of less than 1.5, 38%, and 
conscious proprioceptive deficits of limbs 
36%. The occurrence of clinical signs was 
examined in relationship to the PrP genotype. 
The nibble reflex was strongly associated with 
PrP genotypes ARQ/ARQ and ARQ/ARH. 

In goats, the clinical course in naturally 
occurring cases lasts from 2 to 24 weeks. 
Clinical signs are similar to those in sheep, 
and hyperesthesia, ataxia, and pruritus are 
common, but loss of weight is less common. 
In lactating goats the first sign may be a 
reluctance to permit milking. Dribbling and 
regurgitation of ruminal contents are also 
recorded in one-third of cases. 

In most countries the disease is report- 
able to government authorities. 

CLINICAL PATHOLOGY 

There are no changes in hematologic or 
serum biochemistry parameters. The IHC 
test on the obex and other parts of the brain 
is the confirmatory test at some laboratories 
of the OIE and is considered the gold stan¬ 
dard test in the United States. At least four 
ELISA tests are approved for scrapie surveil¬ 
lance at slaughter in the EU. Western blots 
on retropharyngeal lymph nodes obtained at 
slaughter have a sensitivity approaching that 
of IHC. 18 Atypical scrapie is best diagnosed 
using cerebellum as the tissue for analysis. 

Until recently there has been no ante¬ 
mortem test for scrapie; however, PrP Sc can 
be detected in cells by IHC methods and is 
present in the lymphoid tissue of some sheep 
with scrapie in the preclinical phase of the 
disease. Palatine tonsillar biopsy has 
detected PrP Sc in lambs of susceptible geno¬ 
types as young as 5 months of age and in the 
tonsils of nonchallenged susceptible lambs at 
9 to 10 months of age that were born and 
maintained in a scrapie environment. 
However, tonsil biopsy requires general 
anesthesia and is not a practical on-farm 
technique. 

Biopsy of lymphoid follicles in the third 
eyelid or rectum is more practical, requires 
only restraint, sedation using xylazine, and 
local analgesia, and the techniques are being 
investigated for the preclinical diagnosis of 
scrapie in surveillance programs. In scrapie¬ 
positive sheep, PrP Sc can be detected in third 
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Fig. 14-11 A, Clinical signs of scrapie in Suffolk ewes located in the midwest region of the 
United States. The ewe on the left is pruritic, which is manifested as rubbing against the tree. 
The same ewe is also showing a positive nibble reflex (scrapie scratch reaction) with an upper 
lip curl and protruded tongue. The ewe on the right is losing weight and has an abnormally 
low head carriage. B, A positive result to the scrapie scratch reaction test. Rubbing/scratching 
the back over the thoracic vertebrae results in a slight elevation of the head, an upper lip curl, 
licking of the lips, and a pleasing look in the eyes of sheep with scrapie. 


eyelid biopsies by 14 months of age, obtained 
from the palpebral side of the third eyelid. 
Histamine-containing eye drops improve the 
success of collecting a sample with adequate 
lymphoid follicles for examination. However, 
lymphoid follicles may not be present in 
sufficient numbers in third eyelid biopsies 
for evaluation in up to 60% of adult sheep 


sampled, and the sensitivity of third eyelid 
biopsy and rectal mucosa biopsy in detect¬ 
ing scrapie-infected sheep is 40% and 36%. 19 
It is unlikely that lymphoid tissue will ever 
achieve an adequately high test sensitivity 
because a large number of infected animals 
have minimal or no PrP Sc in lymphoid 
tissue. 


Research is ongoing about developing an 
accurate test that can detect serum biomark¬ 
ers of early and late phase scrapie or PrP Sc in 
blood. 20 It has been suggested that the disease 
could be diagnosed antemortem by EEG, but 
this has been disputed. 

NECROPSY FINDINGS 

Significant gross findings are restricted to 
traumatic lesions caused by rubbing, and to 
emaciation and loss of wool; gross distension 
of the abomasum has been recorded in some 
natural cases. 

The essential histopathologic lesion in 
scrapie is the vacuolation of gray matter 
neuropil in the spinal cord, medulla, pons, 
and midbrain, and the consequential walle- 
rian degeneration in dorsal, ventral and ven¬ 
trolateral columns of the spinal cord, and in 
nerve fibers in the cerebellar peduncles 
and the optic nerve. In addition, there is 
degeneration of the cerebellar and hypothal- 
amoneurohypophyseal systems. There are 
different strains of the scrapie agent that can 
result in differing clinical signs and pathol¬ 
ogy. Scrapie-associated fibrils are present in 
infected brain. Histologic findings are diag¬ 
nostic in many cases but can be supple¬ 
mented with the immunodetection of PrP Sc 
in brain tissue by in situ IHC and Western 
immunoblots. The breed of the sheep affects 
the magnitude of neuropil vacuolation, and 
variation also is associated with the PRP 
genotype within breeds. 

Atypical strains of scrapie (Nor98) are 
recognized that differ from the usual strains 
in their vacuolation patterns and their 
disease-specific, protease-resistant PrP Sc 
disposition patterns. These strains can 
also produce disease in PrP genotypes not 
normally affected, including Prp genotype 
ARR/ARR. 


DIFFERENTIAL DIAGNOSIS 


The characteristic signs of behavioral change, 
tremor, pruritus, and locomotor disorder 
occurring during a period of prolonged illness 
should suggest the possibility of this disease. 
The long incubation period, slow spread, and 
high case-fatality rate should also be 
considered when making a diagnosis. Diseases 
that may require differentiation include the 
following: 

Diseases with signs of 
nervous dysfunction 

• Louping-ill 

• Pregnancy toxemia 

• Rabies 

• Pseudorabies 

• Visna. 

Skin diseases 

• External parasites 

• Wool loss 

Treatment No treatment has proved capable 
of changing the course of the disease. 
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CONTROL 
Individual Flocks 

The maintenance of a closed ewe flock is 
critical to the control of this disease. If ewes 
need to be purchased from outside flocks, 
they should be from certified flocks or, better 
still, selected by PrP genotype testing for 
171RR or 171QR genotype. Tbe rams should 
be 171RR or 171QR genotypes. Ewes should 
be isolated at lambing and lambed individu¬ 
ally with disposal of placenta by burning. 

National Eradication 

In countries that do not have the disease, and 
where it is inadvertently introduced with 
imported sheep, the approach is slaughter 
eradication of the infected flock and all 
in-contact animals. The aim is to eliminate 
the disease from the country, and the 
approach is usually successful because it has 
the full support of the sheep industry and the 
government. 

Flock Eradication 

The eradication of scrapie in countries where 
it is enzootic has less chance of success. Erad¬ 
ication programs vary and may involve the 
whole flock or just the family lines of the 
infected sheep. Programs in the United States 
since 1952 have varied from compulsory 
slaughter eradication of the affected flock 
and source flocks, to bloodline eradication, 
and finally from discontinuation to a volun¬ 
tary certification scheme. 

During this period there was no ante¬ 
mortem diagnostic test for scrapie and the 
identification of infected farms and flocks 
relied on owners submitting suspect or clini¬ 
cal cases for postmortem and histologic 
diagnosis. Owners are unlikely to put their 
flocks at risk if there is inadequate compen¬ 
sation for the results of their action, if they 
perceive that other flock owners are not 
cooperating with the control program, or if 
they question the validity of the eradication 
policy, which is attested to by the experience 
in the United States. 

Iceland is currently attempting an eradi¬ 
cation program that involves depopulation 
of infected farms and areas. The farms are left 
without sheep for a 2-year period during 
which there is extensive cleaning and disin¬ 
fection of the farm area before repopulation 
with scrapie-free sheep. The program is a 
national thrust but very expensive. This 
approach has also been apparently successful 
in virtually eliminating, if not eradicating, 
the disease in Iceland. Norway is also 
attempting eradication in a similar manner. 
In both countries the disease was geographi¬ 
cally clustered. 

Genetic Control and 
National Programs 

The occurrence of scrapie and the concern 
for BSE in sheep has led many countries 
to develop national breeding programs for 
the control of scrapie and potential BSE. 


Examples are the National Scrapie Plan in 
the UK and the National Scrapie Eradication 
Program in the U.S. National Scrapie Plan. 
The overall aim is to identify sheep geneti¬ 
cally resistant to scrapie on the basis of their 
genotype (ARR) and to and breed them to 
create a national flock with scrapie resis¬ 
tance. Genetic testing will allow the selection 
of resistant sheep for breeding and the 
culling of susceptible sheep, particularly in 
breeds such as the Suffolk in which the 
genetics of susceptibility appear relatively 
simple. 

The UK has a Voluntary National Scrapie 
Flocks Scheme and a National Scrapie Plan 
which, under EU regulations, become com¬ 
pulsory for flocks that have had a case of 
scrapie after July 2004. Under the Compul¬ 
sory Scrapie Flocks Scheme farmers with 
confirmed scrapie cases on their farms will 
either have their sheep flocks genotype tested 
so that those animals more susceptible to 
disease can be identified and removed or the 
whole flock slaughtered and disposed of. All 
goats on affected holdings also will be 
slaughtered and disposed of. Testing of 
breeding rams will also become compulsory 
for all purebred flocks and any other flocks 
producing and selling homebred rams for 
breeding. All rams carrying VRQ PrP geno¬ 
types will be slaughtered or castrated. Allied 
to this will be a voluntary ewe-testing 
scheme. 

A mathematical model of the program 
has examined the time that it would take to 
eliminate scrapie from the national flock. 
The results suggest eradication is feasible but 
the process could take decades and would be 
expensive. Surprisingly whole-flock culling 
was more efficient in terms of time to eradi¬ 
cation than genetic typing and selective 
culling. Not surprising was the finding that 
the most important factor influencing the 
efficacy of control at the national level was 
the ability to identify affected flocks. It was 
suggested that investing money in obtaining 
better notifications and in conducting trace 
backs and active surveillance of animals 
slaughtered for human consumption and 
animals found dead on farms would be a 
good investment. 

In the United States, all breeding sheep 
must be individually identified with a unique 
flock and individual number. The Scrapie 
Flock Certification program monitors 
flocks over time and assigns certified status 
to flocks with no evidence of scrapie. 
Although this program has strict require¬ 
ments of identification and reporting, it is 
not based on genetic testing. 

The United States also has a USDA 
Genetics-Based Flock Cleanup and Moni¬ 
toring Plan. This program targets scrapie- 
infected and source flocks. The sheep in 
these flocks are genotyped, sheep with sus¬ 
ceptible genotypes are removed (as are all 
goats), and the flock is placed under surveil¬ 
lance for 5 years. Flocks that are exposed to 


scrapie are placed on a monitoring program, 
and if scrapie is detected the genetics-based 
cleanup program would begin. 

There is concern that breeding for the 
selection for certain PrP genotypes and 
reduction or elimination of other PrP geno¬ 
types could affect other desirable genetic 
characteristics and reduce the overall 
“genetic pool.” This will need to be deter¬ 
mined for individual breeds, but preliminary 
analyses that have involved several breeds 
suggest that reproductive traits, muscle mass, 
wool quality, live weight gain, and carcass 
characteristics are not affected, at least in 
some breeds. 

There has also been concern that rare 
breeds could be threatened in the face of an 
occurrence of scrapie and subsequent dispo¬ 
sition of the flock based on the PrP genotype. 
Interestingly, there is a good representation 
of ARR and some breeds have very high 
frequencies. 
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CHRONIC WASTING DISEASE 

CWD has recently emerged, or been recog¬ 
nized, in the United States as a TSE of captive 
and free-ranging cervids. The ability of this 
infection to transmit laterally between 
cervids, coupled with the longevity of the 
agent in the environment and the common 
grazing land of infected cervids and cattle 
and sheep, has resulted in concern that CWD 
in cervids might be a risk to livestock, and 
subsequently to humans, similar to BSE. 
There has also been concern that it might be 
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transmitted directly from infected cervids to 
hunters dressing carcasses or consuming 
deer meat. There is no evidence for either of 
these risks. 

The known natural hosts for CWD are 
mule deer (O. hemionus), white-tailed deer 
(O. virginianus), Rocky Mountain elk (C. 
elaphus nelsoni ), and less frequently Shiras 
moose ( Alces alces shirasi). CWD was origi¬ 
nally recorded in the late 1960s as a chronic 
wasting syndrome of unknown etiology in 
captive mule deer in research facilities in 
Colorado and Wyoming. It was subsequently 
established that the disease was a TSE, and 
CWD has subsequently been found affecting 
cervids in captivity in several states in the 
United States and also in the provinces of 
Saskatchewan and Alberta, Canada. The 
occurrence in captive and farmed cervids in 
these different geographic areas is likely the 
result of transfer of animals between them, 
and the disease has recently been reported in 
Korea in cervids imported from North 
America. The disease continues to expand in 
prevalence and range in North America. 

CWD has a focus and may have origi¬ 
nated in free-ranging deer and elk in north 
central Colorado and southeastern Wyoming; 
however, in recent years it has been detected 
in free-ranging cervids east of the Mississippi 
and in a much broader area of North 
America. It is not certain whether this is 
caused by spread or because of improved 
surveillance. Based on comparisons of the 
CNS lesions and the glycoform patterns, the 
CWD agent is the same in captive and free- 
ranging deer. 

There is strong evidence from outbreaks 
in captive deer that lateral transmission is of 
major importance in the transmission of 
CWD. The agent accumulates in gut- 
associated lymphoid tissues early in the 
infection, and saliva and feces are the likely 
source of horizontal infection with contami¬ 
nation of the environment. 

The disease can be transmitted experi¬ 
mentally between cervids, and there is evi¬ 
dence for genetic susceptibility. The prion 
associated with CWD is not the same as that 
associated with BSE. In a recent study, it was 
shown that infection, with amplification of 
prion protein in brain tissue, can be trans¬ 
mitted to cattle by intracerebral inoculation 
of CWD-infected deer brain. Six years fol¬ 
lowing challenge less than 50% of the chal¬ 
lenged cattle showed amplification of the 
infection and none had histologic evidence 
of spongiform encephalopathy. It was con¬ 
cluded that if infection via the oral route did 
occur in cattle it would be unlikely that it 
would result in amplification of the abnor¬ 
mal prion within the life span of cattle. 

Clinically the disease in cervids is mani¬ 
fested initially by changes in behavior not 
commonly observed in free-ranging cervids, 
and the major manifestation is a marked fall 
in body condition. In the terminal stages, 
there may be ataxia and excitability. The 


clinical course varies from a few days to a 
year but averages 4 months. Diagnosis is by 
histologic examination of the brain or more 
commonly by the demonstration of PrP CWD 
in brain tissue by IHC. Antemortem 
biopsy of lymphatic tissue in tonsils and ret¬ 
ropharyngeal lymph nodes as well as rectal 
biopsy have all been proven to be useful in 
diagnosing preclinical and subclinically 
infected animals, with diagnostic perfor¬ 
mance approaching testing brain tissue. 
Because prions in cervids with CWD are 
heavily shed in saliva and ocular secretions, 
diagnostic tests are currently under develop¬ 
ment using these fluids. 

Control of CWD appears to be unsuc¬ 
cessful because of its horizontal transmis¬ 
sion, as well as occurrence in wildlife that 
migrate over large distances and that are 
naturally shy. Eradication appears very 
unlikely. 
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Parasitic Disease 
Primarily Affecting 
the Cerebrum 

COENUROSIS (GID, STURDY) 

Coenurosis is the disease caused by invasion 
of the brain and spinal cord by the inter¬ 
mediate stage of Taenia multiceps. The 
syndrome produced is one of localized, 
space-occupying lesions of the CNS. In most 
countries the disease is much less common 
than it used to be and relatively few losses 
occur. 

ETIOLOGY 

The disease is associated with Coenurus cere- 
bralis, the intermediate stage of the tape¬ 
worm T. multiceps, which inhabits the 
intestine of dogs and wild Canidae. The 
embryos, which hatch from eggs ingested in 
feed contaminated by the feces of infested 
dogs, hatch in the intestine and pass into the 
bloodstream. Only those embryos that lodge 
in the brain or spinal cord survive and con¬ 
tinue to grow to the coenurid stage. C. cere- 
bralis can mature in the brain and spinal 
cords of sheep, goats, cattle, horses, and wild 
ruminants, and occasionally humans, but 
clinical coenurosis is primarily a disease of 
sheep and occasionally goats 1 and cattle. 2 
Infection in newborn calves, acquired prena- 
tally, has occasionally been observed. 

PATHOGENESIS 

The early stages of migration through 
nervous tissue usually passes unnoticed, but 
in heavy infections an encephalitis may be 
produced. Most signs are caused by the 


mature coenurus, which may take 6 to 8 
months to develop to its full size of about 
5 cm. The cystlike coenurus develops gradu¬ 
ally and causes pressure on nervous tissue, 
resulting in its irritation and eventual 
destruction. It may cause sufficient pressure 
to rarefy and soften cranial bones, leading to 
a larger volume of calvarium, compared with 
uninfected controls. 3 

CLINICAL FINDINGS 

In acute outbreaks caused by migration of 
larval stages, sheep show varying degrees of 
blindness, ataxia, muscle tremors, nystag¬ 
mus, excitability, and collapse. Sheep affected 
with the mature Coenurus show an acute 
onset of irritation phenomena including a 
wild expression, salivation, frenzied running, 
and convulsions. Deviation of the eyes and 
head may also occur. Some animals may die 
in this stage, but a large number proceed to 
the second stage of loss of function phenom¬ 
ena, the only stage in most affected animals. 
The most obvious sign is slowly developing 
partial or complete blindness in one eye. 
Dullness, clumsiness, head-pressing, ataxia, 
incomplete mastication, and periodic epilep¬ 
tiform convulsions are the usual signs. Pap¬ 
illedema may be present. Localizing signs 
comprise chiefly deviation of the head and 
circling; there is rotation of the head with the 
blind eye down, and deviation of the head 
with circling in the direction of the blind eye. 

In young animals local softening of the 
cranium may occur over a superficial cyst 
and rupture of the cyst to the exterior may 
follow, with final recovery. When the spinal 
cord is involved, there is a gradual develop¬ 
ment of paresis and eventually inability to 
rise. Death usually occurs after a long course 
of several months. 

CLINICAL PATHOLOGY 

Clinicopathologic examinations are not gen¬ 
erally used in diagnosis in animals, and sero¬ 
logic tests are not sufficiently specific to be of 
value. Radiologic examinations are helpful in 
defining the location of the cyst, especially if 
there is a prospect of surgical intervention. 
MRI provides more detailed information 
regarding cyst size and location. 3 

NECROPSY FINDINGS 

Thin-walled cysts may be present anywhere 
in the brain but are most commonly found 
on the external surface of the cerebral hemi¬ 
spheres. In the spinal cord the lesions are 
most common in the lumbar region but can 
be present in the cervical area. Local pressure 
atrophy of nervous tissue is apparent, and 
softening of the overlying bone may occur. 


DIFFERENTIAL DIAGNOSIS 


The condition needs to be differentiated from 
other local space-occupying lesions of the 

Continued 
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cranial cavity and spinal cord, including 
abscess, tumor, and hemorrhage. In the early 
stages the disease may be confused with 
encephalitis because of the signs of brain 
irritation. Clinically there is little difference 
between them and, while clinical signs and 
local knowledge may lead to a presumptive 
diagnosis, demonstration of the metacestode 
is essential. 


TREATMENT AND CONTROL 

Surgical drainage of the cyst may make it 
possible to fatten the animal for slaughter, 
and surgical removal with complete recovery 
is possible in a majority of cases. The life 
cycle can be broken most satisfactorily by 
control of mature tapeworm infestation in 
dogs. Periodic treatment of all farm dogs 
with a tenicide is essential for control of this 
and other more pathogenic tapeworms. Car¬ 
casses of livestock infested with the interme¬ 
diate stages should not be available to dogs. 

Anthelmintic agents appear to have effi¬ 
cacy in treating coenurosis in naturally 
infected sheep, as demonstrated by degen¬ 
eration of the cysts in treated animals. 4 Best 
results were obtained with oral albendazole 
(25 mg/kg), or combined oral fenbendazole 
(500 mg) and oral praziquantel (500 mg) 
The clinical effect of such treatment is 
undetermined. 
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HALICEPHALOBUS 

H. gingivalis ( H. deletrix; Micronema dele- 
trix ) is a small nematode that has been found 
in horses on rare occasions. Like Pelodera, it 
is a free-living saprophytic organism that has 
the ability to become an opportunistic para¬ 
site. H. gingivalis, however, invades the 
deeper tissues where it reproduces. Enor¬ 
mous numbers may be seen in granuloma¬ 
tous lesions that grow to several centimeters 
in diameter. Lesions may be found near the 
eye, in the prepuce, nares, or the maxilla. 
The latter may be sufficiently large to cause 
the hard palate to bulge, displacing the 
molars and causing difficulty in mastication. 
Putative hematogenous spread gives rise to 
similar lesions in the kidney, 2 which may be 
misdiagnosed as renal neoplasia. The worm 
also invades the brain, 3 ' 5 spinal cord, and 
heart, 6 but here the lesions are usually micro¬ 
scopic and consist of discrete granulomata 
with a vascular orientation. In the brain 
lesions are predominantly in the cerebrum 
with numerous intralesional worms. 5 
Affected horses may show a wide variety of 
clinical signs including lethargy, ataxia, and 
incoordination leading to recumbency and 


death. 1,6 Diagnosis of superficial lesions is by 
demonstration of worms and larvae in biopsy 
samples, but more often H. gingivalis infec¬ 
tion is identified retrospectively in histologic 
sections following necropsy. 7 The worms are 
250 to 430 pm long, have a characteristic 
bilobed pharynx, and often contain a single 
large egg. PCR and sequencing have been 
used to identify H. gingivalis definitively. 3 
This infection must be considered in the dif¬ 
ferential diagnosis of equine cerebrospinal 
nematodosis. 3,4 Treatment with ivermectin at 
the maximum safe dose has been attempted, 
although the susceptibility of the worm to 
this compound is uncertain. 1 Experimental 
tests have indicated that H. gingivalis adult 
worms and larvae have remarkable tolerance 
to ivermectin. 3 
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Metabolic Diseases 
Primarily Affecting 
the Cerebrum 

POLIOEIMCEPHALOMALACIA 
(CEREBROCORTICAL NECROSIS) 
OF RUMINANTS 


SYNOPSIS 


Etiology Several different causes including 
thiamine inadequacy, sulfate toxicity. 

Epidemiology Sporadic disease in young 
well-nourished ruminants on high-level 
grain diets and not synthesizing sufficient 
thiamine. Ingestion of preformed 
thiaminase in certain plants or production 
by ruminal microbes may also cause 
destruction of thiamine. May also occur in 
cattle and sheep of all ages ingesting 
excess amounts of sulfates in feed and 
water. 

Signs Sudden blindness, ataxia, staggering, 
head-pressing, tremors of head and neck, 
ear-twitching, champing fits, clonic-tonic 
convulsions, recumbency, opisthotonus, 
rumen contractions normal initially, pupils 
usually normal and responsive, nystagmus, 
death may occur in 24-48 hours. Hydrogen 
sulfide odor of ruminal gas in sulfate 
toxicity. 

Clinical pathology Erythrocyte transketolase 
activity decreased and thiamine 
pyrophosphate effect increased but both 
measurements difficult to interpret; blood 
thiamine concentrations decreased but are 
not reliable in thiamine inadequacy form. 


Increased hydrogen sulfide content in 
rumen gas and increased thiosulfate 
concentration in urine in sulfur-induced 
form. 

Lesions Diffuse cerebral edema, flattened 
dorsal gyri, coning of cerebellum, 
multifocal to linear areas of fluorescence in 
gray and white matter borders of cortical 
gyri and sulci. 

Diagnostic confirmation Fluorescence of 
gray and white matter of cortical gyri and 
sulci of brain. 

Differential diagnosis list 

Cattle 

• Lead poisoning 

• Hypovitaminosis A 

• Sodium chloride toxicity 

• Histophilus somni meningoencephalitis 

Sheep 

• Pregnancy toxemia 

• Clostridium perfringens type D 
enterotoxemia 

• Focal symmetric encephalomalacia 

• Lead poisoning. 

Goats 

• Pregnancy toxemia 

• C. perfringens type D enterotoxemia 

• Closantel overdosage 1 

• Lead poisoning 

Treatment Thiamine hydrochloride 
parenterally. 

Control Thiamine supplementation of diet. 
Avoid excess feeding or access to sulfate in 
feed and water supplies. 


ETIOLOGY 

Historically, PEM was considered to be 
caused by a thiamine inadequacy. It is impor¬ 
tant to realize that PEM is a histologic 
description of a cerebral injury affecting pre¬ 
dominantly the gray matter, and that there 
are several different causes of PEM in rumi¬ 
nants. The current preference is to discuss 
PEM in relationship to a suspected etiology. 

Thiamine Inadequacy 

Thiamine (vitamin B,) is synthesized only in 
bacteria, fungi, and plants but is an essential 
nutrient for animals. Consequently, animals 
must obtain thiamine from their diet. The 
evidence that a thiamine inadequacy can be 
associated with the disease includes the 
following: 

• Affected animals respond to the 
parenteral administration of thiamine if 
given within a few hours after the onset 
of clinical signs 

• Affected animals have biochemical 
findings consistent with thiamine 
pyrophosphate ([TPP], also known as 
TDP) inadequacy (TPP is the 
biologically active form of thiamine) 

• The clinical signs and pathologic lesions 
can be reproduced in sheep and cattle 
by the administration of large daily 
















doses of pyrimidine containing 
structural analogs of thiamine, 
principally amprolium, given orally or 
intraperitoneally. 

Excess Dietary Sulfur 

Elemental sulfur in the rumen is metabo¬ 
lized by two pathways: (1) reduction of 
sulfate (S0 4 2- ) to sulfide (S 2_ ), which is then 
incorporated into sulfur-containing com¬ 
pounds such as cysteine and methionine that 
are used by rumen bacteria and (2) reduction 
of sulfate to sulfide, which is converted to 
hydrosulfide (HS“) at normal rumen pH 
(pKa of S 2 ' + H + <-> HS“ is 11.96). Hydrosul¬ 
fide is in equilibrium with hydrogen sulfide 
in the rumen because the pKa for the equi¬ 
librium reaction: HS“ + H + <-> H 2 S is 7.04). 2 
The practical significance of these equilib¬ 
rium reactions is that sulfate metabolism 
results in higher levels of H 2 S in rumen gas 
(and H 2 S is assumed to be the toxic agent) at 
lower rumen values for pH. These equilibria 
reactions help to explain the association 
between high sulfate intakes, high-grain 
diets, and increased risk of sulfur-associated 
PEM. The ingestion of excessive quantities of 
sulfur from the diet and water supply can 
cause the disease in cattle and sheep without 
any change in the thiamine status of the 
tissues. An increased dietary sulfur intake 
may increase the metabolic demand for thia¬ 
mine, possibly to offset the damaging effect 
of hydrogen sulfide on brain tissue. 3 

EPIDEMIOLOGY 

Occurrence 

PEM occurs sporadically in young cattle, 
sheep, goats, and other ruminants. In North 
America, UK, Australia, and New Zealand, 
the disease is most common in cattle and 
sheep that are being fed concentrate rations 
under intensified conditions such as in feed- 
lots. An inadequate amount of roughage can 
result in a net decrease in the synthesis of 
thiamine. The disease is most common in 
well-nourished thrifty cattle 6 to 18 months 
of age (peak incidence 9-12 months of age) 
that have been in the feedlot for several 
weeks. Feedlot lambs may also be affected 
only after being on feed for several weeks. 
The disease also occurs in goats and in ante¬ 
lope and whitetail deer. It may affect goats 
from 2 months to 3 years of age and is com¬ 
monly associated with milk-replacer diets in 
kids or concentrate feeding in older goats. 
The disease occurs only rarely in adult cattle, 
which may be a reflection of the greater 
quantities of roughage they usually consume. 
However, there are recent reports of the 
disease occurring in adult cows on pasture 
with access to drinking water containing 
excessive concentrations of sulfates. 

Morbidity and Case Fatality 

Accurate morbidity and case-fatality data 
are not available, but outbreaks can occur 
suddenly in which up to 25% of groups of 
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feeder cattle may be affected, with case- 
fatality rates from 25% to 50%. Case-fatality 
rates are higher in young cattle (6-9 months) 
than in the older age group (12-18 months), 
and mortality increases if treatment with 
thiamine is delayed for more than a few 
hours after the onset of signs. In feedlot 
lambs, it has been suggested that approxi¬ 
mately 19% of all deaths are caused by PEM. 

Risk Factors 

When PEM was first described in 1956, and 
for about 30 years, it was considered to be a 
thiamine deficiency conditioned by dietary 
factors such as high-level grain feeding and 
inadequate roughage. PEM was most 
common in well-nourished young cattle 
from 6 to 12 months of age that were being 
fed high-level grain rations. The scientific 
investigations centered on the effects of 
dietary factors, such as grain diets, and the 
presence of thiaminases in certain diets on 
thiamine metabolism in the rumen. In recent 
years, it has become clear that the disease is 
not etiologically specific because many dif¬ 
ferent dietary factors have been associated 
with the occurrence of the disease, and in 
some instances the thiamine status of the 
affected animals is within the normal range. 
Notable examples are the recent observations 
linking dietary sulfate with the occurrence of 
the disease. 

Dietary Risk Factors 

Although there has been general agreement 
that thiamine inadequacy is associated with 
the cause of PEM, the possible mechanisms 
by which this occurs are uncertain. Thiamine 
inadequacy in ruminants could, theoreti¬ 
cally, occur in any of the following situations 
in which inadequate net microbial synthesis 
of thiamine in the rumen may occur: 

• Concentrate-fed animals receiving 
inadequate roughage 

• Impaired absorption and/or 
phosphorylation of thiamine 

• Presence of a thiamine inhibitor in the 
tissues of the host 

• Lack of sufficient or appropriate 
apoenzyme or coenzyme-apoenzyme 
binding for thiamine-dependent systems 

• Increased metabolic demands for 
thiamine in the absence of increased 
supply 

• Increased rate of excretion of thiamine 
resulting in its net loss from the body 

Thiamine can be destroyed by thiaminases 
of which significant amounts can be 
found in the rumen contents and feces 
of cattle and sheep affected with 
naturally occurring PEM. 

Thiamine Inadequacy 

In cattle under farm conditions, using eryth¬ 
rocyte transketolase activity as a measure¬ 
ment of thiamine status, up to 23% of cattle 
under 2 years of age and 5% over 2 years may 
be in a thiamine-low state. Newly weaned 


beef calves on a hay diet are not subject to 
a thiamine deficiency, but a low and vari¬ 
able proportion of young cattle on barley- 
based feedlot diets (1.7%) may have some 
evidence of thiamine deficiency based on 
a TPP activity effect in excess of 15%. The 
supplementation of the diet of feedlot steers 
on an all-concentrate barley-based diet with 
thiamine at 1.9 mg/kg dry matter resulted 
in an increase in average daily gain and 
final carcass weights. Thus some animals 
may be marginally deficient in thiamine, 
which may be associated with decreased 
performance in cattle fed all-concentrate 
diets. However, thiamine supplementation 
of cattle on all-concentrate diets does not 
consistently result in improved animal per¬ 
formance. The experimental disease can be 
produced in young lambs fed a thiamine- 
free milk diet, and it may be unnecessary to 
postulate that thiamine analogs produced in 
the rumen are essential components of the 
etiology. 

Thiaminases 

A major factor contributing to PEM in cattle 
and sheep is a progressive state of thiamine 
deficiency caused by the destruction of thia¬ 
mine by bacterial thiaminases in the rumen 
and intestines. Certain species of thiaminase- 
producing bacteria have been found in the 
rumen and intestines of animals with PEM. 
Bacillus thiaminolyticus and Clostridium spo- 
rogenes produce thiaminase type I and B. 
aneurinolyticus produces thiaminase type II. 
Although there is good circumstantial evi¬ 
dence that the thiaminases from these bacte¬ 
ria are the real source of thiaminases 
associated with the disease, it is not entirely 
certain. The experimental oral inoculation of 
large numbers of thiaminase type I produc¬ 
ing C. sporogenes in lambs did not result in 
the disease. 

Certain species of fungi from moldy feed 
are also thiaminase producers, but the evi¬ 
dence that they destroy thiamine and are 
associated with PEM is contradictory and 
uncertain. 

The factors that promote the colonization 
and growth of thiaminase-producing bacte¬ 
ria in the rumen are unknown. Attempts to 
establish the organism in the rumen of 
healthy calves or lambs have been unsuccess¬ 
ful. Thiaminases have also been found in the 
rumen contents and feces of normal animals, 
which may suggest the existence of a sub- 
clinical state of thiamine deficiency. Poor 
growth of unweaned and weaned lambs can 
be associated with a thiaminase-induced 
subclinical thiamine deficiency. Weekly 
testing of young lambs over a period of 10 
weeks revealed that 90% of unthrifty lambs 
were excreting high levels of thiaminase in 
their feces; low levels of thiaminase activity 
were present in 20% of clinically normal 
animals, and there were significant differ¬ 
ences in the mean erythrocyte transketolase 
activity of the unthrifty animals excreting 
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thiaminase compared with the thiaminase- 
free normal animals. 

Field and laboratory investigations have 
supported an association between inferior 
growth rate of weaner sheep in Australia and 
a thiaminase-induced thiamine deficiency. 
Thiaminase activity has been detected in the 
feces of lambs at 2 to 5 days of age, with the 
levels increasing for 10 days and then declin¬ 
ing over the next 3 to 4 weeks. Decreased 
erythrocyte transketolase activity indicated a 
thiamine insufficiency in lambs with high 
thiaminase activity, and mean growth rates 
were 17% less than lambs with low thiami¬ 
nase activity. The oral supplementation with 
thiamine at 2 to 3 weeks of age was the most 
appropriate prevention and treatment for 
subclinical thiamine deficiency. 

The parenteral or oral administration of 
thiamine to normal calves raised under farm 
conditions resulted in a marked reduction in 
the percentage TPP effect, which is an indi¬ 
rect measurement of thiamine inadequacy. 
Goats with PEM were found to have elevated 
ruminal and fecal thiaminase activities, low 
erythrocyte transketolase activity, elevated 
TPP effect, low liver and brain thiamine 
levels, and elevated plasma glucose levels 
compared with goats not affected with the 
disease. With the increased interest in goat 
farming, some breeders attempted to improve 
body condition of breeding stock for sale or 
show by feeding grain or concentrate, which 
creates a situation similar to feedlot rearing 
of sheep and cattle that is conducive to the 
establishment of thiaminases in the rumen 
and the occurrence of PEM. 

High levels of thiaminase type I are 
present in the rhizomes of bracken fern 
{Pteridium aquilinum) and horsetail ( Equise- 
turn arvense). The feeding of the bracken fern 
rhizomes ( P. esculentum ) to sheep will cause 
acute thiamine deficiency and lesions similar 
to those of PEM, but neither of these plants 
is normally involved in the natural disease. 
The disease has occurred in sheep grazing 
the Nardoo fern ( Marsilea drummondii) in 
flood-prone or low-lying wet areas in Aus¬ 
tralia. The fern contains a high level of thi¬ 
aminase type I activity. 

Amaranthus blitoides (prostrate pigweed) 
may contain high levels of thiaminase and be 
associated with PEM in sheep. 

Sulfur-Induced Polioencephalomalacia 

PEM has been associated with diets high in 
sulfur, particularly in the form of sulfate. A 
high concentrate of sulfates in the diet of 
cattle has been associated with episodes of 
the disease in 6- to 18-month-old cattle. 
Inorganic sulfate salts in the form of gypsum 
(calcium sulfate) added to feedlot rations 
to control the total daily intake of the diet 
may cause PEM. Seasonal outbreaks have 
occurred in feedlot beef cattle between 15 
and 30 days after introduction to a high- 
sulfur diet, and the risk may increase when 
water is an important source of dietary 


sulfur, and during hot weather, when the 
ambient temperatures exceeded 32°C. 

Initial outbreaks may follow the use of a 
new well of water containing more sulfate 
than water used previously from another 
well, increasing from a monthly incidence of 
0.07% to 0.88%. Growing cattle consume 2.4 
times more water when the temperature is 
32°C than at 4°C; consequently total inges¬ 
tion of sulfur by consumption of high-sulfate 
water increases during hot weather. The feed 
contained 2.4 g of S0 4 /kg dry matter with a 
total sulfur content of 0.20%. Samples of 
drinking water contained between 2.2 and 
2.8 g of SO4/L. During hot weather daily 
sulfur ingestion from feed and water com¬ 
bined was estimated to be 64 g per animal 
corresponding to total dietary sulfur of 
approximately 0.67% of dry matter. Daily 
S0 4 ingestion was approximately 160 g per 
animal. The ruminal sulfide levels were 
much higher 3 weeks after entering the 
feedlot, when the incidence of the disease 
was greatest, than 2 months after entering 
the feedlot when the risk of the disease 
was low. 

In western Canada, there is an associa¬ 
tion between PEM and high levels of sodium 
sulfate in water, and range cows are usually 
affected when certain waters become con¬ 
centrated with this salt during the summer 
months. Water containing high levels of 
magnesium sulfate, often called gyp water 
(for gypsum water) is common in the 
western plains and intermountain areas of 
the United States and Canada. Ideally, water 
for livestock consumption should contain 
less than 500 ppm sulfate, and 1000 ppm is 
considered the maximum safe level in water 
for cattle exposed to moderate dietary sulfur 
levels or high environmental temperatures. 
A level of 2000 ppm of sulfate in drinking 
water is the taste discrimination threshold 
for cattle. Performance of feedlot cattle is 
reduced when offered water with sulfate 
levels of 2000 ppm or higher. The National 
Research Council states that the requirement 
of sulfur in feed to be 1500 to 2000 ppm 
for both growing and adult beef cattle; 
4000 ppm is considered the maximum toler¬ 
ated dose. Ruminant diets normally contain 
between 1500 to 2000 ppm (0.15%-0.20% 
sulfur). 

Based on National Research Council 
guidelines, 30 g of sulfur is the calculated 
maximum tolerated dose of sulfur for a 
650-lb (294-kg) steer consuming 16.25 lb 
(7.39 kg; 2.5% BW) of feed daily. If the 
ambient temperature reaches 32°C, a 650-lb 
steer can drink 14.5 gallons (53.9 L) of water 
daily, Consumption of 14.5 gallons of water 
containing 3000 ppm sulfate results in a 
daily intake of 55 g of sulfur. A feed intake of 
2.5% BW would also consume 22.2 g of 
sulfur from feed containing 3000 ppm sulfur 
for a total daily intake of 77.2 g of sulfur from 
both feed and water, which is 2.5 times the 
maximum tolerated dose. 


In some surveys, water supplies in 
western Canada contained 8447 ppm of total 
dissolved solids and 5203 ppm of sulfate. A 
survey of the sulfate concentrations in water 
on farms found that high levels of sulfate can 
have a detrimental effect on the thiamine 
status of the cattle on those farms. Cattle 
exposed to sulfate concentrations >1000 ppm 
had blood thiamine levels lower than those 
drinking water with low levels <200 ppm. 
This raises the possibility that a subpopula¬ 
tion of cattle under such circumstances 
could be marginally deficient in thiamine. 

The total dietary intake of sulfur by 
cattle must be considered when investigating 
sulfur as a cause of PEM. In a study of one 
farm, water from a 6.1-m well containing 
3875 mg/L of total dissolved solids with 
3285 mg/L of sodium sulfate was associated 
with PEM in heifers 6 months of age. 
However, the water contributed about 20% 
of the total sulfur content in the diet of the 
heifers, and 60% of the dietary sulfur intake 
was supplied by the hay and 20% by the grain 
supplement. The hay contained 0.4% total 
sulfur, which is at the maximum tolerable 
level for cattle and at the upper limit for hay. 
The hay consisted of variable amounts of 
kochia ( Kochia scorpia ) and Canada thistle 
(Cirsium arvense). K. scorpia (summer 
cypress or Mexican fireweed) is high in 
sulfur content and has been associated with 
the disease in range cattle. 

The levels of sulfate in water that have 
affected feed intake in cattle have varied from 
2800 to 3340 mg sulfate/L, whereas other 
studies found no reduction in feed intake 
with levels up to 7000 mg/L. It appears that 
the different effects of sulfur toxicity for 
similar sulfur contents in saline water are 
attributed to the total sulfur intake. Out¬ 
breaks of the disease may occur in adult 
cattle on pasture drinking water containing 
7200 ppm of sodium sulfate. Thus estab¬ 
lished guidelines for saline drinking water 
are not applicable when cattle are fed feeds 
grown in saline areas. 

A combination of excessive intake of 
sulfur and a low dietary intake of trace min¬ 
erals, especially copper, may affect the thia¬ 
mine status of a cattle herd and contribute to 
PEM. Sulfur adversely affects both thiamine 
and copper status in sheep. A nutritionally 
related PEM has also been reproduced in 
calves fed a semipurified, low-roughage diet 
of variable copper and molybdenum concen¬ 
trations and it was not related to copper defi¬ 
ciency. The disease has occurred in cattle in 
New Zealand fed chou moellier ( Brassica 
oleracea ), which contained sulfur concentra¬ 
tions of 8500 mg/kg dry matter. The morbid¬ 
ity was 25% and mortality 46% despite rapid 
conventional therapy. Sulfur-associated PEM 
has also occurred in Australia when cattle 
grazed extensive stands of Sisymbrium irio 
(London rocket), Capsella bursapastoris 
(shepherds purse), and Raphanus raphanis- 
trum (wild radish), which all contain high 
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sulfur content and are in the Brassicaceae 
(Cruciferae) family. 4 

Ammonium sulfate used as a urinary 
acidifier in the rations of cattle and sheep has 
been associated with outbreaks of PEM. 
Morbidity rates ranged from 16% to 48% and 
mortality rates from 0% to 8%. Affected 
animals did not respond to treatment with 
thiamine. 

Outbreaks have occurred in sheep 
exposed to an alfalfa field previously sprayed 
with 35% suspension of elemental sulfur. 
The disease can be induced experimentally 
in lambs by the administration of sodium 
hydrosulfide into the esophagus and has 
occurred in lambs 3 to 4 weeks after being 
fed a concentrate ration containing 0.43% 
sulfur. Feeding experimental diets contain¬ 
ing inorganic sulfur to young lambs was 
associated with PEM, and supplementation 
of those diets with thiamine decreased the 
severity of the lesions. Rumen microbes are 
able to reduce sulfate to sulfides, which may 
be directly toxic to the nervous system. 
Feeding calves (115-180 kg) a semipurified 
diet high in readily fermentable carbohy¬ 
drate, without long fiber, and with added 
sodium sulfate for a total sulfur content of 
0.36% resulted in PEM within 21 days of the 
introduction of the experimental diet. An 
odor of hydrogen sulfide was frequently 
detected on passage of a stomach tube into 
the rumen of all calves during the experi¬ 
ment. The total thiamine concentrations in 
affected and control calves remained within 
normal limits. 

The dietary content of copper, zinc, iron, 
and molybdenum may also have important 
modifying influences on sulfur toxicosis. 
Molybdenum and copper can combine with 
sulfur to form insoluble copper thiomolyb- 
date. Copper, zinc, and iron form insoluble 
salts with sulfide, and their expected effect 
would be to decrease the bioavailability of 
sulfide in the rumen. Conversely, low, but not 
necessarily deficient, dietary contents of 
these divalent metals could be prerequisites 
for excess absorption of sulfide to occur. 
PEM is not associated with copper defi¬ 
ciency, but copper and sulfur metabolism are 
interdependent. An excess of dietary sulfur 
may result in depression of serum copper, or 
alternatively, low serum copper may potenti¬ 
ate the actions of toxic levels of sulfur. 
Chronic copper poisoning in a lamb has 
been associated with PEM. It is suggested 
that the copper toxicity may have caused 
decreased hepatic function resulting in 
increased plasma concentration of sulfur 
containing amino acids which, may 
have predisposed to sulfur toxicity 
encephalomalacia. 

Major dietary sulfur sources are inor¬ 
ganic salts that are fed in acidogenic diets to 
control periparturient hypocalcemia in dairy 
cattle, the by-products of grain processing, 
such as distillers grains, corn gluten meal, 
and brewers grain, and molasses, beet pulp, 


and alfalfa hay. Prolonged feeding of barley 
malt sprouts to cattle in Turkey has resulted 
in PEM caused by the high sulfur content of 
barley sprouts/’ Similarly, molasses toxicity 
occurred in Cuba in cattle fed on a liquid 
molasses-urea feeding system with limited 
forage. The clinical and necropsy findings 
were identical to PEM; however, molasses 
toxicity is not thiamine responsive and can 
be reversed by feeding forage. 

Other Dietary Circumstances 
Deprivation of Feed and Water. In some 
outbreaks there is a history of deprivation of 
feed and water for 24 to 28 hours, because of 
either a managerial error or frozen water 
supplies. In other cases, a rapid change in 
diet appears to precipitate an outbreak. Some 
outbreaks are associated with a temporary 
deprivation of water for 24 to 36 hours, fol¬ 
lowed by sudden access to water and an 
excessive supply of salt, a situation analogous 
to salt poisoning in pigs, but these require 
more documentation to ensure that they 
indeed are not salt poisoning. 

In sheep flocks, a drastic change in man¬ 
agement, such as occurs at shearing time, 
will precipitate outbreaks in which only the 
yearlings are affected. Changing the diet of 
sheep from hay to corn silage resulted in a 
decrease in thiamine concentrations in 
ruminal fluid to about 25% of control values 
on hay. The cause of the drop in thiamine 
concentrations is unknown. 

Phalaris Aquatica “PEM-Like” Sudden 
Death in Sheep and Cattle. The Mediter¬ 
ranean perennial grass P. aquatica (formerly 
P. tuberosa) can cause sudden death in sheep 
and cattle throughout southern Australia. 
The nervous form of the disease is similar 
clinically to PEM but atypical because of the 
very rapid onset and the absence of either 
neuronal necrosis or malacia in cerebral cor¬ 
tical sections from affected animals. The 
available evidence suggests that this form of 
phalaris sudden death is more likely to 
involve a peracute form of ammonia toxicity 
than a peracute form of PEM. 

PATHOGENESIS 
Thiamine Inadequacy 
Polioencephalomalacia 

High levels of thiaminases are formed in the 
rumen, which destroy thiamine that is natu¬ 
rally synthesized. The circumstances in the 
diet or in the rumen that allow for the devel¬ 
opment of high levels of thiaminases are 
unknown but may be related to the nature of 
the ruminal microflora in young cattle and 
sheep fed concentrate rations, which results 
in the development of ruminal acidosis. 
These rations may also allow for the develop¬ 
ment and growth of thiaminase-producing 
bacteria which, combined with a smaller net 
synthesis of thiamine in the rumens of 
concentrate-fed ruminants, could explain 
the higher incidence in feedlot animals. 


Experimentally PEM has been produced in 
lambs by continuous intraruminal infusion 
of a highly fermentable diet. Animals 
changed very rapidly to high-concentrate 
rations develop increased ruminal thiami- 
nase levels. 

The possibility that intraruminal thiami¬ 
nases may also create thiamine analogs 
capable of acting as thiamine antimetabolites 
and accentuating the disease has been 
studied, but the results are inconclusive. The 
presence of naturally occurring second sub¬ 
strates (cosubstrates) in the rumen could 
produce, by the thiaminase type I reaction, a 
potent thiamine antimetabolite capable of 
accentuating the condition. In vitro studies 
have shown that thiaminase only caused 
rapid destruction of thiamine when a second 
substrate was added, and a large number of 
drugs commonly used as anthelmintics or 
tranquilizers may be active as second sub¬ 
strates. Many compounds found in the 
rumen of cattle are potential cosubstrates. 

Amprolium has been used extensively to 
produce the lesions in the brains of cattle 
and sheep that are indistinguishable from 
the naturally occurring disease. However, 
because amprolium has been found in the 
brain tissue, the experimental disease should 
perhaps be known as “amprolium poisoning 
encephalopathy.” The administration of 
other antagonists such as oxythiamine and 
pyrithiamine does not produce the disease. 
This suggests that PEM is a particular form 
of thiamine deficiency in which the supply of 
thiamine is reduced by the action of intraru¬ 
minal thiaminase. Thus the thiamine status 
of the animal will be dependent on dietary 
thiamine intake, thiamine synthesis, the 
presence of thiaminase in the rumen, and the 
effects of possible antimetabolites. Subclini- 
cal states of thiamine deficiency probably 
exist in apparently normal cattle and sheep 
being fed diets that are conducive to the 
disease. This suggests that in outbreaks of the 
disease the unaffected animals of the group 
should be considered as potential new cases 
and perhaps treated prophylactically. 

Thiamine is an essential component of 
several enzymes involved in intermediary 
metabolism and a state of deficiency results 
in increased blood concentration of pyru¬ 
vate, a reduction in the lactate to pyruvate 
ratio and depression of erythrocyte transke- 
tolase. These abnormalities affect carbohy¬ 
drate metabolism in general, but in view of 
the specific requirements of the cerebral 
cortex for oxidative metabolism of glucose, it 
is possible that a thiamine inadequacy could 
have a direct metabolic effect on neurons. 
The brain of the calf has a greater depen¬ 
dence on the pentose pathway for glucose 
metabolism, in which pathway the transke- 
tolase enzyme is a rate-limiting enzyme. 
Ultrastructural examination of the brain of 
sheep with the natural disease reveals that 
the first change that occurs is an edema of 
the intracellular compartment, principally 
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involving the astrocytes and satellite cells. 
This is followed by neuronal degeneration, 
which is considered secondary. It has been 
suggested that the edema may be caused by 
a reduction in ATP production following a 
defect of carbohydrate metabolism in the 
astrocyte. There are three basic lesions that 
are not uniform: compact necrosis, edema 
necrosis, and edema alone. This may suggest 
that a uniform etiology such as thiamine 
deficiency cannot be fully supported. 

In the cerebral cortex of affected animals, 
autofluorescent spots are observed under 
ultraviolet 365-nm illumination and are a 
useful diagnostic aid. The distribution of 
autofluorescence corresponds to that of 
mitochondria in cerebrocortical neurocytes 
in affected calves, suggesting that metabolic 
impairment occurs and the autofluorescent 
substance is produced in the mitochondria. 
Mitochondrial swelling and disorganization 
of cristae are also observable in brain tissue, 
but are not specific to PEM. 

Sulfate-Induced 

Polioencephalomalacia 

Diets high in sulfur result in hydrogen sulfide 
production in the rumen and anaerobic bac¬ 
teria from rumen samples of cattle fed high- 
carbohydrate, short-fiber diets with added 
sulfate will generate hydrogen sulfide in 
rumen fluid broth medium. Rumen micro¬ 
flora adapt to higher dietary sulfate content 
over a period of 10 to 12 days before they are 
capable of generating potentially toxic con¬ 
centrations of sulfide. In experimental sulfate 
diets, which induce PEM, the rumen pH 
decreases during the transition to the experi¬ 
mental diet and acidic conditions in the 
rumen favor increased rumen gas cap con¬ 
centrations of hydrogen sulfide. With a 
change of pH from 6.8 to 5.2, the percentage 
of hydrogen sulfide in the rumen gas cap 
increased from 47% to 97%. 

Hydrogen sulfide gas concentration grad¬ 
ually increases in the rumen of sheep during 
the first 4 weeks on ingesting a medium- 
concentrate corn and alfalfa-based diet that 
contained substantial amounts of distillers 
grains. 6 Hydrogen sulfide is thought to be 
detoxified by the liver via oxidation to sulfate. 
Hydrogen sulfide absorbed across the 
ruminal wall into the portal circulation is not 
considered a likely mechanism of toxicity 
because absorbed hydrogen sulfide will be 
detoxified. However, a portion of the eruc¬ 
tated hydrogen sulfide can be absorbed 
across the alveolar membrane directly into 
pulmonary capillaries, effectively bypassing 
hepatic detoxification before reaching the 
brain. If ruminants inhale 60% of eructated 
gases, inhalation of hydrogen sulfide could 
be a route of systemic sulfide absorption, in 
addition to gastrointestinal absorption. 
Sulfide inhibits cellular respiration leading to 
hypoxia, which may be sufficient to create 
neuronal necrosis in PEM. The nervous 
system lesions of sulfur toxicosis are 


indistinguishable from lesions in the natu¬ 
rally occurring disease. 

Acute Cerebral Edema and 
Laminar Necrosis 

Acute cerebral edema and laminar necrosis 
occur and the clinical signs are usually refer¬ 
able to increased intracranial pressure from 
the edema and the widespread focal necrosis. 
Recovery can occur with early treatment, 
which suggests that the lesions are reversible 
up to a certain point. EEGs of buffalo 
calves with amprolium-induced PEM found 
decreased frequency patterns, occasional 
spindles, and decreased voltage patterns 
during the onset of clinical signs. In the 
comatose stage, there was little evidence of 
electrical activity. EEGs of animals treated 
with thiamine hydrochloride found normal 
awake patterns. 

CLINICAL FINDINGS 
Cattle 

Animals may be found dead without pre¬ 
monitory signs, especially beef cattle on 
pasture. The clinical findings are variable but 
characteristically, there is a sudden onset of 
blindness; walking aimlessly; ataxia; 
muscle tremors, particularly of the head 
with ear-twitching; champing of the jaws 
and frothy salivation; and head-pressing 
(which is really compulsive forward walking 
stopped by a wall), and the animal is difficult 
to handle or move (Fig. 14-12). Dysphagia 
may be present when one attempts to force 
feed hay by hand. Grinding of the teeth is 
common. Initially, the involuntary move¬ 
ments may occur in episodes, and convul¬ 
sions may occur, but within several hours 


they become continuous. The animal usually 
then becomes recumbent, and there is 
marked opisthotonus; nystagmus; clonic- 
tonic convulsions, particularly when the 
animal is handled or moved; and tetany of 
the forelimbs is common. The temperature is 
usually normal but elevated if there has been 
excessive muscular activity. The heart rate 
may be normal, subnormal, or increased and 
is probably not a reliable diagnostic aid. 

Rumen movements remain normal for a 
few days, which is an important distinguish¬ 
ing feature from lead poisoning in which the 
rumen is static. 

The menace reflex is always absent in the 
acute stage, and its slow return to normal 
following treatment is a good prognostic 
sign. The palpebral eye-preservation reflex 
is usually normal. The pupils are usually of 
normal size and responsive to light. In severe 
cases the pupils may be constricted. Dorsal 
strabismus caused by stretching of the troch¬ 
lear nerve is common. Nystagmus is common 
and may be vertical or horizontal. Optic disc 
edema is present in some cases but is not a 
constant finding. 

Calves 6 to 9 months of age may die in 24 
to 48 hours, whereas older cattle up to 18 
months of age may survive for several days. 
Recovery is more common in the older age 
group. 

In less severe cases, affected animals are 
blind, head-press into walls and fences, and 
remain standing for several hours or a few 
days. In outbreaks, some cattle will be ster- 
nally recumbent; others remain standing 
with obvious blindness, whereas others are 
anorexic, mildly depressed, and have only 
partial impairment of eyesight. Those with 



Fig. 14-12 Weaned Polled Hereford calf with polioencephalomalacia. The calf has been 
walking in the same direction in the stall for many hours (as indicated by the straw). The 
diameter of the circle is determined by the width of the stall. The calf was blind and 
depressed, but was neurologically normal 48 hours later after aggressive treatment with 
intramuscular thiamine. 
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some eyesight will commonly return to 
almost normal. Some survivors are perma¬ 
nently blind to varying degrees but may 
begin to eat and drink if assisted. Some cases 
will recover following treatment and may 
grow and develop normally. 

Evidence of recovery within a few hours 
following treatment with thiamine indicates 
that the disease is associated with thiamine 
inadequacy. A failure of response indicates 
the possibility of sulfur toxicity PEM. 

Sheep 

Sheep usually begin to wander aimlessly, 
sometimes in circles, or stand motionless 
and are blind, but within a few hours they 
become recumbent with opisthotonus, 
extension of the limbs, hyperesthesia, nys¬ 
tagmus, and periodic tonic-clonic convul¬ 
sions (Fig. 14-13). Hoggets affected at 
shearing time may show blindness and head¬ 
pressing but, if fed and watered, usually 
recover within a few days. Occasional 
animals show unilateral localizing signs, 
including circling and spasmodic deviation 
of the head. In goats, early signs may include 
excitability and elevation of the head. Blind¬ 
ness, extreme opisthotonus, and severe 
extensor rigidity and nystagmus are common. 


In sulfur-induced PEM in sheep intro¬ 
duced to a diet containing 0.43% sulfur, 
clinical signs occurred 15 to 32 days later and 
consisted of depression, central blindness, 
and head-pressing, but no hyperesthesis, 
nystagmus, or opisthotonus were observed. 
In sulfur toxicity in lambs with PEM, the 
rumen contents may have a strong odor of 
hydrogen sulfide (rotten egg smell). 

There are some reports from Australia of 
unthriftiness in unweaned and weaned 
lambs associated with thiamine deficiency 
caused by the presence of thiaminases in the 
alimentary tract. In affected flocks the inci¬ 
dence of ill-thrift in lambs is much higher 
than the usual incidence and other causes of 
unthriftiness were ruled out. Affected lambs 
lose weight, may have chronic diarrhea, and 
become emaciated and die of starvation. In 
some flocks, clinical signs of PEM may occur 
in a small percentage of animals. The disease 
is most common in early July, which is the 
coldest part of the year in Australia for lambs 
that are born in May and June. In affected 
lambs the fecal thiaminase levels are high 
and the blood transketolase level activity is 
increased above normal. Treatment of 
affected lambs with thiamine resulted in an 
increase in growth rate. 


CLINICAL PATHOLOGY 
Thiamine Inadequacy Polioencephaloma- 
lacia. The biochemical changes occurring in 
cattle and sheep with the thiamine-deficiency 
PEM have not been well defined diagnosti¬ 
cally based on thoroughly investigated natu¬ 
rally occurring clinical cases. However, some 
estimates are available including the changes 
that occur in the experimental disease. Inter¬ 
pretation of the values may also be unreliable 
if the animals have been treated before death. 
Because of challenges with the availability 
and cost of laboratory tests, the most practi¬ 
cal method to confirm a diagnosis of PEM 
caused by thiamine inadequacy is the clinical 
response to treatment with thiamine. 

In animals, thiamine is present as free 
thiamine, thiamine monophosphate (TMP), 
TDP (more commonly known as TPP, which 
is the biologically active form), and thiamine 
triphosphate (TTP). The role of TMP and 
TTP is not well known at this time. The criti¬ 
cal forms to measure are therefore free thia¬ 
mine and TPP.' The thiamine concentrations 
of blood of animals with PEM have varied 
widely and may be difficult to interpret 
because of the possibility of thiamine analogs 
inducing deficiency even when blood thia¬ 
mine levels are normal. However, this would 
not apply when blood thiamine concentra¬ 
tions are below normal. A normal reference 
range of 75 to 185 nmol/L is suggested for 
both cattle and sheep, and levels below 
50 nmol/L are considered indicative of defi¬ 
ciency. In normal goats, the mean thiamine 
content of blood was 108 nmol/L, with a 
range of 72 to 178 nmol/L. In goats with 
PEM, blood thiamine levels were less than 
66 nmol/L with a mean of 29 nmol/L. Levels 
as low as 1.8 to 3.6 pg/dL (6-12 nmol/L) 
have been found in suspected cases of PEM. 
The thiamine concentrations of liver, heart, 
and brain of cattle and sheep with PEM are 
decreased. The levels of blood pyruvate and 
lactate are also increased and thiamine 
pyrophosphate-dependent enzymes such as 
pyruvate kinase are decreased. The thiami¬ 
nase activity of the feces is increased. Labora¬ 
tory reference ranges should be used to 
evaluate blood thiamine concentrations 
because of analytical differences related to 
whether the measurement relates to free 
thiamine, total thiamine, or TPP. 

The erythrocyte transketolase activity is 
decreased in confirmed cases of thiamine- 
inadequacy PEM. Transketolase is an impor¬ 
tant enzyme in the pentose pathway and 
requires TPP. Measurement of transketolase 
activity in erythrocytes is attractive because 
a blood sample is readily obtained and this is 
a biologic assay. Unfortunately, the assay 
must be run soon after blood collection and 
is not widely available. Erythrocyte transke¬ 
tolase activities in normal sheep range from 
40 to 60 IU/mL RBCs. A variant of the trans¬ 
ketolase test involves the addition of a stan¬ 
dard amount of TPP, with the percentage 
increase in erythrocyte transketolase activity 



Fig. 14-13 A, Weanling sheep with acute polioencephalomalacia demonstrating slow 
progressive walking that is interrupted by a wall. This is mistakenly called head-pressing. 

B, The same weanling sheep 24 hours later after repeated intravenous thiamine injections. The 
sheep has stopped progressive walking and the appetite has partially returned; however, the 
sheep is not fully aware and could not identify that it was still eating. It made a full recovery. 
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being recorded; this is called the TPP effect. 
A TPP effect of 30% to 50% is commonly 
found in normal healthy cattle and sheep, 
and an increase to above 70% to 80% occurs 
in animals with PEM. 

It is important to note that decreased 
erythrocyte transketolase activities, an 
increased TPP effect, and decreased blood 
thiamine concentrations would be expected 
in animals that have been inappetent for a 
number of days because thiamine is a water- 
soluble vitamin within minimal body stores. 
For example, cattle with pneumonia or 
simple indigestion had lower plasma thia¬ 
mine concentrations (1.00 and 0.50 pg/mL, 
respectively) than healthy cattle (1.70 pg/ 
mL).' Sheep with acute ruminal lactic acido¬ 
sis had a mean TPP effect on erythrocyte 
transketolase activity of 109% compared 
with 22% in a health control group. 8 Mea¬ 
surements of erythrocyte transketolase activ¬ 
ity, increased TPP effect, and blood TPP 
concentration should therefore be obtained 
from healthy animals in the same pen as the 
affected animal to adjust for the effect of feed 
intake on the measured values. 

The hemogram is usually normal; the 
total and differential leukocyte counts may 
indicate a mild stress reaction, a finding 
that may be useful in differentiation 
from encephalopathies caused by bacterial 
infections. 

CSF pressure taken at the cisterna magna 
is increased from a normal range of 12 to 
16 cm H 2 0 to levels of 20 to 35 cm H 2 0. The 
level of protein in the CSF may be normal to 
slightly or extremely elevated. A range from 
15 to 540 mg/dL with a mean value of 90 mg/ 
dL in affected cattle is recorded. There may 
also be a slight to severe pleocytosis in the 
CSF in which monocytes or phagocytes 
predominate. 

Brain Imaging Function. MRI of a 

2-month-old Holstein Friesian calf with 
thiamine-inadequacy PEM indicated a 
laminar hyperintense T2-weighted image of 
the cerebral cortex from the parietal to 
occipital lobes that predominantly affected 
the gray matter. 9 The visual evoked potentials 
are abnormal in ruminants with thiamine- 
responsive PEM. 

Sulfate-Induced 

Polioencephalomalacia 

Sulfur-induced PEM is most commonly dif¬ 
ferentiated from other causes of PEM in 
ruminants by the lack of responsiveness to 
thiamine injections and calculation of total 
sulfur intake from feed and water. Measure¬ 
ment of ruminal hydrogen sulfide content 
or urinary thiosulfate concentration offers 
promise as useful diagnostic tests. 

Ruminal Hydrogen Sulfide Measure¬ 
ment. Changes in rumen gas cap H 2 S con¬ 
centrations are larger than changes in rumen 
fluid H 2 S concentrations, and estimation of 


rumen gas H 2 S concentration may be a 
practical method of detecting pathologic 
increases in ruminal hydrogen sulfide gas. A 
simple and rapid method has been devel¬ 
oped for measuring the H 2 S concentration of 
ruminal gas under field conditions, and an 
excellent description of the procedure is 
available. 2,6 In brief, the left paralumbar fossa 
is clipped and aseptically prepared. A sterile 
7.6- to 10.2-cm 12- to 18-gauge needle with 
stylet is introduced into the gas cap of the 
rumen by way of the left paralumbar fossa. 
The needle is then connected to a calibrated 
H 2 S detector tube. In cattle with sulfate- 
induced PEM increases in ruminal gas H 2 S 
may be as high as 100 times more than 
control animals; however, ruminal pH has a 
marked effect on the measured value for 
H 2 S, 2 suggesting that test interpretation 
needs to be adjusted for rumen pH to 
improve diagnostic accuracy. The hydrogen 
sulfide test is more accurate when applied to 
healthy animals in the same pen as an animal 
showing clinical signs of sulfate-induced 
PEM, because affected animals have a mark¬ 
edly reduced appetite and therefore lower 
sulfate intake and higher ruminal pH. 

Urine thiosulfate concentrations appear 
to provide a useful diagnostic tool for sulfate- 
induced PEM in ruminants. Thiosulfate 
(S 2 0 3 2- ) is produced by incomplete oxidation 
of sulfide and by partial reduction of sulfate 
and therefore an increase in urine or plasma 
thiosulfate concentration reflects an increase 
in dietary sulfate intake or ruminal sulfide 
concentration. Thiosulfate concentrations in 
urine are stable for 8 hours at room tempera¬ 
ture and 24 hours when stored at 4°C, and 
marked increases in urine thiosulfate con¬ 
centrations occur when cattle are fed a high- 
sulfate diet, with the greatest increase 
occurring after feeding. 2 The urine thiosul¬ 
fate concentration does not need to be nor¬ 
malized to urine creatinine concentration. 

Brain Function. The effects of high dietary 
sulfur on brain function have been examined 
using evoked potentials techniques. Altered 
nerve conduction pathways occur in sheep 
fed high-sulfur diets without supplemental 
thiamine compared with animals that have 
received thiamine. 

NECROPSY FINDINGS 

Diffuse cerebral edema with compression 
and yellow discoloration of the dorsal corti¬ 
cal gyri is evident, and the cerebellum is 
pushed back into the foramen magnum with 
distortion of its posterior aspect. 

In recovered animals, there is macro¬ 
scopic decortication about the motor area 
and over the occipital lobes. The lesion can 
be identified grossly using ultraviolet illumi¬ 
nation, which results in a fluorescence that 
indicates necrosis of brain and engulfment of 
necrotic tissue by lipophages. In general, 
there is a good correlation between the pres¬ 
ence of characteristic fluorescence and the 


biochemical changes in cases of PEM. A 
small percentage of false negatives may 
occur. 

Histologically, the lesions are widespread 
but most common in the cerebral cortex. 
There is bilateral laminar necrosis and necro¬ 
sis of deeper cerebral areas. The necrosis is 
most prominent in the dorsal occipital and 
parietal cortex, but bilateral areas of necrosis 
are also seen less frequently in the thalamus, 
lateral geniculate bodies, basal ganglia, and 
mesencephalic nuclei. Lesions of the cerebel¬ 
lum are also present. The severity and distri¬ 
bution of the lesions probably depend on the 
interrelationships between clinical severity, 
age of affected animal, and length of illness 
before death. 

Subnormal levels of thiamine are detect¬ 
able in the liver and brain of calves with the 
natural disease, and low levels are also found 
in the experimental disease. In the molasses- 
induced disease in Cuba, the tissue thiamine 
levels were within the normal range. 

In some cases of sulfur-associated PEM, 
the rumen contents have a strong odor of 
hydrogen sulfide (the rotten egg smell). 


DIFFERENTIAL DIAGNOSIS 


The biochemical tests described under the 
section Clinical Pathology are not practical. 

The diagnosis must be made on the basis of 
clinical findings and the readily available 
simple tests that rule out other diseases that 
resemble polioencephalomalacia. A careful 
consideration of the epidemiologic history 
often assists in the diagnosis. 

Cattle 

The differential clinical diagnosis for 
cattle is summarized in Table 14-12. 
Polioencephalomalacia in cattle occurs 
primarily in young growing animals 6-9 
months of age on concentrate rations and is 
characterized clinically by a sudden onset of 
blindness, muscular tremors of the head and 
neck, head-pressing, nystagmus, and 
opisthotonus. The disease also occurs in 
mature beef cattle on pasture containing a 
high level of sulfate in their water and feed. 

In cattle the disease must be differentiated 
from the following: 

• Acute lead poisoning, which is most 
common in calves after spring turnout but 
occurs in adult cattle too and is 
characterized by central blindness, tremors, 
convulsions, uncontrollable activity with 
bellowing, champing fits, hyperexcitability, 
rumen stasis, and death in several hours. 
Early treatment may be successful. 

• Subacute lead poisoning characterized by 
blindness, stupor, head-pressing, rumen 
stasis, weak palpebral reflexes, and no 
response to therapy. 

• Hypovitaminosis A is characterized by a 
history of a vitamin A-deficient diet and 
nyctalopia, peripheral blindness, dilated and 
fixed pupils, optic disc edema, and 
transient convulsions followed by recovery. 
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• Histophilus somni meningoencephalitis 

characterized by sudden onset of ataxia, 
recumbency, fever, depression with eyes 
closed, lesions of the fundus, marked 
changes in hemogram, enlarged joints, and 
death in several hours if not treated early. 

Sheep 

In sheep polioencephalomalacia must be 
differentiated from the following: 

• Enterotoxemia (pulpy kidney disease) 
caused by Clostridium perfringens type 

D in unvaccinated sheep, especially feedlot 
lambs, in which the clinical findings are 
almost identical: it occurs under the same 
management conditions as 
polioencephalomalacia. Enterotoxemia in 
lambs usually develops within several days 
after being placed on a grain ration, 
whereas polioencephalomalacia occurs 
after several weeks of grain feeding. 
Glycosuria in pulpy kidney disease may 
assist the diagnosis, but a necropsy is 
usually more informative 

• Focal symmetric encephalomalacia also 
resembles polioencephalomalacia but is 
sporadic, usually involves only a few 
animals, and will not respond to treatment. 

Goats 

In goats the disease must be differentiated 
from enterotoxemia, pregnancy toxemia, lead 
poisoning, and meningoencephalitis. 


TREATMENT 
Thiamine Hydrochloride 

The treatment of choice for thiamine- 
inadequacy PEM is thiamine hydrochloride 
at 10 mg/kg BW by slow intravenous injec¬ 
tion initially and followed by similar doses 
every 3 hours for a total of five treatments. 
Bolus intravenous thiamine injections have 
been associated with collapse but are not 
usually fatal. Intramuscular injections of 
thiamine can be given instead of intravenous 
injections in animals that are difficult to 
handle with no discernable effect on treat¬ 
ment efficacy. When treatment is given 
within a few hours of the onset of signs, a 
beneficial response within 1 to 6 hours is 
common, and complete clinical recovery can 
occur in 24 hours. Goats and sheep will com¬ 
monly respond within 1 to 2 hours. For those 
that take longer to recover, the eyesight and 
mental awareness will gradually improve in 
a few days and the animal will usually begin 
to eat and drink by the third day after treat¬ 
ment. Transfaunation of rumen fluid from 
roughage-fed cattle may improve appetite 
and rumen function in those responding 
slowly. In sheep, following treatment with 
thiamine, the blood transketolase activity 
begins to return to normal in 2 to 4 hours 
and is considered normal 24 hours after 
treatment. 

Some cattle improve to a subnormal level 
within a few days and fail to continue to 
improve. These are usually affected with 
diffuse cortical and subcortical necrosis and 


will usually not improve further in spite of 
continued treatment. Those that return to a 
clinically normal state will usually do so by 
48 hours or sooner after initial treatment. 
Those that are still clinically subnormal and 
anorexic by the end of the third day will 
usually remain at that level and should be 
slaughtered for salvage. 

General treatment of cerebral edema 
(such as intravenous infusions of 20% man¬ 
nitol at 0.25-1 g/kg BW or 7.2%-7.5% NaCl 
solution at 4-5 mL/kg BW, and parenteral 
dexamethasone (1 mg/kg BW, intravenous, 
see the section Increased Intracranial Pres¬ 
sure, Cerebral Edema, and Brain Swelling, 
earlier in this chapter) is theoretically indi¬ 
cated as part of the initial treatment of 
severely affected animals; however, clinical 
trials have not been conducted as to whether 
general treatment for cerebral edema pro¬ 
vides a beneficial response above that pro¬ 
vided by thiamine administration alone for 
ruminants with PEM caused by thiamine 
inadequacy. Both mannitol and dexametha¬ 
sone are very expensive when administered 
to adult cattle, sheep, and goats. 

Treatment is ineffective in advanced 
cases, but unless an accurate history is avail¬ 
able on the length of the illness, it is usually 
difficult to predict the outcome until 6 to 12 
hours following treatment. Thus it is usual 
practice to treat most cases with thiamine at 
least twice and monitor the response. If there 
is no beneficial response in 6 to 8 hours, 
emergency slaughter for salvage should be 
considered. 

The oral administration of thiamine or 
thiamine derivatives is indicated when thi- 
aminases are thought to be in the alimentary 
tract. Thiamine hydrochloride, at a rate of 1 g 
for lambs and kids and 5 g for calves in a 
drench, is recommended. However, because 
the action of thiaminase type I on thiamine 
may result in the production of thiamine 
analogs, which may act as inhibitors of thia¬ 
mine metabolism, thiamine derivatives, 
which are resistant to thiaminases, lipid 
soluble and absorbed from the intestine, are 
being explored as therapeutic and prophy¬ 
lactic agents. Thiamine propyl disulfide can 
depress the thiaminase activities in the 
ruminal fluid of sheep with PEM within 2 
hours after oral administration. The blood 
pyruvate levels and transketolase activities 
are also restored to normal and treated 
animals recovered clinically. 

Outbreak Management 

In outbreaks, the in-contact unaffected 
animals on the same diet as the affected 
animals may be on the brink of clinical 
disease. The diet should be changed to one 
containing at least 50% roughage or 1.5 kg of 
roughage per 100 kg BW. Thiamine may be 
added to the ration at the rate of 50 mg/kg of 
feed for 2 to 3 weeks as a preventive against 
clinical disease, followed by a level of 20 to 
30 mg/kg of feed (cattle and sheep) if the 


animals remain on a diet that may predis¬ 
pose them to the disease. 

Sulfur-Induced 

Polioencephalomalacia 

There is no specific treatment for PEM 
caused by sulfate toxicity. The use of thia¬ 
mine hydrochloride in doses given earlier is 
recommended, and may be successful in 
some cases, particularly when administered 
early in the disease course. 


TREATMENT AND CONTROL 


Treatment 

Thiamine inadequacy form 
Thiamine HCI (10 mg/kg BW by slow IV or IM 
every 3 hours for at least five treatments) 
(R-1) 

In severe acute cerebral edema 

20% mannitol IV (0.25-1.0 g/kg) or 
7.2%-7.5% NaCl IV (4-5 mL/kg) (R-2) 
Dexamethasone (1 mg/kg, IV, once) (R-2) 
Rumen transfaunation if prolonged off feed 
(R-2) 

Oral drench with thiamine (1 g to lambs/ 
kids, 5 g to calves) if thiaminases are 
suspected (R-2) 

Sulfur-induced form 

Thiamine HCI (10 mg/kg BW by slow IV or IM 
every 3 hours for at least five treatments) 
(R-2) 

Treat suspected cerebral edema (R-2) 

Control 

Thiamine inadequacy form 
Alter intraluminal environment by increasing 
roughage or changing source of roughage 
(R-2) 

Supplement ration with thiamine at 3 mg/kg 
dry matter of feed (R-2) 

Remove amprolium from diet (R-2) 

Sulfur-induced form 

Decrease overall sulfur intake in ration and 
water (R-1) 

Restrict access to pastures with Brassicaceae 
family plants that have high sulfur content 
(R-1) 

BW, body weight; IM, intramuscularly; IV, 
intravenously. 


CONTROL 

Thiamine Supplementation 

A rational approach to the control of PEM 
associated with thiamine inadequacy is to 
supplement the rations of concentrate-fed 
cattle and sheep with thiamine on a continu¬ 
ous basis. The daily requirements for protec¬ 
tion have not been determined using 
controlled feeding trials, but a rate of 3 mg/ 
kg dry matter of feed for cattle and sheep has 
been recommended. This level may not be 
protective in all situations, and response 
trials may be necessary to determine protec¬ 
tive levels for different situations. Levels up 
to 20 to 30 mg/kg of feed may be necessary 
for protection. Most natural feedstuffs 
for ruminants contain thiamine at about 
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2 mg/kg dry matter, which when combined 
with the thiamine synthesized in the rumen 
will meet the requirements. However, the 
presence of thiaminases in the rumen will 
necessitate dietary supplementation with 
thiamine, but the optimal amount that will 
provide protection under practical condi¬ 
tions is uncertain. 

The intramuscular injection of 500 mg 
thiamine three times weekly into 6-month- 
old calves raised under practical farm condi¬ 
tions will steadily reduce the percentage TPP 
effect to zero in about 6 weeks. The daily oral 
administration of 100 mg thiamine to young 
calves fed initially on milk substitutes and 
then on concentrates and hay results in a 
decrease in percentage pyrophosphate effect. 

For animals fed diets associated with 
thiamine inadequacy, it is recommended 
that thiamine be added to the diet at the rate 
of 5 to 10 mg/kg dry matter. Cattle and sheep 
on concentrate-fed rations must also receive 
supplements containing all necessary vita¬ 
mins and minerals, especially cobalt, a defi¬ 
ciency of which may be associated with some 
outbreaks of the disease. 

Feeding Roughage 

The minimum amount of roughage, which 
should be fed to feedlot cattle and sheep to 
prevent the disease and still maintain them 
on high levels of concentrates is unknown. A 
level of 1.5 kg of roughage per 100 kg BW 
has been recommended, but this may not be 
economical for the feedlot whose profits are 
dependent on rapid growth in grain-fed 
cattle. Supplementation of the diet with thia¬ 
mine appears to be the only alternative. 

The prevention of the disease in sheep 
that are being moved long distances or gath¬ 
ered together for shearing and other man¬ 
agement practices will depend on ensuring 
an ample supply of roughage and water and 
avoiding drastic changes in management. 

Sulfate Toxicity PEM 

The prevention of the disease associated with 
a high sulfur intake in the feed and water 
supplies will depend on analysis of the feed 
and water for sulfate and making appropriate 
adjustments in the sources of feed and water 
to decrease the intake of sulfur to safe levels. 

FURTHER READING 
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THIAMINE DEFICIENCY 
(HYPOTHIAMINOSIS) 

The disease caused by deficiency of thiamine 
in tissues is characterized chiefly by signs of 
neurologic disease. PEM of ruminants is dis¬ 
cussed in the previous section. 

ETIOLOGY 

Thiamine deficiency can be primary; caused 
by deficiency of the vitamin in the diet; 
or secondary, because of destruction of 
the vitamin in the diet by thiaminase. A 
primary deficiency is unlikely under natural 
conditions because most plants, especially 
seeds, yeast, and milk contain adequate 
amounts. 

Thiamine is normally synthesized in ade¬ 
quate quantities in the rumen of cattle and 
sheep on a well-balanced roughage diet. The 
degree of synthesis is governed to some 
extent by the composition of the ration, a 
sufficiency of readily fermentable carbohy¬ 
drate causing an increase of synthesis of most 
vitamins of the B complex, and a high intake 
in the diet reducing synthesis. The etiology 
of PEM has been discussed in detail previ¬ 
ously. Microbial synthesis of thiamine also 
occurs in the alimentary tract of monogas- 
tric animals and in young calves and lambs, 
but not in sufficient quantities to avoid the 
necessity for a dietary supply, so that defi¬ 
ciency states can be readily induced in these 
animals with experimental diets. Thiamine is 
relatively unstable and easily destroyed by 
cooking. 

The coccidiostat, amprolium, is a thia¬ 
mine antagonist and others are produced by 
certain plants, bacteria, fungi, and fish. 

EPIDEMIOLOGY 

One of the best examples of secondary thia¬ 
mine deficiency is inclusion of excess raw 
fish in the diet of carnivores, resulting in 
destruction of thiamine because of the high 
content of thiaminase in the fish. 

Two major occurrences of secondary 
thiamine deficiency are recorded. In horses, 
the ingestion of excessive quantities of 
bracken fern ( P. aquilinum ) and horsetail 
(£. arvense) causes nervous signs because of 
the high concentration of thiaminase in 
these plants. The disease has been induced in 
a pig fed bracken rhizomes, and the possibil¬ 
ity exists of it occurring under natural condi¬ 
tions. It also occurs in horses fed large 
quantities of turnips {Beta vulgaris ) without 
adequate grain. The second important occur¬ 
rence of thiamine deficiency is in the etiol¬ 
ogy of PEM and is discussed under that 
heading. 


A thiaminase-induced subclinical thia¬ 
mine deficiency causing suboptimal growth 
rate of weaner lambs has been described. 
Higher levels of thiaminase activity were 
present in the feces and rumen contents of 
lambs with poor growth rate compared with 
normal lambs. B. thiaminolyticus was iso¬ 
lated from the feces and ruminal fluids of 
affected lambs and supplementation of 
thiaminase-excreting lambs with intramus¬ 
cular injections of thiamine hydrochloride 
was associated with significantly improved 
growth rate. 

Thiamine deficiency occurs in sheep 
being subjected to live export from Australia 
to the Middle East. Sheep that died or were 
clinically ill and euthanized had significantly 
lower hepatic and ruminal thiaminase con¬ 
centrations than clinically healthy control 
sheep. A high proportion had thiamine con¬ 
centrations comparable with those found in 
sheep that die with PEM. The evidence indi¬ 
cates that the thiamine deficiency is a 
primary one associated with deprivation of 
feed during transportation to the preembar¬ 
kation feedlots. The low feed intake and 
failure of the ruminal microbes to adapt, 
thrive, and synthesize a net surplus of 
thiamine during alterations in the ruminal 
environment are considered to be major con¬ 
tributing factors. 

PATHOGENESIS 

The only known function of thiamine is its 
activity as a cocarboxylase in the metabolism 
of fats, carbohydrates, and proteins and a 
deficiency of the vitamin leads to the accu¬ 
mulation of endogenous pyruvates. Although 
the brain is known to depend largely on car¬ 
bohydrates as a source of energy, there is no 
obvious relationship between a deficiency of 
thiamine and the development of the nervous 
signs that characterize it. PEM has been pro¬ 
duced experimentally in preruminant lambs 
on a thiamine-free diet. There are other pro¬ 
dromal indications of deficiency disease. For 
example, there is a decrease in erythrocyte 
precursors and in erythrocyte transketolase. 
Additional clinical signs are also in the cir¬ 
culatory and alimentary systems, but their 
pathogenesis cannot be clearly related to the 
known functions of thiamine. Subclinical 
thiamine deficiency caused by thiaminases 
in the alimentary tract is associated with low 
erythrocyte transketolase activities and ele¬ 
vated TPP effects, which may explain the 
poor growth rate. 

CLINICAL FINDINGS 
Bracken Fern ( P. aquilinum ) and 
Horsetail (£. arvense) Poisoning 
in the Horse 

Incoordination and falling and bradycardia 
caused by cardiac irregularity are the cardi¬ 
nal clinical signs of bracken fern poisoning 
in the horse. These signs disappear after 
the parenteral administration of thiamine. 
Similar clinical effects occur with horsetail. 
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Swaying from side to side occurs first, fol¬ 
lowed by pronounced incoordination, 
including crossing of the forelegs and wide 
action in the hindlegs. When standing, the 
legs are placed well apart and crouching and 
arching of the back are evident. Muscle 
tremor develops and eventually the horse is 
unable to rise. Clonic convulsions and opis¬ 
thotonus are the terminal stage. Appetite is 
good until late in the disease when somno¬ 
lence prevents eating. Temperatures are 
normal and the heart rate slow until the ter¬ 
minal period, when both rise to above 
normal levels. Some evidence has also been 
presented relating the occurrence of hemi¬ 
plegia of the vocal cords in horses with a 
below normal thiamine status. Neither plant 
is palatable to horses and poisoning rarely 
occurs at pasture. The greatest danger is 
when the immature plants are cut and pre¬ 
served in meadow hay. 

Experimental Syndromes 

These syndromes have not been observed to 
occur naturally but are produced readily on 
experimental rations. 

In pigs, inappetence; emaciation; leg 
weakness; and a fall in body temperature, 
respiratory rate, and heart rate occur. The 
ECG is abnormal and congestive heart failure 
follows. Death occurs in 5 weeks on a severely 
deficient diet. In calves, weakness, incoordi¬ 
nation, convulsions, and retraction of the 
head occur, and in some cases there is 
anorexia, severe scouring, and dehydration. 

Lambs 1 to 3 days old placed on a 
thiamine-deficient diet show signs after 3 
weeks. Somnolence, anorexia, and loss of 
condition occur first, followed by tetanic 
convulsions. 

Horses fed amprolium (400-800 mg/kg 
BW daily) developed clinical signs of thia¬ 
mine deficiency after 37 to 58 days. Brady¬ 
cardia with dropped heartbeats, ataxia, 
muscle fasciculation and periodic hypother¬ 
mia of hooves, ears, and muzzle were the 
common signs, with blindness, diarrhea, and 
loss of BW occurring inconstantly. 

CLINICAL PATHOLOGY 

Blood pyruvic acid levels in horses are raised 
from normal levels of 2 to 3 |tg/dL to 6 to 
8 |ig/dL. Blood thiamine levels are reduced 
from normal levels of 8 to 10 |ig/dL to 2.5 to 
3.0 pg/dL. ECGs show evidence of myocar¬ 
dial insufficiency. In pigs, blood pyruvate 
levels are elevated and there is a fall in blood 
transketolase activity. These changes occur 
very early in the disease. In sheep subjected 
to export, liver and rumen thiamine concen¬ 
trations and erythrocyte transketolase activi¬ 
ties were all below levels found in clinically 
normal sheep. 

NECROPSY FINDINGS 

No macroscopic lesions occur in thiamine 
deficiency other than nonspecific congestive 
heart failure in horses. The myocardial 


lesions are those of interstitial edema, and 
lesions are also present in the liver and 
intestine. 

In the experimental syndrome in pigs, 
there are no degenerative lesions in the 
nervous system, but there is multiple focal 
necrosis of the atrial myocardium accompa¬ 
nied by macroscopic flabbiness and dilata¬ 
tion without hypertrophy of the heart. 


DIFFERENTIAL DIAGNOSIS 


Diagnosis of secondary thiamine deficiency in 
horses must be based on the signs of paralysis 
and known access to bracken fern or 
horsetail. A similar syndrome may occur with 
poisoning by the following: 

• Crotalaria spp. 

• Perennial ryegrass 

• Indigofera enneaphylla 

• Ragwort ( Senecio jacobaea) 

It is accompanied by hepatic necrosis and 
fibrosis. The encephalomyelitides are usually 
accompanied by signs of cerebral involvement, 
by fever, and by failure to respond to thiamine 
therapy. 


TREATMENT 

In clinical cases the injection of a solution of 
the vitamin produces dramatic results (5 mg/ 
kg BW given every 3 hours). The initial dose 
is usually given intravenously followed by 
intramuscular injections for 2 to 4 days. An 
oral source of thiamine should be given daily 
for 10 days and any dietary abnormalities 
corrected. 

CONTROL 

The daily requirement of thiamine for mono- 
gastric animals is generally 30 to 60 pg/kg 
BW. The addition of yeast, cereals, grains, 
liver, and meat meal to the ration usually 
provides adequate thiamine. 

THIAMINASE TOXICOSIS 


SYNOPSIS 


Etiology Thiaminases occur naturally in 
Marsilea spp., Cheilanthes spp., Pteridium 
spp., and Equisetum spp. ferns or fernlike 
plants. 

Epidemiology Horses fed hay containing 
bracken; pigs eating bracken, especially 
rhizomes. 

Clinical pathology Low blood concentrations 
of thiamine; high blood concentrations of 
pyruvate. 

Lesions Similar to vitamin B, (thiamine) 
deficiency in horses; cardiac lesions in pigs. 

Diagnostic confirmation. Low blood and 
urine levels of thiamine. 

Treatment Injectable thiamine gives excellent 
results, provided thiamine source is 
withdrawn. 

Control Limit access to plants. 


ETIOLOGY 

The identified thiaminases that are impor¬ 
tant to animals occur in ferns or fernlike 
plants and catalyze the decomposition of 
thiamine. Thiaminases are of two types, 
methyltransferase and hydrolase. The hydro¬ 
lases are not found in plants but only in the 
rumen, presumably as metabolites produced 
by ruminal bacteria from specific precur¬ 
sors in the plants. The thiaminase content 
of the ferns varies widely, being highest at 
a period of rapid growth and after being 
grazed severely. Thiaminase activity occurs 
in the fronds of the ferns M. drummondii, 
Cheilanthes sieberi, and P. aquilinum in 
descending order of magnitude. Plants con¬ 
taining thiaminases are usually deficient in 
thiamine. 

The ferns that are sources of thiaminase 
and the animal species affected are as 
follows: 

• Horses: Pteridium spp. (bracken fern), 

E. arvense (horsetail), E. fluviatile, E. 

hyemale, E. palustre, E. ramosissimum, E. 

sylvaticum, M. drummondii (Nardoo) 1 

• Sheep: M. drummondii, C. sieberi 

(mulga or rock fern) 1 

• Cattle: C. sieberi, Dryopteris borreri, D. 

filix-mas 

EPIDEMIOLOGY 

Occurrence 

Thiaminase poisoning associated with 
Pteridium spp. and Equisetum spp. occurs 
most often in horses fed hay contaminated 
by the ferns and is most toxic if the hay is cut 
when the fronds are very young. The stand¬ 
ing plants are unpalatable and rarely eaten by 
these animals unless no other feed is avail¬ 
able. In grazing horses ingesting 20% to 25% 
of their diet as thiaminase-containing plants, 
signs occur in 3 to 4 weeks; horses grazing 
on a pasture with thiaminase-containing 
plants providing close to 100% of their diet 
may show signs in as little as 10 days. 2 ”’ 
Stabled horses fed heavily contaminated hay 
may show signs in a short period of time, 
depending on how much thiaminase is 
present in the hay. 

Thiaminase deficiency is less common in 
pigs and the clinical signs not as obvious. 3 
Grazing pigs may root out and eat Pteridium 
rhizomes, which contain a much higher con¬ 
centration of the thiaminase than the fronds. 
Sheep grazed on pastures dominated by M. 
drummondii on floodplains in inland Aus¬ 
tralia or forced to graze C. sieberi are 
poisoned. 1 

Grazing cattle may be forced to eat the 
ferns because of lack of other feed and when 
the fern is at a toxic, rapidly growing stage, 
but they are not affected by thiamine defi¬ 
ciency. They succumb to a hemorrhagic 
disease. 4 

PATHOGENESIS 

A state of thiamine deficiency is created by 
the destruction of thiamine in the alimentary 
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tract. The activities of enzymes that require 
thiamine, are impaired and there is an accu¬ 
mulation in tissues of pyruvate and lactate. 3 
The relationship between the intake of the 
thiaminase and the nervous signs is not ade¬ 
quately explained. That a relationship exists 
is suggested by the development of brain 
lesions of PEM in sheep poisoned by M. 
drummondii and in those fed experimentally 
on the rhizomes of P. aquilinum . 3 

CLINICAL FINDINGS 

Affected horses sway from side to side, show 
gait incoordination, including crossing the 
forelimbs and a wide action in the hindlimbs. 
Abnormal postures include a wide stance, 
arching of the back, and crouching. Muscle 
tremor, cardiac irregularity, and bradycardia 
are evident. Terminally, the animal falls 
easily, becomes recumbent and hyposensi- 
tive to external stimuli, and makes convul¬ 
sive movements. The heart rate and the 
temperature become elevated. Additional 
signs seen in horses poisoned by M. drum¬ 
mondii include carrying the head close to the 
ground, whinnying, partial blindness, 
nodding of the head, twitching of the ears, 
and frequent yawning. 

Pigs fed bracken fern rhizomes (33% of 
diet) developed anorexia and nonspecific 
signs. At 8 weeks they deteriorated rapidly 
and death occurred at 10 weeks. 3 Post¬ 
mortem lesions were cardiac in nature. In 
another report, 4 of 22 piglets died when 
a pregnant sow was poisoned with bracken 
fern. 3 

Sheep poisoned by M. drummondii may 
be affected by an acute or a chronic syn¬ 
drome. The acute form of the disease is char¬ 
acterized by the sudden onset of dyspnea, 
depression, and recumbency and death 
in 6 to 8 hours. The chronic syndrome is 
indistinguishable from PEM. Sheep affected 
by Cheilanthes spp. poisoning are hypo- 
sensitive to external stimuli, including 
being blind, and walk slowly and with an 
uncoordinated gait. 

Cattle poisoned by Dryopteris spp. are 
also blind and hyposensitive. Many recover 
but remain blind. 

CLINICAL PATHOLOGY 

The characteristic findings attributable to a 
nutritional deficiency of thiamine are 
present. These include depression of blood 
levels of thiamine and transketolase and 
elevation of levels of blood pyruvate. 

NECROPSY FINDINGS 

In naturally occurring cases in horses, there 
are no lesions recorded other than the non¬ 
specific ones of acute or congestive heart 
failure. PEM has been seen in sheep and, in 
pigs, an enlarged mottled heart and conges¬ 
tion of the lungs and liver indicate the pres¬ 
ence of congestive heart failure. 

Diagnostic confirmation is based on low 
blood thiamine levels. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

• Hepatic encephalopathy 

• Infectious encephalitides 

• Crotalaria spp., Senecio jacobea toxicosis 

• Staggers syndromes, e.g., ryegrass 
staggers, paspalum staggers, phalaris 
staggers 


TREATMENT 

In the early stages, the administration of 
thiamine and removal of the dietary source 
of thiaminase are the critical procedures and 
recovery is to be expected. In horses, an 
intravenous injection of 0.5 to 1 g of thia¬ 
mine followed by intramuscular administra¬ 
tion for 3 to 5 days is recommended. 2,5 The 
response to treatment is usually excellent. 

CONTROL 

Large-scale control is attempted by a combi¬ 
nation of pasture management, application 
of herbicide, and mowing in early spring, but 
it is expensive and subject to error; thus pro¬ 
fessional agrochemical advice is desirable. 
Draining water from marshy areas and 
improving drainage will encourage grasses 
and legumes to compete with and outgrow 
these plants. 

FURTHER READING 

Radostits O, et al. Thiaminase poisoning. In: Veterinary 
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SALT TOXICITY (SODIUM 
CHLORIDE TOXICOSIS) 


SYNOPSIS 


Etiology Ingestion of excessive amounts of 
sodium chloride or normal intake of 
sodium but limited water intake. 

Epidemiology Multiple sources of excess salt 
in the diet and limitations of drinking 
water. 

Clinical pathology High serum levels of 
sodium and chloride; increased plasma 
osmolarity; eosinopenia in pigs. High salt 
content in water or feed. 


Lesions 

Acute: gastroenteritis plus neurologic 
abnormalities. 

Chronic: eosinophilic meningitis in pigs; 
polioencephalomalacia in pigs and cattle. 
High rumen, brain, and CSF levels of 
sodium. 

Diagnostic confirmation Elevated sodium 
content of rumen and brain. CSF sodium 
exceeds serum sodium. Elevated sodium in 
aqueous or vitreous humor. 

Treatment 

Peracute with no signs: remove source of salt 
and allow free choice water; monitor 
closely. 

Acute and chronic with signs: remove source 
of salt, restrict water intake, IV fluid 
replacement. 

Control Limit intake of salt-rich water, whey, 
concentrate mixes; ensure adequate 
drinking water supply at all times. 


CSF, cerebrospinal fluid; IV, intravenous. 


ETIOLOGY 

Sodium and chloride are the main ions 
responsible for maintaining osmotic balance 
in the ECF. Any alteration in serum concen¬ 
trations, either through increased salt intake 
or decreased water consumption is likely to 
result in salt toxicity. 1,2 

Feed and water containing excessive 
quantities of salt are unpalatable to animals 
but excessive quantities of salt are sometimes 
ingested, especially in saline drinking waters. 
Specific details about the degree of salinity of 
drinking water compatible with health in 
animals are difficult to provide, because of 
the variation in the kinds of salts that occur 
in natural saline waters. Hypernatremia may 
also occur secondary to limited water intake 
such as occurs in cold environments when 
there is no access or water has frozen. 

EPIDEMIOLOGY 

Occurrence 

Salt poisoning will occur wherever bore 
water is used for livestock drinking. It is 
reported principally from Australia, North 
America, and South Africa. Other sources of 
excessive salt include the following: 

• Saline drinking water, especially after a 
change from fresh water, and especially 
if the animals are thirsty. 3 

• Water accumulating in salt troughs 
during drought periods. 

• Grazing on salt marshes or drinking 
water obtained from salt marshes. 3 

• Swill fed to pigs containing excessive 
amounts of salt from bakery dough 
residues, butcher shop brine, cheese 
factory salt whey, or salted fish waste. 

• Excessive sodium sulfate given to pigs as 
treatment for gut edema if the water 
intake is restricted. 

• Oil field brine. 2 
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Salt poisoning associated with water depriva¬ 
tion may occur from: 

• Temporary restriction of the water 
supply to pigs of 8 to 12 weeks of age 
and lambs and calves fed prepared feeds 
containing the standard 
recommendation of 2% salt; poisoning 
occurs when the animals are again 
allowed access to unlimited water. 

• Pigs brought into new pens where 
drinking water is supplied in automatic 
drinking cups that are not be 
accustomed to their use and fail to 
drink for several days until they learn to 
operate the cups. 

• Feeder lambs and calves may also be 
deprived of water when their water 
troughs are frozen over. 

Risk Factors 
Animal Risk Factors 

Swine are the most susceptible animals and 
have generated the most clinical reports of 
toxicity. 4 Sheep, beef cattle, and dry dairy 
cattle appear to be less susceptible than 
milking dairy cows, which are in turn less 
susceptible than horses. Heavy milking cows, 
especially those in the early stages of lacta¬ 
tion, are highly susceptible to salt poisoning 
because of their unstable fluid and electrolyte 
status. 

Many animals may be clinically affected 
and the mortality rate may be high when 
animals are kept under range conditions and 
have to depend on saline water supplies for 
drinking purposes. In animals kept under 
intensive conditions salt poisoning occurs 
only sporadically, but most affected animals 
die and heavy losses may occur in groups 
of pigs. 

High salt intakes may be used in sheep to 
restrict food intake during drought periods 
and in the control of urolithiasis in feeder 
wethers, but salt poisoning does not occur if 
there is free access to water. Rations contain¬ 
ing up to 13% of sodium chloride have been 
fed to ewes for long periods without apparent 
ill-effects, although diets containing 10% to 
20% and water containing 1.5% to 2% 
sodium chloride do reduce food consump¬ 
tion. This may be of value when attempting 
to reduce feed intake but can be a disadvan¬ 
tage when sheep are watered on saline arte¬ 
sian water. 

Toxic doses for acute sodium chloride 
poisoning in pigs, horses, and cattle are 
2.2 g/kg BW and in sheep 6 g/kg. The toxic¬ 
ity of salt is significantly influenced by the 
age and BW of the subject. For example, dose 
rates that kill pigs of 6.5 to 10 kg BW have 
little effect on pigs of 16% to 20 kg BW. Water 
concentrations of 1000 mg Na/L water are 
associated with chronic problems in dairy 
cattle, including decreased production. 2 

Farm Risk Factors 

Saline waters often contain a mixture of 
salts and those containing high levels of 


magnesium or fluorine may be quite toxic. 
Water containing 0.2% to 0.5% magnesium 
chloride may be associated with reduced 
appetite and occasional diarrhea in sheep, 
especially if the sodium chloride content is 
also high, but water containing similar quan¬ 
tities of sodium sulfate does not have any 
harmful effect. Variation between bore 
waters includes differences in the relative 
proportions of the acid radicals, particularly 
sulfates, carbonates, and chlorides. 

Environmental Risk Factors 

Environmental temperatures have an effect 
on toxicity, with signs occurring in the 
summer on water containing levels of salt 
that appear to be nontoxic in the winter. 
Australian recommendations are that the 
maximum concentration for sodium chlo¬ 
ride or total salts in drinking water should 
not exceed 1.3% for sheep, 1% for cattle, and 
0.9% for horses. South African and Canadian 
recommended levels are much lower, but 
there does not appear to be any proof that 
such low levels of total and individual salts 
are necessary. 

PATHOGENESIS 
Acute Poisoning 

When excessive amounts of salt are ingested, 
gastroenteritis occurs because of the irritat¬ 
ing effects from the high concentrations of 
salt. Dehydration and diarrhea result and are 
exacerbated by the increased osmotic pres¬ 
sure of the alimentary tract contents. Salt is 
absorbed from the gastrointestinal tract and 
may be associated with the involvement of 
the CNS. 

Chronic Poisoning 

Where the defect is one of decreased water 
but normal salt intake, there is an accumula¬ 
tion of sodium ions in tissues, including the 
brain, over a period of several days. An initial 
high sodium accumulation may inhibit 
anaerobic glycolysis, preventing active trans¬ 
port of sodium out of the cerebrospinal com¬ 
partment. When water is made available in 
unlimited quantities, it migrates to the 
tissues to restore normal salt-water equilib¬ 
rium. This is associated with acute cerebral 
edema and the appearance of signs referable 
to a sudden rise in intracranial pressure. The 
response is the same in all species, but in pigs 
there is also an accumulation of eosinophils 
in nervous tissue and the meninges. The 
sodium ion is the one that accumulates in the 
tissues, and identical syndromes are pro¬ 
duced by the feeding of sodium propionate 
or sodium sulfate. It has also been observed 
that the feeding of soluble substances such as 
urea, which are excreted unchanged by the 
kidney, may be associated with anhydremia 
and an increase in the sodium ion concentra¬ 
tion in brain tissue and the development of 
encephalomalacia. 

This form of salt poisoning is chronic 
only in the sense that the sodium ion 


accumulates gradually. The clinical syn¬ 
drome is acute in much the same way as the 
syndrome is acute in chronic copper poison¬ 
ing. There is an apparent relationship 
between this form of salt poisoning and PEM 
in all species. 5,6 Many outbreaks of the latter 
disease occur in circumstances that suggest 
chronic salt poisoning. Sheep adapt to a con¬ 
tinuous high salt intake (up to 1.3% sodium 
chloride in the drinking water) by significant 
changes in numbers of microflora in the 
rumen, but this is not usually accompanied 
by any change in total metabolic activity. The 
same level of intake in sheep is associated 
with some mortality; chronic diarrhea; and 
reduction in fertility, weight gain, and wool 
growth. 

CLINICAL FINDINGS 
Subdinical Salt Poisoning 

Lower levels of intake can suppress food 
intake and growth without overt clinical 
signs. This occurs in heifers drinking water 
containing 1.75% sodium chloride; the 
animals only maintain weight at a salt level 
of 1.5% and show suboptimal weight gains 
when the water contains 1.25% sodium chlo¬ 
ride. Drinking water containing 0.25% salt 
significantly reduces the milk yield of high- 
producing dairy cows. 

Acute Salt Poisoning 

With large doses, vomiting, diarrhea with 
mucus in the feces, abdominal pain, and 
anorexia occur. The more common syn¬ 
drome, occurring 1 to 2 days after ingestion, 
includes opisthotonus, nystagmus, tremor, 
blindness, paresis, and knuckling at the fet¬ 
locks.' There may be a nasal discharge and 
polyuria. A period of recumbency with con¬ 
vulsions follows and affected animals die 
within 24 hours of first becoming ill. Sheep 
show similar signs. In swine the signs include 
weakness and prostration, muscle tremor, 
clonic convulsions, coma, and death after a 
course of about 48 hours. 

Subacute Poisoning 

This syndrome in cattle and sheep on saline 
drinking water includes depression of appe¬ 
tite; thirst; constant bawling, especially in 
calves; loss of BW; dehydration; hypother¬ 
mia; weakness; and occasional diarrhea. 
Incoordination, collapse, and tetanic convul¬ 
sions with frothing from the mouth and nose 
may occur if the animals are forced to exer¬ 
cise. Acetonemia may be a complication in 
lactating cows. 

Chronic Salt Poisoning 

Chronic toxicity occurs most often in pigs. 
Lack of appetite, constipation, thirst, rest¬ 
lessness, and pruritus occur 2 to 4 days after 
exposure. A characteristic nervous syndrome 
follows within 12 to 24 hours. Initially there 
is apparent blindness and deafness, with the 
pig remaining oblivious to normal stimuli 
and wandering about aimlessly, bumping 
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into objects, and pressing with the head. 
There may be circling or pivoting on one 
front leg. Recovery may occur at this stage or 
epileptiform convulsions begin, recurring at 
remarkably constant time intervals, usually 
7 minutes, accompanied by tremor of the 
snout and neck. Clonic contractions of the 
neck muscles may be associated with jerky 
opisthotonus until the head is almost vertical 
causing the pig to walk backward and assume 
a dog-sitting posture. This may be followed 
by a clonic convulsion in lateral recumbency, 
with jaw champing, salivation, and dyspnea. 
Death may occur from respiratory failure 
or the pig relaxes into a state of coma for 
a few moments, revives, and wanders about 
aimlessly until the next episode occurs. 
The pulse and temperature are normal 
except in convulsive pigs when both may 
be elevated. 

CLINICAL PATHOLOGY 

Serum sodium concentrations are elevated 
appreciably above normal levels (135— 
145 mmol/L) to about 160/170 to 
210 mmol/L. 1,8 An eosinopenia is also 
evident during this stage and a return to 
normal levels usually indicates recovery. In 
cattle the same changes occur but there is no 
eosinopenia. CSF sodium concentration 
exceeds serum sodium concentration. 

NECROPSY FINDINGS 

In acute salt poisoning of cattle, there is 
marked congestion of the mucosa of the 
omasum and abomasum. The feces are fluid 
and dark. Animals that have survived for 
several days show hydropericardium and 
edema of the skeletal muscles. Gastroenteri¬ 
tis may be evident in some pigs poisoned 
with large doses of salt, but in chronic poi¬ 
soning there are no gross lesions. Histo¬ 
logically, the neurologic lesions of acute 
poisoning are restricted to expansion of peri¬ 
vascular spaces in the brain. In contrast, the 
microscopic changes in chronic salt poison¬ 
ing in pigs are quite diagnostic. The expan¬ 
sion of perivascular spaces typical of acute 
cerebral edema is accompanied by menin¬ 
gitis featuring large numbers of eosinophils, 
which extend along Virchow-Robin spaces 
into the brain tissue. In pigs that survive 
there may be residual PEM, especially of the 
cerebral cortex. Chemical estimation of the 
amount of sodium and chloride in tissues, 
especially brain, may be of diagnostic value. 
Brain sodium levels exceeding 1,800 ppm 
are considered diagnostic in cattle and 
swine. 2 

Samples for Confirmation 
of Diagnosis 

• Toxicology: 50 g liver, skeletal muscle, 
brain, serum, CSF, aqueous, or vitreous 
humor, feed, water (assay for sodium 
concentration) 

• Histology: formalin-fixed half of 
sagittally sectioned brain (LM) 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

Bacterial meningoencephalitis 

Gut edema occurs in rapidly growing pigs 

Mulberry heart disease in older pigs 

Polioencephalomalacia 

Pseudorabies 

Viral encephalomyelitis 

TREATMENT 

Treatment of both acute and chronic salt 
poisoning is the immediate removal of the 
toxic feed or water. 8 Further treatment 
involves correcting hypernatremia and 
serum hyperosmolality. 

Acute Toxicity 

If the animals have not yet shown clinical 
signs, allow access to water and monitor 
closely for several days. In those animals 
showing an acute onset of clinical signs (less 
than 12-24 hours), serum sodium concen¬ 
tration may be lowered by 1 mmol/L/h. 8 
Intravenous fluids of choice include 5% dex¬ 
trose in water or 0.45% sodium chloride in 
well-hydrated animals and 0.9% sodium 
chloride or an isotonic crystalloid in hypo¬ 
volemic animals. 1,8 

Chronic Toxicity 

Initially, access to fresh water should be 
restricted to small amounts at frequent inter¬ 
vals; unlimited access may be associated with 
a sudden increase in the number of animals 
affected. In advanced cases animals may be 
unable to drink and water may have to be 
administered by stomach tube. Serum 
sodium levels in those animals with toxicity 
of several days’ duration or those with an 
unknown duration of hypernatremia should 
be decreased by no more than 0.5 mmol/L/h. 8 
Fluid choices again depend on whether the 
animal is volume depleted or well hydrated. 

If possible, serum sodium concentration 
should be measured and the following 
formula used to calculate the free-water 
deficit: 

Free-water deficit (L) = 0.6xBW (kg) 

X ([current serum sodium concentration j 
reference range serum 
sodium concentration] -1) 

No more than 50% of the free-water deficit 
should be replaced in the first 24 hours, with 
the remainder replaced over the subsequent 
24 to 48 hours. 

Supportive treatment includes gastro¬ 
intestinal protectants, diuretics for pulmo¬ 
nary edema, and mannitol or hypertonic 
saline to decrease brain edema should it 
occur. 

CONTROL 

Both salt and water should be freely available 
at all times. Drinking water for all classes of 


livestock should not contain more than 0.5% 
sodium chloride or total salts. Water con¬ 
taining a high concentration of fluoride or 
magnesium is particularly dangerous to live¬ 
stock and should be avoided. In cold weather, 
access to water should be monitored on a 
daily basis. Diets fed to pigs should not 
contain more than 1% salt. The manner in 
which whey is fed to pigs (with minimum 
water intake) makes prevention difficult 
unless the whey can be kept salt free at the 
cheese factory. 

FURTHER READING 

Radostits O, et al. Sodium chloride poisoning. In: 
Veterinary Medicine: A Textbook of the Disease of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1824. 

Senturk S, Huseyin C. Salt poisoning in beef cattle. Vet 
Hum Toxicol. 2004;46:26-27. 

Weeth HJ, Haverland LH. Tolerance of growing cattle 
for drinking water containing sodium chloride. / 
Anim Sci. 1961;20:518-521. 
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VITAMIN A DEFICIENCY 
(HYPOVITAMINOSIS A) 

A deficiency of vitamin A may be caused by 
an insufficient supply of the vitamin in 
the ration or its defective absorption from 
the alimentary canal. In young animals, the 
manifestations of the deficiency are mainly 
those of compression of the brain and spinal 
cord. In adult animals, the syndrome is char¬ 
acterized by night blindness, corneal kera- 
tinization, pityriasis, defects in the hooves, 
loss of weight, and infertility. Congenital 
defects are common in the offspring of defi¬ 
cient dams. Vitamin A may also provide a 
protective effect against various infectious 
diseases and enhance many facets of the 
immune system. 


SYNOPSIS 


Etiology Dietary deficiency of vitamin A or its 
precursors. 

Epidemiology Primary vitamin A deficiency in 
animals fed diet deficient in vitamin A or its 
precursors. Common in cattle grazing dry 
pastures for long periods. Occurs when diet 
of hand-fed animals is not supplemented 
with vitamin A. 














Signs 

Cattle: Night blindness. Loss of body 
weight. Convulsions followed by 
recovery. Episodes of syncope. 

Permanent blindness with dilated pupils 
and optic disc edema. 

Pigs: Convulsions, hindleg paralysis, 
congenital defects. 

Clinical pathology Low levels plasma vitamin 
A. 

Necropsy findings Squamous metaplasia of 
interlobular ducts of parotid gland. 
Compression of optic nerve tracts and 
spinal nerve roots. Degeneration of 
testes. 

Diagnostic confirmation Low levels of 
plasma vitamin A and squamous metaplasia 
of interlobular ducts of parotid glands. 

Differential diagnosis list 

Cattle 

• Polioencephalomalacia 

• Hypomagnesemic tetany 

• Lead poisoning 

• Rabies 

• Meningoencephalitis 

• Peripheral blindness caused by bilateral 
ophthalmitis. 

Pigs 

• Salt poisoning 

• Pseudorabies 

• Viral encephalomyelitis 

• Spinal cord compression caused by 
vertebral body abscess 

Treatment Vitamin A injections. 

Control Feed diets with adequate 

carotene. Supplement diet with vitamin A. 
Parenteral injections of vitamin A at 
strategic times. 


ETIOLOGY 

Vitamin A deficiency may be primary 
disease, caused by an absolute deficiency of 
vitamin A or its precursor carotene in the 
diet, or a secondary disease, in which the 
dietary supply of the vitamin or its precursor 
is adequate, but their digestion, absorption, 
or metabolism is interfered with to produce 
a deficiency at the tissue level. 

EPIDEMIOLOGY 

Primary Vitamin A Deficiency 

Primary vitamin A deficiency is of major 
economic importance in groups of young 
growing animals on pasture or fed diets defi¬ 
cient in the vitamin or its precursors. In the 
UK, primary vitamin A deficiency occurs in 
housed cattle fed a ration containing little or 
no green forage. Animals at pasture receive 
adequate supplies of the vitamin, except 
during prolonged droughts, but animals con¬ 
fined indoors and fed prepared diets may be 
deficient if not adequately supplemented. For 
example, a diet of dried sugar beet pulp, 
concentrates, and poor-quality hay can result 
in hypovitaminosis A in confined beef 
cattle. 
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Ruminants on Pasture 

Primary vitamin A deficiency occurs in beef 
cattle and sheep on dry range pasture during 
periods of drought. Clinical vitamin A defi¬ 
ciency does not always occur under these 
conditions because hepatic storage is usually 
good and the period of deprivation not suf¬ 
ficiently long for these stores to reach a criti¬ 
cally low level. Young sheep grazing natural, 
drought-stricken pasture can suffer serious 
depletion of reserves of the vitamin in 5 to 8 
months, but normal growth is maintained 
for 1 year at which time clinical signs develop. 
Adult sheep may be on a deficient diet for 18 
months before hepatic stores are depleted 
and the disease becomes evident. Cattle may 
subsist on naturally deficient diets for 5 to 18 
months before clinical signs appear. However, 
during the annual dry season (October to 
June), herds of cattle, sheep, and goats in the 
Sahelian region of West Africa are managed 
on dry grasses and shrubby ligneous plants, 
which fail to provide maintenance levels of 
crude protein and vitamin A. These substan¬ 
dard conditions result in vitamin A defi¬ 
ciency characterized by night blindness, 
xerophthalmia, retarded growth rates, repro¬ 
ductive failures, and increased mortality. The 
pastoral herders associate the cure of night 
blindness with the consumption of green 
vegetation and will purposefully herd live¬ 
stock into green vegetation areas when avail¬ 
able. Certain ethnic groups of pastoral 
herders depend on ruminant milk as their 
principal source of vitamin A, and night 
blindness in lactating and pregnant women 
as well as in young children appears after the 
onset of night blindness in their cattle and 
sheep during the latter half of the dry season. 
Therefore increasing vitamin A levels in the 
milk of cows may alleviate the clinical signs 
of vitamin A deficiency in herder families. 

Primary vitamin A deficiency is still rela¬ 
tively common in beef cattle that depend on 
pasture and roughage for the major portion 
of their diet. Beef calves coming off dry 
summer pastures at 6 to 8 months of age are 
commonly marginally deficient. 

Maternal Deficiency 

A maternal deficiency of vitamin A can 
result in herd outbreaks of congenital hypo¬ 
vitaminosis A in calves. In one such occur¬ 
rence, out of 240 heifers fed a vitamin 
A-deficient ration, 89 calves were born dead 
and 47 were born alive but blind and weak 
and died within 1 to 3 days after birth. Blind¬ 
ness with dilated pupils, nystagmus, weak¬ 
ness, and incoordination were characteristic. 
In another occurrence in the UK, 25% 
of the calves born from maternally vitamin 
A-deficient heifer dams had ocular 
abnormalities. 

The status of the dam is reflected in the 
status of the fetus only in certain circum¬ 
stances because carotene, as it occurs in 
green feed, does not pass the placental 
barrier, and a high intake of green pasture 


before parturition does not increase the 
hepatic stores of vitamin A in newborn 
calves, lambs, or kids and only to a limited 
extent in pigs. However, vitamin A in the 
ester form, as it occurs in fish oils, will pass 
the placental barrier in cows. Feeding of 
these oils, or the parenteral administration of 
a vitamin A injectable preparation before 
parturition, will cause an increase in stores 
of the vitamin in fetal livers. Antepartum 
feeding of carotene and the alcohol form of 
the vitamin does, however, cause an increase 
in the vitamin A content of the colostrum. 
Young animals depend on the dams colos¬ 
trum for their early requirements of the 
vitamin, which is always highest in colos¬ 
trum and returns to normal levels within a 
few days of parturition. Pigs weaned very 
early at 2 to 4 weeks may require special 
supplementation. Pregnant beef cows win¬ 
tered on poor-quality roughage commonly 
need supplementation with vitamin A 
throughout the winter months to ensure 
normal development of the fetus and an 
adequate supply of the vitamin in the colos¬ 
trum at parturition. 

Adequacy of Supplements 

The addition of vitamin A supplements to 
diets may not always be sufficient to prevent 
deficiency. Carotene and vitamin A are 
readily oxidized, particularly in the presence 
of unsaturated fatty acids. Oily preparations 
are thus less satisfactory than dry or aqueous 
preparations, particularly if the feed is to be 
stored for any length of time. Pelleting of 
feed may also cause a serious loss up to 32% 
of the vitamin A in the original feedstuff. 

Heat, light, and mineral mixes are known 
to increase the rate of destruction of vitamin 
A supplements in commercial rations. In one 
study, 47% to 92% of the vitamin A in several 
mineral supplements was destroyed after 1 
week of exposure to the trace minerals, high 
relative humidity, sunlight, and warm 
temperatures. 

Feedlot Cattle 

The disease still occurs in feedlot cattle in 
some parts of North America when feedlot 
cattle are fed rations low in carotene or 
vitamin A over a period of several months. 
The onset of clinical signs in growing feedlot 
cattle is typically seen 6 to 12 months after 
feeding a diet deficient in carotene or vitamin 
A. Small farm feedlots may feed their cattle 
a cereal grain such as barley and barley straw 
with no vitamin supplementation or inade¬ 
quate supplementation. Grains, with the 
exception of yellow corn, contain negligible 
amounts of carotene, and cereal hay is often 
a poor source. Any hay cut late, leached by 
rain, bleached by sun, or stored for long 
periods loses much of its carotene content. 
The carotene content of yellow corn also 
deteriorates markedly with long storage. 
Moreover, under conditions not yet com¬ 
pletely understood, the conversion by 
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ruminants of carotene present in feeds such 
as silage may be much less complete than was 
formerly thought. 

In feedlot cattle, the disease is most 
common in steers fed the same ration as 
heifers that may remain clinically normal. It 
is suggested that sexual dimorphism may be 
caused by the production of vitamin A by the 
corpus luteum of heifers. 

Pigs 

Young pigs on a deficient diet may show 
signs after several months, but as in other 
animals, the length of time required before 
signs appear is governed to a large extent by 
the status before depletion commences. As a 
general rule it can be anticipated that signs 
will appear in pigs fed deficient rations for 4 
to 5 months; variations from these periods 
are probably caused by variations in the 
vitamin A status of the animal when the defi¬ 
cient diet is introduced. Congenital defects 
occur in litters from deficient sows, but the 
incidence is higher in gilts with the first litter 
than in older sows. It is presumed that the 
hepatic stores of vitamin A in older sows are 
not depleted as readily as in young pigs. 
Feeding white maize bran without supple¬ 
mentation can result in congenital defects in 
litters and paralysis in adult pigs. 

Horses 

Adult horses may remain clinically normal 
for as long as 3 years on a deficient diet. 

Secondary Vitamin A Deficiency 

Secondary vitamin A deficiency may occur 
in cases of chronic disease of the liver or 
intestines because much of the conversion of 
carotene to vitamin A occurs in the intestinal 
epithelium and the liver is the main site of 
storage of the vitamin. Highly chlorinated 
naphthalenes interfere with the conversion 
of carotene to vitamin A, and animals poi¬ 
soned with these substances have a very low 
vitamin A status. The intake of inorganic 
phosphorus also affects vitamin A storage, 
low phosphate diets facilitating storage of the 
vitamin. This may have a sparing effect on 
vitamin A requirements during drought 
periods when phosphorus intake is low and 
an exacerbating effect in stall-fed cattle on a 
good grain diet. However, phosphorus defi¬ 
ciency may lower the efficiency of carotene 
conversion. Vitamins C and E help to prevent 
loss of vitamin A in feedstuffs and during 
digestion. Additional factors, which may 
increase the requirement of vitamin A, 
include high environmental temperatures 
and a high nitrate content of the feed, which 
reduces the conversion of carotene to vitamin 
A and rapid rate of gain. Both a low vitamin 
A status of the animal and high levels of 
carotene intake may decrease the biopotency 
of ingested carotene. 

The continued ingestion of mineral oil, 
which may occur when the oil is used as a 
preventive against bloat in cattle, may cause 


a depression of plasma carotene and vitamin 
A esters and the carotene levels in buffer fat. 
Deleterious effects on the cattle are unlikely 
under the conditions in which it is ordinarily 
used because of the short period for which 
the oil is administered and the high intake of 
vitamin A and carotene. 

PATHOGENESIS 

Vitamin A is essential for the regeneration of 
the visual purple necessary for dim-light 
vision, for normal bone growth, and for 
maintenance of normal epithelial tissues. 
Deprivation of the vitamin produces effects 
largely attributable to disturbance of these 
functions. The same tissues are affected in all 
species. However, there is a difference in 
tissue and organ response in the different 
species and particular clinical signs may 
occur at different stages of development of 
the disease. The major pathophysiologic 
effects of vitamin A deficiency are as follows. 

Night Vision and Ocular 
Abnormalities 

Ability to see in dim light is reduced because 
of interference with regeneration of visual 
purple. Ocular abnormalities occur because 
of disruption to ocular, retinal, and optic 
nerve development from midpregnancy 
onward. 1 

Cerebrospinal Fluid Pressure 

An increase in CSF pressure is one of the first 
abnormalities to occur in hypovitaminosis A 
in calves. It is a more sensitive indicator than 
ocular changes and, in the calf, it occurs 
when the vitamin A intake is about twice 
that needed to prevent night blindness. 
The increase in CSF pressure is caused by 
impaired absorption of the CSF from reduced 
tissue permeability of the arachnoid villi and 
thickening of the connective tissue matrix of 
the cerebral dura mater. The increased CSF 
pressure is responsible for the syncope and 
convulsions, which occur in calves in the 
early stages of vitamin A deficiency. The 
syncope and convulsions may occur sponta¬ 
neously or be precipitated by excitement and 
exercise. It is suggested that the CSF pressure 
is increased in calves with subclinical defi¬ 
ciency and that exercise further increases the 
CSF pressure to convulsive levels. 

Bone Growth 

Vitamin A is necessary to maintain normal 
position and activity of osteoblasts and 
osteoclasts. When deficiency occurs, there is 
no retardation of endochondral bone growth, 
but there is incoordination of bone growth 
in that shaping, especially the finer molding 
of bones, does not proceed normally. In most 
locations this has little effect but may cause 
serious damage to the nervous system. Over¬ 
crowding of the cranial cavity occurs with 
resulting distortion and herniations of the 
brain and an increase in CSF pressure up to 
four to six times normal. The characteristic 


nervous signs of vitamin A deficiency, 
including papilledema, incoordination, and 
syncope, follow. Compression, twisting, and 
lengthening of the cranial nerves and hernia¬ 
tions of the cerebellum into the foramen 
magnum, causing weakness and ataxia, and 
of the spinal cord into intervertebral foram¬ 
ina results in damage to nerve roots and 
localizing signs referable to individual 
peripheral nerves. Facial paralysis and blind¬ 
ness caused by constriction of the optic nerve 
are typical examples of this latter phenome¬ 
non. The effect of excess vitamin A on bone 
development by its interference with vitamin 
D has been discussed elsewhere. Dwarfism 
in a group of pigs in a swine herd was sus¬ 
pected to be caused by vitamin toxicosis. 

Epithelial Tissues 

Vitamin A deficiency leads to atrophy of all 
epithelial cells, but the important effects are 
limited to those types of epithelial tissue with 
a secretory as well as a covering function. 
The secretory cells are without power to 
divide and develop from undifferentiated 
basal epithelium. In vitamin A deficiency 
these secretory cells are gradually replaced 
by the stratified, keratinizing epithelial cells 
common to nonsecretory epithelial tissues. 
This replacement of secretory epithelium by 
keratinized epithelium occurs chiefly in the 
salivary glands, the urogenital tract (includ¬ 
ing placenta but not ovaries or renal tubules), 
and the periocular glands and teeth (disap¬ 
pearance of odontoblasts from the enamel 
organ). The secretion of thyroxine is mark¬ 
edly reduced. The mucosa of the stomach is 
not markedly affected. These changes in epi¬ 
thelium lead to the clinical signs of placental 
degeneration, xerophthalmia, and corneal 
changes. 

Experimental vitamin A deficiency in 
lambs results in changes in the epithelium of 
the small intestine characterized by vesicular 
microvillar degeneration and disruption of 
the capillary endothelium. Diarrhea did not 
occur. 

Embryologic Development 

Vitamin A is essential for organ formation 
during growth of the fetus. Multiple congeni¬ 
tal defects occur in pigs and rats and con¬ 
genital hydrocephalus in rabbits on maternal 
diets deficient in vitamin A. In pigs, admin¬ 
istration of the vitamin to depleted sows 
before the 17th day of gestation prevented 
the development of eye lesions but adminis¬ 
tration on the 18th day failed to do so. A 
maternal deficiency of vitamin A in cattle 
can result in congenital hypovitaminosis A 
in the calves, characterized by blindness with 
dilated pupils, nystagmus, weakness, and 
incoordination. Constriction of the optic 
canal with thickening of the dura mater 
results in ischemic necrosis of the optic 
nerve and optic disc edema resulting in 
blindness. Retinal dysplasia also occurs. 
Thickening of the occipital and sphenoid 
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bones and doming of the frontal and parietal 
bones with compression of the brain also 
occur. Dilated lateral ventricles may be 
present and associated with increased CSF 
pressure. 

Immune Mechanisms 

The effects of vitamin A and p-carotene on 
host defense mechanisms have been uncer¬ 
tain and controversial for many years. Some 
workers claim that the incidence and severity 
of bacterial, viral, rickettsial, and parasitic 
infections are higher in vitamin A-deficient 
animals. It is possible that vitamin A and 
p-carotene afford protection against infec¬ 
tions by influencing both specific and non¬ 
specific host defense mechanisms. The 
protective effect of vitamin A may be medi¬ 
ated by enhanced polymorphonuclear neu¬ 
trophil function, but this effect is also 
influenced by the physiologic status of the 
animal such as lactation status in dairy cattle. 
Experimentally, a severe vitamin A defi¬ 
ciency in lambs is associated with alterations 
in immune function, but the exact mecha¬ 
nism is unknown. 

CLINICAL FINDINGS 

Similar syndromes occur in all species, but 
because of species differences in tissue and 
organ response, some variations are observed. 
The major clinical findings are set out in the 
following sections. 

Night Blindness 

Inability to see in dim light (twilight or 
moonlit night) is the earliest sign in all 
species, except in the pig, in which it is not 
evident until plasma vitamin A levels are 
very low. This is an important diagnostic 
sign. 

Xerophthalmia 

True xerophthalmia, with thickening and 
clouding of the cornea, occurs only in the 
calf. In other species, a thin, serous mucoid 
discharge from the eyes occurs, followed by 


corneal keratinization, clouding and some¬ 
times ulceration, and photophobia. 

Ocular Abnormalities 

A range of ocular deformities, including 
cataract formation, lens luxation, microph¬ 
thalmia, and reduction in the size of the optic 
nerve head, occurred in calves with low 
serum vitamin A and E concentrations (Fig. 
14-14). 1 Mean vitamin A concentration was 
0.47 pmol/L (reference range 0.87 to 
1.75 pmol/L) and the mean vitamin E con¬ 
centrations was 2.28 pmol/L (reference 
range 3.0 to 18 |imol/L). 

Changes in the Skin 

A rough, dry coat with a shaggy appear¬ 
ance and splitting of the bristle tips in pigs 
is characteristic, but excessive keratinization, 
such as occurs in cattle poisoned with chlo¬ 
rinated naphthalenes, does not occur under 
natural conditions of vitamin A deficiency. 
Heavy deposits of branlike scales on the 
skin are seen in affected cattle. Skin disease 
occurs in Angus calves (~8 months of age) 
with vitamin A deficiency and is charac¬ 
terized by alopecia, severe epidermal and 
follicular orthokeratosis, and acanthosis. 
Affected animals responded to vitamin A 
supplementation. 

Dry, scaly hooves with multiple, vertical 
cracks are another manifestation of skin 
changes and are particularly noticeable in 
horses. 

A seborrheic dermatitis can be observed 
in deficient pigs but is not specific to vitamin 
A deficiency. 

Body Weight 

Under natural conditions, a simple defi¬ 
ciency of vitamin A is unlikely to occur and 
the emaciation commonly attributed to 
vitamin A deficiency may be largely caused 
by multiple deficiencies of protein and 
energy. Although inappetence, weakness, 
stunted growth, and emaciation occur under 
experimental conditions of severe deficiency, 


in field outbreaks severe clinical signs of 
vitamin A deficiency are often seen in 
animals in good condition. Experimentally, 
sheep maintain their BW under extreme 
deficiency conditions and with very low 
plasma vitamin A levels. 

Reproductive Efficiency 

Loss of reproductive function is one of the 
major causes of loss in vitamin A deficiency. 
Both the male and female are affected. In the 
male, libido is retained but degeneration of 
the germinative epithelium of the seminifer¬ 
ous tubules causes reduction in the number 
of motile, normal spermatozoa produced. In 
young rams, the testicles may be visibly 
smaller than normal. In the female, concep¬ 
tion is usually not interfered with, but pla¬ 
cental degeneration leads to abortion and the 
birth of dead or weak young. Placental reten¬ 
tion is common. 

Dairy ewes on a diet low in vitamin A 
have increased somatic cell counts, possibly 
indicating a predisposition to mastitis in 
animals with hypovitaminosis A. 3 

Nervous System 

Signs related to damage of the nervous 
system include the following: 

• Paralysis of skeletal muscles caused by 
damage of peripheral nerve roots 

• Encephalopathy caused by increased 
intracranial pressure 

• Blindness caused by constriction of the 
optic nerve canal 

These defects occur at any age but are most 
common in young, growing animals; they 
have been observed in all species except 
horses. 

Paralysis 

The paralytic form is manifested by abnor¬ 
malities of gait caused by weakness and inco¬ 
ordination. The hindlegs are usually affected 
first and the forelimbs later. In pigs, there 
may be stiffness of the legs, initially with a 
stilted gait or flaccidity, knuckling of the fet¬ 
locks and sagging of the hindquarters. Com¬ 
plete limb paralysis occurs terminally. 

Convulsions 

Encephalopathy, associated with an increase 
in CSF pressure, is manifested by convul¬ 
sions, which are common in beef calves at 6 
to 8 months, usually following removal from 
a dry summer pasture at weaning time. 
Spontaneously, or following exercise or han¬ 
dling, affected calves will collapse (syncope) 
and during lateral recumbency a clonic-tonic 
convulsion will occur, lasting for 10 to 30 
seconds. Death may occur during the con¬ 
vulsion or the animal will survive the con¬ 
vulsion and lie quietly for several minutes, as 
if paralyzed, before another convulsion may 
occur. Affected calves are usually not blind 
and the menace reflex may be slightly 
impaired or hyperactive. Some calves are 
hyperesthetic to touch and sound. During 



Fig. 14-14 Lens dislocation (A) and ocular rupture (B) in Simmental calves with 
hypovitaminosis A. (Reproduced with permission from Anon. Vet Rec 2014; 174:244.) 
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the convulsion there is usually ventroflexion 
of the head and neck, sometimes opisthoto¬ 
nus and, commonly, tetanic closure of the 
eyelids and retraction of the eyeballs. Out¬ 
breaks of this form of hypovitaminosis A in 
calves have occurred and the case-fatality 
rate may reach 25%. The prognosis is usually 
excellent; treatment will effect a cure in 48 
hours, but convulsions may continue for up 
to 48 hours following treatment. 

Seizures and acute death attributable to 
hypovitaminosis A and D have occurred in 
feeder pigs fed ground red wheat and whole 
milk and housed in a barn with no exposure 
to sunlight. Lethargy, inappetence, diarrhea, 
and vomiting and progression to convulsions 
were characteristic. 

Blindness 

The ocular form of hypovitaminosis A occurs 
usually in yearling cattle (12-18 months old) 
and up to 2 to 3 years of age. These animals 
have usually been on marginally deficient 
rations for several months. Night blindness 
may or may not have been noticed by the 
owner. The cattle have usually been fed and 
housed for long periods in familiar sur¬ 
roundings and the clinical signs of night 
blindness may have been subtle and not 
noticeable. A computer-based algorithm for 
using pupillary light reflex responses to 
detect cattle with incipient visual loss or mild 
impairment of vision caused by hypovita¬ 
minosis A was not effective in detecting 
affected cattle. 4 The first sign of the ocular 
form of the disease is blindness in both eyes 
during daylight. Both pupils are widely 
dilated and fixed and will not respond to 
light. Optic disc edema may be prominent 
and there may be some loss of the usual bril¬ 
liant color of the tapetum. Varying degrees 
of peripapillary retinal detachment, papillary 
and peripapillary retinal hemorrhages, and 
disruption of the retinal pigment epithelium 
may also be present. The menace reflex is 
usually totally absent, but the palpebral and 
corneal reflexes are present. The animal is 
aware of its surroundings and usually eats 
and drinks, unless placed in unfamiliar sur¬ 
roundings. The CSF pressure is increased in 
these animals, but not as high as in the calves 
described earlier. Convulsions may occur in 
these cattle if forced to walk or if loaded onto 
a vehicle for transportation. The prognosis 
for the ocular form with blindness is unfa¬ 
vorable and treatment is ineffective because 
of the degeneration of the optic nerves. 
Exophthalmos and excessive lacrimation are 
present in some cases. 

Congenital Defects 

Congenital defects have been observed in 
piglets and calves. In piglets, complete 
absence of the eyes (anophthalmos) or small 
eyes (microphthalmos), incomplete closure 
of the fetal optic fissure, degenerative changes 
in the lens and retina, and an abnormal pro¬ 
liferation of mesenchymal tissue in front of 


and behind the lens are some of the defects 
encountered. 

Ocular abnormalities in newborn calves 
from maternally vitamin A-deficient heifers 
included corneal dermoid, microphthalmos, 
aphakia (absence of lens) and in some cases, 
both eyes covered by haired skin. ’ Cardiac 
defects, including ventricular septal defect 
and overriding aorta, are reported in a 
limited number of cases of calves with hypo¬ 
vitaminosis A, but the relationship is unclear. 5 

Other congenital defects attributed to 
vitamin A deficiency in pigs include cleft 
palate and harelip, accessory ears, malformed 
hindlegs, subcutaneous cysts, abnormally 
situated kidneys, cardiac defects, diaphrag¬ 
matic hernia, aplasia of the genitalia, internal 
hydrocephalus, herniations of the spinal cord, 
and generalized edema. Affected pigs may be 
stillborn, or weak and unable to stand, or may 
be quite active. Weak pigs lie on their sides, 
make slow paddling movements with their 
legs, and squawk plaintively. 

Other Diseases 

Increased susceptibility to infection is often 
stated to result from vitamin A deficiency. 
The efficacy of colostrum as a preventive 
against diarrhea in calves was originally 
attributed to its vitamin A content, but the 
high antibody content of colostrum is most 
important. 

Anasarca. Edema of the limbs and brisket 
has been associated with vitamin A defi¬ 
ciency in feedlot cattle, especially steers. The 
pathogenesis is not understood. The edema 
can be extensive, include all four limbs, 
ventral body wall, and extend to the scrotum. 
Heifers were unaffected. 

CLINICAL PATHOLOGY 
Plasma Vitamin A 

Vitamin A levels in the plasma are used 
extensively in diagnostic and experimental 
work. Plasma levels of 20 pg/dL are the 
minimal concentration for vitamin A ade¬ 
quacy. Papilledema is an early sign of vitamin 
A deficiency, which develops before nyctalo¬ 
pia and at plasma levels below 18 pg/dL. 
Normal serum vitamin A concentrations in 
cattle range from 25 to 60 pg/dL. In pigs, 
levels of 11.0 pg/dL have been recorded in 
clinical cases, with normal levels being 23 to 
29 (ig/dL. In experimental vitamin A defi¬ 
ciency in lambs, serum levels declined to 
6.8 pg/dL (normal lambs at 45.1 pg/dL). 

The clinical signs may correlate with the 
serum concentrations of vitamin A. In one 
outbreak, feedlot cattle with serum concen¬ 
trations between 8.89 and 18.05 pg/dL had 
only lost BW, those between 4.87 and 
8.88 pg/dL had varying degrees of ataxia and 
blindness, and those below 4.88 pg/dL had 
convulsions and optic nerve constriction. 
Clinical signs can be expected when the 
levels fall to 5 pg/dL. For complete safety, 
optimum levels should be 25 pg/dL or above. 


Plasma Retinol 

Some information on the plasma retinol 
values in stabled Thoroughbred horses is 
available. The mean plasma level of retinol in 
71 horses 2 to 3 years of age was 16.5 pg/dL. 
The serum retinol levels in racing Trotters in 
Finland are lower than during the summer 
months, which is a reflection of the quality 
of the diets. 

Plasma Carotene 

Plasma carotene levels vary largely with the 
diet. In cattle, levels of 150 pg/dL are 
optimum and, in the absence of supplemen¬ 
tary vitamin A in the ration, clinical signs 
appear when the levels fall to 9 pg/dL. In 
sheep, carotene is present in the blood in 
only very small amounts even when animals 
are on green pasture. 

Hepatic Vitamin A 

A direct relationship between plasma and 
hepatic levels of vitamin A need not exist 
because plasma levels do not commence to 
fall until the hepatic stores are depleted. A 
temporary precipitate fall occurs at parturi¬ 
tion and in acute infections in most animals. 
The secretion of large amounts of carotene 
and vitamin A in the colostrum of cows 
during the last 3 weeks of pregnancy may 
greatly reduce the level of vitamin A in the 
plasma. 

Hepatic levels of vitamin A and carotene 
can be estimated in the living animal from a 
biopsy specimen. Biopsy techniques have 
been shown to be safe and relatively easy, 
provided a proper instrument is used. Hepatic 
levels of vitamin A and carotene should be of 
the order of 60 and 4.0 pg/g of liver, respec¬ 
tively. These levels are commonly as high as 
200 to 800 pg/g. Critical levels at which signs 
are likely to appear are 2 and 0.5 pg/g for 
vitamin A and carotene, respectively. 

Cerebrospinal Fluid 

CSF pressure is also used as a sensitive indica¬ 
tor of low vitamin A status. In calves, normal 
pressures of less than 100 mm of saline rise 
after depletion to more than 200 mm. In pigs, 
normal pressures of 80 to 145 mm rise to 
above 200 mm in vitamin A deficiency. An 
increase in pressure is observed at a blood 
level of about 7 pg vitamin A per deciliter of 
plasma in this species. In sheep, normal pres¬ 
sures of 55 to 65 mm rise to 70 to 150 mm 
when depletion occurs. In the experimentally 
induced disease in cattle, there is a marked 
increase in the number of cornified epithelial 
cells in a conjunctival smear and distinctive 
bleaching of the tapetum lucidum as viewed 
by an ophthalmoscope. These features may 
have value as diagnostic aids in naturally 
occurring cases. 

NECROPSY FINDINGS 

Gross changes are rarely observed at nec¬ 
ropsy. Careful dissection may reveal a 
decrease in the size of the cranial vault and 
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of the vertebrae. Compression and injury of 
the cranial and spinal nerve roots, especially 
the optic nerve, may be visible. In outbreaks 
in which night blindness is the primary clini¬ 
cal sign, atrophy of the photoreceptor layer 
of the retina is evident histologically, but 
there are no gross lesions. 

Congenital ocular abnormalities in 
newborn calves from vitamin A-deficient 
heifer dams included aphakia, absence of a 
uveal tract and aqueous humor, microph¬ 
thalmos, bony outgrowths of the occipital 
bone, compression of the cerebellum, and 
cardiac abnormalities similar to the tetralogy 
of Fallot. 

Squamous metaplasia of the interlobular 
ducts of the parotid salivary gland is strongly 
suggestive of vitamin A deficiency in pigs, 
calves, and lambs, but the change is transient 
and may have disappeared 2 to 4 weeks after 
the intake of vitamin A is increased. This 
microscopic change is most marked and 
occurs first, at the oral end of the main 
parotid duct. Abnormal epithelial cell differ¬ 
entiation may also be observed histologically 
in a variety of other sites such as the tracheal, 
esophageal, and ruminal mucosae; preputial 
lining; pancreatic ducts; and urinary epithe¬ 
lium. Hypovitaminosis A has also been asso¬ 
ciated with an increased incidence of 
pituitary cysts in cattle. Secondary bacterial 
infections, including pneumonia and otitis 
media, are also common, due at least in part 
to the decreased barrier function of the 
lining epithelia. 

The abnormalities that occur in congeni¬ 
tally affected pigs have already been 
described. 

Samples for Confirmation 
of Diagnosis 

• Toxicology: 50 g liver, 500 g feed 
ASSAY (Vit A) 

• Histology: formalin-fixed parotid 
salivary gland (including duct), rumen, 
pituitary, pancreas, brain (including optic 
nerves), cervical spinal cord (including 
nerve roots); Bourn’s fixed eye (LM). 


DIFFERENTIAL DIAGNOSIS 


When the characteristic clinical findings of 
vitamin A deficiency are observed, a deficiency 
of the vitamin should be suspected if green 
feed or vitamin A supplements are not being 
provided. The detection of papilledema and 
testing for night blindness are the easiest 
methods of diagnosing early vitamin A 
deficiency in ruminants. Incoordination, 
paralysis, and convulsions are the early signs 
in pigs. Increase in CSF pressure is the earliest 
measurable change in both pigs and calves. 
Laboratory confirmation depends on 
estimations of vitamin A in plasma and liver, 
with the latter being most satisfactory. Unless 
the disease has been in existence for a 
considerable time, response to treatment is 
rapid. For confirmation at necropsy, histologic 


examination of parotid salivary gland and 
assay of vitamin A in the liver are suggested. 

The salient features of the differential 
diagnosis of diseases of the nervous system of 
cattle are summarized in Table 14-12. 

Cattle 

Convulsive form of vitamin A deficiency in 
cattle must be differentiated from the 
following: 

• Polioencephalomalacia: characterized by 
sudden onset of blindness, head-pressing, 
and tonic-clonic convulsions, usually in 
grain-fed animals but also in pastured 
animals ingesting an excess of sulfate in 
water and grass 

• Hypomagnesemic tetany: primarily in 
lactating dairy cattle on pasture during cool 
windy weather; characterized by 
hyperesthesia, champing tonic-clonic 
convulsions, normal eyesight and 
tachycardia, and loud heart sounds 

• Lead poisoning: in all age groups, but 
most commonly in pastured calves in the 
spring; characterized by blindness, 
tonic-clonic convulsions, champing of the 
jaw, head-pressing, and rapid death 

• Rabies: in all age groups; characterized by 
bizarre mental behavior, gradually 
progressive ascending paralysis with ataxia 
leading to recumbency, drooling saliva, 
inability to swallow, normal eyesight, and 
death in 4-7 days. 

Ocular form of vitamin A deficiency in 
cattle must be differentiated from those 
diseases of cattle characterized by central 
or peripheral blindness: 

• Central blindness: 

Polioencephalomalacia 
Lead poisoning 
Meningoencephalitis 

• Peripheral blindness: 

Bilateral ophthalmitis caused byoculardisease 
Loss of body condition in cattle, failure to 
grow, and poor reproductive efficiency are 
general clinical findings not limited to 
vitamin A deficiency. 

Pigs 

Convulsive form of vitamin A deficiency 

in pigs must be differentiated from the 
following: 

• Salt poisoning 

• Pseudorabies 

• Viral encephalomyelitis 

• Organic arsenic poisoning. 

Paralytic form of vitamin A deficiency 
in pigs must be differentiated from the 
following: 

• Spinal cord compression caused by 
vertebral body abscess. 

Congenital defects similar to those caused 
by vitamin A deficiency may be caused by 
deficiencies of other essential nutrients, by 
inheritance or by viral infections in early 
pregnancy in all species. Maternal vitamin 
A deficiency is the most common cause of 
congenital defects in piglets. Final diagnosis 
depends on the necropsy findings, analysis 
of feed and serum vitamin A of the dams. 


TREATMENT 
Vitamin A 

Animals with curable vitamin A deficiency 
should be treated immediately with vitamin 
A at a dose rate equivalent to 10 to 20 times 
the daily maintenance requirement. As a 
rule, 440 IU/kg BW is the dose used. Paren¬ 
teral injection of an aqueous rather than an 
oily solution is preferred. The response to 
treatment in severe cases is often rapid and 
complete, but the disease may be irreversible 
in chronic cases. Calves with the convulsive 
form caused by increased CSF pressure will 
usually return to normal in 48 hours follow¬ 
ing treatment. Cattle with the ocular form of 
the deficiency and that are blind will not 
respond to treatment and should be slaugh¬ 
tered for salvage. 

Hypervitaminosis A 

Daily heavy dosing (about 100 times normal) 
of calves causes reduced growth rate, lame¬ 
ness, ataxia, paresis, exostoses on the planter 
aspect of the third phalanx of the fourth digit 
of all feet, and disappearance of the epiphy¬ 
seal cartilage. Persistent heavy dosing in 
calves causes lameness, retarded horn 
growth, and depressed CSF pressure. At nec¬ 
ropsy, exostoses are present on the proximal 
metacarpal bones and the frontal bones are 
thin. Very high levels fed to young pigs may 
cause sudden death through massive internal 
hemorrhage and excessive doses during early 
pregnancy are reputed to result in fetal 
anomalies. However, feeding vitamin A for 
prolonged periods at exceptionally high 
levels is unlikely to produce severe embryo- 
toxic or teratogenic effects in pigs. 

CONTROL 

Dietary Requirement 

The minimum daily requirement in all 
species is 40 IU of vitamin A per kilogram 
BW, which is a guideline for maintenance 
requirements. In the formulation of practical 
diets for all species, the daily allowances of 
vitamin A are commonly increased by 50% 
to 100% of the daily minimum requirements. 
During pregnancy, lactation, or rapid growth 
the allowances are usually increased by 50% 
to 75% of the requirements. The supplemen¬ 
tation of diets to groups of animals is gov¬ 
erned also by their previous intake of the 
vitamin and its probable level in the diet 
being fed. The rate of supplementation can 
vary from 0 to 110 IU/kg BW per day (1 IU 
of vitamin A is equivalent in activity to 
0.3 |ig of retinol; 5 to 8 |4g (3-carotene has the 
same activity as 1 pg of retinol). 

Nutrient studies have indicated that pre¬ 
ruminant Holstein calves being fed milk 
replacer should receive 11,000 IU of vitamin 
A per kilogram dry matter for optimum 
growth and to maintain adequate liver 
vitamin A stores. 

The amounts of the vitamin to be added 
to the ration of each species to meet the 
requirements for all purposes should be 
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Table 14-17 Daily dietary allowances of vitamin A 


Animal 

Vitamin A (IU/kg BW daily) 

Cattle 

Growing calves 

40 

Weaned beef calves at 6-8 months 

40 

Calves 6 months to yearlings 

40 

Maintenance and pregnancy 

70-80 

Maintenance and lactation 

80 

Feedlot cattle on high energy ration 

80 

Sheep 

Growth and early pregnancy and fattening lambs 

30-40 

Late pregnancy and lactation 

70-80 

Horses 

Working horse 

20-30 

Growing horse 

40 

Pregnant mare 

50 

Lactating mare 

50 

Pigs 

Growing pigs 

40-50 

Pregnant gilts and sows 

40-50 

Lactating gilts and sows 

70-80 


obtained from published recommended 
nutrient requirements of domestic animals. 
Some examples of daily allowances of vitamin 
A for farm animals are set out in Table 14-17. 

Supplementation Method 

The method of supplementation will vary 
depending on the class of livestock and the 
ease with which the vitamin can be given. In 
pigs, the vitamin is incorporated directly 
into the complete ration, usually through the 
protein supplement. In feedlot and dairy 
cattle receiving complete feeds, the addition 
of vitamin A to the diet is simple. In beef 
cattle, which may be fed primarily on 
carotene-deficient roughage during preg¬ 
nancy, it may not be possible to supplement 
the diet on a daily basis. However, it may be 
possible to provide a concentrated dietary 
source of vitamin A on a regular basis by 
feeding a protein supplement once weekly. 
The protein supplement will contain 10 to 15 
times the daily allowance, which permits 
hepatic storage of the vitamin. 

Parenteral Injection 

An alternative method to dietary supple¬ 
mentation is the intramuscular injection of 
vitamin A at intervals of 50 to 60 days at the 
rate of 3,000 to 6,000 IU/kg BW. Under most 
conditions, hepatic storage is good and 
optimum plasma and hepatic levels of 
vitamin A are maintained for up to 50 to 60 
days. In pregnant beef cattle the last injection 
should not be more than 40 to 50 days before 
parturition to ensure adequate levels of 
vitamin A in the colostrum. Ideally, the last 
injection should be given 30 days before par¬ 
turition, but this may not be practical under 
some management conditions. Administra¬ 
tion of vitamin A palmitate by intramuscular 


injection (3500 IU/kg BW) increased plasma 
vitamin A concentrations by 24 hours and 
these elevated concentrations persisted for at 
least 8 days. 0 The effect of a single adminis¬ 
tration of vitamin A on liver vitamin A con¬ 
centrations, the biologic reservoir for the 
vitamin, was not determined. 

The most economical method of supple¬ 
menting vitamin A is, in most cases, through 
the feed and when possible should be used. 

The use of injectable mixtures of vitamins 
A, D, and E is not always justifiable. The 
injection of a mixture of vitamins A, D, and 
E of feeder cattle in northern Australia before 
transport did not, contrary to anecdotal evi¬ 
dence, reduce weight loss associated with 
transportation. Cattle in Queensland and 
northwestern Australia have very high con¬ 
centrations of hepatic vitamin A and in fact, 
drought-stricken cattle in the terminal stages 
of malnutrition have also had high liver con¬ 
centration. The indiscriminate use of vitamin 
A preparations in cattle is a public health 
concern because some bovine livers may 
contain high levels of vitamin A, which are 
potentially teratogenic for pregnant women. 

Oral Vitamin A 

The oral administration of a single bolus of 
vitamin A at a dose of 2.8 mg/kg BW to 
debilitated Sahelian cattle during the dry 
season was effective in raising the milk levels 
of vitamin A and was as effective as adding 
10 g of the powder to the drinking water. 
Both the powder and bolus products pro¬ 
vided high levels of vitamin A in milk within 
3 days of treatment and according to herder 
testimonials, night-blind people consuming 
milk from cattle previously treated with 
either oral vitamin A preparation were no 
longer affected with night blindness. 
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NICOTINIC ACID DEFICIENCY 
(HYPONIACINOSIS) 

Nicotinic acid or niacin is essential for 
normal carbohydrate metabolism. Because 
of the high content in most natural animal 
feeds, deficiency states are rare in ordinary 
circumstances, except in pigs fed rations 
high in corn. Corn has both a low niacin 
content and a low content of tryptophan, 
which is a niacin precursor. A low-protein 
intake exacerbates the effects of the defi¬ 
ciency, but a high-protein intake is not fully 
protective. 

In ruminants, synthesis within the animal 
provides an adequate source. Even in young 
calves, signs of deficiency do not occur, and 
because rumen microfloral activity is not yet 
of any magnitude, extraruminal synthesis 
appears probable. There are preliminary 
indications that dietary supplementation 
with niacin alters muscle fiber composition 
(increased type 1 (oxidative) versus type 2) 
in pigs and sheep. 1,2 

The oral supplementation of niacin in the 
diet of periparturient dairy cows may result 
in an increase in serum inorganic phospho¬ 
rus and a decrease in serum potassium, 
calcium, and sodium concentrations. Niacin 
has been used to study the effects of artifi¬ 
cially induced ketonemia and hypoglycemia 
in cattle through inducing changes in non- 
esterified fatty acid concentrations. 3 

The daily requirements of niacin for 
mature pigs are 0.1 to 0.4 mg/kg BW, but 
growing pigs appear to require more 
(0.6-1 mg/kg BW) for optimum growth. 

Experimentally induced nicotinic acid 
deficiency in pigs is characterized by inap¬ 
petence, severe diarrhea, a dirty yellow skin, 
with a severe scabby dermatitis and alopecia. 
Posterior paralysis also occurs. At necropsy, 
hemorrhages in the gastric and duodenal 
walls, congestion and swelling of the small 
intestinal mucosa, and ulcers in the large 
intestine are characteristic and closely 
resemble those of necrotic enteritis caused by 
infection with Salmonella spp. 

Histologically, there is severe mucoid 
degeneration followed by local necrosis in 
the wall of the cecum and colon. Experimen¬ 
tal production of the disease in pigs by the 
administration of an antimetabolite to nico¬ 
tinamide causes ataxia or quadriplegia, 
accompanied by distinctive lesions in the 
gray matter of the cervical and lumbar 
enlargements of the ventral horn of the 
spinal cord. The lesions are malacic and 
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occur in the intermediate zone of the gray 
matter. The identical lesions and clinical 
picture have been observed in naturally 
occurring disease. 

The oral therapeutic dose rate of nicotinic 
acid in pigs is 100 to 200 mg; 10 to 20 g/ 
tonne of feed supplies have sufficient nico¬ 
tinic acid for pigs of all ages. Niacin is low in 
price and should always be added to pig 
rations based on corn. 
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PYRIDOXINE (VITAMIN B 6 ) 

DEFICIENCY 

(HYPOPYRIDOXINOSIS) 

A deficiency of pyridoxine in the diet is not 
known to occur under natural conditions. 
Experimental deficiency in pigs is character¬ 
ized by periodic epileptiform convulsions 
and at necropsy by generalized hemosidero¬ 
sis with a microcytic anemia, hyperplasia of 
the bone marrow, and fatty infiltration of the 
liver. Less severe deficiency impairs weight 
gain and alters biochemical markers of 
sulfur-containing amino acid metabolism. 1 
The daily requirement of pyridoxine in the 
pig is of the order of 100 jag/kg BW or 1 mg/ 
kg of solid food, although higher levels have 
been recommended on occasion. Certain 
strains of chickens have a high requirement 
for pyridoxine and the same may be true 
of pigs. 

Experimentally induced deficiency in 
calves is characterized by anorexia, poor 
growth, apathy, dull coat, and alopecia. 
Severe, fatal epileptiform seizures occur in 
some animals. Anemia with poikilocytosis is 
characteristic of this deficiency in cows and 
calves. 
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PANTOTHENIC ACID DEFICIENCY 
(HYPOPANTOTHENOSIS) 

PA is essential in metabolism because of its 
incorporation into coenzyme A and acyl 
carrier protein, both of which are central to 
energy metabolism. PA is ubiquitous in 
fodder, in addition to which microorganisms 
in the rumen synthesize the compound. 1 
However, it is not clear if synthesis meets the 
requirements of dairy cows. The role of PA 
in ruminant nutrition is reviewed. 1 

Deficiency under natural conditions has 
been recorded mainly in pigs on rations 
based on corn. 

In pigs, a decrease in weight gain caused 
by anorexia and inefficient food utilization 
occurs first. Dermatitis develops with a dark 
brown exudate collecting about the eyes and 
there is a patchy alopecia. Diarrhea and 


incoordination with a spastic, goose-stepping 
gait are characteristic. At necropsy, a severe, 
sometimes ulcerative, colitis is observed 
constantly, together with degeneration of 
myelin. 

Calcium pantothenate (500 pg/kg BW/ 
day) is effective in treatment and prevention. 
As a feed additive, 10 to 12 g/tonne of 
calcium pantothenate is adequate. 

Experimentally induced PA deficiency in 
calves is manifested by rough hair coat, der¬ 
matitis under the lower jaw, excessive nasal 
mucus, anorexia and reduced growth rate, 
and is eventually fatal. At necropsy, there is 
usually a secondary pneumonia, demyelin- 
ation in the spinal cord and peripheral 
nerves, and softening and congestion of the 
cerebrum. 
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Metabolic and Toxic 
Encephalomyelopathies 

A number of metabolic defects and a very 
large number of poisons, especially poison¬ 
ous plants and farm chemicals, cause abnor¬ 
malities of function of the nervous system. 
Those plants that cause degenerative nervous 
system disease are listed under the section 
Encephalomalacia; those that cause no 
detectable degenerative change in tissue are 
listed here. More detailed information on 
toxins that are primary neurotoxins are 
addressed in this chapter based on the pre¬ 
dominant neuroanatomic location affected. 
This section includes those toxins that do not 
have a predilection for a specific neuroana¬ 
tomic location. 

An incomplete list of metabolic abnor¬ 
malities and toxins that can cause nervous 
system dysfunction are as follows. 

Abnormalities of Consciousness 
and Behavior 

• Hypoglycemia and ketonemia 
of pregnancy toxemia (with 
degenerative lesions in some) and 
acetonemia 

• Depression caused by hyponatremia and 
strong ion (metabolic) acidosis 
associated with diarrhea and 
dehydration, particularly in neonatal 
animals 

• Hypomagnesemia of lactation tetany 

• Hyper-D-lactatemia in neonatal calves, 
lambs, and kids and adult ruminants 
with grain overload 

• Primary hyperammonemia and hepatic 
encephalopathy 1,2 

• Unspecified toxic substances in uremic 
animals 

• Exogenous toxins, including carbon 
tetrachloride, hexachloroethane, and 
trichloroethylene 


• Plants causing anemic and histotoxic 
hypoxia, especially plants causing 
cyanide or nitrite poisoning 

• Poison plants, including Helichrysum 
spp., tansy mustard, male fern, kikuyu 
grass (or a fungus, Myrothecium sp. on 
the grass) 

Abnormality Characterized by Tremor 
and Ataxia 

• Weeds, including Conium spp. 
(hemlock), Eupatorium spp. (snakeroot), 
Sarcostemma spp., Euphorbia spp. and 
Karwinskia spp. 

• Ivermectin toxicosis in horses 3 

• Bacterial toxins in shaker foal syndrome 
(probably) 

• Fungal toxins, e.g., Neotyphodium 
(Acremonium) lolii, the endophyte 
fungus of ryegrass staggers 

Convulsions 

• Metabolic deficits, including 
hypoglycemia (piglets, ewes with 
pregnancy toxemia), hypomagnesemia 
(of whole milk tetany of calves, 
lactation tetany, cows and mares), 
hypernatremia 

• Nutritional deficiencies of vitamin A 
(brain compression in calves and pigs), 
pyridoxine (experimentally in calves) 

• Inorganic poisons, including lead 
(calves), 4 mercury (calves), farm 
chemicals such as organic arsenicals 
(pigs), organophosphates, chlorinated 
hydrocarbons, strychnine, urea, 
metaldehyde 

• Bacterial toxins, including C. tetani, C. 
perfringens type D 

• Fungal toxins, e.g., C. purpurea 

• Grasses, including Wimmera ryegrass 

( Lolium rigidum ) or the nematode on it, 
Echinopogon ovatus 

• Pasture legumes: lupines 

• Weeds: Oenanthe spp. (hemlock water 
dropwort), Indigofera spp. (in horses), 
Cicuta spp. (water hemlock), Albizia 
tanganyicensis, Sarcostemma spp., 
Euphorbia spp. 

• Trees: laburnum, oleander, supplejack 
{Ventilago spp.) 

Ataxia Apparently Caused by 
Proprioceptive Defect 

• Grasses: Phalaris tuberosa (aquatica) 

(and other Phalaris spp.), Lolium 
rigidum, E. ovatus 

• Weeds: Romulea bulbocodium, 
sneezeweed ( Helenium spp.), Indigofera 
spp., Iceland poppy ( Papaver nudicaule), 
Gomphrena spp., Malva spp., Stachys 
spp., Ipomoea spp., Solanum esuriale 

• Trees: Kalmia spp., Erythrophloeum spp., 
Eupatorium rugosum 

• Ferns: Xanthorrhoea spp., Zamia 
spp.; induced thiamine deficiency 
caused by bracken and horsetail 
poisoning 
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Involuntary Spastic Contraction of 
Large Muscle Masses 

This includes, for example, acquired (Austra¬ 
lian) equine reflex hypertonia (formerly 
known as Australian stringhalt) associated 
with ingestion of the Australian dandelion 
Hypochaeris radicata, European dandelion 
Taraxacum officinale, or mallow Malva 
parviflora). 

Tremor, Incoordination, 
and Convulsions 

There is an additional long list of plants that 
cause diarrhea and nervous signs, especially 
ataxia, together, but whether the latter are 
caused by the former or caused by neurotox¬ 
ins is not identified. 

The nervous signs include tremor, inco¬ 
ordination, and convulsions. 

Paresis or Paralysis 

Many of the toxic substances and metabolic 
defects listed previously cause paresis when 
their influence is mild and paralysis when it 
is severe. Some of the items appear in both 
lists. Because an agent appears in one list and 
not the other list is not meant to suggest that 
the agent does not cause the other effect. It 
is more likely that it occurs in circumstances 
that are almost always conducive to the 
development of a mild syndrome (or a severe 
one, as the case may be). 

• Disturbance of function at 
neuromuscular junctions, e.g., 
hypocalcemia, hypomagnesemia, 
hypokalemia (as in downer cows), 
tetanus, botulism and hypoglycemia of 
pregnancy toxemia in cows and ewes, 
and tick paralysis. Hypophosphatemia 
has not been demonstrated to be a 
definitive cause of weakness in 
cattle. 

• Nutritional deficiency, but including 
only experimentally induced deficiency 
of nicotinic and PAs: biotin and choline, 
cause posterior paresis and paralysis in 
pigs and calves. 

• Toxic diseases of the nervous 
system, including disease associated 
with many chemicals used in 
agriculture, e.g., piperazine, rotenone, 
2,4-d and 2,4,5-T, organophosphates, 
carbamates, chlorinated hydrocarbons, 
propylene glycol, metaldehyde, 
levamisole, toluene, carbon 
tetrachloride, strychnine, and nicotine 
sulfate. 
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Inherited Diseases 
Primarily Affecting 
the Cerebrum 

INHERITED CONGENITAL 
HYRDOCEPHALUS 

Hydrocephalus is the distention of the ven¬ 
tricular system of the brain, caused by 
increased production of CSF by the choroid 
plexus, obstruction of normal CSF flow, or 
decreased absorption of CSF at the arach¬ 
noid villi in the venous sinuses. 1 

Cattle 

Congenital hydrocephalus without abnor¬ 
mality of the frontal bones occurs sporadi¬ 
cally but is also known to be an inherited 
defect in Holstein and Hereford and possibly 
in Ayrshire and Charolais cattle. Two spe¬ 
cific inherited entities have been described. 
In one there is obstruction of drainage of 
the CSF from the lateral ventricles, which 
become distended with fluid and may 
cause bulging of the forehead, often suffi¬ 
cient to cause fetal dystocia. Hereford calves 
with this defect have partial occlusion of 
the supraorbital foramen, a domed skull, 
and poorly developed teeth; at necropsy 
the cerebellum is found to be small and 
there may be microphthalmia and skeletal 
muscle myopathy. They are usually born 
a few days prematurely, are small in size, 
and are unable to stand or suck. In some 
cows the amniotic fluid is increased in 
volume. 

Another form of inherited hydrocepha¬ 
lus caused by malformation of the cranium 
and with no enlargement of the cranium 
has also been observed in Hereford cattle. 
The ventricular dilatation is not marked, 
and microphthalmia and cerebellar hypo¬ 
plasia are not features. Affected calves may 
be alive at birth but are blind and unable 
to stand. Some bawl continuously and some 
are dumb. They do not usually survive for 
more than a few days. At necropsy there is 
internal hydrocephalus of the lateral ventri¬ 
cles with marked thinning of the overlying 
cerebrum. Other lesions include constric¬ 
tion of the optic nerve, detachment of the 
retina, cataract, coagulation of the vitreous 
humor, and a progressive muscular dystro¬ 
phy. The condition is inherited as a recessive 
character. 

Internal hydrocephalus inherited in 
combination with multiple eye defects 
in White Shorthorns is dealt with else¬ 
where, as are noninherited forms of the 
disease. 


Sheep 

A defect comparable to the Dandy-Walker 
syndrome in humans and characterized by 
internal hydrocephalus caused by obstruc¬ 
tion of the foramina of Magendie and Lushka 
occurs in several breeds of sheep, especially 
Suffolk, and in cattle. Affected lambs are still¬ 
born or die within a few hours of birth; 
because of the grossly enlarged cranium 
many cause dystocia, which can only be 
relieved by a fetotomy. 

Horses 

A Standardbred stallion sired a number of 
hydrocephalic foals in a pattern that sug¬ 
gested the inheritance of a dominant muta¬ 
tion in the germline and in the form of a 
single locus defect. Affected foals caused dys¬ 
tocia and were all stillborn. There is one 
report of an unsuccessful outcome following 
placement of ventriculoperitoneal shunt in 
an attempt to manage hydrocephalus in a 
Quarter Horse colt. 2 

Hydrocephalus has been observed more 
commonly in Friesian horses than other 
breeds. Affected foals have a malformed 
petrosal bone, which causes a narrowing of 
the jugular foramen. 1 Hydrocephalus in Frie¬ 
sian foals is thought to be caused by dimin¬ 
ished absorption of CSF into the systemic 
circulation at the venous sinus because of the 
abnormally small jugular foramen. This type 
of hydrocephalus has been genetically linked 
in humans and dogs to chondrodysplasia. 1 

Pigs 

Congenital hydrocephalus in Yorkshire and 
European pigs has been recorded. The abnor¬ 
mality varies from a small protrusion of dura 
(meningocele) to an extensive brain hernia 
in which the cerebral hemispheres protrude 
through the frontal suture, apparently forced 
there by increased fluid pressure in the lateral 
and third ventricles. The condition is thought 
to be inherited in a recessive manner, but 
exacerbated in its manifestation by a coexist¬ 
ing hypovitaminosis A. An outbreak of con¬ 
genital meningoencephalocele in Landrace 
pigs is recorded in circumstances suggesting 
that it was inherited. 
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INHERITED HYDRANENCEPHALY 
AND ARTHROGRYPOSIS 

The defect is recorded in Corriedale sheep, 
and breeding trials indicate that it is inher¬ 
ited as an autosomal recessive character. 
Most affected lambs are found dead but facial 
deformity, including shortening of the man¬ 
dible and distortion of the facial bones will 
be evident. At necropsy the predominant 
finding is the fixation and deformity of the 
joints of the limbs and vertebral column, and 
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the almost complete absence of a cerebral 
cortex. 

INHERITED PROSENCEPHALY 

Recorded in Border Leicester sheep, this 
defect takes the form of fusion of the cerebral 
hemispheres and a single lateral ventricle. It 
is widespread in the breed in Australia and 
is inherited as an autosomal recessive char¬ 
acter. Most affected lambs are stillborn. Live 
ones have dyspnea caused by gross shorten¬ 
ing of the nasomaxillary region creating a 
severely overshot mandible and interference 
with sucking. Blindness, nystagmus, and 
recumbency are constant signs. The cere¬ 
brum and the cranial cavity are much smaller 
than normal. 

INHERITED MULTIFOCAL 
SYMMETRIC ENCEPHALOPATHY 

Two forms of the disease are recorded, in 
Simmental and in Limousin and Limousin 
cross cattle. The Limousin calves are normal 
at birth but from about 1 month of age 
develop a progressive forelimb hypermetria, 
hyperesthesia, blindness, nystagmus, weight 
loss, and behavioral abnormalities, especially 
aggression. The signs gradually worsen for 
up to 4 months when euthanasia is necessary. 
Necropsy lesions include brain swelling; 
optic chiasma necrosis; and multifocal, sym¬ 
metric areas of pallor, up to 0.5 cm diameter 
in the brain. These lesions show partial cavi¬ 
tation and multiple, pathologic abnormali¬ 
ties, especially myelin lysis and vacuolation 
and demyelination. The distribution of cases 
suggests an inherited defect. 

The disease in Simmental and Simmental - 
cross cattle recorded in Australia and New 
Zealand also has a distribution suggesting an 
inherited defect. The disease is clinically 
similar to that in Limousin cattle except that 
affected animals are not blind and it develops 
later at 5 to 8 months. Calves may survive 
longer, up to 12 months and, although the 
characteristic abnormality of gait is hyper¬ 
metria, the hindlimbs are affected, not the 
forelimbs. Other signs observed are dullness, 
a swaying gait and, terminally, gradually 
developing opisthotonus and forelimb 
hypertonia in extension. Necropsy lesions 
are also similar to those in the Limousins, 
but the distribution is in the midbrain and 
the entire brainstem. 

A multifocal symmetric necrotizing 
encephalomyelopathy in Angus calves has 
been described. Clinically affected calves 
exhibited ataxia, nystagmus, strabismus, 
muscular tremors, opisthotonus, bruxism, 
hyperesthesia, tetanic spasms, and episodic 
convulsions at 2 to 6 weeks of age. Death 
occurred 4 to 7 days after the onset of clinical 
signs. Lesions consisted of symmetric degen¬ 
erative foci affecting the dorsal vagal motor, 
lateral cuneate, and olivary nuclei in the 
medulla oblongata, and occasionally in the 


spinal cord, substantia nigra, and cerebellar 
peduncles. Although an inherited basis for 
the disease is suspected, the etiology is 
unknown. 

MAPLE SYRUP URINE DISEASE 
(BRANCHED-CHAIN KETO ACID 
DEHYDROGENASE DEFICIENCY) 

Calves affected by this disease may be still¬ 
born. Live calves are normal at birth and 
develop signs only at 1 to 3 days of age. It is 
inherited as an autosomal recessive and 
occurs principally in Poll Hereford, Here¬ 
ford, and Poll Shorthorn cattle but probably 
also occurs in other breeds. There is molecu¬ 
lar heterogeneity between the breeds, and 
tests based on detection of the mutation 
could be prone to error. Hair roots are good 
sources of target DNA for genotyping cattle 
for the mutation in one of the genes coding 
for the branched-chain a-keto acid dehydro¬ 
genase enzyme. This avoids the errors created 
by hemopoietic chimerism when blood is 
used for the test. 

The disease is caused by an accumulation 
of branched-chain amino acids, including 
valine, leucine, and isoleucine. The mutation 
responsible for maple syrup urine disease in 
Poll Shorthorns and genotyping Poll Short¬ 
horns and Poll Herefords for the maple syrup 
urine disease alleles has been determined. 
The mutations responsible for maple syrup 
urine disease and inherited congenital myo¬ 
clonus are present in the Australian Poll 
Hereford population. 

Clinical signs include dullness, recum¬ 
bency, tremor, tetanic spasms and opisthoto¬ 
nus, a scruffy coat, blindness, and severe 
hyperthermia. When held in a standing posi¬ 
tion, some calves have tetanic paralysis and 
others have flaccid paralysis. Terminal coma 
is followed by death after a course of 48 to 72 
hours. The urine smells of burnt sugar 
(because of the presence of branched-chain 
amino acids), and this smell is the source of 
the name. 1 

At necropsy there is a characteristic 
severe spongiform encephalopathy similar to 
that found in comparable hereditary amino¬ 
acidurias in humans. 1 Final identification 
can be made based on the elevated ratios of 
branched: straight chain amino acids in 
nervous tissue. 
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INHERITED CITRULLINEMIA 

This autosomal recessive disease is inherited 
in Australian Holstein Friesians, American 
Holstein Friesians, and Red Holstein Frie¬ 
sians in Europe. 

Affected calves are normal at birth but 
develop signs in the first week of life and die 
6 to 12 hours after the onset of illness. The 
signs are depression, compulsive walking, 


blindness, head-pressing, tremor, hyper¬ 
thermia, recumbency, opisthotonus, and 
convulsions. Argininosuccinate synthetase 
deficiency is the likely cause. Blood citrul- 
line levels are of the order of 40 to 1200 
times normal, and the assay can be used to 
detect heterozygotes. The alternative method 
of detecting heterozygotes is to use a PCR 
test, which RE test designed to identify the 
mutation that causes the disease. Prenatal 
diagnosis has been achieved by examina¬ 
tion of cell cultures derived from amniotic 
fluid. 

INHERITED NEONATAL 
SPASTICITY 

The defect is recorded in Jersey and Hereford 
cattle. Affected calves are normal at birth but 
develop signs 2 to 5 days later. The signs 
commence with incoordination and bulging 
of the eyes and a tendency to deviation of the 
neck causing the head to be held on one side. 
Subsequently, the calves are unable to stand 
and on stimulation develop a tetanic convul¬ 
sion in which the neck, trunk, and limbs are 
rigidly extended and show marked tremor. 
Each convulsion is of several minutes’ dura¬ 
tion. Affected calves may survive for as long 
as a month if nursed carefully. There are no 
gross or histologic lesions at necropsy. Inher¬ 
itance of the defect is conditioned by a single, 
recessive character. 

DOPPLER CALVES 

This is an inherited congenital defect in Her¬ 
eford cattle produced by intensive breeding 
of half-siblings, and it is no longer recorded. 
It was characterized by continuous clonic 
convulsions, nystagmus, and pupillary dila¬ 
tation. Stimulation by touch or sound exac¬ 
erbated the convulsions. 

INHERITED IDIOPATHIC EPILEPSY 
OF CATTLE 

Idiopathic epilepsy has been reported as an 
inherited condition in Brown Swiss cattle 
and appears to be inherited as a dominant 
character. Typical epileptiform convulsions 
occur, especially when the animals become 
excited or are exercised. Attacks do not 
usually commence until the calves are several 
months old and disappear entirely between 
the ages of 1 and 2 years. 

FAMILIAL NARCOLEPSY 

Affected horses, including Lipizzaners, 1 
Shetlands, Miniature Horses, Icelandic foals, 
and Suffolk foals, suffer recurrent episodes of 
several minutes’ duration during which they 
fall and lie motionless, without voluntary 
or involuntary movements except respira¬ 
tory and eye movements. Between episodes 
there is no clinical abnormality. Handling 
or the excitement of feeding may precipitate 
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Diseases of the Nervous System 


an attack, and a sharp blow may 
terminate one. 

A genetic cause is suspected in horses 
based on the occurrence of the disease in 
three fillies born to the same sire. 1 A physo- 
stigmine provocation test (0.06 mg/kg BW 
intravenously) has been used, and a positive 
result is a cataplectic attack or clinical wors¬ 
ening of the sleepiness over the following 
hour. The genetic basis has not been con¬ 
firmed in horses but is suspected to be an 
autosomal dominant trait with incomplete 
penetrance. 1 
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Congenital and Inherited 
Encephalomyelopathies 

INHERITED LYSOSOMAL 
STORAGE DISEASES 

These are diseases in which there is a geneti¬ 
cally determined deficiency of a specific 
lysosomal hydrolase enzyme causing a defec¬ 
tive degradation of carbohydrates, proteins, 
and lipids within lysosomes. These diseases 
are currently grouped into glycoproteinoses, 
mucopolysaccharidoses, sphingolipidoses, 
and mucopolysaccharidoses. Enzyme defi¬ 
ciencies associated with lysosomal storage 
diseases in agricultural animals include 
a-mannosidase, p-mannosidase, GMj 
gangliosidosis, GM 2 gangliosidosis, 1-2 P- 
glucocerebrosidase (Gaucher disease), 3 a-N- 
acetylglucosaminidase (NAGLU), 4 acid- 
sphingomyelinase (Niemann-Pick disease), 5 
and an incompletely characterized form. 6-7 
The lysosomes themselves are concerned 
with hydrolyzing polymeric material, which 
enters the vacuolar system, and converting it 
to monomeric units, such as monosaccha¬ 
rides, amino acids, and nucleotides, which 
can be dealt with by the better known meta¬ 
bolic processes. As a result of the deficiency, 
upstream metabolic substrates accumulate in 
the lysosomes and downstream metabolites 
are markedly reduced. 

Lysosomal storage diseases can also be 
caused by poisonings, and these are addressed 
elsewhere in this chapter. The best known 
ones are caused by poisoning with Swain- 
sona, s Astragalus, Oxytropis, and Ipomoea 
spp. 9 ' 12 , Side spp. 13 , and Phalaris spp. (the 
chronic form of that disease). 

The diseases included in this section are 
not strictly diseases of the nervous system 
because the lysosomes in both neuronal and 
visceral sites are affected, but the effects of 
the disease are most obvious in terms of 
nervous system function. 


MANNOSIDOSIS 

Mannosidosis is the best known group of the 
inherited lysosomal storage diseases in agri¬ 
cultural animals. 

a-Mannosidosis 

This is a lysosomal storage disease in which 
a deficiency of the enzyme a-mannosidase 
results in the accumulation of a metabolite 
rich in mannose and glucosamine in second¬ 
ary lysosomes in neurons, macrophages, and 
reticuloendothelial cells of lymph nodes, 
causing apparent vacuolations in these cells. 
Similar vacuoles are found in exocrine cells 
in pancreas, abomasum, and lacrimal and 
salivary glands. Storage appears to be cumu¬ 
lative in the fetus, but after birth stored mate¬ 
rial is lost from the kidney into the urine via 
desquamated tubular epithelium. On the 
other hand, postnatal storage continues in 
the brain, pancreas, and lymph nodes. The 
disease occurs in Angus, Murray Grey, and 
Galloway cattle, is inherited as a simple 
recessive, and is recorded as occurring in the 
United States, Australia, and New Zealand. 

Clinically it is characterized by ataxia, 
fine lateral head tremor, slow vertical 
nodding of the head, intention tremor, an 
aggressive tendency, failure to thrive, and 
death or the necessity of euthanasia at about 
6 months of age. These signs appear almost 
immediately after birth up to several months 
later and worsen over a period of up to 3 to 
4 months. The signs are bad enough to 
require euthanasia during the first week of 
life in many cases. The first sign observed is 
a swaying of the hindquarters, especially 
after exercise or with excitement. The stance 
becomes wide based and the gait jerky, stilted 
and high stepping, with slight overflexion of 
the hindquarters so that the animal appears 
to be squatting as it moves. 

The nervous signs are exacerbated by 
excitement, diarrhea is common, and the 
calves are usually stunted and unthrifty. They 
are also aggressive and attempt to charge but 
are usually impeded by their incoordination. 
Many calves die after having shown general 
ill-thrift and with minimal nervous signs. 
Death may occur from paralysis and starva¬ 
tion, or to misadventure, and some calves 
appear to die during a “fit” following a period 
of excitement. Many others are euthanized 
because of persistent recumbency. The 
nervous syndrome of mannosidosis is well 
known; affected calves will die. An 
a-mannosidosis is recorded in Galloway 
cattle and is manifested by stillbirth, moder¬ 
ate hydrocephalus, enlargement of the liver 
and kidneys, and arthrogryposis. 

Normal heterozygotes carrying genes for 
mannosidosis are identifiable because of 
their reduced tissue or plasma levels of 
a-mannosidase. The mannosidase test for 
a-mannosidase in goats is specific and does 
not cross-react with a-mannosidase. 

Advances in molecular biology have now 
led to the development of a more accurate 


test based on DNA technology. DNA tests 
based on the PCR have been developed 
for the detection of two breed-specific 
mutations responsible a-mannosidosis. 
One of the mutations is responsible for 
a-mannosidosis in Galloway cattle. The 
other mutation is uniquely associated with 
a-mannosidosis in Angus, Murray Grey, and 
Brangus cattle from Australia. The latter 
mutation was also detected in Red Angus 
cattle exported from Canada to Australia as 
embryos. The two breed-specific mutations 
may have arisen in Scotland and by the 
export of animals and germplasm dissemi¬ 
nated to North America, New Zealand, and 
Australia. 

A control program can be based on the 
identification of heterozygotes using PCR- 
based assays for detection of breed-specific 
mutations. A program of screening cattle in 
herds that produce bulls for sale to commer¬ 
cial herds should stop the spread of the 
disease very quickly, because the number of 
heterozygous females in the population will 
be irrelevant to the continuation of the 
disease in the absence of affected sires. 

The a-mannosidosis gene prevalence is 
now insignificant and disease incidence has 
been reduced from an estimated 3000 cases/ 
year to negligible levels. 

p-Mannosidosis 

p-Mannosidosis occurs in Salers cattle and 
Anglo-Nubian goats and has been recorded 
in a sheep. In cattle, some affected calves are 
stillborn. The remainder of calves are eutha¬ 
nized forthwith because of the severity of the 
congenital defects. 

Calves are affected at birth with craniofa¬ 
cial deformity and inability to stand. The 
cranium is domed and there is mild progna¬ 
thism; narrow palpebral fissures; and a 
tough, hidebound skin. When in sternal 
recumbency, the head is moved in a com¬ 
bined motion of circling and bobbing, 
eventually converting the calf to lateral 
recumbency, in which it remains until pas¬ 
sively returned to the sternal position, where 
nystagmus and tremor become evident. 
There is no suck reflex at any time. In lateral 
recumbency there is opisthotonus and pad¬ 
dling convulsions. 

In the goats the condition is present at 
birth and characterized clinically by tetraple¬ 
gia, tremor, deafness, and nystagmus, and 
an inexorably fatal termination. Additional 
signs include bilateral Horners syndrome, 
carpal contractures, pastern joint hyperex¬ 
tension, thickened skin, and a dome-shaped 
skull. Although retinal ganglion cells are 
badly affected, there appears to be no defect 
of vision. It is an autosomal recessive defect 
that is very similar to a-mannosidosis. 

The diagnosis is confirmed by a reduced 
level of P-mannosidase in the blood. 

Necropsy findings include a deficiency of 
cerebral cortical and cerebellar substance, 
distended lateral ventricles, and bilateral 







renomegaly. The biochemical defect is one of 
acidic p-mannosidase, and is conditioned by 
an autosomal recessive character. The carrier 
rate of the causative gene is very high in the 
Salers breed. 
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GANGLIOSIDOSIS 

At least five types of gangliosidosis are 
known to occur in humans and animals. Two 
(GM, and GM 2 gangliosidosis) have thus far 
been identified in agricultural animals. 

GM, Gangliosidosis 

GM, gangliosidosis occurs in cattle and 
sheep. In Friesian cattle it is inherited as a 
lysosomal storage disease in which the activ¬ 
ity of an enzyme, P-galactosidase, in nervous 
tissue is greatly reduced. As a result, there is 
an accumulation of the ganglioside (GM,) in 
the tissue. Clinical signs of progressive neu¬ 
romotor dysfunction and a reduction in 
growth rate appear at about 3 months of age. 
The growth rate is reduced, and the animal 
is in poor condition, blind, and has a staring 
coat. The neuromotor signs include lack of 
response to external stimuli, sluggish masti¬ 
cation and swallowing, hindquarter sway 
while walking, a wide stance, a tendency to 
fall, reluctance to move, stiff high-stepping 
gait, aimless walking, head-pressing, and 
convulsions. Abnormal electrocardiogram 
(ECG) tracings are common. The blindness 
results from lesions in the retina and the 
optic nerve. Ophthalmoscopic examination 
of the retina is recommended as an aid to 
diagnosis. A positive diagnosis is made on 
the grounds of intraneuronal lipid storage 
plus reduced p-galactosidase activity plus 
identification of the stored lipid. The stored 
ganglioside is visible under the electron 
microscope as stacks and concentric whorls 
of lamellae. In the live animal enzyme assays 
are performed on leukocytes. The enzymatic 
defect is also detectable in liver, skin, and 
leukocytes. 

GM, gangliosidosis is also present in 
Suffolk and Suffolk-cross sheep. Visceral 
and neuronal lysosomal storage are both 
evident but the neuronal lesion is more 
severe. Deficiencies of P-galactosidase and 
a-neuraminidase are evident. Affected sheep 
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become ataxic at 4 to 6 months old and 
worsen to recumbency and death in up to 2 
months. 

GM, gangliosidosis has been reported 
from England in “Coopworth Romney” 
lambs closely related to a ram imported from 
New Zealand. 

GM 2 Gangliosidosis 

GM 2 gangliosidosis (Tay-Sachs disease) 
occurs in sheep and pigs and is an autosomal 
recessive lysosomal storage disease caused by 
defects in the genes that code for hexosa¬ 
minidase. In Jacob sheep, progressive accu¬ 
mulation of GM 2 ganglioside results in in 
cortical blindness, proprioceptive deficits, 
and ataxia in all four limbs within 6 to 8 
months of birth. 1,2 

GM 2 gangliosidosis has also been identi¬ 
fied in Yorkshire pigs and also causes 
decreased growth rate, incoordination 
appearing after 3 months of age, gray-white 
spots in the retina and dark blue granules in 
neutrophils, and azurophilic granules in 
lymphocytes. A serum enzyme assay is a 
suitable method of detecting “carrier” het¬ 
erozygous pigs. The test is based on the 
amount of AT-acetyl-fl-D-hexosaminidase in 
tissues. 
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GAUCHER DISEASE TYPE 2 

Gaucher disease is an autosomal recessive 
lysosomal storage disease caused by muta¬ 
tions in the P-glucocerebrosidase gene. 
Gaucher disease is the most common lyso¬ 
somal storage disorder in humans and is 
divided into three subtypes based on the 
level of neurologic involvement and clinical 
signs: (1) type 1, nonneuronopathic; (2) type 
2, acute neuronopathic; and (3) type 3 (sub¬ 
acute neuronopathic). 1 

Type 2 Gaucher disease has been reported 
in Southdown sheep in Victoria, Australia. 1 
Affected lambs were unable to stand and 
exhibited continued shaking and shivering. 
Lambs could be bottle-fed but their neuro¬ 
logic status did not improve. Affected lambs 
also had a thickened leathery skin in the 
abdominal and cervical regions. Glucocere- 
brosidase activity was markedly reduced in 
leukocytes and cultured skin fibroblasts and 
glucocerebrosidase content was increased in 
the brain, liver, and blood. 
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BOVINE 

MUCOPOLYSACCHARIDOSIS 
TYPE IIIB 

Mucopolysaccharidosis IIIB is an autosomal 
recessive lysosomal storage disease caused by 
mutations in the NAGLU gene. NAGLU is 
intimately involved with the degradation of 


heparin sulfate in lysosomes; gene mutations 
therefore result in intralysosomal storage of 
heparin sulfate. 

Mucopolysaccharidosis IIIB has been 
reported in cattle in Queensland, Australia. 1 
Animals were normal at weaning at 6 to 8 
months of age; clinical signs developed pro¬ 
gressively from 12 months onward and 
included loss of herding instinct, aimless 
wandering, tendency to stand alone, becom¬ 
ing very placid and sedate in nature, and 
development of excessively hairy ears. 
Animals survived to 3 to 5 years of age, and 
terminally developed progressive ataxia, a 
stumbling gait, and excessive weight loss. 
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SPHINGOMYELINASE DEFICIENCY 
(NIEMANN-PICK DISEASE TYPE A) 

IN CATTLE 

Sphingomyelinase deficiency (Niemann- 
Pick disease) is a lysosomal storage disease 
caused by mutations in the sphingomyelin¬ 
ase gene and is described as three forms in 
humans: type A (early onset of neurologic 
disease in infancy), B, and C. Sphingomye¬ 
linase is involved with catalyzing the conver¬ 
sion of sphingomyelin to ceramide and 
phosphorylcholine. 

Sphingomyelinase deficiency (type A) 
has been diagnosed in a 5-month-old Here¬ 
ford calf in Virginia. 1 The calf had a 4-week 
history of abnormal and progressive neuro¬ 
logic signs, including hypermetria, wide- 
based stance, ataxia, and positional 
strabismus. 
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GLOBOID CELL LEUKODYSTROPHY 
(GALACTOCEREBROSIDOSIS) 

Globoid cell leukodystrophy has been identi¬ 
fied in Poll Dorset sheep in Australia. Inco¬ 
ordination in the hindlimbs progresses until 
the animals are tetraplegic. Only histologic 
changes are evident at necropsy. These 
include myelin destruction and the accumu¬ 
lation of characteristic globoid cells in 
nervous tissue. There is greatly decreased 
galactocerebrosidase activity in affected 
tissue. 

INHERITED NERVOUS SYSTEM 
ABIOTROPHIES 

These diseases are characterized by pre¬ 
mature, progressive loss of function¬ 
ally related and discrete populations of 
neurons. As a result, most affected animals 
are born normal but develop signs of a pro¬ 
gressive neurologic disease that is either 
fatal or leads to such a serious neurologic 
deficit that euthanasia is the only reasonable 
solution. In a few rare diseases the patient is 
abnormal at birth but worsens, and usually 
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dies, during the neonatal period. Again there 
are exceptions, and in rare cases complete 
recovery has been reported. The genetic 
nature of some of the cases included may 
not be certain; they are included here if the 
evidence that they are inherited can be rea¬ 
sonably presumed. An important distinc¬ 
tion is that abiotrophy implies premature 
aging, which is different from degeneration, 
which is a term that implies an extrinsic eti¬ 
ology. From a clinical perspective nervous 
system degeneration can appear identical to 
nervous system abiotrophy, and a firm diag¬ 
nosis of abiotrophy usually requires histo¬ 
logic examination unless the species, breed, 
or availability of specific diagnostic tests 
permits antemortem diagnosis of abiotro¬ 
phy. At the moment the abiotrophic diseases 
cannot be treated. The lysosomal storage 
diseases, listed in the preceding section, 
represent a specific group of abiotrophic 
diseases. 

FURTHER READING 

Siso S, Hanzlicek D, Fluehmann G, et al. 

Neurodegenerative diseases in domestic animals: a 

comparative review. Vet J. 2006;171:20-38. 

NEURONAL CEROID 
LIPOFUSCINOSIS 

The neuronal ceroid lipofuscinoses are a 
group of inherited neurodegenerative lyso¬ 
somal storage diseases of humans and other 
animals, inherited as autosomal recessive 
traits. They are grouped together because of 
common clinical and pathologic phenomena 
related to brain and retinal atrophy, prema¬ 
ture death, and accumulation of a fluorescent 
lipopigment in neurons and many other cell 
types within the body. Molecular genetic 
studies have identified mutations in eight 
different genes ( CLN1 , CLN2, CLN3, CLN5, 
CLN6, CLN6, CLN8, and CTSD ) that can 
result in neuronal ceroid lipofuscinoses. 14 

The disease is recorded in Devon cattle, 1 
South Hampshire sheep, 2 ' 3 ' 4 Rambouillet 
sheep, Borderdale sheep,’ Merino sheep, 
Nubian goats, and Vietnamese pot-bellied 
pigs. 6 It resembles neuronal ceroid lipofusci¬ 
nosis of humans and is not strictly a primary 
lysosomal disorder; it is classified as a pro- 
teolipid proteinosis, and provides a good 
animal model for discussing the similar 
disease (Batten disease) of humans. Second¬ 
ary lysosomes in animals with neuronal 
ceroid lipofuscinoses fill with subunit c of 
mitochondrial ATP synthase because of 
excessive peroxidation of polyunsaturated 
fatty acids. The mechanism of the accumula¬ 
tion is that protein is formed, which is 
normal for mitochondria, but is misdirected 
so that it accumulates in the lysosome. The 
disease in Devon cattle is caused by a single 
base duplication in the bovine CLN5 gene. 1 
The disease in Merino sheep is a subunit c- 
storing abnormality, clinically and patho¬ 
logically similar to ceroid lipofuscinosis in 


South Hampshire sheep, which is caused by 
a missense mutation in the ovine CLN6 
gene. 23 The disease in Borderdale sheep is 
caused by a nucleotide substitution in the 
ovine CLN5 gene.’ 

The occurrence of neuronal ceroid lipo¬ 
fuscinosis in South Hampshire and Border- 
dale sheep in New Zealand have been well 
described. The severity of neurodegenera¬ 
tion and minor differences in the ultrastruc¬ 
ture of storage material suggests this is a 
different disease from other forms of ovine 
ceroid lipofuscinosis, which accumulate the 
subunit c of mitochondrial ATP synthase. 
An autosomal recessive mode of inheritance 
is considered probable. 

Clinical findings include slowly pro¬ 
gressive ataxia of the hindlimbs, commenc¬ 
ing usually at about 4 months but possibly 
as late as 18 months of age, and lasting for 
6 months leading to euthanasia at up to 4 
years. Inability to keep up with the flock is 
noticed first, followed by a sawhorse stance, 
obvious ataxia, severe depression, and an 
increasing failure of the menace and pupil¬ 
lary light reflexes. Terminal blindness is a 
constant sign. Positional nystagmus, cir¬ 
cling, and head-pressing occur in some. 
Eating, drinking, and defecation are normal, 
but there is slight weight loss. A blood test 
has been developed to detect the genetic 
mutation in South Hampshire sheep. 2 CSF 
is altered in sheep with advanced diseased, 
characterized by increased lactate, acetate, 
and tyrosine concentrations and decreased 
myo-inositol and scyllo-inositol and citrate 
concentrations. 3 

The lesion in lambs and calves is atrophy 
of the cerebrum, especially the optic cortex, 
with eosinophilic granulation of neurons and 
macrophages in the CNS followed by pro¬ 
gressive retinal atrophy. There is a progres¬ 
sive storage of lipopigment in nervous tissue, 
especially retinal photoreceptors; its pres¬ 
ence can be demonstrated by quantitative 
autofluorescence using a modified slit lamp 
microscope. Other clinicopathologic aids 
include lysosomal enzyme assay, organ 
biopsy, and CT, which reveals the enlarge¬ 
ment of the lateral ventricles of the brain 
resulting from cerebral atrophy. 

Neuronal ceroid lipofuscinosis has been 
described in three horses. Clinically, there 
was developmental retardation, slow move¬ 
ments, and loss of appetite at 6 months of 
age. Torticollis, ataxia, head tilt, and loss of 
eyesight were present at 1 year of age. There 
were abnormalities in posture and move¬ 
ments, decreased spinal reflexes, and some 
CN dysfunction, dorsal strabismus, and 
absence of the menace reflex. At necropsy, 
there was flattening of the gyri and discolor¬ 
ation of the brain. Histologically, eosino¬ 
philic, autofluorescent material in the 
perikarya of neurons was present throughout 
the brain, spinal cord, neurons of the retina, 
submucosa, and myenteric ganglia and in 
glial cells. 


Neuronal ceroid lipofuscinosis has been 
described in a 2-year-old Vietnamese pot¬ 
bellied pig. 6 Ataxia had progressed to tetra¬ 
paresis over a 3-month period, with terminal 
development of a head tilt and intermittent 
nystagmus. The pig did not appear to be 
blind. 
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CONGENITAL NECROTIZING 
ENCEPHALOPATHY IN LAMBS 

This condition, defined by its pathology, was 
a common diagnosis of neurologic disease in 
lambs under 7 days of age by the Veterinary 
Laboratories Agency in the north of England. 1 
Affected flocks had single or multiple cases, 
with up to 10% morbidity of lambs in a flock. 
All cases came from ewes carrying multiple 
fetuses, but there is variation in the clinical 
signs of sibling lambs. The most severely 
affected may be stillborn, with less severely 
affected lambs born weak, small, and unable 
to rise with ataxia and head tremor. Some 
lambs survive but may have residual signs of 
cerebellar dysfunction. The common lesion is 
superficial cerebrocortical neuronal necrosis. 
A significant proportion also has necrosis of 
the Purkinje cells in the cerebellum and leu- 
koencephalopathy of the thalamus and brain¬ 
stem. It is possible that this syndrome reflects 
hypoglycemia consequent to negative energy 
balance in late pregnancy. 

REFERENCE 
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LAVENDER FOAL SYNDROME 

Lavender foal syndrome is a congenital, 
inherited, autosomal recessive disease of 
Egyptian Arab foals characterized by signs of 
neurologic disease evident at birth and 
unusual dilute coat color. 1 The disease is 
caused by a mutation in the MY05A gene 
that is a single-base deletion in a conserved 
region of the tail domain. 2 The deletion pro¬ 
duces a truncated protein product through 
the insertion of a premature stop codon 
(p.Argl487AlafsX13). There is a prevalence 
of carriers in Egyptian Arabian horses of 
10.3% (heterozygotes), 3 and within Arabs the 
allele frequency is estimated at 0.0162, with 
no alleles detected in Thoroughbred, Stan¬ 
dardised, Morgan, Quarter Horse, or Per- 
cheron horses. 4 The carrier prevalence of LFS 
in Arabian foals in South Africa for the 
2009/2010 season was 11.7% (95% confi¬ 
dence interval [Cl] 7.6-17.0%).’ 
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There is a dilute (lavender) coat color and 
signs of central neurologic disease including 
inability to stand, paddling, opisthotonus, 
and torticollis with apparently normal 
peripheral reflexes (blink to bright light, 
triceps, patellar, and cutaneous truncal). 1 
There are no characteristic hematologic and 
serum biochemical abnormalities. There is 
no effective treatment. 

Gross necropsy examination does not 
reveal any consistent or diagnostic abnor¬ 
malities apart from the dilute hair coat. An 
assay for the genetic mutation is available 
and provides confirmation of diagnosis. 
Testing of Egyptian Arabians enables avoid¬ 
ance of carrier-to-carrier matings, and thus 
the disease. 3 
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INHERITED 

HYPOMYELINOGENESIS 
(CONGENITAL TREMOR 
SYNDROMES OF PIGLETS) 

Congenital tremor of pigs has a multiple eti¬ 
ology and some of the causes are not yet 
identified. The disease is also known as myo¬ 
clonia congenita or trembling pig syndrome 
or jumpy pig disease. Gilts are particularly 
affected. The types are shown in Table 14-18 
and the features in Table 14-19. They can 
only be differentiated by pathology and par¬ 
ticularly neurochemistry. The essential lesion 
is the same in all cases and is a hypomyelin- 
ation of the brain and spinal cord. The infec¬ 
tious forms are discussed elsewhere. 

There are two inherited forms. One is 
congenital tremor Type A-III, which is found 
in Landrace pigs and Landrace crosses. It is 
sometimes known as Landrace trembles. 
Type A-III is a sex-linked recessive gene 
carried by the sow. It is associated with 
females, high growth rates, lean carcasses, 


and pale colored meat characterized by the 
presence of poorly myelinated axons in all 
parts of the CNS. It is also known as congeni¬ 
tal cerebrospinal hypomyelinogenesis. The 
sows produce piglets that have reduced 
numbers of oligodendrocytes and therefore 
cannot myelinate nerve fibers. The tremor 
disappears when the piglets are asleep. 

The other inherited form is Type A-IV of 
British Saddleback pigs. It is not common. 
The specific defect in A-IV is one of fatty acid 
metabolism, which results in hypomyelin- 
ation and demyelination. (A similar disorder 
but a monogenic autosomal recessive tremor 
has also been described in Saddleback /Large 
White crosses). 

The structural abnormalities in the type 
A-III disease have been identified; splayleg is 
a common accompaniment. 

Both diseases are characterized by muscle 
tremor, incoordination, difficulty in stand¬ 
ing, and some squealing. The A-III disease 
occurs only in males. Both are inherited as 
recessive characteristics. 


Table 14-18 Diagnostic taxonomy of congenital tremor in 

pigs 





Cause 

Al 

All 

AIM 

AIV 

AV 

B 

Field observations 

Virus hog 
cholera 

Virus unknown 

Genetic S-L 
recessive 

Genetic autosomal 
recessive 

Chemical 

trichlorfon 

Unknown 

Proportion of litters affected 

High 

High 

Low 

Low 

High 

Variable 

Proportion of pigs affected within litter 
(approximately) 

>40% 

>80% 

25% 

25% 

>90% 

Variable 

Mortality among affected pigs 

Medium to high 

Low 

High 

High 

High 

Variable 

Sex of affected pigs 

Both 

Both 

Male 

Both 

Both 

Any 

Breed of dam (pure or crossbred) 

Any 

Any 

Landrace 

Saddleback 

Any 

Any 

Recurrence in successive litters of same parents 

No 

No 

Yes 

Yes 

Yes 

? 

Duration of outbreak 

<4 months 

<4 months 

Indefinite 

Indefinite 

<1 month 

7 


Table 14-19 Key features of the six types of congenital tremor describee 

in pigs 

Type 

Cause 

Key features 

Al 

Hog Cholera 

Dysgenesis 

Cerebellar hypoplasia 

Small cord 

Demyelination 

Swollen oligodendrocytes 

All 

Congenital tremor virus 

PCV2 

Swollen oligodendrocytes 

Alii 

Inherited autosomal recessive sex linked in landrace 

Reduced oligodendrocytes 

Reduced myelination 

Hypoplasia of cord 

AIV 

As previously noted in Saddleback 

Demyelination 


Also Landrace/Saddleback cross syndrome 

Cerebral, cerebellar and cord hypoplasia 

AV 

Trichlorfon toxicity 

Cerebellar hypoplasia affected 45-79 days' gestation, particularly 75-79 

B 

Unknown 

No special features 
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Diseases Primarily 
Affecting the Cerebellum 

INHERITED 

CEREBELLAR DEFECTS 

Several inherited cerebellar defects occur 
congenitally in calves, lambs, and foals. 
Lesions of the cerebellum may or may not be 
grossly or clinically obvious. They all need to 
be differentiated from similar defects known 
to be caused by intrauterine viral infections 
such as swine fever, bovine mucosal disease, 
and bluetongue. 

Cerebellar Hypoplasia 

This occurs in Herefords, Guernseys, Hol- 
steins, Shorthorns, and Ayrshires and 
appears to be conditioned by a factor inher¬ 
ited in a recessive manner. Most calves are 
obviously affected at birth. While lying 
down, there is no marked abnormabty, 
although a moderate lateral tremor of the 
neck occurs, causing a gentle side-to-side 
swaying of the head. Severely affected calves 
are blind; they have widely dilated pupils and 
their pupils do not react to light. Such calves 
are unable to stand, even when assisted, 
because of flaccidity of limb muscles. When 
less severely affected animals attempt to rise, 
the head is thrown back excessively, the limb 
movements are exaggerated in force and 
range and are grossly incoordinated, and 
many calves are unable to rise without assis¬ 
tance. If they are placed on their feet, the 
calves adopt a straddle-legged stance with 
the feet wide apart and the legs and neck 
extended excessively. On attempting to 
move, limb movements are incoordinated 
and the calf falls, sometimes backward 
because of overextension of the forelimbs. 
Affected animals drink well but have great 
difficulty in getting to the teat or pail, with 
attempts usually wide of the mark. There are 
no defects of consciousness and no convul¬ 
sions. Tremor may be evident while standing 
and there may be postrotational nystagmus 
after rapid lateral head movements. Sight and 
hearing are unimpaired and, although com¬ 
plete recovery does not occur, the calf may 
be able to compensate sufficiently to enable 
it to be reared to a vealing weight. Diagnosis 
can be confirmed by MRI. 

At necropsy the most severe defect com¬ 
prises complete absence of the cerebellum; 
hypoplasia of the olivary nuclei, the pons, 
and optic nerves; and partial or complete 
absence of the occipital cortex. Less severe 


defects include a reduction in size of the cer¬ 
ebellum and absence of some neuronal ele¬ 
ments in a cerebellum of normal size. 

Although the disease is dealt with gener¬ 
ally as an inherited one. There is no firm evi¬ 
dence to substantiate this view, and there are 
sporadic, noninherited cases in other breeds. 

Cerebellar Atrophy of Lambs 
(Daft Lamb Disease 1) 

This has been recorded in many sheep breeds 
in Britain, Corriedales in Canada and New 
Zealand, and in Drysdales. Affected lambs 
are normal at birth but are weak and unable 
to rise without assistance. At 3 days of age it 
is obvious that there is severe incoordination 
of limb movement, opisthotonus, tremor, 
and a straddle-legged stance. At necropsy the 
cerebellum may be of normal size but on 
histologic examination there is gross atrophy 
of cerebellar neurons. The disease appears to 
be conditioned by a recessive gene but not as 
a simple homozygous recessive. A clinically 
similar disease has been observed in Border 
Leicester lambs. There is no histopathologic 
lesion in the cerebellum, but there are signifi¬ 
cant lesions in the cervical muscles and 
the nerve supply to them. The disease is 
inherited, most likely as an autosomal reces¬ 
sive trait. 

Star-Gazing Lambs 
(Daft Lamb Disease 2) 

A hereditary disease clinically similar to 
cerebral cortical atrophy has been described 
in newborn Leicester lambs in the UK but 
without histologic evidence of Purkinje cell 
loss, which is considered the hallmark of 
“cerebellar abiotrophy.” Affected lambs 
exhibit “dorsal arching of the neck with the 
head being pressed backward,” which is also 
described as star-gazing. Histologic lesions 
are present in neck muscles and nerves, but 
it is uncertain if these are primary or 
secondary. 

Hereditary Lissencephaly 
and Cerebellar Hypoplasia in 
Churra Lambs 

Lissencephaly is a very rare developmental 
intracranial disorder of animals that results 
from defects in neuronal migration. The 
gross result is a very simplified folding of the 
cerebrum and cerebellum with the presence 
of only a few broad gyri. 

Lissencephaly and cerebellar hypoplasia 
have been identified in Churra lambs in 
Spain. Affected lambs were abnormal at 
birth, exhibiting weakness, inability to stand, 
and muscular rigidity. The cerebral cortex 
was disorganized histologically and the cer¬ 
ebellum was reduced in size. Pedigree analy¬ 
sis indicated a monogenic autosomal pattern 
of inheritance. 1 The genetic defect was a 31 
base pair deletion in the coding area for the 
RELN gene, which plays an important role in 
neuronal migration and layer formation. 2 
The deletion results in formation of a 


premature termination codon, resulting in 
the absence of protein expression. 
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Inherited Ataxia of Calves 

This is a true cerebellar ataxia inherited as a 
recessive character in Jerseys, Shorthorns, 
and Holsteins. Clinically the condition 
resembles cerebellar hypoplasia except that 
signs may not occur until the calves are a few 
days to several weeks old. At necropsy the 
cerebellum is normal in size but histologi¬ 
cally aplasia of neurons is evident in the 
cerebellum and also in the thalamus and 
cerebral cortex. An inherited condition, 
manifested by cerebellar ataxia that does not 
develop until calves are 6 weeks to 5 months 
old, has also been recorded but the cerebel¬ 
lum is small and macroscopically abnormal. 
Conspicuous degeneration of cerebellar 
Purkinje cells is evident on histologic 
examination. 

Familial Convulsions and Ataxia 
in Cattle 

A neurologic disease is recorded as being 
inherited in Aberdeen Angus cattle and their 
crossbreeds and Charolais. In young calves 
there are intermittent attacks of convulsions, 
and in older animals these are replaced by a 
residual ataxia. The first signs appear within 
a few hours of birth; up to several months 
later there are single or multiple tetanic con¬ 
vulsions lasting for 3 to 12 hours. As these 
episodes disappear a spastic goose-stepping 
gait becomes apparent in the forelimbs and 
there is difficulty placing the hindlimbs. The 
characteristic necropsy lesion is a very selec¬ 
tive cerebellar cortical degeneration. A pro¬ 
portion of cases make a complete recovery. 
The epidemiology of the disease is consistent 
with the operation of an autosomal domi¬ 
nant gene with incomplete penetrance. 

Inherited Congenital Spasms 
of Cattle 

This condition has been recorded only in 
Jersey cattle and appears to be conditioned 
by a factor inherited in a recessive manner. 
Affected calves show intermittent, vertical 
tremor of the head and neck, and there is a 
similar tremor of all four limbs that prevents 
walking and interferes with standing. 
Although the calves are normal in all other 
respects, they usually die within the first few 
weeks of life. No histologic examinations 
have been reported, but a cerebellar lesion 
seems probable. 

Cerebellar Abiotrophy 

This disease occurs in Holstein and Poll Her¬ 
eford cross calves, Aberdeen Angus cattle 
and their crossbreds and Charolais cattle, 
Merino sheep, alpaca, 1 Arabian horses, 2 ' 6 and 
pigs. The pathologic feature of cerebellar 







abiotrophy is disorganization of the Purkinje 
cells in the granular layer of the cerebellum, 
with subsequent disorganization of the 
molecular and granular layers. The etiology 
is thought to be abnormal migration of the 
Purkinje cells through the cerebellum during 
development, resulting in premature neuro¬ 
nal degeneration of Purkinje cells. 4 

Cattle 

In the calves, ataxia appears for the first time 
when they are 3 to 8 months old. The calves 
are not blind but they often fail to exhibit a 
menace reflex. The onset of clinical signs is 
sudden but progression is slow or inappar- 
ent. Some become recumbent. Those that 
remain standing have a spastic, dysmetric 
ataxia and a broad-based stance and they fall 
easily and have a fine head tremor. All are 
strong and have good appetites. Abiotrophy, 
or premature aging, is evident only micro¬ 
scopically and consists of axonal swellings 
and segmental degeneration and loss of cer¬ 
ebellar Purkinje cells. The disease appears to 
be inherited, but recovery of some late cases 
is recorded. 

Familial convulsions and ataxia is char¬ 
acterized as being inherited in Aberdeen 
Angus cattle and their crossbreds and Cha- 
rolais. In young calves there are intermittent 
attacks of convulsions, and in older animals 
these are replaced by a residual ataxia. The 
first signs appear within a few hours of birth; 
up to several months later there are single or 
multiple tetanic convulsions lasting for 3 to 
12 hours. As these episodes disappear a 
spastic goose-stepping gait becomes appar¬ 
ent in the forelimbs and there is difficulty 
placing the hindlimbs. The characteristic 
necropsy lesion is a very selective degenera¬ 
tion of the cerebellar cortex. A proportion of 
cases make a complete recovery. The epide¬ 
miology of the disease is consistent with the 
operation of an autosomal dominant gene 
with incomplete penetrance. 

Sheep 

The disease in sheep does not appear until 
about 3 years of age. There is incoordination 
and dysmetria so that the gait is awkward 
and disorganized and there is frequent 
falling. There are also a reduced menace 
response, an apprehensive manner, and a 
wide-based stance in the hindlimbs. At nec¬ 
ropsy there is diffuse cerebellar degeneration 
and severe loss of Purkinje cells. 

Alpaca 

Neurologic abnormalities were first detected 
at 18 months of age, at which time intention 
tremors, hypermetria, and a wide-based 
stance were evident. 1 CSF analysis was within 
normal limits and the cerebellum appeared 
smaller than expected on CT. 

Horses 

The disease is recorded principally in Arabian 
horses but occurs also in the Australian 
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pony, which was developed from the Arab, 
and in the Gotland breed from Sweden. A 
similar clinical syndrome occurs in the Old- 
enberg breed, but the pathologic picture is 
quite different. 

The disease may be present at birth but is 
often not observed until the foal is 2 to 6 
months old with the latest recognition being 
between 9 and 24 months of age. The char¬ 
acteristic signs are vertical head-nodding 
(some cases show horizontal head tremors), 
especially when excited, and ataxia, which is 
most noticeable at a fast gait. It may not be 
evident while the foal is walking. Very badly 
affected foals are unable to stand or suckle at 
birth, less severe ones are normal until about 
4 months of age when head-nodding 
becomes obvious. The degree of ataxia varies 
from slight incoordination to inability to 
stand. A goose-stepping gait, which slams 
the front feet into the ground, occurs in 
some. All foals can see but there is an absence 
of the menace reflex in many. Nystagmus is 
not recorded as occurring in this disease. The 
first antemortem confirmatory test to be 
developed was computer-assisted MRI 
brain morphometry, which is used to deter¬ 
mine the presence of a relatively smaller cer¬ 
ebellum and relatively larger cerebellar CSF 
space compared with size-matched horses. 3 
Diagnosis has historically been made on the 
basis of breed and age of the animal, clinical 
signs, slow progression of disease, and elimi¬ 
nation of other differential diagnoses. 2 The 
recent development of a DNA test on hair 
roots that detects the presence of the puta¬ 
tive cerebellar abiotrophy gene mutation 4 ' 6 
should make antemortem diagnosis much 
more straightforward in Arabian horses. 

Necropsy findings are limited to histo¬ 
pathologic lesions in the cerebellum. These 
include widespread loss of Purkinje cells and 
the presence of a gliosis. There are no degen¬ 
erative lesions in the spinal cord. In the 
similar disease in Oldenberg horses the cer¬ 
ebellum is often reduced in size. The disease 
is an abiotrophy—a premature aging of 
tissues. 

The disease is inherited as an autosomal 
recessive trait in Arabian horses. 4 An SNP 
has been identified in affected Arabian 
horses and may induce the disease by 
decreasing MUTYH expression, which is a 
DNA glycosylase that removes adenine resi¬ 
dues. 3 The frequency of the allele is estimated 
at approximately 10.5% in the U.S. Arabian 
population, which is high. 6 The gene muta¬ 
tion has been identified at a low level in three 
breeds with Arabian ancestry (Trakehner; 
Bashkir Curly Horses, also known as North 
American Curly horses; and Welsh ponies). 6 

Pigs 

A congenital progressive cerebellar abiotro¬ 
phy is also reported in piglets of the offspring 
of Saddleback sows and an unrelated 
Large White boar. The disorder behaves epi- 
demiologically like an inherited disease 


conditioned by a simple autosomal recessive 
trait. Clinical signs include dysmetria, ataxia, 
and tremor at standing but not at rest. There 
is gradual adjustment so that the piglets can 
walk and stand at 5 weeks of age, but by 15 
weeks they are no longer able to do so. 
Affected pigs also have a coarse matted hair 
coat caused by a disproportionate number of 
coarse hairs to fine hairs. Histopathologic 
lesions are confined to the cerebellum in 
which there is a significant loss of Purkinje 
cells. 
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Diseases Primarily 
Affecting the Brainstem 
and Vestibular System 

OTITIS MEDIA/INTERNA 

Infection of the middle ear (otitis media) 
occurs in young animals of all species but 
especially dairy calves and pigs, to a lesser 
extent feedlot cattle and lambs, and rarely 
foals. The infection may gain entrance from 
the external ear (e.g., caused by ear mite 
infestation) or hematogenously, but the 
spread is chiefly an ascending infection of 
the eustachian tubes in a young animal from 
a respiratory tract infection. Extension of 
infection into the inner ear leads to otitis 
interna. 

Pigs 

Otitis media was present in 68% of 237 pigs 
that were slaughtered because of illness. It is 
suggested that otitis media in pigs develops 
first as an acute inflammation in the auditory 
tube and then extends to other parts of the 
ear and brain. When abscesses form at the 
ventrum of the brainstem, the vestibuloco¬ 
chlear nerve is usually involved in the lesion. 
Infection in the ear may extend into the 
brain by following the auditory nerve. Peri¬ 
lymph filling the scala vestibuli and scala 
tympani is also a possible tract for the exten¬ 
sion of the infection because there is a com¬ 
munication between the perilymph-filled 
spaces of the bony labyrinth and the sub¬ 
arachnoid space. 

Calves and Lambs 

The highest prevalence is in suckling dairy 
calves and weaned cattle and sheep in feed- 
lots where the disease is probably second¬ 
ary to respiratory tract infection. Outbreaks 
of otitis media/interna have occurred in 
beef calves from 6 to 10 weeks of age on 
pasture with their dams; mixed cultures of 
E. coli. Pseudomonas spp., and Acinetobacter 
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spp. were isolated. Otitis media/interna in 
suckling dairy calves can also occur in out¬ 
breaks, and M. bovis is frequently isolated 
from the middle and inner ears of affected 
calves. 

The onset of clinical signs commonly 
includes dullness, fever, inappetence, tachy¬ 
pnea, and a purulent discharge from the 
affected ear accompanied by rotation of the 
head (in otitis interna) and drooping of the 
ear a few days later because of involvement 


of the facial nerve in the inflammation. Deep 
palpation at the base of the ears may elicit a 
pain response. 

Rotation of the head, with the affected 
side down, and facial paralysis may occur on 
the same side, and walking in circles with a 
tendency to fall to the affected side is 
common. In most cases the animals are 
normal in other respects, although depres¬ 
sion and inappetence can occur in advanced 
cases (Fig. 14-15). 


Horses 

Otitis media/interna occurs in horses, and 
two clinical syndromes have been described. 
The first syndrome is primary otitis media 
characterized by abnormal behavior, includ¬ 
ing head-tossing, head-shaking, and ear¬ 
rubbing. Violent, uncontrollable behavior 
includes throwing themselves on the ground, 
rolling, and thrashing. This may progress to 
involve the bony structures of the temporal 
and proximal stylohyoid bones, resulting in 
a degenerative arthritis and eventual fusion 
of the temporohyoid bone. 

The second syndrome is characterized 
by an acute onset of neurologic deficits. 
Commonly, there is vestibulocochlear nerve 
and often facial nerve dysfunction character¬ 
ized by head tilt to the side of the lesion, 
nystagmus with the slow component to the 
affected side, and weakness of the extensor 
muscles on the affected side resulting in an 
ataxia or reluctance or refusal to stand. 
Horses that can stand often will lean on walls 
for support of the affected side. 

Definitive diagnosis is dependent on 
either a positive tympanocentesis or, in the 
majority of cases, bony proliferation of the 
temporal bone and proximal part of the sty¬ 
lohyoid bone, or lysis of the tympanic bulla, 
as determined by radiography or CT. Oto- 
scopic examination should be performed to 
determine whether there is purulent material 
in the auditory canal and whether the tym¬ 
panic membrane is ruptured or bulging 
outward. 

Radiography has been used to diagnose 
lesions of the tympanic bullae in cattle (otitis 
interna), characterized by thickening of the 
bulla wall, increased soft tissue opacity 
within the bulla, and osteolysis of the bulla 
wall and trabeculations. 1 Radiography is not 
as sensitive as CT for the diagnosis of otitis 
media; however, because CT provides more 
detailed information regarding the bony 
structures of the middle ear 2,3 and is more 
sensitive and specific than radiography in the 
diagnosis of otitis media in calves. 1 CT was 
used to provide an excellent anatomic 
description of the external acoustic meatus, 
tympanic cavity, and tympanic bulla of the 
llama. 4 Ultrasonography has also been used 
to diagnose otitis media in calves. 5 A 7.5-mHz 
linear probe is applied to the base of the ear 
without the use of coupling gel and the calf 
in a standing position. The probe is applied 
ventral to the base of the ear and caudal 
to the mandible. Abnormalities detected 
included anechoic to hyperechoic content; 
trabeculae lysis; and thinning, deformation, 
and rupture of the bulla wall. The lesions can 
be subtle in early cases and, consequently, 
test sensitivity is low in animals with acute 
or subacute clinical presentations. 

Tympanocentesis is done under general 
anesthesia in horses or sedation in rumi¬ 
nants by directing a 15-cm needle through 
the tympanic membrane visualized with the 
aid of an otoscope. The technique is 









somewhat difficult because of the long and 
angled external auditory canal. Sterile 0.9% 
NaCl (0.5-1 ml) is injected into the tym¬ 
panic cavity and then, after a few seconds, 
withdrawn. A positive tap consists of with¬ 
drawal of a cloudy or yellow fluid, which on 
analysis may contain evidence of pus and can 
be sampled for culture and antimicrobial 
susceptibility. An alternative method uses a 
15-cm sterile polypropylene catheter that has 
the appropriate stiffness for puncturing the 
tympanic membrane but sufficient flexibility 
to advance along the external acoustic 
meatus. 3 


DIFFERENTIAL DIAGNOSIS 


The disease needs to be differentiated from 
otitis externa, in which the head may be 
carried in a rotated position, but usually 
intermittently, and this is accompanied by 
head-shaking and the presence of exudate 
and an offensive smell in the ear canal, and 
from cerebral injury or abscess, and similar 
lesions of the upper cervical cord. All of these 
are characterized by deviation of the head, 
not rotation. At necropsy the tympanic bulla 
contains pus, and a variety of organisms, such 
as staphylococci, streptococci, Pasteurella 
haemolytica, and Neisseria catarrhalis, may be 
isolated. 


TREATMENT 

Treatment consists of broad-spectrum anti¬ 
microbials daily for 4 weeks and antiinflam¬ 
matory agents. The prognosis with treatment 
with fluoroquinolones is very good in calves, 
although a 50% mortality rate has been 
reported in calves that were not treated with 
other antimicrobial agents. The use of linco- 
mycin at 6.5 mg/kg BW combined with spec- 
tinomycin at 10 mg/kg BW intravenously 
twice daily for 5 days has been reported to be 
successful for the treatment of otitis media in 
beef calves. Anecdotal reports exist of the use 
of a knitting needle to rupture the tympanic 
membrane in cattle, with rapid resolution of 
the head tilt because of the decreased pres¬ 
sure in the middle ear. Bilateral tympanic 
bulla osteotomy has been performed in an 
affected calf, resulting in a rapid resolution 
of the head tilt. 
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LISTERIOSIS 


SYNOPSIS 


Etiology Listeria monocytogenes. Ubiquitous 
in farm environment. 

Epidemiology Ruminants, particularly sheep. 
Prime occurrence is seasonal associated 
with feeding silage with high listerial 
growth. Also following management- 
induced stress. Commonly manifest with 
multiple cases in a group. 

Clinical findings Most commonly encephalitis 
with brainstem and cranial nerve 
dysfunction or abortion in last third of 
pregnancy. Less commonly septicemia in 
periparturient and neonatal sheep and 
goats, enteritis in weaned sheep, spinal 
myelitis, uveitis, and occasionally mastitis. 

Clinical pathology Culture, PCR. Pleocytosis 
and elevated protein in cerebrospinal fluid 
with encephalitis. 

Lesions Microabscesses in brainstem in 
listerial encephalitis, spinal cord in spinal 
myelitis, abomasum, intestine, liver, and 
mesenteric lymph nodes in enteritis. 

Visceral lesions in septicemia. 

Diagnostic confirmation Culture and 
histopathology. 

Treatment Penicillin or oxytetracycline. Must 
be given early in clinical disease. 

Control Control of listerial growth in feeds. 
Vaccination. 


ETIOLOGY 

There are currently six species classified 
within the genus Listeria, but only L. mono¬ 
cytogenes and L. ivanovii (previously classi¬ 
fied as L. monocytogenes serotype 5) are 
pathogenic for domestic animals. L. ivanovii 
is only mildly pathogenic and is an occa¬ 
sional cause of abortion in sheep and cattle. 
Aborted fetuses have suppurative broncho¬ 
pneumonia and lack the multifocal hepato¬ 
cellular necrosis commonly seen in abortions 
associated with L. monocytogenes. L. innocua 
is occasionally associated with encephalitis 
in ruminants that is clinically and pathologi¬ 
cally similar to that associated with L. mono¬ 
cytogenes. Most, but not all, reports of both 
infections record that the animals were being 
fed silage. 

L. monocytogenes is widespread in nature 
and has characteristics that allow its survival 
and growth in a wide variety of environ¬ 
ments. There is a highly diverse range of 
strains, some of which have the capability of 
causing disease in animals and humans. 

Optimal growth temperatures are 
between 30°C and 37°C but the organ¬ 
ism can grow and reproduce at tempera¬ 
tures between 1°C and 45°C. It can grow 
between pH 4.5 and 9.6 although growth 
at low pH is minimal at low temperatures. 
The organism is susceptible to common 
disinfectants. 


L. monocytogenes can be divided into 16 
serovars on the basis of somatic and flagellar 
antigens, and there is considerable genetic 
diversity between serovars. Serovars 4b, l/2a 
and l/2b, and 3 are most commonly isolated 
from diseased animals but there are geo¬ 
graphic differences. Virulent strains can 
multiply in macrophages and monocytes and 
produce a hemolysin, listeriolysin O, which 
is thought to be a major virulence factor. 

EPIDEMIOLOGY 

Occurrence 

Geographic 

Although the organism is widespread in 
nature, clinical disease in animals occurs 
mainly in the northern and southern lati¬ 
tudes and is much less common in tropical 
and subtropical than in temperate climates. 
The disease is important in North America, 
Europe, the UK, New Zealand, and 
Australia. 

Seasonal 

In the northern hemispheres listeriosis has a 
distinct seasonal occurrence, probably asso¬ 
ciated with seasonal feeding of silage, with 
the highest prevalence in the months of 
December through May, but seasonal occur¬ 
rence is not a feature in Australia. 

Host 

Listeriosis is primarily a disease of rumi¬ 
nants, particularly sheep, and the major dis¬ 
eases associated with L. monocytogenes are 
encephalitis and abortion. In ruminants it 
also produces syndromes of septicemia, 
spinal myelitis, uveitis, gastroenteritis, and 
mastitis. Occasional septicemic disease 
occurs in horses and pigs. 

• Encephalitis/meningitis usually occurs 
sporadically, affecting a single animal in 
a herd or flock or a few individuals over 
several weeks. The mean attack rate in 
50 affected flocks in Britain was 2.5% 
with a range of 0.1% to 13.3%. More 
serious outbreaks can occur with attack 
rates as high as 35% and cases occurring 
over a 2-month period. The disease 
occurs in sheep older than 6 weeks but 
may be more prevalent in lambs 
between 6 and 12 weeks of age and ewes 
over 2 years of age. The case-fatality is 
high, especially in sheep, because the 
short clinical course often precludes 
treatment. 

• Abortion may also occur sporadically, 
which is usually true in cattle, but in 
sheep and goats it is more common as 
an outbreak with an attack rate that 
frequently approaches 10%. 

• Spinal myelitis is an uncommon 
manifestation but is recorded as 
occurring in 0.8% to 2.5% of sheep in 
affected flocks and in all ages of sheep 4 
weeks following spray dipping. Spinal 
myelitis also occurs sporadically in 
cattle 12 to 18 months of age. 
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• Septicemic disease is also a less 
common manifestation of infection with 
L. monocytogenes but can occur as an 
outbreak with a high case fatality in 
newborn lambs and kids and also in 
periparturient ewes and does. 

• Keratoconjunctivitis/uveitis occurs in 
both sheep and cattle and has been 
associated with silage feeding from big 
bales or ring feeders. This condition 
presents a distinct entity that is not 
associated with systemic infection with 
Listeria. 

• Gastroenteritis has been reported 
primarily by veterinary diagnostic labs 
in Great Britain and New Zealand as a 
sporadic disease affecting sheep after 
weaning. It occurs during the winter 
months most commonly in sheep fed 
baleage or silage. Cases occur 2 days or 
more after the onset of feeding. Less 
commonly, cases occur in sheep on root 
crops or on pasture where the quality of 
the pasture is poor and they are at high 
stocking densities. 

• Mastitis is uncommon but can occur in 
cattle, sheep, and goats. It results in 
contamination of milk with L. 
monocytogenes. The more common 
source of L. monocytogenes in raw milk 
is fecal contamination. In a Danish 
study of quarter milk samples from over 
a million cows in 36,199 herds, 0.4% of 
cows had listerial mastitis and 1.2% of 
herds had infected cows. 

Source of Infection 

The organism is common in the environ¬ 
ment and infection is not limited to agricul¬ 
tural animals. L. monocytogenes has been 
isolated from 42 species of mammals and 22 
species of birds as well as fish, crustaceans, 
and insects. It is truly ubiquitous in the 
environment and can be commonly isolated 
from animal feces, human feces, farm slurry, 
sewerage sludge, soil, farm water troughs, 
surface water, plants, animal feeds, and the 
walls, floors, drains, and so forth of farms 
and other environments. The ability to form 
biofilms may assist in its survival in the envi¬ 
ronment and may assist in perpetuating its 
presence in water troughs on infected farms. 

Most feed hays, grains, and formulated 
feeds have the potential to contain L. mono¬ 
cytogenes but, with most, low levels of avail¬ 
able water restrict its multiplication. 

In ruminants L. monocytogenes can be 
isolated from the feces and nasal secretions 
of healthy animals and has been isolated 
from the feces of cattle in 46% of 249 herds 
examined and from 82% of samples of feed- 
stuffs. In a French survey 5% of small rumi¬ 
nant fecal samples were found positive for L. 
monocytogenes. Fecal material from wild 
birds in agricultural regions may also contain 
large amounts of L. monocytogenes that can 
contribute to the contamination of feed, 
water, bedding material, and soils. 1 Exposed 


sheep may become latent carriers, shedding 
the pathogen in feces and milk. 1 

In temperate climates the prevalence of L. 
monocytogenes in the feces of ruminants 
appears to vary with the season, being higher 
in the winter period. It is also increased 
during periods of environmental stress and 
in association with the stress of lambing and 
transport. The presence in feces and secre¬ 
tions can also be influenced by the number 
of the organism in feeds fed to the animals. 
In herds where there is a high proportion of 
cattle excreting in feces, the organism can be 
isolated from dried fecal dust on walls and 
most farm surfaces. 

L. monocytogenes is not isolated from 
the feces or environment in all farms and 
its presence in isolable numbers is largely 
a reflection of its presence in feed, or the 
presence of animals with intestinal car¬ 
riage. It is apparent that in some healthy 
herds and flocks there may be a multitude 
of different strains in the silage and feed, 
water troughs, feces, and environment in a 
single herd. 

The presence of L. monocytogenes in bulk 
tank milk or milk filters is used as a measure 
of farm infection prevalence. Obviously this 
measure is influenced by the management 
and environmental conditions on farms that 
might result in fecal contamination of the 
teats. Although bulk tank and milk filter 
infection rates provide information of pos¬ 
sible value to measures of environmental 
contamination and risk for human exposure, 
there is no evidence that this measure has 
any relationship to risk for animal disease on 
the farm being studied. 

Silage 

L. monocytogenes is commonly present in 
silage, but it does not multiply to any signifi¬ 
cant extent in effectively preserved silage, 
which is characterized by anaerobic storage, 
high density, a high concentration of organic 
acids, and a pFI below 4.5. Listeria can mul¬ 
tiply in silage above pH 5.0 to 5.5, the critical 
pH depending on the dry matter content. L. 
monocytogenes may be present in silage that 
is poorly fermented, but it can also occur in 
pockets of aerobic deterioration in other¬ 
wise good silage and this is most common. 
These areas are often indicated by mold 
growth and occur at the edges of the clamp 
and in the top few inches of the surface in 
plastic-covered clamps where air has circu¬ 
lated under the plastic. Thus the growth of L. 
monocytogenes is a surface problem in silage, 
except those that are poorly fermented, and 
occurs in small areas sporadically over the 
surface of a silage. 

The risk for contamination of silage with 
Listeria is higher when it contains soil, which 
may be incorporated from molehills present 
in the field and in the front of the clamp 
during final packing. An ash content of 
greater than 70 mg/kg dry matter indicates 
soil contamination. 


Big bale silage may have a higher risk for 
listerial infection than conventional silage 
because of its lower density, poor fermenta¬ 
tion, greater surface area relative to clamp 
silage, and greater risk for mechanical 
damage to the plastic covering. 

Moist preserved feeds other than grass 
silage are at risk for listerial growth; listerio¬ 
sis is recorded, for example, in association 
with the feeding of moist brewers grains, wet 
spoiled hay bales, and silage made from 
commodity by-products such as orange and 
artichoke waste. A relatively rapid method 
for the quantitative assessment of the occur¬ 
rence and distribution of Listeria in suspect 
silage is available. 

Infective material also derives from 
infected animals in the feces, urine, aborted 
fetuses and uterine discharge, and in the 
milk. Although immediate spread among 
animals in a group has been demonstrated, 
field observations suggest that mediated con¬ 
tagion by means of inanimate objects also 
occurs. Woody browse may be a risk factor 
for goats. 

Transmission 

With septicemic disease and abortion, the 
organism is transmitted by ingestion of con¬ 
taminated material. Lambs that develop sep¬ 
ticemic disease may acquire infection from 
contamination on the ewes teat, from the 
ingestion of milk containing the organism 
from ewes or does with subclinical bactere¬ 
mia, through the navel from the environ¬ 
ment, and also as a congenital infection. The 
encephalitic form of the disease results from 
infection of the terminals of the trigeminal 
nerve consequent to abrasions of the buccal 
mucosa from feed or browse or from infec¬ 
tion of tooth cavities. Spinal myelitis is 
thought to result from growth up spinal 
nerves subsequent to body area infections. 

Outbreaks of encephalitis that occur in 
sheep after introduction to silage usually 
commence about 3 to 4 weeks later, although 
there is wide variation, and one study of 
a large number of outbreaks found the 
median time of this period to be 44 days. 
This delay reflects the time for ascending 
infection. 

Commonly, the serotype isolated from 
the brain of an affected animal is also present 
in the silage being fed. However, the recent 
development of methods for genetic analyses 
of L. monocytogenes has demonstrated that 
serotyping is a relatively crude tool for epi¬ 
demiologic studies and in many instances, 
although the isolate from brain may be the 
same serotype as that from silage, there is no 
relationship on genetic analysis. Possibly this 
reflects differences in strains at different sites 
in silage and the difference between the time 
of sampling of the silage and the time when 
the affected cow ate it. 

Septicemic disease in sheep and goats 
usually occurs within 2 days of introduction 
to silage and abortions 6 to 13 days later. 





Diseases Primarily Affecting the Brainstem and Vestibular System 


1333 


Risk Factors 

Despite the ubiquity of L. monocytogenes, 
only a small proportion of animals develop 
clinical disease. A number of predisposing 
factors have been observed, or proposed, as 
risk factors for disease. These include factors 
that cause a lowering of the host animal’s 
resistance and factors that increase the infec¬ 
tion pressure of the organism. In farm animals 
the latter appear the most important. 

Host Management Risk Factors 

Observed risk factors include the following: 

• Poor nutritional state 

• Sudden changes of weather to very cold 
and wet 

• Stress of late pregnancy and parturition 

• Transport 

• Long periods of flooding with resulting 
poor access to pasture 

Differences in susceptibility between 
species are apparent with sheep being con¬ 
siderably more likely to develop clinical 
disease than cattle. Area outbreaks affecting 
several flocks can occur in sheep on poorly 
drained and muddy pastures following 
floods, but outbreaks are also described in 
droughts. Overcrowding and unsanitary 
conditions with poor access to feed supplies 
may predispose housed sheep. 

Breed difference in susceptibility (Angora 
goats and Rambouillet sheep) has been 
observed in some studies but not in others. 

Pathogen Risk Factors 

Factors that increase the infection pressure 
largely involve a massive multiplication of L. 
monocytogenes in the feed or environment. 
The feeding of grass or corn silage as a major 
risk factor for the occurrence of listeriosis 
has been recognized for many decades. The 
increase in use of silage for feed in ruminants 
may be the reason for the apparent increase 
in the prevalence of the disease in recent 
years. Silage may also exert its effect by 
increasing the susceptibility of the host to 
listerial infection, although this has been 
disputed. 

The organism persists for as long as 3 
months in sheep feces and has been shown to 
survive for up to 11.5 months in damp soil, up 
to 16.5 months in cattle feces, up to 207 days 
on dry straw, and for more than 2 years in dry 
soil and feces. It is resistant to temperatures of 
-20°C (-6°F) for 2 years and is still viable after 
repeated freezing and thawing. 

Experimental Reproduction 

Oral or parenteral challenge of nonpregnant 
sheep and goats will produce a bacteremia 
with minor clinical signs of pyrexia and 
depression in animals with no preexisting 
antibody. Clinical disease is more severe in 
young animals and the infection clears with 
the development of an immune response. 
The challenge of animals with preexisting 
antibody is not associated with clinical 
disease, although there may be a bacteremia. 


Lactating animals secrete the organism in 
milk during the bacteremic period. Prior 
challenge of goats with L. ivanovii or L. 
innocua does not protect against subsequent 
challenge with L. monocytogenes. 

Several studies have shown that oral, con¬ 
junctival, and parenteral challenge of preg¬ 
nant animals results in more severe signs of 
septicemia and can be followed by abortion, 
although this is not an invariable sequel. 
Encephalitis has not been reproduced exper¬ 
imentally by intravenous challenge, although 
meningoencephalitis may occur following 
this route of challenge in young lambs. 
Encephalitis has been reproduced experi¬ 
mentally by the injection of organisms into 
the buccal mucosa or the tooth pulp cavity, 
with the organism traveling centripetally 
via the trigeminal nerve to reach the 
brainstem. 

Zoonotic Implications 

In humans, listeriosis is considered a food- 
borne infection of sporadic occurrence pro¬ 
ducing septicemia, meningoencephalitis, 
abortion, and infection in other organs as 
well as neonatal infection. Although out¬ 
breaks of listeriosis associated with contami¬ 
nated food receive the most public attention, 
sporadic listeriosis is the more common 
presentation. Although all age groups are 
susceptible the disease incidence is the 
highest among people 65 years and older fol¬ 
lowed by young children (0-4 years) and 
immunocompromised patients. 2 In the EU a 
disease incidence of 0.3 and in the United 
States of 0.8 per 100,000 population have 
been reported. 1 1 The case fatality is high, and 
overall approximately 25% of reported cases 
die. Although the incidence increased at the 
beginning of the millennium, incidence rates 
have been stable over the last years. 4 

Although there is a potential for zoonotic 
transmission, the majority of human expo¬ 
sures to the organism, and the risk for 
disease, result from contamination of foods 
during processing and from the particular 
ability of the organism to grow at refrigerator 
temperature and in organic material with 
high salt content. 

High disease prevalence and numbers of 
L. monocytogenes have been linked to certain 
foods such as soft cheese, smoked fish, pate, 
deli meats, unpasteurized milk, fermented 
raw meat sausages, hot dogs, and deli 
salads. 2,3 

Milk products have been incriminated in 
some outbreaks of the disease. Numerous 
studies have shown that L. monocytogenes is 
commonly present in low numbers (usually 
less than 1 organism per milliliter) in raw 
milk from some herds. In the vast majority 
of herds this is the result of fecal contamina¬ 
tion during the milking process or other 
environmental contamination. Rarely, its 
presence in raw milk is from an animal with 
subclinical mastitis and in this case its 
numbers in bulk tank milk are much higher 


(2,000-5,000 organisms per milliliter), even 
when there is a single cow or goat with L. 
monocytogenes mastitis. In goats and sheep 
the presence in raw milk may also be the 
result of a subclinical bacteremia. 

There have been concerns that the organ¬ 
ism might survive pasteurization, especially 
if present in phagocytes. D-values for Listeria 
in milk have been determined to be in the 
range of 0.9 seconds at 71.1°C. The legal limit 
for high-temperature/short-time pasteuriza¬ 
tion in the United States is 71.7°C for 15 
seconds, and this temperature is sufficient to 
inactivate numbers far beyond those present 
in raw milk. There is no evidence that the 
organism will survive correct pasteurization 
procedures. 

Bulk tank infection rates are higher in 
winter and spring and cross-sectional and 
case-control studies have shown that the risk 
for detecting L. monocytogenes in bulk milk 
is higher in those herds that used a bucket 
milking system rather than a pipeline system. 
It is also higher in herds fed component 
feeds, fed leftover feed, fed from plastic feed 
bunks, and from feed bunks with a low fre¬ 
quency of cleaning, It is lower in herds that 
practice premilking teat disinfection. 

Farmers or others who consume raw 
milk need to be aware of the risk of infection, 
especially if they fall within at-risk catego¬ 
ries. There may be a particular risk with milk 
from goats and sheep fed silage. People asso¬ 
ciated with agriculture are also more liable to 
direct zoonotic transmission of listerial 
disease. Dermatitis with a papular and pus¬ 
tular rash occurs on the arms of veterinari¬ 
ans following the handling of infected 
dystocia cases and aborted fetuses. Conjunc¬ 
tivitis is also recorded in agricultural workers 
handling infected livestock. 

Although L. monocytogenes rarely causes 
disease in pigs, it is present in the tonsils and 
feces of some pigs at slaughter and this pres¬ 
ence is a potential source of contamination 
of the carcass and the slaughterhouse envi¬ 
ronment. There is a significantly higher prev¬ 
alence in the tonsils of fattening pigs than in 
those of sows. The organism can be isolated 
from the floors, walls, and feed in pig units. 
Wet feeding, poor hygiene, and a short spell¬ 
ing period between batches of pigs in the 
finishing house have been found to be risk 
factors for infection in pigs. Paradoxically, 
disinfecting the pipeline used for wet feeding 
was associated with a higher risk of fecal con¬ 
tamination than no disinfection at all. 

A further concern for indirect zoonotic 
risk of L. monocytogenes is the presence of 
the organism in the feces on infected farms 
and the potential for fecal or windborne dust 
spread to adjacent fields that may contain 
crops for human consumption. 

PATHOGENESIS 

In most animals, ingestion of the organism, 
with penetration of the mucosa of the intes¬ 
tine, leads to an inapparent infection with 
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prolonged fecal excretion of the organism 
and to a subclinical bacteremia, which clears 
with the development of immunity. The bac- 
teremic infection is frequently subclinical 
and may be accompanied by excretion of the 
organism in milk. Septicemic listeriosis, with 
or without meningitis, is most common in 
neonatal ruminants and in adult sheep and 
goats, particularly if they are pregnant and 
when the infection challenge is large. 

The organism is a facultative intracellular 
pathogen that can infect cells, including 
intestinal cells, by directed endocytosis. It 
can survive and grow in macrophages and 
monocytes. Bacterial superoxide dismutase 
protects against the bactericidal activity of 
the respiratory burst of the phagocyte and 
listeriolysin O disrupts lysosomal mem¬ 
branes, allowing the organism to grow in the 
cytoplasm. The experimental mouse model 
indicates that cell-mediated immunity is 
important in protection against listerial 
infection, but studies in goats suggest that 
the clearance of bacteremic infection and 
resistance to infection are also strongly asso¬ 
ciated with humoral antibody. 

In pregnant animals, invasion of the pla¬ 
centa and fetus may occur within 24 hours 
of the onset of bacteremia. Edema and 
necrosis of the placenta lead to abortion, 
usually 5 to 10 days postinfection. Infection 
late in pregnancy results in stillbirths or the 
delivery of young that rapidly develop a fatal 
septicemia. Maternal metritis is constant 
and if the fetus is retained a fatal listerial 
septicemia may follow. Infection of the 
uterus causing abortion and intrauterine 
infection occurs in all mammals. 

Encephalitis/Meningitis 

Encephalitis/meningitis in ruminants occurs 
as an acute inflammation of the brainstem or 
the meningeal membranes and is usually 
focal. Invasion of the CNS can occur by at 
least three different mechanisms/’ These 
include the following: 

• Retrograde (centripetal) migration into 
the brain within the axon of CNs 

• Transport across the blood-brain barrier 
within parasitized leukocytes 

• Direct invasion of endothelial cells by 
blood-borne bacteria 

In cases without systemic infection centrip¬ 
etal translocation of the pathogen along the 
trigeminal or other CNs following penetra¬ 
tion of the traumatized buccal mucosa, the 
shedding of deciduous or permanent teeth, 
and following periodontitis may result in 
encephalitis. Meningitis is thought to be 
associated with hematogenous translocation 
of the pathogen through parasitized endo¬ 
thelial cells or leukocytes. 

The incubation period after experimental 
inoculation of the tooth pulp was at least 3 
weeks even though lesions were detectable 
in the brainstem within 6 days of inocula¬ 
tion.’ Clinical signs are characterized most 
strongly by an asymmetric disorder of CN 
function, in particular the trigeminal, facial, 


vestibular, and glossopharyngeal nerves, but 
there is some variation in the involvement 
of individual CNs depending on the distri¬ 
bution of lesions in the brainstem. Lesions 
in the sensory portion of the trigeminal 
nucleus and the facial nucleus are common 
and lead to ipsilateral facial hypalgesia and 
paralysis; involvement of the vestibular 
nucleus is also common and leads to ataxia 
with circling and a head tilt to the affected 
side. The additional signs of dullness, head¬ 
pressing, and delirium are referable to the 
more general effects of inflammation of 
the brain developing in the agonal stages. 
Spread of the infection along the optic nerve 
may result in endophthalmitis in sheep 
and cattle. 

Spinal Myelitis 

Spinal myelitis possibly results from ascend¬ 
ing infection in the sensory nerves of the 
skin following dermatitis from prolonged 
wetting of the fleece. 

Mastitis 

L. monocytogenes is rarely found to be a 
cause of clinical mastitis in cattle, despite 
the fact that it can be common in the dairy 
environment, suggesting that this pathogen 
is not a particularly invasive or perpetuating 
organism for the udder. Infection of the 
mammary gland appears to primarily occur 
hematogenously. 1 

Enteritis 

An acute diarrheal condition in sheep with 
clinical signs and morphologic changes 
resembling salmonellosis from which L. 
monocytogenes can be recovered has been 
recognized since the early 1990s. 6 Cases are 
frequently linked to feeding poor-quality 
silage and may occur within 2 days of feeding 
silage heavily contaminated with L. monocy¬ 
togenes. The mechanisms through which Lis¬ 
teria invade the gastrointestinal mucosa are 
not yet understood, but infection seems to 
depend more on the ingested dose and the age 
of the animal than on predisposing condi¬ 
tions or immune status of the animal. 7 Lesions 
occur in the abomasum, small intestine, large 
intestine, mesenteric lymph nodes, and liver. 6 

CLINICAL FINDINGS 

When disease occurs it is usual to have an 
outbreak of either encephalitis or abortion. 
Encephalitis is the most prevalent manifesta¬ 
tion in sheep. Septicemia in lambs may occur 
in conjunction with abortion but it is rare to 
have all three syndromes on the same farm, 
at least in the same temporal period. There 
are always exceptions to such generalities, 
and the occurrence of septicemia, abortion, 
and encephalitis in a flock of sheep is 
possible. 

Listerial Encephalitis/Meningitis 
Sheep 

In sheep, early signs are separation from the 
flock and depression with a hunched stance. 


Sheep approached during this early stage 
show a frenetic desire to escape but are unco¬ 
ordinated because they run and fall easily. 
The syndrome progresses rapidly with more 
severe depression to the point of somnolence 
and the development of signs of CN dysfunc¬ 
tion. Fever, usually 40°C (104°F) but occa¬ 
sionally as high as 42°C (107°F), is common 
in the early stages of the disease but the tem¬ 
perature is usually normal when overt clini¬ 
cal signs are present. 

Signs vary between individual sheep but 
incoordination, head deviation sometimes 
with head tilt, walking in circles, unilat¬ 
eral facial hypalgesia, and facial paralysis 
are usually present. Facial hypalgesia can 
be detected with pressure from a hemo- 
stat, and the facial paralysis is manifested 
with drooping of the ear, paralysis of the 
lips, and ptosis on the same side of the 
face as the hypalgesia. This may be accom¬ 
panied by exposure keratitis, often severe 
enough to cause corneal ulceration. Stra¬ 
bismus and nystagmus occur in some. 
Panophthalmitis, with pus evident in the 
anterior chamber of one or both eyes, is 
not uncommon in cattle that have been 
affected for a number of days. Also there is 
paresis of the muscles of the jaw, with poor 
tone or a dropped jaw, in which case pre¬ 
hension and mastication are slow and the 
animal may stand for long periods drool¬ 
ing saliva and with food hanging from 
its mouth. 

The position of the head varies. In many 
cases there is deviation of the head to one 
side with the poll-nose relationship undis¬ 
turbed (i.e., there is no rotation) but in others 
there is also head tilt. The head may be ret- 
roflexed or ventroflexed depending on the 
localization of the lesions and in some cases 
may be in a normal position. The deviation 
of the head cannot be corrected actively by 
the animal, and if it is corrected passively the 
head returns to its previous position as soon 
as it is released. Progression is usually in a 
small-diameter circle in the direction of the 
deviation. There is ataxia, often with consis¬ 
tent falling to one side, and an affected sheep 
may lean against the examiner or a fence. The 
affected animal becomes recumbent and is 
unable to rise, although often still able to 
move its legs. Death is caused by respiratory 
failure. 

Cattle 

In cattle, the clinical signs are essentially the 
same but the clinical course is longer (Fig. 
14-16). In adult cattle the course of the 
disease is usually 1 to 2 weeks, but in sheep 
and calves the disease is more acute, with 
death occurring in 2 to 4 days. 

Goats 

In goats the disease is similar to that in 
the other species, but in the young goat 
the onset is very sudden and the course 
short, with death occurring in 2 to 3 days 
(Fig. 14-17). 
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Fig. 14-17 Two-year-old goat with listeriosis. The goat has depression of the right corneal 
branch of the trigeminal nerve (cranial nerve V) because it does not detect the straw on its 
right eye, and the right facial nerve (cranial nerve VII) because it has a right ear droop, 
deviation of the philtrum to the left, and flaccid right upper lip. The goat was unable to stand 
and appeared depressed. 


Fig. 14-16 A, Two-year-old Holstein Friesian 
heifer with listeriosis. The heifer is exhibiting 
clinical signs of a left brainstem lesion in the 
vicinity of the vestibulocochlear nerve 
nucleus (cranial nerve VIII) manifested as 
extensor thrust from the right side and tight 
circles to the left (circling is impeded by 
placement in the headgate). B, Three-year- 
old Simmental cow with listeriosis. The cow 
is exhibiting depression, weakness of the 
tongue and jaw muscles, and lack of 
sensation that she has hay in her mouth. 
Some of these clinical signs are also seen in 
cattle with rabies or esophageal obstruction 
(choke). Both animals responded well to 
intravenous oxytetracycline treatment. 


Listerial Abortion 

Outbreaks of abortion are recorded in cattle 
but are more common in sheep and in goats. 
Abortion caused by this organism is rare in 
pigs. 

Cattle 

In cattle, abortion or stillbirth occurs spo¬ 
radically and usually in the last third of preg¬ 
nancy; retention of the afterbirth is common, 
in which case there is clinical illness and 
fever of up to 40.5°C (105°F). Abortion has 


been observed soon after the commence¬ 
ment of silage feeding but does not always 
have this association. 

Sheep and Goats 

In sheep and goats abortions occur from the 
12th week of pregnancy onward, the after¬ 
birth is usually retained, and there is a blood¬ 
stained vaginal discharge for several days. 


There may be some deaths of ewes from sep¬ 
ticemia if the fetus is retained. In both species 
the rates of abortion in a group are low but 
may reach as high as 15%. On some farms, 
abortions recur each year. 

Abortion Caused by Listeria tvanovii 

This occurs as a sporadic disease in cattle 
and has no distinguishing clinical features 
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from that associated with L. monocyto¬ 
genes. Outbreaks in sheep are manifested 
with abortion and stillbirth but particu¬ 
larly with the birth of live infected lambs, 
which seldom survive long enough to walk 
or suck. 

Septicemic Listeriosis 

Acute septicemia caused by L. monocyto¬ 
genes is not common in adult ruminants but 
does occur in monogastric animals and in 
newborn lambs and calves. There are no 
signs suggestive of nervous system involve¬ 
ment, the syndrome being a general one 
comprising depression, weakness, emacia¬ 
tion, pyrexia, and diarrhea in some cases, 
with hepatic necrosis and gastroenteritis at 
necropsy. The same syndrome is also seen in 
ewes and goats after abortion if the fetus is 
retained. A better defined but less common 
syndrome has been described in calves 3 to 
7 days old. Corneal opacity is accompanied 
by dyspnea, nystagmus, and mild opisthoto¬ 
nus. Death follows in about 12 hours. At 
necropsy there is ophthalmitis and serofibri¬ 
nous meningitis. Septicemic listeriosis is 
recorded in a foal. 

Mastitis 

Infection in the udder may involve a single 
quarter or both quarters; it is chronic and 
poorly responsive to treatment. There is a 
high somatic cell count in milk from the 
affected quarter, but the milk appears normal. 

Spinal Myelitis 

There is fever, ataxia with initial knuckling of 
the hindlimbs progressing to hindlimb 
weakness, and paralysis. In some cases, both 
in sheep and cattle, there is also paresis and 
paralysis of the front limbs. There is no evi¬ 
dence of CN involvement, and affected 
animals are initially mentally alert, bright, 
and continue to eat. However, there is rapid 
deterioration and affected animals are com¬ 
monly humanely destroyed. 

Keratoconjunctivitis, Uveitis 

There is swelling of the iris and constriction 
of the pupil; white focal lesions are evident 
on the internal surface of the cornea with 
floccular material in the anterior chamber. 
Advanced cases have pannus and corneal 
opacity. 

Enteritis in Sheep 

Reported clinical signs include lethargy, 
anorexia, and diarrhea or sudden death. 
Pregnant ewes may abort. 

CLINICAL PATHOLOGY 

The CSF in cases of encephalitis has a mod¬ 
erately to markedly increased protein con¬ 
centration and leukocyte count. Neutrophils 
are the predominant cell type with lympho¬ 
cytes contributing not more than 20% of 
cells. 8 L. monocytogenes is not detectable by 
culture or PCR. 


The organism can be cultivated from 
vaginal secretions for up to 2 weeks after 
abortion, and a proportion of aborting 
animals also have L. monocytogenes in the 
milk and feces. 

Serologic tests (agglutination and com¬ 
plement fixation tests) have been used but 
lack the predictive value required for diag¬ 
nostic use. Ruminants commonly have anti¬ 
body to Listeria and high titers are often 
encountered in normal animals in flocks and 
herds where there have been clinical cases. 
Nucleic acid-based techniques can be used 
to determine the source of a strain of L. 
monocytogenes in an outbreak. 

NECROPSY FINDINGS 

Typically, there are no distinctive gross 
changes associated with listerial encepha¬ 
litis. Histologic examination of CNS tissue 
is necessary to demonstrate the microab¬ 
scesses that are characteristic of the disease. 
These are present in the brainstem in liste¬ 
rial encephalitis and in the cervical and/or 
lumbar spinal cord in outbreaks of spinal 
myelitis. Sampling of the forebrain will 
typically result in a false-negative diagnosis. 
Cold enrichment techniques are advisable 
when attempting to isolate the organism. 
Gram staining of paraffin-embedded tissue 
may permit confirmation of the diagnosis 
in cases for which suitable culture mate¬ 
rial is unavailable. Alternative test methods 
such as fluorescent antibody or immunoper- 
oxidase tests are available in some laborato¬ 
ries. In one retrospective study comparing 
diagnostic methods, immunoperoxidase 
staining was superior to bacterial culture 
when correlated with histopathologic 
changes. 

Visceral lesions occur as multiple foci of 
necrosis in the liver, spleen, and myocardium 
in the septicemic form and in aborted 
fetuses. Aborted fetuses are usually edema¬ 
tous and autolyzed, with very large numbers 
of bacteria visible microscopically in a 
variety of tissues. In aborting dams, there is 
placentitis and endometritis in addition to 
the lesions in the fetus. 

Sheep with enteritis show ulcerative and 
hemorrhagic abomasitis and reddening of 
the small intestinal mucosa. 6 In a small 
number of cases typhlocolitis is diagnosed at 
necropsy; histologically, there are micro¬ 
abscesses throughout the intestine and a 
characteristic infiltration of degenerating 
neutrophils in the mucosa lamina muscula- 
ris of the abomasum. 6 

Samples for Confirmation 
of Diagnosis 

Central Nervous System Listeriosis 

• Bacteriology: half of midsagittally 

sectioned brain, including brainstem, 

chilled or frozen (CULT, FAT) 

• Histology: formalin-fixed half of 

midsagittally sectioned brain, including 

brainstem; appropriate segment of 


spinal cord if spinal myelitis suspected 
(LM, IHC) 

Septicemia and Abortion 

• Bacteriology: chilled liver, spleen, lung, 
placenta, fetal stomach content (CULT, 
FAT) 

• Histology: formalin-fixed liver, spleen, 
lung, brain, placenta, fetal intestine (LM, 
IHC). 

Enteritis 

• Bacteriology: abomasum, small 
intestine, large intestine, mesenterial 
lymph nodes (CULT) 

• Histology: formalin-fixed abomasum, 
small intestine, large intestine, 
mesenterial lymph nodes (LM, IHC). 


DIFFERENTIAL DIAGNOSIS 


Encephalitis 

• Pregnancy toxemia in sheep 

• Nervous ketosis in cattle 

• Rabies 

• Gid 

• Polioencephalomalacia 

• Middle ear disease 

• Scrapie 

Abortion 

• Sheep 

• Cattle 

Gastroenteritis 

• Salmonellosis 

Keratoconjunctivitis/Uveitis 

• Contagious ophthalmia 

• Infectious bovine keratoconjunctivitis 


TREATMENT 

Penicillin is considered the drug of choice for 
treatment of listeriosis but it only has a 
bacteriostatic effect on L. monocytogenes. 1 
Cephalosporins are ineffective because of 
minimal or nonexistent affinity of listerial 
penicillin-binding protein 3 and 5. 2,5 

A recent study exploring the prevalence 
of in vitro resistance of L. monocytogenes 
strains isolated from dairy farms found all 
strains to be resistant to cephalosporins, 
streptomycin, and trimethoprim. Over 90% 
of isolated strains were resistant to ampicillin 
and 66% were resistant to florfenicol. Resis¬ 
tance to penicillin G was determined for 40% 
of isolated strains. 9 

Penicillin administered at a dose of 
44000 IU/kg BW every 12 hours or every 24 
hours given intramuscularly for 10 to 14 days 
is among the most commonly used treat¬ 
ments for listerial encephalitis/meningitis. 
Initiating the therapy with a loading dose of 
penicillin of200,000 IU/kg as a water-soluble 
formulation given intravenously has been 
proposed. 10 The intravenous treatment of 
oxytetracycline (10 mg/kg BW every 12 
hours or 20 mg /kg BW every 24 hours for 
10 days) has been reported as being 









reasonably effective in meningoencephalitis 
of cattle but less so in sheep. 

The use of nonsteroidal antiinflammatory 
drugs (NSAIDs) to address pain resulting 
from meningitis may be indicated but war¬ 
rants close monitoring of the patient’s hydra¬ 
tion status to prevent renal damage. The use 
of glucocorticoids has been proposed with 
the objective to prevent abscess formation in 
the CNS. 1 Concerns have been raised since 
increased listerial shedding through milk 
was reported in cattle infected with L. mono¬ 
cytogenes treated with dexamethasone. 11 

The recovery rate depends largely on the 
time that treatment is started after the onset 
of clinical signs. If severe clinical signs are 
already evident, death usually follows in spite 
of treatment. Usually the course of events in 
an outbreak is that the first case dies but sub¬ 
sequent cases are detected sufficiently early 
for treatment. Dehydration, acid-base imbal¬ 
ances, and electrolyte disturbances must also 
be corrected. Cases of spinal myelitis are 
poorly responsive to treatment. 

Treatment of listerial iritis is with sys¬ 
temic antibiotics in the early stages coupled 
with subpalpebral corticosteroid and atro¬ 
pine to dilate the pupil. 

Supportive treatment with thiamine, to 
compensate for decreased thiamine produc¬ 
tion during the disease, and glucocorticoids 
to prevent formation of microabscesses in 
the CNS have been proposed. Correction of 
metabolic acidosis, resulting from excessive 
bicarbonate loss with drooling saliva, may be 
indicated. 


TREATMENT AND CONTROL 


Treatment 

Encephalitis 

Procaine penicillin G (200,000 IU/kg IV as 
initial loading dose) (R-2) 

Procaine penicillin G (22,000 IU/kg every 12 
hours or 44,000 IU/kg every 24 hours IM, 
for 10-14 days (R-2) 

Oxytetracycline (10 mg/kg IV every 12 hours 
or 20 mg/kg IV every 24 hours for 10-14 
days) (R-2) 

Cephalosporins (R-4) 

Thiamine (10 mg/kg slow IV every 24 hours) 
(R-2) 

Flunixin meglumine (1 mg/kg every 24 hours 
IV) (R-2) 

Dexamethasone (1 mg/kg IV single treatment) 
(R-3) 

Control 

Ensure pH of silage is < 5.0 (R-2) 

Don't feed strongly spoiled sections of silage 
(R-2) 

IM, intramuscularly; IV, intravenously. 


CONTROL 

Control is difficult because of the ubiqui¬ 
tous occurrence of the organism, the lack 
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of a simple method of determining when 
it is present in high numbers in the envi¬ 
ronment, and a poor understanding of the 
risk factors other than silage. Where the risk 
factor is silage, there may be some merit in 
the recommendation that a change of diet 
to include heavy feeding of silage should 
be made slowly, particularly if the silage is 
spoiled or if listeriosis has occurred on the 
premises previously. Tetracyclines can be fed 
in the ration of animals at risk in a feedlot. 
When possible, the obviously spoiled areas of 
silage should be separated and not fed. 

Other recommendations on the feeding 
of silage include avoid making silage from 
fields in which molehills may have contami¬ 
nated the grass; avoid soil contamination 
when filling the clamp; avoid using additives 
to improve fermentation; and avoid silage 
that is obviously decayed, or with a pH of 
greater than 5 or an ash content of more than 
70 mg/kg of dry matter. 

Silage removed from the clamp should be 
fed as soon as possible. 

Where uveitis is a problem, feeding 
systems that avoid eye contact with silage 
should be used. 

A live attenuated vaccine has been shown 
to induce protection against intravenous 
challenge, and a live attenuated vaccine in 
use in Norway for several years is reported 
to reduce the annual incidence of the disease 
in sheep from 4% to 1.5%. An economic 
model is available for determining whether 
vaccination should be practiced. Commer¬ 
cial killed vaccines are available for the 
control of the disease in some countries, and 
some companies will also produce autoge¬ 
nous vaccines on request. The efficacy of vac¬ 
cination still requires further determination; 
however, when economics or food availabil¬ 
ity on the farm dictate that contaminated 
silage must be fed, consideration might be 
given to vaccination as a means of providing 
some protection. 
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Diseases Primarily 
Affecting the Spinal Cord 

TRAUMATIC INJURY 

Sudden severe trauma to the spinal cord 
causes a syndrome of immediate, complete, 
flaccid paralysis caudal to the injury because 
of spinal shock. This is so brief in animals it 
is hardly recognizable clinically. Spinal shock 
is soon followed by flaccid paralysis in the 
area supplied by the injured segment and 
spastic paralysis caudal to it. 

ETIOLOGY 

Trauma is the most common cause of mono¬ 
plegia in large animals. There are varying 
degrees of loss of sensation, paresis, paraly¬ 
sis, and atrophy of muscle. 

Physical Trauma 

• Animals falling off vehicles, through 
barn floors 

• Osteoporotic or osteodystrophic 
animals, especially aged broodmares and 
sows, spontaneously while jumping or 
leaning on fences 

• Spondylosis and fracture of 
thoracolumbar vertebrae in old bulls in 
insemination centers 

• Cervical vertebral fractures account for 
a large percentage of spinal cord injuries 
in horses 

• Trauma caused by excessive mobility of 
upper cervical vertebrae may contribute 
to the spinal cord lesion in wobbles in 
horses 

• Dislocations of the atlantooccipital joint 
are being reported increasingly 

• Stenosis of the cervical vertebral canal at 
C2-C4 in young rams, probably as a 
result of head-butting 

• Fracture of T1 vertebra in calves turning 
violently in an alleyway wide enough to 
admit cows 

• Vertebral fractures in 7- to 10-month- 
old calves escaping under the headgate 
of a chute and forcefully hitting their 
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backs (just cranial to the tuber coxae) 
on the bottom rail of the gate 

• Vertebral fractures in neonatal calves 
associated with forced extraction during 
dystocia 

• Lightning strike may cause tissue 
destruction within the vertebral canal. 

Parasitic Invasion 

• Cerebrospinal nematodiasis, e.g., P. 
tenuis, Setaria spp. in goats and sheep, 
Stephanurus dentatus in pigs, P. tenuis in 
moose, causing moose sickness 

• Toxocara canis experimentally in pigs 

• S. vulgaris in horses and donkeys 

• Hypoderma bovis larvae in cattle 

Local Ischemia of the Spinal Cord 

• Obstruction to blood flow to the cord 
by embolism, or of drainage by 
compression of the caudal vena cava, 
e.g., in horses during prolonged dorsal 
recumbency under general anesthesia; 
in pigs caused by fibrocartilaginous 
emboli, probably originating in injury to 
the nucleus pulposus of an 
intervertebral disk 

PATHOGENESIS 

The lesion may consist of disruption of 
nervous tissue or its compression by dis¬ 
placed bone or hematoma. Minor degrees of 
damage may result in local edema or hyper¬ 
emia or, in the absence of macroscopic 
lesions, transitory injury to nerve cells, clas¬ 
sified as concussion. The initial response is 
that of spinal shock, which affects a variable 
number of segments on both sides of the 
injured segment and is manifested by com¬ 
plete flaccid paralysis. The lesion must affect 
at least the ventral third of the cord before 
spinal shock occurs. When the shock wears 
off, the effects of the residual lesion remain. 
These may be temporary in themselves and 
completely normal function may return as 
the edema or the hemorrhage is resorbed. In 
sheep, extensive experimental damage to the 
cord may be followed by recovery to the 
point of being able to walk, but not suffi¬ 
ciently to be of any practical significance. 

Traumatic lesions usually affect the whole 
cross-section of the cord and produce a syn¬ 
drome typical of complete transection. 
Partial transection signs are more common 
in slowly developing lesions. Most of the 
motor and sensory functions can be main¬ 
tained in 3-month-old calves with experi¬ 
mental left hemisection of the spinal cord. 

In a retrospective study of dystocia- 
related vertebral fractures in neonatal calves, 
all the fractures were located between Til 
and L4, with 77% occurring at the thoraco¬ 
lumbar junction. All but one case was 
associated with a forced extraction using 
unspecified (53%), mechanical (28%), or 
manual (17%) methods of extraction. Trac¬ 
tion is most commonly applied after the fetus 
has entered the pelvic canal. Manual traction 


varies from 75 kg of pressure applied by one 
man to 260 kg of pressure applied by three 
or more men. The forces applied in mechani¬ 
cal traction vary from 400 kg for a calf puller 
to over 500 kg for a tractor. The transfer of 
these forces to the vertebrae and to the 
physeal plates at the thoracolumbar junction 
could readily cause severe tissue damage. In 
a prospective study of vertebral fractures in 
newborn calves, all fractures were located at 
the thoracolumbar area, especially the poste¬ 
rior epiphysis of T13. 

CLINICAL FINDINGS 

Spinal shock develops immediately after 
severe injury and is manifested by flaccid 
paralysis (reflex loss) caudal to a severe 
spinal cord lesion. There is a concurrent fall 
in local blood pressure caused by vasodilata¬ 
tion and there may be local sweating. Stretch 
and flexor reflexes and cutaneous sensitivity 
disappear but reappear within a half to 
several hours, although hypotonia may 
remain. The extremities are affected in most 
cases and the animal is unable to rise and 
may be in sternal or lateral recumbency. The 
muscles of respiration may also be affected, 
resulting in interference with respiration. 
The body area supplied by the affected seg¬ 
ments will eventually show flaccid paralysis 
and disappearance of reflexes and muscle 
wasting, all representative of a lower motor 
neuron lesion. 

When the injury is caused by invasion by 
parasitic larvae, there is no stage of spinal 
shock but the onset is acute, although there 
may be subsequent increments of paralysis as 
the larva moves to a new site. 

Neonatal calves with dystocia-related 
vertebral fractures are weak immediately 
after birth or remain recumbent and make 
no effort to rise. 

Sensation may be reduced at and caudal 
to the lesion, and hyperesthesia may be 
observed in a girdle-like zone at the cranial 
edge of the lesion as a result of irritation of 
sensory fibers by local inflammation and 
edema. Because of interference with the 
sacral autonomic nerve outflow there may be 
paralysis of the bladder and rectum, although 
this is not usually apparent in large animals. 
The vertebral column should be examined 
carefully for signs of injury. Excessive mobil¬ 
ity, pain on pressure, and malalignment of 
spinous processes may indicate bone dis¬ 
placements or fractures. Rectal examination 
may also reveal damage or displacement, 
particularly in fractures of vertebral bodies 
and in old bulls with spondylosis. 

Residual signs may remain when the 
shock passes off. This usually consists of 
paralysis, which varies in extent and severity 
with the lesion. The paralysis is apparent 
caudal to and at the site of the lesion. The 
reflexes return except at the site of the lesion. 
There is usually no systemic disturbance but 
pain may be sufficiently severe to cause an 
increase in heart rate and prevent eating. 


Recovery may occur in 1 to 3 weeks if 
nervous tissue is not destroyed, but when 
extensive damage has been done to a signifi¬ 
cantly large section of the cord there is no 
recovery and disposal is advisable. In rare 
cases animals that suffer a severe injury con¬ 
tinue to be ambulatory for up to 12 hours 
before paralysis occurs. In such instances it 
may be that a fracture occurs but displace¬ 
ment follows at a later stage during more 
active movement. Recovered animals may be 
left with residual nervous deficits or with 
postural changes such as torticollis. 

Fracture of the Cervical Vertebrae 
in Horses 

In horses fracture/dislocation of cranial cer¬ 
vical vertebrae is fairly common. Affected 
animals are recumbent and unable to lift the 
head from the ground. However, they may be 
fully conscious and able to eat and drink. 1 It 
may be possible to palpate the lesion, but a 
radiograph is usually necessary. Lesions of 
the caudal cervical vertebrae may permit 
lifting of the head but the limbs are not 
moved voluntarily. In all cases the tendon 
and withdrawal reflexes in the limbs are 
normal to supernormal. 

Spondylosis in Bulls 

Old bulls in artificial insemination centers 
develop calcification of the ventral vertebral 
ligaments and subsequent spondylosis or 
rigidity of the lumbar area of the vertebral 
column. When the bull ejaculates vigorously, 
the calcified ligaments may fracture, and this 
discontinuity may extend upward through 
the vertebral body. The ossification is exten¬ 
sive, usually from about T2-L3, but the frac¬ 
tures are restricted to the midlumbar region. 
There is partial displacement of the vertebral 
canal and compression of the cord. The bull 
is usually recumbent immediately after the 
fracture occurs but may rise and walk stiffly 
several days later. Arching of the back, slow 
movement, trunk rigidity, and sometimes 
unilateral lameness are characteristic signs. 
Less severe degrees of spondylosis have been 
recorded in a high proportion of much 
younger (2- to 3-year-old) bulls, but the 
lesions do not appear to cause clinical signs. 

CLINICAL PATHOLOGY 

Radiologic examination may reveal the site 
and extent of the injury, depending on the 
amount of surrounding muscle mass. 
CSF obtained from the lumbosacral space 
may reveal the presence of xanthochromia 
or intact RBCs, suggesting preexisting 
hemorrhage. 

NECROPSY FINDINGS 

The abnormality is always visible on macro¬ 
scopic examination. In neonatal calves with 
dystocia-related vertebral fractures, hemor¬ 
rhage around the kidneys, around the adrenal 
glands, and in the perivertebral muscles is a 
common finding and a useful indicator that 
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a thoracolumbar fracture is present. In addi¬ 
tion to the vertebral fracture, subdural and 
epidural hemorrhage, myelomalacia, spinal 
cord compression, severed spinal cord, and 
fractured ribs are common findings. 


DIFFERENTIAL DIAGNOSIS 


Differentiation from other spinal cord diseases 
is not usually difficult because of the speed of 
onset and the history of trauma, although 
spinal myelitis and meningitis may also 
develop rapidly. Other causes of recumbency 
may be confused with trauma, especially if 
the animal is not observed in the immediate 
preclinical period. In most diseases 
characterized by recumbency, such as 
azoturia, acute rumen impaction, and acute 
coliform mastitis, there are other signs to 
indicate the existence of a lesion other than 
spinal cord trauma. White muscle disease in 
foals is characterized by weakness, and the 
serum creatine kinase activity will be 
increased. 


TREATMENT 

Treatment is expectant only, and surgical 
treatment is rarely attempted. Large doses of 
corticosteroids or nonsteroidal antiinflam¬ 
matory agents are recommended to mini¬ 
mize the edema associated with the spinal 
cord injury. Careful nursing on deep bedding 
with turning at 3-hour intervals (ideally, but 
at least 3 times a day in animals that are not 
“creepers”), massage of bony prominences, 
and periodic slinging may help to carry an 
animal with concussion or other minor 
lesion through a long period of recumbency. 
In well-muscled cattle especially, recum¬ 
bency beyond a period of about 48 hours is 
likely to result in widespread necrosis of the 
caudal muscles of the thigh and recovery in 
such cases is improbable. A definitive diag¬ 
nosis of a vertebral fracture with paralysis 
usually warrants a recommendation for 
euthanasia. 

FURTHER READING 

Divers TJ. Acquired spinal cord and peripheral nerve 
disease. Vet Clin North Am Food Anim Pract. 
2004;20:231-242. 

Dyson SJ. Lesions of the equine neck resulting in 

lameness of poor performance. Vet Clin North Am 
Equine Pract. 2011;27:417-437. 
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SPINAL CORD COMPRESSION 

The gradual development of a space- 
occupying lesion in the vertebral canal pro¬ 
duces a syndrome of progressive weakness 
and paralysis. A preexisting inflammatory or 
neoplastic lesion of the vertebral body may 
result in spontaneous fracture of the verte¬ 
bral body and compression of the spinal 
cord. 


ETIOLOGY 

Compression of the spinal cord occurs from 
space-occupying lesions in the vertebral 
canal; the common ones are as follows. 

Tumors 

The most commonly occurring tumor in 
animals is lymphomatosis in which the nerve 
trunks and invades the vertebral canal, 
usually in the lumbosacral region and less 
commonly in the brachial and cervical areas. 
This tumor is particularly common in adult 
cattle with multicentric lymphosarcoma 
caused by bovine leukosis virus infection 
(Fig. 14-18). 

Rare tumors include fibrosarcomas, 
metastases, plasma cell myeloma, angioma, 
melanoma in a horse, hemangiosarcoma in a 
horse, neurofibroma, and lymphosarcoma, 
e.g., in horses, vascular hamartoma in a goat. 


Vertebral Body or Epidural Abscess 

Vertebral body abscesses (osteomyelitis) are 
most common in neonatal farm animals and 
are generally in association with a chronic 
suppurative lesion elsewhere in the body. 

• Docking wounds in lambs, bite wounds 
in pigs, and chronic suppurative 
pneumonia in calves are common 
occurrences for vertebral body 
abscesses. Polyarthritis and endocarditis 
may also be present. The original site of 
infection may have resolved when the 
clinical signs referable to the spinal cord 
abscess appear. 

• Compression of the spinal cord is 
caused by enlargement of the vertebral 
body abscess into the vertebral canal 
and there may or may not be deviation 
of the vertebral canal and its contents. 1 
Epidural abscesses causing compression 



Fig. 14-18 A, B ilateral posterior paresis in a 5-year-old Holstein Friesian cow with spinal 
lymphosarcoma caused by infection with enzootic bovine leukosis virus. B, Caudal view of the 
same cow, demonstrating marked paresis of the tail and hindlegs and poor milk production. 
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of the spinal cord, and not associated 
with vertebral bodies, occur in lambs. 

• Hematogenous spread may also occur 
from Trueperella (Arcanobacterium or 
Actinomyces or Corynebacterium ) 
pyogenes in cattle, A. bovis in cattle with 
lumpy jaw, and Corynebacterium 
pseudotuberculosis in sheep. 

• Multiple cases of compressive 
myelopathy have been reported in cattle 
following intramuscular injection of an 
oil containing vaccine in the lumbar 
area. 2 

• Cervical myelomalacia in a lamb and an 
alpaca developed after attempted 
intramuscular injections in the neck 3 

• A pyogranulomatous lesion in the sacral 
region of horse extended into the sacral 
vertebral canal, resulting in reduced anal 
and tail tone and urinary overflow 
incontinence. 4 

Bony Lesions of Vertebra 

• Exostoses over fractures with no 
displacement of vertebral bodies. 

• Similar exostoses on vertebral bodies of 
lambs grazing around old lead mines. 

• Hypovitaminosis A in young growing 
pigs causing compression of the nerve 
roots passing through the vertebral 
foramina. 

• Congenital deformity or fusion of the 
atlantooccipital axial joints in calves, 
foals, and goats. 

• Congenital spinal stenosis of calves. 

• Protrusion of an intervertebral disk is 
identifiable by myelogram or at 
necropsy, 5 although rare in large 
animals. The degenerative lesions in 
disks in the neck of the horse resemble 
the Hansen type 2 disk prolapses in 
dogs. 

• Progressive paresis and ataxia also occur 
rarely in diskospondylitis in horses, an 
inflammatory condition focused on a 
single intervertebral joint that often 
results from a septic process. 6 '' 
Diskospondylitis has been diagnosed in 
a 4-month-old calf with a stiff gait and 
umbilical abscess, 8 an adult goat with 
paraplegia, 9 and an alpaca with 
paraparesis. 10 

• Spondylosis occurs, which is a 
degenerative condition characterized by 
extensive osteophytes on the vertebral 
body axis. Spondylus is an old Greek 
name meaning vertebra. Spondylosis 
usually affects the ventral or lateral 
aspects of multiple adjacent vertebrae. 

It is a progressive disease affecting 
contiguous vertebrae because of 
biomechanical stresses. 6 Ankylosing 
spondylosis typically cause lameness 
rather than compression of cord and 
paresis/paralysis. 

Adult sows and boars may have degen¬ 
eration of intervertebral disks and surround¬ 
ing vertebral osteophytes. Less commonly 


are ankylosing spondylosis, arthrosis of 
articular facets, defects in annulus fibrosus 
and vertebral end plates, and vertebral osteo¬ 
myelitis or fracture. These lesions of ankylos¬ 
ing spondylosis cause lameness in boars and 
sows rather than compression of cord and 
paresis/paralysis. These are not to be con¬ 
fused with the many extravertebral causes of 
posterior lameness or paralysis in adult pigs, 
which are discussed in Chapter 15. 

Vertebral Subluxation or 
Compressive Myelopathy 

• Cervicothoracic vertebral subluxation in 
Merino sheep in Australia and 
Columbia lambs in the United States 

• Compressive cervical myelopathy in 
yearling Texel and Beltex sheep caused 
by fatty nodules encroaching into the 
dorsal vertebral canal at C6-C7 11 

Ataxia in Horses 

This is a major problem and has numerous 
potential causes: 

• Nonfatal fractures of the skull 
(basisphenoid, basioccipital, and petrous 
temporal bones) 

• Nonfatal cervical fractures 

• Atlantooccipital instability 

• Cervical vertebral malformation (equine 
cervical vertebral stenotic myelopathy) 
caused by stenosis of the cranial 
vertebral orifice of C3-C7 12 ; this may be 
effective as a compression mechanism 
only if the vertebrae adopt exaggerated 
positions 

• Abnormal growth of interarticular 
surfaces 

• Dorsal enlargement of caudal vertebral 
epiphyses and bulging of intervertebral 
disks 

• Formation and protrusion of false joint 
capsules and extrasynovial bursae 

• Spinal myelitis caused by parasitic 
invasion or EHV-1 virus, even louping- 
ill virus and probably others 

• Spinal abscess usually in a vertebral 
body 

• Onchocerca sp.-induced spinal cord 
compression and axonopathy 13 

• Spinal hematomas 14 causing ataxia, 
paresis, and neck pain 

• Cerebellar hypoplasia (most commonly 
the inherited version in Arabian foals) 

• Degenerative myelomalacia/myelopathy 
(cause unknown) 

• Fusion of occipital bone with the atlas, 
which is fused with the axis 

• Hypoxic-ischemic neuromyopathy in 
aortoiliac thrombosis 

• Tumors of the meninges 

PATHOGENESIS 

The development of any of the lesions listed 
previously results in the gradual appearance 
of motor paralysis or hypoesthesia, depend¬ 
ing on whether the lesion is ventrally or 
dorsally situated. In most cases there is 


involvement of all motor and sensory tracts, 
but care is necessary in examination if the 
more bizarre lesions are to be accurately diag¬ 
nosed. There may be hemiparesis or hemiple¬ 
gia if the lesion is laterally situated. Paraparesis 
or paraplegia is caused by a bilateral lesion in 
the thoracic or lumbar cord and monoplegia 
by a unilateral lesion in the same area. Bilat¬ 
eral lesions in the cervical region cause tetra¬ 
paresis to tetraplegia (quadriplegia). 

Vertebral osteomyelitis in young calves 
is most common in the thoracolumbar ver¬ 
tebrae and less commonly in the cervical 
vertebrae. The abscess of the vertebral body 
gradually enlarges and causes gradual com¬ 
pression of the spinal cord, which causes 
varying degrees of paresis of the pelvic limbs 
and ataxia. The abscess may extend into adja¬ 
cent intervertebral spaces and result in ver¬ 
tebral arthritis with lysis of the articular 
facets. The onset of paresis and paralysis may 
be sudden in cases of abscessation or osteo¬ 
myelitis of the vertebrae, which may fracture 
and cause displacement of bony fragments 
into the vertebral canal with compression 
and traumatic injury of the spinal cord. Ver¬ 
tebral body abscesses between T2 and the 
lumbar plexus will result in weakness of the 
pelvic limbs and normal flexor withdrawal 
reflexes of the pelvic limbs. Lesions at the site 
of the lumbar plexus will result in flaccid 
paralysis of the pelvic limbs. 

In horses with cervical vertebral mal¬ 
formation, compression of the spinal cord 
results in necrosis of white matter and some 
focal loss of neurons. With time, secondary 
wallerian-like neuron fiber degeneration in 
ascending white matter tracts cranial to the 
focal lesion and in descending white matter 
tracts caudal to the lesion occurs. Astrocytic 
gliosis is a prominent and persistent alteration 
of the spinal cord of horses with chronic cer¬ 
vical compressive myelopathy and is associ¬ 
ated with nerve fiber degeneration at the level 
of the compression and in well-delineated 
areas of ascending and descending nerve fiber 
tracts. It is possible that the persistent astro¬ 
cytic gliosis may prevent, or slow, recovery of 
neurologic function in affected horses. 

CLINICAL FINDINGS 

Varying degrees of progressive weakness of 
the thoracic limbs or pelvic limbs may be the 
initial clinical findings. With most lesions 
causing gradual spinal cord compression, 
difficulty in rising is the first sign, then 
unsteadiness during walking caused by 
weakness, which may be more marked in one 
of a pair of limbs. The toes are dragged along 
the ground while walking and the animal 
knuckles over on the fetlocks when standing. 
Finally, the animal can rise only with assis¬ 
tance and then becomes permanently recum¬ 
bent. These stages may be passed through in 
a period of 4 to 5 days. 

The paralysis will be flaccid or spastic 
depending on the site of the lesion and 
reflexes will be absent or exaggerated in the 






respective states. The dog-sitting position in 
large animals is compatible with a spinal 
lesion caudal to the second thoracic vertebral 
segment. Calves with vertebral osteomyelitis 
caudal to T2 are usually able to sit up in the 
dog-sitting position; they are bright and alert 
and will suck the cow if held up to the teat. 
In some cases, extensor rigidity of the tho¬ 
racic limbs resembles the Schiff-Sherrington 
syndrome and indicates a lesion of the tho¬ 
racic vertebrae. 

Lesions involving the lumbar plexus will 
result in flaccid paralysis of the pelvic limbs 
and an absence of the flexor withdrawal 
reflexes. Lesions involving the sacrococcy¬ 
geal vertebrae will cause a decrease in tail 
tone, decreased or absent perineal reflex, and 
urinary bladder distension. 

Pain and hyperesthesia may be evident 
before motor paralysis appears. The pain 
may be constant or occur only with move¬ 
ment. In vertebral body osteomyelitis in the 
horse, vertebral column pain and a fever may 
be the earliest clinical abnormalities. With 
neoplasms of the epidural space, the weak¬ 
ness and motor paralysis gradually worsen as 
the tumor enlarges. 

Considerable variation in signs occurs 
depending on the site of the lesion. There 
may be local hyperesthesia around the site of 
the lesion and straining to defecate may be 
pronounced. Retention of the urine and feces 
may occur. There is usually no detectable 
abnormality of the vertebrae on physical 
examination. 

Calves with congenital spinal stenosis are 
usually unable to stand or can do so only if 
assisted. There are varying degrees of weak¬ 
ness and ataxia of the pelvic limbs. They are 
bright and alert and will suck the cow if 
assisted. Those that survive for several weeks 
will sometimes assume the dog-sitting 
position. 

In the wobbler horse, circumduction of 
the limbs with ataxia is typical. The ataxia is 
usually pronounced in the pelvic limbs, and 
weakness is evident by toe dragging and the 
ease with which the horse can be pulled to 
one side while walking. Ataxia with hypome- 
tria is often evident in the thoracic limbs, 
especially while walking the horse on a slope 
and with the head elevated. 

CLINICAL PATHOLOGY 

Radiographic examination of the vertebral 
column should be performed if the animal is 
of a suitable size. Myelography is necessary 
to demonstrate impingement on the spinal 
cord by a stenotic vertebral canal. The CSF 
may show a cellular reaction if there is some 
invasion of the spinal canal. 

NECROPSY FINDINGS 

Gross abnormalities of the vertebrae and the 
bony spinal canal are usually obvious. Those 
diseases of the spinal cord characterized by 
degeneration without gross changes require 
histologic techniques for a diagnosis. 
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Differentiation between abscess, tumor, and 
exostosis in the vertebral canal is usually not 
practicable without radiographic examination. 
Vertebral osteomyelitis is difficult to detect 
radiographically, particularly in large animals, 
because of the overlying tissue. In bovine 
lymphosarcoma there are frequently signs 
caused by lesions in other organs. A history of 
previous trauma may suggest exostosis. The 
history usually serves to differentiate the 
lesion from acute trauma. 

• Spinal myelitis, myelomalacia, and 
meningitis may resemble cord compression 
but are much less common. They are 
usually associated with encephalitis, 
encephalomalacia, and cerebral meningitis, 
respectively. 

• Meningitis is characterized by much more 
severe hyperesthesia and muscle rigidity. 

• Rabies in the dumb form may be 
characterized by a similar syndrome but 
ascends the cord and is fatal within a 6-day 
period. 

In the newborn there are many 
congenital defects in which there is defective 
development of the spinal cord. Most of them 
are not characterized by compression of the 
cord, because the diminished function is 
caused in most cases by an absence of tissue. 
Spina bifida, syringomyelia, and 
dysraphism are characterized by hindquarter 
paralysis or, if the animal is able to stand, by a 
wide-based stance and overextension of the 
legs when walking. Some animals are clinically 
normal. 

A generalized degeneration of 
peripheral nerves such as that described in 
pigs and cattle causes a similar clinical 
syndrome and so does polyradiculoneuritis. 
A nonsuppurative ependymitis, meningitis, 
and encephalomyelitis, such as occurs in 
equine infectious anemia, may also cause an 
ataxia syndrome in horses. 

Paresis or paralysis of one limb 
(monoplegia) is caused by lesions in the 
ventral gray matter, nerve roots, brachial and 
lumbosacral plexus, and peripheral nerves and 
muscles of the limbs. 


TREATMENT 

Successful treatment of partially collapsed 
lumbar vertebra by dorsal laminectomy 
has been performed in calves. 1 Surgical 
treatment of cervical vertebral malforma¬ 
tion (fusion of affected cervical vertebrae) 
is performed in horses, but in farm animals 
treatment is usually not possible and in most 
cases slaughter for salvage is recommended. 
Spinal hematomas of the cervical cord in 
horses can recover spontaneously but surgi¬ 
cal decompression may be helpful in chronic 

14 

cases. 

FURTHER READING 
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2004;20:231-242. 


REFERENCES 

1. Zani DD, et al. Vet Surg. 2008;37:801. 

2. Ubiali DG, et al. Pesq Vet Bras. 2011;31:997. 

3. Johnson AL, et al. / Vet Intern Med. 2012;26:1481. 

4. Cudomre LA, et al. Aust Vet J. 2012;90:392. 

5. Fews D, et al. Vet Comp Orthop Traumatol. 
2006;19:187. 

6. Denoix JM. Equine Vet Educ. 2007;19:72. 

7. Wong DM, et al. / Am Vet Med Assoc. 2015;247:55. 

8. Hammond G, et al. Vet Rec. 2006; 158:600. 

9. Levine GJ, et al. Vet Radiol Ultrasound. 2006;47:585. 

10. Zanolari P, et al. / Vet Intern Med. 2006;20:1256. 

11. Penny C, et al. / Vet Intern Med. 2007;21:322. 

12. Hoffman CJ, Clark CK. / Vet Intern Med. 
2013;27:317. 

13. Hestvik G, et al. / Vet Diagn Invest. 2006;18:307. 

14. Gold JR, et al. / Vet Intern Med. 2008;22:481. 


BACK PAIN IN HORSES 

The subject of back pain, and its relationship 
to lameness, is a very important one in 
horses. There is often a lesion in the vertebral 
canal and by pressing on the cord or periph¬ 
eral nerves it causes gait abnormalities that 
suggest the presence of pain, or they actually 
cause pain. Spondylosis, injury to dorsal 
spinous processes, and sprain of back 
muscles are common causes of the same 
pattern of signs. Because these problems 
are largely orthopedic ones, and therefore 
surgical, their discussion is left to other 
authorities. 

It is necessary in horses to differentiate 
spinal cord lesions from acute nutritional 
myodystrophy and subacute tying-up syn¬ 
drome. Those diseases are characterized by 
high serum creatine kinase and AST activities. 


Parasitic Diseases 
Primarily Affecting the 
Spinal Cord 

EQUINE PROTOZOAL 
MYELOENCEPHALITIS 


SYNOPSIS 


Etiology Sarcocystis neurona, a protozoon. 
Neospora hughesi is an uncommon cause. 

Epidemiology Sporadic disease occasionally 
occurring as localized epidemics. Endemic 
throughout most of the Americas. Disease 
is infectious but not contagious. The 
definitive host in North America is the 
opossum (Didelphis spp.), and other 
opossum species in South America. 

Clinical signs Variable, but commonly 

asymmetric spinal ataxia, focal, neurogenic 
muscle atrophy, with or without cranial 
nerve dysfunction. 

Clinical pathology No characteristic changes 
in blood or cerebrospinal fluid. 

Demonstration of intrathecal production of 

Continued 
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antibodies to specific surface proteins 
(especially SnSAG2, 4/3) by measurement 
of antibodies in paired serum and CSF 
samples (ELISA). 

Diagnostic confirmation Histologic 

demonstration of S. neurona or N. hughesi 
in nervous tissue. 

Lesions Nonsuppurative myeloencephalitis 
with schizonts and merozoites in neurons, 
glial cells, and leukocytes. 

Treatment Antiprotozoal agents, including 
ponazuril, diclazuril, or a combination of a 
sulfonamide and pyrimethamine. 

Control Prevent exposure to S. neurona by 
minimizing fecal contamination by 
opossums of feed. No vaccine available. 


ETIOLOGY 

The cause is S. neurona, an apicomplexan 
protozoan that causes myeloencephalitis in 
equids, sea otters, cats, raccoons, red pandas, 
dogs, and a small number of other mamma¬ 
lian species. 1 ' 3 Fatal encephalitis in Southern 
sea otters and EPM in horses is strongly 
linked to S. neurona sporocysts shed by 
opossums. 4 ' 5 Isolates of S. neurona can vary 
in their antigenic composition because some 
immunodominant surface proteins (SnSAG 
1, 2, 3, and 4) vary in either or both of their 
presence or antigenicity among strains of S. 
neurona. For instance, some strains of S. 
neurona (e.g., SN4), including some that are 
virulent in horses, lack the major surface 
antigen SnSAG-1. 6 This heterogeneity in the 
surface antigen composition of different S. 
neurona isolates could be an important con¬ 
sideration for development of serologic tests 
and prospective vaccines for EPM. 6 

Neospora spp., including N. hughesi, 
cause myeloencephalitis in horses less fre¬ 
quently than does S. neurona .' 9 

The subsequent discussion refers to EPM 
caused by S. neurona, with specific points 
made in respect to N. hughesi. 

EPIDEMIOLOGY 

EPM occurs in horses and ponies in Canada, 
the United States, Central America, and 
Brazil. Reports of neurologic disease in 
horses with antibodies to S. neurona in 
France have yet to be confirmed but might 
represent cases of EPM in native horses 
outside of the Americas. The disease is 
reported in other countries in only horses 
imported from the Americas, and seropreva- 
lence to S. neurona- specific antigens in 
Europe is rare in horses not imported from 
the Americas. 10 Distribution of the disease 
appears to correlate with the range of the 
definitive host, Didelphis virginiana in North 
America, or the related species D. marsupia- 
lis and D. albiventris in South America. The 
disease has not been reported in donkeys 
and mules. Neurologic disease associated 
with S. neurona has been reported in arma¬ 
dillos, sea otters, harbor seals, skunks, rac¬ 


coons, zebra, lynxes, dogs, porpoises, 
and cats. 2 ' 3 ' 11 ' 12 

The disease usually occurs sporadically in 
endemic areas, although epidemics on indi¬ 
vidual farms are reported. The incidence of 
EPM is estimated to be 14 new cases per 
10,000 horses per year. The case-fatality 
rate is approximately 7%, although up to 
14% of horses are sold or given away because 
they are affected by EPM. Approximately 
40% of horses recover completely and 
another 37% improve but do not recover 
from the disease. Another study reports that 
only 55% of horses with EPM examined at a 
referral hospital were alive a minimum of 3 
years after diagnosis and treatment. 

Seroepidemiologic studies, based on 
detection by Western immunoblot test of 
multiple antibodies to S. neurona in serum, 
indicate that 45% to 60% of horses in the 
United States are exposed to the agent but do 
not develop disease. 13 Antibodies to S. 
neurona are present in -49% of 495 horse 
sera tested with the rSnSAG2/4/3 trivalent 
ELISA in the Durango state of Mexico, and 
antibodies to N. hughesi are present in 3.0% 
of horse sera tested (rNhSAGl ELISA and 
confirmed by Western blot of N. hughesi 
tachyzoite antigen) in the same region. 14 
Approximately 26% of horses in Argentina 
have antibodies to S. neurona, and 39% of 
horses with neurologic disease are positive 
versus 22% of clinically normal horses. 15 
Four percent of horses in southern Brazil 
have serum antibodies to N. hughesi. 16 
Among horses in Israel, 12% of healthy 
horses are seropositive for antibodies to N. 
hughesi, and 21% of horses with neurologic 
disease and 38% of mares that aborted are 
seropositive. 1 ' 

Rates of seropositivity to S. neurona, N. 
hughesi, or both in North America are 
reported, and differences in proportion of 
submitted samples are positive for either or 
both species identified based on month of 
submission and various animal-related 
factors. However, the sample was not random 
and results could have been heavily affected 
by sampling bias. 18 

Vaccination with a product containing 
killed S. neurona induces a detectable anti¬ 
body response in both serum and, in approx¬ 
imately 50% of horses, in the CSF. 

Risk Factors 

Risk factors for development of EPM include 
season of the year, with the highest incidence 
of new cases in the summer and fall; age; use; 
protection of feed; and presence of opossums 
on the farm. 19 The disease occurs in horses 
from 2 months to 19 years of age. Horses <1 
year of age are at lower risk of developing 
disease than are horse 1 to 4 years of age. 
Older horses are less likely to develop the 
disease. Protection of feed from contamina¬ 
tion by opossum feces is associated with a 
decreased risk of disease, whereas the pres¬ 
ence of opossums on the premises was 


associated with an increased risk of disease. 
Horses used primarily for racing and showing 
are at increased risk for developing EPM 
with an annual incidence of 38 new cases per 
10,000 horses for horses used for racing com¬ 
pared with an incidence of 6 cases per 10,000 
horses for horses used for pleasure or farm 
work. Horses used for showing or competi¬ 
tion have the highest annual incidence of 51 
cases per 10,000 horses per year. The pres¬ 
ence of previous illness is a risk factor for 
development of EPM. Transportation for 55 
hours increases the susceptibility to EPM of 
horses experimentally infected with S. 
neurona. Relative to neurologic (non-EPM) 
control horses, horses with EPM are more 
likely to be >2 years old and to have a history 
of cats residing on the premises. Relative to 
nonneurologic control horses, horses with 
EPM are more likely to be used for racing or 
Western performance. 20 

Transmission 

S. neurona has the two-host life cycle 
(predator-prey) typical of other Sarcocystis 
and Toxoplasma spp. 21 ’ 22 The definitive host 
is the opossum, D. virginiana, and interme¬ 
diate hosts include raccoons, 2 ’ cats, skunks, 
sea otters, armadillos, and cowbirds ( Molo- 
thrus ater). 24 The domestic cat, nine-banded 
armadillo, raccoon, cowbird, and skunk can 
be infected by ingestion of sporocysts and 
develop sarcocysts in muscle, which when 
fed to opossums, induces shedding of spo¬ 
rocysts, confirming the potential for these 
species to serve as intermediate hosts. Cats 
living on farms at which EPM has been 
diagnosed in horses have a higher rate of 
seroprevalence (40%) than do cats living 
in a city (10%), providing evidence for 
a role of cats in the epidemiology of the 
disease. However, others have detected a 
lower prevalence of seropositivity (5%) to S. 
neurona among cats in Texas and conclude 
that cats are not likely to play an important 
role in the epidemiology of EPM. At least 
in those areas where raccoons are present 
they are probably the most important 
intermediate host. 

The definitive host is infected by inges¬ 
tion of sarcocysts of S. neurona encysted in 
muscle of the intermediate host. The inter¬ 
mediate host is infected by ingestion of spo¬ 
rocysts derived from rupture oocysts passed 
in the feces of the definitive host. Sporocysts 
can remain infective in the environment for 
months, but are probably, based on behavior 
of other Sarcocystis spp. oocysts, killed by 
drying, high humidity, or freezing and 
thawing. Birds and insects also serve as 
transport hosts. Sporocysts ingested by the 
intermediate host undergo schizogony and 
ultimately form infective sarcocysts in 
muscle. S. neurona sarcocysts have been 
detected in the muscle of a 4-month-old filly, 
suggesting that horses might serve as 
intermediate hosts of the organism. This 
finding needs to be confirmed because the 







conventional wisdom is that in horses S. 
neurona does not complete schizogony and 
remains as uninfective merozoites in neural 
tissue. S. neurona sarcocysts do not occur in 
the muscle of horses; therefore horses are not 
infective to other animals. 

There is no evidence of transplacental 
infection of foals. 

The definitive and intermediate hosts of 
N. hughesi have not been determined. Dogs 
are the definitive host of the closely related 
N. caninum. N. hughesi can be transmitted 
transplacentally from mares to foals, and it is 
suggested that infection with this organism 
can persist in a band of horses by vertical 
transmision. 25 ' 26 

PATHOGENESIS 

Details of the pathogenesis of EPM are 
unknown. It is assumed that after infection, 
probably by ingestion, sporocysts excyst and 
release sporozoites, which penetrate the 
gastrointestinal tract and enter endothelial 
cells. Subsequently, meronts (schizonts) 
develop and on maturation rupture and 
release merozoites. Schizonts are present in 
cells of the CNS, including neurons, glial 
cells, and intrathecal macrophages. Schiz¬ 
onts multiply in the infected cells, as evi¬ 
denced by the presence of merozoites. 
Infection induces a nonsuppurative inflam¬ 
mation, characterized by accumulations of 
lymphocytes, neutrophils, eosinophils, and 
gitter cells. Infection of neurons, and the 
associated inflammatory reaction, disrupt 
normal nervous function and contribute to 
the clinical signs of weakness, muscle 
atrophy, and deficits in proprioception. 

Mechanisms permitting infection and 
proliferation of the organism have not been 
well defined. Horses with EPM have lesser 
cell-mediated immunity than do asymptom¬ 
atic horses, and the decrease in cell-mediated 
immunity appears to be caused by S. neurona 
suppressing immune responses to parasite- 
derived antigens. However, foals with severe 
combined immunodeficiency administered 
S. neurona do not develop neurologic disease, 
despite prolonged parasitemia and infection 
of visceral organs by the organism, whereas 
immunocompetent horses do not have pro¬ 
longed parasitemia but do develop neuro¬ 
logic disease. 

CLINICAL FINDINGS 

The incubation period after experimental 
infection of young horses ranges between 28 
and 42 days, but is not known for the spon¬ 
taneous disease. 

The clinical findings of EPM in horses are 
protean, and in endemic areas EPM should 
be considered as a diagnosis in any horse 
with clinical signs referable to the nervous 
system. S. neurona can infect any area of the 
brain and spinal cord, and may affect more 
than one site in an individual horse, resulting 
in the wide range of neurologic abnormali¬ 
ties associated with this disease. 
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Clinical signs of EPM range from barely 
perceptible changes in gait or behavior to 
recumbency, muscle atrophy, or seizures. 
The onset of signs can be insidious and 
gradual, or acute and rapidly progressive. 
Affected horses do not have increased tem¬ 
perature or heart rate, unless complications 
of the nervous disease occur. 

Spinal ataxia, evident as weakness, hypo- 
metria, or hypermetria, and defects in pro¬ 
prioception are common manifestations of 
EPM. Multifocal spinal or cervical disease 
causes all four limbs to be affected, whereas 
lesions caudal to the cervical intumescence 
cause signs in the rear limbs only. Signs of 
spinal ataxia range from subtle changes in 
gait, which are difficult to differentiate from 
obscure lameness caused by musculoskeletal 
disease, through obvious spinal ataxia 
evident as truncal sway, toe dragging, and 
circumduction of feet, to spontaneous falling 
and recumbency. Asymmetry of clinical 
signs, in which one limb is affected more 
than the contralateral limb, is highly sugges¬ 
tive of EPM because CSM and equine degen¬ 
erative myelopathy usually cause symmetric 
ataxia. 

Lesions in the sacral cord cause signs of 
cauda equina syndrome, including tail 
paresis and urinary and fecal incontinence. 

Lesions affecting spinal cord gray matter 
cause focal, asymmetric muscle atrophy, 
absent reflexes, or focal areas of sweating. 
Muscles frequently affected include the 
quadriceps, biceps femoris, epaxial muscles, 
and the supraspinatus/infraspinatus group. 
EPM can present as a brachial plexus injury 
evident as radial nerve paralysis. 

CN disease is a common manifestation of 
EPM. Common syndromes include the 
following: 

• Vestibular disease (CN VIII), evident as 
circling, nystagmus, head tilt, and falling 
toward the affected side 

• Unilateral facial nerve paralysis (CN 
VII), evident as ear droop, lack of 
palpebral or corneal reflex and menace 
on the affected side, and displacement of 
the upper lip and nares away from the 
side of the lesion 

. Dysphagia (CNs IX, X, XII) and 
persistent dorsal displacement of the 
soft palate 

• Tongue paralysis (CN XII) 

• Masseter atrophy and weakness (CN V) 

• Hypalgesia (lack of sensation) of the 
nostrils and skin of the face (CN V) 

EPM might also manifest as changes in 

personality and behavior, head-shaking, and 
seizures. 

Clinical disease caused by infection by N. 
hughesi is clinically indistinguishable from 
that associated with S. neurona. 6,9 

CLINICAL PATHOLOGY 

There are no characteristic changes in the 
hemogram or serum biochemical variables. 
Diagnosis has focused on the demonstration 


of antibodies to S. neurona in serum or CSF 
by Western blot, indirect fluorescence 
testing, or ELISA. The important concept is 
use of paired serum and CSF samples to 
demonstrate intrathecal production of anti¬ 
bodies to differentiate infection associated 
with neurologic disease from clinically inap- 
parent infection. 13 ' 27 ' 29 

The sensitivity and specificity of Western 
blot (Sn 80%-89%, Sp 38%-87% on serum, 
and Sn -88% and Sp 44%-89% in CSF); indi¬ 
rect FAT (IFAT) (Sn 59%-94%, Sp 71%- 
100% in serum, and Sn 65%-100%, Sp 
90%-99% in CSF); SAG1 ELISA (Sn 13%- 
68%, Sp 71%-97% in serum); and SAG2,4/3 
ELISA (Sn 30%-86%, Sp 37%-88% in serum, 
Sn 77%-96% and Sp 58%-96% in CSF) for 
detection of EPM have been recently 
reviewed. 13,28 ' 29 The combination of serum 
and CSF testing using tests to detect antibod¬ 
ies to SAG2, 4/3 surface proteins were the 
most sensitive and specific for diagnosis of 
horses with clinical signs of neurologic 
disease. 28 ' 29 

Interpretation of the results of Western 
blot analysis of CSF for IgG antibodies to S. 
neurona is problematic because of the poten¬ 
tial for blood contamination of the sample 
during collection, and the high sensitivity 
but low specificity of the test. Blood con¬ 
tamination of the sample is problematic in 
horses that are seropositive for antibodies 
to S. neurona and in which it is desired to 
know if antibodies are present in CSF. Con¬ 
tamination of CSF with blood can introduce 
antibodies from serum into the other¬ 
wise antibody-free CSF, causing a “false”- 
positive test. Contamination of CSF with 
small quantities of blood with high concen¬ 
trations of antibodies to S. neurona might 
not be detectable using RBCs, albumin 
quotient, or immunoglobulin index, but 
could yield a positive result on Western 
blot testing. 

Foals of seropositive mares acquire anti¬ 
bodies, but not infection, by ingestion of 
colostrum from the dam. These antibodies 
can be detected in both serum and CSF of 
foals. The mean time for foals to become 
seronegative for antibodies to S. neurona is 
4.2 months. Detection of antibodies to S. 
neurona in serum or CSF of foals less than 4 
to 6 months of age, even those with neuro¬ 
logic disease, should be interpreted with 
caution as the antibodies are likely derived 
from the dam. 

An IFAT reliably detects antibodies to S. 
neurona in serum and CSF of infected 
horses. 28 This test has the advantages of pro¬ 
viding quantitative results, is cheaper to 
perform, and is more accurate than immu- 
noblots in the detection of antibodies. 

Examination of other variables in CSF is 
of limited use in the diagnosis of EPM, and 
measurement of creatine kinase activity in 
CSF has no diagnostic usefulness. The use 
of the albumin quotient or IgG index to 
detect blood contamination of CSF, or the 
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intrathecal production of IgG, is unreliable 
and not useful in the diagnosis of EPM. 

NECROPSY 

Lesions are limited to the spinal cord and 
brain, with the exception of neurogenic 
muscle atrophy. Gross lesions of hemorrhage 
and malacia may be visible in the CNS tissue. 
The lesions are asymmetric, but may be 
more frequently encountered in the cervical 
and lumbar intumescences of the spinal 
cord. Histologic examination reveals multi¬ 
focal necrosis of the nervous tissue with an 
accompanying infiltration of macrophages, 
lymphocytes, neutrophils, and occasional 
eosinophils. This reaction is predomnantly 
nonsuppurative and usually includes a 
degree of perivascular cuffing. Schizonts or 
free merozoites may be evident in tissues but 
are difficult to locate without IHC stains. The 
sensitivity of screening for the parasite in 
hematoxylin and eosin-stained sections of 
nervous tissue from cases with histologic 
changes suggestive of EPM was only 20%. 
The sensitivity improved to 51% when IHC 
staining of the tissue was used. The same 
interpretative problems encountered when 
testing antemortem CSF samples apply when 
the fluid is collected at postmortem. Isola¬ 
tion in cell culture systems is possible but 
rarely attempted in diagnostic laboratories. 
PCR tests for these apicomplexan parasites 
can yield false negatives because of the 
random distribution of the parasite within 
CNS tissue. 

Samples for Confirmation 
of Diagnosis 

• Histology: fixed spinal cord (several 
levels, including cervical and lumbar 
intumescences) and half of brain, 
including the entire brainstem, CN VII 
in some cases (LM, IHC, PCR). 


DIFFERENTIAL DIAGNOSIS 


The clinical diagnosis of EPM should be based 
on the detection of unequivocal neurologic 
abnormalities consistent with EPM, ruling out 
of other causes of neurologic disease (listed 
next) and the detection of antibodies to 5. 
neurona or N. hughesi in uncontaminated 
samples of cerebrospinal fluid and serum to 
confirm intrathecal production of specific 
antibodies. 13 A favorable response to 
treatment specific for EPM increases the 
likelihood that the horse has EPM. A definitive 
diagnosis can only be achieved by necropsy. 

• Spinal ataxia. 

• Cauda equina syndrome: EPM should be 
differentiated from polyneuritis equi, 
equine herpesvirus-1 myelopathy, and 
injection of long-acting anesthetics or 
alcohol around sacral nerve roots. 

• Peripheral nerve lesions: other causes of 
focal muscle atrophy, such as brachial 
plexus injury, damage to the supraspinatus 
nerve, or disuse atrophy can be 


differentiated from EPM on history and 
clinical signs. 

• Cranial nerve disease: signs of vestibular 
disease, facial or trigeminal nerve 
dysfunction, and dysphagia associated with 
EPM should be differentiated from the 
following: 

• Middle ear infection 

• Guttural pouch mycosis 

• Arthritis and fracture of the 
temporohyoid articulation 

• Head trauma 


TREATMENT 

Specific treatment of EPM involves the 
administration of antiprotozoal drugs 
including ponazuril, diclazuril, nitazoxanide, 
or the combination of pyrimethamine and 
sulfadiazine. 

Administration of the combination of 
sulfadiazine (or similar drug, 20 mg/kg, 
orally) and pyrimethamine (1-2 mg/kg, 
orally) every 24 hours given 1 hour before 
feeding is effective in approximately 60% to 
70% of cases. 13 This treatment is continued 
for at least 90 days if complete resolution of 
clinical abnormalities occurs, or longer if the 
signs of EPM do not resolve. Adverse effects 
of the administration of a combination of a 
sulfonamide and pyrimethamine include 
enterocolitis, anemia, and abortion. Folic 
acid is often added to the diet of horses being 
treated for EPM, but this cannot be recom¬ 
mended because of its lack of efficacy in pre¬ 
venting anemia in treated horses and its 
ability to cause severe congenital abnormali¬ 
ties in foals born to treated mares and anemia 
and leukopenia in adult horses. Orally 
administered synthetic folates interfere with 
normal folate metabolism in horses being 
administered antifolate drugs resulting, par¬ 
adoxically, in folate deficiency. Adequate 
intake of folates in antiprotozoal-treated 
horses can be assured by feeding a diet con¬ 
taining good quality green foliage. 

Ponazuril, an active metabolite of toltra- 
zuril, is usually administered at a dosage of 
5 mg/kg BW orally once daily for 28 days. At 
this dosage, and at 10 mg/kg orally once 
daily for 28 days, administration of the drug 
results in resolution of clinical signs in 
approximately 60% of horses with EPM. The 
initial dosage is 5 mg/kg every 24 hours, 
which is continued for 28 days if signs of 
improvement are evident after 14 days. If 
signs of improvement are not seen after 14 
days, the dosage is increased to 10 mg/kg 
orally every 24 for 14 days. Few adverse 
effects are noted, even at 30 mg/kg orally 
once daily for 28 days. Diclazuril, which is 
available in the United States as a pelleted 
product for oral administration to horses, is 
similarly effective and free of serious adverse 
effects. 13,30 ' 32 

Nitazoxanide administration was associ¬ 
ated with adverse effects including fever, 
anorexia, diarrhea, and worsening of clinical 


signs of neurologic disease. It is no longer 
recommended for treatment of EPM. 

The decision to stop treatment in horses 
that do not completely recover is difficult. 
Some authorities recommend resampling 
CSF and continuing treatment until antibod¬ 
ies to S. neurona are no longer detectable. 
However, given that normal horses often 
have antibodies in their CSF, and that some 
treated horses never lose their positive 
Western blot test, the decision to stop treat¬ 
ment should not be based entirely on this 
variable. 

Some horses have a transient worsening 
of clinical signs in the first week of treatment. 
This is presumed to be from the effect of the 
antiprotozoal agent causing death of proto¬ 
zoa with subsequent inflammation and 
further impairment of neurologic function. 
Relapse of the disease occurs in some horses 
when administration of antiprotozoal medi¬ 
cation is stopped. 

Supportive treatment of affected horses 
includes antiinflammatory drugs (flunixin 
meglumine, 1 mg/kg intravenously, every 
8-12 hours; dimethyl sulfoxide, 1 g/kg as a 
10% solution in isotonic saline intravenously, 
every 24 hours for 3 days) and nutritional 
support for horses that cannot eat. Flunixin 
meglumine is often administered twice daily 
for the first 3 to 5 days of treatment with 
ponazuril or nitazoxanide, purportedly to 
reduce the inflammatory effects of death of 
protozoa in the CNS. 

Treatment of EPM associated with infec¬ 
tion by N. hughesi is based on the same prin¬ 
ciples and medications as treatment of 
disease associated with S. neurona , 8 

CONTROL 

Preventing contamination of feed and water 
with opossum feces is essential for prevent¬ 
ing EPM in animals. Sporocysts of S. neurona 
are resistant to the usual concentrations of 
many of the conventional disinfectants 
including sodium hypochlorite (bleach), 2% 
chlorhexidine, 1% betadine, 5% benzyl chlo- 
rophenol, 13% phenol, 6% benzyl ammo¬ 
nium chloride, and 10% formalin. The 
organism is killed by heating to 55°C for 15 
minutes or 60°C (140°F) for 1 minute. 
Although survival of sporocysts in different 
environmental conditions outdoors has not 
been tested, sporocysts remained viable at 
4°C (131°F) for months. 22 

Because protection of feed from contami¬ 
nation by opossums has been demonstrated 
to reduce the risk of horses developing EPM, 
it is prudent to use measures to reduce the 
exposure of animals and feed to opossum 
feces, and possibly feces of birds that might 
act as transport hosts. 

There is interest in pharmacologic means 
of preventing infection of horses by S. 
neurona. Pyrantel pamoate has some efficacy 
against S. neurona in vitro but daily admin¬ 
istration (2.6 mg/kg BW in feed) does not 
prevent S. neurona infection of horses. Daily 











administration of low doses of diclazuril to 
foals in endemic areas significantly reduces 
the rate of seroconversion. 30 ' 32 

There is no vaccine available for preven¬ 
tion of EPM associated with either S. neurona 
or N. hughesi. 22 

FURTHER READING 

Dubey JP, et al. An update on Sarcocystis neurona 
infections in animals and equine protozoal 
myeloencephalitis (EPM). Vet Parasitol. 
2015;209:1-42. 

Reed SM, et al. Equine protozoal myeloencephalitis: an 
updated consensus statement with a focus on 
parasite biology, diagnosis, treatment and 
prevention. / Vet Intern Med. 2016;30. 
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CEREBROSPINAL NEMATODIASIS 
(ELAPHOSTRONGYLOSIS) 

Cerebrospinal nematodiasis, cerebrospinal 
elaphostrongylosis (CSE) or neurofilariosis 
are disease of sheep, goats, and camelids 
caused by infestation of the brain and spinal 
cord with the nematode Elaphostrongylus 
and related genera. This genus is closely 
related to the lungworms of small ruminants 
but is found in the cranial subarachnoid 
space, cranial venous sinuses, and occasion¬ 
ally in the spinal subarachnoid space. Parala- 
phostrongylus tenuis occurs in white-tailed 
deer 1 and moose 2 in eastern North America 
and parts of western Canada, E. cervi in 
deer, sheep, and goat in Europe 3 ’ and New 
Zealand, and E. rangiferi in reindeer in 


Parasitic Diseases Primarily Affecting the Spinal Cord 


1345 


Scandinavia. P. odocoilei has been found to 
infect bighorn sheep in North America. 6 
Eggs or larvae are carried to the lungs, 
undergo a tracheal migration, and the first- 
stage larvae are passed in the feces. The 
larvae are quite resistant to adverse environ¬ 
mental conditions and enter slugs or snails 
to develop into infective larvae. The lifecycle 
is complete when infected molluscs are 
ingested by deer and the larvae penetrate the 
abomasum and migrate, possibly along 
spinal nerves, to the spinal cord where they 
develop into adults and migrate into the sub¬ 
arachnoid space. 

Clinical signs are not seen in infected 
deer, but in sheep, goats and New World 
Camelids the worm continually moves 
through nervous system tissue causing 
limping and incoordination followed by 
almost complete paralysis of the hindlimbs 
or of the neck, body, and all four legs. 3,7 ' 9 
There are usually no signs of cerebral involve¬ 
ment, and affected animals remain bright 
and continue to eat. If given supportive treat¬ 
ment, they may survive for at least 1 month. 
P. tenuis also transmits to moose and is 
responsible for the nervous signs in “moose 
sickness,” including the following 4 : 

• Weakness 

• Incoordination 

• Circling 

• Impaired vision 

• Blindness 

• Abnormal carriage of the head 

• Paralysis 

• Lack of fear of man 

• Aggressiveness 

Histopathologic lesions include axonal 
degeneration and swelling, perivascular 
cuffing, presence of hemosiderin-laden 
macrophages, and increased numbers of 
eosinophils. 9,10 

Clinical signs of spinal cord disease 
attributed to Parelaphostrongylus tenuis 
appear to diminish after treatment with high 
doses of oral fenbendazole (50 mg/kg, daily 
for five days), although randomized clinical 
trials have not been completed to confirm 
this impression. 

No reliable treatment is available for 
CSE. Ivermectin has no effect on the adult 
worms, possibly because the large molecules 
of this compound cannot pass the blood- 
brain barrier. 5 One clinical report describes 
the treatment of 17 light to moderately 
affected goats with an NSAID (flunixin 
meglumine) together with ivermectin and 
fenbendazole for 5 days. 6 Complete recovery 
occurred in three, partial recovery in 
eight, but euthanasia was necessary for the 
remainder. 
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SETARIA 

Setaria spp. are long (5- to 10-cm) thread¬ 
like filarial nematodes commonly found in 
the peritoneal cavity of most domestic 
animals. S. labiato-papillosa is a cosmopoli¬ 
tan parasite of cattle, whereas S. digitata and 
the closely related, and perhaps synonymous, 
species S. marshalli occur only in Asia. 1 S. 
equina is found worldwide in horses. S. 
tundra infects and causes significant eco¬ 
nomic losses in reindeer in Finland. 2,3 Adult 
females produce motile embryos (microfi¬ 
lariae) that circulate in the peripheral blood 
of the infected animal and are taken up by 
mosquitoes. Infective larvae develop in the 
intermediate host and are released when the 
mosquito subsequently feeds. S. labiato- 
papillosa reaches maturity in cattle in 8 to 10 
months. Despite their size, the presence of 
these worms in the abdominal cavity causes 
no significant clinical effect. 

Serious disease may result if S. labiato- 
papillosa or S. digitata infect animals other 
than their own natural host, especially 
horses, sheep, goats, and humans. In these 
hosts, they migrate in an abnormal manner 
causing epizootic cerebrospinal nematodosis 
(with local names including lumbar paralysis 
and kumri) when they invade the brain and 
spinal cord. Juvenile S. digitata may also 
invade the eye. Although Setaria is found in 
cattle in many countries, cerebrospinal nem¬ 
atodosis is largely restricted to Israel, Japan, 
China, Korea, India, and Sri Lanka. The inci¬ 
dence is increasing in Taiwan, and a single 
case has been reported from the United 
States. Ocular filariasis is seen most com¬ 
monly in Japan. These diseases occur during 
summer and autumn when the vectors are 
most prevalent. The cerebrospinal form 
sometimes occurs in epidemic proportions, 
causing the death of horses, sheep, and goats. 

Cerebrospinal nematodiosis may be 
rapid in onset with affected animals dying 
within a few days or it may occur gradually 
over a few days. There may be acute or sub¬ 
acute paresis with weakness and incoordina¬ 
tion or paralysis involving the hindlegs most 
commonly, but sometimes all four legs are 
involved. Recovery is only partial in many 
animals but others show only a mild neuro¬ 
logic disorder, which gradually becomes 
indiscernible. There are no systemic signs 
and the animals may continue to eat. 
Other diseases causing similar clinical signs 
include enzootic equine ataxia in horses and 
paralytic rabies in sheep and goats as lesions 
as well as traumatic injury, spinal cord 
abscess, warble fly larvae, S. vulgaris, or H. 
gingivalis. 
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At necropsy, there are no macroscopic 
changes and sections need to be taken from 
many levels of the spinal cord to find histo¬ 
logic lesions. Focal areas of malacia or 
microcavitation are seen and in adjacent sites 
there may be loss of myelin, axonal swelling, 
degeneration, and gitter cell formation. 
Migratory pathways are indicated by necrotic 
tracts. Where nervous signs have been 
present for only a few days, a worm or worm 
fragments may occasionally be found. 
Molecular techniques have been developed 
for identifying the responsible species. 

S. tundra causes peritonitis, perihepatitis, 
and significant decrease in body condition 
score in reindeer calves. 2 ' 3 Treatment of 
infected reindeer with ivermectin (0.2 mg/ 
kg, subcutaneously) has up to 95% efficacy of 
worm elimination. 2 Application of biting 
insect repellant (deltamethrin) significantly 
decreases S. tundra infections in reindeer. 2 

Anthelmintics will not resolve existing 
lesions but may prevent further damage. 
Little has been published on treatment or 
control. Ivermectin gave moderate efficacy 
(80%—88%) against adult S. equina in ponies. 
In a field study, none of 221 goats and sheep 
injected twice with ivermectin at a dose of 
0.2 mg/kg developed setariasis, whereas 17 
of 303 noninjected animals suffered from the 
disease. 

FURTHER READING 

Taylor MA, Coop RL, Wall RL. Veterinary Parasitology. 
Oxford, UK: Wiley-Blackwell; 2007. 

REFERENCES 

1. Laaksonen S, et al. Acta Vet Scand. 2008;50:49. 

2. Laaksonen S, et al. VetRec. 2007;160:835. 

3. Nakano H, et al. / Vet Med Sci. 2007;69:413. 


Toxic Diseases Primarily 
Affecting the Spinal Cord 

STRINGHALT 

Stringhalt is an involuntary, exaggerated 
flexion of the hock during walking. It can 
affect one or both hindlimbs. Classic string- 
halt occurs sporadically, is usually unilateral, 
and is usually irreversible without surgical 
intervention. Stringhalt can also occur sec¬ 
ondarily to injury to the dorsal metatarsus. 

A clinically identical disease, Australian 
stringhalt, occurs in outbreaks in Australia, 
New Zealand, California, Japan, Europe, the 
UK, Brazil, and Chile. 1 ’ The outbreaks tend 
to occur in late summer or autumn and are 
related to drought conditions or overgrazing 
of pasture with consequent ingestion of 
plants that would otherwise not be eaten. 
Outbreaks in Australia, California, and Vir¬ 
ginia are related to the ingestion of Hypo- 
chaeris radicata (flatweed, cats ear). 4 Other 
plants suspected to play a role in the etiology 
include Taraxacum officinale (dandelion), 
Arctotheca calendula (capeweed), or Malva 


parviflora (mallow) but good evidence of the 
role of any of these latter plants is lacking. 

The pathogenesis of the disorder is likely 
related to the presence of toxins in H. radi¬ 
cata, especially after it is stressed. 6 The toxin 
or toxins have not been identified but are 
unlikely to be mycotoxins. 4 The disease has 
been experimentally induced by feeding a 
colt 9.8 kg per day for 19 days of H. radicata 
harvested fresh from a pasture on which 
horses had developed disease. 5 The disease 
resolved when the colt was fed H radicata 
from a pasture with unaffected horses. Signs 
in the colt resolved within 15 days of last 
feeding the toxic plant. ' 

Clinical signs are distinctive. The abnor¬ 
mal movement is only elicited when the horse 
begins to move forward. The characteristic 
movement occurs in mildly affected horses 
when they are backed or turned. Most cases 
are manifested by a flexion of the hock that 
can be violent enough for the horse to kick 
itself in the abdomen. The hoof is held in this 
position for a moment and then stamped 
hard on the ground. If both hindlegs are 
affected, progress is very slow and difficult 
and the horses often use a bunny-hopping 
gait. In the most severe cases the horse is 
unable to rise without assistance. The horse’s 
general health is unaffected, although it may 
be difficult for it to graze. Some cases have 
other signs of neurologic disease such as stiff¬ 
ness of the forelimbs or respiratory distress 
caused by laryngeal paralysis. Many affected 
horses have unilateral (usually left) laryngeal 
hemiplegia evident on endoscopic examina¬ 
tion of the larynx. 

EMG examination reveals markedly 
abnormal activity including prolonged inser¬ 
tion activity, fibrillation potentials, and posi¬ 
tive waves at rest and enhanced EMG activity 
in the right lateral digital extensor muscle on 
muscle contraction consistent with denerva¬ 
tion. The changes are most severe in the long 
digital extensor muscle. Most horses recover 
without treatment, although complete recov¬ 
ery might not occur for over 1 year. 

Biopsy of the superficial peroneal nerve 
and the long digital extensor muscle can be 
useful in providing an antemortem diagnosis. 
The superficial peroneal nerve of an affected 
horse had loss of large myelinated fibers, 
axonal degeneration, and myelin splitting.' 

There are no characteristic abnormalities 
in a complete blood count or serum bio¬ 
chemical profile. Pathologic findings are 
restricted to a peripheral neuropathy in the 
tibial, superficial peroneal, and medial 
plantar nerves and in the left and right recur¬ 
rent laryngeal nerves. Lesions in affected 
muscles are consistent with denervation 
atrophy and fiber type grouping. 

The signs of the disease are characteristic. 
Differential diagnosis of the disease involv¬ 
ing one leg is ossifying myopathy of the 
semimembranosus and semitendinosus 
muscles. Lead toxicosis can induce similar 
signs in horses. 


Recovery is spontaneous in most cases 
(50% over an 8-month period in one large 
case series). 2 

Treatment with phenytoin (15 mg/kg 
orally daily for 14 days) effects some improve¬ 
ment but the signs recur within 1 or 2 days 
after treatment is discontinued. 2 Myotenec- 
tomy of the lateral digital extensor muscle 
and tendon is reported to provide immediate 
relief in affected horses, even in those horses 
with severe bilateral disease. 

Control involves the prevention of over- 
grazing of pastures, particularly during 
droughts, and restricting or eliminating 
access to H. radicata. 
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Inherited Diseases 
Primarily Affecting 
the Spinal Cord 

SPASTIC PARESIS OF CATTLE 
(ELSO HEEL) 

This disease occurs in the Holstein, Aber¬ 
deen Angus, Red Danish, Ayrshire, Beef 
Shorthorn, Poll Hereford, Murray Grey, and 
many other breeds of cattle. It has been 
observed in crossbred Brahman cattle and in 
an Ayrshire x Beef Shorthorn crossbred 
steer. The disease occurs principally in calves, 
with signs appearing from several weeks to 6 
months or more after birth. Occasional cases 
are reported as developing in adult European 
cattle, and there is one report of the occur¬ 
rence of the disease in adult Indian cattle. 
The disease was first termed Elso heel based 
on its first description in 1922 as a heritable 
disease from an East Friesian bull named 
Elso II. The preferred name spastic paresis 
was first used in 1932 to emphasize the 
primary defect. 1 

It has been held for a long time that the 
disease is inherited, and the principal argu¬ 
ment has centered on the mode of inheri¬ 
tance. Attempts to determine this have 
shown that the rate of occurrence in planned 
test matings is so low that, if inheritance is 
involved, it can only be the inheritance of a 
susceptibility to the disease. It is suggested 
that different time appearances represent a 
single disease entity with varying expressiv¬ 
ity, with the late forms affected by cumulative 
environmental factors. A proposed hypoth¬ 
esis is of a gene with increased penetrance in 
the homozygote, with weak penetrance in 
the heterozygote, acting on a polygenic basis 
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Fig. 14-19 Spastic paresis in an 8-month-old Holstein Friesian heifer. Both hindlegs are 
excessively straight, the left hindleg is held caudally and above the ground, and the tail is 
characteristically held away from the body. 


dependent on external factors. Males appear 
to be affected more often than females, but a 
clear sex predilection has not been identified. 
The prevalence of disease appears to be <1% 
in all breeds. 1 Infectious agents causing 
transmissible subacute spongiform encepha¬ 
lopathies interacting with trace elements 
such as lithium have been suggested as etio- 
logic agents, but there is no evidence to 
support this hypothesis. 

In all forms of the disease in most cattle 
breeds (exceptions being the Belgian Blue 
and Romagnola in which the excessive tone 
occurs in the quadriceps femoris muscle; the 
lesion is usually bilateral) there is excessive 
tone of the gastrocnemius muscle and 
straightness of the hock, usually more 
marked in one hindleg. If only one leg is 
affected, it may be thrust out behind while 
the calf is walking and advanced with a 
restricted, swinging motion often without 
touching the ground. There is no resistance 
to passive flexion of the limb and the animal 
appears normal while sitting. Clinical signs 
are most exaggerated after immediately 
encouraging a sitting animal to stand. The 
gastrocnemius and perforatus muscles are 
rigid and in a state of spastic contraction. 
There is a characteristic elevation of the tail 
(Fig. 14-19). The lameness becomes progres¬ 
sively worse and affected animals spend 
much time lying down. Much BW is lost and 
the animal is usually destroyed between 1 
and 2 years of age. 

Minor lesions described as regressive 
changes in the neurons of the red nucleus, in 
the reticular substance, and in the lateral ves¬ 
tibular nucleus are of doubtful significance, 
as are the observed reduction in inorganic 
phosphate and ascorbic acid levels in the 


blood and CSF of affected calves. A lower 
than normal CSF concentration of a central 
neurotransmitter, dopamine, could also be 
an effect rather than a cause. 

There are demonstrable lesions on radio- 
logic examination of the tarsus with remod¬ 
eling of the calcaneus bone and development 
of an enlarged and irregular epiphysis of the 
calcaneus caused by chronic and repetitive 
strain that straightens the hindlimb. Exten¬ 
sive examinations of muscles and tendons 
have failed to reveal histologic abnormalities. 
The absence of any structural lesion and the 
variation in intensity of the abnormality sug¬ 
gests that it is a functional one. An overac¬ 
tive stretch reflex is thought to be responsible 
for the clinical signs, possibly caused by 
defective glycinergic synaptic transmission 
and alteration of calcium signaling proteins 
(Fig. 14-20). w 

The diagnosis of spastic paresis is based 
on history, signalment, clinical signs, and 
progressive nature of the disease. A genetic 
test is currently unavailable because the 
underlying gene defect(s) have yet to be 
identified. An epidural injection of 0.38% 
procaine solution diminishes the clinical 
signs of spastic contracture within 10 to 15 
minute and has provided a useful supporting 
diagnostic test when the gastrocnemius is the 
principal muscle of contracture; it is less 
helpful in cases of spastic contraction of the 
quadriceps. In the latter case ultrasound- 
guided infiltration around the femoral nerve 
with local anesthetic solution may be 
attempted. 13 

In Europe, affected animals are kept for 
breeding purposes, especially if they are 
double-muscled. They are kept because of 
the efficacy of the curative surgical operation 


(partial tibial neurectomy) and for the high 
incidence of double-muscling in such calves. 
In the Holstein breed, and several German 
breeds, bulls that sire affected calves have 
been observed to have very straight hocks 
and to suffer from various forms of stifle and 
hock lameness early in life. 

The only effective treatment is surgical. 
Several surgical techniques including tenec- 
tomy, partial tibial neurectomy, and triple 
tenectomy have been described. The most 
effective technique appears to be partial 
tibial neurectomy performed under caudal 
epidural anesthesia with electrical stimula¬ 
tion used to identify the tibial nerve. 4 In a 
large case series on 113 Belgian Blue calves 
with spastic paresis, a telephone follow-up of 
the owners 3 months later revealed good 
results in 83%, a considerable improvement 
in 4%, severe hyperflexion of the hock neces¬ 
sitating early culling for slaughter in 5%, and 
in 8% there was little or no improvement. 

FURTHER READING 
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INHERITED CONGENITAL 
MYOCLONUS (HEREDITARY 
NEURAXIAL EDEMA) 

This congenital defect of the nervous system 
has been reported only in Poll Hereford 
cattle or their crossbreds and appears to be 
transmitted by inheritance in an autosomal 
recessive pattern. A similar disease has been 
tentatively recorded in Peruvian Paso horses. 
At birth affected calves are unable to sit up 
or rise and are very sensitive to external 
stimuli, manifested by extreme extensor 
spasm, including fixation of thoracic muscles 
and apnea, especially if lifted and held 
upright. The response is one of hyperesthesia 
with myoclonic jerks of skeletal muscles in 
response to external stimuli or spontane¬ 
ously. The intellect of the calves seems unaf¬ 
fected, vision is normal, they drink well, and 
can be reared but at a great cost in time. 
Intercurrent disease is common and calves 
usually die of pneumonia or enteritis before 
they are 1 month old. 

All affected calves have subluxations of 
the hip joints or epiphyseal fractures of the 
femoral head caused by muscle spasms in the 
fetus. Their gestation length is shorter than 
that of normal calves by 9 days. 

There are no microscopic lesions in the 
CNS, but there is a biochemical defect— 
severe alterations in spinal cord glycine- 
mediated neurotransmission. The specific 
and marked defect in glycine receptors and 
the increase in neuronal uptake of glycine are 
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Fig. 14-20 Simplified drawing of the y-motor neuron system. In cattle with spastic paresis, spinal cord neurons are thought to provide defective 
control to the y-motor neuron system, most likely by overstimulation or sufficient inhibition. During the normal stretch reflex the extrafusal 
skeletal muscle fibers are lengthened, stretching the muscle spindle. This stretch is detected and a signal sent via the afferent axon to the dorsal 
root. The signal is then sent directly to the a-motor neurons, resulting in muscle contraction. y-Motor neurons in the ventral spinal cord that are 
controlled by the central nervous system appear to inappropriately modulate the sensitivity of the stretch reflex system, resulting in sustained 
and excessive contraction. (Reproduced with permission from De Vlamynck C. Vet J 2014; 202:229-235.) 


accompanied by a change in the major inhib¬ 
itory system in the cerebral cortex. It has also 
been shown that there is a specific and 
marked deficit of [ 3 H] strychnine-binding 
sites in the spinal cord. The disease needs to 
be differentiated from two other congenital, 
presumed hereditary, diseases of newborn 
Herefords—maple syrup urine disease and 
“congenital brain edema”—in which spongy 
degeneration of the CNS is accompanied by 
severe edema of the gray and white matter. 
These two diseases are assumed to represent 
those cases of congenital disease, originally 
bracketed with inherited congenital myoclo¬ 
nus, in which there was vacuolation of 
nervous tissue in the CNS. 

INHERITED SPINAL 
DYSMYELINATION 

Bovine spinal dysmyelination is a congenital 
neurologic disease occurring in several 
national cattle breeds upgraded with Ameri¬ 
can Brown Swiss cattle. The disease was first 
described in the Red Danish Dairy breed. In 
Denmark, all cases are genetically related to 


the ABS bull White Cloud Jason’s Elegant. It 
is inherited as an autosomal recessive trait. 
Genetic mapping of the gene in crossbred 
American Brown Swiss cattle to the bovine 
chromosome II has been done. 

Clinically, in calves there is lateral recum¬ 
bency, opisthotonus, limb extension, normal 
to increased reflexes, and mental alertness. 
Dysmyelination is present, including axonal 
degeneration and astrogliosis, in spinal 
tracts, especially the ascending gracile funic¬ 
ulus and dorsolateral spinocerebellar tracts 
and the descending sulcomarginal tract. This 
is probably the same defect as spinal muscu¬ 
lar atrophy. 

INHERITED 

NEURODEGENERATION 
(SHAKER CALF SYNDROME) 

This is an inherited, degenerative disorder of 
horned Hereford calves. Newborn calves 
show severe tremor, difficulty in rising, 
spastic gait, and aphonia. Terminally there is 
spastic paraplegia. Histologically, there are 
accumulations of neurofilaments within 


neurons. A similar disease in Holstein Frie- 
sians occurs only in males. There are severe 
degenerative changes in the spinal cord with 
spongiform lesions and some cavitation. It 
has the epidemiologic distribution of a sex- 
linked recessive mutation. 

INHERITED SPINAL 
DYSRAPHISM 

This is found as a congenital defect in Cha- 
rolais calves and is associated with arthro¬ 
gryposis and cleft palate. Spinal cord 
anomalies can be associated with a large 
number of vertebral abnormalities because 
of the close association of spinal cord and 
vertebral column during embryology. Other 
developmental defects that lead to congenital 
abnormalities include spinal cord hypoplasia 
and syringomyelia (tubular cystic cavitation 
containing CSF that extends over several 
spinal cord segments) in calves 12 ; however, 
many of these developmental abnormalities 
are accidents of embryology and do not nec¬ 
essarily imply the presence of an inherited 
condition. 
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INHERITED CONGENITAL 
POSTERIOR PARALYSIS 

Two inherited forms of congenital posterior 
paralysis are recorded in cattle. In Norwe¬ 
gian Red Poll cattle posterior paralysis is 
apparent in affected calves at birth. Opis¬ 
thotonus and muscle tremor are also present. 
No histologic lesions have been found. The 
disease is conditioned by an inherited reces¬ 
sive factor. In Red Danish and Bulgarian Red 
cattle a similar condition occurs but there is 
spastic extension of the limbs, particularly 
the hindlimbs, and tendon reflexes are exag¬ 
gerated. Histologic examination has revealed 
degenerative changes in midbrain motor 
nuclei. Both defects are lethal because of pro¬ 
longed recumbency. 

An inherited posterior paralysis has been 
recorded in several breeds of swine in 
Europe. Affected pigs are able to move their 
hindlimbs but are unable to stand on them. 
They are normal in other respects. Degenera¬ 
tion of neurons is evident in cerebral cortex, 
midbrain, cerebellum, medulla, and spinal 
cord. The disease is conditioned by the 
inheritance of a recessive character. An 
inherited progressive ataxia is also recorded 
in Yorkshire pigs. 

INHERITED BOVINE 
DEGENERATIVE AXONOPATHY 

Reported in Holstein Friesian calves in Aus¬ 
tralia, most affected calves are affected at 
birth by recumbency; hyperesthesia or 
depression; rigidity of limbs; tremor, espe¬ 
cially of the head; nystagmus, apparent 
blindness, and the development of opisthot¬ 
onus and tetanic spasms when stimulated. At 
necropsy the consistent lesion is a severe, 
diffuse, axonal swelling and loss in the spinal 
cord and brainstem. The cause is unknown 
but the indicators point to an inherited 
cause. 

DEGENERATIVE AXONOPATHY 
OF TYROLEAN GREY CATTLE 

A new neurologic disease was identified in 
Tyrolean Grey cattle in Switzerland in 2003 
and was initially named Demetz syndrome. 1 
The clinical presentation is similar to that 
seen in weaver syndrome of Brown Swiss 
cattle but clinical signs are first evident at 4 
to 6 weeks of age. Calves exhibit mild ambu¬ 
latory paraparesis with moderate to severe 
ataxia being more severely affected in the 
hindlimbs. The disease is progressive and 
affected calves are usually slaughtered by 10 
months of age. 

A mutation in the mitofusin 2 gene (a 
mitochondrial membrane protein) was 


identified that truncates the last 22 amino 
acids. Pedigree analysis indicated that the 
gene mutation occurred before 1972, and 
gene testing indicated a current carrier fre¬ 
quency of approximately 10%. Marker 
assisted selection is currently being used to 
eliminate degenerative axonopathy from this 
breed. 
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CENTRAL AND PERIPHERAL 
AXONOPATHY OF MAINE 
ANJOU (ROUGE-DES- 
PRES) CATTLE 

A new neurologic disease was identified 
in Maine Anjou cattle in France in 2008. 
Affected calves were 1 to 4 months of age 
and exhibited mild to severe truncal ataxia 
with mild to moderate paraparesis. The 
pelvic limbs were much more severely 
affected than the thoracic limbs. Clinical 
signs were rapidly progressive and calves 
became recumbent within 1 to 3 weeks of 
being examined, at which time they were 
euthanized. Mentation remained normal for 
the calves. 

Histopathologic examination revealed 
marked degeneration of axons and myelin 
and the dorsolateral and ventromedial funic¬ 
uli of the distal spinal cord (important tracts 
for transmitting proprioceptive information 
from the hindlimbs), lateral vestibular nuclei, 
caudal cerebellar peduncles, and thoracic 
nuclei. 


INHERITED PROGRESSIVE 
DEGENERATIVE 
MYELOENCEPHALOPATHY 
(WEAVER SYNDROME) OF 
BROWN SWISS CATTLE 

The defect is inherited in Brown Swiss cattle. 
It appears first in calves when they are 6 
months to 2 years old, with a small number 
more than 2 years, and is manifested by pro¬ 
gressive bilateral hindlimb weakness and 
proprioceptive deficits causing difficulty in 
rising and a weaving, hypermetric gait, 
goose-stepping with the forelimbs, and drag¬ 
ging the hindlimbs. The limb reflexes are 
normal. The calves are bright and alert 
throughout. There is a broad-based stance 
and finally recumbency and, after a course of 
12 to 18 months, inevitable euthanasia. Nec¬ 
ropsy lesions include axonal degeneration, 
including spheroid formation, and vacuola- 
tion of white matter in the cerebellum and at 
all levels of the spinal cord but especially in 
the thoracic segment. There is some neuro¬ 
genic atrophy of muscles but there is no mus¬ 
cular dystrophy. The defect can be identified 
by examination of chromosomes. It appears 
to be linked chromosomally with high milk 
yield traits. 


INHERITED PROGRESSIVE 
ATAXIA 

This well-recognized disease occurs in Cha- 
rolais cattle. The first onset of signs is at 
about 12 months of age when the gait is seen 
to be stiff and stumbling, especially in the 
hindlimbs, and the hindtoes are dragged. 
The ataxia may be asymmetric, and the 
animal cannot back up. The ataxia progresses 
over a period of 1 to 2 years. Affected animals 
tend to be down a lot and have difficulty in 
rising and posturing for urination. Urination 
is abnormal; it is a squirting but continuous 
flow that soils the tail. Some affected animals 
nod their heads from side to side when 
excited. Both males and females are affected. 
It has been described occurring in 2-year-old 
Charolais steer in New Zealand. Character¬ 
istic necropsy lesions are confined to the 
CNS and are histopathologic. The white 
matter of the cerebellum and internal capsule 
contains multiple foci of oligodendroglial 
dysplasia. The somatic lymph nodes contain 
nodules of hyperplastic lymphoid follicles, 
some catarrh of the medullae of the nodes, 
and an accumulation of eosinophils. 

INHERITED SPINAL 
MYELINOPATHY 

There is a progressive spinal myelinopathy of 
Murray Grey cattle, similar to that seen in 
Charolais cattle. It is possibly genetic in 
origin. Some calves are affected at birth; 
others do not become affected until 1 year 
old. The syndrome is one of a progressing 
paresis, without significant ataxia leading to 
paresis and permanent recumbency. There 
are degenerative lesions in spinal cord, mid¬ 
brain, and cerebellum. The disease is condi¬ 
tioned by an autosomal recessive gene. 

INHERITED PERIODIC 
SPASTICITY OF CATTLE 

Inherited periodic spasticity has been 
observed in Holstein and Guernsey cattle 
and usually does not appear until the animals 
are adults. A recent report described it in a 
Canadian Hereford bull with an early onset 
between 1 and 2 years of age. It is a particular 
problem in mature bulls maintained in arti¬ 
ficial insemination centers. In the early stages 
the signs are apparent only on rising; the 
hindlimbs are stretched out behind and the 
back depressed (Fig. 14-21). Marked tremor 
of the hindquarters may be noted. Initially 
the attacks persist only for a few seconds but 
are of longer duration as the disease pro¬ 
gresses and may eventually last for up to 30 
minutes. Movement is usually impossible 
during the attacks. The tetanic episodes fluc¬ 
tuate in their severity from time to time but 
there is never any abnormality of conscious¬ 
ness. Lesions of the vertebrae have been 
recorded but no lesions have been found in 
the nervous system. Idiopathic muscle 













1350 


Chapter 14 


Diseases of the Nervous System 



Fig. 14-21 Inherited periodic spasticity in a 
Holstein Friesian bull. The signs are apparent 
only on rising; the hindlimbs are stretched 
out behind and the back depressed. 

cramps have been suggested as a cause. 
The disease is familial and the mode of 
inheritance appears to be by inheritance of a 
single recessive factor with incomplete 
penetrance. 

Administration of the spinal cord depres¬ 
sant, mephenesin (3-4 g/100 kg BW given 
orally in three divided doses and repeated for 
2-3 days) controls the more severe signs. A 
single course of treatment may be effective 
for some weeks. 

NEURAXONAL DYSTROPHY 

Neuraxonal dystrophy represents a heteroge¬ 
neous group of degenerative diseases of 
genetic or acquired etiology that is charac¬ 
terized by spheroidal swellings of axons 
called spheroid bodies, which is the result of 
accumulation of axoplasmic organelles 
including neurofilaments. The change may 
be physiologic (caused by normal aging) or 
pathologic and are categorized as primary 
(familial) or secondary (acquired). 1 EDM is 
considered a more severe variant of neurax¬ 
onal dystrophy and is discussed separately. 

NEURAXONAL DYSTROPHY OF 
SHEEP (SEGMENTED AXONOPATHY) 

This is reported in Suffolk, Merino, Romney, 
Perendale, Coopworth, and crossbred sheep. 
An inherited defect (autosomal recessive) is 
suspected in all cases. Abnormalities appear 
related to abnormal axonal transport and the 
inability to maintain integrity of the axon 
and their associated myelin sheaths. 2 

In Coopworth sheep the lambs are 
affected at birth but have a progressive syn¬ 
drome in which cerebellar and propriocep¬ 
tive signs predominate. Most die by 6 weeks 
of age. Large axonal spheroids are present in 
the spinal cord and midbrain, and there is a 
severe depletion of Purkinje cells in the 
cerebellum. 

In Suffolk sheep the disease does not 
appear until 1 to 6 months; signs are a 
gradual onset of ataxia, followed by recum¬ 
bency, leading to death or euthanasia. Spher¬ 
oids in CNS axons are characteristic, mostly 
in the spinal cord and cerebellum, and 
contain large amounts of amyloid precursor 
protein. 1 


The disease in Merinos is in fine-wool 
sheep, is probably the same disease as that 
previously called Murrurrundi disease, and 
does not appear until 4 to 6 years of age. 
Most cases require euthanasia after about 2 
months but some mild cases survive for up 
to 3 years. The clinical signs include a wide- 
based stance, dysmetria of all limb move¬ 
ments with a pronounced hypermetria of the 
forelimbs resulting in frequent falling, a fine 
intention tremor of the head, and a dimin¬ 
ished menace reflex. A similar disease of 
medium-wool Merinos, characterized by 
progressive posterior ataxia and degenera¬ 
tion of sensory tracts in thoracic segments of 
spinal cord, commencing after 5 months of 
age and terminating fatally before 2 years of 
age, is also recorded in Australia. It is prob¬ 
ably also an inherited defect 

NEURAXONAL DYSTROPHY 
OF HORSES 

In horses, neuraxonal dystrophy has been 
reported in Quarter Horses, Haflingers, 
Morgans, Appaloosas, Paso Finos, and 
Standardbreds with a familial occurrence 
present in a number of breeds. 3 ' 4 The onset of 
clinical signs can be as early as a few months 
of age. Common neurologic abnormalities 
include ataxia, proprioceptive positioning 
deficits, dysmetria, a wide-based stance, 
obtundation, and an inconsistent menace 
response with no detectable visual impair¬ 
ment. 3 Clinical progression can be very slow 
over a few months to years, and in some 
cases stabilization of clinical signs may 
occur. 3 It can be difficult to clinically differ¬ 
entiate neuraxonal dystrophy from EDM; 
however, the latter is considered a more 
severe clinical variant of neuraxonal dystro¬ 
phy. 5 Clinical signs of ocular disease are not 
detectable and the results of ERG and EEG 
are within the normal range. 6 Lesions at nec¬ 
ropsy are only apparent microscopically and 
include specific tracts and nuclei in the 
caudal medulla and spinal cord, with occa¬ 
sional involvement of the cerebellum. 
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CAPRINE PROGRESSIVE 
SPASTICITY 

A possibly inherited progressive paresis of 
Angora goats is recorded in Australia. Signs 
first appear at about 2 months of age, com¬ 
mencing with lethargy, followed by ataxia, 
then paresis progressing to sternal recum¬ 
bency and eventual euthanasia. Tendon 
reflexes are normal but the kids have diffi¬ 
culty getting to their feet, especially in the 
hindlimbs. The gait is ataxic with frequent 
stumbles, and the kids are unwilling to run. 


At necropsy there are many large, clear 
vacuoles in many neurons of the spinal cord, 
posterior brainstem and midbrain, and 
degeneration of nerve fibers in the same 
areas and peripheral nerves. 

INHERITED SPONTANEOUS 
LOWER MOTOR NEURON 
DISEASES 

Motor neuron diseases involve selective 
degeneration of upper and/or motor neurons. 
Upper motor neurons originate in the cranial 
vault, where they stimulate contraction of 
muscles. In comparison, lower motor 
neurons connect the brainstem and spinal 
cord to the muscle fibers. 1 Effective treat¬ 
ments for motor neuron diseases have yet to 
be identified. 

A lower motor neuron disease in newborn 
Romney lambs has been described. 1 Lambs 
are normal at birth but within 1 week they 
developed weakness and ataxia, which pro¬ 
gressed until they were unable to stand. The 
principal histologic lesions were degenera¬ 
tion and loss of neurons in the ventral horns 
of the spinal cord and brainstem, wallerian 
degeneration of ventral rootlets and motor 
nerves, and associated denervation atrophy 
of skeletal muscle fibers. Large fibrillar 
spheroids were found in white and gray 
matter including nuclei in the brainstem. 
One missense mutation on the sheep called 
the ATP/GTP-binding protein 1 gene was 
identified in all affected animals, exhibiting 
recessive pattern of inheritance. 1 This 
binding protein plays a role in protein turn¬ 
over by cleaving peptides into amino acids. 
A similar, though not identical, disease of 
newborn lambs has been recorded in a 
Dorset Down flock affecting about 20% of 
lambs. They lay with hindlimbs tucked under 
the body and forelimbs splayed sideways. 

This progressive disease of Yorkshire 
piglets 5 to 10 weeks of age is presumed to 
be inherited. Clinical signs include hindlimb 
tremor, weakness, and ataxia appearing at 2 
to 5 weeks of age. The gait includes fetlock 
knuckling, short choppy steps, and a ten¬ 
dency to collapse after a few steps. Segmental 
and postural reflexes are normal. By 10 
weeks there is complete hindlimb paralysis, 
the pig is in sternal recumbency, and front 
limb paralysis has begun. The appetite is 
good and the pig is bright and alert. On nec¬ 
ropsy there is symmetric degeneration and 
loss of motor neurons in the spinal cord in 
some ventral spinal nerve roots. 
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INHERITED SPINAL 
MUSCULAR ATROPHY 

A progressive ataxia, weakness, muscle 
atrophy, and recumbency develops in young 
calves, mostly during the first 2 weeks of life. 














Sensory functions are unimpaired. Some are 
already affected at birth and some may be 
stillborn. No new cases occur after 3 months 
of age. Conditioned by an autosomal reces¬ 
sive gene the defect occurs in Red Danish 
cattle, which originated from Brown Swiss, 
German Braunvieh, and American Brown 
Swiss. The primary lesion is degeneration of 
ventral horn cells of the spinal cord, without 
involvement of the brainstem or cerebellum. 
The visible lesion is the secondary atrophy of 
the denervated muscles. 

INHERITED 

HYPOMYELINOGENESIS 
(CONGENITAL TREMOR OF PIGS) 

Congenital tremor of pigs has a multiple eti¬ 
ology and some of the causes are not yet 
identified. The two inherited diseases are 
noted here: congenital tremor type A-IV of 
British Saddleback pigs and congenital 
tremor type A-III, a sex-linked inherited 
form of cerebrospinal hypomyelinogenesis of 
Landrace pigs. The A-IV disease is character¬ 
ized by the presence of poorly myelinated 
axons in all parts of the CNS. The specific 
defect in A-IV is one of fatty acid metabo¬ 
lism. The structural abnormalities in the 
A-III disease have been identified; splayleg is 
a common accompaniment. 

Both diseases are characterized by muscle 
tremor, incoordination, difficulty in stand¬ 
ing, and some squealing. The A-III disease 
occurs only in males. Both are inherited as 
recessive characters. 

PORCINE CONGENITAL 
PROGRESSIVE ATAXIA AND 
SPASTIC PARESIS 

This is an autosomal recessive disorder of 
pigs in Switzerland with a yet to be identified 
gene defect. Clinical signs of a spastic gait 
with progressive ataxia become evident 
within 3 days of birth, and the condition is 
lethal. Male and female pigs are equally 
affected. Pedigree analysis has identified a 
boar born in 1978 that was used widely for 
artificial insemination as the originator of 
the genetic defect. 
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EQUINE DEGENERATIVE 
MYELOENCEPHALOPATHY 
(EQUINE NEURAXONAL 
DYSTROPHY) 

EDM is characterized by symmetric, slowly 
progressive spasticity and ataxia in foals 
and horses less than 2 years of age. The 
disease occurs in most breeds in North 
America and Europe and is reported in 
captive zebra and Mongolian Wild Horses in 
North America. Neuronal dystrophy of the 
cuneate and gracilis nuclei is considered a 
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form of EDM and is likely the underlying 
pathophysiologic process of EDM. 1 

The prevalence of the disease varies 
widely, with up to 40% of susceptible animals 
on a farm being affected, although the disease 
is usually sporadic. There is a familial predis¬ 
position to the disease apparently involving 
an increased requirement for vitamin E, 
although other factors, including housing, 
are contributory. Foals from dams that had 
an EDM-affected foal were at a significantly 
higher risk (relative risk = 25) of developing 
EDM than foals from other dams. The occur¬ 
rence of clusters of cases involving related 
horses is supportive of a genetic component 
with inheritance as in an autosomal domi¬ 
nant with variable expression or polygenic 
manner, although this has not been con¬ 
firmed in all breeds. 2 ' 1 The disease in Quarter 
Horses is highly heritable and appears to be 
polygenic. 2,4 

EDM occurs in Standardbreds, Paso 
Finos, Quarter Horses, Mongolian horses, 
Appaloosas, Haflingers, Arabians, Morgans, 
Lusitanos, Thoroughbreds, Paint horses, 
Tennessee Walking Horses, Norwegian Fjord 
Horses, Welsh Pony, and various mixed 
breeds. 1 There is no sex predilection. 

The pathogenesis of the disease is 
unknown. Abnormal expression of integral 
synaptic vesicle, synaptic vesicle-associated 
presynaptic plasma membrane, and cytosolic 
proteins was observed in two Arabian horses 
with equine degenerative myeloencephalop- 
athy; however, abnormal a-tocopherol 
transfer protein does not appear to contrib¬ 
ute to the disease. 4 These proteins have a role 
in trafficking, docking, and fusion of neuro¬ 
nal synaptic vesicles, and this finding sug¬ 
gests that there is disruption of axonal 
transport in equine degenerative myeloen- 
cephalopathy. A role for oxidative stress and 
damage to neurons is supported by docu¬ 
mentation of markers of oxidative stress in 
nervous tissue and low serum and/or CSF 
vitamin E concentrations in two horses with 
EDM and not in healthy control horses. 5 Low 
vitamin E concentrations in serum are often 
associated with the disease, but in one small 
study only foals with a genetic predisposition 
to the disease, and having a low serum 
vitamin E concentration, developed the 
disease. Foals with low serum vitamin E con¬ 
centrations that did not have the genetic pre¬ 
disposition to the disease did not develop 
EDM. 6 Loss of axons leads to defects in 
neurologic function and consequent gait 
abnormalities. 

The clinical signs are those of a slowing 
progressive spinal ataxia that stabilizes when 
the animal is 2 to 3 years of age. Age of onset 
ranges from birth to 36 months, although 
most cases have clinical signs by 6 to 12 
months of age. Affected foals and yearlings 
have symmetric signs that are most severe in 
the hindlimbs, of ataxia characterized by piv¬ 
oting, circumduction, truncal sway, and dif¬ 
ficulty performing complex movements such 


as backing or walking with the head elevated. 
At rest, severely affected horses may have an 
abnormal posture. The cutaneous trunci 
reflex may be absent. Spontaneous recovery 
does not occur, but progression to death is 
unusual. Radiography and myelography of 
the cervical spine does not reveal evidence of 
compression of the spinal cord. The disease 
is not associated with abnormalities detected 
on ocular examination, ERG or EEG. 

Serum vitamin E concentrations can be 
normal or low in affected horses, and this is 
not a reliable test for diagnosis of the 
disease. 1 ' 3 The hemogram, serum biochemi¬ 
cal profile, and CSF analysis are normal. 
There are no gross lesions on necropsy. His¬ 
tologic lesions include neuronal atrophy, 
accumulation of lipofuscin-like pigment, 
and glial cell proliferation. 

Differential diagnoses are listed in Table 
14-20 later in the chapter, under the Equine 
Cervical Vertebral Compressive Myelopathy 
section. Diagnosis is achieved by exclusion 
of other causes, of abnormal gait without 
fever or disease in other body systems in 
horses, such as compressive myelopathy and 
equine protozoal myeloencephalopathy. 

No treatment is curative, but vitamin E 
(6000 IU orally once daily) may prevent pro¬ 
gression of signs. Supplementation of at-risk 
foals and yearlings with vitamin E can 
prevent the disease, although results are not 
equivocal. 1,6 
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EQUINE CERVICAL VERTEBRAL 
COMPRESSIVE MYELOPATHY 
(WOBBLER, "WOBBLES," FOAL 
ATAXIA, EQUINE SENSORY 
ATAXIA, CERVICAL VERTEBRAL 
INSTABILITY) 


SYNOPSIS 


Etiology Unknown. The clinical signs are the 
result of cervical spinal cord compression as 
a result of abnormalities in the cervical 
spine. 

Epidemiology Two predominant 
manifestations. Sporadic or endemic 
disease of young horses with young, 
rapidly growing male horses most 
commonly affected. Separate presentation 
in middle-aged and older horses in which it 
is sporadic. 

Clinical signs Spinal ataxia evident as truncal 
sway, ataxia, and paresis usually more 

Continued 
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severe in the hindlimbs. Radiographic 
evidence of narrow spinal canal. 

Clinical pathology None. 

Lesions Malacia and wallerian degeneration 
in the cervical spinal cord. 

Differential diagnosis Equine degenerative 
myelopathy, equine protozoal 
myeloencephalitis, trauma, equine 
infectious anemia, cerebrospinal 
nematodiasis. West Nile encephalomyelitis, 
equine herpesvirus-1 myelopathy, 
osteomyelitis, cervical vertebral epidural 
hematoma, aortoiliac thrombosis, 
congenital vertebral malformation, 
diskospondylitis, and ryegrass staggers. 

Diagnostic confirmation Radiography. 
Positive contrast myelography. Necropsy. 

Treatment Antiinflammatory drugs. Surgical 
fusion of vertebrae. 

Control None. 


ETIOLOGY 

The cause of neurologic disease is extradural 
compression of the cervical spinal cord, 
hence the term compressive myelopathy. 
The compression may be static, that is, the 
compression is present constantly with the 
neck in a neutral position, or dynamic and 
only present intermittently when the neck is 
either flexed or extended. The second situa¬ 
tion is often referred to as cervical vertebral 
instability. 

The etiology of CSM in most cases is not 
known. The disease in young horses is caused 
by malformation and malarticulation of the 
cervical vertebrae and could represent part 
of the osteochondritis dissecans spectrum of 
diseases. 1,2 There can be combinations of 
articular process osteophytosis, interarcuate 
ligament hypertrophy, dorsal laminal thick¬ 
ening, vertebral body end plate flaring, and 
synovial cysts. Importantly, changes in soft 
tissue associated with the bony lesions can 
contribute to the compressive myelopathy. 
Dynamic instability is associated with verte¬ 
bral instability and subluxation and is most 
common in the cranial vertebrae (C3-C5). 

Copper deficiency has been mooted as 
one cause of the bony lesions, as have high 
calorie rations and diets high in soluble 
carbohydrate. 2 

The disease in older horses is secondary 
to osteoarthritis of the articular processes. 
An inciting cause has not been identified. 

Several basic syndromes of compressive 
myelopathy, based on age of occurrence, are 
recognized: 

• CSM in immature horses (<3 years of 
age, depending on breed) that is often 
associated with developmental joint 
disease in the axial and appendicular 
skeleton. A fundamental underlying 
predisposing defect appears to be a 
narrow diameter of the cervical 
vertebral canal. Compression is a result 
of the lesions described earlier. 


• Cervical vertebral instability is a disease 
of horses less than 1 year of age that is 
often associated with malformations of 
one or more of the cervical vertebrae. 3 

• Compressive myelopathy in mature 
horses, >4 years (usually >7 years) of 
age, associated with osteoarthritis of the 
articular facets of the caudal cervical 
vertebrae, with subsequent impingement 
of the vertebral canal by bony and soft 
tissue proliferative lesions. 

• Miscellaneous causes of cervical cord 
compression by neoplasia (melanoma, 
sarcoma, lymphoma), trauma (cervical 
vertebral fractures), arachnoid or 
synovial cysts, epidural hematoma 4 or, 
rarely, discospondylitis." 

An alternative categorization is based on 
the nature of the bony lesion and not on the 
cause of compression of the spinal cord. 
Type 1 cervical vertebral malformation 
occur in horses <2 years of age that have 
vertebral changes that likely began in the first 
few months of life, including malformations 
causing stenosis of the vertebral canal, mal¬ 
formations at the articulations of the verte¬ 
brae including osteochondrosis, and enlarged 
physeal growth regions. Type II cervical ver¬ 
tebral malformations tend to occur in older 
horses with severe osteoarthritic lesions of 
the vertebral articulations. 

EPIDEMIOLOGY 

Occurrence 

The disease in mature horses occurs sporadi¬ 
cally throughout the world. 

The disease in young horses is sometimes 
endemic on farms or studs and in particular 


lines of horses. There is a suggestion of a 
familial tendency for the disease, although 
this has not been well documented. 

The morbidity rate can be as high as 25% 
of each foal crop on individual Thorough¬ 
bred farms, although the overall frequency of 
the disease in the general horse population is 
much lower. Among Thoroughbreds born on 
four stud farms in Europe and North 
America, the disease has an annual preva¬ 
lence of diagnosis of 1.3% (range of 
0.7%-2.1% over the study period) and 
annual prevalence on farms varying from 0% 
to 5.8%. 6 

Compressive myelopathy was detected in 
83 of 4318 horses subject to necropsy exami¬ 
nation in Normandy, France.' Fifteen percent 
of horses with a diagnosis of neurologic 
disease had cervical compressive myelopa¬ 
thy. There were more males affected than 
females.' 

Risk Factors 
Animal Risk Factors 

Risk factors for CSM identified in a study of 
1618 horses at 22 veterinary teaching hospi¬ 
tals in North America are summarized in 
Table 14-20. 

The disease in young horses is com¬ 
monly recognized in Thoroughbred, Stan- 
dardbred, Warmblood, and Quarter horses, 
with Arabians and other breeds less likely to 
be diagnosed with the disease. 8 Ponies are 
rarely, if ever, affected. Horses less than 4 
years of age are at greater risk of the disease, 
with most cases occurring in 1- to 3-year- 
old horses. Males, either intact or gelded, are 
more likely to be affected than are females. 8 


Table 14-20 Association of horse factors associated with a diagnosis of cervical stenotic 
myelopathy in 811 horses with cervical stenotic myelopathy and 805 control horses 

Variable 

Or (95% Cl) 

P value 

Sex 

Gelding 

2.0 (1.5-2.6) 

<0.001 

Sexually intact male 

2.4 (1.8-3.2) 

<0.001 

Female 

1 (Referent) 

NA 

Breed 

Arabian 

0.6 (0.3-0.9) 

0.035 

Standardbred 

0.5 (0.3-0.7) 

<0.001 

Thoroughbred 

1.7 (1.3-2.3) 

<0.001 

Tennessee Walking Horse 

2.3 (1.1-4.7) 

0.019 

Warmblood 

1.9 (1.1-3.1) 

0.020 

Other breeds 

0.6 (0.4-0.8) 

0.006 

Quarter Horse 

1 (Referent) 

NA 

Age 

<6 mo 

2.4 (1.4-3.9) 

<0.001 

6-11 mo 

6.6 (3.8-11.5) 

<0.001 

12 to 23 mo 

16.4 (10.5-25.8) 

<0.001 

2 to <4 y 

7.2 (4.9-10.5) 

<0.001 

4 to <7 y 

3.1 (2.1-4.6) 

<0.001 

7-10 y 

1.1 (0.7-1.8) 

0.65 

>10 y 

1 (Referent) 

NA 

OR, odds ratio; NA, not applicable. 

From Levine JM, et al. JAVMA 2008;233:1453 
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The disease in older horses is character¬ 
ized by a slight predominance of male horses 
with overrepresentation of Warmbloods, 
which could represent a breed or use predis¬ 
position, and median age at diagnosis of 
8 years. 1 

Horses with CSM have a narrower spinal 
canal than do unaffected animals and this 
condition, with degenerative joint disease of 
the articular facets and thickening of the 
ligamentum flavum, contributes to the 
greater likelihood that the horse will have 
spinal cord compression. 

It is suspected that predisposition to the 
disease is heritable, but this has not been 
demonstrated by appropriate studies. 

The disease in mature horses tends to be in 
horses used for athletic endeavors and is 
uncommon in broodmares or retired animals. 

PATHOGENESIS 

The disease is attributable to injury to the 
spinal cord as a result of compression by 
either soft tissue (joint capsule, intervertebral 
ligaments, or, rarely, intervertebral disk 
material) or cartilage and bone. 

Constant or intermittent pressure on the 
spinal cord causes dysfunction or necrosis of 
white matter and neurons at the site of com¬ 
pression, degeneration of fibers of ascending 
tracts cranial to the site of compression, and 
of descending tracts caudal to the compres¬ 
sion. The ascending tracts are those associ¬ 
ated with general proprioception, whereas 
the descending tracts are upper motor 
neurons. These tracts are located superfi¬ 
cially in the dorsolateral aspect of the cervi¬ 
cal spinal cord and damage to them results 
in signs of ataxia and weakness. Tracts from 
the caudal limbs are more superficial, and 
therefore more easily injured, than tracts 
associated with the cranial limbs. Conse¬ 
quently, clinical signs are usually more severe 
in the hindlimbs. The spinal cord lesions are 
usually, but not always, bilaterally symmet¬ 
ric, as are the clinical signs. Proprioceptive 
pathways are disrupted, causing the signs of 
ataxia (incoordination) typical of the disease. 
Clinical signs vary depending on the site of 
the lesion (see later). 

CLINICAL FINDINGS 

The onset of clinical signs is sometimes acute 
in young horses with CSM and there can be 
a history of trauma, such as falling. However, 
the onset of clinical signs of CSM in both 
young and mature horses is usually gradual 
and insidious, and in mildly affected horses 
the nervous disease can be mistaken for 
lameness of musculoskeletal origin. Affected 
horses are bright and alert and have a normal 
appetite. There can be evidence of pain on 
manipulation of the neck or on firm pressure 
over the lateral facets, especially in mature 
horses with osteoarthritis of the caudal cer¬ 
vical vertebral facets. 1 There can be focal 
muscle atrophy adjacent to affected cervical 
vertebrae in older horses. 


The severity of clinical signs varies from 
barely detectable to recumbency. There are 
no defects of al nerves, with the occasional 
exception of the cervicofacial reflex. The 
severity of signs of CSM are often graded 
according to the following: 

Grade 0: no gait deficits at the walk 
Grade 1: no gait deficits identified at the 
walk and deficits only identified during 
further testing (head elevation, backing, 
walking on a slope, stepping over 
obstacles, circling, tail pull at rest and 
while walking) 

Grade 2: deficits noted at the walk 
Grade 3: marked deficits noted at the walk 
Grade 4: severe deficits noted at the walk 
and might fall or nearly fall at normal 
gaits 

Grade 5: recumbent and unable rise 
without assistance 

The two primary defects in gait in 

affected horses are related to defects in upper 
motor neuron function and general proprio¬ 
ception. These two primary deficiencies in 
neurologic function contribute to clinical 
signs characterized as ataxia, paresis, dys- 
metria, and spasticity. Ataxia is the incoor- 
dinated movement of limbs and is evident as 
interference of one limb with another (such 
as one foot stepping on another when the 
horse is tightly circled), knuckling of the 
fetlock joint (which can also be a sign of 
weakness), unusual placement of feet (exces¬ 
sively wide-based or narrow-based stance, 
incomplete or delayed return of the foot to 
its normal position after it is relocated to an 
abnormal position, excessive circumduction 
of the outside foot during tight circling), 
stumbling, and/or swaying of the trunk 
during walking in a straight line. Paresis is 
weakness and is evident in its most extreme 
form as inability of the horse to rise. In less 
extreme manifestations it is evident as 
knuckling of the fetlock joint, stumbling 
when walking downhill or over obstacles, 
and ease of pulling the horse to one side by 
the tail when it is walking. Dysmetria refers 
to uneven gait typified by undershoot or 
overshoot of the limb such that the hoof is in 
an incorrect position. Spasticity is a result of 
loss of inhibition of lower spinal reflexes by 
the upper motor neurons and results in a 
stilted or stiff gait. 

Mildly affected horses may have deficits 
that are difficult to detect and only apparent 
under saddle or at high speed. The owner 
might complain of poor performance of a 
racehorse or dressage animal, of an animal 
that frequently changes leads, or that is 
poorly gaited. Careful examination can 
reveal excessive circumduction of the hind- 
feet, stumbling, and pacing when the head is 
elevated. 

Moderately affected animals have 
truncal sway (the body of the horse and 
hindquarters swaying laterally when the 
horse is walked in a straight line) and 


excessive circumduction of the hindfeet. 
There can be a floating gait of the hindlimbs 
and scuffing of the toe. Having the horse 
move in a very tight circle about the exam¬ 
iner often causes the circumduction to 
become worse in the outside hindleg and the 
horse to place one foot on top of the other. 
Affected horses will sometimes pace when 
walked in a straight line with the head ele¬ 
vated. Blindfolding the horse does not exac¬ 
erbate the signs. Affected horses will stumble 
when walked over low objects, such as a 
curb, and will knuckle at the fetlocks and 
stumble when walked down a steep hill. 

Severely affected horses often fall easily 
when moved or are unable to stand. The 
horses are bright and alert, but anxious, and 
display marked truncal sway and ataxia. 
When standing, they will often have their 
legs in markedly abnormal positions. 

Horses with lesions in the cervical spinal 
cord cranial to C6-C7 have signs in both 
forelimbs and hindlimbs. The hindlimbs are 
more severely affected and the signs are 
usually, but not always, bilaterally symmet¬ 
ric. 9 Approximately 43% of affected horses 
have asymmetric gait abnormalities. 9 Lesions 
of the cervical intumescence (C6 to T2) may 
cause signs that are more severe in the fore¬ 
limbs than in the hindlimbs. Lesions at this 
site may also cause signs typical of brachial 
plexus injury. Focal muscle atrophy is not 
characteristic of CSM or cervical vertebral 
instability and there are never signs of CNC, 
cerebral, or cerebellar disease. 

After initial progression the clinical signs 
usually stabilize or partially resolve. However, 
complete spontaneous recovery is very 
unusual. Death is unusual unless it is by mis¬ 
adventure, although many affected animals 
are killed for humane or economic reasons. 8 

Neurologic Examination 

A tentative diagnosis of cervical compressive 
myelopathy is often made based on the 
clinical examination. Although this assess¬ 
ment is relatively straightforward for severely 
affected horses, the detection of neurologic 
abnormalities on physical examination is 
more challenging for horses with milder 
forms of the disease. This becomes impor¬ 
tant as additional diagnostic investigations 
might not be warranted in all cases of horses 
with clear-cut signs of cervical compressive 
myelopathy, but might be indicated in horses 
with less severe signs of the disease. 

The reliability of the neurologic examina¬ 
tion of horses has been investigated very 
little. The agreement between expert or 
trained observers for overall grade of neuro¬ 
logic abnormality was good (intraclass cor¬ 
relation coefficient of 0.74) when horses of 
all grades were considered (grades 0-4), but 
very poor for horses < Grade 1 (intraclass 
coefficient (ICC) = 0.08) and only moderate 
(0.43) for horses > Grade 2. 10 The higher ICC 
for the overall assessment was because 
observers could easily agree on differences 
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Fig. 14-22 Violin plot of the variation in individual ratings grouped by the median rating for 
each horse during live scoring only. To align the ratings around 0, each score was subtracted 
from the median score of the horse. A violin plot is similar to a boxplot, with the addition of 
the density of data points illustrated by an increase in width. This figure reveals that most 
grades have a fluctuation of 1 degree more or less than the median; however, grades 0 and 3 
are condensed around the median illustrating better agreement, whereas grade 2 stretches 
from -2 to + 1 grades from the median. (From Olsen E, Dunkel B, Barker WHJ, et al. Rater 
Agreement on Gait Assessment During Neurologic Examination of Horses. J Vet Int Med 
2014;28:630.) 


between severely affected and unaffected 
horses. Greatest lack of agreement was for 
horses that had Grade 2 neurologic signs 
(Fig. 14-22). 10 

It is recommended in human medicine 
that an ICC must be >0.9 for it to be useful 
for decision making in individual patients, 11 
and on this basis the current methods for 
neurologic examination for horses are not 
acceptable for clinical use. 10 It is the authors’ 
opinion that the current neurologic grading 
system for examination of horses continue to 
be used because it provides a structured way 
of completing the examination. The results of 
the examination should be considered in 
light of its poor reliability, especially for 
horses with severity of median Grade 2, and 
interpreted with caution. 

Ancillary Diagnostic Tests 

The “slap test,” in which the response of the 
arytenoid cartilages to a slap on the thorax is 
examined through an endoscope, has poorer 
sensitivity and specificity for detecting spinal 


cord disease than does a routine neurologic 
examination. 

Acupuncture has no proven value in the 
diagnosis of cervical compressive myelopa¬ 
thy and should not be used for this purpose. 

Radiographic Examination 

Radiographic examination of the cervical 
vertebral column of potentially affected 
horses is often undertaken because there are 
frequently lesions of the bone associated 
with cervical compressive myelopathy. 
Radiographic examination includes plain 
radiographs taken from the lateral aspect 
with the horse standing or myelography 
using injection of radiopaque dye to allow 
visualization of the subarachnoid space and 
detection of extradural compression of this 
space. 

Examination of both plain and contrast 
radiographs is potentially enhanced by use of 
one or more of a number of measures and 
ratios intended to detect and quantify extra¬ 
dural compression of the cord. 


Fig. 14-23 Schematic drawing of the cervical 
vertebrae illustrating the sagittal ratios: the 
intravertebral sagittal ratio is calculated as 
the ratio of the minimum sagittal diameter 
of the spinal canal (green line) to the 
maximum sagittal diameter of the vertebral 
body, taken at the cranial aspect of the 
vertebra and perpendicular to the spinal 
canal (black line). The intervertebral sagittal 
ratio is the ratio of the minimal distance 
taken from the most cranial aspect of the 
vertebral body to the most caudal aspect of 
the vertebral arch of the more cranial 
vertebra (blue line) and the maximal sagittal 
diameter of the vertebral body (black line). 
(Reproduced with permission from Van 
Biervliet J. An evidence-based approach to 
clinical questions in the practice of equine 
neurology. Vet Clin Nth Am Equine Pract 
2007;23(2):317-328.) 

Radiographic signs detectable on plain 
radiographs of the cervical spine in horses 
with compressive myelopathy include the 
following: 

• Encroachment of the caudal vertebral 
physis dorsally into the spinal canal (“ski 
jump lesion”) caused by physeal 
enlargement 

• Extension of the arch of the vertebra 
over the cranial physis of the next 
vertebra 

• Sclerosis of the spinal canal 

• Kyphosis, or subluxation, between 
adjacent vertebra 

• Degenerative joint disease of the 
articular facets evident as osteoarthritis 
and bony proliferation 

Elowever, these signs are also common in 
normal horses and have poor predictive 
value. The overall agreement, relative sensi¬ 
tivity, and relative specificity, respectively, for 
identification of radiographic abnormalities 
(compared with the gold standard of nec¬ 
ropsy examination) in affected horses is 66% 
(76/116 horses); 63% and 67% for identifica¬ 
tion of articular process osteophytosis; 61% 
(71/116), 42%, and 83% for vertebral canal 
stenosis; and 78% (91/116), 56%, and 85% 
for vertebral column subluxation. 9 Radiogra¬ 
phy appears to have useful specificity but 
limited sensitivity in the diagnosis of bony 
lesions associated with cervical compressive 
myelopathy. Use of additional views, such as 
oblique views of the caudal cervical verte¬ 
brae. can enhance the diagnostic value of 
radiography. 12 

Intervertebral and intravertebral ratios 
have been calculated to assist with diagnosis 
of CSM (Fig. 14-23). The ratios in and of 
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themselves have variable intraobserver and 
interobserver reliability with ratios varying 
by 5% to 10% within and between observ¬ 
ers. 13,14 Interobserver agreement in measure¬ 
ments is poor and intraobserver agreement 
is good across the six most cranial sites but 
poor for caudal sites. 14 Intraobserver and 
interobserver variability is sufficient to affect 
clinical interpretation of radiographs and 
should be considered when interpreting 
radiographic examinations with suspected 
spinal cord disease. 

An intravertebral sagittal ratio of the 
spinal canal to vertebral body diameter of 
less than 50% for C4-C6 is associated with a 
26- to 41-fold increase in the probability of a 
compressive myelopathy for horse >320 kg; 
in a separate study all horses with a value of 
this ratio of less than 0.485 had at least one 
compressive lesion. 15 An intervertebral ratio 
can also be calculated and it has diagnostic 
utility that might be slightly greater than that 
of the intravertebral ratio. 2,15 The results of 
these tests are not definitive and a healthy 
horse can have ratios below this cutoff and 
affected horses can have normal ratios. 16,17 It 
is important to recognize that the utility of 
intravertebral (and other) ratios is depen¬ 
dent on the pretest likelihood that the horse 
has cervical compressive myelopathy. The 
ratios should therefore be considered in light 
of other clinical findings. Importantly, 
neither the intravertebral nor intervertebral 
ratios predict the site of compression, which 
can only be detected by myelographic 
examination. 2 

Myelography has been considered to 
provide the definitive antemortem confirma¬ 
tion of spinal cord compression, but recent 
studies demonstrate that it is not a perfect 
diagnostic test and that results should be 
interpreted cautiously. 2 The sensitivity of this 
technique, using a 50% reduction in the 
width of the dorsal dye column as a cutoff for 
diagnosis of the disease, is 53% (95% Cl 
34%-72%, n = 22) and the specificity is 89% 
(95% Cl of 84%-93%, n = 228) (Fig. 14-24). 2 
Others have found similar values for sensi¬ 
tivity and specificity with values of 47% and 



Fig. 14-24 Schematic drawing of cervical 
myelogram illustrating the dural diameter 
reduction (green lines) and the dorsal 
myelographic column reduction (pink lines) 
(Reproduced with permission from Van 
Biervliet J. An evidence-based approach to 
clinical questions in the practice of equine 
neurology. Vet Clin Nth Am Equine Pract 
2007;23(2):317-328.) 


78%, respectively, for older horses with com¬ 
pressive myelopathy at caudal cervical sites. 1 
These values indicate a test with a relatively 
high false-negative rate but low false-positive 
rate for neutral views and indicate that a 
positive finding on myelography is highly 
suggestive of the disease, but that a negative 
finding does not eliminate the possibility of 
the disease. The false-positive rate is 
increased to 12% to 27% for compression at 
midcervical sites during neck flexion. 
Myelography is superior in diagnosing com¬ 
pressive lesions at C6-C7 than at more proxi¬ 
mal sites. Occasionally the compression is 
lateral rather than dorsoventral and is not 
readily apparent on routine myelography. 

Myelography has been described in 
standing, conscious horses, but this tech¬ 
nique is not sufficiently well described to 
allow its recommendation at this time. 18 

Ex situ (postmortem) MRI examination 
of cervical vertebrae and spinal cord of 
normal and CSM-affected horses is more 
accurate than is interpretation of standing 
lateral radiographs. 17 However, both CT and 
MRI of horses with CSM are limited by the 
restricted views of the neck of adult horses. 
This prevents comprehensive examination of 
the cervical spine. 19,20 

Endoscopy of the epidural and subarach¬ 
noid spaces is reported in a horse with con¬ 
firmed cervical compressive myelopathy. 21,22 
The diagnostic or therapeutic value of this 
procedure is yet to be established. 

The prognosis for horses with CSM is 
guarded. Sixty-four percent of affected 
horses were euthanized, presumably for eco¬ 
nomic or humane reasons. 9 However, the 
prognosis depends on the severity of clinical 
signs and the intended use of the horse. The 
criteria for euthanasia depend on the danger 
of the horse to itself (for instance, falling and 
injuring itself) or its attendants. Horses that 
are at high risk of self-injury or of injuring 
their attendants might qualify for humane 
euthanasia. However, horses with milder 
signs of disease compatible with their 
intended use, such as stallions or females 
with low-grade signs of the disease and 
reproductive potential, can be treated con¬ 
servatively and live long lives. 

It is imperative to consider the risk to 
riders or handlers associated with care or 
competing the horse when deciding on the 
fate of an affected horse. 

The prognosis for horses intended for 
athletic use is less clear. Twenty-one of 70 
Thoroughbred racehorses with cervical com¬ 
pressive myelopathy went on to race. 23 The 
likelihood of a horse racing was inversely 
related to the severity of its clinical signs. 23 

CLINICAL PATHOLOGY 

Hematologic and serum biochemical values 
are usually within reference ranges in affected 
horses. CSF from affected horses can have 
increased protein concentration, but this 
finding is neither characteristic nor specific 


for compressive myelopathy. However, other 
causes of spinal ataxia can cause characteris¬ 
tic changes in the CSF and examination of 
the fluid might assist in ruling out these 
diseases. 

Measurement of creatine kinase activity 
in CSF has no diagnostic value in horses. 

NECROPSY FINDINGS 

Gross examination reveals degeneration 
of the articular facets in many affected 
horses. 

Impingement of soft tissues, especially 
the ligamentum flavum and joint structures, 
or cartilage and osteophytes into the spinal 
canal may be apparent. The spinal canal may 
be narrow. It may be indented and soft at the 
site or sites of compression. Histologically, 
there is nerve fiber swelling, widespread 
degeneration of myelin, and astrocytic 
gliosis. Cranial to the compressive lesion, 
wallerian degeneration is evident in the 
dorsal and lateral funiculi, although caudal 
to the compression these changes are most 
evident in the ventral and central lateral 
funiculi. Slight atrophy of cervical muscles is 
sometimes evident. There is histologic evi¬ 
dence of stretching and tearing of the liga¬ 
mentum flavum and joint capsule at affected 
joints, especially C6 or C7. 


DIFFERENTIAL DIAGNOSIS 


Equine degenerative myelopathy, equine 
protozoal myeloencephalitis, trauma, equine 
infectious anemia, cerebrospinal nematodiasis 
(.Hypoderma spp., Setaria sp., Halicephalobus 
deletrix), equine herpesvirus-1 myelopathy, 
aortoiliac thrombosis, West Nile 
encephalomyelitis, congenital vertebral 
malformation (especially in Arabian foals), 
discospondylitis, tumors involving the spinal 
canal (melanoma, lymphoreticular neoplasia, 
hemangiosarcoma), 5,24 extradural hematoma, 25 
vertebral osteomyelitis, fibrocartilaginous 
embolic, postanesthetic myelopathy, 26 and 
ryegrass staggers (see Table 14-21). 


TREATMENT 

Medical treatment of the acute disease con¬ 
sists of rest and administration of antiinflam¬ 
matory drugs (dexamethasone 0.05-0.25 mg/ 
kg intravenously or intramuscularly every 24 
hours; flunixin meglumine 1 mg/kg intrave¬ 
nously every 8-12 hours; phenylbutazone 
2.2-4.4 mg/kg orally every 12-24 hours; 
and/or dimethyl sulfoxide, 1 g/kg as a 10% 
solution in isotonic saline intravenously 
every 24 hours for three treatments). 

Treatment of arthritis of the facets of 
mature horses can be achieved by injection of 
the articular facet joints with corticosteroids 
(40 mg of methylprednisolone acetate). 27 
Injection of the joint is facilitated by ultra¬ 
sonographic guidance. Injection of the joints 
with antiinflammatory drugs is assumed to 
result in reduction in inflammation and soft 
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Table 14-21 Differential diagnosis of disease causing spinal ataxia in adult horses 


Disease 

Etiology and epidemiology 

Clinical signs and lesions 

Treatment and prognosis 

Cervical compressive 
myelopathy (cervical 
stenotic myelopathy, 
cervical vertebral 
instability) 

Sporadic; young, rapidly growing males; 
more common in Thoroughbreds, 
Standardbreds, and Warmblood 
horses; syndrome in mature horses 
caused by arthritis or articular facets. 

Symmetric ataxia often of sudden 
onset; may be associated with 
trauma; hindlimbs most severely 
affected; compression of cervical 
spinal cord demonstrated by 
myelography; CSF normal 

Medical treatment of rest and 
antiinflammatory drugs; poor prognosis; 
surgical correction by ventral stabilization 

Equine degenerative 
myelopathy 

Young horses (<3 years); familial 
incidence of increased requirement for 
vitamin E 

Gradual onset symmetric ataxia that 
stabilizes at about 3 years of age; 
no radiographic abnormalities in 
cervical spinal cord; CSF normal 

Guarded prognosis; vitamin E 5-20 lll/kg 
per day in feed may prevent progression; 
no cure; death uncommon 

Equine protozoal 
myeloencephalitis 

Sarcocystis neurona or Neospora hughesi 
in spinal cord or brain; Americas only; 
infectious but not contagious 

Any sign of central nervous system 
dysfunction; usually gradual onset 
of asymmetric spinal ataxia, focal 
muscle atrophy or weakness; CSF 
contains antibody to S. neurona, 
but also found in normal horses 

Ponazuril 5-10 mg/kg orally daily for 28 
days; older, but effective, treatment is 
pyrimethamine, 1 mg/kg orally and 
sulfadiazine, 20 mg/kg orally every 24 
hours for 90-120 days; Nitazoxanide 

25 mg/kg orally once daily for 2 days 
followed by 50 mg/kg orally for 26 days; 
Vaccination not recommended 

Equine herpesvirus-1 
myeloencephalopathy 

EHV-1; infectious and contagious. 

Sporadic; outbreaks occur often 
preceded by fever or upper respiratory 
tract disease 

Ascending paralysis with fecal and 
urinary incontinence, recumbency, 
normal mentation; CSF 
xanthochromic and increased 
protein concentration; lesion is 
vasculitis and malacia 

Valacyclovir for prophylactic therapy at a 
dose of 30 mg/kg orally every 8 hours 
for 2 days, then 20 mg/kg every 12 
hours for 1-2 weeks 

Corticosteroids controversial 

Nursing care; poor prognosis 

Vaccination potentially effective 

West Nile encephalitis 

West Nile virus; transmitted by bite of 
infected mosquito; horse is dead-end 
host and does not develop sustained 
viremia; enzootic to Mediterranean 
littoral and North America; Increased 
recognition in other areas (Australia, 
Kunjin); peak disease risk is late 
summer 

Weakness, muscle fasciculations, 
altered mentation; recumbency 

No specific treatment; nursing care; 
corticosteroids controversial; 
hyperimmune serum available in some 
areas; interferon has been used but 
efficacy uncertain 

Trauma 

Sudden onset; more common in young 
horses 

Spinal ataxia, varying degrees of 
weakness and proprioceptive 
deficits; recumbency 

Radiographic lesions present 
occasionally 

CSF may contain red blood cells 

Antiinflammatory drugs; rest 

Ryegrass staggers 

Intoxication by lolitrems produced by 
Acremonium lolii growing on perennial 
ryegrass; outbreaks of disease in 
horses on affected pasture 

Ataxia, stiff gait, tremor, 

hypersensitivity, recumbency; no 
histologic lesions 

Remove source of toxin; rapid recovery 
without other treatment 

Parasite migration 

Sporadic. Strongylus sp., Hypoderma sp., 
and filaroids ( Setaria sp.). 

Wide variety of clinical signs; 
progressive ataxia; CSF may 
contain eosinophils 

Ivermectin 0.2 mg/kg orally 
Antiinflammatory drugs 

Congenital anomalies 

Sporadic; cause spinal cord compression 
or lack of neural tissue, e.g., spina 
bifida 

Recumbency, ataxia present at birth 

No treatment 

Neoplasia 

Melanoma, lymphosarcoma, 
hemangiosarcoma, metastatic 
neoplasia, multiple myeloma 

Variable depending on site; usually 
extradural tumor although can be 
secondary to vertebral body 

No practicable treatment 


involvement and pathologic 
fracture 


tissue swelling with consequent reduced 
compression of the cervical spinal cord. 
There is no objective prospective assessment 
of the efficacy of this treatment 

A “paced growth” program of slowed 
growth achieved by nutritional restriction of 
young horses (foals and weanlings) has 


been suggested as conservative treatment 
for immature horses with compressive 
myelopathy or at high risk of developing the 
disease. 

Surgical fusion of cervical vertebrae is 
useful in the treatment of mild to moderately 
affected horses, although because of issues of 


safety of future riders there are concerns by 
some authorities about the advisability of 
this treatment. 

CONTROL 

Control measures are not usually used, 
although ensuring an appropriate diet and 










growth rate of at-risk animals would be 
prudent. 

FURTHER READING 

Nout YS, Reed SM. Cervical stenotic myelopathy. Equine 
Vet Educ. 2003;15:212. 
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EQUINE MOTOR 
NEURON DISEASE 

Equine motor neuron disease is a neurode- 
generative disease of horses in the United 
States, Canada, Europe, UK, and South 
America. 1 ’ 3 The disease is associated with 
low intake, and abnormally low serum con¬ 
centrations, of vitamin E, possibly exacer¬ 
bated by excessive intake of copper or iron. 4 ' 6 
The disease can be induced by feeding horses 
a diet with a low concentration of vitamin E, 
with development of clinical signs of the 
disease taking at least 18 months and up to 
38 months. 5 ' 7 

The disease affects horses of all breeds, 
with Quarter Horses most commonly 
affected, and the incidence of the disease 
increases with age (horses older than 2 
years). The disease is associated with stabling 
and lack of access to pasture, and the risk of 
the disease increases with decreasing serum 
vitamin E concentration. 

The pathogenesis of the disease is 
unknown but is suspected to be caused by 
oxidative injury to neurons subsequent to 
vitamin E deficiency. However, not all horses 
that develop the disease have a clear oxidant 
stress or decrease in antioxidant capacity. 8 
The clinical signs are attributable to degen¬ 
eration of motor neurons in the ventral 
horns of the spinal cord, with subsequent 
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peripheral nerve degeneration and wide¬ 
spread neurogenic muscle atrophy. 

The onset of clinical signs is usually 
gradual, but in a small proportion of affected 
horses the first sign is an acute onset of pro¬ 
found muscle weakness. Chronically affected 
horses have weight loss in spite of a normal 
or increased appetite, pronounced trembling 
and fasciculation of antigravity muscles, 
increased recumbency, and a short-strided 
gait. They often assume a posture with all feet 
under the body and a low head carriage, and 
frequently shift weight, which are all signs 
attributable to muscle weakness. The tail 
head is elevated in a large proportion of 
severely affected horses, which is likely a 
result of atrophy of the sacrocaudalis dorsalis 
medialis muscle. Profound flaccidity (weak¬ 
ness) of the tongue with lesions in the hypo¬ 
glossal nuclei is reported and must be 
differentiated from botulism. 9 Retinal exami¬ 
nation often reveals accumulation of 
lipofuscin-like pigment in the tapetal fundus. 

EMG, under either general or regional 
anesthesia, is a useful diagnostic aid. 8 Char¬ 
acteristic findings include spontaneous 
fibrillation potentials and trains of positive 
sharp waves. 

Lesions of redistribution of mitochon¬ 
drial enzyme stain and anguloid atrophy of 
myofibers in sacrocaudalis dorsalis medialis 
muscle of adult horses with vitamin E- 
responsive muscle atrophy might represent a 
variant, or early stage, of equine motor 
neuron disease. 10 

The prognosis is poor for horses with 
advanced disease and most of these horses 
do not return to normal function and are 
destroyed, although the disease stabilizes in 
some cases that can then live for a number 
of years after diagnosis. Approximately 40% 
of cases will have stable clinical signs (no 
improvement) and 20% will continue to 
deteriorate after diagnosis and initiation of 
treatment. Early recognition and correction 
of diet with or without supplementation with 
vitamin E can result in recovery. 

There is often a mild increase in serum 
creatine kinase activity. Horses with equine 
motor neuron disease have abnormal oral 
and intravenous glucose tolerance tests char¬ 
acterized by peak glucose concentrations 
that are lower than expected. The lower peak 
plasma glucose concentration is attributable 
to a 3x greater rate of glucose metabolism 
(removal from blood) in affected horses 
compared with normal horses. There is also 
evidence that horses with equine motor 
neuron disease are more sensitive to insulin 
than are normal horses. 

Affected horses often have serum vitamin 
E concentrations that are below the 
reference range (<1.0-2.0 |4g/dL, <1.0- 
2.0 pmol/L). Horses with equine motor 
neuron disease have higher spinal cord 
copper concentrations than do normal 
horses, but the diagnostic or clinical signifi¬ 
cance of this observation is unclear. 


Examination of CSF is not useful in arriv¬ 
ing at a diagnosis. 

Examination of muscle from horses with 
equine motor neuron disease reveals a coor¬ 
dinated shift from characteristics of slow 
muscle to those of fast twitch muscle includ¬ 
ing contractile and metabolic functions of 
muscle. There is a lower percentage of myosin 
heavy chain type 1 fibers, higher percentages 
of hybrid IIAX and IIX fibers, atrophy of all 
fibers, and reduced oxidative capacity, 
increased glycolytic capacity, and dimin¬ 
ished intramuscular glycogen concentra¬ 
tions, among other changes, in affected 
horses compared with normal horses. 

The disease must be differentiated from 
botulism and other causes of weakness in 
adult horses. Diagnostic confirmation can 
be achieved by examination of a biopsy of 
the sacrocaudalis dorsalis medialis muscle 
or the spinal accessory nerve. The sacro¬ 
caudalis dorsalis medialis muscle is pre¬ 
ferred because that muscle is predominantly 
composed of type 1 fibers and is severely 
affected by the disease. Examination of 
biopsy of this muscle has a sensitivity of 
approximately 90%. 

Necropsy examination reveals moderate 
to severe diffuse muscle atrophy. Predomi¬ 
nant histologic findings at necropsy exami¬ 
nation include degeneration of neurons in 
ventral horns at all levels of the spinal cord. 
Muscle atrophy is evident because angular 
fibers, with predominantly type 1 fibers, or a 
combination of type 1 and type 2 fibers, are 
affected. There is accumulation of lipofuscin 
in the fundus and in capillary endothelium 
of the nervous tissue. 

Treatment consists of administration of 
vitamin E. There are eight isoforms of 
vitamin E, and RRR-a-tocopherol, the natu¬ 
rally occurring form, is the most potent anti¬ 
oxidant. Synthetic vitamin E contains all 
isomers, whereas “natural” vitamin contains 
only one, the RRR isomer. Administration of 
lyophilized, water-soluble D-a-tocopherol 
(RRR-a-tocopherol) is apparently superior 
to administration of the DL-a-tocopherol 
acetate in increasing concentrations of 
vitamin E in blood of horses. 4 The usual 
dose is 4 IU of D-a-tocopherol (RRR-a- 
tocopherol) per kilogram BW orally once 
daily or 5000 to 7000 IU of a-tocopherol per 
450-kg horse per day. 4 Supplementation 
results in improvement in 40% of affected 
horses within 6 weeks, with some appearing 
normal at 12 weeks. 4 

Control measures should ensure that 
horses have adequate access to pasture or are 
supplemented with good quality forage and/ 
or vitamin E. Horses without access to green 
pasture should be supplemented with 1 U of 
vitamin E per kilogram BW per day. 4 

FURTHER READING 

Finno CJ, Valberg SJ. A comparative review of vitamin E 

and associated equine disorders. / Vet Intern Med. 

2012;26:1251-1266. 
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Diseases Primarily 
Affecting the Peripheral 
Nervous System 

The peripheral nervous system consists of 
cranial and spinal nerve components. As 
such, the peripheral nervous system includes 
the dorsal and ventral nerve roots, spinal 
ganglia, spinal and specific peripheral nerves, 
CNs and their sensory ganglia, and the 
peripheral components of the autonomic 
nervous system. 

ETIOLOGY 

There are several different causes of periph¬ 
eral nervous system disease. 

Inflammatory 

Polyneuritis equi, also known as neuritis of 
the cauda equina or cauda equina syn¬ 
drome, is a rare and slowly progressive 
demyelinating granulomatous disease affect¬ 
ing peripheral nerves in the horse. Polyneu¬ 
ritis equi is characterized by signs of lower 
motor neuron lesions, primarily involving 
the perineal region but also affecting other 
peripheral nerves, especially CNs V and VI. 
CNs VIII, IX, X, and XII also may be 
involved. Clinical signs of perineal region 
paresis/paralysis predominate and manifest 
as varying degrees of hypotonia; hypalgesia; 
and hyporeflexia of the tail, anus, and peri¬ 
neal region. Degrees of urinary bladder 
paresis and rectal dilatation are also present. 
Differential diagnoses include sacral or coc¬ 
cygeal trauma, equine herpes myeloenceph- 
alopathy, equine protozoal myeloencephalitis, 
rabies, and equine motor neuron disease. 

Cranial neuritis with guttural pouch 
mycosis and empyema in the horse may 
cause abnormalities of swallowing, laryngeal 
hemiplegia, and Horners syndrome if the 
glossopharyngeal and vagal nerves are 
involved in the inflammatory process of the 
guttural pouch. 

Acquired myasthenia gravis has been 
diagnosed in a 7-month-old Hereford heifer 
with a 5-day history of recumbency caused 
by symmetric generalized neuromuscular 
weakness. 1 The heifer stood with no assis¬ 
tance within 1 minute of edrophonium chlo¬ 
ride (0.1 mg/kg intravenously) and was able 


to stand for 24 hours. Three additional epi¬ 
sodes of prolonged recumbency responded 
to edrophonium, with an increasing period 
between episodes. Additional treatment was 
dexamethasone intramuscularly for 5 days. 
Acquired myasthenia gravis was diagnosed 
and attributed to an autoimmune disease 
directed against acetylcholine receptors at 
the neuromuscular junction. Congenital 
myasthenia gravis, caused by a homozygous 
mutation in the acetylcholine receptor gene, 
has been diagnosed in Braham calves in 
South Africa. 2 

Degenerative 

Equine laryngeal hemiplegia, often called 
roaring, is a common disease of the horse in 
which there is paralysis of the left cricoary¬ 
tenoid dorsalis muscle resulting in an inabil¬ 
ity to abduct the arytenoid cartilage and 
vocal fold, which causes an obstruction in 
the airway during inspiration. Endoscopic 
examination reveals asymmetry of the 
glottis. On exercise, inspiratory stridor 
develops as the airflow vibrates a slack and 
adducted vocal fold. The abnormality is 
caused by idiopathic distal degeneration of 
axons in the left recurrent laryngeal nerve, 
with the disease characterized as a bilateral 
mononeuropathy. 3 The left recurrent laryn¬ 
geal nerve is more severely affected than the 
right because it is longer and is the longest 
nerve in the horse (see Chapter 12 for more 
details). 

Diaphragmatic paralysis has been iden 
tified in 11 alpacas aged 2 to 12 months. 
Respiratory dysfunction was present, mani¬ 
fested as tachypnea, pronounced inspiratory 
effort, and arterial hypercapnia and hypox¬ 
emia. 4 The paralysis appeared bilateral in all 
seven alpacas imaged using fluoroscopy. His¬ 
tologic examination revealed phrenic nerve 
degeneration in all six alpacas necropsied, 
with long nerves also demonstrating degen¬ 
eration in two alpacas. The etiology was not 
identified. 4 

Traumatic 

Injection injuries to peripheral nerves may 

result from needle puncture, the drug depos¬ 
ited, pressure from an abscess or hematoma, 
or fibrous tissue around the nerve. The sciatic 
nerve has been most commonly affected in 
cattle because historically most intramuscu¬ 
lar injections were given deep in the ham¬ 
string muscles. Young calves were particularly 
susceptible because of their small muscle 
masses. Current recommendations in cattle 
are that intramuscular injections should be 
administered cranial to the shoulder. 

Femoral nerve paralysis in calves occurs 
in large calves born to heifers with dystocia. 
The injury occurs when calves in anterior 
presentation fail to enter the birth canal 
because their stifle joints become engaged at 
the brim of the pelvis. Traction used to 
deliver these calves causes hyperextension of 
the femur and stretching of the quadriceps 


muscle and its neural and vascular supplies. 
In most cases the right femoral nerve is 
affected. Such calves are unable to bear 
weight on the affected leg within days after 
birth, the quadriceps muscle is atrophied, 
and the patella can be luxated easily. The 
patellar reflex is absent or markedly reduced 
in the affected limb because this reflex 
requires an intact femoral nerve and func¬ 
tional quadriceps muscle. Varying degrees of 
rear limb paresis result, accompanied by 
varying degrees of hindlimb gait abnormal¬ 
ity. Skin analgesia maybe present over the 
proximal lateral to cranial to medial aspect 
of the tibia. At rest, the affected leg is slightly 
flexed and the hip on the affected side is held 
slightly lower. During walking, the animal 
has difficulty in advancing the limb normally 
because the limb collapses when weight 
bearing. In severe cases of muscle atrophy, 
the patella is easily luxated both medially and 
laterally. Injury to the femoral nerve is rela¬ 
tively easy to clinically identify, and there is 
usually no need to perform EMG studies of 
atrophied quadriceps muscle to document 
denervation. 

Calving paralysis is common in heifers 
that have experienced a difficult calving. 
Affected animals are unable to stand without 
assistance; if they do stand, the hindlimbs are 
weak and there is marked abduction and 
inability to adduct. It has always been erro¬ 
neously thought that traumatic injury of the 
obturator nerves during passage of the calf in 
the pelvic cavity was the cause of the paresis; 
however, detailed pathologic and experi¬ 
mental studies have demonstrated that most 
calving paresis/paralysis is caused by damage 
to the sciatic nerve. Experimental transec¬ 
tion of the obturator nerves does not result 
in paresis. The term obturator nerve paraly¬ 
sis should only be used for postparturient 
cattle with an inability to adduct one or both 
hindlimbs, and calving paralysis in the pre¬ 
ferred descriptive term for hindlimb paresis/ 
paralysis occurring in the immediate post¬ 
parturient period. 

Damage to the sciatic nerve results in rear 
limb weakness and knuckling of the fetlocks; 
the latter clinical sign is an important means 
for differentiating sciatic nerve damage from 
obturator nerve damage (Fig. 14-25). The 
patellar reflex in ruminants with sciatic 
nerve damage is normal or increased, 
because the reflex contraction of the quadri¬ 
ceps muscle group by the femoral nerve is 
unopposed by the muscles of the hindlimb 
innervated by the sciatic nerve. 

The peroneal nerve is most frequently 
damaged by local trauma to the lateral stifle 
where the peroneal nerve runs in a superfi¬ 
cial location lateral to the head of the fibular 
bone. Damage to the peroneal nerve leads to 
knuckling over of the fetlock joint from 
damage to the extensor muscles of the distal 
limb, resulting in the dorsal aspect of the 
hoof resting on the ground when the animal 
is standing. Full weight can be borne on the 
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Fig. 14-25 Three-year-old Holstein Friesian cow with mild paresis of the right sciatic nerve. 
The hock is dropped relative to the normal unaffected left leg, and the fetlock has the 
characteristic knuckling. The cow has had a left displaced abomasum surgically corrected by a 
right flank incision and is being treated for concurrent mastitis. 


affected limb when the digit is placed in its 
normal position, but immediately on walking 
the digit is dragged. There is a loss of skin 
sensation on the anterior aspect of the meta¬ 
tarsus and digit. 

Damage to the tibial nerve causes mild 
hyperflexion of the hock and a forward 
knuckling of the fetlock joint. Tibial nerve 
damage is very rare, and most cases described 
as tibial nerve damage are actually sciatic 
nerve damage. 

The radial nerve is most susceptible to 
traumatic damage because it courses distally 
and laterally over the later condyle of the 
humerus. Radial nerve paresis is most 
common when heavy adult cattle are placed 
in lateral recumbency, such as corrective foot 
trimming in bulls. Care must be taken in 
these animals to pad the area around the 
elbow and to ensure that the time spent in 
lateral recumbency is minimized. Clinical 
signs of radial nerve paresis include inability 
to advance the front limb with the ability to 
bear weight when the limb is placed directly 
under the animal in the normal position 
(Fig. 14-26). In advanced cases, the cranial 
aspect of the fetlock is dragged along the 
ground and the area needs to be protected 
from severe abrasion injury using a splint 
or cast. 

Brachial plexus injury, including avul¬ 
sion, is rare in large animals, because the 
muscle mass is usually sufficient to prevent 
overextension of the front limb. It is a rare 
outcome of correction of dystocia in goats, 
particularly when relatively excessive trac¬ 
tion is applied to one front limb during deliv¬ 
ery. Clinical signs of brachial plexus avulsion 
include a complete inability to bear weight 



Fig. 14-26 Mild radial nerve paresis in a 
Holstein Friesian bull. Swelling is present 
over the lateral aspect of the elbow. Paresis 
was present immediately after taking the 
animal off a foot table for corrective foot 
trimming. 

on the limb and a dropped elbow relative to 
the unaffected limb (Fig. 14-27). 

Metabolic and Nutritional 

PA deficiency may occur in pigs fed diets 
based solely on corn (maize). Affected 
animals develop a goose-stepping gait caused 
by degenerative changes in the primary 
sensory neurons of the peripheral nerves. 

Toxic 

Heavy metal poisoning including lead and 
mercury poisoning in horses has been 



Fig. 14-27 One-week-old kid with brachial 
plexus avulsion of the right forelimb. The 
right limb "appears" longer than the 
unaffected left limb and the right elbow 
appears dropped. The right front leg cannot 
support weight and is not advanced in a 
normal manner during walking. The right 
leg received excessive traction during 
correction of a dystocia. 


associated with clinical signs of degeneration 
of peripheral CNs, but these are not well 
documented. 

Tumors 

A multicentric schwannoma causing chronic 
ruminal tympany and forelimb paresis has 
been recorded in an aged cow. Neoplastic 
masses were present throughout the body, 
and both right and left brachial plexuses 
were involved. The peripheral nerves of each 
brachial plexus were enlarged. Large tumor 
masses were present on the serosal surfaces 
of the esophagus, pericardial sac and epicar- 
dium, and within the myocardium, endocar¬ 
dium, and the ventral branches of the first 
four thoracic spinal nerves. A large mass was 
present in the anterior mediastinum near the 
thoracic inlet. 

Autonomic Nervous System 
Equine grass sickness (equine dysautono- 
mia, grass sickness, mal Seco) in the horse 

is a polyneuropathy involving both the 
peripheral nervous system (autonomic and 
enteric nervous systems) as well as the CNS. 5 ' 
' Equine grass sickness occurs primarily in 
Scotland, although cases have been reported 
elsewhere in Europe, and in Patagonia and 
the Falkland Islands. 5 The disorder is charac¬ 
terized by a peracute to chronic alimentary 
tract disease of horses on pasture (hence the 
name). Gastrointestinal stasis is partial or 
complete. Peracute cases are in shock and in 
a state of collapse with gastric refluxing. 
Acute, subacute, and chronic cases also 
occur. Degenerative changes occur in the 
autonomic ganglia (especially the celiac- 
mesenteric, and stellate), thoracic sympa¬ 
thetic chain, ciliary, cranial and caudal 
cervical, the craniospinal sensory ganglia, 
and selected nuclei in the CNS. EMG reveals 
the presence of a neuropathy of skeletal 
muscles. 5 The etiology is unknown but neu¬ 
rotoxin involvement is suspected, possibly 
Clostridium botulinum type C/D. 
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TETANUS 

ETIOLOGY 

Tetanus is caused by C. tetani, a gram¬ 
positive, spore-forming obligate anaerobe 
bacillus. It is a ubiquitous organism and a 
commensal of the gastrointestinal tract of 
domestic animals and humans. The organ¬ 
ism forms highly resistant spores that can 
persist in soil for many years. The spores 
survive many standard disinfection proce¬ 
dures, including steam heat at 100°C (212°F) 
for 20 minutes but can be destroyed by 
heating at 115°C (239°F) for 20 minutes. 
After a period of anaerobic incubation spores 
germinate to their vegetative form, which 
starts replicating and producing a complex of 
exotoxins causing the clinic signs character¬ 
istic for this condition. The toxins produced 
are tetanolysin, tetanospasmin, and neuro¬ 
toxin or nonspasmolytic toxin. 


SYNOPSIS 


Etiology Muscle spasm from action of the 
exotoxin tetanospasmin produced by the 
vegetative stage of Clostridium tetani. 

Epidemiology Marked difference in species 
susceptibility with horses being most and 
cattle being least susceptible. Usually a 
history of a wound or other tissue trauma. 
Occurs as isolated cases but also as 
outbreaks in young ruminants following 
castration and docking. 

Clinical findings Generalized muscular 

rigidity and spasms, hyperesthesia, prolapse 
of third eyelid, trismus, ears pulled caudally, 
bloat in ruminants, convulsions, respiratory 
arrest, and death. High case fatality. 

Necropsy findings None. May demonstrate 
the organism in necrotic tissue in some 
cases. 

Diagnostic confirmation Diagnosis is based 
on characteristic clinical signs and wound 
history. No definitive antemortem test or 
pathognomonic postmortem lesion. A 
bioassay consisting of injecting mice with 
infectious material to induce characteristic 
clinical signs is used. 


Treatment Objectives are to prevent further 
production of exotoxin, neutralize residual 
toxin, control muscle spasms until the toxin 
is eliminated or destroyed, maintain 
hydration and nutrition, provide supportive 
treatment. 

Control Regular prophylactic vaccination with 
tetanus toxoid of susceptible animals, 
vaccination and administration of tetanus 
antitoxin to unvaccinated animals with 
fresh wounds, antibiotic therapy in animals 
with wounds that are contaminated or at 
risk to be contaminated. 


EPIDEMIOLOGY 

Occurrence 

Tetanus occurs in all parts of the world and 
is most common in closely settled areas 
under intensive cultivation. It occurs in all 
farm animals, mainly as individual, sporadic 
cases, although outbreaks are occasionally 
observed in young cattle, young pigs, and 
lambs following wound management 
procedures. 1 

Case-Fatality Rate 

In young ruminants the case-fatality rate is 
over 80%, but the recovery rate is high in 
adult cattle. In horses it varies widely between 
areas. In some areas almost all animals die 
acutely, and in others the mortality rate is 
consistently about 50%. 2,3 

Source of Infection 

C. tetani organisms are commonly present in 
the feces of animals, especially horses, and in 
the soil contaminated by these feces. Surveys 
in different areas of the world show it is 
present in 30% to 42% of soil samples. The 
survival period of the organism in soil varies 
widely from soil to soil. 

Transmission 

The portal of entry is usually through deep 
puncture wounds, but the spores may lie 
dormant in the tissues for some time and 
produce clinical illness only when tissue con¬ 
ditions favor their proliferation. For this 
reason, the portal of entry is often difficult to 
identify. Puncture wounds of the hooves are 
common sites of entry in horses. Introduc¬ 
tion to the genital tract at the time of parturi¬ 
tion is the usual portal of entry in cattle. A 
high incidence of tetanus may occur in 
young pigs following castration and in lambs 
following castration, shearing, docking, vac¬ 
cinations, or injections of pharmaceuticals, 
especially anthelmintics. Docking by the use 
of elastic band ligatures is reputed to be espe¬ 
cially hazardous. Neonatal tetanus occurs 
when there is infection in the umbilical cord 
associated with unsanitary conditions at par¬ 
turition. Cases of tetanus in ruminants after 
thermic dehorning and ear-tagging have 
been reported. 1 

Outbreaks of “idiopathic tetanus” occur 
occasionally in young cattle without a wound 


being apparent, usually in association with 
the grazing of rough, fibrous feed, and it is 
probable that toxin is produced in wounds in 
the mouth or gastrointestinal tract or is 
ingested preformed in the feed. Proliferation 
in the rumen may also result in toxin 
production. 

Animal Risk Factors 

The neurotoxin of C. tetani is exceedingly 
potent, but there is considerable variation in 
susceptibility between animal species, and 
horses are the most susceptible and cattle the 
least susceptible. The variation in prevalence 
of the disease in the different species is partly 
caused by this variation in susceptibility but 
is also because exposure and wound man¬ 
agement practices are more likely to occur in 
some species than in others. 

Importance 

Tetanus is important because of its high case 
fatality and the very long convalescence in 
the survivors. In regions of the world where 
horses, donkeys, and mules still play an 
important role in the rural economy and 
where vaccination is uncommon, the 
economic impact of tetanus can be 
considerable. 2 

PATHOGENESIS 

The tetanus spores remain localized at their 
site of introduction and do not invade sur¬ 
rounding tissues. Spores germinate to their 
vegetative form to proliferate and produce 
tetanolysin, tetanospasmin, and neuro¬ 
toxin only if certain environmental condi¬ 
tions are attained, particularly a lowering of 
the local tissue oxygen tension. Toxin pro¬ 
duction may occur immediately after intro¬ 
duction if the accompanying trauma has 
been sufficiently severe, or if foreign material 
has also been introduced to the wound, or 
may be delayed for several months until sub¬ 
sequent trauma to the site causes tissue 
damage. The original injury may be inappar- 
ent by then. Of the three mentioned exotox¬ 
ins, tetanospasmin is the most relevant for 
the pathophysiology of the condition. 
Although tetanolysin was found to promote 
local tissue necrosis, its role in the pathogen¬ 
esis of tetanus remains doubtful. The role of 
the more recently identified neurotoxin, or 
nonspasmogenic toxin, which is a peripher¬ 
ally active for the pathophysiology of tetanus, 
is currently unknown. 

Tetanospasmin diffuses to the systemic 
circulation, is bound to motor end plates, 
and travels up peripheral nerve trunks via 
retrograde intraaxonal transport to the CNS. 
The exact mechanisms by which the toxin 
exerts its effects on nervous tissue are not 
known, but it blocks the release of neu¬ 
rotransmitters such as GABA and glycine, 
which are essential for the synaptic inhibi¬ 
tion of gamma motor neurons in the spinal 
cord. There it leads to an unmodulated 
spread of neural impulses produced 
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Fig. 14-28 Polled Hereford cow exhibiting early signs of tetanus with healthy calf. The tail is 
held slightly away from the perineum, the ears are back, the eyes have a surprised expressed 
with slight prolapse of the nictitating membrane, and saliva is drooling from the mouth. The 
cow calved 7 days previously and had a retained placenta and metritis. 



Fig. 14-29 Suffolk lamb with tetanus after castration using a band. The lamb is exhibiting a 
sawhorse stance caused by generalized muscle rigidity and drooling of saliva. 



by normally innocuous stimuli, causing 
exaggerated responses and a state of constant 
muscular spasticity. No structural lesions are 
produced. Death occurs by asphyxiation 
caused by fixation of the muscles of 
respiration. 

CLINICAL FINDINGS 

The incubation period varies between 3 
days and 4 weeks, with occasional cases 
occurring as long as several months after the 
infection is introduced. In sheep and lambs 
cases appear 3 to 10 days after shearing, 
docking, or castration. 

Clinical findings are similar in all animal 
species. Initially, there is an increase in 
muscle stiffness, accompanied by muscle 
tremor. There is trismus with restriction of 
jaw movements; prolapse of the third eyelid; 
stiffness of the hindlimbs causing an 
unsteady, straddling gait; and the tail is held 
out stiffly, especially when backing or 
turning. Retraction of the eye and prolapse 
of the third eyelid (a rapid movement of the 
third eyelid across the cornea followed by a 
slow retraction) is one of the earliest and 
consistent signs (with the exception of sheep) 
and can be exaggerated by sharp lifting of the 
muzzle or tapping the face below the eye. 
Additional signs include an anxious and alert 
expression contributed to by an erect car¬ 
riage of the ears, retraction of the eyelids and 
dilation of the nostrils, and hyperesthesia 
with exaggerated responses to normal stimuli 
(Fig. 14-28). 

The animal may continue to eat and drink 
in the early stages but mastication is soon 
prevented by tetany of the masseter muscles 
and saliva may drool from the mouth. If food 
or water is taken, attempts at swallowing are 
followed by regurgitation from the nose. 
Constipation is usual and the urine is 
retained, partly as a result of the inability to 
assume the normal position for urination. 
The rectal temperature and pulse rate are 
within the normal range in the early stages 
but may rise later when muscular tone and 
activity are further increased. In cattle, par¬ 
ticularly young animals, bloat is an early sign 
but is not usually severe and is accompanied 
by strong, frequent rumen contractions. 

As the disease progresses, muscular 
tetany increases and the animal adopts a 
sawhorse posture (Figs. 14-29 and 14-30). 
Uneven muscular contractions may cause 
the development of a curve in the spine and 
deviation of the tail to one side. There is great 
difficulty in walking and the animal is 
inclined to fall, especially when startled. 
Falling occurs with the limbs still in a 
state of tetany and the animal can cause 
itself severe injury. Once down it is almost 
impossible to get a large animal to its feet 
again. Tetanic convulsions begin in which 
the tetany is still further exaggerated. 
Opisthotonus is marked, the hindlimbs are 
stuck out stiffly behind and the forelegs 
forward. Sweating may be profuse and the 


temperature rises, often to 42°C (107°F). The 
convulsions are at first only stimulated by 
sound or touch but soon occur spontane¬ 
ously. In fatal cases there is often a transient 
period of improvement for several hours 
before a final, severe tetanic spasm during 
which respiration is arrested. 

The course of the disease and the prog¬ 
nosis vary both between and within species. 
The duration of a fatal illness in horses and 
cattle is usually 5 to 10 days, but sheep 
usually die on about the third or fourth day. 
A long incubation period is usually associ¬ 
ated with a mild syndrome, a long course, 


and a favorable prognosis. Mild cases that 
recover usually do so slowly, with the stiff¬ 
ness disappearing gradually over a period of 
weeks or even months. The prognosis is poor 
when signs rapidly progress. Animals vacci¬ 
nated in the past year have a better progno¬ 
sis, as do horses that have received parenteral 
penicillin and tetanus antitoxin and in which 
the wound was aggressively cleaned when 
fresh. 

CLINICAL PATHOLOGY 

There are no specific abnormalities in blood 
or CSF and no antemortem test confirming 
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Fig. 14-30 Corriedale lamb with tetanus 
after tail docking. Note the ear and eyelid 
retraction and generalized stiffness. 

the diagnosis. Blood levels of tetanus toxin 
are usually too low to be detected. Gram- 
stain of wound aspirates is considered of 
limited value because sporulated as well as 
vegetative forms of C. tetani resemble other 
anaerobic bacteria. Culturing the pathogen is 
difficult because of the low number of organ¬ 
isms normally present and the strict anaero¬ 
bic conditions required for culture. Culture 
in combination with PCR has been used for 
identification of C. tetani.' A bioassay con¬ 
sisting of injecting infectious material into 
the tail base of mice and observing for onset 
of characteristic clinical signs is possible. 2 

NECROPSY FINDINGS 

There are no gross or histologic findings by 
which a diagnosis can be confirmed, although 
a search should be made for the site of infec¬ 
tion. Culture of the organism is difficult but 
should be attempted. If minimal autolysis 
has occurred by the time of necropsy, the 
identification of large gram-positive rods 
with terminal spores (“tennis-racket mor¬ 
phology”) in smears prepared from the 
wound site or spleen is supportive of a diag¬ 
nosis of tetanus. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: air-dried impression 
smears from spleen, wound site (cyto, 
Gram stain), culture swab from wound 
site in anaerobic transport media; spleen 
in sterile, leak-proof container 
(anaerobic CULT, bioassay). 


DIFFERENTIAL DIAGNOSIS 


Fully developed tetanus is so distinctive 
clinically that it is seldom confused with other 
diseases. The muscular spasms, the prolapse 


of the third eyelid, and a recent history of 
accidental injury or surgery are characteristic 
findings. However, in its early stages or mild 
forms, tetanus may be confused with other 
diseases. 

All species 

• Strychnine poisoning 

• Meningitis 

Horses 

• Hypocalcemic tetany (eclampsia) 

• Acute laminitis 

• Hyperkalemic periodic paralysis 

• Myositis, particularly after injection in the 
cervical region. 

Ruminants 

• Hypomagnesemia (cows, sheep and calves) 

• White muscle disease 

• Polioencephalomalacia 

• Enterotoxemia. 


TREATMENT 

These are the main principles in the treat¬ 
ment of tetanus: 

• Eliminate the causative bacteria 

• Neutralize residual toxin 

• Control muscle spasms until the toxin is 
eliminated or destroyed 

• Maintain hydration and nutrition 

• Provide supportive treatment 

There are no structural changes in the 
nervous system, and the management of 
cases of tetanus depends largely on keeping 
the animal alive through the critical stages. 

Elimination of the organism is usually 
attempted by the parenteral administration 
of penicillin in large doses (44,000 IU/kg), 
preferably by intravenous administration. 
Other antimicrobials that have been pro¬ 
posed include oxytetracycline (15 mg/kg), 
macrolides, and metronidazole. If the infec¬ 
tion site is found, the wound should be 
aggressively cleaned and debrided but only 
after antitoxin has been administered, 
because debridement, irrigation with hydro¬ 
gen peroxide, and the local application of 
penicillin may facilitate the absorption of the 
toxin. 

The objective of administering tetanus 
antitoxin is to neutralize circulating toxin 
outside the CNS. The use of tetanus antitoxin 
is most appropriate in wounded animals that 
are susceptible to but unvaccinated against 
tetanus or with uncertain vaccination history. 
Because binding of tetanospasmin to neural 
cells is irreversible and because the tetanus 
antitoxin is unable to penetrate the blood- 
brain barrier, administration of antitoxin is 
of little value once signs have appeared. After 
the experimental administration of toxin, 
antitoxin is of limited value at 10 hours and 
ineffective by 48 hours. The recommended 
doses vary widely and range from 10,000 to 
over 300,000 IU per treatment, given intra¬ 
venously, intramuscularly, or subcutaneously 
once or repeatedly, but reported treatment 
outcomes are inconsistent. Local injection of 


some of the antitoxin around the wound has 
also been proposed. There have been a 
number of attempts to justify the treatment 
of early cases of equine tetanus by intrathecal 
injection of antitoxin, but there is limited 
evidence of therapeutic value and the proce¬ 
dure carries risk. 

The use of tetanus toxoid has also been 
recommended for patients with tetanus, but 
an antibody response may take 2 to 4 weeks 
and a booster vaccination is required in 
previously unvaccinated animals. The 
effectiveness of this treatment in previously 
unvaccinated animals is therefore doubtful. 
When combining tetanus toxoid and anti¬ 
toxin, both compounds should be adminis¬ 
tered on different sites using different 
syringes. 

Relaxation of the muscle tetany can be 

attempted with various drugs. Chlorproma- 
zine (0.4-0.8 mg/kg BW intravenously, or 
1.0 mg/kg BW intramuscularly, three or four 
times daily) and acepromazine (0.05 mg/kg 
BW three to four times daily) administered 
until severe signs subside, are widely used in 
horses. A combination of diazepam (0.1— 
0.4 mg/kg) and xylazine (0.5-1.0 mg/kg 
intravenously or intramuscularly) may be 
effective in horses refractory to phenothi- 
azine tranquilizers. 

Hydration can be maintained by intrave¬ 
nous or stomach-tube feeding during the 
critical stages when the animal cannot eat or 
drink. The use of an indwelling tube should 
be considered because of the disturbance 
caused each time the stomach tube is passed. 
Feed and water containers should be ele¬ 
vated, and the feed should be soft and moist. 

Additional supportive treatment 
includes slinging of horses during the recov¬ 
ery period, when hyperesthesia is diminish¬ 
ing. Affected animals should be kept as quiet 
as possible and provided with dark, well- 
bedded quarters with nonslip flooring and 
plenty of room to avoid injury if convulsions 
occur. Administration of enemas and cathe¬ 
terization may relieve the animal’s discom¬ 
fort. This level of nursing, plus penicillin, 
ataractic drugs, and antitoxin for an average 
of 14 days, can deliver something like a 50% 
recovery by an average of 27 days, but the 
cost is high. A rumenostomy may be required 
in ruminant patients with recurrent bloat. 

Horses that fall frequently sustain bone 
fractures and may need to be destroyed. 
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Tetanus antitoxin (30,000-50,000 IU per dose 
intrathecal) (R-3) 

Sedation horses 

Chlorpromazine (0.4-0.8 mg/kg IV or IM every 
6-8 hours) (R-1) 

Acepromazine (0.05-0.1 mg/kg IV or IM every 
6-8 hours) (R-1) 

Diazepam (0.01-0.4 mg/kg IV or IM) (R-1) 

Xylazine (0.5-1 mg/kg IV or IM) (R-1) 

Sedation cattle 

Diazepam (0.5-1.5 mg/kg IV or IM) 

Xylazine (0.05-0.15 mg/kg IV or 0.1-0.3 mg/ 
kg IM) 

Sedation sheep 

Acepromazine (0.05-0.1 mg/kg IV or IM every 
6-8 hours) (R-1) 

Diazepam (0.2-0.5 mg/kg IV or IM (every 6-8 
hours) (R-1) 

Control 

Regular vaccination if tetanus toxoid (R-1) 

Tetanus antitoxin (1500 IU per dose IM in 
unvaccinated animals with fresh wounds) 
(R-1) 


IM, intramuscularly, IV, intravenously. 


CONTROL 

Many cases of tetanus could be avoided by 
proper skin and instrument disinfection at 
castrating, docking, and shearing time. These 
operations should be performed in clean sur¬ 
roundings; in the case of lambs docked in the 
field, temporary pens are preferred over per¬ 
manent yards for catching and penning. 

Passive Immunity 

Short-term prophylaxis can be achieved by 
the injection of 1500 IU of tetanus antitoxin. 
The immunity is transient, persisting for 
only 10 to 14 days. 

Tetanus Antitoxin 

Tetanus antitoxin should be given to any 
horse with a penetrating wound or deep lac¬ 
eration, and the wound should also be 
cleaned aggressively. Tetanus toxoid can be 
administered at the same time as tetanus 
antitoxin, provided they are injected at dif¬ 
ferent sites and using different syringes. 
Animals that suffer injury are usually given 
an injection of antitoxin and one of toxoid to 
ensure complete protection. 

Tetanus antitoxin is often routinely given 
to mares following foaling and to newborn 
foals. In some areas the risk for tetanus in 
young foals is high and repeated doses of 
antitoxin at weekly intervals may be required 
for protection. 

On farms where the incidence of tetanus 
in lambs is high, antitoxin is usually given at 
the time of docking or castration; 200 IU has 
been shown to be effective. The risk for 
tetanus in calves is lower than in lambs and 


tetanus antitoxin is not commonly given at 
the time of castration. 

There is a risk for serum hepatitis in 
horses that have been given tetanus antitoxin 
and, while this risk is small, a policy of 
routine active immunization of the mare to 
provide the mare with active immunity and 
the foal with passive colostral immunity is 
preferred to one that relies on antitoxin. Pro¬ 
vided foals get an adequate supply of colos¬ 
trum they are protected during the first 10 
weeks of life by active vaccination of the 
mare during the last weeks of pregnancy. 
Prevention of tetanus in newborn lambs is 
also best effected by vaccination of the ewe 
in late pregnancy. 

Active Immunity 

Available vaccines are formalin-inactivated 
adjuvanted toxoids; they induce long-lasting 
immunity. Primary vaccination requires two 
doses 3 to 6 weeks apart. Protective titers are 
obtained within 14 days of the second injec¬ 
tion and last for at least a year and up to 5 
years. 

Traditionally foals have received primary 
vaccination at 3 to 4 months of age; however, 
there is evidence that maternal antibodies 
acquired by foals born to mares vaccinated 
shortly before parturition significantly 
inhibit the antibody response of the foal to 
primary vaccination until it is 6 months of 
age and that primary vaccination should be 
delayed until that age. 

Although immunity lasts longer than 1 
year, it is common to revaccinate horses 
yearly with a single booster injection. Preg¬ 
nant mares should receive a booster injection 
4 to 6 weeks before foaling to provide ade¬ 
quate colostral immunity to the foal. 

Ewes are immunized with a similar 
schedule except that the primary doses are 
usually given at a managementally conve¬ 
nient time when the flock is yarded. A 
prelambing booster vaccination is given 
yearly. Commonly, commercial vaccines 
for sheep also contain antigens for other 
clostridial diseases for which sheep are at 
high risk. 

Vaccination of cattle is usually not con¬ 
sidered unless an outbreak of the disease has 
occurred in the immediate past and further 
cases may be anticipated. 
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BOTULISM 


SYNOPSIS 


Etiology Neurotoxin produced by Clostridium 
botulinum during vegetative growth. C. 


botulinum types B, C, and D and, on rare 
instances, type A are associated with 
disease in animals but the type prevalence 
varies geographically. 

Epidemiology Ingestion of preformed toxin 
in which feed preparation or storage allows 
multiplication of the organism in the feed 
with toxin production. Contamination of 
feed with carrion containing toxin. 
Consumption of carrion on pasture by 
phosphorus-deficient animals. Risk factors 
often result in multiple cases. 
Toxicoinfections with toxin production from 
organisms in the intestine or wounds are 
more uncommon. 

Clinical findings Early muscle tremor, 
progressive symmetric weakness, and 
motor paralysis leading to recumbency. 
Mydriasis, ptosis, weak tongue retraction; 
sensation and consciousness retained until 
death. 

Necropsy findings None specific. 

Diagnostic confirmation Demonstration of 
toxin in intestinal contents, serum, or feed. 
Demonstration of organisms in feed, 
intestinal contents, or wounds. 

Treatment Type-specific antiserum and 
supportive treatment. 

Control Avoidance of exposure by feed 
management. Vaccination. 


ETIOLOGY 

The causative organism C. botulinum, a 
spore-forming obligate anaerobe, produces 
neurotoxins during vegetative growth. 
Spores can survive in the environment for 
over 30 years. Under favorable conditions of 
warmth and moisture the spores germinate 
and vegetative cells multiply rapidly, elabo¬ 
rating a stable and highly lethal neurotoxin 
(BoTN) which, when ingested, or absorbed 
from tissues, causes the disease. The toxin is 
also capable of surviving for long periods, 
particularly in bones. Seven antigenically 
distinct toxin types (A-G), some with sub- 
types, have been identified. Farm animal 
disease is produced primarily by types B, C, 
D, and occasionally type A. Type A, B, E, and 
F toxins are generally related to human botu¬ 
lism. 1 Botulinum neurotoxin forming C. 
botulinum species are divided into groups I 
to IV depending on their physiologic 
properties. 1 

• Group I: proteolytic C. botulinum type 
A, B and F. These types degrade protein 
such as milk, serum, meat, and chicken 
protein 

• Group II: nonproteolytic C. botulinum, 
includes nonprotelytic type B and F and 
all type E 

• Group III: C. botulinum type C and D 

• Group IV: C. botulinum type G. 

The geographic distribution of these 
types varies considerably. In a study in the 
United States, type A was found in neutral or 
alkaline soils in the west, whereas types B 
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and E were in damp or wet soil all over, 
except that B was not found in the south. 
Type C was found in acid soils in the Gulf 
coast, and type D in alkaline soils in the west. 
Microorganisms capable of inhibiting C. 
botulinum were present, with or without the 
clostridia, in many soils. Type B is also 
common in soils in the UK and in Europe. 
Types C and D are more common in warm 
climates. 

The organism is present in the alimen¬ 
tary tract of animals that have recently 
ingested contaminated material and may be 
introduced into new areas in this way, or by 
birds and blowflies. In healthy animals with 
normal intestinal fauna and motility C. botu¬ 
linum does not multiply in the gastro¬ 
intestinal tract 

EPIDEMIOLOGY 

Occurrence 

Botulism has no geographic limitations, 

with isolated cases and sporadic outbreaks 
occurring in most countries. The source of 
exposure to toxin and the risk for disease 
differ between regions because of differences 
in food storage, feeding, and management 
practices. Outbreaks associated with inges¬ 
tion of toxin in conserved feeds are more 
common in the northern states of the United 
States and in Europe, whereas outbreaks in 
animals on pasture are reported primarily 
from South Africa, Australia, and the Gulf 
coast area of the United States. The disease 
usually occurs in a number of animals at one 
time and has a high case-fatality rate. 

Source of Infection 

Most incidents of botulism are associated 
with the ingestion of preformed toxin (forage 
botulism). Toxin in feeds may result from 
the primary growth of C. botulinum in the 
feed or from the contamination of the feed 
with toxin-containing carrion (carrion- 
associated botulism). Less common sources 
are growth with toxin production in wounds 
(wound botulism) or growth and toxin pro¬ 
duction in the alimentary tract (toxicoinfec- 
tious botulism). 

Forage Botulism 

Forage botulism occurs when pH, moisture, 
and anaerobic conditions in the feedstuff 
allow the vegetative growth of C. botulinum 
and the production of toxin. This can occur 
in a number of spoiled stored forages. Cereal 
silages carry a risk in the United States. Silage 
and hay may spoil to a stage suitable for the 
growth of C. botulinum. This is most likely if 
the forage is very succulent or is wet by rain 
when it is made. 

Big bale silage is a particular risk. The 
type of forage ensiled in big bales often has 
insufficient water-soluble carbohydrate for 
adequate lactic acid fermentation to achieve 
a stable low pH, and the higher dry matter 
content can also lead to a higher pH. Clos¬ 
tridial multiplication is inhibited below pH 


4.5. Most non-carrion-associated botulism 
is caused by type B strains, and horses appear 
to be especially susceptible. 

Proliferation of the organism can occur 
in decaying vegetable material. The disease 
has also occurred in horses fed on spoiled 
vegetables and potatoes contaminated by C. 
botulinum and on alfalfa haylage packed in 
airtight aluminum foil envelopes. Grass clip¬ 
pings allowed to accumulate and decay in a 
pile have poisoned horses, as has round bale 
hay that spoiled after rain. Decaying grass at 
the base of old tussocks and in trampled 
stubble are known to be suitable sites for 
growth of C. botulinum. Cases have occurred 
with brewers grains, and high-moisture 
grain has the potential for toxicity. 

Carrion-Associated Botulism 

This is almost always the cause of botulism 
in animals on pasture, and carrion is also a 
common cause of botulism in animals on 
conserved feeds. Carrion includes domestic 
and wild animals and birds. In endemic bot¬ 
ulism areas, the carcasses of dead animals are 
invaded by C. botulinum, and high concen¬ 
trations of toxin are produced such that very 
small amounts of flesh or bone have lethal 
concentrations. Most outbreaks of carrion- 
associated botulism are associated with type 
C and D strains; these strains produce much 
higher concentrations of toxin in carrion 
than type A and B strains. Toxin can persist 
in carrion for at least 1 year. Where the car¬ 
casses of rodents, cats, and birds contaminate 
hay or silage, toxin can leach out and con¬ 
taminate surrounding hay or other feeds to 
cause multiple cases of botulism. In one 
instance a single mouse carcass is thought to 
have contaminated 200,000 tons of alfalfa 
cubes. A common source in Australia is hay 
made at the time of a mouse plague. At such 
times even good, fresh hay can contain a 
great deal of carrion. In another recorded 
incident 427 of 444 dairy cattle died after 
ingesting feed contaminated with BoTN type 
C from a cat carcass. 

Poultry manure and ensiled poultry 
litter have caused outbreaks of botulism 
when used as fertilizers, as has poultry litter 
used for bedding cattle. 2 Outbreaks of botu¬ 
lism have occurred in cattle and sheep 
grazing pastures that have been fertilized 
with poultry manure or poultry litter. Cattle 
and sheep may eat poultry litter piled on a 
pasture before disposal. It is probable that the 
source of toxin in poultry litter is from 
poultry carcasses. Disease is usually caused 
by C. botulinum type D and occasionally 
type C. 2 

Direct carrion ingestion can occur 
where cattle subsist on a chronically 
phosphorus-deficient diet and manifest 
osteophagia, with subsequent ingestion of 
carrion. The disease is likely to occur in out¬ 
break form. In sheep, pica is more usually 
associated with a dietary deficiency of 
protein or net energy. Occasional outbreaks 


occur that are caused by drinking of water 
contaminated by carcasses of dead animals. 
A not uncommon occurrence is livestock 
drinking lake water contaminated by the car¬ 
casses of ducks and other waterfowl that have 
died of botulism. Wetlands where outbreaks 
of avian botulism have occurred are likely to 
have repeated occurrences because of soil 
contamination. 

Wound Botulism 

Wound botulism is a toxicoinfectious form 
of botulism where the toxin is produced in 
wounds infected by C. botulinum. 3 Wound 
botulism is rare but is recorded in horses 
following castration, with omphalophlebitis, 
umbilical hernias treated with clamps, with 
an infected wound and in association with an 
injection abscess. 

Toxicoinfectious Botulism 

This results when toxin is produced by C. 
botulinum present in the intestine. Two con¬ 
ditions in horses, equine grass sickness (see 
Equine grass sickness in Chapter 7) and the 
shaker foal syndrome, are potential forms of 
toxicoinfectious botulism. The shaker foal 
syndrome is a disease of young foals up to 8 
months of age with the highest prevalence in 
foals 3 to 8 weeks of age. 

The disease occurs sporadically in the 
United States, Australia, and the UK but may 
occur repeatedly on some farms. C. botuli¬ 
num type B has been isolated from the feces 
of naturally occurring cases of the disease, 
and the condition has been produced experi¬ 
mentally by the intravenous injection of C. 
botulinum toxin. 

In cattle a toxicoinfection with C. botuli¬ 
num is suspected to be the cause of a CWD 
reported to occur with increased incidence 
in northern and eastern Germany. 45 The 
condition was coined as chronic or “vis¬ 
ceral” botulism and is thought to be caused 
by an enteral dysbiosis, allowing C. botuli¬ 
num to grow in the ruminant intestinal tract 
and to expose the organism to subclinical 
doses of BoTN over a long time. 4,5 Symptoms 
associated with this condition are very 
unspecific including indigestion, lameness 
and ataxia, weight loss and drop in milk pro¬ 
duction, tucked-up abdomen, labored 
breathing, edema in brisket and legs, recum¬ 
bency, and even death in advanced stages. 4 
Although in many reported cases of herd 
outbreaks the diagnosis was solely based on 
clinical presentation and by ruling out other 
differential diagnosis, in several cases feces 
and intestinal content of affected or death 
animals were positively tested for C. botuli¬ 
num. 4 The causative relationship is nonethe¬ 
less under contentious debate because C. 
botulinum spores can routinely be isolated 
from feces of clinically healthy cattle. 6 

Experimental Reproduction 

Cows challenged with type C botulinum 
toxin intravenously showed initial signs of 





constipation and straining at defecation 48 
hours after injection and weakness, decreased 
tail tone, decreased tongue tone, and muscle 
fasciculation of large-muscle groups between 
76 and 92 hours. Weakness progressed to 
total posterior paresis between 80 and 140 
hours in these cattle. On a weight-for-weight 
basis, cattle were considered to be 13 times 
more sensitive than mice to type C botuli- 
num toxin. 

Risk Factors 
Animal Risk Factors 

Botulism is most common in birds, particu¬ 
larly the domestic chicken and wild water- 
fowl. Cattle, sheep, and horses are susceptible 
but pigs, dogs, and cats appear to be resistant. 
The horse appears to be particularly suscep¬ 
tible to type B toxin. Cattle and sheep are 
usually affected by types C and D. 

Environment Risk Factors 

Botulism in range animals has a seasonal dis¬ 
tribution. Outbreaks are most likely to occur 
during drought periods when feed is sparse, 
phosphorus intake is low, and carrion is 
plentiful. Silage-associated botulism is also 
seasonal with the feeding of silage. A key 
epidemiologic factor identified during recent 
botulism outbreaks in Europe and Great 
Britain was the proximity to broiler chicken 
litter. 2 The variation that occurs in the geo¬ 
graphic distribution of the various types, and 
in carrion versus non-carrion-associated 
botulism is an important factor when con¬ 
sidering prophylactic vaccination programs. 

Importance 

Severe outbreaks with high case-fatality 
rates can occur when contaminated feed is 
fed to large numbers of animals. Under 
extensive grazing conditions massive out¬ 
breaks of carrion-associated botulism also 
occur unless the animals are vaccinated. 

Zoonotic Implications 

BoTN is identified as a possible agent for 
bioterrorism. Furthermore an increasing 
number of large botulism outbreaks in cattle 
herds in the past decades have raised public 
health concerns associated with the con¬ 
sumption of meat or milk originating from 
affected herds. 17 ' 8 In Germany, anecdotal 
reports of farmers having developed clinical 
signs resembling symptoms observed in 
their livestock suspected to suffer of a chronic 
form of botulism have contributed to these 
concerns. 9 Notwithstanding there is no evi¬ 
dence to support the assumption that there 
could be transmission between humans and 
animals. 17 Even the cases in which farm per¬ 
sonnel and cattle were affected by a condi¬ 
tion thought to be associated with C. 
botulinum different types of C. botulinum 
were isolated from people and cattle. 4 ' 9 

The available evidence for the occurrence 
of human cases associated with meat and 
milk consumption has been reviewed.' No 
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human cases of clinical botulism that were 
associated with the consumption of meat or 
milk derived from animals with botulism or 
healthy animals from herds affected by botu¬ 
lism were identified. No cases of calves 
contracting clinical botulism from the con¬ 
sumption of raw milk in herds affected by 
botulism or cases of other species (dogs) 
contracting botulism from the consumption 
of fresh meat were available.' 

Only one report of a cow affected by clini¬ 
cal botulism has been published in which 
BoTN was found in one mastitic quarter. The 
interpretation of this result is complicated by 
the fact that the BoTN affecting this animal 
was BoTN type C, whereas the BoNT type E 
was isolated in milk. 1 Furthermore the toxin 
was retrieved in a mastitic quarter but not 
the remaining three clinically healthy quar¬ 
ters. It has therefore been suggested that the 
BoNT retrieved in this quarter was either 
produced locally or is the result of contami¬ 
nation. 1 Cows are relatively sensitive to 
BoTN, whereas the toxin is rarely detectable 
in the blood of clinical cases. The excretion 
of BoTN in relevant amounts through the 
mammary gland is therefore considered to 
be unlikely. Nonetheless because of the men¬ 
tioned uncertainties the meat and milk from 
cattle that have botulism should not be used 
for human consumption. 

PATHOGENESIS 

The toxins of C. botulinum are neurotoxins 
and produce functional paralysis without the 
development of histologic lesions. Botuli¬ 
num toxins are absorbed from the intestinal 
tract or the wound and carried via the blood¬ 
stream to peripheral cholinergic nerve ter¬ 
minals including neuromuscular junctions, 
postganglionic parasympathetic nerve 
endings, and peripheral ganglia. The heavy 
chain of the toxin is responsible for binding 
to the receptors and translocation into the 
cell and the light chain of the toxin for resul¬ 
tant blockade of the release of acetylcholine 
at the neuromuscular junction. Flaccid 
paralysis develops and the animal may die of 
respiratory paralysis. 

CLINICAL FINDINGS 
Cattle and Horses 

Signs usually appear 3 to 17 days after the 
animals gain access to the toxic material, but 
occasionally as soon as day 1, the incubation 
period is shorter as the amount of toxin 
available is increased. Peracute cases die 
without prior signs of illness, although a few 
fail to take water or food for a day before¬ 
hand. The disease is not accompanied by 
fever, and the characteristic clinical picture is 
one of progressive symmetric muscular 
paralysis affecting particularly the limb 
muscles and the muscles of the jaw, tongue, 
and throat. Muscle weakness and paralysis 
commence in the hindquarters and progress 
to the forequarters, head, and neck. The 
onset is marked by very obvious muscle 


tremor and fasciculation, often sufficient to 
make the whole limb tremble. Colic may be 
an initial sign in horses. 

In most cases the disease is subacute. 
Restlessness, incoordination, stumbling, 
knuckling, and ataxia are followed by inabil¬ 
ity to rise or to lift the head. Mydriasis and 
ptosis occur early in the clinical course; 
mydriasis can be prominent in type C botu¬ 
lism in the horse. Skin sensation is retained. 
Affected animals lie in sternal recumbency 
with the head on the ground or turned into 
the flank, not unlike the posture of a cow 
with parturient paresis. Tongue tone is 
reduced, as is the strength of tongue retrac¬ 
tion. In some cases the tongue becomes para¬ 
lyzed and hangs from the mouth, the animal 
is unable to chew or swallow, and it drools 
saliva. In others there is no impairment of 
swallowing or mastication and the animal 
continues to eat until the end. This variation 
in signs is often a characteristic of an out¬ 
break; either all the cases have tongue paraly¬ 
sis or all of them do not have it. Ruminal 
movements are depressed. Defecation and 
urination are usually unaffected, although 
cattle may be constipated. Paralysis of the 
chest muscles results in a terminal abdominal- 
type respiration. Sensation and conscious¬ 
ness are retained until the end, which usually 
occurs quietly, and with the animal in lateral 
recumbency, 1 to 4 days after the commence¬ 
ment of illness. 

Occasional field cases and some experi¬ 
mental cases in cattle show mild signs and 
recover after an illness of 3 to 4 weeks. These 
chronic cases show restlessness and respira¬ 
tory distress followed by knuckling, stum¬ 
bling, and disinclination to rise. Anorexia 
and adipsia are important early signs but are 
often not observed in pastured animals. In 
some there is a pronounced roaring sound 
with each respiration. The roaring persists 
for up to 3 months. During the major part of 
the illness the animals spend most of their 
time in sternal recumbency. In some animals 
there is difficulty in prehending hay but con¬ 
centrate and ensilage may be taken. This dis¬ 
ability may persist for 3 weeks. 

A syndrome ascribed to toxicosis with 
BoTN type B and manifested with anorexia, 
decline in milk production, dysphagia, a 
fetid diarrhea, regurgitation, and profuse 
salivation without myesthesia, paresis, and 
recumbency is reported in cattle in the 
Netherlands and Israel. In these cases 
death occurred as a result of aspiration 
pneumonia. 

With toxicoinfectious botulism in foals, 
muscle tremor is often a prominent early 
sign. If the foal can walk, the gait is stiff and 
stilted and the toes are dragged. If the foal 
sucks, milk drools from the mouth; if it 
attempts to eat hay some of the material is 
regurgitated through the nostrils. Constipa¬ 
tion occurs consistently. There is a rapid pro¬ 
gression to severe muscular weakness and 
prostration, with the foal going down and 
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being unable to rise. If it is held up, there is 
a gross muscle tremor, which is not evident 
when the foal is lying down. Prostrate foals 
are bright and alert, have normal mentation 
and pain perception, and have dilatation of 
the pupils with a sluggish pupillary light 
reflex. During the latter period of the illness 
there is a complete cessation of peristalsis. 
The temperature varies from being slightly 
elevated to slightly depressed. Death occurs 
about 72 hours after the onset of signs and is 
caused by respiratory failure. 

Sheep 

Sheep do not show the typical flaccid paraly¬ 
sis of other species until the final stages of the 
disease. There is stiffness while walking and 
incoordination and some excitability in the 
early stages. The head may be held on one 
side or bobbed up and down while walking 
(limber neck). Lateral switching of the tail, 
salivation, and serous nasal discharge are 
also common. In the terminal stages there is 
abdominal respiration, limb paralysis, and 
rapid death. 

Goats 

Because of different feeding habits of sheep 
and goats the risk of exposure to BoTN of 
goats is considerably lower compared with 
sheep or cattle. Although goats look for 
bushes and shrubs on which to browse, cattle 
and sheep graze along the ground and are 
therefore more likely to ingest BoTN from 
contaminated waste spread over pasture. 8 

Pigs 

Authentic reports in this species are rare. 
Clinical signs include staggering followed by 
recumbency, vomiting, and pupillary dilata¬ 
tion. The muscular paralysis is flaccid and 
affected animals do not eat or drink. 

CLINICAL PATHOLOGY 

There are no changes in hematologic values 
or serum biochemistry that are specific to 
botulism. In many cases under field condi¬ 
tions the diagnosis is solely based on clinical 
presentation and by ruling out potential dif¬ 
ferential diagnoses. 

Laboratory diagnosis of botulism in the 
live or dead animal is difficult because of the 
lack of sensitive confirmatory laboratory 
tests. Laboratory confirmation is attempted 
by the following: 

• Detection of preformed toxin in serum, 
intestinal tract contents, or feed 

• Demonstration of spores of C. 
botulinum in the feed or gastrointestinal 
contents 

• Detection of antibody in recovering or 
clinically normal at-risk animals. 

Detection of toxin using bioassay in mice 
where mice are inoculated intraperitoneally 
coupled with toxin neutralization with poly¬ 
valent antitoxin is considered the most sensi¬ 
tive test currently available. Nonetheless the 
rate of positivity in clinical cases particularly 


when testing serum is low, which has been 
explained by the much higher sensitivity to 
BoNT of cattle and horse compared with 
mice and the rapid binding of BoNT in the 
neuromuscular junctions, leaving low to no 
amounts of free BoNT in blood. Currently 
gastrointestinal content or fecal material is 
preferred over fecal material for the detec¬ 
tion of BoNT. 5 ’ 7 

In outbreaks of botulism it is not uncom¬ 
mon to have only a proportion of clinically 
affected animals, or none, test positive. Pro¬ 
tection with monovalent antitoxin allows 
type identification. Toxin detection by an 
ELISA test appears less sensitive than mouse 
bioassay. Toxin production or carrion con¬ 
tamination can potentially occur in a number 
of feeds; however, the majority of outbreaks 
are associated with contamination in hay or 
silage and suspect feeds should be tested in 
mice for toxin. To get around the problem of 
lack of sensitivity with the mouse test, 
suspect feed has been fed to experimental 
cattle. Alternatively, one can make an infu¬ 
sion of the feed sample and use this as the 
sole drinking water supply for experimental 
animals. The problem with all feeding exper¬ 
iments is that the BoTN is likely to be very 
patchy in its distribution in the feed. 

Failure to produce the disease in 
animals vaccinated against botulism, when 
deaths are occurring in the unvaccinated 
controls, has also been used as a diagnostic 
procedure. 

Demonstration of spores of C. botuli¬ 
num in the feed being fed or the feces of 
affected animals supports a diagnosis of bot¬ 
ulism because botulism spores are rarely 
detected in the feces of normal foals and 
adult horses. Although the testing of gastro¬ 
intestinal contents from clinically suspect 
cases in cattle is frequently used as diagnostic 
tool particularly when toxicoinfectious botu¬ 
lism is suspected, this approach is considered 
to lack specificity because the postmortem 
growth of environmental C. botulinum 
spores would result in false-positive 
results. 2,4,9 Furthermore C. botulinum can be 
isolated from the majority of fecal samples of 
healthy slaughter cows. 

The detection of antibody in chronically 
affected animals and at-risk herdmates or as 
retrospective diagnosis by an ELISA test has 
been used to support a diagnosis in out¬ 
breaks of type C and type D botulism. 
Increased antibody prevalence over time or 
increased antibody prevalence in an affected 
group compared with a similar group nearby 
was reported by some authors. 10 

NECROPSY FINDINGS 

There are no specific changes detectable at 
necropsy, although the presence of suspi¬ 
cious feedstuff's in the forestomachs or 
stomach may be suggestive. There may be 
nonspecific subendocardial and subepicar¬ 
dial hemorrhages and congestion of the 
intestines. Microscopic changes in the brain 


are also nonspecific, consisting mainly of 
perivascular hemorrhages in the corpus stri¬ 
atum, cerebellum, and cerebrum. Nonethe¬ 
less, unless classic flaccid paralysis was 
observed clinically, the brain should be 
examined histologically to eliminate other 
causes of neurologic disease. The presence of 
C. botulinum in the alimentary tract is a 
further test. The presence of toxin in the gut 
contents is confirmatory if found but is often 
misleading, because the toxin may have 
already been absorbed. The presence of the 
toxin in the liver at postmortem examination 
is taken as evidence that the disease has 
occurred. In addition to traditional bioas¬ 
says, such as the mouse protection test, 
newer methods for toxin detection include 
ELISA techniques, and a recently described 
immuno-PCR assay. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: suspected contaminated 
feed material, feces, rumen and 
intestinal contents, plus serum from 
clinically affected herdmates (bioassay, 
anaerobic CULT, ELISA) 

• Histology: formalin-fixed brain. 


DIFFERENTIAL DIAGNOSIS 


A presumptive diagnosis is made on the 
clinical signs and history, occurrence in 
unvaccinated animals, and the ruling out of 
other diseases with a similar clinical 
presentation. The symmetric motor paralysis 
of botulism with muscle paralysis that 
progresses to recumbency in 1-4 days is a 
major differential for botulism from other 
causes of neurologic dysfunction in large 
animals. 

Ruminants 

• Periparturient hypocalcemia, characterized 
by low serum calcium concentrations and 
responsiveness to parenteral calcium 
administration 

• Hypokalemia, characterized by marked 
hypokalemia 

• Tick paralysis 

• Paralytic rabies 

• Poisoning by Phalaris aquatica 

• Organophosphate/carbamate poisoning 

• Louping-ill in sheep 

Horses 

• Equine encephalomyelitis 

• Equine herpesvirus-1 myeloencephalopathy 

• Atypical myopathy of unknown etiology; 
the condition that presents frequently fatal 
myopathy can be differentiated by the 
characteristic increase in serum creatine 
kinase activity and the presence of 
hemoglobinuria 

• Equine motor neuron disease 

• Hyperkalemic periodic paralysis 

• Hepatic encephalopathy 

• Paralytic rabies 

• lonophore toxicity 

• Myasthenia gravis 









TREATMENT 

Recent studies report a survival rate in foals 
of 96% which was achieved by the early 
administration of antitoxin (before complete 
recumbency) coupled with a high quality of 
intensive care fluid therapy, enteral or paren¬ 
teral feeding, nasal insufflation with oxygen, 
and mechanical ventilation if required. 
Duration of hospitalization was approxi¬ 
mately 2 weeks. Antitoxin was considered 
essential to the high success rate in this 
report and this would limit the success of 
treatment geographically because antitoxin 
to the various BoTN types is not available 
universally. Specific or polyvalent antise¬ 
rum is available in some countries and, if 
administered early in the course at a dose of 
30,000 IU for a foal and 70,000 IU for adult 
horses, can improve the likelihood of sur¬ 
vival. A single dose is sufficient, but it is 
expensive. 

Animals should be confined to a stall 
with supportive fluid therapy and enteral 
feeding. Muzzling may be required to prevent 
aspiration pneumonia and frequent turning 
to prevent muscle necrosis and decubital 
ulcers. Bladder catheterization may be 
required in horses that do not urinate, and 
mechanical ventilation may be necessary for 
recumbent horses. Mineral oil is used to 
prevent constipation, and antimicrobial 
drugs are used to treat secondary complica¬ 
tions such as aspiration pneumonia. Therapy 
should avoid the use of drugs that deplete the 
neuromuscular junction of acetylcholine, 
such as neostigmine, and those, such as pro¬ 
caine penicillin, tetracyclines, and aminogly¬ 
cosides, that potentiate neuromuscular 
weakness. 

A rapid progression of signs suggests a 
poor prognosis, and treatment should only 
be undertaken in subacute cases in which 
signs develop slowly and there is some 
chance of recovery. The prognosis in recum¬ 
bent horses is grave. 

Where groups of animals have had the 
same exposure factor, the remainder of the 
animals in the group should be vaccinated 
immediately. 

Vaccination with either type-specific or 
combined BoNT toxoid in clinically affected 
animals is ineffective because binding of 
BoNT to neuromuscular junctions is 
irreversible. 


TREATMENT AND CONTROL 


Treatment 

Polyvalent antiserum (30,000 IU for a foal and 
70,000 IU for an adult horse, single dose) 
(R-2) 

Control 

Vaccinate with multivalent BoTN toxoid IM 
(R-2) 

BoTN, botulin toxin, IM, intramuscularly. 
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CONTROL 

In range animals, correction of dietary defi¬ 
ciencies by supplementation with phospho¬ 
rus or protein should be implemented if 
conditions permit. Hygienic disposal of car¬ 
casses is advisable to prevent further pasture 
contamination but may not be practicable 
under range conditions. Vaccination with 
type-specific or combined (bivalent C and D) 
toxoid is practiced in enzootic areas in Aus¬ 
tralia and southern Africa. Type B and C 
vaccines would be more appropriate for pre¬ 
vention of disease in North America and 
Europe. The immunity engendered by vac¬ 
cination is type specific. The number and 
interval of vaccinations required varies with 
the vaccine, and the manufacturer’s direc¬ 
tions should be followed. In horses, the 
disease is usually sporadic and caused by 
accidental contamination of feed or water; 
vaccination is seldom practiced in this 
species. Some local reactions are encoun¬ 
tered after vaccination in horses but they are 
seldom serious. Vaccination of the mare may 
not prevent the occurrence of botulism in 
foals. 

A common problem that arises when the 
disease appears to have resulted from feeding 
contaminated silage, hay, or other feed is 
what to do with the residue of the feed. In 
these circumstances the stock should be vig¬ 
orously vaccinated with a toxoid on three 
occasions at 2-week intervals and then 
feeding of the same material can be 
recommenced. 

FURTHER READING 

Jones T. Botulism. In Pract. 1996;18:312-313. 
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Food Sci Nutr. 2010;50:281-304. 

Smith LDS, Sugiyama H. Botulism, the Organisms, Its 
Toxins, the Disease. Springfield, IL: Charles C 
Thomas; 1988. 

Whitlock RH. Botulism, type C: experimental and field 
cases in horses. Equine Pract. 1996;18(10): 11-17. 
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TICK PARALYSIS 

Infestations with a several species of ticks are 
associated with paralysis of animals. Dogs 
are most commonly affected but losses can 
occur in cattle, sheep, goats, llamas, horses, 
and a variety of wild animals. At least 31 
species in seven genera of ixodid ticks and 
seven species in three genera of argasid ticks 
have been implicated in tick paralysis. The 
most important tick species for livestock are 
given in Table 14-22. D. andersoni is the most 
common cause of tick paralysis in livestock 
in North America; D. occidentalis is associ¬ 
ated with paralysis in cattle, horses, and 
deer. 1 In Australia, I. holocyclus is the pre¬ 
dominant tick associated with paralysis, 
whereas I. rubicundus and Rhipecephalus 
evertsi are common in Africa. 1 Animals in 
Europe and Asia have developed tick paraly¬ 
sis from I. ricinus and Hyalomma punctata. 1 

The toxin of D. andersoni interferes with 
liberation or synthesis of acetylcholine at the 
muscle fiber motor end plates. 2 The distur¬ 
bance is functional and paralysis of the 
peripheral neurons is the basis for clinical 


Table 14-22 Ticks reported to 

cause paralysis in livestock 


Animal 

Tick 

Country 

Sheep, calves, goats 

Dermacentor andersoni 

D. occidentalis 

United States, Canada 

United States 

Calves, lambs, foals, goats 

Ixodes holocyclus 

Australia 

Sheep, goats, calves 

1. pilosus 

South Africa 

Sheep, goats, calves, antelopes 

1. rubicundus 

South Africa 

Sheep, goats 

1. ricinus 

Crete, Israel 

Lambs 

Rhipicephalus evertsi 

South Africa 

Calves, sheep, goats 

Hyalomma punctata 

South Africa, Europe, Japan 

Sheep 

H. aegyptium 

Yugoslavia 

Sheep 

Ornithodorus lahorensis 

Central Asia 

Cattle, sheep, goats 

Amblyomma cajannense 

Central, South America 

Cattle 

R. evertsi 

Africa 
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signs. Continuous secretion of toxin by a 
large number (35-150) of partly engorged 
female ticks that have been attached for 5 to 
8 days is necessary to produce paralysis, with 
complete recovery occurring within 24 hours 
when the ticks are removed. The disease is 
generally confined to calves and yearlings. 
Clinically, there is an ascending, flaccid 
paralysis commencing with incoordination 
of the hindlimbs, followed by paralysis of the 
forelimbs and chest muscles, causing lateral 
recumbency. 1 Respiration is grossly abnor¬ 
mal; there is a double expiratory effort and 
the rate is slow (12-15 breaths per minute) 
but deep. Death, caused by respiratory 
failure, may occur in 1 to 2 days, but the 
course is usually 4 to 5 days. The mortality 
rate may be as high as 50% in dogs, but is 
usually much lower in farm animals. 

I. holocyclus have been shown to paralyze 
calves of 25 to 50 kg BW. Between 4 and 10 
adult female ticks are required to produce 
this effect and paralysis occurs 6 to 13 days 
after infestation occurs. The ticks under 
natural conditions parasitize wild fauna, and 
infestations of other species occur acciden¬ 
tally. The disease is limited in its distribution 
by the ecology of the ticks and the natural 
host fauna. The paralysis characteristic of the 
disease is associated with a toxin secreted by 
the salivary glands of female ticks, which is 
present in much greater concentration in the 
glands of adults than in other stages. The 
severity of the paralysis is independent of the 
number of ticks involved; susceptible animals 
may be seriously affected by a few ticks. 1 

Hyperimmune serum is used in the treat¬ 
ment of dogs, but in farm animals removal 
of the ticks in the early stages is usually fol¬ 
lowed by rapid recovery. Control necessitates 
eradication of the ticks or host fauna. The 
general principles of tick control are outlined 
in Chapter 11. The use of appropriate insec¬ 
ticides is an effective preventive. 

FURTHER READING 

Sonenshine DE, Lane RS, Nicholson WL. Ticks ( Ixodia ). 

In: Mullen G, Durden L, eds. Medical and 

Veterinary Entomology. New York: Academic Press; 

2002:517-558. 
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OVINE "KANGAROO GAIT" AND 
FENUGREEK STAGGERS 


SYNOPSIS 


Etiology Not known. 

Epidemiology Seasonal occurrence involving 
only adult female sheep that are lactating, 
or in some cases, pregnant. Spontaneous 
recovery following cessation of lactation in 


most cases, but sometimes only 50%, but 
not always all affected sheep. 

Clinical findings Bilateral forelimb locomotor 
disorder. 

Lesions Edema of brain and spinal cord in 
early cases; axonal degeneration of the 
radial nerve followed by regeneration in 
more chronic cases (those greater than 6 
weeks' duration). 

Treatment Supportive. 

Control None recognized. 

ETIOLOGY 

This is a neuropathy with no known cause. 
In Australia similar clinical and pathologic 
signs are associated with grazing mature 
plants or the stubble of fenugreek (Trigonella 
foenum-graecum ), which is an annual winter¬ 
spring legume from which the seed is har¬ 
vested as a condiment for human food. 1 

EPIDEMIOLOGY 

Occurrence 

This condition is recorded in Australia, New 
Zealand, and the UK. It is manifested by 
incoordination, including an acute onset of a 
high-stepping forelimb gait and bounding 
hindlimb gait. 

Risk Factors 

It occurs only in adult ewes with an onset in 
late pregnancy or early lactation. Spontane¬ 
ous recovery occurs following cessation of 
lactation, and occasionally while ewes are 
still nursing lambs, although in Australia 
often only 50% of ewes recover completely. 1 
The cumulative annual incidence varies 
between flocks but is usually less than 1%. 

In the areas of northern England and 
southern Scotland the condition is signifi¬ 
cantly more common in upland and lowland 
flocks than in those hill grazing. Stocking 
density is higher in affected flocks than that 
in nonaffected flocks. Onset occurs while on 
pasture between March and June with a sep¬ 
arate smaller peak in October. This seasonal 
occurrence could be a reflection of the par¬ 
turition status of flocks or an effect of sea¬ 
sonal influences. 

In Australia cases have been recorded in 
lactating ewes grazing improved pastures 
from June (winter) to February (summer) 
and the grazing of fenugreek crop or stubble 
in summer. 

PATHOGENESIS 

Clinical signs can be attributed to the gener¬ 
alized neuropathy affecting principally the 
radial nerves. Subsequent to the axonal 
degeneration a remyelination of the radial 
nerve occurs, explaining the clinical recov¬ 
ery. For cases not associated with ingestion 
of fenugreek, bilateral compression of the 
radial nerves is suggested as a cause, but 
there is no knowledge of how such an injury 
can occur. Despite the differences in diet, the 


similar clinical and pathologic presentation 
of kangaroo gait and fenugreek staggers has 
prompted the suggestion that these may be 
related entities. 1 Nevertheless there are some 
key differences; the initial acute stage of fen¬ 
ugreek staggers in Merino sheep is some¬ 
times lethal and is later associated with 
weight loss, whereas kangaroo gait is not and 
seems to be restricted to larger meat breeds. 

CLINICAL FINDINGS 

These include incoordination, a high- 
stepping forelimb and bounding hindlimb 
gait, arched back, and proprioceptive deficits 
(knuckling of fore and occasionally hind fet¬ 
locks). There is bilateral forelimb paresis and 
palpable loss of muscle bulk in the forelimbs. 
The forelimbs and hindlimbs of affected 
sheep are positioned centrally under the 
body and so when they are pressed affected 
sheep move with a characteristic hopping or 
kangaroo gait. Affected ewes lie down more 
frequently and may graze on their knees but 
continue to eat and effectively suckle their 
lambs. 

CLINICAL PATHOLOGY 

There are no consistent abnormalities in 
hematology, blood biochemistry, or trace 
element analysis of affected sheep. 

NECROPSY FINDINGS 

In early cases there are signs of acute edema 
in the brain and spinal cord (wallerian 
degeneration of ventral motor tracts, spongy 
changes in the neuropil, and swollen astro¬ 
cytes). This progresses to a peripheral neu¬ 
ropathy, with axonal degeneration of the 
myelinated fibers of the radial nerve fibers in 
longer standing cases (6 weeks or more), and 
then regeneration in recovering cases. 


DIFFERENTIAL DIAGNOSIS 


Romulosis, a condition associated with 
grazing fungus-infected onion grass (Romulea 
rosea), can cause incoordination and a similar 
hopping gait (bunny-hopping). 

Foot rot or foot abscess involving the front 
feet can induce the same grazing behavior, 
but there is no problem in differentiation 
when the limbs and feet are examined. 

Hypocalcemia in sheep occurs in late 
pregnancy or during lactation, and in the 
developing stages there is incoordination and 
muscle weakness. However, there is rapid 
progression to complete muscular paresis and 
a dramatic response to treatment. 

Spinal abscess or fracture. 


TREATMENT 

Without the knowledge of etiology there is 
no specific treatment. Easy access to food 
and water should be provided. 

FURTHER READING 

Radostits O, et al. Ovine “kangaroo gait.” In: Veterinary 
Medicine: A Textbook of the Disease of Cattle, 
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POLYNEURITIS EQUI (CAUDA 
EQUINA SYNDROME) 

Polyneuritis equi (formerly cauda equina 
neuritis) is a demyelinating, inflammatory 
disease of peripheral nerves of adult horses. 
The etiology of the disease is unknown 
although infectious (adenovirus, EHV-1), 
immune (autoimmune disease), and toxic 
etiologies have been suggested, without con¬ 
clusive substantiation. Adenovirus was iso¬ 
lated from two of three horses with the 
disease, but this observation has not been 
repeated, and it appears unlikely at this time 
that adenovirus is the cause of polyneuritis 
equi. EHV-1 is not consistently isolated from 
affected horses. 

The disease occurs in adult horses in 
Europe and North America but has not been 
reported from the Southern Hemisphere. 
The prevalence in a group of 4319 horses 
subject to postmortem examination in Nor¬ 
mandy was 0.2% (one case). 1 The disease is 
usually sporadic with single animals on a 
farm or in a stable affected. However, out¬ 
breaks of the disease can affect multiple 
horses from the same farm over a number of 
years. 

The pathogenesis of the disease involves 
nonsuppurative inflammation of the extra¬ 
dural nerves and demyelination of periph¬ 
eral nerves. Initial inflammation of the 
nerves causes hyperesthesia, which is fol¬ 
lowed by loss of sensation as nerves are 
demyelinated. Both motor and sensory 
nerves are affected, with subsequent weak¬ 
ness, paresis, muscle atrophy, urinary and 
fecal retention and incontinence, and gait 
abnormalities. 

The inflammatory response is character¬ 
ized by an abundance of T lymphocytes, in 
addition to B lymphocytes, macrophages, 
giant cells, eosinophils, and neutrophils in 
the perineurium and endomeurium. 11 The T 
cells are CD8+ cytotoxic T lymphocytes with 
rare CD4+ helper T lymphocytes. 5 This, with 
electron microscopic imaging, evidence of 
“myelin stripping” by macrophages and the 
presence of antibodies to the myelin P2 
protein has been interpreted as indicative of 
immune-mediated activity against myelin. 2-4 
This immune response might be toward the 
myelin as a primary target or could be the 
result of bystander activity in which other 
agents, potentially viruses, induce an 
immune response that is directed against 
myelin. 

The acute disease is evident as abrupt 
onset of hyperesthesia of the perineum and 
tail head, and perhaps the face, evident as 
avoidance of touching, and chewing or 
rubbing of the tail. The hyperesthesia 
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progresses to hypalgesia or anesthesia of the 
affected regions. 

The disease usually has a more insidious 
onset with loss of sensation and function 
occurring over days to weeks. The most 
common presentation is that of cauda equina 
syndrome with bilaterally symmetric signs of 
posterior weakness, tail paralysis, fecal and 
urinary incontinence and retention, and 
atrophy of the gluteal muscles. Tail tone is 
decreased or absent and the tail is easily 
raised by the examiner. The anus is usually 
atonic and dilated. There are signs of urinary 
incontinence with urine scalding of the 
escutcheon and hindlegs. Rectal examina¬ 
tion reveals fecal retention and a distended 
bladder that is readily expressed. Male horses 
can have prolapse of the penis with main¬ 
tained sensation in the prepuce, which is a 
finding consistent with the separate innerva¬ 
tion of these anatomic regions. Affected 
horses can also have ataxia of the hindlimbs, 
but this is always combined with signs of 
cauda equina disease. 

Signs of CN dysfunction occur as part of 
the disease, but not in all cases. CN dysfunc¬ 
tion can be symmetric, but is usually asym¬ 
metric. Nerves prominently involved in the 
genesis of clinical signs are the trigeminal 
(CN V), facial (CN VII), and hypoglossal 
nerve (CN XII), although all CNs can be 
affected to some extent. Involvement of the 
CNs is evident as facial paralysis (CN VII), 
weakness of the tongue (CN XII), and loss of 
sensation in the skin of the face (CN V). 
There can be loss of movement of the pinnae 
(CN VII) and head tilt (CN VIII). Laryngeal 
paralysis can be present (CN X). The buccal 
branches of CN VII can be enlarged and pal¬ 
pable over the masseter muscles ventral to 
the facial crest. 

Not all clinical signs occur in all horses 
and, depending on the stage and severity of 
the disease, some animals can have loss of 
sensation as the only abnormality, especially 
during the early stages of the disease. 

EMG is consistent with denervation with 
prolonged insertion potentials, positive 
sharp waves, and fibrillation. Per rectal 
ultrasound examination of the extradural 
sacral nerve routes as they exit the ventral 
sacral foramina reveals enlargement and a 
diffusely mottled, hypoechoic appearance. 3 

Biopsy of the sacrocaudalis dorsalis late¬ 
ralis muscle can provide antemortem diag¬ 
nosis of the disease. Affected horses have 
intense lymphocytic and histiocytic infiltra¬ 
tion around the terminal nerves within the 
muscle, often obliterating architecture of the 
nerves but sparing the myofibers. 3 There is 
neurogenic atrophy of the muscle fibers. 

The disease is inexorably progressive, the 
prognosis for life is hopeless, and the course 
of the disease is usually less than 3 months. 

Clinical pathologic abnormalities 
are not diagnostic. There is sometimes 
a mild neutrophilic leukocytosis and hyper¬ 
gammaglobulinemia. Serum vitamin E 


concentrations are usually normal. Analysis 
of CSF demonstrates mild mononuclear 
pleocytosis and increased protein concentra¬ 
tions, but these changes are not diagnostic of 
the disease. Horses with polyneuritis equi 
have antibodies to P2 myelin protein in 
serum, but the diagnostic value of this test 
has not been determined. 

Necropsy findings are definitive for the 
disease. Gross findings include thickening of 
the epidural nerve roots that is most severe 
in the cauda equina. The bladder and rectum 
can be distended. There can be evidence of 
fecal and urine scalding and self-trauma of 
the perineum. There can be thickening of the 
facial nerves. Microscopic changes are char¬ 
acterized by a granulomatous inflammation 
of the extradural nerves, although radiculo- 
ganglioneuritis and myelitis can also occur. 
There is loss of axons with demyelination 
and signs of remyelination. There is pro¬ 
found infiltration of nerves by macrophages, 
moderate to marked infiltration of cytotoxic 
T lymphocytes, and lesser infiltration of B 
lymphocytes. 3 Inflammatory cells are ini¬ 
tially lymphocytes, plasma cells, and macro¬ 
phages. As the inflammation becomes more 
severe or chronic there is extensive prolifera¬ 
tion of fibroblasts and fibrocytes in addition 
to infiltration of lymphocytes and macro¬ 
phages. There is axonal degeneration with 
proliferation of the perineurium. The chronic 
inflammatory changes result in loss of 
peripheral neural architecture. Lesions are 
present in many regions of the spinal cord, 
but are most severe in the sacral division and 
cauda equina. Lysosomal accumulations are 
present in the semilunar, geniculate, and 
sympathetic chains and granulomatous 
lesions in the celiac-mesenteric ganglion. 
Lesions of the CNs similarly involve infiltra¬ 
tion with lymphocytes and histiocytes, and 
the inflammation can extend to the terminal 
branches of the nerves. 

The diagnosis of polyneuritis equi is 
based on the presence of clinical signs of the 
disease, ruling out other diseases causing 
similar clinical signs, and necropsy examina¬ 
tion. Diseases with manifestations similar to 
polyneuritis equi include the following: 

• EHV-1 myeloencephalopathy 

• Migrating parasites (Table 14-21, 
differential diagnosis of disease 
causing spinal ataxia in horses) 

• Sorghum-Sudan grass neuropathy 

• Equine protozoal myeloencephalitis 

• Ryegrass staggers (A. lolii ) 

• Dourine 

• Trauma to the sacral vertebral column 

• Abscess or neoplasia involving the sacral 
or caudal lumbar vertebral column 

• Meningitis 

• Intentional alcohol sclerosis of tail head 
nerves in Quarter Horses. 

There is no definitive treatment for poly¬ 
neuritis equi. Administration of antiinflam¬ 
matory agents, including corticosteroids, 
appears to be without sustained benefit. 
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Supportive care includes evacuation of the 
rectum and bladder and maintenance of 
hydration and provision of adequate nutri¬ 
tion. Feeding a diet that softens feces, or 
administration of fecal softeners or lubri¬ 
cants, can be beneficial. Bethanecol (0.05- 
0.1 mg/kg every 8-12 hours, orally) might 
increase bladder tone. Topical administra¬ 
tion of petroleum jelly or similar products 
can protect the skin of the perineum and 
escutcheon from fecal and urine scalding. 
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SCANDINAVIAN KNUCKLING 
SYNDROME (ACQUIRED EQUINE 
POLYNEUROPATHY) 

This is a recently recognized syndrome of 
metatarsophalangeal joint extensor paresis 
in horses in Scandinavia. 1 3 The disease 
appears to be widespread in Sweden, Norway, 
and Finland occurring as clusters of disease 
outbreaks on farms. 1 The etiology is uncer¬ 
tain, although preserved feed is considered 
the source of an unidentified toxin. 

A report described the risk factors and 
outcome of 42 cases distributed over 13 
farms in Scandinavia from 2007 to 2009. 
Cases occurred between December and May 
with an overall prevalence of 27% and 
on-farm prevalence of 11% to 71% (for farms 
with >6 horses) although the number of 
cases, and affected farms, varies markedly 
from year to year. 2 ' 4 The case-fatality rate was 
29% in the epidemiology study 1 and 53% (40 
of 75) in a case series. 2 The disease was less 
prevalent in horses >12 years of age, and 
younger horses had a greater chance of sur¬ 
viving the disease. 

Clinical signs were typified by bilateral 
knuckling of the hindlimbs, which was most 
apparent on circling. Mild to moderate pelvic 
limb weakness was detected in 16 of 42 
horses. 1 A small proportion of cases (3/42) 
had mild forelimb signs of weakness and 


knuckling. There was focal muscle atrophy of 
hindlimb musculature in seven cases. Men¬ 
tation and vital signs (temperature, pulse, 
and respiratory rate) were within normal 
limits. The disease usually has a slow onset, 
but some affected horses developed severe 
signs with hours. 2 The median duration of 
clinical signs in affected horses that recover 
is 4.4 months (range 1-17 months) and sur¬ 
vivors can recover completely. 

Routine hematology and serum bio¬ 
chemical analysis do not reveal consistent 
abnormalities, apart from increased creatine 
kinase and AST activity in recumbent 
horses. 2 

Lesions are restricted to the peripheral 
nervous system and are evident in sciatic, 
peroneal, radial, and plantar digital nerves. 2,3 
Lesions include areas of thick, swollen axons 
with subperineural accumulation of mucoid 
material. There is lymphohistiocytic infiltra¬ 
tion of nerves and mild to moderate loss of 
myelinated nerve fibers. 3 Swollen axons and 
large vacuoles were present in sections of the 
lumbar tumescence. There are no lesions 
detected in the brain. 2 

Treatment consists of supportive and 
nursing care. Control measures are not 
reported. 
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PERIPHERAL NERVE 
SHEATH TUMORS 

PNSTs are most commonly benign tumors 
of the peripheral nervous system with a rare 
occurrence in veterinary medicine. 1 Most 
commonly affected species are dogs and 
cattle. 1 Tumors are composed of components 
of the peripheral nerve, including Schwann 
cells, perineural cells, fibroblasts and colla¬ 
gen. While in human medicine PNSTs 
are subdivided into neurofibromas and 
schwannomas, dependent on the predomi¬ 
nant cell type and other histologic 


characteristics, this distinction is less clearly 
defined in veterinary medicine. 2,3 The exis¬ 
tence of true neurofibromas as described in 
humans has been questioned. 12 PNSTs that 
can occur on any location of the peripheral 
nervous system most commonly originate 
from autonomic nerves such as cardiac and 
intercostal nerves or the brachial plexus. 

CLINICAL FINDINGS 

In cattle, PNSTs are generally asymptomatic 
and found incidentally during physical 
examination or slaughter. Clinical signs are 
uncommon but can include limb paresis or 
paralysis, recurrent bloat and vagal indiges¬ 
tion, cardiac insufficiency, and chronic 
wasting. 1,3,4 The cutaneous presentation is 
rare but can present as single or multiple 
indolent cutaneous masses between 1 and 
over 15 cm in diameter that are well demar¬ 
cated. In some instances PMSTs may infil¬ 
trate surrounding tissue, immobilizing the 
mass and complicating surgical excision. 

CLINICAL PATHOLOGY 

Diagnosis must be confirmed histologically. 
Important features included the concurrent 
presence of highly and poorly cellular areas 
of Schwann cells. Nerve fibers are absent in 
schwannomas but may be found in neurofi¬ 
bromas. Immunohistostaining is used to 
confirm the presence of Schwann cells and 
to differentiate between schwannomas and 
neurofibromas. 1,2 

TREATMENT 

Treatment of accessible masses (cutaneous 
form) is rarely required but may be indicated 
either for cosmetic reasons as an excisional 
biopsy or to remove the mass integrally. 
Although the prognosis in most cases is 
excellent, tumors with infiltrative growth 
may recur because of incomplete excision of 
abnormal c ells. 
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Diseases of the Musculoskeletal System 
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Inherited Craniofacial Deformity 1535 
Inherited Arachnomelia (Inherited 
Chondrodysplasia) 1535 
Complex Vertebral Malformation in 
Holstein Calves 1536 
Inherited Reduced Phalanges 
(Amputates, Acroteriasis, 

Ectromelia) 1537 
Inherited Claw Deformity 1537 


Inherited Multiple Exostosis 1537 
Inherited Congenital Hyperostosis (Thick 
Forelimbs of Pigs) 1537 
Inherited Rickets 1537 
Inherited Taillessness and Tail 
Deformity 1538 
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Diseases of the organs of support, including 
muscles, bones, and joints, have much in 
common in that the major clinical manifes¬ 
tations of diseases that affect them are 
lameness, failure of support (weakness), 
insufficiency of movement, and deformity. 
Insufficiency of movement affects all volun¬ 
tary muscles, including those responsible for 
respiratory movement and mastication, but 
lameness and failure of support are manifes¬ 
tations of involvement of the limbs. 

Various classifications of the diseases of 
the musculoskeletal system, based on clini¬ 
cal, pathologic, and etiologic differences, are 
in use, but the simplest is that which divides 
the diseases into degenerative and inflam¬ 
matory types. This classification system is 
used in this chapter. 

• The degenerative diseases of muscles, 
bones and joints are distinguished as 
myopathy, osteodystrophy, and 
arthropathy, respectively. 

• The inflammatory diseases are myositis, 
osteitis and osteomyelitis, and arthritis, 
respectively. 


Principal Manifestations 
of Musculoskeletal 
Disease 

LAMENESS 

Lameness is an abnormal gait or locomotion 
characterized by limping or not bearing full 
weight on a leg, usually associated with local¬ 
ized pain in the musculoskeletal system. 
Lameness must be distinguished from ataxia, 
which is an abnormal gait characterized by 
lack of coordination of muscular action, 
usually because of a lesion of the central or 
peripheral nervous system. 

Weakness (paresis) is the inability to 
maintain a normal posture and gait, usually 
because of a lesion of muscle or generalized 
weakness as a result of an abnormal systemic 
state (e.g., shock), a metabolic abnormality 
(e.g., hypocalcemia or hypokalemia), or star¬ 
vation. Weakness can also be caused by a 
lesion in the spinal cord or peripheral nerves. 

The incidence and severity of lameness in 
livestock populations varies tremendously 
because of differences in management 


systems (grazing versus confinement, con¬ 
crete versus slatted floors, free stall design and 
use by dairy cattle, frequency of foot trim¬ 
ming, etc.), nutrition, genetics, age, body 
weight, and many other factors. For example, 
certain breeds may be more susceptible to 
diseases of the feet and legs than others. 
Osteoarthritis occurs most commonly in old 
animals. Diseases of the legs of dairy cattle 
occur most commonly at the time of parturi¬ 
tion and during the first 50 days of lactation. 
Diseases of the feet of dairy cattle occur most 
commonly in days 50 to 150 of the lactation 
period. Often the etiology is complex, and a 
definitive etiologic diagnosis cannot be made. 
This makes clinical management difficult and 
often unrewarding. The direct monetary costs 
for the treatment of lame animals are not 
high, but the actual treatment of either indi¬ 
vidual animals or groups of animals is time- 
consuming and laborious. The condemnation 
of animals to slaughter because of lesions of 
the musculoskeletal system also contributes 
to the total economic loss. 

When lameness is a herd problem, not 
only are the economic losses increased, but 
clinical management becomes very difficult. 
The epidemiologic factors that contribute to 
lameness include the following: 

• Injuries as a result of floor surfaces 

• Persistently wet, unhygienic ground 
conditions 

• Overcrowding and trampling during 
transportation and handling 

• Nutritional inadequacies 

• Undesirable skeletal conformation 

• Failure to provide regular foot trimming 
Because of the difficulty inherent in the 

differentiation of diseases causing lameness, 
and other abnormalities of gait and posture, 
a summary is presented in Table 15-1. It does 
not include lameness in racing horses, which 
is described in textbooks on lameness in 
horses, or diseases of the nervous system 
that interfere with normal movement and 
posture. These are discussed in Chapter 14. 

ABNORMAL POSTURE 
AND MOVEMENT 

As a group, diseases of the musculoskeletal 
system are characterized by reduced activity 
in standing up and moving and by the 
adoption of unusual postures. 1 Abnormal 


INHERITED DISEASES OF 
JOINTS 1538 

Inherited Arthrogryposis (Inherited 
Multiple-Tendon Contracture) 1538 
Inherited Multiple Ankyloses 1539 
Inherited Patellar Subluxation 1539 
Inherited Hypermobility (Laxity) of 
Joints 1539 

Inherited Hip Dysplasia 1539 


movements include weakness (limpness) or 
stiffness and lack of flexion. Abnormal pos¬ 
tures include persistent recumbency, includ¬ 
ing lateral recumbency. There may be signs 
of pain on standing, moving, or palpation. 
There is an absence of signs specifically refer¬ 
able to the nervous system. Differentiation 
from diseases of the nervous system and 
from each other may be aided by specific 
biochemical, radiologic, or hematologic 
findings that indicate the system involved. 
Specific epidemiologic findings may indicate 
the location of the lesion (which may be sec¬ 
ondary) in muscle, bones, or joints, as set out 
in Table 15-1. 

DEFORMITY 

Atypical disposition, shape, or size of a part 
of the musculoskeletal system constitutes a 
deformity. This may occur in a number of 
ways, and be caused by the following defects. 

Muscle and Tendon Defects 

• Congenital hypermobility of joints, 
inherited and sporadic 

• Congenital flexed or stretched tendons 
of limbs causing contracture of joints or 
hyperextension 

• Inherited congenital splayleg of pigs 

• Muscle hypertrophy (doppelender, 
culard) of cattle 

• Acquired asymmetric hindquarters of 
pigs 

Defects of the Skeleton 

• Dwarfism—inherited miniature calves, 
achondroplastic dwarves; short legs of 
inherited congenital osteopetrosis; 
nutritional deficiency of manganese; 
acorn calves 

• Giant stature—inherited prolonged 
gestation, not really giantism, only large 
at birth 

• Asymmetry—normal wither height, low 
pelvis height of hyena disease of cattle 

• Limbs—complete or partial absence, 
inherited or sporadic amputates; 
curvature of limbs in rickets; bowie or 
bentleg of sheep poisoned by 
Trachymene spp. 

• Head—inherited and sporadic cyclopean 
deformity; inherited probatocephaly 
(sheep’s head) of calves; inherited moles, 
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Principal Manifestations of Musculoskeletal Disease 


Table 15-1 Differential diagnosis 

of diseases of the musculoskeletal system 



Disease and clinical findings 

Epidemiologic findings 

Clinical pathology 

Necropsy findings 

Examples 

Myasthenia 

Paresis, paralysis, and incoordination 

Ischemia or reduced supply 
of energy or electrolytes. 

Hypoglycemia, 

hypocalcemia, 

hypokalemia, 

hypomagnesemia 

Reversible 

malfunction 

Iliac thrombosis, toxemia, milk fever, 
lactic acidosis, some poisonous 
plants 

Myopathy 

Either stiff gait, disinclination to 

Often precipitated by 

Marked elevations in serum 

White, waxy, 

Horses: Azoturia (equine paralytic 

move, board-like muscles or 

sudden increase in 

activity of CPK and AST. 

swollen, "fish 

myoglobinuria, tying up, equine 

weakness, pseudoparesis or 
paralysis, difficulty rising, staggery 
gait, flabby muscles. 

Always bilateral, mostly hindlimbs. 

muscular work. 

Usually diet-dependent and 
related to: 

(1) high carbohydrate intake 

(2) deficiency in selenium/ 
vitamin E intake 

(3) Ingestion of myopathic 
agents (e.g., in 
poisonous plants, cod 
liver oil) 

Myoglobinemia and 
possibly myoglobinuria. 

flesh" muscle. 

rhabdomyolysis, equine atypical 
myopathy); postanesthetic 
myositis. 

Pigs: Porcine stress syndrome, 
selenium deficiency, inherited 
splaylegs. 

Cattle: Selenium/vitamin E deficiency 
(enzootic muscular dystrophy), 
poisoning by 

Cassia occidentalis, Karwinskia 
humboldtiana, ischemic necrosis 
of recumbency. 

Sheep: Approximately the same; 
exertional rhabdomyolysis. 

Myositis 

Acute inflammation, swelling, pain; 

Related to trauma or specific 

As for myopathy, plus 

Bruising, edema, 

Blackleg, false blackleg (malignant 

may be associated with systemic 

infectious disease. 

hematologic response 

and hemorrhage 

edema). 

signs if infectious. 

Chronic manifested by atrophy, 
contracture of joint, incomplete 
extension. 

Atrophy, pallor in chronic. 

when infection present. 

in acute. 

Eosinophilic myositis in beef cattle. 
Traumatic injury by strain of 
muscle or forceful impact. 

Osteodystrophy 

Stiff gait, moderate lameness often 

Absolute deficiency and/or 

Radiographic evidence of 

Osteoporosis, 

Cattle: Phosphorus deficiency 

shifting from leg to leg, arched 

relative imbalance of 

osteoporosis, deformed 

subepiphyseal 

Marie's disease. Hypovitaminosis 

back, crackling sounds in joints 

dietary calcium. 

epiphyseal lines. 

collapse of bone 

D. Calcium deficiency. 

while walking. Disinclination to 

phosphorus, and vitamin 

broadness of epiphyses. 

at pressure 

Poisoning by Trachymene glaucifolia 

move; horses affected early race 
very poorly. 

Severely affected animals disinclined 
to stand, recumbent much of 
time. 

Fractures common. Bones soft (e.g., 
frontal bones) to digital pressure. 

Deformities of bones (e.g., bowing, 
pelvic collapse). Ready 
detachment of tendons and 
ligaments. 

D. Most apparent in 
rapidly growing, working, 
and heavy milk-producing 
animals. 

Subperiosteal unossified 
osteoid. 

points. Fracture 
of soft bones. 

Bone ash 
determinations of 
Ca, P, and Mg 
content of bones. 

(bowie or bentleg). 

Horses: Osteodystrophia fibrosa as a 
result of low calcium diet, or to 
poisonous plants containing large 
amounts of oxalate (see under 
oxalate poisoning). 

Pigs: Osteodystrophia fibrosa 
attributable to low Ca and high P 
in diet. 

Osteomyelitis 

Pain, swelling (little), toxemia, fever; 
may be discharge through sinus. 

Only of specific disease. 

Radiographic evidence of 
rarefaction, new bone 
growth. 

Osteomyelitis. 

Actinomycosis, brucellosis in pigs 
and cattle. 

Necrotic and atrophic rhinitis 
disease in pigs. 

Arthropathy (osteoarthritis) 

Lameness with pain on walking, 

(1) Inherited predisposition 

Excessive sterile brownish 

Erosion of cartilage 

Cattle: Degenerative joint disease 

standing, palpation. Some 

in cattle 

fluid with floccules. 

and bone, 

(of young beef bulls), inherited 

enlargement but not gross. 

(2) Dietary excess of 
phosphorus, relative 
deficiency of calcium 

Radiologic evidence of 
joint erosion, epiphyseal 
deformity, new bone 
growth peripherally. 

ligament rupture, 
new bone growth 
(epiphytes) 
around edge of 
joint. 

osteoarthritis. 

Horses: As early part of 
osteodystrophy syndrome. 


Continued 
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Chapter 15 ■ Diseases of the Musculoskeletal System 


Table 15-1 Differential diagnosis 

of diseases of the musculoskeletal system—cont'd 



Disease and clinical findings 

Epidemiologic findings 

Clinical pathology 

Necropsy findings 

Examples 

Slackness in joints, may be ligament 

(3) Very rapid increase in 


Excess brownish 

Pigs: Epiphysiolysis of femurs of 

rupture, crepitus. 

body weight in young 
(4) Heavy milk production 
during many lactations 


sterile clear fluid 

containing 

floccules. 

young breeding boars. 
Osteochondrosis. 

Arthritis 

Acute: Sudden onset, severe pain. 

Most commonly in young 

Aspiration of fluid under 

Acute: Inflammation 

Cattle: Mycoplasma spp., 

very lame, sore to touch, swelling 

via navel infection and 

very sterile conditions 

or suppuration, 

Erysipelothrix rhusiopathiae 

and heat in joint. 

bacteremia, or residual 

shows leukocytes and 

increased fluid 

Streptococcus and Staphylococcus 


from septicemia of 
neonate. 

somatic cells in large 
numbers. Culture may be 
positive but often 
negative. 

content. 

Chronic: Thickened 
synovial 
membrane. 

spp., Escherichia coli, 

Chronic: Continuous pain, 


Joint fluid may appear 

Increased amount 

Salmonella spp. in newborn. 

recumbency, may be toxemia if 
infectious. Joint may be visibly 
swollen but may be normal in 
appearance. Pain may be evident 
only when animal stands on joint. 

Tenosynovitis, cellulitis, lymphangitis, bursitis 

normal in chronic case 

of clear fluid. 
Erosion of articular 
cartilage 

Brucella abortus, 

Mycoplasma spp. and 

Chlamydophila spp. 

Pigs: E. Erysipelothria rhusiopathiae, 
Mycoplasma spp. 

Sheep: Corynebacterium 
pseudotuberculosis, 

E. rhusiopathiae, Histophilus somni, 
Mannheimia haemolytica, 
Actinobacillus seminis, 
Chlamydophila spp., Mycoplasma 
spp. 

Horses; Foal septicemias. 

Inflammation of other supporting 

Sporadic as a result of 

Culture of aspirate from 

Inflammation of 

Horses and cattle: Bursitis— B. 

tissues. Visible, painful 

trauma or localization of 

local lesion. 

affected part. 

abortus. 

enlargements. 

systemic infection. 


Acute 

hemorrhagic or 

chronic, 

suppurative. 

Tenosynovitis— Histophilus somni, 
cattle. 

Streptococcus equi horse, 

Histophilus somni, sheep. 

Interdigital dermatitis (footrot) 

Severe foot lameness. Visible local 

Severe epidemics in wet, 

Culture of infectious agent, 

Necrosis of soft 

Sheep: Footrot— Bacteroides 

lesion at skin-horn junction, 

warm weather in sheep. 

swab from depth of 

tissue. 

nodosus ; foot scald—avirulent B. 

necrotic smell, horn underrun. 
Allied similar conditions have less 
severe lesions. 

Infection soil-borne. Some 
farms have disease 
persistently. 

lesion. 


nodosus ; foot abscess— F. 
necrophorus; 

Trueperella pyogenes; interdigital 
dermatitis— F. necrophorum. 

Cattle: Footrot— F. necrophorum, B. 
nodosus. 

Laminitis 

Severe foot pain, separation of horn 

Sporadic except infectious 

Very high blood pressure. 

Infection or 

Sheep: Erysipelothrix 

from sensitive laminae, rotation 

type in sheep related to 

Radiologic demonstration 

hemorrhage/ 

rhusiopathiae —postdipping 

of the pedal bone. Metabolic, 

dipping. Possibly inherited 

of P 3 rotation. 

edema, sensitive 

laminitis. 

traumatic, or infectious types. 

susceptibility to metabolic 
laminitis in cattle. 


laminae. 

Horses —traumatic as a result of 
continuous pawing. 

All species: Metabolic associated 
with heavy grain feeding—in 
mares with retained placenta and 
metritis. 

Damage to horn of hoof 

Severe foot pain if sensitive laminae 

Related to hard, abrasive 

None. 

Foot-horn lesion 

Cattle: Stable footrot on soft 

affected. Horn damage obvious. 

surfaces—pigs and dairy 
cattle; soft underfoot— 
cows indoors on wet 
bedding. 


only. 

footing; sole wear on rough 
concrete. 

Pigs: Sole wear on rough concrete, 
predisposed by biotin deficiency 
in diet. 

Horses: Thrush and canker on soft 
wet underfoot. 








1375 
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Table 15-1 Differential diagnosis of diseases of the musculoskeletal system—cont'd 


Disease and clinical findings Epidemiologic findings Clinical pathology 


Traumatic injuries of feet of newborn piglets 

Severe lameness in piglets 1-8 days Newborn piglets raised on 
of age. Bruising of sole, 
congestion, and swelling followed 
by peeling, erosion, and cracking 
of horn of sole; both claws and 
accessory digits injured more 
often on medial aspect, and 
incidence in hindfeet twice that 
of forefeet; abrasions of skin of 
carpal joints common; accessory 
digits involved too. Ascending 
secondary bacterial infection 
resulting in tenosynovitis and 
septic arthritis. Most piglets 
recover following antibacterial 
therapy. 


None. 


concrete or slatted floors. 
Distribution of lesions 
related to sucking 
behavior of piglets, the 
backward, outward, and 
downward thrusting 
movements of the 
hindlegs while sucking. 


Coronitis dermatitis at coronet 

Lesions vary from granuloma 
through vesicles, erosions. 
Lameness in all, but severity 
varies with type of lesion. 

Essential to examine oral mucosa. 


Acute outbreaks of lameness Microbiology of material 
as a result of coronitis in from local lesion, 
any species raises specter 
of food-and-mouth 
disease. 


Necropsy findings Examples 


Erosion, necrosis. Piglets: Newborn piglets raised on 
congestion, concrete, expanded metal, or 

fissures, and plastic slatted floors, 

hemorrhage of 
horn of sole and 
sensitive laminae 
of digit. 

Secondary 
tenosynovitis and 
arthritis. 


Local lesions only. Sheep: Bluetongue, foot-and-mouth 
disease, vesicular stomatitis, 
ecthyma, strawberry footrot, 
ulcerative dermatosis, heel 
dermatitis (B. nodosus), 
strongyloidosis. 

Cattle: Foot-and-mouth disease, 
vesicular stomatitis, bovine virus 
diarrhea, bovine malignant 
catarrh, epitheliogenesis 
imperfecta. 

Pigs: Foot-and-mouth disease, 
vesicular exanthema of swine, 
swine vesicular disease, vesicular 
stomatitis. 

Horses: Vesicular stomatitis, greasy 
heel, chorioptic mange. 


AST, aspartate aminotransferase; CPK, creatine phosphokinase. 


bulldog calves; acquired atrophic rhinitis 
of pigs 

Joint Defects 

• Inherited congenital ankylosis of cattle 
causing fixation of flexion 

• Joint enlargement of rickets and chronic 
arthritis 

SPONTANEOUS FRACTURES 

Spontaneous fractures occur uncommonly 
in farm animals, with the exception 
of physeal fractures of the metacarpus 
and metatarsus in young ruminants, 
and preexisting diseases are usually 
present in fractures not associated 
with a traumatic incident, such as the 
following: 

• Nutritional excess of phosphorus 
causing osteodystrophia in horses 

• Nutritional deficiency of calcium 
causing osteodystrophia in pigs 


• Nutritional deficiency of phosphorus or 
vitamin D in ruminants causing rickets 
and/or osteomalacia; hypervitaminosis 
A may contribute 

• Nutritional deficiency of copper 

• Chronic fluorine intoxication 

PAINFUL ASPECTS 
OF LAMENESS 

Musculoskeletal pain can be caused by lac¬ 
erations and hematomas of muscle, myositis, 
and space-occupying lesions of muscle. 
Osteomyelitis, fractures, arthritis, joint dis¬ 
locations, and sprains of ligaments and 
tendons are also obvious causes of severe 
pain. Among the most painful of injuries are 
swollen, inflammatory lesions of the limbs 
caused by deep penetrating injury or in 
cattle by extension from footrot. Amputa¬ 
tion of a claw, laminitis, and septic arthritis 
are in the same category. Ischemia of muscle 
and generalized muscle tetany, as occurs in 


electroimmobilization, also appear to cause 
pain. 

Research on the pathophysiology and 
pharmacology of pain associated with lame¬ 
ness in animals indicates that the thresholds 
to painful stimuli change in response to pain 
(wind-up), and this change is seen as an indi¬ 
cation of an alteration in nerve function or 
in nociceptive processing at higher levels. In 
flocks of sheep with severe lameness as a 
result of footrot, affected sheep had a lower 
threshold to a mechanical nociceptive stimu¬ 
lus than matched controls, and their thresh¬ 
olds remained low when tested 3 months 
later, after the apparent resolution of the 
foot lesions. Thus hyperalgesia persisted in 
severely lame sheep for at least 3 months. 
It is suggested that N-methyl-D-aspartate 
receptors are involved in the development of 
this long-term hypersensitivity. Similar find¬ 
ings have been reported in dairy heifers 
affected with claw lesions during the peripar- 
tum period. 
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Relief of Musculoskeletal Pain 

Several aspects of relieving pain in agricul¬ 
tural animals are important. Cost has always 
been a deterrent to the use of local anesthet¬ 
ics and analgesics, but with changing atti¬ 
tudes, the need to control pain is more 
apparent. Treatment of the causative lesion is 
a major priority, but the lesion may be 
painful for varying lengths of time. 2 Relief 
and the control of pain should be a major 
consideration. Details on the use of analge¬ 
sics are presented in Chapter 4. 
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EXAMINATION OF THE 
MUSCULOSKELETAL SYSTEM 

The clinical examination of the musculoskel¬ 
etal system and the feet of farm animals 
includes the following special examinations. 

Analysis of Gait and Conformation 

Inspection of the gait of the animal is neces¬ 
sary to localize the site of lameness. Evalua¬ 
tion of its conformation may provide clues 
about factors that may contribute to lame¬ 
ness. Information related to gait and abnor¬ 
malities of the nervous system is presented 
in Chapter 15. Details on the examination of 
farm animals for lameness are available in 
textbooks on lameness in horses and cattle. 
Computer-assisted analysis of gait (kinemat¬ 
ics) and hoof loading (via force plates) are 
commonly used in equine practice and are 
increasingly being used in research studies 
related to lameness in cattle and pigs. 1 

Close Physical Examination 

A close detailed physical examination of the 
affected area is necessary to localize the 
lesion. This includes passive movements of 
limbs to identify fractures, dislocations, and 
pain on movement. Muscles can be palpated 
for evidence of enlargement, pain, or atrophy. 

Radiography 

Radiography remains an extremely useful 
diagnostic method for diseases of bones 
and joints and soft tissue swelling of limbs, 
which cannot be easily defined by physical 
examination. Detailed radiographic infor¬ 
mation about the joint capsule, joint cavity, 
or articular cartilage can be obtained using 
negative (air), positive, or double-contrast 
arthrography. 

The widespread availability of digital 
imaging systems (direct radiography [DR]) 
now permits radiographs to be immediately 
examined on-site, rather than following 
development in the clinic. This ensures that 
good-quality images are obtained in all 
views, and the information is used in real 
time to direct treatment. 2 The price of 


digital radiography systems continues to 
decrease but is still significant relative to 
ultrasonography. 

Ultrasonography 

Most large animal veterinary practices have 
an ultrasound machine that is used for 
transrectal pregnancy diagnosis in cattle and 
horses and transabdominal pregnancy diag¬ 
nosis in sheep and goats. Use of these 
machines with a 5.0- or 7.5-MHz linear 
transducer provides a rapid on-farm method 
for evaluating musculoskeletal, tendon, and 
joint diseases. Ultrasonography is cheaper 
and provides different information than that 
provided by radiography; it is also less inva¬ 
sive than joint fluid aspiration and analysis. 
Detailed information about the use of ultra¬ 
sonography to diagnose bovine musculo¬ 
skeletal disorders is available. 3,4 Recent 
advances in ultrasound technology, includ¬ 
ing harmonic imaging, compound imaging, 
three-dimensional (3D) imaging, elastogra- 
phy, and fusion imaging will increase the 
clinical utility of ultrasonography in ambula¬ 
tory practice. 5,6 

Ultrasonographic examination of the 
stifle region in cattle has successfully imaged 
homogeneously echogenic patellar and col¬ 
lateral ligaments, the combined tendon of 
the long digital extensor and peroneus tertius 
muscles, the popliteal tendon, the anechoic 
articular cartilage of femoral trochlea, the 
echogenic menisci, and the hyperechoic 
bone surfaces were imaged successfully. The 
boundaries of the joint pouches became par¬ 
tially identifiable only when small amounts 
of anechoic fluid were present in the medial 
and lateral femorotibial joint pouches. The 
main indication for ultrasonography of the 
bovine stifle is evaluation of acute septic and 
traumatic disorders of the region, when spe¬ 
cific radiographic signs are often nonspecific 
or absent. The cruciate ligaments could not 
be imaged in live cattle. The cruciate liga¬ 
ments are identifiable using ultrasonography 
in the horse, in which flexion of the hindlimb 
is a routine procedure necessary for identifi¬ 
cation of these structures. 

The main indication for ultrasonographic 
examination of the carpal region in cattle is 
the evaluation of septic and traumatic disor¬ 
ders of the carpal joints and tendon sheaths. 
Each tendon and tendon sheath in the carpal 
region must be scanned separately. The use of 
a stand-off pad is recommended because it 
permits adaptation of the rigid transducer to 
the contours of the carpus. The carpal joint 
pouches and tendon sheath lumina are not 
clearly defined in healthy cattle. Thus the 
ability to image these structures indicates the 
presence of synovial effusion. Ultrasono¬ 
graphic imaging can be used to differentiate 
the pathologic changes in the soft tissue struc¬ 
tures of digital flexor tendon sheaths of cattle. 

Ultrasonography is a valuable diagnostic 
aid for septic arthritis. Joint effusion, which 
is one of the earliest signs of septic arthritis; 


the accurate location of soft tissue swelling; 
the extent and character of joint effusion; 
and involvement of concurrent periarticular 
synovial cavities or other soft tissue struc¬ 
tures can be imaged by ultrasonography. 
The ultrasonogram can image the presence 
of small hyperechogenic fragments within 
the joint, which appear very heterogeneous. 
Normal synovial fluid is anechoic and 
appears black on the sonogram. A cloudy 
appearance is usually associated with the 
presence of pus. 

Ultrasonography has been used to 
evaluate the anatomy of the elbow, carpal, 
fetlock, and stifle joints of clinically normal 
sheep using a 7.5-MHz linear transducer 
with a stand-off pad. The anatomic struc¬ 
tures that could be consistently identi¬ 
fied in normal ovine joints included bone, 
articular cartilage, ligaments, and tendons. 
In sheep with chronic arthritis/synovitis, 
the gross thickening of the joint capsule 
is visible as a hyperechoic band up to 
20 mm thick. 

Arthrocentesis and Synovial 
Fluid Interpretation 

Joint fluid is collected by needle puncture of 
the joint cavity (arthrocentesis) and exam¬ 
ined for the presence of cells, biochemical 
changes in the joint fluid, and the presence 
of infectious agents. 

Analysis of synovial fluid is a fundamen¬ 
tal requirement for differentiating septic 
arthritis from degenerative arthritis, and 
fluid parameters are summarized in Table 
15-3 later in this chapter. A number of 
inflammatory biomarkers in synovial fluid 
have been evaluated in research studies, but 
the leukocyte count and differential, erythro¬ 
cyte count, total protein concentration, and 
an index of viscosity usually provide suffi¬ 
cient information for clinical use. 

Arthrocentesis can result in joint con¬ 
tamination with hair when a 20-g needle is 
inserted. Angled needle insertion reduces 
joint contamination relative to perpendicu¬ 
lar insertion. 6 Insertion of a spinal needle 
with the stylet in place also reduces joint 
contamination with hair, relative to insertion 
without the stylet. A larger-diameter needle 
(19 g) had a higher risk of hair contamina¬ 
tion after arthrocentesis than a 20-g needle.' 

Arthroscopy 

Special endoscopes are available for in¬ 
spection of the joint cavity and articular sur¬ 
faces (arthroscopy). Diagnostic and surgical 
arthroscopy are now commonplace in spe¬ 
cialized equine practice. Surgical arthroscopy 
is rapidly replacing conventional arthrotomy 
for the correction of several common surgical 
conditions of the musculoskeletal system of 
the horse. Accurate quantification of equine 
carpal lesions is possible when the procedure 
is performed by an experienced arthrosco- 
pist. Convalescent time following surgery 
is decreased and the cosmetic appearance 
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improved compared with arthrotomy. A 
synovial membrane biopsy can be examined 
histologically and for infectious agents and 
may yield useful diagnostic information. Sur¬ 
gical arthroscopy is being increasingly used 
in referral cattle practice. 8 

Serum Biochemistry and Enzymology 

When disease of bone or muscle is suspected, 
the serum concentration of calcium and 
phosphorus, the serum alkaline phosphatase 
activity, and the serum activity of two 
muscle-derived enzymes, creatinine kinase 
(CK) and aspartate aminotransferase (AST), 
also known as serum glutamic oxaloacetic 
transaminase (SGOT), may be useful. Both 
CK and AST are sensitive indicators of 
muscle cell damage, with CK also being spe¬ 
cific. Equations have been developed that 
relate the change in serum CK activity to 
grams of skeletal muscle tissue damaged; this 
methodology should be widely applied in 
the clinical management of livestock with 
musculoskeletal injury because it is suffi¬ 
ciently sensitive to pick up skeletal muscle 
damage as a result of an intramuscular (IM) 
antibiotic injection. 9 

Other serum biochemical indicators of 
muscle damage that have been used in exper¬ 
imental studies include myoglobin, a low- 
molecular-weight protein that is an early 
marker of muscle damage, and two indices 
of muscle damage: myosin, a high-molecular- 
weight protein, and 3-methylhistidine, a 
posttranslationally modified amino acid 
released after myosin or actin degradation. 9 
In normally hydrated animals with normal 
renal function, it is important to understand 
that serum creatinine concentration pro¬ 
vides a useful index of skeletal muscle mass. 
This is covered in more detail in Chapter 13. 

The serum concentrations of calcium and 
phosphorus and the serum alkaline phos¬ 
phatase activity are much less sensitive indi¬ 
cators of osteodystrophy. 

Muscle Biopsy 

A muscle biopsy may be useful for micro¬ 
scopic and histochemical evaluations. 

Infrared Thermography 

Infrared thermography has been increas¬ 
ingly applied to the diagnosis of inflamma¬ 
tory conditions of muscles and tendons, in 
that acute inflammation is associated with 
localized heat that can be detected by using 
a camera capable of imaging the infrared 
spectrum. 10 ' 11 ' 12 

Nuclear Scintigraphy 

Technetium-labeled bone scanning has been 
available for decades at major referral institu¬ 
tions, but the use of nuclear scintigraphy 
has declined with the increased availability 
and resolution of ultrasonographic and 
magnetic resonance imaging (MRI) units. 
Nevertheless, scintigraphy is still a valuable 
diagnostic method for bone diseases such as 


osteomyelitis of the vertebral column in 
adult horses and cattle when the lesion is 
surrounded by a large mass of superimpos¬ 
ing muscle. 13 

Magnetic Resonance Imaging 

MRI is increasingly being used for the diag¬ 
nosis of musculoskeletal disease and related 
research studies. 14,15 As a cross-sectional 
imaging modality, it provides outstanding 
tissue contrast and multiple views of the 
region of interest. Because of the high cost of 
purchasing and maintaining MRI equip¬ 
ment, this modality is only available at large 
referral centers, and even then, specially con¬ 
structed tables have to be made to permit 
imaging of adult horses and cattle under 
general anesthesia. High-quality images can 
usually be obtained from the carpus and 
hock to the hoof or foot. It is anticipated that 
rapid advances will be made in the clinical 
application of MRI to the diagnosis of spe¬ 
cific musculoskeletal injuries, such as evalu¬ 
ating cartilage damage and navicular disease 
in horses. 14 ' 15 

Computed Tomography 

Computed tomography (CT) has not been 
used much for the clinical analysis of 
musculoskeletal tissue. It is anticipated that 
continued advances in MRI technology will 
continue to make this the preferred anatomic 
technology, despite the development of CT 
units in Europe that can accommodate the 
standing horse. 16 

Nutritional History 

Because the most important osteodystro¬ 
phies and myopathies are nutritional in 
origin, a complete nutritional history must 
be obtained. This should include an analysis 
of the feed and determination of the total 
amount of intake of each nutrient, including 
the ratio of one nutrient to another in 
the diet. 

Environment and Housing 

When outbreaks of lameness occur in housed 
cattle, sheep, goats, and pigs, the quality of 
the floor must be examined to evaluate the 
possibility of floor-related injuries. 
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Diseases of Muscles 

MYASTHENIA (SKELETAL 
MUSCLE ASTHENIA) 

The differential diagnosis of paresis, paraly¬ 
sis, and incoordination should include a 
consideration of skeletal muscle weakness 
unrelated to primary neurogenic hypotonia 
or to permanent muscle injury, including 
myopathy and myositis. Most of the syn¬ 
dromes that fall into this group of myasthe¬ 
nia have been described in detail elsewhere 
in this book and are referred to briefly here 
only to complete the list of abnormalities of 
skeletal muscle that affect gait and posture. 
Unlike myopathy and myositis, they are 
reversible states. 

The common causes of myasthenia in 
farm animals are as follows: 

• Ischemia in iliac thrombosis in the 
horse and neonatal calf and after 
recumbency in cows with parturient 
paresis. The end stage is myonecrosis 
and is not reversible. 

• Metabolic effect on muscle fibers— 
causes include hypokalemia, 
hypocalcemia, and possibly 
hypophosphatemia (in parturient paresis 
of dairy cows), hypomagnesemia (in 
lactation tetany), hypoglycemia of 
newborn pigs, and lactic acidemia after 
engorgement on grain. 

• Toxins—general toxemia is a cause. 

Also, many plant toxins exert an effect 
on skeletal muscle activity. Although in 
most cases the mode of the action of the 
toxin is unknown (hypoglycin A is a 
notable exception), the toxins have been 
listed as neurotoxins. 

MYOPATHY 

The term myopathy describes the noninflam¬ 
matory degeneration of skeletal muscle 
that is characterized clinically by muscle 
weakness and pathologically by hyaline 
degeneration of the muscle fibers. The serum 
activities of some muscle enzymes are ele¬ 
vated, and myoglobinuria is a common 
accomp animent. 

ETIOLOGY AND EPIDEMIOLOGY 

The most important myopathies in farm 
animals are a result of nutritional deficien¬ 
cies of vitamin E and selenium and the 
effects of unaccustomed exercise. In humans, 
in contrast, the muscular dystrophies occur 
as inherited defects of muscle or degenera¬ 
tive lesions caused by interruption of their 
nerve supply. The skeletal myopathies can 
be classified into primary and secondary 
myopathies. 
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A retrospective analysis of the case 
records in a veterinary teaching hospital over 
a 9-year period revealed that the most 
common myopathy in horses was exercise- 
associated muscle disorder (69%). The 
remainder consisted of postexhaustion syn¬ 
drome (9%), infectious myopathies (11%), 
immunologic myopathy (6%), nutritional 
myopathy (5%), and hyperkalemic periodic 
paralysis (2%). 

The major causes of myopathy in farm 
animals and their epidemiologic determi¬ 
nants are as follows. 

Enzootic Nutritional Muscular 
Dystrophy 

A nutritional deficiency of vitamin E and/or 
selenium is a common cause of enzootic 
nutritional muscular dystrophy in young 
calves, lambs, foals, and piglets. Factors 
enhancing or precipitating onset include 
rapid growth, highly unsaturated fatty acids 
in the diet, and unaccustomed exercise. The 
disease also occurs in adult horses. 

Exertional or Postexercise 
Rhabdomyolysis 

Exertional or postexercise rhabdomyolysis is 
not known to be conditioned by vitamin E 
(selenium) deficiency and occurs as equine 
paralytic myoglobinuria (tying-up syn¬ 
drome, azoturia) in horses after unaccus¬ 
tomed exercise or insufficient training. It 
also occurs in sheep chased by dogs, in cattle 
after running wildly for several minutes, and 
as capture myopathy during capture of 
wildlife. 

Equine Atypical Myopathy 
(Seasonal Pasture Myopathy) 

Equine atypical myopathy was originally 
referred to as atypical myoglobinuria , but was 
renamed to atypical myopathy to reflect the 
underlying pathologic process rather than a 
possible clinical sign. The first reports were 
in the United Kingdom, and following a large 
outbreak in northern Germany in fall 1995, 
the disease has now been recognized in 
most of Europe. A similar disease has been 
reported in the United States and named sea¬ 
sonal pasture myopathy. Cases have also been 
reported from Australia and New Zealand. 

Affected horses at pasture have a sudden 
onset of clinical signs consistent with an 
acute, non-exercised-related myopathic 
process. The causative toxin appears to be 
hypoglycin A, which is found in the seeds of 
maple trees. 

Equine Polysaccharide 
Storage Myopathy 

Equine polysaccharide storage myopathy is a 
metabolic disease being recognized with 
increasing frequency in many breeds of 
horse. It occurs in Quarter horses, Appa- 
loosa, and Paint-related breeds. The disease 
represents a group of diseases with similar 
clinical signs and pathology but different 


etiology. Some horses have a mutation in the 
glycogen synthase 1 (GYS1) gene that affects 
carbohydrate metabolism, including Perche- 
ron and Belgian draught horses. 

Metabolic 

Hyperkalemic periodic paralysis occurs in 
certain pedigree lines of North American 
show Quarter horses. 

Degenerative Myopathy 

Degenerative myopathy occurs in newborn 
calves, sheep, and goats infected by Akabane 
virus in utero. 

Inherited Myopathies 
Porcine stress syndrome, which is discussed 
under that heading, now includes pale, soft, 
exudative pork encountered at slaughter and 
malignant hyperthermia following halo- 
thane anesthesia. Certain blood types in 
pigs have been used as predictors of stress 
susceptibility, and malignant hyperthermia 
in Pietrain pigs is genetically predetermined. 
Most of these myopathies of pigs thus have 
an inherited basis, and the stress of trans¬ 
portation, overcrowding, and handling at 
slaughter precipitates the lesion and rapid 
death. 

Congenital myopathy of Braunvieh- 
Brown Swiss calves is thought to be inher¬ 
ited. Affected calves become progressively 
weak and recumbent within 2 weeks of birth. 

Doubling-muscling in cattle and splay- 
legs of newborn pigs are also considered to 
be inherited. A dystrophy-like myopathy in 
a foal has been described and is similar to 
human muscular dystrophy. Dystrophy of 
the diaphragmatic muscles in adult Meuse- 
Rhine-Yessel cattle is thought to be inher¬ 
ited. Xanthosis occurs in the skeletal and 
cardiac muscles of cattle and is characterized 
grossly by a green iridescence. 

Toxic Agents 

Certain myopathies are caused by poisonous 
plants, including Cassia occidentalis, Karwin- 
skia humboldtiana, Ixioloena spp., Geigeria 
spp., and lupins. A special case is enzootic 
calcinosis of all tissues, especially muscle, 
and the principal signs are muscular. It is 
caused by poisoning by Solanum malacoxy- 
lon, Tricetum spp., and Cestrum spp. Another 
special case is equine atypical myopathy. 

Ischemia 

Ischemic myonecrosis occurs in the thigh 
muscles of cattle recumbent for approxi¬ 
mately 48 hours or more and is discussed in 
detail under the heading “Downer Cow Syn¬ 
drome.” Iliac thrombosis in horses is an 
important cause of ischemic myopathy and 
has been reported in neonatal calves. 

Neurogenic 

Neurogenic muscular atrophy occurs spo¬ 
radically as a result of traumatic injury 
and subsequent degeneration or complete 


severance of the nerve supply to skeletal 
muscle. The myopathy in arthrogryposis 
associated with the Akabane virus is thought 
to be a result of lesions of the lower motor 
neurons supplying the affected muscles. It 
has been suggested that cattle with muscular 
hypertrophy may be more susceptible to the 
effects of exercise and the occurrence of 
acute muscular dystrophy. Suprascapular 
nerve paralysis in the horse (sweeney) is a 
traumatic neuropathy resulting from com¬ 
pression of the nerve against the cranial edge 
of the scapula. 

Neoplasms 

Neoplasms of striated muscle are uncom¬ 
mon in animals. Rhabdomyosarcomas are 
reported in the horse, affecting the dia¬ 
phragm and causing loss of body weight, 
anorexia, and respiratory distress. 

PATHOGENESIS 
Primary Myopathy 

The characteristic change in most cases of 
primary myopathy varies from hyaline 
degeneration to coagulative necrosis, affect¬ 
ing particularly the heavy thigh muscles and 
the muscles of the diaphragm. Myocardial 
lesions are also commonly associated with 
the degeneration of skeletal muscle and 
when severe will cause rapid death within 
a few hours or days. The visible effects of 
the lesions are varying degrees of muscle 
weakness, muscle pain, recumbency, stiff 
gait, inability to move the limbs, and the 
development of respiratory and circulatory 
insufficiency. 

In primary nutritional muscular dystro¬ 
phy associated with a deficiency of vitamin E 
and/or selenium there is lipoperoxidation of 
the cellular membranes of muscle fibers, 
resulting in degeneration and necrosis. The 
lesion is present only in muscle fibers, and 
the histologic and biochemical changes that 
occur in the muscle are remarkably similar 
irrespective of the cause. Variations in the 
histologic lesion occur but indicate variation 
in the severity and rapidity of onset of the 
change rather than different causes. 

Myoglobinuria 

Because of the necrosis of muscle, myoglobin 
is excreted in the urine, and myoglobinuric 
nephrosis is an important complication, 
particularly of acute primary myopathy. The 
degree of myoglobinuria depends on the 
severity of the lesion, with acute cases result¬ 
ing in marked myoglobinuria, and on the age 
and species of animal affected. Adult horses 
with myopathy may liberate large quantities 
of myoglobin, resulting in dark-brown urine. 
Yearling cattle with myopathy release mod¬ 
erate amounts, and the urine may or may not 
be colored; calves with severe enzootic nutri¬ 
tional muscular dystrophy may have grossly 
normal urine. In all species the renal thresh¬ 
old of myoglobin is so low that discoloration 
of the serum does not occur. 
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Muscle Enzymes 

An important biochemical manifestation of 
myopathy is the increased release of muscle 
cell enzymes that occurs during muscle cell 
destruction. Creatine kinase (CK) and serum 
glutamic oxaloacetate transaminase are both 
elevated in myopathy; CK, particularly, is a 
more specific and reliable indication of acute 
muscle damage. Increased amounts of creati¬ 
nine are also released into the urine follow¬ 
ing myopathy. 

Exertional Rhabdomyolysis 

In exertional rhabdomyolysis in horses there 
is enhanced glycolysis with depletion of 
muscle glycogen, the accumulation of large 
amounts of lactate in muscle and blood, and 
the development of hyaline degeneration of 
myofibers. Affected muscle fibers are richer 
in glycogen in the acute stage of “tying-up” 
than in the late stages, suggesting increased 
glycogen storage in the early phase of 
the disease compared with normal healthy 
horses. During enforced exercise there is 
local muscle hypoxia and anaerobic oxida¬ 
tion, resulting in the accumulation of lactate 
and myofibrillar degeneration. The patho¬ 
genesis of postanesthetic myositis in horses 
is uncertain. A significant postischemic 
hyperemia occurs in horses that develop 
postanesthetic myopathy. Postanesthetic 
recumbency can occur in the horse with 
polysaccharide storage myopathy. 

Types of Muscle Fiber Affected 

In most animals, skeletal muscle is com¬ 
posed of a mixture of fibers with different 
contractile and metabolic characteristics. 
Fibers with slow contraction times have been 
called slow-twitch or type I fibers, and those 
with fast contraction time are fast-twitch or 
type II fibers. Histochemically, type I and II 
fibers can be differentiated by staining for 
myofibrillar ATPase. Type II fibers can be 
subgrouped into type IIA and IIB on the 
basis of acid preincubations. Several different 
characteristics of these muscle fibers have 
been studied in the horse. There are varia¬ 
tions in the percentage of each type of fiber 
present and in composition of muscle fibers 
dependent on genetic background, age, and 
stage of training. There are also variations in 
the muscle fibers within one muscle and 
between different muscles. The histochemi- 
cal characteristics of equine muscle fibers 
have been examined: 

• Type I fibers are characterized by 
strong aerobic capacity, compared with 
type IIA. 

• Type IIA fibers are more glycolytic and 
have strong aerobic and moderate to 
strong anaerobic capacities. 

• Type IIB fibers are characterized by a 
relatively low aerobic and a relatively 
high anaerobic capacity and are 
glycolytic. 

The histochemical staining characteris¬ 
tics of normal equine skeletal muscle have 


been examined and serve as a standard for 
comparison with data obtained from skeletal 
muscles with lesions. 

Secondary Myopathy Resulting 
From Ischemia 

In secondary myopathy resulting from isch¬ 
emia there may be multiple focal areas of 
necrosis, which causes muscle weakness and 
results in an increase of muscle enzymes in 
the serum. The degree of regeneration with 
myofibers depends on the severity of the 
lesion. Some regeneration occurs, but there 
is considerable tissue replacement. In aortic 
and iliac thrombosis in calves under 6 
months of age the thrombosis results in acute 
to chronic segmental necrosis of some 
skeletal muscles and coagulation necrosis in 
others. 

Neurogenic Atrophy of Muscle 

In neurogenic atrophy there is flaccid paraly¬ 
sis, a marked decrease in total muscle mass, 
and degeneration of myofibers, with failure 
to regenerate unless the nerve supply is at 
least partially restored. 

CLINICAL FINDINGS 

The nutritional myopathies associated with a 
deficiency of vitamin E and/or selenium 
occur most commonly in young, rapidly 
growing animals and may occur in outbreak 
form, particularly in calves and lambs. The 
details are presented under the heading 
“Vitamin E and Selenium Deficiency.” 

Primary Myopathy 

In general terms, in acute primary myopathy 
there is a sudden onset of weakness and 
pseudoparalysis of the affected muscles, 
causing paresis and recumbency and, in 
many cases, accompanying respiratory 
and circulatory insufficiency. The affected 
animals will usually remain bright and alert 
but may appear to be in pain. The tempera¬ 
ture is usually normal but may be slightly 
elevated in severe cases of primary myopa¬ 
thy. Cardiac irregularity and tachycardia may 
be evident, and myoglobinuria occurs in 
adult horses and yearling cattle. The affected 
skeletal muscles in acute cases may feel 
swollen, hard, and rubbery, but in most cases 
it is difficult to detect significant abnormality 
by palpation. Animals with acute cases of 
primary myopathy may die within 24 hours 
after the onset of signs. 

Acute Nutritional Myopathy 

Although acute nutritional myopathy in 
horses occurs most commonly in foals from 
birth to 7 months of age, acute dystrophic 
myodegeneration also occurs in adult horses. 
There is muscle stiffness and pain, myoglo¬ 
binuria, edema of the head and neck, recum¬ 
bency, and death in a few days. A special 
occurrence of myopathy has been recorded 
in suckling Thoroughbred foals up to 5 
months of age. The disease occurs in the 


spring and summer in foals running at 
pasture with their dams and is unassociated 
with excessive exercise. In peracute cases 
there is a sudden onset of dejection, stiffness, 
disinclination to move, and prostration, with 
death occurring 3 to 7 days later. Lethargy 
and stiffness of gait are characteristic of less 
acute cases. There is also a pronounced swell¬ 
ing and firmness of the subcutaneous tissue 
at the base of the mane and over the gluteal 
muscles. There may be excessive salivation, 
desquamation of lingual epithelium, and 
board-like firmness of the masseter muscles. 
The foals are unable to suck because of 
inability to bend their necks. Spontaneous 
recovery occurs in mild cases, but most 
severely affected foals die. 

Severe nutritional myopathy of the mas¬ 
seter muscles in a 6-year-old Quarter horse 
stallion has been reported. The masseter 
muscles were swollen and painful, and there 
was exophthalmos and severe chemosis with 
protrusion of the third eyelids. The mouth 
could be opened only slightly, and mastica¬ 
tory efforts were weak. Serum enzymology 
supported a diagnosis of nutritional muscu¬ 
lar dystrophy, and the concentrations of 
vitamin E and selenium in the blood and 
feed were lower than normal. 

Tying-Up 

In tying-up in horses there is a very sudden 
onset of muscle soreness 10 to 20 minutes 
following exercise. There is profuse sweating 
and the degree of soreness varies from mild, 
in which the horse moves with a short, shuf¬ 
fling gait, to acute, in which there is a great 
disinclination to move at all. In severe cases, 
horses are unable to move their hindlegs, and 
swelling and rigidity of the croup muscles 
develops. Myoglobinuria is common. 

Postanesthetic Myositis 

Horses with postanesthetic myositis experi¬ 
ence considerable difficulty during recovery 
from anesthesia. Recovery is prolonged, and 
when initial attempts are made to stand, 
there is lumbar rigidity, pain, and reluctance 
to bear weight. Some affected horses will be 
able to stand within several hours if sup¬ 
ported in a sling. The limbs may be rigid and 
the muscles firm on palpation. In severe 
cases the temperature begins to rise— 
reminiscent of malignant hyperthermia. 
Other clinical findings include anxiety, 
tachycardia, profuse sweating, myoglobin¬ 
uria, and tachypnea. Death may occur in 6 
to 12 hours. Euthanasia is the only course for 
some horses. In the milder form of the syn¬ 
drome, affected horses are able to stand but 
are stiff and in severe pain for a few days. 

Exertional Rhabdomyolysis 

In horses, the clinical findings are variable 
and range from poor performance to recum¬ 
bency and death. Signs may be mild and 
resolve spontaneously within 24 hours or 
severe and progressive. 
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The usual presentation is a young (2- to 
5-year-old) female racehorse with recurrent 
episodes of stiff gait after exercise. The horse 
does not perform to expectation and displays 
a short-stepping gait that may be mistaken 
for lower leg lameness. The horse may be 
reluctant to move when placed in its stall, be 
apprehensive and anorexic, and frequently 
shift its weight. More severely affected horses 
may be unable to continue to exercise, have 
hard and painful muscles (usually gluteal 
muscles), sweat excessively, be apprehensive, 
refuse to walk, and be tachycardic and tachy- 
pneic. Affected horses may be hyperthermic. 
Signs consistent with abdominal pain are 
present in many severely affected horses. 
Deep-red urine (myoglobinuria) occurs but 
is not a consistent finding. Severely affected 
horses may be recumbent and unable to rise. 

Many different manifestations of equine 
polysaccharide storage myopathy occur. All 
manifestations are related to dysfunction, 
which results in pain, weakness, segmental 
fiber necrosis, stiffness, spasm, atrophy, or 
any combination of these. The muscles most 
severely affected are the powerful rump, 
thigh, and back muscles, including the glu- 
teals, semimembranosus, semitendinosus, 
and longissimus. 

In exertional rhabdomyolysis in sheep 
chased by dogs, affected animals are recum¬ 
bent, cannot stand, and appear exhausted, 
and myoglobinuria is common. Death 
usually follows. A similar clinical picture 
occurs in cattle that have run wildly for 
several minutes. 

Hyperkalemic Periodic Paralysis 

Initially there is a brief period of myotonia 
with prolapse of the third eyelid. In severe 
cases, the horse becomes recumbent and the 
myotonia is replaced by flaccidity. Sweating 
occurs, and generalized muscle fascicula- 
tions are apparent, with large groups of 
muscle fibers contracting simultaneously at 
random. The animal remains bright and alert 
and responds to noise and painful stimuli. In 
milder cases, affected horses remain stand¬ 
ing, and generalized muscle fasciculations 
are prominent over the neck, shoulder, and 
flank. There is a tendency to stand base-wide. 
When the horse is asked to move, the limbs 
may buckle, and the animal appears weak. 
The horse is unable to lift its head, usually 
will not eat, and may yawn repeatedly early 
in the course of an episode. The serum potas¬ 
sium levels are elevated above normal during 
the episodes. 

Secondary Myopathy Resulting 
From Ischemia 

In secondary myopathy resulting from isch¬ 
emia (e.g., downer cow syndrome), the 
affected animal is unable to rise, and the 
affected hindlegs are commonly directed 
behind the cow in the frogleg attitude. The 
appetite and mental attitude are usually 
normal. No abnormality of the muscles can 


be palpated. With supportive therapy, good 
bedding, and the prevention of further isch¬ 
emia by frequent rolling of the animal, most 
cows will recover in a few days. 

In calves with aortic and iliac artery 
thrombosis there is an acute onset of paresis 
or flaccid paralysis of one or both pelvic 
limbs. Affected limbs are hypothermic and 
have diminished spinal reflexes and arterial 
pulse pressures. The diagnosis can be defined 
using angiography. Affected calves die or 
are euthanized because treatment is not 
undertaken. 

Neurogenic Atrophy 

With neurogenic atrophy there is marked 
loss of total mass of muscle, flaccid paralysis, 
loss of tendon reflexes, and failure of regen¬ 
eration. When large muscle masses are 
affected (e.g., quadriceps femoris in femoral 
nerve paralysis in calves at birth), the animal 
is unable to bear normal weight on the 
affected leg. 

Dystrophy of the 
Diaphragmatic Muscles 

In dystrophy of the diaphragmatic muscles 
in adult Meuse-Rhine-Yessel cattle there 
is loss of appetite, decreased rumination, 
decreased eructation, and recurrent bloat. 
The respiratory rate is increased, with forced 
abdominal respirations, forced movement of 
the nostrils, and death from asphyxia in a few 
weeks. 

Severe diaphragmatic necrosis in a horse 
with degenerative myopathy as a result of 
polysaccharide storage myopathy has been 
described. Affected horses may have severe 
respiratory distress and respiratory acidosis, 
and they do not respond to supportive 
therapy. 

DIAGNOSIS 

Muscle-Derived Serum Enzymes 

The serum activity of the muscle enzymes is 
characteristically elevated following myopa¬ 
thy as a result of release of the enzymes from 
altered muscle cell membranes. CK is a 
highly specific indicator of both myocardial 
and skeletal muscle degeneration. Plasma 
CK activity is related to three factors: the 
amount and rate of CK released from an 
injured muscle into plasma, its volume of 
distribution, and its rate of elimination. CK 
has a half-life of about 4 to 6 hours; following 
an initial episode of acute myopathy, serum 
activity of the enzyme may return to normal 
within 3 to 4 days if no further muscle 
degeneration has occurred. Levels of AST 
are also increased following myopathy; 
however, because the enzyme is present in 
other tissues, such as the liver, it is not a reli¬ 
able indicator of primary muscle tissue 
degeneration. 

Because AST has a longer half-life than 
CK, the levels of AST may remain elevated 
for several days following acute myopathy. 
The daily monitoring of both CK and AST 


levels should provide an indication of 
whether active muscle degeneration is occur¬ 
ring. A marked drop in serum CK activity 
and a slow decline in serum AST activity 
suggest that no further degeneration is 
occurring, whereas a constant elevation of 
CK suggests active degeneration. 

In acute nutritional muscular dystrophy 
in calves, lambs, and foals the serum CK 
activity will increase from normal values of 
below 100 IU/L to levels ranging from 1,000 
to 5,000 IU/L and even higher. The levels of 
CK in calves will increase from a normal 
of 50 IU/L to approximately 5,000 IU/L 
within a few days after being placed 
outdoors followed by unconditioned exer¬ 
cise. The amount of skeletal muscle damaged 
can be estimated based on the change in 
the amount of CK activity over time 
(specifically, the area under the serum CK 
activity-time relationship) and species- 
specific pharmacokinetic values related to 
CK clearance. 1 

The measurement of serum activity of 
glutathione peroxidase is a useful aid in the 
diagnosis of myopathy as a result of selenium 
deficiency. 

In downer cows with ischemic necrosis of 
the thigh muscles, the serum CK and AST 
activities will be markedly elevated and will 
remain elevated if muscle necrosis is pro¬ 
gressive in cows that are not well bedded and 
rolled from side to side several times daily to 
minimize the degree and extent of ischemic 
necrosis. 

High serum activities of CK (1000 IU/L 
and greater) usually indicate acute primary 
myopathy. Levels from 500 to 1000 IU/L may 
be difficult to interpret in animals recumbent 
for reasons other than primary myopathy. 
This will necessitate a careful reassessment 
of the clinical findings, history, and 
epidemiology. 

In horses with acute exertional rhabdo¬ 
myolysis (paralytic myoglobinuria) the 
serum CK activity will range from 5000 to 
10,000 IU/L. Following vigorous exercise in 
unconditioned horses, the serum CK and 
AST activity will rise as a result of increased 
cell membrane permeability associated with 
the hypoxia of muscles subjected to exces¬ 
sive exercise. Lactate dehydrogenase (LDH) 
activity has also been used as a biochemical 
measurement of the degree of physical 
work done by horses in training. With pro¬ 
gressive training in previously uncondi¬ 
tioned horses there is no significant change 
between rest and exercise in the serum 
CK, AST, and LDH activities. In horses 
with postanesthetic myositis the serum CK 
activity may exceed 100,000 IU/L, the 
serum calcium is decreased, and the serum 
inorganic phosphorus is increased. In natu¬ 
rally occurring cases of exertional rhabdo¬ 
myolysis in horses the most consistent 
acid-base abnormality may be hypochlore- 
mia rather than metabolic acidosis as has 
been assumed. 
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Muscle Biopsy 

Investigation of the structural and biochemi¬ 
cal alterations of muscle tissue in myopathy 
include biopsy techniques. Needle biopsies 
require specialized Bergstrom muscle biopsy 
needles, which are expensive, and most 
practitioners do not have them on hand. 
Open biopsy is recommended to obtain a 
strip of muscle. Biopsy of either the semi¬ 
membranosus or semitendinosus muscles, 
at a site between the base of the tail and 
the tuber ischium, provides an adequate 
sample. Muscle biopsy samples can be pro¬ 
cessed for either frozen section or routine 
formalin-fixed, paraffin-embedded sections. 
The frozen section is considered the gold 
standard. 

Inclusions of periodic acid-Schiff (PAS)- 
positive, amylase-resistant complex polysac¬ 
charide are abnormal and characteristic 
findings in muscle of equine polysaccharide 
storage myopathy. 

Histochemical techniques can be used on 
muscle biopsies of horses with muscular 
disease and animals with congenital and 
inherited myopathies. 

Myoglobinuria 

Myoglobinuria is a common finding in adult 
horses with acute paralytic myoglobinuria 
but is not a common finding in acute nutri¬ 
tional muscular dystrophy in young farm 
animals, except perhaps in yearling cattle 
with acute muscular dystrophy. The myoglo¬ 
binuria may be clinically detectable as a 
red-brown or chocolate-brown discoloration 
of the urine. This discoloration can be dif¬ 
ferentiated from that caused by hemoglobin 
by spectrographic examination or with the 
use of orthotoluidine paper strips. Urine 
becomes dark when myoglobin levels exceed 
40 mg/dL of urine. Discoloration of the 
plasma suggests hemoglobinuria. Both myo¬ 
globin and hemoglobin give positive results 
for the presence of protein in urine. Por¬ 
phyria causes a similar discoloration, 
although this may not be evident until the 
urine has been exposed to light for some 
minutes. The coloration is lighter, pink to red 
rather than brown, and the urine is negative 
to the guaiac test and fluoresces with ultra¬ 
violet light. Creatinuria accompanies acute 
myopathy but has not been used routinely as 
a diagnostic aid. 

Electromyography is a special technique 
for the evaluation of the degree of neuro¬ 
genic atrophy. 

NECROPSY FINDINGS 

Affected areas of skeletal muscle have a 
white, waxy, swollen appearance like fish 
flesh. Commonly only linear strips of large 
muscle masses are affected, and the distribu¬ 
tion of lesions is characteristically bilaterally 
symmetric. Histologically, the lesion varies 
from a hyaline degeneration to a severe myo¬ 
necrosis, with subsequently the disappear¬ 
ance of large groups of muscle fibers and 


replacement by connective tissue. Calcifica¬ 
tion of the affected tissue may be present to 
a mild degree in these cases. 

The lesions in exertional rhabdomyolysis 
in the horse are of a focal distribution and 
consist of hyaline degeneration with insig¬ 
nificant inflammatory reaction and slight 
calcification. The degenerative changes affect 
primarily the fast-twitch fibers, which have a 
low oxidative capacity and are used when the 
horse runs at very close to its maximum 
speed. 


DIFFERENTIAL DIAGNOSIS 


Most myopathies in farm animals occur in 
rapidly growing, young animals and are 
characterized clinically by a sudden onset of 
acute muscular weakness and pain, often 
precipitated by unaccustomed exercise. There 
may be evidence of a dietary deficiency of 
vitamin and selenium in the case of nutritional 
muscular dystrophy. A sudden onset of 
recumbency or stiffness in young farm animals 
that are bright and alert should arouse 
suspicion of acute muscular dystrophy. Primary 
myopathies are not common in adult cattle, 
sheep, or pigs, but myopathy secondary to 
recumbency for other reasons does occur. 

Secondary myopathy as a result of aortic 
and iliac thrombosis in calves must be 
differentiated from other common causes of 
hindlimb paresis, including traumatic injury to 
the spinal cord, spinal cord compression as a 
result of vertebral body abscess, nutritional 
muscular dystrophy, myositis and nerve 
damage as a result of trauma of intramuscular 
injections, and clostridial myositis. 

The exertional myopathies in the horse in 
training are usually readily obvious. Creatine 
kinase (CK) is a valuable aid to diagnosis. In 
special circumstances, such as neurogenic 
myopathy, muscle biopsy and 
electromyography may be useful additional 
diagnostic aids. The histologic and 
histochemical staining characteristics of 
equine muscle have been described and serve 
as a standard for comparison with abnormal 
muscle. 

Myositis may present a similar syndrome 
but is usually present as a secondary lesion in 
a clinically distinguishable primary disease or is 
accompanied by obvious trauma or toxemia. 


TREATMENT 

Vitamin E and selenium are indicated for the 
treatment of nutritional muscular dystrophy, 
and the details are provided under that 
heading. The treatment of exertional rhabdo¬ 
myolysis in horses has not been well defined 
because of the uncertain etiology, but 
enforced rest and the relief of pain, if neces¬ 
sary, seem logical. Supportive therapy for any 
case of myopathy, particularly severe cases in 
which there is persistent recumbency, con¬ 
sists of the following: 

• Liberal quantities of thick bedding, such 
as at least 6" (15 cm) of straw hay 


• Removal from solid floors to softer 
ground 

• Frequent turning from side to side to 
minimize secondary myopathy 

• Provision of fluid therapy to prevent 
myoglobinuric nephrosis 

• A palatable, nutritious diet 

With the exception of the sporadically 
occurring congenital and inherited myopa¬ 
thies of farm animals, all the nutritional and 
exertional myopathies are amenable to treat¬ 
ment if it is begun early and if adequate sup¬ 
portive therapy is provided. 

In myopathies associated with systemic 
acidosis, the use of a solution of sodium 
bicarbonate may be indicated. Dietary 
sodium bicarbonate at the rate of 2% of total 
dry matter intake has been used for the treat¬ 
ment of exertional rhabdomyolysis in a 
horse. Horses with postanesthetic myositis 
must be considered as critical care patients 
for 18 to 24 hours. Maintenance of adequate 
renal perfusion is vital. Large quantities of 
intravenous polyionic balanced electrolyte 
fluids (50 to 100 L) must be given over a 
24-hour period. Dantrolene sodium at 4 mg/ 
kg body weight (BW) given orally immedi¬ 
ately upon recognition of clinical signs is 
efficacious. 

CONTROL 

The nutritional myopathies in farm animals 
can be satisfactorily prevented by the provi¬ 
sion of adequate quantities of dietary vitamin 
E and selenium in the maternal diet during 
pregnancy or at the strategic times in post¬ 
natal life. The prevention of exertional 
myopathy in the horse depends on a progres¬ 
sive training program and avoidance of 
sudden unaccustomed exercise in animals 
that are in good body condition and have 
been inactive. Similarly, in general terms, the 
prevention of porcine stress syndrome will 
depend on careful handling and transporta¬ 
tion techniques combined with genetic selec¬ 
tion of resistant pigs. 

FURTHER READING 

Naylor RJ. Polysaccharide storage myopathy—the story 
so far. Equine VetEduc. 2015;27:414-419. 
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genetics, exercise, and nutrition in polysaccharide 
storage myopathy. / Equine Vet Sci. 2011;31:205-210. 
Votion DM. The story of equine atypical myopathy: a 
review from the beginning to a possible end. ISRN 
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MYOPATHY OF HORSES 

Diseases of the muscles of horses include 
conditions that induce rhabdomyolysis (lit¬ 
erally, dissolution or liquefaction of muscle) 
and, less commonly, conditions in which 
function of the muscle is impaired but there 
is not rhabdomyolysis. Rhabdomyolysis 
is characterized biochemically by marked 
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increases in the activity in serum of muscle- 
derived enzymes, such as creatine kinase 
(CK) and aspartate aminotransferase (AST). 
The diagnosis of rhabdomyolysis presents no 
great challenge, but determining the under¬ 
lying disease condition usually requires a 
more sophisticated approach than just mea¬ 
suring CK and AST activity in serum. 

ETIOLOGY 

Horses are affected by a number of diseases 
of muscle (Table 15-2), and diagnosis of the 
particular disease based solely on clinical 
signs might not be possible because of the 
limited range of manifestations of muscle 
disease. A useful differentiator is whether 
development of clinical signs is associated 
only with exercise or also occurs at rest. Clas¬ 
sical exercise-induced rhabdomyolysis pre¬ 
sents as signs of muscle disease during or 
soon after the completion of exercise, 
whereas signs of some inherited defects or 
intoxications are evident without the stimu¬ 
lus of exercise. Other muscle diseases can be 
apparent at rest and are exacerbated by 
exercise. 

Myopathies of equids can be grouped 
according to their etiopathogenesis: 

• Genetic anomalies—polysaccharide 
storage myopathy (type I), malignant 
hyperthermia, glycogen branching 
enzyme deficiency, hyperkalemic 
periodic paralysis, recurrent exertional 
rhabdomyolysis of Thoroughbreds 
(suspect), mitochondrial myopathy 
(specific genetic anomaly not identified), 
and myotonia in foals. More will be 
discovered with advent of access to the 
equine genome and ready access to 
advanced molecular technologies 

• Environmental or management— 
unaccustomed exercise, heat stress or 
stroke, inconsistent exercise 

• Nutritional—vitamin E/selenium 
deficiency (white-muscle disease, 
masseter myonecrosis), diet high in 
nonstructural (soluble) carbohydrates 

• Intoxications—ingestion of hypoglycin 
A in Acer negundo or Acer 
pseudoplantanus seeds, inophores 
(monensin, salinomycin), tremetone 
(white snake root, rayless goldenrod 

[. Isocoma pluriflor]), or Cassia 
occidentalis, or snake bite ( Notechis 
scutatus and likely other elapid and 
crotalid snakes) 

• Infectious—localized infections 
(clostridial myositis), Streptococcus equi 
myositis, Salmonella spp. myositis, 
associated with Anaplasma 
phagocytophila infection 

• Inflammatory or infarctive—as part of 
purpura hemorrhagica (infarctive) or 
immune myositis (inflammatory) 

• Metabolic—sarcopenia with pituitary 
pars intermedia dysfunction 

• Unknown—sporadic exercise-induced 
rhabdomyolysis, recurrent 


exercise-induced rhabdomyolysis, 

polysaccharide storage myopathy type II 

PATHOGENESIS 

Exercise-induced rhabdomyolysis occurs 
because of abnormal responses of the muscle 
to contractions during exercise. Although 
the exact pathogenesis of exercise-induced 
muscle damage has not been demonstrated 
in horses, it likely involves accumulation of 
normal metabolites to excessive levels in all 
or part of the cell, formation of abnormal 
metabolites, or inadequate provision of 
energy to maintain homeostasis of myocytes 
during sustained or repetitive contractions. 
The critical common event is likely accumu¬ 
lation of calcium in the cytosol as a conse¬ 
quence of damage to the sarcolemma and 
sarcoplasmic reticulum and impaired func¬ 
tion of calcium channels and pumps. Reduc¬ 
tion of the cytosolic calcium concentration is 
achieved by the sarcoplasmic reticulum 
calcium-ATPase pump and calcium trans¬ 
port across the sarcolemma by the Na + /K + 
pump and the Ca + /Na + exchanger. Abnormal 
cytosolic calcium concentrations result in 
activation of intracellular proteases and 
other enzymes, leading to damage to cell 
constituents, including the cell membrane, 
with subsequent leakage of cell contents into 
interstitial fluid and blood. This is evident 
clinically as increases in activity in blood 
(serum, plasma) of muscle-derived enzymes 
(CK, AST, lactate dehydrogenase [LDH]) 
and concentration of myoglobin in blood 
and urine. 

DIAGNOSIS 

Diagnosis of muscle diseases of horses is 
made using combinations of history and 
clinical signs, hematologic or biochemical 
examination of blood or urine, electromyog¬ 
raphy, exercise challenge tests, muscle biopsy, 
and genetic testing. 

Clinical signs common to most muscle 
disease are varying degrees of exercise intol¬ 
erance, gait abnormalities characterized by 
short strides or a stilted gait, pain on palpa¬ 
tion of affected muscles, muscle fascicula- 
tion, myoglobinuria, and muscle atrophy. 
Not all signs are present in every disease of 
muscle, and horses can be clinically normal 
between episodes. Clinical signs of particular 
diseases are discussed under those topics 
elsewhere in this text. 

There are no changes in routine hematol¬ 
ogy that are characteristic of all diseases of 
muscle or are discriminatory among muscle 
diseases. Most muscle diseases are associated 
with elevations in serum activity of muscle- 
derived enzymes (CK, AST, LDH). The most 
commonly measured enzymes are CK and 
AST. Serum concentrations of CK increase 
within minutes to hours of injury to the 
muscle and decline to baseline concentra¬ 
tions within 1 to 2 days of muscle cell mem¬ 
branes regaining their integrity. CK has an 
elimination half-life of approximately 2 


hours in the plasma of horses, which accounts 
for the rapid reduction in activity in serum. 
Conversely, AST has a longer elimination 
half-life, and activity both increases and 
declines more slowly than that of CK. Horses 
with injury to muscle that resolved several 
days previously can therefore have normal 
activity of CK and elevated activity of AST in 
serum. 

Plasma concentrations of vitamin E and 
selenium, or red cell glutathione peroxidase 
activity, are usually within the reference 
interval for healthy animals, with the excep¬ 
tion of foals with white-muscle disease and 
adults with masseter myonecrosis. 

Urinalysis of samples collected during the 
active phase of the disease can contain myo¬ 
globin. Myoglobinuria should be distin¬ 
guished from hematuria (by centrifugation 
of the sample) or hemoglobinuria (by mea¬ 
surement of hemoglobin or myoglobin con¬ 
centrations). Myoglobinuria kidney injury 
can cause the presence of granular casts in 
urine sediment. Urine and serum collected 
when the horse does not have clinical signs 
of muscle disease have been proposed to be 
useful in detecting abnormalities in body 
content of sodium, potassium, chloride, 
calcium, and phosphate. Calculation of frac¬ 
tional excretion of electrolytes have limited, 
if any, utility in the diagnosis of causes of 
exertional rhabdomyolysis. 

Muscle biopsy is useful in providing a 
histologic diagnosis and is diagnostic in a 
number of diseases of muscle of horses. For 
muscle biopsy to be useful, the disease being 
considered must affect the muscle biopsied, 
the sample should be collected and trans¬ 
ported to the laboratory in way that ensures 
that it is diagnostic, and the sample should 
be processed and examined in a laboratory 
accustomed to handling muscle biopsies. 
Open biopsies, as opposed to collection 
using a Bergstrom needle, are preferred for 
clinical samples. 

Genetic testing is available for several 
diseases, and more tests will become avail¬ 
able with advances in the field. Demonstra¬ 
tion of mutations documented to cause 
muscle disease in a horse with compatible 
clinical signs can be considered diagnostic of 
the disease. 

Additional testing can include imaging 
(ultrasonographic examination, scintigra¬ 
phy), exercise testing, electromyography, 
analysis of targeted compounds in body 
fluids (e.g., methylenecyclopropyl acetic acid 
in horses with suspect hypoglycin A intoxi¬ 
cation), and necropsy. 

A rational diagnostic approach combin¬ 
ing clinical signs, historical information, 
genetic testing, and muscle biopsy has been 
described (Fig. 15-1). 1 

TREATMENT 

Treatment should be directed at the underly¬ 
ing disease, and specifics are provided under 
each disease topic. 
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Fig. 15-1 Diagnostic approach to horses with exertional myopathy or persistent increases in serum activity of creatine kinase and aspartate 
aminotransferase. The approach differs depending on the breed of horse (and hence pretest probability of disease and documented genetic 
abnormalities). MH, malignant hyperthermia; RER, recurrent exertional rhabdomyolysis (Reproduced with permission from Piercy RJ and Rivero J. 
Muscle disorders of equine athletes. In Hinchcliff KW, Kaneps AJ, and Geor RJ (eds): Equine Sports Medicine and Surgery: Basic and clinical 
sciences of the equine athlete, 2nd edition. W.B. Saunders. London. 2014:109.) 


There are some general principles and 
treatments for management of acute rhabdo¬ 
myolysis regardless of its underlying cause. 
The treatment chosen depends on the sever¬ 
ity of the disease. The general principles are 
rest; correction of dehydration and electro¬ 
lyte abnormalities; prevention of complica¬ 
tions, including nephrosis and laminitis; and 
provision of analgesia. 

Mildly affected horses (heart rate < 
60 bpm, normal rectal temperature and 
respiratory rate, no dehydration) can be 
treated with rest and phenylbutazone 
(2.2 mg/kg, orally or intravenously [IV] 
every 12 hours for 2 to 4 days). Horses should 
be given mild exercise with incremental 
increases in workload as soon as they no 
longer have signs of muscle pain. Access to 
water should be unrestricted. 

Severely affected horses (heart rate > 
60 bpm, rectal temperature > 39° C [102° F], 
8% to 10% dehydrated, reluctant or unable to 
walk) should not be exercised, including 
walking back to their stable, unless it is 
unavoidable. Isotonic, polyionic fluids, such 
as lactated Ringer’s solution, should be 
administered IV to severely affected horses 
to correct any hypovolemia and to ensure a 
mild diuresis to prevent myoglobinuric 
nephropathy. Less severely affected horses 
can be treated by administration of fluids by 
nasogastric intubation (4 to 6 L every 2 to 3 


hours). Although it has been recommended 
that urine should be alkalinized by adminis¬ 
tration of mannitol and sodium bicarbonate 
(1.3% solution IV, or 50 to 100 g of sodium 
bicarbonate orally every 12 hours) to mini¬ 
mize the nephrotoxicity of myoglobin, this 
therapy is not effective in humans at risk of 
myoglobinuric nephrosis. Affected horses 
should not be given diuretics (e.g., furose- 
mide) unless they are anuric or oliguric after 
restoration of normal hydration. 

Phenylbutazone (2.2 to 4.4 mg/kg, IV 
or orally, every 12 to 24 hours), flunixin 
meglumine (1 mg/kg IV every 8 hours), or 
ketoprofen (2.2 mg/kg IV every 12 hours) 
should be given to provide analgesia. Mild 
sedation (acepromazine 0.02 to 0.04 mg/ 
kg IM, or xylazine 0.1 mg/kg IM, both 
with butorphanol, 0.01 to 0.02 mg/kg) can 
decrease muscle pain and anxiety. Tran¬ 
quilizers with vasodilatory activity, such as 
acepromazine, should only be given to horses 
that are well hydrated. Muscle relaxants, 
such as methocarbamol, are often used but 
have no demonstrated efficacy. Dantrolene 
is used for prevention and does not have 
demonstrated efficacy in treatment of acute 
disease. 

Recumbent horses should be deeply 
bedded and repositioned by rolling every 2 
to 4 hours. Severely affected horses should 
not be forced to stand. 


CONTROL 

Control measures should be specific for the 
particular disease wherever possible (see dis¬ 
cussion of the specific diseases elsewhere in 
this text). 

Prevention of the sporadic, idiopathic 
disease centers on ensuring that horses are 
fed a balanced ration with adequate levels of 
vitamin E, selenium, and electrolytes and 
have a regular and consistent program of 
exercise. Despite lack of clear evidence for a 
widespread role for vitamin E or selenium 
deficiency in exertional rhabdomyolysis, 
horses are often supplemented with 1 IU/kg 
vitamin E and 2.5 |4g/kg selenium daily in 
the feed. Care should be taken not to induce 
selenium toxicosis. 

Sodium bicarbonate (up to 0.5 to 1.0 g/ 
kg body weight [BW] daily in the ration) and 
other electrolytes are often added to the feed 
of affected horses, but their efficacy is not 
documented. Phenytoin has proven useful 
in the treatment of recurrent rhabdomyoly¬ 
sis. It is administered at a dose rate of 6 to 
8 mg/kg, orally, every 12 hours, and the dose 
is adjusted depending on the degree of seda¬ 
tion produced (a reduced dose should be 
used if the horse becomes sedated) or lack of 
effect on serum CK or AST activity. Phe¬ 
nytoin can be administered to horses for 
months. Dimethylglycine, altrenogest, and 
progesterone are all used on occasion in 
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horses with recurrent rhabdomyolysis, but 
again without demonstrated efficacy. Dan¬ 
trolene might be effective in treatment of 
recurrent exertional rhabdomyolysis in 
Thoroughbred horses (see section on Recur¬ 
rent Exertional Rhabdomyolysis later in this 
chapter). 

The feeding of high-fat, low-soluble- 
carbohydrate diets is useful in the prevention 
of recurrent exertional rhabdomyolysis in 
Thoroughbred horses and polysaccharide 
storage myopathy in Quarter horses. The 
usefulness of this practice in preventing spo¬ 
radic, idiopathic exertional rhabdomyolysis 
has not been demonstrated. 

FURTHER READING 

Piercy RJ, Rivero J. Muscle disorders of equine athletes. 

In: Equine Sports Medicine and Surgery: Basic and 

Clinical Sciences of the Equine Athlete. 2nd ed. 

London: W.B. Saunders; 2014:109. 

REFERENCE 

1. Piercy RJ, Rivero J. Muscle disorders of equine 
athletes. In: Equine Sports Medicine and Surgery: 

Basic and Clinical Sciences of the Equine Athlete. 

2nd ed. London: W.B. Saunders; 2014:109. 

MYOSITIS 

Myositis may arise from direct or indirect 
trauma to muscle and occurs as part of a 
syndrome in a number of specific diseases, 
including blackleg, foot-and-mouth disease, 
bluetongue, ephemeral fever, swine influ¬ 
enza, sarcosporidiosis, and trichinosis, 
although clinical signs of myositis are not 
usually evident in the latter. Sporadic cases 
of a localized infectious myositis of skeletal 
muscles, associated with Escherichia coli, 
may occur in calves. An asymptomatic 
eosinophilic myositis is not uncommon in 
beef cattle and may cause economic loss 
through carcass condemnation. The cause 
has not been determined. 

Acute Myositis of Limb Muscles 

Acute myositis is accompanied by severe 
lameness, swelling, heat, and pain on palpa¬ 
tion (Fig. 15-2). There maybe accompanying 
toxemia and fever. In chronic myositis there 
is much wasting of the affected muscles, and 
this is difficult to differentiate clinically from 
atrophy as a result of other causes. Biopsy of 
the muscles may be necessary to confirm the 
diagnosis. 

Injury to the gracilis muscle can cause 
acute, severe lameness in performance 
Quarter horses. Horses competing in barrel 
racing may be susceptible to gracilis muscle 
injury because the muscle functions to 
adduct the hindlimb. The prognosis is good 
for returning to athletic use after an adequate 
period of muscle healing and mild exercise. 
However, fibrotic myopathy or muscle 
atrophy can be a complication of the injury 
resulting in persistent gait deficits. 

In horses, traumatic myositis of the 
posterior thigh muscles may be followed by 


Fig. 15-2 Myositis centered in the right lateral 
a result of a penetrating wound. The cow also 
of a traumatic injury when a calf. 

the formation of fibrous adhesions between 
the muscles (fibrotic myopathy) and by sub¬ 
sequent calcification of the adhesions (ossi¬ 
fying myopathy). External trauma can result 
in fibrotic myopathy, but it may also be asso¬ 
ciated with excessive exercise or secondary 
to intramuscular injections. Occasionally 
similar lesions may be seen in the foreleg. 
The lesions cause a characteristic abnormal¬ 
ity of the gait in that the stride is short in 
extension and the foot is suddenly with¬ 
drawn as it is about to reach the ground. The 
affected area is abnormal on palpation. 

Generalized myositis ossificans, an inher¬ 
ited disease of pigs, is also characterized by 
deposition of bone in soft tissues. In trau¬ 
matic injuries caused by penetration of 
foreign bodies into muscle masses, ultraso¬ 
nography may be used to detect fistulous 
tracts and the foreign bodies. 

Extensive damage to or loss of muscle 
occurs in screwworm and sometimes blowfly 
infestation, although the latter is more of a 
cutaneous lesion, and by the injection of nec¬ 
rotizing agents. For example, massive cavities 
can be induced in the cervical muscles of 


distal femur region of a lactating dairy cow as 
has a fractured and shortened tail as a result 


horses by the intramuscular injection of 
escharotic iron preparations intended only 
for slow IV injection. Similarly, necrotic 
lesions can result from the IM injection of 
infected or irritant substances. Horses are 
particularly sensitive to tissue injury, or are 
at least most commonly affected. Some 
common causes are chloral hydrate, antimi¬ 
crobials suspended in propylene glycol, and 
even antimicrobials alone in some horses. 

Injection-Site Lesions in Cattle 

Muscle lesions associated with injection sites 
in the cattle industry are a source of major 
economic loss because of the amount of 
trim required at slaughter. The presence of 
injection-site lesions in whole muscle cuts, 
such as the top sirloin and outside round, 
limits their use and value. The occurrence of 
injection-site lesions in muscle remains 
among the top five quality challenges for 
both beef and dairy market cows and bulls. 
Because injection-site lesions are concealed 
in muscles and/or are under subcutaneous 
fat, they are seldom found during fabrication 
at the packing plant and appear instead 
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during wholesale/retail fabrication or at the 
consumer level. 

Historically, most IM injections were 
given in the gluteals and the biceps femoris 
muscles, which are prime cuts of beef. 
Surveys of injection sites in beef cattle in 
North America have found lesions in a sig¬ 
nificant percentage of prime cuts of beef. 
Lesions consisting of clear scars and woody 
calluses are mature and probably originated 
in calfhood; scars with nodules or cysts are 
less mature, occurring later in the feeding 
period. It is now recommended that all IM 
injections be given in the cervical muscles 
(in front of the shoulder). Reducing the inci¬ 
dence of injection-site lesions requires that 
manufacturers of biological and antibiotic 
preparations develop less irritating formula¬ 
tions. Products should be formulated for 
subcutaneous use whenever possible and 
administered in the neck muscles, which are 
not prime cuts of beef. 

The outcome of an IM injection depends 
on the nature of the lesion produced. Myo¬ 
degeneration following IM injections of 
antibiotics in sheep results in full muscle 
regeneration within less than 3 weeks. 
Necrosis following the injection results in 
scar formation with encapsulated debris, 
which persists for more than a month and 
leaves persistent scar tissue. 

An outbreak of myositis, lameness, and 
recumbency occurred following the injec¬ 
tion of water-in adjuvanted vaccines into the 
muscles of the left and right hips of near- 
term pregnant beef cattle. Within 24 hours, 
some cattle were recumbent, some had non- 
weight-bearing lameness, and, within 10 
days, 50% of the herd developed firm swell¬ 
ings up to 24 cm in vaccination sites. Histo¬ 
logically, granulomatous myositis with 
intralesional oil was present. The swellings 
resolved over a period of 6 months. The acute 
transient lameness was attributed to the use 
of two irritating biological vaccines in the 
hip muscles of cows near parturition. 

Injection-Site Clostridial Infections 
in Horses 

Clostridial myositis, myonecrosis, cellulitis, 
and malignant edema are terms used to 
describe a syndrome of severe necrotizing 
soft tissue infection associated with Clostrid¬ 
ium spp. Affected horses typically develop 
peracute emphysematous soft tissue swelling 
in the region of an injection or wound within 
hours of the inciting cause. 

Myositis can occur following the IM or 
inadvertent perivascular administration of a 
wide variety of commonly administered 
drugs. In a series of 37 cases, the lesion 
occurred in most cases within 6 to 72 hours 
of a soft tissue injection, and most lesions 
were in the neck musculature. 

Aggressive treatment of clostridial 
myositis can be associated with a survival 
rate of up to 81% for cases resulting from 
Clostridium perfringens alone; survival rates 


for other Clostridium spp. are lower. A com¬ 
bination of a high dose of IV antibiotic 
therapy, surgical fenestration and aggressive 
debridement, antiinflammatory and analge¬ 
sic therapy, and general supportive care is 
recommended. 1 

REFERENCE 

1. Adam EN, et al. Vet Clin Equine. 2006;22:335. 

Diseases of Bones 

OSTEODYSTROPHY 

Osteodystrophy is a general term used to 
describe those diseases of bones in which 
there is a failure of normal bone develop¬ 
ment or abnormal metabolism of bone that 
is already mature. The major clinical mani¬ 
festations include distortion and enlarge¬ 
ment of the bones, susceptibility to fractures, 
and interference with gait and posture. 

ETIOLOGY 

The common causes of osteodystrophy in 
farm animals include the following. 

Nutritional Causes 

Calcium, Phosphorus, and Vitamin D 

Absolute deficiencies or imbalances in 
calcium-phosphorus ratios in diets cause the 
following conditions: 

• Rickets in young animals (e.g., growing 
lambs fed a diet rich in wheat bran) 

• Absolute deficiencies of calcium in beef 
calves on intensive rations with 
inadequate supplementation 

• Osteomalacia in adult ruminants 
Osteodystrophia fibrosa in the horse 

occurs most commonly in animals receiv¬ 
ing a diet low in calcium and high in 
phosphorus. 

Osteodystrophia fibrosa in pigs occurs 
as a sequela to rickets and osteomalacia, 
which may occur together in young, rapidly 
growing pigs that are placed on rations defi¬ 
cient in calcium, phosphorus, and vitamin D 
following weaning. 

Copper Deficiency 

• Osteoporosis in lambs 

• Epiphysitis in young cattle 

Other Nutritional Causes 

• Inadequate dietary protein and general 
undernutrition of cattle and sheep can 
result in severe osteoporosis and a great 
increase in ease of fracture. 

• Chronic parasitism can lead to 
osteodystrophy in young, rapidly 
growing ruminants. 

• Hypovitaminosis A and 
hypervitaminosis A can cause 
osteodystrophic changes in cattle and 
pigs. 

• Prolonged feeding of a diet high in 
calcium to bulls (such as high-quality 
alfalfa) can cause nutritional 


hypercalcitoninism, replacement of 
trabecular bone in the vertebrae and 
long bones with compact bone, and 
neoplasms of the ultimobranchial gland. 

• Multiple vitamin and mineral 
deficiencies are recorded as causing 
osteodystrophy in cattle. The mineral 
demands of lactation in cattle can result 
in a decrease in bone mineral content 
during lactation with a subsequent 
increase during the dry period. 

Chemical Agents 

• Chronic lead poisoning is reputed to 
cause osteoporosis in lambs and foals. 

• Chronic fluorine poisoning causes the 
characteristic lesions of osteofluorosis, 
including osteoporosis and exostoses. 

• Grazing the poisonous plants Setaria 
sphaceleta, Cenchrus ciliaris, and 
Panicum maximum var. trichoglume 
causes osteodystrophia in horses. 

• Enzootic calcinosis of muscles and other 
tissues is caused by the ingestion of 
Solarium malacoxylon, Solarium torvum, 
Trisetum flavescens (yellow oatgrass), 
and Cestrum diurnum, which exert a 
vitamin D-like activity. 

• Bowie or bentleg, a disease caused by 
poisoning with Trachymene glaucifolia, 
is characterized by extreme outward 
bowing of the bones of the front limbs. 

Inherited and Congenital Causes 

There are many inherited and congenital 
defects of bones of newborn farm animals, 
which are described and discussed later in 
this chapter. In summary, these include: 

• Achondroplasia and chondrodystrophy 
in dwarf calves and some cases of 
prolonged gestation 

• Osteogenesis imperfecta in lambs and 
Charolais cattle. There is marked bone 
fragility and characteristic changes on 
radiologic examination. 

• Osteopetrosis in Hereford and Angus 
calves 

• Congenital chondrodystrophy of 
unknown origin (“acorn” calves) 

• Inherited exostoses in horses; inherited 
thicklegs and inherited rickets of pigs, 
which are well-established entities 
Angular deformities of joints of long 

bones as a result of asymmetric growth-plate 
activity are common in foals and are com¬ 
monly repaired surgically. The distal radius 
and distal metacarpus are most often affected, 
the distal tibia and metatarsal less commonly. 
Physiologically immature foals subjected 
to exercise may develop compression-type 
fractures of the central or third tarsal bones. 
Some of these foals are born prematurely 
or are from a twin pregnancy. Retained carti¬ 
lage in the distal radial physis of foals 3 to 
70 days of age presents without apparent 
clinical signs. 

Physitis is dysplasia of the growth plate, 
characterized by an irregular border between 







the cartilage and the metaphyseal zone of 
ossification, an increase in the lateromedial 
diameter of the physis, and distoproximally 
oriented fissures at the medial aspect of the 
metaphysis, which originate at the physis. In 
some cases, these may result in bilateral tibial 
metaphyseal stress fractures in foals. 

Abnormal modeling of trabecular bone 
has been recognized in prenatal and neonatal 
calves. Abnormalities included growth retar¬ 
dation lines and lattices, focal retention of 
primary spongiosa, and the persistence of 
secondary spongiosa. Intrauterine infection 
with viruses such as bovine virus diarrhea 
(BVD) may be a causative factor. 

Physical and Environmental Causes 

Moderate osteodystrophy and arthropathy 
may occur in rapidly growing pigs and cattle 
raised indoors and fed diets that contain ade¬ 
quate amounts of calcium, phosphorus, and 
vitamin D. Those animals raised on slatted 
floors or concrete floors are most commonly 
affected, and it is thought that traumatic 
injury of the epiphyses and condyles of long 
bones may be predisposing factors in osteo¬ 
chondrosis and arthrosis in the pig (leg weak¬ 
ness) and epiphysitis in cattle. Experimentally 
raising young calves on metal slatted floors 
may result in more severe and more numer¬ 
ous lesions of the epiphysis than occurs in 
calves raised on clay floors. Total confinement 
rearing of lambs can result in the develop¬ 
ment of epiphysiolysis and limb deformities. 
However, the importance of weight-bearing 
injury as a cause of osteodystrophy in farm 
animals is still uncertain. In most reports of 
such osteodystrophy, all other known causes 
have not been eliminated. 

Chronic osteodystrophy and arthropathy 
have been associated with undesirable con¬ 
formation in the horse. 

Vertebral exostoses are not uncommon 
in old bulls and usually affect the thoracic 
vertebrae (T2 and T12) and the lumbar ver¬ 
tebrae (L2 to L3), which are subjected to 
increased pressure during the bending of 
the vertebral columns while copulating. 
The exostoses occur mainly on the ventral 
aspects of the vertebrae, fusing them to cause 
immobility of the region. Fracture of the ossi¬ 
fication may occur, resulting in partial dis¬ 
placement of the vertebral column and spinal 
cord compression. The disease is commonly 
referred to as spondylitis or vertebral osteo¬ 
chondrosis and also occurs less commonly in 
adult cows and in pigs. It is suggested that the 
annulus fibrosus degenerates and that the 
resulting malfunctioning of the disk allows 
excessive mobility of the vertebral bodies, 
resulting in stimulation of new bone forma¬ 
tion. A similar lesion occurs commonly in 
horses and may affect performance, particu¬ 
larly in hurdle races and cross-country 
events. The initial lesion may be a degenera¬ 
tion of the intervertebral disk. 

Some types of growth-plate defects 
occur in young, rapidly growing foals, and 


Diseases of Bones 


1389 


these are considered to be traumatic in 
origin. Failure of chondrogenesis of the 
growth plate may be the result of crush inju¬ 
ries in heavy, rapidly growing foals with 
interruption of the vascular supply to the 
germinal cells of the growth plate. Asymmet¬ 
ric pressures as a result of abnormal muscle 
pull or joint laxity may slow growth on the 
affected side and result in limb angulation. 

Femoral fractures occur in newborn 
calves during the process of assisted traction 
during birth. Laboratory compression of iso¬ 
lated femurs from calves revealed that the 
fracture configurations and locations are 
similar to those found in clinical cases 
associated with forced extraction. The break¬ 
ing strength of all femurs fell within the mag¬ 
nitude of forces calculated to be created 
when mechanical devices are used to assist 
delivery during dystocia. It is suggested that 
the wedging of the femur in the maternal 
pelvis and resulting compression during 
forced extraction accounts for the occur¬ 
rence of supracondylar fractures of the femur 
of calves delivered in anterior presentation 
using mechanical devices in a manner com¬ 
monly used by veterinarians and farmers. 

Tumors 

Osteosarcomas are highly malignant tumors 
of skeletoblastic mesenchyme in which the 
tumor cells produce osteoid or bone. Osteo¬ 
sarcomas are the most common type of 
primary bone tumor in animals such as dogs 
and cats but are rare in horses and cattle. 
Most tumors of bone in large animals occur 
in the skull. A periosteal sarcoma on the 
scapula has been recorded in the horse and 
an osteosarcoma of the mandible in a cow. 

PATHOGENESIS 

Osteodystrophy is a general term used to 
describe those diseases of bones in which 
there is a failure of normal bone develop¬ 
ment or abnormal metabolism of bone that 
is already mature. There are some species dif¬ 
ferences in the osteodystrophies that occur 
with dietary deficiencies of calcium, phos¬ 
phorus, and vitamin D. Rickets and osteoma¬ 
lacia have a similar pathogenesis, with the 
end result being decreased or defective bone 
mineralization. In broad terms, rickets is 
the failure of endochondral ossification 
in growing bone, whereas osteomalacia is 
disrupted remodeling in mature bone. 
Rickets and osteomalacia occur primarily in 
ruminants fed a deficient diet, osteodystro¬ 
phia fibrosa occurs in horses, and all three 
may occur in pigs. 1 

Rickets 

Rickets is a disease of young, rapidly growing 
animals in which there is a failure of provi¬ 
sional calcification of the osteoid plus a 
failure of mineralization of the cartilagi¬ 
nous matrix of developing bone. There 
is also failure of degeneration of growing car¬ 
tilage and formation of osteoid on persistent 


cartilage, with irregularity of osteochondral 
junctions and overgrowth of fibrous tissue in 
the osteochondral zone. Rickets is most 
commonly caused in ruminants by a defi¬ 
ciency of vitamin D or phosphorus. 2 Genetic 
causes of rickets exist, one of which is a 
simple autosomal-recessive inheritance in 
Corriedale sheep in New Zealand. 3,4 

Failure of provisional calcification of car¬ 
tilage results in an increased depth and width 
of the epiphyseal plates, particularly of the 
long bones (humerus, radius, ulna and tibia) 
and the costal cartilages of the ribs. The 
uncalcified, and therefore soft, tissues of the 
metaphyses and epiphyses become distorted 
under the pressure of weight-bearing, which 
also causes medial or lateral deviation of the 
shafts of long bones. There is a decreased rate 
of longitudinal growth of long bones and 
enlargement of the ends of long bones as a 
result of the effects of weight, causing flaring 
of the diaphysis adjacent to the epiphyseal 
plate. Within the thickened and widened 
epiphyseal plate, there may be hemorrhages 
and minute fractures of adjacent trabecular 
bone of the metaphysis, and in chronic 
cases the hemorrhagic zone may be largely 
replaced by fibrous tissue. These changes can 
be seen radiographically as “epiphysitis” and 
clinically as enlargements of the ends of long 
bones and costochondral junctions of the 
ribs. These changes at the epiphyses may 
result in separation of the epiphysis, which 
commonly affects the femoral head. The 
articular cartilages may remain normal, or 
there may be subarticular collapse resulting 
in grooving and folding of the articular car¬ 
tilage and ultimately degenerative arthropa¬ 
thy and osteochondrosis. Eruption of the 
teeth in rickets is irregular, and dental attri¬ 
tion is rapid. Growth of the mandibles is 
retarded and is combined with abnormal 
dentition. There may be marked malocclu¬ 
sion of the teeth. 

Osteomalacia 

Osteomalacia is a softening of mature 
bone as a result of extensive resorption of 
mineral deposits in bone and failure of min¬ 
eralization of newly formed matrix. There is 
no enlargement of the ends of long bones or 
distortions of long bones, but spontaneous 
fractures of any bone subjected to weight¬ 
bearing are common. 

Osteodystrophia Fibrosa 

Osteodystrophia fibrosa may be superim¬ 
posed on rickets or osteomalacia and 
occurs in secondary hyperparathyroidism. 
Diets low in calcium or that contain a relative 
excess of phosphorus cause secondary 
hyperparathyroidism. There is extensive 
resorption of bone and replacement by con¬ 
nective tissue. The disease is best known in 
the horse and results in swelling of the man¬ 
dibles, maxillae, and frontal bones (the 
“bighead” syndrome). Spontaneous fracture 
of long bones and ribs occurs commonly. 
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Radiographically there is extreme porosity of 
the entire skeleton. 

Osteoporosis 

Osteoporosis is defined as a systemic skeletal 
disease characterized by low bone mass and 
microarchitectural deterioration of bone 
tissue, with a consequent increase in bone 
fragility and increased susceptibility to frac¬ 
tures/’ In osteoporosis, the bone becomes 
porous, light, and fragile, and it fractures 
easily. Osteoporosis is uncommon in farm 
animals and is usually associated with general 
undernutrition and intestinal parasitism 
rather than specifically a deficiency of 
calcium, phosphorus, or vitamin D. 6 Copper 
deficiency in lambs may result in osteoporo¬ 
sis as a result of impaired osteoblastic activity. 
Chronic lead poisoning in lambs also results 
in osteoporosis as a result of deficient produc¬ 
tion of osteoid. In a series of 19 lactating or 
recently weaned sows with a history of lame¬ 
ness, weakness, or paralysis, 10 had osteopo¬ 
rosis and pathologic fractures, and six had 
lumbar vertebral osteomyelitis. Bone ash, 
specific gravity of bone, and the ratio of corti¬ 
cal to total bone were significantly reduced in 
sows with osteoporosis and pathologic 
fractures. 

Ovariectomized sheep that are fed an 
acidogenic (calcium-wasting) diet and 
administered corticosteroids develop osteo¬ 
porosis, which is being used as a model to 
study the disease in humans. 6,7 

Osteodystrophy of Chronic Fluorosis 

Osteodystrophy of chronic fluorosis is char¬ 
acterized by the development of exostoses on 
the shafts of long bones as a result of perios¬ 
teal hyperostosis. The articular surfaces 
remain essentially normal, but there is severe 
lameness because of the involvement of the 
periosteum and encroachment of the osteo¬ 
phytes on the tendons and ligaments. 

Congenital Defects of Bone 

Congenital defects of bone include complete 
(achondroplasia) and partial (chondrodys¬ 
trophy) failure of normal development of 
cartilage. Growth of the cartilage is restricted 
and disorganized, and mineralization is 
reduced. The affected bones fail to grow, 
leading to gross deformity, particularly of the 
bones of the head. 

CLINICAL FINDINGS 

In general terms there is weakening of the 
bones as a result of defective mineralization 
and osteoporosis, which results in the 
bending of bones, which probably causes 
pain and shifting lameness—one of the earli¬ 
est clinical signs of acquired osteodystrophy. 
The normal weight and tension stresses 
cause distortion of the normal axial relation¬ 
ships of the bones, which results in the 
bowing of long bones. The distortions occur 
most commonly in young, growing animals. 
The distal ends of the long bones 


are commonly enlarged at the level of the 
epiphyseal plate, and circumscribed swell¬ 
ings of the soft tissue around the epiphyses 
may be prominent and painful on 
palpation. 

The effects of osteodystrophy on appetite 
and body weight will depend on the severity 
of the lesions and their distribution. In the 
early stages of rickets in calves and pigs the 
appetite and growth rate may not be grossly 
affected until the disease is advanced and 
causes considerable pain. Persistent recum¬ 
bency as a result of pain will indirectly affect 
feed intake unless animals are hand-fed. 

Spontaneous fractures occur commonly 
and usually in mature animals. Common 
sites for fractures include the long bones of 
the limbs, pelvic girdle, femoral head, verte¬ 
brae, ribs, and transverse processes of the 
vertebrae. Ordinary hand pressure or mod¬ 
erate restraint of animals with osteomalacia 
and osteodystrophia fibrosa is often suffi¬ 
cient to cause a fracture. The rib cage tends 
to become flattened, and in the late stages 
affected animals have a slab-sided appear¬ 
ance of the thorax and abdomen. Separations 
of tendons from their bony insertions also 
occur more frequently and cause severe 
lameness. The osteoporotic state of the bone 
makes such separations easy. Any muscle 
group may be affected, but in young cattle in 
feedlots, separations of the gastrocnemius 
are the most common. Thickening of the 
bones may be detectable clinically if the 
deposition of osteoid or fibrous tissue is 
excessive or if exostoses develop, as in fluo¬ 
rosis. Compression of the spinal cord or 
spinal nerves may lead to paresthesia, paresis, 
or paralysis, which may be localized in dis¬ 
tribution. Details of the clinical findings in 
the osteodystrophies caused by nutritional 
deficiencies are provided later in this chapter. 

Calcinosis of cattle is characterized clini¬ 
cally by chronic wasting; lameness; ectopic 
calcifications of the cardiovascular system, 
lungs, and kidneys; ulceration of joint carti¬ 
lage; and extensive calcification of bones. 

DIAGNOSIS 

The laboratory analyses that are indicated 
include the following: 

• Serum calcium and phosphorus 
concentration 

• Serum alkaline phosphatase activity 

• Feed analysis for calcium, phosphorus, 
vitamin D, and other minerals when 
indicated (such as copper, molybdenum, 
and fluorine) 

• Bone ash chemical analysis 

• Histopathology of bone biopsy 

• Radiographic examination of the 
skeleton 

• Single-photon absorptiometry, a safe 
and noninvasive method for the 
measurement of bone mineral content, 
is now available. 

Radiographic examination of the 

affected bones and comparative radiographs 


of normal bones are indicated when osteo¬ 
dystrophy is suspected. Radiographic exami¬ 
nation of slab sections of bone is a sensitive 
method for detecting abnormalities of tra¬ 
becular bone in aborted and young calves. 

Serum calcium and phosphorus concen¬ 
trations in nutritional osteodystrophies may 
remain within the normal range for long 
periods, and not until the lesions are well 
advanced will abnormal levels be found. 
Several successive samplings may be neces¬ 
sary to identify an abnormal trend. 

Serum alkaline phosphatase activity 
may be increased in the presence of increased 
bone resorption, but this is not a reliable 
indicator of osteodystrophy. Increased serum 
levels of alkaline phosphatase may originate 
from osseous tissues, intestine, or the liver, 
but osseous tissue appears to be the major 
source of activity. 

Nutritional history and feed analysis 

results will often provide the best circum¬ 
stantial evidence of osteodystrophy. In 
vitamin D-dependent rickets, serum 25(OH) 
D 3 concentrations will be decreased. In 
phosphorus-dependent rickets, serum 
25(OH)D 3 will be normal or increased with 
normal to decreased parathyroid (PTH) con¬ 
centrations. Urine calcium-to-phosphorus 
ratios below 0.05 suggest a calcium or 
vitamin D deficiency, whereas ratios above 1 
reflect phosphorus deficiency. 1 

The definitive diagnosis is best made by a 
combination of chemical analysis of bone, 
histopathologic examination of bone, and 
radiography. The details for each of the 
common osteodystrophies are discussed 
under the appropriate headings. 

NECROPSY FINDINGS 

The pathologic findings vary with the cause, 
and the details are described under each of 
the osteodystrophies elsewhere in the book. 
In general terms, the nutritional osteodystro¬ 
phies are characterized by bone deformities, 
bones that may be cut easily with a knife and 
that bend or break easily with hand pressure, 
and in prolonged cases the presence of 
degenerative joint disease. In young growing 
animals the ends of long bones may be 
enlarged, and the epiphyses may be promi¬ 
nent and circumscribed by periosteal and 
fibrous tissue thickening. On longitudinal 
cut sections the cortices may appear thinner 
than normal, and the trabecular bone might 
have been resorbed, leaving an enlarged 
marrow cavity. The epiphyseal plate may be 
increased in depth and width and appear 
grossly irregular, and small fractures involv¬ 
ing the epiphyseal plate and adjacent 
metaphysis may be present. Separation of 
epiphyses is common, particularly of the 
femoral head. The calluses of healed frac¬ 
tures of long bones, ribs, vertebrae, and the 
pelvic girdle are common in pigs with osteo¬ 
dystrophy. On histologic examination 
there are varying degrees of severity of 
rickets in young, rapidly growing animals 





and osteomalacia in adult animals, and 
osteodystrophia fibrosa is possible in both 
young and adult animals. 


DIFFERENTIAL DIAGNOSIS 


In both congenital and acquired 
osteodystrophy the clinical findings are usually 
suggestive. There are varying degrees of 
lameness, stiff gait, long periods of 
recumbency and failure to perform physical 
work normally, and progressive loss of body 
weight in some cases, and there may be 
obvious contortions of long bones, ribs, head, 
and vertebral column. The most common 
cause of osteodystrophy in young, rapidly 
growing animals is a dietary deficiency or 
imbalance of calcium, phosphorus, and 
vitamin D. If the details of the nutritional 
history are available and if a representative 
sample of the feed given is analyzed, a clinical 
diagnosis can be made on the basis of clinical 
findings, nutritional history, and response to 
treatment. In some cases, osteodystrophy may 
be attributable to overfeeding, such as might 
occur in rapidly growing, large foals. 

However, often the nutritional history may 
indicate that the animals have been receiving 
adequate quantities of calcium, phosphorus, 
and vitamin D, which necessitates that other, 
less common causes of osteodystrophy be 
considered. Often the first clue is an 
unfavorable response to treatment with 
calcium, phosphorus, and vitamin D. Examples 
include copper deficiency in cattle, leg 
weakness in swine of uncertain etiology—but 
perhaps there is weight-bearing trauma 
and a relative lack of exercise because of 
confinement—or chemical poisoning such as 
enzootic calcinosis or fluorosis. These will 
require laboratory evaluation of serum 
biochemistry, radiography of affected bones, 
and pathologic examination. The presence of 
bony deformities at birth suggests congenital 
chondrodystrophy, some cases of which 
appear to be inherited, whereas some are 
attributable to environmental influences. 


TREATMENT 

The common nutritional osteodystrophies 
attributable to a dietary deficiency or imbal¬ 
ance of calcium, phosphorus, and vitamin D 
will usually respond favorably following the 
oral administration of a suitable source of 
calcium and phosphorus combined with par¬ 
enteral injections of vitamin D. The oral 
administration of dicalcium phosphate, at 
the rate of 3 to 4 times the daily requirement, 
daily for 6 days, followed by a reduction to 
the daily requirement by the 10th day, com¬ 
bined with one injection of vitamin D at the 
rate of 10,000 IU/kg BW, is recommended. 
Affected animals are placed on a diet that 
contains the required levels and ratios of 
calcium, phosphorus, and vitamin D. The 
oral administration of the calcium and phos¬ 
phorus will result in increased absorption of 
the minerals, which will restore depleted 
skeletal reserves. Calcium absorption is 
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increased in adult animals following a period 
of calcium deficiency; young animals with 
high growth requirements absorb and retain 
calcium in direct relation to intake. General 
supportive measures include adequate 
bedding for animals that are recumbent. 

The treatment of the osteodystrophies 
resulting from causes other than calcium and 
phosphorus deficiencies depends on the 
cause. Copper deficiency will respond gradu¬ 
ally to copper supplementation. There is no 
specific treatment for the osteodystrophy 
associated with leg weakness in pigs, and 
slaughter for salvage is often necessary. 
Overnutrition in young, rapidly growing 
foals may require a marked reduction in the 
total amount of feed made available daily. 

Oxytetracycline has been used for the 
treatment of flexural deformities of the distal 
interphalangeal joints of young foals. It is 
postulated that oxytetracycline chelates 
calcium, rendering it unavailable for use for 
striated muscle contraction. It is considered 
effective for obtaining a short-term moder¬ 
ate decrease in metacarpophalangeal joint 
angle in newborn foals. 

Hemicircumferential periosteal transec¬ 
tion and elevation has gained wide accep¬ 
tance for correction of angular limb 
deformities in young foals. 
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HYPERTROPHIC OSTEOPATHY 
(MARIE'S DISEASE) 

Although hypertrophic osteopathy is more 
common in dogs than in the other domestic 
animals it has been observed in horses, 14 
cattle, 5 sheep, New World camelids, and 
captive cervids. 0 The term hypertrophic osteo¬ 
arthropathy is used in humans where there is 
joint involvement, but the term hypertrophic 
osteopathy is preferred in large animals 
because the joints are never affected. 

Hypertrophic osteopathy is characterized 
by proliferation of the periosteum, leading 
to the formation of periosteal bone, and 
bilateral symmetric enlargement of bones, 
usually the long bones of limbs and in 
advanced cases in the horse, the ventral man¬ 
dible. 1 4 The enlargement is quite obvious and 
in the early stages is usually painful and often 
accompanied by local edema. On radio- 
graphic examination there is a shaggy peri¬ 
ostitis and evidence of periosteal exostosis. 
The pathogenesis is obscure, but the lesion 
appears to be neurogenic in origin associated 
with an increased blood flow to the limbs, 
with unilateral vagotomy causing regression 
of the bony changes. Stiffness of gait and 


reluctance to move are usually present, and 
there may be clinical evidence of the pulmo¬ 
nary lesion with which the disease is fre¬ 
quently, but not always, associated (the 
condition was called hypertrophic pulmonary 
osteopathy for many years). Such pulmonary 
lesions are usually chronic, neoplastic, or 
suppurative processes such as tuberculosis. 
Cases of hypertrophic osteopathy have been 
diagnosed in horses without evidence of 
intrathoracic disease. 1 In one mare with a 
large granulosa thecal cell tumor, clinical 
signs of hypertrophic osteopathy decreased 
after surgical excision of the tumor. 2 

The majority of reports in large animals 
are in horses, where the lesions are found 
more commonly around but not involving 
the joints of distal limbs. 1 Radiographs of the 
distal limbs reveal periosteal new bone 
involving the metaphysis or diaphysis or 
both. The new bone appears smooth and 
speculated or has a palisade-like appearance 
perpendicular to the cortex, with chronic 
cases having other and less active bony 
changes. 1 

The disease is considered to be incurable, 
unless the thoracic lesion can be removed, 
but there are occasional reports of clinical 
improvement following prolonged adminis¬ 
tration of antiinflammatory agents 1 or 
antibiotics. 3 Affected animals are usually 
euthanized. At necropsy the periostitis and 
exostosis are evident, and most, but not all, 
have gross evidence of chronic intrathoracic 
disease. 1,2 There is no involvement of the 
joints. 
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OSTEOMYELITIS 

ETIOLOGY AND PATHOGENESIS 

Inflammation of bone (osteitis) or bone and 
bone marrow (osteomyelitis) is uncommon 
in large animals except when infection is 
introduced by traumatic injury or by the 
hematogenous route. Bacteria can reach 
bone by any of three routes: 

• Hematogenously 

• By extension from an adjacent focus of 
infection 

• By direct inoculation through trauma or 
surgery 

Focal metaphyseal osteomyelitis can 
occur following open fractures in the horse. 
Specific diseases that may be accompanied 
by osteomyelitis include actinomycosis of 
cattle and brucellosis, atrophic rhinitis, and 
necrotic rhinitis of pigs. Nonspecific, hema¬ 
togenous infection with other bacteria 
occurs sporadically and is often associated 
with omphalitis, abscesses from tail-biting in 
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pigs, or infection of castration or docking 
wounds in lambs. 

Foals and calves under 1 month of age 
and growing cattle 6 to 12 months of age may 
be affected by osteomyelitis in one or more 
bones. The majority of foals with suppurative 
polyarthritis have a polyosteomyelitis of the 
bones adjacent to the affected joints. In a 
series of cases of tarsal osteomyelitis in foals 
there was usually evidence of infectious 
arthritis. Osteomyelitis of the pubic symphy¬ 
sis associated with Rhodococcus equi in a 
2-year-old horse has been described. The 
lameness was localized to the pelvis and was 
associated with a fever and an inflammatory 
leukogram. 

The infections occur commonly in the 
metaphysis, physis, and epiphysis, which are 
sites of bony growth and thus susceptible to 
blood-borne infections. The metaphyseal 
blood vessels loop toward the physis and 
ramify into sinusoids that spread throughout 
the metaphyseal region. Blood flow through 
the sinusoids is sluggish and presents an 
ideal environment for propagation of bacte¬ 
ria. Lesions occur on both sides of the physis 
in both the metaphysis and the epiphysis. 
Multiple lesions are common and support 
the explanation that septic emboli are 
released from a central focus. 

In a series of 445 cattle with bone infec¬ 
tion of the appendicular skeleton, a distinc¬ 
tion was made between hematogenous 
and posttraumatic origin (wound/fracture). 
Bone infection was classified into four types 
according to the site of infection: Type 1 is 
metaphyseal and/or epiphyseal osteomyelitis 
close to the growth plate; type 2 is primary 
subchondral osteomyelitis, mostly accompa¬ 
nied by septic arthritis; type 3 is infectious 
osteoarthritis with subchondral osteomyeli¬ 
tis, implying that infection in the subchon¬ 
dral bone originates from the infection. Type 
4 includes bone infections that cannot be 
categorized in the other groups. Hematoge¬ 
nous osteomyelitis was 3.2 times more fre¬ 
quent than posttraumatic osteomyelitis. 
Trueperella (Arcanobacterium or Corynebac- 
terium ) pyogenes was the most common 
etiologic agent. Approximately 55% of the 
affected animals with osseous sequestration 
had physical evidence of lacerations, contu¬ 
sions, abrasions, or puncture wounds from a 
previous traumatic event. 

Hematogenous osteomyelitis in cattle 
can be of two types: 

• Physeal type, in which an infection 
generally of metaphyseal bone originates 
at or near the growth plate, usually 
affecting the distal metacarpus, 
metatarsus, radius, or tibia 

• Epiphyseal type, in which an infection 
originates near the junction of the 
subchondral bone and the immature 
epiphyseal joint cartilage, most often 
affecting the distal femoral condyle 
epiphysis, the patellar, and the distal 
radius 


Epiphyseal osteomyelitis is usually a result of 
infection with Salmonella spp. and is most 
common in calves under 12 weeks of age. 
The physeal infections are usually caused by 
T. pyogenes and occur most commonly in 
cattle over 6 months of age. 

Osseous Sequestration in Cattle 

Osseous sequestration is a common orthope¬ 
dic abnormality in cattle and horses. In most 
cases, the lesions develop in the bones of 
the distal portion of the limbs (Figs. 15-3 
and 15-4). Sequestration is associated with 
trauma that results in localized cortical 
ischemia and bacterial invasion secondary to 
loss of adjacent periosteal and soft tissue 
integrity and viability. The soft tissues cover¬ 
ing the bones that comprise the distal por¬ 
tions of the limbs fail to provide adequate 
protection and collateral blood supply to the 
bone. 

Osteomyelitis Secondary to Trauma 

In horses, osteomyelitis is a frequent sequela 
to wounds of the metacarpal and metatarsal 


bones and the calcaneus. These bones have 
limited soft tissue covering, which may pre¬ 
dispose them to osteomyelitis following trau¬ 
matic injury. Similarly, a portion of the 
lateral aspect of the proximal end of the 
radius has limited soft tissue covering. Pen¬ 
etrating and nonpenetrating wounds in this 
region therefore may result in serious conse¬ 
quences even though they may initially 
appear to be minor. Because lesions may be 
an extension of septic arthritis, a thorough 
examination of the wound area is necessary. 

Inflammation of Bone Marrow 

Acute inflammation of the bone marrow 
commonly accompanies bacterial sepsis, 
resulting in either multifocal microabscesses 
or perivascular infiltrates of neutrophils, 
fibrin, edema, and hemorrhage. The most 
common abnormality associated with fibrin¬ 
ous inflammation is disseminated intravas¬ 
cular coagulopathy. Discrete granulomas 
may occur in the marrow of animals with 
systemic mycotic disease, idiopathic granu¬ 
lomatous disease, and serous atrophy of fat. 



Fig. 15-3 Holstein-Friesian heifer with a sequestrum of the left distal third metacarpal bone 
with draining tract associated with a hard swelling. 
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Fig. 15-4 Palmar-dorsal radiograph of the limb of the heifer in Figure 15-3 showing 
involucrum laterally and medially (thick sheath of periosteal new bone surrounding a 
sequestrum) and marked bone proliferation on the cortical surface. 


CLINICAL FINDINGS 

The common clinical findings of osteomyeli¬ 
tis include the following: 

• Lameness 

• Generalized soft tissue swelling and 
inflammation 

• Pain on palpation of the affected area 

• Chronic persistent drainage 

• Secondary muscle atrophy of the 
affected limb 

Erosion of bone occurs, and pus dis¬ 
charges into surrounding tissues, causing 
cellulitis or phlegmon, and to the exterior 
through sinuses, which persist for long 
periods. The affected bone is often swollen 
and may fracture easily because of weaken¬ 
ing of its structure. When the bones of the 
jaw are involved, the teeth are often shed, and 
this, together with pain and the distortion 
of the jaw, interferes with prehension and 
mastication. Involvement of vertebral bodies 
may lead to the secondary involvement of 
the meninges and the development of 


paralysis. Lameness and local swelling are 
the major manifestations of involvement of 
the limb bones. 

Most osseous sequestra in cattle are 
associated with the bones of the extremities, 
most commonly the third metacarpal or 
metatarsal bone. Cattle 6 months to 2 years 
of age are most likely to have a sequestrum 
compared with animals less than 6 months 
of age. 

The lesions are typically destructive of 
bone and cause severe pain and lameness. 
Those associated with Salmonella spp. are 
characteristic radiographically in foals and 
calves. T. pyogenes, Corynebacterium spp., 
and E. coli may also be causative agents. 
Affected animals are very lame, and the 
origin of the lameness may not be obvious. 
A painful, discrete soft tissue swelling 
over the ends of the long bones is often 
the first indication. The lameness character¬ 
istically persists in spite of medical therapy, 
and the animal may become lame in two or 


more limbs and spend long periods 
recumbent. 

Osteomyelitis affecting the cervical ver¬ 
tebrae, usually the fourth to sixth vertebra, 
causes a typical syndrome of abnormal 
posture and difficulty with ambulation. Ini¬ 
tially there is a stumbling gait, which then 
becomes stiff and restricted and with a reluc¬ 
tance to bend the neck. Soon the animal has 
difficulty eating off the ground and must 
kneel to graze pasture. At this stage there is 
obvious atrophy of the cervical muscles, and 
pain can be elicited by deep, forceful com¬ 
pression of the vertebrae with the fists. There 
is no response to treatment, and at necropsy 
there is irreparable osteomyelitis of the 
vertebral body and compression of the cer¬ 
vical spinal cord. Radiologic examination is 
usually confirmatory. 

Cervicothoracic vertebral osteomyelitis 
in calves between 2 and 9 weeks of age is 
characterized by difficulty in rising with a 
tendency to knuckle or kneel on the fore¬ 
limbs, which are hypotonic and hyporeflexic. 
Pain can be elicited on manipulation of the 
neck. The lesion usually involves one or more 
of the vertebrae from C6 to Tl. Salmonella 
dublin is commonly isolated from the verte¬ 
bral lesion. 

DIAGNOSIS 

Radiographs are an essential part of the diag¬ 
nosis. Radiographic changes include the 
following: 

• Necrotic sequestrum initially 

• New bone formation 

• Loss of bone density 

Radiographic lesions are characteristically 
centered at the growth and extend into both 
metaphysis and epiphysis. 

Nuclear scintigraphy, which is only avail¬ 
able at large referral centers, can be useful in 
identifying osteomyelitis in areas of bone 
surrounded by a large amount of muscle, 
which minimizes the ability to detect subtle 
radiographic lesions. 

Culture of the inflammatory exudate and 
necrotic sequestra removed surgically is nec¬ 
essary to determine the species of bacteria 
and their antimicrobial susceptibility. 
Samples of bone obtained at surgery provide 
the most accurate culture results compared 
with specimens obtained from the draining 
sinuses, which may yield a mixed flora. 
Specimens should consist of sequestra and 
soft tissues immediately adjacent to bone 
thought to be infected. Special transport 
media are desirable for optimum culture 
results. Anaerobic bacteria are frequently 
associated with osteomyelitis and should be 
considered when submitting samples for 
culture. 

NECROPSY FINDINGS 

At necropsy the osteomyelitis may not be 
obvious unless the bones are opened longi¬ 
tudinally and the cut surfaces of the metaph¬ 
ysis and epiphysis are examined. 
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DIFFERENTIAL DIAGNOSIS 


A differential diagnosis for a destructive lesion 
in the end of a long bone of a foal or calf 
would include the following: a healing 
fracture, traumatic periostitis or osteitis, bone 
tumor, nutritional osteodystrophy and 
infection of the bone as a result of external 
trauma, fracture, extension from adjacent 
infection or hematogenous spread. The 
absence of equal pathologic involvement in 
the comparable parts of long bones and the 
young age of the animal will usually suggest 
infection of bone. The pathologic features of 
multiple-bone infection in foals are described. 


TREATMENT 

Despite advances in antimicrobial therapy 
and refined diagnostic techniques, the clini¬ 
cal management of osteomyelitis is difficult. 
Medical therapy alone is rarely completely 
successful because of the poor vascularity of 
the affected solid bone, the inaccessibility of 
the infection, and the potential for develop¬ 
ment of a biofilm slime layer by bacteria. In 
cases of long-term infection or those with 
extensive bone necrosis, surgery is generally 
recommended to remove sequestra, devital¬ 
ized tissue, and sinus tracts that are harbor¬ 
ing large numbers of bacteria. Good results 
are obtained when the affected bone is 
removed and standard wound management 
practices are implemented. 1 A retrospective 
case series of 108 thoroughbred foals with 
septic osteomyelitis secondary to bacteremia 
indicated that 81% were discharged from the 
hospital, and 48% successfully raced. 2 

In septic physitis, the implantation of 
homologous cancellous bone grafts follow¬ 
ing debridement of necrotic bone, the appli¬ 
cation of a walking cast for 4 to 5 weeks, and 
antimicrobial therapy for 2 weeks is usually 
a successful approach. Absolute asepsis is a 
fundamental requirement for successful 
application of a bone graft; after debridement 
of the necrotic bone, the cavity is flushed 
with saline and aqueous ampicillin or a 
combination of penicillin G potassium 
and ceftiofur. 

Antimicrobials are an integral part of the 
treatment, and selection of the most appro¬ 
priate drug should be based on identification 
and susceptibility testing of the organism. 
Initial treatment may be based on the most 
common isolates, and a combination of peni¬ 
cillin G and gentamicin or amikacin pro¬ 
vides an excellent initial treatment in horses 
until culture and susceptibility results are 
available. Aminoglycosides such as gentami¬ 
cin or amikacin do not provide an ideal 
initial treatment option in food-producing 
animals because of the extensive slaughter 
withdrawals associated with their use. Ideally, 
parenteral antimicrobial therapy should be 
continued for a minimum of 10 days and 
ideally 4 to 6 weeks following surgical curet¬ 
tage. However, in a series of osteomyelitis of 


the calcaneus of adult horses, there was no 
difference in the survival rate of animals 
between those treated surgically and those 
treated medically. Likewise, a retrospective 
study of 108 Thoroughbred foals with osteo¬ 
myelitis secondary to septicemia did not 
demonstrate an improved success rate with 
surgical debridement. 2 

Most anaerobic bacteria associated with 
osteomyelitis are sensitive to penicillin and 
the cephalosporins, but some species of Bac- 
teroidesfragilis and Bacteroides asaccharolyti- 
cus and other species of Bacteroides are 
known to produce beta-lactamases, which 
can inactivate penicillin and cephalosporin. 
Metronidazole and clindamycin will pene¬ 
trate bone and can be considered for use in 
the horse, but metronidazole is not permit¬ 
ted to be used in food-producing animals in 
some countries. 

Regional perfusion of the distal limb may 
be helpful as part of the initial treatment by 
providing higher antimicrobial concentra¬ 
tions at the site of infection. A tourniquet 
made of latex tubing is placed at a suitable 
location on the limb proximal to the site of 
infection. In regional intravenous perfusion, 
a large superficial vein is identified, and the 
overlying skin is disinfected. A butterfly 
catheter is inserted into the vein and a water- 
soluble antimicrobial agent that is minimally 
cytotoxic, such as penicillin G potassium or 
ceftiofur, is infused intravenously and the 
tourniquet left in place for 30 minutes to 
facilitate diffusion into infected tissues. 

In regional osseous perfusion, an intra¬ 
osseous infusion screw is inserted using 
aseptic technique into the medullary cavity, 
and appropriate water-soluble antimicrobial 
agents are periodically infused without the 
use of a tourniquet. The intraosseous 
screw is left in place under a sterile wrap in 
between infusions. 

FURTHER READING 

Goodrich LR. Osteomyelitis in horses. Vet Clin Equine. 
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Hardy J. Etiology, diagnosis, and treatment of septic 

arthritis, osteitis, and osteomyelitis in foals. Clin 

Tech Equine Pract. 2006;5:309-317. 
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TAIL-TIP NECROSIS IN 
BEEF CATTLE 

Tail-tip necrosis occurs in cattle housed in 
confinement on slatted floors. The disease 
has occurred in steers, heifers, and bulls 
being fed for beef production, and less fre¬ 
quently in dairy cattle. 

The lesion is most commonly caused by a 
traumatic injury of the tail caused by tramp¬ 
ing of the tail by other animals. 1 The tail tip 
of a lying bull usually is away from the 
animal’s body and therefore accessible for 


tramping by herdmates. Focal damage is 
more severe when the tail tip is tramped on 
slatted floors. Tail-tip necrosis is rare in dairy 
cattle confined in free stalls because most 
cows lie down in free stalls and their tails are 
thereby relatively protected from being 
tramped. Less frequently, the lesion starts as 
a ball of manure on the tail switch of animals 
with loose feces; the manure accumulates 
until a large dry fecal mass (up to 15 cm in 
diameter) is present on the tip of the tail. The 
presence of the hard fecal mass increases the 
likelihood of damage to the tail tip, particu¬ 
larly when animals are confined. 

The lesion begins at the tip of tail followed 
by varying degrees of extension proximally. 
Initially, the tip of the tail is swollen, followed 
by inflammation and infection with Trueper- 
ella pyogenes. Histopathologic changes are 
compatible with cutaneous ischemia as a 
pathogenic mechanism. Extension of the 
infection can result in metastases to other 
parts of the body, resulting in abscesses and 
osteomyelitis. Affected cattle do not grow 
normally, and deaths from pyemia may 
occur. The morbidity is about 5%. Approxi¬ 
mately 10% of affected animals may be con¬ 
demned for osteomyelitis and abscessation. 

Risk Factors 

Risk factors include slatted concrete floors, 
close confinement, warm seasons, and a 
body weight above 200 kg. The risk increases 
as the space allotment, expressed as kg 
animal per m 2 pen, increases from approxi¬ 
mately 165 kg/m 2 . Tail tramping is more fre¬ 
quent in slatted-floor pens with lower space 
allotment (1.5 m 2 per head) than in similar 
pens with higher space allotment (2.4 m 2 per 
pen head). In an Ontario study, no case of 
tail-tip necrosis was diagnosed in solid-floor 
barns, whereas 1.36% of cattle in slatted- 
floor barns were either treated or slaughtered 
for tail-tip necrosis. In a mail survey of feed- 
lots in Ontario, 96% of 71 feedlots with 
slatted floors, but only 5% of 184 feedlots 
with solid floors, reported a problem with 
tail-tip necrosis from 1982 to 1986. Of 441 
tails inspected at slaughter plants, 35% were 
affected, with 3% involving skin lacerations 
and infection, and 4% were amputated before 
slaughter. Most cases occur from May to Sep¬ 
tember when the temperature is above 18° C 
(64 F). This may be associated with increased 
contamination as a result of increased 
humidity and temperature under confine¬ 
ment conditions. 

In slatted-floor barns, abnormal locomo¬ 
tor patterns occur in 20% to 25% of the times 
when animals get up and lie down. When 
animals get up abnormally, they first rise 
from the front, then consequently assume a 
dog-like sitting posture. To obtain momen¬ 
tum to rise in the rear, they then start to sway 
back and forth. The tail may become pinched 
between the hock of the rocking animal and 
the floor, resulting in blunt trauma to the tip 
of the tail. 










TREATMENT 

Treatment consists of early amputation com¬ 
bined with intensive antimicrobial therapy. 
Early detection is important. During warm 
months, cattle confined on slatted floors and 
weighing more than 200 kg should be closely 
inspected at least 2 or 3 times weekly. This 
includes palpation of all tail tips because 
early lesions are difficult to see. 

CONTROL 

Control is dependent on providing sufficient 
space for housed cattle on slatted floors. 
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LAMINITIS OF HORSES 


SYNOPSIS 


Etiology Degeneration of the sensitive 
lamellae of the hoof. Syndromes of 
endocrinopathic, sepsis-associated, 
supporting limb and concussive laminitis 
are recognized. Pasture-associated laminitis 
is considered a form of endocrinopathic 
laminitis. 

Epidemiology Disease involving single 
animals. As a sequela to severe systemic 
disease induced by colic, enterocolitis, 
metritis, and grain engorgement. Horses 
worked on hard surfaces. Horses or ponies 
at pasture, and especially obese horses and 
ponies and those with hyperinsulinemia as 
a result of insulin resistance or equine 
metabolic syndrome. Horses with pituitary 
pars intermedia dysfunction. Horses with 
unilateral lameness often develop laminitis 
in the contralateral, supporting limb. 

Clinical signs Lameness, ranging from mild 
to sufficiently severe to cause the horse to 
be recumbent, involving both front feet, 
and occasionally all four feet. 

Clinical pathology None characteristic of the 
disease. 

Diagnostic confirmation Physical 
examination. Radiography. 

Treatment There is no single effective 
treatment. Control of pain by 
administration of nonsteroidal 
antiinflammatory drugs is important. 
Administration of vasodilatory agents, 
anticoagulants, frog and sole support, and 
corrective hoof trimming and shoeing are 
all used with variable success. Chilling of 
the limb (cryotherapy) in horses at high 
risk (e.g., diarrhea, metritis) during the 
prodromal or acute phase is promising 
but unproven as yet in prospective 
clinical trials. 

Control Prophylaxis for acute, severe diseases. 
Aggressive treatment of systemic disease 
associated with metritis, colic, and 
enterocolitis, including digital cryotherapy. 
Prevent unrestricted access to feeds rich in 
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soluble carbohydrates. Maintain optimal 
body condition. Treat existing equine 
metabolic syndrome (insulin resistance) or 
pituitary pars intermedia dysfunction. 


Laminitis refers to a spectrum of 
processes and clinical signs related to break¬ 
down of the connection between of the base¬ 
ment membrane of the secondary dermal 
lamellae and the basal cells of the secondary 
epidermal lamellae, with subsequent disrup¬ 
tion of the anatomic relationship between the 
hoof and the distal phalanx. Understanding 
of the condition is dependent on a specialized 
vocabulary and jargon, including the 
following: 1,2 

• Hoof—the layers of integument of the 
foot from the secondary epidermal 
lamella distally (outward, toward the 
hoof surface). The keratinized portion of 
the hoof is the hoof capsule. 

• Distal phalanx—the most distal of the 
bones in the limb of the horse (synonyms 
of pedal bone, P3, or third phalanx) 

• Lamellae (colloquially, “laminae”)— 
primary and secondary lamellae 
originate from the inside of the hoof 
and from the surface of the distal 
phalanx. Primary lamellae give rise to 
secondary lamellae. The basal cells of 


the primary and secondary epidermal 
lamellae attach the hoof to the basement 
membrane of the primary and 
secondary lamellae of the distal phalanx 
through numerous anchoring points, the 
hemidesmosomes (Fig. 15-5). 3 
Hemidesmosomes are composed of 
multiple anchoring filaments that 
connect to laminin-5, a unique 
glycoprotein that attaches to type IV 
collagen in the lamina densa of the 
basement membrane. Type VII collagen 
connects the lamina densa to the distal 
phalanx, laminin-5 in the basement 
membrane is connected through the 
hemidesmosomes by integrin (which 
crosses the cell wall) and plectin to the 
cytoskeleton of the basal cell. Protein 
BP-180 is associated with the 
hemidesmosomes and might be 
involved in anchoring. Basal cells are 
connected to one another by 
desmosomes (containing cadherins, a 
group of compounds responsible for 
cell-cell adhesion). 3 

• Parietal integument (incorrectly, 

“lamellar integument”)—that part of the 
space between the hoof capsule and 
distal phalanx occupied by the lamellae, 
parts of the dermis, and all 
subcutaneous tissue. 
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Fig. 15-5 Depiction of the structure of a hemidesmosome and lamina densa, which provide 
the connection between the basal cell and basement membrane. Note the variety of proteins, 
including glycoproteins and collagen, that provide tight attachment of the distal phalanx to 
the hoof. (Reproduced with permission from Pollit C. The anatomy and physiology of the 
suspensory apparatus of the distal phalanx. Vet Clin North Am Equine 2010; 26:29-49.) 
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• Laminitis—the conventional definition 
is that of a clinical syndrome of foot 
pain, usually in an acute setting, in 
horses resulting from separation of the 
dermal and epidermal lamellae. 

Laminitis implies an inflammatory 
component or etiopathogenesis, which 
does not appear to always be present in 
all phases of the disease. 

• Prodromal laminitis (developmental 
laminitis)—that phase between initiation 
of the disease process in the foot and 
appearance of clinical signs. 

• Acute laminitis—that phase between 
first development of signs of foot pain 
and displacement of the distal phalanx 
(often 72 hours but variable and 
displacement does not occur in all 
cases). 

• Chronic laminitis—phase of the disease 
after displacement has occurred. It can 
be further divided into early chronic 
laminitis, chronic active laminitis, and 
chronic stable laminitis. 

• Acute founder—clinical signs of 
laminitis (strong digital pulses, toe 
relieving stance, and frequent weight 
shifting) plus signs of disruption of the 
normal gross anatomy of the foot 
evident as supracoronary depressions or 
radiographic evidence of rotation or 
distal displacement of the distal phalanx 
within the hoof (“sinking”). 

• Chronic founder—clinical signs of 
concave dorsal hoof wall, abnormally 
wide dorsal white lines, and divergent 
growth rings in the hoof wall. 

Sometimes referred to as “chronic 
laminitis,” this syndrome is not 
characterized by continued disruption of 
the lamellae but rather represents the 
sequelae to laminitis or acute founder. If 
there is ongoing disruption of the 
epidermal-dermal connection, then this 
would be laminitis or acute founder. 

• Prolapse of the sole—a consequence 
of distal displacement of the distal 
phalanx resulting in loss of concavity 
of the sole. 

• Penetration of the sole—progression of 
prolapse of the sole to the point where 
the dermis or pedal bone protrudes 
through the sole. 

ETIOLOGY 

The proximate cause of laminitis is acute 
degeneration of the connections between the 
basal cells of the primary and secondary epi¬ 
dermal lamellae and the basement mem¬ 
brane of the primary and secondary dermal 
lamellae. Loss of these connections can lead 
to microscopic and macroscopic disruption 
of the normal architecture of the foot and 
development of clinical signs of foot pain. 
The factors inciting or leading to breakdown 
of the epidermal-dermal connections within 
the hoof are uncertain and the subject of 
much active investigation. 


Laminitis is recognized in a number of 
settings, which could have differing inciting 
causes: 

• Endocrinopathic laminitis—laminitis 
associated with hormonal influences 
favoring hyperinsulinemia and often 
associated with insulin resistance as part 
of equine metabolic syndrome (EMS) or 
pasture associated laminitis. 4 
Hyperinsulinemia is an experimental 
model for inducing laminitis. 5,6 
Endocrinopathic laminitis, associated 
with either EMS or pituitary pars 
intermedia dysfunction, is responsible 
for most cases of laminitis, with 
estimates ranging from 71% to 89% of 
cases. 4,7 

• Sepsis-related laminitis—horses with 
septic illness characterized by signs of a 
systemic inflammatory response (fever, 
tachycardia, depression), such as horses 
with enterocolitis, pneumonia and/or 
pleuritis, and postpartum septic metritis, 
or after ingestion of large quantities of 
soluble carbohydrate, are at increased 
risk of laminitis. 

• Weight-bearing laminitis—horses that 
chronically bear more weight on one 
limb, such as animals with severe 
persistent unilateral lameness, often 
develop laminitis in the weight-bearing 
limb. 

• Concussive laminitis—associated with 
prolonged or unaccustomed exercise on 
a hard surface. 

• Toxic laminitis—exposure to shavings of 
black walnut (Juglans nigra ) causes 
laminitis. The mechanism involves a 
severe systemic inflammatory response, 
and this category of laminitis could 
share basic mechanisms with that 
caused by sepsis. Black walnut has been 
used as an experimental model of 
laminitis but is now considered less 
clinically relevant. 8 

• Sustained (lasting 48 hours) digital 
hyperthermia does not cause laminitis. 9 

EPIDEMIOLOGY 

For such a common and important disease, 
the epidemiology of laminitis is poorly docu¬ 
mented. 10 Quantitative analysis and identifi¬ 
cation of putative risk factors is available 
from few studies, and in many instances such 
studies do not have clear case definitions or 
rely on lay reporting of the diagnosis and 
presence of potential risk factors, with the 
result that conclusions are unreliable and 
conflicting. There is a pressing need for well- 
designed, comprehensive studies that address 
the prevalence, risk factors, and outcome of 
spontaneously occurring laminitis in non¬ 
hospital settings. 

A recent systematic review of the scien¬ 
tific literature reporting on risk factors for 
laminitis concluded that there is limited evi¬ 
dence to support a role for many of the puta¬ 
tive risk factors for laminitis. 10 Based on the 


reporting in the 6 highest-quality reports 
of 17 reviewed, the following conclusions 
were made: 10 

• Age—good evidence that increasing age 
is a risk factor for laminitis, although 
some studies did not find this 
association for acute laminitis 

• Sex (gender)—inconsistent evidence; 
most studies did not find an association 

• Breed—inconsistent evidence; most 
studies did not find an association 

• Height—no evidence of an association 

• Bodyweight—inconsistent evidence 

• General obesity—no evidence 

• Cresty neck—weak evidence 

• Health variables—no evidence 

• Exercise—weak evidence that reduced 
exercise level is a risk factor 

• Endotoxemia—weak evidence, noting 
that experimental endotoxemia does not 
cause laminitis 

• Pituitary pars intermedia dysfunction— 
no evidence 

• Seasonality—inconsistent evidence 

• Weather—weak evidence 

Some of these results are surprising and 
likely will be revised as additional studies are 
conducted. As noted in the following discus¬ 
sion, there is consensus on several risk 
factors for development of laminitis that are 
not reflected in the results of the systematic 
review cited previously. In the absence of 
multiple high-quality epidemiologic studies, 
the results of the systematic review should be 
considered in light of other knowledge. 

Occurrence 

Single sporadic cases are the rule for horses, 
in which the disease is usually related to indi¬ 
vidual risk factors such as obesity, systemic 
illness, or lameness. An estimated 13% of 
horse operations in the United States have a 
horse with laminitis at any one time, and 
laminitis accounts for 7.5% to 15.7% of all 
lameness in horses. 11 A study of 1000 horses 
on a single farm in East Anglia (UK) found 
annual that annual incidence rates for lami¬ 
nitis varied from 7.9% to 17.1%, that 33% of 
animals diagnosed once with laminitis has 
a repeat episode of the disease, and that 
24% of animals with laminitis had a repeat 
episode in the same year. 12 Laminitis accounts 
for up to 40% of hoof problems in horses, 
depending on the use of the horse. Approxi¬ 
mately 5% of horses with laminitis die or 
are euthanized. Among cases occurring in 
the field (as opposed to veterinary hospitals), 
approximately 74% recover and become 
sound, with 8% improving but continuing to 
be lame. 11 However, approximately 10% of 
horses that developed laminitis had a perma¬ 
nent change in their primary use as a result 
of having developed laminitis. 

Within the United Kingdom, 30% of all 
cases of laminitis are speculated to be caused 
by grazing lush pasture, 21% as a result of 
pituitary pars intermedia dysfunction, 13% 
by obesity, and 9% attributable to equine 





metabolic syndrome (cited in 4 ). Laminitis 
accounts for approximately 4.4% of reported 
diseases in equids in the United Kingdom. 13 

Risk Factors 
Animal Risk Factors 

There are few studies that provide quantita¬ 
tive estimates of risk factors for equids devel¬ 
oping laminitis. 

Phenotype 

There is a consensus that ponies and horses 
at increased risk of developing pasture- 
associated laminitis have a particular 
phenotype characterized by regional and 
generalized obesity. 14 Although not borne 
out by the systematic review, there appears 
to be considerable diverse evidence that 
ponies, and especially obese ponies, are at 
high risk of developing pasture-associated 
laminitis. 14,15 This risk also applies to obese 
horses and especially those of “easy keeper” 
or “thrifty” breeds such as Andalusians, 
Quarter horses, Morgan, and Arabians. The 
risk of laminitis is associated with insulin 
resistance, and not all obese horses or ponies 
are insulin resistant. Ponies at increased risk 
might be identified by a variety of means, 
including measurement of plasma or serum 
insulin concentration 2 hours after ingestion 
of glucose (1 g/kg orally). 16 Ponies with 
exaggerated insulin response are at increased 
risk of developing laminitis. 

Hyperinsulinemia 

Available evidence clearly indicates a pro¬ 
pensity for ponies and horses at risk of 
insulin resistance (obesity, equine metabolic 
syndrome) to have a higher incidence 
of laminitis, especially if they are kept 
on pasture. These equids are considered to 
develop endocrinopathic laminitis. 15 ' 20 A 
unifying feature of these horses and ponies 
is the presence, or presumed presence, of 
hyperinsulinemia. 14 Reports indicate that 
between 10% to 22% of obese horses and 
28% of ponies in Australia have hyperinsu¬ 
linemia. Insulin concentrations are higher 
(138 vs. 315 pmol/L) in ponies with a history 
of laminitis than in younger ponies of similar 
body condition that have never had lamini¬ 
tis, 13 ' 21 and are higher in previously laminitic 
ponies that have a higher body-condition 
score than unaffected ponies. 14 The affected 
ponies are also insulin resistant based on a 
higher insulin: glucose ratio or the reciprocal 
of the square root of plasma insulin con¬ 
centration (RISQI). 15,21 Similarly, hyperinsu¬ 
linemia is common in horses presenting 
to veterinary hospitals with a complaint 
of laminitis—from 21 of 36 (58%) to 13 of 
30 (43%). 7,22 

Horses or ponies with documented 
hyperinsulinemia or pituitary pars interme¬ 
dia dysfunction (PPID) are at increased risk 
of having laminitis.' Horses of 15 years of 
age or older in Queensland with PPID 
diagnosed by seasonally adjusted plasma 
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adrenocorticotropic hormone (ACTH) con¬ 
centrations were 4.7 times as likely to have 
laminitis compared with similarly aged 
horses without PPID. 23 Aged horses with 
hyperinsulinemia (>20 pU/mL) were 10 
times more likely to have laminitis than were 
horses without documented hyperinsu¬ 
linemia. 23 Laminitis in horses with PPID is 
associated with hyperinsulinemia but not at 
a greater rate than for horses that do not have 
PPID, 23 suggesting that the hyperinsulinemia 
present in some horses with PPID might be 
coincidental in the horse has both EMS and 
PPID and that it is the EMS that predisposes 
to hyperinsulinemia and laminitis. Although 
not supported by the systematic review, clini¬ 
cal evidence clearly supports a link between 
insulin resistance (hyperinsulinemia) or 
PPID and risk of laminitis. 

The disease is more common in the 
United States during spring and summer 
(1.3% in spring and 0.4% in winter in the 
central United States) and during May in the 
United Kingdom. 12 Increasing number of 
hours of sunlight has been linked to the risk 
of laminitis in horses at pasture—a reflection 
of the effect of sunlight to increase the 
content of nonstructural carbohydrate in 
pasture and not of a biological effect of sun¬ 
light on the horses. 12 

The disease is very uncommon in foals 
and horses less than 8 months of age, then 
increases in frequency with increasing age 
such that horses greater than 20 years of 
age have an incidence of the disease roughly 
3 times that of horses between 5 and 20 years 
of age. This apparent age distribution 
could represent, among other factors, an 
increase in prevalence of PPID as horses and 
ponies age. 

Trauma and other physical factors such 
as excessive work on hard surfaces, increased 
weight-bearing on one limb, and persistent 
pawing can contribute to the development of 
the disease in horses. Standing for periods of 
days during transport can predispose to 
laminitis. 

Laminitis is associated with many sys¬ 
temic illnesses of horses. Horses with illness 
attributable to colic, diarrhea, pleuropneu¬ 
monia, and metritis are prone to develop 
laminitis. Potomac horse fever (equine 
neorickettsiosis) is frequently a cause of lam¬ 
initis in horses, and laminitis is the major 
cause of death from this disease. Approxi¬ 
mately 28% of horses with anterior enteritis 
(duodenitis/proximal jejunitis) develop lam¬ 
initis, usually within 2 days of developing 
enteritis. There are anecdotal reports that 
suggest that administration of cortico¬ 
steroids (dexamethasone, triamcinolone) 
causes or exacerbates laminitis, but this asso¬ 
ciation has not been proved. 24 ' 26 Laminitis is 
common in horses that engorge on grain or 
similar feeds containing a high concentra¬ 
tion of soluble carbohydrates. Ingestion of 
large quantities of lush pasture has been 
anecdotally associated with increased risk of 


laminitis, especially among ponies. It is 
thought that the presence of a high concen¬ 
tration of soluble carbohydrates in the grass 
is responsible for the increased risk of 
laminitis. 

Supporting Limb Laminitis 
Development of laminitis in a limb bearing 
a disproportionate amount of the horses 
weight for prolonged periods of time is a fre¬ 
quent occurrence among horses treated for 
severe chronic unilateral lameness or subject 
to fracture repair requiring casting of the 
limb. Of 113 horses that received half-limb 
or full-limb casts, 14 (12%) developed con¬ 
firmed supporting limb laminitis. 2. Risk 
factors significantly associated with develop¬ 
ment of laminitis included body weight of 
the horse and duration of casting in weeks, 
with horses requiring full-limb casts or 
transfixion pin casts more likely to develop 
this complication than horses requiring half¬ 
limb casts. Supporting hindlimbs (for the 
contralateral hindlimb) were as likely to be 
affected as supporting forelimbs. 

Horses hospitalized for treatment of lam¬ 
initis, or those that develop laminitis during 
hospitalization for other diseases, have risk 
factors that differ from those of horses with 
pasture-associated laminitis. Endotoxemia 
(defined clinically, not by measurement of 
blood endotoxin concentration, and there¬ 
fore more appropriately referred to as 
toxemia) was the only factor associated with 
development of laminitis. 28 This study pro¬ 
vides evidence that severe systemic inflam¬ 
mation increases the risk of laminitis, but 
it provides no evidence of the effect of 
endotoxemia. 

Importance 

Death is unusual in horses with laminitis that 
do not have other severe systemic illness, but 
the severe lameness can cause a great deal of 
inconvenience, and affected horses can 
develop permanent deformities of the feet. 
Some have to be euthanized on humane 
grounds. 

Of 107 horses with pasture-associated 
laminitis, 77 had a “good” outcome as 
assessed by a panel of veterinarians, and 47 
of 79 animals used for riding before devel¬ 
oping laminitis were being ridden 8 weeks 
later. Five of the initial 107 animals were 
euthanized by 8 weeks after development 
of the disease, and those that were more 
severely affected (based on Obel grade of 
lameness) were more likely to have been 
euthanized. 29 

Among 247 hospitalized horses that died 
or were euthanized because of laminitis and 
344 horses that developed laminitis but did 
not die, factors increasing the risk of death 
because of laminitis were being Thorough¬ 
bred (odds ratio [OR] = 1.57) or a racehorse 
(OR = 1.76), treatment with flunixin meglu¬ 
mine (OR = 1.76), distal displacement of the 
third phalanx (OR = 2.68), pneumonia (OR 
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= 2.87), and lameness of Obel grade II (OR 
= 2.99), grade III (OR = 9.63), or grade IV 
(OR = 20.48) compared with Obel grade I. 30 

PATHOGENESIS 

The pathogenesis of laminitis is complex and 
in most cases involves systemic disease that 
is at least partially expressed in the foot. Evi¬ 
dence for laminitis being part of a systemic 
disease and not only a localized disease of the 
foot includes observations that analysis of a 
panel of tissue samples from horses with 
experimentally induced laminitis revealed 
that degradation of laminin-332 and colla¬ 
gen type IV, both proteins found in the base¬ 
ment membrane of the hoof, occurs in the 
skin and stomach in addition to the hoof 
lamellae. 31 Additionally, systemic inflamma¬ 
tory responses, including infiltration of neu¬ 
trophils, are noted in lung, skin, liver, and 
gastrointestinal tract of horses with black 
walnut-induced laminitis. 32 ' 34 These findings 
suggest that systemic inflammation and deg¬ 
radation of proteins common to a wide range 
of tissues, and including the basement mem¬ 
brane, are common to many epithelial tissues 
during equine laminitis, suggesting a sys¬ 
temic pathogenesis for at least some forms of 
this disease. 

The local pathogenic process common to 
all forms of laminitis is disruption of the 
connective tissue (involving laminin-5 and 
collagen types IV and VII) providing con¬ 
nections between the lamellar basal cells and 
the basement membrane of the third 
phalanx. 35 Carbohydrate overload is associ¬ 
ated with up-regulation of genes expressing 
MMP-13 (matrix metalloproteinase 13) and 
localized loss of collagen I, fibronectin, chon- 
droitin, and keratin sulfate glycosaminogly- 
cans in secondary lamellae. 36 

It is possible, indeed likely, that a more 
than one type of insult to basal cells or 
basement membrane can result in loss of 
adhesion between the basal cell and the base¬ 
ment membrane—sometimes referred to as 
dyshesion—or degeneration of the basement 
membrane. As a consequence of the loss of 
these connections, the weight of the horse is 
no longer transmitted through the numerous 
lamellae to the hoof wall but is instead trans¬ 
mitted toward the sole of the foot. 

Loss of the connection between the third 
phalanx and hoof allows the third phalanx to 
rotate within the hoof capsule, likely in 
response to the torque applied by the deep 
digital flexor tendon, and/or to displace ven- 
trally (sink) within the hoof as a result of 
weight transmitted through the third 
phalanx; or there can be a combination of 
these changes. Rotation of the third phalanx 
causes the sole to be pushed downward or 
“dropped,” and the point of the toe of the 
third phalanx may actually penetrate the 
sole. Serum accumulates in the space created 
by degeneration of the laminae and displace¬ 
ment of the third phalanx, and there is break¬ 
down of the white line. 


Exactly what the mechanism is that links 
the risk factors listed previously to the 
laminar degeneration, the basis of the separa¬ 
tion, is unknown. There are differences in the 
microscopic lesions induced by either hyper- 
insulinemia or models of sepsis-induced 
laminitis (carbohydrate overload, oligofruc- 
tose [OF] administration), suggesting that 
the inciting mechanisms in each from of 
laminitis could differ, 37 with subsequent 
common events resulting in the clinical signs 
of laminitis. 38 Calprotectin, a marker of the 
presence or activation of neutrophils, expres¬ 
sion in lamellae was absent in control horses, 
moderate in hyperinsulinemic horses, and 
marked in OF-treated horses, indicating that 
hyperinsulinemia induces less leukocyte 
emigration than carbohydrate overload at 48 
hours after initiation of the inciting cause. 37 
Laminitis induced by administration of black 
walnut is characterized by early (1.5 hours) 
marked infiltration of neutrophils and 
expression of neutrophil adhesion molecules 
in lamellar endothelial cells and cytokines 
favoring extravasation of neutrophils into 
lamellae. 39 ' 42 There are similar changes during 
carbohydrate overload laminitis but with a 
somewhat delayed time frame with some 
extravasation of leukocytes, which are pre¬ 
dominantly monocytes and macrophages 
(compare with neutrophils in black walnut 
laminitis), during the prodromal phase but 
maximal accumulation in lamellar tissues at 
the onset of clinical signs. 43 ' 46 Similarly, there 
is increased mRNA concentrations for IL-1 
beta, IL-6, IL-12p35, COX-2, E-selectin, and 
ICAM-1 in laminae from horses with Obel 
grade I lameness but not during the prodro¬ 
mal phase in horses with carbohydrate- 
induced laminitis. 43 

The majority of laminar inflammatory 
events appear to occur at or near the onset 
of lameness in the carbohydrate-overload 
(CHO) model, whereas many of these events 
peak earlier in the prodromal (developmen¬ 
tal) stages in the black walnut extract-model. 
This suggests that, in addition to circulating 
inflammatory molecules, there may be a 
local phenomenon in the CHO model result¬ 
ing in the simultaneous onset of multiple 
laminar events, including endothelial activa¬ 
tion, leukocyte emigration, and proinflam- 
matory cytokine expression. 43 CHO laminitis 
is associated with increases in mRNA of 
various CXC and CC chemokines during 
either the prodromal or clinical phase, or 
both, and in the increase in expression of a 
wide range of proinflammatory genes. 45-47 
CHO-induced laminitis is associated with 
marked changes in fecal microbiota, includ¬ 
ing overgrowth of gram-negative bacteria. 48 
Inflammatory signaling is a consistent entity 
in the pathophysiology of laminitis, although 
there is evidence that leukocyte appearance 
in lamellar tissues is not the first event in the 
pathogenesis of laminitis but has a key early 
role in the development of lesions and pro¬ 
gression of the disease. 


Hyperinsulinemia (with euglycemia) 
induced by prolonged (up to 72 hours) infu¬ 
sion of insulin and glucose results in devel¬ 
opment of clinical and histologic signs of 
laminitis in insulin-sensitive horses and in 
ponies. 5,49 ' 51 The concentrations of insulin 
required to induce laminitis in insulin- 
sensitive horses are very high (>1000 |tU/ 
mL), although lesions, but not clinical signs, 
have been detected in horses in which insulin 
concentrations approximated 200 pU/mL as 
a result of infusion of glucose. 6 Microscopic 
lesions induced by infusion of insulin during 
the prodromal (development) phase of 
laminitis have been well characterized and 
contrasted with those of carbohydrate 
overload. 51 ’ There is no detectable calpro¬ 
tectin present before 48 hours (about the 
time of onset of clinical signs of laminitis), 
whereas secondary epidermal lamellar width 
decreases, and there is histomorphological 
evidence of epidermal basal (and suprabasal) 
cell death after 6 hours of hyperinsu¬ 
linemia. 50 ' 53 Increased cellular proliferation 
in the secondary epidermal lamellae, infiltra¬ 
tion of the dermis with small numbers of 
leukocytes, and basement membrane (BM) 
damage occurred later at 24 and 48 hours. 
Narrowing of the secondary epidermal 
lamellae was progressive over the 6- to 
48-hour period. 50 There were signs of apop¬ 
tosis of basal cells. Cellular lesions preceded 
leukocyte infiltration and BM lesions, indi¬ 
cating that the latter changes may be second¬ 
ary or downstream events in hyperinsulinemic 
laminitis to initial insults to basal cells. 50 

A role for insulin-like growth factor 
(IGF) has been proposed, with insulin acting 
as an agonist for the IGF receptor. Cell pro¬ 
liferation occurs in the lamellae during 
insulin-induced laminitis, and in other 
species high concentrations of insulin can 
activate receptors for the powerful cell 
mitogen IGF-1. 54 It is speculated that stimu¬ 
lation of the IGF-1 receptor by insulin could 
lead to inappropriate lamellar epidermal cell 
proliferation and lamellar weakening, a 
potential mechanism for hyperinsulinemic 
laminitis. 54 

Hyperinsulinemia causes increases in 
plasma concentrations of pentosidine, an 
advanced glycoxidation end product indica¬ 
tive of inflammation, which could indicate 
a role for glucose toxicity in the genesis 
of endocrinopathic laminitis. 21 However, 
the failure to detect advance glycoxidation 
products in the lamellae of horses during 
the prodromal phase of laminitis induced 
by hyperinsulinemic-hyperglycemic clamp, 
although these products were detected when 
clinical signs of laminitis had developed, and 
the lack of evidence of oxidative stress do 
not lend support to oxidative stress and 
protein glycosylation playing a central role 
in the pathogenesis of acute, insulin-induced 
laminitis. 55 The insulin-independent glucose 
transporter GLUT-1 was increased in lamel¬ 
lar tissue in the developmental stages of 
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insulin-induced laminitis compared with 
control horses, although the importance 
of this observation is unclear/’ 5 There 
does not appear to be a role for toll-like 
receptor 4 (TLR4) in the development of 
hyperinsulinemic laminitis in otherwise 
healthy horses. 56 

Hyperinsulinemia in isolated (ex vivo) 
hooves of healthy horses increases vascular 
resistance and lamellar endothelin-1 
expression and perfusion of isolated 
lamellar veins with cortisol and insulin/ 
Exposure of isolated lamellar veins to corti¬ 
sol increases maximum contractility to the 
vasoconstrictors (noradrenaline and 5- 
hydroxytryptamine) and decreases the 
maximal contraction to endothelin-1, 
whereas exposure to insulin decreases 
contractility of vessels to phenylephrine 
and endothelin-1 (ET-1). 58 It is possible 
that short-term cortisol excess could 
enhance venoconstrictor responses to 5- 
hydroxytryptamine and noradrenalin in 
laminar veins in vivo, thereby predisposing 
to laminitis. 58 The authors conclude that a 
reduction in the ability of insulin to counter¬ 
act alpha-adrenoreceptor and ET-1-medi¬ 
ated contraction, likely to occur in subjects 
with insulin resistance, could further exacer¬ 
bate venoconstriction in animals prone to 
laminitis. These mechanisms could also pre¬ 
dispose horses with PPID or EMS to lamini¬ 
tis. 58 Others have demonstrated that insulin 
resistance, which is associated with hyperin¬ 
sulinemia, increases vascular reactivity and 
response to various vasoconstrictors and has, 
in the absence of direct experimental evi¬ 
dence in horses or ponies, been speculated to 
contribute to excessive vasoconstriction in 
the dermis of susceptible horses. 20 Short¬ 
term hyperinsulinemia increases vascular 
resistance in the equine digit and increases 
expression of ET-1 in the laminar tissue, pro¬ 
viding a possible explanation for a role for 
insulin in perfusion of the digit. Further¬ 
more, laminitis induced by IV infusion of 
insulin is associated with warmth of the 
hoof, which is considered evidence of 
vasodilatation in the foot. It is plausible that 
there is a combination of these mechanisms, 
beginning with digital venoconstriction and 
ending in arteriovenous shunting, that could 
lead to hypoxemia of lamella and loss of 
integrity of the basal cells or basement 
membrane. 

Other theories for the etiopathogenesis of 
laminitis include the following: 

• Ischemia of the laminae with subsequent 
dysfunction or death of basal cells or 
degeneration of the basement 
membrane—proposed causes of 
ischemia include vasoconstriction, 
development of arteriovenous shunts, 
interstitial edema, and presence of 
microthrombi in digital vessels. 

Ischemia as a result of microthrombus 
formation is no longer considered a 
potential cause of laminitis. Elowever, 


there is evidence from experimental 
laminitis, both black walnut and 
carbohydrate models, that there are 
changes to the microvasculature of the 
dermis, possibly secondary to changes 
in circulating concentrations of 
vasoactive amines or contractile activity 
of vessels in the hoof. 57,59 ' 63 Alternatively, 
increases in capillary filtration pressure, 
resulting from venoconstriction, might 
cause edema and increased interstitial 
pressure with subsequent ischemia of 
the laminae. 11 

• Enzymatic digestion of connective 
tissues of the lamella by matrix 
metalloproteins (MMPs) induced by 
circulating factors including products of 
Streptococcus bovis infection has been 
proposed as a cause of the loss of 
integrity of the basal cell-basement 
membrane junction. Recent evidence 
indicates that MMP-9 is not involved in 
this process because it remains in the 
inactive proenzyme form during the 
prodromal (developmental) phase of 
oligofructose-induced laminitis, 
although MMP-13 might be. 36 ' 64 ’ 65 
However, other proteinases, such as 
ADAMT-4, and metalloproteinases 
might be involved in affecting basal cell 
or basement membrane function. 
Interesting, ADAMT-4 is located 
primarily in the basal cells and not in 
the matrix, calling into question its role 
in basement membrane integrity or 
disruption of adhesion between basal 
cells and the basement membrane. 66,67 
Alternatively, elevated ADAMT-4 
expression and versican depletion could 
be associated with abnormal basal cell 
function and disruption of adhesion. 68 

• Infusion of endotoxin does not induce 
laminitis in healthy horses or ponies, 
nor does the systemic inflammatory 
response induced by administration of 
endotoxin manifest as expression of 
genes of proinflammatory cytokines in 
the lamellae. 69 Many of the inciting 
causes of laminitis are diseases that are 
associated with endotoxemia or, more 
generally, toxemia, and in experimental 
models endotoxin was detectable in the 
blood of horses that developed laminitis, 
suggesting that endotoxin could 
contribute to the development of the 
disease. However, infusions of endotoxin 
do not cause laminitis, although 
endotoxin does impair endothelium- 
dependent relaxation and augments 
adrenergic contraction of palmar digital 
arteries. 

• Theories for development of laminitis in 
a supporting limb include loss of 
intermittent weight-bearing with a 
reduction in vascular perfusion of the 
hoof and ischemia of the lamellae. 70 

• There is no evidence that laminitis is an 
autoimmune disease. 71 


The disease occurs in three distinct 
phases: (1) a developmental stage in which 
lesions are detectable in the sensitive laminae 
but during which there are no clinical signs, 
(2) the acute phase from the development of 
the first clinical signs through to rapid reso¬ 
lution or to rotation or ventral displacement 
of the third phalanx, and (3) the chronic 
stage evidenced by rotation of the third 
phalanx with or without ventral displace¬ 
ment and characterized by variable but per¬ 
sistent pain. 

CLINICAL FINDINGS 

The disease presents as both an acute disease 
and as a chronic disease. The severity of the 
acute disease varies considerably from very 
mild with rapid (5 to 7 days) recovery, to 
severe with progression to the chronic, 
refractory stage. 

Severity of lameness attributable to lami¬ 
nitis can be graded according to a scale pro¬ 
posed by Obel in 1948: 

Grade 0—normal 

Grade 1—horse alternately and 

intermittently lifts its feet; lameness is 
not evident at a walk but the gait is 
short and stilted at a trot. 

Grade 2—there is a stilted gait at the walk, 
but the horse moves willingly; a foot 
may be lifted by a handler without the 
horse resisting. 

Grade 3—the horse moves reluctantly and 
resists attempts by a handler to lift a 
foot. 

Grade 4—the horse refuses to move and 
does so only if forced. 

The reliability of this system has been 
assessed, and it has reasonable intraobserver 
reliability (weighted kappa statistic of 0.54) 
when using all four (five) grades, which 
increases to 0.69 when reduced to three cat¬ 
egories (sound, grades I and II combined, 
and grades III and IV combined). 2 Interob¬ 
server agreement (58 veterinarians in 
primary opinion equine practice) was 0.43 
(moderate agreement) for the unweighted 
kappa statistic and 0.65 (substantial agree¬ 
ment) for the weighted kappa statistic when 
all four (five) grades were used. When grades 
were lumped into the three categories, the 
interobserver agreement increased to 0.52 
and 054 for unweighted and weighted kappa 
statistics, respectively. Importantly, there was 
83% agreement on detection of severely 
affected animals (of the three lumped 
grades). 2 These results are similar to those of 
a study comparing use of a visual analog 
scale, Obel grade, and clinical grading 
system. All methods of assessing severity of 
laminitis had acceptable intra- and interob¬ 
server agreement, with more experienced 
observers having greater reliability. 73 These 
studies demonstrate that the Obel grading 
system is useful for clinical description of 
laminitis and therefore assessment of the 
response to therapy. 
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Fig. 15-6 Radiograph of a horse demonstrating rotation of the distal phalanx with likely 
penetration of the sole. The coronary band is indented, and there is no evidence of sinking. 
There is not osteolysis of the distal phalanx. (Reproduced with permission. 75 ) 


The acute disease develops rapidly; 
apparently normal horses can founder within 
hours. Signs of the disease are entirely attrib¬ 
utable to pain in the feet. All hooves can be 
affected, but more commonly the forefeet are 
affected and the hindfeet are spared. The 
disease is rarely unilateral except in cases in 
which the disease develops because of severe 
lameness in the contralateral limb or repeated 
pawing. Mild, or early, disease is apparent as 
a resistance to movement and repetitive 
and frequent shifting of weight from one foot 
to the other. There is a characteristic shuf¬ 
fling gait. 

More severe disease is apparent as refusal 
to move or to lift a hoof. At this stage the 
horse has an anxious expression that can be 
accompanied by muscle fasciculation, sweat¬ 
ing, a marked increase in heart rate to as high 
as 75/min, and rapid and shallow respiration. 
There is a characteristic posture with all four 
feet being placed forward of their normal 
position, the head held low, and the back 
arched. There is usually a great deal of diffi¬ 
culty in getting the animal to move, and 
when it does so the gait is shuffling and 
stumbling, and the animal evidences great 
pain when the foot is put to the ground. The 
act of lying down is accomplished only with 
difficulty, often after a number of prelimi¬ 
nary attempts. There is also difficulty in 
getting the animals to rise, and some horses 
may be recumbent for long periods. It is not 
unusual for horses to lie flat on their sides. 
In occasional cases, the separation of the wall 
from the laminae is acute, and the hoof is 
shed. There may be exudation of serum at the 
coronet, and this is considered a sign of 
impending sloughing of the hoof and a poor 
prognosis. 

Clinical signs in laminitis include pain 
on palpation around the coronet and a 
marked withdrawal response when hoof 
testers are applied to the hoof. The intensity 
of the pulse in the palmar digital artery, pal¬ 
pable over the abaxial aspects of the proxi¬ 
mal sesamoid, of affected feet is markedly 
increased over normal. In horses in which 
the third phalanx is displaced distally (sinks), 
a concavity can be palpable at the coronary 
band. Infiltration of the palmar digital nerves 
at the level of the proximal sesamoid with 
local anesthetic agents provides marked, but 
not complete, relief. 

In the chronic stages of the disease, there 
is separation of the wall from the sensitive 
laminae and a consequent dropping of 
the sole. The hoof wall spreads and develops 
marked horizontal ridges, and the slope 
of the anterior surface of the wall becomes 
accentuated and concave. Horses with 
chronic or refractory laminitis may continue 
to feel much pain, lose weight, and develop 
decubitus ulcers over pressure points 
because of prolonged recumbency. Loss of 
integrity of the sole and disruption of the 
white line can allow infection to develop in 
the degenerate lamellae. The infection can 


spread to involve the pedal bone, causing a 
septic pedal osteitis. The lameness might 
abate, but the animal becomes lame easily 
with exercise and can suffer repeated, mild 
attacks of laminitis. 

Radiographic examination of the feet is 
an essential component in evaluation of 
horses with laminitis. The standard radio- 
graphic views that should be obtained to aid 
assessment of horses with laminitis are the 
lateromedial, horizontal dorsopalmar, and 
dorsal 45 degrees proximal palmarodistal 
oblique views. 74 A variety of objective mea¬ 
sures have been developed to aid in the inter¬ 
pretation of radiographic examinations of 
the feet of laminitic horses (Figs. 15-6 and 
15-7), and these are discussed in detail 
elsewhere. 74 

Initially and in mild cases, changes in the 
position of the distal phalanx are not evident. 
Radiographs of more severe or advanced 
cases will demonstrate rotation of the distal 
phalanx within the hoof, evident as a tilting 
of the most distal aspect of the third phalanx 
toward the sole. The space created by rota¬ 
tion of the pedal bone can fill with gas or 
serum and be evident as a radiolucent line 
between the pedal bone and the dorsal hoof 
wall. Displacement of the pedal bone toward 
the sole will be evident in approximately 25% 
of cases as a thickening of the dorsal hoof 
wall and reduction of the distance between 


the sole and solar aspect of the distal phalanx. 
Chronic or refractory cases can have osteo¬ 
penia of the pedal bone with proliferation of 
bone at the toe. 

Prognosis 

The radiographic examination provides 
information of prognostic value, although 
because of differing radiographic techniques 
and interpretations the value of combining 
separate research studies to develop firm 
guidelines is difficult. 74 Horses that return to 
their previous level of athletic function after 
a bout of laminitis have pedal bone rotation 
of less than 5.5 degrees, whereas horses that 
can no longer perform as athletes usually 
have more than 11.5 degrees of rotation, 
although there are exceptions to this rule and 
the prognosis should be developed through 
a holistic assessment of the horse (level of 
pain, number of feet involved, sole penetra¬ 
tion).' 4 Therefore, these values should only 
be used as rough guidelines. The general rule 
is that the greater the degree of rotation or 
extent of displacement of the distal phalanx, 
the worse the prognosis for return to func¬ 
tion and pain-free living. 

Objective radiographic variables include 
the distance between the proximal aspect of 
the hoof wall (marked on the radiographic 
image by a piece of wire or strip of metal 
stuck to the dorsal hoof wall) and the 
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Fig. 15-7 Diagrams showing the normal radiologic distances and proportions in the front 
feet of sound horses. Care must be taken in interpretation of these values because there is 
marked individual (breed and size) variability, and many can also be altered by farriery; the 
measurements in these diagrams do not represent the absolute minimum and maximum of 
normal values; rather, they are representative of the center of the range. (Reproduced with 
permission. 74 ) 


proximal limit of the extensor process of the 
distal phalanx (the “founder” distance), and 
the distance between the dorsal hoof wall 
and the dorsal cortex of the distal phalanx. 
Although values for these measures vary 
among breeds and with the size of the horse, 
most normal horses will have a “founder” 
distance of 4.1 + 2.2 (standard deviation) 
mm and a wall thickness of 16.3 ± 2.4 mm. 
Intensively managed horses with signs of 
sinking (medial, lateral, or vertical) had an 
overall success rate of 18% (17/95), whereas 
nonsinkers (horses with or without apparent 
rotation) with laminitis had a 71% (107/150) 
success rate. 75 

CLINICAL PATHOLOGY 

There are no changes that are characteristic 
of the disease. 


NECROPSY FINDINGS 

The disease is not usually fatal, but severely 
affected animals are often euthanized. In 
acute cases, there may be evidence of colitis, 
grain overload, or retained placenta and 
metritis in mares. No reliable gross findings 
are visible on the feet, but a midsagittal 
section of the hoof may reveal congestion, 
hemorrhage, and slight separation of the 
dorsal surface of P3 from the epidermal 
laminae of the inner surface of the horny 
hoof wall in severe cases. The separation of 
P3 becomes more obvious in subacute and 
chronic cases, leading to a ventral rotation of 
the phalanx. In some cases the degree of 
rotation of P3 results in perforation of the 
sole. 

Histologic examination is required only 
in acute cases, and confirmation of the 


diagnosis in such instances demands that the 
foot be cut into slab sections and fixed 
shortly after the death of the animal, before 
even moderate autolysis can ensue. Micro¬ 
scopically, the lesions are degeneration and 
necrosis of epithelial cells of the laminae, 
separation of epithelial cells from the base¬ 
ment membrane, and loss of the basement 
membrane. 


DIFFERENTIAL DIAGNOSIS 


Horses 

Rhabdomyolysis, tetanus, colic, and spinal 
ataxia may all mimic the immobility and pain 
of laminitis, but there is no pain in the feet in 
these diseases, and other distinguishing 
characteristics are apparent on careful clinical 
examination. 


TREATMENT 

The adage “where facts are few experts are 
many” (Donald R. Gannon) applies well to 
the treatment of laminitis. There are few well- 
designed studies of the treatment of naturally 
occurring laminitis, and thus the choice of 
treatment is based on personal experience, 
extrapolation from our imperfect under¬ 
standing of the pathogenesis of the disease, 
the availability of certain drugs, and current 
fashion. Indeed, the treatment of laminitis 
might one day be chronicled to demonstrate 
the power of “expert” opinion to determine 
treatments, many of which are now recog¬ 
nized as useless. A fascinating example is that 
of the application of nitroglycerin patches to 
the pasterns of horses with laminitis or at 
increased risk of laminitis. A multitude of 
horses were treated in this way, some to the 
extent that they were rendered hypotensive, 
at considerable direct cost and opportunity 
cost, and all for naught. Although not 
intended to discount the opinion of experts 
in the treatment of laminitis, it is a salutary 
tale demonstrating the strength of fashion 
and fad in promoting ineffective treatments 
of this important disease. 

In general, the treatments can be grouped 
into several classes, based on the intended 
intervention. These are as follows: 

• Removal of the causative agent or 
treatment of the inciting disease 

• Pain relief and minimization of 
inflammation 

• Prevention of further damage to 
lamellae and rotation or distal 
displacement of the pedal bone 

• Promotion of keratinization and hoof 
growth 

The efficacy of administration of anal¬ 
gesic, antiinflammatory, anticoagulant, and 
vasodilatory drugs and mechanical support 
of the hoof has never been demonstrated 
in appropriate clinical trials. There is evi¬ 
dence that local cryotherapy (cooling of 
the distal limb) is effective in reducing the 
clinical signs and severity of lesions of 
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oligofructose-induced experimental lamini- 
tis, 76 with limited although supportive clin¬ 
ical evidence.' 

Acute laminitis is an emergency, and 

treatment should be started without delay 
because early and aggressive therapy might 
enhance the chances of recovery. 

Treatment of Inciting Process 
or Disease 

The inciting disease should be treated aggres¬ 
sively and every attempt made to remove any 
causative agent. 

Horses with systemic inflammatory 
disease (colitis, metritis, etc.) should be 
treated aggressively to reduce the likelihood 
that they will develop laminitis. Treatment 
of colitis, metritis, pleuropneumonia, colic, 
and other diseases is dealt with under 
those topics. 

Horses with laminitis should be rested 
and housed in stalls that are well bedded 
with sand or soft shavings. Horses suspected 
of having PPID, insulin resistance, or EMS 1 ' 
should have the diagnosis confirmed and 
appropriate therapy instituted. 

Cryotherapy or Digital Cooling 
There is experimental, and some clinical, evi¬ 
dence that chilling of the feet is effective in 
preventing development of laminitis and in 
attenuating the effects of established (acute) 
laminitis induced experimentally. 8 

Progression of experimental laminitis 
(CHO model) can be prevented by cooling 
(chilling) of the feet of horses during the pro¬ 
dromal and acute phases of the disease. 76,78 
Cooling of the distal limbs of horses admin¬ 
istered 10 g/kg body weight of oligofructose 
markedly reduced the clinical signs of lami¬ 
nitis and development of histologic lesions in 
the feet of treated horses. Cooling in the 
experimental model began at the time of 
administration of oligofructose and contin¬ 
ued for 72 hours. Horses treated by immer¬ 
sion of the limbs in cold water (0.5 to 2.0° C; 
33-36 F) had only mild signs of lameness 
(grade I or less) at all times up until eutha¬ 
nasia at 72 hours. 76 Furthermore, chilling of 
the limbs significantly reduced expression of 
a range of genes of proinflammatory proteins 
and increased expression of an antiinflam¬ 
matory protein during both the prodromal 
and clinical phases of disease.' 9 

Chilling of limbs after the onset of 
laminitis induced by oligofructose prevents 
lamellar structural failure and reduces the 
severity of damage to lamellae. 80 Chilling 
(cryotherapy) of feet was initiated as soon as 
Obel grade II lameness was detected (horses 
were examined every 4 hours) and continued 
until euthanasia 36 hours after onset of lame¬ 
ness. Horses were also administered phenyl¬ 
butazone (8 mg/kg IV—a high dose) and had 
continuous peripheral nerve block to allevi¬ 
ate foot pain. The frequency of weight shift¬ 
ing was significantly reduced in chilled feet, 
as assessed by pedometer, which was inferred 


as indicating less pain in chilled feet. It is 
important to consider that model was one of 
experimental laminitis, chilling was initiated 
less than 4 hours after onset of lameness, and 
chilling was maintained continuously for the 
duration of the study (36 hours). Whether 
the treatment would be as effective for other 
forms of laminitis or if initiated later in the 
development of lameness, and the optimal 
duration of chilling, are not known. 

A retrospective case-control study iden 
tified that horses at risk of developing lami¬ 
nitis secondary to colitis were 0.14 (95% 
confidence interval [Cl] 0.04 to 0.51) times 
less likely to develop laminitis if treated with 
digital cryotherapy. 

It has been practice for some time by both 
laypeople and veterinarians to cool the feet 
of acutely laminitic horses. With evidence 
that chilling reduces clinical and biochemical/ 
genetic signs of inflammation in the feet of 
horses with induced laminitis, there is justi¬ 
fication for clinical trials to determine the 
usefulness of this treatment in horses with 
acute or ongoing (chronic, active) laminitis. 
Prophylactic chilling of the feet of horses at 
high risk of developing laminitis, such as 
those with colitis, pleuropneumonia, metri¬ 
tis, and grain engorgement, could be consid¬ 
ered, recognizing that there is a history of 
proposed treatments for laminitis that have 
not lived up to their promise. Protocols for 
chilling of limbs in a clinical setting have not 
been developed or demonstrated to be effec¬ 
tive and without important adverse effects. It 
is important that any such protocols address 
issues such as the optimal time for starting 
cooling of limbs in horses with acute lamini¬ 
tis, duration of treatment, how to rewarm 
the limb, whether all limbs or only the fore¬ 
limbs should be cooled, efficacy in differing 
forms of laminitis (endocrinopathic, sepsis- 
associated, supporting limb, concussive), 
and long-term outcome. Techniques have 
been developed to assist in monitoring the 
distal limb temperatures of horses during 
limb chilling. 81 

Analgesics and 
Antiinflammatory Drugs 
A mainstay of the treatment of both 
acute and chronic laminitis is the use of non¬ 
steroidal antiinflammatory drugs (NSAIDs). 
These are administered to provide pain relief, 
and there is no evidence that they delay pro¬ 
gression of the disease. 

Phenylbutazone, at doses of 2.2 to 
4.4 mg/kg IV or orally every 12 to 24 hours, 
is an effective analgesic in cases of mild to 
moderate laminitis. Higher doses (6.6 mg/kg 
every 12 to 24 hours) can be required in 
severe cases. However, the potential for 
phenylbutazone toxicosis, evident as colic, 
gastrointestinal ulceration, nephrosis, hypo- 
proteinemia, leukopenia, and hyponatremia, 
is dose related, and high doses of phenylbu¬ 
tazone should only be used for at most 
several days and only in horses experiencing 


severe pain. Flunixin meglumine (1.1 mg/ 
kg, IM or IV every 8 to 12 hours) or keto- 
profen (2.2 mg/kg, IM every 12 to 24 hours) 
are also effective analgesics. Their concurrent 
use with phenylbutazone can enhance pain 
relief but also increases the risk of NSAID 
toxicosis. A number of other NSAIDs are 
available for use in horses (meloxicam, firo- 
coxib) and might be useful for management 
of pain in some horses. The use of aspirin is 
dealt with under “Anticoagulants.” 

Narcotic analgesics such as butorphanol, 
morphine, and meperidine (pethidine) 
provide effective pain relief; a-2 agonists 
such as xylazine and detomidine provide 
only brief respite from the pain. 

Horses with severe lameness (Obel grade 
III or IV) might benefit from administration 
of drug cocktails including tramadol and 
subanesthetic doses of ketamine (0.6 mg/kg 
per hour IV) 82 or constant-rate infusions of 
a mixture of an a-2 agonist, a narcotic, and 
ketamine. 83 The use of objective assessment 
tools to assess the severity of pain and 
response to administration of analgesics 
is preferred over unstructured assessment 
of pain. 83 

Local analgesia of the foot with agents 
such as lidocaine or bupivacaine provides 
marked pain relief. However, analgesia is 
usually only brief, depending on the agent 
used, and has the disadvantage of causing the 
horse to bear more weight on the affected 
limbs. Local analgesia can be useful in facili¬ 
tating relocation of the horse, hoof trim¬ 
ming, corrective shoeing, or application of 
sole and frog support, but not as a routine 
treatment. 

Lidocaine, administered intravenously as 
a constant-rate infusion, has been advocated 
as an antiinflammatory drug for the treat¬ 
ment of laminitis. However, evidence from 
the black-walnut model of laminitis does not 
indicate efficacy in reducing markers of 
inflammation. 84 

Because of suspicion that corticosteroids 
induce or exacerbate laminitis, at this time 
their use is contraindicated in the treatment 
of laminitis. 24 ' 26,85,86 

Vasodilatory Drugs 

Vasodilatory drugs are used on the premise 
that vasoconstriction is an important mecha¬ 
nism underlying the development or pro¬ 
gression of acute laminitis. Several classes of 
drugs have been used, including a-adrenergic 
antagonists such as phenoxybenzamine and 
phentolamine, drugs with multiple mecha¬ 
nisms of action such as acepromazine and 
isoxsuprine, and nitric oxide donors such 
as glyceryl trinitrate (nitroglycerine) and l- 
arginine. None of the vasodilatory drugs 
should be used in horses with compromised 
cardiovascular function or dehydration. 

Phenoxybenzamine and phentolamine 
are not readily available and have limited 
use. Phenoxybenzamine causes sedation. 
Acepromazine is a potent vasodilator, 




principally because of its a-adrenergic 
antagonist activity, that is currently used 
occasionally in the treatment of acute lami¬ 
nitis. 12 Acepromazine increases blood flow to 
the digit, but its effect on nutritive flow to the 
lamellae is unknown, as is the case for all the 
vasodilators. The effect of Acepromazine 
persists for approximately 90 minutes after 
IV administration. Acepromazine can be 
administered at dose rates ranging from 0.01 
to 0.05 mg/kg, IM, every 6 to 12 hours. Seda¬ 
tion may be considerable at the higher doses 
and/or with more frequent administration 
and might be a desired effect in reducing 
movement (and hence potential for further 
damage to lamellae) and anxiety. Isoxsu- 
prine is a combined a-antagonist and 
(3-agonist that increases blood flow to the leg 
but not to the foot in normal horses. It has 
been used at doses of 1 to 1.5 mg/kg orally 
every 12 hours. Pentoxifylline (4.4 mg/kg 
orally q8h), which increases red blood cell 
deformability, does not increase digital blood 
flow in normal horses. 

Application of nitroglycerine a nitric 
oxide donor, to the palmar digital arteries of 
affected horses has been reported to increase 
or not affect blood flow to the dorsal hoof 
wall. However, the effect of these substances 
on the course of the disease is unknown. In 
spontaneous cases of acute laminitis, nitro¬ 
glycerine has been applied to the skin over 
both palmar digital arteries of affected feet at 
a dose of 15 to 30 mg per artery, once daily. 
However, because of lack of evidence of effi¬ 
cacy and the potential for systemic hypoten¬ 
sion secondary to systemic absorption of the 
drug, its use is no longer recommended. 

Anticoagulants 

Anticoagulant drugs are administered to 
prevent the development of microthrombi 
within the hoof. Current evidence does not 
support an important role for microthrombi 
in the development of laminitis. However, 
activated platelets do accumulate in lamellar 
vessels and release vasoactive compounds. 59 
Aspirin is a very poor analgesic in horses but 
is used because it reduces platelet aggrega¬ 
tion in normal horses by blocking formation 
of thromboxane A 2 . However, thromboxane 
may not be an important cause of platelet 
aggregation in horses. Aspirin is adminis¬ 
tered at a dose of 10 mg/kg orally every 48 
hours. The efficacy of aspirin in the treat¬ 
ment of laminitis has not been determined. 

Heparin in sufficient doses prolongs 
blood clotting, provided that there is ade¬ 
quate antithrombin III in the patient’s blood. 
Heparin has been reported to prevent or to 
have no effect on the development of lamini¬ 
tis in horses with anterior enteritis or colic, 
respectively. Heparin can be administered at 
40 to 80 IU/kg IV or subcutaneously (SC) 
every 8 to 12 hours for 3 to 5 days. Anemia 
can develop during heparin administration 
but resolves rapidly when administration of 
the drug is stopped. 
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Administration of low-molecular-weight 
heparin is proposed as prophylaxis for lami¬ 
nitis in horses at high risk of the disease. A 
study of horses admitted for colic surgery 
included 304 horses treated with low- 
molecular-weight heparin between 1995 and 
2007 and 56 horses, admitted before 1995, 
that were not treated with the compound 
found that the prevalence of horses develop¬ 
ing laminitis in the treatment group (3.3%; 
95% Cl, 1.7% to 6.2%) was significantly 
lower than in the control group (10.7%; 95% 
Cl, 4.4% to 22.6%). 87 However, horses in the 
control group were a historical control, and 
there might well be other factors that con¬ 
tributed to the reduction in incidence of 
laminitis, such as improved preoperative, 
intraoperative, and postoperative care. This 
one study cannot be considered to provide 
proof of efficacy. 

Mechanical Support 
Mechanical support to provide pain relief, 
minimize further damage to lamellae, and in 
an attempt to prevent rotation or distal dis¬ 
placement of the pedal bone is an important 
part of the care of horses with acute 
laminitis. 

Support of the frog and/or sole can be 
achieved using packing material such as 
dental acrylic or firm plastic or silicone that 
is molded to conform to the shape of the sole. 
Some clinicians prefer to use wedge pads to 
elevate the heel and reduce tension in the 
deep digital flexor tendon, with the aim of 
preventing rotation of the distal phalanx by 
reducing “break-over” forces. Trimming of 
the toe could achieve the same effect. 

Housing the horse on sand or other soft 
bedding is frequently recommended. 

Corrective shoeing of horses with chronic 
laminitis is widely practiced, and there are 
proponents of a wide variety of shoe types 
(fullered egg-bar, heart-bar, glue-on shoes). 
Appropriate hoof care, which might include 
shoeing, is important in managing horses 
with chronic laminitis. Interestingly, there 
was not a difference among shoe types in 
efficacy for pain relief in horses with chronic 
laminitis. 

Promotion of Healing 
Methionine has been given to both acute 
and chronic laminitis cases on the known 
requirement for methionine in the chondroi- 
tin complex of collagen. There is some ratio¬ 
nale for the treatment, but it seems more 
appropriate as a supportive than as a princi¬ 
pal treatment. The oral dose rate is 10 g/day 
for 3 days followed by 5 g/day for 10 days. 

Antibiotics might be indicated to treat 
secondary infection of the degenerate 
lamellae. 

Rest is important in the convalescent 
phase. Horses with no rotation or sinking of 
the pedal bone should be rested after resolu¬ 
tion of the clinical signs. Return to work 
should be gradual. Horses that develop 


rotation or sinking of the pedal bone should 
be monitored both by physical examination 
and radiographic examination. It will be 
many months before horses with even mild 
rotation can be returned to work. Horses 
with severe rotation or sinking will likely 
never resume active work, although they 
may become pasture sound. 


TREATMENT 


Summary of treatment of acute laminitis 

Depending on the cause, treatment of acute 

laminitis should include: 

• Chilling of the limb (cryotherapy) (R-1) 

• Administration of nonsteroidal 
antiinflammatory drugs (R-1) 

• Administration of vasodilators 
(acepromazine) (R-2) 

• Support of the frog and/or sole (R-1) 

• Application of nitroglycerin (R-4) 

• Aggressive treatment of the inciting disease 
(R-1) 

• Trimming the hoof, distal phalanx 
realignment, and corrective shoeing (R-1) 


Chronic Laminitis 

The prognosis for return to normal of horses 
with chronic or refractory laminitis (lamini¬ 
tis of more than 1 week’s duration) is poor 
(see previous discussion for the use of radi¬ 
ography to determine prognosis). 

Treatment includes NSAIDs for pain 
relief, corrective shoeing (egg-bar or heart- 
bar shoes), trimming of the hoof (shortening 
the toe or complete removal of the dorsal 
hoof wall), and realignment of the distal 
phalanx. 88 Rehabilitating rotational displace¬ 
ment usually involves shoeing changes that 
move the center of pressure of the foot cau- 
dally from its normal position under the 
toes, decrease tension on the deep digital 
flexor tendon to reduce rotational forces on 
the distal phalanx that act to increase the 
distance between the distal phalanx and 
dorsal hoof wall, provide axial support of 
load structures within the perimeter of the 
wall (sole, frog, bars), and ease break-over in 
all directions (medial, lateral, and dorsally) 
in an effort to reduce distraction forces on 
the lamellae during movement.' 5 Methods to 
move the center of pressure caudally and 
decrease tension on the deep digital flexor 
tendon using bar shoes and a heel elevation 
are recommended. " Use of a wedge to 
counteract rotational forces might be 
beneficial. 1 

Tenotomy of the deep digital flexor can 
provide relief, but the efficacy of this proce¬ 
dure in affecting long-term outcome has not 
been well demonstrated. 1 5 

CONTROL 

The disease is not readily subject to control 
because of its sporadic nature, with the 
exception of management of diseases that 
increase risk of laminitis, such as PPID, 
insulin resistance, and EMS. Details of the 









1404 


Chapter 15 


Diseases of the Musculoskeletal System 


management of these conditions is provided 
elsewhere. 

Moderate exercise by nonobese ponies 
previously affected with laminitis reduced 
serum amyloid A concentrations and hapto¬ 
globin concentrations and led to reductions 
in exercise-induced increases in postexercise 
serum insulin concentrations. 89 These results 
suggest a beneficial role for relatively low- 
intensity exercise (10 minutes enforced 
walking followed by 5 minutes of trotting) on 
inflammation in ponies at risk of laminitis. 

FURTHER READING 

Katz LM, Bailey SR. A review of recent advances and 
hypotheses on the pathogenesis of acute laminitis. 
Equine Vet J. 2012;44:752-761. 

Pollitt C. Advances in laminitis. Parts 1 and 2. Vet Clin 
North Am-Equine. 2010;26(l-2):l-466. 
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LAMINITIS IN RUMINANTS 
AND SWINE 


SYNOPSIS 


Etiology Degeneration of the sensitive 
laminellae of the hoof. 

Epidemiology 

Cattle: An endemic disease of some herds of 
high-producing dairy cattle, and in feedlots. 
Associated with ruminal acidosis, either 
clinical or subclinical. 


Clinical signs 

Cattle: Inapparent to severe lameness, most 
common in the hindfeet. Predisposition to 
other infectious or traumatic diseases of 
the foot. 

Clinical pathology None characteristic of the 
disease. 

Diagnostic confirmation Physical 
examination. Radiography. 

Treatment 

Cattle: Nonsteroidal antiinflammatory drugs. 
Corrective hoof care. 

Control 

Cattle: Dietary control to prevent ruminal 
acidosis. Correction of housing and flooring 
problems. 


ETIOLOGY 

Laminitis is caused by acute degeneration of 
the sensitive primary and secondary lamel¬ 
lae of the hoof. The cause of this degenera¬ 
tion is unknown, although the disease can 
be induced by administration of oligofruc- 
tose (17 g/kg, orally) to dairy heifers. 1,2 The 
disease is less well characterized than that 
of horses, and several conditions are often 
classified as laminitis. Laminitis in dairy 
cattle occurs as part of a spectrum of foot 
diseases. 3,4 There is a detailed description of 
the radiographic (CT) anatomy of the digit 
of cattle. 5 

EPIDEMIOLOGY 

Occurrence 

In cattle the disease can occur as clusters in 
herds and on farms where a predisposition 
appears to be inherited or where access to 
large quantities of soluble carbohydrate are 
available, such as for high-producing dairy 
cows or feedlot cattle. On farms of high- 
producing dairy cattle the prevalence may be 
as high as 78%. The prevalence of laminitis- 
related hoof lesions in Norwegian dairy 
cattle is 18%, 6 although the prevalence is 
lower in Switzerland. Among Swiss cattle, 
5.4% had signs of subclinical laminitis, and 
3.3% had signs of chronic laminitis. 7 A recent 
study of 1352 dairy cows in Israel detected 
lameness in 387 (28.6%). 8 Of these lame 
cows, 320 (82.7%) had 591 lesions that could 
be associated with subclinical laminitis. 8 

Risk Factors 
Cattle and Sheep 

Subclinical laminitis that predisposes to the 
development of other diseases of the hoof 
occurs in calves and first-calf heifers and is 
common in intensively fed feedlot cattle. 
Laminitis, conditioned by the inheritance of 
an autosomal-recessive gene, is recorded in 
Jersey heifers. 9 There may be an association 
between the disease in feedlot ruminants and 
ruminal acidosis. Administration of oligo- 
fructose to dairy heifers induced ruminal 
acidosis, with clinical signs of laminitis (hoof 
pain and abnormal gait) occurring by 30 
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hours after administration and being most 
severe at 3 to 5 days. 1 

Beef cattle being prepared for shows are 
often grossly overfed on high-grain rations 
and become affected with a chronic form of 
the disease that markedly affects their gait 
and may cause permanent foot deformity. 
The disease occurs in dairy cattle fed 
improper rations, especially first-calf heifers 
and cattle of herds attempting to increase 
milk production, and it is not uncommon for 
the disease to present as a herd problem. 

Among dairy cattle, the heifers are usually 
the most affected, and the disease usually 
develops soon after calving, with more than 
50% of cases occurring in the period 30 days 
before and 30 days after calving. There may 
be a relationship between being introduced to 
the herd, with the frequent harassment by 
dominant cows, when heavily pregnant, and 
when the surface of the yards is rough. 
Housing can be important, including stand¬ 
ing in slurry or having to twist and turn in 
narrow passageways and races, and there is an 
association between the prevalence of the 
disease and rough concrete floors. 

Diet is an important risk factor for devel¬ 
opment of laminitis in heifers. Diets of wet, 
fermented grass silage are associated with a 
greater risk of laminitis than are diets rich in 
dry unfermented straw and a concentrate. 
Furthermore, transition from a low- 
net-energy diet to a high-net-energy diet 
immediately after calving increases the risk 
of subclinical mastitis in Holstein dairy 
cows. 

The disease is also reported to occur after 
metritis, retained placenta, mastitis, and 
mammary edema, but the incidence is not 
usually very high. 

Pigs 

Laminitis has been recorded in pigs, but the 
disease is difficult to diagnose in this species, 
and many cases secondary to other diseases 
(e.g., postparturient fever) can be missed. 
The disease is also recorded when pigs are 
fed very heavy concentrate diets. 

Importance 

Subclinical laminitis of dairy cattle predis¬ 
poses to other hoof disease that decrease 
milk production. 10 

PATHOGENESIS 

The pathogenesis of laminitis in cattle, sheep, 
and pigs is unclear but likely has some simi¬ 
larity to that in horses (see “Laminitis in 
Horses”), with increased expression of genes 
coding inflammatory or proinflammatory 
products in corium of cattle with induced 
laminitis. 11 The links between nutrition and 
lameness in cattle have been reviewed. 12 
Chronic laminitis leads to a low resistance of 
claw horn to mechanical insults in the dorsal 
wall, abaxial wall, and sole, 13 which could 
explain why laminitis predisposes cattle to 
other foot lesions. 


CLINICAL FINDINGS 

Cattle and Sheep 

In cattle and sheep the clinical picture is 
similar to but less marked than that observed 
in the horse. 

In calves 4 to 6 months of age, and in 
heifers, an acute syndrome similar to that 
seen in the horse has been described. 
Affected animals lie down much of the time 
and are reluctant to rise. When they attempt 
to rise, they remain kneeling for long 
periods. Their standing posture is with all 
four feet bunched together with the back 
arched; they shift their weight from foot to 
foot frequently and walk with a shuffling, 
painful gait. The feet are painful when 
squeezed and later become flattened and 
enlarged and look as though slippers are 
being worn. There is severe ventral rotation 
of the third phalanx. 

In adult cows some cases have acute 
signs, whereas others show only local lesions. 
These include sole ulcers and patchy changes 
in the horn, including softening, waxy yellow 
discoloration, and red-brown patches sug¬ 
gestive of previous hemorrhage. The cow is 
chronically lame. 

Young bulls are very susceptible to lami¬ 
nitis and may develop abnormalities of gait 
and posture, such as a stilted gait and fre¬ 
quent knuckling of the fetlocks, which may 
mislead the diagnostician. 

Chronic laminitis in adult cows is char¬ 
acterized by a smaller anterior hoof wall-sole 
angle, down from 55 degrees to 35 degrees, 
a concave anterior wall, and the appearance 
of horizontal grooves (growth arrest lines) 
around the entire claw. The sole is usually 
dropped a little, and bruising and sole ulcers 
may be present. Overgrowth of the sole 
of the lateral claw may reach the point of 
creating a false or double sole. The white 
line is greatly widened and disrupted, and 
stones and other debris may be impacted 
in it. 

Chronic, traumatic laminitis is most 
common in heifers when they are first intro¬ 
duced into the milking or dry herds. Housing 
them on concrete and exposing them to fre¬ 
quent confrontations with bossy cows lead to 
the development of sole hemorrhages and 
inflammation of the laminae. 

Radiographic signs in cattle include 
rarefaction of the pedal bone, particularly 
the toe, and the development of osteo¬ 
phytes at the heel and on the pyramidal 
process. 

Pigs 

In sows the clinical signs are similar and 
include arching of the back, bunching of the 
feet, awkwardness of movement, increased 
pulsation in the digital arteries, and pain 
when pressure is applied to the feet. 

CLINICAL PATHOLOGY 

There are no changes that are characteristic 
of the disease. 


NECROPSY FINDINGS 

Histologic examination of claws from 
heifers killed 72 hours after overload showed 
changes consistent with acute laminitis, 
including stretched lamellae, wider basal 
cells with low chromatin density, and a thick, 
wavy, and blurry appearance of the basement 
membrane. 2,14 


DIFFERENTIAL DIAGNOSIS 


Cattle 

• White-muscle disease, epiphysitis, other 
primary diseases of the foot 


TREATMENT 

Although similar principles to those used to 
determine treatment of laminitis in horses 
are likely to apply to cattle, treatment in cattle 
is usually limited to administration of 
NSAIDs (aspirin 20 mg/kg, orally every 12 
hours, phenylbutazone 4.4 mg/kg orally 
every 48 hours, or flunixin meglumine 
1.0 mg/kg IV every 12 hours). The inciting 
cause (metritis, ruminal acidosis) should be 
treated aggressively. 

CONTROL 

Cattle and lambs that are brought into feed- 
lots should be gradually introduced to grain 
feeds and a higher forage:grain ratio pro¬ 
vided in the feed. Calves should not be fed 
intensively on grain until they are 14 months 
old because of the high frequency of internal 
hoof lesions at the earlier ages. Some protec¬ 
tion against laminitis in dairy cattle in inten¬ 
sive units is gained by careful planning of 
housing cubicles to make them more com¬ 
fortable and less damaging to the feet and by 
providing more straw in the cubicles. Exer¬ 
cise should be provided around calving time. 
Vaccination with a gram-negative bacterin- 
endotoxoid combination vaccine has pro¬ 
vided some protection against laminitis 
induced by grain overload. Dietary supple¬ 
mentation of biotin (20 mg per head per day) 
improves hoof health of primiparous dairy 
cows and may be beneficial in reducing the 
incidence or severity of lameness in a herd. 
This treatment might not improve objective 
indicators of hoof health, but it does improve 
production. 

Selection of traits for foot and leg confor¬ 
mation in Norwegian Red cattle is not asso¬ 
ciated with a reduced risk of disease of the 
claws. 15 
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Diseases of Joints 

DEGENERATIVE JOINT DISEASE 
(OSTEOARTHROPATHY) AND 
OSTEOCHONDROSIS 

There are two common noninfectious condi¬ 
tions of the joint, degenerative joint disease 
and osteochondrosis. The terms degenerative 
joint disease and osteoarthropathy are used 
here to describe noninfectious lesions of the 
articular surfaces of joints characterized by 
the following: 

• Degeneration and erosion of articular 
cartilage 

• Eburnation of subchondral bones 

• Hypertrophy of bone surrounding the 
articular cartilage, resulting in lipping 
and spur formation at the joint margins 
In contrast, a separate condition is osteo¬ 
chondrosis (dyschondroplasia), which is a 
degeneration of both the deep layers of the 
articular cartilage and the epiphyseal plate— 
a defect in endochondral ossification—that 
occurs most commonly in pigs and horses 
but also occurs in cattle. Osteochondrosis 
in horses is one of a number of conditions 
included in developmental orthopedic 
disease, which is a catch phrase that includes 
a number of skeletal conditions of the rapidly 
growing horse. 1 

ETIOLOGY AND EPIDEMIOLOGY 

The etiology of degenerative joint disease 
and osteochondrosis is not clear in some 
cases. In most of the commonly occurring 
cases, the lesions are considered to have a 
genetic basis and to be multifactorial and 
perhaps secondary to conformational defects 
resulting in excessive joint laxity, acute trau¬ 
matic injury of a joint, the normal aging 
process, and nutritional deficiencies. The 
etiologic information is primarily circum¬ 
stantial, and some of the epidemiologic 
observations that have been associated with 
degenerative joint disease and osteochon¬ 
drosis of farm animals are outlined here. 

Nutritional Causes 

• Secondary to, or associated with, rickets, 
osteomalacia, bowie, and 
osteodystrophia fibrosa 

• Coxofemoral arthropathy in dairy cattle 
associated with aphosphorosis 

• Experimental diets deficient in 
manganese or magnesium, causing 
arthropathy and joint deformity in some 


calves—magnesium supplementation of 
foals decreased the prevalence of 
osteochondrosis. 2 

• Copper deficiency is thought to be 
related to osteochondrosis and 
enlargement of limb joints in foals on 
pasture and pigs fed experimental 
copper-deficient diets, and deficiency 
appears to impair the repair of damaged 
bone. 1 

• Experimental riboflavin deficiency in 
pigs 

Toxic Causes 

• As part of the enzootic calcinosis 
syndrome caused by poisoning with 
Solanum malacoxylon and others 

• Fluorosis in cattle 

• Chronic zinc poisoning in pigs and foals 

Steroid Induced 

The intraarticular injection or prolonged 
parenteral administration of corticosteroids 
in horses may lead to degenerative joint 
disease. 

Biomechanical Trauma 

• Acute traumatic injury—injury to, for 
example, joint surfaces, menisci, and 
ligaments, especially the cruciate 
ligaments of the stifle joints of breeding 
bulls, may lead to chronic progressive 
osteoarthritis. Injuries to the 
femorotibial ligaments of horses can 
predispose to osteoarthropathy of the 
stifle joint. 

• Repeated subacute trauma to joint 
surfaces can lead to degenerative 
arthropathy. This is common in young 
racehorses in training, which may have 
their joint surfaces and surrounding 
tissues made susceptible to injury 
because of conformational defects and 
subtle deficiencies of calcium and 
phosphorus. Hard running surfaces may 
also contribute to the onset of 
degenerative joint disease. 

• Trauma caused by movement is 
suspected of contributing to the erosive 
lesions on the articular surfaces of some 
horses affected by enzootic 
incoordination, the intervertebral joints 
of caudal thoracic and cranial lumbar 
vertebrae of old bulls with spondylitis, 
and the condition of bulls with inherited 
spasticity. Coxofemoral osteoarthritis 
may occur in aged horses with joint 
instability and in calves with hip 
dysplasia. 

Degenerative coxofemoral arthropathy 
occurs in young beef bulls as early as 9 
months of age. A congenital shallow acetabu¬ 
lum may predispose bulls to this condition. 
It may be secondary to hip dysplasia, but in 
some cases there is no evidence of this. The 
large, weight-bearing joints subjected to 
the greatest movement and concussion 
appear to be most susceptible. Rapidly 


growing bull calves appear to be most sus¬ 
ceptible, and some of them have an inherited 
susceptibility. 

Aging Process 

Degenerative arthropathy in aged dairy cows 
and bulls may be a manifestation of the 
normal aging process. Degenerative joint 
disease and vertebral osteophysis occur in 
middle-aged bulls. 

Osteoarthrosis of the distal tarsal joints 
(hock), commonly known as bone spavin, is 
common in Icelandic horses and strongly 
related to age. In Icelandic horses aged 6 to 
12 years and used for riding, the prevalence 
of radiographic signs of osteoarthrosis in the 
distal tarsus increased from 18% in horses 6 
years of age up to 54% in 12-year-old horses. 
The age of onset of radiographic signs reflect 
a predisposition to bone spavin and indicates 
a trait with medium to high heritability. 
There is a high prevalence of chondronecro- 
sis in young Icelandic horses, indicating an 
early onset and slow progression of disease. 
The disease is the most common cause of 
culling as a result of disease in riding horses 
in the age group of 7 to 17 years. 

Osteoarthrosis of the antebrachial joint of 
riding horses has been described. Affected 
animals were aged mares that developed 
osteoarthrosis and ankylosis. The cause is 
unknown. 

Osteochondrosis 

Osteochondrosis occurs in rapidly growing 
cattle raised in confinement on hard, usually 
concrete, floors and with minimal exercise. 
Osteochondrosis has been reported in 
rapidly growing bull beef calves fed a diet 
lacking adequate calcium, sodium, copper, 
and vitamins A, D, and E and grazing on 
improved native pasture, in which a common 
ancestral sire and gender (all males) might 
have been contributing factors. Severe 
osteochondrosis of multiple joints but with 
remarkable changes in the humeral head and 
glenoid of both shoulder joints in 10-month- 
old beef calves has been described. 

Osteochondrosis in feedlot cattle may be 
associated with a high-calorie diet and rapid 
growth rate. It is thought that weight-bearing 
trauma in these rapidly growing animals is 
sufficient to cause degenerative lesions of 
certain joints, especially in animals with a 
skeletal conformation that results in abnor¬ 
mal stress on certain weight-bearing con¬ 
dyles of long bones. In a series of 42 cases of 
stifle lameness in cattle, 18 had evidence of 
subchondral bone cyst and ranged in age 
from 6 to 18 months. Subchondral bone cyst 
is considered as a common clinical manifes¬ 
tation of osteochondrosis. 

Osteochondrosis similar to that seen in 
pigs has been recorded in purebred Suffolk 
lambs raised in a system designed to produce 
rapidly growing, high-value rams. The 
disease has been recorded in a single pedi¬ 
gree Suffolk ram. 






Osteochondrosis is an important cause of 
lameness in horses. It is usually seen in young 
rapidly growing animals, and it affects males 
more commonly than females. Mares that are 
fed concentrates during pregnancy are more 
likely to produce foals that will develop clini¬ 
cal signs associated with osteochondrosis. 
Moreover, foals kept entirely on pasture for 
their first year of life are less affected with 
osteochondrosis than foals housed in box 
stalls. 3,4 The predilection sites of osteochon¬ 
drosis in the horse and their general order of 
incidence are hock, stifle, scapula-humeral 
joint, fetlock, and cervical spine. The stifle, 
hock, and scapula-humeral joints are more 
commonly affected, but many other joints 
may also be affected, including the metatarsal 
and metacarpal bones and, rarely, the acetab- 
ula of young foals. There is a nutritional com¬ 
ponent to osteochondrosis, with magnesium 
supplementation of foals decreasing the prev¬ 
alence 2 and copper deficiency appearing to 
interfere with normal bone-repair processes. 1 
There is also a genetic component to osteo¬ 
chondrosis, but the mechanism has not been 
identified. 

The epidemiology, heritability, and body 
measurements and clinical findings of osteo¬ 
chondrosis of hock and fetlockjoints in Stan¬ 
dardised trotters have been examined. The 
incidence of the disease is high in the Swedish 
Standardbred population and well developed 
by the age of 18 months. The incidence of 
osteochondrosis is higher in horses born later 
in the foaling season than earlier, and the inci¬ 
dence was related to body size: affected horses 
were taller at the withers and had a greater 
circumference of the carpus. This suggests 
that differences in body size at birth and the 
first few months of the foal’s life are of major 
importance in the development of osteochon¬ 
drosis. The heritability estimates of osteo¬ 
chondrosis in the hock and fetlock joints of 
753 Standardbred trotters 6 to 21 months of 
age were 0.52 and 0.21, respectively. 

Osteochondrosis and arthrosis are con¬ 
sidered to be major causes of “leg weakness” 
in rapidly growing pigs. Restricting the 
energy intake appears to decrease the preva¬ 
lence and severity of osteochondrosis when 
gilts are examined at 100 kg, and osteochon¬ 
drosis is more common in pigs with faster 
growth rates from weaning to 3 months of 
age. ’ The prevalence and severity of osteo¬ 
chondrosis in growing pigs are probably not 
related to floor type. Recent work has shown 
a significant relationship between body con¬ 
formation and the presence of joint lesions. 
Pigs with a narrow lumbar region, broad 
hams, and a large relative width between the 
stifle joints are highly susceptible to poor 
locomotor ability as a result of lesions in the 
elbow and stifle joints, the lumbar interver¬ 
tebral joints, and the hip joint. 

PATHOGENESIS 

A brief review of the structure and biochem¬ 
istry of the normal articular joint will serve 
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as background for understanding the patho¬ 
genesis of osteoarthropathy. 

Articular cartilage is a tissue consisting of 
chondrocytes scattered in a matrix of colla¬ 
gen fibers and an amorphous intercellular 
substance containing proteoglycans. Articu¬ 
lar cartilage contains no nerves, is avascular, 
and has a high matrix-to-cell ratio. The chon¬ 
drocytes are the only living matter in carti¬ 
lage, produce the fine strands of collagen, and 
are engaged in protein and proteoglycan syn¬ 
thesis. The matrix of the cartilage consists of 
water-soluble proteoglycans interspersed 
with collagen fibers, which are arranged in 
parallel rows superficially and crisscross 
rows closer to the calcified layer. This 
enables the cartilage to withstand shearing 
stresses superficially and compression more 
deeply. 

The proteoglycans are glycosami- 
noglycan-protein complexes, bound by a 
link glycoprotein to a linear hyaluronic 
acid molecule. The glycosaminoglycans in 
articular cartilage are chondroitin 4-sulfate, 
chondroitin 6-sulfate, and keratan sulfate. 
About 75% of the proteoglycans exist on 
aggregates that protect them from degrada¬ 
tion, and because of their high water 
content, they form large polyanionic com¬ 
plexes that have considerable elastic resis¬ 
tance to compression. 

Nutrition of the articular cartilage is pro¬ 
vided via the synovial fluid and is dependent 
on the capillary flow to the synovial mem¬ 
brane. Nutrients flow through the synovial 
fluid and diffuse through the cartilage to the 
chondrocytes. Proteoglycans are synthesized 
by the chondrocytes and secreted to the cell 
exterior. Proteoglycans are also degraded 
intracellularly by lysosomes. The normal 
equilibrium between anabolism and catabo¬ 
lism is maintained by several different 
low-molecular-weight proteins. When the 
equilibrium is disturbed and shifts toward 
catabolism, degeneration occurs. 

Primary Osteoarthropathy 

Primary osteoarthropathy is a result of 
normal aging processes and ordinary joint 
usage. The initial lesions occur in the super¬ 
ficial layers of the articular cartilages where, 
with increasing age, there is loss of the 
normal resilience of the cartilage, a lowering 
of the chondroitin sulfate content, and 
reduction in the permeability of the carti¬ 
laginous matrix, which results in progressive 
degeneration of the articular cartilage. There 
is grooving of the articular cartilage, eburna- 
tion of subchondral bone, and secondary 
hypertrophy of marginal cartilage and bone, 
with the formation of pearl-like osteophytes. 
In experimentally induced arthritis in the 
horse, the major changes include synovitis, 
increased synovial effusion, and superficial 
fibrillation with chondrocyte necrosis in the 
articular cartilage. These are comparable to 
the early changes in naturally occurring 
degenerative joint disease. 


Secondary Osteoarthropathy 

Secondary osteoarthropathy appears to be 
initiated by injuries or congenital conforma¬ 
tional defects that create greater shearing 
stresses on particular points, in contrast to 
the intermittent compressive stresses typical 
of ordinary weight-bearing. These irregular 
stresses result in cartilaginous erosion, 
increased density of subchondral bone at 
points of physical stress, and proliferation of 
bone and cartilage at the articular margins. 

hollowing acute trauma, the initial 
changes are often characterized by acute 
synovitis and capsulitis. As a result of the 
inflammatory response, leukocytes, prosta¬ 
glandins, lysosomal enzymes, and hyaluroni- 
dase enter the synovial fluid, which becomes 
less viscous, affecting the nutrition of the 
cartilage. There is some evidence of immune 
complexes associated with collagen-type- 
specific antibodies in horses with secondary 
osteoarthritis. Cytokines can be detected in 
the synovial fluid after racing in horses with 
degenerative joint disease. The cartilage 
matrix undergoes a variety of changes, pos¬ 
sibly because of chondrocyte damage with 
lysosomal enzyme release or as result of col¬ 
lagen fiber injury. There is an increase in 
water content and loss of orientation of the 
collagen fibers. Proteoglycans are lost, and 
although increased chondrocyte activity syn¬ 
thesizes proteoglycans, they are of lower 
molecular weight and altered glycosamino- 
glycan composition. This leads to loss of elas¬ 
ticity and surface integrity of the cartilage, 
resulting in increased friction, blistering, and 
ulceration. There is additional lysosomal 
enzyme release from the chondrocytes, 
resulting in matrix destruction and further 
proteoglycan destruction. The degrading 
enzymes enter the altered matrix and cause 
further degradation. 

The first stage of matrix degradation 
involves discoloration, softening, and blister¬ 
ing of the tangential layer of the cartilage 
surface, a process known as early fibrillation. 
As the Assuring extends to the radial layer, 
microfractures occur, with loss of cartilage 
fragments (detritus) into the synovial fluid. 
As the cartilage is destroyed, the underlying 
bone is exposed and becomes sclerotic. Bony 
proliferation occurs in the floor of the carti¬ 
lage lesions, whereas osteophyte formation 
occurs at the joint margins. The pathogenesis 
of degenerative joint disease indicates that 
the ideal treatment would be the use of a 
substance that would promote synthesis of 
matrix components and retard catabolic 
processes. 

The major proteoglycan in cartilage is a 
high-molecular-weight aggrecan that con¬ 
tains chondroitin sulfate and keratin sulfate 
chains located on specific regions of the core 
protein. These macromolecules are continu¬ 
ously released into the synovial fluid during 
normal cartilage matrix metabolism. Carti¬ 
lage proteoglycans are degraded early in the 
course of joint disease and released from the 
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cartilage into the synovial fluid, where they 
can be identified. 

In horses with degenerative joint 
disease, proteoglycan fragments—glycosa- 
minoglycans—have been determined in 
equine synovial fluid as indicators of 
cartilage metabolism in various types of 
arthritides. The intraarticular injection 
of corticosteroids depresses chondrocyte 
metabolism, alters the biochemical composi¬ 
tion, and causes morphologic changes in the 
articular cartilage, which remains biochemi¬ 
cally and metabolically impaired for several 
or more weeks. 

In femoral-tibial osteoarthrosis of 
bulls, the secondary degenerative joint 
lesions are a result of rupture of the attach¬ 
ments of the lateral meniscus resulting in 
mechanical instability in the joint, with 
unusual mechanical stresses on the articular 
cartilage leading to degeneration. The cranial 
cruciate ligament becomes progressively 
worn and eventually ruptures, resulting in 
loss of all joint stability and the development 
of gross arthrosis. In cattle with severe 
degenerative joint disease of the coxofemoral 
joints, an acetabular osseous bulla may 
develop at the cranial margin of the obtura¬ 
tor foramen. 

Osteochondrosis 

Osteochondrosis (dyschondroplasia) is char¬ 
acterized by a focal disturbance of the normal 
differentiation of the cells in the growing car¬ 
tilage as a result of failure of the blood supply. 
The failure is associated with the process of 
incorporating blood vessels into the ossifica¬ 
tion front during growth, 6 but, experimen¬ 
tally, bacteremia can also result in vascular 
occlusion. The end result is a focal ischemic 
chondronecrosis, which can lead to forma¬ 
tion of pseudocysts and true cysts in the sub¬ 
chondral bone.' Osteochondrosis should 
therefore be considered as a disease that 
occurs multifocally at predilection sites. 
Both the metaphyseal growth plate (the 
growth zone of the diaphysis) and immature 
joint cartilage (the growth zone of the epiph¬ 
ysis) are affected. The loss of normal differ¬ 
entiation of the cartilage cells results in 
failure of provisional calcification of the 
matrix and endochondral ossification ceases. 
Degeneration and necrosis of blood vessels 
in cartilage canals results in ischemia of an 
area of growing cartilage, followed by chon¬ 
drocyte degeneration and death. The initial 
lesion occurs in growing cartilage, and dys¬ 
chondroplasia is a more appropriate term. 
The primary lesion of osteochondrosis 
directly affects the differentiation and matu¬ 
ration of the cartilage cells and the surround¬ 
ing matrix that are destined to become 
replaced by bone. This can occur at the two 
sites of endochondral ossification in long 
bones—the articular/epiphyseal cartilage 
complex and the metaphyseal growth plate. 
In osteochondrosis, the capillary buds fail 
to penetrate the distal region of the 


hypertrophic zone, which leads to a failure of 
the final stages of cartilage maturation and 
modification of the surrounding matrix. 
These changes lead to retention and thicken¬ 
ing of cartilage with subsequent weakening 
of the articular/epiphyseal cartilage complex. 

Typical lesions in the horse involve 
extensive cartilaginous and subchondral 
bone degeneration with flap formation and, 
ultimately, loose pieces in the joint. This is 
usually referred to as osteochondritis disse¬ 
cans and is associated with synovial effusion 
and varying degrees of synovitis. Osteochon¬ 
dral fracture associated with severe patho¬ 
logic changes to the subchondral bone 
occurs most commonly on the trochlear 
ridges and the lateral or medial malleoli of 
the hock. It is likely that osteochondrosis 
lesions develop in foals within the first few 
months of extrauterine life, which is much 
earlier than originally thought. 

In rapidly growing pigs raised in con¬ 
finement with minimal exercise, osteochon¬ 
drosis and arthrosis are seen as degeneration 
of the deep layer of the articular cartilage and 
adjacent subchondral bone with degenera¬ 
tive lesions of the epiphyseal plate. Lesions in 
the epiphyseal plate may result in epiphysio- 
lysis, which occurs most commonly in the 
femoral head. The typical lesions are usually 
symmetric and commonly involve the elbow, 
tarsocrural, stifle, and hip joints and the 
distal epiphyseal plate of the ulna. 5 Lesions 
also occur in the intervertebral articulations. 
The lesions are common in pigs when they 
are examined at slaughter (90 to 100 kg BW), 
and there might have been no evidence of 
clinical abnormality, or a proportion of the 
pigs with severe lesions might have been 
affected with leg-weakness syndrome. Osteo¬ 
chondrosis and Erysipelothrix rhusiopathiae 
are the most common causes of nonsuppura¬ 
tive joint disease of pigs examined at the 
abattoir. Thus not all lesions are clinical. 

CLINICAL FINDINGS 

The major clinical characteristic is a chronic 
lameness that becomes progressively worse 
over a long period of time and does not 
usually respond to treatment. The disease is 
insidious and generally not clinically appar¬ 
ent in the early stages. A common clinical 
history is that the affected animal becomes 
progressively more lame over a period of 
weeks and months and prefers long periods 
of recumbency. The lesion may develop 
slowly over a period of weeks and months 
during the convalescent stages of an acute 
traumatic injury to the joint when recovery 
is expected but the animal continues to be 
lame. 

There is usually difficulty in flexing 
affected joints normally, which results in a 
stiff and stilted gait. In cattle confined to 
stanchions, one of the earliest and persistent 
signs is shifting of weight from limb to limb. 
In dairy cattle, as the lesions become more 
painful, there is a decline in appetite and 


milk production, prolonged recumbency, 
and considerable difficulty in rising from the 
recumbent state. In the early stages, there 
may be an apparent remission of the lame¬ 
ness, but relapses are common. The bony 
prominences of the joint eventually appear 
more prominent than normal, which is a 
result of disuse muscle atrophy of the affected 
limbs. Acute and marked distension of the 
joint capsule is not as common as it is in an 
infectious or suppurative arthritis, but joints 
can slowly distend over weeks to months 
(Fig. 15-8). The joint capsule of palpable 
joints is usually not painful on palpation. 
Passive flexion of affected joints may be 
painful, and it may be possible to elicit crepi¬ 
tus as a result of detached pieces of cartilage 
and bone and osteophytes surrounding the 
articular cartilage. However, crepitus is most 
common in the large movable joints, such as 
the stifle, and commonly in osteoarthropa¬ 
thy secondary to acute traumatic injury of 
the meniscus and cranial cruciate ligament 
of the joint. 

Osteochondrosis in cattle is character¬ 
ized by chronic long-standing lameness, 
either with or without joint effusion. Joint 
fluid analysis is usually normal or indicates 
nonseptic inflammation. The stifle joint is 
most commonly affected, followed by the 
hock joint. In osteochondrosis in young, 
rapidly growing bulls there is reluctance to 
move, stiffness, enlargement of the ends 
of long bones, and a straightened joint. 
Although there may be clinical evidence of 
lameness in less than 40% of affected cattle, 
radiographically, 88% of the lesions are bilat¬ 
eral. Young breeding bulls in the early stages 
of coxofemoral arthropathy may be reluctant 
to perform the breeding act and yet appear 
to have sufficient libido. 

Osteochondrosis in the horse is charac¬ 
terized by a wide range of clinical signs, and 
in some cases lesions are not accompanied 
by clinical signs. The most common sign of 
osteochondrosis is a nonpainful distension 
of an affected joint. In foals under 6 months 
of age, a tendency to spend more time lying 
down is common. This is accompanied by 
joint swelling, stiffness, and difficulty keeping 
up with the other animals in the group. An 
upright conformation of the limbs may also 
be present. In yearlings or older animals the 
common clinical signs are stiffness of joints, 
flexion responses, and varying degrees of 
lameness. 

In the horse with osteochondrosis of the 
shoulder joint there is intermittent lameness, 
characterized by a swinging leg and shoulder 
lameness with pain elicited by extension, 
flexion, or abduction of the limb. Secondary 
joint disease is also a common finding. In a 
retrospective study of osteochondrosis dis¬ 
secans in 21 horses, affected animals were 8 
months to 5 years of age. The usual age of 
onset of clinical abnormalities was 18 to 24 
months. The common presenting complaints 
included joint effusion and lameness of 
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Fig. 15-8 Bilateral tarsitis in a lactating Holstein-Friesian cow. Note the marked joint effusion 
centered on both tarsal joints and the excessively straight hindlimbs. 


Table 15-3 Laboratory evaluation of synovial fluid in diseases of the joints 

Synovial fluid analysis 

Normal joint 

Degenerative arthropathy 

Infectious arthritis 

Gross appearance 

Colorless, clear 

Pale yellow, may contain 
flocculent debris 

Turbid, yellow 

Total volume 

— 

Normal or slight increase 

Usually marked increase 

Clot formation 

No clot 

No clot 

May clot within minutes 
after collection 

Erythrocytes (pL) 

<4,000 

6,000-12,000 

4,000-8,000 

Leukocytes (pL) 

<250 

250-1,000 

50,000-150,000 

Neutrophils (%) 

7 

10-15 

80-90 

Lymphocytes (%) 

35-40 

45-50 

4-8 

Monocytes (%) 

45-50 

35-40 

1-3 

Microbiology 



May be able to culture 
bacteria, mycoplasma, or 
virus, but not always 

Total protein (g/dL) 

1.2-1.8 

1.6-1.8 

3.2-4.5 

Relative viscosity 

— 

Slightly reduced 

Decreased 

pH 

— 

— 

Decreased 


Other laboratory analyses of synovial fluid include the following: sugar content, alkaline phosphatase 
activity, lactic dehydrogenase activity, aldolase activity, glutamic oxaloacetic transaminase activity, glutamic 
pyruvic transaminase activity, mucinous precipitate quality. 


either gradual or sudden onset. The preva¬ 
lence was higher in males than in females. 

Common clinical findings in pigs with 
osteochondrosis are hyperflexion of the 
carpus, limb bowing, adduction of both fore¬ 
legs at the level of the carpus, hyperextension 
of the fore and hind phalanges, and anterior 
curvature of the tarsus. One of the first clini¬ 
cal abnormalities of osteochondrosis and 
epiphysiolysis in young breeding boars may 
be inability to mount the sow—impotentia 
coeundi. Locomotory dysfunction involves 
primarily the hindlegs. There is pronounced 
swaying of the hindquarters and crossing of 
the hindlegs with each step, which makes the 
pig appear uncoordinated. Epiphysiolysis of 
the head of the femur occurs in young pigs 
from 5 months to 1 year of age. There is 
usually a history of slight to moderate lame¬ 
ness, sudden in onset and affecting one or 
both hindlimbs. The onset of lameness may 
coincide with some physical activity such as 
breeding, farrowing, or transportation. The 
lameness is progressive, and in about 7 to 10 
days the animal is unable to use its hindlegs. 
Crepitus may be audible on circumduction 
of the affected limb, and radiography may 
reveal the separation. 

DIAGNOSIS 
Joint Fluid 

The changes in the synovial fluid of joints 
affected with degenerative arthropathy are 
usually unremarkable and can be readily dis¬ 
tinguished from the changes in infectious 
arthritis. A summary of the laboratory evalu¬ 
ation of synovial fluid in diseases of the joints 
is set out in Table 15-3. The isolation of an 
infectious agent from the synovial fluid of a 
diseased joint suggests the presence of septic 
arthritis, but failure to isolate an organism 
must not be interpreted as the presence of a 
noninfectious arthritis. In well-advanced 
cases of septic arthritis the number of organ¬ 
isms may be small, or they might have been 
phagocytosed by neutrophils in the joint 
fluid. 

Total protein concentration and viscos¬ 
ity of synovial fluid of horses can be deter¬ 
mined. Normal values are available, and the 
concentration and molecular weight distri¬ 
bution of hyaluronate in synovial fluid from 
clinically normal horses and horses with dis¬ 
eased joints have been compared. Synovial 
fluid viscosity is reduced in horses with 
infectious and chronic arthritides and with 
radiographic evidence of cartilage degenera¬ 
tion. The synovial fluid hyaluronate concen¬ 
tration can be used as a diagnostic marker 
for chronic traumatic arthritis. However, 
high-molecular-weight proteoglycans or 
other markers in the synovial fluid cannot be 
used for diagnosing or monitoring degenera¬ 
tive joint disease. 

Infrared spectroscopy measures the 
infrared absorption patters of molecules in 
synovial fluid when exposed to infrared 
light. Infrared spectroscopy of synovial fluid 















1410 


Chapter 15 


Diseases of the Musculoskeletal System 


indicated that the infrared patterns from 
equine joints with traumatic arthritis dif¬ 
fered from the pattern for corresponding 
healthy joints. 8 It remains to be determined 
whether this technology provides additional 
clinical information to that obtained by the 
routine analysis of synovial fluid. Hematol¬ 
ogy and serum biochemistry should be 
combined with appropriate hematology 
and serum biochemistry where indicated, 
although the results rarely change treatment 
protocols or prognosis. The concentration of 
hyaluronic acid in synovial fluid can be 
determined using an assay technique. The 
determination of serum calcium and phos¬ 
phorus may reveal the existence of a dietary 
deficiency or imbalance of minerals. 

Radiography 

Radiography of the hock joints in a 
craniomedial-caudolateral oblique view and 
of the fetlock joints in lateromedial view are 
standard techniques for the diagnosis of 
osteochondrosis in the horse. Those joints 
with abnormal radiographs may be radio¬ 
graphed from additional perspectives. 
Horses with bony fragments or defects at 
the cranial edge of the intermediate ridge of 
the distal aspect of the tibia or defects at the 
lateral trochlea of the talus can be classified 
as having osteochondrosis. The radiographic 
progression of femoropatellar osteochondro¬ 
sis in horses under 1 year of age at the onset 
of clinical signs has been examined. The full 
extent of the radiographic lesions may take 
several weeks to develop. 

Arthroscopy 

Arthroscopic examination and surgery of 
affected joints of horses with osteochondro¬ 
sis can provide considerably more informa¬ 
tion than is possible from clinical and 
radiographic examination alone. 

NECROPSY FINDINGS 

In degenerative joint disease the joint carti¬ 
lage is thin or patchily absent, and polished 
subchondral bone is evident. The articular 
surfaces are irregular and sometimes folded. 
Exposed bone may be extensively eroded, 
and osteophytes (small bony excrescences, 
appearing like pearls) may be present on the 
nonarticular parts of the joint on the circum¬ 
ference of the articular cartilage. The syno¬ 
vial fluid is usually only slightly increased in 
volume and appears amber-colored. Menisci 
and intraarticular cartilages and ligaments 
may be entirely absent, and there may be 
areas of calcification in the joint capsule and 
cartilages free in the synovium. When the 
stifle is affected, fractures of the head of the 
tibia occur commonly, usually a chip of 
the lateral condyle having become separated. 
In such cases, fractures of the lateral condyle 
of the distal end of the femur may follow. 
With either of these fractures, lameness is 
extreme, and the animal may often refuse to 
rise. When the hip joint of bulls is affected, 


the head of the femur becomes smaller and 
more flattened than normal, the acetabulum 
is shallower, and the round ligament is 
usually ruptured. 

In osteochondrosis there is splitting and 
invagination of articular cartilage, loss of 
articular cartilage, chip fractures of condyles, 
exposed and collapsed subchondral bone, 
osteophyte formation around the circumfer¬ 
ence of the articular cartilage, and loose 
pieces of cartilage in the joint. In equine 
osteochondrosis (dyschondroplasia), the 
histologic lesions can be divided into two 
groups. In one group, there are accumula¬ 
tions of small rounded chondrocytes, areas 
of necrosis, and chondrocyte clusters. In the 
second group, there are alterations in the 
appearance of the mineralized matrix, areas 
of necrosis, chondrocyte clusters, and an 
alteration in type VI collagen immunoreac- 
tivity within the chondrocyte clusters. 

In the epiphyseal plates (e.g., the distal 
ulna in pigs with osteochondrosis), the car¬ 
tilage is uneven and thickened, with hemor¬ 
rhage, fibrous tissue, collapse of bone tissue 
in the metaphysis, and epiphyseal separation. 
Complete separation of the epiphysis 
occurs most commonly at the head of the 
femur. The ultrastructural appearance of 
normal epiphyseal cartilage of the articular- 
epiphyseal cartilage complex in growing 
swine has been examined and serves as a 
standard for comparison with the lesions in 
affected pigs. The lesions may be present in 
pigs at an early age as part of the usual 
growth pattern of cartilages. 


DIFFERENTIAL DIAGNOSIS 


Osteoarthropathy is characterized clinically by 
a chronic lameness that becomes progressively 
worse and usually does not respond to 
treatment. The gait is stiff, there is disuse 
muscle atrophy, the bony prominences of the 
joint are more apparent, but usually there is 
no marked distension and pain of the joint 
capsule, as in infectious arthritis. Examination 
of synovial fluid may aid in differentiation 
from septic arthritis. 

Radiographically, there is erosion of 
articular cartilage, sclerosis of subchondral 
bone, and periarticular accumulations of 
osteophytes. In the early stages of the disease 
in large animals, radiographic changes may 
not be visible, and repeated examinations may 
be necessary. 

The radiographic changes of 
osteochondrosis in the shoulder joint of the 
horse consist of the following: 

• Alteration in the contour of the humeral 
head and glenoid cavity 

• Periarticular osteophyte formation 

• Sclerosis of the subchondral bone 

• Bone cyst formation 


TREATMENT 

The treatment of arthropathy depends largely 
upon correction of the cause, but in most 
cases the lesions are progressive and 


irreparable, and food-producing animals 
should be slaughtered for salvage. Tarsal 
degenerative joint disease in cattle has been 
treated with intraarticular injections of cor¬ 
ticosteroids and has provided temporary 
relief from pain and discomfort. However, 
the corticosteroids do not promote healing 
of the joint, and their use in arthropathy may 
actually accelerate erosion of articular carti¬ 
lage, loss of joint sensation, and the develop¬ 
ment of “steroid arthropathy.” 

In the horse, there are many choices avail¬ 
able for controlling inflammation in osteoar¬ 
thritis. Treatment is symptomatic and largely 
nonspecific, but the long-term administra¬ 
tion of antiinflammatory agents remains a 
central part of the treatment of equine joint 
disease. 9 

Nonsteroidal Antiinflammatory 
Agents and Opioids 

Several nonsteroidal antiinflammatory drugs 
(NSAIDs), such as phenylbutazone, flu- 
nixin meglumine, ketoprofen, naproxen, 
and carprofen, are available treatment 
options. Each has associated toxicities. They 
are now the most commonly used drugs 
because of their analgesic, antipyretic, and 
antiinflammatory properties. They inhibit 
some component of the enzyme system that 
converts arachidonic acid into prostaglan¬ 
dins and thromboxanes. All cells, including 
chondrocytes and synoviocytes, possess ara¬ 
chidonic acid as a fatty acid constituent of 
phospholipids. Once released, arachidonic 
acid is oxidized by either cyclooxygenase 
(COX) or 5-lipooxygenase. COX oxidation 
leads to prostaglandin production, whereas 
lipoxygenase oxidation leads to leukotriene 
formation. The effect of NSAIDs is primarily 
from inhibiting COX, which blocks arachi¬ 
donic acid conversion to prostaglandin. 

Phenylbutazone is the most commonly 
used NS AID around the world to treat 
arthritis in horses, but oral administration at 
2 mg/kg every 12 hours did not appear to 
have a clinically relevant effect on joint tissue 
metabolism. 10 This suggests that the major 
clinical effect of phenylbutazone in horses 
with osteoarthritis is analgesia. Some coun¬ 
tries, such as the United States, do not permit 
the use of phenylbutazone in food-producing 
animals. The oral administration of meloxi- 
cam (0.6 mg/kg BW once daily) altered joint 
tissue metabolism, as demonstrated by 
decreased synovial fluid concentrations of 
PGE 2 , substance P, bradykinin, and matrix 
metalloproteinase activity in horses with 
experimentally induced synovitis. 9 This sug¬ 
gests that meloxicam may have beneficial 
effects in limiting cartilage catabolism during 
acute synovitis. 

Intraarticular morphine administration 
(0.05 mg/kg BW or 120 mg) is associated 
with substantial analgesic effects and benefi¬ 
cial antiinflammatory effects, resulting in 
less joint swelling and lower synovial fluid 
total protein concentration; leukocyte count; 









Diseases of Joints 


1411 


and PGE2, bradykinin, and substance P con¬ 
centrations in horses with experimentally 
induced acute synovitis. 11 ' 12 The mechanism 
for the antiinflammatory effect of morphine 
is unknown. 

Intraarticular Steroids 

Various steroidal formulations for intraar¬ 
ticular administration are available, and 
correct dosage, frequency of administration, 
indications, and toxicity are factors to con¬ 
sider for each drug. They include methyl- 
prednisolone acetate, betamethasone, and 
triamcinolone acetonide. 

Chondroprotective Agents 
Various chondroprotective drugs, such as 
intraarticular hyaluronic acid and polysul- 
fated glycosaminoglycan, and the oral neu- 
traceutic agents glucosamine-chondroitin 
sulfate are also used to control inflammation 
and provide viscosupplementation. The allo¬ 
transplantation of synovial fluid into the 
joints of horses with arthropathies has been 
examined. 

There is a notable lack of treatment infor¬ 
mation based on randomized, blinded, 
placebo-controlled clinical trials in the horse 
to identify the efficacy of therapeutic agents 
for both symptomatic and disease-modifying 
activity in degenerative joint disease. Until 
there are validated outcome measures that 
can be used practically in clinical trials, there 
will always be uncertainty about whether 
these therapeutic agents have any real 
disease-modifying action. 

Hyaluronic Acid 

The beneficial effects of hyaluronic acid are 
claimed to be improved viscosity of the syno¬ 
vial fluid and thereby improved rheologic 
properties, lubrication of unloaded joints, 
and provision of an antiinflammatory and 
analgesic effect. The changes in the synovia 
following the intraarticular injection of 
sodium hyaluronate into normal equine 
joints and after arthrotomy and experimen¬ 
tal cartilage damage have been examined, 
but in general the results are inconclusive. 

Polysulfated Glycosaminoglycan 

Polysulfated glycosaminoglycan has been 
reported to induce articular cartilage matrix 
synthesis and to decrease matrix degrada¬ 
tion. Experimentally, intraarticular injection 
of polysulfated glycosaminoglycan pro¬ 
vides some protection against chemically 
induced articular cartilage damage but not 
against physical defects of articular cartilage 
in the horse. The polysulfated glycosamino- 
glycans inhibit lysosomal enzymes and 
neutral proteases. A survey of the use of 
polysulfated glycosaminoglycans by equine 
practitioners for the treatment of lameness in 
horses found that the drug is moderately 
effective overall and is considered most ben¬ 
eficial in the treatment of subacute degenera¬ 
tive joint disease. Its efficacy for incipient 


and chronic forms of degenerative joint 
disease is considered comparable to that of 
sodium hyaluronate. 

The prevention of further trauma should 
be ensured, and possible nutritional causes 
should be corrected. The treatment of 
active disease, particularly in soft tissues, 
that is contributing to articular degeneration 
includes rest, immobilization, physical 
therapy, intraarticular injections of cortico¬ 
steroids, NSAIDs, joint lavage, and intraar¬ 
ticular injection of sodium hyaluronate, all of 
which have been used with variable success. 

Other Treatments 

Surgical therapy includes curettage of artic¬ 
ular cartilage, removal of osteophytes, and 
surgical arthrodesis. In a retrospective study 
of stifle lameness in 42 cattle admitted to two 
veterinary teaching hospitals over a period of 
6 years, 18 had radiographic evidence of sub¬ 
chondral bone cyst without radiographic 
evidence of degenerative joint disease. The 
prognosis in those with a subchondral bone 
cyst was favorable, with 75% returning to 
their intended function, whereas in cases of, 
septic arthritis only 22% returned to normal. 

Chemical arthrodesis using the intraar¬ 
ticular injections of monoiodoacetate (MIA) 
has been described as an alternative to surgi¬ 
cal arthrodesis for the treatment of degenera¬ 
tive joint disease of the distal tarsal joints. 
MIA causes an increase in intracellular con¬ 
centration of adenosine triphosphate, result¬ 
ing in inhibition of glycolysis and cell death. 
It causes dose-dependent cartilage degenera¬ 
tion characterized by cartilage fibrillations, 
chondrocyte death, and glycosaminoglycan 
and proteoglycan depletion. MIA produces 
reliable radiographic and histologic ankylo¬ 
sis of the distal tarsal joints. Resolution of the 
lameness required 12 months and occasion¬ 
ally longer. Soundness was achieved in 82% 
and 85% of horses at 12 and 24 months, 
respectively. Complications of the injections 
were uncommon and were probably related 
to periarticular injection or leakage of MIA, 
or to use of higher concentrations or volumes. 
Postinjection pain was marked in a small 
number of horses but was transient and 
managed effectively with analgesic drugs. 
The procedure is controversial. Some clini¬ 
cians argue that arthrodesis should only be 
used where lameness is localized to the tar¬ 
sometatarsal and centrodistal joints with 
objective means such as local analgesic tech¬ 
niques and when other more conservative 
treatments have failed. 

CONTROL AND PREVENTION 

Prevention of osteoarthropathy will depend 
on recognition and elimination of the predis¬ 
posing causes: provision of an adequate diet 
and the avoidance of overnutrition during 
the first 3 months of extrauterine life, regular 
exercise for confined animals, the provision 
of suitable flooring to minimize persistent 
concussion, and the use of breeding stock 


that have a body conformation that does not 
predispose to joint lesions. 
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SEPTIC ARTHRITIS SYNOVITIS 

Inflammation of the synovial membrane and 
articular surfaces as a result of infection 
occurs commonly in farm animals. It is char¬ 
acterized by varying degrees of lameness and 
a warm, swollen, and painful joint. The syno¬ 
vial fluid is usually abnormal, containing an 
increased leukocyte count and the pathogens 
causing the arthritis. The arthritis may be 
severe enough to cause systemic illness, and in 
some cases a draining sinus tract may occur. 

ETIOLOGY AND EPIDEMIOLOGY 

Specific bacterial infections of the joints are 
most common in newborn farm animals, in 
which localization of infection occurs in 
joints following bacteremia or septicemia. 
Surveys of Thoroughbred studs have shown 
that the incidence of infectious arthritis is 
higher in foals with other perinatal abnor¬ 
malities and in which the ingestion of colos¬ 
trum was delayed for more than 4 hours after 
birth. Calves with hypogammaglobulinemia 
are particularly susceptible to bacteremia 
and meningitis, ophthalmitis, and arthritis. 
Some of the important infectious causes of 
arthritis are as follows. 

Calves 

• Nonspecific joint-ill from 
omphalophlebitis associated with 
Trueperella pyogenes, Fusobacterium 
necrophorum, Staphylococcus spp. 

• Erysipelothrix rhusiopathiae sporadically 
in older calves 
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• Salmonella dublin, Salmonella 
typhimurium, and Mycoplasma bovis 

Lambs 

• E. rhusiopathiae in newborn and 
recently tail-docked lambs 

• Sporadic cases associated with F. 
necrophorum, Staphylococcus spp., 
Corynebacterium pseudotuberculosis, 
Histophilus somni, Mannheimia 
haemolytica 

• Chlamydophila spp. causes polyarthritis 
extensively in feedlot lambs 

• Tick pyemia is associated with 
Staphylococcus aureus. 

Foals 

• Part of neonatal septicemia, with 
gram-negative bacteria predominating 1 

• Actinobacillus equuli, Rhodococcus equi, 
Salmonella abortivoequina in the 
newborn 

• Chlamydophila spp. has caused 
polyarthritis in foals. 

Piglets 

• Streptococci, Lancefield groups C, E, 
and L 

• Streptococcus suis 

• E. rhusiopathiae in pigs of any age—up 
to 65% of joints of pigs at slaughter are 
affected, and up to 80% of the farms 
from which the pigs come do not 
vaccinate for erysipelas. Mortality in 
preweaning groups of pigs may affect 
18% of litters and 3.3% of the piglets, 
with a herd mortality of 1.5% 

• In a 4-year period in a swine research 
station, 9411 piglets were born alive, 
and 9.8% were treated for lameness. 
About 75% of the cases were observed 
in piglets under 3 weeks of age. The 
incidence of lameness was much higher 
in piglets born from sows of parity 3 
(11.4%) compared with piglets born to 
sows of parity 4 to 7 (8%). 

Cattle 

• Histophilus somni is a cause of synovitis. 

• Mycoplasma agalactia var. bovis is a 
common cause of synovitis, arthritis, 
and pneumonia in young feedlot 
cattle. 

• Mycoplasma bovigenitalium may cause 
mastitis in cows, with some animals 
developing arthritis. 

• Mycoplasma mycoides may cause 
arthritis in calves vaccinated with the 
organism against contagious bovine 
pleuropneumonia. Calves already 
sensitive to the organism develop an 
immediate-type allergic reaction of the 
synovial membrane. 

• Brucella abortus —occasional cows with 
brucellosis develop arthrodial synovitis. 

• Some cases of ephemeral fever have 
sterile arthritis. 

• BVD virus in young bulls, rarely 


• Idiopathic septic arthritis in dairy 
heifers—the etiology is unknown. 

• Septic arthritis of the proximal 
interphalangeal (pastern) joint in cattle 
as a result of perforating wounds— 

T. pyogenes is the most common cause 
in cattle. 

Sheep and Goats 

• As part of melioidosis 

• Mycoplasma spp. of serositis—arthritis 

• Streptococcus dysgalactiae in lambs and 

kids 2 ’ 3 

Horses 

• Septic arthritis after penetrating 
wounds, intraarticular injection of 
corticosteroids, and surgery; young foals 
under 6 months of age usually 
associated with septicemia; adult horses 
without a known etiology. 

• In a series of 34 cases of monoarticular 
infectious arthritis in adult horses 
admitted to a veterinary teaching 
hospital over a period of 10 years, 16 
had a penetrating wound over the joint, 
4 had a puncture wound of the sole, and 
in 5 the infection was iatrogenic (3 had 
received intraarticular corticosteroids, 1 
had received intraarticular anesthesia, 
and 1 had sepsis after a purulent 
thrombophlebitis); in 9 cases, no cause 
could be determined. 

• Spread to the joints from generalized 
strangles. 

• Rare cases of nonerosive polysynovitis 
in a horse, possibly immunologic and 
immune-mediated polysynovitis in foals. 

• Acedosporium prolificans, a newly 
recognized opportunistic fungus, has 
been associated with an incurable 
arthritis and osteomyelitis in a mature 
horse. 

Pigs 

• Glasser s disease 

• Mycoplasma spp. in synovitis and 
arthritis of growing pigs, especially in 
housed pigs 

• Brucella suis commonly infects bones, 
especially vertebrae, and joints. 

All Species 

Sporadic cases are a result of the following: 

• Traumatic perforation of the joint 
capsule 

• Spread from surrounding tissues (e.g., 
footrot to interphalangeal joints in cattle 
and pigs, interdigital abscess in sheep) 

• Hematogenous spread from suppurative 
lesions, commonly in udder, uterus, 
diaphragmatic abscess, infected navel or 
tail, castration wound 

PATHOGENESIS 

In infectious arthritis that is hematogenous 

in origin there is usually a synovitis initially, 

followed by changes in the articular cartilages 


and sometimes bone. With almost any sys¬ 
temic infection, there may be localization of 
the infectious agent in the synovial mem¬ 
brane and joint cavity. The synovial mem¬ 
brane is inflamed and edematous, and there 
are varying degrees of villous hypertrophy 
and deposition of fibrin. Bacteria colonize 
synovial membranes, which makes treatment 
difficult. The synovitis causes distension of 
the joint capsule with fluid, and the joint is 
painful and warm. Successful treatment and 
elimination of infection at this early stage of 
synovitis will minimize changes in articular 
cartilage and bone, and healing will result. A 
progressive infectious synovitis commonly 
results in pannus formation between articu¬ 
lar surfaces, with erosion of articular carti¬ 
lage, infection of subchondral bone, and 
osteomyelitis. In the chronic stages, there 
is extensive granulation tissue formation, 
chronic synovitis, and degenerative joint 
disease with osteophyte formation, and anky¬ 
losis is possible. Depending on the organism, 
the arthritis may be suppurative or serofibri¬ 
nous. Suppurative arthritis is particularly 
destructive of cartilage and bone, and com¬ 
monly there is rupture of the joint capsule. 
In foals with septic arthritis, there may be a 
concurrent polyosteomyelitis, usually in 
either the epiphysis and/or the metaphysis of 
the long bones. 

Calves With Experimentally Induced 
Infectious Arthritis 

Septic arthritis induced by E. coli is a reliable 
and reproducible model of infectious arthri¬ 
tis in laboratory animals, including horses 
and calves. The inoculation of E. coli into the 
tarsal joint of newborn colostrum-fed calves 
resulted in septic arthritis in all calves. Clinic 
signs of septic arthritis appeared on day 2 
after infection and persisted until day 9 for 
all calves. E. coli was cultured from synovial 
fluid on day 2 for one calf and until day 4 for 
five other calves. Polymerase chain reaction 
(PCR) for E. coli was positive in the synovial 
fluid of all calves. Synovial fluid neutrophil 
and white blood cell counts were increased 
on days 2 to 4. All bacterial cultures were 
negative on day 8, although clinicopatho- 
logic signs of inflammation persisted until 
day 20. Rapid recovery occurred within 1 
week when an appropriate treatment was 
begun early in the course of the disease. 

Lambs With Streptococcus 
dysgalactiae Polyarthritis 

Streptococcus dysgalactiae is the most 
common cause of septic arthritis in lambs 
under 4 weeks of age in the United Kingdom. 3 
It appears that a small proportion of ewes 
carry S. dysgalactiae in vaginal secretions, 
milk, and other secretions, and S. dysgalac¬ 
tiae can survive on straw or hay for up to 5 
to 6 weeks. 2 The route of entry of S. dysgalac¬ 
tiae into lambs is uncertain but appears to 
be either via the umbilicus or following 
ingestion. 4 
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Foals With Septicemia 

Septicemic foals may develop infectious 
arthritis and a concurrent polyosteomyelitis 
because of the patency of transphyseal 
vessels in the newborn foal; this allows 
spread of infection across the physes with 
the development of lesions in the metaphy- 
sis, epiphysis, and adjacent to the articular 
cartilage. The syndrome is classified into 
four types according to the location of the 
lesions: 

• A foal with S-type septic arthritis has 
synovitis without macroscopic evidence 
of osteomyelitis. This is most commonly 
seen in the first 2 weeks of life. 

• Foals with E-type septic arthritis also 
have osteomyelitis of the epiphysis at the 
cartilage-subchondral bone junction. 
This is most commonly seen at 3 to 4 
weeks of life. 

• Those with P-type infections have 
osteomyelitis directly adjacent to the 
physis and do not have septic arthritis, 
although there may be a nonseptic 
effusion of the closest joint. 

• Foals with T-type have an initial 
infection of the small cuboidal bones of 
the carpus and tarsus that spreads into 
the carpal or tarsal joints. 

Horses 

Septic arthritis has been reproduced experi¬ 
mentally in horses and the sequential syno¬ 
vial fluid changes monitored. Following 
intraarticular inoculation of S. aureus, clini¬ 
cal signs are evident as early as 8 hours after 
infection. A high and persistent neutrophilia 
is one of the earliest and most accurate diag¬ 
nostic abnormalities. The total white blood 
cell count rises within 12 to 24 hours to a 
mean value of 100 X 10 9 /L. Total protein also 
increases. Synovial fluid acidosis also occurs 
in infectious arthritis, which may interfere 
with the antibacterial activity of some anti¬ 
microbials. In experimental arthritis, the 
synovial pFl declined from a mean value of 
7.43 to 7.12. Bacteria could be detected in 
40% of the smears of infected synovial fluid 
samples, and primary cultures of the fluid 
were positive in 70%. The intraarticular 
inoculation of E. coli into horses induces a 
reliable, reproducible, and controlled model 
of infectious arthritis consistent with the 
naturally occurring disease and has been 
used to evaluate the efficacy of gentamicin 
for treatment. The injection of E. coli lipo- 
polysaccharide into various joints of horses 
can cause clinical signs of endotoxemia, and 
the synovial fluid total nucleated cell count 
and total protein are linearly responsive in 
increases in endotoxin. 

Endothelin (ET)-l, a 21-amino-acid 
polypeptide, is locally synthesized in the 
joints of horses with various forms types of 
joint disease. It induces a potent and sus¬ 
tained vasoconstriction. Synovial fluid con¬ 
centrations of ET-1 varies among horses with 
joint disease, with higher concentrations in 


animals with joint sepsis suggesting a patho¬ 
genic role in septic arthritis. 

Synovial fluid in infectious arthritis in the 
horse may contain the proteolytic enzymes 
collagenase and caseinase, which may 
derive from both synovial cells and neutro¬ 
phils. These enzymes are involved in the deg¬ 
radation of connective tissue and loss of 
cartilage matrix. Lavage of affective joints is 
intended to remove these enzymes. 

Infectious arthritis may occur following 
traumatic injury to a joint, but the pathogen¬ 
esis is obscure. Traumatic injury of the joint 
capsule resulting in edema and inflammation 
may allow latent organisms to localize, prolif¬ 
erate, and initiate a septic arthritis. 

Septic arthritis occurs rarely in adult 
horses following injection of an intraarticu¬ 
lar medication or elective equine arthros¬ 
copy without antimicrobial prophylaxis. In a 
retrospective and prospective case series 
involving 16,624 injected joints, the risk of 
septic arthritis was 1 case per 1,279 injec¬ 
tions, with veterinarian and type of cortico¬ 
steroid (triamcinolone and dexamethasone) 
being risk factors for infection. ’ The signifi¬ 
cant effect of the veterinarian suggests 
the presence of variable attention to strict 
aseptic technique. In 444 consecutive equine 
arthroscopies performed without prophylac¬ 
tic antimicrobial therapy, the incidence of 
septic arthritis in horses after surgery was 
0.7%, which was similar to the infection rate 
(0.9%) in other studies where horses received 
antimicrobial prophylaxis. 6 

CLINICAL FINDINGS 

Inflammation of the synovial membrane 
causes pain and lameness in the affected 
limb, sometimes to the point that the animal 
will not put it to the ground. Pain and heat 


are usually detectable on palpation, and 
passive movement of the joint is resented. 
The joint may be swollen, but the degree will 
depend on the type of infection. Pyogenic 
bacteria cause the greatest degree of swelling 
and may result in rupture of the joint capsule. 
Some enlargement of the epiphysis is usual, 
and this may be the only enlargement in 
nonpyogenic infections, particularly those 
associated with E. insidiosa. 

Fever, inappetence to anorexia, endotox¬ 
emia, loss of body weight, and discomfort 
may occur in animals with only one severely 
affected joint or when several joints are less 
severely affected. In many of the neonatal 
infections, there will also be an accompany¬ 
ing omphalophlebitis (Fig. 15-9) and evi¬ 
dence of lesions in other organs and tissues, 
particularly the liver, endocardium, and 
meninges. Arthritis in older animals may 
also be accompanied by signs of inflamma¬ 
tion of the serous membranes and endocar¬ 
dium when the infection is the result of 
hematogenous localization. 

The joints most commonly involved are 
the hock, stifle, and knee, but infection of the 
fetlock, interphalangeal, and intervertebral 
joints is not uncommon. In chronic cases, 
there may by physical impairment of joint 
movement because of fibrous thickening of 
the joint capsule, periarticular ossification, 
and, rarely, ankylosis of the joints. Crepitus 
may be detectable in joints where much 
erosion has occurred. 

In newborn and young animals, involve¬ 
ment of several joints is common. The joints 
may become inflamed simultaneously or 
serially. Lameness is often so severe that 
affected foals lie down in lateral recumbency 
most of the time and may have to be assisted 
to rise. Decubitus ulcerations as a result of 



Fig. 15-9 Very early signs of septic arthritis of the left hock joint in a 7-day-old Shorthorn 
calf. The calf did not suckle colostrum and had a slightly enlarged and painful umbilicus of 2 
days in duration. Decreased weight-bearing on the left leg with palpable joint distention of 
the left hock has just become evident. 
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prolonged recumbency are common. The 
gait may be so impaired as to suggest ataxia 
of central origin. 

The prognosis in cases of advanced septic 
arthritis is poor. Neglected animals may die 
or have to be destroyed because of open 
joints or pressure sores. The subsequent 
development of chronic arthritis and anky¬ 
losis may greatly impede locomotion and 
interfere with the usefulness of the animal. 

DIAGNOSIS 

The diagnosis of septic arthritis requires 
aseptic arthrocentesis of infected joint(s) and 
synovial fluid analysis, including bacterial 
culture of the fluid. An important therapeu¬ 
tic question to be answered is whether infec¬ 
tion is confined to the synovial structure of 
the joint or whether infection includes carti¬ 
lage and subchondral bone (osteomyelitis). 
Imaging modalities are designed to identify 
extension of infection deeper to the synovial 
structures, of which radiography has been 
extensively used and is very helpful in 
chronic cases. 

Arthrocentesis 

Aspiration of joint fluid for culture and anal¬ 
ysis is necessary for a definitive diagnosis. 
Careful disinfection of the skin and the use 
of sterile equipment is essential to avoid the 
introduction of further infection. Intrave¬ 
nous diazepam (0.1 mg/kg BW) is helpful is 
sedating foals for arthrocentesis. Joint fluid 
should be collected using an 18-g or 16-g 
needle to facilitate removal of viscous or 
purulent fluid. 

Analysis of Joint Fluid 

Total and differential cell count, total protein 
concentration, and specific gravity are deter¬ 
mined. The classical changes in synovial fluid 
in large animals with septic arthritis are 
increased leukocyte count (particularly neu¬ 
trophils), an increased protein concentra¬ 
tion, and decreased fluid viscosity. 

In infectious arthritis, the volume of joint 
fluid is increased, and the total leukocyte 
count is increased, with a high percentage 
(80% to 90%) of neutrophils. The severity of 
infectious arthritis may be manifested sys- 
temically by a leukocytosis with a marked 
regenerative left shift. In degenerative joint 
disease, the volume may be normal or only 
slightly increased, and the total and differen¬ 
tial leukocyte count may be manifested 
within the normal range. In traumatic arthri¬ 
tis, there may be a marked increase in the 
number of erythrocytes. Special biochemical 
examinations of joint fluid are available that 
measure for viscosity, strength of the mucin 
clot, and concentrations of certain enzymes. 
The laboratory findings in examination of 
the joint fluid are summarized in Table 15-3. 

Culture of Joint Fluid 

Joint fluid must be cultured for aerobic and 
anaerobic bacteria and on specific media 


when Mycoplasma spp. infection is sus¬ 
pected. It is often difficult to isolate bacteria 
from purulent synovial fluid. The rates of 
recovery of organisms vary from 40% to 
75%. In one study of suspected infectious 
arthritis in 64 horses admitted to a veterinary 
teaching hospital over a period of 8.5 years, 
positive cultures were obtained from 55% of 
the joints sampled. The most common 
organisms were S. aureus, E. coli, and Pseu¬ 
domonas aeruginosa, accounting for more 
than half the isolates obtained. 

There is no single test that is reliable for 
the diagnosis of septic arthritis. Failure to 
isolate organisms on culture does not exclude 
a bacterial cause, and organisms are often 
not observed in synovial fluid smears. Poor 
collection, storage, and laboratory tech¬ 
niques; prior administration of antibiotics; 
or partial success of the immune system in 
containing the infection may explain the 
failure to detect organisms. Arthrocentesis 
should be done before antibiotics are given, 
and a blood culture bottle should be inocu¬ 
lated immediately, a Gram stain made, and 
culture for anaerobes included. Positive cul¬ 
tures from synovial fluid can be expected in 
only about 65% of cases. 

A biopsy sample of synovial membrane 
may be more reliable than synovial fluid for 
culture, but there is little evidence based on 
comparative evaluations to support such a 
claim. PCR has been examined in in vitro 
studies to detect selected bacterial species in 
joint fluid compared with microbial culture. 
The benefits would include rapid and accu¬ 
rate diagnosis infectious arthritis, ability to 
detect bacteria in synovial fluid in the pres¬ 
ence of antimicrobial drugs, and diagnosis of 
infectious arthritis when culture results are 
inconclusive. However, initial studies found 
no difference between microbial culture and 
PCR analyses. 

Serology of Joint Fluid 

Serologic tests may be of value in determining 
the presence of specific infections with Myco¬ 
bacterium mycoides. Salmonella spp., Brucella 
spp., and£. insidiosa. Radiographic examina¬ 
tion may aid in the detection of joint lesions 
and can be used to differentiate between 
inflammatory and degenerative changes. In 
foals with arthritis and suspected osteomyeli¬ 
tis there may be radiographic evidence of 
osteolysis of the metaphysis or epiphysis. 

Radiography 

Radiography of the affected joint will often 
reveal the nature and severity of the lesions. 
Typical radiographic findings of septic 
arthritis include osteolytic lesions of the 
articular cartilage, increased width of intraar- 
ticular joint space, and soft tissue swelling. 
Osteomyelitic changes are seen in some 
cases. Because radiographic changes usually 
appear after 2 to 3 weeks when destruction 
of subchondral bone has become extensive, 
it may be necessary to take a series of 


radiographs several days apart before lesions 
are detectable. 

Ultrasonography 

Arthrosonography is an effective, fast, and 
noninvasive complement to traditional 
diagnostic techniques (arthrocentesis and 
radiography) for comprehensive evaluation 
of the pathology of joints and associated 
tendons of cattle and horses.' Ultrasonogra¬ 
phy should be performed before arthrocen¬ 
tesis because joint distention facilitates 
imaging, and the introduction of air into the 
joint can interfere with interpretation of 
ultrasonographic images. Ultrasonography is 
particularly valuable in septic arthritis cases 
that are the result of trauma and to assist in 
the identification of foreign bodies. 

Ultrasonographic changes are variable 
and primarily depend on the duration of 
infection.' Distension of the joint cavities can 
be imaged; assessment of the echogenicity, 
acoustic enhancement, and ultrasonographic 
character of the exudate correlates well with 
findings by arthrocentesis, arthrotomy, or at 
necropsy. Joint effusion, which is the earliest 
indication of septic arthritis, can usually be 
detected with ultrasound by an experienced 
operator in the early stages. The synovial 
membrane, synovial fluid, ligaments, 
tendons, and periarticular soft tissue, only 
inadequately imaged by radiography, can be 
imaged with ultrasonography. In advanced 
septic arthritis, ultrasonography provides 
accurate information on the location of the 
soft tissue swelling, the extent and character 
of the joint effusion, and the involvement of 
concurrent periarticular synovial cavities. 

Arthroscopy 

Endoscopy is now used widely to define joint 
abnormalities more clearly and to gain access 
to the joint cavity as an aid in the treatment 
of septic arthritis. 

Nuclear Scintigraphy 

Nuclear scintigraphy is considered much 
more sensitive than radiography for detect¬ 
ing the presence of subchondral (cortical) 
bone involvement and can be performed in 
the standing sedated horse. Scintigraphy is 
only found at large referral hospitals and 
usually cannot be scheduled on the same day 
as admission because the diagnostic agents 
need to be ordered and delivered. Conse¬ 
quently, the use of nuclear scintigraphy for 
identifying the extent of infection in acute 
cases of septic arthritis has declined. Scintig¬ 
raphy remains a valuable diagnostic tech¬ 
nique in adult horses with chronic septic 
arthritis, particularly of the proximal limbs 
and vertebral column. 

Magnetic Resonance Imaging and 
Computed Tomography 

These imaging modalities are only found at 
large referral hospitals and require general 
anesthesia to prevent movement during 
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image acquisition. In general, the duration 
of anesthesia for imaging is shorter with 
magnetic resonance imaging (MRI) than 
computed tomography (CT). MRI and CT 
provide excellent anatomic information on 
articular structures, but imaging is usually 
confined to the distal limbs, including the 
carpus and hock, of adult horses and cattle 
because units are designed for human use. 

MRI is regarded as the gold standard 
method for diagnosing subchondral osteo¬ 
myelitis associated with septic arthritis in 
human medicine and is therefore likely to 
provide the best imaging modality for iden¬ 
tifying the anatomic location of early cases of 
septic arthritis in large animals. 8 Magnetic 
resonance findings in adult horses with 
septic arthritis include diffuse hyperintensity 
within bone and extracapsular tissue on fat 
suppressed images, bone sclerosis, and carti¬ 
lage and subchondral bone damage. 9 Intrave¬ 
nous gadolinium administration usually 
identifies synovial enhancement. 9 CT has the 
advantage of speed, permitting the evalua¬ 
tion of multiple joints, which is particularly 
advantageous in foals with septic arthritis. 

NECROPSY FINDINGS 

The nature of the lesions varies with the 
causative organism. The synovial membrane 
is thickened and roughened, and there is 
inflammation and erosion of the articular 
cartilage. There is usually an increase in the 
amount of synovial fluid present, varying 
from a thin, clear, serous, brownish fluid 
through a thicker, serofibrinous fluid to pus. 
There may be some inflammation of the 
periarticular tissues in acute cases and pro¬ 
liferation of the synovial membrane in 
chronic cases. In the latter, plaques of inspis¬ 
sated necrotic material and fibrin may be 
floating free in the synovial fluid. Infectious 
arthritis caused by T. pyogenes is character¬ 
ized by extensive erosion and destruction of 
articular cartilage and extensive suppura¬ 
tion. There may be a primary omphalophle¬ 
bitis in newborn animals, and metastatic 
abscesses may be present in other organs. 


DIFFERENTIAL DIAGNOSIS 


Infectious arthritis is characterized clinically 
by swollen joints that are painful and warm to 
touch, along with lameness of varying degrees 
of severity. The volume of joint fluid is usually 
markedly increased, and the leukocyte count 
is increased, with a high percentage of 
neutrophils. In the early stages of synovitis 
and in chronic nonsuppurative arthritis, the 
joint may not be visibly enlarged, and careful 
examination by palpation may be necessary to 
reveal abnormalities of the joint capsule. 
Lameness is common, however, even though 
only slight in some cases, and should arouse 
suspicion of the possibility of arthritis. 

The diseases of the musculoskeletal system 
that cause lameness and stiffness of gait 
include the following: 


• Degenerative joint disease 

• Osteodystrophy and epiphysitis 

• Osteomyelitis 

• Degenerative myopathy 

• Myositis 

• Traumatic injuries of tendons and 
ligaments 

Diseases of the nervous system, especially 
the peripheral nerves and spinal cord, may be 
confused with arthritis unless the joints are 
examined carefully. 

Some severe cases of polyarthritis may 
cause recumbency that may be erroneously 
attributed to the nervous system. 

Degenerative joint disease is 
characterized by an insidious onset of 
moderate lameness and stiffness of gait that 
becomes progressively worse over several 
weeks. The joint capsule is usually not grossly 
enlarged and not painful, and there is usually 
no systemic reaction. The total leukocyte 
count in the joint fluid is only slightly 
increased, and the differential count may be 
normal. Chronic arthritis is often difficult to 
differentiate clinically from degenerative joint 
disease. Chronic arthritis is more common in 
young animals than in older animals such as 
rapidly growing yearling bulls, adult bulls, and 
aged dairy cows and horses, in which 
degenerative arthropathy is most common. A 
sudden onset of acute lameness and marked 
swelling of a joint with severe pain suggests 
an infectious arthritis or traumatic injury to 
the joint. Marked swelling of several joints 
suggests infectious polyarthritis. 

Osteodystrophy is characterized by the 
following: 

• Lameness and stiffness of gait 

• Usually, an absence of joint-capsule 
abnormalities 

• Enlargements and deformities of the long 
bones in growing animals 

• A number of animals being affected at 
about the same time 

Radiography may reveal the abnormal 
bones, and the nutritional history may explain 
the cause. 

Degenerative myopathy causes acute 
lameness and a stiff and trembling gait, often 
leading to recumbency and absence of joint 
or bone involvement. 

Traumatic sprains of tendons or 
ligaments and fractures of the epiphyses 
may cause lameness and local pain; 
when they involve periarticular tissues, 
they may be difficult to differentiate from 
arthritis. 

Arthritis is never present at birth and 

apparent fixation of the joints should arouse 
suspicion of a congenital anomaly. The 
differentiation between arthritis and diseases 
of the peripheral nerves or spinal cord, both 
of which can cause lameness or recumbency, 
may be difficult if the arthritis is not clinically 
obvious. Diseases of the peripheral nerves 
cause lameness as a result of flaccid paralysis 
and neurogenic atrophy. Lesions of the spinal 
cord usually result in weakness of the 
hindlimbs, weak or absent withdrawal 
reflexes, and loss of skin sensation. 


TREATMENT 
Parenteral Antimicrobials 

Treatment should focus on early diagnosis; 
removal of infected fluids and tissue via 
joint lavage (tidal or though and through), 
arthroscopy, arthrotomy, or possibly closed 
suction drainage; effective antimicrobial 
therapy; and controlling inflammation. 
Acute septic arthritis should be treated as 
an emergency to avoid irreversible changes 
in the joint. The conservative approach is 
the use of antimicrobials given parenterally 
daily for several days and up to a few weeks 
in some cases, but this provides a lower 
success rate than when antimicrobial treat¬ 
ment is accompanied by removal of infected 
fluids and tissue. Antimicrobials that perfuse 
into septic joints in therapeutic concen¬ 
trations when administered parenterally 
include the natural and synthetic penicillins, 
cephalosporins, tetracycline, trimethoprim- 
potentiated sulfonamides, neomycin, genta¬ 
micin, kanamycin, and amikacin, with 
species preferences regarding preferred anti¬ 
microbial protocols. 

The relative efficacy of antimicrobials 
administered parenterally versus by intraar- 
ticular injections is uncertain. Trimethoprim- 
sulfadiazine, given to calves parenterally 
results in therapeutic concentrations of the 
drug in the synovial fluid of calves, and pen¬ 
etrability was not enhanced or restricted by 
experimental joint inflammation. Oxytetra- 
cycline and penicillin given parenterally 
readily penetrate the synovial membrane of 
both normal neonatal calves and those 
with experimental arthritis. Because peak 
synovial joint fluid levels of oxytetracycline 
and penicillin exceeded the minimum inhib¬ 
itory concentrations for organisms such as T. 
pyogenes, the use of parenteral antimicrobi¬ 
als for the treatment of infectious arthritis in 
calves is appropriate. Ceftiofur at 1 mg/kg 
BW intravenously every 12 hours for 20 days, 
along with joint lavage, was successful in 
treating experimental septic arthritis associ¬ 
ated with E. coli. The duration of antibiotic 
therapy is empirical; 3 weeks is recom¬ 
mended. Cephapirin administered parenter¬ 
ally to normal calves or those with arthritis 
resulted in synovial fluid levels approxi¬ 
mately 30% of serum levels. The use of ampi- 
cillin trihydrate in calves with suppurative 
arthritis, at a dose of 10 mg/kg BW intra¬ 
muscularly, resulted in a peak serum concen¬ 
tration of 2.5 pg/mL, 2 hours after injection; 
the highest concentration in normal synovial 
fluid was 3.5 pg/mL at 4 hours, and the 
highest concentration in suppurative syno¬ 
vial fluid was 2.7 flg/mL at 2 hours. Marbo- 
floxacin at 4 mg/kg BW intramuscularly 
daily for 10 days was effective for the treat¬ 
ment of infectious arthritis in calves. 

In foals and horses with septic arthritis, 
the selection of the antimicrobial of choice 
will depend on the suspected cause of the 
arthritis. The antimicrobial susceptibilities of 
bacterial isolates from horses with septic 
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arthritis/synovitis or osteomyelitis after 
fracture repair vary widely. A combination of 
a cephalosporin and amikacin is recom¬ 
mended before culture and susceptibility 
results are available. Commonly used dosage 
protocols include penicillin G potassium 
(22,000 IU/kg BW IV every 6 hours) 
with aminoglycoside gentamicin (11 mg/kg 
BW IV every 24 hours) or amikacin (20 mg/ 
kg BW IV every 24 hours) or the third- 
generation cephalosporin ceftiofur (2.2 mg/ 
kg BW IM every 12 hours). In azotemic foals, 
care needs to be taken while administering 
aminoglycosides, and monitoring should be 
in place to detect nephrotoxicity. Amoxicillin 
at 40 mg/kg BW IV is effective for the treat¬ 
ment of infectious joint disease in horses. 
The administration of trimethoprim- 
sulfadiazine at 30 mg/kg BW orally once 
daily to horses with experimentally induced 
S. aureus arthritis was ineffective in main¬ 
taining adequate levels of both drugs in 
infected synovial fluid. In contrast, the use of 
the same drug at 30 mg/kg BW orally given 
every 12 hours was effective in maintaining 
therapeutic concentrations of both drugs in 
the serum and in the joint fluid. Amphoteri¬ 
cin B given intravenously daily for up to 30 
days combined with joint drainage has been 
used for the treatment of Candida sp. arthri¬ 
tis in the horse. 

In piglets at 2 weeks of age, streptococ¬ 
cal arthritis is most likely, and it will respond 
quickly to penicillin given parenterally. Like¬ 
wise, acute arthritis associated with erysipe¬ 
las in pigs will respond beneficially if treated 
early before there is pannus formation. 

Synovitis caused by Histophilus sornni 
infection responds quickly to systemic treat¬ 
ment. However, in other specific types of 
infectious arthritis the response is poor, and 
recovery, if it does occur, requires several 
days or a week. Mycoplasmal arthritis in 
cattle is relatively nonresponsive to treat¬ 
ment, and affected cattle may be lame for up 
to several weeks before improvement occurs; 
complete recovery may not occur. Chronic 
arthritis as a result of infection of pigs with 
E. insidiosa will commonly develop into a 
rheumatoid-like arthritis and be refractory 
to treatment. 

Failure to respond to conservative 
therapy has been attributed to the 
following: 

• Inadequate concentrations of 
antimicrobials achieved in the joint 
cavity 

• Presence of excessive amounts of 
exudate and fibrin in the joint, making 
the infectious agent inaccessible to the 
antimicrobial 

• Antimicrobial-resistant infections 

It is often not possible to determine which 
situation is responsible. 

If conservative treatment is not providing 
sufficient improvement and the value of the 
animal warrants extended therapy, a joint 
sample should be obtained for culture and 


susceptibility testing. The most suitable anti¬ 
microbial may then be given parenterally 
and/or by intraarticular injection. Strict 
asepsis is necessary to avoid introduction of 
further infection. 

Intraarticular Antimicrobials 

Antimicrobials infused into the joint should 
not be cytotoxic, and gentamicin (500 mg), 
amikacin (125 mg), soluble ceftiofur, and 
cefazolin (500 mg) are commonly used with 
minimal to no apparent effects on developing 
cartilage. The combined intraarticular and 
intravenous administration of gentamicin to 
normal horses can result in concentrations 10 
to 100 times greater than after intravenous 
administration alone. In addition, gentami¬ 
cin concentration in synovial fluid remained 
above the minimum inhibitory concentration 
for many common equine bacterial patho¬ 
gens for at least 24 hours after treatment. The 
intraarticular administration of gentamicin is 
advantageous for the treatment of infectious 
arthritis in animals in which the systemic 
administration of the drug may be contrain¬ 
dicated, especially in the presence of impaired 
renal function or endotoxemia. Continuous 
infusion of gentamicin into the tarsocrural 
joint of horses for 5 days is an acceptable 
method of treating septic arthritis. 

Antimicrobial-impregnated polymeth¬ 
ylmethacrylate beads and gentamicin- 
impregnated collagen sponges have been 
used for the treatment of orthopedic infec¬ 
tions involving bone, synovial structures, 
and other soft tissues. The antimicrobials 
diffuse from the nonbiodegradable beads in 
a bimodal fashion. There is a rapid (“burst”) 
release of 5% to 45% of the total amount of 
antimicrobial within the first 24 hours after 
implantation and then a sustained elution 
that persists for weeks to months, depending 
on the antimicrobial used. For effective dif¬ 
fusion, the antimicrobials must be water 
soluble, heat stable, and available in powder 
form. Aminoglycosides (gentamicin, amika¬ 
cin) and third-generation cephalosporins 
(e.g., ceftiofur) have been incorporated most 
commonly into the beads, but to be success¬ 
ful the drug must retain its antimicrobial 
effect after heating. The major disadvantage 
with polymethylmethacrylate beads is that 
they must be removed because they act 
as a foreign body and also provide unknown 
slaughter withdrawal times in food- 
producing animals. Long-term placement 
of intraarticular catheters has also been used 
in horses with septic arthritis, but aseptic 
methods must be maintained at the catheter 
site and during continuous or intermittent 
antimicrobial infusion, which can be chal¬ 
lenging in a mobile animal. Moreover, a 
catheter should always be considered a 
two-way street and a potential vehicle for 
bacterial contamination of the joint. Whether 
placement of intraarticular catheters, poly¬ 
methylmethacrylate beads, or gentamicin- 
impregnated collagen sponges have any 


substantive clinical advantages over intraar¬ 
ticular injections at approximately 3-day 
intervals has not been determined. Intraar¬ 
ticular ceftiofur injection every 3 days 
accompanied by wound management has 
become favored by some in the treatment of 
septic arthritis of the distal interphalangeal 
joint in cattle. 

Regional limb perfusion with antimi¬ 
crobials has been used for the treatment of 
experimentally induced septic arthritis. The 
antimicrobial is infused under pressure to a 
selected region of the limbs through the 
venous system. The concentration of the 
antimicrobial in the septic synovial fluid will 
usually exceed those obtained by intravenous 
administration. However, there are insuffi¬ 
cient data available to evaluate the procedure 
in naturally occurring cases of septic arthri¬ 
tis. Therapeutic concentrations of cefazolin 
are achieved in the synovial fluid of clinically 
normal cows when injected intravenously 
distal to a tourniquet, and the technique 
could be used as an alternative to systemic 
administration of antimicrobials to provide 
adequate concentrations in a joint cavity. 
Regional limb perfusion appears better 
suited to treatment of more extensive infec¬ 
tions such as septic arthritis secondary to 
penetrating wounds or accompanied by 
infected tendons or osteomyelitis. 

Lavage of Joint 

Drainage of the affected joint and through- 
and-through lavage of the joint is also desir¬ 
able along with the systemic administration 
of antimicrobials. Aspiration and distension- 
irrigation of the joint cavity using polyionic 
electrolyte solutions buffered to a pH of 7.4 
is recommended (Fig. 15-10). The irrigation 
removes exudates and lysozymes that destroy 
articular cartilage. A through-and-through 
lavage system may also be used with drain¬ 
age tubes. General or local anesthesia should 
be provided. The distended joint is identified 
by palpation, the hair is clipped short, and 
the skin is prepared with appropriate surgical 
disinfection. A 2-cm 16-g needle is inserted 
into the joint cavity, avoiding direct contact 
with the bones of the joint. A second needle 
is inserted into the joint as far as possible 
from the first needle to cause any fluid per¬ 
fused into the joint to pass through as much 
of the joint cavity as possible. Next, 0.5 to 1 L 
of a balanced crystalloid solution such as lac- 
tated Ringer’s solution warmed to 37° C 
(99 F) is flushed through the joint using a 
hand-pumped pressure bag to keep a steady 
fluid flow into the joint. The only antimicro¬ 
bial solution documented to be safe to be 
added to joint lavage solutions is 0.1% 
povidone-iodine solution, which produces 
minimal synovitis and no articular cartilage 
damage or joint irritation. 

Arthroscopy 

Arthroscopy provides excellent visualization 
of most parts of an affected joint and can be 
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Fig. 15-10 Through-and-through needle lavage of the left hock joint of the Shorthorn calf in 
Figure 15-9. Warmed lactated Ringer's solution is lavaged through the joint with periodic joint 
distention (present) to facilitate lavage of the entire joint. The calf made a complete recovery. 


used to access the joint for the treatment of 
septic arthritis. The endoscope can be used 
to explore and debride the affected joint 
during the same intervention. Purulent 
exudate can be removed, and necrotic areas 
within the synovial membrane can be 
debrided. 

Surgical Drainage and Arthrotomy 

Failure to respond to parenteral and intraar- 
ticular medication may require surgical 
opening of the joint capsule, careful debride¬ 
ment, and excision of synovium and infected 
cartilage and bone. This may be followed by 
daily irrigation of the joint cavity with anti¬ 
microbials and saline. A lavage system can be 
established and the joint cavity infused with 
an antimicrobial and saline daily for several 
days. Arthrotomy with lavage was more 
effective in eliminating joint infections by 
providing better drainage than arthroscopy, 
synovectomy, and lavage. However, with 
arthrotomy the risk of ascending bacterial 
contamination is greater, and the major dif¬ 
ficulty is to eliminate the infection from the 
joint and incision site. Infected sequestra 
and osteomyelitis of subchondral bone will 
prevent proper healing. Curettage of septic 
physeal lesions in foals may be necessary. 

Open drainage and intraarticular and 
parenteral antimicrobials have been used to 
treat persistent or severe septic arthritis/ 
tenosynovitis. Although joint lavage through 
needles is still effective in many horses with 
acute infectious arthritis or tenosynovitis, in 
those with chronic or recurring septic arthri¬ 
tis, open drainage is indicated to remove the 
inflammatory exudate from the synovial 
space. Infected synovial structures are 
drained through a small (3-cm) arthrotomy 
incision left open and protected by a sterile 
bandage. Joint lavage using antimicrobials is 


done daily, and parenteral antimicrobials are 
given intensively. 

Septic pedal arthritis in cattle may be 

treated successfully by the creation of a 
drainage tract to promote adequate drainage. 
In cattle with septic arthritis of the digit, 
placement of a wooden block under the 
unaffected digit decreases weight-bearing on 
the affected digit and provides for earlier, less 
painful ambulation. 

Arthrodesis or Artificial Ankylosis 

Surgical arthrodesis can be used for the 
treatment of chronic septic arthritis in horses 
and calves. Septic arthritis of the distal inter- 
phalangeal joint is a common complication 
of diseases of the feet of cattle. Facilitated 
ankylosis of the joint is a satisfactory alterna¬ 
tive to amputation of the affected digit in 
valuable breeding animals. In a series of 12 
cases of septic arthritis of the distal interpha- 
langeal joint treated by use of facilitated 
ankylosis, the success rate was 100%. 

Physical Therapy 

The local application of heat, by hot fomenta¬ 
tions or other physical means, is laborious, 
but if practiced frequently and vigorously, it 
will reduce the pain and local swelling. Anal¬ 
gesics are recommended if there is prolonged 
recumbency. Persistent recumbency is one of 
the problems in the treatment of arthritis, 
particularly in foals. The animal spends little 
time feeding or sucking and loses much con¬ 
dition. Compression necrosis over bony 
prominences is a common complication and 
requires vigorous preventive measures. 

Stall rest for at least 3 to 4 weeks is recom¬ 
mended to minimize excessive exercise 
because the joint cartilage appears to be 
more vulnerable to injury after an acute 
inflammatory episode. 


Antiinflammatory Agents and 
Adjunctive Therapy 

NSAIDs are used routinely parenterally to 
decrease the inflammatory response and to 
provide analgesia. A common dose rate in 
foals with septic arthritis is 1.1 mg/kg BWIV 
every 24 hours for flunixin meglumine. In 
experimental synovitis in the horse, similar 
to septic arthritis, phenylbutazone was more 
effective than ketoprofen in reducing lame¬ 
ness, joint temperature, synovial fluid 
volume, and synovial fluid prostaglandin. 
Topical application of a fentanyl transdermal 
“patch” to the thorax or groin may provide 
additive analgesia, but scheduled drug 
requirements and reporting may make such 
treatment impractical. 

Hyaluronic acid is protective for joint 
health because it is an important constitutive 
component of articular cartilage and synovial 
fluid. Horses with septic arthritis have 
depleted hyaluronic acid content, and conse¬ 
quently foals with septic arthritis benefit 
from the intraarticular administration of 
hyaluronic acid (10 mg) because this results 
in glycosaminoglycan loss from articular car¬ 
tilage and has antiinflammatory properties. 

Prognosis for Survival and Athletic 
Use in Horses With Septic Arthritis 

The factors affecting the prognosis for sur¬ 
vival and athletic use in 93 foals treated for 
septic arthritis have been examined. The 
femoropatellar and tarsocrural joints were 
most commonly affected. Osteomyelitis or 
degenerative joint disease were detected in 
59% of the foals. Failure of transfer of passive 
immunity, pneumonia, and enteritis were 
common. Treatment consisted of lavage, 
lavage and arthroscopic debridement with or 
without partial synovectomy, or lavage and 
arthrotomy to debride infected bone and 
parenteral antibiotics. Seventy-five foals sur¬ 
vived and were discharged from hospital, 
and approximately one-third raced. Isolation 
of Salmonella from synovial fluid was associ¬ 
ated with an unfavorable prognosis for 
survival, and multisystemic disease was asso¬ 
ciated with an unfavorable prognosis for sur¬ 
vival and ability to race. The key to successful 
outcome for septic arthritis is rapid diagnosis 
and initiation of treatment. The presence 
infection in multiple joints is associated with 
a poor outcome. 1 

In a series of 507 horses treated for joint 
disease at one equine hospital during a 
period of 7 years, the risk factors affecting 
discharge from the hospital were examined; 
58% of foals, 78% of yearlings, and 94% of 
racing adults were discharged. Foals with a 
less severe lameness, duration of less than 1 
day, and infectious arthritis had increased 
odds of discharge. 

Factors associated with the short-term 
survival rate of 81 foals with septic arthritis 
were evaluated. Seventy-seven percent of the 
foals were discharged from the referral hos¬ 
pital, with nonsurvival being associated with 
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multiple joint involvement; detection of 
gram-negative, mixed bacterial intraarticu- 
lar infection; and the presence of degenerate 
neutrophils in the joint fluid. 10 Initiation of 
treatment within 24 hours of first evidence 
of clinical abnormalities and the use of mul¬ 
tiple treatment modalities were positively 
associated with survival. 10 In general, little 
information is available about athletic 
performance in horses following septic 
arthritis. 

CONTROL 

The control of infectious arthritis is of major 
importance in newborn farm animals. The 
early ingestion of adequate quantities of 
good-quality colostrum and a clean environ¬ 
ment for the neonate are necessary. The pro¬ 
phylactic use of antimicrobials may be 
considered to reduce incidence. Some of the 
infectious arthritides associated with specific 
diseases can be controlled through immuni¬ 
zation programs. For example, vaccination of 
piglets at 6 to 8 weeks of age will provide 
protection against both the septicemic and 
arthritic forms of erysipelas. 
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LAMENESS IN PIGS AND 
DEGENERATIVE JOINT DISEASE 
(OSTEOCHONDROSIS, 
OSTEOARTHROSIS, 
EPIPHYSIOLYSIS AND 
APOPHYSIOLYSIS, LEG 
WEAKNESS IN PIGS) 

LEG DISORDERS 

Leg disorders are divided into three major 
groups 1 : (1) infectious arthritis, (2) physical 
injuries, and (3) osteochondrosis. 


Leg weakness is a locomotory disability 
of pigs that is not associated with infectious 
disease. It is a combination of noninfectious 
arthropathy and osteopathy and is a signifi¬ 
cant cause of culling in pig herds. The causes 
are defects of conformation, osteochondrosis 
(including epiphysiolysis), arthrosis, lumbar 
intervertebral disk degeneration, and spon¬ 
dylosis. The clinical syndrome varies from 
lameness to difficulty in rising to recum¬ 
bency. The characteristic signs are carrying a 
hindleg, sitting on the haunches for long 
periods of time, and a shuffling gait. All of 
the conditions affecting the limbs are related 
to the growth patterns in the respective limb 
bones. Rickets is seen from 8 weeks to 
physeal closure, osteomalacia from 8 weeks 
onward, osteochondrosis (OCD) from 0 to 
30 weeks, epiphyseal separation from 15 
weeks to physeal closure, and spondylosis in 
older sows or boars. 

LAMENESS 

Lameness is deviation from normal gait. 
Joint kinetics have been described, 2 and 
lameness is closely associated with floor con¬ 
ditions. 3 One of the key decisions in examin¬ 
ing pigs that are not showing signs of normal 
locomotion is to ascertain whether the pigs 
have abnormalities in the nervous, skeletal, 
muscular, or joint systems. In most cases 
lameness will involve the joints for a variety 
of reasons because these are the most stressed 
structures in the locomotory system. Patience 
in examination is essential, and noting the 
progression of signs is also very important. 
What the clinician will see and what the 
pathologist and laboratory diagnostician 
sees are usually two different things. 

Lameness in pigs is associated with 
several etiologic disease groups: (1) trauma 
and bone fractures; (2) infections, such 
as arthritis, abscesses, tendonitis, and 
osteomyelitis; (3) overgrown feet, heels/ 
claws, and wear conformation; and (4) 
osteochondrosis/osteoarthropathy, which is 
probably the most important group. The 
most common combination is trauma/ 
infection/weak conformation. 

AGE-RELATED CHANGES IN PIGS 
Young Pigs 

Examination of young pigs for lameness is 
not easy. They are quick on their feet, bunch 
often, and need to be marked individually for 
further identification. You need to identify 
and mark those that are not walking or 
behaving normally or, if very young, not 
suckling properly. In young pigs purulent 
arthritis is common (usually S. suis, but may 
be others, including streptococci, S. aureus, 
E. coli). 4 ' 6 In a Swedish study, 75% of lame 
piglets had polyarthritis (more than one joint 
affected). 5 

The risk factors include the following: 

• Poor mothering, poor milk supply, poor 

colostral antibody protection, and 

agalactia 


• Skin lesions, particularly at the carpal 
joints as piglets struggle to suckle 

• Foot lesions associated with very poor 
flooring—rough edges, jagged metal 
(always worse than plastic), old plastic, 
poor concrete finish, and so forth— 
which causes damage to the tender feet 
of neonates, leading to bruised heels, 
erosion of heels, coronary band lesions, 
and subsequently septic arthritis 

• Arthritis is ubiquitous, principally as a 
result of bad hygiene in the farrowing 
house; the importation of nonimmune 
gilts; poor management; no all-in/all-out 
system; improper cleaning, disinfection, 
and drying; lack of bedding; fully slatted 
floors; and lack of creep heating and 
feeding. 

Most of the factors in the first two categories 
have disappeared by weaning because the 
piglet skin hardens and underfloor condi¬ 
tions generally improve. 

The situation can be improved by proper 
management of sows and gilts; batch farrow¬ 
ing followed by cleaning, disinfection, and 
drying; proper building maintenance; bird 
and rodent control; treatment of sows for 
agalactia; use of cross-fostering if there are 
large litters; and use of vaccines if appropri¬ 
ate. It was shown that repairing floors and 
doubling the straw decreased the amount 
of abrasions, 5 and the level of lameness 
decreased from week 1 to week 3. 

Osteodystrophy has been associated with 
hypervitaminosis A in growing pigs. 

Growers and Finishers 

In growers and finishers all of the groupings 
of disease type are important. See how they 
react to walking. Usually lame pigs have an 
arched back, sit for longer periods, are reluc¬ 
tant to stand or move, are easily bullied, and 
tend to sit or lie down as soon as possible. If 
they are not lame they get up quickly and 
move quickly. In these animals the infectious 
causes involve M. hyosynoviae, M. hyorhinis, 
S. aureus, Erysipelothrix spp., and H. para- 
suis. In addition, OCD is important. In a 
survey of 1000 pigs, 8 14% had OCD, and 
every pig with OCD gained 100 g/day less 
than the unaffected pigs. 

The risk factors include low herd immu¬ 
nity (need to increase by exposure or vacci¬ 
nation); the importation of carriers onto the 
farm (e.g., S. suis, Erysipelas spp., M. hyosy¬ 
noviae, and H. parasuis in particular); mixing 
of different ages of pigs (need all-in/all-out 
system by age); and stress as a result of exces¬ 
sive mixing, moving, and handling (reduce if 
possible). 

A hereditary form of rickets has been 
described in which there is no enzyme to 
convert D2 to D3 in the kidney. Normally, 
rickets derived from dietary causes is nor¬ 
mally seen in pigs of 2 to 6 months, and they 
have swollen joints, particularly the carpal, 
humeral, elbow, and stifle joints. Cases of 
rickets from dietary causes are very 
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uncommon and should not happen in this 
day and age, but cases do occur, particularly 
in the pigs of “back garden” and enthusiastic 
amateurs. The clinical signs include a stunted 
and unthrifty appearance, lameness, frac¬ 
tured long bones, and paresis. In young, 
weaned, growing pigs, there is a failure of 
mineralization of the osteoid and cartilage 
matrix, especially in the growth plates. At 
necropsy, the bones are pale and soft, particu¬ 
larly the ribs, which bend rather than snap 
under pressure and are radiolucent. Because 
the bones bend and don’t fracture, there is 
often evidence of recent or healing fractures. 

Rickets develop as a result of the 
following: 

• Inadequate concentrations of calcium, 
phosphorus, and/or vitamin D in the 
ration 

• Improperly balanced calcium and 
phosphorus in the ration, resulting in a 
ratio greatly different from 1 to 2:1 

• Inadequate concentrations of the active 
vitamin D 

• No vitamin D synthesis in a dark 
environment 

• No proper ration analysis 

• Excess iron in the diet 
Kyphosis/lordosis (“kinky back” or 

lordosis/kyphosis) can be seen as a congeni¬ 
tal abnormality, but it has also been seen in 
association with precocious behavior causing 
relaxation of the spinal ligaments and also by 
breeding for extra vertebrae in the spinal 
column, resulting in too much muscle weight 
for the skeleton. 

Older Animals 

In older animals the disease is mainly of the 
infectious disease group, particularly polyar¬ 
thritis and spondylitis. The risk factors are 
low herd immunity, the importation of car¬ 
riers, mixing of pigs with different immuni¬ 
ties, and episodes of stress. In these animals 
prevention is by isolation and quarantine of 
new imports, thorough mixing of pigs to 
ensure equal susceptibility and resistance, 
vaccination where possible (use the right 
strain, store vaccines correctly, and use them 
properly), and, importantly, reduction of 
adverse nutrition (look after P, Ca, and ratios, 
and make sure they are mixed at the right 
proportions). 

A case-control study of factors associated 
with arthritis detected at slaughter in pigs 
from 49 farms in Finland showed that 93% 
to 96% of pigs had osteochondritic lesions in 
joints, both in the control group and the 
group with high incidence of arthritis at 
slaughter, and infection was found only 
rarely. 9 Bursitis is a common feature in this 
age group, 10 as are other foot lesions. 1110 
Osteomyelitis is an uncommon problem 
but may result in lameness or pathologic 
fractures of vertebrae with compression of 
the spinal cord. It may follow septicemia 
or a local progression, as in tail-biting 
abscessation. 


Adults 

In a survey of cull sow bone and joint integ¬ 
rity in the Moorepark Research Farm herd in 
Ireland, it was found that there was no rela¬ 
tionship between lameness and joint pathol¬ 
ogy in sows. Osteochondritic lesions were 
found in all the sows and were most common 
in the medial condyle of the humerus and 
the anconeal process of the ulna. 13,14 A study 
of lameness and fertility in sows and gilts in 
loose-housed herds in Finland 11 ’ showed that 
8.8% of the animals (646 in 21 herds) were 
lame. The most common clinical diagnoses 
were osteochondrosis, infected skin lesions, 
and claw lesions. Sows on slatted floors had 
twice the chance of being lame than those on 
solid floors. Yorkshire pigs were more likely 
to be lame than Landrace or crossbred pigs. 
Lameness was not a risk factor for nonpreg¬ 
nancy. With sows, fighting in loose-housing 
systems is an important factor, especially if 
there are limited numbers of feeders. Slip¬ 
ping on concrete-based flooring systems 
with badly drained, water-soaked floors is 
also a hazard. In these cases rubber mats may 
help. In sows there is commonly medial claw 
atrophy (hypoplasia) and an overgrown 
lateral claw. Quite often it is the younger 
animals that are affected, especially in loose- 
housed animals. Lesions at the coronary 
band are also not uncommon. Claw lesions 
may be primary, with secondary conditions 
to follow. In two commercial sow herds, 16 
less than 4% of sows had lameness, with heel 
erosions being the most common cause and 
overgrowth of dewclaws second. 

One of the most common lesions in this 
age group is cracked feet, either of the sole or 
wall or heels; affected animals are lame, but 
if treated, a proportion will always get better. 
OCD in sows will often cause an intermittent 
lameness, whereas animals with arthritis are 
persistently lame. In a survey of sows at casu¬ 
alty slaughter in 2005, 22% had fractures, 
12% arthroses, and 15% osteomyelitis in the 
spine and other arthritides. All of the four 
groups are a problem in sows. Lameness is 
always on the list of culling for sows. 17 

Prevention is attention to all the items 
previously listed: inspect, trim, and treat feet 
regularly; check for wet floors, sharp edges, 
and newly laid concrete (treat with sodium 
carbonate); correct width of slats for age of 
animal; remove steps and steep slopes; check 
drainage angles; improve hygiene; perform 
regular cleaning, disinfection, and drying; 
reduce fighting; provide manipulable materi¬ 
als, particularly straw; have stable subgroups 
and provide good feeding and ad lib 
water; improve horn quality, possibly by 
increasing biotin and vitamin E in the diet; 
and, most important, improve genetic selec¬ 
tion techniques. 

Piglets often have fractures if laid on by 
sows, especially if they are hypoglycaemic or 
weak. Older piglets may fracture bones 
when they are stuck in fences or equipment. 
Finishing pigs may fracture bones during 


transport. Fractures found in several animals 
at the same time may be a result of electrocu¬ 
tion or sometimes outdoor lightning strike. 
Vertebrae, particularly in the thoracic area of 
the spine, humerus, neck of the scapula, 
pelvis, and neck of the femur are the usual 
sites. Sometimes the fractures are in the 
lumbosacral junction, resulting in separation 
of spinal cord and nerves. In these cases 
decomposition occurs quickly. Fractures 
have been described as part of lactational 
osteoporosis (downer sows) that occurred in 
first-litter sows when they were moved from 
the farrowing quarters and involved the 
pelvis, spine, femur, and other bones. It was 
caused by early mating, rapid growth rates, 
high milking yield of the sows, large litters, 
and insufficient nutrients in the diet to 
provide for both milk and sow growth, and 
thus calcium and phosphorus were drawn 
from the skeleton. Lactational osteoporosis is 
a result of an imbalance between bone for¬ 
mation (osteoblast activity) and bone resorp¬ 
tion (osteoclast activity). There is often 
calcium deficiency. Sows bones decalcify to 
mobilize calcium for milk production. The 
specific gravity of bone in these animals will 
be 1.018, whereas the normal is 1.022. The 
ratio of cortex to total area is 0.2 or less com¬ 
pared with 0.3 in the normal cross section of 
the sixth rib. The bones are structurally 
normal but of lower mass. Complicating 
factors include long periods of restricted 
exercise (sow stalls, farrowing crates), and it 
is particularly a problem during the first 
litter when gilts are still growing and there is 
an even higher demand for calcium and 
phosphorus. At necropsy the most frequent 
sites for lesions are the proximal one-third of 
the humerus and the proximal one-third of 
the femur. Comminuted spiral fractures 
extend from the metaphysis down into the 
diaphysis. 

Osteomalacia has been described as a 
result of deficiencies or imbalances of 
calcium, phosphorus, and vitamin D but 
may also be a result of the inability to 
consume sufficient food. Large quantities of 
unmineralized osteoids develop, thereby 
weakening the bones. This is attributable to 
a higher secretion of parathyroid hormone in 
the lactating sow. 

Proliferative osteitis of the femoral greater 
trochanter and medial epicondyle of the 
humerus has been described, usually in gilts 
after the first weaning. Affected animals are 
seen dog-sitting, and they rise with pain and 
discomfort; the pathology is a hemolytic 
mass in the muscle. 

Ankylosing spondylitis has been identi¬ 
fied in culled sows and boars at abattoirs, 
but it is thought that the condition starts as 
early as the first year of life. Pigs have a 
painful lumbar region, may develop kypho¬ 
sis, and waddle when walking or drag the 
hindfeet. The cause is probably multiple— 
wear and tear, spinal trauma, poor nutrition, 
genetics, arthritis of spinal joints, and so on. 
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Vertebrae may eventually fuse when allevia¬ 
tion occurs. Spondylosis results in bridging 
of the vertebrae, with possible trapping of 
the vertebrae. 

Arthrosis is sometimes referred to as 
arthropathy, osteoarthrosis, or osteoarthritis 
and is a nonspecific degenerating condition 
of cartilage that develops in chronic joint 
disease. The incidence increases with age 
(animals less than 18 months had 7% inci¬ 
dence, but those over 18 months had 82%). 
It is the result of instability resulting from 
osteochondrosis and the surface lesions in 
the joint that have filled with osseous repair 
tissue. Pathologically, the lesions include 
fibrillation of joint cartilage, ulceration of the 
articular surface, osteophyte production, and 
thickened synovial membranes and joint 
capsule. 

Tumors are not common but include an 
osteosarcoma of the maxilla occluding the 
nasal cavity, secondary tumors from a malig¬ 
nant melanoma, congenital melanomas, and 
multiple myeloma 18 and a glioblastoma in 
the ventral cerebral cortex of a 6-month-old 
Yorkshire gilt. 

OSTEOCHONDROSIS 

Leg weakness in pigs is a very loose term that 
includes a wide variety of conditions and is 
best discarded. Degenerative joint disease 
would be a much better general term to 
describe the lameness of young rapidly 
growing pigs affected with noninfectious 
joint diseases, which include osteochondro¬ 
sis (OC), epiphysiolysis, and degenerative 
osteoarthrosis (OA). Degenerative joint 
disease is characterized by varying degrees of 
intermittent but progressive lameness in 
rapidly growing pigs from 4 to 8 months of 
age, and pathologically it is characterized by 
the presence of OA and OC. The disease is 
of major economic importance because of 
the high culling rate of breeding-age swine. 

Degenerative joint disease is, in fact, a 
dyschondroplasia that affects growth carti¬ 
lage, both physeal and epiphyseal, in most 
breeds of rapidly growing pigs, which results 
in cartilage and bone lesions. 

The term dyschondroplasia should be 
used to describe the majority of lesions 
affecting growth plates, especially physeal 
growth cartilage or physes and lesions 
involving the articular epiphyseal cartilage 
complex (AECC). Dyschondroplasic foci 
may undergo calcification and ossification; 
alternatively, the chondrocytes may die, and 
the necrotic chondrocytes and the denatured 
matrix are removed by fibrous connective 
tissue that ossifies. Occasionally, features 
develop at the chondro-osseous interface 
with the metaphysis or within the calcified 
portion of the zone of hypertrophying chon¬ 
drocytes; cysts or clefts that contain blood 
persist and appear to stop the ossification 
front. Osteochondrosis is defined as a focal 
disturbance of endochondral ossification 
and is regarded as having a multifactorial 


etiology, with no single factor accounting for 
all aspects of the disease. The most com¬ 
monly cited factors are genetics, rapid 
growth, anatomic conformation, trauma, 
and dietary imbalances. Only heredity and 
anatomic conformation are confirmed by the 
scientific data. The term osteochondrosis 
should be used to describe a group of syn¬ 
dromes that cause limb deformities or 
degenerative joint disease in young, fast¬ 
growing pigs of either sex. Currently the con¬ 
sensus is that it is the effect of rapid growth 
(early excess weight) and lack of exercise on 
the developing cartilage that is at fault. The 
lesions appear to develop when pigs are less 
than 1 month old, when there is little muscle 
mass, indicating that heavy musculature is 
not the prime cause but helps in the exacer¬ 
bation of the disorder. It has been observed 
in pigs as young as 1 day old. However, in 
these young pigs the AEEC and growth 
plates are proportionately thicker and pos¬ 
sibly susceptible to stress. This results in a 
thickening of part of the growth plate that 
causes interference with metaphyseal growth. 
This in turn results in deformation of bones, 
joints, and ultimately limbs. It is this distor¬ 
tion that may lead to incongruity of joints, 
with subsequent development of osteoarthri¬ 
tis and other degenerative joint diseases. 

In the past, many of the lesions affecting 
the AEEC were examined at a stage when 
degenerative joint disease (DJD) had already 
become established. In these cases, the artic¬ 
ular surface was advanced, and subchondral 
bone was often exposed. However, examina¬ 
tion of early lesions shows that the lesions are 
initiated as microscopic foci of chondrolysis 
at or near the interface of the articular carti¬ 
lage and epiphyseal growth cartilage. The 
lesions may progress at this site, and lysed 
cartilage persists in the deeper layers of the 
AEEC, at the chondro-osseous interface, and 
within the bone of the epiphysis. The recently 
replicated cells die, and there is either failure 
of matrix production or disruption of the 
formed matrix. Clusters of chondrocytes 
often develop at the periphery of the lesion in 
an attempt to repair the lesion. The soft dena¬ 
tured cartilage is probably subject to further 
damage during joint movement, so that flaps, 
fissures, and craters develop. When the AEEC 
is breached and subchondral bone is in 
contact with the joint space, the joint becomes 
painful, and lameness develops. 

There is a consensus view that vascular 
injury within cartilage canals is part of the 
pathogenesis, although there are opponents 
of this view. With no normal vascularization, 
there is no subsequent ossification. The posi¬ 
tion with regard to OCD has recently been 
summarized 19 and describes it as being a pre¬ 
mature regression of the blood supply to the 
epiphyseal growth cartilage, leading to ische¬ 
mic necrosis of the cartilage canals. Research 
suggests that there are three different mani¬ 
festations of OCD: (1) osteochondrosis latens 
(OCL), where there are foci areas of cartilage 


necrosis at the epiphyseal growth cartilage 
that are not visible grossly but are visible on 
microscopic examination; (2) osteochondro¬ 
sis manifesta (OCM), where endochondral 
ossification becomes visible on microscopic 
and radiographic examination as thickened 
or uneven cartilage; and (3) osteochondritis 
dissecans (OCD), characterized by lesions of 
fissured articular cartilage protruding into 
the underlying bone. 

There is still much confusion as to whether 
there is an association between OCD and 
lameness. Our considered opinion is that 
it is referable to the individual animal and 
depends entirely on the extent and severity of 
the lesion, the joints affected, the “meatiness” 
of the animal, and the age at which the animal 
is affected. In many cases, the situation is 
complicated by secondary processes such as 
osteomyelitis, fractures, and damage to 
greater trochanter and tubercle. 

Epiphysiolysis and apophysiolysis are 
now considered to be part of the abnormali¬ 
ties of the AEEC, with fractures occurring at 
the weakened epiphyseal sites in the femur 
and tuber ischiadicum, respectively. 

Diagnosis of these conditions is achieved 
by ruling out other causes of lameness and 
then by confirming with a postmortem 
examination of cull sows. 


SYNOPSIS 


Etiology The specific cause is unknown but is 
probably a failure of vascularization of 
cartilage. 

Epidemiology Occurs in majority of breeds 
of rapidly growing pigs and young 
breeding females and males. Lesions are 
commonly present at slaughter. May be 
related to nutrition and rapid growth rate, 
genetic predisposition, and type of flooring, 
but there are no reliable correlations. 

Signs There may be no clinical findings or 
possibly lameness and inability to breed. 

Clinical pathology Radiographic evidence of 
osteochondrosis. 

Lesions Osteochondritic lesions of varying 
degrees of development, severity, and 
healing. 

Diagnostic confirmation Lesions at necropsy. 
Differential diagnosis list As listed for the 
various ages. 

Other causes of lameness include the 
following: 

• Polyarthritis attributable to infectious 
causes 

• Laminitis 

• Nutritional osteodystrophy attributable 
to calcium, phosphorus, and vitamin D 
imbalance 

• Hypovitaminosis A causing hindlimb 
paresis 

Treatment None. 

Control Uncertain. Select breeding stock with 
sound legs and gait. 
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ETIOLOGY 

The cause of the articular abnormalities is 
not known. The etiology and factors under¬ 
lying these syndromes are poorly defined, 
partly because of the difficulty of definitive 
clinical examination of affected pigs and the 
frequent lack of apparent significant patho¬ 
logic changes in necropsy examination of 
mild cases. There are no specific associations 
between degenerative joint disease and 
infectious diseases. 

The growth plates that close last are the 
ones that are most susceptible (medial con¬ 
dyles of humerus and femur, ulna, costo¬ 
chondral junctions, and the 6th to 8th 
lumbar vertebrae). Many terms have been 
used to describe the condition, including 
osteochondritis, osteoarthritis, degenerative 
joint disease, arthropathy, arthritis, polyar¬ 
thritis, and metaphyseal dysplasia, to name 
but a few. Most of these titles are inaccurate 
because the condition has its origin in the 
growth cartilage, and bones are affected 
secondarily. 

EPIDEMIOLOGY 

Occurrence 

Recently, a study of 9,411 newborn piglets 
showed that 9.8% were treated for lameness. 
For parity 3 sows, the level had risen to 
11.4%, but by parities 4 to 7, only 8% were 
treated. The treatments were in pigs of less 
than 3 weeks of age in 73% of the cases. 
Litters with 12 or more pigs had the highest 
incidences of lameness. Osteoarthritic 
changes are strongly associated with osteo- 
chondrotic changes in the humeral and 
femoral condyles. Osteochondrosis has been 
recorded as early as 1 day of age, so the 
lesions may be congenital. There may be 
some degree of change in up to 85% of pigs. 

The osteochondrosis complex (OCD) is 
the most common cause of lameness in 
breeding pigs. 20 

However, a recent study 14 has shown no 
relationship between lameness and OCD, 
but all the sows studied had evidence of 
OCD (particularly in the medial condyle of 
the humerus and anconeal process of ulna). 

We can say, in summary, that nearly all 
sows have some evidence of leg weakness, 
and in many circumstances leg weakness is a 
cause of culling. The reason for this is quite 
simple: the legs are the components of loco¬ 
motion that are most influenced by genetics, 
nutrition, management, environment, and 
microorganisms and infection. Overfeeding 
is the cause that results in too much weight 
and not enough bone to support the weight. 

There is a correlation between body con¬ 
formation and the presence of joint lesions. 
Pigs with a narrow lumbar region, broad 
hams, and a large relative width between the 
stifle joints were highly susceptible to poor 
locomotory ability as a result of lesions in 
the elbow and stifle joints, the lumbar inter¬ 
vertebral joints, and the hip joint. It is postu¬ 
lated that inherited weakness of muscle, 


ligaments, cartilage, and joint conformation 
results in local overloading of the joint and 
the development of OC and OA. Some 
breeds, such as the Duroc, have more prob¬ 
lems of structure and movement in the front 
legs than the rear, but OC is not responsible 
for the leg weakness. OC has been recorded 
in wild boar-Swedish Yorkshire crossbred 
pigs, in which the growth rate was low. It is 
probably not related to floor type. It is not 
associated with adventitious bursitis. 

The intensification of the swine industry 
has required that pigs grow rapidly and with 
high feed efficiency. Under such intensified 
conditions, rapidly growing pigs develop 
lesions of the bones and joints, especially the 
femur. Most pigs near market weight have 
varying degrees of OC. Except for severe 
lesions, which usually occur in a relatively 
small proportion of the total population 
examined, the lesions seen at slaughter often 
have no detrimental effect on the growth rate 
of pigs up to market weight. An advanced 
degree of OC, however, can result in severe 
degenerative joint disease and lameness in 
breeding stock. The disease occurs in both 
male and female pigs, and the incidence of 
lame pigs can be as high as 20% to 30%. It is 
a particular problem in gilt and boar testing 
stations, where it may necessitate slaughter 
of affected animals before the testing period 
is complete. The lesions develop most com¬ 
monly in growing pigs, particularly boars 
from 20 to 30 weeks of age, raised in confine¬ 
ment. The onset occurs when pigs are 
between 4 and 8 months of age, which coin¬ 
cides with a period of maximal growth rate. 
The peak period of clinical manifestation is 
from the late grower stage until 18 months of 
age, although the effect of OA may carry 
through to the adult period. Extensive mul¬ 
ticentric degenerative joint disease in adult 
sows and boars can cause severe lameness, 
which often warrants euthanasia. However, 
sows ranging in age from 1.5 to 3.0 years and 
culled for impaired reproductive perfor¬ 
mance, with no history of lameness, may 
have lesions of the femoral condylar surface. 

Risk Factors 

Numerous risk factors contribute to the 
disease, including nutrition and rate of 
growth, genetic and breed predisposition, 
sex, type and quality of flooring, and exer¬ 
cise and confinement conditions. The pig 
carries 53% to 51% of its weight on the fore¬ 
limbs and 47% to 49% on the hindlegs when 
young, but the weight supported on the 
hindlimbs is greater at 90-kg and 105-kg 
body weights. In a study of gilts and sows 
in Denmark, approximately 12% of gilts 
showed stiff locomotion, but 53% of gilts 
had at some time showed the same sign. 
Buck-kneed forelegs, upright pasterns, legs 
turned out wide, standing under position, 
and swinging hindquarters were associated 
with stiff locomotion or lameness. Weak 
pasterns on the hindfeet were associated 


with stiff locomotion and lameness. Weak 
pasterns on hindlegs and splayed digits on 
forelegs were associated with brisk move¬ 
ment (freedom from locomotor problems). 
The following leg weakness signs at the gilt 
stage were found to have a significant effect 
on the longevity of the sows: buck-kneed 
forelegs, swinging hindquarters, and stand¬ 
ing under position on the hindlegs. 

Nutrition and Rate of Growth 

The disease is associated with rapid early 
growth, but it does not appear to be related 
to protein, vitamins A and D, or calcium and 
phosphorus imbalance in the ration. Maximal 
mineralization of bones is not necessary to 
prevent leg weakness. Only almost complete 
absence of calcium and phosphorus causes 
lameness. Disturbances of the Ca:P ratio 
below 0.5 or over 3.0 are necessary to produce 
lameness. Recently it has been suggested that 
long-term acidosis may be associated with 
the condition because bone is not formed as 
phosphorus is removed from the bone. In 
this context the acidification of pig diets has 
been suggested as a contributory cause. It 
has also been shown that the presence of 
deformed forelimbs is not associated with 
low levels of vitamin C in plasma. Rapid 
growth, especially during the early period, 
was thought to have a significant influence 
on the occurrence, and there is also some 
breed variation in susceptibility. However, in 
some feeding trials of pigs from weaning to 
slaughter weight, there was no direct effect of 
rapid growth rate on the incidence and sever¬ 
ity of OC. In other feeding trials, average 
daily gain of gilts was an important factor in 
the severity of lesions of OC. Decreasing the 
rate of gain by restricting energy intake 
appeared to decrease the prevalence and 
severity of OC when gilts were slaughtered 
at 110 kg. However, it was shown that when 
pigs were fed waste food and grew more 
slowly, they had an increased prevalence and 
score for OC compared with pigs fed a com¬ 
mercial feed concentrate. Decreasing the 
concentration of protein in the diet of gilts 
from 16% to 12% resulted in less longitudinal 
bone growth but did not decrease the inci¬ 
dence of OC. A simple association between 
growth rate and the incidence or severity of 
joint lesions has not been consistently dem¬ 
onstrated, and a reduction in the growth rate 
of pigs does not control the disease. 

A significant favorable association 
between leg action and daily gain has been 
noted. There has also been speculation that 
growth hormone could influence the devel¬ 
opment of lesions of OC by exerting a direct 
effect on differentiation and colonization of 
epiphyseal chondrocytes. There is no consis¬ 
tent relationship between the incidence of 
osteochondrosis and selection of pigs for 
lean tissue growth rate. It may be simply that 
more feed means more growth, which makes 
the stress on developing cartilage greater and 
therefore predisposes to OC. 





1422 


Chapter 15 


Diseases of the Musculoskeletal System 


Genetic and Breed Predisposition 

It has been proposed for many years that 
selection of pigs for increased growth rate 
resulted in a concomitant increase in the 
incidence and severity of musculoskeletal 
disease. Genetic studies indicate that the 
heritabilities of leg weakness are low to mod¬ 
erate (0.1 to 0.3). A more recent study sug¬ 
gested from 0.01 to 0.42 for leg weakness and 
OC and that both are associated with pro¬ 
duction traits (lean percentage and back-fat 
thickness). Genetic analysis of the incidence 
of OC and leg weakness in the Swedish pig 
progeny testing scheme revealed a low to 
moderate heritability. Genetic control of leg 
weakness has been achieved by various 
researchers, and thus inheritance is probably 
an important risk factor for this disease 
complex. The genetics of leg weakness have 
been described in Finnish Large White and 
Landrace populations. Meaty breeds are the 
most severely affected, including the Duroc 
and the Dutch and Swedish Landrace. 

Inheritance may not be polygenic; it 
may be just one gene that controls OC, the 
MEP gene. 

Osteochondrosis also occurs in crossbred 
Wild Boar-Yorkshire pigs with a genetically 
decreased growth rate, raised under the same 
conditions as finishing pigs. The distribution 
and extent of OC was similar to that of pure¬ 
bred Swedish Yorkshire pigs. This suggests 
that it is not limited to rapidly growing pigs. 
There are significant breed differences in 
the periarticular and meniscal ossifications 
seen on x-ray. Recently the quantitative trait 
loci for locomotion and osteochondrosis- 
related traits have been identified in Large 
White-Meishan crossbred pigs. Correlations 
between breeding values for longevity and 
for OC were low but significant, in a favor¬ 
able direction. Higher OC scores were asso¬ 
ciated with a higher risk of being culled. 

It has been seen in wild boar in 
Slovenia. 

Type of Flooring 

Insecure footing because of unfavorable floor 
surfaces and the presence of foot lesions may 
change the posture of the animal and cause 
local overloading of certain joints. The effect 
of the quality of floor has been examined, 
and there is no clear evidence that the hard¬ 
ness of floor contributes to an increased inci¬ 
dence of leg weakness associated with joint 
disease. However, the incidence and severity 
of joint lesions may be related to the duration 
of confinement in pigs confined individually. 
Exercise will prevent abnormalities such as 
bow legs, flexion of the carpus, and sickle- 
legs from impairing the mobility of boars, 
but it does not influence the severity of joint 
lesions. The milder syndromes of poor 
movement and lameness associated with 
defects in leg conformation in the grower 
stage are not necessarily associated with 
bone or joint lesions and may regress spon¬ 
taneously or improve if affected pigs are 


placed on pasture. However, severe lameness 
at this age, and occurring in replacement 
stock and young adults, is frequently associ¬ 
ated with severe bone and joint lesions, 
which may be irreversible. A recent study has 
looked at type of floor (solid floor plus straw, 
solid floor no straw, and fully slatted). The 
slatted floors were worst for leg weakness 
and the floors with straw best. The different 
types of floor affected leg weakness and claw 
disorders differently. 

Trauma probably exacerbates the late 
lesions by damaging further the blood supply 
to the blood vessels of the cartilage. 

Exercise and Confinement 

There is some limited evidence that a high 
lean growth rate may predispose toward leg 
weakness under confinement rearing. It may 
be that the growth rate at different ages is 
more important. Trauma during handling, 
penning, and transportation may be associ¬ 
ated with a relatively high frequency of OC, 
but the evidence is very limited. A high 
stocking density had an adverse effect on 
four of the signs of leg weakness (knock 
knees, turned-out forelimbs or hindlimbs, 
standing with the legs under the body). A 
recent study of housing and treadmill train¬ 
ing did not show any adverse effects on leg 
weakness. It has even been seen in pigs on 
grass and on deep litter and in wild boar. 

Economic Importance 

In Scandinavia, breeding pigs culled because 
of lameness had a 100% frequency of OC or 
OA, and up to 40% of boars in a performance 
test station had osteochondrosis or osteoar¬ 
throsis. A conservative estimate suggests that 
3% of sows and 10% of boars are culled for 
unsoundness associated with OC and OA. 
The hidden costs include a reduced pool for 
selection of high-performance boars and 
gilts, the maintenance of pigs that cannot 
be used for breeding, increased mortality 
among piglets crushed by lame sows, reduced 
feed intake and growth rate in lame pigs, and 
transportation costs of replacement stock. 

PATHOGENESIS 

The initial stage of pathogenesis is thought to 
consist of the formation of fragile cartilage, 
failure of chondrocyte differentiation, sub¬ 
chondral bone necrosis, and failure of blood 
supply to the growth cartilage. Some of the 
literature supports the idea that the failure of 
blood supply is the crucial lesion, either from 
the epiphyseal or metaphyseal side. In a 
summary, the primary lesion could be 
described as a focal ischemic necrosis of 
growth cartilage initiated by necrosis of car¬ 
tilage canal blood vessels. The necrotic carti¬ 
lage does not undergo mineralization or 
vascular penetration, and then focal failure 
of endochondral ossification occurs when 
the ossification front approaches the lesion. 

The condition has been seen as early as 
1 day of age, and the lesions develop with 


age. The essential lesion is the necrosis of 
cartilage canals and surrounding cartilage. 
Lesions may be seen to be developing and 
healing at the same time. In growing animals, 
the superficial layer of joint cartilage is artic¬ 
ular cartilage, and the deeper layer is epiphy¬ 
seal cartilage that undergoes endochondral 
ossification as the animal matures. The artic¬ 
ular cartilage persists in the mature animal, 
whereas the epiphyseal cartilage becomes a 
layer of calcified cartilage and underlying 
subchondral bone. The cartilage of the physis 
is known as the growth plate and is involved 
in metaphyseal growth. The normal growth 
plate cartilage has a well-ordered structure, 
with the chondrocytes of the proliferative 
and hypertrophic regions arranged into 
columns. 

Osteochondrosis is a generalized disease 
in which there are focal areas of failure of 
endochondral ossification in the physeal 
(metaphyseal growth) and epiphyseal growth 
cartilage. The underlying defect may be an 
abnormality of the chondrocytes, which do 
not undergo normal hypertrophic ossifica¬ 
tion. They accumulate rough endoplasmic 
reticulum, lipid droplets, and mitochondria. 
The surrounding matrix contains deposits of 
electron-dense material that may prevent 
normal vascularization and therefore ossifi¬ 
cation. The hypertrophic region is disorga¬ 
nized and greatly extended compared with 
normal tissue. The matrix surrounding the 
clustered chondrocytes is altered compared 
with that in normal cartilage. The primary 
abnormality is an increased thickness of the 
joint cartilage combined with degenerative 
changes that result in infoldings and erosion 
of the articular cartilage. Defects of the 
growth plates (physes) result in short, 
deformed bones. 

Pathologically, severe clinical cases are 
characterized by osteochondrosis and sec¬ 
ondary degenerative joint disease, especially 
involving the medial aspects of the larger 
joints; epiphysiolysis; and lumbar interverte¬ 
bral disc degeneration and spondylosis. 
Osteochondrosis has been used to encom¬ 
pass lesions involving the physes and the 
articular epiphyseal complexes. However, 
because of morphologic changes that have 
been observed in growing pigs, dyschondro- 
plasia is now the preferred term to be used 
generically and then qualified by the location 
and nature of the morphologic description 
because the causes may be different. 

Osteochondrosis occurs commonly in 
growing pigs at predilection sites of the 
medical condyle of the humerus and femur, 
the epiphyseal plates of the distal ulna, and 
the femoral head and the intervertebral 
joints. The 6th to 8th costochondral 
junctions may also be affected. It may 
heal spontaneously or it may progress to 
osteochondritis dissecans and OA. Its 
progression in either direction is influenced 
by local loading and by joint stability, 
which depends on joint shape and muscle 
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and ligamentous support. The age-related 
changes and OC in the articular and epiphy¬ 
seal cartilage have been described. The car¬ 
tilage increases with age up to 5 weeks 
and then begins to decrease in thickness. 
Deleterious influences such as defects in 
conformation; heavy musculature with 
skeletal immaturity; muscular weakness 
resulting from myofibrillar hypoplasia, 
myopathies, or lack of exercise; inadequate 
flooring; or even simple trauma may 
adversely affect this progression and lead to 
severe skeletal change. 

Porcine synovial fluid contains both hyal¬ 
uronic acid and chondroitin sulfate, and 
ratio of chondroitin sulfate to hyaluronic 
acid is not influenced by relatively advanced 
stages of osteochondrosis. Treatment of lame 
boars with glycosaminoglycan polysulfate 
improves leg soundness score and results in 
an increase in the hyaluronic acid concentra¬ 
tion of the cubitus joint synovial fluid and in 
the proportion of aggregated proteoglycans 
in the articular cartilage of the medial 
femoral condyle. It is suggested that the hyal¬ 
uronic acid accounts for most of the viscosity 
of synovial fluid and for efficient lubrication 
of the joint. 

Well-established lesions typical of OC 
associated with the physes can be found in 
young pigs between 25 and 30 days of age. 
The earliest change associated with a dys- 
chondroplasia of the physis is a focus of per¬ 
sistent hypertrophied chondrocytes that do 
progress but heal. Lesions associated with 
physes and articular epiphyseal complexes 
develop continuously and regress as pigs 
grow older. Changes in cartilage canal vessels 
appear to be important in the pathogenesis. 
There is no evidence that vascular damage is 
a factor in the pathogenesis of the lesions. 

Because foci of dyschondroplasic lesions 
are associated with physes of pigs between 
birth and the stage of rapid growth, they 
could be regarded as part of the usual growth 
patterns in contemporary commercial swine. 
However, clinical signs of dyschondroplasias, 
or degenerative joint disease secondary to 
dyschondroplasias, usually do not appear 
until pigs are almost 6 months of age. 

Radiologic Monitoring of Lesions 

Osteochondrosis can be diagnosed radio- 
logically. Radiologically, the lesions were 
similar in Yorkshire pigs and Landrace but 
more severe in the Landrace and similar to 
the Danish Landrace. 

The development of epiphyseal osteo¬ 
chondrosis in pigs from 42 to 147 days of age 
has been followed radiologically. Osteochon- 
dritic lesions were seen radiologically in the 
articular-epiphyseal (A-E) complexes of the 
humeral condyles of 42-day-old pigs and in 
the femoral condyles at 63 days of age, in 
contrast to earlier reports indicating that 
lesions were not visible radiologically until 
100 days of age. The osteochondrosis lesions 
of the A-E complexes develop, become 


progressive, and subsequently become either 
stable, regressive, or even more progressive 
as the pigs grow. This supports the observa¬ 
tions that the lesions develop and become 
progressive and regress as the pigs grow. The 
humeral medial condyles have more pro¬ 
nounced lesions and are more frequent than 
the lateral ones. 

Radiologic monitoring of the develop¬ 
ment and sequelae of physeal osteochondro¬ 
sis lesions of the growth plate cartilage and 
A-E complexes of the forelimbs and 
hindlimbs in young breeding swine found 
that the majority of distal ulnar lesions 
healed by 18 to 20 months, and some started 
fusing at 18 to 21 months. The distal ulna 
healed without complications in most 
animals, and the most severe lesions healed 
faster than the mild or moderate ones. In a 
recent study, periarticular ossifications at 
the elbow joint were found in the radio¬ 
graphs at a prevalence of 0.9%. Meniscal 
ossifications were seen as single or multiple 
foci at the cranial aspect of the joint at a 
prevalence of 2.6% and had a bilateral 
occurrence of 20%. Meniscal ossifications 
were associated with turned-out hindlegs 
and stiff locomotion in the hindlegs and 
negatively associated with growth rate. 

CLINICAL FINDINGS 

Palpation is an important method of exami¬ 
nation of lame pigs. Lame pigs are usually 
stiff on either front or back legs or both. The 
key is to send affected animals for slaughter 
quickly on diagnosis, provided they are fit 
to travel and inspected at the abattoir or 
rapidly placed in a quarantine area to prevent 
further injury and to supervise the effects of 
treatment. 

OC and OA produce leg weakness that 
varies in severity from locomotor abnormal¬ 
ity resulting from conformation and leg 
defects such as narrow lumbar area and 
broad hips, hyperflexion of the carpus, 
bowing of the forelimbs and “knock knees,” 
hyperextension of the phalanges, and lateral 
angulation of the foot and sickle hocks, to 
more severe lameness and, in the extreme, 
inability to rise and paresis. Nine signs of leg 
weakness are described: buck-kneed fore¬ 
legs, steep hock joints, turned-out forelimbs 
and hindlimbs, upright pasterns on the hind¬ 
legs, stiff locomotion, standing under on the 
hindlimbs, swaying hindquarters, goose¬ 
stepping hindlegs, and lameness and ten¬ 
dency to slip. The four most common signs 
are buck knees, small inner claws on forefeet, 
small inner claws on hindfeet, and upright 
pasterns on the hindlegs. 

The clinical syndrome is a locomotor dis¬ 
order usually involving the hindlimbs. Often 
the most rapidly growing pigs are lame. The 
lameness maybe acute, intermittent, chronic, 
progressive, or a combination of these. An 
insidious onset is common, and pigs are 
unwilling to move, the stride is shortened, 
and the limbs are held in partial flexion. The 


carpal joints may be underextended while 
the metacarpophalangeal joints are overex¬ 
tended, giving the limb an abnormal 
S-shaped profile. The pelvic limbs are com¬ 
monly held straight, and the back is slightly 
arched. In some cases, affected animals will 
assume a kneeling position with flexed carpal 
joints and walk on those joints. 

Mild cases show stiffness, especially 
immediately after a period of lying down, 
and lameness. Slowness to rise and a ten¬ 
dency to walk with short steps on tiptoes, 
frequently in association with a marked 
inward curve of hindlimb motion during 
forward progression and side-to-side motion 
of the buttocks, are frequently seen. More 
severely affected pigs sit on their hindquar¬ 
ters and are reluctant to stand. They carry 
one or both hindlimbs more forward under 
the body and walk with a short, goose¬ 
stepping gait. Wasting is not a feature except 
in severely affected animals, and the locomo¬ 
tor disorder may be minor unless exacer¬ 
bated by physical exertion. 

The syndrome is of particular importance 
in breeding animals because it may interfere 
with successful mating. Boars may show 
initial interest in mounting but subsequently 
slide off the sow or dummy before mating is 
complete, presumably as a result of the pain 
of the limb lesions. 

There may be no meaningful association 
between visual scores for physical soundness 
in the live animal and the degree of joint 
damage. Some pigs with severe lesions are 
not lame; conversely, other pigs are severely 
lame with minor lesions. 

Epiphysiolysis 

Separation of the epiphyses probably occurs 
when the process of endochondral ossifica¬ 
tion reaches or approaches the cartilage 
defect. The resulting fracture may extend in 
a jagged crack through primary and second¬ 
ary spongiosa. It may be that the traumatic 
forces applied to the epiphyseal cartilage at 
the site of empty spaces near atrophic blood 
vessels or at eosinophilic streaks cause 
further separation and epiphyseal lysis. 

The defect involves the proximal femoral 
epiphysis. There is separation along the prox¬ 
imal femoral epiphysis and the metaphyseal 
bone. It is a traumatic occurrence at a site of 
a growth defect in the cartilage with a com¬ 
bination of excess tension in the hip joint 
across a weakened physeal region in the 
femur, which then separates. It occurs from 
5 months to 3 years of age (epiphyses fuse at 
3 to 7.5 years of age). It may develop from an 
extended eosinophilic streak (area of matrix 
degeneration) or from areas of necrosis in 
the growth of cartilage rather than from 
areas of metaphyseal dysplasia. 

Usually, it is a severe and sudden-onset 
lameness, occasionally insidious. Animals lie 
down, are unable to rise unless assisted, and 
usually eat and drink. It may be unilateral 
or bilateral, and manipulation reveals 
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crepitation. It can be confused with fractures 
of the femur, spinal canal abscesses, or lum¬ 
bosacral fractures. It may become a center of 
necrosis if secondary bacterial infection 
occurs. 

Epiphysiolysis contributes to the leg- 
weakness complex. In this case, repeated 
trauma and consequent microfractures sig¬ 
nificantly contribute to the retention of a 
thick and irregular epiphyseal cartilage and 
to fibrous tissue formation. Epiphysiolysis of 
the femoral head produces severe unilateral 
lameness, and if bilateral, it is usually 
manifest by marked reluctance to rise and 
severe locomotor disability. Initial signs are 
frequently deceptively mild and follow 
physical exertion, such as in mating, trans¬ 
port, farrowing, or fighting, but they pro¬ 
gress to severe lameness over a 7- to 10-day 
period. 

Apophysiolysis 

Epiphysiolysis of the tuber ischii is known as 
apophysiolysis. It may also occur following 
physical exertion but is more common in 
second- or third-parity sows and is manifest 
by “paralysis,” with the hindlimbs in forward 
extension under the body of the sow. These 
animals dog-sit and are unable to rise. In 
many instances, the injury occurs when the 
animals arrive on the farm or are first mated. 
In pigs the anconeal process does not arise 
from a separate ossification center, so apo¬ 
physiolysis of the anconeal process is a better 
description than epiphysiolysis of the anco¬ 
neal process. 

Bilateral separation of the ischiatic tuber¬ 
osities along their physes has been recog¬ 
nized in young sows. Most affected animals 
are heavily pregnant, most dog-sit with the 
hindlimbs forward, and palpation elicits 
crepitus. It is associated with slippery floors 
excessively pulling the biceps femoris 
tendons from the tuber ischiadicum. Unilat¬ 
eral lesions cause a moderate to severe lame¬ 
ness, but bilateral separation may prevent the 
sow from rising or walking. The pain and 
muscle contraction frequently make it diffi¬ 
cult to determine the site and severity of the 
lesion by simple clinical examination, and 
palpation following general anesthesia or 
radiography may be required for proper 
clinical assessment. Physical examination 
should include complete palpation of all 
limbs for heat, swelling, and pain. The pal¬ 
pable parts of the pelvis should be examined, 
with particular emphasis on the ischial 
tuberosities. Passive flexion, extension, and 
rotation of each limb along with auscultation 
over the joint may reveal evidence of crepitus 
or a pain response. 

Although the lesions of the physes and 
articular epiphyseal complexes are detect¬ 
able in pigs under 14 days of age, they are 
not detectable radiographically in live 
animals until the pigs are over 100 days of 
age. Only 21% of the lesions associated with 
the physes and 22% of the lesions associated 


with the articular epiphyseal complexes 
were detectable in radiographs of bones of 
live pigs. 

Meniscal ossifications were observed as 
simple or multiple small, smooth, firm, and 
irregular swellings in the cranial horn of the 
lateral meniscus. The periarticular osseous 
foci were seen as focal firm swellings at the 
craniomedial aspect of the elbow joint. 

CLINICAL PATHOLOGY 

The carpal, elbow, tarsal, and stifle joints can 
be radiographed for evidence of joint lesions, 
with the lesions then scored according to a 
system. It is also possible to use ultrasonics 
for diagnosis. 

NECROPSY FINDINGS 

At necropsy, the cartilage is not normal, 
and cracks, fissures, and necrosis are seen 
below the cartilage. The pathology has been 
reviewed for osteochondrosis. 19 

The scapulohumeral, humeroradioulnar, 
carpal, coxofemoral, femorotibial, and tarsal 
joints should be examined. Typically, in 
osteochondrosis, the changes are feathery 
hypertrophy of villi, focal full-thickness car¬ 
tilage buckles, ulcers or flaps of cartilage, and 
no changes in the draining lymph nodes. 
Joint mice and synovitis may also be seen. 
Deformation, or even fractures, may occur in 
the long bones. 

Histologically, osseous trabeculae may be 
seen with clusters of chondrocytes; between 
the trabeculae, lined by flat osteoblasts, there 
are adipocytes. The osseous center is formed 
of mineralized cartilage that has blended into 
more or less fibrous cartilage, but toward the 
joint cavity the meniscal ossifications are 
covered by hyaline cartilage. 


DIFFERENTIAL DIAGNOSIS 


The syndrome must be differentiated from 
other diseases that cause lameness and 
paralysis in growing and young adult pigs, 
including the following: infectious 
polyarthritis: laminitis; traumatic foot lesions; 
foot lesions produced by biotin deficiency and 
footrot; osteodystrophy resulting from 
calcium, phosphorus, and vitamin D imbalance 
in rations: vitamin A deficiency; and viral 
encephalomyelitis. 


TREATMENT 

There is no effective treatment. Early cases 
may recover spontaneously after being 
placed outside on pasture or housed indi¬ 
vidually, inside, on deep straw litter. Recently 
it has been suggested that meloxicam at a 
dosage of 0.4 mg/kg is efficacious and safe 
for the treatment of noninfectious locomotor 
disorders in pigs. Treatment with 2.5-D 
vitamin D had no effect on the incidence and 
severity of OC/OA lesions. Animals that are 
affected with clinical signs should be removed 
from the herd quickly for casualty slaughter 


and, if necessary, should be humanely 
destroyed as soon as possible. 

CONTROL 

Because the etiology is unknown, it is not 
possible to provide specific control mea¬ 
sures. The hereditary nature of the disease 
suggests that the selection of breeding stock 
with sound legs and a low incidence of 
lesions would be an effective long-term 
control measure. Genetic control of leg 
weakness has been documented by various 
researchers. Selection of boars for leg sound¬ 
ness has dramatic effects on the structural 
soundness of their crossbred progeny, and 
therefore selection of structurally sound 
replacements must be maintained if leg 
weakness in market or breeding pigs is to be 
avoided. Divergent selection for leg sound¬ 
ness in Duroc pigs has been dramatic. 
Progeny of leg-soundness sires had signifi¬ 
cantly better measures for all leg traits at 
104 kg than did progeny of leg-weakness 
sires. Differences between the two progeny 
groups indicated that the realized heritability 
for front-leg soundness exceeded 0.50. 

Selection of breeding stock will require 
careful genetic selection, examination of all 
pigs that are to be retained for breeding, and 
necropsy of siblings of affected pigs of the 
same gender, to identify genetic lines of pigs 
that have a low incidence of lesions. A recent 
study showed that the increase in wild boar 
alleles in crosses with Large White pigs 
reduced the prevalence of OC. It has been 
suggested that the selection of pigs based on 
the joint lesion score could lead to a better 
leg and joint condition both visually and 
pathologically. Reduction of growth rate and 
exercise may help, but they are not a real 
methods of control. Improvement of nutri¬ 
tion and housing may help to remove the 
traumatic component of cartilage damage. 
Increasing the calcium and phosphorus in 
the diet also does not help. 
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Infectious Diseases of the 
Musculoskeletal System 

BORRELIOSIS (LYME BORRE 
LIOSIS, LYME DISEASE) 


SYNOPSIS 


Etiology Spirochete Borrelia burgdorferi sensu 
lato complex with different genospecies. In 
North America, genospecies B. burgdorferi 
sensu stricto; in Europe, B. burgdorferi 
sensu stricto, B. afzelii, and 6. barinii. Other 
genospecies possibly associated with clinical 
disease are B. spielmanii, B bisentii, B. 
lusitaniae, and B. valaisiana 

Epidemiology Occurs in North and South 
America, Europe, Asia, and Australia in 
cattle, sheep, horses, dogs, and humans. 
Transmitted by Ixodes spp. ticks from small 
wild animals, which are host reservoirs to 
domestic animals and humans. Larval ticks 
feed on small mammals; nymphal ticks 
feed on a broader range of hosts, including 
rodents, birds, sheep, and cattle; adult ticks 
feed on deer, horses, cattle, and dogs. All 
stages feed on humans. 

Signs In horses: chronic weight loss, sporadic 
lameness, persistent fever, swollen joints, 
muscle stiffness, depression, anterior 
uveitis, neurologic signs, abortion, and 
weak foals. In cattle and sheep: 
polyarthritis, chronic weight loss, 
fever. 

Clinical pathology Serology (indirect 
immunofluorescent antibody test 
[IFAT], enzyme-linked immunosorbent 
assay [ELISA]), culture, polymerase chain 
reaction (PCR), immunohistochemistry 
(IHC). 

Lesions Polysynovitis, lymphadenopathy, 
interstitial myocarditis, nephritis, 
meningoencephalitis. 

Treatment Tetracyclines and penicillin. 

Control No specific control measures 
available; tick control. 


ETIOLOGY 

Borrelia burgdorferi, a gram-negative aerobic, 
microaerophilic, motile, spiral-shaped bacte¬ 
rium belonging to the family Spirochaeta- 
ceae, is the causative agent of Lyme borreliosis 
(Lyme disease). The Borrelia burgdorferi 
sensu lato complex comprises at least 12 
genospecies, of which only a few have been 
associated with clinical disease. Of these dif¬ 
ferent species, B. burgdorferi sensu stricto, B. 
afzelii, and B. garinii have been recognized as 
pathogens associated with clinical disease in 
mammals. The more recently identified 
species B. spielmanii, B. bisentiii, B. lusita¬ 
niae, and B. valaisiana have also been 
incriminated as potentially pathogenic 
species in humans and mammals. 1 
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EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

A disease complex consistent with Lyme bor¬ 
reliosis in humans with characteristic skin 
lesions was first described at the end of the 
nineteenth century, but the etiology of the 
condition remained unknown until 1982, 
when W. Burgdorfer identified the causative 
agent. 2 Currently, Lyme borreliosis is recog¬ 
nized as the most common vector-borne 
disease in the northern hemisphere.' The 
disease predominantly occurs in North 
America and Europe but has also been 
reported in parts of Asia and in Latin Ameri¬ 
can countries, including Brazil, Mexico, and 
Colombia. 1 

In the United States the infection is pri¬ 
marily prevalent in three regions: the North¬ 
east (from Massachusetts to Maryland), the 
Midwest (Wisconsin and Minnesota), and 
the Pacific region (California and Oregon). 
The disease occurs most commonly in areas 
with an appropriate density of the insect 
vector, intermediate hosts, and the environ¬ 
mental conditions favoring transmission. 

The different genospecies of B. burgdor¬ 
feri sensu lato differ in their geographic 
occurrence. Whereas in North America 
Lyme disease is most commonly associated 
with B. burgdorferi sensu stricto, in Europe, 
B. afzelii is most prevalent in the north, B. 
burgdorferi sensu stricto in the western part 
of the continent, and B. lusitaniae in the 
Mediterranean basin. B. spielmanii has been 
isolated in Germany, France, the Nether¬ 
lands, Hungary and Slovenia, the Ukraine, 
and other countries. B. valaisiano was found 
to occur in central Europe, the United 
Kingdom, and Russia. 1 

The prevalence of vector ticks infected 
with B. burgdorferi sensu lato has been 
studied in different countries and occurs at 
rates of 22% to 35% in Germany, 10% to 35% 
in the Netherlands, 40% in Bulgaria, 38% 
in Slovakia, 5.4% in Poland, and 12.9% in 
Ontario, Canada. 4 9 The prevalence of infec¬ 
tion with B. burgdorferi for different animal 
species has been studied for different geo¬ 
graphic regions. These data must be inter¬ 
preted cautiously because they reflect the 
degree of exposure of an animal population 
(seroprevalence) but are not associated with 
the prevalence of clinical disease (disease 
prevalence). 

Cattle 

Seroprevalence studies of cattle in the United 
Kingdom indicate that the seropositivity rate 
increased from 44% to 67% after the cattle 
were turned out to a pasture heavily infested 
with ticks. The seropositivity rate was found 
to be higher in cattle with digital dermatitis 
(“Morbus Mortellaro”; 71%) than in cattle 
without the lesions (7.3%). This observation 
nonetheless should be interpreted cautiously 
because there was a significant age difference 
between cows with digital dermatitis (adult 


cows) and unaffected cows (1- to 3-year-old 
heifers), and an effect of age on the sero¬ 
prevalence rate is well established in other 
animal species. 4 

In a study conducted during the grazing 
period of 2002 in Bavaria, Germany, includ¬ 
ing nearly 300 cattle, a seroprevalence of 
45.6% was determined. Within-herd preva¬ 
lence rates ranged from 20% to 100%. The 
antibody titer was associated with the 
number of ticks found on the animal but not 
with its age. 10 

In Japan, the seroprevalence of infection 
varied from 8% to 15% and was higher 
during the summer months; cows with 
arthritis had higher titers to the organism 
than healthy cows. Similar observations have 
been made in dairy cows in Minnesota and 
Wisconsin in areas with endemic B. burgdor¬ 
feri infections. In Wisconsin, the peak sea¬ 
sonal incidence of clinical disease in horses 
and cattle occurs in May, June, and October, 
which correlates with emergence of I. 
dammini in the spring, usually March and 
April, and again in September. 

Sheep 

Seroprevalence studies in sheep infested with 
Ixodes ricinus in Scotland indicate an infec¬ 
tion rate in lambs of 2.7%, with 24% to 40% 
in young sheep and 0% to 6% in ewes. There 
is also evidence for transmission of Lyme 
disease to sheep in Cumbria in the United 
Kingdom in grassland and heath communi¬ 
ties where wild fauna are uncommon and 
sheep are thought to be the main host for all 
feeding stages of the tick. However, there 
was no evidence of clinical disease associated 
with the infection. Serologic surveys of 
infection in sheep in Norway indicate that 
10% of animals tested are seropositive with 
the enzyme-linked immunosorbent assay 
(ELISA) test, with a range of 0% to 20% 
between counties. The geographic distribu¬ 
tion of seropositive animals correlated with 
the known distribution of I. Ricinus, with the 
highest proportion of seropositive animals 
found in the southern coastal areas of 
Norway. The majority of animals appear to 
become infected during the first 2 years of 
life; the animals were all healthy at the time 
of sampling. 

Horses 

Geographic surveillance of horses in Europe 
and North America suggests that exposure of 
horses to B. burgdorferi is widespread. Sero¬ 
prevalence rates for horses have been 
reported from several European countries, 
including France (31% to 48%), 11 Germany 
(16.1%), Sweden (16.8%), Denmark (29%), 
Italy (15.3% to 24.3%), 12 ' 13 Poland (25.6%), 14 
and Slovakia (47.8%). 13 

Serologic surveys of horse populations in 
the United States revealed that in the New 
Jersey-Pennsylvania area, approximately 
10% of horses have significant serum anti¬ 
body titers to the organism. Infection appears 
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to be uncommon in horses in Texas. In Cape 
Cod horses, the seroprevalence was 35%, 
which was found to be age-specific and con¬ 
sidered to be a reflection of exposure because 
of the relative absence of disease. It was 
found that 7% to 13% of horses admitted to 
a veterinary teaching hospital were seroposi¬ 
tive to the organism and the frequency of 
antibody response varied according to the 
geographic origin of the horses. A retrospec¬ 
tive study on seroprevalence of infection 
with B. burgdorferi in Minnesota based 
on 1260 serum samples submitted to a 
diagnostic laboratory between 2001 and 
2010 revealed an average seroprevalence of 
58.7%. 15 Because of the selection bias in this 
study, which was based on blood samples 
obtained from horses with health issues, this 
value likely overestimates the overall preva¬ 
lence in the equine population in the region. 

Lyme disease in the horse is rare but it is 
clinically important in the United Kingdom. 
In areas where the disease occurs in humans, 
the seroprevalence of infection in horses was 
49% compared with 3% to 4% in horses from 
other areas. Horses with unexplained lame¬ 
ness associated with fever and tick infesta¬ 
tion had high levels of antibody to the 
organism. Within endemic areas, up to 60% 
of mares and yearlings on one farm were 
serologically positive. On such farms, there 
may be a clustering of clinical cases in foals 
after weaning. However, there is no evidence 
that abortion in mares is associated with 
infection. 

Wildlife 

In Ontario, epidemiologic studies indicate a 
widespread but low level or scattered distri¬ 
bution of infection in wildlife reservoirs in 
the south, with occasional spillover into 
human and canine populations. Serologi¬ 
cally, the organism was found to be circulat¬ 
ing in populations of white-footed mice, field 
mice, and white-tailed deer. 

A serologic survey including over 600 
wild boars in the Czech Republic found sero¬ 
prevalence rates between 8.9% and 25.0% 
depending on the region of the country, with 
the highest prevalence rates in the rural 
and forested regions. Seroprevalence rates 
increased in the spring months of March and 
April, with peak values in May. 16 

Zoonotic Implications 

Lyme borreliosis was first recognized 
when a cluster of suspected juvenile rheuma¬ 
toid arthritis cases occurred among residents 
of Lyme, Connecticut. An arthropod- 
transmitted disease was suspected as the 
etiologic agent because, in addition to recur¬ 
rent, short-lived joint pain, patients had an 
expanding, red, annular rash resembling ery¬ 
thema chronicum migrans similar to a lesion 
identified in Europe in the late nineteenth 
century associated with tick bites, and the 
rash was responsive to penicillin. An infec¬ 
tious cause was confirmed when spirochetal 


bacteria isolated from Ixodes ticks and from 
blood, cerebrospinal fluid (CSF), and other 
tissues of patients were shown to be identical. 
Subsequently, B. burgdorferi was identified in 
ticks in numerous regions of the United 
States, and infection was associated with 
clinical disease in other animals, including 
dogs and horses. 

The disease has been recognized in most 
areas of the United States and in at least 20 
countries spanning every continent. In the 
United States, the northeastern states of 
Connecticut, Massachusetts, and New York; 
the midwestern states of Wisconsin, Minne¬ 
sota, Michigan, Illinois, and Indiana; and the 
western states of California and Nevada are 
considered as the most endemic areas, espe¬ 
cially in wooded and grassy parts of these 
regions. 

Lyme borreliosis is the most common 
tick-transmitted disease of humans in the 
northern hemisphere. In the United States, 
roughly 20,000 clinical cases are reported to 
the Centers for Disease Control and Preven¬ 
tion every year. Depending on the region, 
this is equivalent to incidence rates of up to 
10 per 100,000 population. 1 Incidence rates 
reported from European countries vary 
widely and range from 0.6 per 100,000 popu¬ 
lation in Ireland and the United Kingdom to 
130 per 100,000 in Austria to 155 per 100,000 
in Slovenia. 17 

The geographic prevalence of borreliosis 
in humans and animals is related to the dis¬ 
tribution of the various Ixodes spp. and the 
location of herds of deer, which are preferred 
hosts for the ticks. Geographic areas with 
dense vegetation and high humidity promote 
the development of the tick. Risk of infection 
is correlated with the opportunity of being 
bitten by an infected tick and dependent on 
the density of vector ticks in an endemic 
area, the proportion of ticks infected, and the 
duration and extent of the susceptible hosts 
activities in that area. 

Methods of Transmission 

B. burgdorferi cycles between reservoir hosts 
and tick vectors. Reservoir hosts are defined 
as those animal species that can infect a 
significant number of ticks feeding on them 
but do not normally develop clinical disease. 
Reservoir hosts are critical for maintaining 
the agent in a geographic region. At present, 
16 species of birds, 7 medium-sized 
mammals, and 9 small mammal species are 
considered to be able to transmit B. burg¬ 
dorferi to vector ticks. 4 The white-footed 
mouse ( Peromyscus leucopus ) is considered 
to be the main reservoir for B. burgdorferi 
in the eastern United States. Rodents 
incriminated as reservoir hosts in the 
western part of the United States include the 
white-footed mouse, the brush mouse ( Pero¬ 
myscus boylii), the western gray squirrel 
(Sciurus griseus ), the duskyfooted wood rat 
(Neotoma fuscipes), and the California 
kangaroo rat ( Dipodomys californicus). 1 It is 


suggested that migrating birds acting as car¬ 
riers may account for the widespread nature 
of the infection. Pheasants and some pas¬ 
serine birds, including European blackbirds 
and song thrushes, are considered to be 
maintenance hosts. 

Ungulates, including deer, sheep, cattle, 
and goats, feed large numbers of ticks, and 
seroprevalence rates in these species in tick- 
infested regions can be high. Nonetheless, an 
increasing body of evidence suggests that 
ungulates do not infect a high proportion of 
ticks—most of which are adult-stage ticks— 
that feed on them. 1 ' 

The spirochete is transmitted by Ixodes 
ticks, including I. scapularis, the deer tick, in 
the northeastern and midwestern United 
States; I. pacificus, the black-legged tick, in 
the western United States; I. ricinus, the 
sheep tick, in Europe; and I. persulcatus in 
Asia. The life cycle of an ixodid tick is 2 to 3 
years and includes the stages of egg, larvae, 
nymph, and adult. Ticks transmit spirochetes 
during feeding with their saliva. Spirochetes 
migrate from the midgut, where they are 
found in unfed ticks, to the ticks salivary 
glands, a migration that is thought to be acti¬ 
vated by ingestion of blood. Because ixodid 
ticks only feed once at each developmental 
stage, infection is usually acquired by one 
stage and transmitted by the next (transsta- 
dial transmission). Ticks in the larval stage 
feed on small mammals and are not infected 
before their meal, suggesting that transovar- 
ial transmission does not occur. Both imma¬ 
ture stages of the tick (larvae and nymphs) 
feed on the white-footed mouse, which 
makes the life cycle of the organism depen¬ 
dent on horizontal transmission from 
infected nymphs to mice in the early summer 
and from infected mice to the larvae in late 
summer. White-footed mice are susceptible 
to oral infection and transmit the infection 
to one another by direct contact. Infection 
with the spirochete does not cause clinical or 
pathologic changes or alter the biological 
features of the mouse. These combined 
factors indicate a long-standing relationship 
between the mouse and the spirochete. 
Nymphal ticks feed on a broader range of 
animal species, such as rodents, squirrels, 
birds, dogs, sheep, and cattle. Infected 
nymphs can transmit B. burgdorferi to their 
second host, and uninfected nymphs can 
contract infection from an infected host. The 
adult tick feeds primarily on larger animals 
such as deer, horses, cattle, sheep, and dogs. 
All three stages of the tick will feed on 
humans. 

The white-tailed deer is the preferred 
host for the adult stage of the tick and 
often harbors large numbers of adult ticks. 
Adult ticks are likely to be responsible for 
transmission of infection to horses and 
cattle. 

Transmission of Lyme disease requires 
prolonged attachment of the tick to its host 
of at least 18 hours. 4 This lag time between 
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attachment of the tick and infection of the 
host has been proposed to be caused by the 
delay between activation of B. burgdorferi in 
the tick’s midgut at the onset of a blood meal 
and the appearance of the bacterium in the 
tick’s salivary glands. 1 ' 

The ticks Dermacentor variabilis and 
Amblyomma americanum, tabanid flies, and 
mosquitoes have also been shown to carry 
the organism. 

The organism can be found in the urine 
of infected animals, and it is possible that 
transmission may occur through close 
contact without the bite of a tick. Infected 
cattle purchased from an endemic area could 
shed the organisms in the urine and transmit 
them to animals in a different herd. 

Transplacental transmission of the organ¬ 
ism from infected dams to their fetuses also 
occurs through in utero infection and can be 
a cause of mortality in foals and calves. 

PATHOGENESIS 

Borrelia are highly motile and invasive, and 
they localize in selected tissues, thereby 
evading the host’s immune response. 4 They 
spread through tissues and can directly tran- 
scytose endothelial layers. B. burgdorferi 
predominantly migrates within connective 
tissue, which may protect it from humoral 
antibodies. Following infection there is mul- 
tisystemic inflammation, resulting in polyar¬ 
thritis, generalized lymphadenitis, pleuritis, 
peritonitis, interstitial pneumonia, encepha¬ 
litis, and in utero infection causing in fetal 
infection. In humans, the progression of 
Lyme borreliosis is divided into early local¬ 
ized, early disseminated, and late stages. In 
humans, the skin is the most frequently 
affected tissue. Erythema migrans, borrelial 
lymphocytoma, acrodermatitis chronica 
atrophicans, neuroborreliosis, myocarditis, 
arthritis, and ocular disease are possible out¬ 
comes of infection. 

Borreliosis has been reproduced in ponies 
by exposure to Ixodes ticks infected with B. 
burgdorferi. Infection with B. burgdorferi was 
detected in skin biopsies and various tissues 
at necropsy by culture and PCR. Clinical 
signs were limited to skin lesions, all ponies 
seroconverted, and there were no significant 
other lesions. 

Immune Mechanisms 

B. burgdorferi is able to persist in the mam¬ 
malian host because of active immune sup¬ 
pression, induction of immune tolerance, 
phase and antigenic variation, intracellular 
seclusion, and incursion into immune privi¬ 
leged sites, all of which are survival strate¬ 
gies. Vaccination with outer surface protein 
A (OspA) from the organism prevented B. 
burgdorferi infection in animal and human 
studies. Vaccination of 1-year-old ponies 
with recombinant OspA ( osp. A gene derived 
from B. burgdorferi B31) with adjuvant (alu¬ 
minum hydroxide) followed by challenge 
with B. burgdorferi-iniected adult ticks pro¬ 


vided protection against skin infection com¬ 
pared with unvaccinated controls. 

CLINICAL FINDINGS 

The symptoms of Lyme borreliosis in animals 
are poorly defined, and a broad spectrum of 
clinical manifestations have been attributed 
to B. burgdorferi infection. High seropreva- 
lence rates in different animal species in 
endemic regions with low disease prevalence 
suggest that the large majority of infected 
animals remain asymptomatic. 18 On the 
other hand, the diagnosis of Lyme borreliosis 
is often based on clinical signs consistent 
with the disease (e.g., lameness or arthritis) 
in combination with positive serology, which 
can be considered as presumptive diagnosis 
at best. To complicate matters, many of the 
symptoms associated with Lyme disease have 
not been reproducible under experimental 
conditions. 18 

Horses 

Infection with B. burgdorferi in horses in the 
majority of cases does not cause clinical 
disease, as is suggested by the large number 
of seroconverted animals without history of 
disease. Clinical signs attributed to B. burg¬ 
dorferi infection in horses include chronic 
weight loss, persistent mild fever, intermit¬ 
tent or shifting lameness, laminitis, swollen 
joints, muscle stiffness, and anterior uveitis. 
Neurologic signs such as depression, behav¬ 
ioral changes, dysphagia, head tilting, and 
encephalitis have also been reported. Polyar¬ 
thritis and swelling of tendon sheaths in 
horses of all ages are commonly reported. 
Infection of pregnant mares has been associ¬ 
ated with abortion and the birth of weak 
foals that die soon after birth. An unex¬ 
plained increase in early embryonic loss or 
failure of conception in mares has been asso¬ 
ciated with Lyme disease antibodies but not 
confirmed. 

Cattle 

In cattle, signs and symptoms attributed to 
infection with B. burgdorferi include persis¬ 
tent mild fever, chronic weight loss, decreased 
milk production, lameness, and polyarthri¬ 
tis. 1 Erythema of the udder or the skin 
between the digits and edematous lesions on 
the hairless skin of the udder have been 
described in cows with B. burgdorferi 
infection. 

Sheep 

In sheep, lameness, swollen joints, unthrifti¬ 
ness, and a persistent fever are commonly 
reported clinical signs. 

CLINICAL PATHOLOGY 
Detection of Organism 

B. burgdorferi is difficult to isolate because it 
is present in low numbers in blood or tissues. 
The microorganism is fastidious, is micro- 
aerophilic, and requires enriched bacterio- 
logic media, making culture slow, difficult, 


and expensive; special stains are required to 
visualize it. Aseptically collected blood, cere¬ 
brospinal fluid, urine, and colostrum can be 
examined under dark-field microscopy or in 
a culture. 

Amplification of plasmid or chromo¬ 
somal DNA of the microorganism by 
polymerase chain reaction (PCR) can be 
attempted, but because of the low number 
of microorganisms, lack of detection does 
not rule out infection. 1 On the other hand, 
positive PCR confirms the presence of 
bacterial DNA but does not prove the 
pathogen was alive, and it could be the 
result of leftover fragments from a previous 
infection. 18 Immunohistochemistry has 
been used to detect bacterial antigen in 
tissue. 1 

Serology 

Serologic testing is the most practical method 
of making at least a presumptive diagnosis of 
B. burgdorferi infection. Serum and synovial 
fluid samples may contain antibodies to the 
organism in horses. The indirect immuno- 
fluorescent antibody (IFA) test has been used 
with reliable results in horses and cattle. The 
ELISA is ideal for high-volume testing; the 
results are quantitative, and the test can 
detect total immunoglobulin or class-specific 
IgM and IgG antibodies to the organism. An 
ELISA and immunoblots using certain anti¬ 
gens of the spirochete are more specific for 
the diagnosis of Lyme borreliosis in horses. 
Western blotting techniques and the ELISA 
have been used for serologic surveys and for 
examination of synovial fluids of horses in 
the United Kingdom, where the incidence of 
infection is common in some areas. The 
positive results in horses are not as a result 
of cross-reactions with Leptospira, which has 
been suspected. 

Subclinical infections are common in 
domestic animals, and the interpretation of 
serologic results must be done in conjunc¬ 
tion with the clinical findings. Antibody 
titers higher than 1/64 or 1/100 are consid¬ 
ered as positive. Positive antibody results are 
an aid to diagnosis but are not conclusive 
evidence of current infection or clinical 
disease. False-positive results may be a result 
of infection with other Borrelia species. 

NECROPSY FINDINGS 

Polysynovitis, lymphadenopathy, and ema¬ 
ciation are present. Multifocal interstitial 
myocarditis, glomerulonephritis, interstitial 
pneumonitis, and polysynovitis have been 
described in cattle. In the horse, polysynovi¬ 
tis and meningoencephalitis have been 
reported. Using PCR amplification of DNA, 
necropsy tissues may be positive for B. burg¬ 
dorferi DNA. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—kidney, joint synovium, 

lung, choroid plexus (PCR) 
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• Histology—formalin-fixed kidney, joint 
synovium, heart, brain, lung, lymph 
node (LM, IHC) 


DIFFERENTIAL DIAGNOSIS 


Diagnosis is dependent on recognition of 
clinical signs, a history of possible exposure 
to infection by the bites of ticks, and 
identification of the spirochete in the affected 
animal. Because clinically normal animals have 
antibodies to the organism, a positive 
antibody result is not conclusive of current 
infection or clinical disease. Other diseases 
causing muscle stiffness, lameness, 
polyarthritis, lymphadenopathy, and fever 
must be considered in the differential 
diagnosis. 


TREATMENT 

Procaine penicillin, oxytetracycline, doxycy- 
cline (10 mg/kg PO ql2h for 3 weeks) and 
ceftiofur (2.2 mg/kg IM ql2h) have been 
used for treatment of Lyme disease in horses. 
Experimentally infected horses treated with 
oxytetracycline for 3 weeks were negative on 
culture and PCR following treatment. 4 Peni¬ 
cillin or oxytetracycline daily for 3 weeks has 
also been recommended for use in cattle. 

Treatment recommendations are largely 
based on empirical evidence, and the efficacy 
of these treatments is difficult to assess. In 
many cases where the treatment was found 
to be effective, the diagnosis was presump¬ 
tive; an unapparent coinfection with another 
pathogen cannot be ruled out. For example, 
horses with presumed Lyme disease that 
responded to oxytetracycline may actually 
have been infected with Anaplasma phagoc- 
tyophilum, which is transmitted by the same 
vector, causes similar clinical signs, and is 
highly susceptible to tetracycline. 4 


TREATMENT 


• Procaine penicillin G (44,000 IU/kg q24 IM, 
for 3 weeks) (R-2) 

• Oxytetracycline (6 to 12 mg/kg IV q24h for 
3 weeks) (R-2) 


CONTROL 

Prevention of Lyme borreliosis in domestic 
animals and humans is dependent on reduc¬ 
tion of the risk of tick bites at the environ¬ 
mental or individual animal level. Knowledge 
of the ecologic requirements for the tick- 
borne diseases that are present in an area is 
necessary for selection and implementation 
of the most effective integrated prevention 
strategies. Protective measures may include 
the avoidance of tick-infested areas; the use 
of protective clothing, repellents, and acari- 
cides; tick checks; and modifications of land¬ 
scapes in or near residential areas. After a 
tick bite has occurred in humans, the 
body of the tick should be grasped with 


medium-tipped tweezers as close to the skin 
as possible and removed by gently pulling the 
tick straight out, without twisting motions. 

A commercial adjuvanted vaccine is 
available for use in dogs. An experimental 
vaccine composed of recombinant OspA 
protected ponies against B. burgdorferi infec¬ 
tion, and further studies are necessary to 
determine duration of protection after vac¬ 
cination, safety, and cross-protection against 
the possible heterogeneous OspA structures 
that may be present among new B. burgdor¬ 
feri strains isolated in the United States. 

A human vaccine was available in the 
United States but was withdrawn by the 
manufacturer in 2002. Problems included 
poor demand, high costs, the need for a 
series of three vaccinations and boosters to 
maintain adequate titers, failure to obtain 
adequate titers in a small subset of vaccines, 
and theoretical concerns with vaccine- 
induced autoimmune arthritis. 1 
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MALIGNANT EDEMA, 
CLOSTRIDIAL MYONECROSIS 
(GAS GANGRENE) 


SYNOPSIS 


Etiology Acute wound infection associated 
with organisms of the genus Clostridium. 

Epidemiology All ages and species of 
animals are susceptible. Sporadic disease 
affecting individual animals following 
injections; outbreaks following 
contamination of wounds produced by 
management procedures. 

Clinical findings Acute onset with fever and 
toxemia. Inflammation and swelling at site 
of a wound, with heat, edema, pain on 
palpation, and usually subcutaneous 
emphysema. 

Clinical pathology No diagnostic change in 
hematology or serum biochemistry. 
Fluorescent antibody staining. 

Necropsy findings Gangrene of the skin 
with edema of the subcutaneous and 
intermuscular connective tissue around the 
site of infection. 

Diagnostic confirmation Demonstration of 
the causal organisms by fluorescent 
antibody staining. 

Treatment Antibiotics, surgical debridement. 

Control Vaccination. Prophylactic antibiotics. 


ETIOLOGY 

Clostridium septicum, C. chauvoei, C. perfrin- 
gens, C. sordellii, and C. novyi have all been 
isolated from lesions typical of malignant 
edema of animals. In some cases there can be 
mixed infections. The occurrence of malig¬ 
nant edema caused by C. chauvoei is dis¬ 
cussed in the section on blackleg. 

C. sordellii has been associated chiefly 
with malignant edema of cattle, but it has 
been found to be a cause of malignant edema 
and swelled head in sheep. However, swelled 
head of rams, in which the lesions of 
malignant edema are restricted to the head, 
is most commonly associated with C. novyi 
infection. 

In a retrospective study of 37 horses with 
clostridial myonecrosis, C. perfringens 
was isolated from 68%, C. septicum from 
16%, and the remainder were mixed infec¬ 
tions with these two species. C chauvoei, C. 
novyi, and C. fallax have been isolated 
incidentally. 

EPIDEMIOLOGY 

All ages and species of animals are affected. 
The clostridia bacteria that cause malignant 


















edema are common inhabitants of the 
animal environment and intestinal tract, 
and although some of the causative species 
have a restricted distribution, the disease has 
a worldwide occurrence. The disease occurs 
sporadically, affecting individual animals, 
except in circumstances where a manage¬ 
ment procedure in a group of animals results 
in an outbreak. 

Source of Infection 

The infection is usually soil-borne, and the 
resistance of spores of the causative clostridia 
to environmental influence leads to persis¬ 
tence of the infection for long periods in a 
local area. A dirty environment that permits 
contamination of wounds with soil is the 
common predisposing cause. 

Transmission 

In most cases a wound is the portal of entry. 
Deep puncture wounds accompanied by 
trauma provide the most favorable condi¬ 
tions for anaerobial growth, and malignant 
edema occurs most frequently under such 
conditions. Infection may occur through 
surgical or accidental wounds following vac¬ 
cination, intramuscular injection of drugs, 
venipuncture, or through the umbilical cord 
in the newborn. Dormant spores of C. per- 
fringens and other clostridial species can be 
found in the normal muscle of horses, and it 
is possible in some cases that these may be 
activated by anaerobic conditions produced 
by the injected material. 

Animal and Management 
Risk Factors 

In horses, intramuscular injection of drugs, 
commonly in association with the treatment 
of colic, is the common precipitating factor. 1 
Certain drugs may have a greater propensity 
to initiate muscle necrosis and disease, but 
these drugs are also commonly used in the 
treatment of colic. Perivascular leaking of 
drugs is also a precipitating cause in horses. 
In all species there is risk with the intramus¬ 
cular injection of drugs such as anthelmin¬ 
tics and nutritional supplements, some of 
which can cause significant tissue damage at 
the site, particularly if proper asepsis is not 
practiced. 

Outbreaks can occur in sheep after man¬ 
agement practices such as shearing and 
docking, or following lambing. Outbreaks 
have also been observed in cattle following 
parturition, sometimes associated with lac¬ 
erations of the vulva. An unusual method of 
infection occurs when crows that have eaten 
infected carrion carry the infection to live, 
weak sheep and to lambs when they attack 
their eyes. Castration wounds in pigs and 
cattle may also become infected. Unless 
treatment is instituted in the early stages the 
death rate is extremely high. 

The practice of dipping sheep immedi¬ 
ately after they are shorn may cause a high 
incidence of malignant edema if the dip is 
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heavily contaminated. The disease “swelled 
head,” a form of malignant edema, occurs in 
young rams 6 months to 2 years old when 
they are run in bands and fight among 
themselves. 

Importance 

Outbreaks of malignant edema are probably 
less common as a result of education of 
farmers and the availability of vaccines. In 
the wrong circumstances and with improper 
hygiene, severe disease can still occur. 

PATHOGENESIS 

Potent necrotoxins are produced in the local 
lesion and cause death when absorbed into 
the bloodstream. Locally the exotoxins cause 
extensive edema and necrosis followed by 
gangrene. 

CLINICAL FINDINGS 

Clinical signs appear within 6 to 48 hours of 
infection. There is always a local lesion at the 
site of infection consisting of a soft, doughy 
swelling with marked local erythema accom¬ 
panied by severe pain on palpation. At a later 
stage the swelling becomes tense and the skin 
dark and taut. Emphysema may or may not 
be present, depending on the type of infec¬ 
tion, and may be so marked as to cause exten¬ 
sive frothy exudation from the wound. 
With C. novyi infections, there is no emphy¬ 
sema. A high fever (41 to 42° C; 106 to 
107° F) is always present; affected animals 
are depressed, are weak, and show muscle 
tremor and usually stiffness or lameness. The 
mucosae are dry and congested and have very 
poor capillary refill. The illness is of short 
duration, and affected animals die within 24 
to 48 hours of the first appearance of signs. 
New cases continue to appear for 3 to 4 days 
after shearing or other precipitating cause. 

When infection occurs at parturition, 
swelling of the vulva accompanied by the 
discharge of a reddish-brown fluid occurs 
within 2 to 3 days. The swelling extends to 
involve the pelvic tissues and perineal region. 
The local lesions are accompanied by a pro¬ 
found toxemia, and death occurs within 1 to 
2 days. 

In “swelled head” of rams, the edema is 
restricted initially to the head. It occurs first 
under the eyes and spreads to the subcutane¬ 
ous tissues of the head and down the neck. 

In pigs, the lesions are usually restricted 
to the axilla, limbs, and throat and are edem¬ 
atous, with very little evidence of emphy¬ 
sema. Local skin lesions consisting of raised, 
dull red plaques distended with clear serous 
fluid containing C. septicum and causing no 
systemic illness may be encountered in pigs 
at abattoirs. 

In horses, emphysema, detected by palpa¬ 
tion or ultrasound, is an early sign. 1 

CLINICAL PATHOLOGY 

Antemortem laboratory examination of 
affected farm animals is not usually 


undertaken, usually because there are car¬ 
casses for postmortem examination. 

Examination of a Gram-stained smear of 
aspirated fluid from edematous swellings or 
swabs from wounds will give an early diag¬ 
nosis, allowing therapy early in the course of 
the disease. A PCR has been developed to 
allow the rapid identification and differentia¬ 
tion of the clostridia associated with malig¬ 
nant edema in livestock. 

Hematologic examination in horses may 
reveal abnormal white blood cell counts, 
either leukocytosis or leukopenia with toxic 
degeneration of granulocytes and a regenera¬ 
tive left shift. Elevated activity of muscle 
enzymes such as CPK, AST, and LDH match 
the degree of muscle tissue involvement. 
Blood-gas analysis conducted in affected 
horses revealed severe acidemia and meta¬ 
bolic acidosis. 1 

NECROPSY FINDINGS 

Tissue changes occur rapidly after death, par¬ 
ticularly in warm weather, and this must be 
kept in mind when evaluating postmortem 
findings. There is usually gangrene of the skin 
with edema of the subcutaneous and inter¬ 
muscular connective tissue around the site of 
infection. There may be some involvement of 
underlying muscle, but this is not marked. 
The edema fluid varies from thin serum to a 
gelatinous deposit. It is usually bloodstained 
and contains bubbles of gas, except in C. novyi 
infections when the deposit is gelatinous, 
clear, and contains no gas. A foul, putrid odor 
is often present in infections with C. perfrin- 
gens and C. sordellii. 

Subserous hemorrhages and accumula¬ 
tions of serosanguineous fluid in body cavi¬ 
ties are usual. In “swelled head” of rams, the 
edema of the head and neck may extend into 
the pleural cavity and also involve the lungs. 

The histologic picture of malignant 
edema consists of abundant edema fluid, 
emphysema, and neutrophils within the con¬ 
nective tissues. Muscle is not spared, but the 
damage is focused along fascial planes. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—fascial tissue, placed 
in an airtight container; four 
air-dried smears of fluid from lesion 
(anaerobic CULT, FAT) 

• Histology—fixed sample of lesion 


DIFFERENTIAL DIAGNOSIS 


The association of profound toxemia and local 
inflammation and emphysema at the site of a 
wound is characteristic. 

• Blackleg —the disease is differentiated from 
blackleg by the absence of typical muscle 
involvement and the presence of wounds 

• Anthrax in pigs and horses 

• Photosensitivity in white-faced sheep 
with swelled head 
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TREATMENT 

Affected animals should be treated as emer¬ 
gency cases because of the acute nature of 
the disease. Specific treatment requires the 
administration of penicillin (high doses of 
crystalline penicillin intravenously, repeated 
at 4- to 6-hour intervals) or a broad-spectrum 
antibiotic. Antitoxin aids in controlling the 
toxemia but is expensive and must be given 
very early in the course of the disease. An 
NSAID and supportive therapy are recom¬ 
mended. Local treatment consists of surgical 
incision to provide drainage, along with 
irrigation with hydrogen peroxide. In 
horses, early and aggressive treatment with 
myotomy and fasciotomy, repeated if indi¬ 
cated, coupled with IV potassium penicillin 
is reported to allow recovery rates approach¬ 
ing 70%. The success rate in treating horses 
with infections with C. perfringens was 
higher than that with C. septicum. 



CONTROL 

Hygiene at lambing, shearing, castration, 
and docking is essential to the control of the 
infection in sheep. Vaccination with a spe¬ 
cific or multivalent clostridial bacterin- 
toxoid will prevent the occurrence of the 
disease in enzootic areas. Penicillin can be 
given prophylactically to animals at risk for 
the disease. 

FURTHER READING 

Hatheway CL. Toxigenic clostridia. Clin Microbiol Rev. 
1990;3:66-98. 

Lewis C. Aspects of clostridial disease in sheep. In Pract. 
1998;20:494-500. 

Songer JG. Clostridial diseases of animals. In: Rood JI, 
McClane BA, Songer JG, Titball RW, eds. The 
Clostridia: Molecular Biology and Pathogenesis. 
London: Academic Press; 1997:153-182. 

Songer JG. Clostridial diseases of small ruminants. Vet 
Res. 1998;29:219-232. 

REFERENCE 

1. Recknagel S, et al. Tierarztl Prax Grosstiere. 
2009;37:255-262. 


BLACKLEG 


SYNOPSIS 


Etiology Infectious necrotizing myositis 
associated with Clostridium chauvoei. 
Common in cattle but occurs occasionally 
in other species. 

Epidemiology Cattle 6 months to 2 years of 
age that are rapidly growing and on a high 
plane of nutrition. Seasonal occurrence in 
warm, wet months. There are often 
multiple cases in at-risk animals. Sheep of 
all ages—occurs as outbreaks predisposed 
by wounds from shearing, docking, 
castration, dystocia. 

Clinical findings Lameness and pronounced 
swelling of upper limb. Myonecrosis of 
skeletal or cardiac muscles, severe toxemia, 
and a high case-fatality rate. May be found 
dead. 

Clinical pathology Culture from needle 
biopsy. No diagnostic change in 
hematology or serum biochemistry. 

Necropsy findings Myositis; dark, rancid 
odor, metallic sheen on the cut surface. 

Diagnostic confirmation Fluorescent 
antibody identification of C. chauvoei in 
lesion. 

Treatment High doses of penicillin in early 
stages. Surgical debridement. 

Control Vaccination. 


ETIOLOGY 

Blackleg, or clostridial myositis of skeletal 
and/or heart muscle tissue, is associated 
with Clostridium chauvoei (feseri), a gram¬ 
positive, spore-forming, rod-shaped bacte¬ 
rium. The spores are normally found in soil 
and are highly resistant to environmental 
changes and disinfectants and persist in soil 
for many years. 

EPIDEMIOLOGY 

Occurrence 

Blackleg is an acute febrile disease primarily 
affecting cattle and sheep, with worldwide 
occurrence. The condition is characterized 
by severe necrotizing myositis of striated and 
occasionally cardiac muscle tissue and severe 
toxemia with high mortality. Although black 
leg is widely considered a disease of rumi¬ 
nants, available reports suggest that swine, 
mink, freshwater fish, wales, frogs, and 
ostriches are also susceptible to infection. In 
recent years at least two cases of fatal disease 
associated with C. chauvoei in humans have 
been reported. 1,2 Although sheep of any age 
can be affected, cattle between 6 months and 
2 years of age most commonly develop clini¬ 
cal disease. The disease incidence shows a 
seasonal pattern, with peak incidences 
observed during the warmer period of the 
year. In general, several animals of a herd or 
flock are affected within a short period of 


time. The disease is enzootic in particular 
areas, especially when they are subject to 
flooding. The case-fatality rate in blackleg 
approaches 100%. 

Source of Infection 

Blackleg is a soil-borne infection. In sheep, 
infection with C. chauvoei is assumed to 
predominantly occur through penetrating 
lesions of the skin or mucosa, but the 
primary portal of entry for the organism in 
cattle is still in dispute. It is presumed that 
infection primarily occurs through the 
mucosa of the digestive tract after ingestion 
of contaminated feed or may be associated 
with erupting teeth. Spores of C. chauvoei 
have been found in the spleen, liver, and 
alimentary tract of healthy animals, and 
contamination of the soil and pasture may 
occur from infected feces or decomposition 
of carcasses of animals that died of the 
disease. Clinical disease develops when 
spores are caused to proliferate by yet unde¬ 
termined mechanisms. Tissue trauma and 
anoxia have been incriminated as potential 
triggers. 

Transmission 

Whereas in cattle the disease usually occurs 
without a history of trauma, in sheep, skin 
wounds from shearing, docking, and vulvar 
or vaginal lacerations from parturition or 
the fresh navel at birth are the most common 
routes through which C. chauvoei penetrates 
and infects muscle tissue to cause clinical 
disease. Infections of the vulva and vagina of 
the ewe at lambing may cause serious out¬ 
breaks, and the disease has occurred in 
groups of young ewes and rams up to a year 
old, usually as a result of infection of skin 
wounds caused by fighting. Occasional out¬ 
breaks have occurred in sheep after vaccina¬ 
tion against enterotoxemia. Presumably the 
formalinized vaccine causes sufficient tissue 
damage to permit latent spores of the organ¬ 
ism to proliferate. 

A special occurrence is in fetal lambs. 
Ewes exposed to infection at shearing 
develop typical lesions, but ewes treated with 
penicillin are unaffected, except that the 
pregnant ewes in the latter group show dis¬ 
tended abdomens, weakness, and recum¬ 
bency as a result of edema and gas formation 
in the fetus, from which C. chauvoei can be 
isolated. 

Risk Factors 

Environment Risk Factors 

Blackleg of cattle has a seasonal inci¬ 
dence, with most cases occurring in the 
warm months of the year. The highest 
incidence may vary from spring to 
autumn, likely depending on when calves 
reach the susceptible age group. There 
appears to be an increased disease inci¬ 
dence in years of high rainfall, which has 
been explained by increased anaerobiosis 
in water-saturated soils in combination 














with enhanced pasture growth stimulating 
feed intake of pastured cattle. 3 Outbreaks 
of blackleg in cattle have occurred follow¬ 
ing excavation of soil, which suggests that 
disturbance of the soil may expose and 
activate latent spores. 

An outbreak of blackleg has also been 
reported in housed cattle in a nonendemic 
blackleg area in Norway. 4 

Animal Risk Factors 

Blackleg is usually a disease of cattle and to 
a lesser degree of sheep, but outbreaks of the 
disease have been recorded in deer and 
horses. In cattle, the disease is most com¬ 
monly seen in young stock between the ages 
of 6 months and 2 years, although disease 
occurs occasionally in younger animals and 
cattle up to 3 years. In the field, risk factors 
include rapidly growing cattle and a high 
plane of nutrition. Elevation of the nutri¬ 
tional status of sheep by increased protein 
feeding increases their susceptibility to 
blackleg. In sheep, there is no restriction to 
age group. In calves and sheep, atypical 
outbreaks of sudden death occur in which 
the lethal lesion is a clostridial cardiac 
myositis. 

In pigs, blackleg is not common, although 
a gas gangrene type of lesion may be associ¬ 
ated with C. chauvoei or C. septicum 
infection. 

Economic Importance 

Blackleg is a cause of severe financial loss to 
cattle raisers in many parts of the world. For 
the most part, major outbreaks are prevented 
by vaccination, although outbreaks still 
occur occasionally in vaccinated herds or 
cattle incompletely vaccinated. 

PATHOGENESIS 

With spores of Cl. chauvoei normally found 
in soils, ingestion of such spores through 
contaminated pasture or silage is unavoid¬ 
able. Spores of C. chauvoei have been found 
not only in the digestive tract but also the 
spleen and liver healthy animals. Because 
C. chauvoei appears to be present in tissue 
in a dormant state before disease occurs 
blackleg—at least in cattle—has also be 
termed as “endogenous” clostridial infection, 
in contrast to malignant edema that is con¬ 
sidered an exogenous infection, because the 
pathogen gains access to the tissue through 
mucosal or skin breaks and directly causes 
clinical disease. 3 

Whereas in sheep the clinical disease in 
most cases has been related to tissue lacera¬ 
tion and trauma, the stimulus that results 
in growth of the latent bacterial spores in 
cattle is unknown. There is usually no 
history of trauma. Once returned to its veg¬ 
etative state, C. chauvoei produces a number 
of toxins, such as oxygen-stable and oxygen- 
labile hemolysins, DNase, hyaluronidase, 
and neuramidase, which cause severe 
necrotizing myositis locally in skeletal 
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muscles and a systemic toxemia that is 
usually fatal. 

CLINICAL FINDINGS 
Cattle 

If the animal is observed before death there 
is severe lameness, usually with pronounced 
swelling of the upper part of the affected leg. 
On closer examination the animal will be 
found to be very depressed, have complete 
anorexia and ruminal stasis, and have a high 
temperature (41° C; 106° F) and pulse rate 
(100 to 120/min). Pyrexia is not present in 
all cases. In the early stages, the swelling is 
hot and painful to the touch but soon 
becomes cold and painless, and edema and 
emphysema can be felt. The skin is discol¬ 
ored and soon becomes dry and cracked. 

Although the lesions are usually confined 
to the upper part of one limb, occasional 
cases are seen where the lesions are present 
in other locations, such as the base of the 
tongue, the heart muscle, the diaphragm and 
psoas muscles, the brisket, and the udder. 
Lesions are sometimes present in more than 
one of these locations in one animal. The 
condition develops rapidly, and the animal 
dies quietly 12 to 36 hours after the appear¬ 
ance of signs. Many animals die without 
signs having been observed. 

Sheep 

When blackleg lesions occur in the limb 
musculature in sheep, there is a stiff gait, and 
the sheep is disinclined to move because of 
severe lameness in one limb or, more com¬ 
monly, in several limbs. The lameness may 
be severe enough to prevent walking in some 
animals but be only moderate in others. 
Subcutaneous edema is not common and 
gaseous crepitation cannot be felt before 
death. Discoloration of the skin may be 
evident, but skin necrosis and gangrene do 
not occur. 

In those cases where infection occurs 
through wounds of the skin, vulva, or vagina, 
there is an extensive local lesion. Lesions of 
the head may be accompanied by severe local 
swelling as a result of edema, and there may 
be bleeding from the nose. In all instances, 
there is high fever, anorexia, and depression, 
and death occurs very quickly. Sheep and 
cattle with cardiac myositis associated with 
C. chauvoei are usually found dead. 

Horses 

The clinical syndrome in horses is not well 
defined. Pectoral edema, stiff gait, and inco¬ 
ordination are recorded. 

CLINICAL PATHOLOGY 

The disease is usually so acute that necropsy 
material is readily available but, failing this, 
it may be possible to obtain material suitable 
for cultural examination by needle puncture 
or swabs from wounds. There are no con¬ 
stant changes in hematologic parameters or 
serum biochemistry. 


NECROPSY FINDINGS 

Cattle found dead of blackleg are often in a 
characteristic position: lying on the side with 
the affected hindlimb stuck out stiffly. Bloat¬ 
ing and putrefaction occur quickly, and 
bloodstained froth exudes from the nostrils 
and anus. Clotting of the blood occurs 
rapidly. Incision of the affected muscle mass 
reveals dark-red to black, swollen tissue with 
a rancid odor and thin, sanguineous fluid 
containing bubbles of gas. Freshly cut sur¬ 
faces are often dry and may have a metallic 
sheen. The heart and all skeletal muscles, 
including those of the tongue, diaphragm, 
and lumbar region, must be checked because 
the lesion may be small and escape cursory 
examination. The thoracic cavity and the 
pericardial sac may contain excess blood¬ 
stained fluid with variable amounts of fibrin. 
This serositis is often overlooked or is misin¬ 
terpreted as a component of pleuropneumo¬ 
nia. The lungs are usually congested and may 
be atelectatic as a result of abdominal 
tympany. 

In sheep, the muscle lesions are more 
localized and deeper, and the subcutaneous 
edema is not so marked, except around the 
head. Gas is present in the affected muscles 
but not in such large amounts as in cattle. 
When the disease has resulted from infection 
of skin wounds, the lesions are more obvious 
superficially, with subcutaneous edema and 
swelling and involvement of the underlying 
musculature. When invasion of the genital 
tract occurs, typical lesions are found in the 
perineal tissues and in the walls of the vagina 
and occasionally the uterus. In the special 
case of pregnant ewes, typical lesions may 
involve the entire fetus and cause abdominal 
distension in the ewe. 

Histologically, blackleg cases feature 
myonecrosis, edema, emphysema, and an 
unimpressive neutrophilic cellulitis. Organ¬ 
isms may be few in number but can usually 
be seen in tissue sections. Smears from the 
affected tissue should be made and material 
collected for bacteriologic examination. The 
isolation and identification of C. chauvoei 
and C. novyi is difficult because of the fastidi¬ 
ousness of these species in culture and rapid 
postmortem contamination of the tissues by 
clostridial species from the gastrointestinal 
tract. Thus it is essential that tissues be exam¬ 
ined as soon after death as possible. Most 
laboratories use fluorescent antibody tests 
performed on tissue smears to complement 
(or substitute) anaerobic culture. 

“False blackleg” may be associated with 
C. septicum and C. novyi , but this disease is 
more accurately classified as malignant 
edema. Mixed infections with C. chauvoei 
and C. septicum are not uncommon, but the 
significance of C. septicum as a cause of the 
disease is debated. However, in a study of 176 
cases of clostridial myositis in cattle, C. chau¬ 
voei either alone or with C. septicum was 
demonstrated in 56%. In 36%, C. novyi 
was found alone or with C. septicum. This 
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indicates that maximum protection to cattle 
can be provided only by a multivalent vaccine 
that contains the antigens of C. chauvoei, C. 
novyi, and C. septicum. A multiplex PCR 
based on the flagellin gene sequence has 
been used to identify pathogenic clostridia in 
clinical specimens. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—muscle, placed in 
air-tight container; four air-dried 
impression smears of surface of freshly 
cut lesion (anaerobic CULT, FAT, PCR) 

• Histology—fixed samples of suspected 
muscle lesion 


DIFFERENTIAL DIAGNOSIS 


In establishing a diagnosis when a number of 
animals are found dead in a group not kept 
under close observation and postmortem 
decomposition is so advanced that little 
information can be obtained, one must 
depend on one's knowledge of local disease 
incidence, season of the year, age group 
affected, and pasture conditions, and on a 
close inspection of the environment in which 
the animals have been maintained. More 
frequent observation should be established so 
that sick animals or fresh cadavers will be 
available for examination. 

• Malignant edema —in typical cases of 
blackleg in cattle a definite diagnosis can 
be made on the clinical signs and the 
necropsy findings. Definitive identification 
of Clostridium chauvoei is by fluorescent 
antibody staining. Diagnosis on gross 
postmortem findings from other causes of 
clostridial myositides is hazardous and may 
result in improper recommendations for 
control 

• Anthrax 

• Lightning strike 

• Bacillary hemoglobinuria 

• Other causes of sudden unexpected death 


TREATMENT 

Treatment of affected animals with penicil¬ 
lin and surgical debridement of the lesion, 
including fasciotomy, is indicated if the 
animal is not moribund. Recovery rates are 
low because of the extensive nature of the 
lesions. Large doses (44,000 IU/kg BW) 
should be administered, commencing with 
crystalline penicillin intravenously and fol¬ 
lowed by longer-acting preparations. Black¬ 
leg antiserum is unlikely to be of much value 
in treatment unless very large doses are 
given. 



Clostridium chauvoei antitoxin (only in early 
stages, but doubtful efficacy) 

Control 

Multivalent clostridial vaccine including at 
least C. chauvoei, C. septicum, and C. novyi 
(R-2) 

Penicillin (44,000 IU/kg IM q24 for 3 days for 
animals at risk) (R-2) 


CONTROL 

Cattle 

On farms where the disease is enzootic, 
annual vaccination of all cattle between 3 
and 6 months with two vaccinations given 4 
weeks apart followed by an annual booster 
vaccination is generally recommended. This 
should be done just before the anticipated 
danger period, usually spring and summer. 
Maternal immunity persists for at least 3 
months and will interfere with active immu¬ 
nity in calves vaccinated before this age. 

In an outbreak, all unaffected cattle 
should be vaccinated immediately and 
injected with penicillin intramuscularly. 
Movement of the cattle from the affected 
pasture is advisable. If antibiotics are not 
given, new cases of blackleg may occur for 
up to 14 days until immunity develops, and 
constant surveillance and the early treatment 
of cases will be necessary. 

Sheep 

With sheep in areas where the disease is 
enzootic, the maiden ewes should be vacci¬ 
nated twice, with the last vaccination given 
about 1 month before lambing and a subse¬ 
quent yearly booster given at the same time 
before lambing. This will prevent infection of 
the ewes at lambing and will also protect 
lambs against umbilical infection at birth 
and infection of the tail wound at docking, 
provided the tail is docked at a young age. If 
an outbreak commences in a flock of ewes 
at lambing time, prophylactic injections of 
penicillin and antiserum to ewes requiring 
assistance are recommended. 

A single vaccination of wethers can also 
be carried out 2 to 3 weeks before shearing 
if infection is anticipated. Because of the 
common occurrences of the disease in young 
sheep, vaccination before they go on to 
pasture and are exposed to infection of skin 
wounds from fighting is recommended in 
danger areas. The duration of the immunity 
in these young vaccinated animals is rela¬ 
tively short, and ewes in particular must be 
revaccinated before they lamb for the first 
time. Clostridial vaccines have poorer anti¬ 
genicity in sheep and goats than in cattle. 

In both sheep and cattle, it is advisable to 
use a combined vaccine containing at least 
C. chauvoei, C. septicum, and C. novyi, where 
these organisms occur in the area and cause 
clostridial myositis. 

There is limited information on which to 
base the previous recommendations because 


there is limited information on the efficacy 
of available individual manufacturers’ vac¬ 
cines. 6 There is variability in the immune 
response and its duration with different vac¬ 
cines. Vaccine failure has been associated 
with an inadequate spectrum of the antigens 
in the vaccine, and in these circumstances a 
bacterin prepared from a local strain of C. 
chauvoei is preferred. Vaccines combined 
with anthelmintics or with trace elements are 
used in some areas to minimize the number 
of injections required when processing 
sheep. 

It is important that carcasses of animals 
dying of blackleg are destroyed by burning 
or deep burial to limit soil contamination. 
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BOVINE FOOTROT (INFECTIOUS 
BOVINE PODODERMATITIS, 
INTERDIGITAL PHLEGMON, 
INTERDIGITAL 

NECROBACILLOSIS, FOUL IN 
THE FOOT) 


SYNOPSIS 


Etiology Biotypes A and AB of Fusobacterium 
necrophorum. Other organisms can 
facilitate infection. 

Epidemiology All ages susceptible. Infected 
feet are source of infection. Transmission 
highest where conditions are wet 
underfoot and in wet, humid seasons. 

Clinical findings Sudden onset of lameness 
and fever, drop in milk production with 
typical fissuring, necrotic lesion in the skin 
at the top of the interdigital cleft. 

Clinical pathology Not routinely done. 

Diagnostic confirmation Clinical findings. 
Culture may be done. 

Treatment Antimicrobials. 

Control Avoidance of abrasive underfoot 
conditions. Footbaths, antimicrobials, 
vaccination. 




















ETIOLOGY 

Footrot is usually described as a contagious 
disease as a result of localized infection by F. 
necrophorum, a gram-negative non-spore¬ 
forming anaerobe. 1,2 Other bacteria, primar¬ 
ily Porphyromonas levii (originally classified 
as Prevotella melaninogenica or Bacteroides 
melaninogenicus ), 3 are present at variable 
rates in clinically infected cattle and may play 
a role in the development of clinical disease. 
Experimentally, the subcutaneous inocula¬ 
tion of only F. necrophorum into the inter¬ 
digital skin of cattle will result in typical 
lesions of interdigital phlegmon. 

F. necrophorum has traditionally been 
categorized into four biotypes: A (called F. 
necrophorum subsp. necrophorum), B (called 
F. necrophorum subsp. funduliforme), AB 
(taxonomic status is unresolved), and C 
(which is nonpathogenic). The majority of 
isolates of F. necrophorum obtained from the 
feet of cattle and sheep belong to biotypes A 
and AB; they produce a soluble exotoxin, a 
leukotoxin, that is produced by F. necropho¬ 
rum strains carrying the IktA gene. Leuko¬ 
toxin appears to play an important role in the 
pathogenesis of clinical disease. The isolates 
obtained from lesions that are not classified 
as interdigital necrobacillosis and from clini¬ 
cally normal feet are predominantly biotype 
B and cause few experimental lesions and 
produce little or no leukotoxin. 

Strains of Bacteroides nodosus that are 
associated with the nonprogressive form of 
ovine footrot are occasionally isolated from 
the feet of cattle with footrot 1,2 and cause 
mild interdigital dermatitis. It is possible 
they may predispose to the much more 
severe dermatitis that characterizes bovine 
interdigital phlegmon. 

EPIDEMIOLOGY 

Occurrence 

The disease is common in most countries 
and accounts for 5% to 15% of cases of lame¬ 
ness in dairy cattle. 

Usually the disease is sporadic, but under 
favorable conditions, as many as 25% of a 
group may be affected at one time. An epi¬ 
demiologic study of footrot in pastured cattle 
in Denmark over a 12-year period revealed 
that annual incidence ranged from 0.1% to 
4.8%, but in most years it was below 1%. The 
incidence was higher in some breeds than 
others, higher in some geographic areas than 
others (usually where the fields were smaller 
and soil higher in pH), and higher 4 to 8 
weeks after periods of high rainfall. 

Transmission 

Discharges from the feet of infected animals 
are the probable source of infection. Dura¬ 
tion of the infectivity of pasture or bedding 
is unknown. Infection gains entrance 
through abrasions or damage to the skin in 
the interdigital cleft. Introduction of the 
infection to a farm by transient cattle is often 
observed, but again the disease may not 
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develop on some farms in spite of the intro¬ 
duction of the infection. Contaminated foot¬ 
baths can be a source of infection. 

Environmental Risk Factors 

In many but not all regions, the incidence is 
much higher during wet, humid weather or 
when conditions are wet underfoot. Stony 
ground, lanes filled with sharp gravel and 
pasturing on coarse stubble also predispose 
to the condition. A high incidence can occur, 
with beef cattle at high stocking densities on 
irrigated pastures. The observation that the 
disease is common on some farms and does 
not occur at all on others suggests that there 
may be factors that limit the persistence of 
infectivity in certain soils or environments. 

Abrasions to the skin of the feet are more 
likely to occur when the skin is swollen and 
soft as a result of continual wetting. The 
increased incidence in wet summer and 
autumn months may be so explained in part, 
although wet conditions may also favor per¬ 
sistence of the infection in pasture. In housed 
cattle, the incidence is higher in loose- 
housed cattle than tied cattle. Unhygienic 
cubicle passageways and poorly maintained 
straw beds may predispose to infection. 

Host Risk Factors 

Cattle of all ages, including young calves, 
may be affected, but the disease is much 
more common in adults. The highest inci¬ 
dence occurs in cows in the first month of 
lactation. A field observation is that Bos 
indicus cattle are much more resistant to 
infectious footrot than Bos taurus breeds, 
and variations in prevalence have been 
observed among dairy breeds. 

Economic Importance 

Footrot is of greatest economic importance 
in dairy cattle, in which it reaches the highest 
level of incidence because of the intensive 
conditions under which they are kept. A 
2010 study estimated that each case of footrot 
costs dairy producers US$121. 4 In beef cattle 
at range the incidence is usually low, but 
many cases may occur in purebred herds and 
in feedlot cattle. Lame cows will lie down for 
longer and eat less, have difficulty rising, 
and are at greater risk for teat trampling and 
mastitis. Loss of production occurs, and an 
occasional animal may suffer a serious 
involvement of the joint and other deep 
structures of the foot necessitating amputa¬ 
tion of a digit. The disease is not fatal, but 
some cases may have to be slaughtered 
because of joint involvement. 

PATHOGENESIS 

The pathogenesis is not completely under¬ 
stood, but with the experimental SC inocula¬ 
tion of the virulent biotype of F. necrophorum 
into the interdigital skin of cattle, the typical 
lesion of footrot develops in approximately 5 
days. This suggests that any injury or con¬ 
stant wetting of the skin of the cleft that 


interferes with its integrity will allow the 
organism to invade the tissues. There is acute 
swelling and necrosis of the skin and SC 
tissues, which may spread to adjacent tendon 
sheaths, joint capsules, and bone if treatment 
is delayed or ineffective. 

CLINICAL FINDINGS 

Severe foot lameness appears suddenly, 
usually in one limb only, and may be accom¬ 
panied by a moderate systemic reaction with 
a fever of 39 to 40° C (103 to 104° F). There 
is temporary depression of milk yield in 
cows, and affected bulls may show temporary 
infertility. The animal puts little weight on 
the leg, although the limb is carried only 
when severe joint involvement occurs. Swell¬ 
ing of the coronet and spreading of the 
claws are obvious. 

The typical lesion occurs in the skin at the 
top of the interdigital cleft and takes the 
form of a fissure with swollen, protruding 
edges that may extend along the length of the 
cleft or be confined to the anterior part or 
that part between the heel bulbs. Pus is never 
present in large amounts, but the edges of the 
fissure are covered with necrotic material, 
and the lesion has a characteristic odor. 
Occasionally in early cases no external lesion 
may be visible, but there is lameness and 
swelling of the coronet. Such cases are usually 
designated “blind fouls” and respond well to 
parenteral treatment. A hand-held infrared 
thermographic unit may be helpful in iden¬ 
tifying cattle with footrot, particularly when 
the difference in temperature between the 
plantar aspect is compared with the other 
hindfoot or front foot. 5 

A more severe form of the disease that is 
peracute in onset and refractory to conven¬ 
tional therapy has been termed “super foul” 
or “super footrot,” although there does not 
seem to be a persuasive reason to develop a 
descriptive term from separate footrot. With 
this type there is sudden onset of acute lame¬ 
ness, severe interdigital swelling, and rapid 
progression to necrosis and deep erosion of 
the interdigital space with swelling of soft 
tissue above the coronary band. The hindfeet 
or all four feet may be affected. 

Spontaneous recovery is not uncommon, 
but if the disease is left untreated, the lame¬ 
ness usually persists for several weeks, with 
adverse effects on milk production and con¬ 
dition. The incidence of complications is 
also higher if treatment is delayed, and some 
animals may have to be destroyed because of 
local involvement of joints and tendon 
sheaths. In such cases the lameness is severe, 
the leg is usually carried, and the animal 
strongly resents handling of the foot. Swell¬ 
ing is usually more obvious and extends up 
the back of the leg. There is poor response to 
medical treatment, and surgical measures are 
necessary to permit drainage. Radiologic 
examination may be of value in determining 
the exact degree of involvement of bony 
tissue. 





1434 


Chapter 15 


Diseases of the Musculoskeletal System 


Long continued irritation may result in 
the development of a wart-like mass of 
fibrous tissue, the interdigital fibroma, in 
the anterior part of the cleft and chronic mild 
lameness. Interdigital fibroma occurs com¬ 
monly without the intervention of footrot, 
the important cause being inherited defects 
in foot conformation in heavy animals. 

CLINICAL PATHOLOGY 

Bacteriologic examination is not usually nec¬ 
essary for diagnosis, but direct smears of the 
lesion will usually reveal large numbers of a 
mixture of Fusobacterium and Bacteroides 
spp. Routine differentiation between virulent 
and nonvirulent bovine isolates of F. nec- 
rophorum can be done by assessment of the 
cultural characteristics of the colonies grown 
on blood agar. Proteomic analysis of plasma 
from cattle with footrot identified increased 
concentrations of innate immune recogni¬ 
tion molecules, acute-phase proteins, and 
cell-adhesion and cytoskeletal proteins. 0 


DIFFERENTIAL DIAGNOSIS 


The characteristic site, nature, and smell of 
the lesion; the pattern of the disease in the 
group; and the season and climate are usually 
sufficient to indicate the presence of true 
footrot. 


NECROPSY FINDINGS 

Necropsy examinations are rarely carried out 
in cases of footrot. Dermatitis is followed by 
necrosis of the skin and subcutaneous 
tissues. In complicated cases there may be 
suppuration in joints and tendon sheaths. 

Interdigital Dermatitis/Stable Footrot 

Interdigital dermatitis occurs commonly in 
cattle that are housed for long periods. 
Although the condition occurs most com¬ 
monly when the cattle are kept under unsani¬ 
tary conditions, it is also seen in well-managed 
herds. The causative agent has not been 
established, but Bacteroides nodosus can be 
isolated. 

The initial lesion is an outpouring of seba¬ 
ceous exudate at the skin-horn junction, par¬ 
ticularly at the bulbs of the heel. There is a 
penetrating foul odor, the lesion is painful to 
touch, and there is little swelling and no sys¬ 
temic reaction. More than one foot is com¬ 
monly affected. In long-standing cases there 
is separation of the horn at the heel bulb, and 
this is followed by secondary bacterial infec¬ 
tion of the sensitive structures of the foot. 
Often there is a purulent dermatitis of the 
interdigital space. Stable footrot does not 
respond satisfactorily to the standard paren¬ 
teral treatments used in footrot, but local 
treatments as set out as follows are effective. 

Verrucose Dermatitis 

Verrucose dermatitis is a proliferative 
inflammatory lesion of the skin of the 


plantar surface of the foot extending from 
the bulb of the heels to the fetlock joint. The 
condition is seen particularly in feedlot cattle 
that are overcrowded in wet muddy condi¬ 
tions and may occur in outbreaks. All four 
feet may be affected, there is considerable 
pain and lameness, and, on smear of the 
lesion, F. necrophorum is present in large 
numbers. The treatment of verrucose derma¬ 
titis consists of washing the affected skin 
with a disinfectant soap, followed by daily 
applications of 5% copper sulfate solution. 
When many animals are affected, a daily 
walk-through and soaking in a foot bath 
containing the copper sulfate solution is very 
effective. 

Traumatic Injury 

Traumatic injury to bones and joints, punc¬ 
ture by foreign bodies, bruising of the heels, 
and gross overgrowth of the hoof can usually 
be distinguished by careful examination of 
the foot. Laminitis is the major cause of 
lameness in most herds, but with this condi¬ 
tion there are no skin lesions present. 

TREATMENT 

Parenteral administration of antibiotics or 
sulfonamides and local treatment of the foot 
lesion are necessary for best results. Imme¬ 
diate treatment as soon as possible after the 
onset of swelling and lameness will give 
excellent recovery in 2 to 4 days. In the 
experimental disease, when treatment was 
delayed for a few days after the onset of 
signs, severe lesions developed and recovery 
was extended. Under field conditions, 
the disease may be present in cattle at 
pasture for several days before being recog¬ 
nized, making it necessary to confine them 
for daily treatment until recovery is 
apparent. 

Antimicrobials 

Long-acting antimicrobial formulations are 
preferred to decrease labor associated with 
daily treatment and hospital pen space 
requirements.' Oxytetracycline, 10 mg/kg 
BW IV daily, or long-acting tetracycline, 
20 mg/kg BW IM, is preferred because of 
cost and excellent efficacy, but some prefer 
ceftiofur because of injection-site swelling 
and longer withdrawal period with oxytet¬ 
racycline. Tulathromycin (2.5 mg/kg SC) 
and Florfenicol (40 mg/kg SC) are also 
effective as one-time treatments. Ceftiofur, 
1 to 1.1 mg/kg BW IM, or procaine penicil¬ 
lin G, 22,000 IU/kg BW IM twice daily, or 
once daily for 3 consecutive days, are effec¬ 
tive but need multiple treatments. Sodium 
sulfadimidine (150 to 200 mg/kg BW) solu¬ 
tion given by IV injection is highly effective. 
Sulfabromomethazine at the rate of 30 g/kg 
grain was given for two consecutive days to 
calves weighing 150 kg, and results were 
excellent. Sulfonamides are not approved 
for use in lactating dairy cattle in many 
countries. 


Local Treatment 

Local treatment necessitates restraint of the 
affected leg, and this procedure is greatly 
facilitated by a restraint table or the admin¬ 
istration of a very small dose of xylazine. The 
foot is scrubbed, all necrotic tissue is curet¬ 
ted away, and a local dressing is applied 
under a pad or bandage. Any antibacterial, 
and preferably astringent, dressing appears 
to be satisfactory. A wet pack of 5% copper 
sulfate solution is cheap and effective. Any 
suitable antibacterial ointment preparation 
may be applied and secured with a bandage, 
which may be left on for several days. The 
main advantage of local treatment is that the 
foot is cleaned and kept clean. If conditions 
underfoot are wet, the animal should be kept 
stabled in a dry stall. 

In cattle running at pasture, or in the case 
of large numbers of feedlot cattle, examina¬ 
tion of the foot and local treatment are often 
omitted because of the time and inconve¬ 
nience involved. However, identification of 
the animal with a marker is considered nec¬ 
essary in outbreaks to avoid unnecessary 
confusion in the days following, and exami¬ 
nation of the foot is deemed necessary to 
ensure that foreign bodies are not involved. 
Local treatment may not be necessary in the 
early stages of the disease if the animal can 
be prevented from gaining access to wet, 
muddy areas. 

Surgical Drainage 

Surgical drainage may be necessary in refrac¬ 
tory cases or when complications with spread 
to deeper tissues have occurred. 

CONTROL 

Prevention of foot injuries by filling in 
muddy and stony patches in barnyards and 
lanes will reduce the incidence of the disease. 
Lanes and bedding should be kept clean and 
dry. The incorporation of biotin in the diet, 
although reducing the incidence of lameness 
caused by white-line lesions, has no effect on 
the incidence of interdigital phlegmon. 

Footbaths 

Provision of a footbath containing a 5% to 
10% solution of formaldehyde or copper 
sulfate, in a doorway so that cattle have to 
walk through it twice daily, will practically 
eliminate the disease on dairy farms. A 
mixture of 10% copper sulfate in slaked lime 
is often used in the same manner. Similar 
measures can be adopted for small groups of 
beef animals; however, it is thought that pro¬ 
viding dry footing and removing abrasive 
objects provides more effective control than 
footbaths. 

Antibacterials 

Feeding chlortetracycline to feedlot cattle 
500 mg/head per day for 28 days, followed 
by 75 mg/d throughout the finishing period, 
has been recommended, but controlled com¬ 
parative trials have not been carried out. The 









feeding of organic iodides (200 to 400 mg) of 
ethylene diamine dihydroiodide (EDDI) in 
the feed daily has been used for many years 
as a preventive against the disease in feedlot 
cattle. Feeding EDDI in an ad libitum salt 
mixture at a level of 0.156% EDDI (0.125% 
iodine) is also effective in reducing the inci¬ 
dence of footrot. Dosing cattle daily with 
zinc sulfate by including it in the feed has no 
prophylactic effect. 

Vaccination 

Commercial vaccines against bovine inter¬ 
digital phlegmon are available, but their effi¬ 
cacy has not been established in controlled 
comparative trials. A mineral-oil adjuvant 
vaccine containing whole cells or fractions of 
F. necrophorum provided about 60% protec¬ 
tion from experimentally induced interdigi¬ 
tal phlegmon. A similar vaccine containing 
Bacteroides nodosus appeared to reduce the 
severity of lesions but not the incidence com¬ 
pared with nonvaccinates. 


TREATMENT AND CONTROL 


Treatment 

Oxytetracycline (20 mg/kg IM/SC of long- 
acting formulation) (R-1) 

Ceftiofur crystalline suspension (long-acting 
formulation, 6.6 mg/kg, once) (R-1) 

Tulathromycin (2.5 mg/kg SC, once) (R-1) 

Florfenicol (40 mg/kg SC, once) (R-1) 

Procaine penicillin 22,000 lU/kg IM daily for at 
least 3 days) (R-2) 

Oxytetracycline (6.6 mg/kg IM daily for 3 
days) (R-2) 

Ceftiofur sodium (1.1 or 2.2 mg/kg IM BW 
daily for 3 days) (R-2) 

Florfenicol (20 mg/kg IM, repeated at 48 
hours) (R-2) 

Control 

Decrease moisture on the ground by scraping 
and improving drainage (R-1) 

Minimize exposure to items that traumatize 
the interdigital cleft (R-1) 

Vaccination using a bacterin against 
Fusobacterium necrophorum and 
leukotoxin (R-3) 


FURTHER READING 

Apley MD. Clinical evidence for individual animal 
therapy for papillomatous digital dermatitis (hairy 
heel wart) and infectious bovine pododennatitis 
(footrot). Vet Clin North Am Food A. 2015;31:81-95. 

Nagaraja TG, Narayanan SK, Stewart GC, Chengappa 
MM. Fusobacterium necrophorum infections in 
animals: pathogenesis and pathogenic mechanisms. 
Anaerobe. 2005;11:239-246. 
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BOVINE DIGITAL DERMATITIS, 
PAPILLOMATOUS DIGITAL 
DERMATITIS OF CATTLE 
(MORTELLARO'S DISEASE), 
FOOT WARTS, HAIRY FOOT 
WARTS, "HEEL WARTS" 


SYNOPSIS 


Etiology Causative agent(s): primary causative 
agents are thought to be anaerobic 
spirochetes Treponema medium/Treponema 
vincentii-Wke, Treponema phagdenis-Wke, 
and Treponema denticola/Treponema 
putidum-Wke, and other foot-adapted 
Treponema strains. Other bacterial may 
play a role in establishing clinical disease. 

Epidemiology Worldwide disease after first 
report in 1974; more common in dairy 
cattle housed in wet, unhygienic 
conditions. 

Clinical findings Lesions located most 
commonly on caudal aspect of hindfeet; 
early lesions have a red, granular 
(strawberry-like) appearance and are very 
painful; mature lesions are less painful and 
more proliferative and may have long 
wart-like projections. 

Diagnostic confirmation Clinical signs are 
sufficiently diagnostic; no additional 
diagnostic tests required. 

Treatment Sustained topical treatment with 
topical bandage over gauze with 10 mL 
oxytetracycline in oil (100 mg/mL) is 
considered the gold standard treatment. 

Control Footbaths—5% copper sulfate (not 
in European Union), 5% formaldehyde— 
new proprietary formulations are under 
active development; vaccination ineffective. 


Digital dermatitis (DD) is a painful, erosive, 
papillomatous-like lesion of the skin of the 
feet of cattle. The region proximal and adja¬ 
cent to the interdigital skin midway between 
the heel bulbs of the plantar surface of the 
foot is most frequently affected. Early lesions 
are circumscribed, with a red, granular 
appearance and variable degrees of prolifera¬ 
tion of filiform papillae. Mature lesions tend 
to be more proliferative and may have long 
papillary fronds. Lameness is severe, particu¬ 
larly when evaluated against the size and 
location of the lesion, and economic losses 
result from decreased milk production and 
reproductive performance. 

ETIOLOGY 

The etiology is uncertain, but it is very likely 
that anaerobic spirochetes in the genus 
Treponema play a primary role in infection. 
A mixed population of gram-negative bacte¬ 
ria, including anaerobes, microaerophilic 


organisms, and spirochetes, has been dem¬ 
onstrated in or isolated from DD lesions, but 
spirochetes are consistently observed in 
superficial lesions and deeper layers of the 
epidermis in cattle with DD. At least 17 dif¬ 
ferent spirochetal phylotypes within the 
genus Treponema have been identified in 
lesions, 1 and the most common isolates are 
Treponema medium/Treponema vincentii- 
like; Treponema phagdenis-like; and Trepo¬ 
nema denticola/Treponema putidum-\Tke , 
with the latter being recognized as a new 
species, Treponema pedis. 2 ' 3 ' 4 Other bacterial 
may play a role in establishing clinical 
disease. PCR measurement of a small subunit 
of ribosomal RNA or its gene (16S rDNA) 
has been used for phylogenetic analysis, 
with T. phagedenis-\ike or T. denticola/T. 
putidum-like in 51% of DD cases and T. 
medium/T. vincentii-kke in 38% of DD 
cases. 2,5 The phylogenetic cluster distribution 
appears to vary from country to country, 
leading to the suggestion that the total 
amount of treponemes is an important deter¬ 
minant of disease outcome, with the pres¬ 
ence of specific phylotypes being of lesser 
importance. 6 Quantitative 16s rRNA clonal 
analysis indicates that all DD isolates are 
more than 99% identical to T. phagedenis- 
like, which is an inhabitant of the human 
genital tract. 7 Treponema spp. have been iso¬ 
lated from the gingival tissue of 14% of dairy 
cattle, but only in the housing season and 
only in cattle with visible DD lesions, and 
from the rectal tissue of 15% of dairy cattle. 8 
This finding suggests colonization of sites 
other that the foot in dairy cattle. Cow feces 
and environmental manure slurry have been 
shown to be potential reservoirs of trepo¬ 
nemes that cause DS. 9 

A spirochete isolated from cases of severe 
virulent ovine footrot in Australia and the 
United Kingdom and Ireland is closely 
related to a treponeme isolated from human 
periodontitis and bovine digital dermatitis. 
This suggests the possibility of cross-species 
transmission, and that a number of spiro¬ 
chetes could be involved in the pathogenesis 
of either DD or severe virulent ovine footrot. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

The disease was first described in Italy in 
1974 as Mortellaro’s disease. It occurs pri¬ 
marily in dairy cattle and has been reported 
as a cause of lameness in dairy cattle world¬ 
wide, although beef cattle can also be 
affected. Surveys of dairy farms in California 
in the United States found that 25% to 75% 
of farms have had the disease, and about 10% 
of cows have been affected, with a range from 
1% to 99% of cows in affected herds. 

Factors associated with high herd inci¬ 
dence of DD (>5%) include geographic loca¬ 
tion, herd size, type of land lactating cows 
accessed on a daily basis, flooring type where 
lactating cows walked, percent of cows born 
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off the farm, use of a primary hoof trimmer 
who trimmed cows’ hooves on other farms, 
and lack of washing of hoof-trimming equip¬ 
ment between cows. It is likely that undisin¬ 
fected hoof-trimming equipment plays a role 
in transmission of infection from farm to 
farm. 10 Seasonal differences occur and may 
be a result of a combination of weather, 
housing, and management. The incidence 
may be higher during the winter months, 
when the weather is cold and wet and cows 
are kept in confined housing, than during the 
summer months when cows are on pasture. 

Risk Factors 
Host Risk Factors 

First-parity cows have the highest odds of 
DD, and the odds decrease, in a dose-effect 
manner, as parity increases. The odds of DD 
increase with increasing days in lactation. 

Other risk factors include loose housing, 
slatted floors, housing under wet and unhy¬ 
gienic conditions, and the introduction of 
subclinically infected cows into susceptible 
populations. The plantar and palmar regions 
of the foot may be more conducive to the 
development of DD because these anatomic 
sites are exposed to more moisture. Exposure 
to slurry increases the permeability of the 
skin and therefore the susceptibility to DD. 11 
Epidemiologic observations indicate that the 
risk of DD is associated with environmental 
conditions that cause moist feet in commer¬ 
cial dairy herds. Interdigital dermatitis and 
heel horn erosion predispose the foot to DD, 
and all three diseases appear to have similar 
causative mechanisms that focus on increased 
exposure of the foot to moisture. 6 Moreover, 
feet affected with clinical DD lesions have an 
increase prevalence in heel horn erosion, 
further supporting a common etiology for 
these foot conditions. 12 Nonhealing white¬ 
line disease and sole ulcers appear to be more 
common in herds endemically affected with 
DD, 13 and T. medium/T. vincentii-like is con¬ 
sistently isolated from these lesions. 14 

The greater incidence of the lesions in the 
hindfeet is considered to be associated with 
more exposure to deeper slurry during 
feeding times than the forelimbs. The plantar 
and palmar regions of the interdigital cleft 
are therefore more susceptible to being con¬ 
tinually moist compared with the more open 
dorsal locations. The bovine gut and feces 
appear to be an important reservoir of infec¬ 
tion, 11 but direct skin-to-skin contact could 
also be an important transmission route for 
DD treponemes. 16 The anatomic location of 
DD lesions also has an effect on the efficacy 
of topical treatment with antibiotics. 

Immune Mechanisms 

T. phagedenis-like spirochetes isolated from 
active DD lesions in dairy cattle are associ¬ 
ated with serum IgG 2 antibodies, and most 
react with lipopolysaccharide. Both the anti¬ 
body and blastogenic responses were reduced 
in convalescent dairy cattle, suggesting the 


immune response to the spirochetes has 
short duration. The presence of IgG 2 spiro¬ 
chete antibodies detected by ELISA does not 
necessarily describe an active immune pro¬ 
tective response by affected cows but reflects 
prior infection and repeated exposures to 
treponemes. 

Cattle and sheep with DD and severe 
virulent ovine footrot, respectively, and that 
may be infected by the same group of trepo¬ 
nemes, have increased seropositivity rates to 
both treponeme isolates, with different pat¬ 
terns of reactivity between farms. 

Environmental and Management 
Risk Factors 

Case-control studies in dairy farms indicate 
that the odds of having a higher proportion 
(>5%) of affected cows were about 20 times 
more likely in dairy farms with muddier 
corrals than in farms with drier ground sur¬ 
faces in corrals. The disease appears to be 
more common in free-stall confined herds 
where feet are constantly exposed to mois¬ 
ture and manure conditions. The feet often 
become coated with a layer of dried feces, 
which may provide the anaerobic conditions 
necessary for bacterial growth. 

Buying replacement heifers was associ¬ 
ated with a 4.7-fold increase in the odds of a 
higher occurrence of disease than in herds 
that did not purchase heifers. There also may 
be a positive relationship between risk and 
the number of heifers purchased. Herd size 
was positively associated with the presence 
of the disease. Cows in dairy herds that used 
a footbath were less likely to have DD than 
those herds not using one. Animals housed 
in a straw yard were 3.2 times less likely to 
be affected compared with cattle on slatted 
floors. Feeding with a larger variety of dietary 
components (hay, milk, concentrates plus 
silage) was a protective measure. 

Pathogen Risk Factors 

Molecular typing of DD-associated Trepo¬ 
nema isolates has found some genetic 
relatedness to those of the related human- 
associated Treponema spp. associated with 
human periodontal disease. These Trepo¬ 
nema strains have adhesion properties and 
produce high levels of chymotrypsin-like 
protease and high levels of proline imino- 
peptidase, which are major virulence factors. 

Economic Importance 

The economic losses associated with the 
lameness accompanying DD in lactating 
cows include loss in milk production, the 
effects on reproductive performance, and 
the costs of treatment, including the time 
required to recognize the lesions, the costs of 
individual medication of affected cows if 
necessary, and the costs of construction and 
maintenance of a footbath. Lameness has an 
important effect on milk yield, with the total 
mean estimated reduction in milk yield per 
305-day lactation being 360 kg. Lameness 


has an important effect on reproductive 
performance. Dairy cows with claw lesions 
have a higher calving-to-conception interval 
and a greater number of services per 
conception. 

PATHOGENESIS 

DD is an acute or chronic ulcerative lesion of 
the skin of the bulbs of the heel or interdigital 
cleft. In the early stages of the lesion, there is 
loss of superficial keratin, with a concurrent 
thickening of the epithelium by both 
hyperplasia and hypertrophy of epithelial 
cells. Superficial layers are eosinophilic and 
undergo necrotic change with the appear¬ 
ance of small holes. Large numbers of spiro¬ 
chetes are present around the holes. Loss of 
superficial layers of keratin stimulates epi¬ 
dermal proliferation and hyperplasia. In 
advanced cases, large numbers of spirochetes 
infiltrate the eroded dermis and may destroy 
the epidermis. DD is characterized by 
erosion of the superficial layers of the epider¬ 
mis, epithelial hyperplasia and hypertrophy, 
pain, and mild swelling. Lesions usually 
occur on the hindfeet and are prone to bleed¬ 
ing. Early lesions are circumscribed with a 
red, granular (strawberry-like) appearance 
and variable degrees of proliferation of 
filiform papillae. Mature lesions are more 
proliferative and may have long wart-like 
projections, thus the term “hairy wart” 
disease. 

CLINICAL FINDINGS 

DD typically occurs in dairy cattle as lame¬ 
ness episodes of variable severity. Affected 
cattle can be lame and reluctant to move. The 
affected limb is often held trembling in 
partial flexion as if the animal is in pain. Less 
severely affected limbs are rested on the toes 
and animals may walk on their toes, which 
become markedly worn and may even expose 
the sensitive laminae. Affected cattle lose 
weight and may not eat normally if they have 
to walk some distance to obtain feed. Milk 
production may decline if the lesions are 
severe enough. 

Clinical inspection of the foot has been 
the most effective diagnostic procedure. 
Lesions are confined to the digits and do not 
occur above the dewclaws. The feet of the 
hindlimbs are most commonly affected. The 
plantar surface of the feet is most commonly 
affected, but the palmar aspects may also be 
involved. The majority of lesions are medium 
to large, measure 2 to 4 cm across at their 
largest dimension, and are located on the 
skin at its junction with the soft perioplic 
horn of the heel and midway between the 
two claws. Most lesions are situated proxi¬ 
mal and adjacent to the plantar/palmar inter¬ 
digital space and rarely involve the interdigital 
skin. The surface of the lesion is moist, prone 
to bleeding, and intensely painful to the 
touch. The lesions are circular to oval in 
shape, raised, and variable in color and in 
degree of papillary proliferation. The washed 
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surfaces are typically red and granular or a 
composite of white-yellow, gray, brown, or 
black papillary areas mixed with red granular 
areas (strawberry-like) (Fig. 15-11). Filiform 
papillae commonly protrude from the 
surface of the lesions. Most lesions are cir¬ 
cumscribed or delineated by a discrete line 
of raised hyperkeratotic skin with long wart¬ 
like projections. The lesions are restricted to 
the skin and do not extend into the deeper 
soft tissues. If untreated, DD can persist for 
months associated with persistent lameness, 
reduced milk production, impaired repro¬ 
ductive performance, and premature culling. 


More advanced lesions may lead to progres¬ 
sive separation of horn from the sensitive 
laminae, resulting in a typical underrun sole 
that may extend forward from the heel to 
reach halfway to the toe. Outbreaks of the 
disease may occur in dairy herds, in which 
up to 75% of all cows may be affected over a 
period of several months. 

The presence and nature of any DD 
lesions on the plantar aspect of the foot are 
categorized using a scoring system. 1 The 
scoring system utilizes the size of the lesion, 
pain reaction, and clinical appearance and 
consists of five categories: 


• MO, normal skin, no signs of disease 

• Ml, small (0.5 to 2 cm in diameter) DD 
lesion that is usually not painful 

• M2, erosive hyperemic DD lesion 
greater than 2 cm in diameter that is 
usually painful on palpation (Fig. 15 11) 

• M3, healing stage of M2 manifest as the 
presence of a scab with minimal pain 

• M4, hyperkeratotic cutaneous DD lesion 
that is usually not painful on palpation 
(Fig. 15-11) 

The consensus view is that lesion progres¬ 
sion proceeds as follows: MO —> Ml —» M2 
—> M3 —> M4, although definitive experi¬ 
mental evidence is lacking. The duration of 
M3 appears to be very short. Lesion area (as 
measured by digital photography) appears to 
provide the most sensitive measure of treat¬ 
ment efficacy but has not been frequently 
applied. 

A screening method for the detection of 
lesions of dairy cattle has been described. At 
the milking parlor and once the cows are in 
place for milking, a water hose is used to 
wash the cows’ feet. Then, using a powerful 
flashlight, the digits are carefully inspected 
for DD lesions. A DD case is defined as a 
cow with a circular or oval-shaped, well- 
demarcated, alopecic, moist, erosive foot 
lesion, surrounded by a white hyperkeratotic 
ridge or hypertrophic hairs. Lesions bleed 
easily and are very painful. When struck by 
a concentrated jet of water from a hose, the 
animal frequently reacts by pulling the foot 
away and sometimes shaking it. The screen¬ 
ing method has a sensitivity of 0.72 and a 
specificity of 0.99. This method can be 
approximated by turning a parlor hose fully 
on and using the following scoring system: 
(0) no movement of the foot after application 
of the water stream; (1) cow picks up foot 
and returns it to the floor within 2 seconds 
of application of the water stream; (2) cow 
picks up the foot and holds the foot up above 
the floor for more than 2 seconds. Use of a 
borescope (an extended rigid tube that pro¬ 
vides a focused visual image of the foot at the 
end of the scope) in the milking parlor does 
not provide any additional diagnostic infor¬ 
mation to that provided by application of a 
water hose to wash the cows’ feet. 18 

Infrared thermography does not appear 
to be of clinical value in detecting DD lesions 
and is of marginal clinical value in detecting 
other skin and claw lesions. 18 Improvement 
in clinical utility can be obtained by examin¬ 
ing clean feet and comparing hindfeet to 
front feet, 19 but these requirements make the 
test impractical. 

CLINICAL PATHOLOGY 
Detection of Organism 

Smears of the exudate and scrapings of the 
surface of the lesions are submitted for 
culture and for staining for spirochetes. 
Culture is extremely difficult, which has 
resulted in the increased application of PCR 
to identify the presence of spirochetes. 



Fig. 15-11 Progression of a painful M2 lesion (A) to a mature M4 lesion accompanied by heel 
horn erosion (B) 4 weeks later on the same foot of a 3-year-old Holstein-Friesian cow. Pictures 
generously provided by Dr. Tessa Marshall, United States. 
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Dark-field microscopy of the scrapings may 
reveal profuse motile spirochetes with vigor¬ 
ous rotational and flexing movements. 
Biopsy specimens of the lesions can be sub¬ 
mitted for histologic examination and special 
silver staining to identify the spirochetes. 

Serology 

Using an ELISA, in cattle with DD, there is a 
significant humoral response to certain 
strains of spirochetes isolated from lesions. 20 
Animals without DD lesions show little or no 
response. 

PATHOLOGY 

The majority of lesions are 2 to 4 cm across 
their largest dimension, circular to oval, 
raised, and variable in color. Washed sur¬ 
faces are typically either extensively red and 
granular or a composite of white-yellow, 
gray, brown, and/or black papillary areas 
interspersed with red granular areas. The 
surface of the lesions is covered by filiform 
papillae, 0.5 to 1 mm in caliber and 1 to 
3 mm in length. Most lesions are character¬ 
istically circumscribed or delineated by a 
discrete line of raised hyperkeratotic skin, 
often bearing erect hairs 2 to 3 times longer 
than normal. The surfaces are also partially 
to completely alopecic, moist, prone to 
bleed, and intensely painful to touch. Histo¬ 
logically active lesions are characterized by 
zones of acute degeneration, necrosis, and 
inflammatory cell infiltration within the 
stratum corneum, usually associated with 
focal thinning. Using immunocytochemical 
staining and PCR of lesion biopsies, Trepo¬ 
nema spp. has consistently been identified. 


DIFFERENTIAL DIAGNOSIS 


Digital dermatitis must be differentiated from 
the following: 

Interdigital dermatitis —moist, gray 
thickening of the skin, with focal areas of 
shallow ulceration and hyperkeratosis. It is less 
painful and rarely has a granular, tufted, or 
papillomatous surface. 

Heel horn erosion (slurry heel) —occurs 
commonly in dairy cows standing for long 
periods in slurry. The intact smooth horn of 
the heel develops deep, black fissures, which 
may become totally eroded. There is no 
liquefaction necrosis of keratin characteristic 
of digital dermatitis. 

Interdigital necrobacillosis (footrot) —a 

necrotizing infection of the interdigital skin. 
There is marked painful, deep swelling of the 
tissues of the interdigital cleft; cracking of the 
skin may occur, with release of a foul-smelling 
discharge. Response to treatment with 
antimicrobials is good unless the lesion is 
advanced. 

Verrucose dermatitis —occurs in cattle 
kept in deep muddy yards and is characterized 
by marked painful proliferative dermatitis of 
the plantar surface of pastern from the bulbs 
of the heels to the fetlocks. Fusobacterium 


necrophorum is usually present in the lesions. 
Affected cattle are lame and respond to 
topical treatment and use of a footbath with 
a suitable antimicrobial. 

Interdigital fibroma (corn) —develops 
from the fold of skin adjacent to the axial wall 
of the hoof in the interdigital space. The 
lesion consists of firm fibrous tissue and may 
extend the entire length of the interdigital 
cleft. Lameness is caused by the presence of 
the corn in the interdigital cleft; advanced 
corns must be removed surgically. 


TREATMENT 

Treatment and control of DD have used two 
main approaches: (1) individual treatment of 
lesions by application of a topical antibiotic 
or disinfectant at the lesion site or, less fre¬ 
quently, parenteral antibiotic treatment, or 
(2) herd treatment using footbaths. 21,22 Eval¬ 
uation of treatment efficacy is challenging 
because the M2 lesion appears to have a 
much higher level of infectivity than other 
lesion categories. Mathematically derived 
models of transition rates indicate that the 
speed in identifying acute M2 lesions and the 
efficacy of treatment of M2 lesions play 
important roles in determining whether 
lesions become more severe or heal. 1 ' The 
challenge is that accurate diagnosis requires 
clinical inspection of the foot, which is labor 
intensive. 20 Consequently, efficacy studies are 
frequently confounded by case definitions. 
Many treatments have not undergone rigor¬ 
ous evaluation and are likely to be ineffective. 
As an example, a survey of 65 French dairy 
farmers identified 30 different products that 
were used for individual treatment of DD 
and 31 products that were used for herd 
treatment of cows with DD. 23 The large 
number of treatments emphasizes the need 
for more randomized clinical trials related to 
treatment and control of DD. 

Topical Antimicrobials 

The consensus view is that the gold standard 
treatment is topical antimicrobial application 
with 10 mL of long-acting oxytetracycline 
(200 mg/mL in an oil base) in cotton ball or 
gauze, covered by a bandage, resulting in 2 g 
of tetracycline applied per treatment. The oil 
formulation is thought to help retain the 
antimicrobial in the gauze, resulting in sus¬ 
tained topical antimicrobial exposure. This 
treatment protocol does not result in detect¬ 
able milk residues, and field efficacy is sup¬ 
ported by in vitro susceptibility results; 
however, this treatment is not practical when 
large numbers of animals are affected. More¬ 
over, there is one report that this treatment 
protocol resulted in a low healing rate in 
cows with a large lesion size in an endemic 
herd that had long-term application of tetra¬ 
cycline for treating DD. 24 An alternative 
equivalent treatment that does not require a 
bandage is application of a tetracycline paste 
consisting of 175 mL of propylene glycol, 


175 mL of vinegar, and 150 g of tetracycline 
hydrochloride applied directly to the lesion 
with a paintbrush, resulting in 2 to 5 g of 
tetracycline applied per treatment. 25 This 
treatment protocol exposes more tetracy¬ 
cline to the environment than treatment 
involving application of a foot bandage. In 
general, application of a bandage over the 
lesion after application of a treatment should 
result in longer topical application times, and 
consequently it should be expected that a 
topical treatment followed by bandaging 
should be more effective than topical spray 
without bandaging. 26 

In vitro studies have identified the follow¬ 
ing minimum bactericidal concentrations 
for 90% of Treponema spp. isolated from DD 
lesions: 2,7,16 penicillin G (<0.06 to 0.19 pg/ 
mL), erythromycin (<0.06 to 0.19 pg/mL), 
ampicillin (<0.06 to 4 pg/mL), oxytetracy¬ 
cline (0.5 to 6 pg/mL), ceftiofur (6 to 8 pg/ 
mL), spectinomycin (48 pg/mL), lincomycin 
(8 to 48 pg/mL), enrofloxacin (8 to 192 pg/ 
mL), rifampin (>128 pg/mL). These results 
support the routine use of topical oxytetra¬ 
cycline and suggest that topical lincomycin 
will be ineffective and that topical macrolides 
might provide an effective treatment. 

Topical antimicrobial sprays or ointments 
are used on individual animals after the 
lesions have been cleaned. Direct spraying of 
the lesions with oxytetracycline at 25 mg/mL 
in 20% glycerine in deionized water once 
daily for 5 days using a garden-type spray 
applicator was effective. Only affected cows 
and individual lesions should be treated. The 
anatomic location of DD lesions has an effect 
on the efficacy of topical treatments. The use 
of oxytetracycline solution (25 mg/mL in 
distilled water) as a topical spray on cows 
with DD lesions was most effective on lesions 
located on the heels or dewclaws compared 
with those in the interdigital cleft; this result 
confirms the obvious conclusion that topical 
treatments need to be applied directly on 
the lesion and not near the lesion to be 
effective. 

Oxytetracycline solution (100 mg/mL), 
acidified ionized copper solution, acidified 
sodium chlorite, or placebo given as a topical 
spray three times daily, after washing the 
lesions, for 3 weeks was effective in decreas¬ 
ing the lameness associated with the disease. 
In a Swedish dairy herd, topical oxytetracy¬ 
cline was more effective for the treatment of 
DD in cattle with heel-horn erosion than 
hoof trimming alone and more effective than 
glutaraldehyde. The use of an oxytetracycline 
solution topically at doses of 15 mL of a 
solution containing 100 mg oxytetracycline/ 
mL sprayed twice daily for 7 days, or a one¬ 
time application of a bandage of cotton 
soaked with 20 mL of a solution containing 
100 mg oxytetracycline/mL, has a low risk of 
causing volatile antibiotic residues in milk. 
Topical treatment with chlortetracycline 
cured painful digital dermatitis lesions at 
79% per week (M2 to other categories). 27 
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Lincomycin at a dose of 25 ml of a solution 
containing 0.6 mg lincomycin/mL or valne- 
mulin at a dose of 25 mL of a solution con¬ 
taining 100 mg/mL valnemulin, given as an 
individual topical spray for two treatments 
48 hours apart, resulted in significant 
improvement within 14 days after the first 
treatment. 

Nonantibiotic Topical Formulations 

The efficacy of oxytetracycline has been 
compared with nonantibiotic solutions, a 
commercial preparation of soluble copper, 
peroxide compound and a cationic agent, 5% 
copper sulfate, acidified ionized copper solu¬ 
tion, hydrogen peroxide-peroxyacetic acid 
solution, and tap water for the treatment of 
DD. The commercial formulation of soluble 
copper, peroxide compound, and a cationic 
agent appeared to be as effective as oxytetra¬ 
cycline. A nonantimicrobial cream contain¬ 
ing soluble copper with peroxide and a 
cationic agent was compared with topical 
lincomycin. The efficacy of the treatments 
was not different for decreasing pain or 
lesion activity, but lincomycin was more 
effective in decreasing lesion size and pre¬ 
venting recurrence. Cows with 3 or more 
lactations were more likely to have a healed 
lesion at 29 days compared with first- and 
second-lactation cows. 

The efficacy of a number of disinfectants, 
including proprietary formulations, has been 
evaluated in vitro. A 5% copper sulfate solu¬ 
tion was extremely effective in killing Trepo¬ 
nema spp., but its effectiveness was markedly 
affected by the presence of manure. 28 Organic 
chemicals such as glutaraldehyde and form¬ 
aldehyde (formalin) were effective in vitro 
and have the benefit of being degraded in 
manure, but they are not as effective as 5% 
copper sulfate. Salicylic acid applied under a 
bandage is effective. 26 A nonantibiotic pro¬ 
prietary formulation based on a reduced 
soluble copper solution, peroxide com¬ 
pound, and a cationic agent was most effec¬ 
tive for the treatment of DD, once daily for 5 
days, compared with other similar formula¬ 
tions and oxytetracycline. 

A nonantibiotic paste, Protexin Hoof- 
Care, containing formic acid (6.8%), 
acetic acid (3.74%), copper (3.29%), and 
zinc sulfate (0.40%), and essential oils 
(peppermint/eucalyptus, 0.16%) with a pH 
of 3.5 has been compared under controlled 
conditions with topical oxytetracycline and 
is considered an effective alternative to the 
antibiotic for the treatment of DD. Only one 
topical application is required after cleaning 
the lesion. Advantages include the following: 
no prescription is required, no withdrawal 
time is required, and it does not result in 
any concerns about antibiotic residue in 
meat or milk. 

Cleaning the Surface of the Lesion 

It is very important to wash and clean the 
surface of the lesion with a disinfectant 


soap before the topical administration of 
any medication. Topical treatment failures 
are commonly associated with failure to 
adequately wash and clean the surface of the 
lesion. 

Bandaging the Lesion 

Whether or not the lesion should be ban¬ 
daged after cleaning and medicating is con¬ 
troversial. Bandaging requires additional 
restraint to handle the leg and foot, is labor 
intensive, and is an additional cost. However, 
field observations indicate topical treatment 
under a bandage is particularly effective, with 
most cows showing remarkable improve¬ 
ment in 24 to 48 hours. Furthermore, when 
properly applied, the bandage and the topical 
medication have the potential of reaching 
lesions in the interdigital cleft. 

Antimicrobials Parenterally 
and Topically 

Antimicrobial therapy is indicated and effec¬ 
tive, and various methods of administration 
have been used, including parenteral and 
topical application in individual animals and 
footbaths for medication of large numbers of 
animals. 

Parenteral Antimicrobials 

Although parenteral antibiotic treatment can 
be effective (depending on the antimicrobial 
class), milk withdrawal and cost are major 
concerns regarding this being a routine 
recommendation. Procaine penicillin, at 
18,000 U/kg BW IM twice daily for 3 days, 
or intramuscular ceftiofur sodium at 2 mg/ 
kg daily for 3 days, was highly successful for 
the treatment of DD in dairy cattle in Cali¬ 
fornia. IV regional administration of tetracy¬ 
cline hydrochloride into the lower lateral 
digital or median vein after application of a 
tourniquet proximally on the limb provides 
has been used 29 but appears to provide a 
much more complicated treatment protocol 
that topical tetracycline and bandage. 
However, the use of parenteral antimicrobi¬ 
als on an individual basis is labor intensive, 
costly, and not feasible when large numbers 
of animals are involved. In addition, drug 
residues in the milk are more likely when 
animals are treated parenterally. Recurrence 
after treatment may also occur. In one report, 
the lesions recurred in 18% of cows treated 
with antibiotics parenterally. 

Footbaths 

Some veterinarians prefer to focus treatment 
protocols on footbaths. The benefits of foot¬ 
baths include mass treatment and a potential 
decrease in the transmission of infection 
from carrier cows to noninfected animals. 
Footbaths containing antimicrobials and 
germicides have been used for treatment of 
groups of animals and for control of the 
disease. The most important benefit of using 
footbaths is that all animals are treated for 
DD at the same time. Types of footbaths 


include walk-through and stand-in (station¬ 
ary). The walk-through footbath, commonly 
located in milking-parlor exit lanes, is most 
popular in loose housing systems. Portable 
walk-through footbaths constructed of 
rubber, fiberglass, or hard plastic are also 
available and can be relocated as needed. The 
portable footbath is also the most convenient 
type for individual treatment situations that 
may involve bathing two, or possibly all four, 
feet for prolonged periods. Unfortunately, 
only a small number of randomized clinical 
trials have been published that document the 
efficacy of footbath solutions or topical anti¬ 
septic solutions in treating and preventing 
DD in lactating dairy cows. Copper sulfate is 
the most commonly used antiseptic footbath 
solution to treat and control DD because of 
its widespread availability, low cost, and ease 
of use. Repeated topical application of 8% 
copper sulfate solution has been shown to be 
effective in healing DD lesions, but is not as 
effective as daily application of a topical 
chlortetracycline spray to the lesion. 30 
Copper sulfate footbaths have been shown to 
have some efficacy at reducing DD lesions, 
whereas other studies have shown little to no 
response. A 2015 systematic review 31 identi¬ 
fied only one study that clearly demonstrated 
the efficacy of copper sulfate footbaths in 
decreasing the number of cattle with DD 
lesions; however, that one study provided 
unequivocal evidence of efficacy. 32 This study 
demonstrated that a 5% copper sulfate foot¬ 
bath solution applied at 4 consecutive milk¬ 
ings each week was effective in healing DD 
lesions but did not alter the new infection 
rate of cows with DD. 32 Copper sulfate foot¬ 
baths also help to harden the horn on the 
foot,” but it is unclear what role this might 
play in preventing or treating DD. An acidi¬ 
fied ionized copper sulfate footbath solution 
has been shown to be superior to a 4% form¬ 
aldehyde (formalin) footbath in preventing 
new cases of DD. 34 Negative aspects of form¬ 
aldehyde use include irritation to mucous 
membranes and carcinogenic effects in 
humans. 33 

After 150 to 300 cows pass through, the 
copper sulfate solution in the footbath is 
thought to become ineffective and is dis¬ 
posed of by land application. Government 
agencies have expressed concern that the fre¬ 
quent application of CuS0 4 solutions in 
footbaths will result in unacceptably high 
concentrations of copper in the soil; for 
example, the use of CuS0 4 solutions in foot¬ 
baths has been restricted to low concentra¬ 
tions (0.5% CuS0 4 ) in the Netherlands, 2 ' and 
5% CuS0 4 footbath solutions are not permit¬ 
ted in the European Union. There is there¬ 
fore widespread interest in developing 
alternative antiseptic solutions for the treat¬ 
ment and control of DD in dairy cattle. A 
well-controlled study in Denmark failed to 
document efficacy of commercially available 
hoof-care products containing glutaralde¬ 
hyde, quaternary ammonium compounds, 
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or organic acids (acetic acid, peracetic acid, 
and hydrogen peroxide) in treating and pre¬ 
venting DD in dairy cattle. 3 ' 

Optimal footbath dimensions are 3.0 
to 3.7 m long, 0.5 to 0.6 m wide, and a 
28-cm step-in height. 36 Proper construc¬ 
tion includes systems for efficient drainage, 
cleaning, and refilling. Footbaths should be 
filled to a depth of at least 10 cm (4 in.) to 
ensure coverage of the typical lesion site for 
DD. The capacity of a rectangular footbath 
varies according to its dimensions, which 
can be calculated using the formula: width x 
length x depth x 7.46 = capacity in gallons. 
(Multiplying the number of gallons by 3.8 
will provide capacity in liters.) The size of 
the footbath needed will depend on the 
number of feet that will be treated with the 
system. Footbaths must be carefully moni¬ 
tored for excessive contamination with dirt 
and feces. 

Not only is the optimal footbath formula¬ 
tion unknown, but the optimal footbath fre¬ 
quency is also unknown. It has been suggested 
to use hygiene scoring to determine the fre¬ 
quency of foot bathing, whereby 20% of cows 
in the free-stall barn are scored; if more than 
50% of the cows receive a score of “poor,” then 
the footbath frequency should be 5 days a 
week. The maximum number of cows that can 
be treated with a footbath varies according to 
the cleanliness of the cows, size of the bath, 
type and concentration of the medication 
used, housing system, weather conditions, 
and cow flow patterns. One recommendation 
suggests one footbath is sufficient for 150 to 
200 cows and that DD may be controlled with 
a single monthly passage through a footbath 
containing 5 to 10 g/L of oxytetracycline or 1 
to 3 g/L of lincomycin in 200 L of water or 
erythromycin at a rate of 50 g/150 L of water. 
A common recommendation is that a foot 
bath can treat 150 to 200 cows per change of 
solution, used three times per week in out¬ 
breaks, once every week or two for mainte¬ 
nance. Other observations, however, suggest 
that as few as 30 to 50 cows through a footbath 
may cause major shifts in pH and solids 
loading, and the largest increment of change 
in pH occurred with the passage of the first 
32 cows through the bath. 

Some footbaths are set up with a “pre¬ 
rinse” water bath to reduce contamination of 
the active ingredients by gross fecal matter on 
the feet of the cows. It is unclear whether this 
prerinse footbath provides any advantages. In 
summary, footbaths make biological sense 
for the treatment and control of DD. However, 
most of the recommendations regarding 
their use, footbath formulation, frequency of 
use, and optimum number of cows are based 
on uncontrolled field observations. 

Antibiotics in Footbaths 

Antibiotics are commonly used in footbaths 
for the treatment and control of DD, but 
their use should be discouraged. Use of foot¬ 
bath solutions containing antimicrobials, 


such as tetracycline, chlortetracycline, linco¬ 
mycin, or erythromycin, has decreased in 
popularity because of concerns over antimi¬ 
crobial residues in the environment and the 
potential for increased antimicrobial resis¬ 
tance in bacteria. Most of the antibiotics 
require a veterinary prescription and must 
be used according to specific recommenda¬ 
tions and compliance with withdrawal 
periods as necessary. Antibiotics in footbaths 
are rapidly neutralized in the presence of 
excessive contamination from mud and 
manure. This is a significant limitation in 
large herds or in housing situations in which 
muddy conditions are present. 

Tetracycline in 6 to 8 g/L of water has been 
used in a footbath for treatment of DD. Tetra¬ 
cycline powder (324 g/lb) at 20 to 40 g per 
gallon (U.S.) to deliver 0.5% to 1% has been 
used. Lincomycin mix at 0.5 to 4g/gallon 
(U.S.) is also used. A mixture of lincomycin 
and spectinomycin in 150 g/200 L of water for 
treatmentand 125 g/200 Lofwater for control 
was also effective. Walking cows through a 
footbath containing erythromycin, at a con¬ 
centration of 35 mg erythromycin/L, after 
two consecutive milkings is effective. Four 
days after treatment, four of the measured 
signs (exudation, reddening, creaminess, and 
pain) were all significantly improved. 

Treatment Failure 

The possible causes of treatment failure 
include inconsistent application of treat¬ 
ments or the failure to periodically retreat all 
feet of all cows in the herd every 2 to 3 
months with a topical spray, improper for¬ 
mulation of the medication, the neutraliza¬ 
tion of the antibiotics by manure, and the 
inaccessibility of the medication when the 
lesion is in the interdigital cleft. In addition, 
ideally lesions should be washed and cleaned 
thoroughly before applying the medication. 

CONTROL 

Because the risk factors that predispose to 
the lesions are uncertain, specific environ¬ 
mental control strategies have not been 
examined using controlled field trials. Recur¬ 
rence rates of DD vary from 40% to 52% after 
7 to 12 months. Thus it makes biological 
sense to have an infectious disease control 
system in place in the herd to provide 
optimum control. 

• Housing, environment, and 

management. The high incidence of the 
disease in dairy cattle in drylot and 
free-stall housing suggests that a high 
infection rate may be associated with 
high population density and 
contamination of bedding and the 
environment. Providing environmental 
conditions that promote clean and dry 
ground surfaces and bedding appears to 
be a logical strategy. Improving cow 
comfort by providing clean stalls, 
corrals, and alleys and dry and 
comfortable bedding, reducing the 


stocking rate, and improving ventilation 
to allow drying of stalls and alleys may 
decrease the incidence and severity of 
clinical cases. Hoof trimming, mobile 
tilt tables, and livestock trailers should 
be thoroughly cleaned and disinfected 
to prevent potential transmission of the 
agent of DD. The optimal disinfectant 
has not been identified. 

• Biosecurity. For herds that are free of 
DD, the most important control 
consideration is the purchase of herd 
replacements. According to the 1996 
NAHMS survey in the United States, the 
odds of DD infection were 8 times 
greater in herds that purchased 
replacements from outside sources 
compared with those that did not. Herd 
replacements should be purchased from 
herds known to be free of DD. 
Quarantine procedures may be 
applicable but often impractical. 

• Footbath. Successful control is possible 
by single passage of cattle through a 
footbath containing 5 to 6 g/L 
oxytetracycline or 150 g lincomycin/ 
spectinomycin in 200 L water; however, 
use of antimicrobials in footbaths 
should be discouraged. For optimum 
results the heels of affected cows should 
be spray washed before entering the 
footbath. Repeating the footbath 
treatment in 4 to 6 weeks is 
recommended. Regular footbaths with 
5% copper sulfate solution and formalin 
3% to 5% solution once weekly, 
according to the incidence of the 
disease, may be necessary in certain 
circumstances. Regular inspection of the 
feet of cattle is recommended to 
monitor the occurrence of the 
lesions. 

• Vaccination. There is no evidence that a 
vaccine is effective for the control of 
DD. An effective vaccine will be 
challenging to develop. Koch’s postulates 
have not been fulfilled for DD, and 
natural immunity does not appear to be 
long lasting. Humoral immunity is 
elicited in cows with DD, and clinical 
disease is less common in older cows. 


TREATMENT AND CONTROL 


Treatment 

Topical antimicrobial application with 10 ml of 
long-acting oxytetracycline (200 mg/ml) in 
cotton ball or gauze, covered by a foot 
bandage (R-1) 

Application of a tetracycline paste consisting 
of 175 mL of propylene glycol, 175 ml. of 
vinegar, and 150 g of tetracycline 
hydrochloride applied directly to the lesion 
with a paintbrush (R-2) 

Direct spraying of lesions with oxytetracycline 
at 25 mg/mL in 20% glycerine in deionized 
water once daily for 5 days (R-2) 









Control 

Optimal footbath formulation and frequency 
of application is unknown; some evidence 
supporting use of weekly (or more 
frequent) footbaths with 5% copper sulfate 
solution (not permitted in the European 
Union) or formaldehyde 3% to 5% 
solution (R-2) 

Footbath containing an antimicrobial (R-3) 

Vaccination with Treponema bacterin (R-3) 


FURTHER READING 

Apley MD. Clinical evidence for individual animal 
therapy for papillomatous digital dermatitis (hairy 
heel wart) and infectious bovine pododermatitis 
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Refaai W, Van Aert M, Abd El-Aal AM, Behery AE, 
Opsomer G. Infectious diseases causing lameness in 
cattle with a main emphasis on digital dermatitis 
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INFECTIOUS FOOTROT IN SHEEP 


SYNOPSIS 


Etiology Dichelobacter nodosus. Strains vary 
in virulence to produce benign and virulent 
footrot. 
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Epidemiology Main source of infection is 
lesion discharge from other infected sheep. 
D. nodosus typically survives in the 
environment for only a few days. Highly 
contagious disease with high attack rate in 
warm, wet conditions. Lesions are present 
on both claws of the foot and commonly 
in more than one foot. Significant effect on 
productivity. 

Clinical findings Inflammation of the skin at 
the skin-horn junction in the interdigital 
area with underrunning of the soft horn in 
benign (nonprogressive) footrot. Progresses 
to underrunning of the hard horn and 
inflammation of the sensitive laminae in 
virulent (progressive) footrot and severe 
lameness. 

Clinical pathology Gram-stained smears 
and culture to confirm the presence 
of the organism; protease and polymerase 
chain reaction (PCR) tests for strain 
virulence. 

Diagnostic confirmation Clinical. 

Treatment and control Topical treatment 
with bactericides in footbaths at time of 
transmission to minimize new infections, 
parenteral antibiotics for treating virulent 
footrot, vaccination, culling. Goats and 
cattle can carry D. nododus and so must 
be included in control programs. 


ETIOLOGY 

Dichelobacter ( Bacteroides ) nodosus is the 
essential causal pathogen. It is a highly spe¬ 
cialized organism in the small taxonomic 
group, the Cardiobacteriaciae. F. necropho- 
rum aids D. nodosus in the invasion of the 
foot and contributes in the inflammatory 
reaction. Two other bacteria, a treponeme 
originally known as Spirochaeta ( Treponema ) 
penortha and a motile fusiform bacillus, are 
commonly present in affected feet but are 
thought to have no primary etiologic 
importance. 

The type IV fimbriae of D. nodosus are 
recognized as a major virulence factor, are 
highly immunogenic, and provide the 
basis for the classification of D. nodosus 
strains into two major classes based on the 
genetic organization of the fimbrial gene 
region, with class I containing strains of 
serogroups A, B, C, E, F, G, I, and M and 
class II consisting of serogroups D and H. 
The serologic diversity observed in the 
fimbriae is as a result of sequence varia¬ 
tion in the fimbrial subunit protein and 
the fimbriae are the major immunoprotec- 
tive antigens, although protection is 
serogroup-specific. 

Within this typing scheme there are 
strains that have major and minor preva¬ 
lence in the disease. For example, footrot 
introduced into Norwegian flocks around 
2008 was predominantly serogroup A, with 
96% of virulent isolates belonging to this 
serogroup. 1 


EPIDEMIOLOGY 
Geographic Occurrence 

Footrot of sheep is common in all countries 
where there are large numbers of sheep, 
except that it does not occur in arid and 
semiarid areas unless the sheep have access 
to wet areas such as subirrigated swales. 

Host Occurrence 

Sheep are the species principally affected, but 
goats are also susceptible. Infection has been 
identified in farmed red deer and in cattle 
and is considered the cause of overgrown 
and deformed claws in wild mouflon in 
Europe. With environmental conditions of 
moisture and warmth, the disease in sheep 
has a high attack rate, and a large proportion 
of a group of sheep can be affected within 1 
to 2 weeks. Both claws of a foot and more 
than one foot (usually all) on the sheep will 
be affected. The disease is common, and in 
high-risk areas the prevalence of infected 
flocks is high. 

Source of Infection 

The source of infection of D. nodosus is dis¬ 
charge from the active or chronic infection 
in the feet of affected animals. The major 
reservoir of infection for virulent strains of 
sheep is other sheep because the isolates 
from cattle and deer generally produce the 
benign form of footrot in sheep. Culture has 
demonstrated that the organism does not 
usually survive in the environment for more 
than a few days, 2 weeks at the most, although 
PCR techniques suggest that maximum envi¬ 
ronmental survival could be up to 24 days. 2 
It can survive virtually indefinitely in lesions 
on chronically infected feet. 

Two classifications of footrot have made 
based on the site of survival and perpetua¬ 
tion of the organism in a flock and the 
importance of this to control strategies: 

1. Virulent footrot (progressive footrot) 
and intermediate footrot—strains 
survive between footrot transmission 
periods in pockets of infection in 
previously underrun ovine hoof 

2. Benign footrot (nonprogressive 
footrot)—strains survive in the 
interdigital skin, and the organism can 
be demonstrated in the interdigital skin 
of a high proportion of asymptomatic 
sheep and cattle. 

Methods of Transmission 

Infection is usually introduced into a flock by 
the introduction of carrier sheep, although 
sheep can become infected from the envi¬ 
ronment when footrot-free sheep use yards, 
roads, or trucks that have been used by 
footrot-infected sheep in the immediate past. 
For example, transmission occurred when 
sheep were held for 1 hour in a yard that 4 
hours previously had contained a flock of 
sheep in which less than 1% had footrot. 
Spread within a flock is facilitated by 
the flocking nature of sheep and heavy 
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environmental contamination around com¬ 
munal drinking and feeding areas. Spread 
from ewe to lamb in intensive systems can be 
rapid, within 5 to 13 hours. 3,4 

Host Risk Factors 
Age and Sex 

Footrot occurs in sheep of all ages, with rams 
or ram lambs often more severely affected 
than ewes. 4 In a flock outbreak, the age- 
specific incidence and severity of lesions in 
ewes tends to increase with age, and older 
lambs have more severe lesions than younger 
lambs. Prior natural infection does not 
provide immunity at a subsequent challenge 
for sheep that have had the disease. However, 
sheep do vary in their resistance or suscepti¬ 
bility to footrot infection. This appears to be, 
in part, immunologically mediated, with the 
ability of some sheep to mount a strong 
T-cell response and to produce agglutinating 
antibodies to D. nodosus fimbriae being an 
important factor in conferring resistance to 
severe infection. 

Breed 

Merino sheep are the most susceptible to 
footrot. British breeds, particularly Romney 
Marsh, are less susceptible and suffer from a 
milder form of the disease; they respond 
better to vaccination by suffering fewer sub¬ 
sequent attacks of footrot but have worse 
reactions to a multivalent vaccine than 
Merinos. In the natural disease, some animals 
never become infected, a few become 
infected but recover, and most become 
infected and persist as chronic cases. There 
is evidence that this variation is genetically 
determined, and selection for resistance, 
based on exposure to the disease and rigor¬ 
ous culling of affected individuals, has 
been demonstrated in Merino, Corriedale, 
Romney, Perrendale, and Targhee breeds. 4 
Substantial genetic variation in resistance to 
footrot has been demonstrated, both within 
flocks and between the progeny of different 
sires, among both Merino and Sottish Black¬ 
face breeds. 5 ' 6 

Environmental Risk Factors 
Climate and Season 

Moistness of the pasture and environmental 
temperature are major determinants for the 
transmission of footrot. Wetness and warmth 
favors persistence of the bacteria in pasture 
and increases the susceptibility of feet to 
injury and dermatitis, thus facilitating spread 
of the disease from carrier sheep. There must 
be continued moisture on the ground for 
transmission to occur. Thus in drier temper¬ 
ate climates, such as Australia, transmission 
tends to occur predominantly in the spring 
and, to a lesser degree, autumn. In cooler, 
wetter temperate climates, such as New 
Zealand and the United Kingdom, the trans¬ 
mission period can be much longer. The 
daily mean temperature must also be above 
10° C (50° F) for transmission to occur, and 


so in colder climates transmission is reduced 
or does not occur during the winter. There is 
a linear relationship between the prevalence 
of farms with footrot and yearly rainfall. 

Transmission and outbreaks of footrot 
occur in winter in housed sheep when condi¬ 
tions underfoot are wet and in summer with 
sheep on irrigated pastures. 

Management 

Any practice that concentrates sheep in small 
areas will favor spread of the disease when 
environmental conditions favor transmis¬ 
sion. Routine foot trimming may increase 
risk of infection and clinical disease. 

Failure to isolate introduced sheep until 
their footrot status has been determined, 
straying sheep, and the presence of at least 
one footrot-infected farm within a 1-km 
radius with severe footrot are confirmed risk 
factors for the introduction of footrot into a 
flock. 7 ' 8 

Pasture Type 

Footrot is commonly associated with lush or 
improved, irrigated, and clover-dominant 
pastures. Long mature grass may result in 
interdigital abrasions as it is dragged through 
the interdigital space and facilitates infec¬ 
tion, as may penetration of interdigital skin 
by barley grass seeds ( Hordeum murinum). 
Skin penetration by larvae of the nematode 
Strongyloides spp. may also predispose to 
infection. 

Pathogen Factors 

The major D. nodosus-e ncoded virulence 
factors that have been implicated in the 
disease are type IV fimbriae and extracellular 
proteases, and the fimbrial subunit gene, 
fimA, is essential for virulence. 

There is considerable variation in the 
virulence of strains of D. nodosus. Some 
produce benign footrot, whereas others 
produce deep lesions that facilitate their sur¬ 
vival and confound eradication programs. As 
a result, they have traditionally been subdi¬ 
vided into benign, intermediate, and virulent 
strains to conform with the types of clinical 
footrot they are associated with in the field. 
The virulence of each strain depends on 
its keratinolytic capacity; virulent strains 
produce more extracellular protease, and an 
earlier production of elastase, than benign 
strains. The separation of the hard horn of 
the claw from the germinal layer, which is a 
characteristic of virulent footrot, has been 
associated with infection with strains that 
produce a heat-stable protease with a single 
isoenzyme pattern, whereas benign strains 
have thermolabile protease. Infection associ¬ 
ated with more than one strain is reported, 
and up to five serogroups including up 
to eight strains have been reported from a 
single foot. 

The genome of D. nodosus has been fully 
sequenced, 9 and this has allowed further 
investigation of the factors that determine its 


virulence. Acidic protease V2 (AprV2) is the 
main thermostable protease responsible for 
most elastase activity and differs from its 
benign counterpart, AprB2, by only a single 
amino acid. 10 It is one of three thermostable 
proteases that act synergistically, the others 
being AprV5 and a basic protease, BprV. 
AprV5 is needed to activate all three prote¬ 
ases, whereas BprV degrades hoof horn 
matrix more efficiently than its counterpart 
from benign strains, BprB. 11 

A molecular genetic analysis of D. 
nodosus isolates from four European coun¬ 
tries, Switzerland, France, Germany, and 
Norway, found a perfect correlation between 
the clinical presentation of footrot and the 
presence of either AprV2 or AprB2. 12 

Economic Importance 

Benign footrot is generally considered to 
cause little if any economic effect, and its 
occurrence is confined to the warm, wet 
seasons. However, even benign footrot infec¬ 
tions can depress body weight, wool growth, 
and wool quality in some countries, espe¬ 
cially in Merinos. 

In contrast, virulent footrot causes a 
severe loss of body condition, and this, com¬ 
bined with a moderate mortality rate, a 
reduction in wool production, the disruption 
of the general routine of the farm, and the 
expense of labor and materials to treat the 
disease adequately, makes footrot one of 
the most costly of sheep diseases. Estimates 
of the total annual cost to industry in Aus¬ 
tralia are estimated at $32.3 m and $12.1 m 
for virulent and benign footrot, respectively, 
and £24 m in Britain. 13,14 In addition, there 
are welfare concerns, societal pressures 
encountered by owners of footrot-infected 
flocks, and, in control areas, the community 
costs of statutory footrot control programs. 

In controlled studies, virulent footrot 
causes an 11% depression in body weight 
and an 8% reduction in clean fleece weight 
of affected sheep. The magnitude of the loss 
can be related to the virulence of the infect¬ 
ing organism and the severity of disease. 

The effects on body weight are most 
severe during the active transmission period 
of the organism and development of clinical 
disease, but there may be compensatory 
growth during the recovery period. Both 
greasy and clean fleece weight are signifi¬ 
cantly depressed by footrot, with a linear 
association between the extent of the depres¬ 
sion and the severity of the disease. Wool 
fiber diameter is also decreased, which can 
partially compensate for decreased fleece 
weight in the final price for wool. Some 
sheep with severe disease may develop a 
break in the wool, which can then incur price 
discounts of up to 50%. 

Feet of sheep affected with footrot are 
attractive to blowfly strike. Necrotic exudate 
with accompanying maggots from affected 
feet can be deposited on the fleece to result 
in a focus of body strike. 




PATHOGENESIS 

Maceration of the interdigital skin from pro¬ 
longed wet conditions underfoot allow for 
infection with F. necrophorum. This initial 
local dermatitis associated with infection 
with F. necrophorum at the skin and the skin- 
horn junction may progress no further, but 
the hyperkeratosis induced by this infection 
facilitates infection by D. nodosus if it is 
present. The preliminary dermatitis has been 
named “ovine interdigital dermatitis” and is 
also called “foot scald.” 


OVINE INTERDIGITAL DERMATITIS, 
FOOT SCALD 


This disease is seasonal and occurs when 
moist conditions underfoot, or trauma from 
pastures or frost, produce maceration of the 
interdigital skin, allowing invasion by 
Fusobacterium necrophorum, a ubiquitous 
organism in feces and soil. 

Lesions are in the interdigital space, where 
there is hyperemia, or swelling and blanching, 
and wetness of the interdigital skin. There is 
no, or only minimal, separation at the 
skin-horn junction ("underrun"). Lambs are 
more commonly affected, particularly in 
spring, but the disease can involve all ages of 
sheep. Most or all feet on a sheep are 
affected, and it is present in a large 
proportion of the age cohort of the flock. 

In Australia and New Zealand, the disease 
is not usually associated with severe or chronic 
lameness and is often found incidentally when 
examining sheep for other reasons. 

In Britain it is reported as a common cause 
of lameness, but this might reflect a lack of 
cultural differentiation from the less virulent 
forms of infectious footrot that can present 
with identical clinical findings. Examining 
Gram-stained air-dried smears of lesion 
material will reveal the absence of 
Dichelobacter nodosus. 

Control is by avoiding grazing lambs on 
long grass or in muddy conditions. The 
disease will regress spontaneously when the 
pasture dries up or sheep are moved to drier 
paddocks, but it can be treated with topically 
applied oxytetracycline or by walking animals 
through a footbath containing 10% zinc 
sulfate (preferably standing in the solution for 
1 to 3 minutes, then allowing the feet to dry 
on grating or in a woolshed) or 3% formalin. 

Ovine interdigital dermatitis can predispose 
to infectious footrot or to foot abscess. 


Benign and Virulent Footrot 

It is assumed that the pili of D. nodosus facili¬ 
tate attachment of the organism to the epi¬ 
thelium of the foot. When the feet of sheep 
with interdigital dermatitis are colonized 
with a strain of D. nodosus that has little kera- 
tinolytic ability, there is underrunning of the 
soft horn but no further progression, and 
this infection has been given the name of 
benign or nonprogressive footrot. Benign 
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footrot cannot be easily distinguished on 
clinical examination from ovine interdigital 
dermatitis. Colonization with keratinolytic 
and virulent strains leads to the clinical 
disease of virulent footrot. The underrun¬ 
ning lesion is the result of keratolytic activity, 
and the associated inflammation is a conse¬ 
quence of a combined activity of D. nodosus 
and F. necrophorum. A designation of inter¬ 
mediate footrot is used to provide a midclas¬ 
sification of severity between benign and 
virulent footrot, with the classification of 
infected sheep into these categories based on 
a foot lesion scoring system (see following 
discussion). There is much difficulty in speci¬ 
fying exactly the characteristics of these 
clinical forms in natural outbreaks, partly 
because more than one strain is commonly 
involved, but also because the severity of the 
lesions is modulated by breed, previous 
treatments, and varying geographic and cli¬ 
matic conditions. 

CLINICAL FINDINGS 
Sheep 

Virulent Footrot 

In a flock, a sudden onset of lameness of 
several sheep is the usual presenting sign of 
footrot because the disease is not detected 
before this occurs. The pain associated with 
infection is severe, and affected sheep will 
limp or carry the affected leg. Usually more 
than one foot is affected, and affected sheep 
may graze on their knees. 

On close examination the earliest sign of 
virulent footrot is swelling and moistness of 
the skin of the interdigital cleft and a par¬ 
boiled and pitted appearance at the skin- 
horn junction in the cleft. This inflammation 
is accompanied by slight lameness, which 
increases as necrosis underruns the horn in 
the cleft. The underrunning starts as a sepa¬ 
ration of the skin-horn junction at the axial 
surface just anterior to the bulb of the heel 
and proceeds down the axial surface and 
forward and backward. There is destruction 
of the epidermal matrix beneath the hard 
horn, which is subsequently separated from 
the underlying tissues. In severe cases both 
the axial and the abaxial wall and the sole are 
underrun, and deep necrosis of tissue may 
lead to the shedding of the horn case. The 
separation may not be obvious on superficial 
visual examination but can be detected by 
trimming the feet with a knife or secateurs. 
There is a small amount of distinctive, gray, 
foul-smelling exudate, but abscessation does 
not occur. 

Both claws of the one foot will be involved, 
and commonly more than one foot is 
involved. When extensive underrunning has 
occurred, lameness is severe. A systemic 
reaction, manifest by anorexia and fever, may 
occur in severe cases. Recumbent animals 
become emaciated and may die of starvation. 
Secondary bacterial invasion and/or fly 
strike may result in the spread of inflamma¬ 
tion up the legs. 


Benign Footrot 

Benign footrot is manifest with interdigital 
lesions, a break at the skin-horn junction, 
and separation of the soft horn, but the 
disease does not progress beyond this stage 
to severe underrunning of the hard horn of 
the foot. The interdigital skin becomes 
inflamed and covered by a thin film of moist 
necrotic material; the horn is pitted and 
blanched. 

It is difficult to distinguish between an 
established infection with benign footrot and 
the early stages of virulent footrot. With 
virulent footrot, it is common to find all 
stages and severity levels of the disease in the 
same flock. A large number of sheep (e.g., 
100 in large flocks or mobs) should be exam¬ 
ined to differentiate benign from virulent 
footrot, and it may be necessary to reexam¬ 
ine the flock after a period of time to deter¬ 
mine whether the disease has progressed to 
the virulent type. 

Scoring Systems 

Several scoring systems, based on severity 
and persistence, have been devised to aid in 
epidemiologic and control programs and can 
be used to categorize the severity of disease, 
hence the virulence of associated strains of D. 
nodosus, within a flock. In the Australian 
system, a score of 0 (normal foot) to 4 (severe 
underrun) is allocated to each foot of each 
sheep, then the score is used to classify the 
severity of disease in that flock or a cohort. 4 
Feet scored 0 have no evidence of necrosis or 
inflammation or cleavage of horn. Scores of 1 
and 2 are confined to sheep with interdigital 
lesions, whereas a gradation of scores from 3 
to 4 reflects progressive underrunning and 
separation of horn from the underlying 
laminar, with 3 representing underrunning 
of the soft horn. In this score system, most 
benign footrot cases score 1 or 2, with some 
allowance for scores of 3. Intermediate 
footrot in a cohort is defined when 1% to 10% 
of the cohort have a score of 4. Virulent 
footrot is defined by greater than 10% of the 
cohort with a score of 4. It has been suggested 
that the scoring system may not always be 
reliable because the severity of disease can be 
influenced by climate. However, a large field 
study in Australia found that a cohort of 
sheep with scores defining intermediate 
footrot maintained that clinical classification 
when moved to a climate that would have 
promoted the development of more severe 
disease. Evaluation of the repeatability of 
scoring systems has found that scoring is 
usually consistent within the same observer, 
but that differences can arise between observ¬ 
ers through observer bias and different 
observer thresholds. 15,16 

Symptomless Carriers 

Symptomless carriers may be affected for 
periods of up to 3 years. Most such animals 
have a misshapen foot, and a pocket of infec¬ 
tion beneath underrun horn can be found if 
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the foot is pared. A less common form of the 
chronic disease is an area of moist skin 
between the claws without obvious involve¬ 
ment of the claw. 

Goats 

Footrot is associated with D. nodosus and is 
manifested by severe interdigital dermatitis. 
There may be some separation of the skin- 
horn junction at the axial surface, but the 
disease is less invasive, and there is much less 
underrunning of the horn of the sole or the 
abaxial surface of the foot compared with 
sheep. 

Cattle 

Infection with D. nodosus is also associated 
primarily with a severe interdigital dermati¬ 
tis, and there may be lameness. There is fis- 
suring and hyperkeratosis of the interdigital 
skin, with pitting and erosion at the skin- 
horn junction in the cleft. There is also As¬ 
suring, pitting, and erosion on the horny 
bulbs of the heel. There may be underrun¬ 
ning at the heel, but it is usually minimal. 


CONTAGIOUS OVINE DIGITAL 
DERMATITIS (CODD) 


CODD is a relatively new disease described in 
the United Kingdom and is still poorly 
understood. 17 ' 18 

It is manifest with severe, rapidly 
spreading lameness and is more common in 
adults than lambs. Commonly there is a 
history of poor response to conventional 
methods of footrot control. The initial lesion is 
a proliferative or ulcerative lesion at the 
coronet, with subsequent extensive 
underrunning of the hoof horn and, in some 
cases, complete separation of the hoof. 
Interdigital lesions are absent. It may affect 
only one daw on one foot. Spirochetes similar 
to the Treponema isolates from bovine digital 
dermatitis are associated with CODD lesions, 
but these are also recovered from heathy 
feet. 19 

Fusobacterium necrophorum and 
Dichelobacter nodosus may also be present in 
some flocks. Their contribution to CODD is 
unclear, although vaccination against D. 
nodosus had a mild protective effect against 
new CODD infections (32% compared with 
62% against footrot). 18 

Response to formalin and zinc sulfate 
footbaths is poor, but the disease responds to 
long-acting parenteral amoxicillin. 17,18 Topical 
application of lincomycin and spectinomycin 
solutions has also been used. 


CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

In countries that do not have a large sheep 
industry, identification of D. nodosus in most 
laboratories is made by examining an air- 
dried smear of exudate, taken from under¬ 
neath some underrun horn at the advancing 
edge. Smears can be stained with Gram stain 
or a fluorescein-stained antibody. 


In countries with lager sheep industries 
and where footrot is more common, culture 
of D. nodosus, examination of protease type, 
and the use of highly sensitive PCR tests are 
undertaken. PCR tests can be used to detect 
gene sequences and identify particular 
strains and are useful where eradication 
from flocks or areas is the aim. 20 ' 21 Gene 
probes and nucleotide sequencing, to differ¬ 
entiate virulent from benign strains, are also 
used in regions with eradication programs 
and in epidemiologic studies. 

The two most commonly used protease 
tests are the gelatin gel and elastase protease 
thermostability tests. A comparison of tests, 
using more than 2800 isolates collected from 
12 flocks in southeastern Australia, found 
that 91%, 64%, and 41% were classed as viru¬ 
lent by the gelatin gel, elastase, and intA PCR 
tests, respectively. 19 The latter tests for an 
inserted genetic element that is unrelated to 
protease, and it was developed as a further 
test for cases where a gelatin gel test indi¬ 
cated a virulent D. nodosus isolate but this 
was inconsistent with a field assessment of 
benign footrot. 22 

Serum antibody develops as early as 2 
weeks after natural infection, and the level 
obtained is proportional to the severity 
of the early clinical disease. The antibody 
response is not long lasting, falling to pre¬ 
infection levels within a few months after 
resolution of the foot lesions. An ELISA 
for serologic detection of infected sheep 
has some value for diagnosis of flock infec¬ 
tion, but it lacks specificity and is inaccu¬ 
rate in older sheep and so is not routinely 
used. 

Necropsy of sheep for diagnosis of footrot 
is not needed. 


DIFFERENTIAL DIAGNOSIS 


Diagnosis of virulent footrot is clinical, is 
based on a whole-flock approach, and 
postmortem examination is not necessary. 

Because of the rigorous control measures 
required sometimes by law to control or 
eradicate infectious footrot of sheep, it is 
imperative that the diagnosis be made with 
great care. The greatest problem is in the 
identification of carrier sheep in the 
nontransmitting periods. A number of 
conditions may be confused with footrot, 
especially when they occur under the same 
environmental conditions (Table 1 5-4). 

• Foot abscess —a major differential and can 
be present in several sheep in a flock at the 
same time. It usually affects only one foot, 
is not contagious, and is characterized by 
extensive suppuration. The abscess occurs 
in a single claw on the foot, and there is 
obvious local heat and pain on palpation. 

• Contagious ovine digital dermatitis 

• Shelly toe —the name given to a condition 
where there is separation of the wall of the 
foot in Merino sheep and occasionally in 


other breeds on improved pasture. The 
abaxial wall of the hoof separates from the 
sole near the toe, and the crevice formed 
becomes packed with mud, gravel, and 
manure. The hoof in the region is dry and 
crumbly. The cause is not known but it is 
probably a form of laminitis. 

• Suppurative cellulitis —associated with 
Fusobacterium necrophorum, commences 
as an ulcerative dermatitis of the pastern 
above the bulb of the heel and extends up 
the leg to the knee or the hock and more 
deeply into subcutaneous tissues. 

Other diseases with foot lameness include: 

• Contagious ecthyma 

• Bluetongue 

• Foot-and-mouth disease 

• Ulcerative dermatosis 

• Strawberry footrot 

• Laminitis 

• Lameness associated with Erysipelothrix 
insidiosa, and occurring after dipping 


TREATMENT AND CONTROL 

The time-honored method of treatment of 
footrot has been the application of topical 
bactericidal agents to the foot. These agents 
are most effective early in the transmission 
period, before any extensive underrunning 
of the horn. When there is underrunning 
of the horn, the underrun horn must be 
removed so as to expose the infection to the 
topical agent. This approach has been used 
successfully for treatment, control, and erad¬ 
ication purposes. However, it requires exten¬ 
sive paring of affected feet, which is labor 
intensive, time consuming, and distressing to 
both the operator and the sheep. Conse¬ 
quently, paring is now recommended mainly 
for diagnosis, and treatments usually mini¬ 
mize the need for extensive paring of the feet. 
These include the use of topical zinc sulfate, 
the use of parenteral antibiotics, and the rec¬ 
ognition of vaccination as an adjunct to 
treatment and a strategy for control. 

Where eradication of virulent or interme¬ 
diate footrot from a flock is the aim, control 
measures are usually applied during the 
periods favorable for transmission. This 
reduces the number of infected sheep that 
have to be treated more intensively once 
transmission is reduced or negligible. 

Topical Treatment 

In general, parenteral treatment with antibi¬ 
otics, without paring of the feet, has replaced 
topical antimicrobial treatment of individual 
or small numbers of sheep. To be reasonably 
effective most topical treatments require that 
all underrun horn be carefully removed so 
that the antibacterial agent can come into 
contact with infective material. This necessi¬ 
tates painstaking and careful examination 
and paring of all feet because as incomplete 
paring will leave pockets of infection. With 
severely underrun feet, it is impossible to 
expose all of the underrun areas without 
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Table 15-4 Differential diagnosis of lameness accompanied by foot lesions in 

sheep 



Disease 

Epidemiology 

Foot lesions 

Other lesions 

Other clinical 
signs 

Response to 
treatment 

Diagnostic 

microbiology 

Infectious 

Serious outbreaks in 

Interdigital dermatitis, 

— 

Very severe 

To penicillin and 

Dichelobacter nodosus on 

footrot 

wet, warm weather. 
High morbidity. Few 
chronic lame sheep 
in dry seasons. 

underrunning of horn 
medial aspect of 
claw. Strong smell of 
necrotic horn. 


lameness. 

Walk on 
knees. 

streptomycin, 

erythromycin 

excellent. 

smear, or fluorescent 
antibody test 

Benign footrot 
(scald) 

High morbidity in 
wet, warm weather. 
Disappears with dry 
weather. 

Interdigital dermatitis, 
no smell, almost no 
underrunning of 
horn. 


Mild lameness. 

Not treated. 

D. nodosus avirulent 
strains not 
distinguishable 
microbiologically 

Infectious 

Adult sheep, usually 

Toe abscess usually in 

— 

Very severe 

Good to 

F. necrophonum and 

bulbar 

necrosis 

less than 10% 
affected. Serious in 
wet seasons. 

front feet. Heel 
abscess in hindfeet. 
Swelling, pain, 
discharge of pus. 


lameness. 

sulfonamides or 

penicillin- 

streptomycin. 

Actinomyces 

(Corynebacterium 

pyogenes) 

Contagious 

ecthyma 

Lambs mostly or 
nonimmune adults. 
Dry summer. 

Raised proliferative 
lesions with tenacious 
scabs on coronet 
skin. 

Lesions around 
mouth almost 
always. 

Rarely lambs 
have 

septicemia. 
Lameness mild 
only. 



Ulcerative 

dermatitis 

Spread by physical 
contact at mating. 
Morbidity usually 
20%. 

Raw granulating ulcers 
in interdigital space 
and on cornet. No 
pus. 

Around mouth 
and genitalia 
usually. 

Moderate 

lameness. 



Bluetongue 

Insect-borne disease. 
Variable morbidity. 

Coronitis, separation of 
horn. Are late in 
syndrome. 

Severe erosions 
around mouth 
and nasal 
cavities. 

High fever, 
salivation. 

Severe 

lameness and 
recumbency. 


Virus isolation 

Strawberry 

footrot 

In summer, high 
morbidity; carrier 
sheep infect. 

Proliferative dermatitis, 
piled up scabs. Heal 
in 5-6 weeks. 

Coronet to knee or 
hock. 


No itching or 
lameness. 


Dermatophilus 

congolensis 

Foot-and-mouth 

disease 

May present like 
outbreak of 
contagious 
footroot. 

Vesicles at coronary 
band and skin of 
interdigital cleft. 

Vesicles in mouth. 

All ages. 


Virus demonstration 

Infestation with 
Strongyloides 
or trombiculid 
mites 

Wet summer 
conditions. 

Local distribution only. 

Nonspecific dermatitis 
of skin of lower legs. 



Organophosphates 
for trombiculids. 

Parasites in scrapings 


causing hemorrhage because it may be neces¬ 
sary to remove all of the sole and the wall of 
the claw. Very sharp instruments, including a 
knife and hoof secateurs, are needed to do the 
job properly, and they should be disinfected 
after each use. The parings should be col¬ 
lected and buried or burned. Sheep restraint 
cradles make the task of paring safer, more 
accurate, and less arduous for the operator. 

With small numbers of sheep, topical 
treatment may be applied by brush, spray, 
or aerosol. Topical treatments are likely to 
be washed off the feet, and thus their effi¬ 
cacy under wet conditions is inevitably 
reduced. Local applications include chlor¬ 
amphenicol (10% tincture in methylated 
spirits or propylene glycol), oxytetracy- 
cline (5% tincture in methylated spirits), 


cetyltrimethyl ammonium bromide or 
cetrimide (20% alcoholic tincture), zinc 
sulfate (10% solution), copper sulfate (10% 
solution), and Dichlorophen as a 10% solu¬ 
tion in either diacetone alcohol or ethyl 
alcohol. 

Chloramphenicol is prohibited for use in 
food animals in many countries. It is also 
expensive, but it is reasonably effective under 
both wet and dry conditions. Oxytetracy- 
cline must be used as a 5% tincture for 
optimum results and is not as efficient as 
chloramphenicol under wet conditions, but 
it gives reasonable results when the weather 
is dry. Cetrimide is a relatively cheap product 
and appears to be as effective as chloram¬ 
phenicol under all conditions. It is likely that 
in different countries, with different climates 


and environmental conditions, the efficiency 
of particular treatments will vary. When only 
a few sheep are affected, bandaging may help 
maintain local concentrations of the topical 
preparation. 

Footbathing for Treatment 
and Control 

Footbathing is a more practical approach to 
topical treatment and is used for control 
during transmission periods when dealing 
with large numbers of sheep. All sheep 
should be footbathed, but it is good practice 
to divide the flock into affected and unaf¬ 
fected mobs or groups by examination before 
the initial footbathing, then graze them sepa¬ 
rately following footbathing to minimize 
subsequent infection of uninfected sheep. 
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After several footbaths and inspections the 
majority of the flock should be free of infec¬ 
tion, and the residual infected sheep are 
culled. 

Preparations suitable for footbathing 
include 10% zinc sulfate, with or without a 
surfactant to aid wetting, 5% formalin, or 5% 
copper sulfate. Regardless of the agent used, 
it is recommended that the sheep be kept 
standing on concrete, wooden slats, or dry 
ground for 1 to 2 hours after treatment, 
although this may be logistically difficult 
with large flocks. 

The relative merits and disadvantages of 
the various preparations used are as follows. 

Zinc Sulfate Solution (10% to 20%) 

Zinc sulfate solution is as effective as forma¬ 
lin, is more pleasant to use, and is generally 
the preferred topical chemical for the treat¬ 
ment of footrot. Its ability to penetrate the 
hoof horn is enhanced by the addition of 
the surfactant sodium lauryl sulfate to the 
footbath solution. Significant cure rates can 
be achieved without prior paring, which 
removes a significant labor cost from the 
treatment and control of the disease. 

Cure rates, without paring, are higher in 
sheep that have moderate rather than severe 
lesions in their feet. Some paring of chroni¬ 
cally affected, overgrown feet may be 
required to allow the treatment access to 
pockets of infection in the anterior aspects of 
the sole and also of feet that have underrun¬ 
ning that has progressed to the abaxial area 
of the digit. Sheep are stood for 1 hour in a 
footbath containing a 10% to 20% zinc 
sulfate solution with 2% sodium lauryl 
sulfate with sufficient depth to cover the 
coronet. The treatment is repeated in 5 days, 
then after a further 21 days the sheep are 
individually examined to determine their 
status and retreated or culled, depending on 
the strategy of treatment and control in the 
flock. Zinc sulfate footbathing can provide 
protection to the foot against reinfection for 
periods of at least 2 weeks and can be used 
effectively during periods of active spread of 
the disease. Repeated daily footbathing 
(10 min each day for 5 days) in a zinc sulfate 
solution with surfactant has eradicated (as 
opposed to controlled) virulent footrot in 
sheep associated with some strains but was 
ineffective against a strain that produced 
severe underrunning. 

Thirsty sheep that drink from the foot¬ 
bath may die of acute zinc poisoning, and 
contamination with zinc can defoliate 
pasture at the exit of the footbath. 

Formalin Solution (5%) 

Formalin solution does not deteriorate with 
pollution but causes extreme discomfort to 
sheep that have heavily pared feet. Conse¬ 
quently, its use for sheep with severe lesions 
is discouraged on humane grounds. The feet 
of the sheep must be pared and all infected 
areas exposed before treatment. Formalin is 


unpleasant to work with in enclosed areas 
and has toxicity for humans, and its use may 
be banned in some countries for this reason. 
Sheep should be passed through the footbath 
every 1 to 4 weeks during periods of high 
risk for transmission. 

The use of solutions containing more 
than 5% formalin, footbathing at intervals of 
less than 1 week, or prolonged footbathing 
may cause irritation of the skin. Farmers can 
be neglectful in maintaining proper concen¬ 
trations of formalin in footbaths, and fre¬ 
quent use of the bath combined with 
hot weather can result in a concentration of 
30% formalin. Such concentrations cause 
extensive cellulitis around the coronets, and 
a high proportion of animals may be so badly 
affected that they need to be destroyed. The 
hoof horn also becomes hardened and 
deformed. The safest precaution is to empty 
the footbath and prepare a new mixture. 

Copper Sulfate Solution (5%) 

Copper sulfate solution colors the wool, 
deteriorates with pollution, corrodes metal, 
and may cause excessive contamination of 
the environment with copper. The feet of the 
sheep must be pared and all infected areas 
exposed before treatment. Copper sulfate 
footbathing appears to harden the horn, 
which can be an advantage but also a disad¬ 
vantage if further paring is required at a later 
date. A patented copper salt preparation 
(not copper sulfate) has reasonable efficacy 
without the disadvantages of copper sulfate. 

Antibiotic Treatment 

Footrot can be treated with antibiotics 
without the necessity of paring of the feet. 
Treatment is considerably more effective if 
done during dry periods and when the sheep 
are kept on dry floors for 24 hours after treat¬ 
ment, because in wet conditions the concen¬ 
tration of antibiotic at the tissue level is much 
reduced. In conditions are unfavorable for 
eradication, such as in the United Kingdom, 
prompt treatment of lame sheep with 
parental antibiotics is associated with a sig¬ 
nificantly lower prevalence of lameness 
compared with farmers who treated by foot¬ 
paring and applying topical treatment (<2% 
compared with 9%). 23 ' 24 

D. nodosus is susceptible in vitro to 
penicillin, cefamandole, clindamycin, tetra¬ 
cycline, chloramphenicol, erythromycin, 
sodium cefoxitin, tylosin tartrate, nitro- 
furazone, and tinidazole and has the least 
susceptibility to sulfonamides and the ami¬ 
noglycosides. However, in vitro tests may 
have little relevance to field application 
because of differences in the penetrance of 
antibiotics to the affected part of the foot. 

Antibiotics and their dosage shown to be 
effective against virulent footrot are pre¬ 
sented in the accompanying box. Many of 
these treatments are “off label,” and some are 
not approved for use on sheep in some coun¬ 
tries. Choice of antibiotic will be influenced 


by the withholding period required before 
sheep culled because they are not cured can 
be sent to market. Use of lincomycin/ 
spectinomycin in sheep has precipitated 
severe outbreaks of salmonellosis in some 
flocks. 


TREATMENT AND CONTROL 


Treatment: 

• Penicillin/streptomycin (single IM dose of 
70,000 U/kg procaine penicillin and 70 mg/ 
kg dihydrostreptomycin) (R-1) 

• Erythromycin (single IM dose of 10 mg/kg) 
(R-1) 

• Long-acting oxytetracycline (single IM dose 
of 20 mg/kg) (R-1) 

• Lincomycin/spectinomycin (single SC dose 
of 5 mg/kg lincomycin and 10 mg/kg 
spectinomycin) (R-2) 

• Gamithromycin (single SC dose of 6 mg/kg) 
(R-2) 25 

• Long-acting amoxicillin (single IM dose of 
15 mg/kg) (R-2) 18 

Control: 

• Multivalent or autogenous mono- or 
bivalent vaccination (R-1) 


Australian studies with large numbers 
of sheep have demonstrated cure rates 
of approximately 90% using oxytetra¬ 
cycline, erythromycin, and lincomycin/ 
spectinomycin, and slightly less for penicillin/ 
streptomycin. Following treatment, sheep 
are kept in a dry environment for 24 hours, 
such as a wool shed, then moved to a “clean” 
dry pasture and inspected 3 to 4 weeks later. 
At this time sheep that are still clinically 
affected (i.e., not cured) are culled. 

Reinfection will occur in footrot spread 
periods; thus, in general, the use of antibiot¬ 
ics for control of footrot should be confined 
to the summer period when there is reduced 
or no spread. Cure can occur even in severely 
affected sheep, and extensive paring before 
treatment does not improve cure rates. Cure 
rates fall to 60% if sheep are in a wet environ¬ 
ment following treatment, although cure 
rates are improved slightly if sheep are 
footbathed at the time of antibiotic 
administration. 

In naturally infected sheep on 10 farms in 
southern Germany, significantly higher cure 
rates were recorded 3 weeks after treatment 
with gamithromycin (94%) compared with 
oxytetracycline (79%), although this study 
involved only 20 sheep per farm. 25 Antimi¬ 
crobial resistance has been reported in 
anaerobic bacteria isolated from ovine 
footrot, 26 and all farms had used oxytetracy¬ 
cline in topical applications for at least 3 
years. Consequently, a decreased susceptibil¬ 
ity to oxytetracycline may have contributed 
to this result. 
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Antibiotics are particularly valuable for 
the treatment of late-pregnant sheep that 
develop footrot, where more prolonged 
yarding for footbathing, paring, and topical 
treatment could lead to problems such as 
pregnancy toxemia. Antibiotics have no role 
in the prevention of footrot, but a combina¬ 
tion of vaccination and antibiotic treatment 
can increase cure rates, especially in areas 
that have extended transmission periods and 
so are not well suited to eradication 
programs. 18 

Vaccination 

Vaccination against footrot can significantly 
increase short-term resistance to infection 
and is an important component of control 
strategies, especially in circumstances where 
climate and management practices make 
other control strategies difficult to apply. 
Vaccination also shortens the clinical course 
in infected sheep and can be used as a treat¬ 
ment strategy. In neither case is vaccination 
100% effective. 

Pilus antigens are the major host- 
protective immunogens and confer protec¬ 
tion against challenge with homologous 
strains. Immunity is associated with circulat¬ 
ing antibody, but high levels of pilus-specific 
circulating antibody are required for ade¬ 
quate diffusion into the epidermis and pro¬ 
tection against the disease. There is a positive 
correlation between antibody titer and 
footrot resistance in the first few months fol¬ 
lowing vaccination. Immunity can be pas¬ 
sively transferred with gammaglobulins 
from immunized sheep to naive recipients 
and from vaccinated ewes to their lambs via 
colostrum to provide protection for the first 
8 weeks of life. 

Vaccines must contain adjuvants for an 
adequate antibody response, and vaccination 
with oil-adjuvant vaccines is accompanied by 
significant local reaction, including local 
swelling at the injection site and abscessation 
in a proportion of animals. This reaction is 
more severe in British breeds than in 
Merinos. In milk goats and sheep, vaccina¬ 
tion can result in a significant drop in milk 
production. The potential gains from vacci¬ 
nation need to be weighed against this 
effect in a decision to use vaccination as a 
method of control rather than other control 
procedures. 

Multivalent Vaccines 

Commercial multivalent vaccines have con¬ 
tained up to 10 strains of D. nodosus repre¬ 
sentative of the most common serogroups 
associated with footrot. The extent to which 
these vaccines will give protection or promote 
earlier cure depends on the relationship of 
the vaccine pilus types to those associated 
with the footrot problem. Vaccine failure is 
generally attributable to the occurrence of 
footrot associated with strains of the organ¬ 
ism not present in the vaccine or for which 
there is no cross-protection, and to 


individual animal variation in response. It is 
now recognized that there is a limitation to 
the number of strains that can be incorpo¬ 
rated in current vaccines because of anti¬ 
genic competition. Mixing different D. 
nodosus fimbriae in vaccines may lead to 
inadequate host responses to individual anti¬ 
gens, and an alternative approach is to iden¬ 
tify D. nodosus strains present in a given 
geographic region, enabling the develop¬ 
ment of optimized and localized strain- 
specific vaccines/’” 7 ' 30 

Field trials have shown a wide variation 
in the therapeutic effect of multivalent vac¬ 
cination, with a reduction in footrot inci¬ 
dence varying from 27% to 54% in sheep in 
which there was no routine foot care to 69% 
to 91% in flocks in which vaccination was 
coupled with routine foot care such as trim¬ 
ming and footbathing. The effect is to reduce 
the incidence, severity, and duration of the 
infection. The improvement seems to be as a 
result of accelerated healing of the lesions 
with some protection against reinfection. For 
optimum effect, two vaccinations are 
required, and the duration of this effect 
depends on the adjuvant and the breed of 
sheep. Even so, the duration of the protection 
is limited to 4 to 12 weeks in most studies. It 
can be very effective in control when coupled 
with a culling policy of sheep that remain 
clinically infected. 

Whereas vaccination is of value for 
control of an existing flock infection, it may 
not be economic to use vaccination as a strat¬ 
egy to prevent infection of a footrot-free 
flock. The use of footrot vaccines may be pro¬ 
hibited in areas where there are footrot eradi¬ 
cation programs. 

Mono- and Bivalent Vaccines 

The use of vaccines targeting only the strains 
of D. nodosus present was first tested in 40 
flocks in Nepal with a recombinant fimbrial 
vaccine against two virulent serogroups. 
These were vaccinated annually for 4 years, 
with no virulent footrot detected after the 
first year of vaccination. 5 Subsequently, a 
monovalent whole-cell vaccine was used for 
2 years in a chronically infected flock in 
Bhutan, and footrot was not detected after 
the first year of vaccination. ' Further trials 
were conducted in two Australian flocks. 28 In 
the first, the prevalence of infection was 
reduced from 44% to 0.5% within 4 months 
of a monovalent vaccination, and no cases 
were detected 16 months later. In the second, 
a bivalent vaccine reduced the prevalence 
from 8.5% to 0.3% after 6 months, with no 
cases detected 18 months after vaccination. 
In both cases a few sheep that were not fully 
cured within 6 to 12 weeks of the second 
dose of vaccine (“nonresponders”) had to be 
culled from each flock. 

Where multiple virulent serotypes are 
present, sequential vaccination with specific 
mono- or bivalent vaccines has been demon¬ 
strated to be an effective strategy. 29 This was 


undertaken after antigenic competition was 
demonstrated when bivalent vaccines were 
administered concurrently, but not when 
given 3 or more months apart. 29 Virulent 
footrot was eradicated from 5 of 12 com¬ 
mercial flocks that had 3 or less serogroups 
at the start of the study. 5 ' 29 Where one or two 
serogroups were present, there was a rapid 
reduction in prevalence. However, where 
multiple serogroups were present, additional 
rounds of vaccination with different bivalent 
vaccines were given at 1-year intervals. 29 This 
controlled but did not eliminate all strains of 
virulent footrot in the remaining trial flocks, 
and so shortening the intervaccination inter¬ 
val was proposed as a means of accelerating 
this program. 5,29 ' 30 

Summary of Control Procedures in 
Infected Flocks 

The objective of control programs in a 
footrot-infected flock is to maintain the 
lowest possible prevalence of disease by 
reducing the incidence of new infections and 
preventing the development of advanced 
lesions. This is achieved most cost-effectively 
through strategies that are based on 
whole-flock control, with minimal need for 
handling of individual animals. This less- 
labor-intensive approach is most likely to 
be adopted by sheep owners and includes 
routine footbathing, with or without vacci¬ 
nation, during transmission periods. Sheep 
that are affected with virulent footrot can 
also be treated with parenterally adminis¬ 
tered antibiotics or culled, depending on 
the relative proportion affected. The exact 
timing of these operations will vary by 
country and the prevailing climatic 
conditions. 

Genetic Selection 

Whereas there are breed effects on suscepti¬ 
bility and an apparent high heritability for 
resistance, genetic selection for resistance 
has not been used in control programs on 
farms. Resistance can be determined by 
direct challenge of a candidate ram, which is 
undesirable in ram-breeding flocks, but anti¬ 
body response to vaccination cannot be used 
as a surrogate. 

ERADICATION 

Eradication of virulent footrot is a desirable 
but not always feasible objective. The sim¬ 
plest form of eradication is destocking 
(culling) the whole flock or just those mobs 
affected with virulent footrot. This assumes 
that it will be possible to restock with sheep 
that have a high degree of assurance of not 
being infected with virulent footrot, but this 
is not always the case. Eradication can also 
be achieved through treatment and control 
programs, especially in climates where the 
transmission periods are shorter. Conversely, 
eradication is more difficult where rainfall is 
heavy and pastures remain moist for most of 
the year. 
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Area eradication of virulent footrot is 
more challenging, task but has proceeded 
satisfactorily in several regions in Australia 
and in Norway. 31,32 In the Australian state of 
New South Wales, choice of eradication 
strategy was influenced by flock size, with 
destocking more often chosen for smaller 
flocks (those less than 500 sheep). Time 
spent in quarantine was considerably shorter 
when specialist contractors were used to 
inspect and treat sheep and longest when 
footbathing was the main eradication option 
chosen. 31 In Norway, virulent footrot has 
been eradicated from about 70% of the flocks 
in which this was attempted. 32 

Currently the eradication of benign 
footrot is not justified economically, nor is it 
possible with existing knowledge because 
benign footrot strains can be carried in the 
interdigital skin of asymptomatic sheep. 

The principles for successful eradication 
from a flock have been described as follows: 5 

1. Correct diagnosis of the form of footrot 
present in the flock 

2. Knowledge of seasonal trends and 
patterns of transmission in that 
environment 

3. Ability of the operator (or contractor) to 
recognize footrot in its different forms 

4. Acceptance that eradication is a costly 
and time-consuming investment 

5. Understanding that in flocks with a high 
initial prevalence, it may take 2 or more 
years to eradicate the disease 

6. Acceptance that eradication should only 
be attempted if the flock can protect 
itself from reinfection, either from 
neighboring flocks or introduced sheep 
Further, eradication programs are based 

on the following facts: 

1. D. nodosus persists in the flock in 
infected feet. 

2. Infection in the foot can be detected and 
the infected sheep cured or culled. 

3. The organism does not persist in pasture 
for long periods and does not transmit 
in dry periods. 

Paddocks kept free of sheep for 14 days 
can be considered free of infection. If all 
infected animals are culled or cured and 
infection removed from the pasture, eradica¬ 
tion is achieved. Eradication of the disease 
should be undertaken during a dry summer 
season, but active measures must be taken to 
reduce the incidence of infection and spread 
during the transmission period in the pre¬ 
ceding spring. Regular footbathing, at inter¬ 
vals of 1 to 4 weeks, and possible vaccination 
are usually parts of this strategy. 

In the eradication phase during the non¬ 
transmission period, all feet of sheep are 
examined, and affected or suspicious sheep 
are segregated. When examinations are 
carried out during dry weather, the feet are 
likely to be hard and the disease at a quies¬ 
cent stage. In such circumstances minor 
lesions may be missed, necessitating careful 
“diagnostic” trimming and examination of 


all feet. Clean sheep are run through a foot¬ 
bath (10% zinc sulfate or 5% formalin) and 
put into fresh fields, whereas the affected 
sheep are isolated and treated with antibiot¬ 
ics and/or footbathing. Sheep that do not 
respond may be treated intensively, for 
example, with an additional antibiotic treat¬ 
ment or two footbathings for 1 hour in 10% 
zinc sulfate, but preferably should be culled. 
The apparently clean mob should be 
reinspected at least twice more during the 
nontransmission period to ensure these 
sheep are in fact not infected. Eradication 
programs often fail because too much effort 
is invested in trying to cure the infected 
sheep rather than reinspecting the clean 
ones. 

In areas where flocks are small and there 
are insufficient fields to carry out this 
program completely, it has been found to be 
sufficient to treat all affected sheep weekly 
but to put all affected sheep back in the flock 
and the flock back onto the infective pasture, 
provided conditions are dry. 

Culling is an important strategy in footrot 
eradication, and if the number of infected 
sheep is small, immediate culling may be the 
most economic strategy. The use of autoge¬ 
nous mono-and bivalent vaccines can suc¬ 
cessfully eradicate virulent footrot, with a 
dramatic decrease in cases within 3 to 6 
months of vaccinating. 27 ' 30 Culling of persis¬ 
tent cases that do not respond to the vaccine 
is an important part of this strategy. 

Introduced Sheep 

Most breakdowns in eradication occur 
because of inefficient examination and treat¬ 
ment or the introduction of affected sheep 
without first checking that they are free from 
the disease. Introduced sheep should be run 
as a separate group from the main flock until 
they have been proven to be footrot-free fol¬ 
lowing a transmission period. Similar isola¬ 
tion of introduced sheep should also be 
practiced in flocks free of the disease. This is 
also an important management practice in 
flocks that have disease to minimize the risk 
of introduction of different strains of the 
organism. 
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FOOT ABSCESS IN SHEEP 

Foot abscess includes two diseases: heel 
abscess and toe abscess. 

HEEL ABSCESS/INFECTIOUS 
BULBAR NECROSIS 

Heel abscess follows damage to the inter¬ 
digital skin. This may be physical damage 
from sharp stones or stubble, or from fric¬ 
tion produced by overgrown feet, but most 
commonly results as an extension from 
ovine interdigital dermatitis into the soft 
tissues of the heel associated with Fusiformis 
necrophorum and Arcanobacterium ( Actino¬ 
myces; Corynebacterium ) pyogenes. In inter¬ 
digital dermatitis, the organisms can invade 
deep into the interdigital skin. The joint 
capsule of the distal interphalangeal joint is 
extremely vulnerable to invasion on the 
axial interdigital area, and this leads to 
abscessation. 

Most flocks experience cases of heel 
abscess, but the yearly incidence is usually 
less than 1%. Heel abscess occurs mainly 
during very wet seasons, as does footrot, but 
the former is limited largely to adult sheep, 
especially ewes heavy in lamb, and rams. 
Interdigital dermatitis and heel abscess are 
frequently present in the flock at the same 
time. An increased prevalence in a flock of 
young rams may be a result of close flocking 
and increased muddying of pasture because 
of this high concentration of livestock. 
Usually only one foot and one claw will be 
involved, although in severe outbreaks all 
four feet may become affected. Most com¬ 
monly, the medial claw of the hindfoot is 
affected. 
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In the initial stages the affected digit is 
hot and painful. There is an acute lameness— 
the affected sheep holds the foot off the 
ground while walking. There is swelling and 
inflammation of the interdigital skin and 
pain on pressure across the heel. Pressure in 
this area may result in the discharge of pus 
from sinuses in the interdigital space. When 
the phalangeal joints are involved, there is 
severe swelling at the back of the claw, and 
the infection may extend to break out at one 
or more points above the coronet, with a 
profuse discharge of pus. 

Treatment of Heel Abscess 

The treatment of foot abscess is by surgical 
drainage, parenteral treatment with sulfon¬ 
amides or a combination of penicillin and 
streptomycin, and the application of a local 
bandage. Therapy should be continued for 
several days. Recovery is not rapid. Because 
of the frequent involvement of the distal 
interphalangeal joints with heel abscess, 
treatment with antibiotics without surgical 
intervention is unlikely to be successful, 
but some cases heal spontaneously in 6 to 
8 weeks. 

TOE ABSCESS 

Toe abscess is a lamellar suppuration with 
purulent underrunning of the horn at the 
toe. It results from damage to the sole, white 
line, or wall of the foot and is a common 
sequela to overgrown feet. Most commonly, 
it involves a digit on the front feet. The 
affected digit is hot, and there is pain on pres¬ 
sure across the sole and toe. There is severe 
lameness, swelling of the coronet with pain 
and heat apparent, and usually rupture and 
purulent discharge at the coronet between 
the toes. Penetration to deeper structures 
may also occur. 

Treatment of Toe Abscess 

The only treatment of toe abscess is by surgi¬ 
cal drainage, and the response is rapid. Toe 
granuloma can be a sequela, but more com¬ 
monly toe granuloma is a response to over- 
zealous foot paring. 

FURTHER READING 

Radostits O, et al. Foot abscess in sheep. In: Veterinary 
Medicine: A Textbook of the Diseases of Cattle, Horses, 
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LAMB ARTHRITIS 

In the United Kingdom, Streptococcus dysga- 

lactiae is a significant cause of outbreaks of 
arthritis in lambs, especially during the first 

3 weeks of life. It occurs more commonly in 

lambs that are lambed indoors. Affected 

lambs are lame in one or more legs and are 

often found recumbent. There is minimal 
joint swelling in the initial stage of the 
disease, and for this reason differential 
diagnoses include nutritional myopathy, 


swayback, and spinal abscess. Infection is 
present in any joint but most common in the 
tarsal and atlanto-occipital joints. Some die 
with systemic disease and myocarditis. Sur¬ 
vivors may be chronically lame. 

CHLAMYDIAL POLYARTHRITIS 

Virulent chlamydia, including Chlamydia 
(formerly Chlamydophila ) pecorum, can be 
isolated from the joints and eyes of lambs 
with polyarthritis. 1,2 Intestinal infection with 
C. pecorum is also common in pastured 
lambs between 3 and 9 months of age, but it 
is not associated with clinical disease. 

Chlamydial polyarthritis is a common 
disease of sheep in feedlots in the United 
States, but the mortality rate is low. The 
strain associated with arthritis is not 
common in the United Kingdom, and poly¬ 
arthritis in the United Kingdom has been 
associated with a chlamydial strain distinct 
from C. pecorum. Outbreaks of polyarthritis 
caused by C. pecorum have also been 
reported with increased frequency in 3- to 
6-month-old lambs Australia. 2 3 In sheep 
grazing pasture the morbidity may be as 
high as 80%, but deaths are usually less than 
1%. PCR testing has demonstrated that 
mixed infections of Chlamydophila are often 
present in the conjunctivae of sheep, but 
there is no consistent association with the 
onset of disease. 2 

In calves, the disease is uncommon but 
often fatal, and response to treatment is 
poor; affected calves are often destroyed. The 
experimental disease in calves begins as chla- 
mydemia, followed by localization in the 
joints. 

The clinical signs in calves and lambs 
include gross swelling of most limb joints but 
especially the larger joints, lameness, stiff¬ 
ness, unwillingness to move, recumbency, 
depression, conjunctivitis, and fever of 39° to 
42° C (102° to 108° F). The navel is unaf¬ 
fected, but there may be signs caused by 
localization of the infection in other organs 
(e.g., pneumonia, encephalomyelitis, and 
renal abscess). Clinically, the disease is indis¬ 
tinguishable from polyarthritis caused by 
other infections such as Mycoplasma and 
Haemophilus spp. 

Response to treatment with oxytetracy- 
cline is variable, and residual effects of infec¬ 
tion, such as poor growth and ill-thrift, 
commonly occur. 

FURTHER READING 

Jelocnik M, Frentiu FD, et al. Multilocus sequence 

analysis provides insights into molecular 

epidemiology of Chlamydia pecorum infections in 

Australian sheep, cattle and koalas. / Vet Micro. 

2010;140:405-417. 

Nietfeld JC. Chlamydial infections in small ruminants. 

Vet Clin N Am Food A. 2001;17:301. 
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CHRONIC PECTORAL AND 
VENTRAL MIDLINE ABSCESS IN 
HORSES (PIGEON FEVER) 

C. pseudotuberculosis biovar equi has been 
associated with a high regional prevalence of 
chronic abscessation in horses in California, 
Texas, and Colorado and can cause disease 
in horses in other states. 1 Six phenotypes are 
recognized on culture, but there is no asso¬ 
ciation between phenotype and clinical form 
of the disease. 2 

The incidence of the disease is 9.2 per 
10,000 horses and appears to be increasing, 
and this change might be related to climatic 
changes. 1,3 The disease is most prevalent in 
Texas (35 cases per 10,000 horses), Colorado 
(18 per 10,000), and Oregon (12 cases per 
10,000), with California reporting 6 cases per 
10,000 horses. 1 Within Texas, prevalence of 
the disease increased from 0.9 in 2005 to 10 
cases per 100,000 horses at risk in 2011. 4 
There is no apparent breed or sex predisposi¬ 
tion and cases occur in horses of all ages, but 
the majority are adult horses and there are 
few cases under 1 year of age. 1 Usually, only 
a single horse on a farm is affected. A small 
proportion of farms have endemic infection, 
with a prevalence of disease of 5% to 10% 
and recurrent infections each year. In some 
years spread to naive horses results in epi¬ 
demic disease. 

Cases can occur in all months of the year 
but are most common in dry months in 
autumn, with a peak prevalence in Novem¬ 
ber, December, and January; internal 
abscesses are more common in late autumn 
and January, with a smaller peak in June and 
July, and ulcerative lymphangitis is more 
common in March, April, and May. 14 There 
is a variation in the prevalence from year to 
year, and 1,4 in both Texas and California, 
years with high prevalence of the disease 
have been preceded by seasons with higher- 
than-normal rainfall and conditions that 
promote high insect populations. Insects, 
such as horn flies ( Habronema irritans), that 
produce a ventral midline dermatitis during 
feeding may predispose to infection, and the 
organism has been detected by PCR popula¬ 
tions of H. irritans, Stomoxys calcitrans, and 
Musca domestica. Feeding of infected house 
flies ( Musca domestica ) on experimentally 
induced wounds on the pectoral region 
caused disease in ponies, demonstrating that 
house flies are mechanical vectors of infec¬ 
tion and can spread the disease to equids. 5 
Flies are not the host of the organism, being 
mechanical vectors only, and the source 
appears to be soil. C. pseudotuberculosis per¬ 
sists and multiplies in a variety of soil types 
and under a range of environmental condi¬ 
tions. 6 Addition of feces to the soil enhances 
growth of the organism. 6 

Patterns of spatial and temporal cluster¬ 
ing indicate that disease is transmitted 
directly or indirectly from horse to horse 
with an incubation period of 3 to 4 weeks. 
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The disease occurs in a region where caseous 
lymphadenitis is also common in sheep, 
although the disease in sheep is usually 
caused by C. pseudotuberculosis biovar ovis. 
Stable hygiene, insect control, and isolation 
of infected horses might aid in control. 

Disease caused by C. pseudotuberculosis 
occurs in captive elk, although the biovar 
involved is not reported. 

External Abscesses 

The most common form of the disease is an 
external abscess (97% of reported cases), 
with internal abscess formation (2%) and 
ulcerative lymphangitis (1%) being much 
less common manifestations of infection. 
However, the most common clinical mani¬ 
festation of infection varies geographically, 
with California reporting 49% of cases as 
being internal abscesses and ulcerative lym¬ 
phangitis being most common in Texas 
(96%). 1 These occur in a variety of areas on 
the body, but in the majority of cases they are 
in the pectoral, axillary, inguinal, or ventral 
midline regions. 8 Affected horses are usually 
markedly lame. The abscesses can reach a 
diameter of 10 to 20 cm, with a surrounding 
area of edema, before they rupture 1 to 4 
weeks later. Clinical signs include local swell¬ 
ing, lameness, pain on palpation, ventral 
edema, reluctance to move, midline derma¬ 
titis, fever, and depression in the early 
stage, followed eventually by rupture of the 
abscesses. 

Treatment of external abscesses is by hot 
packs to encourage opening and by surgical 
drainage and lavage. Ultrasound can aid in 
the detection of deeper abscesses. NSAIDs 
can be used to control swelling and pain. 
Recovery rates are excellent and are not 
improved by antimicrobial therapy. 

Internal Abscesses 

Internal abscesses occur at a variety of sites 
but predominantly in the liver and can occur 
in horses with no external abscessation. The 
diagnosis should be suspected in horses, in 
the region and the season, with a clinical 
history of external abscess, fever, anemia, 
and colic and laboratory evidence of 
leukocytosis with neutrophilia, anemia, 
hyperglobulinemia, hyperfibrinogenemia, 
and elevated activity of hepatic-associated 
enzymes. 8 Abdominocentesis in most cases 
shows an elevated protein and nucleated cell 
count, and the organism can be cultured. 

Treatment is with antimicrobial therapy, 
but the case-fatality rate is high if the abscess 
cannot be drained. C. pseudotuberculosis is 
sensitive to concentrations of most common 
antibiotics achieved in vivo with MIC90 
values for chloramphenicol less than or 
equal to 4 pg/mL, enrofloxacin less than or 
equal to 0.25 pg/mL, gentamicin less than 
or equal to 1 pg/mL, penicillin at 0.25 pg/ 
mL, rifampin less than or equal to pg/mL, 
tetracycline less than or equal to 2 pg/mL, 
trimethoprim-sulfamethoxazole (TMS) less 


than or equal to 0.5 pg/mL, ceftiofur at 
2 pg/mL, and doxycycline less than or equal 
to 2 pg/mL. 9 

The value of a synergistic hemolysis 
inhibition serologic test in diagnosis has 
been examined. The test was useful for 
detecting internal infection in horses that did 
not have external abscesses (likelihood ratio 
of 2.98 [95% Cl 2.2 to 4.1] with a titer > 512), 
but it was not useful when horses had exter¬ 
nal abscesses. 10 

An autogenous vaccine has given protec¬ 
tion against experimental challenge, but in 
field trials, there has been no difference in 
the incidence of infection between vacci¬ 
nated and control horses. 

Otitis media interna, meningitis, and 
unilateral orchitis are documented forms of 
the disease. 11 ' 12 C. pseudotuberculosis is also 
recorded as a cause of pericarditis and pleu- 
ritis in a horse and in association with sup¬ 
purative facial dermatitis following trauma. 
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INFECTIOUS POLYARTHRITIS 
(GLASSER'S DISEASE, PORCINE 
POLYSEROSITIS, AND 
ARTHRITIS) 


SYNOPSIS 


Etiology Haemophilus parasuis (HPS) rarely 
a primary pathogen in respiratory 
disease. 

Epidemiology Common in pigs postweaning 
to 4 months of age. Sporadic outbreaks. 
Environmental stressors are risk factors. 
There may be significant losses. 

Signs Sudden onset of anorexia, dyspnea, 
lameness, swollen joints, fever, nervous 
signs, and death. Three types: hyperacute 
(death), acute, and endemic. Glasser's 
disease not yet seen in wild boar. 

Clinical pathology Culture organisms from 
serous membranes. 

Lesions Peritonitis, pleuritis, synovitis, 
meningitis. 

Diagnostic confirmation Culture organism 
and a variety of new techniques. 

Differential diagnosis Erysipelas, 

mycoplasmal and streptococcal arthritis, 
other serositis; also Actinobacillus 
pleuropneumoniae infection, vitamin E 


deficiency, Escherichia coli, and 
Actinobacillus suis. 

Treatment Antimicrobials. 

Control Minimize stressors at weaning and in 
nursery barns. Limited commercial vaccines. 


Glasser’s disease is a contagious disease of 
young pigs characterized by arthritis, peri¬ 
carditis, pleurisy, peritonitis, and meningitis. 
In a study in the United Kingdom, it was 
found to be common in herds with a history 
of chronic respiratory disease. 

ETIOLOGY 

Initially, the agent was thought to be Hae¬ 
mophilus influenzae suis, but it is now known 
to be Haemophilus parasuis (HPS). Now 
recognized as one species, it is, however, 
extremely pleomorphic. It is a gram-negative 
bacterium that requires V factor for its 
growth. A modified classification of 15 major 
serotypes has been achieved, although many 
are still untypeable. The current serotyping is 
based on reactions between antisera and 
surface antigens, which leads to a classifica¬ 
tion based on 15 serotypes. Serotyping origi¬ 
nally used a GID test, but this has been 
replaced by indirect hemagglutination assay 
(IHA), which has increased the proportion of 
typeable strains from 60% to 80%. The study 
of these polysaccharides is under way. 1 ' 3 

Most studies have shown that serotypes 4 
and 5 are the most common strains involved 
in Glasser’s disease. In many instances, the 
serotype is not an indicator of virulence 
because different strains within one serotype 
may have a different virulence. HPS, as with 
other Haemophilus spp., has an affinity for 
the mucosa of the oropharyngeal and upper 
respiratory tract. HPS can be isolated from 
the nasal cavity, tonsillar area, and trachea. 
Several strains may be found in the same 
nose, and there may be several types in the 
same herd. 4 HPS isolates are genetically het¬ 
erogeneous within the same serovar and 
between serovars. The gene content and 
diversity of the loci encoding the biosynthe¬ 
sis of the capsular polysaccharides of the 15 
serovars have recently been described. 3 

EPIDEMIOLOGY 

The colonization of the respiratory tract is 
rapid, with 50% of pig noses colonized by 7 
days and 100% by 60 days, 4 and there is a 
turnover of the strains. 

Most countries have different distribu¬ 
tions of serotypes. In the United Kingdom, 5 
is the most common, followed by 4 and 7 in 
equal numbers, and the rest are largely non- 
typeable. In Denmark, 5 is followed by 13 
and 4 and then the nontypeable. 

It may be a true commensal organism in 
the upper respiratory tract. It is responsible 
for severe polyserositis in young pigs, and it 
may also occasionally cause arthritis in older 
pigs and the individual sow. The organism, 












like the others with a similar name, Actino- 
bacillus suis and Streptococcus suis, has been 
called one of the “suis-cides” of pigs, which 
are responsible for considerable economic 
loss in high-health herds and herds that 
practice very early weaning. HPS is also 
commonly isolated from lungs with lesions 
of enzootic pneumonia. 

Pigs infected with virulent isolates of HPS 
can remain healthy and serve as reservoirs 
for transmission to naive pigs, and heterolo¬ 
gous protection is possible. 6 

Although the disease occurs worldwide, 
reports used to be rare and mainly from 
Europe. However, since the onset of separate- 
site production and the occurrence of 
porcine reproductive and respiratory syn¬ 
drome, virulent forms of swine influenza, 
and diseases associated with porcine circo 
virus type 2 (PCV-2), HPS has become one 
of the most common of the so-called second¬ 
ary infections. It is a significant contributor 
to the porcine respiratory disease complex 
(PRDC). When it first appears in naive or 
specific-pathogen-free herds, it may be a 
common cause of sudden death; such cases 
may be numerous, and these situations it also 
affects younger animals. When the disease 
becomes endemic, it may affect older 
animals, with fewer sudden deaths but more 
chronic polyserositis. The disease has also 
been observed in Australia, the United 
States, Canada, and the United Kingdom. 
The disease accounted for less than 1% of 
total mortalities of pigs submitted to veteri¬ 
nary diagnostic laboratories over an 11 -year 
period in Ontario. However, the disease was 
the second most common cause of mortality 
in test station boars. In a survey of 19 excel¬ 
lent specific-pathogen-free pig herds, 16 
were positive, and the average number of 
culture-positive pigs per herd was 6/10 for 
positive herds. 

It is probably spread by aerosol and cer¬ 
tainly by nose-to-nose contact. The disease 
occurs as sporadic outbreaks—usually in 
weanling to 4-month-old pigs that have been 
recently chilled, transported, weaned, or 
moved to different pens. The onset is sudden, 
with several pigs in the group affected, and 
occurs within 2 to 7 days of the initiating 
stress. Occasionally, it causes arthritis in 
older animals, or even sow herds. The case- 
fatality rate is high in untreated pigs. Acute 
myositis in primary specific-pathogen-free 
sows has been associated with HPS. 

Little is known of the method of trans¬ 
mission of the disease. The causative organ¬ 
isms are facultative pathogens and can be 
frequently isolated from pig lungs diseased 
from other causes, even though they are 
generally not present in normal lungs. It is 
probable that a respiratory carrier state 
does exist and that invasion with subsequent 
septicemia and polyserositis is initiated by 
stress situations in young pigs that have lost 
maternal immunity but have not yet gained 
active immunity. Piglets probably acquire the 


Infectious Diseases of the Musculoskeletal System 


1451 


infection soon after birth, but maternal anti¬ 
body protects them from clinical disease 
until they are 2 to 4 weeks of age. Animals 
that are weaned early are likely to have this 
infection, so the supposition is that most pigs 
acquire the infection at or immediately after 
birth. H. parasuis has been found in the 
tonsil using IHC and EM. 

There are several pathogenic serovars of 
HPS. Serotypes 3, 6, 7, 8, 9, and 11 are con¬ 
sidered to be avirulent; 15 more pathogenic; 
and 1, 4, 5, 10, 12, 13, and 14 virulent. 
However, this pattern cannot be considered 
permanent because genes can be shared, and 
in any case up to 50% of isolations are con¬ 
sidered nontypeable. In the United States 
and Canada, 15.2% were classified as non¬ 
typeable, 26.2% in Germany, 29.3% in Spain, 
and 41.9% in Australia. In a particular pig 
herd, many strains can be isolated, but in 
most cases, one or two strains predominate. 
In many herds the nontypeable outnumber 
the typeable. Of seven reference strains 
examined, only serotypes 1 and 5 were 
pathogenic, and the seven strains have 
common antigenic determinants. Within 
specific-pathogen-free herds, many herds 
have common strains; no strains are 
common to both conventional and specific- 
pathogen-free herds, which is a reflection of 
little or no movement of pigs between these 
types of herd. Specific-pathogen-free pigs 
are often free of this organism and are highly 
susceptible to the infection, even at several 
months of age, if they are mixed with con¬ 
ventionally raised pigs that may be infected. 
Outbreaks with rapid spread and high mor¬ 
tality have been reported in specific- 
pathogen-free pigs. It has been suggested 
that the causative bacteria are common in 
most herds and that the disease arises only 
when pigs from uninfected herds are intro¬ 
duced to a contaminated environment, 
especially if they have been exposed to envi¬ 
ronmental stress during transport. When 
infection is introduced into a previously 
noninfected herd, the disease may act as a 
contagious disease until herd immunity is 
developed or the infection eliminated. 
Recently it has been suggested that the nasal 
cavity strains may be nonpathogenic and 
form a completely different population to 
the pathogenic strains. Serotypes from nasal 
and tracheal cultures were shown to be 
similar in one study. They found that there 
was a lower level of colonization in the litters 
of the young sows. The genetic diversity of 
the strains is not well understood. Several 
serotypes may be isolated from the same 
herd or even from the same pig. High- 
pathogenicity porcine respiratory and repro¬ 
ductive syndrome virus (PRRSV) has been 
shown to accelerate the colonization and 
load of HPS in conventional pigs. 7 

The organism probably does not survive 
outside the host, and therefore transmission 
is direct, with most of the transmission 
occurring during birth. 


PATHOGENESIS 

One of the key factors may be that maternal 
antibody does not last a long time and may 
be gone by 2 to 4 weeks of age but will last 
until 6 to 8 weeks if sow antibody titers are 
high. It is the animals that become infected 
after their maternal protection has waned 
that have resulting clinical disease. Serovar 5 
is highly virulent when inoculated into 
specific-pathogen-free piglets at 6 to 8 weeks 
of age. Bordetella bronchiseptica increases 
HPS colonization of the nasal cavity. 
However, it is also said that previous infec¬ 
tion with PRRSV has no effect on the occur¬ 
rence. The severity of the disease increases 
with the increase in the dose of the 
organisms. 

The nonpathogenic isolates probably only 
colonize the upper respiratory tract. The 
pathogens colonize the upper respiratory 
tract and then descend to the lower respira¬ 
tory tract by evading phagocytosis 8 ' 9 and by 
using adhesion factors. 10 The pathogens 
escape from the respiratory tract, 11 enter the 
bloodstream, and attach to the endothelial 
cells; 11,1 " they survive because the capsule 
prevents the killing of the organism. 4 
Entrance to the bloodstream is more likely 
when the animal is stressed or immunity is 
suspect. The organism then establishes the 
pathology at the serosal surfaces using 
hemolysins, proteases, and neuraminidases. 
The outcome is determined by the innate and 
adaptive immunity (colostrum, previous 
exposure, concurrent infections, etc.). The 
blood cellular immune responses have been 
described, which suggests that there is an 
increased trafficking of inflammatory cells. 13 
There is a response to iron restriction. 14 The 
pathogen enters the endothelial cells and 
induces apoptosis and produces IL-6 and 
IL-815. 10 The virulent strains survive against 
the phagocytes and complement system, 
and the nonvirulent are phagocytosed. HPS 
acquires iron for growth through the surface 
receptors. 17 

The precise relationship between protein 
patterns, serovars, and virulence potential 
remains to be defined. The major virulence 
factors and the protective antigens are still 
largely unknown. Only a small number of 
organisms in the region of 104 to 106 are 
sufficient to produce disease. The pathogen¬ 
esis has recently been described. 1 ’ A new 
technique called differential display reverse 
transcription PCR (RT-PCR) has been used 
to search for virulence factors. The patho¬ 
genic HPS may have an outer membrane 
protein, fimbriae, and lipopolysaccharides; 
a cytotoxin has yet to be described, but 
it may be a membrane neuraminidase. 
The outer membrane protein may be impor¬ 
tant, and it is iron regulated. 18 Fibrinous 
meningitis, polyserositis, and polyarthritis 
are typical. Fatal septicemia can occur spon¬ 
taneously or following the intraperitoneal 
inoculation of pigs with HPS. The intranasal 
inoculation of HPS into cesarean-derived 
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colostrum-deprived pigs results in a suppu¬ 
rative rhinitis, which may represent an initial 
event in the pathogenesis of the systemic 
infection in pigs. After infection with HPS, 
there was a highly significant rise in radical 
formation, and monocyte proliferation was 
reduced. Neutrophils reacted inconsistently. 
In this experimental study, the CD25+ 
marker cells were markedly reduced. Experi¬ 
mental infections showed that not all field 
isolates are pathogenic, and it may be that 
route of infection and dosage are most 
important in determining the outcome of 
infections. In a new study, polyacramide gel 
electrophoresis (PAGE) typing of HPS and 
virulence potential based on site were looked 
at together. PAGE group I had 83.4% of the 
isolates from the upper respiratory tract 
(these were mostly of serotype 3 or nontype- 
able), but of the PAGE group II isolates, 
90.7% of all the isolates were from the sys¬ 
temic sites (these are mostly serotypes 1, 2, 
4, 5, 12, and 14). It may be that there is also 
a tropism for some sites because some strains 
are only found in the brain and others in the 
pericardium. This means that the systemic 
sites are the best sites for the identification of 
pathogenic HPS. Most practitioners have the 
opinion that the problem is more apparent 
when there is predisposing viral infection, 
particularly porcine respiratory and repro¬ 
ductive syndrome (PRRS), swine influenza, 
or porcine circo virus type 2 (PCV-2). 
Although most practitioners would say that 
the prevalence of PRRS-associated HPS 
infections has increased the natural occur¬ 
rence of HPS, experimental confirmation is 
lacking. Only PRRS consistently increased 
the isolation of HPS from the lung. 

On the other hand, both PRRS and B. 
bronchiseptica increase the colonization of 
the upper respiratory tract by HPS. There is 
no additive effect here. There is no doubt that 
the occurrence of the vasculitis plays a part 
in the pathogenesis. 

CLINICAL FINDINGS 

The incubation period depends on the 

strain. 11 Clinical disease occurs because of a 
mismatch between immunity and coloniza¬ 
tion by virulent strains. This may be a result 
of early decline of colostral immunity, later 
or slow HPS colonization, mixed pig flows, 
and the purchase of breeding stock that are 
carriers. 

In the naive herd and where specific- 
pathogen-free animals have entered com¬ 
mercial herds, sudden death may be the only 
feature. Some people are of the opinion that 
there may be polyserositic, arthritic, and 
meningitic forms. A virulent type 10 out¬ 
break has been described. 19 A wide variety of 
signs may be seen, including fever, depres¬ 
sion, and reluctance to move, progressing to 
prostration, convulsions, and sudden death. 
The depression is a marked feature. The mor¬ 
tality rate may be high, and many pigs that 
survive become “poor doers.” 


The onset is sudden, with a fever, an 
unusual rapid and shallow dyspnea with 
noisy lung fields, an anxious expression, 
extension of the head, and mouth-breathing. 
There may be a serous nasal discharge, 
and coughing may occur. Depression and 
anorexia are observed. The animals are very 
lame, stand on their toes, and move with a 
short, shuffling gait. All the joints are 
swollen and painful on palpation, and fluid 
swelling of the tendon sheaths may also be 
clinically evident. In many animals there 
may be just a single joint affected, which is 
often the hock. A red to blue discoloration 
of the skin appears near death. Most cases 
die 2 to 5 days after the onset of illness. 
Animals that survive the acute stage of the 
disease may develop chronic arthritis, and 
some cases of intestinal obstruction caused 
by peritoneal adhesions occur. Meningitis 
occurs in some pigs, particularly when these 
are naive or where there is an acute onset, 
and is manifested by muscle tremor, paraly¬ 
sis, and convulsions. Although Glasser’s 
disease can occur in pigs of any age, wean¬ 
ling pigs are most commonly and most seri¬ 
ously affected. In chronic cases, pigs may 
lose part of an ear as a result of ischemic 
necrosis. There may be also wasting piglets, 
which fade and die. In some instances in 
which there is a severe peritonitis, there may 
be scrotal swelling as the fluid drains down 
the tunica vaginalis. 

Another type of syndrome of necrosis of 
the masseter muscles was described in which 
sows had swollen, cyanotic heads, with HPS 
isolated from the affected muscles. Purulent 
rhinitis has also been described. 

CLINICAL PATHOLOGY 

The disease is essentially a polyserositis and 
arthritis, and as a result the organism is 
recoverable from joint fluid and pleural 
exudate. Material aspirated from joints may 
be serous, fibrinous, or purulent. It may just 
be a few fibrin tags that have organized from 
an initial fibrinous exudate. The disease can 
be diagnosed serologically on the presence of 
precipitins in the serum of recovered pigs, 
and complement-fixing antibody can be 
detected following infection. But these are 
not reliable methods. In an experiment in 
which 183 specific-pathogen-free pigs were 
given infections, the hemoglobin concentra¬ 
tions and hematocrit fell. Leukopenia 
developed 1 to 2 days after infection, with 
leukocytosis later. Any changes in the cere¬ 
brospinal fluid were not related to the clinical 
signs. One of the common findings in HPS 
infections is vitamin E deficiency, and this is 
most likely to be as a result of the toxic 
oxygen radical damage. 

NECROPSY FINDINGS 

Glassers disease generally is associated with 
three main lesions: fibrinous polyserositis 
and arthritis, signs of septicemia, and 
toxemia. 


In some cases there are no gross lesions, 
and all that is seen is a small amount 
of peritoneal fluid or a very thin fibrin 
strand (tag). 

Serofibrinous or fibrinous pleuritis, peri¬ 
carditis, and peritonitis are usually present, 
but the exudate is scanty in some cases. 
Pneumonia may also be apparent. There is 
inflammation and edema of the periarticular 
tissues, and the joint cavities contain turbid 
fluid and discoid deposits of yellowish-green 
fibrin. A suppurative rhinitis is also possible. 
A fibrinopurulent meningitis is common. In 
specific-pathogen-free pigs, the lesions may 
be minimal, and only successful isolation of 
the organism permits the differentiation of 
Glassers disease from other causes of sudden 
death. The distinction may be a difficult one 
because of the fastidious culture require¬ 
ments of HPS. Eventually, all surfaces are 
covered with a thick mat of fibrin, and the 
individual organs may be difficult to recog¬ 
nize. This eventually becomes fibrotic. The 
spleen and liver may be enlarged. 

Histologically, acutely affected serosal 
surfaces are thickened by neutrophils 
entrapped in a matrix of fibrin. As these 
lesions age, fibrous adhesions may develop 
and lead to chronic pleuritis, arthritis, and 
pericarditis. Such cases are often culture¬ 
negative, even when selective media are 
used. Most isolates are made from the lungs. 
Petechial hemorrhages may also be found on 
the kidney (the so-called “turkey egg,” which 
is not pathognomonic for anything except 
septicemia in its widest sense, with over 30 
agents known to cause it). 

Samples for Confirmation 
of Diagnosis 
Bacteriology 

The collection of samples from animals that 
have been dead for several hours is not worth 
considering even at the best of times and 
certainly not when HPS is suspected. An 
acutely affected live pig, freshly autopsied, 
will give much better results, especially if 
there is no overheating of the carcass post¬ 
mortem or subsequent cooling because the 
organism is temperature-sensitive. Transport 
media to the laboratory will also be benefi¬ 
cial in recovery rates. It is said that culture of 
the nasal swabs will be as rewarding as col¬ 
lecting tracheal swabs, but it is likely that the 
larynx and below are normally sterile. What 
you isolate from the nasal cavity may then be 
a commensal population of largely nontype- 
able species, whereas the trachea harbors the 
pathogenic forms. Other authors say that 
they are the same serotypes. These authors 
have also found that a lower level of coloniza¬ 
tion was found in the litters of young sows, 
and a low level of colonization at weaning 
probably predisposed pigs to clinical disease 
in the nursery, assuming the presence of a 
virulent serotype. 

Culture swabs from serosal surfaces, 
including joints and meninges. It is essential 
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to collect samples from areas that are not 
enclosed in fibrin. Nasal swabs are more 
easily collected than tracheal but may indi¬ 
cate a different population of HPS. It is 
usually said that it is difficult to isolate from 
fluids but is easier from the lesions. It is nec¬ 
essary to have a fresh pig with no antibiotic 
therapy. It may also be necessary to use 
Amies transport medium to preserve HPS 
on the way to the laboratory. 

H. parasuis is a gram-negative rod exist¬ 
ing as a coccobacillus to long filamentous 
chains. There is usually a capsule, but the 
expression of this is influenced by culture. 
NAD or V factor is required for growth 
(chocolate agar or staph streak, and then 
there is satellite growth). The availability of 
NAD may determine growth capabilities. 
After 24 to 48 hours the colonies are small, 
translucent, and nonhemolytic on chocolate 
agar. 

Histology 

Histology includes formalin-fixed brain, 
synovial membranes, liver, lung (LM). 
Immunohistochemistry can be used to show 
the organisms in the cytoplasm of neutro¬ 
phils and macrophages in the lungs and in 
the mononuclear cells in the subscapular and 
medullary sinuses of the lymph nodes. 
Immunofluorescence was observed on the 
bronchiolar epithelium in the alveoli and in 
the lung parenchyma. 

Modern techniques have been applied. 
The results are better if you use both the 
Angen 20 and Olvera 8 PCR techniques, with 
few false positives. 

Serology 

Recently, an indirect hemagglutination test 
has been described for the serotyping of field 
isolates. A new indirect hemagglutination 
technique has just been described, and it is 
rapid and effective. It is also much more sen¬ 
sitive than the immunodiffusion test. 

DIAGNOSIS 

The best cases to examine are those that have 
received no antibiotics and are acute cases. 
The organism is very likely to die out if sub¬ 
jected to too much heat or cold. 

There is a need to have the samples taken 
from the lesions as quickly as possible, trans¬ 
ported to the laboratory quickly in transport 
media (Amies medium), preferably chilled if 
overnight transport, and plated as quickly as 
possible. It requires to be cultured on choco¬ 
late agar or blood agar with a staph streak. 

Once cultured, strain typing can be 
achieved. There are 15 strains and many that 
are untypeable. The relative strain virulence 
is shown in Table 15-5. 

Novel genotyping was first described in 
2008, and an improved species specific PCR 
has been described since. 15 The complete 
genome of HPS was described. 2 10 Demon¬ 
stration of HPS requires culture and PCR 
identification. There is a correlation between 


Table 15-5 Virulence of strains 

HPS serotype 

Virulence 

Effects 

1, 5, 10, 12, 
13, 14 

High 

Death within 

96 hours 

2, 4, 15 

Moderate 

Severe 

polyarthritis 

8 

Low 

Mild lesions 

3, 6, 7, 9, 11 

Nonpathogenic 

No signs or 
lesions 


clinicopathologic outcome and the typing of 
HPS field strains. 21 

A detailed analysis of diagnostic analyses 
and the occurrence of strains in the Nether¬ 
lands is available, 22 in which strains 3 and 10 
were not identified. In this study ERIC-PCR 
and hsp60 gene typing were also employed 
because 145 of the strains could not be 
serotyped. 

A multiplex nested PCR has been 
described 23 that works for S. suis and M. hyo- 
rhinis and HPS. It is extremely useful when 
samples are negative after isolation and can 
be used on formalin-fixed and paraffin- 
embedded tissues as well. 

Usually, HPS can be identified by either 
of two conventional PCR20 tests or by an 
RT-PCR, 24 but sometimes A. indolicus gives 
a false positive. A RT-PCR for HPS has been 
validated. 25 However, a recent paper has sug¬ 
gested that it may fail to recognize an HPS 
strain, so false negatives may be found. 26 

Researchers in China have described 
loop-mediated isothermal amplification for 
rapid detection of HPS and found it more 
sensitive than nested PCR. It appears to be 
best used for internal organs and tissues 
because there are many nonpathogenic types 
of HPS in the respiratory tract. 

The first improvement in the diagnosis of 
HPS occurred with the development of an 
oligonucleotide-specific plate hybridization 
assay that could be used on the nasal swabs. 
The assay detects fewer than 100 cfu/mL in 
a pure culture and gives a positive result 
when HPS is present in the ratio of 1:103 to 
1 : 104 in a mixed culture. The assay is more 
sensitive than culture for detection of HPS in 
nasal swabs. 

In-situ hybridization will demonstrate a 
patchy to multifocal distribution of HPS in 
the lung. A repetitive-element-based PCR 
(rep-PCR) has been developed, which is a 
technique that compares very favorably with 
traditional microbiology. The rep-PCR uses 
repetitive sequences within the bacterial 
genome to produce strain-specific finger¬ 
prints, allowing comparison and differentia¬ 
tion between H. parasuis strains. This enables 
comparison of these strains and allows the 
source of virulent strains to be identified. 

Another new technique is ERIC-PCR, 
and this is very successful compared with 
conventional microbiological techniques. 


Identification and differentiation of H. para¬ 
suis using a species-specific PCR with subse¬ 
quent DNA fingerprinting using the digestion 
of PCR products using Hind III endonucle¬ 
ase has been described. This restriction frag¬ 
ment length polymorphism (PCR-RFLP) 
enabled eight patterns to be determined for 
the nontypeable strains. 

Recently, a technique for the computer- 
based analysis of HPS protein fingerprints 
has been described that is a considerable 
improvement on serotyping. It was shown 
that there is a high genetic diversity within 
the serovars. At least 12 different strains 
within the type 4 serovar, and genetic diver¬ 
sity in the other serotypes as well, were 
described. Nontypeable isolates were divided 
into 18 genotypes. The major advantage of 
this technique is that there is no need for 
isolation, culture, and biochemical identifi¬ 
cation of the isolates. In addition, all strains 
can be identified, not just those of certain 
serotypes. At the moment, there is no direct 
demonstration of a linkage between PCR- 
RFLP, OMP patterns, and serotyping and 
rep-PCR. In a recent study, 32 strains were 
grouped into six serovars and 11 genotypes. 
This led to the hypothesis that HPS strains 
with a similar distribution of repetitive 
sequences can express different antigens. A 
lot of work is still required to relate genome 
classification to the real virulence of the 
strain. 


DIFFERENTIAL DIAGNOSIS 


The clinical signs and pathology are not 
pathognomic because similar pictures can be 
seen with Escherichia coli, Mycoplasma 
hyosynoviae, Mycoplasma hyorhinis, 
Erysipelothrix rhusiopathiae, and 
Streptococcus suis. 

The unusual combination of arthritis, 
fibrinous serositis, and meningitis is sufficient 
to make a diagnosis of Glasser's disease, but 
differentiation from the many similar disease 
entities apparently caused by other agents 
can only be confirmed by bacteriologic 
examination. 

The disease may be confused with 
erysipelas, mycoplasma arthritis, and 
streptococcal arthritis on clinical examination. 
Mycoplasmosis is a much milder disease and 
is manifested principally by the presence of a 
few unthrifty or lame pigs in the litter just 
before weaning, rather than an acute 
outbreak with a high mortality. Differentiation 
between cases of Glasser's disease with 
meningitis and the other diseases of the 
nervous system in young pigs, especially 
streptococcal meningitis and Teschen disease, 
may not be possible without necropsy 
examination. 


TREATMENT 

Pigs are usually ill with this disease, and thus 
parenteral treatment is required first. A high 
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Table 15-6 Antimicrobial resistance in 
Spain and the UK. 



proportion of HPS strains are resistant or 
multiresistant. 27 In China, over 70% of the 
strains were resistant to enrofloxacin. 28 
Resistance has been reported for penicillin, 
and certain strains are resistant to tetracy¬ 
clines, erythromycin, and other aminoglyco¬ 
sides (Table 15-6). This requires attention to 
the sensitivity patterns of the organism in 
different countries. If pigs are sick with HPS, 
then parenteral treatment is a must as the 
first step. This can be followed by water med¬ 
ication for at least 5 days. It has long been 
known that ill animals will not eat, but it is 
currently appreciated that sick pigs do not 
drink as much as when they are healthy, and 
therefore there is the tendency to underdose 
until they are well enough to drink their 
normal amounts. 

Treatment with penicillin, trimethoprim-- 
sulfadoxine, or oxytetracycline is effective in 
the early stages of the disease. 

Tilmicosin can be used for effective treat¬ 
ment because it is concentrated in the mac¬ 
rophages and neutrophils. These can migrate 
to the site of infection, and therefore there 
may be higher levels of antibody in the tissue. 
Long-acting medication can also be useful 
(tulathromycin, ceftiofur). 

CONTROL 

It is essential to protect high-herd-health 
units by not importing new stock into a unit 
also thought to be free, and vice versa, 
because both groups can be exposed. Never 
bring high-herd-health stock into a low- 
health unit. Multisourcing pigs into a grow- 
out unit is especially suicidal. 

Control of PRRS and PCV-2 is important 
because HPS is associated with both of 
these. 29 ' 30 Control is only possible if there is 
(1) diagnosis of infection, (2) identification 
of prevalent strains, (3) use of autogenous 
vaccines, and (4) management of new strains. 

There are three main approaches: 

1. Prophylactic medication 

2. Optimization of pig immunity 

3. Management techniques to maximize 

immunity 


IgG antibodies kill HPS via the classical 
complement pathway. 31,32 It is therefore best 
to vaccinate piglets before weaning, or the 
sows to boost maternal antibody, but if you 
do, then delay vaccinating the piglets until 
maternal antibody has waned. Always vac¬ 
cinate the replacement breeding stock. 

Avoidance of undue exposure to adverse 
environmental conditions at weaning is rec¬ 
ommended. Avoidance of undue fluctua¬ 
tions of temperature is absolutely essential. 
Prophylactic dosing at the time of shipping 
or medication of feed or drinking water on 
arrival with the previously mentioned drugs 
may be of value in preventing outbreaks. 
Feeding a mixture of 3% sulfamonomethox- 
ine and 1 % trimethoprim at 160 and 240 ppm 
for 5 days and challenging with H. parasuis 
at 3 days prevented clinical disease, and bac¬ 
teria were not recovered. There are resistance 
genes for tetracyclines and beta-lactam anti¬ 
biotics. 33 Maternal antibody does not inter¬ 
fere with vaccination of pigs at 1 to 3 weeks 
of age. Maternal immunity lasts about 20 
days, but if the sows are vaccinated, then it 
may last 60 days. 4 

Humoral immunity is protective against 
experimental Glasser’s disease. 34 A formalin- 
killed bacterin administered before weaning 
with two injections at 5 and 7 weeks of age 
has proved highly effective in preventing the 
disease. A formalin-killed whole-cell culture 
bacterin developed in Ontario is effective in 
protecting 4-week-old pigs against experi¬ 
mental challenge with the organism. A recent 
trial showed that vaccinating sows at 80 and 
95 days of pregnancy with a commercial bac¬ 
terin containing HPS 2, 3, and 5 was useful 
in reducing pneumonic lesions and arthritic 
joint changes in subsequently challenged 
piglets. Vaccination of piglets seemed to have 
no effect, and vaccination of the sows seemed 
to have no effect on the colonization of the 
nasal mucosa by HPS or on the timing of 
colonization. 

Autogenous vaccines against homolo¬ 
gous strains have been shown to work, but 
vaccination failures do occur. There may be 
little cross-protection between strains. A 
new serotype 5 vaccination was described, 
and the subsequent challenge with serotypes 
1,12,13, and 14 produced different responses 
in control pigs. 

The vaccines against this bacterium are 
whole-cell bacterins that are protective only 
against serotypes 1, 4, 5, and 6. 35 Vaccination 
has three important components. First, there 
is the decision of commercial or autogenous 
vaccination, and this depends on the strains 
in the field and whether they are in the com¬ 
mercial vaccine. Second, the timing of vac¬ 
cination should take into account the length 
of persistence of maternal antibody and the 
peak of piglet mortality. If this peak is at 2 to 
3 weeks, then the sows should be vaccinated. 
The piglets should then be vaccinated at 
weaning and 2 weeks later. Third, because 
sow and piglet vaccination together is not 


recommended because the sow’s vaccination 
can produce maternal antibody that inter¬ 
feres with the piglets active immunity, 
you should make a choice of one or the other. 
A new departure is the production of a 
genetically inactivated vaccine, the ghost 
vaccine. 36 

Recently, the technique of introducing 
known populations of live HPS to the young 
piglet shortly after birth, thus allowing a slow 
rate of acquisition of organisms, has been 
advocated. All-in/all-out by age is absolutely 
essential to prevent carry-over of infection, 
and it is likely that nose-to-nose transmis¬ 
sion is important, so solid partitions between 
different litters may help. 

When it comes to disinfection, it has been 
suggested that chloramine may be useful 37 in 
deactivating HPS. 

FURTHER READING 

Kielstein P, Rapp-Gabriel V. Designation of the 15 
serovars of H. parasuis on the basis of 
immunodiffusion using heat-stable antigen extracts. 
/ Clin Microbiol. 1992;30:862-865. 

Olvera A, Segales J, Aragon V. Update on the diagnosis 
of HPS infections in pigs and novel genotyping 
methods. Vet J. 2007;174:523-529. 
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ARTHRITIS RESULTING FROM 
ERYSIPELAS 

ERYSIPELAS IN SHEEP 

Erysipelas in sheep is caused by infection 
with the soil-borne organism Erysipelas rhu- 
siopathiae (formerly Erysipelas insidiosa). 
Pigs are the most important reservoir of 
infection, with up to 50% of healthy pigs 
carrying the bacterium in lymphoid tissues. 
The disease in sheep is manifested as arthri¬ 
tis in lambs, postdipping lameness, and 
rarely endocarditis. Sheep other than newly 
born lambs deprived of colostrum are gener¬ 
ally quite resistant to infection with this 
organism. 

Arthritis in Lambs 

Acute and chronic forms of arthritis are 
seen. 1 Acute nonsuppurative arthritis occurs 
most commonly after tail docking, especially 
when a cold knife is used, but can also follow 
umbilical infections at or soon after birth. 
The organism persists in the soil and gains 
entry via the umbilicus or tail-docking and/ 
or mulesing wounds. The latter practice is 
used to make merino lambs less susceptible 
to flystrike, mainly in Australia, but is gradu¬ 
ally being phased out. Up to 50% of lambs 
marked may be affected, especially if tail 
docking is performed in muddy or unhy¬ 
gienic conditions. The mortality rate is low, 
but some affected lambs lose weight and have 
permanently swollen joints, leading to trim¬ 
ming of meat or rejection of the whole 
carcass at abattoirs. 

Clinical signs appear about 14 days after 
birth or tail docking. There is a sudden onset 
of lameness with some swelling of the 
affected joints, typically the carpus, tarsus, 
hock, or stifle. Recovery is slow, and a high 
proportion of affected lambs have chronic 
lameness and swollen joints. 

Chronic fibrinous polyarthritis also 
occurs in 2- to 6-month-old lambs, affecting 
several joints, and lambs may be lame on all 
four legs. 1 Up to 20% of lambs may be affected, 
although severe outbreaks with a higher prev¬ 
alence are associated with spreading pig 
slurry or running free-range pigs on areas 
grazed by sheep. Arthritis in mature ewes can 
also occur in these circumstances. 2 

At necropsy the joint capsule is thick¬ 
ened, and there may be erosions of articular 
cartilage and slightly increased amount of 
synovial fluid that has a turbid appearance. 
There is no obvious suppuration as occurs 
with septic arthritis caused by streptococcal 
infection. In chronic cases the organism is 
usually only isolated from joints, but PCR 
testing indicates that it is also a multisys- 
temic disease. 1 

Improved hygiene at tail docking will 
usually reduce the prevalence of Erysipelas 
arthritis, but a formalin-killed bacterin is 
available in many countries and may be indi¬ 
cated where there is a persistently high prev¬ 
alence of infection. 
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Postdipping Lameness 

The use of plunge dips to control ectopara¬ 
sites in sheep can be followed by a high inci¬ 
dence of laminitis if the insecticide solution 
does not contain a suitable disinfectant. 
Dips that become grossly contaminated with 
organic matter are most likely to cause Ery¬ 
sipelas infection. The organism gains entry 
through skin abrasions and causes cellulitis, 
with extension to the laminae of the feet but 
without involving the joints. Up to 90% of a 
flock may be affected, although the incidence 
is usually about 25%. Similar outbreaks of 
lameness caused by Erysipelas rhusiopathiae 
have occurred without dipping, usually when 
sheep have to walk through wet, muddy 
areas likely to be contaminated with the 
organism. 

Severe lameness begins 2 to 4 days after 
dipping, usually in one leg. The affected legs 
are hot and swollen from the coronet to 
halfway up the metacarpus or metatarsus, 
and the hair over the affected area usually 
falls out. Sheep rapidly lose body condition, 
but deaths are rare except in recently weaned 
lambs, in which septicemia may develop. 
Affected lambs show fever, malaise, and 
anorexia. 

At necropsy there is subcutaneous edema 
of the area, sometimes with hemorrhage and 
inflammation extending to the coronet of the 
feet. Most cases recover spontaneously in 10 
to 14 days, but long-acting penicillin will 
assist recovery. Wet dipping is now less 
common, but where dipping is still routinely 
practiced the use of fresh dipping solution 
each day and inclusion of a bacteriostatic 
agent into the solution will help prevent this 
condition. 

Postdipping lameness can be differenti¬ 
ated from footrot by the history of recent 
dipping and lack of underrunning of the 
hoof tissue, from foot abscess by the lack of 
abscessation, and from strawberry footrot by 
the lack of any proliferative dermatitis. 
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MYCOPLASMA 
HYOSYNOVIAE IN PIGS 

Mycoplasmal arthritis caused by M. hyosyno- 
viae occurs in growing and finishing pigs 
from 35 kg upward and is characterized 
clinically by lameness, frequently in newly 
purchased stock. 

ETIOLOGY 

M. hyosynoviae causes arthritis in growing 
pigs. M. hyoarthrinosa has been associated 
with a syndrome similar to that produced by 
M. hyosynoviae, but they may be the same 
species. Other mycoplasmas, including M. 
flocculare and Acholeplasma spp., have been 
isolated from pigs but appear to have no pro¬ 
pensity to produce arthritis. 


EPIDEMIOLOGY 

M. hyosynoviae is a causative organism with 
a very wide heterogeneity and is resident on 
the pharyngeal mucosa and tonsil. Shedding 
is less frequent than with M. hyorhinis, and 
the organism cannot usually be isolated from 
the pharynx of piglets before 7 weeks of age 
and is regarded as rare before 12 weeks. This 
is true even when most of the sows in a herd 
are tonsillar carriers. There is a very varied 
pattern of carriage. It appears that transfer¬ 
ence is fairly rare but can be the source of 
infection for the other littermates. There is 
some variation in virulence between strains. 
With virulent strains, bacteremia with sub¬ 
sequent arthritis follows within a few days of 
minor stress, such as vaccination, move¬ 
ment, regrouping, or a change in weather. 
The overall prevalence of clinical disease 
appears to be low, but it achieves significance 
in certain herds that experience a persistent 
problem. The reasons for this are still unclear. 
Infection profiles between herds vary consid¬ 
erably. In some herds in the United Kingdom, 
the incidence may be higher, with 21% of 
sows culled because of lameness primarily 
associated with M. hyosynoviae. It appears 
that there is a latent period between the ton¬ 
sillar infection and the development of gen¬ 
eralized infection and arthritis, which may 
be accounted for by the long persistence of 
maternal antibodies of 8 to 16 weeks. The 
active serologic response possibly indicating 
immunity only seems to occur when there is 
the onset of arthritis. It is more prevalent in 
heavily muscled pigs with straight-legged 
conformation, and there is variation in breed 
susceptibility. Morbidity in problem herds is 
generally 5% to 15% but may reach 50%. 
Mortality is rare, but 2% to 15% may become 
chronically affected. 

Abattoir studies have suggested that 5% 
to 10% of pigs may be affected. Transmission 
of infection is by direct contact or possibly 
by aerosol infection. 

M. hyosynoviae can survive drying for up 
to 4 weeks and may be capable of survival in 
the environment for longer periods than 
most mycoplasmas. A further consideration 
of the importance of these diseases must be 
given to their possible contribution to the 
occurrence of carcass condemnation from 
arthritis. 

PATHOGENESIS 

The most important thing to remember 
about pathogenesis is that pigs can carry the 
infection in their tonsils and their synovial 
fluid without clinical signs of lameness and 
may therefore not be diagnosed as carriers 
and can act as a potential source of infection 
to others. 

Systemic infection by mycoplasma may 
occur following stress. Clinical disease is 
manifest if localization occurs, but this is 
probably the exception rather than the rule. 
In the experimental disease, the incubation 
period varies from 4 to 10 days. After 
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experimental intranasal infection with M. 
hyosynoviae, septicemia usually takes about 
2 to 4 days to manifest. M. hyosynoviae pro¬ 
duces synovitis with some arthritis, espe¬ 
cially in the larger joints of the hindlimbs. 

CLINICAL FINDINGS 

Diagnosis is often difficult to make clinically. 
Often there is no fever and perhaps only a 
change in the gait of the pig. In these herds 
the sows are nearly always culled for lame¬ 
ness before the fourth parity, which consti¬ 
tutes a huge economic loss. Failure to treat 
leads to chronic lameness. Clinical disease 
occurs primarily in pigs over 3 months of age 
and in replacement stock brought into these 
problem herds. 

With M. hyosynoviae infection, there is a 
sudden onset of acute lameness in one or 
more limbs, usually without fever. Lameness 
may be referable to one or more joints, and 
the stifle, hock, and elbow joints are most 
commonly affected. In many cases the pigs 
may lie in sternal recumbency. The lameness 
is severe, although clinical swelling of the 
affected joint may be minimal. In the major¬ 
ity of affected pigs, clinical recovery occurs 
after 3 to 10 days, but some may become 
permanently recumbent. In the United 
Kingdom, the condition is often associated 
with delivery of high-herd-health gilts to 
more conventional farms, with the condition 
occurring 2 days to 4 weeks after the delivery 
or with a change of housing. Other outbreaks 
have followed the introduction of pigs to 
straw yards, whereas contemporary animals 
kept in fully slatted accommodation have 
been unaffected. M. hyosynoviae- infected 
pigs may require humane slaughter. 

CLINICAL PATHOLOGY 

Blood cell counts remain within the normal 
range, but there is an increase in leukocytes 
and protein in synovial fluid. The organisms 
may be detected by immunofluorescent 
techniques, and complement-fixing antibody 
develops following infection. 

PATHOLOGY 

Synovial hypertrophy with an increased 
amount of serosanguinous synovial fluid 
occurs in affected joints with hyosynoviae. 
Sometimes the amount of fluid is consider¬ 
able. Chronic cases show thickening of the 
joint capsule with a varying degree of articu¬ 
lar erosion and pannus formation. Joint 
lesions are most likely to be found in the 
carpus, shoulder, stifle, and tarsus. Quite 
often with M. hyosynoviae infections, one 
joint—usually the hock—is affected. 

Microscopically, there is usually edema, 
hyperemia, hyperplasia of synovial cells, and 
an increased density of subsynovial cells. 
Lymphocytes and plasma cells are present in 
the affected serosal and synovial membranes 
of subacute to chronic cases. There is often a 
significant villus hypertrophy of the synovial 
membrane. In the chronic phase, there may 


be some fibrosis. A full description of the 
phases of infection has recently been 
described. The organism is more easily dem¬ 
onstrated during the acute stage of the 
disease. 

DIAGNOSIS 

Clinical signs may help. Joint fluid may be 
helpful in that it is often clear or yellowish- 
brown and may contain flakes of fibrin. In 
streptococcal arthritis, the fluid is often hem¬ 
orrhagic and turbid. 

Samples for Confirmation 
of Diagnosis 

• Histology—synovial membrane, liver, 
lung, heart. Sometimes the mycoplasmas 
can be seen between the synoviocytes 
on the tips of the villi of the synovial 
membrane. 

• Mycoplasmology—culture swabs from 
serosal surfaces, joints. Selective media 
is usually required to suppress M. 
hyorhinis. 

• M. hyosynoviae is best grown in 
anaerobic conditions, where it outgrows 
M. hyorhinis. 

• Synovial fluid has been taken from the 
hock joint under general anesthesia and 
cultured. Isolation from the joints of 
lame pigs was twice as high as from 
littermates that were not lame. 
Approximately 8% to 9% of synovial fluid 
samples from nonpatent arthritis samples 
from Danish slaughterhouse pigs were 
positive. The same authors also showed 
that blood culture was also effective. 

• Antigen detection. An in situ 
hybridization technique for the 
differentiation of M. hyosynoviae, M. 
hyorhinis, and M. hyopneumoniae has 
been described for use with formalin- 
fixed tissues. 

• PCR can be used to amplify a p36 or 
p46 gene to differentiate M. hyorhinis 
and M. hyosynoviae infections for use in 
cultures and in blood samples. 

• Serology—it has been shown that herds 
with M. hyosynoviae arthritis had higher 
serologic responses and more carriers 
among growers of 16-week-old pigs 
than did the unaffected herds, but by 
the end of the finishing period, the 
serologic response and carrier 
prevalence were as high in herds with 
arthritis as without. 

• An indirect ELISA has been developed 
using membrane lipoprotein antigens 
and appears to be specific. 

The differential diagnosis of mycoplasma 
infections must include S. suis and H. 
parasuis. 

TREATMENT 

When gilts and sows are treated, they 
do not appear to have a reduced overall 
survival time, indicating that treatment is 
cost-effective. 


Treatment with tylosin at 1 to 2 mg up to 
15 mg/kg BW IM or Lincomycin at 2.5 mg/ 
kg BW IM for 3 consecutive days has been 
recommended. Lincomycin was effective in 
one outbreak, but the outbreak flared up 
again as soon as it was removed. Oxytetracy- 
cline also can be used. Early treatment of M. 
hyosynoviae arthritis with 8 mg of betameth¬ 
asone IM has been found to reduce the 
occurrence of chronic lameness. Tiamulin at 
both 10 and 15 mg/kg BW IM daily for 3 
days is effective for treatment of pigs affected 
with arthritis associated with M. hyosynoviae 
and is as effective as Lincomycin. Recently, 
enrofloxacin has been used at 2.1 mg/kg IM 
or SC for 3 days. It is essential to treat the 
in-contacts and to isolate the treated animals 
until the clinical signs have disappeared. 
Valnemulin was highly active against M. hyo¬ 
synoviae, whereas tiamulin and enrofloxacin 
were much less active. 

CONTROL 

The control of mycoplasmal joint disease 
rests largely in the avoidance of stress situa¬ 
tions. The administration of tylosin or tetra¬ 
cyclines in the drinking water or feed during 
unavoidable stress such as weaning can 
reduce the incidence. The use of tiamulin as 
a single injection before moving pigs from 
one house to another was sufficient to 
prevent 50% of the cases of the disease. Early 
weaning at 3 to 5 weeks of age has been rec¬ 
ommended as a method of preventing infec¬ 
tion of pigs with M. hyosynoviae and thus of 
reducing the occurrence of the disease in 
growing pigs. However, in one study M. hyo¬ 
synoviae was not eliminated in herds where 
the piglets were commingled after 4 weeks 
and reared in herds using all-in/all-out man¬ 
agement. In fact, the herd had widespread 
infection when the herd was 4 months old. 
The authors concluded that elimination of 
M. hyosynoviae requires that the pigs are 
moved immediately from weaning at an age 
of no more than 4 weeks. If newly arrived 
gilts are under threat, usually 14 to 21 days 
after arrival, then a course of treatment such 
as Lincomycin in the water for 2 to 3 days 
may prevent the infection. 

FURTHER READING 
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FOOTROT IN PIGS (BUSH FOOT) 

Footrot in pigs is similar clinically to footrot 
in other species. It is a term describing septic 
conditions of the claws of the foot, which 
burst at the coronet. 

ETIOLOGY 

The majority of cases result from secondary 
infection of traumatic lesions. These are ero¬ 
sions of the sole and wall of the claw that 
occur in pigs reared on rough, abrasive 
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flooring. These lesions do not usually 
produce lameness, unless they are extensive, 
but when pigs are also reared in dirty condi¬ 
tions, infection and subsequent lameness 
may occur. 

Foot lesions are common in pigs of all 
ages, and bruising of the sole-heel junction, 
one of the earliest lesions observed, can be 
seen in piglets less than 24 hours old. If 
the bruising is severe and further trauma is 
not prevented, necrosis will follow quickly. 
The cause may be a combination of factors, 
including trauma, contact dermatitis, 
and subsequent infection. Wet conditions 
underfoot may cause maceration of the 
horn and exacerbate the abrasive effect of 
the flooring. Foot abscess in neonatal pigs 
is associated with being reared on woven- 
wire floors. Dietary deficiency, especially 
biotin deficiency, may also result in foot 
lesions that predispose to secondary 
infection. 1,2 

Fusiformis necrophorum, Trueperella pyo¬ 
genes, Staphylococci and an unidentified spi¬ 
rochete have been isolated from affected feet. 
In an outbreak of the disease on a semiexten- 
sive pig farm, Dichelobacter nodosus and 
other anaerobic bacteria, including Pre- 
votella, Peptostreptococcus, Fusohacterium, 
Porphyromomonas, Bacteroides, und Eubacte- 
rium, have also been isolated from affected 
feet. 

EPIDEMIOLOGY 

The disease is probably universal. A study of 
the prevalence and distribution of foot 
lesions in finishing pigs in England found 
that 94% of pigs had at least one foot lesion. 
The prevalence of the different lesions was as 
follows: toe erosion (33%), sole erosion 
(62%), heel erosion (13%), heel flaps (14%), 
white-line lesions (55%), false sand cracks 
(24%), and wall separation (11%). The hind- 
feet are more commonly affected than the 
front feet, and on each foot the lateral digits 
were significantly more frequently affected 
than the medial digits. Sole erosions, heel 
flaps, wall separation, and false sand cracks 
were observed more frequently on the lateral 
than the medial digit. 

Erosive lesions on the foot are common 
and have been reported at an incidence as 
high as 65%. They have been reproduced 
experimentally, and the nature of the floor¬ 
ing has a marked influence on claw wear in 
pigs. Recently poured alkaline concrete and 
poorly laid concrete with constituents 
leading to a rough abrasive surface lead to a 
high incidence. A slope inadequate to allow 
proper drainage may also be an important 
predisposing factor. All ages of pigs are sus¬ 
ceptible, but clinical lameness is uncommon. 
In individual herds where the unfavorable 
predisposing factors prevail, a high inci¬ 
dence of infection and clinical lameness can 
occur. The disease may cause reproductive 
inefficiency as a result of reluctance to stand 
or mount for mating. 


PATHOGENESIS 

Perforation of the horn leads to infection of 
the sensitive laminae. The infection may 
track up the sensitive laminae to the coro¬ 
nary band and discharge to the exterior. Elas- 
tolytic activity is a virulence factor involved 
in the pathogenesis of footrot in pigs associ¬ 
ated with Dichelobacter nodosus and Pre- 
votella melaninogenica. 

CLINICAL FINDINGS 

Where the disease is caused by abrasion 
of the horn by rough concrete surfaces, a 
number of characteristic lesions occur, 
including the following: 

1. Erosion of the sole at either the toe or 
the heel 

2. Bruising of the sole with hemorrhagic 
streaks in the horn 

3. Separation of the hard horny wall from 
the heel or sole to produce a fissure at 
the white line 

4. A false sand crack in the posterior third 
of the lateral wall of the claw 

In the majority of cases these do not 
produce lameness, and they do not have any 
apparent effect on productivity. However, 
when they are extensive, where infection 
has occurred, and when more than one 
foot is affected, severe lameness is appar¬ 
ent. In most cases only the lateral digit of 
one foot is affected. Heat and obvious pain 
when moderate pressure is applied to the 
affected claw are constant findings. Necrosis 
extends up between the sole and sensitive 
laminae and may discharge at the coronet, 
causing the development of a granuloma¬ 
tous lesion, or it may extend to deeper 
structures of the foot with multiple sinuses 
discharging to the exterior. A minimal 
amount of purulent material is present. 
Productivity is affected with this type of 
lesion. With deeply infected feet, the recov¬ 
ery rate is only fair with treatment. A per¬ 
manently deformed foot may result, and 
destruction of the pig may be necessary 
in severe cases. Secondary abscessation in 
other parts of the body is an occasional 
sequela and may result in partial carcass 
condemnation. 

Foot abscesses in neonatal pigs are char¬ 
acterized by necrotic pododermatitis, severe 
osteomyelitis, arthritis, and tenosynovitis. 
The primary sites of injury are located at 
either the point of the toe at the white line, 
the bulb of the heel, or the haired skin around 
the coronet, including the interdigital area. 
The least severe lesions are superficial abra¬ 
sions or ulcerations of the hoof wall, heel 
bulb, or interphalangeal skin, with only 
minimal inflammatory changes in deeper 
tissues. The most severely affected digits have 
focal superficial abscesses, or deep, diffuse, 
purulent inflammation and fibrosis around 
tendons, joints, and bones. The hindlimbs 
are more commonly affected than the fore¬ 
limbs, and in the hindlimbs the medial claws 
are most likely to have lesions, whereas in the 


forelimbs the lateral claws are more likely to 
be affected. Approximately 6% of piglets 
develop foot abscess before weaning. About 
one-third of litters may be affected, and most 
litters have only one or two affected pigs. 
Discharge of pus from the coronary band is 
common, and the horny claw may slough, 
leaving sensitive laminae of one or more 
claws or accessory digits exposed. Skin 
necrosis may be present over the carpi, 
fetlocks, hocks, coronary bands, and elbows 
in about 75% of pigs during the first week 
of life. 

CLINICAL PATHOLOGY 

Bacteriologic examination of discharges 
from the lesions may aid in deciding the 
treatment to be used. In foot abscesses of 
neonatal pigs, bacteria isolated include the 
following: 

• Trueperella pyogenes 

• Staphylococcus spp. 

• Beta-hemolytic Streptococcus spp. 

• Actinobacillus spp. 

• Escherichia coli 

NECROPSY FINDINGS 

Necrosis of the laminar tissue with indica¬ 
tions of progression from an infected sole are 
the usual findings. There may be progression 
to tenosynovitis. 3 


DIFFERENTIAL DIAGNOSIS 


Most other causes of lameness in pigs are 
not manifested by foot lesions. Bursitis, 
adventitious bursitis, and laminitis may 
occasionally be found. In young pigs they are 
not uncommon as a result of bad flooring 
(sharp metal and plastic and coarse concrete). 
These are seen as early as 24 hours, peak at 4 
to 8 days, and are usually gone by 14 days. In 
adult pigs housed indoors, an overgrowth of 
the hoof may occur and be followed by 
underrunning of the sole, necrosis, and the 
protrusion of granulation tissue, causing 
severe lameness and often persistent 
recumbency. The general appearance of these 
feet is not unlike that of canker in horses. 
Swelling of the hoof is caused by an extensive 
fibrous tissue reaction. Vesicular exanthema 
and foot-and-mouth disease are characterized 
by the presence of vesicular lesions on the 
coronets and snout. 


TREATMENT 

There are few published reports of treatment 
of footrot in pigs. Rubber mats in the farrow¬ 
ing house may prevent some of the worst 
effects for piglets. Use of a broad-spectrum 
antimicrobial or penicillin given parenterally 
seems rational, and the use of Nuflor was 
said to be a successful treatment. 

CONTROL 

Prevention of excessive wear of the feet by 
the use of adequate bedding and less abrasive 
flooring in pig pens is suggested as a reason¬ 
able control measure. Slats should be round 
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edged and have a minimum width of at least 
100 mm. Any existing dietary deficiency 
should be corrected. Of particular interest is 
the response to biotin supplementation of 
the diet of pigs in the prevention of foot 
lesions of various kinds. Regular foot care 
and paring of excessive growth is important. 
Formalin foot baths (5% to 10%, 2 to 3 times 
a week) may also reduce bacterial infection. 
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ROSS RIVER VIRUS 
ETIOLOGY 

Ross River virus is an alphavirus within the 
Semliki Forest complex of togaviruses. These 
are small enveloped viruses with a single- 
stranded, positive sense RNA genome. There 
is considerable sequence homology between 
Getah and Ross River virus genomes. 1 Ross 
River virus causes disease in both humans 
and horses. 

EPIDEMIOLOGY 

Ross River virus is found in most areas of 
continental Australia, Tasmania, West Papua 
and Papua New Guinea, New Caledonia, Fiji, 
Samoa, and the Cook Islands. 2 There is geo¬ 
graphic genetic variability among isolates of 
Ross River virus. There is serologic evidence 
of lack of infection of cattle by RRV in the 
Coromandel region of New Zealand. 3 

The virus is arthropod borne, and 
infection is through the bite of an infected 
mosquito. The virus is maintained in the 
mosquito-vertebrate-mosquito host cycle 
typical of arboviruses. The vertebrate hosts 
of Ross River virus include a large number of 
eutherian, marsupial, and monotreme 
mammals and birds. 2 Macropod species, 
including kangaroos and wallabies, are 
assumed to be the most important amplifying 
hosts, although this is debated. There is a high 
prevalence of serologically positive Western 
Grey kangaroos (48%). 4 

There is a high incidence of Ross River 
virus infection of horses in endemic regions 
of Australia, and the prevalence was shown 
to be increased with year-round mosquito 
activity. The proportion of seropositive 
horses in Queensland, an area in with year- 
round mosquito activity, was approximately 
80%, whereas that of horses around the 
Gippsland lakes in southern Australia, a 
region with seasonal mosquito activity, was 
50%. Outbreaks of clinical disease attributed 
to Ross River virus infection of horses 
occurred in southeastern Australia in late 
2010 and early 2011 and were also associated 
with serologic and virological evidence of 
infection by Murray Valley encephalitis virus 
and Kunjin virus (a lineage of West Nile 
virus). 5 During the outbreak, which was 


associated with unusually wet summer con¬ 
ditions in an area characterized by hot, dry 
summers, 392 horses on 271 premises were 
suspected or confirmed to have been infected 
by one or more of these arboviruses. 

Zoonotic Implications 

Disease associated with Ross River virus 
infection is common in humans in Australia, 
with an estimated 4800 cases per year, and 
much larger numbers during epidemics of 
the disease. 2 The horse is thought to be an 
amplifying host of the virus because experi¬ 
mentally infected horses can infect mosqui¬ 
toes. Direct transmission from the horse, 
however, would be primarily occupational. 
The disease in humans is characterized by 
mild pyrexia and constitutional signs ini¬ 
tially, with subsequent development of a rash 
on the skin and oral lesions. Arthritis or 
arthralgia is common and affects primarily 
the wrists, knees, ankles, and small joints of 
the extremities. These signs and symptoms 
can persist for 2 to 3 months, and the disease 
can relapse. 

CLINICAL SIGNS 

The disease associated with Ross River virus 
infection of horses is typified by pyrexia; 
petechial hemorrhages; submandibular 
lymphadenopathy; lameness, including 
“stiffness”; swollen joints or distal limbs; 
inappetence; reluctance to move; and mild 
colic. 5 ' 6 Horses are often described as being 
ataxic, although the neurologic basis of this 
sign is unclear. Any previous skepticism 
regarding the pathogenicity of Ross River 
virus in horses was addressed by the out¬ 
break of disease caused by Ross River virus 
during 2010 and 2011 in southeastern Aus¬ 
tralia. Disease associated with confirmed 
Ross River virus infection was characterized 
by ataxia, stiff gait, depression, edema, list¬ 
lessness, pyrexia, and reluctance to walk. 
Horses infected experimentally with Ross 
River virus have minimal clinical signs of 
disease. The duration of disease caused by 
Ross River virus in horses is uncertain, and 
some veterinarians consider that the disease 
can persist for weeks to months, and it can 
recur in horses. 

There are insufficient reports of disease to 
determine whether characteristic or diagnos¬ 
tic abnormalities in serum biochemistry or 
hematology occur in affected horses. An ele¬ 
vated concentration of fibrinogen in plasma 
was reported in all of three horses with the 
presumptive disease that were tested. 

DIAGNOSIS 

Diagnosis of infection by Ross River virus is 
confirmed by virus isolation from serum or 
heparinized blood samples collected during 
the acute phase of the disease or detection in 
serum of antibodies to the virus. Detection of 
IgM antibodies to Ross River virus is indica¬ 
tive of recent infection, whereas detection of 
IgG or neutralizing antibodies is indicative of 


more distant infection. Seroconversion con¬ 
firms exposure, and presumably infection, by 
the virus. Isolation of Ross River virus has 
been achieved from horses with IgM anti¬ 
body to the virus but not with IgG antibody, 
likely because of the temporal pattern of anti¬ 
body appearance in the blood of infected 
horses. 6 In addition to culture of the virus in 
mice or tissue culture, Ross River virus can be 
detected in blood and synovial fluid using an 
RT-PCR. It is important to remember that 
subclinical infection of horses in endemic 
regions is very common and that this high 
rate of subclinical infection increases the risk 
of incorrect diagnosis of infection by the 
virus. It is possible that clinical abnormalities 
in a horse with Ross River viremia or serum 
antibodies to the virus are actually not attrib¬ 
utable to infection by Ross River virus. This is 
extremely significant in that there are no 
reports of postmortem examination of horses 
with disease confirmed to be caused by Ross 
River Virus. Thus case definition in terms of 
postmortem confirmatory diagnostics has 
not been established. 

TREATMENT 

Treatment of affected horse is supportive. 
Affected horses might benefit from adminis¬ 
tration of analgesics and antipyretics such as 
phenylbutazone. Administration of antimi¬ 
crobials is not indicated in uncomplicated 
cases. 

CONTROL 

Control measures have not been evaluated, 
but minimizing the exposure of horses to 
infected mosquitoes is prudent, although the 
efficacy of this technique in preventing infec¬ 
tion is unknown. There is no vaccine to 
prevent infection or disease of horses by Ross 
River Virus. There is an experimental vaccine 
for humans.' 
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Nutritional Diseases 
Affecting the 
Musculoskeletal System 

SELENIUM AND/OR VITAMIN 
E DEFICIENCIES 

Several diseases of farm animals are associ¬ 
ated with a deficiency of either selenium (Se) 
or vitamin E (VE) alone or in combination, 
usually in association with predisposing 
factors such as dietary polyunsaturated fatty 
acids, unaccustomed exercise, and rapid 
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growth in young animals. All of these dis¬ 
eases are described under one heading 
because both Se and VE are important in the 
etiology, treatment, and control of the major 
diseases caused by their deficiencies. 

There are also selenium-vitamin E- 
responsive diseases because, with some 
exceptions, they can be prevented by ade¬ 
quate supplementation of the diet with both 
nutrients. In some regions of the world, par¬ 
ticularly New Zealand and in parts of Aus¬ 
tralia and North America, diseases such as 
ill-thrift in sheep and cattle and poor repro¬ 
ductive performance respond beneficially to 
Se. Although these cases usually occur in 
Se-deficient regions, they may not be attrib¬ 
utable solely to Se deficiency. Thus there are 
some reasonably well-defined selenium- 
deficiency diseases and some ill-defined 
“selenium-responsive” diseases. 

There is more concern with these diseases 
now because it is becoming increasingly 
important to make sure that milk and meat 
are not deficient in Se and VE from the 
human nutrition point of view. Deficient 
meat makes for deficient humans. 

More and more oxidants, antioxidants, 
and oxidative stress disorders are featuring 
in human and animal diseases. At least 
theoretically, oxidative stress should be 
easily prevented with antioxidants, but such 
therapy is controversial. 1 

In addition, there is an increasing recog¬ 
nition of the importance of toxic oxygen 
radicals (free-oxygen radicals) produced in 
the body that are neutralized by antioxidants 
and that may or not be effective resulting in 
an oxidative stress. 2,3 This focus is particu¬ 
larly important in ruminant medicine 4 with 
respect to sepsis, mastitis, pneumonia, and 
retained placenta. 

ETIOLOGY 

The Se- and VE-responsive or deficiency dis¬ 
eases of farm animals are caused by diets 
deficient in Se and/or VE, with or without 
the presence of conditioning factors such as 
an excessive quantity of polyunsaturated 
fatty acids in the diet. Almost all of the 
diseases that occur naturally have been 
reproduced experimentally using diets defi¬ 
cient in Se and/or VE. Conversely, the lesions 
can usually be prevented with Se and VE 
supplementation. In certain instances, such 
as, for example, in hand-fed dairy calves, the 
incorporation of excessive quantities of poly¬ 
unsaturated fatty acids was a major factor in 
the experimental disease. The presence of 
polyunsaturated fatty acids in the diet may 
cause a conditioned VE deficiency because 
the vitamin acts as an antioxidant. In the case 
of naturally occurring muscular dystrophy in 
calves, lambs, and foals on pasture, the myo¬ 
pathic agent, if any, is unknown, and sele¬ 
nium is protective. However, Se is not 
protective against the muscular dystrophy 
associated with the feeding of cod liver oil to 
calves. 


SYNOPSIS 


Etiology Dietary deficiencies of selenium and 
vitamin E and conditioning factors such as 
dietary polyunsaturated fatty acids. 

Epidemiology 

• Enzootic muscular dystrophy occurs 
in young, rapidly growing calves, lambs, 
goat kids, and foals born to dams in 
selenium-deficient areas with 
unsupplemented diets. Occurs 
worldwide and common in Australasia, 
United Kingdom, and Great Plains of 
North America where soils are deficient 
in selenium. Vitamin E deficiency in 
animals fed poor-quality forage and 
diets high in polyunsaturated fatty acids. 
Outbreaks of muscular dystrophy 
precipitated by exercise. 

• Mulberry heart disease in finishing 
pigs. 

• Selenium-responsive diseases occur in 
Australasia and are not obvious clinically 
but respond to selenium 
supplementation. Selenium and vitamin 

E deficiency may be involved in 
reproductive performance, retained 
placenta in cattle, and resistance to 
infectious disease such as bovine 
mastitis. Controversial. 

Signs Muscular dystrophy characterized by 
groups of animals with stiffness, weakness, 
and recumbency; severe in myocardial 
form. Mulberry heart disease characterized 
by outbreaks of sudden death in finishing 
pigs. 

Clinical pathology Increased plasma levels of 
creatine kinase. Low serum levels of 
selenium and vitamin E. Glutathione 
peroxidase activity. 

Necropsy findings Bilaterally symmetric pale 
skeletal muscle; pale streaks in myocardial 
muscle. Hyaline degeneration of affected 
muscle. 

Diagnostic confirmation Low selenium 
and vitamin E in diet and tissues; 
increased creatine kinase and muscle 
degeneration. 

Differential diagnosis list 

Acute muscular dystrophy in calves and 
yearlings 

• Haemophilus somnus septicemia 

• Pneumonia 

Subacute enzootic muscular 
dystrophy: 

• Musculoskeletal diseases— 

polyarthritis, traumatic or infectious 
myopathies (blackleg), osteodystrophy, 
and fractures of long bones 

• Diseases of the nervous system— 
spinal cord compression, Haemophilus 
somnus meningoencephalitis and 
myelitis, organophosphatic insecticide 
poisoning 

• Diseases of the digestive tract— 

carbohydrate engorgement resulting in 
lactic acidosis, shock, dehydration, and 
weakness 


• Muscular dystrophy in lambs and 
kids—enzootic ataxia and swayback 

• Muscular dystrophy in foals—traumatic 
injury to the musculoskeletal system and 
polyarthritis; meningitis; traumatic injury 
to the spinal cord 

Treatment Vitamin E selenium parenterally. 

Control Selenium and vitamin E 

supplementation of diet; strategic oral and/ 
or parenteral vitamin E and selenium to 
pregnant dams or young animals on pasture. 


Se is an essential nutrient for animals, 
and diseases caused by Se inadequacy in live¬ 
stock are of worldwide distribution. 

Biological Functions of Selenium and 
Vitamin E (VE) 

Selenium 

Selenium is the component of over 30 sele¬ 
noproteins 5 that protect cells from damage 
by free radicals, the cause of many chronic 
diseases. 1 ' The Se is present as selenocysteine 
in the selenoproteins. It is the 21st amino 
acid. The selenoproteins also participate in 
the metabolism of thyroid hormones, control 
reproductive functions, and exert neuro- 
protective effects. In addition to its antipro¬ 
liferative and antiinflammatory effects, SE 
also stimulates the immune system via the 
macrophages, neutrophils, and lymphocytes. 
Se stimulates the T-helper cells, cytotoxic T 
cells, and natural killer (NK) cells. It is aided 
by VE and sulfur-containing amino acids. 
Se-containing proteins may have a role in 
muscle formation and repair. Deficiencies 
can result in nutritional muscular dystrophy 
(white-muscle disease) in lambs, kids, calves, 
and poultry; exudative diatheses in poultry; 
and necrotic liver degeneration and mul¬ 
berry heart disease in pigs. In cattle, it is also 
associated with parturition problems, pla¬ 
cental retention, and metritis. Se deficiency 
also contributes to the formation of ovarian 
cysts and increased early embryonic mortal¬ 
ity. VE and Se also facilitate leukocyte migra¬ 
tion into the mammary glands and enhance 
neutrophil phagocytosis, which helps in the 
fight against mastitis. 

One of these proteins is selenoprotein W, 
first identified in sheep suffering from Se 
deficiency; the majority of its functions are 
unknown, but it serves as an antioxidant, 
responds to stress, and is involved in cell 
immunity. 8 In sheep given sodium selenite 
and selenium nanoparticles, it was shown 
that expression of transferrin and its receptor 
genes was considerably increased during 
supplementation by both Se components for 
10 to 20 days and then decreased signifi¬ 
cantly. 9 It is close to sulfur in terms of prop¬ 
erties. 10 It is largely absorbed through the 
duodenum and the cecum by active trans¬ 
port through a sodium pump. 

Long-term supplementation (0.3%) with 
organic Se modulates the gene-expression 
profiles in leukocytes of adult pigs; 28 genes 
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were up-regulated and 24 down-regulated 
by the Se supplementation, leading to 
improved expression of genes that are related 
to enhanced immunity of pigs. 11 

Glutathione Peroxidases and 
Tissue Peroxidation 

Se is a biochemical component of the enzyme 
glutathione peroxidase (GSH-PX). 12 The 
activity of the enzyme in erythrocytes is 
positively related to the blood concentration 
of Se in cattle, sheep, horses, and pigs and is 
a useful aid for the diagnosis of Se deficiency 
and to determine the Se status of the tissues 
of these animals. The enzyme from the 
erythrocytes of both cattle and sheep con¬ 
tains 4 g atoms of selenium per 1 mol of 
enzyme. Se is also a component of thyroid 
gland hormones and is very important in 
converting T4 to T3 (i.e., inactive to active). 13 

Plasma GSH-PX protects cellular mem¬ 
branes and lipid-containing organelles 
from peroxidative damage by inhibition and 
destruction of endogenous peroxides, acting 
in conjunction with VE to maintain the integ¬ 
rity of these membranes. Hydrogen peroxide 
and lipid peroxides are capable of causing 
irreversible denaturation of essential cellular 
proteins, which leads to degeneration and 
necrosis. GSH-PX catalyzes the breakdown 
of hydrogen peroxide and certain organic 
hydroperoxides produced by glutathione 
during the process of redox cycling. This 
dependence of GSH-PX activity on the pres¬ 
ence of Se offers an explanation for the inter¬ 
relationship of Se, VE, and sulfur-containing 
amino acids in animals. The sulfur-containing 
amino acids may be precursors of glutathi¬ 
one, which in turn acts as a substrate for 
GSH-PX and maintains sulfhydryl groups in 
the cell. Se is also a component of several 
other proteins, such as the selenoprotein of 
muscle (selenoflagellin), Se-transport pro¬ 
teins, and the bacterial enzymes formate 
dehydrogenase and glycine reductase. Se also 
facilitates significant changes in the metabo¬ 
lism of many drugs and xenobiotics. For 
example, Se functions to counteract the toxic¬ 
ity of several metals, such as arsenic, cadmium, 
mercury, copper, silver, and lead. 

Vitamin 

VE is important in the general immune 
response because it affects the blood cell 
populations and, in particular, the persis¬ 
tence of the immune response. Together with 
vitamins A and D and Se, it increases repro¬ 
ductive performance. 14 

The term “vitamin E” is a generic descrip¬ 
tion encompassing two families of lipid- 
soluble compounds, the tocopherols and 
the tocotrienols, of which alpha-tocopherol 
is the most active. 111 VE is an antioxidant 
that prevents oxidative damage to sensitive 
membrane lipids by decreasing hydroperox¬ 
ide formation. The vitamin has a central role 
in protection of cellular membranes from 
lipoperoxidation, especially membranes rich 


in unsaturated lipids, such as mitochon¬ 
dria, endoplasmic reticulum, and plasma 
membranes. 

Cows discriminate against the 2S isomers 
of the synthetic form, which contains all 
eight isomers (4 of 2R and 4 of 2S). This 
means that 1 g of all-rac is actually 0.5 g of 
the RRR form. 15 

It has been observed that low serum 
alpha-tocopherol levels are possibly indica¬ 
tive of a disposition to left-sided displaced 
abomasum in early-lactating dairy cows. 16 
Organic farms have more VE than conven¬ 
tional ones, and grass clover silage is the best 
source of VE compared with hay, maize, or 
grain. Silage is a better source of tocopherols 
than hay as a result of high storage losses in 
the latter, and ensiled grasses and legumes 
have more VE than maize silage. 1 ' 

Interrelationships Between Selenium 
and Vitamin E 

An important interrelationship exists 
between Se, VE, and the sulfur-containing 
amino acids in preventing some of the 
nutritional diseases caused by their defi¬ 
ciency. If VE prevents fatty acid hydroper¬ 
oxide formation, and the sulfur amino acids 
(as precursors of GSH-PX) and Se are 
involved in peroxide destruction, these 
nutrients would produce a similar biochem¬ 
ical result, that is, lowering of the concen¬ 
tration of peroxides or peroxide-induced 
products in the tissues. Protection against 
oxidative damage to susceptible nonmem¬ 
brane proteins by dietary Se, but not by VE, 
might explain why some nutritional dis¬ 
eases respond to Se but not to VE. On the 
other hand, certain tissues or subcellular 
components may not be adequately pro¬ 
tected from oxidant damage because they 
are inherently low in GSH-PX even with 
adequate dietary Se. Damage to such tissues 
would be expected to be aggravated by diets 
high in unsaturated fatty acids and to 
respond adequately to VE but not to Se. The 
variations in GSH-PX activity between 
certain tissues, such as liver, heart, skeletal, 
and myocardial muscles, would explain the 
variations in the severity of lesions between 
species. 

There are both selenium-dependent 
GSH-PX and nonselenium-dependent GSH- 
PX activities in the tissues and blood. The 
nonselenium-dependent enzyme does not 
contain Se and does not react with hydrogen 
peroxide but shows activity toward organic 
hydroperoxide substrates. The spleen, cardiac 
muscle, erythrocytes, brain, thymus, adipose 
tissue, and striated muscles of calves contain 
only the selenium-dependent enzyme. The 
liver, lungs, adrenal glands, testes, and kidney 
contain both enzymes. Hepatic tissue con¬ 
tains the highest level of nonselenium- 
dependent enzyme. 

VE can prevent a toxic reaction to oral 
iron (ferrous sulfate) or iron dextran IM. 
When 0.1 ppm of Se and 50 IU VE/kg are 


added during the gestation of sows, glutathi¬ 
one peroxidase activity increased in 2-day- 
old pigs, especially if the iron injection is 
given before colostrum ingestion. 

EPIDEMIOLOGY 
Enzootic Nutritional 
Muscular Dystrophy 

Enzootic nutritional muscular dystrophy 
(NMD) was the first disorder linked with Se 
and was associated with a high mortality, 
especially in ruminants, and impaired pro¬ 
duction in growing and adult animals. 

Occurrence 

This type of muscular dystrophy occurs in all 
farm animal species, but most commonly in 
young, rapidly growing calves, lambs, goat 
kids, and foals born from dams that have 
been fed for long periods, usually during the 
winter months, on diets low in Se and VE. It 
is an important cause of mortality in goat 
kids from birth to about 3 months of age. 
Goat kids may require more Se than lambs 
or calves, which may explain the higher inci¬ 
dence of the disease in kids. The disease in 
kids may also be associated with low 
a-tocopherol levels and normal Se status. 

NMD in horses occurs most commonly 
in foals to about 7 months of age. In reported 
cases, the concentration of Se in the blood of 
the mares was subnormal, the concentra¬ 
tions of Se and VE in the feedstuffs were 
subnormal, the level of unsaturated fatty 
acids in the feed was high, and VE and Se 
supplementation prevented the disease. 
The disease is not well recognized in adult 
horses, but sporadic cases of dystrophic 
myodegeneration are recorded in horses 
from 5 to 10 years of age. The disease also 
occurs in grain-fed yearling cattle. Stressors 
such as being turned outdoors after winter 
housing, walking long distances, the jostling 
and movement associated with vaccination, 
and dehorning procedures and similar man¬ 
agement practices are often precipitating 
factors. The disease has occurred in steers 
and bulls 12 to 18 months of age under 
feedlot conditions. There may even be labo¬ 
ratory evidence of subclinical myopathy in 
normal animals in a group from which an 
index case occurred. Outbreaks of severe and 
fatal NMD have occurred in heifers, at the 
time of parturition, that were previously on 
a diet deficient in both Se and VE. The 
disease may also occur sporadically in adult 
horses that are deficient in Se. Muscular dys¬ 
trophy has occurred in Bohemian Red Poll 
mature dairy cows in the Czech Republic 
moved from a stanchion barn into loose box 
housing that resulted in increased locomotor 
activity and stress associated with the change 
in housing conditions. 

Myopathy and hepatic lipidosis in weaned 
lambs deficient in VE without concurrent Se 
deficiency has been described. 

There are two major syndromes of 
myopathy: 





• An acute form—myocardial dystrophy, 
which occurs most commonly in young 
calves and lambs and occasionally foals 

• A subacute form—skeletal muscular 
dystrophy, which occurs in older calves 
and yearling cattle. 

The two forms are not mutually exclusive. 

Geographic Distribution 

NMD occurs in most countries of the 
world but is common in the United Kingdom, 
the United States, Scandinavia, Europe, 
Canada, Australia, and New Zealand. In 
North America, it is common in the North¬ 
east and Northwest and uncommon on the 
relatively high-Se soils of the Great Plains, 
where Se toxicity has occurred. It is one of 
most common deficiency diseases of farm 
livestock in the United States. In the Czech 
Republic, the incidence of Se deficiency in 
cattle is high and most frequently diagnosed 
in heifers, feeder bulls, grazed beef cattle, and 
dairy cows in the dry period. Surveys of live 
cattle in the Czech Republic and in cattle 
tissues obtained at slaughter have found sig¬ 
nificant deficiency of Se. Poor-Se status, as 
assessed from blood, muscle, and liver Se 
concentrations, was found in 80%, 70%, and 
73% of the tested animals, respectively. 
White-muscle disease has occurred in lambs 
in Turkey, where the levels of Se in the hay 
and soil are deficient. The mean values of Se 
in the soil and hay were 0.03 ppm and 
0.07 ppm, respectively. 

NMD is endemic in grazing goats on the 
Mexican plateau because of Se deficiency in 
the soil and forages. In two different loca¬ 
tions of the plateau, the concentration of Se 
in the soil was 0.047 and 0.051 ppm; in the 
forages, 0.052 and 0.075 ppm; and in the 
serum of goats, 0.02 and 0.21 ppm, respec¬ 
tively. The pH of the soil was 6.1 and 5.9, 
respectively. The mean concentration of Se in 
the serum of kids with clinical signs of NMD 
was 36% lower compared with kids from the 
same farm that were normal. 

Based on bulk-tank milk Se concentra¬ 
tions compared with serum Se concentra¬ 
tions in dairy herds in Prince Edward Island, 
Canada, 59% of the herds were at some point 
marginal or deficient in Se, which places 
them at risk of disease and suboptimal pro¬ 
duction. The periods of greatest risk were in 
the fall and winter, when 5% and 4%, respec¬ 
tively, of herds fell in the range of true defi¬ 
ciency. Herds in which Se supplementation 
was provided from a commercial dairy con¬ 
centrate were over 4 times more likely to be 
selenium adequate than herds not using this 
method, and adjusted average daily milk 
yield was 7.6% greater in herds determined 
to be selenium adequate compared with 
selenium-marginal herds. In Chile, bulk- 
tank milk samples may show low levels of Se 
as a result of low-Se soil. 18 

Soils, and therefore the pastures they 
carry, vary widely in their Se content, 
depending largely on their geological origin. 
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In general, soils derived from rocks of recent 
origin (e.g., the granitic and pumice sands of 
New Zealand) are notably deficient in Se. 
Soils derived from igneous rocks are likely to 
be low in Se. Sedimentary rocks, which are 
the principal parent material of agricultural 
soils, are richer in Se. Forage crops, cereal 
grains, and corn grown in these areas are 
usually low in Se content (below 0.1 mg/kg 
dry matter [DM]) compared with the con¬ 
centration in crops (above 0.1 mg/kg DM) 
grown in areas where the available soil 
Se is much higher and usually adequate. The 
disease occurs in pigs, usually in association 
with other more serious diseases, such as 
mulberry heart disease and hepatosis 
dietetica. 

Selenium in Soil, Plants, and Animals 
Selenium in Soils 

Soils containing less than 0.5 mg/kg of Se are 
likely to support crops and pastures with 
potentially inadequate Se concentrations 
(<0.05 mg/kg DM). 

Selenium in Plants 

Plants vary in their uptake of Se, but it is not 
a requirement for plant growth. The Se 
content of different pasture species on the 
same soil type does vary widely, but slow- 
growing and more deeply rooting species 
contain slightly higher concentrations. In 
New Zealand, the most deficient soils consist 
of rhyolitic pumice in the central volcanic 
plateau of the North Island. Peat soils in the 
Waikaito River Valley are also deficient. 
North Island coastal sands and stony soils in 
several locations are considered to be sele¬ 
nium responsive, whereas most of the South 
Island is at least marginally deficient. 

Se deficiency occurs in most soils in the 
Balkan region; for example, the Se in wheat 
is so low that the daily requirement would 
not be met. 19 In the United States, the states 
of the Pacific Northwest and of the north¬ 
eastern and southeastern seaboard are gener¬ 
ally low in Se. In Canada, western prairie 
grains generally contain relatively high levels 
of Se, whereas in the eastern provinces, soils 
and feedstuffs usually have low Se concentra¬ 
tions. Most soils in the Atlantic provinces of 
Canada are acidic, and consequently, the 
forages are deficient in Se. Most forage 
samples contain less than 0.10 mg/kg DM of 
Se, and enzootic nutritional muscular dys¬ 
trophy is common throughout the region. 

Surveys in the United Kingdom found 
that the Se status may be low in sheep and 
cattle fed locally produced feedstuffs without 
any mineral supplementation. In some 
surveys, up to 50% of farms were low in Se, 
which places a large number of animals at 
risk. There are also differences in the Se con¬ 
centrations of different feeds grown in the 
same area. For example, in some areas 75% 
of cattle fed primarily corn silage, or 50% of 
the cattle fed sedge hay, might be receiving 
diets inadequate in Se. 


Factors Influencing the Availability of Soil 
Selenium to Plants. The Se concentration 
in soil varies with type, texture, and organic 
matter of the soil and with rainfall. In a study 
of various diets, it was found that the avail¬ 
ability of Se increased when a 70% grain diet 
was fed, as a result of the high content of 
nonstructural carbohydrates. 20 Other influ¬ 
encing factors include the following: 

• Soil pH—alkalinity encourages Se 
absorption by plants, and the presence 
of a high level of sulfur, which competes 
for absorption sites with Se in both 
plants and animals, with both factors 
reducing availability. 

• The assimilation by plants is influenced 
by the physicochemical properties of the 
soil (redox status, pH, and microbial 
activity). 

• Variation between plants in their ability 
to absorb selenium—“selector” and 
“converter” plants are listed under the 
heading of “Selenium Poisoning”; 
legumes take up much less Se than do 
grasses. 

• Seasonal conditions also influence the 
selenium content of pasture, with the 
content being lowest in the spring and 
when rainfall is heavy. Blood Se levels in 
dairy cows in the United States were 
lower during the summer and fall than 
during the winter and spring. In this 
way, a marginally deficient soil may 
produce a grossly deficient pasture if it 
is heavily fertilized with superphosphate, 
thus increasing its sulfate content, if the 
rainfall is heavy and the sward is lush 
and dominated by clover as it is likely to 
be in the spring months. 

Environmental sulfur from various 

anthropogenic activities has been suspected 
to be a significant factor in contributing to 
several health problems in livestock. Live¬ 
stock producers near natural sour gas desul¬ 
furization plants have reported that sulfur 
emissions are responsible for an increased 
occurrence of nutritional muscular dystro¬ 
phy, weak calves, and retarded growth. 
Experimentally, a moderate increase in 
dietary sulfur does not impair Se and copper 
status or cause related disease in cattle. 

Selenium in Animals 
There may be wide variations in the serum 
Se concentrations and glutathione peroxi¬ 
dase activities in cattle grazing forages of 
various Se concentrations within the same 
geographic area. The Se status of beef cows 
can vary between geographic areas within a 
region of a country, which is likely attribut¬ 
able to variations in Se concentration of the 
soil and plants in these areas. Beef herds 
from areas with adequate soil levels of Se, 
herds provided with supplemental feed on 
pasture, and herds in which pregnancy diag¬ 
nosis was done had higher average herd 
blood Se values than other herds. In growing 
cattle the recommended dose is 100 mu g/kg 
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DM, and for pregnant and lactating females 
it is 200 mu per g/kg. In a study of Belgian 
Blue cattle, it was found that they have a 
higher requirement for Se as a result of the 
hypermusculature of the breed 21 and that 
yeast selenite provided the best response in 
the dams. 

Some species have a greater ability to con¬ 
centrate Se than other species. For example, 
Norwegian reindeer meat has more Se than 
beef, lamb, mutton, pork, or chicken. 22 

Vitamin E 

There may be an antioxidant interaction with 
proinflammatory cascades involving impor¬ 
tant signal transduction elements. There may 
be an antiinflammatory property of com¬ 
pounds that could shift the TH1-TH2 type 
of immune balance toward a TH2-type 
immunity. 23 

Cows supplemented with VE had a lower 
rate of culling and mastitis and a reduced 
level of retained fetal membranes, from 6.5% 
to 3.0%, compared with nonsupplemented 
diets. There was no effect on milk yield, 
reproductive performance, or uterine infec¬ 
tions. 24 The relationship between plasma VE 
and milk VE is too poor for milk VE to be 
used as a primary test for VE deficiency. 25 

VE deficiency occurs most commonly 
when animals are fed inferior-quality hay or 
straw or root crops. Cereal grains, green 
pasture, and well-cured fresh hay contain 
adequate amounts of the vitamin. 

Alpha-tocopherol levels are high in green 
grasses and clovers, but there are wide varia¬ 
tions in the concentrations from one area to 
another. The serum a-tocopherol levels are 
higher in calves born from cows fed grass 
silage than in those born from cows fed the 
same grass as hay. Many factors influence the 
a-tocopherol content of pasture and hence 
the animals’ intake. The level of a-tocopherol 
in pasture declines by up to 90% as it matures. 
Levels as low as 0.7 mg/kg DM have been 
reported in dry summer pastures grazed by 
sheep. The a-tocopherol content of ryegrass 
and clover pasture ranges from 22 to 350 mg/ 
kg DM and 90 to 210 mg/kg DM, respec¬ 
tively. After harvesting and storage, the 
a-tocopherol content of pasture and other 
crops may fall further, sometimes to 0. Pres¬ 
ervation of grain with propionic acid does 
not prevent the decline. Thus the dietary 
intake of a-tocopherol by cattle and sheep 
may be expected to vary widely and lead to 
wide variations in tissue levels. The plasma 
VE status of horses is highest from May to 
August in Canada when fresh grass is being 
grazed and lowest when the horses are being 
fed harvested or stored feed during the same 
period. Plasma VE levels in dairy cows in the 
United States were higher during the summer 
and fall than during the winter and spring. 

Outbreaks of NMD may occur in yearling 
cattle fed on high-moisture grain treated with 
propionic acid as a method of inexpensive 
storage and protection from fungal growth. 


There is a marked drop in the VE content of 
acid-treated grain and an increase in the 
levels of peroxides of fat, which is consistent 
with a loss of naturally occurring antioxidants 
such as the tocopherols (secondary VE defi¬ 
ciency). In these situations, the levels of Se in 
the feed were below 0.05 mg/kg DM, which is 
inadequate and emphasizes the interdepen¬ 
dence of Se and VE. The a-tocopherol content 
of moist grain (barley and maize) stored for 6 
months, with or without propionic acid, falls 
to extremely low levels compared with con¬ 
ventionally stored grain, in which the 
a-tocopherol levels usually persist over the 
same length of time. Selenium-deficient 
barley treated with sodium hydroxide to 
deplete it of vitamin E can be used to induce 
NMD when fed to yearling cattle. The disease 
may occur in sucking lambs with low plasma 
a-tocopherol levels and an adequate Se status, 
which indicates that the sparing effect of each 
nutrient may not occur over the broad spec¬ 
trum of clinical deficiencies. 

Polyunsaturated Fatty Acids in Diet 

Diets rich in polyunsaturated fatty acids 
(PUFAs), such as cod liver oil, other fish oils, 
fishmeal used as a protein concentrate, lard, 
linseed oil, soybean, and corn oils, have 
been implicated in the production of NMD, 
particularly in calves fed milk replacers 
containing these ingredients. The disease can 
be reproduced experimentally in young 
ruminant cattle, 6 to 9 months of age, by 
feeding a diet low in VE and Se and adding 
linolenic acid. There are widespread lesions 
of myodegeneration of skeletal and myocar¬ 
dial muscles. Fresh spring grass containing a 
sufficient concentration of linolenic acid to 
equal the amount necessary to produce NMD 
in calves may explain the occurrence of the 
naturally occurring disease in the spring 
months. The oxidation during rancidification 
of the oils causes destruction of the vitamin, 
thus increasing the dietary requirements (a 
conditioned vitamin E deficiency), and the 
presence of myopathic agents in the oils may 
also contribute to the occurrence of the 
disease. The lack of specificity of VE in the 
prevention of muscular dystrophy in some 
circumstances is indicated by its failure and 
by the efficiency of Se as a preventive agent in 
lambs on lush legume pasture. 

Supplementation with fish oil and barium 
selenite and its effects on carcass character¬ 
istics and muscle fatty acid of late-season 
lambs finished on grass or concentrate has 
been studied. 26 It was found that fish oil is of 
some help in concentrate diets but not in 
grass-based diets. Barium sulfate helps if 
there is no concentrate in the diet but is of 
little use if the lambs are fed on concentrate- 
or fish-oil-enriched diets. 

Other Myopathic Agents in Diet 

Not all of the myopathic agents that may 
be important in the development of NMD 
in farm animals have been identified. 


Unsaturated fatty acids in fish and vegetable 
oils may be myopathic agents in some out¬ 
breaks of NMD of calves and lambs. 
Lupinosis-associated myopathy in sheep is a 
substantial skeletal muscle myopathy 
encountered in weaner sheep grazing lupin 
stubbles infected with the fungus Phomopsis 
spp. Affected sheep have a stiff gait, walk 
reluctantly, stand with their back humped 
and their feet under the body, and have dif¬ 
ficulty getting to their feet. 

Unaccustomed Exercise 

Historically, NMD occurred most commonly 
in rapidly growing, well-nourished beef 
calves 2 to 4 months of age, shortly following 
unaccustomed exercise. This was common¬ 
place in countries where calves were born 
and raised indoors until about 6 to 8 weeks of 
age, when they were turned out onto new 
pasture in the spring of the year. This has 
been a standard practice in small beef herds 
in the United Kingdom, Europe, and North 
America. A similar situation applies for ewes 
that lambed indoors and the lambs were let 
out to pasture from 1 to 3 weeks of age. Thus 
unaccustomed activity in calves and lambs, 
such as running and frolicking following 
their turn-out onto pasture, is an important 
risk factor but is not necessarily a prerequisite 
for the disease. In lambs, the vigorous exer¬ 
tion associated with running and sucking 
may account for the peracute form of myo¬ 
cardial dystrophy in young lambs on defi¬ 
cient pastures and from deficient ewes. In 
older lambs up to 3 months of age, outbreaks 
of acute NMD and stiff-lamb disease may be 
associated with the driving of flocks long dis¬ 
tances. A similar situation applies for calves 
that are moved long distances from calving 
grounds and early-spring pastures to lush 
summer pastures. The wandering and bel¬ 
lowing that occur in beef calves weaned at 6 
to 8 months of age may precipitate outbreaks 
of subacute NMD. Degenerative myopathy of 
yearling cattle (feedlot cattle, housed yearling 
bulls, and heifer replacements) is now being 
recognized with increased frequency. The 
disease resembles subacute NMD of calves 
and in the United Kingdom is often seen 
when yearlings are turned outdoors in the 
spring of the year after being housed during 
the winter and fed poor-quality hay or straw 
or propionic-acid-treated grain. Unaccus¬ 
tomed exercise is a common precipitating 
factor. However, the disease has occurred in 
housed yearling bulls with no history of stress 
or unaccustomed exercise but whose diet was 
deficient in Se and VE. 

In horses subjected to exercise, there is an 
increase in erythrocyte malondialdehyde, a 
product of peroxidation, but Se supplemen¬ 
tation has no beneficial effect. There is incon¬ 
clusive evidence that a selenium-vitamin E 
deficiency causes NMD in adult horses. 
There is no evidence that paralytic myoglo¬ 
binuria and “tying-up” syndrome are a result 
of a deficiency of selenium and vitamin E. 





Congenital Nutritional 

Muscular Dystrophy 

Congenital NMD is rare in farm animals. 

Isolated cases have been reported. 

Similarly, NMD can occur in calves and 
lambs only a few days of age, but rarely. Se 
readily crosses the bovine placenta, and fetal 
Se is always higher than the maternal status. 
There is no evidence that weak-calf syn¬ 
drome is associated with Se deficiency. Long¬ 
term parenteral supplementation with either 
Se alone or in combination with VE had 
no effect on the incidence of weak-calf 
syndrome. 

An investigation of aborted bovine 
fetuses with lesions of heart failure, specifi¬ 
cally cardiac dilatation or hypertrophy, along 
with a nodular liver and ascites compared 
with aborted fetuses without such lesions 
and nonaborted fetuses from the abattoir 
found myocardial necrosis and mean sele¬ 
nium levels of 5.5 jimol/kg in the fetuses 
with heart lesions, 6.5 |imol/kg in the fetuses 
without heart lesions, and 7.5 pmol/kg sele¬ 
nium in the fetuses from the abattoir. This 
suggests that Se deficiency in bovine fetuses 
may cause myocardial necrosis and heart 
failure. Normal levels of selenium in the liver 
and kidney tissue of bovine fetuses derived 
from the abattoir were 7.5 + 5.2 (tmol/kg and 
4.4 ± 1.1 pmol/kg, respectively. 

In pigs, NMD has been produced experi¬ 
mentally on VE- and Se-deficient rations but 
is usually only a part of the more serious 
complex of mulberry heart disease and hepa¬ 
tosis dietetica. 

Vitamin E-Selenium 
Deficiency Syndrome 

The combination of mulberry heart disease, 
hepatosis dietetica, exudative diathesis, and 
nutritional myopathy, also known as vitamin 
E-selenium deficiency (VESD) syndrome, 
occurs in pigs, usually as a serious disease. 
Nutritional muscular dystrophy may also 
occur in pigs. The occurrence of edema in 
various tissues has also been suggested as a 
possible result of Se or VE deficiency. 
Impaired spermatogenesis and increased 
susceptibility to the effects of swine dysen¬ 
tery have also been suggested as responses to 
reduced levels of these two substances. There 
is a suspicion that the problems become 
more common as the pig grows more quickly 
and the requirements and demands for anti¬ 
oxidants are increased at the same time that 
the provision of fat-soluble vitamins is 
increasingly difficult. In addition, there is a 
very small difference between the therapeu¬ 
tic and toxic levels of Se, and Se toxicosis has 
occurred in an attempt to prevent Se defi¬ 
ciency. A more recent complication is the 
realization that we have been using inorganic 
Se to provide Se in the diet, whereas in the 
plant, most of the Se is organic in the form 
of L-selenomethionine, an Se analog of the 
amino acid methionine. In the pig, as in 
other species, Se is thought to serve as an 
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antagonist to toxic free radicals and act in 
concert with other substances such as 
vitamin C. Little is known about Se metabo¬ 
lism in the pig. In the pig, there is very little 
transfer of fat-soluble products across the 
placenta, so there is very little reserve of VE 
in the new born pig. Immediately after birth, 
the young pig gets its VE from the colostrum 
and milk of the sow. If the sow has low body 
stores or is fed a ration low in VE, then the 
piglet will be very low in VE when it is 
weaned. SE and VE can substitute for each 
other in a limited way in the pig. In the pig, 
the diet has the most influence. Diets rich in 
polyunsaturated fatty acids, copper, vitamin 
A, or mycotoxins may reduce the availability 
of VE. As dietary vitamin A levels increase, 
serum and liver a-tocopherol concentrations 
decline, suggesting a reduced absorption and 
retention of a-tocopherol when weaned pigs 
were fed high dietary vitamin A levels. Se 
antagonists or crops from inherently low- 
soil-Se fields may also make the situation 
worse. In pigs, NMD has been produced 
experimentally on VE- and Se-deficient 
rations but is usually only a part of the more 
serious complex of mulberry heart disease 
and hepatosis dietetica. Microangiopathy is 
most common in weaned pigs and may be 
particularly related to VE deficiency. 

There is conflicting evidence on the effect 
of the antioxidative vitamins C and E on the 
reproductive performance of sows. In some 
studies, increasing dietary VE in the diet 
during gestation may have increased the 
litter size and reduced the preweaning piglet 
mortality. A similar response has been seen 
following intramuscular injection of sows 
with VE and Se, but the injection of vitamin 
C has produced no improvement. A recent 
study has confirmed that there was no effect 
on the reproductive performance of sows 
and the growth performance of piglets when 
supplemented by both vitamin E and C. 
Vitamin E and Se given to immature gilts for 
flushing purposes led to the formation of 
fewer but larger corpora lutea after ovula¬ 
tion, probably as a result of the progression 
of a smaller number of follicles to the ovula¬ 
tory stage. Vitamin E and Se increased the 
development of the uterus but did not influ¬ 
ence the number of piglets at farrowing. 

VESD occurs naturally in rapidly growing 
pigs, usually during the postweaning period 
(3 weeks to 4 months), particularly during the 
early finishing period. The lowest concentra¬ 
tion of VE in piglets was at day 45 after far¬ 
rowing, but it may be that the Se status of the 
newborn piglets may be more important for 
their health than their VE status. The first 3 to 
4 weeks following the move to the finishing 
house is the most dangerous period for a low 
VE level, and it is important to remember that 
there is considerable individual variation. 
Serum VE declines after weaning, and even 
with VE supplementation it takes 2 to 3 days 
for levels to rise. There appears to be a tempo¬ 
rary decreased absorption of the vitamin in 


the immediate postweaning period, and this 
in turn leads to the reduction of the stored 
vitamin E reserves. It is usually associated 
with diets deficient in both Se and vitamin E 
and those that may contain a high concentra¬ 
tion of unsaturated fatty acids. Such diets 
include those containing mixtures of soybean, 
high-moisture corn, and cereal grains grown 
on soils with low levels of Se. The feeding of a 
basal ration of cull peas, low in Se and VE, to 
growing pigs can cause the typical syndrome, 
and low tissue levels of Se are present in pigs 
with spontaneously occurring hepatosis 
dietetica. It has been shown that feeding diets 
containing linseed oil reduced the VE levels 
in the diet but increased the skatole levels. 
However, there are reports of naturally occur¬ 
ring mulberry heart disease of pigs in Scandi¬ 
navia in which the tissue levels of Se and VE 
are within normal ranges compared with 
normal pigs. In Ireland, in spite of supple¬ 
mentation of pig rations with VE and Se at 
levels higher than that necessary to prevent 
experimental disease, spontaneous mulberry 
heart disease may still occur. Affected pigs 
have lower tissue vitamin E levels than 
control pigs, which suggests an alteration in 
a-tocopherol metabolism unrelated to 
dietary Se and PUFA contents. 

Natural occurrence of the disease 
complex in pigs is not uncommonly associ¬ 
ated with diets containing 50% coconut 
meal, fish-liver-oil emulsion, fish scraps with 
a high content of unsaturated fatty acids, or 
flaxseed, which produces yellow and brown 
discoloration of fat preventable by the incor¬ 
poration of adequate amounts of a-tocopherol 
or a suitable antioxidant. The quality of the 
dietary fat does not necessarily influence 
blood VE levels, but the presence of oxidized 
fat reduces the resistance of the red blood 
cells against peroxidation. The higher 
requirement for VE by pigs fed oxidized fat 
may be a result of the low VE content in such 
fat. It has recently been shown that the inclu¬ 
sion of 0.3 ppm Se to the diet of postweaning 
piglets resulted in better performance than 
non-Se-supplemented diets, irrespective of 
the level of VE in the ration (up to 200 ppm). 

Mulberry Heart Disease 

Mulberry heart disease (MHD) is the most 
common form of Se and VE deficiency of 
pigs. It occurs most commonly in rapidly 
growing feeder pigs (60 to 90 kg) in excellent 
condition being fed on a high-energy diet 
low in VE and Se. The true causal mecha¬ 
nism is not known, but it can be prevented 
by supplementation with VE. It can also 
occur when it would appear that the level in 
the diet and in the serum or tissues appear 
to be satisfactory. The diets most commonly 
incriminated are soybean, corn, and barley. 
Mean liver concentrations of VE were lower 
in pigs with MHD than in pigs that died of 
causes other than MHD. The a-tocopherol 
content of corn is usually low, and it is virtu¬ 
ally absent from solvent-extracted soybean 
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meal. Both are low in Se. The use of high- 
moisture corn may further exacerbate the 
tocopherol deficiency. The level of PUFAs in 
the diet was thought to be an important etio- 
logic factor, but this is now not considered to 
be a necessary prerequisite. Outbreaks of the 
disease may occur in which 25% of suscep¬ 
tible pigs are affected, and the case-mortality 
rate is about 90%. The disease has occurred 
in young piglets and in adult sows. 

Hepatosis Dietetica 
Hepatosis dietetica appears to be less common 
than mulberry heart disease, but the epide¬ 
miologic characteristics are similar. It 
appears to be less common because the Se 
levels in supplements were raised to 0.3 ppm. 
It affects young, rapidly growing pigs up to 3 
to 4 months of age. NMD in pigs usually 
occurs in cases of mulberry heart disease and 
hepatosis dietetica, but it has occurred alone 
in gilts. 

Selenium-Responsive Disorders 

A variety of diseases have been known as 
selenium-responsive disorders because they 
respond beneficially to the strategic admin¬ 
istration of Se. These include the following: 
ill-thrift in lambs and calves on pasture; 
lowered milk production in cows; whit- 
muscle disease in lambs, calves, and kids; 
lowered fertility and embryonic death in 
sheep and cattle; retained fetal membranes, 
metritis, poor uterine involution, and 
cystic ovaries in cows; subclinical mastitis 
and impaired immune function in cattle; 
and prematurity, perinatal death, and 
abortion in cattle. Of these, only ill-thrift, 
lowered fertility, lowered milk production, 
and white-muscle disease have been reported 
in New Zealand. 

The pathogenesis of these selenium- 
responsive diseases is not well understood, 
but it would appear that the Se deficiency is 
only marginal. Most investigations into 
selenium-responsive diseases have occurred 
in selenium-deficient areas in which diseases 
such as NMD of calves and lambs occur. The 
evidence that Se deficiency in breeding ewes 
can result in a decline in reproductive per¬ 
formance has not been substantiated experi¬ 
mentally. Reproductive performance was not 
affected in ewes on a selenium-depleted diet. 

Selenium-responsive unthriftiness in 
sheep has received considerable attention 
in New Zealand, where the response to Se 
administration has been most dramatic, com¬ 
pared with Australia, where the syndrome has 
also been recognized but where the response 
is much smaller. The oral administration of Se 
to lambs in these areas results in greater body- 
weight gains from weaning to 1 year of age 
compared with lambs not receiving Se sup¬ 
plementation. The mean fleece weight of 
selenium-treated lambs is also greater. 

The diagnosis of selenium-responsive 
unthriftiness depends on analyses of the soil, 
pasture, and animal tissues for Se and 


response to trials of Se supplementation. A 
deficiency state might be encountered when 
the Se content of the soil is below 0.45 mg/ 
kg, the pasture content is below 0.02 mg/kg 
DM, the liver content is below 21 |tg/kg 
(0.27 pmol/kg wet weight [WW]j, and wool 
concentrations are below 50 to 60 |ig/kg 
(0.63 to 0.76 pmol/kg). For the blood in 
selenium-responsive unthriftiness of sheep, 
the following criteria are suggested for mean 
blood selenium status (|tg/dL): 

• Deficient = 1.0 

• Doubtful = 1.1 to 1.9 

• Normal = -2.0 

The GSH-PX activity is a good index of 
the Se status of sheep with a selenium- 
responsive disease. If measured on a regular 
basis, it can provide an indication of the Se 
status of grazing sheep in individual flocks. 
Single measurements of GSH-PX activity 
may fail to detect recent changes in grazing 
area, differences in pasture species and 
pasture composition, and alterations in the 
physiologic state of the animals. 

Subclinical Selenium Insufficiency 

Subclinical insufficiencies of Se in grazing 
ruminants are widespread over large areas of 
southern Australia. The plasma concentra¬ 
tions of affected sheep flocks are low, 
there are no obvious clinical signs of insuf¬ 
ficiency in the ewes, and there are significant 
responses in wool production and fiber 
diameter to Se supplementation. The inci¬ 
dence of estrus and fertility is not affected by 
Se supplementation. Live weights at birth, in 
midlactation, and at weaning were increased 
in lambs born to selenium-supplemented 
and crossbred ewes and in lambs born as 
singletons. Clean fleece weight at 10 months 
of age was increased by 9.5% and fiber diam¬ 
eter by 0.3 pm in lambs born to ewes that 
had received supplementary Se. Differences 
in fleece weight and live weight were not 
detected at 22 months, suggesting that sub¬ 
clinical Se insufficiency in early fife did not 
permanently impair productivity if Se status 
subsequently increased. 

Temporal variations in glutathione per¬ 
oxidase activity in sheep can be used to iden¬ 
tify seasons of the year with the highest risk 
of Se deficiency. In the Mediterranean area, 
lambs born in the spring/summer are at 
higher risk of selenium-deficiency related 
diseases. Lambs born in autumn/winter are 
from ewes gestating during the summer, 
when supplementation with cereal grains is 
provided. 

Se is a component of type I iodothyronine 
deiodinase, which catalyzes the extrathyroi- 
dal conversion of thyroxine (T4) to the more 
active tri-iodothyronine (T3). Sheep grazing 
pastures low in Se frequently have higher 
circulating T4 and lower circulating T3 
concentrations than sheep receiving Se 
supplementations. 

When ewes grazing pastures low in Se 
were supplemented with thiocyanate (to 


cause iodine insufficiency), iodide, and Se, 
there was no evidence of clinical deficiencies. 
Growth rates of lambs were not affected by 
the thiocyanate of their dams during mid¬ 
pregnancy, but plasma T3 and T4 concentra¬ 
tions were depressed in ewes receiving 
thiocyanate. The iodide supplementation 
increased thyroid hormone concentrations 
in ewes but depressed plasma T3 concentra¬ 
tions in lambs. Supplementation of sheep 
grazing pastures low in Se with both Se and 
thyroid hormones improved wool character¬ 
istics, live-weight gain, and blood Se, but 
there was no evidence of an interaction 
between the Se and the hormones. Thus it 
seems unlikely that the decline in the quan¬ 
tity of T3 produced, or of T4 utilized for T3 
production, in selenium-deficient sheep is 
responsible for the observed differences in 
the productivity of selenium-deficient and 
supplemented sheep. The thyroids have a 
major role in regulating thermogenesis, and 
lambs born to ewes supplemented with 
iodide tend to have higher rectal tempera¬ 
tures during cold stress. The thermoregula¬ 
tory ability of the perinatal lamb is not 
adversely affected by subclinical Se 
deficiency. 

In a survey of the status of VE and Se of 
the livers of cull ewes and market lambs 
raised in Ontario, Se was present at marginal 
levels in 3.3% of cull ewe samples and in 43% 
of market lamb samples. VE was low to defi¬ 
cient in 10% of cull ewe samples and in 90% 
of market lamb samples. In cull ewes, there 
was a strong relationship between Se and VE. 
A large percentage of samples with marginal 
Se values had adequate VE, which may indi¬ 
cate that the sheep had access to high levels 
of VE but received inadequate levels of sup¬ 
plement containing Se. 

An evaluation of the trace mineral status 
of beef cows in Ontario found that 96% of 
cull cows were deficient in blood Se. Based 
on analysis of serum samples from cattle in 
Iowa and Wisconsin, subclinical Se defi¬ 
ciency is common in the cattle population. 
The serum levels may be adequate for repro¬ 
ductive performance but marginal for 
optimal resistance to mastitis or for adequate 
transfer of selenium to the calf. 

In moose in northwestern Minnesota, 
declining numbers of moose have been asso¬ 
ciated with low trace elements, particularly 
copper and selenium. 2 ' 

Reproductive Performance 

The roles of reactive oxygen species in female 
reproduction have been reviewed, 28 and 
nutritional management is important. 29 The 
published information on the effects of VE 
and Se deficiency or of dietary supplementa¬ 
tion with one or the other or both on repro¬ 
ductive performance in farm animals is 
conflicting and controversial. Reproductive 
performance is complex and dependent on 
the interaction of many factors. Reproduc¬ 
tive inefficiency is likewise complex, and it is 
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difficult to isolate one factor, such as a defi¬ 
ciency of VE or Se, as a cause of reproductive 
inefficiency. Conversely, it is difficult to 
prove that supplementation with these nutri¬ 
ents will ensure optimum reproductive 
performance. The roles of cellular reactive 
oxygen species, oxidative stress, and antioxi¬ 
dants in the outcome of pregnancy have been 
reviewed. 30 Many vitamins and trace ele¬ 
ments have a dual role in mammals in that 
they (a) control or are involved in the meta¬ 
bolic processes and/or gene expression and 
(b) spend most of their time in trapping 
radical oxygen species. Any deficiencies will 
produce high rates of radical oxygen species 
production. ' 

Pigs 

Selenium and vitamin E improve the in vitro 
maturation, fertilization, and growth to blas¬ 
tocysts of porcine oocytes. 12 

Sheep 

The evidence about the effect of Se and VE 
deficiency on reproductive performance in 
sheep is conflicting. Observations in the 
1960s concluded that Se deficiency caused 
embryonic deaths 20 to 30 days after fertiliza¬ 
tion in ewes. But Se supplementation of ewes 
that were low or marginal in Se status did not 
improve reproductive performance. Experi¬ 
mental studies using selenium-deficient diets 
in ewes have been unable to find any adverse 
effects of Se depletion on ewe conception 
rates, embryonic mortality, or numbers of 
lambs born. The parenteral administration of 
Se to pregnant ewes between 15 and 35 days 
after mating resulted in a reduced embryonic 
survival rate and is not recommended during 
the first month of pregnancy. 

Cattle 

VE supplementation can have significant 
effects on the health and some aspects of fer¬ 
tility in lactating dairy cows. VE supplemen¬ 
tation of dairy cows has its most beneficial 
effect of reducing the incidence of mastitis 
when used at rates of at least 1000 IU per day 
during the dry period and early lactation. 
The primary effect of VE supplementation is 
on the immune system. The importance of 
Se and VE for the maintenance of optimum 
reproductive performance is not clear. The 
IM injection of dairy cattle at 3 weeks pre- 
partum did not have any effect on average 
days to first estrus or first service, average 
days to conception, services per conception, 
or number of uterine infusions required. The 
prepartum IM injection of VE and Se at 3 
weeks prepartum increased the percentage of 
cows pregnant to first service, reduced the 
number of services per conception, decreased 
the incidence of retained placenta, and 
reduced the interval from calving to concep¬ 
tion. In a randomized field trial in a large 
dairy herd in the United States, oral supple¬ 
mentation of pregnant first-calf dairy heifers 
with Se using a commercially available 


sustained-release intraruminal selenium 
bolus increased blood Se concentrations in 
treated animals at 30 days after treatment 
until after calving. However, based on data 
analyzed at midlactation and late lactation, 
there were no differences between treated 
and control groups in somatic cell count, 
days not pregnant, total milk production, or 
times bred. The use of an intraruminal pellet 
of Se at two different levels in dairy herds in 
New Zealand was evaluated in yearling 
heifers. The recommended dose was effective 
in elevating whole-blood GSH-PX activity 
and Se concentrations to over 10 times those 
of control animals. Milk production was 
increased, and there was a trend toward 
decreased somatic cell counts. There were no 
differences in calving-first-service or calving- 
conception intervals, or in the percentage of 
animals pregnant to first or all services. In 
other observations, there was an improve¬ 
ment in first-service conception rate and 
significantly higher blood levels of GSH-PX 
following the treatment of dairy cows with 
oral Se pellets. The inconsistent results 
obtained following the use of Se and VE in 
pregnant cows may be related to the Se status 
of the animals; in some herds the blood levels 
are marginal, and in others the levels are 
within the normal range. 

Winter-fed lactating Norwegian dairy 
cows were found to have an adequate plasma 
levels of VE and marginal to adequate levels 
of blood Se. Silage was the most important 
source of VE, and selenium-supplemented 
commercial concentrates were the most 
important source of selenium. No significant 
differences in VE or Se status were found 
between cows with or without recorded 
treatments of mastitis, parturient paresis, or 
reproductive abnormalities. 

Retained Fetal Placenta 
A high incidence (more than 10%) ofretained 
fetal membranes has been associated with 
marginal levels of plasma Se compared with 
herds without a problem. In some cases, the 
incidence could be reduced to below 10% by 
the injection of pregnant cattle with Se and 
VE at approximately 3 weeks prepartum, 
whereas in other studies similar prepartum 
injections neither reduced the incidence 
nor improved reproductive performance. A 
single injection of Se 3 weeks prepartum can 
reduce the number of days postpartum 
required for the uterus to reach minimum 
size and reduce the incidence of metritis and 
cystic ovaries during the early postpartum 
period. The parenteral administration of a 
single injection of 3000 mg VE prepartum to 
dairy cows of all ages decreased the incidence 
of retained placenta and metritis to 6.4% and 
3.9%, respectively, in the treated group, com¬ 
pared with 12.5% and 8.8% in the control 
group. The injection, 20 days prepartum, of 
50 mg of Se and 680 IU of VE reduced the 
incidence of retained fetal membranes in one 
series, but it did not have this effect in another 


series. The plasma Se concentration at partu¬ 
rition ranged from 0.02 to 0.05 ppm in 
control cows, in which there was an inci¬ 
dence of 51% retained membranes, and from 
0.08 to 0.1 ppm in treated cows, in which the 
incidence was reduced to 9%. A dietary level 
of 0.1 mg/kg DM Se is recommended to min¬ 
imize the incidence of the problem. The 
complex nature of the etiology of retained 
fetal membranes also requires a well-designed 
experimental trial to account for all of the 
possible factors involved. In a study in 
Croatia, where the soils are generally defi¬ 
cient, it was found that there is a high level of 
retained fetal membranes in cattle associated 
with low levels of Se and VE. 3 " 1 VE supple¬ 
mentation during the dry period has reduced 
the risk of retained fetal membranes, and it is 
said that the synthetic forms of VE are more 
effective in this regard. 34 

Mammary Gland Function 

One of the techniques for protection against 
mastitis is to increase the immunity of the 
bovine mammary gland. Se affects the innate 
and adaptive immune mechanisms of the 
mammary gland. 15 VE also reduces the inci¬ 
dence of mastitis. 36 VE supplementation was 
shown to have an adverse effect on the 
occurrence of clinical and subclinical masti¬ 
tis in high doses. The level at dry-off of 14.5 
mu mol/L was a risk factor for clinical mas¬ 
titis. It is therefore necessary to assess the 
exact level at which VE affects udder health. 

In buffaloes, Se helps to combat mastitis 
because it increases neutrophil phagocytosis 
and antioxidant levels during acute mastitis 
in riverine buffaloes. 37 

Transport Stress 

VE, Se, and vitamins A and D have been 
shown to prevent lipid peroxidation and oxi¬ 
dative stress associated with long-term trans¬ 
portation stress in cattle. 38 

Resistance to Infectious Disease 

Several trace elements, particularly copper, 
Se, and zinc, affect immune function, but 
the effects of supplementation are equivocal. 
However, adding VE may reduce bovine 
respiratory disease morbidity but have some 
effect on performance. 39 

Many studies have examined the role of 
Se and VE resistance to infectious disease. 
Most of the evidence is based on in vitro 
studies of the effects of deficiencies of Se or 
VE or supplementation with the nutrients on 
leukocyte responses to mitogens, or on the 
antibody responses of animals to a variety of 
pathogens. The status of Se and VE in an 
animal can alter antibody response, phago¬ 
cytic function, lymphocyte response, and 
resistance to infectious disease. The defi¬ 
ciency of VE or Se reduces neutrophil func¬ 
tion during the periparturient period. Se and 
iodine administration in prepartum cows 
may enhance the calf immune system. 40 The 
administration of VE and Se during the dry 
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period can influence mammary gland health 
and milk cell counts in dairy ewes. In general, 
a deficiency of Se results in immunosuppres¬ 
sion, and supplementation with low doses of 
Se augments immunologic functions. 

A deficiency of Se has been shown to 
inhibit the following: 

• Resistance to microbial and viral 

infections 

• Neutrophil function 

• Antibody production 

• Proliferation of T and B lymphocytes in 

response to mitogens 

• Cytodestruction of T lymphocytes and 

natural killer lymphocytes 

VE and Se have interactive effects on 
lymphocyte responses to experimental 
antigens. 

VE supplementation of transport-stressed 
feedlot cattle is associated with reduced 
serum acute-phase protein concentrations 
compared with control animals. Supplemen¬ 
tation of the diet of cattle arriving in the 
feedlot with VE had beneficial effects on 
humoral immune response and recovery 
from respiratory disease. 

The parenteral administration of Se and 
VE during pregnancy in dairy cows has a 
positive effect on the increase of Se and VE 
concentrations in blood, increase of Se and 
immunoglobulin concentrations in colos¬ 
trum, and increase of T3 concentration in 
blood on the day of parturition. In addition, 
there was a trend toward a decreased inci¬ 
dence of clinical mastitis. 

Neutrophil Function 

Se deficiency can affect the function of 
polymorphonuclear neutrophils (PMNs), 
which are associated with physiologic changes 
in GSH-PXlevels. In calves on an experimen¬ 
tal selenium-deficient diet, the oxygen con¬ 
sumption and the activities of GSH-PX were 
lower than normal in neutrophils. The feeding 
of 80 to 120 mg of Se/kg of mineral mixture 
provided ad libitum was shown to be an effec¬ 
tive method of increasing blood Se in a group 
of cattle and to optimize the humoral anti¬ 
body response experimentally. It is suggested 
that blood Se levels over 100 pig/L are neces¬ 
sary to maintain optimum immuno- 
competence in growing beef cattle. In 
selenium-deficient goats, the production of 
leukotriene B 4 , a product of neutrophil ara- 
chidonic acid lipoxygenation and a potent 
chemotactic and chemokinetic stimulus for 
neutrophils, is decreased, resulting in dys¬ 
function of the neutrophils. A deficiency of Se 
in pregnant sows impairs neutrophil func¬ 
tion, and VE deficiency impairs function of 
both neutrophils and lymphocytes, which 
may result in increased susceptibility of their 
piglets to infectious diseases. It is suggested 
that selenium supplementation be main¬ 
tained at 0.3 mg/kg of the diet. 

Neutrophils from postparturient dairy 
cows with higher levels of Se have greater 
potential to kill microbes, and cattle with 


greater superoxide production may have 
higher milk production. VE is a fat-soluble 
membrane antioxidant that enhances the 
functional efficiency of neutrophils by pro¬ 
tecting them from oxidative damage follow¬ 
ing intracellular killing of ingested bacteria. 
Peripartum immunosuppression in dairy 
cows is multifactorial but is associated with 
endocrine changes and decreased intake of 
critical nutrients. Decreased phagocytosis 
and intracellular killing by neutrophils 
occurs in parallel with decreased dry matter 
intake and decreased circulating VE. Because 
neutrophils are the primary mechanism of 
uterine defense and mammary health, the 
role of VE on the health of dairy cows during 
the transition period has been examined. 
Compared with control cows given a placebo, 
the parenteral administration of VE 1 week 
prepartum had no effect on the incidence of 
retained placenta, clinical mastitis, metritis, 
endometritis, ketosis, displaced abomasum, 
or lameness. However, there was a decreased 
incidence of retained placenta in cows with 
marginal pretreatment VE status. An increase 
in a-tocopherol of 1 pg/mL in the last week 
prepartum reduced the risk of retained pla¬ 
centa by 20%. In addition, serum nonesteri- 
fied fatty acid concentration greater than or 
equal to 0.5 mEq/L tended to increase the 
risk of retained placenta by 80%, and in the 
last week prepartum, a 100 ng/mL increase 
in serum retinol was associated with a 60% 
decrease in the risk of early-lactation clinical 
mastitis. 

Immune Response 

The effects of Se deficiency and supplementa¬ 
tion on the immune response of cattle to 
experimental infection with the infectious 
bovine rhinotracheitis virus and sheep to 
parainfluenza-3 virus indicate that a defi¬ 
ciency can affect the humoral response and 
that supplementation enhances the response. 
The administration of Se either alone or in 
combination with VE can improve the pro¬ 
duction of antibodies against E. coli in dairy 
cows. Pigs fed a deficient diet develop an 
impaired cell-mediated immunity as mea¬ 
sured by lymphocyte response to mitogenic 
stimulations. Supplementation of the diets of 
young pigs with Se levels above those required 
for normal growth have increased the 
humoral response, but not in sows. The wide 
variations in antibody responses that occur in 
these experiments indicate that there is a 
complex relationship between the Se status of 
the host, humoral immune responses, and 
protective immunity. The concept of using 
selenium supplementation to enhance anti¬ 
body responses in sheep to vaccines is prob¬ 
ably unfounded. However, the administration 
of sodium selenite to sheep vaccinated against 
enzootic abortion (Chlamydophila abortus ) 
increased the antibody response, but not 
when given with vitamin E. The Se sources 
provided to mares may influence the immune 
function of foals at 1 month of age. 41 In sheep 


with footrot, an improved immune response 
is found after a higher blood serum Se 
response is found. 42 

Experimentally, VE can stimulate the 
immune defense mechanisms in laboratory 
animals and cattle. In most cases, the immu- 
nostimulatory effects of additional VE are 
associated with supplementation in excess of 
levels required for normal growth. The par¬ 
enteral administration to calves of 1400 mg 
of VE weekly increases their serum VE con¬ 
centrations and lymphocyte stimulation 
indices. Similarly, in growing pigs, a serum 
VE concentration above 3 mg/L is necessary 
to achieve a significant response of the lym¬ 
phocytes to stimulation with mitogens. 

The administration of a daily 2500 IU 
RRR-alpha-tocopherol to pregnant mares 
stimulated maternal IgG and IgM produc¬ 
tion in colostrum and enhanced VE and IgM 
status in foals. 43 

General Resistance 

These changes may render selenium-deficient 
animals more susceptible to infectious 
disease, but there is no available evidence to 
indicate that naturally occurring deficiencies 
are associated with an increase in the inci¬ 
dence or severity of infectious diseases. Neu¬ 
trophils from selenium-deficient animals 
lose some ability to phagocytose certain 
organisms, but how relevant this observation 
is in naturally occurring infections is unclear. 
Field studies of the incidence and occurrence 
of pneumonia in housed calves found that Se 
status was not a risk factor. 

Transfer of Selenium and Vitamin E 
to the Fetus, Colostrum, and Milk 

Selenium 

In sheep, Se is transferred across the placenta 
to the fetus, and maternal Se status during 
gestation is positively associated with fetal 
and newborn lamb Se status. Supplementa¬ 
tion of gestating ewes with Se will improve 
the Se status of the lambs at birth. Supple¬ 
menting ewes with VE and Se during preg¬ 
nancy increased the weight of lambs at 
weaning by about 2 kg above those on a mar¬ 
ginal level of Se., and organic Se produced 
better lamb viability. 44 However, after birth, 
the Se of the lamb is depleted quickly, by 
about 18 days after birth. Thus continued 
intake of Se by the lamb is necessary to main¬ 
tain normal Se status during the postnatal 
period. The colostrum of ewes contains 
higher levels of Se than ewe milk. The Se 
content of ewes milk decreases rapidly after 
parturition, reaching a stable level by 1 week 
postpartum. Supplementation of ewes during 
lactation results in higher milk Se concentra¬ 
tion and higher blood Se in lambs. Supple¬ 
mentation of ewes has been shown to prevent 
nutritional myodegeneration in nursing 
lambs in selenium-deficient flocks. 

There is a highly significant relationship 
between blood Se of cattle and milk Se con¬ 
centration. As in sheep, in cattle, Se is 





transferred across the placenta to the fetus 
and across the mammary barrier into the 
colostrum and milk. 

Pigs 

The maternal intake of Se affects fetal liver 
Se, and newborn piglets have lower liver Se 
concentrations compared with their dams, 
regardless of Se intake of sows during gesta¬ 
tion. Thus compared with cattle and sheep, 
the relatively high concentration of Se 
needed in the diets of young rapidly growing 
piglets may be partially a function of limited 
placental transport or hepatic deposition of 
Se and may explain why the piglet is more 
susceptible to Se deficiency than the sow. 

Vitamin E 

The transfer of VE across the placenta to the 
fetus in sheep and cattle is limited. Plasma 
levels of VE in the fetus and in newborn 
lambs (before ingestion of colostrum) are 
lower than in the ewe. VE supplementation 
of the ewe in late gestation results in insig¬ 
nificant increases of the serum VE in the 
lamb. However, supplementation of the ewe 
in the last month of pregnancy increases the 
VE content of colostrum and milk. Colos¬ 
trum of the ewe is a rich source of VE for the 
neonatal lamb, containing 5 to 11 times more 
VE than milk at 1 week postpartum. The par¬ 
enteral administration of sodium selenite to 
ewes at lambing increases the VE content of 
milk of ewes over the first 5 weeks of lacta¬ 
tion, indicating a potential positive effect of 
Se repletion on VE transfer to milk. 

Neonatal Morbidity and Mortality 

Based on some preliminary observations of 
the Se content of hair samples of young 
calves, higher Se levels in newborn calves 
may have some protective effect against mor¬ 
bidity as a result of neonatal disease. Simi¬ 
larly, neonatal piglets with high blood levels 
of GSH-PX activity may be more resistant to 
infectious diseases or other causes of neona¬ 
tal mortality. Administration of VE and Se to 
dairy cows in late pregnancy resulted in the 
production of increased quantities of colos¬ 
trum, and the calves had increased quantities 
of GSH-PX at birth and 28 days of age, but 
the improved Se status did not provide any 
improvement in passive immunity or growth. 

Supplementing Se to beef cows grazing 
selenium-deficient pastures with a salt 
mineral mix containing 120 mg selenium/kg 
of mix increased the Se status of the cows and 
increased the serum IgG concentration, or 
enhanced transfer of IgG from serum to 
colostrum, and increased the Se status of 
the calves. The parenteral administration of 
0.1 mg Se and 1 mg of vitamin E/kg BW at 
midgestation did not affect the production of 
systemic or colostral antibodies. Supplemen¬ 
tation of dairy cows at dry-off with Se at 
3 mg/d as selenite via an intraruminal bolus 
resulted in sufficient transfer of Se to meet a 
target concentration of more than 2.2 pg of 
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selenium/g of liver DM in newborn calves. 
Milk Se is a useful indicator of animal and 
herd Se status. 45 

Mastitis 

There is some evidence that a dietary defi¬ 
ciency of VE may be associated with an 
increased incidence of mastitis in dairy 
cattle. An increased incidence of mastitis 
during the early stages of lactation coincides 
with the lowest plasma concentration of VE. 
Supplementation of the diet of dairy cows 
beginning 4 weeks before and continuing for 
up to 8 weeks after parturition with vitamin 
E at 3000 IU/cow per day, combined with an 
injection of 5000 IU 1 week before parturi¬ 
tion, prevented the suppression of blood 
neutrophil and macrophage function during 
the early postpartum period compared with 
controls. The VE prevented the suppression 
of blood neutrophils during the postpartum 
period. Cows in both the treated and control 
groups were fed diets containing Se at 
0.3 ppm of total dry matter. When Se status 
in dairy cows is marginal, plasma concentra¬ 
tions of a-tocopherol should be at least 3 pg/ 
mL. Cows receiving a dietary supplement of 
about 1000 IU/d of VE had 30% less clinical 
mastitis than did cows receiving a supple¬ 
ment of 100 IU/d of VE. The reduction was 
88% when cows were fed 4000 IU/d of VE 
during the last 14 days of the dry period. 

The Se status of dairy cows may also have 
an effect on the prevalence of mastitis and 
mammary gland health. Dairy herds with 
low somatic cell counts had significantly 
higher mean blood GSH-PX and higher 
whole-blood concentrations of Se than in 
herds with high somatic cell counts. The 
prevalence of infection caused by Streptococ¬ 
cus agalactiae and Staphylococcus aureus was 
higher in herds with the high somatic cell 
counts compared with those with the low 
somatic cell counts. This suggests that phago¬ 
cytic function in the mammary gland may be 
decreased by a marginal Se deficiency. In a 
survey of cattle in herds in Switzerland, those 
with chronic mastitis had lower serum levels 
of Se than healthy control herds. Experimen¬ 
tal coliform mastitis in cattle is much more 
severe in selenium-deficient animals than 
selenium-adequate animals. The severity was 
in part a result of the increased concentra¬ 
tions of eicosanoids. 

Milk neutrophils from cows fed a 
selenium-deficient diet have significantly 
reduced capacity to kill ingested E. coli and 
S. aureus, compared with cells from cows 
fed a selenium-supplemented diet. However, 
other experimental results are not as 
convincing. 

In pasture-based heifers injected with 
barium sulfate before calving and fed diets 
with 1.3 or 2.5 mg of Se/d precalving and 
during lactation, respectively, there was no 
clinical mastitis observed in the first month 
of lactation. 46 Se deficiency may predispose 
to mastitis in sheep, and examination of the 


Se status may indicate which ewes may 
develop ovine mastitis. 47 

Lambs supplemented with Se were also 
able to deal with oxidative stress generated 
from H. contortus infections by the provision 
of higher GSH-Px levels. 48 

Blood Abnormalities 

In young cattle from areas where NMD is 
endemic, and particularly at the end of 
winter housing, the erythrocytes have an 
increased susceptibility to hemolysis follow¬ 
ing exposure to hypotonic saline. During 
clinical and subclinical white-muscle disease 
in calves, there is a significant increase in 
both the osmotic and the peroxidative hemo¬ 
lysis of the erythrocytes. This defect is 
thought to be the result of alterations in 
the integrity of cell membranes, of which 
tocopherols are an essential component. 
Abnormalities of the bone marrow associ¬ 
ated with VE deficiency in sheep have been 
described, and abnormal hematologic 
responses have been described in young, 
rapidly growing pigs on an experimental SE- 
and VE-deficient diet. VE deficiency in 
sheep results in increased hemolytic suscep¬ 
tibility of erythrocytes, which may provide a 
basis for a single functional test for VE defi¬ 
ciency in sheep. 

Anemia characterized by a decreased 
packed cell volume, decreased hemoglobin 
concentration, and Heinz-body formation 
has been observed in cattle grazing on grass 
grown on peaty muck soils in the Florida 
everglades. Se supplementation corrected 
the anemia, prevented Heinz-body forma¬ 
tion, increased the body weight of cows and 
calves, and elevated blood Se. In a study of 
supplementation, 49 it was found that the Se 
levels stabilized in the liver and plasma by 
56 to 112 days, whereas the whole-blood 
and red blood cell (RBC) concentrations 
were still increasing through 224 days of 
supplementation, regardless of the form of 
supplemental Se. 

In lambs with WMD, there was a signifi¬ 
cant increase in serum total sialic acid (TSA) 
and lipid-bound sialic acid (LBSA), together 
with a significant decrease in serum Se and 
VE concentrations. Within 1 month of treat¬ 
ment, the changes were reversed. 50 

Equine Nutritional Myopathy 

In areas of severely Se-deficient soil, such as 
the Pacific Northwest of the United States, 
there is the possibility of Se deficiency myop¬ 
athy; this can occur in horses of any age, but 
more usually it occurs in foals, most com¬ 
monly up to 2 weeks of age. VE deficiency 
occurs in horses that eat marginal- or poor- 
quality grass hay with no access to pasture 
and no VE supplementation. Affected foals 
are born to deficient mares. They are weak at 
birth or shortly after. They may become 
recumbent but are generally bright and alert. 
The weakness of the tongue and pharyngeal 
muscles makes it difficult to suckle. The 
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affected horses are usually stabled, and the 
condition occurs mostly in late winter or 
early spring; in the very deficient Northwest, 
it can occur at any time of the year. The tem¬ 
poral or masseter muscles are often predis¬ 
posed, with swelling and stiffness of these 
muscles and impaired mastication. There 
may be dysphagia and impaired prehension 
of food. There is often general weakness and 
a stiff, short-strided gait. The muscles may be 
pale, and the most severely affected muscles 
are those that do the most work. Often this 
means the neck muscles during attempts to 
suckle. The gross appearance depends on the 
duration of the condition and may involve 
the heart. In animals that die, there are often 
areas of severe necrosis. In the more sub¬ 
acute cases there are areas of repair and 
regeneration together with new areas of 
necrosis. In these animals diagnosis is based 
on the geographic area, history, clinical 
signs, increased levels of CK and AST, and 
gross and histologic lesions. 

Fatal myocardial degeneration in an adult 
Quarter horse with Vitamin E deficiency but 
normal Se has been described. 51 There were 
pale and firm foci in the heart. 

Congenital white-muscle disease also 
occurs in deer calves. 52 

Equine Degenerative 
Myeloencephalopathy 

Equine degenerative myeloencephalopathy, 
also sometimes called neuronal dystrophy, is 
seen pure and mixed breeds of horses. It has 
also been seen in zebras and in Morgan and 
Haflinger horses. Clinically, it is a symmetric 
spasticity with ataxia and paresis of the 
limbs. 

Equine degenerative myeloencephalopa¬ 
thy, which may have an inherited basis, has 
been associated with VE deficiency. The VE 
status is low in some affected horses, and 
supplementation with the vitamin was asso¬ 
ciated with a marked reduction in the 
incidence of the disease. In some premises 
affected with the condition, the administra¬ 
tion of VE reduced the incidence. On the 
other hand, however, serum VE and blood 
GSH-PX activities determined in horses with 
histologically confirmed diagnosis of the 
disease compared with age-matched controls 
failed to reveal any differences, and the find¬ 
ings did not support a possible role for VE 
deficiency as a cause. Foals sired by a stallion 
with degenerative myeloencephalopathy and 
with neurologic deficits consistent with the 
disease during their first year of life had 
lower plasma levels of a-tocopherol when 
the levels were determined serially begin¬ 
ning at 6 weeks to 10 months of age than did 
age-matched controls. Absorption tests with 
VE revealed that the lower a-tocopherol 
levels were not attributable to an absorption 
defect. The lesions are usually microscopic 
and are found as axonal degeneration in the 
spinal cord, with the dorsal spinocerebellar 
tracts in the lateral funiculi and some areas 


of the ventral funiculi severely affected. 
Myelin loss is secondary to axonal loss. In the 
brain, there are eosinophilic spheroids in the 
brainstem nuclei. 

Equine Motor Neuron Disease 

Equine motor neuron disease is a neurode- 
generative disease of the somatic lower 
motor neurons resulting in a syndrome of 
diffuse neuromuscular disease in the adult 
horse. Case-control studies found the mean 
plasma VE concentrations in affected horses 
were lower than that of control horses. Adult 
horses are affected with the risk peaking at 
16 years of age. In addition to the role of VE 
depletion, other individual and farm-level 
factors contribute to the risk of developing 
the disease. 

Generalized Steatitis 

Steatitis in farm animals and other species 
may be associated with VE and/or Se defi¬ 
ciency. Most cases in horses have involved 
nursing or recently weaned foals. General¬ 
ized steatitis in the foal has been described 
as either generalized cachexia as a result of 
steatitis alone or as a primary myopathy or 
myositis, with steatitis of secondary impor¬ 
tance. The terms used have included steatitis, 
generalized steatitis, fat necrosis, yellow-fat 
disease, polymyositis, and muscular dystro¬ 
phy. The relationships between steatitis and 
VE and Se deficiency in the horse are not 
clear, and there may not be any. Many more 
clinical cases must be examined in detail 
before a cause-effect relationship can be 
considered. 

PATHOGENESIS 

Dietary Se, sulfur-containing amino acids, 
and VE act synergistically to protect tissues 
from oxidative damage. GSH-PX, which is 
selenium dependent, functions by detoxify¬ 
ing lipid peroxides and reducing them to 
nontoxic hydroxy fatty acids. Vitamin E pre¬ 
vents fatty acid hydroperoxide formation. 
High levels of PUFAs in the diet increase the 
requirements for VE, and with an inadequate 
level of Se in the diet, tissue oxidation occurs, 
resulting in degeneration and necrosis of 
cells. VE protects cellular membranes from 
lipoperoxidation, especially membranes rich 
in unsaturated lipids, such as mitochondric, 
endoplasmic reticulum, and plasma mem¬ 
branes. Thus dietary PUFAs are not a prereq¬ 
uisite for the disease. Diets low in Se and/or 
VE do not provide sufficient protection 
against the “physiological” lipoperoxidation 
that occurs normally at the cellular level. 

The relative importance of Se, VE, and 
sulfur-containing amino acids in providing 
protection in each of the known diseases 
caused by their deficiency is not clearly 
understood. Se has a sparing effect on VE 
and is an efficient prophylactic against mus¬ 
cular dystrophy of calves and lambs at 
pasture, but it does not prevent muscular 
dystrophy in calves fed on a diet containing 


cod liver oil. The current understanding of 
the biochemical function of Se and its rela¬ 
tion to VE and the mechanisms of action of 
Se and VE in protection of biological mem¬ 
branes have been reviewed. 

Nutritional Muscular Dystrophy 

A simplified integrated concept of the patho¬ 
genesis of the NMD would be as follows. 
Diets deficient in Se and/VE permit wide¬ 
spread tissue lipoperoxidation, leading to 
hyaline degeneration and calcification of 
muscle fibers. One of the earliest changes in 
experimental Se deficiency in lambs is the 
abnormal retention of calcium in muscle 
fibers undergoing dystrophy, and Se supple¬ 
mentation prevents the retention of calcium. 
Unaccustomed exercise can accelerate the 
oxidative process and precipitate clinical 
disease. Muscle degeneration allows the 
release of enzymes, such as lactate dehydro¬ 
genase, aldolase, and creatine phosphoki- 
nase, the last of which is of paramount 
importance in diagnosis. Degeneration of 
skeletal muscle is rapidly and successively 
followed by invasion of phagocytes and 
regeneration. In myocardial muscle, replace¬ 
ment fibrosis is the rule. 

In calves, lambs, and foals, the major 
muscles involved are skeletal, myocardial, 
and diaphragmatic. The myocardial and dia¬ 
phragmatic forms of the disease occur most 
commonly in young calves, lambs, and foals, 
resulting in acute heart failure, respiratory 
distress, and rapid death, often in spite of 
treatment. The skeletal form of the disease 
occurs more commonly in older calves, year¬ 
ling cattle, and older foals and results in 
weakness and recumbency; it is usually less 
severe and responds to treatment. The biceps 
femoris muscle is particularly susceptible in 
calves, and muscle biopsy is a reliable diag¬ 
nostic aid. 

In foals with NMD, there is a higher pro¬ 
portion of type IIC fibers and a lower pro¬ 
portion of type I and IIA fibers than in 
healthy foals. The type IIC fibers are found 
in fetal muscle and are undifferentiated and 
still under development. During the recov¬ 
ery period, fibers of types I, IIA, and IIB 
increase and the proportion of type IIC fibers 
decreases. A normal fiber type composition 
is present in most surviving foals 1 to 2 
months after the onset of the disease. 

Acute NMD results in the liberation of 
myoglobin into the blood, which results in 
myoglobinuria. This is more common in 
horses, older calves, and yearling cattle than 
in young calves, whose muscles have a lower 
concentration of myoglobin. Hence, the ten¬ 
dency to myoglobinuria will vary depending 
on the species and age of animal involved. 

Subclinical Selenium Insufficiency 

Se deficiency affects thyroid hormone 
metabolism and may explain the cause of 
ill-thrift. The conversion of the iodine- 
containing hormone thyroxine (T4) to the 
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more potent triiodothyronine (T3) is 
impaired in animals with low Se status, and 
iodothyronine deiodinase is a selenoprotein 
that mediates this conversion. 

VESD Syndrome and Others 

The pathogenesis of mulberry heart disease, 
hepatosis dietetica, exudative diathesis, and 
muscular dystrophy of pigs is not yet clear. 
VE and Se are necessary to prevent wide¬ 
spread degeneration and necrosis of tissues, 
especially the liver, the heart, skeletal muscle, 
and blood vessels. Se and VE deficiency in 
pigs results in massive hepatic necrosis 
(hepatosis dietetica), degenerative myopathy 
of cardiac and skeletal muscles, edema, 
microangiopathy, and yellowish discolor¬ 
ation of adipose tissue. Myocardial and 
hepatic calcium concentrations are increased 
in pigs with mulberry heart disease. In addi¬ 
tion, there may be esophagogastric ulcer¬ 
ation, but it is uncertain whether or not this 
lesion is caused by a Se and/or VE defi¬ 
ciency. Anemia has also occurred and has 
been attributed to a block in bone-marrow 
maturation, resulting in inadequate erythro- 
poiesis, hemolysis, or both. However, there 
is no firm evidence that anemia is a feature 
of Se and VE deficiency in pigs. The entire 
spectrum of lesions has been reproduced 
experimentally in pigs with natural or puri¬ 
fied diets deficient in Se and VE or in which 
an antagonist was added to inactivate VE or 
Se. However, in some studies, the Se content 
of tissues of pigs that died from mulberry 
heart disease was similar to that of control 
pigs without the disease. 

The extensive tissue destruction in pigs 
may account for the sudden-death nature of 
the complex (mulberry heart disease and 
hepatosis dietetica) and the muscle stiffness 
that occurs in some feeder pigs and sows of 
farrowing time with muscular dystrophy. 
The tissue degeneration is associated with 
marked increases in serum enzymes related 
to the tissue involved. An indirect correla¬ 
tion between VE intake and peroxide hemo¬ 
lysis in pigs on a deficient diet suggests that 
lipoperoxidation is the ultimate biochemical 
defect in pigs and that VE and Se are 
protective. 

It is thought now that the disease is asso¬ 
ciated with the lack of balance between free- 
radical generation and scavenging of these 
radicals that is called oxidative stress. Scav¬ 
engers include superoxide dismutase, gluta¬ 
thione peroxidase, vitamin C, and vitamin E. 
Se is included because it is a component of 
glutathione peroxidase. Deficiency of these 
scavengers can lead to cellular injury and 
death. 

In these pigs, there are other complicat¬ 
ing factors that may make the condition mul¬ 
tifactorial. These include stress, increased 
iron tissue concentrations, increased calcium 
and decreased magnesium concentrations, 
and diets containing corn oil, PUFAs, afla- 
toxins, excess vitamin A, or dried distiller 


grains. Individual animals may also have a 
genetic predisposition. 

CLINICAL FINDINGS 

Nutritional muscular dystrophy is frequently 
diagnosed in cattle in Europe, but diagnosis 
based on samples is the only way to confirm 
the diagnosis because the clinical signs are 
rarely pathognomonic. 53 

Acute Enzootic Muscular Dystrophy 

Affected animals may collapse and die sud¬ 
denly after exercise without any other pre¬ 
monitory signs. The excitement associated 
with the hand-feeding of dairy calves may 
precipitate peracute death. In calves under 
close observation, a sudden onset of dullness 
and severe respiratory distress, accompanied 
by a frothy or blood-stained nasal discharge, 
may be observed in some cases. Affected 
calves, lambs, and foals are usually in lateral 
recumbency and may be unable to assume 
sternal recumbency even when assisted. 
When picked up and assisted to stand, they 
feel and appear limp. However, their neuro¬ 
logic reflexes are normal. Their eyesight and 
mental attitude are normal, and they are 
usually thirsty and can swallow unless the 
tongue is affected. The heart rate is usually 
increased up to 150 to 200/min and often 
with arrhythmia, the respiratory rate is 
increased up to 60 to 72/min, and loud 
breath sounds are audible over the entire 
lung fields. The temperature is usually 
normal or slightly elevated. Affected animals 
commonly die 6 to 12 hours after the onset 
of signs, in spite of therapy. Outbreaks of 
the disease occur in calves and lambs in 
which up to 15% of susceptible animals may 
develop the acute form and the case-fatality 
approaches 100%. 


Subacute Enzootic 
Muscular Dystrophy 

Subacute enzootic muscular dystrophy is 
the most common form in rapidly growing 
calves, often referred to as “white-muscle 
disease” and, in young lambs, “stiff-lamb 
disease.” Affected animals may be found in 
sternal recumbency and be unable to stand, 
but some make an attempt to stand (Fig. 
15-12). If they are standing, the obvious 
signs are stiffness, trembling of the limbs, 
weakness, and, in most cases, an inability 
to stand for more than a few minutes. The 
gait in calves is accompanied by rotating 
movements of the hocks and in lambs by a 
stiff, goose-stepping gait. Muscle tremor is 
evident if the animal is forced to stand for 
more than a few minutes. On palpation the 
dorsolumbar, gluteal, and shoulder muscle 
masses may be symmetrically enlarged and 
firmer than normal (although this may be 
difficult to detect). Most affected animals 
retain their appetite and will suck if held 
up to the dam or eat if hand-fed. Major 
involvement of the diaphragm and inter¬ 
costal muscles causes dyspnea with labored 
and abdominal-type respiration. The tem¬ 
perature is usually in the normal range, 
but there may be a transient fever (41° C; 
105° F) as a result of the effects of myoglo- 
binemia and pain. The heart rate may be 
elevated, but there are usually no rhyth¬ 
mic irregularities. Following treatment, 
affected animals usually respond in a few 
days, and within 3 to 5 days they are able 
to stand and walk unassisted. In sheep with 
stiff-lamb disease, there were heart arrhyth¬ 
mias resulting from myocardial degenera¬ 
tion. In these lambs with low VE and Se, 
there were seven different arrhythmias 
detected. 54 



Fig. 15-12 Subacute enzootic muscular dystrophy in a recently weaned Merino lamb. The 
weanling is bright, alert, and responsive, with a good appetite, but it is unable to stand for 
more than a few seconds. 
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In alpacas grazing the same pastures as 
sheep, it was found that the sheep had higher 
blood Se levels but the alpacas had higher 
plasma Se levels. 55 

In some cases, the upper borders of the 
scapulae protrude above the vertebral 
column and are widely separated from the 
thorax. This has been called the “flying 
scapula” and has occurred in outbreaks in 
heifers from 18 to 24 months of age within a 
few days to 3 weeks after being turned out in 
the spring following loose-housing condi¬ 
tions throughout the winter. 56 The abnormal¬ 
ity is a result of bilateral rupture of the 
serratus ventralis muscles and has also been 
reported in a red deer. Occasionally, the toes 
are spread, and there is relaxation of carpal 
and metacarpal joints or knuckling at the 
fetlocks and standing on tip-toe, inability to 
raise the head, difficulty in swallowing, 
inability to use the tongue, and relaxation of 
abdominal muscles. Choking may occur 
when the animals attempt to drink. In “para¬ 
lytic myoglobinuria” of yearling cattle, there 
is usually a history of recent turning out on 
pasture following winter housing. Clinical 
signs occur within 1 week and consist of stiff¬ 
ness, recumbency, myoglobinuria, hyper- 
pnea, and dyspnea. Severe cases may die 
within a few days, and some are found dead 
without premonitory signs. In rare cases, 
lethargy, anorexia, diarrhea, and weakness 
are the first clinical abnormalities recog¬ 
nized, followed by recumbency and 
myoglobinuria. 

Congenital muscular dystrophy has 

been described in a newborn calf. The calf 
was still recumbent 13 hours after birth and 
had increased serum creatine kinase and 
decreased serum VE and Se levels. Recovery 
occurred following supportive therapy and 
VE and Se administration. 

Subcapsular liver rupture in lambs has 
been associated with VE deficiency in lambs, 
usually those under 4 weeks of age. Affected 
lambs collapse suddenly, become limp, and 
die within a few minutes or several hours 
after the onset of weakness. 

In foals, muscular dystrophy occurs 
most commonly during the first few months 
of life and is common in the first week. 
The usual clinical findings are failure to 
suck, recumbency, difficulty in rising, and 
unsteadiness and trembling when forced to 
stand. The temperature is usually normal, 
but commonly there is polypnea and tachy¬ 
cardia. The disease in foals may be charac¬ 
terized by an acute, fulminant syndrome, 
which is rapidly fatal, or a subacute syn¬ 
drome characterized by profound muscu¬ 
lar weakness. Failure of passive transfer, 
aspiration pneumonia, and stunting are 
frequent complications. In the subacute 
form, mortality rates may range from 30% 
to 45%. 

In adult horses with muscular dystro¬ 
phy, a stiff gait, myoglobinuria, depression, 
inability to eat, holding the head down low, 


and edema of the head and neck are common. 
The horse may be presented initially with 
clinical signs of colic. 

In pigs, muscular dystrophy is not com¬ 
monly recognized clinically because it is part 
of the more serious disease complex of mul¬ 
berry heart disease and hepatosis dietetica. 
However, in outbreaks of this complex, 
sucking piglets, feeder pigs, and sows after 
farrowing may exhibit an uncoordinated, 
staggering gait suggestive of muscular 
dystrophy. 

Subclinical nutritional muscular dys¬ 
trophy occurs in apparently normal animals 
in herds at the time clinical cases are present. 
The serum activity of creatine kinase may be 
elevated in susceptible animals for several 
days before the onset of clinical signs; follow¬ 
ing treatment with VE and Se the serum 
enzyme activity returns to normal. Grossly 
abnormal electrocardiograms occur in some 
animals and may be detectable before clinical 
signs are evident. 

Juvenile mortality in captive lesser kudu 
was reported at Basle Zoo as a result primar¬ 
ily of WMD caused by a diet deficient in both 
VE and Se. 57 

Vitamin E/Selenium Deficiency 
in Pigs 

In pigs the total antioxidant pool is the 
important feature because Se and ascorbic 
acid are sparing for vitamin C and alpha- 
tocopherol. 58 Usually, they occur separately, 
but rarely MHD and HD occur together; 
even more rarely, you may find that there is 
NMD as well. There is a suspicion that the 
occurrence of two or more together has 
recently become more common, but this in 
fact may be a result of the greater awareness 
of both conditions. Two or more conditions 
require supplementation with both VE 
and Se. 

Mulberry Heart Disease 

MHD is usually seen in pigs from a few 
weeks to 4 months of age. The incidence of 
the disease is generally low. These pigs are 
nearly always the best of the group, and it 
may be that this rate of growth increases the 
demand for VE and Se. Nearly always the 
animals are found dead, so clinical signs are 
not often seen. Death usually results from 
arrhythmias associated with the myocardial 
necrosis. 

More than one pig may be found dead. 
When seen alive, animals show severe 
dyspnea, cyanosis, and recumbency, and 
forced walking can cause immediate death. 
In some outbreaks, about 25% of pigs will 
show a slight inappetence and inactivity; 
these are probably in the subclinical stages of 
the disease. The stress of movement, inclem¬ 
ent weather, or transportation will precipi¬ 
tate further acute deaths. The temperature is 
usually normal, the heart rate is rapid, and 
irregularities may be detectable. The feces are 
usually normal. 


Hepatosis Dietetica 

In hepatosis dietetica, most pigs are found 
dead. Very few cases show other signs. In 
occasional cases, before death there will be 
dyspnea, severe depression, vomiting, stag¬ 
gering, diarrhea, and a state of collapse. 
Some pigs are icteric. Outbreaks also occur 
similar to the pattern in mulberry heart 
disease. Muscular dystrophy is an almost 
consistent necropsy finding in both mul¬ 
berry heart disease and hepatosis dietetica 
but is usually not recognized clinically 
because of the seriousness of the two latter 
diseases. Clinical muscular dystrophy has 
been described in gilts at 11 months of age. 
About 48 hours after farrowing, there was 
muscular weakness, muscular tremors, and 
shaking. This was followed by collapse, 
dyspnea, and cyanosis. There were no liver 
or heart lesions. In experimental Se and VE 
deficiency in young, rapidly growing pigs, a 
subtle stiffness occurred along with a signifi¬ 
cant increase in the creatinine phosphatase 
(CPK) and serum glutamic-oxaloacetic 
transaminase (SGOT) values. 

CLINICAL PATHOLOGY 
Myopathy 

Plasma Creatine Kinase 

Plasma creatine kinase (CK) is the most 
commonly used laboratory aid in the diag¬ 
nosis of NMD. The enzyme is highly specific 
for cardiac and skeletal muscle and is released 
into the blood following unaccustomed 
exercise and myodegeneration. In cattle and 
sheep, its half-life is 2 to 4 hours, and plasma 
levels characteristically decline quickly 
unless there is continued myodegeneration 
but remain a good guide to the previous 
occurrence of muscle damage for a period of 
about 3 days. The normal plasma levels of CK 
(IU/L) are as follows: sheep, 52 + 10; cattle, 
26 ± 5; horses, 58 ± 6; and pigs, 226 ± 43. In 
cattle and sheep with NMD, the CK levels 
will be increased, usually above 1000 IU/L 
and commonly to 5000 to 10,000 IU/L, and 
not uncommonly even higher. Following 
turn-out of housed cattle onto pasture, the 
CK levels will increase up to 5000 IU/L 
within a few days. The CK levels will usually 
return to normal levels within a few days 
following successful treatment. Persistent 
high levels suggest that muscle degeneration 
is still progressive or has occurred within the 
last 2 days. Measurement of plasma CK 
activity could be used to monitor recovery of 
animals treated for nutritional myopathy. 

Aspartate Aminotransferase 

Aspartate aminotransferase (AST) activity 

is also an indicator of muscle damage, but it 
is not as reliable as the CK because increased 
AST levels may also indicate liver damage. 
The AST activity remains elevated for 3 to 10 
days because of a much longer half-life than 
CK. In acute cases, levels of 300 to 900 IU/L 
in calves and 2000 to 3000 IU/L in lambs 
have been observed. In normal animals of 





these species, serum levels are usually less 
than 100 IU/L. 

The magnitude of the increase in AST 
and CK is directly proportional to the extent 
of muscle damage. Both are elevated initially; 
an elevated AST and declining CK would 
suggest that muscle degeneration is no longer 
active. The levels of both enzymes will be 
increased slightly in animals that have just 
been turned out and subjected to unaccus¬ 
tomed exercise, horses in training, and in 
animals with ischemic necrosis of muscle as 
a result of recumbency caused by diseases 
other than muscular dystrophy. However, in 
acute muscular dystrophy, the levels are 
usually markedly elevated. 

Selenium Status 

Although information on the critical levels 
of Se in soil and plants is accumulating grad¬ 
ually, the estimations are difficult and expen¬ 
sive. Most field diagnoses are made on the 
basis of clinicopathologic findings, the 
response to treatment, and control proce¬ 
dures using selenium. The existence of NMD 
is accepted as presumptive evidence of Se 
deficiency, which can now be confirmed by 
analyses of GHS-PX and the concentrations 
of Se in soil, feed samples, and animal tissues. 
Tentative critical levels of the element are as 
follows: 

• Forages and grains: A content of 

0.1 mg/kg DM is considered adequate. 

• Soil: Soils containing less than 0.5 mg/ 
kg are likely to yield crops inadequate in 
selenium concentration. 

• Animal tissues, blood, and milk: The 
concentrations of Se in various tissues 
are reliable indicators of the Se status of 
the animal. There is a positive 
correlation between the Se content of 
feed and the Se content of the tissues 
and blood of animals ingesting that 
feed, and the values fluctuate with the 
dietary intake of the element. 

Three tests can be used to assess Se status 
in cattle and sheep: serum and whole-blood 
Se and glutathione peroxidase activity. 
Serum Se responds more rapidly to the 
administration of Se than whole-blood Se. 
There is a similar delay in glutathione peroxi¬ 
dase activity to Se supplementation. Blood or 
serum Se status is most consistently mea¬ 
sured at the herd level. Interlaboratory differ¬ 
ences in thresholds for deficiency exist, and 
results should be considered based on 
laboratory-specific guidelines. 

The recommended blood Se reference 
ranges for New Zealand livestock have been 
used in several publications. 

Reference ranges for Se and VE in serum, 
blood, and liver of sheep and goats in the 
United States are available. 

Selenium Status in Horses 

In New Zealand, the reference ranges for 
blood used for Se status in horses are as 
follows: adequate, greater than 1,600 nmol/L 
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(128 ng/mL); marginal, 450 to 1,600 nmol/L 
(36 to 128 ng/mL); and deficient, less than 
450 nmol/L (36 ng/mL). 

Kidney Cortex and Liver 

Normal liver Se concentrations range from 
1.2 to 2.0 pg/g DM, regardless of species or 
age. Levels of 3.5 to 5.3 pg/g (44 to 67 nmol/g) 
DM in the kidney cortex and 0.90 to 1.75 pg/g 
(11 to 22 nmol/g) DM in the liver of cattle are 
indicative of adequate Se. Levels of 0.6 to 

1.4 pg/g (8 to 18 nmol/g) in the kidney cortex 
and 0.07 to 0.60 pg/g (0.9 to 8 nmol/g) in the 
liver represent a deficient state. 

The Se content of bovine fetal liver samples 
collected at an abattoir contained 0.77 pg/mL 
WW and 0.13 pg/mL WW, from dairy breeds 
and beef breeds of cattle, respectively. Mean 
liver Se levels from aborted bovine fetuses 
with myocardial lesions were 5.5 pmol/kg, 

6.5 pmol/kg in fetuses without myocardial 
lesions, and 7.5 pmol/kg in fetuses from the 
abattoir, which suggests that Se deficiency 
may be the cause of abortion. 

Blood and Milk 

Blood and milk levels of Se are used as indi¬ 
cators of Se status in cattle and the effect of 
dietary supplementation. Serum Se values 
increase gradually with age from starting 
ranges for neonates of 50 to 80 ng/mL for 
calves and sheep and 70 to 90 for foals and 
pigs. Expected or normal values for adults 
are in the ranges of 70 to 100 for cattle, 120 
to 150 for sheep, 130 to 160 for horses, and 
180 to 220 for pigs. 

Dams of affected calves have levels 
of 1.7 ng/mL (22 nmol/L) in blood and 
4.9 ng/mL (62 nmol/L) in milk; their 
calves have blood levels of 5 to 8 ng/mL 
(63 to 102 nmol/L). Normal selenium- 
supplemented cows have 19 to 48 ng/mL (241 
to 609 nmol/L) in blood and 10 to 20 ng/mL 
(127 to 253 nmol/L) in milk, and their calves 
have blood levels of 33 to 61 ng/mL (419 to 
774 nmol/L). Mean Se concentrations in the 
blood of normal mares are 26 to 27 ng/mL 
(329 to 342 nmol/L). In Thoroughbred 
horses, Se concentrations in serum range 
from 39.5 to 118.5 mg/mL (40 to 160 ng/mL; 
0.5 to 2.0 pmol/L), and there are significant 
differences between various stables of horses. 

Bulk-Tank Milk 

The bulk-tank milk Se levels are closely 
related to the mean herd blood and milk 
levels and have the potential to be a low-cost, 
noninvasive means of evaluating herd Se 
levels to determine Se deficiency in the dairy 
herd. Bulk-tank Se concentrations are an 
accurate reflection of the herd Se status over 
the range of Se intakes typical of dairy herds 
in an area. 

Glutathione Peroxidase 

There is a direct relationship between the 
GSH-PX activity of the blood and the Se 
levels of the blood and tissues of cattle, sheep, 


horses, and pigs. The normal Se status of 
cattle is represented by whole-blood Se con¬ 
centration of 100 ng/mL (1270 nmol/L) and 
blood GSH-PX activity of approximately 
30 mU/mg hemoglobin. 

There is a high positive relationship 
(r = 0.87 to 0.958) between blood GSH-PX 
activity and blood Se concentrations in 
cattle. Blood Se levels less than 50 ng/mL 
are considered as selenium-deficient, levels 
between 50 and 100 ng/mL (126.6 nmol/L) 
are marginal, and those greater than 
100 ng/mL are adequate. Comparable 
whole-blood levels of GSH-PX are deficient 
if less than 30 mU/mg hemoglobin, mar¬ 
ginal if 30 to 60 mU/mg, and adequate if 
greater than 60 mU/mg hemoglobin. There 
is some evidence of variation in GSH-PX 
activities between breeds of sheep; levels 
may also decrease with increasing age. Low 
levels in some breeds of sheep may also be 
a reflection of adaptation to low Se intake 
because of low levels of Se in the soil and 
forages. 

The GSH-PX activity is a sensitive indica¬ 
tor of the level of dietary Se intake and the 
response to the oral or parenteral adminis¬ 
tration of Se. Because Se is incorporated into 
erythrocyte GSH-PX only during erythro- 
poiesis, an increase in enzyme activity of the 
blood will not occur for 4 to 6 weeks follow¬ 
ing administration of Se. Plasma GSH-PX 
will rise more quickly and will continue to 
increase curvilinearly with increasing dietary 
Se levels because it is not dependent on 
incorporation of the Se into the erythrocytes. 
The liver and Se concentration and serum 
GSH-PX activity may respond to changes in 
dietary Se more rapidly than either whole- 
blood Se or erythrocyte GSH-PX activity. 
The response in GSH-PX activity may 
depend on the Se status of the animals at the 
time when Se administered. Larger increases 
in the enzyme activity occur in selenium- 
deficient animals. The GSH-PX activity in 
foals reflects the amount of Se given to the 
mare during pregnancy. 

The sandwich ELISA is a simplified 
method for the estimation of GSH-PX activ¬ 
ity and Se concentration in bovine blood and 
can be used for rapid screening of the Se 
status of a large number of cattle. The 
GSH-PX activity of whole-blood samples has 
been used to assess the Se status of cattle in 
the Czech Republic. 

The GSH-PX activity can be determined 
rapidly using a spot test, which is semiquan- 
titative and can place a group of samples 
from the same herd or flock into one of three 
blood Se categories: deficient, low marginal, 
and marginal adequate. A commercial 
testing kit known as the Ransel Kit is now 
available. Because of the instability of 
GSH-PX plasma, GSH-PX activity in sheep, 
cattle, and pigs should be measured in fresh 
plasma or stored at -20° C (-4° F). For abso¬ 
lute measurements, it is suggested that pig 
plasma GSH-PX activity be measured 
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Table 15-7 Glutathione peroxidase (GSH-PX) activity and selenium concentration in 
blood and body tissues of animals deficient in selenium 


Species 

Clinical state or 
degree of deficiency 

Erythrocyte GSH-PX activity 
pmol/min at 37° C/g 
hemoglobin 

Serum selenium 
(pg/mL) 

Liver selenium 
(pg/g DM) 

Cattle 

Normal or adequate 

19.0-36.0 

0.08-0.30 

0.90-1.75 


Marginal 

10.0-19.0 

0.03-0.077 

0.45-0.90 


Deficient 

0.2-10.0 

0.002-0.025 

0.07-0.60 

Sheep 

Normal or adequate 

60-180 

0.08-0.50 

0.90-3.50 


Marginal 

8-30 

0.03-0.05 

0.52-0.90 


Deficient 

2-7 

0.006-0.03 

0.02-0.35 

Horse 

Adequate 

30-150 

0.14-0.25 

1.05-3.50 


Deficient 

8-30 

0.008-0.55 

0.14-0.70 

Pigs 

Adequate 

100-200 

0.12-0.30 

1.40-2.80 


Deficient 

<50 

0.005-0.60 

0.10-0.35 


Table 15-8 Selenium reference range to determine selenium status of sheep and cattle 
in New Zealand 



immediately after separation from the blood 
cells or be assayed within 24 hours under 
specified laboratory conditions. 

Vitamin E Status 

VE occurs in nature as a mixture of tocoph- 
erols in varying proportions. They vary 
widely in their biological activity so that 
chemical determination of total tocopherols 
is of much less value than biological assay. 
Tocopherol levels in blood and liver provide 
good information on the VE status of the 
animal. However, because of the difficulty of 
the laboratory assays of tocopherols, they are 
not commonly done, and insufficient reliable 
data are available. Analysis of liver from 
clinically normal animals on pasture reveals 
a mean a-tocopherol level of 20 mg/kg WW 
for cattle and 6 mg/kg WW for sheep. The 
corresponding ranges were 6.0 to 53 mg/kg 
WW for cattle and 1.8 to 17 mg/kg WW in 
sheep. The critical level below which signs of 
deficiency may be expected are 5 mg/kg 
WW for cattle and 2 mg/kg WW for sheep. 
Tocopherol levels in the serum of less than 
2 mg/L in cattle and sheep are considered to 
be critical levels below which deficiency dis¬ 
eases may occur. However, if the diet con¬ 
tains adequate quantities of Se, but not an 
excessive quantity of PUFAs, animals may 
thrive on low levels of serum tocopherols. In 
growing pigs, the serum VE levels are 
between 2 and 3 mg/L. In summary, there 
are insufficient reliable data available on the 
VE status on animals with NMD to be of 
diagnostic value. 

The mean plasma VE level in clinically 
normal horses of various ages and breeds was 
2.8 |tg/mL. The optimal method for storing 
equine blood before a-tocopherol analysis is 
in an upright position in the refrigerator for 
up to 72 hours. If a longer period is needed, 
the serum or plasma should be separated, 
blanketed with nitrogen gas, and frozen in 
the smallest possible vial; the a-tocopherol 
in these samples will be stable at -16° C 
(3° F) for at least 3 months. 

A summary of the GSH-PX activity, 
tocopherol levels, and Se levels in blood and 
body tissues of animals deficient in Se 
appears in Table 15-7. Normal values are also 
tabulated for comparison. Both the abnor¬ 
mal and normal values should be considered 
as guidelines for diagnosis because of the 
wide variations in levels between groups of 
animals. The level of dietary Se may fluctuate 
considerably, which may account for varia¬ 
tions in GSH-PX. Se reference ranges to 
determine Se status of sheep and cattle in 
New Zealand are shown in Table 15-8. 

In the early stages of the subclinical form 
of NMD in lambs, there may be a decrease 
in serum Se and glutathione peroxidase 
activity and an increase in the activity of 
aspartate aminotransferase (AST), creatine 
kinase (CK), and lactate dehydrogenase 
(LDH) compared with healthy lambs. The 
LDH-isoenzyme activity is useful for 


detection of subclinical forms of NMD 
because of significant increases in the activ¬ 
ity of the LDH 5 -muscle fraction. 

Farmed Red Deer 

Reference range data for liver and blood sele¬ 
nium in red deer are limited. White-muscle 
disease has occurred in young deer with 
blood and liver Se concentrations of 84 to 
140 nmol/L and 240 to 500 nmol/kg fresh 
tissue, respectively. No growth-rate response 
to Se supplementation occurred in 1-year- 
old deer when blood Se concentrations were 
less than 130 nmol/L, the range in which a 
growth rate response would be expected in 
sheep. 

Pigs 

An increase in the activity of several plasma 
enzymes occurs in Se and VE deficiencies of 
pigs. The measurement of AST, CPK, LDH, 
and isocitrate dehydrogenase can be used to 
detect the onset of degeneration of skeletal 
and myocardial muscles and liver. However, 
these are not commonly used for diagnostic 
purposes because of the acuteness of the 
illness. The determination of the levels of Se 
in feed supplies, tissues, and blood of affected 
pigs is much more useful as an aid to diag¬ 
nosis and for guidelines for supplementation 
of the diet. 


In Se-VE deficiency in pigs, serum Se 
values of less than 2.5 ng/mL (3.2 nmol/L), 
hepatic Se of less than 0.10 mg/kg (1.3 |tmol/ 
kg), plasma a-tocopherol values of less than 
0.40 pg/mL, and hepatic a-tocopherol con¬ 
centrations of less than 0.75 pg/g of tissue 
are common. In a recent study, the VE level 
was less than 2 ppm in 25% of pigs with gross 
and microscopic lesions of MHD. In a recent 
study, results suggested that supplementa¬ 
tion with a surfeit level of VE reduced the 
response to endotoxin (i.e., a reduced 
response to the peak levels of IL-6). 

The diagnostic criteria for the VESD 
complex in pigs in New Zealand indicate 
that liver VE concentrations greater than 
10 pmol/kg are adequate, with less than 
2.5 pmol/kg associated with deficiency. 
Corresponding estimates for serum VE are 
greater than 2.5 pmol/L and less than 
0.8 pmol/L, respectively. Liver Se concentra¬ 
tions of greater than 2200 nmol/kg are ade¬ 
quate, with 1100 to 2200 nmol/kg being in 
the marginal range and less than 1100 nmol/ 
kg being deficient. Deficiency levels for 
blood are in the range of 400 to 1500 nmol/L. 
These values must be interpreted along with 
the concentration of PUFAs in the diet. 

There is a close relationship between 
blood VE and resistance of erythro¬ 
cytes against lipid peroxidation. The 
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supplementation of the diet of pigs with VE 
will increase both the serum levels of VE 
and the resistance of the erythrocytes to lipid 
peroxidation. 

NECROPSY FINDINGS 

The gross appearance of the muscle lesions is 
quite constant, but the distribution of affected 
muscles varies widely in different animals. 
Affected groups of skeletal muscle are bilat¬ 
erally symmetric and contain localized white 
or gray areas of degeneration and necrosis. 
These areas may be in streaks, involving a 
large group of muscle fibers that run through 
the center of the apparently normal muscle 
or as a peripheral boundary around a core of 
normal muscle. In the diaphragm, the distri¬ 
bution of damaged bundles gives the tissue a 
radially striated appearance. The affected 
muscle is friable and edematous and may be 
mineralized. Secondary pneumonia often 
occurs in cases where the muscles of the 
throat and chest are affected. In cases with 
myocardial involvement, white areas of 
degeneration are visible, particularly under 
the endocardium of the left ventricle in 
calves and of both ventricles in lambs. The 
lesions may extend to involve the interven¬ 
tricular septum and papillary muscles and 
have a gritty character consistent with min¬ 
eralization. Pulmonary congestion and 
edema is common. 

Histologically, the muscle lesions in 
all species are noninflammatory. Hyaline 
degeneration is followed by coagulation 
necrosis and variable degrees of 
mineralization. 

Other than a variable degree of muscular 
atrophy, gross lesions are not seen in horses 
with equine motor neuron disease. Confir¬ 
mation of the diagnosis relies on histologic 
identification of characteristic degeneration 
and loss of motor neurons of the spinal cord 
ventral horns. However, a very strong pre¬ 
sumptive diagnosis can be achieved by micro¬ 
scopic confirmation of neurogenic atrophy in 
the sacrocaudalis dorsalis muscle or axonal 
degeneration in the spinal accessory nerve. 

A generalized steatitis has been described 
in newborn foals less than 2 months of age. 
The microscopic appearance of this yellow- 
brown fat consists of necrotic fat infiltrated 
by neutrophils, macrophages, and giant cells. 
Steatitis and nodular panniculitis have also 
been reported in a 3-year-old VE-Se- 
deficient mare. 

In mulberry heart disease, the carcass is 
in good condition. All body cavities contain 
excessive amounts of fluid and shreds of 
fibrin. In the peritoneal cavity, the fibrin is 
often in the form of a lacy net covering all 
the viscera. The liver is enlarged, appears 
mottled, and has a characteristic nutmeg 
appearance on the cut surface. The lungs 
are edematous, and excessive fluid in the 
pleural cavities is accompanied by collapse of 
the ventral lung field. The pericardial sac is 
filled with gelatinous fluid interlaced with 


bands of fibrin. Beneath the epicardium and 
endocardium are multiple hemorrhages of 
various sizes. Usually, this hemorrhage is 
more severe on the right side of the heart. 
This gives the heart the typical mottled 
appearance, which is caused by areas of 
necrosis and areas of hemorrhage. 

Histologically, the characteristic lesion is 
widespread myocardial congestion, hemor¬ 
rhage, and myofiber degeneration. Multiple 
fibrinous microthrombi are within the myo¬ 
cardial capillaries, and occasionally degener¬ 
ative changes are visible in the walls of small 
arterioles in many organs, including the 
heart. Malacia of cerebral white matter or, 
more rarely, the molecular layer of the cere¬ 
bellum may occur and is attributable to 
microvascular damage. Microscopic lesions 
consistent with dietary microangiopathy may 
also be found in arterioles and capillaries of 
the heart, kidneys, liver, stomach, intestine, 
mesentery, skeletal muscle, and skin. It should 
be stressed that in some cases, the disease 
course is so rapid that morphologic changes 
are not discernible in the myocardial cells. 
Because it can be extremely difficult to distin¬ 
guish mulberry heart disease from S. suis sep¬ 
ticemia histologically, it is prudent to also 
attempt bacteriologic culture when attempt¬ 
ing to confirm the diagnosis. 

In hepatosis dietetica, the liver is swollen 
and turgid and has a mottled to mosaic-like 
appearance throughout its lobes. Many of the 
lobules are distended and reddish in color. 
There is in fact an irregular distribution of 
hepatic necrosis and hemorrhage. The gall 
bladder may be edematous, and there may 
also be myocardial necrosis and pulmonary 
edema. Typically, the disease course is so 
rapid that jaundice does not develop. 
Histologically, there is a distinct lobular 
distribution of hemorrhage, degeneration, 
and necrosis. 

In NMD of pigs, the lesions are often only 
visible at the microscopic level and consist of 
areas of bilaterally distributed areas of mus¬ 
cular degeneration. The changes include 
hyalinization, loss of striations, and frag¬ 
mentation of myofibers. The sections are dif¬ 
ficult to cut because of the presence of 
calcium in the myocytes. A mild degree of 
NMD may accompany some cases of hepa¬ 
tosis dietetica. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—50 g liver (ASSAY [Se] 
[VE]) 

• Histology—formalin-fixed skeletal 
muscle (multiple sites), heart (both left 
and right ventricular walls), and brain 
(including cerebral hemisphere) (LM). It 
may require special stains to show the 
presence of calcium in the sections. In 
biopsies from medial gluteal muscles 
using a Bergstrom needle, there were 
ragged red fibers of type I and IIA. 
Muscle fiber atrophy and 


subsarcolemmal aggregates in type I and 
IIA fibers were also found. More 
severely affected horses had 
inflammatory infiltrate, collagen 
proliferation, phagocytosis, necrosis, and 
calcification. 59 

• Bacteriology (for mulberry heart 
disease only)—heart, liver, swab from 
pericardial sac (CULT) 


DIFFERENTIAL DIAGNOSIS 


Nutritional muscular dystrophy (NMD) 

NMD is most common in young rapidly 
growing animals fed a ration deficient in 
selenium and vitamin E or whose dams were 
on a deficient, unsupplemented ration 
throughout the winter months. 

Characteristically, the disease is sudden in 
onset, and several animals are affected initially 
or within a few days, particularly following 
unaccustomed exercise. In the acute form, 
generalized weakness and a state of collapse 
are common. In the subacute form, the major 
clinical findings are stiffness in walking, long 
periods of recumbency or total recumbency, 
inability to stand, a normal mental attitude 
and appetite, and no abnormal neurologic 
findings to account for the recumbency. 

The creatine phosphokinase (CPK) levels are 
markedly elevated. 

Calves and yearlings 

Acute enzootic muscular dystrophy in calves 
with myocardial involvement must be 
differentiated from other diseases causing 
generalized weakness, toxemia, and shock. 
These include the following: 

• Septicemias: Haemophilus septicemia 
resulting in weakness, recumbency, and 
fever 

• Pneumonia: Pneumonic pasteurellosis 
causing dyspnea, toxemia, fever, and 
weakness 

Subacute enzootic muscular dystrophy, 

in which skeletal muscle lesions predominate, 
must be differentiated from other diseases of 
young calves and yearlings characterized 
clinically by paresis and paralysis. The 
subacute form is more common in yearlings 
and young cattle and is characterized by 
recumbency, with other body systems being 
within relatively normal ranges. The other 
diseases include the following: 

• Musculoskeletal diseases —polyarthritis, 
traumatic or infectious myopathies 
(blackleg), osteodystrophy and fractures of 
long bones 

• Diseases of the nervous system —spinal 
cord compression, Hemophilus 
meningoencephalitis and myelitis, 
organophosphatic insecticide poisoning 

• Diseases of the digestive tract— 
carbohydrate engorgement resulting in 
lactic acidosis, shock, dehydration, and 
weakness 

Lambs and kids 

In lambs with "stiff-lamb" disease, there is 
stiffness and a stilted gait, affected animals 

Continued 
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prefer recumbency, and they are bright and 
alert and will suck the ewe if assisted. The 
serum levels of CPK and serum glutamic- 
oxaloacetic transaminase (SGOT) are also 
markedly elevated. Differentiation may be 
necessary from enzootic ataxia and swayback, 
but in these two diseases, stiffness is not 
characteristic, but rather, weakness and 
paresis. 

Foals 

In foals, NMD must be differentiated from 
acute diseases of the musculoskeletal and 
nervous system causing abnormal gait, 
weakness, and recumbency. They include the 
following: 

• Polyarthritis 

• Meningitis 

• Traumatic injury to the spinal cord 

Mulberry heart disease 

Mulberry heart disease must be differentiated 
from other common causes of sudden death 
in pigs in which the diagnosis is made at 
necropsy: 

• Acute septicemias attributable to 
salmonellosis, erysipelas, pasteurellosis, and 
anthrax 

• Porcine stress syndrome 

• Gut edema 

• Intestinal volvulus, heat exhaustion, 
suffocation during transportation 


TREATMENT 

Because of the overlapping functions of Se 
and VE and because it is not always possible 
to know the relative etiologic importance of 
one nutrient or the other in causing some of 
the acute conditions already described, it is 
recommended that a combined mixture of 
selenium and a-tocopherol be used in treat¬ 
ment. a-Tocopherol is the most potent form 
of the tocopherols and is available in a 
number of pharmaceutical forms, which 
also vary in their biological activity. It has 
become necessary to express the unitage of 
VE in terms of international units of biologi¬ 
cal activity (1 IU:1 mg synthetic racemic a- 
tocopherol acetate; natural D-a-tocopherol 
acetate 1 mg: 1 IU and natural D-a- 
tocopherol 1 mg: 0.92 IU). It is also obvious 
that we need to know how to use organic Se 
(Se-enriched yeast) because this is likely to 
be much more valuable as a supplement than 
sodium selenite as a component of the 30+ 
selenoproteins. 

In cattle, a blend of ammonium chloride, 
VE, and Se is recommended for the treat¬ 
ment of retained fetal membranes. 60 

Organic selenium (Se-enriched yeast) is 
a strategy to increase the benefits of the 
replacement of sodium selenite. 61 Se-enriched 
yeast increases milk selenium at parturition 
and weaning. 62 

Nutritional Muscular Dystrophy 

For treatment of NMD in calves, lambs, 
and foals, a mixture containing 3 mg Se 


(as sodium or potassium selenite) and 
150 IU/mL of DL-a-tocopherol acetate, 
given IM at 2 mL/45 kg BW, is recom¬ 
mended. One treatment is usually sufficient. 
Animals with severe myocardial involve¬ 
ment will usually not respond to treatment, 
and the case-mortality rate is about 90%. 
However, all in-contact animals in the herd 
(calves, lambs, and foals) should be treated 
prophylactically with the same dose of Se 
and VE. They should be handled carefully 
during treatment to avoid precipitating acute 
muscular dystrophy. Animals with subacute 
skeletal muscular dystrophy will usually 
begin to improve by 3 days following treat¬ 
ment and may be able to stand and walk 
unassisted within 1 week. 

Animals sometimes do not respond to 
either VE or Se or treatment with both. 

Supplementation of lambs with Se had no 
significant effect on performance and blood 
hematology, but it increased blood G-Th-P 
and serum T3 but decreased serum T4 
compared with nonsupplemented lambs. 
Se-enriched yeast significantly improved the 
disgestibility. 63 In outbreaks of mulberry 
heart disease, hepatosis dietetica, and related 
Se- and VE-deficiency diseases in pigs, all 
clinically affected pigs and all pigs at risk 
should be treated individually with a combi¬ 
nation of Se/VE parenterally, at first to 
prevent any further sudden deaths. It can 
then be followed by oral administration. 

CONTROL 

It is necessary to adapt production systems 
to take into account changes in climatic 
systems, which can alter the feeding con¬ 
stituents and increase vitamin and mineral 
requirements and alter the balance between 
gestation and sources of stress. 31 

Se status is now associated with improved 
immune function, arthropathy, and cardio¬ 
myopathy. Most important, it protects 
against oxidative stress and aids in regulation 
of thyroid hormone metabolism. 64 

The control and prevention of the major 
diseases caused by Se and VE deficiencies 
can generally be accomplished by the provi¬ 
sion of both nutrients to susceptible animals 
fed on deficient rations. 

Provide Selenium and Vitamin E 

Over the years, both the VE levels and Se 
levels in the diets have increased but particu¬ 
larly the former. This is in response to the 
more rapid growth rates of pigs but also the 
realization that pigs are coping with many 
more oxidative disease states. Outdoor pigs 
usually have sufficient levels of both unless 
the soil is Se deficient. A recent study from 
China has suggested that dietary zinc at 
85 mg/kg, Se at 0.40 mg/kg, and vitamin E at 
45 IU/kg is appropriate for crossbred sows. 

Although Se alone is protective against a 
greater spectrum of diseases than is VE, 
there are situations in which VE is more pro¬ 
tective. Both Se and VE should be provided 


when the diets are deficient in both nutri¬ 
ents, but this may not apply in every situa¬ 
tion. Most of the emphasis has been on Se 
supplementation at the expense of VE, which 
is more expensive and less stable. Most 
injectable VE and Se preparations are ade¬ 
quate in Se but insufficient in VE. 

There have been several attempts to sup¬ 
plement weaner pigs with a VE prepara¬ 
tion. Besides individual injections, it is 
possible to supplement weaner pigs with 
water supplementation. Pigs will usually 
drink even if they are not eating. A recent 
study showed that the supplementation of 
drinking water with high doses of VE 
(150 mg of DL-a-tocopherol acetate) was 
effective in maintaining serum VE levels 
over the weaning period. This was even 
true when the intake of food over the 
weaning period was very low (it can be as 
low as 0.2 to 0.3 kg) and there was a tem¬ 
porary malabsorption in the intestine. It 
takes about 100 IU/L of water to provide a 
good VE blood serum value. 

Maternal Transfer to Newborn 

Treatment with organic and inorganic Se 
improves the growth rate, humoral immune 
response, and antioxidant status of the 
lambs. 65 Se supplementation in cattle and 
ewes is associated with increased embryo 
production, higher fetal mass, and reduced 
levels of retained placenta. There is a complex 
relationship between supplementation 
(source of Se, time, length of time, presence 
of interfering elements, and the diet feeding 
regime). A 79-mg Se pill to dairy cows 3 
weeks before expected calving date signifi¬ 
cantly elevated blood Se levels in cows after 
calving. 66 Nearly always, calf VE levels are 
lower than cow VE levels. 6 ' 

Diseases caused by Se deficiency are pre¬ 
ventable by the administration of Se to the 
dam during pregnancy or directly to the 
young, rapidly growing animal. Se is trans¬ 
ported across the placenta and provides 
protection for the neonate. Oral supplemen¬ 
tation with Se in beef cattle will provide 
enough to maintain blood levels in the 
dam and for adequate transfer to the fetus, 
which can sequester Se when the levels are 
low in the dam. The colostrum of selenium- 
supplemented cattle also contains an ade¬ 
quate amount of Se to prevent severe 
selenium-deficiency diseases. However, by 7 
days after parturition, the levels in milk may 
be inadequate to maintain adequate serum 
levels in calves. The strategic administration 
of Se and VE before the expected occurrence 
of the disease is also a reliable method of 
preventing the disease. 

Selenium Is Potentially Toxic 

Selenium toxicosis is seen as a chronic 
problem (alkali disease) or as an acute sele- 
nosis (blind staggers). In a study of Se toxic¬ 
ity in lambs, it was found that sodium 
selenite administration led to decreased VE 







levels in the liver, but selenomethionine 
(organic Se) did not. 68 This study suggests 
that the chemical form of the ingested Se 
must be known to interpret tissue, blood, 
and serum concentrations. It can be associ¬ 
ated with severe depression, dyspnea, con¬ 
gested mucous membranes, watery diarrhea, 
and colic spasms, 69 and high levels of Se can 
be found in heart muscle, liver, and kidney. 
Chronic selenosis has also been described in 
camels. 711 

Because Se is toxic, any treatment and 
control program using it must be carefully 
monitored. Se injected into or fed to animals 
concentrates in liver, skeletal muscle, kidney, 
and other tissues, and withdrawal periods 
before slaughter must be allowed. There is 
some concern that Se may be a carcinogen 
for humans. The only tissues that appear 
likely to consistently accumulate more than 
3 to 4 mg/kg of Se are the kidney and liver, 
and these are very unlikely to constitute 
more than a very small part of the human 
diet. There have been no reports of untoward 
effects of Se on human health when it has 
been used at nutritional levels in food- 
producing animals. The incorporation of Se 
into commercially prepared feeds for some 
classes of cattle and pigs has been approved 
in some countries. A recent case in Norway 
showed the hazards of Se contamination in 
the case of an iron supplement. Se toxicosis 
has been fairly regularly reported. Se toxico¬ 
sis in pigs seen as progressive apathy, paraly¬ 
sis, and sudden death has been described. 71 

Pigs that are deficient may be more sus¬ 
ceptible to other diseases. Pigs with NMD 
often have the appearance of pneumonic pigs 
because the diaphragm is weak and the pigs 
are dyspneic. 

Deficient and small pigs may be more 
susceptible to the effects of iron, and when 
this is given by injection there may be large 
numbers of dead piglets as a result of iron 
toxicity. In these cases, the heart lesions 
resemble those of MHD. 

In a recent case of Se toxicosis in sheep 
associated with excessive sodium selenite in 
commercial supplement, 7 there were hem¬ 
orrhages throughout the lung lobes and 
edema. Toxicity is greater than 250 umol/kg 
DM, and in these sheep the levels were 325 
to 400 umol/kg DM. Se-accumulating plants 
are thought not to occur in the United 
Kingdom, and these sheep were thought to 
have been given free-access minerals from 
bags with 7628 to 8771 ppm of selenium. 

Selenium in Milk Supplies 

The use of Se in the diet of lactating dairy 
cows has caused concern about possible 
adulteration of milk supplies. However, the 
addition of Se to the diets of lactating dairy 
cows at levels that are protective against the 
deficiency diseases does not result in levels 
in the milk that are hazardous for human 
consumption. The feeding of excessive quan¬ 
tities of Se to dairy cattle would cause toxicity 
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before levels became toxic for humans. Se 
supplementation to colostrum increased the 
IgG amounts and Se concentration in blood 
plasma in newborn calves. 73 

Dietary Requirement of Selenium 

The dietary requirement of Se for both rumi¬ 
nants and nonruminants is 0.1 mg/kg DM of 
the element in the diet. There may be Nutri¬ 
tionally important differences in the Se status 
between the same feeds grown in different 
regions and between different feeds within a 
region. Even within a region featuring high 
Se concentrations, some feeds may contain 
levels of Se below the 0.1 mg/kg minimum 
requirement for livestock. Thus an Se analy¬ 
sis of feeds appears necessary to supplement 
livestock appropriately. Some geographic 
areas are known to be deficient in Se, and the 
feeds grown in these areas must be supple¬ 
mented with Se and VE on a continuous 
basis. Some reports indicate that surveys 
have found that dairy producers are provid¬ 
ing insufficient supplementary Se in the 
ration to meet the recommended Se intake 
for lactating dairy cows. Long-term admin¬ 
istration of organic Se in the form of Se yeast 
provides higher blood and tissue concentra¬ 
tions than repeated parenteral administra¬ 
tion of recommended therapeutic doses of 
inorganic Se. 

Grass-based diets elevate precursors of 
VE and vitamin A. Argentinian beef contains 
more a -tocopherols, beta carotene, ascorbic 
acid, and glutathione than feedlot beef/ 4 

There is an improvement in the preventa¬ 
tive antioxidant systems of cows fed Se- 
enriched yeast.' 7 

Avoidance of high-sulfate diets is desir¬ 
able, but provision of adequate Se overcomes 
the sulfate effect. 

Glutathione Peroxidase Activity 

Whole-blood GSH-PX activity is a way of 
monitoring Se status but is not as reliable 
in pigs as in sheep and cattle. Levels of 
the enzyme increased significantly over a 
12-week period when beef cattle were receiv¬ 
ing organic or inorganic Se. Levels were 
higher in the group receiving organic Se. It 
was shown that combinations of Se injec¬ 
tions and supplementation could help main¬ 
tain Se and GSH-Px blood status in beef 
cattle heifers. 76 

Pigs 

In growing pigs, both Se and vitamin E at 
30 IU/kg DM of feed are necessary for 
the prevention of the diseases caused by 
diets deficient in vitamin E and Se. Supple¬ 
mentation of the diet of the sow will result 
in an adequate transfer to the piglets. Satis¬ 
factory protection of the diseases of pigs 
caused by VE/Se deficiency depends on the 
correct balance between Se, a-tocopherol, 
and PUFAs in the diet and the presence of 
a suitable antioxidant to conserve the 
a-tocopherol. 


Different Methods 
of Supplementation 

The prevention of the major diseases caused 
by Se and VE deficiencies can be achieved by 
different methods, including the following: 

• Dietary supplementation in the feed or 

water supplies 

• Individual parenteral injections 

• Oral administration 

• Pasture top dressing 

The method used will depend on the cir¬ 
cumstances of the farm, the ease of adminis¬ 
tration, the cost, the labor available, the 
severity of the deficiency that exists, and 
whether or not the animals are being dosed 
regularly for other diseases, such as parasit¬ 
ism. The subcutaneous injection of barium 
selenate, the administration of an intrarumi- 
nal pellet, and the addition of Se to the water 
supply were compared in cattle; each method 
was effective for periods ranging from 4 to 
12 months. 

Dietary Supplementation 

The inclusion of Se and VE in the feed sup¬ 
plies or salt and mineral mixes has been gen¬ 
erally successful in preventing the major 
diseases caused by deficiencies of these two 
nutrients. The currently available data do not 
support the use of supplemental injections of 
VE for beef cattle because the benefits are 
greater when VE is fed. 

Selenium Dose 
Individual Injections 
Injections of Se and VE have been used suc¬ 
cessfully for prevention, particularly in cir¬ 
cumstances where the diet cannot be easily 
supplemented. Following the IM injections 
of sodium selenite into calves, lambs, and 
piglets, the Se concentration of the tissues, 
particularly the liver, increases and then 
declines to reach preinjection levels in 23 
days in calves and 14 days in lambs and 
piglets. Adequate sources of vitamin E also 
must be provided. Injectable preparations of 
Se and VE are usually adequate in Se and 
deficient in VE, and it may not be possible to 
correct a marginal deficiency of VE in preg¬ 
nant beef cattle, for example, by IM injection 
of a Se and VE preparation that contains an 
inadequate concentration of VE. The current 
label dose of injectable Se, 0.055 mg Se/kg 
BW, which is therapeutically adequate for 
NMD, is not sufficient for long-term Se sup¬ 
plementation of cattle on a Se-deficient diet. 
Copper and Se supplementation by paren¬ 
teral administration can be combined when 
both deficiencies are present. 

Subcutaneous Injections 
Cattle and Sheep. A slow-release prepara¬ 
tion of barium selenate for SC injection is 
now available for use in cattle and sheep. An 
SC injection of 1 mg selenium/kg BW to 
ewes 3 weeks before breeding elevated the Se 
level in milk during lactation and increased 
the Se concentration and GSH-PX activity 
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in the blood of the lambs during the 
period when they are at greatest risk from 
selenium-deficiency diseases. At a dose of 
1 mg selenium/kg BW to pregnant ewes, the 
GSH-PX activity is increased and main¬ 
tained at adequate levels for up to 5 months. 
There is adequate transfer of Se to the lambs, 
providing protection for up to 12 weeks of 
age, which covers the period when lambs are 
at greatest risk. A dose of 1.2 mg selenium/ 
kg BW provided adequate Se status for as 
long as two consecutive lambing seasons. 
Barium selenate at 1 mg selenium/kg BW SC 
provides protection in young sheep for at 
least 3 months and is not associated with risk 
of Se toxicity or unacceptable residues of Se 
in tissues other than the site of injection. A 
dose of 1 mg selenium/kg BW (barium sel¬ 
enate) to cattle SC increased the GSH-PX 
activity within 4 weeks and was maintained 
at high levels for up to 5 months. 

Pigs. The SC injection of barium selenate 
of pregnant sows at 0.5 to 1.0 mg selenium/ 
kg BW resulted in a significant difference in 
GSH-PX activity in the piglets from treated 
sows compared with untreated controls. The 
SC injection of barium selenate at 2.5 mg 
selenium/kg BW into pigs weighing 20 kg 
also maintained blood levels of selenium and 
GSH-PX activity during the most rapid 
growing period. The relative safety of barium 
selenate is a result of its slow rate of release 
from the site of injection. By comparison, 
when Se is administered as a soluble salt, 
such as sodium selenite, acute toxicity may 
occur at doses of 0.45 mg selenium/kg BW. 
Treatment with barium selenate increases 
the concentration of Se in blood, liver, and 
muscle and persists for at least 4 months. 
One disadvantage of barium selenate is that 
a large residue persists at the site of injection 
for long periods. The use of sodium selenite 
also increases tissue and blood concentra¬ 
tions of Se, but they begin to decline by 23 
days. The bovine liver rapidly removes 
approximately 40% of injected Se salts 
(soluble) from the systemic plasma, binds it 
to a plasma component, and releases it 
back into circulation within 1 hour of 
injection. 

Farmed Red Deer. A long-acting barium 
selenate given subcutaneously to red deer 
on pasture, at 0.5, 1.0, or 2.0 mg Se/kg BW, 
elevated blood Se concentrations from 
105 nmol/L preinjection for at least 377 days, 
with peak levels of 1894, 1395, and 
818 nmol/L for high, medium, and low 
doses, respectively. Pastures contained 10 to 
30 mg Se/kg DM. There was no significant 
difference in growth rate between treated 
and control deer. The preparation produced 
fewer and less severe SC tissue reactions 
than previous preparations. Young, rapidly 
growing deer seem less sensitive to Se defi¬ 
ciency, as measured by weight gain, than 
sheep and cattle, suggesting that reference 


ranges for those species are not appropriate 
for deer. 

Oral Selenium and Anthelmintics 

Oral dosing using sodium selenite is some¬ 
times combined with the administration of 
anthelmintics and vaccinations. The dose 
should approximate 0.044 mg/kg BW. A 
routine program in a severely deficient area 
comprises three doses of 5 mg of selenium 
(11 mg sodium selenite) each to ewes, one 
before mating, one at midpregnancy, and 
one 3 weeks before lambing, along with 
four doses to the lambs. The first dose to 
lambs (of 1 mg) is given at docking and the 
others (2 mg each) at weaning and then at 
3-month intervals. A 100-day controlled 
release anthelmintic capsule containing 
13.9 mg of selenium will protect lambs from 
Se deficiency for at least 180 days. 

Both Se and cobalt can be incorporated 
into an anthelmintic program. The levels of 
GSH-PX activity may be monitored on a 
regular basis following the drenching with Se 
and provide a good indication of Se avail¬ 
ability and the Se status of grazing sheep. 

Pasture Top Dressing 

The application of sodium selenate as a top 
dressing to pasture is now practiced and per¬ 
mitted in some countries. Top dressing at the 
approved rate of 10 g selenium/ha is effective 
for 12 months and has a toxicity margin of 
safety of about 20 times. Sodium selenate is 
now used in preference to sodium selenite 
because only about one-fifth is required to 
raise the pasture level of Se to the same con¬ 
centrations provided by sodium selenite. Top 
dressing of severely deficient pumice soils in 
New Zealand prevented deficiency for at 
least 12 months, sheep were protected against 
white-muscle disease in sheep, and repro¬ 
duction performance and weight gains were 
improved. It is recommended that sodium 
selenate be applied annually to all selenium- 
deficient soils at the rate of 10 g selenium/ha 
added to the superphosphate fertilizer or as 
prills of sodium selenate alone. Top dressing 
is an economical alternative to individual 
animal dosing, particularly in severely defi¬ 
cient areas with a high stocking rate. At the 
approved rate, no adverse effects are antici¬ 
pated for human or animal health or for the 
environment. Se-enriched fertilizer increases 
the Se level of hay to a level that is recom¬ 
mended for horses (0.1 mg/kg DM). 78 

Muscular Dystrophy 

Under most conditions, NMD of calves and 
lambs can be prevented by providing Se and 
VE in the diets of the cow or ewe during 
pregnancy at 0.1 mg/kg DM of actual Se and 
a-tocopherol at 1 g/d per cow and 75 mg/d 
per ewe. If possible, the supplementation 
should be continued during lactation to 
provide a continuous source of Se to the 
calves and lambs. Under some conditions the 
level of 0.1 mg/kg DM may be inadequate. In 


some circumstances, the optimal Se concen¬ 
tration in the feed is considerably higher 
than 0.1 mg/kg DM, and levels up to 1.0 mg/ 
kg DM in the feed result in increases in 
GSH-PX activity, which may be beneficial; 
however, the cost-effectiveness has not been 
determined. Pregnant ewes being fed on 
alfalfa hay may require selenium at a level 
of up to 0.2 mg/kg DM to prevent white- 
muscle disease in their lambs. Young, rapidly 
growing cattle, particularly beef cattle, likely 
to receive hay and straw deficient in Se and 
those that are fed high-moisture grain should 
receive a supplement of Se at the rate of 
0.1 mg/kg DM and a-tocopherol at 150 mg/d 
per head. If selenium-supplemented concen¬ 
trates are used as part of a feeding program 
for dairy cows, it is not necessary to provide 
additional Se by parenteral injection. 

Lambs are born with a low serum level of 
VE, but the concentration increases rapidly 
after the ingestion of colostrum. Supplemen¬ 
tation of pregnant ewes with a-tocopherol, 
either as a single IM dose (500 mg 2 weeks 
before lambing) or orally (150 mg daily 
during 3 to 4 weeks before lambing) results 
in a marked increase in the levels of the 
vitamin in the serum and colostrum. The VE 
concentration in colostrum was 5 to 11 times 
higher than in milk 1 week after lambing. 

VE supplementation of the feed of weaner 
sheep by oral drench or feed additive is effec¬ 
tive in increasing plasma a-tocopherol con¬ 
centrations. This is the most practical method 
for housed sheep and prevents subclinical 
myopathy. The IM oily injection was slow to 
increase plasma levels of tocopherols and did 
not prevent myopathy in grazing experi¬ 
ments. VE supplements have no beneficial 
effects on wool quality or quantity in grazing 
sheep, and unless certain flocks are suscep¬ 
tible to VE deficiency myopathy, it is not 
recommended. 

Beef Cattle and Sheep 
Salt-Mineral Mixture 
NMD can be prevented in unweaned beef 
calves and lambs by the inclusion of Se 
(14.8 mg/kg) and VE (2700 IU/kg) in the 
mineral supplement provided ad libitum to 
the pregnant cows and ewes on a selenium- 
deficient ration during the latter two-thirds 
of gestation and for the first month of lacta¬ 
tion. Under most conditions this will provide 
Se at 0.1 mg/kg DM in the diet. 

The provision of sodium selenite in a 
salt-mineral mixture to provide 90 mg of 
selenium/kg salt-mineral mixture on a year- 
round basis, even under range conditions, 
increased GSH-PX activity levels into normal 
ranges in beef cows for 3 months when fed 
to extremely deficient animals. Calves of 
these cows had increased weaning weights 
and decreased incidence of infectious dis¬ 
eases, but the trial was uncontrolled. The 
provision of 30 mg selenium/kg salt-mineral 
mixture was insufficient to raise the GSH-PX 
activity levels to normal ranges. Peak blood 
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selenium levels were achieved in weaned 
beef calves supplemented with 80 and 
160 mg selenium/kg in free-choice salt- 
mineral mixtures for a period of 108 days. In 
some jurisdictions, it may be necessary for 
the veterinarian to prescribe a supplement 
containing higher levels than those permit¬ 
ted by legislation. A level of 25 mg/kg sele¬ 
nium of a salt-mineral mixture provided ad 
libitum for sheep will result in sufficient 
levels of Se in the dam’s blood and milk to 
prevent Se deficiency diseases. Each ewe 
must consume from 8 to 12 g of the salt- 
mineral mixture per day. 

Se deficiency in grazing and forage-fed 
cattle is widespread in the United States and 
other countries. Calves may be severely 
depleted of Se and selenium-dependent glu¬ 
tathione peroxidase but exhibit no clinical 
signs of deficiency unless they are subjected 
to an oxidant or other types of stress. Nursing 
beef calves may be at risk of Se deficiency if 
their dams are not supplemented with Se. 
Even when sodium selenite is used in a free- 
choice mineral supplement designed to 
deliver 2 mg of Se daily, calves are still at risk 
for Se deficiency for up to 90 days. Se supple¬ 
mentation of pregnant beef cows with 
seleno-yeast in a free-choice mineral mixture 
increased the whole-blood Se and GSH-PX 
activity of both cows and calves and was 
much superior to sodium selenite. 

In some parts of the world, it is recom¬ 
mended that animals be allowed to graze 
saltbrush, which produces a higher quality of 
sheep and goat meat with less fat, more lean 
meat, and higher VE levels. ’' 

The supplementation of beef cattle in late 
gestation with oral VE, 1000 IU/head per 
day, influenced the VE status of cows that 
calved in late winter to a greater extent than 
that of cows calving in late summer because 
of the high VE content in the pasture-based 
summer diet. Calves from supplemented 
cows had higher serum VE levels than calves 
from unsupplemented cows. Winter-born 
calves from supplemented Hereford cows 
had heavier 205-day adjusted weaning 
weights than did winter-born calves from 
unsupplemented cows. Supplementation did 
not affect vitamin E or IgG concentrations in 
cows that calved in late summer, and it did 
not affect calf growth. 

Dairy Cattle 

Selenium 

The legal commercial Se supplementation of 
complete rations for dairy cattle in the 
United States has been increased from 0.1 to 
0.3 mg/kg DM of complete feed. At this rate, 
a lactating cow consuming 20 kg of DM/d 
would consume about 6 mg supplemental 
selenium in addition to that naturally present 
in the feedstuffs. Current recommendations 
indicate that Se intake for lactating and ges- 
tating dairy cattle should range from 5 to 
7 mg/d for adequate concentrations in serum 
or plasma that would range from 70 to 


100 ng of selenium/mL serum. Such supple¬ 
mentation should result in improved Se 
status of the newborn, improved concentra¬ 
tion of Se in colostrum, and improved health 
of the calves. The effects of Se supplementa¬ 
tion in dairy cattle on reproductive perfor¬ 
mance is equivocal. Some studies over a 
period of two lactations revealed no effect on 
reproductive performance, whereas others 
report an improvement in dairy cattle in a 
district considered to be marginally deficient 
in selenium. Intakes of inorganic Se as 
sodium selenite in amounts of 50 mg/d for 
90 days or 100 mg/d for 28 days by adult 
dairy cows (10 to 30 times the nutritional 
requirement) did not cause any health prob¬ 
lems. The toxic dose for cattle ranges from 
0.25 to 0.5 mg/kg BW. 

Milk replacers for dairy calves should 
contain a suitable antioxidant and be supple¬ 
mented with 300 IU/kg DM of a-tocopherol 
acetate at the rate of 0.1 mg/kg DM of the 
milk replacer. 

Vitamin E 

Dietary or parenteral supplementation of VE 
to dairy cows during the peripartum period 
has consistently improved the function of 
neutrophils and macrophages. However, the 
effects of supplementation of dry dairy cows 
with VE in the feed or parenteral administra¬ 
tion of VE before parturition on the inci¬ 
dence of disease have been variable. The 
amount of supplemental VE fed per day 
during the prepartum period has ranged 
from 1000 to 3000 IU/day. Feeding 1000 IU/ 
day of supplemental VE to dry cows when 
adequate Se was supplemented reduced the 
incidence of retained placenta. The prepar¬ 
tum subcutaneous injection of dairy cows 
with 3000 IU of VE, 1 week before expected 
calving, had no significant effect on the inci¬ 
dence of retained placenta, clinical mastitis, 
metritis, endometritis, ketosis, displaced 
abomasum, or lameness. VE administered to 
cows with marginal pretreatment VE status 
had a reduced risk of retained placenta. In 
cows with adequate serum VE, there was no 
reduction in the incidence of any disease. 

Based on health and immune function in 
cows, plasma concentrations of a-tocopherol 
in peripartum cows should be approximately 
3 |ig/mL. To maintain these blood values, 
dry cows and heifers fed stored forages 
during the last 60 days of gestation require 
approximately 1.6 IU of supplemental 
vitamin E/kg BW (approximately 80 IU/kg 
DMI). Increased intake of VE of cows and 
heifers during the prepartum period also 
increases the VE in colostrum. Milk is not a 
major source of VE, but colostrum contains 
high concentrations of a-tocopherol (3 to 
6 |ig/mL). To reduce the incidence of masti¬ 
tis in lactating cows being fed stored forages, 
the recommendation for VE is 0.8 IU/kg BW 
(approximately 20 IU/kg DMI). When fresh 
forage is fed, there is less need for supple¬ 
mental VE. The intake of polyunsaturated 


fatty acids increases the VE requirement, 
and additional VE may be required when 
protected unsaturated fats are fed. VE sup¬ 
plementation increases the response to vac¬ 
cination, 80 and supplementation to pregnant 
and lactating ewes blunts the immune sup¬ 
pression that make take place over the par¬ 
turition period. High levels of copper given 
to sheep during the final 3 weeks of preg¬ 
nancy has a negative effect on the serum VE 
concentrations at 72 hours postpartum. 81 
High levels of iodine in late pregnancy also 
seem to preprogram ewes to low VE levels 
from colostrum, 82 and therefore the presence 
of NMD in the neonate should be checked. 

Although Se alone is protective against a 
greater spectrum of diseases than is VE, 
there are situations in which VE is more pro¬ 
tective. Both Se and VE should be provided 
when the diets are deficient in both nutri¬ 
ents, but this may not apply in every situa¬ 
tion. NMD can occur in ruminants with VE 
deficiency and an adequate Se status. Most of 
the emphasis has been on Se supplementa¬ 
tion at the expense of VE, which is more 
costly and less stable. Most injectable VE and 
Se preparations are adequate in Se but insuf¬ 
ficient in VE. 

Selenium-Responsive Reproductive 
Performance and Growth 
Sheep 

In situations of Se deficiency, reproductive 
performance of ewes may be improved by Se 
or Se/Ve supplementation. Survival of lambs 
and live weights at birth and at weaning may 
be increased by Se supplementation. Single 
injections of Se before mating and lambing 
had no significant effects on estrus, fertility, 
prolificacy, and the number of lambs born 
and reared to 28 days in 2-year-old ewes. 
Two consecutive injections of Se (before 
mating and lambing) significantly increased 
the incidence of estrus, fertility, and lamb 
body weight at 28 days and daily weight gains 
for 28 days in 3-year-old ewes compared 
with controls. The injection of Se/VE did not 
significantly improve reproductive perfor¬ 
mance in 2- or 3-year-old ewes in the flock 
not considered Se deficient. Injected VE and 
Se can improve semen characteristics and 
reproductive performance of rams during 
the hot season. 83 

Weak-Calf Syndrome 

The parenteral injection of Se and iodine 
to pregnant cattle in Ireland did not signifi¬ 
cantly reduce the incidence of the weak-calf 
syndrome, which is often attributed to a Se 
deficiency. 

Pigs 

The injection of Se (0.06 mg/kg BW) into 
piglets under 1 week of age, repeated at 
weaning time and into the sow 3 weeks 
before farrowing, will be effective. The 
minimum lethal dose of Se for piglets is 
0.9 mg/kg BW, which provides a reasonably 





1478 


Chapter 15 


Diseases of the Musculoskeletal System 


wide range of safety. A high concentration of 
Se in the diet of pregnant sows in the last half 
of gestation has been associated with hemor¬ 
rhagic lesions on the claws of newborn 
piglets. 

Horses 

Little information is available on the need of 
horses for Se, but the optimum intake is 
6 mg/week or 2.4 |tg/kg BW daily. The 
oral supplementation of 1 mg selenium/d 
increases blood Se concentrations above 
levels associated with myodegeneration in 
horses and foals. In New Zealand, for horses 
on pasture, the injection of barium selenate, 
at a dose of 0.5 mg Se/kg BW, aseptically at 
a deep intramuscular site was efficacious in 
correcting the Se status of mares grazing 
pasture with a Se content of 0.01 to 0.07 mg/ 
kg DM. Some local swelling will occur. 

To ensure nutritional adequacy and to 
have an adequate safety margin, adult Stan¬ 
dardised horses should receive 600 to 
1800 mg DL-a-tocopherol daily in their feed. 
The parenteral administration of VE and Se 
to mares in late pregnancy and to their foals 
beginning at birth will increase blood Se to 
adequate levels. In selenium-deficient areas 
or when mares are fed selenium-deficient 
hay, prepartum injections of Se/VE are indi¬ 
cated, followed by intermittent injection of 
the foals or supplementation of the diet with 
Se at 0.1 mg/kg DM. 

Intraruminal Selenium Pellets 

Sheep 

Intraruminal Se pellets, similar to those used 
in cobalt deficiency, have produced satisfac¬ 
tory blood levels of Se for up to 4 years in 
ewes at pasture. A satisfactory pellet is com¬ 
posed of 0.5 g elemental Se and finely divided 
metallic iron. The technique is efficient, but 
not completely, because of wide variations 
between animals in the absorption rate of 
the Se. The average delivery of Se is 1 mg/d, 
and there is no danger of toxicity. In sheep 
grazing selenium-deficient pastures, the 
ruminal pellets increase the Se status and 
weight gains compared with controls. About 
15% of treated sheep reject the pellets within 
12 months, and in varying degrees the pellets 
acquire deposits of calcium phosphate. Sheep 
fed pellets recovered from sheep have low 
selenium levels, which suggests a low release 
of Se from pellets that have been in the 
rumen of other sheep for several months. 
The peak levels of Se occur 3 months after 
administration; there is a rapid decline in 
activity between 5 and 13 months. Sustained- 
released boluses containing sodium selenite, 
cobalt sulfate, potassium iodide, manganese 
sulfate, zinc oxide, sulfate, and vitamins A, 
D, and E have also been formulated to 
provide long-term maintenance of Se levels. 

A soluble glass bolus containing zinc, 
cobalt, and Se administered to ram lambs 
increased the Se status of the animals and 
increased sperm motility, percentage of live 


sperm, and sperm responding to hypo- 
osmotic swelling test (an assay to determine 
plasma membrane permeability). 

High-density compressed pellets contain¬ 
ing both sodium selenite and cobalt carbon¬ 
ate have been developed for cattle and sheep. 
The sheep pellet weighs 6 g and contains 
276 mg Se and 765 mg Co. A 6-g bolus given 
to ewes before mating resulted in improved 
lambing performance, an increase in the per¬ 
centage of twin lambs. 

Cattle 

A Se pellet containing 10% selenium and 
90% iron grit is available for cattle and will 
maintain plasma Se and GSH-PX activity 
above the critical level for up to 2 years. 
When given to beef cows in the last 3 months 
of pregnancy, the Se levels in milk were 
found to be higher than in controls, and the 
Se status of the calves was sufficient to 
prevent NMD. The use of these pellets at 2, 
3, and 4 times the recommended dose in 
growing cattle weighing 300 to 350 kg did 
not cause toxicosis, and the Se levels in the 
tissues at slaughter were not a risk for 
humans. 

Use of the intraruminal Se pellets in dairy 
cattle in New Zealand resulted in improved 
growth and milk production in herds where 
the Se status was below the adequate range, 
but there was no effect on udder health and 
reproductive performance. 

High-density compressed pellets contain¬ 
ing both sodium selenite and cobalt carbon¬ 
ate have been developed for cattle and sheep. 
For cattle, the pellets weigh 18 g and contain 
4.6% selenium and 12.75% cobalt (828 mg Se 
and 2295 mg Co). In both beef cows and 
growing cattle, the boluses increased blood 
glutathione peroxidase activity for at least 
1 year. 

A sustained-release intrareticular bolus is 
an osmotic pump designed to release 3 mg 
selenium into the reticulo-rumen. It is 
intended to provide Se supplementation for 
120 days in grown heifers and pregnant beef 
cattle. 

A soluble glass bolus containing zinc, 
copper, and Se resulted in an increased anti¬ 
body response. 84 

Selenium Toxicity and Residues 

Selenium intoxication can occur following 
the administration of toxic amounts of an Se 
salt. The use of selenium selenite instead of 
sodium selenate and giving a dose of 5 times 
the intended dose resulted in a high mortal¬ 
ity within several hours after administration. 
Animals deficient in Se are more susceptible 
to Se toxicosis than those that are selenium- 
adequate. The pharmacokinetics of Se 
toxicity in sheep given selenium selenite par- 
enterally has been examined. When oral 
preparations of Se and monensin are given 
concurrently as part of a routine dietary 
management practice, there is greater risk of 
Se intoxication than if the Se is given alone. 


Administration of monensin sodium at a 
constant, safe dosage enhanced the toxicity 
of Se, as demonstrated by increased severity 
of the signs of intoxication, fatalities, and 
tissue Se concentrations and intensified 
gross, histopathologic, and biochemical 
changes. There is some concern about Se 
supplementation of beef cattle being a poten¬ 
tial source of contamination for nearby 
aquatic systems, but there is no evidence that 
this has occurred. 

Selenium Responsiveness 

The response to Se supplementation is pro¬ 
portional to the degree of deficiency, and 
supplementation of animals that have ade¬ 
quate Se intakes is unlikely to significantly 
improve growth rate. In New Zealand, for 
selenium-deficient lambs, the potential for a 
growth response to Se supplementation is 
strongly related to blood Se concentration. 
Economically significant live-weight gains of 
greater than 10 g/d can occur when initial 
blood Se concentrations are less than 
130 nmol/L. This is the basis for the develop¬ 
ment of reference curves using blood Se 
concentration to diagnose Se deficiency 
and predict growth responses to lambs. 

Although many methods of supplemen¬ 
tation of Se are efficacious, they can differ 
widely in their cost and convenience of 
administration. The objective of any micro¬ 
nutrient supplementation program should 
be to optimize the return on investment. The 
least-cost option that provides adequate sup¬ 
plementation for the required period should 
be recommended initially. 

Veterinarians are the professionals in the 
best position to offer advice on cost- 
effectiveness supplementation. To retain this 
position, they must provide sound recom¬ 
mendations based on micronutrient analysis 
of animal tissue and defensible reference 
ranges that are supported by production 
response data. Monitoring micronutrient 
status in animal tissue should be encouraged 
to ensure that regulatory requirements are 
met and that deficiency and excessive use 
are avoided. Circumvention of veterinary 
involvement in the diagnosis and treatment 
of micronutrient supplementation can lead 
to greater use of supplements when not 
indicated, higher costs to farmers, and low 
cost-to-benefit ratios for the industry 

Depot and bolus preparations have revo¬ 
lutionized the treatment of deficiencies of 
cattle and sheep that are grazed extensively 
where there is little opportunity for frequent 
administration. The relatively short duration 
of a single drench or injection of Se salts such 
as sodium selenite should be noted. The use 
of fertilizer applications is gaining wide¬ 
spread acceptance on farms with high stock¬ 
ing rates. 
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MASSETER MYONECROSIS 

Degeneration of the masseter muscles causes 
dysphagia and trismus in adult horses and 
Miniature horses. 1 The disease is associated 
with abnormally low serum or blood con¬ 
centrations of vitamin E or selenium in some 
affected horses, and ingestion of tetrachlor- 
vinphos, an organophosphate, was associ¬ 
ated with the disease in Miniature horses. 1,2 
Muscles of locomotion and cardiac muscle 
can be affected in addition to disease of the 
masseter muscle. Clinical signs include acute 
onset of dysphagia, trismus, salivation, and 
swelling of the masseter muscles. These can 
progress to weight loss, gait abnormalities, 
atrophy of the masseter muscle, teeth grind¬ 
ing or quidding of feed, and unexpected 
death. Ultrasonography of the masseter 
muscles reveals hyperechoic lesions with 
patchy blurring of the fascia, indicative of 
inflammation and edema. 3 There is electro¬ 
cardiographic and echocardiographic evi¬ 
dence of myocardial disease in some horses. 


These signs include tachycardia (after resolu¬ 
tion of hypovolemia and pain) with supra¬ 
ventricular and ventricular extrasystole 
and diminished left ventricular systolic 
(decreased ejection fraction and fractional 
shortening) and diastolic function (increased 
isovolumic relaxation time). 3 

Horses with extensive involvement of 
other muscles can have myoglobinuria. Signs 
of dysphagia and trismus are related to 
dysfunction of the masseter muscle. 4 
Gait abnormalities are related to disease in 
muscles of locomotion, and unexpected 
death is probably a result of the cardiac 
lesions. Serum activity of creatine kinase and 
aspartate aminotransferase is elevated in 
acute cases. Serum concentrations of tropo¬ 
nin are elevated in horses with involvement 
of the myocardium. 3 Necropsy examination 
reveals diffuse swelling, muscle pallor, and 
white streaking of masseter muscle in acutely 
affected animals. Lesions are also detected in 
muscles of locomotion and myocardium in 
some horses. Chronic cases have atrophy of 
affected muscle. Histologic changes include 
swelling, fragmentation and loss of striations 
of myocytes in acute cases, and degenerating 
fibers replaced by fibrosis in chronic cases. 
Treatment is symptomatic, and affected 
horses can require enteral or parenteral deliv¬ 
ery of nutrients. Vitamin E and selenium 
status should be determined and supple¬ 
ments administered if indicated. Prevention 
should focus on ensuring that horses in geo¬ 
graphic regions in which vitamin E or sele¬ 
nium are deficient in feeds are supplemented 
with these micronutrients. 
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SPORADIC EXERTIONAL 
RHABDOMYOLYSIS IN HORSES 
(AZOTURIA, TYING-UP) 

The disease discussed here is that of sporadic 
acute exertional rhabdomyolysis that occurs 
as a single event in a horse and does not have 
a tendency to recur. The recurrent disease is 
discussed toward the end of this chapter 
under “Congenital/Inherited Musculoskel¬ 
etal Disease.” 

ETIOLOGY 

The etiology of most cases of sporadic acute 
exertional rhabdomyolysis is unknown, 
although suggested causes include hypothy¬ 
roidism, sodium or potassium deficiency, 
viral infection, high-carbohydrate diets, and 
abnormalities in metabolic function. The 
most common cause is performing exercise 
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of unaccustomed intensity or duration, 
which can result in metabolic exhaustion 
and hyperthermia. However, the disease is 
not always associated with severe exertion or 
hyperthermia, and it can occur with as little 
exercise as slow draft work or turn-out to 
pasture after stabling. An important contrib¬ 
uting factor is a prolonged period (days to 
weeks) of rest in a horse previously accus¬ 
tomed to regular exercise. The disease occurs 
in young horses as a result of vitamin El 
selenium deficiency, although this is an 
uncommon cause in adult horses. 

Rhabdomyolysis not associated with 
exercise occurs during general anesthesia 
maintained by inhalation of halothane in 
horses of a specific genotype or in horses at 
pasture in Europe. Rhabdomyolysis also 
occurs in horses with S. equi infection 
(strangles). 

Recurrent exertional rhabdomyolysis is a 
recognized syndrome in Thoroughbred 
horses and is dealt with separately. 

It is likely that most cases of sporadic 
exertional rhabdomyolysis are a result of a 
combination of predisposing factors, with 
the disease precipitated by a bout of exercise. 
The difficulty in detecting the presence of 
predisposing factors contributes to the spo¬ 
radic nature of the disease. 

EPIDEMIOLOGY 

The sporadic disease is almost always associ¬ 
ated with exercise that is either enforced, as 
with horses in training or competition, or 
spontaneous, as with young horses turned 
out to pasture after a prolonged period of 
stabling. 1 Clinical signs occur in horses 
within minutes to hours of the cessation of 
exercise, although signs can be apparent in 
horses during prolonged exercise. The epide¬ 
miology of the sporadic disease has not been 
well defined, in contrast to that of recurrent 
exertional rhabdomyolysis, and the subse¬ 
quent discussion includes some of the epide¬ 
miology of each because it is not always 
possible to determine whether one episode 
of exertional rhabdomyolysis is the only 
occurrence in that animal or will reoccur. 

Interpretation of reports of prevalence 
and risk factors for exertional rhabdomyoly¬ 
sis is difficult because studies to date have 
mostly not differentiated between the recur¬ 
rent exertional rhabdomyolysis of Thor¬ 
oughbreds, polysaccharide storage myopathy 
of Quarter horses and related breeds, and the 
sporadic disease in other breeds. The inci¬ 
dence or 1-year period prevalence of exer¬ 
tional rhabdomyolysis is as follows: 1.5% in 
ponies in Australia; 4.9% in Thoroughbred 
racehorses in the United States, Australia, 
and Great Britain; 6.1% in National Hunt 
Thoroughbreds in Great Britain; 4% to 5% in 
2- to 3-year-old Thoroughbreds in the United 
Kingdom; 2 and up to 13.5% in polo ponies in 
the United States and Great Britain. Polo, 
racing, rodeo, Western, and show jumping 
are all associated with a high period 


prevalence (>5% per annum) of exertional 
rhabdomyolysis. 

Risk factors for exertional rhabdomyoly¬ 
sis include exercise, breed and use, and sex. 
Overall, horses that exercise are approxi¬ 
mately 10 times more likely to develop the 
disease than are sedentary horses, and among 
breed/use groups, polo horses are approxi¬ 
mately 3 times more likely to develop the 
disease than are horses used for racing. 
Horses used for racing are more likely to have 
episodes of the disease than are horses used 
for pleasure riding or “other” uses, although 
racing and breed (Thoroughbred or Stan¬ 
dardised) are confounding factors. Female 
racehorses are three times more likely to have 
episodes of exertional rhabdomyolysis than 
are male (intact or castrated) racehorses, and 
young female Thoroughbreds are at greatest 
risk. Among National Hunt horses in Great 
Britain, females are 24 times as likely to have 
an episode of the disease as are males. Female 
polo ponies are not more likely to develop the 
disease. Thoroughbred racehorses and polo 
ponies, but not National Hunt horses, with a 
nervous or “flighty” temperament are more 
likely to experience episodes of the disease. 
Other apparent risk factors include a rest day 
before hard exercise, feeding greater than 
4.5 kg of grain per day, lameness, playing polo 
at a level for which the horse is not fit, and 
playing early in the season. 

The disease occurs repeatedly in 74% 
of affected Thoroughbred racehorses in 
Great Britain and in 20% of affected polo 
ponies. 

The disease is of considerable economic 
impact because of its frequent occurrence in 
athletic horses, recurrent nature, and need to 
rest affected horses. On average, affected 
Thoroughbred racehorses cannot train for 6 
days after an episode, and approximately two- 
thirds of affected horses are unable to race 
because of the disease. Polo ponies lose an 
average of 7 days of training after an episode 
of exertional rhabdomyolysis. The effect of 
the loss of training days for each episode is 
magnified because of the recurrent nature of 
the disease in a large proportion of affected 
horses. Approximately 6% of the wastage of 
Thoroughbred racehorses in Australia is 
attributable to exertional rhabdomyolysis. 

PATHOGENESIS 

The disease is a result of dysfunction and 
death of myocytes with subsequent release of 
cellular constituents, including the enzymes 
creatine kinase, aspartate aminotransferase 
and carbonic anhydrase, and myoglobin. The 
proximate cause of myocyte death is uncer¬ 
tain, but it is not related to accumulation of 
lactic acid, as previously supposed. Proposed 
mechanisms include oxidant injury to cells 
as a result of increased oxidant formation 
during exercise or inadequate antioxidant 
activity. Apart from horses deficient in 
vitamin E and/or selenium, which are 
rare, there is no indication that oxidant 


injury is a common cause of rhabdomyolysis 
in horses. 

Cell death is likely linked to abnormal 
accumulation of calcium in intracellular 
fluids secondary to deranged energy and/or 
membrane function. Necrosis of myocytes 
causes pain and inflammation in the muscle, 
with infiltration of inflammatory cells. 
Healing and regeneration of myocytes occurs 
over a period of weeks in the absence of 
further episodes of myonecrosis. 

Release of cellular constituents results in 
electrolyte abnormalities, primarily hypo¬ 
chloremic metabolic alkalosis, a systemic 
inflammatory response, and pigmenturia. 
Severely affected horses can have metabolic 
acidosis. Myoglobin and possibly other cell 
constituents are nephrotoxic, and acute renal 
failure can develop as a result of myoglobin- 
uric nephrosis. Pain and loss of muscle func¬ 
tion cause a stilted, short-stepping gait. 

CLINICAL FINDINGS 

The clinical findings are variable and range 
from poor performance to recumbency and 
death. Signs can be mild and resolve sponta¬ 
neously within 24 hours or be severe and 
progressive. 

Clinical findings are very similar to those 
observed in horses with sporadic acute exer¬ 
tional rhabdomyolysis that occurs as a single 
event in a horse (see earlier section in this 
chapter), except that clinical signs recur. The 
most common presentation of recurrent 
exertional rhabdomyolysis is a horse that 
does not perform to expectation and displays 
a stiff or short-stepping gait that can be mis¬ 
taken for lower leg lameness. The horse might 
be reluctant to move when placed in its stall, 
be apprehensive and anorexic, paw, and fre¬ 
quently shift its weight. More severely affected 
horses can be unable to continue to exercise, 
have hard and painful muscles (usually 
gluteal muscles), sweat excessively, tremble 
or have widespread muscle fasciculations, be 
apprehensive, refuse to walk, and have ele¬ 
vated heart and respiratory rates. Affected 
horses can be hyperthermic, especially soon 
after exercise. Signs consistent with abdomi¬ 
nal pain are present in many severely affected 
horses. Deep-red urine (myoglobinuria) 
occurs but is not a consistent finding. Severely 
affected horses are often recumbent. 

CLINICAL PATHOLOGY 

Mildly affected or apparently nonaffected 
horses have moderate increases in serum 
creatine kinase (CK) (20,000 to 50,000 IU/L), 
aspartate aminotransferase (AST), and 
lactate dehydrogenase (LDH) activity. 
Severely affected horses have large increases 
in CK (>100,000 IU/L) and other muscle- 
derived enzymes. Serum CK and AST activi¬ 
ties peak approximately 5 to 6 and 24 hours 
after exercise, respectively, and in the absence 
of further muscle damage, serum AST might 
not return to normal levels for 7 to 10 days. 
The half-life of CK activity in serum is 
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approximately 12 hours, and serum CK 
declines rapidly in the absence of continuing 
muscle damage. The persistence of increased 
AST activity, compared with CK, is useful in 
identifying affected horses days or weeks 
after the episode. 

Serum myoglobin concentrations 
increase markedly during exercise in affected 
horses and decline within 24 to 48 
hours. Serum carbonic anhydrase III activity 
is increased in horses with exertional 
rhabdomyolysis. 

Severely affected horses are often 
hyponatremic (<130 mEq/L), hyperkalemic 
(>5.5 mEq/L), hypochloremic (<90 mEq/L), 
azotemic (increased serum urea nitrogen and 
creatinine concentrations), and acidotic or 
alkalotic. Hemoconcentration (hematocrit > 
50%, 0.5 L/L) and increased serum total 
protein concentration (>80 g/L) indicative of 
dehydration are common. Serum bicarbonate 
concentration can be falsely markedly ele¬ 
vated in animals with severe rhabdomyolysis 
because of cellular constituents released from 
damaged muscle that interfere with the ana¬ 
lytical method when automated clinical 
chemistry analyzers are used. Myoglobin¬ 
uria is detectable either grossly or on chemi¬ 
cal analysis and should be differentiated 
from hemoglobinuria or hematuria. Mea¬ 
surement of urinary excretion of electro¬ 
lytes, although popular in the past, is of no 
use in diagnosing, treating, or preventing 
exertional rhabdomyolysis. 

Muscle biopsy during the acute or con¬ 
valescent stages reveals myonecrosis of type 
II (fast-twitch, oxidative) fibers, mild myosi¬ 
tis, and fibrosis. 

NECROPSY FINDINGS 

Horses dying of exertional rhabdomyolysis 
have widespread degeneration of striated 
muscle, principally the muscles of exertion, 
but often involving the diaphragm and heart. 
Affected muscles tend to be dark and swollen 
but may have a pale, streaked appearance. The 
kidneys are swollen and have dark-brown 
medullary streaks. Dark-brown urine is 
present in the bladder. Histologic examina¬ 
tion reveals widespread necrosis and hyaline 
degeneration of predominantly type II (fast- 
twitch, oxidative) fibers. In horses with 
recurrent disease, there may be evidence 
of myofiber regeneration. Myoglobinuric 
nephrosis is present in severely affected 
horses. 

Samples for Postmortem 
Confirmation of Diagnosis 

• Formalin-fixed kidney and affected 

muscle for light microscopic 

examination 

DIAGNOSTIC CONFIRMATION 

Biochemical confirmation of muscle damage 
by demonstration of increased serum CK or 
AST activity, in conjunction with appropri¬ 
ate clinical signs, provides the diagnosis. 


DIFFERENTIAL DIAGNOSIS 


• Muscle cramping induced by ear tick 
(Otobius megnini) 

• Polysaccharide storage myopathy of 
Quarter horses and related breeds 

• Emerging or newly recognized myopathies, 
such a vacuolar myopathy in Warmbloods 3 

• lonophore intoxication (monensin, lasalocid, 
salinomycin, narasin, maduramicin) 

• Infection by Anaplasma phagocytophilum 4 

• Equine lower motor neurone disease (acute 
form) 

• White snake root ( Eupatorium rugosum ) or 
rayless goldenrod ( Isocoma pluriflora ) 

• Hyperkalemic periodic paralysis 

• Laminitis 

• Colic 

• Pleuritis 

• Aorto-iliac thrombosis 


TREATMENT 

The treatment chosen depends on the sever¬ 
ity of the disease. The general principles are 
rest; correction of dehydration and electro¬ 
lyte abnormalities; prevention of complica¬ 
tions, including nephrosis and laminitis; and 
provision of analgesia. 

Mildly affected horses (heart rate < 
60 bpm, normal rectal temperature and 
respiratory rate, no dehydration) may be 
treated with rest and phenylbutazone 
(2.2 mg/kg, orally or IV every 12 hours for 2 
to 4 days). Horses should be given mild 
exercise with incremental increases in work¬ 
load as soon as they no longer have signs of 
muscle pain. Access to water should be 
unrestricted. 

Severely affected horses (heart rate > 
60 bpm, rectal temperature > 39° C [102° F], 
8% to 10% dehydrated, reluctant or unable to 
walk) should not be exercised, including 
walking back to the stable, unless it is 
unavoidable. Isotonic, polyionic fluids, such 
as lactated Ringers solution, should be 
administered IV to severely affected horses 
to correct any hypovolemia and to ensure a 
mild diuresis to prevent myoglobinuric 
nephropathy. Less severely affected horses 
can be treated by administration of fluids by 
nasogastric intubation (4 to 6 L every 2 to 3 
hours). Although it has been recommended 
that urine should be alkalinized by adminis¬ 
tration of mannitol and sodium bicarbonate 
(1.3% solution IV, or 50 to 100 g of sodium 
bicarbonate orally every 12 hours) to mini¬ 
mize the nephrotoxicity of myoglobin, this 
therapy is not effective in humans at risk of 
myoglobinuric nephrosis. Affected horses 
should not be given diuretics (e.g., furose- 
mide) except if they are anuric or oliguric 
after correction of hypovolemia. 

Phenylbutazone (2.2 to 4.4 mg/kg, IV or 
orally, every 12 to 24 hours), flunixin meglu¬ 
mine (1 mg/kg IV every 8 hours), or keto- 
profen (2.2 mg/kg IV every 12 hours) should 
be given to provide analgesia. Mild sedation 


(acepromazine 0.02 to 0.04 mg/kg IM, 
or xylazine, 0.1 mg/kg IM, both with butor- 
phanol, 0.01 to 0.02 mg/kg) may decrease 
muscle pain and anxiety. Tranquilizers with 
vasodilatory activity, such as acepromazine, 
should only be given to horses that are well 
hydrated. Muscle relaxants, such as metho¬ 
carbamol, are often used but have no dem¬ 
onstrated efficacy. 

Recumbent horses should be deeply 
bedded and repositioned by rolling every 2 
to 4 hours. Severely affected horses should 
not be forced to stand. 

CONTROL 

Prevention of the sporadic, idiopathic disease 
centers on ensuring that horses are fed a bal¬ 
anced ration with adequate levels of vitamin 
E, selenium, and electrolytes and have a 
regular and consistent program of exercise. 
Despite lack of clear evidence for a wide¬ 
spread role for vitamin E or selenium defi¬ 
ciency in exertional rhabdomyolysis, horses 
are often supplemented with 1 IU/kg vitamin 
E and 2.5 (Jg/kg selenium daily in the feed. 
Care should be taken not to induce selenium 
toxicosis. 

Sodium bicarbonate (up to 0.5 to 1.0 g/ 
kg BW daily in the ration) and other electro¬ 
lytes are often added to the feed of affected 
horses, but their efficacy is not documented. 
Phenytoin has proven useful in the treat¬ 
ment of recurrent rhabdomyolysis. It is 
administered at a dose rate of 6 to 8 mg/ 
kg, orally, every 12 hours, and the dose is 
adjusted depending on the degree of seda¬ 
tion produced (a reduced dose should be 
used if the horse becomes sedated) or lack 
of effect on serum CK or AST activity. Phe¬ 
nytoin can be administered to horses for 
months. Dimethylglycine, altrenogest, 
and progesterone are all used on occa¬ 
sion in horses with recurrent rhabdomy¬ 
olysis, but again, without demonstrated 
efficacy. 

The feeding of high-fat, low-soluble- 
carbohydrate diets is useful in the prevention 
of recurrent exertional rhabdomyolysis in 
Thoroughbred horses and polysaccharide 
storage myopathy in Quarter horses. The 
usefulness of this practice in preventing spo¬ 
radic, idiopathic exertional rhabdomyolysis 
has not been demonstrated. 

FURTHER READING 

Piercy RJ, Rivero J. Muscle disorders of equine athletes. 
In: Equine Sports Medicine and Surgery: Basic and 
Clinical Sciences of the Equine Athlete. 2nd ed. 
London: W.B. Saunders; 2014:109. 
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DIETARY DEFICIENCY OF 
PHOSPHORUS, CALCIUM, AND 
VITAMIN D AND IMBALANCE 
OF THE CALCIUM: 

PHOSPHORUS RATIO 

A dietary deficiency or disturbance in the 
metabolism of calcium, phosphorus, or 
vitamin D, including imbalance of the 
calcium: phosphorus ratio, is the principal 
cause of the osteodystrophies, which can 
occur in a number of forms: 

• Osteomalacia—a reduction in the 
strength of bones secondary to defective 
bone mineralization typically caused by 
inadequate or imbalanced levels of 
available phosphate and calcium, 
vitamin D deficiency, or because of 
excessive resorption of calcium from the 
bone, such as is caused by 
hyperparathyroidism. There is a 
reduction in the mineral: matrix 

ratio in bone in that there is less 
mineral than expected for the bone 
mass. The disease is histologically 
evident as increased osteoid 
(unmineralized matrix). 

• Osteoporosis—a reduction in bone 
mass, with associated increased risk of 
fracture, in which there is a 
proportionate reduction in both the 
mineral and the matrix (protein, 
osteoid) content of bone. The remaining 
bone is essentially normal but is 
insufficient in quantity. The disease is 
typically evident as thin bone cortices 
on sectioning or radiographic 
examination. 

• Rickets—a disease caused by vitamin D 
deficiency, resulting in aberrant calcium 
and phosphorus metabolism, that affects 
young animals and is characterized 
osteomalacia. Affected animals are 
described as “rachitic.” 

Osteodystrophia fibrosa—also referred 

to osteitis fibrosa (incorrectly, because this is 
not an inflammatory condition) or fibrous 
osteodystrophy. A form of osteomalacia in 
which mineralized bone is replaced by 
unmineralized fibrotic tissue under the 
influence of prolonged hyperparathyroidism, 
secondary to a high phosphorus: low 
calcium ratio in feed in horses, calcium defi¬ 
ciency in pigs, or chronic renal disease in 
some species. 

The etiology and pathogenesis of these 
disorders is discussed in more detail in the 
sections of this text dealing with those dis¬ 
eases. It is important to note that the inter¬ 
relations of calcium, phosphorus, and 
vitamin D metabolism are complex, and the 
importance of these and related factors (age, 
overall nutritional status, other mineral defi¬ 
ciencies or excesses) in clinical disease is 
often very difficult to define. 

In an attempt to simplify this situation, 
the diseases in this section are covered in the 
following order: 


Calcium deficiency (hypocalcicosis) 

• Primary: an absolute deficiency in 
the diet 

• Secondary: when the deficiency is 
conditioned by some other factor, 
principally an excess intake of 
phosphorus 

Phosphorus deficiency (hypophosphatosis) 

• Primary: an absolute deficiency in 
the diet 

• Secondary: when the deficiency is 
conditioned by some other factor; 
although in general terms an 
excessive intake of calcium could be 
such a factor, specific instances of 
this situation are lacking 

Vitamin D deficiency (hypovitaminosis-D) 

• Primary: an absolute deficiency 
intake of the vitamin 

• Secondary: when the deficiency is 
conditioned by other factors of 
which excess carotene intake is the 
best known. 

In different countries with varying cli¬ 
mates, soil types, and methods of husbandry, 
these individual deficiencies are of varying 
importance. For instance, in South Africa, 
northern Australia, and North America, the 
most common of the deficiencies just listed 
is that of phosphorus deficiency; vitamin D 
deficiency is uncommon. In Great Britain, 
Europe, and parts of North America, a defi¬ 
ciency of vitamin D can also be of major 
importance. 1,2 Animals are housed indoors 
for much of the year, they are exposed to 
little ultraviolet irradiation, and their forage 
may contain little vitamin D. Under such 
conditions, the absolute and relative amounts 
of calcium and phosphorus in the diet need 
to be greater than in other areas if vitamin 
D deficiency is to be avoided. In New 
Zealand, where much lush pasture and 
cereal grazing are used for feed, the vitamin 
D status is reduced not only by poor solar 
irradiation of the animal and plant sterols, 
but in addition, an antivitamin D factor is 
present in the diet, possibly in the form of 
carotene. 

Now that the gross errors of management 
with respect to calcium and phosphorus and 
vitamin D are largely avoided, more interest 
is devoted to the marginal errors; in these, 
diagnosis is not nearly so easy, and the defi¬ 
ciency can be evident only at particular times 
of the year. The conduct of a response trial in 
which part of the herd is treated is difficult 
unless they are hand-fed daily; there are no 
suitable reticular retention pellets or long¬ 
term injections of calcium or phosphorus 
because the daily requirement is so high. 
Two methods suggest themselves: 

1. Analysis of ash content of samples of 

spongy bone from the tuber coxae 

2. The metabolic profile method 

The latter program may have some value as 
a monitoring and diagnostic weapon in the 
fields of metabolic disease, nutritional defi¬ 
ciency, and nutritional excesses. 


Absorption and Metabolism of 
Calcium and Phosphorus 

In ruminants, dietary calcium is absorbed by 
the small intestine according to body needs, 
whereas in equids there is greater obligatory 
absorption of calcium, and it is less dependent 
on vitamin D (and its metabolites) than in 
ruminants. 3,4 Whereas young animals with 
high growth requirements absorb and retain 
calcium in direct relation to intake over a wide 
range of intakes, adult male ruminants, 
irrespective of intake, absorb only enough 
calcium to replace that lost by excretion into 
urine and intestine, retaining none of it. 
Calcium absorption is increased in adult 
animals during periods of high demand, such 
as pregnancy and lactation, or after a period 
of calcium deficiency, but a substantial loss of 
body stores of calcium appears to be necessary 
before this increase occurs. The dietary factors 
influencing the efficiency of absorption of 
calcium include the nature of the diet, the 
absolute and relative amounts of calcium and 
phosphorus present in the diet, and the pres¬ 
ence of interfering substances. The calcium in 
milk is virtually all available for absorption, 
but the calcium in forage-containing diets has 
an availability of only about 50%. The addition 
of grain to an all-forage diet markedly 
improves the availability of the calcium. 

Phosphorus is absorbed by young animals 
from both milk and forage-containing diets 
with a high availability (80% to 100%), but 
the availability is much lower (50% to 60%) 
in adult animals. Horses fed diets containing 
adequate amounts of calcium and phospho¬ 
rus absorb 50% to 65% of the calcium and 
slightly less than 50% of the phosphorus 
present in a variety of feedstuffs. In grains, 
50% to 65% of the phosphorus is in the 
phytate form, which is utilizable by rumi¬ 
nants, but not as efficiently by nonruminants 
such as the horse and pig. An average avail¬ 
ability of 70% has been assumed for phos¬ 
phorus in early-weaning diets for young pigs, 
and a value of 50% is assumed for practical 
cereal-based feeds as supplied to growing 
pigs, sows, and boars. 

The metabolism of calcium and phospho¬ 
rus is influenced by the parathyroid hormone, 
calcitonin, and vitamin D (Fig. 15-13), 
although there are important differences in 
calcium homeostasis between ruminants and 
equids. 5 ' 8 For instance, equids have much 
lower serum vitamin D concentrations, 
greater absorption of calcium by the small 
intestine (duodenum), and greater renal 
excretion of calcium than do ruminants. 4,8,9 
In all mammalian species, parathyroid 
hormone is secreted in response to 
hypocalcemia and stimulates the conversion 
of 25-dihydroxycholecalciferol to 1,25- 
dihydroxycholecalciferol (1,25-DHCC). 
Parathyroid hormone and 1,25-DHCC 
together stimulate bone resorption, and 1,25- 
DHCC alone stimulates active intestinal 
absorption of calcium. 10 Calcium enters the 
blood from bone and intestine, and when the 
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Fig. 15-13 Calcium and phosphate homeostasis. A decrease in extracellular Ca 2+ concentrations 
or an increase in phosphate (P0 4 ) concentrations leads to a parathyroid hormone (PTH) release 
from the parathyroid gland, which in turn increases renal reabsorption of Ca 2+ , renal activation 
of vitamin D, urinary P0 4 excretion, and bone resorption. In turn, vitamin D increases 
intestinal absorption and renal reabsorption of Ca 2+ and P0 4 . An increase in Ca 2+ concentration 
stimulates the thyroid gland to secrete calcitonin to inhibit osteoclastic bone resorption. 
(Courtesy of Ramiro E. Toribio, DVM, MS, PhD, and Tim Vojt, Columbus, OH; Reproduced with 
permission. 8 ) 


serum calcium level increases above normal, 
parathyroid hormone is inhibited and calcito¬ 
nin secretion stimulated. The increased calci¬ 
tonin concentration blocks bone resorption, 
and the decreased parathyroid hormone con¬ 
centration depresses calcium absorption. 
Most calcium absorption occurs in the small 
intestine, with equids absorbing a greater pro¬ 
portion of dietary calcium than ruminants. 5 
Detailed descriptions of the physiology of 
calcium metabolism are available in the 
section “Milk Fever (Hypocalcemia)” and in 
reviews. 6 
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CALCIUM DEFICIENCY 


Calcium deficiency can be primary or sec¬ 
ondary, but in both cases, the end result is a 
type of osteodystrophy, with the specific 
disease depending largely on the species and 
age of the animals affected. 


SYNOPSIS 


Etiology Primary dietary deficiency of calcium 
is uncommon. Secondary calcium deficiency 
can be induced by marginal calcium intake 
and high phosphorus intake. 


Epidemiology Sporadic. Not common if diets 
adequate. 

Signs Poor growth and dentition. Tetany can 
occur in lactating ewes. Inappetence, 
stiffness, fracture of long bones. Specific 
diseases include rickets, osteomalacia, and 
osteodystrophia fibrosa. 

Clinical pathology Serum calcium and 
phosphorus. Radiography. 

Necropsy findings Osteoporosis; low ash 
content of bone. 

Diagnostic confirmation Histology of bone 
and bone ash analyses. 

Differential diagnosis list See differential 
diagnosis of each specific disease. 

Treatment Calcium salts parenterally (for 
tetany) and orally (for prolonged correction 
of deficiency). 

Control Adequate calcium and phosphorus 
levels in diet. 


ETIOLOGY 

A primary deficiency attributable to a lack of 
calcium in the diet is uncommon, although 
a secondary deficiency attributable to a mar¬ 
ginal calcium intake aggravated by a high 
phosphorus intake is not uncommon. In 
ponies, such a diet depresses intestinal 
absorption and retention of calcium in 
the body, and the resorption of calcium 
from bones is increased as a result of hyper¬ 
parathyroidism (secondary nutritional 
hyperparathyroidism—see discussion of 
osteodystrophia fibrosa later in this section). 
Hypoparathyroidism, either primary or sec¬ 
ondary to renal disease, reduces intestinal 
and renal reabsorption of calcium and causes 
seizures and muscle fasciculation. 1 ' 3 


EPIDEMIOLOGY 

Calcium deficiency is a sporadic disease 
occurring in particular groups of animals 
rather than in geographically limited areas. 
Although death does not usually occur, there 
can be considerable loss of function and dis¬ 
abling lesions of bones or joints. 

Horses in training, cattle being fitted for 
shows, and valuable stud sheep are often fed 
artificial diets containing cereal or grass hays 
that contain little calcium and grains that 
have a high content of phosphorus. The sec¬ 
ondary calcium deficiency that occurs in 
these circumstances is often accompanied by 
a vitamin D deficiency because of the ten¬ 
dency to keep animals confined indoors. Pigs 
are often fed heavy concentrate rations with 
insufficient calcium supplement. Dairy cattle 
can occasionally be fed similarly imbalanced 
diets, the effects of which are exaggerated by 
high milk production. 

There are no well-established records of 
calcium deficiency in grazing cattle, but 
there are records of low calcium intake in 
feedlots accompanied by clinical osteodys¬ 
trophy. There is also a well-recognized field 
occurrence of calcium deficiency in young 
sheep in southeast Australia. Outbreaks can 
affect many sheep and are usually seen in 
winter and spring, following exercise or tem¬ 
porary starvation. In most outbreaks, the 
characteristic osteoporosis results from a 
long-term deprivation of food as a result of 
poor pasture growth. Occasional outbreaks 
occur on green oats used for grazing. The 
calcium intake in some cases is as low as 3 to 
5 g/week in contrast to the requirement of 3 
to 5 g/d. Sheep in the Kalahari Desert 
develop osteoporosis as a result of low 
calcium intake and low-grade fluorosis. 4 
Goats deficient in calcium, phosphorus, and 
vitamin D develop osteoporosis. 5 Copper 
deficiency is associated with osteoporosis in 
young sheep. 

High protein intake and rapid growth 
have been suggested as contributory factors 
in the development of skeletal problems in 
young horses (developmental orthopedic 
disease [DOD]). The cause of DOD in young 
horses is multifactorial and related to mineral 
imbalances in the diet, genetic predisposi¬ 
tion, 6 trauma, and maternal and foal nutri¬ 
tional status. For instance, wither height at 
30 days of age, age of the mare, breed, regu¬ 
larity of exercise, Ca/P level in the mare and 
foal rations, group size in pasture, and the 
type and frequency of handling were identi¬ 
fied as risk factors for DOD in foals in 
France. 8 Although excessive energy intake is 
sometimes blamed, a concentration of 
dietary protein of 20%, which is significantly 
above the National Research Council (NRC) 
recommended level of 14%, is neither helpful 
nor harmful to growing horses. The high 
protein intake did not affect the rate of 
growth, height, and circumference of cannon 
bones compared with horses receiving the 
lower 14% diet. The high-protein diet did not 
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result in hypercalciuria and did not affect 
calcium absorption or calcium retention. 

In females there is likely to be a cycle of 
changes in calcium balance, with a negative 
balance occurring in late pregnancy and 
early lactation and a positive balance in late 
lactation and early pregnancy and when lac¬ 
tation has ceased. The negative balance in 
late pregnancy is in spite of a naturally occur¬ 
ring increased absorption of calcium from 
the intestine at that time, at least in ewes. 

PATHOGENESIS 

The main physiologic functions of calcium 
are the formation of bone and milk, partici¬ 
pation in the clotting of blood, and the main¬ 
tenance of neuromuscular excitability. In the 
development of osteodystrophies, dental 
defects, and tetany, the role of calcium is well 
understood; however, the relation between 
deficiency of the element and lack of appe¬ 
tite, poor growth, loss of condition, infertil¬ 
ity, and reduced milk flow is not readily 
apparent. The disinclination of the animals 
to move about and graze and poor dental 
development may contribute to these effects. 

Experimentally, feeding young lambs a 
diet low in calcium and phosphorus for 12 
weeks results in soft and pliable ribs with 
thickening of the costochondral junctions, 
reduction in feed intake by about 34%, sig¬ 
nificant changes in plasma calcium and 
phosphorus concentrations, and changes in 
dry matter digestibility. Feeding repletion 
diets results in complete remineralization of 
rib bones but only partial remineralization of 
the metatarsal bones. 

Nutritional factors other than calcium, 
phosphorus, and vitamin D can be impor¬ 
tant in the production of osteodystrophies, 
which also occur in copper deficiency, fluo¬ 
rosis, 4 and chronic lead poisoning. Vitamin 
A is also essential for the development of 
bones, particularly those of the cranium. 

CLINICAL FINDINGS 

The clinical findings, apart from the specific 
syndromes described later, are less marked in 
adults than in young animals, in which there 
is decreased rate or cessation of growth and 
dental maldevelopment. The latter is charac¬ 
terized by deformity of the gums, poor devel¬ 
opment of the incisors, failure of permanent 
teeth to erupt for periods of up to 27 months, 
and abnormal wear of the permanent teeth 
as a result of defective development of 
dentine and enamel, occurring principally in 
sheep. 

A calcium deficiency can occur in lactat- 
ing ewes and sucking lambs, whose meta¬ 
bolic requirements for calcium are higher 
than in dry and pregnant sheep. There is a 
profound fall in serum calcium. Tetany and 
hyperirritability do not usually accompany 
hypocalcemia in these circumstances, prob¬ 
ably because it develops slowly. However, 
exercise and fasting often precipitate tetanic 
seizures and parturient paresis in such sheep. 


This is typical of the disease as it occurs in 
young sheep in southeast Australia. Atten¬ 
tion is drawn to the presence of the disease 
by the occurrence of tetany, convulsions, and 
paresis, but the important signs are ill-thrift 
and failure to respond to anthelmintics. 
Serum calcium levels will be as low as 
5.6 mg/dL (1.4 mmol/L). There is lameness, 
but fractures are not common even though 
the bones are soft. A simple method for 
assessing this softness is compression of the 
frontal bones of the skull with the thumbs. 
In affected sheep, the bones can be felt to 
fluctuate. 

Pigs fed on heavy concentrate rations 
may develop a hypocalcemic tetany, which 
responds to treatment with calcium salts. 
Tetany may also occur in young, rapidly 
growing cattle in the same circumstances. 

Inappetence, stiffness, tendency of bones 
to fracture, disinclination to stand, difficult 
parturition, reduced milk flow, loss of condi¬ 
tion, and reduced fertility are all nonspecific 
signs recorded in adults. 

SPECIFIC SYNDROMES 
Primary Calcium Deficiency 

No specific syndromes are recorded, 
although the complex relationship between 
overall nutrition, including concentration or 
amount of calcium in the diet, and bone 
development should be noted. 

Secondary Calcium Deficiency 

Rickets, osteomalacia, osteoporosis, osteo¬ 
dystrophia fibrosa of the horse, goat, and pig 
and degenerative arthropathy of cattle are 
the common syndromes in which secondary 
calcium deficiency is one of the specific caus¬ 
ative factors. 1 ’ In sheep, rickets is seldom 
recognized, but there are marked dental 
abnormalities. Rickets has been produced 
experimentally in lambs by feeding a diet low 
in calcium. There is an inherited form of 
rickets in Corriedale sheep. 9 ' 11 

CLINICAL PATHOLOGY 

Because of the effect of the other factors 
listed previously on body constituents, 
examination of specimens from living 
animals may give little indication of the 
primary cause of the disturbance. For 
example, hypocalcemia need not indicate a 
low dietary intake of calcium. Data on serum 
calcium and phosphorus concentrations and 
plasma alkaline phosphatase activity, radio- 
graphical examination of bones, and balance 
studies of calcium and phosphorus retention 
are all of value in determining the presence 
of osteodystrophic disease, but determina¬ 
tion of the initial causative factor will still 
depend on analysis of feedstuffs and com¬ 
parison with known standard requirements. 
Serum calcium concentration can be within 
the normal range in most cases, although 
calcium deficiency is followed, at least in 
sheep, by a marked fall in serum calcium 
levels to as low as 3.5 mg/dL (0.87 mmol/L). 


In an uncomplicated nutritional deficiency 
of calcium in sheep, there is only a slight 
reduction in the radiopacity of bone, in con¬ 
trast to sheep with a low phosphorus and 
vitamin D status, which show marked osteo¬ 
porosis. The response to dietary supplemen¬ 
tation with calcium is also of diagnostic 
value. 

NECROPSY FINDINGS 

True primary calcium deficiency is extremely 
rare, but when it does occur, severe osteopo¬ 
rosis and parathyroid gland hypertrophy are 
the significant findings. The cortical bone is 
thinned, and the metaphyseal trabeculae 
appear reduced in size and number. The 
ash content of the bone is low because the 
bone is resorbed before it is properly 
mineralized. 

Calcium deficiency secondary to other 
nutritional factors is common and typically 
induces the form of osteodystrophy known 
as osteodystrophia fibrosa (see subsequent 
description). In most instances, the confir¬ 
mation of a diagnosis of hypocalcinosis at 
necropsy includes an analysis of the diet for 
calcium, phosphorus, and vitamin D content. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—long bone (ASSAY [ash]); 
feed (ASSAY [Ca] [P] [Vit D]) 

• Histology—formalin-fixed section of 
long bone (including metaphysis), 
parathyroid (LM) 


DIFFERENTIAL DIAGNOSIS 


A diagnosis of calcium deficiency depends on 
proof that the diet is, either absolutely or 
relatively, insufficient in calcium, that the 
lesions and signs observed are characteristic, 
and that the provision of calcium in the diet 
alleviates the condition. The diseases that may 
be confused with calcium deficiency are 
described under the diagnosis of each of the 
specific disease entities. 

The close similarity between the dental 
defects in severe calcium deficiency of sheep 
and those occurring in chronic fluorosis may 
necessitate quantitative estimates of fluorine 
in the teeth or bone to determine the cause. 


TREATMENT 

The response to treatment is rapid, and the 
preparations and doses recommended here 
are effective as treatment. Parenteral injec¬ 
tions of calcium salts are advisable when 
tetany is present. When animals have been 
exposed to dietary depletion of calcium and 
phosphorus over a period of time, it is neces¬ 
sary to supplement the diet with calcium 
and phosphorus during dietary mineral 
repletion. 

CONTROL 

The provision of adequate calcium in the diet, 
the reduction of phosphorus intake where it 
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is excessive, and the provision of adequate 
vitamin D are the essentials of both treatment 
and prevention. Some examples of estimated 
minimum daily requirements for calcium, 
phosphorus, and vitamin D are set out in 
Table 15-9. These are estimated minimum 
requirements and may need to be increased 
by a safety factor of 10% to allow for variation 
in individual animal requirements, the bio¬ 
logical availability of nutrients in the feed- 
stuffs, and the effect which total amount of 
feed intake has on absolute intake of miner¬ 
als. For example, the use of a complete pig 
ration on a restricted basis may require that 
the concentration of both calcium and phos¬ 
phorus be increased for that ration to deliver 
the actual total quantity of calcium and 
phosphorus necessary to meet a particular 
requirement for growth, pregnancy, or lacta¬ 
tion. The information in Table 15-9 is pre¬ 
sented as a guideline. When investigating a 
nutritional problem of formulating rations, it 
is recommended that the most recently avail¬ 
able publications on the nutrient require¬ 
ments of domestic animals be consulted. 

Ground limestone is most commonly 
used to supplement the calcium in the ration, 
but it should be prepared from calcite and 
not from dolomite. Variations in availability 
of the calcium in this product occur with 
variations in particle size, with a finely 
ground preparation being superior in this 
respect. Bone meal and dicalcium phosphate 
are more expensive, and the additional 
phosphorus may be a disadvantage if 
the calcium: phosphorus ratio is very wide. 
Alfalfa, clover, and molasses are also good 
sources of calcium but vary in their content. 
The optimum calcium: phosphorus ratio is 
within the range of 2:1 to 1:1. In cattle, 
absorption of both elements is better at the 
2:1 ratio. For optimum protection against 
the development of urolithiasis in sheep, a 
ratio of 2 to 2.5 calcium to 1 phosphorus is 
recommended. 

The dustiness of powdered limestone can 
be overcome by dampening the feed or 
adding the powder mixed in molasses. Addi¬ 
tion to salt or a mineral mixture is subject to 
the usual disadvantage that not all animals 
partake of it readily when it is provided in a 
free-choice manner, but this method of sup¬ 
plementation is often necessary in pastured 
animals. High-producing dairy cows should 
receive the mineral mixture in their ration 
and have access to it in boxes or in blocks. 
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PHOSPHORUS DEFICIENCY 


SYNOPSIS 


Etiology Usually a primary deficiency in the 
diet; may be conditioned by vitamin D 
deficiency. 

Epidemiology Primary phosphorus (P) 
deficiency occurs in arid regions with low 
phosphorus content in soil. Most 
commonly chronic, but transient and acute 
P deficiency thought to occur in lactating 
dairy cattle in early lactation. Occurs under 
range conditions in beef cattle and sheep. 
Occurs in pigs not supplemented with 
sufficient phosphorus. 

Signs Feed intake depression and anorexia 
are most commonly encountered sign with 
chronic P deficiency. Young animals grow 
slowly and develop rickets. Adults develop 
osteomalacia, unthriftiness, weight loss, 
reduced feed consumption, reluctance to 
move, leggy appearance, and fractures. 
Impaired milk production, growth rate, and 
fertility, presumably from energy and 
nutrient deficiency as a result of feed- 
intake depression. Recumbency and acute 
intravascular hemolysis (postparturient 
hemoglobinuria) in high-producing cows in 
early lactation have empirically been 
associated with hypophosphatemia and P 
depletion. 

Clinical pathology Serum inorganic 

phosphorus. Phosphorus content of diet. 

Necropsy findings Rickets and osteomalacia; 
lack of mineralization of bones. 

Diagnostic confirmation Radiography of 
long bones, histology of bone lesions; bone 
ash analyses. 

Differential diagnosis Those diseases 
resembling rickets and osteomalacia. Milk 
fever and downer cow syndrome in 
periparturient recumbent cattle. Other 
disorders associated with intravascular 
hemolysis in cases of periparturient 
hemoglobinuria. 

Treatment Phosphate salts orally or 
intravenously, vitamin D. 

Control Supplement diets with adequate 
phosphorus, calcium, and vitamin D. 


ETIOLOGY 

Phosphorus (P) deficiency occurs predomi¬ 
nantly in arid regions of the world with low 
P content in soil. Phosphorus deficiency is 
encountered whenever the daily dietary P 
intake is insufficient to cover the require¬ 
ments for maintenance and production and 
the organism has to recur to the mobilization 
of bone P. Under most circumstances P defi¬ 
ciency is chronic, and signs and symptoms 
associated with it occur after dietary P depri¬ 
vation over months to years. 

In dairy cattle, a rather acute and tran¬ 
sient period of P deficiency is thought to 
occur in the first days to weeks of lactation 


and has been associated with recumbency 
and acute intravascular hemolysis in early- 
lactating cows. Rations with marginal P 
content in combination with low feed intake 
around calving are thought to result in inad¬ 
equate P intake to cover for the suddenly 
increasing P requirements for milk produc¬ 
tion at the onset of lactation. The assumption 
that the commonly observed periparturient 
hypophosphatemia is an indicator for P 
depletion is, however, under contentious 
debate, and the clinical relevance of subnor¬ 
mal plasma inorganic phosphorus (Pi) levels 
in affected cows is uncertain. 1 Pronounced 
hypophosphatemia is also seen around par¬ 
turition in mastectomized cattle, which don’t 
produce any milk. Furthermore, even severe 
hypophosphatemia is often seen in healthy 
fresh cows not showing any clinical signs or 
symptoms. 1 

EPIDEMIOLOGY 
Geographic Occurrence 

Chronic P deficiency has a distinct geo¬ 
graphic distribution depending largely upon 
the P content of the parent rock from which 
the soils of the area are derived, but also 
upon the influence of other factors, such as 
excessive calcium, aluminum, or iron, which 
reduce the availability of P to plants. Large 
areas of grazing land in many countries are 
of little value for livestock production 
without P supplementation. In New Zealand, 
for example, where fertilization of pasture 
with superphosphate has been practiced for 
many years, P deficiency may still occur in 
dairy herds because of inadequate mainte¬ 
nance of application over several years. 
Animals in affected areas mature slowly and 
are inefficient breeders, and additional losses 
as a result of botulism and defects and inju¬ 
ries of bones may occur. Apart from areas in 
which frank P deficiency is seen, it is prob¬ 
able that in many other areas a mild degree 
of deficiency is a limiting factor in the pro¬ 
duction of meat, milk, and wool. 

Heavy leaching by rain and constant 
removal by cropping contribute to P defi¬ 
ciency in the soil, and the low P levels of the 
plant cover may be further diminished by 
drought conditions. Pastures deficient in P 
are classically also deficient in protein. 

Cattle 

The earliest report of naturally occurring P 
deficiency in grazing cattle was at Armoeds- 
vlakte in the Northern Cape of South Africa. 
The disease was called aphosphorosis, and 
animals with the disease demonstrated a 
depraved appetite characterized by the desire 
to eat wood, bones, rocks, and other such 
materials, a behavior known as pica. In 
severely affected regions, cattle often died 
from botulism from eating bones from old 
carcasses contaminated with Clostridium 
botulinum toxin. In advanced states of aphos¬ 
phorosis, animals developed bone malfor¬ 
mations that were associated with stiffness in 
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Table 15-9 Examples of estimated daily requirements of calcium, phosphorus, and vitamin D 


Species, kg body weight, and function 

Calcium 

(G/ANIMAL) 

Phosphorus 

Vitamin D 

Dairy cattle 

Growing heifers (large breeds) 

159 

15 

12 

300 lU/kg dry matter (DM) 
intake 

300 

24 

18 


400 

26 

20 


Growing heifers (small breeds) 

100 

9 

7 


200 

15 

11 


300 

19 

14 


Growing bulls (large breeds) 

300 

27 

20 


400 

30 

23 


500 

30 

23 


Maintenance of mature lactating cows 

400 

17 

13 


500 

20 

15 


600 

22 

17 


Maintenance and pregnancy 

400 

23 

18 


500 

29 

22 


600 

34 

26 


Milk production 

Add 2-3 g calcium and 1.7- 

-2.4 g phosphorus to the maintenance requirements for each kg 


of milk produced. 

(% OF RATION) 


Beef cattle 

Dry mature pregnant cows 

0.16 

0.16 

300 lU/kg DM intake 

Cows nursing calves 

0.30 

0.25 


Bulls, growth and maintenance 

0.26 

0.20 


Growing heifers (200-kg live weight 

0.33 

0.26 


gaining 0.8 kg/d) 

Growing steers (200-kg live weight gaining 

0.36 

0.28 


0.8 kg/d) 

Sheep 

Ewes 

Maintenance 

0.30 

0.28 

250-300 lU/kg DM intake 

Pregnant (early) 

0.27 

0.25 


Pregnant (late) 

0.24 

0.23 


Lactating 

0.52 

0.37 

200 lU/kg DM intake 

Rams 

(40- to 120-kg live weight) 

0.35 

0.19 

200 lU/kg DM intake 

Lambs 

Early weaned (10- to 30-kg live weight) 

0.40 

0.27 

150 lU/kg DM intake 

Finishing (30- to 55-kg live weight) 

0.30 

0.20 


Horses 

Mature horses (400- to 600-kg live weight) 

0.30 

0.20 

6-8 lll/kg body weight 

Mares (400- to 600-kg live weight) 

Last 90 days of pregnancy 

0.38 

0.30 


Peak of lactation 

0.50 

0.40 


Growing horses (400-kg mature weight) 

3 months old 

0.68 

0.43 


6 months old 

0.68 

0.48 


12 months old 

0.45 

0.30 


Growing horses (500-kg mature weight) 

3 months old 

0.69 

0.44 


6 months old 

0.82 

0.51 


12 months old 

0.43 

0.28 


Pig 

Growing pigs (10- to 100-kg live weight) 

0.65 

0.50 

200 lU/kg ration 

Breeding pigs (gilts, sows, boars) 

0.75 

0.50 

275 lU/kg ration 
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the forelegs, with a characteristic lameness 
referred to as “styfsiekte” in South Africa, 
“creeps” in Texas, and “pegleg” in Australia. 

A survey of the mineral status of bones of 
cattle at abattoirs in western New South 
Wales, Australia, found evidence of osteo¬ 
dystrophy based on ash density. They repre¬ 
sented cattle attempting to grow in a poor 
season, often female, in poor body-fat condi¬ 
tion, light in body weight, and mostly from 
red soils known to be deficient in P. 

Cattle constantly grazing pasture in the 
southern hemisphere appear to require 
somewhat less P in the diet (0.20% is prob¬ 
ably adequate) than do higher-producing, 
partly housed livestock. The dietary require¬ 
ments of P recommended by the NRC for 
beef cows weighing 450 kg may exceed the 
basic requirements. Over a period of several 
gestations, a daily allowance of 12 g of P per 
day per animal was deemed to be adequate 
for beef cows. Cattle given a P-deficient diet 
did not develop detectable signs of P defi¬ 
ciency until after 6 months of deprivation of 
this mineral. 2 

Hypophosphatemia in periparturient 
dairy cows is widespread, affecting at least 
10% of fresh dairy cows, and it is often inter¬ 
preted as a sign of dietary P deficiency in the 
periparturient period. 1,3,4 Hypophosphate¬ 
mia in early lactation has been associated 
with syndromes such as postparturient 
hemoglobinuria, a form of intravascular 
hemolysis that is thought to be caused by 
increased fragility of red blood cell in 
P-deficient states and postparturient recum¬ 
bency that is not responsive to intravenous 
treatment with calcium salts. 1,5 

Sheep and Horses 

Sheep and horses at pasture are much less 
susceptible to the osteodystrophy of P defi¬ 
ciency than are cattle, and their failure to 
thrive on P-deficient pasture is probably 
attributable in part to the low protein content 
of the pasture. In fact, there has been no clear 
demonstration of a naturally occurring P 
deficiency in sheep. 

There is some limited evidence that the 
plasma inorganic phosphorus (Pi) levels in 
Thoroughbred racehorses may be related to 
certain feeding regimens and to racing per¬ 
formance. Horses fed cubed or pelleted 
dietary supplement have plasma Pi concen¬ 
trations consistently below an accepted mean 
of 1.03 mmol/L (3.2 mg/dL). It is suggested 
that a rapid rate of passage of the ingesta may 
affect P absorption. Other observations indi¬ 
cate that some of the best track performers 
had significantly lower plasma Pi concentra¬ 
tions compared with some of the worst 
performers. 

Pigs 

A primary deficiency can occur in pigs kept 
in confinement and not provided with suffi¬ 
cient dietary P. Lactating sows are more com¬ 
monly affected than growing pigs. In some 


situations, in the cereal grains, the phytate 
levels are so high and phytase levels so low 
that rickets and osteomalacia are common in 
the pig population. 

Secondary Phosphorus Deficiency 

Secondary P deficiency is the result of hyper¬ 
parathyroidism or vitamin D deficiency. This 
is of minor importance compared with the 
primary P deficiency. A deficiency of vitamin 
D is not necessary for the development of 
osteodystrophy, although with suboptimal P 
intakes deficiency of this vitamin becomes 
critical. Excessive intake of calcium does not 
necessarily result in secondary P deficiency, 
although it may cause a reduction in weight 
gains, probably as a result of interference with 
digestion, and may contribute to the develop¬ 
ment of P deficiency when the intake is mar¬ 
ginal. The presence of phytic acid in plant 
tissues, which renders phytate-P unavailable 
to nonruminant species, is a major consider¬ 
ation in pigs but of only minor importance in 
ruminants, except that increasing intakes 
of calcium may reduce the availability of 
phytate-P even for ruminants. Rock phos¬ 
phates containing large amounts of iron and 
aluminum have been shown to be of no value 
to sheep as a source of P. A high intake of 
magnesium, such as that likely to occur when 
magnesite is fed to prevent lactation tetany, 
may cause hypophosphatemia if the P intake 
of dairy cows is already low. 

PATHOGENESIS 

Of the body P, 80% to 85% is located in the 
skeleton, where it is deposited in a metaboli- 
cally inert form together with calcium as 
hydroxyapatite. Hydroxyapatite is the com¬ 
pound that provides bone with its character¬ 
istic structural rigidity and stability. Bone P 
also functions as an important P reservoir 
that can be mobilized when body require¬ 
ments temporarily exceed dietary intake. The 
remainder of the body P is available as dis¬ 
solved P that is either encountered as inor¬ 
ganic phosphate (Pi) or forming part of 
organic molecules such as phospholipids, 
phosphocreatine, different adenosine mol¬ 
ecules, or various carbohydrate metabolites. 
Phosphorus is a predominantly intracellular 
mineral, of which only small amounts are 
located in the extracellular space. Phospho¬ 
rus bound in phospholipid molecules is 
essential for the structural stability of cell 
membranes that are composed of these 
phospholipids. The availability of soluble Pi 
in the intracellular space is essential for a 
plethora of biochemical reactions, especially 
those concerned with energy metabolism 
and transfer. Phosphorus furthermore func¬ 
tions as a buffer in rumen fluid, urine, and 
the intracellular space. Rumen microbes that 
are of critical importance for ruminant nutri¬ 
tion are inherently dependent of adequate P 
supply, which is not only provided by feed 
but also by the salivary glands, which 
produce large amounts of saliva rich in P. 


Inadequate dietary P supply will result in 
the mobilization of hydroxyapatite, from 
which will release P together with calcium. 
Prolonged P deficiency is therefore associ¬ 
ated with abnormal development of bone 
tissue, known as osteodystrophy. 

Experimentally, female beef cattle fed 
diets containing less than 6 g of P/day devel¬ 
oped an insidious complex syndrome char¬ 
acterized by weight loss, rough hair coat, 
abnormal stance, and lameness. Spontane¬ 
ous fractures occurred in the vertebrae, 
pelvis, and ribs. Some affected bones were 
severely demineralized, and the cortical sur¬ 
faces were porous, chalky white, soft, and 
fragile. The osteoid tissue was not properly 
mineralized. 

Experimental dietary P depletion in cattle 
results in a rapid and marked decline in 
serum Pi. When markedly P deficient diets 
are fed over months, affected animals develop 
an avid appetite for old bones. The long-term 
signs include decreased weight gain in 
growing animals or loss of body condition 
in adult animals, feed-intake depression, 
reduced bone density as determined by radi¬ 
ography, and reduced bone weight, which are 
consistent with osteodystrophy. Serum Pi 
concentrations tend to increase despite of 
ongoing dietary P deprivation with activa¬ 
tion of counterregulatory mechanisms that 
are reflected in increased plasma 1,25- 
dihydroxyvitamin D, reduced plasma con¬ 
centrations of parathyroid hormone, and 
increased renal calcium excretion. 

Muscle weakness to the point of recum¬ 
bency is thought to be another symptom of 
P depletion, particularly in early-lactating 
dairy cows. The proposed underlying mech¬ 
anism is a deficiency of Pi that may result in 
decreased concentration of phosphorylated 
molecules such as phosphocreatine and ade¬ 
nosine triphosphate (ATP) that are essential 
for energy storage on a cellular level. It has 
been proposed that it is through a depletion 
of these energy-storing molecules that P 
deficiency may result in muscle weakness 
and recumbency in periparturient cattle. 6 
Nevertheless, it should be noted that dis¬ 
turbed muscle function has only been associ¬ 
ated with hypophosphatemia in fresh cows 
but is not a common feature of chronic P 
deprivation in cattle. Doubts about the caus¬ 
ative association between P deficiency and 
recumbency in cattle have furthermore been 
raised because of the impossibility of experi¬ 
mentally inducing recumbency through 
dietary P depletion in cattle and because of 
the variable response to treatment with P 
salts in recumbent hypophosphatemic cows. 1 

A decline of the intracellular ATP con¬ 
centration, this time of red blood cells, is 
the presumed mechanism behind intravas¬ 
cular hemolysis observed in fresh cows with 
postparturient hemoglobinuria (see also the 
discussion of postparturient hemoglobin¬ 
uria). Red blood cells (RBCs) require ATP 
to maintain their osmotic stability. A 
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decrease of the ATP concentration in P 
depleted human RBCs to 15% of normal 
values resulted in increased osmotic fragility 
of erythrocytes that was associated with 
intravascular hemolysis. In cattle, hypophos¬ 
phatemia has been reported in many but not 
all cases of postparturient hemoglobinuria, 
and response to treatment with phosphate 
salts is variable. 5 ' 7 In a recently published 
study in which dairy cows were fed a ration 
over 40% deficient for several weeks, the 
plasma Pi concentration dropped by over 
60% within days, whereas the Pi concentra¬ 
tion of RBCs and their osmotic resistance 
remained unchanged. The authors con¬ 
cluded that dietary P depletion causing pro¬ 
nounced hypophosphatemia is not generally 
associated with intracellular P depletion of 
RBCs or increased osmotic fragility, and that 
the plasma Pi concentration is an unsuitable 
indicator for the intracellular P content 
of RBCs. 7 

Decreased fertility was historically one of 
the predominant symptoms associated with 
P deficiency in cattle. Because there is no 
known mechanism through which P defi¬ 
ciency would directly affect fertility and 
because P depletion is commonly associated 
with feed-intake depression, weight loss, and 
decreased milk production along with repro¬ 
ductive failure, it is more likely that poor 
fertility is a result of a negative energy and 
nutrient balance rather than a specific effect 
of P on a (yet undetermined) reproductive 
function. 

The pathophysiologic effects of low 
dietary P in pigs have been examined. Deter¬ 
mination of the serum concentrations of 
parathyroid hormone, l,25-(OH) 2 D, and 
osteocalcin were monitored in Romanian 
Landrace pigs originating from herds with 
dietary P deficiency. Serum Pi concentra¬ 
tions were negatively correlated with those of 

1.25- (OH) 2 D. In lactating animals and suck¬ 
lings, the linear relationships were not 
present. Serum Pi concentrations positively 
correlated with those of PTH, and 1,25- 
(OH) 2 D concentrations were negatively cor¬ 
related. The serum concentrations of 

1.25- (OH) 2 D and osteocalcin were posi¬ 
tively correlated. Milk P concentrations 
ranging from 3.1 to 7.5 mmol/L were corre¬ 
lated positively with urinary Pi concentra¬ 
tions ranging from 0.3 to 11.4 mmol/L. In 
conclusion, similar to other species, P 
homeostasis is achieved in pigs by feedback 
mechanisms between P, PTH, and 1,25- 
(OH) 2 D, and osteocalcin production is 
induced by l,25-(OH) 2 D. 

CLINICAL FINDINGS 

A plethora of clinical signs and conditions, 
such as unthriftiness, anorexia, pica, 
impaired growth and fertility, muscle weak¬ 
ness, lameness, recumbency, intravascular 
hemolysis, osteomalacia, and many more, 
have been associated with P deficiency in 
ruminants and other species. 


Primary P deficiency is common only in 
cattle and is associated with chronic dietary 
P deprivation. In the experimental produc¬ 
tion of P deficiency in beef or dairy cattle, 
several months to years on a P-deficient diet 
are necessary before clinical signs develop. 

Young animals grow slowly and develop 
rickets. In adults there is an initial subclinical 
stage followed by osteomalacia. In ruminants 
of all ages, a reduction in voluntary feed 
intake is a first sign of P deficiency and is the 
basis of most of the general systemic symp¬ 
toms to follow, which are retarded growth, 
weight loss, low milk yield, and reduced fer¬ 
tility. For example, in severe P deficiency in 
range beef cattle, the calving percentage has 
been known to drop from 70% to 20%. The 
development and wear of teeth are not 
greatly affected, in contrast with the severe 
dental abnormalities that occur in a nutri¬ 
tional deficiency of calcium. However, mal¬ 
occlusion may result from poor mineralization 
and resulting weakness of the mandible. 
More advanced stages of P deficiency occur¬ 
ring in severely P-deficient regions are asso¬ 
ciated with reluctance to move, abnormal 
stance, and increased incidence of bone frac¬ 
tures. The animals have a leggy appearance 
with a narrow chest and small girth, the 
pelvis is small, and the bones are fine and 
break easily. The chest is slab-sided as a result 
of weakness of the ribs, and the hair coat is 
rough and lacking in pigment. In areas 
of severe deficiency, the mortality rate 
may be high as a result of starvation, espe¬ 
cially during periods of drought when defi¬ 
ciencies of P, protein, and vitamin A are 
severe. Osteophagia is common and may 
be accompanied by a high incidence of 
botulism. 

Cows in late pregnancy often become 
recumbent, and although they continue to 
eat, they are unable to rise. Such animals 
present a real problem in drought seasons 
because many animals in the area may be 
affected at the same time. Parenteral injec¬ 
tions of P salts are ineffective, and the only 
treatment that may be of benefit is to termi¬ 
nate the pregnancy by the administration of 
corticosteroids or by cesarean section. 

A more acute form of P deficiency is 
thought to occur in the first days to weeks of 
lactation in mature, high-yielding dairy 
cows. Hypophosphatemia in these animals 
has been associated with periparturient 
recumbency that is unresponsive to IV treat¬ 
ment with calcium salts. Affected animals are 
recumbent but mentally alert, with normal 
or only slightly decreased feed intake. They 
continue making attempts to stand and tend 
to creep around. 

Another condition associated with P 
depletion and hypophosphatemia in dairy 
cattle in early lactation is postparturient 
hemoglobinuria. The disorder affects indi¬ 
vidual mature animals in the first days to 
weeks of lactation and is characterized by 
massive intravascular hemolysis, resulting in 


the excretion of large amounts of hemoglo¬ 
bin in urine (see also the discussion of post¬ 
parturient hemoglobinuria).' 

Although sheep and horses in P-deficient 
areas do not develop clinically apparent 
osteodystrophy, they are often of poor stature 
and unthrifty and may develop perverted 
appetites. An association between low serum 
or plasma Pi and infertility in mares has been 
suggested, but the evidence is not conclusive. 
The principal sign in affected sows is poste¬ 
rior paralysis. 

CLINICAL PATHOLOGY 
Serum Phosphorus 

The concentration of serum or plasma Pi 
is the most commonly used parameter to 
assess the P status of an individual animal 
independent of the species. Although the 
serum Pi concentration reflects the short¬ 
term dietary P supply and the body’s P pool 
size reasonably well, it is less suited to diag¬ 
nose chronic P deficiency because compensa¬ 
tory mobilization of P reserves from bone 
tend to increase the Pi concentration in serum 
or plasma, thereby masking P depletion at 
least partially. Marked individual and diurnal 
fluctuations of the serum Pi concentration 
further complicate the interpretation of this 
parameter on an individual animal basis. 1 

Serum Pi levels are affected by such 
factors as age, milk yield, stage of pregnancy, 
breed, dietary P content, time of sample col¬ 
lection relative to feeding, and the blood 
vessel from which the blood sample is col¬ 
lected. Rapid and pronounced changes of the 
serum Pi level in the range of 10% to 30% 
can occur as a result of sudden shifts of P 
from the extracellular to the intracellular 
space, for instance, after strenuous physical 
exercise or oral or parenteral administration 
of carbohydrates. 1 Hypophosphatemia diag¬ 
nosed in one single sample collected from 
one animal is therefore an unreliable indica¬ 
tor for the P status of that individual or a 
group of animals. The diagnostic value of the 
serum P concentration is complicated by the 
fact that clinical signs are not consistently 
observed with a certain degree of hypophos¬ 
phatemia. For instance, serum Pi levels 
below 0.6 mmol/L (1.9 mg/dL) in cattle have 
been associated with intravascular hemolysis 
and recumbency, whereas even lower con¬ 
centrations are often measured in healthy 
dairy cows. 1 To obtain comparable results it 
is advisable to collect blood from the same 
blood vessel at standardized times relative to 
feeding. 

Reference ranges for cattle given in the 
literature are 1.4 to 2.6 mmol/L (4.0 to 
8.0 mg/dL) and 1.9 to 2.6 mmol/L (6.0 to 
8.0 mg/dL) for adult and growing animals, 
respectively. The reference ranges for sheep 
and goats are 1.6 to 2.4 mmol/L (5.0 to 
7.3 mg/dL) and 1.3 to 3.0 mmol/L (4.2 to 
9.1 mg/dL), respectively. Juvenile and 
growing individuals have higher serum Pi 
because of enhanced intestinal Pi uptake, 
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presumably to provide sufficient Pi for ade¬ 
quate bone mineralization. The reference 
ranges for serum Pi for horses and swine are 
1.0 to 1.8 mmol/L (3.1 to 5.6 mg/dL) and 
2.1 to 3.3 mmol/L (6.5 to 10.2 mg/dL) 
respectively. 

Dietary Phosphorus Content 

Estimating the dietary P content is among 
the most reliable methods to estimate the P 
status of one or several animals, provided the 
feed intake can also be quantified. For pas¬ 
tured cattle, estimation of the dietary P 
content based on the P content in soil has 
been proposed. A P content in soil above 
8 ppm was not associated with any signs of 
P deficiency, whereas negative effects on feed 
intake, growth, and fertility became apparent 
in cattle pastured for prolonged periods on 
soils with a P content between 7 and 8 ppm. 
Signs became more prominent in animals 
kept on soils with a P content between 4 and 
6 ppm and were most severe on soils with a 
P content below 4 ppm. 

The association between dietary P intake 
and the concentrations of P in feces has been 
explored in several studies. Although the 
effect of the dietary P content on the intesti¬ 
nal absorption rate of P is well established, 
neither rumen fluid samples nor fecal 
grab samples were found to reliably identify 
P depleted animals. Specifically, when 
P-depleted animals show feed-intake depres¬ 
sion, a clinical sign often associated with P 
deficiency, fecal output decreases. This can 
translate into unchanged or even increased 
fecal P, although the total fecal P output is 
decreased. 1 

Bone Ash Concentrations 

Determination of total bone ash concentra¬ 
tions and bone calcium and P concentrations 
from a sample of rib can provide useful 
diagnostic information and comparison 
to normal values. Nonetheless the bone P 
content is slow to respond to changes in 
dietary P supply, which means that the nutri¬ 
tional history has a strong impact on the 
mineral content of fresh bone. The P content 
in fresh bone is considered an excellent indi¬ 
cator for the body P reserves, but not for the 
current dietary P supply or the P pool size. 
Because obtaining bone biopsies is impracti¬ 
cal under field conditions, determination of 
bone P content is largely restricted to post¬ 
mortem examination or research. 1 

NECROPSY FINDINGS 

The necropsy findings are those of the spe¬ 
cific diseases, rickets, and osteomalacia. 


DIFFERENTIAL DIAGNOSIS 


A diagnosis of phosphorus (P) deficiency 
depends on evidence that the diet is lacking 
in P and that the lesions and signs are typical 
of those caused by P deficiency and can be 


arrested or reverted by the administration of 
P. Differentiation from those diseases that may 
resemble rickets and osteomalacia is dealt 
with under those headings. 

Milk fever and downer cow syndrome in 
periparturient recumbent cattle. 

Other disorders associated with 
intravascular hemolysis in cases of 
periparturient hemoglobinuria. 


TREATMENT 

For P supplementation in ruminants, either 
oral or parenteral treatment has been pro¬ 
posed. For metabolism and cell function, 
the organism requires P as inorganic 
phosphate (P0 4 ). Accordingly, P must be 
supplemented in a form that either contains 
phosphate or as a compound that can be 
hydrolysed to phosphate. Most pharmaceuti¬ 
cal products containing P and labeled for par¬ 
enteral administration in animals contain 
phosphite (Po 2 ), hypophosphite (P0 3 ), or 
organic P compounds such as toldimfos 
(dimethylamino-methylphenyl-phosphi- 
nate) or butafosfan (butylamino-methylethyl- 
phosphoric acid), which the body does 
not appear to convert to phosphate. These 
compounds must thus be considered to be 
unsuitable for P supplementation. 

The preparation of a custom-made solu¬ 
tion either with 300 mL of distilled water 
containing 30 g of NaH 2 P0 4 or 500 mL of 
deionized water containing 90 g of Na 2 HP0 4 
X 12H 2 0, which are to be administered intra¬ 
venously as a single dose to an adult cow, 
have been proposed in the literature (both 
equivalent to approximately 8 g of P) but are 
extra-label treatments. Both solutions are 
only suitable for IV administration, and their 
effect on the plasma Pi concentration is short 
lived, lasting for less than 2 hours when 
administered as an IV bolus. 

Because of the rapid and sustained effect 
of orally administered P salts, this treatment 
route is preferred over the parenteral 
treatment. Oral administration of monoso- 
diumdihydrogen phosphate (300 g) or 
monopotassium dihydrogen phosphate 
(250 g), both providing approximately 60 g 
of P, were found to increase the plasma Pi 
concentration in hypophosphatemic dairy 
cows within 3 to 4 hours of treatment and for 
at least 12 hours. 8 Monocalcium phosphate 
(250 g, also equivalent to approximately 60 g 
P) was less effective than monosodium phos¬ 
phate and monopotassium phosphate, but 
more effective than dicalcium phosphate. 8,9 


TREATMENT AND CONTROL 


Treatment 

Cattle: 

Monosodium dihydrogen phosphate (36 g 
NaH 2 P0 4 dihydrate in 300 mL distilled 
water IV as single dose) (R-2) 


Disodium monohydrogen phosphate (90 g 
Na 2 HP0 4 x 12 H 2 0 in 500 distilled water IV 
as single dose) (R-2) 

Monosodium dihydrogen phosphate (300 g 
NaH 2 P0 4 PO q 12h for 1 to 3 days) (R-1) 

Monopotassium dihydrogen phosphate (250 g 
KH 2 P0 4 PO q 12h for 1 to 3 days) (R-2) 

Monocalcium dihydrogen phosphate (250 g 
Ca [HP0 4 ] 2 PO q 12h for 1 to 3 days) (R-2) 

Dicalcium monohydrogen phosphate (300 g 
CaHP0 4 x 2H 2 0 PO q12h for 1 to 3 days) 
(R-3) 

Monosodium dihydrogen phosphate IM or SC 
(R-3) 

Disodium monohydrogen phosphate IM or SC 
(R-3) 

Butafosfan (butylamino-methylethyl- 
phosphoric acid) (R-3) 

Toldimfos (dimethylamino-methylphenyl- 
phosphinate) (R-3) 

Control 

Bone meal, calcium-phosphate salts, 
sodium-phosphate salts, and sodium- 
pyrophosphate may be provided in 
supplementary feed or by allowing free 
access to their mixtures with salt. 

Fertilization of P-deficient pastures with 
phosphate. 


CONTROL 

Phosphorus deficiencies in grazing livestock 
can be prevented by direct treatment of the 
animal through supplementing the diet or 
the water supply, or indirectly by approxi¬ 
mate fertilizer treatment of the soils. Hand- 
fed animals are supplemented with P in their 
diets. 

Phosphorus Requirements 
Cattle 

The P requirements for cattle in various 
stages of the production cycle have varied 
widely worldwide. Estimates of daily P 
requirements for cattle have been adjusted 
over the past decades based on evidence 
indicating that the digestibility of dietary P 
has been underestimated in the past, particu¬ 
larly in ruminants. 10 Apparent P require¬ 
ments can vary for a variety of reasons: 
differences among breeds of cattle, P avail¬ 
ability in the feed, whether animals are pen 
fed or free grazing, possible interactions 
between nutrients, and the effects of disease 
and parasitism. 

Dairy Cattle 

There is widespread belief among producers 
and consultants that reproductive perfor¬ 
mance in dairy cows can be improved by 
feeding P above recommended levels. The 
current NRC recommendations for early- 
lactation (90 days in milk) diets are 0.36% P 
(DM basis) for cows milking 45 kg/d and 
0.35% P for cows milking 35 kg/d. The NRC 
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recommends up to 0.42% dietary P for the 
highest-producing cows during the first few 
weeks of lactation. 10 

Several studies indicate that dietary P at 
0.38 to 0.40% is sufficient for high producing 
dairy cows. Depending on feed ingredients, 
this concentration of P can be obtained with 
no or minimum supplementation with P of 
a standard North American or European 
dairy cow ration. Negative effects on milk 
yield and feed intake were observed in dairy 
cows fed ration with a dietary P content 
below 0.31% of feed dry matter over several 
months. 1 Cows conserve P when fed diets 
low in P by reducing P excretion in feces. 

The transition period from late gestation 
to lactation presents a particular challenge 
for the mechanisms regulating the P homeo¬ 
stasis. In the last weeks of gestation, the 
dietary P content is often limited to reduce 
the risk of periparturient paresis. 10 With the 
onset of lactation, daily P requirements 
increase suddenly while daily feed intake is 
at a nadir. This situation may indeed result in 
a transiently negative P balance during the 
first days of lactation, which is likely to con¬ 
tribute to the commonly encountered hypo¬ 
phosphatemia in fresh cows. However, the 
mechanisms driving this periparturient 
hypophosphatemia are not well understood, 
and the degree of P depletion in affected 
cows has never been examined in detail, but 
has rather just been extrapolated from the 
observed declines in plasma Pi levels. 1 Hypo¬ 
phosphatemia shortly after calving is an 
unreliable indicator for P depletion because 
this decline in plasma Pi levels has not only 
been attributed to P losses through the 
mammary gland but also to hormone- 
induced compartmental shifts of P from the 
extracellular to the intracellular space. 1 

It is deemed unlikely that increasing the 
amount of dietary P in late pregnancy and 
early lactation will be able to prevent peri¬ 
parturient hypophosphatemia because this 
imbalance seems to occur secondary to 
hypocalcemia. 10 

Environmental Implications of 
Phosphorus Feeding of Livestock 
In the European Union and the United 
States, environmental pollution with P from 
cattle manure has received increased atten¬ 
tion over the past decades, and incentives 
with the objective to reduce the P content in 
ruminant fecal material have been imple¬ 
mented in many countries. 

Ideally, P is recycled into the soil/plant/ 
animal system, from which only the P incor¬ 
porated into the animal system escapes. In a 
sustainable dairy farming system, the amount 
of P expelled in the form of manure must be 
limited to the amount that crops need for 
maximum growth. However, because of high 
livestock intensities and excessive amounts 
of P in feed, overapplication of P from 
manure occurs, leading to P accumulation in 
the soil and finally leaching, thus causing 


eutrophication of surface waters. Reducing 
the dietary P intake of cattle has been identi¬ 
fied as an effective way to reduce the amount 
of P in manure and thereby contain environ¬ 
mental pollution with P. 

The current recommendations for dairy 
cattle from the NRC are to provide phospho¬ 
rus at 0.32% to 0.42% of dry matter intake. 10 
These are lower than the previous recom¬ 
mendation of 0.5% of dry matter intake. 
Based on calculation of P losses and the true 
absorption coefficient using data on saliva 
production, saliva P content, and the effi¬ 
ciency of P absorption, the P requirement 
recommended for dairy cows in the Nether¬ 
lands are as follows: P requirement (g/d per 
600-kg cow) = 19 + 1.43 X 1 kg milk. This 
recommendation is up to 22% lower than the 
current recommendation for high-yielding 
dairy cows used in the United Kingdom. 

Surveys in the United States revealed that 
dairy diets contain approximately 0.45% to 
0.50% P (DM basis), an amount that is about 
20% in excess of estimated requirements. A 
reduction of the dietary P content by 20% 
was estimated to result in a 25% to 30% 
reduction in the P content of manure and a 
similar reduction in the amount of land 
required to accommodate the manure. Phos¬ 
phorus is the most expensive nutrient in 
typical mineral-vitamin formulations for 
dairy cattle. Feeding a diet containing 0.45% 
P versus one containing 0.55% would save 
about $0.05/cow daily; for a 100 cows over 1 
year, this would save about $1825.00. 

Simulation models of the long-term 
effects of changes in feeding, cropping, and 
other production strategies on P loading and 
the economics of 100-cow and 800-cow 
dairy farms in southeastern New York found 
that the most easily implemented change was 
to reduce the supplemented mineral P fed to 
that required to meet the current NRC rec¬ 
ommended amounts, which would provide 
an annual increase in farm profit of about 
$22.00 per cow. 

The overfeeding of P has important envi¬ 
ronmental implications. Phosphorus excre¬ 
tion increases linearly as P intake is increased 
above the requirement. Once P requirements 
are met, all of the excess dietary P is excreted 
in the feces. This excess P accumulates in the 
environment, primarily by the recycling of 
manure to land as fertilizer for crop produc¬ 
tion. The surface runoff of this excess P pro¬ 
motes the eutrophication of surface waters 
(eutrophication is the accidental or deliber¬ 
ate promotion of excessive growth of one 
kind of organism to the disadvantage of 
other organisms in the ecosystem). There¬ 
fore, close monitoring of P inputs in the live¬ 
stock industry is important to reduce the risk 
of eutrophication of lakes and streams. 
Reducing dietary intake closer to the require¬ 
ment will require frequent and accurate feed 
analysis, quantification of dry matter intake, 
and ration management to ensure that for¬ 
mulated diets are mixed and delivered to the 


cows properly. Phosphorus reduction will be 
achieved by precision of feeding of dairy 
cattle. Portable and rapid tests are now avail¬ 
able to determine the level of P in dairy cattle 
manure. These hand-held tools can yield 
real-time measurements of dissolved P and 
total P in manure. 

The effects of feeding low amounts of P 
to high-yielding dairy cows have been exam¬ 
ined extensively in numerous studies. 10 Lac- 
tating dairy cows were fed diets containing 
67%, 80%, and 100%, respectively, of the P 
requirements recommended by the Dutch 
Committee on Mineral Nutrition for a 
period of 21 months. Nearly 5 months after 
the beginning of the feeding trial, the milk 
yield and milk lactose content of the 67% 
group decreased significantly. It was con¬ 
cluded that rations for high-yielding dairy 
cows should not have a P content lower than 
3.0 g/kg (or 0.3%) DM. The P supply with the 
80% ration was considered to be just 
sufficient. 

The supplementation of dietary P above 
levels recommended by the NRC (0.38% con¬ 
sidered adequate or 0.48% excessive) did not 
improve duration or intensity of estrus in 
dairy cows. Large lactation studies have 
shown that feeding P in excess of 0.37% of diet 
DM, which corresponds closely to the NRC P 
requirements, did not affect milk production, 
milk composition, or animal health. Diges¬ 
tion studies and P retention data also support 
the NRC recommendations. 10 

Beef Cattle 

There has been a notable lack of research into 
the P requirements of grazing beef cattle of 
various age groups and under varying soil 
and forage conditions, which has created 
considerable confusion and disagreement 
about the P requirements. The effects of P 
fertilizer on forage P levels and seasonal 
changes in P concentration are well under¬ 
stood, but the availability of P in different 
forage species, at different stages of maturity, 
and grown under different management 
schemes and environmental conditions is 
not well understood. 

The details of the phosphorus require¬ 
ments for beef cattle of various age groups 
are available in the NRC publication Nutrient 
Requirements of Beef Cattle, which was 
updated in 2000. 2 

Feedlot Cattle 

The P requirement of finishing feedlot calves 
is less than 0.16% of diet DM or 14.2 g/d. 
Typical grain-based feedlot cattle diets do 
not require supplementation of inorganic 
mineral P to meet P requirements. Plasma P, 
performance, and bone characteristics indi¬ 
cate that P requirements are less than the 
predicted requirements and should be modi¬ 
fied. Supplementation of mineral P in finish¬ 
ing diets is an unnecessary economic and 
environmental cost for beef feedlot produc¬ 
ers and should be discontinued. 
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Pigs 

The estimated dietary P requirements for 
maximum growth and feed efficiency of pigs 
at 3 to 5, 5 to 10, 10 to 20, 20 to 50, 50 to 80, 
and 80 to 120 kg, as a percentage of diet (90% 
DM) are 0.70%, 0.65%, 0.60%, 0.50%, 0.45%, 
and 0.40%, respectively. The form in which 
P exists in natural feedstuffs influences the 
efficiency of its utilization. In cereal grains, 
grain byproducts, and oilseed meals, about 
60% to 75% of the P is organically bound in 
the form of phytate, which is poorly available 
to nonruminant species. The biological avail¬ 
ability of P in cereal grains is variable, 
ranging from less than 15% in corn to 
approximately 50% in wheat, which has nat¬ 
urally occurring phytase enzyme. The P in 
inorganic phosphorus supplements also 
varies in bioavailability. The P in ammonia, 
calcium, and sodium phosphates is highly 
available. 

Phosphorus Supplementation 

Bone meal, calcium-phosphate salts, sodium- 
phosphate salts, and sodium-pyrophosphate 
may be provided in supplementary feed or 
by allowing free access to their mixtures with 
salt or more complicated mineral mixtures. 
The availability of the phosphorus in feed 
supplements varies, and this needs to be 
taken into consideration when compound¬ 
ing rations. For cattle, mineral sources 
with the highest absorption coefficients for 
P are monosodium dihydrogen phosphate 
(absorption coefficient 0.9), ammonium 
phosphates and monocalcium phosphate 
(absorption coefficient 0.80), followed by 
dicalcium phosphate (absorption coefficient 
0.75). 10 The relative biological values for 
young pigs in terms of phosphorus are as 
follows: dicalcium phosphate or rock phos¬ 
phate, 83%; steamed bone meal, 56%; and 
colloidal clay or soft phosphate, 34%. It is 
suggested that in deficient areas adult dry 
cattle and calves up to 150 kg BW should 
receive 225 g bone meal/week, growing stock 
over 150 kg BW 350 g/week, and lactating 
cows 1 kg weekly, but experience in particu¬ 
lar areas may indicate the need for varying 
these amounts. The top dressing of pasture 
with superphosphate is an adequate method 
of correcting the deficiency and has the 
advantage of increasing the bulk and protein 
yield of the pasture, but it is often impractical 
under the conditions in which the disease 
occurs. 

The addition of phosphate to drinking 
water is a much more satisfactory method, 
provided the chemical can be added by an 
automatic dispenser to water piped into 
troughs. Adding chemicals to fixed tanks 
introduces errors in concentration, excessive 
stimulation of algal growth, and precipitation 
in hard waters. Monosodium dihydrogen 
phosphate (monosodium orthophosphate) is 
the favorite additive and is usually added at 
the rate of 10 to 20 g/20 L of water. Super¬ 
phosphate may be used instead but is not 


suitable for dispensers, must be added in 
larger quantities (50 g/20 L), and may contain 
excess fluorine. A reasonably effective and 
practical method favored by Australian dairy 
farmers is the provision of a supplement 
referred to as “super juice.” Plain superphos¬ 
phate at a rate of 2.5 kg in 40 L of water is 
mixed and stirred vigorously in a barrel. 
When it has settled for a day, the “super juice” 
is ready for use and is administered by skim¬ 
ming off the supernatant and sprinkling 100 
to 200 mL on the feed of each cow. 

FURTHER READING 
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VITAMIN D DEFICIENCY 


SYNOPSIS 


Etiology Deficiency of preformed vitamin D 
and, less commonly, insufficient exposure 
to ultraviolet solar irradiation. 

Epidemiology Uncommon because diets are 
supplemented. Occurs in animals in 
countries with relative lack of UV 
irradiation, especially in winter months; 
animals raised indoors for long periods. 
Can occur in young grazing animals in 
winter months. The is marked species 
variation in susceptibility to effects of 
vitamin D deficiency. 


Signs Reduced productivity; poor weight gain; 
reduced reproductive performance. Rickets 
in young animals (see that topic); 
osteomalacia in adults. 

Clinical pathology Serum calcium and 
phosphorus. Plasma vitamin D. 

Necropsy findings Lack of mineralization of 
bone. 

Diagnostic confirmation Histology of bone 
lesions. 

Differential diagnosis list See rickets and 
osteomalacia. 

Treatment Administer vitamin D parenterally 
and oral calcium and phosphates. 

Control Supplement diets with vitamin D. 
Injections of vitamin D when oral 
supplementation not possible. 


Vitamin D deficiency is usually caused by 
insufficient solar irradiation of animals or 
their feed, or inadequate concentrations of 
vitamin D in rations of housed animals, and 
is manifested by poor appetite and growth 
and in advanced cases by osteodystrophy 
(rickets or osteomalacia). 

ETIOLOGY 

A lack of ultraviolet solar irradiation of the 
skin, coupled with a deficiency of preformed 
vitamin D complex in the diet, leads to a 
deficiency of vitamin D in tissues. 

EPIDEMIOLOGY 

Although the effects of clinically apparent 
vitamin D deficiency have been largely elimi¬ 
nated by improved nutrition, the subclinical 
effects have received little attention. For 
example, retarded growth in young sheep in 
New Zealand and southern Australia during 
winter months is corrected or prevented by 
vitamin D administration. 

Flowever, general realization of the 
importance of this subclinical vitamin D 
deficiency in limiting productivity of live¬ 
stock has come only in recent years. This is 
partly a result of the complexity of the rela¬ 
tions between calcium, phosphorus, and 
vitamin D and their common association 
with protein and other deficiencies in 
the diet. Much work remains to be done 
before these individual dietary essentials can 
be assessed in their correct economic 
perspective. 

Vitamin D is available to animals from 
either or both of isomerization of 7- 
dehydrocholesterol (7-DHC) in the skin to 
vitamin D 3 during exposure to ultraviolet 
light or ingestion of vitamin D 2 or D 3 in 
the diet. 1 

Ultraviolet Irradiation 

The intensity of ultraviolet light that reaches 
the skin of the animal depends on latitude 
and altitude. The lack of ultraviolet irradia¬ 
tion becomes important as distance from the 
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equator increases and the suns rays are fil¬ 
tered and refracted by an increasing depth of 
the earth’s atmosphere. Cloudy, overcast 
skies, smoke-laden atmospheres, and winter 
months exacerbate the lack of irradiation. 
When the incidence angle of sun striking the 
skin is less than 35 degrees, as occurs during 
winter at latitudes of 31 degrees or higher, 
there is insufficient penetration of ultraviolet 
light to convert 7-DHC to previtamin D 3 T 
Reduced grazing time of cattle during 
summer at higher latitudes (56 degrees) is 
linearly associated with serum vitamin D 
concentrations. 2 The production of vitamin 
D 3 by dairy cows is directly correlated with 
the amount of skin exposed to ultraviolet 
radiation, and blanketing cows reduces 
vitamin D 3 production. 1 

The effects of poor irradiation are felt first 
by animals with dark skin (particularly pigs 
and some breeds of cattle) or heavy coats 
(particularly sheep), by rapidly growing 
animals, and by those that are housed 
indoors for long periods. The concentration 
of plasma vitamin D 3 recorded in grazing 
sheep varies widely throughout the year. 
During the winter months in the United 
Kingdom, the levels in sheep fall below what 
is considered optimal, whereas in the 
summer months, the levels are more than 
adequate. There is a marked difference in 
vitamin D status between sheep with a long 
fleece and those that have been recently 
shorn, especially in periods of maximum 
sunlight. The higher blood levels of vitamin 
D in the latter group are probably a result of 
their greater exposure to sunlight. Pigs 
reared under intensive farming conditions 
and animals being prepared for shows are 
susceptible especially if the diet is marginal 
or deficient in vitamin D. 4 

Dietary Vitamin D 

The importance of dietary sources of 
preformed vitamin D must not be underes¬ 
timated. Irradiated plant sterols with antira¬ 
chitic potency occur in the dead leaves of 
growing plants. Variation in the vitamin D 
content of hay can occur with different 
methods of curing. Exposure to irradiation 
by sunlight for long periods causes a marked 
increase in antirachitic potency of the cut 
fodder, whereas modern hay-making tech¬ 
nique with its emphasis on rapid curing 
tends to keep vitamin D levels at a minimum. 
Grass ensilage also contains very little 
vitamin D. 

Based on a survey of the concentrations 
of vitamin D in the serum of horses in the 
United Kingdom, the levels may be low. In 
the absence of a dietary supplement contain¬ 
ing vitamin D, the concentrations of 25-OH 
D 2 and 25-OH D 3 are, respectively, a reflec¬ 
tion of the absorption of vitamin D 2 from the 
diet and of biosynthesis of vitamin D 3 . 

Information on the vitamin D require¬ 
ments of housed dairy cattle is incomplete 
and contradictory. It appears, however, that 


in some instances natural feedstuffs provide 
less-than-adequate amounts of the vitamin 
for optimum reproductive performance in 
high-producing cows. 

Grazing Animals 

The grazing of animals, especially in winter 
and on lush green feed including cereal 
crops, leads to a high incidence of rickets in 
the young. An antivitamin D factor is sus¬ 
pected because calcium, phosphorus, and 
vitamin D intakes are usually normal, but the 
condition can be prevented by the adminis¬ 
tration of calciferol. Carotene, which is 
present in large quantities in this type of feed, 
has been shown to have antivitamin D 
potency, but the existence of a further rachi- 
togenic substance seems probable. The rachi- 
togenic potency of this green feed varies 
widely according to the stage of growth and 
virtually disappears when flowering com¬ 
mences. Experimental overdosing with 
vitamin A causes a marked retardation of 
bone growth in calves. Such overdosing can 
occur when diets are supplemented with the 
vitamin and may produce clinical effects. 

Exposure of animals to solar radiation 
is important in metabolism of vitamin 
D, with previtamin D 3 formed in the skin. 
Skin pigmentation—specifically, melanin— 
influences the amount of ultraviolet expo¬ 
sure needed to produce vitamin D 3 . A longer 
time in sunlight is required for maximum 
previtamin D 3 formation in dark-skinned 
animals. 1 

The importance of vitamin D to animals 
is now well recognized, and supplementation 
of the diet where necessary is usually per¬ 
formed by the livestock owner. Occasional 
outbreaks of vitamin D deficiency are expe¬ 
rienced in intensive systems where animals 
are housed and in areas where specific local 
problems are encountered (e.g., rickets in 
sheep on green cereal pasture in New 
Zealand). 

Animal Risk Factors 

Most herbivores efficiently produce vitamin 
D 3 in the skin, and shorn sheep have higher 
concentrations of vitamin D 3 than do 
unshorn sheep. 1 However, New World cam- 
elids are particularly susceptible to vitamin 
D deficiency, likely as a result of their heavy 
fleece and evolution in the Andes and atten¬ 
dant exposure to high levels of solar radia¬ 
tion. Movement to lower altitudes, higher 
latitudes, or housing denies them access 
to the required amount of sunlight. 1,5 ' 7 
Inherited rickets in Corriedale sheep is 
caused by excessive vitamin D catabolism as 
a result of overexpression of the gene for 
25-hydroxyvitamin D3-24-hydroxylase, the 
enzyme responsible for catabolism of vitamin 
D. 8 ' 9 The disease occurs in housed fattening 
pigs, likely as a result of errors in feed formu¬ 
lation resulting in vitamin D deficiency. 4 

Foals have lower serum vitamin D con¬ 
centrations than do adult horses. 10 


PATHOGENESIS 

Vitamin D is a complex of substances with 
antirachitogenic activity. Increasingly in 
human medicine, vitamin D is recognized 
as also having important roles in immune 
function and resistance to neoplasia and 
cardiovascular disease. 11,12 The important 
components are as follows: 

• Vitamin D 3 (cholecalciferol) is produced 
from its precursor 7-dehydrocholesterol 
in mammalian skin by natural 
irradiation with ultraviolet light (270 to 
315 nm) over the course of 3 days. 1 

• Vitamin D 2 is present in certain plants, 
such as sun-cured hay, as a result of 
conversion of ergosterol to vitamin D 2 
by ultraviolet light. Vitamin D 2 is 
present in and is produced by ultraviolet 
irradiation of plant sterols. 

• Vitamin D 4 and D 5 occur naturally in 
the oils of some fish. 

Vitamin D produced in the skin or ingested 
with the diet and absorbed by the small 
intestine is transported to the liver. In the 
liver, 25-hydroxycholecalciferol is produced, 
which is then transported to the kidney, 
where at least two additional derivatives 
are formed by 1-a-hydroxylase. One is 

1.25- dihydroxycholecalciferol (DHCC), and 
the other is 24,25-DHCC. Under conditions 
of calcium need or calcium deprivation, the 
form predominantly produced by the kidney 
is 1,25-DHCC. At present, it seems likely that 

1.25- DHCC is the metabolic form of vitamin 
D most active in eliciting intestinal calcium 
transport and absorption and is at least the 
closest known metabolite to the form of 
vitamin D functioning in bone mineraliza¬ 
tion. The metabolite also functions in regu¬ 
lating the absorption and metabolism of the 
phosphate ion and especially its loss from the 
kidney. A deficiency of the metabolite may 
occur in animals with renal disease, resulting 
in decreased absorption of calcium and 
phosphorus, decreased mineralization of 
bone, and excessive losses of the minerals 
through the kidney. A deficiency of vitamin 
D per se is governed in its importance by the 
calcium and phosphorus status of the animal. 

Because of the necessity for the conver¬ 
sion of vitamin D to the active metabolites, 
there is a lag period of 2 to 4 days following 
the administration of the vitamin parenter- 
ally before a significant effect on calcium 
and phosphorus absorption can occur. The 
use of synthetic analogs of the active metabo¬ 
lites such as 1-a-hydroxycholecalciferol (an 
analog of 1,25-DHCC) can increase the 
plasma concentration of calcium and phos¬ 
phorus within 12 hours following adminis¬ 
tration and has been recommended for the 
control of parturient paresis in cattle. 

Maternal Status 

Maternal vitamin D status is important in 
determining neonatal plasma calcium con¬ 
centration. There is a significant correlation 
between maternal and neonatal calf plasma 
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concentrations of 25-OH D 2 , 25-OH D 3 , 
24,25-(OH) 2 D 2 , 24,25-(OH) 2 D 3i and 25,26- 
(OH) 2 D 3 . This indicates that the vitamin D 
metabolite status of the neonate is primarily 
dependent on the 25-OH D status of the 
dam. The maternal serum concentrations of 
calcium, phosphorus, and magnesium do 
not determine concentrations of these min¬ 
erals found in the newborn calf. The ability 
of the placenta to maintain elevated plasma 
calcium or phosphorus in the fetus is par¬ 
tially dependent on maternal l,25-(OH) 2 D 
status. Parenteral cholecalciferol treatment 
of sows before parturition is an effective 
method of supplementing neonatal piglets 
with cholecalciferol via the sow’s milk and its 
metabolite via placenta transport. 

Calcium:Phosphorus Ratio 

When the calcium: phosphorus ratio is wider 
than the optimum (1:1 to 2:1), vitamin D 
requirements for good calcium and phos¬ 
phorus retention and bone mineralization 
are increased. A minor degree of vitamin D 
deficiency in an environment supplying an 
imbalance of calcium and phosphorus might 
well lead to disease, whereas the same degree 
of vitamin deficiency with a normal calcium 
and phosphorus intake could go unsus¬ 
pected. For example, in growing pigs, vitamin 
D supplementation is not essential provided 
calcium and phosphorus intakes are rigidly 
controlled, but under practical circum¬ 
stances, this may not be possible. 

The minor functions of the vitamin 
include maintenance of efficiency of food 
utilization and a calorigenic action, with the 
metabolic rate being depressed when the 
vitamin is deficient. These actions are prob¬ 
ably the basis for the reduced growth rate 
and productivity in vitamin D deficiency. 
Some evidence suggests that vitamin D may 
have a role in the immune system. Local pro¬ 
duction of l,25-(OH) 2 D by monocytes may 
be important in immune function, particu¬ 
larly in the parturient dairy cow. 

Other Roles for Vitamin D 

Vitamin D is now recognized in humans to 
have important roles in immune function, 
cancer, and cardiovascular disease as a result 
of a diverse range of biological actions, 
including induction of cell differentiation, 
inhibition of cell growth, immunomodula- 
tion, and control of hormonal systems. In 
addition, 1,25-dihydroxyvitamin D (cal- 
citriol), through the vitamin D receptor, has 
an immunoregulatory role in both the innate 
and adaptive immune systems and exerts 
pleiotropic effects on numerous tissues. 12 

CLINICAL FINDINGS 

The most important effect of lack of vitamin 
D in farm animals is reduced productivity. 
A decrease in appetite and efficiency of 
food utilization cause poor weight gains in 
growing stock and poor productivity in 
adults. Reproductive efficiency is also 


reduced, and the overall effect on the animal 
economy can be severe. The underlying 
mechanisms are unclear but could be related 
to the recently recognized pleiotropic effects 
of vitamin D (calcitriol). 

In the late stages, lameness, which is most 
noticeable in the forelegs, is accompanied 
in young animals by bending of the long 
bones and enlargement of the joints. This 
latter stage of clinical rickets may occur 
simultaneously with cases of osteomalacia in 
adults. An adequate intake of vitamin D 
appears to be necessary for the maintenance 
of fertility in cattle, particularly if the phos¬ 
phorus intake is low. In one study in dairy 
cattle, the first ovulation after parturition 
was advanced significantly in vitamin 
D-supplemented cows. 

CLINICAL PATHOLOGY 
Serum Calcium and Phosphorus 

A pronounced hypophosphatemia occurs in 
the early stages and is followed some months 
later by a fall in serum calcium. Plasma alka¬ 
line phosphatase levels are usually elevated. 
The blood picture quickly returns to normal 
with treatment, often several months before 
the animal is clinically normal. Typical 
figures for beef cattle kept indoors are serum 
calcium8.7 mg/dL(10.8normal),2.2 mmol/L 
(2.7 normal); serum inorganic phosphate 
4.3 mg/dL (6.3 normal), 1.1 mmol/L (1.6 
normal); and alkaline phosphatase 5.7 units 
(2.75 normal). 

Plasma Vitamin D 

The normal ranges of plasma concentrations 
of vitamin D and its metabolites in the farm 
animal species are now available and can 
be used to monitor the response of the 
administration of vitamin D parenterally 
or orally in sheep. The serum concentrations 
of vitamin D in the horse have been 
determined. 10 

NECROPSY FINDINGS 

The pathologic changes in young animals are 
those of rickets, whereas in older animals 
there is osteomalacia. In all ages, a variable 
amount of osteodystrophia fibrosa may 
develop, and distinction of the origin of these 
osteodystrophies based on only gross and 
microscopic examination is impractical. A 
review of management factors and a nutri¬ 
tional analysis of the feed are essential. The 
samples for confirmation of the diagnosis at 
necropsy are as per calcium deficiency. 


DIFFERENTIAL DIAGNOSIS 


A diagnosis of vitamin D deficiency depends 
on evidence of the probable occurrence of the 
deficiency and response of the animal when 
vitamin D is provided. Differentiation from 
clinically similar syndromes is discussed under 
the specific osteodystrophies. 


TREATMENT 

It is usual to administer vitamin D in the 
dose rates set out under “Control.” Affected 
animals should also receive adequate calcium 
and phosphorus in the diet. 

CONTROL 

Supplementation 

The administration of supplementary 
vitamin D to animals by adding it to the diet 
or by injection is necessary only when expo¬ 
sure to sunlight or the provision of a natural 
ration containing adequate amounts of 
vitamin D is impractical. 

A total daily intake of 7 to 12 IU/kg BW 
is optimal. Sun-dried hay is a good source, 
but green fodders are generally deficient in 
vitamin D. Fish liver oils are high in vitamin 
D, but they are subject to deterioration on 
storage, particularly with regard to vitamin 
A. They have the added disadvantages of 
losing their vitamin A and D content in pre¬ 
mixed feed, of destroying vitamin E in these 
feeds when they become rancid, and of seri¬ 
ously reducing the butterfat content of milk. 
Stable water-soluble vitamin A and D prepa¬ 
rations do not suffer from these disadvan¬ 
tages. Irradiated dry yeast is probably a 
simpler and cheaper method of supplying 
vitamin D in mixed grain feeds. 

Stable water-soluble preparations of 
vitamin D are now available and are com¬ 
monly added to the rations of animals being 
fed concentrate rations. The classes of live¬ 
stock that usually need dietary supplementa¬ 
tion include the following: 

• Calves raised indoors on milk replacers 

• Pigs raised indoors on grain rations 

• Beef cattle receiving poor-quality 
roughage during the winter months 

• Cattle raised indoors for prolonged 
periods and not receiving sun-cured 
forage containing adequate levels of 
vitamin D—these include calves raised 
as herd replacements, yearling cattle fed 
concentrate rations, bulls in artificial 
insemination centers, and purebred 
bulls maintained indoors on farms. 

• Feedlot lambs fed grain rations during 
the winter months or under totally 
covered confinement 

• Young, rapidly growing horses raised 
indoors or outdoors on rations that may 
not contain adequate concentrations of 
calcium and phosphorus—this may be a 
problem in rapidly growing, well¬ 
muscled horses receiving a high level of 
grain. 

Because there is limited storage of vitamin D 
in the body, compared with the storage of 
vitamin A, it is recommended that daily 
dietary supplementation be provided when 
possible for optimum effect. 

Injection 

In situations where dietary supplementation 
is not possible, the use of single IM injections 
of vitamin D 2 (calciferol) in oil will protect 
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ruminants for 3 to 6 months. A dose of 
11,000 units/kg BW is recommended and 
should maintain an adequate vitamin D 
status for 3 to 6 months. 

In mature nonpregnant sheep weighing 
about 50 kg, a single IM injection of 
6000 IU/kg body weight produced concen¬ 
trations of 25-hydroxyvitamin D 3 at ade¬ 
quate levels for 3 months. The parenteral 
administration of vitamin D 3 results in both 
higher tissue and plasma levels of vitamin 
D 3 than does oral administration, and IV 
administration produces higher plasma 
levels than does IM injection. The timing of 
the injection should be selected so that the 
vitamin D status of the ewe is adequate at 
the time of lambing. The vitamin D 3 status 
of lambs can be increased by the parenteral 
administration of the vitamin to the preg¬ 
nant ewe. Dosing pregnant ewes with 
300,000 IU of vitamin D 3 in a rapidly avail¬ 
able form, approximately 2 months before 
lambing, provides a safe means of increasing 
the vitamin D status of the ewe and the 
newborn lambs by preventing seasonally low 
concentrations of 25-hydroxyvitamin D 3 . In 
adult sheep, there is a wide margin of safety 
between the recommended requirement and 
the toxic oral dose, which provides ample 
scope for safe supplementation if such is 
desirable. In adult sheep given 20 times the 
recommended requirements for 16 weeks, 
there was no evidence of pathologic calcifi¬ 
cation. Oral dosing with 30 to 45 units/kg 
BW is adequate, provided treatment can be 
given daily. Massive oral doses can also be 
used to give long-term effects (e.g., a single 
dose of 2 million units is an effective preven¬ 
tive for 2 months in lambs). Excessive doses 
may cause toxicity, with signs of drowsiness, 
muscle weakness, fragility of bones, and cal¬ 
cification in the walls of blood vessels. The 
latter finding has been recorded in cattle 
receiving 10 million units/d and in unthrifty 
lambs receiving a single dose of 1 million 
units, although larger doses are tolerated by 
healthy lambs. 

FURTHER READING 

Dittmer KE, Thompson KG. Vitamin D metabolism and 
rickets in domestic animals: a review. Vet Pathol. 
2011;48:389-407. 

O’Brien MA, et al. Vitamin D and the immune system: 
beyond rickets. Vet J. 2012; 194:27. 
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VITAMIN D INTOXICATION 

Vitamin D intoxication has occurred in cattle, 
horses, alpacas and llamas, and pigs after the 
parenteral or oral administration of excessive 
quantities of the vitamin. It also occurs in 
horses, cattle, and sheep after ingestion of hay 
or silage containing large amounts of Trise- 
tum flavescens (yellow oat grass). 1,2 

In cattle, large parenteral doses of vitamin 
D 3 (15 to 17 million IU) result in prolonged 
hypercalcemia, hyperphosphatemia, and 
large increases in plasma concentrations of 
vitamin D 3 and its metabolites. Clinical signs 
of toxicosis occur within 2 to 3 weeks and 
include marked anorexia, loss of body 
weight, dyspnea, tachycardia, loud heart 
sounds, weakness, recumbency, torticollis, 
fever, and a high case-fatality rate. Pregnant 
cows 1 month before parturition are more 
susceptible than nonpregnant cows. 

Hypercalcemia and hypervitaminosis D 
occurred in 17-day-old lambs being fed a 
milk replacer. The vitamin D content of the 
milk replacer was not excessive; there was 
no explanation for the abnormalities in the 
lamb, which recovered when the milk 
replacer was changed. Serum concentrations 
of calcium were high at 23.61 mg/dL and 
23.09, respectively, in the two lambs. 

Accidental vitamin D 3 toxicosis has 
occurred in horses fed a grain diet that sup¬ 
plied 12,000 to 13,000 IU/kg BW of vitamin 
D 3 daily for 30 days, equivalent to about 1 
million IU vitamin D 3 /kg of feed. Clinical 
findings included anorexia, stiffness, loss of 
body weight, polyuria, and polydipsia. There 
was also evidence of hyposthenuria, acid¬ 
uria, soft tissue mineralization, and fractures 
of the ribs. Calcification of the endocardium 
and the walls of large blood vessels are 
characteristic. 

Vitamin D intoxication occurs in pigs, 
usually as a result of errors in mixing of 
rations, and can result in polydipsia, poly¬ 
uria, and weight loss. 3 Severe toxicosis in pigs 
occurs at a daily oral dose of 50,000 to 
70,000 IU/kg BW. Signs include a sudden 
onset of anorexia, vomiting, diarrhea, 
dyspnea, apathy, aphonia, emaciation, and 
death. Clinical signs are commonly observed 
within 2 days after consumption of the feed 
containing excessive vitamin D. At necropsy, 
hemorrhagic gastritis and mild interstitial 
pneumonia are commonly present. Arterio¬ 
sclerosis with calcification of the heart base 
vessels may also be visible macroscopically in 
poisoned cattle. Osteoporosis with multiple 
fractures has been observed in subacute to 
chronic hypervitaminosis D in pigs. Histo¬ 
logically, there is widespread soft tissue min¬ 
eralization, with a predilection for the lung 
and gastric mucosa, and elastin-rich tissue, 
such as blood vessels. Changes in bone vary 
with the duration of exposure to toxic levels 
of the vitamin. 

Research notes development of vitamin D 
intoxication in New World camelid cria 


supplemented with vitamin supplements 
that provided doses of 4000 to 13,000 IU/kg 
per day over several days. 4 The recom¬ 
mended dose of vitamin D to crias is a single 
parenteral dose of 1000 to 2000 IU/kg BW 
every 7 to 11 weeks. 4 Clinical signs of intoxi¬ 
cation in the supplemented crias included 
weakness and inappetence. There was azote¬ 
mia, hypercalcemia, and hyperphosphate¬ 
mia. 4 Treatment was for acute renal failure. 

Assay of the various metabolites of 
vitamin D in tissues is difficult. The diagnosis 
is therefore usually confirmed by correlating 
microscopic changes with a history of expo¬ 
sure to toxic levels of vitamin D. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—500 g of suspect feed 
(ASSAY [Vit D]) 

• Histology—formalin-fixed lung, 
stomach/abomasum, proximal aorta, 
lung, bone (LM) 
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RICKETS 


SYNOPSIS 


Etiology Deficiencies of any or combination 
of phosphorus and vitamin D, and less 
commonly calcium. Inherited forms are 
recognized in sheep and pigs. 

Epidemiology Young, rapidly growing 
animals. No longer common. In calves on 
phosphorus-deficient diets (range or 
housed). In grazing lambs as a result of lack 
of solar irradiation. Rare in foals and pigs. 

Signs Stiff gait and lameness, enlargement of 
ends of long bones, curvature of long 
bones, prolonged periods of recumbency. 
Delayed dentition. 

Clinical pathology Elevated alkaline 
phosphatase; low serum calcium and 
phosphorus. Lack of density of bone 
radiographically. 

Necropsy findings Abnormal bones and 
teeth. Bone shafts are soft, epiphyses 
enlarged. Ratio of bone ash to organic 
matter is decreased. 

Diagnostic confirmation Histology of bone, 
especially epiphyses. 

Differential diagnosis list 

• Epiphysitis 

• Congenital and acquired abnormalities 

• Infectious synovitis 

Treatment Vitamin D injections; calcium and 
phosphate orally. 

Control Supplement deficient diets with 
calcium, phosphorus, and vitamin D. 
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Rickets is a disease of young growing animals 
caused by impaired mineralization of physeal 
and epiphyseal cartilage during endochon¬ 
dral ossification and of newly formed 
osteoid. 1 Osteomalacia is the failure of calci¬ 
fication of osteoid in adult animals (i.e., after 
closure of the growth plate). The essential 
lesion is a failure of provisional calcification 
with persistence of hypertrophic cartilage 
and enlargement of the epiphyses of long 
bones and the costochondral junctions 
(so-called “rachitic rosary” of humans). The 
poorly mineralized bones are susceptible to 
fracture, compression, or both. 

ETIOLOGY 

Rickets is caused by an absolute or relative 
deficiency of any or a combination of 
calcium, phosphorus, or vitamin D in young 
growing animals. The effects of the defi¬ 
ciency are also exacerbated by a rapid 
growth rate. 

An inherited form of rickets has been 
described in pigs. It is indistinguishable from 
rickets caused by nutritional inadequacy. The 
inherited form of the disease in Corriedale 
sheep is associated with increased expression 
of the gene for 25-hydroxyvitamin D3-24- 
hydroxylase, the enzyme responsible for 
catabolism of vitamin D. 2 ' 3 

EPIDEMIOLOGY 

Clinical rickets is not as important economi¬ 
cally as the subclinical stages of the various 
dietary deficiencies that produce it. The 
provision of diets adequate and properly 
balanced with respect to calcium and 
phosphorus and sufficient exposure to sun¬ 
light are mandatory in good livestock pro¬ 
duction. Rickets is no longer a common 
disease because these requirements are 
widely recognized, but the incidence can be 
high in extreme environments, including 
purely exploitative range grazing, intensive 
feeding in fattening units, and heavy depen¬ 
dence on lush grazing, especially in winter 
months. 

Rickets is a disease of young, rapidly 
growing animals and occurs naturally under 
the following conditions. 

Calves 

Primary phosphorus deficiency in 
phosphorus-deficient range areas and 
vitamin D deficiency in calves housed for 
long periods are the common circumstances. 
Vitamin D deficiency is the most common 
form of rickets in cattle raised indoors for 
prolonged periods in Europe and North 
America. Grazing animals may also develop 
vitamin D deficiency rickets at latitudes 
where solar irradiation during winter is 
insufficient to promote adequate dermal 
photobiosynthesis of vitamin D 3 from 
7-dihydrocholesterol. Rickets has occurred 
in yearling steers in New Zealand wintered 
on swede (Brassica napus) crop deficient in 
phosphorus. 


In young, rapidly growing cattle raised 
intensively indoors, a combined deficiency of 
calcium, phosphorus, and vitamin D can 
result in leg weakness characterized by stiff¬ 
ness, reluctance to move, and retarded 
growth. In some cases, rupture of the Achil¬ 
les tendon and spontaneous fracture can 
occur. The Achilles tendon may rupture 
at the insertion of, or proximal to, the 
calcaneus. 

Lambs 

Lambs are less susceptible to primary phos¬ 
phorus deficiency than cattle, but rickets 
does occur under the same conditions. 
Green cereal grazing and, to a lesser extent, 
pasturing on lush ryegrass during winter 
months may cause a high incidence of rickets 
in lambs; this is considered to be a secondary 
vitamin D deficiency. An outbreak of vitamin 
D-deficiency rickets involving 50% of lambs 
aged 6 to 12 months grazing new grass and 
rape occurred during the early winter 
months in Scotland. In the South Island of 
New Zealand, where winter levels of solar 
irradiation are low, rickets occurs in hoggets 
grazing green oats, or other green crops, 
which have been shown to contain high 
levels of rachitogenic carotenes. The disease 
occurs in sheep flocks in northern England, 
likely for similar reasons to the disease 
occurring in New Zealand. 4 A vitamin D- 
responsive rickets has occurred in twin 
lambs at 3 to 4 weeks of age. 

Pigs 

Rickets in young pigs occurs in intensive 
fattening units. 5 The cause is assumed to 
imbalances or mixing errors resulting in feed 
that contains excessive phosphate (high- 
cereal diets), or vitamin D and calcium 
deficiencies. 

Foals 

Rickets is uncommon in foals under natural 
conditions, although it has been produced 
experimentally. 

New World Camelids 

Llamas and alpacas are particularly suscep¬ 
tible to rickets secondary to vitamin D defi¬ 
ciency, 6 " 9 a consequence of them evolving at 
high altitudes with consequent high expo¬ 
sure to solar radiation. Movement to lower 
altitudes, where the increased atmospheric 
depth reduces solar radiation, or indoor 
housing, reduces the opportunity for dermal 
production of vitamin D. 

PATHOGENESIS 

Dietary deficiencies of calcium, phosphorus, 
and vitamin D result in defective mineraliza¬ 
tion of the osteoid and cartilaginous matrix 
of developing bone. There is persistence and 
continued growth of hypertrophic epiphy¬ 
seal cartilage, increasing the width of the 
epiphyseal plate. Poorly calcified spicules of 
diaphyseal bone and epiphyseal cartilage 


yield to normal stresses, resulting in bowing 
of long bones and broadening of the epiphy¬ 
ses, with apparent enlargement of the joints. 
Rapidly growing animals on an otherwise 
good diet will be first affected because of 
their higher requirement of the specific 
nutrients. 

CLINICAL FINDINGS 

The subclinical effects of the particular defi¬ 
ciency disease will be apparent in the group 
of animals affected and have been described 
in the earlier general section. Clinical rickets 
is characterized by the following: 

• Stiffness in the gait 

• Enlargement of the limb joints, 
especially in the forelegs 

• Enlargement of the costochondral 
junctions 

• Long bones showing abnormal 
curvature, usually forward and outward 
at the carpus, in sheep and cattle 

• Lameness and a tendency to lie down 
for long periods 

Outbreaks affecting 50% of a group of 
lambs have been described. Arching of the 
back and contraction, often to the point of 
virtual collapse, of the pelvis occur, and there 
is an increased tendency for bones to 
fracture. 

Eruption of the teeth is delayed and 

irregular, and the teeth are poorly calcified, 
with pitting, grooving, and pigmentation. 
They are often badly aligned and wear rapidly 
and unevenly. These dental abnormalities, 
together with thickening and softness of the 
jaw bones, may make it impossible for 
severely affected calves and lambs to close 
their mouths. As a consequence, the tongue 
protrudes, and there is drooling of saliva and 
difficulty in feeding. In less severely affected 
animals, dental malocclusion may be a 
significant occurrence. Severe deformity of 
the chest may result in dyspnea and chronic 
ruminal tympany. In the final stages, the 
animal shows hypersensitivity, tetany, and 
recumbency and eventually dies of 
inanition. 

CLINICAL PATHOLOGY 

The plasma alkaline phosphatase activity is 
commonly elevated, but serum calcium and 
phosphorus levels depend on the causative 
factor. If phosphorus or vitamin D deficien¬ 
cies are the cause, the serum phosphorus 
level will usually be below the normal 
lower limit of 3 mg/dL. The serum concen¬ 
trations of 25-hydroxyvitamin D 3 and 25- 
hydroxyvitamin D 2 are markedly decreased 
in vitamin D-deficient rickets compared 
with the normal values of greater than 5 ng/ 
mL. Serum vitamin D concentrations as low 
as 0.4 ng/mL have been reported in lambs 
with vitamin D-responsive rickets. Serum 
calcium levels will be low only in the final 
stages. In leg weakness of young, rapidly 
growing cattle, the serum concentration of 
25-hydroxyvitamin D may be nondetectable, 
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and the serum levels of calcium and inor¬ 
ganic phosphorus may be low. 

Radiographic examination of bones 
and joints is one of the most valuable aids in 
the detection of rickets. Rachitic bones have 
a characteristic lack of density compared 
with normal bones. The ends of long bones 
have a “woolly” or “moth-eaten” appearance 
and have a concave or flat, instead of the 
normal convex, contour. Surgical removal of 
a small piece of costochondral junction for 
histologic examination has been used exten¬ 
sively in experimental work and should be 
applicable in field diagnosis. 

NECROPSY FINDINGS 

Apart from general poorness of condition, 
the necropsy findings are restricted to abnor¬ 
mal bones and teeth. The bone shafts are 
softer and larger in diameter, in part because 
of the subperiosteal deposition of osteoid 
tissue. The joints are enlarged, and on 
cutting, the epiphyseal cartilage can be seen 
to be thicker than usual. Histologic examina¬ 
tion of the epiphysis is desirable for final 
diagnosis. In sheep, the best results are 
obtained from an examination of the distal 
cartilages of the metacarpal and metatarsal 
bones. 

A valuable diagnostic aid is the ratio of 
ash to organic matter in the bones. Normally 
the ratio is 3 parts of ash to 2 of organic 
matter, but in rachitic bone this may be 
depressed to 1:2, or to 1:3 in extreme cases. 
A reduction below 45% of the bone weight 
as ash also suggests osteodystrophy. Because 
of the difficulty encountered in repeating the 
results of bone ash determinations, a stan¬ 
dardized method has been devised in which 
the ash content of green bone is determined, 
using either the metacarpus or metatarsus 
and the ash content related to the age of the 
animal, as expressed by the length of the 
bone. Although normal standards are avail¬ 
able only for pigs, the method suggests itself 
as being highly suitable for all species. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—long bone (ASSAY [ash]); 

500 g feed (ASSAY [Ca] [P] [Vit D]) 

• Histology—formalin-fixed long bone 

(including growth plate) (LM) 


DIFFERENTIAL DIAGNOSIS 


Rickets occurs in young, rapidly growing 
animals and is characterized by stiffness of the 
gait and enlargement of the distal physes of 
the long bones, particularly noticeable on the 
metacarpus and metatarsus as circumscribed 
painful swellings. A history of a dietary 
deficiency of any of calcium, phosphorus, or 
vitamin D will support the clinical diagnosis. 
Radiographic evidence of widened and 
irregular physes suggests rickets. Copper 
deficiency in young cattle under 1 year of age 


can also result in clinical, radiographic, and 
pathologic findings similar to rickets. Clinically, 
there is an arched back, severe stiffness of 
gait, reluctance to move, and loss of weight. 
There are marked swellings of the distal 
aspects of metacarpus and metatarsus, and 
radiographically there is a widened zone 
of cartilage and lipping of the medial and 
lateral areas of the physeal plate. Copper 
concentration in plasma and liver are low, 
and there is usually dietary evidence of copper 
deficiency. 

Epiphysitis occurs in rapidly growing 
yearling cattle raised and fed intensively under 
confinement. There is severe lameness, 
swelling of the distal physes, and radiographic 
and pathologic evidence of a necrotizing 
epiphysitis. The etiology is uncertain but 
thought to be related to the type of 
housing. 

Congenital and acquired abnormalities 

of the bony skeletal system are frequent in 
newborn and rapidly growing foals. Rickets 
occurs, but only occasionally. "Epiphysitis" 
in young foals resembles rickets and is 
characterized by enlargements and 
abnormalities of the distal physes of the 
radius, tibia, third metacarpal, and metatarsal 
bones and the proximal extremity of the 
proximal phalanx. There may or may not be 
deviation of the limbs caused by uneven 
growth rates in various growth plates. The 
suggested causes include improper nutrition, 
faulty conformation and hoof growth, muscle 
imbalance, overweight, and compression of 
the growth plate. Recovery may occur 
spontaneously or require surgical 
correction. 

Rickets in pigs is uncommon and the 
diagnosis can be difficult. The disease is 
usually suspected in young, rapidly growing 
pigs in which there is stiffness in the gait, 
walking on tip-toes, enlargements of the 
distal ends of long bones, and dietary 
evidence of a marginal deficiency of calcium 
or phosphorus. The radiographic and 
pathologic findings may suggest a rickets-like 
lesion. 

Mycoplasmal synovitis and arthritis 

clinically resemble rickets of pigs. There is a 
sudden onset of stiffness of gait, habitual 
recumbency, a decrease in feed consumption, 
and enlargements of the distal aspects of the 
long bones, which may or may not be painful; 
spontaneous recovery usually occurs in 10 to 
14 days. The locomotor problems in young, 
growing pigs raised in confinement and with 
limited exercise must be considered in the 
differential diagnosis. In performance testing 
stations, up to 20% of boars may be affected 
with leg weakness. 

Rickets in lambs must be differentiated 
from chlamydial and erysipelas arthritis, which 
are readily diagnosed at necropsy. 


TREATMENT AND CONTROL 

Recommendations for the treatment of 
the individual dietary deficiencies (calcium, 
phosphorus, and vitamin D) are presented 


under their respective headings. Lesser 
deformities recover with suitable treatment, 
but gross deformities usually persist. A 
general improvement in appetite and condi¬ 
tion occurs quickly and is accompanied by a 
return to normal blood levels of phosphorus 
and alkaline phosphatase. The treatment of 
rickets in lambs with a vitamin A, vitamin 
D 3 , calcium borogluconate solution contain¬ 
ing magnesium and phosphorus parenterally 
and supplementation of the diet with bone 
meal and protein resulted in a dramatic 
response. Recumbent animals were walking 
within a few days. 

FURTHER READING 

Dittmer KE, Thompson KG. Vitamin d metabolism and 
rickets in domestic animals: a review. Vet Pathol. 
2011;48:389-407. 
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OSTEOMALACIA 


SYNOPSIS 


Etiology Absolute or relative deficiency of 
any one or combination of calcium, 
phosphorus, and vitamin D in adult 
animals. 

Epidemiology Primarily in cattle and sheep 
on phosphorus-deficient diets. In feedlot 
animals as a result of excessive phosphorus 
without complementary calcium and 
vitamin D. 

Signs Reduced productivity, licking and 
chewing inanimate objects, stiff gait, 
moderate nonspecific lameness, shifting 
from leg to leg, crackling sounds while 
walking, arched back, lying down for long 
periods. "Milk lameness" in high-producing 
dairy cows on deficient diet. 

Clinical pathology Increased alkaline 

phosphatase, decreased serum phosphorus 
levels. Decreased density of long bones 
radiographically. 

Necropsy findings Decreased density of 
bones; erosions of articular cartilages. 

Diagnostic confirmation Histology of bones. 

Differential diagnosis list 

• Chronic fluorosis 

• Polysynovitis and arthritis 

• Spinal cord compression 

Treatment As for calcium, phosphorus, and 
vitamin D deficiency. 

Control Adequate supplementation of diet. 
















1497 


Nutritional Diseases Affecting the Musculoskeletal System 


Osteomalacia is a disease of mature animals 
affecting bones in which endochondral 
ossification has been completed. The charac¬ 
teristic lesion is osteoporosis and the forma¬ 
tion of excessive uncalcified matrix (osteoid). 
Lameness and pathologic fractures are the 
common clinical findings. 

ETIOLOGY 

In general, the etiology and occurrence of 
osteomalacia are the same as for rickets, 
except that the predisposing cause is not the 
increased requirement of growth but the 
drain of lactation, pregnancy, or both. 

EPIDEMIOLOGY 

Osteomalacia occurs in mature animals 
under the same conditions and in the same 
areas as rickets in young animals, but it is 
recorded less commonly. Its main occur¬ 
rence is in cattle in areas seriously deficient 
in phosphorus. It occurs in goats. 1 It is also 
recorded in sheep, again in association with 
hypophosphatemia. In pastured animals, 
osteomalacia is most common in cattle, and 
sheep raised in the same area are less severely 
affected. In feedlot animals, excessive 
phosphorus intake without complementary 
calcium and vitamin D is likely as a cause, 
especially if the animals are kept indoors. It 
also occurs in sows that have recently weaned 
their pigs after a long lactation period (6 to 
8 weeks) while on a diet deficient in calcium. 
A marginal deficiency of both phosphorus 
and vitamin D will exaggerate the condition. 
Intensively fed yearling cattle with inade¬ 
quate mineral supplementation may be 
affected with spontaneous fractures of the 
vertebral bodies, pelvic bones, and long 
bones, leading to recumbency. 1 Simply han¬ 
dling the animals through a chute for routine 
activities such as tuberculin testing may pre¬ 
cipitate the fractures. 

PATHOGENESIS 

Increased resorption of bone mineral to 
supply the needs of pregnancy, lactation, and 
endogenous metabolism leads to osteoporo¬ 
sis and weakness and deformity of the bones. 
Large amounts of uncalcified osteoid are 
deposited around the diaphyses. Pathologic 
fractures are commonly precipitated by 
sudden exercise or handling of the animal 
during transportation. There is evolving 
understanding of the role of fibroblast 
growth factor 23 in this disease and other 
diseases (rickets) associated with abnormali¬ 
ties in calcium, phosphorus, or vitamin D 
metabolism. 2 

CLINICAL FINDINGS 
Ruminants 

In the early stages, the signs are those of 
phosphorus deficiency, including lowered 
productivity and fertility and loss of condi¬ 
tion. Licking and chewing of inanimate 
objects begins at this stage and may bring 
their attendant ills of oral, pharyngeal, 


and esophageal obstruction; traumatic 
reticuloperitonitis; lead poisoning; and 
botulism. 

The signs specific to osteomalacia are 
those of a painful condition of the bones 
and joints and include a stiff gait; moderate 
lameness, often shifting from leg to leg; 
crackling sounds while walking; and an 
arched back. The hindlegs are most severely 
affected, and the hocks may be rotated 
inward. The animals are disinclined to move, 
lie down for long periods, and are unwilling 
to get up. The colloquial names “pegle,” 
“creeps,” “stiffs,” “cripples,” and “bog lame” 
describe the syndrome aptly. The names 
“milkleg” and “milk lameness” are com¬ 
monly applied to the condition when it 
occurs in heavily milking cows. Fractures of 
bones and separation of tendon attachments 
occur frequently, often without apparent 
precipitating stress. In extreme cases, defor¬ 
mities of bones occur; when the pelvis is 
affected, dystocia may result. Finally, weak¬ 
ness leads to permanent recumbency and 
death from starvation. 

Pigs 

Affected sows are usually found recumbent 
and unable to rise from lateral recumbency 
or from the dog-sitting position. The shaft of 
one femur or the neck of the femur is com¬ 
monly fractured. The fracture usually occurs 
within a few days following weaning of the 
pigs. The placing of the sow with other adult 
pigs usually results in some fighting and 
increased exercise, which commonly precipi¬ 
tates the pathologic fractures. 

CLINICAL PATHOLOGY 

In general, the findings are the same as those 
for rickets, including increased serum alka¬ 
line phosphatase and decreased serum phos¬ 
phorus levels. Radiographic examination of 
long bones shows decreased density of bone 
shadow. 

NECROPSY FINDINGS 

It can be difficult to discern any gross 
changes as the epiphyses are seldom 
enlarged, and the altered character of cancel¬ 
lous bone may not be macroscopically 
visible. Cortical bone may be somewhat 
thinned, and erosions of the articular carti¬ 
lages have been recorded in cattle suffering 
from primary phosphorus deficiency. The 
parathyroid glands may be enlarged. Histo¬ 
logically, abnormal osteoid covers trabecu¬ 
lae, and a degree of fibrous tissue proliferation 
is often evident. Analysis reveals the bones 
to be lighter than normal with a low ratio 
of ash to organic matter. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—long bone (ASSAY [ash]); 

500 g feed (ASSAY [Ca] [P] [Vit D]) 

• Histology—formalin-fixed bone, 

parathyroid (LM) 


DIFFERENTIAL DIAGNOSIS 


The occurrence of nonspecific lameness with 
pathologic fractures in mature animals should 
arouse suspicion of osteomalacia. There may 
be additional evidence of subnormal 
productivity and reproductive performance 
and dietary evidence of a recent deficiency of 
calcium, phosphorus, or vitamin D. 

A similar osteoporotic disease of cattle in 
Japan has been ascribed to a dietary 
deficiency of magnesium. The cattle are on 
high-concentrate, low-roughage diets and 
have high serum calcium and alkaline 
phosphatase levels but a low serum 
magnesium level. The osteoporosis is 
observable at slaughter, and clinical signs 
observed are those of intercurrent disease, 
especially ketosis, milk fever, and 
hypomagnesemia. Reproductive and renal 
disorders occur concurrently. 

In cattle it must be differentiated from 
chronic fluorosis in mature animals, but the 
typical mottling and pitting of the teeth and 
the enlargements on the shafts of the long 
bones are characteristic. In some areas (e.g., 
northern Australia) where the water supply is 
obtained from deep subartesian wells, the 
two diseases may occur concurrently. Analysis 
of water supplies and foodstuffs for fluorine 
may be necessary in doubtful cases. 

In sows, osteomalacia with or without 
pathologic fractures must be differentiated 
from spinal cord compression as a result of 
a vertebral body abscess and chronic arthritis 
resulting from erysipelas. 


TREATMENT AND CONTROL 

Recommendations for the treatment and 
control of the specific nutritional deficiencies 
have been described under their respective 
headings. Some weeks will elapse before 
improvement occurs, and deformities of the 
bones are likely to be permanent. 

REFERENCES 

1. Braun U, et al. Vet Rec. 2009;164:211. 

2. Hardcastle MR, et al. Vet Pathol. 2015;52:770. 

OSTEODYSTROPHIA FIBROSA 

Osteodystrophia fibrosa is similar in its 
pathogenesis to osteomalacia, but it differs in 
that soft, cellular, fibrous tissue is laid down 
as a result of the weakness of the bones 
instead of the specialized uncalcified osteoid 
tissue of osteomalacia. 1 It occurs in horses, 
goats, and pigs. 2 The disease occurs in large 
animals, principally equids, as a result of sec¬ 
ondary nutritional hyperparathyroidism. 4 
Renal hyperparathyroidism, as is widely rec¬ 
ognized in dogs, is rare to nonexistent in 
equids. 1 

ETIOLOGY 

A secondary calcium deficiency resulting 
from excessive phosphorus feeding is the 
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common cause in horses and probably also 
in pigs. The disease also occurs in horses 
grazing tropical or subtropical pastures 
containing buffel, pangola, setaria, kikuyu, 
green panic, guinea, signal, and purple 
pigeon grasses. These tropical grasses contain 
oxalate, which interferes with mineral utili¬ 
zation by horses by forming calcium oxalate, 
which renders the calcium unavailable for 
intestinal absorption. 4 Grasses with more 
than 0.5% oxalate or calcium: oxalate ratios 
of less than 0.5 result in a negative calcium 
balance and are capable of inducing hypocal¬ 
cemia in horses. 4 The disease can be readily 
produced in horses on diets with a ratio of 
calcium: phosphorus of 1:2.9 or greater, 
irrespective of the total calcium intake. 
Calcium: phosphorus ratios of 1:0.9 to 1:1.4 
have been shown to be preventive and cura¬ 
tive. With a very low calcium intake of 2 to 
3 g/d and a calcium: phosphorus ratio of 
1:13, the disease may occur within 5 months. 
With a normal calcium intake of 26 g/d 
and a calcium: phosphorus ratio of 1:5, 
obvious signs appear in about 1 year, but 
shifting lameness may appear as early as 3 
months. 

The disease is reproducible in pigs on 
similar diets to those just described and also 
on diets low in both calcium and phospho¬ 
rus. The optimum calcium: phosphorus ratio 
is 1.2:1, and the intake for pigs should be 
within the range of 0.6% to 1.2% of the diet. 

EPIDEMIOLOGY 

Osteodystrophia fibrosa is principally a 
disease of horses and other Equidae and to a 
lesser extent of pigs. It occurs in goats. Previ¬ 
ously, among horses, those engaged in heavy 
city work and in racing were more likely to 
be affected because of the tendency to main¬ 
tain these animals on unbalanced diets. 
Widespread adoption of use of commercial 
diets and recognition of the importance of 
correct mineral nutrition has likely decreased 
the importance of this disease in these 
animals. The disease in developed countries 
is now restricted to equids fed inadequate or 
imbalanced diets. The major occurrence is in 
horses fed a diet high in phosphorus and low 
in calcium. Such diets include cereal hays 
combined with heavy grain or bran feeding. 
Legume hays, because of their high calcium 
content, are preventive. 

The disease may reach endemic propor¬ 
tions in army horses moved into new terri¬ 
tories, whereas local horses, more used to the 
diet, suffer little. Although horses may be 
affected at any age after weaning, it is the 
2-to-7-year age group that suffers most, 
probably because they are the group most 
likely to be exposed to the rations that pre¬ 
dispose to the disease. 

A novel occurrence has been recorded of 
an endemic form of the disease affecting 
large numbers of horses at pasture. 4 The 
dietary intake of calcium and phosphorus 
and their proportions were normal. The 


occurrence was thought to be caused by the 
continuous ingestion of oxalate in specific 
grasses: Cenchrus ciliaris, Panicum maximum 
var. trichoglume, Setaria anceps, Brachiaria 
mutica, and Pennisetum clandestinum. 

PATHOGENESIS 

Defective mineralization of bones follows 
the imbalance of calcium and phosphorus 
in the diet, and a fibrous dysplasia occurs. 
This may be in response to the weakness of 
the bones, or it may be more precisely a 
response to hyperparathyroidism stimulated 
by the excessive intake of phosphorus. The 
weakness of the bones predisposes to frac¬ 
tures and separation of muscular and tendi¬ 
nous attachments. Articular erosions occur 
commonly, and displacement of the bone 
marrow may cause the development of 
anemia. 

CLINICAL FINDINGS 
Horse 

As in most osteodystrophies, the major 
losses are probably in the early stages before 
clinical signs appear or on diets where the 
aberration is marginal. In horses, a shifting 
lameness is characteristic of this stage of the 
disease, and arching of the back may some¬ 
times occur. The horse is lame, but only 
mildly so, and in many cases, no physical 
deformity can be found by which the seat 
of lameness can be localized. These signs 
probably result from relaxation of tendon 
and ligaments and appear in different limbs 
at different times. Articular erosions may 
contribute to the lameness. In more advanced 
cases, severe injuries, including fracture and 
visible sprains of tendons, may occur, but 
these are not specific to osteodystrophia 
fibrosa, although their incidence is higher in 
affected than in normal horses. Fracture of 
the lumbar vertebrae while racing has been 
known to occur in affected horses. 

The more classical picture of the disease 
has largely disappeared because cases are 
seldom permitted to progress to this 
advanced stage. Local swelling of the lower 
and alveolar margins of the mandible is fol¬ 
lowed by soft, symmetric enlargement of the 
facial bones, which may become swollen so 
that they interfere with respiration. Initially 
these bony swellings are firm and pyramidal 
and commence just above and anterior to 
the facial crests. The lesions are bilaterally 
symmetric and prevent full occlusion of the 
incisors. Flattening of the ribs may be appar¬ 
ent, and fractures and rupture or avulsion 
of ligaments might occur if the horse is 
worked. There may be obvious swelling of 
joints and curvature of long bones. Severe 
emaciation and anemia occur in the final 
stages. 

Pigs 

In pigs, the lesions and signs are similar to 
those in the horse, and in severe cases, pigs 
may be unable to rise and walk and show 


gross distortion of limbs and enlargement of 
joints and the face. In less severe cases, there 
is lameness, reluctance to rise, pain on stand¬ 
ing, and bending of the limb bones, but 
normal facial bones and joints. With suitable 
treatment, the lameness disappears, but 
affected pigs may never attain their full size. 
The relationship of this disease to atrophic 
rhinitis is discussed under the latter heading. 

Goats 

An outbreak of the disease has been recorded 
in goats receiving a diet of wheat straw (60%) 
and 40% barley for 89 months. The ratio of 
calcium to phosphorus in the diet was 1:1.8. 
Affected goats were 9 to 10 months of age, 
with a history of stunted growth, lameness, 
diarrhea, and tongue protrusion. Clinically, 
there was symmetric enlargement of the face 
and jaws, tongue protrusion, prominent eye¬ 
balls, and tremor. The enlarged bones were 
firm and painful on palpation. The hindlimbs 
were bent outward symmetrically from the 
tarsal joints. 

CLINICAL PATHOLOGY 

There are no significant changes in blood 
chemistry in horses affected with severe 
osteodystrophia fibrosa. However, the serum 
calcium level will tend to be lower than 
normal, the serum inorganic phosphorus 
higher than normal, and the alkaline phos¬ 
phatase activity higher than normal. The 
levels of diagnostic alkaline phosphatase 
have not been determined. Affected horses 
may be unable to return their serum calcium 
levels to normal following the infusion of 
a calcium salt. Radiographic examination 
reveals increased translucency of bones, 
especially of the mandibles. 

NECROPSY FINDINGS 

The entire skeleton is abnormal in this severe 
form of metabolic bone disease, but the 
change is most notable in the mandibular, 
maxillary, and nasal bones, which may 
appear thickened and distorted. The fleshy 
tissue that replaces normal cancellous bone 
in these sites is also present in the metaphy- 
ses of the long bones. Microscopically, there 
is proliferation of fibrous tissue and mark¬ 
edly increased osteoclast activity along 
thinned and abnormally oriented bony tra¬ 
beculae. The parathyroid glands are enlarged. 
It must be remembered that osteodystrophia 
fibrosa is a lesion, not a disease. The pathway 
to this lesion usually involves a dietary 
imbalance in calcium and phosphorus, but 
the kidneys should also be examined to 
rule out the possibility of renal secondary 
hyperparathyroidism. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—bone (ASSAY [ash]); 500 g 
feed (ASSAY [Ca] [P] [Vit D]) 

• Histology—formalin-fixed bone, 
parathyroid gland, kidney (LM) 





DIFFERENTIAL DIAGNOSIS 


In the early stages, the diagnosis may be 
difficult because of the common occurrence 
of traumatic injuries to horses' legs. A high 
incidence of lameness in a group of horses 
warrants examination of the ration and 
determination of their calcium and 
phosphorus status. An identical clinical picture 
has been described in a mare with an 
adenoma of the parathyroid gland. Inherited 
multiple exostosis has been described in the 
horse. 

In pigs, osteodystrophia can be the result 
of hypovitaminosis A and experimentally as a 
result of manganese deficiency. 


TREATMENT AND CONTROL 

A ration adequately balanced with regard to 
calcium and phosphorus (calcium: phospho¬ 
rus should be in the vicinity of 1:1 and not 
wider than 1:1.4) is preventive in horses, and 
affected animals can only be treated by cor¬ 
recting the existing imbalance. Even severe 
lesions may disappear in time with proper 
treatment. Cereal hay may be supplemented 
with alfalfa or clover hay, or finely ground 
limestone (30 g daily) should be fed. Dical¬ 
cium phosphate and bone meal are not as 
efficient because of their additional content 
of phosphorus. 

FURTHER READING 

Stewart J, et al. Bighead in horses—not an ancient 
disease. Aust Equine Vet. 2010;29:55-62. 
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"BOWIE" OR "BENTLEG" 

IN LAMBS 

Bowie is a disease of lambs of unknown etiol¬ 
ogy characterized by carpus valgus, and less 
commonly carpus varus, resulting in a lateral 
displacement of the carpus and medial dis¬ 
placement of the hooves. The lesions differ 
from those of rickets. It has been observed 
only on unimproved range pasture in New 
Zealand and in South Africa. The cause is 
unknown, although phosphorus deficiency 
has been suggested. A similar syndrome has 
been produced by the feeding of wild parsnip 
(Trachemeneglaucifolia) and, experimentally, 
by the feeding of a diet low in both calcium 
and phosphorus. There is no clear genetic 
component to the disease in South Africa. 

Improvement of the pasture by top 
dressing with superphosphate and sowing- 
improved grasses is usually followed by dis¬ 
appearance of the disease. Only sucking 
lambs are affected, and cases occur only in 
the spring at a time when rickets does not 
occur. Up to 40% of a group of lambs can be 
affected without breed differences in 
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incidence. Signs of the disease can be evident 
at 3 to 4 weeks of age. 

The disease has also been reported from 
South Africa, where it occurs primarily in 
ram lambs and develops from as early as 3 
months up to 1 year of age. There is gradual 
bending of the forelimbs, with the hooves 
turned inward and the carpal joints turned 
outward. Animals of the South African 
Mutton Merino breed had significantly 
higher plasma phosphorus concentrations 
than those of the Merino and Dohne Merino 
breeds. The plasma calcium: phosphorus 
ratio was lower in affected lambs and their 
ewes, and this converse ratio is thought to 
result in an induced plasma ionized calcium 
deficiency leading to improper calcification 
of bone. 

Some tenderness of the feet and lateral 
curvature at the knees can be seen as early as 
2 to 3 weeks of age, and marked deformity is 
present at 6 to 8 weeks, with maximum 
severity at weaning. The forelimbs are more 
commonly affected than the hindlimbs. 
Carpus varus occurs in rare cases. The sides 
of the feet become badly worn, and the 
lateral aspects of the lower parts of the limbs 
can be injured and be accompanied by lame¬ 
ness. The lambs grow well at first, but by the 
time of weaning, affected lambs are in poor 
condition because of their inability to move 
about and feed properly. A rather similar 
syndrome has been observed in young 
Saanen bucks, but the condition showed a 
tendency to recover spontaneously. 

At necropsy lesions are restricted to the 
radius and metacarpus with medial collapse 
of the distal radial epiphysis and consequent 
carpus valgus. There is often excessive syno¬ 
vial fluid in the carpal joints; in the later 
stages, there are articular erosions. Increased 
deposition of osteoid is not observed. 

Supplementation of the diet with phos¬ 
phorus or improvement of the pasture seems 
to reduce the incidence of the disease. Dosing 
with vitamin D or providing mineral mix¬ 
tures containing all trace elements is 
ineffective. 

DEGENERATIVE JOINT DISEASE 
AND OSTEOARTHRITIS 

Degenerative joint disease in food animals 
describes severe, progressive, nonseptic 
arthropathy in growing animals that is the 
result of one or more processes that lead to 
damage to articular cartilage and consequent 
osteoarthritis. The insult can be to cartilage 
or underlying bone as a result of metabolic, 
nutritional, congenital, or traumatic causes 
but can be difficult to identify because the 
insult to tissues causing the disease usually 
occurs weeks to months before clinical signs 
of disease. Degenerative joint disease can 
affect almost any diarthrodial joint. The most 
severe disease occurs when affected joints are 
loaded with weight. 1 The disease is well doc¬ 
umented and researched in racehorses in 


which it is the end result of damage to articu¬ 
lar cartilage. 2,3 

According to some studies, greater than 
90% of steers are affected by osteoarthritis, 
and it is an important cause of infertility in 
beef bulls. 4 The disease is most often seen 
in the stifle joint, where the predilection 
sites are the medial and lateral condyles 
and the patellar groove. Most lesions are 
bilateral. 1,4,5 

Degenerative arthropathy occurs in cattle 
of all breeds but reaches its highest incidence 
as a sporadic disease of young beef bulls. The 
disease has been identified as hip dysplasia 
because of the preexisting shallow contour of 
the acetabulum. It is considered to be inher¬ 
ited as a recessive characteristic and exacer¬ 
bated by rapid weight gain in young animals. 
The occurrence of the condition in these 
animals is usually associated with rearing on 
nurse cows, housing for long periods, provi¬ 
sion of a ration high in cereal grains and 
byproducts (i.e., a high phosphorus: calcium 
ratio), and possibly with an inherited straight 
conformation of the hindlegs. Although the 
disease occurs in all beef breeds, there is a 
strong familial tendency that appears to be 
directly related to the rate of body-weight 
gain and the straightness of the hindleg. If 
the potential for rapid weight gain is being 
realized in animals being force fed, the rate 
of occurrence appears to be dependent on 
their breeding, and animals in the same herd 
that are allowed to run at pasture under 
natural conditions are either not affected or 
are affected at a much later age. Thus animals 
in a susceptible herd can show signs as early 
as 6 months of age if they are heavily hand- 
fed and raised on dairy cow foster mothers. 
In the same herd, signs do not appear until 
1 to 2 years of age if supplementary feeding 
is not introduced until weaning and not until 
4 years if there is no significant additional 
feeding. 

Clinically there is a gradual onset of 
lameness in one or both hindlegs. The disease 
progresses, with the lameness becoming 
more severe over a period of 6 to 12 months. 
In some animals, there is a marked sudden 
change for the worse, usually related to 
violent muscular movements, as in breeding 
or fighting. In severely affected animals, the 
affected limb is virtually useless; on move¬ 
ment, distinct crepitus can often be felt and 
heard over the affected joints. This can be 
accomplished by rocking the animal from 
side to side or having it walk while holding 
the hands over the hip joints. 

An additional method of examination is 
to place the hand in the rectum close to the 
hip joint while the animal is moved. Passive 
movement of the limb may also elicit crepi¬ 
tus or louder clinking or clicking sounds. The 
hip joints are always most severely affected, 
but in advanced cases, there may be moder¬ 
ate involvement of the stifles and minimal 
lesions in other joints. Affected animals lie 
down most of the time and are reluctant to 
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Fig. 15-14 Degenerative joint disease (arrow) affecting P2 to P3 of a calf. (Reproduced with 
permission. 6 ) 


rise and to walk. The joints are not swollen, 
but in advanced cases, local atrophy of 
muscles may be so marked that the joints 
appear to be enlarged. There is a recorded 
occurrence in which the lesions were con¬ 
fined mainly to the front fetlocks. 

Radiographic examination can provide 
confirmatory or diagnostic evidence but is 
restricted to facilities with equipment suited 
to these examinations. 

At necropsy, the most obvious finding is 
extensive erosion of the articular surfaces, 
often penetrating to the cancellous bone, and 
disappearance of the normal contours of the 
head of the femur or the epiphyses in the 
stifle joint. The synovial cavity is distended, 
with an increased volume of brownish, 
turbid fluid; the joint capsule is much thick¬ 
ened and often contains calcified plaques. 
Multiple small exostoses are present on the 
periarticular surfaces. When the stifle is 
involved, the cartilaginous menisci, particu¬ 
larly the medial one, are very much reduced 
in size and may be completely absent. In 
cattle with severe degenerative changes in the 
coxofemoral joint, an acetabular osseous 
bulla may be present at the cranial margin of 
the obturator foramen. 1 

Adequate calcium, phosphorus, and 
vitamin D intake and a correct calcium: phos¬ 
phorus ratio in the ration should be ensured. 
Supplementation of the ration with copper at 
the rate of 15 mg/kg has also been recom¬ 
mended for the control of a similar disease. 

Degenerative joint disease of cattle is 
recorded on an enzootic scale in Chile and is 
thought to be attributable to gross nutritional 
deficiency. The hip and tarsal joints are the 
only ones affected, and clinical signs appear 
when animals are 8 to 12 months old. There is 
gross lameness and progressive emaciation. 
An inherited osteoarthritis is described 
under that heading. Sporadic cases of degen¬ 
erative arthropathy, with similar signs and 
lesions, occur in heavy-producing, aged dairy 
cows and are thought to be caused by long- 
continued negative calcium balance. Rare 
cases also occur in aged beef cows but are 
thought to be associated with an inherited 
predisposition. In both instances the lesions 
are commonly restricted to the stifle joints. 

Degenerative arthropathy of the distal 
interphalangeal joints and sesamoid bones 
occurs in calves (Fig. 15-14). Affected 
animals have moderate to severe lameness of 
one or both forelimbs but no discernible 
distension of the joint. Treatment is pallia¬ 
tive, involving administration of NSAIDs 
(meloxicam or phenylbutazone, where per¬ 
mitted by regulatory authorities) or surgery. 6 

Osteoarthritis occurs in the stifle joint of 
dairy breed bulls. Seventy-two percent 
(39/54) of stifle joints and 85% (23/27) of 
dairy bulls 31 to 60 months of age had at least 
one gross lesion, and 94% of the lesions were 
localized to the distal end of the femur, with 
the patellar groove and the lateral trochlear 
ridge being predilection sites. 


Osteoarthritis of one or both temporo¬ 
mandibular joints occurs in -1.3% of Soay 
sheep on the island of St. Kilda, being more 
common in older ewes.' Osteoarthritis also 
occurs in the elbows of sheep. 8 It can be bilat¬ 
eral, in which case the sheep have a charac¬ 
teristic stance with both hindfeet placed 
more cranially, under the abdomen, appar¬ 
ently in an effort to reduce weight-bearing 
by the forelegs. There is no definitive 
treatment. 8 

FURTHER READING 

Nichols S, Larde H. Noninfectious joint disease in cattle. 
Vet Clin North Am Food A. 2014;30:205-220. 
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MANGANESE DEFICIENCY 

A dietary deficiency of manganese (Mn) can 
cause skeletal deformities, both congenitally 
and after birth, and infertility. 


ETIOLOGY 

A primary deficiency occurs endemically in 
some areas because of a geological deficiency 
of manganese in the local rock formations. 
Apart from a primary dietary deficiency of 
manganese, the existence of factors depress¬ 
ing the availability of ingested manganese is 
suspected. An excess of calcium and/or 
phosphorus in the diet increases the require¬ 
ments of manganese in the diet of calves and 
is considered to reduce the availability of 
dietary manganese to cattle generally. 

Congenital chondrodystrophy in calves 
has been associated with a manganese defi¬ 
ciency, and there are outbreaks of congenital 
skeletal defects in calves suspected to be 
attributable to manganese deficiency. 1 ' 3 

EPIDEMIOLOGY 

Soils containing less than 3 mg/kg of manga¬ 
nese are unlikely to be able to support normal 
fertility in cattle. In areas where manganese- 
responsive infertility occurs, soils on farms 
with infertility problems have contained less 
than 3 mg/kg of manganese, whereas soils on 
neighboring farms with no infertility prob¬ 
lems have had levels of more than 9 mg/kg. 
A secondary soil deficiency is thought to 
occur, and one of the factors suspected of 
reducing the availability of manganese in 
the soil to plants is high alkalinity. Thus 







heavy liming is associated with manganese- 
responsive infertility. There are three main 
soil types on which the disease occurs: 

• Soils low in manganese, which have low 

output even when pH is less than 5.5 

• Sandy soils, where availability starts to 

fall 

• Heavy soils, where availability starts to 

fall at a pH of 7.0 

Many other factors are suggested as reducing 
the availability of soil manganese, but the 
evidence is not conclusive. For example, 
heavy liming of soils to neutralize sulfur 
dioxide emissions from a neighboring 
smelter is thought to have reduced the man¬ 
ganese intake of grazing animals. 

Herbage on low-manganese soils, or on 
marginal soils where availability is decreased 
(possibly even soils with normal manganese 
content), is low in manganese. A number of 
figures are given for critical levels. It is sug¬ 
gested that pasture containing less than 
80 mg/kg of manganese is incapable of sup¬ 
porting normal bovine fertility, and that 
herbage containing less than 50 mg/kg is 
often associated with infertility and anestrus. 
The Agricultural Research Council believes 
that although definite figures are not avail¬ 
able, levels of 40 mg/kg DM in the diet should 
be adequate. Other authors state that rations 
containing less than 20 mg/kg DM may cause 
anestrus and reduction in conception rates in 
cows and the production of poor-quality 
semen by bulls. Most pasture contains 50 to 
100 mg/kg DM. Skeletal deformities in calves 
occur when the deficiency is much greater 
that just noted; for example, a diet containing 
more than 200 mg/kg DM is considered to be 
sufficient to prevent them. 

Rations fed to pigs usually contain more 
than 20 mg/kg DM of manganese, and defi¬ 
ciency is unlikely unless there is interference 
with manganese metabolism by other 
substances. 

There are important variations in the 
manganese content of seeds, an important 
matter in poultry nutrition. Maize and barley 
have the lowest content. Wheat or oats have 
3 to 5 times as much, and bran and pollard 
are the richest natural sources, with 10 to 20 
times the content of maize or wheat. Cows’ 
milk is exceptionally low in manganese. 

Diets high in iron reduce duodenal activ¬ 
ity of manganese transporters in calves, 
although the clinical importance of this 
finding is unclear. 4 

PATHOGENESIS 

Manganese plays an active role in bone- 
matrix formation and in the synthesis of 
chondroitin sulfate, which is responsible for 
maintaining the rigidity of connective tissue. 
In manganese deficiency, these are affected 
deleteriously, and skeletal abnormalities 
result. Only 1% of manganese is absorbed 
from the diet, and the liver removes most of 
it, leaving very low blood levels of the 
element. 
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CLINICAL FINDINGS 

In cattle, the common syndromes in con¬ 
firmed or suspected manganese deficiency 
are infertility, stillbirth, perinatal loss, calves 
with congenital limb deformities, and calves 
that manifest poor growth, dry coat, and 
loss of coat color. 2,3 The deformities include 
knuckling over at the fetlocks, enlarged 
joints, and, possibly, twisting of the legs. The 
bones of affected lambs are shorter and 
weaker than normal, and there are signs of 
joint pain, hopping gait, and reluctance to 
move. 

Heifers fed a low-manganese diet (16 mg 
Mn per kg DM of diet) during pregnancy 
had impaired fetal growth and development 
evident as lower birth weight than calves 
from heifers fed 50 mg of Mn per kg DM, 
superior brachygnathism, unsteadiness, dis¬ 
proportionate dwarfism, and swollen joints. 5 
A severe congenital chondrodystrophy in 
Charolais calves occurred on one farm. The 
limbs were shortened and the joints enlarged. 
The pregnant cows were fed on apple pulp 
and corn silage, both of which were low in 
manganese. 

An outbreak of congenital skeletal mal¬ 
formations in Holstein calves was character¬ 
ized clinically by small birth weights (average 
15 kg). Abnormalities included joint laxity, 
doming of the foreheads, superior brachyg- 
nathia, and a dwarflike appearance as a 
result of the short length of the long bones. 
The features of the head were similar to those 
of the wildebeest. The majority of affected 
calves were dyspneic at birth, and snorting 
and grunting respiratory sounds were 
common. Affected calves failed to thrive, 
and most were culled because of poor 
performance. 

A manganese-responsive infertility has 
been described in ewes and is well known in 
cattle. In cattle, it is manifested by slowness 
to exhibit estrus and failure to conceive, 
often accompanied by subnormal size of one 
or both ovaries. Subestrus and weak estrus 
have also been observed. 

Functional infertility was once thought to 
occur in cattle on diets with calcium-to- 
phosphorus ratios outside the range of 1:2 
to 2:1. This was not upheld on investigation 
but might have been correct if high calcium- 
to-phosphorus intakes directly reduced 
manganese (or copper or iodine) availability 
in diets marginally deficient in one or other 
of these elements. 

In pigs, experimental diets low in manga¬ 
nese cause reduction in skeletal growth; 
muscle weakness; obesity; irregular, dimin¬ 
ished, or absent estrus; agalactia; and resorp¬ 
tion of fetuses or the birth of stillborn pigs. 
Leg weakness, bowing of the front legs, and 
shortening of bones also occur. 

CLINICAL PATHOLOGY 

The blood of normal cattle contains 18 to 
19 (Jg/dL (3.3 to 3.5 pmol/L) of Mn, although 
considerably lower levels are sometimes 


quoted. The livers of normal cattle contain 
12 mg/kg (0.21 mmol/kg) of Mn and down 
to 8 mg/kg (0.15 mmol/kg) in newborn 
calves, which also have a lower content in 
hair. The Mn content of hair varies with 
intake. The normal level is about 12 mg/kg 
(0.21 mmol/kg), and infertility is observed 
in association with levels of less than 8 mg/ 
kg (0.15 mmol/kg). In normal cows, the Mn 
content of hair falls during pregnancy from 
normal levels of 12 mg/kg (0.21 mmol/kg) in 
the first month of pregnancy to 4.5 mg/kg 
(0.08 mmol/kg) at calving. All of these 
figures require much more critical evaluation 
than they have received before they can be 
used as diagnostic tests. 

Although tissue manganese levels in 
normal animals have been described as 
being between 2 and 4 mg/kg (0.04 and 
0.07 mmol/kg), in most tissue there appears 
to be more variation between tissues than 
this. However, tissue levels of manganese do 
not appear to be depressed in deficient 
animals, except for in the ovaries, in which 
levels of 0.6 mg/kg (0.01 mmol/kg) and 
0.85 mg/kg (0.02 mmol/kg) are recorded in 
contrast to a normal level of 2 mg/kg 
(0.04 mmol/kg). 

Thus, there is no simple, single diagnos¬ 
tic test permitting detection of manganese 
deficiency in animals. Reproductive func¬ 
tions, male and female, are most sensitive 
to manganese deficiency and are affected 
before possible biochemical criteria (e.g., 
blood and bone alkaline phosphatase, and 
liver arginase levels) are significantly 
changed. The only certain way of detecting 
moderate deficiency states is by measuring 
response to supplementation. Clinical find¬ 
ings in response to treatment that may 
provide contributory evidence of manga¬ 
nese deficiency are set out in the following 
discussion. 

NECROPSY FINDINGS 

In congenital chondrodystrophy in calves, 
the limbs are shortened, and all the joints 
are enlarged. Histologically, there is poor 
cartilage maturation with excessive amounts 
of rarefied cartilage matrix. The major histo¬ 
logic abnormality in the physes is disorderly 
development of the zones of cartilage hyper¬ 
trophy, with reduced number and irregular 
arrangement of hypertrophic chondrocytes; 
similar but less severe changes are present in 
the zones of cartilage proliferation. 3 There 
are degenerative changes in the chondro¬ 
cytes and severe reduction in the mucopoly¬ 
saccharide content of all body hyaline 
cartilage. 

TREATMENT AND CONTROL 

The NRC estimated the maintenance 
requirement (0.002 of available Mn/kg BW) 
of dairy cows from dietary concentrations 
of Mn reported to cause Mn deficiency 
in cattle. Based on NRC of 2001 equations, 
the maintenance requirement for Mn 
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represents 82% of the total Mn requirement 
for a nonlactating, late-gestation cow and 
53% for a cow producing 40 kg/d of milk. 
Fecal loss of endogenous Mn is assumed to 
comprise the entire maintenance require¬ 
ment. Assuming typical dry matter intake 
(DMI), a diet with approximately 14 mg 
Mn/kg DM will meet the requirement for a 
700-kg nonlactating cow during the last 
month of lactation. Recent research has 
determined that Mn intake had to equal 
580 mg/d to meet the metabolic fecal Mn 
requirement. The corresponding dietary 
concentrations, assuming DMIs of 21 and 
12 kg/d for lactating and dry cows, respec¬ 
tively, were 28 and 49 mg/kg DM. These 
concentrations are approximately 1.6 and 
2.7 times higher than those needed to meet 
the Mn requirements for lactating and dry 
cows, respectively, as calculated using the 
2001 NRC dairy nutrient requirements 
model. Supplementation of 50 mg of Mn/ 
kg of DM to the control diet of heifers was 
sufficient to overcome any signs of Mn defi¬ 
ciency in calves; the control diet contained 
-17 mg Mn per kg DM.' 

For pigs, the recommended dietary 
intakes are 24 to 57 mg manganese per 45 kg 
BW. Expressed as a proportion of food 
intake, the recommended dietary level is 
40 mg/kg DM in feed. The manganese 
requirements for gestation and lactation are 
20 ppm of the diet. 

Supplementation with high levels of man¬ 
ganese to cattle fed a copper-deficient diet 
can further impair copper absorption, with 
consequent reductions in the growth and 
health of cattle. 6 
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BIOTIN (VITAMIN H) DEFICIENCY 
(HYPOBIOTINOSIS) 

Biotin, or vitamin H, has several important 
biochemical functions. It is a cofactor in 
several enzyme systems involved in carbox- 
ylation and transcarboxylation reactions and 
consequently has a significant effect on car¬ 
bohydrate metabolism, fatty acid synthesis, 
amino acid deamination, purine synthesis, 
and nucleic acid metabolism. Biotin is found 
in almost all plant and animal materials 
and, being required in very small quantities, 
is unlikely to be deficient in diets under 
natural conditions, especially because 
microbial synthesis occurs in the alimentary 
tract. 

Cattle 

Biotin is now considered a significant factor 
in lameness of cattle. 15 Biotin is important 


for the differentiation of epidermal cells, 
which are required for normal production of 
keratin and hoof horn tissue. Biotin also acts 
as a cofactor in carboxylase enzymes and is 
an important factor in both gluconeogenesis 
and fatty acid synthesis. Significant differ¬ 
ences in the fatty acid profile of horn tissue 
of cattle with claw lesions have been observed. 
Biotin supplementation reduces clinical 
white-line disease, reduces horn lesions, and 
improves horn quality by strengthening the 
intercellular cementing material between 
keratinocytes. Improved hoof integrity in 
intensively managed dairy cows has occurred 
following biotin supplementation. However, 
a long period of supplementation is required 
before the effect of the vitamin on hoof 
health care is expressed. In addition, there 
can be improved milk production, milk com¬ 
position, and cow fertility with biotin sup¬ 
plementation, although this finding is not 
consistent across studies. 6 

Biotin is synthesized in the rumen, and 
absolute biotin deficiency has not been rec¬ 
ognized. However, ruminal synthesis of 
biotin may be compromised by acidic condi¬ 
tions in the rumen, which may increase 
the need for supplementation of biotin in the 
diet of high-producing dairy cows. In the 
dairy cow in the periparturient period and 
early lactation, the levels of biotin may 
decrease. A decrease in plasma biotin levels 
of dairy cows at 25 days in milk (DIM) has 
been noted, returning to constant levels from 
100 DIM until the end of lactation. Feeding 
supplemental biotin at 20 g/d during the last 
16 days postpartum and at 30 g/d from 
calving through to 70 days postpartum ele¬ 
vated concentrations of plasma and milk 
compared with cows unsupplemented with 
biotin. Supplemental biotin also elevated 
plasma glucose and lowered nonesterified 
fatty acids, which indicates that supplemen¬ 
tal biotin is involved in hepatic gluconeogen¬ 
esis. The triacylglycerol concentration in 
liver tended to decrease at a faster rate within 
2 days after parturition. 

Supplementation of young, extensively 
managed cattle with 12.5 mg of diluted 
powdered biotin, or a control treatment, 
for 40 consecutive days revealed an effect 
of biotin to increase average hoof growth 
of 11.3 +/- 0.72 mm in supplemented cattle 
versus 7.2 +/- 0.78 mm over the 40 days. 2 
There was a positive effect of biotin supple¬ 
mentation on the growth of the angle and 
length of the dorsal hoof wall and the hoof 
sole length, and on resistance to wearing, 
in young, extensively managed cattle. 2 The 
supplementation of Holstein cows in the 
Atherton Tablelands in Australia with biotin 
at 20 mg/head per day resulted in improved 
locomotion scores compared with unsupple¬ 
mented cows. In the wet summer period, 
the number of lame cows observed by the 
farmer was significantly fewer during the 
rainy period for the biotin-supplemented 
herds, and animals in the herd required 


fewer antibiotic treatments than unsupple¬ 
mented herds. Most hoof lesions were most 
commonly observed in the outer claws of the 
hindlimb. 

In a randomized control field trial on five 
commercial dairy farms in Gloucestershire, 
southwest United Kingdom, the effect of 
parity and duration of supplementation with 
oral biotin at 20 mg/d on white-line disease 
was studied over a period of 18 months. The 
incidence of white-line disease increased 
with increasing parity independent of biotin 
supplementation from 2 cases per 100 cow- 
years in primiparous cows to 15.5 cases per 
100 cow-years in all multiparous cows, but 
up to 47.7 cases per 100 cow-years for cows 
in parities = 5. Supplementation with biotin 
reduced white-line disease lameness by 45% 
in multiparous cows down to 8.5 cases per 
100 cow-years, whereas the effect of biotin 
supplementation in primiparous cows was 
not significant. A supplementation of length 
of at least 6 months was required to reduce 
the risk of white-line lameness in multipa¬ 
rous cows. The overall incidence rate of 
lameness (per 100 cows per year) was 68.9, 
with a range of 31.6 to 111.5 per farm. The 
incidence rates of the four most frequently 
reported causes of lameness were sole ulcer, 
13.8; white-line separation, 12.7; digital der¬ 
matitis, 12.0; and interdigital necrobacillosis, 
7.1 per 100 cows per year. The incidence of 
lameness was highly variable between farms. 
However, when the data from all farms were 
pooled, the risk of lameness caused by white¬ 
line separation in cattle supplemented with 
biotin was approximately 50%. Approxi¬ 
mately 130 days of biotin supplementation is 
required before a significant difference in 
white-line lesion lameness occurs. 

A controlled 14-month field trial evalu¬ 
ated the effect of biotin supplementation on 
hoof lesions, milk production, and reproduc¬ 
tive performance of dairy cows housed in 
the same free-stall facility with the same 
environment, base diet, and management. 
Supplemented cows received 20 mg/d by 
computer feeder. The feet of a select number 
of cows were trimmed three times at 6-month 
intervals, and hoof health was evaluated. At 
the final hoof trimming, the incidence of sole 
hemorrhages was significantly higher in the 
control group (50%) compared with the 
supplemented group (24%). No cases of 
lameness occurred. Milk production and fat 
yield increased in all parities, and fertility 
was improved in first-calf heifers. 

It is possible that biotin improves the 
quality of claw horn, which encourages the 
replacement of defective horn, improves 
healing, and makes it less likely for sole 
lesions to develop from laminitis in its early 
stages. The administration of biotin at 40 mg 
per day for 50 days to dairy cows with 
uncomplicated sole ulcers resulted in signifi¬ 
cant improvement in histologic horn quality 
of the newly formed epidermis covering the 
sole ulcer. Biotin supplementation at 20 mg/d 
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did not affect the tensile strength of the 
white line. 

Vertical fissures, or sand cracks, are verti¬ 
cal cracks of the hoof that may extend across 
the coronary band and continue to the 
bearing surface of the dorsal wall of the claw. 
Sand cracks are common in beef cattle in 
western Canada. One survey, 37.5% of beef 
cows were affected with one or more cracks. 
Supplementary dietary biotin at 10 mg/head 
per day significantly increased serum levels 
of biotin and increased claw hardness com¬ 
pared with unsupplemented cows. After 18 
months, 15% of the biotin-supplemented 
cows had vertical fissures compared with 
35% in the unsupplemented cows. 

Sheep 

There is evidence from a small number of 
studies that biotin supplementation of the 
diets of sheep improves hoof health. 

Pigs 

The principal source of biotin for the pig is 
the feed it receives, and feeds vary greatly in 
their biotin content and in the biological 
availability of that biotin. Diets based on 
cereals with a low available biotin content 
may provide insufficient dietary biotin for 
the maintenance of hoof horn integrity in 
pigs. The biotin content in basal diets fed to 
pigs has varied from 29 to 15 (lg/kg available 
biotin, and supplementation of these diets 
has resulted in improvements in litter size. 
Continuous feeding of sulfonamides or anti¬ 
biotics may induce a deficiency. An antivita¬ 
min to biotin (avidin) occurs in egg white, 
and biotin deficiency can be produced exper¬ 
imentally by feeding large quantities of 
uncooked egg white. 

In pigs, experimental biotin deficiency is 
manifested by alopecia, dermatitis, and 
painful cracking of the soles and the walls of 
the hooves. 

Naturally occurring outbreaks of lame¬ 
ness in gilts and sows associated with lesions 
of the soles and the walls of the hooves, 
which responded to biotin supplementation, 
have now been well described. The severe 
lameness and long course of convalescence 
have been responsible for a high rate of 
culling in breeding animals. In gilts fed a 
basal diet with a low level of biotin (32 pg 
available biotin/kg) from 25 kg live weight to 
170 days of age, there were no significant 
differences in the number of lesions and 
claws affected compared with gilts fed a 
biotin-supplemented diet (350 pg available 
biotin/kg). However, between 170 days of age 
and the first weaning, the incidence of hoof 
lesions increased markedly. Over the next 
four litters, the incidence of lesions increased 
with the age of the sow. The predominant 
lesions in the foot were cracks, which 
occurred mainly in two associated regions: 
the heel/toe junction and the heel and the 
sidewall and adjacent white-line region of 
the toe. Supplementation of the diet of 


breeding sows with biotin at an early stage of 
development makes a significant contribu¬ 
tion to the maintenance of horn integrity. 8 

Affected animals become progressively 
lame after being on a biotin-deficient ration 
for several months. Arching of the back and 
a haunched stance with the hindlegs posi¬ 
tioned forward occurs initially. This posture 
has been described as a “kangaroo-sitting” 
posture. The foot pads become softer and the 
hoof horn less resilient. The feet are painful, 
and some sows will not stand for breeding. 
Deep fissures at the wall-sole junction may 
extend upward beneath the wall horn, and 
gaping cracks may separate the toe and heel 
volar surfaces. The foot pads initially show 
excessive wear; later, longitudinal painful 
cracks develop. In well-developed cases, the 
foot pads appear enlarged, and the cracks are 
obvious and covered by necrotic debris. The 
foot pads of the hindfeet are usually more 
severely affected than those of the forefeet, 
and the lateral digit is more frequently 
affected. The dewclaws also are affected by 
cracks and the accumulation of necrotic 
tissue. 

Skin lesions also develop in affected gilts 
and sows. There is gradual alopecia, particu¬ 
larly over the back, the base of the tail, and 
the hindquarters. The hairs are more bristly 
than normal and break easily. The alopecia is 
accompanied by a dryness of the skin. 

As the lesions of the feet and skin develop 
there is a marked drop in the serum biotin 
concentrations, which is considered as a sen¬ 
sitive index of biotin deficiency. Adequate 
biotin status may be indicated by serum 
biotin levels (ng/L) greater than 700; mar¬ 
ginal, 600 to 700; inadequate, 400 to 600; and 
deficient, below 400. Compression and hard¬ 
ness tests made on external hoof have also 
been used as an indirect measure of biotin 
adequacy in pigs. The tests indicate that sig¬ 
nificant improvements in the strength and 
hardness of pig hoof horn are produced by 
biotin. Supplementation of the diet with 
biotin does not affect either horn growth 
or wear rates. Biotin supplementation does 
affect the structure of the coronary epider¬ 
mis; there is an increase in the density of the 
horn tubules in the stratum medium, the 
horny squames in the stratum medium are 
more tightly packed, and the tubules are 
more clearly defined. 

Reproductive performance of sows is also 
influenced by their biotin status. Supplemen¬ 
tation of the diet with biotin may increase 
litter size, increase the number of pigs 
weaned, decrease the mean interval in days 
from weaning to service, and improve 
conception rate. Over a period of four pari¬ 
ties, piglet production increased by 1.42 pigs/ 
sow year. 

Biotin Requirements 
Pigs 

The daily requirements of biotin for pigs 
have not been well defined, but certain 


amounts have been associated with an 
absence of lameness and improved repro¬ 
ductive performance. Basic diets for gilts 
contain 35 to 50 (tg/kg, and the addition of 
350 to 500 (tg/kg is recommended. This pro¬ 
vides a daily intake of 4.0 to 5.0 mg/sow per 
day. The response to dietary supplementa¬ 
tion may take several months; therefore, 
supplementation should begin at weaning. 
The details of biotin studies in pigs, including 
experimental deficiency, the absorption and 
synthesis of biotin, biotin availability in feed- 
stuffs, and the biotin requirements of the 
growing pig, are available. 

Supplementation of a basal diet, calcu¬ 
lated to contain 56 (tg/kg available biotin 
with daily allowances of biotin at 1160 |tg/ 
sow per day in pregnancy and 2320 (tg/sow 
per day in lactation, produced significant 
improvements in litter size in second- and 
fourth-parity sows. It is suggested that the 
requirement is in excess of 175 |tg available 
biotin per 1 kg of diet. In a swine herd with 
a lameness problem, the supplementation of 
the sow s ration during pregnancy and lacta¬ 
tion with daily intakes of biotin of 400 and 
800 (tg/sow per day, respectively, and the 
rations of the weaners and growers to 150 
and 250 was effective. 

Horses 

The dietary supplementation of horses with 
10 to 30 mg biotin/d for 6 to 9 months is 
considered to be effective as an aid in the 
treatment of weak horn hoof in horses. The 
hoof horn quality of more than two-thirds 
of the Lippizaner horses had moderate to 
severe changes: microcracks visible in the 
transition from the middle to the inner zone 
of the coronary horn; separation of the sole 
from the coronary horn in the region within 
the white zone. Biotin supplementation for 
19 months improved horn quality. Continu¬ 
ous dietary supplementation with biotin at 
a daily dose of 20 mg is necessary to 
improve and maintain hoof horn quality 
in horses with less-than-optimum-quality 
hooves. 
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Toxic Agents Affecting the 
Musculoskeletal System 

HYENA DISEASE OF CATTLE 

Hyena disease of cattle occurs worldwide 
and is characterized clinically by a lateral 
body appearance similar to the hyena. The 
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cause is unknown for some cases, but sus¬ 
tained excessive intake of vitamin A and 
vitamin D 3 in young calves appears to be the 
most likely cause of hyena disease by sup¬ 
pressing differentiation and proliferation in 
chondrocytes and osteoblasts. This effect is 
clinically detectable because of premature 
closure of the physis of long bones. A small 
number of cases may be a result of systemic 
viral disease of young calves. 

In some naturally occurring cases in 
yearlings from one large dairy herd, approxi¬ 
mately 1% of calves were affected annually. 
Affected calves had received vitamins A and 
D 3 immediately after birth, and from birth to 
weaning they received the same vitamins 
from fresh milk, whole corn, a customized 
feed mix, and a milk supplement. The mean 
daily intake of vitamin A from birth to 6 
weeks of age was approximately 80,000 IU 
and 6,300 IU of vitamin D 3 , and progres¬ 
sively less vitamin A and D 3 was fed from 6 
weeks until weaning at 3 months. The NRC 
recommendations for daily vitamin intake 
are 2100 IU of vitamin A at birth, increasing 
to 6360 IU at 2 months, and 330 IU of D 3 , 
increasing to 990 IU over the same period. 
Experimentally, the IM injection of vitamins 
A and D (2,000,000 IU and 300,000 IU, 
respectively) on the first day after birth fol¬ 
lowed by 30,000 IU/kg BW added to the 
milk replacer daily resulted in gross lesions 
in the proximal tibial growth plates in 3 
weeks. Excessive amounts of vitamin D 3 
appear to promote the primary effect of 
vitamin A on premature closure of the 
physis. For example, daily administration of 
vitamin A (30,000 IU/kg BW) in milk 
replacer fed to lambs resulted in premature 
closure of the distal growth plate in the 
femur and proximal growth plate in the tibia, 
but clinical signs of hyena disease were not 
detected. 1 

The premature closure of the growth 
plates of the long bones results in a marked 
dissimilarity in growth and development 
between the forequarters and the hindquar¬ 
ters, the latter being comparatively underde¬ 
veloped. This gives the animal the classic 
contours of the hyena, and this resemblance 
is heightened by a crest of thick, stiff bristles 
along the back in the midline. An aggressive 
attitude also develops. Affected calves are 
normal at birth and only develop the abnor¬ 
mality at 5 to 6 months of age. The femur and 
tibia are shorter in affected than in normal 
animals. There are accompanying difficulties 
of locomotion, with a tendency to fall side¬ 
ways, and to frequently adopt a position of 
lateral recumbency. The gait is described as 
“bunny-hopping.” 

German Simmental, Charolais, Black 
Pied, German Holstein-Friesian, and 
German Red Pied cattle have been involved. 
Genetic analysis appears to indicate that the 
disease is inherited as a simple recessive trait 
with incomplete penetrance, but this is obvi¬ 
ously not so in some herds. 


The lesion is a chondrodystrophy affect¬ 
ing particularly the long bones and the 
lumbar vertebrae. Gross examination and 
radiography of the longitudinal slabs of the 
humeri, tibias, and femurs reveal focal to 
almost complete closure of the physes, with 
physes subjected to compression being more 
severely affected more than those subjected 
to tension. 
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CALCIIMOGENIC GLYCOSIDE 
POISONING (ENZOOTIC 
CALCINOSIS) 


SYNOPSIS 


Etiology Ingestion of calcinogenic glycosides 
in a few specific poisonous plants. 

Epidemiology Enzootic disease in all species 
in regions where toxic plants occur. 

Clinical pathology Elevated blood calcium 
and phosphorus concentration; tissue 
calcification visible on x-ray. 

Lesions Calcification of all tissues; 
degenerative arthritis in all limb joints. 

Diagnostic confirmation Identification of 
specific plant. 

Treatment None. 

Control Remove and keep animals away from 
toxic plants. 


ETIOLOGY 

Calcinogenic glycosides occur in very small 
quantities in plant leaves. The aglycone (non¬ 
sugar) radical is a vitamin D 3 sterol, a 
l,25-(OH) 2 D 3 -like compound. Hydrolysis of 
the glycoside releases the vitamin D 3 analog, 
causing the development of calcification of 
soft tissues, similar to hypervitaminosis D. 
The plants in which these glycosides have 
been identified are Solanum malacoxylon (i.e., 
S. glaucophyllum, S. glaucum, S. glaucescens, 
S. glaucumfrutescens), Nierembergia veitchii, 
and Cestrum diurnum (wild jessamine). 1 

Other plants in which the presence of cal¬ 
cinogenic glycosides is suspected are Steno- 
taphrum secundatum (crab grass) in Jamaica, 
S. linnaeanum (= S. hermannii, S. sod- 
omaeum; apple of Sodom), S. torvum (devil’s 
fig), and Trisetum flavescens (yellow or 
golden oat grass) in Europe. 1,2 


The plants are weeds of pasture and are 
readily eaten by livestock, especially in 
drought years when other forage is scarce. 2 
The glycosides are very stable and resist 
drying and storage for periods of longer than 
a year. Heating reduces the toxicity of 
Solanum malacoxylon significantly but has 
little effect on that of Trisetum flavescens. 

EPIDEMIOLOGY 

Occurrence 

Enzootic calcinosis and its causative plants 
occur in most countries. The disease associ¬ 
ated with Solanum spp. occurs in tropical and 
subtropical regions, including Africa, Argen¬ 
tina, Brazil, Cuba, Papua New Guinea, the 
West Indies, and Hawaii. Cestrum diurnum 
poisoning occurs in the far southern United 
States, especially Florida, Texas, and Califor¬ 
nia. Tentative diagnoses have been made in 
India and Israel. In Jamaica the disease is 
known as “Manchester wasting disease,” in 
Hawaii as “naalehu,” and in South America 
as “espichamento” or “enteque seco.” 

In Austria and Germany, T. flavescens is a 
common component of alpine pasture and is 
associated with the onset of signs about 18 
months after cattle are put onto the infested 
pasture. Resident cattle show clinical signs at 
about 3 years of age. The grass is most toxic 
when it is young, and the clinical signs are 
worse when the cattle are at pasture. 

Risk Factors 
Animal Risk Factors 

Both sexes and all ages of all animal species 
are affected—ruminants most commonly, 
horses less so. Pigs and sucking lambs are 
least susceptible. 

PATHOGENESIS 

The glycoside ingested in the plant is hydro¬ 
lyzed by rumen microbes, intestinal mucosal 
enzymes, and bone cells to form the vitamin 
D 3 analog. 2 Absorption of the active sub¬ 
stance results in a dramatic increase in the 
uptake of calcium from the diet. Blood 
levels of calcium are markedly increased, and 
this is followed by deposition of calcium 
in soft tissues. The mode of action of 
the glycoside is similar to that of 
1,25-dihydroxycholecalciferol. 

CLINICAL FINDINGS 

The disease is chronic and may persist for 
several years. It is characterized by wasting, 
reluctance to walk, a stiff gait, constant shift¬ 
ing of the weight from foot to foot, and a 
disinclination to get up or to lie down. 1 ' 2 
Forced exercise is associated with severe dis¬ 
tress; some animals may become aggressive. 
Affected animals stand for long periods with 
the back arched and the legs stiffly extended. 
Calcification of blood vessels may be palpa¬ 
ble, for example, during rectal examination. 
Cardiac murmurs are audible. Clinical signs 
subside if the animals are removed from the 
causative feed, but resorption of calcium 










deposits in tissues is minimal even years after 
removal from the affected pastures. Animals 
left on the toxic pasture eventually become 
recumbent and die. Fetuses may be affected. 

CLINICAL PATHOLOGY 

Serum concentrations of calcium and phos¬ 
phorus increase by 20% to 25%, with 
increases of up to 3.4 mmol/L of calcium and 
4 mmol/L of phosphorus. 2 Tissue calcifica¬ 
tion should be detectable radiologically. 
Anemia is common in animals poisoned by 
Solanum malacoxylon. 

NECROPSY FINDINGS 

Nonspecific emaciation, anasarca, and ascites 
are common. Calcification of all blood 
vessels, including the aorta and coronary 
arteries, and of the endocardium, is the most 
readily visible, characteristic lesion. Calcifi¬ 
cation is also present in the pleura; the lung 
parenchyma, which is usually emphysema¬ 
tous; in most other viscera; and in tendons 
and ligaments. 3 Degenerative arthritis occurs 
in the limb joints. 


DIFFERENTIAL DIAGNOSIS 


The history, clinical findings, and discovery of 
specific toxic plants will provide diagnostic 
confirmation. Repeated overdosing with 
vitamin D, by injection or administration in 
compounded feeds, replicates the clinical and 
necropsy findings. 


TREATMENT AND CONTROL 

No practicable treatment is available. Careful 
management of affected pasture in Europe 
has been shown to significantly reduce the 
losses as a result of the disease. 
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HYPOGLYCIN A INTOXICATION 
OF HORSES (ATYPICAL 
MYOPATHY [MYOGLOBINURIA] 
IN GRAZING HORSES) 

Hypoglycin A intoxication of horses is a syn¬ 
drome of acute myoglobinuria occurring in 
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horses at pasture in Great Britain, Ireland, 
Europe, North America, and, possibly, Aus¬ 
tralia and New Zealand. 1 ' 6 The disease is 
caused by ingestion of seeds of the maple 
trees Acer negundo (box elder) in the United 
States and Acerpseudoplantanus in Europe. 6 " 8 
The toxic compound is hypoglycin A (L-a- 
amino-methylenecyclopropylpropionic 
acid), which is metabolized to methylenecy- 
clopropylacetic acid (MCPA). MCPA can be 
detected in the blood of affected horses 9 and 
is a potent inhibitor of multiple acyl-CoA 
dehydrogenases causing a specific abnormal 
pattern of accumulation of blood acylcarni- 
tines and urine organic acids.' This pattern 
was recognized in affected horses before the 
causative agent was identified. 1 ’ 

The potential of other maple trees (Acer 
palmatum [Japanese maple], A. saccharum 
[sugar maple], A. spicatum [mountain 
maple], and possibly others) to cause this 
disease is unknown, although these species 
contain, or likely contain, hypoglycin A. 10 

The disease has a strong seasonal distri¬ 
bution, with most, but not all, cases occur¬ 
ring in autumn. 1 4,11,12 Occurrence of the 
disease is sporadic but usually affects more 
than one animal in a band of equids. Horses, 
ponies, and zebras have been affected. 11 
Localized outbreaks involving large numbers 
of horses are reported. 11 Risk of the disease 
in Europe increases with increasing time at 
pasture, presence of wood or dead leaves in 
the pasture, lack of supplemental feeding, 
and presence of trees. 11,12 Wind speed and 
speed of wind gusts is greater immediately 
preceding outbreaks of the disease than at 
other times. 7 

There does not appear to be a breed or sex 
predilection to development of the disease. 
Younger horses might be at greater risk of the 
disease, but this could simply reflect the age 
distribution of horses at pasture in areas in 
which the disease occurs. Atypical myopathy 
occurs almost exclusively in horses at pasture 
and is not associated with enforced exercise. 

The case-fatality rate is usually 60% to 
70% but can be much higher. 11 Prognosis is 
directly related to the severity of clinical 
signs, such as tachycardia, tachypnea, recum¬ 
bency, sweating, anorexia, and dyspnea. 13 

Clinical signs are those characteristic of 
acute rhabdomyolysis and include an abrupt 
onset of stiffness and reluctance to move. 
Affected horses might be noticed to be 
depressed or have reduced activity for 1 to 2 
days before onset of clinical signs. 11 Horses 
can be affected up to 4 days after being 
removed from pasture. 11 Progression to 
lateral recumbency is rapid, occurring within 
hours of the initial onset of signs. Recum¬ 
bency is often the first indication of this 
disease observed in horses at pasture. Horses 
forced to stand have tremors and difficulty 
walking. Lumbar and gluteal muscles can be 
firm. Affected horses are tachycardic and 
tachypneic. Respiratory distress, presumably 
secondary to degeneration of intercostal 


muscle and the diaphragm, is common in 
recumbent horses in the terminal stages of 
the disease. There is discolored urine (pig- 
menturia). There are abnormal ventricular 
arrhythmias and impaired myocardial func¬ 
tion, which can persist for at least 10 weeks 
in affected horses. 14 Affected horses usually 
die or are euthanized within 24 to 72 hours 
of onset of clinical signs. 11 

Serum biochemical abnormalities include 
massively increased serum activities of cre¬ 
atine kinase, lactate dehydrogenase, and 
aspartate aminotransferase. Serum concen¬ 
trations of troponin T, a marker of myocar¬ 
dial damage, are above normal in most 
affected horses. Serum concentrations of 
vitamin E and/or selenium and red cell activ¬ 
ity of glutathione peroxidase are not consis¬ 
tently abnormally low. Serum concentrations 
of acylcarnitines are abnormal, with eleva¬ 
tions of concentrations of short-, medium-, 
and long-chain compounds. 6 ’' Urine concen¬ 
trations of ethylmalonic acid, methylsuccinic 
acid, lactic acid, adipic acid, butyrlglycine, 
isovalerylglycine, and hexanoglycine are 
increased in affected horses.' 

The acid-base status of affected horses is 
a mixture of respiratory alkalosis, lactic aci¬ 
dosis, and strong iron difference (SIDm) 
alkalosis. 13 Abnormalities in serum sodium, 
potassium, and chloride concentrations are 
usually small. 15 

Necropsy examination does not reliably 
reveal gross evidence of muscle disease, 
although there can be swelling, edema, and 
localized hemorrhage into muscles. There 
are hemorrhagic or pale areas in the ven¬ 
tricular myocardium of some horses. Histo¬ 
logic examination reveals the presence of 
widespread degeneration of myocytes, 
without inflammation, in muscles of loco¬ 
motion and respiration. Within a muscle 
group, some fibers are severely affected, 
whereas other neighboring fibers are appar¬ 
ently normal. The ventricular myocardium 
has lesions of muscle degeneration in some 
horses. Myoglobinuric nephrosis is a consis¬ 
tent finding in horses that die spontaneously 
or are euthanized in the terminal stages of 
the disease. 

Definitive diagnosis is based on the 
presence of clinical signs of muscle disease, 
large elevations in serum activity of 
muscle-derived enzymes, and necropsy 
examination. 

Treatment is supportive because there is 
no definitive antidote for hypoglycin A. 16,17 
Affected and at-risk horses should be 
removed from the pasture and prevented 
from eating more seeds of A. negundo or A. 
pseudoplantanus. Consideration should be 
given to administering activated charcoal to 
reduce absorption of further toxin from the 
gastrointestinal tract (500 g per 500-kg 
horse, orally). Some affected horses are in 
pain and should be administered analgesics. 
Hydration and electrolyte and acid: 
base balance should be maintained. 
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Administration of antioxidants and muscle 
relaxants is recommended but is without 
objective evidence of efficacy. 16,17 

Control centers around preventing horses 
and ponies from eating the seeds (samaras) 
of Acer negundo or A. pseudoplantanus. The 
seeds can be blown into pastures from trees 
bordering the pasture—consistent with wind 
speeds being higher immediately preceding 
outbreaks than at times when the disease did 
not occur.' 
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PLANT POISONINGS WITH 
KNOWN TOXINS 

AMINOPROPIONITRILE 

3-Aminopropionitrile is a poisonous sub¬ 
stance found in Lathyrus spp. (wild peas), for 
example, Lathyrus hirsutus (wild winter pea), 
sometimes sown with grasses to provide 
early-spring grazing. Signs of toxicity in 
cattle grazing mature plants bearing seed 
pods consist of salivation, sawhorse stance, 
head held low, continuous head and ear 
movements, trance-like gaze, diminished 
responsiveness, reluctance to move, pain in 
the feet causing lameness, sitting with the 
feet under the body, and a marked disincli¬ 
nation to rise. Other signs include lameness, 
stumbling gait, recumbency, and paddling 
convulsions. The signs are exacerbated by 
driving or other stimulation. Necropsy find¬ 
ings are limited to nonspecific lesions such 
as pulmonary congestion. 

PLANT POISONINGS 
WITH SUSPECTED OR 
UNIDENTIFIED TOXINS 

JUGLONE 

Juglone, a poisonous resinoid found in the 
shavings of Juglans nigra (black walnut tree), 
has been suspected as being associated with 
lameness and edema of the lower limbs in 
horses bedded on the shavings, but juglone 
is present in the bark and leaves, not the 
heartwood from which the shavings are 


made. The lesions are produced by an 
increase in local capillary blood pressure. 

A similar syndrome is associated with 
Berteroa incana (hoary alyssum). Swelling of 
the distal limbs and fever are consistent signs 
associated with ingestion of this plant. Signs 
appear 18 to 36 hours after ingestion of the 
plant and disappear 2 to 4 days after the plant 
is removed. Abortions have been reported 
but may be secondary to the high fever. An 
alternative syndrome of severe gastroenteri¬ 
tis plus intravascular hemolysis is also 
recorded in horses fed hay contaminated by 
Berteroa incana. 

MYOPATHY—WITH GAIT 
INCOORDINATION, RECUMBENCY, 
ELEVATED CPK 

• Karwinskia humboldtiana —coyotillo 

• Small amounts of Senna (= Cassia ) spp. 
ingested over a long period are 
associated with skeletal muscle 
myopathy and/or paralysis. In Senna 
occidentalis poisoning in horses and 
goats, the early signs are anorexia and 
diarrhea followed by hyperpnea, 
tachycardia, ataxia, staggering, and 
recumbency. At autopsy there is a fatal 
cardiomyopathy. The muscle lesion is 
accompanied by marked elevations of 
SGOT and CPK levels. Similarly, in pigs, 
early diarrhea may be followed by lateral 
recumbency and skeletal muscle 
myopathy. 

FURTHER READING 
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ALUMINUM TOXICOSIS 

Aluminum is one of the potentially toxic 
elements introduced into the diets of 
animals by the deposition of soluble salts 
in acid rain, powder particles in factory 
effluent, accidental dosing, or absorption by 
plants. 

Case reports in large animals are rare, and 
most of the toxicologic information comes 
from human data or investigational studies 
using rats, mice, and rabbits. Frank et al. 
reported polioencephalomalacia associated 
with elevated aluminum levels in Simmental 
calves, 1 and Easterwood et al. reported phos¬ 
phine gas generation in horses accidentally 
receiving aluminum phosphide in their 
feed. 2 It should be pointed out that the toxin 
associated with aluminum phosphide intoxi¬ 
cation is the toxic gas phosphine and not 
aluminum. 

Absorption of aluminum is poor follow¬ 
ing oral, dermal, and inhalation exposure. 
Following absorption, it is distributed to 
other tissues, with the highest concentration 
in the bone. 3 Chronic exposure to aluminum 
results in sequestration in the bone, from 
which it is slowly released. Aluminum 


readily crosses the blood-brain barrier and 
placental barrier, resulting in neurotoxicity 
and developmental toxicity. 4,5 Excretion is 
through the urine, with very little bile and 
fecal excretion. 3 

Clinical signs depend on specific organs, 
but deposition in the bone is associated with 
osteoarthritis and anemia. Other organs 
affected include the heart (myocardial infarc¬ 
tion), brain (cognitive dysfunction and other 
neurotoxic effects), liver, and kidney. 

There is no treatment, and diagnosis 
depends on finding aluminum in the liver 
and kidney. Aluminum levels of 6 to 11 ppm 
in the liver and 4 to 5 ppm in the kidney 
of sheep and cattle are considered toxic 
amounts. 
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FLUORIDE TOXICOSIS 


SYNOPSIS 


Etiology Toxic amounts of fluoride are found 
in water (naturally or contaminated), soil, 
and plants contaminated by industry 
pollution, mineral mixes with excessive 
fluoride, and older insecticides, 
anthelmintics, and rodenticides containing 
sodium fluoride, sodium fluorosilicate, and 
sodium fluoroacetate. Fluoroacetate may 
also be found in several plant species, such 
as Dichapentalum spp., Gastrolobium spp. 
Oxylobium spp., and others. 

Epidemiology Most often associated with 
continuous ingestion of small but toxic 
amounts of fluoride in the diet or drinking 
water. 

Clinical pathology Elevated serum 
and urine levels of fluoride; elevated 
serum levels of Ca, BUN, and ALP in some 
cases. 

Lesions 

Live animals: Dental fluorosis—mottling 
and erosion of permanent teeth. 
Osteofluorosis with lameness and 
unthriftiness. 
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Postmortem: Osteoporosis; widespread 
exostoses. Dental enamel and dentin 
hypoplasia. 

Diagnostic confirmation Fluoride assay of 
forage, soil, or water; blood and urine of 
affected animals; bones and teeth at 
necropsy. 

Treatment Primarily supportive; activated 
charcoal is not recommended; oral calcium, 
magnesium, or aluminum to bind fluoride 
in gastrointestinal tract. 

Control Good nutritional plane; keep 
young animals off and rotate stock 
if water or forage contaminated; keep 
fluoride in feed less than 2%; use of 
aluminum salts in feed of questionable 
efficacy. 


ETIOLOGY 

Fluoride is present in some concentration in 
almost all animal feed and water sources, so 
exposure not only occurs but continues 
throughout the lifetime. Both acute and 
chronic poisoning occur. Acute toxicosis 
in large animals is very rare and generally 
occurs after exposure to an older commercial 
product, such as sodium fluoride, sodium 
fluorosilicate, or sodium fluoroacetate, or to 
volcanic ash. 1,2 Chronic toxicosis is associ¬ 
ated with the ingestion of high-fluoride- 
containing rock salt phosphate supplements, 
fluoride-contaminated forage or soil, and 
water either naturally containing excess fluo¬ 
ride or that has been contaminated with 
fluoride. 3 ' 6 The severity of the poisoning 
depends on the amount ingested, the solubil¬ 
ity of the fluoride compound, the species, 
diet, and the animal’s age. 1 ' Death losses are 
rare and restricted largely to acute poisoning, 
with the major losses taking the form of 
unthriftiness associated with chronic 
fluorosis. 

EPIDEMIOLOGY 

Occurrence 

Fluoride intoxication has been observed in 
most countries, usually in association with 
specific natural or industrial hazards. In 
Europe and Great Britain, losses are greatest 
on summer grazing of pastures contami¬ 
nated by industrial fumes, including dust 
from factories converting rock phosphate to 
superphosphate and effluent from aluminum 
smelters. Iceland and parts of the southern 
Andes Mountains are extensively affected by 
contamination from volcanic ash. Drinking 
water from deep wells, industrial contamina¬ 
tion of pasture, and the feeding of fluoride¬ 
bearing phosphatic supplements are the 
common associations in North America. 
Deep wells also are an important source in 
Australia and South America. In Africa the 
important association is the feeding of phos¬ 
phatic rock supplements. 

In experimentally induced fluorosis in 
cattle, mottling of the tooth enamel occurs at 


intakes of 27 mg/kg in the diet, but there is 
no pitting until levels of 49 mg/kg are fed. 
Bony lesions are slight at intakes of 27 mg/ 
kg, moderate at 49 mg/kg, and marked at 
93 mg/kg, and milk production in dairy 
cows is thought not to be affected by intakes 
of 50 mg/kg of fluoride in the diet until about 
the fourth lactation. A more recent view is 
that the existing tolerance level for dairy 
cows of 40 mg/kg is too high and will lead to 
serious loss of production and some dental 
fluorosis in high-producing cows. 1 

Risk Factors 
Animal Risk Factors 

Host factors are age and species. Daily intakes 
of 0.5 to 1.7 mg/kg BW of fluoride as sodium 
fluoride produce dental lesions in growing 
animals without affecting general well-being. 
Intakes equal to twice these amounts are con¬ 
sumed by adult animals without ill effect. In 
heifers a continuous intake of 1.5 mg/kg BW 
per day is sufficient to be associated with 
severe dental fluorosis without affecting 
growth rate or reproductive function. 
However, extensive osteofluorosis and 
periods of severe lameness will occur. The 
fluoride content of the bones of newborn 
calves depends on the dam’s intake of fluoride 
in the last 3 to 4 months of pregnancy and not 
on her own bone composition. 

Most recorded occurrences of fluorosis 
are in cattle. Sheep are less susceptible than 
cattle, and it is rarely reported in horses. A 
continuous intake of 1 mg/kg BW is the 
maximum safe limit for ruminants; an intake 
of 2 mg/kg BW produces clinical signs. In 
pigs an intake of 1 mg/kg BW added fluoride 
for long periods has no deleterious effect. 

Fetal effects are small. The current view is 
that placental passage is infinitesimal in 
amount, but historically, cases of neonatal 
dental fluorosis have been identified in 
cattle. 3 Fluoride does not occur in significant 
quantities in the milk or colostrum of poi¬ 
soned cows. 1 

Environmental Risk Factors 

Fluoride occurs naturally in rocks, particu¬ 
larly in association with phosphate, and 
these rocks, the soils derived from them, and 
the surface water leaching through the soils 
may contain toxic quantities of fluoride. In 
such areas the soil content of fluoride may be 
as high as 2000 to 4000 mg/kg, even up to 
12,000 mg/kg, and the levels in water up to 
8.7 mg/kg; soil fluoride varies in its solubility 
from 10% to 20%. Levels of fluoride likely to 
be toxic to animals are not usually encoun¬ 
tered in natural circumstances; interference 
by humans is necessary in most instances to 
increase fluoride ingestion above the critical 
level. 

Contamination from industrial facto¬ 
ries by smoke, vapor, or dust may produce 
pasture containing 20 to 50 mg/kg of fluo¬ 
ride. Factories producing aluminum by 
the electrolytic process, iron and steel with 


fluoride-containing fluxes, superphosphate, 
glazed bricks, copper, glass, and enamels 
are likely to be potent sources and may be 
associated with toxic levels of contamination 
as far as 14 km downwind from the factory. 
Dust from factories manufacturing super¬ 
phosphate from rock phosphate may contain 
as much as 3.3% fluoride. Industrial plants 
engaged in the calcining of ironstone have 
also been incriminated as sources of fluoride. 

Contamination by effluent is a complex 
problem because of variation in the form of 
the contaminating compound. Grass can 
absorb and retain gaseous fluoride from the 
ambient air, but physical deposit of liquids 
and dust is the critical form of contamina¬ 
tion. 5,6 Two of the common effluent sub¬ 
stances are hydrofluoric acid and silicon 
tetrafluoride, both of which are as toxic as 
sodium fluoride, and dental lesions occur in 
100% of young ruminants on an intake of 14 
to 16 mg/kg DM of these substances. Severe 
cases occur on pasture or hay containing 
more than 25 mg/kg DM, and similar lesions 
develop much more rapidly on pasture con¬ 
taining 98 mg/kg DMr. Fluoracetamide is 
also known to be a toxic factory effluent. 

Dust and gases from volcanic eruptions 
may also be associated with acute fatal fluo¬ 
ride intoxication in the period immediately 
after the eruption, and contamination of 
pasture may be sufficient to be associated 
with subsequent chronic intoxication in 
animals eating the herbage, although the 
fluoride content of the contaminated materi¬ 
als decreases very rapidly if rain falls. Iceland 
is particularly afflicted with fluoride intoxi¬ 
cation deriving from this source. 

Top dressing of pasture with phosphatic 
limestone is commonly associated with fluo¬ 
rosis. Most phosphatic limestones, particu¬ 
larly those from North Africa, are rich in 
fluoride (0.9% to 1.4%). Nonphosphatic 
limestones contain insignificant amounts. 

Supplementary Feeding 
of Phosphates 

The common occurrence of phosphorus 
deficiency in animals has led to the search for 
cheap phosphatic materials suitable for 
animal feeding. Rock phosphates are com¬ 
monly used, and many deposits contain dan¬ 
gerous amounts of fluoride (3% to 4%). 8 The 
fluoride content of the mineral can be 
reduced, but the cost encourages the use of 
marginally safe material. 

The major occurrence of water-borne 
fluoride intoxication is from water obtained 
from deep wells or artesian bores. The avail¬ 
able data suggest that although minor tooth 
lesions occur at 5 mg/kg of fluoride, it is not 
until levels of 10 mg/kg are exceeded that 
excessive tooth wear occurs and the nutri¬ 
tion of the animal is impaired. More serious 
systemic effects do not occur until the water 
contains 30 mg/kg. 

Miscellaneous sources of fluoride include 
the ingestion of superphosphate itself, but a 
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supernatant liquid of a suspension of the fer¬ 
tilizer will contain no fluoride. Some wood 
preservatives may contain large quantities of 
fluoride, which may be associated with acute 
poisoning in some circumstances. 

Farm Risk Factors 

Animals that are housed in the winter and 
grazed only during the summer and fall on 
pasture contaminated by factory effluent 
may show considerable clinical improve¬ 
ment in clinical signs during the winter and 
an annual recrudescence of signs when the 
animals are outside. 9 

Human Risk Factors 

Although it is possible for animal tissues to 
contain amounts of fluoride in excess of per¬ 
missible amounts, this is not usually so in 
chronic fluorosis. The fluoride content of 
milk in these circumstances is below that 
permitted in fluoridated drinking water 
(1 mg/L). 

PATHOGENESIS 

Absorption from the gastrointestinal (GI) 
tract depends on the form ingested, with 
soluble forms such as sodium fluoride being 
more bioavailable than fluoride found in 
contaminated feed, soil, or water. Once 
absorbed, fluoride is distributed throughout 
the body, primarily to bone and teeth. Excre¬ 
tion is renal. 10 

Acute intoxication, as a result of the 
ingestion of large amounts of soluble fluo¬ 
rides (e.g., sodium fluoride), occurs rapidly, 
with signs appearing 30 to 60 minutes after 
ingestion. The mechanism of action is 
unknown but may be attributable to the 
development of hydrofluoric acid in the GI 
tract, onset of systemic hypocalcemia, 
decreased Na/K ATPase activity, or the inhi¬ 
bition of glycolysis. 10 

Chronic ingestion results in the deposi¬ 
tion of fluoride in the bones and/or teeth of 
affected animals.' Deposition in bone occurs 
throughout life but in teeth only in the 
formative stages. 1 In bones, fluorides alter 
mineralization, crystal structure, and 
remodeling of bone by replacing hydroxyl 
groups in the hydroxyapatite of the bone 
crystalline structure. The degree of deposi¬ 
tion varies, being greatest on the periosteal 
surface of the long bones where exostoses 
commonly develop. These bony changes are 
often referred to as skeletal fluorosis or 
osteofluorosis. 

During tooth formation, fluorides inhibit 
the action of ameloblasts and odontoblasts, 
resulting in failure of the developing tooth to 
accept minerals. Thus tooth lesions occur 
only if the intake is high before the teeth have 
erupted, but bone lesions occur at any stage. 

When the tissue levels of fluoride are 
moderate, characteristic lesions as a result of 
hypoplasia of enamel appear in the teeth. 
During this time the fluoride levels in bone 
can increase slowly without appreciable bone 


changes. The facility of storage in bone 
explains the long latent period that occurs in 
animals subjected to chronic intoxication. 
Lesions generally begin on the medial side of 
the proximal metatarsal bones and expand to 
include the mandibles, metacarpal bones, 
and ribs. Abnormalities, once they occur, 
result in lameness and are generally symmet¬ 
ric and bilateral. 1 At very high levels the 
storage capacity of bone and teeth is 
exceeded, and blood and urine levels rise. 
The bone lesions of osteomalacia and osteo¬ 
porosis, with accompanying pathologic 
fractures, are associated with excessive mobi¬ 
lization of calcium and phosphorus to com¬ 
pensate for their increased urinary excretion 
in conjunction with fluoride. 

The kidney is the primary tissue affected, 
but other tissues in which degenerative 
changes may occur are the bone marrow, 
adrenal glands, heart muscle, and central 
nervous system. 2,10,11 A severe anemia may 
rarely occur as a result of toxic depression of 
bone-marrow activity, although this is not a 
constant or expected sign. 

CLINICAL FINDINGS 
Acute Intoxication 

The syndrome includes dyspnea, complete 
anorexia, vomiting, and diarrhea in pigs and 
ruminal stasis with constipation or diarrhea 
in ruminants. 1,2 Vomiting acts as a protective 
mechanism, and toxic doses in pigs may be 
eliminated in this way without the develop¬ 
ment of other signs. Nervous signs are char¬ 
acteristic and include ataxia, muscle tremors 
and weakness, a startled expression, pupil¬ 
lary dilatation, hyperesthesia, and constant 
chewing. Tetany, convulsions, and collapse 
and death follow within a few hours. 

Chronic Intoxication 

Because of the distinct clinical separation 
between animals with dental lesions 
and those that have, in addition, signs of 
lameness and general ill-health, it is custom¬ 
ary to refer to two forms of the disease: 
dental fluorosis and osteofluorosis. Lesions 
of the teeth and bones are characteristic, and 
the signs are largely referable to these lesions. 
Tooth changes are the earliest and most diag¬ 
nostic sign but may not produce clinical 
effects until other signs have developed. 12 
Consequently, they are often missed until 
other clinical findings suggest that the teeth 
be examined. 

Dental Fluorosis 

The permanent teeth exposed to intoxication 
before eruption will be affected and perhaps 
those of animals exposed in utero. The earli¬ 
est and mildest sign is mottling with the 
appearance of pigmented (very light yellow, 
green, brown, or black) spots or bands 
arranged horizontally across the teeth. Occa¬ 
sional vertical bands may be seen where 
pigment is deposited along enamel fissures. 
Mottling and staining occur on incisors and 


cheek teeth and are not evident when the 
affected tooth erupts, and in fact they may 
not appear until some months later. The 
cheek teeth are usually more dramatically 
affected than the incisors but are very diffi¬ 
cult to examine clinically. If the period of 
exposure to intoxication has been limited 
only some of the teeth may be affected, but 
the defects will always be bilateral. 

Mottling may not progress any further, 
but if the intoxication has been sufficiently 
severe, defective calcification of the enamel 
leads to accelerated attrition or erosion of 
the teeth, usually in the same teeth as the 
mottling. The mottled areas become pits, 
and the teeth are brittle and break and wear 
easily and unevenly. Patterns of accelerated 
attrition are dependent on the chronologic 
occurrence of the intoxication and the erup¬ 
tion time of the teeth. Uneven and rapid 
wear of the cheek teeth makes proper mas¬ 
tication impossible. Infection of the dental 
alveoli and shedding of teeth commonly 
follow. The painful condition of the teeth 
and inability to prehend and masticate 
seriously reduce the food intake and are 
associated with poor growth in the young 
and unthriftiness and acetonemia in adults. 
Affected cattle may lap cold drinking 
water to avoid the discomfort occasioned 
by normal drinking. Eruption of the teeth 
may be abnormal, resulting in irregular 
alignment. 

A standard for the classification of fluo¬ 
rosis has been proposed based on the degree 
of mottling, pitting, and rate of wear of the 
teeth. The effects of dental mottling, pitting, 
and excessive wear of incisors can be used 
to estimate the exposure periods of cattle 
during odontogenesis. The additional clini¬ 
cally apparent abnormalities include delayed 
eruption of permanent incisor teeth, necrosis 
of alveolar bone resulting in recession of 
bone and gingiva, oblique eruption of per¬ 
manent teeth, hypoplasia of teeth, wide 
spaces between teeth, and rapid develop¬ 
ment of any dental lesions. 

Osteofluorosis 

Lameness most marked in the loins, hip 
joints, and hindlimbs and unthriftiness in 
animals of any age are the signs usually 
observed first. 11,12 The occurrence of hip 
lameness or fractures of the third phalanx on 
a herd scale in cattle is thought to be diag¬ 
nostic of fluorosis. Pain is evinced on pres¬ 
sure over limb bones and particularly over 
the bulbs of the heels. The bones may be 
palpably and visibly enlarged. This is most 
readily observed in the mandible, sternum, 
metacarpal, and metatarsal bones and the 
phalanges. This overall thickness may be 
subsequently replaced by well-defined exos¬ 
toses. The bones are subject to easy fracture. 
These well-defined lesions occur only in 
advanced cases and are often accompanied 
by extensive tooth lesions in young animals. 
In addition to the cases affected by 
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generalized lameness, there are cases that 
show a sudden onset of very severe lameness, 
usually in a forelimb, associated with trans¬ 
verse fracture of the third phalanx. 

Other Effects 

Reproduction, milk yield, and wool growth 
are not usually considered to be adversely 
affected except indirectly by the reduced 
food intake. Severely lame animals may have 
lowered reproductive performance indi¬ 
rectly as a result of physical dysfunction that 
interferes with mating. 

Additional signs, including diarrhea and 
anestrus and other forms of infertility in 
cattle, diarrhea in sheep, and polydipsia and 
polyuria in pigs, are recorded in the naturally 
occurring disease but cannot be considered 
as constant or pathognomonic. Horses with 
chronic fluorosis have lameness; dental 
lesions, including excessive molar abrasion; 
and hyperostotic lesions of the metatarsus, 
metacarpus, mandible, and ribs. 

CLINICAL PATHOLOGY 

Normal cattle have blood levels of up to 
0.2 mg fluoride per mg/dL of blood and 2 to 
6 mg/kg in urine. Cattle on fluoride intakes 
sufficient to cause intoxication may have 
blood levels of 0.6 mg/dL and urine levels of 
16 to 68 mg/kg, although blood levels are 
often normal. Such high levels may not be an 
indication of high intakes immediately pre¬ 
ceding the examination because heavy 
deposits in bones may be associated with 
abnormally high blood and urine fluoride 
levels for some months after the intake has 
been reduced to normal. Urine levels should 
be corrected to a specific gravity of 1.040. 
Serum calcium may be low or normal, phos¬ 
phorus levels are usually normal, and there 
is a significant correlation between the 
amount of fluoride fed and the concentration 
of alkaline phosphatase in the serum. 2,12 The 
increase in phosphatase activity is probably 
related to the abnormal formation of bone 
and may be 3 to 7 times the normal level. 

Radiographic changes of bones contain¬ 
ing more than 4000 mg/kg of fluoride include 
increased density or abnormal porosity, peri¬ 
osteal feathering and thickening, increased 
trabeculation, thickening of the compact 
bone, and narrowing of the marrow cavity. 
Spontaneous rib fractures show incomplete 
union. Good data are available for fluoride 
concentrations in rib bones, and estimations 
of fluoride content in biopsy samples of ribs 
have been used in the clinicopathologic study 
of the disease. Samples of tail bone and the 
spongiosa of the tuber coxae have also been 
used for these purposes. 

NECROPSY FINDINGS 

Severe gastroenteritis is present in acute 
poisoning, and there may be degenerative 
changes in the renal tubular epithelium. In 
chronic fluorosis the bones have a chalky, 
white appearance; are brittle; and have either 


local or disseminated exostoses, particularly 
along the diaphyses. Intraarticular structures 
are not primarily affected, although there 
may be some spurring and bridging of the 
joints. Histologically, there is defective and 
irregular calcification of newly formed tra¬ 
becular bone and active periosteal bone for¬ 
mation. Hypoplasia of the enamel and dentin 
are consistent physical and histologic defects 
in the teeth of affected young animals. Young 
animals may also develop thickened growth 
plates and widened metaphyses that are 
grossly similar to rachitic changes. Degen¬ 
erative changes in kidney, liver, heart muscle, 
adrenal glands, and central nervous system 
have been reported in severe cases. Degen¬ 
eration of the bone marrow and consequent 
aplastic anemia also occur. 

Chemical examination of necropsy speci¬ 
mens is valuable in the diagnosis because the 
fluoride content of bones from poisoned 
animals is greatly increased. Levels of up to 
1200 mg/kg of bone on a dry, fat-free basis 
are observed in normal animals but may be 
increased up to 3000 mg/kg in animals 
exposed to fluoride and showing only mot¬ 
tling of the teeth. Animals showing severe 
clinical signs have levels greater than 
4000 mg/kg of bone on a dry, fat-free basis; 
after prolonged heavy feeding, levels may be 
as high as 1.04%. Care must be taken in 
selecting the bone samples because of the 
great variation in the concentration of fluo¬ 
ride that occurs between different bones. 
Good data are available for comparison 
between metacarpal, metatarsal, rib, pelvic, 
and mandibular bones and antlers of deer. 
Mandibles usually show the greatest concen¬ 
trations; in the long bones, the distal and 
proximal quarters are more sensitive indica¬ 
tors than the center half. 

Diagnostic confirmation depends on 
fluoride assay of forage, soil, or water; blood 
and urine of affected animals; and bones and 
teeth at necropsy. 

Samples for Confirmation 
of Diagnosis 

• Toxicology —mandible/metacarpal/ 
metatarsal, rib, vertebrae for evidence of 
osteofluorosis; urine from affected 
animals for evidence of recent exposure 
(ASSAY [F]) 

• Histology —formalin-fixed metacarpal/ 
metatarsal/mandible (LM) 


DIFFERENTIAL DIAGNOSIS 


ACUTE: 

• Heavy metal toxicosis 

• Nephrotoxic mycotoxicosis 

• Oak (Quercus spp.) toxicosis 

• Plant toxins (Amaranthus spp., Isotropis 
spp., Lantana spp.) 

Chronic: 

• Chronic selenium toxicosis 

• Degenerative joint disease/osteoarthritis 


• Enzootic calcinosis 

• Ephemeral fever in cattle 

• Nutritional deficiency of phosphorus 

• Nutritional deficiency of vitamin D 

• Osteodystrophia fibrosa in horses 

• White-muscle disease 


TREATMENT 

Treatment, apart from removing the animals 
from the source of fluoride, is largely imprac¬ 
tical and supportive in nature. In acute inges¬ 
tions, most animals die before there is time 
for treatment. With chronic ingestions, no 
improvement in dental or osseous lesions 
can be anticipated, but there may be amelio¬ 
ration of the other clinical signs. Activated 
charcoal is not recommended because fluo¬ 
ride does not bind well to it. Calcium, mag¬ 
nesium, or aluminum may be used to bind 
hydrofluoric acid produced in the stomach, 
and because of their insolubility they are safe 
even in large quantities. 13,14 Intravenous 
calcium should be used if hypocalcemia or 
tetany are present. 

CONTROL 

• Where fluoride levels are marginal, 
careful husbandry, including the 
watering of young growing stock on 
fluoride-free supplies, permitting only 
adults to be watered on the dangerous 
supplies, and rotating the animals 
between safe and dangerous waters at 
3-month intervals, may make it possible 
to utilize land areas otherwise unsuitable 
for stock raising. In some areas, dairy 
herds may have to be maintained by the 
purchase of replacements rather than by 
the rearing of young stock. In areas 
where long-term ingestion of fluoride is 
likely to occur, the aim should be to 
provide a diet of less than 50 mg/kg 

of the total diet of dairy cows. 

Adequate calcium and defluorinated 
phosphorus intakes should be ensured 
because these reduce bone storage of 
fluoride. 

• Phosphate feed supplements should 
contain no more than 0.2% fluoride for 
milking or breeding cattle or 0.3% for 
slaughter cattle, and they should not 
comprise more than 2% of the grain 
ration if the fluoride content is of this 
order. Some deposits of rock phosphate 
have much higher contents of fluoride 
than others, and commercial 
defluorination makes these toxic 
deposits safe for animal feeding. 

• Bone meal in some areas may contain 
excessive quantities of fluoride and 
should be checked for its fluoride 
content. 

• Water from deep wells and artesian 
bores should be assayed for fluoride 
content before use. The fluoride content 
of drinking water can be reduced (from 
10 to 0.95 mg/kg) by adding freshly 
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slaked lime to the water; 500 to 
1000 mg/kg should be added, and the 
water must be allowed to settle for 6 
days. The method requires the use of 
large storage tanks. 

• Aluminum salts are the principal 

substances used to detoxicate food and 
water. They are unpalatable and 
relatively ineffective, reducing the 
accumulation of fluoride in bone by 
only 20% to 30%, and are thus referred 
to as “alleviators.” Extensive field trials 
of aluminum as an alleviator have not 
justified its use as a practicable control 
measure in average circumstances. 
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Congenital Defects of 
Muscles, Bones, and Joints 

Defects of the musculoskeletal system are 
among the most common congenital abnor¬ 
malities in farm animals. In cattle, 476 
such defects are listed. Many of them are 
lethal, and most of the remainder are life- 
threatening because of interference with 
grazing or the prehension of food. Many of 
them occur in combinations, and thus single 
defects are uncommon. For example, most 
axial skeletal defects and cleft palates occur 
in calves that already have arthrogryposis. 

Because of the very large volume of litera¬ 
ture involved it is not possible to deal with 
all the recorded defects here, and the text is 
limited to those defects that are thought to 
be of general importance. Whether or not 


they are inherited or have an environmental 
cause is often not known, and thus an etio- 
logic classification is not very effective—nor 
is an anatomic or pathologic classification, so 
we are reduced to a classification based on 
abnormal function. 

WEAKNESS OF 
SKELETAL MUSCLES 

A number of sporadic myopathies are 
recorded in cattle and sheep. Causes have not 
been determined in most of them. Splayleg 
in pigs has been well described and occurs in 
most countries. 

CONGENITAL HYPERPLASIA 
OF MYOFIBER 

There is only one identified state of congeni¬ 
tal hyperplasia; it is the inherited form of 
doppelender, double muscling, or culard of 
cattle, described under “Myofiber hyperpla¬ 
sia.” The principal cause of the bulging 
muscles is an increase in the number of myo- 
fibers in the muscle. 

OBVIOUS ABSENCE OR 
DEFORMITY OF SPECIFIC 
PARTS OF THE 

MUSCULOSKELETAL SYSTEM 

Some of these defects are inherited and 
include the following: 

• Achondroplastic dwarfism, inherited 
miniature calves, bulldog calves 

• Umbilical or scrotal hernia, 
cryptorchidism 

• Tail deformity (kinking), taillessness 

• Reduced phalanges, including 
hemimelia (individual bones missing), 
amputates (entire limbs missing), 
vestigial limbs (all parts present but 
limbs miniaturized)—amputates in 
outbreak form are recorded in cattle and 
produced experimentally by irradiation 
injury of sows, cows, and ewes during 
early pregnancy 

• Inherited arachnomyelia (spidery limbs) 
of calves 

• Congenital thickleg of pigs, 
osteopetrosis of calves, muscular 
hypertrophy of calves 

• Cyclopean deformity—the inherited 
form is associated with prolonged 
gestation. The toxic form associated 
with ingestion of Veratrum californicum. 

• Displaced molar teeth, mandibular 
prognathism—agnathia in lambs takes a 
variety of forms, including complete 
absence of the lower jaw and tongue. 

FIXATION OF JOINTS 

Because arthrogryposis, which has been 
used to convey the description of joint fixa¬ 
tion, strictly means fixation in flexion, the 
term congenital articular rigidity has been 


introduced. The immobilization of the joint 
may be attributable to lack of extensibility of 
muscles, tendons, ligaments, or other tissues 
around the joint; to deformity of articular 
surfaces; or, theoretically, to fusion between 
the bones at the articular surface. Muscle 
contracture, which is the principal cause of 
joint fixation, has been produced experimen¬ 
tally and occurs naturally as a result of 
primary muscle atrophy or of atrophy result¬ 
ing from denervation. Articular surface 
deformity is usually associated with gross 
deformity of the limb bones and is usually 
identifiable, but the principal problem in the 
diagnosis of congenital articular rigidity is to 
determine what the pathogenesis might have 
been and, beyond that, what was the specific 
cause. 

Congenital fixation of joints can be 
caused by some well-known entities, as 
follows. 

Cattle 

• Hereditary congenital articular rigidity 
(HCAR) with cleft palate in Charolais 

• HCAR with normal palates in Friesians, 
Danish Reds, Swedish, Shorthorns 

• Inherited arthrogryposis 

• Inherited multiple-tendon contracture 

• Sporadic cases of congenital joint 
deformity as described for foals 

• Inherited multiple ankylosis of 
Holstein-Friesian cattle 

• Environmentally induced congenital 
articular rigidity caused by the 
following: 

• Intrauterine infection with Akabane 
virus 

• Ingestion of lupins 

• Ingestion of Astragalus and Oxytropis 
spp. (locoweeds) 

• Sorghum, Johnson grass, Sudan 
grass 

• Dietary deficiency of manganese 

Sheep and Goats 

• Inherited congenital articular rigidity in 
Merino sheep 

• Infection with Akabane virus 

• Infection with Schmallenberg virus 

• Poisonous plants as for cattle 

• Poisoning with parbendazole and 
cambendazole. 

Foals 

• “Contracted” foals having congenital 
axial and appendicular contractures of 
joints have been report in the United 
States; the cause unknown, but it is not 
thought to be inherited. Deformities 
include torticollis, scoliosis, and 
thinning of ventral abdominal wall, 
sometimes accompanied by eventration, 
asymmetry of the skull, and flexion 
contracture in distal limb joints. 

• Congenital articular rigidity also 
occurs in foals from mares fed on 
hybrid Sudan grass pastures. 










• Sporadic cases of congenital joint 
deformity occur in foals and calves. 
They are manifested usually by excessive 
flexion of the metacarpophalangeal 
joints, causing affected animals to 
“knuckle” at the fetlocks and sometimes 
walk on the anterior aspect of the 
pastern. A similar defect occurs in the 
hindlegs. Many mild cases recover 
spontaneously, but surgical treatment 
may be required in badly affected 
animals. The cause in these sporadic 
cases in unknown, and necropsy 
examination fails to reveal lesions other 
than excessive flexion of the joints 
caused by shortening of the flexor 
tendons. Rarely such fixations are 
associated with spina bifida or absence 
of ventral horn cells of the spinal cord. 

Piglets 

• Inherited congenital articular rigidity 

• Nutritional deficiency of vitamin A 

• Poisonous plants, hemlock ( Coniutn 
maculatum), Prunus serotina, Jimson 
weed ( Datura stramonium), tobacco 
wastes 

CONGENITAL ARTHROGRYPOSIS 
AND HYDRANENCEPHALY, 
AKABANE DISEASE, CACHE 
VALLEY VIRUS DISEASE, 
SCHMALLENBERG VIRUS 


SYNOPSIS 


Etiology Akabane virus in the Simbu 
serogroup of Orthobunyavirus, Cache 
Valley virus in the Bunyamwera serogroup 
of Orthobunyavirus, Schmallenberg virus in 
the Simbu serogroup of Orthobunyavirus. 

Epidemiology Transmission by 

hematophagous insects. Outbreaks occur 
when cattle or sheep are infected in early 
pregnancy. 

Clinical findings Teratogenic pathogen that 
results in abortions, stillbirths, and birth of 
calves (Akabane virus, Schmallenberg virus) 
and lambs or kids (Cache Valley virus, 
Schmallenberg virus) with skeletal 
deformities and neurologic disorders 
(arthrogryposis-hydranencephaly syndrome). 

Necropsy findings Necrotizing 

nonsuppurative encephalomyelitis and 
polymyositis. Arthrogryposis and 
hydranencephaly. 

Control Vaccination or exposure of breeding 
females to natural infection before 
pregnancy. 


ETIOLOGY 

Akabane virus and Cache Valley viruses are 
both members of the genus Orthobunyavirus 
in the family Bunyaviridae, with Akabane 
virus and Schmallenberg virus being 
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members of the Simbu serogroup of the 
genus Orthobunyavirus and Cache Valley 
virus being a member of the Bunyamwera 
serogroup of the genus Orthobunyavirus. 
There are a large number of members of the 
Orthobunyavirus genus, and several can 
produce clinically inapparent infections in 
ruminants, but Akabane virus and Cache 
Valley virus produce fetal disease when they 
infect the dam in early pregnancy. There are 
subtypes of these viruses. 

Other Bunyavirus that have been associ¬ 
ated with natural or experimentally pro¬ 
duced fetal disease in ruminants include the 
following: 

• Simbu serogroup—Aino and Peaton 

viruses 

• Bunyamwera serogroup—Main Drain 

viruses 

• California serogroup—LaCrosse and 

San Angelo viruses 

Antibodies to the related, but as far as is 
known nonpathogenic, Australian Douglas 
virus and Tinaroo virus have been detected 
in cattle, sheep, goat, buffalo and deer. 

EPIDEMIOLOGY 

Occurrence 

Akabane 

Serologic studies suggest that infection 
occurs in cattle, sheep, goats, horses, donkeys, 
camels, pigs, and buffaloes, but disease 
occurs only in calves, lambs, and goat 
kids. 

The disease is most common in calves 
and has been recorded as the cause of epizo¬ 
otics of abortion, stillbirths, and congenital 
malformation in calves, with high attack 
rates in affected herds in two north-south 
geographic bands. The first band extends 
from Japan/Korea through Taiwan to Austra¬ 
lia. 1,2 The second band extends from the 
Middle East to South Africa. Congenital 
disease in lambs is less common but is 
recorded in Israel and Australia. The virus 
has also been isolated from insect vectors in 
Africa and is the probable cause of the “rigid 
lamb syndrome” in Zimbabwe. 

Serologic surveys suggest widespread dis¬ 
tribution of the virus in the Middle East, Asia 
and South East Asia, and in parts of Africa. 
Whereas infection in adult cattle is common 
in endemic areas, reports of clinical disease 
are rare, but neurologic disease associated 
with infection in cattle 2 to 7 years of age has 
been observed. Akabane viruses have been 
divided genetically into four groups (I to IV), 
with group I being further divided into two 
subgroups (la, lb). 1,3,4 Genogroup la strains 
are found primarily in Japan and Taiwan and 
appear to have a stronger neurovirulence 
than genogroup II strains that have been iso¬ 
lated from Japan and Korea. Genogroup lb 
strains have been isolated in Japan and Israel. 
Genogroup III strains have been isolated 
from Queensland in Australia, whereas a 
strain isolated in Kenya represents geno¬ 
group IV. 1,3,4 


Cache Valley 

There is serologic evidence that infection 
occurs in sheep, goats, horses, cattle, pigs, 
and several wildlife species but clinical 
disease is recorded only in sheep. The disease 
in sheep is recorded as an occasional epizo¬ 
otic in flocks in North America. Cache Valley 
virus is one of the more common Orthobun- 
yaviruses in North America and has been 
isolated from mosquito pools collected in 22 
states and several provinces in Canada and 
Mexico and also in Central and South 
America. Cache Valley is an agricultural 
valley in northern Utah and southeast Idaho 
in the United States. 

Schmallenberg 

A new disease in dairy cattle was identified 
in autumn 2011 in northwest Germany and 
the Netherlands. Viral genome sequences 
were identified in pooled blood from three 
affected sick dairy cows from a farm near 
Schmallenberg in northwest Germany, hence 
the name Schmallenberg virus (SBV). Sero¬ 
logic studies indicate that SBV was not 
present in domestic ruminants in northern 
Europe before 2011, and that the epizootics 
constituted introduction of the new virus 
into a susceptible population. Genomic 
studies indicate that SBV belongs to the 
species Sathuperi and may represent the 
ancestor of the reassortant Shamonda virus. 

Antibodies against SBV have been identi¬ 
fied in roe deer, red deer, European fallow 
deer, mouflons, bison, New World camelids, 
and wild boar in northern and west-central 
Europe. 5 

Aino and Shamonda 

Aino virus is present and thought to be a 
cause of disease in Australia, Japan, and 
Israel. Serologic studies in Australia show a 
similar distribution in cattle to Akabane but 
at a lower prevalence, and clinical disease is 
much less common than with Akabane virus. 
Aino virus and Shamonda virus can induce 
congenital malformations in sheep and 
goats. 

Source of Infection 

The viruses are maintained through a cycle 
involving vectors, in which there is probably 
transovarial transmission, and a susceptible 
vertebrate population. Replication occurs in 
both vertebrate and insect populations. 

Akabane 

Viremia in cattle is short-lived, lasting 1 to 9 
days, and long-term carriers are not thought 
to occur. Herbivores appear essential to the 
vector-virus-host cycle, and there is sero¬ 
logic evidence of infection in cattle, sheep, 
goats, camels, horses, and buffaloes. In 
endemic areas, breeding females are infected 
before their first pregnancy, and therefore 
clinical signs are not observed in their off¬ 
spring. Clinical signs occur at the north and 
south end of the two bands, where weather 
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effects determine expansion of vectors out of 
the endemic region. This accounts for inter¬ 
mittent “outbreaks” of congenitally affected 
calves in southern Australia, Japan, and 
Korea. 

In Australia, transmission is by the bites 
of midges Culicoides brevitarsis and C. nebec- 
ulosus. The virus has been isolated from C. 
brevitarsis, and this is probably the major 
vector; serologic data in Australia show that 
most identified infections are within the 
known habitat of C. brevitarsis. Vertical 
infection occurs, but introduction of the 
virus into the bovine uterus in semen causes 
no developmental defects. Ruminants do not 
become persistently infected. 

The vectors for Akabane disease in 
Japan and Korea are C. brevitarsis, Culicoides 
oxystoma, Aedes vexans, and Culex 
tritaeniorhynchus. 

Cache Valley 

The Cache Valley virus has been isolated pre¬ 
dominantly from mosquitoes. The primary 
amplifying vertebrate hosts are unknown, 
but white-tailed deer are suspected to play a 
role as a disease reservoir. 6 

Schmallenberg 

Biting midges, including C. dewulfi, C. chiop- 
terus, and C. obsoletus complex are thought 
to be important vectors for SBV transmission 
in Belgium and Denmark and presumably 
contiguous countries. 

Aino 

Aino virus has been isolated from mosqui¬ 
toes and midges, including C. brevitarsis. 
Serologic studies show antibody in cattle, 
sheep, goats, and buffalo but not camels, 
dogs, or horses. 

Host and Environmental Risk Factors 

The seasonal and geographic pattern of epi¬ 
zootics of abortions and premature births are 
determined by the distribution of vectors 
and the availability of susceptible ruminant 
populations in early pregnancy. Global 
warming is thought to be contributing to 
extension of vectors into geographic regions 
north and south of the typical infection belts 
and therefore disease epidemics. 1,3,7 

Akabane 

In the north of Australia, C. brevitarsis is 
active throughout the year, cattle are infected 
with Akabane virus before their first preg¬ 
nancy, and disease does not occur. Epizootics 
occur in southern Australia when C. brevi¬ 
tarsis extends its range of distribution, prob¬ 
ably by wind-borne spread from the north, 
to infect immunologically naive herds. 
Abortions and premature births commence 
in the autumn, with clinical cases of arthro¬ 
gryposis and hydranencephaly occurring in 
midwinter. 

Wind-borne introduction of Culicoides 
spp. is also postulated as the means 


of introduction of infection in Israel. The 
movement of immunologically naive preg¬ 
nant cattle into an enzootic area can be the 
result in severe outbreaks in those herds. 

The disease is likely to disappear for 
intervals of 5 to 10 years, until there is com¬ 
bination of a susceptible population and a 
heavy vector population. Occurrences of the 
disease are also dependent on the presence 
of susceptible early-pregnant females at the 
time that the vectors are plentiful. These con¬ 
ditions are provided by a series of years of 
drought in an enzootic area, so that there 
are no insect vectors, no infection, and 
no immunization activity of prepubescent 
females, followed by a wet season when the 
vectors are plentiful. 

Cache Valley 

Outbreaks occur after a long period of 
drought and winter frosts reducing the pop¬ 
ulation of mosquito vectors and resulting in 
populations of seronegative ewes. Mating 
in the summer appears to be a major risk 
factor, allowing sheep to be in the susceptible 
stage of pregnancy during the vector 
season. Many outbreaks are in areas that 
interface between suburban and rural 
environments. 

Schmallenberg 

Retrospective analysis of stored serum 
samples indicates that SBV was introduced 
into Europe in spring or early summer of 
2011, probably first along the border of the 
Netherlands with northwest Germany. It is 
interesting to note that SBV emerged in the 
same region of Europe in 2011 as did blue- 
tongue strain 8 in 2006. 

Experimental Reproduction 

Disease has been reproduced by inoculation 
into early-pregnant cattle, sheep, and goats. 

Zoonotic Implications 

Bunyavirus infections occur in humans from 
bites from infected insect vectors. 

PATHOGENESIS 

Akabane 

Viremia occurs in the dam for 2 to 4 days, 
with an antibody peak 4 to 5 days after the 
viremia and a subsequent secondary rise. 
The dam is unaffected, but there is a focal 
viral persistence in cotyledons and subse¬ 
quent viremia in the fetus. 

Inflammatory and degenerative lesions 
occur in the central nervous system, but 
tissue tropism and damage are determined 
by the age of the fetus and its ability to mount 
an immune response. Three forms, or prin¬ 
cipal manifestations, of the disease in an 
affected herd are described. The first is 
arthrogryposis occurring in calves infected 
at an older age than others (fetus infected at 
105 to 174 days of pregnancy). The second is 
arthrogryposis accompanied by hydranen¬ 
cephaly. The third is hydranencephaly 


only (infected between days 76 and 104 of 
pregnancy). 

With arthrogryposis, there is almost 
complete absence of ventral horn cells in 
the spinal cord and an accompanying 
neurotropic failure of muscle development. 
Contracture of the joints results. The hydra¬ 
nencephaly is manifested by a partial or 
complete failure of development of the cere¬ 
bral cortex. The brainstem and cerebellum 
are usually normal. 

Several other manifestations have been 
described. They include prearthrogryposis 
groups of calves with incoordination and a 
mild to moderate nonsuppurative encephali¬ 
tis, along with other calves with flaccid paral¬ 
ysis and active secondary demyelination in 
motor areas of the spinal cord. Some calves 
are unable to stand and have thickened dorsal 
cranial bones, hydranencephaly involving 
anterior and midbrainstem, and a diminutive 
cerebellum. The infection with Akabane virus 
is also credited with causing abortion, still¬ 
birth, and premature birth. There are reports 
from Japan and South Korea where encepha¬ 
lomyelitis as a result of Akabane virus is 
thought to have been acquired after birth, 2,8 
and experimental inoculation of young calves 
with the Iriki variant of Akabane virus has 
induced encephalitis. 

Lesions produced in lambs by experi¬ 
mental inoculation of the ewes during early 
pregnancy (days 32 to 36) include skeletal 
muscle atrophy and degeneration, and 
inflammatory and degenerative lesions in the 
cerebrum; the lesions in the central nervous 
system vary from porencephaly to hydranen¬ 
cephaly. There are also brachygnathism, sco¬ 
liosis, hypoplasia of the lungs, agenesis or 
hypoplasia of the spinal cord, and arthrogry¬ 
posis. Lesions are also present in fetuses of 
ewes inoculated between 29 and 45 days of 
gestation. 

Cache Valley 

Ovine fetuses are susceptible to the terato¬ 
genic effects between 28 and 48 days of ges¬ 
tation. 9 Destructive lesions occur in the 
central nervous system, but infection of 
fetal membranes with a reduction in the 
volume of amniotic fluid and constriction 
by membranes around the fetus are thought 
to contribute to the occurrence of 
arthrogryposis. 

Schmallenberg 

The acute phase of infection in adult rumi¬ 
nants produces a viremia of 5 to 6 days in 
duration. 10 In utero infection of the lamb 
appears to be determined by the absence or 
presence of a functional blood-brain barrier, 
explaining the window for experiment infec¬ 
tion of 28 to 50 days (placentomes are initially 
present on day 28; the blood-brain barrier 
becomes functional on day 50 of gestation). 

Arthrogryposis is secondary to transpla¬ 
cental infection resulting in abnormal devel¬ 
opment of motor neurons of the ventral horn 





of the fetal spinal cord. This results in hypo¬ 
plasia of the limb musculature, neurogenic 
muscle atrophy, and subsequent fixation 
(ankyloses) of the joints. 

CLINICAL FINDINGS 

Akabane 

Infection in adult cattle is most commonly 
clinically inapparent, unless there is dystocia, 
but neurologic disease manifests with hyper¬ 
sensitivity, tremor, and ataxia has been 
recorded. In calves, the two syndromes, 
arthrogryposis and hydranencephaly, occur 
separately—arthrogryposis in the early 
stages of the outbreak and hydranencephaly 
at the end. Cases of calves with both defects 
occur in the middle of the outbreak. In some 
outbreaks, only one of the manifestations of 
the disease is seen. 

Calves with arthrogryposis almost always 
are the subjects of difficult birth requiring 
physical assistance. They are small and sig¬ 
nificantly underweight, but they are fully 
mature in terms of teeth eruption and hair 
coat and hoof development. They are unable 
to rise, stand, or walk. One or more limbs is 
fixed at the joints; there is a congenital artic¬ 
ular rigidity. The limb is usually fixed in 
flexion, but it may be in extension. The joint 
becomes freely movable if the tendons 
around it are severed; that is, there is no 
abnormality of the articular surface. The 
muscles of affected limbs are severely wasted. 
Kyphosis or scoliosis are common. 

Calves with hydranencephaly have no 
difficulty rising and walking. The major 
defects are a lack of intelligence and blind¬ 
ness. They will suck if put onto the teat, but 
if this is not done, they stand and vocalize 
and have no apparent dam-seeking reflex. A 
few calves have microencephaly and are 
more severely affected. They are dummies, 
very uncoordinated in gait, and unable to 
stand properly, and they move erratically 
when stimulated. These cases appear at the 
very end of the outbreak. 

In addition to the skeletal and neurologic 
diseases, cases of abortion, stillbirth, and 
premature birth are also regarded as being 
associated with Akabane virus infection in 
cows. They are usually recorded at the begin¬ 
ning of the outbreak before the neurologic 
defects occur. 

Cache Valley 

Affected flocks have a higher rate of stillbirth 
and mummified fetuses. Congenital malfor¬ 
mations in liveborn lambs include arthro¬ 
gryposis of one or more limbs, scoliosis, and 
torticollis, and neurologic signs are similar to 
those seen in calves with Akabane disease. 

Schmallenberg 

Adult cattle exhibit clinical signs of decreased 
milk production and fever, and some have 
diarrhea, with the duration of illness ranging 
from 1 to 6 days. Clinical disease has not 
been reported in sheep or goats. 
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Embryonic deaths, abortions, stillbirths, 
and arthrogryposis-hydranencephalopathy 
syndrome in newborn lambs and kids are 
the most common clinical abnormalities 
observed following infection of pregnant 
ewes and does. These abnormalities in lambs 
and kids are almost identical to those pro¬ 
duced by Akabane virus in calves. Terato¬ 
genic effects were also observed in cattle, but 
at a much lower rate than in sheep and goats. 
A presumptive diagnosis of SBV teratogenic¬ 
ity is made in lambs, kids, and calves in 
Europe if stillbirth, premature or mummified 
fetuses, or abnormal neonates present 
with two or more of the following abnor¬ 
malities: arthrogryposis, hydranencephaly, 
torticollis, scoliosis, kyphosis, brachygnathia 
inferior, muscle atrophy, joint malforma¬ 
tions, ataxia, paresis, behavioral abnormali¬ 
ties, or blindness. 

CLINICAL PATHOLOGY 

The presence of specific antibody in fetal sera 
or the precolostral sera of neonates is diag¬ 
nostic, but its absence does not exclude the 
diagnosis if infection precedes the develop¬ 
ment of immunologic competence. Precolos¬ 
tral sera from several animals should be 
tested, and most cases are positive at high 
titer. A rising titer with paired samples from 
the dam, or a high titer in the serum of 
surviving neonates, is suggestive of recent 
infection but not confirmatory for disease. 
Serologic tests include microneutralization, 
hemagglutination inhibition, agar gel immu¬ 
nodiffusion (AGID), and an ELISA test. 

Virus can be detected using real-time 
RT-PCR and culture in specific cell lines. 
RT-qPCR testing of blood is of reduced value 
because the period of viremia is short, but 
brainstem material provides the best tissue 
for testing teratogenic fetuses. 11 A humoral 
immune response mounted by the fetus can 
clear SBV from the fetus during gestation; 
consequently, SBV antibody testing of fetal 
heart blood or dam blood should be com¬ 
bined with RT-PCR testing of brainstem 
tissue for confirmation of SBV infection. 11,12 

NECROPSY FINDINGS 

The primary lesions with Akabane, Cache 
Valley, and Schmallenberg infections in the 
fetus are a necrotizing nonsuppurative 
encephalomyelitis and polymyositis. 

In calves and lambs with arthrogryposis, 
there is severe muscle atrophy, fixation of 
joints by tendon contracture, and normal 
articular surfaces. The joints are easily 
released by cutting the surrounding 
tendons. Histologically, there may be almost 
complete absence of ventral horn cells in 
the spinal cord. This lesion may be local¬ 
ized to one segment of the cord, and 
viral antigen may be demonstrated via 
immunohistochemistry. 

In calves and lambs with hydranenceph¬ 
aly, the cerebral hemispheres are completely 
absent, and the vacant space is filled with 


fluid enclosed by the normal meninges. In a 
few cases the lesions will be limited to poren¬ 
cephaly. In most, the brainstem and cerebel¬ 
lum lack cavitations, but diminution of their 
size may be recorded. 

Samples for Confirmation 
of Diagnosis 

• Virology—2 mL fetal heart blood and 
maternal serum for serology performed 
using ELISA 13 

• Histology—brain, spinal cord, muscle 
(LM, IHC) 


DIFFERENTIAL DIAGNOSIS 


Akabane virus disease in calves, Cache Valley 
virus disease in lambs and kids, and 
Schmallenberg virus disease in calves, lambs, 
and kids, because they are manifest 
epidemiologically and are well-defined and 
easily recognizable entities. Differentials 
include the following: 

• Lupine-induced arthrogryposis in calves 

• Manganese deficiency in calves 

• Heritable forms of arthrogryposis and/or 
micrencephaly 

• Fetal infection with bluetongue virus, Rift 
Valley fever virus, or pestivirus 

Cattle in Japan may also produce 
hydranencephalic calves, which are 
recumbent, opisthotonic, and unable to suckle 
at birth, when infected during pregnancy by 
the Chuzan virus. The virus, a member of the 
Polyam subgroup of orbiviruses, is transmitted 
by Culicoides oxystoma. 

In Africa, infection with flaviviruses, 
including West Nile, Banzi, and AR5189, also 
causes abortion, stillbirth, and congenital 
brain malformations. 


TREATMENT AND CONTROL 

No treatment is contemplated because 
affected calves, lambs, and kids are not viable 
and cannot be humanely kept alive. 

Vector control is not possible with current 
knowledge, and vaccination provides the 
most effective method of control. 

Killed vaccines for Akabane virus have 
proved very effective against natural expo¬ 
sure and are available in Japan and Australia. 
Japanese data suggest vaccines should 
include genogroup la strains because these 
strains have a stronger neurovirulence, 14 
and vaccine failures has been attributed to 
antigenic variation among Akabane virus 
strains. 15 Vaccination requires two inocula¬ 
tions before pregnancy and an annual 
booster. Maternally derived antibodies 
against Akabane virus appear to last 4 to 5 
months in colostrum-fed calves, and they 
last slightly longer in beef calves than dairy 
calves, 16 possibly as a result of a higher colos- 
tral titer in beef calf colostrum as a result of 
smaller colostral volumes. The economics of 
annual vaccination against Akabane virus is 
dictated by the risk of disease in regions 
subject to periodic outbreaks of disease. 
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Vaccines are not commercially available 
for Cache Valley virus. 

Killed vaccines are commercially avail¬ 
able for Schmallenberg virus in the United 
Kingdom and France, but they have not 
been widely used. Vaccination of calves with 
a commercially available Japanese vaccine 
against Akabane virus, Aino virus, and 
Chuzan virus did not provide cross¬ 
protection against SBV. 1 ' Preliminary data on 
a small number of vaccinated sheep suggest 
that protection against detectable viremia is 
provided after one injection of a SBV 
vaccine. 18 Early lambing flocks and pedigree 
flocks have been more likely to employ vac¬ 
cination in the United Kingdom. 19 The sero- 
prevalence in ranges widely from herd to 
herd, and determination of seroprevalence 
within a herd could be used to guide the 
decision regarding the need to vaccinate. 
Individual blood testing is not practical in 
this regard, and for cattle, determining the 
titer of a bulk-tank milk sample does not 
provide a sufficiently accurate test of herd 
seroprevalence. 20 Maternally derived anti¬ 
bodies against SBV last at least 2 years in 
adult cattle after natural infection and 5 
months in their colostrum-fed calves; 21 on 
this basis, an initial vaccination series could 
start at 6 months of age if indicated. 

Spread of SBV infection from farm to 
farm appears to be primarily a result of 
vector movements on the wind, and thus 
application of animal movement restric¬ 
tions, including a total animal movement 
ban, is likely to have little impact on farm- 
to-farm transmission of infection. 22 In the 
Schmallenberg virus outbreak in Europe, 
cattle that had access to pasture for grazing 
in 2011 were 2.6 times more likely to deliv¬ 
ered malformed calves than cattle that were 
housed inside. 23 Specific control measures 
may not be economically indicated in cattle 
because the decrease in milk production is 
mild and transient, non-SBV-associated 
mortality in adult cattle has been reported, 
and the incidence of fetal abnormalities is 
low. 24 Housing sheep to minimize contact 
with midges has been shown to decrease 
seroprevalence within a flock. The serop¬ 
revalence in the endemic area is lower in 
goat herds than sheep flocks; this has been 
attributed to differences in housing, with 
goats being more likely to be kept indoors 
with decreased exposure to midges. The use 
of insecticides or repellants on pregnant 
ewes and does is not likely to be efficacious, 
but experimental data are lacking. Changing 
the timing of lambing and kidding so that 
the second month of gestation occurs during 
cold ambient temperatures when midges are 
not active will theoretically decrease the 
incidence of teratogenic effects resulting 
from SBV. This recommendation has been 
supported by epidemiologically studies indi¬ 
cating lower odds of SBV-induced fetal mal¬ 
formations in sheep flocks that started 
breeding in October versus August. 25 


A number of European countries, includ¬ 
ing Germany, France, and the Netherlands, 
made it mandatory to report the birth of 
malformed lambs, kids, and calves on farms 
seropositive for SBV. The numbers of abnor¬ 
mal lambs, kids, and calves born decreased 
in 2013 and 2014, most likely because of the 
development of herd immunity and high 
seroprevalence. Reemergence and spread of 
SBV within Europe is considered likely. 
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HYPERMOBILITY OF JOINTS 

• This is recorded as an inherited defect 
in Jersey cattle. Affected animals are 
unable to rise or stand because of the 
lack of fixation of limb joints. The joints 
and limbs are usually all affected 
simultaneously and are so flexible that 
the limbs can be tied in knots. Causes 
include the following: 

• Inherited joint hypermobility in 
Jersey cattle 

• Heredity in Holstein-Friesian cattle, 
which also have pink teeth as a result 
of absence of enamel 

• In inherited congenital defects of 
collagen formation, including 


dermatosparaxis, hyperelastosis cutis, 
and Ehlers-Danlos syndrome in 
cattle 

• Sporadically in newborn animals 

Inherited Diseases 
of Muscles 

GLYCOGEN STORAGE DISEASES 

A number of glycogen storage diseases have 
been detected in large animal species. The 
glycogen storage diseases discussed here are 
those that result in accumulation of abnor¬ 
mal concentrations of glycogen in muscle, 
either within lysosomes or within myocytes. 
These diseases include polysaccharide 
storage myopathy (glycogen storage disease 
type I) in various breeds of horses and as a 
result of a mutation in the gene encoding the 
enzyme glycogen synthase (addressed in 
detail later in the discussion of other inher¬ 
ited myopathies of the horse), glucosidase 
deficiency (glycogen storage disease type II) 
in sheep and cattle, and glycogen phosphory- 
lase deficiency (glycogen storage disease type 
V) in sheep and cattle. Glycogen storage 
disease types II and V are discussed in the 
following sections. 

GENERALIZED GLYCOGENOSIS 
(GLYCOGEN STORAGE 
DISEASE TYPE II) 

Generalized glycogenosis is a glycogen 
storage disease. Glycogen storage disease 
type II (GSD II; generalized glycogenosis), 
which resembles Pompes disease in humans, 
occurs in Corriedale sheep, Shorthorn, and 
Brahman beef cattle, and it is caused by 
mutant alleles of the glucosidase alpha acid 
(GAA), creating a loss of function. Glucosi¬ 
dase is a lysosomal enzyme catabolizing gly¬ 
cogen to glucose. The heredity is autosomal 
recessive. In Brahman cattle, the glycogeno¬ 
sis is caused by two mutations; the mutation 
in exon 7 is a dinucleotide deletion 
(c.l057_1058delTA) causing frameshift, and 
the mutation in exon 13 is the cytosine-to- 
thymine transition (c. 1783C>T) coding for 
stop codons in exons 8 and 13, respectively. 1 
The mutation in exon 9 (c. 1351C>T) reduces 
glucosidase activity, and MspI polymor¬ 
phism is a silent mutation in exon 16 
(c.2223G>A). In Shorthorn cattle, glyco¬ 
genosis type II is caused by a single mutation 
that is a deletion (c.2454_2455delCA). The 
genetic abnormality was not detected in a 
survey of Charolais, Czech Spotted (Czech 
Simmental), Belgian Blue, Limousine, 
Blonde dAquitaine, Aberdeen Angus, and 
Beef Simmental sires reared in the Czech 
Republic, although the number of animals 
tested was small for some breeds (Czech 
Simmental, 62; Charolais, 34; Belgian Blue, 
6; Limousine, 4; Blonde dAquitaine, 4; Beef 
Simmental, 2; and Aberdeen Angus, l). 1 









In Brahman cattle, there is a common 
mutation affecting many Australian Brah¬ 
mans and a less common one affecting 
descendants of one imported bull. In addi¬ 
tion, a third mutation is associated with sig¬ 
nificantly reduced a-glucosidase activity, but 
not sufficient to cause clinical disease in the 
homozygous state. 

Clinical signs include poor growth, 
muscle weakness, incoordination of gait, and 
difficulty in rising. The animals become per¬ 
manently recumbent. The disease is identi¬ 
fied as a lysosomal storage disease, with 
lesions present in skeletal and cardiac muscle 
and central nervous tissue. During the course 
of the disease there is progressive muscular 
damage and acute degeneration of muscle 
fibers in the terminal stage. Affected Brahman 
calves die at 8 to 9 months of age and British 
breed cattle at over 1 year. Only histopatho¬ 
logic lesions are evident and include extensive 
vacuolation and accumulations of granular 
material in affected tissues. Among the bio¬ 
chemical lesions are greatly diminished 
a-glucosidase activity in liver and muscle and 
a correspondingly high level of glycogen. 
Animals in affected herds are divisible into 
normal heterozygotes and homozygotes on 
the basis of a-1,4-glucosidase activity in lym¬ 
phocytes or in muscle, especially the semiten- 
dinosus muscle. 

Genotyping methods using hair root and 
blood samples to test Shorthorn cattle for 
generalized glycogenosis are available, and 
PCR assays have been developed to genotype 
Brahman cattle for loss-of-function alleles 
within the acidic a-glucosidase gene. 

FURTHER READING 

Jolly RD, Blair HT, Johnstone AC. Genetic disorders in 
sheep in New Zealand: a review and perspective. NZ 
Vet J. 2004;52:52-64. 
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GLYCOGEN STORAGE DISEASE 
TYPE V (MUSCLE GLYCOGEN 
PHOSPHORYLASE DEFICIENCY) 

Glycogen storage disease Type V (akin to 
McArdle’s disease in humans) has been 
recorded in Charolais cattle in North 
America and Merino sheep in Australia. * 1 
Type V is inherited as an autosomal-recessive 
trait, and the mutation in sheep has been 
identified as an adenine-for-guanine substi¬ 
tution at the intron 19 3' splice site, with 
subsequent lack of myophosphorylase activ¬ 
ity. 2 There is mildly elevated muscle glycogen 
concentration and elevated serum creatine 
and aspartate aminotransferase activity. 
Severely affected animals can develop rhab- 
domyolysis, which may be accompanied by 
myoglobinuria. 

In Charolais cattle, glycogen storage 
disease type V is usually seen in calves at 
several weeks or months of age and is associ¬ 
ated with exercise intolerance or reduced 
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capacity for exercise. Calves lag behind their 
dam or herd and may become temporarily 
recumbent for several minutes; with contin¬ 
uous exercise there are further periods of 
collapse and recumbency, which can become 
prolonged. Not all homozygous animals are 
clinically affected if they are allowed to “pace 
their exercise,” and some animals have been 
known to breed despite muscle weakness. 

The disease in Merino sheep is associated 
with exercise intolerance and increased con¬ 
centrations of glycogen in muscle. 1,2 

A PCR restriction fragment length poly¬ 
morphism test has been used to identify het¬ 
erozygous individuals in a Charolais herd in 
New Zealand that were otherwise normal. 
Using a similar test, a Blonde dAquitaine 
crossbred calf with a double-muscled pheno¬ 
type and suspected of having myophosphor¬ 
ylase deficiency based on clinical findings of 
brown-colored transparent urine after exer¬ 
cise, pain, and elevated creatine kinase was 
considered negative. The gene maps to chro¬ 
mosome 29. 3 

REFERENCES 
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INHERITED DIAPHRAGMATIC 
MUSCLE DYSTROPHY 

Inherited diaphragmatic muscle dystrophy 
is an inherited defect in diaphragmatic 
muscle of Meuse-Rhine-Yssel and Holstein- 
Friesian cattle appearing in adults and char¬ 
acterized by anorexia, decreased rumination, 
and eructation leading to recurrent bloat, 
dyspnea, abdominal respiration, nostril dila¬ 
tation, and death from asphyxia after a 
course of several weeks. The disease is a 
result of a mutation involving one of the 
genes for heat shock protein 70 (HSP70), 
resulting in markedly reduced HSP70 con¬ 
centrations in muscle of affected animals. 1 
Loss of HSP70 function causes accumulation 
of glycogen phosphorylase enzyme protein 
in muscle. Necropsy lesions comprise degen¬ 
erative changes in diaphragmatic and tho¬ 
racic muscles. 
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CONGENITAL MYASTHENIA 
GRAVIS 

Congenital myasthenic syndrome occurs in 
Brahman cattle in South Africa and is 
reported in a Hereford heifer in the United 
States. Affected Brahman calves develop pro¬ 
gressive muscular weakness, beginning at 
birth and up to 3 to 4 weeks of age. Within 

1 week they are unable to stand without 

assistance. Some calves are able to stand and 
walk for 30 to 45 minutes before collapsing, 

but they are still able to suck their dams. The 


calves remain alert and continue sucking but 
may collapse after 20 to 60 seconds. The 
weakness becomes progressively worse, and 
affected calves are usually euthanized. Hema¬ 
tology and serum biochemistry are normal, 
and muscle biopsies do not reveal any 
abnormalities. 

The disease was traced to two founder 
animals as the most likely original carriers. 
Pedigree analysis revealed no ancestors 
common to all known carriers, but rather 
that the mutation had been introduced at 
least twice into the South African Brahman 
population, probably via animals imported 
from the United States. 1 

The underlying defect is a homozygous 
20-base-pair (bp) deletion in the gene, mus¬ 
cular acetylcholine receptor (bo vCHRNE), 
coding for the subunit of the nAChR at the 
neuromuscular junction. A PCR-based DNA 
test, using blood or semen, has been devel¬ 
oped and validated. The test makes it possi¬ 
ble to differentiate rapidly and accurately 
between homozygous wild-type, heterozy¬ 
gous, and homozygous affected animals. 
Overall prevalence of carriers among 1453 
animals tested in South Africa was 0.97% 
(0.50% to 1.68%, 95% confidence interval). 
Heterozygosity for the CHRNE 470del20 
mutation is associated with a 13.3-kg increase 
in adjusted 600-day body weight, providing 
evidence of a selective advantage for carrier 
animals and an explanation of the relatively 
high prevalence of the disease. 1 

The disease in a Hereford heifer was 
characterized as recurrent recumbency and 
upper eyelid ptosis. Both recumbency and 
ptosis resolved within 1 minute of IV admin¬ 
istration of edrophonium (0.1 mg/kg) and 
persisted for up to 48 hours. 2 The heifer was 
first examined at 7 months of age and was 
slaughtered at 11 months of age. 
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BOVINE FAMILIAL 
DEGENERATIVE 
NEUROMUSCULAR DISEASE 

Bovine familial degenerative neuromuscular 
disease has been reported as occurring in 
Gelbveih cattle in several separate beef herds 
in the United States. Affected animals are 4 to 
20 months of age, and the case-fatality rate is 
100%. Clinical findings include ataxia, weak¬ 
ness, and terminal recumbency. Gross and 
histologic muscle lesions were indicative of 
nutritional muscular dystrophy with no myo¬ 
cardial lesions. Acute to chronic lesions in 
most large skeletal muscle groups consist of 
degeneration, necrosis, regeneration, fibrosis, 
and atrophy. Fibrinoid necrosis of arterioles is 
a common feature in multiple tissues. Lesions 
in the spinal cord white matter and peripheral 
nerves consisted of degeneration of the dorsal 
columns and axons, respectively. Chronic 
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interstitial nephritis with fibrosis, hyaline 
droplet change, and tubular epithelial vacuo¬ 
lar change were most severe in older calves. 
Vitamin E levels were abnormally low in most 
affected calves. Pedigree analysis found a 
common ancestry for all but one of the 
affected calves. It is hypothesized that a 
hereditary metabolic defect, possibly involv¬ 
ing antioxidant metabolism, may be the caus¬ 
ative factor. 

INHERITED UMBILICAL HERNIA 

Umbilical hernias in cattle have been consid¬ 
ered to be inherited defects for many years, 
but the evidence is uncertain. 

Umbilical hernias are commonly identi¬ 
fied in dairy heifers. In 18 commercial dairy 
herds in New York, 15% of heifer calves had 
umbilical hernias during the first 3 months 
of age. The economic costs of umbilical 
hernias include the cost of medical and sur¬ 
gical treatment and the loss in value for 
breeding animals. 

It has been generally accepted that umbil¬ 
ical hernias may be inherited in a dominant 
or recessive mode. Some studies have found 
the risk of hernias was higher in some breeds, 
with the incidence being much higher in 
Holstein cattle than other breeds such as 
Angus, Ayrshire, Brown Swiss, Charolais, 
Guernsey, Hereford, Jersey, and Shorthorn. 
However, aspects other than genetic factors 
maybe important. For example, many veteri¬ 
narians have observed that umbilical infec¬ 
tions commonly lead to umbilical hernia by 
slowing closure of the umbilicus. It is unlikely 
that the responsible genes are sex-linked, in 
spite of the apparent greater incidence in 
females. Umbilical hernias in Holstein- 
Friesian cattle can also be conditioned by a 
dominant character with incomplete pene¬ 
trance or be caused by environmental factors. 
In a case-control study to determine risk 
factors associated with identification of an 
umbilical hernia during the first 2 months 
after birth in Holstein heifers, the sire and 
umbilical infection were associated with risk 
of a hernia. Heifers born to sires with = 3 
progeny with an umbilical hernia were 2.31 
times as likely to develop a hernia as were 
heifers born to sires with = 2 progeny with 
an umbilical hernia. Heifers with umbilical 
infection were 5.65 times as likely to develop 
a hernia as were heifers without umbilical 
infection. Attributable proportion analysis 
found that the frequency of umbilical hernias 
in Holstein heifers with umbilical infection 
would have been reduced by 82% if umbilical 
infection had been prevented. 

The risk factors for congenital umbilical 
hernias in German Fleckvieh calves offered 
for sale at livestock markets were examined. 
An umbilical hernia was defined as a palpa¬ 
ble opening in the abdominal wall of the 
umbilical region greater than 1.5 cm, even if 
no hernia had developed. Inflammation, 
abscesses, or fistulae were excluded. Data 


from 53,105 calves were collected from 77 
livestock markets over a 2-year period. The 
overall incidence of congenital hernia was 
1.8%. The analyses found significant effects 
for sex of calf, birth type, age of calf at exami¬ 
nation, market place and date, sire line, sire, 
and frequency of affected herdmate calves in 
male calves. The incidence was 2.2% in males 
and 1.5% in females. The calves varied from 
3 to 8 weeks of age. The diameter of hernial 
openings was between 1.5 and 9 cm, with 
47% of affected calves with a hernia measur¬ 
ing greater than 3 cm. A significantly higher 
incidence occurred in twin or triplet calves. 
Shorter gestation periods increased the risk 
of hernias linearly by a factor of 1.3% for 10 
days. There were differences in the incidence 
of hernias according to sire lines, but the 
heritability estimates were low, varying from 
h = 0.04 (>100 progeny) or h = 0.05 (>25 or 
50 progeny). However, analysis of the data 
found no evidence for a monogenic 
autosomal-recessive inheritance. The analy¬ 
ses indicated that the incidence of congenital 
umbilical hernia observed could not be 
explained by one autosomal-recessive gene 
locus; it seems much more likely that more 
than one gene locus is involved, or a mixed 
multifactorial monogenic mode of inheri¬ 
tance may be the underlying genetic mecha¬ 
nism. It is suggested that the incidence of 
congenital umbilical hernias could be 
reduced if all breeding bulls are examined as 
calves and a veterinary certificate confirms a 
closed umbilical ring. 

Breeders should be aware of the implica¬ 
tions of congenital hernias, and, thus, con¬ 
genital hernia should get more attention in 
the selection process of young sires. 

Breeding studies and genotyping using 
the Canadian Holstein bull Glenhapton 


Enhancer have provided evidence that 
Enhancer is the carrier of a major dominant 
or codominant gene with partial penetrance 
for umbilical hernia. Five sons of Enhancer 
produced progeny with greater than 10% 
frequency of umbilical hernia, whereas the 
progeny of three sons had less than 3% 
frequency umbilical hernia. Genotyping 
of grand-progeny found significant differ¬ 
ences in paternal allele frequencies between 
the affected and unaffected progeny groups 
for a marker BMS1591 on bovine chro¬ 
mosome 8(BTA8). The umbilical hernia- 
associated paternal allele originated from 
Enhancer. 

MYOFIBER HYPERPLASIA 
(DOUBLE MUSCLING, 
DOPPELENDER, CULARD) 

EPIDEMIOLOGY 

Myofiber hyperplasia is an inherited condi¬ 
tion characterized by an increased bulk of 
skeletal muscles as a result of the presence of 
a greater-than-normal number of muscle 
fibers that occurs in Charolais, Belgian Blue 
(Fig. 15-15), Piedmont, and South Devon 
breeds. The condition is recorded only rarely 
in sheep (Texel breed). 1 Pietrain pigs (see 
following discussion) exhibit many of the 
characteristics of double-muscled cattle, 
including large muscle mass and susceptibil¬ 
ity to stress. 

The condition in Belgian Blue cattle is 
attributable to a mutation in the MSTN gene 
that regulates myostatin production. 1 "’ Inhi¬ 
bition of myostatin, through a loss-of-func- 
tion mutation, results in increases in muscle 
fiber number and muscle mass. The disease 
in Belgian Blue cattle, and presumably in 
other breeds of cattle and sheep, 



Fig. 15-15 Myofiber hyperplasia in a Belgian Blue cow. 












is transmitted as an autosomal-recessive 
characteristic. A similar mutation in Thor¬ 
oughbred horses is associated with superior 
sprint (<1600 m) racing performance. 4,5 The 
mutation has been induced experimentally 
in Meishan pigs. 6 

The mutation of MSTN was “fixed” in the 
Belgian Blue breed in the 1990s as a result of 
strong selection pressure for the double¬ 
muscle phenotype. 2 Subsequent continued 
selection pressure has resulted in increases in 
frequency of other haplotypes favoring 
increased lean muscle mass, resulting in a 
polygenic basis for the current phenotype. 
Selection of the phenotype is currently 
limited because of the occurrence of crooked- 
tail syndrome (see section on Inherited Tail¬ 
lessness and Tail Deformity later in this 
chapter) in animals homozygous for the 
MRC2 gene, which encodes protein Endo 180. 
Animals heterozygous for the MRC2 muta¬ 
tion do not have crooked-tail syndrome and 
have enhanced muscularity. 7 

CLINICAL FINDINGS 

Severelyaffectedcattleshowamarkedincrease 
in muscle mass most readily observed in the 
hindquarters, loin, and shoulder; an increase 
in the muscle: bone ratio; and a decrease in 
body fat. s Affected calves demonstrate above- 
average weight gains during the first year of 
life if well fed and managed, although mature 
size is somewhat reduced. Well-marked 
grooves along the intramuscular septa in the 
hindquarters are a distinguishing feature, as 
is an apparent forward positioning of the tail 
head. Macroglossia, prognathism, and a ten¬ 
dency toward muscular dystrophy and rickets 
have been observed in affected calves. Elec¬ 
trocardiographic abnormalities have been 
reported. The condition often gives rise to 
dystocia and the need for frequent caesarian 
section to deliver viable calves. 9 There is also 
a very high incidence of Elso heel in affected 
cattle, and this interferes greatly with their 
economic value. Other associated defects are 
brachygnathia, deviation of the incisor arch, 
and, in Belgian Blue and White cattle, greater 
susceptibility than normal to laryngitis and 
bronchopneumonia. 

CLINICAL PATHOLOGY 

Blood lactate is increased, as is susceptibility 
to stress. These findings are interpreted as 
being indicators of cell-membrane fragility, 
which is also manifested by fragility of the 
erythrocytes. 

NECROPSY FINDINGS 

The skin is thinner than normal, and the 
muscle mass is characterized by a dispropor¬ 
tionate number of glycolytic anaerobic fibers. 
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INHERITED SPLAYED DIGITS 

Recorded only in Jersey cattle, this defect 
appears to be conditioned by an inherited 
gene, most likely a monogenic autosomal- 
recessive gene. Lameness becomes apparent 
at 2 to 4 months of age, with the toes becom¬ 
ing increasingly widely spread and the toes 
themselves misshapen. Walking and stand¬ 
ing are painful, especially on the front feet, 
so that some animals graze and walk on their 
knees. Affected animals either lie down 
increasingly or stay standing for very long 
periods. The apparent abnormality is a defect 
of the muscles and ligaments holding the 
phalanges together. 

INHERITED PROGRESSIVE 
MUSCULAR DYSTROPHY 

Inherited progressive muscular dystrophy is 
a primary skeletal muscle disease of sheep 
with a strong probability of having a genetic 
mode of transmission. It is recorded in 
Merino flocks in Australia and is character¬ 
ized by a gradually progressive failure to flex 
the joints of the hindlimbs commencing at 3 
to 4 weeks of age. Eventually the limbs are 
rigid at all times, and running becomes 
impossible. The forelimbs and the head and 
neck are normal. Affected sheep are easily 
detected when they are 1 year old and will 
have mobility problems by the time they are 
2 to 3 years old. At necropsy there are pale 
areas in skeletal muscle and sometimes the 
muscles of the diaphragm in those sheep that 
have a tendency to bloat. The histopathology 
and histochemistry of the muscle lesions are 
comparable with those of inherited muscle 
atrophies in humans. 

PSEUDOMYOTONIA OF CATTLE, 
CONGENITAL MUSCULAR 
DYSTONIA-1 


SYNOPSIS 


Etiology Pseudomyotonia (PMT) and 

congenital muscular dystonia-1 (CMD1) are 
caused by dysfunctional sarcoplasmic 
reticulum Ca 2+ -ATPase (SERCA1) that is 
caused by a mutation in the ATP2A1 gene 
that encodes SERCA1. 

Epidemiology PMT is predominantly 
observed in Italian beef cattle breeds; 

CMD1 has only been reported in Belgian 
Blue cattle. 

Clinical findings Increased resting muscle 
tone; exercise-induced, transient muscle 
stiffness that resolves within seconds to 


minutes and may result in adaptation of a 
sawhorse-type posture or flipping over. 
Congenital, nonprogressive. Animals with 
PMT can reach adult age; calves with 
CMD1 die in the first weeks of life. 

Diagnostic confirmation Genome analysis to 
identify gene mutation. 

Treatment None available. 

Control Check parents of confirmed cases for 
presence of gene defect and exclude from 
future breeding. In population with high 
prevalence of gene defect, test breeding 
bulls for gene defect. 


ETIOLOGY 

Pseudomyotonia (PMT) of cattle is a con¬ 
genital muscular condition similar to Brody’s 
disease in humans that is clinically indistin¬ 
guishable from myotonia. 1,2 Congenital mus¬ 
cular dystonia-1 (CMD1) is a condition 
thus far only reported in Belgian Blue calves 
that is clinically distinct from PMT. 3 The 
underlying cause for both conditions was 
determined to be a malfunction of the sar¬ 
coplasmic reticulum Ca 2+ -ATPase isoform 
1 (SERCA1) as a result of a missense muta¬ 
tion in the ATP2A1 gene that encodes 
SERCA1. 1,2 It is inherited in an autosomal- 
recessive manner. 4 

EPIDEMIOLOGY 

Bovine congenital pseudomyotonia has been 
described in Italian Chianina and Romag- 
nola cattle and as a single case in a Dutch 
Improved Red and White crossbreed calf. 1,5 
Congenital muscular dystonia in contrast 
has only been described in Belgian Blue 
cattle. 3 Two distinct point mutations in the 
ATP2A1 gene have been identified, with 
one consistently occurring in Italian cattle 
breeds and one identified in Belgian Blue 
and in one Dutch Improved Red and White 
crossbreed calf. 4 Although the mutation 
described in Italian breeds has only be asso¬ 
ciated with PMT, the mutation observed in 
Belgian Blue calves, and thus generally asso¬ 
ciated with CMD1, was also found in the 
single animal, where it presented clinically 
as PMT. 1,5 

The incidence of CMD in Belgian Blue 
calves, which comprises CMD1 but also the 
clinically similar but etiologically different 
condition CMD2, has been given as 0.1% to 
0.2%. 3 The prevalence of the PMT gene 
defect in the Italian Chianina sire population 
used for artificial insemination was 13.6% for 
the period between 2007 and 2011, and the 
prevalence in the male progeny selected for 
a performance testing program was 13.4%. 6 

PATHOGENESIS 

PMT and CMD1 are both caused by a mal¬ 
function of the sarcoplasmic reticulum 
Ca 2+ -ATPase isoform 1 (SERCA1). 1,5 In 
normal skeletal muscle fibers, contraction 
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and relaxation are determined by Ca 2+ 
interaction with contractile proteins. Ca 2+ is 
normally stored in the lumen of the sarco¬ 
plasmic reticulum, and its release into the 
cellular cytoplasm induces muscle contrac¬ 
tion. At the end of a contraction cycle, 
SERCA1 proteins pump excessive Ca 2+ ions 
back from the cytoplasm into the sarcoplas¬ 
mic reticulum to initiate relaxation. Impaired 
function of SERCA1 delays the removal of 
Ca 2+ from the cytosol of muscle fibers, 
thereby prolonging the contractile phase. 5 

CLINICAL FINDINGS 

Although PMT and CMD1 are caused by the 
same gene defect, the clinical presentation of 
both conditions differs markedly. 

Congenital Muscular Dystonia 
Type 1 (CMD1) 

CMD1 is a fatal congenital and nonprogres¬ 
sive condition of Belgian Blue calves. 3 The 
disease is characterized by exercise-induced 
pronounced episodes of generalized muscle 
contractures. During such episodes the 
affected calf has stiffened limbs and is unable 
to move or may even flip over with the 
extremities extended. Impaired swallowing 
has also been reported, and affected calves 
usually die in the first weeks of life as a result 
of respiratory complications. 3 

Pseudomyotonia (PMT) 

PMT in cattle is a congenital and nonpro¬ 
gressive disease characterized by a generally 
increased muscle tone and exercise induced 
episodes of generalized muscle stiffness. 
Affected animals are reported to have a stiff 
or clumsy gait from birth on, and forcing 
them to move faster than at their own pace 
will trigger an episode of transient muscle 
contracture lasting from 20 seconds to over 
1 minute. During this episode the animal is 
unable to move as a result of rigidity of the 
limbs. It either adopts a saw-horse type 
posture or may even flip over with all of the 
limbs extended. After a variable time period 
lasting from a few seconds to over a minute, 
the muscle contracture resolves progressively 
and the animal returns to its normal behav¬ 
ior. Although affected animals are often 
thought to have a neurologic affliction, the 
condition is purely a muscular disorder and 
is not associated with any neurologic defi¬ 
ciencies. In contrast to CMD1, animals with 
PMT can reach adult age. 5 

CLINICAL PATHOLOGY 

Clinically, the condition is indistinguishable 
from myotonia, a chloride channel disorder, 
occurring incidentally in cattle as conse¬ 
quence of a spontaneous mutation in the 
C1CN1 gene (see also “Myotonia of Goats”). 
Percussing large muscle bellies either with 
the fingers or a percussion hammer will fail 
to produce local muscle fasciculation (per¬ 
cussion myotonia) in calves with PMT or 
CMD1, which would be characteristic for 


myotonia. Electromyographic examination 

is unremarkable, which also allows for 
differentiation of the condition from 
myotonia. 1,5 

Genome analysis to confirm the presence 
of a mutation in the ATP2 A1 gene is required 
to make the definitive diagnosis. DNA analy¬ 
sis is also required to rule out congenital 
myotonia type 2 (CMD2) in Belgian Blue 
cattle, which is caused by a nonsense muta¬ 
tion in the gene encoding the inhibitory 
glycine receptor. 3 

TREATMENT 

There is currently no specific treatment 
available. 

NECROPSY FINDINGS 

Necropsy examination has been not reported 
to yield remarkable findings. 

CONTROL 

With the condition being inherited in an 
autosomal-recessive manner, it has been rec¬ 
ommended to test parents of a calf confirmed 
with PMT or CMD1 for the presence of the 
gene defect. Parent animals recessively car¬ 
rying the gene defect are clinically healthy 
but should not be used for breeding. For 
populations with high prevalence of the 
gene defect, it is advisable to systematically 
check breeding bulls for the presence of the 
mutations before using their semen for 
breeding. 6 
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OVINE HUMPYBACK 

Ovine humpyback is probably a form of heat 
stroke that affects Merino wethers in western 
Queensland (Australia). It is characterized 
by a stiff, short gait when sheep are forced to 
walk for about a kilometer. The sheep stops 
walking and adopts an arched-back posture, 
and the body temperature is significantly 
elevated. Blood samples reveal a low number 
of lymphocytes. The condition occurs pre¬ 
dominantly in summer, when sheep are in 
full wool, and the hyperthermia and ataxia 
disappear when sheep are shorn. Environ¬ 
mental temperatures at the time of the great¬ 
est prevalence of the disease are commonly 
40° C (104 F). 

FURTHER READING 

Radostits O, et al. Focal symmetrical encephalomalacia. 
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MYOTONIA OF GOATS 
(FAINTING GOATS) 


SYNOPSIS 


Etiology Chloride channel disorder caused by 
a gene mutation affecting the CICN-1 
gene. 

Epidemiology Myotonia of goats is the 
characteristic trait of an uncommon 
American goat breed, the fainting goat. 

Clinical findings Increased resting muscle 
tone; transient muscle stiffness after 
startling the animal that resolves within 
seconds to minutes and may result in 
adaptation of a sawhorse-type position or 
flipping over. Congenital, nonprogressive. 

Diagnostic confirmation Muscle percussion, 
electromyography, genetic analysis to 
identify gene mutation. 

Treatment Not treated. 

Control Not applicable. 


ETIOLOGY 

Myotonia of goats describes an inherited 
condition that is characterized by an abnor¬ 
mal delay in muscle relaxation following vol¬ 
untary forceful muscle contraction. 1 The 
underlying cause is a structural and func¬ 
tional defect of the skeletal muscle chloride 
channel 1 (C1C1) that is essential to restore 
and maintain the membrane potential of 
muscle cells at the resting level. A missense 
mutation of the C1CN1 gene encoding the 
skeletal muscle C1C1 in so-called fainting 
goats has been identified and has been 
associated with decreased muscle chloride 
conductance resulting from a decreased 
number of functional chloride channels on 
muscle cell membranes. 2 

Anecdotal evidence suggests that the 
myotonic goat phenotype is transmitted as 
an autosomal-dominant trait, although 
many herds have been inbred, resulting in 
clinical presentation reminiscent of human 
recessive generalized myotonia (or Becker 
myotonia) with recessive inheritance. 1 

Historically the fainting goats played an 
important role in the process of unraveling 
the etiology and pathophysiology of con¬ 
genital myotonia, a condition also affecting 
humans and other species. 2 

EPIDEMIOLOGY 

Occurrence 

Myotonia in goats was first reported in the 
1880s in Tennessee, United States, where 
several does and one buck with signs of ner¬ 
vousness and stiffness appear to have been 
introduced by a transient farm worker. 3 Since 
then, the progeny of these animals have 
become established in the area. These goats, 
which are now a recognized breed, the faint¬ 
ing goat, became popular in the region as 
shepherds used them to protect their flocks 
from predators. During a predator attack, the 











fainting goat would become startled and 
develop a characteristic episode of muscle 
stiffness, making it an easy prey, while the 
rest of the flock would be able to make an 
escape. 

Currently there are two strains of this 
breed, which is indigenous to the United 
States. The original strain in Tennessee and 
the eastern part of the United States consists 
of smaller animals, whereas fainting goats 
found in and around Texas have been selec¬ 
tively bred for the meat market and are larger 
and heavy rumped, with a deep chest. The 
Livestock Breed Conservancy has this goat 
breed listed as a conservation priority live¬ 
stock breed, with an estimated world popula¬ 
tion below 10,000 head. 4 

Economic Importance 

Myotonic goats are considered a rare breed. 
Although historically their main purpose 
appears to have been to serve as prey animals 
to protect flocks from predators, this use has 
fallen out of practice. Today the main pur¬ 
poses are meat production and amusement. 
Myotonia is generally accompanied by 
muscle fiber hypertrophy, yielding greater 
muscle mass, less body fat, and higher bone- 
to-meat ratio than other breeds. Frequently 
this breed is kept as pet for its fainting spells 
for the owners’ amusement, which has led to 
ethical concerns about breeding animals 
with this gene defect. 

PATHOGENESIS 

The missense mutation in the C1CN1 gene 
results in the transcription into a faulty 
chloride channel 1 protein that reduces the 
sarcolemmal chloride conductance. With 
normal chloride conductance across muscu¬ 
lar cell membranes, chloride moves in and 
out of the cell until the intracellular concen¬ 
tration is adjusted to set the chloride equilib¬ 
rium potential equal to the resting potential. 
The function of chloride is to rapidly return 
the membrane potential of the contracted 
and thus depolarized cell to the resting mem¬ 
brane potential, thereby allowing muscle 
relaxation. A reduced number of functional 
chloride channels on the sarcolemmal mem¬ 
brane reduces the velocity with which the 
membrane potential can be returned to the 
resting level, which has two important con¬ 
sequences: (1) a lower electrical stimulus is 
required to trigger an action potential, 
resulting in increased excitability the muscle 
cell; and (2) after initial depolarization, the 
membrane potential very slowly returns to a 
normal resting membrane potential. Until 
the resting membrane potential is reached, 
the actual membrane potential is closer 
to the threshold voltage needed to trigger a 
new action potential, which can result in 
spontaneous action potentials that are not 
triggered by neuromuscular transmission. 
Such autonomous action potentials will 
cause persistent muscle contraction and 
delayed muscle relaxation after an initial vol¬ 
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untary muscle activity, which are character¬ 
istic for myotonia. 1,5 

CLINICAL FINDINGS 

The congenital condition that is character¬ 
ized by a delay in muscle relaxation following 
an initial voluntary contraction is present 
from birth and is nonprogressive. Although 
affected goats are referred to as fainting 
goats, the condition is a purely muscular dis¬ 
order and not associated with any neurologic 
deficits. The severity can vary from very mild 
to severe, and it appears that goats are able 
to adjust to the condition with age. Myotonia 
is not associated with pain. 

A typical presentation is a slightly to 
moderately increased resting muscle tone 
that may result in a clumsy or stiff gait in 
animals with severe myotonia. Myotonic epi¬ 
sodes and muscular stiffness can be triggered 
by startling the animal and thereby inducing 
a forceful initial movement. Because of 
delayed muscle relaxation, initially con¬ 
tracted muscles remain tensed for a period 
of between 10 seconds and 1 minute or 
longer and relax progressively thereafter. 
During this prolonged phase of muscle con¬ 
traction, animals may either remain in a 
sawhorse-type position or may flip over with 
extended, stiffened limbs. Once muscle con¬ 
traction resolves, the animal returns to 
normal attitude and behavior. 

CLINICAL PATHOLOGY 

The presentation is characteristic, with 
animals being affected from birth by induc¬ 
ible myotonic episodes. Clinically the diag¬ 
nosis can be supported by percussing large 
muscle bellies either with the fingers or a 
percussion hammer. In myotonic animals, 
muscle percussion triggers local muscle 
fasciculation (percussion myotonia) that 
lingers for several seconds. Electromyo¬ 
graphic examination reveals increased 
insertional activity when inserting myogra¬ 
phy needles into muscle tissue and continued 
high-frequency discharges that outlast 
normal motor unit responses by several 
seconds. 

To confirm the diagnosis, DNA analysis 
to confirm the presence of mutation in the 
C1CN1 gene is required. 6 

NECROPSY FINDINGS 

Necropsy examination is not usually under¬ 
taken for diagnostic purposes. 

FURTHER READING 

Lossin C, George AL. Myotonia congenita. Adv Genet. 
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MYOTONIA CONGENITA AND 
MYOTONIC DYSTROPHY 

Myotonia is the prolonged contraction of 
muscle as a result of delayed relaxation. It can 
be present soon after birth or develop as a 
progressive disease. 

The congenital form in horses (New 
Forest ponies), 1 goats, and Murrah buffalo is 
an inherited disorder of muscle membrane 
hyperexcitability caused by mutations in the 
voltage-gated chloride channel gene CLCN1. 
The mutation reduces sarcolemmal chloride 
conductance and delays relaxation of the 
muscle. 1,2 It is transmitted as an autosomal- 
recessive trait in ponies. 1 The disease is 
evident as generalised myotonia evident 
soon after birth. The disease is not progres¬ 
sive, but there is not treatment. Control is 
based on breeding programs. 

The disease in horses myotonia dystro¬ 
phia is evident as increased muscle tone, 
increased muscle bulk or muscle atrophy, 
stilted gait, and weakness. 3 Electromyo¬ 
graphic examination reveals the classic myo¬ 
tonic discharges. Affected horses can have 
testicular atrophy and cataracts. The disease 
is progressive. There are no characteristic 
changes in blood or serum. Muscle 
biopsy demonstrates dystrophic changes, 
with variations in fiber size and fiber-type 
grouping. There is no effective treatment, 
and control is through avoidance of breeding 
of affected animals. 
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RECURRENT EXERTIONAL 
RHABDOMYOLYSIS IN 
THOROUGHBRED AND 
STANDARDBRED HORSES 

ETIOLOGY 

Recurrent exertional rhabdomyolysis is a 
recognized syndrome in Thoroughbred, 
Standardbred, and Arabian racehorses. A 
genetic basis is considered likely, with heri- 
tability of 0.42, 1 but has not been demon¬ 
strated. Genome-wide scans and linkage 
analyses map candidate genes to the genomic 
region between UCDEQ41 and TKY499 on 
ECA12 (Equus caballus chromosome 12) or 
regions on ECA16 or ECA 20. 1,2 The differ¬ 
ences between the two studies, with one 
mapping to ECA16 2 and the other to ECA 12 
and ECA20, 1 might be attributable to the 
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study of different populations of horses 
(North America vs. Japan), phenotyping 
(disease classification), or laboratory tech¬ 
niques. The RYR1, CACNA1S, and ATP2A1 
genes are not linked to recurrent exertional 
rhabdomyolysis in Thoroughbreds, 3 nor do 
affected Standardbred horses have the GSY1 
mutation identified as a cause of polysaccha¬ 
ride storage myopathy in Quarter horses, 
draft horses, and other breeds. 4 Mutations in 
genes expressing monocarboxylate trans¬ 
porter 1 and CD 147 are not associated with 
the disease. 3 

Recurrent exertional rhabdomyolysis in 
Thoroughbreds is likely to be a complex 
genetic disease resulting from one or more 
genes having a major effect, with expression 
affected by modifying genes, environment, 
or sex. 2,6 

EPIDEMIOLOGY 

Interpretation of reports of prevalence and 
risk factors for exertional rhabdomyolysis 
are imprecise because of difficulties in distin¬ 
guishing the disease from other causes of 
rhabdomyolysis, including the sporadic 
disease. The incidence or 1-year period 
prevalence of exertional rhabdomyolysis is as 
follows: 4.9% in Thoroughbred racehorses in 
the United States, Australia, and Great 
Britain; 6.1% in National Hunt Thorough¬ 
breds in Great Britain; and 4% to 5% in 2- to 
3-year-old Thoroughbreds in the United 
Kingdom. The annual incidence in Stan¬ 
dardbred racehorses in Sweden is 6.4 (95% 
Cl 4.6% to 8.2%) per 100 horses. 4 Annual 
incidence in 22 Standardbred training yards 
in Sweden ranged from 1.7 to 20 cases per 
100 horses. 4 

Risk factors for recurrent exertional 
rhabdomyolysis include exercise and sex. 
Female racehorses are 3 times more likely to 
have episodes of exertional rhabdomyolysis 
than are male (intact or castrated) race¬ 
horses, and young female Thoroughbreds are 
at greatest risk. Among 2- to 4-year-old 
Thoroughbreds in the United Kingdom, 76% 
to 78% of occurrences of “tying-up” are in 
females, and female Standardbreds in 
Sweden are 7 times more likely (95% Cl 2.1 
to 23.4) to be affected by the disease than are 
males. 4 Among National Hunt horses in 
Great Britain, females are 24 times as likely 
to have an episode of the disease as are males. 
Thoroughbred racehorses and Standardbred 
horses (odds ration [OR] 7.9, 95% Cl 2.3 to 
27) 4 , but not National Hunt horses, with a 
nervous or “flighty” temperament are more 
likely to experience episodes of the disease. 8 

The disease occurs repeatedly in 74% of 
affected Thoroughbred racehorses in Great 
Britain and in 20% of affected polo ponies. 

The disease is of considerable economic 
impact because of its frequent occurrence in 
athletic horses, its recurrent nature, and the 
need to rest affected horses. 8 On average, 
affected Thoroughbred racehorses cannot 
train for 6 days, and Standardbreds for 7 


days, after an episode, 4-8 and approximately 
two-thirds of affected horses are unable to 
race because of the disease. The effect of the 
loss of training days for each episode is mag¬ 
nified because of the recurrent nature of the 
disease in a large proportion of affected 
horses. Approximately 6% of the wastage of 
Thoroughbred racehorses in Australia is 
attributable to exertional rhabdomyolysis. 

Interestingly, Standardbred horses in 
the United Kingdom with recurrent exer¬ 
tional rhabdomyolysis have enhanced 
performance. 4 

PATHOGENESIS 

The cellular defect has not been identified 
and fully explicated. Muscle from affected 
horses has abnormal contraction and relax¬ 
ation kinetics and is hypersensitive to expo¬ 
sure to caffeine in vitro, but connection with 
development of the disease is unclear. 
Affected French Trotters have a characteris¬ 
tic micro-RNA profile in muscle, although 
this might represent a response to muscle 
damage rather than the mi-RNA’s involve¬ 
ment in development of the disease. 9 

The disease is attributable to dysfunction 
and death of myocytes with subsequent 
release of cellular constituents, including the 
enzymes creatine kinase, aspartate amino¬ 
transferase, and carbonic anhydrase, and 
myoglobin. The proximate cause of myocyte 
death is uncertain, but it is not related to 
accumulation of lactic acid. 

Cell death is likely linked to abnormal 
accumulation of calcium in intracellular 
fluids secondary to deranged energy and/or 
membrane function. Necrosis of myocytes 
causes pain and inflammation in the muscle, 
with infiltration of inflammatory cells. 
Healing and regeneration of myocytes occurs 
over a period of weeks in the absence of 
further episodes of myonecrosis. 

Release of cellular constituents results in 
electrolyte abnormalities, primarily a hypo¬ 
chloremic metabolic alkalosis, a systemic 
inflammatory response, and pigmenturia. 
Severely affected horses can have a metabolic 
acidosis. Myoglobin, and possibly other cell 
constituents, is nephrotoxic, and acute renal 
failure can develop as a result of myoglobin- 
uric nephrosis. Pain and loss of muscle func¬ 
tion cause a stilted, short-stepping gait. 

CLINICAL FINDINGS 

The clinical findings are variable and range 
from poor performance through classic signs 
of muscle pain, stiffness, and reluctance to 
move, to recumbency and death, although 
the latter are rare with recurrent exertional 
rhabdomyolysis. Most affected horses have 
more than one episode of the disease each 
year while in training, and some can have 
numerous episnodes (up to 20). 4-8 

The most common presentation is of a 
horse that does not perform to expectation 
and displays a stiff or short-stepping gait 
that can be mistaken for lower leg lameness. 


The horse might be reluctant to move when 
placed in its stall, be apprehensive and 
anorexic, paw, and frequently shift its weight. 
More severely affected horses can be unable 
to continue to exercise, have hard and 
painful muscles (usually gluteal muscles), 
sweat excessively, tremble or have wide¬ 
spread muscle fasciculations, be apprehen¬ 
sive, refuse to walk, and have elevated heart 
and respiratory rates. Affected horses can be 
hyperthermic, especially soon after exercise. 
Signs consistent with abdominal pain are 
present in many severely affected horses. 
Deep-red urine (myoglobinuria) occurs but 
is not a consistent finding. Severely affected 
horses are often recumbent. 

Among affected Standardbred horses, 
clinical signs are evident in 98% of horses 
within 1 hour of exercise. Clinical signs 
include stiffness in all cases (44), sweating 
(86%), pain or evident distress (43%), 
swollen or firm gluteal muscles (23%), and 
recumbency (2%). 4 

CLINICAL PATHOLOGY 

Mildly affected or apparently nonaffected 
horses have moderate increases in serum 
creatine kinase (CK) (20,000 to 50,000 IU/L), 
aspartate aminotransferase (AST), and 
lactate dehydrogenase (LDH) activity. 
Severely affected horses have large increases 
in CK (>100,000 IU/L) and other muscle- 
derived enzymes. Serum CK and AST activi¬ 
ties peak approximately 5 to 6 and 24 hours 
after exercise, respectively, and in the absence 
of further muscle damage, serum AST might 
not return to normal levels for 7 to 10 days. 
The half-life of CK activity in serum is 
approximately 2 hours, and in the absence of 
continuing muscle damage, serum CK 
declines rapidly. The persistence of increased 
AST activity, compared with CK, is useful in 
identifying affected horses days or weeks 
after the episode. 8 

Serum myoglobin concentrations 
increase markedly during exercise in affected 
horses and decline within 24 to 48 hours. 
Serum carbonic anhydrase III activity is 
increased in horses with exertional 
rhabdomyolysis. 8 

Severely affected horses are often hypo- 
natremic (<130mEq/L), hyperkalemic 
(>5.5 mEq/L), hypochloremic (<90 mEq/L), 
azotemic (increased serum urea nitrogen and 
creatinine concentrations), and acidotic or 
alkalotic. Hemoconcentration (hematocrit > 
50%, 0.5 L/L) and increased serum total 
protein concentration (>80 g/L) indicative of 
dehydration are common. Serum bicarbonate 
concentration can be falsely markedly ele¬ 
vated in animals with severe rhabdomyolysis 
because of cellular constituents released from 
damaged muscle that interfere with the ana¬ 
lytical method when automated clinical 
chemistry analyzers are used. Myoglobin¬ 
uria is detectable either grossly or on 
chemical analysis and should be differenti¬ 
ated from hemoglobinuria or hematuria. 





Measurement of urinary excretion of elec¬ 
trolytes, although popular in the past, is of no 
use in diagnosing, treating, or preventing 
exertional rhabdomyolysis. 

Muscle biopsy during the acute or con¬ 
valescent stages reveals myonecrosis of type 
II (fast-twitch, oxidative) fibers, mild myosi¬ 
tis, and fibrosis. 

NECROPSY FINDINGS 

Horses dying of exertional rhabdomyolysis 
have widespread degeneration of striated 
muscle, principally the muscles of exertion, 
but often involving the diaphragm and heart. 
Affected muscles tend to be dark and swollen 
but may have a pale, streaked appearance. The 
kidneys are swollen and have dark-brown 
medullary streaks. Dark-brown urine is 
present in the bladder. Histologic examination 
reveals widespread necrosis and hyaline 
degeneration of predominantly type II (fast- 
twitch, oxidative) fibers. In horses with 
recurrent disease, there may be evidence 
of myofiber regeneration. Myoglobinuric 
nephrosis is present in severely affected horses. 

Samples for Postmortem 
Confirmation of Diagnosis 

• Formalin-fixed kidney and affected 
muscle for light microscopic 
examination (LM) 

DIAGNOSTIC CONFIRMATION 

Biochemical confirmation of muscle damage 
by demonstration of increased serum CK or 
AST activity, in conjunction with appropri¬ 
ate clinical signs, provides the diagnosis. 


DIFFERENTIAL DIAGNOSIS 
(See ) 


• Muscle cramping induced by ear tick 
(Otobius megnini) 

• lonophore intoxication (monensin, lasalocid, 
salinomycin, narasin, maduramicin) 

• Infection by Anaplasma phagocytophilum 10 

• White snake root ( Eupatorium rugosum) or 
rayless goldenrod (Isocoma Pluriflora), 

• Laminitis 

• Colic 

• Pleuritis 

• Aorto-iliac thrombosis 


TREATMENT AND CONTROL 


TREATMENT OF RECURRENT 
EXERTIONAL RHABDOMYOLYSIS IN 
THOROUGHBRED AND STANDARDBRED 
HORSES 


Treatment of Acute disease 

• Nonsteroidal antiinflammatory drugs— 
phenylbutazone (2.2 to 4.4 mg/kg IV or PO 
ql2—24h) or ketoprofen (2.2 mg/kg IV 
every 12 h) (R-1) 

• Rest (R-1) 

• Fluid therapy—as needed (R-1) 
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• Acepromazine or similar sedatives (R-2) 

• Furosemide (R-3) 

Control 

• Consistent exercise schedule (R-1) 

• Dietary modifications (R-1) 

• Dantrolene sodium (R-2) 

• Phenytoin (R-3) 


The treatment chosen depends on the sever¬ 
ity of the disease. The general principles 
are rest; correction of dehydration and 
electrolyte abnormalities; prevention of com¬ 
plications, including nephrosis and laminitis; 
and provision of analgesia, and are the 
same as for all acute myopathies with 
rhabdomyolysis. 

Mildly affected horses (heart rate < 
60 bpm, normal rectal temperature and respi¬ 
ratory rate, no dehydration) may be treated 
with rest and phenylbutazone (2.2 mg/kg, 
orally or IV every 12 hours for 2 to 4 days). 
Horses should be given mild exercise with 
incremental increases in workload as soon as 
they no longer have signs of muscle pain. 
Access to water should be unrestricted. 

Severely affected horses (heart rate > 
60 bpm, rectal temperature > 39° C [102° F], 
8% to 10% dehydrated, reluctant or unable to 
walk) should not be exercised, including 
walking back to the stable, unless it is 
unavoidable. Isotonic, polyionic fluids, such 
as lactated Ringers solution, should be 
administered IV to severely affected horses 
to correct any hypovolemia and to ensure a 
mild diuresis to prevent myoglobinuric 
nephropathy. Less severely affected horses 
can be treated by administration of fluids by 
nasogastric intubation (4 to 6 L every 2 to 3 
hours). Although it has been recommended 
that urine should be alkalinized by adminis¬ 
tration of mannitol and sodium bicarbonate 
(1.3% solution IV, or 50 to 100 g of sodium 
bicarbonate orally every 12 hours) to mini¬ 
mize the nephrotoxicity of myoglobin, this 
therapy is not effective in humans at risk of 
myoglobinuric nephrosis. Affected horses 
should not be given diuretics (e.g., furose¬ 
mide) except if they are anuric or oliguric 
after correction of hypovolemia. 

Phenylbutazone (2.2 to 4.4 mg/kg, IV or 
orally, every 12 to 24 hours), flunixin meglu¬ 
mine (1 mg/kg IV every 8 hours), or keto¬ 
profen (2.2 mg/kg IV every 12 hours) should 
be given to provide analgesia. Mild sedation 
(acepromazine 0.02 to 0.04 mg/kg IM, or 
xylazine, 0.1 mg/kg IM, both with butorpha- 
nol, 0.01 to 0.02 mg/kg) might decrease 
muscle pain and anxiety. Tranquilizers with 
vasodilatory activity, such as acetylproma- 
zine (acepromazine), should only be given to 
horses that are well hydrated. Muscle relax- 
ants, such as methocarbamol, are often used 
but have no demonstrated efficacy. 

Recumbent horses should be deeply 
bedded and repositioned by rolling every 2 
to 4 hours. Severely affected horses should 
not be forced to stand. 


CONTROL 

Although the cause has not been identified, 
a number of preventive measures are used, 
including the following: ensuring consis¬ 
tency of exercise (i.e., every day); dietary 
interventions to provide a high-fat, 
low-soluble-carbohydrate diet, with reduc¬ 
tion of the amount of soluble carbohydrate 
in the diet on days when the horse will not 
exercise; and administration of dantrolene 
sodium. 

Despite lack of clear evidence for a role 
for vitamin E or selenium deficiency in 
recurrent exertional rhabdomyolysis, horses 
are often supplemented with 1 IU/kg vitamin 
E and 2.5 |Jg/kg selenium daily in the feed. 
Care should be taken not to induce selenium 
toxicosis. 

Sodium bicarbonate (up to 0.5 to 1.0 g/ 
kg BW daily in the ration) and other electro¬ 
lytes are often added to the feed of affected 
horses, but their efficacy is not documented. 
Phenytoin is administered at a dose rate of 
6 to 8 mg/kg, orally, every 12 hours, and the 
dose is adjusted depending on the degree of 
sedation produced (a reduced dose should be 
used if the horse becomes sedated) or lack of 
effect on serum CK or AST activity. 
Phenytoin can be administered to horses 
for months, although its efficacy has not 
been demonstrated. Dimethylglycine, 
altrenogest, and progesterone are all used 
on occasion in horses with recurrent rhab¬ 
domyolysis, but again without demonstrated 
efficacy. 

The feeding of high-fat, low-soluble-car¬ 
bohydrate diets is useful in the prevention of 
recurrent exertional rhabdomyolysis in 
Thoroughbred horses, 4 and dietary modifica¬ 
tions that reduce feeding of grain (oats) are 
common in Standardbred horses in Sweden 
(and likely elsewhere). 4 

Administration of dantrolene sodium (1 
to 3 mg/kg, PO q24 h) has been advocated 
for prevention or amelioration of recurrent 
exertional rhabdomyolysis, and the pharma¬ 
cokinetics of dantrolene in horses have been 
determined. 1112 Dantrolene reduces calcium 
efflux from the sarcoplasmic reticulum and 
is a muscle relaxant. Plasma concentrations 
are greatest when it is administered with 
feeding, and feed restriction for more than 4 
hours before oral administration decreases 
gastrointestinal absorption of dantrolene. 11 
There is only relatively weak laboratory or 
field trial evidence of the efficacy of dan¬ 
trolene in prevention of the disease. 13 
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POLYSACCHARIDE STORAGE 
MYOPATHY OF HORSES 

Polysaccharide storage myopathy, a myopa¬ 
thy of principally Quarter horses and related 
breeds, but also occurring with high fre¬ 
quency in draft breeds, is characterized by 
excessive accumulations of amylase-resistant 
glycogen (evident as amylase-resistant poly¬ 
saccharide on periodic acid-Schiff [PAS] 
staining) in muscle and signs of exertional 
rhabdomyolysis. One form of the disease is 
associated with a specific mutation in the 
GYS1 gene (polysaccharide storage myopa¬ 
thy 1 [PSSM1]) and another with an identical 
phenotype but without the same genetic 
abnormality (PSSM2). 1 

ETIOLOGY 

PSSM1 is the result of a single missense 
G-to-A gain-of-function mutation in the 
skeletal muscle glycogen synthase (GYS1) 
gene that results in a histidine (H) substitu¬ 
tion for arginine (R) in the enzyme. 1,2 The 
mutation is dominant, with both homozy- 
gotic (AA, both H alleles) and heterozygotic 
(GA, one H allele, one R allele) animals 
affected. Homozygotes for the H allele are 
more severely affected than are heterozy¬ 
gotes, as indicated by accumulation of 
amylase-resistant polysaccharide in muscle 
and elevated resting serum CK and AST 
activities. 3 The mutation is conserved in the 
haplotype of many affected horse breeds, has 
been present in horses for over 1200 years, 
and is widely distributed among breeds of 
horses, with the mutation identified in over 
30 breeds. 2 The gene is well characterized in 
equids. 4 

The etiology of PSSM2 is not known, but 
it is not associated with the same mutation 
as PSSM1. 

EPIDEMIOLOGY 

A polysaccharide storage myopathy charac¬ 
terized by accumulation of polysaccharide in 
muscle was described in Quarter horses and 
other breeds and subsequently recognized 
as being either of amylase-resistant polysac¬ 
charide or amylase-sensitive polysaccharide. 
Approximately 48% of 831 muscle samples 
from horses with PSSM tested positive for 
the GYS1 mutation, with 16% of horses with 


amylase-sensitive polysaccharide accumula¬ 
tion having the H allele and 70% of horses 
with amylase-resistant having the allele. Of 
the 831 horses, 31 (3.7%) were homozygous 
for the H allele (gene AA), 379 (45.6%) 
were heterozygous (HR for enzyme, GA for 
gene), and 430 were homozygous normal 
(RR for enzyme, GG for gene). The pres¬ 
ence of the mutated gene (heterozygous 
form) increases the risk of clinical exertional 
rhabdomyolysis by 7 times in Warmblood 
horses. 5 

The disease and mutation are recognized 
in many breeds, with the greatest frequency 
in Quarter horses and related breeds and 
draft breeds worldwide. 1614 Allele frequen¬ 
cies are available for PSSM in horses in the 
United States (Percheron, 0.346; Belgian, 
0.242; Paint, 0.041; Quarter horse, 0.034; 
Appaloosa, 0.030; Morgan, 0.005; Shire, 
0.003; Thoroughbred, 0.000) and Europe 
(South German Coldblood, 0.117; Saxon- 
Thuringian Coldblood, 0.068; Shire, 0.000; 
Hanoverian, 0.000). 14 The GYS1 mutation 
was detected in 11 breeds, with a prevalence 
of genetic susceptibility to type 1 PSSM from 
0.5% to 62.4%. The GYS1 mutation was not 
found in the sampled Thoroughbreds, Akhal- 
Tekes, Connemaras, Clydesdales, Norwegian 
Fjords, Welsh Ponies, Icelandics, Schleswig 
Coldbloods, or Hanoverians, but failure to 
detect the mutation does not guarantee its 
absence from the breed, although it does 
imply a low prevalence. 14 

PSSM, based on examination of muscle 
biopsy from a convenience sample of 164 
Quarter horses, occurs in 6% to 12% of 
overtly healthy Quarter horses in the United 
States. 6 Allele frequencies for type 1 PSSM 
among Quarter horses in the United States 
range from 0.055 to 0.155, depending on the 
population sampled. 15 

The mutation, and disease, are common 
in Percheron and Belgian draft horses in 
Europe, and the disease is reported in Nor¬ 
mandy Cob draft horses. 11,16 Of a nonran¬ 
dom selection of continental European 
draught horses belonging to 13 breeds, 62% 
(250 of 403) tested were found to carry the 
mutant allele. 5 The highest percentages of 
GYSl-positive horses were found in the 
Belgian trekpaard (92%, 35 of 38 horses 
tested), Comtois (80%, 70 of 88), Nether¬ 
lands trekpaard (74%, 17 of 23), Rheinisch- 
Deutsches kaltblut (68%, 30 of 44), and 
Breton (64%, 32 of 51). 9 There is genetic evi¬ 
dence of historical selection pressure in favor 
of the mutated genotype in Belgium 
draft horses, but not in American Quarter 
horses. 1 ' 

The mutation has not been detected in 
purebred Thoroughbred, Standardbred, and 
Arabian horses. 1,18 

It appears that the GYS1 mutation 
arose in heavy (draft) breeds of horses in 
Europe over 1200 years ago, as indicated 
by its high frequency in European draff 
breeds, but not English draft breeds, and the 


lower prevalence of the mutation in lighter 
breeds. 9 Light breeds with closely kept stud 
books that have prevented ingress of genes 
over centuries, such as Thoroughbreds and 
Standardbreds, do not carry the mutant 
gene. 

Animal risk factors for exertional rhab¬ 
domyolysis include breed (as discussed 
previously) but not sex or age. 6,19 Quarter 
horses that carry a mutation of the RYR1 
(ryanodine) gene and the mutated GYS1 
gene have more severe expression of the 
disease. 20 

Prolonged periods of rest or irregular 
exercise schedules are risk factors for devel¬ 
opment of exertional rhabdomyolysis associ¬ 
ated with the disease. 

PATHOGENESIS 

Mutation of the GYS1 gene causes increased 
activity in muscle glycogen synthase activity 
without an increase in activity of glycogen 
branching enzyme. 2 There is subsequent 
accumulation of amylase (diastase)-resistant 
polysaccharide (polyglucosan) —proglyco¬ 
gen and macroglycogen with fewer branch¬ 
ing points and more straight chains—in 
skeletal muscle. 2,21 The reason that accumu¬ 
lation of polysaccharide causes myopathy 
and exertional rhabdomyolysis is unclear. 
It does not appear to be related to avail¬ 
ability of energy within the cell, although 
this is uncertain, and it could be related to 
physical damage caused by accumulation 
of polysaccharide in vacuoles within pre¬ 
dominantly type 2A fibers of homozygous 
horses. 3 

CLINICAL FINDINGS 

The clinical findings are variable and range 
from sporadic to episodic exertional rhabdo¬ 
myolysis of varying severity. Notably, 6% to 
12% of overtly healthy (asymptomatic) 
Quarter horses in the United States have his¬ 
tologic evidence of the disease. 6 The acute 
clinical syndrome does not vary importantly 
from that of other exertional rhabdomyolysis 
syndromes. Horses with PSSM1 do not have 
important cardiac abnormalities as part of 
their disease syndrome. 22 

Muscle biopsy reveals accumulation of 
amylase (diastase)-resistant polysaccharide 
(PAS-positive) inclusions in vacuoles in pre¬ 
dominantly, but not exclusively, type 2A and 
type 2X fibers. 3 Examination of muscle biop¬ 
sies from candidate horses should be done 
with consideration of the risk of false¬ 
positive findings, especially if the amylase- 
resistant nature of the polysaccharide is not 
determined. Horses with PSSM2 will have 
excess accumulation of amylase-resistant 
polysaccharide but will not have the muta¬ 
tion in the GYS1 gene. PSSM is most accu¬ 
rately diagnosed in muscle biopsy specimens 
on the basis of appearance of amylase- 
resistant, abnormal polysaccharide, not 
amylase-sensitive glycogen, regardless of 
fixation technique. 23 
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CLINICAL PATHOLOGY 

Most Quarter horses and related breeds, but 
not draft breeds, with the GYS1 mutation 
have elevations in serum CK and AST at 
rest. 3 Mildly affected or apparently nonaf- 
fected horses have moderate increases in 
serum CK, AST, and LDH activity after mod¬ 
erate exercise. Severely affected horses have 
large increases in CK and other muscle- 
derived enzymes. Serum CK and AST activi¬ 
ties peak approximately 5 to 6 and 24 hours 
after exercise, respectively, and in the absence 
of further muscle damage, serum AST might 
not return to normal levels for 7 to 
10 days. 

NECROPSY FINDINGS 

Gross lesions may vary depending on 
whether or not the horse died from severe 
rhabdomyolysis or was euthanized after 
being recumbent. Affected muscles may be 
pale pink or diffusely red-tinged, which can 
be mistaken for autolysis. Any of the large 
power muscle groups and the diaphragm can 
be affected. The kidneys may be swollen and 
dark red as a result of myoglobinuria. In 
chronic cases with repeated episodes, muscle 
atrophy may be marked, or the muscles may 
be of normal size but contain pale streaks 
where myofibers have been replaced by fat. 

Microscopically, the presence of amylase- 
resistant, abnormal polysaccharide inclu¬ 
sions in the cytoplasm of type 2 myocytes is 
the most sensitive and specific diagnostic 
indicator for polysaccharide storage myopa¬ 
thy. 23 Other lesions, such as fiber atrophy, 
internal nuclei, and fatty infiltration, may be 
present. Muscles most often affected include 
the semimembranosus, semitendinosus, 
gluteal, longissimus, and pectoral muscles 
and the diaphragm. 24 

Samples for Postmortem 
Confirmation of Diagnosis 

Samples of semimembranosus, semitendino¬ 
sus, gluteal, and diaphragmatic muscles for H 
& E and PAS stains are used for confirmation 
of the diagnosis. Frozen sections of biopsies 
are better suited for studying myopathies 
because many histopathologic features of 
skeletal muscle are obscured by formalin 
fixation. 2 3 

DIAGNOSTIC CONFIRMATION 

Biochemical confirmation of muscle damage 
is achieved by demonstration of increased 
serum CK or AST activity in horses with 
compatible clinical signs. In breeds with 
known or strongly suspected genetic basis 
for PSSM1, gene testing for the GYS1 muta¬ 
tion provides evidence of the PSSM1. Con¬ 
firmation is achieved by examination of a 
muscle biopsy (see Diagnostic Algorithm in 
Fig. 15-1). If the muscle biopsy demonstrates 
the presence of amylase-resistant polysac¬ 
charide and the horse is negative for the AA 
or AG mutation in the GYS1 gene, then the 
horse has PSSM2. 


DIFFERENTIAL DIAGNOSIS 
(See ) 


• Muscle cramping induced by ear (Otobius 
megnini) 

• Laminitis 

• Colic 

• Pleuritis 

• Aorto-iliac thrombosis 

• Other myopathies 


TREATMENT 

The treatment chosen depends on the sever¬ 
ity of the disease. The general principles are 
rest; correction of dehydration and electro¬ 
lyte abnormalities; prevention of complica¬ 
tions, including nephrosis and laminitis; and 
provision of analgesia, and are the same as 
for all acute myopathies with rhabdomyoly¬ 
sis (see “Myopathies of Horses”). 

CONTROL 

The feeding of high-fat, low-soluble- 
carbohydrate diets is useful in the prevention 
of clinical signs in affected horses with either 
PSSM1 or PSSM2 and is reported to be 
useful in controlling the disease. 19 Horses 
should have a regular exercise program, pref¬ 
erably with frequent turn-out to pasture, and 
be fed a diet rich in long-chain fatty acids 
with low starch content (<10%) and high in 
fat (10% of digestible energy). 2 ’ 2 

FURTHER READING 

Piercy RJ, Rivero J. Muscle disorders of equine athletes. 
In: Equine Sports Medicine and Surgery: Basic and 
Clinical Sciences of the Equine Athlete. 2nd ed. 
London: W.B. Saunders; 2014:109. 
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Inherited Diseases of Muscles 


EQUINE HYPERKALEMIC 
PERIODIC PARALYSIS 


SYNOPSIS 


Etiology Defect in sodium channel of skeletal 
muscle. 

Epidemiology Disease of Quarter horses and 
crossbreds. Inherited as an autosomal- 
dominant trait with variable penetrance. 

Clinical signs Episodes of muscle 

fasciculation, stridor, muscle weakness, and 
flaccid paralysis. 

Clinical pathology Hyperkalemia during 
episodes. Gene probe to detect mutated 
gene. 

Lesions None. 

Treatment Palliative. Potassium-free 
intravenous fluids. Acetazolamide. 

Control Selective breeding. Low-potassium 
diet. 


ETIOLOGY 

Hyperkalemic periodic paralysis (HYPP) is 
caused by a heritable defect in the sodium 
channel of skeletal muscle. The mutation, of 
which only one form has been identified, 
results in substitution of a cytosine for 
guanine, with consequent replacement of 
phenylalanine by leucine in a transmem¬ 
brane protein regulating sodium flux across 
the cell membrane and T-tubule. 1 The disease 
is transmitted as an autosomal-codominant 
trait, with the result that homozygotes are 
more severely affected than heterozygotes, 
and phenotypic expression (disease severity) 
differs among heterozygotes. 

EPIDEMIOLOGY 

The disease is familial and affects Quarter 
horse and crossbred descendants of a single 
Quarter horse sire, Impressive. More than 
50,000 registered Quarter horses are related 
to known carriers of the disease. Quarter 
horses with the disease are presumably 
selected because they outperform unaffected 
animals in the Halter classes in which they 
compete at horse shows, although recent 
rule changes have changed this practice. The 
disease occurs in breeds derived from or 
crossed with Quarter horses, including 
Appaloosas, American Paint horses, and 
crossbreds. Of 651 elite performance Ameri¬ 
can Quarter horses, 200 control American 
Quarter horses, and 180 control American 
Paint horses (APHs), allele frequency for 
HYPP in all animals was 0.008, APHs had 
high prevalence of HYPP of 0.025, and 
Halter horses had significantly greater allele 
frequency for HYPP of 0.299, 2 consistent 
with the alleles associated with the desired 
phenotype. Approximately 14% of 51 
Quarter horses in Mexico have the N/H 
genotype, with 2% having the H/H geno¬ 
type. Allele frequencies were 0.157 N and 
0.843 normal. 3 
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Chapter 15 


Diseases of the Musculoskeletal System 


The disease is inherited in an autosomal- 
codominant manner. Therefore 50% of the 
offspring of the breeding of a heterozygote 
and a normal animal will carry the trait, as 
will 75% of the offspring of the breeding of 
two heterozygotes. Of the breeding of 
two heterozygotes, 50% of progeny will be 
heterozygotes, 25% homozygotes for the 
mutated gene, and 25% homozygotes for 
the normal gene. Animals homozygous for 
the abnormal gene are uncommon, repre¬ 
senting only 0.9% of animals tested for the 
disease. The low prevalence of the homozy¬ 
gote genotype is likely a reflection of severity 
of disease and the reduced likelihood that 
homozygotic animals will reach sexual 
maturity. 

The risk of a heterozygous animal being 
affected with periodic paralysis is variable. 
Most heterozygous horses appear normal 
and never experience an attack, whereas 
others have severe episodes starting at a 
young age. Homozygous horses are much 
more likely to have severe manifestations of 
the disease at a young age. 

PATHOGENESIS 

The abnormality in the sodium channel 
coded for by the mutated gene predisposes 
the horse to episodes of complete depolariza¬ 
tion of the muscle membrane and flaccid 
paralysis. The mutation in the sodium 
channel increases the probability that any 
one channel is open, with the result that the 
resting membrane potential in affected 
horses is higher (less negative and closer to 
the depolarization threshold) than that of 
normal horses. This results in frequent depo¬ 
larizations of individual muscle fibers, 
causing muscle fasciculations. The weakness 
associated with severe episodes of the disease 
results from failure of sodium channels to 
close after depolarizations. Opening of 
potassium channels when the muscle is 
depolarized results in movement of potas¬ 
sium out of the muscle cell and the develop¬ 
ment of hyperkalemia. 

CLINICAL SIGNS 

The disease in heterozygous animals is 
characterized by periods of muscle fascicu- 
lation and tremor that progress to weak¬ 
ness, paralysis, and recumbency. Such 
episodes may last minutes to hours, and 
most resolve spontaneously. Horses often 
sweat, have prolapse of the third eyelid, and 
have contractions of facial and locomotor 
muscles during episodes. Episodes may be 
mistaken for colic. Inspiratory stertor com¬ 
monly noted during episodes is probably 
attributable to laryngeal and pharyngeal 
dysfunction. 

Episodes are more frequent and severe in 
homozygous animals, and signs of laryngeal 
and pharyngeal dysfunction, such as stridor 
and dysphagia, occur in almost all of 
these animals. Endoscopic examination of 
homozygotes reveals pharyngeal collapse, 


laryngopalatal dislocation, and laryngeal 
paralysis. The disease can manifest in foals as 
young as 7 days of age. The severity of signs 
in some homozygotes diminishes with age. 

Electromyographic demonstration of 
myotonic discharges, prolonged insertional 
activity, and doublets and triplets is a sensi¬ 
tive and specific indicator of the disease. 

Horses with HYPP have reduced exercise 
tolerance compared with normal horses. 
Homozygotic horses have laryngospasm, 
airway obstruction, hypoxia, hypercapnia, 
and ventricular depolarizations during 
intense exercise, which is not recommended 
for these horses. 

CLINICAL PATHOLOGY 

Hyperkalemia (>5.5 mEq/L) during or 
immediately after episodes is characteristic 
of the disease, although the existence of a 
normokalemic variant has been suggested. 

Diagnostic confirmation has in the past 
been achieved by provocative testing 
by administering potassium chloride (88 
to 166 mg/kg, orally) to suspect horses. 
However, the development of genotyping 
has rendered provocative testing obsolete 
and, for humane reasons and because of the 
risk of death, its use is not recommended. 
The test of choice for demonstrating the 
presence of the mutated gene is a specific 
gene probe. The probe can be applied to 
various tissues, but blood or hair, with 
attached root (a plucked hair), are preferred 
for diagnostic testing of live animals. This 
test classifies horses as normal, heterozy¬ 
gous, or homozygous but does not indicate 
the propensity of heterozygotes to exhibit 
the disease. Samples can be analyzed in the 
United States at the Veterinary Genetics 
Laboratory of the University of California 
(www.vgl.ucdavis.edu). 


DIFFERENTIAL DIAGNOSIS 


• Colic 

• Laminitis 

• Hypocalcemia 

• Botulism 

• Exertional rhabdomyolysis 

• Upper airway obstruction 


NECROPSY FINDINGS 

There are no characteristic findings on nec¬ 
ropsy examination. 

TREATMENT 
Acute Episodes 

Most acute episodes resolve spontaneously 
or with only minor treatment. The aim in 
treating more severe or prolonged episodes 
is to reduce the plasma potassium concen¬ 
tration by intravenous infusion of isotonic 
potassium-free fluids such as sodium chlo¬ 
ride, sodium bicarbonate, or dextrose. 4 Some 
authors recommend infusion of calcium glu¬ 
conate, but others caution against its use. A 


practical approach is the slow IV administra¬ 
tion of 0.25 to 0.5 mL of 23% calcium gluco¬ 
nate per 1 kg of body weight (125 to 250 mL 
for a 500-kg horse) diluted in isotonic 
sodium chloride or, preferably, 5% dextrose. 
Administration of NaHC0 3 at 1 mL/kg IV 
has been suggested. 

Prevention of Episodes 

Maintaining affected horses on a low- 
potassium diet reduces the frequency with 
which episodes occur. Alfalfa (lucerne); 
some oils, including soyabean; molasses; lite 
salt (a mixture of KC1 and NaCl); and many 
sweet feeds are potassium rich and should be 
avoided. Grass hay (timothy) and straw and 
oats, corn, and barley are low in potassium. 
There are commercial feeds that have a 
guaranteed low concentration of potassium. 
Alternatively, diets can be formulated using 
feed of known potassium concentration, as 
determined by feed analysis. Care should be 
taken that diets are nutritious and contain 
appropriate concentrations and ratios of 
calcium and phosphorus. 

Acetazolamide (2 to 4 mg/kg, every 12 
hours) reduces the severity and frequency of 
episodes and is widely used to control the 
disease. The drug is poorly absorbed in 
horses, but the concentration required in 
plasma of horses to achieve a pharmacody¬ 
namic effect is lower than that of humans. 

CONTROL 

The disease is heritable, and carriers are 
readily identified; thus, a breeding program 
to eliminate the disease is feasible. 
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MALIGNANT HYPERTHERMIA 
IN HORSES 

Malignant hyperthermia is a disease of 
Quarter horses and other breeds induced by 
exposure to halothane, succinylcholine, or 
similar depolarizing agents and various 
other stressors. It also occurs in pigs, dogs, 
and humans. 1 The disease in Quarter horses 
is caused by a mutation in the RyRl gene, 
with subsequent dysfunction of calcium 
handling within the cell. 2 There is excessive 
release of calcium from the sarcoplasmic 
reticulum on exposure to halothane, with 
development of hyperthermia, hypercapnia, 
and lactic acidosis, and often death. 2 There is 
no apparent breed, age, or sex predilection 
for the sporadic disease. Breed is clearly a 
predilection for affected Quarter horses. The 
mutation in Quarter horses can be detected 
by analysis of the genome. 3 










The clinical signs are rapid onset of 
hyperthermia, sweating, muscle fascicula- 
tion, tachycardia, tachypnea, and muscle 
rigidity in anesthetised horses. There is aci¬ 
dosis, hypercapnea, and, in acute cases, 
increases in serum activity of CK. Elevations 
in CK might not be evident in horses that die 
peracutely. Treatment is supportive and 
includes prompt removal of the inciting 
agent (halothane), cooling, correction of 
acid: base and electrolyte abnormalities, and 
prevention of myoglobinuric nephrosis. 
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PORCINE STRESS SYNDROME 
(MALIGNANT HYPERTHERMIA) 


SYNOPSIS 


Etiology Inherited defect caused by an 
autosomal-recessive gene at a single locus 
with incomplete penetrance. Also known as 
the halothane-sensitivity gene, or porcine 
stress syndrome (PSS) mutation, which is a 
single-point mutation of nucleotide 1843 in 
the skeletal muscle gene for the calcium- 
release channel of the sarcoplasmic 
reticulum. 

Epidemiology Worldwide in major breeds of 
swine: Landrace, Yorkshire, Duroc, Pietrain, 
and Poland China. Market-weight pigs and 
adult sows and boars. Prevalence of 
defective gene varies between breeds and 
countries. Syndromes precipitated by stress 
of transportation, high environmental 
temperatures and humidity, exhaustive 
exercise, and halothane anesthesia. Major 
economic importance because of deaths 
and poor-quality pork. 

Signs 

• Porcine stress syndrome: death during 
transportation 

• Malignant hyperthermia: induced by 
halothane anesthesia; results in muscular 
rigidity and death 

• Pale, soft, exudative pork: rapid rigor 
mortis after slaughter followed by 
excessive dripping of carcass and pale, 
watery pork; dark, firm, and dry pork is 
a variation 

• Back-muscle necrosis: reluctance to 
move, acute swelling and pain over 
back; some may die; subacute form also 
possible 

Clinical pathology Halothane test. Blood 
creatine kinase test. Blood typing. 
DNA-based test for PSS mutation gene. 

Lesions Pale skeletal muscles in PSS deaths. 
Pale muscles in back-muscle necrosis. 

Diagnostic confirmation—necropsy findings. 
Identification of homozygous animals with 
tests. 
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Differential diagnosis list 

• Mulberry heart disease 

• Acute septicemias attributable to 
salmonellosis, erysipelas, pasteurellosis, 
and anthrax 

• Intestinal volvulus 

• Heat exhaustion 

• Suffocation during transportation. 

Treatment None. 

Control Genetic selection. Reduction of 
environmental and management stressors. 


ETIOLOGY 

Considerable attention from breeders has 
greatly reduced the occurrence of this condi¬ 
tion in recent years. 

Three closely related stress syndromes 
occur in pigs. Porcine stress syndrome (PSS) 
is characterized by acute death induced by 
stressors such as transport, high ambient 
temperature, exercise, and fighting, which 
results in progressive dyspnea, hyperther¬ 
mia, disseminated vasoconstriction, and the 
rapid onset of rigor mortis. Pale, soft, and 
exudative pork (PSE) occurs postmortem 
in some pigs slaughtered by conventional 
methods. Malignant hyperthermia (MH) is a 
drug-induced stress syndrome characterized 
by muscle rigidity and hyperthermia occur¬ 
ring in susceptible pigs following the use of 
halothane or the muscle relaxant suxametho¬ 
nium. Back-muscle necrosis of pigs is a 
special manifestation of PSS. 

Malignant hyperthermia also occurs in 
humans. PSS is caused by an inherited defect 
as a result of an autosomal-recessive gene at 
a single locus with incomplete penetrance. It 
is also known as the halothane sensitivity 
gene, or PSS mutation, which is single-point 
mutation of nucleotide 1843 in the skeletal 
muscle gene for the calcium-release channel 
of the sarcoplasmic reticulum. The PSS 
defect renders muscle hypersensitive to 
stimulation by various stressors. In stress- 
susceptible pigs there is a rapid onset of 
anaerobic glycolysis and loss of control of 
skeletal muscle metabolism in response to 
stress and anoxia. 

The gene is commonly known as the 
halothane-sensitivity gene (UAL gene) 
because pigs with the homozygous genotype 
can be identified with the halothane test, 
which results in malignant hyperthermia. 
The halothane gene is located within a group 
of blood-type genes on the same chromo¬ 
some, allowing identification of affected pigs 
by blood typing. A single-point mutation in 
the porcine gene for the skeletal muscle 
ryanodine receptor channel is associated 
with malignant hyperthermia in five major 
breeds of heavily muscled swine. There is 
then massive muscle contraction and release 
of heat. Comparison of the sequences of the 
HAL genes of PSS and normal pigs revealed 
a single mutation at nucleotide 1843 in the 
cDNA derived from the HAL gene. 


EPIDEMIOLOGY 
Prevalence and Occurrence 

This subject needs to be kept in perspective. 
It has recently been suggested that only 4% 
of inferior-quality meat is a result of genetics 
(halothane positive), with the remainder 
being caused by preslaughter and post¬ 
slaughter treatment. 

PSS occurs worldwide, but there is con¬ 
siderable breed and area variation in its 
prevalence. In some European countries the 
prevalence is a major problem in pig produc¬ 
tion because of the inadvertent selection for 
this trait in genetic improvement programs. 
This underlies the problems of selection 
based purely on performance and produc¬ 
tion characteristics. 

The prevalence of PSS in the swine popu¬ 
lation can be determined by the use of 
screening tests applied on the farm or when 
pigs enter swine performance test stations. 
The halothane test and the CK test are useful 
for this purpose. A DNA-based test with 99% 
accuracy is also available. In European 
breeds, the prevalence varies from 0% to 
88%, with up to 100% in the Pietrain breed. 
The prevalence of halothane susceptibility is 
low in the Danish Landrace breed in 
Denmark. Based on the halothane test, 1.5% 
of young boars entering a Record of Perfor¬ 
mance Test Station in Canada were positive 
reactors. The reactors originated from 7.5% 
of 107 herds. The halothane succinylcholine 
test was a more sensitive test because 18% of 
the same pigs were identified as reactors. 

Using a DNA-based test, in a survey of 
10,245 breeding swine of various breeds 
from 129 farms in the United States, Canada, 
and England, approximately 1 of 5 pigs was 
a heterozygous carrier of the PSS mutation, 
and 1% were homozygous. The prevalence of 
the PSS mutation was 97% for 58 Pietrain, 
35% for 1962 Landrace, 15% for 718 Duroc, 
19% for 720 Large White, 14% for 496 
Hampshire, 19% for 1727 Yorkshire, and 
16% for 3446 crossbred swine. The PSS gene 
frequencies for these breeds were 0.72, 0.19, 
0.08, 0.10, 0.07, 0.10, and 0.09, respectively. 
The PSS mutation has also been identified in 
Poland China and Berkshire breeds. These 
gene frequencies were 30% to 75% lower in 
Canadian swine than in U.S. swine, with the 
exception of Yorkshires, for which the gene 
frequency is threefold in Canadian swine. 

Risk Factors 
Animal Risk Factors 

Susceptibility to the PSS is inherited, and the 
biochemical events leading to PSE, transport 
death, or malignant hyperthermia are trig¬ 
gered by several external influences or stress¬ 
ors in the living animal. PSS probably occurs 
in all breeds of pigs, but the incidence is 
highest in pigs selected for heavy muscling, 
and stress-susceptible pigs are leaner and 
more meaty. These include the Pietrain and 
Poland China breeds and also some Euro¬ 
pean strains of Landrace, where a score for 
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muscling and growth rate, feed conversion, 
and back fat has been included in the selec¬ 
tion index. A recent study has shown that 
there are considerable breed differences, in 
that halothane-stress-susceptible pigs and 
Hampshires suffer more severely from heat 
stress than Yorkshires, Danish Landrace, and 
Duroc boars. 

There is a correlation between halothane 
susceptibility and carcass traits. Halothane 
status is the most important factor influenc¬ 
ing pork quality, although preslaughter han¬ 
dling and stunning method also influence 
the carcass quality. 

Halothane-positive animals usually score 
higher for visual conformation of the loin 
and ham than halothane-negative pigs. The 
progeny of reactor boars are also more sus¬ 
ceptible than the progeny of nonreactors. 
Until recently it was thought that the major 
limitation of the halothane test was that it 
identified only those pigs that are stress- 
susceptible to the syndrome. It is now known 
that the halothane-sensitivity gene is 
expressed in heterozygous pigs, where it is 
likely to cause poor carcass quality. 

Landrace pigs can be divided into those 
that are sensitive to halothane and develop 
PSE pork postmortem, those that are resis¬ 
tant to halothane but develop PSE pork, and 
those resistant to halothane and PSE pork 
(the normal pig). Muscle from pigs suscep¬ 
tible to malignant hyperthermia and PSE 
pork has significantly higher glucose-6- 
phosphate levels and lower phosphocreatine 
under thiopentone anesthesia than muscle 
from pigs susceptible to PSE and normal 
pigs. Altered muscle fiber type is not the 
primary basis of the disease complex. 

Environmental and Management 
Risk Factors 

The most important precipitating factors 
are transportation at high environmental 
temperatures and humidity, exhaustive exer¬ 
cise, and, under experimental conditions, the 
more specific reaction toward the anesthetic 
halothane. Response of pigs to transport is 
dependent on genotype, particularly at high 
temperatures such as 36° C (97 F). Experi¬ 
mentally, psychological mechanisms can 
precipitate the PSS. The effects of mixing, 
transportation, and duration of lairage can 
have profound effects on the carcass charac¬ 
teristics of susceptible pigs. Death during 
transportation and PSE are associated with 
fear, defensive or aggressive reactions in 
unfamiliar social environments, and conflict 
with other unfamiliar pigs or people. Other 
activities that may trigger malignant hyper¬ 
thermia include restraint, mating, farrowing, 
fighting, and vigorous exercising. 

Economic Importance 

The economic losses associated with PSS are 
attributable to mortality from transport 
death and inferior meat quality as a result of 
PSE pork. As a result of the excessive rates of 


production of lactic acid and heat, sarcoplas¬ 
mic proteins denature, thereby causing a 
deterioration of the water-binding capacity 
of muscle. The increased osmotic activity 
resulting from end products of hyperme¬ 
tabolism causes an influx of water from the 
extracellular space, resulting in hemocon- 
centration and increased intramyofiber 
water content. The muscle becomes pale, 
soft, and exudative, sour-smelling, and loose 
textured. The shrinkage resulting from water 
loss during storage, transport, and process¬ 
ing of the carcass is the major cause of whole¬ 
sale losses at pork-packing plants. PSE 
carcasses yield less bacon, and the drip loss 
from fresh PSE meat is more than doubled 
compared with normal carcasses. Another 
cause of lost revenue with MH-susceptible 
swine is their decreased average daily weight 
gains, conception rates, litter sizes, and boar 
breeding performance. 

PATHOGENESIS 

The molecular basis for susceptibility to the 
PSS is a hypersensitive triggering mechanism 
of the calcium-release channel of skeletal 
muscle sarcoplasmic reticulum. The calcium 
channel, also known as the ryanodine recep¬ 
tor, plays a critical role in the initiation of 
muscle contraction. The PSS defect renders 
muscle hypersensitive to stimulation by 
various stressors. Stress-susceptible pigs 
cannot tolerate stress and lose control of skel¬ 
etal muscle metabolism. The stress may be 
from external influences such as transporta¬ 
tion, fear and excitement, or halothane anes¬ 
thesia. There is excessive catecholamine 
release and the sudden onset of anaerobic 
glycolysis of skeletal muscle, excessive pro¬ 
duction of lactate, and excessive heat produc¬ 
tion, which, in conjunction with peripheral 
vasoconstriction, leads to hyperthermia. 
Following exertional or thermal stress, 
susceptible pigs undergo more extensive 
physiologic change than do resistant pigs. 
Halothane-sensitive pigs are more suscepti¬ 
ble to becoming nonambulatory when 
subjected to multiple stressors and may be 
more prone to producing inferior pork prod¬ 
ucts. The blood glucose concentrations 
are dependent on the MH genotype, with the 
homozygous-positive animals having the 
highest levels and the homozygous-negative 
animals having the lowest. The changes 
in carbohydrate metabolism at rest in 
MH-positive animals are caused by latent 
increases of intracellular Ca 2+ concentra¬ 
tions. Under physical load conditions there is 
higher lipolysis, which may be the result of an 
indirect activation of the lipolytic system via 
catecholamine-induced cAMP turnover. 

Depending on the nature, severity, and 
duration of the stress, the syndrome may 
manifest in different ways: 

• The porcine stress syndrome causes 
rapid death following severe stress. 

• The PSE pork and dark, firm, dry (DFD) 
pork are seen after slaughter, which 


might have been preceded by mild 

stressors during lairage. 

• The malignant hyperthermia is 

drug-induced. 

PSE pork is attributed to increased gly¬ 
colysis after slaughter. In muscles that 
develop DFD pork, the muscle glycogen is 
already depleted before slaughter. When PSE 
develops in a muscle, pH drops to values 
lower than 5.8 at 45 minutes after death. In 
normal muscles, the pH decreases from 
approximately 7 in living muscles to 5.3 to 
5.8 at 24 hours after death. The lower pH in 
PSE muscles, combined with a high carcass 
temperature within the first hour after death, 
causes the proteins in the muscles to dena¬ 
ture. This contributes to the pale color of PSE 
meat and to its reduced water-holding capac¬ 
ity. Development of muscles with PSE 
characteristics seems to be initiated by a 
combination of lower muscle pH already at 
exsanguination and a faster pH decrease. 

Malignant hyperthermia is the drug- 
induced and often fatal stress syndrome 
occurring in susceptible pigs within 3 
minutes following the inhalation of a mixture 
of halothane and oxygen. Susceptible pigs 
develop limb rigidity and a hyperthermia, 
which are not easily reversed and may result 
in death. There is an increased rate of 
intracellular ATP hydrolysis leading to a pro¬ 
gressive failure of ATP-dependent Ca 2+ accu¬ 
mulation by the sarcoplasmic reticulum and/ 
or the mitochondria, with a rise in myoplas- 
mic concentration of Ca 2+ and consequent 
contraction of muscle. The same molecular 
defect occurs in lymphocytes from affected 
susceptible pigs. There is no histomorpho- 
metric evidence of cardiac abnormalities in 
MH-susceptible pigs. The mitochondria 
from predominantly red muscle fibers have 
a greater calcium-binding capacity than 
those from predominantly white-muscle- 
fiber areas. There is extreme rigidity of skel¬ 
etal muscles, hyperthermia, tachycardia, 
cardiac arrhythmia, an increase in oxygen 
consumption, lactate formation and high- 
energy phosphate hydrolysis in muscle, 
respiratory and metabolic acidosis, and a rise 
in the CK activity and concentrations of 
potassium, lactate, glucose, free fatty acids, 
and catecholamines in blood. There 
is a large release of glucose and potassium 
from the liver, which contributes to the 
hyperglycemia and hyperkalemia. There is 
a marked a-adrenergic stimulation, which 
is responsible for the heat production in 
MH-susceptible pigs. However, the p- 
adrenergic response in stress-sensitive and 
stress-resistant pigs is inconsistent. The lactic 
acidemia is severe because of the overpro¬ 
duction of lactate peripherally and failure of 
normal lactate uptake. 

Malignant hyperthermia can also be 
induced using methoxyflurane, isoflurane 
and enflurane, and succinylcholine. 

Exposing stress-susceptible pigs to halo¬ 
thane or exercise induces glycolysis, but the 
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mechanisms are different. There are no his- 
tochemical differences between muscles of 
susceptible and normal swine. There is some 
indication that halothane causes a transient 
but significant vasoconstrictive action, which 
could be a contributing factor in initiating 
the severe reactions in malignant hyperther¬ 
mia. Electron microscopy of platelets from 
stress-susceptible pigs reveals a defect char¬ 
acterized by dilatation of the open canalicu¬ 
lar system. 

CLINICAL FINDINGS 
Porcine Stress Syndrome 
(Transport Death) 

Death during or following transport to 
market may be significant and is more preva¬ 
lent when overcrowding occurs and during 
the hot summer period. If seen alive, affected 
pigs initially show a rapid tremor of the tail, 
general stiffness associated with increased 
muscular rigidity, and dyspnea to the extent 
of mouth-breathing. The body temperature 
is elevated, often beyond the limits of the 
clinical thermometer, and there are irregu¬ 
larly shaped areas of skin blanching and ery¬ 
thema. At this stage the affected pig is 
frequently attacked by other pigs within the 
group. The pig collapses and dies shortly 
afterward, and the total time course of 
the syndrome is generally of the order of 4 to 
6 minutes. 

Malignant Hyperthermia 

Malignant hyperthermia is also a manifesta¬ 
tion of the PSS. It may be induced in stress- 
susceptible pigs by stress and injectable 
(succinyl choline, acepromazine, ketamine) 
or inhalation anesthesia with potent volatile 
anesthetics such as halothane or isoflurane. 
It is characterized by the development during 
anesthesia of increased muscle metabolism 
with muscular rigidity, lactic acidosis, a 
marked increase in basal metabolic rate, 
increased oxygen consumption and carbon 
dioxide production, severe hyperthermia 
and tachycardia, tachyarrhythmia, and death. 
Death is a result of the peripheral circulatory 
changes that are produced by severe acidosis, 
vasoconstriction, hyperkalemia, reduced 
cardiac output, and hypotension. Once fully 
developed, the syndrome is irreversible. The 
syndrome poses a hazard in swine anesthesia, 
which can be averted by prior medication 
with dantrolene and has received consider¬ 
able study as a model for an analogous syn¬ 
drome in humans. It has also been used as a 
method for determining stress susceptibility 
for genetic selection programs. 

Pale, Soft, and Exudative Pork 

In stress-susceptible pigs, after slaughter, 
the inferior quality of the meat, with its pale, 
soft, exudative (PSE) characteristics, is 
obvious. This is caused by excessive post¬ 
mortem glycolysis with lactic acid produc¬ 
tion and a rapid fall in muscle pH, with 
depigmentation and reduced water binding 


as a consequence. In affected muscle, rigor 
mortis occurs rapidly after slaughter but then 
decreases, so that affected carcasses have 
been “set” and postmortem drip is excessive. 
Affected pork has a pH of less than 6 and 
generally a temperature of 41° C (106° F) or 
greater 45 minutes after slaughter, compared 
with the normal pork with a pH above 6 and 
a temperature less than 40° C (104° F). This 
causes denaturation of muscle proteins, 
leading to affected meat that has inferior 
taste, cooking, and processing qualities and 
does not accept curing as readily. The occur¬ 
rence of this syndrome is considerably influ¬ 
enced by the stress of transport and handling 
before and during slaughter, and this aspect 
of the syndrome is of major economic 
importance. Rapid chilling helps prevent 
PSE, but chill type has no effect. 

Dark, Firm, and Dry Pork 

Dark, firm, and dry (DFD) pork has darker 
color and higher ultimate pH than normal 
meat. In muscles that develop DFD, the 
muscle glycogen is already depleted before 
slaughter, which may be related to prolonged 
transport with fasting. 

Back-Muscle Necrosis 

Acute necrosis of the longissimus dorsi 
occurs in German Landrace pigs and other 
breeds. The acute syndrome lasts approxi¬ 
mately 2 weeks and is characterized by swell¬ 
ing and pain over the back muscles, with 
arching or lateral flexion of the spine and 
reluctance to move. The swelling and pain 
then subside, but there is atrophy of the 
affected muscle and development of a promi¬ 
nent spinal ridge. Some regeneration may 
occur after several months. Acute cases may 
die. The syndrome occurs in young adults 
weighing from 75 to 100 kg. The mild form 
may be undetectable except for pigs lying 
down near the feed trough. In the severe 
form, affected pigs may assume the dog¬ 
sitting position with a hunched-up back. 

CLINICAL PATHOLOGY 

Several testing methods are available for pre¬ 
dicting susceptibility. 

Halothane Test 

The halothane test is highly reliable for the 
identification of pigs that are homozygous for 
the single recessive gene responsible for sus¬ 
ceptibility to PSS. However, the test is not 
100% accurate because of the incomplete 
penetrance of the halothane sensitivity trait 
(not all homozygous MH-susceptible pigs 
react by developing limb rigidity). Penetrance 
of the halothane sensitivity trait is estimated 
to vary from 50% to 100% depending on the 
breed, herd, and investigators. The test detects 
the worst clinical outcomes, and it will not 
identify all the pigs that will develop PSE. 
There is now evidence that it will detect the 
heterozygote. Stress-susceptible pigs are sen¬ 
sitive to halothane at 8 weeks of age, and if 


the anesthetic challenge is removed immedi¬ 
ately after obvious signs of limb rigidity 
develop and before the development of ful¬ 
minant hyperthermia, the mortality from the 
procedure is negligible. Pigs that remain 
unreactive for a challenge period of 5 minutes 
are considered normal. 

A halothane-sensitive muscle defect can 
be present in certain individuals that do not 
develop rigid malignant hyperthermic epi¬ 
sodes on brief exposure to halothane. A 
longer halothane exposure combined with 
succinylcholine is required if these false neg¬ 
atives are to be identified. The halothane test 
has good predictive value for the occurrence 
of PSE. However, there may be breed varia¬ 
tions, as mentioned previously. 

A decrease in the amplitude of the 
phosphocreatine (PCr) signal in the in vivo 
31 P nuclear magnetic resonance spectrum 
of skeletal pigs is an early and 100% predic¬ 
tive measurement for the detection of malig¬ 
nant hyperthermia in anesthetized piglets. 
Nuclear magnetic resonance techniques such 
as magnetic resonance imaging and mag¬ 
netic resonance spectroscopy are sensitive 
diagnostic aids for detecting the onset of PSS 
in young animals and for following the meta¬ 
bolic changes in muscle tissue during the 
syndrome. 

Halothane concentration markedly 
affects the outcome of halothane testing, and 
either higher halothane concentrations or 
longer exposure might be required to identify 
positive reactors in a heterogeneous popula¬ 
tion. The ionophore A23187, a lipophilic car¬ 
boxylic antibiotic that binds and transports 
divalent cations across both natural and arti¬ 
ficial membrane bilayers, allows clear differ¬ 
entiation between the muscles of normal and 
pathologic animals and may be a useful 
adjunct to the halothane test. 

Blood Creatine Kinase Levels 

The blood creatine kinase (CK) levels are 
higher in stress-susceptible pigs. Pigs are 
subjected to a standard exertion test, and 
blood samples are taken 8 to 24 hours later 
and analyzed for CK. The original research 
indicated a good correlation between CK 
levels and the halothane test. There is also an 
increase in CK levels in pigs as they are trans¬ 
ported from the farm to the abattoir. 
However, not all pigs that develop PSE have 
increased serum levels of CK. Increased CK 
activity is highest in stress-susceptible pigs of 
a certain phenotype Phi-B, and their total 
plasma CK levels are higher than those of 
nonreactors. The initial test was modified so 
that blood could be collected as drops on a 
filter paper and sent to a laboratory for iden¬ 
tification by a bioluminescent technique. 
A recent evaluation of a commercial CK 
screening test using the method of biolumi¬ 
nescence compared with the halothane chal¬ 
lenge test on young boars entering a Record 
of Performance Test Station revealed that it 
was an inadequate indicator of susceptibility 
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to PSS or MH. In a different study the CK 
levels of piglets 8 to 10 weeks of age predicted 
halothane-induced stress syndrome with an 
accuracy of 87% to 91%. 

Plasma pyruvate kinase activity has been 
compared with CK activity as an indicator of 
PSS. Both enzymes are increased signifi¬ 
cantly in homozygous halothane-reacting 
pigs compared with nonreacting pigs. Pyru¬ 
vate kinase activity was less variable within 
groups than CK activity, which may allow 
more effective discrimination between the 
two different genotypes. However, age- 
related effects and the failure to identify het¬ 
erozygotes may restrict the use of plasma 
pyruvate activity as a diagnostic test. 

Blood Typing 

Blood typing is also used as a method for the 
identification of susceptible pigs. On one of 
the chromosomes of the pig, a region with 
four known loci has been identified. These 
loci contain the genes responsible for vari¬ 
ants of the enzymes 6-phosphogluconate 
dehydrogenase and phosphoferose isomer- 
ase (PHI). The H-blood group system is 
determined by one of the loci, and halothane 
sensitivity is also determined by genes at a 
locus in this region. This region is of special 
interest because a close connection has been 
found between this and important carcass 
traits such as the PSE condition. Thus blood 
grouping may be used to detect halothane- 
sensitive pigs and heterozygote carriers. 

A DNA-based blood test can now be used 
to detect the HAL gene status. It can be 
adapted for rapid batch analysis of many 
samples simultaneously, is less invasive, and 
can be applied to as little as 50 |iL of blood. 
The test is more than 99% accurate, is cost- 
effective, and can be used to determine the 
prevalence of the PSS mutation in various 
breeds of swine in various countries. A 
recent study showed that 23% of pigs 
classified as Hal-1843-free based on a DNA 
test responded abnormally to halothane 
anesthesia. 

Pale, Soft, and Exudative Pork 

Pale, soft, and exudative pork (PSE) is evalu¬ 
ated by a meat quality index that combines 
meat color, pH at 24 hours postmortem, and 
water-binding capacity. Susceptible lines can 
be identified by carcass inspection and the 
results applied to sibling or progeny selec¬ 
tion. A recent approach is the measurement 
of mitochondrial calcium efflux. Mitochon¬ 
dria isolated from Mm longissimus dorsi 
muscle exhibit a rate of Ca 2+ efflux twice that 
of normal pigs. Most of the tests readily 
predict the worst examples of the syndrome 
but are not sufficiently precise to be able to 
identify tendencies toward it, which restricts 
their value in breeding programs. 

Erythrocyte Osmotic Fragility 

Erythrocyte osmotic fragility may be corre¬ 
lated with malignant hyperthermia and is 


being examined as a possible aid in the deter¬ 
mination of susceptibility. 

Other Tests 

Any reliable test that can identify stress- 
susceptible pigs without using halothane 
testing is attractive. Increased peroxidation 
of the erythrocytes may be an improved 
diagnostic test for PSS. Differences in the 
levels of cortisol, creatinine, aspartate ami¬ 
notransferase, and lactate dehydrogenase 
are highly significant between halothane- 
sensitive and halothane-negative lines of 
pigs. 

An allele-specific PCR (AS-PCR) tech¬ 
nique has been developed. A PCR followed 
by reduction endonuclease assay has been 
developed and used on plucked hair as a 
source of genomic DNA. In a test with this 
method, 9 of 12 Pietrains tested were homo¬ 
zygous or heterozygous. A one-step proce¬ 
dure has been developed called mutagenically 
separated PCR (MS-PCR). 

NECROPSY FINDINGS 

In PSS, rigor mortis is present immediately 
following death, and carcass putrefaction 
occurs more rapidly than normal. The viscera 
are congested, and there is usually an 
increased quantity of pericardial fluid and 
pulmonary congestion and edema. The 
muscles—especially the gluteus medius, 
biceps femoris, and longissimus dorsi—are 
pale, wet, and soft. In back-muscle necrosis, 
these changes appear grossly to be confined 
to the epaxial musculature. Histologically, 
the lesions in skeletal muscle may be minimal 
and are easily obscured by autolysis. In some 
instances only interstitial edema is visible, 
whereas in animals that have survived 
repeated episodes there is obvious phagocy¬ 
tosis of degenerate myofibers, with ongoing 
regeneration and fibrosis. The most typical 
microscopic finding is hypercontraction of 
myofibers, characterized by division of the 
cell into irregularly sized segments by 
transverse and sometimes branching bands. 
Degenerate sarcoplasm of a floccular or 
sometimes hyaline character may be present. 
Degenerative changes may also be detected 
in myocardial cells. 

Samples for Confirmation 
of Diagnosis 

• Genetic analysis—50 g frozen muscle 
(DNA ANALYSIS) and hair for PCR 
tests 

• Histology—formalin-fixed skeletal 
muscle (several sections, including 
longissimus dorsi), heart (LM) 

• Biochemistry—it has been reported 
that pigs with PSS develop metabolic 
acidosis in association with respiratory 
acidosis, which is manifested as 
lower values of acid-base excess 

and HC0 3 —with higher H + 
concentrations and Pco 2 compared with 
resistant pigs. 


DIFFERENTIAL DIAGNOSIS 


The acute nature of porcine stress syndrome 
(PSS) and its relation to stress serve to 
differentiate it from most other syndromes 
causing sudden death in market- and 
adult-sized pigs. The sudden death syndrome 
must be differentiated from: 

• Mulberry heart disease 

• Acute septicemias attributable to 
salmonellosis, erysipelas, pasteurellosis, and 
anthrax 

• Other causes of sudden death, including 
intestinal volvulus, heat exhaustion, and 
suffocation during transportation 

• Hypocalcemic tetany resulting from severe 
vitamin D deficiency, which can produce a 
similar clinical syndrome 

• Porcine viral encephalomyelitis, which can 
also result in a similar clinical syndrome in 
post-weaned pigs; pathologic and 
biochemical examinations differentiate 
these from the PSS 


TREATMENT 

Early recognition enables successful treat¬ 
ment. Any drug administration should cease. 
Aggressive cooling using icepacks and 
alcohol baths should be instituted. The acute 
syndromes are usually not treated. Several 
drugs are available for the protection of pigs 
against drug-induced malignant hyperther¬ 
mia. A combination of acepromazine and 
droperidol will delay the onset or prevent the 
occurrence of halothane-induced malignant 
hyperthermia. Dantrolene is also effective 
for treatment and prevention. The therapeu¬ 
tic dose is 1 to 3 mg/kg BW IV and 5 mg/kg 
orally as a preventative. Carazolol is effective 
for the prevention of transport death when 
given 3 to 8 hours before transportation 
and improves meat quality compared with 
untreated susceptible animals. Acute back 
necrosis has been treated successfully with 
isopyrin and phenylbutazone. Experimen¬ 
tally, the supplementation of the diets of 
stress-susceptible pigs with vitamin E and C 
will provide some protective effect on cell- 
membrane integrity. 

CONTROL 

The control of this syndrome depends on 
genetic selection and possible eradication of 
the PSS mutation and reduction of the sever¬ 
ity of stress imposed on pigs. 

Genetic Selection 

The best strategy for control of this complex 
is not clear. Several factors must be consid¬ 
ered. Swine homozygous for the PSS muta¬ 
tion are at very high risk for developing 
PSS and severe PSE to make them useful for 
market pigs. They are used primarily as a 
source of the PSS mutation for breeding pro¬ 
grams and research purposes. Using swine 
that are heterozygous for the PSS mutation 
as market pigs may be advantageous. They 
benefit from the positive effects of the 
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mutation, have minimal risk of developing 
PSS, and may have acceptable prevalence 
and severity of PSE, if the environmental and 
management risk factors that precipitate PSE 
are minimized during marketing and slaugh¬ 
ter. The mutation is not a prerequisite for 
leanness and muscularity, and it is possible 
for breeders to eradicate the gene from their 
breeding stock. The negative effects of the 
halothane gene on fresh pork quality are well 
known. However, such a policy may result in 
the loss of an easily accessible and cost- 
effective selection criterion for favorable 
carcass characteristics. The PSS mutation has 
been used successfully in most swine breeds 
for increasing leanness and muscling. With 
the development of the DNA-based test for 
the PSS mutation, the mutation can be 
selected for with high precision and accu¬ 
racy, and its expression can be finely con¬ 
trolled in a breeding program. 

The various testing methods described 
under “Clinical Pathology” are used to iden¬ 
tify pigs with the halothane gene. The tests 
can be applied to breeding stock entering 
swine performance test stations or on a herd 
basis. A reliable diagnostic test such as a 
DNA-based blood test to identify the gene 
will provide the basis for elimination of the 
gene or its controlled inclusion in swine 
breeding programs. 

Management of Stressors 

Control through reduction of stress is not 
easily applied because frequently the syn¬ 
drome is induced by routine minor proce¬ 
dures within the piggery. The incidence of 
transport deaths or the necessity for immedi¬ 
ate slaughter salvage of severely stressed pigs 
on arrival at the abattoir and the occurrence 
of PSE meat characteristics are a significant 
economic problem in some countries. The 
necessity to climb an upper deck in the trans¬ 
port poses a significant stress, and the use of 
single-deck transports or mechanical lifts for 
multiple-deck transports, and the shipment 
of pigs in containers, has resulted in a 
decreased incidence. The provision of spa¬ 
cious, well-ventilated transport vehicles and 
spray-cooling of pigs on arrival at the holding 
pens is also beneficial. Pigs should not be 
slaughtered directly after arrival at the abat¬ 
toir and should be rested for at least 1 to 2 
hours if they have been stressed only by 
transportation. In cases of severe physical 
exertion, even more time should be allowed 
for recovery. Where possible transport dis¬ 
tance should be kept to a minimum, and 
transport should be avoided on excessively 
hot days. 

PIETRAIN CREEPER PIGS 

A progressive muscular weakness is found in 
stress-susceptible Pietrain pigs. A similar 
condition might have been seen in Landrace. 
It was originally described in one to three 
herds in the United Kingdom. It is probably 


an autosomal-recessive gene and is a pro¬ 
gressive familial myopathy. In each litter 
one-quarter to one-third of piglets may be 
affected. The syndrome commences with 
muscle tremor at 2 to 4 weeks of age, in the 
hindlimbs progressing to the forelimbs, fol¬ 
lowed by reluctance to stand, limbs being 
flexed, and standing on tip toe, with walking 
on flexed carpal joints leading to complete 
recumbency by 12 weeks of age. At this stage 
the pigs move with a creeping gait with the 
limbs flexed. The pigs remain alert and feed 
and grow normally. There are no neuro- 
pathologic lesions, but there are myopathic 
changes, especially in the forelimbs. In these 
muscles there are very variable muscle cells 
with internal nuclei. 

FURTHER READING 

Wells GAH, et al. A progressive familial atrophy of the 

Pietrain pig: the clinical syndrome. Vet Rec. 

1980;106:556. 


ASYMMETRIC HINDQUARTER 
SYNDROME OF PIGS 

Asymmetric hindquarter syndrome of pigs 
was first reported in Germany and Belgium 
and was recognized in the United Kingdom 
in 1968. In these cases perineurial fibrosis 
was a feature, and it was thought that the 
condition resulted from either a neurogenic 
atrophy or a periarticular fibrosis extending 
to the peripheral nerves. 

In this syndrome variable asymmetry of 
the hindquarters is evident during early 
growth of the animal and obvious by 80 kg 
live weight. An asymmetric distribution of 
subcutaneous fat is also noted, and possibly 
skin dimpling. The muscle most frequently 
affected is the semimembranosus, followed 
by the semitendinosus, biceps femoris, 
adductor femoris, and gracilis. The muscles 
show changes that can be described as myo¬ 
fibril degeneration, interstitial fibrosis, and 
dystrophic changes. 

Several breeds, including Landrace, Large 
White, and Hampshire, have been found 
affected, but the problem is generally 
restricted to certain herds and to certain 
families within these herds, suggesting that a 
genetic liability exists for this condition. The 
mechanism of inheritance studied from test 
matings is not simple. Whatever the cause, 
there is a marked reduction in the number of 
muscle fibers. Both sexes may be involved, 
and the condition may involve either 
hindlimb. 

Despite a marked reduction in muscle 
mass, there is no detectable abnormality in 
gait. The cause is unknown, although it 
appears to result from suboptimal muscle 
growth rather than degenerative loss. In the 
only cases recorded from outside Europe, a 
group of seven Australian pigs were exam¬ 
ined in detail; in one of these pigs the affected 
semitendinosus weighed only 41% of the 
normal, unaffected one. Perineural fibrosis 


and myopathy have been observed in some 
cases. 

FURTHER READING 

Done JT, et al. Asymmetric hindquarter syndrome 

(AHQS) in the pig. Vet Rec. 1975;96:482. 

PORCINE CONGENITAL 
SPLAYLEG (SPLAYLEG 
SYNDROME IN NEWBORN PIGS) 

Porcine congenital splayleg (PCS) is also 
called spraddle leg, but more usually myofi¬ 
brillar hypoplasia. This may be an erroneous 
term because this hypoplasia occurs in many 
normal pigs and may be a normal feature of 
postnatal muscle growth. This clinical condi¬ 
tion of splayleg occurs in newborn piglets in 
most countries and is characterized by a tem¬ 
porary inability to stand with the hindlimbs. 

ETIOLOGY 

The etiology is unknown, but based on epi¬ 
demiologic evidence, it is multifactorial. The 
current hypothesis is that the disease is 
caused by an interaction of genetic and non- 
genetic factors, a polygenic mode, or expres¬ 
sion of many genes without dominance. 

Splayleg is not characterized by 
general muscular atrophy in the affected 
hindlimbs. 1 

The studies of Czech workers have sug¬ 
gested that the patho-morphology of the 
condition resembles that of glucocorticoid- 
induced myopathy in humans and animals. 
Dexamethasone given to minisows from the 
first to the last days of pregnancy produced 
a disorder characterized by splayleg syn¬ 
drome with retardation of both muscle 
growth and myofibrillogenesis in their 
newborn piglets. It has also been experimen¬ 
tally produced following the administration 
of pyrimethamine. 

There may be pathways indicated in gene 
expression for the further investigation of 
congenital splayleg. 2 It may be that the 
combined differential expression of 
MAFbx (a major atrophy marker) and P311 
(a novel protein down regulated in all PCS 
muscles) is of potential in the diagnosis of 
subclinical PCS. 3 

EPIDEMIOLOGY 

The prevalence of the disease in the United 
Kingdom is 0% to 4%, and the morbidity in 
affected herds varies from 2% to 27%. The 
case-fatality rate is approximately 50% and 
is attributable to crushing, chilling, and star¬ 
vation because affected piglets are not able 
to move around normally. The disease is 
more common in the Pietrain, Welsh, Land- 
race, and Large White breeds of swine; 
Landrace pigs may be especially susceptible. 
This suggests a genetic basis, but test- 
matings, with the exception of a few, have 
not been successful in reproducing the 
disease. On most farms the disease affects 
both male and female piglets. In a recent 
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retrospective analysis of the incidence of the 
disease in a swine herd over a period of 5 
years, the overall frequency was 1.74 times 
greater in males than females, and the birth 
weight of splayleg piglets tended to be sub¬ 
normal. The environmental factors that have 
been associated with some outbreaks include 
slippery floors, a dietary choline deficiency, 
and the ingestion of Fusarium toxin by 
pregnant sows. Choline deficiency is unlikely 
to be a factor, and no other factors have been 
substantiated as etiologic factors or epide¬ 
miologic determinants. 

PATHOGENESIS 

The pathogenesis of the disease is unclear. In 
affected pigs there is myofibrillar hypoplasia, 
but this is also a feature of many muscles in 
normal pigs. There are simply too few matur¬ 
ing type I fibrils in the muscles, particularly 
of the foreleg, lumbar epaxial group, and the 
hindlimb, to carry weight. The semitendino- 
sus appears to be the most significantly 
affected muscle. However, because myofibril¬ 
lar hypoplasia may also be present in normal 
unaffected littermates, it has been difficult to 
explain the pathogenesis of the muscular 
weakness. The use of morphometries has 
enabled the detailed determination of the 
myofibrillar hypoplasia. In addition to myo¬ 
fibrillar hypoplasia, in splayleg pigs there 
is a higher content of sarcoplasmic RNA, 
reflected ultrastructurally by the presence of 
numerous ribosomes. The extramyofibrillar 
space was also filled with glycogen in splay¬ 
leg pigs. In myofibrillar hypoplasia induced 
with glucocorticoids given to the pregnant 
sow, none of the pigs had splaylegs, but the 
extramyofibrillar space contained little gly¬ 
cogen. There were also many glycogen-filled 
phagosomes and residual bodies, indicating 
a difference in the metabolism of glycogen in 
the first 2 or 3 days after birth. In a study of 
natural cases there was hypoplasia, but there 
was an increased accumulation of glycogen, 
especially within the large extramyofibrillar 
spaces, in comparison with the normal pigs. 
These authors also found an anomalous 
distribution of glucose-6-phosphatase in 
splayleg-affected muscles, in that the activity 
was concentrated at the periphery of the 
extremely dilated cisternae of the sarcoplas¬ 
mic reticulum. In the normal muscles this 
enzyme activity was normal. This distribu¬ 
tion could account for the slower utilization 
of glycogen in affected muscles and therefore 
would account for the build-up. Quantitative 
image analysis of skeletal muscle revealed 
that the arrangement of the myofibrils within 
the fascicles of affected and unaffected pigs 
was different. 

Some studies have found both quantita¬ 
tive (hypoplastic type) and qualitative 
(dystrophic type) insufficiencies in affected 
pigs that represent a temporary perinatal 
developmental disturbance. This could 
explain the muscular weakness and the 
recovery that occurs. 


CLINICAL FINDINGS 

There is a temporarily impaired functionality 
of the hindleg muscles immediately after 
birth. Essentially, the adductors are not as 
powerful as the abductors. 

Larger litters may be more affected, pos¬ 
sibly because these tend to be born earlier. 
The clinical signs are usually obvious in 2 to 
3 hours after birth when the litter should be 
standing and walking around the creep area. 
Affected piglets are unable to stand, their 
hindlimbs are splayed sideways or forward, 
and the animals rest in sternal recumbency. 
Sometimes the forelimbs are also splayed. 
Most severely affected piglets are unable to 
move; less severely affected animals are able 
to move slightly. Many pigs have soiled 
hindlimbs and perineum as a result of being 
unable to stand. As a result, the piglets are 
likely to be crushed or have difficulty gaining 
access to their source of nourishment. 
Affected piglets are normal in other respects, 
have a normal appetite, and will suck the sow 
if placed near a teat. In the experimental 
induction there was hypoplasia but no clini¬ 
cal signs, which is further evidence for sug¬ 
gestions that the condition has a threshold 
for clinical signs and has strong maternal 
influences. 

TREATMENT 

Treatment can be successful. If the pigs are 
able to suck or if they are fed artificially for 
2 to 4 days, recovery will occur within 1 week 
in about 50% of cases. The ambulatory 
capacity of affected pigs can be improved, 
and mortality reduced, by taping or loosely 
tying together the hindlimbs for a period of 
up to 1 week. The method of loose tying of 
the hindlimbs consists of a figure-of-eight 
bandage (2.5-cm-wide adhesive tape) being 
fixed around the metatarsal bones, leaving a 
space between the legs of up to 7 cm depend¬ 
ing on the size of the piglet. The legs should 
be tied together within a few hours after the 
syndrome is obvious; a delay of several hours 
will decrease the prognosis. The provision of 
a nonslip floor surface such as a carpet or 
sack may also be helpful. Many farmers will 
tell you that repeated massaging of the limbs 
will also improve the survival rate. 

CONTROL 

Whether or not to cull the boar depends on 
the pedigree value of the animal, the inci¬ 
dence of the disease, and the probability that 
the boar is responsible. There is no evidence 
that the disease is monogenic. However, the 
incidence is highest in the Landrace breed, 
which suggests a hereditary predisposition. 
In deciding whether to use a suspected 
carrier animal, there is a need to distinguish 
between different situations. The conse¬ 
quences of disease are felt differently at the 
different levels of organization of the pig 
industry. A boar of high merit for perfor¬ 
mance traits may be more economical to 
retain as breeding stock even though some 


progeny are affected with the disease than a 
less superior boar whose progeny are unaf¬ 
fected. If stress of the pregnant sow is a 
factor, control of the disease may be depen¬ 
dent on the selection of stress-resistant boars 
and sows. 

Concurrent disease should be controlled; 
producers report a higher percentage of 
splayleg piglets after a period of porcine 
respiratory and reproductive syndrome 
(PRRS) infection. There are also suggestions 
that induced early farrowing and zearale- 
none poisoning may also be complicating 
factors to prevent. 

FURTHER READING 

Papatsiros VG, et al. The splay leg syndrome in piglets: a 
review. Am J Atiim Vet Sci. 2012;7:80-83. 
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Inherited Diseases 
of Bones 

Congenital skeletal abnormalities are rela¬ 
tively common in large animals and can 
be genetic, teratogenic, or nutritional in 
origin. 1 1 Exposure of developing fetuses to a 
wide variety of toxic compounds, maternal 
mineral deficiencies or imbalances, or expo¬ 
sure to one of a number of infectious agents 
at certain stages of gestation can create 
skeletal lesions indistinguishable from those 
caused by a genetic abnormality. In some 
cases, teratogenic or nutritional causes of 
skeletal abnormalities can appear very 
similar to genetic causes, and distinguishing 
among them can be challenging. 3 For 
example, chondrodysplasia associated with 
intrauterine zinc or manganese deficiency 
have similar clinical features and histologic 
lesions to mild forms of hereditary chondro¬ 
dysplasia. 3 Therefore, historical data are 
essential in any attempt to distinguish genetic 
and acquired causes of skeletal lesions; as 
many animals as possible should be exam¬ 
ined, and samples should be collected for 
future analysis, such as genetic testing. 

ETIOLOGY 

Over 350 defects in cartilage and bone devel¬ 
opment are identified in humans. 4 Although 
substantially fewer are identified in large 
animals, this large number in humans under¬ 
scores the many potential diseases in animals. 
The situation in many production animal 
industries is compounded by the “founder 
effect” and widespread use of elite sires by 
means of artificial insemination that leads to 
the frequent emergence of recessive genetic 
defects, which cause important economic 
and animal welfare concerns. 2,5 Table 15-10, 
modified from Dittmer and Thompson, 
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Table 15-10 Inherited skeletal diseases of livestock with known mutations and proposed mechanisms. 

Disease 

Breed/mutation/OMIA no. 

Proposed mechanism 

Bulldog chondrodysplasia 

Dexter cattle, other miniature cattle breeds 
Mutated gene, Aggrecan ( ACAN ), OMIA: 
001271-9913 

ACAN is the main proteoglycan expressed by chondrocytes during 
cartilage, formation in the primordial limb bud. 

Angus dolichocephalic 
long-nosed dwarfism 

Angus cattle 

Mutated gene; cGMP-dependent type II protein 
kinase ( PRKG2); OMIA: 001485-9913 

PRKG2 is required for growth-plate development because it regulates 
SOX9, a critical transcription factor involved in endochondral ossification 
and the control of growth-plate collagens type II and X. 

Ellis van Creveld 
syndrome 2 

Japanese Brown cattle, Gray Alpine cattle 

Part of the primary cilia, thought to have a role in regulating sonic 
hedgehog, a key regulator of skeletal development. 

Arachnomelia 

Italian Brown, Simmental, German Fleckvieh, 
and Brown Swiss cattle 

Mutated gene; molybdenum cofactor synthesis 
step 1 ( MOCS1 ), sulfite oxidase ( SUOX ); 

OMIA: 001541-9913, 000059-9913 

Increased sulfite levels result in atypical bone development. 

Osteopetrosis with 
gingival hamartomas 

Belgian Blue cattle 

Mutated gene; chloride/proton exchanger, 
lysosomal anion transporter ( CLCN7 ); OMIA: 
001887-9913 

CLCN7 and associated subunit osteopetrosis associated transmembrane 
protein (Ostml) are on lysosome membranes and the ruffled border 
of osteoclasts. Mutations in CLCN7 and Ostml impair acidification of 
resorption lacunae. 

Osteopetrosis 

Red Angus cattle 

Mutated gene; anion exchange transporter 
(. SLC4A2 ); OMIA: 000755-9913 

The SLC4A2 transporter exchanges bicarbonate ions for chloride ions. 

As a result of proton secretion during acidification of resorption 
lacunae, mutations in this transporter result in accumulation of 
bicarbonate ions, leading to toxic osteoclast alkalinization. 

Marfan syndrome 

Japanese Black cattle 

Mutated gene; fibrillin 1 ( FBN1 ); OMIA: 
000628-9913 

Fibrillin is a component of the extracellular microfibrils present in 
connective tissues. Fibrillins regulate TGF-b and BMP availability, and 
the decreased bone mineral density and decreased mechanical 
strength seen in Marfan syndrome are thought to be attributable to 
increased activation of TGF-b signaling. 

Autosomal-recessive 
hypophosphatemic 
rickets, type 1 

Corriedale sheep 

Mutated gene; dentin matrix protein 1 ( DMP1 ); 
OMIA: 001542-9940 

Dentin matrix protein 1 (DMP1) is a noncollagenous bone protein 
involved in bone mineralization. In addition, decreased DMP1 results 
in increased FGF23 and subsequent phosphaturia. 

Spider lamb syndrome 

Suffolk sheep, Hampshire sheep Mutated gene; 
fibroblast growth factor receptor 3; OMIA: 
001703-9940 

Mutation removes FGFR3 inhibition of chondrocytes entering the 
hypertrophic chondrocyte phase, resulting in increased length of long 
bones. 

Texel chondrodysplasia 

Texel sheep 

Mutated gene; sodium-sulfate transporter 
(. SLC13A1 ); OMIA: 001400-9940 

In addition to changes in the cartilage matrix, undersulfation of cartilage 
proteoglycans leads to altered Indian hedgehog signaling, resulting in 
decreased chondrocyte proliferation. 2,5 

Schmid metaphyseal 
chondrodysplasia 

Yorkshire pig 

Mutated gene; collagen, type X, alpha 1 chain 
(■ COL10A1)■ OMIA: 001718-9825 

Type X collagen is expressed by hypertrophic chondrocytes, and this 
mutation prevents trimerization of the collagen X chains. 

Vitamin D-dependent 
rickets type 1 

Hannover pig 

Mutated gene, 25-hydroxyvitamin D 

1-a-hydroxylase ( CYP27B1 ); OMIA: 
000837-9825 

CYP27B1 is required for the formation of active vitamin D 
(1,25-dihydroxyvitamin D). Decreased active vitamin D leads to 
hypocalcemia and hypophosphatemia, impaired cartilage and bone 
mineralization, and decreased chondrocyte apoptosis. 

Modified from Dittmer and Thompson. 3 


provides a listing of currently recognized 
inherited skeletal diseases of livestock, 
the associated mutations, and mechanisms 
underlying the disease. 3 

PATHOGENESIS 

Bone development and remodeling is a 
complex process involving timely expression 
and control of numerous genes and epi- 
genetics factors, and there is increasing 
understanding of the role of these factors in 
creation of bone and cartilage. 4,6 The large 
number of genes involved in osteogenesis 
and cartilage formation and development, 


and the crucial and nonredundant role of 
many of these genes, means that a wide 
range of skeletal defects occur in humans 
and domestic animals. A variety of tran¬ 
scription and growth factors are identified 
as being involved in the pathogenesis of 
skeletal defects. This allows etiologic, rather 
than morphologic, classification of diseases 
and abnormalities. Osteochondrodysplasia 
(or skeletal dysplasia) includes generalized 
abnormalities in chondro-osseous tissues, 
whereas dysostosis refers to a localized mal¬ 
formation of an individual bone or group of 
bones. 2 Osteochondrodysplasias are now 


mostly classified according to the underlying 
defect, rather than the morphologic presen¬ 
tation.' Most of the skeleton develops 
through processes involving endochondral 
ossification, and abnormalities in cartilage 
formation or structure can have widespread 
effects on the skeleton. Defects in cartilage 
formation that result in skeletal abnormali¬ 
ties are called chondrodysplasia. Achon¬ 
droplasia, referring to an absence of 
cartilage, should be reserved for diseases 
characterized by a lack of cartilage, rather 
than abnormalities in its composition or 
structure. 2 
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CLINICAL FINDINGS 

Animals with acquired defects often have 
substantial variation in clinical signs and 
lesions and can improve over time, whereas 
animals with disease caused by genetic 
defects usually have a consistent clinical pre¬ 
sentation and pathology. Clinical signs of the 
various diseases are described under those 
headings. 

Diagnosis 

If a disease is determined to be of genetic 
origin, a number of approaches can be used 
to detect mutations, include sequencing 
candidate genes, single-nucleotide polymor¬ 
phism array with genome-wide association 
studies, and exome or whole-genome 
sequencing. 3 Use of genome-wide, high- 
density single-nucleotide polymorphism 
(SNP) panels, or next-generation genomic 
analysis, combined with an understanding of 
livestock populations, allows for rapid posi¬ 
tional identification of genes and mutations 
that cause inherited defects. 5 However, a 
thorough understanding of the history of the 
animal’s disease, its clinical presentation, and 
its lesions is essential for establishing a reli¬ 
able diagnosis. 

Differential diagnoses for inherited 
skeletal diseases of animals are shown in 
Table 15-11 (modified from Dittmer and 
Thompson). 3 

TREATMENT AND CONTROL 

There is no effective treatment for genetic 
diseases, and affected animals are usually 
euthanized. Control is based on an under¬ 
standing of the mode of inheritance, identi¬ 
fication of carrier animals (for diseases with 
recessive inheritance), and selective breeding 
or testing and removal of heterozygotes from 
the breeding pool. 

FURTHER READING 

Thompson KG, et al. Inherited disorders of skeletal 
development in sheep. Vet J. 2008;177:324-333. 
Online Mendelian Inheritance of Animals. University of 
Sydney. (Accessed June 30, 2016 at <http://omia. 
angis.org.au/home/>.) 
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INHERITED OSTEOGENESIS 
IMPERFECTA 

The term osteogenesis imperfecta covers a 
heterogeneous group of connective tissue 
diseases caused by quantitative or qualitative 
defects in type I collagen. 

The disease is recorded as being inherited 
in Holstein-Friesian cattle and New Zealand 
Romney sheep. 


Cattle 

It is transmitted as an autosomal-dominant 
trait. Calves are clinically abnormal at 
birth, with the main presenting signs being 
bright-pink teeth and slackness of the 
flexor tendons on all four feet so that the 
animals are unable to stand. The calves 
become progressively worse, to the point 
where they cannot walk. The full list of 
abnormalities in this syndrome includes 
smaller-than-normal body size at birth, a 
dome-shaped cranial vault, and fragility of 
bones, manifested by multiple fractures 
occurring during birth. The defect is one 
of connective tissue cells in which there is 
a faulty production of collagen and inter¬ 
cellular cement. Radiologic examination 
demonstrates growth-arrest lines and mul¬ 
tiple fractures in the long bones and thin 
dentine and enamel layers on the teeth, 
which are pink because of the exposed 
condition of the enlarged pulp. The 
excessive mobility of the joints results 
from the small bulk of the ligaments and 
tendons. 

A syndrome of simple bone fragility 
occurs in Charolais cattle and is called osteo¬ 
genesis imperfecta. 

Sheep 

The disease in New Zealand Romney sheep 1 
is similar to that in Holstein-Friesian cattle 
with additional lesions of thickness of the 
diaphyses and reduction in size of the med¬ 
ullary cavity, moderate brachygnathia infe¬ 
rior, subcutaneous edema, skin fragility, and 
a dark blue color of the sclera. It is inherited 
as an autosomal dominant trait, and was 
thought to have developed as a new mutation 
in the testicular cell line of the parent ram. 

REFERENCE 

1. Thompson KG, et al. Vet J. 2008; 177:324. 

INHERITED DWARFISM 

Most inherited food animal dwarfs are chon- 
drodysplastic, and the disease occurs in 
cattle and sheep. 

Sheep 

Brazilian hair sheep of the Cabugi breed, 
which are typically shorter and more compact 
than other breeds, have a form of skeletal 
dysplasia characterized by lambs born with 
craniofacial abnormalities and dwarfism that 
die at 2 to 6 months of age. 1 Dwarf lambs are 
much smaller than normal, with short legs, 
a domed head with superior brachygna- 
thism, sternal deformities, and exophthalmic 
eyes situated more laterally in the head than 
normal. There is disproportionate shorten¬ 
ing of the appendicular bones. The disease is 
inherited as an incomplete dominant trait, 
with the shortened face, a feature of the 
Cabugi breed, representing the heterozygous 
state and the more severe, often lethal, dwarf¬ 
ism occurring in homozygotes. 


A syndrome of dwarfism, brachyg¬ 
nathia, cardiomegaly, and renal hypoplasia 
syndrome occurs in Poll Merino/Merino 
sheep in Australia. 2 The disease is a lethal 
genetic disorder associated with homozygos¬ 
ity in genetic material located toward the 
distal end of chromosome OAR2, from 
220,932,050 to 221,939,408, which includes 
approximately 25 genes. 3 Segregation analy¬ 
sis suggests the disorder is transmitted as an 
autosomal trait with a recessive mode of 
inheritance. Affected lambs are dwarfs with 
multiple defects in the skeleton, heart, liver, 
and kidneys. 

Cattle 

Snorter Dwarfs 

Snorter dwarfs are no longer important 
because of successful efforts in eliminating 
carriers of the gene. These calves are short¬ 
legged with short, wide heads and protrud¬ 
ing lower jaws. The mandibular teeth may 
protrude 2 to 4 cm beyond the dental pad, 
preventing effective grazing and necessitat¬ 
ing hand-feeding if the animal is to survive. 
There is protrusion of the forehead and dis¬ 
tortion of the maxillae, and obstruction of 
the respiratory passages results in stertorous 
respiration and dyspnea. The tip of the 
tongue usually protrudes from the mouth, 
and the eyes bulge. There is some variation 
between affected animals in their appearance 
at birth. In most cases the defects are as just 
described, but they become more exagger¬ 
ated as the calf grows. In addition, abdomi¬ 
nal enlargement and persistent bloat develop. 
The head is disproportionately large. The 
calves fail to grow normally and are about 
half the weight of normal calves of the 
same age. 

The predominant form of the condition 
appears to be inherited as a simple recessive 
character, although the relationship of the 
“comprest” types to the total syndrome is 
more complex. Heterozygotes vary widely in 
conformation, but some of them show minor 
defects that may be attractive to cattle breed¬ 
ers who were seeking a chunkier, short¬ 
legged type of animal. For this reason, 
indiscriminate selection toward the hetero¬ 
zygote undoubtedly occurred, resulting in 
widespread dissemination of the character. 
Herefords and Aberdeen Angus are the 
breeds most commonly affected, but similar 
dwarfs occur also in Holstein and Shorthorn 
cattle, and typical dwarf animals have been 
produced by mating heterozygous Aberdeen 
Angus and Herefords. Besides the shortness 
of limbs, there is also a looseness of attach¬ 
ment of limbs and abnormal mobility of 
joints. The disorder of dolichocephalic long- 
nosed dwarfism in American Angus cattle is 
attributable to a nonsense mutation in exon 
15 of cGMP-dependent type II protein 
kinase (PRKG2). 4 

Ellis van Creveld syndrome (bovine 
chondrodysplastic dwarfism) occurs Grey 
Alpine cattle, Japanese Brown cattle, and 
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Table 15-11 Differential diagnoses for inherited skeletal diseases of animals 


Disease 

Clinical signs and lesions 

Abnormal head shape 

Genetic 

Usually has recessive inheritance, so only small numbers of animals affected. 

Breeds: Angus, Dexter, Japanese Brown, Tyrolean Grey, and Holstein-Friesian cattle; Texel, Merino, and Cabugi sheep; Danish 
Landrace pigs. 

Clinical signs have a consistent presentation, typically with minimal variation. 

Normal liver zinc and manganese concentrations. 

Shortened long bones (mild to severe depending on the gene affected), epiphyses potentially mushroomed, domed head, + 
brachygnathia inferior. 

Decreased thickness of physes, particularly hypertrophic zone; histologic lesions present in severe forms but mild or nonexistent 
in other forms. 

Chondroplasia— 
nutritional 

Prevalence generally higher than expected for inherited forms of chondrodysplasia. 

History of drought or adverse weather events during pregnancy and exposure of pregnant animals to unusual supplementary 
feeding or toxic plants. 

Variation in severity of dwarfism and twisted limbs; animals with mild cases improve after birth. 

Shortened long bones, epiphyses can be mushroomed. 

Decreased thickness of physes, particularly hypertrophic zone; histologically, lesions may be mild or nonexistent. 

Low liver zinc or manganese concentrations; if deficiency occurred for a finite period during gestation, zinc or manganese 
concentrations can return to normal. 

Plant toxins 

Veratrum californicum toxicity in sheep: shortening metacarpal/metatarsal + other bones, fusion of metacarpal bones, 
arthrogryposis, hypermobility of hock joints. 

Wild lupins ( Lupinus spp.): cattle; shortening and rotation of limb bones, flexion contracture, arthrogryposis. 

Vitamin A intoxication 

Pigs: shortening of long bones, abnormally shaped long bones and carpal/tarsal bones, osteoporosis. 

Calves: possibly associated with '"hyena disease"; premature closure of hindlimb growth plates, segmental narrowing of physes. 

Vertebral abnormalities 

Brachyspina 

Cattle; smaller-than-normal size, shortened vertebral column as a result of fusion of vertebrae, and long thin limbs. 

Irregular areas of ossification separated by cartilage, fusion of epiphyses, and diaphysis of adjacent vertebrae. 

Complex vertebral 
malformation 

Shortened spine 

Cattle; smaller-than-normal size, consistent arthrogryposis of forelimbs + hindlimbs, shortening of cervical and thoracic vertebral 
column, hemivertebrae, fused vertebrae, scoliosis. Cardiac abnormalities in -50% of cases. 

Veratrum californicum: cattle; decreased coccygeal vertebrae, arthrogryposis. 

Parbendazole toxicosis: compression/fusion vertebrae, absence of various limb bones, curvature of long bones. 

Scoliosis, kyphosis, 
torticollis 

Wild lupins: see also craniofacial defects and shortened limbs. 

Conium maculatum: cattle, sheep, pigs; + arthrogryposis, carpal flexure, cleft palate Nicotiana tabacum, N. glauca: cattle/pigs; + 
arthrogryposis, brachygnathia. 

Locoweed ( Astragalus spp., Oxytropis spp.): cattle/sheep; also brachygnathia. 

Lathyru spp., Vicia spp.: cattle/sheep; + arthrogryposis, rotation of forelimbs. 

Manganese deficiency 

Cattle; congenital spinal stenosis and premature closure of growth plates associated with Mn deficiency but not proven. 

Limb abnormalities 

Syndactyly 

Autosomal recessive with incomplete penetrance and variable expression in Holstein-Friesian, Angus, Chianina, Hereford, 
Simmental, German Red Pied, Indian Hariana, and Japanese native cattle. 

Right forelimb most commonly involved, but all limbs may be affected. 

Veratrum californicum toxicosis in cattle. 

Angular limb deformity 

Trachymene spp.: sheep; outward bowing, particularly of forelimbs. 

Locoweed ( Astragalus spp., Oxytropis spp.): cattle/sheep; also limb contractures, osteoporosis. 

Congenital hyperostosis 

Severe edema: soft tissues of limbs (particularly antebrachium). 

Radiating trabeculae of new periosteal bone. 


Tibial hemimelia Bilateral tibial hemimelia, cryptorchidism, ventral abdominal hernia, + meningocele. 

Abnormalities in multiple axial and appendicular bones 

Spider lamb syndrome Excessively long limbs and neck leading to angular limb deformities, scoliosis/kyphosis, sternal deformities, Roman nose, 


Schmallenberg virus, 
Akabane virus, 
bunyaviruses 

Plant toxins 

degenerative joint disease. 

Multiple irregular islands of ossification in epiphyseal cartilage. 

Arthrogryposis (Schmallenberg, Akabane); torticollis, kyphosis, scoliosis, lordosis (Schmallenberg); brachygnathia inferior 
(Schmallenberg); and central nervous system abnormalities (Schmallenberg, Akabane, bluetongue virus). 

Wild lupins, Conium maculatum, Nicotiana spp. 


Modified from Dittmer KE, Thompson KG. Approach to investigating congenital skeletal abnormalities in livestock. Veterinary pathology. 2015; 52:851 
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Tyrolean Grey cattle, in which it is an 
autosomal-recessive defect with the pheno¬ 
type of short limbs, joint abnormality, and 
ateliosis. 5,6 Long bones of affected animals 
have insufficient endochondral ossification 
with irregularly arranged chondrocyte, 
abnormal formation of cartilaginous matrix, 
and partial disappearance of the epiphyseal 
growth plates. The mutated gene is Ellis van 
Creveld syndrome 2 gene (EVC2), 5 ' 6 also 
known as LIMBIN; OMIA: 000187-9913, 
causing a defect in the primary cilia, which 
is thought to have a role in regulating 
sonic hedgehog, a key regulator of skeletal 
development. 

These disorders should not be mistaken 
for chondrodysplasia caused by nutritional 
deficiencies, which characteristically occur 
with a much higher incidence in affected 
herds after periods of drought or nutritional 
stress. 7 ' 9 

Inherited Congenital Achondroplasia 
With Hydrocephalus 
First recorded as bulldog calves in Dexter 
cattle, this inherited defect has since been 
observed in a variety of forms in other 
breeds, including Jerseys, Guernseys, Hol- 
steins, and Japanese Brown cattle. Chondro¬ 
dysplasia in the Holstein-Friesian breed 
sharing morphologic features with the 
Dexter bulldog calves have been reported 
from the United States, the Netherlands, 
Great Britain, and recently in Denmark. 
Dexter bulldog-type calves have occurred in 
French and Danish Holstein calves in a 
familial pattern related to the sire Igale Masc, 
and it is likely that the genetic disorder is 
present in the Holstein breed worldwide. 

Characteristic features of lethal chondro¬ 
dysplasia (Dexter bulldog) calves in 
Australian Dexter cattle include abortion, 
disproportionate dwarfism, a short vertebral 
column, marked micromelia, a relatively 
large head with retruded muzzle, cleft palate 
and protruding tongue, and a large abdomi¬ 
nal hernia. 5 Histologic changes in limb 
bones are consistent with failure of endo¬ 
chondral ossification. Dexter chondrodys¬ 
plasia is considered to be inherited in an 
incompletely dominant manner, with the 
homozygous form producing the congenital 
lethal condition. Based on analysis of the 
contribution of three obligate heterozygotes 
whose semen has been widely used in arti¬ 
ficial insemination in Australia, it is esti¬ 
mated that the heterozygote frequency 
is 19% within the registered Australian 
Dexter herd. 

Affected calves are often aborted, but 
some reach full term and cause fetal dystocia 
because of the extreme hydrocephalus. The 
forehead bulges over a foreshortened face 
with a depressed, short nose. The tongue 
protrudes, the palate is cleft or absent, the 
neck is short and thick, and the limbs are 
shortened. Accompanying defects are fetal 
anasarca and hydrops amnii in the dam. 


The defect is primarily chondrodystrophy 
rather than achondroplasia; the nasal bones 
and maxillae do not grow. Hydrocephalus 
develops because of the deformed cranium. 
In most breeds the condition is inherited as 
a simple recessive character, but a dominant 
form has occurred in Jerseys. The heterozy¬ 
gous form in Dexters is easily recognized by 
the shortness of the limbs. The heterozygote 
in other breeds is normal in appearance. 

Miscellaneous Dwarfs 

Other types of dwarfs have been described 
and include “comprest” and “compact” 
cattle in Herefords and Shorthorns and 
various other forms of proportional dwarfs. 
For example, in Charolais, miniature calves 
have been recorded that are exact replicas of 
normal calves but weigh only 5 to 16 kg 
at birth and are born 2 or more weeks 
prematurely. Most are dead at birth or die 
soon after so that the condition is effectively 
lethal. Proportional dwarfs occur also in 
Simmentals. 

Other forms of chondrodystrophy, 
including “bulldog calves” and a form that 
causes fatal nasal obstruction in the German 
Black Spotted breed of cattle, have also been 
recorded. In the latter there are multiple 
deformities of limb bones, and the condition 
appears to be inherited as a result of the 
influence of a single recessive gene. 

REFERENCES 

1. Dantas FPM, et al. / Comp Pathol. 2014; 150:245. 

2. Shariflou MR, et al. Aust Vet J. 2011;89:254. 

3. Shariflou MR, et al. Anim Genet. 2013;44:231. 

4. Koltes JE, et al. Proc Nat Acad Sci. 2009;106:19250. 

5. Murgiano L, et al. PLoS ONE. 2014;9. 

6. Muscatello LV, et al. Vet Pathol. 2015;52:957. 

7. Dittmer KE, et al. NZ Vet J. 2015;63:174. 

8. White PJ, et al. Prev Vet Med. 2010;94:178. 

9. White PJ, et al. Vet J. 2012;193:336. 

CONGENITAL OSTEOPETROSIS 

Osteopetrosis is a skeletal disorder of humans 
and animals characterized by the formation 
of overly dense bones. The disease is reported 
in Angus, Red Angus, Hereford, Simmental, 
and Holstein cattle. 1 The inherited defect is 
recorded in Aberdeen Angus calves, which 
are stillborn and undersized. The major 
manifestations are shortening of the mandi¬ 
ble with protrusion of the tongue, impaction 
of the lower molars, a patent fontanelle, and 
the characteristic lesion of shortness of the 
long bones and absence of a marrow cavity 
in them. The absence of the marrow cavity, 
caused by defective remodeling of the bone, 
gives it a homogeneous shaft, leading to the 
colloquial name of “marble bone.” Geneti¬ 
cally affected calves are typically aborted late 
in gestation, display skull deformities, and 
exhibit a marked reduction of osteoclasts. 
The disease is caused by a deletion mutation 
within bovine SLC4A2, 1 encoding an anion 
exchanger protein, causing loss of SLC4A2 
function that induces premature cell death 


and likely results in cytoplasmic alkaliniza- 
tion of osteoclasts, which, in turn, may 
disrupt acidification of resorption lacunae. 
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INHERITED PROBATOCEPHALY 
(SHEEPSHEAD) 

This defect is inherited in Limousin cattle. 
The cranial bones are deformed so that the 
head resembles that of a sheep. The accom¬ 
panying defects in the heart, buccal cavity, 
tongue, and abomasum increase the chances 
of an early death. 

INHERITED ATLANTO-OCCIPITAL 
DEFORMITY 

(See “Congenital Defects of the Nervous 
System.”) 

INHERITED AGNATHIA 

Partial or complete absence of the mandibles 
with ventral displacement of the ears occurs 
in sheep and is categorized as a lethal reces¬ 
sive because the sheep are unable to graze 
properly. 

INHERITED DISPLACED 
MOLAR TEETH 

Inherited as a simple recessive character, the 
defect of displaced molar teeth usually results 
in the death of affected calves within the first 
week of life. The six premolars of the lower 
jaw are impacted or erupted in abnormal 
positions, often at grotesque angles. The 
mandible is shorter and narrower than 
normal. There is no abnormality of the inci¬ 
sors or upper jaw. 

INHERITED JAW 
MALAPPOSITION 

Defective apposition of upper and lower 
incisors, or lower incisors and dental pad, in 
ruminants may result in inefficient grazing 
and malnutrition. Abnormal protrusion of 
the mandible (mandibular prognathism) is 
of most importance in ruminants, and there 
is good evidence that abnormal length of the 
mandible is inherited. Among British breeds 
of cattle the defect is more common in beef 
than in dairy breeds. In Herefords and Angus 
the inheritance is thought to be conditioned 
by a single recessive gene. 

Brachygnathia, underdevelopment of 
the mandible, has also been recorded in 
Dairy Shorthorn, Jersey, Holstein, Ayrshire, 
and Simmental cattle, with the defect so 
severe in some cases that the animals are 
unable to suck. In Angus cattle, brachyg¬ 
nathia can occur linked to a generalized 
degenerative joint disease, in which all joint 
surfaces are involved. Affected animals, 











detected at a few days to 4 months of age, are 
not viable. Inheritance of the defect is prob¬ 
ably conditioned by a recessive gene. 

A less severe degree of brachygnathia has 
been recorded in Merino and Rambouillet 
sheep. The mode of inheritance is suggested 
to be by the interaction of several pairs of 
genes. Brachygnathia occurs in Poll Merinos 
in Australia as part of the lethal brachyg¬ 
nathia, cardiomegaly, and renal hypoplasia 
syndrome. 1 The disorder is also caused by 
intrauterine infection by the Schmallenburg 
virus. 2 

Mandibular prognathism occurs as a 
part of other, more general defects, including 
achondroplastic dwarfism and inherited dis¬ 
placed molar teeth. It is associated with 
mutations in the MATN1 gene in donkeys. 3 

Brachygnathia is also seen in horses but 
is not recognized as inherited. Maxillary 
prognathism is associated with two SNPs 
within a region on the distal end of chromo¬ 
some ECA 13 in horses. 4 
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INHERITED CRANIOSCHISIS 
(CRANIUM BIFIDUM) 

The disease occurs in a number of pig 
breeds, but has been shown to be inherited 
only in Poland China pigs and their cross¬ 
breds. There is a deficit in the cranial 
bones, and meningoceles or encephaloceles 
may result. The pigs are not viable. Genetic 
experiments have shown the inheritance to 
be of a recessive character with varying 
penetrance. 

Many single cases of cranial and spinal 
deformity in farm animals have been likened 
to the human Arnold-Chiari malformation, 
but a specific syndrome of protrusion of the 
medulla oblongata and the cerebellum 
through the foramen magnum into the 
spinal canal has not been identified in a 
hereditary context in these species. Cases of 
cranium bifidum are reported on lambs and 
calves, but the inherited basis, if any, is 
unclear. 1 ' 3 
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INHERITED CRANIOFACIAL 
DEFORMITY 

The defect is incompatible with life. One 
form in Border Leicester lambs is character¬ 
ized by a variable degree of nasomaxillary 
hypoplasia, often associated with incomplete 
cerebral development with less pronounced 
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sulci and gyri than normal. It appears to be 
inherited in a simple autosomal-recessive 
mode. A similar lethal defect is recorded in 
Angus cattle (as brachygnathia superior) in 
association with generalized degenerative 
joint disease. 

Cyclopia (cyclops anomaly) is com¬ 
monly associated with ingestion of plants, 
such as Veratrum californicum, containing 
cyclopamine, which is an inhibitor of the 
sonic hedgehog pathway. 13 Cyclopia of 
other cause, or unknown cause, occurs 
sporadically. 4 
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INHERITED ARACHNOMELIA 

(INHERITED 

CHONDRODYSPLASIA) 

Cattle 

Arachnomelia, a suspected inherited disease 
of Simmental, Brown Swiss, Italian Brown 
calves, Fleckvieh, 1 and other European 
breeds of cattle, is manifested by excessively 
long, thin distal extremities, which give the 
calves a spidery look—hence the term arach¬ 
nomelia. The bones are fragile, and there is 
curvature of the spine, foreshortening of 
the mandible, and associated cardiac and 
vascular defects. In Swiss Braunvieh cattle 
it is combined with arthrogryposis. The 
mutation is a 2-bp deletion mutation 
c.l224_1225delCA in exon 11 of the molyb¬ 
denum cofactor biosynthesis protein 1 
(MOCS1) gene in Simmental and Fleckvieh 
cattle 1,2 and a 1-bp insertion c.363-364insG 
in the sulfite oxidase (SUOX) gene of Brown 
Swiss cattle. 3 It is inherited as a simple reces¬ 
sive trait. 

Sheep 

Spider Lamb Syndrome 
A hereditary chondrodysplasia is recorded in 
Suffolk and Hampshire lambs in which the 
limbs are thin and disproportionately long 
and have abnormal positions of the bones 
near the joints, causing abnormalities of 
posture. The disease is caused by a nonsyn- 
onymous T > A transversion in the highly 
conserved tyrosine kinase II domain of a 
positional candidate gene, fibroblast growth 
factor receptor 3 (FGFR3). 4 The mutant 
FGFR3 allele has an additive effect on long- 
bone length, suggesting that the disease 
is not inherited as a strict monogenic, men- 
delian recessive trait but is determined pri¬ 
marily by the presence of the mutant FGFR3 
allele and influenced by an animal’s genetic 
background. In contrast to FGFR3 mutations 
causing dwarfism in humans, this single¬ 
base change results in a skeletal overgrowth. 
There is also less muscle than normal. In 
severe cases the deformities are obvious at 


birth and may be lethal. In less severe cases 
the deformities do not become apparent 
until the lambs are several weeks old. The 
defects are readily visible in x-rays before 
clinical signs develop, and affected lambs can 
be detected in this way. The diagnostic lesion 
is multiple irregular islands of ossification in 
the upper limb joints. Spinal deformities, 
especially kyphoscoliosis, and cranial defor¬ 
mities, including a roman nose, deviation of 
the nose poll axis, and shortening of 
the mandible, are observed in some lambs 
(Fig. 15-16). 

Inheritance by an autosomal-recessive 
gene with complete penetrance and variable 
expressivity has been established as the cause 
in Suffolks. The defect is thought to be one 
of deficiency of an insulin-like growth factor 
(IGF) and IGF-binding proteins. Differentia¬ 
tion from arthrogryposis-hydranencephaly 
is important because of the superficial simi¬ 
larity of the two diseases. 

Inherited Chondrodysplasia in 
Texel Sheep 

A chondrodysplasia resulting in a dwarfing 
phenotype has occurred in a Texel sheep 
flock as a newly recognized recessively inher¬ 
ited genetic disease of the Texel breed. The 
disorder in this breed is attributable to a 1 -bp 
deletion of T (g.25513delT) at the 107bp 
position of exon 3 in the SLC13A1 gene 
(solute carrier family 13 [sodium/sulfate 
symporters], member 1). The mutation 
g.25513delT shifts the open reading frame of 
SLC13A1 to introduce a stop codon and 
truncate C-terminal amino acids.’ Heterozy¬ 
gotes appear clinically normal. Affected 
lambs appear normal at birth but show evi¬ 
dence of dwarfism, wide-based stance, and 
exercise intolerance as early as 1 week of age. 
Death usually occurs within 3 months, often 
after developing bilateral varus deformity of 
the forelimbs. Some severely affected lambs 
die with respiratory distress, probably as a 
result of tracheal collapse. Gross and micro¬ 
scopic lesions of variable severity were 
present in the tracheal, articular, epiphyseal, 
and physeal cartilage. In severe cases, articu¬ 
lar cartilage in major joints was eroded from 
weight-bearing surfaces. The trachea was 
flaccid, was abnormally kinked, and had 
thickened cartilaginous rings and a narrow 
lumen. Affected sheep that survived to 
breeding age commonly developed severe 
degenerative joint disease. Histologically, 
chondrocytes were disorganized and sur¬ 
rounded by concentric rings of abnormal 
fibrillar material, and the matrix often con¬ 
tained focal to coalescing areas of chondroly- 
sis. The disease has considerable potential as 
a suitable model for studying various forms 
of therapy for human chondrodysplasia. 
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Fig. 15-16 Spider lamb syndrome in two yearling Suffolk lambs. A, A wether with marked 
angular limb abnormalities and disproportionately long, thin legs. B, A wether with a roman 
nose, shortening of the mandible, and kyphoscoliosis. 
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COMPLEX VERTEBRAL 
MALFORMATION IN 
HOLSTEIN CALVES 

A lethal congenital defect of the axial skele¬ 
ton of purebred Holstein calves has been 


reported in Denmark, the United States, and 
the United Kingdom. It is caused by a muta¬ 
tion in the gene SLC35A3 coding a uridine- 
diphosphate-N-acetylglucosamine 
transporter. 1 A single-base transversion of 
guanine to thymine has been located in the 
abnormal allele at position 559. It is present 
in both copies of the allele, and the mutation 
is lethal. It is a simple recessive genetic defect 


that requires that both the sire and the dam 
of an affected calf are carriers. 

Most affected calves are born between 
day 250 and 285 of gestation. Approximately 
80% of homozygous affected fetuses are 
aborted before gestation day 260. Birth 
weights are reduced. Most affected calves are 
stillborn, but affected calves occasionally are 
born alive. Euthanasia must be performed 
for humanitarian reasons. 

In premature, stillborn, and neonatal 
affected calves, the defect is characterized 
by congenital growth retardation, malformed 
vertebrae, and tetramelic arthrogryposis. 
There is shortening of the cervical and tho¬ 
racic parts of the vertebral column as a result 
of multiple hemivertebrae, fused and mis¬ 
shaped vertebrae, and scoliosis. Growth 
retardation and vertebral malformation are 
typical lesions. Malformation of the head, 
primarily in the form of dysplasia or palatos¬ 
chisis, also occurs. 

Symmetric flexures of the carpal and 
joints and the metacarpophalangeal joint in 
combination with a slight lateral rotation of 
the phalanges are also present. Similar 
low-grade arthrogryposis is present in the 
pelvic limbs. Heart defects were present in 
50% of affected calves (interventricular 
septal defects, dextroposition of the aorta, 
and eccentric hypertrophy of the right 
ventricle). 

Retrospective genotyping of affected 
calves according to the mutation in the 
SLC35A3 gene determined that there were 
homozygous affected, heterozygote, and 
homozygous normal genotypes. The mor¬ 
phologic expression of the malformation is 
wide, but certain aspects such as growth 
retardation, vertebral malformation, and 
symmetric arthrogryposis are nearly con¬ 
stant findings. A presumptive diagnosis of 
the malformation can be made in most cases 
based on necropsy findings combined with 
pedigree analysis and genotyping. Breeding 
studies were carried out in Denmark using 
selected cows that were progeny of sires with 
a heterozygous genotype for the malforma¬ 
tion and were pregnant after insemination 
with semen from another sire with heterozy¬ 
gous malformation genotype. The number 
of calves born with the malformation was 
less than expected, suggesting increased 
intrauterine mortality. Fertility traits in Hol- 
steins are severely affected by the malforma¬ 
tion phenotype of the fetus. If the fetus is 
homozygous for the malformation, 29% of 
the cows will abort before gestation day 100, 
increasing to 45% at day 150 and 77% at day 
260. Rates of nonreturn to service, frequency 
of calvings after the first insemination, and 
interval from insemination to next calving 
were significantly reduced by a fetal malfor¬ 
mation phenotype. 

Pedigree analysis and DNA analyses of 
semen from sires used for insemination have 
found a widely branched familial occurrence 
of the malformation in the Holstein breed. 





















The mutation in the SCL35A3 gene has been 
traced to the U.S. sire Penstate Ivanhoe Star, 
born in 1963, and his widely used son 
Carlin-M Invanhoe Bell, born in 1974. 
Descendants of this bull in China have a het¬ 
erozygote carrier frequency of 9.54% and 
16.7% in Poland. 2,3 The frequency of carriers 
in Girolando dairy cattle in Brazil is less than 
2%. 4 The malformation mutation is not 
restricted to descendants of the American 
Holstein-Friesian bull Carlin-M Ivanhoe 
Bell. Through these sires and elite sires genet¬ 
ically related to them, the defect has been 
disseminated in the Holstein breed world¬ 
wide. PCR testing is available to detect het¬ 
erozygotes. 2 Testing is available on registered 
or registerable Holstein animals only through 
the Holstein Association (Holstein USA), 
through one of the National Association of 
Animal Breeders’ member AI organizations, 
or at the Van Haeringen Laboratorium, 
Wageningen, the Netherlands. 
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INHERITED REDUCED 
PHALANGES (AMPUTATES, 
ACROTERIASIS, ECTROMELIA) 

The defect of inherited reduced phalanges 
has been recorded in cattle and appears to be 
inherited as a single recessive character. 1,2 
The limbs are normal down to the metacar¬ 
pal and metatarsal bones, which are shorter 
than usual, but the first two phalanges are 
missing, and the normal hooves and third 
phalanges are connected to the rest of the 
limb by soft tissues only. The calves are 
unable to stand but can crawl about on their 
knees and hocks. 

Hereditary Hemimelia 
The bilateral absence of the distal half of the 
limb (e.g., the patella) and shortening or 
absence of the tibia, often accompanied 
by hydrocephalus, meningoceles, ventral 
abdominal hernia, and cryptorchidism, com¬ 
prise the syndrome known as tibial hemime¬ 
lia. It is inherited in the Galloway breed of 
cattle. An autosomal-recessive mode of 
inheritance is assumed. A concerted program 
of eradicating the defect has been under¬ 
taken, based on test matings and examina¬ 
tion for defects of 90-day fetuses obtained by 
terminating pregnancy with prostaglandin. 
Hemimelia and amelia also occur in sheep. 3 

Hereditary Peromelia of 
Mohair Goats 

The syndrome of hereditary peromelia of 
mohair goats includes agenesis of the pha¬ 
langes and parts of the metacarpus and 
metatarsus affecting one or more limbs; it 
follows an autosomal-recessive mode of 
inheritance. 
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Amputates 

An even more serious defect, in which the 
mandible and all the bones below the 
humerus and stifle are vestigial or absent, 
has been reported in British, French, and 
German Friesians. It appears to be condi¬ 
tioned by the inheritance of a single recessive 
gene. Similar “amputates” have been shown 
not to be inherited. The disease occurs in 
Italian buffalo, in which it is associated with 
chromosomal instability. 4,5 
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INHERITED CLAW DEFORMITY 

Extra claws (polydactylism) and fusion of 
the claws (syndactylism) are known heredi¬ 
tary defects of cattle, the former in the Nor¬ 
mandy breed and the latter in Holsteins, 
Angus, Hereford, and Chianina. 1,2 Polydac¬ 
tyly in pigs appears to be inherited, in some 
forms, as an autosomal-recessive trait with 
incomplete penetrance, although the genetic 
abnormality is unclear. 3 

Dactylomegaly (enlarged dewclaws), 
often associated with syndactyly or deviation 
of the adjacent major digit and creating a 
clubfooted appearance, may be inherited in 
Shorthorn cattle. In most cases they cause no 
more than inconvenience but an association 
of syndactyly with susceptibility to hyper¬ 
thermia is recorded, and some of these 
animals die of hyperthermia when subjected 
to high environmental temperatures. 

Adactyly is a recorded but less-well- 
defined defect in cattle and sheep in which 
the hooves are absent at birth. 

There is good field evidence that cork¬ 
screw claw or curled toe is an inherited 
defect in cattle, especially in beef breeds, 
but also in Holstein-Friesians. It is almost 
always the lateral claw that is affected. In 
some breeds it is more common in the 
hindfeet; in others it is more common in 
the front feet. In the affected digit the third 
phalanx is much smaller than normal and 
is narrower and longer. The soft tissue and 
the horn are correspondingly deformed so 
that the horn grows much longer and nar¬ 
rower and tends to curl over the sole so that 
the cow walks on the wall of the hoof. The 
claw also curls over the front of the other 
digit of the limb. There are often cracks 
in the front of the claw, originating at the 
coronet and causing serious lameness. All 
affected animals suffer gait abnormalities 
as they get older and heavier. Much of this 
is attributable to distortion and wear of the 
articular surfaces in the companion claw, 
which has to carry much more weight than 
is usual. Marked changes in the affected 
digit are detectable by anteroposterior 
radiography. 
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INHERITED MULTIPLE 
EXOSTOSIS 

Multiple exostosis affecting both cortical 
and medullary bone of the limbs and ribs 
has been described in Quarter horses and 
Thoroughbreds in the United States. The 
lesions are visible externally but cause little 
apparent inconvenience. It is inherited as a 
single autosomal-dominant gene. Restriction 
nuclease analysis is used to diagnose the 
disease. 

INHERITED CONGENITAL 
HYPEROSTOSIS (THICK 
FORELIMBS OF PIGS) 

This defect is thought to be caused by the 
inheritance of a simple recessive character. 
Affected piglets show obvious lesions at 
birth, and although many of them die or 
are destroyed immediately, a proportion of 
them may survive. The forelimbs are mark¬ 
edly enlarged below the elbows, and the 
skin is tense and may be discolored. There 
is difficulty in standing and moving about, 
and starvation and crushing contribute to 
the mortality rate. There is extensive edema 
of the subcutaneous tissues, thickening of 
the bones, and roughness of the perios¬ 
teum. It is thought that the primary lesion 
is a separation of the periosteum from the 
bone. 

INHERITED RICKETS 

An inherited form of rickets occurs in pure¬ 
bred Corriedale sheep in New Zealand, with 
an incidence of up to 20 lambs out of 1600 
over a 2-year period. Affected sheep have 
decreased growth rate, thoracic lordosis, and 
angular limb deformities, with low serum 
calcium and phosphate concentrations 
and normal 25 hydroxyvitamin D and 1,25 
dihydroxyvitamin D 3 concentrations. 1 ' 3 The 
disease is inherited as a simple autosomal- 
recessive disorder caused by a nonsense 
250C/T mutation on exon 6 in the dentin 
matrix protein 1 gene (DMP1). 4 This muta¬ 
tion introduces a stop codon (R145X) and 
could truncate C-terminal amino acids. 
Affected sheep are “T T” genotypes, carriers 
are “C T,” phenotypically normal related 
sheep are either “C T” or “C C,” and unre¬ 
lated normal sheep from other breeds are “C 
C.” A simple diagnostic test can identify car¬ 
riers with the defective “T” allele. Necropsy 
examination reveals segmental thickening of 
physes, growth-arrest lines, collapse of sub¬ 
chondral bone of the humeral head, thick¬ 
ened cortices, and enthesophytes around 
distal limb joints. 5 other features include 
hypertrophic chondrocytes at sites of 
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endochondral ossification; inappropriate 
and excessive osteoclastic resorption; micro¬ 
fractures; and wide, unmineralized osteoid 
seams lining trabeculae and filling secondary 
osteons. 5 

The disease of pigs is indistinguishable 
from rickets as a result of nutritional 
inadequacy. 6 The pigs are healthy at birth. 
Subsequently there is hypocalcemia, hyper¬ 
phosphatemia, and increased serum alkaline 
phosphatase activity. The defect is a failure of 
active transport of calcium through the wall 
of the small intestine. 
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INHERITED TAILLESSNESS AND 
TAIL DEFORMITY 

Complete absence of the tail or deformity of 
the appendage occur relatively commonly as 
a congenital defect. The disease “crooked-tail 
syndrome” in Belgian Blue cattle is attribut¬ 
able to a loss-of-function mutation of the 
bovine MRC2 gene that impairs production 
of Endol8 protein. Affected cattle have signs 
of impaired endochondral ossification and 
skeletal and muscular malformations. The 
mutation is also associated with muscular 
attributes in heterozygotes, including double 
muscling (as a result of a defect in the myo- 
statin gene), that are desirable traits and 
result in 25% of Belgian Blue cattle being 
carriers for the condition. 1 

A syndrome of vertebral and spinal dys¬ 
plasia occurs in Holstein cattle. There are tail 
malformations and neurologic dysfunction, 
with gait abnormalities of the hindlimbs. The 
deformities and neurologic dysfunctions 
vary from subtle or mild (limited to tail 
deformities) to paraparesis. The syndrome is 
inherited in a dominant mode with incom¬ 
plete penetrance. 2 
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CONGENITAL 

CHONDRODYSTROPHY OF 
UNKNOWN ORIGIN (CCUO, 
"ACORN" CALVES, CONGENITAL 
JOINT LAXITY AND DWARFISM, 
CONGENITAL SPINAL STENOSIS) 

A noninherited condition has been described 
in the United States, Europe, Africa, Austra¬ 
lia, and New Zealand that resembles inher¬ 
ited dwarfism. 1 The disease occurs in 
poor-range areas and is thought to be attrib¬ 
utable to a maternal nutritional deficiency 


during the middle trimester of pregnancy. 2 
The specific dietary factors involved have not 
been determined. 

Cases are characterized by damage to 
physeal growth plates with subsequent failure 
of growth of long bones. Abnormal osseous 
development of the head causes superior 
brachygnathia. Shortening of the shafts of the 
long bones of the limbs is accompanied by 
rotated limbs and bending at the joints, and 
calves nurse and stand with difficulty. Defor¬ 
mities of the nasal turbinates and trachea are 
often present and frequently lead to breathing 
difficulties. Incoordination, arching of the 
back, and a tendency to bloat, which may 
cause death, also occur. The dentition is 
normal. Muscle spasticity, wry neck, circling, 
falling backward, and goose-stepping occur 
rarely. Serologic results for Akabane virus, 
Aino virus, bovine virus diarrhea virus, and 
Bluetongue are typically negative. 3 

Most of the calves are born alive; in badly 
affected herds, as many as 15% of calves may 
be affected. The original name for the condi¬ 
tion (Acorn calves) was derived from the 
common occurrence of acorns in the diet of 
affected herds, although the acorns are not 
thought to have any etiologic significance. 
Currently, an unknown nutritional defi¬ 
ciency or deficiencies, possibly including 
manganese, 3 during the second trimester is 
thought to be the cause. 
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Inherited Diseases 
of Joints 

INHERITED ARTHROGRYPOSIS 
(INHERITED MULTIPLE TENDON 
CONTRACTURE) 

Inherited fixation of limb joints present at 
birth is recorded in many breeds of cattle, 
especially in Belgian Blue, Shorthorn, Cha- 
rolais, Piedmont, and Swedish Dole. It is 
inherited as a single recessive mutation in 
the PIGH gene in Belgian Blue cattle. 1 The 
disease occurs in Swiss Large White pigs as 
part of the arthrogryposis multiplex con¬ 
genita complex of clinical abnormalities that 
includes inferior brachygnathism and spinal 
curvature. 2 

There are many environmental causes of 
the disease, the most well recognized of 
which are Schmallenberg and Akabane virus 
infection of early pregnancy (discussed 
under that heading). ’ 

Simple Arthrogryposis 

The limbs of affected calves are fixed in 
flexion or extension and cause dystocia as a 
result of abnormal positioning and lack of 


flexibility. There is no involvement of joint 
surfaces, and the joints can be freed by cutting 
the surrounding tendons or muscles. There is 
atrophy of limb muscles, and those calves 
that are born alive are unable to stand and 
usually die or are destroyed within a few days. 

Arthrogryposis With Dental Dysplasia 

Arthrogryposis with dental dysplasia in 
cattle appears to be inherited in a dominant 
manner. The teeth are soft, fleshy, and easy to 
bend. There is no defect of bones or joints 
other than marked softness and the presence 
of excess cartilage at the epiphyses. There is 
abnormal ossification of the cartilage. The 
calves are of normal size, do not cause dys¬ 
tocia, and, although they are unable to stand 
because of the excessive flexibility of the 
limbs, they can suck. Hypostatic pneumonia 
usually develops and causes death of the calf. 

Arthrogryposis With Palatoschisis 

Arthrogryposis with palatoschisis (SAP) is 
inherited as a simple recessive trait with low 
penetrance in pure French Charolais in 
France and high penetrance in 7/8 Charolais 
cattle in Canada, where the gene frequency 
is high in purebred and crossbred Charolais. 
Among crossbred Charolais cattle the homo¬ 
zygous condition is almost always markedly 
expressed and lethal, but a high percentage 
of purebred homozygous cattle show slight 
to no visible effect of the gene and survive. 
Because of the low rate of prevalence in 
France, attempted eradication does not 
appear to be economical. 

In this syndrome all limbs are usually 
affected but the front limbs more than the 
hindlimbs, and the more distal joints are 
more rigidly fixed than proximal ones. The 
muscles of affected limbs are atrophic and 
pale in color. Histologic changes in the spinal 
cord suggest that the muscle atrophy is neu¬ 
rogenic. In affected calves the gestation 
period may be longer than normal by an 
average of 2 weeks. 

Arthrogryposis With Multiple Defects 

In Simmentals a combined set of defects 
includes arthrogryposis, often with the limbs 
in a wraparound position around the body, 
underdevelopment of the mandible, curva¬ 
ture of the spine, and defects of the heart and 
main vessels. 

Arthrogryposis in Species Other 
Than Cattle 

Inherited arthrogryposis has also been 
recorded in Merino and Corriedale sheep 
and in Norwegian Landrace pigs, in which it 
is thought to be inherited as a simple reces¬ 
sive trait. The Corriedale defect is associated 
with other lesions, including brachygnathia 
inferior, hydranencephaly, and thoracic sco¬ 
liosis. Inherited arthrogryposis in pedigree 
Suffolk lambs has been described. 1 Breeding 
studies using superovulation and embryo 
transfer were used to increase the numbers 









of offspring from females that were carrying 
the gene or genes responsible for the defect, 
which is inherited as an autosomal-recessive 
trait. 

Ovine heritable arthrogryposis multi¬ 
plex congenita is a congenital syndrome in 
lambs characterized by curvature, hunching, 
and twisting of the thoracic spine, with asso¬ 
ciated abnormalities of the ribs and sternum, 
distal arthrogryposis of the carpal and tarsal 
joints, and cleft hard and soft palate or pala¬ 
toschisis (a median fissure of the palate) and 
is an autosomal-recessive inherited disease. 4 
Affected lambs are born full term but die 
shortly after birth. Affected lambs have 
slightly reduced body weight (as a result of 
low muscle mass) compared with normal 
newborn lambs of the same flock. The syn¬ 
drome is similar to bovine heritable arthro¬ 
gryposis multiplex congenita in Angus 
cattle and porcine heritable arthrogryposis 
multiplex congenita. 

An inherited arthrogryposis also occurs 
in Norwegian Fjord horses. The arthrogry¬ 
posis affects the hindlimbs, and there are 
accompanying defects of polydactyly, pala¬ 
toschisis, and brachygnathia in some. Most 
foals are unable to stand, and the defect must 
be considered to be a lethal one. 

INHERITED MULTIPLE 
ANKYLOSES 

Multiple ankylosis affecting all limb joints 
has been recorded as an inherited congenital 
defect of Holstein calves. The abdomen of the 
dam shows marked enlargement at month 6 
to 7 of pregnancy, and this may occasion 
some respiratory distress. Excessive fetal 
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fluids are present, and insertion of the hand 
per rectum is impeded by the distended 
uterus. Abortion during the last month of 
pregnancy is a common occurrence. Affected 
fetuses have a very short neck, ankylosed 
intervertebral joints, and varying degrees of 
ankylosis of all limb joints. The limbs are 
fixed in flexion, and there is some curvature 
of the spine. Fetal dystocia always occurs, 
and embryotomy or cesarean section is nec¬ 
essary to deliver the calf. 

Ankylosis of limb joints combined with 
cleft palate occurs occasionally in Charolais 
cattle and is suspected of being inherited. 
Ankylosis of the coffin joint, developing at 
several weeks of age, has been reported in 
Simmental calves. The etiology of the condi¬ 
tion is not clear. 

REFERENCES 

1. Sartelet A, et al. BMC Genet. 2015;16:316. 

2. Haubitz M, et al. Mol Cell Prob. 2012;26:248. 

3. Agerholm JS, et al. Acta Vet Scand. 2015;57. 

4. Tejedor MT, et al. / Comp Pathol. 2010;143:14. 


INHERITED PATELLAR 
SUBLUXATION 

Unilateral or bilateral subluxation occurs as 
an inherited defect in Bos indicus cattle and 
in water buffalo (Bubalus bubalis). Shetland 
ponies also have a predisposition, and a 
monogenic autosomal-recessive transmis¬ 
sion is suspected. There is periodic lameness, 
with the affected limb held in rigid exten¬ 
sion; the patella is displaced medially. 1 
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INHERITED HYPERMOBILITY 
(LAXITY) OF JOINTS 

Inherited hypermobility of joints is recorded 
only in Jersey cattle. It has assumed great 
importance because of the great popularity 
of a sire that carried the gene. There is abnor¬ 
mal flexure and extension of all joints but 
especially the hock, stifle, hip, knee, elbow, 
and shoulder joints. The muscles are much 
atrophied, and the joints look very enlarged 
as a result. It is impossible for the calves to 
stand, but they are bright, alert, and eat well. 
The limbs are so flexible that they can be bent 
into extraordinary positions and almost tied 
in knots. A drawer sign, a displacement of 
the articular surfaces laterally, produced by 
manual pressure, can be elicited easily and 
with a displacement of up to 2 cm. There 
are no detectable lesions in the nervous 
or musculoskeletal systems. Although the 
disease is known to be inherited as a simple 
autosomal-recessive trait, it has also been 
seen in circumstances that preclude inheri¬ 
tance being the cause. 

INHERITED HIP DYSPLASIA 

An inherited defective development of the 
acetabulum occurs in Dole horses. There is 
no clinical evidence of the disease at birth, 
but osteoarthritis of the joint and disruption 
of the round ligament develop subsequently. 
Hip dysplasia occurs in Belgian Blue cattle. 1 

REFERENCE 

1. Van Vlierbergen B, et al. Vet Rec. 2007;160:910. 









16 


Diseases of the Skin, Eye, Conjunctiva, 
and External Ear 


INTRODUCTION 1541 
PRINCIPLES OF TREATMENT OF 
DISEASES OF THE SKIN 1543 

Primary Treatment 1543 
Supportive Treatment 1543 

DISEASES OF THE EPIDERMIS AND 
DERMIS 1543 

Pityriasis 1 543 
Hyperkeratosis 1544 
Parakeratosis 1 544 
Pachyderma 1544 
Impetigo 1545 
Urticaria 1 545 

Dermatitis and Dermatosis 1546 
Photosensitization 1549 

DISEASES OF THE HAIR, WOOL, 
FOLLICLES, AND SKIN 
GLANDS 1552 

Alopecia and Hypotrichosis 1552 
Achromotrichia 1553 
Leukoderma and Leukotrichia 1553 
Vitiligo 1553 
Seborrhea 1554 
Folliculitis 1554 

DISEASES OF THE SUBCUTIS 1555 

Subcutaneous Edema (Anasarca) 1555 
Angioedema (Angioneurotic 
Edema) 1555 

Subcutaneous Emphysema 1556 
Lymphangitis 1556 
Panniculitis 1557 
Hematoma 1557 
Necrosis and Gangrene 1557 
Subcutaneous Abscess 1558 
Cutaneous Cysts 1558 
Granulomatous Lesions of 
the Skin 1558 

NON-INFECTIOUS DISEASES OF 
THE SKIN 1559 

Insect Bite Hypersensitivity in Horses 
(Equine Seasonal Allergic 
Dermatitis) 1559 
Seasonal Allergic Dermatitis of 
Sheep 1560 

Anhidrosis (Nonsweating Syndrome, 
Puff Disease, Dry Coat) 1561 
Wetness (Maceration) 1562 
Cockle 1562 

Wool Slip, Wool Loss 1563 
Wool Eating 1 563 

Idiopathic Nasal/Perioral Hyperkeratotic 
Dermatosis of Camelids (Mouth 
Munge) 1563 

BACTERIAL DISEASES OF 
THE SKIN 1564 


Methicillin-Resistant Staphylococcus 
aureus 1 564 

Dermatophilosis (Mycotic Dermatitis 
Cutaneous Streptotrichosis, Senkobo 
Disease of Cattle, Lumpy Wool of 
Sheep) 1570 
Skin Tuberculosis 1573 
Mycobacterium ulcerans Infection 
(Buruli or Bairnsdale Ulcer) 1574 
Fleece Rot in Sheep 1 574 
Bolo Disease 1575 
Strawberry Footrot of Sheep 
(Proliferative Dermatitis) 1575 
Contagious Acne of Horses (Canadian 
Horsepox, Contagious Pustular 
Dermatitis) 1576 
Exudative Epidermitis (Greasy Pig 
Disease) 1 576 

Ulcerative Dermatitis (Granulomatous 
Dermatitis) of Pigs 1579 

VIRAL DISEASES OF THE 
SKIN 1580 

Papillomavirus Infection (Papillomatosis, 
Warts) 1580 
Sarcoid 1585 

Cowpox and Buffalopox 1587 
Pseudocowpox (Milkers' 

Nodule) 1588 
Lumpy Skin Disease 
(Knopvelsiekte) 1589 
Sheeppox and Goatpox 1591 
Contagious Ecthyma (Contagious 
Pustular Dermatitis, Orf, Scabby 
Mouth, Soremouth) 1 593 
Ulcerative Dermatosis of Sheep 1596 
Poxvirus Infections in Horses (Horsepox, 
Uasin Gishu, Viral Popular Dermatitis, 
Equine Molluscum 
Contagiosum) 1596 
Swinepox 1597 

DERMATOMYCOSES 1600 

Ringworm 1600 
Mucormycosis 1603 
Malassezia spp. Dermatitis 1603 
Sporotrichosis 1604 
Epizootic Lymphangitis (Pseudoglanders, 
Equine Blastomycosis, Equine 
Histoplasmosis) 1604 
Equine Phycomycosis (Swamp Cancer, 
Pithyosis, Hyphomycosis Destruens, 
Florida Horse Leech, Bursattee) 1605 
Maduromycosis 1607 
PROTOZOAL DISEASES OF 
THE SKIN 1607 
Besnoitiosis (Elephant Skin 
Disease) 1607 


NEMATODE INFECTIONS OF THE 
SKIN 1608 

Summer Sores in Horses 
(Habronemosis) 1608 
Rhabditic Dermatitis 1609 
Onchocerciasis (Worm Nodule 
Disease) 1609 
Parafilariosis 1610 
Stephanofilariasis 1611 
CUTANEOUS MYIASIS 1611 
Blow-Fly Strike of Sheep 1611 
Screwworm ( Cochliomyia hominivorax 
and Chrysomyia bezziana) 1615 
Wohlfahrtiosis (Flesh Fly, Wohlfahrtia 
magnifica) 1617 

MITE INFESTATIONS 1618 

Harvest Mites (Chigger Mites) 1618 
Itch mites (Psorergates ovis, Psorergates 
bos) 1618 

Demodectic Mange (Follicular 
Mange) 1619 

Sarcoptic Mange (Barn Itch) 1619 
Psoroptic Mange (Sheep Scab, Body 
Mange, Ear Mange) 1621 
Chorioptic Mange (Tail Mange, Leg 
Mange, Scrotal Mange) 1622 

KED AND LOUSE INFESTATIONS 1623 

Sheep Ked ( Melophagus ovinus) 1 623 
Louse Infestations (Pediculosis) 1624 

MISCELLANEOUS SKIN DISEASES 
CAUSED BY FLIES, MIDGES, AND 
MOSQUITOES 1625 

Stable Flies ( Stomoxys calcitrans) 1625 
Horse Flies, March Flies or Breeze Flies 
0 Tabanus spp.), and Deer Flies 
(Chrysops, Hematopota, and 
Pangonia spp.) 1626 
Hypoderma spp. Infestation (Warble 
Flies) 1626 

Horn Flies and Buffalo Flies (Hematobia 
spp.) 1628 

Black Flies, Buffalo Gnats 
(Simuliidae) 1629 
Housefly (Muscidae —Musca 
domestica) 1630 

Bush Flies ( Musca vetustissima) 1630 
Face Fly ( Musca autumnalis) 1630 
Head Fly ( Hydrotoea irritans) 1630 
Biting Midges (Ceratopogonidae) 1631 
Mosquitoes (Culicidae) 1631 

TICK INFESTATIONS 1631 

DEFICIENCIES AND TOXICITIES 
AFFECTING THE 
SKIN 1634 

Zinc Deficiency (Parakeratosis) 1634 


Copyright © 2017 Elsevier Ltd. All Rights Reserved. 


1540 





Plant Poisoning Associated With Known 
Toxins 1637 

Plant Poisonings Associated With 
Unidentified Toxins 1637 
Selenium Toxicosis 1638 
Iodine Toxicosis 1640 
CUTANEOUS NEOPLASMS 1640 
Papilloma and Sarcoid 1640 
Squamous-Cell Carcinoma 1640 
Melanoma 1641 
Lipoma 1641 
Mast Cell Tumors 1642 
Lymphomatosis 1642 
Neurofibromatosis 1642 
Histiocytoma 1642 
Cutaneous Angiomatosis 1642 
Hemangioma and 
Hemangiosarcoma 1642 
Congenital Skin Tumors 1642 
CONGENITAL AND INHERITED 
DEFECTS OF THE SKIN 1643 
Inherited Albinism 1643 
Disorders of Coat Color, 

Pseudoalbinism, and Lethal 
Whites 1643 

Inherited Symmetric Alopecia 1644 
Inherited Congenital 
Hypotrichosis 1644 


Introduction 

The major functions of the skin are: 

• To maintain a normal body temperature 

• To maintain a normal fluid and 
electrolyte balance within the animal 

• To create a mechanical barrier to protect 
the body from noxious agents and 
organisms 

• To act as a sensory organ perceiving 
those features of the environment that 
are important to the subject’s survival 

In general, these functions are not greatly 
impeded by most diseases of the skin of large 
animals, with the exceptions of failure of the 
sweating mechanism, which does seriously 
interfere with body temperature regulation, 
and severe burns or other skin trauma, which 
may cause fatal fluid and electrolyte loss. 

The major effects of skin diseases in large 
animals are esthetic and economic but can 
also present a considerable animal welfare 
concern. Discomfort and scratching interfere 
with normal rest and feeding, and when the 
lips are affected, there may be interference 
with prehension. The unsightly appearance 
of the animal distresses the owner. There is 
loss of the economic coat, and the sales 
value and acceptability of animals for trans¬ 
port and appearance in exhibitions is greatly 
reduced. 

Primary/Secondary Lesions 

Diseases of the skin may be primary or sec¬ 
ondary in origin. In primary skin disease 
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the lesions are restricted initially to the skin, 
although they may subsequently spread 
from the skin to involve other organs. Con¬ 
versely, cutaneous lesions may be secondary 
to disease originating in other organs. Dif¬ 
ferentiation between primary and secondary 
skin diseases should be attempted by seeking 
evidence that organs other than the skin are 
affected. If there is no such evidence produced 
during a thorough clinical examination of the 
patient, it is reasonable to assume that the 
disease is primary. Even if involvement of 
other organs is diagnosed, it is still neces¬ 
sary to determine whether the involvement 
constitutes the primary state or whether it 
has developed secondarily to the skin disease. 
This decision can be based on the chronology 
of the signs, elicited by careful history taking, 
and a detailed knowledge of the individual 
diseases likely to be encountered. 

Taking an accurate anamnesis and 
doing a complete clinical examination must 
precede the careful examination of the skin 
itself, using the proper technique of exami¬ 
nation. The veterinarian may need to employ 
advanced diagnostic procedures such as his- 
topathological examination of a biopsy spec¬ 
imen to define the type of lesion present. 

The purpose of this chapter is to describe 
the basic skin lesions so that the differential 
diagnosis, up to the point of defining the 
type and nature of the lesion, the pathoana- 
tomical diagnosis, can be accomplished. A 
definitive etiologic diagnosis requires further 
examination and is included in the discus¬ 
sion of the specific diseases. 


Clinical Signs and Special 
Examination 

A general clinical examination is fol¬ 
lowed by a special examination of the skin 
and must include inspection and, in most 
cases, palpation. Additional information 
can be obtained by taking swabs for bacte- 
riologic examinations, scrapings for exami¬ 
nation for dermatophytes and metazoan 
parasites, and biopsy for histopathological 
examination. 

Biopsy material should include abnor¬ 
mal, marginal, and normal skin. Artifacts 
are common in biopsy specimens, including 
nonrepresentative sampling, crushing the 
specimen by forceps or hemostat, and inad¬ 
equate fixation. 

A Wood’s lamp finds a special use in the 
examination of the skin for dermatophytes. 

Descriptions of lesions should include 
size, depth to which they penetrate topo¬ 
graphic distribution on the body, and size of 
the area affected. Abnormalities of sebaceous 
and sweat secretion, changes in the hair or 
wool coat, and alterations in color and tem¬ 
perature of the skin should be noted, as 
should the presence or absence of pain or 
pruritus. 

Lesions 

An accurate definition of the lesions, sum¬ 
marized in Table 16-1, is an essential part of 
a dermatologic patient’s clinical record. The 
table makes a primary differentiation into 
discrete and diffuse lesions, and these catego¬ 
ries need to be further categorized in terms 
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Table 16-1 Terms used to identify skin lesions 


Name of lesion Nature of lesion Relation to skin surface Skin surface 


Scales 

Dry, flaky exfoliations 

On surface only, no penetration 
of skin 

Unbroken 

Excoriations 

Traumatic abrasions and scratches 

Penetration below surface 

Variable skin surface damage—depends on 
severity 

Fissures 

Deep cracks 

Penetrate into subcutis 

Disrupted 

Dry gangrene 

Dry, horny, black, avascular, shield-like 

Above skin, usually all layers 
affected 

Removed 

Early, moist gangrene 

Blue-black, cold, oozing serum 

In plane of skin or below 

Complete depth of subcutis 

Keratosis 

Overgrowth of dry, horny, keratinized epithelium 

Above skin 

Undamaged stratum corneum is retained 

Acanthosis 

Like keratosis but moist, soft 

Above skin 

Prickle cell layer swollen; is really part of skin 

Hyperkeratosis 

Excessive overgrowth of keratinized, epithelium¬ 
like scab 

Above skin 

Skin surface unbroken 

Parakeratosis 

Adherent to skin 

Above skin 

Cells of stratum corneum nucleated and 
retained; really part of skin 

Eczema 

Erythematous, itching dermatitis 

Superficial layer of epidermis 
affected 

Weeping, scabby disruption of surface 

Hypermelanosis 

Increased deposits of melanin (e.g., melanosis, 
meloderma) 

In epidermis or dermis 

Unbroken 

Hypomelanosis 

Decreased deposits of melanin 

In epidermis or dermis 

Unbroken 

Discrete lesions 

Vesicle, bleb, bulla, 
blister 

Fluid (serum or lymph)-filled blister 1-2 cm 
diameter 

Above skin surface, superficial 

Unbroken but will slough 

Pustule 

Pus-filled blister, 1-5 mm 

Above, superficial 

Will rupture 

Wheal 

Edematous, erythematous, swellings, transitory 

Above, all layers affected 

Undamaged 

Papules (pimples) 

Elevated, inflamed, necrotic center, up to 1 cm 
diameter 

Above surface, all layers affected 

Points and ruptures 

Nodules, nodes 

Elevated, solid, up to 1 cm diameter 

Acute or chronic inflammation. 

No necrotic center 

Above surface, all layers 

Surface unbroken 

Plaque 

Larger nodule, up to 3-4 cm diameter 

All layers affected; raised above 
surface 

Surface unbroken 

Acne 

Used synonymously with pimple but strict 
meaning is infection of sebaceous gland 

Above surface of skin; all layers 
affected 

May point and rupture 

Comedo 

Plugged (sebum, keratin) hair follicle 

Raised above skin 

May rupture 

Impetigo 

Flaccid vesicle, then pustule, then scab, up to 

1 cm diameter 

Raised above skin; very 
superficial 

Upper layers destroyed 

Scab (or crust) 

Crust of coagulated, blood, pus, and skin debris 

Raised above skin 

Disrupted, depth varying with original lesion 

Macule (patch) 

Small area of color change; patch is larger 

Within superficial layers 

Unbroken 


of size (e.g., they may be limited diffuse 
lesions or extensive localized ones). 

Abnormal Coloration 

The parameter of abnormal coloration 
includes jaundice, pallor, and erythema. In 
animals these conditions are rarely visible in 
light-colored skins. Red-purple discolor¬ 
ation of the skin of septicemic, white pigs may 
be dramatic, but no diagnostic significance 
can be attached to its degree. Early erythema 
is a common finding where more definite skin 
lesions are to develop, as in early photosen¬ 
sitization. The blue coloration of early gan¬ 
grene (e.g., of the udder and teat skin in the 
early stages of peracute bovine mastitis asso¬ 


ciated with Staphylococcus aureus ) is charac¬ 
terized by coldness and loss of elasticity. 

Hypopigmentation of the skin may be 
general, as in albino, pseudoalbino, and 
lethal white animals. Local patches of 
hypopigmentation are characteristic of viti¬ 
ligo and leukoderma. 

Pruritus 

• Pruritus or itching is the sensation that 
gives rise to scratching. 

• Hyperesthesia is increased sensitivity to 
normal stimuli. 

• Paresthesia is perverted sensation, a 
subjective sensation, and not diagnosed 
in animals. 


All sensations that give rise to rubbing or 
scratching are therefore included with pru¬ 
ritus, more properly defined as scratching. 
Pruritus can arise from peripheral or central 
stimulation. When it is peripheral in origin, 
it is a primary cutaneous sensation, similar 
to heat, cold, pain, and touch; it differs 
from pain because it is purely epidermal, 
whereas pain can still be felt in areas of skin 
denuded of epidermis. Thus itching does not 
occur in the center of deep ulcerations or 
in very superficial lesions, such as those of 
ringworm, where only the hair fibers and 
keratinized epithelium are involved. Itching 
can be elicited over the entire skin surface 
but is most severe at the mucocutaneous 
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junctions. Common causes include the 
following. 

Cattle 

• Sarcoptic and chorioptic mange 

• Lice infestation 

• Nervous acetonemia 

• Aujeszky’s disease 

Sheep 

• Lice, mange, ked, blow-fly, and itch-mite 
infestations 

• Scrapie 

Horses 

• Chorioptic mange on the legs 

• Queensland (sweet) itch along the 
dorsum of the body 

• Lice infestation 

• Perianal pruritus from Oxyuris equi 
infestation 

Pigs 

• Sarcoptic and chorioptic mange 

• Lice infestation 

All Species 

• Early stages of photosensitive 
dermatitis 

• Urticarial wheals in an allergic reaction 

• “Licking syndromes,” such as those that 
occur in cattle on copper-deficient diets, 
are accompanied by pica and the licking 
of others as well as themselves. They are 
examples of depraved appetites 
developed in response to nutritional 
deficiency and are not a response to 
pruritus. 

• Itching of central origin derives mainly 
from the scratch center below the 
acoustic nucleus in the medulla. It may 
have a structural basis, as in scrapie and 
pseudorabies, or it may be functional in 
origin, as in the nervous form of 
acetonemia. The only lesions observed 
are those of a traumatic dermatitis with 
removal of the superficial layers to a 
variable depth, breakage or removal of 
the hairs, and a distribution of lesions in 
places where the animal can bite or rub 
easily. 

Secretion Abnormalities of 
Skin Glands 

The activity of the sweat glands is controlled 
by the sympathetic nervous system and is for 
the most part a reflection of body tempera¬ 
ture. Excitement and pain may cause sweat¬ 
ing as a result of cerebral cortical activity. A 
generalized form of hyperhidrosis, appar¬ 
ently inherited, has been recorded in Short¬ 
horn calves. Local areas of increased or 
decreased sweating may arise from periph¬ 
eral nerve lesions or obstruction of sweat 
gland ducts. A generalized anhidrosis is 
recorded in horses and occasionally in cattle. 

Excess secretion of sebum by sebaceous 
glands causes oiliness of the skin or 


seborrhea, but its pathogenesis is poorly 
understood. 

Abnormalities of Wool and 
Hair Fibers 

Deficiency of hair or wool in comparison to 
the normal pilosity of the skin area is alope¬ 
cia or hypotrichosis. 

Hirsutism, abnormal hairiness, mani¬ 
fested by a long, shaggy, and usually curly 
coat, is most common in aged ponies with 
adenomas of the pars intermedia of the pitu¬ 
itary gland. 

The character of the fiber may also vary 
with variations in the internal environment. 
For example, in copper deficiency the crimp 
of fine wool fibers is lost, and the wool 
becomes straight and “steely.” Alternation in 
coat color, achromotrichia, may be general¬ 
ized or segmental along the fiber. 

FURTHER READING 
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Principles of Treatment of 
Diseases of the Skin 

PRIMARY TREATMENT 

For a specific treatment, accurate diagnosis 
of the condition and the identification of 
underlying cause must precede the selection 
of any topical or systemic treatment. Hair 
coat and debris on and around the affected 
area must be removed to enable topical 
applications to come into direct contact with 
the affected skin. In bacterial diseases sus¬ 
ceptibility tests on cultures of the organism 
are advisable. Bacterial resistance to antimi¬ 
crobials used in veterinary dermatologic 
practice is a concern. The uncritical use of 
antimicrobials either locally or systemically 
should be avoided to contain the develop¬ 
ment of bacterial resistance to microbials. 
Specific skin diseases caused by bacteria, 
fungi, and metazoan parasites are reasonably 
amenable to treatment with the appropriate 
specific remedy. Identification of the fungal 
or parasitic organism presumably causing 
the disease allows for selection of a pharma¬ 
cologic substance and route of administra¬ 
tion with documented efficacy against the 
agent in question and can prevent frustrating 
treatment failures. 

Removal of the causative agent in allergic 
diseases and photosensitization may be 
impossible, and symptomatic treatment may 
be the only practicable solution. Symptom¬ 
atic treatment may also be indicated for 


welfare reasons in cases where the underly¬ 
ing cause of the disorder could not (yet) be 
identified. The veterinarian must be aware 
that in these cases antiinflammatory treat¬ 
ment, although indicated, may complicate 
further diagnostic workup. In some instances 
the primary disease may be confounded by 
the presence of a secondary agent, which can 
lead to confusion in diagnosis. 

SUPPORTIVE TREATMENT 

Supportive treatment may include preven¬ 
tion of secondary infection by the use of 
bacteriostatic ointments or dressings and 
the prevention of further damage from 
scratching. 

• Effective treatment of pruritus depends 
on the reduction of central perception 
of itch sensations by the use of ataractic, 
sedative, or narcotic drugs administered 
systemically or on successful restraint of 
the mediator between the lesion and the 
sensory end organ. In the absence of 
accurate knowledge of the pathogenesis 
of pain, it is usual to resort to local 
anesthetic agents, which are short-lived 
in their activity, and corticosteroids, 
which are longer-acting and effective, 
provided that vascular engorgement is 
part of the pruritus-stimulating 
mechanism. 

• When large areas of skin are involved, it 
is important to prevent the absorption 
of toxic products by continuous 
irrigation or the application of 
absorptive dressings. Losses of fluid and 
electrolytes should be compensated by 
oral or parenteral administration of 
fluids containing the necessary 
electrolytes. 

• Ensure an adequate dietary intake of 
protein, particularly sulfur-containing 
amino acids, to facilitate the repair of 
skin tissues. 

• Boredom contributes significantly to an 
animals response to itch stimuli, and 
close confinement of affected animals is 
best avoided. 

FURTHER READING 

Matousek JL, Campbell KL. A comparative review 
of cutaneous pH. Vet Dermatol. 2002;13:293- 
300. 

Schwarz S, Noble WC. Aspects of bacterial resistance to 
antimicrobials used in veterinary dermatological 
practice. Vet Dermatol. 1999;10:163-176. 

Scott DW. Large Animal Dermatology. Philadelphia: WB 
Saunders; 1988. 


Diseases of the Epidermis 
and Dermis 

PITYRIASIS 

Primary pityriasis is characterized by exces¬ 
sive bran-like scales on the skin and is caused 
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by overproduction of keratinized epithelial 
cells. The etiology is uncertain. The diagnosis 
is based on clinical presentation and can be 
supported by further diagnostic testing 
ruling out other differential diagnoses. Pro¬ 
posed causative or predisposing factors are 
as follows: 

• Hypovitaminosis A 

• Nutritional deficiency of B vitamins, 
especially of riboflavin and nicotinic 
acid, in pigs, or linolenic acid, and 
probably other essential unsaturated 
fatty acids 

• Poisoning by iodine 

Secondary pityriasis is characterized by 
excessive desquamation of epithelial cells 
and usually associated with the following: 

• Scratching in flea, louse, and mange 
infestations 

• Keratolytic infection (e.g., with 
ringworm fungus) 

Pityriasis scales are accumulations of kera¬ 
tinized epithelial cells, sometimes softened 
and made greasy by the exudation of serum 
or sebum. Overproduction, when it occurs, 
begins around the orifices of the hair follicles 
and spreads to the surrounding stratum 
corneum. 

Primary pityriasis scales are superficial, 
accumulate where the coat is long, and are 
usually associated with a dry, lusterless coat. 
Itching or other skin lesions are not features. 
Secondary pityriasis is usually accompanied 
by the lesions of the primary disease. 

Pityriasis rosea or pustular psoriaform 
dermatitis is a skin condition of piglets that 
is clinically and histopathologically distinct 
from human pityriasis rosea (see also “Pity¬ 
riasis rosea”). 

Pityriasis is identified by the absence of 
parasites and fungi in skin scrapings. 


DIFFERENTIAL DIAGNOSIS 


Hyperkeratosis (see following discussion) 
Parakeratosis (see following discussion) 

Swine erysipelas (for pityriasis rosea in pigs) 
Porcine dermatitis and nephropathy syndrome 
(for pityriasis rosea in pigs) 

Ringworm (for pityriasis rosea in pigs) 

TREATMENT 

Primary treatment requires correction of 
the primary cause. 

Supportive treatment commences with a 
thorough washing, followed by alternating 
applications of a bland emollient ointment 
and an alcoholic lotion. Salicylic acid is fre¬ 
quently incorporated into a lotion or oint¬ 
ment with a lanolin base. 

HYPERKERATOSIS 

Epithelial cells accumulate on the skin as a 
result of excessive keratinization of epithelial 
cells and intercellular bridges, interference 


with normal cell division in the granular 
layer of the epidermis, and hypertrophy of 
the stratum corneum. 

Local hyperkeratosis may be caused by 
the following: 

• Mechanical stress on pressure points 
(e.g., elbows, hocks, or brisket) when 
animals lie habitually on hard surfaces 

• Mechanical and/or chemical stress (e.g., 
teat-end keratosis of dairy cows that 
can be caused by improper milking 
machine settings, overmilking, improper 
use of teat sanitizers or cold weather) 

• Parasitism (e.g., hyperkeratotic form of 
sarcoptes mange of pigs and small 
ruminants) 

Generalized hyperkeratosis may be 

caused by the following: 

• Poisoning with highly chlorinated 
naphthalene compounds 

• Chronic arsenic poisoning 

• Inherited congenital ichthyosis 

• Inherited dyserythropoiesis-dyskeratosis 

• Infection with Scopulariopsis brevicaulis , 
a fungus, was recently associated with 
generalized hyperkeratosis in a calf and 
a goat kid. 1,2 

The skin is dry, scaly, thicker than normal, 
usually corrugated, hairless, and fissured in a 
gridlike pattern. Secondary infection of deep 
fissures may occur if the area is continually 
wet. However, the lesion is usually dry, and 
the plugs of hyperkeratotic material can be 
removed, leaving the underlying skin intact. 

Confirmation of the diagnosis is by 
the demonstration of the characteristically 
thickened stratum corneum in a biopsy 
section, which also serves to differentiate the 
condition from parakeratosis (see also “Para¬ 
keratosis”) and inherited ichthyosis (see also 
“Congenital and Inherited Skin Defects”). 

Primary treatment depends on correc¬ 
tion of the cause. Supportive treatment is by 
the application of a keratolytic agent (e.g., 
salicylic acid ointment). 

REFERENCES 

1. Ogawa S, et al. / Comp Pathol. 2008;138:145-150. 

2. Ozturk D, et al. Bull Vet Pullawy. 2009;53:361-363. 

PARAKERATOSIS 

Parakeratosis, a skin condition characterized 
by incomplete keratinization of epithelial 
cells, can have various causes: 

• Caused by nonspecific chronic 
inflammation of cellular epidermis 

• Associated with dietary deficiency of 
zinc 

• Part of an inherited disease (described 
later in the chapter) 

The initial lesion comprises edema of the 
prickle cell layer, dilatation of the intercel¬ 
lular lymphatics, and leukocyte infiltration. 
Imperfect keratinization of epithelial cells at 
the granular layer of the epidermis follows, 
and the horn cells produced are sticky and 
soft, retain their nuclei, and stick together to 


form large masses, which stay fixed to the 
underlying tissues or are shed as thick scales. 

The lesions may be extensive and diffuse 
but are often confined to the flexor aspects of 
joints (referred to historically in horses as 
mallenders and sallenders). Initially the 
skin is reddened, followed by thickening and 
gray discoloration. Large, soft scales accu¬ 
mulate, are often held in place by hairs, and 
usually crack and fissure; their removal 
leaves a raw, red surface. Hyperkeratosis 
scales are thin and dry and accompany an 
intact, normal skin. 

Parakeratosis in pigs is most commonly 
seen in swine 2 to 4 months of age and 
responds to dietary supplementation of zinc. 
Zinc deficiency in affected animals can be 
absolute or relative. The latter can be caused 
by excessive dietary calcium or phytic acid 
content or by a deficiency in essential fatty 
acids, which all interfere with the intestinal 
absorption of zinc. 

The diagnosis is made based on the clini¬ 
cal presentation and can be confirmed by the 
identification of imperfect keratinization in 
a histopathological examination of a biopsy 
or a skin section at necropsy. 


DIFFERENTIAL DIAGNOSIS 


Hyperkeratosis 
Pachyderma 
Ringworm 
Sarcoptic mange 

Greasy pig disease (Staphylococcus hyicus 
infection) 

Inherited ichthyosis 
Inherited parakeratosis of calves 
Inherited dermatosis vegetans in pigs 
Inherited epidermal dysplasia 


TREATMENT 

Primary treatment requires correction of 
any nutritional deficiency (specifically, cor¬ 
recting zinc and preventing excessive dietary 
calcium content). 

Supportive treatment includes removal 
of the crusts by the use of keratolytic agent 
(e.g., salicylic acid ointment) or by vigorous 
scrubbing with soapy water, followed by 
application of an astringent (e.g., white 
lotion paste), which must be applied fre¬ 
quently and for some time after the lesions 
have disappeared. 

PACHYDERMA 

Pachyderma, including scleroderma, is 
thickening of the skin affecting all layers, 
often including subcutaneous tissue, and 
usually localized but often extensive, as in 
lymphangitis and greasy heel in horses. 
There are no specific causes, with most cases 
being a result of a nonspecific chronic or 
recurrent inflammation. 
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In affected areas the hair coat is thin or 
absent, and the skin is thicker and tougher 
than usual. It appears tight and, because of 
its thickness and reduced volume of subcu¬ 
taneous tissue, cannot be picked into folds 
or moved easily over underlying tissue. The 
skin surface is unbroken, and there are no 
lesions and no crusts or scabs as in parakera¬ 
tosis and hyperkeratosis. 

Confirmation of the diagnosis depends 
on histopathological examination of a biopsy. 
The cells in all layers are usually normal, but 
the individual layers are increased in thick¬ 
ness. There is hypertrophy of the prickle cell 
layer of the epidermis and enlargement of 
the interpapillary processes. 



TREATMENT 

Primary treatment requires removal of the 
causal irritation, but in well-established cases 
little improvement can be anticipated, and 
surgical removal may be a practical solution 
when the area is small. In early cases local 
or systemic corticosteroids may effect a 
recovery. 

IMPETIGO 

Impetigo is a superficial eruption of thin- 
walled, small vesicles, surrounded by a zone 
of erythema, that develop into pustules, then 
rupture to form scabs. 

In humans, impetigo is specifically a 
streptococcal infection, but lesions are 
often invaded secondarily by staphylococci. 
In animals the main organism found is 
usually a staphylococcus. The causative 
organism appears to gain entry through 
minor abrasions, with spread resulting from 
rupture of lesions causing contamination of 
surrounding skin and the development of 
secondary lesions. Spread from animal to 
animal occurs readily. 

Two specific examples of impetigo in 
large animals are as follows: 

• Udder impetigo (udder acne) of cows 

• Contagious impetigo, also known as 
exudative epidermitis (see also “Udder 
Impetigo”) or “greasy pig disease,” 
caused by Staphylococcus hyicus (see also 
“Exudative Epidermitis/Greasy Pig 
Disease”) 

Confirmation of the diagnosis is by isola¬ 
tion of staphylococci from vesicular fluid. 


DIFFERENTIAL DIAGNOSIS 


Cowpox/buffalopox, in which the lesions 
occur almost exclusively on the teats and 


pass through the characteristic stages of 
pox 

Pseudocowpox, in which lesions are 
characteristic and also restricted in 
occurrence to the teats 
Pityriasis rosea (for greasy pig disease) 
Sarcoptic mange (for greasy pig disease) 
Ringworm 


TREATMENT 

Primary treatment with antibiotic topically 
is usually all that is required because indi¬ 
vidual lesions heal so rapidly (see also under 
“Greasy Pig Disease”). 

Supportive treatment is aimed at pre¬ 
venting the occurrence of secondary lesions 
and spread of the disease to other animals. 
Twice-daily bathing with an efficient germi¬ 
cidal skin wash is usually adequate. 

URTICARIA 

Urticaria (hives) is a skin condition charac¬ 
terized by development of topical dermal 
edema becoming apparent as cutaneous 
wheals. Horses are the most commonly 
affected species. In acute cases hives appear 
suddenly and regress within hours. Longer- 
lasting or even chronic cases are character¬ 
ized by the continuous recurrence of new 
wheals on the skin for days or even months. 
Urticaria can occur as localized allergic 
reaction only affecting parts of the skin or as 
part of a more severe systemic allergic 
reaction. 

ETIOLOGY 

Although urticaria in many cases is of aller¬ 
gic origin, nonallergic causes such as physi¬ 
cal stress on the skin (e.g., through squeezing 
[pressure urticaria or dermatographism] or 
exposure to low ambient temperature [cold 
urticaria]) can result in the development of 
urticaria. 

In horses chronic urticaria is most com¬ 
monly associated with feed allergies. Specifi¬ 
cally, in some of the chronic and recurrent 
cases a causative allergen cannot be found 
and the underlying etiology remains obscure. 
In humans the presence of serum immuno¬ 
globulin G (IgG) autoantibodies targeting 
immunoglobulin E (IgE) or the IgE receptor 
has been documented in a subset of patients 
with chronic urticaria of unknown etiology. 
An autoimmune basis for chronic urticaria 
has therefore been proposed. 1,2 

Primary urticaria can be caused by the 
following: 

• Insect stings 

• Contact with stinging plants 

• Ingestion of unusual food, with the 
allergen, usually a protein 

• Occasionally an unusual feed item (e.g., 
garlic to a horse) 


• Administration of a particular drug 
(e.g., penicillin, streptomycin, possibly 
guaifenesin or other anesthetic agent) 

• Allergic reaction in cattle following 
vaccination for foot-and-mouth disease 

• Death of warble fly larvae in tissue 

• Milk allergy when Jersey cows are 
dried off 

• Transfusion reaction 

• Cutaneous vasculitis (purpurea 
hemorrhagica) 

• Local skin trauma (dermatographism) 

• Temperature induced (heat, cold, 
sunlight) 

• Infection—parasitic, bacterial, fungal, 
viral 

Secondary urticaria occurs as part of a 
syndrome, such as the following: 

• Respiratory tract infections in horses, 
including strangles and the upper 
respiratory tract viral infections 

• Erysipelas in pigs 

PATHOGENESIS 

Degranulation of mast cells liberating chem¬ 
ical mediators of inflammation that result 
in the subsequent development of dermal 
edema is the presumed cause for the devel¬ 
opment of urticaria. A primary dilatation 
of capillaries causes cutaneous erythema. 
Exudation from the damaged capillary walls 
causes local edema in the dermis, and a 
wheal develops. Only the dermis, and some¬ 
times the epidermis, is involved. In extreme 
cases the wheals may expand to become 
seromas, when they may ulcerate and dis¬ 
charge. The lesions of urticaria usually 
resolve in 12 to 24 hours, but in recurrent 
urticaria an affected horse may have persis¬ 
tent and chronic eruption of lesions over a 
period of days or months. 

CLINICAL FINDINGS 

Wheals, mostly circular, well-delineated, 
steep-sided, easily visible elevations in the 
skin, appear very rapidly and often in large 
numbers, commencing usually on the neck 
but being most numerous on the body. They 
vary from 0.5 to 5 cm in diameter, with a flat 
top, and are tense to the touch. There is often 
no itching, except with plant or insect stings, 
and no discontinuity of the epithelial surface, 
exudation, or weeping. Pallor of the skin in 
wheals can be observed only in unpigmented 
skin. Other allergic phenomena, including 
diarrhea and slight fever, may accompany the 
eruption. The onset of the lesions is acute to 
peracute, with the wheals developing within 
minutes to hours after exposure to the trig¬ 
gering agent. When associated with severe 
adverse systemic responses, including apnea, 
respiratory arrest, atrial fibrillation, cardiac 
arrest, or sudden death, the case qualifies as 
one of anaphylaxis. 

Subsidence of the wheals within 24 to 
48 hours is usual, but they may persist for 
3 to 4 days because of the appearance of 
fresh lesions. In some very sensitive horses. 
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dermatographism, the production of a con¬ 
tinuous wheal following the pattern of a 
blunt-pointed instrument drawn across the 
skin, can be demonstrated about 30 minutes 
later. 

Urticaria lasting 8 weeks or longer is clas¬ 
sified as chronic or recurrent urticaria, which 
may require testing for atopic disease using 
intradermal skin testing and serum testing 
for antigen-specific IgE. 

Adverse reactions in dairy cattle follow¬ 
ing annual vaccination for foot-and-mouth 
disease are characterized by wheals (3 to 
20 mm in diameter) covering most of the 
body, followed by exudative and necrotic 
dermatitis. The affected areas become hair¬ 
less, and the wheals exude serum and become 
scabbed over. Edema of the legs is common, 
and vesicles occur on the teats. The lesions 
appear 8 to 12 weeks postvaccination and 
may persist for 3 to 5 weeks. Loss of body 
weight and lymphadenopathy also occur. 
Pruritus, depression, and a drop in milk yield 
are common. Adverse effects of parenteral 
administration of penicillin streptomycin in 
the form of a type I hypersensitivity reaction 
that was associated with rapid development 
of urticaria have been reported. 3 

CLINICAL PATHOLOGY 

The diagnosis in most cases is based on the 
clinical presentation, possibly in combina¬ 
tion with a history of local or systemic expo¬ 
sure to a potential allergen. Biopsies show 
that tissue histamine levels are increased, and 
there is a local accumulation of eosinophils. 
Blood histamine levels and eosinophil counts 
may also show transient elevation. 

Opinions over the usefulness of intrader¬ 
mal skin tests in horses are strongly divided. 
Although intradermal testing may be of use 
in some cases, results are often difficult to 
interpret, and the panel of available allergens 
may not be the most appropriate for horses. 4 
Intradermal tests in horses without atopy 
and horses with atopic dermatitis or recur¬ 
rent urticaria using environmental allergens 
indicate a greater number of positive reac¬ 
tions for intradermal tests in horses with 
atopic dermatitis or recurrent urticaria com¬ 
pared with horses without atopy. This 
provides evidence of type I IgE-mediated 
hypersensitivity for these diseases. 


DIFFERENTIAL DIAGNOSIS 


Urticaria is manifested by a sudden 
appearance of a crop of cutaneous weals, 
sometimes accompanied by restlessness, 
mostly in horses, occasionally in cattle. 
Identification of the etiology is also helpful in 
diagnosis but is often difficult, depending on 
a carefully taken history and examination of 
the environment. 

The differential diagnosis list is limited 
to angioedema, but in urticaria the lesions 
can be palpated in the skin itself. Angioedema 


involves the subcutaneous tissue rather than 
the skin, and the lesions are much larger and 
more diffuse. The two conditions may appear 
in the same animal at the same time. 


TREATMENT 
Primary Treatment 

Spontaneous recovery is common in 
acute cases with incidental exposure to an 
allergen. In chronic or recurrent cases 
identification and removal of the allergen 
must be a priority. A change of diet and envi¬ 
ronment, especially exposure to the presum¬ 
ably causal insects or plants, is standard 
practice. 

Supportive Treatment 

Corticosteroids, antihistamines, or epineph¬ 
rine by parenteral injection provides the best 
and most rational treatment, especially in 
the relief of the pruritus. One treatment is 
usually sufficient, but lesions may recur. The 
local application of cooling astringent lotions 
such as calamine or white lotion or a dilute 
solution of sodium bicarbonate is favored. In 
large animal practice parenteral injections of 
calcium salts are used, with apparently good 
results. 

Long-term medical management of 
persistent/chronic urticaria involves the 
administration of corticosteroids and/or 
antihistamines. Oral administration or pred¬ 
nisone or prednisolone at the lowest possible 
dose on alternate days is the method of 
choice. The antihistamine of choice is oral 
hydroxyzine hydrochloride, initially at 1 to 
2 mg/kg administered twice daily or three 
times daily, followed by gradual reduction to 
a minimum maintenance dose required to 
keep the horse free of lesions. 


TREATMENT 


Acute anaphylaxis with urticaria in horses: 

Epinephrine: 3 to 5 ml7450 kg of a 1 :1000 
solution IM or SC (can be combined 
with steroids) (R-1) 

Acute urticaria in horses: 

Dexamethasone soluble 0.01 to 0.1 mg/kg 
IV or IM q24 h for 3 to 7 days (R-1) 

Chronic or recurrent urticaria: 

Prednisolone 0.25 to 1.0 mg/kg IV or PO 
q24 h. Reduce to 0.2 to 0.5 mg/kg q48 
h (R-1) 

Dexamethasone 0.01 to 0.02 mg/kg PO 
q48-72 h (R-1). Further reduce dose until 
the lowest dose keeping the animal free 
of signs is determined. 

Hydroxyzine hydrochloride 0.5 to 
1.0 mg/kg IM or PO q8 h (R-2) 

Diphenhydramine hydrochloride 0.7 to 
1 mg/kg q 12 h (R-2) 

Chlorpheniramine 0.25 to 0.5 mg/kg q 12 h 
(R-2) 


FURTHER READING 

Evans AG. Urticaria in horses. Compend Contin Educ 
Pract Vet. 1997;15:626-632. 

Knottenbelt DC. The approach to the equine 

dermatology case. Vet Clin Equine. 2012;28:131- 
153. 

Stannard AA. Immunologic diseases. Vet Dermatol. 
2000;11:163-178. 
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DERMATITIS AND DERMATOSIS 


SYNOPSIS 


Etiology Any disease of skin, including those 
characterized by inflammation. All 
pathogens, infectious, chemical, physical, 
allergic, autoimmune. 

Epidemiology Sporadic or outbreak; acute or 
chronic course; cosmetic to lethal; of most 
importance because of constraints on 
movement, sale, or exhibition; may affect 
animal welfare. 

Clinical signs Primarily localized to skin, 
including lesions varying from parakeratosis 
and pachyderma to weeping, through 
necrosis, vesicles, and edema. Secondarily 
signs of shock, toxemia, anaphylaxis. 

Clinical pathology Positive findings in the 
area of skin swabs or scrapings. 

Necropsy lesions Inflammatory, degenerative, 
or vascular lesions in skin biopsy. 

Diagnostic confirmation Positive finding in 
skin biopsy. 

Treatment Primary treatment is removal of 
the (presumed) causative agent; supportive 
treatment includes treatment for pruritus, 
secondary infection, shock, toxemia, or 
fluid and electrolyte loss. 


ETIOLOGY 

Some of the identifiable occurrences of der¬ 
matitis in food animals and horses are as 

follows. 

All Species 

• Mycotic dermatitis as a result of 
Dermatophilus congolensis, in horses, 
cattle, and sheep 

• S. aureus, a common finding in cases in 
all species, either as a sole pathogen or 
combined with other agents 

• Ringworm 

• Photosensitive dermatitis 

• Chemical irritation (contact dermatitis) 
topically 

• Arsenic—systemic poisoning 

• Mange mite infestation—sarcoptic, 
psoroptic, chorioptic, demodectic 
mange 
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• Trombidiiform mite infestation 
(tyroglyphosis) 

• Biting flies, especially Culicoides spp.; 
observed most commonly in horses, but 
also in other species 

• Stephanofilaria spp. dermatitis 

• Strongyloides (Pelodera) spp. dermatitis 

• Besnoitiosis ( Besnoitia spp.) 

Cattle 

• Udder impetigo (udder acne)— 
Staphylococcus spp. 

• Udder cleft dermatitis of cattle 

• Dermatitis interdigitalis (see following 
discussion) 

• Ulcerative mammillitis—udder and 
teats only 

• Cutaneous botryomycosis of the udder 
caused by a combination of trauma and 
infection by Pseudomonas aeruginosa 

• Cowpox/buffalopox 

• Flexural seborrhea 

• Lumpy skin disease of cattle—painful 
nodules (2 to 5 cm) develop over the 
entire body, caused by pox virus, 
serotype lumpy skin disease virus 
(LSDV) 

• Foot-and-mouth disease—vesicles 
around natural orifices; vesicular 
stomatitis with lesions on teats and 
coronet 

• Bovine virus diarrhea, bovine malignant 
catarrh, bluetongue—erosive lesions 
around natural orifices, eyes, coronets 

• Potato dermatitis in cattle, horses, and 
swine associated with prolonged feeding 
of potato distillery wastes; erythematous 
skin disease of distal limbs suspected to 
be of allergic origin 

• Dermatitis as a result of the ingestion of 
Vicia villosa and Vicia dasycarpa 

• Bovine exfoliative dermatitis 

Sheep and Goats 

• Strawberry footrot—proliferative 
pustular dermatosis linked to 
spirochete-like organisms and 
Dermatophilus and Rhizobium 

• Dermatophilosis (lumpy wool disease, 
rain scald)— Dermatophilus congolensis 

• Fleece rot—constant wetting and 
associated with Pseudomonas aeruginosa 

• Staphylococcal dermatitis—exudative 
dermatitis around eyes, ears, and base of 
horns in sheep; vesicles possibly present 
on teats and udder in goats 

• Sheeppox 

• Contagious ecthyma— Parapoxvirus 
(Or/) 

• Ulcerative dermatosis—caused by 
similar but antigenically distinct virus 
to Orf 

• Rinderpest, peste de petits ruminants, 
bluetongue—as for cattle 

• Foot-and-mouth disease and vesicular 
stomatitis 

• Itch-mite ( Psorergates ovis ) infestation 

• Blow-fly infestation (cutaneous myiasis) 


• Elaeophoriasis ( Elaeophora spp. 
infestation) 

• Caprine idiopathic dermatitis 

• Postdipping necrotic dermatitis (see 
following discussion). 

Horses 

• Staphylococcal pyoderma caused by S. 
aureus/Staphylococcus intermedius 

• Staphylococcus hyicus in a syndrome 
reminiscent of greasy heel 

• Dermatophytes, including ringworm, 
follicular dermatitis, hyphomycosis 
(pythiosis), tinea versicolor dermatitis 

• Summer eczema (also Queensland or 
sweet itch)—sensitivity to Culicoides 
spp. sandflies 

• Dermatophilosis/rain scald— D. 
congolensis 

• Actinomyces viscosum causing skin 
pustules and nodules 

• Horsepox 

• Canadian horsepox 

• Viral papular dermatitis (see following 
discussion) 

• Vesicular stomatitis—vesicles around 
natural orifices 

• Vesicular dermatitis around nasal area, 
eyes, and ears in horses stabled on 
shavings of a tree of the Quassia spp. 

• Spongiotic vesicular dermatitis of 
unknown etiology 

• Sporotrichosis 

• Atopic dermatitis (IgE-mediated 
hypersensitivity) 

• Chronic eosinophilic dermatitis (see 
following discussion) 

• Pemphigus, lupus erythematosus, 
erythema multiforme, eosinophilic 
dermatitis and stomatitis (described 
separately in following discussion) 

• Molluscum contagiosum (see following 
discussion) 

• Linear hyperkeratosis (see following 
discussion) 

• Nodular necrobiosis 

• Equine aural plaque (see following 
discussion) 

• Uasin Gishu disease 

• Cutaneous habronemiasis 

• Equine tropical lichen (see following 
discussion) 

• Midline ventral dermatitis as a result of 
infestation with Hydrotaea irritans (horn 
fly and buffalo fly) 

• Trombidiiform mites, e.g., Pyemotes 
tritici and Acarus (Tyroglyphus) farinae 

• Ulcerative dermatitis, thrombocytopenia 
and neutropenia in neonatal foals (see 
Alloimmune hemolytic anemia of the 
newborn (neonatal isoerythrolysis, 
isoimmune hemolytic anemia of the 
newborn). 

Pigs 

• Ulcerative granuloma— Borrelia suilla 

• Contagious epidermitis— Staphylococcus 
hyicus (“greasy pig disease”) 


• Pig pox 

• Swine vesicular disease, vesicular 
exanthema of swine, foot-and-mouth 
disease—vesicles around natural 
orifices 

• Contact with fresh parsnip tops, celery 

• Sunburn 

• Porcine necrotic ear syndrome (see 
following discussion) 

• Nonspecific nutritional dermatitis— 
experimental nutritional deficiency of 
nicotinic acid, riboflavin, pantothenic 
acid, biotin 

• Pityriasis rosea 

• Idiopathic chronic recurrent dermatoses 

Special Local Dermatitides 

Special local dermatitides include dermatitis 
of the teats and udder, the bovine muzzle 
and coronet, and flexural seborrhea, and 
are dealt with under their respective 
headings. 

PATHOGENESIS 

Dermatitis is an inflammation of the deeper 
layers of the skin involving the blood vessels 
and lymphatics. The purely cellular layers of 
the epidermis are involved only secondarily. 
The noxious agent causes cellular damage, 
often to the point of necrosis, and, depend¬ 
ing on the type of agent responsible, the 
resulting dermatitis varies in its manifesta¬ 
tions. It may be acute or chronic, suppura¬ 
tive, weeping, seborrheic, ulcerative, or 
gangrenous. In all cases there is increased 
thickness and increased temperature of the 
part. Pain or pruritus is present, and ery¬ 
thema is evident in unpigmented skin. 
Histologically there is vasodilatation and 
infiltration with leukocytes and cellular 
necrosis. These changes are much less 
marked in chronic dermatitis. 

CLINICAL FINDINGS 

Affected skin areas first show erythema and 
increased warmth. The subsequent stages 
vary according to the type and severity of the 
causative agent. There may be development 
of discrete vesicular lesions or diffuse 
weeping. Edema of the skin and subcutane¬ 
ous tissues may occur in severe cases. The 
next stage may be the healing stage of scab 
formation; if the injury is more severe, there 
may be necrosis or even gangrene of the 
affected skin area. Spread of infection to sub¬ 
cutaneous tissues may result in a diffuse cel¬ 
lulitis or phlegmonous lesion. A distinctive 
suppurative lesion is usually classified as 
pyoderma. Deep lesions that cause damage 
to dermal collagen may cause focal scarring 
and idiopathic fibrosing dermatitis (see fol¬ 
lowing discussion). 

A systemic reaction is likely to occur 
when the affected skin area is extensive. 
Shock, with peripheral circulatory failure, 
may be present in the early stages. Toxemia as 
a result of absorption of tissue breakdown 
products, or septicemia as a result of invasion 
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via unprotected tissues, may occur in the 

later stages. 

Individual dermatitides are as follows: 

• Interdigital dermatitis is a low-grade 
exudative inflammation of the 
interdigital skin of cattle housed indoors 
and standing continuously in slurry. 

This condition has been linked to 
Dichelobacter nodosus. 

• Ovine postdipping necrotic dermatitis 
is associated with P. aeruginosa and 
related to dipping in solutions 
containing no bacteriostatic agent. 
Necrotic lesions (1 to 3 cm in diameter), 
with cellulitis down to the underlying 
muscle, occur only along the backline 
and may be related to trauma during 
dipping. It may be accompanied by an 
outbreak of fatal otitis media with 

P. aeruginosa present in the lesion. 

• Ovine atopic dermatitis: Only the 
wool-less parts of the skin are affected 
by symmetric erythema, alopecia, 
lichenification, and excoriation. Only 
occasional sheep in the flock are 
affected, and these are affected each 
summer, with remission during the 
winter months. 

• Caprine idiopathic dermatitis: 

Alopecic, exudative dermatitis of all ages 
and both sexes of pygmy goats is 
characterized by hair loss and scaling 
and crusting around the eyes, lips and 
chin, ears, poll, perineum, and ventral 
abdomen. Histologically the lesions have 
a psoriasis-like form. 

• Chronic equine eosinophilic 
dermatitis is characterized by marked 
acanthosis and hyperkeratosis, and 
eosinophilic granulomas in the 
pancreas, salivary glands, and other 
epithelial organs. The systemic 
involvement is accompanied by severe 
weight loss. The disease is chronic, and 
the cause unknown. 

• Spongiotic vesicular dermatitis has 
been described in horses. Lesions are 
characterized by a multifocal, exudative, 
oozing dermatitis characterized 
histologically by epidermal spongiotic 
vesicles and perivascular eosinophilic, 
neutrophilic, and mixed mononuclear 
inflammation. Some horses are pruritic. 

• Equine nodular necrobiosis 
(eosinophilic granuloma): Firm, small 
(up to 1 cm in diameter) nodules, 
usually a number of them, occur on 
the sides of the trunk and neck. A 
hypersensitivity reaction to insect bites 
has been proposed as the underlying 
cause. The lesions consist largely of an 
accumulation of eosinophils. 

• Molluscum contagiosum is a chronic, 
progressive dermatitis characterized by 
raised, hairless lesions 0.5 to 2 cm in 
diameter, covered by soft keratin, that 
bleed profusely when the horse is 
groomed. The lesions are on the face, 


shoulders, trunk, lateral aspects of 
limbs, fetlocks, and pasterns. Histologic 
examination identifies the disease 
because of the presence of characteristic 
inclusions in cells. These are thought to 
be poxvirus virions, but the virus cannot 
be cultivated from the lesions. There is 
no specific treatment 

• Systemic lupus erythematosus (SLE) is 
an extensive dermatitis, manifested as a 
scaly, crusty dermatitis of the face, neck, 
and trunk, with loss of hair over the 
lesions, edema of the limbs, and mild to 
moderate lymph node enlargement. 
Multiple ulcers 11 cm in diameter are 
present on the oral mucosa, especially 
the mucocutaneous junctions of the lips 
and nares, and on the tongue. There is 

a severe systemic reaction, including a 
marked loss of body weight, a 
temperature up to 39.5°C (103.1 F), 
heart rate of 80/min, respiratory rate up 
to 60/min, painful swollen joints 
containing sterile serous fluid, stiff gait, 
reluctance to move, and persistent 
lateral recumbency. SLE is an immune - 
mediated disease with a characteristic 
histopathology including a necrotizing 
lymphocytic dermatitis and focal 
accumulations of lymphocytes in the 
liver, membranous glomerulonephritis, 
and synoviocyte hyperplasia. An 
antinuclear antibody test is diagnostic. 
No treatment is effective, and the 
disease runs a chronic progressive 
course marked by remissions and 
exacerbations. 

• Discoid lupus erythematosus is an 

uncommon, benign variant of the 
systemic disease, with cutaneous lesions 
similar to those in the major disease but 
with no involvement of other tissues. 

• Erythema multiforme is a self-limiting 
skin disease of horses and cattle 
characterized by macular, papular, 
urticarial, or bullous skin lesions but 
without any abnormality of the 
epidermis or loss of hair, and with no 
apparent itching or pain. The lesions 
occur symmetrically on most parts of 
the body, persist for long periods, and 
increase in size up to 5 cm to form 
annular or crescent-shaped wheals. 
Spontaneous disappearance of the 
lesions after about 3 months is usual. 
Symptomatic treatment may be effective 
but is not usually necessary. 

• Equine aural plaque: Multiple white 
plaques, resembling papilloma and 
about 1 cm in diameter, develop on the 
inner surface of the ear pinna of horses. 
This condition has been associated with 
the papillomavirus that is thought to be 
transmitted by biting insects. 

• Equine tropical lichen is an intensely 
irritating, papular eruption in the skin 
on the side of the neck, under the mane, 
on the shoulders, and at the tailhead, 


occurring in summer and recurring 
annually. The disease closely resembles 
the cutaneous sensitivity to Culicoides 
spp. but responds dramatically to 
treatment with ivermectin. Microfilariae, 
thought to be Onchocerca spp., can be 
found in histologic sections. 

• Linear hyperkeratosis is most common 
in horses, especially Quarter horses. 

One case has been recorded in cattle. 
Lesions appear spontaneously in horses 

I to 5 years old and persist, usually for 
life. They appear first as isolated scaly 
lumps, which then coalesce to form a 
ridge, usually vertical, 3 to 4 cm wide 
and up to 70 cm long, of hyperkeratotic, 
hairless skin. There may be one or more 
lesions, commonly on the sides of the 
neck and chest. Symptomatic treatment 
appears to have no effect on the lesions. 

• Idiopathic fibrosing dermatitis: As the 
end stage of several severe dermatoses, 
this causes damage to dermal collagen. 
Manifested by multiple fibrous plaques 
in the skin caused by sclerosis of the 
skin or subcutis, it resembles human 
morphea and the skin granulomas of 
animals. 

• Porcine dermatitis-nephropathy 
syndrome, an idiopathic low-morbidity 
but highly fatal disease of feeder pigs, is 
characterized by papular vascular 
dermatopathy, systemic necrotizing 
vasculitis, and exudative and 
proliferative glomerulonephritis. Skin 
lesions are full-depth necrosis appearing 
as multiple flat red-blue papules 

up to 2 cm in diameter (which may 
coalesce to form large plaques) on any 
part of the body. Some pigs die of 
glomerulonephritis without skin lesions 
having been apparent. Many cases that 
show only skin lesions recover 
spontaneously in several weeks. The 
disease may disappear if the commercial 
grain ration used is ground more 
coarsely. 

• Porcine necrotic ear syndrome is an 

extensive necrosis of the edges of the 
ears. The cause is unknown, but the 
possibility that a combination of S. 
hyicus infection and trauma by biting by 
pen mates is the cause seems high. 

• Porcine idiopathic chronic, recurrent 
dermatitis has been recorded in sows in 
specific farrowing houses. Boars and 
piglets were not affected, and lesions 
disappeared as soon as the sows left the 
houses. Annular macules 11 cm in 
diameter and patches of erythema 

II cm in diameter occur only on white 
skin. There are no systemic signs. 

• Equine staphylococcal pyoderma is a 
serious disease because the lesions are 
intractable to treatment and are so 
painful to touch that the horse is hard to 
handle, and the presence of the lesions 
under the harness, where they 
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commonly are, prevents the horse from 
working kindly. Harness horses are at a 
particular disadvantage. Individual 
lesions are raised nodules, 3 to 5 mm in 
diameter, covered by a small, easily 
removed scab. When these lift, they take 
a tuft of hair with them, and a small 
crater is left. A little pus exudes, and 
only a red serous fluid can be expressed. 
Individual lesions last a long time, at 
least several weeks, and fresh crops 
occur, causing the disease to spread 
slowly on the animal. 

Pemphigus 

Pemphigus is an autoimmune disease of the 
skin occurring in mature horses, usually 5 
years of age or older, as well as in foals. Ves¬ 
icles and pustules are usually very difficult to 
find because they progress rapidly to crusts, 
exfoliation, alopecia, and scaling. 1 There are 
a number of manifestations, of which pem¬ 
phigus foliaceus is the most common. Pem¬ 
phigus vulgaris and bullous pemphigoid, in 
contrast, are rare. Pemphigus is a chronic 
autoimmune disease often accompanied by 
severe weight loss. 

Pemphigus foliaceus is not only the pre¬ 
dominant form of pemphigus but also the 
most common autoimmune disease of the 
horse. The classic, but rarely seen, primary 
lesion is a vesicle or pustule. Usually, the ear¬ 
liest lesions visible are crusted papules best 
seen in lightly or nonhaired skin adjacent 
to mucocutaneous junctions—the nostrils, 
eyelids, or lips. Lesions rapidly coalesce to 
form multifocal or diffuse areas of crusting. 
Pemphigus foliaceus occurs as a generalized 
scabby, weeping dermatitis, but it may be 
localized as circumscribed, circular lesions 
in the mouth and vulva and on the skin at 
mucocutaneous junctions. The lesions are 
subepidermal bullae, from which the top 
layer can be pulled away, and are sore to the 
touch. In some cases the lesions are around 
the coronary bands on all limbs. Edema, 
urticaria, pruritus, and pain of the extremi¬ 
ties, especially the hindlimbs, and the ventral 
abdominal region may result in pronounced 
lameness. 

The differential diagnoses include all skin 
diseases caused by scaling and crusting. 
These include dermatophytosis, derma- 
tophilosis, staphylococcal dermatitis and fol¬ 
liculitis, systemic granulomatous disease, 
and primary or idiopathic abnormalities of 
keratinization. 

The diagnosis is based on history, clinical 
presentation, skin cytology, and histopathol- 
ogy. Immunohistochemical staining and 
direct immunofluorescence examination, 
consisting of a fluorescein-antihorse IgG 
applied to the lesion, can confirm the diag¬ 
nosis. Corticosteroid or gold (aurothioglu- 
cose) therapy has been reported to result in 
improvement, but an inexorable deteriora¬ 
tion is usual. Pemphigus foliaceus is recorded 
in goats as a widespread disease character¬ 


ized by the presence of scales, sometimes 
in heavy crusts, and involvement of the 
coronets. 

CLINICAL PATHOLOGY 

Examination of skin scrapings or swabs for 
parasitic, bacterial, or other agents is essen¬ 
tial. Culture and sensitivity tests for bacteria 
are advisable to enable the best treatment to 
be selected. Skin biopsy may be of value in 
confirming the diagnosis and determining 
the causal agent. In allergic or parasitic states 
there is usually an accumulation of eosino¬ 
phils in the inflamed area. In mycotic derma¬ 
titis organisms are usually detectable in the 
deep skin layers, although they may not be 
cultivable from superficial specimens. 

DIAGNOSIS 

The clinical features of dermatitis are appar¬ 
ent. The characteristic features of the etio- 
logic types of dermatitis are described under 
each specific disease. Diagnostic confirma¬ 
tion is by histopathological demonstration 
in a biopsy specimen. 


DIFFERENTIAL DIAGNOSIS 


Hyperhldrosls and anhidrosis are 

dysfunctions of sweating and have no 
cutaneous lesion. 

Cutaneous neoplasm is differentiable on 
histopathological examination. 

Epitheliogenesis imperfecta is a congenital 
absence of all layers of skin. 

Vascular nevus is a congenital lesion 
commonly referred to as a "birthmark." 


TREATMENT 

Primary treatment must be to remove the 
noxious physical or chemical agent from the 
environment or to supplement the diet to 
repair a nutritional deficiency. The choice of 
a suitable treatment for infectious skin 
disease will depend on the accurate identifi¬ 
cation of the etiologic agent. 

Supportive treatment includes both 
local and systemic therapy. Local applica¬ 
tions may need to be astringent, either as 
powders or lotions in the weeping stage or 
as greasy salves in the scabby stage. The 
inclusion of corticosteroids or antihistamine 
preparation is recommended in allergic 
states, and it is desirable to prescribe sedative 
or anesthetic agents when pain or pruritus is 
severe. 

If shock is present, parenteral fluids 
should be administered. If the lesions are 
extensive or secondary bacterial invasion is 
likely to occur, parenterally administered 
antibiotics or antifungal agents may be pre¬ 
ferred to topical applications. To facilitate 
skin repair, a high-protein diet or the admin¬ 
istration of protein hydrolysates or amino 
acid combinations may find a place in the 
treatment of valuable animals. Nonspecific 
remedies such as gold-containing remedies 


(e.g., aurothioglucose) are commonly 
used in autoimmune diseases such as 
pemphigus. 

The use of vaccines as prophylaxis in viral 
and bacterial dermatitides must not be 
neglected. Autogenous vaccines may be most 
satisfactory in bacterial infections. An autog¬ 
enous vaccine is particularly recommended 
in the treatment of staphylococcal dermatitis 
in horses and bovine udder impetigo, in 
which long and repeated courses of treat¬ 
ment with penicillin produce only tempo¬ 
rary remission. An autogenous vaccine 
produces a cure in many cases. 
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PHOTOSENSITIZATION 


SYNOPSIS 


Etiology Caused by the accumulation of 
photosensitizing substances (PSs) in the 
skin, resulting in the local irritation of 
unprotected, unpigmented skin after 
exposure to sunlight. Four types of 
photosensitization are differentiated based 
on the underlying etiology. 

Type I, or primary, caused by intake of 
primary PS. 

Type II, as a result of inherited defects of 
porphyrin metabolism. 

Type III, or hepatogenous, as a result of 
liver damage and ensuing faulty 
excretion of phylloerythrin. 

Type IV, or idiopathic, as a result of 
undetermined etiology. 

Epidemiology Exposure to PSs and sunlight 
of specific wavelength. Similar incidence of 
sporadic cases and outbreaks. Always 
life-threatening condition unless exposure 
to sunlight can be avoided. 

Clinical signs Primary cases have cutaneous 
signs only (erythema, edema, necrosis, 
gangrene of light-colored skin or mucosae 
exposed to sunlight). Secondary cases have 
also signs of hepatic dysfunction (jaundice, 
prostration, short course, death) or 
porphyrin metabolism. 

Clinical pathology Nil for evidence of 

photosensitivity. In secondary cases there is 
evidence of the primary disease. 

Necropsy lesions Only skin lesions in primary 
cases. Secondary cases show liver lesions or 
evidence of porphyrin accumulation. 

Differential diagnosis Clinical evidence of 
restriction of damage to white, wool-less 
skin on body dorsum and lateral aspects of 
limbs, teats, corneas, and tongue and lips. 

Treatment Primary: remove from exposure to 
sunlight and PS. Supportive: treat for 
infection, shock, toxemia. 


ETIOLOGY AND EPIDEMIOLOGY 

Photosensitization is caused by exposure 
of tissue containing certain photoactive 
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substances to light of specific wavelength. 
Substances with the potential to accumulate 
in skin and get activated by solar irradiation 
are termed photosensitizing substances 
(PSs). Skin containing an excess of PSs that 
is exposed to sunlight while unprotected by 
hair, wool, or pigmentation is most affected. 
PSs release unstable high-energy molecules 
when exposed to a wavelength of light above 
320 nm that reacts with substrate molecules 
in the skin. The result is the formation of free 
radicals causing cell damage in outer cells 
and becoming clinically apparent as inflam¬ 
mation, edema, ulceration, and even necrosis 
of the skin. 

Photosensitization differs from sunburn 
in that it requires the presence of a photosen¬ 
sitizing agent, it is triggered by exposure to a 
wavelength of light between 320 and 400 nm 
(in contrast to sunburn, which in most cases 
is the result of exposure to light with lower 
wavelength), its onset is rapid (in contrast to 
the more delayed onset with sunburn), and 
skin lesions are considerably more severe 
than with sunburn. 

Based on the origin of the photo¬ 
sensitizing agent, photosensitization has 
been classified into four classes, as 
follows: 

• Type I, primary photosensitization 
caused by PSs of exogenous origin (no 
underlying primary pathology of the 
organism) 

• Type II, photosensitization caused by 
aberrant pigment metabolism 

• Type III, hepatogenous 
photosensitization caused by disturbed 
liver function 

• Type IV, idiopathic photosensitization 
that is of undetermined etiology 
Another form of photosensitization that 

is of little importance in livestock is the 
photoallergic photosensitization related to 
an immunologic response involving T-cell- 
mediated delayed hypersensitivity. 

Type I, Primary Photosensitization 

Exogenous PSs can enter the organism 
through oral ingestion (e.g., PSs contained 
in feed), parenteral administration (e.g., 
certain drugs), or direct absorption through 
skin. In livestock oral ingestion is the most 
common route of exposure, with PSs being 
either contained in the diet or, less com¬ 
monly, an orally administered drug. Photo¬ 
sensitization as a result of the ingestion of 
exogenous photodynamic agents usually 
occurs when the plant is in the lush green 
stage and is growing rapidly. Livestock are 
affected within 4 to 5 days of going to 
pasture, and new cases cease soon after the 
animals are removed. In most cases the plant 
responsible must be eaten in large amounts 
and will therefore usually be found to be a 
dominant inhabitant of the pasture. All 
species of animals are affected by photody¬ 
namic agents, although susceptibility may 
vary between species and between animals 


of the same species. PSs that occur naturally 
in plants include the following: 

• Dianthrone derivatives—hypericin in 
Hypericum perforatum (St. John’s wort) 
and other Hypericum spp. and fagopyrin 
in seeds and dried plants of Fagopyrum 
esculentum (buckwheat) 

• Furocoumarins in Cymopterus spp. 

(wild carrot), Ammi majus, and 
Thamnosma texana 

• Perloline from perennial ryegrass 
(Folium perenne) 

• Cocoa shells in feedlot rations causing 
photosensitization in feedlot calves 

• Gluten metabohtes in dairy cattle 
concentrates being fed to horses 

• Erodium moschatum, an exotic weed in 
South Africa, causing photosensitization 
in sheep 

• Unidentified photodynamic agents in 
Medicago denticulata (burr trefoil) 
and the aphids that infest it, and in 
Brassica spp., Erodium spp., and 
Trifolium spp. 

Drug-related photosensitization has 
been reported after oral treatment with 
phenothiazine, an antiparasitic drug, and 
anecdotally after treatment of cows with cor¬ 
ticosteroids to induce parturition (photosen¬ 
sitive dermatitis of the teats, escutcheon, and 
udder). 

Type II, Photosensitization as a 
Result of Aberrant Pigment 
Metabolism 

The PSs associated with type II photosensiti¬ 
zation are porphyrins that may accumulate 
in an organism with disturbed heme synthe¬ 
sis. The only known examples in domestic 
animals are the two rare inherited conditions 
of congenital porphyria erythropoietica 
(pink tooth) and congenital protoporphyria 
erythropoietica described in Limousin 
cattle. 

Type III, Hepatogenous 
Photosensitization 

Hepatogenous photosensitization is the most 
common form of the disorder in livestock. 
The PS is invariably phylloerythrin, a normal 
end product of chlorophyll metabolism 
excreted in the bile. When biliary secretion 
is obstructed by hepatitis or biliary duct 
obstruction, phylloerythrin accumulates in 
the body and may reach levels in the skin 
that make it sensitive to light. Although 
hepatogenous photosensitization is more 
common in animals grazing green pasture, it 
can occur in animals fed entirely on hay or 
other stored feeds and in animals exposed 
to hepatotoxic chemicals (e.g., carbon tetra¬ 
chloride). There appears to be sufficient chlo¬ 
rophyll, or breakdown products of it, in 
stored feed to produce critical tissue levels 
of phylloerythrin in affected animals. The 
following list includes those substances or 
plants that are common causes of hepatoge¬ 
nous photosensitization. The individual 


plants are discussed in more detail in the 
section on poisonous plants. 

Plants Containing Hepatotoxins 

• Pithomyces chartarum fungus on 
perennial ryegrass, causing facial 
eczema of sheep 

• Periconia spp. fungus on Bermuda grass 

• Cyanobacteria associated with blue- 
green algae (water bloom) on drinking 
water in ponds, dams, and dugouts— 
Microcystis flosaquae 

• Lupins— Lupinus angustifolius plus the 
accompanying fungus, Phomopsis 
leptostromiformis 

• Signal grass ( Brachiaria decumbens and 
Brachiaria brizantha ), a common 
component of established pastures in 
Brazil 

• Alligator weed ( Alternanthera 
philoxeroides), a South American aquatic 
plant causing photosensitization in dairy 
cattle in Australia and New Zealand 

• Weeds, including lantana ( Lantana 
camara ), Lippia rehmanni, sacahuiste 
(Nolina texana ), coal oil bush 
[Tetradymia spp.), alecrim ( Holocalyx 
glaziovii), ngaio ( Myoporum laetum ), 
Crotalaria retusa , ragwort ( Senecio 
jacobea), Sphenosciadium spp. 

Plants Containing Steroidal Saponins 

The following plants containing 
steroidal saponins cause crystal-related 
cholangiohepatopathy: 

• Agave lecheguilla, Narthecium 
ossifragum, Panicum spp. (panic and 
millet grasses), and Tribulus terrestris 
(caltrop, geeldikkop), plants that are 
grazed particularly by sheep 

• Narthecium ossifragum (bog asphodel)— 
Sheep (lambs) grazing on pastures 
containing N. ossifragum on the west 
coast of Norway and in Scotland, 
northern England, Ireland, and the 
Faroe Islands have been affected by 
alveld, a hepatogenous photosensitivity 
disease. The disease is known as alveld 
(literally, “elf fire”) in Norway; 
plochteach, saut, or yellowses in the 
British Isles; and ormajuka (“worm 
disease”) in the Faroe Islands. Pastures 
containing N. ossifragum in these 
countries are commonly used for 
grazing sheep. Photosensitization of 
sheep grazing this plant usually occurs 
in 2- to 6-month-old lambs and is rarely 
seen in adult sheep. It produces similar 
clinical signs to those resulting from 
facial eczema, a disease most commonly 
seen in New Zealand and associated 
with the fungal toxin sporidesmin. 

Congenitally Defective 
Hepatic Function 

Inherited congenital photosensitivity in Cor- 
riedale and Southdown lambs is an inherited 
defect in the excretion of bile pigment. 





Type IV, Photosensitization of 
Uncertain Etiology 

In the following diseases it has not been pos¬ 
sible to ascertain whether the photosensitiza¬ 
tion is primary or as a result of hepatic 
insufficiency: 

• Feeding on rape or canola ( Brassica 
rapa), kale, lucerne or alfalfa ( Medicago 
sativa), burr medic or burr trefoil 
{Medicago denticulata), Medicago 
minima , Trifolium hybridum (alsike or 
Swedish clover), and Erodium 
cicutarium and Erodium moschatum 
(lamb’s tongue, plantain) 

• Cattle feeding on water-damaged or 
moldy alfalfa hay or alfalfa silage; 
extensive outbreaks usually with no 
signs suggestive of hepatic disease 

• Cattle, sheep, and horses grazing lush 
pasture; many clinical cases occur 
sporadically 

• Corticosteroids used systemically to 
terminate parturition in cows 

• Phenanthridium used in the treatment 
of trypanosomiases 

PATHOGENESIS 

Penetration of light rays to sensitized tissues 
causes local cell death and tissue edema. Irri¬ 
tation is intense because of the edema of the 
lower skin level, and loss of skin by necrosis 
or gangrene and sloughing is common in the 
terminal stages. Nervous signs may occur 
and are caused either by the photodynamic 
agent, as in buckwheat poisoning, or by liver 
dysfunction. 

Hepatogenous photosensitization invol¬ 
ves production of a toxin, by a higher plant, 
fungus, or cyanobacterium (algae), that 
causes liver damage or dysfunction, resulting 
in the retention of the photosensitizing agent 
phylloerythrin. 

CLINICAL FINDINGS 
General Signs 

Skin lesions are limited to lightly or unpig- 
mented skin directly exposed to light; pig¬ 
mented parts of the integument remain 
unaffected. Early signs include erythema and 
swelling of the muzzle, nasal and ocular dis¬ 
charge, and photophobia. Local edema is 
often severe and may cause drooping of 
the ears; closure of the eyelids and nostrils, 
causing dyspnea; and dysphagia as a result of 
swelling of the lips. As the disease progresses, 
Assuring followed by sloughing of the thick 
skin is observed. Keratitis may be present and 
become severe enough to cause blindness. 
Behavioral changes are a result of intense irri¬ 
tation and include restlessness and scratching 
and rubbing of affected skin parts. When the 
teats are affected, the cow may kick at them 
and walk into ponds to immerse the teats in 
water, sometimes rocking backward and 
forward as if to cool the affected parts. In 
nursing ewes there may be resentment toward 
the lambs sucking, and heavy lamb mortali¬ 
ties as a result of starvation may result. 
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General depression, anorexia, and even 
recumbency may occur but are related to liver 
injury and disturbed liver function. 

Skin Lesions 

Skin lesions are initially erythema, followed 
by edema and subsequent weeping with 
matting and then shedding of clumps of hair, 
and finally gangrene. The lesions have a 
characteristic distribution, restricted to the 
unpigmented areas of the skin and to those 
parts that are exposed to solar rays. They are 
most pronounced on the dorsum of the body, 
diminishing in degree down the sides, and 
are absent from the ventral surface. The 
demarcation between lesions and normal 
skin is very clear-cut, particularly in animals 
with broken-colored coats. 

Predilection sites for lesions are the ears; 
conjunctiva, causing opacity of the lateral 
aspect of the cornea; eyelids; muzzle; face; 
lateral aspects of the teats; and, to a lesser 
extent, the vulva and perineum. In solid 
black cattle dermatitis will be seen at the lips 
of the vulva, on the edges of the eyelids, and 
on the cornea. Linear erosions often occur 
on the tip and sides of the tongue in animals 
with unpigmented oral mucosa. In severe 
cases the exudation and matting of the hair 
and local edema cause closure of the eyelids 
and nostrils. In the late stages necrosis or dry 
gangrene of affected areas leads to sloughing 
of large areas of skin. 

Systemic Signs 

Systemic signs include shock in the early 
stages, as a result of extensive tissue damage. 
There is an increase in the pulse rate, with 
ataxia and weakness. Subsequently a consid¬ 
erable elevation of temperature (41° to 42° C, 
106° to 107°F) may occur. 

Nervous Signs 

Nervous signs, including ataxia, posterior 
paralysis and blindness, and depression or 
excitement, are often observed. A peculiar 
sensitivity to water is sometimes seen in 
sheep with facial eczema: when driven 
through water, they may lie down in it and 
have a convulsion. 

CLINICAL PATHOLOGY 

In most cases a presumptive diagnosis can be 
made based on clinical presentation in com¬ 
bination with the history of the patient 
(recently pastured, access to certain plants, 
etc.). There are no specific diagnostic tests to 
confirm photosensitization. 

Hepatogenous photosensitization can be 
diagnosed by analysis of plasma phylloery¬ 
thrin concentration using a spectroscopic 
method. Plasma or serum fluorescence 
can be used to measure the elevation of 
phylloerythrin above normal levels before 
hepatogenous photosensitization. The levels 
of phylloerythrin in plasma of lambs grazing 
N. ossifragum are increased from a normal of 
less than 0.05 pg/mL to more than 0.3 pg/ 


mL when clinical signs of photosensitization 
are observed. Levels in skin are also increased. 

In lambs in which facial eczema was 
experimentally induced by dosing with the 
mycotoxin sporidesmin, the plasma concen¬ 
trations of phylloerythrin were increased 
from a normal of less than 0.1 pmol/L to 
0.3 pmol/L when clinical signs were evident. 
The concentration of phylloerythrin in the 
skin began increasing 2 to 3 days later than 
that in the blood. 

Determining the presence of liver damage 
or disturbed liver function is indicated. 
Icterus is highly suggestive of hepatogenous 
hypersensitization but should be confirmed 
by measuring the serum activity of specific 
liver enzymes and the serum bilirubin 
concentration. 

NECROPSY FINDINGS 

In primary photosensitization, lesions are 
restricted to white-haired or pale-skinned 
areas of skin or mucosa that have been 
exposed to sunlight, and they vary from 
necrosis to gangrene. Lesions characteristic 
of hepatic injury or metabolic defects of por¬ 
phyrin metabolism are described elsewhere. 

Diffuse hepatocellular hydropic degen¬ 
eration and hyperplasia of the smooth endo¬ 
plasmic reticulum associated with marked 
multifocal cholangitis in the portal triads 
with bile duct proliferation are characteristic 
of the hepatic lesions of sheep grazing Bra- 
chiaria decumbens. Foam cells are present in 
the liver and mesenteric and hepatic lymph 
nodes of cattle grazing Brachiaria spp. Hepa¬ 
tocellular degeneration is the primary event 
in alveld photosensitization in sheep. High 
concentrations of conjugated episapogenins 
are present in both the liver and bile in 
alveld-affected lambs. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of photosensitivity depends 
almost entirely on the distribution of the 
lesions. It can be readily confused with other 
dermatitides if this restriction to unpigmented 
and hairless parts is not kept in mind. 

Mycotic dermatitis is often mistaken for 
photosensitization because of its tendency to 
commence along the back line and over the 
rump, but it occurs on colored and white 
parts alike. 

Frequent wetting, as in periods of heavy 
rainfall, along the back in horses or cattle 
with a dense hair coat. 

Bighead of rams associated with 
Clostridium novyi infection may also be 
confused with photosensitization, but the 
local swelling is an acute inflammatory 
edema, and many Clostridia are present in the 
lesion. 

Keratitis sometimes seen in 
photosensitization can been confused with 
those of pinkeye, but that disease is not 
accompanied by extensive dermatitis. 

Continued 
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Sunburn is a very rare differential that has 
been reported in white swine, closely shorn 
sheep, and white-faced horses only. 


Treatment 

Primary treatment includes immediate 
removal from direct sunlight, prevention of 
ingestion of further toxic material, and 
the administration of laxatives to eliminate 
toxic materials already eaten. In areas where 
the disease is enzootic the use of dark- 
skinned breeds may make it possible to 
utilize pastures that would otherwise be too 
dangerous. 

Local treatment is governed by the stage 
of the lesions. Nonsteroidal antiinflamma¬ 
tory drugs (NSAIDs), corticosteroids, or 
antihistamines can be administered paren- 
terally and adequate doses maintained. To 
avoid septicemia, the prophylactic adminis¬ 
tration of antibiotics may be worthwhile in 
some instances. 

FURTHER READING 

House JK, et al. Primary photosensitization in cattle 
ingesting silage. / Am Vet Med Assoc. 1996;209:1604. 
Plumlee KH. Photosensitization in ruminants. Vet Med. 
1995;90:605-612. 


Diseases of the Hair, 

Wool, Follicles, and 
Skin Glands 

ALOPECIA AND HYPOTRICHOSIS 

ETIOLOGY 

Alopecia and hypotrichosis are defined as 
lack of hair in any quantity on a normally 
haired body surface. 1 In contrast to alopecia, 
which describes hair loss of a skin surface 
with previously normal hair growth, hypotri¬ 
chosis refers to a condition where there was 
no hair growth or abnormally low hair 
growth in the first place. Some texts define 
alopecia simply as hair loss and subdivide 
alopecia into a congenital and an acquired 
form, the former also being referred to as 
hypotrichosis. Acquired alopecias are further 
subdivided into cicatrical and noncicatricial 
alopecia. 

Both may be caused by the following 
conditions. 

Failure of Follicles to Develop 

• Congenital hypotrichosis 

• Hypotrichosis in piglets without dental 
dysplasia 

Loss of Follicles 

• Cicatricial alopecia as a result of 
scarring after deep skin wounds that 
destroy follicles—Cicatricial alopecia 
occurs following permanent destruction 
of the hair follicles, and regrowth of hair 


will not occur. Examples include 
physical, chemical, or thermal injury; 
severe furunculosis; neoplasia; and 
certain infections, such as cutaneous 
onchocerciasis. 

Failure of the Follicle to Produce 
a Fiber 

Congenital 

• Inherited symmetric alopecia 

• Congenital hypotrichosis/hypotrichosis 
and anodontia defect (alopecia of 
variable degree associated with 
incomplete dentation, mainly occurring 
in male calves) 

• Hypotrichosis in Polled Hereford calves 

• Lethal hypotrichosis in Holstein- 
Friesian calves (generalized alopecia, 
with sparse hair on muzzle, eyelids, and 
ears—affected calves die within hours 
of life) 

• Viable hypotrichosis in different cattle 
breeds (Guernsey, Jersey, Holstein- 
Friesian: generalized alopecia with 
sparse hair growth on legs, tail, eyelids, 
and ear pinnae) 

• Hair-coat-color-linked follicle dysplasia 

• Inherited dyserythropoiesis and 
dyskeratosis 

• In baldy calves combined with 
adenohypophyseal hypoplasia 

• Congenital hypothyroidism (goiter) 
as a result of iodine deficiency in 
the dam 

Acquired 

• Neurogenic alopecia as a result of 
peripheral nerve damage 

• Infection in the follicle 

• Epidermolysis bullosa in calves 2 

• Alopecia areata of horses and, less 
commonly, cows characterized by one or 
more round lesions of nonpruritic, 
nonscarring alopecia over the face, neck, 
shoulders, and brisket 3 

• Bovine besnoitiosis 4 

Loss of Preformed Fibers 

• Dermatomycoses—ringworm 

• Mycotic dermatitis in all species as a 
result of D. congolensis 

• Metabolic alopecia subsequent to a 
period of malnutrition or severe illness 
(e.g., calves having suffered severe 
diarrhea or calves with incomplete 
function of the reticular groove reflex 
[rumen drinker calves])’ 

• Alopecia of calves fed milk replacer 
containing fats of nonanimal origin 
(whale, palm, or soya oil); fibers grown 
during the period of nutritional or 
metabolic stress have a zone of weakness 
and are easily broken 

• Traumatic alopecia as a result of 
excessive scratching or rubbing 
associated with louse, tick, or itch-mite 
infestations; rubbing against narrow 
doors, feed troughs, or tethers in 


confined housing; rubbing against 
harness in working animals 

• Poisoning by thallium, selenium, 
arsenic, mercury, or the tree Leucaena 
leucocephala 

• Idiopathic hair loss from the tail-switch 
of well-fed beef bulls 

• Sterile eosinophilic folliculitis of cattle 

• Wool slip 

• In many primary skin diseases (e.g., 
parakeratosis, hyperkeratosis, dermatitis, 
cutaneous neoplasia, sarcoid, pythiosis), 
hair loss at the site of local lesions 

PATHOGENESIS 

In inherited hair defects the underlying 
cause can be disturbed hair follicle formation 
resulting in a reduced hair follicle quantity or 
disturbed functionality of hair follicles that 
are present in adequate numbers. Noncica¬ 
tricial alopecia is caused by reversible trauma 
to previously functional hair follicles by 
inflammation or mechanical trauma, which 
results in disturbed or interrupted synthesis 
in the hair bulb and ensuing shedding or 
fracture of hairs. Cicatricial alopecia is 
characterized by an irreversible destruction 
of hair follicles most commonly caused by 
physical, chemical, or thermal injury or 
severe inflammation. 

Chemical depilation produced by cyto¬ 
toxic agents, such as cyclophosphamide, 
occurs as a result of induced cytoplasmic 
degeneration in some of the germinative 
cells of the bulb of the wool follicle. The 
alteration in cell function is temporary, so 
that regrowth of the fiber should follow. 

The pathogenesis of alopecia areata, pri¬ 
marily occurring in horses but also in cattle, 
has been associated with damage to growing 
hair mediated by T lymphocytes presumably 
specific for antigens of the hair matrix (auto¬ 
immune disease). 3 A genetic predisposition 
for alopecia areata has been discussed for 
humans. 

CLINICAL FINDINGS 

When alopecia is a result of breakage of the 
fiber, the stumps of old fibers or developing 
new ones may be seen. When fibers fail to 
grow, the skin is shiny and in most cases is 
thinner than normal. In cases of congenital 
follicular aplasia, the ordinary covering hairs 
are absent, but the coarser tactile hairs 
around the eyes, lips, and extremities are 
often present. Absence of the hair coat makes 
the animal more susceptible to the effects of 
sudden changes of environmental tempera¬ 
ture. There may be manifestations of a 
primary disease and evidence of scratching 
or rubbing. 

Alopecia areata in horses primarily affects 
the mane, head, and tail, whereas in cattle 
extensive alopecia affecting large parts of the 
body has been reported. 3,6 Cases reported in 
the literature are primarily from animals 
showing first signs at adult age. 3 ' 6 In cattle a 
predisposition of black-haired breeds (Black 









Angus, Aberdeen Angus, Eringer) has been 
proposed. 3 

Congenital hypotrichosis results in alo¬ 
pecia that is apparent at birth or develops 
within the neonatal period. 

CLINICAL PATHOLOGY 

If the cause of the alopecia is not apparent 
after the examination of skin scrapings or 
swabs, a skin biopsy will reveal the status of 
the follicular epithelium. Alopecia areata 
is characterized by bulbar and peribulbar 
lymphocyte infiltration, primary targeting 
anagen hair follicles. 3 In early stages several 
biopsies may be required to identify this 
pattern of infiltration. More advanced stages 
show dysplastic follicles with mild to moder¬ 
ate concentric fibrosis surrounding rudi¬ 
ments of hair bulbs. 5 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation of alopecia is by 
visual recognition, the diagnostic problem 
being to determine the primary cause of the 
hair or fiber loss. 


TREATMENT 

Primary treatment consists of removing the 
causes of trauma or other damage to fibers. 
In cases of faulty follicle or fiber development 
treatment is not usually attempted. 

FURTHER READING 

Anonymous. Alopecia in the horse—an overview. Vet 
Dermatol. 2000;11:191-203. 

Mecklenburg L. An overview on congenital alopecia in 
domestic animals. Vet Dermatol. 2006;17:393-410. 
Pascoe RR. Alopecia, diagnosis and treatment. Equine 
Pract. 1993;15:8-16. 
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ACHROMOTRICHIA 

Achromotrichia is a deficient pigmentation 
in hair or wool fiber, which may manifest as 
follows: 

• Bands of depigmentation in an 
otherwise black wool fleece are the 
result of a transitory deficiency of 
copper in the diet. 

• Cattle on diets containing excess 
molybdenum and deficient copper show 
a peculiar speckling of the coat caused 
by an absence of pigment in a 
proportion of hair fibers. The speckling 
is often most marked around the eyes, 
giving the animal the appearance of 
wearing spectacles. 
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• General loss of density of pigmentation 
in all coat colors (e.g., Hereford cattle 
shade off from their normal deep red to 
a washed-out orange) 

LEUKODERMA AND 
LEUKOTRICHIA 

Several skin diseases of the horse are charac¬ 
terized by an acquired loss of melanin 
pigment in the epidermis or hair. Melano¬ 
cytes in the epidermis and those in the hair 
bulbs are frequently affected independently. 
Leukotrichia occurs when the melanocytes 
in the hair bulbs lose their normal amount 
of melanin pigment. When the melanocytes 
in the epidermis are affected and the 
skin loses normal pigmentation, the abnor¬ 
mality is leukoderma. Whereas leukotrichia 
can be observed as a single entity, leuko¬ 
derma is most commonly associated with 
leukotrichia. 

ETIOLOGY 

The etiology and pathogenesis of leuko¬ 
derma are unknown, but trauma, inflam¬ 
mation, autoimmune reactions against 
melanocytes, local injections with epineph¬ 
rine-containing local anesthetics, and defects 
of the autonomous nervous system have 
been discussed. Specific forms of leuko¬ 
derma have been linked to hereditary gene 
defects (see following discussion). 

PATHOPHYSIOLOGY 

The unknown underlying cause appears 
to result in acquired loss of functional 
melanocytes. 

CLINICAL FINDINGS 

The forms of leukotrichia/leukoderma have 
been reported in horses: 

• Reticulated leukotrichia: Alopecia 
and ensuing leukotrichia in a 
characteristic cross-hatched or 
reticulated pattern. Yearlings and 
occasionally older animals are affected, 
and Quarters horses appear to be 
predisposed. 

• Spotted leukotrichia: Multiple, sharply 
demarcated area of leukotrichia of 1 to 
3 cm in diameter. 

• Juvenile Arabian leukoderma: Most 
common form of leukoderma in horses, 
reported in young Arabian and 
occasionally in Quarter horses. One- to 
2-year-old animals develop leukoderma 
on eyelids, periocular skin, muzzle, 
nares, genitalia, anus perineum, and 
inguinal region. 

• Hyperesthetic leukotrichia: Condition 
of unknown etiology that is 
characterized by the development of 
single or multiple very painful crusts on 
the dorsal midline from withers to tail. 
Crusts disappear and pain resolves after 
2 to 3 months, while leukotrichia 
persists. 


• Albinism and lethal white foal 
syndrome: Albinism refers to a 
congenital lack of melatonin pigment in 
skin, hair, and other normally 
pigmented tissues. Albinism can occur 
as partial or complete albinism, the 
latter being inherited as autosomal- 
dominant trait that is only viable in the 
heterozygous state. The homozygous 
state results in a nonviable embryo that 
is resorbed in early gestation. A different 
form of lethal white foal syndrome 
results in homozygous expression of the 
associated trait and affects a subset of 
American Paint horses with the 
so-called frame overo color pattern. 

CLINICAL PATHOLOGY 

A reduced number of melanocytes within 
epidermis and follicular epithelium in 
combination with complete loss of melanin 
pigment from the epidermis are typical 
findings. 

TREATMENT 

No specific treatment is currently available 

FURTHER READING 

Pigmentary disorders. Vet Dermatol. 2000;11:205-210. 

VITILIGO 

Vitiligo is a presumably acquired autoim¬ 
mune disorder characterized by patchy 
depigmentation of the skin described in 
horses, cattle, and other species. 

ETIOLOGY 

Although the etiology of vitiligo is still 
unknown, evidence corroborating the 
hypothesis that vitiligo is an acquired 
autoimmune disease associated with the pro¬ 
duction of antimelanocyte antibodies has 
accumulated over the last decades. 1 Other 
etiologies discussed in the literature are an 
increased susceptibility of melanocytes to 
certain melatonin precursor molecules or 
local nerve injuries. A genetic etiology is 
suspected in Arabian horses and Holstein- 
Friesian cattle. 

PATHOPHYSIOLOGY 

The underlying cause results in a complete, 
although sometimes reversible, loss of func¬ 
tional melanocytes in a small area of the 
dermis. 

CLINICAL FINDINGS 

Vitiligo has been reported in different breeds, 
without apparent gender predisposition. 
Although the condition can develop at any 
age, it most commonly is observed in young 
animals. Typical presentation is a patchy 
depigmentation of the skin of the muzzle, 
eyelids, and occasionally anus and other 
body regions. The degree of depigmentation 
can vary over time, and the condition 
may even completely resolve, making the 
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interpretation of anecdotal treatment suc¬ 
cesses difficult. The defect is esthetic only. 

CLINICAL PATHOLOGY 

Histopathological examination reveals a 
complete absence of melanocytes from 
affected areas. Increased numbers of Langer- 
hans cells and epidermal vacuolization have 
been reported in some cases. 1 

TREATMENT 

No specific treatment with confirmed effi¬ 
cacy is currently available. Anecdotal reports 
of improvement after supplementation of 
vitamins and minerals (vitamin A and 
copper) are available. 1 Because of the possi¬ 
ble genetic predisposition, the use of affected 
animals for breeding has been discouraged. 

FURTHER READING 

Montes LF, et al. Value of histopathology in vitiligo. 

J Dermatol. 2003;42:57-61. 

Sandoval-Cruz M, et al. Immunopathogenesis of vitiligo. 
Autoimmun Rev. 2011;10:762-765. 

REFERENCE 

1. Montes LF, et al. / Eq Vet Sci. 2008;28:171-175. 

SEBORRHEA 

ETIOLOGY 

The etiology of seborrhea is still not under¬ 
stood. Historically seborrhea was considered 
to be the result of excessive secretion of 
sebum onto the skin surface. More recently 
seborrhea was classified as disease of abnor¬ 
mal cornification and keratinization of the 
skin rather than of excessive sebum produc¬ 
tion because there is little evidence for 
abnormal function of the sebaceous glands. 
In large animals it is always secondary to 
dermatitis or other skin irritations that result 
in excessive crusting, scaling, or oiliness, 
such as the following: 

• Exudative epidermitis of pigs associated 
with S. hyicus 

• Greasy heel of horses, including 
infection with S. hyicus 

• Greasy heel of cattle 

• Flexural seborrhea of cattle 

• Besnoitiosis of cattle associated with 
Besnoitia besnoiti 

CLINICAL FINDINGS 

In primary seborrhea there are no lesions, 
only excessive greasiness of the skin. The 
sebum may be spread over the body surface 
like a film of oil or be dried into crusts, which 
can be removed easily. Sebaceous glands may 
be hypertrophied. 

Flexural Seborrhea 

Flexural seborrhea is most common in 
young periparturient dairy cows. Severe 
inflammation and a profuse outpouring of 
sebum appear in the groin between the 
udder and the medial surface of the thigh or 
in the median fissure between the two halves 
of the udder. Extensive skin necrosis follows, 


causing a pronounced odor of decay, which 
may be the first sign observed by the owner 
(see also under “Udder Cleft Dermatitis”). 
Irritation may cause lameness, and the cow 
may attempt to lick the part. Shedding of the 
oily, malodorous skin leaves a raw surface 
beneath; healing follows in 3 to 4 weeks. 

Greasy Heel of Cows 

Cows grazing constantly irrigated, wet pas¬ 
tures or in very muddy conditions in tropical 
areas may develop local swelling, with deep 
Assuring of the skin and an outpouring of 
vile-smelling exudate on the back of the 
pastern of all four feet but most severely in 
the hindlimbs. Affected animals are badly 
lame, and their milk yield declines sharply. 
Moving the cows to dry land and treating 
systemically with a broad-spectrum antibi¬ 
otic effects a rapid recovery. 

Greasy Heel of Horses (Scratches) 

Greasy heel occurs mostly on the hind pas¬ 
terns of horses that stand continuously in 
wet, unsanitary stables. Some cases do occur 
in well-managed stables. It has been sug¬ 
gested that secondary infections associated 
with either S. aureus and D. congolensis may 
be causative factors. Dermatophytosis, cho- 
rioptic mange, and photosensitization are 
also possible causative factors. 

Lameness and soreness to touch are a 
result of excoriations called scratches on the 
back of the pastern that extend down to the 
coronary band. The skin is thick and greasy; 
if neglected, the condition spreads around to 
the front and up the back of the leg. This 
involvement can be severe enough to inter¬ 
fere with normal movement of the limb. 

CLINICAL PATHOLOGY 

The diagnosis is based on the clinical presen¬ 
tation and on ruling out other skin condi¬ 
tions resulting in abnormal cornification and 
keratinization. The primary cause of the 
seborrhea may be diagnosed by a suitable 
examination for the presence of parasitic or 
bacterial pathogens. Histopathology may be 
supportive to rule out other causes. 


DIFFERENTIAL DIAGNOSIS 


The lesion is characteristic, and diagnostic 
confirmation is by histopathological 
examination of a biopsy specimen; the 
principal difficulty is to determine the 
primary cause. All the types listed may be 
mistaken for: 

Injury, commonly wire cuts or rope burn 
Flexural seborrhea for injury, usually a result of 
straddling a gate or wire fence 
Greasy heel of horses for chorioptic mange 


TREATMENT 

With secondary seborrhea the primary 
objective of treatment must be to resolve the 
underlying cause. Topical and symptomatic 


treatment of the affected skin is indicated for 
relief and to assist in control of the disease. 
Seborrheic shampoos and lotions can either 
be keratolytic or keratoplastic. Keratolytic 
products may initially worsen the scale pro¬ 
duction by chemically debriding the stratum 
corneum but will eventually result in reduced 
scale formation. Particularly during the 
initial phase, frequent washing of the affected 
skin to remove debrided cells is important. 
Keratoplastic ointments slow the mitotic rate 
of the epidermis, thereby reducing scale for¬ 
mation. Emollients are useful after washing 
the skin to rehydrate, lubricate, and soften 
the skin. In severe cases associated with pyo¬ 
derma or even skin necrosis, the use of local 
and systemic broad-spectrum antibiotics 
may be indicated. 

FOLLICULITIS 

ETIOLOGY 

Etiology includes inflammation and possibly 
infection of hair follicles that can be caused 
by suppurative organisms (often staphylo¬ 
cocci), secondary to follicular trauma, 
obstruction of sebaceous gland ducts, or 
more rarely as result of an autoimmune reac¬ 
tion. Identifiable forms of folliculitis as indi¬ 
vidual diseases include the following: 

• Staphylococcal dermatitis of horses 

• Contagious acne of horses 

• Benign facial folliculitis of sucking 
lambs 

• Staphylococcal folliculitis of goats 

• Bovine sterile eosinophilic folliculitis 

PATHOGENESIS 

Depending on the underlying etiology, 
inflammatory cells infiltrate the walls and 
lumen of hair follicles. With more extensive 
inflammation, neutrophils may also infiltrate 
perifollicular tissue, resulting in formation of 
larger abscesses (furunculosis). Increased 
pressure and tissue lysis will result in a 
rupture of the hair follicle with an ensuing 
granulomatous dermal reaction. 

CLINICAL FINDINGS 

Folliculitis may present with skin lesions in 
almost any location of the skin. Early stages 
present as papules or pustules with hairs 
emerging through the lesions. Involvement 
of the hair follicle allows one to differentiate 
this condition from impetigo, where the hair 
follicle is not involved. 1 Later focal crusting 
and alopecia and pruritus may develop. 
Pustule rupture leads to contamination of 
the surrounding skin and development of 
further lesions, such as ulcerations and 
draining tracts. Severe cases can be associ¬ 
ated with pain, pyrexia, and feed-intake 
depression. Chronic folliculitis can affect 
skin pigmentation and cause permanent 
destruction of hair follicles, which results in 
cicatricial alopecia. 

In bovine sterile eosinophilic folliculi¬ 
tis, the multiple lesions are crusted, alopecic, 
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3- to 5-cm-diameter nodules on all parts of 
the body except the limbs. They are com¬ 
posed largely of eosinophilic cells and are 
negative on culture. 

Staphylococcal folliculitis in goats can 

be generalized, with pustules developing in 
the periocular and periauricular area, ventral 
abdomen, medial thighs, and distal limbs. 1 
Involvement of the udder skin can occasion¬ 
ally occur. 

Benign folliculitis of suckling lambs can 

develop from the first week of life and 
consists of small pustules and crusts on the 
lips, nostrils, ventral tail, and perineum. 
The condition resolves spontaneously over 
several weeks. 

CLINICAL PATHOLOGY 

Swabs should be taken for bacteriologic 
and parasitologic examination. Histopatho- 
logical findings include microabscesses 
associated with hair follicles, along with 
abscessation and necrosis of the epidermis, 
dermis, and subcutaneous tissue. Cellular 
infiltration with mononuclear cells and gran¬ 
ulocytes is another common finding. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation is by demonstration 
of infection of hair follicles in a biopsy 
specimen. 

Udder impetigo of cattle; lesions do not 
involve hair follicles in the first place. 

Dermatophytosis 

Dermatophilosis 

Besnoitiosis of cattle 

Viral infections caused by BHV (types 1, 2, 
and 4), BVD, bovine parapox virus, cowpox, 
buffalopox, bluetongue virus, vesicular 
stomatitis, foot-and-mouth disease 

Exudative epidermitis of pigs (greasy pig 
disease) as a result of S. hyicus, with 
extensive seborrheic dermatitis 

Ulcerative dermatitis of face in adult sheep 

Ecthyma (orf) 

Facial eczema of sheep; caused by 
hepatogenous photosensitization 

Leg dermatitis down to coronet of sheep 

Chronic pectoral and ventral midline abscesses 
in horses as a result of Corynebacterium 
pseudotuberculosis; not a skin lesion but it 
resembles furunculosis. 


TREATMENT 

Primary treatment consists of identifying 
and eliminating possible primary causes. 
Topical treatment commences with clipping 
and cleaning the skin by washing followed 
by a disinfectant rinse, for instance, with 
chlorhexidine-based products. Affected 
areas should be treated with antibacterial 
ointments or lotions. If the lesions are 
extensive, the parenteral administration of 
antibiotics is recommended. The course 


of treatment should last 1 week; in 
chronic cases this may need to be at least 
1 month; a broad-spectrum preparation is 
recommended. 

For supportive treatment, infected 
animals should be isolated and grooming 
tools and blankets disinfected. 
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SUBCUTANEOUS EDEMA 
(ANASARCA) 

ETIOLOGY 

Extensive accumulation of edema fluid in the 

subcutaneous tissue is part of general edema 

and is caused by the same diseases, as follows. 

Increased Hydrostatic Pressure 

• Congestive heart failure 

• Vascular compression by a mass (e.g., 
anterior mediastinal lymphosarcoma, 
large hematoma) 

• Vascular obstruction of blood vessels or 
lymphatic vessels (e.g., thrombophlebitis 
or thrombosis) 

Hypoproteinemic (Hypooncotic) 

Edema 

• Reduced albumin production in the 
liver associated with chronic 
inflammation or liver insufficiency (e.g., 
fascioliasis or liver cirrhosis) 

• Nephrotic syndrome with protein loss 
into urine (e.g., renal amyloidosis in 
cattle) 

• Protein-losing enteropathy (e.g., 
intestinal nematodiasis or 
paratuberculosis in cattle) 

Increased Blood Vessel Permeability 

• Inflammation (e.g., dourine of horses or 
equine infectious anemia, bacterial 
infections by Clostridium spp. or 
Anthrax ) 

• Allergic reaction (e.g., purpura 
hemorrhagica of horses, insect stings) 

Fetal Anasarca 

• Some pigs with congenital goiter also 
have myxedema, especially of the 
neck. 

• Sporadic cases resulting from unknown 
causes are sometimes associated with 
deformities (e.g., in Awassi sheep). 

• Congenital absence of lymph nodes and 
some lymph channels causes edema to 
be present at birth. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation is by clinical detection 
of serous fluid in a subcutaneous site. 


In male ruminants, extravasation of urine 

as a result of urethral obstruction and 
rupture. 

Subcutaneous hemorrhage, hematoma or 
seroma, which is not necessarily 
dependent, nor bilaterally symmetric. 

Ventral hernia, usually unilateral and does 
not pit on pressure. 

Cellulitis, usually asymmetric, hot, often 
painful, does not pit on pressure and can 
be sampled by needle puncture. 


PATHOGENESIS 

Alteration in the balance between the hydro¬ 
static pressure of intravascular fluids, the 
blood and lymph, and the osmotic pressure 
of those fluids or changes in the integrity of 
the filtering mechanism of the capillary 
endothelium (leaky vessels) leads to a posi¬ 
tive advantage by the hydrostatic pressure of 
the system and causes a flow of fluid out of 
the vessels into the tissues. 

CLINICAL FINDINGS 

There is visible swelling, either local or 
diffuse. The skin is puffy and pits on pres¬ 
sure; there is no pain unless inflammation is 
also present. In large animals the edema is 
usually confined to the ventral aspects of the 
head, neck, and trunk and is seldom seen on 
the limbs. 

CLINICAL PATHOLOGY 

Anasarca is a clinical diagnosis, but many 
estimates (e.g., arterial blood pressure, serum 
and urine protein levels) provide contribu¬ 
tory evidence. Normal total protein concen¬ 
trations in serum or plasma allow one to 
rule out hypooncotic edema. Differentiation 
between obstructive and inflammatory 
edema can be made by cytologic and bacte¬ 
riologic examination of the fluid. 

TREATMENT 

Primary treatment requires correction of 
the primary causal abnormality. Supportive 
treatment will also depend on the underlying 
cause but can consist of transfusing plasma 
or whole blood in cases of hypooncotic 
edema, or antiinflammatory or diuretic 
therapy in cases of inflammatory or allergic 
edema. 

ANGIOEDEMA 
(ANGIONEUROTIC EDEMA) 

ETIOLOGY 

Transient, localized subcutaneous edema as 
a result of an allergic reaction and caused by 
endogenous and exogenous allergens pro¬ 
vokes either local or diffuse lesions. Angio- 
edema occurs most frequently in cattle and 
horses on pasture, especially during the 
period when the pasture is in flower. This 
suggests that the allergen is a plant protein. 
Fish meal may also provoke an attack. 
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Recurrence in individual animals is common. 
Angioedema can also occur as adverse reac¬ 
tion to parenteral administration of certain 
antibiotics, vaccines, blood, plasma, or other 
IV fluids. 

PATHOGENESIS 

The precise type of hypersensitivity reaction 
has not yet been determined, but most cases 
appear to be associated with a type I or type 
III hypersensitivity reaction. After an initial 
erythema, local vascular dilatation is fol¬ 
lowed by leakage of plasma through damaged 
vessels. 

CLINICAL FINDINGS 

Local lesions most commonly affect the 
head, with diffuse edema of the muzzle, 
eyelids, conjunctiva, and cheeks. Occasion¬ 
ally only the conjunctiva is affected, so that 
the eyelids are puffy, the nictitating mem¬ 
brane is swollen and protruding, and lacri- 
mation is profuse. Affected parts are not 
painful to touch, but shaking the head and 
rubbing against objects suggest irritation. 
Salivation and nasal discharge may be 
accompanying signs. 

Perineal involvement includes vulvar 
swelling, often asymmetric, and the perianal 
skin, and sometimes the skin of the udder, is 
swollen and edematous. When the udder is 
affected, the teats and base of the udder are 
edematous and cows may paddle with the 
hind limbs, suggesting irritation in the teats. 
Edema of the lower limbs, usually from 
the knees or hocks down to the coronets, is 
a rare sign. 

Systemic signs are absent, except in those 
rare cases where angioedema is part of a 
wider allergic response, when bloat, diar¬ 
rhea, and dyspnea may occur, often with suf¬ 
ficient severity to require urgent treatment. 

CLINICAL PATHOLOGY 

The blood eosinophil count is often within 
the normal range, but may be elevated 
from a normal level of 4% to 5% up to 12% 
to 15%. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation is found with sudden 
onset and disappearance of edema at the 
typical sites. 

Subcutaneous edema as a result of 
vascular pressure occurs mostly in 
dependent parts and is not irritating. 

In horses, and rarely in cattle, angioedema 
may be simulated by purpura 
hemorrhagica, but hemorrhages are 
usually visible in the mucosae in purpura. 


TREATMENT 

Primary treatment to remove the specific 
cause is usually impossible, but affected 
animals should be removed from the sus¬ 
pected source of allergens. Cattle running at 


pasture should be confined and fed on dry 
feed for at least a week. 

Supportive treatment to relieve the vas¬ 
cular lesion is always administered even 
though spontaneous recovery is the rule. In 
acute cases with suspected anaphylaxis, epi¬ 
nephrine should be administered parenter- 
ally. For subacute cases, corticosteroids or 
other antiinflammatories are preferred over 
antihistamines or epinephrine; usually only 
one injection is required. 


TREATMENT 


Acute anaphylaxis with angioedema: 
Epinephrine: 3 to 5 ml7 450 kg of a 
1 :1000 solution IM or SC (can be 
combined with steroids) (R-1) 

Acute angioedema in horses: 

Dexamethasone soluble 0.01 to 0.1 mg/kg 
IV or IM q24 h for 3 to 7 days (R-1) 
Hydroxyzine hydrochloride 0.5 to 1.0 mg/ 
kg IM or PO q8 h (R-2) 

Diphenhydramine hydrochloride 0.7 to 
1 mg/kg q 12 h (R-2) 

Chlorpheniramine 0.25 to 0.5 mg/kg q 12 h 
(R-2) 


SUBCUTANEOUS EMPHYSEMA 
ETIOLOGY 

Emphysema, free gas in the subcutaneous 
tissue, occurs when air or gas accumulates in 
the subcutaneous tissue as a result of the 
following: 

• Air entering through a cutaneous 
wound made surgically or accidentally, 
particularly in the axilla or inguinal 
region 

• Extension from pulmonary emphysema 

• Air entering tissues through a 
discontinuity in the respiratory tract 
lining (e.g., in fracture of nasal bones; 
trauma to pharyngeal, laryngeal, and 
tracheal mucosa caused by external or 
internal trauma, as in lung puncture by 
a fractured rib; trauma to the trachea 
during an attempt to pass a 
nasoesophageal tube; following a 
tracheal wash procedure to assist in the 
diagnosis of respiratory disease where 
the trachea does not seal quickly to air 
movement after removal of the trocar) 

• Extension from vaginal lacerations in 
cattle, particularly in cattle with vaginal 
prolapse and following dystocia, or 
cattle with puerperal metritis and gas 
accumulation in the uterus 

• Gases migrating from abdominal 
surgery because the abdominal cavity is 
usually at a negative pressure relative to 
atmospheric pressure 

• Gas gangrene infection 

PATHOGENESIS 

Air moves very quickly in a dorsal manner 
through fascial planes, especially when there 


is local muscular movement. For example, 
when a lung is punctured, or in cases of 
severe interstitial pulmonary edema, air 
escapes under the visceral pleura and passes 
to the hilus of the lung, and hence to beneath 
the parietal pleura, between the muscles, and 
into the subcutis, particularly between the 
dorsal aspects of the scapulae. 

CLINICAL FINDINGS 

Visible subcutaneous swellings are soft, pain¬ 
less, fluctuating, and grossly crepitant to the 
touch, but there is no external skin lesion. In 
gas gangrene, discoloration, coldness, and 
oozing of serum may be evident. Affected 
areas of skin are moderately painful to touch. 
Emphysema may be sufficiently severe and 
widespread to cause stiffness of the gait and 
interference with feeding and respiration. 
The source of the subcutaneous emphysema 
is usually directly ventral to the most severely 
affected area, which is usually along the back. 

CLINICAL PATHOLOGY 

Clinical pathology is not necessary except in 
cases of gas gangrene, when a bacteriologic 
examination of fluid from the swelling 
should be carried out to identify the organ¬ 
ism present. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic confirmation is based on the 
observation of crepitus and the extreme 
mobility of the swelling; these distinguish 
emphysema from other superficial swellings. 

Anasarca, dependent and pits on pressure 
(see previous discussion). 

Hematoma, seroma at injury sites, 

confirmed by needle puncture (see 
following discussion). 

Cellulitis is accompanied by toxemia, 
confirmed by needle puncture. 


TREATMENT 

Primary treatment is to address the source 
of the air, but this may be impossible to 
locate or to close. Supportive treatment is 
only necessary in the extremely rare case 
where emphysema is extensive and incapaci¬ 
tating, in which case multiple skin incisions 
may be necessary. Gas gangrene requires 
immediate and drastic treatment with 
antibiotics. 

LYMPHANGITIS 

Lymphangitis is characterized by inflam¬ 
mation and enlargement of the lymph 
vessels and is usually associated with 
lymphadenitis. 

ETIOLOGY 

Lymphangitis in most cases is a result of local 
skin infection with subsequent spread to the 
lymphatic system. Common causes are as 
follows. 
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Cattle 

• Bovine farcy caused by Mycobacterium 
farcinogenes and Mycobacterium 
senegalense 

• Cutaneous tuberculosis associated with 
atypical mycobacteria, rarely 
Mycobacterium bovis 

Horse 

• Epizootic lymphangitis (equine 
histoplasmosis) as a result of 
Histoplasma capsulatum var. 
farciminosum 

• Ulcerative lymphangitis as a result of 
Corynebacterium pseudotuberculosis 

• Glanders (farcy) caused by Burkolderia 
mallei 

• Sporotrichosis 

• Sporadic lymphangitis 

• Strangles in cases where bizarre location 
sites occur 

• In foals, ulcerative lymphangitis 
associated with Streptococcus 
zooepidemicus 

PATHOGENESIS 

Spread of infection along the lymphatic 
vessels causes chronic inflammation and 
thickening of the vessel walls. Abscesses 
often develop, with discharge to the skin 
surface through sinuses. 

CLINICAL FINDINGS 

An indolent ulcer usually exists at the origi¬ 
nal site of infection. The lymph vessels 
leaving this ulcer are enlarged, thickened, 
and tortuous and often have secondary 
ulcers or sinuses along their course. Local 
edema may result from lymphatic obstruc¬ 
tion. In chronic cases much fibrous tissue 
may be laid down in the subcutis, and 
chronic thickening of the skin may follow. 
The medial surface of the hindlimb is the 
most frequent site, particularly in horses. 

CLINICAL PATHOLOGY 

Bacteriologic examination of discharge for 
the presence of the specific bacteria or fungi 
is common practice. 

TREATMENT 

Primary treatment requires vigorous, 
early surgical excision or specific antibiotic 
therapy. 

Supportive treatment is directed toward 
removal of fluid and inflammatory exudate 
and relief of pain. 

PANNICULITIS 

Panniculitis is diffuse inflammation of sub¬ 
cutaneous fat that has been associated with a 
number of causes, such as trauma, infection, 
postinjection site inflammation, insect bite, 
neoplasia, drug eruption, and dietary factors 
(excessive intake of polyunsaturated fatty 
acids or vitamin E deficiency). Deep-seated, 
firm, and painful nodules or plaques that can 


reach a diameter of 15 cm or more, often in 
large numbers, anywhere over the body but 
especially on the neck and sides, most com¬ 
monly occur in young horses and rarely in 
cattle. The lesions may fluctuate greatly in 
size and number, or even disappear sponta¬ 
neously. In a few cases there is transient 
fever, reduced feed intake, and weight loss. 
Lameness may be evident in horses with 
extensive lesions. 

Diagnosis is by histologic examination of 
a biopsy specimen. At necropsy examination 
there are no other lesions. The lesions reduce 
in size and number after the administration 
of dexamethasone but recur when treatment 
stops. 

HEMATOMA 

Hematoma refers to extravasation of whole 
blood into the subcutaneous tissues. 

ETIOLOGY 

Accumulation of blood in the subcutaneous 
tissues beyond the limit of that normally 
caused by trauma may be a result of defects 
in the coagulation mechanism or a result of 
increased permeability of the vessel wall. 
Common causes include the following: 

• Traumatic rupture of large blood vessel 

• Dicoumarol poisoning from moldy 
sweet clover hay 

• Purpura hemorrhagica in horses 

• Bracken poisoning in cattle; other 
granulocytopenic diseases manifested 
principally by petechiation, with lesions 
observed only in mucosae 

• Systemic disease associated with 
disseminated intravascular coagulopathy 
(DIC) 

• Hemangiosarcoma in subcutaneous sites 

• Neonatal bovine pancytopenia 

• Inherited hemophilia 

PATHOGENESIS 

Leakage of blood from the vascular system 
can cause local swellings, which interfere 
with normal bodily functions but are rarely 
sufficiently extensive to cause signs of 
anemia. 

CLINICAL FINDINGS 

Subcutaneous swellings resulting from hem¬ 
orrhage are diffuse and soft, with no visible 
effect on the skin surface. There may be no 
evidence of trauma. Specific locations of sub¬ 
cutaneous hemorrhages in horses include 
the frontal aspect of the chest—as a result of 
fracture of the first rib in collisions at full 
gallop, and often fatal through internal hem¬ 
orrhage—and perivaginal at foaling, causing 
massive swelling of the perineum and medial 
aspect of the thigh. 

CLINICAL PATHOLOGY 

Visual examination of a needle aspirate con¬ 
firms the existence of subcutaneous hemor¬ 
rhage. Diagnosis of the primary cause is 
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greatly assisted by platelet counts and pro¬ 
thrombin, clotting, and bleeding times. 

TREATMENT 
Primary Treatment 

Primary treatment targets removal or correc¬ 
tion of the cause. 

Supportive Treatment 

The hematoma should not be opened until 
clotting is completed, except in the case of a 
massive hemorrhage that is interfering with 
respiration, defecation, or urination. If blood 
loss is severe, blood transfusions may be 
required. Parenteral injection of coagulants 
can be justified if the hemorrhages are recent 
and severe. 


DIFFERENTIAL DIAGNOSIS 


Hematomas as a result of coagulopathies are 
usually associated with hemorrhages into 
other tissues, both manifestations being a 
result of defects in clotting or capillary wall 
continuity. Single hematomas (e.g., from 
trauma) must be differentiated from 
abscesses, seromas, and neoplasias. 

Diagnostic confirmation is by needle 
puncture of the swelling, avoiding excessive 
blood loss (that would decrease pressure on 
the leaking vessel) and contamination of a 
possibly sterile fluid pocket. 


NECROSIS AND GANGRENE 

Necrosis is tissue death; gangrene is slough¬ 
ing of dead tissue. When either change 
occurs in the skin, it involves the dermis, 
epidermis, and subcutaneous tissue. 

Different types of gangrene are 
recognized: 

• Dry gangrene is primarily caused by 
arterial occlusion resulting in tissue 
ischemia. Affected tissue appears dry 
and shrunken, with dark discoloration 
and a clear demarcation line from 
healthy tissue. There is no bacterial 
infection or putrefaction because 
bacteria fail to survive in the desiccated 
tissue. 

• Wet gangrene is most common after 
sudden blockage of venous blood flow 
resulting in ischemia while the affected 
tissue is saturated with stagnant blood. 
Tissue trauma (e.g., from mechanical 
trauma or burns) and ischemia result in 
release of tissue water and give the 
affected area a moist and swollen 
appearance. Because the moist and 
protein-rich tissue facilitates bacterial 
growth, infection with saprogenic 
microorganisms is common. This 
infection results in the putrid and rotten 
aspect and odor of the tissue and may 
cause septicemia. 

• Gas gangrene is caused by 

C. perfringens (see also “Malignant 
Edema”). 
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ETIOLOGY 

Severe damage to the skin in the following 
categories causes gangrene: 

• Severe or continued trauma (e.g., 
pressure sores, saddle and harness galls, 
carpal or tarsal necrosis in recumbent 
animals) 

• Strong caustic chemicals (e.g., creosote) 

• Severe cold or heat, with bushfires and 
stable fires being the worst offenders. 
Frostbite is an unusual occurrence in 
animals unless the patient has a 
circulatory deficit (e.g., in the neonate, 
in severe shock or toxemia). 

• Beta-irradiation 

• Infections, especially: 

• Erysipelas and salmonellosis in pigs 

• Clostridial infections in cattle, 
affecting subcutis and muscle 

• Staphylococcal mastitis in cattle; 
pasteurella mastitis in sheep 

• Bovine ulcerative mammillitis of the 
udder and teats 

• Local vascular obstruction— 

obstruction by thrombi or arterial 
spasm causes skin gangrene but 
includes deeper structures, also from 
poisoning by: 

• Claviceps purpurea 

• Festuca arundinacea (probably as a 
result of an accompanying fungus) 

• Aspergillus terreus 

• Mushrooms 

• Intradermal injection of local 
anesthetics containing epinephrine have 
been associated with dry gangrene of 
injected skin in cattle. 

Similar cutaneous and deeper-structure 
involvement occurs in systemic infections in 
which bacterial emboli block local vessels 
(e.g., in salmonellosis in calves, and after tail 
vaccination of calves with Mycoplasma 
mycoides). 

Other Causes 

• Final stages of photosensitive dermatitis 
and flexural seborrhea 

• Screw-worm infestation 

PATHOGENESIS 

The basic cause of gangrene is interference 
with local blood supply by external pressure; 
by severe swelling of the skin, as in photo¬ 
sensitization; or by arteriolar spasm or 
damage to vessels by bacterial toxins. 

CLINICAL FINDINGS 

With dry gangrene the lesion is dry from the 
beginning, and the area is cold and sunken, 
with red-brown discoloration and without 
offensive odor, resembling mummified 
tissue. Bacterial infection is commonly not 
present. Sloughing of dry tissue may take a 
long time, and the underlying surface usually 
consists of granulation tissue. 

With wet gangrene the initial lesion is 
moist and oozing, and the affected area is 
swollen, raised, discolored, and cold. 


Separation occurs at the margin, and the 
affected skin may slough before it dries; 
the underlying surface is raw and weeping. 
Because wet gangrene is in most cases 
accompanied by infection with saprophytic 
pathogens, affected tissue often has a putrid 
and rotten aspect and odor. Systemic disease 
may result from absorption of toxic products 
from tissue breakdown and bacteria, result¬ 
ing in septicemia. 

The presentation of gas gangrene is dis¬ 
cussed under “Malignant Edema.” 


DIFFERENTIAL DIAGNOSIS 


Confirmation of the diagnosis is by visual 
recognition. 

Gangrenous mastitis in cows or ewes. 
Photosensitive dermatitis. 

Claviceps purpurea poisoning. 


TREATMENT 

Primary treatment requires removal of the 
etiologic insult. 

Supportive treatment comprising the 
application of astringent and antibacterial 
ointments may be required in cases of wet 
gangrene to facilitate separation of the gan¬ 
grenous tissue and to prevent bacterial 
infection. Aggressive tissue debridement of 
necrotic tissue and in severe cases amputa¬ 
tion of affected body parts may be required. 
Systemic antibiotics do not reach gangrenous 
tissue but are indicated whenever septicemia 
is suspected. 

SUBCUTANEOUS ABSCESS 

Most subcutaneous abscesses are matters of 
purely local and esthetic concern, but if they 
are sufficiently extensive and present with 
active localized infection, they may cause 
mild toxemia. Their origins include the 
following. 

Trauma 

Most subcutaneous abscesses are the result of 
traumatic skin penetration with resulting 
infection. For example, facial subcutaneous 
abscesses are common in cattle eating rough- 
age containing foxtail grass ( Hordeum 
jubatum). Several animals in a herd may be 
affected at one time. The awns of these plants 
migrate into the cheek mucosa, causing sub¬ 
cutaneous abscesses containing Trueperella 
(formerly Arcanobacterium) pyogenes and 
Actinobacillus spp. The abscesses contain 
purulent material, are well encapsulated, and 
must be surgically drained and treated as an 
open wound. Medical therapy with paren¬ 
teral antimicrobials and iodine is ineffective. 

Hematogenous 

Rarely the infection reaches the site via the 
bloodstream (e.g., chronic pectoral abscesses 
of horses, infections in foals with R. equi. 


infections in all species with Corynebacte- 
rium pseudotuberculosis, infections in lambs 
with Histophilus somni or Pseudomonas 
pseudomallei). 

Extension 

Abscesses may originate by extension from 
lesions of furunculosis, pyoderma, or impe¬ 
tigo or by contiguous spread by contact 
from an internal organ (e.g., from traumatic 
reticuloperitonitis). 

CUTANEOUS CYSTS 

Cysts contained by an epithelial wall enclos¬ 
ing amorphous contents or living tissue may 
be congenital, inherited defects or acquired 
as a result of inappropriate healing of acci¬ 
dental wounds. They are smooth, painless, 
about 1.5 to 2.5 cm in diameter, round, and 
usually fluctuating, although inspissated 
contents may make them feel quite hard. The 
skin and hair coat over them are usually 
normal, although some may leak mucoid 
contents onto the skin. Epidermoid cysts are 
lined with skin; dermoid cysts usually 
contain differentiated tissue such as seba¬ 
ceous glands and hair follicles; dentigerous 
cysts contain teeth or parts of them. Acquired 
cysts include apocrine, sebaceous, and 
keratin varieties. 

Developmental cysts, which are present 
from birth, are usually located at specific 
anatomic sites, and include the following: 

• Branchial cysts in the neck, formed 

from an incompletely closed branchial 

cleft 

• False nostril cysts in horses 

• Wattle cysts in goats 

Cysts may occur anywhere on the body, 
but most commonly they are found near the 
dorsal midline. In horses a common site is 
the base of the ear. 

Other diseases that cause cutaneous 
nodules in horses include collagenolytic 
granuloma, mastocytosis, amyloidosis, lym¬ 
phoma, sarcoidosis, and infestation with 
Hypoderma spp. 

Surgical excision for cosmetic reasons is 
common practice. 


GRANULOMATOUS LESIONS 
OF THE SKIN 

Granulomatous lesions are chronic inflam¬ 
matory nodules, plaques, and ulcers; they are 
cold, hard, and progress slowly, often accom¬ 
panied by lymphangitis and lymphadenitis. 
In many cases there is no cutaneous discon¬ 
tinuity or alopecia. Some of the common 
causes in animals are as follows. 

Cattle 

• Bovine farcy caused by M. farcinogenes 
and M. senegalense 

• Actinobacillosis (botryomycosis) caused 
by Actinobacillus lignieresi 












• Infestation with Onchocerca spp. 

• Infestation with larvae of Hypoderma 
spp. 

• Infection with Mucor spp. fungi in 
thick-walled nodules in the skin on the 
posteroventral aspect of the udder 

• Lechiguana associated with the 
sequential infection with Dermatohia 
hominis and Mannheimia 
granulomatosis. The condition has been 
reported in Brazilian cattle, which 
develop very large granulomata 
consisting of fibrous tissue that develop 
in subcutaneous sites in any part of the 
body. 1 

Sheep 

• Strawberry footrot— D. congolensis 

• Ecthyma 

• Ulcerative lesions of lower jaw and 
dewlap associated with A. lignieresi 

Horses 

• Tumorous calcinosis, which causes hard, 
painless, spherical granulomata, up to 
12 cm in diameter, near joints and 
tendon sheaths, especially the stifle joint 

• Cutaneous amyloidosis 

• Collagenolytic granuloma (nodular 
necrobiosis)—the most common 
nodular skin disease of the horse. The 
etiology is unknown. There are multiple 
firm nodules located in the dermis, 
ranging in size from 0.5 to 5 cm in 
diameter. The overlying skin surface and 
hair are usually normal. Biopsy reveals 
collagenolysis. Treatment consists of 
surgical removal and possibly the 
administration of corticosteroids. 

• Botryomycosis, or bacterial 
pseudomycosis, results from bacterial 
infection at many sites, often 
accompanied by a foreign body. Lesions 
on the limbs, brisket, ventral abdomen, 
and scrotum vary in size from nodules 
to enormous fungating growths 
composed of firm inflammatory tissue 
riddled by necrotic tracts, leading to 
discharging sinuses, often containing 
small yellow-white granules or “grains.” 
Surgical excision is the only practicable 
solution. 

• Equine eosinophilic granuloma— 
nonalopecic, painless, nonpruritic, firm 
nodules, 2 to 10 cm in diameter and 
covered by normal skin, develop on the 
neck, withers, and back of horses, 
especially in the summer. The cause is 
unknown, and palliative treatment, 
surgical excision, or corticosteroid 
administration is usually provided. 

• Systemic granulomatous disease (equine 
sarcoidosis)—a rare disease of horses 
characterized by skin lesions and 
widespread involvement of the lungs, 
lymph nodes, liver, gastrointestinal tract, 
spleen, kidney, bones, and central 
nervous system 
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• Burkolderia mallei —cutaneous farcy or 
glanders 

• Actinomadura spp. and Nocardia 
brasiliensis —painless mycetomas 

• Histoplasma farciminosum —epizootic 
lymphangitis 

• Corynebacterium pseudotuberculosis — 
ulcerative lymphangitis 

• Habronema megastoma and Hyphomyces 
destruens as causes of swamp cancer, 
bursattee, Florida horse leech, and 
blackgrain mycetoma 

• Infestation with Onchocerca spp. 

• Chronic urticaria 

Pigs 

• Actinomyces spp. and B. suilla cause 
lesions on the udder. 
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Non-lnfectious Diseases of 
the Skin 

INSECT BITE HYPERSENSITIVITY 
IN HORSES (EQUINE SEASONAL 
ALLERGIC DERMATITIS) 

Insect bite hypersensitivity (IBE1) is an 
intensely pruritic dermatitis of horses 
caused by hypersensitivity to insect bites, 
especially Culicoides spp. and, less frequently, 
Simulium spp. 

ETIOLOGY 

The disease is caused by type I (immediate) 
hypersensitivity to salivary antigens intro¬ 
duced into the skin by the bites of sandflies 
and other insects. There may be a lesser role 
for type IV (cell-mediated) hypersensitivity 
in the disease. Culicoides brevitarsus is the 
cause in Australia, Culicoides pulicaris in the 
United Kingdom and Europe, and Culicoides 
obsoletus in Canada. Stomoxys calcitrans, 
the stable fly, and Simulium spp. cause the 
disease. The distribution of the skin lesions 
and seasonal nature of the disease are related 
to the feeding habits of the inciting insect. 
For instance, C. pulicaris has a predilection 
for landing at the mane and tail, and this is 
where the lesion is most commonly seen. 

EPIDEMIOLOGY 

The prevalence of the disease varies depend¬ 
ing on environmental factors, and possibly 
characteristics of the local horse population. 
Up to 60% of horses are reported to be 
affected in areas of Queensland, Australia; 
22% in Israel; and 18% of Icelandic horses in 
Norway. The prevalence in Switzerland is 
very low in regions above 1000 m and 1.6% 
in lower areas. The prevalence of the disease 
in Dutch Shetland Ponies (>7000) assessed 
over 3 years was 8.8%/ 

The disease is quite common worldwide 
in areas where hot and humid summer 


weather favors the causative insects: Sweden, 
the United Kingdom, Japan, Israel, Hong 
Kong, North America, Australia, the Philip¬ 
pines, India, and France. Most cases occur 
during summer, and lesions disappear 
during cooler weather. Lesions disappear 
when the horses have been stabled in insect- 
proof barns for several weeks or are moved 
outside the geographic range of the inciting 
insect. 

The disease is characteristically sporadic 
and affects only a few of a group of horses. 
However, because the predilection to the 
disease is inherited, there may be multiple 
cases among related animals on a farm. The 
prevalence of the disease increases with age; 
3.4% of Icelandic horses 1 to 7 years of age 
compared with 32% of horses older than 14 
years were affected. 

The disease has a demonstrated genetic 
basis in some breeds, including heritability 
of 0.08 (standard error [SE] = 0.02) on the 
observed binary scale and 0.24 (SE = 0.06) 
on the underlying continuous scale in Dutch 
Shetland ponies. 1 Variants in the major his¬ 
tocompatibility complex (MHC) class II 
region are associated with disease suscepti¬ 
bility, with the same allele (COR112:274) 
associated with the disease in Icelandic 
ponies and Exmor ponies. In addition, 
homozygosity across the entire MHC class II 
region is associated with a higher risk of 
developing the disease (p = 0.0013). 2 Genes 
not encoding MHC and associated with IBH 
in Old Kaldruby horses include interferon 
gamma (IFNG), transforming growth 
factor beta 1 (TGEB1), Janus kinase 2 (JAK2), 
thymic stromal lymphopoietin (TSLP), and 
involucrin (IVL). 3 Expression of genes asso¬ 
ciated with allergy and immunity in the skin 
of affected horses indicates a role for these 
pathways in the disease. 

PATHOGENESIS 

Reaginic antibodies (IgE) produced in 
response to exposure to proteins in insect 
saliva bind to mast cells in the skin; when 
exposed to the antigen, they are associated 
with degranulation of the mast cell. Horses 
with IBH have IgE antibodies that react with 
constituents of the salivary gland of Culicoi¬ 
des spp., whereas horses that do not have the 
disease have IgG, but not IgE, antibodies 
against Culicoides spp. salivary gland anti¬ 
gens. Horses that have not been exposed to 
Culicoides spp. do not have either antibody 
to the insect salivary gland antigen. IgE anti¬ 
bodies against Culicoides spp. are present on 
a seasonal basis in horses that do not have 
evidence of the disease, indicating that the 
presence of these antibodies, although neces¬ 
sary for development of the diseases, is not 
sufficient and that other factors are involved. 4 

The antigen in saliva of Culicoides sp. and 
Simulium spp. has identical IgE epitopes, 
demonstrating that the disease in some 
horses is caused by IgE-mediated cross¬ 
reactivity to homologous allergens in the 
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saliva of both species. 5 A specific antigen in 
midge ( Culicoides sonorensis) saliva associ¬ 
ated with IgE reaginic antibodies and causing 
both in vivo and in vitro activity mimicking 
IBH is a 66 kDa protein referred to as 
Cul s l. 6 

Degranulating mast cells and intrader- 
mal or subcutaneous lymphocytes release 
various vasoactive substances and cytokines 
that cause inflammation and accumulation 
of eosinophils in the skin of affected areas 
and eosinophilia. The distribution of the 
lesions on patients reflects the insects’ pre¬ 
ferred feeding sites. Ponies with seasonal 
allergic dermatitis have greater numbers of 
circulating CD5+ and CD4+ T lymphocytes 
than do normal animals. Increased numbers 
of CD3+ T lymphocytes, most of which are 
CD4+, and eosinophils are present in the 
skin of affected ponies after injection of Culi¬ 
coides antigen. Furthermore, in eotaxin and 
monocyte chemoattractant protein (MCP) 1, 
but not MCP-2 or MCP-4, mRNA expression 
is upregulated in skin biopsies of sweet itch 
lesions, demonstrating a mechanism for 
accumulation of eosinophils and T-2 lym¬ 
phocytes in the lesions. 

CLINICAL FINDINGS 

Lesions are usually confined to the base of 
the tail, rump, along the back, withers, crest, 
poll, ears, and, less commonly, ventral 
midline. In severe cases the lesions may 
extend down the sides of the body and neck 
and onto the face and legs. 

Pruritus is intense, especially at night, 
and the horse scratches against any fixed 
object for hours at a time. In the early stages, 
slight, discrete papules, with the hair stand¬ 
ing erect, are observed. Constant scratching 
may cause self-mutilation, severe inflamma¬ 
tory lesions, and loss of hair. Scaliness and 
loss of hair on the ears and tail base may be 
the only lesions in mildly affected horses. 

CLINICAL PATHOLOGY 

Affected animals have eosinophilia and 
thrombocytosis. 

Diagnosis is facilitated by skin biopsy, 
fungal culture, parasitologic examination of 
skin scrapings, and intradermal sensitivity 
testing. Skin biopsy of early lesions, before 
trauma masks the true picture, reveals edema, 
capillary engorgement, and eosinophilic 
and mononuclear perivascular infiltration. 
Fungal culture and parasitologic examina¬ 
tion of skin scrapings are useful only in that 
they rule out dermatophytosis, onchocercia¬ 
sis, and strongyloidosis. Intradermal skin 
testing demonstrates immediate and delayed 
sensitivity reactions to extracts of Culicoides 
spp. and Stomoxys spp. Recommended con¬ 
centrations of insect antigen in the testing 
solution are 60 to 250 PNU per ml,' or 
1:1000 w/v concentration of Culicoides spp. 
extracts relevant to the locality, providing 
useful support for a clinical diagnosis of 
equine insect hypersensitivity. 8 


Testing of serum for specific IgE antibod¬ 
ies holds potential for enhancing diagnostic 
strategies, but because of the detection of 
IgE antibodies against Culicoides spp. and 
Simulium spp. antigens in healthy horses, 4 
the poor concordance between results of 
skin hypersensitivity testing and serum 
IgE concentration, 9 and the poor perfor¬ 
mance of serologic testing with enzyme- 
linked immunosorbent assay (ELISA) that 
uses the high-affinity IgE receptor (Fc epsilon 
R1 alpha), 10 serologic testing is currently not 
recommended. 


DIFFERENTIAL DIAGNOSIS 


Infection with larvae of Onchocerca spp., 
Strongyloides spp., or Dermatophilus 
congoiensis can produce similar lesions. 
Alopecia of the tailhead may be caused by 
Oxyuris equi. 


TREATMENT 

The principles of treatment are removal of 
the inciting cause and suppression of the 
hypersensitivity reaction. 

Removal of the inciting cause is achieved 
by preventing horses from being exposed to 
the inciting insects. This can be achieved by 
relocating the horse to a geographic region 
where the insects do not occur, stabling of 
the horse in an insect-proof stable during the 
periods of the day (early evening) when the 
insects are most active, or applying agents 
that kill the insects or otherwise prevent 
them from alighting on and biting the horse. 

Suppression of the immediate hyper¬ 
sensitivity reaction or its sequelae can be 
achieved by administration of corticoste¬ 
roids (prednisolone, 1 mg/kg orally every 24 
hours initially, then reducing to as low of a 
maintenance dose as possible). 

Hyposensitization (allergen-specific im¬ 
munotherapy) has received attention for its 
potential efficacy in desensitizing affected 
horses. Two controlled clinical trials did not 
demonstrate a beneficial effect (although the 
placebo effect on the owners was impressive) 
in a representative sample of horses. These 
trials were blinded and used objective mea¬ 
sures of efficacy. 11 A retrospective study 
using owner-reported responses (reduction 
in antipruritic therapy) found a response in 
57% of horses. 12 There is insufficient high- 
quality evidence to support use of allergen- 
specific immunotherapy as routine treatment 
for IBH. 

CONTROL 

Reduce Exposure to Biting Midges 

Horses should be housed in insect-proof 
buildings or, at a minimum, buildings that 
limit exposure of horses to midges by closure 
of doors and covering of windows with 
gauze. Impregnation of gauze with an insec¬ 
ticide further reduces biting rates. Stables 
should be situated in areas that have minimal 


midge populations, such as on hilltops or 
well-drained sites. Midge numbers on indi¬ 
vidual farms should be reduced by habitat 
alteration, so that areas of damp, organically 
enriched soils are eliminated. 13 Widespread 
use of insecticides is unlikely to be environ¬ 
mentally acceptable. 

The feeding pattern of midges is such that 
housing of horses during the crepuscular 
periods and at night will significantly reduce 
biting rates and likelihood of infection. 
Horses kept at pasture should have insect 
repellents applied regularly and especially to 
provide protection during periods of high 
insect-biting activity. Diethyltoluamide, or 
DEET (N,N-diethyl-meto-toluamide), is the 
only commercially available repellent with 
documented activity against Culicoides spp. 
Application of deltamethrin (10 mL of 1% 
solution) to the skin of horses did not reduce 
the frequency of midge feeding in an experi¬ 
mental trial in the United Kingdom. 14 Instal¬ 
lation of alphacypermethrin-impregnated 
mesh in jet stalls reduced the attach rate of 
Culicoides spp. by 6- to 14-fold and markedly 
reduced the number of Culicoides spp. insects 
collected from horses housed in the stalls 
compared with sentinel horses, suggesting 
that this might be a useful means of reducing 
exposure of housed horses to midges. 15 
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SEASONAL ALLERGIC 
DERMATITIS OF SHEEP 

A disease similar to seasonal dermatitis 
(insect bite hypersensitivity) of horses (see 
“Equine Seasonal Allergic Dermatitis,” in this 
chapter) occurs in sheep in the United 
Kingdom, Brazil, Israel, and likely else¬ 
where. 13 The disease is also reported in goats 
in Brazil and suspected in New World came- 
lids (alpacas) in New York State. 4 ' 5 Up to one- 
third of a sheep flock can be affected, with the 
disease remitting and affected sheep appear¬ 
ing to fully or almost fully recover during the 
dry season in Brazil, or during winter in 
higher latitudes. 1 Because of the seasonal 
appearance of the disease during periods 
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Fig. 16-1 Lesions of seasonal allergic 
dermatitis in a Hampshire Down sheep. 

(Reproduced with permission from Correa 
TG et al. Vet Parasitol 2007; 145:181. 6 ) 

when midges are present or most active, 
a cutaneous sensitivity to Culicoides 
spp., especially C. obsoletus in the United 
Kingdom or Culicoides insignis in Brazil, is 
suspected. 6 Cutaneous sensitivity to ground¬ 
up Culicoides spp. is present in affected sheep, 
and observed bites by C. insignis in sheep in 
Brazil caused pruritus. 6 Allergic dermatitis 
occurs in sheep infested with fleas (Ctenoce- 
phalides spp.), although rarely are sheep 
infested by fleas.' Similar skin lesions can 
occur in sheep infested with lice ( Bovicola 
ovis ) or scabies ( Psoroptes ovis ). 8 The equiva¬ 
lent disease in horses has a genetic basis, and 
this should be considered in sheep. 2,9 

The lesions are similar to those in horses 
and are located principally on the teats, 
udder, and ventral midline, but also on the 
tips of the ears, around the eyes, and on the 
nose and the lips (Fig. 16-1). Initially there is 
erythema and small red papules followed by 
development of alopecia and crust forma¬ 
tion. The skin of the affected sheep is whitish 
and irregularly thickened, with alopecia, 
crusts, and intense pruritus. Histologically 
the lesions represent the changes character¬ 
istic of immediate (type I) hypersensitivity, 
evident as perivascular eosinophilic derma¬ 
titis. 6 Histologic lesions of the epidermis are 
hyperkeratosis, acanthosis, hypergranulosis, 
and moderate spongiosis with infiltration of 
the dermis by eosinophils, macrophages, and 
plasma cells. There are no diagnostic changes 
in the differential blood count. Treatment, if 
provided, should include topical or systemic 
administration of antihistamines or cortico¬ 
steroids, although both might be restricted 
for use in food animals, and there is no 
formal evidence of efficacy. Affected animals 
recover when they are not exposed to 
midges. 1 Control is based on preventing or 
minimizing exposure to midges. 

A very similar disease occurs in cattle in 
Japan. It is thought to be a result of an allergy 
to the bite of an external parasite. 
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ANHIDROSIS (NONSWEATING 
SYNDROME, PUFF DISEASE, 

DRY COAT) 

Anhidrosis refers to the reduced or absent 
capacity to produce sweat. It affects horses 
and cattle. Reduced ability to sweat affects 
horses in hot and humid climates. Affected 
horses are unable to maintain their body 
temperature within safe limits, especially 
during or after exercise, and suffer heat stress 
and a reduction in athletic performance. The 
only effective treatment is to move the horses 
to a cooler environment. 

ETIOLOGY 

The etiology of anhidrosis is unknown, but it 
involves a reduction in the sensitivity of the 
sweat gland to (3-2 adrenergic stimulation, 
the normal stimulus for sweating in the 
horse. Hypothyroidism does not contribute 
to anhidrosis, although anhidrotic horses 
have an exaggerated thyroid-stimulating- 
hormone response to administration of 
thyroid-releasing hormone. 1 The etiologic or 
pathogenic importance of this observation is 
unclear. 

EPIDEMIOLOGY 

The disease occurs in horses, and rarely in 
cattle, in countries with hot, humid climates, 
including tropical and semitropical regions. 

The overall prevalence in horses is approx¬ 
imately 2% to 6% in Florida, with the highest 
prevalence in southern Florida (4.3%) and 
lowest in northern Florida (0.08%). 2 The 
prevalence of affected farms is 11%. There is 
no reported sex or color predilection. Thor¬ 
oughbred horses and Warmblood horses in 
Florida are 4.4 (95% confidence interval [Cl] 
1.2 to 15.5) times and 13.9 (2.5 to 77.5) times 
as likely to have the disease as are Quarter 
horses. 2 None of 190 Arabian horses were 
affected. 2 Horses with a family history of the 
disease are approximately 6 times more likely 
to be affected. 2 

Both native and imported horses are 
affected, although horses born in the western 
and midwestern United States are at 2.5 times 
the risk of developing the disease as are 
native-born horses. 2 Among native horses, 
the age of onset of the condition ranges from 
1 year to 10 years. Foals, especially of draff 
breeds, can be affected. Horses imported to 
endemic areas usually do not develop the 
disease within 1 year. The incidence and 
severity of the disease are highest in the 
hotter season, with most affected horses first 
exhibiting signs of the disease in the summer. 2 

The disease is rarely fatal unless severely 
affected horses are exercised in the heat, in 


which case death from heat stroke can occur. 
The major importance of the disease is the 
inability of affected horses to exercise and 
compete in athletic events. 

PATHOGENESIS 

Sweat is produced in horses by apocrine 
sweat glands that have a single type of secre¬ 
tory cell. The sweat glands are epitrichial 
(associated with a hair follicle) and have a 
density of about 800 per square centimeter, 
with a greater volume density of sweat glands 
in the summer compared with winter, in skin 
of healthy Thoroughbreds. 3 Evaporation of 
sweating is responsible for elimination of 
approximately 70% of the heat load of exer¬ 
cising horses (with a further -20% attribut¬ 
able to evaporation from the respiratory 
tract). 4 Evaporation is essential for heat 
transfer because the latent energy of evapo¬ 
ration of 1 ml of water is 2.2 kj (2260 kj/kg 
of water). High heat transfer from the horse 
to the environment is possible because of the 
high sweating rate of strenuously exercising 
horses of up to 3300 g per meter square of 
skin surface area per hour or 10 to 12 liters 
per horse per hour. 4 The sweat of horses 
during exercise is alkaline (pH 8.0 to 8.9), is 
slightly hyperosmolar compared with plasma 
(290 to 340 mm Osmol), and has sodium 
concentrations that approximate those of 
plasma, potassium concentrations approxi¬ 
mately 10 times those of plasma, and chlo¬ 
ride concentrations double those of plasma. 

The sweat glands are well innervated, 
and sweating is controlled by a combination 
of hormonal ((3-2 adrenergic) and neural 
factors. 4 The apocrine sweat glands respond 
in vitro to both purinergic stimuli, including 
adenosine triphosphate (ATP), adenosine 
diphosphate (ADP), and uridine triphos¬ 
phate (UTP), and application of isoprena- 
line, a p-agonistA 6 Both |3-adrenoreceptor 
and purinergic receptors are present on the 
basolateral aspects of the sweat glands, but 
not the apical aspect. 6 Responses to isoprena- 
line or purinergic stimulants by sweat glands 
of anhidrotic horses are much reduced 
compared with those of sweat glands from 
unaffected horses. 6 The defect in sweating of 
anhidrotic horses is a consequence of failure 
of the gland to respond to either of the ago¬ 
nists for sweat production. This breakdown 
of cellular secretory function is thought to be 
the prime cause of lack of sweating, as 
opposed to earlier suggestions of obstruction 
of the sweat gland duct. 6 

Sweat production increases with increas¬ 
ing concentrations of epinephrine in blood 
up to a peak value, after which sweating rates 
decline. Anhidrotic horses have lower initial 
and peak rates of sweat production and lower 
overall sweat production than do normal 
horses during intravenous (IV) infusion of 
epinephrine.' Suggested, but unproved, 
mechanisms for decreased sweat production 
by anhidrotic horses includes diminished 
glandular sensitivity to epinephrine, failure 
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of secretory function, blocking of sweat 
gland ducts, fatigue of the gland, and gland 
atrophy. 

Sweating is the predominant means by 
which horses dissipate heat. Reduction in the 
capacity to produce sweat results in an 
inability to effectively control body tempera¬ 
ture during exercise and when temperature 
and humidity are high. The elevation in 
body temperature results in tachypnea in an 
attempt to dissipate heat through the respira¬ 
tory tract. Hyperthermia impairs perfor¬ 
mance and, if severe, can result in heat shock, 
a systemic inflammatory response syndrome, 
and death. 

CLINICAL FINDINGS 

The most apparent clinical sign is lack of 
sweating in response to an appropriate stim¬ 
ulus, such as exercise. In severely affected 
horses, sweating is limited to the perineum, 
brisket, and areas under the mane and 
saddle. Less severely affected horses have a 
diminished sweat response and do not lather 
during exercise. The skin becomes dry and 
scurfy and loses its elasticity, and there may 
be alopecia, especially of the face. 

Affected animals become extremely 
tachypneic when heat stressed, leading to the 
colloquial term for the disease, “dry puffer.” 1 
Affected horses have abnormally high respi¬ 
ratory rates after exercise that persist for at 
least 30 minutes after 30 minutes of lunging 
exercise. Affected horses have a respiratory 
rate twice that of healthy horses after exercise 
(60 bpmvs. 120 bpm). 1 The animal’s appetite 
declines, and it loses weight. Athletic perfor¬ 
mance is severely compromised. Affected 
horses have higher body temperatures during 
exercise than unaffected horses, and this dif¬ 
ference can persist for at least 30 minutes. 1 

Diagnostic confirmation is achieved by 
demonstrating reduced sweating in response 
to intradermal injection of epinephrine or 
the P-2 adrenergic agonists terbutaline and 
salbutamol. A crude test involves the intra¬ 
dermal injection of 0.1 mL of a 1:1000 dilu¬ 
tion of epinephrine. If the horse sweats, then 
it is not considered to be completely anhi- 
drotic. A semiquantitative test using epi¬ 
nephrine, terbutaline, or salbutamol may be 
useful in identifying partially anhidrotic 
horses. Normal horses sweat when 0.1 mL of 
1:1,000,000 epinephrine is injected, whereas 
partially anhidrotic horses sweat only with 
higher concentrations (1:10,000 or 1:1000). 
Injections are usually made using small- 
gauge needles (25 g) into the skin over the 
lateral aspects of the neck. Terbutaline 
(0.1 mg/mL) injected intradermally induces 
sweating in approximately 4 minutes (+/— 
1.7 min) in healthy horses and 10.5 minutes 
(+/- 7 min) in anhidrotic horses. 1 

A further refinement is the quantitative 
intradermal terbutaline sweat test in which 
0.1 mL of solutions of terbutaline of 0.001, 
0.01, 0.1, 1, 10, 100, and 1000 mg/mL are 
injected into the skin of the horse. 8 


Preweighed absorbent pads are then taped 
over each site, removed after 30 minutes, and 
weighed. The amount of sweat produced is 
quantified as the change in weight of the pad. 
This technique, although not described in 
anhidrotic horses, provides a means of quan¬ 
tifying the sweat test. 

The prognosis is poor for athletic func¬ 
tion for affected animals that remain in hot 
and humid environments, but the condition 
may resolve if the horse is moved to a cool 
climate. 

CLINICAL PATHOLOGY 

Plasma epinephrine concentrations are 
reported to be higher in affected horses than 
in unaffected horses, but this has not been a 
consistent finding among studies. 

NECROPSY FINDINGS 

There are no characteristic gross lesions at 
necropsy. Histologic examination of the skin 
of affected horses reveals abnormalities in 
sweat gland morphology, including flatten¬ 
ing of cells, loss of luminal microvilli, and a 
reduction in the number of secretory vesi¬ 
cles. These findings are thought to be a con¬ 
sequence, rather than a cause, of the disease. 

TREATMENT AND CONTROL 

There is no specific treatment that restores 
the horses ability to sweat, other than move¬ 
ment to a cooler climate. Affected horses for 
which translocation to a cooler environment 
is not feasible benefit from housing in air- 
conditioned stables so that exposure to high 
ambient temperatures is minimized. Exercise 
of affected horses during the coolest periods 
of the day is sensible. Affected horses are 
frequently administered electrolyte supple¬ 
ments, but these are without demonstrated 
benefit. However, as with all working horses, 
an adequate intake of sodium, potassium, 
and chloride should be ensured. 

Administration of thyroid hormone sup¬ 
plements is not warranted and might be 
dangerous because they cause an increase the 
metabolic rate, and therefore heat produc¬ 
tion, of affected horses. Vitamin E adminis¬ 
tration has no demonstrated efficacy. 

Removal of affected animals to cooler 
climates is often necessary, although air- 
conditioning of stables and maintenance of 
horses in higher country where they can be 
returned after a days racing may enable sus¬ 
ceptible horses to be kept locally. 

FURTHER READING 

Jenkinson DM, Elder HY, Bovell DL. Equine sweating 
and anhidrosis part 1: equine sweating. Vet Derm. 
2006;17:361-392. 

Jenkinson DM, Elder HY, Bovell DL. Equine sweating 
and anhidrosis part 2: anhidrosis. Vet Derm. 
2007;18:2-11. 
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WETNESS (MACERATION) 

Frequent exposure to wetting, sufficient to 
keep the skin permanently wet for long 
periods, results in maceration with loss of 
dermal integrity and predisposes to fleece rot 
in sheep and mycotic or bacterial dermatitis 
in all species. In horses it leads to a superfi¬ 
cial dermatitis along the dorsum, especially 
over the croup, and is known as scald. Fre¬ 
quent immersion of the lower limbs of cattle 
on irrigated pasture causes dermatitis on the 
backs of the pasterns, leading to mycotic der¬ 
matitis. Digital dermatitis of cattle can be 
induced by prolonged wetness of the skin, 
resulting in maceration, and inoculation 
with Treponema spp. Wetting also predis¬ 
poses to hypothermia in the young. 

Standing in cold water for a period of 
more than 3 days causes the immersed parts 
to become edematous and congested and 
slough their skin in the form of a cuff 
around the limb. Recovery is slow and 
incomplete. 

REFERENCE 

1. Gomez A, et al. / Dairy Sci. 2012;95:1821. 

COCKLE 

Cockle is a superficial nodular dermatitis of 
sheep recorded only in New Zealand that 
results in nodules in the skin that are of eco¬ 
nomic importance to the leather industry. 
The presence of cockle downgrades the value 
of the pelt, which is rendered unsuitable for 
suede and clothing. 

Cockle is not usually diagnosed clinically, 
but examination by close inspection of the 
skin over the upper shoulder region after 
close shearing has high specificity for detec¬ 
tion. The lesions are the result of an immune 
response in some sheep to infestation with 
the biting louse B. ovis. The occurrence of 
cockle and its severity are positively corre¬ 
lated with the severity of the louse infesta¬ 
tion, and sheep that develop lesions have 
B. ovis- specific homocytotropic antibody. 
Serum histamine concentrations are signifi¬ 
cantly higher in louse-infested lambs than 
louse-na'ive lambs. 

Lesions commence on the neck and 
shoulders and may extend over the entire 
pelt. Widely distributed lesions, termed 
scatter cockle, are attributed to infestation 
with B. ovis, and this is the most common 
cause, but rib cockle may be a hypersensitiv¬ 
ity to infestation with the sheep ked Meloph- 
agus ovinus. Pelt lesions in the dorsal midline 
region are usually a result of infection with 
D. congolensis. 
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CONTROL 

Control rests with the control of B. ovis. For 
cockle control, sheep should be treated off- 
shears with pour-on or spray-on insecticide 
and, as soon as practical after shearing, 
treated by saturation dipping. Saturation 
dipping is required to significantly reduce 
louse populations. Prelambing dipping is 
also recommended to reduce the risk of 
lambs acquiring louse infestations. 

FURTHER READING 

Radostits O, et al. Cockle. In: Veterinary Medicine: A 
Textbook of the Disease of Cattle, Horses, Sheep, 

Goats and Pigs. 10th ed. London: W.B. Saunders; 
2007:2041. 


WOOL SLIP, WOOL LOSS 

Wool slip is a condition in which housed 
ewes, shorn in winter, lose part of their 
fleece and develop bald patches over a large 
area of the rear half of the back. This com¬ 
monly starts at the base of the tail and pro¬ 
gresses to the rump and back and less 
commonly the neck. There is no systemic 
disease; the skin is normal. Histologic exam¬ 
ination of skin biopsies shows that in 
affected sheep the wool follicles are in the 
active anogen stage rather than the inactive 
telogen phase of unaffected cohort sheep, 
and the wool regrows immediately following 
loss. The loss of wool starts 2 to 3 weeks 
after shearing. All breeds are equally suscep¬ 
tible, and there is no effect of age or whether 
the sheep are carrying single or twin lambs; 
up to 40% of a flock may be affected. The 
wool loss occurs because of a premature and 
synchronized shedding of wool fibers and 
not because of a pathologic process that 
damages the wool fiber. Wool shedding can 
be induced experimentally by prolonged 
treatments with corticosteroids, and the 
current explanation for the wool shedding 
that occurs with the wool-slip syndrome is 
that blood corticosteroid levels rise after the 
stress of shearing and are maintained for a 
long period because of the trauma of being 
housed and shorn and kept in the cold. 
Blood zinc concentrations in sheep affected 
with wool slip are within the normal range, 
and there is no epidermal change as occurs 
in zinc deficiency. 

The prevention of the condition is aimed 
at reducing the severity and length of the 
stress period by shearing the sheep at the 
time of entry to winter housing and ensuring 
a good nutritional plane in the postshearing 
period. This hypothesis as to cause may 
not be correct because the syndrome has 
also been seen in the summer in Wiltshire 
shorn sheep that had little history of stress 
in the period immediately preceding the 
wool slip. 

Wool slip should not be confused with 
the normal shedding of wool that occurs in 
breeds such as the Wiltshire or Shetland in 
the spring period. Loss of wool along the 


backline also occurs in older longwool sheep 
and may be exacerbated by lambs playing or 
sleeping on the ewe. 

Impairment of wool growth and a thin¬ 
ning of fiber diameter can occur during the 
course of any severe disease, such as blue- 
tongue, pregnancy toxemia, or footrot, tem¬ 
porarily affecting the growth of the fleece. 
This results in a segment of the wool fiber 
that has decreased tensile strength, and the 
condition has the name tender wool. Follow¬ 
ing recovery from the inciting disease the 
wool growth is normal, but there is a line of 
wool with poor tensile strength in the staple. 
This can be observed in the intact fleece as a 
line of decreased fiber diameter, often with a 
change in crimp character and discoloration 
as a result of entrapment of dust. The 
wool may break if the staple on either side of 
this break is sharply snapped between the 
fingers. The fleece may subsequently be shed 
in part or in whole at the level of the defect, 
a condition known as wool break. Tender 
wool downgrades the value of a fleece 
and has economic significance in wool- 
producing sheep. 

Zinc deficiency can reduce keratiniza- 
tion, reduce wool growth, and occasionally 
result in fleece loss in sheep. Wool loss asso¬ 
ciated with pruritus occurs in association 
with external parasite infestations and with 
scrapie and pseudorabies in ruminants. 

Pelodera dermatitis, characterized by 
thickening of the skin and complete wool 
loss in affected skin areas, has been recorded 
in winter-housed sheep where there was 
poor bedding management. The condition 
affected the majority of the ewes at risk. The 
parasite Pelodera (Rhabditis) strongyloides is 
a free-living nematode commonly present in 
decaying organic material but can invade 
hair follicles to produce an inflammatory 
response. Histologic examination of the skin 
showed the presence of the parasite in wool 
follicles and infiltration of eosinophils and 
mast cells in connective tissue. Affected skin 
areas were those that had contact with the 
bedding when the sheep were lying down, 
and large numbers of the nematode were 
found in the bedding. Clinical signs 
regressed with the more frequent provision 
of new bedding and disinfection of the 
stable. 

WOOL EATING 

Wool eating can occur as a result pica associ¬ 
ated with micronutrient deficiency. A condi¬ 
tion called shimao zheng, occurring in a 
region of the Gansu province of China, has 
wool eating as its primary manifestation. The 
disease has a seasonal occurrence, with the 
peak incidence in January through April. 
Both goats and sheep are affected, but the 
incidence and severity are much higher in 
goats, where 90% may show signs. Affected 
animals bite the wool or hair off their own or 
other animals’ bodies, particularly in the 


hip, belly, and shoulder areas. Histology on 
biopsies shows heavily keratinized epithelial 
cells, a decreased number of hair follicles, 
and aggregated foci of lymphocytes in the 
dermis. Controlled trials have shown that the 
condition can be corrected by supplementa¬ 
tion with sulfur, copper, and iron. Wool 
eating is also recorded in Israel, possibly 
associated with trace-element copper and 
zinc deficiency, and in housed superfine 
Merino sheep in Australia fed grain-based 
supplements, where it is corrected by the 
provision of roughage in the form of hay. 
Wool and hair loss in individual sheep and 
cattle in association with excessive licking 
have been recorded and are postulated as 
psychogenic dermatoses. 

FURTHER READING 

Radostits O, et al. Wool slip, wool loss. In: Veterinary 
Medicine: A Textbook of the Disease of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:2041-2042. 

IDIOPATHIC NASAL/PERIORAL 
HYPERKERATOTIC DERMATOSIS 
OF CAMELIDS (MOUTH MUNGE) 

Idiopathic nasal/perioral hyperkeratotic der¬ 
matosis is a common skin condition of 
llamas and has anecdotally been reported in 
alpacas. The ailment is characterized by a 
thickening of the stratum corneum of the 
epidermis resulting in hyperkeratotic plaques 
and crusts in the perinasal and perioral 
region. Similar skin lesions may occur on the 
perineum, ventral abdomen, medial hind- 
and forelegs, axillae, and inguinal region, in 
which case the condition is more globally 
referred to as idiopathic hyperkeratosis. 1 
The etiology of this condition is poorly 
understood but has been categorized as zinc- 
responsive dermatosis because cases respon¬ 
sive to high oral doses of zinc have been 
reported. 

CLINICAL FINDINGS 

Individual animals of either sex between 6 
and 24 months of age are commonly affected. 
Animals present with thick papular crusts 
and plaques covering the periocular and 
perioral area, occasionally obstructing the 
nostrils. Secondary dermatitis that waxes 
and wanes is common, but pruritus is usually 
mild or absent. 2 

CLINICAL PATHOLOGY 

The diagnosis is based on clinical presenta¬ 
tion and by ruling out other differentials. 
Histologic examination of skin biopsies 
shows epidermal and follicular orthokera- 
totic hyperkeratosis that can be associated 
with dermal infiltration with lymphocytes, 
macrophages, and occasionally eosino- 
philes. 1 The degree of infiltration is depen¬ 
dent on the extent of secondary inflammation. 3 
The treatment outcome of diagnostic therapy 
consisting of oral zinc supplementation will 
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contribute to confirming or refuting the 
diagnosis. 3 

The usefulness of measuring the serum 
zinc concentration in affected animals is 
doubtful because the condition could not be 
linked to subnormal plasma zinc concentra¬ 
tions in affected animals. 4 


DIFFERENTIAL DIAGNOSIS 


Chorioptic mange 

Dermatophilosis 

Dermatophytosis 

Viral contagious pustular dermatitis 
Bacterial dermatitis 


TREATMENT 

Supplementing the diet with zinc, either by 
offering zinc-enriched feed or by supple¬ 
menting organic or anorganic zinc, for a 
minimum of 2 months has been suggested. 
Current recommendations are to supple¬ 
ment either zinc sulfate (2 g/d and animal) 
or zinc methionine (4 g/d and animal) for a 
period of 2 to 3 months before reassessing 
the patient to determine the treatment effect. 

Treatments targeting at resolving second¬ 
ary dermatitis consist of local and/or 
systemic administration of antibiotics. The 
topical use of a 7% iodine tincture to control 
secondary dermatitis and of chlorhexidine- 
based shampoos to loosen hyperkeratic 
crusts has been recommended. The use of 
topical or systemic glucocorticoids has been 
proposed in cases not responsive to antibi¬ 
otic therapy. 


TREATMENT 


Oral treatment: 

Zinc sulfate (2 g/d and animal q24 PO for 2 
to 3 months) (Q2) 

Zinc methionine (4 g/d and animal q24 PO 
for 2 to 3 months) (Q2) 

Topical treatment: 

Chlorhexidine-based shampoo (3%, once 
to twice a week locally) (Q1) 

Topical treatment for secondary 
dermatitis: 

Iodine tincture (7%, once to twice a week 
locally) (Q2) 

Topical antibiotic skin ointments (based on 
culture and sensitivity testing to control 
secondary dermatitis) (Q2) 

Topical skin ointments containing 

glucocorticoids in cases unresponsive to 
antibiotics (Q2) 

Systemic treatment: 

Systemic antibiotics (based on culture and 
sensitivity testing to control secondary 
dermatitis) (Q2) 

Systemic glucocorticoids in cases 
unresponsive to oral zinc 
supplementation and antibiotic therapy 
(Cave: pregnant animals) (Q2) 
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Bacterial Diseases of 
the Skin 

METHICILLIN-RESISTANT 
STAPHYLOCOCCUS AUREUS 

Staphylococcal skin disease in animals 1 is not 
uncommon and includes udder dermatitis in 
cattle; secondary infections to chorioptic 
mange or orf in goats (may also be S. chro¬ 
mogenes and occasionally S. hyicus)-, derma¬ 
titis of the head in sheep; and in pigs, usually 
S. hyicus but also possibly S. sciuri , S. rostri , 
S. pasteuri, S. hominis, S. warneri, S. hemo- 
lyticus, S. epidermidis (may be methicillin 
resistant), and S. chromogenes. 1 

INTRODUCTION 

Methicillin (formerly meticillin in the United 
Kingdom) was introduced into human medi¬ 
cine in the 1950s to treat penicillinase- 
resistant S. aureus (SA). 

Methicillin-resistant S. aureus (MRSA) 
strains have an altered protein-penicillin 
binding protein (PBP2a) that has a low affin¬ 
ity for all beta-lactam antibiotics (i.e., peni¬ 
cillins and cephalosporins). The protein is 
encoded by the mecA gene. 

The MRSA strains may also have or not 
have a penicillinase enzyme (a beta- 
lactamase). Spa-typing is a method of typing 
S. aureus based on repeats located on several 
housekeeping genes. 

Multilocus sequence typing (MLST) is a 
method of typing based on the sequence of 
several housekeeping genes. Similar sequence 
types may be grouped together in clonal 
complexes (CCs). 

This protein is encoded by the gene mecA , 
which resides on a mobile genetic element 
called a staphylococcal chromosomal cas¬ 
sette (SCC mec). The detection of this gene is 
the best detection for MRSA. 3 

Methicillin is no longer used in human 
medicine, but oxacillin, nafcillin, and cloxa- 
cillin, which are very similar, are still used, 
although the resistance to these is usually 
lower than it is to methicillin. 

The serious problem is that MRSA 
organisms are also often resistant to other 
antimicrobials, in particular aminoglyco¬ 
sides, macrolides, tetracyclines, and fluoro¬ 
quinolones. 4 

Human Public Health 

MRSA organisms cause infections, can be 
carried both persistently or intermittently, 
can colonize, and can also cause contamina¬ 
tion. The infection can be mild or severe and 
sometimes fatal. There is a wide range of 


human prevalence in many countries. In 
some countries, a certain lineage may be 
most common. 

Over the years, the types found in humans 
will change as new clones arise and they 
introduce new toxins. ’ The type CC398 is the 
most common animal type isolated from 
humans and is associated with increased 
mortality and morbidity. It also carries endo¬ 
toxin genes but has only once been associ¬ 
ated with food poisoning. 

These bacteria have been an important 
cause of nosocomial infections for over 
40 years. 6 

Type CC398 is a poor persistent colonizer 
of humans. 7 It is also less transmissible 
than non-ST398 in humans and in Dutch 
animals. 8 

Very rarely are these large animal- 
associated MRSA organisms responsible for 
serious infections in humans, although they 
have been found in deep-seated infections in 
skin and soft tissue and in pneumonia and 
septicemia. However, in most cases these 
infections with hospital-acquired MRSA 
(HA-MRSA) are inapparent, except when 
there is stress, such as in surgical situations 
or in immunocompromised patients. 

A new strain has arisen in the Nether¬ 
lands with no link to existing established 
Dutch risk factors for acquisition. In one 
study, a quarter of the 5545 MRSA isolates 
were from defined risk groups; 26% were 
CC398, and 74% were non-CC398. 9 Increases 
in CC398 have occurred in patients with or 
without contact with livestock and have led 
to an increase in carriers and infections. 10 
Over the period from 2002 to 2008, there 
was a 925% increase in the number of cases 
in the laboratory database. Most cases 
involved CC398, with spa type t567 particu¬ 
larly overrepresented in sepsis and post¬ 
trauma osteomyelitis. CC398 was also more 
likely to be multiresistant than other types of 
MRSA. Simply put, the increase in CC398 
has led to more carriers and infections. 

MRSA accounts for approximately 20% 
of all bloodstream infections in U.S. hospitals 
and approximately 65% of the S. aureus 
infections in intensive care units, and it killed 
approximately 18,000 Americans in 2005. 

Veterinarians 

The carriage of MRSA by veterinarians in 
Australia attending a conference in 2009 has 
been investigated. 11 Industry and govern¬ 
ment veterinarians had the lowest levels of 
MRSA carriage at 0.9% prevalence. Those 
with horses as a major workload had 11.8% 
prevalence, and those on horse work only 
had 21.4% prevalence. Veterinarians with a 
dog and cat practice had 4.9% prevalence. 
The conclusion was that MRSA was an occu¬ 
pational hazard for those working in clinical 
practice in Australia. 

A study of veterinarians showed that 
MRSA and livestock-associated MRSA (LA- 
MRSA) infection levels were 9.5% and 7.5%, 















respectively, in Belgium and Denmark (all 
Danish MRSA are LA-MRSA). A strong 
association was found with live pigs. 12 At the 
2008 meeting of the American College of 
Veterinary Surgeons, a survey sampled 341 
people; 17% of the veterinarians and 18% of 
the technicians were positive for MRSA. 
Contact with small ruminants in the previ¬ 
ous 30 days, living with a person with MRSA 
diagnosed in the previous year, and working 
where there is a person specifically in charge 
of an infection control program were associ¬ 
ated with colonization. 13 

Veterinary students conducting diagnos¬ 
tic investigations were also sampled. 14 Thirty 
students visited 40 pork farms and found 
MRSA on 30% of the farms; 22% of the stu¬ 
dents picked up the infection following 
exposure, but all were clear within 24 hours 
of the visit. 

Pig Farmers 

Thirty-five persons were screened for MRSA 
and sent on holiday; 27 of the farmers (77%) 
carried MRSA at least transiently. For 59% of 
the farmers, the infection was not cleared 
after the holiday away from pigs. 15 

Butchers 

Colonization of butchers with LA-MRSA 
has been documented in markets in Hong 
Kong; 16 300 pork butchers were sampled, 
and 17 were positive. Although five strains 
were health-care associated, the high inci¬ 
dence of t899 (CC9) suggests that cross¬ 
contamination from pork products occurs 
quite frequently. 

Animal MRSA 

Animal MRSA strains are found in farm 
animals, and it is likely that people in contact 
with these animals and their families, such as 
veterinarians, farmers, farm workers, and 
abattoir workers, may acquire these organ¬ 
isms. In the European Union, there are many 
animal MRSA types, but the most common 
type in farm animals is CC398. It is found 
commonly in pigs, veal calves, and broiler 
chickens. This type does not appear to be a 
risk to abattoir workers. There is also no evi¬ 
dence, as yet, that this strain can cause infec¬ 
tion or generate carriers in humans when 
found in food. Where workers work full 
time, the incidence of MRSA is higher, and 
less if part time. 

In general, the presence of multiple viru¬ 
lence profiles within a MRSA genotype in an 
animal species suggests possible reverse zoo¬ 
nosis and the potential for new MRSA clones 
by gaining or losing additional genes. 16 

If the staphylococci are resistant, then 
treatment with antibiotics to which the 
staphylococci are resistant can increase the 
proportion of infected pigs and increase 
the numbers of bacteria present. Generally, 
MRSA organisms are poor responders to 
treatment, and infected patients have a high 
death rate. 
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For years, the problem was restricted to 
hospitals (HA-MRSA). These strains were 
the main group for over 40 years, and they 
are resistant to many antibiotics. Since then, 
the incidence of HA-MRSA has decreased 
and now only accounts for about 20% of all 
infections, particularly those occurring in 
intensive care units. 

Community-associated MRSA (CA- 
MRSA) developed in the 1960s, and strains 
were found outside of hospitals. In particu¬ 
lar, these strains were isolated from cats, 
dogs, and horses and consisted of S. interme- 
dius and S. pseudointermedius. It is now esti¬ 
mated that CA-MRSA may account for about 
13,000 infections annually that require hos¬ 
pitalization, with a resultant 1400 deaths. 

In 2003, large-animal-associated MRSA 
(LA-MRSA) strains were discovered. These 
were largely CC398, as determined by MLST. 
In different countries various types are 
found. For example, in Germany CC5, CC9, 
and CC97 are often found. In a German 
study of 14,036 MRSA samples, there were 
578 spa types. 1 ' Where there are large 
numbers of these, such as in pigs, the possi¬ 
bility of colonization and infection rises. 18 
LA-MRSA strains share some virulence 
factors with human strains, but they also 
have distinct virulence factors. 19 Exchange of 
these genes encoding virulence factors may 
extend the host range and thereby threaten 
public health. 

ETIOLOGY 

Three types of MRSA are currently recog¬ 
nized, as described in the previous sections: 
HA-MRSA, CA-MRSA, and LA-MRSA. 
Originally, the HA-MRSA strains were most 
common, then the CA-MRSA strains became 
problematic as the incidence of HA-MRSA 
decreased, and currently LA-MRSA strains 
are receiving increased attention. 20 

The CC398 (ST 398) type is 12 times 
more likely to be carried by pig farmers than 
nonfarmers, and cattle farmers are more 
than 20 times more likely to be carriers. 
LA-MRSA strains, which do not spread 
rapidly in the human population, emerged in 
the 1960s following poor response to treat¬ 
ment. It is now thought that half of the swine 
herds in Iowa carry LA-MRSA CC398. Pig 
farmers in Switzerland were found to be car¬ 
riers of CC398. 21 

LA-MRSA strains were first described in 
a pig in 2003 and in other species in 2005 and 
2007, 22,23 and since then cases have occurred 
in several countries. 24 ' 28 LA-MRSA strains 
are an important source of infection in 
humans. It is thought that people spending a 
lot of time with pigs are at a higher risk of 
testing positive. 29 LA-MRSA strains were 
first noticed as spreading to humans in 2008 
after cases reached hospitals in the Nether¬ 
lands 30 and Denmark. Pig exposure has been 
cited as an important factor in LA-MRSA 
colonization in humans. 31,32 There is appar¬ 
ent transmission between pigs, pig farmers, 


and their families. 33 Pig farmers are 760 
times more likely to be colonized by 
LA-MRSA than the general population. 22 
LA-MRSA strains are not typable by pulsed 
field gel electrophoresis (PFGE) because of 
the presence of a novel DNA methylation 
enzyme. For this reason, spa types have been 
isolated from pigs and their human contacts; 
however, the majority are classified as 
sequence type (ST) 398 by MLST, suggesting 
that ST398 strains are adept at colonizing 
pigs and can be transmitted between pigs 
and their human contacts. 

MRSA infections spreading from dogs 
and horses to humans are not usually impor¬ 
tant causes of infection; they tend to be spo¬ 
radic and involve human skin infection. 

In one study, 4 out of 13 workers at a 
teaching and research farm had MRSA, but 
a variety of animals (dairy cattle, beef cattle, 
sheep, horses, pigs, and goats) did not. 34 A 
unique sequence was found in pigs in 
Europe, and it was found that the new MRSA 
clone ST398 belonged mainly to random spa 
types f034, toil, and fl08. ST398 is consid¬ 
ered the main reservoir of LA-MRSA infec¬ 
tion, and it is the main type that subclinically 
affects pigs. The transmission of ST398 to 
humans is dependent on the intensity of the 
animal contact, 31 but spread to the local 
community is not very frequent. 36 

CC398 is the predominant clone in 
animals. 37 Genes confirming metal resistance 
are commonly found in CC398, and only a 
few non-CC398 types carry these genes. This 
suggests that the use of metal-containing 
compounds in pig production may aid in the 
selection for LA-CC398. 

EPIDEMIOLOGY 

Distribution 

MRSA can be found in nearly any location. 
It has been found in Korea 38 in a variety of 
forms in pigs (ST398, ST541, and HA-ST72). 
It has been found in Italy in a slaughterhouse 
study, suggesting a high risk from pork prod¬ 
ucts. It was found in Sweden in cattle. ’ 9 In 
the United States, United Kingdom, and 
Denmark, it has been found in pigs and pig 
workers. 40 At the equine hospital in Turkey, 41 
48% of the horses, 92.3% of the clinical staff, 
and 71.4% of the environmental samples 
were positive for MRSA. In France, three 
MRSA strains belonging to f034 spa 
were identified. 42 S. aureus was identified in 
59/60 necropsies where staphylococci 
were implicated, and the organism was asso¬ 
ciated with 1.7% of the total equine deaths. 
The other case was associated with S. 
pseudointermedius. 

In a study of veterinary hospital environ¬ 
ments, MRSA was found in 12% of the envi¬ 
ronments. In the small-animal hospital, it 
was 16%; equine hospital, 4%; and large- 
animal hospital, 0%. The strain was usually 
type spa 100, which is commonly found in 
the United States. 43 MRSA was found in fat¬ 
tening pigs in Germany (152/290), all of 
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which were ST398 cases. In Belgium, pigs 
were found to be already colonized in the 
farrowing house. 44 Various strains were 
found in Japan, including ST398 and ST9, 
but also ST5, ST97, and ST705. 45 In Belgium, 
94% of the open farms and 56% of the closed 
farms were found to be infected, 46 and man¬ 
agement and age-related trends were found 
to be important. There is a low level of MRSA 
incidence in Switzerland. 21 In Ireland, MRSA 
has been found in horses and dogs, but not 
cats, 47 and in three distinct clones (CC5, 
CC8, and CC22). 47 

Colonization 

Colonization commences at birth, and 
piglets born to positive sows rapidly become 
infected; thus, by weaning, all the offspring 
are positive. 

Subclinical nasal infection is common in 
pigs. 2 ' -48 In other studies, the prevalence was 
found to increase rapidly after weaning but 
then fall during the finishing period, 44 and 
the strains were found to circulate from the 
nursery unit to the finishing unit. Where 
there is a doubling of veal calf, cattle, and pig 
populations in a municipality, there appears 
to be an increase of MRSA over the other 
types of S. aureus in the population. 18 

Pigs in slaughterhouses were found to 
be colonized by MRSA in different EU 
countries. 24-29-40-49 

Transmission 

Air inlets and outlets have been found to be 
contaminated, contributing to MRSA trans¬ 
mission. Regular airborne transmission of 
LA-MRSA and deposition, strongly influ¬ 
enced by wind direction and season, up to 
300 m was found in MRSA-positive pig 
farms. 50-51 LA-MRSA is regularly found 
downwind of pig and poultry barns (73% 
and 44%, respectively) but at low concentra¬ 
tions, suggesting that colonization is unlikely. 

In a study in Denmark, MRSA was found 
in the dust and in five different age groups of 
pigs. 52-53 Inside pig and poultry barns, the 
levels were much higher. MRSA has also 
been found in the exhaust air from piggeries. 
In one study, 85% of all barns had MRSA in 
the air, and boot swabs and feces were also 
positive. 51 

In one study, nine fomites were investi¬ 
gated, and all transmitted MRSA to pig skin, 
except soap. 54 The nonporous fomites were 
able to transmit to the pig skin many weeks 
after contamination. In one study it was 
found that use of mobile phones by healthy 
workers in the health-care industry raised 
the possibility of transferring infection to 
workers, patients, and people outside the 
hospital. 55 

MRSA can be considered a contaminant 
of the environment 51 and has been detected 
on field surfaces. 56 There is a highly signifi¬ 
cant positive association between nasal car¬ 
riage of MRSA in animals and the ability to 
isolate MRSA from dry surfaces. 5 ' 


Pig workers have a significant risk of 
transmission. 58 Transmission to humans is 
associated with contact time, which is why 
workers are more likely to be carriers than 
the other members of the family. People who 
visit farms regularly to buy eggs or milk, or 
even for private farm visits, are more likely 
to be colonized. 

Shower units on conventional swine 
farms have been shown to be infected.’" 
MRSA can be isolated at postmortem exami¬ 
nations. 60 In a recent study, it was found that 
pharyngeal tissues had a high level of MRSA 
and thus may be more important in trans¬ 
mission than was previously thought because 
nose-to-nose contact with infected pharyn¬ 
geal tissues is possible. 61 

In an experimentally induced infection 
with two sequence types (ST398 and ST9) 
and four commonly found spa types (1011, 
t08, t034, and 1899), it was found to be 
difficult to produce carriage after nasal/ 
gastrointestinal infection of piglets. Vaginal 
inoculation of the sow resulted in persistent 
carriage of 1011-ST398 and 1899-ST9 in all 
newborn piglets. 62 A low-dose inoculation 
was shown to be capable of horizontal trans¬ 
mission between pigs. 63 The major risk of 
transmission of ST398 is probably through 
trading of piglets. 64 

In a U.S. study in Ohio, 3% of the pigs 
were found to be positive for MRSA before 
slaughter, 11% in the lairage, and 2% in the 
carcasses, along with 4% of the retail pork. 65 
The most common type was ST5, followed 
by ST398. 

RISK FACTORS 

Management is an important factor, although 
direct transmission is probably the most 
important. Animal carriers and human car¬ 
riers present a hazard. 

Risk factors also include herd size. The 
larger the herd, the more likely it is that 
MRSA is present. 

Low incidence at birth is common, which 
slowly increases and stays positive for weeks, 
and then the prevalence slowly declines. In 
one study, 33% of sows were infected before 
farrowing, but the level had risen to 77% 
before weaning. Transmission rates were 
higher in preweaning pigs than in postwean- 
ing pigs 66 and spread rapidly in weaned 
piglets. 6 ' 

There are usually up to three spa types 
per herd. The sow herd determines the pro¬ 
duction-chain levels of infection. The level of 
infection in piglets depends on the sows 
colonization. 

In all systems, the prevalence decreases 
with age. 68-69 If a pig herd is positive, people 
can be positive. If the pigs are positive, then 
farm dust certainly will be. Environmental 
contamination is therefore a risk. In one 
study, MRSA was found in dust, boots, socks, 
feces, air, and the shower units. 59 

In dairy herds the use of antibiotics is a 
risk factor, as are dairy hygiene and the age 


of the cow population. In pigs, LA-MRSA 
may persist without the use of antibiotics.' 0 

If there are no positive pigs, then usually 
there are no positive people.' 1 Farm visits are 
associated with the acquisition of MRSA, but 
most of these cases are only temporary. 2 At 
the 2006 International Pig Veterinary Society 
(IPVS) conference, 276 pig vets from a large 
number of countries were sampled, and 
12.5% tested positive for MRSA. 

On Swiss pig farms, it was shown that SA 
(including MRSA), endotoxin, and fungi 
levels were higher in the winter, so there may 
be a seasonal effect. 72 The incidence of MRSA 
is higher in zinc-treated and antibiotic- 
treated pigs.’ 

Pigs 

It is generally acknowledged that the pig is 
the main reservoir for MRSA in large 
animals. S. hyicus is usually present in pigs 
but differs from S. aureus in that it does not 
have the mecA gene. Other species in pigs 
may include S. chromogenes , S. epidermidis, 
S. sciuri, S. warneri , and S. xylosus. A new 
species (S. rostri ) has been found in the nasal 
cavity of pigs in Switzerland. 4 

There is known transfer between pigs and 
humans, 23-33-75-76 but it rarely spreads to the 
community." Under some circumstances, 
MRSA strains can also produce enterotoxin. 
MRSA strains have been implicated in 
swollen ears, umbilical abscesses, vegetative 
endocarditis, subcutaneous abscesses, foot 
lesions, arthritis, osteomyelitis, mastitis, 
metritis, and enteritis. 

There is a low incidence of MRSA in the 
United States compared with Europe. MRSA 
has been found in pigs in France, the 
Netherlands, Denmark, and Singapore. 24-40-78 
In one study of Irish pigs, no cases of MRSA 
were found, and only two workers tested 
positive.' 9 In finishing units in Italy, 11 dif¬ 
ferent spa types were found, and this report 
identified ST9 for the first time in Europe 
and ST1 and ST97 for the first time in pigs. 80 
In Spain, slaughter pigs are commonly 
affected with CC398 and CC97. 81 Free-range 
pigs in Spain are also infected (CC398 and 
tlOll). 82 In Belgium, 94% of pigs on open 
farms were infected, compared with 56% of 
pigs on closed farms. 67 Thus far, in pigs 
in Europe, ST398 does not seem to be 
highly resistant to most antibiotics, with the 
exception of tetracyclines and perhaps 
macrolides. 

The existence of lineages in species has 
been shown; for example, cattle often have 
CC133 and CC151, CC5 is common in 
poultry, and CC8 is common in horses. In 
pigs, the most common clonal complex 
is CC398, 83 which is different from the 
HA-MRSA and CA-MRSA in strains in 
humans, 48-84 but CC30, CC9, and CC49 have 
all been found. There are differences in colo¬ 
nization patterns of the different MRSA 
types in pigs. 85 CC9 is most common in Asia; 
ST8 has been found on a Norwegian pig 
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farm, and the low occurrence suggests that 
this strain may be less able to colonize and 
persist on pig holdings. 86 There is consider¬ 
able heterogeneity of the resistance genes in 
the complex, so CC398 may acquire multiple 
antimicrobial antiresistance genes. 87 It easily 
acquires genetic material, and therefore 
strains with increased resistance will develop. 

ST398 seems to prefer pigs but has no 
host specificity. 88 The same authors suggested 
that ST398 has an apparent lack of virulence 
genes in a unique genetic background. It 
does not, for example, usually produce Pan- 
ton-Valentin E leukocidin. 

In a study in the Netherlands, it was 
found that the MRSA strains were usually 
resistant to at least three but sometimes five 
out of six antibacterials. 89 

There may be a link with cephalosporin 
usage in pigs. 90 

In Switzerland, there is a low level of 
MRSA in pigs, although transfer to humans 
may happen frequently. This low level is a 
result of the very low level of antibiotic use 
for pigs in Switzerland. 21 MRSA ST49 was 
found in Switzerland, and it has been sug¬ 
gested that it has been selected in the Swiss 
pig husbandry because a nearly threefold 
increase was noted over a 3-year period. 91 

MRSA is commonly present in pigs in 
Denmark as a reservoir, but not in other 
species. 92 In pigs, it has been shown that 74% 
of the CC398 strains from Denmark had a 
reduced susceptibility to zinc chloride, 93 
which is important as a reflection of the use 
of zinc oxide to prevent Escherichia coli 
scours. 

In a study of slaughterhouse pigs in Swit¬ 
zerland, it was found that 89% of farms 
screened 54 were positive for SA. Although no 
MRSA strains were found, there was wide¬ 
spread antimicrobial resistance, particularly 
to penicillin (62.5%) and tetracycline 
(33.3%). The S. aureus isolates belonged to 
Ridon spa types (034, (208, and (899. 94 

In a large study of herds in the Nether¬ 
lands (202 pig farms), MRSA was present in 
67% of the breeding herds and 71% of the 
finishing herds. MRSA was found in 40% of 
small herds and 80% of the larger herds. 

A study in pigs and people in Canada in 
2008 showed that 45% of the farms were 
affected, but only 24.9% of the pigs 29 and 20% 
of the farmers. The most common type was 
the same as that found in Europe, CC398 of 
spa type 539 (Ridon (034). The same strains 
were found in the pigs and personnel on the 
five farms where human colonization was 
present. 

A pig can be colonized with several 
strains at any one time. 

Cattle 

MRSA has been associated with mastitis in 
cattle. 95,96 In a Belgian study, the presence of 
tnecA was investigated in 118 MRSA strains 
from 118 different farms with S. aureus mas¬ 
titis, and MRSA was found in 11 samples; all 


were CC398 ((011 or (567). 9 ' Non S. aureus 
MRSA strains have also been studied in veal 
calves, dairy cows, and beef cattle, and most 
of the organisms were S. sciuri, S. lentus, S. 
fleurette, and occasionally S. epidermidis. n In 
a long-term study of MRSA ST1, (127 mas¬ 
titis in a dairy cow was reported. 99 

The first isolations from bulk-tank milk 
in the United Kingdom were described in 
2012, 100 and in these strains a mecC homo- 
logue was described. In a subsequent study 
of UK cattle veterinarians, only 8/307 dele¬ 
gates were positive for MRSA, and none had 
the mecC homologue. 101,102 

MRSA has been found in milk from the 
udder in Switzerland and at high levels in 
milk in Africa. It was found to be present at 
quite high levels in Iran (28%), but at low 
levels in India and Japan. It can invariably be 
found on the skin of the udder and the inside 
of the thigh. Generally, in Europe, the United 
States, and Canada, the level of MRSA 
in cattle is quite low. In a study of U.S. 
bulk-tank milk samples, only 4% had 
MRSA (6/150). 103 

The most common MRSA strain is gener¬ 
ally CC398, but there may be more than one 
strain of different types on the same farm, 
which suggests that subtypes may have been 
imported onto the farms or that a strain of 
CC398 has undergone diversification. 104 

In one study, 88% of dairy farms had 
MRSA (90/102), 458/2151 (28%) of the cattle 
were positive, 32% of the farmers were posi¬ 
tive, and only 8% of the family members 
were positive; the prevalence in the humans 
decreased in the vacation periods. 

A novel mecA homologue has been 
found in humans and cattle in Denmark. In 
a study in Denmark, a new mecC gene was 
discovered. In a study of 411 cows, it was 
found that 3.9% had MRSA, and all were 
positive for mecA , negative for mecC , and 
negative for Panton-Valentine-leukocidin 
(PVL). 105 The MRSA-positive level was much 
lower than in Dutch pigs and veal calves. 

In a study of 36 German dairy herds, 
CC398 strains were found in all 36; no PVL 
genes were detected, but a hemolysin gene 
was found. 106 In another German study, it 
was found that where dairy cattle were kept 
in an area with a large number of pigs, 
the MRSA level was approximately 2%; 
where there were no pigs, the level was less 
than 1%. 107 

In the Netherlands, in a study during 
2008 to 2009, over 50,000 milk samples were 
examined from 14 different dairy herds, and 
only 14 MRSA strains were found. All were 
CC398 and the usual spa types ((011, (108, 
and (889) commonly found in pigs. Not all 
of the strains possessed PVL genes, and all 
were resistant to two or more antibiotics. 

In the United Kingdom, a study of S. 
aureus in milk samples showed that 31/940 
were resistant to cefoxitin and/or oxacillin, 
and 3/24 tested positive for the novel mecA 
variant. This variant is 70% homologous to 


the mecA gene, and it is located on a newly 
recognized SCC mecA element designated 
SCC mecXI. Most isolates were MLST 1245, 
CC130, and spa type (843. 100 

A study showed the correlation between 
MRSA in humans and the percentage of 
positive cows in a herd; 36% of human nasal 
swabs and 61% of bovine nasal swabs were 
positive. In addition, 44% of bulk milk tests 
were also positive. 

A new type showing resistance to cefoxi¬ 
tin and/or oxacillin has been detected in bulk 
milk and mastitis cases in England and 
Wales and also in humans from England and 
Denmark. The isolates are negative for the 
mecA gene and in latex agglutination tests 
for PBP2, encoded by mecA in standard 
tests. This new variant mecA gene was found 
in 13/940 samples examined. Most of these 
isolates were MLST 1245, CC130, and spa 
type (843. 

In a study of beef cattle in the United 
States, MRSA was not isolated from 491 
nasal swabs and 488 fecal samples. 108 

Veal Calves 

In a study in veal calf farms, it was found that 
38% of farmers had MRSA, and 16% of 
family members also had MRSA. Carriage 
was related to contact, and a family member 
was more likely to be positive when the 
farmer was positive. Only a small percentage 
consisted of persistent carriers, and only 
7.5% were not CC398. 109 

In a study of rose and white veal calves, it 
was found that rose veal calves had less 
MRSA than white veal calves, and the con¬ 
clusion was that care had to be gene taken in 
the use of antibiotics. 110 Conversely, it has 
been suggested that MRSA increased in 
calves with the length of the production cycle 
but was not related to antibiotic use. 109 

A high carriage rate of LA-MRSA was 
found in Belgian veal calves compared with 
other farm types, and they were significantly 
more resistant to antibiotics than the pig 
strains. Most were CC398 in the multispecies 
survey, but MRSA CC130 and CC599 carry¬ 
ing the mecC gene were detected in the beef 
and dairy cattle. 111 

Sheep and Goats 

S. aureus is widely carried in sheep and goats 
and shows considerable diversity. 112,113 It has 
been isolated from goats with mastitis. 114 In 
a study of 179 sheep, 41% were positive; in a 
small sample of goats, 11/17 were positive. 
Twelve ST types were found and 26 spa 
types. Most commonly these were ST133. 
Only three MRSA strains were found in all 
of the positive strains, and two were ST 130 
and 1 ST398. 115 

Small Animals 

MRSA was first recognized in dogs and 
cats in the United States. In pets, the 
MRSA strains can include a number of 
species, including S. epidermidis, S. 
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pseudoepidermidis, S. hemolyticus, S. hominis, 
S. capitis, S. cohnii, and S. warneri. 116,117 It 
usually passes from humans to pets and then 
back again. Usually, the strains in pets are the 
same as those found in the local hospitals. 

A strain harboring the mecA gene has 
been isolated from humans, dogs, cats, and a 
guinea pig in Germany. 118 

In a study in the United States of dogs, 
cats, horses, pigs, and other species, 24 iso¬ 
lates were resolved into four PFGE clones 
(USA100, USA300, USA500, and USA800) 
and into sequence types (ST5, ST8, ST105, 
ST830, and ST956; or two clonal complexes, 
CC5 and CC8). 119 

A study of companion animals in the 
London area found that 26/1692 samples 
were positive for MRSA. Animals presented 
for treatment were more likely to be positive 
than healthy animals. MRSA carriage was 
rare, and it is likely that companion animals 
were contaminated vectors rather than true 
reservoirs. 120,121 A case-control study in the 
United Kingdom showed that significant 
risk factors for MRSA were the number of 
antimicrobial courses, the number of days 
admitted to veterinary clinics, and the pres¬ 
ence of surgical implants. A risk study in the 
United States and Canada in dogs showed 
that both MRSA and methicillin-sensitive S. 
aureus (MSSA) were common on the ears of 
pets and that the risk factors were antibiotic 
treatments (beta-lactams and fluoroquino¬ 
lones) and intravenous catheterization. 
MRSA did not transmit readily from appar¬ 
ently healthy dog to healthy dog in a study 
carried out in a rescue center. 122 

Horses 

Humans who work with horses are some¬ 
times affected by MRSA. MRSA can cause 
serious skin disease and soft tissue infections 
in horses. It is most easily cultured from the 
nostril, with carriage from 55 to 771 days. 123 
The most vulnerable horse appears to be the 
long-term hospitalized horse. 124 Exposure to 
veterinary care may predispose both healthy 
horses and horse handlers to MRSA. 125 

MRSA was first recognized in horses in 
1996 and since then has become a problem 
in horse clinics in Europe and North 
America. Originally, the strain was CC8 (t8 
and 1254), but this strain has been replaced 
by CC398, and recent evidence suggests that 
human strains may appear in horses. The 
horse is likely a low-level contributor to 
LA-MRSA in Belgium, where CA-MRSA is 
at a low level. 126 

MRSA was recognized in horses in the 
United States in 2005. In one study in the 
United States, it was not found on a pleasure 
horse farm but was found on a racehorse 
farm, where 61% of nasal samples and 71% 
of environmental samples tested positive. 127 

In the United States, the most common 
strain is CC500, whereas in Europe it is 
CC398, which is highly prevalent in horses 
and veterinary personnel at equine clinics. 


In the Netherlands, there were no cases 
of MRSA in 2002, but by 2008 MRSA was 
found to be present in 375 of the SA samples. 
The CC398 strain currently predominates 
(flOll, 12123, and t064). 

During an outbreak in a teaching hospi¬ 
tal, some of the personnel tested positive, 
in addition to 57% of the environmental 
samples, including samples from the stu¬ 
dents’ and staff members’ rooms. In another 
study, 81 swabs from 42 horses on four farms 
were examined, and 11 species of staphylo¬ 
cocci were found; 17/42 were untypable. 128 

MRSA was reported in Sweden in 2012, 
where 8/10 horses were infected in a veteri¬ 
nary hospital and two other infected horses 
were found close by. In another hospital 
study, 12/84 horses and 16/139 staff at a vet¬ 
erinary teaching hospital had MRSA. ST5 
was the culprit. The risk was greater in the 
veterinarians and in the full-time rather than 
the part-time staff. 129 

The first strain of MRSA isolated in 
horses in the United Kingdom was ST398 
from two horses and reported in 2009. 130 

A survey of horses admitted to the Berne 
University Clinic showed that 2.2% of the 
horses had MRSA. 1 ’ 1 

It has been found in Lusitano horses at 
the Lisbon teaching hospital. 132 

In a large study of 209 racehorses, 13 vet¬ 
erinarians, and 14 environmental surfaces, it 
was found that 48.3% of the equines, 92.3% 
of the vets, and 71% of the environmental 
samples were positive for a variety of staphy¬ 
lococcal species. 41 

In another study of nasal swabs from 
horses, 42 strains of MRSA were found, 133 
again from a variety of staphylococcal species 
(S. sciuri, S. xylosus, S. lentus, S. aureus, 
and S. capitis). All the species contained the 
mecA gene. 

Other Species 
Poultry 

People working with broilers have higher 
levels of MRSA than the general population 
(5.5% compared with < 0.1%) in the Nether¬ 
lands. However, the level is lower than in 
those working with pigs and veal calves. 134 In 
another Dutch study of broiler flocks, slaugh¬ 
terhouses, and personnel, it was found that 
the risk was greater when dealing with live 
animals. Over 36% of the flocks were positive 
and 6% of the broilers. During the produc¬ 
tion day the level of MRSA infection 
increased from 8% to 35%. Most strains were 
ST398, but there were also large numbers 
of ST9. 

In a study of mixed pig and poultry 
farms, 135 MRSA was most frequently isolated 
from the cloaca, nose, pharynx, and skin 
under the wings. There was a low prevalence 
in the broilers (0% to 28%) on the farm, but 
82% to 92% of the pigs had MRSA. The broil¬ 
ers may be less sensitive to the ST398 strain 
than pigs. The farmer may have been part of 
the cause of the spread of the MRSA from 


the pigs to the poultry on the same mixed 
farm. 

Turkeys 

A study showed that 18/120 turkey farms 
had MRSA, as did 22/59 people on the farms. 
Those with frequent access were most likely 
to test positive. 136 

Donkeys 

In a study of donkeys in Sicily, 40/46 donkeys 
were found to be positive for staphylococci. 
Of the 80 isolates examined, 52/80 were S. 
aureus. Nine genera were found; most of 
these were MSSA, and only 14 were MRSA. 
The mecA gene was found in 6/52 SA cases. 

Donkeys could be a reservoir for the 
CC133 lineage. 

Wild Boar 

So far no important MRSA cases have been 
found in wild boar. 137 

Backyard Pigs 

A study in the United States of backyard pigs 
suggested that there were no major differ¬ 
ences from domestic commercial pigs, 138 and 
that in all probability there was no greater 
risk for human infection from these pigs. 

In a study of farms in Connecticut (con¬ 
sidered noncommercial) and their pig 
handlers (263 pigs and 9 humans on 35 
farms), it was found that 51% of farms, 30% 
of pigs, and 22% of the handlers were posi¬ 
tive for MRSA. The swine had HA-MRSA, 
CA-MRSA, and LA-MRSA, but the humans 
only had HA -strains of MRSA. The PVL 
gene was found in 7/8 of MRSA isolates, and 
this was the first time this gene had been 
found in pigs in the United States. 139 

Camels 

MRSA has been described in an alpaca, 
which was infected with a human epidemic 
clone. 140 

Fish 

MRSA have been isolated from Tilapia. In 
one study, 559 isolates of staphylococci were 
obtained; 198 (35%) were S. aureus, and 98 
(50%) of these were MRSA. 141 

Zoo Animals 

There are few reports of MRSA in zoo 
animals (skin in an elephant, rumen in a 
Moufflon, digit of a rhinoceros). 142 

Other Sources 
Holding Areas 

The abattoir holding area may act as a reser¬ 
voir for MRSA, but this area does not appear 
to disseminate MRSA into the processing 
lines. 143 

Working in a lairage area or in a 
dehairing area was the major risk factor for 
MRSA carriage in pig slaughterhouse 
workers. The overall prevalence is low and 
decreases along the slaughterhouse line. 144 
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The high prevalence of nasal carriage in 
slaughterhouse workers is largely associated 
with working with pigs. 144,145 

State Fairs 

A study at two state fairs in the United States 
showed that only 25/157 pigs (15.9%) were 
positive for S. aureus , and only two MRSA 
cases were found. 146 

Food 

There is no doubt that MRSA acquired 
on the farm can be transferred through 
to processing, but there is no significant 
evidence of cross-contamination between 
carcasses. 147 

In a German study the contamination 
rate was highest in nasal swabs at stunning 
(64.7%) and was low in carcasses (6%), meat 
at processing (4.2%), and final products 
(2.8%). MRSA can be identified at all points 
in the food chain. 148,149 

Food may be contaminated by MRSA, 
but there is no evidence that this leads to 
increased carriage rates in humans, either in 
food handlers or the public. It has been 
found in meat, 150, 151 and its incidence in meat 
was not uncommon. 152 MRSA can enter the 
slaughterhouse on or in animals and there¬ 
fore does occur in raw meat emanating from 
the abattoir. ST398 has been found in up to 
11.9% of retail meat samples in several 
studies in different parts of the world. 153 

In a study of retail meat samples (raw 
pork, chicken, beef, and turkey) from stores 
in Iowa, there was an overall presence of 16% 
positivity for MRSA, but only two isolates 
from pork were positive, although one had 
the PVL gene. The study suggested that 
MRSA rates in retail meat supplies, espe¬ 
cially pork, were low. 154 

In Denmark, imported broiler meat had 
the highest levels of MRSA (18%), followed 
by imported pork (7.5%) and Danish pork 
(4.6%). In the same study, CC398 was found 
in Danish beef (1.4%). In addition to ST398, 
CC30 was also found for the first time. 155 

The transfer of MRSA from retail pork 
products to food-contact surfaces and the 
potential for consumer exposure has been 
described. 156 Pork loins, bacon, and fresh 
pork sausage were inoculated with mixed 
MRSA, vacuum packed, and stored for 2 
weeks at 5 degrees C (41 F); the products 
were then placed on knives, cutting boards, 
and a human skin model for 5 minutes. 
Transfer to the cutting board occurred in 
39% to 49%, to the knives in 17% to 42%, and 
to the human skin model in 26% to 36%. The 
transfer ranged from 2.2% to 5.2% across all 
products and contact surfaces. 

PATHOGENESIS 

S. aureus can produce many virulence 
factors, including protein A, technoic acid, 
coagulase, staphylokinase, deoxyribonucle¬ 
ase (DNase), lipase, hyaluronic acid, leucoci- 
din, enterotoxins, and exfoliative toxins. 


PATHOLOGY 

MRSA has been detected in less than 1% of 
all pig postmortems. It is found both as a 
primary pathogen and as mixed infections, 
mainly in suckling and weaned pigs. Joints 
are more often affected than tissues. MRSA 
organisms live in clusters between the cilia 
or as singletons on the cilia in the respiratory 
tract. There are no morphologic changes 
when pig tracheal explants are experimen¬ 
tally infected. In an experimental infec¬ 
tion, 1 ’ there was colonization of lymph 
nodes (ileocecocolic). 

DIAGNOSIS 

MRSA organisms can be identified by phe¬ 
notypic methods or genotyping. Samples 
are taken directly from lesions, biopsies, or 
blood culture onto selective and nonselective 
media. Contamination can be detected by 
swabbing noses (individuals), sampling dust 
(in herds and flocks), and food sampling. 
Increased sensitivity is obtained when using 
selective liquid enrichment media. Spa 
typing is available for lineage studies. 158 

Diagnosis of MRSA is based on culture, 
colony morphology, MLST on the protein A 
gene sequencing (spa typing), coagulase 
testing, antimicrobial sensitivity testing, and 
confirmation with Ceftiofur resistance and 
polymerase chain reaction (PCR) for the 
mecA gene. 

CONTROL 

Control should focus on the careful use of 
antimicrobials and consistent application 
of hygiene measures to reduce the spread of 
infection. 159 The reduction of access and 
exposure to pigs is most important. This 
means that movement restrictions and 
farm-level hygiene measures are the only 
possibilities. 

There should be methods for harmoniz¬ 
ing the sampling, detecting, and quantifying 
of MRSA in humans and animals and for 
detecting MRSA as a contaminant in food 
and the environment. Professionals con¬ 
nected with animals should also be tested on 
entry to the hospital. Transfer from animals 
to humans is difficult to control. Hand 
washing before and after contact is essential, 
as is avoiding direct contact with nasal secre¬ 
tions, saliva, and wounds. MRSA organisms 
can be killed with photodynamics. 160 

There is a clear difference between colo¬ 
nization and infection with MRSA. 161 Disin¬ 
fection programs may temporarily reduce 
MRSA strains for the sow and piglets, but 
they do not result in a complete removal. 162 
These programs are more effective in farrow¬ 
ing units than in finishing units. 163 Control 
programs in abattoirs should involve reduc¬ 
tion in carcass contamination. 164 
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DERMATOPHILOSIS (MYCOTIC 
DERMATITIS CUTANEOUS 
STREPTOTRICHOSIS, SENKOBO 
DISEASE OF CATTLE, LUMPY 
WOOL OF SHEEP) 

The disease is commonly called mycotic 
dermatitis in sheep and cutaneous streptotri- 
chosis in cattle, although other local names 


exist including Senkobo skin disease in 
central Africa, Kirchi in Nigeria, and Saria in 
Malawi. Dermatophilosis is a name common 
to the disease in all species. 


SYNOPSIS 


Etiology Dermatophilus congolensis 

Epidemiology Organism present in minor 
carriage lesions on face and feet. Serious 
disease occurs when body skin is broken 
by shearing or insect bites, or macerated 
by prolonged wetting, coupled with 
management practices that promote 
transmission. The disease has significant 
importance in cattle in tropical areas, 
whereas in high-rainfall temperate climates 
it occurs mainly in sheep and horses. In 
tropical areas ticks promote severe infection 
in cattle by suppression of immune 
function. 

Clinical findings Sheep: hard crusts 

distributed over backline palpable in fleece. 
Cattle and horses: nonpruritic crusting 
dermatitis, initially with paintbrush tufts of 
hair. In cattle in tropical areas, extensive 
skin lesions. 

Clinical pathology Branching filaments 
containing cocci in pairs. 

Diagnostic confirmation Clinical. Organisms 
in scrapings or biopsy sections, culture, 
polymerase chain reaction (PCR). 

Treatment Antibiotics. Topical antibacterial in 
horses. 

Control Avoidance of skin trauma and of 
management practices that promote 
transmission. Use of topical bactericides to 
prevent infection of shear cuts, and of skin 
in risk periods. Acaricides in cattle. 


ETIOLOGY 

D. congolensis is the infective agent but 
requires damage to the skin from other 
causes to establish infection. The organism is 
dimorphic and grows as branched filamen¬ 
tous mycelia containing dormant zoospores 
that are transformed by moisture to the infec¬ 
tive stage of motile isolated cocci. There is 
considerable genetic diversity between iso¬ 
lates. Isolates from the same geographic 
region are not necessarily closely genetically 
related, although genotypic variation between 
isolates is correlated with the host species. 

EPIDEMIOLOGY 

Occurrence 

Geographic Occurrence 

The disease occurs in all areas of the world 
but can be epizootic in tropical and subtropi¬ 
cal areas of the world, where it can result in 
considerable economic loss. Surveys of large 
numbers of cattle in Africa report prevalence 
rates approaching 15%, with a 100% infec¬ 
tion rate in some herds at the time of peak 
seasonal prevalence. In temperate climates 
the disease is usually sporadic but can still be 










of considerable economic importance where 
predisposing factors pertain. For example, an 
incidence ranging from 10% to 66% was 
recorded in nine dairy herds, where shower 
cooling was the predisposing factor to 
disease. 

High prevalence in sheep flocks occurs in 
the high- and medium-rainfall areas of Aus¬ 
tralia. Significant clinical disease has been 
reported as far north as Canada, the north¬ 
ern United States, and Scotland, and as far 
south as New Zealand. 

Host Occurrence 

Disease occurs in cattle, sheep, goats, horses, 
and donkeys, and occasionally in deer, pigs, 
camels, and wildlife species. Animals of all 
ages are susceptible, including sucklings a 
few weeks old. 

Source of Infection 

The major source of infection for outbreaks 
of clinical disease exists with minor active 
lesions on the face and feet in otherwise 
healthy carrier animals, and with infection in 
scabs still carried in the hair and wool from 
healed lesions. 

D. congolensis is not highly invasive and 
does not normally breach the barriers of 
healthy skin. These barriers include the 
stratum corneum, the superficial wax layer 
produced by the sebaceous glands, and, on 
the body of sheep, the physical barrier of the 
wool. On the feet and face, these barriers are 
easily and commonly broken by abrasive 
terrain or thorny and spiny forage and 
feedstuffs. 

Dermatophilus may infect these lesions 
and may be transmitted mechanically by 
feeding flies to result in minor infection on 
the face and feet. This subclinical carriage 
form of the disease is common in most herds 
and flocks, and the minor lesions are most 
evident at the junction of the haired and non- 
haired areas of the nares and of the claws and 
dewclaws. Minor lesions may also be present 
in the haired areas of the face and feet and 
on the scrotum and, in lambs, on the skin 
along the dorsal midline of the back. They 
are of no clinical significance to the animal 
except that they provide a source of more 
serious infection when other areas of the skin 
surface are predisposed to infection. 

Transmission 

Transmission occurs from the carriage 
lesions by contact from the face of one 
animal to the fleece or skin of another, and 
from the feet to the skin during mounting. 
Infection can be transmitted mechanically by 
flies and ticks and mediate infection by con¬ 
taminated dips. 

Environmental and Management 

Risk Factors 

Sheep 

Prolonged wetting of the fleece is the major 
risk factor and leads to emulsification of the 
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wax barrier and maceration of the skin 
surface with disruption of the stratum 
corneum. A prolonged and heavy rain is suf¬ 
ficient to do this, especially if followed by 
warm and humid weather that retards drying 
of the fleece. Increased environmental 
humidity and temperature, as distinct from 
wetting of the skin, does not appear to 
promote the development of lesions. Mois¬ 
ture releases infective zoospores from car¬ 
riage lesions, and these may be carried 
mechanically by flies that are attracted to the 
wet wool. The motile zoospores are aided in 
their movement to the skin surface by the 
moisture of the fleece and their positive che- 
motactic response to carbon dioxide at the 
skin surface. 

A protracted wetting period of the fleece 
can also occur following dipping, jetting, or 
spraying of sheep for external parasites when 
these procedures are conducted at periods 
greater than 1 to 2 months after shearing; the 
incidence of mycotic dermatitis in sheep has 
been shown to increase with the time period 
between shearing and dipping. The infection 
onto the fleece comes primarily from the 
lesions on the face and feet and is promoted 
by tightly yarding sheep following these 
procedures. 

Shearing cuts also destroy the barriers of 
the skin, and cuts may become infected 
mechanically by flies, physically by tight 
yarding after shearing, and by mediate infec¬ 
tion in dips when sheep are dipped immedi¬ 
ately following shearing. The resultant lesions 
do not spread over the body but provide a 
significant source of infection for other 
sheep in the flock when management or cli¬ 
matic circumstances lead to a high degree of 
flock skin susceptibility. Skin infection can 
also occur following infection with conta¬ 
gious ecthyma. 

Cattle 

Temperate Zones 

Outbreaks in herds and severe disease in 
individuals are uncommon but can occur 
associated with high rainfall, with attack 
rates of 50%. There is a particular tendency 
for lesions to occur on the rump and back 
in females and males, probably as a result 
of the introduction of infection through 
minor skin abrasions caused by mounting. 
Lesions down the flanks of cattle may also 
result from abrasions and direct infection 
from the dewclaws during mounting. 
Other penetrating lesions caused by eartags 
or biting flies can also result in minor 
lesions. 

The use of periodic showers or continual 
misting to cool cattle during hot periods 
is a risk factor for infection in dairy 
herds. Intercurrent disease and stress are 
also risk factors, and in infected dairy herds 
a higher incidence has been observed during 
the first weeks of parturition in first-calf 
heifers that also had endometritis or 
mastitis. 


Tropical Zones 

Climate is the most important risk factor and 
in tropical and subtropical regions; the 
disease has its highest incidence and severity 
during the humid, high-rainfall season. 
Animals in which the disease regresses are 
usually reinfected repeatedly in successive 
wet seasons. As in sheep, the disease in cattle 
requires disruption of natural skin barriers. 
However, prolonged wetting of the skin of 
cattle does not appear to be a major predis¬ 
posing factor by itself, and the seasonal 
occurrence is associated with a concomitant 
increase in tick and insect infestation. 1 For 
example, a study in Ethiopia found that 
although prevalence was higher in cattle in 
the wet season, in both seasons, infestation 
with Ambylomma variegatum significantly 
affected the occurrence of disease, with 
infested cattle having a risk 7 times higher. 

Tick infestation, particularly with A. var¬ 
iegatum, Hyalomma asticum, and Boophilus 
microplus, is strongly associated with the 
occurrence of extensive lesions of derma- 
tophilosis, which can be minimized by the 
use of acaricides. 

The lesions of dermatophilosis on the 
body do not occur at the predilection sites 
for ticks, and it is thought that the impor¬ 
tance of tick infestation relates to a tick- 
produced immune suppression in the host 
rather than mechanical or biological 
transmission. 

Lesions do occur at predilection sites for 
biting insects, mainly Stomoxys spp., Lype- 
rosia spp., Glossinia spp., Calliphoria spp., 
and mosquitoes. In Africa the disease is often 
combined with demodicosis to produce 
Senkobo disease, a more severe and often 
fatal combination. 

Trauma to the skin produced by thorny 
bushes and the ox-pecker bird ( Buphagus 
africanus africanus) can also initiate 
lesions. 

Horses 

Biting flies ( Stomoxys caldtrans) are thought 
to act as mechanical vectors of the infection, 
and the housefly ( Musca domestica) can 
carry infection. Skin damage from trauma or 
from ectoparasites can predispose for disease, 
as does wetting from rainfall or from fre¬ 
quent washing. 

HOST RISK FACTORS 

There are breed differences in susceptibility 
in cattle and sheep. In Africa, the Ndama and 
Muturu cattle breeds and native sheep are 
resistant, whereas Zebu, White Fulani, Ren- 
itleo, 2 and European breeds are susceptible. 
Within-breed differences in susceptibility are 
also apparent, and genetic markers have been 
identified in Zebu cattle and Merino sheep. 
Susceptibility in cattle can be influenced 
by genetic selection. For example, selection 
against susceptibility to dermatophilosis, 
based on a BoLA -DRB3/DQB class II haplo- 
type, reduced the prevalence of disease in 
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Brahman cattle in Martinique from 76% to 
2% over 5 years. 

In the Merino, sheep of the strong- or 
medium-wool strains are more susceptible. 
Open-fleeced sheep and sheep with a 
low-wax and high-suint content in their 
fleece are more prone to infection. 

PATHOGEN RISK FACTORS 

D. congolensis does not live well off the body 
and in the normal environment, and it is sus¬ 
ceptible to the external influences of pH and 
moisture fluctuations. In the laboratory it 
can survive for 4 years in otherwise sterile 
broth culture and for at least 13 years in dry 
scab material kept at room temperature. 

EXPERIMENTAL DISEASE 

Local lesions, but not with spread to exten¬ 
sive disease, can be readily reproduced in 
sheep and cattle by removal of the skin wax 
followed by local challenge. Genetic differ¬ 
ences modulate the severity of the lesion that 
occurs. 

ECONOMIC IMPORTANCE 
Sheep 

Damage to the fleece causes severe losses, up 
to 30% loss of value of wool and 40% loss of 
skin value, and may be so extensive in lambs 
that spring lambing has to be abandoned. 
Other losses in sheep are caused by interfer¬ 
ence with shearing and a very great increase 
in susceptibility to blow-fly infestation. 

Cattle 

In Africa the disease in cattle causes great 
losses and many deaths, and the it ranks as 
one of the four major bacteriologic diseases 
with equivalent importance to contagious 
bovine pleuropneumonia and brucellosis. 
Goats in the same area also suffer a high 
incidence. Losses are from direct animal loss, 
decreased work ability of affected oxen, 
reproductive failure from vulval infection or 
infection on the limbs of males preventing 
mounting, death from starvation of calves of 
dams with udder infection, loss of animal 
meat and milk production, and downgrad¬ 
ing of hides. In temperate climates deaths are 
uncommon, but cows that fail to respond to 
treatment and have to be culled are not infre¬ 
quent. In a study in nine herds in Israel, 
death or culling rates from this disease 
ranged from 2% to 17%, and there was an 
average 23% fall in milk production in 
affected cattle. Reproductive inefficiency is a 
common accompaniment in severe cases. 

Zoonotic Implications 

Human infection is reported, such as on the 
hand of a veterinarian working with infected 
sheep, but contagion from livestock is rare in 
spite of ample opportunity. 

PATHOGENESIS 

The natural skin and wool waxes act as effec¬ 
tive barriers to infection. Minor trauma, or 


maceration by prolonged wetting, allows 
establishment of infection and multiplication 
of the organism in the epidermis. The forma¬ 
tion of the typical pyramid-shaped crusts is 
caused by repeated cycles of invasion into the 
epidermis by hyphae, bacterial multiplica¬ 
tion in the epidermis, rapid infiltration of 
neutrophils, and regeneration of the epider¬ 
mis. The organism in the scab is the source 
for the repeated and expanding invasion, 
which occurs until immunity develops and 
the lesion heals. The scab then separates 
from the healed lesion but is still held loosely 
in place by hair or wool fibers. In sheep, the 
extensive maceration of skin that can occur 
with prolonged fleece wetting can result in 
extensive skin lesions under the fleece. In 
cattle, tick infestation suppresses immune 
function and promotes the spread of the 
lesion. Secondary bacterial invasion may 
occur and gives rise to extensive suppuration 
and severe toxemia. 

CLINICAL FINDINGS 
Sheep 

Lesions are commonly not visible in sheep 
because they are obscured by the fleece, but 
the crusts can be palpated as hard masses at 
the surface of the skin (lumpy wool disease) 
and typically are distributed irregularly 
over the dorsal midline, with “ribs” spread¬ 
ing laterally and ventrally. The crusts are 
roughly circular, thick, up to 3cm, often 
distinctly pyramidal with a concave base, 
and often pigmented, and the underlying 
skin is moist and reddened. The muzzle, 
face, and ears, and the scrotum of rams, may 
also be involved. The health of the animal 
is unaffected unless the lesions are 
widespread. 

Heavy mortalities can occur in very 
young lambs, where there can be extensive 
lesions over the body. Many develop cutane¬ 
ous blow-fly myiasis, and in occasional cases 
a secondary pneumonia resulting from the 
organism may cause the death of the animal. 

Cattle 

The early lesion is a pustule, and the hair over 
the infected site is erect and matted in tuffs 
(paintbrush lesions) with greasy exudate 
forming crumbly crusts that are hard to 
remove. These develop into scabs that are 
greasy and fissures at flexion points, and 
finally to scabs that are hard, horny, and con¬ 
fluent. The scabs vary in color from cream to 
brown, are 2 to 5 cm in diameter, and are 
often in such close apposition that they give 
the appearance of a mosaic. In the early 
stages the crusts are very tenacious, and 
attempts to lift them cause pain. Beneath the 
crusts there is granulation tissue and some 
pus. In the later stages, the dermatitis heals 
and the crusts separate from the skin and are 
held in place by penetrating hairs, but they 
are easily removed. 

Lesions occur on the neck, body, and 
back of the udder and may extend over the 


sides and down the legs and the ventral 
surface of the body. Commonly they com¬ 
mence along the back from the withers to the 
rump and extend halfway down the ribcage. 
In some animals the only site affected is the 
flexor aspect of the limb joints, the inguinal 
area, or between the forelimbs. 

In young calves, infection commences on 
the muzzle, probably from contact with the 
infected udder or because of scalding by milk 
in bucket-fed calves, and may spread over 
the head and neck. 

Horses 

Lesions in horses are similar to those in 
cattle. The hairs are matted together over the 
lesion, and an exudative dermatitis produces 
a firm mat of hairs and debris just above the 
skin surface. If this hair is plucked, the entire 
structure may lift off, leaving a characteristic 
ovoid, slightly bleeding skin area. No pruri¬ 
tus or irritation is apparent, although the 
sores are tender to the touch. 

Infection can appear on the head, begin¬ 
ning at the muzzle and spreading up the 
face to the eyes, and if sufficiently extensive 
may be accompanied by lacrimation and a 
profuse, mucopurulent nasal discharge. In 
some horses the lesions are confined to the 
lower limbs, with a few on the belly. In very 
bad environmental conditions the lesions 
may be widespread and cover virtually the 
whole of the back and sides. The lesions on 
lower limbs are most common behind the 
pastern, around the coronet, and on the ante¬ 
rior aspect of the hind cannon bones. If the 
underlying skin cracks, the horse can become 
very lame. This variable distribution of 
lesions may depend on the inciting skin 
trauma. 

Goats 

Lesions appear first on the lips and muzzle 
and then spread, possibly by biting, to the 
feet and scrotum. They may extend to all 
parts of the body, especially the dorsal 
midline and inside the thighs. In some cases 
lesions commence on the external ear. Heavy 
crust formations may block the ear canal and 
the external nares. 

CLINICAL PATHOLOGY 

The causative organism may be isolated 
from scrapings or a biopsy section and is 
much easier to isolate from an acute case 
than a chronic one. Polymyxin B sulfate can 
be used to suppress contaminants. Typical 
branching organisms with double rows of 
zoospores can be seen in a stained impres¬ 
sion smear made directly from the ventral 
surface of a thick scab pressed firmly onto 
a slide. The organism can also be demon¬ 
strated by fluorescent antibody. ELISA and 
counterimmunoelectrophoresis have been 
used to detect serologic evidence of infec¬ 
tion, and a real-time PCR test for rapid 
detection of D. congolensis has been devel¬ 
oped in Spain. 3 





NECROPSY FINDINGS 

In animals that die, there is extensive derma¬ 
titis, sometimes a secondary pneumonia, 
and often evidence of intercurrent disease. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—affected skin and 
draining lymph node (CYTO FUNGAL 
CULT) 

• Histology—formalin-fixed samples of 
these tissues (LM) 



TREATMENT 

Sheep 

Bactericidal dips are used but have limited 
efficacy because topical treatments do not 
penetrate the scab to the active lesion; they 
are more appropriate for control. 

Antibiotic treatment at high dose for a 
single treatment is effective in reducing the 
proportion of active lesions in an affected 
flock. Antibiotics that are effective include 
procaine penicillin combined with strepto¬ 
mycin at a dose of 70,000 units/kg and 70 mg/ 
kg, respectively; erythromycin at 10 mg/kg; 
long-acting tetracycline at 20 mg/kg; and 
combination of lincomycin and spectinomy- 
cin at a dose of 5 mg/kg and 10 mg/kg, respec¬ 
tively; all treatments are given intramuscularly. 
Treatments appear effective in wet weather. 
The usual strategy is to treat 8 weeks before 
shearing so that there is time for the lesions to 
heal and shearing to occur without interfer¬ 
ence from active lesions. Sheep may be dipped 
in a bactericidal dip after shearing, as detailed 
under “Control.” An alternate approach is to 
cull affected sheep. 

Cattle 

With the disease that occurs in temperate 
areas, tetracycline (5 mg/kg body weight 
[BW]) repeated weekly as required is recom¬ 
mended, andlong-actingtetracycline (20 mg/ 
kg BW) in one injection is reported to give 
excellent results in cattle. Parenteral procaine 
penicillin G (22,000 IU/kg IM) daily for 3 
days is also reported as efficacious. 

With the disease that occurs in tropical 
areas and associated with tick infestation, 
there is no completely satisfactory treatment 
in herds with extensive involvement or those 
being constantly reinfected or exposed to 
predisposing causes. In general terms, better 
results are obtained during dry weather and 
in dry climates. In tropical Africa, treatments 
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that are reasonably effective elsewhere are of 
little or no value. 

Parenteral treatment with antibiotics, as 
described previously, can be used and should 
be used in conjunction with acaricides when 
ticks are present. 

Horses 

Topical therapy is most commonly used in 
horses, coupled with removal from whatever 
is causing prolonged wetness of the skin. 
Although horses generally respond well, in 
bad weather even they can be recalcitrant to 
treatment. Scabs can be removed by groom¬ 
ing under sedation and the lesions treated 
topically daily with povidone-iodine or 
chlorhexidine until the lesions heal. Benzoyl 
peroxide has keratolytic, antibacterial, and 
follicular flushing properties and is reported 
to be effective in therapy when applied topi¬ 
cally at a concentration of 2.5%. 

Severe cases can be treated daily for 3 
days with procaine penicillin G at 20,000 
units/kg intramuscularly alone or in combi¬ 
nation with streptomycin at 10 mg/kg IM. 

CONTROL 

The principal approach, where possible, is 
the avoidance of predisposing factors. The 
disease usually disappears in dry weather. 
Isolation of infected animals and avoidance 
of contact by clean animals with infected 
materials such as grooming tools is desirable. 
Affected sheep should be shorn and/or 
dipped last. 

Close yarding of sheep or factors that 
promote face-to-skin contact immediately 
after shearing or after dipping should be 
avoided. Insecticidal dips should contain a 
bactericide. Where dipping immediately 
after shearing is a risk factor, the severity of 
infection can be reduced by delaying dipping, 
for example, from the 1st to the 10th day 
after shearing, or by dipping in zinc sulfate 
immediately following shearing with later 
dipping in an insecticide. Alternatively, 
pour-on insecticides can be used. 

Bactericidal dips will give some protec¬ 
tion to sheep. Spraying or dipping of sheep 
in a 0.5% to 1.0% solution of zinc sulfate 
immediately after shearing is used to prevent 
infection of shear cuts. Spraying or dipping 
sheep in a 1% solution of alum (potassium 
aluminum sulfate) provides protection 
against infection for up to 70 days, with alum 
rendering the organism nonmotile, and can 
be used to provide protection during the 
rainy season in woolled sheep. Alum strips 
from the dip, and the dip requires frequent 
replenishment, with the amount depending 
on wool length. An alternate treatment is to 
dust alum along the back of the sheep. 

With cattle in tropical areas, tick control 
(see Tick Infestations in this chapter! is most 
important in control of dermatophilosis. 
Attempts at prophylaxis by vaccination in 
both sheep and cattle have been unsuccess¬ 
ful; immunity appears to be isolate-specific. 


FURTHER READING 
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cutaneous streptotrichosis, Senkobo disease of 
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SKIN TUBERCULOSIS 

Chronic indurative lesions of the skin in 
cattle, occurring usually on the lower limbs, 
are called “skin tuberculosis” because they 
frequently sensitize affected animals to 
tuberculin. 

ETIOLOGY 

Acid-fast organisms can often be found in 
the lesions in small numbers. They have not 
been identified and are probably not true 
pathogens. Iatrogenic lesions may be caused 
by aluminum adsorbed vaccines that produce 
subcutaneous granulomas, which are colo¬ 
nized by acid-fast bacteria. 

EPIDEMIOLOGY 

The disease occurs in most countries of the 
world, particularly where animals are housed 
and incur minor abrasions and pressure 
sores. The frequent occurrence of lesions on 
the lower extremities suggests cutaneous 
abrasions as the probable portal of entry of 
the causative organism. 

The lesions cause little inconvenience but 
are unsightly, and affected animals may give 
a suspicious or positive reaction to the tuber¬ 
culin test when they are in fact free of tuber¬ 
culosis. This becomes important when herds 
and areas are undergoing eradication and 
attention is focused on any condition that 
complicates the tuberculin test. 

PATHOGENESIS 

Tuberculoid granulomas occur at the site of 
infection, with spread along local lymphatic 
vessels but without involvement of lymph 
nodes. 

CLINICAL FINDINGS 

Small lumps 1 to 2 cm in diameter appear 
under the skin. The lower limbs are the most 
common site, particularly the forelimbs, and 
spread to the thighs and forearms, and even 
to the shoulder and abdomen, may occur. 
The lesions may be single or multiple and 
often occur in chains connected by thin 
cords of tissue. The nodules are attached to 
the skin; they may rupture and discharge 
thick cream-to-yellow pus. Ulcers do not 
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persist. Individual lesions may disappear, but 
complete recovery to the point of disappear¬ 
ance of all lesions is unlikely if the lesions are 
large and multiple. 

CLINICAL PATHOLOGY 

Affected animals may react to the tuberculin 
test. Bacteriologic examination of smears of 
pus may reveal the presence of acid-fast 
bacteria. 

NECROPSY FINDINGS 

The lesions comprise much fibrous tissue, 
usually containing foci of pasty or inspis¬ 
sated pus, and are sometimes calcified. 


DIFFERENTIAL DIAGNOSIS 


In herds with tuberculosis, reactors that have 
lesions of skin tuberculosis are disposed of in 
the usual way. In herds free of tuberculosis, a 
positive reaction to the tuberculin test in 
animals with skin tuberculosis is usually taken 
to be nonspecific; the affected animal is 
retained, provided it is negative on retest. 
Bovine farcy (see also "Bovine Farcy") 

Ulcerative lymphangitis (see also 
"Ulcerative Lymphangitis"). 


TREATMENT AND CONTROL 

Treatment and control measures are not 
usually instituted, although surgical removal 
may be undertaken for cosmetic reasons. 

MYCOBACTERIUM ULCERANS 
INFECTION (BURULI OR 
BAIRNSDALE ULCER) 

Mycobacterium ulcerans causes progressive 
ulcers in the skin of humans, dogs, cats, 
alpacas, horses and wildlife. 1-5 Pigs can be 
infected experimentally. 6 The disease in 
humans occurs in at least 30 countries, 5 often 
as geographic clusters associated with water 
bodies. Wildlife, such as the common brush¬ 
tailed possum ( Trichosurus vulpecula) and 
ring-tailed possum ( Pseudocheirus peregri- 
nus) in southeastern Australia, are proposed 
as important components of the disease 
infection cycle, with M. ulcerans detected in 
the feces of 41% of possums in areas in which 
the disease is endemic and less than 1% in 
nonendemic areas. 5 Clusters of the disease in 
people are spatially associated with the pres¬ 
ence of possums.' A relationship between 
wildlife and domestic animal disease has not 
been investigated or reported. The organism 
can be detected in a number of species of 
mosquitoes, although the importance of 
these species in spread of the infection and 
causation of disease is unclear.' 

Infection by the organism causes exten¬ 
sive and progressive necrosis of the skin and 
underlying soft tissue, usually of the limbs or 
extremities. The disease is reported in the 
thigh of one horse and the withers and 
fetlock of another, 1 and the distal limb and 


face, respectively, of two alpacas. 4 Infection 
causes both ulcerating and nonulcerating 
granulomatous lesions in dogs and cats. 2 One 
of two horses affected died as a result of the 
disease, as did both alpacas. 1,4 

Diagnosis is by the demonstration of 
the organisms by Ziehl-Neilson staining of 
biopsies of lesions with confirmation by 
culture or, more conveniently and presum¬ 
ably with greater sensitivity, by PCR detec¬ 
tion of M. ulcerans genome. 1,2,4 

Treatment is by surgical excision of the 
lesion. Therapy with antimycobacterial drugs 
such as rifampin, clarithromycin, or fluoro¬ 
quinolones can be considered but is limited 
because of drug-induced toxicoses, includ¬ 
ing diarrhea, difficulty in long-term admin¬ 
istration, and expense. 

There are no accepted control measures. 
The disease has zoonotic potential, and 
affected animals and samples should be 
handled accordingly. 
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FLEECE ROT IN SHEEP 


SYNOPSIS 


Etiology Dermatitis associated with growth 
of chromogenic Pseudomonas aeruginosa 
following prolonged wetting of the skin of 
sheep. 

Epidemiology Occurs with high incidence in 
sheep with susceptible fleece characters in 
wet seasons. Major risk factor for body 
flystrike. 

Clinical findings Dermatitis with fleece 
coloration over the backline. 

Diagnostic confirmation Clinical. 

Control Selection of sheep with resistant 
fleece characters. 


ETIOLOGY 

Fleece rot develops as an exudative dermati¬ 
tis following wetting of the fleece by rain. The 
growth of toxigenic strains of Pseudomonas 
aeruginosa is thought to be the major cause 
of the dermatitis, and the fleece coloration 
that usually accompanies it, but other Pseu¬ 
domonas spp., including P. maltophilia, have 
been incriminated in the genesis of the con¬ 
dition. The enzyme phospholipase C in P. 
aeruginosa is a virulence determinant for this 
disease. 

EPIDEMIOLOGY 

Occurrence 

The disease is common in most parts of Aus¬ 
tralia and occurs in South Africa and also in 


areas of New Zealand. Its occurrence is asso¬ 
ciated with wet years, and in these circum¬ 
stances the incidence in affected flocks varies 
from 40% to 100%. 1,2 

Environmental and Host Risk Factors 

Fleece rot occurs in sheep only in wet seasons 
and when the fleece is predisposed to wetting 
by its physical characters. 

Prolonged rainfall, sufficient to wet sheep 
to the skin for a week, is required for this 
condition to occur. Young sheep (those <10 
months) are more susceptible than old, 
and heritable differences in fleece characters 
affect the susceptibility of individual sheep. 
These characters are probably related to the 
ease with which the skin can be wetted. 

Fleece Characteristics 

The degree of “grip” and body skin wrinkling 
are unimportant as factors affecting suscep¬ 
tibility, but fleece weight, fiber diameter and 
variability, staple density, and neck wrinkle 
are positively correlated with susceptibility. 
These characteristics produce visible differ¬ 
ences between fleeces. Resistant sheep have 
closely packed elliptical wool staples with 
blocky tips and even crimp. Susceptible 
fleeces have thin staples of unevenly crimped 
wool and with a fringe-tipped appearance as 
a result of the protrusion of thicker wool 
fibers above the top of the staple. This fringed 
appearance is visible along the back and 
sides. Susceptible flocks are characterized by 
fleeces with longer, heavier, thicker staples 
with lower crimp frequency and higher fiber 
diameter and variability. 

Fleeces with a high wax content are less 
susceptible, probably because of the water¬ 
proofing effect of the wax. This view is sup¬ 
ported by the observation that disruption of 
the sebaceous layer on the skin increases its 
susceptibility to wetting. 

Greasy fleece color has been found to be 
a good predictor of susceptibility to fleece rot 
in some studies but not others. Wool with a 
high suint content is highly susceptible. 

Experimental Production 

The disease can be reproduced experimen¬ 
tally by inoculating P. aeruginosa epicutane- 
ously and wetting the fleece. 

Economic Importance 

Fleece rot causes considerable financial loss 
because of the depreciation in the value of 
the damaged fleeces and the increased need 
for chemical applications to treat or prevent 
body flystrike, for which it is a major risk 
factor. 

PATHOGENESIS 

With prolonged wetting, conditions of high 
humidity in the fleece microenvironment 
and the availability of rich nutrients from 
serous exudates and indigenous suint allow 
the proliferation of opportunistic skin and 
fleece bacteria, including P. aeruginosa, and 















result in dermatitis. The predominant bacte¬ 
rium is usually P. aeruginosa , which inhibits 
the growth of other bacteria, and its pyocya- 
nin produces a green color. Its rapid growth 
is accompanied by the production of the der- 
monecrotic toxin phospholipase C, which 
exacerbates the dermatitis and initiates the 
inflammatory cascade that draws neutro¬ 
phils and lymphocytes into the skin. 

In the experimental disease there is out¬ 
pouring of serous exudate and infiltration of 
leukocytes into dermis, but P. aeruginosa is 
localized as aggregates at the leading front of 
the seropurulent exudate and never pene¬ 
trates the dermis. 

Other discolorations may occur depend¬ 
ing on the predominance of a particular 
chromogenic bacterium, many of which 
belong to Pseudomonas spp. P. maltophilia 
can result in yellow-brown coloration, and 
P. indigofera results in blue coloration. 

The odor produced by the bacteria and 
the serum protein on the skin surface is very 
attractive to blow flies, and most body strikes 
are a result of preexisting fleece-rot lesions. 
To add a further complication, P. aeruginosa 
also proliferates in the presence of organo¬ 
phosphorous insecticides and facilitates its 
biodegradation. 

Sequencing of 16SrRNA genes to identify 
bacteria present before and after the onset of 
disease in an experimental flock at Trangie 
in Australia identified several new bacteria 
associated with fleece rot, and the bacterial 
populations differed between susceptible 
and resistant sheep. ’ It was concluded that 
although P. aeruginosa may be associated 
with severe fleece-rot lesions, there may be 
other bacteria associated with susceptibility 
or resistance to this condition. Subsequently, 
investigation of single-nucleotide polymor¬ 
phisms between susceptible and resistant 
sheep identified 155 genes that were differ¬ 
entially expressed. 4 Fibulin (FBLN1) and 
fatty acid binding protein 4 (FAB4) were 
identified as key factors in resistance to fleece 
rot. If validated in larger populations, these 
could enable marker-assisted selection to 
increase the resistance of Merino sheep to 
fleece rot. 4 

CLINICAL FINDINGS 

Lesions occur most commonly over the 
withers and along the back. In active cases, 
the wool over the affected part is always satu¬ 
rated, and the tip is more open than over 
unaffected areas. The wool is leached and 
dingy and in severe cases can be plucked 
easily. The skin is inflamed, and serous 
exudate produces bands of matted and 
colored fibers across the staple. The color¬ 
ation of the fibers is commonly green, but 
may be yellow, yellow-brown, or red-brown 
and occurs in fibers at skin level or extending 
the full length of the staple. 

The general health of the sheep is unaf¬ 
fected in typical fleece rot, but severe ulcer¬ 
ative dermatitis with mortality associated 
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with P. aeruginosa can occur. For example, 
chronic ulcerative and necrotic dermatitis 
associated with P. aeruginosa, occurring on 
the tail, udder, and legs of sheep and accom¬ 
panied by green coloration of the surround¬ 
ing fleece, was recorded following excessive 
rain in the Mediterranean climate zone of 
Israel. 

CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

Autopsy examinations are not carried out, 
and laboratory examination of the living 
animal is not usually necessary. 

There are differences in the inflammatory 
response and in peripheral blood lympho¬ 
cyte subsets between fleece-rot-resistant 
and susceptible sheep, with several different 
mechanisms likely to occur in resistant 
sheep. 2 

DIAGNOSIS 

Fleece rot resembles mycotic dermatitis in 
body distribution and predisposing factors, 
but the typical scab is not present in 
fleece rot. 

CONTROL 

Treatment is unlikely to be of value, but some 
degree of control may be effected by selec¬ 
tion of fleece-rot-resistant sheep for use in 
susceptible localities. In these same localities, 
shearing before the wet season should facili¬ 
tate drying of the fleece and lessen suscepti¬ 
bility, although the variable and unpredictable 
timing of rainfall means that no shearing 
time will reliably prevent fleece rot. The 
heritability of resistance to fleece rot has 
been estimated to be between 0.35 and 0.4; 
thus, selective breeding programs have been 
advocated, with genetically selected lines 
showing increased resistance in high-risk 
environments. 2 

Considerable effort was invested into the 
investigation of vaccines against fleece rot in 
the 1980s and 1990s. 2 These reduced the 
severity of fleece rot in pen experiments, 
often by up to 60%, but when the infecting 
serotype of P. aeruginosa differed from 
the vaccine strain there was little cross 
protection. 
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BOLO DISEASE 

This disease of the fleece of predominantly 
merino and Dohne merino sheep appears 
confined to the Eastern Cape province of 
South Africa and gets its name from the 
region where it was first described. An 
unclassified Corynebacterium spp. closely 


resembling Corynebacterium pseudodiphthe- 
riticum and Corynebacterium urealyticum 
can be isolated from the skin of affected 
sheep. This organism is rarely isolated from 
the skin of sheep with normal fleeces. The 
disease can be experimentally reproduced by 
the topical application of the organism onto 
the intact skin of newly shorn sheep and 
sheep in 5-month wool, and the organism 
persists in the produced lesions for at least 
169 days. 

Bolo disease is a disease of medium- and 
medium-strong-wool Merino sheep having 
dense fleeces with a high yolk content. 
It occurs in sheep on natural grazing. There 
is no sex predilection, but older and poor- 
conditioned sheep are more severely affected. 
It can occur in semiarid climates, and there 
is no apparent seasonal or climatic influence 
or influence of external parasites. The attack 
rate in a flock can be as high as 90%, and the 
disease has considerable economic impact 
because as the wool is of inferior quality and 
low economic value. 

Lesions occur most commonly on the 
sides of neck and the shoulders and are more 
easily seen in unshorn sheep as well-defined, 
dark gray to black patches and bands that 
vary in number and in size (20 mm to 30 cm 
in diameter) and are sunk below the surface 
of the tips of the surrounding staple. The 
underlying skin is red-purple in color, is 
tender to the touch, and breaks easily. There 
is a yellow sticky exudate on the surface of 
the skin and in between the wool fibers, 
resulting in a spiky staple. On freshly shorn 
sheep, the affected areas are chalky white. 

Histologically there is acanthosis, super¬ 
ficial and follicular hyperkeratosis and 
hyperpigmentation, and sebaceous gland 
hypertrophy. 

Treatment regimens are not defined, but 
high-dose parenteral penicillin as used in 
mycotic dermatitis might be effective. 

Bolo disease can be differentiated from 
fleece rot and mycotic dermatitis by its clini¬ 
cal presentation and the epidemiologic cir¬ 
cumstances in which it occurs. 

FURTHER READING 

Radostits O, et al. Bolo disease. In: Veterinary Medicine: 

A Textbook of the Disease of Cattle, Horses, Sheep, 

Goats and Pigs. 10th ed. London: W.B. Saunders; 

2007:798. 

STRAWBERRY FOOTROT OF 
SHEEP (PROLIFERATIVE 
DERMATITIS) 

Strawberry footrot of sheep is a proliferative 
dermatitis of the lower limbs of sheep. 

ETIOLOGY 

The causative agent is thought to be D. con- 
golensis (Dermatophilus pedis). 1 

EPIDEMIOLOGY 

The disease is recorded in the United 
Kingdom and occurs extensively in some 
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parts of Scotland and in Australia. It is not 
fatal, but severely affected animals do not 
make normal weight gains. Up to 100% of 
animals in affected flocks may show the clin¬ 
ical disease. 

All ages and breeds appear susceptible, 
but under natural conditions lambs are more 
commonly affected. Most outbreaks occur 
during the summer months, and lesions tend 
to disappear in cold weather. Although the 
disease is recorded naturally only in sheep, it 
can be transmitted experimentally to man, 
goats, guinea pigs, and rabbits. Complete 
immunity does not develop after an attack, 
although sheep recently recovered from 
contagious ecthyma may show a transient 
resistance. 

The natural method of transmission is 
unknown, but the frequency of occurrence 
of lesions at the knee and coronet suggests 
infection from the ground through cutane¬ 
ous injuries. Dried crusts containing the 
causative agent are infective for long periods, 
and ground contamination by infected 
animals, or infection from carrier animals, is 
the probable source of infection. 

PATHOGENESIS 

Histologically, the lesions are those of a 
superficial epidermitis similar to that of con¬ 
tagious ecthyma. 

CLINICAL FINDINGS 

Most cases appear 2 to 4 weeks after sheep 
have been moved onto affected, pasture but 
incubation periods of 3 to 4 months have 
been observed. Small heaped-up scabs 
appear on the leg from the coronet to the 
knee or hock. These enlarge to 3 to 5 cm in 
diameter and become thick and wart-like. 
The hair is lost, and the lesions may coalesce. 
Removal of the scabs reveals a bleeding, 
fleshy mass resembling a fresh strawberry, 
surrounded by a shallow ulcer. In later stages 
the ulcer is deep and pus is present. There is 
no pruritus or lameness unless lesions occur 
in the interdigital space. Most lesions heal in 
5 to 6 weeks, but chronic cases may persist 
for 6 months. 

CLINICAL PATHOLOGY 

Swabs and scrapings should be examined for 
the causative organism. 


DIFFERENTIAL DIAGNOSIS 


Lesions of strawberry footrot closely resemble 
those of contagious ecthyma but are 
restricted in their distribution to the lower 
limbs, whereas lesions of contagious ecthyma 
occur mostly on the face and less often on 
the legs. On careful examination, often both 
leg and face lesions are present. The absence 
of a systemic reaction and the proliferative 
character of the lesions differentiate it from 
sheeppox. 


TREATMENT 

There is little information on treatment. 
Antibiotics as used in dermatophilosis 
should be effective. In an unusual outbreak 
of lameness affecting 40% of a flock, with 
lesions resembling strawberry footrot but 
from which no organisms were isolated, the 
response to topical antibiotic and prepara¬ 
tions was poor, although lesions did become 
less painful after bathing affected areas in a 
solution of lincomycin/spectinomycin. 2 Sys¬ 
temic treatment with tilmicosin and long- 
acting amoxicillin did assist healing. 2 

CONTROL 

In the light of present knowledge, isolation 
of infected sheep and the resting of infected 
fields are the only measures that can be 
recommended. 
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CONTAGIOUS ACNE OF HORSES 
(CANADIAN HORSEPOX, 
CONTAGIOUS PUSTULAR 
DERMATITIS) 

Contagious acne of horses is characterized 
by the development of pustules, particularly 
where the skin comes in contact with the 
harness. 

ETIOLOGY 

Corynebacterium pseudotuberculosis is the 
specific cause of this disease. 

EPIDEMIOLOGY 

The disease is spread from animal to animal 
by means of contaminated grooming utensils 
or harnesses. An existing seborrhea or fol¬ 
liculitis as a result of blockage of sebaceous 
gland ducts by pressure from the harness 
probably predisposes to infection. Inefficient 
grooming may also be a contributing cause. 

Contagious acne is of limited occurrence 
and causes temporary inconvenience when 
affected horses are unable to work. 

PATHOGENESIS 

Infection of the hair follicle leads to local 
suppuration and the formation of pustules, 
which rupture and contaminate surrounding 
skin areas. Occasional lesions penetrate 
deeply and develop into indolent ulcers. 

CLINICAL FINDINGS 

The skin lesions usually develop in groups in 
areas that come into contact with the harness. 
The lesions take the form of papules that 
develop into pustules varying in diameter 
from 1 to 2.5 cm. There is no pruritus, but 
the lesions may be painful to touch. Rupture 
of the pustules leads to crust formation over 


an accumulation of greenish-tinged pus. 
Healing of lesions occurs in about 1 week, 
but the disease may persist for 4 or more 
weeks if successive crops of lesions develop. 

CLINICAL PATHOLOGY 

Swabs of the lesions can be taken to deter¬ 
mine the presence of C. pseudotuberculosis. 


DIFFERENTIAL DIAGNOSIS 


Ringworm 

Staphylococcal pyoderma 
Nodular necrobiosis 

Diagnostic confirmation 

Isolation of C. pseudotuberculosis from lesions 


TREATMENT 

Affected animals should be rested until all 
lesions are healed. Frequent washing with a 
mild skin disinfectant solution followed by 
the application of antibacterial ointments 
to the lesions should facilitate healing and 
prevent the development of further lesions. 
Parenteral administration of antibiotics may 
be advisable in severe cases. 

CONTROL 

Infected horses should be rigidly isolated, 
and all grooming equipment, harnesses, and 
blankets must be disinfected. Grooming 
tools must be disinfected before each use. 
Vaccination is not likely to be effective 
because of the poor antigenicity of the 
organism. 

EXUDATIVE EPIDERMITIS 
(GREASY PIG DISEASE) 

ETIOLOGY 

The condition of exudative dermatitis 
(marmite disease) is similar to staphylococ¬ 
cal scalded skin syndrome in humans associ¬ 
ated with S. aureus. It is a skin condition of 
pigs of all ages. One human case of S. hyicus 
septicemia has been recorded. 

S. hyicus is the cause of exudative epider¬ 
mitis (EE) in suckling and weaned piglets. It 
also causes several other diseases sporadi¬ 
cally in different animal species, bacteriuria 
in pigs, polyarthritis in pigs, abortion in pigs, 
flank biting and necrotic ear lesions, and 
pneumonia. It is a normal inhabitant of the 
skin of adults. Virulence is associated with 
toxins. 1 ' 2 

In other species it has been associated 
with skin infections in horses, donkeys, and 
cattle; subclinical mastitis in cows; and 
osteomyelitis in heifers. 

A second species, Staphylococcus chromo¬ 
genes, is part of the normal skin flora of pigs, 
cattle, and poultry. It had been considered 
nonpathogenic until EE was associated with 
it in 2005. These strains produced exfoliative 















toxin type B (ExLB), which was identified by 
PCR. A third species, Staphylococcus sciuri, 
has also caused EE. 3 


SYNOPSIS 


Etiology Staphylococcus hyicus of at least six 
serotypes and many phage types. 

Epidemiology Affects suckling and weanling 
piglets under 6 weeks of age; peak 
incidence under 1 week of age. Morbidity 
20% to 100%; case fatality 50% to 75%. 
Organism carried by sow. Introduced by 
carriers. 

Signs Marked cutaneous erythema and pain, 
dehydration, extensive greasy exudate; 
peracute cases die; less severe cases may 
survive. May cause ear necrosis syndrome. 

Clinical pathology Bacterial culture of skin. 

Necropsy findings Exudative epidermitis; 
degenerative changes in kidney. 

Diagnostic confirmation Culture of 
organism. 

Differential diagnosis See Table 16-2. 

Treatment Penicillin parenterally. 

Control Sanitation and hygiene of pens. In 
outbreaks, isolate affected piglets and 
sows. 


EPIDEMIOLOGY 

Occurrence 

The disease occurs in all pig-producing 
countries. Most cases of exudative epidermi¬ 
tis occur in suckling and weaned piglets 
under 6 weeks of age, with a peak incidence 
in piglets under 1 week. Occasionally groups 
of pigs up to 3 months of age may be affected. 
Within litters the incidence is high; often all 
piglets are affected. The morbidity will vary 
from 20% to 100% and the case fatality rate 
from 50% to 75%. The organism has been 
isolated from the joint fluid of lame pigs 
affected with arthritis. 3 In 28% and 26% of 
studies of cases of exudative epidermitis, no 
cases of toxigenic S. hyicus could be detected. 
In a recent study of 314 cases in Denmark, it 
was shown that 20% had exfoliatum toxin A, 
33% had B, 18% had C, and 22% had D in 
60% of cases of EE investigated. 

Method of Transmission 

The source of the organism is unknown, but 
the gilt or sow is probably an inapparent 
carrier. It can be isolated from the skin of 
healthy in-contact piglets and healthy sows. 
It can be frequently isolated from the vagina 
of prepubertal gilts, and the majority of the 
litters from the same gilts may be colonized 
by the organism within 24 hours after far¬ 
rowing. The maternal strains of S. hyicus 
persisted on the skin of the offspring piglets 
for the first 3 weeks of the piglets’ lives—the 
critical period for outbreaks of exudative 
epidermitis. The organism has also been 
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isolated from the atmosphere of buildings 
housing affected pigs. Bacteriophage typing 
of S. hyicus subspp. hyicus isolated from 
pigs with or without exudative epidermitis 
revealed two or more phage patterns in the 
isolates from each pig with the disease and a 
single-phage pattern in isolates from healthy 
pigs. It may also spread by aerosol. 

Risk Factors 
Animal Risk Factors 

Field evidence suggests that environmental 
stress of various kinds, including agalactia in 
the sow and intercurrent infection, predis¬ 
poses to the disease. Lesions commonly 
develop first over the head, apparently in 
association with bite wounds, which occur 
when the needle teeth have not been cut or 
have been cut badly. Other factors include 
fighting following mixing of litters, excessive 
humidity over 70%, and following sarcoptic 
mange. The presence of the disease in a swine 
herd can account for a 35% reduction in the 
margin of output over feed and veterinary 
costs over a 2-month period. It may also 
occur as a result of floor injuries. 

Pathogen Risk Factors 

Strains of S. hyicus can be divided into 
virulent and avirulent strains with regard 
to ability to produce exudative epidermi¬ 
tis in experimental piglets; both types of 
strain can be isolated simultaneously from 
diseased piglets. It has been shown that dif¬ 
ferent types of S. hyicus expressing different 
types of toxin may be present in the same 
diseased pig. 

S. hyicus produces an exfoliative toxin 
that can be used to reproduce the disease. 
There are several toxins, including ExLA, 
ExLB, ExLC, ExLD, SHETa, and SHETb. 4 
Toxigenic S. hyicus is isolated more freely 
from diseases than healthy pigs.’ Strains of 
the organism isolated from a large number 
of Danish pig herds indicated different elec¬ 
trophoretic motility and plasma-mediated 
antibiotic resistance patterns. The antibiotic 
and plasmid profiles of strains isolated from 
pig herds may be a reflection of the use of 
antibiotics in those herds. Different types of 
toxin are produced. 

Recently the genes encoding for the 
exfoliative toxins SHETb, ExLA, ExLB, 
ExLC, and ExLD have been identified and 
sequenced. 

The condition has been seen more fre¬ 
quently in cases of PRRS and PCV-2 infec¬ 
tions. It is very resistant to drying and can 
persist in the environment. 

The organism has been found as a fre¬ 
quent inhabitant of the skin of cattle and has 
been isolated from cattle with skin lesions. 
Naturally occurring lesions of dermatitis of 
the lower limbs of horses and similar lesions 
over the neck and back of donkeys have 
been recorded. Experimentally, the organism 
can cause lesions in horses similar to 
those of exudative epidermitis. A concurrent 


infection with D. congolensis has also been 
reported. 

PATHOGENESIS 

S. hyicus has cytotoxic activity for porcine 
keratinocyte cells in culture, particularly the 
cells of the stratum granulosum. At least six 
toxins have been found. There is also a viru¬ 
lence factor that helps resist phagocytosis by 
binding IgG. 6 The organism also produces a 
coagulase, streptokinase lipase, and has a 
fibronectin-like substance that aids attach¬ 
ment to skin cells. 

The exfoliative toxins are actually 
epidermolysins that are active against 
desmoglein-1, which is a desmosomal 
cadherin-like molecule involved in cell-to- 
cell adhesion. The ExLs can cause blister for¬ 
mation in the porcine skin by digesting 
porcine desmoglein-1 in a similar way to 
exfoliative toxins of S. aureus. 

The earliest lesion is a subcorneal pustu¬ 
lar dermatitis involving the interfollicular 
epidermis. Exfoliation follows with seba¬ 
ceous exudation and formation of a crust. In 
the well-developed case there is a thick 
surface crust composed of orthokeratotic 
and parakeratotic hyperkeratosis and neu¬ 
trophilic microabscesses with numerous 
colonies of gram-positive cocci. 

Although the principal lesion is an 
inflammatory-exudative reaction in the 
corium and upper layers of the epidermis, 
the disease is probably a systemic rather than 
a local one. Experimental infection of gnoto- 
biotic pigs leads to dermatitis of the snout 
and ears, then the medial aspect of the 
thighs, the abdominal wall, and the coronets. 
The lesions can be produced experimentally 
by using crude extracellular products and a 
partially purified exfoliative toxin. 

CLINICAL FINDINGS 

The morbidity varies from 10% to 100% and 
the mortality from 5% to 90%, with an 
average of 25%. It is usually self-limiting, and 
as immunity rises, it may well disappear. 

In the peracute form, which occurs most 
commonly in piglets only a few days of age, 
there is a sudden onset of marked cutaneous 
erythema, with severe pain on palpation, evi¬ 
denced by squealing. Anorexia, severe dehy¬ 
dration, and weakness are present, and death 
occurs in 24 to 48 hours. The entire skin coat 
appears wrinkled and reddened and is 
covered with a greasy, gray-brown exudate 
that accumulates in thick clumps around the 
eyes, behind the ears, and over the abdomi¬ 
nal wall. In the less acute form, seen in older 
pigs 3 to 10 weeks of age, the greasy exudate 
becomes thickened and brown and peels off 
in scabs, leaving a deep-pink-colored to 
normal skin surface. There is no irritation or 
pruritus. In the subacute form, the exudate 
dries into brown scales that are most promi¬ 
nent on the face, around the eyes, and behind 
the ears. In a small percentage of pigs, the 
chronic form occurs and the course is much 
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Table 16-2 Differential diagnosis of diseases of swine with skin lesions 


Disease 

Epidemiology 

Clinical and laboratory findings 

Response to treatment 

Swinepox 

Mainly suckling piglets. High 
morbidity but low mortality 
except in very young piglets. 
Usually associated with swine 
louse infestation. 

Papules, vesicles, and circular red-brown scabs on 
ventral belly wall and over the sides and back. 
Pox characteristics. 

None required except for insect and louse 
control. Spontaneous recovery in 3 
weeks. 

Skin necrosis 

Suckling piglets. High morbidity 
with abrasive flooring. 

Abrasion and necrosis starting shortly after birth 
and reaching maximum severity at about 1 
week. Anterior aspect of carpus more common 
site but also fetlock, hock, elbow, and coronet. 
Bilateral. Necrosis and erosion of anterior two 
or three pairs of teats. 

Usually none required. Recovery in 3-5 
weeks. Protect area with tape if severe, 
plus topical antiseptics. Teat necrosis will 
render animal unsuitable for selection 
and breeding. Correction of flooring. 

Exudative 
epidermitis 
(greasy pig 
disease) 

Entire litters of sucklings pigs, most 
severe under 1 week of age, 
occurs up to 10 weeks, high 
case fatality in younger pigs. 

Marked cutaneous erythema with seborrhea, 
severe dehydration, and death in piglets under 

10 days. Older piglets covered with greasy 
exudate and recover. 5. hyicus on culture. 

Piglets under 10 days of age die in spite 
of therapy. Older pigs may survive with 
penicillin treatment topically and 
parenterally. 

Dermatosis 

vegetans 

Inherited and congenital, high 
morbidity. High case fatality by 

8 weeks. 

Erythema and edema of coronets, uneven brittle 
hooves, dry brown crusts on belly wall, 
giant-cell pneumonia. Club foot. 

None indicated. Genetic control. 

Pityriasis rosea 

One or more piglets in litter after 
weaning. High morbidity, nil 
mortality. 

Lesions begin as small, red, flat plaques that 
enlarge from 1-2 cm diameter with a 
prominent ring of erythematous skin covered 
in center by thin, dry, brown, loose scales. 
Lesions usually coalesce, forming a mosaic 
pattern, especially on belly. Scraping negative. 

No growth depression. 

None required. Emollient to soothe the 
lesion. Recovery occurs in 4-8 weeks. 

Parakeratosis (zinc 
deficiency) 

Weaners and feeder pigs on diet 
low in zinc and high in calcium. 
Herd problem, high morbidity, 
no mortality. 

Erythematous areas on ventral abdomen and 
symmetrically over back and legs develop into 
thick crusts and fissures. No pruritus. Skin 
scrapings negative. Growth rate depression. 

Add zinc to diet 100 ppm. Adjust calcium. 
Recovery in 2-6 weeks. 

Ringworm 

Feeder and mature pigs. Usually 
several pigs within pen or shed. 
High morbidity with M. nanum 
in sows. 

Centrifugally progressing ring of inflammation 
surrounding an area with scabs, crusts, and 
brown or black exudate. May reach large size. 
Bristles usually intact. No pruritus. Positive skin 
scrapings and hair. No ground depression. 

Fungicides. In growers, spontaneous 
recovery in 8-10 weeks if well 
nourished. M. nanum in sows is 
persistent and responds poorly. 

Facial dermatitis 

Suckling piglets. High incidence in 
litters associated with fighting. 

Low mortality. 

Lesions on cheeks—usually bilateral abrasions 
which become infected. Scabs hard and brown 
and difficult to remove. Overlie a raw shallow 
bleeding ulcer. Occasional extension to other 

Usually none indicated. Topical 
antibacterials. Clip teeth at birth. 

Ulcerative 

granuloma 

Young pigs but all ages. Sporadic 
Infection following abrasion. 

Poor hygiene. 

Large swollen tumorous mass with several 
discharging sinuses. Central slough and ulcer. 

Fair, depending on site. Surgical removal 
and/or sulfadimidine and streptomycin. 

Sarcoptic mange 

All ages of pigs. Herd problem. 
Reservoir of infection in sows. 

High morbidity. Nil mortality. 

Intense pruritus. Mites on scraping. Erythematous 
spots with scale and minor brown exudation. 
Especially evident in thin skin areas. Secondary 
trauma to skin and bristles from rubbing. If 
severe, intense erythema. Chronic infections, 
thickening and wrinkling of skin. Depression or 
weight gain. 

Good response to vigorous therapy with 
ascaricides. Treat on herd basis. 

Allergic dermatoses 
to Tyroglyphus 
spp. (harvest 
mites) 

Weaner and feeder pigs few weeks 
after eating dry ground feed 
from autonomic feeders. 

Pinpoint erythematous spots and fragile scales. 
Intense pruritus. Skin scraping positive for 
mites. 

Spontaneous recovery common. 

Insecticide effective. 

Erysipelas 

Feeder and adult pigs, occasionally 
weaners. Variable morbidity. Low 
mortality if treated early. 

Small red spots developing to characteristic 
rhomboidal lesion, raised and red in color. 

Lesions may become joined and lose their 
characteristic shape. Progress to necrosis and 
desquamation. Fever and other signs of 
septicemia. 

Penicillin. 








longer; there is thickening with wrinkling of 
the skin and thick scabs that crack along 
flexion lines, forming deep fissures. Most 
peracute cases die, whereas piglets with the 
less severe forms will survive if treated. Some 
pigs are affected with ulcerative glossitis and 
stomatitis. 

In older pigs lesions may be very limited. 
Sometimes just the ears are affected. Abortion 
in a sow has been attributed to the organism. 
In some cases pigs are dehydrated and emaci¬ 
ated. Surface lymph nodes may be enlarged or 
edematous. The condition is much more 
common when there are the immunosup¬ 
pressive disorders (Porcine reproductive and 
respiratory syndrome virus, Porcine circovi- 
rus 2, Swine Influenza Virus). 

CLINICAL PATHOLOGY 

Bacterial examination of skin swabs may 
reveal the presence of S. hyicus. A phage 
typing system can be used to determine the 
presence of virulent strains and to distin¬ 
guish them from less virulent strains. 

NECROPSY FINDINGS 

Necropsy of these dehydrated, unthrifty 
piglets often reveals a white precipitate in the 
renal papillae and pelvis. Occasionally this 
cellular debris causes ureteral blockage. 
Some piglets also have a mild ulcerative glos¬ 
sitis and stomatitis. Microscopically, there is 
separation of the cells of the epidermis 
in the upper stratum spinosum, exfoliation 
of the skin, erythema, and serous exudation. 
The crusting dermatitis features a superficial 
folliculitis and a hyperkeratotic perivascular 
dermatitis with intracorneal pustules and 
prominent bacterial colonies. Degenerative 
changes are visible in the renal tubular 
epithelium. 

DIAGNOSIS 

Diagnosis is usually made on the basis of 
clinical signs and lesions. 

Samples for confirmation of diagnosis 
include the following: 

• Bacteriology—samples of acute skin 
lesions for culture are best if the skin 
underneath the crusts is sampled or the 
local lymph nodes. The organism forms 
3- to 4-mm white, nonhemolytic 
colonies on blood agar. It is catalase- 
and mannitol-negative but 
hyaluronidase-positive. Selective media 
can be used (potassium thiocyanate), 

• Histology—formalin-fixed skin 
(multiple sites), kidney (LM) 

• A PCR is available but requires a pure 
culture and large numbers of organisms 
to be successful. An ELISA has been 
developed for the toxins. 7 


DIFFERENTIAL DIAGNOSIS 


Exudative epidermitis may resemble several 
skin diseases of pigs of all age groups (Table 
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16-2). However, in exudative epidermitis there 
is no pruritus or fever. In mange there is 
pruritus, and the lesions can be scraped. 
Ringworm can be cultured or skin scrapings 
made for microscopy. Pityriasis rosea is 
erythematous and self-limiting. Zinc deficiency 
in 2- to 4-month-old pigs is particularly 
found in Landrace, and the lesions are dry. 
Swinepox is usually local and rarely fatal. 
Careful gross examination of the lesions, 
particularly their distribution, the state of the 
hair shaft, the character of the exudate, and 
the presence or absence of pruritus, must be 
considered, along with skin scrapings and 
biopsies. 


TREATMENT 

In severely affected animals, injection is 
best followed by water and feed medication. 
Experimentally infected piglets respond 
favorably to a topical application of cloxa- 
cillin 10,000 IU/g of lanolin base and 1% 
hydrocortisone combined with parenteral 
cloxacillin. Treatment must be administered 
as soon as the lesions are visible. Procaine 
penicillin G at a dose of 20,000 IU/kg BW 
intramuscularly daily for 3 days is also rec¬ 
ommended. The antimicrobial sensitivities 
determined in one field investigation revealed 
that all isolates were sensitive to novobio¬ 
cin, neomycin, and cloxacillin. Novobiocin 
may be the antimicrobial of choice because 
staphylococci are universally sensitive to this 
antibiotic. However, there is no available 
information on the efficacy of antimicrobi¬ 
als for naturally occurring cases of exuda¬ 
tive epidermitis. A study has suggested that 
lincomycin, amoxicillin, and cetaloxin (off- 
label use) seem to work well in the United 
Kingdom. Erythromycin, sulfathiazole, and 
trimethoprim may be the most useful drugs, 
whereas penicillin and tetracyclines may not 
be very useful. Resistance to penicillin, eryth¬ 
romycin, streptomycin, sulphonamides, 
and tetracycline is fairly common. There is, 
however, no correlation between genes and 
resistance patterns. 2 Naturally occurring 
cases in piglets under 10 days of age respond 
poorly, whereas older pigs recover with a skin 
wash using a suitable disinfectant soap. The 
most successful treatment is antibiotics and 
skin washing for a period of at least 5 to 7 days. 
It is also essential to make sure that there is 
sufficient dietary provision of zinc, biotin, fat, 
selenium, and vitamin E in the diet. Because 
there is dehydration, electrolyte therapy 
may help. 

CONTROL 

Improved hygiene, lower humidity, and 
dimmed lighting all help, as will control of 
concurrent infectious disease. Teeth clipping 
also reduces skin damage. Soft bedding also 
reduces skin damage (e.g., chopped straw is 
better than straw). 


The infected accommodation should be 
cleaned, disinfected, and left vacant before 
another farrowing sow is placed in the pen. 
Strict isolation of the affected piglets and 
their dam is necessary to prevent spread 
throughout the herd. Dead piglets should be 
removed promptly from the premises, and 
in-contact sows should be washed with a 
suitable disinfectant soap. Maternal antibod¬ 
ies will protect piglets in the first few weeks 
of life. Prophylactic medication in feed or 
water has also helped. 

Autogenous vaccines have been used, 
with varying degrees of success. It is impor¬ 
tant to use a strain that produces the exfolia¬ 
tive toxin, so the recent development of 
PCRs that identify the genes for toxin devel¬ 
opment will ensure that the right isolate is 
used for the autogenous vaccine. It will also 
facilitate the development of a commercial 
vaccine. 

A novel approach to the control is bacte¬ 
rial interference. Experimentally, the pre¬ 
colonization of the skin of gnotobiotic piglets 
with an avirulent strain of S. hyicus will 
prevent the experimental reproduction of 
the disease with the virulent strain of the 
organism. 
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ULCERATIVE DERMATITIS 
(GRANULOMATOUS 
DERMATITIS) OF PIGS 

Ulcerative granuloma is an infectious disease 
of pigs originally associated with the spiro¬ 
chete Borrelia suilla (formerly B. suis ) and 
more recently T. pedis. 1 In some cases it has 
become more common where there is PCV2 
infection. It is characterized by the develop¬ 
ment of chronic ulcers of the skin and sub¬ 
cutaneous tissues. It can be confused with 
necrotic ear syndrome and, more impor¬ 
tantly, with swine vesicular disease when 
there are granulating lesions at the coronary 
groove. 

For sows, it occurs most commonly 
under conditions of poor hygiene. Lesions 
occur on the central abdomen of sows and 
on the mammary glands. The lesions expand, 
often to 20 to 30 cm in diameter, on the belly 
of the sow. They are usually single or in small 
numbers. In adult animals there is consider¬ 
able inconvenience if the lesions are permit¬ 
ted to develop. Necrotic ulcers on the udders 
of sows may continue to develop and extend 
deeper into areas with fistulae, and sloughing 
may result. 

The faces of sucking piglets are affected, 
suggesting infection of cutaneous or mucosal 
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abrasions as the portal of entry. In some 
instances, these outbreaks have followed epi¬ 
sodes of severe fighting. Initially the lesions 
are small, hard, fibrous swellings that ulcer¬ 
ate in 2 to 3 weeks to form a persistent ulcer 
with raised edges and a center of excessive 
granulation tissue covered with sticky, gray 
pus. All you may see is a grayish, crusty, 
weeping lesion that may spread. There is 
often coinfection with S. hyicus or beta- 
hemolytic streptococci, and the lesions may 
be contaminated by Trueperella ( Arcanobac- 
terium) pyogenes. The lesions commence 
about the lips and erode the cheeks, and 
sometimes the jawbone, and often cause 
shedding of the teeth. 

In young pigs, usually at 5 to 7 weeks of 
age, the whole litter may be affected. Here the 
lower margin of both ears close to the junc¬ 
tion with the neck, with extensive tissue 
destruction and sloughing, is affected. The 
major diagnostic problem is that the initial 
spirochetal lesions may be secondarily 
infected with environmental organisms such 
as Fusobacterium spp. or T. pyogenes, and the 
underlying spirochetes may be missed unless 
smears are viewed. The pathology usually 
involves edema, erythema, necrosis, ulcer¬ 
ation, and purulent lesions. In young pigs 
there may be heavy losses as a result of severe 
damage to the face. 

Differential diagnosis may include 
abscesses, foreign bodies, granulomas, and 
pressure necrosis. In growing pigs, the 
lesions need to be differentiated from 
necrotic lesions resulting from snout rubbing 
and ear biting, and those resulting from 
excessive self-trauma with mange infesta¬ 
tion. It may be mistaken for lesions of Acti¬ 
nomycosis and Nocardia in sows, and swabs 
should be taken from the ulcers for bacterio- 
logic examination. A fresh smear of the exu¬ 
dates usually shows the spirochetes, and if 
necessary they can be stained by silver stains 
or viewed in histologic sections. A course of 
potassium iodide given orally (1 g/35 kg up 
to 3 g) or a 5-day period of injections of 
penicillin are the methods of treatment. 
Topical tetracycline spray has been used 
effectively with early lesions followed by tet¬ 
racycline injection in the deeper-seated and 
more chronic cases. Dusting with sulphanil- 
amide, arsenic trioxide, or tartar emetic has 
also been recommended. Removal of large 
granulomas surgically has also been tried. 
Fly repellents should be used to prevent 
flystrike. 

The injection of 0.2 mL of a 5% solution 
of sodium arsenite into the substance of the 
lesion is reported to give good results. 
Improvement in hygiene, particularly at the 
times of routine treatments, and disinfection 
of skin wounds should reduce the incidence 
in affected piggeries. 
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PAPILLOMAVIRUS INFECTION 
(PAPILLOMATOSIS, WARTS) 


SYNOPSIS 


Etiology Papillomaviruses (PVs), including 
bovine papillomaviruses 1 through 13, 
equine papillomaviruses 1 through 7, 
and various other host-specific 
papillomaviruses. 

Epidemiology Occur in all countries in all 
species but most common in young cattle 
and horses. Transmission is by direct 
contact and fomites. Risk factors for 
PV-associated diseases include ingestion of 
bracken fern (enzootic hematuria, 
alimentary squamous-cell carcinoma in 
cattle) and increasing age (penile 
squamous-cell carcinoma in equids). 

Clinical findings Solid outgrowths of 

epidermis, may be sessile or pedunculated. 
Most common type in cattle occurs on 
head and neck and has cauliflower-like 
appearance, but lesion site and appearance 
vary with papilloma type. Alimentary 
(squamous epithelium) warts and 
squamous-cell carcinoma in cattle. 

Enzootic hematuria (bladder carcinoma) 
in cattle. In the horse, lesions are on the 
face and lips. Penile and prepucial 
papillomatosis and squamous-cell 
carcinoma in horses. Aural plaques in 
horses. Sarcoids in horses. 

Clinical pathology None specific. 

Lesions Papilloma or fibropapilloma. 

Diagnostic confirmation Histology and DNA 
identification by polymerase chain reaction 
(PCR) in biopsy or tissue scraping. 

Treatment Removal by surgery or cryosurgery. 
Vaccination with autogenous vaccine. 
Application of imiquimod 5% cream to 
aural plaques. 


Papillomaviruses appear to infect all groups 
of amniotes, having been isolated from 54 
species, including mammals, birds, and 
reptiles. 1 Study of this group of viruses is his¬ 
torically important in the context of demon¬ 
stration of the possibility of a viral etiology 
for some neoplastic diseases. 2 Diseases asso¬ 
ciated with infection by papillomaviruses 
range from nonneoplastic lesions on 
epithelial surfaces (skin, urogenital tract, 
gastrointestinal tract) through to neoplasms, 
including in humans (human papillomavirus 
and cervical cancer).' Cutaneous warts in 
cattle, horses, sheep, and goats are benign 
tumors induced by host-specific papilloma¬ 
viruses. These infect epithelial cells, causing 
hyperproliferative lesions that are benign 
and self-limiting and that, in most cases, 
spontaneously regress. The virus is also asso¬ 
ciated with neoplastic diseases, including 


bladder cancer in cattle ingesting bracken 
fern, carcinoma of the upper alimentary tract 
of cattle (usually associated with ingestion of 
bracken fern), and squamous-cell carcinoma 
of the penis and prepuce in horses. Papillo¬ 
maviruses are usually quite host specific, 
with the exception of some bovine papillo¬ 
maviruses, and require close contact for 
spread of infection. 

ETIOLOGY 

Papillomaviruses (PVs) are members of the 
Papillomaviridae family, which have a 
characteristic circular double-stranded DNA 
genome of around eight kilobase pairs (kbp) 
that usually contains at least six relatively 
conserved open reading frames (ORFs) in an 
early (El, E2, E6, E7) and a late (Li, L2) 
region. 4 Papillomaviruses are characterized 
genetically by the Li ORF. 4 To date, at least 
112 nonhuman papillomaviruses have been 
identified, and there is the anticipation that 
more will be detected. 1 It appears that each 
species carries a suite of papillomaviruses— 
for example, 13 bovine papillomavirus (BPV) 
types have been identified in cattle (BPV-1 
through BVP-13), 15 canine papillomavirus 
(CPV) types in dogs (CPV-1 through CPV- 
15), and 7 equine caballus papillomavirus 
(EcPV) types in horses (EcPV-1 through 
EcPV-7). The feline sarcoid-associated virus 
has been proposed as BPV-14; it can infect 
cattle but has not been demonstrated in 
horses. 5 

Unusually, horses are also infected by 
BPV-1 and/or BPV-2, and possibly BPV-13, 6 
which are associated with development of 
sarcoids (see “Sarcoids” for further discus¬ 
sion). 7 Papillomaviruses have been isolated 
from camels, goats, deer, sheep, and pigs, 
usually from papillomas or similar epithelial 
lesions. 1 BPV-1 and BPV-2 are associated 
with papillomas in yaks and sarcoids in 
zebra, giraffes, and sable antelope. 5-10 New 
papillomaviruses continue to be identified. 11 

Cattle types show some site predilection 
or site specificity, as exemplified by the fol¬ 
lowing partial listing: 

• BPV-1 —frond fibropapillomas of teat 
and skin and penile fibropapilloma 

• BPV-1 and BPV-2 —fibropapilloma of 
the skin of the anteroventral part of the 
body, including the forehead, neck, and 
back; 12 the common cutaneous wart 

• BPV-2 —cauliflower-like fibropapillomas 
of the anogenital and ventral abdominal 
skin 

• BPV-2 —associated with bladder cancer 
in cattle in association with the 
ingestion of bracken fern ( Pteridium 
spp.) (see “Enzootic Hematuria) 13 

. BPV-3 —cutaneous papilloma 

• BPV-4—papilloma of the esophagus, 
esophageal groove, forestomaches, and 
small intestine; capable of becoming 
malignant, particularly in animals fed 
bracken fern; has site specificity to the 
upper alimentary tract 











• BPV-5, and to a lesser extent BPV-1 and 
BVP-2, in fibropapilloma/papilloma of 
the mouth, esophagus, rumen, and 
reticulum of cattle and water buffalo 14 

. BPV-5 —rice grain fibropapilloma on the 
udder; has also been demonstrated in 
cutaneous skin warts 

• BPV-6—frond epithelial papillomas of 
the bovine udder and teats 

. BPV-7, BPV-9, and BPV-10—lesions of 
the teats and udder 15 ' 16 

• BPV-10—lingual papilloma 1 

• BPV-12—associated with papillomas 18 
Although a single BPV type is detected in 

an individual papilloma, a single animal can 
have papillomas at different sites associated 
with different BPV types. 

Other papilloma of cattle that have 
regional distribution and may have separate 
antigenic identity are as follows: 

• Oral papillomas, mostly in adult cattle 
and apparently reaching a high 
incidence, up to 16% in some areas; 
these are probably BPV-4 

• Papilloma of the larynx in steers 

• Papillomavirus has been observed in 
squamous-cell carcinoma of bovine eyes, 
although its etiologic role is unclear. 
Other skin lesions in which papillomavi¬ 
rus plays an etiologic role are: 

• Equine sarcoid, which is associated with 
BPV-1 and BPV-2, and possibly BPV-13 
(see “Sarcoid,” in this chapter) 

• Squamous-cell carcinoma of sheep 
(likely OaPV-3, although this can be 
isolated from the skin of healthy 
sheep) 19 

• Epithelial tumors in goats (although the 
causal relationship is not clear) 20 

• Cauliflower-like tumor of the external 
nares in a chamois 21 

Equids 

Papillomas, aural plaques, and squamous¬ 
cell carcinoma in horses are associated with 
infection by one of the seven equine papil¬ 
lomaviruses. 1 Cutaneous papilloma, includ¬ 
ing of the penis, and aural or genital plaques 
are associated with infection by EcPV-1 
through EcPV-6. 1 EcPV-7 was isolated from 
a penile mass that was not histologically clas¬ 
sified. 4 Penile papillomas are associated with 
infection by EcPV-2. 22 EcPV-2 DNA was 
detected in abnormal tissue in 15 of 16 cases 
of penile squamous-cell carcinoma, 8 of 8 
cases of penile intraepithelial neoplasia, 4 of 
4 cases of penile papilloma, and 1 of 2 lymph 
nodes containing metastatic tumor cells. 
EcPV-2 DNA was detected in 4 of 39 of 
penile swabs of healthy horses and in 0 of 20 
vulvovaginal swabs. 23 Coinfection by more 
than one EcPV appears to be common. 4 
Infection by equine papillomavirus EcPV-2, 
as demonstrated by detection of EcPV-2 
DNA in lesions, 24 is associated with squa- 
mous-cell carcinoma of the genitalia of 
horses, 25 being transcriptionally active in 
tumor but not semen or swabs of healthy 
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horses, 26 and detected in 91 of 103 tissue 
samples of horses with penile or preputial 
carcinoma and in 1 of 12 samples from 
horses free of the disease. 2. There is no evi¬ 
dence to date that EcPV-3 is associated with 
carcinoma of the penis or prepuce. Papillo¬ 
mavirus DNA is not detected in periocular 
squamous-cell carcinoma of horses. 28 

Sarcoids in equids are discussed under 
that topic. 

Pigs 

Papillomavirus specific to pigs has been iso¬ 
lated from skin of healthy pigs, but has not 
been associated with disease. 29 

EPIDEMIOLOGY 

Occurrence 

Papillomatosis has an international occur¬ 
rence in all animal species, and sarcoids and 
urogenital tumors occur in almost all popu¬ 
lations of horses. There are few studies of 
the seroprevalence of papillomaviruses in 
healthy animals. Five of 50 horses without 
evidence of skin disease or urogenital tumors 
in Switzerland had EcPV-2-specific DNA 
amplified but not EcPV-2-specific antibodies 
detected, 14 of 50 horses had antibodies 
against EcPV2 but no DNA detected, and 
both antibodies and viral DNA were detected 
in 4 of 50 horses. Neither specific antibodies 
nor viral DNA were found in 27 of 50 
horses (54%). 30 

BPV-1 or BPV-2 infection is common in 
horses and cattle, being detectable by PCR 
and/or reverse transcription PCR (RT-PCR) 
in 14 of 70 blood samples (20%) and in 11 
of 31 semen samples (35%) from healthy 
horses,’ 1 and in 8/12 blood samples of 
healthy cattle and in 8/9 samples from cattle 
with papillomatosis. Six of 8 papilloma-free 
cattle that were positive for BPV also had 
evidence of expression of BPV in blood. 32 

Papillomaviruses were detected in 28/45 
of samples of horses with aural plaques, of 
which 4/45 were solely EcPV-3 and 17/45 
were solely EcPV-4, with 7/45 being coin¬ 
fected. Viral DNA was not detected in 17/45 
of samples. Neither EcPV-3 nor EcPV-4 was 
detected in samples from 10 horses that did 
not have aural skin lesions. 33 Similar results 
demonstrating presence of papillomavirus 
antigen or EcPV DNA in papillomas, aural 
plaques, and sarcoids supports the etiologic 
associated between the virus and these 
diseases. 34 

Origin of Infection and Transmission 

The method of spread is by direct contact 
with infected animals, with infection gaining 
entry through cutaneous abrasions. Viruses 
can also persist on inanimate objects in live¬ 
stock buildings and infect animals rubbing 
against them. BPV-1 DNA is present in flies 
(Musca domestica, Fannia carnicularis , and 
Stomoxys calcitrans) trapped in stables of 
donkeys with sarcoids, suggesting the pos¬ 
sibility that flies, and especially biting flies (S. 


calcitrans), are potential vectors. 35 The pres¬ 
ence of BPV-1 and BPV-2 in blood of both 
horses and cattle raises the possibility of 
spread by biting flies independent of them 
feeding on actual lesions. 

The means of transmission of the virus 
causing penile and preputial papillomas and 
squamous-cell carcinoma is unclear. Vene¬ 
real transmission is possible, but lesions 
occur in animals that are not and have not 
been sexually active (e.g., geldings). 

Crops of warts sometimes occur around 
eartags, at branding sites, or along scratches 
made by barbed wire, and they can be 
spread by tattooing implements, by dehorn¬ 
ing shears, and by procedures such as tuber¬ 
culin testing. 

An extensive outbreak of perianal warts 
is recorded in beef heifers, the infection 
having been spread by rectal examination for 
pregnancy. A high prevalence of papillomas 
on the larynx of feedlot steers is ascribed to 
implantation of the virus in contact ulcers, 
which are also entry sites for Fusobacterium 
nodosus (a cause of calf diphtheria), so that 
the two diseases may occur in the one animal. 
An outbreak of periorbital papillomatosis in 
cattle is recorded in association with a heavy 
periorbital infestation with Haematopinus 
quadripertusus. 

Animal Risk Factors 

All species may be affected by papillomas or 
fibropapilloma, but it is most commonly 
reported in cattle and horses. With cattle, 
usually several animals in an age group are 
affected. Alimentary papillomas occur in up 
to 20% of cattle ingesting bracken fern, but 
in less than 4% of other cattle. 3 

Outbreaks have been recorded in sheep 
and goats, but the disease is uncommon in 
sheep. It is also uncommon in pigs, usually 
affecting the genitalia. 

Papillomavirus infection is widespread 
in nondomestic species, including birds 
and reptiles, and is associated with disease 
in many of these species (see previous 
discussion). 1 

Age 

Cutaneous papillomas of the head and 
neck occur predominantly in young animals, 
the lack of susceptibility of adults to natural 
infection being ascribed to immunity 
acquired by apparent or inapparent infection 
when young. The occurrence of cutaneous 
warts and their severity can be influenced by 
factors that induce immunosuppression, and 
latent infection has converted to clinical 
disease with the administration of immuno¬ 
suppressive agents. Congenital infection is 
recorded in the foal and calf, but it is rare. 

Alimentary papillomas in cattle, teat 
papillomas in cattle, and papillomas on the 
mammary glands of goats occur, or persist, 
at all production ages. 

Squamous-cell carcinoma of the penis or 
prepuce occurs mostly in older horses (mean 
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age 20 y) and without apparent breed 
predilection. 36 

Experimental Production 

The supernatant from a suspension of wart 
tissue, injected intradermally (ID) or applied 
to skin scarifications, is an effective means of 
experimental production of the disease. 
Lesions are restricted to the site of inocula¬ 
tion. Cutaneous and oral papillomas have 
been transmitted in cattle, and cutaneous 
papillomas have been transmitted in sheep 
and horses. The incubation period after 
experimental inoculation in cattle is 3 to 8 
weeks but is usually somewhat longer after 
natural exposure. 

Economic Importance 

Cutaneous warts are quite common in young 
cattle, especially when they are housed, but 
ordinarily they cause little harm and regress 
spontaneously. In purebred animals they 
may interfere with sales and shows because 
of their unsightly appearance. Animals with 
extensive lesions may lose condition, and 
secondary bacterial invasion of traumatized 
warts can occur. Warts on the teats of dairy 
cows often cause interference with milking. 
In horses, the lesions are usually small and 
cause little inconvenience, but they are 
esthetically unattractive. 

Urogenital lesions in equids, predomi¬ 
nantly penile and preputial papillomas, can 
progress to squamous-cell carcinoma, which 
carries a poor prognosis unless treated early 
in the disease. 36 

PATHOGENESIS 

The virus infects the basal keratinocytes, rep¬ 
licating its genome in the differentiating 
spinous and granular layers and causing the 
excessive growth that is characteristic of wart 
formation. 2 Expression of the late structural 
proteins of the virus is limited to the differ¬ 
entiated cells of the squamous layer where 
the new virus particles are encapsulated 
and shed into the environment as the cells 
die. The tumor contains epithelial and con¬ 
nective tissues and can be a papilloma or a 
fibropapilloma, depending on the relative 
proportions of epithelial and connective 
tissue present; papillomas contain little 
connective tissue, and fibropapillomas are 
mostly fibrous tissue, with very little epithe¬ 
lial tissue. Papillomas are the result of 
basal-cell hyperplasia without viral antigen 
production. Fibropapillomas are uncommon 
in horses but are the common lesion in cattle, 
sheep, and wild ruminants. Latent infection 
in the skin and lymphocytes has been dem¬ 
onstrated in cattle. 

CLINICAL FINDINGS 

Warts are solid outgrowths of epidermis that 
are sessile or pedunculated. Other papillo¬ 
mavirus-associated diseases include penile 
or prepucial lesions in horses, alimentary 
lesions in ruminants, enzootic hematuria in 


cattle ingesting bracken fern, and squamous¬ 
cell carcinoma of the urogenital or alimen¬ 
tary tracts. 

Cattle 

In cattle, warts occur on almost any part of 
the body, but when numerous animals in a 
group are affected it is common to find them 
all affected in the same part of the body. The 
most common papillomas occur in the skin 
of cattle under 2 years of age, most com¬ 
monly on the head (Fig. 16-2), especially 
around the eyes, and on the neck and 
shoulders (Fig. 16-3), but they may spread to 
other parts of the body. They vary in size 
from 1 cm upward, and a dry, horny, cauli¬ 
flower-like appearance is characteristic. In 
most animals they regress spontaneously, but 
the warts may persist for 5 to 6 months, and 
in some cases for as long as 36 months, with 
serious loss of body condition. 

Warts on the teats manifest with different 
forms depending on the papillomavirus type 
and may show an increasing frequency with 
age. The frond forms have filiform projec¬ 
tions on them and appear to have been 
drawn out into an elongated shape of about 
1 cm in length by milking machine action. If 
sharp traction is used, they can often be 
pulled out by the roots. 

The second form is the flat, round type, 
which is usually multiple, always sessile, and 
up to 2 cm in diameter. The third form has 
an elongated structure appearing like a rice 
grain. Teat warts may regress during the dry 
period and recur with the next lactation. 


Perianal warts are esthetically unattract¬ 
ive, but they do not appear to reduce activity 
or productivity. Genital warts on the vulva 
and penis make mating impracticable because 
the lesions are of large size, are friable, and 
bleed easily. They commonly become infected 
and flyblown. They occur on the shaft or on 
the glans of the penis in young bulls, may be 
single or multiple, are pedunculated, and fre¬ 
quently regress spontaneously. 

Alimentary tract papillomas can occur 
anywhere from the mouth to the rumen. 
They often appear as lines of warts, suggest¬ 
ing a predisposing effect of trauma as a result 
of ingestion of roughage. Papillomas occur 
on the lateral and dorsal aspects of the 
tongue, soft palate, oropharynx, esophagus, 
esophageal groove, and rumen. Papillomas 
occurring in the esophageal groove and in 
the reticulum are a cause of chronic ruminal 
tympany. Papillomas also can progress to 
squamous-cell carcinoma in cattle, with an 
inevitable fatal outcome. 3 

Less common manifestations of papillo¬ 
matosis in cattle include lesions in the 
urinary bladder, which cause no clinical 
signs but may predispose to enzootic hema¬ 
turia. BPV-4 papillomas in the upper ali¬ 
mentary tract of cattle being fed bracken 
fern are the focus for transformation to 
squamous-cell carcinomas. Cattle fed 
bracken fern are immunosuppressed, which 
promotes the persistence and spread of the 
papillomavirus, and mutagens in bracken 
fern cause neoplastic transformation of pap¬ 
illoma cells. 



Fig. 16-2 Warts on the face of a yearling Belgian Blue bull. 





1583 


Viral Diseases of the Skin 



Fig. 16-3 A, Warts (papillomas) on the neck and shoulders of a Holstein-Friesian heifer. 
B, Extensive warts (papillomas) on the face, neck, and shoulder of a yearling 
Flereford bull. 


Goats 

Papillomas most commonly occur on the 
face and ears but may occur on the skin 
generally, especially on unpigmented skin. 
Most completely regress, others regress and 
recur, and occasional lesions progress to 
carcinomas. Papillomas that occur on the 
teats are persistent and may spread through 
the herd. 

Horses 

Warts are confined to the lower face, the 
muzzle, nose, and lips, and are usually sessile 
and quite small, rarely exceeding 1 cm in 
diameter. Papillomas also occur on the penis 
and prepuce of both geldings and stallions, 36 
and much less commonly on the vulva. All 
ages can be affected. Spontaneous recovery 
of papillomas on the head is usual, but the 
warts may persist for 5 to 6 months. 

Aural plaques in horses are well- 
delineated lesions that affect the concave 
aspect of the pinna with a flat surface of 
whitish keratinous crust covering a shiny 
and erythematous skin surface. Lesions are 
single or multiple and coalescing and, in 
some cases, can cover almost the entire 
surface of one or both pinnae (Fig. 16-4). 37 
The lesions are usually not pruritic, but some 
horses with aural plaques resist bridling or 
handling of the ears. A common concern is 
cosmetic in show horses. 

Squamous-cell carcinoma of the penis 
and prepuce is usually evident as ulcerations 
or mass lesions and can be complicated 



Fig. 16-4 Coalescing plaques covered with a 
keratinous crust occupying most of the 
concave aspect of the horse's left ear, as 
viewed from the front. (Reproduced from 
Torres SMF et al. Vet Dermatol 2010; 21:503.) 
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by secondary bacterial infection. 36 Appro¬ 
ximately 40% of affected horses have puru¬ 
lent or blood-stained preputial discharge. 
Preputial edema or the inability to prolapse 
the penis occurs in approximately 10% of 
horses. 36 Lesions are most commonly 
(-80%) located on the glans of the penis and 
can have papillomas neighboring the neo¬ 
plastic tumor. Metastasis to inguinal lymph 
nodes is common as the disease progresses 
and is more likely in horses with poorly 
differentiated tumor. 27 Intrathoracic (lung) 
metastases are rare. Survival is related to the 
degree of differentiation of the tumor (log 
rank P < 0.001), with a greater proportion 
of horses with less differentiated tumors 
dying of the disease (papilloma, 8.3%; Gl, 
26.1%; G2, 26.3%; G3, 63.3%; where Gl = 
well differentiated, G2 = moderately differ¬ 
entiated, and G3 = poorly differentiated) 
(Fig. 16-5). 27 

CLINICAL PATHOLOGY 

There are no specific changes in the hemo¬ 
gram or blood chemistry of affected cattle. 
As noted previously, papillomavirus can be 
detected in blood and semen of healthy and 
affected animals, varying with the species of 
animal and papillomavirus. 

Biopsy of a lesion can be used to differ¬ 
entiate papillomas from squamous-cell 
carcinoma. Biopsy of classic “warts” is 
unnecessary. However, it may be advisable 
when large growths are found on horses to 
determine whether the lesion is a verrucose 
form of sarcoid. Microscopically, true papil¬ 
lomas consist of a hyperplastic epidermis 
with scant dermal tissue, whereas in fibro- 
papillomas the dermal component tends 


PIN 


to predominate. The need to identify the 
specific virus in a crop of warts creates a 
requirement for serologic and histologic 
examinations. 

Detection of viral DNA is achieved by 
RT-PCR or PCR, and serologic tests are 
available to determine exposure to some 
papillomaviruses. 16,18,27,38 ' 40 As with all PCR 
assays, care must be taken to ensure that the 
appropriate primers are used. 40 


DIFFERENTIAL DIAGNOSIS 


Clinically, there is little difficulty in making a 
diagnosis of dermal papillomatosis, with the 
possible exception of atypical papillomas of 
cattle, probably associated with an 
unidentified type of the papillomavirus. These 
lesions are characterized by an absence of 
dermal fibroplasia and are true papillomas 
rather than fibropapillomas. All ages of 
animals can be affected, and the lesions 
persist for long periods. They are 
characteristically discrete, low, flat, and 
circular, and they often coalesce to form large 
masses. They do not protrude like regular 
warts, and the external fronds are much finer 
and more delicate. 

Horses: 

Sarcoid 

Melanoma 


TREATMENT 

Warts can be removed by surgery or cryosur¬ 
gery. Crushing of a proportion of small 
warts, or the surgical removal of a few warts, 
has been advocated as a method of hastening 
regression, but the tendency for spontaneous 


recovery makes assessment of the results of 
these treatments very difficult. Partial resec¬ 
tion of a wart(s) in a horse does not always 
promote resolution of the residue. Surgical 
removal can be followed by vaccination with 
an autogenous vaccine, although the efficacy 
of this approach is unclear. There is anec¬ 
dotal concern that surgical intervention, and 
even vaccination, in the early stages of wart 
development may increase the size of resid¬ 
ual warts and prolong the course of the 
disease. 

Aural plaques in horses can be treated by 
application of imiquimod, an immunomod- 
ulator, and antiviral agents, as 5% cream 
applied three times a week, every other week, 
for 6 weeks to 8 months. Crusts were removed 
before each application of the cream and 
required sedation in most horses. Complete 
resolution of lesions was noted in all horses 
at the cessation of treatment, and the long¬ 
term resolution rate was 88%.’' Imiquimod 
is used for treatment of penile papillomas 
and squamous-cell carcinoma in humans, 
but its use in horses for this purpose is not 
reported. Imiquimod is used for treatment of 
sarcoids in horses. 41 

Vaccination 

For cattle, autogenous vaccines prepared 
from wart tissues of the affected animal are 
effective in many cases. Commercially avail¬ 
able vaccines are available for cattle but may 
be less efficacious; an autogenous vaccine 
prepared for a specific problem has the 
advantage of including the local virus types. 
The vaccine is prepared from homogenized 
wart tissue that is filtered and inactivated 
with formalin. Because of the different BPV 
types, care is required in the selection of the 
tissues. In general terms they can be selected 
based on tumor type, location, and histologic 
composition. The alternative is to use many 
types of tissue in the vaccine. Animal-to- 
animal variation in regression following vac¬ 
cination of a group of calves with a vaccine 
prepared from a single calf in the group has 
been attributed to more than one BPV type 
producing disease in the group. The stage of 
development is also important, and the virus 
is present in much greater concentration in 
the epithelial tissue of older warts than 
young ones. The vaccine can be administered 
subcutaneously, but better results are claimed 
for ID injection. Dosing regimens vary, but 
2 to 4 injections 1 to 2 weeks apart are com¬ 
monly recommended. Recovery in 3 to 6 
weeks is recorded in 80% to 85% of cases 
where the warts are on the body surface or 
penis of cattle, but in only 33% when the 
warts are on the teats. The response of low, 
flat, sessile warts to vaccination is poor. 
Development of DNA vaccines for prophy¬ 
laxis or therapy (which will likely use 
different genes) is active but experimental at 
this time. 42 

Other treatments no longer commonly 
used include the injection into the wart of 
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Fig. 16-5 Survival of horses with penile or preputial papilloma, or squamous-cell carcinoma 
(Gl, well differentiated; G2, moderately differentiated; and G3, poorly differentiated. PIN, 
penile intraepithelial neoplasia). (Reproduced from van den Top JGB et al. Equine Vet J 2015; 
47:188.) 




















proprietary preparations containing anti¬ 
mony and bismuth or the intralesional injec¬ 
tion of bacille Calmette-Guerin (BCG). 

CONTROL 

Specific control procedures are usually not 
instituted or warranted because of the unpre¬ 
dictable nature of the disease and its minor 
economic importance. 

Vaccination has been shown experimen¬ 
tally to be an effective prevention method 
and gives complete protection in cattle 
against stiff experimental challenge. The 
vaccine must contain all serotypes of the 
papillomavirus because they are very 
type-specific. 

Avoidance of close contact between 
infected and uninfected animals should be 
encouraged, and the use of communal 
equipment between affected and unaffected 
animals should be avoided. 

FURTHER READING 

Munday JS. Bovine and human papillomaviruses: a 
comparative review. Vet Pathol. 2014;51:1063-1075. 
Rector A, van Ranst M. Animal papillomaviruses. 
Virology. 2013;445:213-223. 
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SARCOID 


SYNOPSIS 


Etiology Locally aggressive benign fibroblastic 
tumors of the skin associated with bovine 
papillomavirus (BVP) types 1 and 2 (BVP-1 
and BVP-2). 

Epidemiology Common tumor of equids, 
including horses, donkeys, mules, and 
zebras. Breed differences in prevalence. 
Transmission by close contact and infection 
of wounds. 

Clinical findings Single or multiple lesions in 
the skin of limbs, lips, eyelids, eye, penile 
sheath, and base of the ears. Can present 
as warty growth or have the appearance of 
granulation tissue or as nodules beneath 
the skin. Spontaneous regression is rare. 

Diagnostic confirmation Histopathology. 

Treatment No single treatment modality has 
an advantage. Surgical excision, 
cryosurgery, immunotherapy, radiation, and 
local chemicals (intralesional cisplatin, 
acyclovir) are used. 

Control None recognized. 


ETIOLOGY 

The cause of sarcoid in horses, mules, and 
donkeys is associated with infection by 
bovine papillomavirus (BPV) types 1 or 2, 
and possibly BPV-13. 16 Infection of young 
horses with BPV-1 virions induces nodular 
skin lesions 11 to 32 days after inoculation. 7 
DNA of both types can be demonstrated in 
sarcoid tumors by PCR, as can the major 
transforming gene of BPV, E5, although pap¬ 
illomavirus has not been isolated from these 
tumors, nor have papillomavirus particles 
been demonstrated. 8 Variants of BPV-1 asso¬ 
ciated with sarcoids in horses have greater 
activity in equine cells than in bovine cells, 
indicating some adaptation or predilection 
of this variant for equine tissues. 9 The caus¬ 
ative virus (BPV-1 or BPV-2) appears to vary 
geographically, with -80% of cases in western 
Canada associated with BPV-2, as opposed 
to reports from other countries in which 
BPV-1 predominates. 10 

Genomic studies reveal that BPV-1 asso¬ 
ciated with sarcoids in horses likely diverged 
on multiple occasions from that in cattle at 
least 50,000 years before the present, and 
possibly much earlier, and well before 
domestication of either horses or cattle. 11 

It is speculated that this is a nonproduc¬ 
tive infection in which viral DNA exists epi- 
somally, and a “hit-and-run” mechanism for 
pathogenesis has been proposed, in which 
infection by the virus, which resolves, 
induces changes that then lead to neoplastic 
transformation of tissue. 6 

However, given the demonstration of 
genetic susceptibility to sarcoid, 12 the cause 
is almost certainly multifactorial, with virus 
infection being an inciting event in 


susceptible animals. There does not appear 
to be a role for mutation in the tumor sup¬ 
pressor gene, p53, in the development of 
sarcoid in horses. 

EPIDEMIOLOGY 
Occurrence and Prevalence 

Horses, donkeys, mules and zebras are 
affected, as are giraffes and sable antelope. 13 ' 16 
Skin lesions histologically similar to those in 
equids also occur in felids. 17 Equine sarcoid 
is the commonest neoplasm in horses, rep¬ 
resenting about 20% of all equine tumors 
diagnosed at necropsy, -46% of all neoplastic 
skin lesions in horses at two sites in North 
America, and lesions in 21 of 68 horses 
examined in a first-opinion practice in the 
United Kingsom. 18,19 Sarcoids were the histo¬ 
logic diagnosis in 42% of skin samples sub¬ 
mitted to veterinary diagnostic laboratories 
in Canada. 10 

Sarcoid tumors occur in 0.7% to -11% of 
3-year-old Swiss warmbloods 20 and 0.4% of 
Freiberger horses in Switzerland. Sarcoids 
made up 53% of all tumors located on the 
head and body. 18 Sarcoids occurred as soli¬ 
tary tumors in more than 99% of horses. 18 

Methods of Transmission 

Transmission can be by infection of wounds, 
and castration is thought to be a risk factor, 
with flies as possible vectors. Close contact 
may facilitate transmission. BPV DNA has 
been detected in flies (M. autumnalis, M. 
domestica) and biting stable flies (S. calci- 
trans ) associated with horses and donkeys 
with sarcoids. 21 

Experimental Reproduction 

The disease has been transmitted with 
sarcoid tissue and cell free supernatant 
from minced sarcoid tumors. The disease 
has also been reproduced with bovine papil¬ 
lomavirus, although the experimentally pro¬ 
duced tumors subsequently regressed, which 
seldom occurs with natural sarcoid. 6 

Animal Risk Factors 

Horses with sarcoids had a mean age of 7 
years (95% Cl, 7.9 to 8.5 years). Horses with 
fibroblastic sarcoids are younger (median 
age of 5 years, range 0.6 to 25 years) than 
those with nodular (median 7, range 1.0 to 
23), occult (median 7, range 1.1 to 21), ver- 
rucose (median 6, range 0.5 to 19), or mixed 
(median 6, range 0.5 to 31) sarcoids. 10 This 
wide age range highlights that sarcoids occur 
in young horses in addition to more aged 
animals. Risk of sarcoids was not associ¬ 
ated with age or breed in two studies, 10 ’ 18 
but other studies report that Appaloosa, 
Arabian, and Quarter horses are at greater 
risk than are Standardbreds or Thorough¬ 
breds. Donkeys were overrepresented in 
one study, 10 and prevalence of disease was 
greater in populations of inbred zebra pop¬ 
ulations than in outbred populations (53% 
vs. 2%). 13 
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Chapter 16 


Diseases of the Skin, Eye, Conjunctiva, and External Ear 


There is a genetically based suscepti¬ 
bility to the disease, and the predisposition 
of horses to sarcoid is associated with the 
type of major histocompatibility complex, 
although this association is not universally 
accepted. 12 There are quantitative trait loci 
on equine chromosome (ECA) 20, 23, and 
25 associated with genes that regulate virus 
replication and host immune responses. 22 
Approximately 40% of the susceptibility to the 
disease in Swedish Halfbred horses is attrib¬ 
utable to an autosomal-dominant equine leu¬ 
kocyte antigen (ELA)-linked gene. However, 
Swiss Warmbloods are no more likely to have 
the disease if their parent is diagnosed with 
sarcoids than if the sire is free of the disease. 20 

Environmental Risk Factors 

Lesions commonly occur on traumatized 
areas. 

PATHOGENESIS 

The virus infects fibroblasts, and the infection 
is nonproductive. Viral DNA can be detected 
in lesional tissue, although viral load varies 
only slightly with clinical type of sarcoid. 2,23 
However, intralesional viral load is directly 
associated with the severity of the disease. 24 It 
is thought that virus capsids of BVP are not 
found in equine sarcoids because papilloma¬ 
viruses are usually host specific and the 
expression ofvirus capsids of the bovine pap¬ 
illomavirus requires the cellular environment 
of keratinocytes of the host species. Fibro¬ 
blasts isolated from sarcoids are highly inva¬ 
sive, an attribute related to the high level of 
viral gene expression, 2 ' 24 matrix metallopro¬ 
teinase up regulation, 22 and production of 
viral oncoproteins. 26 ' 28 Protein products of E5 
and E6 enhance cell proliferation and, in 
vitro, increased invasion in EqS02a cells, and 
E7 enhances independence of cell anchorage 
independence, all attributes of neoplastic 
cells. 29 Elevated expression of phosphorylated 
p38 occurs in fibroblasts infected with BPV-1 
as a result of the expression of BPV-1 E5 and 
E6 with enhancement of phosphorylation of 
the MK2 kinase, a substrate of p38, suggesting 
cellular mechanisms for the neoplastic trans¬ 
formation of infected cells. 30 Expression 
levels of FOXP3, interleukin-10, and inter¬ 
feron gamma mRNA (markers of regulatory 
T cells) and BPV-1 E5 copy numbers are sig¬ 
nificantly increased in lesional compared 
with tumor-distant skin samples from horses 
with sarcoids, suggesting local, regulatory, 
T-cell-induced immune suppression. 27 

Sarcoids do not regress, in contrast to the 
majority of papillomavirus infections, prob¬ 
ably because expression of BPV in equine 
cells elicits immune evasion mechanisms. 

CLINICAL FINDINGS 

Sarcoids are localized proliferations of epi¬ 
dermal and dermal tissue that may remain 
small and dormant for many years and then 
undergo a stage of rapid, cancer-like growth. 
The lesions show moderate malignancy but 


do not metastasize to other sites, although 
there are sometimes (~2% of horses or 
20% 30% of horses with sarcoids) multiple 
lesions. 10,20 Sarcoids occur as single or, more 
commonly, multiple lesions or clusters in the 
skin. The lesions occur anywhere on the 
body, but are more common on the head. 
Tumors on the head are 2.3 (95% Cl, 2.0 to 
2.7) times as likely to be sarcoids, compared 
with any other tumor type. Of 746 horses 
with sarcoids, 41% were on the head, 20% on 
the limbs, 16% on the neck or shoulder, 11% 
on the abdomen, 8% on the axilla or chest, 
and 5% in paragenital regions. 10 

Several forms of sarcoid are described: 

• Verrucous (warty) sarcoid is a dry, 
horny, cauliflower-like surface that is 
usually partially or completely hairless. 

It may be broad based (sessile) or 
pedunculated. Verrucous sarcoids occur 
most commonly on the face, body, 
groin, and sheath area. 

• Fibroblastic sarcoid has a similar 
appearance to that of proud flesh or 
excessive granulation tissue. It is often a 
firm, fibrous nodule in the dermis, 
although the surface may be ulcerated. 

It is found most commonly at sites of 
previous wounds and also the eyelid and 
limbs. 

• A combination of both of the forms just 
described (“mixed”) 

• Occult sarcoid is typically an area of 
slightly thickened skin that has a 
roughened surface. It is usually partially 
hairless. Interference with these 
slow-growing sarcoids, including 
attempts at treatment, should be 
avoided; such interference can cause the 
tumor to proliferate. They occur most 
commonly around the mouth and eyes 
and on the neck. 

CLINICAL PATHOLOGY 

Confirmation of the diagnosis requires a 
biopsy specimen for histologic examination. 
Because sarcoids are usually associated with 
excessive granulation tissue and pyogranulo- 
matous debris, the preferred specimen is a 
transverse section of the excised tumor. 
If punch biopsies are to be collected, then 
care should be taken that they include a 
representative section of the tumor, not 
just peripheral granulation tissue and edem¬ 
atous nontumor material. Examination by a 
pathologist accustomed to examining equine 
skin sections is important because the 
tumor has some features in common with 
papillomas and sarcomas and can be easily 
misdiagnosed. 

PCR has been used to detect and quanti¬ 
tate BPV DNA. 31,32 


DIFFERENTIAL DIAGNOSIS 


Cutaneous habronemiasis 
Phycomycosis 


Fibromas 

Granulation tissue 

Squamous-cell carcinoma, especially of the 
penis and eyelid 

Other skin tumors, including melanoma, by 
examination of a biopsy of the lesion 
Papillomatosis 


TREATMENT 

Surgical excision results in the return of the 
tumor in a significant proportion of animals 
within 6 months, often with overprolifera¬ 
tion. BPV DNA can be detected in normal 
skin immediately surrounding sarcoids, and 
the recurrence has been speculated to reflect 
activation of latent BPV in normal tissue 
surrounding the tumor, although this inter¬ 
pretation is not supported by objective mea¬ 
surement of viral load in skin margins of the 
excised lesions. 33 

Intralesional administration of cisplatin, 
an oncolytic agent with in vitro activity 
against sarcoids cells, 34 by injection into 
the sarcoids or by electrochemotherapy, 
results in cure rates of 96% and 98%, respec¬ 
tively. 35,36 The protocol for intralesional injec¬ 
tion of cisplatin in sesame seed oil is as 
follows: 36 

1. Crystalline lyophilized cisplatin powder 
is reconstituted with sterile water at a 
concentration of 10 mg/mL and mixed 
with medical-grade sesame seed oil 
(60%) and sorbitan monooleate (7%) by 
use of the pumping method just before 
administration (3.3 mg of cisplatin/mL 
of mixture). 

2. Dosing objective is to deliver 1 mg of 
cisplatin per cubic centimeter of tumor. 
Tumor volume is calculated from the 
formula V = n x D1 X D2 X D3/6, 
where D1 through D3 are tumor 
diameters measured with Vernier 
calipers. 

3. Four intratumoral administrations of 
cisplatin are given at 2-week intervals of 
a series of intratumoral and peritumoral 
injections in 1 or 2 parallel planes, 
depending on the tumor size. The 
cisplatin emulsion is injected through 
narrow-bore needles (22 or 25 gauge). 
The spacing between injection rows is 
uniform, with a separation of 6 to 

8 mm. The spacing between planes of 
injection is approximately 1 cm. 

The largest dose of cisplatin to an adult horse 
should be not greater than 85 mg. Adverse 
reactions include moderate skin irritation. 
The treatment can be combined with surgical 
debulking of the lesion, with cisplatin admin¬ 
istration begun when the surgical site has 
healed. 36 

Administration of imiquimod 5% cream 
to sarcoids three times weekly resulted in a 
cure rate of 60% in a study involving 15 
horses. 37 Topical application of acyclovir (5% 
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cream) daily for 2 months to 47 sarcoids in 
22 horses resulted in cure of 68%, with 
regression of tumor size in the remaining 
horses. 38 

Cryotherapy is associated with a much 
lower recurrence rate, but its use is limited 
by the anatomic location of the tumor. For 
instance, cryotherapy is not recommended 
for periocular lesions because of the risk of 
damaging nearby ocular tissues. The efficacy 
of cryotherapy may be enhanced by the use 
of thermocouples to monitor the tempera¬ 
ture of the lesion to ensure adequate freezing. 
At least two or three freeze-thaw cycles are 
necessary. 

Radiation therapy using radon 222, 
gold-198, radium-226, cobolt-60, or iridium- 
192 has been used and is indicated for recur¬ 
rent or surgically inaccessible sarcoids such 
as periocular sarcoid. Radiation therapy is 
also useful for treating sarcoids of the body 
and legs. Local hyperthermia induced by a 
radiofrequency current of 2 MHz is also 
reported to be effective. 

Immunotherapy, by injection of live 
organisms, killed bacilli, or cell-wall extract 
of the bacillus of Calmette and Guerin (BCG) 
have been successful on occasion, but their 
efficacy depends on the size of the lesion, its 
anatomic location, and possibly its type. 
Immunotherapy may work by inducing 
tumor-specific immunity. Adverse effects 
include local reactions characterized by 
edema and systemic anaphylactoid reactions 
after the second or third injections if com¬ 
mercial, whole-cell vaccines are used. Vac¬ 
cines composed of cell-wall fractions in oil 
are free of such reactions and have given 
good results in periocular lesions, but sar¬ 
coids of the axilla did not react favorably. 
Large sarcoids or cases with multiple lesions 
may also respond poorly. Immunotherapy 
using mycobacterial cell-wall skeleton com¬ 
bined with trehalose dimycolate has resulted 
in total tumor regression. 

Autogenous vaccines might result in the 
regression of existing sarcoids but have the 
risk of inducing new tumors and are not rec¬ 
ommended for routine therapy. Use of acu¬ 
puncture to treat sarcoids is reported, but 
there is little scientific justification for using 
this procedure. 39 

As yet, no single treatment modality is 
universally successful in the treatment of 
sarcoid. In a study in 92 horses comparing 
outcome, a successful outcome was obtained 
in 79% of horses treated with cryosurgery, 
67% of those treated with BCG vaccination, 
82% of those treated with conventional 
excision, and 71% of those treated using 
carbon dioxide laser. Greater success rates 
are reported for intralesional administration 
of cisplatin, and possibly for imiquimod and 
acyclovir. 35 ' 38 

FURTHER READING 

Taylor S, Haldorson G. A review of equine sarcoid. 

Equine Vet Educ. 2013;25:210-216. 
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COWPOX AND BUFFALOPOX 


SYNOPSIS 


Etiology Cowpox and buffalopox virus are 
members of the genus Orthopoxvirus in the 
family Poxviridae. Buffalopox is a dose 
variant of vaccinia virus. 

Epidemiology Cowpox is endemic in the 
population of certain rodents in Europe 
and East Asia. Cattle are a rare and 
incidental host. Buffalopox is a (re) 
emergent disease occurring in buffaloes, 
cattle, and humans in India and 
neighboring countries. The natural host of 
buffalopox virus has not yet been 
identified. Spread of both viruses is by 
contact. 

Clinical findings Typical pox lesions on the 
teats and udder. Erythema, papules with a 
zone of hyperemia around the base, 
vesiculation, pustular stage, and scab. 

Clinical pathology Electron microscopy, 
polymerase chain reaction (PCR). 

Diagnostic confirmation Electron 
microscopy, PCR, and virus isolation. 


Treatment Palliative. 

Control Sanitation to prevent spread between 
cows. 


ETIOLOGY 

Cowpox virus (CPXV) and buffalopox virus 
(BPXV) are members of the genus Orthopox¬ 
virus in the family Poxviridae. Other ortho¬ 
poxviruses infecting agricultural animals 
include horsepox, Uasin Gishu, and camel- 
pox. All orthopoxviruses are antigenically 
extremely similar, but they can be identified 
by a combination of phenotypic and 
genetic tests. 

CPXV received its name as a result of the 
association of this agent with skin lesions 
on the teat and udder skin of dairy cattle. 
Notwithstanding, it is probably a misnomer 
because infection of cattle is rare, whereas 
infection is widespread among rodents in 
Europe and western Asia. 

EPIDEMIOLOGY 

Occurrence 

Infection with CPXV is endemic in wild 
rodents such as voles (Microtus spp.) in 
Great Britain, Europe, and western Asia, 
with infection in different rodent species 
acting as the reservoir host in different geo¬ 
graphic areas. Domestic cats are commonly 
infected from hunting rodents, but CPXV 
infection can occur in a number of different 
mammalian species, one of which is cattle. 
The clinical syndrome of cowpox in cattle is 
now extremely rare, but it occurs sporadi¬ 
cally in Europe. In recent decades, reemer¬ 
gence of CPXV infections in cats, zoo 
animals, and humans has been reported. 1 

BPXV was first isolated in India in the 
early 1930s, and disease outbreaks affecting 
buffaloes, cattle, and humans have been 
reported in India, Nepal, Pakistan, Egypt, 
and Indonesia since then. 2 BPXV is consid¬ 
ered an important emerging or reemerging 
zoonotic viral infection in regions with a 
large buffalo population. 3 A similar but dis¬ 
tinct vaccinia-like virus has been associated 
with disease outbreaks among cattle and 
humans in Brazil. 2 

Origin of Infection and Transmission 

The origin of CPXV infection is most prob¬ 
ably from infected farm cats or humans. 
Transmission from cow to cow within a 
herd is effected by milkers’ hands or teat 
cups. Spread from herd to herd is probably 
effected by the introduction of infected 
animals, by carriage on milkers’ hands, and 
in the absence of either of these methods, 
transport by biting insects is possible. In a 
herd in which the disease is enzootic, only 
heifers and new introductions develop 
lesions. Milkers recently vaccinated against 
smallpox may serve as a source of infection 
for cattle, although the vaccinia virus, the 
smallpox vaccine virus, is a different virus. 
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BPXV is most commonly isolated from 
buffaloes, cattle, and people having direct 
and frequent contact with these animals. 
Although a primary host species functioning 
as virus reservoir has not yet been identified 
for BPXV, peridomestic rodents have been 
incriminated as potential vectors. 4 Because 
disease outbreaks in buffalo herds are often 
associated with high disease occurrence 
among animal handlers and caretakers, 
transmission from animal to animal by 
means of people as vectors is considered to 
play an important role. 3 

It is generally assumed that the virus 
gains access to tissues through injuries to teat 
skin, and extensive outbreaks are likely to 
occur when the environment is conducive to 
teat injuries. Spread is rapid within a herd 
and immunity is solid, so that the disease 
tends to occur in sharp outbreaks of several 
months in duration, with subsequent immu¬ 
nity protecting the cattle for at least several 
years. 

Economic Importance 

Losses are a result of inconvenience at 
milking time because of the soreness of the 
teats and from occasional cases of mastitis, 
which develop when lesions involve teat 
sphincters and decreased milk production. 

Zoonotic Implications 

Human cowpox is not common, although 
the disease incidence has increased over the 
past decades, an observation that has been 
explained by increasing susceptibility of the 
human population to poxvirus infection fol¬ 
lowing discontinuation of smallpox vaccina¬ 
tion in most parts of the world.' Clinical 
cases in humans usually consist of one or a 
few lesions on the hand and face with 
minimal systemic reaction and are most 
commonly traced back to infected cats or 
occasionally rats rather than cattle. 1 

An increasing incidence of clinical cases 
of BPXV and Brazilian vaccinia-like virus 
infection has been reported in humans, 
particularly among animal caretakers and 
animal handlers in India but also in Brazil, 
and has become a serious public health 
concern in some countries. 2,3 Consumption 
of unpasteurized milk of affected animals has 
been incriminated as potential route of virus 
transmission from animal to human. 

PATHOGENESIS 

Five stages of a typical pox eruption can be 
observed. After an incubation period of 3 to 6 
days, a roseolar erythema is followed by firm, 
raised papules light in color but with a zone of 
hyperemia around the base. Vesiculation, a 
yellow blister with a pitted center, follows. The 
subsequent pustular stage is followed by the 
development of a thick, red, tenacious scab. 

In experimentally produced vaccinia 
virus mammillitis (produced by inoculation 
of smallpox vaccine), the lesions have three 
zones: a central brown crusty area of 


necrosis, surrounded by a gray-white zone 
of microvesicle formation, again surrounded 
by a red border as a result of congestion. The 
lesions are essentially hyperplastic. 

CLINICAL FINDINGS 

Typical lesions are similar for CPXV and 
BPXV infection and may be seen at any stage 
of development, but they are mostly observed 
during the scab stage, with the vesicle com¬ 
monly having been ruptured during milking. 
True cowpox scabs are 1 to 2 cm in diameter 
and are thick, tenacious, and yellow-brown 
to red in color. In cows being milked, scab 
formation is uncommon, with the scab being 
replaced by a deep ulceration. 

Distribution of the lesions is usually con¬ 
fined to the teats and lower part of the udder. 
Soreness of the teats develops, and milk 
letdown may be interfered with; the cow 
usually resents being milked. Secondary 
mastitis occurs in a few cases. Individual 
lesions heal within 2 weeks, but in some 
animals fresh crops of lesions may cause the 
disease to persist for a month or more. In 
severe cases, lesions may spread to the 
insides of the thighs, and rarely to the 
perineum, vulva, and mouth. Sucking calves 
may develop lesions around the mouth. In 
bulls, lesions usually appear on the scrotum. 

Ulcerative skin lesions with raised edges 
frequently affected by secondary bacterial or 
fungal infection are commonly observed on 
the ears of nonlactating cattle and buffaloes 
infected with BPXV. 3 

CLINICAL PATHOLOGY 

The virus can be propagated in tissue culture, 
and differentiation is possible by electron 
microscopy. The presence of virus-related 
DNA sequences can be identified by means 
ofPCR. 


DIFFERENTIAL DIAGNOSIS 


A number of skin diseases may be 

accompanied by lesions on the udder and 
can easily be confused with cowpox if the 
lesions are advanced in age. Most 
outbreaks of teat skin disease that clinically 
resemble classical cowpox are associated 
with vaccinia virus from contact with a 
recently vaccinated person. 

Pseudocowpox 

Bovine ulcerative mammillitis associated with 
bovine herpesvirus-2 and bovine 
herpesvirus-4 

Vesicular stomatitis and foot-and-mouth 
disease 

Udder impetigo 

Teat chaps and frostbite 

Black spot 


CONTROL 

Prevention of spread is difficult because the 
virus responsible for the disease is readily 


transmitted by direct or indirect contact. 
Udder cloths, milking machines, and hands 
should be disinfected after contact with 
infected animals. Dipping of the teats in an 
alcoholic tincture of a suitable disinfectant, 
such as quaternary ammonium compounds, 
is usually satisfactory in preventing immedi¬ 
ate spread. Although the prevalence and sig¬ 
nificance of CPXV infection in cattle is too 
low to warrant the development of vaccines, 
the emergence of buffalopox in buffalo and 
cattle herds and the ensuing zoonotic risk in 
some parts of the world may warrant consid¬ 
ering the development of vaccines against 
BPXV for certain regions of the world. 3 
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PSEUDOCOWPOX 
(MILKERS' NODULE) 


SYNOPSIS 


Etiology Parapoxvirus. 

Epidemiology Primarily affects cows in early 
lactation. Low, but progressive, morbidity in 
herd. Spread during milking. 

Clinical findings Vesicles, pustules, formation 
of a thick scab elevated by granulating 
tissue. Key distinguishing feature is 
horseshoe-shaped ring of small scabs 
surrounding granulating tissue on the teat. 

Clinical pathology Vesicle fluid for electron 
microscopy. 

Diagnostic confirmation Electron 
microscopy. 

Treatment Antiseptics and emollient 
ointment. 

Control Milking hygiene. 


ETIOLOGY 

Pseudocowpox virus is a member of the 
genus Parapoxvirus, with close similarity to 
the viruses of infectious papular stomatitis of 
cattle and contagious ecthyma of sheep and 
goats. It is possible that pseudocowpox virus 
(PCPV) might be identical to bovine papular 
stomatitis virus (BPSV). 1,2 The pseudocow¬ 
pox virus was previously known as parapox¬ 
virus bovis 2. 

EPIDEMIOLOGY 

Occurrence 

Pseudocowpox is reported in most coun¬ 
tries. In an affected herd the rate of spread is 
relatively slow and may result in the disease 
being present in the herd for up to a year. The 
morbidity rate approximates 100%, but at 
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any given time it varies between 5% and 10%, 
and occasionally up to 50%. 

Origin of Infection and Transmission 

The source of infection is infected cattle. The 
method of transmission includes physical 
transport by means of contaminated milkers’ 
hands, washcloths, and teat cups. The virus 
cannot penetrate mucosa, and a preexisting 
discontinuity of it is necessary for the virus 
to gain entry. Transmission by biting insects 
seems likely. The virus can be isolated from 
the mouths of calves sucking affected calves, 
and from the semen of bulls. 

Animal Risk Factors 

Freshly calved and recently introduced 

cattle are most susceptible, but all adult 
cattle in a herd, including dry cows, are 
likely to be affected. The disease does not 
appear to occur in animals less than 2 years 
of age unless they have calved. There is no 
seasonal variation in incidence. Little immu¬ 
nity develops, and the disease is likely to 
recur in the herd within a short time. 

Economic Importance 

Pseudocowpox is relatively benign, with 
most losses occurring as a result of difficulty 
in milking and an increase in the incidence 
of mastitis. 

Zoonotic Implications 

The disease is transmissible to humans, with 
infection usually resulting in the develop¬ 
ment of milkers’ nodule on the hand. 

PATHOGENESIS 

Transmission most commonly occurs at 
milking time and is mechanical, with the 
potential for transmission from cow to calf 
by suckling. The disease can be reproduced 
by the introduction of the virus onto 
scarified areas of skin. The lesions are 
characterized by hyperplasia of squamous 
epithelium. 

CLINICAL FINDINGS 

Acute and chronic lesions occur, and there 
may be up to 10 lesions on one teat (the 
udder is very rarely infected). Acute lesions 
commence as erythema followed by the 
development of a vesicle or pustule, which 
ruptures after about 48 hours, resulting in 
the formation of a thick scab. Pain is moder¬ 
ate and present only in the prescab stage. The 
scab, varying in size from 0.5 to 25 mm in 
diameter, becomes markedly elevated by 
developing granulating tissue beneath it; the 
scabs drop off 7 to 10 days after lesions 
appear, leaving a horseshoe-shaped ring of 
small scabs surrounding a small, wart-like 
granuloma, which may persist for months. 
The disease tends to disappear from a herd 
after 18 to 21 days but may recur cyclically 
about 1 month later. There are reports of 
lesions occurring occasionally in cows’ 
mouths. 


Chronic lesions also commence as ery¬ 
thema, but progress to a stage in which 
yellow-gray, soft, scurfy scabs develop. The 
scabs are readily rubbed off at milking, 
leaving the skin corrugated and prone to 
chapping. There is no pain, and the lesions 
may persist for months. 

Milkers’ nodules are clinically indistin¬ 
guishable from human lesions associated 
with ecthyma virus. The lesions vary from 
multiple vesicles to a single, indurated 
nodule. 

An outbreak of pseduocowpox infection 
occurred in Brazil, characterized by the pres¬ 
ence of severe vesicular, papulopustular, and 
proliferative scabby lesions on the muzzle of 
14 crossbred calves that did not have contact 
with dairy cattle. 2 The lesions started as 
macules and papules on the muzzle that pro¬ 
gressed to vesicles, pustules, and scabs with 
a clinical course of 10 to 15 days, at which 
time the lesions spontaneously resolved. 
Nucleotide sequencing of the virus isolated 
from the lesions revealed 97% homology 
with pseudocowpox virus and only 84% 
homology with bovine popular stomatitis 
virus. 2 

CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

Material for examination by tissue culture or 
electron microscopic examination, the latter 
being highly recommended as a diagnostic 
procedure, should include fluid from a 
vesicle. 


DIFFERENTIAL DIAGNOSIS 


Differentiation of those diseases in which 
lesions of the teat are prominent is dealt with 
in the preceding section on cowpox. 


TREATMENT 

Locally applied ointments of various kinds 
appear to have little effect on the lesions. 
The recommended treatment includes the 
removal of the scabs, which should be 
burned to avoid contaminating the environ¬ 
ment, application of an astringent prepara¬ 
tion, such as triple dye, after milking and an 
emollient ointment just before. 

CONTROL 

Recommended measures, such as treatment 
and isolation of affected cows or milking 
them last, the use of disposable paper towels 
for udder washing, and disinfection of teat 
cups, appear to have little effect on the spread 
of the disease. An iodophor teat dip is rec¬ 
ommended as the most effective control 
measure because it appears to exert some 
antiviral effect. An effort should be made to 
reduce teat trauma because infection is facili¬ 
tated by discontinuity of the skin. 
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Viral Diseases of the Skin 


LUMPY SKIN DISEASE 
(KNOPVELSIEKTE) 


SYNOPSIS 


Etiology Lumpy skin disease virus, of the 
genus Capripoxvirus (closely related to 
sheep and goatpox viruses). 

Epidemiology Previously enzootic in 
sub-Saharan Africa, but expanded into 
most of Africa in the 1970s. The disease is 
now actively spreading in the Middle East, 
with outbreaks in Israel, Lebanon, Turkey, 
Syria, Iran, Azerbaijan, and North Cyprus. 
Epizootics interspersed with periods of 
sporadic occurrence. Transmission by 
contact and a range of sucking/biting 
arthropod vectors. 

Clinical findings Fever, nodular lesions on 
the skin and mucous membranes and 
lymphadenopathy. A proportion of cattle 
develop generalized infection, with high 
mortality. Losses accrue from damage to 
hides, decreased milk yield and growth, 
abortion, deaths, and disruption of 
international trade. Necrotic plugs of tissue 
highly susceptible to secondary infection 
and flystrike. 

Clinical pathology Intracellular, eosinophilic 
inclusion bodies in biopsy material. Virus 
isolation. Fluorescent antibody, serum 
neutralization, and polymerase chain 
reaction (PCR) tests. 

Necropsy findings Nodules in skin, upper 
alimentary tract, respiratory tract. 

Diagnostic confirmation Biopsy and 
histology. Virus isolation to differentiate 
from pseudo lumpy skin disease caused by 
bovine herpesvirus-2. 

Treatment Supportive. 

Control Vaccination, control of movement of 
cattle from affected areas. 


ETIOLOGY 

Lumpy skin disease (LSD) is a severe sys¬ 
temic disease of cattle associated with the 
Neethling poxvirus, a Capripoxvirus. It has 
close antigenic relationship to sheeppox and 
goatpox viruses, which are in the same genus. 
There appears to be a difference in virulence 
between strains. 

EPIDEMIOLOGY 

Occurrence 

The disease used to be confined to sub- 
Saharan Africa, but spread to many other 
African countries in the 1970s, then Egypt 
(outbreaks occurred in 1988 and 2006; the 
disease is now enzootic) and Israel (out¬ 
breaks in 1989, 2006-2007, and 2012). In 
Israel it was initially eradicated by slaughter 
of infected and in-contact animals, but vac¬ 
cination using Sheeppox, and more recently 
Neethling strain vaccine, has since been 
used. The virus is actively spreading within 
and from the Middle East, with cases 
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confirmed in Kuwait (1991), Lebanon (1993), 
the United Arab Emirates (2000), Bahrain 
(2003), Oman (2010), Turkey and Syria 
(2013), Jordan (2013), Iran and Iraq (2013), 
Azerbaijan and North Cyprus. 1 ' 3 There is a 
risk it could be introduced into European 
countries, mainly through the illegal move¬ 
ment of animals but also within vectors. 2,3 

Some outbreaks are associated with 
severe and generalized infections and a high 
mortality rate, whereas others have few obvi¬ 
ously affected animals and no deaths. In 
general, outbreaks are more severe following 
introduction of the infection into a region 
and then abate, probably associated with the 
development of widespread immunity. Mor¬ 
bidity rates can reach 80% during epizootics, 
but typically range from 10% to 30% in enzo¬ 
otic areas. In Kenya, the disease is milder, 
with a lower morbidity rate and an average 
case fatality of 2%. Outbreaks in Israel pro¬ 
duced no direct mortality from the disease. 
A resurgence of the disease in South Africa 
was associated with higher rainfall and a 
decrease in the use of vaccination. 

Origin of Infection and Transmission 

The virus is present in the nasal and lacrimal 
secretions, semen, and milk of infected 
animals. Elowever, direct contact is not 
thought to be the major source of transmis¬ 
sion, with most cases associated with trans¬ 
mission by an arthropod vector. LSD virus 
has been isolated from S. calcitrans and M. 
confiscata and transmitted experimentally 
using S. calcitrans and Ablyomma and Rhipi- 
cephalus ticks, with evidence that the virus 
may be transmitted vertically and overwinter 
in these tick species. 4,5 Other vectors are sus¬ 
pected, including Biomyia, Culicoides, Glos- 
sina, and Musca spp. However, although the 
virus was detected in mosquitoes ( Anopheles 
stephensi, Culex quinquefascuatus), stable 
flies, and biting midges ( Culicoides nebeculo- 
sis ) after feeding on cattle with lumpy skin 
disease, infection did not transmit to suscep¬ 
tible cattle when these arthropods were sub¬ 
sequently allowed to feed on them. 

Transmission via infected semen used in 
artificial breeding has been demonstrated 
experimentally. 1 ’ 

Risk Factors 
Animal Risk Factors 

All ages and types of cattle are susceptible, 
although very young calves and lactating and 
malnourished cattle develop more severe 
clinical disease. Recently recovered animals 
are immune for about 3 months. 

British breeds, particularly Channel 
Island breeds, are much more susceptible 
than zebu types, both in numbers affected 
and the severity of the disease. Wildlife 
species are not affected in natural outbreaks, 
although there is concern that they might be 
reservoir hosts in interepidemic periods, 
such as African buffalo ( Syncerus caffer ) in 
the Kruger National Park in South Africa.' 


Typical skin lesions, without systemic 
disease, have been produced experimentally 
with Neethling virus in sheep, goats, giraffes, 
impalas, and Grants gazelles, but wildebeests 
were resistant. Natural cases of lumpy skin 
disease were recorded in water buffalo 
{Bubalis bubalis) during an outbreak in 
Egypt in 1988, but morbidity was much 
lower than for cattle (1.6% vs. 30.8%). 

Environmental Risk Factors 

Outbreaks tend to follow waterways. Exten¬ 
sive epizootics are associated with high rain¬ 
fall and high levels of insect activity, with 
peaks in the late summer and early autumn. 
Introduction of new animals and communal 
grazing have been identified as risk factors 
for LSD infection in Ethiopia. 8 

Pathogen Risk Factors 

Capripoxviruses are resistant to drying 
and able to survive freezing and thawing, 
but most are inactivated by temperatures 
above 60°C (140F). 

Experimental Transmission 

Experimental transmission can be achieved 
with ground-up nodular tissue, blood, or 
virus grown in tissue culture given by intrana¬ 
sal, ID, or IV routes. Although lumpy skin 
disease is characterized by generalized 
nodular skin lesions, less than 50% of natural 
or experimental infections develop general¬ 
ized skin nodules. The length of viremia is not 
correlated with the severity of clinical disease. 

Economic Importance 

The mortality rate is usually low (although it 
can be 10% or more), but economic losses 
are high. There is reduced feed intake, a 
reduction in milk production, and occur¬ 
rence of secondary mastitis associated 
with lesions on the teats. Losses also accrue 
from hide damage, reduced body condition, 
decreased fertility in bulls, and abortion in 
cows. There has always been a high risk 
of LSD spreading out of Africa, and it is 
now actively spreading in the Middle East. 
It is also a potential agent for agricultural 
bioterrorism. 

PATHOGENESIS 

In the generalized disease there is viremia 
and fever, followed by localization in the skin 
and development of inflammatory nodules. 
Following ID inoculation, local lesions 
develop at the challenge site but without 
viremia and systemic infection. 

CLINICAL FINDINGS 

The incubation period is typically 2 to 4 
weeks in field outbreaks and 7 to 14 days 
following experimental challenge. In severe 
cases there is an initial rise of temperature, 
which lasts for over a week, occasionally 
accompanied by lacrimation, nasal dis¬ 
charge, salivation, and lameness. Multiple 
intradermal nodules appear suddenly about 


a week later, often initially on the perineum. 
They are round and firm, 1 to 4 cm in diam¬ 
eter, and flattened, and the hair on them 
stands on end. They vary from a few to hun¬ 
dreds and, in most cases, are confined to the 
skin. However, lesions can occur elsewhere, 
such as in the nostrils and on the turbinates, 
causing mucopurulent nasal discharge, 
respiratory obstruction, and snoring; in the 
mouth, as plaques and then ulcers, causing 
salivation; on the conjunctiva, causing severe 
lacrimation; and on the prepuce or vulva, 
spreading to nearby mucosal surfaces. In 
most cases the nodules disappear rapidly, but 
they may persist as hard lumps or become 
moist and necrotic, then slough. 

Lymph nodes draining the affected area 
become enlarged, and local edema can occur, 
particularly of the limbs. When the yellow 
center of nodules slough, this can expose 
underlying tissues, including testicles or 
tendons. Lesions where skin is lost may 
remain visible for long periods. When lesions 
coalesce, large areas of raw tissue can be 
exposed, and these are susceptible to inva¬ 
sion with screwworm fly larvae. Lesions in 
the respiratory tract are often followed by 
pneumonia. 

Convalescence usually takes 4 to 12 
weeks, and pregnant cows may abort. 

CLINICAL PATHOLOGY 

The virus can be cultivated from lesions, and 
the viral antigen can be detected by a variety 
of PCR tests. Viral DNA can be detected in 
the skin up to 90 days after infection using 
PCR, which is much longer than the virus 
can be isolated. An antigen ELISA has also 
been used with samples collected early in the 
course of the disease, before the development 
of neutralizing antibodies. Electron micros¬ 
copy will identify capripox virions in skin 
biopsies or scabs. This must be used in com¬ 
bination with the history of generalized 
nodular skin disease; capripox can be distin¬ 
guished from parapoxvirus (the agent of 
bovine papular stomatitis) and pseudocow- 
pox, but it is morphologically similar to 
cowpox and vaccinia viruses. Histopathol- 
ogy of lesions reveals a granulomatous reac¬ 
tion in the dermis and hypodermis, with 
intracellular, eosinophilic inclusion bodies in 
early lesions. 

Virus neutralization is the most specific 
serologic test, but immunity is predomi¬ 
nantly cell mediated, and thus it may fail to 
detect low concentrations of antibodies in 
many exposed cattle. The agar gel immuno¬ 
diffusion (AGID) and indirect fluorescent 
antibody tests are less specific, producing 
false positives as a result of cross-reaction 
with bovine papular stomatitis and pseudo- 
cowpox viruses. 

NECROPSY FINDINGS 

The skin lesions are described under “Clini¬ 
cal Findings.” Similar lesions are present in 
the mouth, pharynx, trachea, skeletal muscle, 
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bronchi, and stomachs, and there may be 
accompanying pneumonia. The superficial 
lymph nodes are usually enlarged. Respira¬ 
tory distress and death are often the result of 
respiratory obstruction by the necrotic ulcers 
and surrounding inflammation in the upper 
respiratory tract, often with concurrent 
aspiration pneumonia. Histologically, a 
widespread vasculitis reflects the viral 
tropism for endothelial cells, Intracytoplas- 
mic viral inclusion bodies may be seen in a 
variety of cells types. 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed lesions from 
skin, alimentary and respiratory tissue, 
lymph node (LM) 

• Virology—lymph node, skin lesion 
(ISO, EM) 

• Antigen detection—affected tissue, 
blood, semen (PCR, antigen ELISA). 


DIFFERENTIAL DIAGNOSIS 


The rapid spread of the disease and the 
sudden appearance of lumps in the skin after 
an initial fever make this disease quite unlike 
any other disease of cattle. 

Pseudolumpy skin disease (also known as 
Allerton virus infection and general infection 
of cattle with bovine herpesvirus-2), is 
associated with bovine herpesvirus-2, the 
agent of bovine mammillitis. It occurs 
primarily in southern Africa, although 
occasional cases occur in the United States, 
Australia, and the United Kingdom. Multifocal 
lesions are distributed over the body, are 
circular and up to 2 cm in diameter, and have 
an intact central area and raised edges, 
accompanied by loss of hair. Some lesions 
show a circular ring of necrosis around a 
central scab. The scabs fall off, leaving 
discrete hairless lesions that may be 
depigmented. The disease runs a course of 
approximately 2 weeks, and there is no 
mortality. Only the superficial layers of skin 
are involved. This is in contrast to the lesions 
of lumpy skin disease, which are often deep 
enough to expose underlying tissues. 
Herpesvirus can be isolated from the periphery 
of the lesions. Diagnosis can be made by 
polymerase chain reaction (PCR) on full¬ 
thickness skin biopsy. 


TREATMENT 

No specific treatment is available, but pre¬ 
vention of secondary infection with antibiot¬ 
ics or sulfonamides is recommended. 

CONTROL 

Lumpy skin disease moves into new territory 
principally by movement of infected cattle, 
and possibly by wind-borne vectors. Once in 
a new area, further spread probably occurs 
via insect vectors, and ticks have been impli¬ 
cated in maintaining the virus in between 
epidemics. 4 ' 5 Control of cattle movement 


from uninfected to infected areas is an 
important measure to prevent the introduc¬ 
tion of the virus. Once in an area, control is 
by vaccination. 

Vaccination 

Freeze-dried, live attenuated vaccines are 
commercially available and the most com¬ 
monly used. There is antigenic homology 
between the Capripoxviruses, and thus vac¬ 
cination of cattle with attenuated sheeppox 
virus has been used to protect against infec¬ 
tion with LSD virus. This was used in coun¬ 
tries previously free of LSD virus because it 
eliminated any risk of escape of attenuated 
live vaccine virus from vaccinated herds. 
However, incomplete protection with a 
vaccine based upon what was thought to be 
a Kenyan sheep and goatpox occurred during 
a 2006 outbreak of LSD in Egypt, and follow¬ 
ing the use of a sheeppox vaccine in Israel in 
2006-2007 in which 11% of vaccinated cattle 
developed skin lesions. 3 Consequently, the 
attenuated Neethling strain vaccine of LSD 
virus was used in response to a serious out¬ 
break of the disease in Israel during 2012. A 
battery of three molecular tests was able to 
differentiate infection with the vaccine 
strain, and a virulent virus was developed; no 
spread from vaccinated to nonvaccinated 
cattle was recorded. 9 

A small percentage of cattle vaccinated 
with the sheeppox virus do develop local 
granulomatous reactions, but there is no 
spread of the virus to sheep running with the 
cattle. However, the commonly used Kenyan 
sheeppox and goatpox vaccine virus (desig¬ 
nated 0-240) has been identified as an LSD 
virus; the low attenuation of this virus prob¬ 
ably makes it unsafe for cattle because of its 
potential to cause clinical disease in vacci¬ 
nated animals. 10 Other viruses capable of 
infecting sheep, goats, and cattle have been 
identified as potential candidates for vac¬ 
cines against all capripox diseases. 10 

Vaccination of a herd at the start of an 
outbreak is of limited use. Most animals will 
already be incubating the disease, and poor 
needle hygiene in these circumstances may 
spread the disease. Slaughter of affected and 
in-contact animals, destruction of contami¬ 
nated hides, and vaccination of at-risk 
animals is a common approach when the 
disease is introduced to a previously free 
country. 

FURTHER READING 

OIE Terrestrial Manual, Chapter 2.4.14. Lumpy skin 
disease. Accessed at: <http://www.oie.int/fileadmin/ 
Home/eng/Animal_Health_in_the_World/docs/pdf/ 
Disease_cards/LUMPY_SKIN_DISEASE_FINAL. 
pdf> Accessed July 16, 2016. 

Tuppurainen ESM, Oura CAL. Review: lumpy skin 
disease: an emerging threat to Europe, the Middle 
East and Asia. Transbound Emerg Dis. 

2012;59:40-48. 
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SHEEPPOX AND GOATPOX 


SYNOPSIS 


Etiology Capripoxvirus. Strains vary in 
virulence and host specificity. 

Epidemiology Highly contagious, spread by 
aerosol, contact, and flies. Young and 
nonindigenous animals more susceptible. 
Morbidity and case-fatality rates are 
high. 

Clinical findings Fever, generalized skin and 
internal pox lesions, lymphadenopathy, 
mucopurulent nasal discharge, high 
mortality. 

Clinical pathology Fluorescent antibody and 
electron microscopy of biopsy material, 
serology, virus isolation. 

Necropsy findings Pox nodular lesions in 
alimentary tract and respiratory tract. 

Diagnostic confirmation Fluorescent 
antibody staining, virus isolation. 

Control Vaccination. 


ETIOLOGY 

Sheeppox, goatpox and lumpy skin disease of 
cattle are members of the genus Capripoxvi¬ 
rus, one of six genera of poxviruses. The dis¬ 
eases produced by sheeppox and goatpox 
viruses are collectively called capripox infec¬ 
tions. They are named on the basis of their 
host specificity in natural outbreaks and are 
usually highly host specific in natural infec¬ 
tions, although exceptions exist. For example, 
Kenya sheeppox and goatpox viruses, and 
Yemen and Oman sheep isolates, infect both 
sheep and goats, although the disease caused 
by the same isolate can vary dramatically 
between the two hosts. 1 The viruses are 
closely related genetically, and hence they 
cross-react in serologic tests, and many can 
cross species barriers in experimental infec¬ 
tions. Recombination may also occur natu¬ 
rally between isolates from different host 
species. 

EPIDEMIOLOGY 
Prevalence of Infection 

Sheeppox and goatpox are prevalent in 
North and Central Africa north of the 
equator, the Indian subcontinent, the Middle 
East, China, Southwest Asia, and the former 
Soviet Union. Sporadic outbreaks occur in 
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southern Europe, including Turkey, Greece, 
and Bulgaria, and elsewhere. 2 The Capripox- 
virus infections of small ruminants are the 
most serious of all the pox diseases in 
animals, characterized by fever and skin 
lesions. 3 In susceptible flocks and herds mor¬ 
bidity is 75% to 100%, with outbreaks often 
causing death in 10% to 85% of affected 
animals depending on the virulence of the 
infecting strain. 

Methods of Transmission 

Sheeppox and goatpox are highly conta¬ 
gious. The virus enters via the respiratory 
tract, and transmission commonly is by 
aerosol infection associated with close 
contact with infected animals. The virus is 
present in nasal and oral secretions for 
several weeks after infection and can live in 
scabs that have fallen off the animal for 
several months. Spread can also occur from 
contact with contaminated materials and 
through skin abrasions produced iatrogeni- 
cally or by insects. Capripox has been shown 
to spread via the bites of S. calcitrans and 
the tsetse fly. 

Experimental Reproduction 

The disease can be transmitted by intrader- 
mal, intravenous, and subcutaneous inocula¬ 
tion and by virus aerosols. Capripox antigen 
is detected 6 and 8 days postinfection in skin 
and lungs, respectively. 4 

Risk Factors 
Animal Risk Factors 

Both sheeppox and goatpox affect sheep and 
goats of all ages, all breeds, and both sexes, 
but young and old animals and lactating 
females are more severely affected. In areas 
where sheeppox is enzootic, imported breeds 
such as Merinos or some European breeds 
may show greater susceptibility than the 
native stock. Young animals are more 
susceptible. 

Pathogen Risk Factors 

The virus is resistant to drying and survives 
freezing and thawing. It is sensitive to 
extremes of pH and 1% formalin. Sensitivity 
to heat varies between strains, but most are 
inactivated at 60°C (140F) for 60 minutes. 
Isolates from most regions are host specific, 
but isolates from Kenya and Oman naturally 
infect both goats and sheep. Scabs shed by 
infected animals remain infective for several 
months. 

Economic Importance 

Loss is from mortality, abortions, mastitis, 
loss of wool, skin condemnation, and loss 
of exports. In ewes and does, severe losses 
may occur if the udder is invaded because 
of the secondary occurrence of acute mas¬ 
titis. In some outbreaks, adult sheep are 
affected with the more severe form of the 
disease. Sheeppox is a potent threat to coun¬ 
tries that have large sheep populations, and 


where the disease does not occur, because it 
is difficult to eradicate and has a high mor¬ 
tality rate. 

In a natural outbreak in an intensive 
sheep dairy in Israel, losses accrued from 
acute illness, deaths, reduced milk produc¬ 
tion, and reduced fertility. Milk production 
declined for 8 weeks after the index cases and 
was accompanied by an increased somatic 
cell count. 3 

Zoonotic Implications 

Human infections in people handling 
infected animals are not a consideration. 

PATHOGENESIS 

During an initial viremia, the virus is carried 
by infected monocytes/macrophages to 
many tissues, particularly the skin, respira¬ 
tory tract, and gastrointestinal tract. 4 Syncy¬ 
tial cells are seen in skin, and these probably 
facilitate local spread of the virus. The devel¬ 
opment of typical pox lesions, as in vaccinia, 
is characteristic of the disease. The virus is 
present in greatest quantities from 7 to 14 
days after inoculation. Passive protection by 
serum will protect against challenge. Circu¬ 
lating antibody limits spread of infection, but 
does not prevent replication of the virus at 
the site of inoculation. 

CLINICAL FINDINGS 

In sheep, sheeppox has an incubation period 
of 12 to 14 days, with the malignant form 
being the most common type in lambs. 
There is marked depression and prostration, 
a very high fever, and discharge from the 
eyes and nose. Affected lambs may die 
during this stage before typical pox lesions 
develop. When pox lesions develop, they 
appear on unwooled skin and on the buccal, 
respiratory, digestive, and urogenital tract 
mucosae. They commence as papules, then 
become nodular, occasionally vesicular, and 
pustular, then finally scab. Some progress 
from nodules to tumor-like masses. The 
mortality rate in this form of the disease may 
reach 50%. In the benign form, more 
common in adults, only skin lesions occur, 
particularly under the tail; there is no sys¬ 
temic reaction, and animals recover in 3 to 
4 weeks. Abortion and secondary pneumo¬ 
nia are complications. In sheep, infection 
with goatpox is more severe than with 
sheeppox, with lesions on the lips and oral 
mucosa, teats, and udder. 

Goatpox in goats is very similar clinically 
to sheeppox in sheep. Young kids suffer a 
systemic disease, with lesions spread gener¬ 
ally over the skin and on the respiratory and 
alimentary mucosae. Adult goats may have 
systemic disease and extensive lesions, but in 
adult goats the disease is usually mild, and 
lesions are as described previously for the 
benign form in sheep. A flat hemorrhagic 
form of capripox is seen in some European 
goats, and this form has a high case- 
fatality rate. 


CLINICAL PATHOLOGY 
Antigen Detection 

Diagnosis is based on typical clinical signs 
combined with laboratory confirmation of 
the presence of the virus or antigen. Using 
electron microscopy, large numbers of char¬ 
acteristic “sheeppox cells” containing inclu¬ 
sion bodies and typical capripox virions can 
be seen in biopsies of the skin. The virus can 
be cultured in tissue culture, but virus isola¬ 
tion as a method of rapid diagnosis is limited 
by the extended time it takes for virus cyto- 
pathic effects to develop and the need, with 
some strains, for several blind passages 
before this occurs. Direct fluorescent anti¬ 
body testing is used to detect the presence of 
poxvirus in the edema fluid, and the antigen 
can be detected in biopsies of lymph glands 
by AGID using specific immune sera. An 
antigen detection ELISA is also available. 

Serology 

Serologic testing can be by virus neutraliza¬ 
tion, which is 100% specific, or by an indirect 
fluorescent antibody or an agar gel precipita¬ 
tion test (AGPT), both of which cross-react 
with antibody to orf virus. An indirect ELISA 
has a similar diagnostic sensitivity and 
slightly lower specificity than the virus neu¬ 
tralization assay. 6 Virus-specific analysis of 
antibody response by Western blot can dif¬ 
ferentiate the infections. 

PCR and melt-point analyses for the detec¬ 
tion of capripox antigen have been developed, 
some as duplex or multiplex assays to differ¬ 
entiate capripox infections from orf virus.' 
These are suitable for use in countries that 
do not have the disease and do not hold live 
capripox virus. Loop-mediated isothermal 
amplification (LAMP) assays are potentially 
a cost-effective test to rapidly differentiate 
sheeppox and goatpox during outbreaks. 8 

NECROPSY FINDINGS 

In the malignant form, pox lesions extend 
into the mouth, pharynx, larynx, and vagina, 
with lymphadenopathy and a hemorrhagic 
spleen. Lesions may also appear in the trachea. 
Lesions in the lung are severe, manifesting as 
lentil-sized white pox nodules to a consoli¬ 
dating and necrotizing pneumonia. Lesions 
occasionally reach the abomasum and are 
accompanied by hemorrhagic enteritis. 

Histologically, cells infected with capri¬ 
pox virus have a characteristic appearance 
with vacuolated cytoplasm and nuclei, mar- 
ginated chromatin, and multiple inclusion 
bodies (“sheeppox cells”). With the use of 
double immunohistochemical labeling, the 
viral antigen appears in cells of the mono¬ 
cyte/macrophage lineage within 6 to 8 days 
of infection, and later in pneumocytes. 4 


DIFFERENTIAL DIAGNOSIS 


Contagious ecthyma (orf) 
Bluetongue 
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TREATMENT 

No specific treatment is advised, but pallia¬ 
tive treatment may be necessary in severely 
affected animals. 

CONTROL 

Control in countries or regions that are free 
of this disease centers around prohibiting the 
importation of live animals and unprocessed 
produce from infected areas and, if the 
infection is introduced, ring vaccination, 
the destruction of affected flocks, and the 
quarantine of infected premises. 

Vaccination with natural lymph has been 
used in some affected areas, but it can spread 
the disease. Natural infection with one 
capripox strain imparts immunity to all cap- 
ripox infections, and vaccination with a 
single capripox vaccine will give protection 
across all species and against all capripox 
infections. 

A variety of commercial vaccines are 
available, and there is no easy basis for com¬ 
parison. Killed virus vaccines elicit only 
temporary protection, but live attenuated 
vaccines protect against infection for more 
than 1 year. Colostral antibody can interfere 
with vaccination until 6 months of age. 
Vaccination programs in endemic areas rec¬ 
ommend vaccination of lambs at 2 and 10 
weeks, followed by an annual booster. 3 A 
subunit capripox virus vaccine has been 
developed. 

Vaccination in the face of outbreak 
is unlikely to prevent deaths during the 
subsequent 2 weeks and, if needle hygiene 
is poor, may facilitate the spread of the 
disease. 

FURTHER READING 

Embury-Hyatt C, Babiuk S, et al. Pathology and viral 
antigen distribution following experimental 
infection of sheep and goats with Capripoxvirus. 

J Comp Pathol. 2012;146:106-115. 

Radostits O, et al. Sheeppox and goatpox. In: Veterinary 
Medicine: A Textbook of the Diseases of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:1430-1431. 
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CONTAGIOUS ECTHYMA 
(CONTAGIOUS PUSTULAR 
DERMATITIS, ORF, SCABBY 
MOUTH, SOREMOUTH) 


SYNOPSIS 


Etiology Orf virus. Genus Parapoxvirus. 
Family Poxviridae. 


Epidemiology Primarily young lambs and 
kids. Morbidity may reach 100% and 
case-fatality rate 5% to 15%. Rapid spread 
in flock by contact or via inanimate objects 
such as feed troughs, eartag equipment, 
and emasculators. Scabs from lesions 
remain infective in the environment for a 
long time. Orf infections can cause 
considerable setback in young lambs and 
has economic importance as a result of 
restriction of movement and trade of 
affected sheep. May infect humans. 

Signs Papules, pustules, scabs covering 
ulceration, granulation, proliferation, and 
inflammation. Lesions begin at oral 
mucocutaneous junction and oral 
commissures and spread to muzzle and 
oral cavity. Lambs cannot suck or graze. 
Malignant form occurs with invasion of 
alimentary tract. Severe systemic reaction 
can occur and lesions on coronets, ears, 
anus, and vulva. Lesions can be multifocal 
in goats. 

Clinical pathology Electron microscopy, 
polymerase chain reaction (PCR) 

Lesions Scabs, pustules, granulation tissue, 
and secondary lesions. Eosinophilic 
cytoplasmic inclusion bodies. 

Diagnostic confirmation Clinical signs, 
differentiate virus by PCR. 

Differential diagnosis list: 

Ulcerative dermatosis 

Proliferative dermatitis (strawberry footrot) 

Blue tongue 

Foot-and-mouth disease 

Sheeppox and capripox 

Treatment. Nothing specific: general care of 
lesions. 

Control. Isolation of affected animals. 
Vaccination. 


ETIOLOGY 

Orf is associated with the orf virus, a type 
species of the genus Parapoxvirus (family 
Poxviridae). In addition to the orf virus 
(parapox ovis), the genus includes the viruses 
of bovine papular stomatitis (parapox bovis 
1), pseudocowpox (parapoxvirus bovis 2), 
and a parapox virus of deer. The orf virus 
withstands drying and is capable of surviving 
at room temperature for at least 15 years. 
Restriction endonuclease digests of DNA 
shows considerable heterogeneity between 
different field isolates. 

EPIDEMIOLOGY 

Occurrence 

The disease occurs worldwide in sheep 
and goats. 1 It causes unthriftiness, varying 
degrees of pain, and some economic loss. It 
occurs most commonly in 3- to 6-month-old 
lambs at pasture, although lambs 10 to 12 
days of age and adult animals can be severely 
affected. Outbreaks involving the lips and 
face of young lambs and the udders of the 


ewes are common. This disease can occur at 
any time, but outbreaks are most common in 
grazing sheep during dry conditions, lambs 
in feedlots, and penned sheep being fed from 
troughs. The disease has occurred in musk 
ox, in which it causes heavy losses, and in 
reindeer, mountain goats and bighorn sheep, 
chamois, caribou, Dali sheep, buffalo, wild 
goats, and camels. The virus can be passaged 
in rabbits if large doses are placed on scari¬ 
fied skin or injected ID. Mild lesions develop 
on the chorioallantois of the 9- to 12-day-old 
chick embryo. Guinea pigs and mice are not 
susceptible. 

The disease also occurs in humans 
working among infected sheep. In abattoir 
workers it is most common in those handling 
wool and skins. 

Morbidity and Case Fatality 

Outbreaks may occur in sheep and goats, 
with morbidity rates approaching 100% and 
case-fatality rates from 5% to 15%. The 
deaths that occur are a result of the extension 
of lesions in the respiratory tract, but the case 
fatality rate may reach 15% if severely 
affected lambs are not provided with ade¬ 
quate care and support, or if secondary infec¬ 
tion and cutaneous myiasis (flystrike) are 
allowed to occur. In the rare outbreaks where 
systemic invasion occurs, the case-fatality 
rate averages 25% and may be as high as 75%. 
Under field conditions, recovered animals 
are immune for 2 to 3 years, but no antibod¬ 
ies appear to be passed in the colostrum, 
and newborn lambs of immune ewes are 
susceptible. 

Methods of Transmission 

Scabs that fall off from healing lesions contain 
the virus and remain highly infective for long 
periods in dry conditions, but survival of the 
disease in a flock may be the result of chronic 
lesions that exist for long periods on indi¬ 
vidual animals. Infection can be from envi¬ 
ronmental persistence of the virus or from 
infected sheep. Spread in a flock is very rapid 
and occurs by contact with other affected 
animals or by contact with contaminated 
inanimate objects, such as feed troughs or 
ear-tagging pliers. An outbreak of lesions on 
the tail has been recorded in association with 
the use of docking instruments. 

It has been assumed that natural infec¬ 
tions on pasture are the result of invasion of 
the virus after skin damage induced by 
prickly plants or stubble; application of a 
viral suspension to scarified skin is the estab¬ 
lished method of inducing orf. However, an 
outbreak has occurred in groups of lambs 
collected from several farms and transported 
in a vehicle over a period of 23 hours when 
there was no evidence of injury to their 
mouths. 

Experimental Reproduction 

The disease is readily reproduced by intro¬ 
duction of the virus onto scarified areas of 
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skin. Immunity to reinfection is relatively 
solid at the site of initial infection, but 
shorter-duration lesions can be reproduced 
by rechallenge of these sheep at other sites. 

Risk Factors 

The primary risk factors are the presence of 
the virus and the immune status of the sheep. 
Mixing of sheep, such as occurs in a feedlot 
with sheep originating from several sources, 
allows transmission of the infection. Inter¬ 
current infections may exacerbate the 
occurrence of disease on rare occasions. For 
example, the disease has spread from clini¬ 
cally normal ewes to susceptible 2- to 4-year- 
old ewes that were persistently infected with 
border disease virus. Lambs experimentally 
infected with Ehrlichia phagocytophilia 
and subsequently challenged with orf virus 
developed more severe lesions with a longer 
course than those in control lambs. 

Economic Importance 

The disease produces only a minor setback, 
except when it affects young sucking lambs 
with associated lesions on the teats and 
udders of their ewes. Loss from lamb mortal¬ 
ity and secondary mastitis in these circum¬ 
stances can be significant. 

The disease assumed economic impor¬ 
tance for Australia when shipments of sheep 
exported from Australia in 1989 to 1990 
were rejected at some ports in the Middle 
East because of scabby mouth. Litigation is 
also a potential concern when zoonotic 
infections occur at petting zoos or fairs. 

Zoonotic Implications 

Orf virus is readily transmitted to humans 
and historically has been a risk for industrial 
workers handling raw wool. 

Lesions occur at the site of infection, 
usually an abrasion infected while handling 
diseased sheep for shearing, crutching, or 
drenching, or by accidental inoculation with 
live scabby mouth vaccine. Lesions progress 
from macular to papular stages, are usually 
single, and are localized on the hands, arm, 
or face. The lesions are self-limiting and heal 
without scaring after 6 to 7 weeks. They are 
pruritic and respond poorly to local treat¬ 
ment. Orf is also a zoonotic consideration in 
petting zoos and fairs where children allow 
lambs to suck their fingers or otherwise 
become infected from handling sheep in 
interactive exhibits. 

PATHOGENESIS 

Damage to the skin is essential for the estab¬ 
lishment of orf infection and the develop¬ 
ment of typical lesions. Following viral 
challenge of mildly abraded skin, the virus 
does not establish in the damaged epidermis, 
but instead replicates in the cells of an under¬ 
lying replacement epidermal layer derived 
from the walls of the wool follicles. Following 
scarification of ovine skin and topical appli¬ 
cation of the orf virus, antigen cannot be 


detected in the skin during the period when 
the epidermis is being renewed. The virus 
can first be detected in the center of the 
newly differentiated epidermis immediately 
below the stratum corneum, 72 hours after 
infection. The location of the virus during 
the eclipse stage is unknown. The infection 
spreads laterally and uniformly from the new 
epidermis, initially in the outer stratum spi- 
nosum and subsequently throughout the 
entire depth of the epidermis. The skin reac¬ 
tion consists of a cellular response with 
necrosis and sloughing of the affected epi¬ 
dermis and underlying stratum papillare of 
the dermis. The cutaneous response to infec¬ 
tion includes a delayed-type hypersensitivity 
reaction and an influx of inflammatory cells 
involving neutrophils, basophils, and possi¬ 
bly mast cells. Class II dendritic cells are also 
involved and appear to form the basis of a 
highly integrated local dermal defense mech¬ 
anism. The lesions evolve through the stages 
of macule, papule, vesicle, pustule, scab for¬ 
mation, and resolution. The pustules develop 
within a few days and then rupture, resulting 
in ulcers and subsequently the formation of 
a thick overlying crust or scab that is shed 
within 3 to 4 weeks, leaving no scar. Immu¬ 
nity is solid but will last only about 8 months. 
Although there is an antibody immune 
response to the virus, recovery is the result 
of cell-mediated immune mechanisms. 
Experimentally, a secondary infection, fol¬ 
lowing recovery from a primary infection, is 
milder and accelerated. During the second¬ 
ary challenge, pustules and scabs develop 
earlier, the lesions resolve more rapidly, and 
no vesicular stage may occur. 

CLINICAL FINDINGS 
Sheep 

Lesions develop initially as papules and then 
pustules, stages that are not usually initially 
seen, and progress to a raised and moderately 
proliferative area of granulation and inflam¬ 
mation covered with a thick, tenacious scab. 
Time from the initial lesions to the formation 
of scabs is approximately 6 to 7 days. New 
lesions will develop during the first 10 days 
of infection. The first lesions develop at the 
oral mucocutaneous junction, usually at the 
oral commissures, and are accompanied by 
swelling of the lips. From here they spread to 
the muzzle and nostrils, the surrounding 
haired skin, and, to a lesser extent, o the 
buccal mucosa. They may appear as discrete, 
thick scabs 0.5 cm in diameter, or coalesce 
and be packed close together as a continuous 
plaque. Fissuring occurs, and the scabs are 
sore to the touch. They crumble easily but are 
difficult to remove from the underlying gran¬ 
ulation. Affected lambs suffer a severe setback 
because of restricted sucking and grazing. In 
benign cases the scabs dry and fall off, and 
recovery is complete in about 3 weeks. 

Affected lambs sucking ewes may cause 
spread of the disease to the udder, where a 
similar lesion progression is seen on the teats 



Fig. 16-6 Contagious ecthyma on the teat 
of an ewe. The ewe contracted the infection 
by being suckled by a lamb with orf lesions 
on the commissures of its mouth. 

(Fig. 16-6). Lesions on the teats predispose 
to mastitis, and secondary infection of the 
skin lesions by bacteria or fly larvae occurs 
in some cases. In rams, lesions on the 
scrotum may be accompanied by fluid accu¬ 
mulation in the scrotal sac and associated 
temporary infertility. A high incidence of 
infection can also occur where the dominant 
lesions are on the feet, occurring around the 
coronary band, the dew claws, and on the 
volar areas of the intervening skin. 

Occasionally severe edema of the face can 
occur in association with oral lesions. In a 
severe case, over 50% of 4-month-old Texel 
lambs grazing good-quality pastures in 
Ireland were affected. 2 The edema resolved 
after 10 days but appeared quite similar to 
that seen with experimental bluetongue 
infections. 

Rarely, systemic invasion occurs and 
lesions appear on the coronets and ears, 
around the anus and vulva or prepuce, and 
on the nasal and buccal mucosae. There is 
a severe systemic reaction, and extension 
down the alimentary tract may lead to a 
severe gastroenteritis; extension down the 
trachea may be followed by bronchopneu¬ 
monia. Lesions may also occur in the mouth, 
involving the tongue, gums, dental pad, or a 
combination of those sites. These are more 
commonly seen in outbreaks affecting lambs 
less than 2 months of age. In the mucosa of 
the mouth these lesions do not scab but are 
papular erosive and surrounded by an ele¬ 
vated zone of hyperemia. Extensive painful 
and proliferative lesions occur on the gingi¬ 
val margins of the incisor teeth. 
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In some outbreaks the lesions on the skin 
are highly proliferative and present as raw, 
raised, granulating lesions without an overly¬ 
ing scab. This manifestation appears more 
common in Suffolk sheep, and lesions are 
present on the lips, bridge of the nose, and 
around the eyes (Fig. 16-7). Cases of this pro¬ 
liferative form involving the feet are also 
recorded. 

A malignant form of the disease has 
also been observed in sheep. It begins with 
an acute episode manifested by oral vesicles, 
followed by extension of these lesions down 
the gastrointestinal tract, followed later by 
granulomatous lesions and shedding of 
hooves. 

An atypical case of the disease in sheep 
after extensive cutaneous thermal injury has 
been described. The virus was present in 
proliferative verrucous tissue lesions at the 
periphery of the original thermal injury. The 
lesions consisted of tightly packed 0.5-mm- 
diameter papillary projections. 

Goats 

An unusual case in a group of female goats 
has been described, with multifocal lesions 
over the head, neck, thorax, and flanks of 
each animal. The lesions developed approxi¬ 
mately 2 weeks after the animals returned 
from a show at which the does were housed 
for 3 days in pens previously occupied by 
sheep. The lesions began as plaques, followed 
by epidermal proliferation and severe 
encrustation. Affected areas were discrete 
and approximately 2 to 7 cm in diameter. 
There were no lesions of the muzzle, lips, 
udders, or teats. Recovery occurred unevent¬ 
fully within 3 to 6 weeks without treatment. 
The skin crusts gradually dried and fell off, 
leaving areas of alopecia and depigmented 
skin. Regrowth of hair followed. 


Persistent orf occurred in a proportion of 
Boer goats following an outbreak. In most 
animals the disease ran a typical clinical 
course of 3 to 4 weeks, but in 2% of animals 
it persisted for several months, with lesions 
disseminated over the body. There were no 
particular distinguishing differences of the 
virus genome compared with those of other 
orf viruses, and the persistence was possibly 
a result of individual host-susceptibility 
factors. 

CLINICAL PATHOLOGY 

Electron microscopic identification of the 
virus is quick and generally reliable with 
multiple samples from an affected herd or 
flock. Viral DNA can also be detected by a 
number of PCR assays, including real-time 
PCR and a multiplex PCR to differentiate 
orf, sheeppox, and capripox viruses. 3 LAMP 
assays have also been developed. 4 These are 
comparable to a real-time PCR but require 
less sophisticated equipment and thus may 
be a suitable test where resources are limited 
but rapid differentiation of orf virus and pox¬ 
viruses is necessary. 

Recovered animals have elevated neutral¬ 
izing antibodies in their serum that are 
detectable by a gel diffusion test. Other sero¬ 
logic tests have been developed but are not 
widely available and probably of little clinical 
value. 

NECROPSY FINDINGS 

In malignant cases there are irregularly 
shaped lesions with a hyperemic border in 
the oral cavity and the upper respiratory 
tract, with rare involvement of the mucosae 
of the esophagus, abomasum, and small 
intestine. Typical lesions are actually 
proliferative, with subsequent loss of cen¬ 
trally located cells creating an ulcer-like 



Fig. 16-7 Extensive chronic lesions as a result of chronic orf infection in a Suffolk ewe lamb. 
These facial lesions are often accompanied by similar lesions on the distal limbs. 
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appearance. Microscopically, the hyperplas¬ 
tic epithelium contains swollen degenerate 
cells, some of which may house eosinophilic 
cytoplasmic inclusion bodies. 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed lesions 
(LM) 

• Virology—vesicle fluid, scraping from 
lesion (EM) 


DIFFERENTIAL DIAGNOSIS 


In most outbreaks of ecthyma, the cases are 
sufficiently mild to cause no real concern 
about losses or about diagnosis. 

Dramatic outbreaks of a very severe 
form of the disease may occur and may be 
confused with bluetongue. Very severe 
cases are also commonly seen in housed 
experimental sheep, especially colostrum-free 
lambs. 

Ulcerative dermatosis is sufficiently similar 
to cause confusion in diagnosis, but this 
disease has not been reported for many 
years. 

Mycotic dermatitis usually occurs on 
woolled skin, but lesions can occur 
on the lips and feet (strawberry footrot), 
have a thick dry asbestos-like scab, 
and are easily differentiated by laboratory 
culture. 

Facial eczema is distinguished by diffuse 
dermatitis and severe edema and damage 
to the ears. 

Papillomatosis (warts) need also to be 
considered in the differential diagnosis for 
the proliferative manifestations of 
contagious ecthyma, although warts are 
extremely uncommon in sheep. 

Bluetongue is always accompanied by a high 
mortality rate and a severe systemic 
reaction, and lesions occur on the muzzle, 
the coronets, and extensively on the buccal 
mucosa. It is more common in adults than 
sucking lambs. Because it is transmitted by 
insect vectors, the morbidity rate is usually 
much less than the 90% commonly seen in 
contagious ecthyma. 

Sheeppox may present a rather similar 
clinical picture, but the lesions are typical 
and there is a severe systemic reaction and 
heavy mortality rate. 

Foot-and-mouth disease. The classic 
developed lesions of orf are easily 
differentiated from foot-and-mouth 
disease, but the papular and vesicular 
stages seen early in the course of orf, 
particularly lesions in the mouth, can be 
difficult to differentiate, especially when a 
prompt on-farm differentiation is required. 
The raised, firm, papular erosive nature of 
the lesion with the surrounding zone of 
hyperemia is a crucial differentiating 
feature in the field. 
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Diseases of the Skin, Eye, Conjunctiva, and External Ear 


TREATMENT 

Removal of the scabs and the application of 
ointments or astringent lotions are practiced 
but delay healing in most cases. Antiviral 
drugs have been combined with emollients 
in gels and sprays (e.g., cidofovir and sucral¬ 
fate). 5 These formulations can decrease the 
time to healing and amount of virus shed in 
scabs, but will be impractical and not cost- 
effective in most flocks. Supportive treat¬ 
ment, such as providing soft, palatable food, 
may be helpful. 

CONTROL 

In the early stages of an outbreak, the affected 
animals should be isolated and the remain¬ 
der vaccinated. Vaccination is of little value 
when a large number of animals are already 
affected. Persistence of the disease from year 
to year is common. If lesions are severe and 
consistently provide a setback, lambs should 
be vaccinated at 6 to 8 weeks of age. Vaccina¬ 
tion when a few days old evokes a protective 
response. However, prelambing vaccination 
of the ewe is of no benefit for the lamb 
and so is not recommended. Vaccination of 
housed lambs should be given before the 
time that lesions have been observed in pre¬ 
vious years. 

Commercially available vaccines are typi¬ 
cally a suspension of live tissue culture virus, 
often with a blue dye. An autogenous vaccine 
can also be prepared from a suspension of 
scabs in glycerol saline. The vaccine is 
scratched in a 5-cm line onto bare skin, 
usually the inside of the foreleg, brisket, or 
inner thigh. Alternative methods are to apply 
autogenous vaccine to a small area of scari¬ 
fied skin or to prick the ear with a needle 
dipped in the vaccine. Vaccination is effec¬ 
tive for at least 2 years, but the lambs should 
be inspected 1 week after vaccination to 
check that a local reaction has occurred. A 
small proportion of vaccinated lambs may 
develop mild lesions around the mouth 
because of nibbling at the vaccination site. 
Absence of a local reaction signifies either a 
lack of viability of the vaccine or the exis¬ 
tence of prior immunity. Immunity is not 
complete until 3 weeks after vaccination. As 
a further protective measure, removal of 
abrasive material from the environment is 
recommended but is not usually practicable. 
For the live-sheep export trade from Austra¬ 
lia to the Middle East, sheep should be vac¬ 
cinated at least 3 weeks before shipment to 
allow immunity to develop. 

Because the vaccines are live virus vac¬ 
cines and the shed scabs contain live virus, 
routine vaccination against orf in flocks that 
have not experienced the disease is not rec¬ 
ommended. Outbreaks have occurred from 
vaccine virus. 

FURTHER READING 

Fleming SB, Wise LM, et al. Molecular genetic analysis 

of orf virus: a parapox virus that has adapted to 

skin. Viruses. 2015;7:1505-1539. 


Radostits O, et al. Contagious ecthyma (contagious 
pustular dermatitis, orf, scabby mouth, soremouth). 
In: Veterinary Medicine: A Textbook of the 
Diseases of Cattle, Horses, Sheep, Goats and 
Pigs. 10th ed. London: W.B. Saunders; 
2007:1418-1421. 
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ULCERATIVE DERMATOSIS 
OF SHEEP 

Ulcerative dermatosis of sheep is an infec¬ 
tious disease characterized by the destruc¬ 
tion of epidermal and subcutaneous tissues 
and the development of raw, granulating 
ulcers on the skin of the lips, nares, feet, legs, 
and external genital organs. The lesions on 
the lips occur between the lip and the nostril, 
those on the feet occur in the interdigital 
space and above the coronet, and the genital 
lesions occur on the glans and the external 
opening of the prepuce of rams and the vulva 
of ewes. 

A virus, very similar to but antigenically 
different from the ecthyma virus, is the cause 
of the disease, which is likely to be confused 
with contagious ecthyma. However, the 
lesions are ulcerative and destructive, rather 
than proliferative as in ecthyma, and bleed 
easily. It is not highly infectious like blue- 
tongue or sheeppox, and the “lip-and-leg” 
distribution of the lesions differentiates it 
from balanoposthitis of wethers, strawberry 
footrot (dermatophilosis), footrot, and inter¬ 
digital abscess. The presence of lesions on the 
glans penis and their absence from mucosae, 
the typical ulcerative form of the lesion; the 
absence of pus; and the susceptibility of 
recovered animals to infection with ecthyma 
virus are diagnostic features of ulcerative 
dermatosis. 

The typical morbidity rate is 15% to 20%, 
but up to 60% of a flock may be affected. 
Mortality is low if the sheep are in good con¬ 
dition and the lesions don’t get secondary 
bacterial infection or flystrike. Physical 
contact at breeding time seems to be the 
most probable method of spread. 

The lip cutaneous form of this disease 
is very rare and possibly has disappeared 
since its original description, or is very 
uncommon. A clinically similar disease 
to the genital infection of ulcerative 
dermatosis, with balanoposthitis and vulvo¬ 
vaginitis, is associated with Mycoplasma 
mycoides. 

FURTHER READING 

Radostits O, et al. Ulcerative dermatosis of sheep. In: 

Veterinary Medicine: A Textbook of the Diseases of 

Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 

London: W.B. Saunders; 2007:1432. 


POXVIRUS INFECTIONS IN 
HORSES (HORSEPOX, UASIN 
GISHU, VIRAL POPULAR 
DERMATITIS, EQUINE 
MOLLUSCUM CONTAGIOSUM) 

Equids can be infected by horsepox virus or 
vaccinia virus. Infection is associated with 
classical horsepox, equine molluscum conta- 
giosum, viral papular dermatitis, or Uasin 
Gishu disease and possibly a form of “greasy 
heel” in horses and donkeys. Classical horse¬ 
pox, caused by infection of horses by a spe¬ 
cific poxvirus (horsepox virus, HSPV), was 
common before the twentieth century and 
was considered a rare, if not extinct, disease 
of horses until it was again identified in 
Brazil in 2010.' The genome of HSPV has 
been determined and demonstrates that 
although it is closely related to vaccinia 
viruses, it contains additional genetic mate¬ 
rial that appears to confer some host specific¬ 
ity and pathogenicity. 2 HSPV, with cowpox 
virus, was used for vaccination of humans 
against smallpox before introduction of use 
of vaccinia virus. 3 Whereas most poxviruses 
are highly host adapted and do not cross 
species lines (e.g., variola virus causing 
smallpox in humans does not naturally infect 
animals), this is not the case with cowpox, 
horsepox, and vaccinia viruses, which can be 
zoonoses or anthroponoses. Widespread use 
of vaccinia virus live vaccines in humans was 
associated with a pox-like disease in horses. 3 
This disease has largely not occurred since 
the cessation of the smallpox vaccination 
program, but other poxvirus diseases in 
animals are reported, and infection appears 
to have the potential to be zoonotic for 
horsepox and cowpox viruses, or anthro¬ 
ponotic (reverse zoonosis) for vaccinia 
viruses. 3 5 

The eradication of smallpox and the dis¬ 
continuation of human vaccination in most 
countries were accompanied by a gradual 
reduction of the number of horse cases, 1 "’ 
although the disease is not eradicated, and 
infections involving cattle, horses and 
humans occur in Brazil. 1 The virus isolated 
from horses (Pelotas 1 virus [P1V] and 
Pelotas 2 virus [P2V]) in Brazil is highly 
pathogenic in rabbits. 6 ' 7 The source of the 
vaccinia virus in these outbreaks has not 
been determined (e.g., wildlife, rodents). 4 

Horses infected with the vaccinia virus 
used in human vaccine programs develop a 
transient and self-limiting disease character¬ 
ized by pox-like lesions (papulopustular) in 
the mucous membranes of the mouth and in 
the skin of the lips and nose. Infection by 
particular strains of the vaccinia virus (P1V 
and P2V)) in Brazil causes papules and ves¬ 
icles progressing to proliferative and exuda¬ 
tive lesions on the muzzle, external nares, 
and external and internal lips (Fig. 16-8). 1 
The vesicles erode, and the proliferative 
lesions progress to moist crusts and scars. 
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Fig. 16-8 Muzzle of an affected mare during acute disease associated with infection by 
vaccinia-like virus. Multiple, confluent papules and proliferative lesions in the muzzle, 
between and surrounding the nares, and extending aborally. (Reproduced with permission. 
Brum MCS et al. J Vet Diagn Invest 2010; 22:143.) 


Clinical signs last approximately 6 to 12 days. 
The overall duration of the outbreak is 
90 days. 

Infection by classical HSPV causes either 
a relatively benign disease or a more severe, 
sometimes fatal, disease. 1 ' 2 The benign or 
localized form (contagious pustular stomati¬ 
tis) causes lesions in the muzzle and buccal 
cavity. The more severe form (equine papular 
stomatitis) is a generalized, highly conta¬ 
gious disease causing fever, skin lesions that 
can involve the udder, and death in some 
animals. Both adults and foals are suscepti¬ 
ble. 2 Immunity after an attack is solid. 

Typical pox lesions develop in a leg form 
or in a buccal form. In the leg-form nodules, 
vesicles, pustules, and scabs develop, in that 
order, on the back of the pastern and cause 
pain and lameness. There may be a slight 
systemic reaction, with elevation of tempera¬ 
ture. In the buccal form, similar lesions 
appear first on the insides of the lips and then 
spread over the entire buccal mucosa, some¬ 
times to the pharynx and larynx and occa¬ 
sionally into the nostrils. In very severe 
cases, lesions may appear on the conjunctiva, 
the vulva, and sometimes over the entire 
body. The buccal lesions cause a painful sto¬ 
matitis, with salivation and anorexia as 
prominent signs. Most cases recover, with 
lesions healing in 2 to 4 weeks. 


Uasin Gishu is a skin disease of nonin- 
digenous horses of the Uasin Gishu plateau 
of Kenya and neighboring areas associated 
with a poorly documented poxvirus. The 
source of the virus, and its method of trans¬ 
mission, are unknown, although a wildlife 
host is presumed. Concerns have been raised 
of the potential for zoonotic spread or 
anthroponosis (reverse zoonosis) of horse- 
pox viruses or vaccinia virus, respectively. 4,5 
Lesions of Uasin Gishu occur on the head, 
neck, and flanks and resemble papillomas. 
Various stages of the lesions can be present 
in the same horse, and lesions can develop 
and regress intermittently for years. There is 
no specific treatment, and no control 
methods are reported. 

Viral popular dermatitis is a disease of 
horses in the United States, the United 
Kingdom, and Australia. It is a contagious 
disease characterized by cutaneous lesions in 
the form of firm papules 0.5 to 2 cm in diam¬ 
eter. No vesicles or pustules are formed, but 
after 7 to 10 days a dry crust is detached, 
leaving small circumscribed areas of alope¬ 
cia. The lesions are not itchy, there is no sys¬ 
temic disease, and the distribution of the 
lesions, and the way in which they can 
develop simultaneously in large numbers in 
introduced horses, is suggestive of an insect- 
borne disease. 


The course of the disease varies between 
10 days and 6 weeks. The disease is strongly 
suspected to be caused by a poxvirus. 1,2 A 
febrile reaction, up to 40.2° C (104.5° F), pre¬ 
cedes the appearance of skin lesions by about 
24 hours. There is no histologic description. 
Recovery is usually complete and uncompli¬ 
cated. The disease is clinically similar to mol- 
luscum contagiosum in horses associated 
with poxvirus. This disease has similar 
papular lesions, which are hypopigmented 
and covered by tuffs of raised hair, but the 
disease has a long clinical course. Histologi¬ 
cally, these lesions show proliferation of 
keratinocytes containing large intracytoplas- 
mic inclusions, known as molluscum bodies, 
which are composed of numerous pox 
virions. 

Differential diagnoses include greasy 
heel, vesicular stomatitis, viral papular der¬ 
matitis, molluscum contagiosum, and Uasin 
Gishu. See Tables 16-3 and 16-4. 

There is no specific treatment. Local 
wound care is indicated. Because of the 
contagious nature of the disease, rigid 
isolation and hygiene in the handling of 
infected horses is essential. No vaccine is 
available. 
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SWINEPOX 


SYNOPSIS 


Etiology Swinepox virus. 

Epidemiology Widespread sporadic disease 
that is generally benign with low morbidity 
and low mortality in older pigs. High case 
fatality in congenitally infected and very 
young sucking piglets. Transmitted 
mechanically and by the hog louse. 

Clinical findings Characteristic pox lesions 
mainly on skin of head, legs, and belly. 

Clinical pathology Demonstration of typical 
lesions by histology and virus by electron 
microscopy. 

Lesions Typical pox lesions. 

Diagnostic confirmation Demonstration of 
typical lesions by histology and virus by 
electron microscopy. 

Treatment None. 

Control Control of hog louse. 


Swinepox virus causes a mild, acute disease 
of swine characterized by typical poxvirus 
lesions of the skin. There are no public health 
concerns. 
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Table 16-3 Differential diagnosis of diseases of horses characterized by discrete lesions of the skin only 




EPIDEMIOLOGY 



Disease 

Method of spread 

Behavior in herd 

Lesions 

Clinical pathology 

Horsepox 

Extremely rare, usually benign. 

Can be severe. 

Spread by contact, rugs, 
grooming tools. 

Solid immunity after attack. 
No recurrence. Lesions heal 
2-4 weeks. 

Typical pox lesions in mouth or 
behind pasterns. Rare cases 
have lesions in mouth, nostrils, 
vulva. 

Electron microscopy of swab 
from lesion. Poxvirus 
present—horsepox virus or 
vaccinia virus. Polymerase 
chain reaction (PCR). 

Vesicular 

Occurs in horses, cattle, and 

Lesions last only 3-4 days. 

On tongue and lips. 

Virus isolation, PCR. Many 

stomatitis 

pigs. 

Spread by insert or contact. 
Clustered outbreaks summer and 

autumn. 

Solid immunity for 6 
months. 

Uncommon on udder or prepuce. 
Vesicles up to 2 cm rupture, 
leaving raw area; profuse 
ropey saliva. Heal quickly. 

serologic tests available. 

Viral papular 
dermatitis 

Insect vector. May affect many 
horses at one time. 

Local horses immune. 

Summer and autumn. 

Recovered in 10 days to 

6 weeks. Benign, 
disappears without trace. 

Generalized cutaneous papules 
0.5-2 cm in diameter, dry crust 
at 7-10 days, then spot of 
alopecia. 

Assumed poxvirus. 

Staphylococcal 

Sporadic. Lesions under harness 

No information, does not 

5-mm nodules then pustules. 

Staphylococcus aureus culture 

dermatitis 

suggest pressure or spread by 
contact. A common disease. 

spread much. Very 
difficult to cure in 
individual. 

Horse will not work under 
harness. 

Slough, taking small scab and 
hair. Very painful to touch. 

from swab of lesion. 

Deep ringworm 

Diffuse ringworm more common. 
Spread easily by direct contact 
or harness or tools. 

Sporadic usually. Difficult to 
cure. 

3-mm-diameter follicular nodule, 
hair loss leaving bald patch. 

No extensive lesions. Sore to 
touch, itchy. Spreads from 
axilla. 

Trichophyton or Microsporum 
spp. on swab. 

Demodectic 

mange 

Spread via grooming tools and 
rugs. Rare. 

Slow spread. 

Lesions around face and eyes 
initially. 

Demodex spp. in scraping. 

Mycotic 

Wet, humid weather predisposes. 

May be number affected if 

Lesions commence on head at 

Branching filamentous 

dermatitis 

Prolonged wetness. Mud leads 
to foot lesions. Biting flies may 
spread other forms. 

weather conditions 
suitable. 

muzzle and around eyes, with 
lacrimation and mucopurulent 
nasal discharge, on lower legs 
or generalized. Not itchy; may 
be sore. Matted hair and scab 
can be lifted off an ovoid, 
slightly bleeding area. 

Dermatophilus congolensis 
on smear of lesion. 

Tyroglyphosis 

In horses fed recently harvested, 
infested grain, or at pasture. 

Transient, self-limiting 
disease. 

Dermatitis, itchy, scaly; with 
rubbing get alopecia and scab 
formation on muzzle and face, 
lower limbs at flexures. 

Larvae of chigger mites 
Pediculoides and Trombicula 
spp. in scraping. 

Photosensitization 

Rare in horses. Feeding on St. 
John's wort or hepatotoxic 
plants; secondary to 
cholangiohepatitis or 
cholelithiasis. 

Occurs only in sunlight. 
Disappears on removal from 
damaging feed and sun. 

Extensive edema, weeping 
dermatitis, or skin sloughing 
on white parts. May also be 
signs of hepatic insufficiency. 

Nil. 

Queensland itch 

Sporadic. During insect season. 
Only in horses outdoors. 

Only hypersensitive horses 
affected. Disease persists 
as long as insects present. 

Interferes with work and 
grazing. 

Intensely itchy. Lesions at tail 
butt, along back, withers, 
crest, poll, ears, down sides. 
Papules, hair rubs off. 

Pachydermia, no weeping. 

Hypersensitivity indicated by 
eosinophilia in skin biopsy. 

Ringworm 

Ready transmission by contact 
and with equipment and 
premises. Most serious in 
winter. 

Spontaneous recovery in 
about 3 months. Spread 
in herd can be very rapid. 

Thick, dry, crumbly scab, 2-3 cm 
diameter, or diffuse alopecia 
with scaliness begin at girth or 
under head stall. 

Trichophyton and 

Microsporum spp. on 
scraping. 

Note: See also discussions of cutaneous globidiosis, multiple abscess caused by Corynebacterium pseudotuberculosis, anhidrosis, congenital absence of skin. 
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Table 16-4 Differential diagnosis of diseases of horses characterized by lesions of the skin of the lower limbs only 


EPIDEMIOLOGY 


Disease 

Method of spread 

Behavior in herd 

Lesions 

Clinical pathology 

Glanders 

Contact with infected horses. 
Ingestion from contaminated 
environment. 

This is chronic form. Other 
cases of classical glanders 
with pulmonary and nasal 
mucosal involvement. 

Nodules and ulcers on nasal mucosa, 
purulent discharge. 

Stellate scars on septum. Limb lesions 
mostly at hock (medial aspect): nodules 
1-2 cm, discharge honey-like pus. 

Mallein test. Complement 
fixation tests on serum. 
Transmission to guinea-pigs. 
Burkholderia mallei in 

smears. 

Epizootic 

lymphangitis 

(equine 

blastomycosis) 

Occurs in outbreaks. 

Spread by spores on 
contaminated bedding. 

May survive in soil. Entry 
through skin abrasions. 

Horses cannot be worked. 
Common in large groups 
(e.g., military horses). 

Ulcers at hocks, lymph nodes at hocks 
swell and discharge creamy pus. 
Lymphangitis. 

Some cases generalized with pulmonary 
abscesses. 

Histoplasma farciminosum in 
smears of pus. Skin 
sensitivity test. 

Sporotrichosis 

Slow spread. Sporadic cases. 
Spread by contact and 
contamination. 

Lesions heal 3-4 weeks, but 
new crops keep disease 
going. 

Painless nodules at fetlocks ulcerate then 
heal. 

Lymphangitis in some animals. 

Sporotrichum schenckii on 
smear. 

Swamp cancer 
(pythiosis) 

Sporadic. Infection or 
invasion of wound. 

Does not spread. 

On lower limbs, ventral abdomen, or 
below medial canthus of eye, lips. 
Papules to plaques 1 cm thick, 
connective tissue with ulcers up to 

20 cm, with inspissated pus in pockets. 

Biopsy and scrapings for 
hyphae of Pythium 
insidiosum, Entomophthora 
coronata, larvae of 
Habronema megastoma. 

Greasy heel 

Sporadic cases only. Horses 
standing in manure and 
urine. 

Not contagious, but can be 
chronic and incapacitating. 

Horizontal cracks and fissures behind 
pastern, very lame. 

Much sebaceous exudate. May develop 
cellulitis. 

Nil. 

Ulcerative 

lymphangitis 

Infection of skin wounds in 
dirty stable. 

Lesions heal in 1-2 weeks. 
New lesions develop for 
up to 12 months. 

Painful nodules around pastern rupture; 

creamy green pus. Lame. 

Lymphangitis with ulcers. 

No lymph node involvement. 
Corynebacterium 
pseudotuberculosis in pus. 
Other organism can cause 
similar disease. 

Chorioptic 

mange 

Widespread. Mostly draft 
and other working horses. 

Most horses in group 
affected. 

Violent stamping; rubs back of pasterns; 
swollen, scabby, cracked, greasy, 
painful to touch; lame. 

Scrapings reveal mites, 
Chorioptes equi. 


Note: See also horsepox ( Table 1 6-3). 


ETIOLOGY 

The cause is swinepox virus, the sole member 
of the genus Suipoxvirus in the family 
Poxviridae. 

EPIDEMIOLOGY 

Occurrence 

Swinepox (pigpox) occurs worldwide where 
swine are raised and is more common in 
swine units where there is poor sanitation. 

Methods of Transmission 

Transmission is not well understood. It is 
by contact transmission and mechanically 
by the pig louse (Haematopinus suis), and 
because these cannot always be found, it is 
suspected that possibly flies and other insects 
may also be involved. Young sucking pigs 
may have lesions on the face, with similar 
lesions on the udder of the sow, so there is 
evidence of spread by direct contact. Vertical 
transmission is also possible; there are 
reported cases of congenital infection. The 
virus can survive in scab material for several 
months and in dust and dried secretions. 


Animal Risk Factors 

The virus infects only swine and can infect 
all ages, but clinical disease is most com¬ 
monly seen in young piglets. It is usually a 
sporadic disease, with occasional outbreaks 
affecting a cluster of litters within a herd, and 
of short duration. Some or all pigs in a litter 
may show clinical signs. The disease may 
appear apparently spontaneously or may 
occur only in pigs brought into the contami¬ 
nated environment of a herd in which the 
indigenous pigs are immune. 

The incidence in individual herds may 
be high. Mortality is usually low except in 
very young piglets and congenitally affected 
piglets, where mortality rates can be high. 
Congenital infection presents with low mor¬ 
bidity but high case fatality. Older animals 
seem to suffer few ill-effects. 

PATHOGENESIS 

The virus may enter the skin through preex¬ 
isting skin lesions and then replicates in the 
keratinocytes of the stratum spinosum. It 
rarely affects other tissues. It can be isolated 


from the skin as soon as 3 days following 
intradermal inoculation. In field cases, the 
lesions progress through the classical phases 
of poxvirus infections but do not usually 
proceed past the pustular or vesicle stage. At 
this time there is rupture and the formation 
of scabs, which heal and drop off. Congenital 
infection is thought to occur when naive 
pregnant sows become infected and develop 
viremia with infection of the fetal mem¬ 
branes. Not all fetuses are born affected, 
and compartmentalization of placentas may 
restrict further uterine spread as occurs with 
parvovirus infections. 

CLINICAL FINDINGS 

The morbidity may be high in individual 
herds where young pigs are affected, but the 
mortality is usually very low. The incubation 
period may be from 4 to 14 days. Small 1- to 
1.5-cm-diameter papules develop first and 
may pass through the pustular and vesicular 
stage very quickly with the formation of red- 
brown, round scabs. In neonatal pigs, the 
rupture of many vesicles at one time may 
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cause wetting and scab formation over the 
cheeks, and conjunctivitis and keratitis are 
present in many affected animals. In most 
cases the lesions are restricted to the belly 
and inside the upper limbs, but they may 
involve the back and sides and sometimes 
spread to the face. Lesions may coalesce. A 
slight febrile reaction may occur in the early 
stages in young animals, and in sucking pigs, 
deaths are observed. In adult pigs, detectable 
skin lesions are less well defined, restricted 
to the nonhaired softer skin areas, and fre¬ 
quently do not progress through the devel¬ 
opmental stages to form scabs. Congenital 
swinepox is characterized by striking lesions 
present in piglets at birth, involving the skin 
and also commonly the tongue and hard 
palate. Affected piglets are born from healthy 
sows. Affected piglets may be stillborn or die 
within a few days after birth. 

CLINICAL PATHOLOGY 

The diagnosis is confirmed by examination 
of skin biopsies, which show hydropic degen¬ 
eration of the stratum spinosum keratino- 
cytes. Focal superficial erosions, marked 
epidermal hyperplasia with acanthosis, bal¬ 
looning of epidermal cells, and occasional 
large eosinophilic intracellular inclusion 
bodies are present on histologic examination. 
Hydropic degeneration can also be seen in 
the outer sheaths of the hair follicles. There 
is no fluid accumulation between the kerati- 
nocytes. Necrosis may occur later. Inflamma¬ 
tory cells invade the underlying dermis. 
Electron microscopy can be used to detect 
the viral particles, and the virus can be cul¬ 
tivated in primary pig kidney cell tissue 
culture with at least seven passages. Crusts, 
papules, or pustules are best for this. Pigs will 
develop virus-neutralizing and virus-precip¬ 
itating antibodies but not at high enough 
levels to make antibody tests reliable. There 
is strong immunity in recovered animals. 


DIFFERENTIAL DIAGNOSIS 


The distribution of the pox-like lesions and 
the association of the disease with louse 
infestations suggest the diagnosis. Swinepox 
may resemble swine vesicular disease, which 
is characterized by vesicles on the coronary 
bands, lips, tongue, and snout. 

Lesions associated with Tyroglyphus spp. 
mites are usually larger, occur anywhere on 
the body, and, like those of sarcoptic mange, 
are usually accompanied by itching. The 
causative mites are detectable in skin 
scrapings. Ringworm and pityriasis rosea have 
characteristic lesions that do not itch, occur in 
older pigs than typically does swinepox, and 
fungal spores are present in scrapings in the 
former disease. 

A vesicular disease with necrosis 
resembling swinepox has been attributed to 
infection with parvovirus, but there is little 
evidence that parvovirus is a primary skin 
pathogen. 


TREATMENT 

No specific treatment is available, and lesions 
cause so little concern to the pig, and heal so 
rapidly, that none is attempted. 

CONTROL 

Vaccination is not usually practiced, and 
control of the pig lice is the principal prophy¬ 
lactic measure attempted in most outbreaks. 


Dermatomycoses 

RINGWORM 


SYNOPSIS 


Invasion of cutaneous keratinized epithelial 
cells and hair fibers by dermatophytes. 

Etiology Trichophyton, Microsporum spp. 
fungi. 

Epidemiology Carrier animals are the source; 
spread is via direct contact or contact with 
infected inanimate objects. Housed animals 
most susceptible. 

Clinical signs Circumscribed areas of hairless 
skin; thick gray crumbly crusts (cattle) or 
shiny, bald areas (horses); heavy pityriasis; 
common locations where infection likely to 
contact (e.g., neck, sides). 

Clinical pathology Spores and mycelia in 
skin scraping, or in culture. 

Necropsy lesions Mycelia identifiable in skin 
sections. 

Diagnostic confirmation Laboratory typing 
of fungus in scraping or tissue. 

Treatment Spontaneous recovery usual. 
Topical ointments such as Whitfield's 
ointment, systemic griseofulvin. Vaccination 
widely used in European countries and 
supportive treatment. 


ETIOLOGY 

The associated fungi that grow on the hair, 

skin, or both are as follows: 

• Cattle: Trichophyton verrucosum (most 
commonly), T. mentagrophytes, T. 
megninii, T. rubrum, T. simii, T. 
verrucosum var. album, T. verrucosum 
var. discoides, Microsporum gypseum 

• Sheep: T. verrucosum var. ochraceum, 

T. quinckeanum, T. mentagrophytes, M. 
gypseum (“club lamb fungus” in show 
lambs in the United States), 

Microsporum canis 

• Goat: T. verrucosum 

• Horse: T. equinum, including a dark 
variant able to perforate hair in vitro 
(T. equinum var. equinum), T. 
quinckeanum, T. mentagrophytes, T. 
verrucosum, Microsporum equinum (syn. 
M. canis), M. gypseum, Equicapillimyces 
hongkongensis 

• Donkey: T. mentagrophytes, T. 
verrucosum 


. Pig: T. mentagrophytes, T. rubrum, T. 

verrucosum var. discoides, M. canis, 

Microsporum nanum 

Uncommon dermatophytes also found 
in skin lesions in farm animals and horses 
include the following: M. gypseum and 
Keratinomyces allejoi in horses; Malaessezia 
spp. yeasts causing superficial mycoses in 
immunocompromised horses; Scopulariop- 
sis brevicaulis in cattle; M. nanum in adult 
pigs, in which it is most common and in 
which the lesions are often so mild as to 
go unnoticed by the farmer; and Alter- 
naria alternata in horses, goats, pigs, sheep 
and cattle. 

A rare but similar disease is tinea versi¬ 
color, a fungal dermatomycosis associated 
with Malassezia furfur (syn. Pityrosporum 
orbiculare) on the teats of goats. The lesions 
are circular, discrete, slightly thickened, and 
scaly at the edges, but not painful. They are 
characterized by an alteration in the color of 
the surrounding skin, either darker or lighter. 
The infection persists on a patient for at least 
a year and in a flock for a longer period. 
Hyphae are distinguishable in sections of the 
lesions. 

EPIDEMIOLOGY 
Occurrence, Source of Infection, 
and Transmission 

Ringworm occurs in all animal species in all 
countries but more commonly where animals 
are accommodated in dense groups, espe¬ 
cially indoors. 

Direct contact with infected animals is 
the common method of spread of ringworm, 
but indirect contact with inanimate objects, 
particularly bedding, harnesses, grooming 
kits, and horse blankets, is probably more 
important. Spores can exist on the skin 
without causing lesions, and up to 20% of 
normal animals in an infected group will act 
as carrier animals. Premises and harnesses 
may remain infective for long periods 
because fungal spores remain viable for years 
if they are kept dry and cool. Moderate heat 
and desiccation destroy them. 

A dermatophytosis in lambs in the United 
States, called club lamb fungus, affects 
lambs during lamb show season. Approxi¬ 
mately one-third of families reported that 
children or owners involved in showing 
these lambs developed skin lesions consis¬ 
tent with dermatophytosis. 

Ringworm in yearling horses can inter¬ 
fere with training, causing economic losses 
because of the isolation required to prevent 
spread of infection to other horses and 
humans and to decrease environmental 
contamination. 

Risk Factors 
Pathogen Factors 

M. gypseum, K. allejoi, and M. nanum are 
soil saprophytes, and the reasons for their 
assumption of pathogenicity are not 
understood. 















Environment and Host Factors 

A high incidence of clinical cases in the 
winter and of spontaneous recovery in the 
spring is common, but outbreaks also occur 
during the summer months, so that close 
confinement and possibly nutrition seem to 
be more important in the spread of the 
disease than other environmental factors 
such as temperature and sunlight. Humidity 
is known to be important, with high humid¬ 
ity being conducive to multiplication of the 
fungus. In calf-rearing and vealing units the 
prevalence is greater in units that continu¬ 
ously add or remove calves from the stock; 
an “all-in all-out” program is less conducive 
to spread of the disease. 

Animal susceptibility is determined 
largely by immunologic status, and thus 
young animals are most susceptible. 

Zoonotic Considerations and 
Economic Importance 

Spread between species occurs readily, and 
in rural areas 80% of human ringworm 
may derive from animals. Trichophyton 
spp. infections are commonly contracted 
from horses and cattle 1 and M. canis infec¬ 
tions from dogs. Ringworm of animal 
origin affects adult humans and children, 
and diagnosis and treatment are often very 
difficult. 2 

Injury to affected animals is of a minor 
nature, but sufficient damage to hides occurs 
to warrant some attempt at control of the 
disease. 

PATHOGENESIS 

Ringworm fungi chiefly attack keratinized 
tissues, particularly the stratum corneum 
and hair fibers, resulting in autolysis of the 
fiber structure, breaking off of the hair, 
and alopecia. Exudation from invaded epi¬ 
thelial layers, epithelial debris, and fungal 
hyphae produce the dry crusts that are char¬ 
acteristic of the disease. The lesions progress 
if suitable environmental conditions for 
mycelial growth exist, including a warm and 
humid atmosphere and a slightly alkaline pH 
of the skin. Ringworm fungi are all strict 
aerobes, and the fungi die out under the 
crust in the center of most lesions, leaving 
only the periphery active. It is this mode of 
growth that produces the centrifugal pro¬ 
gression and the characteristic ring form of 
the lesions. 

The significance of skin pH in the devel¬ 
opment of ringworm is widely known. The 
susceptibility of humans to ringworm infec¬ 
tion is much greater before puberty than 
afterward, when the skin pH falls from about 
6.5 to about 4.0. This change is largely attrib¬ 
utable to excretion of fatty acids in the 
sebum, and these fatty acids are often highly 
fungistatic. Calves are more commonly 
infected than adult cattle, but whether this is 
a result of increased susceptibility in calves 
or the development of immunity in adults 
has not been determined. 
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There is some experimental evidence that 
traumatic injury of the skin is an important 
factor for the development of ringworm 
lesions in calves. Different numbers of 
microconidia of T. verrucosum are required 
to induce ringworm depending on the degree 
of shearing of the hair and scarification of 
the skin. T. mentagrophytes secretes a small 
peptide (hemolysin) that is suspected to 
result in cell-membrane damage and 
facilitate infection of the skin. 3 

Secondary bacterial invasion of hair fol¬ 
licles is common. The period after experi¬ 
mental infection before distinct lesions 
appear is about 4 weeks in calves, but consid¬ 
erably less in horses. Spontaneous recovery 
occurs in calves in 2 to 4 months, with the 
duration and severity of the disease often 
depending on the nutritional status of the 
host. A resistance to reinfection occurs after 
recovery from experimental or natural infec¬ 
tion even though a local mycotic dermatitis 
may occur at the reinfection site. The immu¬ 
nity is specific to the fungal species con¬ 
cerned, and in horses immunity lasts up to 
2 years. 

CLINICAL FINDINGS 
Cattle 

The typical lesion is a heavy, gray-white 
crust raised perceptibly above the skin. The 
lesions are roughly circular and about 3 cm 
in diameter. In the early stages the surface 
below the crust is moist; in older lesions the 
scab becomes detached, and pityriasis and 
alopecia may be the only obvious abnormali¬ 
ties. Lesions are most commonly found on 
the neck, head, and perineum, but a general 
distribution over the entire body may occur, 
particularly in calves, and in severe cases the 
lesions may coalesce. Itching does not occur, 
and secondary acne is unusual. 

Sheep 

In sheep the lesions occur on the head and 
rarely in the fleeced areas, and although 
lesions usually disappear in 4 to 5 weeks, the 
disease may persist in the flock for some 
months. The lesions are discrete, round, 
nearly bald patches covered with a grayish 
crust. Similar lesions occur in goats, but they 
are distributed generally over all parts of the 
body. The exception to this description is a 
new ringworm associated with an unidenti¬ 
fied Trichophyton that has appeared in 
sheep in the western U.S. states, plus Georgia 
and Kentucky, since 1989. Lesions occur 
extensively in fleeced areas and are charac¬ 
terized by shedding of the wool staple and 
exudation from the skin surface. Serious 
spread of the infection to human attendants 
occurs. 

Outbreaks of ringworm in sheep flocks 
associated with T. verrucosum have been 
reported in Scotland. The outbreaks have 
been unusual because of the high morbidity 
rates and persistence of active lesions for up 
to 6 months. The presence of ringworm 


lesions precluded the sale of rams in affected 
flocks. 

In club lamb fungus in show lambs in the 
United States, gross lesions typical of ovine 
dermatophytosis were located on all parts of 
the body and consisted of circular areas of 
matted wool, crusts, and discoloration. 

Horses 

The lesions may be superficial or deep. 
Superficial infections are more common. 
Lesions resulting from T. equinum com¬ 
mence as round patches of raised hair and 
soreness of the lesions to touch. This stage 
is followed about 7 days later by matting of 
the hair, which becomes detached, leaving a 
bald, gray, shining area about 3 cm in diam¬ 
eter. Fine scabs appear, and recovery with 
regrowth of hair commences in 25 to 30 
days. Heavier scabs and larger lesions are 
usually a result of rubbing by the harness. 
Lesions associated with M. gypseum are 
smaller, about 10 mm in diameter, and are 
manifested either by the development of 
thick crusts or, more generally, a diffuse 
moth-eaten appearance with desquamation 
and alopecia. Less commonly, deeper struc¬ 
tures are infected through the hair follicles, 
causing small foci of inflammation and sup¬ 
puration. A small scab forms over the follicle 
and the hair is lost, but extensive alopecia 
and crust formation do not occur. Some 
irritation and itching may be caused by this 
type. The distribution of lesions in the horse 
differs from that in cows, with lesions 
usually appearing first on the axillary girth 
area and spreading generally over the trunk 
and over the rump; lesions may spread to 
the neck, head, and limbs. Some cases are 
clinically impossible to differentiate from 
dermatophilosis. 

Chromoblastomycoses is a sporadic, 
slow-developing chronic granulatous fungal 
infection of skin following traumatic injury 
that has been reported occasionally in horses. 
Nodular granuloma-like nodules gradually 
appear that are clinically indistinguishable 
from habronemosis. 

Brittle-tail syndrome of horses is a 
newly reported disease of horses in Hong 
Kong caused by a keratinolytic fungus, Equi- 
capillimyces hongkongensis. Affected horses 
develop short, stumpy tails as a result of 
breakage of hairs in the dorsal layers of the 
tail. 4 The disease is contagious, and environ¬ 
mental or animal reservoirs (apart from 
horses) are unknown. 

Pigs 

Ringworm is not common in pigs. Regular 
ringworm lesions in pigs develop as a cen- 
trifugally progressing ring of inflammation 
surrounding a scabby, alopecic center. The 
lesion produced by M. nanum is different— 
there is no pruritus or alopecia and cutane¬ 
ous reaction is minimal, but the centrifugal 
enlargement of each lesion may cause it to 
reach an enormous size. 5 Superficial, dry, 
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brown crusts cover the affected area but are 
not obviously raised, except at the edges 
in some cases. The crusts are formed of 
flakes or dust composed of epithelial debris. 
Most lesions occur on the back and sides. 
Spontaneous recovery does not occur in 
adult pigs. 

CLINICAL PATHOLOGY 

Laboratory diagnosis depends on the dem¬ 
onstration of spores and mycelia in skin 
scrapings from the edge of the lesion and in 
culture. Skin scrapings should be made after 
decontaminating the skin with 70% ethyl 
alcohol, placing the scraping in a 10% solu¬ 
tion of potassium hydroxide, and potentially 
adding lactophenol cotton blue before micro¬ 
scopic examination is performed. Spores are 
the diagnostic feature and appear as round 
or polyhedral, highly refractive bodies in 
chains (Trichophyton spp.) or mosaics 
(Microsporum spp.) in hair follicles, in epi¬ 
thelial scales, and in or on the surface of hair 
fibers. A hair perforation test, which mea¬ 
sures the capacity of a fungal isolate to per¬ 
forate human hair fibers in the laboratory, is 
used in the differentiation of dermatophytic 
species. Culture can take 2 to 6 weeks to 
provide a diagnosis; consequently, a PCR test 
using the primer pair for chitin synthase 1 
(CHS1) gene has been developed for use in 
horses. 6 An ELISA for serodiagnosis has been 
developed for cattle, but it appears it will be 
most successful in monitoring response to 
vaccination and epidemiologic studies.' 

The most useful technique for the early 
diagnosis of ringworm in cattle uses a small 
sterilized hairbrush. The skin lesion is first 
swabbed with a cotton swab containing 70% 
to 90% ethyl alcohol to remove environmen¬ 
tal contaminants and allowed to dry. The 
lesion is then brushed; the brush is placed in 
a sterile plastic bag for immediate transpor¬ 
tation to the laboratory 8 and subsequent 
culture within a few hours. 

Examination of the skin of infected 
animals to detect the fluorescence associated 
with some fungal infections can also be a 
useful clinical aid, but many trichophyton 
fungi do not fluoresce, whereas petroleum 
jelly and other oily skin dressings may do so. 
Fungal hyphae in tissues can be identified, 
even down to the genus, by the use of immu- 
nofluorescent staining. The technique was 
devised for use on necropsy material but 
should have application for biopsy material 
and scrapings. Specimens to be sent for 
laboratory examination should be packed 
in envelopes because airtight jars and cans 
favor the growth of nonpathogenic fungi 
during transportation. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of ringworm depends on 
evidence of infectivity, the appearance of 
characteristic lesions, and the presence of 


fungal mycelia and spores. Diagnostic 
confirmation is by demonstration of fungal 
elements in a scraping or biopsy. 

The differential diagnosis list of ringworm, 
which may be confused with diseases with 
similar clinical profiles, follows. 

Cattle 

Mycotic dermatitis, which has tenacious scabs 
that cover a raw area of skin. 

Inherited parakeratosis, characterized by 
tenacious thick crusts that respond quickly 
and completely to dietary supplementation 
with zinc. 

Sarcoptic mange, in which mites can be 
demonstrated in scrapings; there is intense 
pruritus and a quick response to standard 
insecticides. 

Psoroptic mange, identifiable by the presence 
of mites in scrapings, pruritus, occurrence 
in housed cattle, and the location of the 
lesions over the hindquarter. 

Horses 

Mycotic dermatitis, which is limited in its 
distribution to the back of the horse, and 
Dermatonomus congolensis can be 
cultured. 

Queensland itch diagnosable on its occurrence 
only in summer, only along the back, and 
the associated intense pruritus. 

Other equine dermatitides. 

Pigs 

Pityriasis rosea, in which no mites can be 
demonstrated, and the disease is limited to 
a particular age group. 

Exudative epidermitis has extensive lesions 
with a characteristic greasy covering. 

Tyrogliphosis is self-limiting, associated with a 
new source of grain, and characterized by 
pruritus. 

Sarcoptic mange, identifiable by the mites in 
scrapings, the intense pruritus, and the 
prompt response to treatment with 
insecticide. 


TREATMENT 

Many recorded cures are no doubt a result 
of strategic treatment just before spontane¬ 
ous recovery, but treatment is widely prac¬ 
ticed and recommended because it greatly 
reduces contamination of the environment 
by infected animals. Local or systemic treat¬ 
ments are used, the latter when lesions are 
widespread. Gloves and protective clothing 
should be worn when treating affected 
animals because of the potential for zoonotic 
spread. 2 Administration of a live attenuated 
T. verrucosum vaccine to cattle with ring¬ 
worm is effective in hastening the resolution 
of lesions. 9 Vaccination with an inactivated 
lyophilized T. verrucosum vaccine twice at a 
14-day interval has been reported to be an 
effective treatment in horses with multiple 
ringworm lesions. 10 


Local Application 

The crusts should be removed by scraping or 
brushing with a soft wire brush and burned; 
the selected medicament should be brushed 
on or rubbed in vigorously. Clipping of the 
hair may facilitate treatment application. 
Suitable topical applications include Whit¬ 
field’s ointment (a mixture containing 6% 
benzoic acid and 3% salicylic acid); 11, pro¬ 
pionic and undecylenic acid ointments; 
povidone-iodine, thiabendazole 1% to 5%, 
and captan ointments; ointments containing 
one of the azole compounds, such as imidaz¬ 
ole, miconazole, or tioconazole (1%), 13 or 
enilconazole (0.2%), 5 and a 10% ammoniated 
mercury ointment; propolis (a resinous sub¬ 
stance collected by honeybees from plants 11 ); 
homeopathic remedies; 12 burnt motor oil; 14 a 
10% solution of povidone-iodine; 5% to 
10% copper sulfate solution; 14,15 solutions of 
quaternary ammonium compounds (1:200 
to 1:1000); solutions of 0.25% hexadeca- 
methylene-1, 16-bis-isoquinolinium chlo¬ 
ride (Tinevet), and Hexetidine (bis-1,3 
beta-ethylhexyl-5 methyl- 5 -amino- hexahy- 
dropyrimidine) borotannic complex; and 
ivermectin (SC, 200 |ig/kg BW). 16 The long 
list of potential treatments indicates the lack 
of a definitive, large-population, randomized 
clinical trial using objective measures of 
treatment efficacy and a negative control 
group. Whitfield’s ointment appears to have 
the strongest evidence of efficacy and is con¬ 
sidered to have keratolytic, antimicrobial, 
and antifungal effects. Topical treatments are 
probably of greater value in the early stages 
of an outbreak when the lesions are small 
and few in number, and spontaneous resolu¬ 
tion is likely in younger animals. 

Sprays, Washes 

When infection in a group is widespread, 
washes or sprays that can be applied over 
the entire body surface of all animals are 
used, although the efficacy of the prepara¬ 
tions is less than that of ointments, and daily 
application for at least 5 days is required. 
Sprays have a big advantage if prophylactic 
treatment of all in-contact animals is 
recommended. Examples are agricultural 
Bordeaux mixture, 5% lime sulfur (20% w/v 
polysulfides diluted 1:20), captan (N- 
(trichloromethylthio) -cyclohex-4-ene-1, 
2-dicarboxamide) 3%, N-trichloromethyl- 
thio-tetrahydrophthalimide, iodofors, 0.5% 
sodium hypochlorite, and natamycin 
(100 ppm). These treatments may not be 
available or permitted in every country. 

Systemic Treatment 

Systemic treatments recommended for use 
in farm animals include the IV injection of 
sodium iodide (1 g/14 kg body weight) as a 
10% solution repeated on several occasions, 
and, if the high cost of the treatment can be 
overlooked, the oral administration of gris- 
eofulvin has been empirically recommended 
at 7.5 to 10 mg/kg BW once daily, with no 
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strong evidence to support or refute this 
dosage protocol. 

Spontaneous recovery is common in 
individual animals within 90 days, and 
careful appraisal of results in clinical trials is 
necessary. Many farmers overtreat their 
animals with irritant preparations adminis¬ 
tered daily for long periods. A crusty derma¬ 
titis, or even a neoplastic acanthosis, may 
result. 

CONTROL 

Hygiene 

Failure to control an outbreak of ringworm 
is usually a result of the widespread contami¬ 
nation of the environment before treatment 
is attempted. Isolation and treatment of 
infected animals; the provision of separate 
grooming tools, horse blankets, and feeding 
utensils; and disinfection of these items after 
use on affected animals are necessary if the 
disease is to be controlled. All grooming 
equipment should be carefully washed and 
treated with a solution of enilconazole or 
1:10 dilution of household bleach. Cleaning 
and disinfection of stables with a commercial 
detergent or a strong solution (2.5% to 5%) 
of phenolic disinfectant, 5% lime sulfur, 5% 
formalin, 3% captan, or 5% sodium hypo¬ 
chlorite is advisable where practicable. Good 
results are also claimed for the disinfection 
of buildings with a spray containing 2.0% 
formaldehyde and 1.0% caustic soda. Sun¬ 
light and a low stocking rate provide very 
effective control measures, which is why 
ringworm occurs at a much lower incidence 
in suckling beef calves in pasture than dairy 
calves raised in group housing with no direct 
sunlight. 

Vaccination 

A vaccine developed in the former Soviet 
Union has achieved a great deal of success in 
preventing infection in cattle and horses in 
most countries of Europe and Scandinavia. 
The nonadjuvanted vaccine includes lyophi- 
lized microconidia and hyphal elements of a 
highly immunogenic, nonvirulent strain 
of T. verrucosum. Small injection-site skin 
lesions are present for a few weeks in vacci¬ 
nated calves. 1 ' Vaccination of all animals in 
the group is recommended, and isolation 
and treatment of infected animals and disin¬ 
fection of premises and gear must be carried 
out at the same time. 

The vaccine is almost totally without side 
effects except for very rare deaths as a result 
of anaphylaxis, apparently related to keeping 
reconstituted vaccine for too long a period. 
National vaccination campaigns have been 
successful in eradicating T. verrucosum from 
cattle herds. 17 

Nutrition 

Although ringworm occurs in well- 
nourished and poorly fed animals, there does 
seem to be a tendency for the latter to 
become infected more readily and to develop 


more extensive lesions. Supplementation of 
the diet, particularly with vitamin A to young 
housed animals, should be encouraged 
as a preventive measure. The adequacy of 
dietary selenium and zinc intake should be 
determined. 18 


TREATMENT AND CONTROL 


Treatment 

Discrete lesions in calves or horses 

Whitfield's ointment (6% benzoic acid, 

3% salicylic acid) applied topically daily 
(R-2) 

5% to 10% copper sulfate solution, daily 
for 15 days or 4 times at 5-day intervals 
(R-2) 

1% tioconazole ointment, 2% miconazole 
ointment, 0.2% enilconazole solution 
(R-2) 

Ivermectin (200 pg/kg BW, SC) (R-2) 

Widespread multiple lesions 

Topical 2% ketoconazole shampoo twice a 
week for 4 weeks in horses (R-2) 

Consider oral griseofulvin (7.5 to 10 mg/kg 
BW once daily) in all species, but 
excessive cost and may not be permitted 
in many countries (R-2) 

Control 

Calves 

Vaccinate with modified live Trichophyton 
verrucosum. (R-1) 

All animals 

Don't share grooming equipment between 
animals (R-1). 

Ensure adequate sunlight and house on 
pasture with low stocking density. (R-2) 

Ensure adequate vitamin A, selenium, and 
zinc status. (R-2) 


FURTHER READING 

Cafarchia C, Figueredo LA, Otranto D. Fungal diseases 
of horses. Vet Microbiol. 2013;167:215-234. 
Chermette R, Ferreiro L, Guillot J. Dermatophytoses in 
animals. Mycopathologia. 2008;166:385-405. 

Lund A, DeBoer DJ. Immunoprophylaxis of 

dermatophytosis in animals. Mycopathologia. 
2008;166:407-424. 
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MUCORMYCOSIS 

Mucormycosis is a rare disease of humans, 
horses, cattle, and pigs caused by coenocytic 
fungi of the order Mucorales. Lichtheimia 
corymhifera (formerly Absidia corymbifera, 
Mycocladus corymbiferus ) causes severe 
disease and death of horses, abscessation of 
lymph nodes in pigs, and mastitis and abor¬ 
tion in cattle. 12 The disease is usually acute 
and progressive, and antemortem diagnosis 
is difficult. Clinical signs include fever, 
diarrhea, circling, convulsions, and acute 
death. Horses can have ulcerating skin 
lesions of the muzzle, nostrils, knees, and 
hocks, which can develop in animals that 
survive the acute disease. Necropsy examina¬ 
tion reveals demarcated necrotic or 
hemorrhagic lesions in the respiratory and 
gastrointestinal mucosa, lungs, spleen, and 
brain. Thin-walled hyphae are visible in 
routine sections of tissue examined micro¬ 
scopically. There is no effective treatment or 
control. Zygomycotic lymphadenitis attrib¬ 
utable to Rhizomucor pusillus or Lichtheimia 
corymbifera (formerly Absidia corymbifera ) 
was detected in 0.04% of feedlot steers 
slaughtered in California. Lesions most com¬ 
monly affected the mesenteric lymph nodes. ’ 
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MALASSEZIA SPP. DERMATITIS 

Malassezia spp., formerly known as Pityros- 
porum, is a genus of fungi. Dermatitis 
associated with Malassezia spp. is described 
in goats and horses. A number of species of 
Malassezia, including M. furfur, M. obtusa, 
M. globosa, M. pachydermatis, M. restricta, 
M. slooffiae, M. sympodialis, and M. equina, 
are present on normal and abnormal skin of 
horses. 1,2 Malassezia spp. were cultured from 
5 of 44 swabs and detected on microscopic 
examination in 40 of 44 swabs of preputial or 
mammary skin from 11 healthy horses, indi¬ 
cating the need for caution when ascribing 
etiologic importance to detection of this 
organism in samples of skin of horses with 
dermatitis. 1 

Lesions in a horse with alopecia areata 
included scaling and crusting dermatitis 
characterized histologically by mild to mod¬ 
erate hyperplasia, mild lymphocytic exocyto- 
sis, mild eosinophilic dermatitis, and diffuse 
parakeratosis with numerous budding yeasts. 
Alopecia areata might have predisposed the 
horse to infection, and disease caused by 
Malassezia spp., or the organism might have 
been an incidental finding. 2 The putative 
disease in goats is not well characterized. 3 
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SPOROTRICHOSIS 

Sporotrichosis is a contagious disease of 
horses, dogs, cats, cattle, and humans char¬ 
acterized by the development of cutaneous 
nodules and ulcers on the limbs that may be 
accompanied by lymphangitis. 

ETIOLOGY 

Sporotrichum schenckii (Sporothrix beurma- 
nii, S. schenckii, S. equi ) is a gram-positive 
dimorphic fungus that forms single-walled 
spores. The organism survives in a mycelial 
phase on living or decaying plant material 
but changes to a yeast phase when it enters a 
mammalian body through a puncture wound 
or bite. 

EPIDEMIOLOGY 

The disease is reported to occur in Europe, 
India, Africa, and the United States and 
likely occurs throughout the world. 1 The 
host range includes humans, horses, cattle, 
cats, camels, mice, rats, and chimpanzees. 
Economic loss caused by sporotrichosis is 
not great because the disease spreads slowly, 
the case fatality rate is low, and treatment 
is effective. Outbreaks of sporotrichosis 
in dairy cattle causes reduced milk 
production. 

The causative agent persists in organic 
matter, and contamination of cutaneous 
wounds can occur either by contact with dis¬ 
charges from infected animals or from 
contaminated surroundings. The disease is 
readily spread from affected cats to humans. 
Transmission from horses to humans has not 
been reported. 

Pathogenesis, Clinical Findings and 
Clinical Pathology 

Local invasion through wounds results in the 
development of abscesses and discharging 
ulcers. Multiple, small, cutaneous nodules 
develop on the lower parts of the legs, usually 
near the fetlock. The nodules may follow 
lymphatics and extend to the proximal limb. 
The nodules are painless, develop a scab on 
the summit, discharge a small amount of pus, 
and heal in 3 to 4 weeks. Succeeding crops of 
lesions may cause the disease to persist in the 
animal for months. Lymphangitis, causing 
cording of the lymphatics, occurs. 

Demonstration of gram-positive spores 
in discharges is diagnostic, but it is difficult 
because of their low number in horses and 
cattle, as opposed to the high number of 
spores present in lesions in cats. The organ¬ 
ism can be demonstrated in air-dried smears 
of exudate stained with Wright stain or 
Romanowsky stain. The hyphal stage is rare 
in tissues. Injection of pus into rats or ham¬ 
sters produces a local lesion containing large 


numbers of the yeast-like cells. The organism 
can be cultured on Sabourard agar. 


DIFFERENTIAL DIAGNOSIS 


Glanders 

Epizootic lymphangitis 
Ulcerative lymphangitis 

TREATMENT AND CONTROL 

Systemic treatment with iodides (potassium 
iodide orally or sodium iodide IV) is the 
most effective treatment. Local application 
of tincture of iodine daily to ulcers may 
suffice in mild cases. Itraconazole might be 
effective. 

Prophylactic treatment of all cuts and 
abrasions, isolation and treatment of clinical 
cases, and disinfection of bedding, harnesses, 
and gear will prevent spread of the disease in 
enzootic areas. Thorough washing of hands 
and arms with povidone iodine or chlorhexi- 
dine is recommended for humans handling 
infected animals or plant material. 
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EPIZOOTIC LYMPHANGITIS 
(PSEUDOGLANDERS, EQUINE 
BLASTOMYCOSIS, EQUINE 
HISTOPLASMOSIS) 


SYNOPSIS 


Etiology Histoplasma capsulatum var. 
farciminosum, a fungus. 

Epidemiology Epizootic disease of low 
mortality of horses in Asia, Africa, and the 
Mediterranean. The disease has important 
adverse effects on the horse, the owner, 
and wider society in communities that rely 
on horses as draft animals. 

Clinical signs Nodules, lymphadenopathy, 
and lymphangitis, usually of the hindlimbs. 
Nodules discharge creamy pus. 
Conjunctivitis and pneumonia may occur. 
Spontaneous resolution after a long course 
is usual. 

Clinical pathology Organism in pus, 
fluorescent antibody test. Histofarcin skin 
test. 

Lesions Lymphangitis, lymphadenitis. 

Differential diagnosis Glanders (farcy), 
ulcerative lymphangitis, sporotrichiosis. 

Diagnostic confirmation Demonstration of 
organism in pus. Clinical characteristics of 
the disease. 

Treatment Parenteral iodides. Amphotericin. 

Control Hygiene, slaughter, vaccination. 


The disease is important in developing coun¬ 
tries, such as Ethiopia, that have a depen¬ 
dence on use of equids as draff animals. In 
these communities, the disease has an 


adverse impact on affected equids beyond 
that caused by the lesions, because affected 
equids continue to be used as draff animals, 
because of lost utility of affected animals to 
owners, and because of the wider societal 
impact of the loss of availability of large 
numbers of draft animals. 1 Income gener¬ 
ated from providing a cart-horse service is 
often the sole source of income for families 
in developing countries, and the presence of 
the disease reduces the utility of the equid 
and therefore the income of the family. 1,2 

ETIOLOGY 

The cause is a fungus, Histoplasma capsula¬ 
tum var. farciminosum, a dimorphic fungal 
soil saprophyte. The organism has also been 
classified by the genus name Zymonema, 
Cryptococcus, Saccharomyces, or Blastomyces. 

The disease is listed by the OIE as a notifi¬ 
able disease. 

EPIDEMIOLOGY 

The disease occurs as outbreaks in horses, 
donkeys, and mules in parts of Iran, Asia, 
India, northern Africa, and the Mediterra¬ 
nean littoral. Most outbreaks occur in 
autumn and winter or when large numbers 
of horses are gathered together for military 
or other purposes. The disease was detected 
19% of cart horses in Ethiopia over an 
18-month period, with the prevalence of the 
disease varying by geographic region from 
0% to 39%. 3 The disease was more prevalent 
in areas with higher mean temperature/’ The 
case-fatality rate is 10% to 15%, but the 
course is prolonged. Cattle and camels are 
rarely affected. 

Fungal spores are carried from infected 
animals by direct contact or on bedding, 
grooming utensils, horse blankets, or har¬ 
nesses, and gain entry through abrasions, 
usually on the lower limbs. A saprophytic 
stage in the soil has been suggested to 
account for the difficulty experienced in 
eradicating the disease. The organism has 
been isolated from the alimentary tract of 
biting flies, and they may play a role in the 
transmission of the disease. 

Zoonotic Potential 

Infection is reported in humans. 

PATHOGENESIS 

After gaining entry through wounds, the 
fungus invades subcutaneous tissue, sets 
up a local granuloma or ulcer, and spreads 
along the lymphatic vessels. The ocular 
form of the disease results from inoculation 
of the organism into the eye, likely by biting 
flies. 

CLINICAL FINDINGS 

The disease is primarily an ulcerating, sup¬ 
purative, pyogranulomatous dermatitis, and, 
in most cases, lymphangitis. An ocular form 
of the disease is characterized by ulcerating 
conjunctivitis. Of 65 cases in cart mules in 
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Ethiopia, 92% had cutaneous lesions, 5% 
lung lesions, and 3% ocular lesions. 4 The 
incubation period in two horses experimen¬ 
tally infected varied from 4 weeks to 3 
months/’ 

In the cutaneous form of the disease an 
indolent ulcer develops at the portal of 
entry, making its appearance several weeks 
to 3 months after infection occurs. The 
affected skin and subcutaneous tissues are 
thickened and firm. 4 Nodules that do not 
rupture are hairless. A spreading dermatitis 
and lymphangitis, evident as corded lym¬ 
phatics with intermittent nodules, develops. 
Nodules rupture, discharging a thick, 
creamy pus. Local lymph nodes also enlarge 
and can rupture. Thickening of the skin in 
the area and general swelling of the whole 
limb are common. The lesions are painless. 

The lesions usually develop on the 
limbs, particularly around the hocks, but 
may also be present on the back, sides, 
neck, vulva, and scrotum. Occasionally 
lesions appear on the nasal mucosa just 
inside the nostrils and do not involve the 
nasal septum. Ocular involvement is mani¬ 
fested by keratitis and conjunctivitis. Sinus¬ 
itis and pneumonia occur in other forms of 
the disease. 

The disease is chronic, persisting for 3 to 
12 months. Spontaneous recovery occurs, 
and immunity is solid after an attack, but 
many animals are destroyed because of the 
chronic nature of the disease. 

CLINICAL PATHOLOGY 

Gram-positive, yeast-like cells, with a 
characteristic double-walled capsule, are 
easily found in discharges. The organisms 
are located both extracellularly and intra- 
cellularly in giant cells and macrophages. 
The agent can be cultured on special 
media, but the fungus dies quickly in 
specimens unless these are collected in 
antibiotic solutions, refrigerated, and cul¬ 
tured promptly. The specimen should be 
collected into a solution containing 500 
units/mL penicillin. 

The mallein test is negative, but a sterile 
filtrate of a culture of H. capsulatum var.far- 
ciminosum has been used in a cutaneous 
sensitivity test, and several serologic tests, 
including a fluorescent antibody test, are 
available. Antibodies to H. capsulatum var. 
farciminosum are detectable in serum before 
or at the time of development of lesions. 

NECROPSY FINDINGS 

Lesions are usually confined to the skin, 
subcutaneous tissues, and lymph vessels and 
nodes. In some cases, granulomatous lesions 
may be found in the lungs, liver, and spleen. 
Histologically, the lesion is quite character¬ 
istic and consists of pyogranulomatous 
inflammation with fibroplasia. Langerhans 
giant cells are common. The presence of 
numerous organisms, some of which show 
budding, in both intra- and extracellular 


tissue sections stained with H&E, Periodic 
acid-Schilf reaction, and Gomori methena- 
mine-silver stain is of diagnostic value. 


DIFFERENTIAL DIAGNOSIS 


See Table 16-4. 

Glanders ( Burkholderia mallei) 

Ulcerative lymphangitis ( Corynebacterium 
pseudotuberculosis) 

Sporotrichosis ( Sporothrix schenckii) 
Histoplasmosis ( Histoplasma capsulatum) 


TREATMENT AND CONTROL 

Many treatments have been tried, largely 
without success. Parenteral iodides have 
been reported as effective in some cases, as 
has amphotericin. Sodium iodide is admin¬ 
istered as a 10% solution at a dose of 1 mL 
per 5 kg IV once weekly for 4 weeks. 
Amphotericin is administered at a dose of 
0.2 mg/kg body weight every 48 hours for 
three treatments, but it might not be eco¬ 
nomically feasible for use in developing 
countries. 

Outbreaks in uninfected areas are prob¬ 
ably best controlled by slaughter of affected 
animals. In enzootic areas, severe cases 
should be destroyed and less severe cases 
kept in strict quarantine while undergoing 
treatment; however, the high prevalence of 
the disease in some areas (39%) and eco¬ 
nomic importance to the horse owner of 
the animal continuing to work make this a 
difficult recommendation to enforce. All 
infected bedding, harnesses, and utensils 
should be destroyed or vigorously disin¬ 
fected. Formalinized aluminum hydroxide 
adsorbed and heat-attenuated vaccines have 
been widely used, apparently with success. 

FURTHER READING 

Cafarchia C, et al. Fungal diseases of horses. 

Vet Microbiol. 2013;167:215-234. 

Stringer AP. Infectious diseases of working equids. 

Vet Clin Equine. 2014;30:695. 
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EQUINE PHYCOMYCOSIS 
(SWAMP CANCER, PITHYOSIS, 
HYPHOMYCOSIS DESTRUENS, 
FLORIDA HORSE LEECH, 
BURSATTEE) 


SYNOPSIS 


Etiology Pithyium insidiosum, Basidiobolus 
haptosporus, or Conidiobolus coronatus 


Epidemiology Tropical and subtropical areas 
of the world. Pythiosis occurs during the 
wet time of the year, but there is no 
seasonal distribution for B. haptosporus or 
C. coronatus. 

Clinical signs All cause ulcerative 

granulomas. P. insidiosum causes lesions on 
the legs and ventral abdomen; B. 
haptosporus causes lesions on the side of 
the body, neck, and head; C. coronatus 
causes lesions in the oral, nasal, 
pharyngeal, and tracheal mucosae. 

Clinical pathology Agar gel double diffusion 
test and histologic examination and 
immunohistochemical staining of tissue 
sections. 

Lesions Ulcerative granulomas with sinus 
tracts containing yellow coagulated 
material. 

Diagnostic confirmation Histologic 
examination of tissue. 

Treatment Surgical excision. Sodium or 
potassium iodide. Vaccination. 

Control None. 


ETIOLOGY 

The causes are fungi, including Pythium 
insidiosum (syn. Hyphomyces destruens ), 
Basidiobolus haptosporus (syn. B. haptospo¬ 
rus var. minor), Conidiobolus coronatus 
(syn. Entomophthora coronata), and Rhino- 
sporidium spp. Pseudoallescheria boydii 
causes granulomatous lesions of the nasal 
cavity. Alternaria alternata causes small 
granulomatous lesions on the head of 
horses, especially young horses. 1 Scedospo- 
rium prolificans has been associated with 
conjunctival lesions, arthritis, and osteomy¬ 
elitis in horses. 2 Unidentified fungi also 
cause lesions containing black-colored 
granules or grains, the so-called “black- 
grain mycetomas.” 

Skin lesions in horses have been associ¬ 
ated with infection by wide variety of fungi, 
including: 3 Madurella mycetomatis, Curvu- 
laria erruculosa, Bipolaris speciferum, Clado- 
sporium spp., and Exserohilum rostratum. 
Nonpigmented fungi that cause localized 
fungal infections in horses include P. boydii, 
Aspergillus versicolor, Alternaria tenuis, and 
Scedosporium apiospermum , 3 B. haptosporus 
is a terrestrial fungus that lives in decaying 
vegetation. 

EPIDEMIOLOGY 

Occurrence 

The disease occurs most commonly in tropi¬ 
cal and semitropical climates but can occur 
in animals housed in temperate climates. 
Although the disease is recorded most com¬ 
monly in horses, it does occur in young 
cattle, dogs, and humans. 4 Fungal disease, 
excluding that caused by the dermatophytes, 
accounted for 2.5% of nonneoplastic diagno¬ 
ses of nodule skin lesions examined in Colo¬ 
rado and the prairie provinces of Canada. 5 
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Pythiosis occurs mostly during the 
monsoon season in tropical areas, whereas 
infection by B. haptosporus and C. coronatus 
occurs year round. A survey in tropical 
northern Australia showed that granulomas 
of horses were caused by P. insidiosum in 
77%, B. haptosporus in 18%, and C. coronatus 
in 5% of cases. 

Animal Risk Factors 

The fungi gain access to the subcutaneous 
tissues through wounds or other disruptions 
of the integrity of the skin or mucosa. A 
strong correlation between the occurrence of 
the lesions and frequent wetting and expo¬ 
sure to water is reported and is consistent 
with the concept of an aquatic life cycle and 
motile zoospores of P. insidiosum. There is 
no breed, age, or sex predilection. Multiple 
cases can occur in horses maintained in the 
same enclosure. 

Zoonotic Potential 

Many of these fungi cause disease in humans, 
for instance, P. boydii infection causes granu¬ 
lomas of the lower extremities of people in 
tropical regions and is referred to colloquially 
as Madura foot. However, there is no evidence 
of spread of infection from horses or other 
infected animals to humans, although appro¬ 
priate caution should be exercised when han¬ 
dling infected tissues, especially by individuals 
with compromised immune function. 

PATHOGENESIS AND 
CLINICAL FINDINGS 

The life cycle of P. insidiosum involves coloni¬ 
zation of leaves of aquatic plants where the 
organism undergoes sexual reproduction 
and produces sporangia. Motile zoospores, 
released from the sporangia, are attracted to 
plant and animal tissue, to which they adhere. 
Zoospores are attracted to damaged tissue, on 
which they encyst and develop germ tubes. 
The hyphae invade tissue and produce the 
granulomatous reaction and ulceration. 
Ejected kunkers (necrotic material infected 
with hyphae) may produce sporangia. 

The large (20-cm), rapidly growing, circu¬ 
lar, fibrotic, ulcerative granulomas caused by 
P. insidiosum usually develop on the lower 
limbs, ventral abdomen, or thorax and 
contain yellow concretions in sinus tracts 
(leeches or kunkers). 4,6 '' The lesions are pru¬ 
ritic and grow rapidly, often becoming greater 
20 cm in diameter in 1 month. P. insidiosum 
lesions may involve underlying bone, and 
osteomyelitis may be a common feature of 
chronic pithyosis of the lower limbs. Pithy- 
ium spp. infection of the small intestine 
causes eosinophilic enteritis and granuloma 
formation, resulting in colic and the need for 
surgical resection. Dissemination of infec¬ 
tion from subcutaneous sites to the liver, 
lung, and spleen occurs and results in a pro¬ 
gressive weight loss and eventual death. 

C. coronatus causes lesions similar to, but 
smaller than, those of pithyosis. 8 However, 


lesions are only on the nares, nasal passages, 
oral cavity, pharynx, or trachea. The lesions 
can be very slow growing and take 1 to 2 
years to become invasive, whereas others 
grow rapidly. P. boydii causes granulomatous 
lesions of the nasal cavity in horses. B. 
haptosporus causes ulcerative, granulating 
lesions that have a hemorrhagic, edematous 
surface, in contrast to the fibrotic lesions 
caused by Pithyium spp., on the sides of the 
trunk, thorax, neck, and head. Lesions 
caused by B. haptosporus are pruritic. 

A. alternata causes cutaneous nodules 
that are not painful or pruritic on the head 
of horses. The nodules may be solitary but 
are usually multiple and slowly progressive. 1 

S. prolificans causes infection of musculo¬ 
skeletal structures, including joints and 
bone, usually secondary to puncture wounds 
or surgery. This organism causes dissemi¬ 
nated lesions and a fatal disease in immuno- 
suppressed humans. 

CLINICAL PATHOLOGY 

Culture of the causative fungus is a laborious 
task but is necessary to demonstrate presence 
of the organism, although PCR detection is 
becoming available and could replace culture 
as the definitive diagnostic test. A PCR test 
has been developed for the identification of 
Pythium spp., and this test also is useful for 
the detection of C. coronatus. Horses infected 
with P. insidiosum have a positive reaction to 
an agar gel double-diffusion test, and com¬ 
plement fixation and intradermal hypersensi¬ 
tivity tests are also of diagnostic value. 

Examination of a biopsy specimen is also 
of value, but care is needed to include a 
portion of necrotic tissue in which hyphae 
are most likely to be found. P. boydii is 
indistinguishable from Aspergillus spp. on 
microscopic examination of tissue. Immu- 
nohistochemical staining methods, using 
indirect peroxidase techniques, are of value 
in distinguishing Pythium spp. from other 
fungi in swamp cancer lesions. 

Necropsy examination of horses with dis¬ 
seminated pythiosis reveals small, firm, 
irregularly branched, yellow-white masses in 
the regional lymph nodes draining cutane¬ 
ous lesions and in the liver, lungs and spleen. 
Histologically the masses are eosinophilic 
granulomas containing hyphal elements of 
Pythium spp. 


DIFFERENTIAL DIAGNOSIS 


Habronemiasis 
Granulation tissue 
Sarcoid 
Fibrosarcoma 

Amyloidosis of the nasal septum 
Squamous cell carcinoma 
Aspergillosis of the nasal septum 
Osteomyelitis 


TREATMENT 

The most efficacious treatment for pythio¬ 
sis and conidiobolomycosis is excision, 
although recurrence is common (30%) with 
larger lesions. Laser ablation of the bed of 
the granuloma may reduce the rate of recur¬ 
rence. Larger lesions are usually treated 
medically. Fungal lesions respond to treat¬ 
ment of sodium iodide (20 to 40 mg/kg BW 
IV, q 24 h, as a 20% solution), followed by 
oral administration of potassium iodide (10 
to 40 mg/kg po q 24h for 7 to 120 days). 
Potassium iodide can also be administered 
at a dose of 10 g/425 kg once daily, with the 
dose increasing by 2 g/day until the horse 
exhibits feed refusal or a dose of 20 g/day 
is achieved. Treatment should continue 
until signs of mycotic disease have resolved, 
which is often weeks to months. An alter¬ 
native to potassium iodide is ethylene- 
diamine dihydroiodide (1.3 mg/kg, oral q 
12 hours for up to 4 months and q 24 hours 
for up to 1 year). Iodinism is a potential 
adverse effect of administration of sodium 
or potassium iodide, although this is rarely 
observed. 

Amphotericin also gives good results as 
a systemic treatment (intravenously 0.4 mg/ 
kg BW increasing to 1.5 mg/kg per day for 
10 to 40 days) combined with local infiltra¬ 
tion and after surgical excision in extensive 
lesions. Administration of amphotericin 
can be limited by its nephrotoxicity, which 
should be monitored during treatment. Itra¬ 
conazole (3 mg/kg orally every 12 hours for 
3 to 4 months) is effective in the treatment 
of C. coronatus infections of the nasal 
septum. Fluconazole (14 mg/kg oral loading 
dose followed by 5 mg/kg q 12 hours orally 
for 6 weeks) is effective in the treatment 
of nasal conidiobolomycosis in horses. The 
pharmacokinetics of fluconazole in horses 
have been determined, permitting rational 
dosing of this drug. Ketoconazole is not 
effective for the treatment of C. coronatus in 
horses. 

Miconazole (5 grams of 2% solution) 
infused for 4 weeks into lesions in the nasal 
cavity, in combination with systemic admin¬ 
istration of iodides, was effective in treat¬ 
ment of nasal lesions caused by P. boydii. 

S. prolificans is resistant to commonly 
used antifungal drugs. 

A vaccine composed of elements of P. 
insidiosum causes recovery or improvement 
in most cases. It also causes a severe reaction, 
sometimes a cold abscess, at the injection 
site. Other complications include osteitis and 
laminitis, which necessitate euthanasia. 
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MADUROMYCOSIS 

Maduromycosis is a skin disease of horses 
characterized by cutaneous granuloma 
caused by a variety of fungi, including Hel- 
minthosporium spiciferum, Brachycladium 
spiciferum, Curvularia geniculate, and Mono- 
sporium apiospermum. One or more lesions 
1 to 2.5 cm in diameter appear anywhere on 
the skin but with a special frequency at the 
coronet. The incised lesion has a mottled 
appearance and drains pus containing the 
fungus. 


Protozoal Diseases of 
the Skin 

BESNOITIOSIS (ELEPHANT 
SKIN DISEASE) 


SYNOPSIS 


Etiology Intermediate host-specific tissue 
cysts of Besnoitia besnoiti, B. caprae, and 
6. bennetti. 

Epidemiology Endemic disease in some 
tropical and subtropical areas, with high 
morbidity and low mortality. Rare disease 
elsewhere. Definitive host not known. 
Disease occurs in donkeys in the United 
States. Possible insect transmission of 
disease to cattle and goats. 

Clinical findings Anasarca, alopecia, 
hyperpigmentation and scleroderma, and 
infertility. 

Inspiratory dyspnea and loss of condition 

Pin-point nodules (cysts) on the scleral 
conjunctiva and nasal, pharyngeal, and/or 
laryngeal mucosa. 

Lesions Parasitic cysts in dermis, 
subcutaneous, and other fascia. 

Diagnostic confirmation Demonstration of 
bradyzoites in skin biopsy or scleral 
conjunctival scrapings. 

Treatment and control Little information 
available. 


Besnoitiosis is a parasitic disease of cattle, 
goats, horses, and certain wild animals. 
Infections in the chronic cystic stage can 
result in severe disease and/or production 
loss. 15 

ETIOLOGY 

Besnoitia are cyst-forming coccidian (api- 
complexan) parasites. The life cycle involves 
a definitive host and an intermediate host. 
There are seven classified species, of which 
three occur in domestic livestock. These are 
B. besnoiti in cattle, B. caprae in goats, and B. 
bennetti in horses, donkeys, and mules. The 
other four known Besnoitia species infect 
wildlife species. Cats are the definitive 
host for some Besnoitia infecting wildlife, but 
the definitive host(s) for the three domestic 


livestock species are unknown. Recent evi¬ 
dence suggests that B. besnoiti and B. capri 
are the same genetically, that they also have 
the same bradyzoite ultrastructure, and that 
they may not be separate species. 2,3 

EPIDEMIOLOGY 

Occurrence 

Besnoitiosis of livestock animals occurs as 
outbreaks in some tropical and subtropical 
regions, and sporadically in other areas. In 
endemic areas, the disease can affect a large 
proportion of the herd and cause significant 
economic loss. 1 ’ Bovine besnoitiosis is 
recorded in the African continent, southern 
Europe, 1 South America, Israel, Asia, and the 
Russian Federation; caprine besnoitiosis in 
Kenya, Uganda, Iran, and Kazakhstan; and 
besnoitiosis is found in equids in Africa and 
has recently emerged in donkeys in the 
United States. 4,5 

Risk Factors 

Besnoitia are relatively host specific. B. bes¬ 
noiti infects cattle and in Africa also infects 
goats and wild ruminants. The Kenyan 
species of B. caprae does not infect cattle 
or sheep. The natural means of transmis¬ 
sion is not known, but is presumed to be 
by ingestion of oocysts from the defini¬ 
tive host(s). Infection with B. besnoiti and 
B. caprae can be transmitted experimen¬ 
tally with endozoites and bradyzoites, and 
mechanically by infections or biting flies. 
Outbreaks of disease in cattle or goats occur 
in fly seasons, and it is postulated that biting 
insects may be important vectors. Transmis¬ 
sion via semen from infected males is also 
suggested. 

Economic Importance 

B. besnoitia is an economically important 
parasite of cattle in Africa and Israel. 2,3 
Although mortality is generally low, morbid¬ 
ity can approach 10% in the chronic stages. 
There is a loss of condition, and the fertility 
of male cattle and goats can be significantly 
impaired from chronic scrotal skin lesions. 
Skins have no value for tanning. Besnoitiosis 
in equids appears to have a rare occurrence, 
but there is evidence of an emergence in 
donkeys in the United States. 4,5 

PATHOGENESIS 

Following infection of the intermediate host, 
the endozoites (tachyzoites) proliferate in 
macrophages, fibroblasts, and endothelial 
cells, causing vasculitis and thrombosis, par¬ 
ticularly in capillaries and small veins of the 
dermis, subcutis, and testes. They then 
mature to form bradyzoite cysts (cystozoites) 
within fibroblasts. Replication is accompa¬ 
nied by cellular destruction and the release 
of inflammatory mediators, resulting in 
anorexia, lethargy, testicular degeneration, 
generalized edema of the skin, alopecia, and 
scleroderma. 2 5 Besnoitia cysts form in high 
numbers in the dermis and subcutaneous 


tissue. Inspiratory dyspnea is associated with 
infection in the upper respiratory tract. 

CLINICAL FINDINGS 
Bovine Besnoitiosis 

Typical signs occur in two stages: the 
acute anasarca stage associated with the pro¬ 
liferation of endozoites and the chronic 
scleroderma stage associated with cyst 
formation. 2,3 

Acute Stage 

In the acute stage there is fever and an 
increase in pulse and respiratory rates; warm, 
painful swellings appear on the ventral 
aspects of the body, interfering with move¬ 
ment. There is also generalized edema of the 
skin. The superficial lymph nodes are swollen, 
diarrhea may occur, and pregnant cows may 
abort. Lacrimation and an increased nasal 
discharge are evident; small, whitish, and 
elevated macules may be observed on the 
conjunctiva and nasal mucosa. The nasal dis¬ 
charge is serous initially, but it becomes 
mucopurulent later and may contain blood. 

Chronic Stage 

As the disease becomes chronic, the skin 
becomes grossly thickened and corrugated, 
and there is alopecia. A severe dermatitis is 
present over most of the body surface. 
Affected bulls often become sterile for long 
periods, particularly if the scrotal skin is 
affected. Cystic stages of the Besnoitia have 
been found in vascular lesions in the testes 
of affected animals and may be a major con¬ 
tributor to the sterility. Cysts on the scleral 
conjunctiva are considered to be of particu¬ 
lar diagnostic importance. 3 

In endemic areas, the signs that attract 
clinical attention are alopecia and severely 
thickened and wrinkled skin, which is often 
thrown into folds around the neck, shoulder, 
and rump region and the carpal and tarsal 
areas. Small, subcutaneous, seed-like lumps 
can be palpated. In cattle, infections of the 
teat skin may result in lesions around the 
mouth in suckled calves. The case fatality rate 
can be -10%, and the convalescence in survi¬ 
vors is protracted over a period of months. 

Caprine Besnoitiosis 

The acute stage is not commonly seen in 
goats; the disease presents like the chronic 
stage in cattle, 3 with dyspnea and cutaneous 
lesions. The cutaneous lesion is a chronic 
dermatitis of the legs, particularly the carpal 
and tarsal regions, and the ventral surface of 
the abdomen. It varies from mild thickening 
with superficial scaling, to marked thicken¬ 
ing with hyperpigmentation and a serous 
discharge. The hair is sparse. 

Equid Besnoitiosis 

The clinical signs are similar for different 
species of equids (horses and donkeys). 4,5 
Animals may show exercise intolerance, 
nasal discharge, and inspiratory dyspnea. 
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Skin lesions, like those in cattle and goats, are 
present on the ventral abdomen and legs or 
the whole body surface. Pin-point white 
nodules can be seen on the nares and sclera, 
and by endoscopy on the soft palate, pharynx, 
and/or larynx. 4,5 

CLINICAL PATHOLOGY 

There is little information on hematology 
and blood chemistry. Hypergammaglobu¬ 
linemia has been reported in one horse. 
Cysts containing a number of banana- or 
spindle-shaped zoites can be detected in 
scrapings or sections of skin or scleral con¬ 
junctival scrapings. Ear-tip biopsies are com¬ 
monly used in surveys of goats, and many 
infected animals show no clinical signs of 
infection. Serum antibodies to Besnoitia spp. 
can be detected using an indirect immuno¬ 
fluorescence technique or ELISA, but such 
tests likely have inadequate sensitivity and 
specificity. 

NECROPSY FINDINGS 

At necropsy, apart from any lesions detected 
upon clinical examination, animals that die 
in the acute stage of disease usually have 
widespread petechiae and ecchymoses in the 
subcutis and edema in the lymph nodes and 
in the testis in males. In the chronic stage, 
small white granules (the size of sugar gran¬ 
ules) may be found in multiple muscles, 
intermuscular fascia, and tendons, particu¬ 
larly in the limbs, neck, and nasal mucosa. 
Parasite stages are evident in lesions upon 
histologic examination, and they are found 
in endothelial cells and the intima of blood 
vessels, often associated with necrosis and a 
mild inflammatory reaction. 

DIAGNOSTIC CONFIRMATION 

The most efficient and cost-effective method 
of diagnosis of clinical disease is the demon¬ 
stration of Besnoitia bradyzoites in skin 
biopsy smears or scleral conjunctival 
scrapings. PCR-based techniques might 
also be used. 5,6 

TREATMENT AND CONTROL 

There is little information on treatment. 
Clinical cure of a donkey with a 9-month 
history of chronic skin disease is reported 
following prolonged oral administration of 
trimethoprim-sulfamethoxazole. 1 Animals 
should receive supportive therapy and be 
treated symptomatically for enteritis or der¬ 
matitis. A vaccine containing Besnoitia bes- 
noiti, grown on tissue culture and originally 
isolated from blue wildebeest, has been used 
to vaccinate cattle. A durable immunity to 
the clinical form of the disease was reported, 
but low-level subclinical infection did occur. 1 

FURTHER READING 
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Nematode Infections 
of the Skin 

SUMMER SORES IN HORSES 
(HABRONEMOSIS) 


SYNOPSIS 


Etiology Three nematode species, 

Habronema muscae, H. majus (syn. H. 
microstoma), and Draschia megastoma, 
infect the horse. 

Epidemiology Larvae from eggs in the feces 
are ingested by fly larvae; adult flies 
deposit infective larvae on skin. 

Signs Larvae deposited in wounds or in eye 
cause local inflammation and the 
development of extensive granulation 
tissue. 

Clinical pathology Larvae may be found in 
skin scrapings, biopsies, or discharge; 
marked local eosinophilia. 

Lesions Adult D. megastoma cause tumorlike 
lesions in stomach; other species cause a 
catarrhal enteritis. 

Diagnostic confirmation Gastric form: eggs 
difficult to find in feces; cutaneous form: 
demonstration of larvae, eosinophils in 
biopsy or scraping. 

Treatment Ivermectin. 

Control Protect horses from flies; treat all skin 
wounds promptly. 


ETIOLOGY 

The various forms of cutaneous habronemo- 
sis, with local names such as “summer sores,” 
“swamp cancer,” and “bursattee,” involve 
three nematode species, Habronema muscae, 
Habronema majus (syn. microstoma), and 
Draschia megastoma, the adults of which 
infest the stomach of horses. 

LIFE CYCLE 

Habronema spp. adults are larger (1 to 2.5 cm 
long) than those of D. megastoma (1.25 cm). 
The life cycles are indirect; all species use 
flies as their intermediate hosts. H. muscae 
and D. megastoma mainly use the housefly 
{Musca domestica )' but can use other muscid 
species, whereas H. majus usually passes 
through the stable fly ( Stomoxys calcitrans ), 2 
although Haematobia irritans exigua, Sar- 
cophaga melanura, and the housefly can also 
be used. The thin-walled larvated eggs hatch 
in the manure and are ingested by maggots, 


in which they develop. The infective form is 
reached at about the time the adult fly 
emerges from the puparium. Horses become 
infected by swallowing dead flies with feed 
or water, or, alternatively, infective larvae 
may pass through the proboscis of the fly 
when it is feeding on the lips or on wounds. ’ 
Larvae that are swallowed reach maturity 
in the stomach, whereas those deposited in 
wounds cause cutaneous habronemosis. 
Stray larvae may be found anywhere through¬ 
out the body but occasionally massive inva¬ 
sion of the lungs is seen. 

EPIDEMIOLOGY 

Habronema and Draschia have a worldwide 
distribution. They are of importance only in 
warmer climates, where they are commonly 
found, especially in wetter areas where the 
intermediate hosts are common. 4 ' 6 Else¬ 
where they tend to be a sporadic nuisance. 
Gastric granulomas and most cutaneous 
lesions appear to be associated with D. 
megastoma, although typical cutaneous 
lesions do occur naturally and have been 
produced experimentally by the cutaneous 
implantation of H. majus or H. muscae 
larvae. The latter, however, only cause a tran¬ 
sitory reaction. Horses of all ages are sus¬ 
ceptible, but the disease is most common in 
adults. 

PATHOGENESIS 

Two types of gastric habronemosis occur. 
The more serious is associated with D. 
megastoma. Larvae invade the gastric mucosa 
and cause the development of large granulo¬ 
matous masses that later fibrose. These 
tumors contain adult worms and have a 
central orifice through which eggs and larvae 
escape into the lumen. In many horses, the 
lesions cause only a mild chronic gastritis. In 
rare cases perforation occurs and is followed 
by a local peritonitis, which may involve the 
intestine, causing constriction, or the spleen, 
causing abscesses. H. majus and H. muscae 
do not cause tumors but penetrate the 
stomach glands and cause a catarrhal gastri¬ 
tis with the production of a thick tenacious 
mucus. Heavy burdens may cause ulceration. 
In donkeys, hyperoxemia, edema, erosions, 
and ulcers in addition to parasitic lesions 
have been observed.' 

In cutaneous and conjunctival habrone¬ 
mosis, Habronema spp. larvae deposited in 
wounds cause local inflammation and the 
development of extensive granulation tissue. 1 ’ 
Secondary bacterial or mycotic invasions 
may occur. In the eye, similar lesions 
form on the inner canthus, the nictitating 
membrane, or the eyelid. These can cause 
profuse lacrimation and other signs of local 
irritation. 

CLINICAL FINDINGS 

Gastric habronemosis does not usually 
provoke clinical signs, but affected animals 
may, on occasion, have a poor coat and a 











variable appetite. Large tumors may cause 
pyloric obstruction and gastric distension. 
When perforation occurs, there is depression, 
a fever of 39.5° to 40.5° C (103° to 105° F), and 
pain and heat on the left side just behind the 
costal arch. Mild to moderate colic may be 
evidenced when intestinal stenosis is present. 
If the spleen is involved, there is marked 
anemia and a gross increase in the total leu¬ 
kocyte count with a shift to the left. 

Cutaneous habronemosis is manifested 
by the appearance of lesions on those parts 
of the body where skin wounds or excoria¬ 
tions are most likely to occur and where the 
horse cannot easily displace the vector flies. 
Thus they are most common on the face 
below the medial canthus of the eye and on 
the midline of the abdomen, extending in 
males onto the prepuce and penis. Less com¬ 
monly, lesions may be found on the legs and 
withers, but those occurring in the region of 
the fetlocks and coronary band are especially 
serious. The cutaneous lesions commence 
as small papules with eroded, scab-covered 
centers. Development is rapid, and individ¬ 
ual lesions may increase to 30 cm in diame¬ 
ter in a few months. The center is depressed 
and composed of coarse, red granulation 
tissue covered with a grayish necrotic mem¬ 
brane, and the edges are raised and thick¬ 
ened. Although the lesions do not usually 
heal spontaneously, they may regress in 
colder weather and recur the following 
summer. There is little discharge. The sores 
are unsightly, are inconvenient, and cause 
some irritation. 

In conjunctival habronemosis, lesions 
on the nictitating membrane may be as large 
as 5 mm in diameter. The conjunctivitis is 
manifested by small, yellow, necrotic masses 
about 1 mm in diameter, accompanied by 
soreness and lacrimation, which do not 
respond to standard treatments for bacterial 
conjunctivitis. 

CLINICAL PATHOLOGY 

Diagnosis is difficult in the gastric form of 
the disease because the eggs and larvae are 
not easy to find in the feces. Biopsy of a cuta¬ 
neous lesion reveals connective tissue con¬ 
taining small, yellow caseous areas up to 
5 mm in diameter. Larvae may be found in 
skin scrapings or biopsies, and ocular lesions 
can be found in the conjunctival sac or dis¬ 
charge. A marked local eosinophilia occurs. 

NECROPSY FINDINGS 

Tumor-like lesions of D. megastoma bulge 
into the lumen of the stomach and may reach 
the size of a golf ball. Adult Habronema are 
stout worms, but their presence is often 
masked by a thick, tenacious layer of mucus. 
This is on the glandular part of the stomach 
and often close to the margo plicatus. 

Granulomatous lesions may be found in 
all the sites mentioned in the description of 
clinical signs, and although varying in size, 
they are of essentially the same composition 
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as described earlier under “Biopsy.” Horses 
that have had the cutaneous form of the 
disease may have small nodules in the paren¬ 
chyma of the lung. These are hard and 
yellowish and contain inspissated pus and 
larvae. 

DIAGNOSTIC CONFIRMATION 

A biopsy will confirm clinical diagnosis of 
the cutaneous and conjunctival forms of the 
condition. Experimentally, PCR assays tar¬ 
geting the application of the Internal tran¬ 
scribed spacer 2 (ITS2) of ribosomal DNA 
for specific identification of Habronema spp. 
in feces and biopsies have been developed. 8 ' 9 


DIFFERENTIAL DIAGNOSIS 


The gastric form of habronemosis is difficult 
to differentiate from infestation with stomach 
bot (G asterophilus) larvae or Trichostrongylus 
axei. These parasites often coexist in the same 
animal. Cutaneous habronemosis must be 
distinguished from: 

Fungal granulomata associated with 
Hyphomyces destruens 
Overgrowth of granulation tissue following a 
wound 

Equine sarcoids 

TREATMENT 


TREATMENT 


Ivermectin (0.2 mg/kg SQ) (R-1) 

Moxidectin (0.4 mg/kg) (R-1) 

Fenbendazole (10 mg/kg, q.ld. for 5d) (R-2) 


Few anthelmintics have been adequately 
tested against Habronema spp. and D. megas¬ 
toma. Ivermectin 0.2 mg/kg will remove 
these species from the stomach with a single 
SC treatment, 10 but a second dose is some¬ 
times necessary to promote healing in cuta¬ 
neous lesions. Moxidectin (0.4 mg/kg) is 
active against adult Habronema muscae. Fen¬ 
bendazole used at 10 mg/kg PO once daily 
for 5 days is reported to have high efficiency 
against D. megastoma and possibly Habro¬ 
nema spp. 

CONTROL 

Interruption of the life cycle by careful dis¬ 
posal of horse manure and control of the fly 
population are obvious measures. In enzo¬ 
otic areas all skin wounds and excoriations 
should be treated promptly to promote 
healing and protect them against flies. 

FURTHER READING 
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RHABDITID DERMATITIS 

Pelodera is a subgenus of the soil nematode 
Rhabditis. Dermatitis associated with the 
larvae of R strongyloides is rare. It is recorded 
most commonly in the dog, 1 but outbreaks 
have been observed in cattle, sheep, and 
horses. It has also been an incidental finding 
in other skin diseases associated with poor 
husbandry practices. Alopecia is marked, 
particularly on the neck and flanks. In mod¬ 
erate cases the skin on affected areas is 
thickened, wrinkled, and scurfy, and some 
pustules are present on the ventral abdomen 
and udder. Pustules are up to 1 cm in diam¬ 
eter and contain thick, yellow caseous mate¬ 
rial and worms. There is marked irritation 
and, in severe cases, affected areas are swollen 
and raw and exude serum. 

Pelodera strongyloides is a free-living soil 
nematode found particularly in decaying leaf 
mold and similar material. When warm¬ 
blooded animals lie on its habitat for pro¬ 
longed periods, it takes the opportunity to 
invade the skin. Thus infestation is encour¬ 
aged by housing animals on warm, wet 
bedding. Under favorable conditions, the 
disease may spread rapidly. In these circum¬ 
stances the lesions occur most commonly 
where the skin contacts the bedding. The 
nematodes are easily detected in skin scrap¬ 
ings or biopsy specimens and in samples of 
the bedding, preferably taken from the top 
few centimeters in the pen. 

Control measures include the regular 
removal of soiled bedding and steps to 
ensure that the litter is kept dry. Spontaneous 
recovery usually occurs if these precautions 
are taken, but local application of a parasiti¬ 
cide and symptomatic therapy will speed 
recovery. 

REFERENCE 

1. Saari SA, Nikander SE. Acta Vet Scand. 2006;48:18. 

ONCHOCERCIASIS (WORM 
NODULE DISEASE) 

Onchocerca spp. are filamentous, thread-like 
nematodes found mostly as convoluted 
masses in fibrous tissues. They vary in length; 
those of the horse are 15 to 18 cm long, 
whereas bovine species may be as long as 
75 cm. They are filarial worms, and the 
females produce motile embryos (microfi¬ 
lariae). These congregate in the skin and sub¬ 
cutaneous tissues at the favored feeding site 
of their intermediate host. Each Onchocerca 
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species uses a particular biting fly, usually a 
species of Culicoides (midge) or Simulium 
(blackfly). Transmission takes place when 
infective larvae that develop in the fly are 
deposited on the skin of their host at a sub¬ 
sequent feed. 

Infestation by adult worms is often symp¬ 
tomless, and prevalence tends to increase 
with age. Relatively nonpathogenic species of 
widespread occurrence in cattle include O. 
gutturosa in the ligamentum nuchae and O. 
lienalis in the gastrosplenic ligament, whereas 
horses often harbor O. cervicalis in the liga¬ 
mentum nuchae and O. reticulata around the 
flexor tendons. In horses O. cervicalis can 
cause recurrent fluid-filled masses over the 
withers that lead to mild bone lysis of the 
dorsal spinous processes and mineralization 
within the soft tissue swelling. 1,2 Some cause 
rejection of meat for human consumption. 
O. gibsoni in Australian cattle, for example, 
provokes nodules up to 3 cm across in sub¬ 
cutaneous tissues, especially in the brisket. 
O. ochengi produces subcutaneous nodules 
in African cattle, 3 ' 4 most commonly on the 
scrotum and udder. Other species may be 
more pathogenic, such as O. armillata, which 
lives in the aorta of cattle, buffalo, and goats 
in India and Iran. 

Losses caused by adult worms are slight, 
although O. gibsoni in cattle causes unsightly 
lesions and rejection of beef carcasses from 
the high-class meat trade. The characteristic 
nodules of O. gibsoni are usually freely 
movable and consist of fibrous tissue cana¬ 
lized by the long body of the worms. With O. 
armillata , the inner wall of the aorta may be 
corrugated and swollen. In horses, new 
infections with O. reticulata may cause swell¬ 
ing of the suspensory ligament and a hot 
edematous swelling of the posterior part of 
the cannon that persists for 3 to 4 weeks. 
After the swelling subsides, the suspensory 
ligament remains thickened, and small case- 
ated or calcified nodules may be palpated. 
Affected animals are lame while the area is 
edematous and swollen, but many recover 
when the swelling disappears. O. cervicalis 
causes fibrotic, caseous, and calcified lesions 
in the ligamentum nuchae, but clinical signs 
are not seen. The conditions known as “poll 
evil” and “fistulous withers” are no longer 
thought to be associated with this parasite. 

Microfilariae may sometimes be damag¬ 
ing. Those of O. cervicalis , for example, are 
occasionally observed in the cornea of 
horses, but the proposed causal relationship 
with periodic ophthalmitis is no longer 
thought to be valid. They can, however, 
induce hypersensitivity reactions in the skin 
of some individuals. Lesions are character¬ 
ized by alopecia, scaliness, and pruritus, par¬ 
ticularly along the ventral abdomen. They 
may extend between the forelegs and back- 
legs to include the thigh, and in severe cases 
they may extend up the lower abdominal 
wall. Some horses have lesions on the face, 
neck, or thorax. The lesions may be confused 


with those associated with horn-fly feeding, 
but these are more likely to include crusting 
and ulcerating dermatitis. In onchocercosis, 
microfilariae are not detectable in the blood¬ 
stream but may be found in skin biopsies. O. 
ochengi in African cattle has been associated 
with a dermatitis resembling demodectic 
mange and pox, and in Turkey microfilariae 
of O. gutterosa, O. lienalis, and an unidenti¬ 
fied species have recently been reported in 
association with teat lesions, including sores, 
chaps, and nodules. 3 In cattle, sheep, and 
horses common pathologic lesions that have 
been observed in muscle fasciae and connec¬ 
tive tissues include greenish-gray coloration, 
edema, and small (3 to 10 mm) pale granu¬ 
lomatous nodules on fasciae. In the liver 
there are multifocal, small (2 to 6 mm), clus¬ 
tered pale or yellowish nodules. Histopatho- 
logical examination of the nodules shows 
mild to intense infiltration with eosinophilic 
granulocytes and multifocal nodular lym- 
phoplasmacytic aggregations. 5 



Control of the intermediate hosts is virtu¬ 
ally impossible, but valuable horses prone to 
hypersensitivity to O. cervicalis microfilariae 
can be partially protected by housing at night 
because most Culicoides species feed during 
twilight hours and/or at night. The use of 
insect repellents and avoidance, if possible, of 
grazing areas where the insects are likely to be 
in large numbers will also be beneficial. There 
is no specific treatment for the adult worms. 
A novel approach has been the experimental 
use of tetracycline to eliminate O. ochengi by 
killing the symbiotic bacterium Wolbachia, 
which is found in many, but not all, filarial 
species. 6 An experimental multivalent 
subunit vaccine based on recombinant pro¬ 
teins of O. volvulus has shown partial protec¬ 
tion against patent O. ochengi infection in 
cattle. 8 ’ 9 Experimental treatment with three 
doses of 4 mg/kg melarsomine hydrochloride 
in aqueous solution by slow IV injection on 
alternate days has been shown to be macro- 
filaricidal in cattle with O. ochengi infection. 10 
Oral ivermectin 0.2 mg/kg or moxidectin 
0.4 mg/kg can be used to eliminate microfi¬ 
lariae in horses, but recurrence of microfi¬ 
lariae and lesions has been observed even 
after repeated treatment with ivermetin. 111 
About 10% of treated horses develop an 
edematous reaction within 24 hours. This is 
usually restricted to the area of the lesion, but 
some may develop a pruritic ventral edema. 
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PARAFILARIOSIS 

Horses in Europe, particularly eastern 
Europe, China, South America, and North 
Africa, are sometimes infected with Para- 
filaria multipapillosa, a 3- to 6-cm-long nem¬ 
atode. The female lives in a nodule in the 
skin, which it pierces to lay eggs on the 
surface. The subcutaneous nodules ulcerate, 
bleed, heal, and disappear spontaneously. 
The hemorrhagic exudate from the lesion 
attracts bloodsucking flies such as Haemato- 
bia, which ingest the eggs and act as the inter¬ 
mediate host. The condition is relatively 
benign, occurring in the spring, summer, and 
autumn. Many nodules may occur on a horse, 
but although unsightly, they do little harm 
unless they interfere with harness straps. 

Similar lesions in cattle are associated with 
P. bovicola, which is endemic in eastern and 
some western European countries, 1 ‘ India, 
the Philippines, Japan, and South Africa. It 
has recently become established in Canada, 
Ireland, and Sweden, where it spread at a rate 
of 50 km/year. Muscid flies, for example, 
Musca autumnalis in Sweden and Belgium, 1 
act as the intermediate host, and the prepa¬ 
tent period in cattle is 7 to 9 months. 1 The 
condition is seen mostly in late winter, spring, 
and summer and causes widespread eco¬ 
nomic losses as a result of carcass trimming 
and hide damage. The majority of lesions are 
superficial and localized, but sometimes they 
cover the whole carcass. In such cases inter¬ 
muscular lesions will be found within the 
fascia of adjacent muscles. Subperitoneal, 
abdominal, subpleural, and thoracic lesions 
may also occur and cause condemnation 
of the whole carcass. Suifilaria suis causes 
similar lesions in the pig in South Africa. 

Clinical signs are restricted to the pres¬ 
ence of bleeding points, and a diagnosis may 
be made by examining a smear of the exudate 
microscopically for larvated eggs. 1 


DIFFERENTIAL DIAGNOSIS 


• Insects bites (mainly tabanids) 1 

• Injuries' 

• Warbles, bacterial or fungal granulomas' 



















Cutaneous Myiasis 


1611 


Ivermectin markedly reduces the area of 
the lesions and the mass of affected tissue. 1 A 
control program for P. bovicola using iver¬ 
mectin has been evaluated. Blood spots were 
dramatically reduced, but transmission was 
not stopped. Nitroxynil 20 mg/kg twice at 
72-hour intervals is effective in reducing the 
number and area of lesions, but care must be 
taken to ensure accuracy of dosing or toxic 
signs of drug overdose may be seen. 5 Topical 
levamisole may also be effective. 
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STEPHANOFILARIASIS 

Stephanofilaria spp. are very small (up to 
8 mm) filarial nematodes living in cysts at 
the base of hair follicles. They are associated 
with subcutaneous tissue lesions in cattle and 
buffalo. There are a number of species, 
including S. dedoesi (synonyms S. assamen- 
sis, S. kaeli, and S. okinawaensis), which pro¬ 
vokes a dermatitis (“cascado”) affecting the 
eyes, neck, withers, shoulders, and dewlap in 
cattle in parts of Asia, in addition to ‘”hum- 
psore” in India, leg sores on cattle in Malay¬ 
sia, and muzzle and teat lesions in Japan. S. 
zaheeri causes “earsore” in India, and S. stilesi 
is responsible for dermatitis of the ventral 
abdomen in parts of the United States and 
Russia. A similar species in Queensland, 
Australia, affects the head, neck, dewlap, and 
sternum. S. boomkeri has recently been 
described in pigs in Africa. The adult worms 
release microfilariae that later develop into 
flies that feed on the sores. The vector for S. 
dedoesi is Musca conducens, whereas the 
horn fly Haematobia irritans is the interme¬ 
diate host for S. stilesi in the United States. 
The Australian species is probably spread by 
the buffalo fly, Haematobia irritans exigua. 

Cutaneous stephanofilariosis starts with 
small papules that later coalesce to produce 
lesions varying from 3 to 15 cm in diameter. 
They are an extreme irritant, and evidence 
of rubbing is present. Part but not all of the 
hair is lost, and dried exudate forms a thick, 
crumbly scab that may crack to expose 
blood-stained fluid. Skin scrapings taken 
from beneath the scab may reveal worm 
fragments. If healing occurs, the scab disap¬ 
pears, leaving a scar. Infection does not affect 
growth rate, and treatment and control are 
required only in stud cattle in which lesions 
are esthetically undesirable. 


TREATMENT 


Levamisole (7.5 mg/kg PO) (R-2) 


Ivermectin is an effective microfilaricide 
in buffaloes and reduces the number of adult 


worms. Oral levamisole 7.5 mg/kg once or 
twice at 3 -to 4-week intervals is reported to 
be effective. Ointments containing insecti¬ 
cides may aid control. The Asian species 
require a preexisting wound for infection to 
take place. Simple wound prevention and 
treatment would therefore reduce the risk of 
disease in this region. 


Cutaneous Myiasis 

Cutaneous infestation by fly larvae or 
maggots (known as myiasis) causes serious 
loss to the livestock industries across the 
world. Losses include mortality, increased 
morbidity, and reduced production of meat, 
milk, and fiber. The disease is associated with 
larvae of flies in two major dipteran families, 
Calliphoridae and Sarcophagidae. 

Two types of cutaneous myiasis can be 
distinguished: primary, in which the fly 
larvae are obligate parasites feeding on living 
tissues, and secondary, in which the larvae 
feed primarily on necrotic tissues and only 
secondarily invade uninjured tissue. Clearly, 
primary myiasis is most significant to animal 
health and therefore the most costly, not only 
in terms of mortality, morbidity, and reduced 
productivity, but also in terms of cost of 
control. However, it may be difficult to dif¬ 
ferentiate primary from secondary myiasis 
because the larvae are superficially similar. 

Three primary fly-strike disease states, 
resulting from the activities of different 
species, are well known and described. Blow¬ 
fly strike by calliphorids such as Lucillia 
cuprina and Lucillia sericata is a major 
problem, particularly for sheep producers, in 
Australia, New Zealand, and Great Britain. 
The second group are the screwworms, 
Cochliomyia hominivorax (in the New 
World) and Chrysomyia bezziana (in south¬ 
ern Europe, Africa, and Asia), which are of 
importance across the livestock species and 
result in great costs for control. The sar- 
cophagid (flesh fly) Wohlfahrtia magnifica 
causes traumatic myiasis in a wide range of 
livestock species, but has the greatest effect 
on goat and sheep production. This species 
occurs in southern Europe, particularly the 
Mediterranean and the steppe regions of the 
continent. Because of differences in the 
nature of the disease state and control prac¬ 
tices for each of these three groups, they will 
be dealt with as separate entities. 

BLOW-FLY STRIKE OF SHEEP 

Blow-fly strike (“strike”) is a very important 
cause of production and economic loss in 
most countries where large numbers of sheep 
are kept. In bad years many sheep may die (up 
to 30% of a flock), and the expense of con¬ 
trolling the flies and failure of wool to grow 
after recovery may be a serious cost, both 
for individual farmers and the overall indus¬ 
try. For example, in Australia the annual cost 


of blow-fly control and production losses in 
2014 was estimated at around A$170 million. 1 
Merino sheep, especially those with heavy skin 
wrinkles and fecal soiling, are by far the most 
susceptible breed. 


SYNOPSIS 


Etiology Lucilia cuprina and L sericata are 
the most important primary flies; other 
calliphorids act as secondary invaders. 

Epidemiology Fly numbers depend on 
temperature and moisture. Flies are 
attracted to wool that has been wetted or 
to areas affected by fleece rot, mycotic 
dermatitis, diarrhea, or urine staining. 
Incidence of strike is positively correlated 
with fly numbers, rainfall, humidity, cloud 
cover, and pasture growth. Covert 
(unnoticed) strikes provide larvae for future 
generations. 

Clinical signs Sheep are restless, bite at the 
affected area, and wriggle their tails. 

Affected area is moist and malodorous, 
body temperatures may reach 42° C 
(107.6F), pulse and respiratory rates 
increase. 

Clinical pathology A clinical examination is 
all that is necessary. The larvae of the 
primary and secondary flies can be 
differentiated, but this is of little use and 
rarely done. 

Lesions Moist, malodorous areas containing 
active larvae. Predisposing diseases such as 
dermatophilosis, fleece rot, parasitic 
gastroenteritis, and footrot are easily 
identified. 

Diagnostic confirmation Clinical signs are 
diagnostic. 

Differential diagnosis Lice, sheep scab, 
screwworm fly infestations. 

Treatment Insect growth regulators 
(principally cyromazine and dicyclanil), 
macrocyclic lactone endectocides, spinosad, 
or organophosphates (although the latter 
are restricted or no longer registered in 
many countries because of environmental 
and occupational health and safety 
concerns). 

Control Dicyclanil protects from flystrike for 
up to 18 weeks, depending on the 
formulation; cyromazine and ivermectin for 
10 to 12 weeks. Spinosad is an option for 
organic treatment and has short or no 
withholding period, but protects for only 2 
to 3 weeks. The insect growth regulators 
do not kill existing larvae until they molt to 
the next stage; thus, ivermectin, spinosad, 
or an organophosphate (if permitted) need 
to be used if a rapid kill is desirable. 

Breeding and managing sheep to be less 
susceptible to strike, including the strategic 
or timely application of insecticide, form an 
integrated control program. For breech 
strike this is predominantly by genetic 
selection for decreased breech wrinkle and 

Continued 
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reduced susceptibility to diarrhea, and 
control of predisposing diseases, especially 
gastrointestinal nematodes. The Mules 
operation reduces susceptibility by 
dramatically reducing breech wrinkle, but it 
remains controversial because of the pain 
and initial lost production associated with 
the procedure. Docking tails to the correct 
length and strategic timing of crutching 
and shearing are other important 
management factors. For body strike, 
reducing susceptibility of sheep to fleece 
rot by genetic selection and controlling 
mycotic dermatitis by appropriate 
management, such as not mustering or 
crowding wet sheep, are important. 


ETIOLOGY 

Despite there being a large number of species 
capable of causing the disease, there are two 
species that initiate most strikes and are of 
primary concern: Lucilia cuprina and Lucilia 
sericata. Locations of typical species are as 
follows: 

• Australia: L. cuprina, L. sericata 
(secondary flies include Calliphora 
stygia, Calliphora novica, Calliphora 
augur, Calliphora hilli, Calliphora 
alhifrontalis, Chrysomyia rufifacies, and 
Chrysomyia varipes) 

• New Zealand: L. sericata, L. cuprina 
(C. stygia) 

• Great Britain and northern Europe: 

L. sericata (secondary flies include 
Calliphora erythrocephala, Calliphora 
vomitoria, and Phormia terra-novae) 

• North America: Phormia regina, 

P. terra-novae 

LIFE CYCLE AND EPIDEMIOLOGY 

The primary agents of flystrike are obligate 
parasites. L. cuprina is overwhelmingly 
important in the initiation of strike in sheep 
from Australia and South Africa. L. cuprina 
was confirmed to be present in New Zealand 
in 1988. and flystrike from this species is now 
a major disease in that country. In northern 
Europe the primary agent of flystrike is L. 
sericata, although there are some other 
minor species that have been reared from 
struck sheep. 

The incidence varies widely, depending 
largely on the climate, with warm, humid 
weather being most conducive to a high inci¬ 
dence. In summer-rainfall areas flystrike 
may be seen most of the year, being limited 
only by dry winter conditions. In winter- 
rainfall areas it is usually too cold in the 
winter and too dry in the summer for out¬ 
breaks to occur. 2 Under these conditions 
abnormally heavy summer or autumn 
rains may be necessary before an outbreak 
will occur. 

The Fly Population 

Primary flies are of particular importance 
because they initiate the strike and provide 


suitable conditions for subsequent invasion 
by secondary flies. These latter flies are not 
of economic importance but may infest wool 
matted with dried exudate or feed on necrotic 
tissue surrounding a healing strike. In warm 
areas, pupal development may continue 
throughout the year, but as soil temperatures 
fall an increasing number of larvae fail to 
pupate, and larvae may overwinter until the 
following spring. Adult flies emerge in the 
spring, and after one to two breeding cycles, 
numbers increase to a peak in summer. 3 
Numbers may remain high if climatic condi¬ 
tions are suitable, with adequate moisture 
being of prime importance, but fall dramati¬ 
cally in hot and dry conditions during the 
summer. An increase in numbers may occur 
again in the autumn. 

All adult flies require carbohydrate and 
water, but females require protein for ovarian 
development. The flies are attracted to sheep 
that have undergone prolonged wetting 
such that bacterial growth and decomposi¬ 
tion of the skin occurs. The association of 
breech strike with diarrhea and urine stain¬ 
ing, and body strike with fleece rot, mycotic 
dermatitis, and footrot, is related to the 
excessive moisture deposited on the skin 
or to the production of serous exudates. 
Fleece-rot-affected wool with Pseudomonas 
aeruginosa has been shown to stimulate 
oviposition. 

L. cuprina deposit eggs in batches of up 
to 300, the actual number depending on the 
fly’s size and its ability to locate sufficient 
protein for egg development. Similarly, L. 
sericata deposit eggs in batches of approxi¬ 
mately 200. 

The average female longevity in the field 
in Australia is about 2 weeks, and females 
rarely live long enough to mature more than 
two or three batches of eggs. In the United 
Kingdom, mean female longevity is shorter 
at 5 days. 

The eggs hatch in 12 to 24 hours, and the 
first instars feed on protein-rich serous 
exudate that has been provoked by bacterial 
damage or some other irritation. Larval 
mouth hooks and enzymes present in the 
saliva and excreta will further digestion of 
the skin. Large groups of larvae, particularly 
second and third instars, further damage of 
the skin, which extends the lesion and 
ensures a continuing supply of food. The 
second and third instars are 6 to 12 mm long, 
thick, and yellow and white in color, and they 
move actively. Larvae reach maturity after 
approximately 72 hours. They leave the 
feeding lesion, fall to the ground, wander 
briefly, and then burrow into the earth to 
pupate. The length of the life cycle is highly 
temperature dependent; it can be completed 
in as little as 8 days but may require up to 6 
weeks in temperate regions such as the 
United Kingdom. Egg and larval stages are 
highly susceptible to desiccation, and mor¬ 
tality will be high if the relative humidity in 
the fleece falls below 60%. In temperate 


climates when the temperature declines in 
autumn, wandering larvae that have left the 
sheep will burrow into the ground but cease 
development, thereby overwintering as 
arrested mature larvae. 

A few generations of primary flies are 
necessary before numbers are high enough 
to cause severe outbreaks, and so warm, 
humid weather must persist for a reasonable 
time before severe outbreaks occur. The inci¬ 
dence of body strike increases with the 
increase in the number of gravid flies and is 
positively correlated with rainfall, cloud 
cover, and rate of pasture growth. Other 
primary flies are not as effective as L. cuprina 
in initiating a strike, and in Australia and 
South Africa 85% to 90% of all primary 
strikes are a result of L. cuprina. Larvae of 
primary flies, other than L. cuprina, and sec¬ 
ondary flies develop in carrion or in rotting 
vegetation, and their main role is to invade 
and extend the primary strike. Ch. rufifacies 
is the most important secondary fly in Aus¬ 
tralia. It requires higher temperatures than 
the other flies, is found later in the season, 
and is the first to disappear as temperatures 
fafi. 

Detailed population models have been 
developed for the strike by Lucilia spp. in 
Australia and northern Europe, and both 
have been used to predict onset of flystrike 
in sheep populations. 4,5 The latter model has 
been extensively validated and is sufficiently 
accurate to establish an early warning system 
for alerting producers of the impending 
onset of flystrike, and hence the optimum 
time for prophylactic treatment. 

Distribution of flystrike in flocks is highly 
aggregated, with a small number of sheep 
having high numbers of larvae in lesions, 
a moderate number of sheep with low 
numbers of larvae, and the majority of 
sheep being unstruck. In part this is a result 
of the attractiveness of already-struck sheep 
to ovipositing flies, although other factors, 
such as innate attractiveness to flies, shown 
by the propensity of some sheep to be 
restruck within the same fly season, also play 
a role. 

Susceptibility of Sheep 

By far the most common site for flystrike is 
the breech, resulting from soiling and exco¬ 
riation by soft feces and the urine of ewes. 
Lush pasture, parasitic gastroenteritis, and 
fleece length are predisposing factors, but 
individual sheep are predisposed because of 
their breech conformation. Excessive wrin¬ 
kling of the skin on the back of the thighs 
and perineum, a narrow perineum and 
crutch, and an excessively long or short tail 
favor continuous soiling of the area and 
encourage “breech strike” or “tail strike.” 

“Body strike” occurs along the dorsum of 
the body, especially in young sheep in wet 
seasons when fleece rot or dermatophilosis is 
common. Less common sites for infestation 
are around the prepuce (“pizzle strike”) and 
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Fig. 16-9 A, Body strike on a wether as viewed from above. The wether is depressed, and 
maggots (white) are visible on the surface of the struck area (blackened area of wool). 

B, Body strike on a weaned sheep as viewed from above. The wool has been clipped away 
from the edges of the lesion before application of treatment. 


on the dorsum of the head when there is 
excessive folding of the skin (“poll strike”). 
Sheep grazing on tall, dense pasture are com¬ 
monly affected by body strike because wet 
plants keep the fleece on the lower part of the 
body wet. Footrot lesions and wounds, espe¬ 
cially castration incisions, docking wounds, 
and head wounds on rams caused by fight¬ 
ing, are also likely to provide good sites 
for blow-fly strike. Young sheep are more 
susceptible. 

PATHOGENESIS 

The first instars feed on the exudate pro¬ 
duced by the bacterial infection on the skin, 
but the larvae also produce excretory/secre¬ 
tory enzymes that may cause some skin 
degradation after egg hatch and provide 
soluble molecules on which the first instars 
can feed. Later instars can cause severe skin 
damage when feeding. Larvae may also 
migrate from the original area of strike, 
along the surface of skin, to establish addi¬ 
tional focal lesions. 

Many primary strikes remain small and 
are unnoticed by the farmer. Such “covert” 
strikes may outnumber obvious strikes and 
are important as a source of future genera¬ 
tions of flies. Once the initial strike is made, 
the site becomes suitable for the secondary 
flies, which invade and extend the lesion. 
The effects of strike include toxemia as a 
result of absorption of toxic products of 
tissue decomposition, loss of skin and sub¬ 
sequent fluid loss, and secondary bacterial 
invasion. 

CLINICAL FINDINGS 

Individual sheep may be struck at any time 
provided they are in a susceptible condition. 
Massive outbreaks tend to be confined to 
periods of humid, warm weather and are 
therefore in temperate areas usually limited 
in length to relatively short periods of 2 to 3 
weeks, but in subtropical areas characterized 
by summer rainfall, severe strikes may occur 
over many months. 

The clinical effects of blow-fly strike vary 
with the site affected, but all struck sheep 
have a basic pattern of behavior caused by 
the irritation of the larvae. The sheep are 
restless, moving about from place to place 
with their heads held close to the ground, 
and they become anorexic. They tend to bite 
or kick at the struck area and continually 
wriggle their tails. 

If the area is large, there is an obvious 
odor, and the wool can be seen to be slightly 
lifted above the normal surrounding wool. 
The affected wool is moist and usually brown 
in color, although in wet seasons (when 
fleece rot is prevalent) other colors may be 
evident. In very early cases, the maggots may 
still be in pockets in the wool and not yet in 
contact with the skin. When they have 
reached the skin, it is inflamed and then 
ulcerated, and the maggots begin burrowing 
into the subcutaneous tissue. 


Three days after the primary oviposition 
feed intake is reduced, rectal temperature 
rises to about 42° C (108°F), and pulse and 
respiratory rates increase. There is a reduc¬ 
tion of feed intake and loss of body weight, 
and some sheep may die. 6 The wool may be 
too hot to handle as a result of the inflam¬ 
mation caused by the mass of maggots that 
can be seen when the wool over the strike 
is opened. When primary strikes are invaded 
by secondary flies, particularly C. rufifacies , 
the affected area is extended, and the 
maggots may burrow deeply into the tissues. 
Affected sheep may lose their fleece over the 
affected area (Fig. 16-9) and may suffer a 
break in the remaining fleece. Tracts of dis¬ 
colored wool may lead to other affected 
areas of skin. As the struck area extends, a 
scab forms over the center, the wool falls 
out, and the maggots are active only at the 
periphery. 

CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

A clinical examination is all that is necessary 
to make the diagnosis, but identification of 
the flies responsible may be important if epi¬ 
demiology is being considered. Identifica¬ 
tion of larvae should be carried out by a 
specialist. Molecular techniques for accurate 
identification are available but are a special¬ 
ized research technique rather than routine 
diagnostic tool. Preservation of the larval 
stages is critical to these techniques, and 
larvae should be rapidly frozen or preserved 
in 70% ethanol. Fly trapping may not corre¬ 
late with larval findings because not all flies 
are attracted equally by the commonly used 
baits. 


DIFFERENTIAL DIAGNOSIS 


Attention will be drawn to affected sheep by 
their foot stamping, tail twitching, and biting 
at the affected part. Affected sheep can 
easily be diagnosed by finding the moist, 
malodorous, maggot-infested area. Many 
covert strikes may be present without 
producing clinical signs. Predisposing diseases 
such as footrot, wound infections, 
dermatophilosis, and diarrhea resulting from 
parasitic gastroenteritis are usually easily 
detected, and fleece rot is indicated by 
matting of the wool and discoloration. 


TREATMENT 

Removal of wool from the surrounding area 
removes most of the maggots, and applying a 
dressing prevents reinfestation of the wound. 
Dressings containing cyromazine, spinosad, 
ivermectin, or an organophosphate such as 
diazinon, tetrachlorfenvinphos, or propet- 
amphos (if permitted), are the most com¬ 
monly used. Cyromazine is an insect growth 
regulator, and thus live larvae will be seen in 
the fleece for some days after treatment. Thus 
other chemicals need to be included in a 
dressing if immediate killing of larvae is 
desirable. Ivermectin at 0.3 mg/kg is highly 
effective in killing all larval stages, and no 
resistance has yet been reported. However, 
resistance to organophosphates is widespread 
in Australia; many products do not kill all 
the resistant larvae, with some performing 
poorly even against susceptible larvae. Pre¬ 
venting reinfestations is important, and thus 
application of the larvicide to the wool sur¬ 
rounding the treated area is essential. 
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CONTROL 

In Australia, practical control of breech 
strike of Merino sheep in extensive farming 
areas has relied on the use of the Mules oper¬ 
ation, which removes breech wrinkle and 
extends the bare areas around the perineum 
and tail. This has been integrated with other 
strategies to reduce the susceptibility of 
Merino sheep to strike, such as effective 
worm control to reduce diarrhea, and hence 
contamination of the perineal region with 
feces (“breech soiling”), correct tail length, 
strategic timing of crutching and shearing, 
and timely application of insecticides (an 
integrated pest management approach). 2 ' 7 
Control of strike in other situations is based 
on insecticidal treatment and treatment of 
wounds as they occur. 

Under conditions of extensive sheep 
rearing, such as occur in Australia, New 
Zealand, and South Africa, and where cli¬ 
matic conditions are conducive to the devel¬ 
opment of the disease, the control of blow-fly 
strike is a major challenge. An extensive lit¬ 
erature on the subject is available, so only a 
summary is given here. 

Control programs can be thought of as 
having three components: reduction in fly 
numbers (mainly by strategic application of 
insecticide and fly trapping), prediction of 
risk periods (to most appropriately time 
activities such as crutching, shearing, or the 
application of insecticide), and reduction in 
susceptibility of sheep (mulesing of Merinos, 
genetic selection for plain breeches and/ 
or reduced breech cover; control of predis¬ 
posing factors, particularly diarrhea and 
fleece rot). 

Reduction of Fly Numbers 

Reducing the fly population has been of 
limited value because there are usually 
enough flies present to strike all susceptible 
sheep if suitable conditions are present. 
Nevertheless, if the primary fly responsible 
for initiating strikes can be controlled, the 
buildup of primary flies and involvement 
and importance of secondary flies is greatly 
reduced. Measures include early insecticide 
treatment, just before or after the first gen¬ 
eration of primary flies emerge in areas that 
have a seasonal pattern of fly emergence; 
trapping of flies; early treatment of clinical 
cases; and the proper disposal of carcasses 
and wool waste. Biological control by the use 
of insects parasitizing blow flies has been 
proposed but has yet to be exploited. 

A weather-driven model of flystrike risk 
in southeastern Australia predicted that 
strategic early treatment would reduce the 
number of treatments and have a positive 
cost-benefit outcome in high-risk areas 
where preventive treatments were routinely 
given, but there was less benefit for low-risk 
areas because treatments were not needed 
every year. 8 A large-scale field study compar¬ 
ing early strategic treatment of unmulesed 
Merino sheep with mulesed ones not given 


an insecticide found a similar prevalence of 
strike in both groups and concluded that this 
was a potential medium-term strategy for 
the control of strike in unmulesed Merinos 
in this area. 2,9 

Trapping, provided the traps are carefully 
tended and satisfactory baits are used, can 
reduce the number of blow flies. However, 
the benefits in reducing the prevalence of 
strike are mixed. The use of a trap designed 
specifically for L. sericata , the primary fly 
in the United Kingdom, reduced strikes 
by 55%. 10 However, despite reducing the 
numbers of L. cuprina by 60% to 80%, the use 
of a trap specific for this species (LuciTrap™) 
has not consistently reduced the prevalence 
of strikes in Australia or South Africa.' 11 In 
addition, it is expensive and logistically dif¬ 
ficult to use these traps in large flocks at the 
suggested distribution of 1 trap per 100 
sheep. Nevertheless, trapping can still be 
useful to indicate the presence and abun¬ 
dance of blow flies and the most appropriate 
time to apply a strategic early treatment. 11 

It is also important to identify clinically 
affected sheep, particularly those affected 
early in the season, and to treat these infesta¬ 
tions. If early-season strikes are not treated, 
they can propagate a larger second and third 
generation of flies on a farm, given that L. 
cuprina doesn’t travel large distances. Thus 
large farms breed most of their own flies, 
and so outbreaks of strike will be potentially 
more problematic later in the season. When 
affected areas are clipped, the clippings 
should be treated with a suitable dressing to 
kill the larvae, then burned or buried. 

Control by genetic manipulation of the 
fly offers some promise for long-term control, 
but this strategy has yet to be exploited with 
either L. cuprina or L. sericata. For example, 
reduced fertility in male flies and lethal 
mutants, such as flies that will be blind under 
field conditions and die, have been reported. 
The sequencing of the draft genome of L. 
cuprina may facilitate these and other devel¬ 
opments, such as exploring genetic mecha¬ 
nisms of insecticide resistance, the design of 
novel insecticides, and other strategies. 12 

Prediction of Risk Periods 

Flystrike results from a complex interaction 
between fly abundance and sheep suscepti¬ 
bility, both of which are directly related to 
weather, geography, and animal husbandry. 
Predictive models incorporating climatic 
and production components have been 
developed in the United Kingdom and are 
used to give producers warning of impend¬ 
ing flystrike. 5 In Australia, models have 
been incorporated into tools on an advisory 
website for farmers and advisers (Flyboss), 
enabling them to compare management 
systems for flystrike risk. 

Outbreaks of breech strike will occur if 
sheep have diarrhea or if ewes have urine 
wetting of the breech area because their tails 
are docked too short or too long. If an 


outbreak is routinely expected, such as 
during spring in a winter- or uniform-rain¬ 
fall area, removal of breech wool by crutch¬ 
ing or shearing, and/or the prophylactic 
application of insecticides, will largely elimi¬ 
nate or reduce the severity of strike. Crutch¬ 
ing is routinely carried out before lambing or 
an expected increase in fly numbers and pro¬ 
vides protection from strike for around 6 
weeks in crossbreeds and mulesed Merinos 
but for a shorter period in unmulesed 
Merinos. It has a significant cost as a result 
of the labor and loss of wool involved, and 
thus many sheep farmers use prophylactic 
treatment with an insecticide. 

Sporadic cases of body strike may occur 
in sheep at any time and cannot always be 
prevented, but if environmental circum¬ 
stances conducive to high fly populations 
and high susceptibility of sheep are recog¬ 
nized, then short-term prophylactic mea¬ 
sures can be taken. Warm, showery weather 
extending over several weeks allows several 
generations to be completed and sufficient 
flies to be available to cause an outbreak of 
strike. Once sufficient flies are present, an 
outbreak of flystrike may occur whenever the 
sheep become susceptible. Warm, humid 
weather, rain over 2 to 3 days, or grazing in 
long and wet grass may provide suitable con¬ 
ditions for the sheep to become susceptible 
to body strike. Sheep with poor physical con¬ 
formation (e.g., high shoulder blades), fleece 
that is yellow with high suint and low wax 
content, and a wool staple structure more 
prone to wetting (pointed, thin staples that 
are less tightly packed) are most susceptible. 
The time of year when shearing is carried out 
also exerts a strong influence on the fre¬ 
quency and severity of outbreaks of body 
strike because the staple length when sheep 
are wetted determines the degree of wetting 
and rapidity of drying. It also influences sus¬ 
ceptibility to breech strike, with a longer 
staple length usually facilitating a greater 
accumulation of feces (“dag”). 

Treatment and Prevention 

Prophylactic treatment with insecticide has 
been a major part of blow-fly control for 
many years, and surveys in countries with 
significant sheep populations show that up to 
90% of farmers in high-risk areas routinely 
treat their sheep. Currently available chemi¬ 
cals include the insect growth regulators 
(dicyclanil and cyromazine), macrocyclic 
lactones (ivermectin), and spinocyn (spi- 
nosad). Organophosphate chemicals have 
also been heavily used, but resistance is 
widespread, and thus the period of protec¬ 
tion is reduced to as little as 3 to 5 weeks. 
There is also increasing concern over their 
environmental effects and occupational 
health and safety, and thus their use is 
restricted or prohibited in many jurisdic¬ 
tions. Resistance by L. cuprina to cyromazine 
has been detected in Australia, but applica¬ 
tion of this chemical at the recommended 
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concentration is still effective in preventing 
reinfestations. 13 

Depending on the formulation used, the 
insect growth regulators can provide 10 to 12 
(cyromazine) and 18 to 24 (dicyclanil) weeks 
of protection, and can be applied by high- 
volume jetting (cyromazine) or a low-dose 
spray (both). Their action is specific to dip- 
teran larvae, although they inhibit chitin 
synthesis and thus larvae do not die until 
they molt. 

The methods of application include 
dipping, jetting, and tip spraying. However, 
dipping requires specialized equipment, has 
higher labor costs, and is much slower and 
thus is not recommended unless lice are also 
present. Jetting is recommended for breech 
strike, and if the jetting piece is combed 
through the wool from the poll to the rump 
with the solution at high pressure (500 to 
900 kPa), this method will also prevent 
body strike. 

Reducing the Susceptibility of Sheep 

The primary method for reducing the sus¬ 
ceptibility of Merino sheep to breech strike 
has been the modified Mules and tail-strip 
operation. 14 Mulesing, originally developed 
to remove the wrinkled region of the breech, 
has been modified by incorporating pain 
relief to address concerns regarding animal 
welfare, which must be balanced against the 
effects of strike. Although still permitted by 
codes of practice in Australia, the technique 
remains controversial because of ongoing 
opposition from animal welfare activists and 
concern over production losses. The latter 
accrue following a significant growth setback 
when lambs are mulesed at a young age (6 to 
10 weeks old), often leading to reduced 
weaning weights and higher mortality rates 
after weaning. The protection gained by 
mulesing surpasses that afforded by breeding 
and is immediate and permanent. 

The Mules operation is often supple¬ 
mented by a tail-strip operation, whereby a 
thin strip of woolled skin is removed from 
each side of the tail. This stretches the bare 
skin over much of the tail, reducing fecal and 
urinary contamination. Unfortunately, some 
contractors dock tails too short, leaving a 
“butted” tail that the sheep is unable to 
elevate when defecating, thereby increasing 
the degree of breech soiling (dag). When 
butted tails are combined with mulesing, 
there is often a high prevalence of squamous¬ 
cell carcinoma of the vulva. Consequently, 
docking tails to the correct length (tip of the 
vulva in ewes) and leaving a V-shaped flap of 
wool bearing skin on the tip of the tail is 
important. 

Alternatives to mulesing have been devel¬ 
oped and investigated in an ongoing research 
program funded by Australian woolgrow- 
ers. 1 ' These methods include plastic breech 
clips, applied to the breech of lambs at a 
similar age to mulesing, and the intradermal 
injection of compounds, such as sodium 


lauryl sulfate, into the breech area. 16 Unfortu¬ 
nately, to date no alternative has produced the 
degree of breech modification achieved by 
mulesing, nor have they significantly reduced 
the prevalence or risk of breech strike com¬ 
pared with unmulesed sheep. For example, in 
a field study involving over 6000 sheep there 
was a significant reduction in the breech 
wrinkle scores of hoggets and ewes that had 
clips applied as lambs, but these changes were 
only a fraction of the reduction seen in 
mulesed sheep. Compared with mulesed 
sheep, the clipped ones had from 3 to 27 times 
the risk of breech strike as hoggets, and 2 to 8 
times the risk of strike as maiden ewes. 2,9 

Consequently, selective breeding to 
reduce the susceptibility of Merino sheep to 
breech strike is being recommended. This 
possibility was first noted in the 1930s, 
when sheep with certain breech characteris¬ 
tics were found to have a far higher risk of 
breech strike, whereas others were relatively 
immune. 14 However, these investigations 
were discontinued as a result of the effective¬ 
ness and widespread adoption of mulesing, 
plus the development of highly effective 
insecticides. Genetic selection offers cumula¬ 
tive and permanent chan ges, although not 
total reduction in risk. Several risk factors for 
breech strike were identified in a large-scale 
study in western Australia involving over 
2800 unmulesed lambs sired by 49 rams. 17 
The most important of these were breech 
soiling (dag), urine staining, and breech 
“cover” (the reverse of bare area), which had 
genetic correlations with breech strike of 
0.64 to 0.81, 0.54, and 0.32, respectively. 
Breech wrinkle was not identified as a risk 
factor because these were a plain-bodied 
genotype of sheep. However, a similar study 
of typical wrinkly fine-woolled Merinos in a 
summer-rainfall area confirmed a strong 
relationship between breech strike and 
breech wrinkle. 18 This research has been 
summarized and published on an open- 
access website called Flyboss. 19 A similar 
genetic and phenotypic relationship of 
breech soiling with breech strike has been 
demonstrated for New Zealand Romney 
sheep and in the United Kingdom. 20 

Other good management practices are 
essential to prevention of flystrike. These 
include management of gastrointestinal 
nematodes to prevent diarrhea (“scouring”), 
docking of tails to the correct length, and 
crutching before a risk period (typically 
before lambing with ewes) to reduce breech 
soiling that predisposes animals to breech 
strike. 

Pizzle strike can be dramatically reduced 
or eliminated by the use of testosterone 
implants to prevent posthitis (“pizzle rot”), 
and “ringing” (shearing of the pizzle area) 
provides 6 to 8 weeks of protection from 
strike. Pizzle dropping (the surgical separa¬ 
tion of the preputial sheath from the belly) 
also provides good protection. However, 
treated sheep can be more difficult to shear, 


and it will no longer be an approved practice 
when draff Australian animal welfare stan¬ 
dards are endorsed. 21 Fleece rot occurs most 
commonly on the withers of sheep, and the 
conformation that allows accumulation of 
moisture and the development of fleece rot 
and flystrike is heritable, so sheep with these 
faults should be culled. Although control is 
mainly centered on management, the appli¬ 
cation of an insecticide may be needed when 
weather conditions are particularly suitable 
for body strike, such as summer storms. 
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SCREWSWORM (COCHLIOMYIA 
HOMINIVORAX AND 
CHRYSOMYIA BEZZIANA) 

Cutaneous myiasis associated with the 
screwworm maggots has been a cause of 
great financial loss in livestock in the western 
hemisphere, Africa, and Asia. Deaths may be 
heavy in groups of livestock that are at range 
and seen infrequently. 


SYNOPSIS 


Etiology Cochliomyia hominivorax in the New 
World (New World screwworm) and 

Continued 
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Chrysomyia bezziana (Old World 
screwworm) in Africa and Asia. 

Epidemiology Eggs laid in fresh wounds. 

Flies most active at 20° to 30° C (68 to 
86 F). Disease spread by dispersal of flies or 
transport of infested animals. 

Clinical signs Larvae invade the tissue, 
producing characteristic large lesions 
containing mature larvae and foul-smelling 
brown exudate. 

Clinical pathology Not applicable. 

Lesions Deep wound containing 

foul-smelling brown material and third 
instars. 

Diagnostic confirmation Rows of spines are 
present on the anterior part of each 
segment of the third instar. 

Differential diagnosis No other disease 
causes such lesions. 

Treatment Ivermectin 0.2 mg/kg 
subcutaneously kills many larvae and 
provides protection for 16 to 20 days. 

Other insecticides used as gels or ointments 
twice weekly are also effective. Doramectin 
subcutaneously. 

Control Eradication has been achieved in 
North and Central America by the mass 
release of sterile males. Chemical attractant 
baits will reduce the prevalence of flies and 
strikes. Breeding and management 
procedures such as castration and shearing 
should be carried out in the cold weather. 


ETIOLOGY 

Larvae of the flies C. hominivorax and C. bez¬ 
ziana cause myiasis or “screwworm disease” 
of animals. The flies are typically blowflies, 
C. hominivorax (New World screwworm), 
which is blue-green with an orange head, or 
C. bezziana (Old World screwworm), which 
is of similar coloring. C. hominivorax occurs 
in the Americas, and C. bezziana occurs 
in the Persian Gulf, Africa, and Asia. The 
occurrence of C. bezziana in Papua New 
Guinea provides a constant threat to live¬ 
stock on the Australian mainland. A similar 
fly is Callitroga ( Cochliomyia ) macellaria, 
which is not a true “screw-fly” in that the 
larvae feed only on carrion or necrotic 
tissues. 

EPIDEMIOLOGY 

The screwworm maggots are obligatory par¬ 
asites with no host specificity. Thus all 
domestic and wild mammals, marsupials, 
and birds are potential hosts. Females are 
attracted to fresh wounds, where they will 
oviposit. The navel of a newborn animal is a 
favored site, but fresh accidental or surgical 
wounds, such as those produced by castra¬ 
tion, docking, and dehorning, are readily 
infested. Wounds that have already been 
infested are markedly attractive to the flies 
because of their odor. In bad seasons the flies 
will lay eggs on minor wounds such as areas 


of excoriation, tick bites, running eyes, 
peeling brands, and on the perineum soiled 
by vaginal and uterine discharges in animals 
that have recently given birth. Injury is not 
necessarily a prerequisite for screwworm 
strike in sheep, which can be struck in the 
intact infraorbital fossa and vulva. Wool loss 
and tenderness may occur, and the remain¬ 
ing fleece may be stained. 

The development of the fly is favored by 
hot, humid weather. The optimum tempera¬ 
ture range for C. bezziana is 20° to 30° C (68° 
to 86°F). Below this temperature, the flies 
become sluggish, and at 10° C (50° F) and 
below the flies will not move. Temperatures 
above 30° C (86° F) can be tolerated, pro¬ 
vided shade is available. C. hominovorax is 
active all year in areas where temperatures 
exceed 16° C (61F) and disperses rapidly 
from these areas as the temperature increases 
in the neighboring colder areas. The disease 
can be spread either by migration of flies or 
their carriage in livestock ships or commer¬ 
cial aircraft, by shipment of infested cattle or 
other livestock, and by movement of affected 
wildlife. The mean distance that C. bezziana 
can travel and deposit eggs is 11 km. The 
maximum distance is 100 km, but long dis¬ 
tances are probably wind assisted. In the new 
environment the flies may die out if the 
climate is unsuitable or persist to set up a 
new enzootic area. Persistence of the fly in 
an area may depend on persistence in wild¬ 
life or in neglected domestic animals, 
although the latter do not usually survive 
unattended for more than about 2 weeks. 

In many enzootic areas it is common for 
the fly to persist in neighboring warmer 
areas during winter, returning to its normal 
summer habitat as the temperature rises. 
This pattern is exemplified by the introduc¬ 
tion of screwworms into the southeastern 
United States in 1933 where they had not 
previously occurred. The flies died out in 
most areas in winter but persisted in south¬ 
ern Florida. In succeeding summers migra¬ 
tions of flies northward caused outbreaks. 
The disease has since been eradicated from 
the area. 

The disease is of importance in tropical 
and subtropical areas of Africa, Asia, North 
and South America, the Caribbean islands, 
Mexico, American states bordering on 
Mexico, and especially Central America. The 
prevalence of the fly in enzootic areas places 
severe restriction on the times when prophy¬ 
lactic surgical operations can be carried out. 

The potential worldwide geographic 
distribution and abundance of C. bezziana 
has been assessed using a computer program. 
The differences in the observed global 
distribution and the potential predicted dis¬ 
tribution indicate the areas at risk of 
colonization. 

LIFE CYCLE 

The screwworm flies have a typical fly life 
cycle with eggs, three larval instars, and a 


pupal stage. Females lay 150 to 500 white 
eggs in shingle-like clusters at the edges of 
fresh wounds. Larvae hatch in about 12 
hours and penetrate the tissues surrounding 
the wound. The larvae preferentially feed on 
fresh, living tissue, which is digested by 
regurgitation of a wide variety of salivary 
enzymes. Oviposition by other screwworm 
flies is encouraged by the presence of larvae 
already in the wound. The larvae feed as a 
group and at their time of maturation will 
have created a deep lesion 10 to 12 cm in 
diameter. Larval development is complete in 
5 to 7 days, after which they leave the wound 
and fall to the ground. These mature third 
instars burrow into the upper soil layers 
and pupate. On the ground, pupal develop¬ 
ment is highly temperature dependent, 
requiring from 3 to 60 days. Emerging flies 
commence egg-laying in about 1 week, 
having completed the life cycle, under 
optimum environmental conditions, in less 
than 3 weeks. There may be 15 or more gen¬ 
erations per year. 

The temperature sensitivity of the pupal 
stage, which is unable to survive freezing 
for more than short periods, limits the dis¬ 
tribution of this parasite. As with all flies, 
pupal development is highly temperature 
regulated. The screwworm pupal develop¬ 
ment is inhibited at soil temperatures below 
15°C (60° F). Temperatures below this 
point for more than 2 months cause death 
of the pupa. Thus the occurrence of the 
disease is limited to warm climates. Pupae 
are also affected by the moisture content 
of the soil. The emergence of adults is 
reduced when the moisture content is more 
than 50%, whereas temporary floods can 
drown pupae. 

PATHOGENESIS 

Following invasion of the wound a cavernous 
lesion is formed, characterized by progres¬ 
sive liquefaction, necrosis, and hemorrhage. 
Anemia and decreased total serum protein 
result from hemorrhage into the wound. 
Secondary bacterial infection, toxemia, and 
fluid loss contribute to the death of the 
animal. Surviving calves frequently develop 
infectious polyarthritis. 

CLINICAL FINDINGS 

The young larvae invade the nearby healthy 
tissues vigorously and do not feed on necrotic 
superficial tissue. A profuse brownish 
exudate, composed of larval excreta and host 
fluids, pours from the wound, and an objec¬ 
tionable odor is apparent. This is highly 
attractive to other flies, and multiple infesta¬ 
tions of a single wound may occur within a 
few days. The resulting tissue damage may be 
so extensive that the animal is virtually eaten 
alive. Affected animals show irritation in the 
early phase of the infestation and by day 3 
show pyrexia. Animals do not feed but 
wander about restlessly, seeking shade and 
shelter. 








CLINICAL PATHOLOGY 

It is imperative to differentiate screwworm 
infestation from infestation with other fly 
larvae. The appearance and smell of the 
wound are significant, but careful examina¬ 
tion of the larvae is necessary to confirm the 
diagnosis. Mature larvae are 1 to 2 cm long 
and pink in color; they are pointed anteriorly 
and blunt posteriorly; two dark lines are 
visible reaching from the blunt posterior to 
the middle of the body, and they have rows 
of dark fine spines on the anterior part of 
each segment. Specimens forwarded to a 
laboratory for identification should be pre¬ 
served in 70% alcohol. 

NECROPSY FINDINGS 

Superficial examination of infested wounds 
is usually sufficient to indicate the cause of 
death. 


DIFFERENTIAL DIAGNOSIS 


The presence of maggots in the wound is 
usually apparent. It is important to 
differentiate them from blow-fly larvae as 
described previously. 


TREATMENT 

Affected wounds should be treated with a 
dressing containing an efficient larvicide and 
preferably an antiseptic. The larvicide should 
be capable of persisting in the wound for 
some time to prevent reinfestation. An oint¬ 
ment or gel base is preferred so that as much 
of the active ingredient as possible is left in 
the site. It should be liberally and vigorously 
applied with a paint brush to ensure that 
larvae in the depths of the wound are 
destroyed. To avoid reinfestation in extensive 
lesions or in bad seasons, the treatment 
should be repeated twice weekly. 

Thirteen acaricides, commonly used for 
Boophilus microplus control, have been tested 
against C. bezziana larvae. Although they are 
not sufficiently active to use as a primary 
treatment, their continued use for tick control 
would reduce screwworm populations. 

Ivermectin 200 mcg/kg given subcutane¬ 
ously kills all C. bezziana larvae up to 2 days 
old and many older larvae. It provides resid¬ 
ual protection for 16 to 20 days. Bull calves 
treated with ivermectin at the time of castra¬ 
tion were completely protected against strike. 
A preliminary study showed that closantel at 
15 mg/kg body weight was effective, with a 
residual protection of 8 to 15 days. Doramec- 
tin 200 mcg/kg subcutaneously caused com¬ 
plete expulsion of C. hominivorax larvae 
within 8 days. Prophylactic use of ivermectin 
and doramectin significantly reduced occur¬ 
rence of screwworm strike in cattle. Fipronil 
had a prophylactic effect, reducing occur¬ 
rence of screwworm infestations in cattle and 
providing efficacious treatment in those that 
did become infested. 1 
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CONTROL 

In an enzootic area the incidence of the 
disease can be kept at a low level by the 
general institution of measures designed to 
break the life cycle of the fly. Surgical proce¬ 
dures should be postponed where possible 
until cold weather. In the warm months all 
wounds, including shearing cuts, must be 
immediately dressed with one of the prepa¬ 
rations described under “Treatment.” All 
range animals should be inspected twice 
weekly and affected animals treated promptly. 
Infestation of fresh navels is common, and 
newborn animals should be treated prophy- 
lactically. If possible, the breeding program 
should be arranged so that parturition occurs 
in the cool months. The routine use of iver¬ 
mectin for internal parasite control provides 
protection for about 2 weeks. 

In the United States, the Caribbean, and 
Central America, an eradication program 
has been successfully carried out against C. 
hominivorax using the sterile insect tech¬ 
nique (SIT). 2 Huge numbers of pupae are 
mass reared on semiartificial media and 
exposed to the sterilizing effects of cobalt 60. 
The resulting sterile male flies are released 
over large areas, primarily by aerial drops, 
where they compete with wild males for 
available females, which mate only once. C. 
hominivorax has now been eliminated from 
the United States, the Caribbean, and all of 
Central America, up to the Darien Gap in 
Panama. C. hominivorax appeared in Libya 
in 1988, apparently with a load of sheep 
transported from South America, but has 
been eradicated using sterile male flies from 
the United States. 3 

Attractants may also be used to reduce 
the fly population. A chemical bait has been 
developed that, when combined with an 
insecticide, forms a screwworm adult sup¬ 
pression system (SWASS) that reduces the 
fly population and the incidence of strikes. 
An examination of the efficacy of various 
methods of baiting showed that polythene 
sachets containing sworm-lure 2, a pungent 
mixture of 11 chemicals, attracted flies (not 
C. bezziana) for at least 2 weeks and was as 
efficient as jar bait. This result needs con¬ 
firming in a screwworm-endemic country. 

REFERENCES 
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WOHLFAHRTIOSIS (FLESH FLY, 
WOHLFAHRTIA MAGNIFICA) 

Cutaneous infestation by larvae of the sar- 
cophagid fly, Wohlfahrtia magnifica , has 
become a major disease of domestic live¬ 
stock, including birds managed extensively 
(e.g., geese) in the Mediterranean basin, 
eastern Europe, and western regions of 
China. The disease is particularly significant 
for sheep in these regions, where it is more 


prevalent than strike by the calliphorid fly, 
L. sericata. 

Other species of this genus are known 
from North America, but they do not infest 
domestic species. They are predominantly 
reported in very young rodents and birds, 
although there are occasional reports in 
infants. 1 Mortality of infested hosts tends to 
be very high. 

LIFE CYCLE AND EPIDEMIOLOGY 

Larvae of this species are obligatory parasites 
developing only in the living flesh of warm¬ 
blooded vertebrates. They are not host spe¬ 
cific. Adults are typical for this group of flies, 
being dark gray in color with three distinct 
black stripes on the thorax where the wings 
are attached. 

Female flesh flies, which are active during 
the warm parts of the day, deposit first instars 
on the host, usually in small groups of 15 to 
20. Each female may produce up to 170 
larvae. Completion of the three larval stages 
takes from 5 to 7 days, after which the mature 
third instars leave the lesion and fall to the 
ground, where they pupate. Development of 
the fly within the pupa is regulated by tem¬ 
perature and may require between 7 and 21 
days. 

Larvae are usually deposited near small 
wounds (bites of blood-feeding arthropods 
are sufficient to attract the larvae), but the 
favored sites appear to be the genitalia. 2 Irri¬ 
tation of the vulva associated with the use of 
vaginal sponges for estrus synchronization 
may be a predisposing factor in sheep. 

Flies are active between April and 
October, with several generations being 
produced. Little information is available on 
overwintering. Wildlife are suspected as 
being reservoir hosts, but little information 
is available on which are the most 
important. 

PATHOGENESIS 

Larvae have well-developed mouthhooks 
that are used to abrade the skin surface, and 
with the aid of a wide variety of salivary 
enzymes, they quickly produce a dramatic 
lesion. Lesions increase in size as the larvae 
grow and require additional fresh tissue. 
Each animal may have one or more focal 
lesions, each packed with larvae. In severe 
cases several lesions may coalesce into one 
larger site. 

Animals are often struck multiple times 
during a season, suggesting the absence of 
protective immunity. This adds to the impact 
of this disease because animals must be con¬ 
stantly monitored. 

CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

A clinical examination is all that is necessary 
to make the diagnosis. Larvae can be distin¬ 
guished from those of the screwworm 
or strike flies by the presence of a large 
posterior cavity surrounded by a number 
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of prominent tubercles. However, specific 
identification should be done by a specialist. 
Larvae should be preserved in 70% 
ethanol. 

Affected animals are clearly stressed, 
showing restlessness and anorexia Lesions 
formed at the vulva or prepuce are the most 
significant, causing great discomfort and 
dysfunction. Lightly infested animals shown 
no impairment of productivity. 2 Infested 
animals develop strong antibody responses 
to salivary secretions, particularly of the 
third instars. 3 

TREATMENT 

There are currently no products specifically 
registered for management of this disease. 
Evaluations of several drugs and treatment 
approaches have been made. Of particular 
interest is the equivocal results of trials with 
macrocyclic lactones. In sheep, ivermectin 
and moxidectin had no effect on existing 
infestations and no prophylactic effect or 
only short protection against early instars. In 
contrast, doramectin provided complete pro¬ 
phylactic protection for 21 days and signifi¬ 
cant reductions for 40 days. 

The insect growth regulator dicyclanil has 
also been evaluated and shown to reduce 
prevalence of infestation in sheep. The reduc¬ 
tion not only occurred in treated animals, 
but was seen in untreated herdmates, possi¬ 
bly as a result of the overall reduction in fly 
numbers. 

RECOMMENDATION 

Animals likely to be attractive to these flies 
should be checked weekly, and appropriate 
treatment should be applied as soon as fly 
larvae are detected. 

REFERENCES 
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Mite Infestations 

HARVEST MITES 
(CHIGGER MITES) 

Infestations with trombidiform mites cause 
dermatitis in all species. Except for Psorer- 
gates ovis, P. bos , and Demodex spp., they are 
referred to as harvest or grain mites. These 
mites are primarily predatory on other 
arthropods associated with harvested grain 
and infesting animals only secondarily and 
usually transiently. It is usually the larval 
stages that are found feeding on animals, 
whereas the nymphs and adults are free- 
living. Hair loss and patchiness in cattle that 
are extremely well bedded often results from 
these mites but can be confused with louse 
infestations. 

The larvae of Pyemotes ventricosus, 
Neotrombicula autumnalis, Neotrombicula 


heptneri, Eutrombicula alfreddugesi, Eutrom- 
bicula splendens, Eutrombicula batatas, 
Trombicula spp., and some species of Lep- 
totrombidium and Schoengastia are parasitic 
on humans and most animals, causing der¬ 
matitis and, in humans, transmitting rickett¬ 
sial diseases. Nymphs and adults are 
free-living predators feeding mainly on 
arthropods in grain and hay. The larvae are 
most active in the autumn at harvest time 
and may cause dermatitis in animals grazing 
at pasture or those confined in barns and 
being fed newly harvested grain. 

Horses, cattle, and goats 1 are usually 
affected on the face and lips, which, in white¬ 
faced horses, may suggest a diagnosis of 
photosensitization, and around the feet 
and lower limbs, especially in the flexures. 
Affected areas are itchy and scaly, but with 
rubbing, small fragile scabs and absence of 
hair may become apparent. Infestation of 
horses with Trombicula sarcina causes a 
severe pruritus, and yearlings show irritation 
by lip-biting their legs and rubbing against 
stable walls. Stamping is uncommon and 
usually occurs when yearlings are stabled on 
fresh, contaminated bedding. Sheep, when 
first affected, stamp their feet repeatedly and 
bite their legs. The skin at the heels, coronet, 
and pasterns, and sometimes the shank, 
becomes erythematous and weeps fluid. The 
mites detach after 3 to 5 days and leave a 
small ulcerated area. In light infestations the 
mites may be confined to the area between 
the accessory digits, but in heavy infestations 
the skin over the whole of the lower limbs 
may be swollen and thickened. The infesta¬ 
tion is self-limiting, and treatment is not 
usually necessary. 

Infestation with Tyroglyphus spp. in pigs 
appears to be manifested by itchiness and the 
development of fragile scabs about 3 cm in 
diameter scattered over the body. Unlike the 
thick scabs of sarcoptic mange, the skin 
beneath appears normal. The infestations 
occur in pigs eating dry ground grain from 
automatic feeders, with lesions appearing 
several weeks after the dry feeding is begun 
and disappearing spontaneously about 3 
weeks later. No treatment is necessary. 
Affected pigs show no ill-effects, but the 
lesions may be mistaken for those of swine¬ 
pox or sarcoptic mange. The ingestion of 
large numbers of mites appears to have no 
ill-effects. 

Recent work on the role of N. autumnalis 
has suggested that these mites are capable of 
acting as reservoirs of Borrelia burgdorferi, 2 
but this remains to be established. 

RECOMMENDATIONS 

No treatment is usually recommended, but a 
macrocyclic lactone will be effective if a 
treatment is required. 

REFERENCES 
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ITCH MITES (PSORERGATES 
OVIS, PSORERGATES BOS) 

The “itchmite,” Psorergates ovis, has been 
recorded as a parasite of sheep in Australia, 
New Zealand, South Africa, the United 
States, Argentina, and Chile. Psorergates bos 
has also been recorded in cattle in the United 
Kingdom. 

LIFE CYCLE AND EPIDEMIOLOGY 

The entire life cycle of this mite—egg, larvae, 
two nymphal stages, and adult—takes place 
entirely on the host. In sheep the cycle takes 
4 to 5 weeks. All stages occur in the superfi¬ 
cial layers of the skin. The adults are extremely 
small and can be seen only with the aid of a 
microscope. Only the adults are mobile on 
the skin surface, and they spread infection 
by direct contact. In sheep this often 
occurs between recently shorn animals when 
contact is close and prolonged, such as when 
shorn sheep are packed in yards after shear¬ 
ing, or from ewe to lamb while suckling. Mite 
feeding activity, in addition to excreta, causes 
skin irritation, leading to rubbing and biting 
of the affected parts (principally the sides, 
flanks, and thighs) and raggedness, and 
sometimes shedding, of the fleece. Wool over 
these areas becomes thready and tufted and 
contains dry scales. 

PATHOGENESIS 

The skin shows no gross abnormality 
other than an increase in scurf. Histologi¬ 
cally there is hyperkeratosis, desquamation, 
and increased numbers of mast cells. Irrita¬ 
tion appears to be caused by hypersensitivity 
and results in biting and chewing of the 
fleece on the flanks and rump behind a 
line approximately from the elbow to the 
hips. In the individual sheep and in flocks, 
the disease spreads slowly, and thus it may 
be several years before clinical cases are 
observed and appreciable numbers are 
visibly affected. The incidence of clinical 
cases in a neglected flock may be as high as 
15%. Sheep on poor nutrition have signifi¬ 
cantly higher mite populations, more scurf, 
and greater fleece derangement. Affected 
sheep may become tolerant after 1 to 2 years 
and show no signs, even though they remain 
infested. 

Among sheep, Merinos are most com¬ 
monly affected. The highest incidence is 
observed in this breed, particularly in areas 
where the winter is cold and wet. There is a 
marked seasonal fluctuation in the numbers 
of mites; the numbers are very low in 
summer, begin to rise in the autumn, and 
peak numbers are found in the spring. Spring 
or summer shearing exacerbates the decline 
in numbers. Clinically, the disease resembles 
louse infestation, but may be distinguished 
by the smaller proportion of the flock affected 
(10% to 15%), the less severe irritation, and 
the tendency of the sheep to bite those areas 
they can reach. Hence lesions are confined to 
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parts of the flank and the hindquarters, and 
the wool tufts have a chewed appearance. 

CLINICAL FINDINGS 

Diagnosis depends on finding the mites in a 
skin scraping. The selection of sheep with 
excess scurf and fleece derangement increases 
the chance of finding mites, and in the 
absence of lice, ked, and grass seed infesta¬ 
tion, about 75% of such sheep prove positive 
for P. ovis. The wool should be clipped as 
close as possible, the skin smeared lightly 
with oil, and then scraped over an area of 
about 25 cm 2 . The mites have a seasonal inci¬ 
dence and may be very difficult to find in 
summer and autumn. For best results the 
scraping should be made on the ribs or 
shoulder in winter or spring. Scrapings are 
usually teased out in oil and examined 
microscopically without digestion. A number 
of scrapings may be needed from each sheep 
before mites can be demonstrated. Because 
of the difficulty of finding mites in summer 
and autumn, sheep dipped at that time 
cannot be said to be free of infestation until 
they prove negative on skin scraping in the 
following spring, when mite numbers should 
be at the highest levels. 

TREATMENT AND CONTROL 

There is no compound available that will 
eradicate itchmite after a single treatment. 
Arsenic, lime sulfur, and finely divided sulfur 
have been used and markedly reduce the 
number of mites. Because the mites are 
slow to build up, dipping every second year 
will mask the signs of infestation. However, 
arsenic is no longer used in most countries. 
Finely divided rotenone by itself or mixed 
with the synergist piperonyl butoxide reduces 
the mite population. It is usually combined 
with an organophosphate to include lice and 
ked control in the one product. Phoxim, an 
organophosphorous compound, has good 
activity, but two dippings 1 month apart are 
necessary to eradicate infestations. Amitraz 
causes a marked reduction in mites that will 
be maintained for some months. 

A single subcutaneous injection of 
0.2 mg/kg ivermectin freed sheep of mites 
for up to 56 days posttreatment. However, 
these sheep would have to be examined over 
a longer period to ensure eradication. Other 
macrocyclic lactone products, in various for¬ 
mulations, have been shown to have good 
efficacy. The absence of reports of itchmites 
over the last 15 years would suggest that 
the widespread use of macrocyclic lactone 
products has decreased the prevalence of 
infection. 

DEMODECTIC MANGE 
(FOLLICULAR MANGE) 

Mites of Demodex spp. infest hair follicles of 
all species of domestic animals. The disease 
causes little concern, but in cattle and goats 
there may be significant damage to the hide, 


and, rarely, death may result from a second¬ 
ary bacterial invasion. 

ETIOLOGY 

Mites infesting the different host species are 
considered to be specific and are designated 
as Demodex bovis for cattle, Demodex ovis for 
sheep, Demodex caprae for goats, Demodex 
equi for horses, and Demodex phylloides 
for pigs. 

Demodicosis may occur in farm animals 
of any age, especially those in poor condi¬ 
tion, but most cases in cattle occur in adult 
dairy cattle in late winter and early spring. 
This differs from the well-known condition 
in the dog, which occurs in young, immuno- 
deficient animals. 

LIFE CYCLE AND EPIDEMIOLOGY 

The entire life cycle is spent on the host. 
Adult mites invade the hair follicles and 
sebaceous glands, which become distended 
with mites and inflammatory material. The 
life cycle passes through the egg, larval, and 
two nymphal stages. The disease spreads 
slowly, and transfer of mites is thought to 
take place by contact, probably early in life. 
Calves can acquire mites from an infected 
dam in half a day. However, in horses, 
grooming instruments and rugs may trans¬ 
mit infection. 

PATHOGENESIS 

Invasion of hair follicles and sebaceous 
glands leads to chronic inflammation, loss of 
the hair fiber, and, in many instances, the 
development of secondary staphylococcal 
pustules or small abscesses. It is these foci of 
infection that cause the small pinholes in the 
hide that interfere with its industrial process¬ 
ing and limit its use. In most farm animals, 
the lesions are difficult to see externally, and 
only the advanced ones will be diagnosed. 

CLINICAL FINDINGS 

The important sign is the appearance of 
small (3-mm-diameter) nodules and pus¬ 
tules, which may develop into larger 
abscesses, especially in pigs and goats. The 
small lesions can be seen quite readily in 
short-coated animals and on palpation feel 
like particles of bird-shot in the hide. In 
severe cases there may be a general hair loss 
and thickening of the skin in the area, but 
usually there is no pruritus, and hair loss is 
insufficient to attract attention. The contents 
of the pustules are usually white in color and 
cheesy in consistency. In large abscesses the 
pus is more fluid. In cattle and goats the 
lesions occur most commonly on the brisket, 
lower neck, forearm, and shoulder, but also 
occur on the dorsal half of the body, particu¬ 
larly behind the withers. Larger lesions are 
easily visible, but very small lesions may only 
be detected by rolling a fold of skin through 
the fingers. In horses the face and around the 
eyes are predilection areas. Demodicosis in 
pigs usually commences on the face and 


spreads down the ventral surface of the neck 
and chest to the belly. There is little irritation, 
and the disease is observed mainly when 
the skin is scraped at slaughter. The disease 
may be especially severe in goats, spreading 
extensively before it is suspected and in some 
instances causing death. Severe cases in goats 
commonly involve several skin diseases, 
such as mycotic dermatitis, ringworm, bes- 
noitiosis, and myiasis. Demodicosis is rare in 
sheep. In this species pustules and scabs 
appear on the coronets, nose, and tips of the 
ears, and around the eyes, but clinical signs 
are not usually seen, and mites may be found 
in scrapings from areas of the body not 
showing lesions. 

CLINICAL PATHOLOGY 

The characteristically elongated mites are 
usually easy to find in large numbers in the 
waxy material that can be expressed from 
the pustular lesions. They are much more 
difficult to isolate from squamous lesions. 
Lesions in hides can be detected as dark 
spots when a fresh hide is viewed against a 
strong light source. However, lesions may 
not be readily seen until the hair has been 
removed and the skin has been soaking for 
some time. 


DIFFERENTIAL DIAGNOSIS 


• The commonest error is to diagnose the 
disease as a nonspecific staphylococcal 
infection. 

• In cattle and goats the disease often passes 
unnoticed unless the nodules are palpated. 

• Deep-seated ringworm in horses has much 
in common with demodicosis. 

• A satisfactory diagnosis can only be made 
by demonstration of the mite. 


TREATMENT AND CONTROL 

Repeated dipping or spraying with the acari- 
cides recommended for other manges is 
usually carried out but is more to prevent 
spread than to cure existing lesions. Ivermec¬ 
tin, which does not eradicate the infection in 
dogs, possibly because of the difficulty in 
getting the acaricide to the mite, has been 
reported to cure 98% of beef bulls when used 
at 0.3 mg/kg. Recent developments in the 
development of diagnostics may allow 
newer techniques that will effectively detect 
infestations. 1 
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SARCOPTIC MANGE 
(BARN ITCH) 

Sarcoptic mange occurs in a wide variety of 
host species and causes a severe pruritic der¬ 
matitis. Although in most countries it has 
been a major problem and was a reportable 
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disease, the advent of macrocyclic lactone 
endectocides has reduced the incidence of 
disease dramatically. 

ETIOLOGY 

The causative mite, Sarcoptes scabiei, is 
usually considered to have a number of vari¬ 
eties, each generally specific to a particular 
host species. Morphologic, immunologic, 
and molecular research confirms the close 
relationship among the varieties, but it does 
not explain the biological differences, par¬ 
ticularly with respect to host specificity. 
Because host specificity is not strict and 
transference from one host species to another 
can occur, there is some concern when 
attempting to control the disease. 

Animals in poor condition appear to be 
most susceptible, but conditions, especially 
overcrowding, in which sarcoptic mange 
occurs often go hand in hand with poor 
feeding and general poor husbandry. The 
disease is most active in cold, wet weather 
and spreads slowly during the summer 
months. 

LIFE CYCLE AND EPIDEMIOLOGY 

Female mites form shallow burrows in the 
lower stratum corneum of the skin, in which 
they deposit eggs. Development for both 
sexes includes a larval stage and two nymphal 
stages before molting to the adult. All life- 
cycle stages, except the eggs, can be found 
moving on the skin surface and are thus 
easily transferred to other hosts. The normal 
exfoliation of the skin eventually exposes the 
tunnels, exposing eggs as well. The life cycle, 
from egg to adult, takes 10 to 13 days. 

Although direct contact between hosts is 
the most effective method of transmission, 
inert materials such as bedding, blankets, 
grooming tools, and clothing may act as car¬ 
riers. Adult mites do not usually survive for 
more than a few days away from the host, but 
in optimum laboratory conditions they may 
remain alive for up to 3 weeks. In pigs, adult 
sows are often the source of infestation for 
young pigs even though they show no signs 
of the disease. Large numbers of mites can 
often be found in the ears of normal sows, 
and the mites are transmitted soon after far¬ 
rowing. Significant scratching does not occur 
until a hypersensitivity develops some 8 to 
10 weeks later and may continue until 
slaughter. A small proportion of young pigs 
do not develop a hypersensitivity, and these 
become chronically affected. 

Among domestic species, pigs are most 
commonly affected, but it is an important 
disease in cattle and camels and occurs in 
sheep. It has been a notifiable disease in 
most countries, because of its severity, but a 
decline in prevalence accompanying the 
advent of new therapeutics has resulted in 
the removal of this requirement in some 
countries. People handling infested animals 
may become infected, but lesions will disap¬ 
pear if further contact is prevented. 


Infested animals develop protective 
immunity and are able to clear challenge 
infestations rapidly. A proportion of infested 
hosts do, however, remain chronically 
infested, and mite populations may show a 
postpartum recrudescence, thereby facilitat¬ 
ing transfer to the susceptible offspring. 

PATHOGENESIS 

Young animals, in particular piglets, become 
infected in the first few weeks of life and 
develop a hypersensitivity within 8 to 10 
weeks. This allergic phase lasts for 8 to 9 
months, and during this time affected 
animals are constantly itchy. The disease, if 
untreated, progresses to a localized crust for¬ 
mation characteristic of a chronic hyperkera- 
totic state. 

Many infestations in pigs have little or 
no effect on weight gain, although there is 
some controversy, and treatments improve 
productivity (see following discussion). 
There are suggestions in other hosts of 
reduced feed efficiency. In some pigs, the loss 
of condition, production, and vitality may 
be severe, and the appearance of affected 
animals is esthetically displeasing. Erythema, 
papules, and intense pruritus may be seen. 
Few mites may be necessary to cause a reac¬ 
tion in a previously sensitized animal. A 
chronic condition is uncommon but is seen 
in pigs with an immunodeficiency. 

In cattle and camels, severe hypersensi¬ 
tivity lesions occur and often lead to death. 
Sheep initially show an intense pruritus and 
rub the affected part against fences or bite at 
the skin. Later papules and vesicles occur 
and the skin becomes thickened, covered 
with pale scabs, and the hair is lost. 

CLINICAL FINDINGS 

Early lesions are characterized by the pres¬ 
ence of small red papules and general ery¬ 
thema of the skin. The affected area is 
intensely itchy and frequently excoriated by 
scratching and biting. Loss of hair, thick 
brown scabs overlying a raw surface, and 
thickening and wrinkling of surrounding 
skin soon follow. In pigs the lesions com¬ 
mence on the trunk; in sheep and goats on 
the face; in cattle on the inner surface of the 
thighs, the underside of the neck and brisket, 
and around the root of the tail; and in horses 
and camels on the head and neck. Except in 
sheep, where the lesions do not spread to the 
woolled skin, lesions become widespread if 
neglected, and such animals may show sys¬ 
temic effects, including emaciation, anorexia, 
and weakness. In neglected cases, death 
may occur. 

The course of sarcoptic mange is rather 
more acute than in the other forms of mange 
and may involve the entire body surface of 
cattle in a period as short as 6 weeks. 

CLINICAL PATHOLOGY 

Necropsy examinations are not usually 
undertaken. Deep scrapings that draw blood 


are required for accurate diagnosis and must 
be taken from the edges of any evident 
lesions (scrapings taken from the central 
portions of lesions are very often negative). 
Examination of scrapings either directly or 
after digestion in 10% potassium hydroxide 
will reveal mites and/or eggs. When practi¬ 
cal, multiple scrapings from affected animals 
should be taken. Examination of the ear wax 
of pigs often shows mites when none can be 
seen in scrapings. 

Change in behavior, a result of the intense 
pruritus, have been used in swine as an initial 
diagnostic tool. An increase in the rubbing 
index is indicative of infestation, but other 
clinical confirmation is required. 

An ELISA for detection of antibodies to 
Sarcoptes scabiei has been developed. The test 
has high specificity and moderate sensitivity, 
being more sensitive in young animals 
undergoing their first infestation. It has been 
shown to work well in herd-level eradication 
programs and functions afterward as an 
effective surveillance tool. 

Recent description of the genome of a 
canine variety has elucidated several aspects 
of the host response and biology of the mite. 1 


DIFFERENTIAL DIAGNOSIS 


• Sarcoptic mange is the only mange that 
occurs in pigs. It can be confused with 
infestation with Tyroglyphus spp. mites or 
lice, or with swinepox, parakeratosis, 
infectious dermatitis, pityriasis rosea, and 
ringworm. In most of these diseases there 
are clinical features that are characteristic, 
and final diagnosis can be made on the 
presence or absence of the mite. 

• The same comments apply to the 
differentiation in cattle of sarcoptic mange 
from chorioptic and psoroptic mange and 
from chlorinated naphthalene poisoning 
and ringworm. 

• Horses may be affected by psoroptic or 
chorioptic mange, but the lesions are most 
common at the base of the mane and tail 
and at the back of the pastern, respectively. 

• Infestation with the trombidiform mites 
and photosensitization may resemble 
sarcoptic mange. 

• The disease is uncommon in sheep. 


TREATMENT AND CONTROL 

Macrocyclic lactone endectocides (including 
ivermectin, eprinomectin, moxidectin, and 
doramectin) are the preferred products for 
treatment of sarcoptic mange. Use of these 
products in pour-on or injectable formula¬ 
tions is highly efficacious when used at the 
label-recommended dose. Because of the 
residual activity of these compounds, retreat¬ 
ment is not usually necessary, although mox¬ 
idectin given subcutaneously at 0.2 mg/kg 
to infested sheep resulted in a rapid clinical 
improvement but did not eliminate the 
mites. Two doses 10 days apart resulted in 
negative skin scrapings by 14 days 









posttreatment. A single injection to cattle 
eliminated the mites by day 14. The resolu¬ 
tion of the lesions may take considerable 
time, but should not be misconstrued as 
product failure. 

Prefarrowing treatment of sows with 
ivermectin to prevent transmission to the 
newborn piglets improves weight gain and 
early feed conversion. 

If other treatments are used, they must be 
thoroughly applied so that all parts of the 
skin, especially under the tail, in the ears, and 
between the legs, are wetted by the acaricide. 
Although buildings, bedding, and other inert 
materials do not support the mite for more 
than a few days, they should also be treated 
unless they can be left in a dry state for 3 
weeks. 

RECOMMENDATION 

Always treat affected animals. To control 
spread, animals should be isolated or 
quarantined. 

REFERENCE 
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PSOROPTIC MANGE (SHEEP 
SCAB, BODY MANGE, 

EAR MANGE) 

Psoroptic mange is of greatest importance in 
sheep, in which it causes sheep scab, but it is 
also responsible for body mange in cattle and 
horses and ear mange in horses, sheep, goats, 
and rabbits. The disease is a major animal 
welfare concern. 

ETIOLOGY 

The various species of Psoroptes have now 
been reduced to two or three species. Based 
on molecular evidence, Psoroptes ovis , Pso¬ 
roptes cunilculi and Psoroptes cervinus are 
identical despite differences in morphology 
and biology. It is clear that P. ovis from cattle 
and sheep are identical, although cross¬ 
transmission is not always successful. P. equi 
occurs on horses, donkeys, and mules in 
Great Britain and P. natalensis on cattle and 
the water buffalo. The ear mites are all P. 
cuniculi, and recent work has suggested this 
is a variant of P. ovis adapted to the aural 
environment. P. cervinus assumes a dual role, 
being an ear mite of the American bighorn 
and a body mite of the wapiti. 

LIFE CYCLE AND EPIDEMIOLOGY 

Psoroptic mange is a major disease in sheep 
that was once virtually eliminated in most 
progressive countries where wool produc¬ 
tion is an important industry. With the ces¬ 
sation of organophosphate dips in the United 
Kingdom there has been a resurgence of the 
problem. The disease in cattle was wide¬ 
spread in the United States but has now 
largely been brought under control. It can 
spread rapidly and cause serious losses in 
cattle if neglected, as shown by the serious 
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losses that can occur in feedlots. The ear 
manges cause irritation and, in horses, a 
touchiness around the head. 

Psoroptic mites abrade the surface and 
feed on lipid exudate, bacteria, and skin 
debris. Erythrocytes are not normally a con¬ 
stituent of the diet and may be accidentally 
ingested when host scratching results in skin 
breakage. They cause the formation of scabs, 
under which they live. The eggs are laid on 
the skin at the edge of a scab and hatch in 1 
to 3 days, although this is prolonged if eggs 
are not in contact with the skin. There are the 
usual larval and nymphal stages, and the 
whole life cycle is complete in 10 to 11 days. 
All stages are capable of survival away from 
the host for up to 10 days, and under 
optimum conditions adult females may 
survive for 3 weeks. 

Optimum conditions for development 
include high humidity and cool tempera¬ 
tures. Thus the disease is most active in 
autumn and winter months. This is a result 
of not only the increased activity of the mites 
but also the more rapid development in 
housed animals and the tendency for the 
disease to be most severe in animals in poor 
condition. When conditions are adverse, as 
in summer, mites survive in sheep in pro¬ 
tected parts in the perineum, in the inguinal 
and interdigital regions, in the infraorbital 
fossae, and inside the ear and the scrotum. 
Spread occurs from sheep to sheep, but 
transmission from infected premises and by 
passive spread of pieces of wool also occurs. 

The life cycle of the other species is 
thought to be similar. Spread of ear mite in 
horses can occur by grooming or by the use 
of infected harness. 

PATHOGENESIS 

The mite migrates to all parts of the skin and 
prefers areas covered with hair or wool. Sali¬ 
vary secretions and mite excreta contain 
proteinases that result in a severe allergic 
pruritus. The exudation of serum accumu¬ 
lates to form a crust. In cattle the mites are 
most active at the edge of the crust, and the 
lesion spreads peripherally. Infested calves 
have lower weight gains, lower feed conver¬ 
sion, and lower energy retention than non- 
infested calves. In sheep the mites are more 
generally distributed, and bacterial invasions 
of the skin are more common. 

CLINICAL FINDINGS 
Sheep 

Cutaneous lesions may occur on any part of 
the body, but characteristically in badly 
affected sheep they are most obvious on the 
sides. 1 Very early lesions are small (6-mm- 
diameter) papules that ooze serum. Atten¬ 
tion may be attracted to the area by 
raggedness of the wool caused by biting and 
scratching. In older lesions thin yellow crusts 
are present, and the wool commences to 
shed. The wool may contain large masses of 
scab material that binds the fibers together 


in a mat. Under suitable conditions the 
infestation spreads rapidly, and in 6 to 8 
weeks three-quarters of the body may be 
affected. 

In a typical outbreak of sheep scab many 
animals are affected and show itchiness and 
shedding of the fleece. Some become mark¬ 
edly emaciated and weak, and deaths may 
occur. However, it is possible to have the 
disease in a flock at a very low level of inci¬ 
dence and with minimal lesions. This usually 
occurs when the sheep are highly resistant 
because of good nutrition, climatic condi¬ 
tions are adverse for mite development, or 
treatment has been carried out but has been 
incomplete. In such cases there may be little 
or no clinical evidence of the disease, and a 
careful search for latent cases may be neces¬ 
sary. This is facilitated by packing the animals 
into a confined space, so that the mites 
become active, and watching for signs of 
itchiness. 

Behavioral changes in infested sheep are 
dramatic, with sheep biting at the affected 
areas and rubbing or scratching. In addition, 
infested sheep exhibit stereotypic behaviors 
typical of animals under stress. These changes 
combine to reduce productivity. Animals 
exhibiting these changes should be carefully 
examined by palpating the surface of the skin 
in search of papules and scabs. Special atten¬ 
tion should be paid to the ears, the base of 
the horns, the infraorbital fossa, and the 
perineal and scrotal areas in rams. 

Goats 

Lesions can vary from a dry crusty scab on 
the external ear canal with no clinical signs 
to severe lesions covering much of the body 
and causing death. However, it is commonly 
an ear mite, feeding on whole blood and 
causing the production of scabs that vary 
from a single layer lining the large sulcus at 
the base of the concha to abundant lami¬ 
nated scab formation occluding the meatus. 
In severe cases the poll may be affected, and 
scabs may also be found on the pasterns. 
Female goats serve as the source of infection 
for the kid; mites may be found by 5 days, 
and clinical signs are seen by the 3rd week of 
life. Raillietia may also be found in the ear of 
goats, but Raillietia caprae is easily differenti¬ 
ated microscopically because all legs are on 
the anterior part of the body. 

Florses 

P. equi causes the production of large, thick 
crusts on those parts of the body carrying 
long hair, such as the base of the mane and 
the root of the tail, and hairless areas such as 
the udder, prepuce, and axilla. Affected parts 
are itchy, the hair is lost, and with constant 
rubbing the surrounding skin becomes 
thickened. P. cuniculi infestations in horses 
cause severe irritation in the ear accompa¬ 
nied by discharge, shaking of the head, 
rubbing of the head, and tenderness of 
the poll. 
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Cattle 

Typical lesions appear first on the withers, 
neck, and around the root of the tail. In 
severe cases they may spread to the rest of 
the body. The lesions are intensely itchy. They 
commence as papules but soon are covered 
with a scab, which enlarges peripherally and 
coalesces with other lesions so that very large 
areas of skin may become involved. The hair 
is lost and the skin becomes thickened, wrin¬ 
kled, and covered with scabs. Badly affected 
animals becomes weak and emaciated and 
may die. 

CLINICAL PATHOLOGY 

The mites can be easily demonstrated in 
scrapings taken from the edges of the lesions. 
Examination is facilitated by prior digestion 
of the scraping in warm 10% potassium 
hydroxide solution. 

An ELISA has been developed for diag¬ 
nosis of Psoroptes infestation in sheep. 2 It has 
been applied to monitoring of infestations as 
part of efficient control programs. 


DIFFERENTIAL DIAGNOSIS 


• Severe cases of psoroptic mange in sheep 
are similar to mycotic dermatitis except that 
there is no itching in the latter. Diseases 
causing itchiness, such as scrapie, ked, and 
louse infestations and infestations with 
Psorergates ovis and harvest mites, do not 
have typical cutaneous lesions, and the 
latter group can usually be detected by 
examination for the causative parasites. 

• In horses, attention is drawn to the 
condition because of the horse rubbing its 
head, by swelling around the base of the 
ear, or by resentment to the bridle passing 
over the ears. In some horses, the affected 
ear may droop. 


TREATMENT AND CONTROL 

Macrocyclic lactone endectocides are used 
most frequently for control of psoroptic 
scabies. Cattle treated with ivermectin must 
be separated from noninfested cattle for 
between 9 and 14 days; otherwise, spread and 
reinfection may occur. In sheep two treat¬ 
ments of ivermectin 0.2 mg/kg subcutane¬ 
ously are necessary to eliminate infestations. 

Moxidectin applied as a 0.5% pour-on at 
0.5 mg/kg to cattle is effective against P. ovis 
lice, and Chorioptes bovis , and it was equally 
effective against P. ovis as 0.2 mg/kg by sub¬ 
cutaneous injection. In sheep, although a 
single subcutaneous dose of 0.2 mg/kg mox¬ 
idectin gave a rapid clinical improvement, 
two doses 7 days apart were necessary to 
eliminate mites. In large-scale field use, sheep 
receiving a single injection in the autumn 
remained free of the infestation throughout 
the winter, and two injections 10 days apart 
were effective in treating outbreaks. 

Doramectin injectable at 0.2 mg/kg SC 
was highly effective in eliminating mites in 


scrapings of infested cattle. The same treat¬ 
ment was found to protect cattle from infes¬ 
tation for up to 3 weeks. 

If sheep are to be dipped, it is important 
to wet the skin thoroughly and pay special 
attention to severe cases where mites are 
likely to be present in inaccessible sites on 
the body. Thus a plunge dip is almost essen¬ 
tial, and the sheep must be kept immersed in 
the dipping fluid for at least 1 minute. Prior 
shearing may be advisable but may lead to 
further spread of the infestation. Care must 
be taken to ensure that the concentration of 
the acaricide in the dip is maintained, espe¬ 
cially when large numbers of sheep are being 
treated. Badly affected animals should be set 
aside, and inaccessible sites, including ears, 
horn bases, and perineum, should be treated 
manually with the dipping fluid. Dipped 
sheep should not be returned to their pas¬ 
tures or to the barn unless the latter has been 
thoroughly cleaned and sprayed with the 
dipping fluid. 

The synthetic pyrethroids are variable in 
their efficacy. Flumethrin, used as a non¬ 
stripping dipping compound, eradicated P. 
ovis from sheep when used at 55 ppm and 
gave at least 7 weeks of protection. 

In horses, affected ears should be cleaned 
of all wax, and ear preparations containing 
benzene hexachloride should be used at 
weekly intervals. Benzyl benzoate is a safe 
and effective treatment when given every 5 
days for three treatments. Ivermectin is 
highly effective against P. equi. 

Eradication of sheep scab on an area basis 
is usually undertaken by quarantine and 
compulsory treatment of all susceptible 
animals in the area at the same time. Now 
that there are effective treatments that do not 
require dipping, eradication of scab from 
areas should be more easily accomplished. 
The necessity to dip all animals in the area 
during a short period presents difficulties, 
and the cost of construction of dips and lack 
of desire to dip in cold climates are other 
obstructing factors. The use of pour-ons or 
injections is an attractive alternative to 
autumn dipping and has the added advan¬ 
tage of providing helminth control in late- 
season lambs and in ewes. 3 Further, even 
pregnant animals can be yarded and treated 
by subcutaneous injection or pour-on as 
long as care is taken in the yards. Where it is 
desired to keep the disease at a low level 
short of eradication, the disease is made 
notifiable, movement of stock is restricted, 
and infested farms are quarantined. 

RECOMMENDATION 

Treatment is absolutely necessary to keep 
this from becoming an animal welfare 
issue. 
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CHORIOPTIC MANGE (TAIL 
MANGE, LEG MANGE, 

SCROTAL MANGE) 

Chorioptic mange is the commonest form of 
mange in cattle and horses. Although the 
primary effect on cattle is esthetic damage, 
there are production effects in dairy animals. 
In horses, leg mange is a source of annoyance 
and inefficiency at work. In sheep, it affects 
the scrotum and may cause a decrease in 
fertility. 

ETIOLOGY 

Chorioptic mites were formerly named 
according to the host species, but those on 
cattle, horses, goats, and sheep are now con¬ 
sidered to be one species, Chorioptes bovis. 
Another species, Chorioptes texanus , has 
been reported on goats, cattle, and Canadian 
reindeer. 1 In cattle, the mites are much more 
active in the latter part of the winter and tend 
to disappear in cattle at pasture. This diminu¬ 
tion in activity is not noted in cattle kept 
housed in the summer. 

LIFE CYCLE AND EPIDEMIOLOGY 

C. bovis feed on the skin surface, abrading 
the upper layers with their mouthparts and 
contaminating the area with salivary secre¬ 
tions and excreta. Developmental stages are 
similar to that of Psoroptes , and a complete 
cycle, from egg to adult, requires approxi¬ 
mately 3 weeks. The number of parasites is 
influenced by temperature and humidity, 
with the mite populations beginning to 
increase on sheep in early autumn and 
numbers reaching a peak in late autumn or 
early winter and declining in spring. In cattle 
the cycle is longer, with peak numbers occur¬ 
ring in late winter and early spring and 
declining in summer. Transmission is prob¬ 
ably effected by direct contact in most 
instances, although in animals housed in 
barns, grooming tools may be an additional 
method of spreading the disease. Infestation 
of bedding is not a common method of 
transmission. 

In horses, the parasites occur almost 
entirely in the long hair on the lower parts of 
the legs and are rarely found on other parts of 
the body. In cattle the disease is most evident 
in the winter, with lesions occurring most 
commonly on the perineum and back of the 
udder, extending in severe cases to the backs 
of the legs and over the rump. In the summer 
months, the mites persist in the area above 
the hooves, particularly the pasterns of the 
hind leg. In sheep, lesions are confined to the 
wool-less areas, chiefly the lower parts of the 
hindlegs and scrotum. Rams are more heavily 
infected than ewes and probably infect ewes 
while copulating. Lactating ewes probably act 
as the source of infection for lambs. 

PATHOGENESIS 

The mites cause an allergic exudative derma¬ 
titis; the yellowish serous exudate coagulates 










and breaks as the hair grows so that small 
scabby lesions are seen on the hair. In horses 
the mites cause severe irritation and itchi¬ 
ness. The initial lesion in cattle is a small 
nodule that exudes serum, causing matting 
of the hair. In severe cases these coalesce to 
form heavy scabs and cause thickening and 
wrinkling of the skin. Mites can be isolated 
from many animals that show no clinical evi¬ 
dence of the disease. Although most cases do 
not cause any symptoms, a rapidly spreading 
syndrome characterized by coronitis, intense 
irritation, and a marked fall in milk produc¬ 
tion has been reported. 2 C. bovis is a common 
parasite of sheep in the United States, New 
Zealand, and Australia, and causes an aller¬ 
gic exudative dermatitis on the scrotum of 
rams. This may cause a rise in temperature 
of the scrotal contents and severe testicular 
degeneration if the lesion has an area greater 
than 10 cm 2 . 

CLINICAL FINDINGS 

The first sign in horses is usually violent 
stamping of the feet and rubbing of the back 
of the hind pasterns on wire, rails, or stumps. 
This is most evident during periods of rest 
and at night. Examination of the area is dif¬ 
ficult because of the long hair present, and 
the horses may resent manipulation. In cases 
of long duration, the skin is seen to be 
swollen, scabby, cracked, and usually greasy; 
small amounts of serous exudate may be 
attached to most hair in the affected area. 

Cattle show little evidence of cutaneous 
irritation, but the small crusty scabs (3 mm 
in diameter) on the escutcheon, udder, and 
thighs are unsightly. Although the mites 
appear to cause little trouble in the summer, 
occasional animals are seen that have thick, 
crusty scabs on the skin, just above the coro¬ 
nets and around the muzzle. 

The main lesion in sheep is seen on the 
scrotum of rams, where an allergic dermati¬ 
tis results in the production of a yellowish 
serous exudate over areas from a few milli¬ 
meters to several centimeters. 

CLINICAL PATHOLOGY 

Scrapings from the affected areas usually 
contain large numbers of mites. 


DIFFERENTIAL DIAGNOSIS 


Greasy heel in horses resembles chorioptic 
mange except that pain is more evident in 
the former and itchiness in the latter. It has 
been suggested that the two diseases are 
etiologically related. 

The lesions in cattle may go unnoticed but are 
not likely to be mistaken for those of any 
other disease, with the possible exception 
of other manges. The presence of 
chorioptic mites in footrot and mucosal 
disease lesions may be purely coincidental, 
but cases of chorioptic mange that have 
lesions around the coronet and muzzle may 
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be mistaken for one of the erosive 
diseases. 

Sheep with itchy, scabby legs may be infested 
with other forms of mange or have 
contagious ecthyma or strawberry footrot. 


TREATMENT AND CONTROL 

The macrocyclic lactone endectocides have 
shown efficacy against Chorioptes spp., but 
eradication of the parasites from a herd is 
difficult. Moxidectin 0.5 mg/kg applied as a 
pour-on eliminated C. bovis as well as 
sucking lice and P. ovis. When given as a 
single injection of 0.2 mg/kg, there was a 
marked decline in the number of mites, but 
few cattle were cleared of infection. Dora- 
mectin has high efficacy at the label rate in 
cattle, but a single treatment did not clear 
mites from all of the trial animals. Treatment 
with eprinomectin at recommended rates 
was completely effective, but mites persisted 
for at least 14 days. 

Amitraz 0.05% removed 98% and phoxim 
0.05% and 0.1% used twice at 10-day inter¬ 
vals has also eradicated the infection from 
cattle. Other compounds if used repeatedly 
will reduce mite numbers, but recrudescence 
may occur. Ivermectin 0.2 mg/kg given sub¬ 
cutaneously on two occasions reduced but 
did not eliminate the infestation on cattle. A 
single treatment of infested horses with iver¬ 
mectin paste also did not remove all mites, 
but when combined with hair removal, 
washing encrusted areas with oil of salicylic 
acid, and the later removal of crusts with a 
stiff brush, eradication was achieved. 
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Ked and Louse 
Infestations 

Ked and louse infestations cause irritation 
resulting in skin or wool damage. Blood loss 
may occur with some species. 

SHEEP KED (MELOPHAGUS 
OVINUS) 

Keds are flat, brown, wingless flies, about 6 
to 7 mm in length, found on sheep through¬ 
out the world. Keds are now rarely reported 
in many countries because of good manage¬ 
ment and control. For example, it wasn’t 
mentioned in a review of livestock ectopara¬ 
sites of Europe and the Mediterranean, 1 
although anecdotal evidence suggests it may 
be present in isolated pockets associated with 
organic production. 2 The ked can transmit 
Trypanosoma melophagium and Rickettsia 
melophagi , harmless blood parasites of sheep. 
Recent studies suggest that it may have more 


importance than otherwise indicated. ’ Stain¬ 
ing of the wool by the feces of the ked reduces 
its value and gives it a peculiar musty odor. 
Heavy infestations cause skin blemishes, 
which are costly to the leather industry. 
Sheep in poor condition suffer most from 
infestations. Goats may also be infested. 

LIFE CYCLE 

Keds live their entire life cycle on the host. 
Adults of both sexes are blood feeders, and 
although the degrees of infestation usually 
encountered cause only irritation with 
resulting scratching, biting, and damage to 
the fleece, very heavy infestations may cause 
severe anemia. Spread is generally the result 
of direct contact between hosts. A recent 
review 2 suggests that this exchange is pri¬ 
marily between dams and their offspring and 
that it is predominantly the newly emerged 
adults that migrate to new hosts. Larvae 
develop within the female one at a time and 
are deposited on the host as mature third 
instars that pupate within a few hours. The 
female ked lives for 4 to 5 months and may 
lay up to 10 to 15 larvae, so buildup of infec¬ 
tion is slow. The larvae are attached to the 
wool fiber some distance above, the skin and 
many larvae and pupae are removed at shear¬ 
ing. The young ked usually emerges in 20 to 
22 days, but this period may be prolonged for 
up to 35 days in winter. The complete life 
cycle takes 5 to 6 weeks under optimal condi¬ 
tions. Heavy infestations usually occur in 
winter months, and they decline in the 
summer. The parasite is mainly seen in 
colder, wetter areas, and infestations may 
disappear when sheep are moved to hot, dry 
districts. Resistance is acquired in time, and 
resistant sheep grow better and produce 
more wool. 

A seasonal pattern of infestation occurs. 
Keds are sensitive to hot, dry weather 
and numbers decrease markedly over the 
summer. Populations increase slowly over 
the autumn and winter. Although keds that 
have been dislodged from the host can live 
for up to 2 weeks if in mild moist conditions, 
most die in 3 to 4 days and probably do not 
play a part in reinfesting sheep. 

Keds have recently been implicated in 
the transmission of Anaplasma ovis from 
infected sheep. 3 This potentially zoonotic 
disease can infect people, with important 
implications. 

CONTROL 

At shearing a large proportion of adults and 
pupae will be removed. This can provide 
effective control on adult sheep, particularly 
where a combination of hot conditions and 
a short fleece will kill most of the remaining 
keds. However, some may remain alive in 
protected places such as the ventral neck and 
breech regions and on younger stock. If 
treatment is carried out within the next 2 to 
4 weeks, eradication will be achieved as long 
as all sheep are included and the insecticide 
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used has a residual protection longer than 
the time taken for the last pupae to hatch. 

Ivermectin and its analogs given at the 
standard anthelmintic dose will act to elimi¬ 
nate the ked populations. Closantel is also 
effective against keds. 
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LOUSE INFESTATIONS 
(PEDICULOSIS) 

Louse infestations are common throughout 
the world. The species are host specific and 
are divided into biting and sucking lice. 


SYNOPSIS 


Etiology Species-specific sucking and 
chewing lice affecting all animals. 

Epidemiology Transmission from host to 
host. Lice show a marked seasonal 
periodicity, rising from low numbers after 
summer to a peak in the following late 
spring. Foot lice infested from pasture. 

Clinical signs Irritation that causes rubbing, 
damage to the fleece or skin, and loss of 
milk production. Some species cause 
anemia. Foot lice cause stamping. 

Clinical pathology Hair loss may result from 
hypersensitivity. 

Lesions Skin lesions as a result of rubbing; 
fleeces have tufts protruding and lose their 
brightness. 

Diagnostic confirmation Lice can be seen 
on careful inspection. Preferred site varies 
with host and species of louse. 

Differential diagnosis In sheep, must be 
differentiated from Psorergates, ked, and 
Psoroptes infections. In other animals, 
separate from allergic dermatitis. 

Treatment Macrocyclic lactones and synthetic 
pyrethroids (where available). 

Control Pour-on and injectable treatments 
control lice on cattle, horses, sheep, and 
pigs. Good husbandry practices will reduce 
infestations. Plunge or shower dips used on 
sheep; all sheep should be treated, and 
sheep must be thoroughly wetted. 
Treatment should follow shearing, which 
removes many lice; sheep in short wool are 
also easier to wet. 


ETIOLOGY 

The important species are as follows: 

• Cattle: 

Sucking lice— Linognathus vituli 
(long-nosed sucking louse), 
Solenopotes capillatus (small blue 
sucking louse), Haematopinus 
eurysternus (short-nosed sucking 
louse), Haematopinus quadripertusus 


(tail louse), Haematopinus 
tuberculatus (buffalo louse) 

Chewing lice— Damalinia (= Bovicola ) 
bovis 

• Sheep: 

Sucking lice— Linognathus ovillus 
(sucking face louse), Linognathus 
africanus , Linognathus stenopsis (goat 
sucking louse), Linognathus pedalis 
(sucking foot louse) 

Chewing lice— Damalinia ovis 

• Goats: 

Sucking lice— L. (blue louse), L. 
africanus 

Chewing lice— Damalinia caprae, 
Damalinia limbata, Damalinia 
crassiceps 
. Pigs: 

Sucking lice— Haematopinus suis 

• Horses: 

Sucking lice— Haematopinus asini 
Chewing lice— Damalinia equi 

• Donkeys: 

Chewing lice— Werneckiella (= Bovicola) 
ocellatus 

LIFE CYCLE AND EPIDEMIOLOGY 
Sucking Lice 

All life-cycle stages of sucking lice are found 
on the host. Both sexes are obligate blood 
feeders, taking small meals from capillaries 
in the upper skin. 1 Survival off the host is 
limited, although some species, such as the 
foot lice of sheep, may survive away from the 
host for up to 2 weeks. Females lay 2 to 6 eggs 
per day, which are attached to individual hair 
shafts. Eggs complete embryo development 
and hatch within 5 to 11 days of deposition. 
Lice have three nymphal stages, which bear 
a morphologic similarity to the sexually 
mature adult stage. Each nymphal stage will 
take 2 to 4 days to complete. Louse develop¬ 
ment rate, at all stages, is highly temperature 
dependent and requires a narrow tempera¬ 
ture range. Temperatures above 41° C (106F) 
and 46° C (115 F) are lethal for eggs and 
adults, respectively, of L. vituli. 2 Optimal 
development takes place between 33° C and 
37° C (91F and 99 F). Lice therefore show a 
seasonal periodicity, with very low numbers 
in the summer when conditions are hot. 
Populations begin to increase with cooler fall 
temperatures, reaching maximum levels in 
late winter. 3 

Chewing Lice 

All life-cycle stages of chewing lice are found 
on the host. Lice feed on dead skin cells, hair, 
and oil secretions, which they abrade from 
the surface using their chewing mouthparts. 
There may be some abrasion of the upper 
skin layers, and there has been demonstra¬ 
tion that sheep develop antibodies to salivary 
sections of Damalinia (= Bovicola ) bovis. Sex 
ratios are highly female biased, and there are 
suggestions that parthenogenesis occurs in 
some species. Females deposit less than 1 egg 
per day. Embryo development is completed 


in 7 to 10 days, producing nymphs that molt 
three times before reaching sexual maturity. 
As with the sucking lice, there is a strong 
temperature/development relationship that 
is highly regulated, with a narrow range for 
optimal development and survival. Chewing 
lice can survive off the host for up to 2 weeks. 

Transmission of both types of lice occurs 
by direct contact, but inert objects such as 
blankets, grooming tools, and harnesses may 
remain infective for several days. Sheep may 
become infested with foot lice from the 
pasture. Young pigs may become infected 
some 10 hours after birth. Newborn calves 
rapidly acquire infestations from their dams. 

CLINICAL FINDINGS AND 

DIAGNOSIS 

Sucking Lice 

All species cause irritation of the skin and 
stimulate scratching, rubbing, and licking, 
leading to restlessness, damage to hair coat 
or fleece and hides, and loss of milk produc¬ 
tion. These behavioral changes result in 
reduced efficiency, particularly in feedlot 
cattle. 

Lice appear to be present on a large pro¬ 
portion of cattle, but measurement of their 
impact on productivity has produced equiv¬ 
ocal results. It is often thought that infesta¬ 
tion has little or no effect on weight gain and 
hematological values. However, there appears 
to be a synergistic effect between louse infes¬ 
tations and the presence of gastrointestinal 
nematodes that does have an influence on 
weight gain. Anemia is rare but has been 
described for heavy infestations of L. vituli 
and H. eurysternus. Treatment, however, may 
be warranted to reduce the damage to hides 
and prevent damage to fences and other fix¬ 
tures. Hairballs may occasionally occur in 
calves as a result of continual licking. Cattle 
and pig lice have been reported as vectors of 
several rickettsial diseases, but this remains 
to be verified. 4 

The pig louse spreads swinepox, and 
although weight loss may not occur, even 
with heavy burdens, some pigs develop an 
allergic dermatitis, and the consequent 
rubbing leads to skin lesions. 

Foot lice of sheep are thought to live on 
blood. Light infestations may not cause clini¬ 
cal signs, but moderate to severe infestations 
cause stamping and biting of the affected 
parts. Lice cause goats to rub or to bite their 
coats, which become matted and damaged. 
Angora goats can damage the hair shaft and 
lose their coats. Signs of infestation are rest¬ 
lessness, hair loss, and decreased milk pro¬ 
duction. In horses, H. asini is the more 
serious species because it removes blood and 
may cause some anemia. 

Chewing Lice 

Chewing lice cause irritation and rubbing. In 
sheep, the wool loses its brightness and may 
become matted and more yellow. There is 
evidence that a pelt defect called cockle is 
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associated with infestation with body lice. 
The quantity and quality of the fleece is 
reduced, and losses up to AUSS3.20 per 
infested sheep have been measured. 

Chewing lice on cattle also cause an 
increase in rubbing and licking, which con¬ 
tributes to reduction of efficiency and 
damage to facilities. Hair loss has been 
attributed to this infestation, but it is a con¬ 
troversial association because many other 
causes are likely. Lice have been implicated 
in the transmission of several bacterial 
pathogens, but this finding requires 
verification. 5 

Diagnosis of lice on cattle and horses 
requires close visual inspection, with par¬ 
ticular attention being paid to known predi¬ 
lection sites. These include the head, the 
sides of the neck, the dewlap, the escutcheon, 
and tail switch. Effective diagnosis requires 
that hair be parted and skin examined at 
several locations at each of the predilection 
sites. Use of a supplementary light source 
and restraint of the animal are very helpful. 

Chewing lice of cattle, sheep, and horses 
are recognized by their rounded heads and 
light brown color. These lice are highly 
mobile and will move away from inspection 
sites. Their eggs are difficult to see unless on 
dark-haired cattle or horses. Sucking lice are 
recognized by their gray or blue-gray color 
and their pointed heads. They tend to remain 
fixed to the skin. 

Chewing lice may congregate on the 
dorsal surface and flanks, whereas sucking 
lice are found on the head and in the long hair 
of the mane and tail; in heavy winter infesta¬ 
tions, however, lice may be found on any part 
of the body. In sheep with long wool, the 
greatest numbers of D. ovis may be seen on 
the midside, particularly the shoulders, from 
where they spread to the back and rump. 
After shearing, small residual infestations 
may be found on the ventral neck. Foot lice 
are usually found in clusters on those parts 
covered with hair, mainly on the lower limbs, 
but in heavy infestations they can be found in 
clusters above the hock, on the scrotum, in 
the belly wool, and, more rarely, on the face. 

TREATMENT AND CONTROL 

Self-grooming and grooming by herdmates 
effectively regulates louse populations on 
most hosts, but the effectiveness is limited 
when hair coat or fleece become too long for 
the tongue surface to effectively remove lice 
and eggs. Similarly, shearing is an important 
factor in reducing body lice populations on 
sheep. Between 30% and 50% of the popula¬ 
tion is removed with the fleece, and those 
remaining are subjected to a more variable 
microclimate. Populations are at their lowest 
30 to 60 days after shearing. Reversing tem¬ 
perature gradients as sheep move in and out 
of shade, and very wet conditions, will also 
reduce lice numbers. 

Body lice of sheep are relatively easy to 
eradicate if a clean muster is achieved, the 


sheep are thoroughly treated, and reinfesta¬ 
tion is avoided. However, in practice, failure 
to eradicate commonly occurs as a result of 
the inability to thoroughly wet the fleece 
because of poor formulation of products or 
because the lice are resistant to the chemical 
used. The most difficult problem when 
attempting to eradicate lice from flocks over 
a large area is the diagnosis of lice in lightly 
infested flocks. Methods of detection of louse 
antibodies in fleece have been developed for 
use on the farm that give good results. Adop¬ 
tion has been limited, and in many cases the 
methods have been withdrawn from practice 
because the delay between testing and results 
has been too long. Similarly, techniques have 
been devised to test for lice by digesting the 
wool and examining the residue for lice, but 
the delays inherent in such a system often 
mean that by the time the farmer obtains the 
results, the optimum time to treat sheep has 
passed. 

Affected sheep can be effectively treated 
with macrocyclic lactone or chitin synthesis 
inhibitors. An ivermectin 0.03% jetting fluid 
was reported to have high efficacy in treating 
lice in sheep with 3 to 9 months of wool, but 
failed to eradicate the lice. No treatment is 
known that can eradicate lice from long- 
woolled sheep under field conditions. Fol¬ 
lowing treatment of foot lice, sheep should 
be moved to a paddock that has been free of 
sheep for a month. 

Treatment of goats has not been studied 
extensively, and the treatments used on 
sheep and cattle are thought to be effective in 
goats. Lactating goats should not be treated. 

Macrocyclic lactone-based products 
(ivermectin, moxidectin, doramectin, and 
eprinomectin) are available as pour-on or 
injectable formulations for cattle and have 
shown excellent efficacy against both sucking 
and chewing lice. Persistence of activity is 
one of the exceptional benefits of these 
products. 

Essential oil treatments using a variety 
of products have been evaluated against 
~W. ocelatus in donkeys and have been 
proven an effective alternative to synthetic 
chemicals. 4 

Sheep lice have been shown to quickly 
develop insecticide resistance, and strains of 
D. ovis that are resistant to the insecticides 
are common in the United Kingdom and 
Australia. 6 Tolerance has been reported in 
other species as well. Resistance manage¬ 
ment strategies that use combination treat¬ 
ments are now considered the best approach 
to management of the problem. 

Treatments should be timed to coincide 
with the beginning of louse population 
growth (i.e., autumn or early winter). 
Extremely early treatments often result in 
spring outbreaks that are caused by very 
small residual populations on a few animals. 8 
Products with persistent activity, in excess of 
21 days (e.g., macrocyclic lactones), do not 
require a second application. 


Effective management of lice in a herd 
requires that new animals be isolated for a 
period of time sufficient for all lice to be 
eliminated by treatment. The introduction of 
one or two infested individuals, such as 
occurs when strays are allowed into a herd, 
leads to a slow buildup of infestation. In Aus¬ 
tralia, modeling approaches have been devel¬ 
oped for the treatment of sheep. 9 

RECOMMENDATION 

All animals in a herd should be treated 
for louse control to prevent the buildup of 
the louse population to a point that is 
damaging. 
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Miscellaneous Skin 
Diseases Caused by Flies, 
Midges, and Mosquitoes 

Although these insects differ quite markedly, 
they are dealt with together because they 
exert similar deleterious effects. Their activ¬ 
ity causes stress and induces behavioral 
changes, and in many cases they are impor¬ 
tant vectors for a variety of parasites and 
infectious diseases. 

STABLE FLIES (STOMOXYS 
CALCITRANS) 

ETIOLOGY 

The stable fly, Stomoxys calcitrans , has a 
cosmopolitan distribution. Other species, 
including Stomoxys nigra , occur in South 
Africa. S. calcitrans is a moderate-sized, gray 
to black fly about the size of a housefly. These 
are the most economically important species 
of fly affecting confined livestock in North 
America. 

LIFE CYCLE AND EPIDEMIOLOGY 

These insects have a typical fly life cycle, with 
eggs being deposited in high-organic-matter 
areas with an elevated moisture content, such 
as spilled feed and the edge of silage pits. 
The larvae grow in a temperature-dependent 
manner in the same high-organic-matter 
area through three larval stages. Pupae form 
in dry material at the edges of the areas where 
the larvae develop. Flies rest on fences and 
structural surfaces in a characteristic head- 
upward position and can readily be recog¬ 
nized by the prominent, forward-directed, 
pointed proboscis between short palps. 
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Stable flies of both sexes are blood feeders, 
attacking particularly cattle and horses, 
people, and, to a lesser extent, pigs. Bites are 
painful and often bleed freely when fresh. 
The flies are intermittent feeders, spending 
only short periods on the host; most of their 
time is spent resting on fences and building 
sides. Eggs are laid in high-moisture areas of 
rotting hay or straw, along the edge of silage 
pits, and on the edges of manure pack of 
feedlots and compost piles. Mature larvae 
leave the high-moisture sites to pupate in 
drier sites nearby. Development times are 
regulated by temperature, with higher tem¬ 
peratures resulting in more rapid develop¬ 
ment. A complete life cycle will require 3 to 4 
weeks in summer. In temperate climates flies 
exhibit a distinct seasonality, with peak pop¬ 
ulations in middle to late summer. Larvae 
will overwinter in warmer areas of silage 
piles. The flies are highly mobile, traveling up 
to 20 km in search of suitable hosts. These 
flies have now moved onto pasture, where 
they can affect cattle that are fed from round 
bales left as a food source. 1 

Feeding activity by the flies results in 
stress to the animals and reduced efficiency 
through reductions in feeding time. When 
large numbers of flies are present, the animals 
will bunch to reduce biting rates. At high 
temperatures the bunching may result in 
cattle overheating. 

PATHOGENESIS 

S. calcitrans organisms are mechanical 
vectors for anthrax, infectious equine 
anemia, bovine virus, diarrhea virus, and 
surra. They are intermediate hosts for the 
nematode Habronema majus , 3 which is 
reputed to be a cause of allergic dermatitis in 
horses in Japan. 

CLINICAL FINDINGS 

A localized sensitivity of the forelimbs of 
cattle may develop and result in the forma¬ 
tion of intradermal blisters that coalesce to 
form bleeding sores. With very heavy infes¬ 
tations some deaths may occur. Populations 
can be assessed by counting the number of 
flies on the front legs of cattle. When the 
average number exceeds 2 per leg, significant 
losses occur, and population management is 
required. 

TREATMENT AND CONTROL 

Effective management of stable flies requires 
removal of high-moisture, rotting organic 
matter from the environment. 2 Edges of 
silage pits, manure packs, and compost piles 
should be kept dry, and manure-contami¬ 
nated bedding should be removed regularly. 
Insecticide treatments must be applied to all 
exterior surfaces (e.g., barn sides, fences, and 
exterior of feed bunks). Spraying of fixtures 
and walls, particularly sunlit walls where the 
flies often remain unnoticed, with long- 
acting compounds reduces infestations for 2 
weeks or longer. 


Application of insecticides or repellants 
directly on animals is generally impractical 
because of the short duration of efficacy. 
Low frequency of insecticidal application, 
when necessary, slows the development of 
insecticide resistance. Permethrin applied 
as a microencapsulated formulation gave 
longer protection than an emulsifiable con¬ 
centrate. Affected horses can be treated 
locally with an analgesic cream, and if the 
irritation is severe they can be tranquilized 
with acetylpromazine. 

RECOMMENDATION 

Treatment is absolutely necessary to keep 
these flies from reaching population levels 
that are in excess of the economic threshold 
and from reaching levels where they are an 
animal welfare issue. Populations are also an 
issue for humans. 
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HORSE FLIES, MARCH FLIES OR 
BREEZE FLIES (TABANUS SPP.), 
AND DEER FLIES ( CHRYSOPS, 
HAEMATOPOTA, AND 
PANGONIA SPP.) 

Horse flies, march flies or breeze flies, and 
deer flies are large, robust, blood-feeding 
flies that are widespread in both temperate 
and tropical regions. Only the females take 
blood meals, but the bites are savage and 
cause significant distress to large animals, 
particularly horses and cattle. These flies can 
act as mechanical vectors of diseases caused 
by viruses (equine infectious anemia, bovine 
leukosis, vesicular stomatitis, hog cholera), 
bacteria (anthrax, tularemia), and trypano¬ 
somes (surra). Eggs are laid on the leaves of 
plants growing in or near standing water. The 
larval and pupal stages occur in the water or 
mud, and the life cycle takes 4 to 5 months 
to complete. The flies are active in summer 
and attack animals principally on the legs 
and ventral abdomen. Duration of activity 
can be relative short (i.e., 3 to 4 weeks), but 
stress on the animals can be very high during 
that time. Fly attacks lead to bunching of 
animals with the attendant likelihood of 
overheating and in some cases resulting in 
animals stampeding through fences. Adult 
flies are attracted to host volatiles, including 
components of host urine. 1 Control is 
difficult unless wet areas can be drained 
or livestock kept away from those areas 
where the flies are most active. Repellents 
have been used and are reasonably effective 
in horses subject to fly worry. The use of 
DEET affords protection for only a few days 
and is costly, but its use in milking cattle 
gives increased milk yield and butterfat. 


Synthetic pyrethroid-impregnated eartags 
give very little protection against these flies. 

RECOMMENDATION 

Control is extremely difficult for both larvae 
and adults but should be attempted for the 
purpose of reducing effects of adult flies on 
animal welfare. 
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HYPODERMA SPP. INFESTATION 
(WARBLE FLIES) 

Infestations of cattle with the larvae of Hypo- 
derma spp. cause serious damage to hides 
and carcasses, in addition to production 
losses. Occasional deaths result from ana¬ 
phylactic shock or toxemia and damage to 
the central nervous system or esophagus. 
Several other flies with very similar life his¬ 
tories affect goats ( Przhevalskiana silenus) 
and semidomestic reindeer ( Hypoderma 
tarandi ) in addition to affecting the well¬ 
being of wild ruminants. Dermatobia hominis 
larvae affect all species of ruminants and 
humans (tropical bot fly) in South America. 


SYNOPSIS 


Etiology Hypoderma bovis and H. lineatum in 
cattle, H. sinense in cattle and yaks, H. 
diana in deer, H. tarandi in reindeer and 
caribou, Przhevalskiana silenus in goats. 
Horses are occasionally affected. 

Epidemiology Eggs attached to hair in spring 
to late summer, larvae penetrate skin and 
migrate to esophagus ( H. lineatum and H. 
sinense) or spine (H. bovis), where they stay 
for 2 to 3 months; they then move to 
subdermal tissue along the back and 
after 2 to 3 months emerge from the 
breathing hole, fall to the ground, 
pupate, and emerge as adult flies 3 to 5 
weeks later. Larvae of P. and H. tarandi do 
not undergo migration within deep tissues 
of their host. 

Clinical signs Reduced growth and 
production. Larvae in the back cause 
obvious swellings; larvae in the spinal cord 
may cause posterior paralysis. Treatment of 
larvae while they are in the esophagus may 
cause serious edema, and edema and 
paraplegia may occur if animals are treated 
when larvae are in the spinal canal. 

Clinical pathology An enzyme-linked 
immunosorbent assay (ELISA) is available. 

Lesions Larvae are found in discolored tissue. 

Diagnostic confirmation Swellings along 
back characteristic. 

Differential diagnosis Traumatic injury to 
the spine; aberrant S. vulgaris larvae in the 
horse. 

Treatment Macrocyclic lactone endectocides. 











Control Treatments are given so as to avoid 
treating when larvae are in the esophagus 
or spinal canal. (Usually treated in autumn 
and spring, but varies with location.) 


ETIOLOGY 

There are two species that specifically para¬ 
sitize cattle: Hypoderma bovis and H. linea- 
tum. A third species, H. sinense, affects cattle 
and yaks in central Asia. 12 The adult flies are 
robust and hairy, are about the size of a bee 
(12 to 18 mm long), are yellow-orange in 
color, and have two wings. They are not 
easily seen because of the rapidity of their 
flight. Repeated infestation results in an 
acquired immunity that results in older 
animals being less severely affected than 
younger animals. 

Horses are occasionally infected with 
Hypoderma species of cattle. The larvae are 
found in subcutaneous cysts on the back, but 
they have not been reported to complete 
development. This location causes problems 
if they are in the saddle region. 

Losses to the cattle industry caused by 
warble fly have not been estimated recently, 
but in 1965 the loss was estimated to be 
US$192 million per annum in the United 
States, and in 1976 approximately $100 
million. In 1982 the cost of warble fly was 
estimated as £35 million for Great Britain, 
but the parasite has now been eradicated 
from the United Kingdom and Ireland. 
Advent of the macrocyclic lactone endecto- 
cides has greatly reduced the prevalence of 
the cattle species in North America, but they 
persist in localized areas. 2 

Hypoderma tarandi, H. acteon, and H. 
diana infect reindeer/caribou and deer. H. 
diana is found throughout Europe in several 
deer species but may also occur in sheep. H. 
actaeon , also found throughout Europe, is 
known only from the red deer. These species 
do not undergo deep tissue migrations that 
characterize the life cycle of the cattle species. 

Przhevalskiana silenus is similar to the 
previously described species and is a parasite 
of goats in the Mediterranean basin, parts of 
eastern Europe, Pakistan, and India. This 
species also does not have a deep tissue 
migration, and larvae tend to develop subcu¬ 
taneously very near the site of initial skin 
penetration. The losses resulting from this 
parasite are significant and result from 
reductions in carcass quality and reduced 
animal health. 

The larvae of Dermatobia hominis , a 
small (12 mm long) related fly, parasitize a 
wide variety of hosts and cause major eco¬ 
nomic losses to cattle production in South 
America. They also affect humans and are a 
major zoonosis for travelers in the region. 
Mature larvae are about 2.5 cm long and 
develop in a subcutaneous cyst that can be 
quite painful. Female Dermatobia oviposit 
on zoophilous, “porter” flies such as mosqui¬ 
toes and stable flies, which they catch on the 


Miscellaneous Skin Diseases Caused by Flies, Midges, and Mosquitoes 


1627 


wing. 2 The eggs are transported to the mam¬ 
malian host, and they hatch in response to 
increased temperature as the fly lands. 
Larvae penetrate the skin, but do not migrate. 
Treatment and control measures are the 
same as for Hypoderma spp. of cattle. 

LIFE CYCLE AND EPIDEMIOLOGY 

Warble flies historically were common para¬ 
sites of cattle in the northern hemisphere, 
including North America and Europe, and 
are common in parts of Asia. The distribu¬ 
tion of these parasites has been changing 
recently with the widespread use of macro- 
cyclic lactone endectocides and the adoption 
of eradication programs in many European 
countries. Infestations south of the equator 
are rare and are the result of imported cattle, 
although endemic cases have occurred 
in Chile. 

Adult flies are active in the spring to late 
summer, with H. lineatum usually appearing 
3 to 4 weeks before H. bovis. H. lineatum 
attaches up 600 eggs, in strings of 5 to 25, 
to hairs on the legs or lower parts of the 
body, whereas H. bovis attaches eggs, one at 
a time, to hairs on the rump and upper parts 
of the hindleg. The oviposition flight of H. 
bovis, darting in to lay each egg, will terror¬ 
ize cattle. Eggs hatch in 4 to 6 days. The 
larvae penetrate the skin using protease 
enzymes and migrate through connective 
tissues to reach the esophagus (H. lineatum) 
or the epidural fat in the spine ( H. bovis), 
where they stay, feeding and growing, for 2 
to 4 months. They subsequently continue 
their migration to reach the subdermal 
tissue of the back in the early spring. Here 
they make a breathing hole and become 
encased in a granulomatous cyst. They com¬ 
plete development in 1 to 2 months, passing 
through second and third instars, and 
emerge through the hole, fall to the ground, 
and pupate. Adult flies emerge some 3 to 5 
weeks later. The fully developed larvae are 
thick and long (25 to 30 mm), light cream 
in color, but darkening to almost black as 
mature third instars. A single animal may 
have up to 300 larvae, each developing with 
granulomatous cysts, with breathing holes, 
under the skin of the back. 

Hypoderma tarandi females deposit eggs 
on the hair of reindeer or caribou, and larvae 
hatch in approximately 7 to 10 days. Larvae 
penetrate the skin close to where the eggs are 
deposited and do not migrate into deep 
tissues. Flies are active during arctic summer, 
and larvae remain in the back until early 
spring. 

Przhevalskiana silenus eggs are attached 
to host hairs, and the larvae hatch after 7 to 
8 days. Larvae penetrate the skin in the area 
where they were deposited, where they 
remain throughout their development 
period. Flies are known to be active from 
May through June in southern Italy and can 
be found in host tissues from May through 
the following February. 


The timing of the life cycle, that is, the 
period when grubs are present in the 
animals and the time at which the flies are 
present in large numbers, varies with the 
climate and is of importance in a control 
program. H. lineatum generally is 1 to 2 
months ahead of H. bovis, and where the 
two flies are present, both “grub” and “fly” 
seasons may be very long. In the southern 
United States the fly season is February 
and March; in Canada it is June to August. 
The period when grubs are present in the 
back is December in the south and February 
to May in Canada. In Europe the larvae 
begin to move to the back from January 
to July. 

PATHOGENESIS 

Migrating first instars cause little damage as 
they use their proteolytic enzymes to migrate 
through connective tissue. The enzymes, 
however, have an antiinflammatory effect, 
partially through cleavage of complement 
components. Larvae maturing under the 
skin of the back form holes in the skin, and 
the reaction of the host encloses each grub 
within a granulomatous cyst. On rare occa¬ 
sions an anaphylactic reaction may occur in 
a sensitized animal as the result of death of 
migrating larvae; chance migration into the 
brain may also occur. Intracranial myiasis as 
a result of H. bovis has also been recorded in 
the horse. Treatment of animals when the 
first instars are in the esophagus may cause 
a massive inflammatory edema that may 
prevent feeding and swallowing of saliva; 
eructation may stop and bloating may occur. 
Treatment of H. bovis while it is in the spinal 
canal may also cause edema and mild to 
severe paraplegia. 

CLINICAL FINDINGS 

Cattle at pasture may be worried by adult 
fly attacks that disrupt grazing and breeding 
behavior, which are exacerbated when fly 
populations are large. Avoidance behavior, 
called gadding, may result in injury as cattle 
run into fences and other natural obstruc¬ 
tions. Heavy infestations with larvae are 
commonly associated with poor growth, 
poor body condition, and production losses, 
but such heavy infestations are often com¬ 
plicated by other forms of mismanagement, 
including malnutrition and parasitic gastro¬ 
enteritis. Immunosuppression results from 
the effect of larval secretions. Infected cattle 
milk poorly, and a considerable increase in 
milk production and milk fat occurs after 
treatment. 

The presence of the subcutaneous larvae 
causes obvious swelling, with pain on touch. 
The swellings are usually soft and with an 
opening that is usually evident. There may be 
as many as 200 to 300 such lesions on the 
back of one animal. 

With involvement of the spinal cord there 
is a sudden onset of posterior paralysis 
without fever and without other systemic 
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signs. The suddenness of onset and the 
failure of the disease to progress usually 
suggest traumatic injury. A similar disease 
can occur in horses and is reputed to be more 
common in horses than in cattle. 

CLINICAL PATHOLOGY 

An ELISA that detects antibodies to the 
secreted enzymes of H. lineatum and H. bovis 
has been developed. It has been used in mon¬ 
itoring the eradication program in Great 
Britain and in France. 3 In addition, an 
antigen-capture ELISA, used to detect the 
presence of circulating quantities of the pre¬ 
dominant larval enzyme, has been devel¬ 
oped. This will be useful in differentiating 
active from cleared infestations and will be 
useful in detailed surveillance programs if 
used at the correct time in the life cycle. 

NECROPSY FINDINGS 

The first instars, migrating within connective 
tissue, are usually surrounded by a zone 
of yellow-green discoloration. Later larval 
stages lie in a subcutaneous, granulomatous 
cyst that may contain a pale fluid. Rarely 
the cyst will contain a large amount of 
purulent discharge. Other characteristic 
findings include the following: 

• No other disease causes the 
characteristic swellings on the back. 

• The differential diagnoses of posterior 
paralysis and anaphylaxis are discussed 
in detail under the respective headings 
of “Disease of the Spinal Cord” and 
“Anaphylaxis.” 

• The clinical signs of macrocyclic lactone 
poisoning have not been reported to 
cause these symptoms. 

• Posterior paralysis as a result of 
destruction of the larvae in the epidural 
space usually occurs, but macrocyclic 
lactone products have not been reported 
to cause these symptoms. 

TREATMENT 

Macrocyclic Lactone Compounds 

All larval stages of cattle grubs and other 
oestrid flies are very sensitive to macrocyclic 
lactone endectocides. Their widespread use 
in nematode control programs plays a major 
role in controlling warble flies. Their residual 
activity will persist for about 4 weeks. 4,5 

Treatment Recommendations 

Treatment with a macrocyclic lactone-based 
product is strongly advised, both to increase 
productivity and to maintain population 
control. 

Manual Removal 

When small numbers of cattle are affected 
with relatively few warble grubs, manual 
removal of the larvae can be practiced. 
Incomplete removal or breaking the larvae 
during removal may cause a severe systemic 
reaction. This reaction and the one that 
sometimes occurs after systemic treatment of 


cattle infected with cattle grubs has been 
ascribed to anaphylaxis. However, there 
is evidence that it a direct result of toxins 
liberated from dead maggots and that 
phenylbutazone may control this toxin. The 
clinical signs include dullness, salivation, 
lacrimation, dyspnea, wrinkling of skin 
on the side of the neck, and edema under 
the jaw. 

CONTROL 

With the macrocyclic lactone endectocides, 
in general, systemic treatments are given at 
the end of fly activity and in the spring after 
first instars have left sensitive tissues. In 
those species that do not undergo deep tissue 
migration, treatment can be instituted 
anytime after the cessation of fly activity. 

Cattle grub has been eradicated in 
Norway, Sweden, Denmark, Malta, Ireland, 
and Great Britain. Eradication programs 
were initiated in France. 3 Surveillance has 
decreased in most countries as a result of the 
excellent efficacy of the macrocyclic lactone 
products. However, evidence from Canada 
suggests that residual populations remain. 4 A 
joint Canadian-U.S. study using sterile male 
Hypoderma species eradicated these species 
from the test area, but the difficulty of mass 
producing flies, in the absence of an in vitro 
rearing system, makes this technique imprac¬ 
tical for large-scale warble fly control. 6 

Vaccination of cattle using crude larval 
extracts has reduced both the number of 
warbles in the back and the number of larvae 
that could pupate. 7 Results of vaccination 
studies with recombinant antigens have 
been variable, and commercial development 
has ceased. Use of antigens derived from 
“hidden” sites such as the fatbody have pro¬ 
duced excellent results, 5 and potential com¬ 
ponents have been identified, but further 
work has not been followed up. s Sequencing 
of the mitochondrial genome of H. lineatum 
has been completed. 9 
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HORN FLIES AND BUFFALO 
FLIES (HAEMATOBIA SPP.) 

ETIOLOGY 

The small (6-mm) grayish flies of the Hae- 
matobia species, known as horn flies and 
buffalo flies, have distinct geographic distri¬ 
butions, H. irritans exigua in Australia and 
South East Asia, H. irritans irritans through¬ 
out North and South America and Hawaii, 
and H. minuta in Africa. H. irritans irritans 


is common in Europe, where it causes few 
problems. This species was transported to 
North America in the late 1800s, where it 
rapidly established and spread. It has 
subsequently moved into South America, 
where it has also become a major problem. 
Haematobia species are known as vectors 
for the nematodes Stephanofilaria stilesi, 
but their impact is thought to be of little 
importance. 

LIFE CYCLE AND EPIDEMIOLOGY 

These insects have a typical fly life cycle and 
habits. Eggs are deposited away from the 
animal onto freshly deposited dung, where 
the larval stages develop in a highly tempera¬ 
ture-regulated manner. The onset of diapause 
in the pupal stage is regulated at this stage 
and requires that the larvae be exposed to 
increased hours of low temperatures for the 
pupae to become diapause driven. Three 
larval stages are spent in the dung, with 
larvae feeding largely on bacteria. Pupae 
form in the dry regions outside of the dung 
pat. Both sexes of these flies are obligate 
blood feeders, primarily attacking pastured 
cattle and water buffalo. They do not survive 
off the host, other than for short periods. 
They are not known as vectors for any disease 
agents other than the nematodes Stephanofi¬ 
laria spp. They cause significant reductions in 
productivity of pastured cattle through 
induction of stress, changes in grazing pat¬ 
terns, and, in extreme cases, blood loss. 
Burdens of 200 to 500 flies will reduce weight 
gains of beef cattle (up to 14% reduction) and 
milk yield of dairy cows. Heavy infestations 
(over 1000 flies) can cause serious loss of 
condition and, rarely, deaths. Control results 
in higher feed efficiency, increased growth 
rate, and increased calf-weaning weights. 

The flies are easily recognized by the way 
in which the wings are held at rest, slightly 
divergent and angled upward, away from the 
body. Adult flies stay on the host most of 
the time, unless disturbed. Females leave the 
host, as feces are passed, to deposit eggs 
around edges of the freshly deposited dung. 
Larvae develop within the dung pat, feeding 
primarily on bacteria. Development is regu¬ 
lated by environmental temperatures, and 
the larvae are stimulated to enter diapause 
(arrested development) if temperatures 
become too low. Mature larvae exit the dung 
to pupate in the dry soil below and around 
the pat. A complete life cycle may require up 
to 3 weeks under optimal environmental 
conditions. Thus at higher temperatures in 
excess of 15 generations may be produced in 
a single season; in more temperate climates 
such Canada and the upper United States, 
only 5 generations may occur. 

PATHOGENESIS 

The flies congregate chiefly on the withers, 
shoulders, and flanks and around the horns 
and eyes. Flies take numerous (15 to 20) 
small blood meals per day. In North America 
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feeding often takes place on the ventral 
midline and several 2- to 5-cm-diameter 
feeding lesions are often observed. Zebu 
cattle are less affected by the flies than British 
breeds, and although they may carry large 
populations of flies, they show fewer feeding 
lesions. 

CLINICAL FINDINGS 

Whereas adults rarely leave the host except 
for oviposition, the newly emerged flies of 
H. irritans irritans will travel up to 20 km in 
search of new hosts. They may be dispersed 
also by prevailing strong winds, and they are 
carried long distances by the movement of 
cattle to new pastures. The distribution of H. 
irritans exigua is controlled by environmen¬ 
tal factors, particularly temperature and 
humidity. At temperatures below 21° C 
(70° F), the flies become sluggish, and at 
5° C (41° F) they become comatose. 

TREATMENT AND CONTROL 

Infestations have been controlled by traps, 
insecticide sprays, back rubbers, dust bags, 
or eartags impregnated with insecticides. 
Traps have been designed for use with dairy 
cattle that walk through them on their way 
to and from the dairy. The flies are dislodged 
by gauze strips and are retained in the trap 
and killed when they rest on the insecticide- 
coated walls. Traps are rarely used today, but 
recent work with modified traps has given 
80% to 90% control. 

Back rubbers consist of absorbent mate¬ 
rial, impregnated with insecticide or oil, 
wrapped around a cable or chain suspended 
from a central pole and attached to ground- 
level supports or as a cable suspended a little 
over a meter above the ground between two 
posts 4 to 5 m apart. Cattle quickly learn 
to use rubbers to dislodge flies, and their 
coats become smeared with insecticide. 
Insecticidal-impregnated eartags attached 
to back rubbers and dust bags controlled 
horn fly for about 6 weeks, whereas fenval- 
erate tags were still effective 18 weeks after 
application. 

Eartags impregnated with a mixture of 
organophosphorous compounds and syn¬ 
thetic pyrethroids have been widely used, but 
resistance has built up to levels that make 
this technique ineffective. Discontinuing the 
use of pyrethroid-impregnated eartags for 
one season does not allow substantial reduc¬ 
tion in resistance to occur. Eartags impreg¬ 
nated with compounds of both classes have 
been effective in managing increases in pyre- 
throid resistance. Current recommendations 
for use of impregnated eartags note that tags 
should be applied to the cows (because they 
harbor the most flies and present the largest 
surface area for exposure to the insecticide) 
at the maximum recommended rate. 
Although this is less convenient, it helps to 
avoid one of the leading causes of insecticide 
resistance, which is the dilution of the insec¬ 
ticide as it spreads from calves to cows. Flies 


can also be controlled by dipping, but this 
technique is rarely used solely for flies. 
Current products are combined with syn¬ 
thetic pyrethroids to extend the protective 
period. In areas where cattle ticks require 
regular treatment, adequate control of flies 
may be gained incidentally, but if treatments 
are not effective cattle can be oversprayed 
with pyrethroids. Some research on control 
in North America 1 using essential oils has 
been conducted, and the microbiome 2 has 
been sequenced. 

Macrocyclic lactone endectocides are 
highly effective against larval horn flies and 
the larvae of face flies, stable flies, and house¬ 
flies, often killing larvae for periods in excess 
of 8 weeks. However, in terms of practical 
control, where flies immigrate from sur¬ 
rounding herds, the duration of efficacy is 
not more than 2 weeks. In addition, the mac¬ 
rocyclic lactones generally cause significant 
reductions of nontarget insects in the dung 
community, 3 many of which are beneficial 
because they are natural enemies of the horn 
fly and buffalo fly. The various macrocyclic 
lactone products have differential effects on 
flies and other dung insects, and it appears 
that moxidectin has the least impact. 3 Virtu¬ 
ally all of the cattle on pasture in North 
America are affected by horn flies, with the 
exception of those kept at higher elevations. 1 
The effect will be altered by various factors, 
including both physical and biological char¬ 
acteristics of the flies and their hosts. 

Pour-on formulations of pyrethroids are 
highly effective, as evidenced by application 
of 1% cyfluthrin. Insect growth regulators 
(e.g., Diflubenzuron) applied as a bolus gave 
80% control of the immature stages of the 
face fly and horn fly in the manure for at least 
20 weeks and reduced the number of dung 
beetles for 7 weeks. A 3% methoprene bolus 
was also active against flies but had no appar¬ 
ent effect on the dung beetles. The use of 
essential oils has been shown to have good 
fly control, but their use requires further 
testing. 1 

RECOMMENDATION 

Treatment is necessary to keep populations 
below the economic threshold and to prevent 
this from becoming an animal welfare issue. 
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BLACK FLIES, BUFFALO GNATS 
(SIMULIIDAE) 

These small gray to black flies (5 mm) are 
members of the family Simuliidae and 
include a number of species and genera. The 
important flies appear to be Cnephia pec- 
uarum, which is common in the southern 
states of the United States; Simulium arcti- 


cum and Simulium luggeri in Canada; 
Austro simulium pestilens and Austrosimu- 
lium bancrofti in Australia; and Simulium 
ornatum in Great Britain. These very small 
flies occur in most parts of the world. With 
the exception of S. arcticum and two or three 
other species common in northern regions 
of North America, black flies are primarily a 
concern in tropical regions. 

Female flies are voracious blood feeders. 
They are active in the summer months, when 
large numbers emerge from the streams and 
rivers where they have spent their larval and 
pupal stages. 

A. pestilens has adapted to reach large 
numbers, mate, and oviposit within a very 
short time to utilize the flood situations that 
occur in northern Australia. The flies con¬ 
gregate in swarms and attack all animals, 
causing much worry and annoyance. They 
tend to bite animals around the legs, on the 
belly, and around the head, causing wheals 
and papules. The annoyance may be so 
intense that animals stampede or mill about, 
and young animals may be injured or even 
trampled to death and are frequently sepa¬ 
rated from their dams. Cattle may spend 
much of their time wallowing in mud 
or kicking up dust to keep the flies away. 
Herding of cattle onto bare areas reduces 
fly attacks because the flies commonly rest 
in tall grass, but this reduces feeding. The 
cause of death is unknown, although swell¬ 
ing of the throat causing suffocation, ana¬ 
phylaxis, and direct toxicity are suspected. 
Filarid worms of Onchocerca spp. are trans¬ 
mitted by these flies, and their role as an 
intermediate host of nematodes has been 
discussed. 

A similar situation occurs in northern 
Canada, where large numbers of S. arcticum 
have caused severe stress and occasional 
deaths of cattle introduced into the area of 
the Athabasca River and similar regions in 
the province of Saskatchewan. When black 
fly populations are extreme, previously unex¬ 
posed cattle develop symptoms of shock 
resulting from blood loss and cumulative 
effects of the fly salivary secretions. In north¬ 
ern Saskatchewan, S. luggeri causes similar 
problems along major waterways. 

Because the larval stages of these flies are 
passed in flowing streams where mouthparts 
are developed into fan-like structures for fil¬ 
tering out particles from water currents, 
large-scale control measures must be directed 
at killing the larvae at this stage. In the past, 
annual injection of methoxychlor upstream 
from major larval sites proved effective in 
reducing black fly populations, but off-target 
effects were undesirable. Repellents are of 
some use; alcoholic or aqueous solutions and 
dusts of permethrin, cypermethrin, and res- 
methrin can be applied to the whole body 
and will repel black flies for some days. 
Recently, toxins of Bacillus thuringiensis var. 
israelensis have been used in river injections 
in northern Saskatchewan, which has kept 
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several species under control. An electro¬ 
static sprayer that allows efficient application 
of repellents or insecticides to cattle under 
pasture conditions can be used. The insecti¬ 
cide or repellent solution is dispersed as 
charged droplets that are attracted to the hair 
of the animals. 

HOUSEFLY (MUSCIDAE— 

MUSCA DOMESTICA) 

The common housefly has a worldwide dis¬ 
tribution and is of veterinary importance 
because it is capable of transmitting, in a 
mechanical manner, the causative bacteria of 
many infectious diseases. It is often cited as 
a means whereby anthrax, erysipelas, and 
brucellosis are spread, but its importance in 
this regard is largely unproven. Houseflies 
are intermediate hosts for the larvae of Hab- 
ronema muscae and Draschia megastoma. 

The eggs are laid in decaying organic 
matter of any kind. Larval development is 
temperature dependent, and a life cycle may 
be completed in 12 to 14 days so that in 
warm, wet summers the fly population may 
increase very rapidly, causing annoyance to 
livestock and farm workers. 

Housefly population management re¬ 
quires frequent and thorough removal of 
manure and other rich organic matter. In dry 
weather the manure can be spread thinly on 
fields, but a more dependable method is to 
place it in a special fly trap (e.g., Babers fly 
traps), from which larvae and adult flies 
cannot escape. Chemical treatments to 
control flies require application to resting 
sites on buildings and other facilities or the 
placement of baits containing methomyl, 
propoxur, naled, or dichlorvos at appropriate 
locations. Development of insecticide resis¬ 
tance can occur rapidly, and there are numer¬ 
ous examples of resistance to multiple classes 
of insecticide at a single location. Rotational 
use of insecticide classes is absolutely essen¬ 
tial in the management of resistance. 

Management of housefly populations can 
be augmented through release of parasitic 
wasps (family Pteromalidae) that kill pupae. 
These tiny wasps (1 to 2 mm long) actively 
search for the fly pupae and lay one or more 
eggs inside. The developing wasps devour the 
fly within the pupa. They have been found to 
be useful adjuncts to other fly control mea¬ 
sures when used in confined facilities such as 
hog barns. Inundative releases at feedlots, 
where thousands of wasps are released at 
regular intervals throughout the fly season, 
have shown some efficacy but require an 
integrated approach with good manure 
management and selective application of 
insecticides. 

Reducing the fly population in buildings 
is an important procedure in public health 
work, and many measures are recommended. 
It is not possible to give details of them here 
because so many factors have to be taken 
into consideration, including toxicity of the 


products used for humans and animals, 
development of resistance to the insecticides, 
and contamination of food products such as 
milk by the insecticides. 

RECOMMENDATION 

Fly control should always be attempted in an 
integrated manner with rational use of pes¬ 
ticides and other approaches. 

BUSH FLIES (MUSCA 
VETUSTISSIMA) 

Bush flies occur commonly in Australia in 
drier areas and are a cause of stress to live¬ 
stock in the summer months. Bush flies die 
out in southern Australia each winter, but 
breeding continues in the north, and the 
regular northern winds that commence 
about September each year blow flies south¬ 
ward, which then repopulate the areas that 
are now suitable for reproduction. Larvae 
usually develop in fecal matter from several 
source animals. Adult Musca vetustissima 
occur in very large numbers and during the 
day congregate around the eyes, on the lips, 
on any visible mucous membrane, and on 
wounds to obtain moisture. They are thought 
to carry contagious ophthalmia of sheep, 
infectious keratoconjunctivitis of cattle, and 
contagious ecthyma of sheep; to delay the 
healing of wounds; to contribute to the 
lesions produced by buffalo flies ( Hae- 
matobia irritans exigua); and to act as inter¬ 
mediate hosts for the larvae of Draschia 
megastoma , Habronema muscae, and Thela- 
zia spp. Control of the fly population is virtu¬ 
ally impossible in the areas where it occurs, 
but individual animals may be protected by 
repellents such as dimethyl phthalate or 
DEET. Sprays containing 1% of dichlorvos 
are effective but must be applied daily. Dung 
beetles, introduced from Africa, break up 
dung pats, which aids in control of larval 
stages and in reducing fly numbers. The bush 
fly has been implicated in the dissemination 
of several food-borne pathogens that can 
have serious concerns. 1 

RECOMMENDATION 

Control of adults is recommended to allevi¬ 
ate animal welfare concerns. 
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FACE FLY (MUSCA 
AUTUMNALIS) 

This medium-sized fly, indigenous to Europe 
and Asia, first appeared in North America in 
1952 and is now present over large areas of 
Canada and the northeastern and north- 
central United States. The flies resemble the 
housefly but are slightly larger. They congre¬ 
gate on the face of cattle, feeding on nasal 
and lacrimal secretions and saliva. Very 


large numbers cause a certain amount of 
stress, cause petechiation in the eye, and are 
instrumental in transmitting infectious kera¬ 
toconjunctivitis (pinkeye) of cattle. Face flies 
are vectors for the eyeworms, Thelazia spp., 
which infest the conjunctival sacs and lacri¬ 
mal ducts of domestic animals. 

Flies oviposit on fresh cattle manure, 
where larval development takes place. As 
with all flies, development is temperature 
dependent. In temperate latitudes the flies 
will overwinter as adults, resting inside 
homes and other farm structures. 

Fly numbers are greatest in summer, and 
cattle are particularly troubled when out¬ 
doors. Repellents have been extensively used 
but are not highly successful. Self-applied or 
hand-applied dusts containing insecticides 
are extensively used. Reduction of face-fly 
populations on cattle can be achieved 
through use of synthetic pyrethroid- 
impregnated eartags, but their use is compli¬ 
cated by the presence of insecticide-resistant 
horn flies. Diflubenzuron boluses give 80% 
control of the immature stages of M. autum- 
nalis in the manure for up to 20 weeks. 

RECOMMENDATION 

Control should be attempted but may be 
difficult in areas where resistance is a 
problem. 

HEAD FLY {HYDROTOEA 
IRRITANS) 

This medium-sized fly, similar in appearance 
to the housefly but having an olive abdomen 
and yellow wing bases, is found in the 
United Kingdom and Europe. It is a nonbit¬ 
ing muscid fly that swarms around animals 
and humans from late June to September. 
Larval development is in soil and litter, and 
generally there is only one life cycle per year. 
The lesions on sheep are self-inflicted trauma 
in attempts to alleviate fly irritation. Sores 
are often large and open, and they may be 
made more severe by bacterial invasion. 1 The 
wounds may predispose to blowfly strike by 
Lucilia sericata. The pathogens of summer 
mastitis of cattle can be spread mechanically 
by this fly as well as a number of related 
muscid flies, and Trueperella (Actinomy¬ 
ces or Corynebacterium) pyogenes has been 
shown to persist in H. irritans for up to 
4 days. 

Control is difficult and is similar to that 
used for the other nonbiting muscid fly, M. 
autumnalis. Eartags impregnated with 8.5% 
cypermethrin or 10% permethrin reduce the 
severity of fly damage in sheep, and tagged 
ewes give protection to their lambs. However, 
it is likely that resistance will quickly occur 
in the same manner as in the face fly. Head 
caps are most effective but are tedious to 
apply. 
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BITING MIDGES 
(CERATOPOGONIDAE) 

These tiny flies (1-3 mm long) are members 
of the family Ceratopogonidae, of which the 
most important genus is Culicoides. These 
flies are blood feeders and induce stress in 
hosts, and they can transmit infectious dis¬ 
eases such as bluetongue in sheep, horse 
sickness, and ephemeral fever in cattle. 1 They 
are also intermediate hosts for nematodes 
of the genus Onchocerca. Because of their 
importance as vectors of arboviruses, studies 
have been done on their feeding habits. 
Cattle and sheep are the most common hosts 
attacked, but some species also feed on birds 
or dogs. Hypersensitivity to the bites of Culi¬ 
coides spp. results in an allergic dermatitis 
(sweet itch) in horses in Australia and 
North America and is discussed elsewhere. 
Cattle also show considerable irritation 
during attacks by large numbers of midges. 
They react with vigorous stamping of the 
feet, switching of the tail, and continuous 
movement. 

The flies are plentiful in the warmer 
months and are most active at dawn and 
dusk. Because of their small size they are 
capable of being carried long distances by 
wind. Larvae develop in rich, high-organic- 
matter sites with high moisture content. 
Control of the larvae and of flies is virtually 
impossible, and most measures to reduce 
their importance are based on preventing 
access of the flies to the animals. Repellents, 
especially dimethyl phthalate or DEET, are 
effective on a short-term basis. Antihista¬ 
mines can be used regularly but are too 
expensive for general use. Keeping horses 
away from areas where the flies are present 
in large numbers is advisable. Backline 
pour-on treatment of horses with 4 OmL of a 
4% high-CIS permethrin 3 times weekly gave 
a good response in 86% of horses. Ivermectin 
at the recommended dose of 0.2 mg/kg 
would not produce the serum concentration 
that would have noticeable effects on blood¬ 
feeding C. variipennis. Recently, modeling of 
changing weather patterns indicates that 
such patterns may alter the distribution of 
important vectors and thus alter the influ¬ 
ence of diseases. 2 
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MOSQUITOES (CULICIDAE) 

A number of mosquitoes, including Pso- 
rophora, Aedes , Mansonia, Culex, and Anoph¬ 
eles spp. are important parasites of domestic 
animals. When the blood-feeding females 
are present in large numbers, they cause 
stress to animals and have been known to kill 
young pigs and puppies by the severe anemia 
they produce. Although such occurrences 


are rarely recorded, the blood loss that can 
occur in severe infestations is surprising. The 
stress associated with mosquito attack is suf¬ 
ficient to cause reductions in efficiency, even 
in mature large animals. 

Their most important role is as vectors of 
disease. Culex tarsalis , Aedes dorsalis , and 
Aedes nigromaculis transmit equine enceph¬ 
alomyelitis. Culex tritaeniorhyncus is the 
principal vector of Japanese B encephalitis in 
Japan. Various Culex species vector western 
equine encephalitis, eastern equine encepha¬ 
litis, and West Nile virus. These viruses can 
have serious effects on unprotected horses 
and are transmissible to humans via mos¬ 
quito bites. Vaccines are available to protect 
against all of these arboviruses. Psorophora 
confinnis is instrumental in spreading the 
eggs of Dermatobia hominis, the tropical 
warble fly; and Mansonia spp. transmit Rift 
Valley fever. The filarid worm Setaria digitata 
is also spread by mosquitoes. 

Control over a large area must include 
drainage of collections of still surface water 
or destruction of the larvae by the addition 
of any one of a number of insecticides. For 
small groups of animals, protection from the 
attacks of mosquitoes can only be satisfacto¬ 
rily effected by mosquito-proof screens. 
Temporary protection by repellents such as 
dimethyl phthalate is only partial. Perme¬ 
thrin, 100 mL of a 0.5% emulsion, applied 
with an electrostatic sprayer provided greater 
than 70% protection for at least 72 hours. 


Tick Infestations 


SYNOPSIS 


Etiology Many species of ticks act as vectors 
of disease or cause death from anemia; 
others cause paralysis. Heavy burdens cause 
loss of production. 

Epidemiology Life cycles vary widely both in 
the number of hosts required and the host 
specificity. Animals are infested by larval or 
nymphal states on the ground. 

Clinical signs Anemia, paralysis, tick fever, 
and tick worry. 

Clinical pathology Ticks obvious on clinical 
examination. Blood smears for tick fevers 
(Babesia, Theileria, and Anaplasma). 

Lesions Skin damage as a result of biting and 
rubbing; anemia. See other chapters for 
lesions as a result of diseases transmitted 
by ticks. 

Diagnostic confirmation Ticks easily found, 
should be identified as to species. 

Treatment Dipping, spraying, application of 
pour-ons and injectable acaricides. 

Control Regular treatment at intervals 
dependent on the life cycle of the tick, 
pasture spelling to destroy free-living 
stages, the use of resistant cattle, and 
vaccination all play a part. 


Tick infestations are of great importance in 
the production of animal diseases, particu¬ 
larly in livestock housed in tropical and sub¬ 
tropical areas. In addition to their role as 
vectors of infectious diseases, as outlined in 
the following discussion, heavy infestations 
can cause direct losses. Many ticks are active 
blood feeders and may cause death from 
anemia. Some species cause tick paralysis, 
and it is possible that other ticks may elabo¬ 
rate toxins other than those causing paraly¬ 
sis. Heavy tick burdens cause sufficient 
irritation and stress such that affected 
animals become anorexic, which may lead 
reduced productivity. One tick, Boophilus 
microplus, is reported to affect in excess of 
75% of the world cattle population. The eco¬ 
nomic impact has been estimated at US$7 
per animal per year, and in Brazil, which has 
the fifth largest cattle herd, the losses are 
estimated at US$2 billion per year. 

Ticks are divided into two groups: Argas- 
idae (soft-body ticks) and Ixodidae (hard- 
body ticks). The life cycles of the ticks vary 
widely. Some species pass their entire lives 
on one host, others pass different stages of 
the cycle on successive hosts, and others are 
parasitic only at certain stages. The eggs are 
laid in the soil, and larvae attach themselves 
to a passing host, on which they may develop 
through one or more nymphal stages before 
becoming adults. Adult females engorge on 
blood or lymph and drop to the ground to 
lay their eggs. One-host ticks are more easily 
controlled than those that pass part of their 
life cycles away from the host. A list of the 
single- and multiple-host ticks is shown in 
Table 16-5. 

Although many ticks favor a particular 
host, they are usually not completely host- 
specific, and many parasitize a wide variety 


TABLE 16-5 Single- and multiple-host 
ticks 


One-host ticks 

Boophilus spp. 

Margaropus winthemi 

Otobius megnini (adults are not parasitic) 

Dermacentor albipictus 

Two-host ticks 

Rhipicephalus evertsi 
Rhipicephalus bursa 

Hyalomma spp. (most have two or three 
hosts) 

Three-host ticks 

Ixodes spp. 

Rhipicephalus spp. (except R. evertsi and R. 
bursa) 

Haemaphysalis spp. 

Ambiyomma spp. 

Hyalomma spp. (most have two or three 
hosts) 

Ornithodorus spp.—many hosts 
Dermacentor spp. 
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of animals. In the limited space available 
here, the species are listed according to 
whether they transmit bacterial, viral, or 
rickettsial diseases of livestock or only cause 
worry. Ticks that transmit economically 
important protozoan diseases of livestock, 
such as babesiosis and theileriosis, are dis¬ 
cussed in Chapter 11 (Table 11-7). Ticks that 
cause paralysis and other neurologic signs 
are discussed in Chapter 15. 

Bacterial, Viral, and Rickettsial 
Diseases Transmitted by Ticks 

The transmission of diseases associated with 
these agents may be effected by means other 
than ticks. Anaplasma marginale can be 
spread by biting flies if large numbers are 
present when the animals are experiencing a 
heavy parasitemia. Outbreaks of anaplasmo- 
sis can also occur following the use of 
unclean instruments for dehorning, vaccina¬ 
tion, castration, or blood sampling, and 
anaplasmosis is easily caused by blood trans¬ 
fusions. The ticks involved more commonly 
in transmitting bacteria, viruses, and rickett- 
sia are listed in Table 16-6. Transmission of 
Anaplasma may be transovarially, with one 
stage becoming infected and a subsequent 
stage passing the infection to a new host, 


or ticks may transmit infection within 
the one stage if they detach and feed on a 
new host. 

Ticks That Cause Direct Losses 

Ticks cause damage to hides and loss of pro¬ 
duction, anemia, and death when they are 
present in large numbers. They also cause 
greater morbidity and mortality during 
periods of drought, in addition to delays in 
fattening, resulting in animals held longer 
before they can be sold. Ticks that have this 
effect on production but are not known to 
cause paralysis or transmit infectious dis¬ 
eases in farm animals are as follows: 

• Otobius megnini —the “spinose ear tick” 
of the United States and Canada 

• Amblyomma americanum —the “Lone 
Star tick” of the United States 

• A. maculatum —the “Gulf Coast tick” of 
the United States 

• Margaropus winthemi —of South 
America and Africa 

• Ornithodorus moubata —of Africa and 
Southeast Asia 

• O. savignyi —of Africa and Southeast 
Asia 

• Haemaphysalis longicornis —of Australia 
and New Zealand. 


TREATMENT AND CONTROL OF 
TICK INFESTATIONS 

Four methods are now available to treat and 
control tick infestations, with the primary 
role continuing to be played by chemical 
acaricides: 

• Administration of acaricidal agents 

• Pasture management 

• Use of resistant cattle 

• Vaccination 

Acaricidal Agents 

Individual animals can be effectively treated 
by the application of any one of a number of 
acaricides applied either as a spray or by 
dipping. The choice of acaricide for treat¬ 
ment depends largely on three factors: 

• The persistence of the compound on the 
skin and hair coat 

• The likelihood of residues toxic to 
humans appearing in the milk or meat 

• Whether or not the ticks in the area 
have developed resistance to the 
particular acaricide 

Arsenicals, in the form of water-soluble 
arsenic salts, have been widely used to treat 
tick infestations but are no longer used in 
many parts of the world because of resis¬ 
tance, toxicity, and environmental concerns. 


Table 16-6 Diseases associated with bacteria, viruses, and rickettsia and reported to be transmitted by ticks 

Disease 

Causative agent 

Vector ticks 

Country 

Tick pyemia (lambs) 

Staphylococcus aureus 

Ixodes ricinus 

Great Britain 

Tularemia (sheep) 

Francisella tularense 

Haemaphysalis leporispalustris, H. otophila' 

Dermacentor andersoni, D. variabilis, D. pictus, 

D. marginatus', Ixodes luguri 

United States 

Norway, Europe, Russia, and 
states of the former USSR 

Anaplasmosis 

Cattle 

Anaplasma marginale 

Boophilus annulatus ; Argas persicus ; 

Dermacentor albipictus, D. andersoni, 

D. occidentalis, D. variabilis', Ixodes scapularis; 
Rhipicephalus sanguineus; 

Boophilus microplus, 

B. decoloratus] Hyalomma excavatum; 

Rhipicephalus bursa, R. simus] 

Haemaphysalis punctata ; Ixodes ricinus; 

Boophilus (annulatus) calcaratus 

North America 

Australia and South America 

Africa 

Europe 

Russia, and states of the former USSR 

Sheep and goats 

Anaplasma ovis 

Dermacentor silvarum, Rhipicephalus bursa, 

Ornithodorus lahorensis 

Russia, and states of the former USSR 

Brucellosis 

Brucella abortus and 

Br. melitensis 

Many ticks may be infected, but infection of host 
appears to occur only if ticks or their feces are eaten 

Russia, and states of the former USSR 

Heartwater 

Ehrlichia ruminantium 

Amblyomma spp. 

Africa and Caribbean 

African swine fever 

Virus 

Ornithodous spp. 

Africa, Spain, Portugal 

Louping-ill 

Virus 

Rhipicephalus appendiculatus (laboratory only) 

Ixodes ricinus 

Africa 

England 

Tick-borne fever 

Anaplasma 

Ixodes ricinus 

Great Britain, Norway 


phagocytophila 

Rhipicephalus haemaphysaloides 

India 

Caseous lymphadenitis of 
sheep 

Corynebacterium 

pseudotuberculosis 

Dermacentor albipictus 

North America 

Epizootic bovine abortion 

Spirochete 

Ornithodorus coriaceus 

United States 

Nairobi sheep disease 

Virus 

Rhipicephalus appendiculatus 

Africa 

Lyme disease 

Borrelia burgdorferi 

Ixodes dammini, 1. pacifieus, 1. rieini 

United States, Europe, Australia 










Chlorinated hydrocarbons replaced the use 
of arsenicals but have been withdrawn from 
most markets because of high toxicity and 
long duration of effect. Resistance to chemi¬ 
cal acaricides, including macrocyclic lac¬ 
tones, has become a major issue for the 
effective management of one cattle tick, 
Boophilus microplus. In many cases cross¬ 
resistance between chemical families occurs, 
further complicating the use of rotational 
schemes aimed at managing the develop¬ 
ment and degree of resistance. 

The same criteria apply in control as in 
treatment except that cost becomes a limit¬ 
ing factor when large numbers of animals 
require frequent treatments, and it is obvious 
in some circumstances that the effect of tick 
infestation on Brahman-cross steers is insuf¬ 
ficiently great to warrant treatment. It is 
impossible to make specific recommenda¬ 
tions on methods of application and the 
most efficient insecticide to use because 
these vary widely between species of ticks. 
However, whenever possible, treatment 
should be given systematically in a program 
based on the life cycle and epidemiology of 
the tick. A number of treatments may be 
used early in the tick season to prevent the 
increase in tick numbers. Care must be taken 
in areas where tick fevers also occur, so as 
not to disrupt the transmission of the tick- 
fever organisms and leave the cattle suscep¬ 
tible to later infection. Other special cases 
include Otobius megnini , the nymphs of 
which drop off to molt and lay eggs in pro¬ 
tected spots, necessitating the spraying of 
buildings, fence posts, feed troughs, and tree 
trunks in feedlots where heavy infestations 
are most common. Ornithodorus spp. ticks 
are difficult to control because the nymphs 
and adults attach to feed for brief periods 
only. Where ticks that cause paralysis are 
common, it may be necessary to apply an 
insecticide as a dust and dip at short 
intervals. 

Organophosphates 

The organophosphates as a group are effec¬ 
tive, but tick strains resistant to many of 
them have appeared. Other drugs in current 
use include dioxathion, diazinon, carbophe- 
nothion, coumaphos, ethion, bromophos- 
ethyl, chlorpyrifos, and phosmet. Pour-on 
applications of chlorpyrifos and phosmet 
have been tested but were not as effective as 
spray applications. Addition of acaricides to 
the feed has also been tried but has not been 
successful, whereas eartags impregnated 
with tetrachlorvinphos did not give satisfac¬ 
tory control and increased the risk of devel¬ 
opment of resistance to the drug. 

Preparations vary in the duration of the 
protection they afford, and local conditions 
of rainfall and tick population must be taken 
into account when determining the time 
intervals between sprayings or dippings. A 
special case is that of young lambs that are 
exposed to tick pyemia. Sprays, dips, and 
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ointments are too toxic, and the most effec¬ 
tive procedure is the application of a liquid 
emulsion cream containing the insecticide to 
the wool-less parts of the body. Chlorpyrifos 
0.48 kg/ha markedly reduces the number of 
ticks on the pasture, but it is too expensive 
for routine use. 

Pyrethroids 

Amitraz, a formamidine, and the synthetic 
pyrethroids have been used widely in Austra¬ 
lia and have proved to be efficient, active 
against organophosphate-resistant strains, 
and safe. In a study in the United States, 
0.025% amitraz applied as a whole-body 
spray or by dipping gave 86.0% or 99.8% 
control, respectively. Ticks resistant to DDT 
are also resistant to the synthetic pyrethroids, 
and to overcome resistance pyrethroids 
can be combined with an organophosphate. 
Successful combinations in Australia are 
cypermethrin plus chlorfenvinphos and del- 
tamethrin plus ethion. A synthetic pyre- 
throid, flumethrin, has been marketed by 
itself at higher use concentrations for both 
plunge dipping and as a pour-on treatment. 
As a 1% pour-on, 1 mL per 10 kg body 
weight gave 97% efficacy, and 0.0033% as a 
spray gave 99% efficacy and acted more 
quickly. The efficacy of synthetic pyrethroid- 
impregnated eartags has been reported, but 
these are likely to lead to resistance. Cyhalo- 
thrin also controls multiresistant strains and 
is used in plunge dips. 

Bioassay results show lambdacyhalothrin 
to be as effective as cyhalothrin as a whole- 
body spray, although the 1% pour-on was 
less than 50% effective. Resistance to all pyre¬ 
throids has been reported. Three pyrethroid 
acaricides have been shown to markedly 
reduce the hatching of eggs. Permethrin 
0.1% or cypermethrin and cyfluthrin 0.05% 
could be useful in cleansing and disinfecting 
premises. 

Macrocyclic Lactones 

Ivermectin given subcutaneously gives satis¬ 
factory control of Boophilus microplus for 21 
days following an initial lag period of 2 days. 
As little as 0.015 mg/kg per day gives com¬ 
plete control and raises the possibility of a 
slow-release subcutaneous implant. Two 
treatments of 0.2 mg/kg at 4-day intervals is 
considered satisfactory in cleansing cattle 
under field conditions. However, ivermectin 
may not be effective against Ixodes ricinus , 
but a slow-release bolus active for 90 days did 
give good control of a variety of ticks. If given 
topically, 0.5 mg/kg was required to reach 
the efficiency achieved by 0.2 mg/kg 
subcutaneously. 

Moxidectin 0.2 mg/kg subcutaneously at 
4-week intervals or 0.5 mg/kg as a pour-on 
along the back gives good protection against 
B. microplus resistant to organophosphorous 
insecticides and DDT, and each treatment 
has a rapid knockdown effect on populations 
of buffalo fly after treatment. Doramectin 


0.2 mg/kg SC is highly efficacious in remov¬ 
ing B. microplus and preventing reestablish¬ 
ment. Closantel 22.2 mg/kg orally to cattle 
(greater than the typical oral dose) was 
shown to disrupt the life cycle of Rhipicepha- 
lus appendiculatus ; those that oviposited laid 
few eggs, and most of these did not hatch. 
Few larvae or nymphs molted. 

Ticks in the ears of horses should be 
treated by the insertion of a few drops of an 
oily acaricidal preparation. 

Use of Resistant Cattle 

It is possible to reduce the impact of ticks 
and tick-borne diseases by the introduction 
of Brahman and Brahman-cross cattle, 
which are more resistant than British breeds 
and African cattle. 1 The resistance has been 
shown to be largely acquired, and it is 
mainly expressed against the larvae in the 
first 24 hours after attachment. In Australia 
the possibility that B. microplus might escape 
from its control area because of increased 
resistance to acaricides has been realized. 
For this reason a great deal of attention is 
being paid to the possibility of selecting 
cattle for tick resistance. In most tick- 
infested areas, cattle should have up to 50% 
Bovis indicus breeding because this allows 
for a reduction in the frequency of treat¬ 
ments. Penalties such as reduced live-weight 
gains, late maturity, and poor temperament 
become evident when cattle have more than 
50% B. indicus. With successive infestations 
cattle differ in their response to B. microplus. 
Thus there is increased irritation and more 
licking and a decrease in the number of 
ticks carried. Resistance to ticks has been 
shown to be related to skin thickness and 
other factors and is heritable. 2 Selection for 
tick resistance does not affect milk 
production. 

Pasture Management 

Measures other than the application of acari¬ 
cides used in the control of tick infestation 
include burning of pasture, removal of native 
fauna, and plowing of fields. So little is 
known of the bionomics of specific ticks 
in specific areas that these measures have 
been largely unsuccessful, and it is impossi¬ 
ble to provide details for their proper 
implementation. 

In contrast, pasture spelling and rota¬ 
tional grazing are capable of greatly reducing 
the tick population on farms in some areas. 
If cattle are placed on spelled pastures early 
in winter when the ticks are producing f 
ew or no progeny and then alternated at 
4-month intervals, the tick population can be 
controlled with a markedly lower number of 
treatments. The practicability of the proce¬ 
dure depends on a full-scale financial assess¬ 
ment of the increased weight gains relative to 
the costs of management. Duration of the 
spelling period varies between 2 and 3 
months in summer to 3 to 4 months in the 
winter, but these intervals need to be 
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determined for each district. In practice, 
pasture spelling is rarely used. 

In those areas where the epidemiology is 
known, it has been shown that in regions with 
a cold winter the females stop laying eggs, and 
the development of eggs is prolonged. This 
results in few larvae being available in the 
spring, and if repeated treatments are given at 
this time, pasture contamination will remain 
low for some months. In hot tropical areas 
where the required temperatures for tick 
breeding are always present, the dry period 
may cause mortality by desiccation. 

Certain Stylosanthes spp., tropical 
legumes, can kill or immobilize larval ticks, 
and the use of these plants may simultane¬ 
ously improve pasture quality and reduce the 
pasture contamination of larval ticks if high 
legume-to-grass ratios are achieved. Brachi- 
aria brizantha has also been shown to be 
lethal to Boophilus larvae. 

Vaccination 

Crude vaccines made from extracts of 
semiengorged adult female B. microplus give 
effective immunity. The antibody destroys 
the cells lining the tick’s midgut and allows 
blood to escape into the hemocele; some 
ticks die, and the fertility of those remaining 
is reduced by up to 70%. The fertility of 
males is also reduced. A recombinant vaccine 
based on a membrane-bound glycoprotein 
Bm86 from the tick’s midgut has been iso¬ 
lated and was shown to be as effective as the 
native antigen in studies conducted between 
1993 and 1997, 2 and to be effective against 
acaricidal-resistant ticks. Its major effect is a 
progressive control in tick numbers in suc¬ 
cessive generations through a decrease in 
their reproductive capacity. 2 Because the 
vaccine acts against an antigen in the tick’s 
gut to which cattle are never exposed, they 
must be given booster injections at regular 
intervals. This was the first recombinant 
parasite vaccine sold commercially (Tick- 
GARD) and was initially marketed in 1994 
in Australia. 3 A second antigen that signifi¬ 
cantly enhances efficacy and does not impair 
the response to Bm86has now been added 
to the vaccine, 4 ’ 5 which is currently available 
in one commercial formulation (Gavac) 
in North and South America. 3 Although 
vaccines offer long-term control, they need 
to be used with application of acaricides, 
use of tick-resistant cattle, and pasture 
management as part of an integrated pest 
management control system. 

Integrated management of tick infesta¬ 
tions requires the use of several complemen¬ 
tary approaches to reduce populations below 
acceptable thresholds. One component of 
these strategies is the development of acari- 
cidal pathogens that may augment other 
approaches such as vaccination and selective 
acaricide application. Fungal pathogens are 
under evaluation for use in this type of 
program, in particular Metarhizium aniso- 
pliae and Beauvaria bassiana. 


ERADICATION 

In most countries all that is attempted is 
reduction of the tick population by periodic 
dipping or spraying. Complete eradication is 
extremely difficult because of the persistence 
of ticks, especially multihost ticks, on wild 
fauna and the ability of adult ticks to live for 
very long periods away from a host. On the 
other hand, continuous treatment to restrain 
the tick population is highly conducive to the 
development of resistance, a problem that 
has become apparent in many tick areas. 

Boophilus annulatus was eradicated from 
the southeastern United States by a program 
of continuous dipping at short intervals of all 
livestock in the area. B. microplus was also 
eradicated from Florida by a similar proce¬ 
dure, but 20,000 deer, the important alter¬ 
nate host in the area, had to be slaughtered. 
Concern has been expressed that deer and 
other wildlife species may threaten efforts to 
prevent B. microplus and B. annulatus from 
becoming reestablished in the southern 
United States after they are introduced from 
Mexico. Attempts to eradicate other single¬ 
host ticks in other countries generally have 
not been successful. 

Although both dipping and spraying are 
recommended for the control of ticks, com¬ 
plete wetting of the animals, which can only 
be effected by dipping, is essential if eradica¬ 
tion is to be undertaken. This adds another 
impediment to eradication plans because of 
the cost of constructing proper dips and 
yards. When one considers that dipping may 
have to be carried out every 14 days for 15 
months, that every animal in the eradication 
area must be dipped, and that a strict quar¬ 
antine of the area must be maintained, it is 
obvious that eradication cannot be under¬ 
taken lightly. 

FURTHER READING 

Ghosh S, Azhahianambi P, Yadav MP. Upcoming and 
future strategies of tick control: a review. / Vector 
Borne Dis. 2007;44:79-89. 
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Deficiencies and Toxicities 
Affecting the Skin 

ZINC DEFICIENCY 
(PARAKERATOSIS) 


SYNOPSIS 


Etiology Dietary deficiency of zinc and 
factors that interfere with zinc absorption 
or utilization. 


Epidemiology Growing pigs, cattle, and 
sheep. Excess of calcium favors disease in 
pigs. 

Signs 

Pigs Loss of body weight gain. Symmetric, 
crusty skin lesions (parakeratosis) over 
dorsum and ears, tail; become thick and 
fissured. No pruritus. 

Ruminants Alopecia over muzzle, ears, tail 
head, hindlegs, flank, and neck. Stiff gait 
and swelling over coronets. Loss of wool 
and thickened skin in sheep. Infertility in 
rams. Poor growth in goats and skin 
lesions. 

Clinical pathology Serum zinc concentrations 
lower than normal. 

Necropsy findings Parakeratosis. 

Diagnostic confirmation Histology of skin 
lesions and serum zinc levels. 

Differential diagnosis list 

Sarcoptic mange in cattle and pigs. 
Exudative epidermitis in piglets. 

Treatment Add zinc to diet. 

Control Supplement zinc in diet. 


ETIOLOGY 

Pigs 

A zinc deficiency in young, growing pigs can 
cause parakeratosis, but it is sometimes not a 
result of a simple zinc deficiency. Rapidly 
growing pigs have a high requirement for zinc 
in the diet. 1 The availability of zinc in the diet 
is adversely affected by the presence of phytic 
acid, a constituent of plant protein sources 
such as soybean meal. Much of the zinc in 
plant protein is in the bound form and 
unavailable to the monogastric animal such 
as the pig. The use of meat meal or meat scraps 
in the diet will prevent the disease because of 
the high availability of the zinc. Another 
unique feature of the etiology of parakeratosis 
in swine is that an excess of dietary calcium 
(0.5% to 1.5%) can favor the development of 
the disease, and the addition of zinc to such 
diets at levels much higher (0.02% zinc car¬ 
bonate or 100 mg/kg zinc) than those nor¬ 
mally required by growing swine prevents the 
occurrence of the disease. The level of copper 
in the diet may also be of some significance, 
with increasing copper levels decreasing the 
requirement for zinc. A concurrent enteric 
infection with diarrhea exacerbates the 
damage done by a zinc deficiency in pigs. 

Weaning can induce transient declines in 
the serum zinc concentration of piglets, and 
this can be prevented by oral supplementa¬ 
tion with zinc oxide. 2 The clinical impor¬ 
tance of this decline is unclear. 

Ruminants 

A primary zinc deficiency resulting from low 
dietary zinc in ruminants is rare but does 
occur. Many factors influence the availability 
of zinc from soils, including the degree of 
compaction of the soil and the nitrogen and 













phosphorus concentration. The risk of zinc 
deficiency increases when soil pH rises above 
6.5 and as fertilization with nitrogen and 
phosphorus increases. Some legumes contain 
less zinc than grasses grown on the same soil, 
and zinc concentration decreases with aging 
of the plant. Several factors may deleteri- 
ously affect the availability of zinc to rumi¬ 
nants and cause a secondary zinc deficiency. 
These include the consumption of immature 
grass, which affects digestibility; the feeding 
of late-cut hay, which may be poorly digest¬ 
ible; and the presence of excessive dietary 
sulfur. The contamination of silage with soil 
at harvesting can also affect the digestibility 
of zinc. 

EPIDEMIOLOGY 

Pigs 

Parakeratosis in pigs was first recorded in 
North America in rapidly growing pigs, par¬ 
ticularly those fed on diets containing growth 
promoters. The disease occurs most com¬ 
monly during the period of rapid growth, 
after weaning and between 7 and 10 weeks of 
age. From 20% to 80% of pigs in affected 
herds may have lesions, and the main eco¬ 
nomic loss is a result of a decrease in growth 
rate. In general, the incidence is greater in 
pigs fed in dry lots on self-feeders of dry feed 
than in pigs with access to some pasture, 
which is preventive and curative. 

A low level of dietary zinc intake during 
pregnancy and lactation of gilts can result in 
skin lesions, stressful parturition, and an 
increased incidence of intrapartum mortality 
of piglets and deleterious effects on neonatal 
growth. 

It has been suggested that parakeratosis 
occurs because very rapidly growing pigs 
outstrip their biosynthesis of essential fatty 
acids, and when the diet is high in calcium 
the digestibility of fat in the diet is reduced 
at the same time. The net effect in rapidly 
growing pigs could be a relative deficiency of 
essential fatty acids. 

Ruminants 

There are naturally occurring cases in cattle, 
sheep, and goats. The disease is well recog¬ 
nized in Europe, especially in calves. It is 
common in some families of cattle, and an 
inherited increased dietary requirement 
for zinc is suspected. The inherited disease 
occurs in Friesian and Black Pied cattle and 
is known as lethal trait A46. Signs of defi¬ 
ciency appear at 4 to 8 weeks of age. The 
main defect is an almost complete inability 
to absorb zinc from the intestine; zinc 
administration is curative. 

The disease in cattle has been produced 
experimentally on diets low in zinc, and 
naturally occurring cases have responded to 
supplementation of the diet with zinc. Calves 
remain healthy on experimental diets con¬ 
taining 40 mg/kg zinc, but parakeratosis has 
occurred in cattle grazing pastures with a 
zinc content of 20 to 80 mg/kg (normal 
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93 mg/kg) and a calcium content of 0.6%. 
There is also an apparently improved 
response in cattle to zinc administration if 
copper is given simultaneously. Parakeratosis 
has also been produced experimentally in 
goats and sheep. 

Zinc nutrition may be involved in the 
immune responses of feedlot calves. When 
calves are stressed by transportation or chal¬ 
lenged with the infectious bovine rhinotra- 
cheitis virus, they tend to have reduced 
fevers, higher dry matter intake, and less 
body weight loss when fed organic zinc and 
manganese sources than the corresponding 
oxide forms. 

Outbreaks of the disease have occurred in 
Sudanese Desert ewes and their lambs fed 
on a zinc-deficient diet of Rhodes grass 
containing less than 10 mg/kg of zinc. 
The disease has also been diagnosed in 
mature sheep and goats, and the cause of 
the deficiency could not be determined. A 
marginal zinc deficiency, characterized by 
subnormal growth and fertility and low 
concentration of zinc in serum, but 
without other clinical signs, can occur in 
sheep grazing pastures containing less than 
10 mg/kg zinc. 

In Germany, skin lesions have occurred 
in alpacas and llamas with low-zinc and low- 
copper status. In the affected herd, the 
average serum zinc and copper levels were 
0.17 and 0.49 pg/mL for alpacas and 0.22 
and 0.38 pg/mL for llamas, respectively. The 
levels considered normal in llamas are 
0.30 pg for zinc and 0.40 to 0.70 pg copper 
per mL. 

PATHOGENESIS 

The pathogenesis of zinc deficiency is not 
well understood. Zinc is a component of the 
enzyme carbonic anhydrase, which is located 
in the red blood cells and parietal cells of the 
stomach, and is related to the transport of 
respiratory carbon dioxide and the secretion 
of hydrochloric acid by the gastric mucosa. 
Zinc is also associated with RNA function 
and related to insulin, glucagon, and other 
hormones. It also has a role in keratinization, 
calcification, wound healing, and somatic 
and sexual development. Because it has 
a critical role in nucleic acid and protein 
metabolism, a deficiency may adversely 
affect the cell-mediated immune system. 

Zinc and vitamin A deficiency can occur 
together, with complex interactions between 
the compounds affecting liver metabolism of 
vitamin A. 3 Zinc deficiency impairs vitamin 
A mobilization from the liver. 

A zinc deficiency results in a decreased 
feed intake in all species and is probably the 
reason for the depression of growth rate in 
growing animals and body weight in mature 
animals. Failure of keratinization resulting in 
parakeratosis, loss and failure of growth of 
wool and hair, and lesions of the coronary 
bands probably reflects the importance of 
zinc in protein synthesis. There are lesions of 


the arteriolar walls of the dermis. The bones 
of zinc-deficient ruminants reveal abnormal 
mineralization and a reduction of zinc con¬ 
centration in bones and cartilage and should 
be considered in animals with evidence 
of chondrodysplasia. 4 Retarded testicular 
development occurs in ram lambs, and com¬ 
plete cessation of spermatogenesis suggests 
impairment of protein synthesis. 

CLINICAL FINDINGS 
Pigs 

A reduced rate and efficiency of body weight 
gain is characteristic. Circumscribed areas of 
erythema appear in the skin on the ventral 
abdomen and inside the thigh. These areas 
develop into papules 3 to 5 mm in diameter, 
which are soon covered with scales, followed 
by thick crusts. These crusts are most visible 
in areas about the limb joints, ears, and 
tail and are distributed symmetrically in 
all cases. The crusts develop fissures and 
cracks, become quite thick (5 to 7 mm), and 
are easily detached from the skin. They are 
crumbly and not flaky or scaly. No greasiness 
is present except in the depths of fissures. 
Little scratching or rubbing occurs. Diarrhea 
of moderate degree is common. Secondary 
subcutaneous abscesses occur frequently, 
but in uncomplicated cases, the skin lesions 
disappear spontaneously in 10 to 45 days 
if the ration is corrected. Affected boars 
have testicular abnormalities that impair 
fertility. 5 

Ruminants 

In the naturally occurring disease in cattle, 
in severe cases, parakeratosis and alopecia 
may affect about 40% of the skin area. The 
lesions are most marked on the muzzle, 
vulva, anus, tailhead, ears, backs of the hind¬ 
legs, kneefolds, flank, and neck. Most animals 
have below-average body condition and are 
stunted in growth. After treatment with zinc, 
improvement is apparent in 1 week and com¬ 
plete in 3 weeks. Experimentally produced 
cases exhibit the following signs: 

• Poor growth 

• A stiff gait 

• Swelling of the coronets, hocks, and 
knees 

• Soft swelling containing fluid on the 
anterior aspect of the hind fetlocks 

• Alopecia 

• Wrinkling of the skin of the legs, 
scrotum, and neck and head, especially 
around the nostrils 

• Hemorrhages around the teeth 

• Ulcers on the dental pad 

The experimental disease in cattle is man¬ 
ifested by parakeratotic skin, mainly on the 
hindlimbs and udder, and similar lesions on 
teats, which tend to become eroded during 
milking. The fetlocks and pasterns are 
covered with scabby scales. There is exuda¬ 
tion first with matting of hair, then drying 
and cracking. The skin becomes thickened 
and inelastic. Histologically, there is 
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parakeratosis. Clinical signs develop about 2 
weeks after calves and lambs go onto a defi¬ 
cient diet so that there is no evidence of 
storage of zinc in tissues in these animals. In 
goats, hair growth, testicular size, and sper¬ 
matogenesis are reduced, and growth rate is 
less than normal. Return to a normal diet 
does not necessarily reverse these signs, and 
the case-fatality rate is high. There is a 
marked delay in wound healing. 

Zinc deficiency increases the risk of mas¬ 
titis in dairy cows, potentially because of 
adverse alterations in mammary duct epithe¬ 
lium. 0 Deficiency is associated with increased 
somatic-cell numbers in milk, decreased 
thickness of stratum corneum in ductus pap¬ 
illaris, and increased leukocyte infiltration of 
udder parenchyma. 6 

Inherited zinc deficiency in cattle (lethal 
trait A46), which is caused in Holstein- 
Friesian cattle by a splice-site variant in 
SLC39A4, is described under the heading 
“Inherited Parakeratosis of Calves” later in 
this chapter.' An inherited syndrome in 
Fleckvieh cattle with similar phenotype is 
not a result of zinc deficiency, and it does not 
have the same genetic abnormality. 8 

Sheep 

The natural disease in sheep is characterized 
by loss of wool and the development of thick, 
wrinkled skin. Wool-eating also occurs in 
sheep and may be one of the earliest signs 
noticed in lambs after being on a zinc- 
deficient diet for 4 weeks. Induced cases in 
lambs have exhibited reduced growth rate, 
salivation, swollen hocks, wrinkled skin, and 
open skin lesions around the hoof and eyes. 
The experimental disease in goats is similar 
to that in lambs. 

One of the most striking effects of 
zinc deficiency in ram lambs is impaired 
testicular growth and complete cessation of 
spermatogenesis. Diets containing 2.44 mg/ 
kg dry matter (DM) caused poor growth, 
impaired testicular growth, cessation of 
spermatogenesis, and other signs of zinc 
deficiency within 20 to 24 weeks. A diet con¬ 
taining 17.4 mg/kg DM of zinc is adequate 
for growth, but a content of 32.4 mg/kg DM 
is necessary for normal testicular develop¬ 
ment and spermatogenesis. On severely defi¬ 
cient experimental diets, other clinical signs 
in young rams are as follows: 

• Drooling copious amounts of saliva 

when ruminating 

• Parakeratosis around eyes and on nose, 

feet, and scrotum 

• Shedding of the hooves 

• Dystrophy and shedding of wool, which 

showed severe staining 

• Development of a pungent odor 

In naturally occurring cases in rams, the 
animals stood with their backs arched and 
feet close together. 

A marginal zinc deficiency in ewes 
may be characterized by only a reduc¬ 
tion in feed intake and a slightly reduced 


body weight, and no other external signs of 
disease. This is important because, in grazing 
ruminants, the lack of external signs indi¬ 
cates that zinc deficiency could easily pass 
undetected. 

Infertility in Ewes 

Infertility in ewes and a dietary deficiency 
of zinc have not been officially linked, 
but a zinc-responsive infertility has been 
described in ewes. Again, attention is drawn 
to the need for response trials when soil and 
pasture levels of an element are marginal. 

An experimental zinc deficiency in 
pregnant ewes results in a decrease in the 
birth weight of the lambs and a reduced con¬ 
centration of zinc in the tissues of the lambs; 
these effects are a result of the reduced feed 
intake characteristic of zinc deficiency. The 
zinc content of the diet did not significantly 
influence the ability of the ewes to become 
pregnant or maintain pregnancy. The com¬ 
bination of pregnancy and zinc deficiency 
in the ewe leads to highly efficient utiliza¬ 
tion of ingested zinc, and the developing 
fetus will accumulate about 35% of the total 
dietary intake of zinc of the ewe during the 
last trimester of pregnancy. The disease is 
correctable by the supplementary feeding 
of zinc. 

Goats 

Experimentally induced zinc deficiency in 
goats results in poor growth, low food intake, 
testicular hypoplasia, rough dull coat with 
loss of hair, and the accumulation of hard, dry, 
keratinized skin on the hindlimbs, scrotum, 
head, and neck. On the lower limbs the scabs 
fissure, crack, and produce some exudate. In 
naturally occurring cases in pygmy goats 
there was extensive alopecia, a kyphotic 
stance, extensive areas of parakeratosis, 
abnormal hoof growth, and flaky, painful 
coronary bands. A zinc-responsive alopecia 
and hyperkeratosis occurs in Angora goats. 
Affected animals had recurrent pruritus; 
hyperemia; exfoliation, fleece loss over the 
hindquarters, face, and ears; and a decline in 
reproductive performance. Zinc supplemen¬ 
tation (40 or 80 mg/d) increases rate of fleece 
growth, plasma testosterone concentrations, 
and serum alkaline phosphatase activity in 
Cashmere goats. 9 

Immediately before parturition in cows, 
there is a precipitate fall in plasma zinc con¬ 
centration, which returns to normal slowly 
after calving. The depression of zinc levels is 
greater in cows that experience dystocia. This 
has led to the hypothesis that dystocia in beef 
heifers may be caused in some circumstances 
by a nutritional deficiency of zinc and that 
preparturient supplementation of the diet 
with zinc may reduce the occurrence of dif¬ 
ficult births. This phenomenon does not 
appear to occur in sheep. The level of serum 
zinc increases in cattle during the season of 
facial eczema when sporidesmin intoxica¬ 
tion causes depletion of liver zinc. 


CLINICAL PATHOLOGY 
Skin Scraping 

Laboratory examination of skin scrapings 
yields negative results, but skin biopsy will 
confirm the diagnosis of parakeratosis. 

Zinc in Serum and Hair 

Serum zinc levels may have good diagnostic 
value. Normal levels are 80 to 120 (tg/dL 
(12.2 to 18.2 (tmol/L) in sheep and cattle. 
Calves and lambs on deficient diets may have 
levels as low as 18 (jg/dL (3.0 jimol/L). Dairy 
cattle with serum zinc less than 9.7 pmol/L 
are at increased risk of changes that predis¬ 
pose to mastitis. 6 

Normal serum zinc levels in sheep are 
above 78 pg/dL (12 (tmol/L), and values 
below 39 |tg/dL (6 jtmol/L) or less are con¬ 
sidered as evidence of deficiency. There is a 
general relationship between the zinc content 
of the hair and the level of zinc in the diet, 
but the analysis of hair is not considered to 
be a sufficiently accurate indicator of an ani¬ 
mal’s zinc status. In experimental disease in 
piglets, there is a reduction in serum levels 
of zinc, calcium, and alkaline phosphatase, 
and it is suggested that the disease could be 
detected by measuring the serum alkaline 
phosphate and serum zinc levels. Levels of 
zinc in the blood are very labile, and simple 
estimations of levels alone are likely to be 
misleading. For example, other intercurrent 
diseases commonly depress serum calcium 
and copper levels. In addition, zinc levels in 
plasma fall precipitately at parturition in 
cows; they are also depressed by hyperther- 
mal stress. After 1 week on a highly deficient 
diet, serum zinc levels fall to about 50% of 
normal, or pretreatment, levels. 

NECROPSY FINDINGS 

Necropsy examinations are not usually 
performed, but histologic examination 
of skin biopsy sections reveals a marked 
increase in thickness of all the elements of 
the epidermis. Tissue levels of zinc differ 
between deficient and normal animals, but 
the differences are statistical rather than 
diagnostic. 


DIFFERENTIAL DIAGNOSIS 


Sarcoptic mange may resemble parakeratosis, 
but is accompanied by much itching and 
rubbing. The parasites may be found in skin 
scrapings. Treatment with appropriate 
parasiticides relieves the condition. 

Exudative epidermitis is quite similar in 
appearance, but occurs chiefly in unweaned 
pigs. The lesions have a greasy character that 
is quite different from the dry, crumbly lesions 
of parakeratosis. The mortality rate is higher. 


TREATMENT 

In outbreaks of parakeratosis in swine, zinc 
should be added to diet immediately at the 
rate of 50 mg/kg DM (200 mg of zinc sulfate 
or carbonate per kg of feed). The calcium 
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level of the diet should be maintained at 
between 0.65% and 0.75%. The injection of 
zinc at a rate of 2 to 4 mg/kg BW daily for 10 
days is also effective. 

Zinc oxide suspended in olive oil and 
given IM at a dose of 200 mg of zinc for adult 
sheep and 50 mg of zinc for lambs will result 
in a clinical cure within 2 months. The oral 
administration of zinc at the rate of 250 mg 
zinc sulfate daily for 4 weeks resulted in a 
clinical cure of zinc deficiency in goats in 12 
to 14 weeks. 

CONTROL 

Pigs 

The calcium content of diets for growing 
pigs should be restricted to 0.5% to 0.6%. 
However, rations containing as little as 0.5% 
calcium and with normal zinc content 
(30 mg/kg DM) may produce the disease. 
Supplementation with zinc (to 50 mg/kg 
DM) as sulfate or carbonate has been found 
to be highly effective as a preventive, and 
there appears to be a wide margin of safety 
in its use, with diets containing 1000 mg/kg 
DM added zinc having no apparent toxic 
effect. Organic and inorganic zinc supple¬ 
ments are handled differently by pigs, with 
organic forms of zinc being more bioavail- 
able. 1 Rapidly growing pigs require 75 mg/kg 
of organic zinc in a complex nursery diet to 
maximize growth, health, and well-being. 1 
The standard recommendation is to add 
200 g of zinc carbonate or sulfate to each ton 
of feed. Weight gains in affected groups are 
appreciably increased by the addition of zinc 
to the diet. The addition of oils containing 
unsaturated fatty acids is also an effective 
preventive. Access to green pasture, reduc¬ 
tion in food intake, and the deletion of 
growth stimulants from rations will lessen 
the incidence of the disease but are not 
usually practicable. 

Ruminants 

For cattle, the feeding of zinc sulfate (2 to 4 g 
daily) is recommended as an emergency 
measure followed by the application of a 
zinc-containing fertilizer. As an alternative 
to dietary supplementation for ruminants, 
an intraruminal pellet has been demon¬ 
strated in sheep. It was effective for 7 weeks 
only and would not be satisfactory for long¬ 
term use. The creation of subcutaneous 
depots of zinc by the injection of zinc oxide 
or zinc metal dust has been demonstrated. 
The zinc dust offered a greater delayed effect. 
A soluble glass bolus containing zinc, cobalt, 
and selenium was able to correct experimen¬ 
tally induced zinc deficiency in sheep. The 
bolus supplied the daily requirement of the 
sheep for zinc with no detrimental effect on 
their copper status, although high-dose zinc 
supplementation does impair copper absorp¬ 
tion in cattle that are provided additional 
copper in the diet. 10 

Zinc-methionine, an organic zinc supple¬ 
ment for dairy goats, improved udder health, 


an enhanced the absorption of nitrogen, and 
increased nitrogen retention. Recommended 
dietary intake of zinc for Cashmere goats is 
86 mg/kg DM during the breeding season 
and cashmere-fiber growing period. 9 
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PLANT POISONING ASSOCIATED 
WITH KNOWN TOXINS 

DIANTHRONE DERIVATIVES 

Hypericin, a complex derivative of dian- 
throne, is found in Hypericum perforatum 
(St. Johns wort or Klamath weed) and Hyper¬ 
icum triquetrifolium and is the prototypical 
primary photosensitizing agent. 1 All parts of 
these plants are associated with photosensi¬ 
tive dermatitis when ingested by sheep and 
cattle, but they have to be eaten in large 
quantities. They are not very palatable, and 
most outbreaks occur when they are in the 
young stage and dominate the pasture. 
Narrow-leaf varieties contain 2 or 3 times as 
much hypericin as broadleaf varieties, and 
the flowering tops are 6 to 9 times as toxic as 
other parts. Clinical signs may appear within 
a few days of livestock going onto affected 
fields and usually disappear within 1 to 2 
weeks after removal from them. Experimen¬ 
tal production of poisoning with H. perfora¬ 
tum has shown that the plant contains a 
primary photodynamic agent. There is 
neither liver damage nor loss of hepatic 
function. 

FAGOPYRIN 

Fagopyrin, a red helianthrone pigment found 
in Fagopyrum sagittatum (buckwheat), is 
associated with primary photosensitization 
in all species. 

FUROCOUMARIN 

Plants containing furocoumarins (including 
psoralens) include the following: 

• Amrni majus —bishops weed, meadow 
sweet 

• Amrni visnaga —visnaga 

• Cooperia pedunculata —thunder lily 

• Cymopterus longipes 

• Cymopterus watsonii —wild or spring 
parsley 

• Heracleum mantegazzianum —giant 
hogweed 

• Petroselinum spp.—parsley 

• Thamnosma texana —Dutchmans 
breeches, blister weed 


Similar furocoumarins, identified as 4,5,8- 
trimethylpsoralen, 5-methoxypsoralen, and 
8-methoxypsoralen, are also present in Pas- 
tinaca sativa (parsnip root) infested with the 
fungus Ceratocystis fimbriata , and Apium 
graveolens (celery) infested with Sclerotinia 
spp. (pink-rot fungus). These toxins have 
the particular characteristic of being photo¬ 
sensitizing by contact, without the need for 
ingestion, and are associated with serious 
lesions in humans. A. majus is most poison¬ 
ous to livestock when there are ripe seeds 
in the seedheads. Its most serious occur¬ 
rence is as a contaminant in hay. C. pedun¬ 
culata, a perennial forb of western range 
country in the United States, occurs at times 
of high humidity or after rain has wet the 
foliage, and the live as well as dead leaves 
are toxic. 

The clinical syndrome associated with 
plants containing furocoumarins is one of 
photosensitizing dermatitis. It includes 
severe cutaneous dermatitis, sometimes as 
severe as cutaneous gangrene, on the white 
parts of the skin on the dorsal and lateral 
sides of the body and edema of the head and 
ears, the lateral aspects of the teats, the 
unpigmented conjunctivae, the muzzle and 
the oral mucosa inside the lower lip, and the 
undersurface of the tip of the tongue. Photo¬ 
sensitive dermatitis in pigs may be associated 
with distinctive vesicles on the snout and 
raise a false alarm of viral vesicular disease. 
One serious international incident arose out 
of a feeding of moldy parsnips. 

PLANT POISONINGS 
ASSOCIATED WITH 
UNIDENTIFIED TOXINS 

DERMATITIS 

• Entandrophragma cylindricum — 
redwood; shavings as bedding associated 
with balanoposthitis in rams 

• Excoecaria spp. 

• Heracleum mantegazzianum —cow 
parsnip 

• Vicia benghalensis —popany vetch; 
associated with dermatitis, 
conjunctivitis, rhinitis, fever, and 
multiple eosinophilic granulomas in 
many organs 1 

• Vicia dasycarpa —woolly pod vetch; 
same symptoms as V. benghalensis 

• Vicia villosa —hairy vetch; same signs as 
V. benghalensis. 

PHOTOSENSITIZATION—PRIMARY; 
WITHOUT HEPATIC LESIONS 

• Echinochloa utilis —Japanese millet 

• Erodium cicutarium —storksbill 

• Froelichia humboldtiana 1 

• Holocalyx glaziovii 

• Lachnanthes tinctoria 

• Mentha satureioides 

• Sphenosciadium capitellatum 

• Medicago polymorpha —burr trefoil 

• Verbena spp. 
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Photodermatitis associated with M. poly¬ 
morphia and F. humboldtiana occurs in all 
animal species on pasture dominated by the 
plant, usually in the spring. Lesions on the 
unpigmented parts of the skin disappear 
quickly when animals are taken off the 
pasture; there is no liver damage or perma¬ 
nent after-effects.- 1 Aphids, which commonly 
infest the plant in very large numbers, 
contain large amounts of a photodynamic 
agent and may be important in some out¬ 
breaks of the disease. 
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SELENIUM TOXICOSIS 


SYNOPSIS 


Etiology Ingestion of plants or feed 

supplements or injection of pharmaceutical 
agents with excessive amounts of selenium. 

Epidemiology Enzootic disease where soils 
and pasture contain toxic amounts of 
selenium; outbreaks after errors in 
feed supplementation or oral or 
injection doses. 

Clinical pathology: Elevated concentration of 
selenium in body tissues and fluids. 

Lesions: 

Living Animals: 

Acute: dyspnea, diarrhea, prostration, short 
course, death. 

Chronic: emaciation, rough coat, stiff gait, 
lame, hoof deformity. 

Postmortem: 

Acute: evidence of cardiovascular 
compromise, hemorrhages. 

Chronic: skeletal and cardiac myopathies. 

Diagnostic confirmation: Elevated selenium 
levels in body fluids and tissues. 

Treatment: None; avoid pastures with 
selenium-containing plants; take care with 
medication and feed additives containing 
selenium. 


ETIOLOGY 

Selenium toxicosis in animals is a worldwide 
problem, either as an acute or chronic poi¬ 
soning. It is associated with the ingestion or 
injection of organic or inorganic selenium 
compounds as follows: 

• Inorganic selenium compounds 
administered as feed supplements 

• Organic selenocompounds 
(selenomethionine and 
methylselenocysteine) occurring in 
pasture plants 1 2 

• Pharmaceutical preparations 
administered orally or by injection, 
frequently combined with vitamin E 3 
Discrepancies exist in the toxic doses 

quoted in the literature, and the reasons for 
this are not fully understood. Identified 


animal factors include species, age, health, 
reproductive status, and nutritional status. 4 
Other factors include dose, route of admin¬ 
istration, and interactions with other dietary 
substrates. ’ The daily intake of a diet contain¬ 
ing 2 mg/kg BW of selenium can be margin¬ 
ally toxic for sheep, yet pregnant and lactating 
ewes tolerated doses as high as 12 mg dietary 
selenium (as sodium selenite) per kilogram 
of BW for 72 weeks without developing any 
clinical or pathologic signs of selenium toxi¬ 
cosis. 3 Oral ingestion of 1 to 2.2 mg of Se/kg 
BW as sodium selenite caused mortality in 
lambs, but other lambs have survived doses 
of 4 mg/kg BW. 6,7 Feed containing 44 mg/kg 
selenium for horses and 11 mg/kg for pigs is 
associated with poisoning. Toxic single acute 
oral doses (as mg/kg BW) are 2.2 for sheep, 
1.49 for horses, 3 9 for cattle, and 15 for pigs. 

EPIDEMIOLOGY 

Occurrence 

Pastoral 

Selenium poisoning occurs in restricted 
areas in North America, Ireland, Israel, 
Canada, Australia, and South Africa where 
the soils are derived from particular rock 
formations containing a high content of sele¬ 
nium. The high level in these plants occurs 
from the high levels of selenium found natu¬ 
rally in the environment. 

High levels of selenium in plants can also 
be found in areas where the soil is not natu¬ 
rally high in selenium. This is associated with 
industrial or commercial release of selenium 
into the water and soil. 

Dosing Errors 

Substantial losses as a result of selenium 
poisoning also occur because of misun¬ 
derstanding about the dose rates of sele¬ 
nium compounds used therapeutically or 
prophylactically. 

Risk Factors 
Animal Risk Factors 

Cattle are more tolerant than sheep. Pigs are 
unlikely to be exposed but can develop the 
disease in the field. Young animals are less 
tolerant than adults. 

Dietary supplementation is used in the 
prevention of known deficiency syndromes 
such as white muscle disease in lambs, as a 
nonspecific growth stimulant, and as a pro¬ 
phylactic for a large number of other vague 
syndromes. The concurrent administration 
of monensin and selenium increases the tox¬ 
icity of the selenium being fed. There are 
many case reports of unexpected illness and 
mortality in animals dosed with selenium 
preparations, and it is apparent that not all of 
the factors affecting selenium toxicity are 
known. 

Organic selenium compounds, especially 
those occurring naturally in plants, may 
be more toxic than inorganic compounds, 
but this difference may not be apparent in 
ruminants because of alterations in ingested 


compounds produced by digestive processes 
in the rumen. 4 Selenite is more toxic than 
selenate, and both are more damaging than 
selenium dioxide. 

Environmental Risk Factors 

Industrial deposition (e.g., fly ash from soft 
coal deposited in fields) has been shown to 
be associated with increased selenium levels 
in tissues from sheep grazing there. 

Farm Risk Factors 

Selenium poisoning in animals grazing 
plants growing on seleniferous soils may be 
restricted to very distinct areas as small as 
individual fields. A low rainfall predisposes 
to selenium poisoning because soluble, avail¬ 
able selenium compounds are not leached 
out of the topsoil, and lack of competing 
forage may force animals to eat large quanti¬ 
ties of selenium-containing plants. 

The effective selenium is contained in the 
top 60 to 90 cm of the soil profile, selenium 
at lower levels than this not being within 
reach of most plants. Selenium poisoning 
may occur on soils containing as little sele¬ 
nium as 0.01 mg/kg, but some soils may 
contain as much as 1200 mg/kg. Most pasture 
plants seldom contain selenium in excess of 
100 ppm, but a number of species, the so- 
called converter or indicator plants, take up 
the element in such large quantities that sele¬ 
nium levels may reach as high as 10,000 ppm. 
Included in this category are Acacia cana ; 
Artemisia canescens ; Aster spp.; some of the 
Astragalus , Atriplex , and Castilleja spp.; 
Comandra pallida: Descurainia pinnata ; 
Grindelia spp.; Machaeranthera ramosa ; 
Morinda reticulata: Neptunia amplexicaulis: 
Oonopsis, Penstemon, and Sideranthus spp.; 
Stanleya pinnata: and Xylorrhiza spp. 

These plants tend to grow preferentially 
on selenium-rich soils and are thus “indi¬ 
cator” plants. They are in general unpalat¬ 
able because of a strong odor, and thus 
an acute syndrome is unlikely, but heavy 
losses have been attributed in the past to 
a chronic form of the disease known as 
alkali disease. 

PATHOGENESIS 

Ingested selenium compounds are absorbed 
primarily in the duodenum, with some 
absorption in the remainder of the small 
intestine. Little, if any, absorption occurs in 
the rumen. The mechanism of absorption 
varies depending on the specific form of 
selenium, with selenite absorption by 
passive transfer and selenomethionine and 
selenocysteine by active transport. 1,2 Tissue 
distribution also depends on the form of 
selenium, with the kidney and liver ulti¬ 
mately having the highest concentration of 
selenium. Placental transfer occurs, espe¬ 
cially in the last trimester; little is excreted 
in the milk. 3 Metabolism occurs in the red 
blood cells and liver; excretion is primarily 
through urine, with a small amount of 










metabolized selenium excreted in the bile 
and feces. 1 

The mechanism of action is not well 
understood, and several different theories 
have been proposed. ' Selenium occurs in 
plants in analogs of the sulfur-containing 
amino acids (e.g., selenocysteine), and a pos¬ 
sible mechanism of intoxication is by inter¬ 
ference with enzyme systems that contain 
these amino acids. Other proposed mecha¬ 
nisms include generation of free radicals, 
causing oxidative tissue damage, and incor¬ 
poration into proteins, causing disruption of 
normal cell function. 3,4 

CLINICAL FINDINGS 
Acute Poisoning 

In naturally occurring and experimental poi¬ 
soning there is severe respiratory distress, 
restlessness, complete anorexia, salivation, 
watery diarrhea, fever, tachycardia, abnor¬ 
mal posture and gait, prostration, and death 
after a short illness. Acutely poisoned horses 
showed marked central nervous system 
(CNS) signs, with ataxia and excitation, 
sweating, pyrexia, tachycardia, dyspnea, and 
death within 6 hours. 3 Mildly affected pigs 
show posterior ataxia, walking on tiptoe, dif¬ 
ficulty in rising, sternal recumbency, tremor, 
and vomiting in some. Extreme cases assume 
a posture of lateral recumbency. 

Chronic Poisoning 

Chronic poisoning is manifested by dullness, 
emaciation, rough coat, lack of vitality, stiff¬ 
ness, and lameness. In cattle, horses, and 
mules the hair at the base of the tail and 
switch is lost, and in pigs, goats, and horses 
there may be general alopecia. There are hoof 
abnormalities, including swelling of the cor¬ 
onary band and deformity or separation and 
sloughing of the hooves, in all species. Lame¬ 
ness is severe. Congenital hoof deformities 
may occur in newborn animals. Hemor¬ 
rhagic lesions on the proximal wall and soles 
of claws on all four feet may accompany 
these deformities. Chronic poisoning in pigs 
on rations containing 20 to 27 mg/kg is also 
associated with a syndrome of reduced feed 
intake and paraplegia and quadriplegia as a 
result of poliomyelomalacia. Pigs on mar¬ 
ginal levels of intake of selenium (10 mg/kg) 
develop necrosis of the coronary band, low 
conception rates, and increased neonatal 
mortality. 

CLINICAL PATHOLOGY 

A moderate anemia occurs in acute and 
chronic poisoning, and a depression of 
hemoglobin levels to about 7 g/dL is one of 
the early indications of selenium poisoning. 
Selenium can be detected in the urine, 
milk, and hair of affected animals. Clinical 
illness is evident at blood levels of 3 mg/kg 
and at urine levels of more than 4 mg/kg of 
selenium. Normal serum levels of 140 to 
190 ng/mL are elevated to the level of 
1500 ng/mL. 
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Critical levels of selenium in hair include 
the following: 

• Less than 5.0 mg/kg suggests that 
chronic selenosis is unlikely. 

• From 5.0 to 10.0 mg/kg suggests 
borderline problems. 

• More than 10 mg/kg is diagnostic of 
chronic selenosis. 

NECROPSY FINDINGS 
Acute 

In confirmed cases of natural or experimen¬ 
tally produced acute selenium poisoning, 
most of the macroscopic findings can be 
attributed to cardiovascular compromise. 
There is pulmonary edema and congestion, 
petechiation of the thoracic viscera, and con¬ 
gestion of the liver, kidneys, and gastro¬ 
intestinal tract. In parenterally overdosed 
lambs and piglets there is usually hydrotho¬ 
rax, hydropericardium, and ascites. 

Histologic lesions may be minimal if the 
clinical course is brief. Changes that may be 
observed in animals surviving more than 
24 hours include a serous effusion within 
pulmonary alveoli, mild hyaline or granular 
degeneration of skeletal muscle fibers, 
hydropic degeneration in renal tubular epi¬ 
thelial cells, and periacinar degeneration and 
necrosis of hepatocytes. Cardiac myocytes 
may appear swollen and contain areas of 
cytoplasmic granularity and lysis. 

Chronic 

In animals suffering from subacute to 
chronic selenium poisoning there is a skele¬ 
tal and cardiac myopathy. Deformities of the 
feet and skin are usually apparent. Atrophy 
and dilatation of the heart and pulmonary 
edema, cirrhosis and atrophy of the liver, glo¬ 
merulonephritis, mild gastroenteritis, and 
erosion of articular surfaces have also been 
recorded. 

Symmetric poliomyelomalacia has been 
identified in both natural and experimental 
settings in pigs fed excessive selenium. The 
areas primarily affected are the ventral horns 
of the cervical and lumbar enlargements, 
with lesser damage in brainstem nuclei. The 
microscopic appearance of affected spinal 
cord includes vacuolation of the neuropil 
and sometimes of the cytoplasm of neurons. 
Neuronal chromatolysis, axonal swelling, 
and endothelial cell swelling and prolifera¬ 
tion are consistently present. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—50 g liver, kidney; 500 g of 
suspect feed (ASSAY [Se]) 

• Histology—formalin-fixed skeletal 
muscle, heart, liver, kidney, +/- spinal 
cord from cervical and lumbar 
enlargements (LM) 

Selenium Levels in Tissue. In chronic sel¬ 
enosis in sheep, hepatic and renal levels of 
selenium are about 20 to 30 mg/kg, and 


levels in wool are in the range of 0.6 to 
2.3 mg/kg. In horses, hair levels of more than 
5 mg/kg are recorded. 

The diagnosis of selenium poisoning rests 
largely on the recognition of the typical syn¬ 
dromes in animals in areas where the soil 
content of selenium is high or when there 
has been administration of selenium as 
medication or as a feed additive. The clini¬ 
cal and necropsy lesions associated with the 
poisoning cover a wide range of signs, and 
lesions and are not easily summarized. Diag¬ 
nostic confirmation depends on an assay 
of toxic levels of selenium in body tissues 
or fluids. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnostic list: 

Acute poisoning 

• Acute arsenic toxicosis 

• Anaphylaxis 

• lonophores/tiamulin in swine 

• Septicemia 

• Toxemia 
Chronic poisoning 

• Hypovitaminosis A 

• Laminitis 

• Sodium chloride toxicosis 


TREATMENT 

A number of substances have been tried in 
the treatment of selenium poisoning, includ¬ 
ing potassium iodide, ascorbic acid, and beet 
pectin, but without apparent effect. The use 
of BAL is contraindicated. 

CONTROL 

Selenium in feeds should not exceed 5 mg/ 
kg dry matter if danger is to be avoided, and 
feeding on pasture containing 25 mg/kg dry 
matter for several weeks can be expected to 
be associated with chronic selenium poison¬ 
ing. Pasture may contain as much as 2000 to 
6000 mg/kg of selenium and is associated 
with the acute form of the disease when fed 
for a few days. 

Protection against the toxic effects of sele¬ 
nium in amounts up to 10 mg/kg in the diet 
has been obtained by the inclusion in the 
ration fed to pigs of 0.01% to 0.02% of arsa- 
nilic acid or 0.005% of 3-nitro-4-hydroxy- 
phenyl arsonic acid. In cattle, 0.01% arsanilic 
acid in the ration or 550 mg/day to grazing 
steers gives only slight protection. The addi¬ 
tion of linseed oil to the ration improves the 
efficiency of this protection. A high-protein 
diet also has a general protective effect. 

When using selenium as a pharmaceuti¬ 
cal agent, strict attention should be paid 
to the recommended dose and route of 
administration. 
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IODINE TOXICOSIS 

ETIOLOGY 

Iodine is found in low concentrations in 
nature both as inorganic and organic forms. 
Common sources of iodine include iodized 
salt (100 ppm iodine), ethylenediamine 
dihydroiodide (EDDI), and iodine contain¬ 
ing feed additives such as calcium iodate, 
potassium iodide, and sodium iodine. 1 
Potassium iodide, the most water-soluble 
and chemically unstable form, is the least 
commonly used product in cattle feed; 
calcium iodate is the most stable product. 
Ethylenediamine dihydroiodide is often used 
to prevent or treat footrot in cattle but has 
been used in other countries to treat pythio- 
sis in horses. 2 

Poisoning with inorganic iodine products 
is rarely associated with illness in animals. 
Excretion in milk and eggs is linear, and the 
toxic dose is large. As the amount of inor¬ 
ganic iodine ingested increases, so does the 
amount excreted in milk, with a fairly con¬ 
stant excretion ratio of 8% to 12% iodine. 3 
Doses of 10 mg/kg BW daily are usually 
required to produce fatal illness in calves. 
There is a special occurrence of goiter in foals 
when the foal and the dam are fed exces¬ 
sive amounts of iodine, especially when kelp 
is fed as a dietary supplement. Intakes of 
35 to 40 mg iodine/day in a mare can be 
associated with the development of goiter in 
her foal. 

Toxicity with organic iodides has also 
occurred at much lower levels of intake (e.g., 
160 mg/day per cow) and appears to be a 
practical risk when cows or calves are fed 
EDDI constantly as a prophylactic against 
footrot. 

CLINICAL FINDINGS 

Clinical signs vary depending on the species 
and form of iodine. Horses appear to be the 
most sensitive to iodine toxicosis, followed 
by ruminants and then pigs. 1,2 In cattle and 


sheep, signs include heavy dusting of the 
hair coat with large-sized dandruff scales, 
hair loss, dryness of the coat, coughing, and 
profuse nasal discharge. 1 Feed intake and 
milk production are often decreased. Other 
common signs in ruminants include lacri- 
mation, hyperthermia, and hypersalivation. 
Exophthalmos occurs in some cases, and 
severely affected animals may die of bron¬ 
chopneumonia. In horses, alopecia and 
heavy dandruff are characteristic. Anhidro¬ 
sis, rhabdomyolysis, and exercise intolerance 
have also been reported. 2 

CLINICAL PATHOLOGY/NECROPSY 

Serum iodine levels are elevated above the 
normal level 3 of 5 pg/100 mL up to 20 to 
130 (Xg/mL. 

Most of the postmortem lesions are asso¬ 
ciated with changes in the respiratory tract, 
with tracheitis, bronchopneumonia, and 
pleurisy reported in cattle. Lung tissue shows 
exudative inflammation, hypertrophy of the 
bronchial mucous membranes, bronchiole 
necrosis, and fibrinous exudate in the 
alveoli. Sheep with iodine toxicosis showed 
suppurative bronchopneumonia and fibrin¬ 
ous pneumonia. 
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Cutaneous Neoplasms 

PAPILLOMA AND SARCOID 

Sarcoid of horses and cutaneous papilloma¬ 
tosis of horses, goats, and cattle are specific 
diseases (see also “Sarcoid” and “Papilloma¬ 
tosis”). The lesions are characteristically 
nodular growths of viable tissue and, if there 
is no traumatic injury, with no discontinuity 
of the covering epidermis. 

Aural flat warts (aural plaques) occur 
commonly in the horse and are caused by 
papillomavirus. Blackflies may serve as a 
vector. Lesions consist of one to several gray 
or white plaques involving the inner surface 
of the pinna. Similar lesions may occur 
around the anus, vulva, and inguinal regions. 
The lesions are usually asymptomatic, may 
persist indefinitely, may regress spontane¬ 
ously, and are refractory to treatment. 


SQUAMOUS-CELL CARCINOMA 

Squamous-cell carcinoma can occur any¬ 
where on the skin, and also in the mouth and 
maxillary sinus. Squamous-cell carcinoma 
in cattle and horses may develop as an 
uncommon complication of an infection 
with bovine papillomavirus type 1 and 2. 1 
Common types are as follows: 

• Ocular squamous-cell carcinoma 
(cancer—eye) is the commonest lesion, 
on the eyelids and the eyeball in horses 
and cattle (see also “Bovine Ocular 
Squamous-Cell Carcinoma” and “Equine 
Ocular Squamous-Cell Carcinoma”) 

• Squamous-cell carcinomas in horses 
are the second most common cutaneous 
neoplasia (after the equine sarcoid) in 
this species and primarily affect the 
glans penis and prepuce and the 
perianal region of aged horses. 2 
Squamous-cell carcinoma can cause 
fatal metastases unless the primary 
tumor is resected in the early stages. 
Grossly similar lesions are caused by 
epithelial hyperplasia, habronemiasis, 
and squamous papillomata. 

• Vulvar squamous-cell carcinoma 
appears frequently in Merino ewes as a 
result of excessive exposure of vulvar 
skin to sunlight after radical perineal 
surgery to help control blow-fly strike. 
Squamous-cell carcinomas also occur on 
the vulva of cattle, and a greater 
incidence has been observed on 
unpigmented than on pigmented 
vulvas. 

• Horn cancer in cattle and rarely in 
sheep, goats, and buffaloes is a 
squamous-cell carcinoma arising from 
the pseudostratified columnar 
epithelium of the horn core mucosa; it is 
most prevalent in Bos indicus breeds. 
This tumor affects approximately 1% of 
the Indian cattle population and 
accounts for over 80% of reported 
tumors in Indian cattle. Steers have been 
reported to be affected more frequently 
than female animals. In the early stages, 
affected animals may rub the horns 
against a fixed object or shake the head 
frequently. A bloody discharge begins 
from the nostril on the affected side, or 
from the base of the horn, and the 
animal holds its head down and toward 
one side. The horn becomes loosened 
and falls off, leaving the tumor exposed 
to infection and fly infestation. 
Secondary metastases are common. The 
high prevalence of metastases in 
regional lymph nodes and internal 
organs discourages treatment, but a 
phenol extract of horn core tissue is 
immunogenic, and immunotherapy may 
be a successful treatment technique. 
Other forms of therapy are also 
practiced for squamous-cell carcinoma 
generally, including surgical excision, 
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preferably by cryotherapy, and 
radiofrequency hyperthermia. 

• Ear cancer in sheep is in most cases a 
squamous-cell carcinoma. The lesion 
commences around the free edge of the 
ear and then invades the entire ear, 
which becomes a large, cauliflower¬ 
shaped mass. A high incidence may 
occur in some flocks, but the cause is 
not known; the presence of 
papillomavirus in many aural 
precancerous lesions suggests that 

the virus may participate in the 
etiology. 

• Ovine skin cancer: A high incidence of 
epitheliomas has been recorded in some 
families of merino sheep in Australia. 
The lesions occur on the woolled skin 
and are accompanied by many 
cutaneous cysts. It has been suggested 
that predisposition to the neoplasm is 
inherited. Metastasis is common with 
both epitheliomas and squamous-cell 
carcinomas. 

• “Brand cancer,” which occurs as a 
granulomatous mass at the site of a skin 
fire or freeze brand, is usually considered 
to be of chronic inflammatory rather 
than neoplastic origin, but squamous-cell 
carcinomas are recorded at branding sites 
in sheep and cattle. 

• In goats, the perineum is a common site 
for squamous-cell carcinoma. The 
udder, ears, and base of the horns may 
also be affected. Ulceration, flystrike, 
and matting of hair are unattractive 
sequelae. A bilaterally symmetric vulvar 
swelling as a result of ectopic mammary 
tissue that enlarges at parturition is 
likely to be confused with squamous-cell 
carcinoma. Milk can be aspirated from 
the swellings. 
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MELANOMA 

Melanomas are skin neoplasias commonly 
occurring in pigs, horses, cattle, small rumi¬ 
nants, and camelids. 1 In horses, between 4% 
and 15% and in cattle approximately 6% 
of all tumors were reported to be melano¬ 
mas. 13 In horses, melanomas primarily 
occur in mature gray- and white-coated 
horses, reaching a prevalence of over 80% in 
this subgroup of animals. 4 Although histori¬ 
cally melanomas were considered to be 
benign skin proliferations, more recently 
the concept of melanoma as a neoplasia 
with malignant potential has become more 
accepted. Some sources claim that at least 
66% of melanocytic tumors in horses eventu¬ 
ally become malignant. 4 

Four types of melanocytic abnormalities 
are recognized in horses: 2 ' 4 


• Melanocytic nevi are seen in younger 
horses independent of the coat color 
and are discrete and benign 
discolorations of the skin. Presence of 
several nevi is considered a predisposing 
factor for the development of dermal 
melanoma. 1 

• Discrete dermal melanomas present as 
single masses, most commonly in 
typical locations such as the tail, anal, 
perianal, perineal, and genital region. 
They are most common in mature gray 
horses with an average age of 13 years. 
Although dermal melanomas frequently 
are benign, malignant forms occur. 
Surgical excision at early stages is 
recommended and is curative in most 

1,4 

cases. 

• Dermal melanomatosis refers to the 
occurrence of several dermal 
melanomas, and it has a high incidence 
of metastasis. Melanomatosis in general 
affects horses that are older than 15 
years and is not amenable to surgical 
resection. Visceral metastasis is a not 
uncommon complication; this type of 
melanoma is considered to be 
potentially fatal. 4 

• Anaplastic malignant melanomas 

occur in older nongray horses, with a 
high incidence of metastasis. 

The presentation of discrete dermal mela¬ 
noma and dermal melanomatosis is referred 

to as dermal melanoma. 

PATHOPHYSIOLOGY 

Although the initiation of most animal mela¬ 
nomas is still poorly understood, the devel¬ 
opment of melanomas is epidemiologically 
linked to mutations generated by both UV-A 
and UV-B solar radiation. Malignant cells 
can infiltrate surrounding tissue and metas¬ 
tasize via lymphatic or blood vessels, with 
regional lymph nodes being the usual first 
target. 1 A genetic predisposition to the devel¬ 
opment of melanomas is recognized in Sin¬ 
clair miniature pigs, Duroc pigs, and Angora 
goats, which have been proposed as potential 
models for human melanoma. 1 In horses, the 
well-recognized connection between gray 
coat color and the increased risk of mela¬ 
noma has led to the assumption that specific 
genetic mutations in gray-coated horses may 
either predispose to or facilitate the develop¬ 
ment of melanoma. Presence of multiple 
melanocytic nevi is considered to increase 
the risk of melanoma. Melanocytic tumors 
can also be congenital (see also “Inherited 
Melanoma”). 

CLINICAL FINDINGS 

Melanomas initially present as single, small, 
firm, raised nodule with a slow growth rate. 
They are frequently found incidentally 
during grooming or routine physical exami¬ 
nation. Melanomas may be of any color, 
ranging from gray or brown to black, red, 
or even dark blue. 1 Typical locations for 
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melanomas are the perineum, tail base, 
sheath, commissures of the lips, jugular 
furrow, and subauricular lymph nodes. 4 
Although in many cases tumors may exist for 
many years without causing any clinical 
signs, the skin may ulcerate in rapidly 
growing tumors, leading to secondary bacte¬ 
rial infection. Large masses in the perianal 
region may impair defecation and result in 
fecal impaction. Similarly, large tumors in 
the neck area may impair head movement 
and the ability to eat, drink, and swallow. 
Visceral metastatic masses may occur in 
more advanced cases. 4 

CLINICAL PATHOLOGY 

Although the location, appearance, and color 
of a mass can be highly suggestive, an exci- 
sional biopsy, which involves surgically 
removing small tumors integrally and sub¬ 
mitting them to a diagnostic laboratory for 
histologic confirmation of the diagnosis, has 
been recommended whenever possible. 4 

TREATMENT 

Single noninvasive tumors of small to mod¬ 
erate size have been surgically excised with 
good success and good prognosis. Surgical 
excision is unrewarding in cases with mul¬ 
tiple tumors, infiltrating masses, or masses 
located around the parotid salivary gland, 
which complicate the surgical approach 
considerably. 4 

In horses, treatment with oral cimetidine, 
a histamine type 2 receptor antagonist, either 
at a dose of 2.5 mg/kg BW q8h or 7.5 mg/kg 
BW q24h p.os, for at least 60 days has yielded 
variable results. 3 Promising results were 
reported with the use of cisplatin, either as 
repeated intratumoral injection or as biode- 
gradables beads in horses. 4 

FURTHER READING 
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LIPOMA 

Lipomas are benign subcutaneous or submu¬ 
cosal tumors that can be locally extensive and 
consist of well-differentiated adipocytes. 
Lipomas are occasionally seen in horses but 
are rare in cattle. In horses, lipomas occur 
either as mesenteric or cutaneous lipomas. 
Mesenteric lipomas predominantly develop 
in older horses, presenting as pedunculated 
lipomas that may cause secondary com¬ 
plications such as intestinal strangulation. 
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Subcutaneous lipomas are the predominant 
form in young horses less than 2 years of age. 
The large majority of cutaneous lipomas are 
encapsulated and well demarcated from sur¬ 
rounding tissue, making them easily resect¬ 
able, with minimal risk for recurrence. 
Occasionally lipomas may grow invasively, 
infiltrating surrounding tissue such as 
muscles, tendons, joints, and even bone. 
Despite their invasive growth, infiltrative 
lipomas are benign because they do not 
metastasize. 1 The invasive growth pattern 
makes integral resection of tumorous tissue 
impossible and results in high recurrence 
rates after surgical intervention. 1 Differentiat¬ 
ing between lipomas and infiltrative lipomas 
is important to determine the eligibility for 
surgical resection and the prognosis but can 
be challenging under field conditions. 1 

In foals and calves, congenital external 
infiltrating lipomas have been reported. 2,3 
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MAST CELL TUMORS 

A mast cell tumor (mastocytoma) is a rare 
neoplasia primarily affecting the skin in 
cattle, horses, swine, and New World came- 
lids. The large majority of mast cell tumors 
in cattle and horses are benign, but malig¬ 
nant forms have been described. Less than 
6% of all equine and less than 1% of all 
bovine neoplasias have been identified as 
mastocytomas. 1 ' 3 Incidental case of mast cell 
tumors have been reported in pigs, small 
ruminants, and New World camelids. Mast 
cell tumors in the species just mentioned are 
most frequently located in the skin, with no 
apparent site of predilection. Other than on 
the skin, mastocytomas in horses have also 
been identified in the gastrointestinal tract, 
salivary glands, eyes, testes, and spleen. 1 In 
cattle, apart from the cutaneous form, mast 
cell tumors have been found in spleen, lung, 
liver, lymph nodes, muscle tissue, omentum, 
abomasum, tongue, and uterus. 

CLINICAL FINDINGS 

Animals of all ages can be affected, and 
neither a gender nor a breed predilection has 
been reported. 2 Single lesions are the most 
common presentation, but cases of multicen¬ 
tric mastocytoma have been reported in 
different species. 1,4,5 In most instances a mas¬ 
tocytoma presents as slow-growing, indolent 
cutaneous or subcutaneous mass. Lesions 
typically are well demarcated and vary from 
0.5 to 20 cm in diameter and feel firm or 
fluctuating on palpation. Masses located on 
the limbs are often firm and immovable. 1 The 
overlying skin is usually intact, although alo¬ 
pecia, hyperpigmentation, or ulceration may 
be present. 1 


CLINICAL PATHOLOGY 

Diagnosis of cutaneous mastocytoma is 
either by fine-needle aspiration or excisional 
biopsy, removing the mass integrally. Histo¬ 
logically mast cell tumors are characterized 
by the predominance of well-differentiated 
mast cells. Mitotic figures are few in number, 
and eosinophilic infiltration of the mass 
is a consistent finding. 1 Older lesions may 
contain considerable amount of fibrosis, 
mineralization, and necrosis. 1 

TREATMENT 

Cutaneous mastocytomas in cattle and 
horses in general are benign and indolent, 
but they rarely resolve spontaneously. Surgi¬ 
cal excision may therefore be indicated for 
cosmetic reasons or when masses cause dis¬ 
comfort, and surgery is usually curative. 

Other reported treatments include cryo¬ 
surgery and the intra- or sublesional injec¬ 
tion of corticosteroids (e.g., 10 to 20 mg 
methylprednisolone acetate). 1 
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LYMPHOMATOSIS 

In cattle and horses, skin lesions occur as 
nodules in the subcutaneous tissue, most 
commonly in the paralumbar fossae and the 
perineum. In cattle, the lesions are associated 
with the virus of enzootic bovine leukosis 
(EBL) and are only one manifestation of the 
disease, usually being accompanied by 
lesions in other organs. In horses, there are 
no leukemic lesions in lymph nodes or vis¬ 
ceral organs. 

NEUROFIBROMATOSIS 

This common lesion of nerves in cattle 
usually attracts attention only in abattoir 
specimens but can occur in a cutaneous form 
resembling a similar disease of humans; a 
particularly high prevalence of this benign 
disease is recorded in breeds of European 
pied cattle. Clinical cases are usually recorded 
in calves, in which there are cutaneous 
lesions that appear as tumor-like lumps 
between the eyes and on the cheeks. They are 
flat, round tumors up to 8 cm in diameter 
and of a lumpy, elastic consistency. 

HISTIOCYTOMA 

Histiocytomas originate from epidermal 
Langerhans cells of antigen-presenting 
lineage. This is a very rare benign neoplasm 
in farm animals but is recorded as cutaneous 
nodules or plaques, which bleed easily, in 


goats and cattle. The lesions regress 
spontaneously. 

CUTANEOUS ANGIOMATOSIS 

Angiomatosis is vasoproliferation originat¬ 
ing from endothelial cells from blood vessels. 
The etiology of this condition that is rarely 
observed in horses, cattle, swine, small rumi¬ 
nants, and New World camelids is not yet 
understood. Causes discussed in the litera¬ 
ture are inflammatory reactions, bacterial or 
viral infection, congenital abnormalities, and 
hyper- or neoplastic transformations. 

In cattle, cutaneous angiomatosis most 
commonly presents as single or multiple 
cutaneous lesions situated most commonly 
along the dorsum of the neck characterized 
by recurrent profuse hemorrhage. The 
lesions consist of what appears to be protrud¬ 
ing granulation tissue and are benign. Histo¬ 
logically angiomas are characterized by the 
nonencapsulated proliferation of vascular 
tissue that may or may not be infiltrated with 
inflammatory cells. 

A juvenile version of angiomatosis in 
calves is characterized by similar lesions 
but in many organs, sometimes including 
the skin. 

Surgical excision is effective. 

HEMANGIOMA AND 
HEMANGIOSARCOMA 

Benign vascular proliferations are occasion¬ 
ally encountered in most animal species. 
Cutaneous hemangiomas of young horses are 
morphologically the same as bovine cutane¬ 
ous angiomatosis lesions. Young horses 
usually present with solitary lesions between 
1 and up to 30 cm in diameter on distal parts 
of the limbs. The lesions can consist of nodules 
or plaques with firm to fluctuating consis¬ 
tency that bleed easily. The skin overlying the 
proliferation tends to be dark colored, hyper- 
keratotic, and associated with local alopecia. 

Hemangiosarcomas (hemangioepitheli- 
oma) are malignant tumors recorded rela¬ 
tively frequently in older horses. They are 
large, highly vascular, subcutaneous masses, 
usually associated with one or more internal 
lesions. The primary lesion may be internal, 
commonly in the spleen, or cutaneous. 
Recurrence after excision, extensive local 
infiltration, and death as a result of anemia 
are common sequelae. 

CONGENITAL SKIN TUMORS 

Congenital tumors are defined as those exist¬ 
ing at birth. A broader definition is that con¬ 
genital tumors can be detected in fetuses and 
in newborns until 2 months of age. Embry¬ 
onic tumors are those that arise during 
embryonic, fetal, or early postnatal develop¬ 
ment from a particular organ rudiment or 
tissue while it is still immature. Hamartomas 
are benign, tumor-like nodules composed of 












overgrowth of mature cells, which normally 
occur in the affected part but often with 
one element predominating. Hamartomas 
include hemangiomas, ameloblastomas, and 
rhabdomyomas. Teratomas are true neo¬ 
plasms consisting of different types of tissue 
not native to the area in which they occur. 

Cattle 

Congenital skin neoplasms of cattle described 
include mast cell tumors, lymphosarcoma, 
myxoma, and vascular hamartoma. Benign 
melanomas, mastocytomas, hemangiomas 
and lymphangiomas, fibrosarcomas, neurofi¬ 
bromatosis, subcutaneous lipomas, multiple 
lipomas, and retroperitoneal lipomas have 
also been recorded in calves. The compara¬ 
tive aspects of tumors in calves have been 
described. 

Pigs 

The literature on congenital and hereditary 
tumors in piglets has been reviewed. Spindle¬ 
cell sarcoma, malignant melanoma, and pap¬ 
illomatosis are common congenital tumors of 
the skin of piglets. Congenital cutaneous 
papillomatosis of the head and neck of a 
newborn piglet has been described on a pig- 
breeding farm where sporadic cutaneous 
papillomatosis of the prepuce and scrotum 
had previously occurred in several boars. 

Foals 

Congenital tumors in foals are rare. Congeni¬ 
tal skin tumors are of the papillomatous, 
vascular, and melanocytic types. The vascular 
tumors are capillary hemangiomas, cavern¬ 
ous hemangiomas, and hemangiosarcomas. 
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Congenital and Inherited 
Defects of the Skin 

Examples of common inherited skin defects 

that are present at birth are as follows: 

• Inherited parakeratosis (lethal trait 
A46, adema disease, inherited 
nutritional zinc deficiency) occurs in 
cattle. 

• Dermatosis vegetans of Landrace breed 
pigs is a hereditary skin disease 
characterized by well-demarcated, 
raised, roughened skin lesions; enlarged, 
ridged, discolored hooves; and 
characteristic giant-cell pneumonia. 

• Inherited congenital ichthyosis 
(fish-scale disease) of calves is 
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characterized by diffuse cutaneous 
hyperkeratosis, giving the skin an 
appearance of fish scale. Two forms, the 
more severe and lethal ichthyosis fetalis 
(bovine harlequin fetus) and the milder 
ichthyosis congenitalis, are recognized. 1 

• Inherited hypotrichoses and alopecias 
have been described in numerous cattle 
breeds. Inherited hypotrichosis is often 
associated with other congenital defects, 
such as dental anomalies, absent horn 
development, abnormal coat coloration, 
and others. 

• Epitheliogenesis imperfecta, a rare 
congenital defect reported in calves, 
pigs, lambs, and foals, is characterized 
by a discontinuity of the squamous 
epithelium. There are sharply 
demarcated areas in which there is 
absence of epidermis. The condition is 
inherited as a single autosomal-recessive 
trait and is fatal if skin lesions are 
extensive. 

• Epitheliogenesis imperfect (aplasia 
cutis) occurs in piglets as a result of 
ingestion of Fusarium spp. toxin. 

• Epidermolysis bullosa syndrome is 
observed in calves, lambs, and foals 
(especially the Belgian breed) and is 
characterized by separation of the 
dermal-epidermal junction beneath the 
basal epithelium. Lesions involve the 
skin, mucocutaneous junctions, and oral 
mucosa. The defect is present at birth, 
but it may be several months before the 
disease is clinically apparent. 

• Hereditary equine regional dermal 
asthenia (hyperelastosis cutis) is an 
inherited connective tissue disorder 
primarily seen in Quarter horses. The 
condition is characterized by sharply 
demarcated areas of loose skin, which is 
hyperfragile, tears easily, and exhibits 
impaired healing. The underlying cause 
is a faulty collagen fiber production. 

• Congenital dyserythropoiesis and 
dyskeratosis of Polled Hereford calves is 
a congenital syndrome of alopecia and 
anemia. The condition is characterized 
by nonregenerative anemia that is 
accompanied by progressively worsening 
cutaneous lesions in the form of 
generalized alopecia and hyperkeratotic 
dermatitis. 

• Hair-coat-color-linked follicular 
dysplasia 

• Familial acantholysis in New Zealand 
Angus calves is characterized by 
defective cell-to-cell adhesion in the 
epidermis. The skin is normal at birth, 
but erosions and crusts develop on 
exposed skin. Partial separation of the 
hooves and skin shedding over the 
carpus may occur. 

• Cutaneous asthenia, dermatosparaxis, 
and the Ehlers-Danlos syndrome are 
reported in cattle sheep, pigs, and horses 
and are characterized by faulty collagen 


production. Skin is fragile and 
hyperextensible from birth on, with 
disturbed wound healing. 

• Nevus is an irregularly shaped, 
cutaneous defect, present at birth and 
originally covered with hair, but 
subsequently hairless. Depending on 
which cells are involved, a nevus is 
referred to as vascular, epidermal, 
connective tissue, or melanotic nevus. 
Individual lesions are 3 to 4 cm in 
diameter, bright pink, ulcerated, and 
inflamed. Vascular nevi consist of 
densely packed convoluted blood vessels, 
which bleed easily. Most lesions are on 
the lower limbs, especially at the coronet. 

• Dermoid cysts are cystic structures 
occasionally observed in horses and 
other species containing hair, exfoliated 
skin, and glandular debris. Dermoid 
cysts are present at birth but may 
become apparent later in life as they 
grow in size. 

• Inherited epidermal dysplasia (baldy 
calf syndrome) of Holstein-Friesian 
calves is an autosomal-recessive 
inherited lethal condition. Calves appear 
normal at birth but progressively loose 
hair and condition; they have elongated 
and narrow hooves and scaly skin. 
Secondary skin ulceration and failure of 
horn development occur. 2 
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INHERITED ALBINISM 

Albinism is a congenital lack of melanin 
pigment in the skin, hair, and other nor¬ 
mally pigmented structures such as the uveal 
tract. Albinism is classified as generalized or 
localized and as complete, partial, or incom¬ 
plete. The affected skin in albinism is 
characterized microscopically as melanope- 
nic rather than melanocytopenic, which dis¬ 
tinguishes partial albinism from piebaldism. 
Most of the normal, inherited white mark¬ 
ings that occur on horses are localized forms 
of piebaldism. Generalized and complete 
albino animals (oculocutaneous albinism) 
have white hair, white skin, and pink irides, 
and they usually exhibit photophobia. Gen¬ 
eralized albinism in the horse is inherited as 
an autosomal-dominant trait that is only 
viable in the heterozygous states. These 
horses have incomplete albinism because 
there is some coloration to the iris. 

DISORDERS OF COAT COLOR, 
PSEUDOALBINISM, AND 
LETHAL WHITES 

There are a number of forms of pseudoalbi¬ 
nism and disorders of coat color in domestic 
animals that involve congenital systemic 
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disease. 15 There is a nonlethal form in cattle 
and a lethal dominant form in horses in 
which 25% of conceptions produced by 
mating dominant white horses die in utero 
in early gestation. The only pigment in the 
affected foals is in the eyes. 

The disease in cattle occurs in Angus, 
Brown Swiss, Holstein, and Hereford cattle. 
The Angus cattle have a brown coat and two- 
tone irises with an outer pale brown ring and 
an inner blue one. There appears to be no 
defect in digestion or metabolism. Hereford 
incomplete albinos have the Chediak- 
Higashi syndrome. The other breeds do not 
appear to have defects other than in pigmen¬ 
tation, and the defect in Angus is probably 
more accurately called “oculocutaneous 
hypopigmentation.” They do have one 
problem; they are photophobic and prefer to 
be out of the sun. 

A complete albinism in Icelandic sheep is 
manifested by white skin color, pink eyes, 
and impaired vision in bright light. It is an 
autosomal recessive. Albinism occurs in 
Karakul sheep. White lambs of an inbred 
flock of the Cameroon breed born with light 
blue eyes died within hours to days of birth, 
with signs of intestinal obstruction. Affected 
lambs had deletion of both copies of the gene 
for endothelin type-B receptor and deletion 
of a single copy of the gene in the phenotypi- 
cally normal dams and several other unaf¬ 
fected sheep from the same flock. 6,7 

True albino horses rarely if ever occur in 
nature, but white horses with pigmented eyes 
do. They are more accurately called pseudo¬ 
albinos. See “Lethal White” for discussion of 
colonic aganglionosis caused by a mutation 
in the endothelin type-B receptor gene in 
overo white Paint horses. 5 
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INHERITED SYMMETRIC 
ALOPECIA 

Inherited symmetric alopecia is an inherited 
skin defect of cattle in which animals born 
with a normal hair coat lose hair from areas 
distributed symmetrically over the body. It 
has been observed in Holstein cattle as a rare 
disease, but its appearance among valuable 
purebred cattle has economic importance. It 
appears to be inherited as a single autoso¬ 
mal-recessive character. Loss of hair com¬ 
mences at 6 weeks to 6 months of age. The 
alopecia is symmetric and commences on 
the head, neck, back, and hindquarters, and 
progresses to the root of the tail, down the 
legs, and over the forelimbs. Affected skin 
areas become completely bald. Pigmented 
and unpigmented skin is equally affected; 


there is no irritation, and the animals are 
normal in other respects. Failure of hair 
fibers to develop in apparently normal folli¬ 
cles can be detected by skin biopsy. 

INHERITED CONGENITAL 
HYPOTRICHOSIS 

In inherited congenital hypotrichosis there is 
partial or complete absence of the hair coat 
with or without other defects of develop¬ 
ment. The main importance of the disease 
is in cattle, in which there are six syndromes, 
but it is also inherited in pigs, in which it is 
associated with low birth weight, weakness, 
and high mortality, and in Poll Dorset sheep, 
in which the face, ears, and lower legs are 
bald; there are no eyelashes; and the patient 
lacrimates excessively. The skin is thick, 
wrinkled, greasy, scaly, and erythematous. 
Hair fibers are completely absent from the 
follicles, but wool fibers and follicles are 
normal. 

Viable Hypotrichosis 

Viable hypotrichosis is recorded in North 
America in Guernsey and Jersey cattle. 
Calves are viable provided they are sheltered. 
They grow normally but are unable to with¬ 
stand exposure to cold weather or hot sun. 
In most instances hair is completely absent 
from most of the body at birth, but eyelashes 
are present in addition to tactile hair around 
the feet and head. Occasionally hair may be 
present in varying amounts at birth but is 
lost soon afterward. There is no defect of 
horn or hoof growth. The skin is normal but 
has a shiny, tanned appearance and on sec¬ 
tions no hair follicles are present in the skin. 
The condition is inherited as a single reces¬ 
sive character. 

Congenital hypotrichosis has been 
reported in a Perheron draught horse. At 
birth there were circumscribed patchy areas 
of alopecia that was progressive, becoming 
almost complete by 1 year of age. Skin biopsy 
at 7 months of age revealed severe follicular 
hypoplasia, and the animal was still alive at 
6 years of age. 

Nonviable Hypotrichosis 

Nonviable hypotrichosis is a complete hypo¬ 
trichosis in which the thyroid is abnormally 
small and hypofunctional and the calves die 
shortly after birth. 

Congenital Hypotrichosis and 
Anodontia (Anhidrotic 
Ectodermal Dysplasia) 

Congenital X-linked hypotrichosis with 
missing teeth in bull calves is characterized 
by abnormal morphogenesis of the teeth, 
hair follicles, and eccrine sweat glands. 1 ' 
The disease has also been recognized in a 
cross-bred calf in Canada.' Two different 
forms can be distinguished according to the 
severity of the tooth defects: (1) congenital 
hypotrichosis with complete or almost 
complete anodontia, and (2) congenital 


hypotrichosis with completely missing inci¬ 
sors or defective incisors. Impaired body 
condition and growth of the affected animals 
result from missing teeth. In addition, 
animals with sparse hair are more susceptible 
to cold and more prone to skin lesions. 

The phenotype and inheritance of hypo¬ 
trichosis with nearly complete anodontia has 
been recorded in pedigreed Canadian and 
German Holstein calves. The phenotype is 
inherited as a monogenic X-linked recessive 
trait. An RT-PCR assay was used to identify 
the causative large genomic deletion in 
the bovine EDA gene. The bovine EDA 
gene encodes ectodysplasin A, a membrane 
protein expressed in keratinocytes, hair fol¬ 
licles, and sweat glands, which is involved in 
the interactions between cell and cell and/or 
cell and matrix. 1 A single-nucleotide poly¬ 
morphism (SNP) at the 9(th) base of exon 8 
in the EDA gene is located in the exonic 
splicing enhancers (ESEs) recognized by 
SRp40 protein. Consequently, the spliceo- 
some machinery is no longer able to recog¬ 
nize the sequence as exonic and causes exon 
skipping. 1 The mutation determines the dele¬ 
tion of the entire exon (131 bp) in the RNA 
processing, causing a severe alteration of the 
protein structure and thus the disease. Anal¬ 
ysis of the SNP allows the identification of 
carriers that can transmit the disease to the 
offspring. 1 
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Streaked Hairlessness 

A sex-linked semidominant gene causes 
development of a streaked hairlessness in 
which irregular narrow streaks of hypotri¬ 
chosis occur in female Holsteins. 

Partial Hypotrichosis 

Partial hypotrichosis has been recorded in 
polled and horned Hereford cattle. At birth 
there is a fine coat of short, curly hair that 
later is added to by the appearance of some 
very coarse, wiry hair. The calves survive but 
do not grow well. It is inherited as a simple 
recessive character. The disease in Poll Her- 
efords results in the same short curly coat, 
but there is also a deficiency of hair in the 
switch and over the poll, brisket, neck, and 
legs in some cattle. Some have a much lighter 
hair-coat color. Histologically, there is a 
characteristic accumulation of large tricho- 
hyalin granules in the hair follicles. 

Hypotrichosis and Coat-Color 
Dilution—"Rat-Tail Syndrome" 
in Calves 

The abnormality is characterized by short, 
curly, malformed, sometimes sparse hair and 
lack of normal tail-switch development. 
Coat-color dilution and hypotrichosis occur 







when red animals, particularly of the Sim- 
mental breed and carrying the mutation 
responsible, are crossed with black or black- 
pied cattle. 1 Inherited as a dominant trait, 
50% of progeny of such matings have black 
diluted to a charcoal- or chocolate-colored 
coat and variable degrees of hypotrichosis. 
This condition also occurs in offspring of 
Hereford-Friesian crosses and is evident as 
dilution of the dark coat color and hypotri¬ 
chosis affecting particularly the tail switch 
when the hair of the tail is colored (hence 
“rat tail”). White hair is not affected. 

The abnormality is in the premelanosome 
protein 17 gene (PMell7), and affected 
animals are heterozygous. Cattle that express 
the syndrome must have at least one domi¬ 
nant gene for black color and be heterozy¬ 
gous at the other locus. 

A study of the inheritance of the abnor¬ 
mality found that all rat-tail calves were sired 
by Simmental bulls and were from cows 
with various percentages of Angus breed¬ 
ing. The abnormality had no effect on 
birth weight, weaning weight, or gain 
from birth to weaning. However, rat-tail 
calves had significantly lower rates of gain 
during the winter months from weaning 
to yearling than non-rat-tail calves. His¬ 
tologically, there are enlarged, irregularly 
distributed, and clumped melanin granules 
in the hair shafts, which are asymmetric, 
short, curled, and small. The scale surface is 
rough and pitted, and scale fails to form in 
some areas. 
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INHERITED HAIR-COAT-COLOR- 
LINKED FOLLICLE DYSPLASIA 

Some “buckskin”-colored follicular dyspla¬ 
sia occurs in so-called “Portuguese” Holstein 
cattle, a grade variant of Red Holsteins with 
a tan color instead of the red. This defect 
consists of a coat-color-linked hair follicle 
dysplasia, in which the colored hairs are 
shorter and less lustrous than the white hair, 
making the coat much finer and smoother. 
Test matings seem to confirm an autosomal- 
dominant inheritance. 

A black-hair-colored follicular dyspla¬ 
sia is also recorded in Holstein cattle. Patches 
of hair loss varying from hypotrichosis to 
complete alopecia occur in a random fashion 
but only on black areas. Follicular dysplasia 
is evident in biopsy samples. The abnormal¬ 
ity persists for the life of the animal and is of 
cosmetic importance only. An inherited eti¬ 
ology is assumed. 

A follicular dysplasia in a mature 
Brangus-cross cow and a mature Angus 
cow has been described. Adult-onset alope¬ 
cia occurred, and skin biopsy revealed fol¬ 
licular distortion and atrophy, with melanin 
clumping in follicular epithelium, hair bulb 
matrix cells, hair shafts, and infundibular 
keratin. 
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INHERITED BIRTHCOAT 
RETENTION 

Inherited birthcoat retention is recorded 
in Merino and Welsh mountain sheep and 
characterized by a coat of hairy medul- 
lated fibers in contrast with the nonmed- 
ullated wool fibers of the normal sheep 
fleece. 

INHERITED LEUKODERMA 

The Arab fading syndrome commences 
in young horses, in particular families 
of Arab horses, as round, unpigmented 
patches of skin around the lips, eyes, 
perineum, and preputial orifice. Some cases 
recover spontaneously, but the blemish is 
usually permanent. 

INHERITED EPIDERMAL 
DYSPLASIA (BALDY CALVES) 

This is a lethal defect of Holstein-Friesian 
calves inherited as an autosomal-recessive 
character. The calves, most commonly 
heifers, are normal at birth but at 1 to 2 
months of age begin to lose condition in 
spite of good appetites. The skin over most 
of the body is slightly thickened, scaly, and 
relatively hairless. There are also patches of 
scaly, thickened, and folded skin, especially 
over the neck and shoulders, and hairless, 
scaly, and often raw areas in the axillae and 
flanks and over the knees, hocks, and elbow 
joints. The skin over the joints is immov¬ 
able. There is usually alopecia around the 
base of the ears and eyes. The tips of the 
ears are curled backward. The horns fail to 
develop, and there is persistent slobbering, 
although there are no mouth lesions. The 
hooves are long, narrow, and pointed 
because of gross overgrowth of the walls; 
these and stiffness of joints cause a shuf¬ 
fling, restricted gait. Calves assume a 
recumbent posture most of the time. Severe 
emaciation leads to destruction at about 6 
months of age. 

Histologic changes in the skin include 
acanthosis, hyperkeratosis, and patchy 
neutrophil invasion. The similarity of this 
condition to inherited parakeratosis and to 
experimental zinc deficiency suggests an 
error in zinc metabolism, but treatment with 
zinc had no effect on the course of the 
disease. 

INHERITED PARAKERATOSIS OF 
CALVES (LETHAL TRAIT A46, 
ADEMA DISEASE) 

See “Inherited deficiency of lymphocyte 
maturation in Chapter 11.” 

INHERITED 

DYSERYTHROPOIESIS- 

DYSKERATOSIS 

See “Inherited Blood Diseases.” 


INHERITED CONGENITAL 
ABSENCE OF THE SKIN 

Epitheliogenesis Imperfecta 
(Aplasia Cutis) 

Absence of mucous membrane or, more 
commonly, absence of skin over an area of 
the body surface has been recorded at birth 
in pigs, calves, lambs, and foals. There is 
complete absence of all layers of the skin in 
patches of varying size and distribution. In 
cattle the defect is usually on the lower parts 
of the limbs and sometimes on the muzzle 
and extending onto the buccal mucosa. The 
disease is best known in Holstein-Friesians, 
but is also recorded in Japanese Black, Short¬ 
horn, Sahiwal, and Angus cattle. In pigs the 
skinless areas are seen on the flanks, sides, 
back, and other parts of the body, and these 
areas develop into ulcers and are often 
secondarily infected, necessitating casualty 
slaughter. 1 The defect is usually incompatible 
with life, and most affected animals die 
within a few days. Inheritance of the defect 
in cattle is conditioned by a single auto¬ 
somal-recessive gene, and pigs are thought to 
have the same genetic cause. Tissue-cultured 
fibroblasts from affected animals produce 
subnormal amounts of collagen and lipids. 
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Familial Acantholysis 

Suspected of being an inherited disease, 
familial acantholysis in Angus calves is char¬ 
acterized by defective collagen bridges in the 
basal and prickle layers of the epidermis so 
that skin, normal at birth, is subsequently 
shed at the carpal and metacarpophalangeal 
joints and coronet, and there is separation of 
the horn at the coronet. 

Epidermolysis Bullosa 

Epidermolysis bullosa is a congenital disease 
of Suffolk and South Dorset Down sheep and 
Simmental and Brangus calves and is char¬ 
acterized by the formation of epidermal 
bullae in the mouth and on exposed areas of 
skin, such as the extremities of the limbs, 
muzzle, and ears, leading to shedding of the 
covering surface and separation of the horn 
from the coronet. Lesions may be present at 
birth. Simmental calves grow poorly, have 
hypotrichosis, and suffer repeated breaks in 
the skin, apparently as a result of an abnor¬ 
mal susceptibility to trauma. Most calves die, 
but some survive and the lesions subside. In 
Simmentals the disease is inherited as an 
autosomal-dominant trait. The disease in 
Brangus calves is very similar to familial 
acantholysis in Angus cattle. 

The severe form of Herlitz junctional epi¬ 
dermolysis bullosa, which occurs in humans, 
has been recorded in foals of the French draft 
horse breeds. A mutation in the LAMC2 gene 
is responsible for the defect. Affected foals 
were born with skin blistering and skin and 
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buccal ulceration, followed by loss of hooves. 
In the affected skin, there was disjunction of 
the epidermis from the underlying dermis at 
the dermal-epidermal junction. Genomic 
DNA testing is used to determine the pres¬ 
ence of the mutation in carrier animals. 

Junctional Epidermolysis Bullosa 
(Hereditary Junctional 
Mechanobullous Disease) 

Junctional epidermolysis bullosa (JEB) is 
inherited in Belgian foals; Danish Hereford, 
Belgian Blue, Charolais, Angus, and Sim- 
mental calves; and Suffolk, Churra, and 
South Dorset Down lambs. 14 The disease is 
inherited in an autosomal-recessive pattern. 

JEB in horses is an autosomal-recessive 
trait affecting Belgians, other draft breeds, 
and American Saddlebred horses. 5 ' 6 The het¬ 
erozygous haplotype is common in draft 
breeds, with 17% of Belgian horses being car¬ 
riers in North America and 8% to 27% of 
horses of the Breton, Comtois, Vlaams Paard, 
and Belgische Koudbloed Flander draft 
horse breeds being carriers in Europe. 

The genetic defect responsible for JEB in 
the Belgian and European draft breeds is a 
cytosine insertion (1368insC) creating a pre¬ 
mature stop codon in the Lamc2 gene, which 
encodes the laminin J2 subunit chain. The 
truncated laminin y2 subunit chains lacks 
the C-terminal domain so it cannot interact 
with the other two subunits, thereby prevent¬ 
ing the formation of laminin 5. The defect in 
Belgian Blue cattle is in the LAMA3 gene, 
which encodes the alpha 3 subunit of the 
heterotrimeric laminin-332. 4 Laminin is 
widely distributed in the basement mem¬ 
brane of epithelial tissues, and lack of this 
family of proteins results in loss of cell adhe¬ 
sion between the dermis and epidermis. 4 The 
disease in Charolais calves is a result of a 
mutation in the integrin beta 4 gene (as for 
the disease in humans) and loss of function 
of this protein. 2 The disease in Hereford 
cattle is a result of a mutation in the LAMC2 
gene, encoding for laminin gamma 2 protein, 
which results in loss of function of the gene 
and lack of laminin gamma 2 protein. 3 

Foals are typically born alive, but irre¬ 
gular, reddened erosions and ulcerations 
develop in the skin and mouth over pressure 
points or after mild trauma. There are often 
extensive erosions along the coronary bands, 
with sloughing of hooves, and at mucocuta¬ 
neous junctions of the mouth, rectum, and 
vulva. Dystrophic teeth that are visible at 
birth are white with irregular serrated edges 
and pitted enamel. Definitive diagnosis in 
draft horses requires DNA testing for JEB. 

There is no treatment for affected foals, 
lambs, or calves, and they will eventually 
succumb to secondary infections or com¬ 
plete sloughing of the hooves. 

Red Foot Disease of Sheep 

Red foot disease of sheep is similar to junc¬ 
tional epidermolysis bullosa and occurs in 


Scottish Blackface and Welsh mountain 
sheep. The lesions are not present at birth but 
become apparent at 2 to 4 days of age when 
there is sloughing of skin of the limbs, the 
accessory digits, the ear pinna, and the epi¬ 
dermal layers of the cornea and buccal 
mucosa, especially the dorsum of the tongue. 
There is also an absence of head horn and a 
separation of hoof horn from the coronet. 
Pieces of horn become completely detached, 
exposing the red corium below, hence the 
term “red foot.” The cutaneous and mucosal 
lesions often commence as blood-filled or 
fluid-filled blisters. The corneal lesions are 
similarly the result of sloughing of epidermal 
layers. Although the cause is unknown, there 
are indications that it is inherited. 
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INHERITED 

HYPERBILIRUBINEMIA AND 
PHOTOSENSITIZATION 

An inherited photosensitization with hyper¬ 
bilirubinemia has been observed in South- 
down sheep in New Zealand and the United 
States, and in Corriedales in California. It is 
inherited as an autosomal-recessive trait. 

Liver insufficiency is present, but the liver 
is histologically normal. Phylloerythrin and 
bilirubin excretion by the liver is impeded, 
and the accumulation of phylloerythrin in 
the bloodstream causes the photosensitiza¬ 
tion. There is also a significant deficiency in 
renal function. Symptomatic treatment of 
photosensitization and confining the animals 
indoors may enable the lambs to fatten to 
market weight. The persistent hyperbilirubi¬ 
nemia is accompanied by an inability of the 
kidneys of these sheep to concentrate urine 
and the eventual death of the sheep from 
renal insufficiency. 

Affected sheep live for several years if 
they are protected from sunlight and tend to 
die of renal failure associated with progres¬ 
sive fibrosis of the kidney. 

A similar disease in Corriedale sheep in 
California is inherited as an autosomal-reces¬ 
sive trait. The functional defect is not in the 
uptake of unconjugated bilirubin and phyllo¬ 
erythrin, but rather its excretion from liver 
into bile. It affects lambs as they begin to eat 
pasture. Lambslive until6monthsof age ifpro- 
vided with some shade. There is also marked 
melanin- like pigmentation of the liver. 

These two diseases are examples of the 
involvement of external environmental 


disease factors with a genetic disease: a diet 
of green forage (chlorophyll) and sunlight 
working in concert with the inborn error of 
metabolism to induce photosensitization. 

INHERITED CONGENITAL 
ICHTHYOSIS (FISH-SCALE 
DISEASES) 

Congenital ichthyosis is a disease character¬ 
ized by alopecia and the presence of plates of 
horny epidermis covering the entire skin 
surface. It has been recorded only in Holstein 
and Norwegian Red Poll and probably in 
Brown Swiss calves among the domestic 
animals, although it occurs also in humans. 

The newborn calf appears to be either 
partly or completely hairless, and the skin is 
covered with thick, horny scales separated by 
fissures that follow the wrinkle lines of the 
skin. These may penetrate deeply and become 
ulcerated. There are plenty of normal hair fol¬ 
licles and normal hairs, but these are lost in 
the areas covered by the growth of scales. A 
skin biopsy section will show a thick, tightly 
adherent layer of keratinized cells. The disease 
is incurable, and although it may be compat¬ 
ible with life, most affected animals are dis¬ 
posed of for esthetic reasons. The defect has 
been shown to be hereditary and to result 
from the influence of a single recessive gene. 

INHERITED DERMATOSIS 
VEGETANS OF PIGS 

Inherited dermatosis vegetans of pigs appears 
to be conditioned by the inheritance of a 
recessive, semilethal factor. Affected pigs may 
show defects at birth but in most instances 
lesions appear after birth and up to 3weeks 
of age. The lesions occur at the coronets and 
on the skin. Those on the coronets consist 
of erythema and edema with a thickened, 
brittle, uneven hoof wall. Lesions on the belly 
and inner surface of the thigh commence as 
areas of erythema and become wart-like and 
covered with gray-brown crusts. 

Many affected pigs die, but some appear 
to recover completely. Many of the deaths 
appear to be a result of the giant-cell pneu¬ 
monitis that is an essential part of the disease. 
The pathology of the disease indicates that it 
is the result of a genetic defect that selectively 
affects mesodermal tissue. It is known to 
have originated in the Danish Landrace 
breed. 

DERMATOSPARAXIS 
(HYPERELASTOSIS CUTIS) 

Dermatosparaxis is an extraordinary fragil¬ 
ity of skin and connective tissue in general, 
with or without edema. It is probably inher¬ 
ited as a recessive character. It occurs in 
cattle, in horses (see “Hereditary Equine 
Regional Dermal Asthenia”), in Finnish and 
White Dorper sheep, and in a mild form in 
Merino sheep. The latter is inherited as a 
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simple autosomal-recessive trait. The skin is 
hyperelastic, as are the articular ligaments; 
marked cutaneous fragility, delayed healing 
of skin wounds, and the development of 
papyraceous scars are also characteristic. 
Pieces of skin may be ripped off when 
affected sheep are being handled. In horses 
the skin in some parts of the body is thinner 
than elsewhere (e.g., the skin of the ventral 
abdomen) and the collagen bundles in the 
area are more loosely packed and are curved 
rather than straight. The proportion of acid- 
soluble collagen is also much higher in this 
abnormal skin. The disease involves a molec¬ 
ular defect of a collagen-binding protein and 
is related to a recognized problem in dogs 
and cats identified as “dominant collagen 
packing defect.” 

Hereditary equine regional dermal asthe¬ 
nia is discussed under that heading in the 
following section. 1 Ehlers-Danlos syndrome, 
recorded in Charolais and Simmental cattle, 
Quarter horses (cyclophilin-B gene indepen¬ 
dent), 2 Warmblood foals (cyclophilin-B gene 
independent), 3,4 and Rippolesa sheep, is also 
characterized by extreme fragility of the skin 
and laxness of joints in the newborn. There 
is a defect in collagen synthesis, and histo- 
pathological findings include fragmentation 
and disorganization of collagen fibers. The 
disease in Warmblood foals is well recog¬ 
nized and is caused by a defect in the equine 
procollagen-lysine, 2-oxoglutarate 5-dioxy- 
genase 1 (PLOD1, or lysyl hydroxylase 1) 
gene. 5 Affected foals born at term have thin 
and friable skin, skin lesions on the legs and 
the head, and an open abdomen.' 1 Histologic 
examination reveals abnormally thin dermis 
and markedly reduced amounts of dermal 
collagen bundles, with loose orientation 
and abnormally large spaces between deep 
dermal fibers. A genetic test is available and 
should be considered for Warmblood mares 
that abort, have stillborn foals, or have foals 
with characteristic lesions. 5 A case of dermal 
asthenia reported in a Warmblood in Austra¬ 
lia was in a 6-week-old foal. Confirmatory 
genetic testing was not undertaken. 3 

The syndrome has also been recorded in 
lambs. The skin was loose and present in 
excessive amounts, with folds over the carpal 
joints and lower regions of the legs. In some 
lambs, there may be separation of the epider¬ 
mis from the dermis with blood-filled cavita¬ 
tions and intact skin that can be easily torn. 
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INHERITED MELANOMA 

Inherited cutaneous malignant melanoma is 
found in National Institute for Health (NIH 


miniature) and Sinclair miniature swine. 
Its expression is associated with two genetic 
loci, one of which is associated with the 
swine major histocompatibility complex. 
Familial melanomas have also been recorded 
in members of successive litters from an 
individual Duroc x Slovak White sow. 

INHERITED HYPERHIDROSIS 

Inherited hyperhidrosis, a condition charac¬ 
terized by excessive sweating and thought to 
be inherited, is recorded in beef Shorthorn 
calves. The syndrome includes conjunctivi¬ 
tis, with some cases progressing to complete 
opacity of the cornea, heavy dandruff, and 
persistent wetness of the hair coat. 

LAVENDER FOAL SYNDROME 

Lavender foal syndrome is a congenital, 
inherited, autosomal-recessive disease of 
Egyptian Arab foals characterized by an 
unusual dilute coat color and signs of neuro¬ 
logic disease evident at birth. Additional 
details provided in Chapter 14 (“Diseases of 
the Nervous System”). 

HEREDITARY EQUINE REGIONAL 
DERMAL ASTHENIA 
(HYPERELASTOSIS CUTIS) 

Hereditary equine regional dermal asthenia 
(HERDA) is a degenerative skin disease 
caused by an autosomal-recessive trait of 
Quarter horses and related breeds attribut¬ 
able to a mutation in Equus caballus chromo¬ 
some 1 (ECA1). 1 The abnormality is a 
c. 115G>A mutation in the peptidyl-propyl 
isomerase cis-trans B (PPIB) gene. 2 Resultant 
abnormalities in cyclophilin B cause a two- 
to threefold reduction in the tensile strength 
and elastic modulus of skin of affected 
horses. 3 4 The allele frequency in 651 elite 
performance American Quarter horses, 200 
control (nonelite) American Quarter horses, 
and 180 control American Paint horses was 
0.021, with cutting horses having a frequency 
of 0.142 and 28% of cutting horses being 
carriers. 5 The frequency of carriers is esti¬ 
mated to be 3.5% of Quarter horses in the 
United States and 1.6% in France. 1,6 Allele 
frequency is estimated at 2.9%, and carrier 
frequency at 5.8%, in American Quarter 
horses in Brazil. 2 A similar inherited disease 
of Warmbloods is reported, although the 
genetic basis has not been determined." 8 The 
disease can occur in Quarter horses without 
the PPIB mutation. 9 

Clinical signs typically appear at 1 to 2 
years of age, at about the time of breaking for 
riding, and are evident as open wounds, 
sloughing of skin, hematomas, and seromas. 
Clinical signs can develop in foals. The skin 
of affected animals is “stretchy” and remains 
deformed for considerable periods of time 
when stretched. The lesions are most severe 
over the dorsum, although the mechanical 


abnormalities are present at all sites. 4 Horses 
with HERDA have a greater incidence of 
corneal ulcers than do unaffected horses. 10 
The cornea of horses with HERDA is thinner 
than that of normal horses. 10 

Diagnosis is based on clinical signs, histo¬ 
logic examination of skin, and genetic testing. 
Histologic examination of skin of animals 
before the development of clinical signs is not 
conclusive in detecting the disease, although 
affected horses have thinner skin, on 
histologic examination, than do unaffected 
horses. 11 ' 12 Measurement of skin thickness 
has sensitivity of 73% to 88% and specificity 
of 35% to 75%. 12 Skin thickness is not region¬ 
ally distributed in affected horses. The genetic 
test is definitive. 

There is no definitive treatment. Affected 
mares can carry foals to term and deliver 
safely. 11 Control involves the selective breed¬ 
ing of unaffected animals and those not car¬ 
rying the disease, bearing in mind that it is 
an autosomal-recessive disease. However, 
the high prevalence of the disease in some 
uses of horses (cutting horses) suggests selec¬ 
tion for the trait, perhaps because it is closely 
associated with a desired phenotype. 
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DERMATOSIS VEGETANS 

Dermatosis vegetans is a rare condition of 
pigs first described in 1967 and originating 
in the Swedish Landrace import to the 
United Kingdom. It is governed by a semile- 
thal factor with autosomal-recessive inheri¬ 
tance. Often only two to three pigs per litter 
are affected. Pigs will often first show a 
decline in growth and then die after 7 to 8 
weeks, but some occasionally recover. It is 
seen as three clinical conditions: 

• There is an erythematous maculopapular 
dermatitis often present at birth or 
around 2 to 3 weeks of age. Lesions are 
found on the abdomen or inside of the 
thighs and may spread and pass through 
a Pityriasis-like phase. After 5 to 8 
weeks the lesions become thickened and 
covered with crusts. 

• The second group of lesions, usually 
present at birth, occur in the form of 
“clubfeet,” with swelling and erythema 
and defective horn on the walls, sole, 
and bulb of the foot. 
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• The third major clinical condition is 
respiratory dysfunction, which is caused 
by a giant-cell pneumonitis. It is 
characteristic of the condition in pigs 
older than 1 week of age. There are 
granules present throughout the lung, 
and these heal by fibrosis. The 
differential diagnoses include pityriasis 
rosea, chronic exudative dermatitis, and 
vitamin deficiencies. 

There is no treatment, and control is 
through culling of breeding stock that have 
been affected. 
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PUSTULAR PSORIAFORM 
DERMATITIS (PITYRIASIS 
ROSEA) 

The condition of pityriasis rosea in humans 
is not like the condition in pigs; thus, pustu¬ 
lar psoriaform dermatitis (PPD) is a much 
better term for what is in fact a ring or rings 
of keratinized cells that are erythematous 
initially and raised surrounding a central 
crater. The condition occurs in young pigs, 3 
to 14 weeks of age, is self-limiting, and is 
usually gone by 4 to 6 weeks following 
appearance. 

The etiology is thought to be an 
autosomal-dominant gene with incomplete 
penetrance. It is definitely familial and may 
be more common in Landrace. 

Clinically, there is a superficial accumula¬ 
tion of scales in a dry, lusterless coat. 

Pityriasis scales are accumulations of 
keratinized epithelial cells, sometimes soft¬ 
ened and made greasy by the exudation of 
serum or sebum. Overproduction, when it 
occurs, begins around the orifices of the hair 
follicles and spreads to the surrounding 
stratum corneum. The lesions are not itchy. 

Diagnosis is based on age, clinical appear¬ 
ance, lack of itching and failure to demon¬ 
strate mites or ringworm on skin scrapings. 
Skin biopsy also helps in that there is an epi¬ 
dermal hyperplasia and superficial perivas¬ 
cular dermatitis. 

Pityriasis is identified by the absence of 
parasites and fungi on skin scrapings. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis of excessive bran-like 
scales on the skin, characterized by 
overproduction of keratinized epithelial cells, 
can be caused by deficiency of B vitamins, 
especially riboflavin and nicotinic acid, or 
linoleic acid and possibly other essential fatty 
acids, and poisoning by iodine. It can also be 
secondary to flea, louse, and mange 
infestations and ringworm infections. Also, 
hyperkeratosis and parakeratosis conditions 
should be considered. 


TREATMENT 

Treatment does not appear to have any 
effect, and self-cure is the norm. If there is 
secondary infection under conditions of 
bad hygiene, supportive therapy may help. 
Culling of the breeding stock producing the 
affected stock is advisable. 


Eye and Conjunctival 
Diseases 

CONJUNCTIVITIS AND 
KERATOCONJUNCTIVITIS 

Conjunctivitis refers to inflammation of the 
covering membrane of the eye, including 
the orbit and the inner surface of the eyelids. 
The inflammation commonly extends to 
layers below the conjunctiva, referred to as 
keratoconjunctivitis. 

ETIOLOGY 

Causes of inflammation of the conjunctiva 
can be various and include bacterial, viral, 
parasitic, or mycotic infections; allergic and 
immune reactions; conjunctival foreign 
bodies; and trauma. 

Specific Conjunctivitis 
Cattle 

• Infectious bovine keratoconjunctivitis 
(IBK, pinkeye) a common and highly 
contagious form of keratoconjunctivitis 
that is associated with Moraxella bovis 
(see also “Infectious Bovine 
Keratoconjunctivitis”) 

• Listerial keratoconjunctivitis and 
uveitis (silage eye) is associated with 
Listeria monocytogenes 1 (see also 
“Listerial Keratoconjunctivitis”) 

• Ulcerative blepharitis and 
conjunctivitis associated with Moraxella 
bovoculi in cattle 2,3 

Sheep and Goats 

• Infectious keratoconjunctivitis 
(pinkeye) of sheep and goats associated 
with Mycoplasma conjunctivae and 
Chlamydia psittaci. 

Pigs 

• Chlamydial-associated conjunctivitis 
in pigs associated with Chlamydia 

spp 4 

Horses 

• Eosinophilic keratoconjunctivitis of 
unknown etiology 5 

• Conjunctival habronemiasis caused 
by larval invasion of Habronema 
spp. 

• Ocular onchocerciasis associated with 
microfilaria of Omcocerca spp. The 
causative association between these 
microfilaria and equine ocular disease is 
under debate. 


• Fungal keratomycosis in foals and adult 
horses; Aspergillus flavus has been 
identified in some cases. 

A. fumigatus is listed among the causes of 
mycotic keratitis in animals. Most cases 
begin as traumatic injuries with secondary 
infections or begin in eyes treated for long 
periods with broad-spectrum antibiotics. 

Secondary Diseases in Which 
Conjunctivitis Is a Significant but 
Secondary Part of the Syndrome 
Cattle 

• Bovine viral diarrhea 

• Malignant catarrhal fever 

• Rinderpest 

• Infectious bovine rhinotracheitis 

• Viral pneumonia as a result of various 
viruses 

• Bluetongue (specifically BTV-8) 

• Besnoitiosis 

Sheep 

• Bluetongue 

Pigs 

• Swine influenza 

• Inclusion-body rhinitis 

Horses 

• Equine viral arteritis 

• Equine viral rhinopneumonitis 

Nonspecific Conjunctivitis 

Nonspecific conjunctivitis refers to inflam¬ 
mation caused by foreign bodies or chemi¬ 
cals, or secondarily as exposure keratitis, 
and conjunctivitis/keratitis in paralysis of 
eyelids as in listeriosis. Ant-bite conjunctivi¬ 
tis occurs in similar circumstances. 

CLINICAL FINDINGS 

Blepharospasm and weeping from the 
affected eye are the initial signs. Watery tears 
are followed by mucopurulent, then purulent 
ocular discharge if the lesion extends below 
the conjunctiva. Varying degrees of opacity 
of the conjunctiva may develop, depending 
on the severity of the inflammation. In the 
severest lesions there is underrunning of the 
conjunctiva with pus accompanied by vascu¬ 
larization of the cornea. During the recovery 
stage there is often long-lasting, diffuse 
opacity of the eye and terminally a chronic 
white scar in some cases. 

CLINICAL PATHOLOGY 

In herd or flock outbreaks, conjunctival 
swabs and/or scrapings should be taken for 
culture and examination of cells using special 
stains and histologic techniques. 
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LISTERIAL 

KERATOCONJUNCTIVITIS 
AND UVEITIS (SILAGE EYE, 
BOVINE IRITIS) 


SYNOPSIS 


Etiology Listeria monocytogenes is the 
causative pathogen, presumably reaching 
the eye with contaminated feed particles. 
The condition is the result of a local listerial 
infection specifically affecting the eye and 
is not associated with systemic infection 
with L. monocytogenes. Cattle, sheep, and 
horses are affected. 

Epidemiology Cattle fed poor-quality silage 
from round bales or ring feeders are at 
risk of developing the condition; allowing 
feed to fall on the cows' heads increases 
risk. In most cases individual animals are 
affected, but outbreaks have occurred. 
Incidence is highest in winter and early 
spring when animals are housed inside and 
fed silage. 

Clinical findings Epiphora, conjunctivitis, 
blepharospasm, photophobia, corneal 
edema, uveitis. The condition is usually not 
associated with systemic disease. 

Diagnostic confirmation Culture, 
polymerase chain reaction (PCR). 

Treatment Self-limiting disease. Topical and 
systemic antibiotics. 

Control Avoid feeding poor-quality silage, 
avoid feeding systems providing feed 
at or above the height of the animals' 
eyes. 


ETIOLOGY 

Listeria monocytogenes is the only causative 
agent associated with listerial conjunctivitis, 
which is a condition specifically affecting 
the eye. 1 It is unrelated to systemic infection 
with L. monocytogenes causing the classic 
forms of listeriosis (see also “Listeriosis”). 
Local uveitis associated with L. monocyto¬ 
genes has been reported to occur in cattle, 
sheep, horses, fallow deer, and humans. 2 

Listeria is a ubiquitously occurring gram¬ 
positive, asporogenic bacterium easily sur¬ 
viving in organic material at temperatures 
between 3° and 45° C (37° to 113°F) and at 
pH as low as 3.8 in an aerobic environment. 
Silage of poor quality that is either not 
conserved anaerobically or not sufficiently 
acidic facilitates growth of Listeria. Listerial 
conjunctivitis is almost invariably associated 
with feeding poor-quality silage either 
directly as big bale or from ring feeders. With 
these feeding systems animals tend to burrow 
their heads into the bales, which not only 
exposes the eyes to the pathogen but also 
has the potential to mechanically damage 


the conjunctiva, thereby creating a portal of 
entry. 1 

EPIDEMIOLOGY 

Occurrence 

The disease has been reported to occur in 
different parts of the world, although most 
cases are recorded in the United Kingdom, 
probably because of greater awareness of the 
existence of this condition. The disease inci¬ 
dence is highest in late fall, winter, and early 
spring when animals are kept inside and 
fed silage. Frequently only individual cases 
occur, but outbreaks with morbidity rates far 
above 25% have been reported. 1,2 In the 
United Kingdom an overall animal incidence 
of 3.4% and an average incidence in affected 
herds of 66.5% was reported. 1 

Source of Infection 

Because most cases of listerial keratocon¬ 
junctivitis have been linked to silage feeding, 
grass silage of poor quality contaminated 
with L. monocytogens is widely accepted as 
the primary source of infection. 

Environmental Risk Factors 

Feeding grass silage form big bales or ring 
feeders is considered a major predisposing 
factor. With cows starting to feed on the 
lower part of the bale, feed particles from the 
upper part continuously fall onto the head of 
the feeding animal, thereby increasing the 
risk of ocular contact with the pathogen. 

CLINICAL FINDINGS 

Although in most cases only one eye is 
affected, bilateral lesions can occur. Systemic 
disease is usually absent. First clinical signs 
include increased lacrimation and catarrhal 
conjunctivitis with photophobia and blepha¬ 
rospasm. Inflammation of the cornea, starting 
at the limbic border and spreading centrip- 
etally, results in a bluish-white opacity of the 
cornea. Corneal ulcers are uncommon. 1 In 
advanced cases focal aggregation of fibrin 
accumulating in the anterior eye chamber 
may become visible as white foci beneath the 
corneal surface. The course of the disease, 
which is considered to be self-limiting, is 
between 1 and 3 weeks when left untreated. 2 

CLINICAL PATHOLOGY 

The tentative diagnosis can be made based 
on the clinical presentation in combination 
of the history (season and silage feeding) but 
should be confirmed by identifying L. mono¬ 
cytogenes from swab obtained from affected 
eyes. Cultures or PCR are used to identify the 
pathogen. 


DIFFERENTIAL DIAGNOSIS 


Infectious bovine keratoconjunctivitis (IBK) 
has a different seasonality (peaks occurring 
in the warm season of the year). Evaluation 
of housing and feeding system may provide 


Eye and Conjunctival Diseases 


further clues to differentiate between these 
conditions. Corneal ulceration is a common 
finding with IBK but not with listerial 
conjunctivitis. 

Pasteurella multocida (capsular type A) 

has been isolated from the eyes of housed 
heifers that experienced outbreaks of 
severe keratitis with severe loss of corneal 
stroma within 72 hours of onset. 

Mycoplasma bovis has been isolated from 
the eyes of steers with an outbreak of 
severe conjunctivitis with corneal opacity 
and ulceration, with disease being followed 
by serologic conversion in affected animals. 
Involvement of the eyelids with marked 
swelling was prominent. Conjunctivitis is 
prominent in other mycoplasmal infections 
that produce keratoconjunctivitis. 

Chlamydial keratoconjunctivitis presents 
with identical clinical findings but has a 
protracted course despite treatment and a 
higher morbidity. Chlamydophila DNA can 
be detected by polymerase chain reaction 
(PCR) in conjunctival swabs. This disease is 
a possible zoonosis. 

Infectious bovine rhinotracheitis 

Bovine malignant catarrhal fever 

Bovine viral diarrhea 

Bluetongue (BTV-8) 

Thelaziasis 

Squamous-cell carcinoma 


TREATMENT 

A number of empirical treatment approaches 
have been reported, with variable outcome. 
Listerial keratoconjunctivitis is considered to 
be a self-limiting disease, and it is difficult to 
determine whether reported treatments were 
effective or if recovery was primarily a result 
of removing access to the primary cause. 3 

Proposed treatments include the topical 
use of eye ointments containing oxytetracy- 
cline or cloxacillin as well as the parenteral 
administration of repeated doses of oxytetra- 
cycline, procaine-penicillin, or ampicillin. 
The use of topical or subconjunctival dexa- 
methasone application has been proposed, 
with variable outcome. 1 ' 3 


TREATMENT 


Topical treatment: 

Benzathine cloxacillin eye ointment 
(250 mg q48) (R-2) 

Oxytetracycline eye ointment (q24h) (R-2) 

Systemic treatment: 

Procaine-penicillin-G (40,000 lU/kg q24 IM) 
(R-3) 

Oxytetracycline (10 mg/kg q24h IM) (R-3) 
Ampicillin (10 mg/kg q24 SC) (R-3) 


CONTROL 

The most important control measures are to 
avoid feeding poor-quality silage and to use 
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feeding systems that provide feed at a height 
that is below the animals’ heads. 
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INFECTIOUS BOVINE 
KERATOCONJUNCTIVITIS OF 
CATTLE (PINKEYE, BLIGHT) 


SYNOPSIS 


Etiology Moraxella bovis is the primary 
infectious agent. Pili and hemolysin are the 
main virulence factors. Solar radiation, flies, 
and dust are contributing factors. 

Epidemiology Cattle of all ages are 

susceptible. Source is asymptomatic carrier 
cattle, with transmission by mediate 
contagion and by flies. More common in 
summer months. Usually multiple cases in a 
herd. 

Clinical findings Conjunctivitis, lacrimation, 
blepharospasm, photophobia, corneal 
edema, corneal ulceration. 

Diagnostic confirmation Culture. 

Treatment Self-limiting disease. Topical 
antibiotics, subconjunctival penicillin G, 
parenteral oxytetracyclines, florfenicol, 
tulathromycin. Protection of eye from 
sunlight. 

Control Current vaccines have limited 
efficacy. Fly control. 


ETIOLOGY 

Hemolytic Moraxella bovis is the only infec¬ 
tious agent for which Koch’s postulates 
have been established for infectious bovine 
keratoconjunctivitis (IBK), although other 
organisms, such as Moraxella ovis, Morax¬ 
ella bovoculi. Neisseria spp., Mycoplasma 
spp., and Chlamydia spp. have been impli¬ 
cated. 1 Experimental infections in calves 
and studies on corneal tissue culture show 
a great variation in virulence between 
strains. Two virulence factors are determi¬ 
nants of cause in clinical disease. These are 
the presence of fimbriae, so-called pili, on 
the bacterial surface and the production of 
P-hemolysin. Other contributing virulence 
factors include phospholipases, iron acqui¬ 
sition systems, and hydrolytic and proteo¬ 
lytic enzymes. 1 M. bovis has serologically 
distinct shared and variable pilus epitopes, 
and strains can be distinguished by their 
pilus antigens into seven distinct sero- 
groups. There are two distinct types of 
pilus, I and Q (formerly a and P). Q pili 
mediate bacterial adhesion to the cornea 
and the establishment of infection by pre¬ 
venting removal of the pathogen by the 
continual flushing effect of ocular secre¬ 
tions and the mechanical action of 


blinking. Beta-hemolysin is cytotoxic and 
produces corneal damage. In some out¬ 
breaks of pinkeye more than one serotype 
can be isolated from affected eyes. 

In addition to M. bovis , other pathogens, 
such as M. bovoculi, M. ovis. Chlamydia spp., 
Neisseria spp., Mycoplasma spp., Achole- 
plasma spp., and viruses have been identified 
as common participants and are likely to 
contribute to the development of clinical 
disease. Infectious bovine rhinotracheitis 
virus causes ocular disease in its own right, 
but it may also be involved with M. bovis in 
causing the more severe disease. Clinical 
disease in experimentally induced IBK has 
been shown to be more severe when the 
calves are concurrently given a modified 
live infectious bovine rhinotracheitis virus 
vaccine. 

Conjunctival infection with M. bovoculi 
has been proposed to play a role in the 
pathophysiology of IBK by some authors. 2 " 3 
The evidence in support of this assumption 
is inconsistent. A clinical study consistently 
demonstrated the development of corneal 
ulcers after inoculation with hemolytic M. 
bovis but not with M. bovoculi , 3 Branha- 
mella ovis causes a severe conjunctivitis in 
sheep and goats and is also recorded from 
outbreaks of keratoconjunctivitis in cattle 
in Israel; it may be a cause of vaccine 
breakdown in other countries. 

Because the naturally occurring disease is 
usually much more severe than that pro¬ 
duced experimentally, factors other than 
infectious agents have been examined. Solar 
radiation, flies, and dust have been shown 
to have an enhancing effect. Cultural charac¬ 
teristics of the organisms isolated from the 
conjunctiva can change with the level of solar 
ultraviolet radiation. 

EPIDEMIOLOGY 

Occurrence 

The disease occurs in most countries of the 
world. Although it can occur in all seasons, 
it is most common in summer and autumn. 
The prevalence and severity of the disease 
vary greatly from year to year, and it may 
reach epizootic proportions in feedlots and 
in cattle running at pasture. There is no mor¬ 
tality, and cases in which there is permanent 
blindness or loss of an eye are rare. However, 
the morbidity rate can be as high as 80%, 
with the peak infection rate at weeks 3 to 4 
of the outbreak. Severe outbreaks can be 
experienced in winter, especially if the cattle 
are confined in close quarters, such as barns 
or intensive feedlots. 

Source of Infection 

Cattle are the only known reservoir, and the 
organism is carried on the conjunctiva and 
also in the nares and vagina of cattle. Persis¬ 
tence of the disease from year to year is by 
means of infected but asymptomatic animals, 
which can act as carriers for periods exceed¬ 
ing 1 year. Receptors for I-pili may be found 


on tissues other than the cornea and facilitate 
colonization of noncorneal tissue and inap- 
parent infection, and the organism can 
switch from expression of one pilus type to 
the other. 

Environmental Risk Factors 

The disease incidence shows a clear season¬ 
ality, with the highest incidence in the 
warmer months of the year. This seasonal 
expression has been associated with pro¬ 
longed exposure of the eye to UV radiation, 
the increased fly population, and long 
grass . 1 The exposure of the eye to UV radia¬ 
tion increases the susceptibility to the disease 
and the severity of signs resulting from it. 
The face fly ( Musca autumnalis) and Asian 
face fly ( Musca bezzii), because of feeding 
preference for the area around the eyes, are 
important vectors. 

Other environmental factors, such as 
dust, wind, and tall grass, can increase the 
disease incidence by causing mechanical irri¬ 
tation of the cornea. 

Transmission 

Transmission is thought to be by means of 
flies contaminated by the ocular and nasal 
discharge of infected cattle. Under experi¬ 
mental conditions, transmission is unusual 
in the absence of flies and occurs generally 
in their presence. M. autumnalis is known to 
remain infected for periods of up to 3 days. 
M. bovis can be isolated from the crops of M. 
autumnalis that have fed on the eyes of 
infected cattle. 

Animal Risk Factors 

Only cattle are affected, the young 
being most susceptible, but in a susceptible 
population, cattle of all ages are likely to be 
affected. 

It is commonly observed that there is a 
much higher prevalence of the disease in B. 
taurus cattle as distinct from B. indicus cattle, 
and the severity and proportion of bilateral 
infections is much greater in B. taurus cattle 
than in crossbreeds. Hereford and Hereford 
crossbreed cattle have a significantly higher 
risk of developing IBK than other breeds or 
crossbreeds not containing Hereford. 1 This 
higher predisposition is thought to be based 
on a relationship between rate and severity 
of infection and the degree of eyelid pig¬ 
mentation; eyes with complete pigmentation 
are less affected. 

Immune Mechanisms 

Previous infection appears to confer a sig¬ 
nificant immunity that lasts through to the 
next season, when further reinfection, 
usually with minimal clinical disease, confers 
further immunity. Lacrimal secretions 
contain antibody, and antibody directed 
against the pilus antigens of M. bovis will 
prevent adherence of the organism to the 
cornea. In experimental infections, signifi¬ 
cant protection against challenge can be 
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Fig. 16-10 Infectious bovine keratoconjunctivitis (IBK) in a beef steer. Note the extensive 
lacrimation and blepharospasm and the centrally located corneal ulcer with keratitis and 
conjunctivitis. 


achieved by prior vaccination with pilus anti¬ 
gens of the homologous strain. 

However, there is antigenic diversity in 
pili from different strains of M. bovis, and 
vaccines composed of pili from one strain 
only confer protection to challenge with 
organisms of the same serogroup. Further, 
M. bovis in the eye can switch their pilus 
antigenicity in response to antibody presence 
and render monovalent vaccines ineffective. 
A polyvalent vaccine might provide protec¬ 
tion, but polyvalent vaccines are less immu¬ 
nogenic than monovalent vaccines because 
of antigenic competition. 

Economic Importance 

Infectious bovine keratoconjunctivitis is 
a prominent disease in surveys of the pre¬ 
dominant diseases in cattle and is considered 
the economically most important ocular 
disease of cattle. Losses result from reduced 
weight gain or loss of body condition; loss 
of milk production; costs of drugs, labor, 
and veterinary care; and loss of value of 
show animals. The conditions under which 
calves are reared can affect the importance 
of the disease. In veal calves, the disease 
may have no measurable effect on growth, 
but in calves running at pasture it can result 
in a significant reduction of weaning weight. 
Occasionally, animals become completely 
blind, and those at pasture may die of starva¬ 
tion. Animal welfare presents an increasing 
concern. 

PATHOGENESIS 

As mentioned, only piliated and hemolytic 
strains of M. bovis are pathogenic to cattle 
(determinant virulence factors). Attachment 
of M. bovis to the corneal epithelium requires 
the presence of pili and Q-piliated organisms 
that are more infectious than I-piliated 
strains. Hemolysins produced by these viru¬ 
lent strains are cytotoxic and cause the devel¬ 
opment of corneal ulcers by destroying 
corneal epithelial cells. 

Microscopic corneal erosions are present 
within 12 hours of infection and occur at this 
time in the absence of a significant inflam¬ 
matory response, indicating that the initial 
production of the corneal ulceration is a 
result of the direct cytotoxic activity of the 
organism. This is followed by focal loss of 
corneal epithelium, degeneration of kerato- 
cytes, and invasion of the corneal stroma 
with fibrillar destruction. An inflammatory 
reaction occurs several days postinfection 
and results in enlargement of the corneal 
ulcers with deeper stromal involvement, 
corneal edema, and corneal neovasculariza¬ 
tion. The lesions are localized in the eye, and 
there is no systemic infection. 

CLINICAL FINDINGS 

An incubation period of 2 to 3 days is usual, 
although longer intervals, up to 3 weeks, 
have been observed after experimental intro¬ 
duction of the bacteria. Injection of the 


corneal vessels and edema of the conjunctiva 
are the early signs and are accompanied by a 
copious watery lacrimation, blepharospasm, 
photophobia, and, in some cases, a slight to 
moderate fever with fall in milk yield and 
depression of appetite. 

In 1 to 2 days, corneal edema presenting 
as a small opacity appears in the center of 
the cornea, and this may become elevated 
and ulcerated during the next 2 days, 
although spontaneous recovery at this stage 
is quite common. With progressive disease 
the opacity becomes quite extensive, and at 
the peak of the inflammation, about 6 days 
after signs first appear, it may cover the 
entire cornea. The color of the opacity varies 
from white to deep yellow (Fig. 16-10). As 
the acute inflammation subsides, the ocular 
discharge becomes purulent and the opacity 
begins to shrink, complete recovery occur¬ 
ring after a total course of 3 to 5 weeks. 

One or both eyes may be affected. The 
degree of ulceration in the early stages 
can be readily determined by the infusion 
of a 2% fluorescein solution into the con¬ 
junctival sac, the ulcerated area retaining 
the stain. 

About 2% of eyes have complete residual 
opacity, but most heal completely with a 
small, white scar persisting in some. In 
severe cases the cornea becomes conical in 
shape, there is marked vascularization of the 
cornea, and ulceration at the tip of the swell¬ 
ing leads to underrunning of the cornea with 
bright yellow pus surrounded by a zone of 
erythema. These eyes may rupture and result 
in complete blindness. 

A proportion of cases will develop 
minimal clinical lesions and heal spontane¬ 
ously, and the severity of clinical disease can 
also vary between outbreaks. 


CLINICAL PATHOLOGY 

The organism can be identified by culture or 
fluorescent antibody. The hemolytic form of 
the bacterium is noticeably more pathogenic 
than the nonhemolytic form. Serum aggluti¬ 
nins (1:80 to 1:640) are present 2 to 3 weeks 
after clinical signs commence, and a modi¬ 
fied gel diffusion precipitin test is capable of 
detecting M. bovis antibodies. An ELISA test 
is also used for antibody detection in experi¬ 
mental studies; however, neither agglutinat¬ 
ing antibody nor antibody detected by ELISA 
correlates well with individual animal resis¬ 
tance to infection. There is little indication 
for serologic examinations in clinical prac¬ 
tice. Necropsy examinations are not usually 
necessary. 


DIFFERENTIAL DIAGNOSIS 


Traumatic conjunctivitis is usually easily 
differentiated because of the presence of 
foreign matter in the eye or the 
conjunctival sac or evidence of a physical 
injury. 

Pasteurella multocida (capsular type A) 

has been isolated from the eyes of housed 
heifers that experienced outbreaks of 
severe keratitis with severe loss of corneal 
stroma within 72 hours of onset. 

Mycoplasma bovis has been isolated from 
the eyes of steers with an outbreak of 
severe conjunctivitis with corneal opacity 
and ulceration, with disease being followed 
by serologic conversion in affected animals. 
Involvement of the eyelids with marked 
swelling was prominent. Conjunctivitis is 
prominent in other mycoplasmal infections 
that produce keratoconjunctivitis. 

Continued 
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Listerial keratoconjunctivitis and uveitis 

(silage eye) has a different seasonality and 
is associated with the use of specific 
feeding systems. Corneal ulcers are 
uncommon with listerial 
keratoconjunctivitis. 

Chlamydial keratoconjunctivitis presents 
with identical clinical findings but has a 
protracted course despite treatment and a 
higher morbidity. Chlamydophila DNA can 
be detected by polymerase chain reaction 
(PCR) in conjunctival swabs. This disease is 
a possible zoonosis. 

Infectious bovine rhinotracheitis 
Bovine malignant catarrhal fever 
Bovine viral diarrhea 
Bluetongue (BTV-8) 

Thelaziasis 

Squamous-cell carcinoma 


TREATMENT 

Infectious bovine keratoconjunctivitis is fre¬ 
quently a self-limiting disease. Recovery 
commonly occurs without treatment, al¬ 
though early treatment will reduce the inci¬ 
dence of scarring of the eyes. Antibacterial 
treatment is commonly used, and mass treat¬ 
ment of the herd as opposed to just affected 
individuals may halt the occurrence of further 
cases. The route of administration is often 
determined by efficiency of the available 
treatment options, ease of access to the 
animals, availability of facilities to restrain 
animals for treatment, labor intensity of treat¬ 
ment, cost of the drug, and withhold times. 

Topical Therapy 

Early, acute cases respond to treatment 
with ophthalmic ointments and solutions 
containing antibiotics, but they need to be 
instilled in the conjunctival sacs at frequent 
intervals, which may be impractical under 
field conditions. The organism is sensitive to 
most antibiotics and sulfonamides but is 
resistant to erythromycin, lincomycin, and 
tylosin. The administration of an oil-based 
formulation of benzathine cloxacillin (250 to 
375 mg per treatment dose) was found to be 
effective in therapy in controlled trials. Two 
doses, 72 hours apart, treating both eyes, even 
if only one eye is affected, is recommended. 
The use of the same ointment tube in affected 
and unaffected eyes is likely to present a risk 
for transmission of the pathogen. 

Subconjunctival Therapy 

The objective of subconjunctival treatment is 
to reduce the treatment dose and number 
of treatments while achieving higher antimi¬ 
crobial tissue concentrations. 4 Although 
subconjunctival therapy with antibiotic 
was found to be effective in treating IBK 
in several studies, it is under contentious 
debate if the treatment effect is obtained 
through direct diffusion of the drug to the 


surrounding tissue or rather through con¬ 
tinuous leakage of the antibiotic onto the 
conjunctiva from the injection site. 4 A small 
volume (1 to 2 ml) of procaine-penicillin G 
(300,000 IU/mL) is commonly injected 
under the scleral conjunctiva. Two treat¬ 
ments 48 to 72 hours apart were found to be 
equally effective as a single parenteral treat¬ 
ment with long-acting formulation of oxytet- 
racycline (20 mg/kg). 4 Therapy must be 
administered under the bulbar conjunctiva 
but was found to be ineffective if given in the 
superior palpebral conjunctiva. A controlled 
trial found that subconjunctival penicillin 
was effective in treatment, but recurrence 
was higher than with treatment with paren¬ 
teral oxytetracycline, and mass treatment of 
calves with subconjunctival penicillin does 
not eliminate infection. 

The intrapalpebral injection of 2 mL of a 
10% oxytetracycline formulation was found 
equally effective as the systemic treatment 
with oxytetracycline (20 mg/kg). 5 Transient 
swelling of the eyelids, leading to complete 
closure of the palpebral fissure, was observed 
in some cases after intrapalpebral injection 
of oxytetracycline. It was suggested that this 
transient closure of the eye may favor healing 
by protecting the cornea and conjunctiva. 5 

Another technique for prolonging the 
maintenance of high levels of antibiotic in 
the conjunctival sac is the use of collagen 
inserts impregnated with an antibiotic. 

Parenteral Therapy 

Parenteral treatment with two doses of long- 
acting oxytetracycline (20 mg/kg) 72 hours 
apart has been shown to ameliorate clinical 
signs of naturally occurring IBK. 4,5 

Recent studies have documented that 
florfenicol when administered either as a 
single subcutaneous dose of 40 mg/kg or two 
doses of 20 mg/kg administered 48 hours 
apart is effective for treatment of clinical IBK 
in calves. Healing times were shorter and 
relapses were fewer when using florefenicol 
instead of long-acting oxytetracycline for 
treatment of IBK in calves. 

The use of tulathromycin, a macrolide 
antibiotic, was found to be effective to treat 
experimentally induced IBK in calves in 
one study. 6 A single dose of 2.5 mg/kg 
resulted in faster healing and higher bacte- 
riologic cure compared with untreated 
control animals. 

Tilmicosin administered at a dose of 5 or 
10 mg/kg SC was found effective to treat IBK 
in one field study. 4 

The efficacy of a long-acting formulation 
of ceftiofur crystalline-free acid (CCFA) 
administered as a single subcutaneous dose 
at the base of the ear to treat naturally occur¬ 
ring IBK has been examined in one study. A 
dose of 6.6 mg of ceftiofur equivalents/kg 
was found to result in higher healing rates 
and faster healing times of naturally occur¬ 
ring IBK compared with untreated control 
animals.' 


Ancillary Therapy 

Severe cases should be placed in a dark 
shelter out of direct sunlight. If housing is 
not possible, eye flap patches are available 
and effective. They are glued on above the 
eye and can be flipped up for medication of 
the eye. 

When corneal ulceration has occurred, 
recovery is always protracted. The use of 
topical ophthalmic anesthetics combined 
with atropine administration may be indi¬ 
cated to minimize ciliary spasm and pain. 
Severe cases may require that the third eyelid 
be temporarily sutured across the globe of 
the eye for several days to promote healing. 
The use of NSAIDs should be considered in 
more advanced and severe cases. 


TREATMENT AND TREATMENT 


Treatment 

Topical treatment: 

Benzathine cloxacillin ointment (250 to 
375 mg topical q72h, 2 treatments) 

(R-1) 

Subconjunctival injection: 

Procaine-penicillin G (300,000 to 

600,000 IU subconjunctival q48-72 h, 2 
treatments) (R-1) 

Intrapalpebral injection: 

Oxytetracycline (treatment 1 to 2 mL of 
10% solution intrapalpebral, single 
treatment) (R-2) 

Systemic treatment: 

Oxytetracycline long-acting formulation 
(20 mg/kg q48h IM, two treatments) 
(R-1) 

Florfenicol (20 mg/kg q48 SC, 2 treatments 
or 40 mg/kg SC, single treatment) (R-1) 
Tulathromycin (2.5 mg/kg SC, single 
treatment) (R-2) 

Tilmicosin (5 mg/kg SC, single treatment) 
(R-3) 

Treatment 

Decrease exposure to dust and implement 
fly control, particularly against face flies 
(R-2) 

Vaccination with commercially available or 
autogenous bacterins (R-3) 


CONTROL 

Eradication or prevention of the disease does 
not seem possible under extensive range con¬ 
ditions because of the method of spread, but 
if fly control can be fitted into the farms man¬ 
agement program this should significantly 
reduce the infection rate. Insecticide-impreg¬ 
nated eartags may help in the control of the 
disease but do not prevent it. In many herds 
the best that can be done is to keep animals 
under close surveillance and isolate and treat 
any cattle that show excessive lacrimation and 
blepharospasm. Cattle that have had the 
disease should not be mixed with those that 
have not until after the fly season. 
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Vaccination 

There has been considerable effort to develop 
methods of immunoprophylaxis; however, 
the commercial bacterins, although available 
for over 30 years, have given inconsistent 
results, providing at best limited protection 
from subsequent infection and clinical 
disease. Killed, whole-cell vaccines require 
repeat injections, may be associated with 
anaphylactic reactions, and have not proven 
effective in the field. To avoid the need for 
repeated injections an adjuvant vaccine has 
been tested, but without apparent benefit. 

Vaccines containing pilus antigens, with 
or without cornea-degrading enzyme anti¬ 
gens, protect against challenge with homolo¬ 
gous strains of M. bovis , and some field trials 
report efficacy in naturally occurring out¬ 
breaks. However, others do not, and the 
results of field studies that have shown a ben¬ 
eficial effect from vaccination have been criti¬ 
cized on the basis of bias in the selection of 
controls. It is probable that currently available 
vaccines do not contain the diversity of anti¬ 
gens required to protect against the variety 
of strains that occur in natural outbreaks. 
Autogenous vaccines are a consideration in 
individual herds, but a recent controlled trial 
of an autogenous vaccine administered by 
subcutaneous or subconjunctival injection 
found no significant effect of either route or 
the vaccine on the incidence of disease. 

Weekly treatment of both eyes of calves, 
but not the cows, with a furazolidone eye 
spray has been shown to be a more effective 
prophylaxis than vaccination with a com¬ 
mercial bacterin in some areas. 

Total eyelid pigmentation may reduce the 
incidence of this disease, but the recorded 
differences are unlikely to arouse enthusiasm 
for a genetic approach to the problem. 

FURTHER READING 

Angelos JA. Infectious bovine keratoconjunctivitis 
(pinkeye). Vet Clin North Am Food A. 
2015;31(l):61-79. 

McConnel CS, Shum L, House JK. Infectious bovine 
keratoconjunctivitis antimicrobial therapy. Aust Vet 
J. 2007;85:65-69. 

O’Connor AM, Brace S, Gould S, Dewell R, Engelken T. 
A randomized clinical trial evaluating a farm-of- 
origin autogenous Moraxella bovis vaccine to 
control infectious bovine keratoconjunctivitis 
(pinkeye) in beef cattle. / Vet Intern Med. 
2011;25:1447-1453. 
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OVINE AND CAPRINE 
CONTAGIOUS OPHTHALMIA 
(OVINE AND CAPRINE 
INFECTIOUS 

KERATOCONJUNCTIVITIS, 
CONTAGIOUS CONJUNCTIVO- 
KERATITIS, PINKEYE IN SHEEP 
AND GOATS) 


SYNOPSIS 


Etiology Mycoplasma conjunctivae is a 
significant cause, but other agents, in 
particular Chlamydia pecorum, Moraxella 
ovis, and other Mycoplasma spp., can 
produce clinically identical disease. 

Epidemiology Rapid spread by contact with 
carrier animals. Usually occurs as outbreak 
in summer and when conditions are dry 
and dusty. Disease is most severe in 
weaned lambs. 

Clinical findings Lacrimation, conjunctival 
hyperemia, pannus, neovascularization, 
iritis, keratitis in one or both eyes. 

Diagnostic confirmation Clinical 
examination of the flock, exfoliative 
cytology, culture and polymerase chain 
reaction (PCR). 

Treatment Topical or preferably parenteral 
tetracycline. 

Control Avoid confinement and movement in 
dusty conditions. Fly control. 


ETIOLOGY 

A variety of organisms have been isolated 
from the eyes of sheep and goats with kera¬ 
toconjunctivitis. Some are primary patho¬ 
gens and others secondary invaders. It is 
difficult to attribute a primary etiological 
cause to a single agent because all the puta¬ 
tive causal organisms have also been isolated 
from the eyes of normal sheep. Mixed infec¬ 
tions occur during an outbreak, with poten¬ 
tial synergism between Mycoplasma spp. and 
other infectious agents. The management 
circumstances that lead to outbreaks of 
disease with each agent, and the clinical syn¬ 
dromes that result, are not sufficiently dis¬ 
tinct to allow the differentiation of the 
various etiologies on clinical or epidemio¬ 
logical grounds. There have been limited 
studies on the relative prevalence of flock 
outbreaks of disease associated with the 
various putative causes, but there is a strong 
evidence to incriminate Mycoplasma spp., 
particularly M. conjunctivae, as the major 
cause in domesticated sheep and goats, and 
wild ruminants such as chamois, Alpine 
ibex, European mouflon, and Bighorn sheep. 

Mycoplasma conjunctivae 

Mycoplasma conjunctivae is a common 
isolate in outbreaks of the disease. However, 
it is not present in all affected sheep and can 
also be isolated, with lesser frequency, from 


the eyes of clinically normal sheep. Disease 
can be reproduced with the inoculation of 
pure cultures of this organism into the eye of 
sheep and is then spread to other sheep by 
contact transmission. Consequently, it is 
thought to be a principal cause of pinkeye in 
sheep and goats. 

Other Mycoplasmas 

Other Mycoplasma spp. are frequently iden¬ 
tified in the eyes of sheep and goats with 
pinkeye. M. agalactiae was considered a 
primary cause of an outbreak in Spain, 
whereas M. arginini and Acholeplasma oculi 
have been isolated from clinical cases of con¬ 
tagious ophthalmia. Infection with other 
mycoplasmas, such as M. capricolum subspp. 
capricolum and M. mycoides subspp. capri, 
can be accompanied by conjunctivitis, but 
other clinical signs, such as pneumonia, 
predominate. 

Chlamydophila pecorum 
Chlamydophila pecorum (Colesiota conjuncti¬ 
vae) was initially incriminated as a cause of 
contagious ophthalmia in sheep and goats in 
South Africa and Australia. It has been iso¬ 
lated from outbreaks of keratoconjunctivitis 
in sheep in the United States and the United 
Kingdom, and the disease has been repro¬ 
duced experimentally. The strains are related 
to those associated with polyarthritis in 
sheep rather than abortion. A rickettsial 
agent, Rupricapra rupricapae, has been iso¬ 
lated from keratoconjunctivitis in chamois 
(R. tragis) and ibex ( Capra ibex ) in the French 
Alps. In Egypt, Chlamydophila psittaci was 
isolated at a higher rate from diseased eyes, 
compared with asymptomatic eyes, in both 
sheep (80% and 68%, respectively) and goats 
(92% and 76%, respectively). 1 

A number of bacteria, including Branha- 
mella ( Neisseria ) ovis, S. aureus and E. coli, 
can be isolated from the eyes of animals with 
contagious ophthalmia, with rates of isola¬ 
tion from affected eyes higher than those 
from normal sheep. They have not always 
produced disease following experimental 
challenge. Consequently, they are considered 
to be secondary infections rather than having 
a primary causal role, exacerbating the 
lesions produced by the primary agent. B. 
ovis is considered a cause of follicular con¬ 
junctivitis. Similarly, Moraxella bovis, which 
is associated with contagious keratoconjunc¬ 
tivitis in cattle, has no apparent causal asso¬ 
ciation with the disease in sheep, although it 
was isolated from clinical cases in goats in 
Nigeria. 2 Listeria monocytogenes may be a 
primary cause of keratoconjunctivitis and 
iritis in sheep. 

EPIDEMIOLOGY 

Occurrence 

The disease is widespread in sheep of 
all breeds in most countries. Recently 
weaned animals are often the most severely 
affected. 
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Source of Infection and Transmission 

The source of infection is infected or carrier 
animals. The disease is spread indirectly by 
flies, long grass, and dust contaminated 
by the tears of infected sheep, or directly by 
means of exhaled droplets or immediate 
contact. M. conjunctivae infects many wild 
small ruminant species and can be transmit¬ 
ted between domestic and wild animals. 3,4 

Risk Factors 

The prevalence is highest during the warm, 
summer months and when conditions are 
dry and dusty and flies are abundant. The 
morbidity rate varies widely depending on 
seasonal conditions; it is usually about 10% 
to 15% but may be as high as 80%. Resistance 
to infection is reduced by other disease, poor 
nutrition, and adverse weather. Widespread 
outbreaks occur in some years where the 
disease contributes to poor growth and ill- 
thrift, presumably from reduce foraging 
ability, especially in young stock. Outbreaks 
during mating can reduce conception and 
lambing rates. 

In many flocks at pasture the disease 
causes little disruption to grazing, and so 
only minor inconvenience. However, in 
other flocks, and in some years, higher mor¬ 
bidity, severe lesions, and detrimental effects 
on production occur. Clinical experience 
suggests that the incidence and the severity 
of the disease in an affected flock are 
increased by the stress, dust, and close 
contact associated with gathering and 
yarding of the flock. Thus a decision to treat 
during an outbreak can be associated with an 
apparent exacerbation of clinical disease. 

PATHOGENESIS 

Rapid onset of acute inflammation of the 
conjunctiva is followed by hyperemia of the 
sclera and pannus and opacity of the cornea. 

CLINICAL FINDINGS 

Clinical findings are similar with all agents 
associated with the disease. There is conjunc¬ 
tivitis, lacrimation, and blepharospasm, fol¬ 
lowed by keratitis with cloudiness of the 
cornea and some increase in vascularity. 
There is profuse lacrimation, and thus initial 
signs in the flock may be a brown discolor¬ 
ation below the eye associated with dust 
accumulating on lacrimal discharges. 

Corneal opacity is initially most pro¬ 
nounced at the dorsal corneal-scleral junc¬ 
tion. This is followed by vascularization, to 
produce a horizontal zone of opacity associ¬ 
ated with an area of vertical-oriented vascu¬ 
larization in the upper area of the eye. In 
severe cases, the whole cornea is affected, 
and there may be corneal ulceration. 

In flocks experiencing an outbreak, the 
disease in most sheep is mild if there are 
no complicating circumstances; the initial 
watery discharge from the eye becomes 
purulent, but recovery commences in 3 to 4 
days and is complete at about 20 days. In 


some animals the cloudiness of the cornea 
may persist for several weeks or even perma¬ 
nently. Local ulceration of the cornea may 
cause collapse of the eyeball. One or both 
eyes may be affected, but many sheep have 
both eyes affected in outbreaks, and spread 
through the flock is rapid. 

Conjunctivitis is followed by the devel¬ 
opment of granular lesions of follicular 
conjunctivitis on the palpebral conjunc¬ 
tiva and third eyelid, which are thought by 
some to be specific for infections involving 
B. ovis. 

In goats, the disease is milder with little 
apparent ophthalmia or keratitis. A more 
severe keratoconjunctivitis than that associ¬ 
ated with M. conjunctivae , and manifest with 
corneal edema, occurs in some outbreaks in 
goats, but its cause has not been established. 
All age groups are affected, and although the 
morbidity is usually 12% to 20%, it may 
reach 50%. Direct contact between animals 
appears to be necessary for spread of 
the infection, but the disease has not been 
transmitted experimentally. Conjunctivitis, 
opacity, vascularization, and sometimes 
ulceration of the cornea are accompanied by 
an ocular discharge and blepharospasm. In 
some goats there is severe corneal edema 
with intracorneal edema accumulating to a 
degree to produce corneal vesicles. In mildly 
affected goats, recovery begins in 4 to 7 days, 
but in severe cases, healing may not be com¬ 
plete for 2 to 4 weeks or longer. 

CLINICAL PATHOLOGY 

Scrapings can be taken for exfoliative 
cytology from the palpebral conjunctiva, 
preferably from early clinical cases. Myco¬ 
plasma , Branhamella, and Chlamydophila 
have characteristic morphology and can be 
demonstrated in Giemsa- or immunofluo- 
rescent-stained smears. Samples can also be 
submitted for culture identification, and 
paired serum samples can be submitted 
for examination for antibodies to 
Chlamydophila. 

The determination of the etiologic agent 
currently has limited significance to the 
subsequent approach to the control and 
treatment of the disease, and so is largely 
academic. However, conventional and real¬ 
time PCR can be used to detect M. conjunc¬ 
tivae and Moraxella spp., and PCR is a more 
sensitive way of detecting of infection than 
culture. 5,6 

TREATMENT 

A decision for treatment needs to be taken 
with consideration of the adverse effects 
on the disease of the associated movement 
and close yarding of the flock. Repeated 
treatments of sheep pastured under exten¬ 
sive grazing are impractical, and sponta¬ 
neous recovery will occur within 3 weeks. 
Consequently, in extensive grazing con¬ 
ditions a decision for no treatment is 
often made. 


A single intramuscular injection of long- 
acting tetracycline at 20 mg/kg halts further 
development of clinical conjunctivitis when 
given as clinical signs develop and results in 
rapid clinical cure in animals affected with 
keratoconjunctivitis produced by M. con¬ 
junctivae. Florfenicol readily penetrates tear 
fluid, with doses greater than 20 mg/kg 
needed to provide minimum inhibitory con¬ 
centrations against most Mycoplasma spp. 
However, neither parenteral or topical anti¬ 
biotic treatment eliminates infection; thus, 
repeated infections in individual animals 
and recurrence of outbreaks in flocks are 
common. Where the etiology is not known 
and treatment is deemed desirable, tetracy¬ 
clines administered either topically or paren- 
terally, or topical treatment with cloxacillin 
or erythromycin ophthalmic ointments, have 
been shown to be of benefit. 

CONTROL 

Complete eradication of the disease is not 
attempted, but isolation of affected sheep and 
removal to grassier, less dusty pasture may 
reduce the rate of spread. Confinement of 
affected sheep should also be avoided. 

FURTHER READING 

Radostits O, et al. Ovine and caprine contagious 
ophthalmia (ovine and caprine infectious 
keratoconjunctivitis, contagious conjunctivo- 
keratitis, pinkeye in sheep and goats). In: Veterinary 
Medicine: A Textbook of the Diseases of Cattle, 

Horses, Sheep, Goats and Pigs. 10th ed. London: 

W.B. Saunders; 2007:1142-1143. 
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DISEASES OF THE EYES 
ASSOCIATED WITH 
MYCOPLASMA SPP. 

Mycoplasma conjunctivae is the etiologic 
agent causing infectious keratoconjunc¬ 
tivitis of small and wild ruminants (see 
also “Ovine and Caprine Infectious 
Keratoconjunctivitis”). 

In cattle M. bovoculi is frequently isolated 
from conjunctival swabs without necessarily 
being associated with clinical disease. The 
recovery rate of M. bovoculi from eye swabs 
obtained from clinically healthy cattle and 
animals with conjunctivitis was approxi¬ 
mately 40% in both instances. M. bovoculi 
was isolated more frequently from animals 
younger than 2 years of age than from older 
animals, whereas the disease incidence of 
infectious keratoconjunctivitis was similar in 
both age groups. The higher recovery rate of 
M. bovoculi in younger animals was explained 
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by the development of immunity after initial 
infection. 

Other Mycoplasma spp. that have been 
isolated from cattle with keratoconjunctivitis 
are M. bovis, M. bovigenitalium, M. bovirhi- 
nis , M. verecundum, Ureaplasma diversum, 
Acholeplasma laidlawii, and Acholeplasma 
oculi, some of which have been incriminated 
as contributing to the development of infec¬ 
tious bovine keratoconjunctivitis. 

THELAZIASIS (EYEWORM) 

A number of species of the nematode genus 
Thelazia occur in the conjunctival sac and 
tear ducts of mammals throughout the 
world. T. gulosa and T. skrjabini are the main 
species in cattle in the New World, T. rhodesi 
is the commonest in the Old World, and T. 
lacrymalis is common in horses. They are 
thin worms up to 2 cm long. Infestation is 
often inapparent, but they may cause exces¬ 
sive lacrimation, photophobia, conjunctivi¬ 
tis, 1 corneal opacity, 2 keratitis, corneal 
ulceration, and abscess formation on the 
eyelids. In horses, this condition mainly 
occurs in young animals. ’ One U.S. survey in 
Kentucky found 43% of horses up to 4 years 
old to be infected. In those species that have 
been studied, the life cycles are indirect, with 
muscid flies, particularly the face fly M. 
autumnalis, being the intermediate hosts. 
These flies deposit larvae on the conjunctiva 
when feeding on fluid around the eye. The 
disease is mainly seen in summer and 
autumn when the flies are active. It is usually 
more common in cattle 1 and African buffalo 2 
than horses, and worms may be more abun¬ 
dant in beef than in dairy cattle. Eyeworm in 
cattle is differentiated from infectious kerati¬ 
tis by observing the adult worm in the con¬ 
junctival sac or demonstrating first-stage 
larvae in eye washings. Ivermectin (0.2 mg/ 
kg, repeated three times at 1-month inter¬ 
vals) is active against worms in African 
buffalo. 2 Ivermectin and doramectin are 
active against the adult worm in cattle, but 
anecdotal reports suggest that it may be less 
effective in horses. 3 
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"BRIGHT BLINDNESS" OF 
SHEEP CAUSED BY 
BRACKEN INGESTION 

A progressive retinal degeneration associated 
with ptaquiloside was observed in sheep kept 
for more than 3 years on pastures heavily 
infested with bracken in the United Kingdom, 
and the disease has been produced experi¬ 
mentally in sheep fed bracken. Affected sheep 
are blind, reluctant to move, but bright and 
alert. The pupils are dilated and show poor 


light and menace reflexes, and on ophthal¬ 
moscopic examination there is retinal degen¬ 
eration. This degeneration maybe observable 
in many more sheep than the clinically blind 
ones. Leukopenia is a characteristic. 

BOVINE OCULAR SQUAMOUS- 
CELL CARCINOMA 

Bovine ocular squamous-cell carcinoma 
(BOSCC), often referred to as “cancer eye,” is 
one of the most common neoplasms of cattle. 


SYNOPSIS 


Etiology Genetic-environmental interaction. 
Lack of pigmentation around the eye and 
solar radiation. 

Epidemiology One of most common 
neoplasms of cattle; mostly in beef cattle 
breeds with white on their heads (Hereford, 
Simmental) and lacking pigment around 
the eye; animals over 5 years of age. Solar 
radiation is a major risk factor. 

Signs Precursor lesions; single or multiple 
plaques on eyelid or conjunctiva, except 
the cornea or pigmented lid; may regress 
or lead to carcinomas of sclera resembling 
papillomas with crumbly, necrotic ulcerated 
mass attached to the eyelid, causing 
irritation to eye and conjunctiva and 
excessive lacrimation and pus. Invasion of 
surrounding tissues of eye and possibly to 
nearby lymph nodes. 

Clinical pathology Histology of lesion. 

Lesions Squamous-cell carcinoma. 

Diagnostic confirmation Biopsy and 
histology. 

Differential diagnosis list 

Pinkeye 

Lymphoma of periorbital tissues 

Treatment Excision by cryosurgery. Radical 
surgery may be necessary. Immunotherapy 
with vaccines has been attempted. 

Control Breeding program to increase degree 
of periocular pigmentation in white-faced 
beef cattle and remove genetically 
susceptible cattle from the breeding herd. 


ETIOLOGY 

A genetic-environmental interaction has 
been proposed as the cause. A relative lack 
of circumocular and corneoscleral pig¬ 
mentation, both of which are highly herita¬ 
ble, increases the probability of lesion 
development when the animal is exposed to 
a carcinogenic agent such as the ultraviolet 
component of sunlight. 1 The carcinoma has 
been regarded as a papilloma-associated 
tumor because papillomavirus can be found 
in the precursor lesions, and papillomavirus 
DNA in the carcinomas. It is possible the 
papillomavirus infection predisposes to 
BOSCC by induction of precursor lesions, 
but papillomavirus does not appear to be 


needed for maintenance of the tumor. More¬ 
over, advanced virological techniques have 
failed to reveal any association between the 
virus and the tumor. 2 

The p53 gene product is highly expressed 
in bovine BOSCC, which provides support 
for its role in BOSCC tumor development. 

EPIDEMIOLOGY 

Occurrence 

Bovine ocular squamous-cell carcinoma is a 
very common neoplasm of the eyelids and 
the eyeball of cattle and one of the most 
common neoplasms of cattle. The disease is 
most common in beef cattle, which are 
exposed to more sunlight than dairy cattle. 
Breeds affected most commonly are Here¬ 
ford and Simmental, but BOSCC has also 
been recorded in Shorthorn, Holstein- 
Friesian, Guernsey, Jersey, Ayrshire, Brown 
Swiss, Normandy, Hollandensa, Javanese- 
Mongolian, and Brahman cattle. 

The tumors are uncommon in cattle 
younger than 5 years and are almost never 
seen in cattle younger than 3 years. The con¬ 
demnation rate at slaughter of cattle with 
ocular squamous-cell carcinoma in Canada 
is about 30% of cases. A squamous-cell car¬ 
cinoma of the anal and perianal area of a 
15-year-old bull has been recorded. 

Risk Factors 

The heritabilities and phenotypic and genetic 
correlations of eyelid and corneoscleral 
pigment and eye lesions associated with eye 
cancer were investigated in 2831 Herefords 
from 34 herds in 21 U.S. states and one 
Canadian province. The results indicated 
that periocular pigmentation and eyelid and 
corneoscleral pigment were highly heritable 
and genetically correlated. These findings 
lead to the general conclusion that the 
genetic effect on pigment determines to a 
large extent the degree to which the eye is 
susceptible to an environmental carcino¬ 
genic agent such as ultraviolet light. A very 
high heritability estimate (h 2 = 0.79) was 
reported for circumocular pigmentation in 
3579 Simmental cattle in Germany. 1 

In Zimbabwe, ocular squamous-cell car¬ 
cinoma was frequently observed in five 
breeding herds of Simmental cattle. In these 
herds, initial signs of the disease were evident 
in cattle of about 3 years of age, and gradually 
the prevalence increased to over 50% in 
animals over 7 years of age. It is suggested 
that because most cattle in Zimbabwe are 
slaughtered by 10 years of age, that more 
than 67% of cattle without periorbital skin 
pigmentation would develop the tumor. The 
tumors were multiple and commonly bilat¬ 
eral. Simmental cattle have a complete or 
partly white face, and the lack of facial pig¬ 
mentation risks exposure to intense solar 
radiation when they are kept at a high 
altitude (1500 m) in a sunny and warm 
climate. The prevalence was much lower in 
white-faced Friesian cattle in the same 
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environment, which indicates a genetic pre¬ 
disposition for the tumors in Simmental 
cattle, separate from periocular pigmenta¬ 
tion. In Zimbabwe, the tumor is not recorded 
in fully pigmented cattle breeds. 

The positive association between preva¬ 
lence of BOSCC and various measures of 
solar radiation indicate a significant associa¬ 
tion between increasing risks of developing 
eye cancer and increasing levels of radiation. 
Ultraviolet light is generally regarded as an 
important risk factor. Most tumors are 
located only in the sun-exposed mucocuta¬ 
neous areas not protected by hair. Tumors 
are predominantly localized in the third 
eyelid and the lateral limbus, and tumor 
growth usually starts at the outer edge, which 
receives the most sunlight. Cattle exposed to 
higher levels of ultraviolet radiation develop 
the disease at younger ages. 

Economic Importance 

The disease results in serious economic con¬ 
sequences through lessened productivity and 
carcass condemnations. Commercial cattle 
can be culled early without much loss, 
because only the head is condemned. Pure¬ 
bred cattle are more of a problem because of 
the difficulty of deciding when euthanasia 
must be the humane decision, rather than 
another attempted extirpation of the eye. An 
additional issue in purebred cattle is whether 
the bloodline of affected cattle should be 
preserved. 

PATHOGENESIS 

The initial lesion may be on the eyelid or any 
structure in the conjunctival sac, except 
the avascular cornea or pigmented eyelid. 
Lesions can encroach on these tissues 
from others nearby, carrying a blood supply 
with them. 

The lesions develop through four stages. 
The first three, plaque, keratoma, and papil¬ 
loma, are nonmalignant and have relatively 
high spontaneous regression rates. The 
fourth stage is the squamous-cell carcinoma, 
which does not regress. The tumor is located 
in the sclera adjacent to the lateral limbus, in 
the membrana nictitans (third eyelid), or in 
the lower eyelid (Fig. 16-1 1A-C). It is an 
invasive tumor, metastasizing along the 
draining lymphatics into cervical lymph 
nodes. Primary lesions of the lids are most 
likely to metastasize to these nodes. 

Animals do not appear to develop resis¬ 
tance to the cancer; only a few cows with the 
disease develop measurable antibodies in 
their sera. It is one of the characteristics of 
this disease that the carcinomas appear to 
produce immunosuppressive substances, 
and removal of tumor mass reduces their 
blood concentrations. 

In countries and in herds where ocular 
carcinoma is common, it is not unusual to 
encounter lesions on the labia of the vulva, 
especially if there are patches of unpig- 
mented skin. 



Fig. 16-11 A, Advanced plaque on the lateral limbus of the right eye from a Simmental cow. 
This is a precursor to ocular squamous-cell carcinoma. B, Advanced papilloma on the third 
eyelid of the right eye from a Simmental cow. This is a precursor to squamous-cell carcinoma. 
Note the small amount of periocular eyelid pigmentation. C, Advanced squamous-cell 
carcinoma of the right lower eyelid of a Simmental cow. The tumor mass is large enough that 
metastasis to the regional lymph node was likely. 




CLINICAL FINDINGS 

Typical precursor lesions are single or 
multiple plaques of gray-white, smooth or 
rough, hyperplastic to hyperkeratinized 
tissue anywhere in the conjunctiva (stage 1). 
Plaques may develop into keratoma or kera- 
toacanthomas (stage 2) and papillomas 
(stage 3), which are also regarded as precur¬ 
sor lesions. Squamous-cell carcinomas (stage 
4) may develop from any of these precursor 
stages, which may also regress spontane¬ 
ously. Classic ocular squamous-cell carci¬ 
noma lesions resemble papillomas, with a 
fleshy, sometimes crumbly, often necrotic 
and ulcerated mass attached to the lid or the 
orbit by a wide base. They are visible even 
when the eyelids are closed, and they cause 
obvious irritation to the surrounding con¬ 
junctiva, resulting in increased lacrimation 
and sometimes in the discharge of pus. Inva¬ 
sion of surrounding tissues is common, but 
metastases to nearby lymph nodes and to 
viscera occur in only a few cases and then 
only late in the course of the disease. In 
general, all lesions with a dimension greater 
than 2 cm are cancerous (stage 4). The pro¬ 
portion of small precursor lesions that 
regress without specific treatment is up to 
88%, which complicates evaluation of treat¬ 
ment efficacy. 

The most common location for tumor 
development is the lateral corneoscleral 
junction (limbus), which usually accounts 
for three-fourths of all lesions. Other 
predilection sites are the nictating mem¬ 
brane (third eyelid) and middle to medial 
aspect of the lower eyelid. Tumors on the 
nictating membrane appear to grow more 
quickly than tumors located elsewhere. 3 
Tumors in the eyelids have a higher fre¬ 
quency of metastasis than tumors of the 
cornea or limbus; this most likely reflects 
total tumor volume at diagnosis, with 
eyelid lesions typically being more exten¬ 
sive when the animal is first examined for 
treatment. 

CLINICAL PATHOLOGY 

Differentiation between carcinomas and pre¬ 
cursor lesions is difficult clinically, and cyto¬ 
logic examination or biopsy is recommended 
for definitive diagnoses. The cytology of 
squamous-cell carcinomas in domestic 
animals has been described. 


DIFFERENTIAL DIAGNOSIS 


One of the difficulties encountered in the field 
is the clinical differentiation of benign 
precursor lesions from the malignant 
carcinomas; failure to do so may account for 
the high rates of spontaneous regression 
recorded, especially in Hereford cattle, where 
a spontaneous recovery rate of 88% has been 
recorded. To avoid this inaccuracy, exfoliative 
cytology by the examination of smears of 
lesions is helpful. Combined with a clinical 
assessment, this is the recommended method 
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of confirming the diagnosis. Differentiation 
from similar lesions that are not BOSCC can 
only be achieved by proper laboratory 
examination of tissues. 

BOSCC must be differentiated clinically 
from: 

Pinkeye and its complications, which result in 
excessive lacrimation and purulent material 

Lymphoma of the periorbital tissues, which 
usually manifests as exophthalmos 


TREATMENT 

Surgical excision of small lesions with a 
margin of 2 to 3 mm, accompanied by cryo- 
necrosis (two freeze-thaw cycles) of the 
tumor site using appropriately sized copper 
probes placed in liquid nitrogen, is widely 
practiced in cattle. Results are good to excel¬ 
lent in cattle with small lesions (<2 cm in 
dimension). Enucleation (removal of the 
eye) and extirpation or exenteration (removal 
of the eye and para-orbital tissue) is com¬ 
monly performed in animals with larger 
lesions (>2 cm in dimension) that indicate 
presence of carcinoma in situ that are locally 
invasive. The major challenges with enucle¬ 
ation are intraoperative hemorrhage and 
postoperative infection, which occurred in 
19% of 53 cattle. 4 Radical surgery, including 
removal of the local lymph nodes and parts 
of the salivary gland, may be desirable in 
advanced cases of BOSCC. 

Recurrence, or the development of 
new lesions at the same site, is common. 
Treatment can also be combined with 
immunotherapy, for example, with bacillus 
Calmette-Guerin (BCG) vaccine injected 
systemically or into the lesion, or with 
vaccination with BOSCC tumor material. 
There is a significant cell-mediated immune 
response in cattle with BOSCC, and it is 
thought that this immune process plays an 
important role in the rejection of the 
tumors. One controlled trial in cattle 
showed that intralesional injection of BCG 
vaccine can interrupt neoplastic progres¬ 
sion and prevent malignant disease. A per¬ 
manent regression after BCG vaccination 
can be expected in 37% of cases, recurrence 
at the same site in 26%, and continued 
growth in 37%. 

A favorable response to a single injection 
of a saline phenol extract of fresh tumor tissue 
can induce a high rate of regression of ocular 
tumors, with a higher recovery rate after the 
use of 200 mg of lyophilized tumor extract 
compared with an injection of 100 mg. The 
injection may need to be repeated. Occa¬ 
sional tumors show enhancement of growth 
after vaccination, especially if it is repeated. 
The vaccine does not need to be autologous, 
and only one injection is required. A freeze- 
dried preparation of tumor antigen has been 
used successfully. In general, the use of a 
vaccine seems likely to provide a satisfactory 
method for controlling an esthetically dis¬ 
tressing and financially important disease. 


Reports on the effect of vaccination with a 
tumor vaccine on the vulvar form of 
squamous-cell carcinoma vary. 

Daily peritumoral injections of BOSCC 
lesions up to 2.8 cm 2 in area with 
interleukin-2 for 10 days at 5000 to 
1,000,000 U was effective in inducing com¬ 
plete tumor regression in 50% to 69% of 
tumors at 20 months, compared with 14% 
regression in control cattle injected with 
solvent. 3 Lower daily IL-2 doses (<200,000 U) 
were similarly effective as higher doses in 
inducing tumor regression at 9 months, but 
their effectiveness was not maintained at 20 
months. Interleukin-2 is thought to induce 
tumor regression by initially inducing 
edema, then angiogenesis, recruitment of 
monocytes, and macrophage and lympho¬ 
cyte activation. However, the tumor response 
rate to IL-2 treatment is lower than that 
achieved by surgery, which remains the pre¬ 
ferred treatment for BOSCC. 

Treatment by the use of radioactive 
implants or topically applied radiation has 
also been successful, but reduced availability 
and concerns about the use of radioactivity 
in a meat-producing animal has markedly 
decreased the application of localized radia¬ 
tion therapy. Other treatments that have 
received favorable comment, but need to be 
evaluated in the light of the known natural 
recovery rate of the benign precursor lesions, 
include radiofrequency hyperthermia and 
combinations of the previously described 
procedures. 


TREATMENT AND CONTROL 


Treatment 

Surgical excision of lesions > 2 cm in 
dimension (stage 4) (R-1) 

Surgical excision of lesions < 2 cm in 
dimension (stages 1, 2, 3, or 4) (R-1) 

Cryonecrosis (2 freeze-thaw cycles) (R-2) 

Intralesional BCG injection(s) (R-2) 

Intralesional IL-2 injections (200,000 to 
2,000,000 U daily for 10 days) (R-2) 

Local radiofrequency hyperthermia (2 heating 
cycles) (R-2) 

Local radiation therapy (if available and 
permitted) (R-2) 

Prophylaxis 

Decrease exposure to ultraviolet light (usually 
not practical) (R-1) 

Implement breeding program based on 
increasing periocular pigmentation (R-1) 

Remove direct descendants and sires and 
dams of cattle diagnosed with BOSCC (R-2) 


CONTROL 

Because of the strong correlation between 
absence of pigmentation of the eyelids and 
the occurrence of the disease, and because of 
the high heritability of this pigmentation 
in Hereford and Simmental cattle, it is 
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suggested that a breeding program aimed at 
increasing the degree of pigmentation of 
eyelids could quickly reduce the incidence of 
the disease in this breed. A positive approach 
to the problem would be to crossbreed sus¬ 
ceptible B. taurus cattle with B. indicus cattle, 
which always have pigmented eyelids and 
have much lower rates of eye cancer. In Ayr- 
shires there is a corresponding predilection 
for squamous-cell carcinomata of the vulva, 
but the neoplasm does not occur on both 
sites in the same cow. Selection on the basis 
of the occurrence of lesions alone results in 
only limited reduction in incidence. 

FURTHER READING 
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EQUINE OCULAR SQUAMOUS- 
CELL CARCINOMA 

Squamous-cell carcinoma is one of the most 
common neoplasms of the horse and is the 
most common neoplastic tumor of the eye 
and orbit. 

Equine ocular squamous-cell carcinoma 
(EOSC) is associated with a number of 
factors, including lack of pigmentation 
around the eye, exposure to solar radiation, 
mutations in the p53 gene, and presence of 
equine caballus papillomavirus type 2 
(EcPV-2) and bovine papillomavirus type 1 
(BPV-1) DNA. 1,2 EcPV-2 is also found in 
squamous carcinoma of the penis of horses, 
but not in clinically normal nictitating mem¬ 
brane tissue (75 horses). 3 Although DNA of 
BPV-1 can be found in normal equine skin, 
there is increasing evidence of an etiologic 
link between mucocutaneous squamous-cell 
carcinoma (SCC) in horses and EcPV-2 
infection. Approximately 25% of these 
tumors express cyclooxygenase-2 activity. 4 ' 6 

The reported frequency has been highest 
in animals lacking periocular pigmentation 
and is more common in Appaloosa, albino, 
and color-dilute horses. An increased preva¬ 
lence for ocular and adnexal SCC has been 
reported in Belgian draff horse breeds, 
Appaloosas, Paint horses, Thoroughbreds, 
and Quarter horses. A predisposition for the 
development of ocular and adnexal SCC has 
also been reported in geldings. The risk has 
been higher in draff breeds than in other 
pigmented breeds, probably related to the 
large expanses of white skin on the face and 
around the eye of the heavy draft breeds. The 
overall mean age range of affected animals is 
8 to 10 years. In a series of limbal neoplasms 
in horses admitted to the Veterinary Teach¬ 
ing Hospital in the Netherlands, SCC was the 
most predominant tumor type, and Haflinger 


horses accounted for 69%, whereas 
their occurrence in the hospital population 
was 5%. 

In a retrospective study of 50 cases 
submitted to the University of Florida Veteri¬ 
nary Medical Teaching Hospital, the Appa¬ 
loosa accounted for the majority of cases, 
which may be a reflection of the high level of 
solar radiation in southeastern United States. 
The average age at which the tumor was 
diagnosed initially was 11.8 years; males 
accounted for 64% and females 36% of the 
cases. The rate of metastasis was 18%. 

In the Florida study, higher cure rates 
were associated with surgical excision fol¬ 
lowed by radiation therapy for a cure rate of 
75%, whereas with only surgical excision the 
cure rate was 55%. Best results with treat¬ 
ment are seen when surgical intervention is 
early. In horses, treatment is largely surgical, 
but all of the immunologic techniques devel¬ 
oped for cattle have been used, including 
local irradiation therapy. 

The most frequent site for ocular involve¬ 
ment is the nictitating membrane and con¬ 
junctiva, but the eyelids and cornea are also 
involved. 

Treatment of ocular and adnexal SCC 
has included various types of therapy, with 
and without adjuvant radiation therapy. 
Types of treatment without adjuvant radia¬ 
tion therapy include excision, cryotherapy, 
radiofrequency hyperthermia, immunother¬ 
apy, chemotherapy with cisplatin, and carbon 
dioxide laser ablation. Treatment with adju¬ 
vant radiation therapy includes use of stron¬ 
tium 90 (Sr), cobalt 60 (Co), gold 198, 
iridium 192 (Ir), cesium 137, iodine 125 (I), 
and radon 222 (Rn). In a series of 157 cases 
of ocular and adnexa SCC, those treated with 
adjuvant radiation therapy had a signifi¬ 
cantly lower recurrence rate compared with 
those treated without adjuvant radiation 
therapy, independent of anatomic location. 

Superficial keratectomy followed by cryo¬ 
surgery is a simple and effective procedure 
for the treatment of small-sized limbal 
tumors (less than 2 cm) in horses. Sophisti¬ 
cated equipment is not required, and the 
legal restrictions associated with the use of 
radioactive substances in many countries are 
not a consideration. 

Prevention is through reduction of expo¬ 
sure to sunlight through use of fly masks and 
tattooing of ocular tissue. 

Ocular pseudotumors have been 
described in horses. They are proliferative 
inflammatory lesions involving the eye, 
adnexa, or orbit, which clinically mimic true 
neoplasms. Cases are characterized by a uni¬ 
ocular, pink, proliferative limbal or perilim- 
bal lesion. Affected horses may be from 5 to 
9 years of age. Most cases occurred during 
the summer months and none of the affected 
animals had a history of trauma or recent 
deworming. The dorsal bulbar conjunctiva 
was most commonly affected, followed by 
the third eyelid. Lesions were relatively 


flat with indistinct margins or discrete 
and nodular. Histologically, the lesion is 
inflammatory and characterized by predom¬ 
inantly lymphocytic infiltrates. The cause is 
unknown, but an immune-mediated patho¬ 
genesis is suspected based on the preponder¬ 
ance of immunocytes consisting primarily of 
lymphocytes. Treatment consists of surgical 
excision alone, partial resection with antiin¬ 
flammatory therapy, or antiinflammatory 
therapy alone. 
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INHERITED EYE DEFECTS 

Inherited eye defects of farm animals and 
horses are not uncommon and typically 
occur in breeds that originate from a small 
founder base, such as, for example, with the 
complex ocular abnormalities of “Rocky 
Mountain horses” (which actually originated 
in the Ohio Valley of the United States) or 
Texel sheep. 1,2 Abnormalities of the eyes 
include strabismus; microphthalmia; single, 
multiple, or complex intraocular abnormali¬ 
ties; cataracts; retinal abnormalities (night 
blindness); corneal lesions, including abnor¬ 
mal tissue on the surface of the cornea (der¬ 
moids) or corneal opacity; abnormal eyelid 
conformation (entropion); distichiasis; and 
absence of the nasolacrimal duct. The genetic 
basis for some of the more common lesions 
has been determined. 3 

Inherited convergent medial strabismus 
with exophthalmos occurs in German 
Brown, Jersey, Shorthorn, Ayrshire, Bulgar¬ 
ian Grey, Irish Friesian, German Fleckvieh, 
German Black and White, and Dutch Black 
Pied breeds.' The incidence of BCSE in 
German Brown cattle is 0.9% in adult cows 
and 0.1% in young animals. The disease 
appears to be inherited in an autosomal- 
dominant manner with incomplete pene¬ 
trance, with a relative decrease in neurons in 
the nuclear region of the abducens nerve. 
This decrease in neurons induces paresis of 
the lateral rectus muscles and the lateral part 
of the retractor bulbi muscles, resulting in 
the clinical signs of exophthalmos and 
strabismus. Candidate genes for the defect 
are thought to be on bovine chromosomes 5 
and 18. 8,9 

The disease is characterized by late onset 
(>1 year of age) of clinical signs that are 








Fig. 16-12 Advanced case of bilateral 
convergent strabismus with exophthalmos 
in a German Brown cow. (Reproduced, with 
permission, from Momke S, Distl O. Bilateral 
convergent strabismus with exophthalmus 
[BCSE] in cattle. An overview of clinical signs 
and genetic traits. Vet J 2 007; 173:272-277. ? ) 

progressive, including bilateral, symmetric, 
permanent rotation of the eyeballs in an 
anterior-medial direction and slight to severe 
laterodorsal exophthalmos (Fig. 16-12).' 
Parts of the lateral rectus muscle or retrobul¬ 
bar fat pad can become visible in severely 
affected animals. Epiphora is common in 
cattle with advanced BCSE. The sclera 
becomes darkly dark pigmented. Mildly 
affected animals compensate well and can be 
difficult to detect without close examination 
of the eyes, whereas more severely affected 
animals clearly have visual impairment up to 
and including blindness. There is no effective 
treatment. 

An inherited, congenital corneal opacity 
occurs in Holstein cattle. The cornea is a 
cloudy blue color at birth, and both eyes are 
equally affected. Although the sight of 
affected animals is restricted they are not 
completely blind, and there are no other 
abnormalities of the orbit or the eyelids. His¬ 
tologically there is edema and disruption of 
the corneal lamellae. 

Lens dystrophy occurs in Brown Swiss 
cattle that are affected by an inherited con¬ 
genital blindness. Japanese Black cattle also 
suffer from an inherited blindness caused by 
defects in the pupil, retina, and optic disk. 

Congenital cataracts occur in a variety 
of breeds of cattle, and some have a sus¬ 
pected genetic component. 10 Multiple cata¬ 
racts in a herd of Ayrshire cattle in Ireland 
were not clearly inherited, but the cause was 
not determined. 10 The condition of bilateral 
cataracts has been observed to be an inher¬ 
ited defect in Romney sheep. It is inherited 
as an autosomal-dominant trait and can 
be eradicated easily by culling. Congenital 
cataracts in Exmoor ponies in Canada are 
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inherited in a sex-linked fashion, with the 
disease being significantly more common in 
females. 11 

Complete absence of the iris (aniridia) in 
both eyes is also recorded as an inherited 
defect in Belgian horses. Affected foals 
develop secondary cataracts at about 2 
months of age. Total absence of the retina in 
foals has also been recorded as being inher¬ 
ited in a recessive manner. 

Congenital stationary night blindness 
(CSNB) in Appaloosa horses is associated 
with homozygosity for the gene conferring 
the coat spotting pattern in horses, which 
itself is caused by a single incomplete domi¬ 
nant gene (LP). 5,12 LP maps to a 6-cM region 
on ECA1. Expression of transient receptor 
potential cation channel, subfamily m, 
member 1 (TRPM1) in the retina of homo¬ 
zygous Appaloosa horses is 0.05% the level 
found in non-Appaloosa horses. Decreased 
expression of TRPM1 in the eye and the skin 
may alter bipolar cell signaling and melano¬ 
cyte function, thus causing both CSNB and 
LP in horses. 5 

Microphthalmia is reported to be an 
inherited defect in Texel sheep, but the inci¬ 
dence is low. It is a well-recognized genetic 
defect of Texel sheep in Europe. Following 
importation and “breeding up” of the breed 
in New Zealand in the 1990s, animals were 
released from quarantine for further expan¬ 
sion of the breed. The abnormality has 
occurred in a number of flocks in New 
Zealand, and an experimental breeding flock 
is maintained to study the molecular genet¬ 
ics. It is inherited as an autosomal-recessive 
trait. An outbreak in Texel sheep in New 
Zealand has been recorded. The optic globes 
are approximately one-half normal size, and 
the optic nerves at the chiasma are approxi¬ 
mately one-half normal size. No other lesions 
are present in any organs. The retina is com¬ 
posed of an irregular mass attached to and 
continuous with the ciliary apparatus at one 
pole and connected to the optic nerve poste¬ 
riorly by a short stalk. The morphology 
and morphogenesis of the defect has been 
followed in embryos at different ages from 
ewes known to be carriers of the microph¬ 
thalmia factor. The primary event was abnor¬ 
mal development of the lens vesicle, with 
disintegration of the lens and subsequent 
overgrowth of mesenchymal tissue. The mes¬ 
enchymal tissue later differentiated in various 
directions, whereas the epithelial structures 
found in the microphthalmic eyes at days 56 
and 132 of gestation and in newborn lambs 
appeared to be remnants of the epithelial lens 
vesicle. 

Typical colobomata, ophthalmoscope 
cally visible defects of one or more structures 
of the eye, caused by an absence of tissue, 
have assumed a more prominent position 
than previously because of their high level of 
occurrence in Charolais cattle. The lesions 
are present at birth and do not progress 
beyond that stage. They affect vision very 


little, if at all. However, because they are 
defects they should be named in certificates 
of health, but they are not usually considered 
as being a reason for disqualification from 
breeding programs. In Charolais cattle the 
inheritance of the defect is via an autosomal- 
dominant gene with complete penetrance in 
males and partial (52%) penetrance in 
females. The prevalence may be as high as 
6%, and in most cases both eyes are affected. 
The defect is a result of incomplete closure of 
one of the ocular structures at or near the 
line of the embryonic choroidal fissure. 
Failure of the fissure to close represents the 
beginnings of the coloboma. The retina, 
choroid, and sclera are usually all involved. 

Entropion is inherited in a number of 
sheep breeds, including Oxfords, Hamp- 
shires, and Suffolks. Affected lambs are not 
observed until about 3 weeks of age when 
attention is drawn to the eyelids of the appar¬ 
ent conjunctivitis. A temporary blindness 
results, but even without treatment there is a 
marked improvement in the eyelids. Con¬ 
genital entropion occurs in related Boer goat 
kids, but the mode of inheritance, if any, is 
unknown. 13 

Distichiasis, in which aberrant cilia are 
present at the eyelid margin, appears to 
occur with greater frequency in Friesian 
horses, in which rigid cilia cause corneal irri¬ 
tation or corneal ulceration. Although an 
inherited cause is suspected, the etiology is 
unclear. 14 

Ocular dermoids are recorded as geneti¬ 
cally transmitted in Hereford cattle. They 
occur as multiple small masses of dystrophic 
skin complete with hair on the conjunctiva 
of both eyes of affected cattle. They can be 
anywhere on the cornea, on the third eyelid, 
or the eyelid, and they may completely 
replace the cornea; there may be a resulting 
marked dysplasia of the internal ocular 
structures. 

Ocular dermoid cysts are single, solid, 
skin-like masses of tissue, adherent usually 
to the anterior surface of the eye, causing 
irritation and interfering with vision (Fig. 
16-13). The eyelid, the third eyelid, and the 
canthus may also be involved, and the lesions 
may be unilateral or bilateral. When they 
occur at a high frequency in a population, 
it is likely they are inherited, as they can 
be in Hereford cattle. It is also recorded in 
foals. The defect is sometimes associated 
with microphthalmos. Surgical ablation is 
recommended. 

Nasolacrimal duct fistulae, either unilat¬ 
eral or bilateral, occur in Brown Swiss cattle. 
The defect, evidenced by persistent epiphora 
and presence of a nasolacrimal fistula 
medial to the medial canthus of the eye, is 
inherited, although the mode of inheritance 
is unclear. 15 ' 16 

Combined Ocular Defects 

Although the vision appears unaffected, a 
large number of congenital defects of the eye 
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Diseases of the Skin, Eye, Conjunctiva, and External Ear 



Fig. 16-13 Ocular dermoid cyst on the ventral corneal and limbus of the left eye of a 
Simmental calf. 


have been observed in cattle, including 
Herefords, affected by partial albinism. The 
defects include iridal heterochromia, 
tapetum fibrosum, and colobomas. Con¬ 
genital blindness is also seen in cattle with 
white coat color, especially Shorthorns. The 
lesions are multiple and include retinal 
detachment, cataract, microphthalmia, per¬ 
sistent pupillary membrane, and vitreous 
hemorrhage. Internal hydrocephalus is 
present in some, and hypoplasia of optic 
nerves also occurs. 

A combination of iridal hypoplasia, 
limbic dermoids, and cataracts occurred in 
the progeny of a Quarter horse stallion, pre¬ 
sumably as a result of a mutation in the stal¬ 
lion and transmission to the foals via an 
autosomal-dominant gene. The inheritance 
is simple autosomal recessive. 

Irideremia (total or partial absence of 
iris), microphakia (smallness of the lens), 
ectopia lentis, and cataract have been 
reported to occur together in Jersey calves. 
The mode of inheritance of the characters 
is as a simple recessive trait. The calves are 
almost completely blind but are normal 
in other respects and can be reared satis¬ 
factorily if they are hand-fed. Although 
the condition has been recorded only in 
Jerseys, similar defects, possibly inher¬ 
ited, have also been seen in Holsteins and 
Shorthorns. 

Multiple congenital ocular abnormali¬ 
ties occur with high frequency in Rocky 
Mountain horses and the closely related 
breeds Kentucky Mountain Saddle horse and 
Mountain Pleasure horse. 1,12,17,18 The cause is 
a missense mutation in the PMEL gene that 
has pleiotropic effects on the eye and coat 
color, causing a dilute or “silver” coat. 1 ' 
Similar to the silver mutation, MCOA is 
controlled by a dominant gene, with some 


reports demonstrating a codominant mode 
of inheritance and incomplete penetrance. 3,18 
Homozygotes are thought to be more 
severely affected, having multiple abnormali¬ 
ties, whereas heterozygotes have cysts only, 
although this may not always be the case. 
Incomplete penetrance of this disorder has 
made studying the molecular mechanism 
behind these eye phenotypes difficult. Indi¬ 
viduals carrying the causative mutation that 
are phenotyped as normal may either have 
cysts that were too small to detect or be true 
cases of nonpenetrance. 18 Equine MCOA is 
characterized by a diverse set of ocular phe¬ 
notypes. 18 The predominant phenotype con¬ 
sists of large cysts, which are often bilateral, 
originating from the temporal ciliary body 
or peripheral retina, and additional pheno¬ 
types include abnormalities of the cornea, 
iris, lens, and iridocorneal angle. 18 

INHERITED NYSTAGMUS 
Familial Undulatory Nystagmus 

Familial undulatory nystagmus is an inher¬ 
ited defect of Finnish Ayrshire cattle 
characterized by a tremor-like, synchronous 
movement of the eyeballs. The tremor has 
small amplitude (1 to 2 mm) and fast (200/ 
min) rate and is usually vertical. Nystagmus 
is present at all times, there is no sign of 
impaired vision, and the eye reflexes are 
normal. The condition is a blemish rather 
than a disease because there is no functional 
deficiency. 

Pendular Nystagmus 

Pendular nystagmus is an inherited defect of 
Holstein-Friesian cattle observed primarily 
in North America. A report from 1981 utiliz¬ 
ing a convenience sample in New York state 
reported a prevalence of 0.51% in 2932 cattle 
from 62 herds. Affected cattle have a 


high-frequency (approximately 100 to 200 
horizontal oscillations/minute) nystagmus of 
both eyes, with the eyes moving approxi¬ 
mately 1 mm. Nystagmus has been observed 
shortly after birth in some calves, but the age 
of onset is not accurately known. Adult 
animals appear to be unaffected by the nys¬ 
tagmus and appear to have normal vision 
and balance and ocular reflexes. Pendular 
nystagmus is not thought to affect produc¬ 
tion and should not be mistaken as indicat¬ 
ing the presence of a serious neurologic 
disease. 
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External Ear Diseases 
OTITIS EXTERNA 

Otitis externa, inflammation of the skin and 
external auditory canal, can affect cattle of all 
ages, in isolated cases, an entire herd, or in 
entire regions. 

Arthropod parasites, foreign bodies, and 
sporadic miscellaneous infections may cause 
irritation in the ear, accompanied by rubbing 
of the head against objects and frequent 
head-shaking. 

In tropical and subtropical regions, para¬ 
sitic otitis is more important than in other 
more temperate regions. The mites Raillietia 
auris and Dermanyssus avium , the tick 
Otobius magnini , larvae ( Stephanofilaria 
zahaeeri), free-living nematodes ( Rhabditis 
bovis ), and the blue fly ( Chrysomia bezziano) 
are of importance in Europe, Africa, India, 
and America. Malassezia spp., Candida spp., 
Rhodotorula mucilaginosa, Aspergillus spp., 
and Micelia sterilia are common causes of 
otitis externa in cattle in Brazil. 

When the syndrome occurs in a large 
number of animals in a herd, as it does 
in tropical countries, it is necessary to 
identify the specific causative agent. R. bovis 
is a common cause. Affected animals are 
depressed, eat little, and appear to experience 
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pain when they swallow, and they shake their 
heads frequently Both ears are affected in 
most cases, and there is a stinky, blood¬ 
stained discharge that creates a patch of alo¬ 
pecia below the ear. The area is painful when 
touched, the external meatus of the aural 
canal is obviously inflamed, and the parotid 
lymph nodes are enlarged. Extension to the 
middle ear is an unusual sequel. Topical 
treatment with ivermectin and a broad- 
spectrum antibiotic is effective. 

Circumscribed ulcerative lesions on the 
ears with raised edges frequently associated 
with secondary bacterial or fungal infection 
are a common finding in cattle and buffaloes 
affected by buffalopox virus infection (see 
also “Coxpox and Bufallopox”). 

FURTHER READING 

Duarte ER, Hamdan JS. Otitis in cattle, an aetiological 
review. J Vet Med B Infect Dis Vet Public Health. 
2004;51:1-7. 

EAR-TIP NECROSIS 

Currently, ear-tip necrosis of pigs appears to 
be a more common condition. 

ETIOLOGY 

The condition may be associated with the 
presence of Treponema pedis. It can be 
cultured from the lesions and from the 
gingivae of pigs. It is anaerobic, fastidious, 
4 mm to 6 mm in length, and 0.25 microns 
in diameter. There may be a sequence of 
infections when Staphylococcus hyicus is fol¬ 
lowed by the spirochetes and then infected 
with streptococci. In a recent study of puta¬ 
tive agents, no single cause could be found, 


and it was suggested that the condition is 
multifactorial. 1 

EPIDEMIOLOGY 

Ear-tip necrosis is usually seen in pigs at 1 to 
16 weeks of age with a peak around 8 to 10 
weeks. It may also occur in older pigs, when 
it is usually seen at the base of the ear. Typi¬ 
cally it may occur in only one litter of pigs, 
and 80% may be affected. It may be associ¬ 
ated with mixing and moving when a lot of 
pigs show ear biting. 

Contributing factors are thought to 
include poor hygiene, high humidity, low air 
changes, overstocking, abrasions on feeders 
and pen divisions, and fighting associated 
with moving and mixing. 

CLINICAL SIGNS 

The affected pigs appear to show little evi¬ 
dence of distress and often recover sponta¬ 
neously, and in these cases the only evidence 
of the condition is a crinkled edge to the 
ears. When it first appears, if the grease on 
the ear is removed you can see a crack in 
the skin, which obviously then allows bacte¬ 
rial penetration. Some persistent lesions 
may enlarge and spread. Occasionally, pigs 
show inappetence, unthriftiness, fever, or 
even death, often as a result of secondary 
infections. 

PATHOLOGY 

The lesions are black areas of necrosis with 
ulcers on the tips of the ears and the caudal 
edge of the ears. The lesions are dry and 
crusty, and in some cases there may be loss 
of the whole ear or part of the ear. This is 
caused by progressive thrombi formation 


leading to ischemia because there is a poor 
collateral circulation in the ear. In cases 
reported in Sweden, spirochetes were 
observed in silver-stained histologic sec¬ 
tions, and a spirochete isolate was obtained 
and identified as a yet unnamed species of 
the genus Treponema closely resembling 
those found in digital dermatitis in cattle. 
The same organism was isolated from oral 
samples, along with T. socranskii. 2 

DIFFERENTIAL DIAGNOSIS 

Simple ear biting is the main differential, but 
this usually starts at the base of the ear. Other 
septicemic causes of ear tissue loss, such as 

H. parasuis. Salmonella, or S. suis, may be 
suspected when ears are discolored, con¬ 
gested, or necrotic. 

TREATMENT 

Antibiotic sprays may or may not help. 2,3 A 
recent study has suggested that vaccination 
for PCV-2 infections may reduce the inci¬ 
dence of ear-tip necrosis. 4 
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INHERITED CROP EARS 

Inherited as a single autosomal-dominant 
incomplete character in Bavarian Highland 
cattle, the crop ear anomaly affects both ears, 
appears at birth, and varies from a minor 
trimming up to a complete deformity and 
reduction in size. 
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Introduction 

Metabolic diseases are very important in 
dairy cows and pregnant ewes. In the other 
livestock species, metabolic diseases occur 
only sporadically. The high-producing dairy 
cow always verges on abnormal homeostasis, 
and the breeding and feeding of dairy cattle 
for high milk yields is etiologically related 
to metabolic disease so common in these 
animals. The salient features of the common 
metabolic diseases of farm animals are sum¬ 
marized in Table 17-1. 

The term production disease includes 
those diseases previously known as meta¬ 
bolic diseases, such as parturient paresis 
(milk fever), hypokalemia, hypomagnese¬ 
mia, hyperketonemia and ketosis, hyperlipe¬ 
mia, and other conditions that are attributable 
to an imbalance between the rates of input 
of dietary nutrients and the output of pro¬ 
duction. When the imbalance is maintained, 
it may lead to a change in the amount of 
the body’s reserves of certain metabolites 
and their “throughput.” This generalization 
applies principally to energy balance (such 
as ketosis and hypoglycemia), in addition 
to hypomagnesemia, and to a lesser extent 
hypocalcemia. In these diseases output is 
greater than input, either because of the 


selection of cattle that produce so heavily that 
no naturally occurring diet can maintain the 
cow in nutritional balance or because the diet 
is insufficient in nutrient density or unevenly 
balanced. For example, a ration may contain 
sufficient protein for milk production but 
contains insufficient precursors of glucose to 
replace the energy excreted in the milk. 
Although we agree with the generalization on 
which the term production disease is based, 
we prefer to continue to use the expression 
metabolic disease because of common usage 
and the clinical focus that metabolism must 
match the level of production. 


Metabolic Diseases 
of Ruminants 

PERIPARTURIENT PERIOD IN 
CATTLE AND SHEEP 

The incidence of metabolic disease in dairy 
cattle increases as milk production increases 
and, in particular, as the rate of increase in 
milk production increases (called milk yield 
acceleration). In dairy cows, the total disease 
incidence rapidly increases in the very late 
periparturient period, peaks on the day of 
parturition, and then rapidly declines until 
day 7 of lactation (Fig. 17-1). This critical 
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7-day window starting with parturition has 
a tremendous influence on morbidity, lacta¬ 
tion production, reproductive performance, 
and mortality. 

The susceptibility of dairy cows to meta¬ 
bolic disease appears to be related to the 
extremely high turnover of water, electro¬ 
lytes, and soluble organic materials during 
the early part of lactation. With this rapid 
rate of exchange of water, sodium, calcium, 
magnesium, chloride, and phosphate, a 
sudden variation in their excretion or secre¬ 
tion in milk or by other routes, or a sudden 
variation in their intake because of changes 
in ingestion, digestion, or absorption, may 
cause abrupt, damaging changes in the inter¬ 
nal environment of the animal. It is the 
volume of the changes in intake and secre¬ 
tion and the rapidity with which they can 
occur that affect the metabolic stability of the 
cow. In addition, if the continued nutritional 
demands of pregnancy are exacerbated by an 
inadequate diet in the dry period, the inci¬ 
dence of metabolic disease will increase. The 
effect of pregnancy is particularly important 
in ewes, especially those carrying more than 
one lamb. 

Transition Period in Dairy Cows 

The transition period is a crucial stage in the 
production cycle of the dairy cow; no other 
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Table 17-1 Salient features of metabolic diseases of farm animals 


Disease 

Etiology and epidemiology 

Diagnosis 

Treatment 

Control 

Milk fever of cattle 

Hypocalcemia 

Occurs primarily in dairy cows after 
third lactation 

Also in beef cows 

48 hours before or after calving and 
in midlactation 

Low serum calcium 
concentration 

Calcium salts IV, SC 

Dietary management of 
anions-cations 

Downer cow 

Complication of milk fever; recumbent 
too long before treatment 

Clinical findings 

Serum CK activity 

Supportive therapy 

Early treatment of milk-fever 
cases 

Acute hypokalemia 
of cattle 

In lactating dairy cows treated with 
corticosteroids for recurrent ketosis, 
and mastitis 

Low serum potassium 
concentration 

Potassium chloride IV 

Avoid excessive use of 
isoflupredone for recurrent 
ketosis 

Lactation tetany of 
mares 

High-producing lactating mares being 
nursed by vigorous well-nourished 
foal a few weeks of age 

Low serum calcium 
concentration 

Calcium borogluconate 

No reliable method available 

Hypomagnesemic 
tetany (lactation 
tetany) 

Lactating dairy cows on lush fertilized 
pastures 

Also in beef cows before and after 
calving 

Low serum magnesium 
concentration 

Magnesium salts IV 

Supplementation of diets at 
strategic times with 
magnesium salts 

Ketosis of cattle 

Before and after parturition in cattle 

Blood, urine, and milk 
levels of ketone bodies 
during the transition 
period 3 weeks before 
and after parturition 

Glucose IV 

Propylene glycol and 
electrolyte solutions 
orally 

Prepartum dietary management 
of energy intake 

Pregnancy toxemia 
of sheep 

Declining plane of nutrition in ewes in 
late pregnancy 

Urinary ketones 
Hypoglycemia 

Metabolic acidosis and 
terminal uremia 

Cesarean section or 
induction of parturition 

Nutritional management of 
pregnant ewes to ensure a 
rising plane of nutrition in 
the second half of pregnancy 

Fatty liver of cattle 

High-producing dairy cows overfed 
during the dry period 

In well-conditioned beef cattle in late 
pregnancy when energy intake 
suddenly decreased 

Ketonemia, ketonuria, 
hypoglycemia 

Poor prognosis in severe 
cases 

Fluid and electrolyte 
therapy, glucose IV, 
propylene glycol orally 
and insulin 

Nutritional management of 
pregnant cows to avoid 
excessive weight gain 

Avoid situations that reduce 
feed intake at time of 
parturition 

Equine 

hyperlipidemia 

Deranged fat metabolism 

Pregnant or lactating middle-aged 
ponies, donkeys, and American 
miniature horses worldwide 

Sporadic 

Hyperlipidemia 

Enteral or parenteral 
feeding, insulin, 
heparin Treat 
underlying disease 

Maintain optimal body 
condition 

Prevent disease and nutritional 
stress in pregnancy 

Postparturient 

hemoglobinuria 

Dietary deficiency in high-producing 
dairy cows 2-4 weeks after calving 
Copper-deficient area 

Cruciferous crops 

Low serum inorganic 
phosphorus 
concentration 

Low PCV 

Hemoglobinuria 

Whole blood transfusion 
Sodium acid phosphate IV 
Dicalcium phosphate 
orally 

Ensure adequate dietary 
phosphorous intake 


period can affect subsequent production, 
health, and reproductive performance so 
greatly. The success of the transition period 
effectively determines the profitability of the 
cow during that lactation. Nutritional or 
management limitations during this time 
may impede the ability of the cow to reach 
maximal milk production. The primary chal¬ 
lenge faced by cows is a sudden and marked 
increase of nutrient requirements for milk 
production, at a time when dry matter intake, 
and thus nutrient supply, lags far behind. Dry 
matter intake typically declines during the 
final week before parturition. This decline 
and changes in endocrine profiles contribute 
to elevated plasma nonesterified fatty acid 
(NEFA) concentrations, which have been 


related to the occurrence of fat-mobilization- 
related metabolic diseases such as fatty liver 
and ketosis. The magnitude of the decline in 
feed intake as parturition approaches may 
be a better indicator of metabolic health of 
postpartum cows than the actual level of 
feed intake. Diet, body-condition score, and 
parity influence dry matter intake and energy 
balance. The occurrence of diseases during 
the transition period results in lost milk pro¬ 
duction during the time of illness and often 
for the entire lactation. 

A key area of the biology of transition 
cows is lipid metabolism. Excessive lipid 
metabolism from adipose tissue is linked 
with a higher incidence of periparturient dis¬ 
eases. Fatty livers were described in ketotic 


cows in the 1950s. Hepatic fat accumulation 
was then noted in normal cows during early 
lactation. This was followed by a description 
of a fat-mobilization syndrome in early lac¬ 
tation, in which cows mobilized body lipids 
from adipose tissue and deposited lipids in 
the liver, muscle, and other tissues. This was 
followed by descriptions of elevated non¬ 
esterified fatty acid concentrations during 
the last 7 days before calving being associ¬ 
ated with a higher incidence of ketosis, 
displaced abomasum, and retained fetal 
membranes, but not associated with the inci¬ 
dence of milk fever. Understanding the 
metabolism of NEFA by the liver is a critical 
component of understanding the biology of 
the transition cow. Extreme rates of lipid 
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Fig. 17-1 A, Total disease incidence (sum of mastitis, ketosis, digestive disorders, and laminitis) 
relative to days from calving for first- and third-lactation cows in Danish dairy herds that 
calved in 1998. B, Acceleration in milk yield through lactation for cows peaking at 30 kg or 
60 kg (bold line) of milk daily. (Reproduced with permission from Ingvartsen KL. Anim Feed Sci 
Technol 2006; 126:175-213.) 


mobilization lead to increased uptake of 
NEFA by the liver and an increased rate of 
triglyceride accumulation in the liver. If this 
lipid infiltration becomes severe, the syn¬ 
drome of hepatic lipidosis or fatty liver may 
result, which can then result in prolonged 
recovery from other diseases, increased inci¬ 
dence of other diseases, and increased sus¬ 
ceptibility to induction of ketosis. 

During the transition period, dairy cows 
undergo large metabolic adaptations in 
glucose, fatty acid, and mineral metabolism. 
The practical goal of nutritional manage¬ 
ment during this period is to support these 
metabolic adaptations. There are two differ¬ 
ent philosophic approaches for feeding tran¬ 
sition cows in animals fed a total mixed 
ration. The first approach increases the 
energy density of the diet to “correct” for the 
anticipated decrease in dry matter intake in 
late gestation. Increasing the amount of 
energy supplied through dietary carbohy¬ 
drate during the prepartum period results in 
generally positive effects on metabolism and 
performance of transition cows. In contrast, 
the second approach focuses on decreasing 
the energy density and increasing forage (by 


the daily provision of 2 to 4 kg of straw) in 
far-off cattle in an attempt to promote dry 
matter intake. Attempts to increase energy 
supply by feeding dietary fat sources or 
decrease energy expenditure by supplying 
specific fatty acids such as trans- 10, cis- 
12conjugated linoleic acid to decrease milk- 
fat output during early lactation do not 
decrease the release of NEFAs from adipose 
tissue. 

In addition to nutritional management 
strategies to optimize the health of the transi¬ 
tion cow, certain feed additives are in use to 
reduce subclinical ketosis and reduce the 
incidence of displaced abomasum. Monen- 
sin is a carboxylic polyether ionophore pro¬ 
duced by a naturally occurring strain of 
Streptomyces cinnamonesis. Monensin exerts 
its many effects by shifting the microbial 
populations in the rumen; this results in 
changes in the proportions of short-chain 
volatile fatty acids in the rumen, specifically 
increasing propionic acid and reducing the 
molar percentages of butyric acid and acetic 
acid. Increased rumen propionic acid con¬ 
centrations directly lead to increased gluco- 
neogenesis and should therefore decrease the 


incidence of ketosis and hyperketonemia in 
early lactation and improve energy balance. 
In Canada, monensin is approved to be 
administered as a controlled-release capsule 
(CRC) as an aid in the prevention of sub- 
clinical ketosis in lactating dairy cattle. The 
monensin CRC delivers 335 mg of monensin 
daily for 95 days, improves energy balance, 
and decreases the incidence of all three 
energy-associated diseases of lactating dairy 
cows: retained placenta, displaced aboma¬ 
sum, and clinical ketosis. Cows treated with 
the monensin CRC at 3 weeks before the 
anticipated calving date had decreased serum 
NEFA and (3-hydroxybutyrate (BHB) con¬ 
centrations and increased serum cholesterol 
and urea concentrations in the week imme¬ 
diately preceding precalving. Monensin has 
no effect on serum calcium, phosphorus, or 
glucose concentration in the precalving 
period. After calving, serum concentrations 
of BHB and phosphorus concentrations were 
lower and serum concentrations of choles¬ 
terol and urea higher in monensin-treated 
cows. The lower NEFA values indicate less fat 
mobilization, and the higher cholesterol sug¬ 
gests greater lipoprotein export from the 
liver. The higher urea levels are thought to 
result from a protein-sparing effect in the 
rumen, resulting in an increased supply of 
amino acids in the small intestine. There was 
no effect of treatment on serum NEFA, 
glucose, or calcium concentrations in the 
first week postcalving. Daily monensin 
ingestion starting before calving therefore 
improves indicators of energy balance in 
both the immediate precalving and postcalv¬ 
ing periods. 

Voluntary Dry Matter Intake in 
Periparturient Dairy Cattle 

The factors affecting voluntary dry matter 
intake (DMI) of lactating cattle are extremely 
important and have received much attention 
for many decades. A substantial decrease in 
DMI is initiated in late pregnancy and con¬ 
tinues into early lactation, with the lowest 
DMI occurring on the day of calving. Post¬ 
partum DMI is considerably higher in mul¬ 
tiparous cows compared with primiparous 
cows and increases after lactation in both 
groups, but the rate of increases varies widely. 
In cows given diets of constant composition, 
the milk yield typically peaks at 5 to 7 weeks 
postpartum, and the maximum intake is 
reached between 8 and 22 weeks after 
calving. The increase in DMI from week 1 
postpartum to time of peak intake is affected 
by the diet fed during lactation and also by 
prepartum feeding; the latter influences the 
amount of fat stored and therefore the body- 
condition score of the animal. The normal 
pattern of feed intake may be severely influ¬ 
enced by disease states because both clinical 
and subclinical infections are known to sub¬ 
stantially reduce appetite and performance. 

The decrease in DMI has traditionally 
been attributed to physical constraints such 
















as the enlarging uterus, but this role may 
be overemphasized. The decrease in DMI 
coincides with changes in reproductive 
status, changes in fat mass, and metabolic 
changes in support of lactation. A number of 
metabolic signals may have a role in intake 
regulation. These signals include nutrients, 
metabolites, reproductive hormones, stress 
hormones, leptin, insulin, gut peptides, cyto¬ 
kines and neuropeptides such as neuropep¬ 
tide Y, galanin, and corticotrophin-releasing 
factor. 

Immunosuppression During 
the Transition Period 

In addition to the adaptations in classical 
metabolism, cows during the transition 
period also undergo a period of reduced 
immunologic capacity during the peripartu- 
rient period. The immune dysfunction is 
broad in scope, affects multiple functions of 
various cell types, and lasts from approxi¬ 
mately 3 weeks before calving until approxi¬ 
mately 3 weeks after calving. Cows during 
this period are more susceptible to mastitis. 
The etiology of periparturient immunosup¬ 
pression is multifactorial and not well under¬ 
stood, but it seems to be related to physiologic 
changes associated with parturition and the 
initiation of lactation and to metabolic 
factors related to these events. Glucocorti¬ 
coids are immunosuppressants, plasma cor¬ 
tisol concentration is increased at parturition, 
and endogenous glucocorticoids have been 
postulated to play a role in periparturient 
immunosuppression. Periparturient cattle 
have impaired expression of adhesion mol¬ 
ecules and decreased migration capacity of 
blood neutrophils. Because the rapid recruit¬ 
ment of neutrophils into newly infected 
mammary tissue is the key immunologic 
defense against mastitis-causing pathogens 
in ruminants, periparturient neutrophil dys¬ 
function may contribute to the increased 
susceptibility to mastitis at this time. Meta¬ 
bolic challenges around calving may also play 
in role in increased susceptibility, as non- 
esterified fatty acids significantly reduce the 
in vitro immunosuppressiveness of mono¬ 
nuclear cells of ewes, potentially resulting in 
impairment of cell-mediated and humoral 
immunity in sheep and cattle with ketosis. 

Vitamin E is a fat-soluble membrane anti¬ 
oxidant that enhances the functional effi¬ 
ciency of neutrophils by protecting them 
from oxidative damage following intracellu¬ 
lar killing of ingested bacteria. The parenteral 
administration of vitamin E has been inves¬ 
tigated for the prevention of peripartum dis¬ 
eases such as retained placenta, metritis, and 
clinical mastitis. Only cows with marginal 
vitamin E status (serum a-tocopherol < 2.5 
X 10“ 3 ) 1 week before calving will have a 
reduction in the risk of retained placenta fol¬ 
lowing a subcutaneous injection of 3000 IU 
of vitamin E. In cows with an adequate serum 
vitamin E concentration there was no reduc¬ 
tion, and primiparous animals were most 
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likely to benefit from vitamin E 1 week before 
parturition. The associations between peri¬ 
partum serum vitamin E, retinol, and 
(3-carotene concentrations in dairy cattle and 
disease risk indicated that an increase in 
a-tocopherol of 1 |ig/ML in the last week 
prepartum reduced the risk of retained pla¬ 
centa by 20%, whereas serum NEFA concen¬ 
trations >0.5 mEq/L tended to increase the 
risk of retained placenta by 80%. In the 
last week prepartum, a 100-ng/mL increase 
in serum retinol was associated with a 
60%decrease in the risk of early-lactation 
clinical mastitis. 

Diseases of Lactation 

Parturition is followed by the sudden onset 
of a profuse lactation, which, if the nutrient 
reserves have already been seriously depleted, 
may result in clinical metabolic disease. The 
essential metabolite that is reduced below the 
critical level determines the clinical syn¬ 
drome that will occur. Most attention has 
been paid to variations in balances of calcium 
and inorganic phosphates relative to parturi¬ 
ent paresis, magnesium relative to lactation 
tetany, and plasma glucose and ketone con¬ 
centration and hepatic lipidosis relative to 
ketosis, but it is probable that other imbal¬ 
ances are important in the production of as 
yet unidentified syndromes. 

The vast majority of production diseases 
of dairy cows occur very early in lactation. 
At this time, the cow is producing milk at 
a rate that is substantially less than her 
maximum. In terms of rate, high- and low- 
milk-yielding cows are producing rather 
similar amounts at this time. However, in 
terms of acceleration, the change in milk 
yield per day, it is highest immediately after 
calving. During the succeeding period of lac¬ 
tation, particularly in cows on test schedules 
and under the strain of producing large 
quantities of milk, there is often variable 
food intake, especially when pasture is the 
sole source of food, and instability of 
the internal environment inevitably follows. 
The period of early lactation is an unstable 
one in all species. Hormonal stimulation at 
this stage is so strong that nutritional defi¬ 
ciency often does not limit milk production, 
and a serious drain on reserves of metabo¬ 
lites may occur. 

Recombinant bovine somatotrophin 

(rBST, sometribove zinc) is a synthetically 
derived hormone that may be identical to 
naturally occurring bovine growth hormone, 
or slightly modified by the addition of extra 
amino acids. The product was approved in 
the United States in 1993, and its use began 
commercially in 1994 in dairy herds to 
increase milk production. The product is 
a sterile, prolonged-release injectable formu¬ 
lation of rBST in single-dose syringes that 
each contain 500 mg of sometribove zinc. 
The recommended dosage protocol is one 
syringe injected subcutaneously (SC) in the 
postscapular region (behind the shoulders) 


or in the ischiorectal fossa (depression on 
either side of the tailhead) every 14 days 
beginning during the 9th week after calving 
and continuing until the end of lactation. 2 
Approximately 15% of dairy herds in the 
United States used rBST in 2013. The prod¬ 
uct has been licensed for use in at least 20 
other countries, including Argentina, Brazil, 
Chile, Colombia, Costa Rica, Ecuador, Egypt, 
Guatemala, Honduras, Jamaica, Lebanon, 
Mexico, Panama, Pakistan, Paraguay, Peru, 
Salvador, South Africa, South Korea, Uru¬ 
guay, and Venezuela. In comparison, a 
number of countries, including Australia, 
Canada, Israel, Japan, New Zealand, and 
all European Union countries, have not 
approved its use. 

A meta-analysis of the effects of rBST on 
milk production, animal health, reproduc¬ 
tive performance, and culling was under¬ 
taken. Recombinant bovine somatotrophin 
was found to increase milk production by 
11% in primiparous cows and 15% in mul¬ 
tiparous cows, although there was consider¬ 
able variation in the magnitude of the milk 
production increase between studies. Some 
statistically significant effects on milk com¬ 
position (percentage of butterfat, protein, 
and lactose) were found; however, they were 
all very small. Treatment increased dry 
matter intake by an average of 1.5 kg/d 
during the treatment period, and dry matter 
intake remained elevated for the first 60 
days of the subsequent lactation. Despite 
the increase in dry matter intake, treated 
animals had lower body-condition scores at 
the end of the treatment period, and the 
reduced scores persisted until the start of the 
subsequent lactation. Recombinant bovine 
somatotrophin increased the risk of clinical 
mastitis by approximately 25% during the 
treatment period, but there were insufficient 
data to draw firm conclusions about the 
effects of the drug on the prevalence of sub- 
clinical intramammary infections as assessed 
by somatic cell count. The increase in the 
incidence of clinical mastitis in cattle admin¬ 
istered rBST appears similar to that expected 
from an increase in milk production alone 
using genetic selection and improved nutri¬ 
tion, milking frequency, and management 
practices. Use of rBST increased the risk of a 
cow failing to conceive by approximately 
40%. For cows that did conceive, there was 
no effect on services per conception and only 
a small increase in average days open. Use of 
the drug had no effect on gestation length, 
but the information about a possible effect 
on twinning was equivocal. Cows treated 
with rBST had an estimated 55% increase in 
the risk of developing clinical signs of lame¬ 
ness. There appeared to be an increased risk 
of culling in multiparous cows. Use of the 
drug in one lactation period appeared to 
reduce the risk of metabolic diseases (par¬ 
ticularly ketosis) in the early period of the 
subsequent lactation. It was found that the 
reproductive effects of the drug could be 
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controlled by delaying its use until the cows 
were confirmed pregnant. 

In 1998, an expert panel appointed by the 
Canadian Veterinary Medical Association at 
the request of Health Canada found a number 
of legitimate animal welfare concerns associ¬ 
ated with the use of rBST. In 1999 Health 
Canada announced that it would not approve 
the use of rBST for sale in Canada on the 
basis of the health and welfare of cattle. The 
Royal College of Physicians and Surgeons of 
Canada’s Expert Panel on Human Safety of 
rBST found no biologically plausible reason 
for concern about human safety if rBST were 
to be approved for sale in Canada. In 1999 a 
working group from within the Scientific 
Committee on Animal Health and Animal 
Welfare of the European Commission pre¬ 
sented a more extensive report on rBST that 
summarized similar results and engaged sub¬ 
stantive discussion of animal welfare issues. 
It concluded that rBST should not be used in 
dairy cattle in Europe. In October 1999, the 
European Commission banned the use and 
marketing of rBST in the European Union as 
of January 1, 2000. 

Relationship Between Lactational 
Performance and Health of 
Dairy Cattle 

There is little evidence that high-yielding 
cows have increased risk of dystocia, retained 
placenta, metritis, and left-side displacement 
of the abomasum. The association between 
high levels of production and periparturient 
diseases is inconsistent; in general, high 
levels of management (including nutrition 
and housing) are usually associated with 
high levels of production. Although no phe¬ 
notypical relationship between milk yield 
and the risk of ketosis and lameness has been 
found, selection for higher milk yield will 
probably increase the lactational incidence 
risk for both diseases. Mastitis is the only 
disease for which a clear relationship between 
increased milk yield and increased risk of 
infection has been found. Continued selec¬ 
tion for high milk yield should therefore be 
expected to increase the incidence of clinical 
mastitis in dairy cattle. 

However, some authors have stated that 
“Reviewing existing literature, even with 
structured literature selection, is inadequate 
to the task of elucidating the relationship 
between the lactational performance and 
risk of production diseases.” 3 The most 
notable feature of the literature evaluation is 
the large variability that exists between 
studies. This strongly suggests that there are 
important factors that need to be considered 
before meaningful conclusions concerning 
the relationship between lactational perfor¬ 
mance and risk of disease can be drawn. 

Breed Susceptibility 

The fact that some dams are affected much 
more by these variations than others is prob¬ 
ably explainable on the basis of variations in 


internal metabolism and degree of milk pro¬ 
duction among species and among individu¬ 
als. Among groups of cows, variations in 
susceptibility appear to depend on either 
genetic or management factors. Certainly, 
Jersey cows are more susceptible to parturi¬ 
ent paresis than cows of other breeds. Even 
within breeds, considerable variation is 
evident in susceptibility between families. 
Under these circumstances, it seems neces¬ 
sary to invoke genetic factors as predisposing 
causes for metabolic diseases. 

Management Practices 

The management practices of most impor¬ 
tance are nutrition and housing. In those 
sections of North America where cattle are 
housed during the winter and in poor pasture 
areas, ketosis is prevalent. In the Channel 
Islands, local cattle are unaffected by lacta¬ 
tion tetany, whereas the disease is prevalent 
in the United Kingdom. In New Zealand, 
metabolic diseases are complex and the inci¬ 
dence is high, both of which are probably 
related to the practice of having the cows 
calve in late winter when feed is poor, the 
practice of depending entirely on pasture for 
feed, and the high proportion of Jerseys in 
the cattle population. 

Detailed knowledge of the nutrition and 
housing factors is essential before any 
reasonable scheme of prevention can be 
undertaken. For example, knowledge of the 
complex behavioral needs of the dairy cow is 
essential to provide adequate housing during 
the transition period. In North American 
dairy herds, the flow of cows through the 
transition period often necessitates many 
changes of pens, which are disruptive to the 
social organization of cow groups. Stocking 
rates that exceed stall and feed bunk capacity 
place even greater challenges on the dairy 
cow at this time. Current free-stall recom¬ 
mendations include providing 75 cm (30 in.) 
of bunk space for close-up and fresh cows to 
ensure that overcrowding does not occur, 
moving preparturient cows to a new pen at 
least 8 to 10 days ahead of the anticipated 
calving date or when calving is imminent, 
adding cows to groups on a minimum of a 
weekly basis (it takes up to 1.5 days for a new 
social order to be determined after the addi¬ 
tion of a new animal), and keeping a clean 
and comfortable environment. 

The diagnosis and treatment of dairy 
cows with periparturient diseases requires 
a program suited to the particular herd. 
Particularly in large herds, there is a need 
for collaboration between the veterinarian, 
nutritionist, manager of the herd, and animal 
attendants. Specific procedures should be 
developed for each herd based on past expe¬ 
rience with the problems of recently calved 
cows, the facilities, the skills of the workers, 
the priorities of management, and the flow 
patterns of the cows in the herd. Every effort 
must be made to prevent periparturient dis¬ 
eases in the cows. In general, diseases in the 


early postpartum period originate in the 
feeding and management of the dry cow. 
Important principles include a protocol of 
grouping parturient cows according to the 
feeding program and handling facilities on 
the farm. Groups of cows can be screened for 
mastitis, visual evidence of illness, daily milk 
yield, body temperature, and urine pH, and 
they can be palpated for evidence of metritis. 
Individual cows that have been identified by 
a screening method must be examined indi¬ 
vidually to make a diagnosis and decide on 
a treatment protocol based on the particular 
diagnosis. 

Management and environmental factors 
can be manipulated to ease the transition 
into lactation. For example, the photoperiod, 
defined as the duration of light exposure an 
animal receives within a day, can be adjusted 
to produce clinically significant effects on 
periparturient health and subsequent lacta¬ 
tional efficiency. Increasing the frequency of 
milking in the immediate postpartum period 
also produces persistent increases in milk 
yield and improvements in mammary health. 
In both techniques, evidence is emerging to 
support the concept that alteration of prolac¬ 
tin sensitivity is the mechanism underlying 
health and production responses. The reader 
is directed to publications related to produc¬ 
tion for more information on these and 
related topics. 

Occurrence and Incidence of 
Metabolic Diseases 

Knowledge of the etiologic and epidemio¬ 
logic factors involved will help in under¬ 
standing the occurrence and incidence of the 
various metabolic diseases. Largely because 
of variations in climate, the occurrence of 
metabolic disease varies from season to 
season and from year to year. In the same 
manner, variations in the types of disease 
occur. For example, in some seasons, most 
cases of parturient paresis will be tetanic; in 
others, most cases of ketosis will be compli¬ 
cated by hypocalcemia. Further, the inci¬ 
dence of metabolic disease and the incidence 
of the different syndromes will vary from 
region to region. Ketosis may be common in 
areas of low rainfall and on poor pasture. 
Lactation tetany may be common in colder 
areas and where natural shelter is poor. Rec¬ 
ognition of these factors can make it possible 
to devise a means whereby the incidence of 
the diseases can be reduced. 

The metabolic diseases, because of high 
prevalence and high mortality rate, are of 
major importance in some countries, so 
much so that predictive systems are being set 
up. Rapid analysis of stored feed samples, 
pasture, and soil is commonly used in Europe 
and North America, but the interesting 
development has been the recognition of 
“production diseases” and the consequent 
development of metabolic profile tests, 
particularly in the United Kingdom and 
Europe. 





Record Keeping 

The use of reliable records to monitor the 
health and production of dairy cows during 
the transition period is essential to evaluate 
the efficacy of programs at the farm level. 
Transition cow management programs will 
assist in determining how well cows are pre¬ 
pared for milk production and good health 
in the coming lactation. Appropriate moni¬ 
toring should focus on three areas: cows that 
die or are culled in early lactation, the 
productivity of the surviving cows in early 
lactation, and the rates of disease in the 
periparturient period. 

Cows that leave the herd in the first 60 
days of lactation are usually culled because 
of disease or injury. Removal rates and their 
causes can be a critical monitor of the effi¬ 
cacy of transition cow management pro¬ 
grams. Measuring productivity and health of 
cows in early lactation involves monitoring 
daily milk yields, first-test mature-equivalent 
305-day projected milk, milk components at 
first Dairy Herd Improvement Association 
(DHIA) test day, milk-fat percentage, ratios 
of test-day components, somatic cell count at 
first DHIA test day, and peak milk (also 
called summit milk). DHIA records also 
allow comparison of the performance of each 
cow in early lactation to her performance in 
the prior lactation. Comparisons can be 
made of the changes in somatic cell count 
between the last test of the prior lactation 
and the first test of the current lactation and 
mature-equivalent 305-day difference from 
the prior lactation to the first test of the 
current lactation. 

Health and production records in dairy 
herds have traditionally emphasized repro¬ 
ductive events and administered treatments 
for specific diseases. The records should 
capture the information about the common 
diseases that occur in most dairy herds. The 
record system should be set up to do the 
following: 

• Monitor rates of well-defined disease 
events as a measure of the effectiveness 
of health and production programs and 
to aid in problem solving. 

• Determine the clinical efficacy of 
treatments by monitoring retreatment 
rates for specific diseases. 

• Maintain an individual cow history 
record for cow-side use to enhance 
treatment decisions. 

• Measure compliance and consistency of 
implementation of the health program 
being used. 

• Reconcile pharmaceutical purchases 
with treatment protocol entries and to 
meet regulatory requirements on the use 
of pharmaceuticals in food animals. 

• Determine the costs of certain disease 
rates over achievable targets. The costs of 
specific diseases are compelling to most 
dairy herd producers. Good records can 
generate an incidence rate of common 
diseases. These costs include the 
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immediate cost of treatment, the cost of 
the veterinarian’s and herdsmans time, 
and the cost of milk withheld from the 
market. For the majority of diseases of 
recently calved cows, the cost per disease 
in the United States was estimated in 
2001 at approximately US$320, with a 
range from $150 to $450. 

An adequate record system will allow pro¬ 
ducers and veterinarians to determine the 
differences between actual performance and 
benchmark performance and then deter¬ 
mine the causes of the shortfall. The most 
important determinants of profitability on 
dairy farms are milk income and feed cost, 
and the difference between milk income and 
feed costs is the return-over-feed index 
(ROF). Many factors affect the ROF index. 
These include three-times-daily milking, 
component percentages in the herd milk test, 
milk-fat and protein percentages, use of a 
core lipopolysaccharide antigen mastitis 
vaccine, and use of monensin in the 
lactating-cow diet (if permitted). One of the 
most important factors associated with prof¬ 
itability is milk production. From 80% to 
95% of the income on dairy farms is derived 
from milk sales. Thus it is critical that the 
producer, the veterinarian, and other advi¬ 
sors collaborate to plan an animal health and 
production program that will result in the 
optimum ROF. 

METABOLIC PROFILE TESTING 

Methods are needed to monitor the nutri¬ 
tional and metabolic status of dairy herds. 
The most valuable methods will be those that 
are sensitive enough to detect change before 
clinical or economic consequences are mani¬ 
fested. A major challenge in the application 
of metabolic profile testing is dealing with 
extraneous sources of variation. Successful 
management of extraneous variation requires 
sampling strategies based on animal group¬ 
ing and testing of multiple animals. Larger 
herds are more suitable for monitoring 
because they allow for better design sam¬ 
pling strategies and spread the costs of 
testing across more animals. Statistical 
process control methods offer a unique 
approach to interpretation that may increase 
the usefulness of metabolic profiles. 

The traditional approach to herd-based 
assessment of metabolic status (also called 
the Compton metabolic profile test) is 
based on the concept that the laboratory 
measurement of certain components of 
plasma or serum of 7 to 10 cows per sub¬ 
group will reflect the nutritional status of the 
subgroup, with or without the presence of 
clinical abnormalities. 1 For example, a lower- 
than-normal mean plasma glucose concen¬ 
tration in a group of dairy cows in early 
lactation may indicate an insufficient intake 
of energy, which may or may not be detect¬ 
able clinically. On a theoretical basis, the 
ability of the laboratory to make an objective 


assessment of the input-output (nutrient- 
productivity) relationships is an attractive 
tool for the veterinarian engaged in provid¬ 
ing a complete health management service to 
a herd. The test would theoretically be able 
to detect the qualitative and quantitative 
adequacy of the diet of cows expected to 
produce a certain quantity of milk or return 
to estrus within a desirable length of time 
following parturition. A reliable test for the 
early diagnosis of nutritional deficiency or 
metabolic disease would therefore be a major 
step forward in attempting to optimize live¬ 
stock production and obtain maximum 
yields at minimum costs. 

There was considerable interest in meta¬ 
bolic profile testing following its earlier 
descriptions, which stimulated considerable 
field research. The results of the research 
have thus far indicated that the test may be 
useful only as an aid in the diagnosis of 
nutritional imbalance and production dis¬ 
eases. The results of metabolic profile testing 
are usually difficult to interpret without a 
careful conventional assessment of the nutri¬ 
tional status and reproductive performance 
of the herd, and it appears doubtful that such 
testing would reveal significant abnormali¬ 
ties that could not be detected using conven¬ 
tional clinical methods. Because of the cost 
of the test, the profile testing must be care¬ 
fully planned with specific objectives. A 
regional diagnostic laboratory with auto¬ 
mated analytical equipment should be avail¬ 
able, and this is often a major limiting factor. 
The test should not be undertaken unless 
reference values for each laboratory mea¬ 
surement are available from the population 
within the area. The results from the groups 
within the herd are compared with local 
population means. Metabolic profiles have 
also been suggested as an aid in the selection 
of superior individuals. 

The prediction of whether an individual 
cow is metabolically prepared to undergo a 
stressful lactation at a high level of produc¬ 
tion would seem to be a useful undertaking. 
This could be particularly important under 
management conditions of heavy concen¬ 
trate feeding, lead feeding, zero grazing, or 
even indoor housing. There are no well- 
established, low-cost, practical protocols for 
conducting such profile tests. 

Usefulness of Metabolic 
Profile Testing 

Metabolic profiles in dairy cows were used 
initially in the United Kingdom in the 1960s. 
Success was limited primarily by the unjusti¬ 
fied expectation that all biochemical concen¬ 
trations in the blood of cows would reflect 
nutritional intake and status at all times. 
However, the practical value was found in 
the approach as an aid to nutritional man¬ 
agement. In the 1970s the approach was reas¬ 
sessed and revised, culminating in a program 
for farmers evaluating health and productiv¬ 
ity using metabolic profile testing as an 
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integral part of a health management pro¬ 
gram involving a multidisciplinary approach. 
The UK Dairy Herd Health and Productivity 
Service (DHHPS) provides the opportunity 
for veterinarians to lead a multidisciplinary 
team that can monitor health, fertility, and 
production and can plan, when necessary, 
corrective action. Effectively the approach 
has been to “ask the cows” what they think 
of their nutrition by following a set of guide¬ 
lines on timing, cow selection, and the use of 
background information. Metabolic profil¬ 
ing and body-condition scoring found that 
at least a third of the cows sampled were 
mobilizing excessive fat during the transition 
from the dry period to early lactation. 
Improving both health and nutrition, before 
and after calving, would improve reproduc¬ 
tive performance in many herds. The DHHPS 
method now utilizes a team approach involv¬ 
ing farmer, veterinarian, and agricultural 
advisor. If useful information is to be 
obtained, the blood-testing aspect depends 
critically on following a set of firm criteria 
for selection of small groups of typical cows 
within each herd; the timing of testing in 
relation to concentrate feeds, feed changes, 
and stage of lactation; and the collection of 
other data about the cows, such as body 
weight and condition, productivity, and 
feeding. The successful approach has been to 
look, following specific times of nutritional 
change, at metabolite levels in strictly defined 
small representative groups of cows within 
each herd in conjunction with information 
on body condition and weight, milk perfor¬ 
mance, and feeding. Comparison with opti¬ 
mum values, the degree of variation from 
them, and comparisons between groups 
within herds have allowed information about 
nutritional constraints on productivity to be 
made available to farmers more quickly and 
more specifically than by other means. 

Biological and Statistical Basis for 
Herd Testing 

The interpretation of herd-based tests for 
metabolic diseases is different from inter¬ 
preting laboratory tests for metabolites from 
individual cows. Test results from individual 
cows are interpreted by comparing the value 
to a normal reference range established by 
the laboratory that did the testing. Normal 
ranges are often derived by calculating a 95% 
confidence interval (or a similar statistic) of 
test results from 100 or more clinically 
normal animals. 

Herd test results for metabolic diseases 
can be interpreted as either the mean test 
result of the subgroup sampled or as the 
proportion of animals above or below a 
certain cut-point within the subgroup. 
There is a major philosophic difference and 
marked cost difference between the two 
approaches. At the moment, there does not 
appear to be a clear preference for either 
approach, and this area should be a focus of 
future investigation. An important difference 


in the approaches is that the cost of deter¬ 
mining the mean value of a subgroup is very 
low if the samples from the subgroup are 
pooled and then analyzed. The only advan¬ 
tage of analyzing individual samples instead 
of pooled samples is that individual samples 
provide an estimate of the proportion of 
abnormal values. Whether knowing the pro¬ 
portion is worth the marked increased in 
analytical cost remains to be determined. 

If a metabolite is associated with disease 
when it is above or below a biologic thresh¬ 
old (cut-point), then it should be evaluated 
as a proportional outcome. For example, 
hyperketonemia (subclinical ketosis) in 
dairy herds can be monitored by testing for 
(3-hydroxybutyrate (BHB) or other ketone 
bodies in blood, plasma, serum, urine, or 
milk. Subclinical ketosis is a threshold 
disease, and cows are affected only when 
ketone concentrations are elevated. Plasma 
BHB concentrations above 1.0, 1.2, or 

1.4 mmol/L (equivalent to 9.7, 11.7, or 

14.4 mg/dL, respectively) are the most com¬ 
monly used cut-points for detecting hyper¬ 
ketonemia (subclinical ketosis) in lactating 
dairy cattle. Early-lactation cows with plasma 
BHB concentrations above the selected cut- 
point have a four- to eightfold greater risk 
of developing displaced abomasum, a three¬ 
fold greater risk of developing clinical 
ketosis, decreased 305-day milk production, 
increased severity of mastitis, a 50% increase 
in anestrus at 60 days in milk, and a 50% 
decrease in pregnancy at first insemination. 
NEFA concentrations in plasma are an 
indicator of negative energy balance in pre- 
partum cows. Elevated plasma NEFA con¬ 
centration before calving (>0.4 mEq/L for 
cows between 2 and 14 days before the antic¬ 
ipated calving date) is associated with a 
4-fold increased risk for displaced aboma¬ 
sum, a 2- to 3-fold increase in the risk of 
subclinical ketosis, and 1.5-fold increased 
risk of retained placenta after calving. 

It is also necessary to determine the alarm 
level for the proportion of animals above or 
below the described cut-point. The alarm 
level is determined from research results or 
clinical experience. The suggested alarm- 
level proportion for plasma BHB concentra¬ 
tion with a cut-point of 1.4 mmol/L is greater 
than 10%; the proportion for plasma NEFA 
concentration with a cut-point of 0.4 mmol/L 
is greater than 10%. 

Herd-based testing is useful only when a 
sufficient number of cows within the herd 
are tested, which gives reasonable confidence 
that the results truly represent the entire 
population of eligible cows in the herd. In the 
United States, the minimum sample size for 
herd-based tests with proportional outcomes 
has been estimated as 12 cows, based on 75% 
confidence intervals and a general detection 
cut-point of greater than 10%. Cows to be 
sampled need to be selected from the appro¬ 
priate eligible or at-risk group. Obviously, 
measurement of a homogeneous group 


requires a large herd size; to sample 12 cows 
consistently between day 4 and day 14 of 
lactation requires a milking herd of at least 
428 cows, assuming equal monthly calving 
rates. The subgroup size recommendation 
of 12 cows in the United States contrasts 
with the subgroup size recommendation of 
7 to 10 cows in the United Kingdom. The 
difference in recommendations has not been 
reconciled. 

The proper use of metabolic profiles 
depends on the timing of blood tests, the 
selection of cows to be included, and the 
collection and use of background informa¬ 
tion about the farm, feeding and feeding 
system, and physical state and performance 
of the cows. 

Variables in Dairy-Herd Metabolic 
Profile Testing 

There are five main areas of interest for meta¬ 
bolic profile testing: 

1. Energy balance 

2. Protein evaluation 

3. Liver function 

4. Macromineral evaluation 

5. Urine evaluation 

In general terms, measurement of analytes 
in urine has been greatly underutilized in 
metabolic profile testing, and it is clear that 
current testing protocols are not economi¬ 
cally optimized. 

Energy Balance 

Strategic use of metabolic testing to monitor 
transition dairy cows should focus on mea¬ 
suring plasma NEFA concentration in the 
last week prepartum and plasma/serum BHB 
and urine acetoacetate concentration in the 
first and second weeks postpartum. 

Nonesterified Fatty Acids 
Plasma NEFA concentration provides the 
most sensitive indicator of energy balance, 
particularly in the last 2 weeks of gestation. 
Plasma NEFA concentration is useful for 
monitoring the energy status of dry cows in 
the last month of gestation, when rapid 
changes in energy-balance status may not be 
detectable from changes in body-condition 
score. Plasma NEFA concentrations start to 
increase 3 days before parturition and remain 
elevated for the first 9 days of lactation (Fig. 
17-2). High plasma concentrations of NEFAs 
indicate negative energy balance, which 
occurs in animals that are inappetent as a 
result of illness. 

The serum concentrations of NEFAs have 
been monitored in dairy cows as predictors 
of displaced abomasum. In cows with left- 
displaced abomasum (LDA), mean NEFA 
concentration began to diverge from the 
mean in cows without LDA 14 days before 
calving, whereas mean serum BHB concen¬ 
trations did not diverge until the day of 
calving. Prepartum, only NEFA concentra¬ 
tion was associated with risk of LDA. 
Between day 0 and 6 days after calving, cows 
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Fig. 17-2 Least-squares means and 95% confidence interval (error bars) for plasma 
nonesterified fatty acid concentration and p-hydroxybutyrate concentration in 269 multiparous 
Holstein-Friesian cows from 21 days prepartum to 21 days postpartum. (Reproduced with 
permission from McCarthy MM, Mann S, Nydam DV, Overton TR, McArt JAA. J Dairy Sci 2015; 
98:6284-6290.) 


with serum NEFA concentration of 
0.5 mEq/L or greater were 3.6 times more 
likely to develop LDA after calving. In 
another study, cows with plasma NEFA 
greater than 0.3 mEq/L between 3 and 35 
days before calving were twice as likely to 
subsequently have LDA. Strategic use of 
metabolic tests to monitor energy balance in 
prepartum dairy cows should therefore focus 
on measurement of plasma/serum NEFA 
concentration. There are three major draw¬ 
backs with this approach: the high cost of 
testing (US$8/test), the need to centrifuge 
blood to harvest serum or plasma, and the 
lack of a cow-side test. Until all three issues 
are satisfactorily resolved, plasma/serum 
NEFA testing will remain a research tool 
with minimal practical application. 

[j- Hydroxyb u tyra te 

Plasma/serum BHB concentrations are 
affected by energy and glucose balance and 


are a less sensitive indicator of energy balance 
than plasma NEFA. High plasma BHB con¬ 
centrations are associated with reduced 
milk production, increased incidence of 
clinical ketosis and LDA, and reduced fertil¬ 
ity. The gold-standard test for hyperketone- 
mia (subclinical ketosis) is plasma/serum 
BHB concentration, which is more stable 
after collection than plasma/serum acetone 
or acetoacetate concentrations. Prepartum 
BHB concentrations are relatively stable 
before parturition, but increase rapidly after 
parturition to peak at around 9 days in milk, 
after which time BHB concentration gradu¬ 
ally declines (Fig. 17-2). 

Subclinical ketosis may start at serum 
concentrations above 1.0 mmol/L. The alarm 
level for the proportion of cows above the 
cut-point of 1.0, 1.2, or 1.4 mmol/L has not 
been validated, but it is suggested that no 
more than 10% of early-lactation cows 
should have hyperketonemia (subclinical 


ketosis). In cows with serum BHB con¬ 
centrations of 1.2 mmol/L or greater or 
1.4 mmol/L or greater in the first week post¬ 
partum, the odds of LDA were three and four 
times greater, respectively, than in cows with 
BHB below the cut-points. 7 

Glucose 

Plasma/serum glucose concentrations are 
usually lower in early lactation 4 and during 
the winter months; in early lactation, there is 
a heavy demand for glucose, and during the 
winter the energy intake is likely to be lower 
than necessary to meet requirements. One 
major cause of variation in blood glucose 
may be the major fluctuations in daily feed 
intake. Investigations of feed intake of dairy 
cows on commercial farms have shown that 
concentrate dispensers are commonly incor¬ 
rectly adjusted, and errors of more than 50% 
in feed intake are sometimes found. In situ¬ 
ations of marginal energy imbalance, glucose 
concentrations may be unreliable as an index 
of the adequacy of energy intake. Several 
factors may cause short-term changes in 
glucose concentration. Blood glucose maybe 
influenced by the chemical nature of the car¬ 
bohydrate and physical form of the feed and 
the roughage content of the feed. In addition, 
elevation of plasma glucose concentration 
has been associated with excitement and low 
environmental temperature. 

There is some conflicting evidence about 
the relationship between the mean plasma 
glucose concentrations of a lactational group 
and insufficient energy intake and reproduc¬ 
tive inefficiency. In some work, there is an 
expected relationship between low plasma 
glucose concentration and an increased inci¬ 
dence of ketosis. In others, the relationship 
is not clear; however, there was a more 
consistent relationship between the actual 
energy intake as a percentage of requirement 
and the plasma NEFA concentration, but this 
finding was not sufficiently reliable to be 
useful. The mean plasma glucose concentra¬ 
tions within 3 days before or after first service 
of cows that conceived on first service was 
higher than that of cows that returned, but 
the difference was only approaching signifi¬ 
cance at the 5% level, and it is doubtful 
whether this could be of practical value. 
Although plasma NEFA concentration is 
more sensitive than plasma glucose concen¬ 
tration as an indicator of energy status of 
the lactating cow, the excessive variability of 
this relationship during early lactation limits 
its usefulness. Plasma NEFA concentration 
begins to increase several weeks prepartum, 
peaks at parturition, and decreases gradually 
to normal concentrations after several weeks 
of lactation. Plasma glucose concentrations 
follow a similar pattern. The main disadvan¬ 
tage of using plasma glucose concentration 
as an index of metabolic balance is that 
glucose concentration is a tightly regulated 
variable, and marked metabolic imbalances 
need to be present before plasma glucose 
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concentration is altered. However, this means 
that decreased plasma/serum glucose con¬ 
centrations provide an unequivocal and spe¬ 
cific indicator of negative energy balance. 

Protein Evaluation 

Currently, there is not a single biochemical 
factor that accurately reflects the protein 
status of dairy cattle. A number of indices 
have therefore been monitored, including 
milk urea nitrogen and plasma/serum urea 
nitrogen, creatinine, albumin, and total 
protein concentrations. Of these indices, 
milk urea nitrogen concentration in the bulk 
tank provides the best global picture of 
protein balance in a dairy herd. 

Urea Nitrogen 

Plasma urea nitrogen and milk urea nitrogen 
(MUN) concentration are useful indicators 
of protein status, particularly when the diet 
contains adequate energy. 

Increases in plasma urea nitrogen con¬ 
centration and ammonia occur primarily as 
a result of inefficient nitrogen utilization. An 
excess of rumen degradable protein results in 
an increase in the concentration of rumen 
ammonia, which is absorbed through the 
rumen wall and transported to the liver, 
where it is converted to urea. The catabolism 
of body protein for gluconeogenesis can also 
result in the production of ammonia, which 
is also converted to urea in the liver. Plasma 
urea nitrogen concentration has therefore 
been the most commonly used blood con¬ 
stituent for monitoring protein status and 
intake. Values greater than 19 mg/dL suggest 
excessive protein intake in the diet, whereas 
values less than 10 mg/dL suggest inade¬ 
quate protein intake in the diet. 

MUN concentration can be used as a 
management aid to improve dairy-herd 
nutrition and monitor the nutritional status 
of lactating dairy cows. Elevated MUN con¬ 
centration indicates that excess protein has 
been fed to the dairy cow for a given level of 
production. Milk samples should be submit¬ 
ted to an accredited diagnostic laboratory for 
MUN analysis. The Azotest Strip, an on-farm 
dipstick test, lacks accuracy and is not rec¬ 
ommended. The MUN target concentrations 
for lactating dairy cows fed according to 
National Research Council recommenda¬ 
tions have been evaluated. The target MUN 
concentrations are 8.5 to 11.5 mg/dL for 
most dairy herds compared with the previ¬ 
ous target concentrations of 12 to 16 mg/dL. 
MUN, together with percentage milk protein, 
is being used increasingly as an indicator of 
the dietary protein-energy balance. The time 
of sampling can have a significant effect on 
MUN concentrations; the highest concentra¬ 
tion was found to occur in the morning, and 
the diurnal pattern was not influenced by 
intrinsic factors such as parity, days postpar¬ 
tum or daily milk yield. MUN concentration 
was significantly increased after refrigeration 
for 1 week. 


Several reviews of the literature have 
examined the effect of protein nutrition on 
reproduction in dairy cows. The reported 
effect of high nitrogen intake on fertility is 
inconsistent. Experimentally, the ingestion 
of a high level of degradable protein com¬ 
mencing 10 days before insemination in lac¬ 
tating dairy cows had no effect on the 
reproductive performance of the lactating 
high-yielding dairy cow. The relationship 
between MUN concentration and the fertil¬ 
ity of dairy cows from 250 herds in the 
United Kingdom found no relationship 
between bulk-tank MUN concentration and 
fertility, or between changes in bulk-tank 
MUN concentrations and fertility. 

A meta-analysis of the literature evaluated 
the associations between dietary require¬ 
ments for protein for dairy cattle, the metab¬ 
olism of protein in cattle, factors influencing 
the degradability of protein in ruminant 
feeds, and factors influencing MUN concen¬ 
trations. There are good correlations between 
dietary protein intake and rumen ammonia, 
blood urea, and milk urea concentrations. 
Ryegrass clover pastures provide feed in 
many of the temperate dairy regions of the 
world, and for much of the year pasture 
crude protein may exceed 30%, of which a 
high proportion is rapidly degradable. High 
dietary protein intakes may have a negative 
effect on reproductive performance in lactat¬ 
ing dairy cows, but the role of milk urea as a 
predictor of fertility needs further definition 
given the high conception rates in many Aus¬ 
tralasian dairy herds. High intakes of dietary 
protein may induce adaptations in urea 
metabolism, and the negative relationship 
identified between high intakes of dietary 
protein and fertility for northern hemisphere 
dairy herds may not necessarily apply in Aus¬ 
tralasian dairy herds. Because of the potential 
for cows to adapt to high-protein diets, the 
use of a single MUN determination on a herd 
will have limited value as an indicator of 
nutritional status and little value as a predic¬ 
tor of fertility. The differing observations 
between various production systems indicate 
the need for careful consideration in applying 
recommendations for dietary protein man¬ 
agement based on milk urea concentrations. 
MUN determinations may, however, have 
value, particularly when used in conjunction 
with other herd and nutritional data to assess 
the protein nutrition of dairy herds. It is 
unlikely that single or even serial determina¬ 
tions of MUN concentration in single cows 
or bulk-tank milk will have a high predictive 
value for determining the risk of conception 
in the cow or herd. 

Albumin 

Plasma/serum albumin concentration is 
related to the protein status of the animal and 
whether an acute-phase reaction has been 
induced. Lactation stage has a substantial 
effect on serum albumin concentration. 
Animals should be grouped into dry cows, 


early lactation (1 to 10 weeks), and later lac¬ 
tation. Minimal values for dry-cow means 
are from 2.9 to 3.1 g/dL, from 2.7 to 2.9 g/dL 
for recently calved cows, and from 3.0 to 
3.2 g/dL for cows in later lactation. 

Liver Function and Injury 

The presence of liver injury can be evaluated 
by measuring plasma/serum aspartate 
amino-transferase (AST), sorbitol dehydro¬ 
genase (SDH), alkaline phosphatase, and 
gamma-glutamyl-transferase (GGT) activi¬ 
ties. Of these enzyme activities, the plasma/ 
serum AST activity is the most clinically 
useful, with plasma AST greater than 
162 U/L being indicative of hepatic lipidosis. 
Because increased AST activity also reflects 
damaged skeletal muscle, AST activity is 
not a specific test for liver injury in cattle 
at calving or for a few days after calving 
because of the potential for parturition- 
related muscle damage. 

Liver function can be assessed by mea¬ 
suring the plasma/serum total bilirubin, 
cholesterol, and albumin concentrations. 
Serum bile acid concentration is not a useful 
index of liver function in cattle. Calculation 
of the ratio of plasma NEFA to cholesterol on 
a molar basis appears to provide a clinically 
useful index to evaluate the degree of hepatic 
lipidosis and the livers ability to export 
mobilized peripheral fat reserves, and has 
been able to predict the incidence of postpar¬ 
tum disease. The major drawback with mea¬ 
suring the NEFA:cholesterol concentration is 
the cost, in that each analysis costs approxi¬ 
mately US$8/test, for a total test cost of 
US$16. Plasma/serum albumin concentra¬ 
tions are decreased for the first month after 
calving as a result of plasma volume expan¬ 
sion to accommodate the nutrient flow for 
milk production, loss into the uterine lumen 
associated with uterine involution, catabo¬ 
lism of body protein resulting from negative 
energy balance, and decreased hepatic func¬ 
tion as a result of hepatic lipidosis. The major 
clinical utility of plasma/serum albumin 
concentration is therefore in the first 4 weeks 
of lactation. 

Macromineral Evaluation 

Abnormalities of the blood levels of the four 
macrominerals, calcium, phosphorus, mag¬ 
nesium, and potassium, in the cow during 
the transition period are involved in sub- 
clinical hypocalcemia, clinical milk fever, 
hypomagnesemia, and acute hypokalemia. 

Calcium 

Serum calcium concentrations are tightly 
regulated and are not sensitive indicators 
of input-output balance. Measurement 
of plasma/serum calcium concentrations 
during the first 24 hours after calving, 
particularly in multiparous dairy cows, 
can provide useful insight into the effective¬ 
ness of control programs for periparturient 
hypocalcemia. 
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Phosphorus 

Serum inorganic phosphate concentrations 
tend to fall following long-term insufficient 
dietary intake. 

Magnesium 

Serum magnesium concentrations are 
usually low during the winter months, and 
subclinical hypomagnesemia exists in many 
herds, especially pregnant beef cattle. This 
can be converted into clinical hypomagnese¬ 
mia with a sudden deprivation of feed or a 
sudden fall in environmental temperature. 
Supplementation of the diet with magnesium 
salts is protective. 

Sodium 

Low serum sodium concentrations occur in 
early lactation in cows grazing on summer 
pastures without supplementation with salt. 
Levels down to 135 mmol/L may be associ¬ 
ated with depraved appetite and polydipsia 
and polyuria. 

Potassium 

Serum potassium concentrations have been 
difficult to interpret because the levels of 
the electrolyte in serum are not necessarily 
indicative of potassium deficiency. The 
normal serum potassium concentration is 
much more variable than that of sodium, and 
its average concentration in roughages of all 
kinds is nearly always in excess of require¬ 
ments; any abnormalities are usually in the 
direction of excess. 

Hematology 

Hematocrit (Packed Cell Volume) 

The hematocrit can be used as a general 
reflection of health. In most dairy herds, a 
low hematocrit may be a reflection of subop - 
timal energy and protein nutrition. Mean 
values of packed cell volume (PCV), hemo¬ 
globin, and serum iron are consistently 
higher in nonlactating cows than in lactating 
cows. Parasitism causing blood loss will 
result in a low hematocrit. The hematocrit 
varies with lactation stage, being highest in 
dry cows and lowest at peak (summit) milk. 
Cows should be grouped by lactation stage 
when evaluating hematocrit. 

Urine Evaluation 

Urine samples are easier to obtain than blood 
samples, although stimulation of the perineal 
area to induce urination is usually only 75% 
to 90% successful. Higher success rates in 
obtaining a urine sample are obtained in 
cattle that have been sitting down and that 
are encouraged to stand. 

Urine appears to be the optimal fluid to 
monitor acid-base and calcium status in 
dairy cattle. The most accurate insight into 
acid-base homeostasis in healthy cattle is 
obtained by measuring urine net acid excre¬ 
tion (NAE) or net base excretion (NBE) (see 
Chapter 5). However, when urine pH is 
between 6.3 and 7.6, urine pH measured by 


urine dipsticks or pH papers provides an 
inexpensive and clinically useful insight into 
acid-base homeostasis in cattle. 3 This is 
because the change in urine pH over this 
pH range accurately reflects the change in 
NAE or NBE. Optimum target values for 
urine pH to decrease the incidence of milk 
fever in dairy herds have not been identified, 
and recommendations for optimal urine pH 
values vary widely. 5 

Feeding rations with low dietary cation- 
anion difference (DCAD) to dairy cows for 
at least 2 weeks before calving decreases the 
incidence of periparturient hypocalcemia. 
The most likely reason for this effect is that 
ingestion of a low-DCAD diet increases 
calcium (Ca) flux, which in nonlactating 
cows is most readily detected as an increase 
in urinary calcium excretion. Low urine pH 
decreases calcium uptake from the tubular 
lumen into the renal epithelial cell and there¬ 
fore decreases calcium absorption in the 
distal convoluted tubule and connecting 
tubule, thereby directly resulting in hypercal- 
ciuria. It remains to be determined whether 
laboratory measurement of urinary calcium 
concentration is more accurate and cost- 
effective than cow-side measurement of 
urine pH or laboratory determination of 
urinary strong ion difference and NBE when 
evaluating the effectiveness of milk-fever 
control programs. 

Timing of Blood Tests 
In Relation to Feed Changes 
Because changes in the diet of ruminants 
cause changes in the character of rumen 
activity, blood samples for metabolic 
profile testing should not be done until 2 
weeks after a major dietary change. Minor 
changes such as an increase in the quan¬ 
tity of an existing component or in access 
to the same ration do not require a wait of 
more than 7 to 10 days. Changes in forage 
type, such as turnout to pasture, housing, 
or the introduction of silage, require the 
full 2 weeks. The same applies for intro¬ 
duction of concentrates or of a new type of 
concentrate. 

In Relation to Feeding 
There can be changes in biochemical values 
in blood associated with feeding. These are 
most marked in cows receiving their entire 
concentrate ration at milking time. In such 
cases, 2 hours should be allowed to elapse 
after milking before blood sampling. In cir¬ 
cumstances where the major part of the 
concentrate input is mixed with the forages 
and is available for most of each 24 hours, 
the timing of tests in relation to feeding is 
less critical. If lower-yielding midlactation 
cows are included (see later discussion), 
their results can be used as a check to see 
if there is an effect of feeding on the bio¬ 
chemical values in the blood samples. Cows 
should not be separated at milking time and 
confined for hours without access to food 


while waiting for blood sampling because 
this can also affect the results. 

The available recommendations regard¬ 
ing the timing of blood collection relative to 
feeding are somewhat confusing. A common 
recommendation is that blood samples 
should be obtained 5 hours after feeding if 
animals are fed a fresh total mixed ration 
once daily. This recommendation does not 
seem logical in that plasma BHB concentra¬ 
tion is increased at this time in cattle fed 
rations based on corn (maize) silage because 
of the metabolism of absorbed butyrate 
by ruminal epithelial cells. In most nutri¬ 
tional studies, blood samples are collected 
in a preprandial state because this is most 
consistent, but this will give the highest 
plasma NEFA concentrations over a 24-hour 
period. On this basis, sampling should be 
done in the morning immediately before 
or at the time of feeding of a fresh total 
mixed ration. 

In Relation to Calving Pattern and 
Seasonal Feeding Changes 
The cow in early lactation is the most impor¬ 
tant because what happens to her in the first 
few weeks after calving has the major influ¬ 
ence on her subsequent productivity, includ¬ 
ing her future fertility efficiency. Therefore 
blood sampling for metabolic profiles should 
be carried out at the beginning of each new 
calving season, with the first cows checked 
so that the majority can benefit from the 
information derived. Of equal importance is 
the need to test as soon as possible after the 
introduction of a new ration, so that evalua¬ 
tion of the cows’ biochemistry can be made 
available as quickly as possible to determine 
what the cows, the end users, think of the 
ration. Therefore planning of metabolic 
profile tests needs to be done in advance and 
should take into account both expected 
calving pattern and feed changes. Without 
planning along these lines, time may be lost, 
and productivity with it. 

Selection of Cows 

Picking appropriate cows for blood sampling 
is very important. This is because some of 
the metabolites looked at, particularly those 
relating to energy balance, can quickly return 
to the optimum range as cows adapt them¬ 
selves, including their productivity, to a 
nutritional constraint. It is possible for cows 
to experience a significant energy deficit in 
the first 2 to 3 weeks of lactation because of 
intake problems, lose excessive body condi¬ 
tion, perhaps have their milk yield modified, 
and have their subsequent fertility efficiency 
suppressed, but yet still arrive at 4 weeks 
calved with all biochemical measurements 
within the optimum ranges. If blood is 
sampled at 4 weeks after calving or longer, a 
producer could see thin, underproducing 
cows with poor fertility but with nothing 
abnormal about their biochemistry. Thus the 
farmer would be entitled to feel the 
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metabolic profile test was of no value. 
However, if those cows had been blood 
sampled at 14 days calved instead of 28 days, 
the blood results would have been quite dif¬ 
ferent and would have identified the nutri¬ 
tional constraint on productivity. 

The guidelines for metabolic profiling of 
dairy cattle recommend sampling from the 
following groups: 

• Dry period (D): between 7 and 10 days 
before anticipated date of calving 

• Early lactation (EL): between 3 and 14 
days of lactation 

• Midlactation (ML): between 50 and 120 
days of lactation. 

Individual variations in biochemical values 
are such that single cows should not be 
tested. Groups of no less than five should 
be sampled. They should not be picked at 
random, but rather should be typical, average 
cows of their stage of lactation. Cows with 
extremes of performance—either very high 
or very low—should not be selected. Cows 
with problems should also not be included 
because the type of analysis carried out is not 
designed to clarify individual problems. It is 
important to make all this clear to farmers in 
advance because they cannot be expected to 
appreciate the limitations of the analyses 
made. Experience in the Dairy Herd Health 
and Productivity Service in the United 
Kingdom suggests that selecting cows for 
metabolic profiles may be best done by the 
veterinarian in advance of the test after 
looking at the calving and production 
records. If there is a specific concern of poor 
conception rate, for example, farmers may 
expect only cows that failed to conceive to be 
sampled. This tactic hardly ever delivers 
helpful information because any nutritional 
constraints have by then been compensated 
for, and blood biochemical values are usually 
within optimum ranges. The best approach 
may be to include such cows as the midlacta¬ 
tion group. 

Dry-Cow Group 

Because the dry period is so important to the 
success of the following lactation, blood 
sampling to make sure nutrition is adequate 
is essential. However, the nature of the mea¬ 
surements that can be made means that pri¬ 
marily cows in the last 7 to 10 days of 
gestation should be sampled. Blood sam¬ 
pling a group of dry cows with 1 month or 
longer to go to calving at the same time can 
sometimes provide a useful within-herd 
comparison with respect to energy balance. 
Such sampling may also identify the pres¬ 
ence of dietary protein inadequacy—specifi¬ 
cally, rumen degradable—in the early part of 
the dry period. 

Early-Lactation Group 
The definition used for the early-lactation 
group is most critical for the reasons given 
in the previous paragraph. Since the original 


Compton metabolic profile, in which a high- 
yielding cow was used as the definition, the 
importance of this group has become 
increasingly apparent. The definition also has 
had to be changed to take into account 
changes in farm practice. The way cows are 
fed now—total mixed rations, increased out- 
of-parlor concentrate feeding—has reduced 
the time after calving by when they can adapt 
themselves to an unsatisfactory diet. To be 
sure of detecting the presence of an energy 
constraint in particular, blood sampling 
should be carried out between 3 and 14 
days calved—at less than 3 days, the meta¬ 
bolic impact of hypercortisolemia associated 
with parturition is still present; at more than 
14 days, some cows will be thin, unproduc¬ 
tive, and subfertile but may have compen¬ 
sated for their nutrition and thus have 
normal blood metabolite values. 

Midlactation Group 
Some cows that have past the period of 
peak yield and so past the greatest period 
of potential nutritional stress should always 
be included. They should be between 50 
and 120 days calved so that they are still 
relatively high yielding. This group provides 
a within-herd comparison with the early- 
lactation cows. Without this it is very diffi¬ 
cult to distinguish between problems caused 
by constraints on intake of food or protein 
and energy content; to identify changes in 
biochemical values caused by mistiming 
of tests in relation to feeding or by oddi¬ 
ties in the diet, such as silage with a high 
butyric acid content; and to make judg¬ 
ments on concentrate/forage usage within 
the herd. 

In the DHHPS program, a majority of 
farms do metabolic profiles three to four 
times a year at critical times as a check, or 
“ask-the-cows-what-they-think” exercise. 
Thus metabolic profiles are used as part of a 
proactive preventive health and productivity 
program. Some of the larger farms may do 
more than 10 tests a year to cover feed 
changes and to check on the success of any 
corrective action. 

In the DHHPS program, a standard 
DHHPS metabolic profile includes analysis of 
plasma for NEFA, BHB, glucose, urea nitro¬ 
gen (urea N), albumin, globulin, magnesium, 
and inorganic phosphate. Analyses for copper 
and glutathione peroxidase (GSHPx) are 
done on approximately one-third of samples 
received and thyroxine T4 on even fewer. 
Biochemical analysis is performed using two 
biochemical auto-analyzers, with standard 
internal controls. It also employs an indepen¬ 
dent, external quality control system. Deriva¬ 
tion of optimum metabolite values are 
summarized in Table 17-2. They are BHB less 
than 0.6 mmol/L in dry cows and less than 
1.0 mmol/L in cows in milk; glucose greater 
than 3.0 mmol/L; NEFA less than 0.5 mmol/L 
in dry cows and less than 0.7 mmol/L in cows 


Table 17-2 Metabolic profile 
parameters in cattle—optimum values 

Parameter 

SI units 

BHB 

Milkers 

Below 1.0 mmol/L 

Dry cows 

Below 0.6 mmol/L 

Plasma glucose 

NEFA 

Over 3.0 mmol/L 

Milkers 

Below 0.7 mmol/L 

Dry cows 

Below 0.4 mmol/L 

Urea nitrogen 

1.7-5.0 mmol/L 

Albumin 

Over 30 g/L 

Globulin 

Under 50 g/L 

Magnesium 

0.8-1.3 mmol/L 

Phosphate (inorganic) 

1.4-2.5 mmol/L 

Copper 

9.4-19.0 pmol/L 

Thyroxine T4 (iodine) 

Over 20 nmol/L 

GSHPx (selenium) 

Over 50 units/g Hb 


in milk; urea N greater than 1.7 mmol/L; 
albumin greater than 30 g/L; globulin less 
than 50 g/L; magnesium greater than 
0.7 mmol/L; phosphate greater than 
1.3 mmol/L; copper greater than 9.2 pmol/L; 
glutathione peroxidase (GSHPx) greater than 
50U/g HB; and thyroxine T4 greater than 
20 nmol/L. 

Energy. The data in Table 17-3 use only the 
cows fitting precisely the definitions of D, EL, 
and ML. The table shows that, overall, an 
average of 30% EL cows had metabolite 
results reflecting satisfactory energy status, 
as did 61% of ML cows and 43% of D cows. 
In both EL and ML groups, glucose is the 
metabolite most commonly outside its 
optimum range, followed by BHB and NEFA. 
The percentage of NEFA values above 
optimum is low in ML cows. The most 
common finding is high BHB and low 
glucose in the same cow. In tests showing 
most cows in an EL group having these 
results, there is usually one or two with high 
NEFAs as well. Some EL cows show only low 
glucose or only high NEFA. Where low 
glucose only predominates in EL cows, ML 
cows often show the same picture. 

Protein. The plasma urea concentration 
results in Table 17-3 show that the EL stage 
is more vulnerable to low values than later in 
lactation, even though the cows would have 
been on the same diets in virtually every 
case. In fact, an even greater average percent¬ 
age of the blood of 1361 cows sampled 
between 0 and 9 days after calving over the 
5 years showed low urea concentration. 

The proportion of low-urea- 
concentration results in D cows is high 
(Table 17-3). In addition to the category 
shown of 10 days or less before calving, 4335 
cows were sampled at more than 10 days 
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Table 17-3 Annual (April-March) percentages outside opt' 

mum 

ranges 

of metabolite results 

in blood plasma in adult dairy cows 




EARLY LACTATION (EL) 
(10-20 DAYS CALVED) 



MID LACTATION (ML) 
(50-120 DAYS CALVED) 



DRY (D) 

(7-10 DAYS PREPARTUM) 



1999 

/OO 

2000 

/01 

2001 

/02 

2002 

/03 

2003 

/04 

1999 

/00 

2000 

/01 

2001 

/02 

2002 

/03 

2003 

/04 

1999 

/00 

2000 

/01 

2001 

/02 

2002 

/03 

2003 

/04 

|3-hydroxybutyrate (BHB) 

19.5 

16.6 

22.3 

22.9 

17.5 

11.2 

10.5 

14.3 

10.6 

9.6 

34.5 

24.7 

38.5 

28.5 

22.7 

Glucose 

46.0 

48.7 

43.1 

49.0 

59.3 

21.8 

25.9 

14.5 

22.5 

25.4 

23.9 

27.3 

21.7 

27.3 

33.8 

Non-esterified fatty acid (NEFA) 

19.1 

22.2 

24.9 

27.4 

28.0 

0.6 

2.1 

1.8 

2.7 

3.1 

10.8 

15.0 

14.2 

13.0 

14.8 

One or more energy metabolite 

65 

70 

67 

72 

78 

34 

39 

32 

40 

44 

59 

57 

63 

46 

63 

per cow 

Urea-nitrogen (UreaN) 

0.8 

17.3 

18.3 

16.7 

16.7 

4.4 

6.4 

6.0 

5.3 

5.6 

18.4 

20.4 

20.2 

20.8 

22.3 

Number of cows 

1295 

1421 

1248 

1285 

1530 

914 

1066 

849 

1179 

1494 

1160 

1379 

1253 

1358 

1543 


prepartum, and 22% of them had low plasma 
urea concentrations. 

Results outside the optimum ranges for 
albumin (0.6%), magnesium (2.5%), phos¬ 
phate (1.0%), copper (10%), and GSHPx 
(3%) are relatively uncommon. Thyroxine T4 
analysis was carried out in 836 samples on 
specific request, and only 3% were below 
optimum. 

Background Information 

So that full value can be obtained by the 
farmer from the metabolic-profile approach, 
information about the cows and the farm 
should accompany the blood samples to the 
laboratory. This should include cow identifi¬ 
cation; last calving date for milkers/expected 
for dry cows; body weight (calculation from 
heart-girth measurement with a weighband 
pulled to a constant 5-kg tension is the 
best because it is not affected by gutfill and 
usually most practical because no mechani¬ 
cal weighing device/crush is required); body- 
condition score by a palpation method; 
current daily milk yield; expected current 
daily milk yield; lactation number; daily 
supplementary feed intakes; daily esti¬ 
mated forage intakes; analytical description 
of feeds; and current herd milk solids per¬ 
centages. It is useful to have information 
on herd size, breed, feeding systems, and 
health and fertility. A note of what con¬ 
cerns the farmer has, if any, should also 
be made. 

Interpretation of Results at the Farm 

Circumstances where the diagnosis of a 
nutritional constraint from blood samples is 
clearly correct, but the cause(s) are unclear 
from a distance and could be many, are 
common. Therefore it is very important that 
a final interpretation of what is not working 
and what are the best and most economic 
solutions ought to be made at the farm 
with the information from the laboratory in 
hand. Farm advisory visits should be made 


as soon as the results are available and dis¬ 
cussions made, including farm staff and any 
other advisors involved. Experience in the 
DHHPS suggests that such a team approach 
produces a more balanced strategy and is 
more beneficial than each party working in 
isolation. 

Written Advice 

Any advice given should be recorded con¬ 
cisely in writing and copies given to all par¬ 
ticipants on the farm. This ensures that the 
agreed path is followed, creates a record, 
and ensures that the fee is for something 
tangible. 

Milk Production, Activity Meters, 
and Rumination Monitors 

The application of real-time monitoring of 
dairy cattle has great potential to provide 
low-cost and immediate insight into health 
and production. Of all potential indices, 
daily milk production (relative to previous 
production during the lactation or the previ¬ 
ous lactation, or to peers) appears to provide 
the most sensitive and specific measure of 
dry matter intake and health. Milk produc¬ 
tion can be measured noninvasively and at 
very low cost using automated procedures at 
milking time. As diagnostic algorithms are 
refined, it is likely that monitoring of daily 
milk production will provide the most prac¬ 
tical and low-cost method for evaluating 
health and production and for early disease 
detection. 

Activity meters can detect standing and 
lying periods in cattle and from that infor¬ 
mation can infer time spent feeding in cows 
housed in free stalls or tie stalls. Rumination 
monitors detect the time spent ruminating 
each day, which is strongly associated with 
dry matter intake and health. 

Body-Condition Score 

Managing body reserves is critical for suc¬ 
cessful cow management and requires an 


accurate assessment of the cows “condition.” 
Body-condition scoring is an important 
aspect of metabolic diseases of farm animals. 
Body weight alone is not a valid indicator of 
body reserves because cows of a specific 
weight may be tall and thin or short and fat. 
The energy stores may vary by as much as 
40% in cows of similar body weight, which 
emphasizes the futility and inaccuracy of 
relying on body weight alone as an index of 
cow condition. In addition, because tissue 
mobilization in early lactation occurs as feed 
intake is increasing, decreases in body-tissue 
weight can be masked by enhanced fill of the 
gastrointestinal tract, so that body-weight 
changes do not reflect changes in adipose 
tissue and lean-tissue weight. 

There is a strong positive relationship 
(R 2 = 0.86) between BCS and the propor¬ 
tion of physically dissected fat in Friesian 
cows. Therefore the visual or tactile (palpa¬ 
tion) appraisal of the cow’s BCS provides a 
good assessment of body-fat reserves, ignor¬ 
ing—or minimizing the effect of—frame size 
and intestinal contents. Most animal and 
dairy scientists acknowledge the success¬ 
ful manipulation of BCS as an important 
management factor that influences or has 
a relationship to animal health, milk pro¬ 
duction, and reproduction in the modern 
dairy cow. For example, cows that lost 0.5 
to 1.0 point in BCS between parturition 
and first service achieved a pregnancy- 
to-first-service rate of 53%, whereas those 
losing more than 1.0 point achieved a rate 
of 17%. In a seasonal pasture-based system 
for Holstein-Friesian cows, it is necessary to 
maintain the BCS at 2.75 or greater during 
the breeding season. BCS is important in 
achieving good reproductive performance. 
Loss of body condition between calving and 
first service should be restricted to 0.5 BCS 
to avoid a detrimental effect on reproductive 
performance. 

BCS is a subjective method of assessing 
the amount of metabolizable energy stored 
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SCORE 


Spinous processes SP 
(anatomy varies) 


Spinous to 
Transverse processes 


Transverse 

processes 


Overhanging shell 
(care-rumen fil 


If Tuber coxae (hooks) 
& Tuber ischii (pins) 


Between pins 
and hooks 


Between 
the hooks 


Tailhead to pins 
(anatomy varies) 


SEVERE 

UNDERCONDITIONING 

(emaciated) 


FRAME OBVIOUS 


FRAME & COVERING 
WELL BALANCED 


FRAME NOT AS 
VISIBLE AS 
COVERING 


SEVERE 

OVERCONDITIONING 


1.00 

1.25 

1.50 

1.75 

2.00 

2.25 

2.50 

2.75 

3.00 

3.25 

3.50 

3.75 

4.00 

4.25 

4.50 

4.75 

5.00 


individual processes 
distinct, giving a 
- saw-tooth appearance^- 


X 


individual processes 
evident 


X 


sharp, prominent 
ridge 


X 


smooth ridge, the 
SP's not evident 


flat, no processes 
discernable 


X 

buried in fat 


deep depression 

X 


obvious depression 

X 

X 

X 

smooth concave 
curve 

x 

smooth slope 


nearly flat 

X 


X 

rounded (convex) 


very prominent 
>1/2 length 
visible 

4 


1/2 length of 
process visible 


between 1/2to1/3 
of process visible 

3 -1/4 visib 

& 


44/3-1/4 visible)- moderate shelf 4- 


<1/4 visible 


distinct ridge, no 
individual processes 


a 




smooth, rounded 


edge barely 
discernable 


buried in fat 


definate shelf, 
gaunt, tucked 


prominent shelf 


X 


1 


slight shelf 

r 

t 


x 


bulging 


extremely sharp, 
no tissue cover 


prominent 


-i- thin flesh + definite 
■ covering jdepression 

-l XI>| 4 r-^\ 


smooth 


covered 


rounded with fat 


buried in fat 


n 


severe 
depression, 
devoid of 
flesh 


severely 

idepressed 


4(Nj\y)r 



very sunken 




depression 


slight 

depression 


sloping 


"3 


rounded 


moderate 

depression 


slight 

depression 


flat 


rounded 


bones very prominent 
with deep “V" shaped 
cavity under tail 


$ 


bones prominent 
V shaped cavity 
formed under tail 

V 

first evidence 
of fat 


bones smooth, cavity 
under tail shallow 
- & fatty tissue lined 

9 


.bones rounded with 
fat and slight fat-filled 
depression under tail 


V 


bones buried in fat, 
cavity filled with fat 
■forming tissue folds 


¥ 


Fig. 17-3 Body-condition scoring chart. (Adapted from Edmonson AJ, Lean IJ, Weaver LD, Farver T, Webster G. A body condition scoring chart 
for Holstein dairy cows. J Dairy Sci. 1989; 72:68-78.). 


in fat and muscle (body reserves) in a live 
animal. BCS in dairy cows is done using a 
variety of scales and systems. This method 
involves palpating the cow to assess the 
amount of tissue under the skin. Scoring 
body condition and assessing changes in the 
body condition of dairy cattle have become 
strategic tools in both farm management and 
research. BCS is being researched world¬ 
wide. But international sharing, comparing, 
and use of generated data are limited because 
different BCS systems are used. There is dif¬ 
ficulty in interpreting the literature because 
of variability in the way authors apply scoring 
methods. In the United States, Canada, and 


Ireland, a 5-point BCS system is used for 
dairy cows, whereas Australia and New 
Zealand use 8- and 10-point scales, respec¬ 
tively. The following scoring method is rec¬ 
ommended for the O-to-5 scale. A BCS chart 6 
appears in Fig. 17-3. 

Score: 7 

• Condition: Poor. 

• Tailhead area: Cavity present around 
tailhead. No fatty tissue felt between 
skin and pelvis, but skin is supple. 

• Loin area: Ends of transverse processes 
sharp to touch and dorsal surfaces can 
be easily felt. Deep depression in loin. 


Score: 2 

• Condition: Moderate. 

• Tailhead area: Shallow cavity lined with 
fatty tissue apparent at tailhead. Some 
fatty tissue felt under the skin. Pelvis 
easily felt. 

• Loin area: Ends of transverse processes 
feel rounded, but dorsal surfaces felt only 
with pressure. Depression visible in loin. 

Score: 3 

• Condition: Good. 

• Tailhead area: Fatty tissue easily felt over 
the whole area. Skin appears smooth, 
but pelvis can be felt. 























1675 


Metabolic Diseases of Ruminants 


• Loin area: Ends of transverse processes 
can be felt with pressure, but thick layer 
of tissue dorsum. Slight depression 
visible in loin. 

Score: 4 

• Condition: Fat. 

• Tailhead area: Folds of soft fatty tissue 
present. 

• Patches of fat apparent under skin. 

Pelvis felt only with firm pressure. 

• Loin area: Transverse processes cannot 
be felt even with firm pressure. No 
depression visible in loin between 
backbone and hip bones. 

Score: 5 

• Condition: Grossly fat. 

• Tailhead area: Tailhead buried in fatty 
tissue. Skin distended. No part of pelvis 
felt even with firm pressure. 

• Loin area: Folds of fatty tissue over 
transverse processes. Bone structure 
cannot be felt. 

Relationships Among International 
Body-Condition Scoring Systems 

The New Zealand 10-point scale was com¬ 
pared with the scoring systems in the United 
States, Ireland, and Australia by trained 
assessors. Cows were assessed visually in the 
United States and Australia; in Ireland, cows 
were assessed by palpating key areas of the 
cows body. Significant positive linear rela¬ 
tionships were found between the New 
Zealand 10-point scale and the other scoring 
systems. The relationships between the 
10-point BCS scale used in New Zealand and 
the scales used in Ireland and the United 
States are summarized in Table 17-4. 


Table 17-4 Relationship between the 
10-point BCS scale used in New Zealand 
and the 5-point BCS scale used in 
Ireland and the United States, and the 
8-point scale used in Australia 
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PARTURIENT PARESIS 
(MILK FEVER) 


SYNOPSIS 


Etiology Hypocalcemia just before, around, 
or after parturition. 

Epidemiology Adult dairy cows in third parity 
and older; clinical case incidence of 4% to 
9%, with low case fatality, but up to 50% 
of multiparous periparturient dairy cows 
affected subclinically. Most commonly 
occurs within 48 hours after calving, but 
also occurs several weeks before or after. 
Occurs in beef cattle in epidemics. Occurs 
in sheep and goats in epidemics, usually 
following stressors. Prepartum diets high in 
calcium. 

Signs Three progressively worse stages 
including early signs such as restlessness, 
muscle fasciculation over shoulder and 
neck, cool skin, anorexia, rumen atony with 
mild bloat, and insecure gait. More 
advanced stages with general muscle 
weakness leading to sternal recumbency 
with head resting on the chest, mental 
depression, dilated pupils, weak heartbeat 
und pulse, increased heart rate, dry muzzle, 
dry feces, and hypothermia. Last stage 
characterized by lateral recumbency, severe 
obtundation, severe rumen bloat, barely 
audible heart, tachycardia, circulatory 
collapse, coma, and death. 

Diagnostic confirmation Hypocalcemia and 
response to treatment with calcium 
borogluconate. 

Treatment Calcium borogluconate IV, oral 
calcium salts. 

Control Dietary management to reduce 
dietary potassium intake prepartum, while 


increasing the content of anions in the 
ration (low dietary cation-anion difference 
rations). Reducing dietary calcium content 
below requirements prepartum to prepare 
the organism for a negative calcium 
balance. Oral administration of calcium 
salts immediately before, at, and after 
calving. Oral or parenteral vitamin D and 
analogs before calving. 


ETIOLOGY 

A depression in the levels of ionized calcium 
in the extracellular space, including plasma, 
is the basic biochemical disturbance in 
milk fever. A transient period of subclinical 
hypocalcemia (total plasma calcium [Ca] 
< 2.0 mmol/L or 8 mg/dL) occurs at the onset 
of lactation caused by an imbalance between 
calcium influx to the extracellular pool from 
gut and bone and output in colostrum and 
milk. The sudden increase of Ca losses 
through the mammary gland at the onset of 
lactation presents a considerable challenge 
for the circuits regulating Ca homeostasis. 
With milk containing approximately 2 g of Ca 
per kg and colostrum approximately 2.3 g of 
Ca per kg, the production of 10 kg of milk or 
colostrum requires the equivalent of the 
entire amount of Ca available in the extracel¬ 
lular space of an adult cow. Calcium lost from 
the extracellular pool must be replaced by 
increasing intestinal absorption and bone 
resorption of calcium. Whereas the calcium 
requirements of a cow in late gestation are 
minimal at about 30 g/d, a dairy cow must 
mobilize an additional 30 g or more of 
calcium per day for milk production from 
parturition on. A certain degree of hypocalce¬ 
mia around parturition is unavoidable and is 
a result of the lag time of counter-regulatory 
mechanisms reacting to the sudden imbal¬ 
ance of Ca homeostasis at the onset of lacta¬ 
tion. Most cows adapt within 48 hours after 
calving by increases in plasma concentrations 
of parathyroid hormone (PTH) and 1,25- 
(OH) 2 D, the biologically active form of 
vitamin D 3 . The incidence of subclinical 
hypocalcemia, with serum Ca concentrations 
between 1.4 and 2.0 mmol/L (5.5 to 8.0 mg/ 
dL) in multiparous periparturient cows has 
been estimated at 50%.' Clinical milk fever is 
estimated to occur in 5% of periparturient 
dairy cows in the United States. 2 

EPIDEMIOLOGY 

Occurrence 

Cattle 

The disease occurs most commonly in high- 
producing multiparous lactating dairy cattle. 
Lactating beef cows also are affected, but less 
commonly. 

Age. Hypocalcemia at calving is age related 
and most marked in cows at their third 
to seventh parturition, although rare cases 
have been observed at the first and second 
calvings. 
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Breed. Field observations have for many 
years suggested that Jersey, Swedish Red and 
White, and Norwegian Red breeds develop 
clinical milk fever more frequently than 
Holstein-Friesian cows. 3 The higher Ca con¬ 
centration in milk from Jersey compared 
with Holstein cows has been proposed as 
possible explanation, although the absolute 
differences in Ca excreted through the 
mammary gland per day between breeds are 
negligible when considering the higher milk 
yield of Holstein-Friesian cows. 3 Differences 
in the number of intestinal vitamin D recep¬ 
tors regulating the intestinal Ca uptake have 
been reported in some studies.' The disease 
in beef cattle breeds occurs either in indi¬ 
vidual cows or in herd outbreaks. 

Individual Cows. Individual cows, and to 
some extent families of cows, are more sus¬ 
ceptible than others; the disease tends to 
recur at successive parturitions. The herita- 
bility of susceptibility to milk fever and 
hypocalcemia has been assessed as insignifi¬ 
cant; different studies reported heritabilities 
of 0%, 4%, and 12.8%. 4 Complete milking in 
the first 48 hours after calving, as opposed to 
normal sucking by a calf, appears to be a 
precipitating factor. Several studies have 
reported that the incidence of milk fever is 
positively associated with the level of milk 
production. 

Time of Occurrence. In cattle, milk fever 
occurs at three main stages in the lactation 
cycle. Most prepartum cases occur in the last 
few days of pregnancy and during parturi¬ 
tion, but rare cases occur several weeks 
before calving. Some cases will occur a few 
hours before parturition or at the time of 
parturition when the attendant expects the 
cow to calve and the second stage of parturi¬ 
tion does not occur because of uterine inertia 
resulting from hypocalcemia. Most cases 
occur within the first 48 hours after calving, 
and the danger period extends up to about 
the 10th postpartum day. Up to 20% of cases 
can occur subsequent to the 8th day after 
calving. In such cases the declines in serum 
Ca levels are smaller than in parturient cows. 
The clinical signs are also less severe, and 
there are fewer relapses after treatment. 
Occasional cases occur during mid- or even 
late lactation. Such cases are often recur¬ 
rences of the disease in highly susceptible 
cows that were affected at calving. Undue 
fatigue and excitement may precipitate such 
attacks, and there is a special susceptibility at 
estrus. In the latter case, the depression of 
appetite by the elevation of blood estrogen 
levels may be a contributing factor. 

Hypocalcemic episodes lasting 1 to 2 days 
may occur two or three times with a period¬ 
icity of about 9 days. Fluctuations in the 
intestinal absorption of Ca during this period 
may be the cause of Ca cycling. Subclinical 
hypocalcemia is of major significance 
because it inhibits reticulorumen motility, 


which affects appetite, delays intestinal 
absorption of nutrients, and exacerbates the 
negative energy balance already existing in 
the cow in the first month of lactation. 

Stressors. Feed intake depression for 48 
hours contributes to the depression of serum 
Ca levels, and this may be of importance in 
the production of hypocalcemic paresis in 
this species at times other than in the post¬ 
parturient period. Pregnant beef cattle may 
develop hypocalcemic paresis during the 
winter months when they are fed on poor- 
quality roughage; within a group of such 
cows, lower-ranked individuals of the herd 
may suffer selective malnutrition. The disease 
has also occurred in beef cows affected with 
diarrhea of undetermined etiology. As 
another explanation of the heightened sus¬ 
ceptibility of cows at estrus, a possible 
depression of the degree of ionization of 
calcium under the influence of estrogens has 
been proposed. Differences in total serum Ca 
or plasma ionized Ca values in cows during 
estrus, however, are not documented. 

The intravenous administration of certain 
aminoglycosides, especially neomycin, elihy- 
drostreptomycin, and gentamicin, may cause 
a reduction in the degree of ionization of 
serum calcium and a syndrome similar to 
milk fever. Oral dosing with zinc oxide (40 
or 120 mg Zn/kg body weight [BW]) as a 
prophylaxis against facial eczema in ewes 
causes a serious drop in serum calcium levels 
24 hours after treatment. Caution is recom¬ 
mended with the use of these drugs in par¬ 
turient cows. 

Sheep and Goats 

In sheep, the disease commonly occurs in 
outbreaks in groups of ewes exposed to 
forced exercise, long-distance transport, 
sudden feed deprivation, and grazing on 
oxalate-containing plants or green cereal 
crops. These circumstances commonly pre¬ 
cipitate outbreaks of hypocalcemic paresis in 
sheep; mature ewes are the most susceptible, 
particularly in the period from 6 weeks 
before to 10 weeks after lambing. Up to 25% 
of the flock may be affected at one time. The 
disease also occurs in young sheep up to 
about 1 year of age, especially when they 
graze green oats, but also when pasture is 
short in winter and spring, as in southeast 
Australia. The disease is manifested by 
paresis, but poor growth, lameness, and bone 
fragility can be detected in the rest of the 
flock. A sudden deprivation of feed or forced 
exercise of ewes can cause marked depression 
of the serum Ca levels. However, ewes are in 
a susceptible state in early lactation because 
they are in negative Ca balance. In late lacta¬ 
tion a state of positive balance is a result of a 
low rate of bone resorption. There is an unex¬ 
plained occurrence of hypocalcemia in 
sheep fed on hay when they are supplemented 
with an energy-rich concentrate, which 
increases their calcium intake. Another 


occurrence in ewes is at the end of a drought 
when the pasture growth is lush and very low 
in Ca content. The incidence may be as high 
as 10% and the case-fatality rate 20% in ewe 
flocks in late pregnancy or early lactation. 

Hypocalcemia in sheep depresses endog¬ 
enous glucose production and insulin 
release, and in late pregnancy in combina¬ 
tion with hyperketonemia, it facilitates the 
development of pregnancy toxemia. 

In does, a depression in serum levels of 
Ca and phosphorus occurs similar to that 
in cows, but in ewes no such depression 
occurs at lambing, and the intervention of a 
precipitating factor appears to be necessary 
to reduce the serum Ca level below a critical 
point. 

Milking goats become affected mostly 
during the 4- to 6-year-old age group. Cases 
occur before and after kidding, some later 
than 3 weeks after parturition. Clinical syn¬ 
dromes are identical to those in cows, includ¬ 
ing the two stages of ataxia and recumbency. 
Serum Ca levels are reduced from normal 
levels for parturient does. 

Morbidity and Case Fatality 
Clinical Hypocalcemia 

Several epidemiologic studies of milk fever 
have reported incidence rates between 5% 
and 10% for clinical milk fever in cattle, cal¬ 
culated either as the lactational incidence 
or incidence per cow year. 25 Overall clinical 
disease is sporadic, but on individual farms 
the incidence may occasionally reach 25% to 
30% of high-risk cows. With early treatment 
mortality is low in uncomplicated cases, but 
incidental losses as a result of aspiration 
pneumonia, mastitis, and limb injuries may 
occur. From 75% to 85% of uncomplicated 
cases respond to parenteral Ca therapy alone. 
A proportion of these animals require more 
than one treatment, either because complete 
recovery is delayed or because relapse occurs. 
The remaining 15% to 25% are either com¬ 
plicated by other conditions or incorrectly 
diagnosed. 

Subclinical Hypocalcemia 

Subclinical hypocalcemia, defined as total 
plasma Ca between 1.4 and 2.0 mmol/L (5.5 
and 8.0 mg/dL), is common in dairy cattle 
during the first few weeks of lactation. The 
incidence rates of subclinical postparturient 
hypocalcemia reported in the literature are 
in the range of 33% and may even increase 
to 50% in older cows. 1,5 

Risk Factors 
Animal Risk Factors 

Serum Ca levels decline in all adult cows at 
calving as a result of the Ca loss through the 
mammary gland at the onset of lactation. 
This decline is more pronounced in some 
cows than in others, and it is this difference 
that results in the varying susceptibility of 
animals to parturient paresis. First-calf 
heifers rarely develop milk fever because 





they are able to adapt more effectively to the 
high Ca demand at the onset of lactation. 
With increasing age, this adaptation process 
is hampered and results in moderate to 
severe hypocalcemia in older cows. The 
adaptation mechanism is directly related to 
the efficiency of intestinal absorption of Ca, 
which decreases with increasing age. 

Calcium Homeostasis. The following three 
factors affect Ca homeostasis, and variations 
in one or more of them may contribute to 
the development of clinical disease in any 
individual: 

1. Excessive loss of calcium in colostrum 
beyond the capacity of absorption from 
the intestines and mobilization from 
the bones to replace it. Variations in 
susceptibility between cows could be 
the result of variations in the Ca 
concentration in colostrum or milk and 
the volume of milk produced. 

2. Impairment of absorption of Ca from 
the intestine at parturition. 

3. Mobilization of Ca from storage in the 
skeleton may not be sufficiently rapid or 
efficient to maintain normal plasma Ca 
levels. The Ca mobilization rate is 
markedly reduced in cows in later 
pregnancy in response to the low 
requirements in the weeks before 
parturition. The lag time in reinitiating 
bone resorption at the moment Ca 
losses through the mammary gland 
suddenly begin contributes to the 
transient depression of the plasma Ca 
concentration. Bone resorption makes 
only a minor contribution to the total 
rate of Ca mobilization at parturition 
and is therefore of minor importance for 
the prevention of periparturient 
hypocalcemia. Osteoblasts are the only 
type of bone cell to express the 

l,25-(OH) 2 D receptor protein, and the 
decrease in the numbers of osteoblasts 
with increasing age could delay the 
ability of bone to contribute Ca to the 
plasma Ca pool. Bone resorption shortly 
before and around calving can 
furthermore be hampered in states of 
metabolic alkalosis as it occurs in cows 
fed a ration with high potassium 
content. Animals with mild to moderate 
forms of compensated metabolic 
acidosis, in contrast, have enhanced 
bone-resorption activity, releasing 
additional Ca to the extracellular pool. 
Preventing alkalization by avoiding 
excessive dietary potassium and 
inducing mild to moderate acidosis by 
adding so-called anionic salts to the diet 
in late gestation are common strategies 
for prevention of milk fever in cattle 
(see also the discussion under “Control” 
in this chapter). 

Historically it was proposed that failure 
to secrete sufficient levels of PTH or insuffi¬ 
cient availability of l,25-(OH) 2 D was the 
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primary defect in cows that developed milk 
fever. More recent research has shown that 
the secretion of PTH and the production of 

l,25-(OH) 2 D are similar in most cows with 
or without milk fever. However, about 20% 
of cows treated for parturient paresis experi¬ 
ence relapsing episodes of hypocalcemia that 
require further treatment. These cows appear 
to be less efficient in producing adequate 
amounts of l,25-(OH) 2 D at the onset of lac¬ 
tation. Both relapsing and nonrelapsing cows 
develop the same degree of hypocalcemia 
and secondary hyperparathyroidism, but 
production of l,25-(OH) 2 D is about twofold 
greater in nonrelapsing cows than relapsing 
cows. Following treatment of parturient 
hypocalcemia with intravenous Ca salts and 
restoration of ruminal and intestinal motil¬ 
ity, nonrelapsing cows establish Ca homeo¬ 
stasis over the next 3 to 4 days by increasing 
intestinal absorption of Ca, which is acti¬ 
vated by a sufficient level of l,25-(OH) 2 D. In 
relapsing cows, even when rumen and intes¬ 
tinal motility are restored after treatment, 
hypocalcemia and paresis are likely to occur 
because of insufficient plasma l,25-(OH) 2 D. 
These cows may remain in this stage of pro¬ 
longed hypocalcemia for several days, and 
only after a few days and several repeated 
treatments with Ca will the plasma levels of 

l,25-(OH) 2 D increase to an adequate level 
to maintain Ca homeostasis. Tissue 1,25- 
(OH) 2 D receptor concentrations decline 
with age, which renders older cows less able 
to respond to the hormone; thus it will take 
longer for older cows to adapt intestinal Ca 
absorption mechanisms to meet lactational 
demands for Ca. 

Body-Condition Score. A high BCS 
increases the risk of milk fever. The odds ratio 
of milk fever with a BCS greater than 4/5 on 
the first milk recording day after calving was 
4.3, and cows with milk fever had a postpar¬ 
tum predisease body weight 12 kg higher 
compared with healthy cows, indicating an 
increased risk of milk fever as a result of 
higher body weight. Cows with subclinical 
hypocalcemia in the winter period had sig¬ 
nificantly higher mean body weight over the 
60 days postpartum than normocalcemic 
cows, but the effect was not significant in 
cows calving during the summer months. 

Dietary and Environmental 
Risk Factors 

Several dietary factors of the pregnant cow 
during the prepartum period (last 4 weeks of 
gestation) can influence the incidence of 
milk fever in cattle. 

Dietary Calcium. Feeding more than 100 g 
of calcium daily during the dry period is 
associated with an increased incidence of 
milk fever. The daily dietary Ca requirements 
of an adult cow in late gestation are in the 
range of 30 g Ca/d. When supplying Ca far 
in excess of the daily requirements (>100 g 


Ca/d), the active absorption of Ca from the 
digestive tract and mobilization from bone 
are homeostatically depressed and become 
quiescent. As a consequence, at calving when 
sudden changes of the Ca balance occur, the 
cow is unable to rapidly return to bone Ca 
stores or intestinal Ca absorption mecha¬ 
nisms and is susceptible to severe hypocalce¬ 
mia until these mechanisms can be activated, 
which may take several days. 

Feeding prepartum diets with a Ca con¬ 
centration low enough to induce a negative 
Ca balance already before calving prevents 
milk fever by activating Ca transport mecha¬ 
nisms in the intestine and bone before par¬ 
turition, thus allowing the animal to adapt 
more rapidly to the lactational drain of Ca. 
The challenge of this approach is to formu¬ 
late a balanced dry-cow ration with a suffi¬ 
ciently low Ca concentration providing less 
than 20 g/d of absorbable Ca (see also the 
discussion under “Control” in this chapter). 

Supplementing dietary Ca immediately 
before and around parturition may also 
lower the incidence of milk fever by provid¬ 
ing additional dietary Ca at the moment 
intestinal Ca absorption is upregulated (see 
also the discussion under “Control” in this 
chapter). 

Dietary Potassium. The dietary potassium 
content of the ration fed in late gestation is a 
major contributing factor to the risk of peri¬ 
parturient hypocalcemia. Positively charged 
electrolytes (cations) contained in the diet 
and absorbed from the digestive tract tend to 
alkalinize the organism, whereas electrolytes 
with a negative charge (anions) are acidify¬ 
ing. 6 Studies of the 1970s furthermore dem¬ 
onstrated that alkalization of the organism 
by increasing the amount of dietary cations 
increased the incidence of milk fever, 
whereas acidification by increasing the 
dietary anion content reduced the milk-fever 
incidence, which is the basis of the so-called 
dietary cation-anion difference (DCAD) 
concept (see also the discussion under 
“Control” in this chapter). With potassium 
being the quantitatively most important 
cation in a standard ruminant diet, it follows 
that high potassium concentrations (>2% of 
the ingested dry matter) in the ration fed 
to cows in their last weeks of gestation can 
considerably increase the incidence of 
periparturient hypocalcemia. 

Dietary Magnesium. Magnesium defi¬ 
ciency during late gestation is a major risk 
factor for periparturient hypocalcemia, and 
hypomagnesemia is considered to be the 
most common cause of milk fever occurring 
in midlactating dairy cows. 3 Because magne¬ 
sium is required for the release PTH from 
the parathyroid glands and furthermore 
influences the tissue sensitivity to PTH, the 
efficacy of PTH for the correction of hypo¬ 
calcemia greatly depends on an adequate 
supply of magnesium. 
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Dietary Phosphorus. Prepartum diets high 
in phosphorus (P; > 80 g P/d) greatly increase 
the incidence of milk fever and the severity 
of hypocalcemia. High dietary levels of P 
increase the serum level of P, which is inhibi¬ 
tory to the renal enzymes that catalyze the 
conversion of vitamin D to its active form 
l,25-(OH) 2 D. Decreased amounts of 1,25- 
(OH) 2 D will not only reduce the intestinal 
absorption of P, but also of Ca, and thereby 
predispose to periparturient hypocalcemia. 7 

Dietary Cation-Anion Difference. Studies 
in the 1960s and 1970s showed that experi¬ 
mentally increasing the dietary cation con¬ 
centration or decreasing the dietary anion 
concentration had an alkalinizing effect on 
the organisms, whereas feeding diets with a 
higher anion or lower cation concentration 
resulted in acidification. It was furthermore 
demonstrated that alkalization achieved 
through feeding high-cation/low-anion diets 
increased the incidence of milk fever, 
whereas acidification by increasing the ration 
of anions to cations caused the milk-fever 
incidence to decline. 6 Accordingly the basis 
of the DCAD concept is to modulate the 
ratio of cations to anions in the diet to reduce 
the risk of milk fever in cattle. The cation- 
anion difference of a diet is commonly given 
in milliequivalents (mEq) per kilogram of 
feed dry matter (DM; mEq/kg DM) or some¬ 
times in mEq/100 g DM. Although several 
different equations have been proposed for 
the calculation of the DCAD, the most com¬ 
monly used only considers the four quanti¬ 
tatively most important dietary ions: sodium 
(Na + ), potassium (K + ), chloride (Cl"), and 
sulfur (S 2 "). Other electrolytes, such as Ca, P, 
and magnesium, also affect the actual DCAD 
and thereby the effect on the acid-base status 
of the animal consuming the diet, and these 
compounds are included in some of the 
equations proposed in the literature to calcu¬ 
late the DCAD. However, because these min¬ 
erals are present in relatively low amounts in 
the ruminant diet, their effect is considered 
to be minor. They are therefore commonly 
disregarded for practicability reasons. 

The DCAD exerts a strong linear effect on 
the incidence of milk fever and is more 
important than the level of dietary Ca as a 
risk factor for milk fever. Prepartum diets 
high in cations such as potassium are associ¬ 
ated with an increased incidence of milk 
fever, whereas diets high in anions, especially 
chloride and sulfur, result in a decrease in the 
incidence of the disease. Most forages, such 
as legumes and grasses, are high in potas¬ 
sium and are alkaline. The addition of anions, 
specifically chloride and sulfur, to the diet 
of dairy cows before parturition can effec¬ 
tively reduce the incidence of milk fever (see 
also the discussion under “Control” in this 
chapter). 

Systemic acidification induced by anionic 
supplementation affects the function of PTH 
hormone, the major effect being an increased 


tissue response to PTH, which results in 
increased retention of Ca and enhanced 
mobilization of Ca from bone. A meta-anal¬ 
ysis of 75 feeding trials designed to study the 
nutritional risk factors for milk fever in dairy 
cattle found that the prepartum dietary con¬ 
centrations of S and dietary anion-cation 
balance ([Na + K] — [Cl + S]) were the two 
nutritional factors most strongly correlated 
to the incidence of milk fever. Dietary S acts 
as a strong anion and reduces the risk of milk 
fever, and increasing the dietary S concentra¬ 
tions lowers the odds ratio of developing 
milk fever. 

ECONOMIC IMPORTANCE 

Although economic losses from milk fever 
have decreased considerably since the intro¬ 
duction of intravenous treatment with Ca 
salts many years ago, the disease incidences 
reported in recent years remain similar to 
values reported decades ago. 2,5 The most 
obvious costs are associated with drugs, vet¬ 
erinary intervention, and losses resulting 
from complications in clinical cases. Costs 
associated with subclinical hypocalcemia 
are, however, considered to be far more 
important. Incidence rates between 3.5% and 
7% for clinical disease and over 30% for sub- 
clinical hypocalcemia have been reported, 
and hypocalcemia is considered to be a so- 
called “gateway disease” that predisposes to 
a number of common fresh-cow disorders, 
such as dystocia, uterine prolapse, retained 
fetal membranes, mastitis, ketosis, abomasal 
displacement, ketosis, and immune suppres¬ 
sion. 5 The costs per clinical case of milk fever 
have been estimated at US$300, whereas 
subclinical cases may cost around US$125 
per case, based on estimates accounting for 
reduced milk production and increased risk 
of developing periparturient disorders such 
as ketosis or abomasal displacement. 8 

The literature on the effects of clinical and 
subclinical hypocalcemia is difficult to inter¬ 
pret because of the complex relationships 
between milk production, parity of lactation, 
breed of cattle, epidemiologic methods used, 
and management systems used, in addition 
to the reproducibility of the clinical observa¬ 
tions and the accuracy of the recording 
systems used. In general, there is insufficient 
information available to document the con¬ 
sequences of milk fever and subclinical hypo¬ 
calcemia. A summary of several consequences 
that have been examined follows here. 

Milk Fever Relapses. Milk fever cases that 
need repeat treatment because of relapses 
increase the costs. 

Downer-Cow Complications. The downer- 
cow syndrome associated with those milk 
fever cases that fail to respond to intravenous 
(IV) Ca treatment and remain recumbent for 
days before subsequently standing, those 
that die, or those that require destruction 
represents an important cause of economic 


loss. The literature reports incidence rates for 
the downer-cow syndrome ranging from 
3.8% to 28.2% of milk-fever cows, with a case 
fatality rate of 20% to 67%. 9 

Dystocia and Reproductive Disease. Hypo¬ 
calcemia at the time of parturition can result 
in uterine inertia, which may cause dystocia 
and uterine prolapse. In general, there is an 
increased risk of dystocia associated with 
milk fever, whether the farmer or the veteri¬ 
narian attends to the dystocia. 5 

Retained Placenta. Several studies have 
found an increased risk of retained placenta 
following milk fever. 

Metritis. A few studies have found an indi¬ 
rect relationship between milk fever and sub¬ 
sequent metritis. 

Milk Production. There is no reliable evi¬ 
dence that the occurrence of milk fever 
or subclinical hypocalcemia in cows that 
recover following treatment affects milk pro¬ 
duction in the subsequent lactation. Some 
studies have found a limited effect, no effect, 
or even positive effect of milk fever on milk 
production. 

Mastitis. Hypocalcemia not only impairs 
immune function but furthermore may 
weaken the tone of the teat sphincter, which 
has been proposed to facilitate intramam¬ 
mary infection, particularly in recumbent 
cows that are not milked or milked less fre¬ 
quently. 3 An odds ratio of 8.1 for mastitis has 
been estimated, for coliform mastitis the 
odds ratio is estimated at 9.0, and for acute 
clinical mastitis a relative risk of 1.5 follow¬ 
ing milk fever has been found. 

Displacement of Abomasum. Odds ratios 
ranging from 2.3 to 3.4 for left-side displace¬ 
ment of the abomasum occurring in dairy 
cows with hypocalcemia at parturition have 
been estimated. 

Ketosis. Studies on the occurrence of ketosis 
following milk fever have found relative risks 
or odds ratios ranging from 1.3 to 8.9; using 
all the confidence intervals, the relative risks/ 
odds ratios range from 1.1 to 15.3. 

Body Weight. A temporary drop in body 
weight occurs in cows with milk fever, but 
there is no long-term effect. In cows with 
subclinical hypocalcemia in early lactation, 
there may be some weight loss compared 
with cows with normal levels of calcium. 

Culling. There may be an increased proba¬ 
bility of culling cows that have had milk fever 
because of the complications or direct or 
indirect consequences associated with the 
disease. There is some evidence of culling 
cows in early lactation because of milk fever, 
but not in late lactation. 





PATHOGENESIS 

Hypocalcemia 

Calcium has several functions relevant for 
the pathophysiology of periparturient hypo¬ 
calcemia, which include the following: 

• Cell membrane stability: Calcium bound 
to cell membranes contributes to the 
maintenance of adequate membrane 
stability. In excitable cells the decreased 
availability of ionized Ca results in 
higher cell membrane permeability, 
thereby altering the resting membrane 
potential and making nerve cells more 
excitable. 

• Muscle contractility: Calcium is 
required to clear the binding site for 
myosin on the actin molecule inside the 
muscle fibers. The cross-bridging 
between actin and myosin is the basis 
for the contraction of muscle fibers. 
Decreased availability of Ca can 
therefore affect muscle contractility. 

• Release of acetylcholine: Calcium is 
required for the neuronal release of the 
neurotransmitter acetylcholine into the 
synaptic cleft of the neuromuscular 
junctions. Calcium depletion can thus 
hamper the signal transmission at the 
level of the neuromuscular endplate. 
Whereas decreased membrane stability 

and ensuing increased excitability are the 
probable underlying cause of hypocalcemic 
tetany of monogastric species and the muscle 
twitching observed in the early stages of milk 
fever in cattle, disturbed muscle fiber con¬ 
tractility and neurotransmitter release are 
considered the basis of the flaccid paresis 
observed in advanced stages of milk fever in 
ruminants. 

The plasma Ca concentration is normally 
maintained between 2.1 and 2.6 mmol/L 
(8.4 to 10.4 mg/dL). Almost all multiparous 
dairy cows will experience at least transient 
and subclinical hypocalcemia, less than 
1.8 mmol/L (7.5 mg/dL), within 24 hours 
after calving. In some cows, hypocalcemia is 
more pronounced, causing neuromuscular 
dysfunction resulting in clinical milk fever. 
Without treatment, levels may continue to 
decline to values as low as or even below 
0.5 mmol/L (2 mg/dL), which is usually 
incompatible with life. 

Hypocalcemia is the cause of the signs of 
typical milk fever. Atony of skeletal muscle 
and plain muscle are well-known physiologic 
effects of hypocalcemia in ruminants. 

Experimental Hypocalcemia 

Hypocalcemia can be induced experimen¬ 
tally by administering Na 2 -EDTA intrave¬ 
nously, which results in the complex binding 
or chelation of ionized Ca. The IV infusion 
of Na 2 -EDTA into cows over a period of 4 to 
8 hours results in severe hypocalcemia and 
paresis and has been used extensively as a 
model for the reproduction of the disease. 
A standardized flow rate of 1.2 mL/kg per 
hour of a 5% solution of Na 2 -EDTA until 
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recumbency results in changes in plasma 
ionized Ca, total Ca, inorganic phosphate 
(Pi), and magnesium comparable to what is 
observed in spontaneous cases of milk fever. 
Induced hypocalcemia results in depression 
of the frequency and amplitude of rumen 
contractions as early as 1.0 mmol/L of 
ionized serum Ca, well before any clinical 
signs of hypocalcemia are detectable and 
while feeding behavior and rumination are 
still normal. The induction of subclinical 
hypocalcemia in cows results in a linear 
decrease in feed intake and chewing activity 
as the plasma ionized calcium decreases. 
Feed intake depression was observed with 
ionized Ca concentrations below 0.9 mmol/L 
and before other signs commonly associated 
with hypocalcemia were recorded. Feed 
intake approached zero when ionized Ca 
concentrations declined to 0.6 mmol/L. This 
suggests that hypocalcemia may contribute 
to the reduction in feed intake prepartum 
and depresses the rumination process, ulti¬ 
mately leading to anorexia. Experimental 
hypocalcemia in cattle furthermore resulted 
in a marked reduction in cardiac stroke 
volume, a 50% reduction in arterial blood 
pressure, and a significant reduction in 
ruminal and abomasal tone and motility. 

In experimental hypocalcemia in sheep, 
blood flow is reduced by about 60% to all 
tissues except the kidney, heart, lung, and 
bladder, in which the reduction is not as 
high. During periods of prolonged hypocal¬ 
cemia in cows and ewes, blood flow to skel¬ 
etal muscles and the alimentary tract may be 
reduced to 60% to 70% of normal for a long 
period, which may present a predisposing 
factor for the downer-cow syndrome. Serum 
Ca and Pi levels are significantly lower in 
clinical cases than in comparable normal 
cows, and there is some relationship between 
the severity of the signs and the degree of 
biochemical change. 

Signs of hypocalcemic tetany, presumably 
attributable the increased membrane insta¬ 
bility, commonly recognized in nonrumi¬ 
nant species are observed in the initial stages 
of milk fever in cattle: 

• Nervousness and early excitement 

• Muscle twitching 

• Tetany, particularly of the hindlimbs 

• Hypersensitivity and convulsive 

movements of the head and limbs 

There are additional signs in the experi¬ 
mental disease, such as excessive salivation, 
excessive lip and tongue actions, and tail 
lifting. The serum muscle enzyme levels of 
creatine phosphokinase (CPK) and amino¬ 
transferase (AST) increase as a result of 
muscle injury associated with prolonged 
recumbency. Blood glucose levels increase, 
and serum Pi and potassium levels decrease. 

The prolonged infusion of Na 2 -EDTA in 
sheep over 18 hours at a rate to induce hypo¬ 
calcemia and maintain recumbency resulted 
in prolonged periods of recumbency ranging 
from 36 to 64 hours before the animals were 


able to stand. There are also decreases in 
plasma sodium, plasma potassium, and 
erythrocyte potassium and prolonged 
increases in PC Vs, suggesting that fluid 
replacement therapy may be indicated in 
cattle with prolonged recumbency associated 
with hypocalcemia. The activity of AST and 
CPK, the PCVs, and white blood cell (WBC) 
counts were elevated 24 hours later. 

Hypomagnesemia 

Hypomagnesemia is recognized as an 
importing contributing factor to periparturi¬ 
ent hypocalcemia and has been proposed to 
be the major risk factor for milk fever occur¬ 
ring in cattle in mid- to late lactation. 3 The 
two mechanism through which Mg defi¬ 
ciency may predispose to hypocalcemia are 
an impaired release of PTH in response to 
hypocalcemia and decreased tissue sensitiv¬ 
ity to PTH in hypomagnesemic states. 3 
Hypomagnesemia can therefore predispose 
to clinical or subclinical milk fever by blunt¬ 
ing the main counter-regulatory mechanism 
of hypocalcemia. 

Hypophosphatemia 

Low serum Pi concentrations are commonly 
observed in milk-fever cows, but also in 
healthy dairy cows, around parturition.' 
Although the clinical relevance of hypo¬ 
phosphatemia in recumbent cattle remains 
uncertain, empirical associations between 
hypophosphatemia and recumbency have 
been established. 9 Anecdotal reports from 
field veterinarians suggest that the numbers 
of recumbent periparturient dairy cows not 
responding to standard therapy with intrave¬ 
nous Ca salts and showing pronounced 
hypophosphatemia have increased in recent 
years. To date, however, there is no unequiv¬ 
ocal evidence corroborating the hypothesis 
that hypophosphatemia plays a role in peri¬ 
parturient recumbency or confirming the 
treatment efficacy of oral or parenteral Pi 
supplementation to recumbent cattle.' 

CLINICAL FINDINGS 
Cattle 

Three stages of milk fever in cattle are com¬ 
monly recognized and described. 

Stage 1 

In the first stage, the cow is still standing. This 
is also the brief stage of nervousness, excite¬ 
ment, and tetany with hypersensitivity and 
muscle tremor of the head and limbs. The 
animal is disinclined to move and often has 
a decreased or no feed intake. There may be 
a slight shaking of the head, protrusion of the 
tongue, and grinding of the teeth. The rectal 
temperature is usually normal to slightly 
above normal; the skin may feel cool to the 
touch. The animal appears ataxic, with a stiff 
and insecure gait, and falls easily. Close exam¬ 
ination reveals agalactia, rumen stasis, and 
scant feces. Heart rate and respirations may 
be within normal limits or slightly elevated. 
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Stage 2 

The second stage is characterized by sternal 
recumbency with depressed consciousness; 
the cow has a drowsy appearance in sternal 
recumbency, usually with a lateral kink in 
the neck or the head turned into the flank 
(Fig. 17-4). When approached, some of these 
cows will open their mouths, extend the head 
and neck, and protrude their tongues, which 
may be an expression of apprehension and 
fear in an animal unable to stand. The tetany 
of the limbs present in the first stage is not 
present, and the cow is unable to stand. The 
muzzle is dry, the skin and extremities cool, 
and the rectal temperature subnormal (36 
to 38° C, 97 to 101°F). There is a marked 
decrease in the absolute intensity of the heart 
sounds, whereas the heart rate is increased 
(about 80 bpm). The arterial pulse is weak 
and the venous pressure is also low, making 
it difficult to raise the jugular veins. The res¬ 
pirations are not markedly affected, although 
a mild forced expiratory grunt or groan is 
sometimes audible. Ruminal stasis and sec¬ 
ondary bloat are common, and constipation 
is characteristic. There is also relaxation of 
the anus and loss of the anal reflex. 

The eyes are usually dry and staring. The 
pupillary light reflex is incomplete or absent, 
and the diameter of the pupil varies from 
normal to maximum dilatation. A detailed 
examination of the pupils of cows with par¬ 
turient paresis, nonparetic disorders, and 
nonparturient paresis found that the mean 
sizes of the pupils were not significantly dif¬ 
ferent from one another. Rather, disparity 
of the size of the pupils was common. In 
cows that develop hypocalcemia a few hours 
before or at the time of parturition, the 
second stage of parturition may be delayed. 
Vaginal examination usually reveals a fully 
dilated cervix and normal presentation of the 


fetus. The cow may be in any stage of milk 
fever, and administration of Ca-salts IV will 
usually result in a rapid beneficial response 
and normal parturition. 

Prolapse of the uterus is a common com¬ 
plication of milk fever, and often the Ca 
levels are lower than in parturient cows 
without uterine prolapse. Thus it is standard 
practice to treat cases of uterine prolapse 
with IV calcium salts. 

Stage 3 

The third stage is characterized by a severely 
obtunded or even comatose cow in lateral 
recumbency. There is complete flaccidity 
on passive movement, and the cow cannot 
assume sternal recumbency on its own. In 
general, the depression of temperature and 
the cardiovascular system are more marked. 
The heart sounds are almost inaudible, and 
the rate is increased up to 120 bpm; the pulse 
is almost impalpable, and it may be impos¬ 
sible to raise the jugular veins. Bloat is com¬ 
mon because of prolonged rumen stasis and 
lateral recumbency. Without treatment, a 
few animals remain unchanged for several 
hours, but most become progressively 
worse during a period of several hours 
and die quietly from shock in a state of com¬ 
plete collapse. 

Concurrent Hypomagnesemia. Mild to 
moderate tetany and hyperesthesia persist¬ 
ing beyond the first stage suggests a concur¬ 
rent hypomagnesemia. There is excitement 
and fibrillary twitching of the eyelids, and 
tetanic convulsions are readily precipitated 
by sound or touch. Trismus may be present. 
The heart and respiratory rates are increased, 
and the heart sounds are much louder than 
normal. Without treatment, death occurs 
during a convulsion. 


Sheep and Goats 

The disease in pastured ewes is similar to that 
in cattle. The early signs include a stilty, 
proppy gait and tremor of the shoulder 
muscles. Recumbency follows, sometimes 
with tetany of the limbs, but the proportion 
of ewes with hypocalcemia that are recum¬ 
bent in the early stages is much less than in 
cattle. A similar generalization applies to 
female goats. The characteristic posture is 
sternal recumbency, with the legs under the 
body or stretched out behind. The head is 
rested on the ground, and there may be an 
accumulation of mucus exudate in the nos¬ 
trils. The venous blood pressure is low and the 
pulse impalpable. Mental depression is evi¬ 
denced by a drowsy appearance and depres¬ 
sion of the corneal reflex. There is loss of the 
anal reflex, constipation, tachycardia, hypo- 
sensitivity, ruminal stasis and tympany, sali¬ 
vation, and tachypnea. Response to parenteral 
treatment with Ca salts is rapid; the ewe is 
normal 30 minutes after an SC injection. 
Death often occurs within 6 to 12 hours if 
treatment is not administered. The syndrome 
is usually more severe in pregnant than in 
lactating ewes, possibly because of the simul¬ 
taneous occurrence of pregnancy toxemia or 
hypomagnesemia. Fat late-pregnant ewes on 
high-grain diets indoors or in feedlots show 
a similar syndrome accompanied by pro¬ 
lapses of the vagina and intestine. 

CLINICAL PATHOLOGY 

Total serum Ca levels are reduced to below 
2.0 mmol/L (8 mg/dL), usually to below 
1.2 mmol/L (5 mg/dL), and sometimes to as 
low as 0.5 mmol/L (2 mg/dL). The reduction 
is usually, but not always, proportional to the 
severity of the clinical syndrome. Average 
figures for total serum Ca levels in the 
three species are as follows: cows, 1.30 ± 
0.30 mmol/L (5.2 + 1.2 mg/dL); ewes, 1.15 ± 
0.37 mmol/L (4.6 +1.5 mg/dL); goat does, 
0.94 + 0.15 mmol/L (3.8 + 0.6 mg/dL). 

Although the concentration of ionized 
Ca, which is the biologically active fraction 
of the total Ca pool, is the factor determining 
the presence and severity of clinical signs in 
hypocalcemic animals, the total serum Ca 
concentration is commonly used for conve¬ 
nience. Measurement of ionized Ca concen¬ 
tration requires the use of ion-selective 
electrodes, which have become much more 
accessible in recent decades. Nonetheless, 
the association between ionized and total Ca 
in serum is tight, with excellent correlation 
between the two, which is why total Ca con¬ 
centration in serum is considered clinically 
useful and sufficiently accurate in practice. 3 
Between 42% and 48% of the total Ca content 
in the extracellular space is available as bio¬ 
logically active ionized Ca. A decrease in 
serum albumin or acidemia tends to increase 
the ionized Ca fraction, whereas alkalemia 
or an increase in serum albumin tends to 
decrease the proportion of ionized Ca. 3 
Equine, bovine, and ovine blood may be 



Fig. 17-4 Friesian cow with stage 2 periparturient hypocalcemia. The cow is unable to stand 
without assistance. 
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stored for up to 48 hours without any clini¬ 
cally relevant alteration of blood Ca ion 
concentration. 

Levels of ionized Ca in the venous whole 
blood of cows are as follows: normal, 1.06 to 
1.26 mmol/L (4.3 to 5.1 mg/dL); slight hypo¬ 
calcemia, 1.05 to 0.80 mmol/L (4.2 to 3.2 mg/ 
dL); moderate, 0.79 to 0.50 mmol/L (3.2 to 
2.0 mg/dL); severe hypocalcemia, less than 
0.50 mmol/L (<2.0 mg/dL). Total serum Ca 
levels are reduced below normal in all cows 
at calving, whether they have milk fever or 
not, but not in ewes. 

Serum magnesium levels are usually 
moderately elevated to 1.65 to 2.06 mmol/L 
(4 to 5 mg/dL), but in some areas low levels 
may be encountered, especially in cows at 
pasture. 

Serum inorganic phosphorus (Pi) levels 
are usually depressed to 0.48 to 0.97 mmol/L 
(1.5 to 3.0 mg/dL). 

Blood glucose levels are usually normal, 
although they may be depressed if ketosis 
occurs concurrently. Higher-than-normal 
blood glucose levels are likely to occur in 
cases of long duration and are presumable 
because Ca is required for the release of 
insulin from the pancreas. 

Serum Muscle Enzyme Activity 

Prolonged recumbency results in ischemic 
muscle trauma and necrosis and increases in 
the serum muscle enzyme activity of creatine 
kinase (CK) and aspartate aminotransferase 
(AST). During prolonged recumbency fol¬ 
lowing treatment for milk fever, the levels of 
CK will remain elevated if muscle trauma is 
progressive in animals that are not rolled 
from side to side every few hours to reduce 
the effects of compression on the large 
muscle groups of the pelvic limbs (see also 
the discussion under “Downer-Cow Syn¬ 
drome” in this chapter). 

Hemogram 

Changes in the leukocyte count include 
eosinopenia, neutrophilia, and lymphopenia 
suggestive of adrenal cortical hyperactivity, 
but similar changes occur at calving in cows 
that do not develop parturient paresis. High 
plasma cortisol levels and PC Vs occur in 
cows with milk fever and are higher still in 
cows that do not respond to treatment. They 
are expressions of stress and dehydration. 
Clinicopathological findings in the other 
species are not described in detail except 
with regard to depression of total serum 
calcium levels. 

NECROPSY FINDINGS 

There are no gross or histologic changes 
unless concurrent disease is present. 

DIFFERENTIAL DIAGNOSIS 

A diagnosis of milk fever is based on the 
occurrence of paresis and depression of con¬ 
sciousness in animals following parturition. 
The diagnosis is supported by a favorable 


response to treatment with parenteral injec¬ 
tions of calcium solutions and by biochemi¬ 
cal examination of the blood. In ewes, the 
history usually contains some reference to 
recent physical stress, and the disease is more 
common in the period preceding lambing. 

There are several diseases that cause 
recumbency in cows in the immediate post¬ 
partum period, and their differentiation is 
summarized in Table 17-5. 

Several diseases that occur at the time of 
parturition must be differentiated from milk 
fever in cattle. These are grouped here 
according to the following categories: 

• Other metabolic diseases 

• Diseases associated with toxemia and 

shock 

• Injuries to the pelvis and pelvic limbs 

• Degenerative myopathy 

• Downer-cow syndrome 

Metabolic Diseases 
Hypomagnesemia may occur as the sole 
cause of recumbency; it may accompany a 
primary hypocalcemia or result in secondary 
hypocalcemia so that the case presented is 
one of parturient paresis complicated by lac¬ 
tation tetany. Hyperesthesia, tetany, tachy¬ 
cardia, and convulsions are common instead 
of the typical findings of depression and 
paresis in milk fever. 

Hypophosphatemia, which commonly 
accompanies milk fever, is suggested as a 
cause of continued recumbency in cows after 
partial response to Ca therapy; serum Pi 
levels are low and return to normal if the cow 
stands or following treatment with calcium 
salts. The role of hypophosphatemia in the 
etiology of periparturient recumbency in 
cattle is under contentious debate. Although 
there is no unequivocal evidence available 
supporting the role of P in the etiology of 
recumbency in cattle, cows not responding 
to IV Ca were found to have lower serum Pi 
levels. 7 ' 9 

Severe hypokalemia (<2.5 mmol/L) in 

dairy cows is characterized by extreme weak¬ 
ness or recumbency, especially after treat¬ 
ment for ketosis with isoflupredone. 10 Clinical 
signs tend to resemble botulism rather than 
hypocalcemia, with flaccid paralysis of the 
tongue and masticatory muscles and the head 
resting on the ground rather than on the chest 
of the cow. The case-fatality rate is high in 
spite of therapy with potassium. Hypokale¬ 
mic myopathy is present at necropsy. 

Ketosis may complicate milk fever, in 
which case the animal responds to Ca 
therapy by standing but continues to mani¬ 
fest the clinical signs of ketosis, including in 
some cases the nervous signs of licking, cir¬ 
cling, and abnormal voice. 

Diseases Associated With Toxemia 
and Shock 

During the immediate postparturient period, 
several diseases occur commonly and are 
characterized by toxemia. 


Acute or peracute coliform mastitis is 

characterized by one or several obviously 
enlarged and inflamed mammary glands 
with watery and serouslike secretions that 
may be overlooked if the cow is recumbent. 
Other signs include fever in early stages that 
may be followed by hypothermia in advanced 
stages of toxemia or septicemia, tachycardia, 
dehydration, depression and weakness up to 
the point of recumbency, ruminal stasis, and 
frequently also watery diarrhea. 

Aspiration pneumonia secondary to 
regurgitation and aspiration of rumen con¬ 
tents is a complication of third-stage milk 
fever, or accidental aspiration or fluid admin¬ 
istration into the trachea of periparturient 
cattle that were meant to be drenched. Fever, 
dyspnea, expiratory grunt, severe depres¬ 
sion, and anxiety are common. Auscultation 
of the lungs reveals the presence of abnormal 
lung sounds. Aspiration pneumonia should 
be suspected if the animal has been lying on 
its side, especially if there is evidence of 
regurgitation of ruminal contents from the 
nostrils, no matter how small the amount, 
or if there is a history of the animal having 
been drenched. Abnormal auscultatory find¬ 
ings may not be detectable until the second 
day. Early diagnosis is imperative if the 
animal is to be saved, and the mortality rate 
is always high. 

Acute diffuse peritonitis resulting from 
traumatic perforation of the abomasum 
or uterus is characterized by severe depres¬ 
sion, tachycardia, dehydration, rumen stasis, 
fever, weakness and recumbency, grunting 
or groaning with respiration, and possibly 
splashing sounds on ballottement of the 
abdomen. 

Carbohydrate engorgement (grain 
overload) results in depression, dehydration, 
tachycardia, hypothermia, diarrhea, and 
weakness up to the point of recumbency. The 
rumen is atonic and mildly to moderately 
bloated, the rumen content is watery, and the 
fiber matt is absent. A positive steelband 
sound and splashing sounds may be audible 
over the rumen on auscultation and percus¬ 
sion of the left flank. Examination of the 
rumen fluid will reveal a sour smell with low 
pH (<5.0). Microscopic examination of a 
smear will reveal absence of living protozoa 
and a predominance of gram-positive micro¬ 
organisms if a stain is performed. 

Toxemic septic metritis occurs most 
commonly within a few days after parturi¬ 
tion and is characterized by depression, 
anorexia, fever, tachycardia (100 to 120 bpm), 
ruminal stasis, and presence of foul-smelling 
uterine discharge found on vaginal examina¬ 
tion. The fetal placenta may be retained. 
Some affected cows are weak and prefer 
recumbency, which resembles milk fever. 

Prolapse and rupture of the uterus cause 
varying degrees of shock, with tachycardia, 
hypothermia and cool extremities, weakness 
and recumbency, and rapid death. A history 
of difficult parturition or assisted dystocia 
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Table 17-5 Parturient paresis: Differential diagnosis of common causes of recumbency in parturient adult cattle 

Disease 

Epidemiology 

Clinical signs 

Clinical pathology 

Response to treatment 

Milk fever 
(parturient 
paresis) 

Mature cows, within 48 hours 
of calving, some in 
midlactation 

Early excitement and tetany, then 
depression, coma, hypothermia, 
flaccidity, pupil dilatation, weak 
heart sounds 

No rumen movements HR increases as 

state worsens 

Hypocalcemia, with 
total Ca < 5 mg/dL 
(1.25 mmol/L) 
calcium frequently 
combined with 
hypophosphatemia 
with low inorganic 
phosphate, < 3 mg/ 
dL (0.9 mmol/L) 

Rapid, characteristic 
response (muscle tremor, 
sweating on muzzle, 
defecation, urination, 
pulse amplitude and heart 
rate decrease and heart 
sound intensity improves 
after IV administration of 

Ca salt solutions) 

Downer cows 
following milk 
fever 

Most common in situation 
where milk fever and 
lactation tetany are 
common and intensity of 
treatment is lax; cows are 
left down too long before 
treatment 

Moderately bright, active, eating 

Temp, slightly raised, HR 80-100 

Unable to stand but tries—creepers or 
alert downer cows 

When dull and depressed—nonalert 
downers 

Long course, 1-2 weeks 

Variable 

May be low inorganic 
phosphate, or 
potassium, or glucose 
Ketonuria, plasma CPK, 
and AST elevated 

Variable response to 
calcium, phosphorus, and 
potassium salts 

Fluid therapy and provision 
of deep bedding and 
hourly rolling from side to 
side are necessary 

Carbohydrate 

engorgement 

Access to large amount readily 
fermentable carbohydrate 
when not accustomed 

Enzootic in high-grain rations 
in feedlots 

Intensive IV fluid and 
electrolyte therapy necessary 
for survival 

Severe gastrointestinal atony with 
complete cessation of ruminal 
activity 

Fluid splashing sounds in rumen 

Severe dehydration, circulatory failure 
Apparent blindness, then recumbency 
and too weak to rise 

Soft, odoriferous feces 

Hemoconcentration 
with severe acidosis, 
pH of rumen fluid 
below 5, serum 
calcium may be 
depressed 

No living protozoa in 
rumen 

Rumenotomy or rumen 
lavage may be necessary 
Oral antibiotics, alkalinizing 
agents per os and IV 

Hypomagnesemia 
(lactation, grass 
tetany) 

All classes and ages of cattle, 
but most recently calved 
cows 

May occur in pregnant beef 
cattle 

Excitement, hypersensitivity, muscle 
tremor, tetany 

Recumbent with tetanic convulsions, 
loud heart sounds, rapid rate 

Subacute cases remain standing 

Low serum magnesium, 

< 1.2 mg/dL 
(0.5 mmol/L), low 
(undetectable) urine 
magnesium 

Even after IV injection, 
response in a severe case 
may take 30 min, much 
slower than response to 
calcium in milk fever 

Severe toxemia 
(acute diffuse 
peritonitis, 
coliform 
mastitis) 

Sporadic only 

Mastitis most common where 
hygiene poor 

Peritonitis as a result of 
foreign body perforation of 
reticulum, perforation of 
abomasal ulcus, rupture of 
uterus or vagina 

Recumbency, depression to coma, 
sleepy, dry nose, hypothermia, gut 
stasis, heart rate > 100 beats/min, 
may be grunting 

Examine mammary gland 

Examine abdomen for abdominal 
disease 

Profound leukopenia 
Serum calcium may be 
as low as 7-8 mg/dL 
(1.75-2.0 mmol/L) 
Examine milk 

Require supportive response 
for toxemia and shock 
Response is poor and 
temporary 

Prognosis very bad 

May die if treated IV with 
calcium or magnesium 
salts 

Fat-cow 

syndrome 

Fat dairy or beef cows in late 
gestation or at parturition 
Some predisposing cause 
precipitates illness in fat 
animals 

Excessive body condition, anorexia, 
apathy, depression, recumbency 
that looks like milk fever, scant soft 
feces, ketonuria 

Evidence of hepatic 
disease 

Will recover if begin to eat 
Treat with fluids, glucose, 
insulin 

Provide good-quality 
palatable roughage 

Physical injuries 

Ruptured gastrocnemius, 
dislocation of hip, etc. 

Sporadic sequelae to milk 
fever, may be contributed to 
by osteoporosis, slippery 
ground surface, stimulating 
to rise too early 

As for Maternal obstetric paresis with 
ruptured gastrocnemius, hock 
remains on ground when standing 
Excessive lateral mobility of limb with 
hip dislocation 

Increase serum CK and 
AST activity 

Supportive therapy, deep 
bedding, and frequent 
rolling 

Acute 

hypokalemia 

Dairy cattle treated for ketosis 
with isoflupredone acetate 
Calved within previous 30 
days 

Recumbent, very weak, appear flaccid, 
in sternal or lateral recumbency, 
unable to support head off ground, 
hold head in flank, anorexia; cardiac 
arrhythmia may present 

Most die or are euthanized 

Serum potassium below 
2.5 mEq/L 

Muscle necrosis at 
necropsy 

Potassium chloride orally or 
very carefully IV (drip 
infusion) 

AST, aspartate aminotransferase; CK, creatine kinase; IV, intravenous. 


with fetotomy may be associated with 
rupture of the uterus. The administration of 
calcium salts may cause ventricular fibrilla¬ 
tion and sudden death. 

Although some elevation of the temper¬ 
ature may be observed in these severe 


toxemic states, it is more usual to find a 
subnormal temperature. The response to Ca 
therapy is usually a marked increase in 
heart rate, and death during the injection 
is common. Every case of recumbency 
must be carefully examined because these 


conditions may occur either independently 
or as complications of parturient paresis. In 
our experience, about 25% of cases of post¬ 
parturient recumbency in cows are attribut¬ 
able primarily to toxemia or injury rather 
than to hypocalcemia. 
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Injuries to the Pelvis and 
Pelvic Limbs 

Injuries to the pelvis and pelvic limbs are 
common at parturition because of the 
marked relaxation of the ligaments of the 
pelvic girdle. Seven types of leg abnormali¬ 
ties have been described in this group at an 
incidence level of 8.5% in 400 consecutive 
cases of parturient paresis. The described 
abnormalities include radial paralysis, hip 
dislocation, and rupture of gastrocnemius 
muscle. In most instances the affected 
animals are down and unable to stand, but 
they mentally alert; eat, drink, urinate, and 
defecate normally; have a normal tempera¬ 
ture and heart rate; and make strong efforts 
to stand, particularly with the forelimbs. 

Maternal obstetric paralysis is the most 
common injury. Although this occurs most 
frequently in heifers after a difficult parturi¬ 
tion, it may also occur in adult animals fol¬ 
lowing an easy birth and occasionally before 
parturition, especially in cows in poor body 
condition. The mildest form is evidenced by 
a frequent kicking movement of a hindleg, as 
though something was stuck between the 
claws. All degrees of severity—from the mild 
kicking through knuckling and weakness of 
one or both hindlegs, to complete inability to 
rise—may occur, but sensation in the affected 
limb is usually normal. There is traumatic 
injury to the pelvic nerves during passage of 
the calf. There are often gross hemorrhages, 
both deep and superficial, and histopatho- 
logical degeneration of the sciatic nerves. In 
individual animals, injury to the obturator 
nerves is common and results in defective 
adduction of the hindlimbs. The position of 
the hindlimbs may be normal, but in severe 
cases, especially those with extensive hema¬ 
toma along the sciatic nerve trunk, the leg 
may be held extended with the toe reaching 
the elbow as in a dislocation of the hip; 
however, in the latter case there is exagger¬ 
ated lateral mobility of the limb. Additional 
injuries causing recumbency near parturi¬ 
tion include those associated with degenera¬ 
tive myopathy, dislocation of the hip, and 
ventral hernia. 

Dislocation of the coxofemoral joint can 
cause recumbency and inability to stand in 
some cows, whereas others can stand and 
move around. Recumbent cows are usually 
in sternal recumbency, and the affected limb 
is abducted excessively. In standing cows, the 
affected limb is usually extended, often dif¬ 
ficult to flex, and often rotated about its long 
axis. The diagnostic criteria are as follows: 

• Sudden onset of lameness with the 
affected limb extended and possibly 
rotated 

• Displacement of the greater trochanter 
of the femur from its normal position 
relative to the ischiatic tuber and coxal 
tuber of the pelvis (compare left and 
right rear limb) 

• Ability to abduct the limb manually 
beyond its normal range 


• Crepitus in the hip on abduction and 
rotation of the limb 

• Ability to palpate the femoral head per 
rectum or per vaginum against the 
cranial border of the ilium or pubis in 
cases of cranioventral dislocation, or in 
the obturator foramen in cases of 
caudoventral dislocation 

Manual replacement by closed reduction is 
successful in 80% of cases of craniodorsal 
dislocation and in 65% of cases of cau- 
dodorsal dislocation; relapses are, however, 
common. The ability to stand before reduc¬ 
tion is the most useful prognostic aid. 

Degenerative Myopathy 
(Ischemic Muscle Necrosis) 

Degenerative myopathy, affecting primarily 
the large muscles of the thighs, occurs com¬ 
monly in cattle that have been recumbent for 
more than several hours. At necropsy, large 
masses of pale muscle are present, sur¬ 
rounded by muscle of normal color. Clini¬ 
cally it is indistinguishable from sciatic nerve 
paralysis. Markedly increased serum activi¬ 
ties of CK occur in cows recumbent for 
several hours following the initial episode of 
milk fever as a result of ischemic necrosis. 
Persistent elevation of CK activity indicates 
progressive ischemic muscle necrosis as a 
result of continued compression of the large 
muscle masses of the pelvic limbs. Rupture 
of the gastrocnemius muscle or separation of 
its tendon from either the muscle or the 
tuber calcis may also cause myopathy. 

Downer-Cow Syndrome 

Downer-cow syndrome is a common sequel 
to milk fever in which postparturient cows 
that may initially have been hypocalcemic 
remain recumbent for unknown reason after 
repeated intravenous treatment with Ca salts. 
Following treatment, most of the clinical 
findings associated with milk fever resolve, 
but the animal remains unable to stand. Clin¬ 
ically, the animal may be alert with normal or 
slightly decreased appetite and will com¬ 
monly recover and stand normally within 
several hours or a few days. The animal’s vital 
signs are within the normal range, and its 
alimentary tract function is normal. However, 
some affected animals are anorexic, may not 
drink, exhibit bizarre movements of lying in 
lateral recumbency, dorsally extend the head 
and neck frequently, moan and groan fre¬ 
quently, assume a frog-legged posture with 
the pelvic limbs, and crawl or creep around 
the stall; these animals may die or are eutha¬ 
nized for humane reasons within a few days. 
The diagnostic dilemma with these cows is 
that, at least initially, they resemble cows with 
milk fever, and whether or not to treat them 
with additional amounts of calcium salts is 
questionable. 

Nonparturient Hypocalcemia 

Paresis with mental depression and associ¬ 
ated with low total serum Ca levels can occur 


in cows at times other than at parturition. 
The cause is largely unexplained, but hypo¬ 
magnesemia has been proposed as a major 
risk factor for this atypical form of clinical 
milk fever in cattle. 3 Hypocalcemia may also 
occur after gorging on grain and may be a 
significant factor in particular cases. Sudden 
rumen stasis as a result of traumatic reticu- 
litis may rarely cause hypocalcemic paresis. 
Diarrhea, particularly when cattle or sheep 
are placed on new lush pasture, may also 
precipitate an attack. Access to plants rich in 
oxalates may have a similar effect, particu¬ 
larly if the animals are unaccustomed to the 
plants. Affected animals respond well to Ca 
therapy, but relapse is likely unless the 
primary cause is corrected. The differential 
diagnosis of diseases of nonparturient cows 
manifested principally by recumbency is also 
summarized in Table 17-5. 

Hypocalcemic Paresis in Sheep 
and Goats 

Hypocalcemia in sheep must be differenti¬ 
ated from pregnancy toxemia, in which the 
course is much longer, the signs indicate 
cerebral involvement, and the disease is 
restricted to pregnant ewes. There is no 
response to Ca therapy, and a positive test for 
ketonuria is almost diagnostic of pregnancy 
toxemia. At parturition, goats are susceptible 
to enterotoxemia and hypoglycemia (rarely), 
both of which present clinical signs similar 
to parturient paresis. 

Hypocalcemia in Sows 

Hypocalcemia is rare in sows. The disease 
must be differentiated from the mastitis, 
metritis, and agalactia complex, which is 
characterized by fever, agalactia, anorexia, 
toxemia, and enlarged and inflamed mam¬ 
mary glands. 

Treatment 

Every effort must be made to treat affected 
cows as soon as possible after clinical signs 
are obvious. Treatment during the first stage 
of the disease, before the cow is recumbent, 
is the ideal situation. The longer the interval 
between the time the cow first becomes 
recumbent and treatment, the greater the 
incidence of downer-cow syndrome as a 
result of ischemic muscle necrosis from pro¬ 
longed recumbency. Complications of milk 
fever occur when cows have been in sternal 
recumbency for more than 4 hours. Farmers 
must be educated to appreciate the impor¬ 
tance of early treatment. Cows found in 
lateral recumbency (third stage) should be 
placed in sternal recumbency until treatment 
is available. This will facilitate eructation and 
reduce the risk of aspiration if the cow regur¬ 
gitates. Cows that have difficulty finding 
solid, nonslip footing beneath them will 
often not try to stand and may develop 
ischemic myonecrosis. Avoidance of this 
complication necessitates the placement of 
rubber or other mats under the cow or 
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transportation of the cow to a piece of 
pasture with a dense sward on it. 

Standard Treatment 

IV with solutions containing Ca as Ca- 
gluconate, Ca-borogluconate, and—nowa¬ 
days less commonly—as Ca-chloride is the 
treatment of choice. Most cows with milk 
fever can be treated successfully with Ca 
salt solutions providing 8 to 10 g of Ca (Ca- 
borogluconate is 8.3% Ca). The dose rate of 
Ca is frequently under discussion. A typical 
treatment for an adult lactating dairy cow 
with periparturient hypocalcemia is 500 mL 
of 23% Ca-borogluconate by slow IV injec¬ 
tion with cardiac auscultation; this provides 
10.7 g of Ca. Although the calculated Ca 
deficit in a recumbent periparturient dairy 
cow is 4 g Ca, additional Ca should be pro¬ 
vided to overcome the ongoing losses in 
milk. 6 Underdosing increases the chances 
of incomplete response, with inability of 
the cow to rise, or of relapse, whereas 
considerable overdosing may result in 
potentially fatal cardiac toxicity. Addi¬ 
tional subcutaneous administration of Ca- 
borogluconate (500 mL) markedly decreased 
the relapse rate in cattle receiving 500 mL 
of Ca-borogluconate IV for the treatment of 
hypocalcemia. 6 

The standard rate of administration is a 
rapid IV administration of the calculated 
dose of Ca-borogluconate over a period of 
15 minutes. The maximum safe rate of Ca 
administration in cattle was determined to 
be 0.07 mEq of ionized Ca per kg body 
weight per minute, which is equivalent to 
0.065 mL of a 23% Ca-borogluconate per kg 
body weight per minute. 6 An average nonhy- 
pocalcemic 600-kg cow could therefore 
safely be treated with intravenous Ca- 
borogluconate (23%) at an infusion rate 
of 39 mL/min. Immediately following IV 
administration of Ca-borogluconate over a 
period of 12 to 15 minutes, treated animals 
are commonly markedly hypercalcemic (up 
to 6 mmol/L or 24 mg/dL). The plasma Ca 
concentration will then gradually decline 
over a period of several hours. Although the 
direct effect of intravenously administered 
Ca does not last for more than 6 to 8 hours, 
this transient correction of hypocalcemia in 
most cases is not only associated with clinical 
recovery of recumbent animals, but also 
with improved feed intake and enhanced 
gastrointestinal motility, which will result 
in improved intestinal Ca absorption. This 
latter effect, which relies on the availability 
of adequate amounts of Ca for absorption in 
the digestive tract, is responsible for the sus¬ 
tained correction of hypocalcemia observed 
in most cases. However, in some cows, mech¬ 
anisms regulating the Ca homeostasis are 
less effective or the oral Ca supply is insuf¬ 
ficient, and subclinical or clinical hypocalce¬ 
mia may recur. For this reason, it is astute to 
follow up on intravenously treated animals 
with oral supplementation of Ca salts for 1 
to 2 days. 


Because of concerns with these rapid and 
short-lived peaks in plasma Ca after rapid 
infusion of Ca salt solutions, it has been sug¬ 
gested that slower IV infusion might be safer 
and more effective. The slow infusion of a Ca 
solution via an IV indwelling catheter over 
6 hours was compared with the conven¬ 
tional single IV administration of 600 mL 
of a 40% Ca-borogluconate and 6% Mg- 
hypophosphite solution over 15 minutes 
in cows recumbent with milk fever. Cows 
receiving the rapid infusion responded more 
quickly, stood sooner, and returned to normal 
demeanor more quickly. The slow infusion 
consisted of 200 ml IV over a 10-minute 
period, with the remaining 400 ml added to 
10 L of a solution of 90 g sodium chloride 
and 500 g glucose and given via IV drip over 
a 6-hour period at a rate of 1.7 L/h. In cows 
treated rapidly, the serum Ca and magne¬ 
sium levels increased rapidly compared 
with the infused cows. In sheep and goats, 
the recommended amount is 15 to 20 g IV 
with an optional 5 to 10 g SC. Sows should 
receive 100 to 150 mL of a similar solution IV 
or SC. 

Routes of Administration 
IV Route 

The IV route is preferred because the 
response is rapid and obvious. The heart 
should be auscultated throughout the IV 
administration for evidence of gross arrhyth¬ 
mia, bradycardia, and tachycardia. Although 
bradycardia is a normal response to Ca 
administration in hypocalcemic animals 
and is of no concern, the IV administration 
should be interrupted in case arrhythmia or 
pronounced tachycardia is noticed. If the 
cardiac irregularity continues, the remain¬ 
der of the solution can be given subcutane¬ 
ously. The best recommendation is to give 
as much of the solution as possible intra¬ 
venously and the remainder subcutaneously. 
The common practice of giving half the dose 
intravenously and half subcutaneously is a 
reasonable compromise because with this 
method there are fewer relapses. If a cow 
has been previously treated subcutaneously 
by the farmer, additional Ca given intrave¬ 
nously may cause toxicity if the improved 
circulation enhances the absorption of the 
subcutaneous Ca. 

Toxemic cows are very susceptible to the 
IV administration of Ca-borogluconate, and 
death may occur. In such cases the heart 
rate increases markedly (up to 160 bpm); 
there is respiratory distress, trembling, and 
collapse; and the cow dies within a few 
minutes. SC or IV administration is pre¬ 
ferred in cows with severe toxemia as a 
result of aspiration pneumonia, metritis, 
and mastitis. 

Typical Response to Intravenous 
Ca-Borogluconate 

Cows with milk fever exhibit a typical pattern 
of response to Ca-borogluconate IV if the 
response is favorable, including: 


• Belching 

• Muscle tremor, particularly of the flanks 
and often extending to the whole body 

• Slowing and improvement in the 
amplitude and pressures of the pulse 

• Decrease of the heart rate 

• Increase in the intensity of the heart 
sounds 

• Sweating of the muzzle 

• Defecation 

The feces are in the form of a firm fecal ball 
with a firm crust and covered with mucus. 
Urination usually does not follow until 
the cow stands. A slight transitory tetany 
of the limbs may also be observed. Many 
cows will eat and drink within minutes fol¬ 
lowing successful treatment if offered feed 
and water. 

In general, recovery can be expected in 
75% of cases within 2 hours; in 10% recovery 
is complicated by one of the diseases dis¬ 
cussed earlier, and 15% can be expected 
either to die or to require disposal. Of those 
that recover after one treatment, 25% to 30% 
can be expected to relapse and require 
further treatment. 

Unfavorable Response to 
Intravenous Ca-Borogluconate 

An unfavorable response is characterized by 
a marked increase in heart rate in cows 
affected with toxemia and bradyarrhythmia 
in animals developing an atrial block as a 
result of Ca overdosage. Overdosage may 
occur when a standard dose is administered 
to quickly, when an excessive dose is admin¬ 
istered, when repeated doses are adminis¬ 
tered in excess of requirements, or when an 
individual with increased sensitivity to Ca is 
treated. Toxicity can, for instance, occur 
when farmers treat cases unsuccessfully by 
multiple SC injections and these are followed 
by an IV dose. When the peripheral circula¬ 
tion is poor, it is probable that the calcium 
administered subcutaneously is not absorbed 
until the circulation improves following the 
IV injection, and the large doses of Ca then 
absorbed cause acute toxicity. 

Increased sensitivity to Ca has been 
reported in toxic animals with coliform mas¬ 
titis or toxic metritis and in cows with severe 
ketosis or hepatic lipidosis. Hypokalemia 
that is common in anorectic animals may 
present a further factor predisposing to 
increased sensitivity of the heart muscle to 
excessive Ca doses. Sudden death may also 
occur after calcium injections if the cow is 
excited or frightened, which may be the 
result of an increased sensitivity to epineph¬ 
rine. When affected cows are exposed to the 
sun or a hot, humid atmosphere, heatstroke 
may be a complicating factor. In such cases 
an attempt should be made to reduce the 
temperature to below 39.5°C (103°F) before 
the calcium is administered. 

In all cases of IV treatment with Ca salts, 
the circulation must be monitored closely. 
If there is gross arrhythmia or a sudden 
increase in heart rate, the injection should be 
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discontinued. In normal circumstances at 
least 15 minutes should be taken to admin¬ 
ister the standard dose. The acute toxic effect 
of calcium salts seems to be exerted specifi¬ 
cally on heart muscle, with a great variety of 
defects occurring in cardiac action; the defect 
type depends on the specific Ca salt used and 
the speed of injection. Electrocardiogram 
(ECG) changes after induced hypercalcemia 
show increased ventricular activity and 
reduced atrial activity. Atropine is capable of 
abolishing the resulting arrhythmia. 

SC Route 

The SC route is commonly used by farmers 
who treat affected cows at the first sign of 
hypocalcemia, preferably during the first 
stage when the cow is still standing. The SC 
route has also been used by veterinarians 
when the effects of IV administration of Ca 
are uncertain or if an unusual response 
occurs during IV administration. The main 
inconvenience of the SC route of administra¬ 
tion is that the absorption is difficult to 
predict because of the often comprised blood 
flow to the periphery in affected animals. 11 
Subcutaneous treatment with Ca solutions is 
inappropriate with severe hypocalcemia or 
dehydration because absorption in these 
animals is impaired, which may result in a 
markedly delayed treatment effect. 8 The 
amount of Ca administered per injection site 
should be limited to 1 to 1.5 g, which is 
equivalent to 50 to 75 mL of most commer¬ 
cial Ca infusion solutions. 11 Although most 
solutions containing Ca-gluconate or Ca- 
borogluconate are suitable for SC adminis¬ 
tration, the SC administration of salt solutions 
containing Ca-chloride should be avoided 
because these formulations are highly caustic. 
The SC administration of Ca solutions also 
containing glucose, particularly at higher 
concentrations, is discouraged because con¬ 
centrated glucose can result in pronounced 
tissue irritation. 8 Administration of 500 mL 
of a 23% Ca-borogluconate solution over 10 
injection sites was associated with an increase 
of the plasma Ca concentration of over 
15% within 30 minutes; the plasma Ca con¬ 
centration returned to baseline concentra¬ 
tions within 6 hours of treatment. 8 

Oral Route 

Or administration of different Ca salts has 
been practiced for decades. Oral formula¬ 
tions are commonly based on Ca-chloride 
(CaCl 2 ) and Ca-propionate. Calcium chlo¬ 
ride formulations have the advantage of 
low cost and a small volume required to 
administer an appropriate dose of 50 g Ca, 
but they are highly caustic and may cause 
severe damage of the digestive tract mucosa 
exposed to the concentrated formulation. 
Repeated treatment with CaCl 2 may further¬ 
more result in uncompensated metabolic 
acidosis in treated animals. 11 In contrast, 
Ca-propionate formulations require a higher 
volume to provide the same amount of Ca 
and are absorbed at a slower rate but are less 


injurious to tissue and do not alter the acid- 
base equilibrium. In these formulations, the 
availability of propionate, which is a glucose 
precursor, has been marketed as a further 
potential advantage, but studies investigating 
the effect of the gluconate contained in these 
products failed to identify any positive effects 
on plasma glucose, insulin, or NEFA concen¬ 
tration in cows treated with Ca-gluconate. 12 
Oral CaCl 2 formulations typically contain 
50 g of Ca and increase the plasma Ca con¬ 
centration within 30 minutes and for at least 
6 hours. 6,8 Oral Ca formulations should only 
be administered to cattle with undisturbed 
swallowing ability, which precludes their use 
as first-line treatment in animals in an 
advanced stage of clinical hypocalcemia. 

Failure to Respond to Treatment 

A failure to respond favorably to treatment 
may be the result of an incorrect or incom¬ 
plete diagnosis, or inadequate treatment. A 
poor response to treatment includes: (1) no 
observable changes in the clinical findings 
immediately following the calcium adminis¬ 
tration, or (2) the animal may respond to the 
calcium in all respects with the exception of 
being unable to stand for varying periods of 
time following treatment. An inadequate 
response also includes relapse after successful 
recovery, which usually occurs within 48 
hours of the previous treatment. The needs of 
individual animals for Ca replacement vary 
widely depending on many factors, such as 
the body weight, milk yield, age, and degree 
of hypocalcemia. Incomplete responses may 
be more common in older cows and in cases 
of inability of the normal mechanisms to 
maintain serum Ca levels during the period 
of sudden changes in the equilibrium input 
and output of the extracellular Ca pool. The 
duration of the illness and the severity of 
clinical signs at the time of first treatment 
also affect the treatment response. In an 
extensive field study, there were no downer 
cows or deaths in cows still standing when 
first treated, 13% of downers and 2% of 
deaths occurred in cows in sternal recum¬ 
bency when first treated, and 37% of downers 
and 12% of deaths occurred in cows in lateral 
recumbency when first treated. Therefore, in 
general, the longer the period from onset of 
milk fever to treatment, the longer the period 
of posttreatment recumbency and the higher 
the case-fatality rate. The best procedure to 
follow if response does not occur is to revisit 
the animal at 6- to 12-hour intervals and 
check the diagnosis. If no other cause of the 
recumbency can be determined, the initial 
treatment can be repeated on a maximum of 
three occasions. Beyond this point, further 
calcium therapy is seldom effective. 

GENERAL MANAGEMENT AND 
CLINICAL CARE PROCEDURES 

The care of the cow and the calf following 
milk fever is important. If the cow is recum¬ 
bent for any length of time, she must be kept 
propped up in sternal recumbency and not 


left in lateral recumbency, which may result 
in tympany, regurgitation, and aspiration 
pneumonia. The cow should be rolled from 
side to side every few hours and provided 
with adequate bedding or moved to a suit¬ 
able nonslip ground surface. In extreme cli¬ 
matic conditions, erection of a shelter over 
the cow is advisable if she cannot be moved 
to permanent shelter. If a cow is recumbent 
for more than 48 hours, occasional assisted 
lifting using appropriate cow lifters should be 
considered. However, heroic measures to get 
cows to stand should be avoided. Gentle 
nudging in the ribs or the use of an electric 
prod are the maximum stimulants advised. 
The best assistance that can be given to a cow 
attempting to stand is a good heave at the 
base of the tail when she is halfway up. 


TREATMENT AND CONTROL 


Treatment 

Calcium gluconate (equivalent to 8 to 12 g 
Ca/cow IV or SC as single dose) (R-1) 

Calcium borogluconate (equivalent to 8 to 
12 g Ca/cow IV or SC as single dose) (R-1) 

Calcium chloride (equivalent to 8 to 12 g Ca/ 
cow IV as single dose) (R-2) 

Calcium chloride (equivalent to 50 g Ca/cow) 
PO q12 for 48h (R-1) 

Calcium propionate (equivalent to 50 g Ca/ 
cow) PO q 12 for 48h (R-2) 

Control 

Reduce dietary calcium intake 2 to 3 weeks 
before calving to less than 20 g Ca/cow/ 
day (R-1) 

Reduce dietary potassium content as much as 
possible in late gestation (in any case, 
below 2% in feed dry matter) (R-1) 

Provide adequate dietary magnesium in late 
gestation (=0.4% of feed dry matter) (R-1) 

Anionic salts mixed into feed to obtain a 
dietary cation-anion difference of -100 to 
-150 mEq/kg of feed dry matter for at 
least 2 weeks before calving (R-1) 

Zeolite A (250 to 500 g/cow/day) PO q24h for 
at least 2 weeks before calving (R-2) 

Supplement diet in late gestation with vitamin 
D (R-1) 

Vitamin D 3 (10 million lU/cow IM as single dose 
3 to 7 days before expected calving) (R-2) 

Vitamin D 2 (10 to 20 million lU/cow PO for at 
least 7 days before expected calving) (R-2) 

Calcium chloride (equivalent to 50 g Ca/cow 
PO q 12h for 48 hours from the time of 
parturition) (R-1) 

Calcium propionate (equivalent to 50 g Ca/ 
cow PO q 12h for 48 hours from the time 
of parturition) (R-2) 

Partial milking during the first days of 
lactation (R-3) 

Udder insufflation in the first days of lactation 
(R-3) 
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CONTROL 

When the incidence of milk fever increases 
to above 10% of high-risk cows (third or later 
lactations), a specific control program is nec¬ 
essary. When the incidence is low, a specific 
control program may not be economical, and 
the alternative is to monitor cows carefully at 
the time of parturition and for 48 hours after 
parturition and treat affected animals during 
the first stage of the disease if possible. 

Strategies for prevention of periparturi- 
ent hypocalcemia in general are based on 
one of following approaches: 

• Reduction of dietary Ca available for 
intestinal absorption during the dry 
period 

• Induction of mild to moderate acidosis 
during the last weeks of gestation 

• Supplementation of vitamin D during 
the dry period 

• Oral Ca supplementation around 
parturition 

• Parenteral Ca administration around 
parturition 

• Partial milking 

For purposes of optimal nutritional man¬ 
agement of dairy cows that are fed prepared 
feeds (not pasture based), the dry period is 
frequently divided into two distinct portions: 
cows in the early and middle part of the dry 
period (far-off or regular dry-cow group) and 
cows in the final 2 to 3 weeks before their 
calving date (prefresh, transition, close-up, 
near, lead-feeding, or steam-up group). Large 
herds may have additional subgroups of dry 
cows depending on management circum¬ 
stances and facilities available. Special atten¬ 
tion must be given to the mineral nutrition 
of the close-up group. Minerals should be 
provided to close-up cows in known quanti¬ 
ties, either as part of a grain mixture or a 
total mixed ration (TMR). 

Reduction of Dietary Calcium 
Available for Intestinal Absorption 
Dietary Calcium Concentration in 
Late Gestation 

Diets high in Ca during the prepartum 
period can result in a high incidence of milk 
fever, and diets low in Ca will reduce the 
incidence of milk fever in dairy cows. 
Feeding more than 100 g of Ca per cow per 
day during the dry period is associated with 
an increased incidence of milk fever. An 
adult cow requires only around 30 g/daily of 
Ca to meet maintenance and fetal demands 
in the last 2 months of late gestation. Low-Ca 
diets (<20 g [Ca/cow]/d) fed during the last 
2 weeks before parturition are effective in 
reducing the occurrence of clinical milk 
fever. The low levels of dietary Ca push the 
organism into a negative Ca balance before 
calving, which activates the homeostatic 
mechanisms before the Ca losses through the 
mammary gland begin. These mechanisms 
include the secretion of PTF1, which increases 
renal reabsorption of Ca within minutes, 
stimulates Ca resorption from bone within 


hours to days, and stimulates renal vitamin 
D metabolism to toward production of 1,25- 
(OH) 2 D within hours or days. The 1,25- 
(OH) 2 D stimulates the active transport of Ca 
across the intestinal epithelial cells. At the 
time of calving, the cow is more efficient in 
absorbing Ca from the digestive tract and 
mobilizing Ca from bone reserves. At least 
14 days of a low-Ca diet are required to be 
effective in minimizing the incidence of milk 
fever. 

Practicality of Feeding Diets Low 
in Calcium 

There are practical problems with the imple¬ 
mentation of the recommendation to feed 
diets low in Ca. Most farms utilizing home¬ 
grown forages, especially alfalfa, find it dif¬ 
ficult to obtain forages that are low in Ca. 
A low-Ca diet can be achieved by replac¬ 
ing some or all alfalfa hay in the dry-cow 
diet with grass hay and using additional 
corn silage and concentrates. When feeding 
grass hay to dry cows, attention must be 
paid to the dietary potassium content of 
the dry-cow ration because high potas¬ 
sium intake tends to alkalinize the organ¬ 
ism and thereby impair the efficacy of bone 
mobilization. 

Binding Dietary Calcium 
If formulating a diet low enough in Ca to 
induce a negative Ca balance is a problem, it 
is possible to reduce the digestibility of dietary 
Ca by adding a substance to the feed capable 
of binding dietary Ca and making it less avail¬ 
able for intestinal absorption. The oral 
administration of sodium aluminum silicate 
or zinc oxide to cows in late lactation binds 
dietary Ca, thereby inducing a negative Ca 
balance. Supplementing the dry-cow ration 
with sodium aluminium silicate (zeolite A) at 
the rate of 1.4 kg of zeolite pellets per day 
(700 g of pure zeolite A) for the last 2 weeks of 
pregnancy results in a significant increase in 
plasma Ca and l,25-(OH) 2 D around calving. 
It should, however, be noted that this amount 
of pellets is equivalent to over 10% of the dry 
matter feed intake of a dairy cow in the last 
days before calving. Plasma magnesium and 
inorganic phosphate levels also decrease, 
which has raised concerns with the use of 
these salts. Feed intake was decreased by over 
20% in zeolite-treated cows compared with 
control cows, which was associated with sig¬ 
nificantly increased betahydroxybutyrate 
concentrations after calving. 13 Lower doses of 
zeolite A in the range of 250 g of pure zeolite 
A resulted in a less pronounced feed intake 
depression while significantly increasing the 
plasma Ca concentration around calving in 
cattle in third or higher lactation. This lower 
dose of zeolite A still was associated with 
decreased plasma inorganic phosphate con¬ 
centrations, whereas plasma magnesium was 
unaffected. 13 

Feeding a vegetable oil supplement (soya 
bean oil) to pregnant pastured dairy cattle 


during the last 2 to 3 weeks of pregnancy is 
effective in preventing milk fever and 
increases milk solids production in early lac¬ 
tation. The same supplement has been used 
to stimulate Ca absorption and reduction in 
susceptibility to fasting-induced hypocalce¬ 
mia in pregnant ewes. Following supplemen¬ 
tation, the ewes are fasted overnight to 
challenge calcium homeostasis. Following 
fasting, there is a greatly increased capacity 
to absorb calcium. 

Level of Phosphorus in Diet 
Increased levels of dietary phosphorus, 
greater than 0.5% kg dry matter, can increase 
the incidence of milk fever. The increased 
intake increases the serum level of phos¬ 
phorus, which has an inhibitory effect on 
renal enzymes catalyzing the activation of 
vitamin D 3 . Decreased availability of bioac¬ 
tive vitamin D 3 results not only in reduced 
intestinal phosphate, but also reduced Ca 
absorption. 

Calcium-to-Phosphorus Ratio in Diet 
Although the ratio of Ca to phosphorus in 
the diet is of relevance in monogastric 
species, it is now recognized that this ratio 
is of little importance in ruminants, pro¬ 
vided that the minimum requirements for 
both minerals are met. The presumable 
explanation for this difference from mono- 
gastric species is the high concentration of 
phosphorus in saliva in combination with 
the large volumes of saliva produced per 
day that are entering the rumen. The sali¬ 
vary P content will thus greatly distort 
the ratio of calcium to phosphate of the 
ingested diet. 

Induction of Mild to Moderate 
Acidosis During Late Gestation: 
Cation-Anion Difference 
A more reliable method of controlling milk 
fever in dairy cows is to manipulate the 
dietary cation-anion difference (DCAD) 
during the prepartum period. Diets high in 
cations, especially potassium and sodium, 
tend to induce milk fever compared with 
those high in anions, primarily chloride and 
sulfur, which can reduce the milk-fever inci¬ 
dence. When the dietary cation concentra¬ 
tion is increased and these cations are 
absorbed from the digestive tract, they tend 
to increase the plasma strong ion difference 
(SID), thereby creating a metabolic (or 
strong ion) alkalosis. Conversely, dietary 
anions absorbed from the gut decrease the 
SID, which causes metabolic acidosis. 6 The 
feeding of diets containing an excess of 
anions relative to cations, thus with a low 
DCAD, will result in metabolic acidosis. Two 
PTH-dependent functions, bone resorption 
and renal production of l,25-(OH) 2 D, are 
enhanced in cows fed diets with added 
anions, and thus a low DCAD, which 
increases their resistance to milk fever and 
hypocalcemia. 





The DCAD is expressed in milliequiva- 
lents per kilogram of dry matter (mEq/kg 
DM) or in some instances in mEq/100 g DM. 
Several different equations have been pro¬ 
posed for the calculation of the DCAD; for 
convenience, the most commonly used is 
DCAD 4 = (Na + + K + ) - (Cl“ + S' 2 ), which only 
considers the four (thus DCAD 4 ) quantita¬ 
tively most important dietary ions. Other 
electrolytes, such as calcium, magnesium, 
and phosphorus, also affect the acid-base 
status and are included in some of the DCAD 
equations proposed in the literature. The 
impact of these minerals on the actual 
DCAD value is, however, considered to be 
minor because of the relatively low content 
of these elements in the ruminant diet. 

The equation assigns the same acidifica¬ 
tion potency to each milliequivalent of Cl and 
S, although Cl is absorbed to a greater extent 
than S and thus has a higher potential of acidi¬ 
fication. Such effects are considered in more 
developed DCAD equations that include a 
corrective factor for each element accounting 
for these differences in digestibility. 

Calculation of the DCAD requires con¬ 
verting the dietary content of each mineral 
from g/kg or mg/kg to into charges per kg 
(equivalents/kg). The mass expressed in 
mmol/kg DM is equal to mEq/kg for all 
monovalent elements, with only one charge 
per molecule, such as Na + , K + , and Cl". Diva¬ 
lent elements, such as Mg +2 , Ca 2+ , and S 2 ", 
have two valences per molecule; thus 1 mmol 
is equivalent to 2 mEq. Table 17-6 provides 
reference values for determining the mEq of 
important electrolytes and converting from 
g/kg or percent diet dry matter (DM) to 
mEq/kg. Once milliequivalents are calcu¬ 
lated, the DCAD can then be determined by 
subtracting the anions from the cations. The 
following equation can be used to calculate 
the DCAD from the percent element in the 
diet dry matter: mEq/100 g DM = [(%Na + 
0.023) + (%K + 0.039)] - [(%C1 + 0.0355) + 
(%S + 0.016)]. 

Based on current evidence, the range that 
achieves the lowest incidence of milk fever 
is a DCAD of -10 to -15 mEq/100 g DM 
(-100 to 150 mEq/kg DM). Such a diet 
should be fed for 2 to 3 weeks before calving. 
This rate of supplementation is reported not 
to affect DM intake or energy balance before 
or after calving. A more moderate rate of 
supplementation to reduce the DCAD to 
0 mEq/100 g dietary DM also did not 
decrease feed intake or energy status, but 
was less effective in preventing parturient 
hypocalcemia. 

Most typical diets fed to dry cows have a 
DCAD of about +100 to +250 mEq/kg DM. 
Addition of a cationic salt such as sodium 
bicarbonate to the dry-cow diets increases 
the DCAD and thereby increases the inci¬ 
dence rate of milk fever. Decreasing the 
dietary potassium content, by choosing 
ration ingredients low in potassium or 
adding an anion source or a mixture of 
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Table 17-6 Parturient paresis: Molecular weights, equivalent weights, and conversions 
from percent to milliequivalents (%-mEq) of anions and cations used in calculating 
dietary cation-anion difference 

Element 

Molecular 
weight (g/mol) 

Valence 

Equivalent 
weight (g/Eq) 

To convert from % diet DM to 
mEq. Multiply by: (mEq/kg) 

Sodium 

23.0 

1 

23.0 

434.98 

Potassium 

39.1 

1 

39.1 

255.74 

Chloride 

35.5 

1 

35.5 

282.06 

Sulfur 

32.1 

2 

16.0 

623.75 

Calcium 

40.1 

2 

20.0 

499.00 

Magnesium 

24.3 

2 

12.2 

822.64 

Phosphorus 

31.0 

1.8 

17.2 

581.14 


anionic salts containing Cl and S to the diet, 
lowers the DCAD and reduces the incidence 
of milk fever. Commonly used sources of 
anion salts include the Cl and S0 4 salts of 
calcium, ammonium, and magnesium. The 
phosphate salts have not been used because 
they are only weakly acidifying. 

The addition of anions to the diet to 
reduce dietary DCAD is limited in quantity 
because of problems with the palatability of 
the anionic salt sources commonly used. If 
the DCAD is greater than 250 mEq/kg, for 
instance, because of excessive amounts of 
dietary potassium, it is difficult to add enough 
anionic salts to lower the DCAD to the rec¬ 
ommended -100 mEq/kg of the diet without 
affecting palatability. In these cases the first 
objective should be to reduce the dietary 
cation content as much as possible and only 
then determine the amount of anions 
required to achieve the proposed DCAD. 

In one study, the incidence of milk fever 
was 47% when prepartum cows were fed a 
ration with a DCAD of +330.5 mEq/kg 
dietary DM and 0% when the prepartum 
ration had a balance of -128.5 mEq/kg 
dietary DM. The incidence of milk fever was 
reduced by the addition of chloride and 
sulfur in excess relative to sodium and potas¬ 
sium in the diet. 

Although it has been proposed that dry 
cows on low-DCAD diets to control milk 
fever need to be supplemented with dietary 
Ca to compensate for increased renal Ca 
losses resulting from acidification, this rec¬ 
ommendation is not undisputed. Several 
studies showed that the dietary Ca content of 
dry cows on a high-chloride diet had no 
effect on the occurrence rate of clinical hypo¬ 
calcemia. Feeding rations with a dietary Ca 
between 0.5% and 1.5% did not alter the 
efficacy of low-DCAD diets, but high-Ca 
diets fed to dry cows were associated with 
slightly decreased feed intakes compared 
with control cows. 3 In any case, DCAD diets 
should not be combined with low-Ca diets 
or the use of Ca binding compounds in the 
feed before calving. 

Monitoring the urine pH can be a useful 
aid to find the effective dose of anionic salts 
in the close-up ration. Adequate activation of 


mechanisms increasing Ca absorption from 
the gut and release from bone through mild 
to moderate acidification of the organism is 
associated with a decline of the urine pH 
below 7.0. Urine pH values of dry cows on a 
low-DCAD diet above 7.0 suggest that the 
degree of acidification may not be sufficient 
to effectively mobilize Ca through the mech¬ 
anisms previously described. It is suggested 
that a urine pH between 6.0 and 7.0 is ideal. 3 

Anionic Salts for Acidification of 
Prepartum Diets for Dairy Cows 
Several anionic salts are available for addi¬ 
tion to the ration of prepartum dairy cows 
to prevent milk fever. Generally, acidifica¬ 
tion of the cows occurs within approxi¬ 
mately 36 hours following addition of the 
anionic salts to the ration; it also takes less 
than 36 hours for the cow to return to an 
alkaline state following removal of the salts 
from the diet. The relative acidifying activity 
of anionic salts commonly used to prevent 
milk fever has been evaluated. Salts of chlo¬ 
ride have about 1.6 times the acidifying 
activity of sulfate. Calcium and magnesium, 
which are usually not included in the DCAD 
equation, have a small but significant alka- 
linizing effect when accompanied by chlo¬ 
ride or sulfate. The ranking of the anion 
sources tested at a dose of 2 Eq/day, from 
most to least potent urine acidifier, was 
hydrochloric acid, ammonium chloride, 
calcium chloride, calcium sulfate, magne¬ 
sium sulfate, and sulfur. Magnesium sulfate 
is the most palatable of the anionic salts 
commonly supplemented, and calcium chlo¬ 
ride is the least palatable. It is best to add 
the anionic salts to a total mixed ration. 
Because of the low incidence of milk fever 
in heifers, there is no need to feed anionic 
salts to heifers. 

Anionic salts can reduce dry matter 
intake when more than 300 mEq of anions/ 
kg diet DM are supplemented in the diet. The 
reductions in dry matter intake are com¬ 
monly ascribed to decreased palatability, but 
they may represent a response to the meta¬ 
bolic acidosis induced by the salts. The dura¬ 
tion of feeding anion salts ranges from 21 to 
45 days before expected parturition. At least 
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5 days of consumption are necessary for 
maximal benefit. 

Ammonium Chloride. Ammonium chlo¬ 
ride is more effective than most other salts as 
an acidifier. The addition of ammonium 
chloride salts to prepartum diets offers con¬ 
siderable promise as a practical and reliable 
method of control of milk fever. Within the 
European Union, ammonium chloride is 
currently permitted as a pharmacologically 
active substance in veterinary medicinal 
products, but not as a zootechnical or feed 
additive in cattle. 14 Experimentally, the addi¬ 
tion of ammonium chloride and ammonium 
sulfate, each at 100 g/head per day, to the 
prepartum diets 21 days before parturition 
decreased the incidence of milk fever from 
17% in the unsupplemented group to 4% in 
the supplemented group. 

Strategies for Supplementing 
Anion Sources 

A systematic protocol for the addition of 
anions to a prepartum diet and monitoring 
of its effects is as follows: 

1. perform macromineral analysis of all 
available forages for prepartum cows. 

2. Select feed ingredients with a low 
DCAD, especially those low in 
potassium. 

3. Calculate the DCAD of the diet 
without any supplemental anion 
sources. If the DCAD is more than 
+250 mEq/kg, then priority must be 
given to reduce this value by replacing 
some of the forage with a lower-DCAD 
forage. 

4. Balance dietary magnesium at 0.40% 
DM by adding additional magnesium 
chloride or magnesium sulfate. 
Magnesium chloride is preferred. 

5. Evaluate the feeding management of 
the prepartum cows. Ensure adequate 
feeding space and quality of feed. 

6. Add supplemental chloride and/or 
sulfur to the prepartum cow diet to 
lower DCAD to about -150 mEq/kg 
DM. 

7. Evaluate the dietary nonprotein 
nitrogen (NPN) and degradable intake 
protein (DIP) of the diet. If NPN is 
more than 0.50% of the diet DM or 
DIP is more than 70% of crude 
protein, then reduce the amount of 
ammonium salts or other NPN or DIP 
sources in the diet. 

8. Monitor dry matter intake of the 
prepartum-cow group. 

9. Consider more palatable anion sources 
or a reduced dose of anion sources if 
dry matter intake is depressed. 

10. After 1 week of feeding anionic salts, 
monitor the pH of close-up dry cows. 
Urinary pH is an accurate indication of 
optimal dietary acidification. Collect 
urine from at least six cows at one time 
and average the urinary results. Adjust 


the dose of supplemental anions to 
achieve an average urinary pH of 
between 6.0 and 7.0. 

DCAD and Acid-Base Balance of 
Dairy Cows on Pasture-Based Diets 
The dairy industries of southern Australia 
and New Zealand are based largely on fresh 
pasture and pasture silage, and grazed 
pasture is the key determinant of the DCAD. 
The concentration of potassium is often in 
excess of 4%, and the DCAD greater than 
500 mEq/kg DM, in pasture-based diets, yet 
the incidence risk of milk fever is not higher 
than those in other countries where dietary 
potassium is much lower. For a considerable 
part of spring and early summer, the DCAD 
of pasture in those countries may be in excess 
of +500 to +700 mEq/kg DM. The variation 
in the DCAD of pasture and the difficulty in 
accurately assessing dry matter intake make 
an accurate reduction in DCAD difficult to 
achieve practically. Pasture cation-anion dif¬ 
ference in those conditions is not greatly 
influenced by stocking rate or associated 
management practices. The urine pH of 
grazing dairy cows in south eastern Australia 
remains relatively constant throughout the 
year despite changes in stage of lactation, 
management practices, season, weather, and 
large changes in DCAD. The DCAD of 
pasture throughout the year in south eastern 
Australia ranges from 0 to 800 mEq/kg DM 
and is often outside the levels previously 
recommended for optimal performance of 
lactating cows. For spring-calving herds on 
pasture, a high DCAD at the time of parturi¬ 
tion presents practical problems in adminis¬ 
tering the large amounts of anionic salts 
required to lower urine pH and to decrease 
the incidence of hypocalcemia. 

In these pasture-based systems, sulfur (S) 
is considered a more important dietary con¬ 
stituent in determining the risk of hypocalce¬ 
mia than either chloride or potassium. The 
absorption efficiency of S is less than either 
Cl or K and would not be expected to incur 
the same change in systemic pH. Thus its 
importance in hypocalcemia prevention 
does not fit with the current understanding 
of how manipulation of DCAD influences 
calcium homeostasis. Studies indicate that 
precalving dietary S is more important in the 
control of hypocalcemia than either K or Cl 
concentration. Although the effects of a sys¬ 
temic acidosis on Ca absorption is accepted, 
the effect of S on periparturient Ca homeo¬ 
stasis when absorption of S is low in compari¬ 
son to Cl, Na, or K suggest that there are 
mechanisms involved that are not related to 
acid-base balance. An increased incidence of 
milk fever may occur in pastured-based dairy 
when the diet is supplemented with Cl and S, 
even though calcium absorption, as indicated 
by urine calcium concentration, increases. 
The increased incidence may be a result of a 
greater demand for dietary calcium after 
calving following a reduction in the pH of 


body fluids precalving and the fact that pas¬ 
ture-based diets, as opposed to total mixed 
rations, are generally low in calcium. Supple¬ 
mentation of cows with calcium after calving 
increased plasma calcium concentration on 
the day of calving and during the subsequent 
14 days. Milk production was not affected by 
pre- or postcalving treatments. 

Experimentally, the application of potas¬ 
sium fertilizer on pasture resulted in a 
DCAD ranging from 350 to 535 mEq/kg 
DM, but calcium homeostasis in pasture- 
based dairy cows was not changed. Plasma 
concentrations were increased, and the risk 
of clinical periparturient hypocalcemia was 
reduced, by MgCl 2 and MgS0 4 delivered by 
150 g MgCl 2 , 200 g MgS0 4 , and 35 g MgO/ 
head daily for 21 days prepartum. After 
calving, cows were supplemented with 150 g 
CaC0 3 /head per day for 4 days. Improve¬ 
ments in calcium homeostasis were not the 
result of an altered systemic pH. 

The optimum DCAD for lactating cows 
grazing fresh pasture and the effect of deviat¬ 
ing from the optimum on milk production 
have been examined under experimental 
manipulation of the dietary DCAD using a 
drench in early-lactation dairy cows in New 
Zealand. Dietary cation-anion differences 
ranged from +23 to +88 mEq/100 g of DM. 
As DCAD increased, there was a linear 
increase in blood pH and HC0 3 concentra¬ 
tion and blood base excess. Plasma concen¬ 
trations of Mg, K, and Cl declined as DCAD 
increased and Na increased. Urinary excre¬ 
tion of Ca decreased as DCAD increased. 
Increasing DCAD did not significantly affect 
milk yield or milk protein, but the concentra¬ 
tion and yield of milk fat increased linearly. 
Milk production results suggest that DCAD 
for optimal production on pasture diets may 
be higher than the +20 mEq/100 g DM previ¬ 
ously identified for total mixed rations. 

Summary of Macromineral 
Nutritional Strategies for the 
Prevention of Hypocalcemia in the 
Soon-to-Calve or Transition Dairy 
Cow in Pasture-Based Systems 
Circumstances and principles can be sum¬ 
marized as follows: 

• When dairy cows are dried off, they are 
commonly moved onto nonirrigated 
pastures until calving. In the summer, 
dry cows would be put onto actively 
growing tropical pasture, whereas in 
autumn, winter, and spring, the pasture 
is most likely to be tropical pasture 
carried over from the previous summer. 
This carryover pasture is likely to be 
supplemented with medium-quality hay, 
silage, and grain or molasses 2 to 3 
weeks before calving. Anionic salts have 
been added to these diets. 

• The DCAD on a yearly basis ranges 
from 0 to 80 mEq/100 g DM. 

• The incidence of milk fever in Australia 
ranges from 1.6% to 5.4%, but in some 





years the incidence in individual herds 
may reach 20%. The incidence of 
subclinical hypocalcemia can range 
widely; up to 40% of apparently normal 
cows had subclinical hypocalcemia 
(total plasma calcium <1.9 mmol/L 
during the first 12 days of lactation). 

• In temperate climates, reducing dietary 
calcium to recommended low levels can 
be difficult to achieve, but in tropical 
pastures the levels are already low. 

• Excessive levels of potassium may be the 
most important dietary risk factor for 
milk fever in Australian feeding systems. 
Potassium contents of pastures may be 
as high as 4% to 5% of DM. The use of 
potassium fertilizers exacerbates the 
problem. Potassium and consequently 
dietary DCAD peak in winter and are 
lowest in autumn. The majority of cows 
in Victoria, Australia, calve in winter to 
early spring when the potassium levels 
are high. 

• Hypomagnesemia influences calcium 
homeostasis, and diets high in 
potassium reduce the concentration 
of plasma magnesium. Magnesium 
supplementation of the transition 
diet should be done to ensure that 
magnesium requirements are met 
(0.4% of DM). 

• Excessive dietary phosphorus increases 
the concentration of phosphorus in 
plasma, which can induce hypocalcemia 
and increase the incidence of milk fever 
at calving. Supplements likely to increase 
the dietary intake of phosphorus above 
40 g/day should not be fed to cows in 
the weeks before calving. 

Supplementation of Vitamin D 
During the Dry Period 
Parenteral Vitamin D, Application 
In an attempt to reverse the negative Ca 
balance of susceptible cows at the onset of 
lactation, the administration of vitamin D 3 
and its analogs has been used to increase 
intestinal Ca absorption. Vitamin D 3 is 
hydroxylated in the liver, and the resulting 
metabolite is 25-hydroxycholecalciferol. This 
is metabolized in the kidney to 1,25- 
dihydroxycholecalciferol, which has an 
active hypercalcemic effect but is difficult to 
synthesize. One of its analogs, 1-a- 
hydroxycholecalciferol, is as active, is easy to 
prepare, and is used pharmacologically. A 
single parenteral dose of 10 million IU per 
cow of intramuscular (IM) vitamin D 3 given 
2 to 8 days before parturition is often recom¬ 
mended, although the dose recommendation 
based on body weight (1 million units per 
45 kg BW) has given consistently better 
results. Two important inconveniences of the 
parenteral treatment with vitamin D 3 are the 
narrow time frame before calving during 
which vitamin D 3 must be administered to 
be effective and the narrow therapeutic range 
of the drug. If the cow fails to calve within 
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10 days of treatment, another 10 million 
units may need to be administered because 
cows treated more than 10 days before 
calving are at increased risk of developing 
clinical milk fever. Repeated treatment is 
associated with soft tissue calcification, par¬ 
ticularly after repeated injections. Pregnant 
cows are more susceptible to calcification 
than nonpregnant animals. Whereas single 
doses below 10 million units to an adult cow 
were found to be considerably less effective 
in preventing clinical milk fever, a dose of 17 
million units was lethal for 75% of treated 
animals. 

Another disadvantage of using injectable 
vitamin D 3 is that although it is effective in 
preventing clinical milk fever, it tends to 
result in significantly lower plasma Ca con¬ 
centrations between 3 and 14 days postpar¬ 
tum compared with untreated control cows. 
Cows treated with injectable vitamin D 3 
therefore are at decreased risk of developing 
clinical milk fever around parturition but 
may be at increased risk of subclinical hypo¬ 
calcemia during the first weeks of lactation. 
The problem appears to be that the effect of 
the exogenous metabolite on intestinal Ca 
absorption declines, whereas its inhibiting 
effect on the renal enzymes activating endog¬ 
enous vitamin D 3 is more sustained. Treated 
cows therefore appear to be impaired in their 
ability to produce sufficient l,25-(OH) 2 D to 
maintain enhanced intestinal absorption of 
calcium in the first weeks of lactation. 

Oral Vitamin D Administration 
Oral dosing with 20 million IU of vitamin 
D 2 /d for 5 days to cows immediately before 
calving can markedly reduce the expected 
incidence of milk fever. Because the onset of 
action after oral treatment is more delayed 
than after injection, a cow must be treated for 
at least 5 days before calving for the treat¬ 
ment to be effective. The exact date of calving 
is often difficult to determine, and if the 
administration is discontinued for up to 4 
days before calving, an unusually high inci¬ 
dence of the disease may follow, probably 
because of the depression of parathyroid 
activity that follows the administration. Tox¬ 
icity of the oral treatment is considerably 
lower compared with injection. A dose of 30 
million IU of vitamin D administered over 7 
days was without obvious signs of toxicity. 
The danger of causing metastatic calcifica¬ 
tion, however, also exists; this has been pro¬ 
duced with smaller doses (20 million IU 
daily for 10 days). 

Oral Calcium Supplementation 
Around Parturition 

The oral administration of easily absorbed 
Ca salts such as calcium chloride or calcium 
propionate providing the equivalent of 40 to 
50 g calcium per dose as a bolus, gel, paste, 
or liquid, given in a single dose or repeated 
doses beginning 12 to 24 hours before 
calving and continuing to 24 hours after 


calving, is a common practice that will effec¬ 
tively increase the plasma Ca concentrations 
for at least 6 hours. Based on clinical studies, 
a treatment interval of 6 to 12 hours for the 
period around calving has been suggested. 
Depending on the type of formulation, its 
palatability, and the required treatment fre¬ 
quency, oral treatment can be more or less 
labor intensive, demanding, and invasive. 
Calcium chloride is highly soluble, resulting 
in a rapid increase of the plasma Ca concen¬ 
tration within 30 minutes, but it is also 
caustic and may result in epithelial lesions of 
the mucosa of the oropharyngeal region, 
esophagus, forestomaches, or abomasum. In 
contrast, Ca-propionate requires a larger 
volume to provide a similar amount of Ca 
and has a more delayed effect on the plasma 
Ca concentration, but it is less injurious and 
thus safer to administer. The combined 
administration of Ca together with propio¬ 
nate, which is a glucose precursor in the 
form of calcium propionate, has been used as 
a further supporting argument for the use of 
this compound around calving. However, 
studies investigating the effect of Ca- 
propionate on feed consumption, milk yield, 
plasma glucose, insulin, and NEFA concen¬ 
tration in periparturient cows failed to iden¬ 
tify a beneficial effect. 12 

Prophylactic treatment with oral Ca 
formulations in contrast to parenteral Ca 
administration bears the advantage that it 
does not disturb mechanisms regulating the 
Ca homeostasis, but rather supports them by 
providing oral Ca while intestinal Ca absorp¬ 
tion has been upregulated. 15 

Parenteral Calcium Supplementation 
Around Parturition 

Intravenous or subcutaneous administration 
of Ca-gluconate or Ca-borogluconate solu¬ 
tions to cattle around parturition is some¬ 
times practiced because this approach may 
be perceived as a convenient and inexpensive 
method to control milk fever. 15 However, 
increasing the plasma Ca concentration to 
supraphysiological levels, as often occurs 
after parenteral administration of therapeu¬ 
tic doses of Ca solutions, disturbs the endo¬ 
crine circuits regulating calcium homeostasis 
by abruptly interrupting the PTH secretion 
that is essential to prevent excessive declines 
of the plasma Ca concentration around par¬ 
turition. This disruption will result in a delay 
of the correction of the periparturient dis¬ 
equilibrium of the Ca balance, which has 
been documented in several studies. Cows 
treated prophylactically with Ca solutions 
parenterally have pronounced but transient 
hypercalcemia that is followed by decline of 
the plasma Ca concentration below pretreat¬ 
ment Ca concentrations within 12 hours. A 
recent study comparing IV Ca administra¬ 
tion with oral Ca administration and no 
treatment in periparturient cows not showing 
clinical signs of milk fever revealed that 
plasma Ca concentrations were significantly 
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higher than those in orally treated and 
control cows only for the first 4 hours post¬ 
treatment, but they were below the Ca con¬ 
centrations of orally treated cows from 24 
hours until at least 48 hours posttreatment 
and below the values of untreated cows 
from 36 hours until at least 48 hours post¬ 
treatment. 16 Parenteral administration of 
Ca solutions should therefore be a tool 
reserved to rapidly correct clinical hypo¬ 
calcemia and should never be a standard 
procedure at calving. 8 15 

Partial Milking 

Partial milking after calving has been pro¬ 
posed for decades as a strategy to decrease 
Ca losses through the mammary gland in 
early lactation. Although this practice evi¬ 
dently reduces the amount of Ca excreted 
through the mammary gland, studies inves¬ 
tigating the effect of partial milk-out on the 
plasma Ca concentration in the first days of 
lactation failed to identify a beneficial effect. 6 
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ACUTE HYPOKALEMIA 
IN CATTLE 


SYNOPSIS 


Etiology Sustained decrease in dry matter 
intake in lactating dairy cattle, abomasal 
disorder, alkalemia, two or more injections 
of isoflupredone acetate (corticosteroid/ 
mineralocorticoid). 

Epidemiology Most common in lactating 
dairy cattle with decreased appetite and 
high-milk-production potential and low 
muscle mass. 

Clinical findings Generalized muscle 

weakness; depression; cardiac arrhythmias, 
particularly atrial fibrillation. 

Clinical pathology Low serum/plasma 
potassium concentrations; alkalemia and 
hyperglycemia may be present. 

Necropsy findings Multifocal myonecrosis 
with microphage infiltration and myofiber 
vacuolation, characteristic for hypokalemia 
myopathy. 

Diagnostic confirmation Response to 
treatment, serum potassium concentration 
less than 2.5 mEq/L. 

Treatment Potassium chloride administered 
orally, increased feed intake. 

Control Maintain adequate dry matter intake, 
early detection and correction of abomasal 
disorders, no more than one treatment of 
isoflupredone acetate. 


ETIOLOGY 

Hypokalemia is most common in lactating 
dairy cattle and is secondary to the 
following: 

• Anorexia resulting from clinical mastitis 
and retained placenta 

• Upper gastrointestinal obstruction, 
particularly left-displaced abomasum, 
right-displaced abomasum, 
abomasal volvulus, and abomasal 
impaction 

• Obligatory loss of potassium in milk 
(1.4 g potassium/L of milk) 

• Hyperinsulinemia secondary to 
hyperglycemia and transcellular shift of 
extracellular potassium 

• Sympathetic nervous system 
activation 

• Aldosterone release in response to 
hypovolemia and the need for sodium 
retention 

• Decreased whole-body potassium stores 
as a result of the relatively low muscle 
mass in dairy cows 

In most cases, the hypokalemia is not 
severe enough to cause weakness and 
recumbency. 

EPIDEMIOLOGY 

Hypokalemia occurs commonly in lactating 
dairy cattle with prolonged inappetence (>2 
days), but it is rare in adult ruminants with 


adequate dry matter intake and neonatal 
calves, lambs, and kids. Hypokalemia occurs 
more commonly in lactating dairy cows than 
beef cows or feedlot animals because of the 
additional loss of potassium in the milk, the 
lower muscle mass in dairy cows that results 
in decreased whole-body potassium stores, 
and the use of glycogen and skeletal muscle 
protein for energy in early lactation. 

Milk typically has a potassium concentra¬ 
tion of 36 mmol/L. 1 High-producing dairy 
cows are therefore at increased risk for hypo¬ 
kalemia, and the incidence of hypokalemia 
in the postparturient period increases as 
milk production increases. Early-lactation 
dairy cows are in a marked state of negative 
energy balance; catabolism of intracellular 
glycogen and protein leads to increased 
potassium excretion in urine and therefore 
whole-body potassium depletion because 
potassium is bound to glycogen. 

Potassium excretion by the kidneys is via 
secretion by the distal tubular cells. Aldoste¬ 
rone or other steroids with mineralocorti¬ 
coid activity enhance distal tubular secretion 
of potassium by increasing permeability of 
the tubular luminal membranes to potas¬ 
sium and increasing losses of potassium in 
the urine. Hypokalemia and whole-body 
potassium depletion is common in lactating 
dairy cattle receiving one or more injections 
of corticosteroids for ketosis that have min¬ 
eralocorticoid activity, particularly isoflu¬ 
predone acetate. 2,3 The hypokalemic effect 
occurs because the mineralocorticoid activ¬ 
ity of isoflupredone enhances renal and 
gastrointestinal (saliva and colon) losses of 
potassium. Hypokalemia reaches its nadir 
of approximately 60% to 70% of the normal 
value by 72 hours after the first of two 10-mg 
injections. Exogenous or endogenous insulin 
release secondary to hyperglycemia follow¬ 
ing IV dextrose administration or corticoste¬ 
roid administration can lead to hypokalemia 
associated with the intracellular movement 
of potassium accompanying glucose; this is 
a shift in potassium and not whole-body 
depletion. 4,5 

In general, alkalemia decreases serum 
potassium concentration, and acidemia 
increases serum potassium concentration. 
Hypokalemia therefore occurs commonly in 
ruminants with metabolic alkalosis. Experi¬ 
mental induction of metabolic alkalosis by 
oral administration of sodium bicarbonate in 
three Jersey cows caused marked metabolic 
(strong ion) alkalosis (base excess, 14 to 
19 mEq/L), hypokalemia (2.6 to 3.1 mEq/L), 
and an increase in muscle potassium concen¬ 
tration of 6% to 10%, indicating an intracel¬ 
lular shift of potassium from the extracellular 
space to the intracellular space. 

Whole-body depletion of potassium may 
be present in healthy dairy cattle immedi¬ 
ately after calving, based on the results of 
potassium balance studies and studies docu¬ 
menting decreased skeletal muscle potas¬ 
sium content at calving and decreased 










urinary potassium concentrations immedi¬ 
ately after calving. 2,6 

PATHOGENESIS 

Potassium homeostasis in adult cattle is 
determined by the balance between absorp¬ 
tion of potassium from the gastrointestinal 
(GI) tract and subsequent excretion by the 
kidneys and salivary glands. Transport of 
potassium is passive in the small intestine 
and active in the colon under the influence 
of aldosterone. The most important hormone 
affecting renal and salivary potassium excre¬ 
tion is aldosterone, which is released from 
the zona glomerulosa of the adrenal gland 
in response to hyperkalemia and other 
factors. At least 95% of whole-body potas¬ 
sium is intracellular, with skeletal muscle 
containing 60% to 75% of the total intracel¬ 
lular potassium. Total potassium losses in 
lactating cattle are 75% in urine, 13% in 
feces (mainly endogenous loss), and 12% 
milk, with urine, fecal, and milk losses being 
obligatory. Marked changes in serum or 
plasma potassium concentrations alter the 
resting membrane potential of cells because 
the potassium gradient generated by Na-K 
ATPase is the main cause for the negative 
electric potential across cell membranes. 
Hypokalemia therefore alters the resting 
membrane potential and leads to clinically 
significant changes in cellular and organ 
function. Hypokalemia indicates whole- 
body depletion of potassium unless induced 
by hyperglycemia and hyperinsulinemia. 4,5 

The potassium content of cattle has been 
estimated at approximately 2.2 g/kg BW. 
Lactating dairy cattle should be fed a diet 
containing at least 0.7% potassium on a dry- 
weight basis, although high-producing dairy 
cattle need a higher dietary potassium con¬ 
centration, and potassium is frequently fed at 
1.3% to 1.4% on a dry-weight basis. The 
absorption efficiency of potassium on a 
typical lactating dairy cow diet ranges from 
74% to 88%, with potassium being absorbed 
in the small intestine and forestomach, with 
the former predominating. Rumen fluid in 
cattle usually has a potassium concentration 
of 24 to 85 mEq/L, and rumen fluid potas¬ 
sium concentration and potassium absorp¬ 
tion are strongly dependent on intake. This 
indicates that increasing potassium intake 
(specifically, increasing rumen potassium 
concentration) will directly lead to increased 
potassium absorption. Studies in fed sheep 
have indicated a strong linear relationship 
between potassium absorbed from the 
rumen and rumen potassium concentration; 
however, it should be noted that the rate of 
potassium absorption depends also on 
whether the animal is fed or fasted. Fasting 
in sheep for 26 hours decreased rumen 
potassium concentration from 50 mmol/L to 
24 mmol/L and decreased plasma potassium 
concentration from 4.2 to 3.7 mmol/L. 

Potassium homeostasis is not considered 
to be under direct hormonal control in 
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sodium-replete healthy lactating cattle 
because there is no association between 
plasma aldosterone concentrations and 
whole-blood or urine potassium concentra¬ 
tions. 3 Anorexia is thought to play an impor¬ 
tant role in the development of hypokalemia 
in cattle because 24 to 48 hours are needed 
for the mammalian kidney to adjust to a 
reduction in dietary potassium intake. 3 
Dehydration also plays an important role 
in hypokalemia via aldosterone activation. 
There appears to be a gut or hepatoportal 
sensor that detects potassium intake and 
sends a signal to the kidney to increase 
potassium excretion in response to increased 
potassium ingestion, but the anatomic loca¬ 
tion of the sensor and the molecular pathway 
for signal transduction remain unknown. 7 
Nevertheless, activation of the gut/hepato- 
portal sensor means that there is increased 
potassium excretion by the kidneys even 
before there is a detectable increase in serum 
potassium concentration following increased 
potassium intake. 

Relative to an in vitro potassium concen¬ 
tration of 5 mmol/L, decreases in tissue bath 
potassium concentration decrease the ampli¬ 
tude of contraction of the circular muscle of 
the cow abomasal corpus; this smooth muscle 
is responsible for the propulsion of abomasal 
chyme. 8 Small, but nonsignificant, decreases 
in the force developed by abomasal smooth 
muscle from bulls is observed when in vitro 
potassium concentration is decreased from 

5.4 to 2.0 to 3.0 mmol/L. 9 Hypokalemia may 
therefore result in decreased abomasal emp¬ 
tying rate and consequently an increased risk 
of developing left-displaced abomasum, 
abomasal volvulus, and potentially retained 
placenta and metritis in dairy cattle. The rela¬ 
tionship between potassium concentration 
and skeletal muscle tone has not been deter¬ 
mined for cattle, but studies in humans 
suggest hypokalemia must be marked (<2.0 to 

2.5 mEq/L) to decrease skeletal muscle tone. 

CLINICAL FINDINGS 

Affected animals have generalized muscle 
weakness, decreased gastrointestinal motil¬ 
ity, and depression. Severely affected animals 
are unable to stand or lift their heads from 
the ground. Cows with severe hypokalemia 
(<2.0 mEq/L) are usually recumbent and 
profoundly weak, appear flaccid, and lie in 
sternal or lateral recumbency. They are 
unable to support the weight of their heads 
off the ground and commonly hold their 
heads in their flanks. Profound weakness of 
the lateral cervical muscles may occur. 
Anorexia is common. Cardiac arrhythmias 
are often detectable on auscultation, and 
atrial fibrillation may be present on 
electrocardiography. 

Cardiac arrhythmias are associated with 
abnormal serum potassium concentrations, 
both hypokalemia and hyperkalemia. In an 
unpublished study of 110 adult cattle 
with atrial fibrillation, hypokalemia was 


commonly present before the induction of 
atrial fibrillation. Although there do not 
appear to be any large-scale studies examin¬ 
ing the association between hypokalemia 
and cardiac arrhythmias in adult cattle, 
hypokalemia, hypocalcemia, and alkalemia 
are commonly present in lactating dairy 
cattle with left-displaced abomasum and 
atrial fibrillation. In a recent study, 2/15 lac¬ 
tating dairy cows with experimentally 
induced hypokalemia and alkalemia devel¬ 
oped atrial fibrillation that resolved within 
24 hours of administration of KC1, accompa¬ 
nied by an increase in plasma potassium 
concentration and a decrease in blood pH. 6 
Atrial fibrillation in other studies was diag¬ 
nosed in 4/10, 2/14, and 5/17 cows with 
naturally acquired hypokalemia, and in 1/7 
lactating dairy cows with experimentally 
induced hypokalemia following IM adminis¬ 
tration of two 20-mg doses of isoflupredone 
acetate at a 48-hour interval. Taken together, 
these findings suggest that hypokalemia 
plays an important role in the development 
of atrial fibrillation in adult cattle. 

Signs of chronic potassium depletion in 
cattle include anorexia; pica characterized 
by hair licking, floor licking, and chewing 
of wooden partitions; rough hair coat; mus¬ 
cular weakness; irritability; paralysis; and 
tetany. 

CLINICAL PATHOLOGY 

The order of sensitivity/specificity in deter¬ 
mining whole-body potassium depletion 
is as follows: skeletal muscle > serum/plasma 

> milk > erythrocyte/whole blood > urine 

> saliva. 

Skeletal Muscle Potassium Content 

Skeletal muscle potassium concentration is 
considered the most sensitive and specific 
method for assessing whole-body potassium 
status and therefore provides the gold- 
standard test. Skeletal muscle is considered 
the best tissue to sample because it contains 
approximately 75% of the whole-body stores 
of potassium. A standardized muscle should 
be evaluated in cattle because differences in 
potassium content of greater than 15% are 
present in individual animals, and this 
muscle-to-muscle variation is greater than 
that produced by breed. 

Plasma Potassium Concentration 

Determination of serum/plasma potassium 
concentration is required to confirm a sus¬ 
pected diagnosis of hypokalemia. A serum 
potassium concentration less than 2.5 mEq/L 
reflects severe hypokalemia, and most 
animals will be weak or recumbent. A serum 
potassium concentration of 2.5 to 3.5 mEq/L 
reflects moderate hypokalemia, and some 
cattle will be recumbent or appear weak, 
with depressed gastrointestinal motility. In 
addition to measurement of serum potas¬ 
sium concentration, determination of the 
serum concentrations of sodium, chloride, 





1692 


Chapter 17 


Metabolic and Endocrine Diseases 


calcium, and phosphorus and the serum 
activities of creatine kinase and aspartate 
aminotransferase can be very helpful in 
guiding treatment of cattle with hypokale¬ 
mia. Serum potassium concentration is 
usually a little higher than plasma potassium 
concentration because platelet activation 
releases potassium. In summary, a serum/ 
plasma potassium concentration below the 
normal range provides unequivocal evidence 
of hypokalemia unless there is concurrent 
hyperinsulinemia or alkalemia. 4,5 However, 
because more than 95% to 98% of whole- 
body potassium stores are intracellular, it is 
likely that serum/plasma potassium concen¬ 
tration is not as sensitive as skeletal muscle 
potassium content in indicating whole-body 
potassium depletion. 

Milk Potassium Concentration 

Milk potassium concentration is theoreti¬ 
cally more sensitive than serum/plasma 
potassium concentration in detecting whole- 
body potassium depletion in individual cows 
because the milk concentration of potassium 
is constant for an individual cow. Potassium 
depletion in lactating dairy cows caused milk 
potassium concentration to decrease from 
1.45 g/L to 1.28 g/L; this was a greater per¬ 
centage decrease than that in the plasma or 
whole blood of cattle with whole-body 
potassium depletion. However, there is 
marked individual variation in the milk con¬ 
centration of potassium in healthy cattle, 
with variations of up to 50% occurring 
between cows. This variability appears to be 
a result of changes in milk fat, protein, and 
lactose percentage, with the highest correla¬ 
tion of milk potassium concentration being 
with milk lactose concentration (R = -0.53 
or -0.74). The relationship between potas¬ 
sium and lactose is attributable to the fact 
that these are important contributors to milk 
osmolality, which is constant and isotonic. 
Milk potassium concentration also changes 
during lactation, being 42 mmol/L in early 
lactation, 40 mmol/L in midlactation, and 
27 mmol/L in late lactation, with a mean 
bulk milk potassium concentration of 
37 mmol/L. The large cow-to-cow variability 
in milk potassium concentration and depen¬ 
dence on milk lactose concentration make it 
difficult to produce a suitable cut-point for 
identifying whole-body potassium depletion 
in sick lactating dairy cows. However, milk 
potassium concentration has clinical utility 
in monitoring potassium homeostasis over 
time in an individual cow. 

Erythrocyte Potassium Concentration 

Erythrocyte potassium concentration is 
determined by measuring plasma potassium 
concentration and hematocrit, and then 
adding sufficient distilled water to hemolyze 
the erythrocytes followed by potassium 
measurement of the hemolyzed fluid and 
mathematical calculation. There is marked 
cow-to-cow variability in the erythrocyte 


potassium concentration (7 to 70 mmol/L) 
and sodium concentration (15 to 87 mmol/L) 
of healthy cattle that has a genetic basis with 
no breed influence. There are two main peaks 
of cellular potassium concentration, one at 
20 mmol/L and a second at 50 mmol/L. In 
lactating dairy cattle with induced whole- 
body potassium deficiency, whole-blood 
potassium concentration changed similarly 
to plasma potassium concentration. However, 
in 180 cows, no relationship between plasma 
potassium concentration and erythrocyte 
potassium concentration was found. Mea¬ 
surement of erythrocyte or whole-blood 
potassium concentration is not currently rec¬ 
ommended in evaluating whole-body potas¬ 
sium status. 

Urine Potassium Concentration 

Urine potassium concentrations are nor¬ 
mally high (454 ±112 mEq/L) but variable, 
with a mean fractional clearance of 82% 
and a coefficient of variation of 61%. The 
large variability in urine potassium concen¬ 
tration makes it difficult to produce a suit¬ 
able cut-point for identifying whole-body 
potassium depletion. However, determina¬ 
tion of urine potassium concentration has 
clinical utility in an individual cow ingest¬ 
ing a constant diet over time because it 
reflects potassium homeostasis. Urine pH 
may provide some value as a better screen¬ 
ing test because aciduria may be present in 
response to a marked decrease in urine 
potassium concentration. 10 

Salivary Potassium Concentration 

Salivary potassium concentrations are 
more influenced by aldosterone in the 
response to changes in serum sodium con¬ 
centration, and salivary potassium concen¬ 
tration must therefore be compared with the 
salivary sodium concentration (one-for-one 
exchange), sodium homeostasis, and the 
ratio of serum sodium to potassium to have 
clinical utility. The normal saliva potassium 
concentration shows a large range of 4 to 
70 mEq/L, with sodium homeostasis having 
the greatest effect. A study in cattle with 
left-displaced abomasum, right-displaced 
abomasum, or abomasal volvulus indicated 
no association between salivary potassium 
concentration and serum potassium concen¬ 
tration. Taken together, it appears that mea¬ 
surement of salivary potassium concentration 
provides minimal insight into whole-body 
potassium status. 

NECROPSY FINDINGS 

Necropsy of cattle with hypokalemia- 
induced recumbency reveals the presence of 
muscle necrosis in the pelvic limbs. Histo¬ 
logic examination of non-weight-bearing 
muscles reveals multifocal myonecrosis with 
microphage infiltration and myofiber vacu- 
olation, which is characteristic of hypokale¬ 
mic myopathy in humans and dogs. It is 
important to note that hypokalemic 


myopathy is also present in muscles not 
subject to ischemia of recumbency. 

TREATMENT 

Treatment of hypokalemia in lactating dairy 
cows should focus on surgical correction 
of abomasal displacement, increasing the 
potassium intake by increasing dry matter 
intake or the oral administration of KC1, and 
correction of hypochloremia, alkalemia, 
metabolic alkalosis, and dehydration. 2 Oral 
potassium administration is the method of 
choice for treating hypokalemia. Inappetent 
adult cattle should initially be treated with 
120 g of KC1 PO, followed by an additional 
oral treatment of 120 g KC1 12 hours later, 
for a total 24-hour treatment of 240 g KC1 
(0.4 g/kg BW). 6 Higher oral doses of KC1 
are not recommended because they can lead 
to diarrhea, excessive salivation, muscular 
tremors of the legs, and excitability. 

Potassium is rarely administered intrave¬ 
nously; the IV route is used only for the 
initial treatment of recumbent ruminants 
with severe hypokalemia and rumen atony 
because it is much more dangerous and 
expensive than oral treatment. The most 
aggressive IV treatment protocol is an iso¬ 
tonic solution of KC1 (1.15% KC1), which 
should be administered at less than 3.2 mL/ 
kg/hr, equivalent to a maximal delivery rate 
of 0.5 mEq of potassium/kg BW per hour. 
Higher rates of potassium administration 
run the risk of inducing hemodynamically 
important arrhythmias, including ventricu¬ 
lar premature complexes that can lead to 
ventricular fibrillation and death. 

Palatable hay and propylene glycol orally 
are recommended. In a series of 14 cases, 
treatment consisted of potassium chloride 
given intravenously and orally at an average 
total daily dose of 0.42 g/kg BW (26 g orally 
and 16 g IV) for an average of 5 days, result¬ 
ing in recovery in 11 cases after an average 
of 3 days. During recumbency, affected cattle 
require special attention to minimize isch¬ 
emic necrosis of muscles of the pelvic limbs. 

Glucocorticoids are often used to treat 
ketosis, and the most commonly used 
glucocorticoids are dexamethasone and 
isoflupredone acetate. Dexamethasone has 
little mineralocorticoid activity compared 
with prednisone and prednisolone, which 
are related chemically to isoflupredone. 
Dexamethasone is recommended for the 
treatment of ketosis in dairy cattle at a single 
dose of 10 to 20 mg IM, and repeated, if nec¬ 
essary, 12 to 24 hours later. Field observations 
indicate that repeated doses of isoflupredone 
acetate decrease plasma concentrations of 
potassium by 70% to 80%, which suggests a 
strong mineralocorticoid activity. It is recom¬ 
mended that isoflupredone acetate be used 
judiciously and animals be monitored for 
plasma potassium and any evidence of weak¬ 
ness and recumbency. Treatment with oral 
potassium chloride may be required, but 
treatment may be ineffective. 
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CONTROL 

Oral administration of potassium is a man¬ 
datory component of fluid and electrolyte 
administration to inappetent lactating dairy 
cattle. Ensuring an adequate dry matter 
intake is the best method for preventing 
hypokalemia in lactating dairy cattle. 


TREATMENT AND CONTROL 


Treatment 

KCI 120 g PO, followed by an additional oral 
treatment of 120 g KCI 12 hours later, for 
a total 24-hour treatment of 240 g KCI 
(0.4 g/kg BW) (R-1) 

KCI 1.15% IV, less than 3.2 (mL/kg BW)/hour, 
equivalent to a maximal delivery rate of 
0.5 mEq of potassium/kg BW per hour (R-2) 

Isoflupredone acetate (R-4) 

Control 

Maintain adequate dry matter intake (R-1) 
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DOWNER-COW SYNDROME 


SYNOPSIS 


Etiology Ischemic myopathy of large muscles 
of pelvic limbs and ischemic neuropathies 
of obturator or sciatic nerve or its branches 
secondary to prolonged recumbency 
associated with milk fever or dystocia; 
injury of bones, joints, and muscles; 
undetermined etiologies. 

Epidemiology Most common in dairy cows 
with previous episodes of milk fever; in 
beef cows after prolonged or difficult 
calving. Delay of more than 4 hours in 
treatment for recumbent milk-fever cows. 
Hypophosphatemia and/or hypokalemia 
have been discussed as potential risk 
factors. 

Signs Alert downer cows: Unable to stand 
following treatment for milk fever. Sternal 
recumbency; normal mental status, vital 
signs, and alimentary tract. Appetite and 
thirst normal or mildly decreased. Most will 


stand in few days if provided good clinical 
care and secondary muscle necrosis is 
minimized. 

Nonalert downer cows: Persistent recumbency 
with altered mentation and vital signs; 
frequently unable to maintain sternal 
recumbency; abnormal position of legs; 
groaning; anorexia; die in several days. 

Clinical pathology Increased serum activity 
of creatine kinase (CK) and aspartate 
aminotransferase (AST); serum phosphorus 
and potassium concentrations may be 
subnormal or elevated; proteinuria, 
myoglobinuria. 

Necropsy findings Ischemic necrosis, edema 
and hemorrhage of large medial thigh 
muscles. 

Diagnostic confirmation Increased serum 
activities of CK, AST, proteinuria; 
myoglobinuria necropsy lesions in cow 
unable to rise with no other lesions. 

Treatment Provide excellent bedding or 
ground surface such as sand or dirt pack. 
Roll animal from side to side every few 
hours. Antiinflammatory therapy/pain 
management. Fluid and electrolyte therapy 
as necessary. Hoist cows making attempts 
to stand. 

Control All recently calved dairy cows that 
are at high risk for milk fever must be 
observed closely 12 to 24 hours before and 
after calving for evidence of milk fever and 
while still standing; if recumbent, do not 
delay treatment for more than 1 hour. Can 
treat all high-risk cows with calcium salts 
orally to prevent clinical milk fever. 


The term downer cow first appeared in the 
veterinary literature in the 1950s and referred 
to cattle that were too injured, weak, or sick 
to stand or walk without assistance. 1 In most 
of the early publications using this terminol¬ 
ogy a case definition was not provided or was 
imprecise, such as “cattle unable to rise” or 
“unable to stand without assistance,” and did 
not make reference to possible etiologies, 
duration of recumbency, or outcome. 2 More 
recently the term downer cow was used to 
denote nonambulatory cattle recumbent for 
at least 24 hours without obvious reason. 1 A 
further classification of downer cows into 
mentally alert, nonambulatory cattle that 
are able to maintain themselves in sternal 
recumbency, so-called alert downer cows, 
and cows with moderate to severe mental 
obtundation and abnormal vital signs that 
frequently are unable to maintain sternal 
recumbency, the so-called nonalert downer 
cows, was proposed. 3 The term creeper cows 
is sometimes used to denote alert recumbent 
cows that are unable to bear weight on their 
hindlimbs but that use the forelegs to propel 
themselves over short distances. 

ETIOLOGY 

Alert downer cows are in most cases recum¬ 
bent because of musculoskeletal or neuro¬ 
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logic injuries such as lesions of the sciatic 
or obturator nerve secondary to dystocia 
(calving paralysis), fractures of long bones or 
the pelvis, hip luxation, or muscle injury as 
a result of primary trauma or secondary to 
prolonged recumbency. Nonalert downer 
cows comprise animals with systemic disease 
affecting mental status and general attitude, 
such as periparturient hypocalcemia, septi¬ 
cemia, hypovolemia, diffuse peritonitis, and 
severe hepatic lipidosis, or neurologic dis¬ 
eases affecting the brainstem or cortex. 3 

In most cases, the downer-cow syndrome 
is a complication of milk fever. Myopathies 
and neuropathies develop in nonambulatory 
cows secondary to prolonged periods of 
recumbency. Ischemic myopathy affecting 
the large muscles of the pelvic limbs and 
injuries to the tissues around the hip joint 
and of the obturator muscles are common in 
cows that do not fully recover and stand. 
Injuries to the musculoskeletal system are 
also common as a result of cows “spread- 
eagling” their hindlimbs if they are unsteady 
during parturition or forced to stand or walk 
on a slippery floor immediately before or fol¬ 
lowing parturition. 

A survey conducted among dairy opera¬ 
tions in 21 U.S. states determined that the 
three most common causes for persistent 
recumbency were periparturient hypocalce¬ 
mia (19%), calving-related injuries (22%), 
and injuries from slipping or falling (15%). 
Beef cattle operations reported calving paral¬ 
ysis as the single most common cause for 
downer-cow syndrome. 1 

EPIDEMIOLOGY 

Occurrence 

The disease is most common in dairy cows 
and typically occurs within the first 2 or 3 
days after calving, often immediately follow¬ 
ing an episode of milk fever. Other debilitat¬ 
ing conditions of periparturient cows that 
can be associated with persistent recum¬ 
bency include acute coliform mastitis, septic 
metritis, and acute rumen acidosis (grain 
overload). 

In the United States an estimated 270,000 
cattle became nonambulatory on-farm in 
2004, of which 57.4% were dairy and 31.5% 
beef cattle, corresponding to 1.2% of dairy 
cattle and 0.2% of beef cattle becoming per¬ 
sistently recumbent in 1 year. 4 An older 
survey conducted in 1986 in Minnesota that 
included data from 738 dairy operations and 
34,656 cow years at risk reported incidences 
per herd and year between 0.4% and 2.1% 
(case definition in this study: “sternal recum¬ 
bency for at least 24 h for no obvious 
reason”). The overall outcome was that 33% 
of downer cows recovered, 23% were slaugh¬ 
tered, and 44% died. The owners perceived 
that downer cows were high producers (48%) 
or average producers (46%), with only 6% 
being low producers. Approximately 58% of 
cases occurred within 1 day of parturition, 
and 37% occurred during the first 100 days 
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of lactation. The incidence was highest (39%) 
during the three coldest months: December 
to February. A clinical survey conducted in 
New Zealand and including 433 periparturi- 
ent recumbent cows reported a recovery rate 
of 39%, whereas 30% died, and 32% had to 
be destroyed. The case-fatality rate in this 
study was 11% higher in precalving recum¬ 
bent cows than postcalving cows. A 2006 
survey including dairy operations from 21 
U.S. states reported that 78.6% of participat¬ 
ing operations had at least one downer cow 
in 2006. 2 The case definition of a downer cow 
in this study was “nonambulatory cattle that 
were unable to stand for any length of time, 
including those that recovered.” 2 

Because it is a syndrome lacking in clini¬ 
cal definition and includes all those “other 
cases” that cannot be otherwise classified, 
downer-cow incidence varies depending on 
the clinical acuity of the individual veterinar¬ 
ian and various environmental factors in dif¬ 
ferent areas. In any case, the incidence seems 
to be increasing, particularly in intensive 
dairy farming areas, although this impres¬ 
sion could arise from the increased necessity 
to effect a cure in valuable animals. 

Risk Factors 
Animal Risk Factors 
Complication of Milk Fever. Prolonged 
recumbency after an episode of clinical milk 
fever either because of a delay in administra¬ 
tion of proper treatment or delayed response 
to treatment is considered the most common 
primary cause of downer-cow syndrome. 
The incidences for downer-cow syndrome 
that is associated with milk fever reported in 
the literature range from 3.8% to 28.2% of all 
milk-fever cases. 3 

Prolonged recumbency, regardless of the 
primary cause, results in increased tissue 
pressure over a confined anatomic area, 
causing local ischemia and neuromuscular 
dysfunction. An insecure gait of a hypocalce- 
mic periparturient cow presents an increased 
risk of injury from slipping or falling, such 
as muscle rupture, bone fractures, or hip 
luxation, that can result in downer-cow 
syndrome. 

Traumatic Injuries to Pelvis and Pelvic 
Limbs. Traumatic injuries to bones, mus¬ 
cles, and nerves can be directly related 
to parturition (e.g. calving paralysis), be asso¬ 
ciated with muscle weakness and an insecure 
gait (e.g. in hypocalcemic cattle), or be the 
result of an inadvertent accident. Calving 
paralysis refers to a paresis or paralysis of 
one or both hindlimbs caused by a lesion of 
the obturator nerve and/or the lumbar root of 
the sciatic nerve inflicted during the calving 
process. Both nerves are vulnerable to com¬ 
pression between the bony birth canal and 
the calf at parturition; accordingly, nerve 
damage is most commonly diagnosed 
after dystocias, deliveries of large calves, or 
prolonged calvings. Calving paralysis is con¬ 


sidered the most common cause for persis¬ 
tent recumbency in beef cattle. 

Pressure injuries of the superficial nerves 
of the extremities may occur as secondary 
lesions in cows that are recumbent for an 
unrelated reason. 

Serum Electrolyte Imbalances. Apart from 
hypocalcemia, hypophosphatemia, hypoka¬ 
lemia, and hypomagnesemia have been 
incriminated as potential factors contribut¬ 
ing to downer-cow syndrome. Hypophos¬ 
phatemia is a common finding in recumbent 
but also in healthy periparturient cows; 6 it is 
the mineral imbalance most commonly 
quoted as risk factor, especially in the so- 
called creeper cows, which are bright and 
alert and crawl about, but are unable to rise. 
The clinical relevance of hypophosphatemia 
in persistently recumbent animals has been 
debated contentiously, but an undisputed 
empirical observation is that hypophospha¬ 
temia is more common or more pronounced 
in recumbent periparturient cows that are 
unresponsive to intravenous calcium admin¬ 
istration at least in very early stages of 
recumbency. 5,6 However, the mechanisms 
through which phosphate depletion may 
cause persistent recumbency are not well 
understood, and treatment response to oral 
or parenteral administration of phosphate 
salts is inconsistent. 6 Studies including cattle 
that were nonambulatory for longer than just 
a few hours, in contrast, found that low 
serum phosphorus levels are suggestive of a 
good prognosis, whereas nonsurvivors tend 
to have higher serum phosphorus concentra¬ 
tions. 3 A likely explanation for this finding is 
that cows recumbent for longer time periods 
may have developed more severe muscle 
damage that is associated with release of 
intracellular phosphorus into the circulation 
and thus an increase of the serum phospho¬ 
rus concentration. 

A long-term low-level hypomagnesemia 
has been associated with downer-cow syn¬ 
drome, especially when it accompanies 
hypocalcemia. But it is usually manifested by 
a tetanic hyperesthetic state, which is not 
part of downer-cow syndrome. 

Severe hypokalemia in cattle is associ¬ 
ated with signs of depression and profound 
skeletal muscle weakness leading to recum¬ 
bency.' Reports of pronounced hypokalemia 
in individual animals that were associated 
with persistent recumbency, with serum 
potassium concentrations below 2.0 mmol/L, 
have accumulated over the past decades. 
These cases have in most instances been 
traced back to the repeated use of isoflupre- 
done, a mineral corticoid with strong kali- 
uretic effect that was commonly used for the 
treatment of ketosis in the United States.' 
Mild to moderate hypokalemia is known to 
occur in early lactating and anorectic cows, 
but the role of this mild form in the patho¬ 
genesis of downer-cow syndrome needs to be 
determined. 8 


The age and stage of lactation of a 

recumbent cow were found to be risk factors 
for nonrecovery. Recovery rates of nonambu¬ 
latory cows were 10.1% for first-lactation 
cows, 17.7% for cows in their second to 
fourth lactation, and 22.2% for fifth-lactation 
cows. 2 Cows less than 15 days in milk had a 
recovery rate of 28.4%, whereas cows in later 
lactation had a 6.2% chance of making a full 
recovery. 2 Higher recovery rates in older 
cows and cows that were earlier in lactation 
have been attributed to an association 
between persistent recumbency and hypo¬ 
calcemia. Cows that are older and earlier in 
lactation are more likely to be recumbent 
because of hypocalcemia as primary or con¬ 
tributing cause, which has a better prognosis 
than persistent recumbency for other reasons. 

Duration of recumbency was also found 
to be associated with the likelihood of making 
a full recovery. Cows that were down for less 
than 24 hours recovered in 32% of the cases, 
whereas cows recumbent for longer periods 
had an 8.2% chance of recovery. 2 

A high body-condition score is a recog¬ 
nized risk factor for milk fever and therefore 
must also be considered as predisposing for 
downer-cow syndrome. Cows with a BCS 
above 4.0/5 around calving were found to be 
at 4.3 times higher risk to become nonambu¬ 
latory than thinner cows. In contrast, cows 
in poor body condition, with a BCS below 
2.5/5, recovered in 8.1% of all cases, whereas 
16.6% of cows with a BCS of 2.75 or higher 
made a full recovery. 2 

Environmental and Management 
Risk Factors 

A slippery ground surface is a major risk 
factor. Cattle that must walk across slippery 
floors, especially at the time of calving, may 
slip and fall and injure the large muscles 
of the pelvic limbs, resulting in an inability 
to stand. 

PATHOGENESIS 

In most cases downer-cow syndrome is a 
complication of an unrelated primary 
problem causing muscle weakness or persis¬ 
tent recumbency. Primary conditions that 
can lead to downer-cow syndrome have been 
grouped into four major categories: meta¬ 
bolic disorders (e.g., hypocalcemia, hypoka¬ 
lemia), acute systemic illness (e.g., coliform 
mastitis, toxic metritis), musculoskeletal dis¬ 
orders (e.g., fractures, joint luxation), and 
undetermined causes. 9 

Prolonged recumbency will result in sec¬ 
ondary damage from excessive pressure on 
limbs squeezed between the body and the 
ground or from struggling to get up. If severe 
enough, these secondary lesions may prevent 
the affected cow from getting up, even 
though the primary cause of recumbency 
may in the meantime be resolved. Secondary 
damage can affect muscles, nerves, or other 
structural components such as bones or 
joints. Regardless of the initial cause. 





prolonged recumbency results in varying 
degrees of pressure damage predominantly 
affecting the hindlimbs. Based on the results 
of experimental studies, it has been sug¬ 
gested that 6 hours of recumbency is the time 
threshold, beyond which tissue damage as a 
result of excessive weight bearing must be 
expected. This underscores the importance 
of handling any persistently recumbent cow 
as a medical emergency. 

Pressure damage in recumbent cattle pri¬ 
marily occurs in the major muscles of the 
hindlimbs, particularly the semitendinous 
muscle, muscles caudal to the stifle, and the 
peripheral sciatic nerve and its branches. The 
local tissue damage is referred to as com¬ 
partment syndrome; systemic effects result¬ 
ing from local tissue damage are summarized 
in the so-called crush syndrome. 

Compartment Syndrome 

A compartment of the body is composed of 
muscle and nerves within an anatomically 
defined area that is surrounded by a rigid 
muscle fascia layer. In a recumbent cow, the 
compartments of interest are the ones of the 
upper part and to a lesser extent the lower 
part of each hindlimb. The initial pressure 
acting on the hindlimb located underneath 
the body of a recumbent cow depends on the 
body weight resting on this limb and the 
rigidity of the ground on which the cow is 
lying. This pressure on the limb directly 
translates into increased pressure within the 
affected compartment and will result in 
partial or complete occlusion of venous 
blood flow before the arterial blood flow of 
the affected region is decreased. The mis¬ 
match between blood flow into and out of 
the compartment leads to a further pressure 
increase within the compartment. Impaired 
blood supply to muscles and nerves and 
ensuing tissue hypoxia will add to the direct 
damage from mechanical compression. The 
thick muscle-fascial boundaries surrounding 
the compartment prevent tissue expansion 
that would relieve the structures within the 
compartment from the excessive pressure. 
Cell damage and inflammation are associ¬ 
ated with swelling, causing a further increase 
in pressure and contributing to a detrimental 
cascade of events. 

Experimental external compression of 
the pelvic limb in goats, to simulate limb 
compression in recumbent cows, resulted in 
a marked reduction in the nerve conduction 
velocity of the peroneal nerve, which was 
associated with clinically evident limb 
dysfunction. 

Crush Syndrome 

Crush syndrome refers to the sum of the sys¬ 
temic effects of extensive muscle tissue injury 
and is attributed to the massive release of 
muscle-tissue breakdown products into the 
blood circulation. Notably, a large increase 
in the serum activity of muscle enzymes, 
such as aspartate aminotransferase (AST) or 
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creatine kinase (CK); increases in serum 
concentration of predominantly intracellular 
electrolytes, such as potassium and phospho¬ 
rus; and ultimately the appearance of 
myoglobin in urine are indicative of crush 
syndrome. Myoglobinuria is a potentially 
life-threatening complication of downer-cow 
syndrome that can lead to acute renal failure. 

Experimental Sternal Recumbency 

Experimentally induced sternal recumbency 
with one hindlimb positioned under the 
body to simulate prolonged recumbency will 
result in a swollen rigid limb within 6 to 9 
hours. Following injury to the muscle cells, 
the serum activity of CK is markedly elevated 
at about 12 hours after the onset of recum¬ 
bency. Proteinuria and in some severe cases 
myoglobinuria occur between 12 and 36 
hours after the onset of prolonged recum¬ 
bency, as a result the release of myoglobin 
from damaged muscles. In cows that make 
efforts to stand but cannot do so, continued 
struggling may result in rupture of muscle 
fibers and hemorrhage. 

Acute focal myocarditis occurs in about 
10% of cases, resulting in tachycardia, 
arrhythmia, and the unfavorable response to 
IV calcium salts observed in some cases. The 
cause of the myocardial lesion is unknown, 
but repeated administration of calcium salts 
has been suggested. The prolonged recum¬ 
bency can result in additional complications, 
such as acute mastitis, decubitus ulcers, and 
traumatic injuries of the limbs. 

The pathogenesis of the nonalert downer 
cow is not understood. Most such cows have 
had an initial episode of milk fever and did 
not respond satisfactorily. Within 1 or 2 days, 
affected cows have a preference for lateral 
recumbency and exhibit expiratory moaning 
and groaning. They represent about 2% of all 
cases of milk fever. 

CLINICAL FINDINGS 

Downer-cow syndrome may occur indepen¬ 
dently or follow apparent recovery after 
treatment for milk fever, except for the pro¬ 
longed recumbency. In the typical case, 
affected cows either make no effort or are 
unable to stand following treatment for par¬ 
turient paresis. About 30% of cows treated 
for milk fever will not stand for up to 24 
hours following treatment. Affected cows are 
usually bright and alert with good or only 
mildly depressed feed intake and are thus 
classified as alert downer cows. The tempera¬ 
ture is normal and the heart rate may be 
normal or elevated to 80 to 100 bpm. Tachy¬ 
cardia and arrhythmia occur in some cows, 
especially immediately following the admin¬ 
istration of IV calcium, and sudden death 
has occurred. Respirations are usually unaf¬ 
fected. Defecation and urination are normal, 
but proteinuria is common and may indicate 
extensive muscle damage if marked. 

Some affected cows may make no effort 
to stand. Others will make frequent attempts 


to stand but are unable to fully extend their 
pelvic limbs and lift their hindquarters more 
than 20 to 30 cm from the ground. On a 
nonslippery surface (bare ground, sand 
pack, or deep bedding) some cows are able 
to stand with some assistance by lifting on 
the tailhead or with the use of hip slings. 
Those cows that do not make an effort to 
stand usually cannot stand even with assis¬ 
tance, and if supported with cow slings, they 
will usually make no effort to bear weight 
with either the hindlimbs or the forelimbs. 
Their limbs appear stiff, painful, or numb, 
and they are unable or reluctant to bear 
weight. Damage to the peroneal nerve is 
usually present when there is hyperflexion of 
the fetlock joints, which is evident if and 
when the cow is able to stand and bear 
weight on the hindlimbs. 

In some cases, the hindlimbs are extended 
on each side of the cow and reach up to the 
elbows on each side. In this position, the cow 
is bearing considerable weight on the medial 
thigh musculature and causing ischemic 
myopathy. This abnormal position of the legs 
may also result from dislocation of one or 
both hip joints or be associated with trau¬ 
matic injuries surrounding the hip joints 
with or without rupture of the ligamentum 
teres. Regardless of the cause, the cow prefers 
this leg position and invariably will shift the 
legs back to the abnormal position if they are 
placed in their normal position. 

In some cows, the signs may be more 
marked and bizarre, including a tendency to 
lie in lateral recumbency with the head 
drawn back. When placed and propped up 
in sternal recumbency, these cows appear 
almost normal, but when they are left alone, 
they revert to the position of lateral recum¬ 
bency within a short period of time. Still 
more severe cases are hyperesthetic, and the 
limbs may be slightly stiff, but only when the 
cow is lying in lateral recumbency. These 
severe cases do not usually eat or drink and 
have been described as nonalert downers. 

Complications in downer-cow syndrome 
are common and often result in death or 
the need for euthanasia. Coliform mastitis, 
decubitus ulceration, especially over the 
prominences of the hock and elbow joint, 
and traumatic injuries around the tuber 
coxae caused by the hip slings are common. 
When these complications occur in the early 
stages of the disease, they commonly inter¬ 
fere with any progress being made and 
become the focus of clinical attention. 

The course of the disease is variable and 
dependent on the nature and extent of the 
lesions and the quality of the care and 
comfort that is provided for the cow during 
the first few days. About 50% of downer cows 
will stand within 4 days or less if cared for 
properly. The prognosis is poor for those that 
are still recumbent after 7 days, although 
some affected cows have been down for 10 
to 14 days and subsequently stood up and 
recovered. Death may occur in 48 to 72 
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hours following the onset and is usually asso¬ 
ciated with myocarditis. 

Clinical Examination of 
the Downer Cow 

Clinical examination of the downer cow can 
be very difficult and challenging depending 
on the environmental circumstances and 
the physical size of the animal. 9 Causes of 
persistent recumbency in cattle include met¬ 
abolic, musculoskeletal, neurologic, neoplas¬ 
tic, and inflammatory disease; accordingly, 
obtaining an adequate history and conduct¬ 
ing a thorough physical examination are 
indispensable. 10 Key aspects of the history 
include age and stage of lactation of the 
animal, duration of recumbency, any previ¬ 
ous clinical abnormalities before the recum¬ 
bent stage, any previous treatments, diet and 
accidental access to new feeds, sudden unac¬ 
customed exercise, and assessment of the 
management provided. 

The environment and the ground surface 
surrounding the recumbent animal may 
provide clues about the possibility that the 
animal slipped, fell, and was injured. 

A systematic physical examination of all 
accessible body systems is necessary. The 
animal should be examined visually from a 
distance for evidence of abnormalities of the 
carriage of the head and neck, to observe the 
position of the limbs, and to observe any 
attempts of the animal to stand or creep 
along the ground surface. 

The details of the clinical examination are 
presented elsewhere in this book. The stan¬ 
dard close clinical examination is necessary 
to determine body temperature, heart rate 
and pulse, respiratory rate, and the state of 
the major body systems, such as the respira¬ 
tory tract, cardiovascular system, central 
nervous system for mental state, gastrointes¬ 
tinal tract, mammary gland, and reproduc¬ 
tive tract, any of which may indicate the 
presence of abnormalities associated with 
shock that results in recumbency. 

In the recently calved cow, particular 
emphasis must be given to adequate examina¬ 
tion of the udder for mastitis, the uterus for 
metritis, and the gastrointestinal tract for dis¬ 
eases associated with toxemia, dehydration, 
and shock (abomasal volvulus, acute diffuse 
peritonitis, carbohydrate engorgement) that 
result in recumbency. A urine sample must 
always be obtained and tested for ketones and 
the presence of myoglobinuria. Careful sys¬ 
tematic examination of the musculoskeletal 
system includes palpating the muscles, bones, 
joints, and feet of each limb, including passive 
flexion and extension of each limb. The coxo- 
femoral joints are examined for evidence of 
dislocation. The vertebral column is exam¬ 
ined for evidence of fracture or dislocation of 
vertebrae. It is important to examine both 
sides of the animal, which means rolling the 
cow over from side to side; often the animal 
may have to be rolled over more than once to 
repeat a particular examination. 


A neurologic examination includes 
examination of the withdrawal reflexes, 
patellar reflexes, and sensation of all four 
limbs and the reflex arcs of the spinal cord; 
careful examination of lumbar and sacral 
areas, including sensation and tone in the 
tail; and examination of the cranial nerves. 

The examination can be extended by 
lifting the downer cow with appropriate 
lifters and observing if the animal extends its 
limbs and attempts to bear weight. While the 
animal is being assisted to stand, additional 
examinations of other parts of the body can 
be made. 

CLINICAL PATHOLOGY 

The serum calcium and glucose concentra¬ 
tions are frequently within the normal range, 
whereas phosphorus and potassium concen¬ 
trations may be decreased in cows with 
depressed feed intake or increased in animals 
with more pronounced muscle damage and/ 
or dehydration. Results of hematologic 
examinations are usually unremarkable in 
early stages of the recumbency. The serum 
activity of CK and AST are usually markedly 
elevated by 18 to 24 hours after the onset of 
recumbency. Very high levels of serum CK 
activity shortly after the onset of recumbency 
that decline markedly within the following 
24 to 48 hours are indicative of an acute 
muscle trauma (e.g., muscle rupture) that 
may be the cause of recumbency. More mod¬ 
erate elevation of the serum activity of CK 
with a tendency to slightly increase or remain 
constant over the following days is suggestive 
of continuous and ongoing muscle trauma 
resulting from prolonged muscle-tissue com¬ 
pression. Muscle tissue is rich in CK. and the 
plasma half-life of this enzyme in cattle is 
only about 8 to 9 hours; this parameter is 
therefore a sensitive but short-lived marker 
of muscle damage. When interpreting the 
serum CK activity of a recumbent cow, it is 
critical to consider the time of sample collec¬ 
tion relative to onset of recumbency. 

AST, in contrast, has a considerably 
longer half-life and remains elevated for 
several days after initial trauma. In a series 
of 262 recumbent dairy cows, serum samples 
were analyzed for CK, lactate dehydrogenase 
(LDH), and AST to evaluate the value of 
serum enzyme activities for predicting a 
failure to recover. The optimal cutoff points 
maximizing the sensitivity and specificity of 
the tests were 2330, 2225, and 171 U/L for 
CK, LDH, and AST, respectively. The predic¬ 
tive value of AST was significantly better, 
with optimal cutoff points of 128 and 
189 U/L, respectively. AST provided the best 
predictive indicator of whether a recumbent 
cow would not recover, the best results being 
obtained with serum samples taken on the 
first day of recumbency. 

In experimentally induced recumbency in 
cows, the CK activity remained within normal 
limits for the first 6 hours. However, by 12 
hours there was a marked increase to mean 


values of 12,000 U/L rising to 40,000 U/L by 
24 hours. There may be moderate ketonuria. 
A marked proteinuria is usually evident by 18 
to 24 hours after the onset of recumbency. 
The proteinuria may persist for several days 
or be absent within a few days. In severe cases, 
the urine may be brown and turbid because 
of severe myoglobinuria. 

Elevations of serum urea, muscle enzymes, 
and laboratory evidence of inflammation are 
considered the best prognostic indicators of 
an unfavorable recovery. The recovery rate 
was lower in cows with a total protein: fibrin¬ 
ogen ratio less than 10:1, and evidence of 
neutropenia and/or left shift. Cows with a 
serum urea level above 25 mmol/L and serum 
creatinine levels above 130 mmol/L had a 
poor prognosis. 

NECROPSY FINDINGS 

Hemorrhages and edema of the skin of trau¬ 
matic origin are common. The major patho¬ 
logic changes consist of hemorrhages and 
degeneration of the medial thigh muscles. 
Hemorrhages around the hip joint with or 
without rupture of the ligamentum teres are 
also common. Local areas of ischemic necro¬ 
sis of the musculature (gracilis, pectineus, 
and adductor muscles) occur at the anterior 
edge of the pelvic symphysis. Eosinophilic 
infiltration of ruptured necrotic thigh 
muscles of downer cows has been described. 
Hemorrhages and edema of the nerves of the 
limbs (obturator, sciatic, peroneal, radial) are 
also common and usually associated with 
severe muscle damage. The heart is dilated 
and flabby; histologically, there is focal myo¬ 
carditis. There is fatty degeneration of the 
liver, and the adrenal glands are enlarged. 
Histologically, there are also degenerative 
changes in the glomerular and tubular epi¬ 
thelium of the kidneys. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of downer-cow syndrome is 
typically made by exclusion of all other known 
causes of recumbency in a cow persistently 
recumbent for at least 24 hours while having 
received two courses of parenteral calcium 
treatment. 

Differential diagnoses for alert 
downer cows: 

• Hypocalcemia 

• Calving paralysis 

• Fractures of bone or pelvis 

• Hip luxation 

• Hypokalemia 

• Botulism 

• Spinal lymphosarcoma (BLV) 

Differential diagnoses for nonalert 
downer cows: 

• Hypokalcemia 

• Hepatic lipidosis/puerperal liver coma 

• Coliform mastitis 

• Toxic metritis 









• Hypomagnesemia 

• Hypovolemic shock 

• Septic shock 

• Generalized peritonitis 

• Acute rumen acidosis 

• Right-displaced abomasum/abomasal 
volvulus 

• Hypokalemia 

• Botulism 

• Meningoencephalitis 

• Polioencephalomalacia 


TREATMENT 

Treatment of a nonambulatory cow evidently 
must focus on the primary cause of recum¬ 
bency whenever it has been identified, but 
must also address secondary damage result¬ 
ing from prolonged recumbency. The reader 
is referred to the corresponding chapter of 
this book for the treatment of primary cause 
of recumbency whenever it is known. Inten¬ 
sive supportive care is required for the treat¬ 
ment of secondary damage and prevention 
of further damage. The prognosis of a downer 
cow not only depends on the initial cause of 
the recumbency but to a large part also on 
the quality of the care provided during the 
recumbent period. 

Antiinflammatory Therapy 

Antiinflammatory therapy as part of pain 
management in ruminant production medi¬ 
cine has received increased attention over 
the past years because this is increasingly 
recognized as an essential aspect of animal 
welfare by veterinarians and owners alike. 11 

Although currently not much data are 
available to support the use of steroidal and 
nonsteroidal antiinflammatory drugs in 
downer cows, their use seems indicated not 
only to alleviate pain and discomfort of 
the sick, nonambulatory cow, but also to 
contain and control inflammation secondary 
to recumbency that is likely to exacerbate 
myopathy and neuropathy. Pain in cattle, as 
in other species, can occur as result of tissue 
damage, nerve damage, and inflammation, 
all factors considered to greatly contribute to 
downer-cow syndrome. 12 Repeated doses 
of nonsteroidal antiinflammatory drugs 
(NSAIDs) may be required for adequate 
control of pain and inflammation, which 
may put the treated animal at increased risk 
for adverse gastrointestinal effects, such as 
abomasal ulceration. 12 It is therefore advis¬ 
able to instruct the patient owner to regularly 
check the produced feces for signs of melena. 

A single but high dose of dexamethasone 
(0.2 to 0.3 mg/kg IV) early in the recumbent 
period has been advocated by some clini¬ 
cians, based on clinical experience, to con¬ 
trol and contain inflammatory neuropathy 
resulting from trauma or pressure. Because 
of the abortive effect of the treatment, this 
therapy in pregnant cows must be discussed 
with the animal owner. 


Metabolic Diseases of Ruminants 


1697 


Fluid and Electrolyte Therapy 

Fluid and electrolyte therapy orally and if 
necessary parenterally is indicated in patients 
with inadequate water and feed intake. Mul¬ 
tiple electrolytes can be added to the drink¬ 
ing water if the cow is drinking normally. 
The supplementation of minerals such as 
phosphates, magnesium, or potassium has 
been advocated, but they have been used 
without consistent success. 

Oral fluid therapy by drenching is an 
effective way to maintain hydration in an 
alert animal. For a recumbent cow, drench¬ 
ing should only be considered in alert cows 
with a good swallowing reflex. Because the 
pressure on visceral organs is increased with 
recumbency, the amount of fluid adminis¬ 
tered per treatment should not exceed 40 L 
to prevent the risk of reflux as a result of 
increased intraruminal pressure. 

Bedding and Clinical Care 

The most important aspect of treatment is to 
provide the most comfortable bedding pos¬ 
sible and to roll the cow from side to side 
several times daily to minimize the extent of 
ischemic damage and para-analgesia that 
results from prolonged recumbency. With 
conscientious care and the provision of good 
bedding, palatable feed, and liberal quanti¬ 
ties of water, most cows will attempt to stand 
with some difficulty and assistance within 24 
hours, and most will stand unassisted and 
normally 1 or 2 days later. A sand or dirt 
pack is the ideal ground surface to facilitate 
standing when downer cows attempt to 
stand. If affected cows are left on a slippery 
ground surface, they will not make an effort 
to stand and will become progressively 
worse. Cows should be milked normally and 
the udder kept clean by washing with germi¬ 
cide soap before milking, and postmilking 
teat dips should be applied. 

Assisted Lifting to Aid Standing 

The clinician and farmer are commonly 
faced with the questions of whether or not to 
lift a recumbent cow that has not attempted 
to stand within a few hours after treatment 
for milk fever. The guiding principle should 
be the behavior of the cow. If the cow makes 
an effort to stand on her own or by some 
coaxing such as a gentle nudge in the ribs, 
she should be assisted to stand by ensuring a 
good nonslip ground surface, providing deep 
bedding, and lifting up on the tailhead when 
she attempts to stand. The cow should be 
rolled from side to side every few hours and 
encouraged to stand a few times daily. 

Several different kinds of cow-lifting 
devices have been used to assist downer 
cows to stand. Hip lifters, which fit and 
tighten over the tuber coxae, and body slings 
such as harnesses are designed to fit around 
the abdomen and thorax of the animal. These 
devices can assist a downer cow to stand if 
she makes some effort on her own. For those 
cows that make some effort to stand, the 


hip lifters or slings can be applied and the 
animal lifted to the standing position. If 
the animal bears weight on all four legs, she 
should be allowed to stand with the aid of the 
device for 20 to 30 minutes and then lowered 
down. This procedure can be repeated once 
or twice a day, provided the cow is able to 
support her own weight while standing. In 
most cases, such downer cows will stand on 
their own within a few days. While the cow 
is in the standing position, she can be milked, 
and other clinical examinations can be 
carried out. 

The hip lifters can result in traumatic 
injuries to the tissues surrounding the tuber 
coxae if not used judiciously. Cows carrying 
their own weight after being lifted must not 
under any circumstances be left unattended 
while hoisted with the hip lifter because they 
could lose strength and hang in the device, 
which could result in severe trauma. Animals 
that make no effort to stand and bear weight 
on their own must not be left suspended in 
the lifter for more than a few minutes but 
lowered immediately. If the hip lifters are not 
applied carefully, the animal may slip out of 
the device while it is being lifted, which com¬ 
monly results in tissue injury around the 
tuber coxae; fractures of the coxae have even 
occurred. These injuries are often unnoticed 
clinically, but contribute to persistent recum¬ 
bency. Lifting devices must be used carefully 
by experienced personnel. 

Body slings that fit around the abdomen 
and thorax of the animal are more suitable to 
lift down cows that will not readily bear 
weight after being hoisted, because they dis¬ 
tribute the weight over several sites in con¬ 
trast to the hip lifters, which concentrate the 
weight over the tuber coxae. However, the 
body slings are cumbersome to apply to a 
recumbent animal, and they require more 
time and experienced personnel to ensure 
proper application. When the slings are 
applied properly, they do appear to allow the 
lifted animal to stand comfortably for 30 
minutes or more and promote recovery. 

Lifting cows that make no effort to stand 
on their own is usually unsuccessful. When 
lifted, they usually do not bear any signifi¬ 
cant weight. 

More recently, water flotation tanks have 
been used for the management of nonambu¬ 
latory cows. 3 Proposed devices consist of a 
watertight metal tub with inside dimensions 
of approximately 234 cm long, 109 cm wide, 
and 130 cm high. The system can be mobile, 
and although the use is labor intensive, it can 
give good results when selecting suitable 
patients judiciously. 3 Depending on the 
system used the downer cow is either pulled 
into the tub on a mat and the ends of the tub 
closed to make a water-tight container with 
an open top like a bathtub or is fitted with a 
harness and lifted into the tub already filled 
with warm water. With the cow’s head held 
up by a halter, the tub is filled with water at 
37°C to 38°C (100°F to 102°F) as quickly as 
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possible. Cows in lateral recumbency will 
roll into sternal recumbency when 40 to 
50 cm of water are in the tub and will usually 
attempt to stand when the tub is one-half to 
two-thirds full. Cows are allowed to stand in 
the water for 6 to 8 hours, in some cases up 
to 24 hours. If the water temperature falls 
below 35° C (95°F), more hot water is added. 
When the decision is made to remove the 
cow, the water is drained and the end of 
the tub opened, or the cow is hoisted out of 
the tub on a sling. A recent retrospective 
study including 51 recumbent patients of a 
veterinary teaching hospital treated with flo¬ 
tation tank reported a success rate of this 
therapy of 37%/’ The success rate could be 
higher if the selection of cases for flotation is 
more rigorous. Cows with ruptured tendons, 
fractures, luxated coxofemoral joints, septic 
polyarthritis, and other physical injuries of 
the musculoskeletal system are not good 
candidates for flotation. The most suitable 
case for flotation would appear to be the 
downer cow as a sequel to milk fever. 

Handling, Transportation, and 
Disposition of Nonambulatory Cattle 

There has been considerable controversy and 
disparity among veterinarians and livestock 
producers about the handling, transporta¬ 
tion, and disposition of nonambulatory 
cattle. Economics has a major influence on 
decision making in these cases. There has 
been no common understanding of whether 
or not they are fit for transportation and 
which ones are fit for slaughter for salvage. 
When the owner and veterinarian are faced 
with a downer cow that is valuable and the 
cause of the recumbency is uncertain, the 
tendency is to either attempt to provide 
treatment for several days and assess the 
progress or consider slaughter for salvage. 
In the case of valuable breeding animals 
that are recumbent as a complication of 
milk fever, or a disease such as acute carbo¬ 
hydrate engorgement or peracute mastitis, 
supportive and specific therapies are com¬ 
monly selected. In the case of downer cattle 
of commercial value, slaughter for salvage 
has been a common option. Cattle producers 
would like to obtain as much financial return 
as possible by slaughter for salvage. Cattle 
affected with complications of milk fever, 
traumatic injuries of the musculoskeletal 
system, and other diseases not associated 
with toxemia or septicemia are commonly 
submitted to slaughter for salvage. Transpor¬ 
tation of these compromised animals has 
always been an animal welfare issue because 
of the difficulty of loading them humanely 
because of their size. The mere act of lifting, 
pulling, dragging, or by other means force¬ 
fully loading an animal weighing 500 to 
800 kg onto a truck cannot be done without 
considerable pain and discomfort to the 
animal. However, beginning in the 1990s, 
worldwide concern emerged from the public 
about the handling and disposition of 
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nonambulatory animals, particularly downer 
cows, regardless of the cause of their recum¬ 
bency. Government animal health regulatory 
agencies, livestock associations, and veteri¬ 
nary associations began drafting regulations 
on the care and handling of nonambulatory 
recumbent animals such as the downer cow. 

Downer-cow syndrome is an animal 
welfare issue, and the veterinarian should be 
proactive about the problem. Society is con¬ 
cerned about how downer animals are cared 
for and handled and the methods used for 
their disposition. If recovery does not occur 
within a few days, the prognosis is uncertain; 
the owner and veterinarian must decide 
whether to continue providing clinical care 
to the downer cow or whether the animal 
should be euthanized. 

Euthanasia 

The quality of care provided to a recumbent 
cow can easily become an issue of animal 
welfare, and humane euthanasia should 
always be considered, particularly in cases 
with poor prognosis or when the attending 
veterinarian can foresee that adequate sup¬ 
portive care cannot or will not be provided 
for whatever reason. Suggested “trigger 
points” for euthanasia suggested in the litera¬ 
ture include the following: 10 

• Conditions with poor prognosis 

• Pain and suffering that is unresponsive 
to treatment 

• Anorexia over several days 

• Nonalert downer cows not responding 
to treatment in due time 

• Cows unable to maintain sternal 
recumbency 

• Owner unable or unwilling to provide 
adequate care 

• Complications such as pressure sore, 
mastitis, or other condition 

• Deterioration despite adequate patient 
care 

• Unresponsive to treatment for over 
10 days 


TREATMENT AND CONTROL 


Treatment of primary cause as indicated 

Supportive care 

Move cow off concrete floor onto soft 
bedding (R-1) 

Oral fluid therapy in dehydrated or anorectic 
cows (R-1) 

Roll recumbent cow from one side to the 
other q4-8h (R-1) 

NSAIDs (at label dose with label treatment 
interval) (R-2) 

Dexamethasone (0.2 to 0.3 mg/kg IV as a 
single dose) (R-2) 

Hoist cows that make attempts to stand (R-2) 

Control 

Close monitoring of periparturient cows for 
signs of milk fever (R-1) 


Immediate and adequate treatment of cows 
with milk fever (R-1) 

Provide comfortable calving area with soft 
bedding and nonslippery flooring (R-1) 

Avoid moving pregnant cows too late to 
calving area (R-2) 

Avoid moving fresh cows too early out of 
calving pen (R-2) 


CONTROL 

The early detection and treatment of milk 
fever will reduce the incidence and severity 
of downer-cow syndrome. Under ideal con¬ 
ditions, cows should be treated during the 
first stage of milk fever before they become 
recumbent. Once recumbent, cows should 
be treated as soon as possible and not delayed 
for more than 1 hour. Cows with milk fever 
should be well bedded with liberal quantities 
of straw or moved to a soft-ground surface. 
Recumbent cows should be coaxed and 
assisted to stand if possible after treatment 
for milk fever. If they are unable to stand, 
they should be rolled from one side to the 
other every few hours if possible. It is usually 
difficult to get owners to comply with this 
recommendation, but frequent rolling from 
side to side is necessary to minimize the 
ischemic necrosis. Dairy cows should be 
placed in a comfortable, well bedded box 
stall before calving and should be left in that 
box stall until at least 48 hours after partition 
in the event that milk fever develops. 
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HYPOMAGNESEMIC TETANIES 

Tetany associated with a marked decrease 
in serum magnesium concentration is a 
common occurrence in ruminants. The syn¬ 
drome associated with hypomagnesemia is 
relatively constant, irrespective of the cause, 
but the group of diseases in which it occurs 
has been divided into three groups: 

• hypomagnesemic tetany of calves, which 
appears to result specifically from a 
deficiency of magnesium in the diet 
transport tetany 

• a group of hypomagnesemias in 
ruminants characterized by lactation 
tetany, in which there may be a partial 
dietary deficiency of magnesium but in 
which nutritional or metabolic factors 
reduce the availability, or increase the 
body’s loss, of the element so that serum 
magnesium levels fall below a critical 
point. 

In general, the occurrence of hypomagnese¬ 
mic tetany is related to three sets of circum¬ 
stances. Most common is the occurrence in 
lactating cows turned out onto lush, grass- 
dominant pasture in the spring after winter¬ 
ing in closed housing—the classic lactation 
or grass tetany of Holland. Wheat pasture 
poisoning may occur when cattle or sheep 
are grazed on young, green cereal crops. The 
third occurrence is in beef or dry dairy cattle 
running at pasture in the winter, usually 
when nutrition is inadequate and where no 
shelter is provided in changeable weather 
rather than in severe, prolonged cold. Less 
common forms occur in housed animals on 
poor feed. Hypomagnesemia of sheep, 
although less common, occurs in the same 
general groups of circumstances as the 
disease in cattle. A chronic hypomagnese¬ 
mia, without manifestations of tetany, can be 
a cause of suboptimal production efficiency 
and may predispose to hypocalcemia. 

HYPOMAGNESEMIC TETANY 
(LACTATION TETANY, GRASS 
TETANY, GRASS STAGGERS, 
WHEAT PASTURE POISONING) 


SYNOPSIS 


Etiology The etiology is multifactorial, related 
to magnesium concentration in the diet 
and the presence of competing cations 
such as potassium and sodium that affect 
either herbage magnesium status or 
magnesium absorption. 


Epidemiology Disease of all classes of 

ruminants, but reaches its highest incidence 
in older lactating cows exposed to bad 
weather or grazing green cereal crops or 
lush grass-dominant pasture. 

Clinical findings Incoordination, 

hyperesthesia and tetany, tonic-clonic 
muscular spasms and convulsions. High 
case fatality without treatment. 

Clinical pathology Serum, urine, vitreous 
humor, or cerebrospinal fluid (CSF) 
magnesium concentrations. 
Hypomagnesemia, and in some 
circumstances hypocalcemia. 

Necropsy findings None specific. 

Diagnostic confirmation Response to 
treatment, serum or urinary magnesium 
concentrations. 

Treatment Magnesium or combined calcium/ 
magnesium solutions administered IV or SC. 

Control Magnesium supplementation, but a 
palatable and practical delivery method is a 
problem. Magnesium applied to pastures. 
Avoidance of movement and food 
deprivation at risk periods. 


ETIOLOGY 

Magnesium is the major intracellular diva¬ 
lent cation and is an essential element in a 
large number of enzymatic activities in the 
body. For this reason, it might be expected 
that hypomagnesemia would be rare. 
However, because of the peculiarities of 
absorption of magnesium in the ruminant 
forestomaches, and the use of animal and 
pasture management systems that can lead to 
marginal magnesium uptake, ruminants are 
at risk of hypomagnesemia. 

Magnesium Homeostasis 

There is no feedback regulatory mechanism 

to control concentrations of magnesium in 
the body of ruminants. As a consequence, 
magnesium concentrations in blood and 
extracellular fluid are essentially determined 
by the balance between dietary intake of 
magnesium, loss in feces and milk, and the 
modulating effect of magnesium homeosta¬ 
sis by the kidney. 

Dietary Intake 

In normal circumstances, magnesium 
absorbed from the diet is sufficient to meet 
the requirements of the body, and excess 
amounts are excreted in the urine. 

Renal Excretion 

The kidney is the major organ of homeostasis 
and can act to conserve magnesium. Magne¬ 
sium is freely filtered across the renal glomer¬ 
ulus and is reabsorbed within the renal 
tubules, the degree of reabsorption acting in 
homeostasis. The endogenous daily urinary 
loss is typically 3 mg/kg BW, equivalent to 
1.8 g/day for a 600-kg cow. When the dietary 
intake of magnesium is decreased, blood and 


interstitial fluid magnesium concentrations 
fall; excretion of magnesium in the urine will 
cease when serum concentrations fall below 
1.8 mg/dL. The renal threshold for magne¬ 
sium excretion is partially under the control 
of parathyroid hormone, and increased 
plasma concentrations of parathyroid hor¬ 
mone will act to conserve magnesium. 

Magnesium Reserves 

There are large stores of magnesium in the 
body, especially in bone. These are available 
to the young calf, but mobilization rate 
decreases with age, and in the adult ruminant 
there is little mobilization in response to 
short-term deficits of magnesium. In rumi¬ 
nants, this control mechanism for magne¬ 
sium can maintain adequate concentrations 
of magnesium in bodily fluids in most pro¬ 
duction circumstances, but it can fail where 
there is a high requirement for magnesium 
coupled with a decreased intake. This combi¬ 
nation leads to hypomagnesemia, and hypo¬ 
magnesemic tetany is a possible outcome. 

Lactation 

Increased requirement for magnesium is 
almost always associated with the loss of 
magnesium in the milk during lactation. 
Whereas the amount of magnesium in milk 
is not high (14 mg/kg BW), the loss of mag¬ 
nesium to milk in high-producing animals 
(4.2 g of magnesium in 30 L of milk) repre¬ 
sents a significant proportion of the dietary 
intake of magnesium. As a consequence of 
this drain, most instances of hypomagnese¬ 
mia occur in lactating animals around the 
period of peak milk production, although in 
some circumstances the demands of late 
pregnancy are the cause of the increased 
requirement. The decreased intake of mag¬ 
nesium can result from an absolute defi¬ 
ciency of magnesium in the diet or because 
the availability or absorption of magnesium 
from the diet is impaired. These factors 
determine the circumstances of occurrence 
of the disease and are the factors that can be 
manipulated for control. 

Factors Influencing Absorption 
of Magnesium 

In the adult ruminant, magnesium absorp¬ 
tion occurs in the forestomach with little 
absorption in the abomasum and small 
intestine. Some absorption occurs in the 
large intestine, particularly in sheep; however, 
it cannot compensate for malabsorption in 
the forestomach. Magnesium is absorbed 
from the small intestine of calves, lambs, and 
kids, but this ability appears to be lost when 
these animals become ruminants. 

Na: K Ratio in Rumen 

Magnesium is transported across the epithe¬ 
lium of the forestomaches by an active 
sodium-linked ATPase-dependent transport 
system. Absorption, and the serum magne¬ 
sium concentration, is influenced by the 
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Na:K ratio in the rumen, which is deter¬ 
mined by the dietary and salivary concentra¬ 
tions of sodium and potassium. Absorption 
of magnesium increases with an increasing 
Na:K ratio to plateau at a ratio of 5:1. 
Absorption is significantly impaired if the 
Na: K ratio is less than 3:1. 

Young, rapidly growing grass that is low 
in sodium and high in potassium can result 
in sodium deficiency in grazing ruminants 
and can significantly depress the Na: K ratio 
in the rumen fluid, causing impaired magne¬ 
sium absorption. Depression is observed at 
dietary potassium concentrations of greater 
than 22 g/kg dry matter. 

Saliva normally has a high Na:K ratio, 
but where there is a deficit of sodium in the 
diet, a proportion of sodium in saliva may be 
replaced with potassium under the influence 
of aldosterone, which further negatively 
influences the uptake of magnesium. 

Approximately 40% of the total magne¬ 
sium available in extracellular fluid is secreted 
daily in saliva, and 20% of this is reabsorbed 
in the forestomach. When animals are on 
tetany-prone grass, forestomach absorption 
is impaired, which accounts for the suscepti¬ 
bility of ruminants to hypomagnesemia com¬ 
pared with monogastric animals. 

Other Factors Influencing Absorption 

Young grass fertilized with nitrogenous 
fertilizers has an increased crude protein 
content, which is readily fermentable and 
leads to increased ammonia concentrations. 
A sudden rise in ruminal concentrations of 
ammonia impairs magnesium absorption 
in the rumen. The uptake of magnesium is 
also influenced by the carbohydrate content 
of the diet; magnesium absorption is 
improved with increasing amounts of readily 
degradable carbohydrates. The mechanism 
of this action is not known, but low concen¬ 
trations of readily degradable carbohydrate 
in tetany-prone pastures in combination 
with high concentrations of protein may be 
important to the occurrence of the syn¬ 
drome. Volatile fatty acids provide the energy 
for the active transport of magnesium across 
the rumen wall and increase magnesium 
absorption. 

Ruminal pH is thought to affect absorp¬ 
tion efficiency by influencing magnesium 
solubility, which decreases markedly as 
ruminal pH increases above 6.5. Magnesium 
binders, such as fats, can form insoluble 
magnesium salts. Other dietary substances 
have been proposed to influence the absorp¬ 
tion of magnesium, including calcium and 
phosphorus, organic acids such as citric acid 
and transaconitate, fatty acids, and alumi¬ 
num, but the significance of their role is 
controversial. 

Magnesium in Pastures and 
Tetany Hazard 

The dietary intake of magnesium in grazing 
animals is directly related to the magnesium 


concentration in pastures, but other elements 
in pastures also influence magnesium absorp¬ 
tion by the ruminant, as detailed earlier. 

Required Magnesium Concentrations 

Hypomagnesemia can result from the 
ingestion of pastures that have insufficient 
magnesium to meet dietary requirements. 
The estimated magnesium concentration in 
pasture required to meet the dietary require¬ 
ment for pregnant or lactating cattle varies 
from 1.0 to 1.3 g/kg dry matter (DM) for 
pregnant cattle, depending on the stage of 
pregnancy, and from 1.8 to 2.2 g/kg DM for 
lactating cattle, with both estimates assum¬ 
ing minimal interference of absorption by 
other elements in the pasture. 

The recommended minimal “safe” con¬ 
centration of magnesium in pastures is 2 g/ 
kg DM for lactating and pregnant cattle, 
with a preference for a concentration of 
2.5 g/kg DM. 

Magnesium Availability in Pastures 
and Hazard 

Hypomagnesemia can also occur in animals 
grazing pastures with adequate concentra¬ 
tions of magnesium but that contain high 
concentrations of potassium and nitrogen, 
which, as detailed earlier, impair absorption 
of magnesium in the rumen. Pastures with 
concentrations of potassium of greater than 
30 g K/kg DM and nitrogen greater than 40 g 
N/kg dry matter are considered hazardous. 

An alternate method for estimating the 
potential hazard of a pasture is to calculate 
the K/(Ca + Mg) ratio using milliequivalent 
(mEq) values for this estimate. Pastures with 
ratios above 2.2 are considered a risk. 

Winter Hypomagnesemia 

The occurrence of hypomagnesemia is not 
restricted to cattle grazing lush pastures; it 
can also occur during winter. In housed lac¬ 
tating dairy cattle being fed conserved feeds, 
hypomagnesemia probably has the same 
genesis as that in grazing cattle, being associ¬ 
ated with a high lactational drain of magne¬ 
sium in combination with the feeding of 
conserved feeds prepared from pastures with 
marginal magnesium concentrations. Hypo¬ 
magnesemia also occurs in cattle outwin- 
tered on poor-quality feed. 

Hypomagnesemia and Hypocalcemia 

In some outbreaks of hypomagnesemic 
tetany, there is also hypocalcemia, and 
although it is of less severe degree than in 
parturient paresis, there is increasing evi¬ 
dence that the actual onset of clinical tetany 
may be associated with a rapid fall in serum 
calcium levels superimposed on a preexisting 
hypomagnesemia. This is particularly true for 
wheat pasture poisoning but can also apply to 
outbreaks with different predisposing factors. 

Chronic hypomagnesemia can have a 
profound effect on calcium homeostasis. 
Hypomagnesemia reduces the production 


and secretion of parathyroid hormone, 
reduces hydroxylation of vitamin D in the 
liver, and also causes target-organ insensitiv¬ 
ity to the physiologic effects of parathyroid 
hormone and 1,25-dihydroxyvitamin D 3 . 
Chronic subclinical hypomagnesemia can 
increase susceptibility to milk fever and can 
predispose to episodes of milk fever and 
downer cows in lactating dairy cows during 
the period of peak lactation. 

Summary of Etiology 

In summary, it appears that a number of 
factors are capable of causing hypomagnese¬ 
mia in ruminants and that under particular 
circumstances one or other of them may be 
of major importance. 

In lactation tetany of cows and ewes 
turned out onto lush pasture in the spring, a 
primary dietary deficiency of magnesium or 
the presence of high relative concentrations 
of potassium and nitrogen in the diet reduces 
the absorption of magnesium and possibly 
calcium. 

In wheat (cereal) pasture poisoning, the 

ingestion of abnormally large amounts of 
potassium and low levels of calcium in the 
diet leads to hypomagnesemia and also 
hypocalcemia. 

Hypomagnesemic tetany in cattle win¬ 
tered at pasture and exposed to inclement 
weather is associated with low magnesium 
intake and inadequate caloric intake, and 
possibly to the resultant hyperactivity of the 
thyroid gland. 

Although the suggestions as to the most 
important etiologic factors in each set of cir¬ 
cumstances in which lactation tetany occurs 
may be valid, undoubtedly combinations of 
these and other factors have etiologic signifi¬ 
cance in individual outbreaks of the disease. 
The worst combination of causative factors, 
and the most common circumstances in 
which the disease occurs, is inadequate 
energy intake with a low dietary content of 
magnesium (grass pasture) in recently calved 
cows during a spell of cold, wet, and espe¬ 
cially windy weather. 

One other important factor is the 
variation between individual animals in 
susceptibility to hypomagnesemia and to 
the clinical disease. These variations are quite 
marked in cattle, and in intensively managed, 
high-producing herds it is probably worth¬ 
while to identify susceptible animals and 
give them special treatment. 

EPIDEMIOLOGY 
Occurrence and Risk Factors for 
Lactation Tetany 

Lactation tetany in dairy and beef cattle 
turned out to graze on lush, grass-dominant 
pasture after winter housing is common in 
northern Europe, the United Kingdom, and 
the northern parts of North America. Grass 
tetany also occurs in Australia and New 
Zealand, where the cows are not housed in 
winter but have access to a phenomenal flush 





of pasture growth in the spring. This also 
commonly occurs in beef cattle in all 
countries. 

With housed cattle, or cattle fed con¬ 
served feed during the winter, most cases 
occur during the first 2 weeks after the cattle 
are turned out to spring pasture. Pasture 
that has been heavily top dressed with fertil¬ 
izers rich in nitrogen and potash is poten¬ 
tially the most dangerous. The disease may 
also occur on this type of pasture even when 
the cattle have wintered on pasture in tem¬ 
perate regions. In regions where there is an 
autumn flush of pasture, a high incidence of 
hypomagnesemic tetany may occur in the 
autumn or early winter. 

Cattle in the first 2 months of lactation 
and 4 to 7 years of age are most susceptible, 
which probably reflects an increased risk 
because of a higher loss of magnesium in 
milk. Friesian cows have lower magnesium 
concentrations than Jerseys grazed under the 
same conditions. 

In the northern parts of the United States, 
outbreaks commonly occur during periods 
of low barometric pressure when the 
ambient temperature ranges between 7°C 
(45° F) and 16° C (60° F) and soil tempera¬ 
tures are below 7°C (45°F). Outbreaks may 
be precipitated by inclement weather. In beef 
cattle there is commonly a history of poor 
nutrition and falling body condition in the 
past few weeks as a result of diminishing hay 
supplies. 

Occurrence and Risk Factors for 
Wheat (Cereal) Pasture Poisoning 

Wheat pasture poisoning is a misnomer 
because it can occur with grazing of any 
small-grain cereal pasture. It has been 
recorded in many countries, but it is most 
prevalent where young cereal crops are uti¬ 
lized for winter grazing. The southwestern 
United States has experienced heavy losses of 
cattle caused by this disease. This pasture can 
induce hypomagnesemia in pregnant and 
lactating cattle and sheep. The risk is with 
young, rapidly growing pasture, either in the 
spring or in the autumn and winter with 
pastures planted in late summer. The pasture 
is usually dangerous for only a few weeks, but 
heavy losses may occur in all classes of sheep 
and cattle. Bos taurus breeds are more sus¬ 
ceptible to the development of hypomagne¬ 
semia than Bos indicus. 

Occurrence and Risk Factors for 
Winter Hypomagnesemia 

Hypomagnesemic tetany in cattle wintered 
in the open causes some losses in the United 
Kingdom, New Zealand, southern Australia, 
and the east-central states and Pacific slope 
of the United States. It occurs in cattle grazed 
on pasture in the winter with minimal sup¬ 
plemental hay and in cattle grazed on after- 
math crops and corn stover. The disease 
occurs in regions with temperate climates, 
and risk is increased by exposure to bad 
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weather, which is exacerbated by absence of 
trees or other shelter in fields and by failure 
to supply supplementary feed during these 
cold spells. The disease does not seem to 
occur in cattle kept outside in prolonged 
winters where environmental temperature is 
consistently very low and there is adequate 
feed. Hypomagnesemia, commonly present¬ 
ing as chronic hypomagnesemia and sudden 
death, has been recognized as occurring in 
housed cattle in the winter in Europe for 
many years and recently has also been 
reported in the United States. 

Morbidity and Mortality 

In all of these forms of the disease, the mor¬ 
bidity rate is highly variable, reaching as high 
as 12% in individual herds and up to 2% in 
particular areas. The incidence varies from 
year to year depending largely on climatic 
conditions and management practices, and 
the disease is often limited in its occurrence to 
particular farms and even to individual fields. 

Although an effective treatment is avail¬ 
able, the case-fatality rate is high because of 
the short course. Because animals die before 
they are observed to be ill, there are not accu¬ 
rate figures on case fatality, but it is probably 
of the order of 30% in dairy cattle and con¬ 
siderably higher in beef cattle. 

There have been few epidemiologic 
studies specifically addressing the impor¬ 
tance of the syndrome. In Finland, a lacta¬ 
tional incidence varying between 0.1% and 
0.3% has been recorded, with an increase in 
parity to at least six for lactation tetany occur¬ 
ring on pasture but not for indoor tetany. No 
association with other diseases was found 
other than for milk fever. In Northern Ireland, 
approximately 10% of dairy cows and 30% 
of beef cows have subnormal or deficient 
blood magnesium concentrations during the 
grazing season, and hypomagnesemia is con¬ 
sidered the cause of 20% of the sudden-death 
mortality in beef cattle. Surveys of beef cattle 
owners of the relative importance of different 
diseases invariably rate hypomagnesemia 
high in importance. 

Pasture Risk Factors 

In most areas of the world, there is a strong 
association between risk for hypomagnese¬ 
mia and systems of pasture improvement 
and pasture fertilization to increase forage 
yield. There are a number of influences on 
the concentration of magnesium and other 
elements in pasture. 

Pasture Species 

Hypomagnesemia is a problem on grass- 
dominant pastures. Concentrations of 
calcium and magnesium are higher in 
legumes and forbs than in grasses. Within the 
grasses, different genotypes of the same 
species can differ markedly in calcium and 
magnesium concentrations, and most cool- 
season grasses have the potential to produce 
hypomagnesemia. However, there are some 


differences, and grasses with a high ratio of 
potassium to calcium and magnesium (e.g., 
Dactylis glomerata , Lolium perenne, Phalaris 
arundinacea) are more likely to cause grass 
tetany than those with low ratios (e.g., 
Bromus inermis , Poa pratensis , Agrostis spp.). 
On soil types where the disease is common, 
cool-season grass pastures top dressed with 
nitrogenous fertilizers are dangerous, and 
their toxicity may be increased by the appli¬ 
cation of potash. Warm-season grasses do 
not have the same risk, and grass tetany is not 
a problem in cattle grazing tropical grasses. 

Cereal Pastures 

The greater tendency of cereal grazing to 
cause hypomagnesemia is related to a high 
content of potassium and a low content of 
magnesium. The tetany hazard, in order of 
decreasing hazard, is wheat, oats, barley, rye. 

Season 

High concentrations of potassium and nitro¬ 
gen and low concentrations of sodium and 
soluble carbohydrates occur in pastures 
during the early growing season and during 
rapid growth following cold, wet periods. 
Pasture magnesium concentrations may not 
be depressed, but the K/(Ca + Mg) ratio is 
increased. 

Fertilization 

Application of potash and nitrogenous fertil¬ 
izers to pastures will decrease the concentra¬ 
tion of calcium and magnesium in plants and 
will also increase the concentration of potas¬ 
sium and nitrogen. There is some evidence 
that nitrate sources of nitrogen depress mag¬ 
nesium less than ammonium sources of 
nitrogen. 

Soil Type 

The availability of magnesium to the plant is 
influenced by soil type, and some deficien¬ 
cies in plant magnesium can be corrected by 
soil fertilization with magnesium. There is 
no strong association with any one soil type, 
but high potassium concentrations are con¬ 
sistently associated with increased risk for 
tetany. 

Highly leached, acid, sandy soils are par¬ 
ticularly magnesium deficient and the most 
likely to respond to liming and magnesium 
fertilization. In very acidic soils, high alumi¬ 
num concentrations may depress magne¬ 
sium uptake by plants. 

A local knowledge of soil type and 
its influence on magnesium, potassium, 
calcium, and nitrogen uptake by pastures can 
allow the judicious selection or avoidance of 
the use of pastures for at-risk groups during 
periods of risk for hypomagnesemia. 

Animal and Management 

Risk Factors 

Dry Matter Intake 

The dry matter and energy intake of 
ruminants can influence susceptibility to 
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hypomagnesemia. A reduction in dry 
matter intake must reduce the magnesium 
intake; in situations where hypomagnese¬ 
mia is already present, a further depression 
of serum magnesium levels can be antici¬ 
pated when complete or partial starvation 
occurs. An insufficient intake of fiber in the 
winter months can precipitate hypomagne¬ 
semia in pastured cows and ewes, and lipol- 
ysis is accompanied by a fall in serum 
magnesium. 

Period of Food Deprivation 

Many outbreaks of hypomagnesemia are 
preceded by an episode of stress or tempo¬ 
rary starvation. Whether chronic hypomag¬ 
nesemia preexists or not, a period of 
starvation in lactating cows and ewes is suf¬ 
ficient to produce a marked hypomagnese¬ 
mia, and the fall may be sufficiently great 
to cause clinical tetany. A period of bad 
weather, yarding, transport, or movement 
to new pastures or the introduction to 
unpalatable pastures may provide such a 
period of partial starvation. 

Alimentary Sojourn 

Diarrhea is commonly associated with lacta¬ 
tion tetany on spring pasture and, by decreas¬ 
ing the alimentary sojourn, may also reduce 
magnesium absorption. 

Climate 

A close association between climatic condi¬ 
tions and serum magnesium levels has also 
been observed. Reduced levels occur in adult 
cattle and sheep exposed to cold, wet, windy 
weather with little sunshine and no access to 
shelter or supplementary feed. Supplemen¬ 
tary feeding appears to reduce the effect of 
inclement weather on serum magnesium 
levels, and it is possible that failure to eat, or 
depression of appetite, and a negative energy 
balance during bad weather may be a basic 
contributing cause to hypomagnesemia in 
these circumstances. 

Animal Movement 

Epinephrine release will result in a precipi¬ 
tous fall in serum magnesium, and this may 
explain the common observation that clini¬ 
cal cases are often precipitated by excitement 
or movement of the herd. 

Intensive Dairies 

Intensive dairies that apply effluent on a 
limited land base can build soil potassium to 
high concentrations. Silage from these 
grounds can have a high risk for inducing 
hypomagnesemia. 

Hypomagnesemia in Sheep 

Hypomagnesemia occurs in sheep, particu¬ 
larly in Australia and the United Kingdom. 
The disease is not common, but it appears to 
be increasingly associated with pasture 
improvement practices, and it can cause 
heavy losses in individual flocks. It is more 


common in ewes bred for milk and lamb 
production. In outbreaks, ewes with twins 
are more liable to develop clinical disease 
than those with singles, and the main occur¬ 
rence is in ewes 1 to 4 weeks after lambing, 
with cases up to 8 weeks after lambing. 

Disease is often precipitated by a man¬ 
agement procedure involving movement 
and temporary food deprivation, and cases 
will occur within the first 24 hours following 
this and for a few days afterward. As in cattle, 
disease occurs when ewes are placed on lush 
grass pastures, but it is especially common 
where ewes in early lactation are placed on 
young cereal pastures. Losses usually cease 
when the flock is moved onto rough, unim¬ 
proved pasture. 

Cases also occur in sheep that are exposed 
to inclement weather when on low nutritive 
intake. Simultaneous hypomagnesemia and 
ketosis can occur in ewes after lambing if 
they are exposed to low feed availability. 
These cases do not respond well to treatment. 
Hypomagnesemia in ewes is predisposed by 
prior pregnancy toxemia in the flock. 

PATHOGENESIS 

Most evidence points to hypomagnesemia as 
the cause of the tetanic signs observed, but 
the concurrent hypocalcemia may have a 
contributory effect and in many instances 
may even be the dominant factor. Most 
clinical cases of the disease have serum 
magnesium concentrations below 1 mg/dL 
(0.4 mmol/L) compared with the reference 
range in cattle of 1.7 to 3.0 mg/dL (0.7 to 
1.2 mmol/L), and there is a striking relation¬ 
ship between the incidence of the clinical 
disease and the occurrence of a seasonal 
hypomagnesemia. 

The reduction in serum concentrations of 
magnesium is concurrent with a marked fall 
in the excretion of magnesium in the urine. 
In affected herds and flocks, many clinically 
normal cows and sheep have low serum 
magnesium concentrations. In some of these 
circumstances a concurrent hypocalcemia 
may be the precipitating cause. 

Magnesium has many influences on 
impulse transmission in the neuromuscular 
system, including effects on the release 
of acetylcholine, on the sensitivity of the 
motor end plate, on the threshold of the 
muscle membrane, and on activation of 
the cholinesterase system. These offer an 
attractive hypothesis for the muscular irrita¬ 
bility seen with the disease. However, it has 
also been established that magnesium con¬ 
centrations in the cerebrospinal fluid (CSF) 
are more predictive of clinical disease than 
those in serum, which would indicate that 
alterations in central nervous system (CNS) 
function are more important than alterations 
in peripheral nerve function. It is also evident 
that CSF concentrations of magnesium in 
hypomagnesemic animals rise significantly 
after treatment with a magnesium salt. The 
need for this to happen would explain the 


delay of about 30 minutes after an IV injec¬ 
tion before recovery occurs, because CSF 
volume turns over at approximately 1% per 
minute. 

CLINICAL FINDINGS 

For convenience, lactation tetany is described 
in acute, subacute, and chronic forms. 

Acute Lactation Tetany 

In acute lactation tetany, the animal may be 
grazing at the time and suddenly cease to 
graze, adopt a posture of unusual alertness, 
and appear uncomfortable; twitching of the 
muscles and ears is also evident. There is 
severe hyperesthesia, and slight distur¬ 
bances precipitate attacks of continuous bel¬ 
lowing, frenzied galloping, and occasionally 
aggression. The gait becomes staggering, 
and the animal falls, with obvious tetany of 
the limbs, which is rapidly followed by clonic 
convulsions lasting for about a minute. 
During the convulsive episodes the following 
characteristics are common: 

• Opisthotonos 

• Nystagmus 

• Champing of the jaws 

• Frothing at the mouth 

• Pricking of the ears 

• Retraction of the eyelids 

Between episodes, the animal lies quietly, 
but a sudden noise or touch may precipitate 
another attack. 

The temperature rises to 40.0 to 40.5° C 
(104 to 105°F) after severe muscle exertion; 
the pulse and respiratory rates are also high. 
The absolute intensity of the heart sounds is 
increased so that they can be heard some 
distance away from the cow. Death usually 
occurs within 5 to 60 minutes, and the mor¬ 
tality rate is high because many die before 
treatment can be provided. The response to 
treatment is generally good if the animal is 
treated early. 

Subacute Lactation Tetany 

In subacute lactation tetany, the onset is 
more gradual. Over a period of 3 to 4 days, 
there is slight inappetence, wildness of the 
facial expression, and exaggerated limb 
movements. The cow often resists being 
driven and throws her head about as though 
expecting a blow. Spasmodic urination and 
frequent defecation are characteristic. The 
appetite and milk yield are diminished, 
and ruminal movements decrease. Muscle 
tremor and mild tetany of the hindlegs and 
tail with an unsteady, straddling gait may be 
accompanied by retraction of the head and 
trismus. Sudden movement or noise, the 
application of restraint, or the insertion of a 
needle may precipitate a violent convulsion. 

Animals with this form of the disease 
may recover spontaneously within a few days 
or progress to a stage of recumbency with a 
similar but rather milder syndrome than in 
the acute form. Treatment is usually effective, 
but there is a marked tendency to relapse. 






Chronic Hypomagnesemia 

Many animals in affected herds have low 
serum magnesium levels but do not show 
clinical signs. There may be sudden death. 
A few animals exhibit a rather vague syn¬ 
drome that includes dullness, unthriftiness, 
and indifferent appetite and may subse¬ 
quently develop one of the more obvious 
syndromes. In lactating cows, this may be the 
development of paresis and a milk-fever-like 
syndrome that is poorly responsive to calcium 
treatment. Depressed milk production has 
also been attributed to chronic hypomagne¬ 
semia in dairy herds in New Zealand. The 
chronic type may also occur in animals that 
recover from the subacute form of the disease. 

Parturient Paresis With 
Hypomagnesemia 

This syndrome is described in the discussion 
of parturient paresis and consists of paresis 
and circulatory collapse in an adult cow that 
has calved within the preceding 48 hours but 
in which dullness and flaccidity are replaced 
by hyperesthesia and tetany. 

CLINICAL PATHOLOGY 

Serum or urinary magnesium concentra¬ 
tions can be used for clinical cases. Where 
an animal is dead and hypomagnesemia is 
suspect, a presumptive diagnosis can be 
made from samples taken from other at-risk 
animals in the group or from the vitreous 
humor of the dead animal. An acute-phase 
inflammatory response with leukocytosis 
and increased numbers of neutrophils and 
monocytes has been recorded in ruminants 
and laboratory animals fed magnesium- 
deficient diets. 

Serum Magnesium Concentrations 

Normal serum magnesium concentrations 
are 1.7 to 3.0 mg/dL (0.70 to 1.23 mmol/L). 
These levels in cattle are often reduced 
in seasonal subclinical hypomagnesemia 
to between 1 and 2 mg/dL (0.41 and 
0.82 mmol/L), but risk for tetany is not 
present until the level falls to below 1.2 mg/ 
dL (0.49 mmol/L). 

The average concentration at which 
signs occur is approximately 0.5 mg/dL 
(0.21 mmol/L), and in sheep it is suggested 
that clinical tetany does not occur until the 
serum magnesium concentration is below 
0.5 mg/dL (0.21 mmol/L). 

Serum magnesium concentration in some 
animals may fall to as low as 0.4 mg/dL 
(0.16 mmol/L) without clinical illness. This 
may be a result of individual animal variation 
in the degree of ionization of the serum mag¬ 
nesium and in the difference between serum 
and CSF concentrations. A transitory eleva¬ 
tion of serum magnesium concentration 
occurs after violent muscular exercise in 
cattle with clinical signs of hypomagnesemia. 

Total serum calcium concentrations are 
often reduced to 5 to 8 mg/dL (1.25 to 
2.00 mmol/L), and this may have an 
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important bearing on the development of 
clinical signs. Serum inorganic phosphate 
concentrations may or may not be low. 

In wheat pasture poisoning of cattle there 
is hypomagnesemia, hypocalcemia, and 
hyperkalemia. In acute tetany, serum potas¬ 
sium concentrations are usually dangerously 
high and may contribute to the high 
death rate. 

Magnesium Concentrations in 
Cerebrospinal Fluid 

Magnesium concentrations in CSF can be 
used as a diagnostic procedure, but CSF is 
not easily or safely collected in tetany cases. 
CSF collected up to 12 hours after death can 
be used diagnostically. 

Magnesium concentrations in CSF of 
1.25 mg/dL (0.51 mmol/L) were found in 
tetanic cows with hypomagnesemia (serum 
magnesium concentrations of 0.54 + 0.41 mg/ 
dL; 0.22 ± 0.17 mmol/L). In clinically normal 
cows with hypomagnesemia, comparable 
concentrations in CSF were 1.84 mg/dL 
(0.74 mmol/L) and 0.4 mg/dL (0.16 mmol/L) 
in serum. In normal animals CSF concentra¬ 
tions are the same as in plasma, that is, 2.0 mg/ 
dL (0.82 mmol/L) and up. The magnesium 
content of ventricular CSF may be quite dif¬ 
ferent from that of lumbar CSF. Ventricular 
CSF is also more responsive to changes in 
serum magnesium concentrations and is pre¬ 
ferred for diagnosis at necropsy. 

Vitreous Humor 

Magnesium concentrations in vitreous 
humor (but not aqueous humor) can be mea¬ 
sured because vitreous humor magnesium 
concentration remains stable for a longer 
period of time than magnesium concentra¬ 
tions in serum or CSF. In general, vitreous 
humor magnesium concentrations less 
than 0.55 mmol/L for cattle and less than 
0.65 mmol/L for sheep up to 48 hours after 
death indicate the presence of hypomagnese¬ 
mia, particularly at ambient temperatures of 
4° C or 20° C. 1 

Vitreous humor is viscous and must be 
collected using a 14-gauge (preferably) or 
16-gauge needle attached to a syringe. With 
the deceased animal placed in sternal recum¬ 
bency, the needle is introduced vertically 
from a position caudal to the dorsal limbus 
of the eye parallel and caudal to the lens 
before aspiration (Fig. 17-5). The needle 
position should be altered to facilitate aspira¬ 
tion. 1 The aspirated sample should be placed 
in a plain tube and centrifuged, and the 
supernatant should be submitted for deter¬ 
mination of the magnesium concentration. 
Aqueous humor should not be collected for 
analysis because it is readily contaminated by 
degenerating iris tissue and evaporation of 
free water across the cornea. 

Urine Magnesium Concentrations 

The occurrence of low urine magnesium 
levels is good presumptive evidence of 



Fig. 17-5 Vitreous humor is sampled from a 
recently deceased animal by inserting a 
14-gauge needle perpendicular and caudal 
to the limbus. The needle tip can be 
observed through the pupil. Aqueous humor 
is obtained by inserting a 21-gauge needle 
horizontally rostral to the limbus and into 
the anterior chamber. Vitreous humor is 
required to evaluate magnesium 
concentrations. (Reproduced, with 
permission, from Edwards G, Foster A, and 
Livesey C. In Practice 2009; 31:22-25.) 


hypomagnesemia; however, it is not the most 
sensitive test. Normalization of urine magne¬ 
sium to simultaneously determine urine 
creatinine concentration will adjust urine 
magnesium concentration for animal-to- 
animal variability in urine concentration. 2 
Further adjustment by calculating the frac¬ 
tion clearance of magnesium (requiring 
simultaneous determination of plasma/ 
serum magnesium and creatinine concentra¬ 
tions) has not been shown to provide addi¬ 
tional information beyond that provided by 
the concentration of urinary magnesium to 
creatinine alone. 

Herd Diagnosis 

The kidney is the major organ of homeosta¬ 
sis, and it has been argued that analysis of 
urine magnesium status is a more accurate 
method of assessing herd magnesium status 
than serum magnesium concentrations. The 
magnesium status of a herd, and the need to 
supplement the diet to prevent lactation 
tetany, can be established from the following 
values: 

• serum magnesium concentrations 

• urine magnesium concentrations 

• urinary magnesium fractional clearance 2 

• creatinine-corrected urinary magnesium 

concentrations 

Laboratory charges for urinary magne¬ 
sium fractional clearance ratios are 
expensive. The determination of the creati¬ 
nine-corrected urinary magnesium con¬ 
centration from 10 cows in a herd has been 
found to be a more sensitive indicator of 
magnesium status of the herd than estimates 
from serum, and it is a better predictor of 
response to supplementation. Values of less 
than 1.0 mmol/L indicate that a positive 
response to supplementation is likely. Urine 
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magnesium concentrations below 1.0 mg/ 
dL (0.4 mmol/L) indicate a danger for tetany. 

NECROPSY FINDINGS 

There are no specific necropsy findings. 

Extravasations of blood may be observed in 
subcutaneous tissues and under the pericar¬ 
dium, endocardium, pleura, peritoneum, 
and intestinal mucosa. Agonal emphysema 
may also be present. 

The magnesium content of the bovine 
vitreous humor is considered to be an accu¬ 
rate estimate of magnesium status for 72 
hours after death, provided the environmen¬ 
tal temperature does not exceed 23° C (73° F) 
and there is not growth of bacterial contami¬ 
nation after sampling, which can result in a 
false low magnesium concentration. The 
addition of a small amount of 4% formalde¬ 
hyde (3% of the vitreous humor volume) will 
allow accurate analysis for periods up to 72 
hours after sampling. 

Concentrations in the aqueous humor are 
not stable after death. 


DIFFERENTIAL DIAGNOSIS 


Cattle 

• Acute lead poisoning 

• Rabies 

• Nervous ketosis 

• Bovine spongiform encephalopathy 

Sheep 

• Hypocalcemia 

• Phalaris poisoning 

• "Stagger" syndromes 


TREATMENT 

IV administration of preparations contain¬ 
ing magnesium or, more commonly, magne¬ 
sium and calcium are used. The efficiency of 
the various treatments appears to vary from 
area to area, and even within areas under 
different conditions of management and 
climate. Response rates and recovery rates 
are much higher in cases treated early in the 
clinical course. IV chloral hydrate may be 
administered to reduce the severity of con¬ 
vulsions during treatment with magnesium. 
Case fatality, even with therapy, can be high, 
especially in advanced cases. 

Combined Calcium/Magnesium 
Therapy 

The safest general recommendation is to 
use a combined calcium-magnesium pre¬ 
paration (e.g., 500 mL of a solution contain¬ 
ing 25% calcium borogluconate and 5% 
magnesium hypophosphite for cattle, 50 mL 
for sheep and goats) IV followed by an SC 
injection of a concentrated solution of a 
magnesium salt. The details and risks of 
administration of the type of solution are 
described in the section on parturient 
paresis. A combination of 12% magnesium 


adipate and 5% calcium gluconate at a dose 
rate of 500 mL is also used. 

Magnesium Therapy 

When magnesium solutions are used, 200 to 
300mL of a 20% solution of magnesium 
sulfate may be injected IV; this is followed by 
a very rapid rise in serum magnesium con¬ 
centration, which returns to preinjection 
levels within 3 to 6 hours. A much slower rise 
and fall occurs after SC injection, and for 
optimum results the SC injection of 200 mL 
of a 50% solution of magnesium sulfate has 
been recommended. A rise in serum magne¬ 
sium of 0.5 mg/dL (0.21 mmol/L) occurs 
within a few minutes, and subsequent serum 
concentrations do not go above 5 mg/dL 
(2.06 mmol/L). In cases where serum mag¬ 
nesium concentrations are low because of 
seasonal hypomagnesemia, the injection of 
magnesium salts is followed by a rise and 
then a return to the subnormal preinjection 
levels. 

The IV injection of magnesium salts is 
not without danger. It may induce cardiac 
dysrhythmia, or medullary depression may 
be severe enough to cause respiratory failure. 
If signs of respiratory distress or excessive 
slowing or increase in heart rate are noticed, 
the injection should be stopped immediately 
and, if necessary, a calcium solution injected. 

The substitution of magnesium lactate for 
magnesium sulfate has been recommended 
to provide a more prolonged elevation of 
serum magnesium levels. A dilute solution 
(3.3%) causes minimal tissue injury and can 
be administered IV or SC. Magnesium glu¬ 
conate has also been used as a 15% solution 
at dose rates of 200 to 400 mL. High serum 
magnesium concentrations are obtained 
more slowly and are maintained longer with 
magnesium gluconate than with magnesium 
sulfate. The feeding of magnesium-rich sup¬ 
plements, as described in the following 
section on control, is recommended after 
parenteral treatment. 

Provision for Further Cases 

The predisposing factors that lead to a case 
of hypomagnesemia apply to the herd as a 
whole, and it is probable that further clinical 
cases will occur before the effects of correc¬ 
tive strategies are observed. In extensive 
range situations, it is advisable to instruct the 
owner on how to treat cases because a delay 
in treatment can markedly increase the rate 
of treatment failures. SC treatment is within 
the realm of most, but successful therapy is 
also recorded by the rectal infusion of 30 g 
of magnesium chloride in a 100-mL solution; 
serum concentrations of magnesium return 
to normal levels within 10 minutes of 
administration. 

CONTROL 

Where possible, animals at high risk should 
be moved to low-risk pastures during the 
grass tetany season. High-risk pastures can 


be grazed by low-risk animals, steers, or 
yearling heifers, for example, during this 
period. 

The occurrence of hypomagnesemia can 
be corrected by the provision of adequate or 
increased amounts of magnesium in the diet. 
A requirement as high as 3.0 g/kg DM diet 
may be required for lactating cows on spring 
pasture. The problem is in determining an 
adequate delivery system, and this will vary 
according to the management system. Thus 
blocked minerals containing magnesium or 
foliar dressing of magnesium may be ade¬ 
quate delivery systems where there is a high 
stocking density of cattle, but they are totally 
inadequate or economically unfeasible on 
range with one cow per 20 acres. 

Magnesium oxide is commonly used for 
supplementation, but other magnesium salts 
can be used, and they have an approximate 
equivalent availability. The biological avail¬ 
ability of magnesium from magnesium car¬ 
bonate, magnesium oxide, and magnesium 
sulfate for sheep is influenced by particle 
size, but it has been determined as 43.8%, 
50.9%, and 57.6%, respectively. 

Feeding of Magnesium 
Supplements 

The preventive measure that is now univer¬ 
sally adopted is the feeding of magnesium 
supplements to cows during the danger 
period. The feeding of magnesite (containing 
not less than 87% magnesium oxide), or 
other sources of magnesium oxide, prevents 
the seasonal fall in serum magnesium con¬ 
centrations. Daily administration by drench¬ 
ing, or in the feed, of at least 60 g of 
magnesium oxide per day is recommended 
to prevent the disease. This is not always 
completely effective, and in some circum¬ 
stances large doses may be necessary. Daily 
feeding of 120 g is safe and effective, but 
180 g daily may cause diarrhea. The dose for 
sheep and goats is 7 g daily or 14 g every 
second day. Magnesium phosphate (53 g/d) 
is also a safe and effective way of ensuring a 
good intake of magnesium. The protection 
afforded develops within several days of 
commencing administration and terminates 
abruptly after administration ceases. 

Problems With Palatability 

The problem with magnesium supplements 
is getting the stock to eat the required 
amount because they are unpalatable. This 
can be partially countered by mixing the 
supplement with molasses in equal parts and 
allowing free access to the mixture or feeding 
it in ball feeders, but uniform intake by all 
animals does not occur, and at-risk animals 
may still develop hypomagnesemic tetany. 
Similarly, magnesium blocks may have 
limited efficacy in preventing hypomagnese¬ 
mia. Salt blocks can help repair the sodium 
deficiency associated with young spring 
grasses and improve the Na: K ratio in the 
rumen. If they also contain Mg they can be 









an aid in prevention, but usually, by them¬ 
selves, they do not guarantee freedom from 
risk for tetany. 

Spraying on Hay 

One method of attempting to ensure an ade¬ 
quate intake of magnesium is to spray it on 
hay and to feed this hay as a supplement 
during periods of grass tetany risk. The 
common practice is as follows: 

1. Mix magnesite with molasses. 

2. Dilute mixture with water. 

3. Spray mixture onto hay in the windrows 
when it is being made. 

4. Inject mixture into the bales before 
feeding or spray onto the hay at 
feeding. 

5. Tip bale of hay so that the cut side is 
uppermost and pour the mixture evenly 
over the entire surface area. 

6. Determine the level of application by 
the amount of hay intended to be fed. 

Depending on local circumstances, this 
method may or may not be effective because 
cattle and sheep will frequently not eat hay 
when on spring pasture unless they are con¬ 
fined for that purpose. 

Pellets 

Magnesium-rich pellets suggest themselves 
as a means of supplementation when the 
additional cost can be borne. Palatability 
is again a problem, and care needs to be 
taken to include palatable material in the 
pellets; alternatively, they may be mixed with 
other grain or molasses for feeding. Calves 
should be restricted from access because 
magnesium oxide at high levels of intake 
(2% and 4% of the ration) is toxic to calves 
and causes diarrhea with much mucus in 
the feces. 

In some high-risk situations it may be 
advisable to provide magnesium in several 
forms to ensure adequate intake. 

Routine Daily Drenching 

A once-daily oral administration of magne¬ 
sium oxide or magnesium chloride to lactat- 
ing dairy cows (to provide 10 g magnesium 
per cow), administered with a drenching gun 
just before the cows leave the milking parlor, 
is used in New Zealand to ensure adequate 
supplemental magnesium during periods of 
high risk. The cows become used to the pro¬ 
cedure (and the farmers adept at carrying it 
out), and it causes minimal disruption of 
management. 

Heavy Magnesium "Bullets" 

The use of heavy “bullets” of magnesium to 
prevent hypomagnesemia has been effective 
in laboratory trials, and they are available 
commercially in some countries. The objec¬ 
tive is to place a heavy bullet of magnesium 
in the reticulum, from which it constantly 
liberates small amounts of magnesium— 
about 1 g/d. This objective is achieved, and 
the occurrence of the clinical disease is 
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usually greatly reduced but not eliminated. 
In dangerous situations, it is customary to 
administer up to four bullets at a time. As 
with all bullets, there is a proportion lost by 
regurgitation and by passage through the 
gut. A special sheep-sized bullet is used in 
ewes, with similar results. 

Top Dressing of Pasture 

Top dressing of pasture, together with mag¬ 
nesium-rich fertilizers, raises the level of 
magnesium in the pasture and decreases 
the susceptibility of cattle to hypomag¬ 
nesemia. For top dressing, calcined magne¬ 
site (1125 kg/ha) or magnesic limestone 
(5600 kg/ha) are satisfactory, with the former 
resulting in a greater increase in pasture 
magnesium. 

Other magnesium-containing fertilizers 
can be used depending on cost. The duration 
of the improved magnesium status varies 
with the type of soil: it is greatest on light 
sandy loams, on which a dressing of 560 kg/ 
ha of calcined magnesium can provide pro¬ 
tection for 3 years. On heavy soils protection 
for only 1 year is to be expected. To avoid 
unnecessary expense, it may be possible to 
top dress one field with the magnesium fer¬ 
tilizer and keep this field in reserve for spring 
grazing. Fertilization with magnesium is 
expensive, and the response of pastures 
varies markedly with the soil type. It is advis¬ 
able to seek agronomic advice. 

Foliar Dusting and Spraying 

The magnesium content of pastures can be 
raised much more quickly by spraying with 
a 2% solution of magnesium sulfate at fort¬ 
nightly intervals or by application of very 
finely ground magnesium oxide to the pasture 
(30 kg/ha) before grazing commences. The 
technique is referred to as foliar dusting or 
spraying and has the advantage over feed 
supplementation that the intake is standard. 
It is very effective in cattle in maintaining 
serum magnesium concentrations and pre¬ 
venting the occurrence of the clinical disease. 

Dusting with 20 to 50 kg MgO/ha can 
provide protection for up to 3 weeks, but the 
duration is adversely influenced by wind and 
rain. A MgO-bentonite-water slurry sprayed 
onto pastures (26 kg MgO and 2.6 kg ben¬ 
tonite/ha) is effective in providing protection 
in high-rainfall periods. 

Provision in Drinking Water 

The problem with water medication is that 
the water intake of the group to be treated 
is not known and may be minimal on 
rapidly growing pastures. However, water 
medication may provide a delivery system 
for magnesium on management systems 
such as extensive range pastures where 
other methods may have limited success. 
Water sources other than the medicated 
supply need to be fenced off or otherwise 
restricted. The addition of magnesium 
sulfate (500 g/100 L) or magnesium chloride 


hexahydrate (420 g/100 L) to the water 
supply during the risk period for hypomag¬ 
nesemia has proved effective. 

Management of Pasture Fields 

The economics of dairy farming make it nec¬ 
essary to produce maximum pasture growth, 
and the development of tetany-prone pas¬ 
tures is unavoidable in many circumstances. 
In some areas it may be possible to reduce 
the danger of such pastures by encouraging 
the development of legumes. In other 
areas the period of legume growth does not 
coincide with the period of maximum risk 
for grass tetany. 

Restricting the amount of potash added 
to pastures, especially in the period immedi¬ 
ately preceding the risk period for tetany, 
or using potash fertilizers in the autumn or 
late spring after the period of risk can reduce 
risk of the disease. The grazing of low-risk 
animals on high-risk pastures is another 
strategy. Ensuring that ample salt is available 
during the danger period to counteract the 
high intake of potassium can also reduce risk 
of the disease. 

Plant geneticists are developing cultivars 
of cool-season grasses with high magnesium 
content that could be used for grazing during 
the tetany season. Lactating sheep grazing a 
high-magnesium cultivar of perennial rye 
grass (Lolium perenne cv Radmore ) in the 
spring have shown higher serum magnesium 
concentrations than sheep grazing control 
cultivar, and cultivars of tall fescue (Festuca 
arundinacea ) with high magnesium and 
calcium concentrations and low tetany 
potential are also available. 

Provision of Shelter 

In areas where winter pasturing is practiced, 
the observation that serum magnesium 
levels fall during the winter and in associa¬ 
tion with inclement weather suggests that 
cattle and sheep should be provided with 
shelter at such times. If complete housing is 
impractical, it may be advisable to erect 
open-access shelters in those fields that have 
no tree cover or protection from prevailing 
winds. Fields in which lactating cows are 
kept should receive special attention in this 
regard. Unfortunately, the disease is most 
common on highly improved farms, where 
most natural shelter has been removed, and 
it is desired to keep the cows on the highly 
improved pasture to maintain milk produc¬ 
tion or fatten calves rapidly. 

Time of Calving 

In areas where the incidence of the disease is 
high, it may be advisable to avoid having the 
cows calve during the cold winter months 
when seasonal hypomagnesemia is most 
likely to develop. Unfortunately, it is often 
important to have cows calve in late winter 
to take advantage of the flush of spring 
growth when the cows are at the peak of their 
lactation. 
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Feeding on Hay and 
Unimproved Pasture 

Because of the probable importance of lush, 
improved, grass pasture in producing the 
disease, the provision of some grain, hay, or 
rough grazing may reduce its incidence. It is 
most important that the periods of fasting, 
such as occur when cattle or sheep are yarded 
or moved or during bad weather, should be 
avoided, especially in lactating animals and 
when seasonal hypomagnesemia is likely to 
be present. 


TREATMENT AND CONTROL 


Treatment 

IV administration of a solution containing 
25% calcium borogluconate and 5% 
magnesium hypophosphite (500 ml. for 
cattle, 50 mL for sheep and goats) (R-1) 

SC administration of a 50% solution of 

magnesium sulfate (200 mL for cattle) (R-1) 

IV administration of a 15% solution of 
magnesium gluconate (200 to 400 mL for 
cattle) or a 20% solution of magnesium 
sulfate (200 to 300 mL for cattle) (R-2) 

Control 

Magnesium oxide—daily administration by 
drenching or in the feed of 60 g (cattle) or 
7 g (sheep and goats) (R-1) 

Increase dietary magnesium intake at times of 
increased risk for hypomagnesemia (R-2) 

Monitor urine magnesium-to-creatinine ratio of 
animals at increased for hypomagnesemia 
(R-2) 
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HYPOMAGNESEMIC TETANY 
OF CALVES 


SYNOPSIS 


Etiology Hypomagnesemia, resulting from 
inadequate magnesium in the diet. 


Epidemiology Most commonly calves 2 to 4 
months of age, on whole milk or 
milk-replacer diets and poor or no 
roughage. Diarrhea and chewing of 
bedding or other coarse fiber may 
exacerbate the deficiency. 

Clinical findings Apprehension, agitation, 
hypersensitivity to all external stimuli, fine 
muscle tremors progressing to spasticity 
and violent convulsions. Rapid course and 
high case-fatality rate. 

Clinical pathology Serum magnesium 
concentrations below 0.8 mg/dL, bone 
calcium: magnesium ratio above 90:1. 

Necropsy findings Calcification of the 

spleen, diaphragm, and endothelium of the 
aorta and endocardium. Enzootic muscular 
dystrophy is often concurrent. 

Diagnostic confirmation Blood magnesium 
and response to treatment. Bone 
calcium: magnesium ratios. 

Treatment and control Magnesium injection 
and dietary supplementation with 
magnesium compounds. 


ETIOLOGY 

The disease results when the dietary intake 
of magnesium is inadequate for the require¬ 
ments of the calf. Affected animals may have 
concurrent hypocalcemia. 

Magnesium Homeostasis in the Calf 

Milk has low concentrations of magnesium. 
A milk diet provides adequate magnesium 
for the requirements of a growing calf up to 
a body weight of approximately 50 kg, but if 
milk is the sole diet, the intake of magnesium 
will be inadequate for requirements once this 
body weight is reached. The deficit will per¬ 
petuate if the other feeds that are fed are also 
low in magnesium. 

In the young calf, magnesium is absorbed 
in the intestine; however, the efficiency of 
magnesium absorption decreases from 87% 
to approximately 30% at 3 months of age, 
when maximum susceptibility to the disease 
occurs. The efficiency of absorption is also 
decreased by a reduction in intestinal transit 
time caused by diarrhea. 

In contrast to adult cattle, young calves 
can mobilize body stores of magnesium, 
which are principally located in the skeleton. 
Approximately 40% of the magnesium stored 
in the skeleton can be mobilized, which will 
protect against a short-term deficit. 

Hypomagnesemic tetany in calves is often 
complicated in field cases by the coexistence 
of other diseases, especially enzootic muscu¬ 
lar dystrophy. 

EPIDEMIOLOGY 

Occurrence 

The disease is not common. Cases may occur 
sporadically, or a number of deaths may 
occur on one farm within a short period 
of time. 


Risk Factors 

The disease can occur under a number of 
different circumstances. Most commonly, 
hypomagnesemic tetany occurs in calves 2 to 
4 months of age or older that are fed solely 
on a diet of whole milk, and calves receiving 
the greatest quantity of milk and growing 
most rapidly are more likely to be affected 
because of their greater need for magnesium 
for incorporation into developing soft 
tissues. It is most likely to occur in calves 
being fattened for veal. Those cases that 
occur in calves on milk replacer appear to be 
related to chronic scours and the low mag¬ 
nesium content of the replacer. This problem 
is less common than it once was because 
most modern commercial milk replacers 
have added adequate magnesium. 

A significant loss of magnesium in the 
feces also occurs in calves allowed to chew 
fibrous material, such as bedding; the 
chewing stimulates profuse salivation and 
creates greater loss of endogenous magne¬ 
sium. Peat and wood shavings are bedding 
materials known to have this effect. 

Cases have also been reported in 
calves fed milk-replacer diets or milk, con¬ 
centrates, and hay, and in calves running at 
pasture with their dams. Deaths resulting 
from hypomagnesemic tetany have also 
occurred in 3- to 4-month-old calves whose 
hay and silage rations were low in magne¬ 
sium content. 

Hypomagnesemia also occurs in young 
cattle, about 6 months of age, that are being 
fattened intensively indoors for the baby beef 
market. The phosphorus content of their diet 
is high, and a lack of vitamin D is probable. 
The situation is exacerbated by a shortage of 
roughage. The hypomagnesemia is accompa¬ 
nied by hypocalcemia. 

Experimental Reproduction 

A condition closely resembling the field syn¬ 
drome has been produced experimentally by 
feeding an artificial diet with a very low 
content of magnesium and a high calcium 
content, and biochemical hypomagnesemia 
is readily produced in calves with a diet 
based on skim milk and barley straw. Hypo¬ 
magnesemia has also been produced experi¬ 
mentally in very young foals by feeding a diet 
with a very low magnesium content. The 
clinical signs are similar to those in calves, 
and the calcification found in the walls of 
vessels of calves also occurs in foals. 

PATHOGENESIS 

On affected farms, calves are born with 
normal serum magnesium concentrations of 
2 to 2.5 mg/dL (0.82 to 1.03 mmol/L), but 
the concentrations fall gradually in the suc¬ 
ceeding 2 to 3 months, often to below 0.8 mg/ 
dL (0.33 mmol/L). Tetany does not occur 
until the serum magnesium falls below this 
concentration and is most severe at concen¬ 
trations below 0.6 mg/dL (0.25 mmol/L), 
although some calves in a group may have 
















concentrations even lower than this and 
show few clinical signs. 

Magnesium deficiency inhibits the release 
and action of parathyroid hormone, and this 
is thought to be the genesis of the concurrent 
hypocalcemia. It is probable that depression 
of the serum calcium level precipitates tetany 
in animals rendered tetany prone by low 
serum magnesium levels. Tetanic convul¬ 
sions can occur in hypocalcemic calves in the 
absence of hypomagnesemia. 

Hypomagnesemic tetany is not related 
in any way to enzootic muscular dystro¬ 
phy, although the diseases may occur 
concurrently. 

CLINICAL FINDINGS 

The first sign in the experimental disease is 
constant movement of the ears. The tempera¬ 
ture is normal and the pulse rate accelerated. 
Hyperesthesia to touch and grossly exagger¬ 
ated tendon reflexes with clonus are present. 
Shaking of the head, opisthotonos, ataxia 
without circling, and a droopy, backward 
carriage of the ears are constant. There is dif¬ 
ficulty in drinking because of the animal’s 
inability to get to the bucket. 

Initially, the calves are apprehensive, 
show agitation and retraction of the eyelids 
when approached, and are hypersensitive to 
all external stimuli, but they show no tetany. 
Later, fine muscle tremors appear, followed 
by kicking at the belly, frothing at the mouth, 
and spasticity of the limbs. Convulsions 
follow, beginning with stamping of the feet, 
head retraction, chomping of the jaws, and 
falling. 

During the convulsions the following 
signs are present: 

• Jaws are clenched. 

• Respiratory movements cease. 

• There are tonic and clonic movements 
of the limbs. 

• There is involuntary passage of urine 
and feces. 

• There are cycles of protrusion and 
retraction of the eyeballs. 

The pulse rate rises to 200 to 250/min, and 
the convulsions disappear terminally. The 
pulse becomes impalpable, and cyanosis 
appears before death. 

In field cases the signs are almost identi¬ 
cal, but they are rarely observed until the 
terminal tetanic stage. Older calves usually 
die within 20 to 30 minutes of the onset of 
convulsions, but young calves may recover 
temporarily only to succumb to subsequent 
attacks. Cases that occur in young calves 
with scours, usually at about 2 to 4 weeks of 
age, show ataxia, hyperesthesia, opisthoto¬ 
nos, and convulsions as the presenting signs. 
The convulsions are usually continuous, and 
the calves die within 1 hour. 

CLINICAL PATHOLOGY 

Serum magnesium concentrations below 
0.8 mg/dL (0.33 mmol/L) indicate severe 
hypomagnesemia, and clinical signs occur 
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with levels of 0.3 to 0.7 mg/dL (0.12 to 
0.29 mmol/L). Normal values are 2.2 to 
-2.7 mg/dL (0.9 to 1.11 mmol/L). Erythro¬ 
cyte magnesium concentrations are also 
low, indicating a chronic deficiency. Serum 
calcium concentrations tend to fall when 
serum magnesium levels become very low 
and are below normal in most clinical cases. 

The estimation of the magnesium in bone 
(particularly ribs and vertebrae) is a reliable 
confirmatory test at necropsy. Values below 
a ratio of 70:1 for calcium: magnesium may 
be regarded as normal, and those above 90:1 
are indicative of severe magnesium deple¬ 
tion. In the normal calf the ratio is about 
55:1. Absolute bone calcium values are not 
decreased and are often slightly elevated. An 
incidental change is the marked increase in 
serum creatinine kinase activity in calves 
after an acute attack of hypomagnesemic 
tetany. 

NECROPSY FINDINGS 

There is a marked difference between the nec¬ 
ropsy lesions of some natural cases and those 
in the experimental disease. In field cases, 
there is often calcification of the spleen and 
diaphragm, and calcified plaques are present 
in the aorta and endocardium, together with 
hyaline degeneration and musculature. In 
other cases necropsy lesions similar to those 
in enzootic muscular dystrophy occur. 

In experimentally produced cases these 
lesions are not evident, but there is extensive 
congestion in all organs, and hemorrhages 
are present in unsupported organs, including 
the following: 

• Gallbladder 

• Ventricular epicardium 

• Pericardial fat 

• Aorta 

• Mesentery wall 

• Intestinal wall 

The lesions are obviously terminal and are 
associated with a terminal venous necrosis. 
Some field cases present a picture identical 
to this. 


DIFFERENTIAL DIAGNOSIS 


• Acute lead poisoning 

• Enterotoxemia caused by Clostridium 
perfringens type D 

• Polioencephalomalacia 

• Tetanus 

• Vitamin A deficiency 

• Meningitis 


TREATMENT 

Response to magnesium injections (100 mL 
of a 10% solution of magnesium sulfate) is 
only transitory because of the severe deple¬ 
tion of bone reserves of magnesium. This 
dose provides only a single day’s require¬ 
ments. A magnesium sulfate enema in warm 
water (containing 15 g of magnesium sulfate) 
was associated with a rapid response in 
hypomagnesemic 3-month-old calves. 2 


Follow-up supplementation of the diet with 
magnesium oxide or carbonate as described 
later is advisable. Chloral narcosis or tran- 
quilization with an ataractic drug may be 
essential to avoid death as a result of respira¬ 
tory paralysis during convulsions. 

CONTROL 

The provision of hay that is high in magne¬ 
sium, such as alfalfa, helps to prevent the 
disease, as will well-formulated concentrates. 

Supplementary Feeding 
of Magnesium 

If begun during the first 10 days of life, sup¬ 
plementary magnesium feeding will prevent 
excessive drops in serum magnesium, but 
if begun after the calf is 7 weeks old, it may 
not prevent further depression of the levels. 
Supplementation should continue until at 
least 10 weeks of age. Daily feeding of the 
magnesium compound and fairly accurate 
dosing are necessary to avoid scouring or 
inefficient protection. For calves of average 
growth rate, appropriate dose rates are 1 g/d 
for calves to 5 weeks of age, 2 g/d for calves 
5 to 10 weeks of age, and 3 g/d for calves 10 
to 15 weeks of age of magnesium oxide or 
twice this dose of carbonate. Supplementa¬ 
tion of the diet with magnesium restores 
serum calcium levels to normal and corrects 
the hypomagnesemia. 

Magnesium Alloy Bullets 

Two bullets of the sheep size (together releas¬ 
ing approximately 1 g/d of magnesium) 
per calf have shown high efficiency in pre¬ 
venting the clinical disease and also the 
hypomagnesemia that precedes it. Calves 
kept indoors and fed largely on milk should 
get adequate mineral supplement and 
vitamin D (70,000 IU vitamin D 3 /d). Magne¬ 
sium utilization will not be affected, but 
calcium absorption, which is often suffi¬ 
ciently reduced to cause a concurrent hypo¬ 
calcemia, will be improved. 
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TRANSPORT RECUMBENCY 
OF RUMINANTS 

Transport recumbency (tetany) occurs after 
prolonged transport, usually in cows and 
ewes in late pregnancy. It is also recorded in 
lambs transported to feedlots and in cows 
and sheep delivered to abattoirs. It is charac¬ 
terized by recumbency, alimentary tract 
stasis, and coma, and it is highly fatal. It 
occurs in most countries. Large losses can be 
encountered when cows and ewes in late 
pregnancy are moved long distances by rail, 
by truck, or on foot. 

Although cows of any age in late preg¬ 
nancy are most commonly affected, the 
disease has also been recorded in cows 
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recently calved, bullocks, steers, dry cows, 
and lambs. Risk factors include the following: 

• Heavy feeding before shipment 

• Deprivation of feed and water for more 

than 24 hours during transit 

• Unrestricted access to water 

• Exercise immediately after unloading 
There is an increased incidence of the disease 
during hot weather. The cause is unknown, 
although physical stress is an obvious factor. 
Lambs show the following characteristics: 

• Restlessness 
. Staggering 

• Partial paralysis of hindlegs 

• Early assumption of lateral recumbency 
Death may occur quickly, or after 2 to 3 days 
of recumbency. There is mild hypocalcemia 
(7 to 7.5 mg/dL; 1.75 to 1.87 mmol/L). The 
recovery rate even with treatment is only fair. 

Clinical signs may occur while the cattle 
are still on the transportation vehicle or up 
to 48 hours after unloading. In the early 
stages, animals may exhibit excitement and 
restlessness, trismus, and grinding of the 
teeth. A staggering gait with paddling of the 
hindlegs and recumbency occur, accompa¬ 
nied by stasis of the alimentary tract and 
complete anorexia. Animals that do not 
recover gradually become comatose and die 
in 3 to 4 days. There may be moderate hypo¬ 
calcemia and hypophosphatemia in cattle. In 
sheep of various ages, some are hypocalce- 
mic and hypomagnesemic, some are hypo¬ 
glycemic, and some have no detectable 
biochemical abnormality. There are no 
lesions at necropsy other than those related 
to prolonged recumbency. Ischemic muscle 
necrosis is the most obvious of these lesions. 
The relationship of the disease to transport 
or forced exercise is diagnostic. 

Some cases respond to treatment with 
combined calcium, magnesium, and glucose 
injections. Repeated parenteral injections of 
large volumes of electrolyte solutions are rec¬ 
ommended. In lambs, the SC injection of a 
solution of calcium and magnesium salts is 
recommended, but the response is usually 
only 50%, due probably because of an inter¬ 
current myonecrosis. 

If prolonged transport of cows or ewes in 
advanced pregnancy is unavoidable, they 
should be provided with adequate food, 
water, and rest periods during the trip. 
The incidence of this condition after trans¬ 
portation appears to have been markedly 
reduced with increased monitoring and 
awareness of transportation-related morbid¬ 
ity and mortality. 

KETOSIS AND SUBCLINICAL 
KETOSIS (HYPERKETONEMIA) 

IN CATTLE 


SYNOPSIS 


Etiology A multifactorial disorder of energy 
metabolism. Negative energy balance 


results in hypoglycemia, ketonemia (the 
accumulation in blood of acetoacetate, 
P-hydroxybutyrate [BHB] and their 
decarboxylation products acetone and 
isopropanol), and ketonuria. 

Epidemiology Primary ketosis and subclinical 
ketosis occurs predominantly in well- 
conditioned cows with high lactation 
potential, principally in the first month of 
lactation, with a higher prevalence in cows 
with a higher lactation number. Loss of 
body condition in the dry period and 
immediately postpartum. Secondary ketosis 
occurs where other disease reduces feed 
intake. 

Clinical findings Cattle show wasting with 
decrease in appetite, body condition, and 
milk production. Some have short periods 
of bizarre neurologic and behavioral 
abnormality (nervous ketosis). Response to 
treatment is good. Subclinical ketosis 
(hyperketonemia) is detected by tests for 
ketones, usually BHB in blood, plasma, or 
serum, and acetoacetate in urine. 

Clinical pathology Hypoglycemia, ketonemia, 
ketonuria, or elevated ketones in milk. 

Necropsy findings None specific. Varying 
degrees of hepatic lipidosis. 

Diagnostic confirmation Ketonemia, 
ketonuria, or, less commonly, elevated 
ketone concentration in milk. 

Treatment Intravenous glucose, parenteral 
corticosteroid, and oral glucose precursors 
such as propylene glycol. The disease 
responds readily to treatment in cattle with 
mild hepatic lipidosis and is self-limiting. 

Control Correction of energy imbalance. Herd 
biochemical monitoring coupled with 
condition scoring. Daily monensin 
administration to late-gestation and 
early-lactation dairy cows. 

ETIOLOGY 

Glucose Metabolism in Cattle 

The maintenance of adequate concentrations 
of glucose in the plasma is critical to the 
regulation of energy metabolism. The rumi¬ 
nant absorbs very little dietary carbohydrate 
as hexose sugar because dietary carbohy¬ 
drates are fermented in the rumen to short- 
chain fatty acids, principally acetate (70%), 
propionate (20%), and butyrate (10%). Con¬ 
sequently, glucose needs in cattle must 
largely be met by gluconeogenesis. Propio¬ 
nate and amino acids are the major precur¬ 
sors for gluconeogenesis, with glycerol and 
lactate being of lesser importance. 

Propionate is produced in the rumen 
from starch, fiber, and proteins. It enters the 
portal circulation and is efficiently removed 
by the liver, which is the primary glucose- 
producing organ. Propionate is the most 
important glucose precursor; an increased 
availability of propionate can spare the hepa¬ 
tic utilization of other glucose precursors, 
and production of propionate is favored 
by a high grain inclusion in the diet. The 


gluconeogenic effect of propionate should be 
contrasted to acetate, which is transported to 
peripheral tissues and to the mammary gland 
and metabolized to long-chain fatty acids for 
storage as lipids or secretion as milk fat. 

Amino acids. The majority of amino 
acids are glucogenic and are also important 
precursors for gluconeogenesis. Dietary 
protein is the most important quantitative 
source, but the labile pool of body protein 
(particularly skeletal muscle) is also an 
important source; together they contribute 
to energy synthesis , milk lactose synthesis, 
and milk protein synthesis. 

Energy Balance 

In high-producing dairy cows there is always 
a negative energy balance in the first few 
weeks of lactation. The highest dry matter 
intake does not occur until 8 to 10 weeks after 
calving, but peak milk production is at 4 to 
6 weeks, and energy intake may not keep up 
with demand. In response to a negative 
energy balance and low serum concentra¬ 
tions of glucose (and consequently low serum 
concentrations of insulin), cows will mobilize 
adipose tissue, with consequent increases in 
serum concentrations of nonesterified fatty 
acids (NEFA) and subsequent increases in 
serum concentrations of P-hydroxybutyrate 
(BHB), acetoacetate, and acetone. The 
hepatic mitochondrial metabolism of fatty 
acids promotes both gluconeogenesis and 
ketogenesis. Cows partition nutrients during 
pregnancy and lactation and are in a lipolytic 
stage in early lactation and at risk for ketosis 
during this period. 

Hepatic Insufficiency in Ketosis 

Hepatic insufficiency has been shown to 
occur in bovine ketosis, but it does not occur 
in all cases. Ketosis is defined as an increased 
plasma or serum concentration of ketoacids 
and is divided into three types. In type I, 
or “spontaneous” ketosis, the gluconeogenic 
pathways are maximally stimulated, and 
ketosis occurs when the demand for glucose 
outstrips the capacity of the liver for gluco¬ 
neogenesis because of an insufficient supply 
of glucose precursors. Rapid entry of NEFAs 
into hepatic mitochondria occurs and results 
in high rates of ketogenesis and high plasma/ 
serum ketone concentration. There is little 
conversion of NEFAs to triglycerides, result¬ 
ing in little fat accumulation in the liver. In 
type II ketosis, manifest with fatty liver, 
gluconeogenic pathways are not maximally 
stimulated, and consequently mitochondrial 
uptake of NEFAs is not as active, and NEFAs 
become esterified in the cytosol, forming tri¬ 
glyceride. The capacity of cattle to transport 
triglyceride from the liver is low, resulting in 
accumulation and fatty liver. The occurrence 
of a fatty liver can further suppress hepatic 
gluconeogenic capacity. Hepatic insuffi¬ 
ciency may occur more commonly in those 
cows predisposed to ketosis by overfeeding 
in the dry period. In type III ketosis, cattle 












are fed a diet (typically a high-maize ration) 
that results in a higher ruminal production 
of butyrate, which is directly metabolized by 
ruminal epithelial cells to butyrate. 

Ketone Formation 

Ketones arise from two major sources: butyr¬ 
ate in the rumen and mobilization of fat. A 
large proportion of butyrate produced by 
rumen fermentation of the diet is converted 
to BHB in the rumen epithelium and is 
absorbed as such. Free fatty acids produced 
from the mobilization of fat are transported 
to the liver and oxidized to produce acetyl- 
CoA and NADH. 

Acetyl-CoA may be oxidized via the tri¬ 
carboxylic acid (TCA) cycle or metabolized 
to acetoacetyl-CoA. Complete oxidation of 
acetyl-CoA via the TCA cycle depends on 
an adequate supply of oxaloacetate from 
the precursor propionate. If propionate, and 
consequently oxaloacetate, is deficient, oxi¬ 
dation of acetyl-CoA via the TCA cycle is 
limited, and acetyl-Co A is metabolized to 
acetoacetyl CoA and subsequently to aceto- 
acetate and BHB. 

The ketones BHB and acetoacetate can be 
utilized as energy sources. They are normally 
present in the plasma/serum of cattle, and 
their concentration is a result of the balance 
between production in the liver and utiliza¬ 
tion by the peripheral tissues. Acetoacetate 
can spontaneously convert to acetone, which 
is volatile and therefore exhaled in the breath; 
diffusion of acetone across the rumen epithe¬ 
lium into the rumen means that some 
acetone is eructated. Ruminal flora (most 
likely bacteria) can metabolize acetone to 
isopropanol, which can then be absorbed to 
increase plasma concentrations of isopropa¬ 
nol, a 3-carbon alcohol. 1 

Role of Insulin and Glucagon 

The regulation of energy metabolism in 
ruminants is primarily governed by insulin 
and glucagon. Insulin acts as a glucoregula- 
tory hormone stimulating glucose use by 
tissues and decreasing hepatic gluconeogen- 
esis. Plasma insulin concentrations decrease 
with decreasing plasma concentrations of 
glucose and propionate. Insulin also acts as 
a liporegulatory hormone stimulating lipo- 
genesis and inhibiting lipolysis. Glucagon is 
the primary counterregulatory hormone to 
insulin. The counteracting effects of insulin 
and glucagon therefore play a central role in 
the homeostatic control of glucose. A low 
insulin: glucagon ratio stimulates lipolysis 
in adipose tissue and ketogenesis in the liver. 
Cows in early lactation have low insulin: glu¬ 
cagon ratios because of low plasma glucose 
concentrations and are in a catabolic state. 
Regulation is also indirectly governed by 
somatotropin, which is the most important 
determinant of milk yield in cattle and is also 
lipolytic. Factors that decrease the energy 
supply, increase the demand for glucose, or 
increase the utilization of peripheral fat 
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reserves as an energy source are likely to 
increase ketone production and ketonemia. 
There is, however, considerable cow-to-cow 
variation in the risk for developing clinical 
ketosis. 

ETIOLOGY OF BOVINE KETOSIS 

It is not unreasonable to view clinical ketosis 
as one end of a spectrum of a metabolic state 
that is common in heavily producing cows 
in the postcalving period. This is because 
high-yielding cows in early lactation are in 
negative energy balance and are subclinically 
ketotic as a result. 

Cattle are particularly vulnerable to 
ketosis because, although very little carbohy¬ 
drate is absorbed as such, a direct supply of 
glucose is essential for tissue metabolism, 
particularly the formation of lactose associ¬ 
ated with milk production. The utilization of 
volatile fatty acids for energy purposes is also 
dependent on a supply of available glucose. 
This vulnerability is further exacerbated in 
the lactating dairy cow by the tremendous 
rate of turnover of glucose. 

In the period between calving and peak 
lactation, the demand for glucose is increased 
and cannot be completely restrained. Cows 
will reduce milk production in response to 
a reduction of energy intake, but this does 
not follow automatically nor proportionately 
in early lactation because hormonal stimuli 
for milk production overcome the effects 
of reduced food intake. Under these cir¬ 
cumstances, lowered plasma glucose con¬ 
centrations result in lowered plasma insulin 
concentrations. Long-chain fatty acids are 
released from fat stores under the influence 
of both a low plasma insulin: glucagon ratio 
and the influence of high somatotropin 
concentration, and this leads to increased 
ketogenesis. 

Individual Cow Variation 

The rate of occurrence of negative energy 
status, and therefore the frequency of clinical 
ketosis cases, has increased markedly over 
the last 4 decades because of the increase in 
the lactation potential of the modern dairy 
cow. Because of the mammary glands meta¬ 
bolic precedence in the partitioning of nutri¬ 
ents, especially glucose, milk production 
continues at a high rate, causing an energy 
drain. In many individual cows, the need 
for energy is beyond their capacity for 
dry matter intake, but there is between-cow 
variation in risk under similar nutritional 
stress. Clinical ketosis is easily produced in 
early-lactation dairy cows by reducing the 
daily feed intake. 2 Subclinical ketosis (hyper- 
ketonemia) in early-lactation dairy cows is 
associated with decreased dry matter intake 
and feeding time during the week before 
calving. 6 

Types of Bovine Ketosis 

There are many theories on the cause and 
biochemical and hormonal pathogenesis of 


ketosis, in addition to the importance of pre¬ 
disposing factors. Reviews of these studies 
are cited at the end of this disease section. In 
general, it can be stated that clinical ketosis 
occurs in cattle when they are subjected to 
demands on their resources of glucose and 
glycogen that cannot be met by their diges¬ 
tive and metabolic activity. 

A common classification of the disease 
based on its natural presentation in inten¬ 
sively and extensively managed dairy herds, 
and one that accounts for the early lactational 
demand for glucose, a limited supply of pro¬ 
pionate precursors, and preformed ketones 
or mobilized lipids in the pathogenesis, has 
been developed. Such a classification scheme 
includes the following mechanisms for keto¬ 
sis, which will be discussed in turn: 

• Primary ketosis (production ketosis) 

• Secondary ketosis 

• Alimentary ketosis 

• Starvation ketosis 

• Ketosis resulting from a specific 
nutritional deficiency 

Primary Ketosis (Production Ketosis) 

This is the ketosis of most herds, the so- 
called estate acetonemia. Primary ketosis 
occurs in cows in good to excessive body 
condition that have high lactation potential 
and are being fed good-quality rations but 
that are in a negative energy balance. There 
is a tendency for the disease to recur in indi¬ 
vidual animals, which is probably a reflection 
of variation between cows in digestive capac¬ 
ity or metabolic efficiency. A proportion of 
primary ketosis cases appear as clinical 
ketosis, but a much greater proportion 
occurs as cases of subclinical ketosis in 
which there are increased concentrations of 
circulating ketone bodies but no overt clini¬ 
cal signs. Affected cattle recover with correct 
feeding and ancillary treatment. 

Secondary Ketosis 

Secondary ketosis occurs where the presence 
of other disease results in a decreased food 
intake. The cause of the reduction in food 
intake is commonly the result of abomasal 
displacement, traumatic reticulitis, metritis, 
mastitis, or other diseases common to the 
postparturient period. A high incidence of 
ketosis has also been observed in herds 
affected with fluorosis. An unusual occur¬ 
rence reported was an outbreak of acetone¬ 
mia in a dairy herd fed on a ration 
contaminated by a low level (9.5 ppm) of lin- 
comycin, which caused ruminal microbial 
dysfunction. The proportion of cases of 
ketosis that are secondary and their diagno¬ 
sis as such are both matters of great interest 
because a significant proportion of all cases 
of ketosis in lactating dairy cattle are second¬ 
ary to other disease. 

Alimentary Ketosis 

Alimentary ketosis (also called type III in 
some classification systems) is a result of 
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excessive amounts of butyrate in silage and 
possibly also a result of decreased food 
intake resulting from the poor palatability of 
high-butyrate silage. Silage made from suc¬ 
culent material may be more highly keto- 
genic than other types of ensilage because of 
its higher content of preformed butyric acid. 
Spoiled silage is also a cause, and toxic bio¬ 
genic amines in silage, such as putrescine, 
may also contribute. This type of ketosis is 
commonly subclinical, but it may predispose 
to the development of production or primary 
ketosis. 

Starvation Ketosis 

Starvation ketosis occurs in cattle that are in 
poor body condition and that are fed poor- 
quality feedstuffs. There is a deficiency of 
propionate and protein from the diet and a 
limited capacity of gluconeogenesis from 
body reserves. Affected cattle recover with 
correct feeding. 

Ketosis Resulting From Specific 
Nutritional Deficiency 

Specific dietary deficiencies of cobalt and 
possibly phosphorus may also lead to a high 
incidence of ketosis. This may be in part a 
result of a reduction in the intake of total 
digestible nutrients, but in cobalt deficiency, 
the essential defect is a failure to metabolize 
propionic acid in the TCA cycle. The problem 
is restricted to the cobalt-deficient areas of 
the world, although the occurrence of cobalt 
deficiency in high-producing dairy cows in 
nondeficient areas has been described. 

There is a marked nadir in food intake 
around calving, followed by a gradual 
increase. This increase is quite variable 
between cows, but in the great majority of 
cases does not keep pace with milk yield. The 
net result is that high-yielding dairy cows are 
almost certain to be in negative energy 
balance for the first 2 months of lactation. 

EPIDEMIOLOGY 

Occurrence 

Ketosis is a very common disease of lactating 
dairy cattle and is prevalent in most coun¬ 
tries where intensive farming is practiced. 
Ketosis occurs mainly in animals housed 
during the winter and spring months and is 
rare in cows that calve on pasture. In housed 
or free-stalled cattle, ketosis occurs year 
around. The occurrence of the disease is 
very much dependent on management and 
nutrition and varies between herds. As might 
be expected, lactational incidence rates 
vary between herds, and a review of 11 epi¬ 
demiologic studies showed a lactation inci¬ 
dence rate for ketosis that varied from 0.2% 
to 10.0%. 

The incidence of subclinical ketosis 
(more correctly called hyperketonemia) is 
influenced by the cut-point of plasma BHB 
used for definition, but it is much higher 
than the incidence of clinical ketosis, espe¬ 
cially in undernourished herds, and can 


approach 40%. Incidence can be challenging 
and expensive to estimate because preva¬ 
lence information is usually measured. In 
general, the incidence of subclinical ketosis 
is 1.8 times the prevalence. 

Animal and Management 
Risk Factors 

There are conflicting reports on the signifi¬ 
cance of risk factors for ketosis and subclini¬ 
cal ketosis, which probably reflect that the 
disease can be a cause or effect of a number 
of interacting factors. The disease occurs in 
the immediate postparturient period, with 
90% of cases occurring in the first 60 days of 
lactation. Regardless of the specific etiology, 
ketosis occurs most commonly during the 
first month of lactation, less commonly in 
the second month, and only occasionally in 
late pregnancy. In different studies, the 
median time to onset following calving 
has varied from 10 to 28 days, with some 
recent studies showing a peak prevalence of 
subclinical ketosis in the first 2 weeks post¬ 
calving. A prolonged previous intercalving 
interval increases risk. 

Age. Cows of any age may be affected, but 
the disease increases from a low prevalence 
at the first calving to a peak at the fourth 
calving, associated with the level of milk pro¬ 
duction. Lactational incidence rates of clini¬ 
cal ketosis of 1.5% and 9%, respectively, were 
found in a study of 2415 primiparous and 
4360 multiparous cows. Clinical ketosis can 
also recur in the same lactation. 

Herd differences in prevalence are very 
evident in clinical practice and in the litera¬ 
ture, with some herds having negligible 
occurrence. Although apparent differences 
in breed incidence are reported, evidence for 
a heritable predisposition within breeds is 
minimal. Feeding frequency has an effect, 
with the prevalence of ketosis being much 
lower in herds that feed a total mixed ration 
(TMR) ad libitum compared with herds that 
feed roughage and concentrate separately fed 
twice a day (component fed). 

Body-Condition Score. There are conflict¬ 
ing reports on the relation between BCS at 
calving and ketosis, but it is very likely that 
studies that have found no relationship have 
not had many fat cows in the herds exam¬ 
ined. Fat body condition postpartum was 
observed to be associated with a higher first- 
test-day milk yield, milk-fat-to-protein ratio 
of greater than 1.5, increased body-condition 
loss, and a higher risk for ketosis. In another 
study, cows with a BCS greater than 3.25 at 
parturition and that lost 0.75 points in BCS 
in the first 2 months of lactation developed 
subclinical ketosis. Body-condition loss 
during the dry period also increases risk for 
ketosis in the following lactation. 

Season. There is no clear association with 
season. In some but not all summer grazing 


areas, a higher risk is generally observed in 
cattle during the winter housing period. 
Higher prevalence has been observed in the 
late summer and early winter in Scandina¬ 
vian countries. 

Other Interactions. There is a greater risk 

for the development of ketosis in cows that 
have an extended long dry period; 3 those that 
develop milk fever, retained placenta, lame¬ 
ness, or hypomagnesemia; or those that have 
high milk production and high first milking 
colostrum volume. 3 Cows with twins are also 
at risk for ketosis in the terminal stages of 
pregnancy. There is a bidirectional relation 
between risk for displaced abomasum and 
risk for ketosis, but in a field study of 1000 
cows in 25 herds, cows that had a serum 
BHB concentration greater than 1.4 mmol/L 
in the first 2 weeks of lactation had odds of 
4:1 that a displaced abomasum would be 
diagnosed 1 to 3 weeks later. In another 
study of 1010 cows, a serum BHB concentra¬ 
tion of 1.5 mmol/L or greater in the first 
2 weeks of lactation was found to be associ¬ 
ated with a threefold increase in ketosis 
or displaced abomasum. Interestingly, cows 
with increased blood BHB concentration 
immediately before surgical correction of 
left-displaced abomasum have increased lon¬ 
gevity within the herd, compared with cattle 
with BHB concentrations within the refer¬ 
ence interval.'' 8 

Economic Significance 

Clinical and subclinical ketosis are major 
causes of loss to the dairy farmer. In rare 
instances the disease is irreversible and the 
affected animal dies, but the main economic 
loss results from the loss of production while 
the disease is present, the possible failure 
to return to full production after recovery, 
and the increased occurrence of periparturi- 
ent disease. Both clinical and subclinical 
ketosis are accompanied by decreased milk 
yields; lower milk protein and milk lactose; 
increased risk for delayed estrus and lower 
first-service conception rates; lower preg¬ 
nancy rates; increased intercalving intervals; 
increased risk of cystic ovarian disease, 
metritis, and mastitis; and increased invol¬ 
untary culling. 4 The estimated economic 
loss from a single case of subclinical ketosis 
was US$117 in 2015, and the estimated 
average total cost per case of subclinical 
ketosis was $289 after considering the costs 
of displaced abomasum and metritis attrib¬ 
uted to hyperketonemia. 5 

PATHOGENESIS 
Bovine Ketosis 

The principal metabolic disturbances 
observed, hypoglycemia and ketonemia, may 
both exert an effect on the clinical syndrome. 
However, in the experimental disease in 
cattle, it is not always clear what determines 
the development of the clinical signs in cases 
that convert from subclinical to clinical 
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ketosis. In many cases, the severity of the 
clinical syndrome is proportional to the 
degree of hypoglycemia, and this, together 
with the rapid response to parenterally 
administered glucose in cattle, suggests 
hypoglycemia as the predominant factor. 
This hypothesis is supported by the develop¬ 
ment of prolonged hypoglycemia and a 
similar clinical syndrome to that of ketosis, 
after the experimental IV or SC injection of 
insulin (2 U/kg BW). 

However, in most field cases the severity 
of the clinical syndrome is also roughly 
proportional to the degree of ketonemia. 
This is an understandable relationship 
because ketone bodies are produced in larger 
quantities as the deficiency of glucose 
increases. However, the ketone bodies are 
thought to exert an additional influence on 
the clinical signs observed; for instance, ace- 
toacetic acid is known to be toxic and prob¬ 
ably contributes to the terminal coma in 
diabetes mellitus in humans. 

The nervous signs that occur in some 
cases of bovine ketosis are thought to be 
caused by the production of isopropanol, a 
breakdown product of acetone in the 
rumen, 1 although the requirement of 
nervous tissue for glucose to maintain 
normal function may also be a factor in 
these cases. A reasonable explanation for the 
development of nervous ketosis is that a 
rapid increase in plasma acetone concentra¬ 
tion in an animal that has an active rumen 
flora leads to a rapid increase in ruminal 
acetone concentration. The acetone is 
metabolized by rumen microflora to isopro¬ 
panol, which is then absorbed into the 
bloodstream, potentially leading to neuro¬ 
logic abnormalities. This mechanism is con¬ 
sistent with observations that nervous signs 
of ketosis are more common in cattle with 
severe ketosis that is rapidly induced. 

Spontaneous ketosis in cattle is usually 
readily reversible by treatment; incomplete 
or temporary response is usually a result of 
the existence of a primary disease, with 
ketosis present only as a secondary develop¬ 
ment, although fatty degeneration of the 
liver in protracted cases may prolong the 
recovery period. Changes in ruminal flora 
after a long period of anorexia may also 
cause continued impairment of digestion. 

Immunosuppression has been demon 
strated with energy deficiency and ketosis. 
The higher susceptibility of ketotic postpar¬ 
tum cows to local and systemic infections 
may be related to impairment of the respira¬ 
tory burst of neutrophils that occurs with 
elevated plasma concentrations of BHB. 

CLINICAL FINDINGS 

Two major clinical forms of bovine ketosis 
are described—wasting and nervous—but 
these are the two extremes of a range of 
syndromes in which wasting and nervous 
signs are present in varying degrees of 
prominence. 


The wasting form is the most common of 
the two and is manifest with a gradual but 
moderate decrease in appetite and milk yield 
over 2 to 4 days. In component-fed herds, the 
pattern of appetite loss is often very specific 
in that the cow first refuses to eat grain, then 
ensilage, but may continue to eat hay. The 
appetite may also be depraved. 

Body weight is lost rapidly, usually at a 
greater rate than one would expect from the 
decrease in appetite. Farmers usually describe 
affected cows as having a “woody” appear¬ 
ance because of the apparent wasting and 
loss of cutaneous elasticity presumably 
resulting from disappearance of subcutane¬ 
ous fat. The feces are firm and dry, but serious 
constipation does not occur. The cow is 
moderately depressed and is quieter than 
usual. The disinclination to move and to eat 
may suggest the presence of mild abdominal 
pain, but localized pain cannot be detected 
via abdominal palpation. 

The temperature and the pulse and respi¬ 
ratory rates are normal, and although the 
ruminal movements may be decreased in 
amplitude and number, they are within the 
normal range unless the course is of long 
duration, in which case they may virtually 
disappear. The characteristic sweet odor of 
ketones is detectable on the breath and often 
in the milk, but people vary in their ability 
to detect ketones on the breath (specifically 
the volatile ketone, acetone). 

Very few affected animals die, but without 
treatment the milk yield falls; although spon¬ 
taneous recovery usually occurs over about a 
month, as equilibrium between the drain of 
lactation and food intake is established, the 
milk yield is never fully regained. The fall in 
milk yield in the wasting form may be as 
much as 25%, and there is an accompanying 
sharp drop in the solids-not-fat content of 


the milk. In the wasting form, nervous signs 
may occur in a few cases, but they rarely 
comprise more than transient bouts of stag¬ 
gering and partial blindness. 

In the nervous form (nervous ketosis), 
signs are usually bizarre and begin quite 
suddenly. The syndrome is suggestive of 
delirium rather than of frenzy, and the char¬ 
acteristic signs include the following: 

• Walking in circles 

• Straddling or crossing of the legs 

• Head pushing or leaning into the 
stanchion 

• Apparent blindness 

• Aimless movements and wandering 

• Vigorous licking of the skin and 
inanimate objects (Fig. 17-6) 

• Depraved appetite 

• Chewing movements with salivation 
Hyperesthesia may be evident, with the 
animal bellowing on being pinched or 
stroked. Moderate tremor and tetany may be 
present, and there is usually an incoordinate 
gait. The nervous signs usually occur in 
short episodes that last for 1 or 2 hours and 
may recur at intervals of about 8 to 12 hours. 
Affected cows may injure themselves during 
the nervous episodes. Surgical correction of 
displaced abomasum in cows exhibiting 
some signs consistent with nervous ketosis 
should be delayed until their energy status 
has been evaluated and treatment instituted, 
if indicated. 

Subdinical Ketosis (Hyperketonemia) 

Subclinical ketosis is defined as an increase 
in blood/plasma/serum BHB above the 
normal reference range or ketonuria in a cow 
without detectable clinical signs of disease. 
Many cows that are in negative energy 
balance in early pregnancy will have ketonu¬ 
ria without showing clinical signs, but they 



Fig. 17-6 Holstein-Friesian cow with nervous ketosis, manifest as excessive and sustained 
licking behavior. 
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will have diminished productivity, including 
depression of milk yield and a reduction in 
fertility. Clinical diagnosis is not effective, 
and in one study, diagnosis by routine urine 
testing at 5 to 12 days postpartum was con¬ 
siderably more efficient (15.6% detected) 
than diagnosis by the herdsman (4.4% 
detected). In a British study of 219 herds the 
annual mean rate of reported clinical ketosis 
was 0.5 per 100 adult cows, but the rate of 
subclinical ketosis, as defined by increased 
plasma concentrations of BHB and nonester- 
ified fatty acids, was substantially higher. 
There is debate about whether subclinical 
ketosis is the correct term, with some support 
for replacing the term with hyperketonemia. 

Potential milk production in cows with 
subclinical ketosis is reduced by 1% to 9%. 
Surveys of large populations show a declin¬ 
ing prevalence of ketosis-positive cows after 
a peak in the period immediately after 
calving and a positive relationship between 
hyperketonemia and high milk yield. Infer¬ 
tility may appear as an ovarian abnormality, 
delayed onset of estrus, or endometritis 
resulting in an increase in the calving-to- 
conception interval and reduced conception 
rate at first insemination. 4 

CLINICAL PATHOLOGY 

Hypoglycemia, ketonemia, and ketonuria are 
characteristic of the disease. 

Glucose 

Plasma glucose concentrations are reduced 
from the normal of approximately 50 to 
65 mg/dL to 20 to 40 mg/dL. Ketosis second¬ 
ary to other diseases is usually accompanied 
by plasma glucose concentrations above 
50 mg/dL, and many cattle have much 
higher concentrations. Conversion factors 
are shown in Table 17-7. 

Ketones 

Most commonly, plasma or serum |3- 
hydroxybutyrate (BHB) measured in SI 
units (mmol/L) is used for analysis of keto¬ 
nemia. BHB is the quantitatively highest 
circulating ketone body in cattle. Plasma 
concentrations of BHB significantly correlate 
with plasma concentrations of acetoacetate, 
but acetoacetate is unstable in blood samples, 
whereas BHB is stable, particularly when 
samples are refrigerated or frozen. Normal 
cows have plasma BHB concentrations less 


than 1.0 mmol/L; cows with subclinical 
ketosis have blood or plasma/serum concen¬ 
trations greater than 1.0, 1.2, or 1.4 mmol/L 
(the cut-point varies depending on the study, 
analytical method, and whether blood or 
plasma is analyzed). 9,10 Different cut-points 
have been proposed for serum BHB concen¬ 
tration in the first week postpartum 
(1.0 mmol/L) and the second week postpar¬ 
tum (1.4 mmol/L); 11 this may be attributable 
to blood BHB concentrations being highest 
at 8 days in milk. 12 In general, because the 
cut-point for the diagnosis of subclinical 
ketosis should be based on a detectable effect 
on decreasing milk production or an 
increased risk of adverse health events, 10 a 
consensus is developing around the use of 
serum/plasma BHB concentration greater 
than 1.0 mmol/L as the cut-point for sub¬ 
clinical ketosis based on the association with 
impaired reproductive performance 11 and 
increased risk of developing a displaced 
abomasum, puerperal metritis, or clinical 
ketosis. 13 

Cows with clinical ketosis usually have 
serum/plasma BHB concentrations in excess 
of 2.5 mmol/L, with values rarely reaching 
10.0 mmol/L. Plasma BHB shows some 
diurnal variation in cows fed twice daily, 
with peak concentrations occurring approxi¬ 
mately 4 hours after feeding and higher con¬ 
centrations in the morning than in the 
afternoon. This diurnal variation is not as 
prominent in cows fed a total mixed ration 
ad libitum. 

Measurement of blood or plasma/serum 
BHB concentration has recently become a 
cost-effective and convenient method for 
routine analysis and cow-side monitoring, 
with the introduction of low-cost point-of- 
care devices for measurement (US$2/test). 
The concentration of acetoacetate or BHB 
in urine and milk is also used for diagnos¬ 
tic purposes. 14 Concentrations of BHB and 
acetoacetate in urine and milk are less than 
those in plasma/serum, but the correlation 
coefficients for plasma/serum and milk 
BHB and plasma/serum and milk acetoac¬ 
etate are 0.66 and 0.62, respectively. For 
cow-side use, urine acetoacetate concentra¬ 
tion using the nitroprusside test and blood 
BHB concentration using a point-of-care 
device are currently the preferred tests for 
detecting subclinical or clinical ketosis in 
cattle. 


Milk and Urine Cow-Side Tests 

Cow-side tests have the advantage of being 
inexpensive and giving immediate results, 
and they can be used as frequently as neces¬ 
sary. A minor source of error is that the 
concentration of ketone bodies in these 
fluids will depend not only on the ketone 
concentration of the plasma, but also on 
the amount of urine excreted or on the 
milk yield. Milk concentration of ketones is 
less variable, easier to collect, and may give 
fewer false negatives in cows with subclinical 
ketosis. 

Milk and urine ketone concentrations 
have been traditionally detected by the 
reaction of acetoacetate with sodium nitro¬ 
prusside and can be interpreted in a semi- 
quantitative manner based on the intensity 
of the reaction. The nitroprusside reaction 
detects both acetoacetate and acetone, but it 
is much more sensitive to acetoacetate than 
acetone; the latter is only detected when 
acetone concentrations are greater than 
600 mmol/L, which represents a supraphysi- 
ologic concentration/ ’ As a consequence, 
the nitroprusside test functions as a semi- 
quantitative test of acetoacetate concentra¬ 
tion and should be clinically regarded as a 
test of acetoacetate and not acetone. Several 
products are available commercially as strips 
or test powders and are commonly accom¬ 
panied by a color chart that allows a clas¬ 
sification of acetoacetate concentration in 
grades such as negative, trace (5 mg/dL; 
0.5 mmol/L), small (15 mg/dL; 1.0 mmol/L), 
moderate (40 mg/dL; 2.0 mmol/L), or large 
(>80 mg/dL; 5 mmol/L), based on the inten¬ 
sity of the color of the reaction. 15 Milk 
powder tests are not sufficiently sensitive for 
detection of subclinical ketosis (report too 
many false negatives), and urine tests are not 
sufficiently specific (report too many false 
positives). 

Milk Testing. The sensitivity and specificity 
of the nitroprusside powder test with milk in 
various studies is reported as 28% to 90% 
and 96% to 100%, respectively. Currently, a 
milk strip test detecting the concentration 
of BHB in milk is available and is graded 
on the concentration of BHB. In different 
studies, milk BHB has a reported sensitivity 
and specificity of 58% to 96% and 69% to 
99%, respectively. These variations are in 
part a result of the use of different plasma 
BHB reference values (1.2 and 1.4 mmol/L) 
for designation of subclinical ketosis and 
different statistical methods for analysis. 
Somatic cell counts in milk greater than 1 
million cells/mL will cause an elevation in 
reading of both the BHBA strip test and the 
nitroprusside tests. 

Urine Testing. A nitroprusside tablet has a 
reported sensitivity and specificity of 100% 
and 59%, respectively, compared with serum 
BHB concentrations above 1.4 mmol/L; 
a nitroprusside strip test has a reported 


Table 17-7 To convert from the SI unit to the conventional unit, divide by the 
conversion factor; to convert from the conventional unit to the SI unit, multiply by the 
conversion factor 











sensitivity and specificity of 78% and 96%, 
respectively, with a urine cut-point corre¬ 
sponding to “small” on the color chart or 
49% and 99%, respectively, with a urine 
cut-point corresponding to “moderate” on 
the color chart. BHB test strips when used 
with urine have a reported sensitivity and 
specificity of 73% and 96%, respectively, at 
a urine cut-point of 0.1 mmol/L BHB and 
27% and 99%, respectively, at a urine cut- 
point of 0.2 mmol/L BHB. Urinary ketone 
concentrations are more closely related to 
plasma ketone concentrations than are milk 
BHB and acetoacetate concentrations. 16,17 
Moreover, urine acetoacetate concentration 
appears superior to milk BHB concentration 
in diagnosing ketosis. 1 ' 

Milk-Fat-to-Protein Ratio. Milk-fat con 
centration tends to increase, and milk protein 
concentration tends to decrease, during 
postpartum negative energy balance. A fat- 
to-protein ratio greater than 1.5 in first-day 
test milk is indicative of a lack of energy 
supply in the feed and of risk for ketosis and 
provides a similar test sensitivity (Se = 0.63) 
for detecting subclinical ketosis as does 
milk BHB concentration (Se = 0.58). 1 Milk 
production in multiparous animals is also 
separately associated with postpartum nega¬ 
tive energy balance. 18 

Clinical Chemistry and Hematology. 

White and differential cell counts are vari¬ 
able and not of diagnostic value for ketosis. 
There are usually elevations of liver enzyme 
activity in plasma/serum, but liver function 
tests are within the normal range. Liver 
biopsy is the only accurate method to deter¬ 
mine the degree of liver damage. 

Plasma concentrations of NEFAs and 
total bilirubin are elevated in ketosis, with 
mean NEFA concentrations increasing above 
0.3 mmol/L from 3 days before parturition 
to approximately 0.7 mmol/L from 0 to 9 
days in milk, after which time plasma NEFA 
concentration gradually decreases. 12 The 
increase in bilirubin is attributed, in part, 
to hepatic dysfunction; however, bilirubin 
is not a sufficiently sensitive indicator to 
assess the extent of fat mobilization and liver 
function in cows with ketosis. Plasma cho¬ 
lesterol concentration is typically decreased 
for the stage of lactation; the decrease in cho¬ 
lesterol is a result of decreased hepatocyte 
secretion of very-low-density lipoproteins 
(VLDLs), which are cholesterol rich, or 
increased mammary uptake of cholesterol 
relative to cholesterol availability. After 
secretion, VLDLs are processed in plasma to 
intermediate-density lipoproteins by hydro¬ 
lysis of triglycerides. 19 Intermediate-density 
lipoproteins are then metabolized in plasma 
to cholesterol-rich low-density lipoproteins 
that carry cholesterol to peripheral tissues, 
including the mammary gland. 19,20 A clini¬ 
cally significant proportion of lactating dairy 
cattle with ketosis have low plasma cortisol 
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concentrations; 21 although the mechanism 
has not been determined, it is possible that 
decreased cholesterol availability negatively 
affects cortisol synthesis. 

Liver glycogen levels are low, and the 
glucose tolerance curve may be normal. Vol¬ 
atile fatty acid levels in the rumen are much 
higher in ketotic than in normal cows, and 
the ruminal concentrations of butyrate are 
markedly increased relative to acetate and 
propionate acids. There is a small but signifi¬ 
cant drop in serum calcium concentrations 
(down to about 9 mg/dL [2.25 mmol/L]), 
probably as a result of decreased dry matter 
intake in lactating dairy cattle relative to the 
level of milk production. 

Plasma and urine metabolic profiling 
shows promise as a means of differentiating 
cattle with clinical ketosis and subclinical 
ketosis from healthy cattle at the same stage of 
lactation. Twenty-five plasma metabolites 22,23 
and 11 urine proteins 24 have been identified 
to differ between these three groups. Differ¬ 
ences include changes in plasma amino acid 
concentrations that may reflect differences in 
feed intake relative to milk production or 
altered metabolic pathways and changes in 
urine polypeptide concentrations that may 
reflect decreased immune responsiveness. 

NECROPSY FINDINGS 

The disease is not usually fatal in cattle, but 
fatty degeneration of the liver and secondary 
changes in the anterior pituitary gland and 
adrenal cortex may be present. 


DIFFERENTIAL DIAGNOSIS 


Cattle 

The clinical picture is usually too indefinite, 
especially in cattle, to enable a diagnosis to 
be made solely on clinical grounds. General 
consideration of the history, with particular 
reference to the time of calving, and the 
feeding program, and biochemical 
examination to detect the presence of 
hypoglycemia, ketonemia, and ketonuria are 
necessary to establish a diagnosis. 

Wasting form: 

• Abomasal displacement 

• Traumatic reticulitis 

• Primary indigestion 

• Cystitis and pyelonephritis 

Nervous form: 

• Rabies 

• Hypomagnesemia 

• Bovine spongiform encephalopathy 


TREATMENT 

In cattle, a number of effective treatments are 
available for ketosis, but in some affected 
animals, the response is only transient; in 
rare cases, the disease may persist and cause 
death or necessitate slaughter of the animals. 
Most of these cases are secondary, and failure 
to respond satisfactorily to treatment is a 
result of the primary disease. Specific 


treatment for subclinical ketosis is usually 
not applied on an individual basis, but nutri¬ 
tion and management issues should be 
investigated whenever a large proportion of 
early-lactation cows are diagnosed with sub¬ 
clinical ketosis. 

The rational treatment in ketosis is to 
relieve the need for glucose formation from 
tissues and allow ketone-body utilization to 
continue normally. Theoretically, the sim¬ 
plest means of doing this is by the adminis¬ 
tration of glucose replacement therapy. The 
effect of the administration of glucose is 
complex, but it allows the reversal of keto- 
genesis and the establishment of normal 
patterns of energy metabolism. Ideally, treat¬ 
ment should be at an early stage of the 
disease to minimize loss, and with subclini¬ 
cal ketosis this requires biochemical testing. 

Replacement Therapy 
Glucose (Dextrose) 

The IV injection of 500 mL of a 50% solution 
of glucose results in transient hyperglycemia, 
increased insulin and decreased glucagon 
secretion, and reduced plasma concentration 
of NEFAs. Glucose administration effects a 
marked improvement in most cows, but 
relapses occur commonly unless repeated 
treatments are used. This is probably a result 
of the transience of the hyperglycemia (3 to 
4 hours) or insufficient dosing—the dose 
required varies directly with the amount of 
lactose being lost in the milk. Contrary to 
widespread belief, very little of the admin¬ 
istered glucose is lost to urinary excretion 
(<10%). 25,26 SC injections of hypertonic 
glucose prolong the response, but they are 
not recommended because they cause dis¬ 
comfort, and large unsightly swellings, which 
often become infected, may result. Intraperi- 
toneal injections of 20% solution of dextrose 
have also been used, but they are not recom¬ 
mended because of the risk of infection. 

Other Sugars 

Other sugars, especially fructose, either 
alone or as a mixture of glucose and fructose 
(invert sugar), and xylitol, have been used in 
an effort to prolong the response, but idio¬ 
syncratic responses to some preparations, in 
the form of polypnea, muscle tremor, weak¬ 
ness, and collapse, can occur while the injec¬ 
tion is being given. 

Propylene Glycol and 
Glycerine/Glycerol 

To overcome the necessity for repeated injec¬ 
tions, propylene glycol can be administered 
as a drench. The traditional dose is 225 ml 
twice daily for 2 days, followed by 110 ml 
daily for 2 days to cattle, but higher volumes 
are also used for larger cattle (a typical treat¬ 
ment protocol in North America is 300 ml 
PO daily for 5 days). Some of the adminis¬ 
tered propylene glycol is metabolized to pro¬ 
pionate in the rumen and absorbed, whereas 
some of the propylene glycol is absorbed 
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directly across ruminal epithelium and 
metabolized by the liver. Propylene glycol 
(200 to 700 g daily), or salts of propionate, 
can be administered in the feed and give 
good results. Administration in feed is pre¬ 
ferred by some because this method avoids 
dangers of aspiration with drenching; 
however, cows not used to its inclusion in the 
feed may show feed refusal. Studies also 
suggest that drenching of propylene glycol 
provides a more beneficial response than 
including the same amount in a total mixed 
ration; the bolus effect of propionate produc¬ 
tion appears to be more beneficial than a 
steady-state increase as a result of a bolus 
increase in plasma insulin concentration. It 
is recommended that for best results, dosing 
with propylene glycol should be preceded by 
an IV injection of glucose. 

Parenteral infusions of glucose solutions 
and the feeding of glycerol depress the fat 
content of milk, and the net saving in energy 
may favorably influence response to these 
drugs. Glycerol and propylene glycol are not 
as efficient as glucose because conversion 
to glucose utilizes oxaloacetate. Propylene 
glycol is absorbed directly from the rumen 
and acts to reduce ketogenesis by increasing 
mitochondrial citrate concentrations; its 
metabolism to glucose occurs via conversion 
to pyruvate, with subsequent production of 
oxaloacetate via pyruvate carboxylase. 

Other Glucose Precursors 

Because of its glucogenic effect, sodium pro¬ 
pionate is theoretically a suitable treatment, 
but when administered in 110- to 225-g 
doses daily, the response in cattle is often 
very slow. Lactates are also highly gluco¬ 
genic, but both calcium and sodium lactate 
(1 kg initially, followed by 0.5 kg for 7 days) 
and sodium acetate (110 to 500 g/d) have 
given less satisfactory results than those 
obtained with sodium propionate. Ammo¬ 
nium lactate (200 g for 5 days) has, however, 
been used extensively, with reported good 
results. Lactose, in whey or in granular form 
in the diet, can increase dry matter intake, 
but it also increases ruminal butyrate con¬ 
centration and plasma BHB concentrations. 

Hormonal Therapy 

Glucocorticoids. The efficiency of gluco¬ 
corticoids in the treatment of bovine ketosis 
has been demonstrated in both experimental 
and field cases. The observation that a clini¬ 
cally significant proportion of lactating dairy 
cattle with ketosis have low plasma cortisol 
concentrations 21 provides support for gluco¬ 
corticoid administration. Hyperglycemia 
occurs within 24 hours of glucocorticoid 
administration and appears to result from a 
repartitioning of glucose in the body rather 
than from gluconeogenesis. 

Historically, many glucocorticoid prepa¬ 
rations have been used successfully, but cur¬ 
rent drugs are more potent, require lower 
dosage, and have fewer side effects. A hyper¬ 


glycemic state is produced for 4 to 6 days 
in ketotic cows given 10 mg of dexametha- 
sone 21-isonicotinate, and other prepara¬ 
tions that have a shorter duration of action, 
such as dexamethasone sodium phosphate 
(40 mg) and flumethasone (5 mg), are also 
used. Dexamethasone 21-isonicotinate (20 
to 25 mg IM) decreases whole-body insulin 
sensitivity and affects glucose and lipid 
metabolism; it decreases liver fat content in 
early-lactating dairy cows with surgically 
corrected left-displaced abomasum." Label 
regulations vary between countries; in gen¬ 
eral, the recommendations of the manufac¬ 
turer with regard to glucorticoid use and 
dosage should be followed. Profound hypo¬ 
kalemia with high case fatality is a potential 
sequel to prolonged repeated therapy of 
ketosis with isoflupredone acetate, which has 
both glucocorticoid and mineralocorticoid 
activity. For this reason, only one treatment 
of isoflupredone acetate is recommended for 
cows with ketosis. Response of cows with 
primary ketosis to treatment with cortico¬ 
steroids and IV glucose is superior to ther¬ 
apy with corticosteroids or IV glucose alone, 
with fewer relapses. 

Insulin facilitates cellular uptake of 
glucose, suppresses fatty acid metabolism, 
and stimulates hepatic gluconeogenesis. 
Insulin is administered in conjunction with 
either glucose or a glucocorticoid and may 
be of particular value in early-onset cases of 
ketosis that are unresponsive to glucose or 
corticosteroid therapy, but it is not com¬ 
monly used. The dose of protamine zinc 
insulin is 200 to 300 IU per animal (depend¬ 
ing on body weight) administered SC every 
24 to 48 hours as required. It should be rec¬ 
ognized that endogenous insulin is released 
in all lactating dairy cattle administered 
500 mL of 50% dextrose, although to a lower 
extent in ketotic cattle because they have a 
lower peak plasma glucose concentration 
following IV infusion of glucose or propio¬ 
nate; 28 consequently, IV dextrose administra¬ 
tion should always be considered as a dual 
treatment of glucose and insulin. 

Anabolic steroids have also been used 
for treatment of lactational ketosis and 
ketosis in late pregnant cows that are overfat, 
stressed, or have twin fetuses. Experimen¬ 
tally, 60 mg and 120 mg of trenbolone acetate 
are effective as single injections, but no 
extensive field trials are recorded, and the 
drug is banned for use in food animals in 
most countries. 

Miscellaneous Treatments. Vitamin Bi 2 
and cobalt are indicated in regions where 
cobalt deficiency is a risk factor for ketosis. 
Cobalt is sometimes administered to cattle 
with ketosis in regions where cobalt defi¬ 
ciency does not occur, but the therapeutic 
value is not proven. Cyanocobalamin 
(vitamin B 12 , 1 to 4 mg daily IV) in a com¬ 
bined formulation with butaphosphan has 
strong evidence supporting its role in 


normalizing energy status in early-lactation 
dairy cows when administered to dairy cattle 
before or around parturition. 29,30 Cyanoco¬ 
balamin is essential for gluconeogenesis 
from propionate, and a theoretical argument 
can be made for the administration of cya¬ 
nocobalamin for ketotic dairy cattle being 
treated for ketosis. It is also thought that 
high-producing dairy cows in early lactation 
have a relative or actual deficiency of cyano¬ 
cobalamin. 30 Cysteamine (a biological pre¬ 
cursor of coenzyme A) and also sodium 
fumarate have been used to treat cases of the 
disease. Reported results were initially good, 
but the treatment has not been generally 
adopted. The recommended dose rate of cys¬ 
teamine is 750 mg IV for three doses at 1- to 
3-day intervals. 

Glucagon, although ketogenic, is strongly 
gluconeogenic and glycogenolytic, and glu¬ 
cagon concentrations are decreased in the 
plasma of fat cows at calving and cows with 
ketonemia. Glucagon could be of value in 
prevention and therapy, but it would require 
a prolonged delivery system because it has a 
very short physiologic half-life and its effects 
following a single injection are short-lived. 


TREATMENT AND CONTROL 


Treatment 

Propylene glycol (300 to 500 mL daily for 5 
days, PO) (R-1) 

Dextrose (500 mL of 50% dextrose once, IV) 
(R-1) 

Dexamethasone, dexamethasone-21- 
isonicotinate or flumethasone, IM (R-1) 

Cyanocobalamin (vitamin B 12 , 1 to 4 mg IV, 
daily for 2 to 6 treatments) (R-2) 

Isoflupredone (20 mg, IM, multiple injections) 
(R-3) 

Insulin (lente formulation, 200 IU SC daily for 
3 days) (R-3) 

Control 

Monensin (11 to 22 g/ton of total mixed 
ration on a 100% dry matter basis; oral 
administration of a controlled-release 
capsule delivers 335 mg/day for 95 days) 
(R-1) 

Propylene glycol (300 to 500 mL daily, PO) 
(R-1) 

Rumen-protected choline (15g daily, PO, from 
25 days precalving to 80 days postcalving) 
(R-2) 

Cyanocobalamin (vitamin B 12 , 1 to 4 mg IV, 
daily for 2 to 6 treatments before or at 
calving) (R-2) 

Isoflupredone (20 mg, IM, once), with or 
without insulin (100 U, SC) (R-3) 


CONTROL 

The control of clinical ketosis is integrally 
related to the adequate nutrition of the cow 
in the dry and lactating periods. This encom¬ 
passes details such as the following: 









• Dry matter intake 

• Fiber digestibility 

• Particle size distribution 

• Energy density 

• Fat incorporation in early lactation 
rations 

• Protein content 

• Feeding systems 

• Rumen size 

• Other factors better covered in texts on 
nutrition 

It is difficult to make general recommenda¬ 
tions for the control of the ketosis because of 
the many conditions under which it occurs, 
its probable multiple etiology, and feeding 
systems that vary from those that feed com¬ 
ponents separately to those that feed total 
mixed rations. Cows neither should have 
been starved nor be overfat at calving. 
Careful estimation of diets by reference to 
feed value tables is recommended, and 
detailed recommendations on diet and man¬ 
agement are available, with the caveat that 
planned rations can deviate from feed bunk 
rations, and feed bunk dry matter and actual 
dry matter intake may not be the same. Too 
low a feeding frequency and the feeding of 
concentrates separate from roughage rather 
than as a total mixed ration can lead to an 
increase in rates of ketosis. 

In the United States, dry cows are typi¬ 
cally divided into two groups: far-off and 
close-up cows. Far off cows are generally fed 
to National Research Council (NRC) dry- 
cow feeding guidelines, and close-up cows 
are given an acidogenic ration that decreases 
the incidence of clinical milk fever (peri- 
parturient hypocalcemia) starting 3 weeks 
before the estimated calving date. Practical 
recommendations based on British feeding 
standards and units are also available. 

In high-producing cows being fed stored 
feeds, poor-quality roughage commonly 
leads to ketosis. Wet ensilage containing 
much butyrate, and moldy or old and dusty 
hay, are the main offenders. In concentrates, 
it is the change of source that creates off-feed 
effects and precipitates attacks of ketosis. 

Cows that are housed should get some 
exercise each day, and in herds where the 
disease is a particular problem during the 
stabling period, the cattle should be turned 
out to pasture as soon as possible in the 
spring. 

The ration should contain adequate 
amounts of cobalt, phosphorus, and iodine. 

If there is a high incidence of ketosis in a 
herd receiving large quantities of ensilage, 
reduction of the amount fed for a trial period 
is indicated. 

Energy Supplements 

Propylene glycol is used for the prevention 
of clinical and subclinical ketosis. Tradition¬ 
ally, propylene glycol has been drenched to 
cattle in early lactation at doses varying from 
350 to 1000 ml daily for 10 days after 
calving. There is a linear effect of dose on 
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plasma glucose. Propylene glycol can also be 
added to feed and is frequently present in 
commercial feed products, but a bolus dose 
of propylene glycol is more effective in 
raising blood glucose than incorporation in 
feed. A dose of 1 L per day given as an oral 
drench for 9 days before parturition has also 
been shown efficacious; however, it is impor¬ 
tant to note that at doses above 500 mL 
administered by drench or present in feed, 
some cows may develop rapid and shallow 
respiration, ataxia, salivation, and somno¬ 
lence. For this reason, a maximum daily dose 
of 500 mL as a drench should considered. 

Glycerol can be substituted for propylene 
glycol at equivalent dose rates, although 
most studies indicate that glycerol is inferior 
to propylene glycol. A preliminary report of 
a small experimental study with larger doses 
of glycerol showed that glycerol given orally 
at a dose of 1 L, 2 L, or 3 L elevated blood 
glucose concentrations to 16%, 20%, and 
25%, respectively, of pretreatment values at 
0.5 hours after treatment and that these con¬ 
centrations remained elevated for 8 hours. 
Staggering, depression, and diuresis were 
observed in some cows given the 2-L or 3-L 
dose, but this could be prevented by admin¬ 
istering the glycerol in a large (37-L) volume 
of water. It concluded that a dose of 1 L was 
effective in increasing milk production and 
reducing urinary ketones. Glycerol fed as a 
constant component in the transition dairy 
cow diet is not effective and possibly may be 
ketogenic when fed continually. Glycerol 
should only be used as drench in hypoglyce¬ 
mic cows and not fed as a component of 
the diet. 

Propionic Acid and Its Salts 

Propionic acid absorbed across the rumen 
wall is transported to the liver, where it is 
converted to glucose via gluconeogenesis to 
result in an increase in serum blood glucose 
levels. Older literature reports that 110 g/d 
fed daily for 6 weeks, commencing at calving, 
has given good results in reducing the inci¬ 
dence of clinical bovine ketosis and improv¬ 
ing production, but is not palatable and has 
the risk of reducing feed intake. In controlled 
trials, feeding energy supplements contain¬ 
ing propionic acid and/or its salts for 3 weeks 
prepartum and 3 weeks postpartum had a 
beneficial effect on milk production, but a 
variable effect on reducing subclinical ketosis. 

lonophores 

Ionophores alter bacterial flora of the rumen, 
leading to decreases in gram-positive bac¬ 
teria, protozoa, and fungi and increases in 
gram-negative bacteria. The net effect of these 
changes in bacterial flora is increased pro¬ 
pionate production and a decrease in acetate 
and butyrate production providing increased 
gluconeogenic precursors. Field trials with 
monensin have consistently demonstrated a 
reduction in serum or blood BHB, acetoac- 
etate, and HEFA concentrations. In addition, 


monensin increased serum or blood glucose, 
urea, and cholesterol concentrations, and 
decreased the prevalence of clinical ketosis, 
clinical mastitis, and displaced abomasum 
in dairy cattle. 31 ' 33 Monensin also decreases 
methane production by cattle; methane 
production by ruminants has been con¬ 
sidered as contributing to global warming. 
Although approved for administration to 
lactating dairy cows in more than 20 coun¬ 
tries, ionophores are not labeled for inclu¬ 
sion in lactating-cow rations in a number of 
countries. 

Monensin is approved for continuous 
administration (>14 days) to dairy cattle in 
the United States at 185 to 660 (mg/head)/ 
day monensin to lactating cows or 115 to 410 
(mg/head)/day monensin to dry cows. To 
accomplish this, monensin is approved to be 
fed at 11 to 22 g/ton of total mixed ration on 
a 100% dry matter basis, at a daily per-cow 
cost of about 2 to 4 cents. Monensin is also 
approved for use in the United States as part 
of a component feeding system at 11 to 
400 g/ton (as is basis); this includes applica¬ 
tion as a “top dress,” where a small amount 
of feed is added to a ration. 

In some countries, monensin can be 
administered orally as a controlled-release 
capsule to cattle 2 to 4 weeks before calving. 
The capsule contains 32 g of monensin and 
releases approximately 335 mg monensin a 
day for 95 days. This product is effective and 
practical for a variety of feeding systems, and 
approximately 18% of dairy herds in Canada 
are administering monensin by controlled- 
release capsule. 

Corticosteroids 

Isoflupredone acetate (20 mg, IM, once) 
was not effective in preventing subclinical 
ketosis in early-lactation dairy cows, and it 
actually increased the likelihood of subclini¬ 
cal ketosis. 34 

Ancillary Agents 

A commercially available injectable product 
containing cyanocobalamin (vitamin B 12 , 1 
to 4 mg daily IV) in a combined formulation 
with butaphosphan is effective in normal¬ 
izing energy status when administered to 
dairy cattle 2 to 6 times before or around 
parturition. 29 ' 30 The administration of cya¬ 
nocobalamin and butaphosphan may be 
most beneficial in cows at increased risk of 
developing ketosis, such as older cows, over¬ 
conditioned cows, or those experiencing 
dystocia or metritis. 29 Phosphorus may be 
limiting in early lactation, based on low liver 
phosphorus content in dairy cattle. 35 It is not 
clear whether additional phosphorus miti¬ 
gates the reduction in hepatic phosphorus 
content. 

Rumen protected choline (15 g/day) fed 
daily starting 25 days before calving and con¬ 
tinuing to 80 days after calving decreased the 
incidence of clinical ketosis and improved 
the health of lactating dairy cows. 36 Choline 
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is a precursor for phosphatidylcholine, which 
is thought to be rate limiting in early lacta¬ 
tion; phosphatidylcholine deficiency is asso¬ 
ciated with impaired lipid metabolism. 

Niacin is antilipolytic and induces 
increases in blood glucose and insulin, but 
there is conflicting evidence that niacin 
given in the feed has a beneficial effect on 
subclinical ketosis in cattle. It has been sug¬ 
gested that niacin should be supplemented 
from 2 weeks before parturition to 12 weeks 
postpartum. 

General Control 

Herd Monitoring. There is currently no 
consensus as to the optimal monitoring pro¬ 
gram for ketosis and subclinical ketosis in 
lactating dairy cattle, and consequently a 
variety of monitoring programs have been 
proposed. Challenges with developing opti¬ 
mal monitoring programs are the herd 
size (through the influence on the eligible 
numbers of animals available to be tested), 
ease of testing, cost of the test, and test sen¬ 
sitivity and specificity. In addition, the goals 
of the monitoring program need to be 
defined; typically they are either to monitor 
the adequacy of the diet relative to the level 
of milk production (i.e., the magnitude of 
negative energy balance in early lactation) or 
to identify animals to receive a standard 
treatment protocol, such as daily oral propyl¬ 
ene glycol drenching. The optimal time for 
testing appears to be cows 3 to 9 days in milk 
because cows that are hyperketonemic at this 
stage of lactation are at highest risk for sub¬ 
sequent negative production and health 
effects, with the incidence and prevalence of 
subclinical ketosis occurring on day 5 of lac¬ 
tation.’ A recent modeling approach utiliz¬ 
ing 13,000 cows from 833 dairy farms in 
North America and Europe suggested that 
testing cows twice weekly from 3 to 9 days in 
milk was the most cost effective strategy 
when the subclinical ketosis incidence was 
between 15% and 50%; below an incidence 
of 15% it was not economical to test, and 
above 50% all cows should be treated without 
testing. 38 In addition, whenever the subclini¬ 
cal ketosis incidence increased to above 15%, 
a variety of testing and treatment protocols 
are economically beneficial. 38 

The six most valuable and practical 
indices for monitoring negative energy 
balance are urine acetoacetate concentration, 
blood BHB concentration, blood glucose 
concentration, body-condition score, back- 
fat thickness determined ultrasonographi- 
cally, and milk-fat-to-protein ratio. The first 
five indices can be obtained cow side and at 
no cost or relatively low cost, although deter¬ 
mining the blood BHB concentration costs 
approximately 5 to 10 times that of the first 
two tests and requires a blood sample. The 
milk-fat-to-protein ratio is readily obtained 
from individual monthly test data and is 
more highly correlated with energy balance 
than plasma BHB or glucose concentration. 39 


This should be coupled with body-condition 
scoring or back-fat thickness to monitor the 
efficacy of the nutritional program. Plasma 
NEFA concentration is an excellent monitor¬ 
ing test of negative energy balance, but it is 
currently too expensive for routine herd 
monitoring, and an easy-to-use cow-side test 
is not available. 

Urine testing using the nitroprusside test 
for acetoacetate is the simplest of the cow-side 
tests, and despite some reports that urine 
samples are difficult to obtain from all cattle, 
urine is easily obtained from more than 90% 
of cattle using the following standardized 
technique. First, stimulation of the perineum 
to obtain a urine sample must be the first part 
of the examination of the cow and ideally 
should be performed without the cow being 
aware that the veterinarian is present. Second, 
never hold the tail while stimulating the 
perineum because tail holding alerts the cow 
to the presence of the veterinarian, and it is 
not needed because cattle never urinate on 
their tails when posturing to urinate. Third, 
obtain urine samples in the normal environ¬ 
ment of the animal; because cattle urinate on 
average five times per day, urine samples are 
easily obtained on recumbent cattle that are 
gently encouraged to stand. 

Blood BHB testing has become very 
popular because of the availability of low- 
cost point-of-care meters. Despite this, it 
must be recognized that obtaining a blood 
sample is more complicated than obtaining a 
urine sample, and that the cost, although low, 
is much higher than that for urine acetoac¬ 
etate or blood glucose testing. Moreover, 
serum BHB concentration is correlated with 
energy balance in a similar manner to plasma 
glucose concentration. 40 Automated moni¬ 
toring by in-line measurements of ketone 
bodies in milk has been studied and may be 
of particular value in large dairies. BHB is 
proposed as the candidate because it is the 
more robust in milk, and where cows are fed 
a total mixed ration, it is not subject to sig¬ 
nificant diurnal variation. Milk BHB concen¬ 
tration can be measured in real-time with a 
fluorometric method that requires no pre¬ 
treatment of the milk. 

Biochemical monitoring of herds for 
subclinical ketosis and adequacy of peripar- 
turient feeding can be conducted using blood 
glucose estimations on a sample of cows in 
their second week of lactation. Plasma glucose 
concentrations below 45 mg/dL(2.4 mmol/L) 
suggest subclinical ketosis. For individual 
cows, blood glucose estimations should be 
done at about 14 days after calving. This 
method of monitoring is inexpensive using 
widely available point-of-care devices. 
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FATTY LIVER IN CATTLE 
(FAT-MOBILIZATION SYNDROME, 
FAT-COW SYNDROME, HEPATIC 
LIPIDOSIS, PREGNANCY 
TOXEMIA IN CATTLE) 

Fatty liver (hepatic lipidosis) is an important 
metabolic disease of dairy cows in early lacta¬ 
tion and is associated with decreased health 
status and reproductive performance. 






SYNOPSIS 


Etiology Mobilization of excessive body fat to 
liver during periods of negative energy 
balance at time of parturition or in early 
lactation of dairy cows and late pregnancy 
of beef cows. 

Epidemiology High-producing dairy cows 
overfed during dry period may develop 
fatty liver syndrome just before or after 
calving precipitated by any factor or 
disease that interferes with feed intake. 
Occurs in well-conditioned beef cattle in 
late pregnancy when energy intake is 
suddenly decreased. Moderate and 
subclinical degrees of fatty infiltration may 
adversely affect reproductive performance 
of dairy cows. 

Signs Inappetence to anorexia, ruminal atony, 
lethargic, inactivity, ketonuria, fat body 
condition, weakness and recumbency if 
worsens. Recover if continue to eat and 
appetite improves. 

Clinical pathology Increase in plasma/serum 
nonesterified fatty acid, acetoacetate, 
P-hydroxybutyrate, and total bilirubin 
concentrations; increase in plasma/serum 
hepatic enzyme activity (particularly 
aspartate aminotransferase and ornithine 
carbamoyl transferase activity); increased 
fat content in liver biopsy. 

Necropsy findings Fatty infiltration of liver, 
liver may appear yellow. 

Diagnostic confirmation Liver biopsy. 

Differential diagnosis list 

• Left-sided or right-sided displacement of 
abomasum 

• Milk fever 

• Abomasal impaction 

• Vagus indigestion 

• Peritonitis 

Treatment Fluid and electrolyte therapy 
including glucose IV (bolus infusion). 
Propylene glycol orally. Dexamethasone IM. 
Provision of palatable feed. 

Control Avoid overfeeding during late 
lactation and dry period. Avoid situations 
that reduce feed intake at time of 
parturition. 


ETIOLOGY 

Fatty liver is caused by the mobilization of 
excessive quantities of fat from body deposits 
to the liver. It develops when the hepatic 
uptake of lipids exceeds the oxidation and 
secretion of lipids by the liver. Excess lipids 
are stored as triacylglycerol in the liver, and 
excessive lipid in hepatocytes is associated 
with decreased metabolic function of the 
liver. Fatty liver occurs because of a sudden 
demand of energy in the immediate postpar¬ 
tum period in well-conditioned lactating 
dairy cows. Fatty liver also occurs because of 
a sudden deprivation of feed in fat pregnant 
beef cattle, and is especially severe in those 
bearing twins. The disease is an exaggeration 
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of what is a common occurrence in high- 
producing dairy cows that are in a state of 
negative energy balance in early lactation. A 
substantial drop in voluntary dry matter 
intake is initiated in late pregnancy and con¬ 
tinues into early lactation. This decrease has 
traditionally been interpreted as caused by 
physical constraints in the abdomen as a 
result of the enlarging gravid uterus, but this 
purported mechanism appears to have been 
overemphasized. The decline in dry matter 
intake coincides with changes in reproduc¬ 
tion status, changes in fat mass, and meta¬ 
bolic changes in support of lactation, and the 
associated metabolic signals are likely to play 
an important role in intake regulation. These 
signals include nutrients, metabolites, repro¬ 
ductive hormones, stress hormones, leptin, 
insulin, gut peptides, cytokines, and neuro¬ 
peptides. Body fat, especially subcutaneous 
fat, is mobilized and deposited primarily in 
liver but also in muscle and the kidneys. 
Whether or not the cow is truly fat at parturi¬ 
tion may not be important in determining 
the degree of fat mobilization, but the degree 
of negative energy balance in early lactation 
is critical. 

EPIDEMIOLOGY 
Occurrence and Incidence 

Fatty infiltration of the liver is common in 
high-producing dairy cattle from a few 
weeks before and after parturition 1 and is 
associated with several periparturient dis¬ 
eases and an increase in the calving-to- 
conception interval. In dairy cows, fatty liver 
occurs primarily in the first 4 weeks after 
calving when up to 50% of all cows have 
some accumulation of triacylglycerol in the 
liver. A severe form of fatty infiltration of the 
liver immediately before or after parturition 
is known as the fat-mobilization syndrome, 
fat-cow syndrome, or pregnancy toxemia 
of cattle, and it can be highly fatal. In beef 
cattle, the disease occurs most commonly in 
late pregnancy when the nutrient intake is 
decreased in cattle that were previously well 
fed and in good body condition. In a field 
study, the percentage of cattle dying or being 
culled because of disease was affected by the 
amount of hepatic triglyceride: 15%, 31%, 
and 42% for cattle with mild, moderate, and 
severe hepatic lipidosis, respectively. Out¬ 
breaks of the disease have occurred in 
dairy herds in which up to 25% of all cows 
were affected, with a case-fatality rate of 90%. 

Cattle have been classified into three 
groups on the basis of liver fat content deter¬ 
mined histologically 1 week after parturition. 
Less than 20% lipid corresponds to less than 
50 mg/g liver by weight; 20% to 40% lipid, 50 
to 100 mg/g liver; and greater than 40% rep¬ 
resents more than 100 mg/g liver. These con¬ 
centrations correspond to mild, moderate, 
and severe cases of fatty infiltration, respec¬ 
tively. Cows with less than 20% lipid in the 
liver at 1 week after calving are considered 
normal, and those with more than 20% are 


considered to have a fatty liver. About 30% 
of high-yielding dairy cows in the United 
Kingdom are considered to have a fatty liver 
1 week after calving. Clinical evidence of 
hepatic disease may not occur consistently 
until liver lipid concentrations are in the 
range of 35% to 45% or more. 

Risk Factors 
Host Factors 

Fatty infiltration of the liver is part of a 
generalized fat-mobilization syndrome that 
occurs in early lactation, particularly in 
high-yielding dairy cows, as milk production 
outstrips appetite and body reserves are used 
to meet the energy deficit. In about 30% of 
high-producing cows, fatty infiltration in the 
liver is severe and is associated with revers¬ 
ible but significant effects on liver structure 
and function. In some populations of cows, 
the incidence of fatty liver is much lower and 
insignificant. 

Diseases that occur commonly in early 
lactation predispose to fatty liver include 
ketosis, left-side displacement of the 
abomasum, mastitis, retained fetal mem¬ 
branes, milk fever, and downer-cow syn¬ 
drome. Any disease of early lactation that 
affects appetite and voluntary intake can 
contribute to fatty liver. 

The deficit occurs because dietary intake 
cannot meet the energy requirements for the 
high yield. Peak yields of milk are reached 4 
to 7 weeks after calving, but the highest levels 
of voluntary feed intake are not reached until 
8 to 10 weeks after calving. As a result of the 
energy deficit, the cow mobilizes body 
reserves for milk production and may lose a 
large amount of body weight. 

The BCS at calving can have a direct effect 
on the health, milk yield, and fertility of 
cows. It represents the cumulative effects 
of the dry period, the BCS at drying off, and 
the loss of body condition during the dry 
period. The risk of retained placenta may be 
greater for cows underconditioned at drying, 
whereas cows that lost more body condition 
during the dry period may be more affected 
by both retained placenta and metritis; the 
two effects are independent of each other. 
The risk of ketosis is increased in cows over¬ 
conditioned at calving, which may be a result 
of a long dry period. Cows calving at a higher 
BCS produced more milk, fat, and protein in 
the first 90 days of lactation, and the effect 
was most pronounced for milk-fat content. 
Cows with a higher BCS at calving were less 
prone to anestrus, but they did not conceive 
more successfully to first service. A reduc¬ 
tion of 6 open days in primiparous cows was 
estimated for each additional unit of BCS at 
calving. Multiparous cows that lose more 
body condition during the dry period are 
more prone to inactive ovaries and are more 
likely to be open 150 days after calving in the 
next lactation. 

Dairy cows with abnormally long dry 
periods also have a tendency to become 
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obese and develop the fatty liver syndrome 
of parturition. The feeding of dairy cows in 
large groups, as in loose housing systems, has 
been associated with an increase in the inci¬ 
dence of the disease. The disease has occurred 
in pregnant heifers within 31 days after being 
turned out onto grass. 

The disease can occur in nonlactating 
dairy cows by the imposition of a partial- 
starvation diet in late pregnancy in an 
attempt to reduce the body weight of cows 
that are considered to be too fat. Changing 
the diet of pregnant beef cows from silage to 
straw in an attempt to reduce their body 
weight and the incidence of dystocia has 
resulted in outbreaks of the disease. 

In beef cattle in North America, the 
severe form of the disease, pregnancy 
toxemia, is seen most commonly in the last 
6 weeks of pregnancy in cows that are fat and 
pregnant with twins. The affected cows are 
usually well fed until late pregnancy, when an 
unexpected shortage of feed occurs, or the 
cows are too fat and cannot consume suffi¬ 
cient low-energy feed to meet the demands 
of pregnancy. Under usual circumstances, 
the disease in beef cattle occurs sporadically: 
the morbidity is about 1%, but the mortality 
is usually 100%. 

Pregnancy toxemia of cattle has occurred 
in pregnant beef cattle in Australia and the 
United Kingdom. First-calf heifers were more 
commonly affected than older cows, and 
most were in late pregnancy (7 to 9 months) 
or had just recently calved. Cows pregnant 
with twins are particularly susceptible. 

Genetics of Lipid Mobilization 
Cows generally mobilize body lipid reserves 
in early lactation and regain these reserves 
during subsequent pregnancy. Lipid mobi¬ 
lized from body reserves makes a substan¬ 
tial contribution to the energetic cost of 
milk production in early lactation. It is 
usually assumed that this mobilization of 
body energy reserves is entirely a response 
to a deficit in feed energy intake relative to 
milk energy output. This implies that 
increasing the energy content of the feed 
being offered would decrease body energy 
mobilization in early lactation. A number 
of studies indicate that this is not always 
the case. It has been proposed that mobili¬ 
zation of body reserves in early lactation 
and the subsequent gain in body reserves 
during pregnancy are to a large extent 
genetically driven. Genetically driven body- 
lipid change is defined as that which would 
occur in cows kept in an environment that 
was in no way constraining. It then follows 
that environmentally driven body-lipid 
change is defined as that which occurs in 
response to an environment that is con¬ 
straining. The rationale and evidence for 
genetically driven body-lipid change have 
their basis in evolutionary considerations 
and in the changes in lipid metabolism 
throughout the reproductive cycle. 


Environmental and Dietary Factors 
In North America, the introduction of the 
system of challenge feeding of dairy cows 
was associated with an increased incidence 
of fatty liver. The overall effect of the system 
is to provide excess energy in the diet during 
late pregnancy or during the dry period gen¬ 
erally. The diets fed may contain a high per¬ 
centage of the cereal grains, corn ensilage, or 
brewer’s grains. In this system, high-energy 
rations are fed beginning a few weeks before 
parturition. The total daily amount of feed 
is increased by regular increments to reach 
a high level at parturition and peak levels 
to coincide with the peak in the lactation 
curve several weeks after parturition. This 
resulted in some excessively fat cows at the 
time of parturition, when energy demands 
are high. The disease has also occurred in 
dairy cows that were fed excessive amounts 
of high-energy rations throughout the dry 
period. In dairy herds, fatty liver syndrome 
has also been associated with an increase in 
the incidence of milk fever, ketosis, and left- 
sided displacement of the abomasum, all of 
which are much more difficult to treat suc¬ 
cessfully because of the fatty liver. 

Overfeeding during the dry period pre¬ 
disposes cows to accumulate fat in adipose 
tissue during the prepartum period. Before 
parturition, adipose tissue from overfed 
cows has higher rates of esterification than 
the adipose tissue of cows fed a restricted 
energy intake. In the fatty livers of these 
overfed cows, the rate of gluconeogenesis is 
not optimal, which results prolongation of 
lipolysis, particularly during the first few 
weeks after parturition. The increased lipoly¬ 
sis after parturition leads to a major increase 
in the hepatic triacylglycerol concentration 
and to a shift in hepatic fatty acid composi¬ 
tion. Unrestricted feed intake during the 
dry period impairs postpartum oxidation 
and synthesis of fatty acids in the liver of 
dairy cows. 

In Australia, only beef cattle have been 
involved in pregnancy toxemia; the fat and 
the obese are most commonly affected. The 
disease occurred most notably when there 
was a shift to autumn calving (February to 
April) when feed supplies were low because 
of low late-summer rainfall. The cows were 
in good to fat body condition because of 
lush pastures in the spring and early summer, 
but by autumn when the calving season 
approached, the feed supplies were low and 
the nutritive value of the pasture inadequate. 
The lack of feed combined with the expen¬ 
sive nature of supplementary feeding resulted 
in an inadequate level of nutrition during late 
pregnancy. The morbidity is usually from 1% 
to 3%, but may be as high as 10%, and the 
disease is usually fatal. 

PATHOGENESIS 

Fatty liver is associated with a negative 
energy balance that is essentially universal in 
dairy cows in the first few weeks of lactation. 


Most cows adapt to the negative energy 
balance through an intricate mechanism of 
metabolic adaptation. Fatty liver develops 
because of failure of these adaptive mecha¬ 
nisms. Under normal physiologic condi¬ 
tions, the total amount of fat increases in the 
liver beginning a few weeks before calving, 
rises to an average of about 20% (of wet- 
weight basis) 1 week after calving, and 
declines slowly to the normal level of less 
than 5% by 26 weeks after calving. However, 
the fat content varies from almost none to 
70% among cows 1 week after calving. Fat 
mobilization begins about 2 to 3 weeks 
before calving and is probably induced by 
a changing hormonal environment before 
calving rather than an energy deficit. After 
calving, there is a larger increase in fat accu¬ 
mulation. The changes in the liver in dairy 
cows are functional and reversible and 
related to the metabolic demands of late 
pregnancy and early lactation. 

The heavy demands for energy in the 
high-producing dairy cow immediately after 
parturition, or in the pregnant beef cow that 
may be bearing twins, result in an increased 
rate of mobilization of fat from body reserves, 
usually subcutaneous fat, to the blood that 
transports it to body tissues, particularly the 
liver but also muscle and the kidneys. Any 
decrease in energy intake caused by a short¬ 
age of feed or an inability of the cow to 
consume an adequate amount of feed during 
the critical periods of late pregnancy or early 
lactation results in the mobilization of an 
excessive amount of nonesterified fatty 
acids (NEFAs). This results in increased 
hepatic lipogenesis with accumulation of 
lipid in enlarged hepatocytes, depletion of 
liver glycogen, and inadequate transport 
of lipoprotein from the liver. Most of the 
lipid infiltration of the liver in dairy cows 
after calving is in the form of triacylglycerols 
because of the increased uptake of NEFAs 
and a simultaneous increase in diacylglycerol 
acyltransferase; the activity of this enzyme is 
activated by fatty acids. The gradual increase 
in plasma NEFA concentration during the 
final prepartum days may explain the gradual 
depression in dry matter intake and a con¬ 
tributing factor to triglyceride accumulation 
in the liver. During this period there is also 
an elevated concentration of plasma glucose 
and a lowered plasma BHB concentration. 
The serum lecithin: cholesterol acyltransfer¬ 
ase activity in spontaneous cases of fatty 
liver in cows is also decreased, which may 
be associated with reproductive performance 
because cholesteryl esters are utilized for the 
synthesis of steroid hormones. 

Cattle are prone to fatty liver because 
their hepatocytes have limited capacity to 
export VLDLs and therefore a limited ability 
to export accumulated fat in the hepatocytes. 
NEFAs transported to the liver are usually 
oxidized in the mitochondria and peroxi¬ 
somes or secreted as VLDL particles into 
the blood. Fatty liver develops when the 





uptake of NEFAs by the liver exceeds the 
oxidation of NEFAs by the liver to C0 2 , 
partial oxidation of NEFAs to form ketones, 
and export of phospholipids, cholesterol, and 
apoproteins from the liver as lipoproteins. 
For unknown reasons, the capacity for VLDL 
formation is low in cattle and further 
impaired in early-lactating cows a result 
of very low apoliprotein B100 (apoBlOO) 
availability, the main apolipoprotein of 
VLDL particles. Production of ketones in 
moderate levels is beneficial in that energy is 
exported from the liver to other tissues that 
can utilize ketones as an energy source. 
Excess lipids that cannot be exported are 
stored as triacylglycerol in the liver and are 
associated with decreased metabolic func¬ 
tions of the liver. Also, a prepartum surge of 
estrogen may contribute to the development 
of fatty liver in ruminants by increased fatty 
acid esterification along with limited export 
of triglyceride. 

During fat mobilization, there is a con¬ 
current loss of body condition and adipose 
tissue. The degree of mobilization will be 
dependent on the fatness of the cow and 
extent of the energy deficit. Fat and thin cows 
respond differently to the metabolic demands 
of early lactation. Fat cows appear less able 
to utilize mobilized fatty acids, and as a result 
they accumulate esterified fat in tissues. This 
can adversely influence susceptibility to 
disease, and the response of the cow to that 
disease imposes further metabolic demands, 
particularly on muscle and protein metabo¬ 
lism. Both fat and skeletal muscle mass are 
decreased after calving, and fat cows lose 2.5 
times more muscle fiber area than thin cows. 
Thus the loss of body condition is a result of 
total tissue mobilization (protein and fat) 
rather than fat alone. There appears to be a 
higher rate of protein mobilization in fat 
cows than in thin cows. 

Cows that are not fat initially do not 
develop fatty liver syndrome. Pregnant beef 
cows in thin body condition on pasture can 
become extremely emaciated and eventually 
recumbent and die of starvation, but they do 
not develop pregnancy toxemia. 

CLINICAL FINDINGS 

In dairy cattle, fat-cow syndrome occurs 
usually within the first few days following 
parturition and is commonly precipitated 
by any condition that interferes with the 
animal’s appetite temporarily, such as the 
following: 

• Parturient hypocalcemia 

• Left-sided displacement of the 

abomasum 

• Indigestion 

• Retained fetal membranes 

• Dystocia 

Affected cows are usually excessively fat, 
with a BCS of 4/5 or higher. Excessive quan¬ 
tities of subcutaneous fat are palpable over 
the flanks, the shoulder areas, and around 
the tailhead. The affected cow usually does 
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not respond to treatment for some of these 
diseases and becomes anorexic. The tem¬ 
perature, heart rate, and respiration are 
within normal ranges. Rumen contractions 
are weak or absent, and the feces are usually 
scant. Periods of prolonged recumbency are 
common, and affected cows may have diffi¬ 
culty in standing when they are coaxed to 
stand. A severe ketosis that does not respond 
to the usual treatment may occur. There is 
marked ketonuria. Affected cows will not eat 
and gradually become weaker and progress 
to totally recumbent, and they die in 7 to 10 
days. Some cattle exhibit nervous signs con¬ 
sisting of a staring gaze, holding the head 
high, and muscular tremors of the head and 
neck. Some severe cases appear to develop 
hepatic failure, do not respond to therapy, 
and become weak and recumbent and die. 
Terminally there is coma, tachycardia, and 
marked hyperglycemia. The case-fatality rate 
in severe cases may reach 50% or more. 

In fat beef cattle shortly before calving, 
affected cows are aggressive, restless, excited, 
and uncoordinated with a stumbling gait; 
sometimes have difficulty in rising; and they 
fall easily. The feces are scant and firm, and 
there is tachycardia. When the disease occurs 
2 months before calving, the cows are 
depressed for 10 to 14 days and do not eat. 
Eventually they become sternally recumbent. 
The respirations are rapid, there may be an 
expiratory grunt, and the nasal discharge is 
clear, but there may be flaking of the epithe¬ 
lium of the muzzle. The feces are usually 
scant; terminally, there is often a fetid yellow 
diarrhea. The disease is highly fatal; the 
course is 10 to 14 days, and terminally there 
may be coma, with cows dying quietly. 

In dairy cattle with moderately severe 
fatty liver, the clinical findings are much less 
severe, and most will recover within several 
days if they continue to eat even small 
amounts of hay. In dairy cattle, there is a 
relationship between the occurrence of a 
subclinical fatty liver within the first few 
weeks after parturition and inferior repro¬ 
ductive performance as a result of a delay in 
the onset of normal estrus cycles and a 
reduction in the conception rate that results 
in an increase in the average days between 
calving and conception. There may be differ¬ 
ences in reproductive performance between 
cows with mild and moderate fatty livers 
early after calving. However, an examination 
of the postpartum hormone profiles of cows 
with fatty liver did not reveal the pathogenic 
mechanism of the reduced fertility. Fat-cow 
syndrome may also be associated with an 
increased incidence of parturient paresis and 
unresponsive treatment for ketosis in early 
lactation. 

CLINICAL PATHOLOGY 
Serum Biochemistry 

The biochemical changes associated with 
fatty liver syndrome in cows depend on the 
severity of the fatty liver. There is a 


significant association between increasing 
serum biochemical abnormalities with 
increasing amounts of liver fat, although 
there may be considerable overlap in the dis¬ 
tribution of individual test values in a popu¬ 
lation of animals with suspected fatty liver. 

Increased plasma/serum nonesterified 
fatty acid, acetoacetate, BHB, and total bili¬ 
rubin concentrations, and decreased serum 
fructosamine concentration, 2 are associated 
with increased liver fat percentage. Likewise, 
increased plasma/serum hepatic enzyme 
activity (particularly aspartate aminotrans¬ 
ferase and ornithine carbamoyl transferase 
activity) is also associated with increased 
liver fat percentage. Other hepatic enzyme 
activities in plasma, such as alanine amino¬ 
transferase, sorbitol dehydrogenase, gluta¬ 
mate dehydrogenase, alkaline phosphatase, 
and gamma-glutamyl transferase activities, 
are poorly associated with liver fat percent¬ 
age. 1 Possibly the most relevant biochemical 
index of the liver fat percentage is the plasma 
NEFA: cholesterol ratio. The rationale for 
using this ratio is that the plasma NEFA con¬ 
centration reflects a metabolite that has not 
been cleared by the liver, whereas the plasma 
cholesterol concentration reflects the rate 
of hepatic reesterification and export as a 
VLDL. A high plasma NEFA: cholesterol 
concentration therefore is thought to indicate 
a high liver fat percentage. An increased con¬ 
centration of plasma total bilirubin is also 
associated with increased liver fat percentage; 
competition between bilirubin and NEFA 
for the same binding site on hepatocytes 
decreases the hepatic uptake of bilirubin 
and therefore results in hyperbilirubinemia. 2 
Serum fructosamine concentration provides 
a retrospective record of serum/plasma 
glucose concentrations over the previous 1 
to 3 weeks and therefore provides a useful 
longer-term index of glucose availability. 
Serum fructosamine concentrations less than 
213 pmol/L are predictive of hepatic lipidosis 
in dairy cattle. 2 

The plasma ammonia concentration in 
arterial or venous samples is poorly associ¬ 
ated with liver fat percentage, but it is an 
excellent indicator of hepatic failure in 
severely affected cattle with hepatic lipido¬ 
sis. 3 In cattle, ammonia in plasma is derived 
mainly from bacterial activity in the rumen 
and metabolism of tissue amino acids and 
is converted to urea by the liver or gluta¬ 
mine by the liver and other tissues. Conse¬ 
quently, severe liver dysfunction results in 
elevated plasma ammonia concentrations 
(>29 pmol/L), with higher ammonia con¬ 
centrations in arterial samples than venous 
samples because of nonhepatic metabolism 
of ammonia. 

Several cow-side blood, urine, and milk 
ketone tests are available for the detection of 
subclinical ketosis in postpartum dairy cows 
(see previous section on ketosis and subclini¬ 
cal ketosis). Metabolomic biomarkers show 
promise in identifying a typically pattern 





1720 


Chapter 17 


Metabolic and Endocrine Diseases 


of changes in cattle with hepatic lipidosis; 
for example, plasma fibrinogen decreases 
inversely with the severity of hepatic lipido¬ 
sis, presumably because of intracellular lipid 
accumulation interferes with fibrinogen 
synthesis. 4 

Hemogram 

In cattle with subclinical fatty liver, there 
may be a leukopenia, neutropenia, and lym¬ 
phopenia. Leukopenia has been observed in 
dairy cows with more than 20% liver fat in 
the second week after calving. This may be 
related to the increased incidence of postpar¬ 
turient diseases, such as mastitis and endo¬ 
metritis, observed in cows with subclinical 
fatty liver. In cows with fatty liver, there is 
decreased functional capacity of the poly¬ 
morphonuclear cells. However, this is not 
necessarily a cause-and-effect relationship. 

Liver Biopsy and Analysis 

The severity of fatty liver has been arbitrarily 
classified into severe, moderate, and mild, 
based on the amount of triglyceride present 
in the hepatocytes. 1 In severe hepatic lipido¬ 
sis, the accumulation of triglyceride in the 
cytoplasm is accompanied by disturbances 
in hepatic structure and function that may 
result in hypoglycemia and ketonemia; these 
signs are manifested as anorexia and depres¬ 
sion, and there may be clinical evidence of 
nervous signs. A liver biopsy can be used 
to determine the severity of the fatty liver 
and the concentration of triglyceride and 
is the most reliable method of accurately 
estimating the degree of fatty infiltration of 
the liver. 

The triglyceride concentration of liver in 
normal cows ranges from 10% to 15% on a 
wet-weight basis. Estimation of the lipid 
content of bovine liver samples obtained by 
biopsy may be made by biochemical or his¬ 
tologic methods. Both methods provide rea¬ 
sonable estimates of liver fat content over a 
wide range of values. The lipid content of 
bovine liver is highly correlated with its spe¬ 
cific gravity and the submersion of needle 
biopsy specimens into water, and copper 
sulfate solutions with specific gravities of 
1.025 and 1.055 can be used as a test to esti¬ 
mate lipid content. For routine clinical diag¬ 
nosis, three solutions of specific gravities of 
1,1.025, and 1.055 can be used. Liver samples 
that float in all three solutions contain greater 
than 34% lipid, those that sink in water but 
float in solutions of 1.025 and 1.055 specific 
gravity contain less than 34% but greater than 
25% lipid, whereas those that float only in 
solutions of 1.055 specific gravity contain less 
than 25% but greater than 13% lipid. Samples 
that sink in all three solutions contain less 
than 13% lipid. Some limited evidence indi¬ 
cates that cows with liver lipid concentrations 
above 34% are severely affected and can be 
expected to have clinical manifestations of 
hepatic insufficiency. Those with liver lipid 
levels between 34% and 25% are moderately 


affected and might have some clinical evi¬ 
dence of hepatic insufficiency. Those between 
25% and 13% are mildly affected, which is the 
range of most postpartum dairy cows without 
any evidence of disease. Liver lipid concen¬ 
trations below 13% are inconsequential. 

Ultrasonography of the Liver 

Ultrasonography of the liver has been used 
to evaluate fatty infiltration in dairy cattle 
with mixed results. 5,6 Two strategies have 
been employed: identification of hepatic 
enlargement by comparing liver position 
with published reference range relative to the 
ribs, and the echogenicity or brightness of the 
liver. In the normal cow, the hepatic ultra¬ 
sonogram consists of numerous weak echoes 
distributed homogeneously over the entire 
area of the liver. The echo beam gradually 
attenuates as it passes through the normal 
liver tissue. The portal and hepatic veins can 
be seen within the normal echotexture, and 
the parenchymal edges are normally visible. 
In the fatty liver, there is a diffuse nature and 
echogenicity that are roughly proportional to 
the volume of fat vacuoles and the amount 
of triglyceride in the liver. Assessment of 
echogenicity is subjective and varies with 
equipment and settings on the ultrasono¬ 
graphic unit. Consequently, objective ultra¬ 
sonographic indices of hepatic lipidosis are 
under investigation, such as spectral analysis 
and analysis of brightness (B)-mode image 
statistics and texture characteristics. 6 Tech¬ 
nological challenges associated with digital 
processing of ultrasonographic images of the 
liver need to be resolved before the noninva- 
sive measurement of liver fat percentage 
becomes a widely available diagnostic tool. 

NECROPSY FINDINGS 

In severe fatal cases, the liver is grossly 
enlarged, pale yellow, friable, and greasy. Mild 
and moderate cases are usually not fatal 
unless accompanied by another fatal disease, 
such as peracute mastitis. The degree of fatty 
infiltration in these instances is much less 
obvious. The histologic changes include the 
occurrence of fatty cysts or lipogranulomas, 
enlarged hepatocytes, compression of hepatic 
sinusoids, a decreased volume of rough endo¬ 
plasmic reticulum, and evidence of mito¬ 
chondrial damage. The latter two changes 
are reflected in reduced albumin levels and 
increased activities of liver enzymes in the 
blood. The proportions of the various fatty 
acids in the liver are altered considerably. Pal¬ 
mitic and oleic acid proportions are higher in 
fatty-liver cows than in normal cows, whereas 
stearic acid is lower. 


DIFFERENTIAL DIAGNOSIS 


In dairy cows, fatty liver must be 
differentiated from those diseases that occur 
commonly immediately following parturition. 

Left-sided displacement of the abomasum 


results in a secondary ketosis, inappetence, 
and pings over the left abdomen. 

Retained placenta and metritis may be 

accompanied by fever, inappetence to 
anorexia, ruminal atony, and a foul-smelling 
vaginal discharge. A degree of fatty 
liver may occur in these cows, making it 
indistinguishable from the effects of the 
retained placenta and metritis. 

Primary ketosis may occur immediately 
after parturition or within several days rather 
than at the most common time, at 6 to 8 
weeks of lactation. Inappetence, ruminal 
hypotonicity, marked ketonuria, and a good 
response to glucose and propylene glycol are 
characteristic. 

In beef cattle, pregnancy toxemia 

before parturition must be differentiated from 
abomasal impaction, vagus indigestion, and 
chronic peritonitis. 


TREATMENT 

The prognosis for severe fatty liver is unfa¬ 
vorable. In general, cows with the severe 
fat-cow syndrome that are totally anorexic 
for 3 days or more usually die in spite of 
intensive therapy. The prognosis for cases 
with nervous signs is very poor. Liberal 
quantities of highly palatable good-quality 
hay and an ample supply of water should be 
provided. Cattle that continue to eat in 
increasing daily amounts will recover with 
supportive therapy and palatable feeds. The 
major prognostic factor is whether the cow 
will eat; failure of the appetite to return is 
usually a very poor prognostic sign. 

Three treatment strategies for fatty liver 
are available. The most effective strategy is to 
decrease the rate of fat mobilization and 
therefore the plasma NEFA concentration; 
propylene glycol appears to act partly by 
this mechanism. The second strategy is to 
facilitate the complete oxidation of NEFAs in 
the liver. The third strategy is to increase the 
rate of export of VLDLs from the liver; 
choline is thought to act by this method. 
Because they address different mechanisms, 
combined treatment using propylene glycol 
and rumen-protected choline offers theoreti¬ 
cal advantages. Several different therapeutic 
approaches have been tried and are discussed 
in detail in the previous section on ketosis 
and subclinical ketosis 

Additional treatments that have been 
tried in cattle with fatty liver include intrave¬ 
nous fluids, ruminal transfaunation, and 
glucagon. 

Fluid and Electrolyte Therapy. Intensive 
therapy directed at correcting the effects of 
the ketosis and the fatty liver is required. The 
recommended treatment includes continu¬ 
ous IV infusion of 5% glucose and multiple 
electrolyte solutions and the intraruminal 
administration of rumen juice (5 to 10 L) 
from normal cows in an attempt to stimulate 











the appetite of affected cows. Water and mul¬ 
tiple electrolytes (10 to 30 L) can be admin¬ 
istered intraruminally. 

Glucagon. The subcutaneous injection of 
15 mg/d of glucagon for 14 days beginning 
at day 8 postpartum decreases liver triglyc¬ 
eride concentrations in cows older than 3.5 
years. Glucagon, containing 29 amino acids, 
is a pancreatic hormone that improves the 
carbohydrate status of cows by stimulating 
hepatic gluconeogenesis, glycogenolysis, 
amino acid uptake, and ureagenesis. The 
effect of glucagon on lipid metabolism is 
both direct and indirect because it directly 
increases lipolysis in adipose tissue but indi¬ 
rectly decreases lipolysis by increasing con¬ 
centrations of plasma glucose and insulin. 
IV infusions of glucagon are not practical 
for on-farm use. 

Glucocorticoids. Dexamethasone-21 - 
isonicotinate (20 to 25 mg, IM) decreases 
hepatic total lipid and triglyceride content 
in cattle after surgical correction of left- 
displaced abomasum, which is a beneficial 
effect.' 

Propylene glycol given orally at 300 mL/ 
day for 5 days promotes gluconeogenesis and 
is used for the treatment of ketosis. 

Insulin as zinc protamine at 200 to 300 
SC twice daily promotes the peripheral utili¬ 
zation of glucose, but clinical results have 
been mixed. It is important to recognize 
that IV administration of glucose is always 
accompanied by insulin release, no matter 
the metabolic state of the cow. Consequently, 
IV glucose administration should be consid¬ 
ered as a combined treatment with glucose 
and insulin. 

Outbreaks in a Herd. When outbreaks of 
fat-cow syndrome occur in pregnant beef 
cattle, all remaining cows should be sorted 
into groups according to body condition and 
fed accordingly. Excessively fat cows should 
be fed the best-quality hay that is available 
along with a supplement. Fat cows should be 
exercised by feeding them on the ground and 
forcing them to walk. 


TREATMENT AND CONTROL 


Treatment 

Propylene glycol (300 mL daily for 5 days, PO) 
(R-1) 

Dextrose (500 mL of 50% dextrose once, IV) 
(R-1) 

Dexamethasone, dexamethasone-21- 
isonicotinate, or flumethasone, IM 
(R-1) 

Cyanocobalamin (vitamin B 12 , 1 to 4 mg IV, 
daily for 2 to 3 treatments) (R-2) 

Isoflupredone (20 mg, IM, multiple injections) 
(R-3) 
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Control 

Monensin (controlled-release capsule, 335 mg/ 
day) (R-1) 

Propylene glycol (300 to 500 mL daily for 5 
days, PO) (R-1) 

Cyanocobalamin (vitamin B 12 , 1 to 4 mg IV, 
daily for 2 to 6 treatments before or at 
calving) (R-2) 


CONTROL 

Control and prevention of fatty liver in cattle 
will depend on decreasing or eliminating 
most of the potential risk factors for the 
disease. Early recognition and treatment of 
diseases that affect the voluntary dietary 
intake in late pregnancy and immediately 
after parturition are necessary to minimize 
the mobilization of body-fat stores to meet 
the overall energetic requirements of the cow 
during the period of negative energy balance 
and to maintain or increase hepatic gluco- 
genesis. Diseases such as ketosis, displaced 
abomasum, retained placenta, acute mastitis, 
milk fever, and downer-cow syndrome must 
be treated as early as possible to avoid 
varying degrees of hepatic lipidosis. 

Dry Matter Intake and Energy 
Balance in the Transition Period 

The literature on dry matter intake and 
energy balance in the transition period of the 
dairy cow has been reviewed. 

The transition from late gestation to 
early lactation in the dairy cow is a critical 
period in the lactation-gestation cycle. 
During this period, feed intake is at the 
lowest level in the production cycle. In addi¬ 
tion to the drop in feed intake, there is 
a concurrent transition from late gestation 
to lactation, with huge increases in energy 
demands. This leads to a negative energy 
balance that can result in ketosis or fatty 
liver. Voluntary dry matter intake (DMI) 
may decrease 25% and 52% during the final 
14 days of gestation for first- and second- 
parity animals and aged (third and fourth or 
greater) cows, respectively. A negative energy 
balance can occur before parturition and is 
more likely to occur in heifers than cows 
because heifers have a lower DMI and an 
additional need for energy requirement for 
growth. The fall in DMI is the usual cause of 
a negative energy balance rather than an 
increase in energy requirements for fetal 
growth. 

Metabolic Adaptations During 
the Transition Period 

The primary goal of nutritional management 
strategies of dairy cows during the transition 
period should be to support the metabolic 
adaptations that occur. The hallmark of 
the transition period of dairy cattle is 
the dramatic change in nutrient demands 
that necessitates exquisite coordination of 


metabolism to meet requirements for energy, 
amino acids, and calcium by the mammary 
gland after calving. Estimates of the demand 
for glucose, amino acids, fatty acids, and net 
energy by the gravid uterus at 250 days of 
gestation and the lactating mammary gland 
at 4 days postpartum indicate approximately 
a tripling of demand for glucose, a doubling 
of demand for amino acids, and approxi¬ 
mately a fivefold increase in demand for fatty 
acids during this period. In addition, the 
requirement for calcium increases approxi¬ 
mately fourfold on the day of parturition. 
The literature on the integration of metabo¬ 
lism and intake regulation in periparturient 
animals has been reviewed. 

Glucose Metabolism 

The primary homeorhetic adaptation of 
glucose metabolism to lactation is the con¬ 
current increase in hepatic gluconeogenesis 
and decrease in oxidation of glucose by 
peripheral tissues to direct glucose to the 
mammary gland for lactose synthesis. The 
major substrates for hepatic gluconeogenesis 
are propionate from ruminal fermentation, 
lactate from Cori cycling, amino acids from 
protein catabolism or net portal-drained vis¬ 
ceral absorption, and glycerol released 
during lipolysis in adipose tissue. 

Lipid Metabolism 

The primary homeorhetic adaptation of lipid 
metabolism to lactation is the mobilization of 
body fat stores to meet the overall energetic 
requirements of the cow during a period of 
negative energy balance in early lactation. 
Body fat is mobilized into the bloodstream in 
the form of NEFAs that are used to make 
upward of 40% of milk fat during the first days 
of lactation. Skeletal muscle uses some NEFA 
for fuel, particularly as it decreases its reliance 
on glucose as a fuel during early lactation. 
Given that NEFA concentrations increase in 
response to increased energy needs accom¬ 
panied by inadequate feed intake, and plasma 
NEFA concentrations usually are inversely 
related. The liver takes up NEFAs in propor¬ 
tion to their supply, but the liver typically does 
not have sufficient capacity to completely 
dispose of NEFAs through export into blood 
or catabolism for energy. Therefore cows are 
predisposed to accumulate NEFAs as triglyc¬ 
erides within liver when large amounts of 
NEFA are released from adipose tissue into 
the circulation. 

Nutritional Management to Support 
Metabolic Adaptations During the 
Transition Period 
Grouping Strategies 

The primary goal of nutritional management 
strategies of dairy cows during the transition 
period should be to support the meta¬ 
bolic adaptations just described. Industry- 
standard nutritional management of dairy 
cows during the dry period consists of a 
two-group nutritional scheme. The National 
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Research Council (NRC) Nutrient Require¬ 
ments of Dairy Cattle recommends that a 
diet containing approximately 1.25 Mcal/kg 
of NE l should be fed from dry-off until 
approximately 21 days before calving, and 
that a diet containing 1.54 to 1.62 Mcal/kg of 
NE l should be fed during the last 3 weeks 
before calving. The primary rationale for 
feeding a lower-energy diet during the early 
part of the dry period is to minimize BCS 
gain during the dry period. During the last 3 
to 4 weeks prepartum, a diet higher in energy 
and protein concentration than current NRC 
recommendations should be fed so that ade¬ 
quate nutrient intake occurs within the limits 
of the reduced voluntary dry matter intake. 
Supplying excessive energy to dairy cows 
during the early dry period may have detri¬ 
mental carryover effects during the subse¬ 
quent early lactation. Managing cows to 
achieve a BCS of approximately 3.0 at drying 
off rather than the traditional 3.5 is now 
recommended. 

Strategies to Meet Glucose Demands 
and Decrease NEFA Supply During 
the Transition Period 
Carbohydrate Formulation of the Prepar¬ 
tum Diet. Feeding diets containing higher 
proportions of nonfiber carbohydrate (NCF) 
promotes ruminal microbial adaptation 
to NFC levels typical of diets fed during 
lactation and provides increased amounts 
of propionate to support hepatic gluconeo- 
genesis and microbial protein (providing 
the diet contains sufficient ruminally degrad¬ 
able protein) to support protein require¬ 
ments for maintenance, pregnancy, and 
mammogenesis. 

Direct Supplementation With Glucogenic 
Precursors. Propylene glycol is a glucogenic 
precursor that has been used as an oral drench 
in the treatment of ketosis. Decreased con¬ 
centrations of plasma NEFA and BHB follow 
oral administration of propylene glycol. 
The administration of an oral drench of pro¬ 
pylene glycol for 2 days beginning at calving 
decreased concentrations of NEFA in plasma 
and increased milk yield during early lacta¬ 
tion. However, in general, the lack of consis¬ 
tent production responses does not support a 
recommendation for routine use. Propionate 
supplements added to the diet to supply sub¬ 
strate for hepatic gluconeogenesis have also 
been used, but with inconsistent results. 

Glycerol given orally is an effective treat¬ 
ment for lactational ketosis in dairy cattle. 
Feeding glycerol to dairy cows from 14 days 
prepartum to 21 days in milk did not have 
the glucogenic effect attributed to it when 
given orally as a drench to individual cows. 

Monensin provided in controlled-release 
capsules (CRCs) administered 2 to 4 weeks 
prepartum has been shown to decrease the 
incidence of energy-associated diseases, sub- 
clinical ketosis, and left-side displaced 
abomasum by 40%, and a 25% reduction in 


retained placenta was found. The capsule 
delivers 335 mg/d of monensin for 95 days. 
The common mechanism for reduction of 
the incidences of these energy-associated 
diseases is likely to be improved energy 
metabolism during the transition period. The 
net effect of monensin within the rumen is 
to increase ruminal propionate production at 
the expense of ruminal acetate and methane 
production so that propionate supply is 
increased and the overall energetic efficiency 
of ruminal fermentation is increased. 

Added Fat in Transition Diets. It has been 
proposed that dietary fat may partially 
decrease concentrations of NEFA and 
prevent the occurrence of ketosis. Dietary 
long-chain fatty acids are absorbed into the 
lymphatic system and do not pass first 
through the liver. The fat can provide energy 
for peripheral tissues and the mammary 
gland, and the increased energy availability 
would in turn decrease mobilization of body 
fat and decrease plasma NEFA concentra¬ 
tions. However, available evidence indicates 
that added fat fed to cows during the prepar¬ 
tum period does not decrease plasma NEFA 
concentrations. 

Effects of Specific Fatty Acids on NEFA 
Supply. A substantial amount of research 
has examined the metabolic roles of indi¬ 
vidual fatty acids in transition-cow nutrition 
and metabolism. Feeding trans- 10, cis-12 
conjugated linoleic acid or transoctadeca- 
noic acid experimentally may decrease the 
negative energy balance, but the ultimate 
metabolic effects in transition cows are as yet 
uncertain. 

Because of the large economic losses 
associated with pregnancy toxemia in cattle, 
every economic effort must be made to 
prevent the disease. The principal method of 
control is to prevent pregnant cattle from 
becoming fat during the last trimester of 
pregnancy, particularly during the dry 
period in dairy cattle. During pregnancy, 
mature cattle should receive sufficient feed to 
meet the needs for maintenance and preg¬ 
nancy, and the total daily nutrient intake 
must increase throughout the last trimester 
to meet the needs of the fetus. However, this 
increase is usually difficult to control without 
some cows getting fat and others losing 
weight. Sorting cows into groups on the basis 
of size and condition and feeding accord¬ 
ingly is recommended. Metabolic profiles 
may be used as a means of assessing energy 
status and, correspondingly, the likelihood of 
occurrence hyperketonemia or pregnancy 
toxemia. Both plasma glucose and BHB con¬ 
centrations can be used. 

Body-condition scoring of dairy cows at 
strategic times can be used to monitor the 
nutritional status of the herd and minimize 
the incidence and severity of fatty liver syn¬ 
drome. The scoring should be done through¬ 
out the production cycle as part of a herd 


health program. Scoring done at calving, at 
21 to 40 days, and 90 to 110 days postpartum 
can be used to monitor the nutritional status 
of the herd. Scoring done at 100 to 60 days 
before drying off provides an opportunity for 
management to make appropriate adjust¬ 
ments in the feeding program so that optimal 
body-condition goals are achieved. The opti¬ 
mum BCS of a cow at calving that will result 
in the most economical amount of milk has 
not yet been determined. On a scale of 5, the 
suggested optimum score at calving has 
ranged from 3 to 4. The optimum score will 
probably depend on the characteristics of the 
individual herd, which include type of cow, 
type of feedstuffs available, season of the 
year, environmental temperature, and the 
people doing the actual body-condition 
scoring. 
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PREGNANCY TOXEMIA (TWIN 
LAMB DISEASE) IN SHEEP 


SYNOPSIS 


Etiology A multifactorial disorder of energy 
metabolism, with hypoglycemia and 
ketonemia (the accumulation in blood of 
acetoacetate, (5-hydroxybutyrate, and their 
decarboxylation products acetone and 
isopropanol). 

Epidemiology The disease in sheep is 

associated with a falling plane of nutrition, 
principally in the last month of pregnancy 
in ewes bearing twins and triplets, but can 
be induced by other stress at this time. 

Clinical findings Encephalopathy with 
blindness, muscle tremor, convulsions, 
metabolic acidosis, and a clinical course of 
2 to 8 days, usually terminating fatally 
unless treated early. 










Clinical pathology Hypoglycemia, ketonemia, 
ketonuria. 

Necropsy findings None specific. Twin lambs 
and fatty liver. 

Diagnostic confirmation Ketonemia, 
ketonuria, or elevated ketones in milk. 
Elevated p-hydroxybutyrate (BHBA) in 
aqueous humor of dead sheep. 

Treatment Parenteral glucose with 

corticosteroid and oral glucose precursors 
such as propylene glycol, occasionally 
insulin, or oral glucose and electrolyte 
therapy. Cesarean section or induction of 
parturition. Case fatality high. 

Control Monitoring of condition score, 
pasture availability, feeding, and 
biochemical indicators of ketosis. 

Correction of energy imbalance if detected. 


ETIOLOGY 

Hypoglycemia and hyperketonemia are the 
primary metabolic disturbances in preg¬ 
nancy toxemia. The precipitating cause is the 
energy demand of the conceptus in the latter 
part of pregnancy. However, there is a great 
deal of variation between sheep flocks in the 
prevalence of the naturally occurring disease 
under conditions that appear conducive to 
its development. The most important factor 
in pregnancy toxemia is a decline in the 
plane of nutrition during the last 4 to 6 weeks 
of pregnancy. This is the period when fetal 
growth is rapid and the demands for energy 
are markedly increased, particularly in ewes 
carrying twins or triplets. For example, the 
energy requirement for a 70-kg ewe carrying 
twins increases 36% in the last weeks of preg¬ 
nancy, from 13.5 MJ (3.2 Mcal)/d midgesta¬ 
tion to 18.3 MJ (4.4 Mcal)/d at term. The 
disease in goats during late pregnancy has 
the same initiating causes. 

Pregnancy toxemia can be classified 
according to the underlying management 
cause that is critical to its control and 
prevention: 

• Primary pregnancy toxemia 

• Fat-ewe pregnancy toxemia 

• Starvation pregnancy toxemia 

• Secondary pregnancy toxemia 

• Stress-induced pregnancy toxemia 

EPIDEMIOLOGY 
Primary Pregnancy Toxemia 

Primary pregnancy toxemia is the most 
common. In most flocks it is a result of a 
declining plane of nutrition in the latter half 
of pregnancy, often exacerbated by a short 
period of food deprivation associated with a 
management procedure in late pregnancy, 
such as crutching, shearing, a change of envi¬ 
ronment, or drenching. In sheep grazing 
pastures the decreased plane of nutrition is 
often associated with inadequate pasture 
availability and/or overstocking. In sheep 
at pasture it occurs more frequently in 
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early-lambing flocks, where there is insuffi¬ 
cient supplement provided during autumn 
or winter. In some outbreaks ewes have been 
moved onto better pasture during late preg¬ 
nancy specifically to prevent the occurrence 
of ketosis, but if ewes are unaccustomed to 
the new feed, their intake of metabolizable 
energy will be reduced. 

For sheep that are housed in late preg¬ 
nancy, the provision of poor-quality hay may 
predispose pregnancy toxemia. A change in 
feed type, feeding of moldy feed, or feed con¬ 
taminated with manure can also lead to 
decreased intake, especially with goats. 
Competition for inadequate trough space 
can also be important. Goats exhibit greater 
dominant/submissive behavior than sheep, 
and this can result in lower food intake in 
submissive goats in groups that are being fed 
a partial supplement or total ration. 

In all management systems, failing to 
identify and separate ewes bearing twins and 
triplets, and to feed them accordingly, or 
failing to increase the nutritional plane of 
mixed mobs of pregnant sheep during the 
last 6 weeks of pregnancy are important pre¬ 
disposing factors. 

Fat-Ewe Pregnancy Toxemia 

Fat-ewe pregnancy toxemia occurs without a 
specific stressor in ewes that are very well fed 
and are in an overfat condition in late preg¬ 
nancy (a condition score of 4 or 5 on a scale 
of 1 [emaciated] to 5 [fat]). Fat ewes have a 
decreased food intake in late pregnancy 
when the volume of the rumen is reduced by 
the pressure of intraabdominal fat and the 
developing fetus. This can occur especially 
when feeds with high water content are being 
fed, such as silage or root crops. A lack of 
exercise is thought to predispose this type of 
pregnancy toxemia, and there is often con¬ 
current hypocalcemia. 

Starvation Pregnancy Toxemia 

Starvation pregnancy toxemia occurs in ewes 
that are excessively thin. It is relatively 
uncommon, but it occurs in extensive 
grazing systems where there is prolonged 
drought and an inadequate alternative 
feed supply. It can occur in any production 
system where there is mismanagement and 
undernutrition. 

Secondary Pregnancy Toxemia 

Secondary pregnancy toxemia usually occurs 
as a sporadic disease as the result of the effect 
of an intercurrent disease, such as foot rot or 
foot abscess, that affects food intake. Heavy 
worm infestation, such as mixed infections 
of Teladorsagia, Haemonchus , or Trichostron- 
gylus species, would add a similar drain on 
glucose metabolism and increase the chances 
of development of this condition. 

Stress-Induced Pregnancy Toxemia 

Stress-induced pregnancy toxemia is the 
least common variant of this condition, in 


which stress is the initiator. Examples are the 
close shepherding or housing of late- 
pregnant sheep of breeds not used to being 
housed, the transport of late pregnant sheep, 
and outbreaks following attack by dogs. 

Occurrence 

Pregnancy toxemia is seen primarily in ewes 
carrying triplet or twin lambs in the last 6 
weeks of pregnancy, with the peak incidence 
in the last 2 weeks of pregnancy. It occurs 
wherever sheep are raised, but it is primarily 
a disease of sheep raised in intensive farming 
systems, either grazing or when housed 
during the winter. In part this is because the 
breeds of sheep used in intensive farming a 
re more likely to bear twins or triplets. In 
contrast, sheep breeds in extensive grazing 
systems commonly bear single lambs, and 
significant outbreaks of pregnancy toxemia 
are uncommon except where there is drought 
or insufficient pasture as a result of poor 
management. The attack rate in a flock varies 
with the nature and severity of the nutri¬ 
tional deprivation and the proportion of the 
flock at risk. It can be very high in starvation 
pregnancy toxemia, whereas fat-ewe preg¬ 
nancy toxemia is generally sporadic. In out¬ 
breaks that follow management procedures 
or other stressors, clinical disease is not seen 
until 48 hours afterward, and new cases will 
develop over several days. Intercurrent 
disease in late-pregnant ewes, such as foot 
rot or foot abscess, may predispose preg¬ 
nancy toxemia. 

The natural incidence in intensively 
farmed sheep is approximately 2% of preg¬ 
nant ewes, but where there are severe 
management deficiencies it may affect the 
majority of late-pregnant ewes. The propor¬ 
tion of flocks with cases varies by year, but in 
a study of sheep diseases in Canada, 19% of 
flocks reported cases of pregnancy toxemia. 
The case fatality is high unless treatment is 
initiated early in the clinical course, but even 
with early treatment many ewes will die. 

Experimental Reproduction 

Hypoglycemia and ketosis can be experimen¬ 
tally produced in pregnant sheep by under¬ 
nourishment, but the resultant syndrome has 
biochemical and clinical differences from 
spontaneously occurring pregnancy toxemia. 
For example, loss of appetite is an early sign 
in the spontaneous disease, whereas starved 
experimental animals, even though hypogly¬ 
cemic and ketotic, will eat feed when offered. 
Consequently, there is debate about whether 
hypoglycemia is the primary precipitating 
cause of the clinical signs in the naturally 
occurring disease. 

There is a great deal of variation between 
sheep in the ease with which the hypo¬ 
glycemia and ketosis can be produced exper¬ 
imentally and in the variation in incidence of 
the naturally occurring disease in conditions 
that appear to be conducive to it developing. 
It is likely that the difference between sheep 
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depends on the metabolic efficiency of the 
liver. 

Animal Risk Factors 
Pregnancy 

The disease occurs only in ewes in the last 6 
weeks of pregnancy, with the peak incidence 
in the last 2 weeks. It occurs primarily in 
ewes carrying triplet or twin lambs, although 
ewes bearing a single, large lamb may also be 
affected. 

Parity 

The disease is uncommon in maiden ewes 
because of their lower fecundity, and then 
increases in prevalence up until 5 to 6 years 
of age. 

Breed 

Breed differences largely reflect differences 
in fecundity and differences in management 
systems. Thus the disease is more common 
in British lowland breeds and their crosses 
than the Merino. British hill-breeds are tra¬ 
ditionally thought to be more resistant to the 
development of pregnancy toxemia in the 
face of nutritional deprivation of the ewe, but 
resistance is achieved at the expense of lamb 
birth weight and has the penalty of higher 
neonatal mortality. Differences in the sus¬ 
ceptibility of individual sheep appear to be 
related to differences in rates of hepatic 
gluconeogenesis. 

Economic Significance 

The disease has considerable effect. Without 
treatment, the case-fatality rate can approach 
100%, and in individual flocks the preva¬ 
lence can be high enough to be classed as an 
outbreak. Treated ewes that recover may 
have dystocia and die during parturition or 
develop retained placenta and metritis. 
Flocks that experience pregnancy toxemia 
also have a significantly higher-than-normal 
mortality in neonatal lambs and often a 
severe decrease in wool quality. Often these 
flocks are also predisposed to hypomagnese¬ 
mia during lactation. 

PATHOGENESIS 

Approximately 60% of fetal growth takes 
place in the last 6 weeks of pregnancy, and 
pregnancy toxemia results from inadequate 
energy intake during this time, usually in 
ewes with more than one fetus. Ewes that are 
predisposed to the disease have an ineffective 
gluconeogenic response to the continued 
preferential demands for glucose by the 
growing fetuses, resulting in hypoglycemia, 
lipid mobilization, and the accumulation of 
ketone bodies and cortisol. The reason for 
this predisposition is not precisely known, 
but the subsequent disease and metabolic 
changes are associated with excessive lipid 
mobilization. Elevated concentrations of 
BHB further suppress endogenous glucose 
production and exaggerate the development 
of ketosis. Thus the negative feedback of 


hyperketonemia on glucose production pro¬ 
duces a self-perpetuating cycle. 

An encephalopathy develops, thought to 
be a hypoglycemic encephalopathy from 
hypoglycemia in the early stages of the 
disease. The encephalopathy and the disease 
are frequently not reversible unless treated in 
the early stages. The onset of clinical signs is 
always preceded by hypoglycemia and hyper¬ 
ketonemia, although it is not related to the 
minimum blood glucose or maximum ketone 
levels, and thus hypoglycemia may not be the 
initial or precipitating cause of the syndrome. 
In affected ewes, there is an abnormally high 
level of cortisol in plasma, and adrenal 
steroid diabetes (“insulin resistance”) may 
either contribute to or be a predisposing 
factor. For example, a comparison of ewes 
with a high risk of pregnancy toxemia 
(German Blackheaded Mutton) with a breed 
of lower risk (Finnish Landrace) found that 
the glucose elimination rate and glucose 
stimulated first-phase insulin secretion was 
lower and the basal rate of lipolysis signifi¬ 
cantly higher in the high-risk ewes. However, 
further investigation of insulin resistance and 
impaired insulin sensitivity, and the underly¬ 
ing cause of pregnancy toxemia, is needed. 1 

The increase in plasma concentrations of 
nonesterified fatty acids depresses cellular 
and humoral immune responses in the exper¬ 
imentally produced disease, but the clinical 
significance of this to naturally occurring 
disease is not clear. 2 Renal dysfunction is also 
apparent in the terminal stages of ovine 
ketosis and contributes to the development 
of clinical signs and the fatal outcome. 

Those ewes that are carrying only one 
lamb and have been well fed before a short 
period of undernutrition may develop a 
subacute syndrome, both clinically and 
biochemically. In lines of ewe selected for 
increased fecundity, ewes bearing more than 
three fetuses have an increased susceptibility 
to pregnancy toxemia. 3 

CLINICAL FINDINGS 

The earliest signs of ovine ketosis are separa¬ 
tion from the group, altered mental state, and 
apparent blindness, manifested by an alert 
bearing but a disinclination to move. Sheep 
at pasture may fail to come up for supple¬ 
mentary feeding, and housed sheep may 
stand near the feed trough with other sheep 
but not eat. The ewe will stand still when 
approached by attendants or dogs and will 
turn and face them, but it will make no 
attempt to escape. If it is forced to move, it 
blunders into objects; when an obstacle is 
encountered, it presses against it with its 
head. Many affected ewes stand in water 
troughs all day and lap the water. Constipa¬ 
tion with dry, scanty feces is common, and 
there is grinding of the teeth. 

In later stages, marked drowsiness devel¬ 
ops, and episodes of more severe nervous 
signs occur, but they may be infrequent and 
easily missed. In these episodes, tremors of 


the muscles of the head cause twitching of 
the lips, champing of the jaws, and salivation, 
and these are accompanied by a cog-wheel 
type of clonic contraction of the cervical 
muscles causing dorsiflexion or lateral devia¬ 
tion of the head, followed by circling. The 
muscle tremor usually spreads to involve the 
whole body, and the ewe falls with tonic- 
clonic convulsions. The ewe lies quietly after 
each convulsion and rises normally after¬ 
ward, but is still blind. 

Between the convulsions there is marked 
drowsiness that may be accompanied by 
head pressing; assumption of abnormal pos¬ 
tures, including unusual positions of the 
limbs and elevation of the chin (the “stargaz¬ 
ing” posture); and incoordination and falling 
when attempting to walk. A smell of ketones 
may be detectable on the breath. 

Affected ewes usually become recumbent 
in 3 to 4 days and remain in a state of pro¬ 
found depression or coma for a further 3 to 
4 days, although the clinical course is shorter 
in fat ewes. Terminally there may be a fetid 
diarrhea. 

Fetal death often occurs and is followed 
by transient recovery of the ewe, but the 
toxemia caused by the decomposing fetus 
soon causes a relapse. 

Affected ewes commonly have difficulty 
in lambing. Recovery may occur after the ewe 
lambs or if the lambs are removed by cesar¬ 
ean section in the early stages of the disease. 
In an affected flock, the disease usually takes 
the form of a slow, prolonged outbreak, with 
a few ewes affected each day over a period of 
several weeks. Recovered ewes may subse¬ 
quently show a break in the wool. 

CLINICAL PATHOLOGY 

Hypoglycemia, ketonemia, and ketonuria are 
characteristic of the disease. The initial 
changes are similar to ketosis in cattle but the 
sequel is not. Hypoglycemia can be used as a 
diagnostic aid in the early stages of the 
disease, but is of limited value later on when 
the ewe becomes recumbent, when blood 
glucose levels may be normal or grossly ele¬ 
vated. This may follow fetal death, which has 
been shown to remove the suppressing effect 
of the fetus on hepatic gluconeogenesis. 

Ketonemia and ketonuria are constant, 
with serum BHB concentrations greater than 
3.0 mmol/L. Sheep develop a severe meta¬ 
bolic acidosis, develop renal failure with a 
terminal uremia, and become dehydrated. 
Liver function tests show liver dysfunction. 
Elevated plasma cortisol concentrations 
occur, with greater than 10 ng/mL indicative 
of pregnancy toxemia. However, elevated 
plasma cortisol can occur with other condi¬ 
tions, such as hypocalcemia. 

NECROPSY FINDINGS 

Without treatment, pregnancy toxemia in 
ewes is almost always fatal. At necropsy, 
there is severe fatty degeneration of the liver 
and usually constipation, although some 





cases have fetid, light-colored diarrhea. A 
large single or, more commonly, twin or 
greater number of fetuses are present. These 
may have died before the ewe and be in 
varying stages of decomposition. 

Histopathologically there is hepatic lipi¬ 
dosis and a poorly defined renal lesion, and 
there may be evidence of neuronal necrosis. 
Hepatic glycogen concentrations are usually 
very low. Concentrations of BHB in the 
aqueous humor or the CSF greater than 
2.5 mmol/L or 5.0 mmol/L respectively, are 
supportive of a diagnosis of pregnancy 
toxemia. 


DIFFERENTIAL DIAGNOSIS 


Pregnancy toxemia is usually suspected in 
late-pregnant ewes that show nervous signs 
and die within 2 to 7 days. There may be a 
history of exertion, stress, or sudden 
deprivation of food. Hypocalcemia can occur 
under similar circumstances, but the following 
help in differentiation: 

1. The onset is within 12 hours of the stress. 

2. A considerable proportion of the flock will 
be affected at the same time. 

3. There is obvious myasthenia. 

4. It has a much shorter course, 12 to 24 
hours. 

5. Affected animals respond well to treatment 
with solutions of calcium salts. 

Differential diagnoses include 

• Listeriosis 

• Cerebral abscess 

• Acidosis 

• Uterine torsion or impending abortion 

• Rabies 


TREATMENT 

Sheep treated very early in the course of the 
disease generally respond favorably, 4 but 
response to therapy is poor once sheep have 
become recumbent, and the IV administra¬ 
tion of 50% dextrose at this time may hasten 
death. Optimum therapy requires the cor¬ 
rection of fluid, electrolyte, and acid-base 
disturbances in addition to treating with 
glucose. 

Parenteral Therapy 

Ideally, individual sheep should be examined 
biochemically and the corrective therapy 
based on these results, with fluids, electro¬ 
lytes, and glucose (dextrose) given over a 
prolonged period. A recommendation for 
glucose therapy is the administration of 5 to 
7 g of glucose IV 6 to 8 times a day in con¬ 
junction with 20 to 40 units of zinc prot¬ 
amine insulin given IM every other day for 
3 days. However, in many sheep-raising areas 
intensive laboratory monitoring and such 
intensive therapy is not possible because of 
lack of access, expense, or the number of 
sheep involved in an outbreak. In the absence 
of biochemical monitoring, therapy with 
glucose should be accompanied by the IV 
injection of isotonic sodium bicarbonate or 
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lactated Ringer’s solution, with additional 
fluids given by a stomach tube. 

Standard doses of corticosteroids have 
little therapeutic effect in sheep, and thus 
treatment with these drugs is not recom¬ 
mended, although they are often used. Very 
large doses are effective in ewes still able to 
stand, but the success probably rests in the 
removal of the glucose drain by the induc¬ 
tion of premature parturition. 

Oral Therapy 

Oral propylene glycol or glycerin (100 mL 
once daily) can be used to support parenteral 
glucose therapy. Less intensive therapy with 
propylene glycol or glycerin alone can give 
excellent results, especially with early treat¬ 
ment, 4 but is less successful with longer- 
standing cases. Oral drenching every 4 to 8 
hours with 160 mL of a commercial calf 
scours concentrate (containing 28% glucose, 
3.9% glycine, 5.3% sodium chloride, and 
other electrolytes) induces higher blood 
concentrations of glucose compared with 
drenching with glycerol or propylene glycol. 
Reported recovery rates are 90% in early and 
55% in advanced cases. For the more inten¬ 
sive treatment of valuable ewes, insulin 
([0.4 IU/kg]/d SC), combined with oral 
glucose precursors and electrolytes, may 
improve survival compared with treatment 
with oral glucose precursors and electrolytes 
alone. 

Induction of parturition is an option, but 
it should only be used if the ewe is in the 
early stage of the disease because there is a 
delay in the delivery of the lambs (24 hours 
or more). If the ewe is unlikely to survive 
this period, cesarean section may be a better 
option. Induction can be achieved with 
dexamethasone 21-isonicotinate or the 
sodium phosphate form, at a dose rate of 16 
to 25 mg per ewe, but dexamethasone tri¬ 
methylacetate appears to be ineffective. 
Lambs will be born 24 to 72 hours after 
injection, with most born within 36 hours. 
Induction of parturition in normal sheep 
can be achieved with 10 mg of betametha¬ 
sone or 2.5 mg of flumethasone, but there 
are no reports of their efficacy in sheep with 
pregnancy toxemia. 

Cesarean Section 

Cesarean section can be used as an alternate 
to glucose replacement, and provided that 
ewes are in the early stages of the disease, 
removal of the lambs by cesarean section 
probably has the greatest success. The 
demand for glucose by the lambs is immedi¬ 
ately removed, and both the ewe and the 
lambs have a high chance of survival, pro¬ 
vided that the cesarean section is conducted 
before there is irreversible brain damage in 
the ewe and the lambs are close to term. If 
the ewe is recumbent, then chances of sur¬ 
vival, for both the ewe and the lamb, are 
reduced. The lamb may already be dead, and 
thus ultrasound examination will inform 


fetal age and condition and hence whether to 
undertake a cesarean section. 


TREATMENT AND CONTROL 


Treatment 

Oral electrolyte and glucose (calf scours) 
concentrate solution (160 mL qid) (R-1) 

OR Oral propylene glycol (60 mL bid or 
100 mlVd for 3 days) (R-1) 

For more intensive treatment, include: oral 
calcium (calcium lactate 12.5 g/d for 
3 days): oral potassium (7.5 g KCI/d for 
3 days): insulin 0.4 ([IU/kg]/d SC for 3 days) 
(R-2) 

If hypoglycemia: Dextrose (60 to 100 mL IV) 
(R-2) 

Abort fetus 

Ewe: Dexamethasone (20 mg IV or IM) (R-2) 

Doe: Dexamethasone plus prostaglandin 
F2a (10 mg IM) or synthetic analog 
(cloprostenol: 75 g/45 kg IM) (R-2) 

Cesarean section if late-term fetus and 
valuable ewe/doe (R-2) 

Control 

Correct the contributing factors (e.g., 
insufficient feed or inadequate trough 
space, intercurrent disease such as foot rot 
or foot abscess) (R-1) 


CONTROL 

When clinical cases occur, the rest of the 
flock should be examined daily for evidence 
of ketosis, and affected animals should be 
treated immediately with oral glucose/gly¬ 
cine/electrolyte or propylene glycol/glycerol. 
Supplementary feeding of the flock should 
immediately be increased or started, with 
particular attention given to increasing in the 
intake of energy (carbohydrate). However, 
care is needed with cereal grains because 
rapid introduction can cause ruminal acido¬ 
sis, and ewes may need from 0.25 to 1 kg/ 
head per day (0.5 to 2.0 lb/head per day). 
Consequently, good-quality lucerne hay or 
legume grains, such as lupins or field peas, 
may be a safer option if ewes are not cur¬ 
rently being fed a grain-based supplement, 
even though ewes do not need the higher 
protein content of these feeds. 

Prevention 

Ensure that the plane of nutrition is rising in 
the second half of pregnancy, even if it means 
restricting the diet in the early stages. An 
ideal condition score for ewes at 90 days of 
gestation is 2.75 to 3.0 on a scale of 1 to 5. If 
necessary, ewes with higher condition scores 
at the end of the first month of pregnancy 
can be fed to slowly lose 0.5 in condition 
score during the period to the third month 
of pregnancy without any detrimental effect 
on the ewe or the size or viability of the lamb. 
In many smaller flocks ewes tend to be in 
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excessively high condition score early in 
pregnancy. 

The last 2 months are important in the 
prevention of pregnancy toxemia because 
70% of the lamb’s birth weight is gained 
during the last 6 weeks of pregnancy. In 
intensively managed flocks the provision of 
cereal grain or a concentrate containing 10% 
protein during this period, at the rate of 
0.25 kg/d, increasing to 1 kg/d in the last 2 
weeks, provides adequate energy. During this 
period, there should be an increase in body 
weight of 10% for ewes with single lambs and 
18% in those carrying twins, but the average 
condition score should remain around 3.0. 
Higher body-condition scores can result in 
higher birth weight of lambs, but this is 
usually not a financially viable strategy, and 
it increases the risk of fat-ewe pregnancy 
toxemia and dystocia. At the beginning of the 
fourth month of pregnancy, the flock can be 
divided into three groups by condition score, 
suboptimal, acceptable, and excess (overfat), 
and the groups are then fed accordingly. 
These can be monitored by condition scoring 
every 2 to 3 weeks during the fourth and fifth 
months of pregnancy. Maiden ewes should be 
fed as a separate group to provide for their 
growth in addition to pregnancy. Attention 
should also be given to broken-mouthed or 
older ewes to ensure that they maintain ade¬ 
quate body condition. 

There are too many variations in flock 
structure and husbandry systems to discuss 
nutritional management in great detail here; 
readers should consult specialist texts appro¬ 
priate to the system they work in. 5 However, 
in more intensive systems, especially prime 
lamb production, ewes can be pregnancy 
tested by ultrasound and divided into groups 
depending on whether they are barren or are 
carrying single or multiple fetuses. Account 
needs to be taken of those ewes (and does) 
that are timid and are thus, or for other 
reasons, slow feeders. If there is insufficient 
trough space or if the supplement is fed in 
small amounts and highly edible, a propor¬ 
tion may get little or no feed. The cost-effec¬ 
tiveness of a feeding program should be 
evaluated. In breeds with low twinning rates 
that are well managed, it is often more profit¬ 
able to simply observe the flock and treat the 
occasional case. 

Flock monitoring for latent pregnancy 
toxemia during the last 6 weeks of pregnancy 
can be conducted using serum BHB; concen¬ 
trations of 0.8 mmol/L indicate adequate 
energy intake, 0.8 to 1.6 mmol/L indicate 
inadequate energy intake, and greater than 
1.6 mmol/L indicate severe undernourish¬ 
ment. Pooled samples can reduce the cost of 
analysis, but serum glucose and BHB concen¬ 
trations do vary significantly between flocks. 

Ionophores are used in transition rations 
for dairy cows to prevent subclinical ketosis. 
There is some evidence that feeding monen- 
sin may have benefits for the energy metabo¬ 
lism of late pregnant ewes. Lower serum BHB, 


lowered feed intake, and improved feed effi¬ 
ciency have been observed, and thus further 
investigation of this strategy is warranted. 0 
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STEATITIS, PANNICULITIS, 

AND FAT NECROSIS 

Steatitis is inflammation of adipose tissue 
and can affect any fatty tissue. Clinical expres¬ 
sion is usually because of inflammation of 
intraabdominal or subcutaneous fat (pan¬ 
niculitis). The disease can be relatively innoc¬ 
uous or fulminant and is reported for cattle, 
in which it is referred to as fat necrosis or 
bovine lipomatosis, and horses. The collo¬ 
quial name is “yellow-fat disease” because of 
the color of affected tissues—a result of accu¬ 
mulation of lipofuscin and products of fat 
oxidation. 1 1 The disease is not neoplastic. 

The disease in cattle is characterized by 
inflammation and necrosis of fat in the 
abdominal cavity. It can be clinically silent 
with lesions detected during rectal examina¬ 
tion for pregnancy diagnosis or other reason. 
Clinical signs of the disease in cattle are 
usually attributable to space-occupying 
lesions (such as compression of the rectum) 
or intestinal obstruction as a result of con¬ 
striction of the intestine by mesenteric accu¬ 
mulations of fat or fibrotic constriction of the 
lumen. 3 The lesions are firm masses present 
in any portion of the omental, mesenteric, or 
retroperitoneal fat or as mobile, free-floating 
structures in the abdomen. 2 The free-floating 
masses do not appear to originate from 
necrosis of fat. 2 The masses range from small 
nodules to large, solid, and irregularly shaped 
tumors. Unlike in horses, in which intraab¬ 
dominal lipomas are often pedunculated (see 
Chapter 7) and cause acute intestinal 
obstruction when the peduncular stalk 
wraps and constricts the small intestine, the 
lesions in cattle are seldom pedunculated. 2 

The clinical disease in cattle can be vari¬ 
able and range from silent through inappe¬ 
tence, decreased milk production, persistent 
diarrhea, mild recurrent colic, acute colic, 
dystocia, urinary retention of feces, and 
decreased passage of feces. Masses can be 
detected on rectal examination or laparot¬ 
omy. Ultrasonography (transcutaneous or 


transrectal) can be useful in detecting and 
characterizing the lesions. 3 The lesions are 
present as heterogenous hyperechoic masses 
in the retroperitoneal, omental, or mesen¬ 
teric fat. A hyperechoic ring around the 
kidney is common. 3 Affected tissues can be 
biopsied with ultrasonographic guidance. 

Abnormalities in the hemogram and 
serum biochemistry are confined to indi¬ 
cators of inflammation (neutrophilia), 
hypergammaglobulinemia, decreased con¬ 
centrations of phospholipids and cholesterol, 
and an increase in concentration of free fatty 
acids. 3 

The disease must be differentiated from 
lymphosarcoma, adenocarcinoma, intraab¬ 
dominal abscess, or dry fecal balls in the 
descending colon. The lesions are composed 
of necrotic fat embedded in normal adipose 
tissue with mild inflammatory infiltrates of 
neutrophils, lymphocytes, plasma cells, mac¬ 
rophages and giant cells, and fibrosis. 2 There 
is rarely evidence of pancreatitis in the 
disease in cattle. 2 

The cause of the disease is unknown, 
although a prevalence of 67% is reported in 
steers grazing tall fescue, in which serum cho¬ 
lesterol concentrations were abnormally low. 

The disease in horses affects mostly foals 
and young animals and ponies. Older 
animals are less frequently affected. 1 Gener¬ 
alized steatitis can be a fulminant disease in 
horses, ponies, and foals. 1-4 Panniculitis, an 
unusual form of steatitis limited to the sub¬ 
cutaneous tissues, has been reported in an 
aged pony mare 3 and in perivaginal tissues 
after dystocia. 6 Perivaginal steatitis included 
involvement of the bladder ligament and 
subsequent rupture of the bladder. 6 

The clinical signs of generalized steatitis 
consist of anorexia and depression, fever, 
tachycardia, and subcutaneous edema. 1,4 
Painful subcutaneous swellings can occur in 
the nuchal crest and inguinal and axillary 
regions. Affected horses often have mild to 
moderate colic and signs of abdominal ten¬ 
derness. Rectal examination reveals painful 
masses in the mesentery of some horses. 

Hematology and serum biochemical 
examination reveal mild to moderate leuko¬ 
cytosis, with occasional horses having leuco- 
penia, hypoproteinemia, hypoalbuminemia, 
and increases in activity in serum of lactate 
dehydrogenase (LDH), aspartate amino¬ 
transferase (AST), GGT, and lipase and 
amylase. 1,4 Serum vitamin E concentrations 
are sometimes abnormally low. 

Biopsy of some of the SC swelling reveals 
histopathological evidence of fat necrosis 
with mineralization. At necropsy, the fat is 
hard, dry, and yellow-white, with areas of 
necrosis forming abscess-like lesions up to 
3 cm deep and 10 cm in diameter. The fat 
lining the abdominal wall may contain firm 
yellow-white and red tissue nodules up to 
3 cm in diameter. Pancreatitis is evident in 
equids with systemic disease, and there is 
necrosis and inflammation in most fatty 






tissues (subcutaneous, retroperitoneal, mes¬ 
enteric, and omental). 1 

Generalized steatitis with fat necrosis 
(“yellow-fat disease”) has been recognized in 
many species at various ages and is thought 
to be related to a dietary deficiency of vitamin 
E and selenium and intake of unsaturated 
fatty acids. 1,5 
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Inherited Metabolic 
Diseases of Ruminants 

DEFICIENCY OF UMP 
SYNTHASE (DUMPS) 

This is a partial deficiency of an enzyme that 
is involved in the conversion of orotate to 
uridine 5’-monophosphate (UMP) as a step 
in the synthesis of pyrimidine nucleotides. It 
is recorded at a high prevalence in Holstein- 
Friesian cattle in the United States and Japa¬ 
nese Black cattle and is characterized by an 
autosomal-recessive form of inheritance and 
the secretion of high levels of orotate in the 
milk. 1 Heterozygous animals have a partial 
deficiency of UMP synthase, but they have 
no individual or herd clinical abnormalities. 
Heterozygous animals can be detected bio¬ 
chemically by their half-normal levels of 
erythrocyte UMP synthase or by nested 
polymerase chain reaction (PCR) testing. 2 ' 3 
Bovine homozygotes die at about the 40th 
day of pregnancy. Embryonic mortality is the 
only form of loss. 
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HEPATIC LIPODYSTROPHY 
IN GALLOWAY CALVES 

Hepatic lipodystrophy has been reported in 
Galloway calves on five farms in the United 
Kingdom over a 10-year period. Calves 
appear normal after birth but die by 5 months 
of age. Clinically there is tremor, opisthoto¬ 
nus, and dyspnea before affected calves 
become recumbent and die. At necropsy 
the liver is enlarged, pale, and mottled. His¬ 
tologically there is evidence of hepatic 
encephalopathy. The cause is unknown, but 
limited evidence suggests a storage disease is 
possible. 
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EQUINE PITUITARY PARS 
INTERMEDIA DYSFUNCTION 
(FORMERLY EQUINE 
CUSHING DISEASE) 

Equine pituitary pars intermedia dysfunc¬ 
tion (PPID) is a slowly progressive neurode- 
generative disease of older equids caused by 
nonmalignant hypertrophy and hyperplasia 
of melanotropes of the pars intermedia of the 
pituitary gland. It is characterized in its most 
severe form by hirsutism, laminitis, polyuria, 
and polydipsia. 

ETIOLOGY 

The pars intermedia of equids is composed 
of a single cell type—melanotropes—which 
are innervated by dopaminergic neurons of 
the periventricular nucleus. Innervation by 
these neurons is inhibitory on secretion by 
the melanotropes of proopiomelanocortin 
(POMC)-derived peptides. Thyrotropin¬ 
releasing hormone stimulates melanotropes. 1 
The pars distalis of the pituitary of healthy 
horses releases adrenocorticotropic hormone 
(ACTH) in response to, among other stimuli, 
declines in plasma cortisol concentration. 
Cortisol exerts negative feedback on secre¬ 
tion of ACTH by the pars distalis, but not by 
the pars intermedia. 2 

The disease is attributable to degenera¬ 
tion of the periventricular hypophyseal 
dopaminergic neurons with subsequent 
development of a nonmalignant functional 
tumor comprised of melanotropes of the 
pars intermedia of the pituitary gland. 

Cushing syndrome caused by adrenocor¬ 
tical tumors is exceedingly rare in equids. 

EPIDEMIOLOGY 

The disease is being diagnosed with increas¬ 
ing frequency. 5 The prevalence of the disease 
is not well documented, but surveys of 
owners indicate hair-coat abnormalities con¬ 
sistent with the disease in 15% to 39% of aged 
equids. Of 200 randomly selected equids 15 
years of age or older in the United Kingdom, 
22% had hair-coat abnormalities suggestive 
of PPID detected on clinical examination, 4 
and owners of 12% of approximately -980 
aged equids in the United Kingdom reported 
hair-coat abnormalities and abnormal 
moulting. 5 Similarly, owners of 17% of 974 
horses 15 years of age or older in Queensland, 
Australia, reported hirsutism. 6 Given that 
changes in hair coat are specific (95%) but of 
unknown sensitivity for the diagnosis of 
PPID,' these estimates likely provide the 
lower range for prevalence of the disease. 
Accordingly, 21% of 325 randomly selected 
horses 15 years of age or older in Queensland 
had PPID diagnosed based on measurement 
of plasma ACTH concentrations and using 


seasonally adjusted cutoff values. 8 This likely 
provides the best current estimate of the 
prevalence of PPID in mature and aged 
horses. Reports of prevalence of the disease 
provided in early studies likely were unreli¬ 
able as indicators of disease frequency in the 
overall population of horses because of selec¬ 
tive or nonrandom sampling of horses. 

The disease occurs worldwide in all 
breeds of horses and ponies. Differences in 
geographic distribution are not reported. 

The only well-recognized animal risk 
factor for the disease is increasing age 
(adjusted OR of 1.18 [95% Cl, 1.1 to 1.25]) 
per year of age, and there is no apparent sex 
or breed predisposition. 8 

PATHOGENESIS 

PPID is a neurodegenerative disease in 
which there is a loss of the inhibitory effect 
of dopamine with subsequent hypertrophy 
and hyperplasia of melanotropes of the 
pars intermedia of the pituitary gland with 
unchecked secretion of proopiomelanocor¬ 
tin and compression of the neurohypophy¬ 
sis, hypothalamus, and optic chiasma. 9 
Production of proopiomelanocortin by mel¬ 
anotropes in the pars intermedia is not under 
the negative feedback control of glucocorti¬ 
coids, and as a result, affected equids produce 
large quantities of POMC, melanocyte- 
stimulating hormone (a-MSH), (3-endorphin, 
and smaller but still excessive quantities of 
ACTH. Production of ACTH results in loss 
of the normal circadian rhythm in serum 
cortisol concentration. 10 The space-occupy¬ 
ing effects of the tumor can cause blindness 
because of compression of the optic chiasm. 
Polyuria and polydipsia are common and 
are probably related to neurohypophyseal 
dysfunction and compression of the pars 
nervosa, the source of anti diuretic hormone. 11 

Not all equids with PPID have impaired 
glucose metabolism. 12,13 A proportion of 
horses, estimated as -40%, with PPID have 
evidence of abnormal glucose metabolism, 
including hyperinsulinemia, hyperglycemia, 
or both, although only 20% have evidence 
based on results of an IV glucose and insulin 
test. 12 Furthermore, horses with PPID do 
not have abnormalities in glucose metabo¬ 
lism detected during an isoglycemic clamp 
procedure. 13 It is unclear if the abnormal 
glucose metabolism and hyperinsulinemia 
are attributable to PPID or concurrent equine 
metabolic syndrome, but it is apparent that 
there should not be an assumption of abnor¬ 
malities in glucose metabolism in all equids 
with PPID. 

CLINICAL FINDINGS 

Affected equids exhibit one or more findings 
of hirsutism, hyperhidrosis, polyuria, poly¬ 
dipsia, polyphagia, muscle atrophy (sarcope- 
nia), laminitis, and docile demeanor. 

Hirsutism is a clinical sign with high 
specificity (95%) for the disease,' meaning 
that aged equids with hirsutism are likely to 
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have the disease and that there will be few 
false-positive diagnoses when hirsute aged 
equids are considered to have PPID. Equids 
with an owner-reported history of hirsutism 
are 7.8 times (95% Cl, 3.7 to 16.6) more likely 
to have PPID than are nonhirsute equids of 
similar age. 8 Hirsutism is characterized by 
delayed or absent seasonal moulting result¬ 
ing in a long, shaggy hair coat. There can be 
some lightening of the coat color. The changes 
in hair coat are a result of equids with PPID 
having a greater proportion of hair follicles in 
the anagen phase (95% of hair follicles on the 
neck) than healthy equids (15%). 14 Abnor¬ 
malities of hair follicles resolve and resump¬ 
tion of moulting occurs with administration 
of pergolide. 14 

Polyuria and polydipsia are common clin¬ 
ical signs in equids with PPID and are likely 
secondary to diabetes insipidus and not to 
hyperglycemia. 11 Administration of desmo¬ 
pressin reduces polyuria and polydipsia. 11 

Hyperhidrosis is reported in affected 
equids, although it does not appear to have 
been quantified. Equids with PPID in hot 
environments can be anhidrotic, and this 
resolves with treatment of the PPID. 15 

Myopathy associated with PPID is char¬ 
acterized by atrophy of type 2 (slow-twitch) 
fiber types consistent with sarcopenia. 16 
Plasma activity of muscle-derived enzymes is 
not greater in equids with PPID than in 
healthy aged-matched equids. 16 The molecu¬ 
lar basis for muscle atrophy in equids with 
PPID has been investigated, but the mecha¬ 
nism remains unclear. 1 

There is often central obesity, character¬ 
ized by excessive fat deposition in the crest 
of the neck and in the supraorbital fossae, but 
this is likely a reflection of comorbidity with 
equine metabolic syndrome rather than a 
characteristic of PPID. One report demon¬ 
strates insulin resistance in equids with 
PPID using the euglycemic-hyperinsulin- 
emic clamp technique, but this is not a con¬ 
sistent finding. 1 ' 1 ' 18 However, equids were not 
screened for hyperinsulinemia before admis¬ 
sion to the study and were selected from a 
population of equids referred for treatment 
of laminitis, among other diseases. These 
equids might well have had both equine 
metabolic syndrome (EMS) and PPID. 
Further evidence to support this comorbid¬ 
ity is that plasma fructosamine concentra¬ 
tions are not different between nonlaminitic 
equids with PPID and healthy controls (ref¬ 
erence interval of 195.5 to 301.9). 19 Equids 
with PPID and laminitis have plasma fruc¬ 
tosamine concentrations that are higher than 
those of animals with PPID but not lamini¬ 
tis. 19 Fructosamine is a reflection of average 
blood glucose concentrations over a period 
of weeks, and higher values are indicative of 
hyperglycemia. 

Laminitis is common in equids with 
PPID (see “Laminitis of Horses,” Chapter 
15). 8 However, it is unclear if this is a result 
of PPID or comorbidity with EMS. 


Rarely, affected equids are blind or have 
seizures. Affected equids are often infertile 
and heal poorly. Equids with PPID are con¬ 
sidered immunosuppressed and susceptible 
to development of opportunistic infections 
and parasitism. 20,21 

Computed tomography allows measure¬ 
ment of the size of the pituitary gland of 
equids that correlates well with that mea¬ 
sured postmortem. 22 The size of the pituitary 
gland can be evaluated antemortem. 

The outcome is favorable in that 50% of 
equids are alive 4.6 years after diagnosis, 
most owners are satisfied with the equids 
quality of life, and most (28/29; 97%) would 
treat a second equid with the disease. 3 In a 
study of cases diagnosed between 1993 and 
2002, the cause of death among equids 
(15/20; 85%) was euthanasia, and 11/15 
(73%) were euthanized because of conditions 
associated with PPID. 3 

CLINICAL PATHOLOGY 

There are no characteristic findings on serum 
biochemical testing or hematology. 8 Resting 
serum cortisol concentrations of affected and 
healthy equids are similar and not useful in 
diagnosis. 

DIAGNOSTIC CONFIRMATION 

Antemortem diagnosis of PPID is not 
simple and is achieved on the basis of clinical 
signs and results of one or more of several 
diagnostic tests. It is important that testing 
be based on the presence of clinical signs 
compatible with the disease to minimize the 
frequency of false-positive diagnoses. Labo¬ 
ratory tests for the disease are not infallible, 
and the results of these tests should be viewed 
only in the context of the equids clinical 
signs. Further complicating diagnosis of 
equine pars intermedia dysfunction is the 
slow and progressive onset of the disorder. It 
is therefore likely that attempting a definitive 
dichotomous answer (disease present or 
disease absent) based on laboratory testing is 
unreasonable—some mildly affected equids 
will test normal, and, less commonly, some 
apparently healthy equids with histologically 
normal pituitary glands will test positive. 
Repeated testing is warranted when test 
results are ambiguous or not consistent with 
clinical signs (primarily hirsutism). 

Assessment of the utility of the various 
diagnostic tests is prevented by the lack of a 
gold-standard diagnosis, except for post¬ 
mortem examination. Determination of sen¬ 
sitivity and specificity of laboratory tests, or 
clinical signs, is therefore difficult. Further¬ 
more, antemortem testing is complicated by 
the seasonal and circadian variations in 
pituitary function with consequent changes 
in “resting” or basal serum or plasma con¬ 
centrations of many analytes. Furthermore, 
plasma concentrations of some analytes, 
including ACTH, are affected by feeding. 23 
The changes in pituitary function with 
season are a recognized physiologic 


phenomenon related to preparing or 
adapting physiologic functions to colder 
conditions and shorter days. 10,24 ' 30 This phe¬ 
nomenon was not generally recognized 
before about 2005, and reports of the char¬ 
acteristics of diagnostics tests before that 
date should be interpreted with caution. 

Laboratory tests used to diagnose pars 
intermedia dysfunction include measure¬ 
ment of serum or plasma cortisol, ACTH, 
glucose, or insulin concentrations; the ACTH 
stimulation test; the thyrotropin-releasing 
hormone stimulation test; administration of 
domperidone with subsequent measurement 
of plasma ACTH; measurement of urinary 
and salivary corticoid concentrations; and 
combinations of these tests (Table 17-8). The 
most widely accepted laboratory tests are the 
overnight dexamethasone suppression test 
and measurement of serum ACTH concen¬ 
tration. Other tests have been suggested, but 
either their sensitivity and specificity have 
not been determined or they involve mea¬ 
surement of multiple variables or of hor¬ 
mones for which assays are not readily 
commercially available. Measurement of 
basal serum insulin concentration is not a 
useful diagnostic test for equine pars inter¬ 
media dysfunction. Measurement of urine or 
salivary cortisol concentrations has been sug¬ 
gested as a means of diagnosing equine pars 
intermedia dysfunction, but neither has been 
validated in a sufficient number of equids to 
permit assessment of their clinical utility. 31 

One of the first diagnostic tests developed 
was the overnight dexamethasone suppres¬ 
sion test. 31 After collection of a serum sample 
for measurement of cortisol, dexamethasone 
(40 pg/kg IM) is administered at about 5 
p.m. A second blood sample is collected 
15 hours later, with the option to collect a 
third sample 19 hours after dexamethasone 
administration. Normal horses will have a 
serum cortisol concentration of less than 
1 pg/dL (28 nmol/L) in the second and third 
blood samples, whereas affected horses will 
not show a significant reduction in serum 
cortisol concentration from that of the initial 
sample. The sensitivity and specificity of this 
test are apparently high, with both reported 
in earlier studies to be approximately 100%. 31 
However, recent studies of healthy horses 
demonstrate that there is considerable sea¬ 
sonal variation in the dexamethasone sup¬ 
pression test, with all of 39 healthy aged 
ponies and horses having normal tests in 
January (winter) but 10 of the same 39 (26%) 
having abnormal tests in September 
(autumn),’ 1 and that the test is specific but 
not sensitive. 32 These results suggest that 
these diagnostic tests should be interpreted 
with caution when conducted in the autumn. 

Measurement of plasma adrenocortico- 
tropin (ACTH) concentration has been 
widely accepted as a useful laboratory indi¬ 
cator of equine pars intermedia dysfunction. 
The plasma ACTH concentration varies 
with the age of the horse and with the season 
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Table 17-8 Diagnostic Testing Methods for Equine pituitary pars intermedia dysfunction (PPID) 


Diagnostic test 

Procedure 

Sample 

Interpretation 

Comments (also see text) 

Overnight DEX 
suppression 

Collect serum between 4 and 

6 p.m. Administer DEX at 

40 pg/kg BW IM. Collect 
serum 19-20 hours later. 

2 serum samples, 1 mL 
each; 1 pre-DEX 
administration and 1 
post-DEX administration 

Serum control of > pg/dL at 

19 hours post-DEX 
administration suggests PPID. 

A mildly decreased resting 
cortisol (pre-DEX 
administration) is typical of a 
PPID-affected horse. A resting 
cortisol of < 1.8 pg/dL is 
suggestive of iatrogenic 
adrenal insufficiency. 

Endogenous 
plasma ACTH 
concentration 

Collect EDTA plasma, preferably 
in plastic blood-collection 
tube. Separate plasma by 
centrifugation, and freeze for 
submission to laboratory. 

Avoid hemolysis and heat. 
Process sample within 8 
hours of collection. 

EDTA plasma sample, 1 mL 

Normal reference range 
depends on methodology and 
laboratory. Typically an ACTH 
concentration < 35 pg/mL 
(chemiluminescent 
immunoassay) or < 45-50 pg/ 
mL (radioimmunoassay) is 
considered normal. 

ACTH is likely affected by many 
biologic events, all of which 
are not well documented at 
present. Seasons can have a 
profound effect, with higher 
concentrations seen in 
autumn. 

Endogenous 
plasma a-MSH 
concentration 

Collect EDTA plasma, preferably 
in plastic blood-collection 
tube. Separate plasma by 
centrifugation, and free for 
submission to laboratory. 

Avoid hemolysis and heat. 
Process sample within 8 
hours of collection. 

1 EDTA plasma sample, 

1 mL 

Nonautumn reference range: 

> 35 pmol/L suggests PPID. 

Plasma a-MSH concentration is 
extremely seasonal. High 
concentrations are observed 
in autumn. 

TRH stimulation 
assay 

Collect serum. Administer TRH, 

1 mg IV. Collect serum 

30-60 minutes after TRH. 

2 serum samples, 1 mL 
each: pre-TRH 
administration, 30 minutes 
post-TRH administration, 
and 24 hours post-DEX 
administration 

30%-50% increase in serum 
cortisol 30 minutes after TRH 
administration suggests PPID. 

Pharmaceutical TRH is 
expensive; TRH compounded 
for this use may be difficult 
to obtain. False-positive 
results may be common. 

Combined DEX 
suppression/ 

TRH stimulation 

test 

Collect plasma between 8 and 

10 a.m. Administer DEX at 

40 pg/kg BW IM. Administer 
TRH, 1 mg IV, 3 hours after 
DEX administration. Collect 
serum 30 minutes after TRH 
and 24 hours after DEX 
administration. 

3 plasma samples, 1 mL 
each: pre-DEX 
administration, 30 minutes 
post-TRH administration, 
and 24 hours post-DEX 
administration 

Plasma cortisol > 1 pg/dL at 

24 hours post-DEX 
administration or > 66% 
increase in cortisol levels 

3 hours after TRH 
administration suggests PPID. 

Some diagnostic laboratories 
prefer to use serum for 
measurement of cortisol 
levels. The effect of season 
on the combined test has not 
been assessed but would 
likely result in false-positive 
results as each of the 
component tests do. 

Domperidone 
response test 

Collect EDTA plasma at 8 a.m. 
Administer domperidone at 

3.3 mg/kg BW po. Collect 
EDTA plasma at 2 and 4 
hours after domperidone 
administration. 

3 EDTA plasma samples, 

1 mL each 

A twofold increase in plasma 
ACTH concentration suggests 
PPID. 

Higher doses (5 mg/kg po) may 
improve response. The 

2-hour sample is more 
diagnostic in the summer 
and autumn, and the 4-hour 
sample is best in the winter 
and spring. 


Abbreviations: ACTH, adrenocorticotropic hormone; BW, bodyweight; DEX, dexamethasone; IM, intramuscularly; IV, intravenously; THR, thyroid-releasing hormone. 
(Reproduced, with permission, from McFarlane, D. Vet Clin Equine 2011: 27,93-113. McFarlane D. Vet Clin North Am Equine Pract. 2011;27:93.) 


of the year in both the northern and south¬ 
ern hemispheres, but not between ponies 
and horses/ 13 The upper reference intervals of 
plasma ACTH for healthy horses in the 
United Kingdom in one report were 29 pg/ 
mL between November and July and 47 pg/ 
mL between August and October. 25 The ref¬ 
erence intervals were obtained by sampling a 
convenience sample of hospitalised horses. A 
similar pattern is detected in the eastern and 
southern United States, with the autumnal 
peak in ACTH occurring earlier in horses in 
more northern locations. 1,24,29,30 This circan- 
nual variation in plasma ACTH occurs in 


both non-PPID and PPID horses, with PPID 
horses having higher concentrations than 
non-PPID horses at all times. 10,23,25,26,33,34 Fur¬ 
thermore, the increase in plasma ACTH con¬ 
centrations stimulated by administration of 
thyrotropin-releasing hormone (1 mg, IV) to 
healthy horses is greater in autumn and 
summer than in late winter. 23,2 ' These results 
demonstrate the need for including consid¬ 
eration of season (photoperiod) and latitude 
when assessing the diagnostic importance of 
plasma ACTH concentrations in aged horses. 
It is prudent to use reference intervals devel¬ 
oped in local laboratories or in distant 


laboratories with knowledge of the reference 
interval for the particular geographic loca¬ 
tion (latitude) and season of the horse. 30 

There is no circadian rhythm to ACTH 
concentrations in horses with PPID, but 
there is conflicting evidence of a circadian 
rhythm in healthy horses. 10,35,36 It appears 
that ACTH concentrations of horses are 
highest at 0800 hours and then decline over 
the day, although the changes are small and 
not likely to affect clinical interpretation of 
plasma ACTH concentrations. 35 There is 
not an ultradial rhythm (periodic changes 
during a 24-hour period) in plasma ACTH 
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concentration, although measured concen¬ 
trations do vary over brief periods of time 
(minutes) and to a greater extent in horses 
with PPID. 35 

Fasting and feeding affect plasma ACTH 
concentrations in healthy horses, with higher 
concentrations found 2 hours after feeding 
than after a 12-hour fast (46 vs. 17 pg/mL, 
respectively). 2 ' 

Measurement of plasma ACTH com¬ 
bined with use of seasonally adjusted cutoffs 
provides good sensitivity and specificity for 
diagnosis of PPID, defined using the pres¬ 
ence of hirsutism plus three or more clinical 
signs as the gold standard. 33 The referenced 
study was of 325 randomly selected horses 
15 years of age or older in Queensland, Aus¬ 
tralia (approximate latitude 27.5°S). Cutoff 
values for diagnosis of PPID were 30 pg/mL 
(sensitivity and specificity of 80% and 82%, 
respectively) for nonautumn months and 
77 pg/mL (sensitivity and specificity of 100% 
and 95%, respectively) during the autumn. It 
is important to note that the gold standard 
for determining the characteristics of the test 
was a clinical examination. Therefore the 
sensitivity and specificity reported for mea¬ 
surement of plasma ACTH concentration 
apply only for horses with characteristic 
clinical signs of the disease. The usefulness 
of measuring plasma ACTH concentration 
in horses that have milder, or nonexistent, 
clinical signs is unknown. Similarly, the clin¬ 
ical importance of elevated ACTH concen¬ 
trations in younger horses is unclear, and 
such results should be considered cautiously 
and carefully before decisions regarding 
treatment are made. 

Plasma concentrations of a-melanocyte- 
stimulating hormone (a-MSH) correlate 
well with plasma ACTH concentrations, and 
comments about seasonal and horse-related 
factors affecting ACTH concentrations also 
apply for a-MSH. 1 ' 10 ’ 24 ’ 27 ’ 33 ' 37 

Plasma ACTH concentrations can be 
measured before and after administration 
of thyrotropin-releasing hormone or 
domperidone . 37 ’ 38 The thyrotropin-releasing 
hormone test appears to have greater utility 
than administration of domperidone, with 
the latter having greater variation. These tests 
have not been adequately evaluated to rec¬ 
ommend at this time. 

The combined dexamethasone suppres¬ 
sion/thyroid-releasing hormone (TRH) 
stimulation test has reported sensitivity and 
specificity of 88% and 76%, respectively.' The 
test is performed by administering 40 (tg/kg 
of dexamethasone phosphate (or similar 
dexamethasone salt) intravenously between 
8 a.m. and 10 a.m. Cortisol concentration in 
serum is then measured 3 hours later, and 
TRH (1 mg) is administered intravenously. 
Serum cortisol concentration is measured 30 
minutes after TRH administration. Serum 
cortisol concentrations of healthy horses 
30 minutes after TRH administration are 
unchanged from those at the time of TRH 


administration, whereas serum cortisol con¬ 
centrations in horses with equine pars inter¬ 
media dysfunction increase by more than 
66% of the baseline value. 

Plasma fructosamine concentrations do 
not differ between healthy horses (range 
195.5 to 301.9 mu mol/L) and horses with 
PPID. 39 Plasma insulin concentrations are 
increased in a proportion of horses with 
PPID and are suggested to be indicative of 
the risk of laminitis in these horses (see dis¬ 
cussion of equine laminitis, Chapter 15). 40,41 

NECROPSY FINDINGS 

The pituitary gland is usually enlarged as a 
result of the increased numbers of melano- 
cortin cells comprising an adenoma of the 
pars intermedia. The adrenal cortices are 
usually of normal width, but they may be 
thickened in some cases. With the appropri¬ 
ate clinical history, the observation of a well- 
defined nodule within the pituitary gland is 
usually sufficient for confirmation of the 
diagnosis, but histology and immunohisto- 
chemical testing of the mass can be per¬ 
formed. There is only fair (kappa = 34%) 
agreement among pathologists for histologic 
diagnosis of the disease. 


DIFFERENTIAL DIAGNOSIS 


• Insulin resistance 

• Diabetes insipidus (nephrogenic) 

• Both of these diseases are exceedingly rare 
in horses 

• Obesity 

• Psychogenic polydipsia or salt eating 

• Chronic renal failure 


TREATMENT 

Treatment is palliative and not curative in 
that clinical signs can be controlled by 
administration of pergolide, but the underly¬ 
ing neurodegenerative disease is not cured. 
The aim of treatment is to reduce secretion 
of the products of the melanotropes through 
the use of dopamine agonists or serotonin 
antagonists. Treatment must be continued 
for the life of the horse or pony. 

The treatment of choice is administra¬ 
tion of pergolide mesylate, a dopamine 
agonist, at 1.7 to 5.5 ffg/kg orally every 24 
hours. The recommended starting dose is 2.0 
to 3.0 pg/kg once daily for 2 months, at 
which time clinical (hirsutism) and labora¬ 
tory (plasma ACTH concentration) signs of 
the disease should be evaluated. The dose can 
be escalated by 1-pg/kg increments until 
control of clinical signs is achieved. 

Pergolide mesylate is rapidly absorbed 
after oral administration to fasted mares with 
a time to maximum drug concentration in 
plasma of 0.4 hours, maximum concentra¬ 
tion of 4 + 2 ng/mL, and terminal elimina¬ 
tion half-life estimated to be 5.9 + 3.4 hours. 43 

Care should be exercised in the storage 
of pergolide mesylate compounded in an 


aqueous vehicle because it is susceptible to 
degradation if exposed to heat, light, or 
both. 44 Compounded pergolide formulations 
in aqueous vehicles should be stored in a 
dark container, protected from light, and 
refrigerated, and it should not be used more 
than 30 days after production. Formulations 
that have undergone a color change should 
be considered degraded and discarded. 44 A 
commercial form of pergolide mesylate for¬ 
mulated for use with horses and ponies 
(Prascend®, Boehringer Ingelheim) is avail¬ 
able in some countries. 

Cyproheptadine, a serotonin antagonist, 
is administered at 0.25 mg/kg orally every 24 
hours for 1 month. If an acceptable response 
is achieved, then this dose is continued; if 
not, then the dose is increased to 0.25 mg/kg 
every 12 hours. This drug is now rarely used 
in the treatment of PPID. 

Symptomatic treatment should include 
clipping of the hair coat in spring, treatment 
of laminitis and wounds, prevention of inju¬ 
ries and infection, and dietary management 
to reduce hyperglycemia in those animals 
with this abnormality documented (see 
“Equine Metabolic Syndrome”), in addition 
to maintenance of optimal body weight. 
Some equids with PPID lose weight and 
require careful nutritional management. 

CONTROL 

None. 

FURTHER READING 

Durham AE, McGowan CM, Fey K, Tamzali Y, van der 
Kolk JH. Pituitary pars intermedia dysfunction: 
diagnosis and treatment. Equine Vet Educ. 
2014;26:216-223. 

McFarlane D. Equine pars intermedia dysfunction. Vet 
Clin North Am Equine Pract. 2011;27:93-113. 
McFarlane D. Pathophysiology and clinical features of 
pituitary pars intermedia dysfunction. Equine Vet 
Educ. 2014;26:592-598. 
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EQUINE METABOLIC 
SYNDROME 


SYNOPSIS 


Etiology Unknown, but likely involves genetic 
predisposition for insulin resistance with 
phenotypic expression permitted or induced 
by environmental factors that favor obesity. 

Epidemiology Associated with obesity and 
particular breeds, especially ponies. 
Standardbreds appear to be at reduced 
risk. No sex predilection. Increasing 
incidence with age. 

Clinical signs Obesity, regional adiposity 
including cresty neck, predisposition to 
laminitis. 

Clinical pathology Hyperinsulinemia, 

hypertriglyceridemia, normal blood glucose 
concentration. 

Diagnostic confirmation Demonstration of 
insulin resistance in presence of clinical 
signs of equine metabolic syndrome. 
Measurement of serum insulin and plasma 
or blood glucose concentrations. Requires 
validated insulin assay. 

Treatment Weight loss, which can be 
difficult to achieve. Exercise. Potentially 
administration of insulin sensitizing drugs 
(metformin). 

Control Maintenance of optimal body 
condition and prevention of obesity. 


Equine metabolic syndrome (EMS) is a 
recently recognized condition of equids 
characterized by increased regional adiposity 
(localized deposition of fat) or generalized 
obesity, hyperinsulinemia, hypertriglyceri¬ 
demia, insulin resistance, and a predisposi¬ 
tion to laminitis that develops in the absence 
of other known inciting factors (such as 
colic, metritis, or acute carbohydrate over¬ 
load). 1 Insulin resistance is defined as abnor¬ 
mally depressed insulin-mediated glucose 
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transport into insulin-sensitive cells (adipose 
tissue, skeletal muscle). EMS is the clinical 
syndrome, whereas insulin resistance in an 
underlying metabolic abnormality. 

ETIOLOGY 

EMS likely has important genetic determi¬ 
nants, with manifestation of the syndrome 
when susceptible animals, by virtue of their 
genetic composition, are exposed to environ¬ 
mental conditions that favor or enable devel¬ 
opment of the disease. This is thought to be 
similar to the situation with human meta¬ 
bolic syndrome or type 2 diabetes. It is spec¬ 
ulated that breeds of equids that evolved 
under conditions of frequent restriction of 
energy intake, such as during long winters, 
are genetically predisposed to have efficient 
energy metabolism that under modern man¬ 
agement systems can result in obesity and 
development of insulin resistance. 1,2 

EPIDEMIOLOGY 

The epidemiology of EMS is not well 
described, and there are few studies that have 
identified the frequency of the condition, 
using established case definitions, in large 
numbers of horses or ponies. Consequently, 
there is little evidence on outcome (morbid¬ 
ity, case-fatality rates, all-cause morbidity, 
specific-cause mortality) in horses and only 
anecdotal information on breed, age, and sex 
as risk factors. Twenty seven percent (51/188) 
of ponies of various breeds examined in Aus¬ 
tralia were hyperinsulinemic (>20 mu/mL) 
after ponies with documented PPID (see 
previous section) were excluded. 1 There is 
somewhat more information regarding the 
epidemiology of obesity in horses, but it 
should be recognized that not all obese 
horses are insulin resistant (and therefore do 
not fit the definition of EMS). 4,5 Similarly, 
there is information on the epidemiology of 
pasture-associated (endocrinopathic) lami¬ 
nitis (see “Laminitis of Horses,” Chapter 15), 
and from this one can infer risk factors for 
insulin resistance and EMS. 

Horses or ponies of different breeds but 
similar body weight differ in their insulin 
resistance, and there is consensus that par¬ 
ticular breeds are at increased risk of EMS; 
these include ponies (of any of the common 
breeds), Morgan Horses, Paso Fino, Andalu¬ 
sian, Arabian, Saddlebred, Quarter Horses, 
Tennessee Walking Horses, and Warmblood 
Horses. 1,2 It appears that some light breeds 
such as Standardbreds and perhaps Thor¬ 
oughbreds are at reduced risk. The frequency 
of the condition increases with age in ponies, 3 
and sex does not appear to be a risk factor. 

There is a seasonality to the occurrence 
of pasture-associated laminitis, 6 and this 
might represent seasonal changes in energy 
intake (from pasture) of susceptible animals 
rather than seasonal variations in severity of 
insulin resistance. However, there is evidence 
that measures of insulin resistance in horses 
and/or ponies vary depending on season, 


with declines in insulin sensitivity of ponies 
in summer.' Insulin sensitivity, defined using 
the combined insulin and glucose intrave¬ 
nous test, and serum insulin concentrations 
are not related to season in healthy, mature 
horses. 8,9 

Obesity is common in domestic horses, 
with studies in Scotland and the eastern 
United States finding that 45% and 19%, 
respectively, of horses were considered 
obese. 10,11 Although interpretation of both 
studies is limited by the localized nature of 
the sampling and restrictions on the types of 
horses included, these studies do support a 
wider consensus that obesity is common in 
horses. Chronic intake of energy in excess of 
maintenance needs (overeating) and insuffi¬ 
cient exercise are thought to be risk factors, 
or inciting factors, for obesity. 

PATHOGENESIS 

EMS is primarily a manifestation of insulin 
resistance, and insulin resistance is often, 
but not always, associated with obesity. The 
syndrome likely includes abnormalities 
in energy metabolism, adipocyte function, 
hemostasis (thrombosis), inflammation, 
response to lipopolysaccharide (endotoxin) 
exposure, and oxidant stress. 1,12 The patho¬ 
genesis of laminitis associated with EMS 
(“endocrinopathic laminitis”) is discussed 
elsewhere. 

Insulin resistance is the decreased rate of 
transport of glucose into cells of glucose- 
sensitive tissues in response to exposure to 
insulin. Horses with insulin resistance have 
lesser reductions in blood glucose concentra¬ 
tion in response to administration of insulin 
than do insulin-sensitive horses. 13,14 Insulin- 
stimulated glucose transport is achieved by 
GLUT-4 (glucose transporter protein 4, 
which is one of at least 12 glucose transporter 
proteins) when it is present on the surface 
of adipose or muscle tissue. Insulin causes 
the relocation of GLUT-4 within the cell to 
the cell plasma membrane and subsequent 
increases in rate of glucose transport into the 
cell. Horses with insulin resistance have 
abnormal glycemicandinsulinemic responses 
to oral or IV administration of glucose or oral 
administration of sugar (see following discus¬ 
sion) and have reduced concentrations of 
GLUT-4 on the surface of skeletal muscle and 
adipose tissue. 15 ' 17 Insulin resistance in horses 
is associated with an exaggerated response in 
plasma/serum insulin concentration after 
administration of glucose. This exaggerated 
response allows maintenance of resting blood 
glucose concentrations in the reference range 
in affected horses—so-called compensated 
insulin resistance. 1 

Insulin resistance in humans is currently 
thought linked to inflammation induced by 
macrophage activation in adipose tissue, 
and there is increasing evidence of a 
similar mechanism in equids. 18 The BCS of 
horses is also correlated with both plasma 
insulin concentration and serum amyloid A 
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concentration (an acute-phase protein indic¬ 
ative of inflammation). 19 There are only 
minimal effects of insulin infusion (6-hour 
duration) on tumor necrosis factor alpha 
and interleukin(IL)-6 concentrations in the 
plasma of healthy horses, 20 and no associa¬ 
tion has been found between BCS or insulin 
concentration and plasma concentrations of 
tumor necrosis factor and IL-6. 19 Horses with 
EMS have prolonged inflammatory responses 
(evidenced by plasma IL-8, IL-10 and tumor 
necrosis factor concentrations) to infusion of 
endotoxin compared with healthy horses, 12 
although the clinical importance of this 
observation is unclear. Horses with EMS 
have a marked increase in neutrophil reac¬ 
tive oxygen species production induced 
by phagocytosis that is strongly correlated 
to the blood insulin concentration. 21 In 
contrast, peripheral blood cells of obese 
hyperinsulinemic horses showed decreased 
endogenous proinflammatory cytokine gene 
expression (IL-1 and IL-6) and similar cyto¬ 
kine response following immune stimulation 
compared with that of control horses. The 
authors conclude that this could suggest that, 
unlike in people, cytokine-mediated inflam¬ 
mation does not increase in direct response 
to obesity or insulin resistance in horses. 21 

Mechanisms underlying obesity and 
regional adiposity are unclear, but at the 
most fundamental level involve an excess of 
energy intake over energy expenditure, with 
deposition of the net excess energy as fat. As 
discussed previously, some horses and ponies 
appear to be much more efficient at convert¬ 
ing feed into energy, or at regulating energy 
use, with the result that it is challenging to 
achieve a reduction in the weight of these 
animals even with strict control of food 
intake. 22 The genetic or hormonal causes of 
this resistance to weight loss are unclear, 
although it is apparent that some horses and 
ponies have an exaggerated insulinemic 
response to ingestion of soluble carbohy¬ 
drate. 2,17 ' 23 This exaggerated response could 
be the underlying mechanism for hyperinsu- 
linemia, obesity or regional adiposity, and 
endocrinopathic laminitis. 24 

Adipose tissue is an important source of 
hormones regulating energy metabolism and 
of inflammatory cytokines. Obesity, or “over¬ 
conditioning,” in horses (as assessed by BCS) 
is associated with higher plasma insulin and 
leptin concentrations than in optimally con¬ 
ditioned horses. 25,26 Obese horses also have 
higher triglyceride concentrations and lower 
red blood cell glutathione peroxidase activi¬ 
ties (an indication of antioxidant capacity) 
than optimally conditioned horses. 27 

Regional obesity is an important risk 
factor in humans for metabolic syndrome 
and might be similarly so in horses and 
ponies. Visceral fat is important in humans, 
but it appears to be less so in horses, with 
nuchal ligament fat (which contributes to the 
cresty neck characteristic of affected horses 
and ponies) having greater proinflammatory 


gene expression (IL-1 (3 and IL-6) in affected 
horses, 28 although others, using measure¬ 
ment of other markers of inflammation, find 
that the omental and retroperitoneal (vis¬ 
ceral) fat of insulin-resistant horses have 
greater expression of markers of inflamma¬ 
tion (Toll-like receptor 4 and suppressor of 
cytokine signaling 3 [SOCS-3]) than do 
insulin-sensitive horses. 18 Finally, there is 
evidence of regional differences in glucose 
transport by adipose tissue, with omental 
adipose tissue having the highest total GLUT 
content compared with subcutaneous and 
nuchal ligament fat in healthy horses, but 
having a reduced total GLUT4 content and 
cell surface expression in insulin-resistant 
horses. 16 

CLINICAL SIGNS 

Equine metabolic syndrome is defined by 
obesity (with or without regional adiposity), 
insulin resistance, and increased susceptibil¬ 
ity to laminitis. As such, only obesity and 
regional adiposity and clinical signs of active 
or past laminitis are physical evidence of the 
presence of metabolic syndrome. Affected 
ponies can be hypertensive. 5 " 

Clinical assessment of obesity/adiposity 
is achieved by use of body-condition scoring, 
measurement of subcutaneous or retroperi¬ 
toneal fat by ultrasound, and grading of 
regional adiposity. Methods used for research 
studies include slaughter and dissection with 
proximate analysis of body constituents or 
measurement of the deuterium dilution 
space (volume of distribution) in living 
animals. 29,30 Bioelectrical impedance can be 
used to measure body-water content, but it 
has not achieved widespread clinical accep¬ 
tance." 1 Measurement of body weight is not 
useful for assessment of obesity or adiposity 
because body weight is highly correlated 
with height and girth and does not provide 
an accurate indication of body fat. 32 

A number of body-condition scoring 
systems have been developed, and the two 
most commonly used are those of Henneke 
(later modified by various authors), which 
uses a l-to-9 grading system (Table 17-9 and 
Fig. 17-7), and Carroll and Huntington, 
which uses a 1 -to-5 grading system. 33,34 These 
grading systems were not developed to assess 
the fat content (proportion) of horses, but 
rather to assess “flesh” or the general body 
condition. Both systems have limitations, 
including their subjective nature and the fact 
that they have not been validated in all breeds 
and body types of horses (validation deter¬ 
mines the relationship between BCS and a 
gold-standard measure of body fat, such as 
deuterium dilution space or carcass analysis), 
nor has their reliability (intrarater and inter¬ 
rater agreement/repeatability expressed as an 
intraclass correlation coefficient or, less opti¬ 
mally, a kappa or weighted-kappa statistic) 
been demonstrated over large numbers of 
raters. There are reports of an intraclass cor¬ 
relation coefficient (ICC) of 0.74 for four 


raters of 21 mares and 75 ponies, but details 
are not provided. 35 Another reports an ICC of 
0.92, but without details to allow assessment 
of the methodology. 25 Additionally, body- 
condition scoring systems do not provide an 
assessment of regional adiposity, which might 
have greater clinical relevance. 

BCS (l-to-9 scale) correlates well with 
percent body fat (TBF) when both are log 
transformed (e TBF = 0.006 + e L56 * BCS ). 32 In 
practical terms, this means that the accuracy 
of this body-condition scoring system to 
predict the proportion of body fat declines as 
BCS increases—for example, the proportion 
of body fat varies from -13% to 36% in 
horses with a BCS of 7 to 8/9. 32 The log-log 
BCS model correctly predicted body fat 
greater than 20% (BCS = 6.83) in 76% of 
horses and with sensitivity of 83% and speci¬ 
ficity of 71%. 32 However, the need to use 
log-log transforms decreases the general 
utility of this technique. 

Body-condition scoring is a demonstra¬ 
bly insensitive measure of changes in body 
fat—ponies subject to 11% reduction in body 
weight and a 45% reduction in body fat did 
not have a change in BCS. 36,3, This indicates 
that the BCS system (l-to-9 scale) has some 
utility in assessment of body-fat proportion 
in horses and ponies, but it should be used 
with a full awareness of its limitations. 

The BCS correlates well with plasma con¬ 
centrations of glucose tolerance, insulin sen¬ 
sitivity, and insulin, leptin, and triglyceride 
concentrations in horses or ponies, 5,19,35 all of 
which could be clinically important. 

A grading system for assessment of 
regional adiposity evident as a “cresty neck” 
has been developed for use with ponies and 
horses. 3 " The ICC (a measure of reliability 
between raters) is 0.70 for four raters of 21 
mares and 75 ponies. 35 The “cresty neck 
score” correlates well with plasma insulin 
and glucose concentrations in pooled horse 
and pony data, and with insulin, leptin, 
glucose, and triglyceride concentrations 
when horses and ponies are considered sepa¬ 
rately. Additionally, ponies with a cresty neck 
score of 4 or greater are at increased risk of 
developing pasture-associated laminitis. 39 
This scoring system therefore appears to be 
both reliable (good interrater agreement) 
and indicative of clinically meaningful vari¬ 
ables and outcomes (Table 17-10). 

Acute laminitis and residual signs of lami¬ 
nitis (sometimes call chronic laminitis) are 
common in animals with insulin resistance 
and provide the physical confirmation of EMS 
in these animals. Clinical signs of laminitis 
are described under that topic (Chapter 15). 

Diagnosis 

Definitive diagnosis of EMS of horses in the 
field is achieved by demonstration of insulin 
resistance in equids with appropriate clinical 
signs (obesity, regional adiposity, laminitis) 
and is confirmed by measurement of plasma 
concentrations of glucose and insulin. 1 
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Table 17-9 Criteria for estimating body condition in light-breed horses 


Score 

Condition 

Description 

1 

Poor 

Animal is extremely emaciated. Spinous processes (parts of vertebrae 
that project upward), ribs, tailhead, hooks (tuber coxae; hip joints), 
and pins (tuber ischia; lower pelvic bones) projecting prominently. 

Bone structure of withers, shoulders, and neck easily noticeable. No 
fatty tissue can be felt. 

2 

Very thin 

Animal is emaciated. Slight fat covering over base of the spinous 
processes, transverse processes (portions of vertebrae that project 
outward) of lumbar (loin area) vertebrae feel rounded. Spinous 
processes, ribs, tailhead, hooks, and pins are prominent. Withers, 
shoulders, and neck structures are faintly discernible. 

3 

Thin 

Fat is built up about halfway on spinous processes; transverse processes 
cannot be felt. Slight fat cover over ribs. Spinous processes and ribs 
are easily discernible. Tailhead is prominent, but individual vertebrae 
cannot be visually identified. Hook bones appear rounded, but are 
easily discernible. Fat can be felt around tailhead (prominence 
depends on conformation). Hook bones are not discernible. Withers, 
shoulders, and neck are not obviously thin. 

4 

Moderately 

thin 

Negative crease along back (spinous processes of vertebrae protrude 
slightly above surrounding tissue). Faint outline of ribs is discernible. 

Fat can be felt around tailhead (prominence depends on 
conformation). Hook bones are not discernible. Withers, shoulders, 
and neck are not obviously thin. 

5 

Moderate 

Back is level. Ribs cannot be visually distinguished, but can be easily felt. 
Fat around tailhead begins to feel spongy. Withers appear rounded 
over spinous processes. Shoulders and neck blend smoothly into body. 

6 

Moderately 

fleshy 

May have slight crease down back. Fat over ribs feels spongy. Fat 
around tailhead feels soft. Fat begins to be deposited along at sides 
of the withers, behind shoulders, and along neck. 

7 

Fleshy 

May have crease down back. Individual ribs can be felt, but with 
noticeable filling of fat between ribs. Fat around tailhead is soft. Fat is 
deposited along withers, behind shoulders, and along neck. 

8 

Fat 

Crease down back. Difficult to feel ribs. Fat around tailhead is very soft. 
Area along withers is filled with fat. Area behind shoulder is filled 
with fat and flush with rest of the body. Noticeable thickening of 
neck. Fat is deposited along inner thighs. 

9 

Extremely 

fat 

Obvious crease down back. Patchy fat appears over ribs. Bulging fat 
around tailhead, along withers, behind shoulders, and along neck. Fat 
along inner thighs may rub together. Flank is filled with fat and flush 
with rest of the body. 

Based on Henneke et al. (1983) Henneke DR, et al. Equine Vet J. 1983;!5:371 and reproduced with 
permission. Carter RA, et al. In: Geor RJ, et al., eds. Equine Applied and Clinical Nutrition. W.B. Saunders; 
2013:393. 


Insulin resistance can be detected by use 
of measurement of insulin and glucose con¬ 
centrations in a single blood sample (point 
testing) or by more sophisticated testing 
using measurement of these analytes on 
multiple occasions after administration of 
glucose and insulin to equids (dynamic 
testing)—either as the euglycemic clamp 
technique or the frequently sampled intrave¬ 
nous glucose and insulin test (minimal 
model). 40 ' 42 The former has greater utility in 
clinical and field settings, although with the 
potential for reduced sensitivity and/or spec¬ 
ificity, whereas the latter is useful for research 
or referral settings and is regarded as the 
gold standard for diagnosis. 

Hyperglycemia is rarely detected 
in equids with insulin resistance, and 


measurement of blood glucose concentra¬ 
tions alone is not a useful test for detection 
of insulin resistance. 1 Detection of persistent, 
inappropriate hyperglycemia (i.e., that not 
associated with stress or ingestion of food) 
should prompt consideration of diabetes 
mellitus. 43 

Hyperinsulinemia in the absence of con¬ 
ditions that increase insulin secretion (stress, 
pain, feeding) is strong evidence of the pres¬ 
ence of insulin resistance. 1 Interpretation 
of plasma or serum insulin concentration 
must include consideration of a number 
of factors that could affect the actual concen¬ 
tration reported by the laboratory. Physio¬ 
logic factors that can increase serum 
insulin concentration include feeding, stress 
and pain, and administration of alpha-2 


Table 17-10 Grading system for 
assessing regional adiposity in the neck 
of ponies and horses 


Score 

Description 

0 

No visual appearance of a crest 
(tissue apparent above the 
ligamentum nuchae). No palpable 
crest. 

1 

No visual appearance of a crest, but 
slight filling felt with palpation. 

2 

Noticeable appearance of a crest, 
but fat deposited fairly evenly 
from poll to withers. Crest easily 
cupped in one hand and bent 
from side to side. 

3 

Crest enlarged and thickened, so 
fat is deposited more heavily in 
middle of the neck than toward 
poll and withers, giving a 
mounded appearance. Crest fills 
cupped hand and begins losing 
side-to-side flexibility. 

4 

Crest grossly enlarged and 
thickened and can no longer be 
cupped in one hand or easily 
bent from side to side. Crest may 
have wrinkles/creases 
perpendicular to topline. 

5 

Crest is so large it permanently 
droops to one side. 


adrenergic agonists (xylazine, detomidine, 
romifidine, etc.). Feeding increases plasma 
insulin concentration in both healthy and 
insulin-resistant horses and confounds inter¬ 
pretation of the results of testing. Pain and 
stress increase both plasma glucose and 
insulin concentrations through increases in 
cortisol and epinephrine concentrations in 
blood, which decrease insulin sensitivity. 44 
This could be important when testing equids 
with active laminitis or other causes of 
pain—evaluation should be delayed until the 
pain is resolved. 1 

Point testing of plasma glucose and 
insulin concentrations should be performed 
under controlled conditions and ideally after 
6 hours of feed withholding and preferably 
with sampling between 8 and 10 a.m. 1 Horses 
can be fed a small amount of hay with a low 
content of nonstructural carbohydrates the 
night before testing (approximately 2 kg of 
hay per 500-kg horse) and then nothing 
immediately before testing. 1 

Laboratory factors can influence the 
insulin concentration reported for a blood 
sample. This is primarily a result of differ¬ 
ences in testing methodology returning 
different concentrations for the same 
blood sample. 45 Until recently, most testing 
for equine insulin involved use of kits or 
testing methodology designed for use with 
human samples, taking advantage of the 
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Fig. 17-7 Appearance of light-breed horses at each of the body-condition scores described by Henneke et al. (1983). Henneke DR, et al. Equine 
Vet J. 1983; 1 B:371. (Reproduced with permission from Carter RA, et al. In: Geor RJ, et al., eds. Equine Applied and Clinical Nutrition. W.B. 
Saunders; 2013:393.) 


considerable cross-reactivity between human 
and equine insulin. Equine-specific tests are 
now available, and their precision, accuracy, 
and specificity have been reported. 45 The 
gold-standard methodology is liquid chro- 
matography-mass spectrometry (LC-MX), 
but this is expensive and has limited acces¬ 
sibility in laboratories processing large 
numbers of clinical samples. Analysis of six 
commonly used or available test kits for mea¬ 
suring plasma or serum concentrations of 
insulin demonstrated that none reflected 
concentrations measured by LC-MS and that 
only one provided reliable (valid) results— 
the Siemens Coat-a-Count Insulin Radioim¬ 
munoassay (RIA)—and only if samples with 
concentrations exceeding the highest stan¬ 
dard were diluted with charcoal-stripped 
plasma and not the provided diluents. 45 


The effect of use of differing methods of 
measuring serum insulin concentration is 
that use of “cutoff” values for detecting 
insulin resistance provided by different labo¬ 
ratories is problematic. A value of 20 (j.U/mL 
is recommended as a cutoff, measured using 
the Siemens Coat-a-Count Insulin RIA, for 
defining insulin resistance. 1 However, this 
value should be interpreted with caution 
because the sensitivity (proportion of false 
negatives) and specificity (proportion of false 
positives) are not reported, and the test as 
a way of defining insulin resistance has 
not been well validated. It can be a useful 
screening test. 1 Local laboratories should 
be contacted before testing to determine the 
test used and whether the laboratory has 
determined reference ranges for its testing 
methodology. 


Proxy indicators of insulin resistance, 
derived from measurement of plasma glucose 
and insulin concentrations, have been pro¬ 
posed and used to define insulin resistance 
and predict predisposition to laminitis in 
ponies. 7,40 ' 41,46 A commonly used proxy is 
the RISQI: 

RISQI = insulin concentration~ 0 ' 5 

where lower values of the RISQI indicate 
lower insulin sensitivity. 

Dynamic testing is usually achieved 
using combined glucose and insulin chal¬ 
lenge tests of varying complexity. 1,41 One of 
these tests measures the insulin and glucose 
responses to IVs administration of glucose 
(150 mg/kg BW) and insulin (0.10 U/kg) 
with frequent sampling of blood (immedi¬ 
ately before and at 1, 5, 15, 25, 35, 45, 60, 75, 
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90,105,120,135, and 150 minutes after infu¬ 
sion). 1 ' 5 Blood glucose concentrations of 
insulin-sensitive horses return to baseline 
values within 45 minutes of infusion of 
glucose. Insulin-resistant horses have a 
delayed decline of blood glucose concentra¬ 
tions and an exaggerated increase in plasma/ 
serum insulin concentrations. 1 ' 5 A more 
complex test, involving the frequent sam¬ 
pling of blood and delayed administration of 
insulin, is analyzed using the “minimal 
model” and yields four measures of insulin 
sensitivity, glucose disposal, and insulin 
secretion (pancreatic response). 41 

Dynamic testing can also involve the 
administration of insulin and monitoring of 
blood (plasma) glucose concentrations. 13,14 
More complex testing involves the IV admin¬ 
istration of increasing doses of insulin (either 
bovine or human recombinant) and mea¬ 
surement of blood glucose concentrations at 
defined times. The dose of insulin required 
to achieve a 50% reduction in blood glucose 
concentration is then used as the diagnostic 
index. This test is cumbersome and has a 
high risk of inducing hypoglycemia and is 
therefore of limited clinical utility. 13 A modi¬ 
fied test involves administration of 0.1 U/kg 
IV of recombinant human insulin and mea¬ 
surement of blood glucose concentrations 
immediately before and 30 minutes after. 14 
Insulin-sensitive horses (« = 6 in the study) 
all had a 50% or greater reduction in blood 
glucose concentrations 30 minutes after 
insulin administration, whereas none of the 
insulin-resistant horses (n = 6) had this 
response. The sensitivity and specificity of 
this test need to be determined in larger 
numbers of healthy and insulin-resistant 
horses for it to be clinically useful. 

An oral sugar test (OST) provides results 
as reliable as the IV glucose tolerance test for 
detection of insulin resistance and hyperinsu- 
linemia. The test involves oral administration 
of 0.15 mL/kg of corn syrup (approximately 
150 mg/kg BW of dextrose-derived digestible 
sugars) to equids after an overnight fast. 
Plasma insulin and glucose concentrations 
are measured immediately before and 30, 60, 
and 90 minutes after administration of corn 
syrup. Equids with EMS have higher glucose 
and insulin concentrations than do unaf¬ 
fected horses. 17 

CLINICAL PATHOLOGY 

Clinical pathology includes detection of 
hyperinsulinemia (as noted in the previous 
discussion), hyperleptinemia, hypertriglyc¬ 
eridemia, and normoglycemia. Plasma 
ACTH concentrations of horses with EMS 
are within the reference range for healthy 
horses, noting that horses with EMS might 
also have PPID. 

NECROPSY 

Affected horses are usually examined post¬ 
mortem because of laminitis. Other than 
signs of laminitis and obesity/regional 


adiposity, there are no other characteristic 
lesions. The pancreas is normal. 


DIFFERENTIAL DIAGNOSIS 


• Obesity without insulin resistance 

• Pituitary pars intermedia dysfunction 

• Laminitis of cause other than EMS (systemic 
septic disease such as colitis or metritis) 


TREATMENT 

The objective of treatment is to improve the 
insulin sensitivity of affected equids. This can 
be achieved by reducing the proportion of 
the body made up of fat through careful 
dietary control. Administration of insulin- 
sensitizing drugs is attracting interest, but 
has yet to be of clearly demonstrated clinical 
utility. 

Dietary Management 
The fundamental aims of dietary manage¬ 
ment are as follows: 

• Achieve and maintain an ideal BCS 
(body weight, noting earlier comments 
that body weight does not indicate body 
composition). 

• Minimize intake of nonstructural 
carbohydrates because these induce an 
insulinemic and hyperglycemic response 
in EMS-affected equids and at-risk 
animals. 1 

• Ensure an adequate and balanced intake 
of essential nutrients. 

The ideal BCS of ponies has been much 
mentioned, but little or seldom defined. The 
ideal body condition for a pony or horse 
would be one at which it has insulin sensitiv¬ 
ity within the reference range (i.e., is not 
insulin resistant), has plasma triglyceride 
concentrations within the reference range, 
and is not at increased risk of laminitis. There 
is likely no one BCS that meets all of these 
criteria for all equids, and each animal must 
be considered in light of its own circum¬ 
stances and physiology. Monitoring of mea¬ 
sures of insulin resistance and plasma 
triglyceride concentration would provide 
guidance in achieving the animal’s ideal, or 
acceptable, body weight. 

Achieving and maintaining an acceptable 
BCS (as a proxy for proportion of body fat) 
is not easy. 47 Animals at most risk of obesity 
and regional adiposity are often metaboli- 
cally equipped to maintain this body condi¬ 
tion, and reducing body weight or BCS might 
not be as simple as just reducing feed intake. 22 

Recommendations for reduction in feed 
intake suggest that feeding 1.25% of body 
weight daily as hay is adequate to achieve a 
gradual reduction in body weight. However, 
planning a diet to provide a reduction in 
body weight while ensuring an adequate 
intake of essential nutrients and providing 
for the digestive and psychological health of 
the horse or pony can be challenging. 


An initial step must be to eliminate or 
severely reduce access to pasture. Pasture 
provides unregulated access to fodder, and 
ponies can consume 2% to 5% of their body 
weight in pasture each day. This will result 
in weight gain. Additionally, pasture, and 
especially green pasture, has a high content 
of nonstructural carbohydrates (glucose, 
starch) that induces a glycemic and hyperin¬ 
sulinemia response in ponies and susceptible 
horses. Access to pasture can be eliminated 
by housing animals on a dry lot or by fitting 
a grazing muzzle. 

Hay can be fed as 1.25% to 1.5% of body 
mass as dry matter per day. The nonstruc¬ 
tural carbohydrate content of the hay should 
be reduced by soaking it in cold water for 12 
to 16 hours before feeding. The water used to 
soak the hay should not be provided to the 
horse or pony. Feeding this diet will induce 
a reduction in body weight and improve¬ 
ment in indices of insulin sensitivity. 22,37 ' 48 ' 49 
Individual horses and ponies can be resistant 
to weight loss, and a reduction in daily dry 
matter intake to 1% of body weight might be 
needed to achieve loss of body weight. 
However, restriction of intake to this level 
can cause behavioral changes, such as eating 
bedding, chewing tails of companions, and 
other allotriophagia. An early example of 
dietary restriction inducing allotriophagia 
was that of Robert Falcon Scott’s use of 
ponies in an expedition to reach the South 
Pole. The ponies displayed profound appetite 
for roughage as a consequence of their highly 
concentrated ration. 

Supplements including chromium have 
been promoted as improving insulin sensi¬ 
tivity in horses. There is evidence that they 
are not effective, and there is no evidence of 
efficacy. 50 

Exercise 

Exercise increases the insulin sensitivity of 
horses, 51 and it appears sensible to recom¬ 
mend an increase in the amount of exercise 
of obese ponies and horses. 1 However, 
moderate exercise training does not 
improve the insulin sensitivity of horses. 52 
Moderate exercise by nonobese ponies pre¬ 
viously affected with laminitis reduced 
serum amyloid A concentrations, heptoglo- 
bin concentrations, and postexercise serum 
insulin concentrations.’ These results 
suggest a beneficial role for relatively low- 
intensity exercise (10 minutes enforced 
walking followed by 5 minutes of trotting) 
in reducing inflammation in ponies at risk 
of laminitis. 

Medications 

Administration of levothyroxine or metfor¬ 
min has been advocated for treatment of 
EMS. 1 ' 54 ' 55 Levothyroxine (0.1 mg/kg orally 
q24 h) causes weight loss and improves 
insulin sensitivity in obese horses and is 
recommended as an adjunct to dietary 
management. 55 
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Metformin, which is used for treatment 
of type 2 diabetes in people, has been admin¬ 
istered to horses in an attempt to improve 
insulin sensitivity. Although initial reports 
were favorable, 56 more recent pharmacologic 
investigation has not demonstrated its effi¬ 
cacy at a dosage of 15 mg/kg orally ql2h in 
improving insulin sensitivity. 54,57 ' 59 However, 
administration of metformin at 30 mg/kg 
ql2h reduced glycemic and insulinemic 
responses of healthy horses and horses with 
dexamethasone-induced insulin resistance 
to administration of dextrose. 60 Whether this 
dosage will be effective in horses or ponies 
with naturally occurring insulin resistance 
remains to be determined. 

Pioglitazone has been investigated in 
healthy horses, in which it does not improve 
insulin sensitivity (at 1 mg/kg q24h for 12 
days) or attenuate the effects of endotoxin 
infusion on indicators of systemic inflamma¬ 
tion. 61,62 The pharmacokinetics of piogli¬ 
tazone in horses have been reported. 63 

FURTHER READING 

Frank N, Tadros EM. Insulin dysregulation. Equine Vet 
J. 2014;46:103-112. 

Frank N, et al. Equine metabolic syndrome. / Vet Int 
Med. 2010;24:467-475. 
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PHEOCHROMOCYTOMA 

(PARAGANGLIOMA) 

Pheochromocytomas are unusual tumors of 
domestic animals and occur in cattle, sheep, 
and horses. 1 ' 5 A pheochromocytomas is a 
neuroendocrine tumor of chromaffin cells of 
the adrenal medulla or extraadrenal chro¬ 
maffin tissue. The tumor secretes catechol¬ 
amines; in humans, clinical signs are related 
to elevated concentrations of circulating 
epinephrine or norepinephrine. The clinical 
presentation in horses usually involves inter¬ 
mittent or acute colic or hemoabdomen. 
Horses can die acutely of exsanguination 
into the abdomen from ruptured tumor. 2 
Affected horses can be persistently or inter¬ 
mittently tachycardic with excessive or 
untimely sweating. The mass can be palpable 
near the left kidney or imaged by transrectal 
ultrasonography. 2,6 The normal right adrenal 
gland cannot be imaged transrectally in a 
horse. 6 The disease in cattle and sheep is 
usually detected at postmortem examination 
and has no real economic impact, with the 
exception of the rare valuable bull affected.’ 
The disease can occur as part of multiple 
endocrine neoplasia, but is usually solitary, 
although gangliomas can metastasise.' Ante¬ 
mortem diagnosis can be confirmed by mea¬ 
suring high concentrations of metanephrine 
and vanillylmandelic acid, both of which are 
metabolites of catecholamines, in blood or 
urine. There is no effective treatment, nor are 
there control measures. 
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GLYCOGEN BRANCHING 
ENZYME DEFICIENCY IN HORSES 

Glycogen branching enzyme deficiency 
(GBED) is a fatal condition of fetuses and 
neonatal foals of the Quarter Horse, Paint 
Horse, and associated breeds. 1 The disease 
is caused by a nonsense mutation in codon 
34 of the GBE1 gene, which prevents the 
synthesis of a functional GBE protein and 
severely disrupts glycogen metabolism. 1 The 
mutant GBE1 allele frequency in registered 
Quarter Horse, Paint Horse, and Thorough¬ 
bred horses is reported as 0.041, 0.036, 
and 0.000, respectively. 2 Among 651 elite- 
performance American Quarter Horses, 200 
control American Quarter Horses, and 180 
control American Paint Horses, the GBED 
allele was detected with an overall frequency 
of 0.054. 3 GBED is inherited as a simple 
recessive trait from a single founder. 2 The 
disease is reported in North America and 
Germany. 4 

Affected foals are aborted, born dead, or 
affected at birth. It is estimated that up to 2.5% 
of fetal and early neonatal deaths in Quarter 
Horses and related breeds are associated with 
this defect. 2 Foals that are born alive are weak 
and hypothermic, some have flexural limb 
deformities, and all die usually within hours 
to days of birth. 1 ’ Affected foals have refrac¬ 
tory hypoglycaemia and minor elevations in 
serum activity of creatine kinase. 

The disease is confirmed by detection of 
periodic acid-Schiff (PAS)-positive inclu¬ 
sions in the cardiac or skeletal muscle and 
genotype analysis. There is no effective treat¬ 
ment, and control is by selective and prudent 
breeding. 
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LACTATION TETANY OF MARES 
(ECLAMPSIA, TRANSPORT 
TETANY) 

Lactation tetany of mares is caused by hypo¬ 
calcemia and is characterized by abnormal 
behavior progressing to incoordination and 
tetany. The precise cause of the hypocalce¬ 
mia has not been determined, but the cause 
of the clinical signs is a marked reduction 
in serum concentration of ionized calcium. 
The effect of feeding diets high in calcium, 
such as alfalfa hay, during late pregnancy, 
and of abrupt changes in diet after parturi¬ 
tion, have not been investigated in horses 








as they have in cattle (see discussion of 
milk fever). 

The disease was most common when 
draft-horse breeding was widely practiced, 
but it is uncommon now. 1 The case fatality 
rate is high in untreated animals. Most cases 
occur in lactating mares, either at about the 
10th day after foaling or 1 to 2 days after 
weaning. High-producing mares grazing on 
lush pasture are most susceptible and in 
many instances are engaged in hard physical 
work. The housing of wild ponies or pro¬ 
longed transport can precipitate an episode. 
The latter has been a particularly important 
factor in the etiology of the disease in Britain 
and has been credited with precipitating it 
even in stallions and dry mares. Occasional 
cases occur without there being any apparent 
cause. The disease has occurred in a 20-year- 
old gelding pony. Hypocalcemia with clinical 
signs also occurs in horses used for pro¬ 
longed exercise, such as endurance racing or 
3-day events. 

Hypocalcemia occurs in other diseases of 
horses, including colic and colitis, and as a 
result of hypoparathryoidism. 2,3 

Many mild cases of lactation tetany that 
recover spontaneously occur after transport, 
but the case fatality rate in some shipments 
can be greater than 60%. Mares that develop 
the disease at the foal heat or at weaning are 
usually more seriously affected, and the case 
fatality rate is high if mares are not treated in 
a timely fashion. 

Severely affected animals sweat profusely 
and have difficulty moving because of tetany 
of the limbs and incoordination. The gait is 
stiff, and the tail is slightly raised. Rapid, 
labored respirations and wide dilatation of 
the nostrils are often accompanied by syn¬ 
chronous diaphragmatic flutter (“thumps”) 
evident as a distinct thumping sound from 
the thorax. Muscular fibrillation, particularly 
of the masseter and shoulder region, and 
trismus are evident, but there is no prolapse 
of the membrana nictitans. Affected animals 
are not hypersensitive to sound, but handling 
can precipitate increased tetany. The tem¬ 
perature is normal or slightly elevated, and 
although the pulse is normal in the early 
stages, it later becomes rapid and irregular. 
The mare might make many attempts to eat 
and drink but appears to be unable to 
swallow, and passage of a stomach tube can 
be difficult. Urination and defecation are in 
abeyance, and peristalsis is reduced. 

Within about 24 hours the untreated 
mare becomes recumbent; tetanic convul¬ 
sions develop and become more or less 
continuous. The mare dies about 48 hours 
after the onset of illness. The tetany and 
excitement in the early stages suggest 
tetanus, but there is no prolapse of the 
third eyelid, and there is the usual relation¬ 
ship to recent foaling or weaning and phys¬ 
ical exertion. The anxiety and muscle 
tremor of laminitis can be confused with 
those of lactation tetany, especially when it 
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occurs in mares that have foaled and 
retained the placenta. Pain in the feet and 
bounding digital pulses are diagnostic fea¬ 
tures of this latter disease. 

Hypocalcemia occurs with serum con¬ 
centrations in the range of 4 to 6 mg/dL 
(1 to 1.50 mmol/L), and the degree of hypo¬ 
calcemia has been related to the clinical 
signs. When serum calcium levels are higher 
than 8 mg/dL (2 mmol/L), the only sign is 
increased excitability. At levels of 5 to 8 mg/ 
dL (1.25 to 2 mmol/L), there are tetanic 
spasms and slight incoordination. At levels 
of less than 5 mg/dL (1.25 mmol/L), there 
is recumbency and stupor. It is the con¬ 
centration of ionized calcium that is impor¬ 
tant, and some animals, such as horses used 
for 3-day events, can have normal total 
calcium concentrations but abnormally low 
ionized calcium concentrations as a result 
of changes in acid:base status. If possible, 
serum concentrations of ionized calcium 
should be measured in horses with clinical 
signs suggestive of hypocalcemia. Hypomag¬ 
nesemia with serum magnesium levels of 
0.9 mg/dL (0.37 mmol/L) has been observed 
in some cases, but only in association with 
recent transport. Hypermagnesemia has 
been reported in other cases. 

Treatment by IV administration of 
calcium borogluconate as recommended in 
the treatment of parturient paresis in cattle 
results in rapid, complete recovery. The dose 
for a 500-kg mare is 300 to 500 mL of a 25% 
solution of calcium borogluconate or gluco¬ 
nate administered slowly (over 15 to 30 min) 
intravenously. One of the earliest signs of 
recovery is the voiding of a large volume of 
urine. Occasional cases that persist for some 
days have been recorded. 
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EQUINE HYPERLIPEMIA 


SYNOPSIS 


Etiology Abnormal energy metabolism 
secondary to inadequate caloric intake. 

Epidemiology Pregnant or lactating 

middle-aged, overweight ponies, donkeys, 
and American miniature horses. Worldwide. 
Sporadic. 

Clinical signs Depression, anorexia, weight 
loss, ventral edema, muscle fasciculation, 
mania, recumbency. 

Clinical pathology Hypertriglyceridemia 
(triglyceride > 500 mg/dL, 5 mmol/L). 

Necropsy findings Widespread lipidosis, 
swollen liver, hepatic rupture. 


Treatment Increase energy intake through 
enteral or parenteral feeding. Treat 
underlying disease. 

Control Maintain optimal body condition. 
Prevent disease and nutritional stress, 
including changes in diet and prolonged 
transportation. 


ETIOLOGY 

The potentially life-threatening disease 
hyperlipemia is associated with hyperlipid¬ 
emia (an abnormal concentration of lipids in 
blood) in equids. The disease is a result of a 
derangement in fat metabolism secondary to 
nutritional stress and, in particular, inade¬ 
quate energy intake. 1 

Hyperlipemia is the clinical syndrome of 
depression, weakness, and ventral edema 
with high blood concentrations of triglycer¬ 
ides and hepatic lipidosis. It carries a high 
case-fatality rate. A related condition is the 
detection of hypertriglyceridemia associated 
with an overt, severe, primary disease (colic, 
neoplasia, endocrine disease) in which the 
triglyceridemia likely has minimal clinical 
importance. Hyperlipemia has its greatest 
importance as a disease of ponies and 
donkeys in field situations and related to 
relatively minor inciting causes. 

EPIDEMIOLOGY 

Occurrence 

Hyperlipemia occurs worldwide. Although 
its occurrence is sporadic, multiple cases can 
occur on a farm when there are a number of 
at-risk animals exposed to the same inciting 
factor, such as lack of adequate grazing or 
supplementary feeding. The annual incidence 
of the disease in ponies in southeastern Aus¬ 
tralia is 5%, and it is 2% to 10% in donkeys in 
the United Kingdom. 2 The case-fatality rate is 
40% to 80%, although it appears to be less in 
hospitalized equids provided more focused 
care. 2,3 Incidence varies with season and 
locality; the disease in ponies in Europe 
occurs most commonly during late gestation 
(January-March), whereas in southern Aus¬ 
tralia, the disease is more common in ponies 
during early lactation (November-January). 

Animal Risk Factors 

Hyperlipemia can occur in any breed of 
horse or pony and in donkeys, but it is more 
common in ponies and donkeys. 2,3 Any 
breed of equid can develop hypertriglyceri¬ 
demia as a result of a primary disease, but 
development to the clinical condition lipemia 
is most common in ponies, miniature horses, 
miniature donkeys, and donkeys. The disease 
is considered most common in females, 
uncommon in pony stallions and geldings, 
and rare in foals. Most affected ponies 
are more than 4 years old, and the peak inci¬ 
dence occurs in 9-year-olds. Hypertriglyceri¬ 
demia occurs in foals secondary to other 
diseases. 3 ' 5 












1738 


Chapter 17 


Metabolic and Endocrine Diseases 


Risk factors for hyperlipemia (triglycer¬ 
ide concentration > 4.4 mmol/L) in 449 
donkeys with the disease from a population 
of 3829 donkeys included concurrent disease 
(odds ratio [OR] 77,95% confidence interval 
[Cl], 45 to 129), weight loss in previous 
month (OR = 6.4, 3.6 to 11.3), relocation to 
a new site (farm) (OR= 3.9, 1.3 to 12), dental 
disease (OR= 1.7,1.1 to 2.8), history of inap¬ 
petence (OR = 3.2, 1.3 to 7.9), and increasing 
age (OR = 1.26, 1.1 to 1.45). 2 

Horses and ponies with primary endo¬ 
crine disease, including pituitary pars inter¬ 
media dysfunction (PPID) or suspected 
diabetes mellitus and conditions associated 
with insulin resistance, can have marked 
elevations in serum triglyceride concentra¬ 
tions (10.5 to 60.3 mmol/1) without evident 
clinical signs attributable to hypertriglyceri¬ 
demia. The hypertriglyceridemia resolves 
with successful treatment of the underlying 
endocrine disease. 6 

Pregnancy and lactation increase the risk 
of the disease in ponies, but not in donkeys. 
The disease in miniature horses is always 
associated with underlying disease, such as 
colic, which is apparently an important risk 
factor. Underlying disease is identified in 
50% of cases in ponies and 72% of affected 
donkeys; 2 however, many cases occur in 
pregnant or lactating pony mares without 
evidence of other disease. 

Overweight ponies and donkeys are at 
increased risk, and insulin resistance is likely 
a risk factor for the disease.' Onset of disease 
is often preceded by some sort of stress, 
typically transport, lactation, food depriva¬ 
tion, or a combination of these factors. 
Characteristically the disease occurs in fat, 
middle-aged, pregnant, or lactating ponies 
that experience a decrease in feed intake. 
However, the disease is not restricted to this 
demographic, and horses or thin ponies can 
develop the disease. 

Hypertriglyceridemia is detected in 
horses with evidence of systemic inflamma¬ 
tory response syndrome (severe illness asso¬ 
ciated with decreased feed intake). There is 
no opacity of the plasma or serum, and 
the hypertriglyceridemia has not been 
demonstrated to worsen the outcome of the 
underlying disease. 

PATHOGENESIS 

The combination of the innate insulin resis¬ 
tance of ponies and a nutritional stressor, 
such as disease, pregnancy, lactation, or food 
deprivation, results in excessive mobilization 
of fatty acids from adipose tissue at a rate 
that exceeds the gluconeogenic and keto- 
genic capacity of the liver. 1 Adipocytes of 
ponies, in response to norepinephrine, 
release fatty acids at a rate 6.5 times greater 
than those of horses, possibly providing at 
least a partial explanation for the difference 
in likelihood of differing breeds developing 
the disease. Lipolysis is mediated by (3 2 - 
adrenergic receptors in ponies and horses. 


The induction of excessive fat mobilization 
in ponies is likely associated with the well- 
characterized insulin resistance of this 
breed, especially in obese individuals. There 
is no difference between ponies and horses 
in the extent to which lipolysis is inhibited 
by insulin. The effect of insulin resistance 
on glucose uptake from the blood might be 
exacerbated in sick ponies by the increase 
in serum cortisol concentrations associated 
with stress or disease. 

Equids have little propensity to produce 
ketones, and thus the excess fatty acids are 
reesterified in the liver to triglycerides and 
released into the circulation as very low- 
density lipoproteins (VLDLs). The funda¬ 
mental defect in the disease is in the 
regulation of free fatty acid release from 
fat stores as a result of a defect in control 
of hormone-sensitive lipase, the enzyme 
responsible for hydrolysis of triglycerides to 
free fatty acids and glycerol in adipose tissue. 
Unchecked activity of this enzyme results in 
mobilization of fatty acids in hyperlipemic 
ponies that is 40 times the rate in normal 
ponies. There is no dysfunction of lipopro¬ 
tein lipase, the enzyme mediating uptake of 
plasma free fatty acids by extrahepatic 
tissues, and its activity can be 300% of that 
of unaffected ponies. 

Hyperlipidemia causes widespread lipi¬ 
dosis and organ dysfunction. Hepatic lipido¬ 
sis compromises liver function, resulting 
in accumulation of toxic metabolites and 
derangement in coagulation. 

CLINICAL FINDINGS 

The clinical course varies between 3 and 
22 days but is generally 6 to 8 days. The 
unchecked disease progresses from mild 
depression and inappetence; through pro¬ 
found depression, weakness, and jaundice; 
to convulsions or acute death in 4 to 7 days. 
Depression, weight loss, and inappetence are 
the initial signs in 90% of cases. Approxi¬ 
mately 50% of cases have fasciculation of 
muscles of the limb, trunk, or neck. Ventral 
edema unrelated to parturition occurs in 
approximately 50% of cases. Inappetence 
progresses to anorexia and depression, 
which is followed by somnolence and 
hepatic coma. Compulsive walking or mania 
develops in 30% of cases. Signs of mild colic, 
including flank watching, stretching, and 
rolling, are evident in 60% of cases. The 
incidence of jaundice is variable. Many 
animals show a willingness to drink, but 
they are unable to draw water into the 
mouth and swallow. Others continually lap 
at water. The temperature is normal or mod¬ 
erately elevated, and heart rate and respira¬ 
tory rates are increased above normal. 
Diarrhea is an almost constant feature in the 
terminal stages. 

Visual examination of the plasma or 
serum phase of a blood sample collected 
from an affected animal reveals cloudy, 
milky, mildly opalescent plasma. 


CLINICAL PATHOLOGY 

There is usually leukocytosis with neutro¬ 
philia. Hyperlipidemia is a consistent feature 
of the disease. Serum triglyceride concentra¬ 
tions will be at least 5 mmol/L (500 mg/dL) 
and can be much higher. Serum cholesterol 
and free fatty acid concentrations are also 
increased, although less so than triglycerides. 
The plasma triglyceride concentration is 
of minimal prognostic use in ponies, but 
most American miniature horses with tri¬ 
glyceride concentrations above 1200 mg/dL 
(12 mmol/L) die. 

Plasma glucose concentration is usually 
low. Ketonemia and ketonuria do not occur. 
Biochemical evidence of liver disease is 
characteristic of the advanced disease. 
Serum activity of gamma-glutamyltransfer- 
ase (GGT) can be elevated before clinical 
signs of disease are apparent. Serum creati¬ 
nine and urea nitrogen concentrations 
increase as renal function declines. Blood 
clotting time increases. Metabolic acidosis 
develops terminally. Hematologic and bio¬ 
chemical variables can also be affected by any 
underlying disease. 

Diagnostic confirmation of hyperlipemia 
is achieved by demonstration of hyperlipid¬ 
emia (plasma triglyceride concentrations 
above 5 mmol/L [500 mg/dL]) in a horse 
with appropriate clinical signs. 

The utility of point-of-care (stall-side) 
analyzers has been investigated, and both 
units performed adequately, although not 
perfectly. 8,9 The upper operating range of 
both units (-6.0 mmol/L) was lower than 
values for triglycerides in severely affected 
animals, which limits their usefulness, 
although it does allow identification of 
equids with very high concentrations. 
The instruments have coefficients of 
variation for measurement of the same 
sample of 10% to 16%, which limits their 
usefulness in monitoring responses to treat¬ 
ment. These analyzers are useful for field 
measurement of triglyceride concentrations 
in equids, but care should be taken in evalu¬ 
ating values that exceed the range of the 
instrument. 

NECROPSY FINDINGS 

Extensive fatty change is present in most 
internal organs, but especially in the liver, 
which is yellow to orange, swollen, and 
friable. Liver rupture with intraabdominal 
hemorrhage may be present. Tissue pallor 
as a result of lipid accumulation is also 
prominent in the kidney, heart, skeletal 
muscle, and adrenal cortex. Serosal 
hemorrhages of the viscera reflect dissemi¬ 
nated intravascular coagulation. The nec¬ 
ropsy should also include an examination 
for lesions that might predispose the 
animal to hyperlipidemia, such as pancre¬ 
atic damage or laminitis. Histologically, 
widespread microvascular thrombosis and 
intracellular lipid in various tissues are 
evident. 
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Disorders of Thyroid Function (Hypothyroidism, Hyperthyroidism, Congenital Hypothyroidism, Thyroid Adenoma) 


Samples for Postmortem 
Confirmation of Diagnosis 

Samples for postmortem diagnosis include 
formalin-fixed liver, kidney, heart, adrenal, 
skeletal muscle, and pancreas for light micro¬ 
scopic examination. 


DIFFERENTIAL DIAGNOSIS 


• Parasitism 

• Anemia 

• Liver disease, including pyrrolizidine 
toxicosis 

• Serum hepatitis 

• Aflatoxicosis 

Hyperlipemia should be considered in 
any pony with a history of weight loss, 
inappetence, and progressive somnolence, 
especially in late pregnancy or early lactation. 


TREATMENT 

• The principles of treatment are as 
follows: 

• Treatment of the underlying or inciting 
disease 

• Restoration and maintenance of a 
positive energy balance 

• Correction of any defects in hydration, 
acid-base, and electrolyte status 

• Reduction of the hyperlipidemia 
Every effort should be made to determine 

whether there is an underlying disease, and 
if so, it should be treated aggressively. Para¬ 
sitism is a common inciting disease, as are 
equine Cushing’s disease and neoplasia 
(lymphosarcoma, gastric squamous cell 
carcinoma) in older ponies. 

The negative energy balance must be cor¬ 
rected. A mature, nonpregnant, and nonlac- 
tating 200-kg (440-lb) pony has energy 
requirements (digestible energy intake) of 
9.3 Mcal/d (38 mj/d), whereas a lactating 
pony has energy requirements of 13.7 Mcal/d 
(57.2 mj/d). Affected animals should be 
encouraged to eat and must be supplemented 
either orally or intravenously if they will not 
eat a sufficient quantity. Supplements, either 
oral or IV, are unlikely to meet all the ani¬ 
mal’s energy requirements, but normaliza¬ 
tion and stabilization of blood glucose 
concentrations, and the apparent consequent 
changes in hormonal milieu, inhibit lipolysis 
and enhance clearance of triglycerides from 
plasma and hepatic and renal tissues. 

Oral supplementation using commercial 
equine or human enteral nutrition prepara¬ 
tions has been successful for treatment of 
the disease in American miniature horses 
and donkeys. If these products are not 
available, a homemade gruel consisting of 
alfalfa pellets and cottage cheese can be used. 
These preparations are administered every 6 
hours through a nasogastric tube. Alterna¬ 
tively, glucose can be given orally (1 g/kg, as 
5% solution every 6 hours, about 5 L to a 
250-kg pony) or intravenously (5% solution, 


100 mL/kg per day as a continuous IV infu¬ 
sion). As noted earlier, this dose of glucose 
will not meet the energy needs of the pony, 
but it might be sufficient, along with treat¬ 
ment of the underlying disease and support¬ 
ive care, to restore normal fat metabolism. 
Provision of parenteral nutrition is feasible 
and apparently effective, but expensive and 
technically demanding, thereby restricting 
its use to veterinary hospitals. 10-11 

Mares in late pregnancy can be aborted, 
and lactating mares should have the foal 
removed. 

Dehydration and abnormalities in elec¬ 
trolyte and acid-base status should be cor¬ 
rected by oral or IV administration of 
isotonic fluids (lactated Ringer’s solution) 
and, if necessary, sodium bicarbonate. 

Encephalopathy associated with liver 
failure should be treated with oral neomycin 
(20 mg/kg, every 6 hours) or lactulose 
(1 mL/kg, every 6 hours). 

Hyperlipidemia should be reduced by 
minimizing free fatty acid production by 
adipose tissue and enhancing triglyceride 
removal from plasma. Free fatty acid produc¬ 
tion is minimized by ensuring adequate 
energy intake and normal plasma glucose 
concentrations. Use of insulin and heparin 
has been recommended for reduction of 
plasma free fatty acid concentration. However, 
the efficacy of these treatments is not clear, 
and the emphasis should be placed on provi¬ 
sion of adequate energy intake rather than 
administration of these hormones. Insulin 
(protamine zinc insulin) is administered at 
0.1 to 0.3 IU/kg SC every 12 to 24 hours. 
Blood glucose concentrations should be 
monitored, and the insulin dose may need to 
be adjusted. Heparin (40 to 100 IU/kg SC 
every 6 to 12 hours) can be given to increase 
lipoprotein lipase activity and promote the 
clearance of triglycerides from plasma. It 
should be noted that lipoprotein lipase activ¬ 
ity is not deficient in affected ponies, and 
therefore the administration of heparin to 
ponies with hyperlipemia is not recom¬ 
mended. Severely affected ponies may have 
an increase in clotting time that could be 
exacerbated by heparin. 

Corticosteroids and adrenocorticotropic 
hormone are contraindicated in treatment of 
this disease. 

CONTROL 

A mature, nonpregnant, and nonlactating 
200-kg (440-lb) pony has energy require¬ 
ments of 9.3 Mcal/d (38 mj/d), whereas a 
lactating pony has energy requirements of 
13.7 Mcal/d (57.2 mj/d), and every effort 
should be made to meet these requirements. 
This might require dietary supplementation 
during periods of nutritional stress, such as 
drought, late pregnancy, peak lactation, or 
transportation. Ponies should be maintained 
in optimal body condition, and nutritional 
stress should be avoided. A parasite and 
disease control program should be instituted. 


Transport of pregnant and lactating ponies 
should be avoided. 

FURTHER READING 

Hughes KJ, et al. Equine hyperlipemia: a review. Aust 
Vet J. 2004;82:136. 

McKenzie HA. Equine hyperlipidemias. Vet Clin North 
Am Equine Pract. 2011;27:59. 
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Disorders of Thyroid 
Function (Hypothyroidism, 
Hyperthyroidism, 
Congenital 
Hypothyroidism, 

Thyroid Adenoma) 

Disorders of thyroid function as a result of 
abnormalities in the thyroid gland, pituitary 
gland, or hypothalamus are uncommon in 
the domestic species and are best docu¬ 
mented for the horse. Thyroid disorders sec¬ 
ondary to excessive or inadequate intake of 
iodine or selenium deficiency are discussed 
under those headings. Animals with low 
concentrations of thyroid hormones, usually 
total T3 and total T4, in blood could have 
nonthyroidal illness syndrome, which is well 
described in humans and dogs. 1 Further¬ 
more, neonates have lower concentrations of 
thyroid hormones in blood than do adults, 
and premature neonates have even lower 
concentrations. 2 

ETIOLOGY 

Disorders of thyroid function result in hypo¬ 
thyroidism or hyperthyroidism.’ Hypothy¬ 
roidism can result from diseases of the 
thyroid gland (primary hypothyroidism), 
pituitary gland (secondary hypothyroidism 
as a result of reduced secretion of thyroid- 
stimulating hormone), or hypothalamus 
(tertiary hypothyroidism, decreased thyro¬ 
tropin [thyroid-releasing hormone] secre¬ 
tion). Autoimmune thyroiditis has not been 
described in horses. Lymphocytic thyroiditis 
occurs in goats. Consumption of propylthio¬ 
uracil (4 mg/kg body weight orally once 
daily for 4 to 6 weeks) induces hypothyroid¬ 
ism in adult horses. Administration of trim¬ 
ethoprim-sulfadiazine (30 mg/kg orally 
q24 h for 8 weeks), which can induce 










1740 


Chapter 17 


Metabolic and Endocrine Diseases 


hypothyroidism in humans and dogs, does 
not impair thyroid function of most horses. 
Systemic illness, such as sepsis, or starvation 
can alter function of the hypothalamic-pitu- 
itary-thyroid axis, resulting in euthyroid sick 
syndrome, more recently termed nonthyroi- 
dal illness syndrome. The syndrome has been 
documented in adult horses 1 and in foals 
with septic and nonseptic illnesses. 2,4 ' 5 

Hereditary congenital hypothyroidism 
secondary to defects in thyroglobulin pro¬ 
duction occurs in sheep, goats, and Afrikan¬ 
der cattle. The disease is inherited as an 
autosomal-recessive trait. The cause of con¬ 
genital hypothyroidism in foals is uncertain, 
although ingestion of nitrates by the preg¬ 
nant dam is strongly suspected. Partial thy¬ 
roidectomy of equine fetuses results in birth 
of foals with clinical and pathologic charac¬ 
teristics similar to those in the spontaneous 
disease. 

Hyperthyroidism in horses is attributable 
to functional adenocarcinoma or adenoma 
of the thyroid gland, but most thyroid tumors 
are not functional. 6 ' 8 

EPIDEMIOLOGY 

The frequency with which hypothyroidism 
occurs in adult horses is unknown. It is rela¬ 
tively common practice to administer thyroid 
hormone or iodinated casein to fat horses; 
to those with laminitis, rhabdomyolysis, or 
anhidrosis; or to enhance fertility, but docu¬ 
mentation of abnormal thyroid function in 
these animals is rare. None of 79 clinically 
normal brood mares had an abnormal 
response to thyroid-stimulating hormone 
administration, indicating that hypothyroid¬ 
ism is uncommon in this type of animal. 
Importantly, horses with nonthyroid-related 
illness often have low concentrations of 
thyroid hormones in the blood without 
evidence of thyroid dysfunction—this is 
referred to as the euthyroid sick or nonthy- 
roidal illness syndrome and is not indicative 
of thyroid disease. 

Abnormalities of the thyroid gland were 
detected in 12% of 1972 goats examined in 
India. Of thyroid glands examined from 
1000 goats in India, 2.4% had colloid goiter, 
39% had parenchymatous goiter, 1.8% had 
lymphocytic thyroiditis, and 2.1% were 
fibrotic. 

Congenital hypothyroidism in foals 
occurs in western Canada and the western 
and northern United States. One survey of 
necropsy records of almost 3000 equine 
fetuses and neonatal foals in western Canada 
found that 2.7% had histologic evidence of 
thyroid and musculoskeletal abnormalities 
consistent with congenital hypothyroidism. 
Congenital hypothyroidism occurs in Dutch 
goats, Merino sheep, and Afrikander cattle. 
Hypothyroidism is reported in an East Frie¬ 
sian ram. 

Hyperthyroidism is a sporadic disease of 
older horses for which other risk factors are 
not identified. 


Exercise and participation in endurance 
racing or competitive show jumping usually, 
but not always, influences serum concentra¬ 
tions of thyroid hormones, but is not consid¬ 
ered a pathologic process. 9,10 The response 
depends on the type and intensity of exer¬ 
cise—endurance exercise (40 to 420 km) 
reduces plasma concentrations of T3 and 
T4 at the end of the race, with return to 
basal concentrations by 24 hours. 11 Serum 
T4 concentrations are lower in overtrained 
or malconditioned young Standardbred 
horses. 12 

Thyroid tumors are common in older 
horses, with -50% having adenomas evident 
on histologic examination of the thyroid 
gland. The clinical course of such tumors is 
benign, although their size can be quite 
impressive. Thyroid adenocarcinoma is much 
less common but has a malignant course. 6 8 

Fetal undernutrition of lambs during late 
gestation adversely affects postnatal thyroid 
function and causes hyperthyroidism as 
adult sheep. 13 

CLINICAL FINDINGS 

Clinical characteristics of hypothyroidism in 
adult horses are poorly defined, largely 
because of the difficulty of confirming the 
diagnosis and the pharmacologic effect of 
exogenous thyroid hormones. Clinical 
abnormalities anecdotally attributed to 
hypothyroidism include exercise intolerance, 
infertility, weight gain, maldistribution of 
body fat, agalactia, anhidrosis, and laminitis, 
among others. Peripheral neuropathy and 
keratitis sicca (secondary to facial nerve 
dysfunction) responsive to levothyroxine 
administration has been reported in a 
horse. 14 Definitive association of these clini¬ 
cal syndromes with abnormalities of thyroid 
function is lacking. 

Thyroidectomy of horses causes a reduc¬ 
tion in resting heart rate and body tem¬ 
perature, docility, decreased food intake, 
increased cold sensitivity, dull hair coat, and 
delayed shedding of hair. Blood and plasma 
volumes of horses increased after removal of 
the thyroid glands. Effects of thyroidectomy 
were reversed by administration of thyrox¬ 
ine, with the exception of blood and plasma 
volume that did not return to euthyroid 
values. Thyroidectomized horses did not 
become obese or develop laminitis. 

Induced hypothyroidism in goats is 
evident as a loss of body weight, facial edema, 
weakness, profound depression, and loss of 
libido. 

Congenitally hypothyroid foals have a 
prolonged gestation but are born with a short 
and silky hair coat, soft and pliable ears, dif¬ 
ficulty in standing, lax joints, and poorly 
ossified bones. The foals are referred to as 
dysmature. Characteristic musculoskeletal 
abnormalities include inferior (mandibular) 
prognathism, flexural deformities, ruptured 
common and lateral extensor tendons, and 
poorly ossified cuboidal bones. 


Horses with hyperthyroidism are tachy- 
cardic, display cachexia, and have hyperac¬ 
tive behavior. There is usually detectable 
enlargement of the thyroid gland both on 
physical examination and on scintigraphic 
imaging. 

Thyroid adenomas are evident as a uni¬ 
lateral nonpainful enlargement of the thyroid 
gland of older (>15 years) horses and are 
detectable on scintigraphic examination. 15 
Ultrasonographic and scintigraphic imaging 
of the thyroid gland of healthy horses is 
described. 16 Thyroid adenocarcinoma pre¬ 
sents as metastatic disease with both local 
and distant spread. Some affected horses 
have signs of hyperthyroidism, although this 
is unusual. 6 

Anhidrosis in horses is not associated 
with abnormal thyroid function. 1 

CLINICAL PATHOLOGY 

Hematologic abnormalities in hypothyroid 
horses are not well documented. Induced 
hypothyroidism in horses causes increases in 
serum concentrations of VLDLs, triglycer¬ 
ides, and cholesterol, and decreased concen¬ 
trations of NEFAs. Induced hypothyroidism 
in goats caused hypoglycemia, hypercholes¬ 
terolemia, and anemia. Hypothyroidism in a 
ram caused hypercholesterolemia. 

Thyroid Hormone Assays 

Assays are available for measurement of 
serum concentrations of T3, T4, free T4 
(fT4), free T3 (fT3; radioimmunoassay or 
equilibrium dialysis), and/or TSH in various 
species. 18 ' 20 Values of each of these analytes 
vary depending on the method of analysis, 
physiologic status of the animal, and admin¬ 
istration of other compounds (Table 17-11). 
Serum concentrations of thyroid hormones 
are high at birth and decline with age 
in ruminants and nonruminants. 5,21,22 For 
example, serum T3 concentrations of weaned 
Thoroughbred foals declined from 2.89 to 
0.29 nmol/L at 7 and 9 months of age, serum 
T4 concentrations from 100.17 to 21.77 nmoL 
at 1 month and at 10 months, serum fT3 
concentrations were 6.96 and 1.50 pmol/L at 
1 month and 4 months of age, and serum fT4 
concentrations were 31.40 and 4.93 pmol/L 
at 1 month and 9 months of age. 22 

There are statistically significant diurnal 
variations in serum concentrations of T3 
and T4 in adult horses, with the lowest 
concentrations observed during the early 
morning hours, likely coincident with the 
time at which metabolic rate is lowest (Table 
17-8). There is not a seasonal variation in 
thyroid hormone concentrations in horses. 23 
Feed restriction for 3 to 5 days lowers serum 
concentrations of T3, T4, and fT4 in horses 
by 24% to 42%. Administration of phenylbu¬ 
tazone decreases concentrations of fT4 
(measured by equilibrium dialysis) and T4 
by 4 days of treatment, which can persist for 
up to 10 days after discontinuation of phen¬ 
ylbutazone. The decrease in T4 is suggested 
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Table 17-11 Serum or plasma concentrations of thyroid hormones and thyroid-stimulating hormone in foals 
and cattle 

horses, donkeys, 

Physiologic status 

Serum or plasma tT3 

Serum or plasma tT4 

fT4 

TSH 

Age 





Birth (<10 hours) 

991 ng/dL 

28.8 pg/dL 

12.1 ng/dL 



12.8 ± 7.4 mmol 

493 ± 58 nmol/L 




366 ± 222 ng/L 

13.3 ± 5.1 pg/dL 



1-3 days 

940 ng/dL 

28.0 pg/dL 

12.1 ng/dL 


4 days 

935 pg/dL 

11.2 pg/dL 

5.9 ng/dL 



7.8 ± 4.2 mmol 

232 ± 61 nmol/L 



5-11 days 

631 pg/dL 

7.45 pg/dL 

3.30 ng/dL 


20 days 

4.2 ± 0.9 mmol 

36.7 ± 17.4 nmol/L 



22-90 days 

192 pg/dL 

2.57 pg/dL 

1.76 pg/dL 


28 days 

3.1 ± 0.4 mmol 

30.6 ± 17.4 nmol/L 



1.5-4 months 

193 ± 9 ng/dL 

4.02 ±0.19 pg/dL 



2-5 years 

120 ± 8 ng/dL 

2.9 ± 0.1 pg/dL 



6-10 years 

86 ± 7.5 ng/dL 

1.7 ±0.1 pg/dL 



11-25 years 

84 ± 9 ng/dL 

1.6 ± 0.1 pg/dL 



Adult mares and geldings 

0.99 ± 0.51 nmol/L 

12.9 ± 5.6 nmol/L 

12.2 ±3.5 pmol/L (RIA) 

0.39 ± 0.30 ng/mL 

Adult mares and geldings 


19 (17.6-22.1) nmol/L 

11 (10.5-11.8) pmol/L (RIA) 


Adult mares and geldings 


19 (17.6-22.1) nmol/L 

22 (20.9-25.1) pmol/L (ED) 


Adult geldings, 16.00 hours 

53.2 ± 12.4 ng/dL 

2.43 ± 0.81 pg/dL 



Adult geldings, 04.00 hours 

42.0 ±11.5 ng/dL 

1.79 ± 0.63 pg/dL 



Adult horses 

1.02 ± 0.16 nmol/L 

19.9 ± 1.7 nmol/L 

11.6 ± 0.7 pmol/L 


Adult horses 25 

47.7 (32.7-62.8) pg/mL 

1.64 (0.37-3.2) ug/dL 

0.23 (0.12-0.34) ng/dL 



(mean, range) 

(mean, range) 

(mean, range) 


Sex 





Mare 

89.9 ± 7.9 ng/dL 

1.7 ± 0.1 pg/dL 



Gelding 

92.9 ± 9.7 ng/dL 

1.69 ± 0.1 pg/dL 



Stallion 

123 ± 9.7 ng/dL 

1.97 ± 0.2 pg/dL 



Broodmare (not pregnant) 

62 ± 2.7 ng/dL 

1.47 ± 0.47 pg/dL 



Donkeys 25 

67 (40-130) pg/mL 

3.5 (.057-8.1) ug/mL 

0.44 (0.14-0.85) ng/dL 



(mean, range) 

(mean, range) 

(mean, range) 


Adult cattle 


64 (31-97) nmol/L 



Beef cattle 18 


Mean ± 2 SD 



Dairy cattle' 8 


56 (25-91) nmol/L 


1.3-15.5 pU/mL 



Mean ± 2 SD 


(2.5%-97.5% range) 





1.3-9.2 pU/mL 





(2.5%-97.5% range) 

Calves 18 

5.06 (2.02-16.1) nmol/L 

241 (84-283) nmol/L 


7.3 (1.3-19.7) pU/mL 


Mean ± 2 SD 

Mean ± 2 SD 


(2.5-97.5% range) 

Disease 





Calves 





Goiter 

0.43 (0.65-17.3) nmol/L 

13 (13-348) nmol/L 


47.4 (25.3-80.0) nmol/L 


(2.5%-97.5% range) 

(2.5%-97.5% 


(2.5%-97.5% range) 



range) 



Horses 





Induced hypothyroidism (PTU) 


4 (1-10) nmol/L 

4.5 (1.5-13) pmol/L (RIA) 


Induced hypothyroidism (PTU) 



8 (1-20) pmol/L (ED) 


Euthyroid sick horses 


2 (2-24) nmol/L 

5 (2-13) pmol/L (RIA) 


Euthyroid sick horses 



19 (4-48) pmol/L (ED) 


ED, equilibrium dialysis; fT4, free T4; 

RIA, radioimmunoassay; SD, standard deviation; TSH, thyroid-stimulating hormone; tT3, total T3; 

tT4, total T4. 

Mean ± SD or median (95% confidence interval). 




To convert \xg/dL to nmol/L for T4 or 

fT4, multiply by 12.87. 




To convert ng/dL to nmol/L for fT3 or T3, multiply by 0.0154. 




fT4 determined by RIA or ED. PTU, propylthiouracil 





to be attributable to displacement of T4 from 
protein binding sites by phenylbutazone, but 
this does not explain the decrease in fT4. 
Topical application twice daily of 50 g of 
an ointment containing 17 mg/lOOg of 
dexamethasone-21-acetate (daily applica¬ 
tion of 17 mg dexamethasone) suppressed 
serum T3 and T4 concentrations during 10 


days of treatment and for at least 20 days 
after cessation of treatment. 24 The clinical 
significance of phenylbutazone-induced 
decreases in thyroid hormones is uncertain, 
but should be considered when assessing 
thyroid function in horses. 

Plasma concentrations of fT3, tT3, rT3, 
fT4, and tT4 of donkeys differs with the age 


of the donkey and from that of adult horses 
(Table 17-11). 25 Donkeys less than 5 years of 
age have higher serum fT3, tT3, rT3, fT4, 
and tT4 than older donkeys. 25 

Because of the number of analytical and 
physiologic factors that affect serum thyroid 
hormone concentrations, values considered 
normal vary considerably, as illustrated by 
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the finding that 44 of 79 clinically normal 
nonpregnant broodmares had serum T4 
concentrations below the reference range, 
although responses to TRH were normal. 
This example illustrates the need to deter¬ 
mine reference ranges based on the method¬ 
ology used and with well-defined definition 
of the physiologic state of the animals being 
tested. 

Diagnosis of hypothyroidism is aided by 
demonstration of inappropriate responses of 
the thyroid gland to administration of TSH 
or TRH, 17,26 although the use of these tests 
depends on determining the increase in 
serum T3 and/or T4 that is expected in 
normal horses and in horses with thyroid 
disease. Of 79 clinically normal mares, all 
had some increase in T3, and 77 had an 
increase in T4, 2 hours after IV administra¬ 
tion of 1 mg of TRH intravenously. The 
mean increase in serum T3 concentration 
was 4.5 times that of resting values (from 
0.62 ng/mL to 2.44 ng/mL), whereas serum 
T4 concentration increased to a mean of 2.1 
times that of resting value (from 14.7 ng/mL 
to 28.6 ng/mL). Although responses to 
administration of TSH have been reported, 
responses indicative of abnormal thyroid 
function—other than complete lack of 
response—have not been determined, and 
the utility of the test has been questioned. 

The TSH response test involves adminis¬ 
tration of 5 IU of TSH intravenously. Blood 
samples are collected before administration 
and 30 minutes after, 2 hours after, and 4 
hours after administration. Serum concen¬ 
trations of T3 and T4 in healthy horses 
double after administration of TSH. An 
alternative involves administration of 5 IU 
IM and collection of blood before and 3 and 
6 hours after TSH administration. TSH is 
often unavailable. 

The TRH response test requires adminis¬ 
tration of 0.5 to 1 mg of TRH IV. Serum con¬ 
centrations of T3 and T4 at 2 and 4 hours are 
double those before TRH administration in 
horses with normal thyroid function. 

Measurement of fT4 in serum is useful 
for assessment of thyroid function. fT4 con¬ 
centrations can be normal in horses with low 
concentrations of T3 and T4, and in this situ¬ 
ation are likely indicative of normal thyroid 
function. 

Measurement of serum concentrations of 
TSH is useful in determining thyroid respon¬ 
siveness to endogenous TSH. Elevated TSH 
concentrations in horses with low serum 
concentrations of T3, T4, or fT4 is indicative 
of thyroid dysfunction. 

Diagnosis of hypothyroidism in horses 
should be based on the presence of compati¬ 
ble clinical signs, low serum concentrations 
of thyroid hormones (T3, T4, fT4), elevated 
concentrations of TSH, lack of an increase 
in serum concentrations of thyroid hormones 
in response to administration of TRH, and 
increased TSH concentration in serum in 
response to TRH administration. Diagnosis 


of hypothyroidism should not be based solely 
on clinical signs or on the measurement of 
resting (unstimulated) serum T3 or T4 con¬ 
centrations. At a minimum, appropriate clini¬ 
cal signs and documentation of an abnormal 
response to stimulation testing (TSH or TRH) 
are essential for diagnosis of hypothyroidism 
in horses. Measurements of fT4 concentra¬ 
tions determined by equilibrium dialysis are 
useful in determining thyroid function in sick 
horses in which T3 and T4 concentrations 
are low because fT4 concentrations will be 
normal in horses without thyroid disease. 

Foals with congenital hypothyroidism 
have abnormally low concentrations of T3 
and T4 and less-than-expected increases in 
serum concentrations of these hormones in 
response to TSH administration. 

Horses with hyperthyroidism have mark¬ 
edly elevated concentrations of T3 and T4. 
Concentrations of T4 do not decline in 
response to administration of T3. T3 (2.5 mg) 
is administered intramuscularly twice daily 
for 3 days and serum concentrations of T3 
and T4 measured. T4 concentrations in the 
serum of healthy horses decline by approxi¬ 
mately 80%, whereas those of horses with 
hyperthyroidism do not decline. 

NECROPSY FINDINGS 

Findings on necropsy examination of hypo¬ 
thyroid horses have not been reported. Foals 
with congenital hypothyroidism have histo¬ 
logic evidence of thyroid hyperplasia, but no 
gross signs of goiter. 

TREATMENT 

Treatment of confirmed hypothyroidism in 
horses is achieved by administration of levo- 
thyroxine (20 (tg/kg PO q24h). Serum T3 
concentrations peak in 1 hour and then 
decline, whereas concentrations of T4 peak 
in 2 hours and persist for 24 hours. Admin¬ 
istration of levothyroxine to healthy (euthy¬ 
roid) horses resulted in 3.7- to 5.4-fold 
increases in pretreatment total T4 concentra¬ 
tions in serum. 2 ' The clinical status of horses 
treated for hypothyroidism should be moni¬ 
tored during treatment and serum concen¬ 
trations of T3 and T4 measured every several 
months. Iodinated casein, which is no longer 
readily available in the United States, is 
administered at 5 g/450 kg body weight 
orally once daily. Administration of thyrox¬ 
ine or iodinated casein for treatment of low 
serum thyroid hormone concentrations in 
horses with nonthyroidal illness syndrome 
(euthyroid sick syndrome) should be done 
judiciously, if at all. 

A response to thyroxine administration is 
not necessarily confirmation of hypothyroid¬ 
ism because thyroxine can have marked 
effects in horses with normal thyroid func¬ 
tion. 2 ' Administration of thyroxine (up to 
96 mg/470-kg horse, orally once daily) 
increases serum concentrations of T4 and, to 
a lesser extent, fT4, and decreases concentra¬ 
tions of TSH. The increases in T4 are 


associated with a loss of body weight; 
decreases in serum concentrations of triglyc¬ 
erides, cholesterol, and VLDLs; and an 
increase in whole-body insulin sensitivity. 
Thyroxine should be administered with 
caution to horses with normal thyroid 
function. 

CONTROL 

There are no recognized control measures for 
hypothyroidism in adult horses. Minimizing 
intake of nitrates by pregnant mares appears 
warranted, but definitive proof of the efficacy 
of this practice is lacking. Pregnant mares 
should not be fed fodder or supplements that 
interfere with thyroid function. 

The inherited disorder in sheep, cattle, 
and goats can be prevented by selective 
breeding. 

FURTHER READING 

Breuhaus BA. Disorders of the equine thyroid gland. Vet 
Clin North Am Equine Pract. 2011;27:115. 
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IODINE DEFICIENCY 


SYNOPSIS 


Etiology Primary dietary deficiency of iodine 
or secondary to conditioning factors such 
as calcium, Brassica plants, or bacterial 
pollution of water. 

Epidemiology In all species, most common in 
continental landmasses. Neonatal animals. 
Diets of dams deficient in iodine as a result 
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of abundant pasture growth or leaching of 
iodine from soil in years of unusually high 
rainfall, or diets containing conditioning 
factors such as certain plants. 

Signs Goiter as palpable enlargement of 
thyroid gland. Neonatal mortality as a 
result of stillbirths or weak neonates not 
able to suck that die in few days, alopecia 
at birth, myxedema. 

Clinical pathology Serum total iodine 
concentration. 

Necropsy findings Thyroid enlargement, 
alopecia, myxedema. 

Diagnostic confirmation Goiter and iodine 
deficiency. 

Differential diagnosis list 

• Weak-calf syndrome 

• Abortion 

• Congenital defects 

• Hypothyroidism 

Treatment During an outbreak, oral 

administration of 280 mg/head potassium 
iodide to pregnant ewes and provision of 
iodized salt licks. Lambs with goiter can be 
administered 20 mg potassium iodide per 
os, once. 

Control Ensure adequate dietary intake of 
iodine in pregnant animals. 


Iodine metabolism is influenced by physio¬ 
logic and environmental factors, making 
assessment of thyroid status, and the need for 
supplementation, challenging. See previous 
section for a discussion of hypothyroidism. 

ETIOLOGY 

Iodine deficiency can be a result of deficient 
iodine intake or secondarily conditioned by a 
high intake of calcium, diets consisting largely 
of Brassica spp., or gross bacterial pollution of 
feedstuffs or drinking water. A continued 
intake of a low level of cyanogenetic glyco¬ 
sides (e.g., in white clover) is commonly asso¬ 
ciated with a high incidence of goitrous 
offspring. Linamarin, a glycoside in linseed 
meal, is the agent producing goiter in newborn 
lambs born from ewes fed the meal during 
pregnancy. A continued intake of the grass 
Cynodon aethiopicus, which has low-iodine 
and high-cyanogenetic glucoside content, 
can cause goiter in lambs. Rapeseed and rape- 
seed meal are also goitrogenic. Presence of 
abundant pasture after unusually high rain¬ 
fall and a “seasonal break” (marked increase 
in pasture growth in the weeks after end of 
summer) is associated with clinical iodine 
deficiency in newborn lambs. 1 

Goiter or hypothyroidism in newborn 
lambs occurs when pregnant ewes have a low 
iodine intake or ingest goitrogens. 

EPIDEMIOLOGY 

Occurrence 

Goiter caused by iodine deficiency occurs in 
all of the continental landmasses. It is not of 


major economic importance because of the 
ease of recognition and correction, but if 
neglected it can cause heavy mortalities in 
newborn animals. Stillbirth or death of new¬ 
borns reduced a pregnancy rate at midterm 
(number of fetuses detected by ultrasono¬ 
graphic examination/number of ewes) of 
130% to a marking rate at ~2 weeks of age to 
70%.' The most common cause of iodine 
deficiency in farm animals is the failure to 
provide iodine in the diet. The sporadic 
occurrence of the disease in marginal areas 
attracts most attention. An epidemiologic 
survey in Germany found that up to 10% of 
cattle and sheep farms and 15% of swine 
herds were affected with iodine deficiency, 
which included both primary and secondary 
conditions as a result of the presence of 
nitrates, thiocyanates, or glucosinolates in 
the diet. 

The importance of subclinical iodine 
deficiency as a cause of neonatal mortality 
could be much greater than that of clinical 
disease. For example, in southern Australia, 
ewes supplemented with iodine by a single 
injection of iodine in oil have shown lower 
mortality in the lambs, have grown larger 
lambs, or performed the same as controls. In 
New Zealand, subclinical iodine deficiency 
has been recognized in a sheep flock in 
which fertility and lamb perinatal mortality 
occurred and was corrected by supplementa¬ 
tion of the ewes with iodine. The annual cost 
associated with iodine deficiency in one 
Manawata Romney flock was conservatively 
estimated at $6.00 per ewe. Iodine supple¬ 
mentation reduces perinatal mortality and 
increases lambing percentage by 14% to 21% 
in pasture-fed ewes. Thus subclinical iodine 
deficiency can affect reproductive perfor¬ 
mance and perinatal lamb mortality. 

Young animals are more likely to bear 
goitrous offspring than older ones, and this 
may account for the apparent breed suscep¬ 
tibility of Dorset Horn sheep, which mate at 
an earlier age than other breeds. 

A survey of crossbred cows in the Punjab 
of India found that 36% of cows were iodine 
deficient, with considerable geographic vari¬ 
ation from 0% to 86% within Punjab. The 
cardinal clinical signs of iodine deficiency 
were absent, and basal plasma T3 (triiodo¬ 
thyronine) and T4 (plasma thyroxine) con¬ 
centrations and their ratios did not differ 
between deficient and control cows. The 
response to injection of 1 ml of 78% 
ethiodized oil can prevent the deficiency for 
more than 70 days. 

Risk Factors 

Dietary and Environmental Factors 

A simple deficiency of iodine in the diet and 
drinking water can occur and is related to 
geographic circumstances. Areas where the 
soil iodine is not replenished by cyclical 
accessions of oceanic iodine include large 
continental landmasses and coastal areas 
where prevailing winds are offshore. In such 


areas, iodine deficiency is most likely to 
occur where rainfall is heavy and soil iodine 
is continually depleted by leaching. Iodine 
ingested in the diet comes largely from inges¬ 
tion of soil, either directly or on pasture. 
Consequently, abundant pasture growth can 
reduce intake of soil and lead to iodine defi¬ 
ciency in sheep. 1 

Soil formations rich in calcium or lacking 
in humus are also likely to be relatively defi¬ 
cient in iodine. The ability of soils to retain 
iodine under conditions of heavy rainfall is 
directly related to their humus content, and 
limestone soils are, in general, low in organic 
matter. A high dietary intake of calcium also 
decreases intestinal absorption of iodine, 
and in some areas, heavy applications of lime 
to pasture are followed by the development 
of goiter in lambs. This factor can also be 
important in areas where drinking water is 
heavily mineralized. 

There are several situations in which the 
relationship between iodine intake and the 
occurrence of goiter is not readily apparent. 
Goiter may occur on pastures containing 
adequate iodine; it is then usually ascribed to 
a secondary or conditioned iodine deficiency. 
A diet rich in plants of the Brassica spp., 
including cabbages and brussels sprouts, may 
cause simple goiter and hypothyroidism in 
rabbits, which is preventable by administered 
iodine. Severe iodine deficiency can occur 
when ewes are fed Brassica crops for long 
periods. Brassicas such as swedes, turnips, 
and kale have low iodine content and contain 
goitrogens, and they may result in weak 
newborn lambs with enlarged thyroid glands. 
Goiter occurred in 85% of lambs examined 
at necropsy that born from ewes fed on the 
Brassica crop and not supplemented with 
iodine. 

Diffuse hyperplastic goiter has occurred 
in calves in beef cows in Japan that were on 
pasture or being fed feed containing Rorippa 
indica, Hiern, genus Brassica, family Cru- 
cifera, Inugarash, which contains thiocya¬ 
nate. The iodine content of the waters on 
affected farms was low at 0.361 |ig/L and 
0.811 (ig/L and that of the pastures, 87 jag/kg 
and 121 jag/kg, on two different farms. 

Hypothyroidism has also been produced 
in rats by feeding rapeseed and in mice by 
feeding rapeseed oil meal. Feeding large 
quantities of kale to pregnant ewes causes 
a high incidence of goiter and hypothyroid¬ 
ism, also preventable by administering iodine 
in the newborn lambs. The goitrogenic sub¬ 
stance in these plants is probably a glucosino- 
late capable of producing thiocyanate in the 
rumen. The thiocyanate content, or potential 
content, varies between varieties of kale, 
being much less in rape-kale, which also does 
not show the twofold increase in thiocyanate 
content other varieties show in autumn. 
Small young leaves contain up to five times 
as much thiocyanate as large, fully formed 
leaves. Some of these plants are excellent 
sources of feed, and in some areas, it is 
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probably economical to continue feeding 
them, provided suitable measures are taken 
to prevent goiter in the newborn. Although 
kale also causes mild goiter in weaned lambs, 
this does not appear to reduce their rate 
of gain. 

A diet high in linseed meal (20% of 
ration) given to pregnant ewes may result 
in a high incidence of goitrous lambs, which 
is preventable with iodine or thyroxine. 
Under experimental conditions, groundnuts 
are goitrogenic for rats, the goitrogenic sub¬ 
stance being a glycoside-arachidoside. The 
goitrogenic effect is inhibited by supplemen¬ 
tation of the diet with small amounts of 
iodine. Soybean by-products are also con 
sidered to be goitrogenic. Gross bacterial 
contamination of drinking water by sewage 
is a cause of goiter in humans in countries 
where hygiene is poor. There is a record of 
a severe outbreak of goitrous calves from 
cattle running on pasture heavily dressed 
with crude sewage. Prophylactic dosing of 
the cows with potassium iodide prevented 
further cases. Feeding sewage sludge is also 
linked to the occurrence of goiter. 

Goiter in lambs may occur when perma¬ 
nent pasture is plowed and re-sown. This may 
be a result of the sudden loss of decomposi¬ 
tion and leaching of iodine-binding humus 
in soils of marginal iodine content. In subse¬ 
quent years the disease may not appear. There 
may be some relation between this occur¬ 
rence of goiter and the known variation in the 
iodine content of particular plant species, 
especially if new pasture species are sown 
when the pasture is plowed. The maximum 
iodine content of some plants is controlled by 
a strongly inherited factor and is indepen¬ 
dent of soil type or season. Thus in the same 
pasture, perennial rye grass may contain 
146 pg iodine per 100 g dry matter (DM) and 
Yorkshire grass only 7 pg/100 g DM. Because 
goiter has occurred in lambs when the ewes 
are on a diet containing less than 30 pg 
iodine per 100 g DM, the importance of par¬ 
ticular plant species becomes apparent. A 
high incidence of goiter associated with 
heavy mortality has been observed in the 
newborn lambs of ewes grazing on pasture 
dominated by white clover and by subterra¬ 
nean clover and perennial rye-grass. 

Thyroid-weight: birth-weight ratios 
greater than 0.8 g/kg in lambs are indicative 
of iodine deficiency and should be consid¬ 
ered a risk factor for iodine deficiency in 
lambs. Ratios less than 0.4 g/kg rarely occur 
among deficient flocks. 2 

Congenital goiter has been observed in 
foals born to mares on low iodine intake, but 
also to mares fed an excessive amount of 
iodine during pregnancy. 

PATHOGENESIS 

Iodine deficiency results in a decreased pro¬ 
duction of thyroxine and stimulation of the 
secretion of thyrotropic hormone by the 
pituitary gland. This commonly results in 


hyperplasia of thyroid tissue and a consider¬ 
able enlargement of the gland. Most cases of 
goiter of the newborn are of this type. The 
primary deficiency of thyroxine is responsi¬ 
ble for the severe weakness and hair abnor¬ 
mality of the affected animals. Although the 
defect is described as hairlessness, it is truly 
hypoplasia of the hairs, with many very 
slender hairs present and a concurrent 
absence and diminution in the size of hair 
follicles. A hyperplastic goiter is highly vas¬ 
cular, and the gland can be felt to pulsate 
with the arterial pulse; a loud murmur may 
be audible over the gland. Colloid goiter is 
less common in animals and probably repre¬ 
sents an involutional stage after primary 
hyperplasia. 

Other factors, particularly the ingestion 
of low levels of cyanide, exert their effects by 
inhibiting the metabolic activity of the 
thyroid epithelium and restricting the uptake 
of iodine. Thiocyanates and sulfocyanates are 
formed during the process of detoxication of 
cyanide in the liver, and these substances 
have a pronounced depressing effect on 
iodine uptake by the thyroid. Some pasture 
and fodder plants, including white clover, 
rape, and kale, are known to have a moderate 
content of cyanogenetic glucosides. These 
goitrogenic substances may appear in the 
milk and provide a toxic hazard to both 
animals and humans. The inherited form in 
cattle is a result of the increased activity of 
an enzyme that deiodinates iodotyrosines so 
rapidly that the formation of thyroxine is 
inhibited. 

Iodine is an essential element for normal 
fetal brain and physical development in 
sheep. A severe iodine deficiency in pregnant 
ewes causes reduction in fetal brain and 
body weight from 70 days of gestation to 
parturition. The effects are mediated by a 
combination of maternal and fetal hypothy¬ 
roidism, the effect of maternal hypothyroid¬ 
ism being earlier than the onset of fetal 
thyroid secretion. There is also evidence of 
fetal hypothyroidisms and absence of wool 
growth and delayed skeletal maturation near 
parturition. 

CLINICAL FINDINGS 

Goiter is an unambiguous indicator of iodine 
deficiency in lambs and calves, 2 but clinically 
important increases in thyroid size might be 
easily missed unless careful attention is paid 
to assessment of the thyroid gland in new¬ 
borns. 3 Thyroid volume can be estimated in 
calves by ultrasonographic examination. 4 It 
is important to recognize that ingestion of 
excessive iodine also can result in goiter in 
neonates and adults. 5 

A high incidence of stillbirths and weak, 
newborn animals is the most common man¬ 
ifestation of iodine deficiency. 3 Partial or 
complete alopecia and palpable enlargement 
of the thyroid gland are other signs that 
occur with varying frequency in the different 
species. Affected foals have a normal hair 


coat and little thyroid enlargement, but they 
are very weak at birth. In most cases, they are 
unable to stand without support, and many 
are too weak to suck. Excessive flexion of the 
lower forelegs and extension of lower parts 
of the hindlegs has also been observed in 
affected foals. Defective ossification occurs 
in foals and lambs (Fig. 17-8), and in foals 
the manifestation is collapse of the central 
and third tarsal bones, leading to lameness 
and deformity of the hock. Enlargement of 
the thyroid also occurs commonly in adult 
horses in affected areas, with Thoroughbreds 
and light horses being more susceptible than 
draff animals. 

In cattle, the incidence of thyroid enlarge¬ 
ment in adults is much lower than in horses, 
and the cardinal manifestations are gross 
enlargement of the thyroid gland and weak¬ 
ness in newborn calves. If they are assisted 
to suck for a few days, recovery is usual, but 
if they are born on the range during inclement 
weather, many will die. In some instances, the 
thyroid gland is sufficiently large to cause 
obstruction to respiration. Affected calves 
have a thick neck and appear to be suffocat¬ 
ing. Lethargy, weakness, and difficulty in 
consuming colostrum are common. Partial 
alopecia is a rare accompaniment. 

In pigs, the characteristic findings are 
birth of hairless, stillborn, or weak piglets, 
often with myxedema of the skin of the 
neck. The hairlessness is most marked on the 
limbs. Most affected piglets die within a few 
hours of birth. Thyroid enlargement may be 
present, but it is never sufficiently great to 
cause visible swelling in the live pig. Survi¬ 
vors are lethargic, do not grow well, and have 
a waddling gait and leg weaknesses as a result 
of weakness of ligaments and joints. 

Adult sheep in iodine-deficient areas can 
show a high incidence of thyroid enlarge¬ 
ment, but are clinically normal in other 
respects. Newborn lambs manifest weakness, 
extensive alopecia, and palpable, if not 
visible, enlargement of the thyroid glands 
(Fig. 17-9). The gestation length of ewes may 
be increased, and there is increased perinatal 
mortality, especially in inclement weather. 
Marginal iodine deficiency can result in non¬ 
specific production losses from embryonic 
mortality or high perinatal lamb death and 
reduced lamb growth rates and is difficult to 
diagnose. 3 

Goats present a similar clinical picture, 
except that all abnormalities are more severe 
than in lambs. Goat kids are goitrous and 
alopecic. The degree of alopecia varies from 
complete absence of hair, through very fine 
hair, to hair that is almost normal. 

Animals surviving the initial danger 
period after birth may recover, except for 
partial persistence of the goiter. The glands 
may pulsate with the normal arterial pulse 
and may extend down a greater part of the 
neck and cause some local edema. Ausculta¬ 
tion and palpation of the jugular furrow may 
reveal the presence of a murmur and thrill, 
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Fig. 17-8 Radiographs of a stillborn lamb from a flock with severe iodine deficiency revealing 
lack of mineralization of the epiphyses of long bones and vertebral bodies and presence of 
incompletely ossified cuboidal bones of the carpus and tarsus. (Reproduced with permission 
from Campbell AJD, et al. Aust Vet J. 2012;90:235.) 



Fig. 17-9 Marked goiter in a neonatal lamb 
as a result of in utero iodine deficiency. A 
palpable thrill was present in the ventral 
cervical region. 

the “thyroid thrill,” as a result of the increased 
arterial blood supply of the glands. Calves 
that had larger goiter and were hairless (« = 
8) died within the first day of life, whereas 
four others with moderate goiter and normal 
hair lived. 6 

Although loss of condition, decreased 
milk production, and weakness might be 
anticipated, these signs are not usually 
observed in adults. Loss of libido in the bull, 
failure to express estrus in the cow, and a 
high incidence of aborted, stillborn, or 
weak calves have been suggested as manifes¬ 
tations of hypothyroidism in cattle, whereas 
prolonged gestation is reported in mares, 


ewes, and sows. As noted previously, pathog¬ 
nomonic changes in production indices are 
not available for diagnosis of iodine 
deficiency. 2 

Goiter has occurred in newborn foals 
whose mares were supplemented with excess 
iodine during the last 24 hours of pregnancy. 

CLINICAL PATHOLOGY 

There are no wholly satisfactory indices of 
the severity of iodine deficiency, and bio¬ 
chemical markers of iodine metabolism, 
such as serum iodine or thyroxine (T4) and 
triiodothyronine (T3) concentrations, have 
not been shown to accurately and reliably 
reflect an animal’s iodine status, identify 
marginal deficiency, or predict the produc¬ 
tion response of a flock to iodine supple¬ 
mentation. 2 Thyroid-related hormones often 
do not discriminate between adequate and 
marginal iodine status in pasture-fed live¬ 
stock during supplementation trials, proba¬ 
bly a result of the complex, adaptive systems 
maintaining homeostasis of these important 
regulators of cell growth and metabolic rate. 7 
Knowles and Grace (2007) think that data 
are inadequate to quantify the relationship 
between iodine status and an economically 
relevant measure of animal performance, 
and this has hindered the setting of labo¬ 
ratory reference ranges for biomarkers. 2 


However, measurement of serum total iodine 
concentration, which is an elemental deter¬ 
mination that comprises the iodinated hor¬ 
mones plus various chemical forms of serum 
inorganic iodine, might be more effective in 
diagnosing iodine deficiency than measure¬ 
ment of serum iodine concentration or bio¬ 
chemical markers (see following “Control” 
section).' 

Several criteria have been used for the 
laboratory diagnosis of iodine deficiency in 
sheep, including T3 and T4 and related hor¬ 
mones. They include thyroid weight, lamb 
thyroid-to-body-weight ratio, and compari¬ 
son of serum T4 (serum thyroxine) con¬ 
centrations in lamb and dam. However, 
concentrations of biochemical and hormonal 
markers are variable and difficult to compare 
among reports because of, among other 
factors, differing assay methodologies. 8 

Measurement of thyroid-stimulating hor¬ 
mone concentrations (TSH, thyrotropin) 
appears to be useful in detection of hypothy¬ 
roidism attributed to iodine deficiency in 
calves. 6 TSH is significantly higher in goi¬ 
trous calves compared with healthy calves, 
whereas plasma iodine concentrations do 
not differ. Concentrations, and ratios, of T4, 
T4/T3 ratio, T4/TSH ratio, rT3, and T3 are 
higher in healthy calves than in calves with 
goiter. Calves with goiter that die have higher 
TSH values; lower T4, T3, T4/TSH, and rT3; 
but similar T4/T3 ratio (P > 0.1) than calves 
with goiter that live. In the absence of TSH 
assay, the T4/T3 ratio can be used to diag¬ 
nose hypothyroidism in newborn calves. 6 
Feed iodine concentration was 175 mg/kg 
DM (reference range > 1200 mg/kg DM) in 
a herd of cattle with 10% incidence of still¬ 
birth and death of newborns as a result of 
iodine deficiency. 9 

Thyroid-weight: birth-weight ratios grea¬ 
ter than 0.8 g/kg in newborn lambs are 
indicative of iodine deficiency. Ratios less 
than 0.4 g/kg rarely occur in lambs of 
flocks deficient in iodine. Intermediate ratios 
are ambiguous. 2 The relationship between 
thyroid and body weight is not linear and is 
best defined by a probit plot (Fig. 17-10), and 
this nonlinear relationship should be consid¬ 
ered when interpreting these ratios for diag¬ 
nosis of iodine deficiency and need for 
supplementation. 2 

Other tests are concentrations of iodine 
in plasma, milk, and urine, all of which 
reflect current iodine status rather than 
revealing a profile or providing indications of 
previous iodine status. 

Estimations of iodine levels in the blood 
and milk are reliable indicators of the iodine 
status of the animal. There may be between- 
breed differences in blood iodine levels, but 
levels of 2.4 to 14 (tg of protein-bound iodine 
per 100 mL of plasma appear to be in the 
normal range. In ewes, an iodine concentra¬ 
tion in milk of below 8 |tg/L indicates a state 
of iodine deficiency. Bulk-tank milk iodine 
content should be greater than 300 |tg/L. 
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Thyroid-weight:birth-weight ratio (g/kg) 


Fig. 17-10 Plot of probability that a flock of ewes will respond to iodine supplementation 
based on lamb thyroid-weight:body-weight ratios. A ratio of 0.40 g/kg (95% confidence 
interval [Cl] = 0.29 to 0.47) predicted with 35% probability, and a ratio of 0.80 g/kg (95% 

Cl = 0.70 to 0.99) predicted with 90% probability, that a lamb came from an unsupplemented 
(i.e., iodine-deficient) flock. (Reproduced with permission from Knowles SO, et al. N Z Vet J. 
2007;55:314.) 


Changes in serum thyroid hormone 
levels in newborn calves have been used as a 
diagnostic index in endemic goiter, but their 
high variation has been unreliable. The T4/ 
T3 ratio of calves with goiter was lower than 
in healthy calves and adult cows, and it may 
be a useful diagnostic aid. 

In determining the iodine status of an 
area, iodine levels in soil and pasture should 
be obtained, but the relationship between 
these levels, and between them and the status 
of the grazing animal, may be complicated by 
conditioning factors. 

NECROPSY FINDINGS 

Macroscopic thyroid enlargement, alopecia, 
and myxedema may be evident. The weights 
of thyroid glands have diagnostic value. In 
full-term normal calves the average fresh 
weight is 6.5 g; in lambs 2 g is average. 
Newborn lambs from ewes unsupplemented 
with iodine had a mean ratio of thyroid 
weight (g) to body weight (kg) of 0.40 g/kg or 
greater. In calves with severe thyroid hyper¬ 
trophy, the gland may be heavier than 20 g. 

The iodine content of the thyroid will also 
give some indication of the iodine status of 
the animal. At birth, a level of 0.03% of iodine 
on a wet-weight basis (0.1% on dry weight) 
can be considered to be the critical level in 
cattle and sheep. On histologic examination, 
hyperplasia of the glandular epithelium may 
be seen. Follicles depleted of colloid, infolded, 
and lined by columnar epithelium are indica¬ 
tive of hypothyroidism in lambs born from 
ewes unsupplemented with iodine. 

The hair follicles will be found to be hypo¬ 
plastic. Delayed osseous maturation, mani¬ 
fested by absence of centers of ossification, is 
also apparent in goitrous newborn lambs. 


Samples for Confirmation 
of Diagnosis 

• Toxicology—1 thyroid gland (assay 
[iodine]) 

• Histology—skin, thyroid (LM) 


DIFFERENTIAL DIAGNOSIS 


Iodine deficiency is easily diagnosed if goiter is 
present, but the occurrence of stillbirths 
without obvious goiter may be confusing. 
Abortion as a result of infectious agents in 
cattle and sheep must be considered in these 
circumstances. In stillbirths resulting from 
iodine deficiency, gestation is usually 
prolonged beyond the normal period, 
although this may be difficult to determine in 
animals bred at pasture. Inherited defects of 
thyroid hormone synthesis are listed under the 
heading of inherited diseases. Hyperplastic 
goiter without gland enlargement has been 
observed in newborn foals in which rupture 
of the common digital extensor tendons, 
forelimb contracture, and mandibular 
prognathism also occur. The cause of the 
combination of defects in unknown. 


TREATMENT 

When outbreaks of iodine deficiency occur 
in neonates, the emphasis is usually on pro¬ 
viding additional iodine to the pregnant 
dams. The recommendations for control can 
be adapted to the treatment of affected 
animals. During an outbreak, oral adminis¬ 
tration of 280 mg/head potassium iodide to 
pregnant ewes and provision of iodized salt 
licks is advisable. 1 Lambs with goiter can be 
administered 20 mg potassium iodide per 
os, once. 1 


CONTROL 

The recommended dietary intake of iodine 
for cattle is 0.8 to 1.2 mg/kg DM of feed for 
lactating and pregnant cows and 0.1 to 
0.3 mg/kg DM of feed for nonpregnant cows 
and calves. Monitoring of lamb thyroid: 
body-weight ratios in areas at risk for iodine 
deficiency can be useful in determining the 
need for supplementation before and/or 
during pregnancy. 2 Thyroid-weight:birth- 
weight ratios greater than 0.8 g/kg are indic¬ 
ative of iodine deficiency, and ewes should be 
supplemented premating or during preg¬ 
nancy to prevent goiter the following year. 
Ratios less than 0.4 g/kg rarely occurred 
among deficient flocks, so the probability of 
benefit from supplementation is low. Inter¬ 
mediate ratios are ambiguous, and individ¬ 
ual-farm supplementation trials might be 
required to detect and manage the risks of 
marginal deficiency. 

Pastures in New Zealand that contain 
0.24 mg iodine/kg DM provide an adequate 
intake for dairy cows. The injection of iodine 
(iodized oil) IM three times at a dose of 
2370 mg iodine/dose at the start of lactation 
and at 100-day intervals increased iodine 
concentrations in milk to 58 |lg/L for at least 
98 days after each treatment. Two iodine 
injections at 100-day intervals increased 
milk iodine concentrations to 160 pg/L and 
211 pg/L at least 55 days after each treat¬ 
ment, but had no effect on serum thyroid 
hormone concentrations. Iodine supplemen¬ 
tation had no effect on milk, milk fat, or milk 
protein yield. Increasing iodine concentra¬ 
tion in milk by IM injection of iodine could 
provide a method for increasing iodine 
intakes of humans, especially children. 

Iodine can be provided in salt or a mineral 
mixture. The loss of iodine from salt blocks 
may be appreciable, and an iodine prepara¬ 
tion that is stable but contains sufficient 
available iodine is required. Potassium iodate 
satisfies these requirements and should be 
provided as 200 mg of potassium iodate per 
kilogram of salt. Potassium iodide alone is 
unsuitable, but when mixed with calcium 
stearate (8% of the stearate in potassium 
iodide) it is suitable for addition to salt— 
200 mg/kg of salt. 

Individual dosing of pregnant ewes, on 
two occasions during the fourth and fifth 
months of pregnancy, with 280 mg potas¬ 
sium iodide or 370 mg potassium iodate has 
been found to be effective in the prevention 
of goiter in lambs when the ewes are on a 
heavy diet of kale. For individual animals, 
weekly application of tincture of iodine 
(4 mL for cattle; 2 mL for pigs and sheep) to 
the inside of the flank is also an effective 
preventive. The iodine can also be adminis¬ 
tered as an injection in poppy seed oil (con¬ 
taining 40% bound iodine): 1 mL given IM 7 
to 9 weeks before lambing is sufficient to 
prevent severe goiter and neonatal mortality 
in the lambs. Control of goiter can be achieved 
for up to 2 years. The gestation period is also 
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reduced to normal. A similar injection 3 to 5 
weeks before lambing is less efficient. 

The administration of long-acting inject¬ 
able iodine (iodized oil) at a dose of 390 mg 
iodine to ewes, 5 weeks premating, prevented 
goiter in newborn lambs from ewes fed 
swedes or swedes/turnips/kale as winter 
supplement. Administration of -400 mg 
iodine per ewe increased serum iodine con¬ 
centrations from 41 (standard deviation [SD] 
12.2) |tg iodine/L (« = 54) to 109 (SD 18.5) 
jag/L (n = 20; p < 0.001) at lambing -99 days 
later, regardless of forage fed. High serum 
iodine concentrations persisted for 127 to 
206 days after supplementation. 2 Diet did not 
affect iodine concentrations in ewe serum or 
milk. Responses of serum total iodine con¬ 
centration (an elemental determination that 
comprises the iodinated hormones plus 
various chemical forms of serum inorganic 
iodine ) to injection of iodized oil to sheep 
are proportional to dose level increasing 
from 42 pg/L to approximately 150 and 
240 mu g/L for sheep administered either 
300 mg or 400 mg of iodine, remaining ele¬ 
vated for 161 days. 2 Milk concentrations of 
iodine were 26, 271, and 425 pg/L for sheep 
administered no supplemental iodine or 
300 mg or 400 mg, respectively. Mean serum 
iodine concentrations of lambs from supple¬ 
mented ewes with 300 mg or 400 mg iodine 
were 237 and 287 mu g I/L at birth, and by 
weaning were similar (62 ± 3 mu g/L). Con¬ 
centrations in lambs born of ewes that were 
not supplemented were less than -140 pg/L 
and were markedly affected by the diet of 
the ewe. 7 

Administration of 0.45 mg or 0.90 mg of 
potassium iodide orally daily to crossbred 
dairy goats increased mean milk iodine con¬ 
centrations from 60.1 ± 50.5 (unsupple¬ 
mented goats) to 78.8 + 55.4 and 130.2 + 
62.0 mu g/L (mean ± SD), respectively. Milk 
production was not affected. 10 

A device to release iodine slowly into 
the forestomaches, while still retaining its 
position there, has given good results in pre¬ 
venting congenital goiter in lambs when fed 
to ewes during late pregnancy. 

A recommended approach for iodine 
supplementation in sheep is as follows: 2 

1. If feeding Brassica crops, then 
supplement ewes. 

2. If any lamb thyroid-weight: birth-weight 
ratio is greater than 0.8 g/kg, then 
supplement ewes. The relationship 
between thyroid weight and body 
weight is not linear and is best defined 
by a probit plot (Fig. 17-10), and this 
nonlinear relationship should be 
considered when interpreting these 
ratios for diagnosis of iodine deficiency 
and need for supplementation. 2 

3. If all or most thyroid-weight: birth- 
weight ratios are less than 0.4 g/kg, 
there is probably no need to supplement 
ewes because the probability of benefit is 
low. 


4. If many thyroid-weight: birth-weight 
ratios fall between 0.4 and 0.8 g/kg, then 
the iodine status of the flock is unclear 
and can be impossible to determine 
from biomarkers. 

Supplement the ewes if other evidence is 
persuasive, such as occurrence of iodine 
deficiency in the district. An on-farm 
supplementation trial might be required 
to detect marginal deficiency on these 
properties. 
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INHERITED GOITER 

Inherited goiter is recorded in Merino sheep, 
Afrikaner cattle, crossbred Saanen dwarf 
goats, Boer goats, possibly Poll Dorset sheep, 
and pigs, and it appears to be inherited as a 
recessive character. The essential defect is in 
the synthesis of abnormal thyroid hormone, 
leading to increased production of thyrotro¬ 
pic factor in the pituitary gland, causing in 
turn a hyperplasia of the thyroid gland. In 
Afrikaner cattle the defect stems from an 
abnormality of the basic RNA, and heterozy¬ 
gotes can be identified by blot hybridization 
analysis. 

Clinically in sheep, there is a high level of 
mortality, enlargement of the thyroid above 
the normal 2.8 g (but varying greatly up to 
222 g), and the appearance of lustrous or 
silky wool in the fleeces of some lambs. 
Other defects that occur concurrently are 
edema and floppiness of ears, enlargement 
and outward or inward bowing of the front 
legs at the knees, and dorsoventral flattening 
of the nasal area. The thyroglobulin defi¬ 
ciency in the neonatal lamb may result in 
defective fetal lung development and the 
appearance of neonatal respiratory distress 
syndrome; there is dyspnea at birth. 

The clinical picture in goats is the same 
as for lambs. It includes retardation of 
growth, sluggish behavior, rough and sparse 
hair coat that worsens as the goats get older, 
and thick and scaly skin. 

In Afrikaner cattle, most of the losses 
are from stillbirths or from early neonatal 
deaths. Some are caused by tracheal com¬ 
pression from the enlarged gland. It is the 
calves with the largest glands that have the 
greatest mortality. In these cattle there may 
be a concurrent inherited gray coat color, a 
defect in a red breed. 

In pigs, hairless and swollen piglets with 
enlarged thyroid glands occur, in the 


proportions with normal piglets consistent 
with an autosomal-recessive mode of 
inheritance. 

Diseases Caused by 
Nutritional Deficiencies 

INTRODUCTION 

Three criteria are suggested for the assess¬ 
ment of the importance of nutrition in the 
etiology of a disease state in a single animal 
or in a group of animals: 

• Is there evidence from an examination 
of the diet that a deficiency of a 
specific nutrient or nutrients may be 
occurring? 

• Is there evidence from an examination 
of the animals that a deficiency of 

the suspected essential nutrient or 
nutrients could cause the observed 
disease? 

• Does supplementation of the diet with 
the essential nutrient or nutrients 
prevent or cure the condition? 

The difficulties encountered in satisfying 
these criteria, and making an accurate and 
reliable diagnosis of a nutritional deficiency, 
increase as investigations progress into the 
area of trace element and vitamin nutrition. 
The concentration of these micronutrients in 
feedstuffs and body tissues are exceedingly 
small, and assays are often difficult and 
expensive. Because of these difficulties it is 
becoming more acceptable to describe indi¬ 
vidual syndromes as “responsive diseases”— 
that is, the investigation satisfies only the 
third of the previously listed three criteria. 
This practice is not ideal, but has advantages 
in that it is more a more cost-effective 
approach, and relevant control measures are 
directly assessed. 

EVIDENCE OF A DEFICIENCY AS 
THE CAUSE OF THE DISEASE 

Evidence of a deficiency as the cause of the 
disease will include evidence of a deficiency 
in the diet or an abnormal absorption, utili¬ 
zation, or requirement of the nutrient under 
consideration. Additional evidence may be 
obtained by chemical or biological examina¬ 
tion of the feed. 

Diet 

The diet for a considerable period before the 
occurrence of the disease must be considered 
because body stores of most dietary factors 
may delay the appearance of clinical signs. 
Specific deficiencies are likely to be associ¬ 
ated with particular soil types, and in many 
instances national or local soil and geological 
maps may predict the likely occurrence of a 
nutritional disease. Diseases of plants may 
also indicate specific soil deficiencies, such as 
“reclamation disease” of oats, which indi¬ 
cates copper deficiency. The predominant 
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plant species in the pasture sward may 
also be important; subterranean clover 
selectively absorbs copper, legumes selec¬ 
tively absorb molybdenum, and Astragalus 
spp. accumulate selenium. 

Farming practices can have a strong influ¬ 
ence on the concentration of specific nutri¬ 
ents in Uvestock feed. For example, heavy 
applications of nitrogen fertibzer can reduce 
the copper, cobalt, molybdenum, and man¬ 
ganese content of pasture. On the other hand, 
many applications of lime will reduce the con¬ 
centration of copper, cobalt, zinc, and man¬ 
ganese in plants, but increase molybdenum. 
These effects are significant enough to influ¬ 
ence the trace-element nutrition of grazing 
livestock. Modern hay-making methods, 
with their emphasis on the artificial drying of 
immature forage, tend to conserve vitamin A, 
but may result in a gross deficiency of vitamin 
D. Improved pasture species and increased 
applications of fertilizer can exaggerate the 
depletion of trace elements from marginally 
deficient soil, giving rise to overt deficiency 
disease in previously marginal or unaffected 
areas. Thus local knowledge of farming and 
feeding practices in a particular area is of 
primary importance in the diagnosis of nutri¬ 
tional deficiency states. 

Abnormal Absorption 

Although a diet may contain adequate 
amounts of a particular nutrient, some other 
factor, by decreasing its absorption, may 
induce a deficiency. For example, excess 
phosphate reduces calcium absorption, 
excess calcium reduces the absorption of 
iodine, and the absence of bile salts prevents 
proper absorption of the fat-soluble vita¬ 
mins. Chronic enteritis reduces the absorp¬ 
tion of most essential nutrients. The list of 
antagonisms that exist between elements 
continues to grow, most being an interfer¬ 
ence with absorption. For example, excess 
calcium in the diet interferes with the absorp¬ 
tion of fluorine, lead, zinc, and cadmium, 
such that it may cause nutritional deficien¬ 
cies of these elements, but it also reduces 
their toxic effects when they are present in 
the diet in excessive amounts. 

Abnormal Utilization of 
Ingested Nutrients 

Abnormal utilization of ingested nutrients 
may also have an effect on the development 
of conditioned deficiency diseases. For 
example, molybdenum and sulfate reduce 
copper storage, vitamin E has a sparing effect 
on vitamin A, and thiamine reduces the 
dietary requirement for essential fatty acids. 

Abnormal Requirement 

An enhanced growth rate of animals, either 
by improved nutrition or genetic selection, 
may increase their requirement for specific 
nutrients to the point where deficiency 
disease occurs. There seems to be little doubt 
that there is a genetic variation in mineral 


metabolism, and it has been suggested that it 
may be possible to breed sheep to “fit” defi¬ 
ciency conditions. The significance of the 
inherited component of an animal’s nutri¬ 
tional requirement is unknown, but should 
not be overlooked when policies to upgrade 
livestock in deficient areas are being planned. 

EVIDENCE OF A DEFICIENCY 
ASSOCIATED WITH THE DISEASE 

Evidence of a deficiency associated with the 
disease is usually available from experimen¬ 
tal work that demonstrates the clinical signs 
and necropsy findings produced by each 
deficiency. Several modifying factors may 
confuse the issue. Under natural circum¬ 
stances, nutritional deficiencies may not be a 
single entity, and thus clinical and necropsy 
findings will often be complicated by defi¬ 
ciencies of other factors and intercurrent 
infections. Most syndromes are variable and 
insidious in their onset, and clinical signs 
and gross necropsy lesions in many nutri¬ 
tional deficiency diseases are either minimal 
or nonspecific. This increases the challenge 
of making a definitive diagnosis. 

Consequently, laboratory examination of 
blood and animal tissues is an essential diag¬ 
nostic aid in many instances. Flowever, the 
normal range of blood or tissue concentra¬ 
tions of minerals and vitamins, or their bio¬ 
chemical markers, and those values that 
indicate deficiency, are often not well estab¬ 
lished. Experimentally induced and naturally 
occurring nutritional deficiencies provide an 
indication of the changes that occur in the 
concentrations of a particular nutrient, but 
variations resulting from age, genotype, pro¬ 
duction cycle, length of time on the inade¬ 
quate diet, previous body stores of the 
element, and intercurrent disease and stress¬ 
ors can complicate the results, making them 
difficult to interpret. 

In most cases, nutritional deficiencies 
affect a proportion of the herd or the flock 
at the same time. The clinicopathological 
examination should include a selection of 
both normal and clinically affected animals 
because the comparison of results from these 
groups allows a more accurate and reliable 
interpretation of laboratory tests, facilitating 
a diagnosis. 

EVIDENCE BASED ON CURE OR 
PREVENTION BY CORRECTION 
OF THE DEFICIENCY 

The best test of the diagnosis of a suspected 
nutritional deficiency is to observe the effect 
of supplementing that nutrient, either 
directly to the animal or via the ration. Con¬ 
founding factors can occur, such as sponta¬ 
neous recovery; hence, adequate controls 
and a sufficient sample size are essential. 
Curative responses may be poor because of 
an inadequate dose or advanced tissue 
damage. Alternatively, the abnormality may 


have only been a predisposing or secondary 
factor to another factor that is still present. 
A common cause of confounding in thera¬ 
peutic trials is the impurity or bioactivity of 
the preparations used, particularly with trace 
elements and vitamins. The preparations 
used may also have some intrinsic pharma¬ 
cologic activity and hence partially or tem¬ 
porarily ameliorate the condition without a 
deficiency actually having been present. 

Monitoring of Nutritional Status 

On breeding farms, there are several differ¬ 
ent age groups of animals at different levels 
of growth and production. This requires 
close surveillance to avoid either a deficiency 
or overnutrition in each class of animal. 
Scoring of the body condition of dairy and 
beef cattle, sheep, and pigs is commonly used 
as an indicator of the adequacy of the diet 
leading to the present time (termed prior 
nutrition). 

The feeds and feeding program have a 
major influence on reproductive perfor¬ 
mance, and hence growth and milk produc¬ 
tion and must be monitored regularly. The 
veterinarian must be aware of any changes in 
the feeding program that have occurred 
since the last farm visit or that are intended 
in the near future. Veterinary clinical nutri¬ 
tion is now a specialty that should provide 
new and useful information for the practitio¬ 
ner working with a particular species or class 
of food animals. An experienced and compe¬ 
tent nutritionist should be consulted to assist 
with complex nutritional problems. 

Nutritional Management in 
Dairy Herds 

Advising farms about nutrition is a key activ¬ 
ity for dairy cattle practitioners. Feed costs 
are approximately 60% of the total cost of 
producing milk, so even minor improve¬ 
ments in feeding efficiency can be profitable. 

Some dairy practitioners function as the 
nutritional specialist for the dairy farms they 
serve, collecting feed samples for nutrient 
analysis, formulating rations, and advising 
on crop and harvesting conditions. These 
veterinarians often devote a considerable 
amount of their professional time to nutri¬ 
tional management. Nevertheless, it is com¬ 
mon for farms to employ a professional 
nutritionist or to use a nutritionist employed 
by a feed company or local cooperative. 
These professionals generally formulate the 
rations and submit feed samples for nutrient 
analysis. For these herds, the veterinarian 
can have an important role in ensuring that 
the diet described on paper is adequately for¬ 
mulated and delivered to the cows. Routine 
scheduled activities, such as measuring the 
dry matter of forages, hand-mixing of total 
mixed ration (TMR) for one cow and com¬ 
paring it with the machine-mixed TMR 
(termed the TMR test mix), and scoring the 
feed bunk to assess feed sorting and dry 
matter intake are important procedures that 







help to ensure the successful delivery of a 
nutritional program. Assessing pasture con¬ 
ditions by periodic inspection of pasture is 
an important component of managing the 
nutritional program of herds that use man¬ 
agement-intensive grazing. These quality 
control activities should be conducted rou¬ 
tinely as part of the health and production 
management program. 

There is probably no aspect of a dairy 
enterprise that has a wider impact than the 
feeding program, which has direct effects on 
production and growth. Many health prob¬ 
lems on a dairy farm relate in some way 
to the feeding program, and a significant 
portion of the farm’s labor is spent planting, 
growing, harvesting, mixing, and feeding 
rations. Investment in equipment used in 
feeding programs is also an important capital 
cost. Small changes in feeding programs may 
bring about large changes in productivity, 
health, income, feed costs, labor allocation, 
cash flow, and debt. Thus the total savings 
from these small changes can be substantial, 
with one study showing that routine nutri¬ 
tional consultation by a veterinarian can save 
14% of total feed costs even without account¬ 
ing for improved production or health effects. 

For these reasons, veterinarians who wish 
to serve their dairy clients on a whole-farm 
basis must become actively involved in the 
herds feeding program. Dairy herds are 
often fed unbalanced, expensive rations, but 
as a consultant independent from the feed 
company, a veterinarian can provide unbi¬ 
ased advice about the feed program. For 
example, a recumbent, hypocalcemic cow 
raises questions about dry-cow feeding, 
whereas an anestrous, thin cow with smooth 
ovaries raises questions about energy and 
dry matter intake (DMI) during early lacta¬ 
tion. If the average mature equivalent milk 
production for the herd falls by 220 kg 
(500 lb), this generates the same sense of 
urgency as a cow with a prolapsed uterus. A 
dairy veterinarian cannot truly serve a cli¬ 
ents needs by practicing therapeutic medi¬ 
cine in isolation from the nutrition of the 
herd and thus must acquire skills to directly 
deal with nutrition problems. 

As the average size of dairy herds 
increases, many dairy farmers now rely on a 
team of advisors rather than just one or two. 
Consequently, a nutritional consultant, local 
veterinarian, and remote specialist consul¬ 
tant may all be providing advice to a dairy 
farm, and thus awareness of and communica¬ 
tion about the feeding program, and the indi¬ 
cators of performance of the farm, are critical. 
It imperative that, as part of the advisory 
team, the dairy veterinarian knows about 
dairy nutrition and is aware of, but preferably 
involved in, the ration formulation. 

Levels of Nutritional Service 

Having decided to be involved in a dairy’s 
feeding program, a first step is for the client 
and veterinarian to discuss and agree on 


Diseases Caused by Nutritional Deficiencies 


1749 


the level of nutritional advice that is to be 
provided. This varies from herd to herd, 
depending on the veterinarian’s expertise, 
the client’s ability and interest, and the role 
of other consultants. There are essentially 
four levels of service that might be provided, 
as described next. 

Level 1: Problem Identification 
and Analysis 

At level 1, the veterinarian takes on the task 
of monitoring the dairy herd for indicators 
of nutrition-related problems. Many areas 
need to be monitored: production, milk com¬ 
position, DMI, body scores, disease rates, 
heifer management and growth, and feed 
costs. Based on these measures, the veterinar¬ 
ian can identify problems as they arise, form 
and test hypotheses about likely causes, and 
interact with the client and other advisors as 
the problems are prioritized and addressed. 

Level 2: Ration Analysis 

Level 2 requires assessment of the adequacy 
of diets that are actually being fed to the 
cows. Problems of balance or economics are 
referred to the appropriate person, for 
example, if reformulation of a specific diet is 
needed. This involvement may be difficult to 
sustain if the person formulating the ration 
resents being “second-guessed,” but it can 
work well if a functional team approach is in 
place. 

Level 3: Ration Formulation 

If a dairy veterinarian takes responsibility for 
ration formulation, the veterinarian will 
need considerably enhanced skills in dairy 
nutrition, far beyond those traditionally 
taught at veterinary colleges. Typically, this 
involves using a computer program to for¬ 
mulate a balanced, least-cost ration for each 
class of animal. It requires expertise in the 
mechanics of how feeds are handled and fed 
to cows on a daily basis, and hence an inti¬ 
mate knowledge of the farm and its person¬ 
nel and daily trends in the price and 
availability of feed components. 

If not well managed, this level of service 
has several pitfalls because it lacks the 
on-farm follow-up, supervision of imple¬ 
mentation, and monitoring of results that are 
included in level 4. There is a truism about 
feeding dairy cows that every cow has three 
rations: the one formulated, the one deliv¬ 
ered, and the one actually eaten. The best 
feeding programs minimize the difference 
among these three rations. If the veterinary 
consultant’s role stops at formulation, then 
mistakes can occur in delivery and feed- 
bunk management that can doom the 
program to failure. However, if the program 
fails, it is the ration formulation that is most 
likely to be blamed. 

Level 4: Total Program Consulting 

Level 4 service includes the critical aspects 
missing from level 3 because the veterinarian 


plays an active role in implementing the 
feeding recommendations. Attention is paid 
to areas such as bunk management, cow 
comfort, feeding frequency and scheduling, 
quality control, and consistency of feeding 
management. Working closely with the pro¬ 
ducer, plans for future forage production can 
be generated, including attention to factors 
such as timing the harvest for maximum feed 
value. The monitoring described in level 1 is 
sustained, and timely adjustments and feed¬ 
back are provided to ensure that the rations 
are accomplishing the desired ends. In the 
long term, this is the level of service that is 
most desirable for both the specialist dairy 
veterinarian and client. The producer bene¬ 
fits from the added supervision and support, 
and the veterinarian can assure the client 
that the program is implemented as it is 
intended. If it is not working, the total 
program can be modified, often with the vet¬ 
erinarian as a part of a team that includes a 
nutritionist. When multiple consultants are 
used in larger herds, this team approach pro¬ 
vides the owner with the best opportunity for 
expert advice, and the specialist dairy veteri¬ 
narian is often best suited to be the “team 
leader.” 

Nutritional Management of the Beef 
Breeding Herd 

Good nutrition provides the essential basis 
for optimum productivity in cattle-breeding 
operations. Despite this, nutritional exper¬ 
tise has not been a traditional strength of 
many food-animal veterinarians. 

Throughout the world, beef-breeding 
operations are generally range or pasture 
based. These operations are conducted in 
diverse environments, with great variation in 
nutritional management. In many countries, 
the area of pasture or rangeland required to 
maintain a cow-calf unit may vary from 0.5 
to 1 ha (1 or 2 acres) in intensive high-rain- 
fall regions to many square kilometers in 
remote dryland areas. However, in general, 
the land area or amount of pasture necessary 
for production is related to local economic 
realities. This, in turn, is related to levels of 
managerial and resource inputs that differ 
markedly between regions, markets, and 
enterprises. Notwithstanding this variation, 
there are a number of principles of good 
nutritional management that can be univer¬ 
sally applied to cattle-breeding operations. 
Regardless of region, an important consider¬ 
ation is that of maintaining or improving 
production (increasing income) while reduc¬ 
ing costs per unit of production. In simple 
terms, financial return from a beef-breeding 
operation is a function of number of calves, 
their weaning weight, and price. On the cost 
side is the cost of maintaining the breeding 
females. This varies considerably between 
farms, both within and between regions. 
Although it can be influenced, the price 
received is generally not significantly con¬ 
trolled by the farm business. However, both 
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the number of calves born and their weaning 
weights are strongly influenced by an appro¬ 
priate management calendar that matches 
nutritional demand with the supply of 
pasture. For example, good nutritional man¬ 
agement helps to ensure that as many females 
as possible are cycling at the start of the 
breeding season. This, combined with good 
bull management, helps to ensure that calves 
are born early and that they are older and 
heavier at weaning than later-born calves. 

In general, nutrition is the most impor¬ 
tant limiting factor of beef-breeding perfor¬ 
mance, and thus an understanding of the 
principles underlying the nutritional man¬ 
agement of breeding females is essential. 
Effective monitoring does not necessarily 
require a higher degree in nutrition, although 
it should include sufficient knowledge and 
wisdom to know when additional expertise 
is needed. A starting point is to have a 
working knowledge of the different energy 
measuring systems (total digestible nutrients 
[TDN], metabolizable energy [ME], and net 
energy, NE) that are commonly used and 
their applications for different classes of 
animals, activities, and feedstuffs, and to 
identify one with which the veterinarian can 
work best. The Nutrient Requirements of 
Beef Cattle from the National Research 
Council (NRC) in the United States is a 
useful document, with the 7th edition pub¬ 
lished in 2000. This is packaged with a 
computer program that includes ration for- 
mulators and a library of feeds and feedstuffs. 
A number of programs for least-cost-ration 
formulation in beef herds are also available 
from Departments of Agriculture or com¬ 
mercial suppliers. 

Nutritional Advice for Beef Feedlots 

Beef feedlots frequently consult a qualified 
nutritionist to assist in the formulation of 
cost-effective rations. In this case the veteri¬ 
narian should communicate regularly with 
the nutritionist to be aware of the composi¬ 
tion of the diets and any changes that are 
planned. Because feed is the major portion 
of the cost per unit of body weight gain, it is 
imperative that the diet be the lowest-cost 
diet possible while providing nutrients that 
allow optimum growth and finishing. Most 
of the emphasis in feedlot nutrition has been 
on the development of cost-effective diets 
that support a maximum growth rate without 
any deleterious effects. Considerable infor¬ 
mation is available on the nutrient require¬ 
ments for feedlot cattle and on the feeds and 
feeding systems used. 

The precise specifications of the diets are 
the responsibility of the nutritionist, but the 
feedlot veterinarian is often able to evaluate 
the quality of the feed delivery system. This 
includes whether cattle are fed on time, 
whether the feed delivered to troughs is 
properly mixed, and whether feed intake is 
intermittent as a result of insufficient trough 
space, poor trough and pen design, 


inclement weather, and muddy or slippery 
ground. Any deviations should be discussed 
with feedlot managers and the consulting 
nutritionist, similar to the team approach 
suggested for large dairy herds. 

Nutritional deficiency diseases are 
uncommon in feedlot cattle because cattle 
usually receive a diet that contains the nutri¬ 
ents required for maintenance and pro¬ 
motion of rapid growth. Diets prepared 
according to the Nutrient Requirements of 
Beef Cattle should meet all the requirements 
under most conditions. 

Specific nutrient deficiencies are 
extremely rare because diets are prepared 
every few days or daily, and it would be 
highly unusual for a feedlot to use a feedstuff 
deficient in a specific nutrient for a pro¬ 
longed period. However, such a situation 
may occur on a small farm or opportunistic 
feedlot that prepares its own diet with little 
or no attention to the need to supplement 
homegrown feeds. Thus there are only a few 
nutrition-related diseases that may affect a 
well-managed feedlot, but these diseases may 
cause large economic losses when they occur. 
They include the following: 

• Carbohydrate engorgement (grain 
overload or lactic acidosis) 

• Feedlot bloat or ruminal tympany 

• Feeding errors, including accidental 
incorporation of an excessive amount of 
feed additives, such as monensin or 
urea; sudden unintended changes in the 
composition of the diet; and accidental 
feeding of the wrong dietary mix 

Nutritional Advice for Swine-Herds 

Veterinarians involved in health manage¬ 
ment of swine-herds must be well informed 
about the nutrient requirements of the differ¬ 
ent age groups of pigs. Feed constitutes 60% 
to 80% of the cost of producing a market pig, 
so every effort is needed to increase the effi¬ 
ciency of feed use. Surveys of well-managed 
pig farms in Alberta, Canada, found a 20% 
difference in feed costs, and it is estimated 
that in the industry the range in feed costs is 
likely to be near 50%. Reduction of the feed 
cost of the highest-costing farm to that of the 
lowest-costing farm would save that farm 
more than US$23,000 annually, a reduction 
in the cost of production of $6.80/pig. The 
trend is to use complete feeds formulated by 
feed company nutritionists familiar with the 
nutrient composition of local feedstuffs. 
With complete diets, specific nutrient defi¬ 
ciencies are uncommon. 

The major problem is the efficiency of 
utilization of the different feeds throughout 
the life cycle of the pig. The nutrient require¬ 
ments of the pig at various phases of growth, 
from birth to market weight and of breeding 
stock, are well established. The remaining 
questions relate to the amount of feed pro¬ 
vided during the different growth phases of 
the pig to achieve optimum production and 
yield the best carcass. The following are some 


recommended practices for increasing effi¬ 
ciency of feed utilization: 

• Provide well-balanced diets with 
adequate levels of amino acids, energy, 
vitamins, and minerals necessary to 
meet the particular demands of the pig 
at each stage of its life cycle. The diet 
depends on the demands, usually 
characterized as the growth rate or lean 
deposition, with feed intake being the 
supply function. Feed intake is limited 
by appetite, and thus other nutrients are 
matched to expected energy intake and 
subsequent growth. 

• Use least-cost formulation to the extent 
that it is feasible. The least-cost energy 
source in most of the pig-rearing areas 
is corn, and the most common protein 
source is soybean meal. 

• Restrict the level of a properly balanced 
diet for sows during gestation to avoid 
overfeeding. Sows that have lost excessive 
body weight in the previous lactation 
need supplemental feed during the dry 
period to avoid thin-sow syndrome. 

• Ad-lib feeding for growing pigs is 
usually optimal unless the genotype 
deposits excess fat during the latter 
stages of growth. 

• Market pigs as close to optimum 
slaughter weight as possible to maximize 
margin over feed costs. 

• Avoid feed wastage by using well- 
designed feeding systems and proper 
adjustment of feeders. 

• Use pelleting of diets to increase 
digestibility, especially of small grains, 
and to decrease feed wastage. However, 
pelleting does predispose pigs to 
gastroesophageal ulcers. 

The feed efficiency of the pigs from weaning 
to market should be monitored regularly. It 
is often difficult to obtain accurate data for a 
specific group of pigs because a common 
feeding system for multiple groups is often 
used. However, the total amount of feed used 
and the total weight of pigs marketed will 
give an estimate of feed efficiency. 

Although the nutrient requirements of 
pigs are well known, they do continue to 
change because of changes in growth and 
production characteristics. Pigs with high 
lean-growth rates require higher levels of 
amino acids to support their increased rate 
of body protein deposition. Similarly, high- 
milk-producing sows nursing large litters 
have increased amino acid requirements. The 
NRC in the United States provides an impor¬ 
tant service in establishing the nutrient 
requirements of swine and other species. The 
10th edition of the Nutrient Requirements of 
Swine was published in 1998, and it includes 
areas such as modeling nutrient require¬ 
ments and reducing nutrient excretion, par¬ 
ticularly nitrogen and phosphorus, which 
can contribute to environmental pollution. 

The approach used to produce estimates 
of nutrient requirements account for the 





pigs body weight and the accretion of lean 
(protein) tissue, gender, health status, and 
various environmental factors. To accurately 
estimate nutrient needs of gestating and lac- 
tating sows, there is a need to account for 
body weight, weight gain during gestation, 
weight loss during lactation, number of pigs 
in the litter, weight gain of the litter (a reflec¬ 
tion of milk yield), and certain environmen¬ 
tal factors. A series of integrated equations is 
used to account for the many factors known 
to influence nutrient requirements. These 
provide the framework for modeling the bio¬ 
logical basis of predicting requirements. The 
NRC models predict the levels of nutrients 
(outputs) needed to achieve a certain level of 
production under a given set of environmen¬ 
tal conditions (inputs). 

Five principles were used to develop the 
models: (1) ease of use by people with 
varying levels of nutritional expertise; (2) 
continued relevance; (3) structural simplic¬ 
ity; (4) transparency, so that all equations are 
available to the user; and (5) empirical data 
at the whole-animal level was used rather 
than data based on theoretical values. Three 
independent models were developed for 
growth, gestation, and lactation. The growth 
model estimates amino acid requirements of 
pigs from weaning to market weight, and the 
gestation and lactation models estimate 
energy and amino acid requirements of ges¬ 
tating and lactating sows. 

Few revisions were needed from the 
previously published mineral requirements; 
higher dietary requirements for sodium 
and chloride in the young pig were estab¬ 
lished, and manganese requirements were 
increased from 10 to 20 ppm for gestating 
and lactating sows. 

Feed composition tables are built from 
multiple databases on the nutrient composi¬ 
tion of feeds, including the feed industry and 
datasets outside the United States and 
Canada. 

The information on water was expanded, 
with more detailed information on the 
factors that influence water intake. Informa¬ 
tion on nonnutritive feed additives, such as 
antimicrobial agents, anthelmintics, micro¬ 
bial supplements, oligosaccharides, enzymes, 
acidifiers, flavors, odor-control agents, anti¬ 
oxidant pellet binders, flow agents, high- 
mineral supplements, and carcass modifiers, 
is also included. 

Nutritional Advice for Sheep Flocks 

The influence of nutrition on the reproduc¬ 
tive performance of ewes has been a matter 
of concern for many years. Clearly, the rela¬ 
tionship between the provision of nutrients 
and requirements for optimum reproductive 
performance is seldom ideal because of the 
wide range of environmental conditions and 
the seasonal breeding patterns of most sheep 
breeds. Prolonged periods of undernutrition 
often occur during midpregnancy, partly the 
result of the decline in feed availability and 
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quality over that stage of the reproductive 
cycle and partly from the seasonal variability 
in pasture growth. 

Prolonged moderate to severe undernu¬ 
trition of ewes bearing twins in midpreg¬ 
nancy reduces placental development and 
can cause a significant reduction in lamb 
birth weight and increased lamb mortalities. 
Considerable progress has been made in 
understanding the principles of nutrition of 
sheep and in defining their nutrient require¬ 
ments for maintenance, pregnancy, and lac¬ 
tation. It has been established that mortality 
rates are high in lambs with birth weights 
below the breed norm, and that after birth 
the absolute growth rates are lower in surviv¬ 
ing light lambs than in heavier lambs of the 
same breed. The plane of nutrition and the 
size of the placenta have been recognized as 
major determinants of the fetal growth rate. 
Fetal growth retardation in undernourished 
ewes has a placental component, and thus 
factors that affect placental growth are highly 
relevant. 

The 21-week gestation can be divided 
into a number of periods to consider the 
effects of nutrition on reproduction within 
each period. In the first 4 weeks of gestation, 
embryonic loss is the main sequelae of inad¬ 
equate nutrition. During this period, it is 
generally recommended that the body- 
condition score (BCS) of the ewe be main¬ 
tained at an average of 3.0, on a scale of 1 
(emaciated) to 5 (very fat), to minimize 
embryonic and early fetal loss. This is fol¬ 
lowed by a period of 2 months in which there 
is rapid growth of the placenta, but during 
which growth of the fetus in absolute terms 
is still small. Over this period, losses in body 
weight should not exceed 5%, and BCS 
should be maintained at 2.7 to 3.0. Finally, 
there is the phase from 90 days to parturi¬ 
tion, in which gain in the mass of the fetus 
amounts to 85% of its birth weight, during 
which time nutrient intake must be increased 
if excessive weight loss in the ewe and light- 
birth-weight lambs are to be avoided. 

Placental and Fetal Growth 

Placental development in the pregnant ewe 
begins about 30 days after conception. The 
number of placentomes associated with each 
fetus is fixed at this time, but the total weight 
of the placentomes increases until about 90 
days of gestation, after which there is little 
change. The factors that influence the ulti¬ 
mate size of the placenta and its weight 
include hormonal and nutritional factors, 
prolonged environmental heating of preg¬ 
nant ewes, parity, and possibly genotype. 
However, by far the most important determi¬ 
nant is nutrition of the ewe. Moderately 
severe undernutrition during early and mid¬ 
pregnancy significantly reduces placental 
weight at term and causes chronic intrauter¬ 
ine growth retardation. 

The size of the placenta is a major deter¬ 
minant of fetal growth. In well-fed ewes, the 


fetal growth rate until 120 days (17 weeks) of 
gestation is not positively correlated with 
placental weight, but fetal growth rate is 
limited by the size of the placenta during the 
last 3 to 4 weeks of pregnancy. However, 
when ewes are underfed, the influences of a 
lighter placenta on fetal growth rate are 
evident sooner, with placental weight and 
fetal growth positively correlated from as 
early as 90 days (13 weeks) of gestation. 
During the first 90 days of pregnancy, pla¬ 
cental growth is reduced when ewes are 
moderately underfed. Light fetuses in ewes 
with placenta weights near the bottom of the 
normal range suffer chronic and progressive 
hypoxemia and hypoglycemia. This affects 
fetal metabolism, causing fetal death during 
late pregnancy, fetal hypoxemia during par¬ 
turition, premature birth, and a high perina¬ 
tal mortality rate from hypoglycemia and 
hypothermia, the latter being more severe in 
lighter lambs. 

The extent to which ewes maintained on 
a fixed ration draw on their own body 
reserves in an attempt to meet the energy 
costs of pregnancy is determined by fetal 
weight. In well-fed ewes, fetal growth rate 
remains constant until at least 120 days of 
gestation and then decreases. However, the 
absolute growth rate increases markedly 
during the last 8 weeks of gestation, when 
fetal growth is most rapid, exceeding 100 g/ 
day near birth. The growth rate among 
fetuses is highly variable, which accounts for 
birth weights ranging from 2 kg to over 7 kg. 
When ewes that have previously been well 
fed are severely underfed at any stage during 
the last 40 to 50 days of pregnancy, fetal 
growth rate decreases by 30% to 70% within 
3 days. This demonstrates that mobilization 
of maternal reserves is substantially less than 
fetal requirements, emphasizing the impor¬ 
tance of a continuous supply of good-quality 
feed during late pregnancy. The larger the 
fetal burden, the more susceptible an ewe is 
to hypoglycemia during underfeeding. 

Refeeding after severe underfeeding can 
reverse the reduced growth rate of fetuses, 
but the response depends on the duration of 
the underfeeding. If the period of underfeed¬ 
ing is 16 days or less, the growth rate increases 
when ewes are refed, but there is no change 
when refeeding occurs after 21 days of severe 
underfeeding. Moderate underfeeding of 
pregnant ewes for 85 days reduces the fetal 
growth rate irreversibly. Refeeding them in 
late pregnancy does not cause fetal growth 
rate to increase, but it does prevent further 
decreases after 120 days. 

Lamb Losses 

The major consequences of prenatal growth 
retardation are on lamb survival. Neonatal 
mortality increases markedly in many envi¬ 
ronments when the birth weight falls below 
3 to 3.5 kg. Compared with normal lambs, 
low-birth-weight animals have reduced insu¬ 
lation because of the smaller number of wool 
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fibers, greater relative heat loss because of 
their larger surface area per unit of body 
weight, and a reduced capability to maintain 
heat production because of their lower fat 
and energy reserves. All of these factors 
increase their susceptibility to environmen¬ 
tal stress and reduce their ability to compete 
with normal-sized siblings. 

Underfeeding during pregnancy reduces 
available body lipids in lambs by about 47%, 
and it also decreases the lactose, lipid, and 
protein available in colostrum during the first 
18 hours after birth by about 50%. Newborn 
lambs have to draw on body reserves of gly¬ 
cogen to maintain heat production during 
the first 18 hours after birth. Consequently, 
they depend heavily on colostrum and sup¬ 
plements, when these are provided, to avoid 
hypoglycemia and hypothermia. 

The effects of maternal nutrition on 
udder development and on the production 
and yield of colostrum and milk in ewes have 
also been examined. In the 30 days before 
birth, there is a marked increase in the rate 
of mammary tissue growth in the ewe. In 
well-fed ewes with one or two lambs, large 
volumes of colostrum accumulate in the 
mammary glands during the last few days of 
pregnancy, and copious milk secretion 
begins soon after birth, with averages of 1800 
to 2800 ml of colostrum and milk being 
produced during the first 18 hours. Udder 
growth rates show a similar pattern to fetal 
growth rates, such that the greatest increase 
in udder weight occurs in the last 30 days 
of gestation, and the weight of udder tissue 
is 30% to 40% of the total weight of the 
litter. Colostrum production is proportional 
to udder weight, but refeeding ewes a few 
days before lambing fills the udder tissue 
present rather than increasing udder tissue 
weight. In underfed ewes, accumulation of 
colostrum before birth is reduced markedly, 
lactogenesis is delayed, and the total produc¬ 
tion of colostrum and milk during the first 
18 h averages only 1000 mL. Subsequently, 
for ewes on both planes of nutrition, milk 
production increases, reaching a peak about 
1 to 2 weeks after birth. Underfeeding ewes 
from 105 days (15 weeks) of gestation can 
reduce the total yield of colostrum during 
the first 18 hours after birth by decreasing 
mammary tissue growth. Thus the prepar- 
tum accumulation of colostrum and its 
subsequent rates of secretion are reduced. 
Improving the ewe’s nutrition from 1 hour 
after birth can increase the secretion rates of 
colostrum between 10 and 18 hours. 

The growth rate of lambs during the first 
few weeks of life is positively correlated with 
birth weight. Low planes of maternal nutri¬ 
tion during late pregnancy and early lacta¬ 
tion are generally associated with low birth 
weights, milk yields, and postnatal growth 
rates, and high planes of nutrition are associ¬ 
ated with the opposite effects. A marked 
increase in the plane of maternal nutrition at 
birth can overcome the inhibitory effects on 


lactation and lamb growth rate of underfeed¬ 
ing in late pregnancy. 

Ewe Body-Condition Score 

Target condition scores for ewes at different 
stages of their reproductive cycle have been 
developed by research groups and depart¬ 
ments of agriculture in many countries. 
These vary according to the predominant 
breeds and production systems in each 
country, and they can be quite different for a 
Merino, Dorset, or Friesian ewe used for 
wool, meat, or dairy production versus a 
dual-purpose enterprise producing both 
meat and wool. Consequently, readers should 
directly access information appropriate to 
the production systems of their clients. 
However, in general, the aim at breeding 
time is to have ewes with a BCS of 3.0 to 3.5, 
which ensures maximum ovulation rate. 
Ewes with a BCS of 3.5 at breeding can be 
allowed to lose no more than 5% of their 
body weight, steadily, during the second and 
third months of pregnancy, equivalent to 
approximately 0.5 to 1 BCS units. This mild 
degree of undernutrition enables good pla¬ 
cental growth, establishing the basis for 
maximum fetal growth in the fourth and fifth 
months of pregnancy, during which the fetus 
achieves over 80% of its growth. During 
these final 2 months of pregnancy, there is a 
limit to the extent to which body-fat reserves 
can be used because excessive mobilization 
of fat deposits as a consequence of inade¬ 
quate dietary energy supply leads to preg¬ 
nancy toxemia. Ewes with a BCS below 3.0 
should be managed to maintain that score. 

In late gestation, the optimum BCS 
ranges from 2.75 to 3.0. In contrast, early 
lactation is a period in which body fat can be 
safely used to meet some of the high-energy 
demands of lactation. During this period, a 
loss of BCS of from 0.5 to 1.0 (equivalent to 
5 kg of fat for a 70-kg ewe at mating) may 
occur. However, replacement of body fat, to 
increase the BCS to 3.0 to 3.5 before the next 
mating, is important to maximize ovulation 
rate and achieve optimum reproductive 
performance. 

Winter shearing of pregnant ewes during 
the final 10 weeks of pregnancy can cause a 
significant increase in lamb birth weight by 
stimulating ewe appetite. However, this also 
increases the base energy requirements of 
the ewe at a feed-limiting time of the year in 
many production systems (e.g., winter for a 
spring-lambing flock). Thus it is not always 
an optimum or profitable system, but this 
will vary between production systems and 
different countries. 

The nutrient requirements for mainte¬ 
nance, breeding, pregnancy, and lactation of 
ewes have been cataloged, and optimum 
feeding strategies for the breeding ewe can 
be formulated. The evaluation of the ewes’ 
ration during late gestation by monitoring 
plasma concentrations of the BHB has been 
described, and these evaluations have been 


used to provide nutritional advice in inten¬ 
sively managed flocks during late gestation. 

In more intensively managed flocks, 
achieving optimum reproductive perfor¬ 
mance requires adjusting feeding strategies 
and the nutrient value of the diet to meet 
the needs of each stage of the reproductive 
cycle. Requirement for metabolizable energy 
increases above maintenance levels from 8 to 
12 weeks of pregnancy, increasing further in 
late pregnancy and lactation. During early 
lactation, when the energy requirements of 
prolific ewes exceed the voluntary intake 
from all but the highest-quality diets, body- 
fat reserves are used and then replenished 
toward the end of lactation, when milk yield 
declines, and in the period leading up to 
rebreeding. 

The rapid growth of the fetus after 90 days 
of pregnancy and increased energy demand 
may require the feeding of cereal or legume 
concentrates, rather than hay, which has far 
lower metabolizable energy content. This is 
particularly true for ewes carrying twins or 
triplets. 

In contrast to the ability of the ewe to 
use body reserves when the intake of energy 
fails to meet her needs, particularly in early 
lactation, there is little scope for sustaining 
production by drawing on body protein. 
For example, lactating ewes can lose up to 
7 kg of body fat during a 4-week period in 
early lactation, when energy intake is below 
requirements. For ewes on a low-protein 
intake, the maximum daily loss of protein is 
around 26 g. Therefore it is important to 
meet the protein needs of the ewe during 
pregnancy, but especially during late preg¬ 
nancy, to ensure adequate fetal growth, udder 
development, and colostrum production. 

The estimates for the minimum protein 
requirements of the animal are based on dis¬ 
tinguishing between the needs of the rumen 
microflora for rumen-degradable protein and 
of the host animal for additional undegraded 
dietary protein when rumen-degradable 
protein fails to meet those requirements. In 
practice, the dietary allowances for late preg¬ 
nancy and early lactation are higher than the 
sum of the rumen-degradable protein and 
undegradable protein. 
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Deficiencies of Energy 
and Protein 

DEFICIENCY OF ENERGY 
ETIOLOGY 

Insufficient quantity or quality of feed is a 
common nutritional deficiency and practical 
problem of feeding livestock. The term 
protein-energy malnutrition is used to 
describe a form of incomplete starvation in 
which a suboptimal amount of energy and 
protein is present in the diet. Such deficien¬ 
cies typically occur when livestock are 
underfed, and often the two scenarios cannot 
be separated. 

EPIDEMIOLOGY 

A deficiency of energy is the most common 
production-limiting nutrient deficiency of 
farm animals. There may be inadequate 
amounts of feed available, or the feed may 
be of low quality (low digestibility). The 
availability of pasture may be inadequate 
because of overgrazing, drought, or snow 
covering. Alternatively, it may be too expen¬ 
sive to provide enough supplementary feed 
of the required quality, or the available feed 
may be of such low quality and poor digest¬ 
ibility that animals cannot consume enough 
to meet energy requirements. In some cases, 
forage may contain a high concentration of 
water, which limits total energy intake. 

CLINICAL FINDINGS 

The clinical findings of an energy deficiency 
depend on the age of the animal, whether or 
not it is pregnant or lactating, concurrent 
deficiencies of other nutrients, and environ¬ 
mental factors. In general, an insufficient 
supply of energy in young livestock causes 
decreased growth and delayed onset of 
puberty. In mature animals, there is reduced 
milk production and a shortened lactation. A 
prolonged energy deficiency in pregnant beef 
heifers will result in a failure to produce ade¬ 
quate quantities of colostrum at parturition. 
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In mature animals, there is also a marked loss 
of body weight, especially when demand for 
energy increases in late pregnancy and early 
lactation. There are prolonged periods of 
anestrus, which reduces the reproductive 
performance of the herd. Primigravid females 
are particularly susceptible to protein-energy 
malnutrition because of their requirements 
for growth and maintenance. A deficiency of 
energy during late gestation can produce 
undersized, weak neonates with a high mor¬ 
tality rate, whereas abomasal impaction is 
associated with energy deficiency during 
prolonged cold weather, especially in preg¬ 
nant beef cattle and ewes being wintered on 
poor-quality roughage. Heat loss from the 
animal to the environment increases consid¬ 
erably during cold weather, and when 
ambient temperatures are below the critical 
temperatures, the animal responds by 
increasing metabolic rate to maintain normal 
body core temperature. 1 If sufficient feed is 
available when temperatures are below the 
lower critical temperature, ruminants will 
increase their voluntary feed intake to main¬ 
tain body temperature. If sufficient feed is not 
available, the animal will mobilize energy 
stored as fat or muscle to maintain body 
temperature and thus lose body weight. In 
the case of ruminants and horses, if the feed 
is of poor quality, for example, poor-quality 
roughage, the increased feed intake may 
result in impaction of the abomasum and 
forestomaches in cattle and of the large intes¬ 
tine in the horse. 

Cold, windy, and wet weather will increase 
the needs for energy, and the effects of a defi¬ 
ciency are exaggerated, often resulting in 
weakness, recumbency, and death. A sudden 
dietary deficiency of energy in fat, pregnant 
beef cattle and ewes can result in starvation 
ketosis and pregnancy toxemia. Hyperlipe¬ 
mia occurs in fat, pregnant or lactating ponies 
that are on a falling plane of nutrition. 

Protein-energy malnutrition occurs in 
neonatal calves fed inferior-quality milk 
replacers that may contain insufficient 
energy or added nonmilk proteins, which 
may be indigestible by the newborn calf. A 
major portion of the body fat present at birth 
can be depleted in diarrheic calves deprived 
of milk and fed only fluids and electrolytes 
for 4 to 7 days. Feeding only fluids and elec¬ 
trolytes to normal, healthy newborn calves 
for 7 days can result in a significant loss of 
perirenal and bone-marrow fat and deple¬ 
tion of visible omental, mesenteric, and sub¬ 
cutaneous fat stores. The amount of body fat 
present in a calf at birth is an important 
determinant of the length of time an appar¬ 
ently healthy calf can survive in the face of 
malnutrition. Calves born from dams on an 
adequate diet usually have sufficient body fat 
to provide energy for at least 7 days of severe 
malnutrition. The absence of perirenal fat in 
a calf at 2 to 4 days of age suggests inadequate 
reserves of fat at birth and chronic fetal 
malnutrition. 


DEFICIENCY OF PROTEIN 

A deficiency of protein commonly accompa¬ 
nies a deficiency of energy. However, the 
effects of the protein deficiency, at least in the 
early stages, are usually not as severe as those 
of energy deficiency. Insufficient protein 
intake in young animals results in reduced 
appetite, lowered feed intake, inferior growth 
rate, lack of muscle development, and a pro¬ 
longed time to reach maturity. In mature 
animals, there is loss of weight and decreased 
milk production. In both young and mature 
animals, there is a drop in hemoglobin con¬ 
centration, packed cell volume, total serum 
protein, and serum albumin. In the late 
stages, there is edema associated with the 
hypoproteinemia. Ruminants do not nor¬ 
mally need a dietary supply of essential 
amino acids, in contrast to pigs, which need 
a natural protein supplement in addition to 
the major portion of total protein supplied 
by the cereal grains. The amino acid compo¬ 
sition of the dietary protein for ruminants is 
not critical because the ruminal flora synthe¬ 
size the necessary amino acids from lower- 
quality proteins and nonprotein sources of 
nitrogen. 

CLINICAL FINDINGS 

The clinical findings of a protein deficiency 
are similar to those of an energy deficiency, 
and the clinical findings of both resemble 
those of many other specific nutrient defi¬ 
ciencies and subclinical diseases. Protein- 
energy malnutrition in beef cattle occurs 
most commonly in late gestation and is char¬ 
acterized clinically by weakness, clinical 
recumbency, marked loss of body weight, a 
normal mental attitude, and a desire to eat. 
Cows with concurrent hypocalcemia will be 
anorexic. If the condition occurs at the time 
of parturition, there will be an obvious lack 
of colostrum. Calves of these cows may 
attempt to vigorously suck their dams, 
attempt to eat dry feed, drink surface water 
or urine, and bellow continuously. Affected 
cows and their calves may die within 7 to 
10 days. 

Protein-energy malnutrition is less 
common in dairy cattle because they are 
usually fed to meet the requirements of 
maintenance and milk production. Dairy 
calves fed inferior-quality milk replacers 
during periods of cold weather will lose 
weight, become inactive and lethargic, and 
may die within 2 to 4 weeks. Affected calves 
may maintain their appetites until just before 
death. Diarrhea may occur concurrently and 
be confused with acute undifferentiated diar¬ 
rhea as a result of the enteropathogenic 
viruses or cryptosporidiosis. Affected calves 
recover quickly when fed cows whole milk. 

Protein-energy malnutrition also occurs 
in sheep and, less commonly, in goats. Exces¬ 
sive dental attrition is a common cause in 
grazing sheep, which is exacerbated by the 
excessive ingestion of soil. 
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DIFFERENTIAL DIAGNOSIS 


The diagnosis will depend on an estimation 
of the concentration of energy and protein in 
the feed, or a feed analysis, and comparing 
the results with the estimated nutrient 
requirements of the class of affected animals. 
In some cases, a sample of feed used several 
weeks earlier may no longer be available, or 
the daily feed intake may not be known. 
Marginal deficiencies of energy and protein 
may be detectable with the aid of a metabolic 
profile test. Specific treatment of livestock 
affected with protein-energy malnutrition is 
usually not undertaken because of the high 
cost and prolonged recovery period. Oral and 
parenteral fluid and electrolyte therapy can be 
given as indicated. The provision of high- 
quality feeds appropriate to the species is the 
most cost-effective strategy. 


PREVENTION 

The prevention of protein-energy malnutri¬ 
tion requires the provision of the nutrient 
requirements of the animals according to 
age, stage of pregnancy and production, the 
environmental temperature, and the cost of 
the feeds. Body-condition scoring of cattle 
and sheep can be used as a guide to monitor 
body condition and nutritional status. 
Regular analysis of feed supplies will assist in 
the overall nutritional management program. 
The published nutrient requirements of 
domestic animals are only guidelines to esti¬ 
mated requirements because they were 
determined in experimental animals selected 
for uniform size and other characteristics. 
Under practical conditions, all of the 
common factors that affect requirements 
must be considered. 

FURTHER READING 

Freer M, ed. Nutrient Requirements of Domesticated 
Ruminants [eBook]. Melbourne: CSIRO Publishing; 
2007. 

Freer M, Dove H, eds. Sheep Nutrition. Wallingford, 
Oxon, UK: CSIRO and CABI Publishing; 2002. 
Hayton A, Husband J, Vecqueray R. Nutritional 
management of herd health. In: Green M, ed. 
[eBook]. Dairy Herd Health. Wallingford, Oxon, 

UK: CAB International; 2012. 

Herring AD. Beef Cattle Production Systems. 

Wallingford, Oxon, UK: CAB International; 2014. 

REFERENCE 

1. Grazfeed v 5.04, CSIRO. Accessed at <http://www 
.hzn.com.au/grazfeed.php>; June 18, 2016. 

LOW-MILK-FAT SYNDROME 

In low-milk-fat syndrome, the concentration 
of fat in milk is reduced, often to less than 
50% of normal, while milk volume is main¬ 
tained. This syndrome is a significant cause 
of wastage in high-producing cows. Low 
concentration of fat in milk occurs with 
ruminal acidosis in cattle. 1 The cause appears 
to be an increase in concentrations 


of conjugated linoleic acid in the diet, with 
subsequent reduction in lipogenesis in the 
udder. 2 A supply of polyunsaturated fatty 
acids in the cows’ ration and alteration in 
fermentation in the rumen results in biohy¬ 
drogenation of linoleic acid (abundant in oils 
and seeds) and formation of intermediate 
fatty acids in the rumen. These incompletely 
hydrogenated fatty acids are absorbed into 
the blood and have an inhibitory effect on 
lipogenesis. 3 This syndrome occurs most 
commonly in cows on low-fiber diets, for 
example, lush, irrigated pasture or grain 
rations that are ground very finely or fed as 
pellets. Treatment is achieved by administra¬ 
tion of sodium bicarbonate or magnesium 
oxide, which increase fiber digestibility and 
hence the propionate: acetate ratio. Magne¬ 
sium oxide also increases the activity of lipo¬ 
protein lipase in the mammary gland and 
increases uptake of triglycerides by the 
mammary gland from the plasma. 4 
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Diseases Associated 
With Deficiencies of 
Mineral Nutrients 

There is an enormous literature about 
mineral nutrient deficiencies in livestock, 
and thus it is not possible to comprehensively 
review it here, but some general comments 
are appropriate. In developed countries, 
severe deficiencies of single elements affect¬ 
ing very large numbers of animals now 
seldom occur. The diagnostic research work 
has been done, the guidelines for preventive 
programs have been outlined, and these have 
been applied in the field. Thus the major con¬ 
tributions to knowledge have already been 
made, and what remains is essentially apply¬ 
ing and extending that knowledge. Some 
loose ends remain, including preventing the 
overzealous or unnecessary application of 
minerals, which can produce toxicoses or is 
simply not cost-effective; sorting out the 
relative importance of the constituent ele¬ 
ments in combined deficiencies, character¬ 
ized by incomplete response to single 
elements; and devising better ways of detect¬ 
ing marginal deficiencies. 

At least 15 mineral elements are essential 
nutrients for ruminants. The macrominerals, 
required daily in gram amounts, are calcium, 
phosphorous, potassium, sodium, chlorine, 
magnesium, and sulfur. The trace elements, 
or microminerals, are copper, selenium, 
zinc, cobalt, iron, iodine, manganese, and 


molybdenum. Improving trace-element 
nutrition of grazing livestock, in a way that 
is cost-effective and that meets consumer 
perceptions and preferences, is a continuing 
challenge. 1 

PREVALENCE AND 
ECONOMIC IMPORTANCE 

Despite experimental evidence that deficien¬ 
cies or excesses of trace elements can influ¬ 
ence growth, reproductive performance, or 
immunocompetence of livestock, there is 
often a lack of information on the prevalence 
and economic significance of such problems. 
Most published reports of trace-element- 
related diseases are case reports and thus 
provide insufficient information to assess 
prevalence and economic impact on a 
regional or national scale. Many reports are 
also compromised by commercial bias. 
Despite this, Food and Agriculture Organi¬ 
zation/World Health Organization (FAO/ 
WHO) Animal Health Yearbooks show that 
of the countries providing information on 
animal diseases, 80% report nutritional dis¬ 
eases of moderate or high incidence, and 
trace-element deficiencies or toxicities are 
involved in more than half of those whose 
causes were identified. As a specific example, 
in the United Kingdom it has been estimated 
that despite the activities of its nutritional 
and veterinary advisory services, and exten¬ 
sive supplementation, clinical signs of copper 
deficiency occur annually in approximately 
1% of the cattle population. Copper defi¬ 
ciency can also predispose to increased mor¬ 
tality as a result of infectious diseases in 
lambs, and so it is likely that the economic 
losses from copper deficiency may be con¬ 
siderably underestimated even in developed 
agricultural economies. 

DIAGNOSTIC STRATEGIES 

In developed countries with more advanced 
livestock industries, the emphasis is on 
disease prevention rather than therapy, and 
the cost-effective control of trace-element 
deficiencies is a matter of ongoing farmer 
education rather than research. Copper, 
cobalt, selenium, and iodine deficiencies can 
affect reproductive performance, appetite, 
early postnatal growth, and immunocompe¬ 
tence on a herd or flock basis, and thus 
emphasis is placed on identifying the risk of 
deficiency before clinical signs appear. 

Monitoring the trace-element status of 
livestock is typically done by blood, saliva, or 
tissue analysis, or less commonly by measur¬ 
ing the concentration of the trace element in 
the diet. An alternative way of monitoring 
preclinical stages of a trace element defi¬ 
ciency is to identify and measure a biochemi¬ 
cal indicator that reflects changes in the 
activity of an enzyme involved in a key 
metabolic pathway, such as vitamin Bn or 
glutathione peroxidase, which are indirect 













measures of cobalt and selenium nutrition in 
sheep, respectively. To be useful, techniques 
should be able to predict the likely pathologic 
outcome of different suboptimal concentra¬ 
tions of a particular measure, and hence 
when it is clinically and economically justifi¬ 
able to apply treatments or interventions. For 
example, a high proportion of grazing cattle 
become hypocupremic if maintained on 
pasture forage, but they don’t develop clinical 
signs of deficiency, and only a small percent¬ 
age exhibit any physiologic response to the 
administration of copper. This illustrates the 
variation in the development of clinical signs 
of copper deficiency, which can be induced 
by a simple dietary deficiency or by interac¬ 
tions between copper and other elements in 
the diet, such as molybdenum, sulfur, and 
iron. There is also evidence that genetic varia¬ 
tion influences the utilization of trace ele¬ 
ments by livestock. For example, there are 
differences in dietary requirements for 
copper between some breeds of sheep. Sheep 
can also be selected for a high or low concen¬ 
tration of plasma copper, which can have 
profound physiologic consequences in the 
low-copper group. 

Thus although it is known from soil maps 
and local knowledge where trace-element 
deficiencies occur, their prevalence and 
importance may be underestimated because 
subclinical deficiency may go unnoticed for 
prolonged periods. 

DEFICIENCIES IN 
DEVELOPING COUNTRIES 

In developing countries, deficiencies of trace 
elements are often hidden or confounded 
by gross nutritional deficiencies of energy, 
protein, phosphorus, and water, which affect 
postnatal growth and reproductive perfor¬ 
mance. Undernutrition is the most important 
limitation to herbivore livestock production 
in tropical countries, but mineral deficiencies 
or imbalances in soils and pasture forages, 
particularly of phosphorus, cobalt, or copper, 
are also responsible for poor reproductive 
performance and low growth rates. 

PATHOPHYSIOLOGY OF 
TRACE-ELEMENT DEFICIENCY 

The physiologic basis of trace-element defi¬ 
ciency is complex. 1 Some trace elements are 
essential for the function of a single enzyme, 
whereas others are involved in multiple met¬ 
abolic pathways. Consequently, a deficiency 
of a specific element may affect one or more 
metabolic processes and produce a variety of 
clinical signs in different classes of livestock. 
Furthermore, there is a wide variation in the 
clinical response to decreased blood or tissue 
concentrations of a trace element between 
individuals. For example, two animals in a 
herd or flock with the same concentration of 
copper in their blood may be in different 
body condition. Their susceptibility to 
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clinical disease will also be influenced by 
their age, physiologic status (pregnant, lac- 
tating, or dry), genetic differences, and inter¬ 
actions with other trace elements. For 
example, there is good evidence that whereas 
dietary copper may be adequate for some 
breeds of sheep, such concentrations may be 
deficient, or even toxic, for others. 

Dietary deficiency does not inevitably 
lead to clinical disease, but several factors 
interact and predispose the animal to clinical 
disease, including the following: 

• Age—for example, late-term fetal lambs 
are highly susceptible to demyelination 
as a result of copper deficiency, which 
produces “swayback.” 

• Genetic differences and individual 
variation in response to deficiency. 

• Fluctuating demand for trace elements 
because of changes in growth, 
physiologic status (especially lactation), 
and diet. 

• Substitution—the use of alternative 
metabolic pathways in response to a 
deficiency, such as selenium, which may 
incompletely protect sheep from 
white-muscle disease when the diet is 
deficient in vitamin E. 

• Size of the functional reserves. 


The trace elements are component parts of 
many tissues and are often involved in meta¬ 
bolic pathways, either as a single key enzyme 
or in many interacting components. Conse¬ 
quently, their deficiency leads to a variety of 
pathologic consequences, metabolic defects, 
and clinical signs. These are summarized in 
Table 17-12. 

The soil and its parent materials are the 
primary sources of trace elements from 
which soil-plant-animal relationships are 
built. Soil maps created from geochemical 
surveys can help identify areas in which live¬ 
stock are exposed to excessive ingestion or 
deficiencies of trace elements. Variations in 
the concentration of most trace elements in 
soils are quite wide, ranging from soils that 
are grossly deficient to those that are poten¬ 
tially toxic. The availability of trace elements 
to plants is controlled by their total concen¬ 
tration in the soil and their chemical form. 
Certain species of plants take up more trace 
elements than others, and the ingestion of 
soil can also have a profound effect on the 
nutrition and metabolism of some trace 
elements. 

It is often difficult to determine the 
role of individual trace elements in defi¬ 
ciency states because many trace-element 


Table 17-12 

deficiencies 

Principal pathologic and metabolic defects in essential trace-element 

Deficiency 

Pathologic consequence 

Associated metabolic defect 

Copper 

Defective melanin production 

Tyrosine/DOPA oxidation 


Defective keratinization; hair, wool 

-SH oxidation to S-S 


Defective cross linkages in 
connective tissue, osteoporosis 

Lysyl oxidase 


Ataxia, myelin aplasia 

Cytochrome c oxidase 


Growth failure 

Decreased biogenic molecules such as 
gastrin 


Anemia 

Ceruloplasmin (ferroxidase) 


Uricemia 

Urate oxidase 

Cobalt 

Anorexia 

Methyl malonyl CoA mutase 


Impaired oxidation of propionate 
Anemia 

Tetrahydrofolate methyl transferase 

Selenium 

Myopathy; cardiac/skeletal 

Peroxide/hydroperoxide destruction 


Liver necrosis 

Decreased glutathione peroxidase 


Defective neutrophil function 

OH; 0 2 generation 

Zinc 

Anorexia, growth failure 

Multifactorial; increased expression 
of leptin (satiety signal) and 
cholecystokinin (appetite regulation), 
reduced pyruvate kinase 


Parakeratosis 

Perinatal mortality 

Thymic involution 

Defective cell-mediated immunity 

Polynucleotide synthesis, transcription, 
translation? 

Iodine 

Thyroid hyperplasia 

Reproductive failure 

Hair, wool loss 

Decreased thyroid hormone synthesis 

Manganese 

Skeletal/cartilage defects 

Reproductive failure 

Chondroitin sulfate synthesis 
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Fig. 17-11 The sequence of pathophysiological changes that can occur in mineral-deprived 
livestock, commencing with depletion and ending with clinical disease, and their relation to 
the body pools of that nutrient. (Reproduced with permission from Suttle NF. Mineral 
Nutrition of Livestock. 4th ed. Wallingford, Oxon, UK: CAB International; 2010 [Chapter 1].) 


deficiencies produce nonspecific and specific 
clinical signs, especially when complex 
interactions occur. Consequently, the dose- 
response trial still has a significant role to 
investigate complex or marginal deficiencies 
and whether a cost-effective response will 
occur on a particular farm. 2 A properly con¬ 
ducted dose-response trial requires com¬ 
parison of the response to treatment, typically 
a biochemical indicator and a measure of 
production, such as body weight, in a supple¬ 
mented and control group. Ideally, animals 
should be randomly selected and allocated to 
groups, and the groups should be of suffi¬ 
cient size to reliably detect an economically 
significant difference (e.g., have a 95% chance 
of detecting a 1-kg difference in body 
weight). Where appropriate, the control 
(unsupplemented) group should be treated 
with the vehicle or inactive portion of the 
substance given to the supplemented group 
(a placebo). Additional requirements for a 
reliable dose-response trial include a careful 
appraisal of the reasons for conducting the 
trial, a suitable form of treatment, and a reli¬ 
able biochemical method for monitoring the 
response to the trace element. Dose-response 
trials establish a link between a trace element 
and certain clinical signs. They can also iden¬ 
tify factors that modify the response to a 
trace element and, importantly, provide 
some indication of the economic response to 
supplementation. 

The ad hoc field observations made by 
veterinarians who make a diagnosis of a 
trace-element deficiency, followed by treat¬ 
ment or dietary changes, are subjective and 
usually lack controls. Nevertheless, they are 
useful in that they indicate the magnitude 
and variability of response that might be 
expected in future studies. 

There are major challenges in predicting 
and diagnosing trace-element deficiencies in 
grazing livestock, including complex interac¬ 
tions between dietary constituents and the 
homeostatic mechanisms of the animal. Thus 
it is usually impossible to predict from the 
composition or analysis of the diet whether 
clinical signs of deficiency will occur. Conse¬ 
quently, assessment of the absorbable, rather 
than the total, concentration of elements in 
the diet is now considered to be more impor¬ 
tant in understanding the nutritional basis for 
the deficiencies, but tests of the livestock are 
a more definitive assessment of deficiency. 

LABORATORY DIAGNOSIS OF 
MINERAL DEFICIENCIES 

The diagnosis of mineral deficiencies, par¬ 
ticularly trace-element deficiencies, relies 
heavily on the interpretation of the bio¬ 
chemical tests. This is because deficiencies 
of any one or more of several trace elements 
can result in nonspecific clinical abnormali¬ 
ties, such as loss of weight, growth retarda¬ 
tion, anorexia, and inferior reproductive 
performance. 


The interpretation of biochemical criteria 
of trace-element status is governed by three 
important principles: relationship with 
intake, time, and function. These are further 
explained as follows: 

1. Relationship between the tissue 
concentrations of a direct marker and 
the dietary intake of the element will 
generally be sigmoid in shape (a 
dose-response curve). The important 
point on the curve is the intake at which 
the requirement of the animal is passed, 
which is the intake of the nutrient 
needed to maintain normal physiologic 
concentrations of the element and/or 
avoid impairment of essential functions. 
For several markers of trace-element 
status, the position on the x-axis at 
which the requirement is passed 
coincides with the end of the lower 
plateau of the response in marker 
concentration. Under these conditions, 
the marker is an excellent index of 
sufficiency and body reserves, but an 
insensitive index of a deficiency. If 
requirement is passed at the beginning of 
the upper plateau, the marker is a poor 
index of sufficiency, but a good index of 
deficiency. This principle allows direct 
markers to be divided into storage and 
nonstorage types corresponding to the 
former and latter positions on the x-axis. 

2. Nonstorage criteria can be divided into 
indicators of acute and chronic 
deficiency, and two types of 
relationships can be distinguished: a 
rapid, early decline in marker 
concentration followed by a plateau; and 
a slow, linear rate of decline. Markers 
with a slow, linear response will be good 
indices of a chronic deficiency, but 
unreliable indices of acute deficiency, 
because they cannot respond quickly 


enough. Conversely, the marker with a 
rapid, early decline will be a good index 
of acute deficiency, but an unreliable 
indicator for chronic deficiency if the 
low plateau is reached before functions 
are impaired. Those biochemical criteria 
that are based on metalloenzyme or 
metalloprotein concentrations in 
erythrocytes are of the slow type 
because the marker is incorporated into 
the erythrocyte before its release into 
the bloodstream, and thereafter its 
half-life is determined by that of the 
erythrocyte, which is 150 days or more. 
Metalloenzymes or metalloproteins in 
the plasma with short half-lives provide 
markers of the rapid type. 

3. A deficiency can be divided into four 
phases: depletion, deficiency (marginal), 
dysfunction, and clinical disease. During 
these phases there are progressive 
changes in the body pools of mineral 
that serve as storage (e.g., liver for 
copper, bone for Ca and P), transport 
(e.g., plasma), and function (e.g., muscle 
enzymes) (Fig. 17-11). 3 
Depletion is a relative term describing the 
failure of the diet to maintain the trace- 
element status of the body, and it may con¬ 
tinue for weeks or months without observable 
clinical elfects when substantial body reserves 
exist. When the net requirement for an essen¬ 
tial element exceeds the net flow of the 
absorbed element across the intestine, then 
depletion occurs. The body processes may 
respond by improving intestinal absorption 
or decreasing endogenous losses. During the 
depletion phase, there is a loss of trace 
element from any storage sites, such as the 
liver, during which time the plasma concen¬ 
trations of the trace element may remain 
constant. The liver is a common store for 
copper, iron, and vitamins A and B I2 . 
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If the dietary deficiency persists, eventu¬ 
ally there is a transition from a state of deple¬ 
tion to one of deficiency, which is marked by 
biochemical indications that the homeostatic 
mechanisms are no longer maintaining a 
constant level of trace elements necessary for 
normal physiologic function. After variable 
periods of time, the concentrations or activi¬ 
ties of trace-element-containing enzymes 
will begin to decline, leading to the phase of 
dysfunction. There may be a further lag 
period, the subclinical phase, before the 
changes in cellular function are manifested 
as clinical disease. The biochemical criteria 
can be divided, according to the phase during 
which they change, into indicators of mar¬ 
ginal deficiency and dysfunction. The rate of 
onset of clinical disease will depend on the 
intensity of the dietary deficiency, the dura¬ 
tion of the deficit, and the size of the initial 


reserve. If reserves are nonexistent, as with 
zinc metabolism, the effects may be acute, 
and the separate phases become superim¬ 
posed. The application of these principles to 
the interpretation of biochemical criteria of 
trace-element status is presented elsewhere 
where applicable, in the discussion of each 
mineral nutrient. 

The definitive etiologic diagnosis of a 
trace-element deficiency will depend on the 
response in growth and health obtained fol¬ 
lowing treatment or supplementation of the 
diet. The concurrent measurement of bio¬ 
chemical markers will aid in the interpreta¬ 
tion and validation of those markers for 
future diagnosis. The strategies for anticipat¬ 
ing and preventing trace-element deficien¬ 
cies include regular analysis of the feed and 
soil, which is not highly reliable, and moni¬ 
toring samples from herds and flocks to 


prevent animals from entering the zone of 
marginal trace-element deficiencies that pre¬ 
cedes the onset of functional deficiency. The 
decision to intervene can be safely based on 
the conventional criteria of marginal trace- 
element status. 
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Infectious Diseases 
Primarily Affecting the 
Reproductive System 

This chapter presents information related to 
important and selected livestock pathogens 
that affect not only the fertility but also the 
health of animals, and in some cases, such as 
bovine brucellosis, the health of humans. It 
is worth noting that national control and 
eradication campaigns against Brucella 
abortus infection in cattle played, and con¬ 
tinue to play, an important global role in 
expanding the veterinary profession. More 
recently, the worldwide spread of porcine 
reproductive and respiratory syndrome 
(PRRS) virus during the last 20 years has had 
a marked economic impact on the swine 
industry. As a consequence, PRRS is cur¬ 
rently one of the most intensively researched 
diseases of livestock. 

Readers seeking detailed information 
related to reproductive performance, the 
estrous cycle, conception, pregnancy, and 
parturition are directed to the many excel¬ 
lent textbooks that address these subjects. 

INDUCTION OF PARTURITION 

CALVES 

The induction of parturition in pregnant 
cows during the last 6 weeks of gestation by 
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the parenteral injection of corticosteroid 
with or without prostaglandin F2a (PGF2a) 
has raised the question of animal welfare and 
of the possible effects of prematurity on the 
disease resistance of the newborn calf. The 
induction of premature parturition in cattle 
has found application in the following areas: 

• With pastoral-based dairy production, 
synchronization of the calving period 
has allowed maximal utilization of 
seasonally available pastures by the 
synchronization of peak demand for 
dry matter intake with spring flush in 
pasture growth. In pastoral-based herds 
with breeding for seasonal calving, 
late-calving cows will be induced and 
these average approximately 8% of the 
herd. 

• Ensuring that calving coincides with the 
availability of labor to facilitate 
observations and management of calving 
and to overcome the inconvenience 
caused by late-calving cows. 

• Minimizing dystocia in small heifers 
and animals with exceedingly long 
gestation periods (past due). 

• The therapeutic termination of 
pregnancy for various clinical reasons. 

• As an aid in the control of milk fever in 
combination with parenteral 
administration of vitamin D analogs. 

A variety of short-acting and long-acting 
corticosteroids have been used. A single 
injection of a short-acting formulation is 
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used when it is desirable to induce calving 
within the last 2 weeks of gestation. Earlier 
in pregnancy short-acting corticosteroids 
were found to be insufficiently reliable to 
induce parturition, which has led to the 
common use of long-acting corticosteroid 
formulations. A variety of protocols to 
induce premature parturition (3-6 weeks 
before due date) are used in practice; the 
main issue is the poor predictability of the 
time of calving relative to treatment when 
using long-acting corticosteroids. Common 
protocols use a second treatment with short¬ 
acting corticosteroids or the administration 
of PGF2a 50 to 10 days after the initial treat¬ 
ment. The use of PGF2a at least 9 days after 
treatment with long-acting corticosteroids 
was found to reliably narrow down the 
calving time, with the great majority of all 
cows calving within 72 hours of PGF2a 
treatment. 1 The use of PGF2a did not 
improve the viability of the premature neo¬ 
nates or their survival rate. 

For cattle near term (within 2 weeks of 
due date) the use of short-acting cortico¬ 
steroid formulation is more appropriate with 
parturition generally occurring within 2 to 4 
days posttreatment. 2 

The mortality rate of induced calves is 
considerable and can exceed 30%, particu¬ 
larly when dams are induced at or before the 
eighth month of gestation. 2 Mortality in 
calves born as a result of induced parturition 
is primarily a result of prematurity, and 


Copyright © 2017 Elsevier Ltd. All Rights Reserved. 


1758 









calf mortality is generally low when calving 
is induced within 12 days of parturition, 
although there are welfare concerns. The 
calves born earlier in pregnancy after using 
long-acting corticosteroid are usually lighter 
in weight, lethargic, and slow to stand and to 
suck properly. The serum immunoglobulin 
concentration was found to be lower in 
calves born from dams induced with long- 
acting corticosteroids because of interfer¬ 
ence with intestinal absorption by the 
corticosteroid. Up to 60% of calves born fol¬ 
lowing induction with long-acting cortico¬ 
steroids are at risk for failure of transfer of 
passive immunity. The colostrum available to 
such calves also has a reduced immunoglob¬ 
ulin content, and there may also be a reduc¬ 
tion in the total volume of colostrum 
available from the induced-calving cows. 
Immunoglobulin absorption rates were not 
impaired when short-acting corticosteroids 
are used to induce calving close to term. 

Artificial induction of parturition is an 
important risk factor for retention of the 
placenta, and the incidence is reported to 
vary from 20% to 100%. Subsequent repro¬ 
ductive performance of induced cows can be 
impaired. A risk for acute gram-negative 
bacterial infections is reported in a low 
(0.3%) proportion of cows following induc¬ 
tion with dexamethasone. The use of long- 
acting corticosteroids was also associated 
with a higher incidence of photo sensitization 
in treated heifers. 2 

In a study where partus induction was 
systematically used in cows that exceeded a 
gestation length of 282 days, no detrimental 
effects on calf viability, cow health, and 
productive and reproductive performance 
during lactation were found compared with 
untreated control animals. The incidence 
of retained fetal membranes in untreated 
animals was not recorded in this study and 
could thus not be compared with treated 
animals. 2 

When parturition is induced in large 
herds of beef cattle, particularly with a high 
percentage of heifers, increased surveillance 
will be necessary after the calves are born to 
avoid mismothering. Every attempt must be 
made to establish the cow-calf pair (neonatal 
bond) and move them out of the main calving 
area. Heifers that disown their calves must be 
confined in a small pen and be encouraged to 
accept the calf and let it suck, which is some¬ 
times a very unrewarding chore. Calf mortal¬ 
ity can be very high where calving is induced 
earlier than 35 weeks of pregnancy. 

LAMBS 

The induction of parturition in sheep is not 
a common practice, but it can be used to 
synchronize lambing in flocks where there 
are accurate dates of mating for individual 
ewes. Unless accurate dates are available, 
there is risk of prematurity. Also, ewes that 
are more than 10 days from their normal 
parturition date are unlikely to respond. 
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Induction of parturition is also used as a 
therapeutic ploy to terminate pregnancies 
in sheep with pregnancy toxemia. Induction 
is usually performed with dexamethasone 
and less commonly with betamethasone or 
flumethasone, which is more expensive. 
Lambing occurs 36 to 48 hours later, and 
there may be breed differences in response. 
Variability in lambing time can be reduced 
by the use of clenbuterol and oxytocin. 

FOALS 

The induction of parturition in mares for 
reasons of economy, management conve¬ 
nience, concern for prolonged gestation, or 
clinical conditions such as prepubic tendon 
rupture or research and teaching is now 
being practiced. 

Foaling can be induced with oxytocin, 
ideally administered as an intravenous (IV) 
drip over 15 to 30 minutes, and occurs within 
15 to 90 minutes of its administration. High 
doses of oxytocin are potentially dangerous 
to the foal and low doses (10-20IU) are pre¬ 
ferred. Glucocorticoids, and antiprogestagens 
that are effective in inducing pregnancy in 
other species, are either ineffective in the mare 
or capricious in their efficacy and can also be 
associated with adverse effects on the foal. 

Prostaglandin F2a and its analogs have 
been used for partus induction in the mare 
and low doses (5-12 mg intramuscularly 
[IM]) may be effective at term, but repeated 
treatments may be required. The time inter¬ 
val between treatment and delivery is diffi¬ 
cult to predict and can range from 1 to 48 
hours. The use of PGF2a for partus induc¬ 
tion in mares has been discouraged because 
considerable risks such as premature placen¬ 
tal separation and foal death that have been 
associated with this treatment. 3 

Induction of parturition in the mare is 
not without risk and has been associated 
with the birth of foals that are weak, injured, 
or susceptible to perinatal infections. The 
period of fetal maturation is relatively short 
in the horse and is considered to be the last 
2 to 3 days’ gestation. Because spontaneous 
parturition in healthy mares can occur 
between 320 and 360 days, there is the risk 
of delivering a foal that is premature and 
nonviable. Fetal maturity is the major pre¬ 
requisite for successful induced parturition, 
and the three essential criteria are 

• A gestational length of more than 
330 days 

• Substantial mammary development and 
the presence of colostrum in the 
mammary gland with a calcium 
concentration greater than 10 mmol/L 

• Softening of the cervix 

The rise in calcium concentration is the most 
reliable predictor of fetal maturity and milk 
calcium concentrations above 10 mmol/L, in 
combination with a concentration of potas¬ 
sium that is greater than sodium, are indica¬ 
tive of fetal maturity. Commercial milk test 
strips are available for estimating mammary 


secretion electrolyte concentrations; however, 
it is recommended that testing be done in an 
accredited laboratory. 

In mature foals, head lifting, sternal 
recumbency, and evidence of suck reflex 
occurs within 5 minutes of spontaneous full- 
term deliveries. The foal can stand within 1 
hour and suck the mare within 2 hours. The 
behavior and viability of the premature 
foal after induced parturition have been 
described. The overall survival rate of foals 
delivered from induced parturition before 
320 days’ gestation was 5%. Four patterns of 
neonatal adaptation were observed on the 
basis of righting, sucking, and standing 
ability. If the suck reflex was weak or absent 
and the foals were unable to establish right¬ 
ing reflexes, the prognosis of survival was 
poor. Foals born before 300 days’ gestation 
did not survive for more than 90 minutes; 
foals born closer to 320 days’ gestation had a 
better chance of survival and exhibited 
behavioral patterns of adaptation. 

In addition to the potential delivery of a 
premature or weak foal, other adverse effects 
of induction can be dystocia, premature pla¬ 
cental separation, and retained placenta. 

PIGLETS 

The induction of parturition of gilts and sows 
on days 112,113, or 114 of gestation is highly 
reliable and can be achieved by a single IM 
injection of 175 |Xg of cloprostenol or 5 to 
10 mg of PGF2a. The sows farrow approxi¬ 
mately 20 to 36 hours later. Synchronization 
of farrowing can be improved by administra¬ 
tion of oxytocin (5-30 IU) 20 to 24 hours 
after injection of PGF2. 

Induction of parturition has been used on 
large-scale farms to allow a concentration of 
labor, to improve supervision and care at the 
time of farrowing, to reduce the incidence 
of the mastitis/metritis/agalactia syndrome, 
and to reduce the percentage of stillborn 
piglets. The end day of a batch farrowing 
system can be fixed and weekend farrowing 
avoided. The subsequent fertility of the sows 
is not impaired. Induction on day 110 may 
be associated with a slight increase in peri¬ 
natal mortality. 


TREATMENT 


Premature partus induction cattle 

(>2 weeks before due date): 

Dexamethasone trimethyl-acetate (or other 
long-acting formulation) (25-30 mg/animal 
IM as single dose) (R-1) 

Dinoprost (or other PGF2a-analogon) (25 mg/ 
animal IM as a single dose 5-10 days after 
dexamethasone treatment) (R-2) 

Partus induction cattle (<2 weeks before 

due date): 

Dexamethasone sodium-phosphate (or other 
short-acting formulation) (40 mg/animal IM 
as a single dose) (R-1) 

Continued 
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Cloprostenol (500 gg/animal IM 36-48 h after 
dexamethasone treatment) (R-1) 

Dinoprost (25 mg/animal IM as a single dose 
36-48 h after dexamethasone treatment) 
(R-2) 

Partus induction mare: 

Oxytocin (10-20 lU/animal as IV drip over 
15-30 min, several repetitions possible) 
(R-1) 

Prostaglandin F2a (or analogon) (R-3) 

Partus induction sow: 

Prostaglandin F2a (or analogon) (10-25 mg/ 
animal IM) (R-1) 

Cloprostenol (175 gg/animal IM) (R-1) 

Oxytocin (5-30 lU/animal IM 20-24 h after 
treatment with PGF2a) (R-1) 

Partus induction ewe: 

Dexamethasone (15-20 mg/animal IM) (R-1) 

IM, intramuscularly; IV, intravenously. 


FURTHER READING 

Ingoldby L, Jackson P. Induction of parturition in sheep. 
In Pract. 2001:23:228231. 

MacDiarmid SC. Induction of parturition in cattle using 
corticosteroid: a review. Part 1. Reasons for 
induction, mechanisms of induction and 
preparations used. Anim Breed Abstr. 1983;51:40319. 
MacDiarmid SC. Induction of parturition in cattle using 
corticosteroid: a review. Part 2. Effects of induced 
calving on the calf and cow. Anim Breed Abstr. 
1983:51:499508. 

Pressing AL. Pharmacologic control of swine 

reproduction. Vef Clin North Am Food Anim Pract. 
1992:8:70723. 
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FREEMARTINISM IN CALVES 

A freemartin is defined as a sterile female 
partner of a pair of heterosexual twins. In 
cattle, 92% of females born cotwins to males 
are freemartins. 

In normal calves, the chromosomal 
identification of females is 60,XX (60 chro¬ 
mosomes, both X chromosomes) and of 
males is 60,XY (the Y being smaller and 
not readily paired with its opposite X 
chromosome). 

The freemartin is the classical example of 
the chimera in cytogenetics. They are the 
individuals that contain two or more cell 
types that originated in separate individuals. 
The only way in which a chimera can develop 
is via the fusion of circulations or zygotes in 
utero. Sex chromosome chimerism is also 
reported in goats, sheep, and pigs, and, 
although the male partners of female twins 
are usually anatomically normal, they often 
have reduced fertility. Bulls born cotwin with 
freemartin females may also be chimeric and 
have low reproductive efficiency. 


The diagnosis of freemartinism has been 
based on physical examination, karyotyping, 
or blood typing, and each has its limitations. 
There is variation in the degree of reproduc¬ 
tive tract abnormalities in freemartins. The 
external genitalia may appear normal, the 
vulval hair may be coarser than usual, or 
the clitoris may be enlarged. The vagina is 
generally expected to be shorter than normal. 
The cervix, uterus, uterine tubes, and ovaries 
may be absent, present in underdeveloped 
form, or may appear normal on rectal 
palpation. 

Special cytogenetic techniques are also 
available that facilitate the diagnosis of free¬ 
martinism in a female calf of a male-female 
twinning. In freemartins (phenotypically 
female, but also carrying male cells) there is 
a mixture of mostly 60,XX chromosomes 
to a cell and a small proportion of 60,XY 
cells. A large number of cells need to be ana¬ 
lyzed if only the freemartin calf is available, 
because the proportion of abnormal cells 
present may be as low as 2%. It is, however, 
possible to make a diagnosis on the examina¬ 
tion of 10 to 20 cells, provided the male twin 
is also analyzed; the female may have very 
few XY chromosomes, but the male will have 
a very high proportion of XX chromosomes. 
This technique is much more accurate than 
blood group analysis or clinical observations 
of a short vagina, enlarged clitoris, and the 
presence of a vulval tuft of hair. Karyotyping 
is a definitive method of freemartin diagno¬ 
sis, but it is tedious, time-consuming, and 
expensive. Blood typing analysis may be per¬ 
formed on both the male and female cotwins 
to demonstrate two blood group popula¬ 
tions, but it is expensive and requires blood 
samples from both cotwins. 

The polymerase chain reaction (PCR) 
method of freemartin diagnosis using sex- 
specific DNA sequences is rapid, accurate, 
relatively simple, and inexpensive to perform, 
and a blood sample is required only from the 
female cotwins. It allows for the accurate 
decision of freemartinism down to a level of 
0.05% of male chimeric cells present. 

FURTHER READING 

Padula AM. The freemartin syndrome: An update. Anim 

Reprod Sci. 2005;87:93-109. 

BULLER STEER SYNDROME 


SYNOPSIS 


Etiology Unknown. Behavioral problem of 
steers in feedlots. 

Epidemiology Prevalence varies and increases 
with increasing age and weight at entry. 

Clinical findings and lesions Areas of 
denuded hair, subcutaneous hematomas, 
and other traumatic injuries. 

Treatment Symptomatic. 

Control Removal from pen. 


ETIOLOGY 

The buller steer syndrome is a behavioral 
problem in cattle confined in feedlots 1 of 
unknown etiology. Within a pen of cattle, 
one or more cattle persistently ride a par¬ 
ticular individual or individuals of the 
group. The ridden animals are referred to 
as bullers. There have been several suspect 
etiologies. Improper placement of hor¬ 
monal growth implants has been suspected 
as being associated with this behavioral 
problem. 

EPIDEMIOLOGY 

Occurrence 

The syndrome occurs only in cattle in feed- 
lots. A recent survey conducted among U.S. 
feedlots revealed a feedlot prevalence of 
68.8% of all surveyed feedlots and an animal 
level prevalence of 2.8%.' The prevalence 
increases with increasing weight and age. 
The case fatality has been estimated at 1%. 
The incidence of occurrence is higher in the 
summer and the fall and during the first 30 
days of the feeding period. 

Epidemiologic studies indicate that 
bullers occur as a point source epidemic with 
the cause occurring soon after cattle arrive 
in the feedlot and mingle into pen groups. 
The peak incidence of bullers occurs much 
sooner after arrival and declines much 
quicker in older cattle. Bullers occur signifi¬ 
cantly sooner after mixing in older cattle 
than in younger cattle. The pen prevalence 
also increases as cattle become older on 
arrival at the feedlot and are more aggressive. 
As the prevalence of intact bulls increases in 
pens of cattle, so does the prevalence of 
bullers, presumably caused by more aggres¬ 
siveness in the bulls. 

Risk Factors 

Postulated causative and risk factors include 
the incorrect timing and administration of 
hormonal growth implants, reimplantation 
and double dosing, estrogenic substances in 
feeds, pheromones in the urine of certain 
cattle, improper or late castration of young 
cattle, daily feedlot management, weather 
and seasonal factors, disease, group size, and 
dominance behavior. However, these factors 
have not been well substantiated, and con¬ 
trolled studies have found little influence of 
implant type and implant timing on buller 
incidence. 

The mixing and confinement of unfamil¬ 
iar cattle into pen groups, with subsequent 
agonistic interactions because these cattle 
established a social hierarchy, are considered 
as important risk factors. Both riding behav¬ 
ior and antagonistic behavior cease once 
cattle establish a stable social hierarchy. This 
suggests that riding behavior and subsequent 
identification of bullers is associated with 
this dominance behavior. It is possible that 
when a dominant animal becomes ill in a 
pen, other more subordinate animals in the 
pen that were previously subdued in 
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dominance contests may want to fight the 
sick animal to achieve higher social status. 

Economic Importance 

The syndrome has been ranked along with 
acute undifferentiated bovine respiratory 
disease and foot rot as one of the three most 
important disease syndromes in beef feed- 
lots in North America. In addition to the 
economic loss from decreased weight gain, 
injury, treatment, death, and carcass con¬ 
demnation, there are economic losses associ¬ 
ated with extra handling necessary to 
accommodate affected cattle, the disruption 
of uniform marketing of cattle, especially in 
custom feedlots, and the need for extra pens 
in which to house the bullers. The impor¬ 
tance of the syndrome includes animal 
welfare aspects. 

Bullers may be at significantly greater risk 
of illness and mortality (from bacterial pleu¬ 
ropneumonia) than other steers. The associa¬ 
tion between illness, mortality, and bullers 
among individuals was greatest among the 
oldest yearling steers. 

CLINICAL FINDINGS 

Two types of bullers are identified. Type 1 or 
true bullers stand as if they were a heifer in 
estrus and do not move away or show ago¬ 
nistic behavior when being mounted by rider 
cattle. There can be several rider cattle in a 
pen and type 1 bullers are rapidly damaged. 
Type 2 bullers are animals that appear low 
in social dominance. They use aggression to 
discourage riders and will lie down to avoid 
being ridden. 

Affected animals show areas of denuded 
hair and have extensive subcutaneous 
hemorrhage. The hematomas may become 
infected and develop to subcutaneous 
pockets of pus and gas. Other traumatic inju¬ 
ries, such as limb fractures, also occur. 

CONTROL 

Management of the syndrome has usually 
involved identification and removal from the 
pen to prevent injury and even death from 
riding-related injuries. The high rate of risk 
of illness and mortality in bullers relative to 
other feedlot steers suggests that bullers 
should always be checked for evidence of 
illness in addition to their removal from 
their designated pen to prevent severe rid¬ 
ing-related injuries. Treating sick bullers may 
improve the chance of settling them back 
into their designated pen by allowing them 
to resume their original position in the social 
hierarchy. 

FURTHER READING 

Blackshaw JK, Blackshaw AW, McGlone JJ. Buller steer 
syndrome review. Appl Anim Behav Sci. 1997;54:97. 
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Infectious Diseases 
Primarily Affecting the 
Reproductive System 

BRUCELLOSIS ASSOCIATED 
WITH BRUCELLA ABORTUS 
(BANG'S DISEASE) 


SYNOPSIS 


Etiology Brucella abortus 

Epidemiology Major cause of abortion in 
cattle in countries without a national 
control program. Undulant fever in 
humans; is an important zoonosis. Sexually 
mature animals susceptible; outbreaks 
occur in first-calf heifers, older cows are 
infected but do not abort. Transmitted 
directly from the infected animal to the 
susceptible animal by uterine discharges. 
Congenital infection occurs. Infection in 
wildlife species but significance to domestic 
animals unknown. Infection introduced into 
herd by unknown infected carrier animal. 
Natural infection and vaccination result in 
immunity to abortion but not infection, 
and infected animals remain serologically 
positive for a long time. 

Signs Abortion epidemics in first-calf 
unvaccinated heifers after fifth month of 
pregnancy. Subsequent pregnancies carried 
to term. Orchitis and epididymitis in bulls. 
Synovitis (hygroma) occurs. Fistulous 
withers in horses. 

Clinical pathology Serology. Serum 
agglutination test is standard test. Rose 
Bengal test (rapid screening test). 
Complement fixation test. ELISA test. Milk 
ring test. False-positive reactors are a major 
problem. 

Lesions Necrotizing placentitis, inflammatory 
changes in fetus. 

Diagnostic confirmation Culture organism 
from fetus. Positive serologic test in 
unvaccinated animal. 

Treatment No treatment. 

Control Test and reduce reservoir of infection. 
Quarantine. Depopulation. Vaccination 
to reduce incidence of abortion and 
percentage of infected animals. Eradication 
on herd and area basis by test and cull. 


ELISA, enzyme-linked immunosorbent assay. 


ETIOLOGY 

Brucella abortus, a gram-negative, facultative 
intracellular coccobacillus of the family 
Brucellaceae, is the organism responsible for 
bovine brucellosis. B. abortus is one of 10 
species with validly published names, includ¬ 
ing B. melitensis, B. abortus, B. suis, B. ovis, 
B. neotomae, B. canis, B. ceti, B. pinnipedialis, 
B. microti, and B. inopinata, each of which 
has specific host preferences. 1 B. abortus is 


responsible for bovine brucellosis, B. meli¬ 
tensis is the main causative agent of brucel¬ 
losis in small ruminants and men, B. suis for 
brucellosis in swine, and B. ovis in sheep. B. 
abortus has eight recognized biovars (1-7,9) 
of which the most prevalents are 1-4, and 9. 2 
Approximately 5% of infections are from 
biovar 1. Biovar 2 was isolated in an outbreak 
of brucellosis in cattle in Canada in 1986. In 
the United States, biovars 1 to 4 are found. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

Bovine brucellosis has a worldwide occur¬ 
rence and, according to the Food and Agri¬ 
culture Organization (FAO), the World 
Health Organization (WHO), and the World 
Organization for Animal Health (OIE), is 
still one of the most important and wide¬ 
spread bacterial zoonoses in the world. The 
prevalence of infection varies considerably 
among herds, areas, and countries. Many 
countries have made considerable progress 
with their eradication programs, and some 
have eradicated the disease. However, in 
other countries brucellosis is still a serious 
disease facing the veterinary and medical 
professions. Currently, Australia, New 
Zealand, Canada, Japan, and 16 member 
states of the European Union (EU) have a 
status as officially brucellosis free. 2,3 Bovine 
brucellosis remains prevalent in several 
southern European countries and the Medi¬ 
terranean basin. The seroprevalence of 
bovine brucellosis in the Kars district of 
Turkey between 2004 and 2006 was deter¬ 
mined to be around 34%. 4 In Greece 0.97%, 
in Italy 0.51%, in Portugal 0.19%, in Spain 
0.07%, and in the UK 0.09% of all cattle 
herds were positive for brucellosis in 2012. ’ 
Although bovine brucellosis has been 
reported from Egypt (biovar 1), Iran (biovar 
2), and Sudan (biovar 6), little is known 
about the infection prevalence in the region.” 

In the United States, the entire country is 
classified as class free for bovine brucellosis. 
Notwithstanding, infection remains highly 
prevalent in the wildlife population in the 
Greater Yellowstone area, with occasional 
spread to cattle. Repeated incidents of bru¬ 
cellosis-infected cattle in Montana, Idaho, 
and Wyoming have been reported in recent 
years. 2 Bovine brucellosis remains an impor¬ 
tant bacterial disease in Mexico, with biovars 
1-6 the most prevalent. Although limited 
epidemiologic data are available for Central 
America, the disease seems to prevail widely, 
with an estimated animal prevalence of 
between 4% and 8% and a (dairy) herd prev¬ 
alence between 10% and 25%. 5 In South 
America Chile made great progress toward 
eradicating the disease, but it remains preva¬ 
lent in Venezuela (animal seroprevalence 
3%-4%), Argentina (animal seroprevalence 
2%-3%), and Brazil.” 

The livestock prevalence was estimated at 
8.2% in East Africa, 15.5% in West Africa, 
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14.2% in South Africa, and 13.8% in North 
Africa. 6 

Cattle 

Infection occurs in cattle of all ages but is 
most common in sexually mature animals, 
particularly dairy cattle. Abortions are 
most common during outbreaks and pri¬ 
marily occur in unvaccinated heifers 
over 5 months pregnant. Bulls are affected 
with orchitis, epididymitis, and seminal 
vesiculitis. 

Camelids 

Brucellosis has been reported in the one¬ 
humped ( Camelus dromedaries ) and two¬ 
humped camel (C. bactrianus) and New 
World camelids such as llama [Lama glama), 
alpaca ( lama pacos), guanaco (lama guini- 
coe ), and vicuna ( Vicugna vicugna) and was 
related to contact with small and large rumi¬ 
nants infected with either B. abortus or B. 
melitensis.' 

Wildlife Species 

The infection has been observed in American 
and European bison ( Bison bison, B. bonasus); 
domestic buffalo ( Bubalus bubalus); elk 
(Cervus elaphus canadensis ); deer; coyotes; 
wild opossums; and raccoons, moose, and 
other wild and domesticated ruminants. 
Infection of moose with B. abortus biovar 1 is 
highly fatal, and it is likely that the moose is 
a dead-end host for brucellosis. Experimen¬ 
tal inoculation of the organism into badgers 
results in the development of antibodies and 
elimination of the organism, which indicates 
that the badger is relatively resistant to infec¬ 
tion and unlikely to be a reservoir of the 
organism. 

Bison and elk are potential reservoirs of 
bovine brucellosis and have been associated 
with recurrence of bovine brucellosis in the 
Greater Yellowstone area in the United 
States. Brucellosis associated with B. abortus 
was first detected in bison ( B. bison) in Yel¬ 
lowstone National Park in 1917 and has been 
present ever since. Bison can remain latently 
infected with virulent B. abortus until attain¬ 
ment of reproductive age despite extensive 
use of vaccination and serologic testing. 

Cattle and bison appear to maintain B. 
abortus at higher seroprevalence than other 
ungulate species. The seroprevalence in the 
Yellowstone bison and elk population is esti¬ 
mated with 40% to 60% and 22%, respec¬ 
tively. 8 ' 9 This has been associated with 
physiologic and immunologic characteristics 
common to bovine species but is probably 
also caused by typical behavioral patterns of 
large social groups and the periparturient 
behavior of bison dams that tend to calve 
within groups that facilitate disease trans¬ 
mission through direct contact around par¬ 
turition. 10 In contrast elk dams segregate 
themselves during the periparturient period 
and meticulously clean the birthing site, 
considerably reducing the risk of disease 


transmission through direct contact. 11 
Disease transmission may, however, be 
common during the abortion period in the 
last trimester of pregnancy from February to 
April, when many elk congregate in large 
groups on lower elevation winter habitat that 
overlaps with cattle-grazing areas. 11 From 
2009 to 2011 eight infected cattle or captive 
bison herds were detected in Wyoming and 
Montana and all episodes were genetically or 
epidemiologically linked to elk, suggesting 
that spillover transmission from elk to cattle 
is epidemiologically more important than 
transmission from bison to cattle. 11 This 
has been explained with the continuously 
increasing elk population, which is currently 
above management target values in many 
areas of the Greater Yellowstone area and the 
greater mobility of free-ranging elk. 10 

Horses 

In horses the organism is often found in 
chronic bursal enlargements as a secondary 
invader rather than a primary pathogen. It is 
commonly present with Actinomyces bovis in 
fistulous withers and poll evil. It has also 
been identified as a cause of abortion in 
mares. A serologic survey of horses over a 
period of 8 years revealed that 8% to 16% of 
serum samples were positive. However, 
experimentally infected horses do not excrete 
the organism in sufficient numbers to infect 
susceptible in-contact cattle. 

Pigs and Sheep 

The organism can be recovered from natu¬ 
rally infected pigs and, although not nor¬ 
mally pathogenic in this species, may 
occasionally cause abortion. The disease 
occurs naturally in sheep exposed to infected 
cattle, which has significant implications for 
brucellosis eradication. 

Dogs 

Naturally acquired B. abortus infection can 
occur in dogs associated with infected cattle. 
Although farm dogs are not generally con¬ 
sidered to be a major reservoir of B. abortus, 
the organism has been isolated from dogs on 
a farm in which several cattle were serologi¬ 
cally positive for brucellosis, and dogs should 
be included in any investigation and eradica¬ 
tion of the disease. 

Methods of Transmission 
Parturition/Abortion 
The risk posed to susceptible animals fol¬ 
lowing parturition or abortion of infected 
cattle depends on three factors: 

• Number of organisms excreted 

• Survival of these organisms under the 
existing environmental conditions 

• Probability of susceptible animals being 
exposed to enough organisms to 
establish infection 

The organism achieves its greatest 
numbers in the contents of the pregnant 
uterus, the fetus, and the fetal membranes, 


all of which must be considered as major 
sources of infection. The numbers of organ¬ 
isms in the tissues of two naturally infected 
cows and their fetuses were as follows: umbi¬ 
licus 2.4 x 10 8 - 4.3 X 10 9 /g - 1.4 x 10 13 /g. 
This illustrates the potentially large numbers 
of organisms that can be shed and to which 
other animals and humans are potentially 
exposed. However, the numbers of organ¬ 
isms decrease when uterine discharges are 
cultured at sequential parturitions, and a 
substantial number of uterine samples from 
infected cows are culture negative at the 
second and third parturition following 
challenge. 

Transmission 

The disease is transmitted by ingestion, pen¬ 
etration of the intact skin and conjunctiva, 
and contamination of the udder during 
milking. The organism does not multiply in 
the environment but merely persists, and the 
viability of the organism outside the host is 
influenced by the existing environmental 
conditions. Grazing on infected pasture, or 
consuming feedstuffs or water supplies con¬ 
taminated by discharges and fetal mem¬ 
branes from infected cows, and contact with 
aborted fetuses as well as infected newborn 
calves are the most common methods of 
spreading the disease. 

Intraherd spread occurs by both vertical 
and horizontal transmission. Horizontal 
transmission is usually by direct contami¬ 
nation and, although the possibility of intro¬ 
duction of infection by flies, dogs, rats, ticks, 
infected boots, fodder, and other inanimate 
objects exists, it is not significant relative to 
control measures. The organism is ingested 
by the face fly but is rapidly eliminated, and 
there is no evidence for a role in natural 
transmission. Evidence exists for horizontal, 
dog-to-dog, cattle-to-dog, dog-to-cattle, and 
dog-to-human transfer of infection. The 
most likely and effective means of cattle-to- 
dog transfer is exposure to aborted fetuses 
or infected placental membranes, because 
dogs commonly ingest the products of 
parturition. 

Spread Between Herds 

Movement of an infected animal from an 
infected herd to a susceptible noninfected 
herd is a common method of transmission. 
The rate of spread will depend on the level of 
surveillance testing. In Great Britain, which 
is officially brucellosis free, 20% or more of 
both beef and dairy cattle more than 24 
months old are tested routinely. A simulation 
model indicates that reducing the level of 
testing would have a major effect on the rate 
of spread of infection, should it be imported. 

Spread Between Countries 
(Breach of Biosecurity) 

A quantitative risk assessment model to 
determine the annual risk of importing bru¬ 
cellosis-infected breeding cattle into Great 





Britain from Northern Ireland and the 
Republic of Ireland, which are not brucellosis 
free, was developed. Predictions estimated 
that brucellosis could be imported from 
Northern Ireland every 2.63 years and 
from the Republic of Ireland every 3.23 
years. Following this assessment, the Depart¬ 
ment of Environment, Food, and Rural 
Affairs introduced postcalving testing for all 
imported breeding cattle. Under this system, 
all imported animals are issued a passport 
that records their age and pregnancy status. 
This information enables identification of 
animals that require testing and provides an 
additional safeguard in maintaining official 
brucellosis status. 

Congenital Infection 

Congenital infection may occur in calves 
born from infected dams but its frequency is 
low. The infection occurs in utero and may 
remain latent in the calf during its early life; 
the animal may remain serologically negative 
until its first parturition, when it then begins 
to shed the organism. Calves born from 
reactor dams are serologically positive for up 
to 4 to 6 months because of colostral antibod¬ 
ies and later become serologically negative 
even though a latent infection may exist in a 
small proportion of these calves. The fre¬ 
quency of latent infections is unknown, but 
may range from 2.5% to 9%. Latent infections 
in serologically negative animals are of some 
concern because they remain unnoticed and 
can potentially serve as a source of infection 
later. However, latent infections in calves 
born from infected cows are infrequent. The 
organism could not be isolated from any of 
150 calves born to infected cows, 135 of which 
were experiencing their first pregnancy after 
infection. In one report, a heifer from a herd 
affected with widespread infection with B. 
abortus biotype 2 was moved to a brucellosis- 
free herd and remained apparently free from 
brucellosis until 9 years later, when the same 
animal produced a strongly positive serologic 
reaction and the same biotype was isolated 
from its milk. Such observations have resulted 
in the recommendation that calves from sero¬ 
positive dams should not be used for breed¬ 
ing. Even vaccinated heifers from seropositive 
dams can harbor a latent infection. There is a 
risk that 2.5% of heifer calves born from sero¬ 
logically positive dams will react in early 
adulthood and constitute a threat to a reestab¬ 
lished herd. 

Survival of Organism 

The organism can survive on grass for vari¬ 
able periods depending on environmental 
conditions. In temperate climates, infectiv- 
ity may persist for 100 days in winter and 
30 days in summer. The organism is sus¬ 
ceptible to heat, sunlight, and standard 
disinfectants, but freezing permits almost 
indefinite survival. The activity of several 
disinfectants against B. abortus has been 
examined, and representatives of the 
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phenolic, halogen, quaternary ammonium, 
and aldehyde groups of disinfectants at 
0.5% or 1.0% concentrations in the absence 
of serum generally inhibited a high concen¬ 
tration of the organism. 

Uterine Discharges and Milk 

A cow’s tail heavily contaminated with 
infected uterine discharges may be a source 
of infection if it comes in contact with the 
conjunctiva or the intact skin of other 
animals. In the same way that the more 
common forms of mastitis can be spread 
during milking, B. abortus infection can be 
spread from a cow whose milk contains the 
organism to an uninfected cow. This may 
have little significance in terms of causing 
abortion, but it is of particular importance in 
its effects on agglutination tests on milk and 
the presence of the organism in milk used for 
human consumption. 

Bulls and Semen 

Bulls do not usually transmit infection from 
infected to noninfected cows mechanically. 
Infected bulls may discharge semen contain¬ 
ing organisms but are unlikely to transmit 
the infection. The risk of spread from the bull 
is much higher, however, if the semen is used 
for artificial insemination. Some infected 
bulls are negative on serum agglutination 
tests and their carrier status can only be 
detected by the isolation of organisms from 
the semen or agglutination tests on seminal 
plasma. 

Carrier Cows 

Few infected cows ever recover from infec¬ 
tion completely and should be considered as 
permanent carriers whether or not abortion 
occurs. Excretion of the organism in the milk 
is usually intermittent, is more common 
during late lactation, and can persist for 
several years. In cattle vaccinated before 
infection, the degree of excretion of B. abortus 
in the milk is less than in nonvaccinated 
animals. Embryo transfer from infected 
donors may be achieved without transfer of 
infection, and superovulation is unlikely to 
reactivate the release of Brucella into the 
uterus during the period when embryos are 
normally collected. Thus embryo transfer is a 
safe procedure for salvaging genetic material 
from infected animals. 

The herd characteristics and the results of 
the first herd test may be used as predictors 
of the potential presence or absence of B. 
abortus in herds with reactors to the tube 
agglutination test. The presence of only 
single suspicious reactors on the first test is 
a reliable predictor of lack of infection. The 
presence of one or more positive reactors on 
the first herd test is a reliable predictor of the 
presence of infection. 

Risk Factors 

The risk factors that influence the initiation, 
spread, maintenance, and/or control of 


bovine brucellosis are related to the animal 
population, management, and the biology of 
disease. The variables that contribute signifi¬ 
cantly to seropositive animals are 

• Size of farm premises 

• Percentage of animals on a premises 
that are inseminated artificially 

• Size of investment in livestock 

• Number of cows that aborted in the 
previous year, whether or not dairying is 
the major agricultural activity of the 
premises 

• Policy of the owner regarding disposal 
of reactor animals 

The longer infected animals are in contact 
with the remainder of the herd, the greater 
will be the ultimate number of seropositive 
animals. In a defined geographic area in 
northern Mexico where a brucellosis control 
program did not exist, the greatest percentage 
of seropositive animals was related to larger 
farms, poor artificial insemination technique, 
and small financial investment in the farm. 

From a practical viewpoint, the factors 
influencing the transmission of brucellosis 
in any given geographic region can be classi¬ 
fied into two fundamental categories: those 
associated with the transmission of disease 
between herds and those influencing the 
maintenance and spread of infection within 
herds. Factors influencing interherd trans¬ 
mission include the purchase of infected 
replacement animals, which is influenced by 
frequency of purchase, source of purchase, 
and brucellosis test history of purchased 
animals. The proximity of infected herds to 
clean herds is an important risk factor. Cattle 
contacts at fence lines, sharing of pastures, 
and strays of infected animals into clean 
herds are common methods by which trans¬ 
mission occurs to adjacent herds. 

The risk factors associated with spread of 
the disease within a herd include unvacci¬ 
nated animals in infected herds, herd size, 
population density, method of housing, and 
use of maternity pens. Large herd sizes are 
often maintained by the purchase of replace¬ 
ment cattle, which may be infected. It is also 
more difficult to manage large herds, which 
may lead to managerial mistakes that allow 
the disease to spread. There is a positive asso¬ 
ciation between population density (number 
of cattle to land area) and disease prevalence, 
which is attributed to increased contact 
between susceptible and infected animals. 
The use of maternity pens at calving is asso¬ 
ciated with a decrease in the prevalence of 
infection, presumably from decreasing the 
exposure of infected and susceptible animals. 

Animal Risk Factors 
Susceptibility of cattle to B. abortus infection 
is influenced by the age, sex, and reproduc¬ 
tive status of the individual animal. Sexually 
mature, pregnant cattle are more suscep¬ 
tible to infection with the organism than 
sexually immature cattle of either sex. 
Natural exposure to field strains occurs 
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primarily at the time of parturition of 
infected cows. The greater the number of 
infected cows that abort or calve, the greater 
the exposure risk to the other cattle in the 
herd. An important application of this obser¬ 
vation is that infected cows need to be 
removed from the herd before parturition. 
Young cattle are less susceptible to B. abortus 
than older, sexually mature cattle. Suscepti¬ 
bility appears to be more commonly associ¬ 
ated with sexual maturity than age. Young, 
sexually immature cattle generally do not 
become infected following exposure, or 
recover quickly. Susceptibility increases with 
pregnancy and as the stage of gestation 
increases. The probability of isolation of the 
organism at parturition increased from 0.22 
to 0.90 as fetal age at exposure of nonvacci- 
nated heifers increased from 60 to 150 gesta¬ 
tion days. 

Management Risk Factors 

The spread of the disease from one herd to 
another and from one area to another is 
almost always caused by the movement of an 
infected animal from an infected herd into a 
noninfected susceptible herd. The unregu¬ 
lated movement of cattle from infected herds 
or areas to brucellosis-free herds or areas is 
the major cause of breakdowns in brucellosis 
eradication programs. A case-control study 
of brucellosis in Canada indicated that herds 
located close to other infected herds and 
those herds whose owners made frequent 
purchases of cattle had an increased risk of 
acquiring brucellosis. Once infected, the 
time required to become free of brucellosis 
was increased by large herd size, by active 
abortion, and by loose housing. 

Pathogen Risk Factors 

Brucella spp., in contrast to other pathogens, 
do not possess typical virulence factors such 
as a capsule, flagella, exotoxins, or inducers 
or host cell apoptosis. They express a lipo- 
polysaccharide (LPS) that, in contrast to 
LPS from other gram-negative pathogens, 
is nonendotoxic but is important for the 
protection from complement-mediated bac¬ 
terial killing and the resistance against anti¬ 
microbial peptides such as defensins and 
lactoferrin. 12 

Brucella spp. possess a number of outer 
membrane proteins (OMPs), some of which 
are required for full virulence, and that are 
recognized as antigen by immunity receptors 
such as Toll-like receptors (TLRs), triggering 
proinflammatory cytokine release. 13 Certain 
mutants of B. abortus lack a major 25-kDa 
OMP (Omp25), which renders them unable 
to replicate efficiently in bovine phagocytes 
and chorionic trophoblasts. Expression of 
OMPs is regulated through the BvrR/BvrS 
two-component regulatory system, which 
also modulates the host cell cytoskeleton on 
invasion, contributing to pathogen viru¬ 
lence. 12 The BvrR/BvrS two-component regu¬ 
latory system furthermore regulates the 


expression of the type IV secretion system 
(T4SS), which is crucial for intracellular sur¬ 
vival in host cells and virulence in vivo. T4SS 
is required for Brucella spp. to reach their 
intracellular replication niche. 12 

Immune Mechanisms 

Brucellas are able to survive within host leu¬ 
kocytes and may use both neutrophils and 
macrophages for protection from humoral 
and cellular bactericidal mechanisms during 
the periods of hematogenous spread. 

Immunity against brucellosis is princi¬ 
pally mediated by cellular immune responses 
because it is an intracellular pathogen. B. 
abortus is an efficient inducer of type 1 cel¬ 
lular immune responses, and interferon 
gamma (IFN-y) is crucial for control of bru¬ 
cellosis. Infections are chronic and often 
lifelong. The bovine T lymphocyte in brucel¬ 
losis is a critical component of host defense 
based on mononuclear phagocyte activation 
by IFN-y. The killing of Brucella-iniected 
mononuclear phagocytes and IFN-y- 
mediated activation of mononuclear phago¬ 
cytes are the major mechanisms of host 
defenses against brucellosis in cattle. 

The antibody response to B. abortus in 
cattle consists of an early IgM isotype 
response, the timing of which depends on the 
route of exposure, the dose of the bacteria, 
and the health status of the animal. The IgM 
response is followed almost immediately by 
production of IgGi antibody and later by 
small amounts of IgG 2 and IgA. Most cross¬ 
reacting antibody from exposure to bacteria 
other than Brucella spp. or environmental 
antigens consists mainly of IgM. Serologic 
tests that measure IgM are therefore not 
desirable, because false-positive results occur. 
Because IgG 2 and IgA antibodies accumulate 
later after exposure and are usually present in 
small and inconsistent amounts, the main 
isotype for serologic testing is IgGi. 

Naturally infected animals and those vac¬ 
cinated as adults with strain 19 remain posi¬ 
tive to the serum and other agglutination 
tests for long periods. The serum of infected 
cattle contains high levels of IgM, IgGi, IgG 2 , 
and IgA isotypes of antibody. Most animals 
vaccinated between 4 and 8 months of age 
return to a negative status to the test within 
a year. All are considered to have a relative 
immunity to infection. Calves from cows 
that are positive reactors to the test are pas¬ 
sively immunized via the colostrum. The 
half-life of colostral antibodies to B. abortus 
in calves that have received colostrum from 
either vaccinated noninfected or infected 
dams is about 22 days. It is possible that some 
calves remain immune sufficiently long to 
interfere with vaccination. After vaccination 
of cattle with strain 19 of the organism, 
IgM antibodies appear after about 5 days, 
reaching peak values after 13 days. IgG! anti¬ 
bodies appear a little later or simultaneously 
with IgM, and peak values are reached at 28 
to 42 days, after which they decline. The 


same general pattern follows experimental 
infection with virulent strains and also in 
chronic field cases, except that IgM antibody 
declines to low levels and residual activity 
resides in IgGi and IgG 2 as well as in IgA, 
which remain at higher levels. 

Economic Importance 

Losses in animal production caused by this 
disease can be of major importance, primar¬ 
ily because of decreased milk production in 
aborting cows. The common sequel of infer¬ 
tility increases the period between lactations, 
and in an infected herd the average intercalv¬ 
ing period may be prolonged by several 
months. In addition to the loss of milk pro¬ 
duction, there is the loss of calves and inter¬ 
ference with the breeding program. This is of 
greatest importance in beef herds where the 
calves represent the sole source of income. A 
high incidence of temporary and permanent 
infertility results in heavy culling of valuable 
cows, and some deaths occur as a result of 
acute metritis following retention of the 
placenta. 

Zoonotic Implications 

According to the Food FAO, the WHO, and 
OIE, brucellosis is still one of the most impor¬ 
tant and widespread zoonoses in the world. 
Of the six Brucella spp. known to cause 
human disease (B. melitensis, B. abortus, B. 
suis, B. cants, B. ceti, and B. pinnipedialis), B. 
melitensis is the one with the largest public 
health impact because it is the most virulent 
species and has the highest prevalence in 
small ruminant populations in many areas of 
the world. B. abortus and B. suis serovars 1, 
3, and 4 are also important human pathogens; 
B. suis serovar 2 and B. canis are uncommon 
human pathogens. Most cases in humans are 
occupational and occur in farmers, veterinar¬ 
ians, and slaughterhouse personnel after 
direct contact with infected animals or 
animal material contaminated with the 
pathogen. The organism can be isolated from 
many organs other than the udder and uterus, 
and the handling of a carcass of an infected 
animal may represent severe exposure. Bru¬ 
cellosis is also one of the most easily acquired 
laboratory infections. 15 Infection can also 
occur after ingestion of raw milk or raw milk 
products. Officially approved methods of 
commercial pasteurization render naturally 
Brucella-contaminated raw milk safe for 
consumption. 

In endemic regions, the reported inci¬ 
dences of human brucellosis range from less 
than 0.01 per 100,000 population to more 
than 200 per 100,000 population.' 3 In the 
United States, where approximately 100 cases 
of human brucellosis are reported annually, 
the incidence rate is less than 0.05 per 
100,000 population. 15 In Europe the highest 
incidences were reported from Greece 
(1.09 per 100,000 population), Portugal (0.36 
per 100,000 population), and Spain (0.13 
per 100,000 population), which together 





accounted for 67.7% of all confirmed cases 
of human brucellosis in member states of the 
EU in 2012. 14 Of the human cases reported 
within the EU in 2012 where species infor¬ 
mation was available 83.9% were caused by 
B. melitensis, 10.1% B. abortus, 3.0% B. suis, 
and 3.0% by other Brucella spp. 4 The impor¬ 
tance of the disease in humans is an impor¬ 
tant justification for its eradication. The 
cost-effectiveness to human health and the 
potential net economic benefits of a nation¬ 
wide mass vaccination program for livestock 
over a period of 10 years has been evaluated 
using Mongolia as the model. If the costs of 
vaccination of livestock against brucellosis 
were allocated to all sectors in proportion to 
the benefits, the intervention would be cost- 
effective and would result in net economic 
benefits. 

PATHOGENESIS 

The successful coexistence of Brucella spp. 
with its preferred host is the outcome of 
coevolutionary relationships and selection 
pressures, which result in a stalemate where 
the pathogen has evolved to survive within 
the biologic system of the host, and the host 
has evolved innate and acquired immune 
systems that allow controlled survival of 
infection by the pathogen, ultimately sup¬ 
porting the survival of the host-pathogen 
system. 

Following ingestion most commonly 
through the digestive or respiratory tract 
Brucella spp. can invade epithelial cells of the 
host, allowing infection though intact 
mucosal surfaces. Once invasion successfully 
occurs the organism may be phagocytized by 
host immune cells and may also invade non- 
phagocytic host cells through a mechanism 
that is not entirely understood. Following 
cell invasion the organism is contained in a 
membrane-bound modified phagosome, the 
Bruce/la-containing vacuole (BCV), and 
interferes with intracellular trafficking, pre¬ 
venting fusion of the BCV with lysosome 
markers and directing the BCV to the rough 
endoplasmic reticulum, which is highly 
permissive for intracellular replication of 
Brucella. 12 Invaded polymorphonuclear leu¬ 
kocytes then transport the pathogen to 
regional lymph nodes, other sites such as the 
reticuloendothelial system, and organs such 
as the udder and when present the fetal pla¬ 
centa. In the draining lymph node, Brucella 
infection causes cell lysis and eventual lymph 
node hemorrhage 2 to 3 weeks following 
exposure. Because of vascular injury, some of 
the bacteria enter the bloodstream and sub¬ 
sequent bacteremia occurs, which dissemi¬ 
nates the pathogen throughout the body. 

B. abortus has a predilection for the pla¬ 
centa; udder; testicle; and accessory male sex 
glands, lymph nodes, joint capsules, and 
bursae. Erythritol, a substance produced by 
the fetus and capable of stimulating the 
growth of B. abortus, occurs naturally in 
greatest concentration in the placental and 
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fetal fluids and is responsible for localization 
of the infection in these tissues. Invasion of 
the gravid uterus results in a severe ulcer¬ 
ative endometritis of the intercotyledonary 
spaces. The allantochorion, fetal fluids, 
and placental cotyledons are invaded, and 
the villi are destroyed. The organism has a 
marked predilection for the ruminant pla¬ 
centa. In acute infections of pregnant cows, 
up to 85% of the bacteria are in cotyledons, 
placental membranes, and allantoic fluid. 
The resulting tissue necrosis of the fetal 
membranes allows transmission of the bac¬ 
teria to the fetus. The net effect of chorionic 
and fetal colonization is abortion during the 
last trimester of pregnancy. The characteris¬ 
tic pneumonia in aborted fetuses is caused 
by localization of perivascular foci in the 
interlobular septa of the lung, indicative of 
hematogenous spread in the fetus rather 
than aspiration of contaminated fetal fluids. 
Fetuses inoculated with sufficient numbers 
of B. abortus will abort 7 to 19 days posti¬ 
noculation. With experimental conjunctival 
exposure of pregnant heifers with the organ¬ 
ism, the numbers of infected animals and 
the number of tissue samples positive for 
the organism are increased as fetal age at 
exposure increases from gestation days less 
than 127 to more than 157. Abortion occurs 
principally in the last 3 months of preg¬ 
nancy, and the incubation period is inversely 
proportional to the stage of development of 
the fetus at the time of infection. 

Congenital infection can occur in 
newborn calves as a result of in utero infec¬ 
tion, and the infection may persist in a small 
proportion of calves, which may also be 
serologically negative until after their first 
parturition or abortion. 

In the adult, nonpregnant cow, localiza¬ 
tion occurs in the udder, and the uterus, if 
it becomes gravid, is infected from periodic 
bacteremic phases originating in the udder. 
Infected udders are clinically normal, but 
they are important as a source of reinfection 
of the uterus, as a source of infection for 
calves or humans drinking the milk, and 
because they are the basis for the agglutina¬ 
tion tests on milk and whey. Variable 
disease expression may occur in the male 
reproductive tract and musculoskeletal 
system, particularly affecting large joints, of 
either sex. 

CLINICAL FINDINGS 
Abortion 

The clinical findings are dependent on the 
immune status of the herd. In highly suscep¬ 
tible nonvaccinated pregnant cattle, abortion 
after the 5th month of pregnancy is a typical 
feature of the disease in cattle. In subsequent 
pregnancies, the fetus is usually carried to 
full term, although second or even third 
abortions may occur in the same cow. Reten¬ 
tion of the placenta and metritis are common 
sequelae to abortion. Mixed infections are 
usually the cause of the metritis, which may 


be acute, with septicemia and death follow¬ 
ing, or chronic, leading to sterility. 

The history of the disease in a susceptible 
herd can usually be traced to the introduc¬ 
tion of an infected cow. Less common 
sources are infected bulls, or horses with 
fistulous withers. In a susceptible herd, it is 
common for the infection to spread rapidly 
and for an abortion “storm” to occur. The 
storm might last for a year or more, at the 
end of which time most of the susceptible 
cows are infected and have aborted and then 
carry their calves to full term. Retained pla¬ 
centae and metritis could be expected to be 
common at this time. As the abortion rate 
subsides, the abortions are largely restricted 
to first-calf heifers and new additions, 
because other animals of the herd acquire 
partial resistance. 

In recent years, particularly in areas 
where vaccination is extensively practiced, 
an insidious form of the disease may develop, 
which spreads much more slowly and in 
which abortion is much less common. 

Orchitis and Epididymitis 

In the bull, orchitis and epididymitis occur 
occasionally. One or both scrotal sacs may be 
affected, with acute, painful swelling to twice 
normal size, although the testes may not 
be grossly enlarged. The swelling persists for 
a considerable time, and the testis undergoes 
liquefaction necrosis and is eventually 
destroyed. The seminal vesicles may be 
affected and their enlargement can be 
detected on rectal palpation. Affected bulls 
are usually sterile when the orchitis is acute 
but may regain normal fertility if one testicle 
is undamaged. Such bulls are potential 
spreaders of the disease if they are used for 
artificial insemination. 

Synovitis 

B. abortus can often be isolated from the 
tissues of nonsuppurative synovitis in cattle. 
Hygromatous swellings, especially of the 
knees, should be considered with suspicion. 
Progressive and erosive nonsuppurative 
arthritis of the stifle joints has occurred in 
young cattle from brucellosis-free herds that 
had been vaccinated with strain 19 vaccine. 
The calves may or may not be serologically 
positive, but synovial fluid and joint tissue 
samples contain immunologic evidence of 
strain 19 B. abortus antigenic material. The 
synovitis has been reproduced by intraar- 
ticular injection of the vaccine. 

Fistulous Withers 

In horses, the common association of B. 
abortus is with chronic bursal enlargements 
of the neck and withers, or with the navicular 
bursa, causing intermittent lameness, and 
the organism has been isolated from mares 
that have aborted. When horses are mixed 
with infected cattle, a relatively high propor¬ 
tion can become infected and develop a posi¬ 
tive reaction to the serum agglutination test 
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without showing clinical illness. Some horses 
appear to suffer a generalized infection with 
clinical signs including general stiffness, 
fluctuating temperature, and lethargy. 

CLINICAL PATHOLOGY 

The major objective in the laboratory diag¬ 
nosis of brucellosis is to identify animals that 
are infected and potentially shedding the 
organism and spreading the disease. Most 
infected animals are identifiable using the 
standard serologic tests, but latent infection 
occurs in some animals that are serologically 
negative. Furthermore, vaccinated animals 
may be serologically positive and uninfected, 
and transitory titers occur sporadically in a 
small percentage of animals, for which there 
is no clear explanation. These diagnostic 
problems make control and eradication pro¬ 
grams difficult to administer and difficult to 
explain to animal owners. 

The collection and submission of samples 
to the laboratory must be done with care, and 
careful attention must be given to recording 
the identity of the animal and the corre¬ 
sponding sample, which should be uniquely 
identified. For blood samples, it is recom¬ 
mended that silicone-coated evacuated glass 
tubes without additives be used to collect the 
blood sample, because they ensure effective 
clotting and clot retraction, to provide an 
easy source of serum without the need for 
centrifugation. Clotting is also aided by 
maintaining the sample at 25°C to 37°C for 
1 to 2 hours. 

Laboratory tests used in the diagnosis of 
brucellosis include isolation of the organism 
and serologic tests for the presence of anti¬ 
bodies in blood, milk, whey, vaginal mucus, 
and seminal plasma. The organism may be 
present in the cervical mucus, uterine flush¬ 
ings, and udder secretions of experimentally 
infected cows for up to 36 days after 
abortion. 

Identification of Brucella spp. 

Staining 

The appearance of specifically stained smears 
and the colonial morphology can lead to a 
presumptive diagnosis of brucellosis. Bru¬ 
cella bacteria are not really acid-fast but are 
resistant to decolonization by weak acids, 
and the presence of a weakly acid-fast intra¬ 
cellular organism, stained with the Stamp - 
modified Ziehl-Neelsen method may be 
suggestive for the presence of Brucella spp. in 
the smear. Flowever, staining has a very 
limited sensitivity because of the low number 
of organisms present that may be present in 
some tissues and body fluids of infected 
animals. Positive results must be interpreted 
carefully because of the morphologic simi¬ 
larities of Brucella organisms with other 
pathogens associated with abortion, such as 
Coxiella burnetii or Chlamydia abortus.' 
Results, positive or negative, should only be 
considered presumptive and always need to 
be confirmed ideally by culture. 


Culture 

The gold standard diagnostic test continues 
to be based on isolation and characterization 
of the organism from the organs and lymph 
nodes of the fetus, the placenta, milk, vaginal 
mucus, or uterine exudate. Bacteriologic 
methods detect the organism directly and 
thus limit the possibility of false-positive 
results. Isolation of the organism from the 
udder secretion of a cow is conclusive evi¬ 
dence of infection. Culture methods are reli¬ 
able and usually definitive. A range of specific 
culture media are commercially available. A 
disadvantage is the long time required for 
definitive identification. Most culture results 
are positive between the 7th and 21st day and 
rarely become positive before the 4th day of 
culture. 16 Incubation for at least 45 days has 
been advised before declaring a blood sample 
negative for Brucella spp. 16 Furthermore Bru¬ 
cella organisms are among the most danger¬ 
ous bacteria with which to work in terms of 
the risk of producing laboratory-acquired 
infections.' 

Detection by Polymerase 
Chain Reaction (PCR) 

The PCR-based assays for Brucella spp. have 
been developed and are simple. PCR has 
been applied to tissues such as aborted 
fetuses and associated maternal tissues, 
blood nasal secretions, semen, and food 
products such as milk and soft cheeses. Bru¬ 
cella spp. can be detected in the milk of natu¬ 
rally infected cattle, sheep, goats, and camels 
using a PCR assay that is more sensitive than 
the culture method. A further diagnostic 
advancement of recent years is the Bruce- 
ladder PCR, which is a multiplex PCR assay 
that helps to identify and differentiate several 
Brucella spp., including vaccine strains, in a 
single step. 1. 

Serologic Tests 

In the absence of a positive culture of B. 
abortus, a presumptive diagnosis is usually 
made based on the presence of antibodies in 
serum, milk, whey, vaginal mucus, or seminal 
plasma. 

The antibody response following infec¬ 
tion depends on whether or not the animal 
is pregnant and on the stage of gestation. On 
average, the agglutinins and complement 
fixation antibodies become positive 4 weeks 
following experimental infection during the 
fourth to sixth months of gestation and not 
until about 10 weeks if experimental infec¬ 
tion occurs 2 months before or after insemi¬ 
nation. The serologic diagnosis is considered 
to be unreliable when applied 2 to 3 weeks 
before and after abortion or calving. 

Any of the currently available serologic 
tests or combination of tests measures the 
response of a single animal at one point in 
time and does not describe the status of 
the herd. When the tests are used in the rec¬ 
ommended sequence and in combination, 
along with a consideration of accurate 


epidemiologic data, the limitations of each 
test can be minimized. None of the tests 
is absolutely accurate, and there are varying 
degrees of sensitivity. The result has been 
the development of a very extensive range 
of tests, each of which has its own special 
applicability. The salient features are as 
follows. 

Agglutination Tests 
Serum Agglutination Test 
The serum (tube) agglutination test (SAT) 
or microtiter plate variants of it are some of 
the traditional standard tests, which are 
widely used, but are not recognized as pre¬ 
scribed or alternative tests. The main limita¬ 
tions are 

• Detect nonspecific antibodies as well as 
specific antibodies from B. abortus 
infection and vaccination 

• During the incubation stage of the 
disease these tests are often the last to 
reach diagnostically significant levels 

• After abortion caused by B. abortus 
they are often the last tests to reach 
diagnostically significant levels 

• In the chronic stage of the disease, the 
serum agglutinins tend to wane, often 
becoming negative when the results of 
some other tests may be positive. 

Rose Bengal Test (Buffered Plate 
Antigen or Card Test) 

The rose Bengal test (RBT) is a simple, rapid 
spot-agglutination test using antigen stained 
with rose Bengal and buffered to low pH. The 
test detects early infection and can be used 
as an initial screening test. False-positive 
reactions are caused by residual antibody 
activity from vaccination, colostral antibody 
in calves, cross-reaction with certain bacteria 
such as Yersinia enterocolitica, and laboratory 
error. False-negative reactions are observed 
during early incubation of disease and 
immediately after abortion. However, the 
RBT is an excellent test for the large-scale 
screening of sera. The application of the RBT 
as a screening test, followed by a confirma¬ 
tory or complementary test, can markedly 
increase the proportion of infected cattle that 
test positive. 

For beef cattle, screening of herds can be 
achieved by collecting blood at abattoirs and 
submitting it to the RBT or tube agglutina¬ 
tion test. Reactors are traced back to the herd 
of origin, and the herd is tested. In heavily 
infected herds, it is best to remove all cows 
positive to the RBT even though it is highly 
sensitive and there will be a small percentage 
of false-positive cows. In herds where the 
prevalence of infection is low and where vac¬ 
cination has been used, this procedure will 
eliminate too many false-positive cows. In 
this situation the sera positive to the RBT are 
submitted to a more definite confirmatory 
test such as the complement fixation test 
(CFT), and only those animals reacting to 
the test are discarded. 
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Complement Fixation Test 

The CFT is one of the prescribed tests for 
international trade and is widely accepted as 
a confirmatory test. It rarely exhibits nonspe¬ 
cific reactions and is useful in differentiating 
titers of calfhood vaccination from those 
caused by infection. The reactions to the CFT 
recede sooner than those to the serum agglu¬ 
tination test after calfhood vaccination with 
the strain 19 vaccine. The CFT titers do not 
wane because the disease becomes chronic 
and often the CFT reaches diagnostic levels 
sooner than the serum tube agglutination 
test following natural infection. In addition, 
recent technical laboratory advances have 
allowed much greater speed and accuracy in 
doing the CFT and it is now considered to be 
the nearest approach to a definitive test for 
infection. Nonetheless, because of its com¬ 
plexity the CFT requires good laboratory 
facilities and skilled laboratory personnel. 

Enzyme-Linked Immunosorbent 
Assays 

Two main types of immunosorbent assay 
have been used: the indirect and competitive 
formats. 

Indirect Enzyme-Linked 
Immunosorbent Assay 
The indirect enzyme-linked immunosorbent 
assay (iELISA) has been a useful test during 
an eradication program, after vaccination 
has ceased; for screening; or as a supplemen¬ 
tary test to the CFT. Several variations of the 
assay using either whole-cell, smooth lipo- 
polysaccharide (sLPS), or O-polysaccharide 
(OPS) as an antigen have been validated. 
The iELISA has gained wide acceptance for 
serologic diagnosis of bovine brucellosis 
because of its ability to detect antibody of all 
isotopes, unlike the conventional tests. The 
iELISA can be useful in conjunction with 
the CFT during the later stages of an eradica¬ 
tion program, when it is important to reduce 
the number of false-negative serologic reac¬ 
tions that contribute to the persistence of 
problem herds. The iELISA has an excellent 
sensitivity and specificity but cannot distin¬ 
guish between the antibody response induced 
by vaccination with B. abortus strain 19 and 
natural infection. 

The iELISA has also been developed and 
validated for milk, and several different vari¬ 
ations of this assay are currently commer¬ 
cially available. 

Competitive Enzyme-Linked 
Immunosorbent Assay 
The competitive ELISA (C-ELISA) uses 
monoclonal antibody specific for one of the 
epitopes of the Brucella spp., which makes it 
more specific than assays using cross¬ 
reacting antibody. The C-ELISA is thus more 
specific but less sensitive than the iELISA. It 
eliminates most but not all reactions caused 
by cross-reacting organisms and in most 
but not all cases, eliminates reactions with 


residual antibody in animals vaccinated 
with strain 19. 7 The OIE therefore recom¬ 
mends the further investigation of 
positive reactors with the C-ELISA using 
appropriate complementary or confirmatory 
diagnostic tests. 7 

Fluorescence Polarization Assay 

This test can be done outside the diagnostic 
laboratory, allowing for rapid and accurate 
diagnosis. The fluorescence polarization 
assay (FPA) can be done almost anywhere 
using a portable analyzer, which receives 
power from a laptop computer, using serum, 
milk, or ethylenediaminetetraacetic acid 
(EDTA) anticoagulated blood. The FPA tech¬ 
nology has been developed and validated for 
the serologic diagnosis of brucellosis in 
cattle, pigs, sheep, goats, bison, and cervids. 
Sufficient cross-reactivity of the common 
epitopes of B. abortus, B. melitensis, and B. 
suis OPS has allowed for the use of a single 
antigen for all species of smooth Brucella and 
animals. The FPA was initially developed for 
testing serum; however, the technology has 
been extended to testing whole blood and 
milk from individual animals or bulk tank 
samples pooled from 2000 or fewer animals. 
The accuracy results of the FPA equals or 
exceeds those obtained using other serologic 
tests such as the buffered antigen plate agglu¬ 
tination test, the milk ring test, the CFT, the 
IELISA, and the C-ELISA. Validation of 
studies of the FPA and the C-ELISA for the 
detection of antibodies to B. abortus in cattle 
sera and comparison to the standard agglu¬ 
tination test, the CFT, and the iELISA, found 
that the FPA is highly superior. It offers a 
clear advantage because it is easy to use. Full 
implementation and acceptance of FPA 
methods for the diagnosis of brucellosis 
will necessitate the use of an International 
Standard Serum panel containing at least a 
low titer-positive sample and a negative 
sample. 

Brucellin Skin Test 

The brucellin skin test presents an alternative 
immunologic test that can be used to test 
unvaccinated animals. Tested animals are 
injected intradermally with 0.1 mL of a stan¬ 
dardized brucellin preparation consisting of 
purified, sLPS-free Brucella antigen. The skin 
thickness at the injection site is measured 
with Vernier calipers before and 48 to 72 
hours after injection. Skin thickening of at 
least 1.5 to 2 mm at the injection site are 
considered a positive reaction. This test is 
among the most specific brucellosis tests 
available, provided it is conducted with a 
purified, standardized antigen preparation; 
serologically negative unvaccinated animals 
with a positive reaction to the skin test are 
therefore considered as infected.' Because 
not all infected animals show a positive 
reaction the test is not recommended as a 
stand-alone test for the purpose of interna¬ 
tional trade. 


Sensitivity and Specificity of 
Serologic Tests 

Serologic tests must have high sensitivity to 
ensure that all true serologic reactors are 
detected. However, with a high sensitivity, a 
high rate of false-positive reactions may be 
expected and hence the need for the use of a 
confirmatory test to identify false-positive 
reactors. Confirmatory tests must therefore 
demonstrate a high level of diagnostic speci¬ 
ficity and yet maintain an effective diagnostic 
sensitivity. 

It has been recommended to use a buff¬ 
ered Brucella antigen test, such as the buffered 
plate antigen test or the RBT as a screening 
test. Either the CFT or the indirect enzyme 
immunoassay is appropriate for use as a con¬ 
firmatory test in situations requiring a high 
specificity. The relationships between the 
quantitative serology and infection status of 
brucellosis in bison in Yellowstone National 
Park have been evaluated and found to be 
similar to those in chronically infected cattle. 

Antibodies in Milk 

The milk ring test is a satisfactory inexpen¬ 
sive test for the surveillance of dairy herds 
for brucellosis. A small sample of pooled 
fresh milk or cream, from no more than 25 
cows, is tested and the herd is classified only 
as suspicious or negative. Final determina¬ 
tion of the status of a suspicious herd and 
each animal in it is accomplished by blood 
testing. The more frequently a herd is tested 
with the milk ring test, the more effective the 
test becomes as a method to detect early 
infections, preventing serious outbreaks in 
susceptible herds. At least three tests done 
annually are now required by some regula¬ 
tory agencies. The major limitation of the test 
is the dilution factor, which occurs in large 
dairy herds where large quantities of milk are 
stored in bulk tanks. To adjust for this dilu¬ 
tion effect, larger sample volumes are used 
with increasing herd size. Although 1 mL of 
bulk milk is required for herds with up to 150 
head, the use of 2 mL for herds between 150 
and 450 head and 3 mL for herds with 450 
to 700 head has been advised. 7 False-positive 
reactions have been observed with cattle 
vaccinated less than 4 months before testing 
and in samples containing colostrum or 
mastitic milk. 

The milk iELISA test is a sensitive, spe¬ 
cific, and inexpensive method for screening 
large numbers of individual or bulk milk 
samples for the antibody to B. abortus. An 
ELISA using potassium chloride extract of 
the organism used on bulk tank milk samples 
of dairy herds was highly specific and is 
considered as a highly reliable test for 
monitoring brucellosis control programs. 
The combined use of an ELISA and PCR on 
milk samples gives a sensitivity of 100%. 

False-Positive Reactors 

A major problem in brucellosis eradication 
programs has been the false-positive animals 
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or singleton reactor, which may remain per¬ 
sistently suspicious or positive in a herd 
that is otherwise considered to be free of 
brucellosis. It is of some concern because of 
the unnecessary slaughter of uninfected 
animals. 

Cross-reacting antibodies usually result 
from exposure to antigen(s) that share anti¬ 
genic determinants with Brucella spp., which 
are found in a large number of bacteria. The 
most prominent cross-reaction is with Yer¬ 
sinia enterocolitica 0:9, which shares the 
major OPS almost completely with B. abortus. 
Serologic cross-reactions have also been 
demonstrated between smooth Brucella spp. 
and Escherichia coli 0116:H21 and E. coli 
0157:H7, Francisella tularensis, Salmonella 
serotypes of Kauffman-White group N, Pseu¬ 
domonas maltophilia, Vibrio cholerae, and 
Y. enterocolitica serotype 0:9. Only rarely will 
naturally occurring E. coli 0157:H7 infec¬ 
tions cause false-positive reactions with stan¬ 
dard serologic tests for bovine brucellosis. 
The standard serologic tests are unreliable in 
differentiating between Y. enterocolitica and 
Brucella- infected cows, but both the lympho¬ 
cyte transformation and brucellin skin tests 
could be used to differentiate them. 

Other causes of false positives include a 
B. abortus- infected animal, strain 19 residual 
vaccination titer, and naturally occurring 
nonspecific agglutinins, which may occur in 
some cattle populations. These agglutinins 
are EDTA labile and can be differentiated 
from agglutinating antibodies by the addi¬ 
tion of EDTA to the diluent used in the stan¬ 
dard serum agglutination test. The serologic 
cross-reactions are of major significance 
when the prevalence of infection has 
decreased to a very low level. At this stage it 
becomes much more important to correctly 
identify the status of animals reacting to the 
serologic tests for brucellosis. 

The incorrect attribution of such reac¬ 
tions to factors other than Brucella infection 
is likely to result in herd breakdowns and 
failure to control the disease. On the other 
hand, the misinterpretation of cross¬ 
reactions as evidence of brucellosis results in 
the imposition of unnecessary restrictions 
and waste of resources. The problem of sero¬ 
logic cross-reactions has resulted in consid¬ 
erable research and an investigation to find 
laboratory tests, which will accurately distin¬ 
guish positive, infected animals from posi¬ 
tive, noninfected animals. Differentiation of 
cross-reacting antibodies can be difficult to 
achieve, especially in the case of Y. enteroco¬ 
litica 0:9 antigen, but immunodiffusion, 
immunoelectrophoresis, and primary 
binding tests and cross-absorption proce¬ 
dures are useful. The DNA homology of B. 
abortus strains 19 and 2308 has been exam¬ 
ined using restriction enzyme analysis. 
Strain 19 is the official U.S. Department of 
Agriculture (USDA)-attenuated Brucella 
vaccinal strain for cattle, and strain 2038 is a 
virulent laboratory-adapted strain that is 


pathogenic to cattle. The DNA differences 
between the two strains are small and 
will require analysis at the DNA sequence 
level. 

The serologic assay of choice for screen¬ 
ing samples for antibody to B. abortus is 
the FPA. It is robust, very rapid, and field- 
adaptable, without subjective results. The 
C-ELISA is a useful confirmatory assay. The 
sera from cattle naturally infected with B. 
abortus, vaccinated with B. abortus SI9, or 
immunized with Y. enterocolitica 0:9 or E. 
coli 0157:H7, were compared for antibody 
content to the same bacteria by iELISA, FPA, 
and C-ELISA. The serologic assay of choice 
for screening samples for antibody to B. 
abortus is the FPA. Between the two tests, 
nearly all reactivity to E. coli 0157:H7 and 
more than one-half of the sera with antibody 
to Y. enterocolitica 0:9 could be eliminated 
as Brucella reactors. These assays, perhaps in 
combination with a brucellin skin test, may 
be capable of distinguishing virtually all 
reactions caused by Y. enterocolitica 0:9. 

NECROPSY FINDINGS 

The host responses at the organ and tissue 
levels have been described and are summa¬ 
rized here. Lymph nodes draining the sites of 
the early stages of infection have marked 
germinal center hyperplasia and hypertro¬ 
phy, accompanied by acute neutrophilic and 
eosinophilic lymphadenitis. In the later 
stages of the infection, lymph nodes draining 
mammary gland, head, and reproductive 
tract develop chronic granulomatous lymph¬ 
adenitis, which is usually associated with 
cortical and paracortical T-cell-dependent 
lymphoid depletion, germinal center expan¬ 
sion, and deep histiocytic expansion. The 
spleen may develop lymphoid hyperplasia 
and histiocytic and plasmacytic expansion in 
the germinal centers, and the mammary 
gland usually has a pronounced interstitial 
lymphoplasmacytic mastitis. In the uterus, 
there is usually an endometritis, fibrosing 
mural lymphocytic metritis, and caruncular 
necrotizing vasculitis, whereas the placenta 
is colonized with B. abortus and has exten¬ 
sive desquamation of fetal chorioallantoic 
trophoblasts with subsequent hematogenous 
spread to villous trophoblastic epithelium, 
and necrotizing fibrinopurulent cotyle¬ 
donary placentitis of the placental arcades 
accompanied by granulation and intercotyle¬ 
donary inflammation exudation. The pla¬ 
centa is usually edematous. There may be 
leathery plaques on the external surface of 
the chorion, and there is necrosis of the coty¬ 
ledons. The key microscopic feature of this 
inflamed chorioallantois is the presence of 
intracytoplasmic coccobacilli within cho¬ 
rionic trophoblasts. The use of modified 
Ziehl-Neelsen stains on impression smears 
from fresh placentas can provide a rapid pre¬ 
sumptive diagnosis. The fetal lesions consist 
of marked fibrinopurulent necrotizing bron¬ 
chopneumonia; monocytic and neutrophilic 


alveolitis; thromboembolic necrotizing arte¬ 
ritis and lymphangitis; fibrinopurulent pleu- 
ritis; and granulomata of the liver, spleen, 
kidney, and lymph nodes. In fetuses natu¬ 
rally and experimentally infected with B. 
abortus, the tissue changes include lymphoid 
hyperplasia in multiple lymph nodes, 
lymphoid depletion in the thymic cortex, 
adrenal cortical hyperplasia, and dissemi¬ 
nated inflammatory foci composed mainly 
of large mononuclear leukocytes. 

The affected joints usually develop a 
fibrinous and granulomatous synovitis with 
proliferative villous projection formation, 
proliferative tendovaginitis with lympho¬ 
plasmacytic nodule formation, and arthritis 
with articular erosions, which may be associ¬ 
ated with suppurative, granulomatous bursi¬ 
tis. In the testes there are unilateral or 
bilateral visceral to parietal tunica adhesions, 
interstitial lymphocyte orchitis with seminif¬ 
erous tubular degeneration, necrotizing 
intratubular orchitis, and acute fibrinopuru¬ 
lent periorchitis with infarction. The ampulla 
may have a unilateral or bilateral granuloma¬ 
tous epididymitis with focally necrotic puru¬ 
lent and calcified sperm granulomata, and 
the seminal vesicles have unilateral or bilat¬ 
eral necrotizing fibrinopurulent seminal 
vesiculitis and interstitial lymphocytic, plas¬ 
macytic seminal vesiculitis with necrosis. 

The distribution of B. abortus in experi¬ 
mentally and naturally infected cattle has 
been examined. In experimentally infected 
pregnant cows, the most frequently infected 
specimen was the mammary lymph node; 
the organism could also be found in other 
lymph nodes, uterine caruncles, cotyledons, 
or fetal tissues. In naturally infected heifers, 
the most frequently infected specimen 
was the mandibular lymph node. In bulls, 
the most frequently infected tissues were 
the mandibular, caudal superficial cervical, 
subiliac, and scrotal lymph nodes. 

The lesions in Brucella- positive aborted 
fetuses and placentas in bison are similar to 
those in experimental infections of B. abortus 
in bison and cattle. Both B. abortus biovar 1 
and B. abortus biovar 2 were isolated from 
specimens collected from aborted bison 
fetuses or stillborn calves and their placentas. 
The infection can also be associated with 
death in calves at least 2 weeks of age. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: maternal caruncle; 
placenta, fetal stomach content, lung 
(culture, has special growth 
requirements; cytology, Stamp’s or 
Koster’s stain on placental smears) 

• Histology: fixed placenta, lung, 
spleen, brain, liver, kidney; maternal 
caruncle (light microscopy, 
immunohistochemistry) 

Note the zoonotic potential of this organism 
when handling carcasses and submitting 
specimens. 
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The diagnosis of the cause of abortion in a 
single animal or in a group of cattle is difficult 
because of the multiplicity of causes that may 
be involved. When an abortion problem is 
under investigation, a systematic approach 
should be used. This includes a complete 
laboratory evaluation and follow-up inquiries 
into each herd. 

The following procedure is recommended: 

• Ascertain the age of the fetus by inspection 
and from the breeding records. 

• Take blood samples for serologic tests for 
brucellosis and leptospirosis. 

• Examine uterine fluids and the contents of 
the fetal abomasum at the earliest 
opportunity for trichomonads, and 
subsequently by cultural methods for B. 
abortus, Campylobacter fetus, 
trichomonads, Listeria spp., and fungi. 

• Supplement these tests by examination of 
urine for leptospires, and of the placenta or 
uterine fluid for bacteria and fungi, 
especially if the fetus is not available. 

• Examine placenta fixed in formalin for 
evidence of placentitis. 

It is most important that all examinations 
are done in all cases because coincident 
infections with more than one agent are not 
uncommon. 

In the early stages of the investigation, the 
herd history may be of value in suggesting 
the possible etiologic agent. For example, 
in brucellosis, abortion at 6 months or 
later is the major complaint, whereas in 
trichomoniasis and vibriosis, failure to 
conceive and prolongation of the diestrual 
period is the usual history. 

Of special interest is epizootic bovine 
abortion, which is a major disease of 
rangeland cattle in the western United States. 
A spirochete has been isolated from the soft 
tick Ornithodoros coriaceus and from the 
blood of fetuses with lesions of epizootic 
bovine abortion. The disease occurs at a very 
high level of incidence but only in cattle 
introduced to a certain area; resident cattle 
are usually unaffected. Cattle returned to 
the area each winter are unaffected after 
the first abortion. The cows are unaffected 
systemically. Aborted fetuses show 
characteristic multiple petechiae in the skin, 
conjunctiva, and mucosae; enlargement of 
lymph nodes; anasarca; and nodular 
involvement of the liver. 

In most countries where brucellosis is well 
under control and artificial insemination limits 
the spread of vibriosis and trichomoniasis, 
leptospirosis may be the most common cause 
of abortion in cattle. 

However, surveys in such countries reveal 
that in about two-thirds of the abortions that 
occur no causative agent is detectable with 
routine laboratory techniques. In only 35% 
of cases was the cause determined, and 
brucellosis accounted for less than 1 % of the 
total. In an Australian experience, the cause 
of abortion was determined in only 37% of 
cases in spite of the submission of the fetus, 


placenta, and maternal serum. The general 
procedures for submission of specimens to the 
laboratory and laboratory methods are 
available. 

Bulls 

Infected bulls may be serologically positive or 
negative, and their semen may be culturally 
positive or negative, but the organism may be 
isolated at slaughter. Clinical examination may 
reveal the presence of epididymitis, orchitis, 
seminal vesiculitis, and ampullitis. All bulls 
from known infected herds should therefore 
be considered as suspicious, regardless of 
their serologic status, and not be used for 
artificial insemination. 


TREATMENT 

Treatment is unsuccessful because of the 
intracellular sequestration of the organisms 
in lymph nodes, the mammary gland, and 
reproductive organs. Brucella spp. are facul¬ 
tative intracellular bacteria that can survive 
and multiply within the cells of the macro¬ 
phage system. Treatment failures are consid¬ 
ered to be caused by the inability of the drug 
to penetrate the cell membrane barrier 
instead of the development of antimicrobial 
resistance. 

CONTROL AND ERADICATION 

Most countries with brucellosis have pro¬ 
grams designed to control and ultimately 
eradicate the infection in cattle to reduce 
economic losses and protect the public from 
the disease. These programs usually have 
several components, and to ensure effective¬ 
ness each component needs to be scientifi¬ 
cally sound and accepted by all concerned. 
The major components of a control and erad¬ 
ication program are as follows. 

Test and Reduction of Reservoir 
of Infection 

All breeding cattle in the herd are tested, and 
those that are positive are culled and sent for 
slaughter. This removes infected cows from 
the herd and reduces exposure and transmis¬ 
sion within the herd. Of particular impor¬ 
tance is the detection and removal of infected 
cows before parturition. 

Quarantine 

This is a period of time during which cattle 
movement is restricted and the cattle are 
tested. This will prevent interherd transmis¬ 
sion by infected cattle, especially those that 
are test negative and incubating the disease. 
The quarantine period should be sufficiently 
long that all cattle have had sufficient time to 
develop brucellosis and ensure that the 
remaining cattle will not be a source for 
interherd transmission. The time will usually 
range from 120 days to 1 year, or until all 
breeding animals have completed a gestation 
without test evidence of infection. 


Depopulation 

Depopulation is slaughter of all cattle in a 
herd when all animals have been exposed 
and are capable of becoming infected and 
acting as a source of new infection. 

Vaccination 

Properly vaccinated cattle are less likely to be 
infected and, therefore, are less likely to shed 
field strains of the organism. Vaccination 
strategies will be discussed in more detail 
below. 

Education 

All participants in a program must under¬ 
stand and adopt the scientific basis for the 
program. This includes livestock producers, 
veterinarians, and regulatory officials. 

Guidelines 

To be successful, any program needs guide¬ 
lines and policies, which must be followed 
and modified to meet the needs of certain 
areas or herds. 

Apart from the question of human expo¬ 
sure to infection, the cost and economic 
benefits of an eradication program must be 
assessed against the costs and benefits from 
a vaccination control program. Certain basic 
considerations apply to all programs aimed 
at the eradication of brucellosis. 

• The control programs indigenous to 
any given area must receive primary 
recognition, and any plan or plans 
must be adapted to that area 

• Cooperation at all levels of government 
from local to the national is essential for 
the success of a program. This is 
attained only after an intensive program 
of education has been performed. The 
individual owner of an infected herd 
must recognize the problem of 
brucellosis and express a willingness to 
cooperate. Experience has shown that 
the owner must be impressed with 

the hazards of the disease for human 
health and with the economic losses 
in the herd 

• A reliable and uniform diagnostic 
procedure must be generally available. 

• If disease is detected in a herd, 
established procedures should be 
available for handling the disease. 

If immunization is to be used, a 
standardized and effective vaccine must 
be readily available. The disposal of 
infected animals may create a serious 
economic threat for the owner and the 
possibilities of financial compensation 
must be explored 

• Finally, and of major importance, the 
movement of animals from one area to 
another must be controlled at a high 
level, because a rigid eradication 
program in one area may be nullified by 
neglect in a neighboring area. 

Sufficient information exists about bovine 

brucellosis that it can be eradicated. The 
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disease was considered to have been eradi¬ 
cated from Great Britain in 1981; in 1985, 
having met certain European Community 
criteria for national surveillance and with 
over 99.8% of the cattle herds free from bru¬ 
cellosis, all herds within the country not 
under restrictions were designated as being 
officially brucellosis free for trade purposes. 
However, small foci of infection persisted, 
and following the prohibition of the use 
of Brucella vaccines the national herd was 
becoming fully susceptible to brucellosis. 
This was followed by outbreaks of brucellosis 
in southwest England from 1984 to 1986. The 
movement of cattle through premises owned 
by dealers who specialized in the purchase 
and sale of newly calved cattle was a signifi¬ 
cant epidemiologic feature of these herd 
breakdowns. 

Control by Vaccination 

Because of the serious economic and medical 
consequences of brucellosis, efforts have 
been made to prevent the infection through 
the use of vaccines. Historically brucellosis 
vaccines were composed of attenuated strains 
of B. abortus and B. melitensis. These vac¬ 
cines were shown to be effective in reducing 
pathogen transmission and production loss, 
but were less effective in preventing infec¬ 
tion. Another inconvenience of these whole¬ 
cell vaccines was that they interfere with 
diagnostic assays detecting antibody against 
the O-side chain of the Brucella LPS. ls Cur¬ 
rently vaccines used to protect livestock 
against infection with B. abortus contain one 
of three attenuated live strains of B. abortus: 
strain 19, RB51, and strain 82. 

Brucella abortus Strain 19 Vaccine 

Vaccines containing the live B. abortus strain 
19 are the most widely used vaccines to 
prevent bovine brucellosis and are consid¬ 
ered the reference vaccines to which any 
other vaccine is compared. The vaccine 
protects uninfected animals living in a con¬ 
taminated environment, enabling infected 
animals to be disposed of gradually. This 
overcomes the main disadvantage of the test 
and disposal method of eradication, in which 
infected animals must be discarded immedi¬ 
ately to avoid spread of infection. B. abortus 
strain 19 has a low virulence and is incapable 
of causing abortion except in a proportion of 
cows vaccinated in late pregnancy. Strain 19 
is a smooth B. abortus strain expressing the 
O-antigen on its LPS. Antibody produced in 
response to vaccination will interfere with 
diagnostic assays identifying this antigen, 
which is a major problem with the use of 
these vaccines. Another weakness of the vac¬ 
cines is that it cannot completely prevent 
infection. 18 

Strain 19 vaccines are normally adminis¬ 
tered to female calves between 3 and 8 
months old as a single subcutaneous dose of 
5 to 8 x 10 10 organisms (calfhood vaccina¬ 
tion). There is no significant difference 


between the immunity conferred at 4 and at 
8 months of age. Calves vaccinated with 
strain 19 at 2 months of age have resistance 
comparable to those vaccinated at 4 to 8 
months of age. However, generally, calves 
under 75 days of age are immunologically 
immature in response to strain 19 vaccine. 
Vaccination of calves with a single dose at 3 
to 5 weeks of age does not provide protection 
compared with vaccination at 5 months 
of age. 

In calves vaccinated between the recom¬ 
mended ages, the serum agglutination test 
returns to negative by the time the animals 
are of breeding age, except in a small per¬ 
centage (6%) of cases. The LPS with an 
O-chain on B. abortus strain 19 explains the 
appearance and persistence of antibodies in 
serum following vaccination. These antibod¬ 
ies are detectable in the serologic assays used 
for the diagnosis of brucellosis and are the 
major problem with strain 19 vaccination, 
because they prevent easy differentiation of 
vaccinated from infected cattle. The appear¬ 
ance and persistence of these antibodies 
depends on age, dose, and route of vaccina¬ 
tion. This situation makes the continued use 
of the vaccine incompatible with simultane¬ 
ous application of test and slaughter proce¬ 
dures for the control of brucellosis. 

In brucellosis-free herds where heifers are 
vaccinated between 4 and 9.5 months of age, 
positive titers may persist for up to 18 months 
if they are tested with screening tests such as 
the RBT. This supports the official policy in 
some countries not to test vaccinated heifers 
before 18 months of age and to retest positive 
cases with the CFT. 

In most control programs, vaccination is 
usually permitted up to 12 months of age, but 
the proportion of persistent postvaccinal 
serum and whey reactions increases with 
increasing age of the vaccinates. Such persis¬ 
tent reactors may have to be culled in an 
eradication program unless the reaction can 
be proved to be the result of vaccination and 
not due to virulent infection. 

Vaccination of adult cattle is usually not 
permitted if an eradication program is con¬ 
templated, but it may be of value in reducing 
the effects of an abortion storm. Under spe¬ 
cific circumstances vaccination of adult 
cattle with a reduced single subcutaneous 
dose of 3 X 10 s to 3 x 10 9 viable organisms 
can be used but will result in persistent anti¬ 
body titers in some animals. Furthermore, 
the risk of abortion when vaccinating preg¬ 
nant animals and the risk of excretion of the 
vaccine strain in milk has been reported. An 
alternative vaccination protocol for adult 
cattle consists in the single or repeated sub¬ 
conjunctival administration of a dose of 5 X 
10 9 living organisms. This latter protocol was 
reported to reduce the risk of abortion and 
shedding in milk while providing similar 
protection. 

Vaccination of bulls is of no value in 
protecting them against infection and has 


resulted in the development of orchitis and 
the presence of B. abortus strain 19 in the 
semen. For these reasons the vaccination of 
bulls is discouraged. 

Efficiency of Brucella abortus Strain 
19 Vaccine 

Calfhood Vaccination. This can be assessed 
by its effect on both the incidence of abortion 
and the prevalence of infection as deter¬ 
mined by testing. Field tests show a marked 
reduction in the number of abortions that 
occur, although the increased resistance to 
infection, as indicated by the presence of 
B. abortus in milk, may be less marked. Vac¬ 
cinated animals have a high degree of protec¬ 
tion against abortion and 65% to 75% are 
resistant to most kinds of exposure. The 
remaining 25% to 35% of vaccinated animals 
may become infected but usually do not 
abort. Experimentally, 25% of cattle vacci¬ 
nated with strain 19 will become infected 
following challenge. Vaccinated animals con¬ 
tinually exposed to virulent infection may 
eventually become infected and act as carri¬ 
ers without showing clinical evidence of the 
disease. 

In summary, vaccination with a single 
dose of B. abortus strain 19 vaccine given 
subcutaneously at 3 to 8 months of age 
confers adequate immunity against abortion 
for five or more subsequent lactations 
under conditions of field exposure. Multiple 
or late vaccinations have no appreciable 
advantage and increase the incidence of 
postvaccinal positive agglutination reac¬ 
tions. When breakdowns occur, they are 
caused by excessive exposure to infection 
and not by enhanced virulence of the organ¬ 
ism. In herds quarantined for brucellosis, 
calfhood vaccination reduces reactor rates, 
duration of quarantine, and the number of 
herd tests. 

Adult Vaccination. Vaccination of adult 
cows with strain 19 vaccine is highly success¬ 
ful in reducing the number of infected cows 
in large dairy herds in which it is impossible 
to institute management procedures for the 
ideal control of brucellosis. 

The vaccination of adult cattle with a 
reduced dose of vaccine is efficacious and 
results in an agglutinin response that declines 
more rapidly after vaccination than when the 
full dose is used. The reduced dose also pro¬ 
vides protection comparable to the standard 
dose. Vaccination eliminates clinical disease 
and reduces exposure of infection to suscep¬ 
tible cattle. The reduction of infected adult 
cattle may vary from 60% to 80% in 6 to 9 
months following vaccination. The CFT 
becomes negative sooner than the standard 
tube agglutination test following vaccination 
and can be used to distinguish postvaccine 
titers from culture-positive cows. The use of 
reduced doses of strain 19 vaccine in adult 
cows will also help to eliminate the problem 
of postvaccine titers. 





The protection provided by subcutane¬ 
ous and conjunctival routes of vaccination 

is the same but the subcutaneous route may 
result in a persistent serologic response, 
which requires complement fixation testing 
and milk culture to identify infected 
animals. 

The principal advantages of adult vacci¬ 
nation include the following: 

• An effective method of control of 
abortion 

• Reduction in the reactor losses in herds 

• Reduction of the number of tests 
required to eliminate brucellosis from 
infected herds 

The major disadvantages of adult vacci¬ 
nation are 

• Residual vaccine titers 

• Persistent positive milk ring test 

• Persistent strain 19 infection in a small 
percentage of adult vaccinates 

• The stigma attached to adult vaccinates, 
which identifies them with infected 
herds, even though brucellosis has been 
eliminated and the herd released from 
quarantine 

B. abortus strain 19 has been recovered 
from the supramammary lymph nodes of 
cattle at slaughter that were vaccinated with 
a low dose of the vaccine 9 to 12 months 
previously and had persistent titers to the 
CFT. The stage of gestation affects the 
immune responses of cattle to strain 19 vac¬ 
cination. Cattle that are late in the first or 
early in the second trimester of gestation (84 
to 135 days) at the time of administration of 
a low dose of strain 19 are at greater risk of 
being positive by official tests for brucellosis. 
Vaccination of cattle during the third trimes¬ 
ter with a low dose of the vaccine is not as 
efficacious as when performed earlier. 
Although reduced-dose strain 19 vaccina¬ 
tion is a possible alternative to the total 
depopulation of problem herds, its use 
during pregnancy should be avoided because 
of the risk of abortion and positive serologic 
titers and positive bulk milk ring tests. 

The results expected following adult vac¬ 
cination depend on the disease situation. In 
herds vaccinated in the acute phase of the 
disease, abortion may continue for 60 to 90 
days but the incidence begins to decline by 
45 to 60 days. A large number of serologic 
reactors will be present for the first 120 days 
following vaccination, and testing is usually 
not done for the first 60 days. The rate of 
reactors declines rapidly after 120 days 
and with good infected herd management 
most adult vaccinated herds can be free 
of brucellosis 18 to 24 months following 
vaccination. 

The prevalence of B. abortus strain 19 
infection in adult vaccinated cattle is low and 
is often not permanent. The prevalence is 
lower among cattle given the reduced dose of 
the vaccine subcutaneously. Bacteriologic 
examination of the milk and serologic exam¬ 
ination of the infected cattle are necessary to 
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identify strain 19 infected cattle, which can 
be retained for milk production because the 
infections are temporary. 

Adult vaccination, even with a low dose, 
should not be used in uninfected herds 
because of persistent titers, which may last 
for more than 12 months in up to 15% of 
vaccinated animals, and because of the 
potential for abortion. The illegal or uninten¬ 
tional use of the standard dose of strain 19 
vaccine in adult cattle will result in a sudden 
steep antibody titer response in the CFT, 
which declines in 6 to 11 months. In herds 
where adult vaccination with a reduced dose 
of vaccine is used, blood samples should be 
collected about 4 months after vaccination 
and subsequently at intervals of 2 months. 
Those positive to the CFT should be culled. 
In one study of three large dairy herds in 
California, the CFT at 2 and 4 months after 
vaccination was used to identify and cull 
pregnant reactor cows that were at risk of 
aborting or calving. The prevention of partu¬ 
rition of infected cows is an effective man¬ 
agement technique. 

Systemic Reactions to Vaccination 
With Strain 19 

These occur rarely in both calves and adults, 
and may be more severe in Jersey calves than 
in other breeds. A local swelling occurs, par¬ 
ticularly in adult cattle, and there may be a 
severe systemic reaction manifested by high 
fever (40.5-42° C; 105-108°F) lasting for 2 to 
3 days, anorexia, listlessness, and a tempo¬ 
rary drop in milk production. An occasional 
animal goes completely dry. The swellings 
are sterile and do not rupture, but a 
solid, fibrous mass may persist for many 
months. 

Deaths within 48 hours of vaccination 
have been recorded in calves after the use of 
lyophilized vaccine. 

B. abortus strain 19 vaccine has been 
associated with lameness in young cattle 
with synovitis following vaccination. Experi¬ 
mentally, the intraarticular injection of 
the vaccine strain can produce synovitis 
similar to that which occurs following 
vaccination. 

Septicemia due to B. abortus may cause 
some deaths but in most cases the reaction is 
anaphylactic, and vaccinated calves should 
be kept under close observation. Immediate 
treatment with epinephrine hydrochloride 
(1 mL of 1:1000 solution subcutaneously) or 
antihistamine drugs is recommended and 
is effective provided it can be administered 
in time. 

Cows in advanced pregnancy may abort 
if vaccinated, but the abortion rate is only 
about 1%; although B. abortus strain 19 
organisms can be recovered from the fetus 
and placenta, their virulence is unchanged 
and they do not cause further spread of 
infection. Vaccination with strain 19 does 
not have a deleterious effect on the subse¬ 
quent conception rate. 


Brucella abortus Strain RB51 Vaccine 

Brucella abortus strain RB51 (SRB51) is a 
live, stable, rough mutant of B. abortus strain 
2308 that lacks much of the LPS O-side 
chain, therefore, it does not interfere with 
serologic surveillance tests. Since 1996 vac¬ 
cines containing SRB51 have become the 
official vaccines for prevention of brucellosis 
in several countries. The results of studies 
comparing the efficacy of SRB51 and strain 
19 vaccines in the literature are inconsistent. 
Generally, SRB51 vaccines are administered 
subcutaneously to female calves between 4 
and 12 months old with a dose of 1 to 3.4 x 
10 10 living organisms.' Heifer calves vacci¬ 
nated at 3 months, 5 months, or 7 months of 
age with the SRB51 vaccine were protected 
when challenged against infection and abor¬ 
tion during their first pregnancy. None of the 
heifers developed antibodies that reacted in 
the standard agglutination test. A reduced 
dose of 1 x 10 9 viable organisms adminis¬ 
tered as calfhood vaccine does not protect 
against B. abortus infection. 

Vaccination of cattle over 12 months of 
age may be permitted under some circum¬ 
stances and is performed by subcutaneous 
administration of a single dose of 1 to 3 X 10 9 
viable organisms. The use of SRB51 vaccines 
in pregnant cows is discouraged. The strain 
RB51 has a tropism for the bovine placental 
trophoblast and has been associated with 
placentitis and abortion under field condi¬ 
tions.' A reduced dose of an SRB51 vaccine 
containing 1 X 10 9 viable organisms given to 
pregnant cattle was protective against infec¬ 
tion with Brucella abortus without causing 
placentitis or abortion but resulted in shed¬ 
ding of the vaccine strain in a significant 
proportion of vaccinated animals. 7 Vaccina¬ 
tion of mature sexually intact bulls and 
heifers with a standard calfhood dose of 
SRB51 is not associated with shedding or 
colonization in tissues, and does not appear 
to cause any reproductive problems when 
administered to sexually mature cattle. Use 
of the vaccine in cattle already vaccinated 
with strain 19 vaccine will not cause positive 
responses on confirmation tests and does not 
interfere with brucellosis surveillance. 

Studies with strain RB51 vaccine indicate 
that it is as efficacious as B. abortus strain 19 
vaccine but is much less abortigenic in cattle. 
It does not produce any clinical signs of 
disease after vaccination and does not 
produce a local vaccination reaction at the 
injection site. The organism is cleared from 
the bloodstream within 3 days and is not 
present in nasal secretions, saliva, or urine. 
Immunosuppression does not cause recru¬ 
descence, and the organism is not spread 
from vaccinated to nonvaccinated cattle. The 
vaccine is safe in all cattle over 3 months 
of age. 

In the United States, strain RB51 vaccine 
was licensed by the USD As Animal and Plant 
Health Inspection Service (APHIS) in 1996 
for use in cattle and was approved for use in 
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the Cooperative State-Federal Brucellosis 
Eradication Program. Strain RB51 vaccine 
must be administered by an accredited vet¬ 
erinarian or by a state or federal animal 
health official. Calves must be vaccinated 
with the calf dose (1-3.4 x 10 10 organisms) 
between 4 and 12 months of age. Only 
animals in high-risk areas should be vacci¬ 
nated over 12 months of age. 

Vaccinates must be identified with the 
standard metal vaccination eartag and a vac¬ 
cination tattoo. The tattoo will be the same 
as the tattoo for B. abortus strain 19 vaccina¬ 
tion except the first digit for the quarter of 
the year will be replaced with an R to distin¬ 
guish animals vaccinated with RB51 from 
those vaccinated with strain 19. Recording 
and reporting are the same as with strain 19 
vaccine. The diagnosis requires special diag¬ 
nostic tests that are not routinely available in 
most hospitals. Both strains are sensitive to 
a range of antimicrobials. Physicians decid¬ 
ing to initiate a metaphylactic treatment in a 
human patient exposed to the RB51 vaccine 
strain must be advised that this strain is 
resistant to rifampin, one of the antimicrobi¬ 
als of choice for the treatment of human 
brucellosis. 

Brucella Vaccines in Wildlife 

A reservoir of B. abortus- infected bison 
in the Greater Yellowstone area in the 
United States is an obstacle in the effort to 
eradicate brucellosis from the United States 
and a source of potential reinfection for live¬ 
stock in the states of Wyoming, Idaho, and 
Montana. The free-ranging and infected 
bison in the area migrate from public land 
on to private lands and may come into 
contact with cattle. Brucella- induced abor¬ 
tions in bison have occurred under experi¬ 
mental and field conditions, and infected 
bison can transmit brucellosis under range 
conditions. Wild and free-ranging bison in 
parts of western Canada have also been 
shown to be infected with bovine brucellosis. 
Therefore a safe and effective vaccine suitable 
for delivery to free-ranging bison in the 
Greater Yellowstone area and in Canada is 
considered useful in reducing the risk of 
transmission and an aid in the prevention 
and control of the disease. 

Brucella abortus Strain 19 in Bison 
The use of strain 19 vaccine has been evalu¬ 
ated in pregnant bison and 10-month-old 
calves, and the results have been unsatisfac¬ 
tory. In adult bison, strain 19 was found to 
be highly abortigenic, and animals vaccinated 
as calves were not protected from infection 
after experimental inoculation in later life. 18 

Brucella abortus Strain RB51 in Bison 
The vaccine is safe for vaccination in herds 
of naive and previously exposed bison calves, 
young growing bison, adult males, and adult 
pregnant and nonpregnant females. Fetal 
lesions do not appear to be significant with 


bison cows vaccinated with RB51 in early 
gestation, but placentitis and abortion have 
occurred incidentally in advanced stages of 
pregnancy. Limited data from efficacy studies 
indicate that booster vaccination with strain 
RB51 vaccines may increase the protection 
after experimental challenge. 18 

Calfhood vaccination of bison with 
SRB51 vaccines is efficacious in protecting 
against intramammary, intrauterine, and 
fetal infection following exposure to a viru¬ 
lent strain of B. abortus during pregnancy. 
However, these vaccines appear to be less 
effective in bison than in cattle in protecting 
from experimental infection. Limited data 
from efficacy studies indicate that booster 
vaccination with strain RB51 vaccines may 
increase the protection after experimental 
challenge. 18 Calfhood vaccination with 
SRB51 would be beneficial in a program to 
reduce the prevalence of B. abortus field 
stains in American bison. As with cattle, 
SRB51 calfhood vaccination provides a 
method to prevent transmission and reduce 
the numbers of susceptible individuals in a 
bison herd without interfering with serologic 
identification of Brucella- infected animals. 
Brucellosis management programs in bison 
and elk are unlikely to be successful if capture 
and hand vaccination is necessary. The effect 
of hand vaccination versus ballistic vaccina¬ 
tion for vaccination of bison and elk on the 
immunologic responses to SRB51 has been 
evaluated. Ballistic delivery may require 
a greater dose of SRB51 to induce cell- 
mediated immune responses in bison that 
are comparable to those induced by hand 
injection. 

Brucella abortus Strain RB51 in Elk 
(Cervus elaphus canadensis) 

Several studies conducted in elk using strain 
19 and SRB51 vaccines have yielded disap¬ 
pointing results with poor or no protection 
against experimental infection. Neither 
single nor repeated doses provided signifi¬ 
cant protection against B. abortus- induced 
abortion. Following vaccination, elk remain 
bacteremic for a prolonged period of time, 
rapidly develop high antibody titers while 
the cellular immune response is poor or 
lacking. 18 

Control Programs on a Herd Basis 

The following recommendations are based 
on the need for flexibility depending on the 
level of infection that exists and the suscep¬ 
tibility of the herd and the disease regula¬ 
tions in effect at the time. 

During an Abortion Storm 

Test and disposal of reactors may be unsatis¬ 
factory during an outbreak because spread 
occurs faster than eradication is possible. 
Vaccination of all nonreactors is recom¬ 
mended in some countries or, if testing is 
impracticable, vaccination of all cattle. It is 
preferable to retest the herd before the 


second vaccination and to cull cows with a 
threefold rise in agglutination titer. 

Heavily Infected Herds in Which Few 
Abortions Are Occurring 

These do not present an urgent problem 
because a degree of herd resistance has been 
reached. All calves should be vaccinated 
immediately, and positive reactors among 
the remainder should be culled as soon as 
possible. Periodic milk ring tests (preferably 
at 2-month, and no more than 3-month, 
intervals) on individual cows are supple¬ 
mented by complement fixation and culture 
tests. 

Lightly Infected Herds 

These present a special problem. If they are 
situated in an area where infection is likely 
to be introduced, calfhood vaccination 
should be implemented and positive reactors 
immediately culled. If eradication is the goal 
in the area, culling of reactors will suffice, but 
special market demands for vaccinated cattle 
may require a calfhood vaccination policy. 
When a herd is declared free of brucellosis 
on the basis of serum agglutination tests, its 
status can be maintained by introducing only 
negative-reacting animals from brucellosis- 
free herds and annual blood testing. In areas 
where dairying predominates, semiannual 
testing of milk may be substituted for blood 
testing. 

In all of the previously mentioned pro¬ 
grams, the careful laboratory examination of 
all aborted fetuses is an important and neces¬ 
sary corollary to routine testing. There are 
many difficulties achieving control and even¬ 
tual eradication on a herd basis. These relate 
mainly to the failure of owners to realize the 
highly infectious nature of the disease and to 
cooperate fully in the details of the program. 
Particularly, they may fail to recognize the 
recently calved cow as the principal source of 
infection. In a herd control program, such 
cows should be isolated at calving and blood 
tested at 14 days, because false-negative reac¬ 
tions are not uncommon before that time. 

Hygienic Measures 

These include the isolation or disposal of 
infected animals; disposal of aborted fetuses, 
placentas, and uterine discharges; and disin¬ 
fection of contaminated areas. It is particu¬ 
larly important that infected cows be isolated 
at parturition. All cattle, horses, and pigs 
brought on to the farm should be tested, iso¬ 
lated for 30 days, and retested. Introduced 
cows that are in advanced pregnancy should 
be kept in isolation until after parturition, 
because occasional infected cows may not 
show a positive serum reaction until after 
calving or abortion. Chlorhexidine gluconate 
is an effective antiseptic against B. abortus 
and is recommended for washing the arms 
and hands of animal attendants and veteri¬ 
narians who come into contact with con¬ 
taminated tissues and materials. 
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Eradication on an Area Basis by Test 
and Slaughter and Cessation of 
Calfhood Vaccination 

Following a successful calfhood vaccination 
program, eradication on an area basis can be 
considered when the level of infection is 
below about 4% of the cattle population. 
Brucellosis control areas must be established 
and testing and disposal of reactors and their 
calves at foot is performed. Financial com¬ 
pensation is paid for disposal of reactors. 
Infected herds are quarantined and retested 
at intervals until negative; in heavily infected 
herds complete depopulation is often neces¬ 
sary. Brucellosis-free areas are established 
when the level of infection is sufficiently low, 
and the movement of cattle between areas is 
controlled to avoid the spread of infection. 

Farms with a low incidence may find it 
possible to engage in an eradication program 
immediately provided the incidence on sur¬ 
rounding farms is low. Breakdowns may 
occur if there are accidental introductions 
from nearby farms, and in these circum¬ 
stances it is hazardous to have a herd that is 
not completely vaccinated. When the area 
incidence is low enough (about 5%) that 
replacements can be found within the area or 
adjoining free areas, and immediate culling 
of reactors can be performed without crip¬ 
pling financial loss, compulsory eradication 
by testing and disposal of reactors for meat 
purposes can be instituted. Compensation 
for culled animals should be provided to 
encourage full participation in the program. 

The work of testing can be reduced by 
using screening tests to select herds for more 
intensive epidemiologic and laboratory 
investigation. In dairy herds, the milk ring 
test conducted on bulk milk samples is 
useful. In beef herds, the favored procedure 
is the collection of blood from draffs of cattle 
at the abattoir and use of the RBT. The same 
technique has also been used to screen ship¬ 
ments of beef destined for countries with an 
aversion to meat infected with B. abortus. An 
additional means of reducing labor costs in 
an eradication program is the use of auto¬ 
mated laboratory systems such as the one 
available for the RBT and the one based on 
agglutination and CFT. An educational 
program to promote herd owners to volun¬ 
tarily submit all aborted fetuses to a labora¬ 
tory for bacteriologic examination is also 
deemed necessary in any eradication scheme. 
When an area or country is declared free, 
testing of all or part of the population needs 
to be performed only at intervals of 2 to 3 
years, although regular testing of bulk milk 
samples (milk ring test) and of culled beef 
cows in abattoirs and examination of fetuses 
should be maintained as checks on the eradi¬ 
cation status. In all eradication programs, 
some problem herds will be encountered in 
which testing and disposal do not eliminate 
the infection. Usually about 5% of such herds 
are encountered and are best handled by a 
“problem herd” program. Fifty percent of 


these herds have difficulty because of failure 
to follow directions. The other half usually 
contain infected animals that do not respond 
to standard tests. Supplementary bacterio¬ 
logic and serologic tests as set out previously 
may occasionally help these spreader animals 
to be identified and the disease to be 
eradicated. 

United States 

Efforts to eradicate brucellosis associated 
with B. abortus in the United States began in 
1934 as an economic recovery program to 
reduce the cattle population because of the 
Great Depression. Brucellosis was consid¬ 
ered the most significant livestock disease at 
that time, with a reactor rate of 11.5%. In 
1954, a cooperative federal and state program 
was launched based on calfhood vaccination 
and test and slaughter with compensation. 
Two very effective surveillance programs for 
detecting brucellosis were the market cattle 
testing and milk ring testing of dairy herds. 
On July 10, 2009, all 50 states, Puerto Rico, 
and the U.S. Virgin Islands were officially 
classified as class free for bovine brucello¬ 
sis. 1 "' The number of human cases of brucel¬ 
losis declined with the decline in number of 
cases in animals. As of 2013, about 100 
human cases per year are reported of which 
most cases are associated with consumption 
of unpasteurized milk and milk products of 
goat origin infected with B. melitensis. 

Bison and elk in the Greater Yellowstone 
area are the last known remaining reservoir 
of B. abortus in the United States. Control of 
brucellosis in these species on public lands 
requires special consideration to preserve 
the largest wild, free-ranging population of 
bison in the United States. Vaccination trials 
are under way. 

The primary surveillance methods for 
testing eligible cattle in the United States 
have been the market cattle testing program 
in the beef industry and the milk ring testing 
in the dairy industry. In 2009, the National 
Surveillance Unit USDA-APF1IS identified 
considerable redundancies in bovine brucel¬ 
losis surveillance in regions classified as class 
free for bovine brucellosis for at least 5 
years. 19 Consequently, slaughter surveillance 
was reduced, and brucellosis milk surveil¬ 
lance was eliminated in 2011. 

Market Cattle Testing 
Surveillance by this method is part of the 
marketing process. Testing is done at live¬ 
stock markets, slaughterhouses, livestock 
buying stations, or dealer premises. This type 
of testing is very effective, especially if 
required at the first point of assembly of 
cattle after leaving the farm of origin. Until 
2011 95% or more of cows and bulls 2 years 
of age or older were required to be tested 
for brucellosis at slaughter in the United 
States. As of 2011 the number of slaughter 
plants participating in slaughter surveillance 
testing was reduced to 13 of the 40 top 


establishments and two bison slaughter 
plants. These slaughter plants are located in 
13 states, representing all regions of the 
country. 

Milk Ring Testing 

Surveillance by this method involves the 
regular, periodic testing of milk or cream 
from commercial dairy herds. Milk ring 
testing is required twice annually in com¬ 
mercial dairy herds in states officially 
declared free of brucellosis, and four times 
annually in states not officially free of brucel¬ 
losis. This test is very sensitive and is done 
on a small sample of milk from the entire 
herd. The milk ring test itself is simple 
and inexpensive. A well-managed testing 
program is important to public health and 
can reduce the exposure potential of con¬ 
taminated dairy products to humans by 
quickly identifying affected herds. Routine 
brucellosis ring testing was discontinued in 
the United States in 2011, following the rec¬ 
ommendation of the National Surveillance 
Unit of the USDA-APHIS that had identified 
redundancies in the diagnostic surveillance 
of bovine brucellosis in regions free of bru¬ 
cellosis for over 5 years. 19 

Australia 

In Australia, under range conditions, consid¬ 
erable progress toward eradication of brucel¬ 
losis in large beef herds has been possible. 
Management must be motivated and confi¬ 
dent that the disease can be permanently 
eradicated. All cattle should be permanently 
identified, security between subherds must 
be good, vaccination histories must be accu¬ 
rate, and accurate round-up (mustering) of 
cattle must be possible. Quarantine facilities 
for infected subherds must be strict and 
absolutely reliable, and fence lines must be 
impenetrable. The development of a two- 
herd system, based on segregation of weaned 
heifer calves from adult cows and mainte¬ 
nance of testing pressure on the adults, will 
reduce the chance of infection of heifers. All 
calves from reactor dams are discarded, 
which necessitates positive identification. 
Only bulls or semen from brucellosis-free 
herds should be used in clean herds. In some 
situations, a laboratory is established on the 
ranch and equipped to do RBT and CFT. This 
increases the efficiency of the testing program 
and creates an excellent team effort between 
management, laboratory personnel, and the 
field veterinarian. 

New Zealand 

In New Zealand, the brucellosis status of 
accredited herds is monitored by a triennial 
CFT with a sensitivity of greater than 95%. 
Slaughterhouse surveillance, as performed 
in Australia, has a low probability of iden¬ 
tifying infected herds. A skin test for brucel¬ 
losis is attractive because it could be used 
at the same time as routine tuberculin 
testing. 
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Canada 

In Canada, the bovine brucellosis eradica¬ 
tion program is a success story that began 
in 1950 when the national prevalence of 
infection was about 9%. With the coopera¬ 
tive Federal-Provincial Calfhood Vaccina¬ 
tion Program, the prevalence of infection 
was reduced to 4.5% by 1956. In 1957, a test 
and slaughter program was begun in which 
brucellosis control areas were established 
and mandatory testing of all cattle was done 
using the tube agglutination test. Reactors 
were identified and ordered to be slaugh¬ 
tered, and compensation was paid. Infected 
herds were quarantined and retested until 
negative or in some cases completely depop¬ 
ulated. When the infection rate was reduced 
to below 1% of the cattle population and 5% 
of the herds, the area was certified for a 
period of 3 years. When the infection 
rate was reduced to below 0.2% of the cattle 
in the area and 1% of the herds, the area 
was designated brucellosis free and certified 
for a period of 5 years. In the 1960s, the 
milk ring test and the market cattle 
testing programs were introduced as surveil¬ 
lance procedures. These are done on a 
continuing basis, are effective in locating 
infected herds, and have reduced the 
volume of on-farm testing required to 
recertify areas. 

When the national level of infection was 
reduced to below 0.2%, calfhood vaccination 
was deemphasized to overcome the problem 
of distinguishing between persistent vaccina¬ 
tion titers and titers caused by natural infec¬ 
tion. Thus all seropositive animals could be 
disposed of and no vaccination privileges 
allowed. In 1973, an increase in the incidence 
of brucellosis occurred, which necessitated 
some modifications in the eradication 
program. The intensity of milk ring testing 
was increased, herds adjacent to infected 
herds were tested, the length of quarantine of 
infected herds was increased, and calves 
from reactor dams were ordered to be 
slaughtered. In heavily infected herds and in 
those in which it is not possible to maintain 
effective quarantine, it was preferable to 
completely depopulate a herd rather than 
conduct tests and successive retests. In the 
Canadian experience, brucellosis-free herds 
usually became infected when the owner 
unknowingly purchased an infected animal. 
The uncontrolled movement of infected 
animals from infected herds to brucellosis- 
free herds was a major obstacle in the final 
stages of the eradication. 

The rate of progress in an eradication 
program is determined mainly by the rate at 
which herds that are accredited free of the 
infection become reinfected. The severity of 
reinfection (or breakdown) is dependent on 
the proportion of the herd that has been vac¬ 
cinated as calves. The cessation of compul¬ 
sory calfhood vaccination results in a large 
proportion of cattle that are fully susceptible 
to B. abortus infection. The prevention of 


reinfection requires a constant surveillance 
system. 

Canada was declared free of bovine bru¬ 
cellosis in 1985. In 1997, a comprehensive 
review of Canada’s bovine brucellosis sur¬ 
veillance program was undertaken. As a 
result of the findings of this review, a number 
of modifications to the surveillance program 
were introduced in 1999. The routine sero¬ 
logic testing of market and slaughter cattle 
and the routine milk ring testing of all dairy 
cattle were discontinued in 1999. However, 
auction market testing of cattle 24 months 
and older continues in the five markets in 
northern Alberta and British Columbia in 
response to the disease risk associated with 
the infected free-roaming bison herds in and 
around Wood Buffalo National Park. 

In April 2000, the vaccination of calves 
with reduced dosage strain 19 B. abortus 
vaccine was discontinued. Strain RB51 B. 
abortus vaccine is not licensed for use in 
Canada. 

Bovine brucellosis in wildlife is restricted 
to free-roaming bison in and around Wood 
Buffalo National Park in northern Canada. 
Information on this occurrence is found in 
Canada’s report to the OIE Wildlife Diseases 
Working Group. 
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BRUCELLOSIS ASSOCIATED 
WITH BRUCELLA OVIS 


SYNOPSIS 


Etiology Brucella ovis. 

Epidemiology Organism carried by sexually 
mature rams with spread by direct contact 
or passive venereal infection. Predominantly 
a disease of sheep, but red deer stags can 
be naturally infected. 

Clinical findings Complete or partial 
infertility in rams caused by epididymitis. 
Epididymal abnormality can be detected 
by palpation in some affected rams. 
Occasionally abortion in ewes and neonatal 
mortality in lambs. 

Clinical pathology Serology of most value 
including complement fixation, gel 
diffusion, and ELISA; semen examination. 

Diagnostic confirmation Physical palpation 
of scrotal contents; serology; culture or PCR 
of semen, testes, and seminal vesicles, 
aborted material. 

Treatment Oxytetracycline in valuable rams. 

Control Total segregation of normal and 
young rams. Initial culling of rams with 
palpable scrotal abnormality and 
subsequent repeated serologic testing and 
culling of seropositive rams. Where 
permitted, vaccination with live B. 
melitensis strain Rev. 1 is an alternative. 


ETIOLOGY 

Brucella ovis has significant DNA homology 
with other members of the Brucella genus 
and shares antigenic and other characteris¬ 
tics. However, it has a permanently rough 
phenotype, whereas B. melitensis and B. 
abortus colonies are smooth. 1 

EPIDEMIOLOGY 
Geographic Occurrence 

Brucellosis of sheep associated with B. ovis 
has been reported in most of the major 
sheep-producing regions of the world, 
including Australia, New Zealand, North 
and South America, Central Asia, Russia, 
South Africa, and Europe, but is not a major 
cause of ram wastage in Great Britain. When 
the disease is first diagnosed in a country, 
and before control procedures are estab¬ 
lished, the flock prevalence of infection 
can be as high as 75% and as many as 60% 
of rams may be infected. The prevalence 
of infection is generally much lower in 










countries and in flocks that have established 
control programs. 

Host Occurrence 

In nature mainly sheep are affected, with the 
ram more susceptible than the ewe. A small 
number of natural cases occur in farmed red 
deer ( Cervus elaphus) in New Zealand, but 
most infections resolve after 340 days and it 
is regarded as a self-limiting disease. 2 It is 
difficult to establish infection in laboratory 
animals. However, white-tailed deer and 
goats can be infected experimentally and 
develop epididymitis. There is no evidence of 
natural infection in goats, even in those that 
graze with infected sheep. 

The Merino breed and Merino-derived 
crossbreeds show a much lower incidence of 
the disease than do British breeds. The 
disease is most important in large flocks 
where there is multisire breeding. 

Source of Infection 

The infected ram is the source of infection 
and perpetuates the disease in a flock. The 
majority of infected rams excrete the organ¬ 
ism in semen, and in most rams the active 
excretion in semen probably persists indefi¬ 
nitely. Ewes are more resistant to infection, 
but the organism can be isolated from them 
in infected flocks. After being bred by an 
infected ram, the majority will not carry 
infection for more than one or two heat 
cycles. Infection may result in early embry¬ 
onic death and occasionally abortion or the 
birth of weak and poorly viable lambs. 
In ewes where the infection does persist 
to produce abortion, the organism is 
present in the placenta, vaginal discharges, 
and milk. 

Transmission 

Transmission between rams occurs via 
passive venereal infection and by direct ram- 
to-ram transfer. Passive venereal infection 
occurs from ewes that have been bred by an 
infected ram in the same heat cycle. Under 
natural conditions, this may be the major 
form of transmission from ram to ram 
during the breeding season. Infection can 
also be transmitted between rams in the non- 
breeding season when housed or grouped 
together on pasture. This occurs as they sniff 
and lick each others prepuce and by homo¬ 
sexual activity. Submissive rams may lick the 
prepuce of dominant rams as a trait in the 
dominance hierarchy. Spread of infection in 
a group of virgin rams is recorded. Lambs 
born from infected ewes and drinking 
infected milk do not become persistently 
infected. 

The organism can survive on pasture for 
several months, but transmission by fomites 
appears to have no practical significance. 
However, transmission from infected rams 
to infection-free red deer stags grazed on the 
same pasture can occur, and it is not known 
if this results from direct contact between the 
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animals or indirectly via environmental and 
pasture contamination. 

Host Risk Factors 

All postpubertal rams are susceptible to 
infection, but disease is more common in 
adult rams and disease prevalence increases 
with age, probably because of greater expo¬ 
sure to infection. Differences between flocks 
in the prevalence of disease suggest that 
environmental factors and stress may modu¬ 
late susceptibility, but the risk factors are 
poorly defined. When the number of affected 
rams in a flock is greater than about 10%, 
the fertility of the flock is appreciably 
decreased. 

Experimental Reproduction 

Experimentally, rams can be infected by the 
IV, subcutaneous, intratesticular, oral, con¬ 
junctival, and preputial routes, but the latter 
two are the most effective. The first observ¬ 
able abnormality is the presence of inflam¬ 
matory cells in the semen, which appear at 2 
to 8 weeks. B. ovis appears in the ejaculate 
at approximately 3 weeks, but it is not 
always present in an infected ram after that. 3 
Testicular and epididymal lesions can be 
palpated at about 9 weeks after infection 
but may occur earlier in some rams. A sig¬ 
nificant proportion of infected rams have 
no palpable lesions but still excrete the 
organism. 

Ewes in early pregnancy can also be 
infected by the oral and IV routes, but many 
of these infections are transient and do not 
result in abortion. Abortion caused by pla¬ 
centitis has been produced experimentally. 
Intrauterine infection produced experimen¬ 
tally also causes lesions in and death of the 
fetus, but the significance of this to natural 
cases is undetermined. 

Economic Importance 

The economic effects of the disease are subtle 
but significant. The effect of the disease on 
ram fertility can influence the number of 
rams that are required in a flock, with the 
required ram to ewe ratio significantly 
reduced in B. ovis-free flocks. The percent¬ 
age of lambs born early and within the first 
3 weeks of the lambing period is also mark¬ 
edly increased. Lambing percentage may be 
reduced by 30% in recently infected flocks 
and by 15% to 20% in those where the infec¬ 
tion is endemic. The loss of rams of high 
genetic potential and the need for repeat 
serologic testing are additional costs. In the 
United States, the advantage in a control 
program has been calculated as an additional 
return of $12 per ewe mated. 

Zoonotic Implications 

B. ovis is not a zoonosis, but live Brucella 
vaccines used for prevention of this infection 
in some countries, such as Rev. 1 B. melitensis 
vaccine, are pathogenic to humans and 
should be handled and used with care. 


PATHOGENESIS 

There is an initial bacteremia, often with a 
mild systemic reaction, and the organism 
can be isolated from the internal organs of 
animals slaughtered after experimental 
infection. However, systemic disease is not a 
feature of the natural disease, and clinical 
disease results from localization and inflam¬ 
mation in the epididymides, typically in 
the tail. Inflammation in this area results 
in sperm stasis and extravasation with a 
subsequent immunologic reaction that is 
often unilateral, causing a spermatocele and 
reduced fertility. Not all infected rams have 
palpable lesions in the epididymis, and infec¬ 
tion can also establish in the seminal vesicles 
and ampullae. In either case the organism is 
shed in the ejaculate. 

Generally, B. ovis has low pathogenicity 
for ewes. The primary effect is a placentitis, 
which interferes with fetal nutrition, some¬ 
times to the point of causing fetal death, but 
more commonly producing lambs of low 
birth weight and poor viability. 

Analysis of the immune response by 
microarray hybridization and reverse tran¬ 
scription (RT)-PCR found that infection 
with B. ovis causes upregulation of genes 
involved in phagocytosis and downregula- 
tion of host defense mechanisms, both of 
which probably contribute to the chronic 
nature of the infection. 4 

CLINICAL FINDINGS 

The first reaction in rams is a marked dete¬ 
rioration in the quality of the semen together 
with the presence of leukocytes and Brucella. 
Acute edema and inflammation of the 
scrotum may follow. A systemic reaction, 
including fever, depression, and increased 
respiratory rate, accompanies the local 
reaction. 

Regression of the acute syndrome is fol¬ 
lowed, after a long latent period, by the 
development of palpable lesions in the 
epididymis and tunicae of one or both 
testicles. 

The palpation of both testicles simultane¬ 
ously is the best method of examination. The 
epididymis is enlarged and hard, more com¬ 
monly at the tail; the scrotal tunics are thick¬ 
ened and hardened; and the testicles are 
usually atrophic. The groove between the 
testis and epididymis may be obliterated. 

The abnormalities are often detectable by 
palpation, but many affected rams show no 
acute inflammatory stage and others may be 
actively secreting Brucella and poor-quality 
semen in the chronic stage in the absence of 
palpable abnormalities. Palpable abnormal¬ 
ity of the scrotal contents may be present in 
less than 50% of serologically positive rams. 
Affected rams have normal libido. 

There are usually no clinical signs in 
the ewe but in some flocks infection causes 
abortion or the birth of weak or stillborn 
lambs, associated with a macroscopic 
placentitis. 
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In red deer, only a small proportion of 
stags infected with B. ovis develop epidid¬ 
ymitis detectable by scrotal palpation. 3 In 
contrast to rams, in most stags the infec¬ 
tion resolves within 12 months following 
infection.’ 

CLINICAL PATHOLOGY 

Semen examination, including culture of the 
ejaculate, and serologic tests are used in 
suspect individuals and in groups of rams. 
The complement fixation and ELISA tests are 
by far the most useful; many infected rams 
have palpably normal scrotal contents and 
microbiologically negative semen. Ultra¬ 
sound examination of the scrotal contents 
can reveal anechoic areas that correspond to 
foci of fibrosis, but these appear no earlier 
and are nonspecific, offering no real advan¬ 
tage over scrotal palpation. 

Multiplex PCRs to differentiate B. ovis 
from Actinobacillus seminis and Histophilus 
ovis have been described for use on semen or 
urine. 6,7 Real-time PCR has also been used to 
type Brucella from field material, such as 
ovine placenta, without the need for culture. 8 

Semen Examination 

A combination of semen examination and 
palpation of the testicles for abnormalities 
will identify approximately 80% of infected 
rams. In affected animals the findings are a 
general reduction in semen quality, a reduced 
total sperm output, poor motility, and a high 
proportion of spermatozoa with secondary 
morphologic abnormalities. 

Culture 

B. ovis is fastidious in its growth and requires 
special cultural techniques. The examination 
of the semen for the presence of leukocytes 
has been used to determine those sheep that 
should be cultured for B. ovis, but it is not a 
highly sensitive screening test. PCR for 
detection of B. ovis in semen has an equiva¬ 
lent sensitivity to culture. 

Serology 

The CFT, the standard test in many coun¬ 
tries, is the prescribed test for international 
trade, and when used in conjunction with 
genital palpation has allowed the eradication 
of B. ovis from flocks. However, a small pro¬ 
portion of infected rams are negative to CFT, 
which can compromise or delay eradication 
programs. The sensitivity and specificity of 
the various serologic tests depend mainly on 
the antigens used and the serologic cut 
points, which may vary between countries 
and laboratories. A UK study reported the 
sensitivity of an ELISA, gel diffusion, and 
CFT as 97.6, 96.4, and 92.7%, respectively, 
with all tests 100% specific. Studies in other 
countries support this ranking, but others 
suggest that the ELISA has no advantage 
over the classic complement and gel diffu¬ 
sion tests. A combination of serologic tests 
may increase the sensitivity closer to 100%, 


but will obviously increase testing costs. 
Seroconversion occurs slightly earlier with 
the ELISA, compared with the complement 
fixation and gel diffusion tests, so it may be 
useful in situations where infection is rapidly 
spreading within a group of rams. 9 

Serologic tests will not differentiate vac¬ 
cinated from infected sheep or sheep infected 
with B. melitensis. 

NECROPSY FINDINGS 

In the acute stage, there is inflammatory 
edema in the loose scrotal fascia, exudate in 
the tunica vaginalis, and formation of granu¬ 
lation tissue. In the chronic stage, the tunics 
of the testes become thickened and fibrous 
and develop adhesions. There are circum¬ 
scribed indurations in the epididymis and 
these granulomata may also be present in 
the testicle. In advanced stages, they undergo 
caseation necrosis. As the epididymis 
enlarges the testicle becomes atrophied. B. 
ovis can usually be isolated from the genital 
organs, especially the tail of the epididymis, 
and rarely from internal organs and lymph 
nodes. Similar lesions are described in red 
deer stags. 5 

The abortus is characterized by thicken¬ 
ing and edema, sometimes restricted to only 
a part of the placenta, with firm, elevated 
yellow-white plaques in the intercotyledon¬ 
ary areas and varying degrees of cotyledon¬ 
ary necrosis. Microscopically, organisms are 
visible within the cytoplasm of trophoblasts 
of the inflamed placenta. A vasculitis is often 
present. The organism can be isolated from 
the placenta and the stomach and lungs of 
the lamb. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology and PCR: epididymal 
granuloma, seminal vesicle, inguinal 
lymph node/fetal lung, stomach content, 
placenta (culture, has special growth 
requirements; cytology, Stamps or 
Roster’s stain on placental smear; PCR) 

• Histology: formalin-fixed epididymis, 
testicle, seminal vesicle, inguinal lymph 
node from rams; in abortions placenta, 
fetal lung, liver, spleen, kidney, heart, 
brain 


DIFFERENTIAL DIAGNOSIS 


Infection with Actinobacillus seminis and 
Histophilus ovis can cause similar scrotal 
lesions, although many rams with 
abnormalities of intrascrotal tissues do not 
have brucellosis or infectious epididymitis. 

Abortion in ewes may be associated with 
a number of infectious diseases, which are 
summarized in Table 18-1. 


TREATMENT 

Treatment of naturally occurring cases is 
rarely undertaken. IM administration of 


long-acting oxytetracycline at 20 mg/kg 
body weight (BW), given every 3 days for 24 
days, along with the daily IM administration 
of 20 mg/kg of dihydrostreptomycin sulfate, 
resulted in bacteriologic cure of 90% of 
experimentally infected rams. Oxytetracy¬ 
cline alone is less effective, but the use of 
dihydrostreptomycin is prohibited in food- 
producing animals in many countries. Treat¬ 
ment is economically feasible only in valuable 
rams and must be instituted before irrepa¬ 
rable damage to the epididymis has occurred. 
The treatment of rams that are infected but 
without palpable lesions results in a signifi¬ 
cant improvement in breeding soundness 
classification on examinations subsequent to 
treatment. 

CONTROL 

Control is by preventing the spread of infec¬ 
tion between rams and detecting and culling 
infected rams. In small flocks, culling of all 
rams and replacement with B. ovis- free rams 
may be the most cost-effective approach. 
Some control can be achieved using scrotal 
palpation to detect infected rams, but this 
must be combined with repeated serologic 
testing if eradication is the goal. Vaccination 
may be the most economical and practical 
means of controlling the disease in areas 
with a high incidence of infection and in 
regions of the world where eradication by 
test and slaughter is impractical. 

Eradication 

In a flock where the diagnosis has been con¬ 
firmed all rams are palpated and those with 
scrotal abnormalities are culled. The remain¬ 
ing rams are tested serologically and reactors 
culled. Serologic tests are repeated at monthly 
intervals, with culling of reactors, until all 
rams are serologically negative. Further tests, 
6 and 18 months later, are used to confirm 
eradication. 

Infection spreads rapidly during the 
mating season, so eradication should be 
delayed until after the breeding season. 
During breeding it may be wise to run two 
breeding flocks, with virgin rams and rams 
known to be free of infection separated from 
older or suspicious rams (seropositive and/ 
or those with scrotal lesions). Strict separa¬ 
tion of the two ram flocks must be main¬ 
tained at all times, and the clean group must 
not mate ewe flocks that have been mated to 
the suspect rams. 

Several countries have voluntary accredi¬ 
tation schemes based on inspection of 
boundary fencing, restricting the introduc¬ 
tion of new rams to those from accredited 
flocks and serologic testing. 

Vaccination 

A number of vaccines have been used, but 
none is fully effective. In some countries, 
vaccination is not permitted and eradication 
by test and slaughter is the only method of 
control. 
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Table 18-1 Diagnostic summary of infectious abortion in ewes 

Epidemiology and diagnosis 


Laboratory findings 

Disease Transmission Time of abortion Clinical data Fetus 

Serology 

Vaccination 


Brucellosis 
(.Brucella ovis) 

Passive venereal, 
ram to ram 

Late or stillbirth, 
weak lambs 

Abortion in ewes, 
epididymitis in 
rams 

Organisms in fetal 
stomach and 
placenta 

CFT or ELISA 

In some countries 
simultaneous 6. 
abortus strain 19 
and killed B. ovis 







vaccine, or B. 
melitensis Rev. 1 







vaccine 

Campylobacter 
fetus or C. 
jejuni 

Ingestion 

High stocking 
rate, intensive 
grazing, and 
supplementary 
feeding on 
the ground 
increases risk 

Mainly young 
ewes; last 6 
weeks of 
pregnancy, 
stillbirths, weak 
lambs 

Metritis in ewes 
after abortion 

Campylobacter in 
stomach, large 
necrotic foci in 
liver 

Agglutination test, flock only 

Formalin-inactivated 
bivalent vaccine can 
increase live lambs 
by around 10%; 
variable efficacy 
depending on 
which strains are 
present 

Enzootic abortion 
of ewes 
(Chlamydophila 
abortus) 

Ingestion 

Last 2-3 weeks. 
Stillbirths, weak 
lambs 

No sickness in 
ewes, neonatal 
mortality 

Chlamydophila in 
fetal cotyledons 
Degenerative 
changes in 
placenta 

ELISA, CFT, PCR 

Killed vaccine gives 
moderate immunity. 
Live attenuated 
vaccine 

Listeriosis (Listeria 
monocytogenes) 

Probably 

ingestion 

After 3 months 

Retained placenta 
and metritis 
Septicemia in 
some ewes 

Organisms in fetal 
stomach 

Autolysis, necrotic 
foci in liver 

Agglutination and complement 
fixation of doubtful value 

In some countries 
killed or live 
attenuated vaccines 

Salmonellosis 
(Salmonella 
abortusovis) 

Probably 

ingestion 

Carrier sheep 

Last 6 weeks 

Metritis after 
abortion 

Organisms in fetal 
stomach 

Not in the United 
States 

Agglutination test 

Doubtful efficacy 

Salmonellosis 
(S. dublin, S. 
montevideo, S. 
typhimurium) 

Ingestion 

Last month 

Abortion: fetal 
metritis, 
neonatal 
mortality 

Organisms in 
stomach 

Agglutination test 


Toxoplasmosis 

Ingestion 

Late or stillbirths 
Live-born weak 
lambs 

Abortion, 
stillbirths, and 
neonatal 
mortality; no 
illness in ewe 

Multiple small 
necrotic foci in 
fetal cotyledons 
Toxoplasma in cells 
of trophoblast 
epithelium 

Modified agglutination test, 
ELISA of limited value in 
adult; test pleural fluid of 
fetus 

PCR 

Live S48 tachyzoite in 
some countries 
(e.g., UK, New 
Zealand); single 
dose 3 weeks 
before mating 

Rift Valley fever 

Insects 


Important cause 
of abortion in 
all species in 
Central Africa 
Heavy mortality 
in young 
animals 

Acidophilic inclusions 
hepatic cells 

Hemagglutination inhibition 
and ELISA 

Fluorescent antibody for 
tissues 

Available in endemic 
countries 

Coxiellosis 

(Q-Fever) 

Inhalation, 

ingestion 

Later term and 
weak lambs 

No illness in ewe, 
neonatal 
mortality 

Fetus fresh, 
Intercotyledonary 
necrotizing 
placentitis 

Fluorescent and PCR; serology 
of limited value 

Vaccine available in 
Europe but not in 
most other 
countries 

Tick-borne fever 

Ticks 

Late, following 
systemic disease 

Fever and 
abortion 

None specific 

Giemsa smear of blood, PCR 
Counterimmunoelectrophoresis 

None 

Border disease 

Ingestion 

All stages, 
stillbirth 

Infertility in ewes, 
hairy shaker 
lambs 

Virus isolation 

See text description 

None that are specific 
for sheep strains 


CFT, complement fixation test; ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction. 
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Killed B. ovis vaccines, even with 
adjuvants, have poor efficacy. The use of 
a killed vaccine may be inadvisable in 
flocks where eradication is being attempted, 
because it may protect against clinical 
disease but allow a carrier state in some 
rams in which there is excretion of the 
organism in animals that become serone¬ 
gative. An experimental vaccine prepared 
from enriched OMPs and rough LPS of 
B. ovis gave equivalent protection in chal¬ 
lenge studies to that given by B. melitensis 
Rev. 1 vaccine. 

A combined vaccine containing killed 
B. ovis in an adjuvant and B. abortus strain 
19 also provided durable immunity but had 
several disadvantages. Vaccinated animals 
become seropositive, which compromises 
the subsequent use of serologic tests for erad¬ 
ication. Strain 19 also can cause epididymi¬ 
tis, and vaccinated rams may excrete strain 
19 in their semen. 

Live B. melitensis strain Rev 1 has been 
found to be most effective and is the most 
widely used vaccine, where permitted. This 
strain was developed in the 1950s from a 
virulent isolate that had become streptomy¬ 
cin dependent. It is avirulent for rams, and 
subcutaneous or conjunctival vaccination 
provides protection against experimental 
and field challenge. Vaccinated animals 
become positive to the complement fixation 
and ELISA tests, but titers are low and can 
be minimized by using the conjunctival 
route for vaccination. However, vaccinated 
animals can excrete B. melitensis strain Rev. 
1, and it can cause abortions, so alternative 
vaccine candidates are being evaluated. 
These include an OMP extracted from B. 
melitensis (Omp31) and an attenuated strain 
of B. ovis (Delta abcBA). The latter protects 
against experimental challenge with virulent 
B. ovis and is considered a potential vaccine 
strain for rams. 10 

If vaccination is used there should 
also be a program of culling clinically 
abnormal rams, and ram replacements 
should be yearlings vaccinated at 4 to 
5 months. 


FURTHER READING 

Ridler AL, West DM. Control of Brucella ovis infection 
in sheep. Vet Clin North Am Food Anim Pract. 
2011;27:61-66. 
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BRUCELLOSIS ASSOCIATED 
WITH BRUCELLA SUIS IN PIGS 


Brucella suis infection may be inapparent or 
may result in stillbirths, abortion, and infer¬ 
tility in both sexes. In boars it causes infec¬ 
tion of the testicles and accessory sex glands. 
It will cause disease in man 1 . 


SYNOPSIS 


Etiology Disease in pigs is caused by Brucella 
suis biovars 1-3. Biovars 1-4 cause rare 
disease in cattle. 

Epidemiology Disease in pigs is transmitted 
by contact, ingestion, and venereally. 

Clinical findings 

Sows: Infertility, irregular estrus, small 
litters, and abortion. 

Boars: Orchitis, lameness, incoordination, 
and posterior paralysis. 

Piglets: Mortality. 

Clinical pathology Isolation of organism. 
Several serologic tests available but none 
with good sensitivity. 

Necropsy Metritis, orchitis, osteomyelitis. 
Granulomatous inflammation and foci of 
caseous necrosis. 

Diagnostic confirmation Isolation of B. suis 
and herd serology tests. 

Treatment None satisfactory. 

Control Serologic testing and disposal of 
reactors. No effective vaccine. Humans, and 
occasionally cattle. Transmission congenital 
or by ingestion or contact with infected 
placenta, vaginal discharge, or milk. 

Clinical findings Abortion storms, abortions 
often in last 2 months of pregnancy. 
Weak-born lambs. 

Clinical pathology Culture of organism. 
Serologic tests and skin hypersensitivity 
testing for herd diagnosis. 

Necropsy findings Placentitis. 

Diagnostic confirmation Only by isolation of 
the organism. 

Control Slaughter eradication. Vaccination 
with Rev. 1 vaccine, which will produce 
abortion in pregnant animals. 


ETIOLOGY 

It is a small, aerobic, gram-negative Bacillus. 
Remember that B abortus and B. melitensis 
will also occasionally infect the pig, however, 
only B. suis will cause systemic and general¬ 
ized infections in pigs. The other species will 
infect pigs, but the infection is self-limiting 
and the infection is usually restricted to the 
local lymph nodes. There are five biovars. 

EPIDEMIOLOGY 
Geographic Occurrence 
Biovar 1 

Biovar 1 is important in pigs and occurs 
worldwide, but the disease has not been 
recorded in the UK, Canada is disease free, 


and the prevalence is very low in the United 
States. It is particularly important in the Phil¬ 
ippines and the Pacific islands and Africa. 

Biovar 2 

Biovar 2 occurs in pigs in west central 
Europe, particularly Croatia and Czechoslo¬ 
vakia, and also in hares. There appears to be 
a close relationship between pigs and wildlife 
in this strain and wild boar in particular. 2 
Occasionally it appears in cattle, dogs, and 
horses. 

Biovar 3 

Biovar 3 has a close similarity to B. melitensis 
biovar 2 and requires phage typing, oxidative 
metabolic testing, or PCR for differentiation. 
It also occurs in pigs in the United States, 
South America, and southeast Asia. It is a 
problem in wild boar where it may reach 8% 
to 32% prevalence, 3 ' 4 and particularly in 
Italy 5 and Spain 6 the spill over from wild boar 
to domestic pigs is a particular problem.' 

Biovar 4 

Biovar 4 is a cause of rangiferine brucellosis 
(reindeers, caribou, bison, moose, etc.) and 
can transmit to cattle but does not appear 
to be a disease of pigs. It will transmit to 
humans. 

Biovar 5 

Biovar 5 is murine brucellosis. It may also 
include B. microti, which has been isolated 
from voles and wild rodents in Russia. 8 

Host Occurrence 

Domestic, wild, or feral pigs are the host for 
biotypes 1 and 3, and widespread infection 
in feral pigs is recorded in Queensland, 
Australia, and the southern states of the 
United States. Bison may remain reservoirs. 
Incursion to domestic pigs from wild boar is 
an increasing problem. 

Cattle and horses may be infected, espe¬ 
cially if they share a range with feral pigs, and 
this association adversely affects the status of 
cattle herds undergoing brucellosis eradica¬ 
tion programs. Cattle are noncontagious 
hosts, but an outbreak in Switzerland where 
the disease had not appeared since 1946 has 
been attributed to a spread of infection from 
horses. 

Biovar 1 

Biovar 1 has been isolated from the semen of 
a ram. Infection in dogs, usually symptom¬ 
less but occasionally producing orchitis or 
epididymitis, or granulomas can result from 
eating raw pig meat. 

Biovar 2 

In addition to the pig, the European hare 
(Lepus capensis) is also a major host for 
biovar 2, and this biovar is common in 
central Europe. Some studies have suggested 
that the type found in hares in Europe is a 
different strain from the wild boar. 9 
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Biovar 4 

Biovar 4 can transmit to cattle in contact 
with infected reindeer. Wild canids can also 
be naturally infected with biovar 4, presum¬ 
ably by ingestion. 

Source of Infection 

Infected boars can shed 10 4 to 10 7 colony¬ 
forming units (CFU) of B. suis per milliliter 
of semen. The bacterium is also shed in 
the milk. 

The introduction of infected pigs, usually 
a boar or the communal use of an infected 
boar, is the common means of introduction 
of the bacterium into a pig unit. Artificial 
insemination using noncertified or untreated 
semen can also spread the disease as can ova. 
Transmission usually requires direct or close 
contact and is usually oral. Discharges in 
milk and uterine secretions are infectious. 
Sows may be carriers and piglets can spread 
the disease horizontally. It is thought that 
infection through the conjunctiva is also a 
possibility. It probably does not survive in 
the environment unless contained in organic 
matter under cold conditions. Within a 
piggery the disease is spread by ingestion and 
by coitus. The ingestion of food contami¬ 
nated by infected semen and urine and 
discharges from infected sows are also 
important methods of spread. Dried secre¬ 
tions, if frozen, may remain infective. Most 
disinfectants and sunshine kill the virus. 

The feeding of kitchen waste containing 
raw pig meat also presents a risk. Domestic 
herds are also at risk when they are kept 
under extensive husbandry methods in areas 
where there is a high prevalence of infection 
in feral pigs. Cattle infected with biovar 1 are 
noncontagious to other livestock and can 
have normal pregnancies and give birth to 
uninfected calves. 

Wild animals, including hares and rats, 
may provide a source of infection with biovar 
2, and ticks are also suspected of transmit¬ 
ting the disease. 

Host and Pathogen Risk Factors 

The fact that B. suis survives so well in raw 
meat, e.g., 128 days in sausage meat, means 
that prepared pork products are always a 
source of infection. They can survive freez¬ 
ing for over 2 years. Environments and pas¬ 
tures can be infected for a long period of 
time. 

B. suis is more resistant to adverse envi¬ 
ronmental conditions than B. abortus, 
although its longevity outside the body has 
not been fully examined. It is known to 
survive in feces, urine, and water for 4 to 6 
weeks. As the environmental temperature 
rises, the survival in the environment 
decreases. It is also deactivated by bright 
sunlight. It has also been known to survive 
desiccation. 

Among pigs, susceptibility may vary with 
age. The prevalence of infection is much 
higher in adults than in young pigs, although 


this may represent an exposure risk rather 
than an age-related risk. Susceptibility is 
much greater in the postweaning periods 
and is the same for both sexes, but there may 
also be genetically determined differences in 
susceptibility. Some piglets acquire infection 
from the sow, either from the ingestion of 
infected milk or by congenital infection. 

Lateral spread through a herd is rapid 
because of the conditions under which pigs 
are kept. No durable herd immunity devel¬ 
ops and, although a stage of herd resistance 
is apparent after an acute outbreak, the herd 
is again susceptible within a short time and 
the bacteria can spread rapidly on entry to a 
herd. Within a few months 50% may be 
infected and 70% to 80% may be involved at 
the start of the outbreak. Further outbreaks 
may occur if infection is reintroduced. 

In an enzootic area, the proportion of 
herds infected is usually high (30%—60%). 
The prevalence of seropositivity in an 
infected herd varies but can be as high as 
66%. Seroprevalence in feral pigs is also high, 
is higher in adult pigs than pigs under 6 
months of age, and varies between popula¬ 
tions of feral pigs. 

Economic Importance 

The disease is economically important 
because of infertility and reduction in 
numbers of pigs weaned per litter. Mortality 
in live-born piglets, which occurs during the 
first month of life, may be as high as 80%. 
The mortality rate is negligible in mature 
animals, but sows and boars may have to be 
culled because of sterility, and occasionally 
pigs are culled because of posterior paralysis. 
In addition, eradication involves a great deal 
of financial loss if complete disposal of a reg¬ 
istered herd is undertaken. 

Zoonotic Implications 

Biovar 2 is not a zoonosis, but biovars 1, 3 (as 
pathogenic as B. melitensis ), and 4 have con¬ 
siderable significance for public health and 
are very pathogenic to humans. In countries 
where pigs are a significant part of animal 
farming and the human diet, B. suis is the 
major cause of human brucellosis (e.g., 
South America). 10,11 

B. suis presents an occupational hazard, 
particularly to abattoir workers, and to a 
lesser extent to farmers and veterinarians 
and hunters. 12 B. abortus and B. melitensis 
may also be found in pig carcasses and 
present similar hazards. B. suis can be wide¬ 
spread in the carcass of infected pigs, and 
undercooked meat can be a source of human 
infection. This is particularly true for wild 
boar and feral pig meat. A recent experiment 
described infection with biovar type 1 and its 
transmission to negative pigs after 4 to 6 
weeks. Antibody was detected in blood 
samples from farmers and abattoir workers. 

In infected cattle, B. suis localizes in the 
mammary gland without causing clinical 
abnormality and, where cattle and pigs are 


run together, the hazard to humans drinking 
unpasteurized milk may be significant. 
Biovar 4 causes human disease associated 
with consumption of caribou. 

Human brucellosis at a pig slaughter¬ 
house in Argentina has been described. 11 The 
median age of the slaughterhouse workers 
was 40 (23-65) and they had worked for 1 to 
9 years in the slaughtering or butchery part 
of the plant. A systemic or localized disease 
with recurrent episodes was described. The 
chronic disease may be progressive. The 
patients’ serum antibody titers (SAT) titers 
ranged from 1:25 to 1:12.800 and CFT from 
1:10 to 1:1280. Of the pigs tested, 11% of 
the males (7/62) and 18% of the females 
(25/138) were positive. It is suggested that 
the swine keepers did not send infected 
animals for incineration but sent them to 
slaughter. Diagnoses are rarely made on 
farms that breed pigs. Such pigs arriving at 
packing plants have high levels of organisms 
but rarely have lesions and genital infections 
that may be a major source of infection. Pro¬ 
tective clothing, such as gloves, protective 
clothing, eye protection, and protection of 
any bare skin, is essential. 

PATHOGENESIS 

Infection is followed by multiplication in the 
local lymph nodes. Only 10 4 ' 7 organisms will 
produce an experimental infection, but the 
severity of the infection is not correlated 
with either the dose or the route of infection. 
As for the other species, B. suis requires the 
virB operon-encoded T455 for intracellular 
invasion and multiplication within host cells. 
The T455 mutants are not able to survive and 
multiply in macrophages or epithelial cells. 

As in brucellosis associated with B. 
abortus, there is initial systemic invasion 
possibly through the M cells of the lymphoid 
tissue in the gut, but also possibly the oral, 
nasopharyngeal, conjunctival, or vaginal 
mucosa. There is generally a long period of 
incubation before clinical signs appear. In 
young animals these are not necessarily 
visible and will depend mainly on the age, 
sex, and physiologic state of the animals at 
the time they are infected. The organism 
then appears in the bloodstream, usually 
within 1 to 7 weeks, and often lasts for 5 
weeks but can persist for up to 34 weeks. 
However, infection with B. suis differs from 
that associated with B. abortus in that local¬ 
ization occurs in several organs in addition 
to the uterus and udder, and the organism is 
found in all body tissues and produces a 
disease similar to undulant fever in humans. 
The organisms persist in lymph nodes, joints, 
bone marrow, and the genital tract. The more 
common manifestations of localization are 
abortion and infertility caused by localiza¬ 
tion in the uterus; lymphadenitis, especially 
of the cervical lymph nodes; arthritis and 
lameness caused by bone and joint localiza¬ 
tion; and posterior paralysis caused by osteo¬ 
myelitis. In boars, involvement of the testicles 
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often leads to clinical orchitis, and the boars 
are probably infected for life. Widespread 
infection makes handling of the freshly killed 
carcass hazardous and creates a risk for 
brucellosis in humans eating improperly 
cooked pork. 

CLINICAL FINDINGS 

Do not forget that clinical signs in pigs may 
also be produced by B. abortus and B. meli- 
tensis. Porcine brucellosis is usually a more 
generalized and chronic disease than bovine 
brucellosis. 14 

The clinical findings in swine brucellosis 
vary widely, depending on the site of local¬ 
ization. The signs are not diagnostic, and in 
many herds a high incidence of reactors is 
observed with little clinical evidence of 
disease. Reproductive inefficiency is the 
common manifestation. 

Sows 

Infection at service usually results in early 
abortion, sometimes as early as 17 days after 
natural service with infected boars, with 
return to estrus at 5 to 8 weeks after service, 
which may be the only sign that infection has 
taken place. 

Infertility, irregular estrus, small litters, 
and abortion occur. Later infection will give 
rise to mummification and stillbirths. The 
incidence of abortion varies widely between 
herds but is usually low and is usually 
early. Infection of the fetus may lead to abor¬ 
tion. As a rule, sows abort only once in a 
lifetime, and this is most common during 
the third month of pregnancy. Affected 
sows usually breed normally thereafter. Sows 
may remain carriers and may shed organ¬ 
isms in milk and uterine discharges, which 
may be extremely bloody and may be 
accompanied by endometritis and retained 
fetal membranes. 

Boars 

Orchitis with testicular swelling, epididymi¬ 
tis, and necrosis of one or both testicles is 
followed by sterility usually within 7 weeks 
of infection. Lameness, incoordination, and 
posterior paralysis are fairly common. The 
onset is gradual, and signs may be caused by 
arthritis or, more commonly, osteomyelitis of 
lumbar and sacral vertebral bodies. Testicu¬ 
lar atrophy may result at around 19 weeks. 
Boars have a low rate of recovery (less than 
50%). After infection, enough animals 
remain infected to perpetuate the disease. 

In both sows and boars, the bones and 
joints may be involved, and in these cases 
there may be posterior paralysis and lame¬ 
ness. Nodules may be seen in the spleen and 
liver and abscesses may be seen in boars. 

Piglets 

A heavy mortality in piglets during the first 
month of life is sometimes encountered, but 
most piglet loss results from stillbirths and 
the death of weak piglets within a few hours 


of birth. Up to 10% may contract infection 
when they are young and retain the infection 
until adulthood. 

CLINICAL PATHOLOGY 
Culture 

Laboratory identification of the disease is 
difficult. It should be routine to use more 
than one culture method. 15 Isolation of the 
organism should be attempted if suitable 
material is available. Such material for 
culture includes aborted fetuses, testicular 
lesions, abscesses, blood and lymph nodes 
(particularly the submandibular, gastrohe- 
patic, and external iliac nodes). 16 The organ¬ 
ism is a small, slender, aerobic gram-negative 
organism that produces 1- to 2-mm colonies 
on blood agar after 2 to 4 days. A new 
method of culture has been described for B. 
suis called LNIV-M. 17 Interestingly, in a 
study of wild boar the organism was isolated 
from 93% of males but only 61% of females. 18 

PCRs using the omp 2b gene or RT-PCR 
may be more reliable. 19 B. suis can be differ¬ 
entiated from the other species by PCR, 20-22 
although it may be less successful than 
culture. 23 

A fingerprinting technique based on a 
PCR method for multilocus variable number 
tandem repeat analysis (MLVA) has been 
developed. 24 

There is no PCR test for differentiating 
the five biovars from each other. 25 

Serology 

Antibodies are usually developed 6 to 8 
weeks after infection. These tests are only 
useful on a herd basis. There is no satisfac¬ 
tory serologic test. Some animals remain 
seronegative to all tests. Recently indirect or 
competitive ELISAs have been developed 
and may be 98% and 100% specific. 26 

An ELISA compared with complement 
fixation was found to be just as sensitive and 
as specific a test for both pigs and hares for 
B. suis infections. A meat juice ELISA has 
also been shown to be a valuable method for 
testing both hares and wild boars. There is 
considerable individual variation in the anti¬ 
body response of pigs following infection, 
and some may be culture positive but have 
negative or indefinite titers to the common 
tests. Pigs under 3 months of age have a poor 
antibody response to infection. 

Serologic tests in common use include 
the rose Bengal plate agglutination test, 
Rivanol test, rose Bengal card test, comple¬ 
ment fixation, agar gel immunodiffusion, 
and tube agglutination. The preferred test 
varies between countries but most use the 
rose Bengal plate or card test. B. abortus 
antigens are used for diagnosis because B. 
suis has the same surface LPS antigens. Esti¬ 
mates of the sensitivities of the complement 
fixation and tube agglutination tests range 
from 40% to 51%, and they range from 62% 
to 79% for the rose Bengal plate test. The 
immunodiffusion test has poorer sensitivity 


than the standard serologic tests. The sensi¬ 
tivity and specificity of all the tests have been 
shown to vary with the stage of infection in 
the experimental disease, and it has been rec¬ 
ommended that more than one test should 
be used for diagnosis. A recent study showed 
a range of sensitivity from 84% to 100% with 
the CFT low at 84% and the serum agglu¬ 
tination test high at 100%. The sensitivities 
ranged from 79.7% to 100%, with the serum 
agglutination test low at 79.7% and iELISA 
and C-ELISA high at 100%. A recent vali¬ 
dation of the polarization assay as a sero¬ 
logic test for the presumptive diagnosis of 
porcine brucellosis has shown promise. Tests 
have been reviewed, 26,27 and both authors 
say that the problem is cross-reaction with 
Yersinia 09. 

NECROPSY FINDINGS 

On necropsy, there may be arthritis, poste¬ 
rior paralysis, spondylitis, and abscess for¬ 
mation in both sexes. The lesions are usually 
granulomatous as a result of persistent cyto¬ 
kine release, and these may be in the liver, 
kidney, spleen, and reproductive tracts. 

Many organs may be involved in chronic 
cases. Chronic metritis manifested by 
nodular, white, inflammatory thickening, 2 
to 5 mm in diameter, and abscessation of the 
uterine wall is characteristic with or without 
hemorrhage and necrosis. Arthritis may be 
purulent, and necrosis of vertebral bodies in 
the lumbar region may be found in lame and 
paralyzed pigs. The clinical orchitis of boars 
is revealed as testicular enlargement or 
atrophy and testicular necrosis, often accom¬ 
panied by lesions in the epididymis and 
seminal vesicles. Splenic enlargement and 
pronounced lymphadenopathy, caused by 
hyperplasia of mononuclear phagocytes, 
occur in some cases. Typical histologic 
changes consist of granulomatous inflamma¬ 
tion with neutrophils, macrophages, and 
giant cells and hyperplasia of reticular tissues 
and foci of caseous necrosis in the liver, 
kidney, spleen, and reproductive tract. 

DIAGNOSIS 

Diagnosis is suggested by the clinical signs, 
the necropsy findings, clinical pathology, 
and epidemiologically by the presence of 
wild boar locally. None of the tests is capable 
of diagnosing disease in the individual 
animal. The real problem of diagnosis is the 
cross-reactions with Y. enterocolitica 0:9 
infection. 28 In a survey of slaughter pigs in 
the UK 10% were found to have Y. enteroco¬ 
litica in their gut. 29 There are false positives 
caused by this organism in initial screenings 
as the antibody lasts 2 to 9 weeks following 
Y. enterocolitica infection. They can be 
eliminated by testing for cellular immunity 
by measuring the IFN-y generation by 
leukocytes. 

Internationally accepted tests for swine 
brucellosis include ELISAs, FPA, RBT, buff¬ 
ered plate agglutination test, and the CFT. 
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Samples for Confirmation 
of Diagnosis 

• Bacteriology: adults, culture swab from 
joint, lymph nodes, spleen, uterus, 
epididymis, or other site of localization; 
fetus, lung, stomach content, placenta 
(has special growth requirements) 

• Histology: formalin-fixed samples of 
above tissues (light microscopy) 

Note the zoonotic potential of this organism 
when handling carcasses or submitting 
specimens. 


DIFFERENTIAL DIAGNOSIS 


The protean character of this disease makes it 
difficult to differentiate. Syndromes that need 
differentiation include: 

• Abortion and infertility in sows 

• Posterior paresis diseases of spinal cord 

• Mortality in young pigs is also caused by 
many agents, and the important entities 
are listed in Chapter 19 in the section on 
Perinatal Disease—General Epidemiology. 


TREATMENT 

Treatment with a combination of streptomy¬ 
cin parenterally and sulfadiazine orally, or 
with tetracycline, is ineffective, although 
combinations of oxytetracycline, streptomy¬ 
cin, and possibly gentamicin have been 
used. 30 It is unlikely that treatment will ever 
be attempted on a commercial scale. 

CONTROL 

Vaccination 

No suitable vaccine is available. 31 Strain 19 B. 
abortus, B. abortus “M” vaccine, living atten¬ 
uated B. suis vaccines, and phenol and other 
extracts of B. suis are all ineffective. In a 
recent study, a natural rough mutant of B. 
suis that does not induce adverse clinical 
effects or tissue localization but does induce 
significant humoral and cellular immune 
responses after vaccination in swine has been 
observed. ’ 3 The antibody responses to infec¬ 
tion in any case are often not powerful 
enough to eliminate infection. 

Test and Disposal 

In herds where the incidence of reactors is 
high, complete disposal of all stock as they 
reach marketing age is by far the best proce¬ 
dure because of the difficulty in detecting 
individual infected animals. This is most 
practicable in commercial pork-producing 
herds. Restocking the farm should be delayed 
for 6 months after thorough disinfection is 
complete. The existing serologic tests can be 
used for certifying herds free of infection 
that can then provide replacement stock. 
Repopulation programs can also use specific 
pathogen-free pigs. 

The alternative is to commence a two- 
herd segregation program, and this is recom¬ 
mended for purebred herds that supply pigs 
for breeding purposes. Total disposal is not 
usually economical in these herds. Once a 


herd diagnosis has been established, all the 
breeding animals must be considered to be 
infected; all piglets at weaning are submitted 
to the serum agglutination, Rivanol, or other 
test and, if negative, go into new quarters to 
start the nucleus of a free herd. It is probably 
safer to wean the pigs as young as possible 
and test again before mating. If complete 
protection is desired, these gilts should be 
allowed to farrow only in isolation, should 
then be retested, and their piglets used to 
start the clean herd. A modified scheme 
based on the previously mentioned method 
of weaning and isolating the young pigs as 
soon as possible but without submitting 
them to the serum agglutination test has 
been proposed, but its weakness is that infec¬ 
tions may occur and persist in young pigs. 

After eradication is completed, break¬ 
downs are most likely to occur when infected 
animals are introduced. All introductions 
should be from accredited free herds, should 
be clinically healthy, and be negative to the 
serum agglutination test twice at intervals of 
3 weeks before introduction. 

Eradication of swine brucellosis from an 
area can only be achieved by developing a 
nucleus of accredited free herds and using 
these as a source of replacements for herds 
that eradicate by total disposal. Sale of pigs 
for breeding purposes from infected herds 
must be prevented. 

With the advent of infection in wild boar 
and feral pigs, it is essential to maintain an 
effective separation from them when there 
are domestic pigs, and this is especially true 
where there are outdoor pig units. Recently 
contaminated wood has been shown to be a 
problem. 33 
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BRUCELLOSIS ASSOCIATED 
WITH BRUCELLA MELITENSIS 


SYNOPSIS 


Etiology Brucella melitensis. 

Epidemiology Disease of goats, sheep, 
humans, and occasionally cattle. 
Transmission congenital or by ingestion or 
contact with infected placenta, vaginal 
discharge, or milk. 

Clinical findings Abortion storms, abortions 
often in last 2 months of pregnancy. 
Weak-born lambs. Important zoonotic 
disease in humans. 

Clinical pathology Polymerase chain reaction 
(PCR) and culture of organism. Serologic 
tests and skin hypersensitivity testing for 
herd diagnosis. 

Necropsy findings Placentitis. 

Diagnostic confirmation Isolation of the 
organism, PCR. 

Control Slaughter eradication. Vaccination 
with B. melitensis Rev. 1 vaccine, but this 
can cause abortion in pregnant animals. 


ETIOLOGY 

B. melitensis causes brucellosis in goats and 
sheep, is capable of infecting most domestic 
animal species, and is the primary cause of 
brucellosis of humans (Malta fever) in many 
countries. There are three biovars of the 
organism that have differing geographic 
distribution, but no difference in pathoge¬ 
nicity or animal species affected. There is a 
close relationship to other members of the 
genus, which currently has 10 species but is 
expanding with the advent of molecular 
typing. 1 

EPIDEMIOLOGY 
Geographic Occurrence 

The distribution of B. melitensis is more 
restricted than that of B. abortus and its 
primary area of occurrence is in the Mediter¬ 
ranean region, including southern Europe. 
Infection is also present in west and central 
Asia, Mexico, countries in Central and South 
America, and in Africa. Northern Europe is 
free of infection, except for periodic incur¬ 
sions from the south, as are Canada, the 
United States, southeast Asia, Australia, and 
New Zealand. 

The prevalence of infection varies 
between countries and regions, but in many 
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countries the prevalence has declined in the 
past 20 years in association with mandatory 
vaccination policies. However, in many 
others it is not effectively controlled because 
of the low incomes or nomadic nature of 
those who farm small ruminants. Hence it is 
regarded as a neglected but very important 
disease of livestock and humans in develop¬ 
ing countries. 2,3 

Host Occurrence 

Goats and sheep are highly susceptible. Sus¬ 
ceptibility in sheep varies with the breed, 
with Maltese sheep showing considerable 
resistance. The organism is capable of causing 
disease in cattle and has been isolated from 
buffalo, yaks, camels, and pigs. 

Source of Infection 

The source of infection is the infected carrier 
animal. Introduction to a naive herd or flock 
occurs with the introduction of an infected 
animal, and persistence results from sheep or 
goats that are prolonged excreters. Excretion 
is from the reproductive tract and in milk. 

Reproductive Tract 

Infected does and ewes, whether they abort 
or give birth normally, discharge many bru¬ 
cellas in their uterine exudates and placenta. 
The organism can be present in uterine dis¬ 
charge for at least 2 months following partu¬ 
rition in infected goats. The vaginal exudate 
of infected virgin or open animals may also 
contain the bacteria, but transmission 
between animals is most likely from the 
massive exposure provided by an infected 
placenta. 

Milk 

The majority of goats infected during preg¬ 
nancy will excrete the organism in milk in 
the subsequent lactation and many will 
excrete it in all future lactations. In sheep, the 
period of excretion of the organism from the 
uterus and in milk is usually less than in 
goats, but the organism can be present in 
milk throughout lactation. The duration of 
excretion in cattle is not known. 

Transmission 

Routes of infection for both adults and young 
are via ingestion, by nasal or conjunctival 
infection, and through skin abrasions, with 
infected placenta and uterine discharge as a 
major source. 

In Utero Infection 

Infection of the fetus during pregnancy does 
not necessarily result in abortion: infected 
kids and lambs may be born alive but weak, 
or they may be quite viable. In some cases 
the infection persists in a latent form until 
sexual maturity, when pregnant animals may 
abort the first pregnancy. However, others, if 
weaned early from their dams and from the 
infected environment, become free from the 
infection as adults. 


Colostrum and Milk 

Latent infection can also be acquired from 
the ingestion of infected colostrum and milk. 
This is a major route of transmission and 
perpetuation of infection in a herd or flock. 

Host and Pathogen Risk Factors 

The organism is reasonably resistant to envi¬ 
ronmental influences and under suitable 
conditions can survive for over 1 year in the 
environment. B. melitensis is susceptible to 
disinfectants in common use at recom¬ 
mended concentrations. 

In goats and sheep, the infection of a 
naive herd or flock will produce an abortion 
storm, following which most animals are 
infected but immune, and further abortions 
are usually limited to young or introduced 
animals. Because of the limited periods of 
excretion in sheep the disease tends to be 
self-limiting in small flocks that have few 
new introductions. It can be a continuing 
problem in large flocks because of massive 
environmental contamination of areas used 
for pregnant and lambing ewes. In some 
areas the prevalence of brucellosis associated 
with B. melitensis is linked to the practice of 
animal movement to summer and mountain 
pastures in which there is commingling of 
sheep and goats from a variety of sources on 
the same pasture. 3 

Spread in beef cattle is slow, presumably 
because they are usually farmed at lower 
stocking rates, whereas spread in dairy herds 
can be more rapid and extensive. 

Economic Importance 

Brucellosis has major veterinary and human 
importance in affected countries. Costs 
include production loss associated with 
infection in animals, the considerable cost of 
preventive programs, and human disease. 
There is further loss from restriction in 
international trade in animals and their 
products. 

The occurrence of B. melitensis in the 
sheep and goat population of countries that 
have eradicated B. abortus poses a threat for 
the continuing occurrence of brucellosis in 
cattle herds. 

Zoonotic Implications 

B. melitensis is the most invasive and patho¬ 
genic for humans of the three classical 
species of the genus, and is the cause of Malta 
or Mediterranean fever in humans, which is 
an extremely debilitating disease. It is an 
important zoonosis in areas of the world in 
which B. melitensis is enzootic in goats and 
sheep. The disease in humans is severe and 
long-lasting and often occurs in communi¬ 
ties with limited access to antimicrobial 
therapy. Control and eradication of the infec¬ 
tion in animal populations has high priority 
in all countries. 

Large numbers of organisms are excreted 
at and following parturition, providing a 
source of infection for humans managing the 


herd or flock and also for people in the 
immediate vicinity from aerosol infection 
with contaminated dust. The risk of infection 
is high in cultures that cohabit with their 
animals or when weak, infected newborn 
animals are brought into the house for 
warmth and intensive care. Milking of sheep 
and goats is usually manual, often with poor 
sanitation and milking-time hygiene. Raw 
milk and cheese products from infected 
goats, sheep, or cattle also provide a risk and 
were the mechanism for the occurrence of 
Malta fever that initiated the definition of the 
disease. 

Abattoir workers, shearers, and people 
preparing goat and sheep skins are also at 
risk. The risk for veterinarians is primarily 
from assisting birthing in infected animals 
and herds, but is also the examination of any 
animal that is subclinically infected. There is 
also the risk of accidental self-inoculation 
with live vaccine. 

Vaccination of small ruminants with B. 
melitensis Rev. 1 vaccine is a primary method 
in controlling the human disease. In Greece, 
a 15-year period of vaccination was associ¬ 
ated with a drop in the incidence of human 
brucellosis, but when this program was 
stopped the prevalence of abortions in 
animals and the incidence if brucellosis in 
humans increased dramatically, only to be 
controlled by the reinstitution of vaccination 
of animals as an emergency mass vaccination 
program. However, although the Rev. 1 
vaccine is attenuated compared with field 
strains, it retains some virulence and incor¬ 
rect selection from the seed stock can result 
in vaccines with considerable virulence for 
both vaccinated animals and in-contact 
humans. 

Because of its pathogenicity to humans 
and animals, B. melitensis is listed as an agent 
of bioterrorism and agroterrorism. It is 
thought that fewer than 10 CFU are capable 
of infecting humans via aerosols. This would 
require mass therapy of human populations 
and destruction of animal populations. 

PATHOGENESIS 

The organism is a facultative intracellular 
parasite. As in other forms of brucellosis, 
the pathogenesis depends on localization in 
lymph nodes, udder, and uterus after an 
initial bacteremia. In goats, this bacteremia 
may be sufficiently severe to produce a sys¬ 
temic reaction, and blood culture may 
remain positive for a month. Localization in 
the placenta leads to the development of pla¬ 
centitis, with subsequent abortion. After 
abortion, uterine infection persists for up to 
5 months, and the mammary gland and asso¬ 
ciated lymph nodes may remain infected for 
years. Spontaneous recovery may occur, par¬ 
ticularly in goats that become infected when 
they are not pregnant. In sheep, the develop¬ 
ment of the disease is very similar to that in 
goats. In cattle, B. melitensis has a similar 
pathogenesis and produces a persistent 
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infection in the mammary gland and the 
supramammary lymph node, with obvious 
significance for public health. 

CLINICAL FINDINGS 

Abortion during late pregnancy is the most 
obvious sign in goats and sheep, but as in 
other species there may be a storm of abor¬ 
tions when the disease is introduced, fol¬ 
lowed by a period of flock resistance during 
which abortions do not occur. Abortion is 
most common in the last 2 months of preg¬ 
nancy. The excretion of the organism in milk 
is not accompanied by obvious signs of mas¬ 
titis. Infection in males may be followed by 
orchitis, which is frequently unilateral. 

In experimental infections, a systemic 
reaction occurs with fever, depression, loss of 
weight, and sometimes diarrhea. These signs 
may also occur in acute, natural outbreaks in 
goats and may be accompanied by mastitis, 
lameness, and hygroma; however, they are 
uncommon in the natural disease and their 
occurrence in the experimental disease 
reflects a massive challenge dose. Osteoar¬ 
thritis, synovitis, and nervous signs may 
occur in sheep. 

In pigs, the disease is indistinguishable 
clinically from brucellosis associated with 
B. suis. 

In many instances, B. melitensis infection 
reaches a high incidence in a group of 
animals without signs of obvious illness, and 
its presence may be first indicated by the 
occurrence of disease in humans infected 
from the herd or flock. This is so in cattle 
where the infection is subclinical and does 
not produce abortion, but the organism is 
shed in milk. 

CLINICAL PATHOLOGY 
Culture and Molecular Tests 

Positive blood culture soon after the infec¬ 
tion occurs and isolation of the organism 
from the aborted fetus, vaginal mucus, or 
milk are the common laboratory procedures 
used in diagnosis. The organism is moder¬ 
ately acid fast, and staining smears from the 
placenta and fetus with a modified Ziehl- 
Neelsen method may give a tentative diagno¬ 
sis; however, this does not distinguish this 
infection from B. ovis or the agent of enzo¬ 
otic abortion ( Chlamydia abortus), and 
culture is required. 

The organism can be detected by PCR in 
the abomasal fluid of aborted fetuses and, 
compared with culture, PCR has a sensitivity 
and specificity of 97.4% and 100%, respec¬ 
tively. PCR can also be used to detect the 
organism in tissues, semen, and milk. A real 
time RT-PCR has been used to type Brucella 
from field samples, such as ovine placenta, 
without the need for culture. 4 

Multilocus variable-number tandem 
repeats analysis (MVLA) is an alternative to 
classical biotyping and may be useful in ana¬ 
lyzing the epidemiology and source of out¬ 
breaks. For example, in 2011 a strain of B. 


melitensis in a single infected flock in Sar¬ 
dinia, a region of Italy free from this disease 
since 1998, was confirmed as being a rare 
America lineage and probably originating 
from Spain. 5 Multiplex PCR and high- 
resolution melt point analysis has also been 
used to differentiate Brucella spp. 

Serology 

The conventional serologic tests for the diag¬ 
nosis of B. melitensis —agglutination, CFT, 
and the rose Bengal or card test—use the 
same antigens that are used for the diagnosis 
of B. abortus infections (either whole cells 
or sLPS). 

The RBT and CFT are the most widely 
used. These, plus iELISA and FPA are pre¬ 
scribed tests for international trade. 6 The 
RBT is not 100% specific, but is typically 
used as a screening test with the CFT applied 
in series or parallel. RBT or CFT is not suf¬ 
ficiently sensitive to accurately detect infec¬ 
tion in an individual animal. Nevertheless, 
they can be used to detect infected herds for 
slaughter eradication of the disease. They can 
be used for test and slaughter programs 
within an infected herd, but their reduced 
sensitivity makes this strategy less effective in 
sheep and goats compared with cattle. A 
combination of these tests and tests per¬ 
formed on several occasions may increase 
the accuracy of detection of infected animals. 
If only one test is possible, the CFT is recom¬ 
mended, but it suffers from the requirement 
for a sophisticated laboratory, which is not 
always available in affected areas. 

Conventional serologic tests will not dif¬ 
ferentiate infection with different species of 
Brucella and will not differentiate infection 
associated with Y. enterocolitica type 0:9. 

Several ELISA tests have been evaluated 
for use in small ruminants, some using 
recombinant antigens such as Omp31 and 
others using whole-cell antigens. These 
include indirect, competitive, and blocking 
ELISAs. A C-ELISA had a diagnostic sensi¬ 
tivity ranging from 74% to 89%, depending 
on cutoff values, and a specificity from 93% 
to 97%. 7 Comparisons of the FPA and com¬ 
mercial ELISA tests with the RBT and CFT 
have shown no great advantages over the 
older tests, with the iELISA often having a 
slightly greater sensitivity. Overall testing 
sensitivity may be improved if these tests are 
used in parallel. ' 8 

Brucella- free animals are serologically 
positive for long periods following vaccina¬ 
tion with B. melitensis Rev. 1, with varying 
persistence in different serologic tests. The 
period of seropositivity is shorter in animals 
vaccinated conjunctivally. 

Milk Tests 

The milk ring test used for testing pooled 
(bulk) milk in cattle is not useful in small 
ruminants. Other tests include whey CFTs, 
whey Coombs or antiglobulin test, whey 
agglutination tests, and a milk ELISA. They 


have no apparent advantage over serologic 
tests, and in many cases they are less sensi¬ 
tive, hence, they are not suitable as screening 
tests using pooled milk samples. 

Allergic Tests 

An intradermal allergic test using 50 mg of 
brucellin INRA (purified and free from LPS) 
can be used for diagnosis. The injection sites 
in goats are the neck or caudal fold and in 
sheep the lower eyelid, with reactions read in 
48 hours. The test has high specificity in flocks 
that are free of infection and not vaccinated. 
However, it has little advantage over conven¬ 
tional serologic tests in infected herds, and 
Rev. -1 -vaccinated animals can react for at 
feast 2 years. It has particular value in identi¬ 
fying some animals that are false-positive 
reactors, differentiating infections with Y. 
enterocolitica but not B. ovis. Anergy occurs 
between 6 and 24 days after injection. 

NECROPSY FINDINGS 

There are no lesions that are characteristic of 
this form of brucellosis. The causative organ¬ 
ism can often be isolated from all tissues but 
the spleen, lymph nodes, and udder are the 
most common sites for attempted isolation 
in chronic infection. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: adults, spleen, lymph 
node, udder, testicle, epididymis; fetus, 
lung, spleen, placenta (culture: has 
special growth requirements; cytology: 
Stamp’s or Roster’s stain on placental 
smear; PCR);/efus, PCR of fetal 
abomasal fluid 

• Histology: formalin-fixed samples of the 
previously listed tissues 

The zoonotic potential of this organism 
means care needs to be taken when handling 
potentially infected material, and specimens 
should be properly packaged when submit¬ 
ted to a laboratory. 


DIFFERENTIAL DIAGNOSIS 


The primary differential is from other forms of 
brucellosis (seen in this chapter) and other 
causes of abortion in small ruminants. 


TREATMENT 

Treatment is unlikely to be undertaken in 
most animals because it is unlikely to be eco¬ 
nomically feasible or therapeutically effec¬ 
tive. For example, a dose of 1000 mg per 
animal of long-acting tetracycline given 
every 3 days for 6 weeks achieved a cure rate 
of 75%. 

CONTROL 

Hygiene 

Control measures must include hygiene at 
kidding or lambing and the disposal of 
infected or reactor animals. Separate pens 
for kidding does that can be cleaned and 









1784 


Chapter 18 


Diseases Primarily Affecting the Reproductive System 


disinfected, early weaning of kids from their 
does and their environment, and vaccination 
are recommended. In endemic areas, all pla¬ 
centas and dead fetuses should be routinely 
buried. 

Eradication 

Where a group is infected for the first 
time it may be most economical to dispose 
of the entire herd or flock, because eradica¬ 
tion by test and slaughter is prolonged 
by the lack of sensitivity of the serologic 
tests. 

Many countries that have this disease 
have statutory control measures and the 
disease can be eradicated, such as from 
Cyprus. B. melitensis also can be eradicated, 
with difficulty, from dairy cattle. However, 
vaccination may be the only practical 
method of control in areas in which there 
is a high prevalence of the disease, exten¬ 
sive management systems, communal and 
nomadic grazing, and a low socioeconomic 
level. 

Rev. 1 Vaccination 

Rev. 1 vaccine is a live, attenuated B. meliten¬ 
sis strain derived from a virulent B. melitensis 
isolate that is resistant to dihydrostreptomy¬ 
cin. It is the reference vaccine strain that 
provides protection against infection with B. 
melitensis in sheep and goats and against 
infection with B. ovis in rams. However, 
this vaccine has significant disadvantages, 
including persistent serologic response and, 
although attenuated compared with field 
strains, it retains some virulence. Incorrect 
selection from the seed stock can result in 
vaccines with considerable virulence for 
both vaccinated animals and in-contact 
humans. 

Vaccination with Rev. 1 produces a bac¬ 
teremia that is cleared by 14 weeks in goats 
and a shorter time in sheep. Vaccination at 
3 to 8 months of age confers a high degree 
of immunity that lasts for more than 4 years 
in goats and 2J4 years in sheep. The initial 
recommendations were to vaccinate replace¬ 
ment animals with the expectation that 
herd/flock immunity would develop over 
time. However, this has proved ineffective in 
some regions, and whole-flock/herd vacci¬ 
nation is now recommended in certain 
countries. 

Vaccination of pregnant goats and sheep, 
especially in the second and third month of 
pregnancy, will result in abortion and the 
excretion of the living B. melitensis vaccine 
organism in the vaginal discharge and the 
milk. Consequently, the vaccine should not 
be used in pregnant animals or for 1 month 
before breeding. Vaccination of lactating 
animals may be followed by excretion of the 
organism in the milk for a short time. 
Reduced dose vaccination or conjunctival 
vaccination does not significantly reduce the 
risk of vaccine-induced abortions in preg¬ 
nant animals, although reduced-dose Rev. 1 


vaccination has been shown to provide pro¬ 
tection for at least 5 years in endemically 
infected areas. 

Conjunctival vaccination does decrease 
the period of seropositivity following vacci¬ 
nation. Vaccine efficacy and safety can vary 
with the manufacturer. National policies 
promoting widespread vaccination of sheep 
and goats with Rev. 1 vaccine have resulted 
in a significant reduction in the prevalence 
of small ruminant brucellosis and in the inci¬ 
dence rates of human brucellosis. However, 
Rev. 1 vaccine is also pathogenic to humans 
and its excretion, and persistence in milk fol¬ 
lowing vaccination can result in human 
infection. 

The general approach in endemically 
infected countries is to institute a whole-flock 
vaccination scheme followed by a young- 
stock vaccination until the prevalence of the 
disease is reduced, at which time test and 
slaughter can be implemented to eradicate 
the disease. This ignores the risk of adverse 
disease in the vaccinated animals and the risk 
for human infection from the vaccine strain. 
There is an urgent need for a nonvirulent 
vaccine that induces seropositivity that can be 
differentiated from the seropositivity result¬ 
ing from natural infection. 

Other Vaccines 

To circumvent the problem of persistent 
serologic response, ongoing efforts have 
been made to develop defined rough mutant 
vaccine strains that would be more effective 
against B. melitensis. Various studies have 
examined cell-free native and recombinant 
proteins as candidate protective antigens, 
with or without adjuvants. However, limited 
success has been obtained in experimental 
models with these, or with DNA vaccines 
encoding known protective antigens. 9 

B. abortus strain 19 has been used for 
vaccination and appears to give protection 
that is as good as that achieved with the 
attenuated B. melitensis vaccine. 

FURTHER READING 

Blasco JM, et al. Control and eradication of Brucella 
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Whatmore AM. Current understanding of the genetic 
diversity of Brucella, an expanding genus of 
zoonotic pathogens. Inf Genet Evol. 
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ABORTION IN EWES 
ASSOCIATED WITH 
SALMONELLA ABORTUSOVIS 

Salmonella abortusovis (S. enterica serovar 
Abortusovis) is a gram-negative rod-shaped 
aerobic bacterium of the family Enterobacte- 
riaceae. The pathogen is highly adapted to 
sheep and is considered to be host specific 
for this species in which it can cause 
abortion. S. Abortusovis infection has a 
worldwide occurrence with a generally low 
prevalence. The infection appears to be more 
common in some European and Western 
Asian countries. 

Transmission and spread of the infection 
occurs through infected animals that are 
introduced to flocks naive to the pathogen. 
The reservoir of infection is infected animals 
that do not abort. The organisms persist in 
internal organs of the asymptomatic carri¬ 
ers for up to 6 months and are excreted in 
the feces and vaginal mucus for periods up 
to 4 months. Infection can occur through the 
oral, conjunctival, or respiratory route, but 
oral ingestion is thought to be the main 
mode of infection. Venereal spread has been 
postulated, and rams certainly become 
infected, but all the evidence is against spread 
at coitus. Intrapreputial inoculation results 
in infection of rams and the passage of 
infected semen for up to 15 days. 

The only significant clinical sign of S. 
Abortusovis infection is abortion, which is 
common during the second half to last third 
of gestation. Lambs may also be stillborn or 
die within the first day of life. Mortality in 
lambs is common from either weakness 
and ensuing hypothermia and hypo¬ 
glycemia or to the development of acute 
pneumonia in previously healthy lambs up to 
2 weeks old. 

In flocks naive to the infection, introduc¬ 
tion of the pathogen can cause abortion 
storms, with up to 60% of ewes aborting gen¬ 
erally in the last trimester of gestation. Ewes 
rarely develop clinical signs, although some 
may transiently have a fever or develop post¬ 
abortive endometritis with vaginal discharge. 
Septic metritis and peritonitis in dams has 
been associated with deaths among ewes. 
Spread of the disease is strongly associated 
with the presence of aborting ewes and sub¬ 
sequent heavy environmental contamina¬ 
tion. In flocks where the pathogen is endemic, 
abortion occurs sporadically, mainly affect¬ 
ing primiparous and newly introduced 
ewes. The infection appears to induce a 
strong immune response preventing abor¬ 
tion during the following pregnancies. 1 

Identification of the disease depends on 
isolation of the organism, which is present in 
large numbers in the fetus, placenta, and 
uterine discharges. Use of PCR to identify S. 
Abortusovis is feasible because the organism 
has an IS200 element in a distinct chromo¬ 
somal location. The resulting PCR assay has 
high specificity for S. Abortusovis, effectively 
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discriminating it from other S. enterica 
serovars. The disease can be diagnosed in 
fetuses by using a coagulation test on fetal 
stomach contents. The test had a sensitivity 
and specificity of 100% and 90% in a small 
number of samples. 

Serologic tests to detect antibody to S. 
abortusovis include the SAT, hemaggluti¬ 
nation inhibition, complement fixation, 
indirect immunofluorescence, gel immuno¬ 
diffusion, and ELISA. 

A strong immunity develops after an 
attack, and an autogenous vaccine has shown 
good results in the control of the disease. 1 
The results of vaccination need to be very 
carefully appraised because flock immunity 
develops readily and the disease tends to 
subside naturally in the second year. 

The clinical findings in S. Dublin infec¬ 
tions in ewes are very similar, and infection 
has become more important as a cause of 
abortion in ewes in the UK than S. Abortuso¬ 
vis. S. Ruiru has also been recorded as a 
cause of abortion in ewes, and ewes with sal¬ 
monellosis associated with S. typhimurium 
may also lose their lambs. S. Brandenburg is 
a cause of illness and abortion in sheep, 
horses, calves, goats, and humans in New 
Zealand. Other differential diagnoses for 
abortion in ewes include chlamydiosis, 
brucellosis, campylobacteriosis, listeriosis, 
coxiellosis (Q-fever), and toxoplasmosis. 

The administration of broad-spectrum 
antibiotics might aid in controlling an out¬ 
break, but available reports are not generally 
encouraging. Chloramphenicol and the tri¬ 
methoprim and sulfadiazine combination 
are considered effective for treatment, but 
use of chloramphenicol in animals intended 
for human food production is not permitted 
in many countries. A live S. typhimurium 
vaccine with optimal level of attenuation for 
sheep constructed by means of “metabolic 
drift” mutations was highly effective in pre¬ 
venting S. Abortusovis-induced abortions 
under field trial conditions. Subcutaneous 
and conjunctival vaccination with a live 
attenuated strain of S. Abortusovis confers 
immunity for at least three lambing periods. 
More recent vaccines, including those con¬ 
taining plasmid-cured strains of S. Abor¬ 
tusovis, are effective in preventing pregnancy 
loss in response to experimental challenge 
with wild-type S. Abortusovis. 

To contain the spread of the infection 
during an outbreak aborted ewes should be 
isolated and abortion products that contain 
large amounts of bacteria must be destroyed. 
Disinfection of stalls and fomites with an 
agent with proven efficacy against Salmonella 
spp. is important. 
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ABORTION IN MARES AND 
SEPTICEMIA IN FOALS 
ASSOCIATED WITH 
SALMONELLA ABORTUSEQUI 
(ABORTIVOEQUINA) (EQUINE 
PARATYPHOID) 

This is a specific disease of Equidae charac¬ 
terized by abortion in females, testicular 
lesions in males, and septicemia in the 
newborn. 

ETIOLOGY 

Salmonella abortusequi ( abortivoequina ) 
(also known as Salmonella enterica serovar 
Abortusequi) is a host-adapted serovar 
causing abortion in mares and donkeys. S. 
Abortusequi strains vary in virulence, with 
more virulent strains having greater in vitro 
cytotoxigenicity. It is possible to determine 
the origin and progression of outbreaks of 
the disease by determining pulsed-field gel 
electrophoretic patterns of S. Abortusequi. 

EPIDEMIOLOGY 

The infection appears to be limited to horses 
and donkeys. Although widely reported in 
the early 1900s, this disease is rarely encoun¬ 
tered and is one of the less common causes 
of either abortion or septicemia in horses. 
Recent reports of the disease are from 
Austria, Brazil, Croatia, Japan, and India, 
although the disease occurs in other coun¬ 
tries. However, in the early 1990s, an out¬ 
break of abortion occurred in a herd of 38 
horses, in which 21 mares aborted between 
5 and 10 months of gestation. 

Natural infection may be caused by the 
ingestion of foodstuffs contaminated by 
uterine discharges from carriers or mares 
that have recently aborted. Transmission 
from the stallion at the time of service is also 
thought to occur. The infection may persist 
in the uterus and cause repeated abortion or 
infection of subsequent foals. Transmission 
from a female donkey to mares is reported 
with abortion a result in both species. 

PATHOGENESIS 

When infection occurs by ingestion, a tran¬ 
sient bacteremia without marked systemic 
signs is followed by localization in the pla¬ 
centa, resulting in placentitis and abortion. 
Foals that are carried to term probably 
become infected in utero or soon after birth 
by ingestion from the contaminated teat 
surface or through the umbilicus. 

CLINICAL FINDINGS 

Abortion usually occurs at about the seventh 
or eighth month of pregnancy. The mare can 
show signs of impending abortion followed 
by difficult parturition, but other evidence of 
illness is usually lacking. Retention of the 
placenta and metritis are common sequels 
and may cause serious illness, but subse¬ 
quent sterility is unusual. A foal that is 


carried to term by an infected mare may 
develop an acute septicemia during the first 
few days of life or survive to develop polyar¬ 
thritis 7 to 14 days later. Polyarthritis has also 
been observed in foals from vaccinated 
mares that showed no signs of the disease. 

Infection in the stallion has also been 
reported with clinical signs including fever, 
edematous swelling of the prepuce and 
scrotum, and arthritis. Hydrocele, epididy¬ 
mitis, and inflammation of the tunica vagi¬ 
nalis are followed by orchitis and testicular 
atrophy. 

CLINICAL PATHOLOGY 

The organism can be isolated from the pla¬ 
centa, the uterine discharge, the aborted foal, 
and the joints of foals with polyarthritis. A 
high titer of Salmonella agglutinins in the 
mare develops about 2 weeks after abortion. 
Vaccinated mares will give a positive reac¬ 
tion for up to a year. 

NECROPSY FINDINGS 

The placenta of the aborted foal is edematous 
and hemorrhagic and may have areas of 
necrosis. The nonspecific changes of acute 
septicemia will be manifested in foals dying 
soon after birth; polyarthritis is found in 
those dying at a later stage. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: placenta, fetal stomach 
content, lung, culture swabs of joints 
(culture) 

• Histology: formalin-fixed placenta, 
various fetal tissues including lung, 
liver (light microscopy) 

TREATMENT 

The antimicrobials recommended in the 
treatment of salmonellosis should also be 
effective in this disease. 

CONTROL 

Careful hygiene, including isolation of 
infected mares and disposal of aborted mate¬ 
rial, should be practiced to avoid spread of 
the infection. Infected stallions should not be 
used for breeding. In the past, when this 
disease was much more common than it is 
now, great reliance was placed on vaccina¬ 
tion as a control measure. An autogenous or 
commercial bacterin, composed of killed S. 
Abortusequi organisms, was injected on 
three occasions at weekly intervals into all 
mares on farms in which the disease was 
enzootic, commencing 2 to 3 months after 
the close of the breeding season. A smaller 
dose (5 mL) of vaccine of higher concentra¬ 
tion is as effective as a larger dose (20 mL) of 
vaccine of lower concentration. A formol- 
killed, alum-precipitated vaccine is consid¬ 
ered to be superior to a heat-killed, 
phenolized vaccine. In China, a virulent 
strain vaccine is credited with effective pro¬ 
tection after two injections 6 months apart. 
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Chapter 18 


Diseases Primarily Affecting the Reproductive System 


The widespread use of vaccines and hyper¬ 
immune sera is credited with the almost 
complete eradication of the disease in devel¬ 
oped countries. 

CHLAMYDIAL ABORTION 
(ENZOOTIC ABORTION OF 
EWES, OVINE ENZOOTIC 
ABORTION) 


SYNOPSIS 


Etiology Chlamydia abortus. 

Epidemiology Prevalence varies within 
regions and between countries. Oral route 
of infection, with the placenta and uterine 
discharge of aborting ewes the major 
source of infection. Pregnant sheep 
infected by contact with aborting ewes 
usually do not abort until the next lambing 
season. Zoonotic. 

Clinical findings Abortion, stillborn and 
weak-born lambs. 

Necropsy findings Necrotic and hemorrhagic 
placental cotyledons, intercotyledonary 
areas thickened, edematous, and leathery. 

Diagnostic confirmation Demonstration of 
the organism in the placenta by polymerase 
chain reaction, rising titer in paired serum 
samples. 

Control Isolation of aborting ewes. Killed 
vaccine with adjuvant gives short-term 
protection and can be used in pregnant 
ewes during an outbreak in an attempt to 
reduce the number of abortions. Live 
attenuated vaccines may be more effective 
but cannot be used during pregnancy. 


ETIOLOGY 

Chlamydia abortus (previously known as 
Chlamydophila abortus and Chlamydia psit- 
taci biotype 1/serotype 1) has a tropism for 
ruminant placenta and causes the disease 
commonly referred to as ovine enzootic 
abortion (OEA). The organism causes a 
similar disease in goats, and although this 
organism also can produce abortion in cattle, 
pigs, and horses, abortion associated with 
this organism is not common in these 
species. There is considerable genetic diver¬ 
sity among strains that cause abortion. 

EPIDEMIOLOGY 

Occurrence 

The disease is one of the most common 
causes of diagnosed abortion in sheep and 
goats in the UK, Europe, Asia, the United 
States, and other countries. In the UK, it 
accounts for approximately 45% of abor¬ 
tions, and it is particularly common in 
lowland flocks that are intensively managed 
at lambing. However, its importance varies 
from country to country. It is an uncommon 
cause of abortion in Northern Ireland, and 
the disease does not occur in Norway, 
Australia, or New Zealand. 


There have been several studies of 
seroprevalence in Europe that show a high 
seroprevalence in both domestic and wild 
ruminants but, until recently, most surveys 
have used the complement fixation test 
(CFT), which is not specific for C. abortus; 
therefore, the true seroprevalence of C. 
abortus in many countries is not well 
established. 

Source of Infection and Transmission 

Infection is introduced into a flock by the 
purchase of latently infected replacements 
that usually abort at the end of their first 
pregnancy. Within a flock, the major source 
of infection is the placenta and the uterine 
discharge of aborting ewes. The main routes 
of transmission of C. abortus are oral or 
nasal: either ingestion of organisms shed in 
vaginal fluids and placental membranes at 
the time of abortion or lambing, or the inha¬ 
lation of aerosols from contaminated areas. 
Pasture and the environment are contami¬ 
nated by vaginal discharges, placenta, and 
aborted fetuses, and infected ewes shed the 
organism for a week before aborting and 2 
weeks afterward. The elementary body of C. 
abortus is resistant to both physical and 
chemical influences, because it is metaboli- 
cally inactive and the rigid cell envelope is 
osmotically stable and poorly permeable. 
Consequently, the organism is thought to 
survive for several days on pasture and 
longer in cold weather. 

Infection of the ewe lamb may occur at 
birth, shortly following, or at subsequent 
lambing periods. Infection of pregnant ewes 
in early or midgestation results in either 
abortion in the final 2 to 3 weeks of gestation 
or the birth of stillborn or weak lambs that 
frequently die in the first few days of their 
life. Abortion always appears in the last 
weeks of gestation regardless of the time of 
infection. Infection of ewes in the last 5 to 6 
weeks of pregnancy usually leads to the 
development of a latent infection, in which 
ewes appear to be uninfected until the next 
lambing season, when they abort. Thus late 
pregnant sheep may be infected by contact 
with aborting ewes, but usually do not abort 
until the next lambing season. 

The common pattern of infection and 
disease is the small number of abortions in 
year 1 following the introduction of infected 
replacement ewes and then an epidemic 
abortion storm, in which up to 35% of 
ewes abort in the last 3 weeks of gestation or 
give premature birth to weak or dead lambs. 
After aborting, ewes develop a protective 
immunity and, in endemically infected 
flocks, 5% to 10% of the ewes abort annually. 
Surviving lambs born to infected mothers 
may be affected by enzootic abortion in ewes 
(EAE) in their first pregnancy. 

Sheep that have aborted, subsequently 
rebreed successfully, do not have further 
abortions, and the organism is not present 
in the placenta or vaginal discharge of 


subsequent pregnancies. However, levels of 
immunity vary and some may excrete organ¬ 
isms at estrus or seasonally for up to 3 years. 

In chronically infected sheep, persistent 
infection can be demonstrated in the endo¬ 
metrial cells of the reproductive tract, and 
the organism is excreted in vaginal fluids 
during estrus. 

Vaginal challenge of ewes at breeding 
time will result in infection and subsequent 
abortion. Thus venereal or passive venereal 
transmission is a possible route of infection 
but is not common. Chronic infection of the 
male genital tissues has been recorded, and 
infection may impair fertility in both rams 
and bulls. 

The epidemiology of abortion with this 
agent in cattle is unknown, but it may 
transmit to cattle from infected sheep on the 
same farm. 

Experimental Reproduction 

The disease is readily reproduced experi¬ 
mentally. Following subcutaneous injection 
there are no signs of clinical disease other 
than a modest increase in rectal temperature 
for 2 days after infection. There is a systemic 
antibody response that peaks 2 weeks after 
infection and then decreases until just before 
abortion or parturition, during which there 
is a second increase in antibodies to C. 
abortus. Experimental infection at 70 to 75 
days pregnancy can cause abortion in the last 
2 to 3 weeks of pregnancy or the birth of 
stillborn or live lambs. There is variation in 
the severity of the placental lesions in experi¬ 
mental infections. Abortion is associated 
with severe placental lesions, but the reason 
for the variation in severity and fetal mani¬ 
festations is not known. 

Economic Importance 

In the UK, enzootic abortion is the most 
common infectious cause of abortion in 
lowland flocks that are intensively managed 
at lambing time and has a major economic 
impact on agricultural industries worldwide. 
There are no recent estimates, but losses in 
the UK were estimated in the early 1990s at 
£15 to £20 million per annum. 

Zoonotic Implications 

There is some risk for people working with 
livestock, such as shepherds and abattoir 
workers, for respiratory infection with this 
organism. However, the major zoonotic risk 
is to pregnant women because of the ability 
of C. abortus to colonize the human placenta. 
Human infection in early pregnancy results 
in abortion, whereas later infection can 
result in stillbirth or preterm labor. Infection 
is probably oral, from infected hands or food 
following handling of infected sheep or 
goats, or contaminated fomites such as cloth¬ 
ing. Practices at lambing, such as mouth to 
mouth resuscitation of weak lambs or bring¬ 
ing weak lambs into the house to be warmed, 
promote zoonotic spread. Consequently, 










infected placentas and dead lambs should be 
handled using gloved hands and disposed of 
by burning or burial. The organism can be 
detected in the milk of both sheep and cattle, 
so consuming raw milk also poses a risk for 
zoonotic infection. 

PATHOGENESIS 

Following infection, it is thought that the 
organism resides first in the tonsil and is then 
disseminated by blood and lymph to other 
organs, although the site of latent infection is 
not definitely known. Release from the latent 
state during pregnancy is thought to be 
caused by immune modulation and leads to 
bacteremia and infection of the placenta. 
Despite being a key feature of infection with 
C. abortus, little is understood about the 
underlying mechanisms that result in latent 
infections. However, experimental intranasal 
infection of nonpregnant ewes with a low 
or moderate dose of organisms induced 
latent infection and subsequent abortion, 
whereas a higher dose stimulated protective 
immunity. 1 

The organisms invade the trophoblast 
cells of the fetal cotyledon then spread to the 
intercotyledonary regions of the chorion, 
producing a necrotic suppurative placentitis 
and impairment of the maternal-fetal 
exchange of nutrients and oxygen, hence, 
fetal death and abortion. An inflammatory 
response in the fetus may also contribute to 
fetal death. 

It is not known why, regardless of the 
time of infection, pathologic changes in the 
placenta do not commence before 90 days’ 
gestation, or even as late as 120 days, although 
this coincides with the commencement of 
rapid fetal growth. 

CLINICAL FINDINGS 

There are generally no premonitory indica¬ 
tions of the impending abortions, which 
occur in late pregnancy. Ewes suffer no 
obvious systemic effects, but retained pla¬ 
centa and metritis can occur in goats. A 
vaginal discharge, lasting up to 3 weeks fol¬ 
lowing the abortion, is common. Additional 
losses are caused by stillbirths and weak- 
born lambs and kids that die soon after birth. 

In cattle, the infection causes abortion in 
the last third of pregnancy. Infected calves 
born alive may show lethargy, depression, 
and may be stunted. Mixed infections with 
C. abortus, C. suis and Chlamydia-like 
organisms ( Parachlamydia and Waddlia 
spp.) are recorded in cattle and associated 
with abortions featuring necrotic placentitis, 
but the true prevalence and significance of 
these infections is not clear. 2,3 

CLINICAL PATHOLOGY 

If the flock history and placental lesions 
suggest OEA, smears from affected and adja¬ 
cent chorionic villi of the placenta can be 
appropriately stained (e.g., Giemsa or modi¬ 
fied Ziehl-Neelsen) and examined under 
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high magnification. Single or clumps of 
small, coccoid elementary bodies (300 nm) 
will stain red compared with blue cellular 
debris. Vaginal swabs from recently aborted 
ewes and smears of the fleece of uncleaned 
lambs or fetal abomasal contents can also be 
examined but contain fewer organisms. The 
organisms appear similar to Coxiella bur¬ 
netii, the agent of coxiellosis (Q fever), so this 
is not a definitive test. 

Commercial antigen detection kits (fluo¬ 
rescent antibody test [FAT] and ELISA) are 
available but do not discriminate between 
Chlamydial species. 

Chlamydial DNA can be amplified by 
conventional or real time RT-PCR. These 
are highly sensitive, but can result in false 
positives if samples are cross-contaminated 
or false negatives if samples contain PCR- 
inhibitory substances. RT-PCR is rapid and 
relatively easily standardized and can dem¬ 
onstrate the DNA of C. abortus in tissues and 
swabs, such as of vaginal fluid, conjunctivae, 
and fetal membranes. 4,5 A number of multi¬ 
plex PCR tests are described and can differ¬ 
entiate between Chlamydial species and 
other agents of infectious abortion, such as 
Toxoplasma gondii and C. burnetii. 6 

C. abortus can be isolated in embryo- 
nated chicken eggs or cell culture, but most 
diagnostic laboratories do not do this because 
of the zoonotic risk and requirement for level 
2 biocontainment. 

Infection in aborting animals can be 
demonstrated by rising serologic titers in 
paired serum samples collected 3 weeks 
apart. The CFT is commonly used but has 
only moderate sensitivity and is not specific 
because of common antigens shared with 
other Chlamydiae and some gram-negative 
bacteria. It will also be positive in vaccinated 
animals. Ambiguous results, such as sus¬ 
pected false-positive tests in flock accredita¬ 
tion programs or export testing, can be 
analyzed further by a Western blot using spe¬ 
cific antigens. 

A number of research and commercial 
ELISA tests have been developed. Those 
based on whole-cell or extracts of chlamydial 
elementary bodies have better specificity 
than the CFT but are less sensitive. Those 
based on segments of the outer membrane 
protein (OMP) or synthetic peptide antigens 
have greater sensitivity and specificity and 
are now more frequently used in diagnostic, 
epidemiologic, and seroprevalence studies. 7 

Vaccinated animals will react to the cur¬ 
rently used serologic tests, but wild-type and 
vaccine strains of C. abortus can be differen¬ 
tiated by PCR-restriction fragment length 
polymorphism (RFLP). 8 This has provided 
evidence that the temperature sensitive 
mutant strain IB used in vaccines is associ¬ 
ated with ovine abortions in Scotland. 9,10 

NECROPSY FINDINGS 

Aborted fetuses typically have no gross 
abnormalities. Fetal fluid may contain 


chlamydial antibody and, although less sen¬ 
sitive than either isolation in McCoy cells or 
detection of chlamydial LPS antigen, can be 
useful when placenta is not available. Histo¬ 
logically, there may be mononuclear cell 
infiltration of hepatic portal areas and mul¬ 
tifocal areas of hepatitis. The placenta is criti¬ 
cal for diagnosis of chlamydial abortion in 
both cattle and sheep. 

Placental cotyledons are necrotic and 
hemorrhagic, and the intercotyledonary 
areas are thickened, edematous, and leathery. 
This is in direct contrast to the targeting 
of cotyledons seen with toxoplasmosis. 
Chlamydial organisms can be seen in tightly 
packed sheets within the cytoplasm of 
swollen trophoblasts in formalin-fixed 
tissues or in direct placental smears using 
modified Gimenez, Roster’s, or other appro¬ 
priate stains. Well-preserved, fresh placenta 
should be examined because the organisms 
are difficult to demonstrate in the fetus. 
Immunohistochemical stains perform well 
on formalin-fixed specimens. Most laborato¬ 
ries are reluctant to culture Chlamydia spp. 
because of their zoonotic potential. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: chilled liver, lung, 
placenta (cytology, PCR, ELISA) 

• Histology: fixed placenta, liver (light 
microscopy, IHC) 

The zoonotic potential of this organism 
means care needs to be taken when handling 
potentially infected material, and specimens 
should be properly packaged when submit¬ 
ted to a laboratory. 


DIFFERENTIAL DIAGNOSIS 


Other causes of abortion in cattle and ewes 
are given in Tables 18-1 and 18-2. 


CONTROL 

Ewes that have aborted should be isolated 
from the rest of the flock. There should be 
proper hygiene of the lambing areas, includ¬ 
ing disposal of bedding and aborted materi¬ 
als, and disinfection of pens with intensive 
lambing systems. Long-acting oxy tetracy¬ 
cline has been used at 20 mg/kg IM in early 
pregnant sheep within an aborting flock to 
reduce subsequent abortions. However, 
treated ewes still shed the organism in 
vaginal discharges, and treatment at 10-day 
intervals may be needed. 

Vaccines 

Killed and live attenuated vaccines are avail¬ 
able, but none are fully protective. Killed 
vaccines, composed of egg-derived or tissue 
culture organisms of one or two strains have 
been used for several decades. They are vari¬ 
ably effective, but can reduce the frequency 
of abortion and shedding of the organism. 
However, outbreaks have occurred in vacci¬ 
nated sheep, with strain variation a possible 
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8-2 Diagnostic summary of causes of abortion in cattle—cont'd 
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explanation when using monovalent vac¬ 
cines. The addition of Freund’s incomplete 
adjuvant provides better protection, and 
some other adjuvants may improve the effi¬ 
ciency of killed vaccines against naturally 
occurring enzootic abortion. Killed vaccines 
can be used in pregnant ewes and have been 
used in the face of an outbreak in an attempt 
to reduce the prevalence of abortion. 

A live vaccine containing a temperature- 
sensitive attenuated strain of C. abortus 
(strain IB) provides reasonable, but not com¬ 
plete, protection against C. abortus. It is reg¬ 
istered for use in sheep (not goats). Live 
attenuated vaccines should not be used in 
pregnant ewes because they may pose a risk 
of zoonotic infection and have been associ¬ 
ated with abortions. 8 ' 10 

Recombinant and DNA vaccines have 
shown little protection against experimental 
challenge with C. abortus. 

FURTHER READING 

Radostits O, et al. Chlamydophila abortion (enzootic 
abortion of ewes, ovine enzootic abortion). In: 
Veterinary Medicine: A Textbook of the Diseases of 
Cattle, Horses, Sheep, Goats and Pigs. 10th ed. 
London: W.B. Saunders; 2007:1435-1437. 

Stuen S, Longbottom D. Treatment and control of 
Chlamydial and Rickettsial infections in sheep and 
goats. Vet Clin North Am Food Anim Pract. 
2011;27:213-233. 
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COXIELLOSIS (Q-FEVER) 


SYNOPSIS 


Etiology Coxiella burnetii. 

Epidemiology High seroprevalence in 
ruminants. Latent infection with 
recrudescence and excretion at parturition. 
Infection by direct contact and inhalation. 
Persists in the environment. Important 
zoonotic disease. 

Clinical findings Infection in ruminants is 
common. Clinical disease is less common 
and presents mainly as abortion in sheep 
and goats. 

Necropsy findings Placentitis. Organisms 
demonstrable in placental trophoblast cells 
by fluorescent antibody. 

Diagnostic confirmation Fluorescent 
antibody staining and PCR of aborted 
material and vaginal discharge. Acid-fast 
rodlike organisms in stained impression 
smear of placenta. Serology (ELISA, CFT, 
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immunofluorescent antibody) or bulk tank 
milk test to establish herd infection status. 

Control Vaccination possible in many 

countries. Isolation of aborting ruminants. 
Destruction of bedding and straw 
contaminated with birth fluids. 

Zoonotic aspects Infection of humans can 
vary from asymptomatic to severe and even 
fatal. Presents mainly as a mild influenza¬ 
like illness with pneumonia, but chronic 
infections can have serious outcomes, 
including endocarditis and osteoarticular 
disease. Mainly follows contact with sheep 
and goats around parturition rather than 
cattle. 


CFT, complement fixation test; ELISA, enzyme- 
linked immunosorbent assay; PCR, polymerase 
chain reaction. 


ETIOLOGY 

Coxiellosis (Q) fever is a zoonosis associated 
with C. burnetii, which is an obligate intracel¬ 
lular parasite classified within the family 
Coxiellaceae (formerly Rickettsiaceae). It can 
be divided into six genotype clusters on the 
basis of RFLP, although different methods can 
be used such as multispacer sequence typing 
(MST) or MLVA, which can identify up to 17 
different micro satellite markers. 1 The pres¬ 
ence or absence of specific genotypes could 
explain inconsistencies in reports on the 
effects of coxiellosis, particularly on repro¬ 
duction in cattle. Coinfection with multiple 
genotypes can occur, although a large study 
of milk samples in the United States identified 
predominantly genotype ST20 in bovine milk 
and mainly ST8 in caprine milk, 1 whereas 
ST20 was associated with an abortion storm 
in a goat dairy in the UK 3 and ST33 with the 
large outbreak in the Netherlands. 4 Unlike 
other rickettsiae, C. burnetii it is quite resis¬ 
tant to environmental influences and is not 
dependent on arthropod vectors for trans¬ 
mission. It displays two antigenic phases or 
phenotypes: Phase 1 is more infectious and 
able to replicate in the host, and Phase 2, 
which is unable to replicate (these phases cor¬ 
respond to the smooth and rough phases of 
other gram-negative bacteria, respectively). 

EPIDEMIOLOGY 

Occurrence 

The organism has worldwide distribution, 
although serologic surveys have found no 
evidence of infection in New Zealand. 

C. burnetii cycles in a wide variety of 
wildlife species and their ectoparasites. The 
infection also cycles in domestic animals; 
cattle, sheep, and goats are the main livestock 
reservoirs of infection for humans. Rates of 
infection in farm animals vary considerably 
between locations, between countries, and 
with time, because there appears to be cycles 
of infection within regions. 3 

There can be a wide range in the serop¬ 
revalence of Q fever within regions and 


within individual herds or flocks. In cattle, 
from 4% to 100% of herds have been reported 
as positive (either seropositive or bulk milk 
test), and the within-herd prevalence varies 
from 0% to 49%. 6 The flock and within-flock 
prevalence in sheep and goats shows similar 
ranges and, as for cattle, varies according to 
year and region. 5 6 There is little information 
on management or other factors that might 
influence this variation in prevalence, but 
one study found a significantly higher preva¬ 
lence in housed cattle compared with cattle 
kept on pasture. Analysis of data from 69 
publications found the overall mean preva¬ 
lence to be slightly higher in cattle (estimate 
of 20% and 38% for herd and within-herd 
prevalence, respectively) than for small 
ruminants (sheep and goat; 15% and 25% for 
flock and within-flock prevalence, respec¬ 
tively). 6 The prevalence in flocks of dairy 
goats and dairy sheep is much higher than in 
nondairy flocks. 

Source of Infection and 
Transmission 

Infection and transmission is by direct 
contact and by inhalation. Infection of non¬ 
pregnant animals is clinically silent and is 
followed by latent infection until pregnancy, 
at which time there is recrudescence with 
infection in the intestine, uterus, placenta, 
and udder and excretion from these sites at 
parturition. The organism is present in 
high concentration in the placenta and fetal 
fluids and subsequent vaginal fluids, is also 
excreted in urine, and is present in the feces 
of sheep from 11 to 18 days postpartum. In 
a longitudinal study in a naturally infected 
sheep flock in France, the number of C. bur¬ 
netii was higher in vaginal mucus and feces 
compared with milk, peaked 3 weeks after 
abortion or birth, and was highest in pri- 
miparous and aborting ewes.' Shedding of 
C. burnetii in the feces can be persistent, so 
this can contribute significantly to environ¬ 
mental contamination with the organism. 
Infection can result in abortion, stillbirths, 
or poorly viable lambs, but the neonates of 
infected, excreting ewes are often born clini¬ 
cally normal. 

Abortion usually does not occur at suc¬ 
cessive pregnancies. However, there can be 
recrudescence of infection and excretion at 
these pregnancies, especially the one imme¬ 
diately following, and reproductive failure at 
a second consecutive pregnancy is recorded 
in goats. 8 Goats excrete the organism in 
vaginal discharges for up to 2 weeks, it is 
present in milk for up to 52 days after 
kidding, and is also found in the feces. It 
also strongly adheres to the zona pellucida 
not removed by standard washing proce¬ 
dures. Thus the possibility of transfer of 
C. burnetii by embryo transfer cannot be 
ruled out. 9 

In cattle, maximum shedding also occurs 
at and 2 weeks following parturition, the 
organism is excreted in milk for at least 
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several months and can be detected for up to 
2 years in bulk tank milk. Abortion in cattle 
is less common than in goats and sheep and 
is sporadic rather than occurring as abortion 
storms like occur with sheep and goats. The 
organism is present in the semen of seroposi¬ 
tive bulls, and venereal transmission is 
suspected. 

There is a significant contamination of 
the environment of infected animals at the 
time of parturition and abortion. This is a 
major risk period for transmission of the 
disease within herds and flocks and presents 
a significant zoonotic risk. The organism is 
still present in large concentrations in soil 12 
months after outbreaks of coxiellosis on goat 
farms. 10 

Pathogen Risk Factors 

C. burnetii is very resistant to physical and 
chemical influences and can survive in the 
environment, manure, and soil for several 
months. It can resist common chemical dis¬ 
infectants but is susceptible to sodium hypo¬ 
chlorite, 1:100 Lysol solution, and formalin 
fumigation provided a high humidity is 
maintained. 

There is strain variation in the organism, 
and differences in genotypes and DNA 
sequences have been correlated with differ¬ 
ences in the type of disease occurring in 
humans and domestic ruminants. The organ¬ 
ism is highly infectious, with the infective 
dose for humans estimated to be one 
organism. 

Zoonotic Implications 

In humans infection is primarily by inhala¬ 
tion. Sources of infection include such 
diverse materials as soil; airborne dust; wool, 
bedding; and other materials contaminated 
by urine, feces, or birth products of animals. 
The potential for human infection from 
these sources is substantial (e.g., ovine 
manure used as a garden fertilizer has been 
incriminated). 

Sheep and goats have traditionally been 
identified as the major reservoir of infection 
for humans, and the location of urban popu¬ 
lations in proximity to large dairy goat herds 
was a significant reservoir in the Dutch out¬ 
break from 2007 to 2010.' 

The organism is present in the milk of 
infected cattle, sheep, and goats. A signifi¬ 
cant proportion of seropositive cattle excrete 
the organism in milk, and periods and 
duration of excretion are variable but may 
persist at least 2 years. C. burnetii is 
destroyed by pasteurization but there is a 
risk for people who consume raw milk, 
particularly unpasteurized milk from sheep 
and goat. 

Rates of seropositivity in humans vary 
markedly between surveys, but there is a 
higher rate of seropositivity in people that 
are associated with domestic animals and 
their products and with farm environments 
(such as farm workers, veterinarians, 


livestock dealers, dairy plant and slaughter¬ 
house workers, and shearers). 5 

Many instances of infection in humans 
have been linked to exposure to parturient 
sheep and goats. A spectacular example is 
the 2007 to 2010 epidemic in the Nether¬ 
lands, in which over 3000 notifications of 
human disease were analyzed and only 3.7% 
of people had worked in agriculture or 
slaughterhouses. 11 This outbreak was attrib¬ 
uted to airborne transmission of contami¬ 
nated dust originating from dairy goat 
farms located in densely populated areas. 
The number of human cases abruptly 
declined after control measures were imple¬ 
mented on the goat and sheep farms, includ¬ 
ing vaccination, the mass culling of more 
than 50,000 pregnant does and ewes on 
infected farms to reduce shedding of the 
organism, and mandatory PCR testing of 
bulk tank milk for C. burnetii , u Living close 
(<2 km) to a large dairy goat farm that had 
an abortion storm caused by Coxiella bur¬ 
netii was identified as the major risk factor 
for human cases during the Netherlands 
epidemic. 12 

Coxiellosis in humans is referred to as 
Q-fever and is often asymptomatic, but can 
result in acute disease characterized by fever, 
general malaise, headache, and less com¬ 
monly, pneumonitis, hepatitis, and meningo¬ 
encephalitis. Endocarditis, hepatitis, and 
osteoarticular diseases are manifestations of 
chronic disease in around 2% of human infec¬ 
tions. 11 Those at most risk of chronic disease 
are immunocompromised individuals and 
pregnant women. There is a concern that the 
prevalence of infection in farm animals is 
increasing and spreading geographically, so 
that there is a greater risk for human infec¬ 
tion, particularly when dairy farms are 
located near urban populations. Epidemics of 
human infection have been documented in 
several countries including Australia, France, 
Germany, the United States, Bulgaria, the UK, 
and the Netherlands. 11 

C. burnetii is considered a potential agent 
for bioterrorism because of its survival in the 
environment, the ease with which it can be 
transmitted by aerosol and wind, and the 
very low infectious dose. 

CLINICAL FINDINGS 

Infection of ruminants can occur at any age 
and is usually clinically inapparent. In the 
experimental disease in cattle, anorexia is 
the only consistent clinical finding. C. bur¬ 
netii is a cause of abortion storms and spo¬ 
radic abortion in sheep and goats but only 
rarely associated with sporadic abortion in 
cattle. 13 Abortion occurs during the latter 
part of pregnancy in individual does or 
ewes, usually with no sign of impending 
abortion. 

In the 2007 to 2010 epidemic in the 
Netherlands, abortion storms were reported 
on 28 dairy goat and 2 sheep dairy farms, 
with up to 60% of goats aborting compared 


with an average of 5% abortions on the sheep 
farms. 11 

CLINICAL PATHOLOGY 

There are a number of serologic tests, 
including complement fixation, microagglu¬ 
tination, ELISA and indirect immunofluo¬ 
rescence, and PCR (both conventional and 
quantitative real-time PCR). A comparison 
of these tests concluded a combination tests 
was preferable, such as ELISA for serology 
and PCR for detection of DNA of the 
organism. 14 

The immunofluorescence assay is used 
as the seroreference test for the serodiagno- 
sis of coxiellosis. It can detect antibody to 
phase variants and can provide epidemio¬ 
logic information because Phase 1 antibody 
is associated with recent and acute infec¬ 
tions and Phase 2 antibody with chronic 
infections. 

Conventional and quantitative real-time 
PCR tests can be conducted on bulk tank 
milk and are a useful means of monitoring 
herd or flock prevalence within regions and 
outbreaks within herds or flocks. 15,16 

NECROPSY FINDINGS 

There are seldom gross lesions in aborted 
fetuses, but foci of necrosis and inflammation 
are occasionally seen in the liver, lung, and 
kidney microscopically. 13 The placenta from 
aborting animals is usually thickened and a 
purulent exudate or large, red-brown foci of 
necrosis is typically seen in the thickened 
intercotyledonary areas. Microscopically, 
large numbers of necrotic neutrophils are 
usually visible on the chorionic surface, and 
swollen trophoblasts filled with the organ¬ 
isms can also be found in well-preserved 
specimens. This is consistent with bacterial 
replication occurring only in the trophoblasts 
of placenta, and not in other organs, of exper¬ 
imentally infected pregnant does and their 
kids. 1 Examination of placental impression 
smears stained with Gimenez, Roster’s, or 
other appropriate techniques provides a 
means of rapid diagnosis. However, care must 
be taken to avoid confusing Coxiella- infected 
trophoblasts with cells containing Chla- 
mydophila organisms. Coxiellosis can be con¬ 
firmed by PCR, fluorescent antibody staining 
of fresh tissue, or immunohistochemical 
staining of formalin-fixed samples. In most 
laboratories, culture is not attempted because 
of the zoonotic potential of this agent. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology and detect DNA: chilled 

placenta (fetal liver and spleen) 

(cytology, FAT, PCR) 

• Histology: fixed placenta and fetal lung, 

liver, kidney (light microscopy, 

immunohistochemistry) 

Note the zoonotic potential of this agent 
when handling aborted material and packag¬ 
ing and submitting specimens. 
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DIFFERENTIAL DIAGNOSIS 


• Other causes of abortion in sheep and 
goats ( Campylobacter, Chlamydophila, and 
Toxoplasma, Table 18-1). 

• The diagnosis of the disease in farm 
animals, other than abortion, suspected as 
associated with this agent is difficult and 
relies on the detection of the organism. 

• A positive serologic test in an animal or 
herd is indicative of infection at some time 
but does not indicate an association with 
the problem at hand. 

• PCR or PCR-ELISA has been used for 
detection of the organism in milk. 

ELISA, enzyme-linked immunosorbent assay; PCR, 

polymerase chain reaction. 


CONTROL 

Aborting animals should be isolated for 
3 weeks and aborted and placenta- 
contaminated material burnt. Ideally, manure 
should be composted for 6 months before 
application to fields to inactivate the organ¬ 
ism, and closed composting with CaO or 
CaCN 2 has been practiced following out¬ 
breaks in the Netherlands, France, and 
Germany. 3 Feed areas should be raised to 
keep them free from contamination with 
feces and urine. 

Although Q fever has significant implica¬ 
tions for human health, until recently it has 
not been regarded as important enough to 
justify national or regional control strategies 
based on control in the animal population. In 
the Netherlands, a seasonal epidemic of 
animal and human C. burnetii infections 
occurred in 2007, but was no different from 
several previous isolated outbreaks in Europe. 
Subsequently, the unexpected scale of the 
outbreak in 2008 meant that national and 
regional public health authorities were largely 
unprepared for the expanding epidemic. 5,18 

The response in the Netherlands was to 
cull all pregnant dairy goats on affected 
farms before the 2010 kidding season, 
without reference to individual testing, and 
to vaccinate dairy goats and dairy sheep. 18,19 
A retrospective analysis identified that 
testing pregnant goats by PCR or ELISA, fol¬ 
lowed by culling only the positive goats, 
would not have effectively reduced the 
massive bacterial shedding on these farms 
because many infected goats would not have 
been detected. 20 

Inactivated Phase 1 vaccines show a good 
and persistent antibody response, suggesting 
that vaccination should limit the excretion of 
the organism. Flowever, there is little eco¬ 
nomic incentive for vaccination of livestock 
when an outbreak of coxiellosis is not occur¬ 
ring, and a vaccine for livestock is not avail¬ 
able in many countries. A systematic review 
and meta-analysis of investigations into the 
use of inactivated Phase 1 vaccines, such 
as used in the Dutch outbreak, found a 


significantly reduced risk of shedding in 
vaginal mucus, uterine fluids, milk, and feces 
of vaccinated goats exposed to infection 
compared with controls. However, it was 
concluded that there was no reduction in the 
risk or amount of shedding in vaccinated 
ewes compared with unvaccinated ones. 21 

Vaccination of humans has reduced 
infection rates in high-risk groups and is 
used in the appropriate circumstances in 
Australia, such as workers on goat and sheep 
dairy farms, abattoir workers, veterinarians, 
and veterinary students. 

During a natural outbreak of coxiellosis 
in a dairy flock, two treatments with oxytet- 
racycline at days 100 and 120 of pregnancy 
failed to reduce shedding of the organism in 
vaginal fluids, milk, or feces compared with 
untreated ewes. 22 In this flock, vaccination 
for three consecutive seasons reduced the 
proportion of ewes shedding the organism to 
around 4%. 

Pasteurization of milk that is consumed 
fresh is preferable, but veterinarians dealing 
with herds that provide raw milk should 
ensure that these herds are seronegative or 
bulk tank milk is PCR negative for C. bur¬ 
netii. In a study of manufactured dairy prod¬ 
ucts in France (mainly cheese, but also 
yogurt, cream, and butter), the DNA of C. 
burnetii was detected in 64%, but no viable 
organisms were recovered. A greater propor¬ 
tion of food products from large-scale 
manufacturers were positive compared with 
artisan food. 23 

FURTHER READING 

Agerholm JS. Coxiella burnetii associated reproductive 
disorders in domestic animals—a critical review. 
Acta Vet Scand. 2013;55:13. 

Georgiev M, et al. Q fever in humans and animals in 
four European countries, 1982 to 2010. Euro 
Surveill. 2013;18:pii 20407. 

Hogerwerf L, et al. Reduction of Coxiella burnetii 
prevalence by vaccination of goats and sheep, the 
Netherlands. Emerg Infect Dis. 2011;17:379-386. 
O’Neil TJ, et al. A systematic review and meta-analysis 
of phase I inactivated vaccines to reduce shedding 
of Coxiella burnetii from sheep and goats from 
routes of public health importance. Zoonoses Public 
Health. 2014;61:519-533. 

Roest HIJ, et al. The Q fever epidemic in the 

Netherlands: history, onset, response and reflection. 
Epidemiol Infect. 2011;139:1-12. 
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DISEASES OF THE GENITAL 
TRACT ASSOCIATED WITH 
MYCOPLASMA SPP. 

Vulvovaginitis in cattle, sheep, and goats may 
be associated with Mycoplasma agalactiae 
var. bovis. The same infection, when intro¬ 
duced with semen into the uterus, can 
cause endometritis and salpingitis, resulting 
in temporary infertility and failure to con¬ 
ceive. Persistent infection of the genital 
tract of bulls has also been produced 
experimentally. 

Although ureaplasmas and M. bovigeni- 
talium are considered to pertain to the 
normal flora of the lower urogenital tract of 
ruminants, these organisms have also been 
associated with reproductive disease. 1 In 
healthy individuals Ureaplasma diversum is 
usually limited in its distribution to the 
vestibule and vulva. Both microorganisms 
have been isolated from the vulva of animals 
with granular vulvovaginitis, and the disease 
could be transmitted experimentally. M. 
bovigenitalium infection has further been 
associated with infertility, abortion, and 
birth of weak calves. 1 These infections 
adversely affect reproduction when they are 
either acute or chronic; along with produc¬ 
ing granular vulvovaginitis, some strains can, 
if introduced to the upper reproductive tract, 
cause transitory endometritis and salpingitis. 
Because U. diversum is a normal inhabitant 
of the upper respiratory tract and the lower 
urogenital tract of ruminants, contamination 
of fetal membranes or fetal tissue submitted 
to the diagnostic laboratory should be 
considered. 2 The diagnosis of U. diversum as 
a causative agent for abortion should there¬ 
fore ideally be based on isolation of the 
pathogen from fetal lung tissue, stomach 
content, or placenta, coupled with the pres¬ 
ence of compatible lesions in the lung and 
placenta. 2 

Ureaplasmas, M. bovis, and M. bovigeni¬ 
talium have been found in the reproductive 
tract of bulls and their semen. Using PCR for 
the detection of mycoplasma in semen, M. 
mycoides subsp. mycoides SC (the causative 
agent of the contagious bovine pleuropneu¬ 
monia) has been found in semen of yearling 
bulls with seminal vesiculitis. Mycoplasmas 
in semen can be transmitted through in vitro 
fertilization (IVF) and infect embryos, and 
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supplementation of culture media with stan¬ 
dard antibiotics and washing embryos as 
recommended by the International Embryo 
Transfer Society are not effective in making 
IVF embryos free from M. bovis and M. 
bovigenitalium. M. bovis in frozen semen 
can survive the antibiotic combination of 
gentamicin, tylosin, and lincomycin and 
spectinomycin. 

In horses, M. equigenitalium, M. stibdo- 
lum , and Acholeplasma spp. have been asso¬ 
ciated with infertility, endometritis, vulvitis, 
and abortion as well as with reduced fertility 
and balanophostitis in stallions. 3 Notwith¬ 
standing, these microorganisms are also 
commonly isolated from clinically healthy 
horses, which has raised questions about 
their direct association with genital disease. 
Two microorganisms frequently isolated 
from the upper respiratory tract of horses, 
M. equirhitiis and M. felis, have also been 
isolated from the genital tract of stallions but 
have not been associated with any clinical 
disease. 3 

In pigs infection with M. suis, the caus¬ 
ative agent of eperythrozoonosis, has also 
been associated with infertility, abortion, 
stillbirth, and birth of weak piglets. 1 

REFERENCES 

1. Given MD, Marley MSD. Theriogenology. 

2008;70:270. 

2. Anderson ML. Theriogenology. 2007;68:474. 

3. Spergser J, et al. Vet Microbiol 2002;87:119. 

EQUINE COITAL EXANTHEMA 

Equine coital exanthema is a venereal 
disease associated with infection of equids 
by equine herpesvirus-3 (EHV-3). The 
genome of EHV-3 has been sequenced. 1 The 
disease is highly contagious and has eco¬ 
nomic importance because of disruptions to 
breeding programs on stud farms when stal¬ 
lions have clinical signs or there is an out¬ 
break of disease among mares. The economic 
impact is greatest in those breeds or stud¬ 
books, such as Thoroughbreds, that do not 
permit artificial insemination of mares. 2 

Transmission is usually venereal from 
affected or clinically normal carrier animals 
in which the infection is thought to be latent 
in sciatic ganglion. ’ The virus is highly con¬ 
tagious, and outbreaks among mares in an 
embryo transfer facility in which both donor 
and recipient mares were affected is strongly 
suggestive of iatrogenic spread by personnel 
or on equipment such as ultrasound probes. 2 
Inapparent or latent infection is apparently 
common, with 14% of 220 Thoroughbred 
mares on a stud farm having EHV-3 genome 
detectable by PCR in swabs of the perineum 
and vagina and 48% having serum antibod¬ 
ies to the virus. 3 The virus can be excreted 
intermittently by infected mares, although 
the factors determining reactivation have 
not been determined. 3 Efforts to demon¬ 
strate that administration of corticosteroids 


induces reactivation of EHV-3 shedding are 
inconclusive. 4 

The disease can be reproduced experi¬ 
mentally with more severe disease and longer 
shedding of the virus in mares that are sero¬ 
negative at the time of infection than in sero¬ 
positive mares. 5 

The disease is relatively mild and causes 
only local signs manifested by papular, then 
pustular, and finally ulcerative lesions of the 
vaginal mucosa, which is generally red¬ 
dened. The ulcers can be as large as 2 cm 
in diameter and 0.5 cm deep and are sur¬ 
rounded by a zone of hyperemia. In severe 
cases the lesions extend onto the vulva and 
the perineal skin to surround the anus. 
There can be pain on passage of feces, and 
the anorectal lymph nodes are enlarged. 2 In 
the male, similar lesions to those on the 
perineum of the mare are found on the penis 
and prepuce. Many mild cases are unob¬ 
served because there is no systemic disease 
and affected horses eat well and behave nor¬ 
mally. The effect on fertility is equivocal 
although there might be a loss of libido 
during the active stage of the disease in stal¬ 
lions. The incubation period is 2 to 10 days 
and the course up to complete healing of 
ulcers is about 14 days, although depig- 
mented lesions on the perineum can persist 
for months. 3 

EHV-3 has been associated with unilat¬ 
eral rhinitis in adult horses examined with 
the same endoscope. All horses were affected 
unilaterally and in the nostril through which 
the endoscope was passed. 0 

Diagnosis can be achieved by use of virus 
isolation or demonstration of viral DNA in 
skin lesions or swabs of the vaginal or peri¬ 
neal regions. 0 Secondary bacterial infection 
can lead to suppurative discharge and a 
longer course. In some outbreaks lesions 
occur on the skin of the lips, around the nos¬ 
trils, and on the conjunctiva and can also be 
present on the muzzle of the foal. Ulcerative 
lesions of the pharyngeal mucosa also 
occur in infections with EHV-2 and with 
equine adenovirus. Ulcerative lesions of the 
oral mucosa are of great importance 
because of the necessity to diagnose vesicular 
stomatitis early. 

Treatment is symptomatic and can 
include cleaning of lesions, although this 
might not be necessary in uncomplicated 
disease. Mares with severe inflammation of 
the perianal tissues with or without enlarge¬ 
ment of the anorectal lymph nodes and signs 
of pain on defecation might benefit from 
administration of fecal softening agents 
(mineral oil) or diets. 

Control can be achieved by use of artifi¬ 
cial insemination, but careful attention must 
be paid to biosecurity measures that mini¬ 
mize the opportunity for iatrogenic spread 
on stud farms or embryo transfer facilities. 
Recommendations for control in embryo 
transfer facilities and stud farms include the 
following 2,7 : 


• Strict adherence to hygiene procedures 
designed to prevent both the direct and 
indirect transmission of the virus. 

• Personnel with direct contact with 
mares should wear long, disposable 
examination sleeves and short latex 
gloves, which should be changed 
between subsequent inspections. 

• Ultrasonography probe should be 
covered with a disposable glove or be 
carefully disinfected before the 
inspection of each mare. 

• All instruments and other devices used 
during the inspection procedure, 
artificial insemination, and embryo 
collection must be either disposable or 
washed and sterilized between uses. 
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PORCINE REPRODUCTIVE AND 
RESPIRATORY SYNDROME 
(PRRS) 


SYNOPSIS 


Etiology Porcine reproductive and respiratory 
syndrome virus belonging to the 
Arteriviridae family. 

Epidemiology Highly contagious disease of 
swine manifested by reproductive failure, 
and respiratory disease in young pigs. 
Worldwide occurrence; spreads rapidly in 
swine-raising areas during the last 20 years. 
Subclinical infection endemic in most swine 
herds; incidence of clinical disease lower 
but causes severe economic losses. Pigs 
become infected in nursery from older 
infected pigs; persistent infection for 
several months is common. Different 
antigenic strains with variable virulence. 
Natural infection or vaccination results in 
immunity, but viremia still common. 
Infection with virus may predispose 
to secondary infections of respiratory 
tract. Transmitted by direct contact, feces 
and discharges, importation of infected 
pigs into herds, aerosol infection, and 
semen. 

Signs Highly variable clinical syndrome. 

Reproductive failure Outbreaks of late 
gestation abortions, stillbirths, mummified 
fetuses, weak neonates, and high rate of 
return to estrus. Problem may persist and 
recur for many months. 











Respiratory form Anorexia, fever, dyspnea, 
polypnea, coughing, unthriftiness, high 
mortality in young pigs and low in older 
pigs and breeding stock. Deaths occur in 
acute phase. 

Lesions Interstitial pneumonia with reduction 
in alveolar macrophages. Aborted and 
mummified fetuses, stillbirths, and weak 
neonates with pulmonary lesions. 

Diagnostic confirmation Serologic testing 
for viral antibody titers. Detection of virus 
in tissues and alveolar macrophages using 
immunofluorescent microscopy and other 
techniques. 

Differential diagnosis list Major differential 
is porcine circovirus infections 
Respiratory disease: 

Pneumonia caused by 

• Mycoplasma hyopneumoniae 

• Actinobacillus pleuropneumoniae 

• Pasteurella multocida 

• Glasser's disease ( Haemophilus parasuis) 

• Streptococcus suis 

Reproductive failure 

• Leptospirosis 

• Parvovirus 

• Brucellosis 

• Aujeszky's disease 

• Hog cholera virus 

Treatment Must clinically manage outbreak 
to minimize mortality in young pigs. 

Control Segregation and off-site rearing of 
recently weaned pigs. Nursery depopulation 
and clean up protocol. Import only 
virus-free breeding stock into breeding 
herds. Both live attenuated and dead 
vaccines available for sows and piglets. 


INTRODUCTION 

PRRS is a significant cause of respiratory 
disease in its own right but is also a signifi¬ 
cant contributor to the porcine respiratory 
disease complex (PRDC). 1 The ever- 
expanding diversity of porcine reproductive 
and respiratory syndrome virus (PRRSV) 
infections has been emphasized. 2 This agent 
is one of the three major contributors to the 
continuing evolution of respiratory disease 
in pigs (swine influenza virus [SIV], PRRS, 
and porcine circovirus type 2 [PCV2]). 

ETIOLOGY 

PRRS is caused by an RNA virus morpho¬ 
logically, structurally, and genomically 
similar to members of the genus Arterivirus 
of the family Arteriviridae belonging to the 
Order Nidovirales 3 including equine arteritis 
virus. The virus was first isolated in Lelystad 
in the Netherlands in 1991 (it was initially 
called the “Lelystad virus”). The mystery 
swine disease in North America was then 
shown to be a similar virus. These two strains 
are considered to be one virus but differ 
genetically and antigenically. The North 
American and European strains are only 60% 
identical at the nucleotide level. 4 
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In terms of evolution, it is possible that 
lactic dehydrogenase virus of mice infected 
wild boar in Central Europe and became 
adapted. It then went to North Carolina in 
the United States possibly in wild boar. It is 
thought that the most likely date for a 
common isolate of the European strains is 
before 1981. The two species of PRRSV then 
developed separately on the two continents. 
Some evidence of this comes from a study of 
the number of nucleotides in open reading 
frame 7 (ORF7) of the virus from the United 
States (372 nucleotides), and the European 
virus (Lelystad types) had 387 nucleotides, 
but the Lithuanian strains that were collected 
had 378 nucleotides. 

The European viruses (Lelystad type) 
have become known as type 1, and the North 
American viruses as type 2 viruses (ATC- 
2332 was the first). 

There is the implied existence of two 
distinct genotypes derived from a common 
ancestor. 5 New clinical cases may occur 
because of other microbes interacting with 
the virus but also because new viral variants 
escape the neutralizing responses of pigs to 
the previous pig strains of PRRSV. 6 

Genome 

The virus has a genome of approximately 
15.4 kb consisting of 10 ORFs. ORFla and 
ORFlb comprise 80% of the genome and 
encode polyproteins that are processed to 14 
nonstructural proteins (nsps) 7 by viral 
proteases. ORF 2a, ORF2b, ORF3, ORF4, 
ORF5a, and ORF5-7 encode eight 
structural proteins: GP2a, GP2b, GP3, GP4, 
ORF5a, GP5, matrix protein (M), and 
nucleocapsid (N). 8 ' 9 

All of these structural proteins have been 
shown to be important for virus infectivity 
because of their critical roles in virion assem¬ 
bly and/or interaction with cell-surface 
receptors. 8 N-linked glycosylation of GP5 is 
critically important for virus replication. 10 
The heterodimer consisting of the GP5 and 
M proteins is required for infectivity of 
arteriviruses. GP5 plays a key role in viral 
entry by interacting with the host cell recep¬ 
tor. 11 ORF2b is also essential for virus infec¬ 
tivity and is likely to function as an ion 
channel to facilitate uncoating of the virus. 12,13 
GP3 is found in type 1 and 2 viruses. 14 

One other protein, (N) or nucleocapsid, 
synthesized by ORF7 is highly immunogenic 
and has been used for most antibody studies. 
It is found in the cytoplasm and the nucleus 
in which it has an important role in antago¬ 
nizing cellular gene function. The more 
recent type 2 strains still exhibit variability in 
sequence and pathogenicity. 15 

A novel structural protein in PRRSV has 
been discovered to be encoded by an alterna¬ 
tive ORF5, and this protein is referred to as 
ORF5a and is expressed in infected cells. Pigs 
infected also express ORF5a antibodies. It is 
found in all PRRSV subgenomic RNA5 genes 
as an alternative reading frame and in all 


other arteriviruses, which suggests that it 
may play an important role. 16 

There is evidence of recombination 
between vaccine and wild-type PRRSV 
strains. 1 There is an exceptional diversity in 
PRRSV strains in Eastern Europe, 18 which is 
developed from European viruses and the 
use of attenuated virus vaccines (containing 
North American viruses) and these are asso¬ 
ciated with new genetic subtypes. 

GP4-specific neutralizing antibodies 
might be a driving force in PRRSV evolu¬ 
tion. 19 Amino acid substitutions in the GP4 
neutralizing epitope may abrogate antibody 
recognition and favor the development of 
neutralizing antibody-resistant variants. 

The genetic and antigenic characteriza¬ 
tion of the complete genomes of type 1 
PRRSV isolated in Denmark over a period of 
10 years have been described. In Denmark, 
more than 50% of the herds are affected 20 by 
type 1 and/or type 2. 20 The study showed that 
there were two major clusters within the type 
1 genotype. The differences from the original 
Lelystad virus varied from 84.9% to 98.8% 
for ORF5 and 90.7% to 100% for ORF7 for 
the nucleotide identities. The results strongly 
suggest that there have been at least two 
independent introductions of type 1 PRRSV 
into Denmark with significant drift in several 
regions of the virus. The genetic dissection of 
complete genomes of type 2 PRRS viruses 
isolated in Denmark over 15 years has been 
described. 21 The virus arrived at the same 
time as Ingelvac PRRS-MLV, and since then 
the viruses were found to be 94.0% to 99.8% 
identical to the vaccine strain. The nucleo¬ 
tide identity was 90.9% to 100% for ORF5 
and 93.0% to 100% for ORF7. There was 
wide diversity in the nsp2 with some dele¬ 
tions in the NSP2 region. The analysis 
showed that all Danish isolates belonged to 
a single cluster (sublineage 5.1) resembling 
the type 2 prototype isolate VR-2332. 

North American Viruses (Type 2 
Porcine Reproductive and Respiratory 
Syndrome Virus) 

The North American genotype PRRSVs in 
China have evolved independently from 
those in other countries, suggesting that geo¬ 
graphic separation might be one factor influ¬ 
encing the molecular evolution of PRRSV. 22 

There is an exceptional diversity of North 
American type 1 PRRSV 4,5 in China. 23 

Korean strains have evolved from North 
American strains imported some years 
earlier and have evolved separately from 
other Asian countries, suggesting that geo¬ 
graphic separation may influence the molec¬ 
ular evolution. 24 

European Viruses (Type 1 Porcine 
Reproductive and Respiratory 
Syndrome Virus) 

In a study of over 100 new PRRSV UK iso¬ 
lates, all type 1, in the period from 2003 to 
2007, it was found that some strains were 
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similar to those found in the early 1990s. 25 It 
was also found that the diversity is greater 
now than it was then. 26 

The evolution of Spanish strains of 
PRRSV from 1991 to 2005 has been studied 
from 1991 to 2005 using the ORF5 of the 
virus. 27,28 

The emergence of PRRSV in Sweden was 
described in 2007 when it was detected 
through a national surveillance program. 29 

In a study in Thailand, European isolates 
seem to have evolved from the Lelystad 
virus, whereas the Thai U.S. isolate may have 
come from vaccine strains that were not 
available in Thailand so they may have been 
imported in pigs or semen and later spread. 30 

High Pathogenicity Viruses 

In June 2006, an unknown disease character¬ 
ized by high fever, high morbidity, and high 
mortality was seen in many areas of China. 
It was highly pathogenic and characterized 
by a unique discontinuous deletion of 30 
amino acids in the nsp2 protein with exten¬ 
sive substitutions in the GP5 sequence from 
the ORF5 gene. This epidemic has affected 
over 2 million pigs in China, with over 
400,000 deaths.’ 1 A further 140,000+ pigs 
with 40,000 deaths occurred between January 
and July 2007. 32 A similar outbreak in 
Vietnam caused huge losses in 2007. 33,34 The 
genetic variation and pathogenicity of a 
highly virulent PRRSV has been described. ’ 5 
The genomic diversity of Chinese PRRSV 
isolates from 1996 to 2009 has been 
described. 36 They are divided into four highly 
diverse groups, and it is suggested that they 
developed from the domestic Chinese 
viruses by gradual variation and evolution. A 
new variant has since been described. ’ The 
complete genome sequences of two other 
variant PRRSVs isolated from vaccinated 
pigs have been described. 38 The high patho¬ 
genicity (HP)-PRRSV strain has become the 
predominant strain in China. 39 This virus has 
undergone rapid evolution and can circum¬ 
vent immune responses induced by currently 
used vaccines. 

A 1 -year study of dynamics and evolution 
of type 1 and 2 PRRSV in a swine farm in 
Korea 40 showed the farm was first infected 
with a type 2 virus and then with a type 1 
virus of unknown etiology. The type 1 virus 
has undergone further change. 41 

The magnitude of differentially expressed 
gene profiles in HP-PRRSV-infected pigs 
compared with the original VR-2332- 
infected pigs is consistent with the increased 
pathogenicity of HP-PRRSV in vivo. 42 

Spread of High Pathogenicity 
Porcine Reproductive and 
Respiratory Syndrome 

Highly pathogenic strains of PRRSV have 
been identified within both genotypes 43 ' 45 
and have been isolated in China and 
Southeast Asia. 31,34,45 A 59 amino acid dis¬ 
continuous deletion has been found in an 


HP-PRRSV Chinese virus, 46 whereas most of 
the previous HP-PRRSVs have had a 30 
amino acid deletion. 47 Six different subgeno- 
typic isolates have been found in pigs in 
China from 2006 to 2008. 48 New genomic 
characteristics of HP-PRRSV do not lead to 
significant changes in pathogenicity. 49 High 
pathogenicity strains have been described in 
Vietnam. 50 These have been found to be dif¬ 
ferent from the Chinese strains and cause 
different pathogenic outcomes in American 
high-health swine. 51 

A highly pathogenic PRRSV virus iso¬ 
lated from a piglet stool in North America 
was sequenced. 

Experimental Infections With High 
Pathogenicity Porcine Reproductive 
and Respiratory Syndrome 

Experimental infection with a Chinese HP- 
PRRSV in American swine showed that it 
replicated in swine with at least a 100-fold 
increased kinetic activity over VR-2332, 
which is the American reference strain. It 
caused significant weight loss, exacerbated 
disease because of bacterial sepsis, and had 
more severe histologic lesions. It rapidly 
transmitted between animals. It also greatly 
increased serum cytokine levels associated 
with innate (IFN-a and IFN-(3; TNF-a;, and 
IL-1 (3, IL-6, and IL-8) and adaptive immunity 
(IL-2, IL-4, IL-10, IL-12, and IFN-y) in bron- 
choalveolar lavage fluid and most of them in 
serum and tracheobronchial lymph node 
homogenates. 53 These included IFN-a, IL-113, 
IL-2, IL-10, and IFN-y. In addition, IL-12 was 
also elevated 11 days postexposure. None of 
the pigs inoculated with VR-2332 had signifi¬ 
cant elevations in the serum levels of the 10 
cytokines. It may be that this represents a 
severe cytokine release syndrome or cytokine 
storm, as has been suggested for humans. 54 ' 56 
These conditions share many features includ¬ 
ing massive inflammatory responses, ele¬ 
vated serum cytokine levels, and multiorgan 
disease often with death. 

ECONOMIC LOSS 

A recent study of economic loss caused by 
PRRSV was made in the Netherlands, and it 
was found that the loss varied between €59 
and €379 per sow per 18-week period of the 
outbreak. The mean loss was €126. The costs 
after the outbreak varied from €3 to €160 
per sow. 58 

EPIDEMIOLOGY 

Occurrence 

PRRSV was first reported as a new disease in 
swine-raising areas in North America in 
1986 to 1987, and in 1991 it was recognized 
in, and spread rapidly across. Western 
Europe. The disease was first recognized in 
Germany in 1990 and in the Netherlands in 
1991 and then spread rapidly. Based on sero¬ 
logic surveys, there is no evidence of infec¬ 
tion in swine herds in Switzerland 59 and 
Australia. 


The introduction of legislation in some 
countries to restrict the movement of pigs 
from affected farms slowed the spread of the 
disease, but the rapid spread of the disease 
initially to the southwest of Europe and then 
to the north, paralleled the direction of the 
wind. Airborne spread was also suspected 
because even well-managed and isolated 
herds became infected, but airborne spread 
over distances of a few kilometers continued 
to occur, particularly in areas with high pig 
population density. 

The terms mystery pig disease and blue¬ 
eared pig diseasewzre used because the etiol¬ 
ogy was unknown and the skin of the ears 
of affected pigs commonly appeared blue. 
The disease affects pregnant gilts and sows, 
unweaned and recently weaned pigs, and 
growing-finishing pigs. Outbreaks of late- 
term abortions, high numbers of stillbirths 
and mummified or weak newborn piglets, and 
respiratory disease in young unweaned and 
weaned pigs are common. After 10 or more 
years of acceptance and relief that the Euro¬ 
pean virus was not as pathogenic as the North 
American virus, it is now accepted in Europe 
that the recent evolution of the virus may now 
be causing as many problems as the North 
American virus always has done. 

A high seroprevalence of PRRSV and SI V 
on Spanish farms was found to be over 85% 
for sows, around 80% for finishers, and 
around 50% for boar studs. 60 

It has also been studied in wild boars in 
Germany and 15.9% of 531 examined were 
found to be positive. 61 The genetic diversity 
of PRRSV in selected herds in the pig-dense 
region of northwestern Germany showed 
that of 65 samples tested 5 were the North 
American type and 60 were the European 
type l. 62 Of the original 18 herds visited only 
2 reported clinical signs 2 years later. 

Both the European genotype (type 1) and 
the North American (type 2) genotype now 
circulate globally. 63 

Strains within the genotype may differ by 
as much as 20% with the GP5 protein 
showing the widest heterogeneity with 50% 
to 55% difference between types 1 and 2. 5 

The distribution of genotypes of PRRSV 
in Ontario from 2004 to 2007 and the asso¬ 
ciation between genotype and clinical signs 
of disease have been described, 64 and four 
RFLP types were recognized. In a further 
study, it was suggested that the diversity in 
Canada is not described adequately by RFLP 
typing. 65 

Prevalence of Infection 

In endemic herds 30% to 70% of pigs may be 
seropositive to the virus and about 60% of 
herds have some seropositive pigs. Although 
the seroprevalence may be high in herds 
in some regions, the incidence of clinical 
disease is lower and variable. Although the 
number of herds with the acute form of the 
disease has been decreasing, the infection is 
now endemic in many herds, characterized 





by increased mortality and suboptimal per¬ 
formance in nursery pigs, with active spread¬ 
ing of the virus mainly in nurseries. In 
endemically infected herds, subpopulations 
of infected animals may exist consisting of 
a low prevalence (<10%) of seropositive 
animals in the breeding animals and a high 
prevalence (>50%) of seropositive nursery 
piglets. The elimination of these susceptible 
subpopulations, by exposing all members of 
a population to the virus, is used as a control 
strategy in large herds in which there may be 
subpopulations of highly susceptible breed¬ 
ing females. The virus can persist in non¬ 
pregnant sows and be transmitted to naive 
in-contact sows. A PRRS V strain may persist 
in a herd for up to 3.5 years displaying as 
little as 2% variation in ORF5 during this 
period. In 78% of herds with multiple sub¬ 
missions, genetically different strains were 
identified within 1 year of the original iden¬ 
tification. Virulent PRRSV isolates exhibit 
longer viremias but not more elevated levels; 
they induce higher death rates and cause 
more severe clinical signs in a respiratory 
disease model. More virulent strains grew to 
significantly higher levels in pigs than did 
cell culture-adapted isolates. Pathogenic 
consequences and immunologic responses of 
pigs to PRRSV are closely related to viral 
load in acute infections as reflected in viral 
titers in blood. 

On some farms in Great Britain, PRRSV 
fails to persist indefinitely on some infected 
farms, with fade-out more likely in smaller 
herds with little or no reintroduction of 
infectious stock. Persistence of infection may 
be associated with large herds in pig-dense 
regions with repeated introductions. 66 

In a study of 33 sites established as PRRSV 
free, it was found that 40% became positive 
within 1 year of establishment. 67 

Morbidity and Mortality 

The morbidity rate in young pigs may be up 
to 50%, and mortality in nursery piglets 
can reach 25%. Death is usually associated 
with secondary bacterial infections such as 
Salmonella Choleraesuis, Streptococcus suis, 
Actinobacillus pleuropneumoniae, and Hae¬ 
mophilus parasuis. Major losses occur in 
reproductive failure, but figures for the mag¬ 
nitude of reproductive losses during an out¬ 
break are not readily available. Generally, the 
reproductive performance of positive herds 
is significantly lower than negative herds. 

Risk Factors 

The severity and duration of outbreaks fol¬ 
lowing infection are variable. Some herds 
may be devastated by high production losses, 
whereas other herds may have almost no 
losses. Differences in morbidity and mortal¬ 
ity may be caused by dose of virus at 
exposure, differences in host susceptibility, 
differences in strain virulence, environmen¬ 
tal or housing differences, or the production 
practices in the herd. 
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A study of risk factors in Quebec 68 sug¬ 
gested that the transmission of PRRSV is 
likely to occur through the sites belonging to 
the same owner or through a 5-km area. 

In a study of risk factors for PRRSV infec¬ 
tion, it was found that there was a higher pro¬ 
portion of infected farms in areas of high pig 
density (more than 15,000 pigs within a 
10-km radius from the farm), if they used live 
virus vaccines, if they were located in a high- 
density pig area, or if dead pigs had been col¬ 
lected. Farms weaning at 28 days or more had 
lower odds of being PRRSV positive com¬ 
pared with those weaning at 21 to 27 days. 69 

Animal Risk Factors 

Nursing piglets lacking maternal immunity, 
young growing and finishing pigs, and sows 
lacking acquired immunity from natural 
infection or vaccination are highly suscepti¬ 
ble to infection and clinical disease. Severe 
disease appears to be more likely in large 
herds that have a large turnover of pigs, pur¬ 
chase replacements from other herds, and do 
not use a quarantine system. Introduction of 
the virus to previously virus-naive herds may 
cause severe economic losses. In the recent 
outbreaks in Denmark, the study of 107 
herds showed that a variety of hazards were 
identified including close neighboring 
herds, increasing herd size, and purchase of 
semen from infected studs used for artificial 
insemination. 

There is a within-breed genetic variation 
for commercially relevant traits that could be 
exploited in future breeding programs. l! A 
significant line difference in growth in two 
genetically diverse commercial pig lines was 
seen during infection with PRRSV. 71 

One study has shown that the number of 
piglets per litter infected by PRRSV was 
lower for the Landrace breed than for Large 
White, Duroc, and Pietrain breeds. 72 

In a study of 316 herds in Canada, it was 
found that the three most important factors 
for the spread of PRRSV RFLP 1-18-4 were 
sharing the same herd ownership, gilt source, 
and market trucks. 73 Spatial proximity could 
not be identified as a contributor to the 
spread. 

Environmental and Management 
Risk Factors 

Housing of all age groups in one building, 
introduction of new animals, housing on 
slatted floors, storage of slurry under floors, 
exposure to transport vehicles, and lack of 
disinfection procedures have been suggested 
as factors that increase the probability of 
herd infection. Lack of quarantine facilities 
for recently imported pigs is a major risk 
factor. There appears to be infrequent spread 
during warm weather compared with cold 
weather. 

Pathogen Risk Factors 

PPRS virus strains have many identical 
properties with some antigenic differences. 


Strains of the virus from the United States 
and Canada are antigenically similar but dif¬ 
ferent from the European Lelystad virus 
isolate. All the strains appear to be highly 
infectious. There are serologic differences 
between the European and American strains, 
and the antigenic and genomic differences 
between the North American and European 
isolates suggest the existence of two geno¬ 
types. There are different genotypes and at 
least three minor genotypes within the major 
U.S. genotype. The simultaneous coexistence 
of the strains has been shown, but the signifi¬ 
cance of the observation is not understood. 
Genetic variations exist not only between 
European and U.S. strains but also among 
the U.S. isolates, indicating the heteroge¬ 
neous nature of the virus. Antigenic varia¬ 
tion may affect the accuracy of diagnostic 
tests and the efficacy of vaccines. The North 
American strains have been called type 2 
virus, and they are continually varying. The 
European type 1 virus was thought to be less 
virulent and less likely to change, but this 
may not be so because recent isolations show 
that it is also continuing to change. 

Infection with the virus does not always 
result in clinical disease, and the detection of 
high levels of serum antibody in many herds 
without history of clinical disease suggests 
that the consequences of natural and experi¬ 
mental infection depend on a complex of 
factors associated with host susceptibility 
and virus virulence. From 2000 to 2001, 
there were severe outbreaks in the United 
States associated with new isolates. There are 
now both European and U.S. strains origi¬ 
nating from viral vaccines in Poland. The 
effects of the virus on reproductive perfor¬ 
mance are strain dependent. Strains of the 
virus cross the placenta when given to preg¬ 
nant sows, and most sows will remain clini¬ 
cally normal and farrow normally. However, 
depending on the strain used, the number of 
late-term dead fetuses from gilts infected 
experimentally at 90 days’ gestation may vary 
widely, and all gilts become viremic and 
develop antibodies. There are also marked 
differences in pathogenicity for the respira¬ 
tory tract between U.S. strains of the virus 
compared with the Lelystad virus when 
inoculated experimentally into 4-week-old 
cesarean-derived colostrum-deprived pigs. 
Some strains cause severe lesions of the lym¬ 
phoid and respiratory systems, which appear 
to be the major sites of viral replication. The 
difference in pathogenicity may explain the 
variation in severity of clinical disease 
observed in field outbreaks. 

Field observations have suggested that 
the presence of the virus in a herd may 
increase the susceptibility of animals to other 
infections. However, studies with sequential 
infection of the virus followed by experimen¬ 
tal inoculation with H. parasuis, Pasteurella 
multocida, or A. pleuropneumoniae have 
failed to demonstrate increased severity of 
disease. There is, however, strong evidence to 
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say that PRRSV predisposes to S. suis. It may 
also predispose to Salmonella Choleraesuis, 
Bordetella bronchiseptica, or M. hyopneu- 
moniae. This view is not universal in that 
infection with the virus did not increase the 
severity of experimental M. hyopneumoniae 
(MH) infection in young piglets. However, in 
the laboratory investigation of PRDC the 
most potent combination of agents is PRRSV 
and MH. A model of the dual infection has 
recently been described in which MH was 
shown to predispose to PRRSV infection. 
Based on diagnostic submissions, however, 
concurrent pulmonary bacterial infections 
may occur in up to 58% of cases in which the 
virus was also isolated. 

There is also the possibility that many 
strains may be found in the same herd, e.g., 
three strains were found in one herd. Several 
viruses have been found in the same pig, and 
one great authority has expressed the view 
that each virus in each pig may be different 
from every other virus. 

A syndrome was described in neonatal 
pigs marked by neurovirulence. Replication 
in the brain was verified by IHC in brain 
sections. Meningoencephalitis induced by 
the virus was unusually severe. 

Methods of Transmission 

Virus is produced rapidly after infection, 
probably within 12 hours. The virus was 
shown to evolve continuously in infected 
pigs with different genes of the viral genome 
undergoing various degrees of change. 

There are unlikely to be any wildlife res¬ 
ervoirs (except for feral and wild pigs), 
although infected mallard can still excrete 
the virus 39 days later. Most pigs clear 
PRRSV within 3 to 4 months but some may 
remain persistently infected for several 
months. The antibody response does not 
reflect the carrier status. It is possible that 
cytokines can switch the balance from a sub- 
clinical infection to disease manifestation. 
There is no evidence that PRRSV is found in 
the tonsils as a representative tissue. 

The virus spreads rapidly within herds 
when infected pigs are housed in confine¬ 
ment. Up to 90% of sows may seroconvert 
within 3 months of the virus being intro¬ 
duced into a closed breeding herd. The mode 
of spread is presumed to be by direct contact, 
probably nose to nose. The virus generally 
requires close pig-to-pig contact to achieve 
an exposure dose. 

Presence Within the Herd 

The virus is present in a variety of biologic 
fluids; nasal discharge (positive 21 days 
later); oropharyngeal scrapings (158 days 
later); possibly mammary secretions, 
although this is probably uncommon as pre¬ 
vious vaccination does appear to prevent 
shedding; urine (28 days) and feces (28 
days); and intranasal inoculation has been 
used to reproduce the disease experimen¬ 
tally. The feces may be an intermittent source, 


a usual source, or not a source. The virus is 
present in saliva and, considered in the 
context of the social behavior of pigs, may 
play an important role in transmission. 

The virus may persist in, and circulate 
between, different age groups and locations 
in a herd for several months despite the 
absence of clinical disease and may be trans¬ 
mitted by contact to replacement animals or 
to uninfected farms. Infected pigs may 
remain carriers of the virus for up to 15 
weeks. Persistent and contact infection can 
be maintained in a nursery if uninfected pigs 
are continuously exposed to infected pigs. 
Pigs in the nursery become infected through 
contact with older infected pigs and not by 
in utero or postpartum exposure to infected 
sows. Long-term surveys of farrow-finish 
herds reveal that isolation rates of the virus 
reach highest level of 70% to 100% of pigs, 6 
to 8 weeks of age, which coincided with the 
lowest level of maternal immunity. If you rely 
on infected nursery pigs to transmit infec¬ 
tion to incoming gilts in acclimatization 
studies, then nursery pigs may only be 
viremic for a maximum of 60 days. There is 
no association between lymphadenopathy 
and PRRSV viremia in nursery pigs 4 and 6 
weeks postweaning. Viremia cannot be pre¬ 
dicted solely on the basis of clinical signs. 
Large finishing enterprises purchasing pigs 
of variable infection and immune status 
provide ideal conditions for persistent virus 
circulation. Breeding herd subpopulations of 
infected pigs may exist and perpetuate and 
enhance the infection in a herd. The inability 
to control such subpopulations may reduce 
opportunities for successfully controlling the 
disease. 

Infection may persist for an extended 
period of time because of the following: 

• Incomplete infection of the susceptible 
population during the acute phase 

• Introduction of susceptible breeding 
stock 

• A persistent viral infection in individual 
pigs with the potential of shedding virus 
under certain conditions, such as 
grouping for weaning or farrowing 

• A rapid decline in passive immunity in 
young pigs and variable periods of 
active immunity 

Genetic randomness of isolates does not cor¬ 
relate with geographic distance. Movement 
on to the farm of PRRSV does not generally 
occur by distance-limited processes, such as 
the usual wildlife vectors, but more typically 
occurs because of long-distance transport of 
animals or semen. 

It is likely that piglets born with infection 
from in utero exposure probably may 
remain viremic for life, even in the face of 
antibody formation. Neonatal infection is 
probably cleared slowly, but infection in the 
older animal may be cleared much more 
quickly. 

Experimental infection suggests that 
PRRSV infection is eventually cleared from 


the host and persistent infection rarely lasts 
more than 200 days. 

In a study in France, a semiquantitative 
real time RT-PCR was developed to assess 
the evolution of the viral genome in blood 
and nasal swabs from inoculated and contact 
pigs with time. Viral genome was detected 
from 7 to 77 days postinfection (DPI), 
whereas viral genome shedding was detect¬ 
able from nasal swabs from 2 to 48 DPI. The 
infections increased from 7 to 14 days and 
then decreased slowly to 42 DPI. The evolu¬ 
tion of infectiousness was mainly correlated 
with the time course of viral genome in the 
blood, whereas the decrease of infectious¬ 
ness was strongly related to the increase in 
total antibodies. 74 

A mathematical model of within-herd 
transmission dynamics of PRRSV, fade-out 
and persistence, has been described. 77 It was 
found that fade-out was likely to occur when 
breeding females failed to pass the virus on 
to the piglets. Persistence was more likely to 
occur once infection was present in piglets, 
which in turn infected rearing pigs. The 
probability of persistence was higher in large 
herds, increased contact between different 
age groups, and increased reintroduction of 
infectious gilts. 

Possible routes of transmission include 
introduction of vaccinated animals, use of 
semen from vaccinated artificial insemina¬ 
tion boars, and aerosol spread. 

Introduction of Vaccinated Animals 

The disease has occurred in PRRSV- 
seropositive herds in Denmark with no pre¬ 
vious clinical evidence of PRRSV. These 
herds were then vaccinated with a modified 
live virus vaccine licensed for use in pigs 3 to 
18 weeks of age. Boars entering artificial 
insemination units were also vaccinated. Fol¬ 
lowing vaccination, a large number of herds 
experienced an increased number of abor¬ 
tions and stillborn piglets and an increasing 
mortality in the nursing period. The prob¬ 
lems occurred mainly in herds without clini¬ 
cal signs among sows and with sows with low 
antibody titers in the period immediately 
before vaccination. The PRRSV was isolated 
from fetuses and identified as the vaccine 
virus. The evidence suggested that the 
vaccine virus had spread to nonvaccinated 
sows followed by transplacental infection of 
the fetuses. Spread of the vaccine virus was 
also demonstrated in a nonvaccinated and 
previously virus-free breeding herd. There 
are three main methods of spread: 

1. Introduction of infected animals: 

Spread between herds is associated 
with the introduction of infected 
carrier pigs. 

2. Use of semen from vaccinated or 
infected boars: Infected boars may shed 
the virus in their semen for up to 40 
days after experimental infection. In 
boars, the virus can be found in semen 
by PCR for much longer periods than 





can be found in the blood by virus 
isolation or antigen detection, and the 
likelihood is that monocytes enter the 
bulbourethral glands, which then 
contaminate the semen. Following 
experimental infection of sexually 
mature boars the virus was present in 
the semen 3 to 5 days after infection 
and on days 13, 25, 27, and 43. Using a 
PCR assay the virus can be detected in 
semen for up to 92 days after 
experimental infection. The 
insemination of gilts with semen from 
experimentally infected boars resulted 
in clinical signs of disease and failure 
to conceive. Following artificial 
insemination of gilts with semen from 
experimentally infected boars, the gilts 
will seroconvert. The use of the 
modified-live PRRS virus vaccine in 
boars is controversial because some 
boars may still shed wild-type virus in 
semen after challenge exposure 50 days 
after vaccination. The inoculation of 
PRRSV-negative replacement gilts with 
serum from nursery pigs presumed to 
be viremic resulted in seroconversion of 
all 50 gilts tested. 

Exposure of pregnant gilts to either 
attenuated (vaccine) or virulent (field) 
strains of the virus can result in 
congenital infection. Congenitally 
infected pigs can support virus 
replication for a long period of time 
during which the viral replication is 
confined to the tonsils and lymph 
nodes. After 260 days there were no 
serum antibodies, and between 63 
and 132 days there was no evidence of 
virus in the lung. Vaccine and field 
strains can be transmitted postnatally 
from infected to noninfected littermates. 
Pigs infected with field strains have 
an inferior rate of survival and 
growth than do noninfected pigs. 

This suggests that use of attenuated 
virus vaccine during gestation is 
questionable. 

3. Aerosol spread: Airborne spread across 
regions and between countries was 
suspected in Europe during the winter 
of 1990 to 1991. The infection appeared 
to spread by the airborne route from 
Germany, across the Netherlands, and 
into Belgium. Low temperatures, low 
sunlight, and high humidity may have 
facilitated airborne spread. Airborne 
spread up to 20 km has been suggested, 
but most airborne spread is probably 
limited to less than 2 km. Usually it is 
difficult to transmit the agent 1 m. 
Although an experiment failed to 
transmit infection from pig to pig in a 
trailer parked 30 m away, there is a 
suggestion that it is transmitted for a 
short distance, but this possibly only 
occurs intermittently. Aerosol infection 
might be responsible in the absence of 
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any other means of spread.' 6,7 The 
effect of temperature and relative 
humidity on an aerosol of PRRSV has 
been calculated, and it is more stable at 
lower temperature and/or lower 
humidity. 78 

In a study of aerial transmission, 79 it was 
found that 21/21 aerial samples were positive 
from exhaust gases from an experimentally 
infected pig group. Five of 114 long-distance 
samples were positive and were collected 2.3, 
4.6, 6.6, and 9.1 km from the experimentally 
infected herd. Interestingly, only PRRSV 
variant 1-8-4 was detected, whereas 1-18-2 
and 1 -26-4, the other two strains given to the 
source pigs, were not detected. A production 
region model to assess the airborne spread of 
PRRSV has been produced by the same 
team. 80 Animal age, MH coinfection, and 
PRRSV isolate pathogenicity did not signifi¬ 
cantly influence the concentration of aerosol 
shedding. The shedding of PRRSV in aero¬ 
sols may be isolate dependent. 81 

A production region model has been 
used to assess the airborne spread of 
PRRSV. 82 

The median infectious dose of PRRSV via 
aerosol exposure has been described. 83 The 
MN-184 isolate was far more infectious than 
the VR-2332 isolate. 

Long-distance transmission of PRRSV 
was confirmed in a study where 1.3% of 306 
samples were positive. These samples were 
positive 4.7 km away from the source 
population. 84 

Other Sources 
Fomites 

Fomites and infected personnel were shown 
to be capable of transmitting the virus 
following contact with infected material. 
Infected hands, boots, and protective cloth¬ 
ing can transmit it. 85 Needles will transmit 
the virus. People do not usually act as 
vectors. 

Meat 

Pig meat does not retain detectable amounts 
of the virus, and it is unlikely that the trans¬ 
mission through meat occurs. PRRSV can 
survive in fresh pork at refrigerator tempera¬ 
tures, and the moving of meat juice may 
increase the risk of viral spread from person¬ 
nel to pigs. 86 In a study of PRRSV in muscle 
it was found that 13/89 samples between 28 
and 202 days after inoculation were found to 
be positive by quantitative RT-PCR, but if fed 
to pigs there was no evidence of infection, 
suggesting that the test detected noninfec- 
tious PRRSV in pig meat. 8 ' 

Insects 

Mosquitoes were not seen in one study to be 
a likely vector for PRRSV. Houseflies may 
pose some level of risk for the transport and 
transmission of PRRSV between pig popula¬ 
tions under field conditions. 88 The intestinal 
tract of houseflies will support infectious 


PRRSV for up to 12 hours following feeding 
on an infected pig but only for a short period 
of time on the surface of the fly. 

Virus Survival 

The PRRS virus is fairly labile and does not 
survive for more than 1 day on solid fomites, 
but does survive for several days in well and 
city water. It may survive for several years in 
deep frozen tissues, but only 1 month at 4° C 
(39°F),48 hours at 37° C (99° F), and less than 
45 minutes at 56°C (133°F). There appears 
to be a low risk from contaminated lagoon 
water, and the viability of PRRSV in swine 
effluent is relatively short (18 days), although 
this is very temperature dependent. 

Economic Importance 

The export market for pork from a country 
can be seriously affected when a disease such 
as PRRSV occurs. When the disease was rec¬ 
ognized in the United States, countries such 
as Mexico, Japan, Canada, and South Korea 
banned the importation of pork from the 
United States or required certification that 
the swine originated from premises where, 
within the 30 days before the issuance of the 
health certificate, no swine were introduced 
from a municipality in which a premises 
infected with the virus is located. 

The economic losses may be very high 
because of stillbirths, abortions, small litter 
sizes, and birth of weak pigs, which increases 
preweaning mortality and increased nonpro¬ 
ductive days. In weaned pigs, losses are asso¬ 
ciated with respiratory disease. In addition, 
there are the costs of control, which may be 
high, dependent on the control strategies 
undertaken. Typically, about 20% loss in 
annual production can be expected from a 
severe outbreak. 

Negative weaned pigs had an increased 
margin per pig of $2.12 over the pigs mini¬ 
mally affected by PRRSV in the nursery but 
which seroconverted in the finishing herd 
and $7.07 over the pigs with persistently cir¬ 
culating PRRSV in the nursery. 

PATHOGENESIS 

Effects on Macrophages and 

Dendritic Cells 

PRRSV has a very restricted tropism for 
porcine alveolar macrophages (PAMs) and 
some peripheral blood monocytes. 63 

Replication of PRRS in the PAMs directly 
impairs their basic functions including 
phagocytosis, antigen presentation, and pro¬ 
duction of cytokines. 89,90 The virus under¬ 
goes a productive replication in these cells 
leading to cell death via both apoptosis and 
necrosis mechanisms. In addition, there is 
also a reduced expression of major histocom¬ 
patibility complex (MHC) class I and MHC 
class II, CD 14, and CD 11 cells. 

PRRSV also induces necrosis or apoptosis 
of macrophages and lymphocytes in the lung 
and lymphoid organs, impairing the host 
response. 91 





1800 


Chapter 18 


Diseases Primarily Affecting the Reproductive System 


In eukaryocytes, autophagy is a widely 
found mechanism that transports damaged 
cell organelles and long-lived proteins to 
lysosomes for degradation. 92 The autophagy 
induced by PRRSV infection plays a part in 
sustaining replication in host cells. 93 

PRRSV causes a massive increase in the 
number of B cells, resulting in lymphoid 
hyperplasia, hypergammaglobulinemia, and 
autoimmunity in neonatal piglets. There is a 
preferential expansion of certain clones 
bearing certain H chain third complemen¬ 
tary lengths. The same dominant B-cell type 
clones occur throughout the body. The 
authors believed that hypergammaglobu¬ 
linemia results from the products of 
these cells. 94 

Many piglets are probably infected in 
utero. PRRSV infection modulates the leuko¬ 
cyte subpopulations in peripheral blood and 
bronchoalveolar fluids. Following infection 
the number of CD8+ cells increased in sys¬ 
temic lymphoid tissue, whereas numbers of 
B cells increased in mucosal associated 
lymphoid tissue. Virus infection induces a 
simultaneous polyclonal activation of B cells 
mainly in the tonsils and an exaggerated 
and prolonged specific humoral immune 
response caused by persistent viral infection 
in lymphoid organs. Piglets surviving in 
utero infections have a high count of CD8+, 
CD2 +, CD4+, and SLA-class II cells in the 
peripheral blood. 

Persistent infection occurs in these pigs. 
Virus appears to persist in the lymphatic 
organs and particularly the tonsils and the 
lungs. Lymphoid tissue tropism occurs 
during persistent infection when the piglets 
have been exposed in utero. 

Neonatal or nursery infection is probably 
through the virus reaching the nasopharyn¬ 
geal epithelium following inhalation from 
the nose-to-nose contact with other pigs. It 
is then probably removed to the tonsils in 
which they are internalized into cells of the 
macrophage/monocyte series. 

Initially, a viremia occurs, with subse¬ 
quent distribution and multiplication of the 
virus in multiple body systems and organs 
causing interstitial pneumonia, vasculitis, 
lymphadenopathy, myocarditis, and enceph¬ 
alitis. Alveolar macrophages are primary 
targets for virus multiplication, but this does 
not fully explain the pathogenesis. Multiple 
glycoproteins appear to be involved in infec¬ 
tion of pulmonary alveolar macrophages. 
Possibly up to 40% of alveolar macrophages 
are destroyed. Whether it is a particular 
group that is damaged or all the alveolar 
macrophages are damaged is not known, but 
after about 28 days there is a resumption of 
normal alveolar macrophage function. 
PRRSV causes the apoptosis of alveolar mac¬ 
rophages and pulmonary intravascular mac¬ 
rophages. The increase in IFN-y-positive 
cells correlated well with the severity of the 
lung lesions, which may be because of the 
presence of PRRSV in the lung. IFN-y 


markedly inhibits the replication of PRRSV 
in macrophages. 

RECEPTORS 

As few as 10 or even fewer virus particles 
inoculated into the nose or given IM will 
infect a pig. The virus may enter the cell 
through an endocytic pathway or through 
a virus receptor. A third possibility is that 
the virus may enter the cell through an 
antibody-dependent enhancement with 
virus-antibody complexes entering the cell 
through Fc receptors on the cell surface. 

There may be a PRRSV ligand for a cell- 
surface heparin-like receptor on pulmonary 
alveolar macrophages. 

Several receptors have been described 
including heparin sulfate, sialoadhesin, 95 and 
vimentin. 90 The interaction of PRRSV with 
sialoadhesin inhibits alveolar macrophage 
phagocytosis. 9 ' Recently, CD163, a molecule 
that is expressed solely on the monocytic 
lineage, 98 has been identified as a possible 
cellular receptor for PRRSV. 99 This is a recep¬ 
tor that allows previously nonpermissible 
cells to become susceptible to PRRSV. It is a 
hapten/hemoglobin scavenger in the scaven¬ 
ger receptor cysteine-rich superfamily. Other 
factors also appear to be necessary for 
PRRSV permissiveness. 109 The initial step in 
infection involves heparin sulfate glycosami- 
noglycans as an initial attachment receptor 
and subsequent engagement of the Siglec 
sialoadhesin resulting in a virus internaliza¬ 
tion via clathrin-mediated endocytosis. The 
viral membrane M and the M/GP5 complex 
were identified as ligands for the initial 
attachment receptor. Sialic acids present on 
the surface of the PRRS virions have been 
shown to play an essential role in PRRSV 
infection. Recently CD 163 was identified as 
a key receptor and involved in the entry into 
macrophages. 101 In a recent study, 102 it was 
suggested that expression of CD 163 on mac¬ 
rophages in different microenvironments 
in vivo possibly may determine the replica¬ 
tion levels of PRRSV and the virus 
pathogenicity. 

VIRUS ENTRY 

For productive infection, viruses need to 
enter the target cell and release their 
genome. 103,104 It has been shown that PRRSV 
entry into the alveolar macrophage involves 
attachment to a specific virus receptor fol¬ 
lowed by a process of endocytosis by which 
virions are taken into the cell within vesicles 
by a clathrin-dependent pathway. 

It has recently been shown that PRRSV 
enters early endosomes after internalization 
but does not continue through the endocytic 
pathway to late endosomes. It colocalizes 
with its internalization receptor sialoadhesin 
on the cell surface and beneath the plasma 
membrane. 105 Sialoadhesin downregulates 
phagocytosis in PAMs (not CD163). 

There is a significant role for IL-10 in the 
CD 163 and PRRSV susceptibility during the 


differentiation of macrophages. Possibly the 
internalization of PRRSV via CD 163 in the 
target cells may induce the expression of 
IL-10, which in turn induces the expression 
of CD 163 on neighboring cells. 

Virus entry into the porcine macrophage 
has been reviewed 106 as has the virus struc¬ 
tural and nonstructural proteins in viral 
pathogenesis. 10, 

REPLICATION 

The primary targets for replication are alveo¬ 
lar macrophages of the lung and other cells 
of the monocyte/macrophage lineage includ¬ 
ing pulmonary intravascular macrophages, 
subsets of macrophages in lymph nodes, and 
spleen and intravascular macrophages of 
the placenta and umbilical cord. A highly 
pathogenic strain may possess an expanded 
tropism to include epithelial cells. 

The virus can persist in the pig for up to 
132 days after birth in tonsil and lymph 
nodes infected in utero and from 105 to 157 
days from pigs infected in postnatal infec¬ 
tion. Over time the initial levels of viral load 
may decrease 10,000-fold in the tonsil or 
lymph nodes. The wild-type virus is capable 
of inducing a higher level of viral load than 
the mutations. 108 ' 111 

The high pathogenicity strains from 
China in 2006 contain a unique 30 amino 
acid deletion in the nsp2 coding region, but 
this is not associated with virulence of these 
strains but nsp2 can attenuate replication 
and virulence. 112 The virus can cross the pla¬ 
centa at about 90 days’ gestation and infect 
the fetus and can use the thymus as the prin¬ 
cipal site of replication and induce antiviral 
cytokines. 11,1 

Macrophages are activated by endoge¬ 
nous danger signals. 114 

There are mitogen-activated protein 
kinase cascade pathways, which are essential 
building blocks in the intracellular signaling 
systems. There are four of these pathways 
that have been identified, and one of these is 
the extracellular signal-regulated kinase 
(ERK) signaling pathway. This has been 
shown to play an important role in the 
postentry steps of PRRSV replication cycle 
and contributes to viral infection. 115 

PRRSV E protein is likely to be an ion- 
channel protein embedded in the viral enve¬ 
lope and facilitates uncoating of the virus 
and release of the genome in the cyto¬ 
plasm. 110 This E protein is probably nones¬ 
sential for virus infectivity but promotes 
growth of the virus. 11 ' 

PRRSV can infect and replicate in mono¬ 
cyte and bone marrow-derived dendritic 
cells. 90,118,119 The exposure of bone marrow- 
derived immature dendritic cells to PRRSV 
produced a downregulated expression of 
MF1C class I. 

The monocytes and macrophages are the 
main cellular target for PRRSV replication, 
particularly the alveolar macrophages. It also 
replicates in vitro in dendritic cells and bone 





marrow-derived monocytes. 118 ' 121 It has a 
higher predilection for PAMs than septal 
macrophages. 122 PAMs phagocytose whereas 
septal cells may modulate immune responses. 
There is a complex viral replication mecha¬ 
nism in immune cells such as alveolar mac¬ 
rophages for PRRSV. 123 

General Effects of Porcine 
Reproductive and Respiratory 
Syndrome Virus on the 
Immune System 

Generally, both innate and adaptive immune 
responses to PRRSV are suppressed. It pro¬ 
duces modest levels of IFN-a and proinflam- 
matory cytokines. 120 In addition, the response 
is weak and slow. Neutralizing antibodies are 
slow to be produced. Cell-mediated responses 
in the form of IFN-y producing cells can take 
4 to 8 weeks to develop. The virus produces 
an increase in IL-10, which is possibly 
immunosuppressive because it suppresses 
antigen-presenting cell activities such as pro¬ 
cessing and presenting antigen and expres¬ 
sion of IL-1, IL-12, IL-18, TNF-a, and type I 
IFN expression. 19 

Macrophage Damage 

The PRRSV nucleocapsid protein regulates 
alveolar macrophages and, in a study of 
infected macrophages, 23 protein spots were 
found that were differentially expressed. Of 
these, 15 had a statistically significant altera¬ 
tion including 4 upregulated and 11 down- 
regulated 124 spots. Individual mature nsps are 
found in virus-infected cells. 125 

The alveolar macrophages when infected 
round up, show bleb formation, and eventu¬ 
ally rupture. TNF-a released from damaged 
macrophages after PRRSV infection may 
induce apoptosis in uninfected lymphoid 
cells. In a study of cells in the lungs, it was 
found in both noninfected and infected cells. 
The majority of the apoptotic cells were non¬ 
infected. The peak of apoptosis was at 14 
days and was preceded by a peak of IL-1 and 
IL-10 production at 9 DPI. The PRRSV 
infection directly interferes with type I IFN 
transcriptional activation. 

Toll-Like Receptors 

PRRSV inhibits TLR expressions in PAMs at 
6 hours postinfection and it is then restored 
at 24 DPI when the cells showed upregulated 
IL-12. 126 

The possibility of increased expression of 
TLR mRNA and cytokines in pigs with 
PRRSV has been shown. 12- In these experi¬ 
ments there was an upregulation of TLR 2, 3, 
4, 7, and 8 in at least one of the lymphoid 
tissues and cells. 

Modulation of Immune Responses 
Cellular Changes (Natural Killer, 
T-Regulatory, etc.) 

The original VR-2332 prototype North 
American strain of the virus induces immune 
modulatory changes at mucosal tissues. Peak 
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antibody response and cytokine IFN-y were 
detected at PID30 with increased TGF-|3 
until PID60. Populations of CD4+, CD8+, 
CD4+ CD8+ T cells, natural killer (NK) cells, 
and y8 T cells in the lungs and lymphoid 
tissues were significantly modulated favoring 
PRRSV persistence. The NK-cell-mediated 
cytotoxicity was significantly reduced in 
infected pigs. In addition, increased popula¬ 
tions of immunosuppressive T-regulatory 
cells (T-regs) and associated cytokines were 
also observed in infected pigs. 128 These 
results suggest that both innate (y§ T cells 
and NK cells) and adaptive immune cell 
subsets were modulated in mucosal tissues in 
which the virus persists for a long time. IL-10 
and TGF-P are immunosuppressive in nature 
produced by T-regs and are upregulated in 
PRRSV-infected pigs. 129 Although wild-type 
parenteral strain VR-2332 is avirulent it 
dampens the most essential immune compo¬ 
nents at the site of replication, which are the 
lung parenchyma and lymphoid tissue, 
resulting in weak and delayed anti-PRRSV 
immunity. 

NK cells are only a small fraction of cir¬ 
culating lymphocytes that are not B or T 
cells. Cytokines IL-2 and IFN-a are activa¬ 
tors of T cells. 130 PRRSV is a poor inducer of 
IFN-a. These cells early in infections kill 
infected cells and produce cytokines. 131 
PRRSV-infected macrophages are less sus¬ 
ceptible to NK cells. This reduced activity 
begins at 6 hours postinfection and coincides 
with the detection of observable PRRSV 
structural proteins. 132 It is likely that the tran¬ 
scription of viral genes and proteins also 
contributes to the resistance of PRRSV- 
infected macrophages toward NK cells. 
PRRSV infection inhibits both NK and cyto¬ 
toxic T-cell activity via a common mecha¬ 
nism. 133 It might be that during PRRSV 
infection the virus may modulate the ligands 
for the NK receptors on the surface of pul¬ 
monary alveolar macrophages, leading to 
insufficient NK cytotoxicity. 

The PRRSV has a suppressive effect on 
the NK cells, which are part of the innate 
immune response. They are usually activated 
by IL-2, IL-12, IL-15, IL-18, and IFN-a and 
by the interaction between NK activating 
receptors and their ligands on target cells. 134 
One of the components of reduced NK cell 
activity is the possibility that there is incom¬ 
plete activation of NK cells by a lower level 
of activating cytokines. 135 PRRSV-infected 
pulmonary alveolar macrophages showed a 
reduced susceptibility toward NK cytotoxic¬ 
ity, and this may represent one of the multi¬ 
ple evasion strategies of PRRSV. 133 

Replicating PRRSV in both infected and 
contact pigs was responsible for rapid modu¬ 
lation in NK cell-mediated cytotoxicity and 
alteration in the production of important 
immune cytokines. These changes produce a 
delay in adaptive immunity. At 2 DPI 50% of 
viremic pigs had a greater than 50% reduc¬ 
tion in NK cell-mediated cytotoxicity, and 


nearly a onefold increase in IFN-a was 
found in the blood of some pigs. Enhanced 
secretion of IL-4 was found in 90% of pigs 
and IL-10 and IL-12 in a few pigs. IFN-y was 
not enhanced. There was a reduced fre¬ 
quency of myeloid cells, CD4+ CD8+ T cells, 
and CD4- CD8+ T cells, and upregulated 
frequency of lymphocytes bearing natural 
T-reg cell phenotype were detected in 
viremic pigs. 136 

This is associated with a decrease in cyto¬ 
toxicity but not the number of NK cells 
(increased IL-4, IL-10, and IL-12). 136 Regula¬ 
tory T cells (induced by type 2 but not type 
1 PRRS) also impair the host. 137 ' 140 

There is a decrease in the number of anti- 
gen-presenting cells and T cells in the tonsil 
and lymph nodes of PRRSV-infected pigs, 
suggesting a modulation of the host immune 
response. 141 

CD 14 + monocytes may also infiltrate the 
interstitial tissue in the lung and develop into 
interstitial macrophages. The early develop¬ 
ment of subneutralizing or nonneutralizing 
antibody may have a significant effect on 
the development of PRRS by antibody- 
dependent enhancement, which can facili¬ 
tate the attachment and internalization of the 
virus onto host cells through Fc receptor- 
mediated endocytosis. 142 

A higher expression of proinflammatory 
cytokines is also expressed in septal macro¬ 
phages in pigs. 122 ' 143 T-regs 143 control the 
immune response and maintain homeostasis 
and are natural or induced. Induction of 
T-regs during the early stage of PRRSV 
infection is one of the ways pathogens escape 
the immune response. 138 ' 139,144 ' 147 

Cytokines 

Many cytokines influence the immune 
response to PRRSV infection (Table 18-3). 
TNF-a may act as an antiviral cytokine 
protecting cells from infection by an IFN- 
independent mechanism, and several strains 
of PRRSV have a low ability to induce the 
expression. 

The cytokines IL-10 and IL-12 are 
expressed in inflammatory lesions in the 
lung and play an important role in the 
defense against PRRSV. In some PRRSV 
infections, there was no change in the levels 
of IL-10, IL-12, and IFN-y in PRRSV infec¬ 
tions. It also induces minimal levels of 
T-helper-1 (Thl) cytokines (IL-12 and 
IFN-y). 90 

In utero-infected pigs showed signifi¬ 
cantly increased IL-6, IL-10, and IFN-y 
mRNA expression (IL-2, IL-4, and IL-12 
remained the same) and this was concurrent 
with a significant decrease in the number of 
CD4+ CD8+ T cells. The cell-mediated and 
cytokine message profiles returned to 
normal. 

The increased expression of IL-1 a, IL-6, 
and TNF-a in the lungs of pigs with PRRSV 
is correlated with the development of inter¬ 
stitial pneumonia. 122 Different isolates induce 
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Table 18-3 Cytokines and porcine 
reproductive and respiratory 
syndrome 

Cytokine 

Function 

IL-1 

Attracts macrophages, 
monocytes, polymorphs 

IL-6 

Induces acute phase proteins 
Upregulates CD163 receptor 

IL-10 

Upregulates CD163 receptor 
Upregulates in the lung 

TNF-a 

Inhibits replication of PRRSV 
Induces acute phase proteins 
Downregulated in PRRSV-infected 
macrophages 

Downregulates CD163 receptor 

IFN-a 

Interferes with replication of 

PRRSV 

Downregulated in PRRSV-infected 
macrophages 

IFN-y 

Inhibits replication of PRRSV 
Enhanced by vaccination with 

IL-1 2/IFN-a 

Downregulates CD163 receptor 

IL-10 

Correlates with expression in the 
lung 

Inhibits IFN-y in the lung 

TGF-p 

Induces T-regs after PRRSV 
infection 

Correlates with expression in the 
lung 

Downregulates CD163 receptor 

IFN, interferon; PRSSV, porcine reproductive and 

respiratory syndrome virus. 


different patterns of IL-10 and TNF-a. Four 
possible phenotypes were identified, but 
different cells had different capabilities. In 
addition, cytokine-release profiles on anti- 
gen-presenting cells could induce different 
expressions of cell markers. 121 

Certain regions of nsp2 also downregu- 
late IL-1|3 and TNF-a. 141 The inhibition of 
early cytokine production contributes to the 
weak innate immune response, delayed neu¬ 
tralizing antibody, slow IFN-y response, and 
a depressed cytotoxic T-cell response. 149 

In PRRSV infections, the production of 
proinflammatory cytokines is limited. 150 The 
nsps may downregulate TNF-a. 11 ' 1 ' 152 

IL-10 inhibits the synthesis of proinflam¬ 
matory cytokines as well as inhibiting the 
production of IFN-a, and may also suppress 
the proinflammatory response to PRRSV- 
infected pigs. There is a significant correla¬ 
tion between the response to PRRSV antigen 
expression and the expression of regulatory 
cytokines, such as IL-10 and TGF-|3 in the 
lungs but not in the lymph nodes. 153,154 

There may be, as a result of the cytokine 
expression, a reduction of the infiltration and 
proliferation of inflammatory cells. 155 IL-10 
is expressed mainly by septal macrophages 


and TGF-P mainly by PAMs. There may be 
different expressions of different cytokines 
by different subsets of the lung cells. TGF-p 
production may be dependent on the PRRSV 
strain. 156 CD163 is one component of a 
complex of receptors required for entry of 
PRRSV entry into the cell including heparin 
sulfate and sialoadhesin. It is upregulated by 
IL-10 and IL-6 promoting PRRSV entry into 
the cell and replication but downregulated by 
TNF-a, TGF-P, and IFN-y. 102 ' 157 

The induction of the IL-10 response may 
be one of the strategies used by PRRSV to 
modulate the host immune responses. 158 
Increases in IL-4, IFN-y, and TNF-a were 
found in the lymphocytes of infected piglets, 
but IL-8 showed a decrease. Other authors 
have the opposite view, which suggests that 
T cells showed an increase in CD8+ CD4+ 
and CD4- CD8+ subsets within activated 
cells, whereas CD4+ CD8- cells decreased 
with time. T cells responding to the virus 
showed a Thl type cytokine production 
pattern. These authors 158 also reported a 
decrease in TNF-a and a decrease of IL-la 
and macrophage inflammatory protein. 

Perhaps this is the key to PRRSV infec¬ 
tions in that all pigs may respond differently. 
There may be either depressive or stimula¬ 
tory effects. The imbalance of IL-12 and 
IL-10 produced in PRRSV-infected pigs may 
favor the humoral responses and suppress 
cell-mediated immune responses for the first 
2 weeks of life. 

PRRSV was detected in the cytoplasm of 
macrophages at two peaks, 3 to 7 DPI and 
second at 14 DPI. IFN-a increased at 3 DPI, 
and IFN-y and IL-12 were increased at 3 to 
7 DPI and 14 to 17 DPI, but IL-10 was lower 
than the others suggesting that other factors 
also play a part. 153 

Interferons 

PRRSV is able to downregulate the produc¬ 
tion of inflammatory cytokines such as type 
I interferons (IFN-a, IFN-(3, TNF-a, and 
IL-1). Pigs that can clear PRRSV early have 
early expression of these cytokines. 160 Five of 
the 13 nsps were found to inhibit IFN-|3 pro¬ 
moter activation, particularly nsplfj 161 as 
well as TNF-a promoter activity. 162 One of 
the mechanisms to suppress the immune 
response would be to suppress several key 
immune regulatory cytokines, such as type 
IFN, IL-1, TNF-a, IL-12, and IL-6, and 
upregulate to aberrant levels the antiinflam¬ 
matory cytokines IL-10. 162 

IFN-a is an early response to PRRSV, but 
the virus circumvents the host innate 
response with an inadequate production of 
type I IFNs, resulting in a delayed IFN-y pro¬ 
duction, cellular immunity, and neutralizing 
antibodies and a delayed viral clearance. 163 

PRRSV is able to suppress the transcrip¬ 
tion of key antiviral genes, TNF-a and IFN- 
(3, when infection was antibody-dependent 
enhanced. This pathway of infection allows 
PRRSV to specifically target antiviral genes 


and alters the innate intracellular immune 
responses in macrophages. 164 

The proposed model of how PRRSV nspl 
negatively regulates IFN- (3 has been shown. 165 
Plasmacytoid dendritic cells are not present 
in large numbers in blood but, when exposed 
to viruses, usually morph into dendritic cells 
but not when exposed to PRRSV and may 
help in the persistence of the virus. 166 

In the bone marrow-derived monocyte 
cells, there was also a significantly increased 
secretion of IL-1, IL-6, IL-8, IL-10, and 
IFN-y but not IL-12 or TNF-a. 167 

Infection with PRRSV increased serum 
levels of IL-1 (3, IL-6, TNF-a and IFN-y. It 
also increased mRNA for the proinflamma¬ 
tory cytokines as well as the mRNA for 
TLR3, LR4, and TLR7 in the tracheobron¬ 
chial tree. Most of the proinflammatory 
genes were also upregulated in the discrete 
brain areas. 168 

PRRSV does not elicit a specific IFN-y 
response in nonadult animals, and IFN-y 
cells may be present in similar numbers in 
both infected and control animals. 169 PRRSV 
suppresses T-cell recognition of infected 
macrophages. 170 

The ORFla and ORFlb are translated to 
generate polyproteins, which are processed 
by viral proteases to form 14 different nsps.' 
Several of the nsps have been identified as 
integral members of viral replication and 
transcription machinery, whereas others 
might be involved in these processes through 
their interaction with host cell factors.' 1 ' 1 
The nsps are also likely to regulate viral 
pathogenesis through their involvement in 
modulation of host innate immune responses. 
The nspl|3-mediated subversion of the host 
innate response plays an important role in 
PRRSV pathogenesis. 172 

The type I IFNs constitute a major player 
of the host innate immune system Viral rep¬ 
lication intermediates like double-stranded 
RNA (dsRNA) are sensed by cytoplasmic 
(RIG-1-like helicases) as well as endosomal 
(TLR3) sensors, which trigger a complex sig¬ 
naling cascade. 173,174 These signaling events 
result in an activation of several transcrip¬ 
tion factors including interferon regulatory 
factor 3 (IRF3), nuclear factor kappa B 
(NF- K p) and activating transcription factor-2. 
These factors drive expression of type I IFN 
genes. Once secreted, they bind to receptors 
on the cell surface, which ultimately leads to 
the synthesis of IFN-stimulated genes. 175 
Viruses have produced several measures to 
counteract the IFN production, 176 and 
PRRSV infection results in poor type I IFN 
production. The nsps of PRRSV inhibit IFN- 
dependent transcription. The nspl a and 
nspl (3 proteins suppress both IRF3 and 
NF- K p-mediated IFN gene induction. 148,177 ' 178 
The nspl (3 also interferes with IFN signal¬ 
ing. 148,179 The nsp2 is likely to play an 
important role in the subversion of innate 
antiviral defenses and provides a basis for 
elucidating the mechanisms underlying 











PRRSV pathogenesis. 180 The PRRSV nsp2 
has a cysteine protease domain at its N ter¬ 
minal, which belongs to the ovarian tumor 
protease family and which appears to antag¬ 
onize the type IIFN induction. 181 

It also interferes with the activation and 
signaling pathway of type I IFNs by blocking 
nuclear translocation. 179 Certain regions of 
nsp2 are nonessential for PRRSV replication 
but may play an important part in modula¬ 
tion of the host immunity. 148 PRRSV nsp2 
interferes with NF- k -(3 signaling, which is 
important for its activation. 181 The virus 
lasts up to 5 months after infection in some 
lymphoid tissues. The levels of proinflamma- 
tory cytokines are also low, and the develop¬ 
ment of other effector components is 
slow (neutralizing antibodies and antigen- 
specific T cells). Therefore there is an inap¬ 
propriate suboptimal initial innate response 
to PRRSV. 182 A nonsuppressive PRRSV virus 
could therefore be expected to stimulate a 
strong adaptive immune response. 183 The 
IFN inhibitory nature of PRRSV nspl in 
the context of virus infection was con¬ 
firmed. 1 75 ' 184,185 The nsp 1 is cleaved into nsp 1 a 
and nspl|3, and the nspl|3 has the ability to 
inhibit IFN synthesis and signaling. 186 

Type I IFNs (IFN-a and IFN-p) promote 
production of antiviral mediators and elicit 
NK-cell activity for killing viral-infected 
cells. They also induce the maturation of 
dendritic cells into antigen presenting cells, 
macrophage development, and maturation 
and together with IL-6 convert B cells into 
plasma cells. 187 Flow this might be achieved 
by the PRRSV has been suggested. 178 ' 181,188 
Increased levels of IFN-a at the time of chal¬ 
lenge delays PRRSV viremia 189 and lessens 
the severity of the disease. That the presence 
of IFN-a at the time of infection can alter the 
innate and adaptive immune responses was 
confirmed. 190 

PRRSV encodes viral products that are 
able to suppress type I IFN production in 
different ways by interfering with the various 
transcription factors in the regulation of IFN 
expression. 172,180 ' 181,190 - 192 The impairment of 
type I IFN induction seems to be linked to a 
weak adaptive immunity, which includes a 
delayed or slow development of humoral and 
cellular immunity responses leading to viral 
persistence in infected pigs. 193494 Pigs infected 
with PRRSV had moderate interstitial pneu¬ 
monia, and the virus was found in all tested 
tissues. Peak antibody response and IFN-y 
occurred at 30 DPI with increased TGF-|3 
until 60 DPI. 128 

The nsp2 inhibits the antiviral function 
of IFN-stimulated gene (ISG) 15. 195 IFN- 
stimulated genes are the ISGs of which ISG15 
is one of the most highly expressed proteins 
that functions as an effector molecule in the 
host cell response to viral infection. 

The induction of the IL-10 response may 
be one of the strategies used by PRRSV to 
modulate the host immune responses. 158 
Increases in IL-4, IFN-y, and TNF-a were 
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found in the lymphocytes of infected piglets, 
but IL-8 showed a decrease. It has been 
shown that T cells show an increase in CD8+ 
CD4+ and CD4- CD8+ subsets within acti¬ 
vated cells, whereas CD4+ CD8- cells 
decreased with time. T cells responding to 
the virus showed a Thl-type cytokine pro¬ 
duction pattern. There is also a reported 
decrease in TNF-a and a decrease of IL-la 
and macrophage inflammatory protein. 
Perhaps this is the key to PRRSV infections 
in that all pigs may respond differently. There 
may be either depressive or stimulatory 
effects. The imbalance of IL-12 and IL-10 
produced in PRRSV-infected pigs may favor 
the humoral responses and suppress cell- 
mediated immune responses for the first 2 
weeks of life. 

DIFFERENTIAL EFFECTS IN 
DIFFERENT PARTS OF THE BODY 

The differential expression of proinflamma- 
tory cytokines in the lymphoid organs of 
PRRSV-infected pigs has been described. 196 
The expression was different in the different 
body compartments. IL-la and TNF-a were 
the most highly expressed in the mediastinal 
lymph nodes. IL-6 was most expressed in the 
retropharyngeal lymph nodes, but none was 
expressed in the tonsil. Proinflammatory 
cytokines are able to modulate the expres¬ 
sion of CD163, a hemoglobin scavenger 
receptor that also acts as a PRRSV receptor 
and is involved in viral uncoating. 19 Whereas 
IL-6 can upregulate this receptor expression, 
TNF-a can downregulate it, inhibiting 
PRRSV replication. The imbalance in cyto¬ 
kines may play a role in the susceptibility to 
PRRSV replication. 

Recombinant porcine IFN-a given to 
cells before infection reduced the cytopatho- 
genicity of PRRSV, and viral propagation and 
antibody responses were delayed. It might 
be that the IFN alleviated damage to the 
immune system or enhanced the propaga¬ 
tion of host cytotoxic T lymphocytes. 198 

Cytokine expression by macrophages in 
the lungs of pigs infected with PRRSV has 
been described. 122 Expression of IL-la, IL6, 
and TNF-a correlated with the severity of 
pulmonary pathology and the numbers 
of pulmonary macrophages. Significant cor¬ 
relations were found between PRRSV infec¬ 
tion and the expression of IL-12p40 and 
IFN-y and between the expression of TNF-a 
and IFN-y. These findings suggest that 
PRRSV modulates the immune response by 
the upregulation of IL-10, which may in turn 
reduce the expression of cytokines involved 
in viral clearance (IFN-a, IFN-y, IL-12p40, 
and TNF-a). The results also suggest that 
expression of IFN-yis stimulated by IL-12p40 
and TNF-a but not IFN-a. All of these cyto¬ 
kines were expressed mainly by septal mac¬ 
rophages with weaker expression by alveolar 
macrophages, lymphocytes, and neutrophils. 
There appears to be a differential activation 
of septal and alveolar macrophages in PRRSV 


infection, with septal macrophages as the 
major source of cytokines. 

There is probably a regulatory role of 
PRSSV ORF1A on porcine alveolar gene 
expression. 199 

The expression of PRRSV antigens is cor¬ 
related with the expression of regulatory 
cytokines such as IL-10 and TGF-|3 in the 
lungs of pigs. 122,154 There are no substantial 
changes in the level of serum proinflamma¬ 
tory cytokines. Expression of proinflamma¬ 
tory cytokines were increased in mediastinal 
lymph nodes, but there was little increase in 
the tonsils and retroperitoneal lymph node. 196 

DIFFERENTIAL EFFECTS OF 
DIFFERENT STRAINS 

There is a differential expression of cytokines 
by different PRRSV isolates 121 and within dif¬ 
ferent lymphoid organs. 196 

The virulence of these strains may be 
caused by the impairment of TNF-a by 
inhibiting the ERK signaling pathway. 200 The 
limited expression of TNF-a with some 
strains of PRRSV may be a mechanism in 
which some are able to impair the host 
immune response and prevent viral clear¬ 
ance. These downregulations have been 
associated with nspsla and 1(3 and 2. 148 

TGF-|3 and IL-10 are immunomodula¬ 
tory cytokines that are able to downregulate 
the host response. An increased mRNA 
and protein expression of TGF-|3 has been 
observed in PRRSV infection with the 
North American type II PRRSV. 122,138 ' 201 
There is an enhanced expression of TGF-|3 
protein in lymphoid organs and the lung 
following PRRSV, and this may be important 
because it is an immunomodulatory 
cytokine. 202 

In some cases new strains can induce a 
preferential cytokine profile, 203 and the exper¬ 
imental results show a defective pattern 
of both innate and adaptive immunity 
that underlies the long-term persistence of 
PRRS-infected pigs. Both serum-neutralizing 
antibody and IFN-y secreting cells were 
defective in experimental infections. 204 

On the other hand, in the field, there are 
complex interactions of virus/host further 
complicated by interactions with bacterial 
agonists such as LPS. Under field conditions 
there was poor or no development of a spe¬ 
cific IFN-y response rather than a delayed 
one. 170,205 Type 2 isolates are more pneumov- 
irulent than type 1 isolates as seen by clinical 
signs and macroscopic and microscopic 
lesions. 206 

Genotype 2 strains of PRRS are more 
efficient at escaping the intrinsic antivi¬ 
ral activity induced by type I and type II 
IFNs. Monocyte-derived macrophages can 
be used by the virus instead of alveolar 
macrophages. 207 

In a study comparing 39 isolates, there 
were different effects depending on the 
strain and the host cell infected. 121 All strains 
produced high levels of IL-1 and IL-8 in 
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macrophage cultures but could be differ¬ 
entiated in their responses with IL-10 and 
TNF-a. 

STRAIN VARIATIONS 

A comparative analysis of the immune 
response in experimental infections with 
three strains of PRRSV showed that although 
the outcome of infection was similar with 
clearance at 33 DPI, there were differences in 
the immune response to the viruses. The 
“Lena” strain produced fever and clinical 
signs, whereas the Lelystad virus and 
Belgium strain A did not. It also resulted in 
high virus titers in serum, low numbers of 
IFN-y secreting cells, a change in leukocyte 
populations, and a delayed antibody response 
to immunization with Aujeszky’s disease 
virus. Levels of IL-1(3, IFN-a, IL-10, IL-12, 
TNF-a, and IFN-y mRNA of the Lena- 
infected pigs were also increased but not in 
the other two infections. 208 

The phenotypic modulation and cytokine 
profiles of antigen presenting cells infected 
with European type subtype 1 and 3 PRRSV 
strains in vitro and in vivo was described. 209 
The subtype 3 strains (largely Eastern Euro¬ 
pean, e.g., the Lena strain) are more virulent 
than the type 1 strains. Bone marrow- 
derived dendritic cells and alveolar macro¬ 
phages were infected. The Lena strain caused 
more apoptosis and a higher level of infectiv- 
ity and some downregulation of the cell- 
surface molecules. These facts may have 
explained the increased pathogenicity of the 
Lena strain and have dampened the specific 
immune responses. This could explain the 
delayed and decreased adaptive immune 
responses observed after infections with this 
strain. 

The effect of genotypic and biotypic dif¬ 
ferences among PRRS viruses on the sero¬ 
logic assessment of pigs for virus infection 
has shown that 210 all of the pigs inoculated 
with field virus became seropositive (indirect 
fluorescent antibody [IFA] and ELISA). 
There was a great deal of variation in the 
onset and level of serum virus neutralization 
antibody in individual pigs and with each 
virus. The authors concluded that biotype 
differences may affect the kinetics of humoral 
immune response. 

Recent studies have suggested that the 
new strain (Lena) replicates more efficiently 
than the old Lelystad virus in nasal mucosal 
explants. This is probably caused by the use 
of a broader population of entry receptor 
cells. 211 

HIGH PATHOGENICITY PORCINE 
REPRODUCTIVE AND RESPIRATORY 
SYNDROME PATHOGENESIS 

Classical PRRS produces apoptosis in a 
variety of organs including lungs, testes, 
lymph nodes, and thymus. Apoptotic changes 
in peripheral immune organs and lungs, fol¬ 
lowing experimental infection of piglets with 
highly pathogenic and classical PRRS, have 


been described. 212 Previous reports have sug¬ 
gested that HP-PRRS induces thymic atrophy 
with related thymocyte apoptosis, but 
there have been no reports in other tissues. 
The HP-PRRS exhibited much greater cell 
tropism than the usual PRRS and led to 
serious injury in tonsil, spleen, and lymph 
nodes. There were large numbers of apoptotic 
cells in the organs examined. In HP-PRRS 
alone, in comparison with vaccinated pigs 
receiving HP-PRRS, piglets showed thymus 
atrophy, decreased serum levels of IL-4, and 
increased serum levels of IL-10 and IFN-y. 
The results suggested that elevated IL-10 
levels at the early stage of infection may 
enhance viral survival and delay the onset of 
protective immunity. 213 The HP-PRRSV 
affects all stages of production. Pregnant sows 
manifest abortion and give birth to weak and 
stillborn piglets, and there are morbidity and 
mortality rates of 50% to 100%. 

DEVELOPMENT OF LESIONS 

There was also a temporary immunosup¬ 
pression in piglets at about 4 weeks postin¬ 
fection. Vascular lesions associated with 
PRRSV infection are analogous to those 
observed in horses with equine arteritis 
virus, which is also a member of the Arteri- 
viridae family, and the renal lesions of equine 
viral arteritis infection correspond to those 
of PRRSV. Inflammatory infiltrates are seen 
at the junction of the renal cortex and 
medulla, with vascular changes associated 
with the muscular tunics of small arterioles. 

The characteristic lesions can be repro¬ 
duced in conventional pigs at 1 week, 4 
weeks, or 10 weeks of age, and the variation 
in severity of clinical disease can be attrib¬ 
uted to differences in strain virulence. The 
effects of the virus on reproductive perfor¬ 
mance are also strain dependent. There is no 
evidence that virus will grow in the ovarian 
tissues but may be taken into them by circu¬ 
lating macrophages. PRRSV can replicate in 
the testicular germ cells, but there is no evi¬ 
dence that there is any PRRSV in ova, indi¬ 
cating that the female gonad is resistant to 
persistent infection. Some strains are of low 
pathogenicity, whereas others are highly 
pathogenic. The reproductive disease has 
been reproduced experimentally, and the 
effects on the fetus are dependent on the 
stage of gestation. Aerosol exposure of non- 
immune pregnant gilts to the Lelystad virus 
in late gestations (84 days) results in clinical 
disease. After an incubation period of 4 to 7 
days, all sows are inappetent and listless for 
6 to 9 days. Some sows develop blue-colored 
ears accompanied by abdominal respira¬ 
tions. Sows may farrow at days 116 and 117 
of gestation, giving birth to dead, mummi¬ 
fied, and live piglets. Many of the live-born 
piglets are pale, listless, and weak, and some 
are in respiratory distress and exhibit varying 
degrees of splayleg or muscular tremors. The 
virus may be isolated from stillborn piglets 
or those born alive. Antibody is present in 


precolostral serum samples or ascitic fluids 
of piglets, which demonstrates transplacental 
passage of the virus. 

The gross and microscopic lesions in the 
fetuses from sows experimentally infected 
oronasally with the virus at 90 days’ gestation 
consist of hemorrhage of the umbilicus and 
necrotizing umbilical arteritis with periarte¬ 
rial hemorrhage. Severe pulmonary lesions 
are present in fetuses inoculated in utero with 
the virus between 45 and 49 days’ gestation. 
Even the lowest PRRSV exposure dose caused 
reproductive failure in naive, unvaccinated 
animals. When sows are inoculated orona¬ 
sally with the virus in midgestation, the virus 
does not readily cross the placenta but repli¬ 
cates in fetuses that are inoculated directly in 
midgestation. It is suggested in prenatal 
piglets that PRRS replicates primarily in lym¬ 
phoid tissues, having gained access to them 
from the placenta via the bloodstream. Thus 
the fetuses are more susceptible in late gesta¬ 
tion than earlier in midgestation, or there is 
greater likelihood of transplacental infection 
during late gestation. Experimentally, the 
intrauterine inoculation of the virus into gilts 
on the day after natural breeding may have 
little or no effect on their reproductive perfor¬ 
mance. There appears to be no direct or indi¬ 
rect effect on luteal function contributing to 
PRRSV-induced abortion. The virus may 
cause cell death directly, such as the alveolar 
macrophages, or in lymphoid tissues. PRRSV 
affects Marc 145 cells, which undergo necro¬ 
sis at a much higher rate than apoptosis, and 
increases with virus levels used to infect the 
cells. Apoptosis does occur in PRRSV- 
infected cells, but it is a late event during 
PRRSV replication and rapidly results in a 
necrotic-like death. Lesions have been seen in 
the placenta and in the vessels of the umbilical 
cord, but these are rarely reported with Euro¬ 
pean strains, although they may be more 
common with the North American strains. 

The original descriptions of porcine nec¬ 
rotizing pneumonia (PNP) were associated 
with swine influenza, but more recent 
research has shown that PRRSV is consis¬ 
tently and predominantly associated with 
PNP and should be considered the key etio- 
logic agent for PNP together with PCV2. 

The pathogenesis of a Korean type 1 
PRRSV in experimentally infected pigs has 
been described. 214 Infected pigs developed 
multifocal, tan-mottled areas of lung. Micro¬ 
scopic lesions were multifocal, mild to mod¬ 
erate, and generally most extensive at 5 to 7 
DPI and were nearly resolved by 28 DPI. 
PRRSV nucleic acid was detected in cyto¬ 
plasm of macrophages and type 1 and II 
pneumonocytes. 

HIGH PATHOGENECITY PROCINE 
REPRODUCTIVE AND RESPIRATORY 
SYNDROME RESPONSES 

HP-PRRSV infection could impair TNF-a 
production by inhibiting the ERK signaling 
pathway. 215 





In HP-PRRS the marked inappetence and 
severe respiratory signs are related to the 
severe interstitial pneumonia and high levels 
of expression of IL-la in the lungs compared 
with other PRRSV strains. 215 

High pathogenicity PRRSV displays an 
expanded tissue tropism in vivo suggesting 
that this may contribute to its high pathoge¬ 
nicity. Positivity was recorded in macro¬ 
phages in lymphoid organs but also in the 
epithelium including gastric mucous mem¬ 
brane and mucous glands. 216 

The HP-PRRS epidemic in China, the so- 
called high fever disease with nervous signs, 
has been on the increase in China since 2009. 
There was a nonsuppurative encephalitis 
with lymphohistiocytic perivascular cuffing 
and infiltration of leukocytes into the neuro¬ 
pil. The electron microscope showed that 
the virus that infected the endothelial cells 
crossed the blood-brain barrier into the 
central nervous system (CNS) and then 
induced cellular damage to the neurons and 
neuroglial cells. 217 

An HP-PRRSV strain (HuN4) was shown 
to produce a loss of appetite, decrease in BW, 
raised body temperature, and respiratory 
signs. Lesions were of multifocal interstitial 
pneumonia with macrophage infiltration. 
The lesions in the lymph nodes were charac¬ 
terized by collapsed follicles, depletion of 
germinal centers, and reduction in lympho¬ 
cytes. Perivascular cuffing and glial nodules 
were observed in some brains. PRRSV was 
detected in macrophages, alveolar epithelial 
cells, and vascular endothelial cells in the 
tonsil and lymph nodes. It is more patho¬ 
genic than some strains because of its higher 
replication rate. 218 

Chinese and Vietnamese strains of HP- 
PRRSV cause different outcomes in U.S. 
swine. 53,218 The Vietnamese virus replicated 
in an approximately 10-fold lower level in 
serum than did the Chinese virus. It also 
produced a lower temperature response and 
resulted in a lower mortality. The cytokine 
responses in a 9-plex panel varied between 
the strains, between the tissues examined, 
and by the inoculum dose. In this study, also 
using the U.S. prototype strain VR-2332, all 
three produced detectable levels of TNF-a, 
IL-lp, IFN-y, IL-10, and IL-12p70, but the 
levels and the kinetics also differed. There 
was also a high sustained level of IL-10 and 
IFN-y, and these might impair effective 
immune clearance. 53,219,220 Polyclonal B-cell 
activation can result in IL-10 producing B 
cells. 221 PRRSV produces a polyclonal 
activation of B cells accompanied by a hyper¬ 
gammaglobulinemia. 222 ' 224 This leads to 
deregulated cytokine production. 

IMMUNOLOGY 

The immune responses generated by PRRSV 
and control of the disease by immune mech¬ 
anisms are not yet completely understood. 

There are highly conserved T-cell epit¬ 
opes on nsps9 and 10 of type 2 PRRSV, 225 and 
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these may be important in the formulation 
of immunogens to provide broad cross-pro¬ 
tection against diverse strains of PRRSV. 

Inoculation with different PRRSV strains 
results in different virologic and immuno¬ 
logic outcomes and in different degrees of 
homologous and heterologous protection. 156 
The core effect of the virus is to infect and 
cause abnormalities in the macrophages. 
Disturbed macrophages may fail to present 
antigen successfully. More important, what¬ 
ever cytokines are present in the pig or are 
induced by the PRRSV in that particular 
host may determine the outcome. It was 
shown that PRRSV is slow to produce both 
neutralizing antibodies and cell-mediated 
immunity, but it does produce an IFN 
response in PRRSV-infected lymphoid 
tissue. 

Following natural infection, most pigs are 
resistant to subsequent infection, but the 
mechanisms of protective immunity are not 
understood. It has been suggested that the 
immune response to PRRSV has some 
degree of strain specificity. Indeed, it has 
also been suggested that the ability to cross 
the placenta is also strain specific and 
that although maternal immunity may not 
prevent transplacental infection, it may exert 
additional selection pressure. Circulating 
antibodies to the virus are detectable within 
14 and 21 DPI based on indirect immuno¬ 
fluorescence test or ELISA, and 15-kDa 
protein is the most immunogenic of the viral 
proteins and may provide the antigenic basis 
for the development of improved diagnostic 
tests. However, this response is not of neu¬ 
tralizing antibodies. These may take a long 
time to develop. At the same time the occur¬ 
rence of IFN-y-producing cells is initially 
weak, but this becomes much stronger from 
3 to 6 months after infection. This response 
may be enhanced by the use of IL-12. Several 
structural, functionally distinct, and specific 
antibodies to the virus are generated follow¬ 
ing infection or vaccination. Cell-mediated 
immune responses specific to the virus also 
occur. The relative role of humoral and cell- 
mediated immunity in providing protection 
against disease is unknown. 

A unique feature of infection is that 
viremia and circulating antibodies may exist 
together; the antibodies protect pigs from 
reinfection and reduce or eliminate shedding 
of the virus in the semen of boars. Sows are 
immune to further disease associated with 
the virus following recovery from acute 
infection. Following an outbreak of repro¬ 
ductive disease the level of performance will 
return to normal, suggesting that immunity 
develops following natural exposure. Protec¬ 
tion against subsequent reproductive losses 
is of long duration in individual animals. 
However, cross-protection to different strains 
may not occur. Experimentally infected sows 
are protected against reproductive losses 
when challenged with homologous virus 
over 300 days after initial exposure. Extended 


studies against homologous infection found 
that the duration of protection was at least 
604 days, which is essentially lifelong protec¬ 
tion. Protective immunity was based on two 
criteria: the absence of transplacental trans¬ 
fer of challenge virus and the apparent lack 
of virus replication in the dam 21 days fol¬ 
lowing inoculation. 

Piglets born from seropositive sows 
acquire colostral antibodies that decline at 
highly variable rates from 3 to 8 weeks after 
birth. Passive immunity provides effective 
immunity for the piglets, but loss of passive 
immunity at various ages results in suscep¬ 
tible pigs and infection that results in persis¬ 
tence of the virus in pigs 6 to 9 weeks of age, 
which are considered as the major reservoir 
of the virus in farrow-finish herds. In the 
absence of natural infection, maternal anti¬ 
bodies become undetectable between 6 and 
10 weeks of age. Some litters do not have 
maternal antibodies and may not have 
detectable antibodies until 4 weeks of age, 
and clinical disease may occur at 2 weeks of 
age. By 8 weeks of age, antibodies are usually 
detectable in all pigs and they persist for 
several months. However, there may be a 
large variation in the levels of antibodies in 
piglets at 10 to 12 weeks of age when they are 
moved to the finishing units. In longitudinal 
surveys, the seroprevalence of the virus in 
the 4- to 5-week-old pigs was higher than in 
the 8- to 9-week-old pigs, and most pigs were 
negative when they entered the finishing 
units. In herds where the virus persists, sows 
did not suffer repeated reproductive losses, 
indicating that some form of protective 
immunity develops. 

The virus has a predilection for immune 
cells, and disease manifestations can be 
linked directly to changes in the immune 
system. The replication of the virus in the 
cells of the immune lineage, especially mac¬ 
rophages, may lead to immunosuppression 
and predispose to secondary infections. Thus 
immunity to the virus may be a double- 
edged sword; the virus attacks the immune 
system, which may cause immunosuppres¬ 
sion, while inducing protective antibodies. 

Antibody-dependent enhancement of 
infection may also occur, because low levels 
of antibody enhance the ability of the virus 
to enter the pulmonary alveolar macrophage 
cells and replicate and destroy the cells. This 
may be important in sucking and nursery 
pigs exposed to the virus during a period of 
declining maternal antibody. 

PRRSV complicates the ability of the host 
to respond to infection through several 
immune evasion mechanisms. 63,226 PRRSV 
infection is characterized by a delayed appear¬ 
ance of neutralizing antibodies (3-4 months) 
and a slow development of virus-specific 
IFN responses. PRRSV nsp2 is increasingly 
emerging as a multifunctional protein possi¬ 
bly with a profound impact on PRRSV repli¬ 
cation and viral pathogenesis. 227 Acquired 
immunity has been reviewed. 63,184,204,226 After 
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infection, most antibodies are nonneutraliz¬ 
ing and are principally targeted to N and nsp2 
proteins. Neutralizing antibodies appear 
from 2 to 4 weeks but do not peak until several 
weeks to months later. Virus persists in the 
presence of neutralizing antibody. It is possi¬ 
ble that PRRSV produces “decoy” epitopes 
that produce nonneutralizing antibodies. 228 

The T-cell responses to PRRSV are 
induced 2 to 8 weeks postinfection and are 
detected against all structural proteins 
encoded by ORFs 2 to 7 but are considered 
to be weak, transient, and highly variable. 

GP5 and M are the major proteins of 
the envelope of PRRSV, and the GP5/M 
ectodomain peptide epitopes are available 
for host antibody recognition but are not 
associated with antibody-mediated virus 
neutralization. 229 

CLINICAL FINDINGS 

The main feature of clinical disease associ¬ 
ated with this virus was the extreme vari¬ 
ability of the clinical signs. Generally, signs 
associated with PRRSV appear to result from 
a combination of genetic factors and herd 
management characteristics. The relative 
influences of these two factors differ depend¬ 
ing on the specific clinical signs in question. 
These may vary from inapparent infection to 
sudden death and abortion storms (the sow 
abortion and mortality syndrome). 

The condition continues to evolve from 
the first descriptions of mystery swine 
disease in the United States and Canada 
and blue-eared pig disease in Europe. The 
swine mortality and abortion syndrome 
was then described in the United States. 
Then, there have been the high pathogenicity 
cases in China (“high fever disease”) charac¬ 
terized with greater than 20% mortality 230 232 
and the highly virulent 1-18-2 strain that 
occurred in the north central United States 
in 2007. 233 

Concurrent Infections 

The increased secondary bacterial infection 
has been linked to an upregulation of CD 14 
and LPS-binding protein in PAMs. 234 The 
effects of the virus on the immune system 
may explain the suspected immunosuppres¬ 
sion and secondary infections, which are 
recognized clinically but have not been 
reproduced experimentally. 

Its synergism with PCV2 is in doubt. It 
does not seem to be potentiated by the other 
great pig pathogen PCV2 virus, but it has 
been proposed that it may increase the sever¬ 
ity of PRRSV-induced interstitial pneumo¬ 
nia. PRRSV infection may enhance PCV2 
replication. It is predisposed by MH, and this 
can be reduced by vaccination for MH. In 
turn, PRRSV predisposes to B. bronchisep- 
tica. Both may interact to reduce the effi¬ 
ciency of lung defense mechanisms and 
facilitate infection with P. multocida. There is 
little effect on H. parasuis secondary infec¬ 
tion with a slight increase in macrophage 


uptake of H. parasuis during the early infec¬ 
tion, which is reduced after 7 days. There is 
evidence that concurrent infection with 
transmissible gastroenteritis virus and 
PRRSV is likely to have little or no effect on 
subsequent shedding or persistence of infec¬ 
tion. Infection with PRRSV is common in 
pigs with postweaning multisystemic wasting 
syndrome (PMWS), but there is no evidence 
that PRRS is necessary for the development 
of it. PRRSV has been seen in a swine herd 
with porcine cytomegalovirus. Synergism 
between PRRSV and S. Choleraesuis has 
been described with unthriftiness, rough 
hair coats, dyspnea, and diarrhea. Pigs that 
received dexamethasone were the most 
severely affected and half died, but they also 
shed significantly more organisms in feces 
and also had significantly higher PRRSV 
titers. Simultaneous infection between 
PRRSV and S. suis is much more severe than 
with either agent on its own. PRRSV-induced 
suppression of pulmonary intravascular 
macrophage function may in part explain 
PRRSV associated susceptibility to S. suis 
infection. 

There is also a clear synergism between 
PRRSV and LPS in the exhibition of respira¬ 
tory signs in conventional pigs. In these 
infections with the virus and bacteria, the 
rise in TNF-a, IL-1, and IL-6 was 10 to 100 
times higher than in the single infections. 
Reproductive failure and respiratory disease 
are the major clinical findings that are also 
highly variable between herds. All age groups 
in a herd may be affected within a short 
period of time. 

Pigs infected with both PRRSV and MH 
had a greater percentage of pneumonic lung, 
increased clinical disease, and lower viral 
clearance than pigs with single infections. 
There were also increased levels of IL-(3, IL-8, 
IL-10, and TNF-a in lung lavage fluid, and 
this may be the way that the combined infec¬ 
tion increases the pulmonary response. 

Clinical disease is often more severe 
when accompanied by infection with PCV2 1 
and is associated with other conditions in the 
field that often appear as indicators of the 
underlying PRRSV infection. 135,233 These are 
mainly caused by the pneumovirulence of 
the virus and its persistence in lymphoid 
organs. There is a decrease in NK cell cell- 
mediated activity caused by a decreased 
expression of IFN. The adaptive immune 
response is also impaired, leading to an 
increased apoptosis of PAMs caused by 
increased IL-6 and IL-10. 135,236 

Pigs with PRRSV and subsequently 
exposed to porcine respiratory coronavirus 
(PRCV) had reduced weight gains, higher 
incidence of fever, and more severe pneumo¬ 
nia compared with either single infection. 236 
This was caused by reduced IFN-a in the 
lungs and reduced NK cells, and it coincided 
with the pneumonia. The subsequent PRCV 
enhanced the level of PRRSV replication 
in the lung and a tendency to increased 


serum Thl activity (IFN-y) but decreased 
type II activity (IL-4) responses, further 
exacerbating the PRRSV pneumonia. More 
severe alveolar macrophage apoptosis then 
occurred. 

Pulmonary function has been studied in 
PPRRS-affected pigs. 237 Infected pigs devel¬ 
oped fever, reduced appetite, respiratory 
distress, and dullness within 9 DPI. The non- 
invasive pulmonary tests revealed airway 
obstruction, reduced lung compliance, and 
reduced lung gas transfer. The effects were 
worst at 9 to 18 DPI in which they were 
accompanied by an increased respiratory 
rate and decreased tidal volume. Expiration 
was affected more than inspiration, and this 
is caused by airflow limitation predomi¬ 
nantly in the peripheral airways. Pigs have 
both obstructive and restrictive disorders 
and have shorter breathing cycles and shal¬ 
lower respiration. The energy requirement 
for breathing increases because of the 
increased effort. 

Infection with the European PRRSV 
causes CNS disorders in the suckling pig. 238 
PRRSV was detected in the macrophages in 
the cerebrum by IHC. 

Reproductive Failure 

If 90-day gestational gilts are given vaccine 
or field strains of PRRSV then some pigs are 
born dead, most pigs survive, and some pigs 
are infected in utero. Vaccine strains did not 
affect postnatal growth, but field strains 
reduced growth. It may be that the virus 
entered the reproductive tract through the 
viremia and then the seeded tissues may 
release the virus back into the serum at low 
levels. 

The infection of fetuses with an attenu¬ 
ated virus shows the same immune dysfunc¬ 
tion as in wild-type infections in piglets kept 
in isolators. 224 

All sows given IM injections of a mild 
strain of PRRSV at 90 days’ gestation showed 
transmission of the virus in utero. The pro¬ 
portion of virus-positive pigs and their level 
of viremia were higher at 4 days of age than 
at birth or weaning. The findings suggest that 
monitoring piglets in late lactation will 
enable assessment of the shedding of the 
virus from sows. 239 

Landrace gilts when given PRRSV had a 
significantly reduced number of fetuses but 
a similar effect in crossbred pigs was not 
found. The Landrace had less weight loss 
during pregnancy, suggesting greater toler¬ 
ance of PRRSV infection. Breeds do differ in 
phenotypic impacts of PRRSV. 240 

Anorexia, lethargy, depression, and mild 
fever in pregnant gilts and sows are common 
initial clinical findings affecting 5% to 50% 
of animals. This is commonly followed by a 
sudden increase in early farrowings at 108 to 
112 days’ gestation, late-term abortions, still¬ 
born and mummified fetuses, partially auto- 
lyzed fetuses, weak neonates with high 
mortality within a few hours or days after 





birth, late returns to estrus, and repeat breed¬ 
ers. This is generally followed by midgesta¬ 
tion abortions and marked increases in the 
percentage of mummified fetuses, early 
embryonic death, and infertility. In large 
herds, successive groups of 10% to 20% of 
gilts and sows may become anorexic over a 
period of 2 to 3 weeks. Cyanosis of ears, tails, 
vulvas, abdomens, and snouts may occur in 
a small number of sows, which is more 
common in European outbreaks and uncom¬ 
mon in North America. Following the initial 
outbreak, a storm of reproductive failure 
may occur consisting of premature farrow- 
ings, late-term abortions, an increase in 
stillbirths, mummified fetuses, and weak 
neonates. This second phase of reproductive 
failure may last 8 to 12 weeks. Stillbirths may 
reach 35% to 40%. Weak-born piglets die 
within 1 week and contribute to a high pre¬ 
weaning mortality. 

The interaction between PRRSV and the 
late gestation pig fetus has been described. 113 
The major site of replication was the thymus. 
There were elevated IFN-y and TNF-a in 
tissues from infected piglets. The hyperplas¬ 
tic fetal lymph nodes had large numbers of B 
cells. Fetal infection can alter the selection of 
PRRSV variants and may represent a source 
of PRRSV genetic diversity. 

The pathogenesis of PRRSV in experi¬ 
mentally infected pregnant gilts has been 
described. 241 There was a significant increase 
in apoptotic cells in lung, heart, thymus, 
liver, adrenal gland, and spleen of stillborn 
fetuses compared with live-born piglets. The 
majority of cells were either full of PRRSV or 
apoptotic but not both. Apoptotic cells out¬ 
numbered PRRSV cells. PRRSV may repli¬ 
cate in the fetal implantation sites and cause 
apoptosis of infected macrophages and the 
surrounding cells. 242 In a review of the patho¬ 
genesis and prevention of placental and 
transplacental PRRSV infection, it was found 
that the virus replicates in the endometrium 
and placenta in late gestation, and this is 
responsible for the range of PRRSV-related 
reproductive problems. 243 

PRRSV is shed in the milk of infected 
sows, and the antigen is present in the 
in the mammary glands of experimentally 
infected sows. 244 

Today with the original European strains 
there may be just outbreaks of rolling inap¬ 
petence or occasional early farrowings. 
However, there are serious clinical outbreaks 
in Italy, Poland, and the UK associated with 
new variants. 

Reproductive disease may be preceded 
by, or follow, respiratory disease in the breed¬ 
ing herd, finishing pigs, or younger pigs. The 
reproductive aspect of the disease typically 
lasts from 4 to 5 months, occupying an entire 
reproductive cycle within a herd. This is fol¬ 
lowed by a return to normal performance. 
Repeated incidents of reproductive failure in 
individual gilts and sows are unusual, but 
recurrent episodes may occur in herds 
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purchasing replacement gilts that do not 
have sufficient immunity. 

Vaccinating sows with the North Ameri¬ 
can PRRSV-based modified live vaccine 
does not prevent reproductive failure after 
insemination with European PRRSV-spiked 

245 

semen. 

Outbreaks of the disease are character¬ 
ized by a period of severe reproductive prob¬ 
lems in the breeding herd, followed by a 
return to near normal reproductive perfor¬ 
mance, punctuated by recurrent episodes of 
reproductive failure. Most herds eventually 
return to preoutbreak levels of reproductive 
performance, but some herds never achieve 
preoutbreak performance levels. 

Boars may also be affected with anorexia, 
fever, coughing, lack of libido, and tempo¬ 
rary reduction in semen quality. PRRSV 
infection affects seminal quality for a limited 
period only. The virus can be transmitted to 
sows through insemination. 238 

Boars naturally coinfected with PRRSV 
and PCV2 can be found, and at least two 
different strains of virus from serum and 
semen can be detected. 246 A group of spon¬ 
taneously infected boars seroconverted 4 
weeks postinfection. There was an increase 
in the acrosome-defective spermatozoa and 
sperm motion patterns. 247 

Respiratory Disease 

The most important problem facing many of 
the larger pig industries in the world is 
PRDC. The most important contributor to 
this syndrome is PRRSV. The generation of 
immunity capable of protecting pigs by 
mediating virus inhibition through virus¬ 
neutralizing antibodies or IFN takes time. 

Disease occurs in pigs of any age, but 
especially in nursing and weaned pigs, and 
is characterized by anorexia, fever, dyspnea, 
polypnea, coughing, and subnormal growth 
rates. A bluish discoloration of the ears, 
abdomen, or vulva may also occur (blue¬ 
eared disease). Death may occur in the acute 
phase. In some herds, up to 50% of pigs are 
anorexic, up to 10% may have a fever, up to 
5% are cyanotic, and up to 30% have respira¬ 
tory distress. In weanling pigs, the morbidity 
may be as high as 30%, with a mortality of 
5% to 10%. Nursery pigs exhibit respiratory 
distress and growth retardation. Conjuncti¬ 
vitis, sneezing, and diarrhea are common. 
All of these signs may appear to move 
through the various age groups in the herd 
over several days and a few weeks. The course 
of the disease in a herd may last 6 to 12 
weeks. In gilts and sows of any parity, 
anorexia and fever, lasting for several days, 
are noted initially. The acute-phase respira¬ 
tory disease may last several months but is 
often followed by a long period of postwean- 
ing respiratory disease, which may last up to 
2 years. This long course is often accompa¬ 
nied by secondary infections in successive 
batches of weaned pigs. Unthriftiness may 
persist throughout the finishing period with 


an ineffective response to antibiotics and 
vaccines. 

Preweaning morbidity and mortality is a 
major feature of the disease. Litters are often 
unthrifty, and many deaths occur within the 
first week of age. 

In a study of a newly established farrow- 
to-finish farm in Poland that was negative for 
PRRS on establishment but positive for 
PCV2, it was found that the conception rate 
dropped from 89% to 51% and the abortion 
rate increased from 0.5% to 11.0% with the 
onset of PRRS infection. Then the mortality 
was elevated, and clinical disease typical 
of PMWS occurred. The abortion level 
returned to normal 4 months later, and the 
conception rate returned to normal 4 months 
after that. 248 

CLINICAL SIGNS IN HIGH 
PATHOGENICITY PORCINE 
REPRODUCTIVE AND RESPIRATORY 
SYNDROME VIRUS 

Infection with these signs is associated with 
severe clinical signs, pulmonary lesions, and 
aberrant host responses. 249,250 

CLINICAL PATHOLOGY 
Acute Phase Proteins 

Acute phase proteins (APPs) are synthesized 
by the liver hepatocytes in response to 
proinflammatory cytokines. They induce 
inflammatory reactions and fever, but over¬ 
production may produce an antiinflamma¬ 
tory state. PRRSV may not produce an APP 
response caused by a poor preinflammatory 
cytokine response. There is an early expres¬ 
sion of haptoglobin (modulates immune 
response and interacts with CD163), 
which is the receptor for PRRSV, increasing 
expression of IL-10 (antiinflammatory), 
and pig major acute protein, but the response 
of C-reactive protein (CRP; activates com¬ 
plement and opsonization) and serum 
amyloid A (chemoattractant for monocytes, 
T cells, and polymorphs) is delayed and 
variable. 201 The haptoglobin may modulate 
the immune response and induce the 
antiinflammatory IL-10. 

The CD 163 removes the hemoglobin- 
haptoglobin complexes circulating in the 
blood and decreases the amount of iron 
available for bacteria and reduces oxidative 
stress. 

Haptoglobin levels and pig major acute 
proteins were increased at 10 DPI, but CRP 
and serum amyloid showed a delayed and 
highly variable increase. All three proinflam¬ 
matory cytokines (IL-1 (3, IL-6, and TNF-a) 
were poorly expressed, and only a mild 
increase in IL-1(3 was observed at 7 DPI. The 
increased expression of haptoglobin coin¬ 
cided with the light enhancement observed 
in both IL-6 and TNF-a and might be related 
with an increased expression of IL-10. The 
low expression of TNF-a may point to a pos¬ 
sible mechanism of viral evasion of the host 
immune response. 201 
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An 8-plex Luminex assay has been devel¬ 
oped to detect swine cytokines after vaccina¬ 
tion. It will detect innate (IL-1 (3, IL-8, IFN-a, 
TNF-a, and IL-12), regulatory (IL-10), Thl 
(IL-4), and Th2 (IL-4) cytokines. 251 

PRRSV infection significantly increases 
the number of alveolar macrophages in 
bronchoalveolar lavage fluid approximately 
10-fold between day 10 and day 21 of infec¬ 
tion. Approximately 63% of the cells were 
cytotoxic T cells (CTLs) and NK cells. Serum 
haptoglobin levels were increased from 
7 to 21 DPI. 

Piglets also become anemic in PRRSV 
infections, and the most highly pneumoviru- 
lent strains induced the most severe anemia. 
This is probably caused by a direct or indirect 
effect on the erythroid precursor cells of the 
bone marrow. 

A definitive diagnosis requires detection 
of virus in infected animals and detection of 
antibodies in fetal fluid or in precolostral 
blood of stillborn and weak-born piglets. 
Detection of antibodies in sera of groups of 
pigs of different ages is also necessary. The 
most suitable body fluid and tissue samples 
and diagnostic tests for the etiologic diagno¬ 
sis of PRRS are dependent on several vari¬ 
ables including: 

• Age of pigs from which samples are 
collected 

• Stage of infection (acute or persistent) 

• Available complement of diagnostic 
reagents 

• Urgency of obtaining results 

When congenitally or neonatal pigs are 
affected, both serum and alveolar macro¬ 
phages are reliable samples. For older pigs, 
alveolar macrophages are more reliable than 
serum. 

Detection or Isolation of Virus 

The gold standard is the isolation of the 
virus. A PAM cell line has been developed 
for the growth of PRRSV. 252 

In an interlaboratory ring trial in Europe 
to test the real-time RT-PCR tests it was 
found that there were great differences in the 
qualitative diagnostics as well as analytical 
sensitivity. False negatives were a problem, 
and to achieve maximum safety in the results 
it was suggested that different assays or kits 
should be used. 253 

Boars 

Serum is the best method to detect PRRSV 
during an acute infection in boars. 254 Semen 
samples failed to detect the virus in most 
cases. Pooling of samples resulted in a decline 
of sensitivity. 

In a study of commercial tests (RT-PCRs) 
for diverse strains of PRRSV in boars, in 
serum, semen blood swabs, and oral fluids 255 
from experimentally infected animals, it was 
found that serum and blood swabs had the 
best performance and highest detection 
rates. These were at their highest between 
3 and 5 DPI. Oral fluids had the lowest 


detection rates. The virus can be demon¬ 
strated by isolation using cell cultures, by 
direct detection of viral antigen in tissue sec¬ 
tions, or by the detection of virus-specific 
RNA. Two commercial ELISAs and an in- 
house florescent microbead immunoassay 
were tested to detect IgG antibodies in serum 
and oral fluids for both type 1 and type 2 
virus. The tests were similar in sensitivity and 
specificity but the commercial test kit IDEXX 
Se detected positive animals earlier than the 
test kit HIPRA Se. The oral fluid and serum 
had similar detection rates. 256 

Samples used for virus isolation include 
serum, thoracic fluid, spleen, and lung. 
Porcine pulmonary alveolar macrophages 
are used for isolation of virus. Alveolar mac¬ 
rophages using immunofluorescence micros¬ 
copy can be used for detection of virus 
during acute infections. The PCR assay is a 
reliable, sensitive, and rapid test for the 
detection of virus in boar semen. It can also 
be used to determine whether suckling 
piglets are infected with PRRSV before vac¬ 
cination and for determining the relation¬ 
ship between parity and shedding of virus. It 
can also be used to obtain PRRSV piglets. 
PCR followed by RFLP analysis using several 
restriction enzymes provides a good genetic 
estimate for isolate differentiation. A reverse 
transcription and PCR, coupled with a 
microplate colormetric assay, is an auto¬ 
mated system that is a reliable and easy test 
for the routine detection of the virus in 
semen samples from seropositive boars. 
Multiplex RT-nested PCR can be applied to 
formalin-fixed tissues. 

A nested PCR has been described that is 
100 to 1000 times more sensitive than the 
usual PCR. An assessment of the viral load 
can possibly be made by using the quanti¬ 
tative competitive RT-PCR. A quantitative 
TaqMan RT-PCR is time-saving, easy to 
handle, less likely to be cross-contaminated, 
and highly sensitive and specific. Immu- 
nohistochemical techniques are available 
for the detection of virus in formalin-fixed 
tissues. The virus was detected in 11% to 
23% of animals with interstitial pneumonia. 
It was found in 21% to 31% of animals less 
than 3 months of age but in only 6% to 17% 
of those more than 4 months of age. The 
immunogold silver staining i s superior to 
the immunoperoxidase staining systems for 
detection of virus in formalin-fixed tissues. 
RT-PCR is also available and can distinguish 
between North American and European 
strains. 

A double in situ hybridization (ISH) 
technique has been developed that can show 
both PRRSV and PCV2 and a small number 
of alveolar macrophages stain for both 
antigens. 

A rapid detection method using RT-loop 
mediated isothermal amplification assay has 
been described. 257,258 

RT-PCRs have been developed for the 
detection and differentiation of European 


and U.S. PRRSV. 259,260 These cannot differen¬ 
tiate U.S. and HP-PRRS, but the duplex real¬ 
time RT-PCR test developed 261 will do this. 
The test was also compared with standard 
single PCRs, and the results were found to 
be in 98.7% agreement. 

A method using phages harboring spe¬ 
cific peptides that recognize the N protein of 
PRRSV has been used to distinguish it from 
other viruses. 262 

Serology 

A recent study has described the production 
of GP3, GP5, and N-specific hybridomas and 
an extensive collection of monoclonal anti¬ 
bodies that may help in diagnosis because 
they reacted with a range of genetically 
different PRRS viruses. 263 ELISAs differ in 
their sensitivity, and those that showed 
higher sensitivity could be used for early 
detection in individual pigs, especially in 
PRRSV-free herds. 264 

In a study of the humoral responses in 
boars measured in serum samples and oral 
fluid specimens, it was found that IgM, IgA, 
and IgG were first detected in serum samples 
collected on DPI 1, 7, and 10, respectively, 
and in oral fluids from 3 to 7 DPI for IgM, 7 
to 10 DPI for IgA, and 8 to 14 DPI for IgG, 
respectively. 265 

Serologic tests have good sensitivity and 
specificity for diagnosis on a herd level but 
less so on the individual animal. The tests in 
common usage are described below. One of 
the problems is that the serologic response to 
a nonvirulent strain is the same as it is to a 
virulent strain. It is also important to realize 
that although a positive result for antibody 
indicates exposure to virus, a negative test 
does not necessarily mean that the pig is free 
from PRRSV or has not been in contact with 
the virus. 

Immunoperoxidase Monolayer 
Assay Test 

The immunoperoxidase monolayer assay 
(IPMA) is often the first test used. Approxi¬ 
mately 75% of sows infected with the virus 
seroconvert to the Lelystad virus. However, 
the IPMA does not allow for large-scale 
surveys. 

Indirect Enzyme-Linked 
Immunosorbent Assay (iELISA) 

The iELISA is used for the routine serodiag- 
nosis; it is simple, inexpensive, effective, and 
a better alternative to the indirect immuno- 
fluorescent assay or the immunoperoxidase 
assay. It is suitable for the screening of large 
numbers of samples and is best used as a 
herd test. Because of marked differences 
between and within North American and 
European virus isolates, serologic tests using 
only one antigenic type of the virus may 
potentially yield false-negative results with 
antisera against diverse antigenic types of the 
virus. A mixture of ELISA antigens from 
North American and European strains gives 





superior results when both types of viruses 
are known to exist. 

A meat juice ELISA has been developed 
that gives complete agreement with the 
serum ELISAs. 

Unexpected positives have been shown 
following the use of commercial ELISA 
testing kits, and these results can be improved 
by using competitive and blocking ELISA. 266 

A multiplex method for simultaneous 
serologic detection of PRRS and PCV2 has 
been described. 2 ' 

Indirect Florescent Antibody 
Assay (I FAT) 

The IFAT is a highly sensitive test. Antibody 
titers are detectable in infected pigs 8 days 
after inoculation. The IgM IFAT is also a 
rapid and simple test for diagnosing recent 
infection as early as 5 to 28 DPI in 3-week- 
old piglets, and 7 to 21 DPI in sows. 

Modified Serum Neutralization Test 

This test is useful for the detection of later 
and higher levels of antibody when the con¬ 
ventional methods cannot detect antibody. 
The test can differentiate between strains. 
The serum neutralization test is not used 
for routine diagnosis because neutralizing 
antibodies do not appear early in the 
infection. 

Herd Diagnosis 

The serologic diagnosis must be used and 
applied on a herd basis and acute and conva¬ 
lescent sera submitted for optimal results. A 
baseline herd sampling is necessary to evalu¬ 
ate the status of a herd and to determine 
whether and in which groups the virus is 
circulating. In large herds of over 500 sows, 
samples are taken from 30 animals in each 
breeding, gestation, and farrowing group, 
with representation from all parties. In addi¬ 
tion, 10 nursery pigs (5 weeks old), 10 pigs 
at the end of the nursery period, and 10 pigs 
in the late finishing stage constitute a herd 
profile. Thus serologic monitoring can be 
used to monitor the circulation of virus 
within a closed herd and to determine infec¬ 
tion status of breeding animals that are to be 
introduced into seronegative herds. Results 
from the sow sera indicate whether the sow 
herd is virus negative, stable, or has an active 
virus circulation. Comparison of the early 
and late nursery pigs indicates if the virus is 
circulating in the nursery. Comparing the 
nursery results with the end of the finishing 
period indicates if the virus is circulating in 
the finishing groups of pigs. IFAT titers in 
pigs range from 1:256 to 1:1024 by 2 to 3 
weeks after infection. Titers decline over 3 to 
4 months unless reintroduced by exposure to 
circulating virus. Uninfected nursing pigs are 
negative or have maternal antibody. Sero¬ 
positive 9- to 10-week-old pigs leaving the 
nursery indicate virus circulation in the 
nursery. If pigs leaving the nursery are nega¬ 
tive and positive later in the finishing 
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unit, virus circulation is occurring in the 
finishing unit. 

Sera from outbreaks of the disease in the 
United States, Canada, and Europe have 
been compared, and although the isolates 
from both continents are closely related, the 
strains isolated in the United States and 
Canada are more closely related serologically 
than they are to the European strains. 

Oral Fluids 

Saliva has also been used for haptoglobin and 
CRP estimations in PRRS-affected pigs 
under field conditions. 268,269 The values were 
higher in a conventional herd with chronic 
PRRS than a specific pathogen-free herd. 
Increases were also found independently 
with age. The use of preweaning oral fluid 
samples detects the circulation of wild-type 
PRRSV. 270 Overall, preweaning litter oral 
fluid samples could provide a sensitive 
approach to surveillance for PRRSV in 
infected, vaccinated, or presumed negative 
pig breeding herds. 

Antigen Detection 

PCR reactions were partially inhibited in the 
oral fluid matrix compared with RNA extrac¬ 
tion, and it should not be assumed that 
methods designed for use in serum would 
perform as well in oral fluid. 2 1 275 Oral fluid 
testing was found to be useful for virus 
detection 276 and superior to serum for the 
detection of PRRSV using PCR over the 
21-day observation period of their study. 
Individually penned oral-fluid sampling 
could be an efficient, cost-effective way to 
maintain surveillance in a boar stud. 

Serology 

An assay was developed and validated for use 
in oral fluids. 277 A titer of 1:8 in oral-fluid 
samples was considered to be virus specific 
and could be detected 28 days after vaccina¬ 
tion or infection. It had 94.3% specificity and 
90.5% repeatability. The levels were corre¬ 
lated with serum levels. 

The IgG oral fluid ELISA can provide effi¬ 
cient, cost-effective PRRSV monitoring in 
commercial herds and be used in elimination 
programs. 278 In a study of 100 oral-fluid 
samples from pens containing positive pig at 
five levels of PRRSV prevalence tested at six 
laboratories, it was found that the mean posi¬ 
tivity for PRRSV RNA was 62% and for anti¬ 
bodies it was 61%. The study supported the 
use of pen-based oral-fluid sampling for 
PRRSV surveillance. 2 1 An oral fluid assay 
was ring tested in the United States 280 in 12 
laboratories and was found to be highly 
repeatable and reproducible. 

NECROPSY FINDINGS 

There is a high level of viremia for 102 weeks, 
then a lower level for another 2 to 3 weeks, 
and subsequently low levels of virus may 
persist for several months, but finally 
PRRSV is eliminated after 2 to 4 months. 


PRRSV-specific nonneutralizing antibodies 
arise quickly from 7 DPI, but low titers of 
neutralizing antibody are only detected from 
25 to 35 DPI. In some pigs, both low levels 
of replicating virus are found in the presence 
of neutralizing antibodies. The adaptive cell- 
mediated immune response is exerted by 
CTLs and Th cell lymphocytes in coopera¬ 
tion with Thl-activated NK and macro¬ 
phages. The CTLs may reduce viral 
replication in the lungs and lymphoid tissue 
after 2 weeks DPI and in the complete clear¬ 
ance of virus in 2 to 4 months. It was shown 
that peripheral blood monocytes fail to 
exert CTL activity toward PRRSV-infected 
macrophages. 281 

Type 2 PRRSV is more virulent than type 
lin the experimental setup with higher mean 
viral titers and greater macroscopic and 
microscopic lesions at the same points on a 
timescale similar to a type 1 virus. Mean 
numbers of PRRSV-positive cells in lungs 
and lymph nodes were also higher for the 
type 2 virus. 282 

Type 2 PRRSV infection mediates apop¬ 
tosis in B- and T-cell areas in lymphoid 
organs of experimentally infected pigs, and 
the increased apoptosis may play a part in 
the impairment of the host immune response 
during PRRSV infection. 283 

In a study of three European viruses it 
was shown that a Belgian strain was more 
highly pathogenic than the Lelystad virus 
and a British field strain, not because of 
increased viral load and better replication 
but because of an enhanced inflammatory 

• 284 

immune response. 

A series of postmortem examinations of 
different aged pigs from different stages of 
production will reveal what is going on 
over time. A series of such examinations 
will probably show more than any other 
investigations. 

No characteristic gross lesions are present 
in sows, aborted fetuses, or stillborn piglets. 
Microscopic lesions that may be present in 
aborted fetuses include vasculitis of the 
umbilical cord (not recorded in European 
strain infections) and other large arteries, 
myocarditis, and encephalitis. Unfortunately, 
none of these changes is present consistently, 
and the majority of fetuses and placentas are 
histologically normal. These lesions are all 
more common in the North American virus 
infections. 

In suckling and grower pigs, infection 
with the PRRSV is usually characterized by 
an interstitial pneumonia. The PRRSV affects 
both pulmonary intravascular macrophages, 
which may be important as a replication site, 
and alveolar macrophages. Loss of bacteri¬ 
cidal function in pulmonary intravascular 
macrophages may facilitate hematogenous 
bacterial infections. When Danish isolates 
were injected into piglets, PRRSV was iso¬ 
lated from the lungs and/or tonsillar tissues 
from both dead and culled piglets under 
14 days of age. Tracheobronchial and 
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mediastinal lymph nodes are usually enlarged 
and firm. The gross pulmonary changes vary 
from lungs that appear normal but fail to 
collapse, to lungs that are diffusely red, 
meaty, and edematous. Porcine proliferative 
and necrotizing pneumonia has been linked 
to infection with PRRSV, although the 
involvement of an unidentified copathogen 
cannot yet be discounted. Grossly, this form 
of pneumonia appears as confluent consoli¬ 
dation of the cranial, middle, and accessory 
lobes, together with the lower half of the 
caudal lobe. Affected lobes are red-gray, 
moist, and firm (meaty) in consistency. On 
cross-section, the affected lobes are bulging 
and dry, and the pulmonary parenchyma 
appears similar to thymic tissue. 

Generally, histologic lesions in piglets are 
focal nonsuppurative inflammatory condi¬ 
tions particularly in the lung and heart. Most 
of the cells undergoing apoptosis do not have 
markers for PRRSV, which suggests that 
there is an indirect mechanism for the induc¬ 
tion of apoptosis. 

Multifocal areas of interstitial pneumonia 
(more extensive at 10 DPI rather than 21 
DPI) were regarded as the structural basis for 
reduced lung compliance and gas exchange 
disturbances. 237 There was a cough that the 
authors interpreted as caused by broncho- 
spasm because there was no evidence of tra¬ 
cheitis, bronchiolitis, or airway mucus, and 
this was supported by the presence of periph¬ 
eral airway obstruction. Cell death occurs 
through both apoptosis and necrosis. 285 

Histologically, in addition to marked pro¬ 
liferation of type II pneumocytes in alveoli, 
there is severe necrosis of bronchiolar epi¬ 
thelium, with necrotic cellular debris plug¬ 
ging the airway lumina. 

In pigs infected with HP-PRRSV, there 
was a distinct thymus atrophy. The lesions in 
the thymus were found to have severe corti¬ 
cal depletion of thymocytes. There was a 
40-fold increase in apoptosis of thymocytes 
compared with piglets infected with non- 
HP-PRRSV at 7 DPI. 286 

In the less severe and more common 
forms of PRRSV pneumonia, the alveoli 
contain protein-rich fluid and large macro¬ 
phages, some of which may appear degener¬ 
ate. There is patchy thickening of the alveolar 
septa caused by infiltrating mononuclear 
leukocytes and mild, type II pneumocyte 
hyperplasia. Lymphoplasmacytic cuffing of 
arterioles is common, and syncytial cells are 
occasionally seen. In field outbreaks, it is 
usual for the lung pathology to be compli¬ 
cated by concurrent respiratory pathogens. 

Microscopic lesions may be found in 
many other tissues and include multinucle- 
ate cell formation within lymph nodes; infil¬ 
trates of lymphocytes and plasma cells in the 
heart, the brain, and the turbinates; and a 
lymphocytic perivasculitis in various sites. 
Thymic lesions include severe cortical deple¬ 
tion of thymocytes. An ISH technique is a 
rapid, highly specific, and sensitive detection 


method for the diagnosis of PRRS virus in 
routinely fixed and processed tissues. Immu- 
nohistochemical techniques can also be used 
to detect the virus in neurovascular lesions. 
PRRSV and reovirus 2 have been found in 
brain, lung, and tonsil by inoculation into 
Marc 145 and CPK cells. IHC on one section 
would give a positive in 48% of cases, but if 
five sections were studied then there are 
positives in >90% of PRRSV-infected pigs. If 
the animals are vaccinated then the positives 
fall to 14%. 

PNP is a common finding in Spain and is 
characterized by hypertrophy and prolifera¬ 
tion of type 2 pneumonocytes and the pres¬ 
ence of necrotic cells in the alveolar lumina. 
PCV2 was found in 85.1% of the cases by ISH 
and IHC and PRRSV was found in 44.6% 
of the cases; 39.1% had PCV2 as the sole 
agent and only 4.1% had PRRSV as the 
sole agent. 287 

Samples for Confirmation 
of Diagnosis 

Lung appears to be the best tissue for identi¬ 
fication of the virus in various ages of the pig 
and at various times following infection. 
Thymus is probably the best choice for 
aborted fetuses. 

• Histology: lung, tonsil thymus, thoracic 
lymph node, brain, kidney, heart, 
(umbilicus from fetus) (light 
microscopy, immunohistochemistry 
(IHC)); a monoclonal antibody-based 
IHC method for the detection of 
European and U.S. PRRSV was shown 
to be useful in detecting both types. 288 

• Virology: lung, thoracic lymph node, 
tonsil (virus isolation, fluorescent 
antibody test (FAT), PCR). 


DIFFERENTIAL DIAGNOSIS 


Respiratory disease must be differentiated 
from the following: 

• Swine influenza 

• Porcine respiratory coronavirus 

• Enzootic pneumonia ( Mycoplasma 
hyopneumoniae) 

• Actinobacillus pleuropneumoniae 

• Pasteurella multocida 

• Glasser's disease ( Haemophilus parasuis) 

• Streptococcus suis. 

Reproductive disease must be 
differentiated from other causes of abortion, 
stillbirths, and weak neonates in pigs: 

• Leptospirosis 

• Encephalomyocarditis virus 

• Hog cholera virus 

• Pseudorabies virus 

• Parvovirus 

• Fumonisin, which is a recently identified 
mycotoxin produced by Fusarium 
moniliforme, has been associated with the 
appearance of PRRS in swine herds in the 
United States 

A definitive diagnosis requires a detailed 
epidemiologic investigation of the epidemic 


including a detailed analysis of the breeding 
and production records for the previous 
several months, and the submission of tissue 
and serum samples for laboratory 
investigation. 


TREATMENT 

There is no specific treatment against the 
virus. In outbreaks of respiratory disease, 
mortality can be reduced by ensuring that 
the environmental conditions in the barns 
and pens are adequate, the stocking density 
is kept low, and the feeds and feeding pro¬ 
grams are monitored. Routine procedures 
such as tail docking, iron injections, castra¬ 
tions, teeth clipping, and cross-fostering 
should be delayed or not done during the 
acute phase of the disease. Supplemental heat 
for neonatal pigs should be provided if nec¬ 
essary. Sows that have aborted their litters 
should not be bred until the normal time of 
weaning. This will reduce the incidence of 
infertility common at the first estrus after the 
abortion or premature farrowing. Culling of 
sows should be minimized and weekly 
breedings increased by 10% to 15%. Replace¬ 
ment gilts may be introduced into the prem¬ 
ises for exposure to infection before breeding. 
The consequences of boar infertility and low 
libido may be minimized by use of artificial 
insemination or by using multiple sires on 
each sow. Recurrent illness and secondary 
infections in weaner and growing pigs can be 
continuing problems for a few months after 
an acute outbreak. Reducing the stocking 
density and an all-in/all-out strategy have 
been successful in reducing the chronic 
problem. If there is the possibility of treating 
secondary infections, then this should be 
undertaken. Serum inoculation of naive gilts 
has been described, and this was shown to be 
capable of stabilizing sow herds, as shown by 
the production of negative weaned pigs. 

Tylvalosin, a macrolide antibiotic, and 
to some extent tilmicosin inhibit the 
in vitro replication of European and Ameri¬ 
can PRRSV possibly by raising the endo- 
somal pH (PRRSV requires a low 
endosomal pH). 289 

A report has suggested that AT-acetylpen- 
icillamine will inhibit PRRSV replication. 290 

CONTROL 

It is the stealthy nature of PRRSV infection 
and its efficient transmission that has pre¬ 
vented elimination. ' 1 The challenges of 
control have resulted in the development of 
regional control systems. 292,297 These involve 
cooperation in a region, new technologies, 
and the demonstration that PRRSV has been 
eliminated. 

The potential role of noncommercial 
swine populations in the United States in the 
spread of PRRSV have been highlighted. 294 
They comment on the lack of knowledge of 
biosecurity in this group of swine herders, 
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the practice of showing pigs at many events, 
evidence that exposure to PRRS is very fre¬ 
quent, and close interactions with commer¬ 
cial herds and that these facts make it 
necessary to involve these groups in regional 
control. 

Control of PRRSV is difficult, unreliable, 
and frustrating because of the complexity of 
the disease; the uncertainty of some aspects 
such as immunity, persistence, diagnosis, 
and the lack of published information based 
on control programs have been evaluated 
under naturally occurring field conditions. 
Much of the information available on control 
is anecdotal and not based on well-designed 
control programs that can be compared and 
evaluated. A major problem is the difficulty 
of obtaining a definitive etiologic diagnosis 
when presented with young growing pigs 
with respiratory disease and the possibility 
that other pathogens could be involved. The 
diagnosis of reproductive failure in gilts and 
sows is also commonly uncertain. 

Some characteristics of the disease are 
important in planning control programs for 
individual herds: 

• Infection is highly contagious and is 
transmitted by direct contact. 
Nonimmune pregnant gilts and sows 
and young pigs are highly susceptible to 
infection, resulting in large economic 
losses. 

• Infection of breeding stock results in 
immunity. The efficacy of vaccination is 
not well established. 

• Maternal immunity is present in piglets 
born from seropositive sows. 

• Infection can persist for many weeks 
and months in individuals and in 
subpopulations of animals. 

• Infections are usually introduced into a 
herd by the introduction of infected 
pigs. 

There are two main options for control: 
eradication of the virus from individual 
swine herds and controlling the disease in 
individual herds to create a stable positive 
system that allows to live with the disease. 
Controlling the disease requires developing 
strategies to make pigs immune to the 
infection by controlling infection pressure in 
the herd and inducing naturally acquired 
immunity in the herd or inducing acquired 
immunity through vaccination. The recom¬ 
mendations for control set out here are 
guidelines that can be applied and modified 
to meet different circumstances. 

Dietary plant extracts (capsicum, garlic, 
and turmeric) improve immune responses 
and growth efficiency of pigs experimentally 
infected with PRRSV. 295 

FILTRATION SYSTEMS 

A production region model was used to 
assess the spread of PRRSV 296 and showed 
the importance of aerosol spread. More than 
30 swine systems in the Midwest have 
remained free from PRRSV for 2 to 3 years 


following implementation of an air-filtration 
system using MERV 16 filters, and this 
system should be regarded as the gold 
standard. 297 ’ 299 

Retrograde air movement is a real risk for 
PRRSV introduction into filtered airspaces 
in animal houses, and different treatments 
have been investigated. 300 

In a study of before and after filtration it 
was found that outbreaks occurred at a rate 
of 0.5 outbreaks a year before filtration, but 
after the risk was reduced by introducing air 
filtration the outbreaks were reduced to 0.06 
to 0.22 outbreaks a year. 301 

The financial implications of air-filtration 
systems have been studied. 302 Model outputs 
suggested that the filtered farm produced 
5927 more pigs on a 3000-sow farm and paid 
for the installations within 5.35 to 7.13 years, 
depending on the sow herd productivity. If 
there was a premium of $5 per PRRS- 
negative piglet, then the payback period was 
reduced to 2.1 to 2.8 years. 

Eradication of the Virus From 
the Herd 

Depopulation and Repopulation 

Eradication of the virus from the herd by 
depopulation of the entire herd followed by 
repopulation with virus-free breeding stock 
is biologically possible, but in most cases it is 
impractical and too expensive. Obtaining 
virus-free breeding stock is usually not pos¬ 
sible and, if possible, the herd is highly sus¬ 
ceptible to accidental reinfection. 

Control in Infected Herds 
Nursery Depopulation 

Control within a breeding herd is based on 
the observation that pigs commonly sero- 
convert to the virus during the nursery 
period. Pigs are seronegative shortly after 
weaning, but 80% to 100% are seropositive at 
8 to 10 weeks of age. A control program 
based on nursery depopulation consists of 
emptying the nurseries and moving all of the 
pigs to off-site finishing facilities or selling 
them as feeder pigs. Test and removal has 
been described. This is combined with batch 
farrowing and weaning at intervals of at least 
3 weeks. The nurseries are completely 
emptied, cleaned three times with hot water 
and disinfectant, the slurry pits are pumped 
out after each cleaning, and the facilities are 
kept empty for 14 days, during which time 
all pigs weaned are moved to off-site nurser¬ 
ies and after which the conventional flow of 
pigs into the cleaned facilities is resumed. 
The control program can result in significant 
improvements in both average daily gain and 
percentage mortality, but it will not eliminate 
the virus from the herd. Using a partial 
budget model to measure the profitability of 
nursery depopulation, the financial conse¬ 
quences indicate that it is a profitable strat¬ 
egy to improve pig performance in herds 
affected with the virus. Additional income is 
generated by the increased number and 


Table 18-4 Nursey depopulation and 
cleanup protocol for elimination of 

PRRS 

Day 

Procedure 

1 

Empty all nurseries, off-site wearing, 
pump out slurry pits, clean and wash 
rooms with hot water (>95°C, 

203° F), and disinfect with 
formaldehyde-based product; allow 
disinfectant water to remain in pits 
overnight 

2 

Pump out pits, repeat washing 
procedure, and disinfect in 
phenol-based product; allow 
disinfectant to remain in pits 

311 

Allow facility to remain vacant 

12 

Pump out slurry pits, repeat washing 
procedure, and disinfect with 
formaldehyde-based product 

13 

Allow facility to remain vacant 

14 

Resume conventional flow of pigs into 
clean nurseries 


weight of marketable pigs, as a result of their 
increased growth rate and decreased mortal¬ 
ity. Lower treatment costs reduce overall 
expenses, but there are additional costs 
because of the extra feed necessary to raise 
the additional pigs and the costs required to 
house the depopulated pigs. However, it is 
possible that the economic benefits are from 
the control of other pathogens and not 
merely the PRRS virus. 

The details for nursery depopulation and 
cleanup protocol for the elimination of the 
virus are shown in Table 18-4. 

In an experimental infection with PRRSV, 
it was found that the infected pigs had greater 
serum concentrations of IL-1 (3, TNF-a, 
IL-12, IFN-y, IL-10, and haptoglobin than 
sham controls. The results indicated that 
PRRSV-stimulated secretion of cytokines 
involved in innate, Thl, and T-reg immune 
responses. Mannan oligosaccharides regu¬ 
lated the expression of nonimmune and 
immune genes in pig leukocytes 103 and were 
able to enhance the immune response 
without overstimulation. Mannan oligosac¬ 
charide-containing compounds were found 
to decrease the levels of the serum TNF-a. 
The levels of IL-1 (3 and IL-12 may help 
to promote innate and T-cell immune 
functions. 304 

Management of the Gilt Pool 

Management of the gilt pool is the single 
most important strategy for long-term effec¬ 
tive control. Controlling the infection in the 
breeding herd is a prerequisite to controlling 
infection in the nursery and finishing 
pig groups. Strategies like partial depopula¬ 
tion and piglet vaccination are ineffective 
unless the breeding herd is first stabilized, 
preventing piglets from becoming infected 
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before weaning. Replacements are a major 
source of introduction of the virus and 
activating existing virus in the breeding 
herd. They also initiate the formation 
and maintenance of breeding herd 
replacements. 

Subpopulations are subsets of naive or 
recently infected gilts or sows that coexist 
within chronically infected herds. These sub¬ 
populations perpetuate viral transmission 
in the breeding herd and farrowing units, 
which ultimately produces successions of 
infected piglets before weaning. Modifica¬ 
tions in gilt management that may minimize 
subpopulations include ceasing introduction 
of replacement animals for a 4-month 
period, beginning to select replacements 
from the finishing unit, or introducing a 
4-month allotment of gilts at one time. 

Exposure to the virus in the breeding 
herd can be controlled by managing the gilt 
pool using two strategies. In one strategy, 
herds may be closed to outside replace¬ 
ments, and replacement males and females 
are raised on the farm. In the other strategy, 
replacement gilts are held in an off-site 
holding facility from 9 to 12 weeks of age 
until breeding age at 7 to 7.5 months, or 
even much earlier. This is combined with 
nursery depopulation as described earlier. 
Before entry of the gilts into the herd, they 
are serologically tested for evidence of sero- 
negativity or a declining titer, which is 
required for entry into the herd. The gilts 
are isolated and quarantined for acclimatiza¬ 
tion for 45 to 60 days. This may be combined 
with two vaccinations, 30 days apart, after 
entering quarantine. This method reduces 
the risk of introducing potentially viremic 
animals into the existing population. The 
method selected will depend on the produc¬ 
tion system, management capabilities, and 
facilities available on each farm. The intro¬ 
duction of younger gilts, in larger groups, 
less frequently throughout the year, is being 
recognized as the most effective method for 
introducing replacement stock to virus- 
infected herds and long-term control of the 
disease. 

Controlled Infection of 
Breeding Herd 

The presence of subpopulations of highly 
susceptible breeding animals in the herd can 
be a major risk factor for maintaining 
viral transmission within problem herds and 
may explain recurrent outbreaks of repro¬ 
ductive failure. By intentionally exposing 
all members of a population to the virus, it 
may be possible to eliminate subpopulations 
and produce consistent herd immunity. In 
endemic herds, exposure of gilts to the virus 
before breeding is critical for prevention of 
reproductive failure. Seronegative replace¬ 
ment gilts can be introduced into seroposi¬ 
tive herds at 3 to 4 months of age to allow for 
viral exposure before breeding. If the status 
is uncertain, quarantine and exposure to 


nursery pigs of the importing unit is a suit¬ 
able policy if replacement gilts are bought in 
before they are bred. It is possible to convert 
a PRRS-positive unit to a negative herd by 
managing the gilt pool and regulating the pig 
flow. It appears that PRRS V infection eventu¬ 
ally either disappears or becomes inactive in 
the donor gilt population. Similarly, serum 
from nursery pigs (thought to be PRRSV 
viremic) given to negative replacement gilts 
resulted in seroconversion of all 50 gilts 
receiving the serum. 

Control of Secondary Infections 

When outbreaks of the disease occur in 
nursing piglets, and virus circulation is 
occurring continuously in the farrowing 
facility, the following are recommended: 

• Cross-foster piglets only during the first 
24 hours of life 

• Prevent movement of pigs and sows 
between rooms 

• Eliminate the use of nurse sows 

• Euthanize piglets with low viability 

• Minimize injections of suckling pigs 

• Stop all feedback of pig and placental 
tissues 

• Follow strict all-in/all-out pig flow in 
the farrowing and nursery rooms. 

These are similar to the system developed in 
the United States called the McRebel system. 
This was a method of control showing that 
cross-fostering of piglets should be minimal 
within the first 24 hours and banned after 
this time. 

Feedback has been tried, although there 
are a lot of reasons not to do so. Minced 
whole piglets were fed to sows and the herd 
then closed for 23 weeks. No clinical signs 
were observed. One-third of the sows present 
at the time of the outbreak were still sero¬ 
positive 20 months after the deliberate infec¬ 
tion. Disinfection at cold temperatures was 
described. 

Biosecurity 

Standard methods, such as quarantining and 
serologic screening of imported breeding 
stock and restrictions on visitors, are recom¬ 
mended to keep units free of infection. 
Control of infection between herds depends 
on restricting the movement of pigs from 
infected herds to uninfected herds. If pigs 
have to be bought in, then seropositive 
animals should be imported into seroposi¬ 
tive herds. Only seronegative boars should 
be allowed entry into artificial insemination 
units. 

Biosecurity practices regarding PRRSV 
have been investigated in Quebec in two 
areas of different swine density. A question¬ 
naire was sent to 125 breeding sites and 120 
growing sites. The frequency of biosecurity 
practices ranged from 0% to 2% for a barrier 
at the site entrance, 0% to 19% for showering, 
20% to 25% for truck washing between loads, 
51% to 57% for absence of rendering or ren¬ 
dering without access to the site, and 26% to 


51% for absence of gilt purchase or purchase 
with quarantine. Better practices were found 
in the breeding herds. In the high-density 
area, there was a lower level of biosecurity on 
the growing sites. There were two patterns of 
biosecurity, a low one and a high one. For 
the breeding sites the higher pattern was 
observed when the site was away from other 
pig sites, more than 300 m from a public 
road, with a higher number of sows or being 
part of integrated production. 305 In a second 
part of the study, on prevalence and risk 
factors, it was found that the overall preva¬ 
lence of PRRS was 74.0%. Four main factors 
were associated with PRRS positivity, and 
these were large pig inventory, proximity to 
closest site (16%), absence of shower (27%), 
and free access to the site by the rendering 
truck (10%). 305 Boar studs that are free 
should only import boars that are certified 
free from tested herds. The status of the boar 
stud should be tested every 2 weeks with a 
combination of ELISA and PCR. 

Testing protocols that used PCR on 
serum detected the PRRSV introduction 
earlier than the protocols that used PCR on 
semen, and these were earlier than those that 
used ELISA on serum. The most intensive 
protocol (testing 60 boars three times a week 
by PCR on serum) would need 13 days to 
detect 95% of the PRRSV introductions. 306 

A vaccination study using a modified live 
PRRSV vaccine on European and North 
American PRRSV shedding from boars 
showed that boar vaccination decreased the 
shedding of U.S. PRRSV but not the Euro¬ 
pean strain. 30 ' 

Vaccine and Vaccination 

The inefficiency of current vaccines to cross¬ 
protect against all strains of PRRSV may be 
caused by variability within GP5. 2 

Adjuvants for use in PRRSV vaccines 
have been reviewed. 308 Of 11 adjuvants tested 
5 enhanced cell-mediated immunity to 
PRRSV. In particular, IL-12 and CpG ODN 
significantly enhanced the protective efficacy 
of PRRSV vaccines in challenge models. The 
immunostimulatory oligodeoxynucleotides 
have been used previously. 309 

TLR ligands enhance the protective 
effects of vaccination against PRRS syn¬ 
drome in swine using killed vaccines. 310 

Vaccination with a combined PRRSV/ 
MH vaccine did not differ in protective effi¬ 
cacy compared with the protective efficacy of 
the two single vaccines. This indicates that 
neither vaccine interfered with each other. 311 

Vaccine efficacy of PRRSV chimeras has 
been described, 312 and the study suggested 
that only specific chimeras can attenuate 
clinical signs in swine and that attenuation 
cannot be directly linked to primary virus 
replication. 

Pigs infected with PRRSV at the time of 
vaccination for swine influenza had an 
increased level of macroscopic and micro¬ 
scopic pneumonia, suggesting that there was 





a reduced SIV vaccine efficiency. 313 In addi¬ 
tion, there was also increased clinical disease 
and shedding of SIV during the acute phase 
of SIV infection. 

Immunologic solutions for the treat¬ 
ment and prevention of PRRSV have been 
reviewed. 314 No differences were found 
between intradermal and IM vaccinated 
pigs and those subsequently exposed to a 
heterologous Italian strain. 315 

The antibody response and the maternal 
immunity when PRRSV-immune sows were 
boosted with experimental farm-specific 
and commercial PRRSV vaccines has been 
described. 316 The study was designed to boost 
PRRS-immune sows against circulating 
viruses. Three PRRSV isolates were taken. 
Booster vaccinations used either commercial 
vaccines or inactivated farm-specific isolate 
vaccines. A boost was found in all three 
farm-specific vaccinations. The commercial 
attenuated vaccine boostered immunity in 
2/3 herds but the commercial nonattenuated 
dead vaccine did not affect the immunity on 
any of the three farms. In a second part of 
the study, similar vaccines were given at 60 
days’ gestation. The farm-specific vaccines 
produced a significant increase in farm- 
specific neutralizing antibodies in all sows. 
Virus-neutralizing antibodies were also 
transferred to the piglets via colostrum and 
were detectable in the serum of these animals 
until 5 weeks after parturition. Not all sows 
vaccinated with the commercial attenuated 
vaccine showed an increase in the farm- 
specific virus-neutralizing antibodies, and 
the piglets in this group received a lower level 
of colostral antibodies. The number of 
viremic animals was significantly lower in 
the piglets of both groups of vaccinated 
animals than among mock vaccinated 
animals until at least 9 weeks of age. 

Vaccination of Gilts 

The two commercial modified live virus vac¬ 
cines against PRRSV in pregnant gilts were 
shown to replicate in pregnant gilts and to 
cross the placenta. 317 It was concluded that 
the vaccines had no marked detrimental 
effects in pregnant gilts but that they could 
cross the placenta and lead to the birth of 
congenitally affected piglets. 

Intranasal delivery of PRRS-MLV with a 
potent adjuvant (fromM. tuberculosis whole¬ 
cell lysate) to elicit cross-protective immu¬ 
nity to a heterologous strain of PRRSV 
generated effective cross-immunity. There 
was reduced lung pathology, enhanced neu¬ 
tralizing antibodies, and reduced viremia. 
There was a reduced secretion of immuno¬ 
suppressive cytokines (IL-10 and TGF-|3) 
and an upregulation of the Th-1 cytokine 
IFN-y in blood and lungs. 318 

The ORF5a antibody response is neither 
neutralizing nor protective. 319 

Vaccination is an aid to management in 
developing effective immunity. The goal is to 
produce a constant level of immunity across 
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a defined population. This effectively immu¬ 
nizes the entire population and eliminates 
the nonimmune, susceptible subpopulations. 
Vaccination is most effective when used in 
replacement gilts combined with adequate 
isolation and acclimatization and in sows 
after farrowing and prebreeding. The routine 
vaccination of sows is not economically 
viable in herds affected with PRRSV. The 
vaccine is best suited for stabilizing the herd 
and is a necessity before nursery depopula¬ 
tion or commingling segregated early 
weaning piglets from virus-positive herds. 
Vaccination is also intended to produce pro¬ 
tective immunity in weaned and growing 
pigs. The PRRS virus exists in many forms 
and therefore the closer the genetic makeup 
between the immunizing virus and the chal¬ 
lenge virus the better. 

Both inactivated and modified live virus 
vaccines are available. 

Previous vaccination with a live attenu¬ 
ated strain produced an increase in 
proinflammatory cytokines and proimmune 
cytokine gene expression. In addition, a 
higher level of cortisol production suggested 
that there was an activation of the hypothal- 
amus-pituitary-adrenal axis response. Vac¬ 
cination produces an early immune response 
in pigs and a more efficient control of 
inflammation. 320 

Inactivated Vaccines 

Immunization of pigs with a genotype I 
attenuated vaccine provided partial protec¬ 
tion against challenge with a highly virulent 
genotype II strain. There was a lower mortal¬ 
ity, fewer days of fever, lower frequency of 
catarrhal bronchopneumonia, higher weight 
gains and lower viremia compared with 
unvaccinated control pigs. 321 

Killed vaccines that are inactivated using 
methods that preserve the PRRSV entry- 
associated domains are most useful for the 
development of effective inactivated vaccines 
because they facilitate internalization into 
macrophages. 322 An experimental inacti¬ 
vated PRRSV vaccine that induces virus¬ 
neutralizing antibodies has been described. 323 
The vaccine uses an optimized inactivation 
procedure and a suitable adjuvant, and by 
using these methods it was shown that inac¬ 
tivated PRRS vaccines can be developed that 
induce virus-neutralizing antibodies and 
offer partial protection on challenge. 

Killed vaccines may not produce a mea¬ 
surable antibody response stimulation, but 
activation of lymphocytes does occur and 
any subsequent exposure with vaccine or 
field virus increases that response. There is 
no possibility of producing a viremia and no 
chance of producing shedding, and there are 
no detrimental effects on the host. However, 
there is no evidence that killed vaccines 
protect against heterologous challenge. 

A killed, oil-adjuvanted vaccine based on 
a Spanish isolate of the virus is intended for 
protection against reproductive disease in 


gilts and sows. Initial vaccination involves 2 
vaccinations, 21 days apart, with the second 
vaccination at least 3 weeks before breeding 
and with booster vaccinations recommended 
during subsequent lactations. Experimental 
challenge provides 70% protection based on 
pigs born alive and surviving to 7 days. 

An autogenous inactivated vaccine was 
compared with commercial vaccines against 
homologous and heterologous challenge. 324 
In this study the experimental inactivated 
homologous vaccines shortened the viremia 
on challenge, but the experimental heterolo¬ 
gous and commercial inactivated vaccine 
had no or only a limited effect on the viremia. 

Live Vaccines 

A study in China 25 on farms with a complex 
microbial ecology showed that mass vaccina¬ 
tion with an attenuated virus vaccine can 
improve health status and production per¬ 
formance of sows and their offspring. 

Modified live vaccines do give a safe and 
efficacious protection against a wide variety 
of heterologous challenge strains. The 
vaccine virus can be transmitted from vac¬ 
cinated to naive pigs and to naive herds. Vac¬ 
cination of boars causes the virus to be shed, 
but if they have been previously exposed and 
then are vaccinated then there is no release 
of virus. 

The live vaccine given to finishing pigs 
will protect against respiratory infections. A 
modified live virus vaccine given once is safe 
for use in pregnant sows, and vaccine virus 
is not transmitted to susceptible contact pigs. 
In growing pigs vaccinated at 3 to 18 weeks 
of age, the vaccine elicits protective immu¬ 
nity within 7 days and lasts 16 weeks. Com¬ 
pared with controls, vaccinated animals have 
a reduced level of viremia, their growth rates 
are superior, and they have a reduced number 
of lung lesions. Field trials suggest that the 
vaccine provides protection to nursery pigs 
in units with endemic infection. Live viral 
vaccines in sows may or may not be a good 
idea because they demonstrated that reduced 
numbers of pigs were born alive and there 
were increased numbers of stillborn piglets 
to vaccinated sows irrespective of the stage 
of vaccination. Both single-strain and multi¬ 
strain vaccines can be attenuated and be 
useful immunogens, but additional studies 
are needed to make sure that the multistrain 
vaccines can be recommended for routine 
field use. 

In Denmark in 1996, the use of a modi¬ 
fied five virus vaccine licensed for use in pigs 
3 to 18 weeks of age was used in a large 
number of PRRSV seropositive herds. Fol¬ 
lowing vaccination, a large number of herds 
experienced an increased incidence of abor¬ 
tions, stillbirths, and poor performance 
during the nursery period. The vaccine virus 
was isolated from fetuses, and it was con¬ 
cluded that the virus was transmitted to 
seronegative nonvaccinated pregnant gilts 
and sows (see the section Methods of 
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Transmission). The viruses were collected 
and sequenced and shown to have only a 
60% homology to Lelystad virus, the Euro¬ 
pean type strain, but a 98.5% homology to 
strain ATC-2332, which is the North Ameri¬ 
can reference strain. It was therefore thought 
that the vaccine viruses were reverting to 
their natural antecedents and their virulence. 
Describing the vaccine virus it was shown 
that given to piglets it could infect nonvac- 
cinated sows. Given to sows it can produce 
congenital infection, fetal death, and an 
increased preweaning mortality. 

The vaccine virus can be maintained in 
the population where it may undergo consid¬ 
erable genetic change and then lead to the 
establishment of new variants. Vaccination 
with the U.S. type vaccine produces little 
effect on viremia with EU PRRSV. Vaccina¬ 
tion with EU type vaccines produced com¬ 
plete suppression of EU PRRSV isolates. 

A modified live virus vaccine has been 
evaluated in pigs vaccinated at 3 weeks of age 
and challenged at 7 weeks of age. Efficacy 
was evaluated using homologous and heter¬ 
ologous strains of virus known to cause 
respiratory and reproductive disease. The 
vaccine controlled respiratory disease but 
did not prevent infection and viremia. There 
are no published reports of randomized clin¬ 
ical trials evaluating the vaccines under nat¬ 
urally occurring conditions. In many cases of 
PRDC, vaccination fails simply because it 
was given too late or because there was no 
cross-protection to heterologous strains. 

DNA vaccination is said to produce both 
humoral and cellular responses and neutral¬ 
ization epitopes on the viral envelope 
glycoproteins encoded by ORF4. Possibly 
recombinants can be used as vaccines. 

In a survey in Germany, 18.5% of the 
samples were positive for the EU wild-type 
virus, EU genotype vaccine virus was 
detected in 1.3%, and the North American 
genotype vaccine virus was found in 8.9% of 
all samples. North American vaccine virus 
was frequently detected in nonvaccinated 
animals. 326 

The first modified-live vaccine was first 
released in 1994 and since then a number of 
other modified live and killed-virus vaccines 
have been developed. Vaccines should induce 
rapid immunity, have no adverse reactions, 
and be able to differentiate vaccinated 
from naturally infected animals (DIVA 
vaccine). 308 ' 327 ’ 328 

Mass vaccination using modified live 
virus against homologous infection was 
shown to be effective in reducing economic 
losses from PRRSV. It did not eliminate the 
virus but it did reduce viral shedding 97 
DPI. 329 Two vaccines were compared (one 
inactivated and one modified live), and the 
modified live virus was the only type of 
vaccine capable of establishing protective 
immunity as measured by viral load in blood 
and tissues. The inactivated vaccine evoked 
no measurable protective immunity. The 


modified live vaccine seemed to be based on 
cell-mediated immunity. 330 

A modified live vaccine partially pro¬ 
tected a group of pigs given a heterologous 
virus vaccine; intervention reduced the 
duration of shedding but did not reduce the 
viral load in tissues or the proportion of 
persistently infected pigs. When the pigs 
were subsequently given the highly virulent 
virus, infection and shedding were not 
prevented. 331 

The modified live vaccines for PRRSV 
have been reviewed. 332 None of the vaccines 
studied (Ingelvac PRRS MLV, Amervac 
PRRS, Pyrsvac-183, and Porcilis PRRS by the 
IM route) caused detectable clinical signs in 
vaccinated pigs, although lung lesions were 
found. Neither Pyrsivac-183 nor Porcilis 
PRRS could be detected in the pulmonary 
alveolar macrophages or in lung sections by 
IHC, suggesting that these viruses may have 
lost their ability to replicate in PAM. In these 
pigs, there was also a lower transmission 
rate and a delay in the onset of viremia, 
which may be explained by the lack of infec¬ 
tion and therefore replication in the alveolar 
macrophage. 

Novel strategies for the next generation of 
vaccines have been described 333 and stress 
the future importance of reverse genetics 
system-based vaccine development. Sero¬ 
logic marker candidates have been identi¬ 
fied. 334 ' 335 Vectored vaccines may have a place 
in the future. 336 ' 338 

Recombinant fowlpox virus-based virus 
with coexpression of GP5/GP3 proteins of 
PRRSV and swine IL-18 has been described 339 
as potential vaccines. 

The fusion of the heat shock protein 
(HSP70) of H. parasuis with GP3 and GP5 of 
PRRSV enhanced the immune responses 
and protective efficacy of a vaccine. 340 The 
strategy of coexpressing GPGP-linked GP5 
and M fusion protein may be a promising 
approach for future PRRSV vaccine develop¬ 
ment. 341 A canine adenovirus has also been 
used as a vehicle. 342 

Overattenuation of an HP-PRRSV (over 
100 passages) was used to produce a 
possible vaccine 343 suggesting that loss of 
pathogenicity has to be balanced with loss of 
antigenicity. 

Vaccination against PRRSV resulted in 
significantly lower viral loads of PCV2 in 
animals over 13 weeks compared with non¬ 
vaccinated animals but it had no effect on 
quantitative PCR results for PRRSV in 4- to 
12-week-old pigs. PRRS vaccinates had sig¬ 
nificantly lower levels of PCV2 viral loads 
when peak wasting disease was seen. 344 

Concurrent PRRSV and PCV2 vaccina¬ 
tion produced no interference with the 
development of the specific humoral and 
cell-mediated immunity and is associated 
with clinical protection on natural chal¬ 
lenge. 345 PRRSV vaccine induced a low but 
significant virus-specific response IFN-y 
secreting cell response on stimulation with 


both the vaccine strain and two heterologous 
PRRSV isolates. 346 

An isolate of PRRSV has been shown to 
produce IFNs and may be useful for the 
development of vaccines. 347 

Vaccination Against High 
Pathogenicity Porcine Reproductive 
and Respiratory Syndrome 

A live attenuated vaccine was successfully 
produced from an HP-PRRSV strain TJ and 
the attenuation produced a further 120 
amino acid deletion as well as the 30 amino 
acid deletion found in these HP-PRRSV 
strains. 348 The pigs were protected from the 
lethal challenge and did not develop fever 
and clinical disease. The vaccinated pigs also 
gained more weight and had milder patho¬ 
logic lesions. The effective protection lasted 
at least 4 months. 

A live attenuated vaccine has been used 
against HP-PRRSV. 349 

Vaccination of Boars 

The use of an attenuated virus vaccine in 
boars resulted in a marked reduction 
in viremia and shedding of the virus in 
semen compared with nonvaccinated control 
animals. Introducing a vaccination program 
using the live virus vaccine may be consid¬ 
ered as a potential method to reduce the risk 
of transmission of virus by artificial insemi¬ 
nation. In contrast, no changes in onset, 
level, and duration of viremia, or shedding of 
virus in semen, were observed using the 
inactivated virus vaccine. 

FURTHER READING 

Dee S, et al. Use of a production region model to assess 
the efficacy of various air filtration systems for 
preventing airborne transmission of PRRS and 
M. hyopneumoniae: Results from a 2 year study. 

Virus Res. 2010;154:177-184. 

Dokland T. The structural biology of PRRSV. Virus Res. 
2010;154:86-97. 

Frossard J-P. Porcine reproductive and respiratory 
syndrome virus evolution and its effect on control 
strategies. Pig J. 2013;68:20-25. 

Gomez-Laguna J, et al. Immunopathogenesis of PRRSV 
in the respiratory tract of pigs. Vet J. 2013;195: 

148. 

Karniychuk UU, Nauwynck HJ. Pathogenesis and 
prevention of placental and transplacental porcine 
reproductive and respiratory syndrome virus 
infection. Vet Res. 2013;44:95. 

Murtaugh MP, Genzow M. Immunological solutions for 
treatment and prevention of PRRS. Vaccine. 
2011;29:8192-8204. 

Murtaugh MP, et al. The ever-expanding diversity of 
PRRSV. Virus Res. 2010;154:18-30. 

Nauwynck HJ, et al. Microdissecting the pathogenesis 
and immune response of PRRSV infection paves the 
way for more efficient PRRSV vaccines. 
Transboundary Emerg Dis. 2012;59(suppl l):50-54. 
Sang Y, et al. Interaction between innate immunity and 
PRRSV. Anim Health Res Rev. 2011;12:149-167. 

Shi M, et al. Molecular epidemiology of PRRSV: A 
phylogenetic perspective. Virus Res. 2010;154:7-17. 
Thanawongnuwech R, Suradhat S. Taming PRRSV: 
Revisiting the control strategies and vaccine design. 
Virus Res. 2010;154:133-140. 





Yoo D, et al. Modulation of host cell responses and 
evasion strategies for PRRSV. Virus Res. 
2010;154:48-60. 

Zhou L, Yang H. PRRSV in China. Virus Res. 
2010;154:31-37. 

REFERENCES 

1. Opriessnig T, et al. Anim Health Res Rev. 

2011;12:133. 

2. Murtaugh MP, et al. Virus Res. 2010; 154:18. 

3. Gorbalenya AE, et al. Virus Res. 2006;117:17. 

4. Fang Y, et al. Arch Virol. 2007;152:1009. 

5. Shi M, et al. Virus Res. 2010;154:7. 

6. Martinez-Lobo FJ, et al. Vaccine. 2011;29:6928. 

7. Fang Y, Snijder EJ. Virus Res. 2010;154:61. 

8. Firth AE, et al. / Gen Virol. 2011;92:1097. 

9. Johnson CR, et al. / Gen Virol. 2011;92:1107. 

10. Wei Z, et al. / Virol. 2012;86:9941. 

11. Xia Pa, et al. Vet Microbiol. 2009; 138:297. 

12. Lee C, Yoo D. Virology. 2006;346:238. 

13. Kim W-I, et al. Vet Microbiol. 2013;162:10. 

14. de Lima M, et al. Virology. 2009;390:31. 

15. Brockmeier S, et al. Virus Res. 2012; 169:212. 

16. Johnston CR, et al. / Gen Virol. 2011;92:1107. 

17. Wenhui L, et al. / Virol. 2012;86:9543. 

18. Stadejek T, et al. / Gen Virol. 2006;87:1835. 

19. Costers S, et al. Virus Res. 2010; 154:104. 

20. Kvisvgaard LK, et al. Virus Res. 2013;178:197. 

21. Kvivsgaard LK, et al. Vet Microbiol. 2013;167:334. 

22. Zhu L, et al. Vet Microbiol. 2011;147:274. 

23. Li Y, et al. Vet Microbiol. 2009;138:150. 

24. Cha S-H, et al. Vet Microbiol. 2006; 117:248. 

25. Frossard J-P, et al. Vet Microbiol. 2012;158:308. 

26. Frossard J-P, et al. Vet Microbiol. 2013;162:507. 

27. Mateu E, et al. Virus Res. 2006;115:198. 

28. Prieto C, et al. Vet J. 2009;180:363. 

29. Carlsson U, et al. Transbound Emerg Dis. 
2009;56:121. 

30. Amonsin A, et al. Virol J. 2009;6:143. 

31. Tian K, et al. PLoS ONE. 2007;2:3526. 

32. Xiao XL, et al. / Virol Methods. 2008; 149:49. 

33. Normile D. Science. 2007;317:1017. 

34. Feng Y, et al. Emerg Infect Dis. 2008; 14:1774. 

35. Wu J, et al. Arch Virol. 2009; 154:1589. 

36. Li B, et al. Vet Microbiol. 2010; 146:226. 

37. Wang L, et al. / Virol. 2012;86:13121. 

38. Zhang G, et al. / Virol. 2012;86:11396. 

39. Li B, et al. / Clin Microbiol. 2011;49:3175. 

40. Kim HK, et al. Vet Microbiol. 2011;150:230. 

41. Kim S-H, et al. Vet Microbiol. 2010;143:394. 

42. Miller LC, et al. Vet Res. 2012;8:208. 

43. Xiao S, et al. BMC Genomics. 2010;11:544. 

44. Hu SP, et al. Transbound Emerg Dis. 2012;60:351. 

45. Lv J, et al. / Gen Virol. 2008;89:2075. 

46. Shen J, et al. Genome Announc. 2013;l:e00486-13. 

47. Zhou L, et al. Virus Res. 2009; 145:97. 

48. Zhou Y-J, et al. Virus Res. 2009; 144:136. 

49. Yu X, et al. Vet Microbiol. 2012;158:291. 

50. Metwally S, et al. Transbound Emerg Dis. 
2010;57:315. 

51. Guo B, et al. Virology. 2013;446:238. 

52. Song T, et al. J Virol. 2012;86:4040. 

53. Guo B, et al. Virology. 2013;435:372. 

54. Descotes J, Gourand A. Expert Opin Drug Metab 
Toxicol. 2008;4:1537. 

55. Tarrant JM. Toxicol Sci. 2010;117:4. 

56. Sun Y, et al. Viruses. 2012;4:424. 

57. Behrens EM, et al. / Clin Invest. 2011;121:2264. 

58. Nieuwehhuis N, et al. Vet Rec. 2012;170:225. 

59. Corbellini LG, et al. Vet Microbiol. 2006;118:267. 

60. Lopez-Soria S, et al. Transbound Emerg Dis. 
2010;57:171. 

61. Reiner G, et al. Vet Microbiol. 2009; 136:250. 

62. Greiser-Wilke I, et al. Vet Microbiol. 2010;143:213. 

63. Kinman TG, et al. Vaccine. 2009;8:2704. 

64. Rosendal T, et al. Can J Vet Res. 2010;74:118. 


Infectious Diseases Primarily Affecting the Reproductive System 


1815 


65. Brar MS, et al. / Gen Virol. 2011;92:1391. 

66. Evans CM, et al. Vet Res. 2008;4:48. 

67. Holtkamp DJ, et al. Prev Vet Med. 2010;96:186. 

68. Lambert M-E, et al. Vet Res. 2012;8:76. 

69. Velasova M, et al. Vet Res. 2012;8:184. 

70. Lewis CRG, et al. J Anim Sci. 2009;87:876. 

71. Doeschl-Wilson AB, et al. J Anim Sci. 

2009;87:1638. 

72. Badaoui B, et al. BMC Vet Res. 2013;9:58. 

73. Kwong GPS, et al. Prev Vet Med. 2013;110:405. 

74. Charpin C, et al. Vet Res. 2012;43:69. 

75. Evans CM, et al. Prev Vet Med. 2010;93:248. 

76. Dee S, et al. Can J Vet Res. 2006;69:64. 

77. Pitkin A, et al. Vet Microbiol. 2009;136:1. 

78. Hermann J, et al. Vet Res. 2007;38:81. 

79. Otake S, et al. Vet Microbiol. 2010;145:198. 

80. Pitkin A, et al. Vet Microbiol. 2009; 136:1. 

81. Cho JG, et al. Can J Vet Res. 2006;70:297. 

82. Pitkin A, et al. Vet Microbiol. 2009;136:1. 

83. Cutler TD, et al. Vet Microbiol. 2011;151:229. 

84. Dee S, et al. Vet Res. 2009;40:39. 

85. Pitkin A, et al. Can J Vet Res. 2009;73:298. 

86. Cano JP, et al. Vet Rec. 2007;160:907. 

87. Molina RM, et al. Transbound Emerg Dis. 

2008;56:1. 

88. Pitkin A, et al. Can J Vet Res. 2009;73:91. 

89. De Baere MI, et al. Vet Res. 2012;43:47. 

90. Wang X, et al. Arch Virol. 2007; 152:289. 

91. Gomez-Laguna J, et al. Transbound Emerg Dis. 
2012;10:1865. 

92. Klionsky DJ. Nat Rev Mol Cell Biol. 2007;8:931. 

93. Liu Q, et al. Virology. 2012;429:136. 

94. Butler JE, et al. / Immunol. 2007;178:6320. 

95. An T-Q, et al. Vet Microbiol. 2010;143:371. 

96. Kim JK, et al. / Virol. 2006;80:689. 

97. De Baere MI, et al. Vet Res. 2012;43:47. 

98. Welch S-K, Calvert JG. Virus Res. 2010; 154:98. 

99. Calvert JG, et al. / Virol. 2007;81:7371. 

100. Cafruny WA, et al. Virol J. 2007;3:90. 

101. Lee YJ, Lee C. Vet Immunol Immunopathol. 
2012;150:213. 

102. Patton JB, et al. Virus Res. 2009;140:161. 

103. Gruenberg J, van der Goot FG. Nat Rev Mol Cell 
Biol. 2006;7:495. 

104. Misinzo GM, et al. Vet Res. 2008;39:55. 

105. Van Gortp H, et al. Arch Virol. 2009;154:1939. 

106. Van Breedam W, et al. J Gen Virol. 2010;91:1659. 

107. Music N, Gagnon CA. Anim Health Res Rev. 
2010;11:135. 

108. Lee C, et al. Virology. 2006;346:238. 

109. Pei Y, et al. Virus Res. 2008;135:107. 

110. Kwon B, et al. Virology. 2008;380:371. 

111. Wang C, et al. Vet Microbiol. 2008;131:339. 

112. Faaberg KS, et al. Virus Res. 2010;154:77. 

113. Rowland RR. Virus Res. 2010; 154:1. 

114. Zhang X, Moser DM. / Pathol. 2008;214:161. 

115. Lee YJ, Lee C. Virus Res. 2010;152:50. 

116. Lee C, Yoo D. Virology. 2006;355:30. 

117. Du Y, et al. Virus Res. 2010;147:294. 

118. Chang HC, et al. Vet Microbiol. 2008;129:281. 

119. Flores-Mendoza L, et al. Clin Vaccine Immunol. 
2008;15:720. 

120. Loving Cl, et al. Immunology. 2007;120:217. 

121. Gimeno M, et al. Vet Res. 2011;42:9. 

122. Gomez-Laguna J, et al. / Comp Pathol. 

2010;142:51. 

123. Zhang Y, et al. Vet Microbiol. 2012;160:473. 

124. Sagong M, Lee C. Virus Res. 2010;151:88. 

125. Li Y, et al. / Gen Virol. 2012;93:829. 

126. Chaung H-C, et al. Comp Immunol Microbiol Infect 
Dis. 2010;33:197. 

127. Liu C-H, et al. Vet Microbiol. 2009;136:266. 

128. Manickam C, et al. Vet Microbiol. 2013;162:68. 

129. Silva-Campo E, et al. Virology. 2012;430:73. 

130. Pintaric M, et al. Vet Immunol Immunopathol. 
2008;121:61. 


131. Lodoen MB, Lainier LL. Curr Opin Immunol. 
2006;18:391. 

132. Costers S, et al. Arch Virol. 2008;153:1453. 

133. Cao J, et al. Vet Microbiol. 2013;164:261. 

134. Caliguri MA. Blood. 2008;112:461. 

135. Renukaradhya GJ, et al. Viral Immunol. 
2010;23:457. 

136. Dvivedi V, et al. Virol J. 2012;9:45. 

137. Cecere TE, et al. Vet Microbiol. 2012;160:233. 

138. Silva-Campo E, et al. Virology. 2009;387:373. 

139. Silva-Campo E, et al. Virology. 2010;396:264. 

140. Silva-Campo E, et al. Virology. 2012;85:23. 

141. Rodriguez-Gomez IM, et al. Transbound Emerg 
Dis. 2013;60:425. 

142. Halstead SB, et al. Lancet Infect Dis. 2010;10:712. 

143. Belkaid Y. Nat Rev Immunol. 2007;7:875. 

144. Dwivedi V, et al. Vaccine. 2011;29:4067. 

145. LeRoith T, et al. Vet Immunol Immunopathol. 

2011; 140:312. 

146. Wongyanin P, et al. Vet Immunol Immunopathol. 
2010;132:170. 

147. Silva-Campo E, et al. Virology. 2012;430:73. 

148. Chen Z, et al. / Gen Virol. 2010;91:1047. 

149. Costers S, et al. Vet Res. 2009;40:46. 

150. Gomez-Laguna J, et al. Comp Immunol Microbiol 
Infect Dis. 2011;34:143. 

151. Subramaniam S, et al. Virology. 2010;406:270. 

152. Subramaniam S, et al. Virology. 2012;432:241. 

153. Barranco I, et al. Vet Immunol Immunopathol. 
2012:149:262. 

154. Gomez-Laguna J. Vet Microbiol. 2012;158:187. 

155. Backus GS, et al. Environ Health Perspect. 

2010;118:1721. 

156. Diaz I, et al. Vet Res. 2012;43:30. 

157. Weaver LK, et al. J Leucocyte Biol. 2007;81:663. 

158. Hou J, et al. Virol J. 2012;9:165. 

159. Gomez-Laguna J, et al. Vet J. 2013;195:148. 

160. Lunney JK, et al. Virus Res. 2010; 154:185. 

161. Beura LK, et al. J Virol. 2010;84:1574. 

162. Subramaniam S, et al. Proc 90th Meet Conf Res 
Work Anim Dis, Chicago 2009; Abstr. 176. 

163. Overend C, et al. J Gen Virol. 2007;88:925. 

164. Bao D, et al. Vet Immunol Immunopathol. 
2013:156:128. 

165. Shi X, et al. Virus Res. 2010;153:151. 

166. Calzada-Nova G, et al. Vet Immunol 
Immunopathol. 2010; 135:20. 

167. Peng Y-T, et al. Vet Microbiol. 2009;136:359. 

168. Miguel JC, et al. Vet Immunol Immunopathol. 
2010;135:314. 

169. Klinge KL, et al. Virol J. 2009;6:177. 

170. Dotti S, et al. Res Vet Sci. 2013;94:510. 

171. Beura LK, et al. J Virol. 2011;85:12939. 

172. Beura LK, et al. J Virol. 2010;84:1574. 

173. Bowie AG, Unterholzer L. Nat Rev Immunol. 
2008;8:911. 

174. Kawai T, Akira S. Int Immunol. 2009;21:317. 

175. Beura LK, et al. Virology. 2012;433:431. 

176. Versteeg GA, GarciaSastre A. Curr Opin Microbiol. 
2010;13:508. 

177. Beura LK, et al. J Virol. 2010;84:1574. 

178. Song C, et al. Virology. 2010;407:268. 

179. Patel D, et al. J Virol. 2010;84:11405. 

180. Li H, et al. / Gen Virol. 2010;81:2947. 

181. Sun Z, et al. / Virol. 2010;84:7832. 

182. Kimman TG, et al. Vaccine. 2009;27:315. 

183. Nan Y, et al. Virology. 2012;43:261. 

184. Yoo D, et al. Virus Res. 2010; 154:48. 

185. Zhou Y, et al. Can J Vet Res. 2012;76:255. 

186. Chen Z, et al. Virology. 2010;198:87. 

187. Huber JP, Farrar JD. Immunology. 2011;132:446. 

188. Luo R, et al. Mol Immunol. 2008;45:2839. 

189. Brockmeier SL, et al. Viral Immunol. 2009;22:173. 

190. Brockmeier SL, et al. Clin Vaccine Immunol. 
2012;19:508. 

191. Kim O, et al. Virology. 2010;402:315. 





1816 


Chapter 18 


Diseases Primarily Affecting the Reproductive System 


192. Sagong M, Lee C. Arch Virol. 2011;156:2187. 

193. Lee YJ, Lee C. Virology. 2012;427:80. 

194. Ait-Ali T, et al. Immunogenetics. 2011;63:437. 

195. Sun Z, et al. / Virol. 2012;86:3839. 

196. Barranco I, et al. Transbound Emerg Dis. 
2012;59:145. 

197. Van Gorp H, et al. / Gen Virol. 2008;89:2943. 

198. Dong S, et al. Res Vet Sci. 2012;93:1060. 

199. Gudmundsdottir I, Risatti GR. Virus Res. 
2009;145:145. 

200. Hou J, et al. Virus Res. 2012;167:106. 

201. Gomez-Laguna J, et al. Comp Immunol Microbiol 
Infect Dis. 2010;33:51. 

202. Gomez-Laguna J, et al. Vet Microbiol. 
2012;158:187. 

203. Darwich L, et al. Vet Microbiol. 2011;150:49. 

204. Mateu E, Diaz I. Vet J. 2008;177:345. 

205. Dotti S, et al. Res Vet Sci. 2011;90:218. 

206. Martinez-Lobo FJ, et al. Vet Microbiol. 

2011;154:58. 

207. Garcia-Nicolas O, et al. Virus Res. 2014;179:204. 

208. Weesendorp E, et al. Vet Microbiol. 2013;163:1. 

209. Weesendorp E, et al. Vet Microbiol. 2013;167:638. 

210. Kim W-I, et al. Vet Micrbiol. 2007;123:10. 

211. Frydas IS, et al. Vet Res. 2013;44:73. 

212. Wang G, et al. Virol J. 2014; 11:2. 

213. Wang G, et al. Vet Immunol Immunopathol. 
2011;142:170. 

214. Han K, et al. / Comp Pathol. 2012;147:275. 

215. Hou J, et al. Virus Res. 2012;167:10. 

216. Li L, et al. Virol J. 2012;9:203. 

217. Cao J, et al. / Vet Diagn Invest. 2012;24:767. 

218. Guo B, et al. Virology. 2013;435:372. 

219. Mege JL, et al. Lancet Infect Dis. 2006;6:557. 

220. Borghetti P, et al. Comp Immunol Microbiol Infect 
Dis. 2011;34:143. 

221. Parcina M, et al. / Immunol. 2013; 190:1591. 

222. Butler JE, et al. J Immunol. 2007;178:6329. 

223. Butler JE, et al. J Immunol. 2008; 180:2347. 

224. Sun XZ, et al. Vaccine. 2012;30:3646. 

225. Parida R, et al. Virus Res. 2012;169:13. 

226. Diaz I, et al. Virus Res. 2010; 154:61. 

227. Han J, et al. / Virol. 2010;84:10102. 

228. Kinman TG, et al. Vaccine. 2009;27:3704. 

229. Li J, Murtaugh MP. Virology. 2012;433:367. 

230. Tong GZ, et al. Emerg Infect Dis. 2007;13:1434. 

231. An T-Q, et al. Emerg Infect Dis. 2010;16:365. 

232. Li L, et al. Virus Res. 2010; 154. 

233. Murtaugh M Proc 40th Ann Meet Am Assoc 
Swine Vet, Dallas, TX, 459. 

234. Qiao S, et al. Vet Microbiol. 2011;149:213. 

235. Diaz I, et al. Vet Res. 2012;43:30. 

236. Jung K, et al. / Gen Virol. 2009;90:2713. 

237. Wagner J, et al. Vet J. 2011;187:310. 

238. Beilage EG, et al. Tierartzl Prax. 2007;35:294. 

239. Cano JP, et al. Can J Vet Res. 2009;73:303. 

240. Lewis CRG, et al. Anim Prod Sci. 2010;50:890. 

241. Han K, et al. / Comp Pathol. 2013;148:396. 

242. Karniychuk U, et al. Microb Pathog. 2011;51:194. 

243. Karniychuk U, Nauwynck HJ. Vet Res. 2013;44:95. 

244. Kang I, et al. Res Vet Sci. 2010;88:304. 

245. Han K, et al. Clin Vaccine Immunol. 2012;19:319. 

246. Burgara-Estrella A, et al. Transbound Emerg Dis. 
2012;59:532. 

247. Schulze M, et al. Acta Vet Scand. 2013;55:16. 

248. Stadejek T, et al. Vet Rec. 2011; 169:441. 

249. Xiao S, et al. BMC Genomics. 2010;11:544. 

250. Hu SP, et al. Transbound Emerg Dis. 2012;10:1865. 

251. Lawson S, et al. Vaccine. 2010;28:5356. 

252. Lee YJ, et al. / Virol Methods. 2010;163:410. 

253. Wernike K, et al. J Vet Diagn Invest. 2012;24:855. 

254. Rovira A, et al. / Vet Diagn Invest. 2007; 19:502. 

255. Gerber PF, et al. / Clin Microbiol. 2013;51:547. 

256. Gerber PF, et al. J Virol Methods. 2014;197:63. 

257. Li Q, et al. / Virol Methods. 2009;155:55. 

258. Rovira A, et al. / Vet Diagn Invest. 2009;21:350. 


259. Lurchachaiwong W, et al. Lett Appl Microbiol. 
2008;46:55. 

260. Balka G, et al. / Virol Methods. 2009; 115:1. 

261. Chen N-H, et al. / Virol Methods. 2009;161:192. 

262. Ren X, et al. / Clin Microbiol. 2010;48:1875. 

263. Van Breedam W, et al. Vet Immunol Immunopathol. 
2011;141:246. 

264. Diaz I, et al. J Vet Diagn Invest. 2012;24:344. 

265. Kittawornrat A, et al. Vet Res. 2013;9:61. 

266. Okinaga T, et al. Vet Rec. 2009; 164:455. 

267. Lin K, et al. J Clin Microbiol. 2011;49:3184. 

268. Gutierrez AM, et al. Vet Immunol Immunopathol. 
2009:132:218. 

269. Gomez-Laguna J, et al. Vet J. 2010;85:83. 

270. Kittawornrat A, et al. Vet Microbiol. 2014;168:331. 

271. Chittick WA, et al. / Vet Diagn Invest. 2011;23:248. 

272. Prickett JR, et al. J Swine Health Prod. 2008; 16:86. 

273. Prickett JR, et al. / Vet Diagn Invest. 2008;20:156. 

274. Prickett JR, Zimmerman JJ. Anim Health Res Rev. 
2010 ; 10 : 1 . 

275. Ramirez A, et al. Prev Vet Med. 2012;104:292. 

276. Kittawornrat A, et al. Virus Res. 2010;154:1700. 

211. Ouyang K, et al. Clin Vaccine Immunol. 

2013;20:1305. 

278. Kittawornrat A, et al. / Vet Diagn Invest. 
2012;24:262. 

279. Olsen C, et al. J Vet Diagn Invest. 2013;25:328. 

280. Kittawornrat A, et al. / Vet Diagn Invest. 
2012:24:1057. 

281. Costers S, et al. Vet Res. 2009;40:46. 

282. Han K, et al. Vet J. 2013;195:313. 

283. Gomez-Laguna J, et al. Transbound Emerg Dis. 
2013;60:273. 

284. Morgan SB, et al. Vet Microbiol. 2013;163:13. 

285. Lee S-M, Kleiboeker SB. Virology. 2007;365:419. 

286. He Y, et al. Vet Microbiol. 2012;160:455. 

287. Grau-Roma L, Segales J. Vet Microbiol. 

2007;119:144. 

288. Han K, et al. / Vet Diagn Invest. 2012;24:719. 

289. Stuart AD, et al. Pig J. 2008;61:42. 

290. Jiang Y, et al. Vet Res Commun. 2010;34:607. 

291. Rowland RR. Sci Direct. 2007; 174:451. 

292. Rowland RR, Morrison RB. Transbound Emerg 
Dis. 2012;59(suppl 1):55. 

293. Mondaca-Fernandez E, Morrison RB. Vet Rec. 
2007:161:137. 

294. Wayne SR, et al. J Am Vet Med Assoc. 

2012:240:876. 

295. Liu Y, et al. / Anim Sci. 2013;91:5668. 

296. Pitkin A, et al. Vet Microbiol. 2009; 136:1. 

297. Dee S, et al. Vet Microbiol. 2009;138:106. 

298. Dee S, et al. Vet Rec. 2010;167:976. 

299. Spronk G, et al. Vet Rec. 2010;166:758. 

300. Alonso C, et al. Vet Microbiol. 2012;157:304. 

301. Alonso C, et al. Prev Vet Med. 2013;112:109. 

302. Alonso C, et al. Prev Vet Med. 2013;111:268. 

303. Che TM, et al. J Anim Sci. 2011;89:3016. 

304. Che TM, et al. J Anim Sci. 2012;90:2784. 

305. Lambert M-E, et al. Prev Vet Med. 2012;104:74. 

306. Rovira A, et al. / Vet Diagn Invest. 2007; 19:492. 

307. Han K, et al. Clin Vaccine Immunol. 

2011:18:1600. 

308. Charerntantanakul W. Vet Immunol Immunopathol. 
2009;129:1. 

309. Linghua Z, et al. Vaccine. 2007;25:1735. 

310. Zhang L, et al. Vet Microbiol. 2013;164:253. 

311. Drexler CS, et al. Vet Rec. 2010;166:70. 

312. Thanawongnuwech R, Suradhat S. Virus Res. 
2010;154:133. 

313. Kitikoon P, et al. Vet Microbiol. 2009;139:235. 

314. Murtaugh MP, Genzow M. Vaccine. 2011:29:8192. 

315. Martelli P, et al. Vaccine. 2007;25:3400. 

316. Geldhof MF, et al. Vet Microbiol. 2013;167:260. 

317. Scortti M, et al. Vet J. 2006;172:506. 

318. Dwivedi V, et al. Vaccine. 2011;29:4058. 

319. Robinson SR, et al. Vet Microbiol. 2013;164:281. 


320. Borghetti P, et al. Comp Immunol Microbiol Inf Dis. 
2011:34:143. 

321. Roca M, et al. Vet J. 2012;193:92. 

322. Delrue I, et al. Vet Res. 2009;40:62. 

323. Vanhee M, et al. Vet Res. 2009;40:63. 

324. Geldof MF, et al. BMC Vet Res. 2012;8:182. 

325. Zhao Z, et al. Vet Microbiol. 2012;155:247. 

326. Beilage EG, et al. Prev Vet Med. 2009;92:31. 

327. de Lima J, et al. Vaccine. 2008;26:3594. 

328. Fang Y, et al. / Gen Virol. 2008;89:3086. 

329. Cano JP, et al. Am J Vet Res. 2007;68:565. 

330. Zuckerman FA, et al. Vet Microbiol. 2007; 123:69. 

331. Cano JP, et al. Vaccine. 2007;25:4382. 

332. Martinez-Lobo F, et al. Vet Res. 2013;44:115. 

333. Huang YW, Meng XJ. Virus Res. 2010;154:141. 

334. de Lima M, et al. Virology. 2006;353:410. 

335. Vu HLX, et al. Vaccine. 2013;31:4330. 

336. Cruz JLG, et al. Virus Res. 2010;154:150. 

337. Pei Y, et al. Virology. 2009;389:91. 

338. Huang Q, et al. / Virol Methods. 2009;160:22. 

339. Guoshan S, et al. Vaccine. 2007;25:4193. 

340. Li J, et al. Vaccine. 2009;27:825. 

341. Chia M-Y, et al. Vet Microbiol. 2010;146:189. 

342. Cai J, et al. / Vet Med Sci. 2010;72:1035. 

343. Yu X, et al. Clin Vaccine Immunol. 2013;20:613. 

344. Genzow M, et al. Can J Vet Res. 2009;73:87. 

345. Martelli P, et al. Vet Microbiol. 2013;162:358. 

346. Ferrari L, et al. Vet Immunol Immunopathol. 
2013;151:193. 

347. Nan Y, et al. Virology. 2012;432:261. 

348. Leng X, et al. Clin Vaccine Immunol. 2012; 19:1199. 

349. Tian Z-J, et al. Vet Microbiol. 2009;138:34. 

350. Hu SP, et al. Transbound Emerg Dis. 2013;60:351. 


MENANGLE 

This causative virus was first identified in 
a three-farm disease outbreak in New 
South Wales in 1997. It causes reproduc¬ 
tive problems in pigs and congenital 
defects and has the fruit bat as an asymp¬ 
tomatic reservoir. It can cause a flu-like 
disease in man. Only one outbreak has 
been described. It normally lives asymp¬ 
tomatically in fruit bats. 

ETIOLOGY 

The causative agent is an RNA virus in the 
family Paramyxoviridae in the genus Rubu- 
lavirus. It is closely related to Tioman virus 
found in fruit bats on Tioman Island, 
Malaysia. 

EPIDEMIOLOGY 

A variety of fruit bats are seropositive, 
including the gray-headed flying fox, black 
fruit bat, and spectacled fruit bat, but the 
virus has not been isolated from them. These 
fruit bats have been found in other areas of 
Australia as well as the original area around 
Menangle, New South Wales. 

Bat feces and urine are probably the 
source of infection. Transmission from pig to 
pig is slow and probably requires close 
contact. In one building, it took a long time 
for the sows to become affected. It probably 
spreads from farm to farm via infected 
animals. There is no sign of persistent infec¬ 
tion and no evidence of long-term virus 
shedding. Present evidence suggests that 
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virus survival in the environment is short 
because sentinel pigs placed in an uncleaned 
area did not seroconvert. 

CLINICAL SIGNS 

There is no knowledge of the incubation 
period as yet. In the initial outbreak, clinical 
signs were seen only on the farrow-to-finish 
farm but infected pigs were found in all 
three farms. 

The disease was an outbreak of repro¬ 
ductive disease with fetal death; fetal abnor¬ 
malities including congenital defects, such 
as skeletal and neurologic defects 1 ; mum¬ 
mified fetuses; stillborn fetuses; smaller 
litters with fewer live piglets; and a reduced 
farrowing rate. The farrowing rate fell from 
over 80% to around a low of 38% reaching 
an average of 60%. Many sows returned to 
estrus 28 days after mating, which suggests 
that there has been an early death of the 
litter. Some sows remain in pseudopreg¬ 
nancy for more than 60 days. It probably 
crosses the placenta and spreads fetus to 
fetus. Once the infection became endemic 
in the farrow-to-finish herd the reproduc¬ 
tive failures ceased. 

PATHOLOGY 

The mummified fetuses vary in size and 
are 30 days or older. The virus causes the 
degeneration of brain and spinal cord. In 
particular, the cerebral hemispheres and 
cerebellum are smaller. Occasionally there 
may be effusions and pulmonary hypopla¬ 
sia. Eosinophilic inclusions are found in 
the neurons of the cerebrum and spinal 
cord. Sometimes there is a nonsuppurative 
meningitis, myocarditis, and hepatitis. 
Experimental infections show shedding 2 
to 3 days after infection in nasal and oral 
secretions. A tropism for secondary lym¬ 
phoid tissues and intestinal epithelium has 
been demonstrated. 2 No lesions have been 
seen in piglets born alive or other postna¬ 
tal pigs. 

DIAGNOSIS 

The diagnosis is suspected when the repro¬ 
ductive parameters change very suddenly, as 
shown earlier. 

Diagnosis is confirmed by virus culture, 
and electron microscopy and virus neutrali¬ 
sation tests confirm the identity of the virus. 
Serologic tests include ELISAs, and the best 
way to test the herd is to use this for the sows 
for antibody. 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis includes porcine 
parvo virus (PPV), classical swine fever 
(CSF), porcine reproductive and respiratory 
syndrome (PRRS), encephalomyocarditis 
virus (EMCV), pseudorabies virus (PRV), 
Japanese encephalitis, swine influenza virus 
(SIV), and blue eye. Noninfectious causes 
such as toxins or nutritional deficiencies 
should also be considered. 


TREATMENT 

It seems likely that young pigs are infected by 
the virus when the maternal antibody con¬ 
centration declines at 14 to 16 weeks of age. 
By the time they enter the breeding herd 
their immunity is quite strong. 

CONTROL 

The best advice is to avoid contact with all 
fruit bats. 

FURTHER READING 

Philbey AW, et al. An apparently new virus (family 
Paramyxoviridae ) infection for pigs, humans and 
fruit bats. Emerg Infect Dis. 1998;4:269. 
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1. Philbey AW, et al. Aust Vet J. 2007;85:134. 
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JAPANESE ENCEPHALITIS (JE; 
JAPANESE B ENCEPHALITIS) 

Japanese encephalitis is an infectious disease 
primarily affecting horses and to a lesser 
extent pigs, with important zoonotic poten¬ 
tial. It causes in excess of 50,000 human cases 
a year, with a case mortality rate of 25%. The 
condition in equides is associated with 
encephalitis and is covered in detail in 
Chapter 14 under Japanese encephalitis. In 
pigs the condition is associated with repro¬ 
ductive failure, whch is covered hereunder. 

ETIOLOGY 

The causative agent is the Japanese encepha¬ 
litis virus of the family Flavivirdae, genus 
flavivirus. Based on the phylogenetic analysis 
of the viral envelope “E” gene, 5 different 
genotypes have been identified. 

EPIDEMIOLOGY 

The natural distribution range of the virus is 
southeast Asia and Australasia. The vectors 
are Culex spp and in particular C. tritaenio- 
rhynchus. The virus activity is naturally 
maintained through bird-mosquito cycles 
with the heron family in particular. The night 
herons, little egrets and plumed egrets are 
particularly active as a reservoir. Pigs are 
important “amplifying hosts.” Pigs and these 
birds may allow the overwintering of the 
virus when mosquitoes are absent. 

PATHOGENESIS 

Viremia results from the mosquito bite and 
usually nothing is seen. Occasionally there 
may be a mild fever, but quite often the virus 
goes straight to the testicles and causes an 
orchitis. 

CLINICIAL SIGNS 

Fetal death is common with mummified 
fetuses as well as stillborn and weak pigs. 
Boars undergo reproductive failure. 

PATHOLOGY 

Largely related to the abnormal fetuses. 


DIAGNOSIS 

RT-PCR and nested RT-PCR can be used 
to detect the virus when virus isolation 
is negative. Antibody can be detected 
by haemagglutination inhibiton, ELISAs 
(IgM capture ELISA), and latex agglutination 
tests. 

CONTROL 

Live attenuated vaccines should be given to 
breeding stock 2 to 3 weeks before the start 
of the mosquito season. Attenuated and 
adjuvanted vaccines are also available. 

FURTHER READING 

Mackenzie JS, Williams DT. The zoonotic flaviviruses of 
southern, southeastern and eastern Asia and 
Australasia: The potential for emergent viruses. 
Zoonoses Public Health. 2009;56:338. 

NEOSPOROSIS 


SYNOPSIS 


Etiology The protozoan parasite Neospora 
caninum; the dog is identified as the 
definitive host of N. caninum, but the main 
route of infection in cattle appears to be by 
vertical transmission. 

Epidemiology An infection of cattle 
worldwide and associated with epidemic 
and endemic abortion. Point source and 
congenital infections occur. 

Clinical findings Abortion in cows and 
perinatal mortality and encephalomyelitis in 
congenitally infected calves. 

Clinical pathology Serologic testing of 
maternal serum and fetal fluids. 

Necropsy findings Fetal lesions of multifocal 
nonsuppurative encephalitis, myocarditis, 
and/or periportal hepatitis. Infection 
confirmed by immunohistochemistry 
or polymerase chain reaction-based 
tools. 

Diagnostic confirmation A presumptive 
diagnosis can be based on the fetal 
histologic lesions and seropositivity of the 
dam, but the definitive diagnosis requires 
the demonstration of the parasite in fetal 
tissues by immunohistochemical labeling, 
coupled with serologic examinations. 

Control Feed hygiene and calving hygiene. 

Cull congenitally infected cattle. 


ETIOLOGY 

Neospora caninum is a cyst-forming coccid- 
ial (apicomplexan) parasite with an indirect 
life cycle. 1 ' 9 AT. caninum primarily infects 
dogs and cattle; however, it has a wide host 
range and infects all major domestic live¬ 
stock species as well as companion animals 
and some wildlife animals. Dogs are the 
definitive host and cattle the major interme¬ 
diate host. Natural infection is infrequently 
reported in sheep, goats, and deer. 13 
N. caninum is a sporadic cause of 
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encephalomyelitis and myocarditis in several 
species, but its principal importance is its 
association with endemic and epidemic 
abortion in cattle. It is now the most 
common diagnosis for abortion in cattle in 
most countries. 

EPIDEMIOLOGY 

Occurrence 

N. caninum was initially associated with 
abortion in the early 1990s in pastured cattle 
in Australia and New Zealand and as a major 
cause of abortion in dairies in the United 
States. Since then, abortion associated 
with N. caninum has been reported in many 
countries in cattle under varying manage¬ 
ment conditions and has a worldwide 
occurrence . 2 ' 3 

Abortion may be epizootic or sporadic. 
In epizootic abortion, the number of cows 
aborting varies. It is usually between 5% and 
10%, but up to 45% of cows may abort within 
a short period. The period of abortion may 
be a few weeks to a few months. There is no 
major seasonal occurrence, and abortion 
occurs in both beef and dairy cows. Sporadic 
abortions occur mainly in cows that have 
been infected congenitally, and seropositive 
cows have greater risk for repeat abortions. 
Seropositivity in herds can be high but varies 
considerably. Seropositive dams have a 3- to 
7-fold greater risk of abortion than seronega¬ 
tive dams. 

Methods of Transmission 

There are two routes of infection of cattle. 
The dog is the definitive host of N. caninum. 
Infection of cattle can occur via the ingestion 
of oocytes from dog feces contaminating 
feed or water. However, vertical (i.e., 
congenital) transmission occurs in both 
cattle and dogs, and vertical transmission 
appears the major route for infection in most 
cattle. 1 ' 3 Live-born calves from congenitally 
infected cows are themselves congenitally 
infected; the infection is thought to be per¬ 
sistent and lifelong. A study conducted on 
two dairies found 81% of seropositive cows 
gave birth to congenitally infected calves. 1 
Seroprevalence did not increase with cow 
age and was stable through the study period. 
The probability of a calf being congenitally 
infected was not associated with dam age, 
dam lactation number, dam history of abor¬ 
tion, calf gender, or length of gestation. 
Other studies have shown that this route of 
transmission is highly efficient, resulting in 
infection of 50% to 95% of the progeny of 
seropositive dams. 

Congenital infection can result in abor¬ 
tion or the birth of a “normal,” infected calf, 
and an infected cow can give birth to a clini¬ 
cally normal, infected calf at one pregnancy 
and abort in the subsequent pregnancy. 2,3 
The occurrence of infection in some herds 
can be associated with specific family lines. 

Although vertical transmission is the 
major route of infection that leads to 


sporadic abortions in cattle associated with 
N. caninum, epidemiologic evidence sug¬ 
gests that postnatal (point) infection is often 
the cause of outbreaks of abortion. Where 
dog feces are the source of infection, many 
cattle are often exposed, and this point 
source of infection commonly results in out¬ 
breaks of abortion. Farm dogs have been 
shown to have a higher seroprevalence to N. 
caninum than urban dogs, suggesting that 
neosporosis cycles between cattle and dogs 
in rural environments. 4 

The importance of postnatal infection 
versus vertical infection in the genesis of 
abortion may vary among countries, and be 
associated with differences in farm manage¬ 
ment systems. 4 

Experimental Studies 

Abortion has been produced by experimen¬ 
tal challenge of fetuses and pregnant cattle 
with culture-derived tachyzoites of N. 
caninum. 1 Fetal death and resorption or 
abortion has been reproduced in ewes chal¬ 
lenged at 45, 65, and 90 days’ gestation, but 
not 120 days, and lesions resemble those of 
ovine toxoplasmosis. 2 The disease has also 
been reproduced experimentally in goats, 1 
but the importance and prevalence of this 
infection in naturally occurring abortions in 
small ruminants remains to be determined. 
Contaminated placenta, milk, and colostrum 
can result in infection of calves less than 1 
week of age. 

Risk Factors 

Outbreaks of abortion often appear to be 
point source infections, but the risk factors, 
other than probable mass exposure to dog 
feces containing sporulated N. caninum 
oocysts, are not known. Neosporosis in dairy 
herds often occurs as an epizootic, with mul¬ 
tiple abortions occurring in a 1- to 2-month 
period. Severely autolytic fetuses are aborted 
between 5 and 7 months of pregnancy in 
most reports, but earlier or later abortions 
can occur (range is between 3 and 8.5 months 
of pregnancy). 

Endemic abortion is more likely associ¬ 
ated with the presence of congenitally 
infected cattle in the herd, which are at high 
risk of aborting, particularly in the initial 
pregnancy and in the pregnancy during the 
first lactation. 2,3 Cows that have aborted have 
a higher risk for abortion in subsequent preg¬ 
nancies, but this risk decreases with each sub¬ 
sequent pregnancy. It has been postulated 
that immunosuppression resulting from con¬ 
current infection with other agents, such as 
bovine viral diarrhea virus (BVD) , may 
increase the risk for infection with N. caninum 
and precipitate abortion outbreaks. 

Economic Importance 

Economic losses relate to abortion and costs 
associated with establishing the diagnosis and 
rebreeding or replacement costs.' 1 Seroposi¬ 
tivity is also associated with increased risk of 


stillbirth and increased risk of retained pla¬ 
centa. Losses associated with epidemic abor¬ 
tion have been estimated at tens (20-85) of 
millions of dollars to the dairy or beef indus¬ 
tries in Australasia and the United States. 

Although seropositive heifers have been 
reported to produce less milk than sero¬ 
negative herdmates, this difference in milk 
production between seropositive and sero¬ 
negative animals is not necessarily apparent 
in herds unaffected by an abortion problem. 
Study of beef cattle has suggested that sero¬ 
positivity might be associated with reduction 
in average daily weight gain, but production 
performance and carcass measures are not 
consistently reported to be affected. 

PATHOGENESIS 

N. caninum has a predilection for fetal 
chorionic epithelium and fetal placental 
blood vessels, producing a fetal vasculitis and 
inflammation and degeneration of the cho¬ 
rioallantois, and widespread necrosis in the 
placentome. 6 Tachyzoites penetrate host cells 
and are located in a parasitophorous vacuole. 
They can be found in macrophages, mono¬ 
cytes, vascular endothelial cells, fibroblasts, 
hepatocytes, renal tubular cells, and in the 
brain of infected animals. With neuromuscu¬ 
lar disease, cranial and spinal neural cells are 
infected. Cell death is caused by the replica¬ 
tion of tachyzoites (during endodyogeny). 

CLINICAL FINDINGS 

Abortion is the cardinal clinical sign 
observed in infected cows . 2,3 Fetuses may die 
in utero, or can be reabsorbed, mummified, 
stillborn, born alive but diseased, or born 
clinically normal but infected. Cows that are 
infected can have decreased milk produc¬ 
tion in the first lactation, producing approxi¬ 
mately 1 L less of milk per cow per day than 
uninfected cows, are prone to abort, and 
have a higher risk of being culled from the 
herd at an early age. 

In addition to the occurrence of early 
abortion, the disease in beef herds is associ¬ 
ated with the birth of live-born, premature, 
low birthweight calves. Depending on the 
degree of prematurity, these calves can be 
kept alive with intensive care during the neo¬ 
natal period. 

Most congenitally infected calves are 
born alive without clinical signs. Occasion¬ 
ally, congenital infection can be manifest 
with ataxia, loss of conscious proprioception, 
paralysis, and/or other neurologic deficits in 
new-born calves, 2 but most congenitally 
infected calves appear as clinically normal 
and, surprisingly, some evidence suggests 
that congenital infection does not necessarily 
have a detrimental effect on calf health and 
survival. 3 

N. caninum infection has been demon¬ 
strated in the nervous system of a horse 
with progressive debilitation, followed by a 
sudden onset of neurologic disease with 
paraplegia. It appears to be a rare cause of 
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neurologic disease in horses, but should be 
considered in the differential diagnosis of 
equine protozoal myeloencephalitis. 

CLINICAL PATHOLOGY 

Serologic testing can be conducted using 
IFAT or ELISA, and there appears to be good 
agreement in results between the two tests. 
ELISA using recombinant protein appears to 
have a higher diagnostic specificity and sen¬ 
sitivity than using whole-tachyzoite lysates.' 
IFAT is commonly used and achieves a rela¬ 
tively high diagnostic specificity and sensitiv¬ 
ity for the detection of maternal infection. 
The persistence of serum antibody titers fol¬ 
lowing infection is uncertain, and they might 
fluctuate during pregnancy. A positive titer in 
a cow that has aborted indicates exposure but 
not causality. IgG avidity patterns have been 
used to predict the duration of infection. 
Diagnosis can also be conducted by detecting 
anti-N. caninum antibody or genomic DNA 
of N. caninum in fetal pleural fluid or sera. 

NECROPSY FINDINGS 

Gross findings are not specific and the fetus 
may be fresh, autolyzed, or in early stages of 
mummification; in the placenta, the cotyle¬ 
dons are usually necrotic. 10 The brain may be 
autolyzed, but should still be submitted for 
examination as well as the heart, liver, and 
placenta, if available. Histologic findings 
commonly relate to multifocal nonsuppura¬ 
tive encephalitis, myocarditis hepatitis, 
and/or placentitis Liver lesions may be more 
prominent in epizootic abortions. IHC or 
PCR can be used to detect tachyzoites or 
their DNA in tissues (particularly in the 
brain). 1 IHC can be specific, but insensitive 
for identifying Neospora in the placenta; 
therefore, maternal serology should be used 
in conjunction. 

TREATMENT 

There is no treatment that can be used to 
curtail an ongoing abortion epidemic. Pos¬ 
sible drug therapies are generally not consid¬ 
ered an option because of likely unacceptable 
milk and meat residues and withdrawal 
problems. 


DIFFERENTIAL DIAGNOSIS 


Serology and/or polymerase chain reaction can 
confirm infection in individual cows. 

Because of the high prevalence of 
infection, and the occurrence of congenital 
infection, care must be taken in extrapolating 
the results of a single positive diagnosis to 
problems of abortion. The high rate of natural 
congenital infection means that evidence of 
infection in an aborted fetus is not proof of 
causation of abortion, and fetal examination 
should be coupled to serologic examination of 
aborting and nonaborting animals in the herd 
to assess statistical differences. 

• Other causes of abortion in cattle 

• Weak calf syndrome 


CONTROL 

All efforts should be made to exclude the 
possibility of dog fecal contamination of 
cattle feed and water and of the grazing envi¬ 
ronment. 4 Placentas, aborted fetuses, and 
dead calves should be removed immediately 
and disposed of so that the definitive host 
and cattle cannot gain access to them. 

Congenitally infected cows are at high 
risk of abortion, and abortion rates in 
infected herds can be substantially reduced 
by culling infected animals. 1 ' 4 Congenitally 
infected calves can be identified by testing 
precolostral blood samples using a specific 
and sensitive serologic test and culled at 
a young age. If precolostral blood sampling 
is not feasible, examination of sera at 6 
months of age should identify infected 
calves, with positive titers indicating either 
congenital infection or postnatal infection. 
Calves introduced into a herd should be 
seronegative. 

It is possible that strategic therapy of 
pregnant cows with an appropriate antipro¬ 
tozoal drug could abort the infection. This 
could be effective in beef cattle, but would 
probably not be legal or appropriate in lactat- 
ing dairy cattle. 

Although evidence for increased risk for 
Neospora abortion caused by immunosup¬ 
pression resulting from concurrent infection 
with BVD virus is equivocal, control of BVD 
infections should be a component of anti- 
neosporosis control. 

There has been a considerable effort to 
develop vaccines against neosporosis. 8,9 An 
inactivated tachyzoite vaccine was approved 
in the United States for use in pregnant cows. 
There are no controlled studies on its efficacy 
in mitigating the effects of bovine neosporo¬ 
sis in dairy cattle. Vaccination of dairy cattle 
may interfere with a herd test and cull policy. 

FURTHER READING 

Goodswen SJ, Kennedy PJ, Ellis JT. A review of the 
infection, genetics, and evolution of Neospora 
caninum: from the past to the present. Infect Genet 
Evol. 2003;13:133-150. 

Gondim LF. Neospora caninum in wildlife. Trends 
Parasitol. 2006;22:247-252. 

Hemphill A, Vonlaufen N, Naguleswaran A. Cellular 
and immunological basis of the host-parasite 
relationship during infection with Neospora 
caninum. Parasitology. 2006;133:261-278. 

Innes EA. The host-parasite relationship in pregnant 
cattle infected with Neospora caninum. Parasitology. 
2007;134:1903-1910. 
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Comparative host-parasite relationships in ovine 
toxoplasmosis and bovine neosporosis and 
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DOURINE (MALADIE DU COIT) 


SYNOPSIS 


Etiology Trypanosoma equiperdum. 
Epidemiology Venereal disease of horses, 
mules, and donkeys, endemic in southern 
and northern Africa, Asia, and possibly 
South and Central America. 

Clinical signs Primary genital signs, secondary 
cutaneous signs, and tertiary nervous signs 
and emaciation. 

Lesions Edematous swelling and later, 
depigmentation of external genitalia, 
emaciation, anemia, and subcutaneous 
edema. 

Differential diagnosis list 

• Nagana 

• Surra 

• Coital exanthema 

• Equine infectious anemia. 

• Purulent endometritis 
Treatment Chronic cases unresponsive to 

trypanocides and may become carriers. 
Treatment is thus not recommended. 

Control Elimination of reactors, control of 
breeding and movement of animals in 
affected regions or countries. 


ETIOLOGY 

Trypanosoma equiperdum belongs to the 
brucei group, subgenus Trypanozoon, but 
occurs only as long, slender, and monomor- 
phic form. It may be more appropriately 
referred to as T. brucei equiperdum. Unlike 
T. brucei. brucei, it has lost part of its kineto- 
plast DNA (hence dyskinetoplastic). The 
parasite is morphologically indistinguishable 
from T. evansi in blood smears. T. equiper¬ 
dum is the only pathogenic trypanosome 
that does not require an arthropod vector for 
its transmission. It resides more in extra vas¬ 
cular tissue fluid than in blood. 

EPIDEMIOLOGY 

Occurrence 

Dourine is endemic in Asia, Africa, south¬ 
eastern Europe, and Central America. It has 
been eradicated from North America, and 
strict control measures have reduced the 
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incidence to a low level in most parts of 
Europe. It occurred in Italy in 2011. The 
disease is endemic in parts of Ethiopia and 
Namibia and is rarely reported in other parts 
of sub-Saharan Africa. It has not been 
reported in Latin America for over 20 years. 
It is possible that lack of reporting in some 
countries may be caused by very strict inter¬ 
national regulations that tend to discourage 
official notification of the disease. All Equidae 
are susceptible, and natural infection is 
known to occur only in horses, mules, and 
donkeys. In Ethiopia, the disease is more 
prevalent during the breeding season from 
June to September. 2 

Measures of Disease Occurrence 

In most countries, dourine now occurs only 
sporadically; its prevalence has declined gen¬ 
erally because the horse is no longer that 
important militarily, economically, and agri¬ 
culturally, and because of strict control mea¬ 
sures in many countries. A recent survey of 
237 horses from an endemic area of Ethiopia 
showed that infection rates varied with the 
method of examination. 3 The rates were 4.6% 
based on standard parasitologic methods, 
27.6% on serology, and up to 47.6% on DNA 
detection by PCR. This was the first time in 
more than 30 years that a fresh strain of T. 
equiperdum was isolated from clinical cases of 
dourine. Case mortality varies; in Europe, it 
may be as high as 50% to 70%, but it is much 
lower elsewhere, although many animals may 
have to be destroyed as a means of control. 

Methods of Transmission 

Natural transmission occurs only by coitus, 
but infection can also be acquired through 
intact oral, nasal, and conjunctival mucosae 
in foals at birth. The source of infection may 
be an infected stallion or mare actively dis¬ 
charging trypanosomes from the urethra or 
vagina, or an uninfected male acting as a 
physical carrier after serving an infected 
mare. The trypanosomes inhabit the urethra 
and vagina but disappear periodically so that 
only a proportion of potentially infective 
matings result in infection. Invasion occurs 
through intact mucosa, and no abrasion is 
necessary. 

Risk Factors 

T. equiperdum is incapable of surviving 
outside the host. Like other trypanosomes, it 
also dies quickly in cadavers. Some animals, 
especially donkeys and mules, may be clini¬ 
cally normal but act as carriers of the infec¬ 
tion for many years. Because the disease does 
not require an arthropod vector for its trans¬ 
mission, and in view of the extensive move¬ 
ment of horses across continents that now 
takes place, the risk of infection, though 
small, is present in every country, as with 
any other venereal disease. Thoroughbred 
horses are more susceptible than indigenous 
horses, and donkeys tend to show more 
chronic signs. 


Immune Mechanisms 

Infected animals produce antibodies to suc¬ 
cessive antigenic variants, as in T. brucei. 
Recovered animals often become carriers. 
Blood from infected horses is rarely infective 
to other horses, and the disease is not easily 
transmitted to ruminants under experimen¬ 
tal conditions. Humans are not affected. 

Biosecurity Concerns 

There are none except when animals have to 
be moved internationally. 

PATHOGENESIS 

T. equiperdum shows a remarkable tropism 
for the mucosa of genital organs, the subcu¬ 
taneous tissues, and the peripheral and 
CNSs. Trypanosomes deposited during 
coitus penetrate the intact genital mucosa, 
multiply locally in the extracellular tissue 
space, and produce an edematous swelling 
that may later undergo fibrosis. Subsequent 
systemic invasion occurs, and localization in 
other tissues causes vascular injury and 
edema, manifested clinically by subcutane¬ 
ous edema. Invasion of the peripheral 
nervous system and the spinal cord leads to 
incoordination and paralysis. 

CLINICAL FINDINGS 

The severity of the clinical syndrome varies 
depending on the strain of the trypanosome 
and the general health of the horse popula¬ 
tion. The disease in Africa and Asia is much 
more chronic than in South America or 
Europe and may persist for many years, often 
without clinical signs, although these may 
develop when the animals’ resistance is 
lowered by other disease or malnutrition. 

The incubation period varies between 1 
and 4 weeks, but could extend to more than 
3 months in some animals. Initial signs may 
not be recognized until the breeding season. 
The ensuing disease will manifest genital 
signs in the primary stage, cutaneous signs 
in the secondary stage, and nervous signs in 
the tertiary stage. 

In stallions, the initial signs are swelling 
and edema of the penis, scrotum, prepuce, 
and surrounding skin, extending as far 
forward as the chest. Paraphimosis may 
occur, and inguinal lymph nodes are swollen. 
There is a moderate mucopurulent urethral 
discharge. In mares, the edema commences 
in the vulva and is accompanied by a profuse 
fluid discharge, hyperemia, and sometimes 
ulceration of the vaginal mucosa. The edema 
spreads to the perineum, udder, and abdomi¬ 
nal floor. In Europe, the disease is more 
severe; genital tract involvement is often 
accompanied by sexual excitement and more 
severe swelling. 

In the secondary stage, cutaneous urti- 
caria-like plaques, 2 to 5 cm in diameter, 
develop on the body and neck and disappear 
within a few hours up to a few days. These 
so-called silver dollar spots are pathogno¬ 
monic for dourine but are not always present 


and are uncommon in endemic areas. Suc¬ 
ceeding crops of plaques may result in per¬ 
sistence of the cutaneous involvement for 
several weeks. 

Progressive anemia, emaciation, weak¬ 
ness, and nervous signs that appear at a 
variable time after genital involvement char¬ 
acterize the tertiary stage. Stiffness and 
weakness of the limbs are evident and inco¬ 
ordination develops, progressing terminally 
to ataxia and paralysis. Marked atrophy of 
the hindquarters is common, and in all 
animals there is loss of condition, in some to 
the point where extreme emaciation neces¬ 
sitates destruction. Lack of coordination of 
the hind legs, swelling of the external genita¬ 
lia, and emaciation were the most common 
clinical signs in horses suspected to have 
dourine in Ethiopia. 

CLINICAL PATHOLOGY 

Trypanosome detection is difficult, but 
should be attempted in edema fluid, subcu¬ 
taneous plaques, and vaginal or urethral 
washings or blood in early stages. Inocula¬ 
tion of blood into laboratory rodents is not 
as helpful as with other members of the 
brucei group. 

An efficient CFT is available and was the 
basis for a successful eradication program in 
Canada. However, the test does not distin¬ 
guish between members of the brucei group. 
Other serologic tests that can be used include 
the IFAT, the capillary agglutination test for 
trypanosomes, and the ELISA, but the CFT 
remains the most reliable. Serologic tests do 
not distinguish between members of the 
brucei group; hence they are of limited value 
in areas where T. brucei or T. evansi is 
endemic, even when monoclonal antibodies 
are used. In recent interlaboratory ring trials 
to evaluate serologic methods for dourine 
diagnosis, 9 out of 22 laboratories observed 
a false-positive result with a known T. evansi- 
positive serum, whether by CFT or IFAT. 4 
However, diagnosis can be made based on 
serologic tests and characteristic clinical 
signs under the right epidemiologic setting. 2 

PCR has been used to detect trypano¬ 
some DNA and is an indication of an active 
infection, unlike serologic tests that detect 
past and current infections. Still, the PCR 
test cannot yet distinguish T. equiperdum 
from T. evansi or T. brucei. 5 ' 6 

With the recent isolation of new strains 
of T. equiperdum from clinical cases in Ethio¬ 
pia, the first in 4 decades worldwide, there 
is hope that new internationally recognized 
tests for the diagnosis of dourine will be 
developed soon. 

NECROPSY FINDINGS 

Emaciation, anemia, and subcutaneous 
edema are always present, and edema of the 
external genitalia may be evident or the 
external genitalia may have healed, leaving 
the characteristic depigmented scars of per¬ 
manent leukodermic patches. Lymph nodes 
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are enlarged, and there is softening of the 
spinal cord in the lumbosacral region. 

Histologic lesions consist of lymphoplas- 
macytic infiltration in the spinal nerves, 
ganglia, and meninges of the lumbar and 
sacral regions and in affected skin and 
mucosa. Trypanosomes can be found in sec¬ 
tions of the skin and genital mucosa during 
the primary and secondary phases of the 
infection. Affected lymph nodes show non¬ 
specific lymphoid hyperplasia. 


DIFFERENTIAL DIAGNOSIS 


The full clinical syndrome is diagnostic, when 
present, because no other disease has the 
clinical and epizootiologic characteristics of 
dourine. However, when the full clinical 
picture is not developed, other diseases like 
nagana, surra, coital exanthema, equine 
infectious anemia, and purulent endometritis 
should be considered. With one exception, all 
recent reports of the disease have been based 
on clinical signs, serology, and detection of 
trypanosome DNA, but not on parasitologic 
detection. 


TREATMENT 


TREATMENT AND CONTROL 


None is recommended. 


Many trypanocidal drugs have been used in 
the treatment of dourine, but results are vari¬ 
able, chronic cases in particular are unre¬ 
sponsive to treatment. The main drawback is 
that treated animals may remain inapparent 
carriers and could continue to spread the 
disease or complicate serologic tests. Never¬ 
theless, in Ethiopia, treatment of experimen¬ 
tally infected horses with Cymelarsan at 0.25 
mg/kg BW was found to be effective for both 
acute and chronic cases.' 

Berenil (diminazene) at 7 mg/kg BW as a 
5% solution injected IM, with a second injec¬ 
tion of half the dose 24 hours later, or 
suramin (10 mg/kg IV for two to three treat¬ 
ments at weekly intervals), or quinapyra- 
mine sulfate (3-5 mg/kg in divided doses 
injected subcutaneously) have been tried in 
the past. 

CONTROL 

In dourine-free countries, an embargo 
should be placed on the importation of 
horses from countries in which the disease is 
endemic, unless the animals have been prop¬ 
erly tested and found negative. Eradication 
on an area or herd basis is by the application 
of the CFT, along with strict control of breed¬ 
ing and movement of horses. Positive reac¬ 
tors are disposed of, and two negative tests 
not less than a month apart can be accepted 
as evidence that the disease is no longer 
present. Castration or neutering of infected 


animals is not adequate because mating can 
still occur. 
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Toxic Agents Primarily 
Affecting the 
Reproductive System 

ESTROGENIC SUBSTANCES 

ETIOLOGY 

Poisoning occurs either accidentally or 
intentionally from administration of a 
number of different products. Supplementa¬ 
tion may be by addition to the feed, but is 
usually by subcutaneous implants. Many of 
them are used as growth promotants to 
increase weight gain and feed efficiency in 
animals. 1 Estrogen in some form can be 
found in the following four categories of 
growth promotants: 

• Endogenous hormones (estradiol-17-13, 
progesterone, testosterone) 1,2 

• Synthetic hormones (ethinylestradiol, 
others) 1 

• Xenobiotics (zearalenone [a-zearalanol; 
zeranol], trenbolone) 1,3 

• Miscellaneous (diethylstilbestrol and 
related compounds such as hexestrol 
and dienestrol) 1 

EPIDEMIOLOGY 

Occurrence 

Poisoning by estrogenic substances occurs in 
the following circumstances: 

• Natural substances such as genistein 
present in plants and as zearalenone in 
fungi 1,3 


• Dietary supplements for fattening cattle 1 

• Overdosage of medications used in 
clinical infertility cases 

• Pigs fed hexestrol implants in capon 
necks 

• Cattle fed on chicken litter from farms 
on which estrogens are used as 
supplements. 

Risk Factors 
Animal Risk Factors 

Steers implanted with an estrogen at a stan¬ 
dard dose rate may respond in an exaggerated 
manner and show signs of toxicity. Estradiol 
implants are reputed to be associated with 
more of these problems than zeranol. 

Environmental Risk Factors 

Estrogens from treated animals are found in 
the environment in water and animal manure 
and may act as endocrine disrupters. Water 
treatment plants are able to remove most of 
the estrogens, but animal manure is not reg¬ 
ulated in the many parts of the world unless 
it is discharged into a water supply. 4 ' 6 

Farm Risk Factors 

Pasture may be contaminated by manure 
from cattle treated orally or by subcutaneous 
implants with estrogenic substances that 
pass significant amounts in the feces. 2,6 Ensi¬ 
lage made from the pasture may also be 
contaminated. 

Human Risk Factors 

Estrogenic substance administration as a 
management tool is regarded unfavorably in 
many countries because of the risk of intoxi¬ 
cation occurring in humans eating contami¬ 
nated meat. Their use is banned in some 
and strictly controlled in others. In one 
small study, a palpable mammary tumor was 
observed in a rat implanted with a 12-mg 
zeranol pellet. 3 The presence of environmen¬ 
tal zearalenone has been proposed as a link 
to early puberty and anabolic growth effects 
in young girls.' 

PATHOGENESIS 

Signs and lesions are the direct result of 
amplification of the pharmacologic effects of 
the substances. 

CLINICAL SIGNS 
Idiopathic Female Estrogenism 

In addition to the toxic effects associated 
with estrogens in specific plants, increased 
estrogenic activity is also encountered in 
mixed pasture, generally only at certain 
times and on particular fields. Clinically the 
effects are those of sterility, some abortions, 
swelling of the udder and vulva in pregnant 
animals and virgin heifers, and endometritis 
with a slimy, purulent vaginal discharge in 
some animals. Estrous cycles are irregular. In 
milking cows, there is depression of the milk 
yield, reduction in appetite, and an increase 
in the cell count of the milk. 
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Male Estrogenism 

Steers in feedlots may exhibit excessive 
mounting by other steers, sometimes to the 
point of causing death. Head injuries caused 
by head-to-head butting, frequent bawling, 
stampedes, and pawing the ground to the 
point of hole-digging are other reported 
signs. These problems tend to pass off after a 
short time. Preputial prolapse may be a 
problem in Bos indicus cattle. Experimental 
feeding of zeranol to young bulls is associ¬ 
ated with retardation of testicular and 
epididymal development. 

Nymphomania in Cows 

Larger doses of stilbestrol, usually adminis¬ 
tered accidentally to cows, may be associated 
with prolapse of the rectum and vagina and 
elevation of the tail head caused by relax¬ 
ation of the pelvic ligaments. Susceptibility 
to fracture of the pelvic bones and disloca¬ 
tion of the hip are common sequelae. Nym¬ 
phomaniac behavior in such animals results 
in other skeletal injuries, especially fracture 
of the wing of the ilium. 

Swine Estrogenism 

Common clinical signs include weight loss, 
decreased feed efficiency, straining, prolapse 
of the rectum, incontinence of urine, anuria, 
and death. 8 Estrogens such as zearalenone 
ingested by sows after day 11 to 13 of the 
estrous cycle can be associated with reten¬ 
tion of corpora lutea and a syndrome of 
anestrus or pseudopregnancy, which typi¬ 
cally persists for 45 to 60 days postestrus. 
This effect may occur at zearalenone concen¬ 
trations of 3 to 10 ppm in the diet. Pregnant 
sows given zearalenone postbreeding may 
have failure of implantation and early fetal 
abortion. 

Urethral Obstruction 

Heavy mortalities have occurred in feeder 
lambs after the use of implants of estrogens 
as a result of prolapse of the rectum, vagina, 
and uterus, together with urethral obstruc¬ 
tion by calculi. The calculi consist largely of 
desquamated epithelial and inflammatory 
cells that form a nidus for the deposition of 
mineral; the desquamation is probably stim¬ 
ulated by the estrogen. Also, urethral nar¬ 
rowing caused by the estrogen facilitates 
complete obstruction by the calculi. 

CLINICAL PATHOLOGY 

High blood levels of estrogens are character¬ 
istic. In swine, the syndrome of anestrus 
associated with zearalenone will be accom¬ 
panied by elevated progesterone concentra¬ 
tions caused by the retention of corpora 
lutea. 

NECROPSY FINDINGS 

Enlargement and vascular engorgement 
of accessory sex organs, especially in neu¬ 
tered animals, are characteristic. Uterine 
enlargement and keratinization of vaginal 


epithelium may be detected, and in mature 
female swine there may be persistent multi¬ 
ple retained corpora lutea. Swine also show 
inflammation and necrosis of the rectal wall, 
enlargement of the kidneys, thickening of 
the ureters and distension of the bladder, 
and gross enlargement of the prostate and 
seminal vesicles. Histopathology on jejunum 
obtained from pigs treated with low doses of 
zearalenone and T-2 toxin showed normal 
crypts and villi but decreased numbers of 
goblet cells and acidophilic granulocytes in 
the mucous membrane and numerous 
plasma cells in the intestinal epithelium. 8 
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PHYTOESTROGEN TOXICOSIS 


SYNOPSIS 


Etiology Ingestion of plants that produce 
estrogen (phytoestrogens) resulting in a 
number of reproductive problems. 

Epidemiology Pastures dominated by specific 
strains of legumes, in lush growth mode, 
or hay or silage made from such pasture, 
are associated with problems if exposure is 
prolonged. Sheep are much more 
susceptible than cattle. 

Clinical pathology Positive estrogen assay in 
blood. 

Lesions 

Live animals: Severe flock infertility in 
sheep; prolongation of estrus periods, 
interestrus periods shortened. 
Postmortem: Ewes show cystic 
endometrial degeneration. 

Diagnosis confirmation Laboratory assay of 
feed, blood, and tissue; the appearance of 
genital pathology at necropsy, or with a 
uterine biopsy or laparoscopy. 


Treatment None. 

Control Grazing management, use of 
low-phytoestrogen cultivars. 


ETIOLOGY 

Important estrogenic substances found in 
plants and fungi include the following: 

• Plants 

• Coumestans (coumestrol, 
4-methoxycoumestrol, repensol, 
trifoliol) 1 

• Isoflavones (daidzein, formononetin, 
genistein, biochanin A, glycitein) 2,3 

• Isoflavan (equol, a metabolite of 
daidzein) 3 

• Fungi (resorcylic acid lactones 
[zearalenone]) 4 

Compared with pharmaceutical agents, these 
substances have low estrogenic activity, but 
they are associated with serious clinical 
effects because of the high concentrations 
they reach in some plants and daily intake 
over long periods. The coumestans are 
most common in plants of the Medicago 
genus; isoflavones are most common in the 
Trifolium, Baptisia, and Cytisus genera. Only 
Medicago and Trifolium spp. are of any 
importance to animals. Those likely to 
contain sufficient amounts to be associated 
with disease are 

Fusarium (variety of species); contains 
zearalenone 4 

Glycine max (soybean; contains coumestans 
and isoflavones; affects pigs) 

Medicago sativa (alfalfa, lucerne; contains 
coumestans; affects cattle, sheep) 
Trifolium alexandrinum (isoflavones) 

T. alpestre (alpestrine clover; contains 
isoflavones) 

T. pratense (red clover; contains isoflavones; 
affects sheep) 1 

T. repens (white clover, Ladino clover; 

contains coumestans) 1 
T. subterraneum (subterranean clover; 
contains isoflavones; affects sheep). 

EPIDEMIOLOGY 

Occurrence 

Animals on pasture are at the greatest risk, 
but poisoning can also occur on diets con¬ 
taining prepared feeds such as soybean 
(Glycine max) meal, or moldy feed contain¬ 
ing Fusarium fungi. 

Risk Factors 
Animal Factors 

Phytoestrogen toxicosis is clinically impor¬ 
tant only in sheep. Cattle are generally con¬ 
sidered to be less sensitive than sheep. 1 ' 5 ' 6 For 
example, cows can ingest large amounts of 
estrogens (over 40 g per day per cow) in red 
clover without showing any reduction in 
reproductive efficiency. Horses usually graze 
the toxic pasture without ill effects. 












Massive reproductive wastage has been 
experienced in sheep on pastures dominated 
by such plants as Trifolium subterraneum , 
and the death rate from dystocia and pro¬ 
lapse of the uterus can also be high. The most 
common abnormality is a failure to conceive, 
even with multiple matings, and the flock 
breeding status worsens progressively, with 
the lambing percentage falling from a normal 
80% down to 30%. Sheep eating a lot of 
estrogenic clover in the spring can become 
temporarily infertile, but are normally fertile 
again by the usual breeding season in the 
autumn. However, ingestion of the plant in 
several successive years is associated with 
“permanent clover disease”—infertility from 
which ewes do not recover. Under these con¬ 
ditions sheep farming becomes unprofitable, 
and large areas of country have been made 
unsuitable for sheep raising because of this 
disease. 

Human Factors 

Various phytoestrogens have been found in 
foods of animal origin (eggs, milk, meat, fish, 
and seafood). Equol was found in several 
foods, including eggs, milk, and meat.' Not 
all phytoestrogens are harmful and many of 
them are have known human health bene¬ 
fits. 8 Many, however, are endocrine disrup¬ 
ters, which means that they can produce 
adverse health effects as well. 

Plant Factors 

The estrogenic activity of pastures depends 
on the degree of domination of the pasture 
by the toxic plants, the variety of the plant 
species, and the duration of the animal’s 
exposure to them. Newly sown pastures are 
usually most toxic because of domination 
by the sown legume. Pastures deficient in 
phosphorus are also likely to be clover domi¬ 
nant. High nitrogen fertilizer applications 
reduce phytoestrogen content. Varieties of 
Trifolium subterraneum, e.g., Yarloop, Dwal- 
ganup, Dinninup, and Geraldton, are much 
more toxic than Bacchus Marsh and Daliak. 
Pastures containing more than 30% of the 
first four varieties are likely to be unsafe. In 
some clovers, e.g., red clover, the estrogen 
content varies with the season, and is high 
in early spring, low in midsummer, and high 
again in the autumn after the hay has been 
taken off. Insect damage to pasture can 
increase the estrogen content 10-fold, and 
bacterial infection (e.g., by Pseudopezzia 
medicaginnis, a leaf-spotting organism on 
alfalfa) and fungal infection by 100-fold. 
Plants that have matured in the field and set 
seed have no estrogenic potency, but the 
making of potent fodder into hay causes 
little depression of estrogen content. Clover 
ensilage can contain high levels of estrogens, 
and the ensiling process is considered to 
increase the estrogenic effect of clover 3- to 
5-fold. 

Trifolium repens (white clover, in contra¬ 
distinction to Ladino clover), does not have 
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a high content of estrogens. 1 However, when 
heavily infested with fungi it can contain 
significant amounts. It is thought that the 
production of estrogens is a byproduct of 
the plant’s mechanism of resistance to the 
fungal infection. Ladino clover, a large- 
growing variety of white clover, may contain 
large quantities of a highly active estrogen 
(coumestrol), and when it dominates a 
pasture and is grazed when the pasture is 
lush, it may be associated with the cornifica- 
tion of vaginal epithelium and functional 
infertility in ewes. Three estrogenic com¬ 
pounds have been isolated from T. pratense 
(red clover), and where this plant dominates 
the pasture a clinical syndrome similar to 
that associated with subterranean clover may 
be observed. Ewes grazing on red clover 
pasture, especially a toxic cultivar of the 
plant, may have their conception rate at the 
first mating cycle reduced from 75% to as 
low as 25%. 

PATHOGENESIS 

Much of the metabolism of phytoestrogens 
in ruminants occurs in the rumen as well as 
in the liver. 1 The differences between sheep 
and cattle in the ruminal metabolism of 
these compounds are thought to be the 
reason for the comparative freedom of cattle 
from the clinical disease. 

The amount of phytoestrogen ingested by 
a ewe on a highly poisonous pasture may 
equal her daily estrogen secretion at the peak 
of her estrous cycle. The effect of the phytoes¬ 
trogens is exerted mainly on the uterus and 
ovaries. Structurally, there is hyperplasia and 
hypertrophy of the epithelium of the uterus, 
vagina, and cervix, and dysplasia of the gran¬ 
ulosa cells of the ovary, with a consequent 
reduction in secretion of estradiol. Increases 
in teat size and milk secretion are additional, 
secondary effects. 

The functional abnormality is not one of 
estrus; in sheep the demonstration and 
duration of estrus may be normal or 
depressed, and the defect is one of sperm 
transport because of changes in the compo¬ 
sition of cervical mucus and the structure 
of cervical glands. The change is to more 
watery mucus, and this is the basis of a test 
in affected sheep in which the watery 
mucus is more readily absorbed by a cot¬ 
tonwood plug inserted in the vagina. The 
increased weight of the plug is a positive 
test. 

It is possible that a good deal of the infer¬ 
tility seen in ewes on improved clover 
pasture may be associated with its high 
estrogen content, in spite of the absence of 
the more dramatic evidence of hyperestro- 
genism described earlier. Because it is neces¬ 
sity to use this pasture, a great deal more 
needs to be known about the seasonal occur¬ 
rence of the estrogenic substances and the 
management of sheep grazing the pasture 
so that the effects of the disease can be 
minimized. 


CLINICAL FINDINGS 
Ewes 

Clover disease, the severe clinical manifesta¬ 
tion of phytoestrogen poisoning, and rarely 
seen today, includes dystocia, prolapse of the 
uterus or vagina, severe infertility, and death. 
The more common and less severe field 
expression of phytoestrogen poisoning is a 
significant decrease in fertility rate. It may 
be temporary with normal reproductive 
efficiency returning soon after the ewes 
are moved to clover-free pasture. In ewes 
exposed to a low level intake of estrogens 
over a long period, e.g., in excess of two 
grazing seasons, a process of irreversible 
“defeminization” may occur. This is a state of 
permanent subfertility. The estrous cycle is 
normal, but an abnormally large number of 
ewes fail to conceive. In affected flocks, there 
may also be a high incidence of maternal 
dystocia caused by uterine inertia, or failure 
of the cervix or vagina to dilate. Affected 
ewes show little evidence of impending 
parturition and many full-term fetuses are 
born dead. 

Male Castrates 

Wethers may secrete milk, and metaplasia of 
the prostate and bulbourethral glands is 
evident. These can be detected at an early 
stage of development by digital rectal palpa¬ 
tion. Continuing hyperplasia and cystic dila¬ 
tation of these glands is associated with their 
prolapse in a subanal position, followed by 
rapid weight loss and fatal rupture of the 
bladder. Rams usually show no clinical 
abnormality, and their fertility is not 
impaired. 

Cattle exhibit clinical signs less often than 
sheep, with experimental reports of decreases 
in conception and fertilization caused by 
prolongation of oocyte maturation and 
decreased sensitivity of the corpus luteum to 
luteolytic agents. 5,6 Temporary infertility; 
discharge of cervical mucus; and swelling of 
the mammary gland, vulva, and uterus have 
all been recorded in cattle. 

Gilts exposed to genistein may develop 
structural changes and abnormalities in the 
cervix and uterus. 9 

CLINICAL PATHOLOGY 

Laboratory assays are available and essential 
to diagnosis and monitoring of feed contents 
of phytoestrogens.' Chemical assays are not 
as sensitive as biologic assessments based on 
increased size of genitalia in subject animals. 

NECROPSY FINDINGS 

Severe cystic degeneration of the endome¬ 
trium is present in the most severe cases. 
Similar clinical and histopathologic changes 
have been produced by the daily injection of 
0.03 mg of diethylstilbestrol per ewe for a 
period of 6 months. There is also a long-term 
change in the cervix with an increased inci¬ 
dence of cervicitis and a histologically 
observable transformation to a uterine-like 
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appearance. In ewes on a long-term intake of 
toxic pasture, the lesions include elevation of 
the tail head, partial fusion of the vulvar 
labia, and clitoral hypertrophy. 

Diagnostic confirmation of phytoestro¬ 
gen poisoning requires laboratory assay of 
feed, blood, and tissue, and the appearance 
of genital pathology at necropsy, or with a 
uterine biopsy, or laparoscopy. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

• Overdose of pharmaceutical preparation as 
part of a program to improve fertility in a 
herd. 

• Overdose of an implant or feed additive 
with a growth stimulant that has estrogenic 
capability. 


TREATMENT 

Administration of testosterone is a logical 
response to poisoning but appears to be an 
unlikely commercial proposition. 

CONTROL 

Avoidance of high estrogenic activity strains 
of the respective plants, grazing management 
to avoid dangerous pasture at the most toxic 
part of the season, and dilution of the estro¬ 
gen intake by providing additional and alter¬ 
native feeds, are all used to control the 
disease. Prevention of clover disease can only 
be achieved by proper management of sheep 
and pasture to avoid ingestion of excessive 
amounts of estrogens. Vaccination with a 
phytoestrogen-immunogenic protein conju¬ 
gate has produced good levels of antibodies, 
but has not been successful in preventing the 
problem. Careful management of flocks on 
estrogenic pasture can significantly improve 
reproductive output. 
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ZEARALENONE TOXICOSIS 


SYNOPSIS 


Etiology Zearalenone is an estrogenic 

mycotoxin produced primarily by fungus in 
the genus Fusarium, which is the causative 
agent. F. graminearum is the species most 
responsible for animal reproductive 
problems, but F. cerealis, F. culmorum, F. 
cookwellense, F. equiseti, and F. semitectum 
are contaminants of moldy maize, wheat, 
oats, and barley grain and cause issues as 
well. 

Epidemiology Global issue with zearalenone 
found in a variety of cereals and foodstuffs 
in many countries. 

Clinical pathology None in particular; 
progesterone levels may be decreased. 

Lesions Associated with hyperestrogen ism 
and include abortions, stillbirths, mammary 
gland enlargement and secretions, vulvar 
edema, and vaginitis in females as well as 
testicular atrophy and mammary gland 
enlargement in males. 

Diagnostic confirmation Presence of 
zearalenone and/or metabolites in feces, 
urine, and serum; presence in feedstuffs. 

Treatment Remove animals from 

contaminated feed and correct prolapses. 

Control Keep moisture content of stored 
grain below 15%—16%; feed contaminated 
grains to less susceptible animals. 


ETIOLOGY 

Zearalenone is a nonsteroidal estrogenic 
mycotoxin produced primarily by fungi in 
the genus Fusarium. F. graminearum is the 
species most responsible for animals’ repro¬ 
ductive problems, but F. cerealis, F. culmo¬ 
rum, F. cookwellense, F. equiseti, and F. 
semitectum are contaminants of moldy 
maize, wheat, oats, and barley grain and are 
associated with toxicosis. 1,2 Swine are most 
commonly affected, but cases have occurred 
in sheep and cattle 3,4 and more rarely in 
horses. 5 

EPIDEMIOLOGY 

Occurrence 

The fungi that produce zearalenone primar¬ 
ily colonize corn, but they also infect other 
cereal grains such as barley, wheat, and 
oats. 1,2 Zearalenone has also been detected in 
a number of other plants including rice, 
sorghum, millet, and soybeans. Most typi¬ 
cally, contamination occurs from high mois¬ 
ture during storage; field contamination has 
been reported but occurs less often. Zearale¬ 
none has been detected in pastures in New 
Zealand, which has been associated with 
infertility in ewes. 6 Contamination of food 
and animals is considered a global problem 
because zearalenone has been found in 
Africa, Asia, Australia, Europe, North 
America, and South America. 2 


Risk Factors 
Animal Risk Factors 

Swine of all ages, but especially prepubertal 
gilt, are the most sensitive to the effects of 
zearalenone. The primary effects are repro¬ 
ductive and depend on the dose and time of 
administration in relationship to the animal’s 
estrous cycle. 5,6 

Farm Risk Factors 

Elevated levels of zearalenone in the feed are 
primarily associated with improper storage 
and not contamination in the field. 2 

Human Risk Factors 

There is considerable concern that humans, 
especially young girls, will be adversely 
affected by zearalenone in cereal products, 
milk and milk-based products, and meats. In 
Europe, 32% of mixed cereal samples from 
nine countries were found to be contami¬ 
nated with zearalenone. Zearalenone is 
excreted in milk and present in some con¬ 
centration in meats in animals with high 
intake, but currently the risk to humans is 
thought to be low. 2 

PATHOGENESIS 

Zearalenone is rapidly absorbed following an 
oral exposure, with an estimated uptake of 
80% to 85%. 1,2 In swine, it can be detected in 
the serum within about 30 minutes after 
ingestion. 2 Distribution is primarily to the 
adipose tissue and the ovary and uterus. 
The liver is the main site of metabolism, but 
other tissues such as the intestine, kidney, 
ovary, and testis are metabolic sites. 1 Two dif¬ 
ferent biotransformation pathways have 
been proposed and likely play a role in the 
susceptibility 'of different species. 1,5 Zearale¬ 
none is either conjugated with glucuronic 
acid or hydroxylated to a- and p-zearalenol. 1,5 
In swine, the preferred route is conjugation 
with conversion to primarily a-zearalenol. 1,4,5 
Sheep are similar to swine but cattle convert 
to p-zearalenol, a less estrogenic metabolite. 4 
Excretion is biliary in most species 
with significant enterohepatic recirculation 
occurring. 1 

Zearalenone crosses cell membranes and 
binds to cytosolic 17p-estradiol receptors. 
Once this occurs, it is translocated into 
the nucleus where it binds to estrogen- 
responsive elements and stimulates 
mRNA synthesis resulting in estrogen-like 
effects. 1,3 

CLINICAL FINDINGS 
Swine 

Pigs of all ages are affected, including piglets 
nursing on sows, which themselves show no 
signs of estrogenism. The most significantly 
affected are the 6 to 7-month-old gilts. Vul¬ 
vovaginitis, including swelling of the vulva to 
three to four times normal size, enlargement 
of mammary glands, a thin catarrhal exudate 
from the vulva, and increased size and weight 
of the ovaries and uterus, is the severest form 














of the poisoning. 3,6 Prolapse of the vagina is 
common (up to 30% of affected pigs) and 
there is prolapse of the rectum in some 
pigs (5%-10%). The toxin reduces serum 
progesterone levels in sows, but the admin¬ 
istration of progesterone to affected gilts 
does not counteract the estrogenic effects. 
The syndrome is indistinguishable from 
that produced by long-term overdosing with 
diethylstilbestrol. Signs appear 3 to 6 days 
after feeding of moldy grain commences and 
disappear soon after the feeding stops. The 
mortality rate is high because of the second¬ 
ary development of cystitis, uremia, and 
septicemia. 

The more important manifestation of 
the poisoning may be infertility, including 
absence of estrus, high levels of stillbirth, 
neonatal mortality, and reduced litter size. 
Small fetal size, fetal malformations, splayleg 
and hindlimb paresis, pseudopregnancy, and 
constant estrus are also recorded. ’ 

Zearalenone in male pigs can induce femi¬ 
nizing characteristics; suppress libido; and 
decrease spermatogenesis, testicular weights, 
and serum testosterone concentrations. 2 

Ruminants 

In cattle, the effect of zearalenone is largely 
on conception rate, and the rate of services 
per conception may rise, but the overall 
effect is less than in sows. Milk production 
may be decreased. 2 Behavioral estrus occurs 
at times unrelated to ovarian cycles and 
in late pregnant cows. There is idiopathic 
vaginitis. Symmetric enlargement of the 
mammary glands is recorded in prepubertal 
dairy heifers feeding on fungus-infected 
corn. Estrogenic disturbances are also sus¬ 
pected in sheep. Abortion is suspected to 
occur, and mild vulvovaginitis and hypertro¬ 
phy of the uterus are recorded. Experimental 
feeding of zearalenone to lactating cows and 
ewes does result in minor contamination of 
their milk sufficient to produce hyperestro- 
genism in a lamb sucking a poisoned ewe. 

Horses 

Zearalenone toxicosis is rarely reported in 
horses. 1 A recent study using equine ovarian 
cultured granulosa cells demonstrated that 
zearalenone may play a role in some equine 
reproductive disorders. 5 

CLINICAL PATHOLOGY 

Zearalenone and its metabolites can be iden¬ 
tified in urine, plasma, and feces by high- 
performance liquid chromatography 7 and in 
feedstuffs by liquid chromatography mass 
spectrometry and a rapid immunoassay. 8,9 In 
2003, 16 countries limited the amount of 
allowable zearalenone in maize and cereals; 
the allowable concentration varies from 50 to 
1000 jag/kg depending on the country. 5 

NECROPSY FINDINGS 

On necropsy, there are nonspecific findings 
other than expected changes associated 
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with estrogen-related reproductive tract 
abnormalities. These include changes in 
ovarian weight with decreased numbers 
of corpora lutea, increased dead piglets, 
vaginal and rectal prolapses, vulvar edema 
and vaginitis in females, and testicular 
atrophy and mammary gland enlargement 
in males. 10 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list 

• Accidental overdose of synthetic estrogen 
substances 

• Estrogenic substances 

• Phytoestrogens 


TREATMENT 

Complete recovery follows when the feeding 
of the affected grain is stopped and no treat¬ 
ment other than surgical repair of the pro¬ 
lapsed organs is attempted. 

CONTROL 

The moisture content of grains should be 
kept below 15% to 16% during storage. If 
contaminated feeds must be used, they 
should be fed to animals less susceptible to 
toxicosis. The 2006 EU guidelines for zeara¬ 
lenone in feeds recommend that piglets and 
gilts do not receive more than 0.1 mg zeara- 
lenone/kg BW; sows and fattening pigs no 
more than 0.25 mg zearalenone/kg BW; and 
sheep, goats, calves, and dairy cows no more 
than 0.5 mg zearalenone/kg BW. 10 

FURTHER READING 

Etienne M, Jemmali M. Effects of zearalenone (F2) on 
estrous activity and reproduction in gilts. J Anim 
Sci. 1982;55:1-10. 

Tanaka T, Hasegawa A, Yamamoto S, et al. Worldwide 
contamination of cereals by the Fusarium 
mycotoxins nivalenol, deoxynivalenol, and 
zearalenone. Survey of 19 countries. / Agric Food 
Chem. 1988;36:979-983. 

Radostits O, et al. Zearalenone. In: Veterinary Medicine: 
A Textbook of the Disease of Cattle, Horses, Sheep, 
Goats and Pigs. 10th ed. London: W.B. Saunders; 
2007:1911. 
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MARE REPRODUCTIVE LOSS 
SYNDROME (EARLY FETAL LOSS, 
LATE FETAL LOSS, FIBRINOUS 
PERICARDITIS, AND 
UNILATERAL UVEITIS) 


SYNOPSIS 


Etiology Exposure to Eastern tent caterpillars 
(ETCs; Malacosoma americanum), in 
particular during the spring when the 
caterpillars are most active. 

Epidemiology Occurs primarily in the Ohio 
River valley, but reported in other states. 
Risk factors are the presence of black 
cherry trees on pasture, ETC, and feeding 
hay on the ground. 

Clinical pathology Culture of fetal and 
placental tissue most commonly results in 
growth of non-fi-hemolytic streptococci 
and/or Actinobacillus. 

Lesions Inflammation of the intraamniotic 
umbilical cord (funisitis), premature 
placental separation, placental edema, 
placentitis, diffuse alveolitis, and 
hemorrhage in a variety of organs. 

Diagnostic confirmation Based on the 
presence of appropriate clinical signs with a 
history of exposure of affected horses to 
ETCs. 

Treatment Supportive care only. 

Control Removal of cherry trees from pasture, 
spraying ETC nests and pastures with 
pyrethrin pesticides, keeping horses off 
pasture or muzzling mares on pasture 
during active ETC months. 


ETIOLOGY 

In 2001 an epidemic of early fetal loss (40-80 
days; range 40-140 days) and late fetal loss 
(about 340 days) was recognized in north 
central Kentucky, southern Ohio, and Ten¬ 
nessee affecting over 3500 mares. 1,2 It 
occurred again in 2002 but far fewer horses 
were affected. The epidemic was termed 
mare reproductive loss syndrome (MRLS). 
At the same time there was also a marked 
increase in incidence of birth of weak foals 
and fibrinous pericarditis and unilateral 
uveitis in adult horses in the same region. 13 
Research in horses and pigs confirmed the 
causative agent as Malacosoma americanum, 
the Eastern tent caterpillar (ETC). Similar 
episodes of equine abortions, now referred to 
as equine amnionitis and fetal loss (EAFL), 
occurred in Australia and have been associ¬ 
ated with the Ochrogaster lunifer, the proces¬ 
sionary caterpillar. 4,5 

EPIDEMIOLOGY 

Historically, many epidemiologic studies 
were performed to determine the source of 
the epidemic. Several toxins such as fescue, 
nitrate/nitrite, phytoestrogens, and mycotox¬ 
ins were examined and ruled out leaving a 
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strong association between the presence of 
ETCs (M. americanum, black cherry trees 
{Prunus serotina), and feeding horses hay off 
the ground. Black cherry trees were involved 
because they are the preferred host tree for 
ETC and may be a source of cyanide. Black 
cherry trees (i.e., cyanide) were ruled out as a 
cause of MRLS, and an association with ETC 
was examined experimentally. In several dif¬ 
ferent experiments, pregnant horses (50 to 
200 days’ gestation) were exposed to various 
forms of ETC and only those mares exposed 
to live ETC larvae aborted. These were the 
first studies to reproduce MRLS and demon¬ 
strate that ETC could cause pregnancy loss in 
mares. Further studies demonstrated that the 
cuticle (setae; hairs) is the structure respon¬ 
sible for the abortigenic activity. 1,2 Culture of 
the placental fluid or fetal tissues in both early 
and late losses showed non-(3-hemolytic 
streptococci and Actinobacillus, which are 
bacteria routinely found in the oral cavity of 
horses. 26 Finally, the syndrome was repro¬ 
duced in pigs with abortions occurring 13 to 
16 days after first ingestion.’ More important, 
histopathologic examination showed ETC 
setae imbedded in the gastrointestinal 
mucosa that were surrounded by microgran- 
ulomatous lesions. 1,2,6 A similar pattern was 
subsequently confirmed in pregnant and 
nonpregnant mares. 

Occurrence 

The first well-studied and documented out¬ 
break of abortions occurred from April 26 
through mid-June of 2001, with a lower inci¬ 
dence of disease during the same months in 
2002. An abortion storm, which may have 
been related, occurred in Kentucky in 1991 
and 1982, but no epidemiologic studies were 
performed. 1 In 2006, a similar syndrome 
associated with large numbers of ETC was 
reported in Florida. 2 

The 2001 to 2002 outbreak caused early 
fetal loss in 25% to 63% of mares on one-third 
of farms, 14% to 24% on another third, and 
2% to 13% on the remaining one-third. 
Approximately 21% of mares pregnant at 42 
days’ gestation were not pregnant when 
examined at 70 to 90 days’ gestation. The 
expected pregnancy loss rate between 42 days 
and parturition is 12%. Over 3500 mares 
(3000 early fetal losses; 500 late fetal losses) 
aborted during the outbreak. 1,3 The economic 
losses incurred because of MRLS during 2001 
and 2002 are estimated to be $500 million. 1 

Risk Factors 
Animal Risk Factors 

Risk factors for the disease are the presence 
of black cherry trees, exposure to ETC (espe¬ 
cially the presence of large numbers of cater¬ 
pillars on pasture), and pasturing or feeding 
hay to horses at pasture. 

For late-term abortion the risk factors 
include increased amount of time at pasture, 
less time in stall, feeding concentrate on 
the ground, increased proportion of feed 


obtained from pasture, and being fed exclu¬ 
sively in pasture during the final 4 weeks of 
gestation. All of these factors favor exposure 
to ETC. 

Risk factors for pericarditis include pres¬ 
ence of mares or foals with MRLS on the 
farm, grazing, and exposure to ETC. Risk 
factors for uveitis have not been defined. 

Farm Risk Factors 

ETCs are endemic to the eastern United 
States including the Ohio River valley. Egg 
masses are laid on many trees in the Rosa- 
ceae family including black cherry trees, 
which are the preferred host. Eggs hatch in 
the early spring when the cherry trees bud. 
Local populations of the caterpillars fluctuate 
dramatically from year to year, but mares are 
likely exposed to small numbers of the cater¬ 
pillars every spring. Climatic conditions that 
favor survival of ETC and synchronize their 
maturation result in simultaneous hatching 
of large numbers of eggs. The rapid emer¬ 
gence of large numbers of caterpillars results 
in abrupt and heavy exposure of horses and 
consequent development of MRLS. Weather 
conditions thought to contribute to the 2001 
outbreak include a period of low tempera¬ 
tures in March, above normal temperatures 
in April, and a frost and freeze in late April 
immediately followed by several warm days. 

PATHOGENESIS 

The pathogenesis of the diseases associated 
with MRLS has not been well defined. Based 
on experimental studies and natural cases, 
ETC setae are likely involved in the patho¬ 
physiology. Two different hypotheses have 
been proposed: 

• Setae lodged in the gastrointestinal 
submucosa causes inflammation, form 
microgranulomas, and disrupt the 
mucosal barrier. Resident bacteria such 
as Actinobacillus spp. penetrate the 
barrier, resulting in bacteremia and 
hematogenous spread to the placenta, 
fetus, pericardium, uvea, and 
meninges. 1,6 

• Setae or parts of the exoskeleton contain 
an as yet unidentified toxin that is toxic 
to the placenta and fetus. 1 

CLINICAL FINDINGS 
Early Fetal Loss 

This is detected by per rectum uterine exami¬ 
nation, either manual or using ultrasono¬ 
graphic visualization of uterine contents, 
during early pregnancy. Fetal loss occurs 
after 35 days, conception not being affected, 
and affected mares do not come into estrus 
because of the presence of endometrial cups, 
which do not regress until 100 to 180 days 
after ovulation. 3 

Mares have no clinically detectable pre¬ 
monitory signs of fetal loss. 1,2 Ultrasono¬ 
graphic examination of the uterus of pregnant 
mares reveals that the allantoic fluid of fetuses 
<80 days of age has increased echogenicity on 


the day of fetal death. Allantoic fluid increases 
in echogenicity with increasing fetal age, and 
care should be taken when interpreting this 
observation. 

Late Fetal Loss 

Late fetal loss occurs as a late-term abortion 
(final several weeks of gestation), birth of a 
stillborn foal at full term, and the birth of a 
foal that is weak and of reduced viability. The 
birth of an affected foal is associated with 
premature placental separation (“red bag” 
deliveries), foaling while standing, and 
explosive expulsion of the fetus and placenta. 
Foals born alive are weak, have sunken eyes, 
progressive neurologic signs consistent with 
hypoxia, and have a high death rate (50%) 
despite intensive care. Severe leukopenia at 
birth often progresses to leukocytosis at 24 
to 48 hours of age. Serum biochemical 
abnormalities include elevated serum creati¬ 
nine concentrations, hypoglycemia, and 
increased serum creatine kinase activity. 
Bacteria isolated from stillborn foals at 
necropsy or on culture of blood samples 
from sick foals are nonspecific organisms, 
including nonhemolytic streptococci and 
Actinobacillus spp. 

Fibrinous Pericarditis 

Clinical signs in horses of both genders 
include tachycardia, pleural effusion, peri¬ 
cardial effusion, ascites, fever, abdominal 
pain, and sudden death. 1,2 Younger horses 
(<2 years of age) may be more susceptible to 
developing pericarditis. There is accumula¬ 
tion of large quantities of pericardial fluid 
and fibrin deposition on the parietal and vis¬ 
ceral pericardial surfaces evident on ultraso¬ 
nographic examination of the chest. The 
lungs have ultrasonographic evidence of 
consolidation consistent with pneumonia in 
approximately 50% of cases. Pericardiocen¬ 
tesis yields abundant fluid that is light yellow 
and has a low white blood cell count (<5 x 
10 9 /L) characterized by well-preserved neu¬ 
trophils. Horses with a prolonged course of 
the disease (>2 weeks) can have elevated 
white cell counts in pericardial fluid second¬ 
ary to opportunistic infection, usually with 
Actinobacillus spp. 6 Hematologic abnormali¬ 
ties are minimal and characterized by a slight 
leukocytosis in approximately 50% of cases. 
Azotemia occurs in horses with severe 
cardiac tamponade. 

Unilateral Uveitis 

Clinical signs are acute and unilateral and 
include corneal edema, exudates in the ante¬ 
rior and posterior chambers, and iris hemor¬ 
rhage. 1 Progression of the syndrome leads to 
blindness and global atrophy. There is no age 
predilection and no organisms have been 
found on culture. 

CLINICAL PATHOLOGY 

Culture of fetal and placental tissue most 
commonly results in growth of non-|3- 
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hemolytic streptococci and/or Actinobacillus. 
Actinobacillus spp., along with several other 
bacteria, has been isolated from fibrinous 
pneumonia. 

Diagnostic confirmation is based on the 
presence of appropriate clinical signs with 
a history of exposure of affected horses 
to ETCs. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

Cyanide toxicosis 
Ergot/fescue 

Infectious causes of placentitis 
Mycotoxicosis 
Nitrate toxicosis 
Phytoestrogens 

NECROPSY FINDINGS 

Examination of the placenta, stillborn foals, 
and foals that die after birth reveals inflam¬ 
mation of the intraamniotic umbilical cord 
(funisitis), premature placental separation, 
placental edema, placentitis, diffuse alveoli¬ 
tis, and hemorrhage in a variety of organs. 
Horses with pericarditis have impressive 
accumulation of hairy fibrin in the pericar¬ 
dial space with marked thickening of the 
visceral and parietal pericardium (a hoary 
heart). 

TREATMENT 

Treatment of affected foals is primarily sup¬ 
portive in nature. Horses with pericarditis 
should have the fluid drained to relieve or 
prevent cardiac tamponade and to minimize 
the accumulation of fibrin. Pericardial fluid 
may need to be drained several times, and its 
accumulation should be monitored ultraso- 
nographically. Administration of broad- 
spectrum antibiotics should be based on 
culture and sensitivity of pericardial fluid. 
Treatment for uveitis is standard and includes 
atropine, antiinflammatory agents, topical 
and systemic antibiotics (culture and sensi¬ 
tivity as indicated), and other agents such 
as cyclosporin or tissue plasminogen 
activator. 

CONTROL 

This is based on prevention of ingestion of 
ETC by horses. Preventing horses from 
ingesting caterpillars by minimizing access 
to pasture and feeding hay in stalls is likely 
to be beneficial. 

Other control measures include remov¬ 
ing wild or black cherry trees, the favored 
host species for ETCs, from pastures, hedges, 
and fence rows; applying pesticides to trees 
to kill over wintering eggs or, after hatching, 
caterpillars; installation of barriers to 
caterpillar migration onto pasture; manual 
removal of egg tents; installing pheromone 
traps; and restricting access of mares to 
pasture. 7,8 


Application of bifenthrin or permethrin, 
but not 3% horticultural oil, to egg masses 
(tents) during the winter prevents emer¬ 
gence of caterpillars in the spring. Insecti¬ 
cidal soap or oils sprayed on neonatal 
caterpillars is minimally effective. Bifenthrin 
or spinosad are effective against all instars 
for 7 days when sprayed on foliage. Injection 
of trunks of cherry trees with dicrotophos 
or emamectin is effective against all instars, 
but injection with milbemectin or avermec- 
tin is not effective. A spray of 50 mL of 39% 
permethrin diluted in 4 L of water and 
applied to a 2-m wide band of pasture 
outside the fence line kills migrating cater¬ 
pillars and prevents them obtaining access 
to pasture. This solution can also be sprayed 
on the trunks of trees to kill caterpillars as 
they leave the tree. 

FURTHER READING 
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epidemiology of late-term abortions associated with 
the mare reproductive loss syndrome in central 
Kentucky. / Vet Diagn Invest. 2003;15:295-297. 
Dwyer RM, Garber LP, Traub-Dargatz JL, et al. 
Case-control study of factors associated with 
excessive proportions of early fetal losses associated 
with mare reproductive loss syndrome in central 
Kentucky during 2001. / Am Vet Assoc. 
2003;222:613-619. 

Sebastian MM, Gantz MG, Tobin T, et al. The mare 
reproductive loss syndrome and the eastern tent 
caterpillar: a toxicokinetic/statistical analysis with 
clinical, epidemiologic, and mechanistic 
implications. Vet 7 her. 2003;4:324-339. 
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EQUINE AMNIONITIS AND 
FETAL LOSS 

EAFL is the name given to a syndrome of 
abortions that occurred in horses in New 
South Wales between April and October 
2004. 1 Mares from 4 months to term aborted 
fetuses with signs of inflammatory changes 
primarily involving the amnion (amnionitis) 
and amniotic portion of the umbilical cord 
(funisitis). 2,3 Clinical signs in mares before 
abortion were minimal. 

The syndrome, while occurring several 
years after the epidemic of MRLS in the 
United States, had some similarities and 


caterpillars were looked at as a possible 
source of the problem. Several caterpillars 
were examined with the O. lunifer (the pro¬ 
cessionary caterpillar) ultimately causing 
abortion in two different experimental 
studies involving early pregnancy and 
midlate pregnancy. 3,4 

There are some differences between the 
two syndromes. An infectious agent has been 
identified in both EAFL and MRLS, but they 
are not the same bacteria. The predominant 
bacteria isolated from EAFL cases were 
environmental coryneforms and gram¬ 
negative rods, whereas Actinobacillus and 
non-13-hemolytic streptococci were common 
isolates from MRLS cases. 2,5 Fibrinous peri¬ 
carditis and unilateral uveitis affected a 
number of horses in the MRLS epidemic but 
did not occur with EAFL. 1 Finally, although 
devastating, the number of horses involved 
in the 2004 EAFL outbreak was considerably 
less than the 2001 to 2002 MRLS epidemic. 
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PLANTS AND FUNGI 
(UNKNOWN TOXINS) 

AFFECTING THE 
REPRODUCTIVE SYSTEM 

PLANTS 

Plants Associated With Abortion 

• Iva angustifolia (narrow-leafed 
sumpweed) 

• Salvia coccinea (red salvia) 

• Tanacetum vulgare (tansy) 

• Verbena bonariensis (purple top) 

Plants Associated With 
Prolonged Gestation 

• Lysichiton americanus (skunk cabbage) 

• Salsola tuberculatiformis (cauliflower 
saltwort; in ewes it is associated with 
atrophy of the pituitary, adrenal, and 
thymus glands of the fetus and 
prolongation of pregnancy to as long as 
213 days). 

Plants Associated With 
Congenital Defects 

• L. americanus (skunk cabbage; is 
associated mostly with craniofacial 
deformity). 

FUNGI 

Fungi Associated With 
Reproductive Dysfunction 

• Penicillium roqueforti, growing on 
moldy mixed grain and ensilage, is 
suspected of causing bovine abortion 
and retained placenta. 
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• T. repens (white clover) does not 
normally contain estrogens, but when 
heavily infested with fungi it may 
contain significant amounts. 

• Ustilago hordei (barley smut) fungus is 
thought to be toxic to farm animals; 
feeding it to experimental animals has 
been associated with infertility and 
stillbirths. 

• In southeastern Australia a common 
infertility syndrome, including abortion 
and fetal mummification, has been 
ascribed to an onion-like weed, 

Romulea rosea. There is a suspicion that 
the disease may be caused by a 

toxin produced by a fungus, 
Helminthosporium biseptatum, which 
grows on the weed. 


Congenital and Inherited 
Diseases Primarily 
Affecting the 
Reproductive System 

CHROMOSOMAL 
TRANSLOCATIONS IN CATTLE 

A chromosomal translocation is a mutation 
occurring when two nonhomologous chro¬ 
mosomes exchange parts, which results in a 
chromosomal rearrangement. The most 
common type or translocation is the recip¬ 
rocal translocation (RCP) in which a 
segment from one chromosome is exchanged 
with a segment of another nonhomologous 
chromosome, creating a pair of transloca¬ 
tion chromosomes. A particular form of 
reciprocal translocation is the Robertsonian 
translocation (ROB). During a ROB par¬ 
ticipating chromosomes break at their cen¬ 
tromeres (center pieces) and the long arms 
of the two chromosomes merge to form a 
single chromosome with one centromere 
and two long arms. At the same time, a new 
chromosome containing both short arms is 
also created, which typically only contains 
nonessential genetic information and is lost 
during following cell divisions. Chromo¬ 
somal translocations are identified by the 
chromosomal series involved. Thus a 1/29 
translocation represents a fusion between a 
chromosome of each of the pairs numbered 

1 and 29. 

A number of chromosomal rearrange¬ 
ments have been identified in different live¬ 
stock species over the years and have been 
associated with clinical conditions such as 
intersexuality, congenital malformations, 
and reproductive dysfunction. 1 Some of the 
translocations that occur endemically in 
certain regions have been associated with 
significant economic losses. 2 Several Euro¬ 
pean countries have established cytogenic 
screening programs to monitor the occur¬ 
rence of chromosomal translocations in the 


livestock population. * 1 In Italy the incidence 
of RCP in cattle determined in an official 
cytogenic screening program was 0.3%, 
whereas 7.1% of studied animals were carri¬ 
ers of a ROB. 2 By far the most common ROB 
identified was the so-called translocation 
1/29, which is endemic in the region, 
accounting for 99.6% of all ROBs. 2 

Translocation 1/29 has been identified in 
many breeds of cattle and has been associ¬ 
ated with significant reductions in the fertil¬ 
ity of cows bred by artificial insemination 
services. Early embryonic death occurs in 
embryos produced by fertilization of affected 
gametes or fertilization of normal gametes by 
spermatozoa carrying the 1/29 translocation. 
There is no abnormality of serving behavior 
or semen quality. The translocation has been 
shown to be inherited in most European beef 
breeds including the Blonde dAquitaine, 
Swedish Red and White, Charolais, Danish 
Limousin, British Friesian and Red Poll 
breeds, and in the wild British White cattle. 
In Bolivian Creole cattle breeds, in the Cre¬ 
ole-like cattle, the average frequency was 
10.42% with a variation from 0% to 28.2%. 
In contrast, Yacumeno and Creole-type 
cattle did not show the centric fusion. The 
highly significant differences between Creole 
cattle breeds in relation to the 1/29 transloca¬ 
tion could be the consequence of factors 
such as founder group, genetic drift, and 
selection. The low frequency observed in the 
Saavendreno Creole dairy cattle might be 
caused by breeding under a more intensive 
system and selection according to milk yield 
and fertility traits. The frequency of affected 
animals in a breed may vary between 1% and 
20%. Karyotyping and culling of abnormal 
bulls in most artificial breeding centers has 
reduced the impact of the defect. 

Translocations 1/21, 2/4, 14/20, and 
13/2 have also been identified in bulls, the 
1/21 in Holstein Friesian cattle, and the latter 
two seem to be widespread in Simmental 
cattle. None of them has been linked with a 
disease, but it is becoming accepted practice 
not to use such animals for artificial insemi¬ 
nation and in some countries to refuse their 
importation. 

A cytogenetic survey of Holstein bulls at 
a commercial artificial insemination unit 
to determine the prevalence of bulls with 
centric fusion and chimeric anomalies found 
that chimeric fusion is extremely rare in 
Holstein bloodlines available by artificial 
insemination in the United States. However, 
chimeric bulls are more common and report¬ 
edly have decreased reproductive perfor¬ 
mance. Because of the possibility of de novo 
onset of chimeric fusion at any time, early 
cytogenetic screening should be encouraged 
for prospective bulls intended for artificial 
insemination programs. 

Translocation 27/29 is suspected of 
being associated with reduced fertility in 
Guernsey cattle. These and other abnormali¬ 
ties of chromosomal structure were detected 


in an examination of a large number of infer¬ 
tile dairy heifers. 

REFERENCES 

1. Ducos A, et al. Cytogenet Genome Res. 2008; 120:26. 

2. DeLoreni L, et al. / Anim Breed Genet. 2012;129:409. 


INHERITED PROLONGED 
GESTATION 

(ADENOHYPOPHYSEAL 

HYPOPLASIA) 

Prolonged gestation occurs in cattle and 
sheep in several forms and is usually, 
although not always, inherited. 1 

The forms of the disease are prolonged 
gestation with fetal gigantism or prolonged 
gestation with deformed or normal or small 
size fetuses. Differential diagnoses include: 
mistaken breeding date, intrauterine death 
and fetal mummification, and pituitary 
abnormalities in the fetus caused by 
infection by BVD virus, Akabane virus or 
bluetongue virus, ingestion of Veratrum cali- 
fornicum, and genetic abnormalities. 1 

The disease is caused by lack of a func¬ 
tioning fetal hypothalamic-pituitary axis and 
consequent inability of the fetus to initiate 
parturition. The result is prolonged gestation 
and continued growth of the fetus. The hypo¬ 
thalamic-pituitary axis is also critical for sur¬ 
vival of the newborn and affected animals are 
not viable. 

PROLONGED GESTATION WITH 
FETAL GIGANTISM 

The inherited disease is recorded in Hol¬ 
stein, 2 Ayrshire, and Swedish cattle with pro¬ 
longation of pregnancy from 3 weeks to 5 
months. The cows may show marked abdom¬ 
inal distension, but in most cases the abdo¬ 
mens are smaller than one would expect. 
Parturition, when it commences, is without 
preparation. Udder enlargement, relaxation 
of the pelvic ligaments, and loosening and 
swelling of the vulva do not occur, and there 
is also poor relaxation of the cervix and a 
deficiency of cervical mucus. Dystocia is 
usual and cesarean section is advisable in 
Holstein cattle, but the Ayrshire calves have 
all been reported as having been born 
without assistance. The calves are very large 
(48 to 80 kg BW) and show other evidence 
of postterm growth, with a luxuriant hair 
coat and large, well-erupted teeth that are 
loose in their alveoli, but the birthweight is 
not directly related to the length of the gesta¬ 
tion period. 

The calves exhibit a labored respiration 
with diaphragmatic movements more 
evident than movements of the chest wall. 
They invariably die within a few hours in a 
hypoglycemic coma. At necropsy there is 
adenohypophyseal hypoplasia and hypopla¬ 
sia of the adrenal cortex and the thyroid 
gland. The progesterone level in the 
peripheral blood of cows bearing affected 
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calves does not fall before term as it does in 
normal cows. 

PROLONGED GESTATION WITH 
CRANIOFACIAL DEFORMITY 

This form of the disease has been observed 
in Guernsey, Jersey, and Ayrshire cattle. It 
differs from the previous form in that the 
fetuses are dead on delivery, show gross 
deformity of the head, and are smaller than 
the normal calves of these breeds born at 
term. In Guernsey cattle the defect has been 
shown to be inherited as a single recessive 
character, and it is probable that the same is 
true in Jersey cattle. The gestation period 
varies widely with a mean of 401 days. 

Clinical examination of the dams carry¬ 
ing defective calves suggests that no develop¬ 
ment of the calf or placenta occurs after the 
seventh month of pregnancy. Death of the 
fetus is followed in 1 to 2 weeks by parturi¬ 
tion unaccompanied by relaxation of the 
pelvic ligaments or vulva or by external signs 
of labor. The calf can usually be removed by 
forced traction because of its small size. 
Mammary gland enlargement does not 
occur until after parturition. 

The calves are small and suffer varying 
degrees of hypotrichosis. There is hydro¬ 
cephalus and in some cases distension of 
the gut and abdomen caused by atresia of the 
jejunum. The bones are immature and the 
limbs are short. Abnormalities of the face 
include cyclopian eyes, microphthalmia, 
absence of the maxilla, and the presence of 
only one nostril. At necropsy there is partial 
or complete aplasia of the adenohypophysis. 
The neural stalk is present and extends to 
below the diaphragm sellae. Brain abnor¬ 
malities vary from fusion of the cerebral 
hemispheres to moderate hydrocephalus. 
The other endocrine glands are also small 
and hypoplastic. 

The disease has been produced experi¬ 
mentally in ewes by severe ablation of the 


pituitary gland, or destruction of the hypo¬ 
thalamus, or section of the pituitary stalk in 
the fetus and by adrenalectomy of the lamb 
or kid. Infusion of adrenocorticotropic 
hormone into ewes with prolonged gestation 
caused by pituitary damage produces partu¬ 
rition but not if the ewes have been adrenal- 
ectomized beforehand. 

PROLONGED GESTATION WITH 
ARTHROGRYPOSIS 

A form of prolonged gestation, which occurs 
in Hereford cattle and is thought to be inher¬ 
ited, is accompanied by arthrogryposis, sco¬ 
liosis, torticollis, kyphosis, and cleft palate. 

Prolonged gestation is also reported in 
Belgium Blue cattle and appears to have a 
genetic component. Affected calves were not 
grossly abnormal. 1 
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INHERITED INGUINAL HERNIA 
AND CRYPTORCHIDISM 

Inguinal hernias and cryptorchidism in 
pigs have been considered to be inherited 
defects for many years, but the evidence 
is uncertain. 

INGUINAL HERNIAS 

Inguinal hernias of pigs have been shown to 
be inherited in some breeds (e.g., Duroc and 
Landrace), but not in others (e.g., York¬ 
shires). The genetic basis has been investi¬ 
gated in Large White pigs and Landrace pigs 
and the candidate genes narrowed to a region 
on SSC13 (Sus scrofa chromosome) between 
34 and 37 Mb. 1 In Pietrain pigs, genes 
involved in collagen metabolism (homeobox 
A10 [HOXAIO] and matrix metalloprotein- 
ases 2 [MMP2]) and one gene encoding 
zinc finger protein multitype 2 (ZFPM2; 


important in the development of diaphrag¬ 
matic hernia) were significantly associated 
with hernias. 2 

Cryptorchidism 

Evidence suggesting the inheritance of 
cryptorchidism in swine, sheep, horses, and 
Hereford cattle and hermaphroditism in 
swine is also available. 

Cryptorchidism is a common congenital 
anomaly in pigs, and a genome-wide associa¬ 
tion study of Large White and Landrace pigs 
localizes the associated gene or genes to can¬ 
didate genes to SSC8 (Sus scrofa chromo¬ 
some) between 65 and 73 Mb. 1 

Cryptorchidism is common in equids, 
and there is concern that it might be 
hereditary. 3 Unilateral cryptorchidism is 
overrepresented in Percherons, American 
Saddle Horses, and American Quarter Horses 
among hospital admissions for cryptorchid 
castration and has an incidence of 15% 
among Friesian colt foals. 4 Approximately 9% 
of the -600 Icelandic Horse yearling stallions 
did not have both testes in the scrotum. 3 The 
likelihood of cryptorchidism in yearlings was 
significantly influenced by farm and time 
period of birth. Heritability estimates for 
cryptorchidism ranged from 0.12 to 0.32 
(standard error [SE] 0.08-0.12) on the 
observable scale, and from 0.35 to 0.96 (SE 
0.24-0.40) when transformed to the underly¬ 
ing continuous scale. 3 Cryptorchidism in 
horses appears to be inherited with a poly¬ 
genic pattern of transmission, although anal¬ 
ysis of microsatellite markers of 24 affected 
horses did not reveal significant associations 
with allelic or genotypic frequencies. 6 
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Introduction 

This chapter considers the principles of the 
diseases that occur during the first month of 
life in animals born alive at term. Diseases 
causing abortion and stillbirth are not 
included. The specific diseases discussed 
are presented separately under their own 
headings. 

The inclusion of a chapter on diseases of 
the newborn, and at this point in the book, 
needs explanation. The need for the chapter 
arises out of the special sensitivities that 
newborns have: 

• Their immunologic incompetence 

• Their dependence on adequate 
colostrum containing adequate 
antibodies at the right time 

• Their dependence on frequent intake of 
readily available carbohydrate to 
maintain energy 

• Their relative inefficiency in maintaining 
normal body temperature, upward or 
downward 

All of these points require emphasis before 
proceeding to the study of each of the body 
systems. 

There are no particular aspects of a 
clinical examination that pertain only to or 
mostly to neonates. The same clinical exami¬ 
nation as is applied to adults is used, with 
additional, careful examination for congeni¬ 
tal defects and diseases, which may involve 
the umbilicus, the liver, the heart valves, the 
joints and tendon sheaths, the eyes, and the 


meninges, and for birth-related trauma (e.g., 
rib fracture, joint luxation, distal limb 
fracture). 

Because there is a much greater suscepti¬ 
bility to infectious disease, dehydration, 
and death, diagnosis and treatment must be 
reasonably accurate and rapid. Supportive 
therapy in the form of fluids, electrolytes and 
energy, and nursing care are especially 
important in the newborn to maintain 
homeostasis. 


Perinatal and 
Postnatal Diseases 

One of the difficulties in the study of perina¬ 
tal and postnatal diseases is the variation in 
the type of age classification that occurs 
between publications, which makes it diffi¬ 
cult to compare results and assessments. The 
term perinatal is usually used to describe 
morbidity or mortality that occurs at birth 
and in the first 24 hours of life. The term 
neonatal is usually used to describe morbid¬ 
ity or mortality between birth and 14 days. 
However, there is variation in the use of these 
terms. To ensure that our meanings are clear, 
we set out in the following section what we 
think is the most satisfactory classification of 
all the diseases of the fetus and the newborn, 
which is adapted from a scheme proposed 
for lambs. The importance of this type of 
classification is in the assessment of risk for 
a given type of disease and in the prediction 
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Equine Neonatal Maladjustment 
Syndrome (Neonatal Encephalopathy, 
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of likely causes that should be investigated by 
further examinations. This approach is not 
of major importance in the assessment of 
disease in an individual animal, although it 
is of importance in helping establish the 
priority in diagnostic rule-outs. The classifi¬ 
cation is, however, of considerable value in 
the approach to perinatal morbidity and 
mortality in large flocks or herds, where an 
assessment of the age occurrence of mor¬ 
bidity and mortality can guide subsequent 
examinations to the probable group of cases, 
with optimal expenditure of investigative 
capital. 

GENERAL CLASSIFICATION 

FETAL DISEASES 

Fetal diseases are diseases of the fetus during 
intrauterine life, for example, prolonged ges¬ 
tation, intrauterine infections, abortion, fetal 
death with resorption or mummification, 
and goiter. 

PARTURIENT DISEASES 

Parturient diseases are diseases associated 
with dystocia, causing cerebral anoxia or 
fetal hypoxemia, and their consequences 
and predispositions to other diseases; 
injury to the skeleton or soft tissues and 
maladjustment syndrome of foals are also 
included here. 

POSTNATAL DISEASES 

Postnatal diseases are divided into early, 
delayed, and late types: 
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• Early postnatal disease (within 48 
hours of birth). Deaths that occur 
during this period are unlikely to be 
caused by an infectious disease unless it 
has been acquired congenitally. Most 
diseases occurring in this period are 
noninfectious and metabolic (e.g., 
hypoglycemia and hypothermia as a 
result of poor mothering, hypothermia 
as a result of exposure to cold, low vigor 
in neonates as a result of malnutrition). 
Congenital disease will commonly 
manifest during this period but may 
sometimes manifest later. Infectious 
diseases are often initiated during this 
period, but most manifest clinically at a 
later age because of their incubation 
period; some (e.g., navel infection, 
septicemic disease, and enterotoxigenic 
colibacillosis) have a short enough 
incubation to occur during this period. 

• Delayed postnatal disease (2 to 7 days 
of age). Included in this category are 
desertion by the mother, mammary 
incompetence resulting in starvation, 
and diseases associated with increased 
susceptibility to infection as a result of 
failure in the transfer of colostral 
immunoglobulins (the predisposing 
causes to these occur in the first 12 to 
24 hours of life). Examples include 
colibacillosis, joint ill, lamb dysentery, 
septicemic disease, and most of the viral 
enteric infections in young animals (e.g., 
rotavirus and coronavirus). 

• Late postnatal disease (1 to 4 weeks of 
age). There is still some influence of 
hypogammaglobulinemia, with 
late-onset enteric diseases and the 
development and severity of respiratory 
disease in this period, but other diseases 
not directly associated with failure of 
transfer of immunoglobulins, such as 
cryptosporidiosis, white muscle disease, 
and enterotoxemia, start to become 
important. 

PERINATAL DISEASE—GENERAL 
EPIDEMIOLOGY 

Diseases of the newborn and neonatal mor¬ 
tality are a major cause of economic loss in 
livestock production. In cattle, sheep, and 
pigs, the national average perinatal mortali¬ 
ties exceed by far the perinatal mortality 
experienced in herds and flocks with good 
management. In these species the identifica¬ 
tion of the management deficiencies that are 
the cause of a higher-than-acceptable mor¬ 
tality in a herd or a flock is a most important 
long-term responsibility of the practicing 
veterinarian and, in most instances, is more 
important than the identification of the 
causal agent or the short-term treatment of 
individual animals with neonatal disease. 
In contrast, in horses, the individual is of 
extreme importance, and the primary thrust 
is in the treatment of neonatal disease. 
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All animals must be born close to term if 
they are to survive in a normal farm environ¬ 
ment. Minimal gestational ages for viability 
(in days) for each of the species are as follows: 
. Calf—240 

• Foal—311 

• Lamb—138 

• Piglet—108 

• Cria—295 

LAMBS 

Mortality Rates 

Neonatal lamb mortality is one of the major 
factors in impairment of productivity in 
sheep-raising enterprises around the world, 
and nearly half of all pre weaning lamb deaths 
occur on the day of birth. 1 Mortality can 
obviously vary with the management system 
(intensive versus extensive lambing, highly 
supervised versus minimally supervised, 
variations in the provision of shelter, etc.) 
and according to whether there is a particu¬ 
lar disease problem in a given flock. 
Nonselective mortality surveys have shown 
population mortality rates in lambs, from 
birth to weaning, that vary from 10% to 30%, 
and there are flocks that may exceed this 
upper figure in the face of a major problem. 
In well-managed flocks, neonatal mortality is 
less than 10% and in some is below 5%. 

Major Causes 

The major cause of neonatal mortality in 
lambs is noninfectious disease. Many studies 
have explored the causes for neonatal lamb 
mortality, which are broadly categorized as 
follows: 2 

• Death related to birth process 

• Failure of neonatal adaptation to 
postnatal life 

• Infectious disease 

• Functional disorders 

• Predation 

Fetal Disease 

Infectious abortion can cause considerable 
fetal, parturient, and postnatal mortality in 
infected flocks, but it is a relatively minor 
cause of perinatal mortality overall. In con¬ 
trast to other large animal species, abortion 
storms in sheep are often accompanied by 
significant mortality in liveborn animals. 
Many agents associated with abortion in 
ewes produce placentitis and cause abortion 
in late pregnancy. This frequently results in 
the birth of liveborn growth-retarded and 
weak lambs that die during the first few days 
of life. Any investigation of perinatal mortal¬ 
ity in sheep should also consider the pres¬ 
ence of agents causing abortion, although 
abortion and the birth of dead lambs is 
always prominent in abortion outbreaks. 

Parturient Disease 

Stillbirth occurs largely as a result of pro¬ 
longed birth and fetal hypoxemia. Prolonged 
birth and dystocia are particular problems in 
large single lambs. Higher rates of stillbirth 


can also occur in flocks that are in poor con¬ 
dition. Prolonged birth is a major risk factor 
for subsequent postnatal disease. 

Postnatal Disease 

Starvation and hypothermia are common 
causes of death of neonatal lambs that can 
result from decreased vigor, pain or trauma 
after a difficult delivery, failure to adapt to 
postnatal life, or infectious disease. A number 
of studies have consistently identified low 
birth weight as the single most important 
factor associated with lamb mortality. 1,2 
Other common factors associated with the 
mortality rates of neonatal lambs are litter 
size (which cannot entirely be attributed to 
lower birth weight of twins), lamb sex (with 
males having higher mortality than females), 
and lamb behavior. 1 Management practices 
that have been found to reduce lamb mortal¬ 
ity include winter feeding of pregnant ewes 
and housing at lambing. 2 

Birth Weight 

Birth weight is determined by the nutrition 
and genetics of the ewe and by litter size, 
which is also determined by the parity and 
genetics of the ewe. Reflecting these influ¬ 
ences, most surveys of neonatal mortality in 
lambs show the following characteristics: 

• A significant association between the 
body condition score or nutrition of 
the late pregnant ewe and perinatal 
mortality 

• A relation between birth weight and 
mortality (depending on the breed, a 
birth weight of less than 2.5 to 3.0 kg 
has increased risk for death) 

• A higher mortality in lambs from 
primiparous ewes 1 

• A pronounced effect of litter size, with 
mortality in lambs born as triplets being 
higher than in those born as twins, 
which in turn is higher than that in 
lambs born as singles 

Lambs with low birth weight are born 
with fewer body reserves, are less vigorous at 
birth, and take longer to stand (and thus to 
reach the teat and ingest colostrum). They 
are also more susceptible to hypothermia 
because of higher body surface relative to 
body mass, lower body fat content, and lower 
thermogenic capacity as a result of lower 
muscle mass. 

The association between birth weight and 
lamb mortality has a U-shaped pattern, with 
the lowest mortality rates with normal birth 
weight and increasing mortality rates with 
both decreasing and increasing birth weight. 
An increase in mortality in large-birth- 
weight lambs born as singles has been associ¬ 
ated with increased risk for dystocia. 

Environmental Factors 

Environmental factors of temperature, 
wetness, and wind can greatly affect lamb 
mortality rates; their influence varies accord¬ 
ing to the management system. 






1832 


Chapter 19 ■ Perinatal Diseases 


The identification of the determinants of 
mortality just described is of more than aca¬ 
demic value because almost all can be modu¬ 
lated by the identification of at-risk groups 
and the adjustment of management proce¬ 
dures or by the identification and mitigation 
of adverse environmental factors. 

Infectious Disease 

Infectious disease can be important in some 
flocks but commonly contributes to lamb 
mortality from 2 days of age on. The major 
infectious diseases of lambs that cause mor¬ 
tality are enteritis and pneumonia. Their 
prevalence varies with the management 
system—enteric disease and liver abscess are 
more common in shed lambing systems than 
with lambing at pasture. Risk for pneumonia 
is greatest in very light or heavy lambs and 
in lambs from maiden ewes and ewes with 
poor milk production. 

Other Factors 

Other factors can be important in individual 
flocks or regions. Lambs found dead or 
missing may account for significant losses in 
some conditions, such as mountain or hill 
pastures. Predation, or predation injury, is 
an important cause of loss in some areas of 
the world and, depending on the region, can 
occur from domestic dogs, coyotes, birds, or 
feral pigs. Poor mothering and an inability 
of the ewe to gather and bond to both lambs 
in the case of twins can be a problem in 
Merinos and can cause permanent separa¬ 
tion of lambs from the ewe and subsequent 
death from starvation. 

Management at lambing can also influ¬ 
ence the patterns of mortality. Intensive 
stocking at the time of lambing allows 
increased periparturient supervision and 
tends to reduce the incidence of stillbirths 
and lamb mortality related to parturition. It 
can furthermore ensure the early feeding of 
colostrum to weak lambs. On the other hand, 
it can result in a greater occurrence of mis- 
mothering associated with the activities of 
“robber” ewes and may increase lamb mor¬ 
tality related to infectious disease. 3 Mortality 
rates can differ between breeds, and lambs 
from crossbred dams may have higher sur¬ 
vival rates. 

Recording Systems 

Simple systems for recording, determining, 
and evaluating the major causes of lamb 
mortality in a flock, for determining the 
time of death in relation to birth, and for 
relating the deaths to the weather and man¬ 
agement system are available. These systems 
of examination are effective in revealing the 
extent of lamb losses and the areas of 
management that require improvement, and 
they are much more cost-effective than 
extensive laboratory examinations, which 
may give little information on the basic 
cause of the mortality. More intensive exam¬ 
ination systems that combine these simple 


examinations with selected biochemical 
indicators of determinant factors are also 
available. 

DAIRY CALVES 
Mortality Rates 

Mortality rates of neonatal calves reported in 
the literature are often subdivided into peri¬ 
natal mortality, which frequently—but not 
consistently—includes stillborn calves, and 
postnatal mortality, which in most cases 
includes calf mortalities occurring from 48 
or 72 h onward to several months of age. 
Comparing numbers from different studies 
is difficult not only because of different defi¬ 
nitions of the perinatal and postnatal periods, 
but also because some studies include all 
births, whereas others only include births of 
heifer calves. 

Perinatal Mortality Rates 

Perinatal mortality rates for dairy calves 
reported from countries with a developed 
dairy industry range from 2% to 10%, with a 
consistently increasing trend over the past 
decades. 4,5 The majority of perinatal deaths, 
approximately 75%, are considered to occur 
in the first hour of life, with the remainder 
occurring either before parturition (approxi¬ 
mately 10%) or between 1 and 72 h after 
birth (approximately 15%). 4 Mortality rates 
in dairy calves in the first 24 h of life are 
between 6.5% and 9.7%. 6 ' 7 

Neonatal Mortality Rates 

Studies reporting neonatal mortality rates in 
calves, defined as mortality from day 3 of 
life on, are difficult to compare because dif¬ 
ferent time ranges are considered, and some 
studies include all calves, whereas others 
only include heifer calves. In a recent U.S. 
study including 1138 births, a mortality rate 
of 4.6% for the period until 135 days of life 
was reported; a French study based on 
over 3 million calvings determined a mean 
mortality rate of 4.2% for the period between 
3 and 30 days for the years 2005/2006. 8 ' 9 
In general, mortality rates for the perinatal 
period (0 to 48 h) tend to be higher 
than mortality rates for neonatal calves 
(from 3 days on), which underscores 
how critical the perinatal period is for the 
newborn calf. 

Mortality rates for unweaned dairy 
heifers in the United States were surveyed 
repeatedly between 1996 and 2007 and were 
found to have declined from 10.8% in 1996 
to 7.8% in 2007. 10 

Fetal Disease/Abortion 

Abortion is a term generally used to describe 
the expulsion of a dead fetus from 45 to 
265 days of gestation. A large dairy survey 
conducted in the United States in 2007 
estimated that approximately 4.5% of all 
pregnant dairy heifers and cows had aborted 
in 2006. 1 ’ The majority of these have no 
diagnosed cause. 


Major Causes 
Perinatal Mortality 

The exact cause of death in the perinatal 
period, which often includes stillborn and 
weakborn calves, frequently remains unde¬ 
termined. Epidemiologic studies investigat¬ 
ing the risk factors for perinatal mortality in 
dairy calves have identified a number of 
genetic and nongenetic factors that are con¬ 
sistently associated with perinatal mortal- 
ity4„,",i2 p)y S t oc i a has consistently been 
identified as the single most important factor 
associated with perinatal mortality. Reported 
odds ratios (ORs) vary widely (2.7 to 14.6), 
but suggest that calves requiring assisted 
delivery have a 2.7 to 14.6 higher risk of 
death in the perinatal period than spontane¬ 
ously born calves. 4 Other factors contribut¬ 
ing to perinatal mortality include lactation 
number (calves born from heifers being 
more likely to die in the first hours of life 
than calves from multiparous cows), birth 
weight (calves with a birth weight of less 
than 20 kg and over 60 kg being at increased 
risk),' and days of gestation (calves born 
before 272 days of gestation being 6.7 times 
more likely to die than calves born between 
272 and 302 days of gestation). The OR for 
the death of a twin calf in the perinatal 
period was estimated at 13.4 times greater 
compared with singleton calves. 4 

Calving-associated anoxia may be an 
important contributing factor in these 
deaths. 

Postnatal Mortality 

Mortalities of neonatal dairy calves in the 
first days and weeks of life are attributable in 
large part to diarrheal disease. In a large 
survey conducted in the United States in 
2007, diarrhea was by far the most common 
cause of death in unweaned dairy heifers, 
accounting for 56.5% of all deaths in that age 
category. 13 Other causes included respiratory 
problems (22.5%), undetermined causes 
(7.8%), lameness or injury (1.7%), and navel 
or joint infections (1.6%). 13 

Postnatal Disease 

Calves are at highest risk for death in the 
first 2 weeks of life and especially in the first 
week. Septicemic and enteric diseases are 
most common during this period, with 
respiratory disease being more common 
after 2 weeks of age. Failure of transfer of 
passive immunity is a major determinant 
of this mortality. 14 The economic signifi¬ 
cance of neonatal disease can be consider¬ 
able, and the occurrence of disease as a calf 
can also subsequently affect days-to-first- 
calving intervals and long-time survival in 
the herd. Death also causes a loss of genetic 
potential, both from the loss of the calf and 
the reluctance of the farmer to invest in 
higher-priced semen in the face of a calf 
mortality problem. 

Meteorologic or seasonal influences may 
have an effect on dairy calf mortality rate, 
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and this can vary with the region. 4,7 In cold 
climates during the winter months, an 
increase in mortality may be associated with 
the effects of cold, wet, and windy weather, 
whereas in hot climates there may be an 
increase in mortality during the summer 
months in association with heat stress. 

Management 

Management is a major influence, and in 
well-managed dairy herds, calf mortality 
usually does not exceed 5% from birth to 30 
days of age. Risk factors for disease morbid¬ 
ity and mortality in dairy calves relate to the 
infection pressure to the calf and factors 
that affect its nonspecific and specific resis¬ 
tance to disease. It is generally recognized 
that mortality is associated with the type of 
housing for calves, calving facilities, the 
person caring for the calves, and attendance 
at calving. 4 Thus calves that are born in sepa¬ 
rate calving pens have a lower risk of disease 
than those born in loose housing or stan¬ 
chion areas, and the value of good colostrum 
feeding practices is apparent. Studies on the 
role of calf housing and the value of segre¬ 
gated rearing of calves in reducing infection 
pressure generally show beneficial health 
results. 

The quality of management will be 
reflected in rates of failure of transfer of 
passive immunity and will also affect the 
infection pressure on the calf during the neo¬ 
natal period. Quality of management is very 
hard to measure but is easily recognized by 
veterinary practitioners. 

The epidemiologic observations that calf 
mortality is lower when females or family 
members of the ownership of the farm 
manage the calves, rather than when males 
or employees perform these duties, is prob¬ 
ably a reflection of this variation in quality 
of management and suggests that owner 
managers and family members may be suf¬ 
ficiently motivated to provide the care neces¬ 
sary to ensure a high survival rate in calves. 
Even so, calf health can be excellent with 
some hired calf-rearers and very poor with 
some owner calf-rearers. 

BEEF CALVES 
Mortality Rates 

Mortality in beef herds is usually recorded 
during the period from birth to weaning and 
has ranged from 3% to 7% in surveys, with 
higher rates in calves born to heifers; sig¬ 
nificantly higher mortality can occur in 
herds with disease problems. In a survey 
conducted in the United States in 2007, a 
perinatal mortality rate (including still¬ 
births) of 2.9% and a postnatal mortality 
rate (for the period from birth to weaning) 
of 3.5% was determined. 17 The majority 
of this mortality occurs within the first 
week of life, and most of it occurs in the 
parturient or immediate postnatal period 
as a result of prolonged birth or its 
consequences. 


Major Causes 

Dystocia resulting in death is common, and 
dystocial calves, twin-born calves, and calves 
born to heifers are at greater risk for post¬ 
natal disease. Enteric and respiratory dis¬ 
eases occur in outbreaks in some years, and 
very cold weather can result in high loss 
from hypothermia. In a 2007 survey con¬ 
ducted in the United States, beef calf mortal¬ 
ity before weaning was found to be 
attributable to birth-related problems in 
25.7%, to weather-related causes in 25.6%, 
to undetermined causes in 18.6%, to diges¬ 
tive tract problems (including diarrhea) in 
14.0%, and to respiratory tract problems in 
8.2% of all deaths. 15 Diarrhea and other 
infectious diseases become the most impor¬ 
tant cause of death in calves from their third 
day of life on. 

Fetal Disease 

Abortion rates appear to be lower than in 
dairy cattle, usually less than 1%. The major¬ 
ity of these are not diagnosed as to cause, but 
of those that are, infectious abortion is the 
most common diagnosis. 

Parturient Disease 

Accurate prospective and retrospective 
studies have shown that 50% to 60% of the 
parturient deaths in beef calves are associ¬ 
ated with slow or difficult birth and that the 
mortality rate is much higher in calves born 
to heifers than from mature cows. Dystocial 
birth can lead to injury of the fetus and to 
hypoxemia and may not necessarily be asso¬ 
ciated with fetal malposition. Birth size is 
highly heritable within all breed types of 
cattle, and perinatal mortality will vary 
between herds depending on their use of 
bulls with high ease-of-calving ratings in the 
breeding of the heifer herd. Milk fever 
and overfatness at calving are other prevent¬ 
able causes of mortality. Selective intensive 
supervision of calving of the heifer herd can 
also result in a reduction of perinatal 
mortality. 

Postnatal Disease 

Scours and pneumonia are the next most 
important causes of mortality in beef calves, 
followed by exposure to extremely cold 
weather or being dropped at birth into deep 
snow or a gully. 1 ' The incidence of diarrhea 
is greatest in the first 2 weeks of life, and 
there is considerable variation in incidence 
between herds. However, explosive out¬ 
breaks of diarrhea or exposure chilling can 
be significant causes of mortality in certain 
years. The purchase of a calf for grafting, 
often from a market, is a significant risk for 
introduction of disease to a herd. 

The body-condition score of the dam 
can influence calf mortality; dams with high 
condition scores have a higher risk for dys¬ 
tocial mortality, and those with low scores 
have a higher risk for infectious disease. 
Mortality from diarrhea is often higher in 


calves born to heifers, possibly because 
heifers are more closely congregated for 
calving supervision or because of a higher 
risk for failure of transfer of passive immu¬ 
nity in this age group. Congenital abnormali¬ 
ties can be an occasional cause of mortality 
in some herds. 

PIGLETS 
Mortality Rates 

Preweaning mortality rates in commercial 
pig farms reported from different parts of the 
world range between 11% and 20%, with 
more than 30% of the mortality occurring in 
the first 24 hours and more than 50% in the 
first 4 days of life. 1618 Mortality increases as 
the mean litter size increases and as the mean 
birth weight of the piglets decreases. In 
most herd environments, the minimal viable 
weight is approximately 1 kg. The mean 
number of piglets weaned is related to the 
size of the litter up to an original size of 14 
and increases with parity of sows up to their 
fifth farrowing. Preweaning mortality is neg¬ 
atively correlated with herd size and farrow¬ 
ing crate utilization, and it is positively 
correlated with the number of farrowing 
crates per room. The use of farrowing crates 
was found to reduce neonatal mortality by 
50% in some studies, mainly as a result of 
decreased frequency of crushing of piglets by 
the sow. 

Major Causes 

Surveys of neonatal mortality in piglets have 
repeatedly indicated that the most important 
causes of death in piglets from birth to 
weaning are noninfectious in origin. 16,17,19 
The major causes are starvation and crush¬ 
ing (75% to 80%; although these may be sec¬ 
ondary to, and the result of, hypothermia), 
congenital abnormalities (5%), and infec¬ 
tious disease (6%). The major congenital 
abnormalities are congenital splayleg, atresia 
ani, and cardiac abnormalities. Infectious 
diseases may be important on certain indi¬ 
vidual farms but do not account for a major 
cause of mortality. 

Fetal Disease 

Fetal disease rates in most herds are low 
unless there is an abortion storm or poor 
control of endemic infections such as parvo¬ 
virus. In contrast to other species, the major¬ 
ity of abortions are diagnosed and are 
infectious. 

Parturient Disease 

Stillbirths account for 4% to 8% of all deaths 
of piglets born, and 70% to 90% are type II 
or intraparturient deaths, in which the piglet 
was alive at the beginning of parturition. 16 
The viability of newborn piglets can be accu¬ 
rately evaluated immediately after birth by 
scoring skin color, respiration, heart rate, 
muscle tone, and ability to stand. Stillbirths 
are more commonly born in the later birth 
orders of large litters, and it is a relatively 
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common practice for sows to be routinely 
given oxytocin at the time of the birth of the 
first piglet to shorten parturition. Controlled 
trials have shown that although oxytocin 
administration at this time will result in a 
significant decrease in farrowing time and 
expulsion intervals, there is a significant 
increase in fetal distress, fetal anoxia, and 
intrapartum death and an increase in piglets 
born alive with ruptured umbilical cords and 
meconium staining. 

Postnatal Disease 

The large percentage of mortality caused by 
crushing and trampling likely includes 
piglets that were starved and weak and thus 
highly susceptible to being crushed. The 
estimated contribution of crushing and 
starvation to neonatal mortality varies from 
19% to 58% of liveborn mortality. 16 The 
body-condition score of the sow at the time 
of farrowing, the nursing behavior of the 
sow, the sow’s ability to expose the teats to 
all piglets, and the sucking behavior of 
the piglets also have a marked effect on 
survival. 

Cold stress is also an important cause of 
loss, and the provision of a warm and com¬ 
fortable environment for the newborn piglet 
in the first few days of life is critical. 1. 
The lower critical temperature of the single 
newborn piglet is 34° C (93° F). When 
the ambient temperature falls below 34° C 
(93°F), the piglet is subjected to cold 
stress and must mobilize glycogen reserves 
from the liver and muscles to maintain 
deep body temperature. The provision 
of heat lamps over the creep area and 
freedom from draughts are two major 
requirements. 

Management 

Minimizing the mortality rate of newborn 
piglets will depend on management tech¬ 
niques, which include the following: 

• Proper selection of the breeding stock 
for teat numbers, milk production, and 
mothering ability 

• The use of farrowing crates and creep 
escape areas to minimize crushing 
injuries 

• Surveillance at farrowing time to 
minimize the number of piglets 
suffering from hypoxia and dying at 
birth or a few days later 

• Batch farrowing, which allows for 
economical surveillance 

• Fostering to equalize litter size 

• Cross-fostering to equalize 
nonuniformity in birth weight within 
litters 

• Improvement in the thermal comfort of 
the piglets 

• Supplemental iron 

• Artificial rearing with milk substitutes 
containing purified porcine 
gammaglobulin to prevent enteric 
infection 


FOALS 

Mortality Rates 

Foals are usually well supervised and cared 
for as individual animals. Neonatal death is 
less frequent than in other species, but equiv¬ 
alent rates of morbidity and mortality occur 
on some farms. Infectious disease is impor¬ 
tant, along with structural and functional 
abnormalities that are undoubtedly better 
recognized and treated than in any of the 
other large animal species. In a large survey 
of thoroughbred mares in the United 
Kingdom, only 2% of newborn foals died, 
only 41% of twins survived, and 98% of 
singles survived. In contrast, a mortality rate 
of 22% between birth and 10 days was 
recorded in an extensively managed system. 
A recent retrospective study from Ireland 
determined a foal mortality rate of 5% during 
the first 12 months; 64.7% of deaths occurred 
during the first 30 days, and 82% of all deaths 
occurred within the first 6 months of life. 20 

Major Causes 
Fetal Disease 

Fetal disease is a major cause of loss; in one 
study, infections accounted for approxi¬ 
mately 30% of abortions. In a retrospective 
study of 1252 fetuses and neonatal foals sub¬ 
mitted for postmortem examination over a 
10-year period in the United Kingdom, 
equine herpes virus and placentitis accounted 
for 6.5% and 9.8% of the diagnoses, respec¬ 
tively. The placentitis occurred in late gesta¬ 
tion, was concentrated around the cervical 
pole and lower half of the allantochorion, 
and was associated with ascending chronic 
infections of bacteria or fungi resident in the 
lower genital tract. 

Parturient Disease 

Neonatal asphyxia, dystocia, umbilical cord 
abnormality, congenital abnormalities, and 
musculoskeletal trauma are important causes 
of foal mortality. A retrospective study from 
Ireland found that 45.5% of all deaths that 
occurred in the first 30 days of life were 
attributable to congenital abnormalities, 
18.2% to the perinatal asphyxia syndrome, 
and 18.2% to musculoskeletal trauma. 20 In a 
UK study, umbilical cord disorders accounted 
for 38.8% of the final diagnoses. Umbilical 
cord torsion usually resulted in death of the 
fetus in utero, but the long cord/cervical pole 
ischemia disorder resulted in intrapartum 
death and a fresh fetus with lesions consis¬ 
tent with acute hypoxia. 

Twins are at higher risk for spontaneous 
abortion. 

Postnatal Disease 

Postnatal disease causing mortality from 
birth to 2 months of age includes lack of 
maturity (36%), structural defect (23%), birth 
injury (5%), convulsive syndrome (5%), ali¬ 
mentary disorder (12%), generalized infec¬ 
tion (11%), and other (miscellaneous; 9%). 
Of the infectious diseases, gastrointestinal 


and septicemic diseases have the greatest 
importance. Whereas in the past many of 
these conditions would have been fatal, sig¬ 
nificant advances in the science of equine 
perinatology were made in the 1980s and 
1990s, and protocols for the treatment of neo¬ 
natal disease have been developed that are 
based on equivalents in human medicine. 
These have proved of value in the manage¬ 
ment and treatment of prematurity, immatu¬ 
rity, dysmaturity, and neonatal maladjustment 
syndromes in newborn foals and in enteric 
and septicemic diseases. Different levels of 
intensive care have been defined, starting 
from those that can be applied at the level of 
the farm and increasing in sophistication, 
required facilities, and instrumentation to 
those that are the province of a specialized 
referral hospital. Early follow-up studies indi¬ 
cate that this approach is of considerable 
value in foals with neonatal disease and that 
most surviving foals become useful athletic 
adults. 

NEW WORLD CAMELID CRIAS 
Mortality Rates 

Mortality of newborn llamas and alpacas is 
low compared with other production animal 
species, which in part because New World 
camelids (NWCs) are frequently kept as 
companion animals and receive better atten¬ 
tion and more intensive treatment in cases of 
disease. Preweaning mortality rates for llama 
and alpaca crias are in the range of 2% to 6%, 
with the great majority of deaths occurring 
in the first week of life. 21,22 

Major Causes 
Fetal Disease 

Abortion and fetal loss after 100 days of ges¬ 
tation have been estimated to occur in 5% of 
all pregnancies in NWCs. 23 Common nonin- 
fectious causes for abortion include stress 
(e.g., related to transport), nutritional defi¬ 
ciencies, and iatrogenic administration of 
PGF2a or glucocorticoids. Documented 
infectious causes for abortion include toxo¬ 
plasmosis, brucellosis, chlamydiosis, listerio¬ 
sis, leptospirosis, and neosporosis. 23 

Parturient Disease 

Perinatal mortality of crias is strongly associ¬ 
ated with the course of parturition and the 
age of the dam at birth. Dystocia and assisted 
birth clearly increase the risk for postnatal 
morbidity and perinatal and postnatal mor¬ 
tality in NWC crias, as in other species. 21 

Postnatal Disease 

The great majority of preweaning mortality 
occurs in the first week of life, and hypother¬ 
mia and starvation were determined to be 
the most common causes of death. Low birth 
weight was found to considerably increase 
the risk of perinatal death, as was young age 
of the dam. Primiparous dams 2 to 3 years 
old give birth to lighter calves than do older 
dams and are considered to produce less 





colostrum, and of inferior quality, than their 
multiparous herd mates. Small crias have 
more difficulties standing and getting suffi¬ 
cient amounts of colostrum and lose more 
body heat because of greater body surface 
relative to body mass, and thus they are at 
increased risk of starving to death or of 
developing perinatal or postnatal diseases. 21 
A difficult parturition negatively affects 
perinatal vitality and thereby considerably 
increases the risk for postnatal morbidity 
and mortality. 22 

FURTHER READING 

Dwyer CM. The welfare of neonatal lambs. Small Rumin 
Res. 2008;76:31-41. 

Mee JF, Berry DP, Cromie AR. Prevalence of, and risk 
factors associated with, perinatal calf mortality in 
pasture based Holstein-Friesian cows. Animal. 
2008;2:613-620. 
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PERINATAL DISEASE—SPECIAL 
INVESTIGATION OF ANY 
NEONATAL DEATHS (ILLNESS) 

The following protocol is a generic guide to 
the investigation of deaths of newborn 
animals. It will require modification accord¬ 
ing to the species involved. 

1. Determine the duration of pregnancy to 
ensure that the animals were born at 
term. 

2. Collect epidemiologic information on 
the problem. Where possible, the 
information should include the 
following: 
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• What is the abnormality? 

• What are the apparent age at onset 
and the age at death? 

• What clinical signs are consistently 
associated with the problem? 

• What is the prevalence and 
proportional risk in particular 
groups (maternal, paternal, 
nutritional, vaccinated, etc.)? 

• What is the parity of the dam that 
gave birth to the animal, and what 
proportional risk does this reflect 
within the group? 

• What is the birth history of affected 
animals? Are births supervised, and 
if so, what is the frequency of 
observation and what are the criteria 
for intervention? What is the 
proportional risk associated with 
prolonged birth? 

• Is there an effect of litter size, and 
what is the health of the other 
litter mates? 

• Was there any difference in 
management of the dams of the 
affected animals compared with the 
group as a whole? 

• What is the farm policy for feeding 
colostrum? 

• What were the environmental 
conditions during the past 48 hours? 
(In housed animals, the quality of 
the environment should be measured 
objectively.) 

3. Conduct a postmortem examination of 
all available dead neonates. The 
determination of body weight is 
essential, and measures of crown-rump 
length can also give an indication of 
gestational age. In order of precedence, 
the purpose of the postmortem 
examination is to determine: 

• The time of death in relation to 
parturition (e.g., fetal disease, 
parturient disease, early or delayed 
postnatal death). This can be 
determined from the state of the 
lungs, the nature of the severed end 
of the umbilical artery and the 
presence of a clot, the state of the 
brown-fat deposits, whether the 
animal has walked, and whether it 
has suckled before death. 

• The possibility that animals born 
alive have died because of cold stress, 
hypoglycemia, and starvation. An 
indication can be obtained from an 
examination of the brown-fat 
reserves and observation of the 
presence or absence of milk in the 
gastrointestinal tract and fat in the 
intestinal lymphatics. The presence 
of subcutaneous edema in the hind 
limbs is also relevant. 

• The possible presence of birth injury 
or trauma. In addition to 
examination of the ribs and liver for 
trauma and the presenting areas for 


subcutaneous edema, the brain 
should be examined for evidence of 
hemorrhage. 

• The presence of infectious disease. If 
necessary, samples can be submitted 
for examination. 

• The presence of congenital disease 

4. If abortion is suspected, specimens of 
fetal tissues and the placenta are sent for 
laboratory examination. Examinations 
requested are pathologic and 
microbiological for known pathogens 
for the species of animal under 
consideration. 

5. A serum sample should be collected 
from the dam for serologic evidence of 
teratogenic pathogens, followed by 
another sample 2 weeks later. Samples 
from unaffected dams should also be 
submitted. A precolostral serum sample 
from affected animals may assist in the 
diagnosis of intrauterine fetal infections. 

6. Investigate management practices 
operating at the time, with special 
attention to clemency of weather, feed 
supply, maternalism of dam, and 
surveillance by the owner—all factors 
that could influence the survival rate. 
Where possible, this should be 
performed using objective 
measurements. For example, in 
calf-rearing establishments, the efficacy 
of transfer of colostral immunoglobulins 
should be established by the bleeding of 
a proportion of calves and actual 
measurement, food intake should be 
established by actual measurement, and 
so forth. 
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Perinatal Disease— 
Congenital Defects 


SYNOPSIS 


Etiology Genetic, infectious, toxic, and 
physical causes are recognized for some 
defects, but the etiology of most is not 
known. 


Continued 
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Epidemiology Low but significant incidence 
in all animals; epidemiology depends on 
cause. 

Clinical findings Congenital defects can be 
structural or functional; clinical signs 
depend on organ system(s) affected. 

Clinical pathology Specific serologic and 
biochemical tests can be used in the 
diagnosis and control of some congenital 
disease and, if available, are detailed under 
specific disease headings. 

Necropsy findings Specific to the particular 
problem. 

Diagnostic confirmation Abnormalities of 
structure or function that are present at 
birth are obviously congenital defects; they 
may or may not be inherited, and inherited 
defects may or may not be manifest at 
birth; genome analysis for inherited 
defects. 

Control Avoidance of exposure to teratogenic 
agents; vaccination for some teratogenic 
infections; identification of carriers for 
genetic defects. 


ETIOLOGY 

Congenital disease can result from defective 
genetics or from an insult or agent associated 
with the fetal environment. A neonate with 
a congenital defect is an adapted survivor 
from a disruptive event of a genetic or 
environmental nature or of a genetic- 
environmental interaction at one or more of 
the stages in the sequences of embryonic and 
fetal development. 

Genetic abnormalities may result in a 
wide spectrum of disorders that can vary 
from severe morphologic malformations 
to the presence of inborn errors of meta¬ 
bolism in animals that may be born appar¬ 
ently normal and develop disease later 
in life. 

Susceptibility to injurious environmen¬ 
tal agents depends on the nature and the 
severity (dose size and duration of applica¬ 
tion) of the insult and decreases with fetal 
age. Before attachment, the zygote is resistant 
to teratogens but susceptible to chromo¬ 
somal aberrations and genetic mutations. 
Agents that disrupt blastula and gastrula 
stages and that interfere with normal apposi¬ 
tion of the uterine mucosa are usually 
embryotoxic and induce early embryonic 
death. 

The period during which an organ 
system is being established is a particularly 
critical period for that system, and different 
teratogens, if applied at that time, can 
produce similar defects. One example is the 
complex of arthrogryposis and cleft, which 
can occur in the calves of cattle grazing 
certain species of lupine, in calves infected in 
utero with Akabane virus, and as an inher¬ 
ited disease in Charolais calves. 


Many noninherited congenital defects in 
animals occur in “outbreaks,” which is a 
reflection of the exposure of the pregnant 
herd to a virus, poisonous plant, or other 
teratogen during a period of fetal susceptibil¬ 
ity. Because this occurs in early pregnancy, it 
is often very difficult to determine the nature 
of this exposure at the time the animals 
are born. 

Some teratogens are quite specific in 
the defect that they produce, and their 
action may be limited to a single species; a 
tentative diagnosis as to cause can be based 
on this association. Others produce a wide 
variety of abnormality that may also occur 
with other teratogens, and cause is less 
obvious. 

The exact etiology of most congenital 
defects is unknown. Influences that are 
known to produce congenital defects are pre¬ 
sented here. 

Chromosomal Abnormality 
and Inheritance 

Most chromosomal abnormalities are associ¬ 
ated with poor fertility and early embryonic 
death. A few are structural or numerical 
aberrations of chromosomes. The impor¬ 
tance of chromosomal abnormality to con¬ 
genital defects in farm animals has not been 
studied extensively, but a study of 55 aborted 
and stillborn calves found 6 with an abnor¬ 
mal chromosome component. Chromo¬ 
somal abnormality is usually associated with 
multiple deformations. Most chromosomal 
abnormalities are mutant genes, and the 
majority are inherited as recessive traits. 
There are many examples among domestic 
animals. 

Viral and Other Infections 

Members of the Bunyaviridae (Akabane 
virus, Cache valley virus, and Riff Valley 
fever virus), Orbivirus (bluetongue virus, 
epizootic hemorrhagic disease virus, and 
Chuzan virus), and Pestivirus (bovine virus 
diarrhea virus, border disease virus, and hog 
cholera virus) families; Japanese B encepha¬ 
litis virus; and Wesselsbron virus are recog¬ 
nized teratogens. Other viruses also can 
result in fetal death without malformation. 
Examples are as follows: 

• Akabane virus—this infection 
of pregnant cattle, sheep, and goats 
causes arthrogryposis, microencephaly, 
and hydrocephalus. Infection of, and 
disease of, the fetus depends on the 
stage of pregnancy and the fetus’s 
immunologic status. In cattle infected 
between 76 and 104 days of pregnancy, 
hydranencephaly predominates; 
arthrogryposis predominates with 
infections between 104 and 173 
days of gestation, and poliomyelitis 
predominates after 173 days. In sheep 
the window of susceptibility for 
congenital defects is between 30 and 50 
days. 


• Cache valley virus—congenital infection 
of lambs with Cache valley virus 
produces disease very similar to that 
produced by Akabane virus in cattle. 

The period of susceptibility for 
congenital defects is 36 to 45 days of 
pregnancy. 

• Rift Valley fever virus infection of 
pregnant sheep results in placentitis and 
abortion, but attenuated vaccine strains 
produce arthrogryposis and brain 
defects. 

• Bluetongue virus—vaccination of ewes 
with attenuated vaccine virus between 
days 35 and 45 of pregnancy causes a 
high prevalence of porencephaly in 
lambs. Natural infections of sheep (50 to 
80 days of gestation) and cattle (60 to 
120 days of gestation) can result in fetal 
death and resorption or the birth of 
stillborn animals, weakborn animals, 
and animals with hydrocephalus, 
hydranencephaly, and, occasionally, 
arthrogryposis. Similar defects are 
produced by Chuzan, Aino, and Kasha 
virus infections. 

• Bovine viral diarrhea—infection 
with cytopathogenic strains before 
100 days can result in abortion and 
mummification, cerebellar hypoplasia, 
and optic defects, including cataracts, 
retinal degeneration, and hypoplasia and 
neuritis of the optic nerves. Other 
defects are brachygnathia, curly coats, 
abortion, stillbirth, and mummification. 
Infection of the bovine fetus between 45 
and 125 days of gestation with a 
noncytopathic biotype of the virus 

can result in the development of 
a persistently viremic and 
immunotolerant calf that is carried to 
term, is born alive, remains persistently 
viremic, and may later develop mucosal 
disease. 

• Border disease virus—the window of 
susceptibility is from 16 to 90 days of 
gestation, and, depending on the fetal 
age at infection and the presence of a 
fetal immune response, fetal infection 
may result in fetal death, growth 
retardation, the birth of persistently 
infected lambs, or lambs born with 
hypomyelinogenesis, hydranencephaly, 
and cerebellar dysplasia. Coat defects 
may also be seen. 

• Hog cholera virus—vaccination of sows 
with modified vaccine virus between 
days 15 and 25 of pregnancy produces 
piglets with edema, deformed noses, and 
abnormal kidneys. Natural infection 
with field virus can cause reproductive 
inefficiency and cerebellar hypoplasia 

in piglets. 

• An unidentified virus is associated 
with the All type of congenital tremor 
in pigs. 

• Congenital infection with Wesselsbron 
virus and with Rift Valley fever is 







recorded as producing central 
nervous system disease in cattle and 
sheep. 

• Japanese B encephalitis virus in pigs can 
result in abortion or in the birth of 
weak, mummified, or stillborn piglets 
and live piglets with neurologic 
abnormalities. The window of 
susceptibility is from 40 to 60 days of 
gestation. 

• Pseudorabies virus infection of the 
pregnant sow can result in myoclonia 
congenita in piglets. 

• Viral, bacterial, and protozoal agents 
that produce abortion in animals can 
also produce intrauterine growth 
retardation and the birth of weakborn 
neonates that are highly susceptible to 
mortality in early life. 

Nutritional Deficiency 

Many congenital defects in animals are 

known to be caused by deficiencies of spe¬ 
cific nutrients in the diet of the dam. Exam¬ 
ples are as follows: 

• Iodine—goiter and increased neonatal 
mortality are caused in all species; 
prolonged gestation occurs in horses 
and sheep. Congenital musculoskeletal 
lesions are seen in foals (congenital 
hypothyroid dysmaturity syndrome). 
Deficiency may result from a primary 
deficiency or be induced by nitrate or 
Brassica spp. Syndromes are also 
produced by iodine excess, often 
associated with feeding excess seaweed 
or seaweed products. 

• Copper—enzootic ataxia in lambs can 
result from either to a primary copper 
deficiency or a secondary deficiency in 
which the availability of copper is 
interfered with by other minerals (e.g., 
molybdenum and iron). 

• Manganese—chondrodystrophy and 
limb deformities in calves 

• Vitamin D—neonatal rickets 

• Vitamin A—eye defects, harelip, and 
other defects in piglets 

• Vitamin E and/or selenium—congenital 
cardiomyopathy and muscular 
dystrophy 

• Congenital cobalt deficiency is 
reported to reduce lamb vigor at birth 
and to increase perinatal mortality 
because of impaired immune function 
in the lamb. A similar effect on immune 
function in neonatal lambs and calves 
has been proposed with copper 
deficiency. 

• Malnutrition of the dam can result in 
increased neonatal mortality and is 
suspected in the genesis of limb 
deformities and in congenital joint laxity 
and dwarfism in calves. 

• Vitamin A deficiency induced by 
feeding potato tops or water with high 
nitrate content has been associated with 
congenital blindness in calves. 
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Poisonous Plants 

The teratogenic effects of poisonous plants 

have been reviewed in detail. Some examples 

are as follows: 

• Veratrum californicum fed to ewes at 
about the 14th day of pregnancy can 
cause congenital cyclopia and other 
defects of the cranium and brain in 
lambs, in addition to prolonged 
gestation. When fed at 27 to 32 days of 
pregnancy, it can produce limb 
abnormalities. Tracheal stenosis has 
been produced by feeding at 31 to 33 
days of gestation. The alkaloid 
cyclopamine is the teratogenic 
substance. 

• “Crooked-calf disease” is associated with 
the ingestion of Lupinus sp. during 
pregnancy. This is a major problem on 
some rangelands in western North 
America. There are approximately 100 
species of Lupinus in Canada and the 
United States, but the disease has been 
mainly associated with L. sericeus , L. 
leucophyllus , L. caudatus , and L. 
laxiflorus. These species are thought to 
be toxic because of their content of 
anagyrine, but some piperidine alkaloids 
may also produce the disease. The 
disease has been reproduced by feeding 
anagyrine-containing lupines to 
pregnant cattle between 40 and 

90 days of gestation, but it can 
occur with later feeding in natural 
grazing. The syndrome is one of 
arthrogryposis, torticollis, scoliosis, 
and cleft palate. 

• Astragalus and Oxytropis spp. 
locoweeds cause limb contracture in 
calves and lambs, in addition to fetal 
death and abortion. 

• Tobacco plants—ingestion of Nicotiana 
tabacum (hurley tobacco) and Nicotiana 
glauca (tree tobacco) by sows between 
18 and 68 days of gestation, with peak 
susceptibility between 43 and 55 days, 
can cause limb deformities in their 
piglets. The teratogen is the piperidine 
alkaloid anabasine. Cleft palate and 
arthrogryposis have also been produced 
experimentally in the fetuses of cattle 
and sheep fed N. glauca during 
pregnancy, but the plant is not palatable, 
and thus this is an unlikely cause of 
natural disease. 

• Conium maculatum, poison hemlock, 
fed to cows during days 55 to 75 of 
pregnancy, to sheep in the period of 30 
to 60 days of pregnancy, and to sows in 
the period of 30 to 62 days of pregnancy 
will cause arthrogryposis, scoliosis, 
torticollis, and cleft palate in the fetuses. 
Cattle are most susceptible. The 
piperidine alkaloids coniine and 
coniceine are responsible. 

• Leucaena leucocephala (or mimosine, its 
toxic ingredient) causes forelimb 
polypodia (supernumerary feet) in 


piglets when fed experimentally 
to sows. 

• Fungal toxicosis from the feeding of 
moldy cereal straw has been 
epidemiologically linked to outbreaks of 
congenital spinal stenosis and bone 
deformities associated with premature 
closure of growth plates in calves. 

Farm Chemicals 

Certain farm chemicals are associated with 

teratogenic effects, including the following: 

• Some benzimidazoles (parbendazole, 
cambendazole, oxfendazole, albendazole 
netobimin) are important teratogens for 
sheep, producing skeletal, renal, and 
vascular abnormality when administered 
between 14 and 24 days of pregnancy. 

• Methallibure, a drug used to control 
estrus in sows, causes deformities in the 
limbs and cranium of pigs when fed to 
sows in early pregnancy. 

• Apholate, an insect chemosterilant, is 
suspected of causing congenital defects 
in sheep. 

• The administration of trichlorfon to 
pregnant sows can result in the birth of 
piglets with cerebellar hypoplasia and 
congenital trembles. 

• Organophosphates have been extensively 
tested and found to be usually 
nonteratogenic. A supposed teratogenic 
effect is probably more a reflection of 
the very common usage of these 
substances in agriculture (see the 
discussion in the section on poisoning 
by organophosphates). 

• Griseofulvin given to a mare in the 
second month of pregnancy is suspected 
of causing microphthalmia and facial 
bone deformity in a foal. 

Physical Insults 

Physical insults can also result in fetal abnor¬ 
malities; examples are as follows: 

• Severe exposure to beta or gamma 
irradiation (e.g., after an atomic 
explosion) can cause a high incidence of 
gross malformations in developing 
fetuses. 

• Rectal palpation of pregnancy using the 
amniotic slip method between 35 and 
41 days of pregnancy in Holstein 
Friesian cattle is associated with 
atresia coli in the calf at birth, but there 
is also a genetic influence. It is probable 
that the cause is palpation-induced 
damage to the developing colonic 
vasculature. 

• Hyperthermia applied to the dam 
experimentally causes congenital 
deformities, but this appears to have no 
naturally occurring equivalent. The most 
severe abnormalities occur after 
exposure during early pregnancy (18 to 
25 days in ewes). Disturbances of central 
nervous system development are the 
most common. Defects of the spinal 
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cord manifest themselves as 
arthrogryposis, and exposure of ewes to 
high temperatures (42° C, 107.5° F) 
causes stunting of limbs; the lambs are 
not true miniatures because they have 
selective deformities, with the 
metacarpals selectively shortened. The 
defect occurs whether nutrition is 
normal or not. Hyperthermia between 
30 and 80 days of pregnancy in ewes 
produces growth retardation in the 
fetus. Developmental abnormalities have 
been reproduced experimentally in 
explanted porcine embryos exposed to 
environmental temperatures similar to 
those that may be associated with 
reproductive failure resulting from high 
ambient temperatures in swine herds. 

Environmental Influences 

Currently, there is considerable interest in 
the possible teratogenic effects of human- 
caused changes in the environment. The 
concern is understandable because the fetus 
is a sensitive biological indicator of the pres¬ 
ence of noxious influences in the environ¬ 
ment. For example, after an accidental release 
of polybrominated biphenyls, much of the 
angry public commentary related to the 
probable occurrence of congenital defects. 
The noxious influences can be physical or 
chemical. In one examination of the epide¬ 
miology of congenital defects in pigs, it was 
apparent that any environmental causes were 
from the natural environment; human- 
caused environmental changes, especially 
husbandry practices, had little effect. A 
current concern in some regions is an appar¬ 
ent increase in congenital defects thought to 
be associated with exposure to radiofre¬ 
quency electromagnetic fields associated 
with mobile telephone networks, but there 
are few hard data. 

EPIDEMIOLOGY 

Individual abnormalities differ widely in 
their spontaneous occurrence. The determi¬ 
nation of the cause of congenital defects in a 
particular case very often defies all methods 
of examination. Epidemiologic consider¬ 
ations offer some of the best clues, but they 
are obviously of little advantage when the 
number of cases is limited. The possibility of 
inheritance playing a part is fairly easily 
examined if good breeding records are avail¬ 
able. The chances of coming to a finite 
conclusion are much less probable. The 
determination of the currently known terato¬ 
gens has mainly been arrived at following 
epidemiologic studies suggesting possible 
causality followed by experimental challenge 
and reproduction of the defect with the sus¬ 
pected teratogen. 

An expression of the prevalence of con¬ 
genital defects is of very little value unless it 
is related to the size of the population at risk, 
and almost no records include this vital 
data. Furthermore, most of the records 


available are retrospective and based on the 
number of cases presented at a laboratory or 
hospital. 

Reported prevalence rates of 0.5% to 
3.0% for calves and 2% for lambs are compa¬ 
rable with the human rate of 1% to 3%. A 
much higher rate for animals of 5% to 6% is 
also quoted. A study of over 3500 cases of 
abortion, stillbirth, and perinatal death in 
horses found congenital malformations in 
almost 10%. A very extensive literature on 
congenital defects in animals exists, and a 
bibliography is available. 

Some breeds and families have extraor¬ 
dinarily high prevalence rates because of 
intensive inbreeding. The extensive use, by 
artificial insemination, of certain genetics 
can result in a significant increase in the 
occurrence and similar nature of congenital 
defects when the bulls are carriers of genetic 
disease. The use of bulls that were carriers 
for complex vertebral malformation syn¬ 
drome, for example, resulted in an approxi¬ 
mately threefold increase in the presence 
of arthrogryposis, ventricular septal defect, 
and vertebral malformations in Holstein 
Friesian calves submitted to diagnostic labo¬ 
ratories in the Netherlands between 1994 
and 2000. 

Checklists of recorded defects are 
included in the Further Reading section. 

PATHOGENESIS 

The pathogenesis of many of the congenital 
defects of large animals is poorly under¬ 
stood, but it is apparent that the disease pro¬ 
duced by each teratogen is likely to have its 
own unique pathogenesis. Congenital defects 
in large animals include defects induced 
from structural malformations, from defor¬ 
mations, from the destruction of tissue by 
extraneous agents, and from enzyme defi¬ 
ciencies, or from a combination of these. 

Structural Malformations 
and Deformations 

Structural malformations result from a 
localized error in morphogenesis. The insult 
leading to the morphogenic error takes 
place during organogenesis and thus is 
an influence imposed in early gestation. 
Deformations occur where there is an alter¬ 
ation in the shape of a structure of the body 
that has previously undergone normal dif¬ 
ferentiation. Deforming influences apply 
later in the early gestational period, after 
organogenesis. 

Deformation is the cause of arthrogrypo¬ 
sis and cleft palate produced by the piperi¬ 
dine alkaloids from Conium maculatum and 
Nicotiana spp. and by anagyrine from 
Lupinus spp., which produce a chemically 
induced reduction in fetal movements. 
Ultrasound examination of the normal fetus 
shows that it has several periods of stretching 
and vigorous galloping during a 30-minute 
examination period. In contrast, the fetus 
that is under the influence of anagyrine has 


restricted movement and lies quietly, often 
in a twisted position. Restricted fetal limb 
movement results in arthrogrypotic fixation 
of the limbs, and pressure of the tongue on 
the hard palate when the neck is in a constant 
flexed position inhibits closure of the palate. 
In experimental studies there is a strong rela¬ 
tion between the degree and duration of 
reduced fetal movement, as observed by 
ultrasound, and the subsequent severity of 
lesions at birth. 

Restriction in the movement of the fetus, 
and deformation, can also result from terato¬ 
gens that produce damage and malfunction 
in organ systems, such as the primary 
neuropathy that occurs in the autosomal- 
recessive syndrome in Charolais cattle and 
the acquired neuropathy in Akabane infec¬ 
tion, both of which result in arthrogryposis 
through absence of neurogenic influence on 
muscle activity. 

It has been suggested, with some good 
evidence, that the etiology and pathogenesis 
of congenital torticollis and head scoliosis in 
the equine fetus are related to an increased 
incidence of transverse presentation of the 
fetus. Flexural deformities of the limbs are 
also thought to be a result of errors in fetal 
positioning and limited uterine accommoda¬ 
tion, which may be further complicated by 
maternal obesity. Abnormal placental shape 
may also be important in the genesis of skel¬ 
etal deformations. 

Viral Teratogenesis 

Viral teratogenesis is related to the suscep¬ 
tibility of undifferentiated and differentiated 
cells to attachment, penetration, and virus 
replication; the pathogenicity of the virus 
(cytopathogenic versus noncytopathogenic 
strains of bovine viral diarrhea); the effects 
that the virus has on the cell; and the stage 
of maturation of immunologic function of 
the fetus at the time of infection. Viral 
infections can result in prenatal death, the 
birth of nonviable neonates with severe 
destructive lesions, or the birth of viable 
neonates with growth retardation or abnor¬ 
mal function (tremors, blindness). The ges¬ 
tational age at infection is a major influence. 
In sheep infected with border disease virus 
between 16 and 90 days of gestation, the 
occurrence of the syndromes of early 
embryonic death, abortion, and stillbirth 
and the birth of defective, small, and weak 
lambs are related to the fetal age at infec¬ 
tion. Certain viruses cause selective destruc¬ 
tion of tissue and of organ function late in 
the gestational period, and the abiotrophies 
are examples of selective enzyme deficien¬ 
cies. The pathogenesis of the viral diseases 
is given under their specific headings in 
later chapters. 

Inherited Congenital Defects 

A number of inherited congenital defects, 

some of which are not clinically manifest 
until later in life, are associated with specific 
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enzyme deficiencies. Examples are maple 
syrup urine disease (MSUD), citrullinemia, 
factor XI deficiency in cattle, and the lyso¬ 
somal storage diseases. Inherited lysosomal 
storage diseases occur when there is exces¬ 
sive accumulation of undigested substrate 
in cells. In mannosidosis, the disease 
occurs as a result of an accumulation of sac¬ 
charides caused by a deficiency of either 
lysosomal a-mannosidase or (3-mannosidase. 
In GMj gangliosidosis, disease is caused by a 
deficiency of P-galactosidase; in GM 2 gan¬ 
gliosidosis, the cause is a deficiency of 
hexosaminidase. 

The age at development of clinical signs 
and their severity are dependent on the 
importance of the enzyme that is deficient, 
the biochemical function and cell type 
affected, and, in storage disease, the rate of 
substrate accumulation. Factor XI deficiency 
is manifest with bleeding tendencies, but the 
condition is not necessarily lethal. In con¬ 
trast, calves with citrullinemia and MSUD 
develop neurologic signs and die shortly 
after birth, whereas the onset of clinical 
disease can be delayed for several months 
with a-mannosidosis. 

CLINICAL AND NECROPSY 
FINDINGS 

The intention is to give details of the clinical 
signs of all the congenital defects here, but 
some general comments are necessary. 
Approximately 50% of animals with congeni¬ 
tal defects are stillborn. The defects are 
usually readily obvious clinically. Diseases of 
the nervous system and musculoskeletal 
system rate high in most published records, 
which may be related to the ease with which 
abnormalities of these systems can be 
observed. For example, in one survey of con¬ 
genital defects in pigs, the percentage occur¬ 
rence rates in the different body systems 
were as follows: 

• Bones and joints, 23% 

• Central nervous system, 17% 

• Special sense organs, 12% 

• Combined alimentary and respiratory 
tracts (mostly cleft palate and atresia 
ani), 27% 

• Miscellaneous (mostly monsters), 

9% 

• Genitourinary and abdominal wall 
(hernias), each 5% 

• Cardiovascular system, 3% 

In a survey of congenital defects in calves, 
the percentage occurrence rates were as 
follows: 

• Musculoskeletal system, 24% 

• Respiratory and alimentary tracts, 13% 

• Central nervous system, 22% 

• Abdominal wall, 9% 

• Urogenital, 4% 

• Cardiovascular, 3% 

• Skin, 2% 

• Others, 4% 

• (Anomalous-joined twins and hydrops 
amnii accounted for 20%.) 


In a survey of foals, the approximate percent¬ 
age occurrence rates were as follows: 

• Musculoskeletal system, 50% 

• Respiratory and alimentary tracts, 

20 % 

• Urogenital, 9% 

• Abdominal wall, 6% 

• Cardiovascular, 5% 

• Eye, 5% 

• Central nervous system, 5% 

Contracted foal syndrome and craniofacial 
abnormalities were the most common con¬ 
genital defects in a study of stillbirth and 
perinatal death in horses. 

Many animals with congenital defects 
have more than one anomaly. In pigs, for 
example, the average is two, and considerable 
care must be taken to avoid missing a second 
and third defect in the excitement of finding 
the first. In some instances, the combinations 
of defects are repeated often enough to 
become specific entities. Examples are 
microphthalmia and cleft palate, which often 
occur together in piglets, and microphthal¬ 
mia and patent interventricular septum in 
calves. 

There are a number of defects that cannot 
be readily distinguished at birth and others 
that disappear subsequently. It is probably 
wise not to be too dogmatic in predicting the 
outcome in a patient with only a suspicion of 
a congenital defect or one in which the defect 
appears to be causing no apparent harm. A 
specific instance is the newborn foal with a 
cardiac murmur. 

Sporadic cases of congenital defects are 
usually impossible to define etiologically, 
but when the number of affected animals 
increases, it becomes necessary and possible 
to attempt to determine the cause. 

CLINICAL PATHOLOGY 

The use of clinical pathology as an aid to 
diagnosis depends on the disease that is 
suspected and its differential diagnosis. 
The approach varies markedly with different 
causes of congenital defects: specific tests 
and procedures are available for some of the 
viral teratogens, for congenital defects asso¬ 
ciated with nutritional deficiencies, and for 
some enzyme deficiencies and storage dis¬ 
eases, and the specific approach for known 
teratogens is covered in the individual dis¬ 
eases section. 

When an unknown viral teratogen is sus¬ 
pected, precolostral blood samples should be 
collected from the affected neonates and also 
from normal contemporaries that are subse¬ 
quently born in the group. Precolostral 
serum can be used for investigating the pos¬ 
sible fetal exposure of the group to an agent, 
and the huffy coat or blood can be used for 
attempted virus isolation. IgG and IgM con¬ 
centrations in precolostral serum may give 
an indication of fetal response to an infecting 
agent even if the agent is not known and 
there is no serologic titer to known terato¬ 
genic agents. 


Enzyme-based tests have been used 
to virtually eradicate carriers of a- 
mannosidosis in cattle breeds in Australia 
and New Zealand, and DNA-based tests are 
used to detect and eliminate the carriers of 
such diseases as generalized glycogenosis in 
cattle. 


DIFFERENTIAL DIAGNOSIS 


• The diagnostic challenge with congenital 
defects is to recognize and identify the 
defect and to determine the cause. 

• Syndromes of epidemic disease resulting 
from environmental teratogens are usually 
sufficiently distinct that they can be 
diagnosed on the basis of their 
epidemiology combined with their specific 
clinical, pathologic, and laboratory findings 
and on the availability of exposure. 

• Congenital defects occurring sporadically in 
individual animals pose a greater problem. 
There is usually little difficulty in defining 
the condition clinically, but it may be 
impossible to determine the cause. With 
conditions where there is not an obvious 
clinical diagnosis, an accurate clinical 
definition may allow placement of the 
syndrome within a grouping of previously 
described defects and suggest possible 
further laboratory testing for further 
differentiation. 

The examination for cause of an unknown 
congenital defect is usually not undertaken 
unless more than a few newborn animals in a 
herd or area are affected in a short period of 
time with similar abnormalities. A detailed 
epidemiologic investigation will be necessary, 
which will include the following: 

• Pedigree analysis. Does the frequency of 
occurrence of the defect suggest an 
inherited disease, or is it characteristically 
nonhereditary? 

• Nutritional history of dams of affected 
neonates and alterations in usual sources 
of feed 

• Disease history of dams of affected 
neonates 

• History of drugs used on dams 

• Movement of dams during pregnancy to 
localities where contact with teratogens 
may have occurred 

• Season of the year when insults may have 
occurred 

• Introduction of animals to the herd 
The major difficulty in determining the 

cause of nonhereditary congenital defects is 
the long interval of time between when the 
causative agent was operative and when the 
animals are presented, often 6 to 8 months. 
Detailed clinical and pathologic examination 
of affected animals offers the best 
opportunity in the initial approach to 
determine the etiology based on the presence 
of lesions that are known to be caused by 
certain teratogens. 
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INTRAUTERINE GROWTH 
RETARDATION 

Intrauterine growth retardation is a special 
form of congenital defect. It is a failure to 
grow properly, in contrast to a failure to gain 
body weight, and occurs when the develop¬ 
mental age is less than the chronologic (ges¬ 
tational) age. Runt is a common colloquial 
agricultural term. Normal fetal growth rate 
is determined by genetic and epigenetic 
factors, and cross-breeding experiments 
suggest that fetal size is regulated by the 
embryonic/fetal genotype and also is an 
effect of maternal genotype. Litter size has an 
effect on birth weight in all species, most 
likely through effects on the placental deliv¬ 
ery of nutrients and removal of waste prod¬ 
ucts relative to total fetal mass. A genetic 
association with intrauterine growth retarda¬ 
tion has been shown in Japanese Black calves. 

There is a strong positive association 
between placental mass and fetal size at birth 
in all species, and the majority of cases of 
growth retardation result from inadequate 
placentation, disturbance in utero of placen¬ 
tal blood flow, or placental pathology. 

ETIOLOGY 

There are a number of different etiologies. 

Heat stress to ewes in the final third of 
pregnancy will result in intrauterine growth 
retardation, but the condition is not as severe 
as when ewes are exposed in the second third 
of pregnancy, which is the period of placen¬ 
tal growth. Hyperthermia results in a redis¬ 
tribution of blood away from the placental 
vascular bed and a decrease in cotyledon 
mass, with consequent reduction in birth 
weight. The degree of growth restriction is 
directly related to the degree of hyperther¬ 
mia to which the ewe is exposed and her heat 


tolerance. The growth retardation affects 
fetal weight more than fetal length, and 
although there is some reduction in the 
growth of the brain, it is relatively less than 
that of the internal organs, resulting in an 
increased brain: liver weight ratio at birth. 

Viral infections, such as border disease 
and bovine virus diarrhea in ruminants and 
parvovirus in pigs, produce growth-retarded 
neonates, as do bacterial and other infections 
that result in placentitis. 

Inadequate placentation is the cause of 
runt piglets. Runts are smaller and thinner 
and have disproportionately larger, domed 
heads compared with normal pigs. A defi¬ 
ciency in specific trace elements is suspect 
in some field cases of growth retardation 
in ruminants, but there is no evidence 
for deficient trace-element nutrition in 
runt pigs. 

Inadequate nutrition can result in 
growth retardation in utero. Growth retarda¬ 
tion can be produced in fetal pigs, lambs, and 
calves by maternal caloric undernutrition. 
Nutritional restriction in ewes reduces the 
number of placental lactogen receptors that 
mediate amino acid transport in fetal liver 
and glycogen synthesis in fetal tissue, leading 
to depletion of fetal liver glycogen stores. 
This has been postulated as a possible cause 
of the fetal growth retardation that accompa¬ 
nies maternal caloric undernutrition; runt 
pigs have a reduced metabolic rate and lower 
skeletal muscle respiratory enzyme activity. 
This deficiency persists after birth; runt pigs 
have a lower core temperature and a lessened 
ability to increase their metabolic rate and 
heat production in response to cold. 

Paradoxically, overnourishing the ado¬ 
lescent ewe will also result in placental 
growth restriction and in utero growth retar¬ 
dation. This effect is most evident in the 
second third of pregnancy. This syndrome is 
accompanied by the birth of lambs with 
a shorter gestational age, commonly reduced 
by 3 days. It is thought that the fetal hypoxia 
and hypoglycemia that accompany placental 
insufficiency might stimulate the maturation 
of the fetal hypothalamic-pituitary-adrenal 
axis, initiating early parturition. The growth 
of those lambs that survive initially lags 
behind that of normal lambs, but there is 
compensatory growth and no difference in 
weight at 6 months of age. 

Measurements that can be used to deter¬ 
mine the presence of growth retardation in 
a dead fetus include crown-rump (anal) 
length, brain weight, body weight, ratios of 
brain to body weight, long-bone weight, and 
appendicular ossification centers. Formulas 
are available to determine the degree of 
growth retardation. 

In the live animal the presence of 
radiodense lines in long bones and the exam¬ 
ination of closure of ossification centers 
can provide evidence for prior stressors in 
pregnancy that induce fetal growth retarda¬ 
tion, such as malnutrition or infection of 


the dam, that may not be found by other 
examinations. 

Intrauterine growth retardation is accom¬ 
panied by an impaired cellular development 
of tissues, such as the small intestine and 
skeletal muscle, and disproportionately large 
reductions in the growth of some organs, 
such as the thymus, spleen, liver, kidney, 
ovary, and thyroid. There is an associated 
impairment of thermogenesis, immune 
function, and organ function at birth. In 
lambs there is impaired development of sec¬ 
ondary wool follicles. 

The survival of fetuses with growth retar¬ 
dation requires special nutritional care and 
the provision of adequate heat; this topic is 
discussed in the section on critical care for 
the newborn. In large piggeries that practice 
batch farrowing, the survival of runts can be 
significantly improved by the simple practice 
of fostering them together in one litter on 
one sow so that they do not have to compete 
with larger-birth-size and more vigorous 
pigs, by ensuring adequate colostrum intake 
and adequate environmental warmth, and by 
feeding using a stomach tube in the first few 
hours of life, if indicated. 
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Physical and 

Environmental Causes of 
Perinatal Disease 

Neonatal animals are newborns. The defini¬ 
tion of a neonate is not precisely defined 
in terms of age of the animal and likely will 
vary from species to species dependent on 
the ability of the newborn to survive rela¬ 
tively independently and on the maturity or 
degree of postnatal development. Most farm 
mammals can be considered neonates until 
they are 2 weeks of age. 1 

The health of neonates is determined by 
factors that influence their growth and devel¬ 
opment in utero and their capacity to adapt 
to extrauterine life. Neonates affected by 
intrauterine conditions that impede their 
normal development (intrauterine growth 
retardation or premature birth) might not be 
prepared for the rapid and extensive physi¬ 
ologic changes needed to survive after birth. 
Furthermore, conditions experienced by the 
newborn can adversely affect its health and 
well-being; key among these factors are ade¬ 
quate nutrition, transfer of passive immunity 
from the dam, a thermoneutral environment 
or protection from the adverse effects of 







excessive cold or heat, and protection from 
risk of injury. 

PERINATOLOGY 

Clinical care of the newborn animal in large 
animal veterinary medicine has traditionally 
started at the time of birth, but there is a 
growing recognition of the importance of 
antenatal and parturient events to the subse¬ 
quent viability of the neonate. 2 This has been 
particularly recognized by equine clinicians 
and has led to the clinical concept of perina¬ 
tology. One purpose of perinatology is to 
expand the care of the neonate into the 
antenatal and parturient period through 
the use of measurements that reflect fetal 
health or that can predict risk to fetal viabil¬ 
ity. Measures that can be used are still 
being developed and evaluated, but the fol¬ 
lowing discussion includes those that have 
apparent value. 

HEART RATE 

Fetal heart rate recorded by electrocardiog¬ 
raphy (ECG) or by ultrasound can be used as 
a measure of fetal viability, for the detection 
of twins, and as a monitor for fetal distress 
during parturition. 3 The fetal heart rate of 
foals declines during gestation (Fig. 19-1) to 
approximately 60 to 80 beats/min near to 
term, and that of fetal calves is approximately 
110 beats/min during the final 2 weeks of 
gestation. 4 

It has been suggested that a base heart 
rate of 80 to 92 beats/min with baseline vari¬ 
ations of 7 to 15 beats/min and occasional 
accelerations above this is normal for the 
fetal heart rate of equids, and that bradycar¬ 
dia is evidence of abnormality. Continued 
monitoring traces may be needed to assess 
fetal distress. 

Cardiac arrhythmia is common at the 
time of birth and for the first few minutes 
following and is thought to result from the 
transient physiologic hypoxemia that occurs 
during the birth process. 

An alternative to fetal ECG monitoring 
is use of per rectum or percutaneous 
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Fig. 19-1 Heart rate of mare and fetus from 
270 days of gestation until foaling. The 
heart rate of the mare increases, whereas 
that of the foal declines, as the duration of 
gestation increases. (Reproduced from Nagel 
et al„ 2011. 16 ) 
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ultrasonography to detect carotid or periph¬ 
eral pulse rates in foals and calves. 4,5 

ULTRASOUND EXAMINATION 

The fetus can be examined by ultrasound to 
establish the presentation, the presence of 
twins, the heart rate, the presence and quality 
of fetal movement, the presence of placenti¬ 
tis, placental thickness, the presence of echo- 
genic particles in the amniotic fluid, the 
depth of allantoic and amniotic fluid, and an 
estimate of body size from the measurement 
of the aortic and orbit diameters. 3,5 ' 8 Mea¬ 
surements of fetal heart rate, fetal aortic 
diameter (an indicator of fetal size and, 
if measured near parturition, fetal birth 
weight), 8 uteroplacental contact, maximal 
fetal fluid depths, uteroplacental thickness, 
and fetal activity have allowed the develop¬ 
ment of objective measures to assess fetal 
well-being (Fig. 19-2). 6 

Clinicopathologic examination of samples 
of the amniotic fluid for the determina¬ 
tion of pulmonary maturity and other mea¬ 
sures of foal health is limited because there 
is a considerable risk for abortion and 
placentitis, even with ultrasound-guided 
amniocentesis, and the technique is not rec¬ 
ommended for routine clinical use. 

PREMATURITY 

The average gestational length for mares is 
343 days (range, 307 to 381), with the dura¬ 
tion of gestation being longer for mares 
foaling later in the spring and for mares 
giving birth to a male foal (344 versus 341 
days for a filly foal, respectively). There is no 
effect of breed of the mare or her age on 
gestational length. 9 Approximately 95% of 
mares were found to foal between 320 and 
360 days of gestation, with 1.1% foaling at 
less than 320 days. Death rates were 8.3%, 
3.6%, and 4.8% for foals born at less than 320 
days, 320 to 360 days, and more than 360 
days of gestation, respectively. 9 The differ¬ 
ence was not statistically significant, but the 
number of foals born at less than 320 days 
was small (12), and this could have masked 
a statistical difference in case fatality rates. 
No foal lived if it was born at less than 311 
days of gestation. Foals born at less than 320 
days of gestational age are considered prema¬ 
ture, and those born at less than 310 days are 
at significant risk for increased rate of death. 10 

Dystocia is associated with increased 
morbidity and case fatality rate in foals. Stage 
II labor lasting longer than 40 minutes is 
associated with increased risk of stillbirth 
(16x), death after birth (8x), and illness in 
the foal (2x). 9 

Similar data are available for cattle. For 
instance, in 41,116 calvings of Japanese Black 
cattle, there were 1013 stillbirths (2.46%) and 
3514 dystocias (8.55%). Stillbirth rates were 
greater for those born at 301 or more days of 
pregnancy (OR: 1.049 [1.035 to 1.062]) and 
at 270 or fewer days of pregnancy (OR: 2.072 
[2.044 to 2.101]) compared with those at 


between 281 and 290 days of pregnancy. 11 
Among Holsteins, Jerseys, and crossbreds, 
gestation length was -275 days, with male 
calves having a gestation length 1.2 days 
longer. The percentage of stillbirths was 6.6% 
across all observations, with 9.6% among 
first-parity dams and 5.1% among multipa¬ 
rous dams. 12 

Traditionally, external signs have been 
used to predict a premature foaling, and the 
common signs used are the enlargement of 
the udder, milk flow, and the occurrence of 
vaginal discharge. Causes of early foaling 
include bacterial or fungal placentitis and 
twin pregnancy. Several assays are used as 
alternate methods of determining whether 
foaling is imminent and if problems are 
present. 

Plasma progestogen concentrations in 
mares decline in pregnancy to reach a low 
around 150 days of gestation. Plasma proges¬ 
togen cannot be used to accurately predict 
the time of foaling, and a single sample is not 
diagnostic. There is a strong correlation 
between the presence of plasma progestogen 
concentrations above 10 ng/mL before a ges¬ 
tational age of 310 days and the presence of 
placental lesions, and a rapid drop in concen¬ 
tration to below 2 ng/mL that persists for 
more than 3 days indicates impending abor¬ 
tion. Current research is examining the 
profiles of individual progestagens during 
pregnancy to determine whether the profile 
of any progestogen can be used as a predictor 
of fetal distress. 

There is considerable interest in predict¬ 
ing the time of parturition in mares. Recog¬ 
nition that significant changes occur in 
udder secretions during the last week of ges¬ 
tation, including a drop in pH on the day of 
foaling and increases in concentrations of 
calcium and potassium and declines in levels 
of sodium and chloride, has led to the devel¬ 
opment of several relatively simple tests. 13 
These tests include measurement of the 
refractive index, pH, and calcium concentra¬ 
tion of udder secretions during the week 
before anticipated parturition. Samples can 
be analyzed for calcium carbonate concen¬ 
tration using a water hardness kit, for pH 
with pH test paper, and for refractometry 
index with a Brix or similar refractometer. 
The positive predictive value (PPV) of partu¬ 
rition occurring within 72 hours and the 
negative predictive value (NPV) within 24 
hours for calcium carbonate concentration 
(>400 |Xg/g) were 94% and 98%, respec¬ 
tively. 14,1 ' The PPV within 72 hours and the 
NPV within 24 hours for the pH test (<6.4) 
were 98% and 99%, respectively. The PPV 
within 72 hours and the NPV within 24 
hours for the Brix test (>20%) were 73% and 
97%, respectively. The high negative predic¬ 
tive value of measurement of calcium con¬ 
centrations (by either method) and pH 
provides a way of determining when the 
mare is not likely to foal within the next 
24 hours. 14 
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Fig. 19-2 Measurement of ultrasonographic indices of pregnant mare. A, Transrectal images in the ventral part of the uterine body, near the 
cervix. Headers show the combined thickness of the uterus and placenta (CTUP). B, Transrectal image of crown rump length (CRL) (header). 

C, Transrectal image of fetal eye orbit. Eye length (=) and width (x) measurements are shown. Eye length is measured from the maximum length 
of the inner margins of the vitreous body, and eye width is measured from the margin of the anterior portion of the capsule of the lens to the 
inner margin of the optic disc. D, Transabdominal image of the fetal abdomen at the level of the kidney. Kidney cross-sectional length (=) and 
width (x) measurements are shown. (Reproduced with permission from Murase et al., 2014. 6 ) 
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PREMATURITY AND 
DYSMATURITY OF FOALS 


Foals that are born before 300 days are 
unlikely to survive, and foals born between 
300 and 320 days of gestation are considered 
premature but can survive (see earber dis¬ 
cussion). 1 Premature foals are characterized 
clinically by low birth weight, generalized 
muscle weakness, poor ability to stand, lax 
flexor tendons, weak or no suck reflex, lack 
of righting abibty, respiratory distress, short 
and silky haircoat, pliant ears, soft lips, 
increased passive range of limb motion, and 
sloping pastern axis. Radiographs may show 
incomplete ossification of the carpal and 


tarsal bones and immaturity of the lung, and 
there may be clinical evidence of respiratory 
distress. Full-term foals born after 320 days 
of gestation but exhibiting signs of prematu¬ 
rity are described as dysmature. 

Premature foals have hypoadrenal 
corticalism. They are neutropenic and 
lymphopenic at birth and have a narrow 
neutrophil-to-lymphocyte ratio. In prema¬ 
ture foals older than 35 hours the neutrophil 
count can be used to predict survival, and 
foals that remain neutropenic after this time 
have a poor prognosis. Premature foals 
also have low plasma glucose, low plasma 
cortisol, and a blood pFI of less than 7.25. 
An extensive collaborative investigation of 
equine prematurity has been conducted, and 
information on foal metabolism and guide¬ 
lines for laboratory and clinical assessment 











of maturity are available. 2 Foals that are born 
with clinical abnormalities suggestive of 
intrauterine growth retardation, prematurity, 
or dysmaturity are more likely to have an 
abnormal placenta and have higher serum 
concentrations of creatinine. 3 

The placenta is critical to the fetus in the 
antenatal period, and pregnancies involving 
placental lesions commonly result in foals 
that suffer premature-like signs at whatever 
stage they are delivered. 3,4 Placental edema, 
placental villous atrophy, and premature 
separation of the placenta are significant 
causes of fetal ill-health and delayed 
development/’ 

Precocious lactation of the mare can be 
associated with placentitis. The examination 
of the placenta for evidence of placentitis and 
for the presence of larger-than-normal avil- 
lous areas should be part of normal foaling 
management. There is a high correlation 
between both allantochorionic weight and 
area and foal weight in normal placentas. 
Normal placentas had a low association with 
subsequent perinatal disease in the foals. 3,4 In 
contrast, abnormal placental histology was 
associated with poor foal outcome (three 
normal foals from 32 abnormal placentas). 
Edema, sacculation, and strangulation are 
other abnormalities and can be associated 
with microscopic deposits of minerals within 
the lumen of placental blood vessels. 
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PARTURIENT INJURY AND 
INTRAPARTUM DEATH 

During parturition extreme mechanical 
forces are brought to bear upon the fetus, and 
these can result in direct traumatic damage 
or can impair fetal circulation of blood by 
entrapment of the umbilical cord between 
the fetus and the maternal pelvis, which can 
lead to hypoxemia or anoxia and death of the 
fetus during the birth process. Neonates that 
suffer birth trauma and anoxia but survive 
are at risk for development of signs of neu¬ 
rologic disease, have reduced vigor, are 
slower to suck, and are at increased risk for 
postnatal mortality. 1 

In all species, but in ruminants in par¬ 
ticular, the condition of the dam can have a 
marked influence on the prevalence of birth 
injury and its consequences. The effect is well 
illustrated in sheep, where the two extremes 
of condition can cause problems. Ewes on a 
high plane of nutrition produce a large fetus 
and also deposit fat in the pelvic girdle, 
which constricts the birth canal, predispos¬ 
ing to dystocia. Conversely, thin ewes may be 
too weak to give birth rapidly. Pelvic size can 
influence the risk of birth injury, and ewe 
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lambs and heifers mated before they reach 
65% of mature weight are at risk. Pelvimetry 
is used to select heifers with adequate pelvic 
size for breeding, but the accuracy and valid¬ 
ity of this method are seriously questioned. 
Breed is also a determinant of length and 
ease of labor and the subsequent quickness 
to time to first suckle. 

TRAUMA AT PARTURITION 

Traumatic injuries can occur in apparently 
normal births, with prolonged birth, and as 
a result of dystocia, which may or may not 
be assisted by the owner. Incompatibility in 
the sizes of the fetus and the dam’s pelvis is 
the single most important cause of dystocia, 
and birth weight is the most important con¬ 
tributing factor. In cattle, expected progeny 
difference (EPD) estimates for calf birth 
weight are good predictors of calving ease. In 
foals, calves, and lambs the chest is most 
vulnerable to traumatic injury, but there is 
the chance of vertebral fracture and physical 
trauma to limbs with excessive external 
traction. 2 

Fractured ribs are common in foals and 
can lead to laceration of the lungs and heart 
and internal hemorrhage. 3 Rupture of the 
liver is common in some breeds of sheep and 
can also occur in calves and foals. A retro¬ 
spective study of rib and vertebral fractures 
in calves suggests that most result from 
excessive traction and that, as a result, 
smaller dystocial calves are more at risk. Ver¬ 
tebral fractures occur as the result of trac¬ 
tion in calves with posterior presentations 
and in calves with hip lock. Trauma is a 
major cause of neonatal mortality in piglets, 
but it occurs in the postparturient phase and 
is associated with being overlain or stepped 
on by the sow. It is possible that the underly¬ 
ing cause of crushing mortality in piglets is 
hypothermia. 

Intracranial hemorrhage can result in 
damage to the brain. A high proportion 
(70%) of nonsurviving neonatal lambs at 
birth or within 7 days of birth have single or 
multiple intracranial hemorrhages, with the 
highest incidence being in lambs of high 
birth weight. 4 Similar lesions have been iden¬ 
tified in foals and calves, but they are not a 
common finding in foals with neonatal mal¬ 
adjustment syndrome. Experimentally con¬ 
trolled parturition in ewes showed that 
duration and vigor of the birth process 
affected the severity of intracranial hemor¬ 
rhages, and further studies indicated that 
these birth-injured lambs had depressed 
feeding activity and that they were particu¬ 
larly susceptible to death from hypothermia 
and starvation. 

Birth anoxia associated with severe dys¬ 
tocia in cattle can result in calves with lower 
rectal temperatures in the perinatal period 
than normal calves and a decreased ability to 
withstand cold stress. Intracranial hemor¬ 
rhage, especially subarachnoid hemorrhage, 
occurs in normal full-term deliveries as the 


result of physical or asphyxial trauma during 
or immediately following delivery. 

In a prolonged birth, edema of parts of 
the body, such as the head and particularly 
the tongue, may also occur. Edema occurs 
particularly in the calf and the lamb, possibly 
because of less close supervision at parturi¬ 
tion, and also because the young of these 
species can sustain a prolonged birthing 
process for longer periods than the foal 
without their own death or death of the dam. 
The edema can interfere with subsequent 
sucking, but the principal problem relative to 
neonatal disease is the effect of the often pro¬ 
longed hypoxia to which the fetus is sub¬ 
jected. There is interference with the placental 
circulation and failure of the fetus to reach 
the external environment. The hypoxia may 
be sufficient to produce a stillborn neonate, 
or the neonate may be alive at birth but not 
survive because of irreparable brain damage. 
Intrapartum deaths resulting from prolonged 
parturition occur in piglets. 
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FETAL HYPOXIA 

Hypoxemia and hypoxia can occur as a result 
of influences during the birth process or 
because of pulmonary immaturity in prema¬ 
ture births. The most common causes are 
dystocia, interrupted or restricted blood flow 
through the umbilical vein (carrying oxy¬ 
genated blood to the fetus) and artery, and 
placental lesions, including premature sepa¬ 
ration of the placenta during labor, that 
reduce the effective surface area of the pla¬ 
centa in contact with the endometrium. 1 
Intrapartum hypoxemia of the fetus resulting 
from prolonged parturition is common, 
particularly in calves born to first-calf beef 
heifers, and is presumed to be associated 
with the greater case fatality rate and mor¬ 
bidity in foals born after stage 2 labor of 
greater than 40 minutes. 2 Prolonged dura¬ 
tion of parturition in ewes increases the risk 
of asphyxia (90x for each 10-min increase), 
decreases the viability score of lambs, and 
increases the latency to suckle the udder. 
Twin-born lambs were found to have a 
16-fold greater risk of asphyxia. 

Transient tachypnea occurs immediately 
after birth and is normal. Prolonged tachy¬ 
pnea, with flaring of the nostrils, open- 
mouth breathing, exaggerated rib retraction, 
and paradoxical breathing patterns, is highly 
suggestive of primary pulmonary abnormal¬ 
ity. Failure of respiration can occur at this 
stage and creates an urgent need for resusci¬ 
tation measures. In the foal, body position 
can have a major effect on arterial oxygen 
tension. A foal that is unable to stand or to 
right itself from lateral recumbency is at risk 
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from atelectasis and should be assisted to lie 
in sternal recumbency to stand. Hypoxia and 
hypercapnia resulting from mismatching of 
ventilation and perfusion are accentuated by 
prolonged recumbency. 

Placental dysfunction or restriction of 
blood flow in the umbilical vessels during the 
second stage of labor can result in fetal 
hypoxia and death. Blood flow in umbilical 
vessels is reduced during uterine contrac¬ 
tions and ceases during stage 2 labor in cattle 
as the calf’s head appears at the vulva and just 
before delivery of the calf. 1 Before this stage, 
blood flow in the umbilical vein is signifi¬ 
cantly lower in acidotic than in nonacidotic 
calves, indicating impairment of oxygen 
delivery to the fetus and development of 
increased blood lactate concentrations. 1 

Fetal capillary blood pH and oxygen and 
carbon dioxide tensions can be measured 
during parturition, as is common practice in 
human obstetrics. 3 Fetal blood is collected 
from capillaries in the front feet as they 
project from the vulva by making a small 
incision (nick) in the skin and collecting 
blood into a capillary tube, which is then 
sealed before blood-gas analysis. 3 In 38 
calves, some of which were born as a result 
of relieved dystocia or cesarean section, fetal 
capillary blood-gas values and pH (mean ± 
standard deviation [SD]) during the final 30 
minutes of stage 2 labor were as follows: pH 
= 7.30 ± 0.10 (min 6.99, max 7.43), Po 2 = 
19.5+9.4 mmHg,Pco 2 =55.9 + 26.0 mm Hg, 
HC0 3 “ = 26.0 + 4.4 mm Hg, base excess = 
-0.9 + 5.3 mM/L, and oxygen saturation = 

21.9 + 16.6. ’ These compare with the follow¬ 
ing values in capillary blood obtained after 
recovery from birth in healthy calves: pH = 
7.37 + 0.11, Po 2 = 58.4 + 17.0 mm Hg, Pco 2 
= 38.1 + 13.2 mm Hg, HC0 3 “ = 20.8 + 

4.9 mm Hg, base excess = —3.2 + 4.4 mM/L, 
and oxygen saturation = 82.4 + 14.9%. 3 Simi¬ 
larly, jugular vein blood collected from 79 
lambs immediately after birth (before onset 
of regular breathing) had the following 
values: pH = 7.21 +0.09 (range, 6.99 to 7.41), 
Po 2 = 18.4 + 9.8 mm Hg (4 to 53), Pco 2 = 

65.4 + 12.5 mm Hg (29.6 to 103.7), HC0 3 “ = 

26.5 + 4.0 mm Hg (13.9 to 35.4), base excess 
= —1.3 + 5.1 mM/L (-16 to 9), and oxygen 
saturation = 21.2 ± 16.6% (0 to 85). 4 Both 
normal calves and lambs are acidotic, hypox¬ 
emic, and hypercapnic during birth as a 
result of impaired placental blood flow, and 
prolonged duration of stage 2 of parturition 
likely exacerbates this hypoxia and increases 
morbidity and fatality rate. 1 

A similar syndrome has been produced 
experimentally by clamping the umbilical 
cord of the bovine fetus in utero for 6 to 8 
minutes, followed by a cesarean section 30 to 
40 minutes later. Calves born following this 
procedure may die within 10 to 15 minutes 
after birth or survive for up to 2 days. During 
the experimental clamping of the umbilical 
cord, there is a decline in the blood pH, Po 2 , 
and standard bicarbonate levels and an 


increase in Pco 2 and lactate levels. There is 
also increased fetal movement during clamp¬ 
ing and a release of meconium, which stains 
the calf and the amniotic fluid. Those that 
survive for a few hours or days are dull and 
depressed, cannot stand, and have poor 
sucking and swallowing reflexes, and their 
temperature is usually subnormal. They 
respond poorly to supportive therapy. A 
slight body tremor may be present, and occa¬ 
sionally tetany and opisthotonus occur before 
death. Calves that are barely able to stand 
cannot find the teats of the dam because of 
uncontrolled head movements. At necropsy 
of these experimental cases, there are pete¬ 
chial and ecchymotic hemorrhages on the 
myocardium and endocardium, there is an 
excess of pericardial fluid, and the lungs are 
inflated. When the experimental clamping 
lasts only 4 minutes, the calves usually survive. 

Meconium staining (brown discolor¬ 
ation) of the coat of the newborn at birth is 
an important indicator that it has suffered 
hypoxia during or preceding the birth 
process, 5 ' 6 and such neonates merit close 
supervision in the early postnatal period. In 
lambs, severe hypoxia during birth results in 
death within 6 days of birth. Neurologic 
lesions in lambs that died between birth and 
6 days of age include hemorrhages in the 
meninges, brain congestion and edema, neu¬ 
ronal ischemic necrosis, intraparenchymal 
hemorrhages in the medulla oblongata and 
cervical spinal cord, parasagittal cerebral 
necrosis, and periventricular leukomalacia.' 
Edema was more severe in the brain than in 
other regions of the central nervous system. 
Ischemic neurons first appeared 24 hours 
postpartum, increased linearly in number 
between 48 hours and 5 days postpartum, 
and had a laminar distribution in the cere¬ 
bral cortex, indicating a hypoxic-ischemic 
encephalopathy.' No significant lesions were 
found in anteparturient deaths or in those 
aged between 7 and 16 days. Lesions in the 
central nervous system can explain most 
deaths at birth and within 6 days of birth. 
The lesions were hypoxic-ischemic and 
appeared to be related to birth injury in some 
cases. 7 Similar lesions are not found in foals 
with neonatal maladjustment syndrome (see 
page 1871). 

Fetal anoxia associated with premature 
expulsion of the placenta occurs in all 
species. Anoxia occurs in all parities of cow 
and with little relation to calving difficulty, 
although malpresentation is a predisposing 
factor. Prepartum diagnosis in cattle is hin¬ 
dered by the low prevalence of prepartum 
vaginal hemorrhage, and the majority of 
fetuses die during the birth process. The pla¬ 
centa is expelled with the fetus. Premature 
separation of the placenta (“red bag”) occurs 
in foals and is an emergency that requires 
immediate attention. Premature placental 
separation occurs in approximately 1.6% of 
births and is associated with a case fatality 
rate of 18% in the foals. 2 


In all species the prevention of intrapar¬ 
tum hypoxia depends on the provision of 
surveillance. Universal surveillance is usually 
not practical for species other than the horse, 
and in cattle, for example, it tends to concen¬ 
trate on the group at most risk so that sur¬ 
veillance, and assistance if necessary, is 
provided for first-calf heifers at the time of 
calving. Heifers that do not continue to show 
progress during the second stage of parturi¬ 
tion should be examined for evidence of dys¬ 
tocia, and obstetric assistance should be 
provided if necessary. 

The treatment and care of foals with this 
syndrome is described in the section on criti¬ 
cal care of the newborn later in the chapter. 
The monitoring, treatment, and care of agri¬ 
cultural animals with this syndrome should 
follow the same principles but is usually 
limited by the value of the animal and the 
immediate access to a laboratory. Measures 
such as the time from birth to sternal recum¬ 
bency, the time from birth to standing, and 
the time from birth to first suckle have been 
used to grade calves and identify those that 
might require intervention and treatment, 
but the best method of evaluation is an 
assessment of muscle tone. There is no effec¬ 
tive practical treatment for calves affected 
with intrapartum hypoxia other than the 
provision of ventilation, as for the foal, and 
the correction of the acidosis. The airway 
should be cleared, and if physical stimulation 
of ventilation gives no response, then 
mechanical ventilation should be attempted. 
The practice of direct mouth-to-mouth ven¬ 
tilation assistance should be strongly dis¬ 
couraged, especially in lambs, because of the 
risk from zoonotic disease agents. Doxapram 
hydrochloride has been used in calves to 
stimulate respiration, but without demon¬ 
strated efficacy. 
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HYPOTHERMIA IN NEWBORNS 

The environment of the neonate has a pro¬ 
found effect on its survival. This is especially 
true for lambs and piglets, in which hypo¬ 
thermia and hypoglycemia are common 
causes of death. Hypothermia can also pre¬ 
dispose to inadequate milk intake, including 
colostrum, and increase the risk and severity 
of infectious disease. A fuller description, 
including hypothermia affecting adults, is 
provided under “Hypothermia” in Chapter 5. 

LAMBS 

Cold stress and resultant death rates of lambs 
is an important animal welfare issue. 1 Lambs 






are very susceptible to cold, and hypother¬ 
mia is an important cause of mortality in the 
early postnatal period. 2 Cold stress to neo¬ 
natal lambs is attributable to heat loss result¬ 
ing from one or more of the factors of low 
ambient temperature, wind, and evaporative 
cooling. The healthy newborn lamb has a 
good ability to increase its metabolic rate in 
response to a cold stress by shivering and 
nonshivering thermogenesis (brown adipose 
tissue). The energy sources in the neonatal 
lamb are liver and muscle glycogen, brown 
adipose tissue, and, if it nurses, the energy 
obtained from colostrum and milk. The 
ingestion of colostrum can be essential 
for early thermogenesis in lambs, especially 
twin lambs. 

The critical temperature (the ambient 
temperature below which a lamb must 
increase metabolic heat production to main¬ 
tain body temperature) for light-birth- 
weight lambs is 31°C to 37°C (88°-99°F) in 
the first days of life. 

The risk of death from hypothermia is 
highest in lambs of small birth size. Heat 
production is a function of body mass, 
whereas heat loss is a function of body 
surface area. Large-birth-size lambs have a 
greater body mass in relation to surface area 
and are thus more resistant to environmental 
cold stress. In contrast, small-birth-size 
lambs, with a smaller body mass relative to 
surface area, are more susceptible to chilling. 
The dramatic nature of this relationship was 
shown in early studies on cold stress and sur¬ 
vival in lambs many years ago. Birth weight 
is lower in twins and triplets and in the 
progeny of maiden ewes. Susceptibility is 
also influenced by maternal nutrition in 
pregnancy (see the next section) because this 
can both influence placental mass, birth 
weight, and the energy reserves of the 
neonate and also affect the activity of the ewe 
at parturition, and the resultant poor moth¬ 
ering behavior and mismothering can result 
in starvation in the lamb. 

Lambs are particularly susceptible to cold 
stress during the first 5 days of life. During 
this period hypothermia can result from 
heat loss in excess of summit metabolism 
or from depressed heat production caused 
by intrapartum hypoxia, immaturity, and 
starvation. 

Heat loss is a function of the surface area 
available for convective, conductive, and 
evaporational heat loss; ambient tempera¬ 
ture; wetness of the skin (fleece); and wind 
speed. These factors can be described math¬ 
ematically as follows: 

Chill index ( kjlm 2 lhr ) 

= 481 + (11.7 + 3.1*V)*(40 — T) 

- (418 *[1 - e~ 004Ra ]), 

where temperature (T), rain ( Ra ), and 
wind speed (V) are considered and are 
related to mortality rate in newborn lambs 
(Fig. 19-3). 
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Chill factor (kj/square m/hr) 


Fig. 19-3 Predicted death rate for neonatal 
lambs as a function of wind chill. (Data 
generated from LambAlive. Horizon 
Agriculture [www.hzn.com.au/lambalive.php] 
and courtesy of Dr. John Larsen, University 
of Melbourne. 6,7 ) 


Heat Loss in Excess of 
Summit Metabolism 

Low-birth-weight lambs born into a cool 
environment where there is wind are espe¬ 
cially susceptible because of the evaporative 
cooling of fetal fluids on the fleece. For a 
small newborn lamb, the evaporative cooling 
effect of a breeze of 19 km/h (12 mph) at 
an ambient temperature of 13°C (55° F), 
common in lambing seasons in many coun¬ 
tries, can be the equivalent of a cold stress 
equivalent to 25° C (77°F). The heat loss in 
these circumstances can exceed the lamb’s 
ability to produce heat (summit metabo¬ 
lism), and progressive hypothermia and 
death result. Hypothermia as a result of heat 
loss in excess of summit metabolism can also 
occur when there is rain or just with cold and 
wind. Death occurs primarily in the first 12 
hours of life. 

Hypothermia From Depleted 
Energy Reserves 

Hypothermia occurring in lambs after 12 
hours of age is usually a result of depletion 
of energy reserves in periods of cold stress; 
milk is the sustaining energy source. There 
are three major causes of hypothermia from 
depleted energy reserves. 

One of the early manifestations of devel¬ 
oping hypothermia is the loss of sucking 
drive; severe cold stress and developing 
hypothermia can result in behavioral changes 
that cause low milk intake and subsequent 
depletion of energy reserves. 

The second important cause is mismoth¬ 
ering; the third is related to birth injury. 
Most researched measures of maternal 
behavior, temperament, and lambing diffi¬ 
culty are poorly correlated genetically with 
lamb survival. 3 Dystocia-related hypoxia is 
associated with acidemia, a reduction in 
summit metabolism, and disturbance in 


thermoregulation and can result in hypo¬ 
thermia. Birth-injured lambs, usually large 
single-born lambs, have depressed sucking 
and feeding activity, and actions to increase 
the birth weight of lambs above a certain 
point are likely to be counterproductive. 4 
The relationship between mortality of lambs 
and birth weight is a U-shaped curve, 
with smaller and larger lambs at increased 
risk of death. 2 

In lambs that have hypothermia associ¬ 
ated with heat loss in excess of summit 
metabolism, heat is required for therapy, but 
in lambs with starvation hypothermia the 
administration of glucose is also necessary. 
Glucose is administered intraperitoneally at 
a dose of 2 g/kg body weight using a 20% 
solution. Following the administration of the 
glucose, the lambs should be dried with a 
towel if wet and rewarmed in air at 40° C 
(104°F). This can be done in a warming box 
using a radiant heater as the heat supply. 
Care should be taken to avoid hyperthermia. 
Careful attention must be given to the nutri¬ 
tion of the lambs after rewarming; otherwise, 
relapse of hypothermia will occur. A feeding 
of 100 to 200 mL of colostrum will also be 
beneficial, but lambs should not be fed before 
they are normothermic because aspiration 
pneumonia is a risk. Experimental hypother¬ 
mia in lambs has shown little direct long¬ 
term pathologic effect. 

In most countries the selection of time of 
lambing is dictated by nutritional consider¬ 
ations and the seasonality of the ewes’ sexual 
behavior, and lambing occurs at a time of 
year when cold stress is likely. The control of 
loss from hypothermia in newborn lambs 
requires supervision at lambing and protec¬ 
tion from cold. Shed lambing will reduce 
cold-stress loss. The provision of shelter in 
lambing paddocks is effective at reducing 
mortality rate and in increasing profitability. 5 
The site is important because birth sites in 
lambing paddocks are not randomly distrib¬ 
uted, and there is variation in the preferred 
sites between breeds. Some ewes will seek 
shelter at lambing, but many ewes in wool 
will not. In some flocks, sheep are shorn 
before lambing in an attempt to force this 
shelter-seeking trait. 

Experimentally, there is a strong relation¬ 
ship between breed and the degree of hypo¬ 
thermia produced. There is also convincing 
evidence that rearing ability is heritable in 
sheep, that some of this relates to traits 
within the newborn lamb, and that a signifi¬ 
cant reduction in neonatal mortality associ¬ 
ated with susceptibility to hypothermia 
could be achieved with a genetic approach. 

Lambs are also susceptible to hyperther¬ 
mia, and thermoregulation is not efficient 
at high environmental temperatures. Heat 
prostration and some deaths can occur in 
range lambs when the environmental tem¬ 
perature is high, especially if lambs have to 
perform prolonged physical exercise and if 
there is an absence of shade. 
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CALVES 

Hypothermia as a result of environmental 
influence is less common in full-term healthy 
calves than in lambs, but mortality rates have 
been shown to increase with decreasing 
ambient temperature and increasing precipi¬ 
tation on the day of birth. The critical tem¬ 
perature for neonatal calves is much lower 
than that for lambs, approximately 13° C 
(55°F), and Bos taurus calves are more resis¬ 
tant to cold stress than are Bos indicus. 

Experimentally produced hypothermia 
in calves causes little overt injury except for 
peripheral damage to exterior tissues. During 
cooling there can be significant peripheral 
hypothermia before any marked reduction 
in core body temperature. Calves have a 
remarkable ability to resist and overcome 
the effects of severe cold temperatures. 
However, there is a relationship between the 
occurrence of cold weather and calf deaths, 
including those resulting from “weak-calf 
syndrome,” and deficiencies in thermoregu¬ 
lation occur in animals born prematurely 
and in dystocial calves. As in lambs, dystocia 
will reduce teat-seeking activity and sucking 
drive, and dystocial calves have lower intakes 
of colostrum, lower body temperatures, and 
decreased ability to withstand cold stress. 

Rewarming of hypothermic calves can be 
by radiant heat, but immersion in warm 
water produces a more rapid response and 
with minimal metabolic effort. The preven¬ 
tion of hypothermia requires the provision of 
shelter from wet and wind for the first few 
days of life. Cows can be calved in a shed; 
alternatively, sheds for calves can be pro¬ 
vided in the fields. Beef calves will use shel¬ 
ters in inclement weather; these may not 
improve their health status, although they 
are in common use. 

PIGLETS 

Hypothermia from heat loss and hypother¬ 
mia/hypoglycemia from starvation are major 
causes of loss in neonatal pigs. Newborn 
piglets have a reasonably good ability to 
increase their metabolic rate in response to 
cold stress, but they have limited energy 
reserves, especially limited brown adipose 
tissue, and they consequently rely on a con¬ 
tinual intake of milk for their major energy 
source, sucking approximately every hour. 
Young pigs have a good ability for peripheral 
vasoconstriction at birth, but surface insula¬ 
tion is deficient because at this age there is 
no subcutaneous layer of fat. The critical 
temperature for young pigs is 34°C (93°F). 

Thermoregulation is inefficient during 
the first 9 days of life and is not fully func¬ 
tional until the 20th day. Newborn piglets 
must be provided with an external heat 
source in the first few weeks of life. The body 
temperature of the sow cannot be relied 
upon for this, and the preferred air tempera¬ 
ture for neonatal pigs is 32°C (89.5°F) 
during the first day and 30° C (86° F) for 
the first week. In contrast, the preferred 


temperature for the sow is about 18°C 
(64°F). A separate environment (creep 
area) must be provided for the piglets. Pro¬ 
vided that there is an adequate ambient tem¬ 
perature to meet the requirements of the 
piglets and good floor insulation, hypother¬ 
mia will not occur in healthy piglets of viable 
size unless there is a failure of milk intake. 

Birth anoxia, with resultant reduced 
vigor, reduced teat-seeking activity, and risk 
for hypothermia, occurs particularly in 
later-birth-order pigs in large litters from 
older sows. Failure of milk intake can also 
occur with small-birth-size piglets and is 
influenced by litter size, low number of func¬ 
tional teats relative to litter size, and teat¬ 
sucking order. 

FOALS 

There have been few studies on thermoregu¬ 
lation in foals, but the large body mass in 
relation to surface area renders healthy 
newborn foals, like healthy calves, relatively 
resistant to cold. Also, foals are less likely to 
be born in a hostile environment than are 
other farm animals. Significant foal mortal¬ 
ity from hypothermia as a result of starvation 
and exposure can occur in extensively 
managed herds, and dystocia, low birth 
weight, and poor mothering are contributing 
factors. 

Sick and premature foals can have diffi¬ 
culty in maintaining body temperature in 
normal environments, and the metabolic 
rates of sick foals and premature foals 
are approximately 25% lower than those of 
healthy foals. 

The relatively larger ratio of surface area 
to mass, lower energy reserves, and lower 
insulation of the coat of premature foals, 
coupled with the lower metabolic rate, place 
them at particular risk for hypothermia. 
Dystocial foals also have lower metabolic 
rates, but dysmature foals appear to thermo- 
regulate normally. Methods of investigation 
that allow postmortem differentiation of 
placental insufficiency, acute intrapartum 
hypoxemia, inadequate thermogenesis, and 
starvation as causes of mortality in foals are 
available. 

Hypothermia should be suspected in pre¬ 
mature foals when the rectal temperature 
falls below 37.2° C (99° F) and should be cor¬ 
rected with external warmth, rugging, or 
moving to a heated environment. If fluids are 
being administered, they should be heated to 
normal body temperature. 

REFERENCES 

1. Dwyer CM. Small Rumin Res. 2008;76:31. 

2. Hinch GN, et al. Anim Prod Sci. 2014;54:656. 

3. Brien FD, et al. Anim Prod Sci. 2014;54:667. 

4. Hatcher S, et al. / Anim Sci. 2009;87:2781. 

5. Young JM, et al. Anim Prod Sci. 2014;54:773. 

6. Lamb Alive. Horizon Agriculture. (Accessed June 15, 
2016, at <http://www.hzn.com.au/lambalive.php>). 

7. Nixon-Smith WF. The forecasting of chill risk ratings 
for new born lambs and off-shears sheep by the use 
of a cooling factor derived from synoptic data. 


Working Paper No. 150. Commonwealth Bureau of 
Meteorology, Melbourne, Vic.; 1972. 

MATERNAL NUTRITION AND 
THE NEWBORN 

There is increasing evidence that the mater¬ 
nal environment for a fetus affects lifelong 
characteristics of offspring and the subse¬ 
quent generation of offspring (“grandchil¬ 
dren”). Although the effects of the maternal 
environment on the development of off¬ 
spring are complex and involve factors such 
as maternal nutrition and health during ges¬ 
tation, birth weight of the fetus, sex of the 
fetus, quality of lactation by the dam, and 
environmental conditions, there is now solid 
evidence of epigenetic effects (“program¬ 
ming”) in determining the growth and pro¬ 
ductivity of offspring in domestic species, 
and reviews are available. 14 It is now well 
understood that factors such as maternal 
nutrition can have long-lasting effects on an 
animal’s health and productivity and that 
these effects can be transmitted to progeny 
separate from changes in the genotype 
(DNA composition). 2 This phenomenon, 
recognized in human medicine, 5 is well 
documented in pigs and cattle 6 ' 7 and has 
risen to have considerable economic impor¬ 
tance as part of the Australian Lifetime Wool 
project. 8 ' 10 The concept is that early life 
(including in utero) environmental condi¬ 
tions cause epigenetic changes that can 
persist for the life of the individual and that 
can be transmitted to offspring. 

Epigenetic changes involve methylation 
of cytosine in cytosine-guanine dinucleo¬ 
tides and alteration of histones in genetic 
material such that the accessibility of DNA 
for transcription is reduced or eliminated. 
The result is that methylated genes are 
silenced and not transcribed. Methylation of 
DNA and histones thereby affects the pheno¬ 
type of the animal because the changes are 
transmitted during mitosis to daughter cells. 
Epigenetic effects can be cell and organ spe¬ 
cific and can be transmitted to offspring. 

An associated phenomenon important to 
animal breeding is the concept of imprinted 
genes. Genomic imprinting is a phenomenon 
in mammals in which the father and mother 
contribute different epigenetic patterns to 
the fetus. A limited number of monoallelic 
expressed genes exert their effect in a parent- 
of-origin-specific manner through specific 
genomic loci in the parents’ germ cells. For 
these genes, expression is restricted to one of 
the two parentally inherited chromosomes. 
Imprinted chromosomes are silenced, allow¬ 
ing the other chromosome to be expressed, 
which is referred to as maternally expressed/ 
paternally imprinted or paternally expressed/ 
maternally imprinted. 1 Although the number 
of genes that can imprint is limited, many of 
these genes encode for proteins that regulate 
a wide variety of biological processes, 
including embryonic and neonatal growth, 
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metabolism, and behavior. 1 Understanding of 
this process has followed observations on 
abnormalities in animals born as a result of 
assisted reproductive technologies (including 
in vitro fertilization and somatic-cell nuclear 
transfer cloning) that alter methylation of 
chromosomes in gametes. 111 (See “Disorders 
of Cloned Offspring,” page 1870). 

Fetal programming describes the lifelong 
effects of in utero exposure of the fetus to 
various conditions. 2 Experimental maternal 
undernutrition during gestation adversely 
affects intermediate energy metabolism in 
lambs tested at ~20 weeks of age, evident as 
lower insulin secretory capacity and greater 
tissue insulin sensistivity. 12 Some of the effects 
of in utero exposure to the fetus could have 
lifelong effects on attributes important for 
agricultural productivity. This has been dem¬ 
onstrated for sheep in the Lifetime Wool 
project, in which numerous studies have 
revealed the importance of providing optimal 
nutrition and body condition for ewes for 
both the ewes’ productivity and the lifetime 
productivity of their lambs. 1 ’ 14 The body 
weight profile of Merino ewes determines the 
fleece weight and fiber diameter of their 
progeny, with an optimal weight profile of the 
ewe resulting in higher fleece weight and finer 
wool in the progeny. 8 It does not appear that 
nutrition of the ewe affects milk production 
by her daughter and, therefore, live weight at 
weaning of the ewe’s daughter’s progeny. 15 

There is interest in fetal programming 
and epigenetics for horses, but currently 
there are no practical implications, although 
these can be anticipated. 3,4 

Effects on both the dam and the fetus can 
occur from overfeeding or underfeeding of 
the dam, 9 and there can be effects from the 
influences of trace-element deficiencies or 
toxic substances. Severe undernutrition of 
the dam can affect fetal size and its thermo¬ 
genic rate, with consequences as described 
earlier. Prepartum protein restriction has the 
greatest effect. Severe undernutrition of the 
dam can also lead to weak labor and increased 
rates of dystocia and can limit the develop¬ 
ment of the udder. Colostrogenesis may be 
impaired, with a greater risk of infectious 
disease in the neonate, and milk production 
may be significantly reduced or delayed, with 
a risk of starvation. 

Most information is available for the 
effects of nutrition of the pregnant ewe on 
fetal growth rate, udder development, the 
availability of energy in the body reserves of 
fetuses at term, and the amount and energy 
content of colostrum. In sheep, maternal 
nutrition can have a significant influence on 
fetal growth rate and placental size. 16 The 
underfeeding of hill sheep in late pregnancy 
markedly reduces the term weight of the 
udder and the prenatal accumulation and 
subsequent rates of secretion of colostrum. A 
low plane of nutrition in late pregnancy 
results in a marked decrease in fetal body- 
lipid and brown-fat reserves, a marked 


reduction in the total production of colos¬ 
trum, and a reduction in the protein concen¬ 
tration in colostrum during the first 18 hours 
after parturition. However, exposure of late 
pregnant ewes to cold by shearing increases 
lamb birth weight and lamb brown-fat 
reserves. 

Inadequate nutrition can also result in 
in utero growth retardation. Growth retarda¬ 
tion can be produced in fetal pigs, lambs, and 
calves by maternal caloric undernutrition. 
Nutritional restriction in ewes reduces the 
number of placental lactogen receptors that 
mediate amino acid transport in fetal liver 
and glycogen synthesis in fetal tissue, leading 
to depletion of fetal liver glycogen stores. 
This has been postulated as a possible cause 
of the fetal growth retardation that accompa¬ 
nies maternal caloric undernutrition. Runt 
pigs have a reduced metabolic rate and lower 
skeletal muscle respiratory enzyme activity. 
This deficiency persists after birth; runt pigs 
have a lower core temperature and a lessened 
ability to increase their metabolic rate and 
heat production in response to cold. Para¬ 
doxically, overnourishing the adolescent 
ewe will also result in placental growth 
restriction and in utero growth retardation. 
This effect is most evident in the second third 
of pregnancy. This syndrome is accompanied 
by the birth of lambs with a shorter gesta¬ 
tional age, commonly reduced by 3 days. It 
is thought that the fetal hypoxia and hypo¬ 
glycemia that accompany placental insuffi¬ 
ciency might stimulate the maturation of the 
fetal hypothalamic-pituitary-adrenal axis, 
initiating early parturition. 

Maximum lamb survival is achieved at 
intermediate lamb birth weights, and the 
nutritional management of the pregnant 
ewe in fecund flocks is very important. Ewes 
with multiple lambs can be selected using 
ultrasound and fed separately from those 
with singles. Pregnant maiden ewes should 
also be fed to their separate requirements. 
The recommendation is for a body-condition 
score of 3.0 to 3.5 at mating, with a fall of 0.5 
in score during the second and third months 
of pregnancy and a subsequent rise in score 
to 3.55 to the point of lambing, and with a 
distinct weight gain in late pregnancy. Equiv¬ 
alent condition scores are also appropriate 
for other species. 

Toxic substances and trace-element defi¬ 
ciencies can result in increased risk for fetal 
and neonatal mortality and are discussed 
under those headings. Of particular signifi¬ 
cance is the agalactia, prolonged gestation, 
and fetal distress at birth seen in mares fed 
grain contaminated with ergot (Claviceps 
purpurea ) and in mares grazing tall fescue 
(Festuca arundinacea) containing the endo¬ 
phyte fungus Acremonium coenophialum. 

FURTHER READING 

Kenyon PR, Blair HT. Foetal programming in 

sheep—effects on production. Small Rumin Res. 

2014;118:16-30. 


O’Doherty AM, et al. Genomic imprinting effects on 
complex traits in domesticated animal species. Front 
Genet. 2015;6:156. 
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POOR MOTHER-YOUNG 
RELATIONSHIP 

Any examination of neonatal mortality sus¬ 
pected of being caused by hypothermia, star¬ 
vation, or infection as a result of failure of 
transfer of passive immunity, and even 
trauma by crushing in piglets, must take into 
account the possibility that poor mothering 
and a poor mother-young bond could be the 
primary cause. Inadequate maternal care 
leads to rapid death of the newborn under 
extensive conditions where there is no 
human intervention to correct the problem. 1 
The defect is most likely to be on the side of 
the dam, but it may originate with the off¬ 
spring, especially in those that are hypother¬ 
mic. 2 A poor relationship may be genetic or 
nutritional, and, on the part of the offspring, 
it may be the result of birth trauma. 

For both the dam and the young, there is 
a much greater chance of establishing a good 
bond if the animal has been reared in a group 
rather than as an individual. Because sight, 
smell, taste, and hearing are all important in 
the establishment of seeking and posturing 
to suckle activity by the dam and seeking, 
nuzzling, and sucking activity by the off¬ 
spring, any husbandry factor that interferes 
with the use of these senses predisposes to 
mortality. Weakness of the offspring as a 
result of poor nutrition of the dam, harass¬ 
ment at parturition by overzealous atten¬ 
dants, and high growth of pasture are obvious 
examples. Poor mother-young relationship 
can be a problem in cattle, pigs, and sheep, 
and occasionally in horses, especially with 
extensive foaling practices. In pigs a poor 
mother-young relationship may be devel¬ 
oped to an intense degree in the form of far¬ 
rowing hysteria, which is dealt with under 
that heading. In sheep a poor mother-young 
relationship can be a significant contributor 
to neonatal death from starvation, especially 
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Table 19-1 Scoring system for assessing vigorousness of newborn lambs 


Score Description 

1 Does not stand for at least 40 min; little or no teat-seeking drive; does not appear alert or 

active 

2 Attempts to stand after 30 min; low teat-seeking drive and tendency to follow ewe; shows 

some alertness but not very active; does not appear coordinated in attempts 

3 Shakes head within 30 s; attempts to stand within 15 min; seeking teat within 10 min of 

standing; follows ewe but distracted by other moving objects; generally alert and active; 
coordination may be lacking 

4 Attempts to stand within 10 min of birth; seeking teat within 5 min of standing; strong 

tendency to follow ewe; alert and active and well-coordinated movements 

5 Attempts to stand within 5 min of birth; follows ewe closely; very alert and active 


Table 19-2 Definitions for lamb behaviors 

Behavior 

Definition 

Shakes head 

Lamb raises and shakes head 

To knees 

Lamb rolls onto chest, gathers legs under it, and pushes front half of the body 
up off the ground 

Attempts to stand 

Lamb supports bodyweight on at least one foot 

Stands 

Lamb stands unsupported on all four feet for > 5 s 

Reaches udder 

Lamb approaches ewe and nudges her in the udder region 

Unsuccessful suck 

Lamb places head under ewe in contact with the udder, but either fails to grasp 
the teat or releases it without sucking 

Sucks 

Lamb hold teat in its mouth and appears to be sucking with appropriate mouth 
and head movements, may be tail-wagging, remains in this position for > 5 s 


in highly strung breeds such as the Merino, 
which have a higher mismothering rate than 
do Romney ewes. 2,3 

Bonding occurs rapidly after birth, 
although there is some minor variation 
between species, with bonding starting 
within a few minutes of birth in sheep but 
taking up to 2 to 3 hours in some horses, for 
example. The strength of bonding also 
appears to vary between species. The bonding 
of the dam to the neonate is usually quite 
specific, although this can be modulated by 
management systems, and the neonate may 
be less selective and will often attempt to 
suck other dams. With sheep lambed under 
intensive lambing practices, this can lead to 
high rates of mismothering and subsequent 
abandonment, when preparturient “robber” 
ewes adopt lambs from multiple births. A 
high degree of shepherding is required to 
minimize loss in these management systems, 
whereas in extensive systems a strong 
bonding is established if the ewe and lamb 
are allowed to remain relatively undisturbed 
on the lambing site for 6 hours. A scoring 
system is available to allow objective assess¬ 
ment of the vigor of newborn lambs (Tables 
19-1 and 19-2). 

There is evidence of genetic and parental 
(sire) effects on the ability of lambs to follow 


the dam and to avoid mismothering. These 
effects appear to be modest. 2 ' 4 ' 5 

Vaginal cervical stimulation and the 
central release of oxytocin are thought to be 
important in initiating maternal behavior, 
although caudal epidural anesthesia for deliv¬ 
ery does not effect mothering or bonding. 
Sucking is also a major determinant. Recog¬ 
nition is olfactory and auditory and mediated 
by the release of neurotransmitters. 

Bonding is often slower with primiparous 
dams and is also delayed where there is post¬ 
partum pain. A failure of bonding leads to 
rejection and abandonment of the neonate. 

Maternal care is also important to neona¬ 
tal survival, and there is significant difference 
in litter mortality from crushing and injury 
among sows related to sow behavior and 
their response to piglet distress calls. A 
description of normal and abnormal behav¬ 
ioral patterns of the mare and foal is avail¬ 
able, and techniques for fostering have been 
described. 
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TEETH CLIPPING OF PIGLETS 

It is necessary to shorten the needle teeth of 
the upper and lower jaw of the newborn pig 
using a clean pair of sharp nail clippers or a 
grinding wheel. It is essential to practice 
good hygiene or infection of tooth roots can 
occur, leading to local inflammation and 
infection with the possibility of abscessation 
associated with Fusobacterium and Trueper- 
ella. It is not done before 6 hours of age 
because it will interfere with the absorption 
of colostrum. It is done to prevent damage to 
the sow’s teats or to other piglets before 7 
days after birth. Damage to the sow’s teats 
will cause pain and reluctance to allow suck¬ 
ling. Damage to other piglets may interfere 
with the establishment of the “pecking order” 
in the litter. 


Failure of Transfer of 
Passive Immunity (Failure 
of Transfer of Colostral 
Immunoglobulin) 

The acquisition and absorption of adequate 
amounts of colostral immunoglobulins is 
essential to the health of ruminant, porcine, 
and equine neonates because they are born 
virtually devoid of circulating immunoglob¬ 
ulin. Failure of passive transfer (FPT) has 
been a commonly used term to describe the 
transfer of passive immunity (immunoglob¬ 
ulins, specifically IgGl in colostrum) from 
the dam to the neonate. The process by 
which colostral immunoglobulin is absorbed 
is far from passive; it is an active and focused 
activity. Accordingly, FPT provides an incor¬ 
rect summary of this process, and failure 
of transfer of passive immunity (FTPI) 
provides a more accurate descriptive term. 
Adequate antibody transfer is the corner¬ 
stone of all neonatal preventive health pro¬ 
grams, but FTPI remains an important 
problem particularly affecting the dairy 
industry. Educational campaigns targeting 
dairy producers have been launched in the 
past decades, and, encouragingly, the preva¬ 
lence of FTPI in dairy heifers in the United 
States decreased from over 40% in 1992 to 
19% in 2007. 1 

Much of the description that follows 
refers to the calf because more studies on 
transfer of passive immunity have been 
conducted in calves. However, most of 
the information is applicable to the other 
species; where there are differences, these are 
mentioned. 

NORMAL TRANSFER OF 
IMMUNOGLOBULINS 

Immunoglobulins in colostrum are present 
in different concentrations. The major 
immunoglobulin in colostrum is IgG. IgG 
consists of two fractions, IgGi and IgG 2 , 
which contribute 80% and 5% to 10%, 
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respectively, to the total colostral immuno¬ 
globulin concentration. IgM and IgA each 
account for approximately 5% of the colos¬ 
tral immunoglobulin content. IgG is concen¬ 
trated in colostrum by an active, selective, 
receptor-mediated transfer from the blood 
of the dam across the mammary secretory 
epithelium. This transfer to colostrum begins 
approximately 4 to 6 weeks before parturi¬ 
tion and results in colostral IgG concentra¬ 
tions in first milking colostrum that are 
several-fold higher than maternal serum 
concentrations. This active IgG transfer 
ceases suddenly at the onset of lactation, pre¬ 
sumably in response to increased prolactin 
secretion around parturition. 2 IgA and IgM 
are largely derived from local synthesis by 
the mammary gland rather transfer from 
plasma. 

Following ingestion by the newborn, a 
significant proportion of these immunoglob¬ 
ulins is transferred across the epithelial cells 
of the small intestine during the first few 
hours of life and transported via the lym¬ 
phatic system to the blood. Immunoglobu¬ 
lins in blood are further varyingly distributed 
to extravascular fluids and to body secretions 
depending on the immunoglobulin class. 

These absorbed immunoglobulins protect 
against systemic invasion by microorgan¬ 
isms and septicemic disease during the neo¬ 
natal period. Unabsorbed immunoglobulins 
and immunoglobulins resecreted into the 
gut play an important role in protection 
against intestinal disease for several weeks 
following birth. FTPI has unequivocally 
been associated with increased morbidity 
and mortality and reduced growth rates of 
neonates. Adequate immunoglobulin supply 
at birth is associated with higher first- 
and second-lactation milk production and 
decreased risk of culling during the first 
lactation/ 

In foals, FTPI presents a significant risk 
for the development of illness during the first 
3 months of life. 

Lactogenic Immunity 

The IgG concentration in milk falls rapidly 
following parturition in all species, and 
immunoglobulin concentrations in milk 
are low (Table 19-3). In the sow, the 


concentration of IgA falls only slightly 
during the same period, and it becomes a 
major immunoglobulin of sows’ milk. IgA is 
synthesized by the mammary gland of the 
sow throughout lactation and serves as an 
important defense mechanism against 
enteric disease in the nursing piglet. IgA in 
milk is an important mucosal defense mech¬ 
anism in piglets, whereas in the calf there is 
little IgA in milk, but some enteric protection 
is provided by colostral and milk IgG and 
IgG derived from serum that is resecreted 
into the intestine. 

FAILURE OF TRANSFER OF 
PASSIVE IMMUNITY 

FTPI is the major determinant of septicemic 
disease in most species. It also modulates the 
occurrence of mortality and severity of 
enteric and respiratory disease in early life 
and performance at later ages. 

In terms of the modulation of disease, 
there can be no set cut-point for circulating 
immunoglobulins because this cut-point will 
vary according to the farm, its environment, 
infection pressure, and the type of disease. 
Values are given as guidelines. FTPI in 
calves has been defined as a serum IgG con¬ 
centration below 1000 mg/dL (10 mg/mL) 
when measured between 24 hours and 7 days 
of age. With foals, the equivalent IgG cutoff 
concentrations for FTPI and partial FTPI 
are given as 400 mg/dL and 800 mg/dL, 
respectively. Although a serum IgG concen¬ 
tration above 400 mg/dL might be adequate 
for healthy foals kept in a clean environment 
with minimal pathogen exposure, a con¬ 
centration above 800 mg/dL is considered 
optimal. 6 For New World camelid crias, a 
cut-point value for the serum IgG concentra¬ 
tion of 1000 mg/dL measured at around 36 
hours of life has been recommended.' 

Rates of FTPI in dairy calves can vary 
widely between farms, but they were esti¬ 
mated to be in the range of 20% in a recent 
nationwide survey conducted in the United 
States. 1 In beef calves FTPI rates tend to be 
lower; a recent Canadian study reported the 
incidence of FTPI, defined as serum IgG 
concentrations below 800 mg/dL, of 6% and 
a rate of marginal transfer of passive immu¬ 
nity (800 mg/dL < IgG < 1600 mg/dL) of 


10%. 8 Failure rates in foals reported in the 
literature are approximate 13% to 16%. Rates 
in lambs are also comparatively low, and the 
incidence of FTPI in crias has been estimated 
to be around 10%. 7 

In animals that are fed colostrum arti¬ 
ficially, risk for FTPI is primarily dependent 
on the amount or mass of immunoglobulin 
present in a feeding of colostrum, the time 
after birth that this is fed, the efficiency of 
its absorption from the digestive tract, and 
possibly also the degree of bacterial con¬ 
tamination. 1 The mass of immunoglobulins 
fed is determined by the concentration of 
immunoglobulin in the colostrum and the 
volume that is fed. Feeding trials with calves 
suggest that a mass of at least 150 g of IgG 
is required in colostrum fed to a 45-kg calf 
to obtain adequate (>1000 mg/dL IgG) 
colostral immunoglobulin concentrations in 
serum. 

In animals that suck colostrum natu¬ 
rally, such as foals, risk for FTPI is primarily 
dependent on the concentration of immu¬ 
noglobulin in the colostrum, the amount 
that is ingested, and the time of first suck¬ 
ling. Inadequate colostral immunoglobulin 
concentration and delay in ingestion of 
colostrum are the two important factors in 
FTPI in foals. 


DETERMINANTS OF TRANSFER OF 
COLOSTRAL IMMUNOGLOBULINS 


1. Amount of immunoglobulin in colostrum 
fed: 

a. Volume of colostrum fed 

b. Concentration of immunoglobulins in 
colostrum 

2. Amount of colostrum actually suckled or 
fed 

3. Rate of abomasal or gastric emptying after 
colostrum ingestion 

4. Efficiency of absorption of 
immunoglobulins by neonate 

5. Time after birth of suckling or feeding 

6. Time of collection of colostrum after 
calving (with artificial colostrum feeding) 

7. Degree of bacterial contamination of 
colostrum 


Table 19-3 Failure of transfer of passive immunity; concentrations and relative percentage of immunoglobulins in serum and 
mammary secretions of cattle and pigs 


CONCENTRATION (mg/ml) TOTAL IMMUNOGLOBULIN (%) 


Animal 

Immunoglobulin 

Serum 

Colostrum 

Milk 

Serum 

Colostrum 

Milk 

Cow 

igG, 

11.0 

75.0 

0.59 

50 

81 

73 


igc 2 

7.9 

2.9 

0.02 

36 

5 

2.5 


IgM 

2.6 

4.9 

0.05 

12 

7 

6.5 


IgA 

0.5 

4.4 

0.14 

2 

7 

18 

Sow 

IgG 

21.5 

58.7 

3.0 

89 

80 

29 


IgM 

1.1 

3.2 

0.3 

4 

6 

1 


IgA 

1.8 

10.7 

7.7 

7 

14 

70 
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Determinants of Immunoglobulin 
Concentration in Colostrum 

Nominal concentrations of immunoglobulin 
in the first milking colostrum of cows and 
sows are shown in Table 19-4. 1 Current con¬ 
ventional wisdom posits that high-quality 
bovine colostrum should contain at least 
50 g/L IgG, 2 and that 3 L of high-quality 
colostrum should be fed as soon as possible 
after birth. 3,4 This strategy will provide the 
needed 150 g of colostral IgG. There can be 
substantial variation in the concentration of 
immunoglobulin in colostrum in all species, 
and the ingestion of a “normal” amount of 
colostrum that has low immunoglobulin 
concentration may provide an insufficient 
amount of immunoglobulin for protection. 
In a study of over 900 first-milkings colos¬ 
trum from Holstein Friesian cows, only 
29% of the colostrum samples contained 
a sufficiently high concentration of immu¬ 
noglobulin to provide 100 g IgG in a 2-L 
volume. The equivalent percentages for 3- 
and 4-L volume feedings were 71% and 87%, 
respectively. 

It is apparent that variation in colostral 
immunoglobulin concentration can be a 
cause of FTPI. Some causes of this variation 
are the following: 

• The concentrations of immunoglobulin 
in colostrum fall dramatically after 
parturition. The concentrations in 
second-milking colostrum are 
approximately half those in the first 
milking, and by the fifth postcalving 
milking, concentrations approach those 
found during the remainder of lactation. 
A similar situation exists with horses. 
The mean concentrations of IgG in 
colostrum of mares 3 to 28 days before 
foaling is greater than 1000 mg IgG/dL, 
whereas at parturition the mean 
concentrations may vary from 4000 to 
9000 mg/dL. The concentrations 
decrease markedly to 1000 mg/dL in 8 
to 19 hours after parturition. 

• The immunoglobulin concentration of 
colostrum decreases after calving even 
when the cow is not milked. It is 
important that this colostrum be milked 
as soon as possible after parturition. 
Colostrum that is collected 6 hours or 
later after calving has a significantly 
lower concentration than that collected 

2 hours after calving. In a study 
documenting the effect of time since 
parturition on colostral IgG 
concentration, it was observed that 
colostral IgG concentration decreased 
by 3.7% during each subsequent hour 
after calving because of postparturient 
secretion of IgG-poor milk by the 
mammary glands. 

• Colostrum from cows or mares that 
have been premilked to reduce udder 
edema or from dams that leaked 
colostrum before parturition have low 
immunoglobulin concentrations, and 


alternate colostrum should be fed for 
immunoglobulin transfer. 

• In cattle, dry periods of less than 30 
days may result in colostrum of lower 
immunoglobulin concentration. 

• Premature foaling or the induction of 
premature parturition using long- 
acting corticosteroids in cattle can result 
in colostrum with low immunoglobulin 
concentration and/or low volume. 

• In cattle, average colostral 
immunoglobulin concentrations are 
higher in cows in third or higher 
lactation groups compared with 
younger cows. However, colostrum from 
all lactation numbers can produce 
adequate immunoglobulin mass. There 
is no scientific basis for not feeding 
first-milking colostrum from first- 
lactation cows. 

• Larger-volume first-milking colostrum 
tends to have lower immunoglobulin 
concentrations than smaller-volume 
colostrum, presumably as a result of 
dilution. 

• Immunoglobulin concentrations were 
found to be higher in the early temporal 
fractions of a single milking of first- 
milking colostrum. This might suggest 
that segregation of the first portion of the 
first-milking colostrum could provide 
colostrum with higher immunoglobulin 
concentration for feeding. 

• There are breed differences in the 
concentration of immunoglobulins in 
first-milking colostrum. In cattle, beef 
breeds have higher concentrations. 

Many dairy breeds, including Holstein 
Friesian, produce colostrum of 
relatively low immunoglobulin 
concentration, and a significant 
proportion of calves that suckle cows of 
these breeds ingest an inadequate mass 
of immunoglobulin. Channel Island 
breeds have a greater concentration of 
immunoglobulin in colostrum that 
Holstein Friesians. Breed differences 
are also seen in horses, with Arabian 
mares having higher colostral 
immunoglobulin concentrations than 
Standardbreds, which in turn are 
higher than those of Thoroughbreds. 
Breed differences also occur in sheep, 
with higher concentrations in meat and 
wool breeds than dairy breeds. 

• Heat stress to cattle in the latter part of 
pregnancy results in lower colostral 
immunoglobulin concentrations. 

• Colostral volume but not colostral 
immunoglobulin concentration is 
reduced in mastitic quarters, and it is 
unlikely that mastitis is a major 
determinant of the high rate of FTPI in 
dairy calves. Colostrum from cows with 
clinical mastitis should nonetheless not 
be fed because it may contain pathogens 
in large amounts and has unphysiologic 
composition. 


• The pooling of colostrum in theory 
could avoid the variation in 
immunoglobulin concentration of 
individually fed colostrum and could 
provide a colostrum that reflects the 
antigenic experience of several cattle. 

In practice, colostrum pools from 
Holsteins invariably have low 
immunoglobulin concentrations because 
high-volume, low-concentration 
colostrum dilutes the concentration of 
the other samples in the pool. If pools 
are used, the diluting influence of 
low-immunoglobulin-concentration, 
high-volume colostrum should be 
limited by restricting any individual 
cows contribution to the pool to 9 kg 
(20 lb) or less. However, pooling 
increases the risk of disease 
transmission because multiple cows are 
represented in a pool and the pool is fed 
to multiple calves. This can be important 
in the control of Johne’s disease, bovine 
leukosis, Mycoplasma bovis, E. coli, and 
Salmonella spp. 

• Bacterial contamination of colostrum 
can have a negative effect on transfer of 
passive immunity. The current 
recommendation is that fresh colostrum 
should contain less than 100,000 cfu/mL 
total bacteria count and less than 
10,000 cfu total coliform count. 2 One 
study found that 85% of colostrums 
sampled from 40 farms in the United 
States exceeded this threshold. 
Colostrum that is to be fed or stored 
should be collected with appropriate 
preparation and sanitation of the cow 
and of the milking equipment used on 
fresh cows. 

• Pasteurization of colostrum either at 
63° C (145° F) for 30 min or 72° C 
(162°F) for 15 s was shown to reduce 
colostrum IgG concentration by at least 
30% and to thicken or congeal the 
colostrum. In contrast, pasteurization 
at 60° C (140° F) for 60 min was found 
to affect neither colostral IgG 
concentration nor fluid characteristics 
while eliminating or at least significantly 
decreasing the content of major 
pathogens, including Mycobacterium 
avium subps. paratuberculosis, M. bovis , 
E. coli , and Salmonella spp. 

• Old mares (older than 15 years) may 
have poor colostral immunoglobulin 
concentration. 

Volume of Colostrum Ingested 
Dairy Cows 

The volume of colostrum that is fed has a 
direct influence on the mass of immuno¬ 
globulin ingested at first feeding. The average 
volume of colostrum ingested by nursing 
Holstein Friesian calves in the first 24 hours 
of life is reported as 2.4 L, but there is wide 
variation around this mean. In natural suck¬ 
ling situations, calves may fail to ingest 
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adequate colostrum volumes before onset of 
the closure process and therefore absorb 
insufficient colostral immunoglobulin. Early 
assisted suckling may help avoid this. In 
dairy calves the volume of colostrum that is 
ingested can be controlled in artificial 
feeding systems using nipple bottle feeders 
or esophageal tube feeders. Bucket feeding 
of colostrum is not recommended because 
training to feed from a bucket can be associ¬ 
ated with erratic intakes. 

The traditional recommendation for the 
volume of colostrum to feed at first feeding 
to calves is 2 L (2 quarts). However, only a 
small proportion of first-milking colostrum 
from Holsteins contains a sufficiently high 
concentration of immunoglobulin to provide 
100 g IgG in a 2-L volume, and higher 
volumes of colostrum are required to achieve 
this mass intake. Some calves fed with a 
nipple bottle will drink volumes greater 
than 2 L, but others will refuse to ingest even 
2 L of colostrum in a reasonable period of 
time, and calf rearers may lack the time or 
patience to persist with nipple bottle feeding 
until the required volume has been ingested 
by all calves. 

Larger volumes of colostrum can be fed 
by an esophageal feeder, and single feedings 
of large volumes of colostrum (3.5 to 4.0 L 
per 45 kg of body weight) result in the lowest 
percentage of calves with FTPI by allowing 
calves fed colostrum with relatively low 
immunoglobulin concentrations to receive 
an adequate immunoglobulin mass before 
closure. Feeding this volume by an esopha¬ 
geal feeder causes no apparent discomfort to 
a minimally restrained calf and was not 
found to negatively affect intestinal IgG 
absorption compared with voluntary intake 
of the same (large) volume. 10 There is none¬ 
theless some debate around the recommen¬ 
dation to systematically tube feed neonatal 
calves because of animal welfare concerns. In 
several European countries animal welfare 
legislation prohibits force-feeding of animals 
without medical indication. 20 

Beef Cows 

With beef breeds very effective colostral 
immunoglobulin transfer is achieved with 
natural sucking. This is thought to be a result 
of the greater vigor at birth exhibited by 
these calves and the higher immunoglobulin 
concentrations in beef colostrum, requiring 
a smaller volume intake to acquire an ade¬ 
quate mass. Natural sucking will give an 
adequate volume intake, and there is no need 
to artificially feed colostrum unless the dam 
is observed to refuse nursing or the calf’s 
viability and sucking drive are compromised. 
The yield of colostrum and colostral immu¬ 
noglobulins in beef cows can vary widely, 
and range beef heifers may produce critically 
low volumes of colostrum. Differences in 
yield can be attributed to breed or to nutri¬ 
tional status, although undernutrition is not 
an effect unless it is very severe. 


Ewes 

Colostrum yield is high in ewes in good con¬ 
dition at lambing, but it may be low in ewes 
with condition scores of 1.5 to 2.0. 

Sows 

In sows there is also very effective colostral 
immunoglobulin transfer with natural 
sucking, and piglets average an intake of 5% 
to 7% of body weight in the first hour of life. 
There is between-sow variation in the 
amount of colostrum, and there can be a 
large variation in colostrum supply from teat 
to teat, which may explain variable health 
and performance. During farrowing and 
for a short period following, colostrum is 
available freely from the udder, but thereafter 
it is released in ejections during mass 
suckling. A strong coordinated sucking 
stimulus is required by the piglet for 
maximum release of colostrum, and this 
requires that the ambient temperature and 
other environmental factors be conducive to 
the optimum vigor of the piglets. Small- 
birth-weight piglets, late-birth-order piglets, 
and piglets sucking posterior teats obtain less 
colostrum. 

All Species 

In all species a low-volume intake may also 
occur because of the following factors: 

• Poor mothering behavior, which may 
prevent the newborn from sucking; 
occurrence of disease; or milk fever 

• Poor udder and/or teat conformation 
so that the newborn cannot suck 
normally or teat seeking is more 
prolonged. Udder-to-floor distance is 
most critical, and low-slung udders can 
account for significant delays in intake. 
Bottle-shaped teats (35-mm diameter) 
also significantly reduce intake. 

• Delayed and inadequate colostral 
intake frequently accompanies perinatal 
asphyxia or acidemia because of the 
greatly decreased vigor of the calf in the 
first few hours of life. Perinatal asphyxia 
can occur in any breed and is greatly 
increased by matings resulting in 
fetal-maternal disproportion and 
dystocia. 

• The newborn may be weak, traumatized, 
or unable to suck for other reasons; a 
weak sucking drive can be a result of 
congenital iodine deficiency, cold stress, 
or other factors. 

• Disease of the periparturient dam, such 
as clinical hypocalcemia in cattle or the 
mastitis metritis agalactia complex in 
sows, may preclude adequate colostrum 
intake by offspring. 

• Failure to allow newborn animals to 
ingest colostrum may occur under some 
management systems. 

Efficiency of Absorption 

After ingestion of colostrum by the newborn, 
colostral immunoglobulins are absorbed 


from the small intestine, by a process of 
pinocytosis, into the columnar cells of the 
epithelium. In the newborn calf this is a very 
rapid process, and immunoglobulin can be 
detected in the thoracic duct lymph within 
80 to 120 minutes of its being introduced 
into the duodenum. The period of absorp¬ 
tion varies between species and with immu¬ 
noglobulin class. The mechanism by which 
absorption ceases is not well understood, but 
it may be related to replacement of the fetal 
enterocyte. The region of maximum absorp¬ 
tion is in the lower small intestine, and peak 
serum concentrations are reached by 12 to 24 
hours in all species. Absorption is not limited 
to immunoglobulin, and proteinuria during 
the first 24 hours of life is associated with the 
renal excretion of low-molecular-weight 
proteins such as p-lactoglobulin. 

Feeding Methods, "Closure of 
the Gut," and Immunoglobulin 
Absorption 

Under normal conditions complete loss 
of the ability to absorb immunoglobulin 
(closure of the gut) occurs by 24 to 36 hours 
after birth in all species, and there is a sig¬ 
nificant reduction in absorptive ability (as 
much as 50% in some studies but minimal in 
others) by 8 to 12 hours following birth. The 
time from birth to feeding is a crucial factor 
affecting the absorption of colostral immu¬ 
noglobulin in all species, and any delay 
beyond the first few hours of life, particularly 
after 8 hours, significantly reduces the 
amount of immunoglobulin absorbed. 

The recommendation is that all neonates 
should be fed colostrum within the first 2 
hours of life. 

Natural Sucking 

Natural sucking is the desired method of 
intake of colostrum and is the most efficient, 
but it is influenced by the sucking drive and 
vigor of the neonate at birth. Newborns that 
suck colostrum can achieve very high con¬ 
centrations of colostral immunoglobulin, 
and the efficiency of absorption is best with 
this feeding method. However, in dairy 
calves natural sucking is commonly associ¬ 
ated with a high rate of FTPI because of 
delays in sucking coupled with low intake. 
Rates of FTPI in calves allowed to obtain 
colostrum via voluntary nursing reported in 
the literature can be as high as 40% to 60%/ 
Many factors influence the occurrence of 
delayed sucking, but calf vigor and birth- 
related asphyxia are the most important. 
Parity of the dam, conformation of the udder, 
and breed were also found to be significantly 
associated with the rate of FTPI. One older 
study reported that 46% of all calves born to 
multiparous cows had failed to nurse within 
6 hours of birth compared with 11% of calves 
of primiparous cows. 11 Jersey calves have 
better rates of successful transfer of passive 
immunity with natural sucking than do Hol¬ 
steins Friesians. 
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Artificial Feeding 

In contrast, when calves are fed colostrum 
artificially, minimal delays from birth to 
the time of colostrum feeding occur, 
and maximal colostrum immunoglobulin 
absorption results. In breeds such as Holstein 
Friesians, where colostral immunoglobulin 
concentrations tend to be low and maximal 
efficiency of absorption is necessary, the 
logical way to minimize risk of FTPI is to 
feed the maximum volume of colostrum that 
is well tolerated within the first few hours of 
life. The published literature consistently 
reports higher calf serum IgG concentrations 
and a lower rate of FTPI in response to larger 
colostrum feeding volumes. 2,10,12 

Other Influences 

Even with the best available on-farm colos¬ 
trum-selection methods, large colostrum¬ 
feeding volumes are essential to minimize 
the risk of FTPI in breeds with relatively low 
colostral immunoglobulin concentrations. 
The method is particularly advantageous 
where time constraints of other farm activi¬ 
ties limit the time available for calf feeding. 
The major detrimental influence on absorp¬ 
tive efficiency of immunoglobulin is delayed 
feeding after birth. Other factors that may 
affect absorptive efficiency include the 
following: 

• Perinatal asphyxia or acidemia may 

have both direct and indirect effects on 
colostral immunoglobulin transfer. 
Asphyxia has a major effect on 
subsequent sucking drive, and acidemic 
calves ingest far less colostrum than 
calves with more normal acid-base 
status at birth. In carefully controlled 
colostrum feeding studies, a significant 
negative correlation between the degree 
of hypercapnia and the efficiency of 
absorption of colostral immunoglobulin 
in the first hours of life was 
demonstrated. However, this effect was 
only transient because there was no 
difference in serum IgG concentration at 
the time of gut closure between 
normoxic and hypoxic calves. 

• In one early study, a mothering effect 
was reported in which calves remaining 
with their dams absorbed colostral 
immunoglobulin more efficiently than 
calves removed immediately to 
individual pens. However, other studies 
have shown much smaller or no effects 
of mothering using similar experimental 
designs. The different results of these 
studies have not been reconciled. 

• There can be seasonal and geographic 
variations in transfer of 
immunoglobulin in calves, although 
these are not always present on farms in 
the same area, and their cause is 
unknown. Where seasonal variation 
occurs in temperate climates, the mean 
monthly serum IgG concentrations are 
lowest in the winter and increase during 


the spring and early summer to reach 
their peak in September, after which 
they decrease. The cause is not known, 
but a decrease in sucking drive is 
observed in colder months and may 
contribute. In subtropical climates, peak 
levels occur in the winter months, and 
low levels are associated with elevated 
temperatures during the summer 
months. Heat stress in late pregnancy 
will reduce colostral immunoglobulin 
concentration, but high ambient 
temperature is a strong depressant of 
absorption, and the provision of shade 
will help to obviate the problem. 

• The efficiency of absorption may be 
decreased in premature calves that are 
born following induced parturition 
using long-acting corticosteroids; in 
contrast, medical induction of 
parturition with short-acting 
corticosteroids in cattle does not 
interfere with the efficiency of 
absorption of immunoglobulins in 
calves. 

• The absorption of small volumes (1 to 
2 L) fed by an esophageal feeder is 
usually suboptimal and inferior to the 
absorption after sucking the same small 
volume. 10 This effect may at least in part 
be attributable to retention of some 
colostrum in the immature 
forestomaches for several hours. The calf 
will feel satiated and not inclined to 
suck naturally for the next few hours. 

• A trypsin inhibitor in colostrum may 
serve to protect colostral IgG from 
intestinal degradation. It varies in 
concentration between colostrums. The 
addition of a trypsin inhibitor to 
colostrum improves immunoglobulin 
absorption. 

• In a study of mare-associated 
determinants of FTPI in foals (based 
on serum Ig measurements), there was a 
trend to increase rates of FTPI in foals 
from mares aged over 12 years, but no 
significant association with age, parity, 
or gestational age of foals over 325 days 
was found. There was an association 
with season, with a lower incidence in 
the late spring compared with foals born 
earlier in the year and with a foal score 
based on a veterinary score of foal 
health and “fitness.” 

Traditionally it has been considered that 
the movement of animals, either the dam 
just before parturition or the newborn 
animal during the first few days of life, is a 
special hazard for the health of the calf. The 
postulated reason is that the dam may not 
have been exposed to pathogens present in 
the new environment and thus not have 
circulating antibodies against these patho¬ 
gens. The newborn animal may be in the 
same position with regard to both deficiency 
of antibodies and exposure to new infec¬ 
tions. Although this may be the case in some 


situations, the developing practice of con¬ 
tract-rearing of dairy heifers away from the 
farm to be brought back as close-up spring¬ 
ers and the practice of purchase of close-up 
heifers on the farm are not associated with 
appreciable increase in mortality in their 
calves. 

Decline of Passive Immunity 

Colostral antibody concentrations in blood 
fall quickly after birth and have usually dis¬ 
appeared by 6 months of age. In the foal, they 
have fallen to less than 50% of peak level by 
1 month of age and to a minimum level 
between 30 and 60 days. This is the point at 
which naturally immunodeficient foals are 
highly susceptible to fatal infection. 

In calves, the level of IgG declines slowly 
and reaches minimum values by 60 days, in 
contrast to IgM and IgA, which decline more 
rapidly and reach minimum values by 
approximately 21 days of age. The half-lives 
for IgG, IgM, and IgA in calves are approxi¬ 
mately 20,4, and 2 days, respectively, and the 
half-lives of IgGa, IgGb, IgG(T), and IgA in 
foals are approximately 18, 32, 21, and 3.5 
days, respectively. 

Immunologic competence is present at 
birth, but endogenous antibody production 
does not usually reach protective levels until 
1 month, and maximum levels are not reached 
until 2 to 3 months of age. The endogenous 
production of intestinal IgA in the piglet 
begins at about 2 weeks of age and does not 
reach significant levels until 5 weeks of age. 

Foals that acquire low concentrations of 
immunoglobulins from colostrum may 
experience a transitory hypogammaglobu¬ 
linemia at several weeks of age as the levels 
fall and before autogenous antibodies 
develop. They are, as expected, more subject 
to infection than normal. 

OTHER BENEFITS OF COLOSTRUM 

In addition to its immunoglobulin content, 
colostrum contains considerably more 
protein, fat, vitamins, and minerals than 
milk and is especially important in the trans¬ 
fer of fat-soluble vitamins. It has anabolic 
effects, and lambs that ingest colostrum 
have a higher summit metabolism than 
colostrum-deprived lambs. Colostrum also 
contains growth-promoting factors that 
stimulate DNA synthesis and cell division, 
including high concentrations of insulin-like 
growth factor (IGF)-l. 

Colostrum contains approximately 1 x 
10 6 leukocytes/mL, and several hundred 
million are ingested with the first feeding of 
colostrum. In calves, 20% to 30% of these are 
lymphocytes and cross the intestine into the 
circulation of the calf. It is postulated that 
they have importance in the development of 
neonatal resistance to disease, but there is 
little tangible evidence. Calves fed colostrum 
depleted of leukocytes are thought to be 
more poorly protected against neonatal 
disease than those fed normal colostrum. 
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ASSESSMENT OF TRANSFER OF 
PASSIVE IMMUNITY 

Because of the importance of transfer of 
colostral antibodies to the health of the 
neonate, it is common to quantitatively esti¬ 
mate the levels of immunoglobulins, or their 
surrogates, in colostrum and in serum to 
predict risk of disease and to take preventive 
measures in the individual or to make cor¬ 
rective management changes where groups 
of animals are at risk. 

Assessment in the Individual Animal 

When samples are taken from an individual 
animal to determine the risk for infection, 
sampling is undertaken early so that replace¬ 
ment therapy can be given promptly if there 
has been inadequate transfer. IgG is detect¬ 
able in serum 2 hours following a colostrum 
feeding and sampling at 8 to 12 hours after 
birth will give a good indication of whether 
early sucking has occurred and has been 
effective in transfer. This type of monitoring 
is commonly performed in foals and camelid 
crias. ' 13 There are a number of different 
tests that can be used; some are quantitative 
and others semiquantitative. In calves, sam¬ 
pling may be undertaken for similar reasons, 
but the cost of replacement therapy is 
limiting. 

Assessment Tests on Serum 

Sampling to monitor the efficacy of a farm 
policy for feeding and handling colostrum, 
to evaluate the passive immunity status in 
calves to be purchased, or to determine the 
rates of FTPI in investigations of neonatal 
disease can be conducted at any time in the 
first week of life after 24 hours with most 
tests. Numerous tests are currently available, 
some of which directly measure serum IgG 
concentration and some of which estimate 
the IgG concentration based on the serum 
concentration of the total globulin or other 
protein fractions. 

Radial Immunodiffusion 

The radial immunodiffusion (RID) is based 
on the precipitation of antigen and antibody 
to an insoluble precipitin complex and 
thus directly measures IgG concentration in 
serum or plasma. The RID is considered the 
reference method to measure serum/plasma 
IgG, but it takes at least 24 h to perform and 
thus longer than is desirable for most clinical 
purposes. In a recent study two commercial 
RID test kits for calves were compared, and 
a large bias and wide limits of agreements 
between the two tests were found, which has 
raised questions about the reliability of the 
results. 21 

Lateral-Flow Immunoassay 

The lateral-flow immunoassay is a calf-side 
test directly measuring IgG in serum or 
plasma with reportedly high sensitivity and 
specificity. Although the test can be per¬ 
formed on-site and results are available 


within 20 min, it only provides a pass/fail 
result using a cutoff value of 10 mg/mL. 2 

Turbidimetric Immunoassay 

The turbidimetric immunoassay (TIM) is 
commercially available and can be run on a 
handheld chemistry analyzer to be used with 
bovine serum. In a preliminary study con¬ 
ducted at the University of Minnesota, the 
test was found to be more accurate than indi¬ 
rect tests such as serum refractometry. 

Zinc Sulfate Turbidity Test 

The zinc sulfate turbidity test is based on a 
selective precipitation reaction of the salt 
with high molecular weight proteins such 
as immunoglobulin (not specifically IgG). 
The test is commonly used with a test 
solution containing 200 mg/L zinc sulfate 
but was found to have poor specificity and 
would only classify 69% of tested calves 
correctly. Increasing the zinc sulfate con¬ 
centration from 200 to 350 mg/L consider¬ 
ably improved the specificity and positive 
predictive values of the test, but this test 
modification is not widely used. 13 Another 
inconvenience is that hemolyzed blood 
samples will give artificially high readings, 
and the reagent must be kept free of dis¬ 
solved carbon dioxide. 

Sodium Sulfite Precipitation Test 

The sodium sulfite precipitation test is 
based on the selective precipitation of high- 
molecular-weight proteins with sodium 
sulfate at different concentrations. Test solu¬ 
tions of 14%, 16%, and 18% sodium sulfite 
are commonly used, and the development of 
turbidity at a certain concentration allows for 
a crude estimate of the serum immunoglob¬ 
ulin concentration; the lower the concentra¬ 
tion at which turbidity occurs, the higher is 
the concentration of immunoglobulin. Par¬ 
ticularly the use of the 14% and 16% sodium 
sulfite solutions was found to result in an 
unacceptably high percentage of calves being 
misclassified as FTPI while having adequate 
serum immunoglobulin concentrations. 1 ’ 

Serum y-Glutamyltransferase Activity 

Serum y-glutamyltransferase (GGT) activity 
has been used as a surrogate for determining 
the efficacy of transfer of passive immunity 
in calves and lambs (not in foals). GGT 
activity is high in the colostrum of rumi¬ 
nants (but not horses), and serum GGT 
activity in calves and lambs that have sucked 
or been fed colostrum is 60 to 160 times 
greater than normal adult serum activity and 
correlates moderately well with serum IgG 
concentrations. The half-life of GGT from 
colostrum is short, and serum GGT activity 
falls significantly in the first week of life. 
Serum GGT values equivalent to a serum 
IgG concentration of 10 mg/mL are 
200 IU/L on day 1 of life and 100 IU/L on 
day 4. Serum GGT concentrations less than 
50 IU/L indicate FTPI. 


Serum Total Protein 

Measuring total protein concentrations in 
serum or plasma with a refractometer is a 
practical, rapid, and inexpensive method 
to estimate the immunoglobulin concen¬ 
tration by extrapolating it from the total 
protein concentration. Despite the indirect 
nature of the test, there is a reliable corre¬ 
lation between the refractometer reading 
and total immunoglobulin concentration 
measured by RID. In healthy calves a serum 
total protein of 5.5 g/dL or greater is asso¬ 
ciated with adequate transfer of passive 
immunity. 

Serum total protein has a good predictive 
value for fate of the newborn, and the facile 
and practical nature of the test and its predic¬ 
tive ability commend it for survey studies in 
calves and lambs but not foals. Cut-points 
will vary with the environment and the 
infection pressure to the calves. The sensitiv¬ 
ity of the test is maximal using a cut-point of 
5.5 g/dL, and the specificity is maximal at a 
cut-point of 5.0 g/dL. Because serum total 
protein concentration measured by refrac¬ 
tometry can result in an incidental misclas- 
sification of an individual calf, this test is 
primarily recommended as a screening tool 
to assess the colostrum management on a 
herd level, but not as diagnostic tool for an 
individual animal. Herd screening could be 
conducted by testing a minimum of 12 calves 
on a farm between 24 hours and 7 days old. 
At least 80% of tested calves should have 
serum protein concentrations above 5.5 g/dL 
to consider the colostrum management sat¬ 
isfactory at the herd level. 

Serum total protein concentration can 
also be estimated using the same Brix refrac¬ 
tometer used for measuring colostral IgG 
concentration, with an appropriate adjust¬ 
ment factor. 14 

Glutaraldehyde Coagulation Test 

The glutaraldehyde test was initially intro¬ 
duced to identify hypergammaglobulinemia 
in adult cattle with chronic inflammatory 
disease. The semiquantitative test is based on 
a clotting reaction of glutaraldehyde in the 
presence of high immunoglobulin concen¬ 
tration, where the time to clot formation is 
negatively correlated with the serum IgG. 16 A 
modified glutaraldehyde coagulation test is 
also available for the detection of hypogam¬ 
maglobulinemia in neonatal calves, but it is 
less accurate. 13 The test may yield false-posi¬ 
tive results with hemolysis and is difficult to 
quantitate. 

Latex Agglutination Test 

A commercial latex agglutination test is 
available for horses. It is rapid and provides 
semiquantitative results, but results were 
reported to be inconsistent. 

ELISA Snap-Test 

ELISA snap-tests are foal-side immuno¬ 
logic tests directly measuring IgG in a 
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semiquantitative manner. Test kits are com¬ 
mercially available for foals and have been 
available for calves. In foals the available 
snap-tests were found to be rapid and 
accurate. 

Monitoring Colostrum 
Brix Refractometry 

The most accurate and practical way to 
ensure that an adequate colostral mass is fed 
is to test the colostrum using a Brix refrac- 
tometer (the digital version is preferred). 
This instrument was designed for use in food 
processing but was adapted in the late 1970s 
to provide a low-cost test of colostrum 
quality. A Brix refractometer value of 21% or 
22% or higher indicates acceptable colos¬ 
trum (same value for fresh or frozen samples; 
approximately equivalent to a colostral 
IgG concentration of 50 g/L); colostrum 
with a value below 21% or 22% should be 
discarded. 17,18 

Specific Gravity 

Specific gravity, determined by refractome¬ 
try, can be used as a measure of the immu¬ 
noglobulin content of colostrum. In mares 
the concentration of immunoglobulin in 
colostrum is highly correlated with the 
specific gravity of the colostrum, which in 
turn is highly correlated with the serum 
immunoglobulin levels achieved in foals. 
Temperature-corrected measurements are 
most accurate. Measurement of colostrum 
specific gravity provides a rapid and easy 
method of identifying foals likely to be at a 
high risk for FTPI and the need to provide 
them with colostrum of a higher Ig content. 
To prevent FTPI, it is recommended that the 
colostral specific gravity should be equal to 
or greater than 1.060, and the colostral IgG 
concentration should be a minimum of 
3000 mg/dL. 

In cattle the relation of specific gravity 
of colostrum to colostral immunoglobulin 
concentration is linear but is better in 
Holstein Friesian than in Jersey cows. The 
measurement is simple, but there is a correc¬ 
tion for temperature, and air trapped in 
colostrum taken by a milking machine can 
give a false reading if the measurement is 
taken too quickly after milking. The cut- 
point recommended to distinguish moderate 
from excellent colostrum has been set at 
1.050, approximating an IgG concentration 
of 50 g/L, and is based on the amount of 
immunoglobulin required for a 2-L (2-quart) 
feeding. Specific gravity is not a perfect sur¬ 
rogate for immunoglobulin concentration 
with cattle colostrum. It has good negative 
prediction, but it will falsely pass 2 out 
of 3 colostrums that have unacceptably 
low immunoglobulin concentrations. An 
analysis of first-milking colostrum in mid- 
western U.S. dairies found that specific 
gravity differed among breeds and was influ¬ 
enced by month of calving, year of calving, 
lactation number, and protein yield in 


previous lactation and that it was more 
closely associated with colostrum protein 
concentration (r = 0.76) than IgGi concen¬ 
tration (r = 0.53). 

Glutaraldehyde Test 

This test for mare colostrum is available 
commercially and is reported to have a high 
predictive value for colostrums that contain 
more than 38 mg/mL of IgG and have a spe¬ 
cific gravity greater than 1.060. 

ELISA 

Recently a cow-side immunoassay kit has 
become available commercially in the United 
States. The kit provides a positive or a nega¬ 
tive response, with the cut-point being a con¬ 
centration of 50g/L of IgG in colostrum, and 
has accuracy sufficient to recommend its use 
for rejection of colostrums with low immu¬ 
noglobulin concentration. 

CORRECTION OF FAILURE OF 
TRANSFER OF PASSIVE IMMUNITY 
Oral Therapy 

Oral therapy can be considered in individual 
animals (generally foals and crias), provided 
that FTPI—or the risk thereof—is diagnosed 
and the treatment is administered before gut 
closure (i.e., not later than 18 h of life). For 
foals, oral administration of at least 0.5 L 
frozen equine colostrum of good quality 
(specific gravity > 1.060) that has been prop¬ 
erly stored and thawed is recommended. 
Alternatives include colostrum substitutes 
containing lyophilized IgG or good-quality 
bovine colostrum. The latter option is prob¬ 
ably the least effective and requires at least 
4 L of good-quality (specific gravity >1.050) 
colostrum. 

Parenteral Immunoglobulins 

Blood transfusion is commonly used in food 
animal practice, and the method is described 
elsewhere in this text. Fresh plasma from a 
random donor or purified hyperimmune 
plasma that is commercially available for 
foals and crias in some countries are alterna¬ 
tives. Large amounts are required to obtain 
the required high serum concentrations of 
immunoglobulins, and intravenous infusion 
can be accompanied by transfusion-type 
reactions. 

AVOIDANCE OF FAILURE OF 
TRANSFER OF PASSIVE IMMUNITY 

With all species, with the exception of dairy 
calves, the common practice is to allow the 
newborn to suck naturally. The policy for 
avoidance of FTPI with naturally sucking 
herds should be to provide supplemental 
colostrum by artificial feeding of those neo¬ 
nates with a high risk for FTPI, based on the 
risk factors detailed earlier. In the dairy calf, 
rates of FTPI with natural sucking are so 
high that many farms opt to remove the calf 
at birth and feed colostrum by hand to 
ensure adequate intake. 


Colostrum 

Colostrum can be stripped from the dam 
and fed fresh, or the neonate can be fed 
stored (banked) colostrum. 

Colostrum for Banking 
With dairy cows, first-milking colostrum 
from a cow with a first-milking yield of less 
than 10 kg should be used. The temptation 
for the farmer is to store the leftover from the 
feeding of large-volume colostrum. The left¬ 
over colostrum should not be used because 
it has a high probability of containing a low 
immunoglobulin concentration. 

Colostrum from mares should have a 
specific gravity of 1.060 or more, and 200 mL 
can be milked from a mare before the foal 
begins sucking. 

Storage of Colostrum 
Colostrum can be kept at refrigerator tem¬ 
perature for approximately 1 week without 
significant deterioration in immunoglobu¬ 
lins; bacteria counts, however, may reach 
unacceptably high levels (above 100,000 cfu/ 
mL) after 2 days in refrigerated milk. 7 Addi¬ 
tion of potassium sorbate in a 0.5% final 
solution impairs bacterial growth for several 
days. 2 The addition of 5 g of propionic or 
lactic acid per liter extends the storage life to 
6 weeks, but, more commonly, colostrum is 
frozen for storage. Frozen colostrum, at 
-20° C (-4°F), can be stored for at least 1 
year, and there is no impairment in the sub¬ 
sequent absorption of immunoglobulins. 
Frozen colostrum should be stored in flat 
plastic bags in the amount required for a 
feeding, which facilitates thawing. Thawing 
should be at temperatures below 55° C 
(131°F). Higher temperatures and micro- 
wave thawing result in the deterioration of 
immunoglobulins and antibodies in frozen 
colostrum and frozen plasma. 

Pasteurization of Colostrum 

There are several indications for pasteuriza¬ 
tion of colostrum. This procedure can be a 
suitable instrument in a program for the 
control of specific infectious diseases, such as 
paratuberculosis, salmonellosis, or M. bovis 
infection, but it can also be useful to amelio¬ 
rate calf health by improving colostrum 
quality and reducing the exposure of the 
neonate to pathogens. On-farm pasteuriza¬ 
tion of bovine colostrum for 60 min at 60° C 
(140°F) results in elimination or at least sig¬ 
nificant reduction of bacterial contamination 
without impairing fluid characteristics or 
availability of IgG for intestinal absorption. 9 
One recent study reported significantly 
higher serum IgG concentrations at 24 h of 
life when calves were fed pasteurized colos¬ 
trum compared with calves receiving the 
same quality and amount of raw colostrum. 19 
The authors attributed this effect to reduced 
bacterial interference with intestinal IgG 
absorption. Pasteurization extends the 
shelf life of refrigerated colostrum without 
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additives to 8 to 10 days when stored in 
clean, sealed containers. 

Cross-Species Colostrum 

Colostrum from another species can be used 
to provide immunologic protection when 
same-species colostrum is not available. 
Bovine colostrum can be fed to a number of 
different species. Although absorption of 
immunoglobulin occurs and significant pro¬ 
tection can be achieved, the use of cross¬ 
species colostrum is not without risk, and the 
absorbed immunoglobulin has a short half- 
life. Bovine colostrum has been successfully 
used for many years to improve the survival 
rate of hysterectomy-produced artificially 
reared pigs. It has also been used as an alter¬ 
nate source of colostral antibody for rearing 
goats free of caprine arthritis-encephalitis 
(CAE). Colostrum from some cows can 
result in the development of hemolytic 
anemia, occurring at around 5 to 12 days of 
age, in lambs and kids because the IgG of 
some cows attaches to the red cells and their 
precursors in bone marrow, resulting in red 
cell destruction by the reticuloendothelial 
system. Bovine colostrum can be tested for 
“antisheep” factors by a gel precipitation test 
on colostral whey, but this test is not gener¬ 
ally available. Bovine colostrum can provide 
some protection to newborn foals against 
neonatal infections, and protection appears 
to result from factors in addition to the 
immunoglobulins, which have a short half- 
life in foals. 

Colostrum Supplements 

In recent years there has been a move to 
develop supplements or even replacements 
for colostrum to feed calves. These have been 
attempted using IgG concentrated from 
bovine colostrum, milk whey, eggs, or bovine 
serum. The search for colostrum substitutes 
or colostrum replacers has been prompted 
by the problem of the variability of IgG con¬ 
centration in natural colostrum. It has also 
been prompted by possible limitations of 
availability of high-quality colostrum on 
dairy farms as a result of discarding 
colostrum from cows that test positive for 
diseases that can transmit through colos¬ 
trum, such as paratuberculosis, bovine leu¬ 
kosis, and M. bovis. 

There is evidence that the inclusion of 
colostrum replacer (CR) or colostrum sup¬ 
plement (CS) products can impair the effi¬ 
ciency of colostral immunoglobulin, and if 
they are fed, they should be fed after normal 
colostrum rather than mixed into the colos¬ 
trum. It has been proposed that the distinc¬ 
tion between a colostrum supplement and a 
colostrum replacer should be the immuno¬ 
globulin mass contained in the product, with 
a colostrum supplement containing less than 
100 g IgG per dose and a colostrum replacer 
having sufficient immunoglobulin mass in a 
dose to result in a serum IgG concentration 
greater than 10 mg/mL following a feeding. 


Furthermore, CR products are formulated to 
provide adequate protein, energy, minerals, 
and vitamins to completely replace colos¬ 
trum, which is not the case for CS supple¬ 
ment products. When fed as the sole source 
of immunoglobulin to colostrum-deprived 
calves, CS products achieve circulating con¬ 
centrations of immunoglobulin that are 
lower than those achieved by natural colos¬ 
trum containing equivalent amounts of 
immunoglobulin. 

A large mass of immunoglobulin is 
required for acquisition of adequate serum 
immunoglobulin concentrations. Calves fed 
a colostrum replacement containing a high 
mass (250 g) of an IgG derived from bovine 
serum and fed at 1.5 and again at 13.5 hours 
after birth achieved equivalent serum IgG 
concentrations to calves fed normal colos¬ 
trum and showed no difference in gain or 
health parameters during the first 4 weeks of 
life. However, the performance of commer¬ 
cially available products for IgG supplemen¬ 
tation varies greatly, with many of them 
faring badly. The choice of a specific product 
should therefore be based on the availability 
of convincing data supporting the efficacy of 
the product in question. 

The use of colostrum replacers should 
be limited to situations where sufficient 
amounts of colostrum of adequate quality 
are unavailable. There can be little justifica¬ 
tion for more widespread use, particularly 
because there are limited independent 
health-related publications documenting 
their efficacy. Also, as mentioned earlier, in 
addition to immunoglobulin, natural colos¬ 
trum contains various substances important 
to neonatal physiology. 

Lacteal-Secretion-Based Preparations 

Colostrum supplements prepared from 
whey or colostrum are available commer¬ 
cially in many countries. Depending on the 
manufacturer, they contain varying amounts 
of immunoglobulin, but significantly less 
than first-milking colostrum. The amount of 
immunoglobulin contained varies, but the 
recommendations for feeding that accom¬ 
pany these products indicate that they will 
supply approximately 25% or less of the 
immunoglobulin required to elevate calf 
serum IgG concentrations above 1000 mg/ 
dL. There is a further problem in that the 
immunoglobulins in products made from 
colostrum or whey are poorly absorbed, 
and trials assessing their ability to increase 
circulating immunoglobulins when fed 
with colostrum have generally shown little 
improvement and no improvement in 
health-related parameters. 

Bovine-Serum-Based Preparations 

Colostrum supplements prepared from 
bovine serum are also available commer¬ 
cially, but regulations governing the feeding 
of blood or blood products to calves 
(risk reduction for bovine spongiform 


encephalopathy) may limit their availability 
in some countries. The absorption of 
immunoglobulin from these bovine-serum- 
derived commercial products appears better 
than from milk-protein-derived products, 
and consequently they are also marketed as 
colostrum replacers. 

The IgG in a commercially available 
bovine serum colostrum replacer has been 
shown to be effectively absorbed when fed to 
newborn lambs. The feeding of 200 g of IgG 
in the first 24 hours of life resulted in a mean 
plasma concentration of 1800 mg/dL. 

Administration of Colostrum 
Foals 

Foals should be allowed to suck naturally. 
The specific gravity of the mare’s colostrum 
can be checked at foaling; if this is less than 
1.060, supplemental colostrum may be indi¬ 
cated. Foals that do not suck, or that have 
serum IgG concentrations less than 400 mg/ 
dL at 12 hours of age, or that require supple¬ 
mentation for other reasons, should be fed 
colostrum with a specific gravity of 1.060 or 
more at an amount of 200 ml at hourly 
feedings. 

Dairy Calves 

Assisted Natural Sucking 
Leaving the newborn dairy calf with the cow 
is no guarantee that the calf will obtain suf¬ 
ficient colostrum, and a high proportion of 
dairy calves fail either to suck early or to 
absorb sufficient immunoglobulins from 
ingested colostrum. This problem can be 
alleviated to some extent by assisted natural 
sucking, but this can fail because not all 
calves requiring assistance are detected. An 
alternate approach is to milk 2 L of colos¬ 
trum from the dam, bottle feed each calf as 
soon after birth as possible, then leave the 
calf with the cow for 24 hours and allow it to 
suck voluntarily. Although this will not 
be as effective as a system based entirely on 
artificial feeding of selected colostrum, it is 
an approach that is suitable for the smaller 
dairy farm. 

Artificial Feeding Systems 
With artificial feeding systems, the calf is 
removed from the dam at birth and fed 
colostrum by hand throughout the whole 
absorptive period. Nipple bottle feeding can 
be used, with 2 L of colostrum given every 
12 hours for the first 48 hours of life. The first 
feeding is usually milked from the cow by 
hand, and the remaining feedings are from 
the colostrum obtained from the cow after 
the first machine milking. With care and 
patience, this system can result in good 
transfer of passive immunity in all calves 
except those born to dams that have very low 
concentrations of immunoglobulin in their 
colostrum. Unfortunately, with Holstein 
Friesians this can be a significant percentage. 
An extension of this system is to bottle feed 
at the same frequency but to feed stored 
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colostrum selected for its superior immuno¬ 
globulin content. Bottle feeding of newborn 
calves requires considerable patience, and its 
success is very much dependent on the calf 
feeder and on the availability of the feeders 
time when faced with a calf that has a slow 
intake. 

Where the diligence of the calf feeders is 
poor, or where there is a time constraint on 
their availability, the feeding of a large 
volume of colostrum (4 L to a 45 kg calf) by 
esophageal feeder at the initial feeding 
immediately after birth can be a successful 
practice. The large-volume feeding also 
allows the delivery of an adequate mass of 
immunoglobulin with colostrum that has 
low immunoglobulin concentrations without 
impairing the intestinal IgG absorption rate 
compared with voluntary intake of the same 
large amount of colostrum. 10 The practice 
usually uses stored colostrum, and the 
feeding can be achieved within a few minutes. 
It can be supplemented by bottle feeding of 
a second feeding at 12 hours of life. 

The practice of feeding stored colostrum 
as the sole source of colostrum is limited to 
larger dairy herds, but it does allow the selec¬ 
tion of superior colostrum for feeding, with 
selection based on weight and specific gravity 
as detailed earlier. 

Beef Calves 

Beef calves should be allowed to suck natu¬ 
rally, and force-feeding of colostrum to beef 
breeds should not be practiced unless there 
is obvious failure of sucking. Where colos¬ 
trum is required, as with weak beef calves, 
calves with edematous tongues, and calves 
that have been subjected to a difficult birth, 
it can be administered with an esophageal 
feeder or a stomach tube. 

Lambs 

Lambs are allowed to suck naturally, but 
there can be competition between siblings 
for colostrum; one large single lamb is 
capable of ingesting, within a short period of 
birth, all the available colostrum in the ewe’s 
udder. Lambs require a total of 180 to 210 mL 
colostrum/kg body weight during the first 18 
hours after birth to provide sufficient energy 
for heat production. This amount will usually 
provide enough immunoglobulin for pro¬ 
tection against infections. Supplemental 
feeding of colostrum may be advisable 
for lambs from multiple birth litters, lambs 
that lack vigor, and those that have not 
nursed by 2 hours following birth. This can 
be done with a nipple bottle or an esophageal 
feeder. 

Piglets 

Colostral supplementation is not commonly 
practiced with piglets. An immunoglobulin 
dose of 10 g/kg body weight on day 1 fol¬ 
lowed by 2 g/kg on succeeding days for 10 
days is sufficient to confer passive immunity 
on the colostrum-deprived pig. 
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Clinical Assessment and 
Care of Critically III 
Newborns 

The following discussion focuses on care 
and treatment of critically ill foals, although 
the principles are applicable to any species. 
The increasing availability of secondary and 


tertiary care for ill newborns has allowed the 
development of sophisticated care for new¬ 
borns of sufficient emotional or financial 
value. 1 This level of care, at its most inten¬ 
sive, requires appropriately trained individu¬ 
als (both veterinarians and support staff) and 
dedicated facilities. True intensive care of 
newborns requires 24-hour monitoring. The 
following discussion is not a comprehensive 
guide to intensive care of newborns, but is 
rather an introduction to the general aspects 
of advanced primary or basic secondary 
care. Sophisticated interventions, such as 
mechanical ventilation and cardiovascular 
support, are mentioned but not discussed 
in detail. 

CLINICAL EXAMINATION 

Initial assessment of an ill newborn should 
begin with collection of a detailed history, 
including length of gestation, health of the 
dam, parturition, and behavior of the 
newborn after birth, including the time to 
stand and to commence nursing activity. 
Physical examination should be thorough, 
with particular attention to those body 
systems most commonly affected. A form 
similar to that in Figure 19-4 is useful in 
ensuring that all pertinent questions are 
addressed and that the physical examination 
is comprehensive. 

Examination of ill neonates should focus 
on detection of the common causes of disease 
in this age group: sepsis, either focal or sys¬ 
temic; prematurity or dysmaturity; meta¬ 
bolic abnormalities (such as hypoglycemia 
or hypothermia); birth trauma; diseases 
associated with hypoxia; and congenital 
abnormalities. Detailed descriptions of these 
conditions are provided elsewhere in this 
chapter. 

Sepsis 

Sepsis is an important cause of illness in 
neonates that can manifest as localized infec¬ 
tions without apparent systemic signs, local¬ 
ized infections with signs of systemic illness, 
or systemic illness without signs of localized 
infection. 2 

Localized infections without signs of 
systemic illness include septic synovitis or 
osteomyelitis and omphalitis. Signs of these 
diseases are evident on examination of the 
area affected and include lameness, disten¬ 
sion of the joint, and pain on palpation of the 
affected joint in animals with synovitis or 
osteomyelitis and an enlarged external umbi¬ 
licus with or without purulent discharge in 
animals with infections of the umbilical 
structures. Specialized imaging and hemato¬ 
logic and serum biochemical examinations 
(see following discussion) are useful in con¬ 
firming the infection. 

Systemic signs of sepsis include depres¬ 
sion, failure to nurse or reduced frequency of 
nursing, somnolence, recumbency, fever or 
hypothermia, tachypnea, tachycardia, diar¬ 
rhea, and colic, in addition to any signs of 
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Failure of Transfer of Passive Immunity (Failure of Transfer of Colostral Immunoglobulin) 


Foal Examination Protocol (age< Imon) 


The Ohio State University Veterinary Teaching Hospital 


Special considerations: 


History 

Mare 

Age: 


Clinician: 
Student: 
Date:_ 


Time: 


. AM/PM 


No of previous foals: 


. Problems with previous foals? _No_Yes 


Uterine infections/Vaginal discharge? _No_Yes . 

liiness during pregnancy?_No_Yes_ 

Milk dripping? No Yes How long?_ 

Vaccinations? No Yes What/When?_ 

Deworming?_No_Yes When?_ 


Feeding:_ 

Breeding date: _ 

Dystocia?_No_Yes _ 

Early cord rupture?_No Yes_ 

Placenta completely passed?_No Yes 

Meconium staining? _No_Yes _ 

Udder:_Normal_Abnormal_ 


Duration of prenancy: 


4 _on term _early _overdue (_days) 


. Premature placental separation?_No Yes . 


Condition of placenta: 


Colostrum quality: _Normal_Low-quality 

Foal 

Spontaneous breathing?_No_Yes_ 

Nursing normally?_No_Yes_ 

Behavior normal? _No_Yes_ 

Urination? No 


Amount:_Normal_Reduced 


Time to stand: 


Colostrum/Milk given? 


. Time to nurse:. 


IgG tested?_No_Yes . 


Yes 

Medications given?_No_Yes 

Umbilicus treated?_No_Yes 


Meconium passed?_No_Yes . 


Enema given?_No Yes . 


Presenting complaint : 


Previous treatment: 


The Ohio State University 
Form-209046 

Foal Examination Protocol 


Fig. 19-4 Examples of forms used to document and record historical aspects and findings on physical examination of foals less than 1 month 
of age. Continued 
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Physical Examination Date: 


Time: 


AM/PM 


Temperature: 

Inspection: 
Behavior: _ 


e F Pulse rate: 


_/min Respiratory rate: 


. /min Body weight: 


.kg/. 


Signs of prematurity? _no_yes (_Haircoat_Forehead_Ears_Joints_Tendons 

Skin and haircoat: _ 

Body condition: _ 


Suckle reflex: _good_moderate_weak_none_ 

Eyes:_normal _Entropion (L)(R) _Uveitis (L)(R) _Corneal ulcer (L)(R)_ 

Cardiovascular 

Pulse quality: _strong_moderate _weak/ _regular_irregular_ 

Mucous membranes: _ CRT: _sec. Skin turgor: 

Jugular veins: _normal _collapsed _distended _ 

Cardiac auscultation: FIR:_ Intensity:_ Rhythm:_regular _irregular _ 

Murmurs:_no _yes _ 

Respiration 

Nasal discharge: _no _yes _ 

Lymph nodes: _normal:_ 

Gl tract 

Colic:_no_yes_ GL sounds: 

Fecal consistency: _ 


Catheter_left_right 


Cough: _no_yes 


Auscultation:_normal: 


Abd. distention: _no_yes . 


Digital palpation/Meconium: 


Urogenital 

Umbilicus: _normal _ 

Urination:_no_yes_straining 

Musculoskeletal 

Joints:_normal _ 


Scrotum/Testes - Vulva/Vagina;_normal 


Lameness:_no_yes_ 

Deformations/Angular limb deformities:_no_yes 

Neurologic: 

normal _ 


Seizures:_no_yes. 


Senior Student: 


Attending Clinician: 


Foal Examination Protocol 


Fig. 19-4, cont'd 





















































1859 


Clinical Assessment and Care of Critically III Newborns 


localized disease. Fever is a specific, but not 
sensitive, sign of sepsis in foals. The presence 
of petechia in oral, nasal, ocular, or vaginal 
mucous membranes, the pinna, or coronary 
bands is considered a specific indicator of 
sepsis, although this has not been docu¬ 
mented by appropriate studies. A similar 
comment applies for injection of the scleral 
vessels. A scoring system (the sepsis score) 
has been developed to aid in the identifica¬ 
tion of foals with sepsis. 

The sepsis score was developed with the 
intention of aiding identification of foals 
with sepsis, thereby facilitating appropriate 
treatment. A table for calculation of the 
sepsis score (the modified sepsis score) is 
provided in Table 19-11. Foals with a score 
of 12 or greater are considered to be septic, 
with a sensitivity of 94% in the original 
report. However, more recent studies, includ¬ 
ing one of 1095 foals, have found the sensi¬ 
tivity and specificity of the sepsis score to be 
less than the original report. The modified 
sepsis score detected sepsis with a sensitivity 
of 56% and a specificity of 73% using a cutoff 
value of 11 or more. A cutoff value of 7 


yielded a sensitivity of 84% and specificity of 
42%. 3 These recent studies are broadly con¬ 
sistent with earlier studies that demonstrate 
that the sepsis score has limited sensitivity 
(67%, 95% Cl 59% to 75%) and specificity 
(76%, 95% Cl 68% to 83%) in foals less than 
10 days of age. Similarly, 49% of 101 foals 
with positive blood cultures had a sepsis 
score of 11 or less, indicating a low specificity 
of the test. The low to moderate sensitivity of 
the sepsis score for detection of sepsis or bac¬ 
teremia means that many foals with sepsis 
are incorrectly diagnosed as being nonseptic 
(i.e., a high false-negative rate), whereas a 
moderate tolowspecificitymeansthatthe false¬ 
positive rate might be excessive, with a 
number of foals being considered septic 
when they are not. This is an important 
shortcoming of the test because accurate and 
prompt identification of foals with sepsis is 
assumed to be important for both prognos¬ 
tication and selection of treatment. The 
sepsis score might be useful in some situa¬ 
tions, but its shortcomings should be recog¬ 
nized when using it to guide treatment or 
determine prognosis. 


Prematurity and Dysmaturity 

Detection of prematurity is important 
because it is a strong risk factor for develop¬ 
ment of other diseases during the immediate 
postpartum period. The detection of prema¬ 
turity is often based on the length of gesta¬ 
tion. However, the duration of gestation in 
Thoroughbred horses varies considerably, 
with 95% of mares foaling after a gestation of 
327 to 357 days. The generally accepted 
“average” gestation is 349 days, with fillies 
having shorter gestations than do colts (348 
versus 350 days) and gestation length declin¬ 
ing by approximately 20 days, from 360 to 
340 days, in Standardbred mares in New 
Zealand. 4 Ponies have a shorter gestation 
(333 days, range 315 to 350 days). Therefore 
a diagnosis of prematurity should be based 
not just on gestational age but also on the 
results of physical, hematologic, and serum 
biochemical examination of the newborn. 
Factors helping in the determination of pre¬ 
maturity are listed in Table 19-4. Foals that 
are immature (premature) at birth typically 
have low birth weight and small body size, a 
short and silky hair coat, and laxity of the 


Table 19-4 Criteria to assess stage of maturity of the newborn foal 


Criterion 

Premature 

Full term 

Physical 

Gestational age 

320 d 

Normally > 330 d 

Size 

Small 

Normal or large 

Coat 

Short and silky 

Long 

Fetlock 

Overextended 

Normal extension 

Behavior 

First stand 

>120 min 

<120 min 

First stand 

>3 h 

<3 h 

Suck reflex 

Poor 

Good 

Righting reflexes 

Poor 

Good 

Adrenal activity 

Plasma cortisol values over first 2 h postpartum 

Low levels (<30 ng/mL) 

Increasing levels (120-140 ng/mL) at 30-60 min 
postpartum 

Plasma ACTFI values over first 2 h postpartum 

Peak values (=650 pg/mL) at 30 min postpartum 
and declining subsequently 

Declining values from peak (300 pg/mL at birth) 

Response to synthetic ACTF11-24 (short-acting 

Poor response shown by a 28% increase in 

Good response shown by a 208% increase in 

Synacthen), dose 0.125 mg IM 

plasma cortisol and no changes in neutrophil: 
lymphocyte ratio 

plasma cortisol and widening of 
neutrophil: lymphocyte ratio 

Hematology 

Mean cell volume (fl) 

>39 

<39 

White blood cell count (x10 9 /L) 

6.0 

8.0 

Neutrophil: lymphocyte ratio 

<1.0 

>2.0 

Carbohydrate metabolism 

Plasma glucose levels over first 2 h postpartum 

Low levels at birth (2-3 mmol/L), subsequently 
declining 

Higher levels at birth (4.1 mmol/L), maintained 

Plasma insulin levels over first 2 h postpartum 

Low levels at birth (8.6 pU/mL), declining 

Higher levels at birth (16.1 pU/mL), maintained 

Glucose tolerance test (0.5 mg/kg body weight IV) 

Slight response demonstrated by a 100% increase 
in plasma insulin at 15 min postadministration 

Clear response demonstrated by a 250% increase 
in plasma insulin at 5 min postadministration 

Renin-angiotensin-aldosterone system 

Plasma renin substrate 

Higher and/or increasing levels during 15-60 min 
postpartum 

Low (<0.6 pg/mL) and declining levels during 

15-30 min postpartum 

Acid-base status (pH) 

<7.25 and declining 

>7.3 and maintaining or rising 

IM, intramuscularly; IV, intravenously. 
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flexor and extensor tendons. The cranium is 
rounded, and the pinnae lack tone (droopy 
ears). The foals are typically weak and have 
trouble standing, which is exacerbated by 
laxity of the flexor tendons and periarticular 
ligaments. Dysmature (postmature) foals are 
typically large, although they can be thin, 
and have a long hair coat and flexure tendon 
contracture. These signs are consistent with 
prolonged gestation combined with inade¬ 
quate intrauterine nutrition. Healthy foals 
stand approximately 65 min (interquartile 
range, 45 to 100 minutes) after birth. 4 Exami¬ 
nation of the placenta, either by ultrasono¬ 
graphic examination before birth or by 
direct examination, including histologic and 
microbiologic testing, after birth is useful in 
identifying abnormalities that have signifi¬ 
cance for the newborn. 

Hypoxia 

Hypoxia during late gestation, birth, or the 
immediate postpartum period has a variety 
of clinical manifestations depending on the 
tissue or organ most affected. Signs of central 
nervous system dysfunction are often 
assumed to be a result of cerebral hypoxia 
during birth, although neonatal maladjust¬ 
ment syndrome does not appear to be related 
to hypoxia (see “Neonatal Maladjustment 
Syndrome,” page 1871). Other signs sugges¬ 
tive of peripartum hypoxia include colic and 
anuria. 

Hypoglycemia 

Foals that are hypoglycemic because of inad¬ 
equate intake, such as through mismother- 
ing, congenital abnormalities, or concurrent 
illness, are initially weak, with rapid progres¬ 
sion to somnolence and coma. 

Endocrine Abnormalities 

Abnormalities in endocrine function of foals 
are common and often associated with risk 
of death. 1,3 ' 10 Septic foals have higher serum 
ACTH, cortisol, and ACTH: cortisol ratios, 
and higher serum parathyroid hormone con¬ 
centrations (but not calcitonin concentra¬ 
tions) than do healthy foals of the same 
age. 5,6 Septic foals have lower insulin and 
IGF-1 and higher ghrelin, growth hormone, 
and glucagon concentrations than do healthy 
foals. 7 8 Arginine vasopressin concentrations 
are higher in septic foals. 9 Plasma adreno- 
medullin concentrations are highest in sick 
foals (both septic and nonseptic) and might 
be a useful marker of foal health. ,0 Critically 
ill foals may also have evidence on nonthy- 
roidal illness syndrome (see “Diseases of the 
Thyroid,” Chapter 17). 11 

DIAGNOSTIC IMAGING 

Radiographic and ultrasonographic exami¬ 
nation of neonates can be useful in deter¬ 
mining maturity and the presence of 
abnormalities. Prematurity is evident as 
failure or inadequate ossification of cuboidal 
bones in the carpus and tarsus. Radiographs 


of the thorax should be obtained if there is 
any suspicion of sepsis or pneumonia because 
thoracic auscultation has poor sensitivity in 
detecting pulmonary disease in newborns. 
The severity of abnormalities in the lungs of 
foals detected by radiographic examination 
is related to prognosis, with foals with more 
severe disease having a worse prognosis for 
recovery. Abdominal radiographs may be 
useful in determining the site of gastrointes¬ 
tinal disease (see discussion of foal colic). 

Ultrasonography is a particularly useful 
tool for examination of neonates, in large 
part because their small size permits thor¬ 
ough examination of all major body cavities. 
Ultrasonography of the umbilical structures 
can identify omphalitis and abscesses of 
umbilical remnants and, when available, is 
indicated as part of the physical examination 
of every sick neonate. 

Examination of the umbilical structures 
can reveal evidence of infection, congenital 
abnormalities, and urachal tears. Examina¬ 
tion of the umbilicus can be achieved using 
a 7.5-mHz linear probe (such as that com¬ 
monly used for reproductive examination of 
mares), although sector scanners provide a 
superior image. Examination of the umbili¬ 
cal structures should include examination of 
the navel and structures external to the body 
wall, the body wall, the umbilical stump as it 
enters the body wall and separates into the 
two umbilical arteries, the urachus and apex 
of the bladder, and the umbilical vein. The 
size and echogenicity of each of these struc¬ 
tures should be determined. For foals less 
than 7 days of age, the intraabdominal 
umbilical stump should be less than 2.4 cm 
in diameter, the umbilical vein less than 
1 cm, and the umbilical arteries less than 
1.4 cm (usually < 1 cm). Examination of 
these structures should be complete: the 
umbilical vein should be visualized in the 
umbilical stump and then followed as it 
courses along the ventral abdominal wall and 
into the liver; the umbilical arteries should 
be visualized in the umbilical stump and 
then as they separate from that structure and 
course over the lateral aspects of the bladder; 
the urachus should be visualized from the 
external umbilical stump through the body 
wall and as it enters the bladder. 

Abnormalities observed frequently in the 
umbilical structures include overall swelling, 
consistent with omphalitis; gas shadows in 
the urachus or umbilical stump, which are 
indicative of either a patent urachus allowing 
entry of air or growth of gas-producing bac¬ 
teria; and the presence of flocculent fluid in 
the urachus, vein, or artery, which is consis¬ 
tent with pus. Urachal tears can be observed, 
especially in foals with uroperitoneum. 

Ultrasonographic examination of the 
abdomen is useful in identifying abnormali¬ 
ties of gastrointestinal function and struc¬ 
ture, including intestinal distension or 
thickening of the intestinal wall. Thickness of 
the wall of the intestinal tract of healthy 


Standardbred foals of less than 5 days of age 
are as follows (95% predictive interval): 1.6 
to 3.6 mm for the stomach, 1.9 to 3.2 mm for 
the duodenum, 1.9 to 3.1 mm for the 
jejunum, 1.3 to 2.2 mm for the colon, and 0.8 
to 2.7 mm for the cecum. 12 Intussusceptions 
are evident as “donut” lesions in the small 
intestine, but evaluation of the clinical 
importance of these findings should be con¬ 
sidered in the context of the foal. Intussus¬ 
ceptions are detected in a large proportion of 
healthy neonatal foals as incidental find¬ 
ings. 12 Gastric outflow obstruction should be 
suspected in foals with a distended stomach 
evident on ultrasonographic examination of 
the abdomen. Herniation through the umbi¬ 
licus or inguinal ring can be confirmed by 
ultrasonographic examination. 13 Uroperito¬ 
neum is readily apparent as excessive accu¬ 
mulation of clear fluid in the abdomen. 
Hemorrhage into the peritoneum can be 
detected as accumulation of echogenic, 
swirling fluid. Accumulation of inflamma¬ 
tory fluid, such as in foals with ischemic 
intestine, is detected by the presence of floc¬ 
culent fluid. 

Ultrasonographic examination of the 
chest can reveal the presence of pleural 
abnormalities, consolidation of the lung 
(provided that the consolidated lung is con¬ 
fluent with the pleura), accumulation of 
fluid in the pleural space (hemorrhage sec¬ 
ondary to birth trauma and fractured ribs, 
inflammatory fluid in foals with pleuritis), 
pneumothorax (usually secondary to lung 
laceration by a fractured rib), or congenital 
abnormalities of the heart. 

Advanced imaging modalities, such as 
computed tomography (CT) and magnetic 
resonance imaging (MRI), are available at 
referral centers and are practical in foals 
and other neonates because of the small 
size of the animals. These modalities 
are useful in detection of intrathoracic and 
intraabdominal abnormalities, including 
abscesses, gastrointestinal disease, and con¬ 
genital abnormalities. MRI is particularly 
useful for diagnosis of diseases of the brain 
and spinal cord. 

CLINICAL PATHOLOGY 
Serum Immunoglobulin 
Concentration 

Serum or plasma immunoglobulins are asso¬ 
ciated with the risk of death in hospitalized 
foals. Foals with serum IgG concentration 
less than or equal to 4.0 g/L were 4.7 (95% 
Cl 2.6 to 8.5) times as likely to die as were 
foals with a concentration greater than 8 g/L. 
Foals with an IgG of greater than 4 g/L and 
less than 8 g/L were 3.7 (2.0 to 6.8) times as 
likely to die as were foals with concentrations 
above 8 g/L. 14 

Serum immunoglobulin G (IgG) concen¬ 
tration, or its equivalent, must be measured 
in every ill or at-risk newborn and should be 
repeated every 48 to 96 hours in critically ill 
neonates. A variety of tests are available for 
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rapid detection of FTPI in foals and calves. 
Although measurement of serum IgG con¬ 
centration is ideally performed by the gold 
standard test, a radial immunodiffusion, this 
test requires at least 24 hours to run, whereas 
the stall-side or chemistry analyzer tests can 
be run in a few minutes. The sensitivity and 
specificity have been determined for a 
number of these rapid tests. Overall, most 
tests have high sensitivity (>80%), meaning 
that the few foals that have low concentra¬ 
tions of IgG are missed, but poor specificity 
(50% to 70%), meaning that many foals that 
have adequate concentrations of immuno¬ 
globulin are diagnosed as having inadequate 
concentrations. The exact sensitivity and 
specificity depend on the test used and the 
concentration of immunoglobulin consid¬ 
ered adequate. The high sensitivity and low 
specificity of most of the available rapid tests 
result in a number of foals that do not need 
a transfusion receiving one. However, this 
error is of less importance than that of foals 
that should receive a transfusion not receiv¬ 
ing one. 

Serum or plasma concentrations of IgG 
should be measured after approximately 18 
hours of age, and preferably before 48 hours 


of age—the earlier FTPI is recognized, the 
better the prognosis for the foal. Foals that 
ingest colostrum within the first few hours of 
birth have minimal increases in serum IgG 
concentration over that achieved at 12 hours 
of age, suggesting that measurement of 
serum IgG concentration as early as 12 to 18 
hours after birth is appropriate. This early 
measurement of serum IgG concentration 
could be especially important in high-risk 
foals. The oldest age at which measurement 
of serum IgG is useful in foals is uncertain, 
but depends on the clinical condition of the 
foal. Typically, immunoglobulin concentra¬ 
tions of foals that have adequate concentra¬ 
tions of IgG within the first 24 hours reach a 
nadir at about 6 weeks of age and then rise 
to concentrations similar to adults over the 
next 2 to 3 months. 

Hematology 

It is important to recognize that the hemo¬ 
gram of neonates differs from that of older 
animals (Table 19-5) because these differ¬ 
ences can affect the clinical assessment of the 
animal. The hematologic and serum bio¬ 
chemical values of foals and calves can vary 
markedly during the first days and weeks of 


life, and it is important that these matura- 
tional changes are taken into account when 
assessing results of hematologic or serum 
biochemical examination of foals. Hemato¬ 
logic examination can reveal evidence of 
hemolytic disease, bacterial or viral infec¬ 
tion, or prematurity/dysmaturity (Table 
19-4). Repeated hemograms are often neces¬ 
sary to monitor for development of sepsis 
and responses to treatment. 

Foals with sepsis can have a leukocyte 
count in the blood that is low, within the 
reference range, or high. Approximately 40% 
of foals with sepsis have blood leukocyte 
counts that are below the reference range. 
Most foals with sepsis (approximately 70%) 
have segmented neutrophil counts that 
are below the reference range, with fewer 
than 15% of foals having elevated blood 
neutrophil counts. Concentrations of band 
cells in blood are above the reference range 
in almost all foals with sepsis. Some foals 
born of mares with placentitis have a very 
pronounced mature neutrophilia without 
other signs of sepsis; these foals typically 
have a good prognosis. Lymphopenia is 
present in foals with equine herpervirus-1 
septicemia or Arabian foals with severe 


Table 19-5 Hematologic values of normal foals and calves 




FOALS 



CALVES 


Variable 

<12 h 

1 week 

1 month 

24 h 

48 h 

3-4 weeks 

PCV (%) 

42.5 ± 3.4 

35.3 ± 3.3 

33.9 ± 3.5 

34 ± 6 

32 ± 6 

35 ± 3 

(LA) 

0.43 ± 0.03 

0.35 ± 0.03 

0.33 ± 0.04 

0.34 ± 0.06 

0.32 ± 0.06 

0.35 ± 0.03 

Plasma protein (g/dL) 

6.0 ± 0.8 

6.4 ±0.6 

6.1 ± 0.5 

6.4 ± 0.7 

6.4 ± 0.7 

6.4 ± 0.3 

(g/L) 

60 ± 8 

64 ± 6 

61 ± 5 

64 ± 7 

64 ± 7 

64 ±3 

Fibrinogen (mg/dL) 

216 ± 70 

290 ± 70 

400 ±130 

290 ± 105 

335 ± 120 

285 ± 145 

(g/L) 

2.16 ± 0.7 

2.90 ± 0.7 

4.00 ± 1.30 

2.90 ± 1.05 

3.35 ± 1.20 

2.85 ± 1.45 

Hemoglobin (g/dL) 

15.4 ± 1.2 

13.3 ± 1.2 

12.5 ± 1.2 

10.9 ± 2.1 

10.5 ± 1.8 

11.3 ± 1.02 

(g/L) 

154 ± 12 

130 ± 12 

125 ± 12 

109 ± 21 

105 ± 18 

113 ± 10 

Red blood cells (x10 6 /pL) 

10.7 ± 0.8 

8.8 ± 0.6 

9.3 ± 0.8 

8.17 ± 1.34 

7.72 ± 1.09 

8.86 ± 0.68 

(10 12 /L) 

10.7 ± 0.8 

8.8 ± 0.6 

9.3 ± 0.8 

8.17 ± 1.34 

7.72 ± 1.09 

8.86 ± 0.68 

MCV (fL) 

40 ± 2 

39 ± 2 

36 ± 1 

41 ± 3 

41 ± 3 

39 ± 2 

MCHC (g/dL) 

36 ± 2 

38 ± 1 

37 ± 1 

32.1 ± 0.8 

32.6 ± 1.0 

32.8 ± 1.6 

(g/L) 

360 ± 20 

380 ± 10 

370 ± 10 

320 ± 8 

326 ± 10 

328 ± 16 

MCH (pg) 

14 ± 1 

15 ± 1 

14 ± 1 




Nucleated cells (10 6 /pL) 

9500 ± 2500 

9860 ±1800 

8150 ± 2030 

9810 ± 2800 

7760 ± 1950 

8650 ± 1690 

(10 9 /L) 

9.5 ± 2.5 

9.86 ± 1.80 

8.15 ± 2.03 

9.81 ± 2.80 

7.76 ± 1.95 

8.65 ± 1.69 

Neutrophils (10 6 /pL) 

7950 ± 2200 

7450 ±1550 

5300 ± 200 

6500 ± 2660 

4110 ± 2040 

2920 ±1140 

(10 9 /L) 

7.95 ± 2.20 

7.45 ± 1.55 

5.30 ± 0.20 

6.50 ± 2.66 

4.11 ± 2.04 

2.92 ± 1.14 

Band neutrophils (10 6 /pL) 

24 ±40 

0 

4 ± 13 

310 ± 460 

210 ±450 

10 ± 30 

(107L) 

0.02 ± 0.04 

0 

0.00 ± 0.01 

0.31 ± 0.46 

0.21 ± 0.45 

0.01 ± 0.03 

Lymphocytes (10 6 /pL) 

1350 ± 600 

2100 ± 630 

2460 ± 450 

2730 ± 820 

2850 ± 880 

5050 ± 800 

(107L) 

1.35 ± 0.6 

2.10 ± 0.63 

2.46 ± 0.45 

2.73 ± 0.82 

2.85 ± 0.88 

5.05 ± 0.80 

Thrombocytes (10 3 /pL) 

266 ±103 

250 ± 70 

300 ± 80 




(10 9 /L) 

266 ±103 

250 ± 70 

300 ± 80 




Serum Fe (pg/dL) 

380 ± 60 

175 ± 80 

138 ± 60 


71 ± 60 

127 ± 60 

(mg/L) 

3.80 ± 0.6 

1.75 ± 0.8 

1.38 ± 0.6 


0.7 ± 0.6 

1.27 ± 0.6 

TIBC (pg/dL) 

440 ± 50 

385 ± 80 

565 ± 65 


420 ± 67 


(mg/L) 

4.40 ± 0.5 

3.85 ± 0.8 

5.65 ± 0.65 


4.2 ± 0.7 


UIBC (pg/dL) 

55 ±40 

210 ± 100 

430 ± 85 




(mg/L) 

0.55 ± 0.4 

2.10 ± 1.00 

4.30 ± 0.85 




Iron saturation (%) 

87 ± 9 

46 ± 20 

25 ± 12 




Sources: Harvey JW et al. Equine Vet J 1984; 16:347; Adams R et al. Am J Vet Res 

1992; 53:944; 

Tennant B et al. Cornell Vet 1975; 65:543. 
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combined immunodeficiency. Thrombocy¬ 
topenia occurs in some foals with sepsis. 
Hyperfibrinogenemia is common in foals 
that have sepsis, although the concentration 
might not be above the reference range in 
foals examined early in the disease. 

Hyperfibrinogenemia is common in foals 
born of mares with placentitis and reflects 
systemic activation of the inflammatory 
cascade even in foals that have no other evi¬ 
dence of sepsis. Serum amyloid A concentra¬ 
tions are above 100 mg/L in foals with sepsis. 
Septic foals also have blood concentrations 
of proinflammatory cytokines, and of plasma 
C-reactive protein, 15 that are higher than 
those in healthy foals. Plasma haptoglobin 
concentrations are not different between sur¬ 
viving and nonsurviving foals and are only 
minimally lower in foals with sepsis than in 
nonseptic hospitalized foals. 15 Indices of 
coagulation are prolonged in foals with 
sepsis, and concentrations of antithrombin 
and protein C antigen in plasma are lower 
than in healthy foals. These abnormalities 
indicate that coagulopathies are common in 
septic foals. 

Prematurity is associated with a low neu¬ 
trophil: lymphocyte ratio (<1.5:1) in blood 
and red cell macrocytosis (Table 19-4). A 
neutrophil: lymphocyte ratio above 2:1 is 
considered normal. Premature foals that are 
not septic can have low blood neutrophil 


counts but rarely have immature neutrophils 
(band cells) or toxic changes in neutrophils. 

Serum Biochemistry 

Care should be taken in the interpretation of 
the results of serum biochemical examina¬ 
tions because normal values for newborns 
are often markedly different from those of 
adults, and they can change rapidly during 
the first days to weeks of life (Table 19-6). 
Serum biochemical examination can reveal 
electrolyte abnormalities associated with 
renal failure, diarrhea, and sepsis. Elevations 
in serum bilirubin concentration or serum 
enzyme activities may be detected. As a 
minimum, blood glucose concentrations 
should be estimated using a chemical strip in 
depressed or recumbent newborns. 

Markedly elevated serum creatinine con¬ 
centrations are not uncommonly observed in 
foals with no other evidence of renal disease. 
The elevated serum creatinine in these cases 
is a consequence of impaired placental 
function during late gestation, with the 
consequent accumulation of creatinine (and 
probably other compounds). In foals with 
normal renal function, which most have, 
the serum creatinine concentration should 
decrease to 50% of the initial high value 
within 24 hours. Other causes of high serum 
creatinine concentration that should be 
ruled out are renal failure (dysplasia, hypoxic 


renal failure) and postrenal azotemia 
(uroperitoneum). 

Blood or plasma 1-lactate concentrations 
are useful indicators of the presence and 
severity of systemic disease that impairs 
oxygen delivery to tissue (hypoxemia, poor 
perfusion, anemia) or use by tissue (endotox- 
emia), but it is not specific for any one disease 
or group of diseases, with the exception that 
septic foals have higher concentrations than 
do nonseptic foals. 16 ' 19 However, the differ¬ 
ence between septic and nonseptic foals (4.8 
[range, 0.6 to 37) and 3.3 [range, 0.3 to 21] 
mmol/L) is not sufficiently different to make 
it useful in an individual animal. 20 Blood 
lactate concentrations of healthy foals are 
greatest at birth to 12 hours of age and then 
decline. 16 Blood lactate concentrations of 
foals that do not survive their acute illness do 
not decline in response to therapy, 16 and risk 
of death increases by 1.1 for each mmol/L 
increase in blood lactate concentration of 
foals at time of admission to a veterinary hos¬ 
pital. 17,20 Serial measurement of blood lactate 
concentrations and calculation of an “area- 
under-the-curve” measure also provides 
useful information related to risk of death, 
but not the cause of the disease. 

Sepsis is usually associated with hypo¬ 
glycemia, although septic foals can have 
normal or elevated blood glucose concentra¬ 
tions. Hypoglycemia is attributable to failure 


Table 19-6 Serum biochemical values of normal foals and calves 


Variable 


FOALS 



CALVES 


<12 h 

1 week 

1 month 

24 h 

48 h 

3 weeks 

Na + (mEq/L) (mmol/L) 

148 ±8 

142 ± 6 

145 ±4 

145 ± 7.6 

149 ± 8.0 

140 ± 6 

K + (mEq/L) (mmol/L) 

4.4 ±0.5 

4.8 ± 0.5 

4.6 ± 0.4 

5.0 ± 0.6 

5.0 ± 0.6 

4.9 ± 0.6 

Cl (mEq/L) (mmol/L) 

106 ± 6 

102 ±4 

103 ± 3 

100 ±4 

101 ± 5.0 

99 ± 4 

Ca 2+ (mg/dL) 

12.8 ± 1 

12.5 ± 0.6 

12.2 ± 0.6 

12.3 ± 0.2 

12.3 ± 0.3 

9.4 ± 0.6 

(mmol/L) 

3.2 ± 0.25 

3.1 ± 0.15 

3.05 ± 0.15 

3.1 ± 0.1 

3.1± 0.1 

2.3 ± 0.2 

P0 4 “ (mg/dL) 

4.7 ±0.8 

7.4 ± 1.0 

7.1 ± 1.1 

6.9 ± 0.3 

7.6 ± 0.2 

7.1 ± 6.4 

(mmol/L) 

1.52 ± 0.26 

2.39 ± 0.32 

2.29 ± 0.36 

2.3 ± 0.1 

2.5 ± 0.1 

2.3 ± 1.8 

Total protein (g/dL) 

5.8 ± 1.1 

6.0 ± 0.7 

5.8 ± 0.5 

5.6 ± 0.5 

6.0 ± 0.7 

6.5 ± 0.5 

(g/L) 

58 ± 11 

60 ± 7 

58 ± 5 

56 ± 5 

60 ± 7 

65 ± 5 

Albumin (g/dL) 

3.2 ± 0.3 

2.9 ± 0.2 

3.0 ± 0.2 




(g/L) 

32 ± 3 

29 ± 2 

30 ± 2 




Creatinine (mg/dL) 

2.5 ± 0.6 

1.3 ± 0.2 

1.5 ± 0.2 




(pmol/L) 

221 ± 53 

115 ± 18 

133 ± 18 




Urea nitrogen (mg/dL) 

19.7 ±4.4 

7.8 ± 3.4 

9.0 ± 3.0 

12.6 (7.1-21.2) 



(mmol/L) 

3.4 ± 1.6 

1.6 ± 0.6 

1.7 ± 0.5 

2 (1.5-3.6) 



Glucose (mg/dL) 

144 ±30 

162 ± 19 

162 ± 22 

130 ± 27 

114 ± 19 

70 (52-84) 

(mmol/L) 

8.0 ± 1.6 

9.0 ± 1.0 

9.0 ± 1.2 

7.23 ± 1.5 

6.34 ± 1.1 

3.9 (2.9-4.7) 

Total bilirubin (mg/dL) 

2.6 ± 1.0 

1.5 ± 0.4 

0.7 ± 0.2 

<2.5 

<0.9 

<0.6 

(pmol/L) 

45 ± 17 

26 ± 6 

12 ± 4 

<42 

<15 

<10 

Direct bilirubin (mg/dL) 

0.9 ± 0.1 

0.5 ± 0.2 

0.3 ± 0.2 

<0.6 

<0.3 

<0.3 

(pmol/L) 

15 ± 2 

8.5 ± 3 

5 ± 3 

<10 

<5 

<5 

GGT (IU/L) 

47.5 ± 21.5 

49.1 ± 21.2 


890 ± 200 

600 ± 180 

70 ± 10 

ALK (IU/L) 

3040 ± 800 

1270 ± 310 

740 ± 240 

<1150 

<1000 

<770 

AST (IU/L) 

199 ± 57 

330 ± 85 

340 ± 55 

<60 

<33 

<32 


Values are mean ± standard deviation. 

ALK, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gammaglutamyl transpeptidase. 

Sources: Bauer JE et al. Equine Vet J 1984; 16:361; Pearson EG et al. J Am Vet Med Assoc 1995; 207:1466; Jenkins SJ et al. Cornell Vet 1982; 72:403; Dalton RG. Br 
Vet J 1967; 123:48; Wise GH et al. J Dairy Sci 1947; 30:983; Diesch TJ et al. New Zeal Vet J 2004; 52:256; Patterson WH, Brown CM. Am J Vet Rev 1986; 47:2461; 
Thompson JC, Pauli JV. New Zeal Vet J 1981; 29:223 
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to nurse, whereas hyperglycemia indicates 
loss of normal sensitivity to insulin. Indica¬ 
tors of renal, hepatic, or cardiac (troponin) 
damage can increase in foals with sepsis, 
causing organ damage or failure. Foals with 
sepsis tend to have elevated concentrations 
of cortisol in serum. 

Prematurity is associated with low con¬ 
centrations of cortisol in plasma or serum 
and minimal increase in response to intra¬ 
muscular administration of 0.125 mg of 
exogenous ACTH (corticotropin). Plasma 
cortisol concentration of normal full-term 
foals during the first 24 hours of life increases 
from a baseline value of approximately 
40 ng/mL to over 100 ng/mL 60 minutes 
after ACTH administration, whereas plasma 
cortisol concentrations in premature foals do 
not increase from values of slightly less than 
40 ng/mL. At 2 and 3 days of age, plasma 
cortisol concentrations of full-term foals 
increase twofold after ACTH administration, 
albeit from a lower resting value, but do not 
increase in premature foals. Blood glucose 
concentrations of premature foals are often 
low, probably because of inability to nurse. 

Blood Gas 

Arterial blood pH, Pco 2 , and Po 2 should be 
measured to determine the newborns acid- 
base status and the adequacy of respiratory 
function. Foals with hypoxemia are five 
times more likely to have pulmonary radio- 
graphic abnormalities. Prolonged lateral 
recumbency of foals compromises respira¬ 
tory function, and arterial blood samples 
should be collected with the foal in sternal 
recumbency. Repeated sampling may be nec¬ 
essary to detect changes in respiratory func¬ 
tion and to monitor the adequacy of oxygen 
supplementation or assisted ventilation. 

Blood Culture 

Identification of causative organisms of 
sepsis in foals can aid in prognostication and 
potentially in selection of therapy, although 
there does not appear to be a relation between 
antimicrobial sensitivity of organisms iso¬ 
lated from blood, as determined by Kirby- 
Bauer testing, and survival of foals. Anaerobic 
and aerobic blood cultures should be per¬ 
formed as early in the disease process as 
possible, and preferably before initiation of 
antibiotic treatment, although antimicrobials 
should not be withheld from a newborn with 
confirmed or suspected sepsis to obtain a 
result from blood culture. Strict aseptic tech¬ 
nique should be used when collecting blood 
for culture. Blood cultures should also be 
collected if there is a sudden deterioration in 
the newborns condition. 

Gram-negative enteric bacteria are 
the most common isolates from blood of 
newborn foals, with E. coli the most common 
isolate. A. equuli is also a common isolate 
from foals. There are important differences 
in diseases produced by the various organ¬ 
isms, with foals with A. equuli septicemia 


being twice as likely to die, seven times more 
likely to have been sick since birth, six times 
more likely to have diarrhea, five times more 
likely to have a sepsis score of more than 11, 
and three times more likely to have pneumo¬ 
nia than foals with sepsis associated with 
other bacteria. 

A problem with blood culture is the time 
needed to obtain either interim or final 
results because this can delay detection of 
infection or decisions to use focused antimi¬ 
crobial therapy. Use of real-time polymerase 
chain reaction (PCR) to detect bloodstream 
infection of foals will likely supplement con¬ 
ventional blood culture in foals. 21 

Other Body Fluids 

Synovial fluid should be submitted for 
aerobic and anaerobic culture, Gram stain, 
and cytologic examination when signs of 
synovitis, such as lameness, joint effusion, or 
joint pain, are present. 

Analysis of cerebrospinal fluid (CSF) 
is indicated in newborns with signs of neu¬ 
rologic disease. Samples of CSF should be 
submitted for cytologic examination, mea¬ 
surement of total protein concentration, 
Gram stain, and bacterial culture. 

Urinalysis may provide evidence of renal 
failure (casts) or urinary tract infection 
(white blood cells). 

Abdominal fluid should be collected in 
foals with abdominal pain or distension and 
should be submitted for cytologic examina¬ 
tion and, if uroperitoneum is suspected, 
measurement of creatinine concentration. 

TREATMENT 

The principles of care of the critically ill 
newborn farm animal are as follows: 

• The newborn should be kept in a 
sanitary environment to minimize the 
risk of nosocomial infections. 

• Systemic supportive care should be 
provided to maintain homeostasis until 
the newborn is capable of separate and 
independent existence. 

• There should be frequent and 
comprehensive reevaluations of all body 
systems to detect signs of deterioration 
and allow early correction. 

• Provision should be made to ensure 
adequate passive immunity (serum or 
plasma IgG concentration > 8 g/L) to 
reduce the risk of secondary infections 
or to treat existing infections. Transfer 
of passive immunity should be evaluated 
using laboratory methods that measure 
serum or plasma IgG concentration. 

The level of care provided depends on the 
value of the animal and the available facili¬ 
ties, personnel, and expertise. Newborns of 
limited financial worth are usually treated on 
the farm, whereas valuable foals and calves 
can be referred for specialist care. Referral of 
sick neonates to institutions and practices 
with expertise in provision of critical care to 
newborns should be timely and prompt and, 


when necessary, should be recommended on 
the first visit. 

Nursing Care 

The sophistication of care for critically ill 
newborns depends on the facilities and per¬ 
sonnel available, with intensive management 
requiring dedicated facilities and trained 
personnel available 24 hours a day. The 
minimum requirement for providing basic 
care of ill newborns is a sanitary area in 
which the newborns can be protected from 
environmental stress. Often this means sepa¬ 
rating the newborn from its dam. 

Excellent nursing care is essential for 
maximizing the likelihood of a good 
outcome. Critically ill animals might benefit 
from constant nursing care. Strict attention 
must be paid to maintaining the sanitary 
environment to minimize the risk of nosoco¬ 
mial infections. The newborn should be kept 
clean and dry and at an ambient temperature 
in its thermoneutral zone. Bedding should 
prevent development of decubital ulcers. 
Foals should be maintained in sternal recum¬ 
bency, or at least turned every 2 hours, to 
optimize their respiratory function. 

Correction of Failure of Transfer of 
Passive Immunity 
Colostral Immunoglobulin 

Ideally, adequate transfer of passive immu¬ 
nity is achieved by the newborn nursing its 
dam and ingesting an adequate amount of 
colostrum containing optimal concentra¬ 
tions of immunoglobulins, principally IgG 
(IgGb) in foals. Foals need approximately 2 g 
of IgG per kilogram of body weight to 
achieve a plasma concentration of 2000 mg/ 
dL (20g/L); therefore a 45-kg foal needs 
approximately 90 g of IgG to attain a normal 
serum IgG concentration (or approximately 
40 g to achieve a serum IgG concentration 
of 800 mg/dL [8 g/L]). Assuming that 
colostrum contains on average 10,000 mg/ 
dL (100 g/L), foals must ingest at least 1 L of 
colostrum to obtain sufficient immunoglob¬ 
ulin. Because colostral IgG concentration 
varies considerably (from 2000 to 30,000 mg/ 
dL), specific recommendations regarding 
the quantity of colostrum to be fed to neona¬ 
tal foals cannot be made with certainty. 
However, colostrum with a specific gravity of 
more than 1.060 has an IgG concentration of 
more than 3000 mg/dL (30 g/L), suggesting 
that foals should ingest at least 1.5 L to 
achieve serum IgG concentrations above 
800 mg/dL (8 g/L). 

Critical Plasma IgG Concentrations 
in Foals 

There is some debate as to what constitutes 
a critical serum or plasma IgG concentra¬ 
tion. Foals that ingest an adequate amount 
of colostrum typically have serum immuno¬ 
globulin concentrations during the first 
week of life greater than approximately 
2000 mg/dL (20 g/L). Both 400 mg/dL 
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(4 g/L) and 800 mg/dL (8 g/L) have been 
recommended as concentrations below 
which foals should be considered to have 
increased likelihood of contracting infec¬ 
tious disease, but recent evidence strongly 
supports the use of 800 mg/dL (8 g/L) as the 
minimal concentration in hospitalized foals. 
However, on a well-managed farm the serum 
IgG concentration was not predictive of 
morbidity or mortality among foals, suggest¬ 
ing that serum immunoglobulin concentra¬ 
tion in some populations of foals is not an 
important risk factor for infectious disease. 
The foals in this study were from an excep¬ 
tionally well-managed farm. Other research¬ 
ers have found that foals with serum IgG 
concentration below 800 mg/dL (8 g/L) are 
at markedly increased risk of subsequent 
development of infectious disease, including 
sepsis, pneumonia, and septic arthritis. It is 
likely that there is no single concentration of 
IgG in serum that is protective in all situa¬ 
tions, and the concentration of IgG in serum 
that is desirable in an individual foal depends 
on the risk factors for infectious disease of 
that foal. Our opinion is that a minimum 
serum IgG in foals free of disease and housed 
in closed bands on well-managed farms is 
400 mg/dL (4 g/L). For foals at increased risk 
of disease—for instance, those on large farms 
with frequent introduction of animals 
and foals that are transported or housed 
with foals with infectious disease—the 
minimum advisable serum IgG concentra¬ 
tion is 800 mg/dL (8 g/L). Foals that have 
infectious disease should have serum IgG 
concentrations of at least 800 mg/dL, and it 
might be advantageous for these foals to have 
even higher values, as indicated by the 
enhanced survival of foals with septic disease 
administered equine plasma regardless of 
their serum IgG concentration. This thera¬ 
peutic advantage could be because of the 
additional IgG or because of other factors 
included in the plasma. Transfusion of 
plasma to sick foals improves neutrophil 
function, an important advantage given that 
oxidative burst activity of neutrophils from 
septic foals is reduced compared with that in 
healthy foals. 

Plasma Transfusion 

The ability of foals to absorb macromole¬ 
cules, including immunoglobulins, declines 
rapidly after birth, being 22% of that at birth 
by 3 hours of age and 1% of that at birth by 
24 hours of age. Consequently, by the time 
that FTPI is recognized, it is no longer fea¬ 
sible to increase serum IgG concentrations 
by feeding colostrum or oral serum prod¬ 
ucts. Foals should then be administered 
plasma or serum intravenously. The amount 
of plasma or serum to be administered 
depends on the target value for serum IgG 
concentration and the initial serum IgG con¬ 
centration in the foal. For each gram of IgG 
administered per kilogram of body weight of 
the foal, serum IgG concentration increases 


by approximately 8.7 mg/dL (0.87 g/L) in 
healthy foals and 6.2 mg/dL (0.62 g/L) in 
sick foals. To achieve serum IgG concentra¬ 
tions above 800 mg/dL (8 g/L) in foals with 
serum IgG concentrations below 400 mg/dL 
(4 g/L), they should be administered 40 mL/ 
kg of plasma containing at least 20 g/L of 
IgG. Similarly, foals with serum IgG concen¬ 
trations above 400 mg/dL (4g/L) but below 
800 mg/dL (8 g/L) should be administered 
20 mL/kg of plasma. For 45-kg foals, these 
recommendations translate to administra¬ 
tion of 1 or 2 L of plasma, respectively. 

The ideal product for transfusion into 
foals with FTPI is fresh frozen plasma har¬ 
vested from horses that are Aa and Qa 
antigen-negative and that do not have anti¬ 
bodies against either or both of these red 
blood cell antigens (see the discussion of 
neonatal isoerythrolysis). The donor horses 
should have been vaccinated against the 
common diseases of horses and have tested 
negative for equine infectious anemia. Good- 
quality commercial products specify the 
minimum concentration of IgG in the 
plasma. Concentrated serum products that 
do not need to be frozen until use are avail¬ 
able. These are much more convenient for 
field use than are plasma products that must 
be frozen until immediately before transfu¬ 
sion. However, the IgG concentration of 
these products is often not specified, and the 
manufacturers recommendations for dosing 
often result in administration of inadequate 
amounts of immunoglobulin. Serum prod¬ 
ucts can produce adequate concentrations of 
IgG in foals, but the dose is usually two to 
three times that recommended by the manu¬ 
facturer. An adequate dose of concentrated 
serum products is approximately 1 L for 
some products. The crucial point is that it is 
not the volume of plasma or serum that is 
administered that is important, but rather 
the quantity of immunoglobulin delivered to 
the foal. A total of 20 to 25 g of IgG is 
required to raise the serum IgG concentra¬ 
tion of a 50-kg foal by 400 mg/dL (4 g/L). 

Plasma should be administered intrave¬ 
nously; oral administration is likely to be 
wasteful, especially in foals more than a few 
hours old. Frozen plasma should be thawed 
at room temperature or by immersion in 
warm (<37°C, 100°F) water. Thawing by 
immersion in water at temperatures higher 
than body temperature can cause denatur- 
ation and coagulation of proteins, with loss 
of efficacy of transfused immunoglobulins. 
Plasma should never be thawed or warmed 
using a microwave because this denatures 
the proteins. 

Administration of plasma should be 
intravenous; intraperitoneal administration, 
such as used in pigs or small ruminants, has 
not been investigated in foals. The thawed 
plasma should be administered through a 
jugular catheter using a blood administra¬ 
tion set containing a filter (160- to 270-|im 
mesh) to prevent infusion of particulate 


material. Strict asepsis should be used. The 
foal should be adequately restrained for the 
procedure, with some active foals needing 
moderate tranquillization. Premedication 
with antihistamines or nonsteroidal antiin¬ 
flammatory drugs is usually not necessary. 
The plasma should be infused slowly at first, 
with the first 20 to 40 mL administered over 
10 minutes. During this period the foal 
should be carefully observed for signs of 
transfusion reaction, which is usually evident 
as restlessness, tachycardia, tachypnea, respi¬ 
ratory distress, sweating, or urticaria. If these 
signs are observed, the transfusion should be 
stopped, and the foal should be reevaluated 
and treated if necessary. If no transfusion 
reactions are noted during the first 10 
minutes, the infusion can then be delivered 
at 0.25 to 1.0 mL/kg/min (i.e., about 1 L/h 
for a 50-kg foal). Rapid infusion can result in 
acute excessive plasma volume expansion, 
with the potential for cardiovascular and 
respiratory distress. 

Serum IgG concentration should be mea¬ 
sured after the infusion to ensure that an 
adequate concentration of IgG has been 
achieved. Serum IgG can be measured as 
early as 20 minutes after the end of the 
transfusion. 

Nutritional Support 

Provision of adequate nutrition is essential 
to the recovery of ill newborns. Healthy 
newborn foals have estimated energy 
requirements of 500 to 625 kj/kg/d (120 to 
150 kcal/kg/d) and consume approximately 
20% of their body weight as milk per day. 
Measurements of foal energy expenditure 
using indirect calorimetry reveal expendi¬ 
ture of -60 to 80 kcal/kg/d in healthy foals, 
which is reduced to -50 kcal/kg/d for criti¬ 
cally ill foals. 22 

The best food for newborns is the dam’s 
milk, and newborns that are able to do so 
should be encouraged to nurse the dam. 
However, if the foal is unable to nurse or the 
dam is not available, then good-quality milk 
substitutes should be used. Soy and other 
plant-protein-based milk replacers are not 
suitable for newborns. Commercial products 
formulated for foals, calves, and lambs are 
available. Human enteral nutrition products 
supplying 0.7 to 1 kcal/mL (2.8 to 4.1 kJ/mL) 
can also be used for short-term (several days 
to a week) support of foals. 

It is preferable to provide enteral, rather 
than parenteral, nutrition to ill newborns 
with normal or relatively normal gastro¬ 
intestinal function. Sick neonatal foals 
should initially be fed 10% of their body 
weight as mare’s milk, or a suitable replacer, 
every 24 hours, divided into hourly or 2-hour 
feedings. If the foal does not develop diar¬ 
rhea or abdominal distension, then the 
amount fed can be increased over a 24- to 
48-hour period to 20% to 25% of the foal’s 
body weight (or 150 kcal/kg/day; 620 kj/kg/ 
day). Newborns can be fed by nursing a 
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bottle or bucket or via an indwelling naso¬ 
gastric tube such as a foal feeding tube, stal¬ 
lion catheter, human feeding tube, or enema 
tube. Every attempt should be made to 
encourage the newborn to nurse its dam as 
soon as the newborn can stand. Adequacy of 
nutrition can be monitored by measuring 
blood glucose concentrations and body 
weight. 

Parenteral nutrition (PN) can be pro¬ 
vided to newborns that are unable to be fed 
by the enteral route. This can be achieved by 
administration of various combinations of 
solutions containing glucose (dextrose), 
amino acids, and fat. A commercial product 
that does not include lipid has been used 
successfully for up to 12 days in foals. One 
product that has been used successfully for 
foals is a solution of amino acids (5%), dex¬ 
trose (25%), and electrolytes (Clinimix E; 
Baxter Healthcare Corporation, Deerfield, 
IL). Lipid emulsion is not added to the 
preparation. Additional multivitamin sup¬ 
plements including calcium gluconate 
(provided 2.5 mmol/L), magnesium sulfate 
(6 mEq/L), B-vitamin complex (thiamine 
12.5 mg/L; riboflavin 2 mg/L; niacin 
12.5 mg/L; pantothenic acid 5 mg/L; pyri- 
doxine 5 mg/L; cyanocobalamin 5 flg/L), 
and trace elements (zinc 2 mg/L; copper 
0.8 mg/L; manganese 0.2 mg/L; chromium 
8 |ig/L) are added. Administration is through 
a catheter, a single-lumen 14-gauge over- 
the-wire catheter (Milacath), inserted in the 
jugular vein with its tip placed in the cranial 
vena cava. A double-T extension set is used 
to allow concurrent constant-rate infusion of 
isotonic crystalloid fluids and intravenous 
administration of medication in one line and 
PN solution in the other. An infusion pump 
is used for continuous-rate infusion of the 
solutions. The PN solution should be pre¬ 
pared under aseptic conditions just before 
administration and used for only a period of 
24 hours after preparation. A 0.22-pm filter 
is included in the administration line to 
remove all bacteria, glass, rubber, cellulose 
fibers, and other extraneous material in the 
PN solution. The filters and administration 
sets are changed with each new bag of PN 
solution. 

The rate of PN infusion is determined 
based on the weight and physical and meta¬ 
bolic condition of the foal. The general pro¬ 
tocol is based on the assumption that sick 
foals expend approximately 50 kcal/kg body 
weight per day (basal rate). 22 The PN is 
started at half the basal rate for 12 hours, 
increasing to the basal rate over 24 to 48 
hours, and then in some foals increased 
slowly to 75 kcal/kg/d if tolerated by the foal. 
The clinical condition of the foal is assessed 
frequently. Blood glucose concentrations 
should be measured every 6 to 8 hours 
during the introduction and weaning of PN 
until the blood glucose concentration is sta¬ 
bilized. Insulin can be administered during 
hyperglycemic crises (»250 mg/dL) at a 


dose of 0.1 to 0.4 U/kg regular insulin intra¬ 
muscularly, but this is rarely needed. When 
a constant rate of PN is achieved, glucose 
concentrations should be measured every 8 
to 12 hours, depending on the clinical condi¬ 
tion of the foal. Foals are weaned off the 
PN as their clinical condition improves, and 
enteral feeding is gradually increased. The 
rate of PN is halved every 4 to 12 hours if 
blood glucose concentration is stable until 
half the basal rate is obtained, at which time 
the infusion is discontinued if the foal is 
bright, alert, and nursing well. 

PN is supplemented with isotonic fluid 
therapy administered intravenously. The 
fluid rate and composition are determined 
based on clinical condition, packed cell 
volume, total protein, and serum electrolyte 
concentrations (Na, Cl, Ca, K and HC0 3 ). 
The composition and rate are adjusted to 
maintain normal hydration and electrolyte 
and acid-base status. During the period that 
foals receive PN, enteral feeding is initially 
withdrawn, and the foals are muzzled or 
separated from the mare. Beginning 24 
hours after the institution of PN, 20 to 40 mL 
of mare’s milk (“trophic” feeding) is admin¬ 
istered enterally every 4 hours. The trophic 
feeding provides nutrition to enterocytes and 
stimulates production of lactase in the small 
intestine in preparation for resumption of 
enteral feeding. As the foals are weaned off 
the PN, enteral feedings are gradually 
increased from small trophic feeding every 4 
hours to allowing the foal to nurse from the 
mare for 2 to 5 minutes every 2 hours and 
eventually unrestricted nursing from the 
mare. 

Antimicrobial Treatment 

Normal newborns are at risk of acquiring 
life-threatening bacterial infections, and the 
risk increases when they do not ingest ade¬ 
quate colostrum in a timely fashion or are 
subjected to environmental stresses (see the 
discussion on neonatal infection). Newborns 
in which bacterial infection is suspected and 
those at high risk of developing an infection, 
such as sick newborns with FTPI, should be 
administered antimicrobials. Antimicrobial 
therapy should not be delayed pending the 
results of bacterial culture and antimicrobial 
sensitivity testing. 

The choice of antimicrobial is determined 
by the likely infecting agent and clinical 
experience with antimicrobial susceptibility 
of local strains of pathogens. In general, 
broad-spectrum antimicrobials are chosen 
because it is almost impossible to predict, 
based on clinical signs, the nature of the 
infecting agent and its antimicrobial suscep¬ 
tibility. Although Streptococcus spp. were 
historically reported to be the cause of most 
infections in neonatal foals, currently infec¬ 
tions of neonatal foals are usually a result of 
gram-negative organisms, including E. coli , 
Klebsiella spp., and Salmonella spp. Because 
of the wide variety of infecting agents and 


their varying antimicrobial susceptibility, it 
is possible to make only general recommen¬ 
dations for antimicrobial therapy of neo¬ 
nates. A frequently used antimicrobial 
regimen is an aminoglycoside (gentamicin 
or, more commonly, amikacin) and penicil¬ 
lin. Some commonly used drugs and their 
doses are listed in Table 19-7. Dosage of anti¬ 
microbials in foals differs somewhat from 
that of adults, and the pharmacokinetics of 
drugs in normal foals are often different 
from those of the same drug in sick foals. 
Consequently, higher dosages administered 
at prolonged intervals are often indicated in 
sick foals, especially when concentration- 
dependent drugs such as the aminoglyco¬ 
sides are used. 

The response to antimicrobial therapy 
should be monitored, using physical exami¬ 
nation and clinical pathology data, on at least 
a daily basis. Failure to improve should 
prompt a reconsideration of the therapy 
within 48 to 72 hours, and a worsening of the 
newborns condition may necessitate chang¬ 
ing the antimicrobial sooner than that. The 
decision to change antimicrobial therapy 
should be guided, but not determined, by the 
results of antimicrobial sensitivity testing of 
isolates from the affected newborn. These 
antimicrobial susceptibility patterns should 
be determined locally because the results can 
vary geographically, although results of 
studies are published. 23,24 The utility of anti¬ 
microbial sensitivity testing in determining 
optimal antimicrobial therapy for foals has 
not been determined, although it is likely 
that, as with mastitis in cows, sensitivity to 
antimicrobials determined by the Kirby- 
Bauer method will not be useful in predict¬ 
ing efficacy. 

Fluid Therapy 

Fluid therapy of newborns differs from that 
of adult animals because of important differ¬ 
ences in fluid and electrolyte metabolism 
in newborns. The following guidelines are 
suggested: 

• Septic shock—sequential boluses of 

20 mL/kg delivered over 5 to 20 minutes 
with reevaluation after each bolus. 
Usually, 60 to 80 mL/kg is the maximum 
dose before use of pharmacologic 
support of blood pressure is considered. 
Care should be taken to avoid fluid 
overload, and the foal should be 
reevaluated after each bolus and the 
need for continued fluid therapy 
determined. Continuous infusion of 
fluid is not indicated. 

• Maintenance support—this should be 
determined based on the ongoing losses 
and the clinical status of the animal. 
However, general recommendations are 
as follows: 

• First 10 kg of body weight—100 mL/ 
kg/d 

• Second 10 kg of body weight— 

50 mL/kg/d 
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Table 19-7 Antimicrobials used in neonatal foals 



Antimicrobial 

Dose and route 

Frequency 

Comments 

Amikacin sulfate 

25 mg/kg, IM or IV 

24 h 

Excellent Gram-negative activity, potentially nephrotoxic. 

Use with a penicillin. 

Amoxicillin trihydrate 

25 mg/kg, PO 

6-8 h 

Variable absorption decreasing with age. Limited Gram negative spectrum. 

Amoxicillin-davulanate 

15-25 mg/kg, IV 

6-8 h 

Enhanced Gram-negative spectrum. 

Amoxicillin sodium 

15-30 mg/kg, IV or IM 

6-8 h 

Limited Gram-negative spectrum. Use with an aminoglycoside. Safe. 

Ampicillin sodium 

10-20 mg/kg, IV or IM 

6-8 h 

Limited Gram-negative spectrum. Use with an aminoglycoside. Safe. 

Ampicillin trihydrate 

20 mg/kg, PO 

6-8 h 

Limited Gram-negative spectrum. Variable absorption decreasing with age. 

Cefotaxime sodium 

15-25 mg/kg, IV 

6-8 h 

Use for bacterial meningitis. Expensive. 

Cefoperazone sodium 

20-30 mg/kg, IV 

6-8 h 

Use for Pseudomonas spp. infections. 

Cefpodoxime proxetil 

10 mg/kg PO 

8-12 h 

Broad spectrum and well absorbed by foals after oral administration. 

Ceftazidime sodium 

20-50 mg/kg, IV 

6-8 h 

Third-generation cephalosporin. Save for refractory infections. 

Ceftiofur sodium 

10 mg/kg, IV over 15 min 

6 h 

Broad spectrum. Note higher dose than used in adults. 

Chloramphenicol palmitate 

50 mg/kg, PO 

6-8 h 

Broad spectrum, bacteriostatic. Human health risk. 

Restricted use. 

Chloramphenicol sodium 
succinate 

50 mg/kg, IV 

6-8 h 

Broad spectrum, bacteriostatic. Human health risk. 

Restricted use. 

Ciprofloxacin 

5 mg/kg, IV 

12 h 

Broad spectrum. Potentially toxic to developing cartilage. 

Enrofloxacin 

5-7.5 mg/kg, PO or IV 

12-24 h 

Broad spectrum. Potentially toxic to developing cartilage. 

Gentamicin sulfate 

12 mg/kg, IV or IM 

36 h 

Good Gram-negative spectrum. Nephrotoxic. Use with a penicillin. Dose 
should be decreased to 6.6 mg/kg IV or IM every 24 hours for foals > 2 
weeks of age. 

Metronidazole 

15-25 mg/kg, IV or PO 

8-12 h 

Active against obligate anaerobes and protozoa only. 

Oxytetracycline 

5 mg/kg, IV 

12 h 

Variable Gram-negative activity. Safe. Cheap. High and prolonged dose 
protocols have the potential to result in discoloration of the teeth. 

Procaine penicillin G 

20,000-40,000 lU/kg, IM 

12 h 

Very limited Gram-negative activity. Muscle soreness. Cheap. 

Sodium or potassium penicillin G 

20,000-40,000 lU/kg, IV or IM 

6 h 

Limited Gram-negative activity. Use with an aminoglycoside. 

Pivampicillin 

15-30 mg/kg, IV or IM 

8 h 

Ampicillin prodrug. 

Ticarcillin sodium 

50 mg/kg, IV 

6 h 

Active against Gram-negative organisms. Expensive. 

Ticarcillin-clavulanate 

50 mg ticarcillin/kg, IV 

6 h 

Extended activity. Expensive. 

Trimethoprim-sulfonamide 

15-30 mg/kg, PO, IV 

12 h 

Cheap. Broad spectrum. Limited efficacy in treating septicemia in foals. 


• Weight in excess of 20 kg—25 mL/ 
kg/d 

Neonates with high ongoing losses, such as 
those with diarrhea or gastric reflux, can 
have higher fluid requirements. 

Care should be taken to prevent admin¬ 
istration of excess sodium to foals because 
they have a limited ability to excrete sodium. 
The recommended intake is 2 to 3 mEq/ 
kg/d, and this includes sodium administered 
in parenteral fluids. One liter of isotonic 
sodium chloride provides a 50-kg foal’s 
sodium requirements for 1 day. 

A suitable maintenance fluid for foals is 
isotonic dextrose (5%) with supplemental 
potassium (10 to 40 mEq/L). 

Respiratory Support 

Respiratory failure, evidenced by elevated 
arterial Pco 2 and decreased Po 2 , may be a 
result of depressed central activity, weakness 
of respiratory muscles, or lung disease. 
Regardless of the cause, should the hypox¬ 
emia become sufficiently severe, oxygenation 
must be improved by increasing respiratory 
drive, increasing the inspired oxygen tension, 
or employing mechanical ventilation. Foals 
should always be maintained in sternal 
recumbency to allow optimal respiratory 
function. 

Provision of respiratory support should 
be considered when the arterial Po 2 is 
less than 60 mm Hg (8 kPa) and the arterial 
Pco 2 is more than 60 mm Hg (8 kPa) in a 


foal in sternal recumbency. Pharmacologic 
respiratory stimulants have only a very short 
duration of action and are of limited use. 
Nasal insufflation of oxygen is achieved by 
placing a nasopharyngeal tube and provid¬ 
ing oxygen at a rate of 5 L/min. 

Mechanical ventilation is useful for 
maintaining oxygenation in foals with 
botulism, with more than 80% of foals 
surviving in one small study. However, 
this intervention requires considerable 
expertise and sophisticated equipment. The 
prognosis is much worse for foals with dis¬ 
eases of the lungs that require mechanical 
ventilation. 

Gastroduodenal Ulcer Prophylaxis 

Ill neonatal foals are often treated with 
antacid drugs in an attempt to prevent the 
development or progression of gastroduode¬ 
nal ulcers, although the efficacy of this 
approach is unproven. There is a trend 
toward not administering antiulcer medica¬ 
tions to foals except for those with demon¬ 
strated gastric ulceration, in part because of 
the recognition that critically ill foals often 
have gastric pH above 7.0, and administra¬ 
tion of ranitidine does not affect this pH. 
(See “Gastric Ulcers in Foals” for further 
discussion.) 

COMMON COMPLICATIONS 

Complications of the neonates disease or its 
treatment occur frequently: 


• Entropion is common in critically ill 
foals and, although readily treated, can 
cause corneal ulceration if undetected. 

• Aspiration pneumonia occurs in weak 
foals, often as a result of aggressive 
bottle feeding or regurgitation of milk 
around a nasogastric tube. 

• Nosocomial infections can be severe and 
life-threatening and are best prevented 
by strict hygiene and asepsis. 

• Septic synovitis/arthritis occurs as a 
consequence of bacteremia and should 
be treated aggressively. 

• Omphalitis and omphalophlebitis occur 
and can be an undetected cause of fever 
and relapse. These are best detected by 
ultrasonographic examination of the 
abdomen. 

• Patent urachus, evident as urine at the 
navel, usually resolves with time and 
local treatment. 

• Uroperitoneum as a result of urachal 
rupture occurs in critically ill foals and 
should be suspected in any ill foal that 
develops abdominal distension. 

• Angular limb deformities and excessive 
flexor tendon laxity occur frequently in 
ill neonatal foals but usually resolve with 
minimal symptomatic treatment as the 
foal recovers its strength. 

PROGNOSIS 

The prognosis for critically ill neonates 

depends on many factors, including the 
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nature and severity of the disease, facilities 
available for care, and the expertise of the 
personnel caring for the neonate. There is a 
consensus that the recovery rate for severely 
ill foals has improved over the last decade 
because of provision of better care. There 
are reports of survival rates of around 80% 
for foals treated at a specialized intensive 
care unit. However, the high cost of provid¬ 
ing care for these animals has prompted 
studies to determine outcome, as a means 
of deciding whether, financially, treatment is 
warranted. Surviving Thoroughbred foals do 
not differ from siblings with regard to per¬ 
centage of starters, percentage of winners, 
or number of starts, but surviving foals 
achieve significantly fewer wins and total 
earnings. 25 

The increased number of foals being 
treated intensively has resulted in prospec¬ 
tive studies of outcome. The prognosis for 
athletic activity for foals with septic arthritis 
is poor. Thoroughbred foals with septic 
arthritis have odds of 0.28 (95% Cl 0.12 to 
0.62; roughly one-quarter of the likelihood) 
for racing compared with a cohort of healthy 
foals. Multisystemic disease, in addition to 
the presence of septic arthritis, decreased 
the likelihood of racing to one-tenth that 
of healthy foals (OR 0.12, 95% Cl 0.02 
to 0.90). Affected foals that survive take 
almost 40% longer to race for the first time. 
Approximately 30% to 48% of affected 
Thoroughbred foals eventually race, com¬ 
pared with approximately 65% of normal 
foals. 

Attempts to determine prognostic indica¬ 
tors for survival of foals have been partially 
successful, but they tend to be most appli¬ 
cable to the intensive care unit in which they 
were developed. The common theme is that 
sicker foals are less likely to be discharged 
from the hospital alive. 

Characteristics of foals that are more 
likely to survive include ability to stand 
when first examined, normal birth, white 
blood cell (WBC) count in blood that is 
within or above the reference range, lack of 
dyspnea, normal plasma fibrinogen concen¬ 
tration, and short duration of disease. The 
odds of a hospitalized neonatal foal surviv¬ 
ing can be calculated using the following 
formula: 


Logit (Probability of survival ) 

= -0.3072-2.0115 (Cold extremities) 

- 0.8166 ( Prematurity) 

- 0.7685 (>2 Infection j 
inflammation sites)+ 0.9877 ( IgG) 
+1.1331 (Glucose)+ 0.9043 (WBC) 


In addition, the survival odds can be 
summarized in a much more useful form 
by the methods shown in Tables 19-8 
and 19-9. An app to calculate survival 
probabilities is available for Android 
phones. 26 


Table 19-8 Method for calculating 
survival score in hospitalized neonatal 
foals 

Variables 

Score 

Cold extremities 

No 

Yes 


2 

0 

Prematurity (<320 days) 

No 

Yes 


1 

0 

>2 infection/ 

No 

Yes 

inflammation sites 

1 

0 

IgG (mg/dL) 

<400 

>400 


0 

1 

Glucose (mg/dL) 

<80 

>80 


0 

1 

WBC x (107pL) 

<4 

>4 


0 

1 

TOTAL SCORE 




Table 19-9 Probability of survival for 
hospitalized neonatal foals with 
survival scores calculated according 
to 

Total foal 

Probability of 

survival score 

survival 

0 

3% 

1 

8% 

2 

18% 

3 

38% 

4 

62% 

5 

82% 

6 

92% 

7 

97% 
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STILLBIRTH/PERINATAL 
WEAK-CALF SYNDROME 


SYNOPSIS 


Etiology Uncertain; probably multiple 
etiologies and multifactorial. 

Epidemiology Most commonly several cases 
on a farm; several farms affected in a 
geographic region in a single season; 
problem may not occur for several years 
and then occur as "epidemic" in a region. 

Clinical findings Calves may be born weak 
and unable to stand. More commonly, they 
are born apparently normal and stand but 
subsequently collapse with hypothermia 
and die within a few hours of birth. 

Lesions Petechial hemorrhages, subcutaneous 
edema, and hemorrhage commonly in the 
subcutaneous tissue of the carpal and 
tarsal joints. 

Diagnostic confirmation Specific to cause. 

Treatment Supportive. 

Control Specific to cause. 


HISTORICAL ASPECTS 

A syndrome of newborn calves called weak- 
calf syndrome was first recognized in 
Montana in 1964. It has been recognized 
throughout the United States and other 
countries since then, and it is considered a 
major economic loss in beef cattle herds. In 
the earlier descriptions of the syndrome, 
calves were affected by 10 days of age, and 
approximately 20% were affected at birth. 
Morbidity ranged from 6% to 15%. In some 
herds, sporadic abortions occurred before 
calving season of the herd began. In some 
cases, affected calves died within minutes 
after being born with varying degrees of 
obstetric assistance. 

In calves that survived for a few days, 
clinical findings included lassitude, depres¬ 
sion, weakness, variable body temperature, 
a reddened and crusty muzzle, lameness, 
reluctance to stand, enlargement of the 
carpal and tarsal joint capsules along with 
periarticular subcutaneous swellings, and a 
hunched-up back if they stood. Diarrhea 
occurred in some calves after a few days of 
illness, but it was not a major clinical finding. 
Treatment was ineffective, and the case fatal¬ 
ity rates ranged from 60% to 80%. 

At necropsy, the prominent lesions were 
hemorrhage and edema of the subcutaneous 
tissues over the tarsal and carpal joint regions 
and extending distally. Polysynovitis with 
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hemorrhagic synovial fluid often containing 
fibrin was also common. Erosive and hemor¬ 
rhagic lesions of the forestomaches and 
abomasum also occurred. Several different 
pathogens were isolated from these calves, 
but no consistent relationship between the 
pathogens and the lesions was ever 
determined. 

In retrospect, the case definitions were 
not well described, and it is probable that 
several different diseases of newborn calves 
were lumped into the enigma of weak-calf 
syndrome. As more detailed clinical and 
laboratory examinations of sick newborn 
calves have been done over the years, 
some of the causes of the original syndrome 
have been identified as specific diseases of 
newborn calves. 

Widely ranging clinical and pathologic 
findings have been associated with weak-calf 
syndrome. In the most common situation, 
calves are born weak and die within 10 to 20 
minutes after birth; sometimes they live for 
up to a few days. At necropsy there are no 
obvious or only few lesions to account for the 
illness. Calves that are weak after birth 
because of traumatic injuries associated with 
dystocia or other significant lesions can be 
accounted for according to the nature and 
severity of the lesions. Reports from North¬ 
ern Ireland in recent years indicate that in 
dairy herds the incidence of weak-calf syn¬ 
drome has ranged from 10% to 20% of all 
calves born. Field observations in problem 
herds found that the gestation period is of 
normal duration, but parturition is usually 
prolonged, with the first and second stages of 
labor lasting 24 hours. Affected calves usually 
are born alive but are unable to sustain 
breathing following birth. Despite resuscita¬ 
tion efforts, they commonly die within 10 
minutes, often accompanied by prominent 
uncoordinated movements of the limbs. 
Some calves are stillborn, and whether or not 
this is a variation of the syndrome is uncer¬ 
tain. In a report from the United Kingdom, 
the syndrome occurred in calves born from 
heifers and was characterized by failure to 
breathe at birth or breathing with difficulty, 
and/or failing to move after birth, and failure 
to suck. The term stillbirth/perinatal weak- 
calf syndrome has been suggested as more 
appropriate. 

Dummy-Calf Syndrome 

A variation of weak-calf syndrome is 
dummy-calf syndrome, which has been 
reported in the southern United States. 
Affected calves appear normal at birth and 
are generally alert, but they lack the instinct 
or the desire to seek the teat or suck after 
birth and for up to several hours later. The 
syndrome may occur in calves of any birth 
weight. The incidence has been highest in 
purebred Brahman females, but it has also 
occurred in Aberdeen Angus, Hereford, 
Chianina, and Brown Swiss breeds of cattle. 
Field observations indicate that affected 


calves did not stand for up to 1 to 2 hours 
after birth to initiate teat-seeking behavior. 
Dummy calves appear to lack the sensitivity 
to teat-seek, and if they fail to locate a teat 
by about 4 to 5 hours after birth, they 
commonly lose the sucking reflex and then 
require intensive nursing care by bottle 
feeding to initiate sucking. In calves that fail 
to suck and ingest colostrum, hypothermia, 
hypoglycemia, and neonatal infections are 
common complications. Concurrently, the 
dam loses interest in the calf and may 
abandon it. 

ETIOLOGY AND EPIDEMIOLOGY 

The etiology of weak-calf syndrome is 
unclear, but several epidemiologic observa¬ 
tions have suggested some possible causes. 
These include the following: 

• Fetal infection near term 

• Underdevelopment because of 
nutritional inadequacy of the maternal 
diet during pregnancy 

• Placental insufficiency 

• Maternal dietary deficiencies of 
selenium and vitamin E 

• Hypothyroidism 

• Traumatic injuries associated with 
dystocia and excessive force during 
obstetric assistance 

• Fetal hypoxia from prolonged 
parturition 

Fetal Infections 

Fetal infections in the last few days before 
term can result in stillbirth or weak calves 
that may die within hours or days after birth. 
In one series of 293 weak calves in Northern 
Ireland, leptospiral infection was present in 
25% of the calves. Calves in which leptospiral 
antigen was detected in the placenta were 
significantly lighter by an average of 6 kg to 
10 kg than calves with no antigen in the pla¬ 
centa. Calves infected with Leptospira in 
utero were more likely to be infected by 
T. (formerly Arcanobacterium) pyogenes or 
Bacillus species, and infection of the placenta 
is associated with a lower body weight. The 
adrenal gland, lung, and placenta are the 
most useful tissues to examine for leptospiral 
antigen. 

Bovine viral diarrhea (BVD) virus infec¬ 
tion has been identified in several herds with 
high occurrence rates of weak-calf syn¬ 
drome. Effects of intrauterine infection with 
this virus will depend on the stage of preg¬ 
nancy at which infection occurs, but birth of 
stillborn, weak, or dummy calves certainly 
warrants taking this differential into consid¬ 
eration (see also “Bovine Viral Diarrhea”). 

An unidentified type of adenovirus has 
been associated with weak-calf syndrome on 
a large dairy farm in Israel. At birth the 
calves were reluctant to suck or drink colos¬ 
trum and were force-fed colostrum with an 
orogastric tube. Affected calves were weak at 
birth and unable to rise without assistance; 
when forced to move they walked stiffly, 


suggestive of polyarthritis. An adenovirus 
was detected in the feces, synovial fluid, and 
aqueous humor of affected calves. 

Maternal Nutritional Deficiency 
Causing Fetal Underdevelopment 
Hypothyroidism as a result of iodine defi¬ 
ciency in the pregnant dam has been consid¬ 
ered on the basis of thyroid hyperplasia in 
some calves. Analysis of the laboratory data 
from 365 calves that died from the stillbirth/ 
perinatal weak-calf syndrome in Ireland 
found some differences between calves with 
abnormal versus normal thyroid glands. 
Glands weighing more than 30 g were prob¬ 
ably abnormal. Abnormal glands were 
heavier, constituted a greater percentage of 
the calf’s body weight, and had a lower 
iodine concentration. A higher proportion of 
calves with an abnormal thyroid gland had 
uninflated lungs and pneumonia. Abnormal 
thyroid glands had a lower selenium concen¬ 
tration in the kidneys. 

Hypothyroidism as a result of iodine defi¬ 
ciency can be caused by either inadequate 
dietary iodine supply or the presence of goi- 
trogens in feed. Goitrogens are substances 
that impair thyroid hormone synthesis, 
either by inhibiting iodine uptake (cyano- 
genic goitrogens) or by inhibiting organic 
binding of iodine by the thyroid glands (goi¬ 
trogens of the thiouracil type). 1 

However, the experimental reproduction 
of iodine deficiency in pregnant heifers by 
feeding an iodine-deficient diet over the 
last 4 to 5 months of pregnancy resulted in 
clinicopathologic changes and pathologic 
changes in the thyroid glands of both the 
heifers and their calves, but all calves in the 
iodine-deficient group were born clinically 
normal. 

Because selenium plays a role in the func¬ 
tion of the thyroid glands, selenium defi¬ 
ciency can cause hypothyroidism despite 
adequate dietary iodine supply. Maternal 
dietary deficiency of selenium in pregnant 
cattle has also been examined, but field trials 
have failed to show any protective effect from 
the parenteral administration of pregnant 
cattle with selenium. The parenteral admin¬ 
istration of both selenium and iodine to 
pregnant cattle did not have any effect on the 
incidence of the syndrome between treated 
and untreated herds; the incidences were 
7.9% and 7.4%, respectively. 

A general nutritional inadequacy in the 
maternal diet can result in underdevelop¬ 
ment of the fetus and the birth of smaller- 
than-normal calves, but the deficiency 
usually must be grossly inadequate. A clini¬ 
cal trial showed that feeding a protein- 
restricted ration (7% crude protein) during 
the last trimester of pregnancy resulted in 
11.4% lower birth weights than in control 
animals and in compromised thermogenic 
ability of the newborn calves, which has 
been proposed as a contributing factor to 
perinatal mortality of calves. 2 Another study 





reported a selective decrease in absorption of 
colostral IgGi and IgG 2 from the gut in calves 
from heifers fed protein-deficient diets 
during the last trimester of pregnancy, which 
implies a higher risk for FTPI in these calves. 3 

Placental Insufficiency 
Intrauterine growth retardation associated 
with feto-placental dysfunction has been 
described in Japanese Black beef calves. 4 
Affected calves were weak when born at 
term and were underweight compared with 
normal calves. Anemia as a result of bone 
marrow dysfunction was present in affected 
calves and presumably was associated with 
intrauterine growth retardation. Thymic 
hypoplasia is another common finding in 
Japanese Black calves that died during the 
perinatal period, which also has been attrib¬ 
uted to intrauterine growth retardation and 
is thought to contribute to perinatal weak- 
calf syndrome, which has a high occurrence 
rate in this breed. 45 There is some evidence 
that an immune inadequacy based on T- 
lymphocyte function may be associated with 
weak-calf syndrome in Japanese Black calves, 
which could be related to the thymic hypo¬ 
plasia because the thymus is the site of T-cell 
maturation. 

Dams delivering weak calves also had 
lower serum concentrations of estrone 
sulfate during late pregnancy than those of 
normal calves, suggesting a feto-placental 
dysfunction. The dysfunction was influenced 
by sires and maternal families. 

Fetal Hypoxemia 

Fetal hypoxemia resulting from prolonged 
parturition or dystocia may be a cause or 
contributing factor to weak-calf syndrome. 
Various predisposing factors can cause pro¬ 
longed interference with fetal blood or 
oxygen supply, which can result in death 
during delivery or shortly after. 

Examination of blood-gas values in 
newborn calves has shown that a prolonged 
parturition or delivery terminated by forced 
extraction results in a severe acidemia as a 
result of oxygen deprivation and ensuing 
anaerobic glycolysis with lactate accumula¬ 
tion in combination with hypercapnia, 
resulting in respiratory acidosis. As blood 
pH drops, first vitality is reduced, subse¬ 
quently vital organs such as the brain are 
damaged, and ultimately the fetus dies. 

The bovine fetus appears relatively sus¬ 
ceptible to hypoxia and hypercapnia, which 
has been studied experimentally by clamping 
the umbilical cords of fetuses for 4 to 8 
minutes, at 24 to 48 hours before expected 
birth, followed by a cesarean section 30 to 40 
minutes later. Calves born following this 
procedure may die in 10 to 15 minutes after 
birth or survive for only up to 2 days. Under 
these experimental conditions, fetuses can 
survive anoxia for 4 minutes, but most will 
die following 6 or 8 minutes of anoxia. 6 
During the clamping there is also increased 
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fetal movement and a release of meconium 
that stains the calf and the amniotic fluid. 
Those that survive for a few hours or days are 
dull and depressed, cannot stand, and have 
poor sucking and swallowing reflexes, and 
their temperatures are usually subnormal. 
They respond poorly to supportive therapy. 
Some calves whose umbilical cords were 
clamped for 4 minutes were born weak and 
made repeated efforts to raise their heads 
and move onto the sternum, but they were 
unable to maintain an upright position for 
long. These calves become hypothermic and 
dull, and their sucking and swallowing 
reflexes are present but weak. These calves 
are usually too weak to suck the cow even 
when assisted, and they commonly develop 
diarrhea and other complications. 

Dystocia and Traumatic Injuries 
at Birth 

Over 50% of perinatal mortality is generally 
attributed to dystocia, and dystocia may be 
an important contributing factor to weak- 
calf syndrome because of fetal hypoxia or 
traumatic injuries associated with obstetric 
assistance. 7 In a study of 13,296 calvings over 
a period of 15 years in two research herds in 
Montana, calf mortality as a result of dysto¬ 
cia accounted for the single largest loss cat¬ 
egory through the first 96 hours postpartum. 
Reported ORs vary widely (2.7 to 14.6), but 
they suggest that calves requiring assisted 
delivery had a 2.7 to 14.6 higher risk of death 
in the perinatal period than spontaneously 
born calves. 8 At necropsy of the calves that 
died as a result of dystocia, the findings 
included a froth-filled trachea, nonfunc¬ 
tional lungs, bruises, contusions, hemor¬ 
rhages, bone fractures, and joint dislocations. 
It was concluded that the provision of ade¬ 
quate obstetric assistance at the right time 
could have reduced the mortality associated 
with dystocia. 

Traumatic injuries of calves at birth are 

caused primarily by the mechanical influ¬ 
ence of traction during delivery and can 
result in asphyxia and a high perinatal mor¬ 
tality rate. Excessive traction is the most 
important cause of rib and vertebral frac¬ 
tures in the calf during dystocia. A series of 
235 calves that died perinatally were exam¬ 
ined by necropsy to determine the possible 
causes of death related to dystocia. Most of 
the parturitions were protracted and needed 
veterinary assistance, and 58% of the calves 
had pathologic evidence of asphyxia. Calves 
delivered by extraction had pathologic evi¬ 
dence of asphyxia more often than those 
born unassisted or delivered by cesarean 
section. Intrapulmonary amniotic material 
may be present in the lungs, representing 
evidence of perinatal respiratory distress. 
The aspiration of small amounts of amniotic 
fluid with or without meconium is common 
in calves and is not associated with hypox¬ 
emia, respiratory acidosis, or failure of 
passive transfer. 


Premature Expulsion of Placenta 
Premature expulsion of the placenta has 
been associated with perinatal calf mortality. 
Field observations indicate that the majority 
of affected fetuses die of fetal hypoxia during 
stage 2 of calving. The most significant risk 
factor associated with premature expulsion 
of the placenta was fetal malpresentation and 
malposture. Prolongation of the second stage 
of parturition allows for sufficient detach¬ 
ment of the placenta for it to occupy the pos¬ 
terior part of the genital tract. The placenta 
is frequently expelled together with the calf. 
In one series of cases, there was no signifi¬ 
cant relationship between the occurrence of 
premature expulsion of the placenta and 
parity, calving difficulty, previous calving 
history, or sex of the calf. 

NECROPSY FINDINGS 

All calves that die should be examined by 
necropsy to identify possible causes. It is 
important to establish if there is one disease 
complex or several different diseases of 
newborn calves. 

In the weak-calf syndrome described in 
Northern Ireland, at necropsy many calves 
had petechial hemorrhages in the thymus 
gland, on the ventricular epicardium, and in 
the parietal pleura and endocardium. These 
lesions were similar to those present in 
animals that died of acute terminal asphyxi¬ 
ation. The gasps made in response to asphyxia 
in utero result in amniotic fluid being inhaled 
into the respiratory tract. In one study, 84% 
of stillborn calves had these lesions of 
asphyxia. It is well established that asphyxia¬ 
tion during birth is a major factor in intra¬ 
partum stillbirth in piglets and contributes to 
early postnatal mortality. Froth may be 
present in the caudal trachea of some calves 
that die within 10 to 20 minutes after birth. 

Varying degrees of subcutaneous edema 
of the head and/or bruising of the rib cage 
are also common. Fractures of the ribs are 
common, accompanied by intrathoracic 
hemorrhage. Vertebral body fractures occur 
commonly at the thoracolumbar region and 
may be accompanied by intraabdominal 
hemorrhage. The lungs may be inflated nor¬ 
mally, partially inflated, or not inflated. 
Severe bruising and hemorrhage occur 
around the costochondral junctions, at the 
sternal extremities of the costal cartilages, 
and over the sternum and shoulder regions. 
In some cases, the traumatic lesions are 
severe and may involve primarily the right 
side of the rib cage. Severe subcutaneous 
hemorrhage and edema may be present over 
the carpal and fetlock joints as a result of 
the pressure applied by the obstetric chains 
or ropes. 

In the syndrome described in the United 
States, the lesions either appeared at birth or 
developed in the first few weeks of life. At 
necropsy the prominent lesions are marked 
edema and hemorrhages of the subcutane¬ 
ous tissues over the carpal and tarsal joints 
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and extending distally down the limbs. The 
synovial fluid may be tinged with blood and 
contain fibrinous deposits. Erosions or ulcer¬ 
ation of the gastrointestinal tract, petechial 
hemorrhage of internal organs, involution of 
the thymus gland, and hemorrhages in skel¬ 
etal muscle have also been present. 

The weak-calf syndrome described in 
Japanese Black calves was associated with 
atrophy of the red bone marrow and thymic 
hypoplasia. 9 Degeneration of brainstem 
nerve cells, attributed to protracted hypoxia, 
was also noticed. 

Samples for confirmation of diagnosis 
include the following: 

• Bacteriology—fetal liver, lung, stomach 
content, adrenal gland; placenta 
(culture); special detection techniques 
for Leptospira antigens 

• Histology—fixed placenta, lung, 
spleen, brain, liver, kidney; maternal 
caruncle (light microscopy, 
Immunohistochemistry) 


DIFFERENTIAL DIAGNOSIS 


Determination of the cause of weak-calf 
syndrome in a herd is often difficult because 
the limits of the case definition cannot be 
determined. Several risk factors may interact 
to contribute to the disease. The most 
common definition is a calf that is alive at 
birth, appears normal otherwise, but either 
fails to breathe or breathes for less than 
approximately 10 minutes and then dies. If 
they survive for several hours or a few days, 
affected calves are usually in sternal 
recumbency, depressed, reluctant to stand 
unassisted, reluctant to walk, and not 
interested in sucking. They may not respond 
favorably to supportive therapy. 

Case definition 

When an epidemic of the disease is 
encountered, an epidemiologic investigation 
of the herd is necessary in an attempt to 
identify possible risk factors. 

The patterns of occurrence should be 
determined: 

• Is the problem more common in calves 
born to heifers than cows? In some 
situations, the owner may provide more 
surveillance for the calving heifers and less 
for the mature cows, with a consequent 
greater incidence of weak calves born from 
the cows. 

• Is there any evidence that parturition is 
prolonged in the heifers or the cows? If so, 
what are the possible reasons? 

• How long are heifers and cows in the herd 
allowed to calve unassisted before obstetric 
assistance is provided? 

• Is it possible that some nutritional, 
management, or environmental factor is 
interfering with normal parturition? 

• Is the condition more common in male or 
female calves, and what are the relative 
birth weights? 


• How soon after birth are the calves 
affected? 

• What is the course of the illness after the 
first clinical abnormalities are noted? 

• Is the serologic herd status regarding 
specific infectious diseases known (e.g., 
leptospirosis, BVD, bluetongue)? 

• The veterinarian should make every effort 
to clinically examine a representative 
number of affected calves. 


TREATMENT 

Calves born weak, unable to stand, lacking 
the instinct to seek the teat, or lacking a suck 
reflex need intensive care, including force- 
feeding of colostrum and the provision of 
warm surroundings to prevent hypothermia 
and other complications. Affected calves 
must be assisted to suck the dam normally. 
Bottle feeding for a few days may be neces¬ 
sary until the calf becomes strong enough to 
suck the dam on its own. 

CONTROL AND PREVENTION 

Control and prevention of weak-calf syn¬ 
drome is based on empirical observations, 
beginning with insuring adequate nutrition 
of the dam to avoid any possible nutritional 
factors affecting neonatal calf vitality. The 
provision of adequate surveillance at 
calving time and competent obstetric assis¬ 
tance when necessary is also crucial to avoid 
prolonged parturition and fetal hypoxia in 
calves. 

When epidemics of the disease are occur¬ 
ring, the surveillance of calving must be 
intensified, and it may be necessary to inter¬ 
vene with obstetric assistance earlier than 
usual. Determination of the cause may 
require that the veterinarian attend several 
calvings, make detailed clinical examinations 
of the length of parturition, and observe the 
parturition process and the health of the 
calves at birth. 
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DISEASES OF 
CLONED OFFSPRING 

The successful cloning of domestic animals 
using somatic-cell nuclear transfer has 
resulted in birth of offspring with a high fre¬ 
quency of clinical abnormalities. Cloning of 
livestock and horses is achieved by transfer 
of nuclear material from the cell of an adult 
animal to the enucleated egg of an animal of 
the same species (somatic-cell nuclear trans¬ 
fer), with subsequent implantation of the 
resulting embryo in a surrogate dam and 
birth of a live, viable offspring. However, the 
use of nuclear material from somatic cells of 
adult animals, and from fetal cells, frequently 
does not result in normal development of the 
embryo and placenta. 

The abnormal development in cloned 
embryos is a consequence of altered meth- 
ylation of the genome in transferred nuclear 
material. This applies particularly for 
imprinted genes, which are those genes for 
which only one copy is expressed in the 
embryo, compared with nonimprinted genes 
for which both parental copies of the gene 
are expressed. The lower frequency of expres¬ 
sion of imprinted genes (i.e., only one copy, 
paternal or maternal) is a result of methyla- 
tion of DNA or chromatin proteins that 
makes the DNA inaccessible for transcrip¬ 
tion. 1 Imprinting is a form of epigenetic 
control of gene expression. To date, 132 
imprinted genes have been identified in 
mice, but only 25, 21, and 14 in cattle, pigs, 
and sheep, respectively. 1 Imprinted genes 
encode proteins involved in regulation of 
many cell processes, including embryonic 
and neonatal growth and development. 1,2 

In normal reproduction, the paternal 
genome is demethylated during passage 
through the oocyte and fusion with the 
maternal genome. Consequently, the meth- 
ylation marks of the two genomes (paternal 
and maternal) are different at the end of the 
cleavage process. Transfer of somatic nuclear 
material into an enucleated oocyte results in 
exposure of both genomes to the active 
demethylating process in the cytoplasm of 
the oocyte and uniform or variable demeth- 
ylation of both genomes. The loss of these 
parent-specific epigenetic markers results in 
widespread dysregulation of imprinted genes 
and subsequent abnormalities in the pla¬ 
centa, fetus, and newborn. Imprinting marks 
(methylation) are erased during early devel¬ 
opment, and reprogramming of somatic-cell 
nuclei used in cloning and these abnormali¬ 
ties in epigenetic control of expression of 
imprinted genes result in biallelic expression 
of imprinted genes. 3 The loss of epigenetic 
control of imprinted genes causes at least 
some of the abnormalities common in cloned 
ruminants, including large-offspring syn¬ 
drome (LOS). 3 

A small proportion of transferred blasto¬ 
cysts develop in viable animals. For cattle, of 
134 recipients that received blastocysts, 50 
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were pregnant 40 days after blastocyst trans¬ 
fer, and 23 had full-term pregnancies. For all 
species studied, fewer than 3% of cloned 
embryos result in birth of viable animals. 
Abnormalities in the placenta and newborn 
cloned animals are reported for cattle and 
sheep, but are less frequently reported, if at 
all, for pigs and equids (horses and mules). 
Factors influencing the risks of abnormalities 
in newborns include the source of the nuclear 
material, type of in vitro culture media, 
coculture with somatic cells, hormonal treat¬ 
ments, and manipulation of the embryo. 1,4 
The frequency of birth of live animals born 
after somatic-cell nuclear transfer from well- 
differentiated tissue (e.g., fibroblasts) or fetal 
somatic cells is lower than after nuclear 
transfer from embryonic cells (7%, 15%, and 
34%, respectively). 

The cause of placental, fetal, and neonatal 
abnormalities is abnormal expression of 
imprinted genes as a consequence of transfer 
of nuclear material from differentiated 
somatic cells, 5 conditions and media used for 
maintenance and culture of cytoplasts and 
blastocysts, and techniques used for handling 
cells. 3,6 ' 8 The key abnormality is loss of meth- 
ylation of imprinted genes contributed by 
each parent, with subsequent biallelic expres¬ 
sion of these genes. There is debate about 
which epigenetic or genetic abnormalities 
underlay the development of placental and 
fetal abnormalities. Aberrant hypomethyl- 
ation of IGF-2 and CDKC1C genes has been 
identified in calves with LOS and results in 
biallelic expression in the liver and placenta of 
affected animals. 1 Abnormalities in embryo- 
logic development of vasculature is identifi¬ 
able early during embryogenesis in calves and 
might be the defect underlying pulmonary, 
circulatory, and umbilical abnormalities 
in cloned calves. 9 Furthermore, there is 
decreased expression of genes in the lungs of 
cloned goats that do not survive compared 
with those of healthy kids. Compared with 
normal goats of the same age from conven¬ 
tional reproduction, expression of 13 genes 
(BMP4, FGF10, GHR, HGFR, PDGFR, 
RABP, VEGF, H19, CDKNIC, PCAF, MeCP2, 
HDAC1, and Dnmt3b) decreased in trans¬ 
genic cloned goats that died at or shortly after 
birth. 6 Expression of eight genes (FGF10, 
PDGFR, RABP, VEGF, PCAF, HDAC1, 
MeCP2, and Dnmt3b) decreased in fetal 
death of transgenic cloned goats. 6 A compre¬ 
hensive list of genes known to be involved in 
embryogenesis and fetal and placental growth 
and a description of the effect of decreased 
expression of these genes are available. 10 

Clinical findings in cloned calves and 
lambs include abortion, placental abnormal¬ 
ities, large birth size, poor extrauterine 
viability, respiratory disease, cardiovascular 
abnormalities, and neurologic disease com¬ 
patible with neonatal encephalopathy. LOS is 
confined to ruminants and is characterized 
by overgrowth, evident as abnormally high 
birth weight, enlarged tongue, umbilical 


hernias, and hyporglycemia. 3 Abortion 
occurs after day 90 of gestation in 30% to 
50% of pregnancies in cattle, resulting from 
transfer blastocysts containing transferred 
nuclear material. Abnormalities, including 
hydroallantois, are present in approximately 
25% of advanced pregnancies. Placental 
abnormalities include hydroallantois, a 
reduction in the number of placentomes 
(from a normal value of approximately 100 
to as few as 26 to 70 in cloned calves), abnor¬ 
mally large placentomes (140 g in cloned 
calves versus 33 g in conventional calves), 
and edema of the placenta. 10 Maternal reten¬ 
tion of the placenta is common and occurs 
in most cows. Duration of gestation is prob¬ 
ably longer in cloned calves, although the 
frequent delivery of cloned calves by cesar¬ 
ean section makes assessment of gestational 
duration difficult. Cloned calves are heavier 
than conventional calves, often by as much 
as 25%, a well-recognized part of the large- 
offspring syndrome that affects calves born 
as a result of reproductive manipulation, 
including in vitro fertilization. Viability of 
cloned calves that are born alive (commonly 
by cesarean section) is less than that of con¬ 
ventional calves; only approximately two- 
thirds of cloned calves born alive survive 
more than 1 month, although others have 
reported better survival. Similar results are 
reported for horses. 

A high proportion of cloned calves 
have clinically detectable abnormalities at 
or soon after birth, including sepsis, neo¬ 
natal encephalopathy, respiratory failure, 
umbilical abnormalities, anemia, flexure 
contracture, abdominal distension, and 
renal dysfunction. Respiratory failure is a 
common finding and might reflect persis¬ 
tent fetal circulation or inadequate surfac¬ 
tant production, as evidenced by the high 
pulmonary artery pressures and signs con¬ 
sistent with patent ductus arteriosus. 11 Left 
heart failure, which can also cause pulmo¬ 
nary hypertension, is reported in cloned 
calves. Umbilical abnormalities are evident 
as abnormal umbilical cord structure (mul¬ 
tiple arteries and veins) and large size, with a 
high risk of hemorrhage from the umbilical 
cord after birth. Cloned calves have higher 
body temperatures than do conventional 
calves. 

Of 27 cloned calves delivered alive, 7 were 
bradypneic or apneic at birth, 5 had flexural 
limb deformities, and at least 23 had enlarged 
umbilical cords. The calves were acidotic at 
birth as a result of both respiratory and lactic 
acidosis. Calves had normocytic hypochro¬ 
mic anemia, stress leukogram (leukocytosis, 
neutrophilia, and lymphopenia), and hypo- 
proteinemia (with both hypoalbuminemia 
and hypoglobulinemia) and had increased 
serum creatinine concentration. 13 Three of 
the calves did not develop other clinical signs 
and were considered healthy after birth, 
whereas 22 had at least one important clini¬ 
cal abnormality detected during the week 


after birth. Twelve of the calves developed 
omphalitis. Fourteen of the calves died or 
were euthanised. 12 

Hematologic abnormalities include 
anemia and decreased mean corpuscular 
volume. Biochemical abnormalities include 
hypoxemia, azotemia, and hypoglycemia. 
Plasma leptin and IGF-2 concentrations 
are higher, and thyroxine lower, in cloned 
calves. Serum cortisol and adrenocortico¬ 
tropic hormone (ACTH) stimulation tests do 
not differ between cloned and conventional 
calves. Cloned calves can mount normal 
immune responses. 13 Failure of transfer of 
passive immunity can occur if calves are 
unable to suckle or are not administered 
colostrum or plasma. 12 

Necropsy examination reveals placento- 
megaly, presence of excess pleural and 
peritoneal fluid, hepatomegaly, interstitial 
pneumonia or pulmonary consolidation and 
alveolar proteinosis, right ventricular dila¬ 
tion, and hepatocellular vacuolation. 

Treatment is supportive and directed 
toward correcting hypoxemia and providing 
nutritional, fluid, and environmental support 
(see earlier discussion). 

There are currently no recognized 
methods for preventing these abnormalities, 
but incremental improvements in methodol¬ 
ogy and culture techniques will continue to 
result in fewer cloned offspring with these 
abnormalities. 

FURTHER READING 

Hill JR. Incidence of abnormal offspring from cloning 
and other assisted reproductive technologies. Annu 
Rev Anim Biosci. 2014;2:307-321. 

O’Doherty AM, et al. Genomic imprinting effects on 
complex traits in domesticated animal species. Front 
Genet. 2015;6:156. 

Smith LC, et al. Developmental and epigenetic 

anomalies in cloned cattle. Reprod Domest Anim. 
2012;47:107-114. 
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EQUINE NEONATAL 
MALADJUSTMENT SYNDROME 
(NEONATAL ENCEPHALOPATHY, 
DUMMY FOAL, BARKERS, 

AND WANDERERS) 

This is a syndrome of foals less than 36 hours 
of age characterized by a spectrum of 
changes in mentation ranging from failure 
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to suckle, abnormal behavior, and seizures 
through coma in otherwise apparently 
healthy foals. The syndrome is defined by the 
clinical abnormalities and not by a common 
etiology. 

ETIOLOGY 

The clinical signs associated with this syn¬ 
drome can be produced by a number of 
diseases, each of which has its particular eti¬ 
ology. Diseases that contribute to this syn¬ 
drome include antenatal, natal, or postnatal 
hypoxia; 1 a range of congenital abnormalities 
(hydrocephalus, hydrencephalus, 2 and such); 
metabolic disorders; 3 placental abnormali¬ 
ties; 4 intracranial hemorrhage; prematurity; 
and thoracic trauma. Fetal or perinatal 
hypoxia has achieved some prominence as a 
cause of neonatal maladjustment syndrome 
in the absence of consistent demonstration 
of lesions of hypoxia on histopathologic 
examination of foals. There are isolated cases 
in which histologic evidence of hypoxia 
exists, but these are the exception rather 
than the rule. Finally, most foals with 
neonatal maladjustment syndrome improve 
rapidly and completely recover within several 
days—a clinical course not expected with 
neonatal or perinatal asphyxia in other 
species. 

Recent evidence implicates a role of neu¬ 
roactive progestagen derivatives in the etio- 
pathogenesis of neonatal maladjustment 
syndrome. 5,6 Plasma concentrations of these 
neuroactive steroids in foals are high imme¬ 
diately after birth and decline rapidly in 
healthy foals, but not in foals with neonatal 
maladjustment syndrome. 5 Foals with neo¬ 
natal maladjustment syndrome and foals 
with other illness have higher concentra¬ 
tions of progestagen derivatives than do 
healthy foals. 5 Plasma concentrations of pro¬ 
gestagen derivatives decline in sick foals that 
do not have neonatal maladjustment syn¬ 
drome, but not in foals with the syndrome. 5 
Progestagen derivatives include progester¬ 
one, pregnenolone, androstenedione, dehy- 
droepiandrosterone, and epitestosterone. 5 
Evidence from other species and limited 
experimental evidence in foals indicate 
that allopregnanolone infusion induces 
changes in mental status that mimic those 
seen in foals with neonatal maladjustment 
syndrome. 6 It is proposed that a subset of 
foals with signs of neonatal maladjustment 
syndrome have disease attributable to per¬ 
sistence of the fetal hypothalamic-pituitary- 
adrenal axis after birth. 

EPIDEMIOLOGY 

The disease is sporadic and occurs world¬ 
wide, with an annual incidence in foals of 
less than 1%/ Foals of either sex and of any 
breed born to mares of any age or reproduc¬ 
tive history can be affected. The case fatality 
rate is very low for appropriately treated 
foals without other systemic illness. 


PATHOGENESIS 

Hypoxia resulting from intracranial vascular 
accidents, asphyxia at birth, or placental 
insufficiency before birth damages the 
central nervous system, causing a wide 
variety of signs of neurologic dysfunction. 

A proposed pathogenesis for foals with 
persistently high plasma concentrations of 
progestagen derivatives after birth is failure 
of the foal’s hypothalamic-pituitary-adrenal 
axis to rapidly adjust to extrauterine life. 6 In 
utero, foal movement and activity is sup¬ 
pressed, presumably at least in part by high 
concentrations of neuroactive progestagens. 
At birth in healthy foals there is a rapid 
reduction in concentration of these hor¬ 
mones coincident with increases in activity 
of the foal. Progestagen derivatives, some of 
which can cross the blood-brain barrier, 
modulate the activity of the GABA a receptor 
and at high concentrations completely 
inhibit its activity, providing a potential 
explanation for the somnolence and other 
signs displayed by foals with neonatal mal¬ 
adjustment syndrome and high plasma pro¬ 
gestagen concentrations. 5 

Neurologic abnormalities and a failure to 
nurse result in a failure of the transfer of 
maternal immunoglobulins, which predis¬ 
poses the foal to septicemia and hypo¬ 
glycemia. Failure to nurse also results in 
hypoglycemia and malnutrition. 

CLINICAL SIGNS 

Foals that are abnormal at birth can display 
a range of behavioral abnormalities, from 
lack of suckle reflex to convulsions with 
extensor rigidity. The placenta of affected 
foals is often abnormal, or there is a history of 
prolonged parturition. Affected foals either 
do not develop or lose the suck reflex, have no 
affinity for the mare, and are unable to locate 
the udder or teat. Aimless wandering and a 
characteristic “barking” vocalization are 
sometimes present. Recumbent foals struggle 
wildly and in an uncoordinated fashion to 
stand. Convulsing foals usually display opis¬ 
thotonos with extensor rigidity. Other signs 
of convulsive activity include facial twitching 
and grimacing, nystagmus, rapid blinking, 
sucking, chewing, and drooling. Between 
episodes foals are usually depressed or som¬ 
nolent. Affected foals display little or no 
interest in the mare. Convulsing foals are 
tachypneic, tachycardic (>180 bpm), and 
hyperthermic (>39° C, 102° F) during and 
immediately after convulsions. It is impor¬ 
tant to recognize that the severity of clinical 
signs varies from very mild (foals are often 
described by owners as being a bit slow or 
dimwitted) through to grand mal seizures. 

Foals that are normal at birth can 
develop signs by 24 hours of age. The signs 
are similar to those described previously, 
with the exception that the foals are initially 
able to ambulate. It is important to realize 
that healthy newborn foals lack a menace 
reflex, have a hypermetric gait and intention 


tremor, and become flaccid when restrained. 
The reflex response of healthy foals to 
restraint by a handler placing one arm under 
the foal’s neck and another around the but¬ 
tocks and squeezing is to become “floppy” 
and somnolent. 6 Foals restrained in this way 
become immobile, lie down, and have an 
increased pain threshold during restraint. 6 

Affected foals can take days to weeks to 
recover completely. Blind foals that do not 
have ocular lesions can take as long as 4 to 6 
weeks to regain vision. 

Ancillary testing is not usually indicated 
unless the foal fails to respond after approxi¬ 
mately 7 days. At that time, CT or MRI 
examination of the brain might be indicated 
to detect congenital anomalies such as 
hydrocephalus. Examination of CSF should 
be performed in any foal with signs of central 
nervous system dysfunction in the presence 
of fever or other signs of sepsis. 

CLINICAL PATHOLOGY 

There are no routine hematologic or serum 
biochemical abnormalities characteristic of 
the disease, although it is prudent to conduct 
such examinations to eliminate other dis¬ 
eases; common characteristics are as follows 3 : 

• Affected foals usually have failure of 
transfer of maternal immunoglobulins 
(serum IgG < 400 mg/dL). 

• They may be hypoglycemic (<80 mg/ 
dL, 4 mmol/L). 

• Cerebrospinal fluid is often normal, 
although it may contain red blood cells 
or appear xanthochromic as a result of 
bleeding. 

Detection of biomarkers of brain injury 

has been investigated. Plasma concentrations 
of ubiquitin C-terminal hydrolase (U CHL1) 
are higher (6.57, range 2.35 to 11.9 ng/mL) 
in foals with signs of neonatal mala¬ 
djustment syndrome (defined as neonatal 
hypoxic-ischemic encephalopathy in the 
study) than in healthy foals (2.52, range 1.4 
to 4.01 ng/mL). 8 The sensitivity and specific¬ 
ity for diagnosis of neonatal maladjustment 
syndrome based on a cutoff of ubiquitin 
C-terminal hydrolase concentrations in 
plasma of 4.01 ng/mL were 70% and 94%, 
respectively. 8 

Measurement of plasma progestagen 
concentrations of foals with signs of neona¬ 
tal maladjustment syndrome might prove 
to be useful in diagnosis of the disease. 
Foals with high concentrations of progesta¬ 
gens could be treated appropriately, and 
those with low or normal concentrations 
could be further investigated for other dis¬ 
eases such as intracranial hemorrhages or 
hydrocephalus. 

DIAGNOSTIC CONFIRMATION 

Definitive diagnosis of the disease is diffi¬ 
cult and is based on exclusion of other dis¬ 
eases that can cause similar signs and, at 
necropsy, demonstration of intracranial 
lesions consistent with the disease. 
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NECROPSY FINDINGS 

Gross changes are typically limited to diffuse 
pulmonary congestion with a variable degree 
of atelectasis. In cases in which dystocia has 
been a contributing factor, fractured ribs 
and foci of subcutaneous edema and hem¬ 
orrhage are sometimes noted. Occasion¬ 
ally, macroscopic cerebral hemorrhages are 
visible. Histologically, the key findings are 
hemorrhagic foci within the brain and areas 
of ischemic necrosis in the cerebral cortex. 
Meconium and other components of aspi¬ 
rated amniotic fluid accompanied by atelec¬ 
tasis and a mild inflammatory response may 
be present within the lung. In less affected 
foals the brain lesions are restricted to hem¬ 
orrhage, cerebral swelling, and edema. Some 
affected foals subject to necropsy examina¬ 
tion have evidence of intracranial vascular 
accidents, but it must be recognized that 
this is a biased sample; many foals recover 
from the disorder. Affected foals that are 
euthanized for financial or management 
reasons often have no detectable lesions in 
the brain. 


Samples for Postmortem 
Diagnostic Confirmation 

Samples for postmortem diagnostic confir¬ 
mation include formalin-fixed brain, 
including cerebral cortex, cerebellum, and 
brainstem, and lung for light microscopic 
examination. 


DIFFERENTIAL DIAGNOSIS 


The disease must be differentiated from other 
diseases that cause neurologic or behavioral 
abnormalities in foals, including sepsis; renal, 
hepatic, or gastrointestinal disease, which 
can occur secondary to fetal hypoxia; 
hydrocephalus; hypoglycemia; meningitis; 
neonatal isoimmune hemolytic anemia; 
and prematurity, dysmaturity, or immaturity 
(Table 19-10). 


TREATMENT 

The principles of treatment are as follows: 

• Control of convulsions 

• Treatment of cerebral edema and 
hemorrhage 


• Correction of FTPI 

• Nutritional support and general nursing 

care 

The management of affected foals is 
mainly supportive and is a time-consuming 
and labor-intensive endeavor. Provision of 
nutritional support, treatment of failure of 
transfer of maternal immunoglobulins, and 
nursing care are discussed in detail in the 
section “Principles of Care of the Critically 
Ill Neonate.” 

For other than emergency treatment of 
seizures, in which diazepam (0.1 to 0.4 mg/ 
kg, intravenously, as required) or midazolam 
(0.05 to 0.1 mg/kg IV, as required) are useful, 
phenobarbital (phenobarbitone), phenyt- 
oin, and primidone are the drugs of choice 
for long-term control of seizure activity. Phe¬ 
nobarbital is administered initially at a dose 
of 9-20 mg/kg intravenously in 30 ml of 
isotonic saline infused over 15 to 30 minutes. 
Maintenance therapy is a similar dose intra¬ 
venously (7-9 mg/kg IV over 20 min every 
8-12 hours) or a lower dose (1-5 mg/kg) 
orally, every 8 hours, and the dose is adjusted 


Table 19-10 Differential diagnosis of comatose ("sleeper") neonatal foals 



Disease 

Epidemiology 

Clinical findings 

Clinical pathology 

Lesions 

Treatment and prognosis 

Septicemia 

E. coli, Klebsiella spp., 
Streptococcus spp., 
Salmonella spp., 
Actinobacillus suis. 
Equine herpesvirus-1. 
Failure of transfer of 
passive immunity. 

Abrupt onset of depression, 
fever, failure to nurse, 
and recumbency. Later 
diarrhea, pneumonia, 
and joint distension. 

Culture of organism from 
blood or lesions (joints, 
lungs, feces). 

Consistent with 
septicemia. 
Pneumonia. Septic 
synovitis, arthritis, 
and osteomyelitis. 

Broad-spectrum antibiotics, 
supportive care (see 
"Principles of Providing 

Care to the Critically II! 
Neonates"). Guarded to 
poor prognosis. 

Isoimmune 

Incompatible mating of 

Normal at birth. 

Positive Coombs' test 

Anemia, icterus. Death 

Transfusion of washed dam's 

hemolytic 

anemia 

Aa + or Qa + stallion 
with negative mare. 

Subsequent depression, 
cessation of nursing, 
exercise intolerance, 
icterus, and anemia. 
Hemoglobinuria in severe 
cases. 

to demonstrate 
immunoglobulin on 
foal's red cells. Dam's 
colostrum agglutinates 
or lyses foal red cells. 

from anemic hypoxia. 

red blood cells or of 
compatible donor (check 
dam's plasma with donor's 
red cells). Fair prognosis. 

Uroperitoneum 

Ruptured bladder, urachus 
or ureteral defect. Colts 
1-3 days of age. Foals 
of either sex with other 
systemic diseases. 

Normal at birth. Onset of 
abdominal distension, 
mild colic, depression, 
and recumbency. May 
urinate small volumes. 

Peritoneal fluid has 
high creatinine 
concentration. 
Hyperkalemia, 
hyponatremia, and 
hypochloremia. 

Uroperitoneum. 

Rupture bladder, 
urachus or ureter. 

Surgical correction AFTER 
drainage of abdomen and 
resolution of hyperkalemia 
with intravenous dextrose 
or 0.9% NaCI. Good 
prognosis with appropriate 
care. 

Hypoglycemia 

Failure to nurse. Rejection 
by mare. Mare has no 
milk (agalactia). 

Normal at birth, repeated 
attempts to nurse. 

Gradual onset (hours) of 
weakness and 
depression. 

Low blood glucose 
concentration 
(<60 mg/dL, 

3 mmol/L). 

None. No food in 
stomach. 

Excellent response to 
feeding or intravenous 
glucose. 

Neonatal 

maladjustment 

syndrome 

Sporadic. 

Onset of abnormal 
behavior, recumbency, 
failure to nurse or orient 
to mare. Aimless 
wandering and 
vocalization. 

None characteristic. 
Frequently failure of 
transfer of passive 
immunity. 

Usually none apparent. 
Occasional 
intracranial vascular 
accidents. 

Supportive care (see 
"Principles of Providing 

Care to Critically III 
Neonates"). Good 
prognosis. 

Congenital 

defects 

Sporadic. 

Depends on nature of 
cardiac, gastrointestinal, 
or central nervous system 
defect. 

None. 

Consistent with defect. 

Usually no treatment. Poor 
prognosis depending on 
defect. 
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to provide control of seizures while minimiz¬ 
ing the degree of sedation. Because of the 
long elimination half-life of phenobarbital in 
foals (-200 hours) and the transient nature 
of the disease, once seizure control is 
achieved, administration of phenobarbital 
can be discontinued. Drug concentrations 
will be at or above the target concentration 
(5 to 30 pg/mL) for several days after the 
final dose. Phenytoin (5 to 10 mg/kg intra¬ 
venously or orally initially, then 1 to 5 mg/kg 
every 4 hours) or primidone (20 to 40 mg/ 
kg orally every 12 to 24 hours, to effect) are 
also used to control convulsions. 

Definitive demonstration of the presence 
of cerebral edema or intracranial hemor¬ 
rhage is impossible without sophisticated 
imaging devices, such as MRI or CT. 
However, treatment is often initiated on the 
basis of clinical signs. None of the treatments 
has demonstrated efficacy, and some are con¬ 
troversial. Dimethyl sulfoxide (DMSO) is 
given intravenously at 0.5 to 1 mg/kg once or 
twice daily for 3 days as a 10% solution. 
Mannitol (0.25 g/kg, intravenously as a 20% 
solution) may be effective in treating cerebral 
edema, but it is contraindicated if intra¬ 
cranial hemorrhage is present. Glucocorti¬ 
coids (dexamethasone, 0.2 to 1 mg/kg, or 
prednisone, 1 to 2 mg/kg) might reduce 
intracranial inflammation and swelling. 
They might be contraindicated in foals with 
sepsis. 

Magnesium sulfate (0.05 mg/kg per 
hour for 1 hour, then 0.025 mg/kg/h intrave¬ 
nously for up to 48 hours) is often adminis¬ 
tered to foals with suspected hypoxic 
encephalopathy in an attempt to minimize 
neuronal damage. There is no objective evi¬ 
dence of its efficacy in foals. 

Foals with respiratory depression can 
be administered caffeine (10 mg/kg orally 
once and then 3.0 mg/kg orally q 24 hours). 
There is objective evidence of the lack of 
efficacy of this treatment in improving sur¬ 
vival or decreasing arterial carbon dioxide 
tension in foals with a diagnosis of neonatal 
hypoxia-ischemia. 9 Adverse effects include 
agitation, hyperesthesia, tachycardia, and 
convulsions. 

Good nursing care is critical in affected 
foals, and a concerted and persistent effort 
should be made to encourage the foal to 
nurse the mare. Encouraging the foal to 
nurse can be frustrating for the handler and 
mare, but should be done regularly, about 
every 4 hours, and preferably when the foal 
is hungry. Affected foals often begin to nurse 
quite suddenly. Foals should be provided 
with nutritional support, such as with mares 
milk administered by indwelling nasogastric 
tube, until they are able to suckle. 

Affected foals can require up to 4 to 6 
weeks to recover completely, although most 
do so within 1 week of birth, and hasty deci¬ 
sions regarding euthanasia should not be 
made without recognition of the sometimes 
long time required for complete recovery. 


CONTROL 

Prevention of hypoxia in neonates by close 
monitoring of the health of the mare and of 
parturition may reduce the incidence of the 
disease. 

FURTHER READING 

Diesche TJ, Mellor DJ. Birth transitions: 

pathophysiology, the onset of consciousness and 
possible implications for neonatal maladjustment 
syndrome in the foal. Equine Vet J. 2013;45:656-660. 
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Neonatal Infectious 
Diseases 


SYNOPSIS 


Etiology Common infections for each animal 
species are listed under "Etiology" in the 
discussion. Most etiologies are bacterial, 
but some are viral. 

Epidemiology Commonly predisposed by 
management and environmental factors 
and difficult delivery that increase the 
exposure risk and load and decrease the 
resistance of the neonate. 

Clinical findings Depending on the pathogen 
and portal of entry, local infection or 
septicemia with following localization can 
occur; signs can be specific for the agent 
and the affected organ(s). 

Clinical pathology White blood cell and 
differential counts, toxic change, serum 
immunoglobulin concentrations, blood 
gas analysis, acute-phase protein 
concentrations, blood culture. 

Necropsy findings Specific to disease. 

Diagnostic confirmation Specific to disease. 

Treatment Treatment may include 
antimicrobial therapy, correction of 
acid-base disturbance, fluid and electrolyte 
therapy, blood or plasma transfusion, 
antiinflammatory therapy, and other 
supportive treatment. 


Infection is a common cause of morbidity 
and mortality in neonates. There are a 
number of specific infectious pathogens that 
can cause disease. Other microorganisms 
normally present in the neonates environ¬ 
ment can become opportunistic pathogens 
whenever the immunologic status of the 
neonate is impaired. Maternal immunoglob¬ 
ulins are not transferred transplacentally in 
ungulates, and the newborns rely on the 


acquisition of immunoglobulins from colos¬ 
trum for passive antibody protection. 

ETIOLOGY 

In domestic farm animals the common 
infections that can produce disease during 
the neonatal period are described in the 
following subsections. (Relative importance 
and prevalence statistics are not given 
because these vary from area to area and 
with differing management systems.) 

Calves 

• Enteritis associated with enterotoxigenic 
Escherichia coli; Salmonella spp.; 
rotavirus and coronavirus; 
Cryptosporidium parvum; Clostridium 
perfringens types A, B, and C; and 
occasionally by the virus of infectious 
bovine rhinotracheitis and bovine viral 
diarrhea 

• Bacteremia and septicemia associated 
with E. coli. Listeria monocytogenes, 
Pasteurella spp., streptococci, or 
Salmonella spp. 

Pigs 

• Septicemia with or without localization 
in joints, endocardium, and meninges 
associated with Streptococcus suis, 
Streptococcus equisimilis, Streptococcus 
zooepidemicus, and L. monocytogenes 

• Bacteremia, septicemia, and enteritis 
associated with E. coli 

• Transmissible gastroenteritis, Aujeszky s 
disease, swine pox, enterovirus 
infections, and vomiting and wasting 
disease associated with viruses 

• Enteritis associated with C. perfringens, 
Campylobacter spp., rotavirus, and 
Coccidia spp. 

• Arthritis and septicemia associated with 
Erysipelothrix rhusiopathiae 

Foals 

• Septicemia with localization associated 
with E. coli, Actinobacillus equuli, 
Klebsiella pneumoniae, a-hemolytic 
streptococci, S. zooepidemicus, L. 
monocytogenes, Rhodococcus equi, and 
Salmonella typhimurium 

• Enteritis associated with C. perfringens 
types A, B, and C; Clostridium difficile; 

R. equi; Salmonella spp.; Strongyloides 
westeri; C. parvum; and rotavirus. 

Lambs 

• Septicemia or bacteremia with 
localization in joints and/or synovia 
and/or leptomeninges associated with E. 
coli, L. monocytogenes, streptococci, 
micrococci, E. rhusiopathiae, and 
Chlamyodophila spp. 

• Enteritis associated with enterotoxigenic 
E. coli, Salmonella spp., rotavirus and 
coronavirus, and C. parvum 

• Lamb dysentery associated with C. 
perfringens types B and C 
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• Gas gangrene of the navel associated 
with Clostridium septicum, Clostridium 
novyi, and Clostridium chauvoei 

• Pyemia associated with Staphylococcus 
aureus, Fusobacterium necrophorum, and 
Trueperella (formerly Arcanobacterium) 
pyogenes 

• Pneumonia, polyserositis, and 
peritonitis associated with Pasteurella 
multocida and Mannheimia hemolytica 

The agents listed in the following subsections 
are recorded as causing neonatal infections 
but are less common than those listed in the 
previous subsections and not of as great 
importance. 

Calves 

Pseudomonas aeruginosa, Streptococcus 
pyogenes, Streptococcus faecalis, S. zooepi- 
demicus, Pneumococcus spp.; enteritis result¬ 
ing from Providencia stuartii, Chlamydophila 
spp., A. equuli. 

Lambs 

S. aureus (tick pyemia); enteritis resulting 
from E. coli, rotavirus; pneumonia resulting 
from Salmonella abortus-ovis. 

Foals 

Enterobacter cloacae, S. aureus, Pasteurella 
multocida, P. aeruginosa, T. pyogenes, Serra- 
tia marcescens. 

All Species 

Nonspecific infections are associated with 
pyogenic organisms, including T. (formerly 
Arcanobacterium) pyogenes and Fusobacte¬ 
rium necrophorum; S. faecalis, S. zooepi- 
demicus. Micrococcus spp., and Pasteurella 
spp. occur in all species. 

EPIDEMIOLOGY 

The occurrence of neonatal disease is broadly 
influenced by two main factors: the exposure 
or infection pressure of the infectious agent 
to the neonate and the ability of the neonate 
to modulate the infection so that disease 
does not occur. Some agents are sufficiently 
virulent in their own right that an exposure 
can lead to disease. With others, the majority, 
the defenses of the host must be compro¬ 
mised or the infection challenge must be 
very high before clinical disease occurs. 
Management of the neonate has a great influ¬ 
ence on both of these factors, and the recog¬ 
nition and correction of these risks is the key 
to the prevention of neonatal disease in both 
the individual and the group. 

Sources of Infection 
Postnatal Infection 

The vast majority of infections are acquired 
by the neonate after birth, directly from the 
environment into which it is born. The 
source of infection can be any adult animal 
present in the maternity area, an infected 
neonate housed in close proximity, contami¬ 
nation of the environment, or an animal 


caretaker functioning as mechanical or bio¬ 
logical vector. Details for the common neo¬ 
natal diseases are given under the individual 
disease headings. 

Prenatal Infection 

Some bacterial and viral infections that man¬ 
ifest with neonatal disease are acquired in 
utero and are associated with bacteremia/ 
viremia in the neonate. 1 The majority of 
these are agents that cause abortion, and 
neonatal septicemia is only part of the 
disease spectrum associated with these 
pathogens. Examples include many of the 
agents producing abortion in sheep. 

Some septicemic infections in foals, par¬ 
ticularly those associated with A. equuli, S. 
zooepidemicus. Salmonella abortusequi, and 
possibly some E. coli septicemic infections, 
are acquired by prenatal infection. If the 
disease is intrauterine in origin, it reaches the 
foal’s organism via the placenta, probably by 
means of placentitis resulting from a blood- 
borne infection or endometritis of the mare. 

Viral infections that are acquired in utero 
are listed in the section on congenital disease. 

Routes of Transmission 
The portal of infection is commonly by 
oral ingestion, but infection may also occur 
via aerosol inhalation. Invasive organisms 
capable of producing bacteremia and septi¬ 
cemia invade through the nasopharynx or 
through the intestinal epithelium. An alter¬ 
nate route of infection and invasion is via the 
umbilicus. Routes of excretion are via the 
feces in enteric disease and the nasal secre¬ 
tions, urine, and sometimes the feces in sep¬ 
ticemic disease, resulting in contamination 
of the neonatal environment. 

Where neonates are in groups or in close 
contact, direct transmission by fecal, respira¬ 
tory secretion, and urine aerosols are 
common routes for transmission of infec¬ 
tion. Neonatal bull calves that are group- 
housed and that suck one another’s navels 
can transmit infection by this activity. 

Risk Factors and Modulation 

of Infection 

Immunity 

Neonates are generally more susceptible to 
infection than their adult counterparts. The 
calf, lamb, piglet, and foal are born without 
significant levels of immunoglobulins and 
possess almost no resistance to certain dis¬ 
eases until after they have ingested colos¬ 
trum and absorbed sufficient quantities 
of immunoglobulins from the colostrum. 
Failure of transfer of passive immunity is a 
major determinant and is discussed under 
that heading. 

Immune Responsiveness 

All components of the immune system are 
present in foals and calves at birth, but the 
immune system of the newborn animal is 
less mature than its adult counterpart, at 


least for the first 30 days of life, and does 
not respond as effectively to an antigen 
stimulus. 

Immune responsiveness is age-dependent 
but also varies with the antigen. In 
colostrum-fed animals, part of the ineffi¬ 
ciency of the newborn to produce humoral 
antibodies following exposure to antigens is 
the interference from circulating colostral 
antibody and the downregulation by colos¬ 
trum of endogenous immunoglobulin 
production. 

Colostrum-deprived calves respond 
actively to injected antigens and are thought 
to be immunologically competent at birth 
with respect to most antigens. Immune com¬ 
petence begins during fetal life, and the age 
of gestation at which this occurs varies 
according to the nature of the antigen. The 
bovine fetus will produce antibodies to some 
viruses, beginning at 90 to 120 days, and by 
the third trimester of gestation it will respond 
to a variety of viruses and bacteria. The lamb 
will respond to some antigens beginning as 
early as 41 days and not until 120 days for 
others. The piglet at 55 days and the fetal foal 
also respond to injected antigens. 

The presence of high levels of antibodies 
in the precolostral serum of newborn animals 
suggests that an in utero infection was 
present, which is useful for diagnostic pur¬ 
poses. The detection of immunoglobulins 
and specific antibodies in aborted fetuses can 
be a useful aid in the diagnosis of abortion 
in cattle. 

Exposure Pressure 

The exposure pressure is a factor of the 
cleanliness of the environment of the 
neonate. The phenomenon of a “buildup of 
infection” in continual-throughput housing 
for neonatal animals has been recognized for 
decades and has been translated to many 
observations of risk for neonatal disease 
associated with suboptimal hygiene and 
stocking density in both pen and paddock 
birthing areas. Details for the individual 
species are provided in the section on peri¬ 
natal disease. 

Age at Exposure 

With several agents that produce neonatal 
disease, the age of the neonate at infection 
and the infecting dose have a significant 
influence on the outcome. Examples are the 
importance of age with respect to suscepti¬ 
bility to disease associated with some enteric 
infections. Disease associated with entero- 
pathogenic E. coli and with C. perfringens 
types B and C occurs only in young animals, 
and if infection can be avoided by hygiene in 
this critical period, disease will not occur 
regardless of subsequent exposure. Colos¬ 
trum-deprived calves show significant 
resistance to challenge at 7 days of age 
with strains of E. coli that invariably 
produce septicemic disease if challenged at 
the time of birth, and isolation of 
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an immunocompromised neonate is an 
important factor in its survival. Thus the 
management of the neonate and its environ¬ 
ment is a critical determinant of its health. 
Age at exposure also varies with the epide¬ 
miology of the pathogen, and segregated 
early weaning is used to reduce transmission 
of and infection with certain pathogens in 
pigs. 

Animal Risk Factors 

Animal risk factors that predispose to infec¬ 
tion include those that interfere with sucking 
drive and colostral intake, such as cold stress 
and dystocia. These are detailed in the pre¬ 
ceding section on perinatal disease. 

PATHOGENESIS 

The pathogenesis varies with the neonatal 
infectious disease under consideration and is 
given for each of these in the special medi¬ 
cine section. 

An infection can remain localized at the 
initial site of infection, as is the case with 
uncomplicated omphalitis or enterotoxi¬ 
genic E. coli infection, or it can spread by 
invading the organism (e.g., via the naso¬ 
pharynx, the gastrointestinal tract, or the 
umbilical vein or urachus). In the latter case 
the usual pattern of development is bactere¬ 
mia followed by septicemia with severe sys¬ 
temic signs, or bacteremia with few or no 
systemic signs followed by localization 
in various organs. 2 Localization is most 
common in the joints, producing a suppura¬ 
tive or nonsuppurative arthritis. Less com¬ 
monly there is localization in the eye to 
produce panophthalmitis, in the heart valves 
to cause valvular endocarditis, or in the 
meninges to produce meningitis. 

Secondary lesions often take time to 
develop, and signs usually appear at 1 to 2 
weeks of age. This is especially true with 
some of the streptococcal infections, in 
which bacteremia may be present for several 
days before localization in the joints and 
meninges produces clinical signs. Bacterial 
meningitis in newborn ungulates is preceded 
by bacteremia followed by a fibrinopurulent 
inflammation of the leptomeninges, choroid 
plexuses, and ventricle walls, but it does not 
affect the neuraxial parenchyma. It is pro¬ 
posed that the bacteria are transported in 
monocytes, which do not normally invade 
the neuraxial parenchyma. 

Dehydration and acid-base and electro¬ 
lyte imbalance can occur very quickly in 
newborn animals, whether diarrhea and 
vomiting (pigs) are present or not, but obvi¬ 
ously are more severe when there is fluid loss 
into the gastrointestinal tract. In gram-nega¬ 
tive sepsis the prominent signs are those of 
endotoxemia. 

CLINICAL FINDINGS 

The clinical findings depend on which organ 
systems are affected, the rapidity of growth 
of the organism, its propensity to localize, 


and its potential to produce toxemia. Clinical 
signs are often vague and unspecific in the 
initial phase of septicemia until the infection 
localizes and affects one or several organs. 1 ' 2 
Organisms that have a low propensity for 
toxemia present with fever, depression, 
anorexia, and signs referable to localization. 
These include endocarditis with a heart 
murmur; panophthalmitis with pus in the 
anterior chamber of the eye; meningitis with 
rigidity, pain, and convulsions; and polyar¬ 
thritis with lameness and swollen joints. 
With more virulent organisms there are clin¬ 
ical signs of toxemia and bacteremia, includ¬ 
ing fever, and advanced stages result in 
hypothermia, severe depression, obtunda¬ 
tion, coma, petechiation of mucosae, 
dehydration, acidemia, and rapid death. 

The clinical and clinicopathologic char¬ 
acteristics of the septicemic foal were detailed 
in an outbreak of septicemia in colostrum- 
deprived foals and in the clinical records of 
38 septicemic foals admitted to a referral 
clinic. The major clinical findings included 
lethargy, unwillingness to suck, inability to 
stand without assistance but remaining 
conscious, unawareness of environment and 
thrashing or convulsing, diarrhea, respira¬ 
tory distress, joint distension, central nervous 
system abnormalities, uveitis, and colic. 
Fever was not a consistent finding. 

A sepsis score has been developed for 
foals based on 14 measures related to histori¬ 
cal, clinical, and laboratory data (Table 
19-11). The score derived from the collective 
differential scoring of these data has been 
found to be more sensitive and specific for 
infection than any parameter taken individu¬ 
ally. However, a subsequent study of 168 
foals presented to a university hospital found 
that the sepsis score correctly predicted 
sepsis in 58 out of 86 foals and nonsepsis in 
24 out of 45 foals, resulting in a sensitivity of 
67%, a specificity of 75%, a positive predic¬ 
tive value of 84%, and a negative predictive 
value of 55%, and it was suggested that the 
score system should be used with care 
because the low negative predictive value 
limited its clinical utility. 

A sepsis score for calves, based on fecal 
consistency, hydration, behavior, ability to 
stand, state of the umbilicus and degree of 
injection of scleral vessels, and presence of 
hypoglycemia and abnormal neutrophil cell 
count, was found to have reasonable predic¬ 
tive value. 3 

The clinical findings specific to individual 
etiologic agents are given under their specific 
headings in the special medicine section of 
this book. 

CLINICAL PATHOLOGY 

Clinical pathology is used as an integral part 
of the evaluation of a sick neonate and to help 
formulate a treatment plan. A major evalua¬ 
tion is to attempt to confirm the presence or 
absence of sepsis, and this type of evaluation 
has been developed most successfully in the 


foal. Blood culture is part of this examina¬ 
tion, but the time for a positive result limits its 
value in the acutely ill neonate. Laboratory 
findings in foals with neonatal sepsis are vari¬ 
able and depend on the severity, stage, and 
site of infection. Serial examinations are 
commonly used. In examinations relating to 
the possible presence of septicemia, particu¬ 
lar emphasis is placed on the results of the 
white blood cell and differential counts, the 
presence of toxic change (toxic granulation 
and vacuolization), serum immunoglobulin 
concentrations, arterial oxygen concentra¬ 
tions, the presence of metabolic acidosis, 
abnormal blood glucose concentrations, and 
elevated fibrinogen levels. 1 ' 4 


DIFFERENTIAL DIAGNOSIS 


• The principles of diagnosis of infectious 
disease in newborn animals are the same 
as for older animals. However, in outbreaks 
of suspected infectious disease in young 
animals, there is usually a need for more 
diagnostic microbiology and pathology. 

• With outbreaks, owners should be 
encouraged to submit all dead neonates as 
soon as possible for a meaningful necropsy 
examination. 

• In addition to postmortem examination, it 
is necessary to identify the factors that may 
have contributed to an outbreak of disease 
in newborn calves, piglets, or lambs, and 
only detailed epidemiologic investigation 
will reveal these. 


TREATMENT 

The first principle is to obtain an etiologic 
diagnosis if possible. Ideally a drug sensitiv¬ 
ity of the causative bacteria should be 
obtained before treatment is given, but this 
is not always possible. It may be necessary to 
choose an antibiotic based on the tentative 
diagnosis and previous experience with 
treatment of similar cases. 

Outbreaks of infectious disease are 
common in litters of piglets and groups of 
calves and lambs, and individual treatment is 
often necessary to maximize survival rate. 
Supportive fluid and electrolyte therapy and 
correction of acid-base disturbances are 
described in detail under “Disturbances of 
Free Water, Electrolytes, and Acid-Base 
Balance.” 

The provision of antibodies to sick and 
weak newborn animals through the use of 
blood transfusions or serum is often prac¬ 
ticed, especially in newborn calves in which 
the immunoglobulin status is unknown. 
Whole blood given at the rate of 10 to 
20 mL/kg body weight, preferably by the 
intravenous route, will often save a calf that 
appears to be in shock associated with neo¬ 
natal diarrhea. The blood is usually followed 
by fluid therapy. Serum or plasma can also be 
given at half the dose rate. The blood should 
not be taken from a cow near parturition 
because the circulating immunoglobulins 
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Table 19-11 Worksheet for calculating a sepsis score for foals less than 12 days of age 




NUMBER OF POINTS TO ASSIGN 

Variable 4 3 2 

1 

0 

Score for 
this case 


1. Historical data 


a. Placentitis, vulvar discharge before delivery, dystocia, sick dam. 

Present 



Absent 

induced parturition 





b. Gestation length (days) 

<300 

300-310 

311-330 

>330 

2. Clinical examination 





a. Petechiation or scleral injection (nontraumatic) 

Marked 

Moderate 

Mild 

None 

b. Rectal temperature (° C) 


>38.9 

<37.8 

37.9-38.7 

c. Hypotonia, convulsions, coma, depression 


Marked 

Moderate 

Mild 

d. Anterior uveitis, diarrhea, respiratory distress, swollen joints or 

Present 



Absent 

open wounds 





3. Hemogram 





a. Neutrophil count (cells x 10 9 /L) 

<2.0 

2.0-4.0 or 8.0-12.0 

4.0-8.0 




>12 



b. Band neutrophils (cells x 10 9 /L) 

>0.2 

0.05-0.2 


<0.05 

c. Toxic changes in neutrophils 

Marked Moderate 

Slight 


None 

d. Fibrinogen concentration (g/L) 


>6.0 

4.1-6.0 

4.0 

4. Laboratory data 





a. Blood glucose (mmol/L) 


<2.7 

2.7-4.4 

>4.4 

b. IgG concentration (g/L) 

<2.0 2.0-4.0 

q 

CO 

l 


>8.0 

c. Arterial oxygen tension (Torr) 

<40 

40-50 

51-70 

>70 

d. Metabolic acidosis (base excess < 0) 



Present 

Absent 


Total points for this foal 


To calculate the sepsis score, assign foal a score corresponding to the historical physical examination and laboratory data included in the table. A score of 11 or less 
predicts the absence of sepsis correctly in 88% of cases, whereas a score of 12 or higher predicts sepsis correctly in 93% of cases. For foals less than 12 hours of age 
that have nursed or received colostrum, assign a value of 2 for the serum immunoglobulin score. If the foal has not nursed, assign a value of 4. 


will be low from the transfer into the 
mammary gland. 

Plasma is often incorporated into the 
therapeutic regimen in foals, both for its 
immunoglobulin content and for its effect on 
blood volume and osmotic pressure. Stored 
plasma can be used. A dose of 20 mL plasma/ 
kg body weight given slowly intravenously is 
often used, but significantly higher doses 
are required to elevate circulating immuno¬ 
globulins by an appreciable amount. Blood 
may be collected, the red blood cells allowed 
to settle, and the plasma removed and 
stored frozen. The donor plasma should be 
prescreened for compatibility. Lyophilized 
hyperimmune equine serum as a source of 
antibodies may also be fed to foals within 4 
hours after birth. Good nursing care is also 
essential. 

Further information on treatment is 
given in the section on critical care for the 
newborn later in this chapter. 

CONTROL 

Methods for avoidance of failure of transfer 
of passive immunity and the principles 
for prevention of infectious disease in 
newborn farm animals follow in this chapter. 
The control of individual diseases is given 
under specific disease headings elsewhere in 
this book. 

REFERENCES 

1. Sanchez LC. Vet Clin North Am Equine Pract. 

2005;21:273-293. 


2. Fecteau G, et al. Vet Clin North Am Food Anim Pract. 
2009;25:195-208. 

3. Biolatti C, et al. Schweiz Arch Tierheilkd. 
2012;154:239-246. 

4. Holis AR, et al. / Vet Intern Med. 2008;22:1223-1227. 

PRINCIPLES OF CONTROL AND 
PREVENTION OF NEONATAL 
INFECTIOUS DISEASES 

The four principles of control and prevention 
of infectious diseases of newborn farm 
animals are as follows: 

• Reduction of risk of acquisition of 
infection from the environment 

• Removal of the newborn from the 
infectious environment if necessary 

• Increasing and maintaining the 
nonspecific resistance of the newborn 

• Increasing the specific resistance of the 
newborn through the use of vaccines 

The application of each of these principles 
will vary depending on the species, the spec¬ 
trum of diseases that are common on that 
farm, the management system, and the 
success achieved with any particular preven¬ 
tive method used previously. 

REDUCTION OF RISK OF 
ACQUISITION OF INFECTION FROM 
THE ENVIRONMENT 

The animal should be born in an environ¬ 
ment that is clean, dry, sheltered, and condu¬ 
cive for the animal to get up after birth, suck 
the dam, and establish bonding. 1,2 Calving 


and lambing stalls or grounds, farrowing 
crates, and foaling stalls should be prepared 
in advance for parturition. No conventional 
animal area can be sterilized, but it can be 
made reasonably clean to minimize the 
infection rate before colostrum is ingested 
and during the first few weeks of life when 
the newborn animal is very susceptible to 
infectious disease. 

With seasonal calving or lambing there 
can be buildup of infection in the birth area, 
and animals born later in the season are at 
greater risk of disease. In these circumstances 
it may be necessary to move to secondary 
lambing or calving areas. In northern cli¬ 
mates snow may constrict the effective calving 
area and result in a significant buildup of 
infection. Buildup of infection pressure must 
be minimized by a change to a fresh calving/ 
lambing area and by the frequent movement 
of feed bunks or feed areas. Any system that 
concentrates large numbers of cattle in a small 
area increases environmental contamination, 
and close confinement of heifers and cows 
around calving time is a known risk factor for 
calf mortality. With large herds both the cow 
herd and heifer herd should be broken into as 
many subgroups as is practical. Extensive 
systems where cows calve out over large pad- 
docks are optimal, and with more intense 
systems a group size no larger than 50 has 
been suggested. 

Lambing sheds and calving areas for beef 
cattle should be kept free of animal traffic 
during the months preceding the period of 
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parturition. In dairy herds, maternity pens 
separate from other housing functions 
should be provided and cleaned and freshly 
bedded between calvings. Certainly they 
should not also be used as hospital pens. 

In swine herds, the practice of batch far¬ 
rowing, with all-in all-out systems of man¬ 
agement and disinfection of the farrowing 
rooms, is essential. Sows should be washed 
before entry to the farrowing area, and the 
floor of the farrowing crate should be of the 
type that minimizes exposure of the piglet to 
fecal material at birth. 

The swabbing of the navel with tincture 
of iodine or chlorhexidine solutions to 
prevent entry of infection is commonly prac¬ 
ticed by some producers and seldom by 
others. In a heavily contaminated environ¬ 
ment it is recommended, although hard 
evidence supporting the efficacy of this pro¬ 
cedure is currently lacking. 1 Severance of the 
umbilical cord too quickly during the birth 
of foals can deprive the animal of large quan¬ 
tities of blood, which can lead to neonatal 
maladjustment syndrome. 

When deemed necessary, some surveil¬ 
lance should be provided for pregnant 
animals that are expected to give birth, and 
assistance provided if necessary. The major 
objective is to avoid or minimize the adverse 
effects of a difficult or slow parturition on the 
newborn and the dam. Physical injuries, 
hypoxia, and edema of parts of the newborn 
will reduce the vigor and viability of the 
newborn and, depending on the circum¬ 
stances and the environment in which it is 
born, may lead to disease or even death soon 
after birth. 

When possible, every effort should be 
made to minimize exposure of the neonate 
to extremes of temperature (heat, cold, 
snow). Shelter sheds should be built if 
necessary. 

In beef herds, the practice of purchasing 
male dairy calves to foster on to cows whose 
calves have died should be discouraged. If 
calves are purchased, they should be from 
a herd whose health status is known to the 
veterinarian and certainly never through 
a market. Similarly, colostrum should be 
obtained from cows within the herd and 
stored frozen for future use. Colostrum 
obtained from a different herd presents 
a biosecurity risk because it can transmit 
diseases such as bovine enzootic leukemia 
or Johnes disease. Furthermore, purchased 
dairy colostrum is commonly second- or 
third-milking colostrum and of limited 
immunologic value. The use of a com¬ 
mercial colostrum supplement or replacer 
is possible, although they have significant 
limitations. 

REMOVAL OF THE NEWBORN 
FROM THE INFECTIOUS 
ENVIRONMENT 

In some cases of high animal population 
density (e.g., a crowded dairy barn) and in 


the presence of known disease, it may be 
necessary to transfer the newborn to a 
noninfectious environment temporarily or 
permanently. Adult cows shedding enteric 
pathogens are a risk for calf infection. Thus 
dairy calves are often removed from the dam 
at birth and placed in individual pens inside 
or outdoors in hutches and reared in these 
pens separately from the main herd. This 
reduces the severity of neonatal diarrhea and 
pneumonia and risk for mortality compared 
with calves allowed to remain with the dam. 
Individual housing in hutches is preferred 
because this avoids navel sucking and other 
methods of direct-contact transmission of 
disease. Humans entering these hutches 
should also practice interhutch hygiene. The 
prevalence of disease is higher in enclosed 
artificially heated barns than in hutches. 
However, despite the well-established value 
of individual rearing of calves, animal welfare 
regulations in several countries require that 
there be visual and tactile contact between 
calves. The removal of the cow-calf pair 
from the main calving grounds to a “nursery 
pasture” after the cow-calf relationship (neo¬ 
natal bond) is well established, at 2 to 3 days 
of age, has proved to be a successful manage¬ 
ment practice in beef herds. This system 
moves the newborn calf away from the main 
calving ground, which may be heavily con¬ 
taminated because of limited space. It neces¬ 
sitates that the producer must plan the 
location of the calving grounds and nursery 
pastures well in advance of calving time. 
Calves that develop diarrhea in the calving 
grounds or nursery pasture are removed 
with their dams to a “hospital pasture” 
during treatment and convalescence. The 
all-in all-out principle of successive popula¬ 
tion and depopulation of farrowing quarters 
and calf barns is an effective method of 
maintaining a low level of contamination 
pressure for the neonate. 

INCREASING THE NONSPECIFIC 
RESISTANCE OF THE NEWBORN 

Following a successful birth, the next impor¬ 
tant method of preventing neonatal disease 
is to ensure that the newborn ingests colos¬ 
trum as soon as possible. With natural 
sucking the amount of colostrum ingested 
by the neonate will depend on the amount 
available, the vigor of the animal, the accep¬ 
tance by the dam, and the management 
system used, which may encourage or dis¬ 
courage the ingestion of liberal quantities of 
colostrum. Beef cows that calve at a condi¬ 
tion score lower than 4 (out of 10) are at 
higher risk of having calves that develop 
failure of transfer of passive immunity, 
and the ideal condition score at calving is 
5 to 6. 

The method of colostrum delivery that is 
needed to optimize transfer of passive immu¬ 
nity to the dairy calf will vary with the breed 
of cow, the management level of the farm, 
and the priority given to calf health. Owner 


acceptance of alternate feeding systems to 
natural sucking also is a consideration. The 
success of the farm policy for the feeding of 
colostrum is easily monitored by one of the 
tests described earlier, as is the effect of an 
intervention strategy. 

Newborn male dairy calves are com¬ 
monly assembled and transported to market 
or to calf-rearing units within a few days of 
birth. Studies have repeatedly shown high 
rates of FTPI in this class of calf. The high 
rates occur either because the original owner 
does not bother to feed colostrum to the calf, 
knowing it is to be sold, or because calves are 
purchased off the farm before colostrum 
feeding is completed. The effects of the trans¬ 
portation can have a further deleterious 
effect on the defense mechanism of the 
calves, and they are at high risk of disease. 

Calf-rearing units should preferably pur¬ 
chase calves directly from a farm with an 
established policy of feeding colostrum 
before the calf leaves the farm, and every 
effort should be made to reduce the stress 
of transportation by providing adequate 
bedding, avoiding long distances without a 
break, and attempting to transport only 
calves that are healthy. In some countries 
there is now legislation requiring the feeding 
of colostrum and limiting the transport of 
newborn calves. 

The honesty of the stated farm colostrum 
feeding policy can be monitored by testing 
the calves for their immunoglobulin concen¬ 
tration in serum. Where this is not possible 
and market calves must be used, the entry 
immunoglobulin concentration should be 
tested; the incidence of infectious disease in 
low-testing calves will be high unless hygiene, 
housing, ventilation, management and nutri¬ 
tion are excellent. The entry immunoglobu¬ 
lin concentration of calves entering veal or 
other calf-rearing units is a prime determi¬ 
nant of subsequent health and performance. 
The “alert” cut-point can be established for 
an individual farm by monitoring of indi¬ 
vidual immunoglobulin concentrations and 
subsequent calf fate. 

Following the successful ingestion of 
colostrum and establishment of the neonatal 
bond, emphasis can then be given to provi¬ 
sion, if necessary, of any special nutritional 
and housing requirements. Newborn piglets 
need supplemental heat, and attention must 
be given to the special problems of intensive 
pig husbandry. Orphan and weak piglets can 
now be reared successfully under normal 
farm conditions with the use of milk replac¬ 
ers containing added porcine immunoglobu¬ 
lins. Heat is often provided to lambs for the 
first day in pen lambing systems. 

Milk replacers for the newborn must 
contain high-quality ingredients. Calves 
younger than 3 weeks are less able to digest 
nonmilk proteins, and the fats best used by 
the calf are high-quality animal source fats 
and slightly unsaturated vegetable oils. A 
22% crude protein is recommended for milk 





replacers comprised only of milk proteins 
and 24% to 26% in replacers that contain 
nonmilk protein sources. The level of fat 
should be at least 15%; higher fat concentra¬ 
tion will provide additional energy, which 
may be required in colder climates. Feeding 
utensils must be cleaned and disinfected 
between each feeding if disease transmission 
is to be minimized. 

With animals at pasture, the mustering 
and close contact associated with manage¬ 
ment procedures such as castration and 
docking pose a risk for disease transmission. 
These procedures should be performed in 
yards prepared for the purpose—preferably 
temporary yards erected for this sole purpose 
in a clean area. 

INCREASING THE SPECIFIC 
RESISTANCE OF THE NEWBORN 

The specific resistance of the newborn to 
infectious disease may be enhanced by vac¬ 
cination of the dam during pregnancy to 
stimulate the production of specific antibod¬ 
ies that are concentrated in the colostrum 
and transferred to the newborn after birth. 
Vaccination of the dam can provide protec¬ 
tion for the neonate against enteric and 
respiratory disease. Details are given under 
the specific disease headings in this text. The 
vaccination of the late fetus in utero stimu¬ 
lates the production of antibody but its prac¬ 
tical application has yet to be determined. 
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COLIBACILLOSIS OF NEWBORN 
CALVES, PIGLETS, LAMBS, KIDS, 
AND FOALS 


SYNOPSIS 


Etiology Pathogenic serotypes of Escherichia 
coli: septicemic, enterotoxigenic 
(ETEC); enteropathogenic (EPEC); 
enterohemorrhagic (EHEC), also referred to 
as verocytotoxigenic (VTEC) or Shiga-toxin- 
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producing (STEC); and necrotoxigenic 
E. coli (NTEC). 

Epidemiology Affects newborn calves, 
piglets, lambs, and goat kids. Risk factors 
include colostrum deprivation, 
overcrowding, adverse climatic conditions, 
and inferior milk repiacers. Prevalence of 
ETEC varies between herds. EHEC 
(0157:H7) in cattle is not normally 
associated with clinical disease, 
but it presents a major zoonotic 
concern. 

Signs Weakness and collapse (septicemia), 
diarrhea, and dehydration; complications 
such as meningitis or polyarthritis. 

Clinical pathology Isolation of organism 
from feces or blood; hematology and 
serum biochemistry to evaluate 
inflammation and acid-base and electrolyte 
imbalance. 

Lesions Septicemic lesions, dehydration, 
enteritis. 

Diagnostic confirmation Culture of 
organism and serotyping. 

Treatment Antimicrobials, antiinflammatory 
drugs, fluid and electrolyte therapy. 

Control Reduce infection pressure on 
neonates. Ensure adequate transfer of 
passive immunity, and vaccinate pregnant 
dams to induce specific colostrum antibody. 
Minimize stressors and their effect on 
neonates. 


ETIOLOGY 

Colibacillosis is associated with pathogenic 
serotypes of E. coli. For the most part, E. coli 
is a group of harmless bacteria that serve as 
indicator organisms for fecal contamination 
and breaches in hygiene. However, several 
strains have acquired virulence factors, 
turning them into potentially dangerous 
pathogens. 1 The prevalence of the different 
pathogenic serotypes of E. coli in farm 
animals has remained relatively constant for 
many years. Certain serotypes cause diarrhea 
and others cause septicemia. Serotypes 
include the following: 

• Enterotoxigenic E. coli (ETEC) is the 
most common enteropathogen that 
causes diarrhea in newborn farm 
animals. The bacteria cause diarrhea by 
adhering to enterocytes, colonizing the 
intestinal mucosa, and producing 
enterotoxins. Enterotoxins cause 
hypersecretion of electrolytes and water 
into the small intestine without causing 
significant morphologic damage or 
invading tissue. 2 

• Enteropathogenic E. coli (EPEC) are 
the “attaching and effacing” strains that 
colonize the small intestine, where they 
attach tightly to the epithelial cells of the 
villus and cause typical attaching and 
effacing lesions. They do not produce 
toxins and seldom invade the intestinal 
mucosa. 


• Enterohemorrhagic E. coli (EHEC) also 
cause attaching and effacing lesions and 
are among the E. coli strains capable of 
producing toxins similar to the one 
produced by Shigella dysenteriae type I. 
They are therefore also referred to as 
Shiga-toxin-producing E. coli (STEC). 
Because Shiga toxins are detected with 
the Vero cell-toxicity test, STEC are also 
known as verotoxin or verocytoxin- 
producing E. coli (VTEC). Shiga toxins 
may cause anything from mild diarrhea 
to severe hemorrhagic colitis. In humans 
EHEC is responsible for the highly fatal 
hemolytic-uremic syndrome in 
children. 1 EHEC are highly prevalent 
in cattle but in general do not cause 
clinical disease in this species, although 
some Shiga-toxin-producing E. coli have 
been associated with diarrhea in calves. 
Cattle are the main reservoir of E. coli 
0157:H7, one of the important EHEC 
strains, causing a broad range of clinical 
disease in humans (see the section on 
enterohemorrhagic E. coli in farm 
animals and zoonotic implications). 
Shiga-toxin-producing E. coli strains 
have been associated with edema disease 
in swine. 2 

• Necrotoxigenic E. coli (NTEC) strains 
produce cytotoxic necrotizing factor 
(CNF)l or 2. NTEC2 isolates are 
restricted to ruminants, particularly 
calves and lambs with diarrhea and 
septicemia. 

• Septicemic E. coli strains of serogroup 
078 are invasive and cause septicemia in 
calves, piglets, and lambs. Their 
powerful endotoxins cause endotoxic 
shock, with a high case fatality rate. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

The prevalence of colibacillosis has increased 
in recent years. There are several possible 
reasons for this, including size of herds, 
shortage of qualified labor, automated 
livestock-rearing systems, and increased 
population density. 

Colibacillosis occurs most commonly in 
newborn farm animals and is a significant 
cause of economic loss in raising livestock. 
It is a complex disease in which several differ¬ 
ent risk factors interact with certain patho¬ 
gens, resulting in the disease. There are at least 
two different types of the disease: enteric 
colibacillosis is characterized by varying 
degrees of diarrhea, dehydration, acidosis, 
and death in a few days if not treated; coli- 
form septicemia is characterized by severe 
illness and rapid death within hours. 

Cattle and Calves 

The infection prevalence of enterohemor- 
rhagicE. coli, particularly the E. coli 0157:H7 
strain, has been studied extensively because 
of concerns with beef and raw milk as source 
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of foodborne disease in humans. In the 
United States E. coli 0157:H7 infection prev¬ 
alence rates based on positive fecal samples 
were between 0.2% and 8.4% for cows, 1.6% 
and 3.0% for heifers, and 0.4% to 40% for 
calves. Infection prevalence rates reported 
from Canada, Italy, Japan, and the United 
Kingdom were 0.3% to 16.1%for cows, 10.0% 
to 14.1% for heifers, and 1.7% to 48.8% 
for calves. 4 These numbers underscore the 
obvious effect of animal age on the epidemi¬ 
ology of infection with E. coli 0157:57. 
The considerable prevalence of this EHEC 
strain in cattle has little impact on animal 
health because EHEC infection in this species 
is normally not associated with clinical 
disease, but it presents a serious public 
health concern. 

The prevalence of enterotoxigenic E. coli 
(ETEC) in diarrheic calves varies widely 
geographically, between herds, and depend¬ 
ing on the age of the animals. The prevalence 
can be as high as 50% to 60% in diarrheic 
calves under 3 days of age and only 5% to 
10% in diarrheic calves 8 days of age. In 
some countries the prevalence is only 5% to 
8% in diarrheic calves under 3 days of age. 
Thus enterotoxigenic colibacillosis is a 
major cause of diarrhea in calves less than 
3 days of age and is not associated with 
outbreaks of diarrhea in calves older than 3 
days. ETEC infection in calves older than 2 
to 3 days will in most cases be associated 
with a viral infection. The prevalence of 
ETEC infection is very low or nil in clini¬ 
cally normal calves in herds that have not 
had a problem with diarrhea. In some beef 
herds affected with diarrhea in young calves 
there may be little evidence of infection with 
enterotoxigenic E. coli, and other factors 
need to be examined. 

Piglets 

The prevalence of ETEC in diarrheic piglets 
varies geographically and with herds. In 
some areas the F5 (K99) pilus was found 
more frequently than F4 (K88) or F6 (987P), 
whereas in other regions the F4 pilus is more 
common. The F4 and FI8 pilus adhesins are 
most commonly associated with postwean- 
ing diarrhea of pigs. 

Morbidity and Mortality Rates 
Calves 

In dairy calves raised under intensive and 
poorly managed conditions the morbidity 
rate of infection with ETEC may reach 75%, 
but it is usually about 30%. Case fatality rates 
vary from 10% to 50% depending on the 
level of clinical management. 

In beef calves the morbidity rates 
vary from 10% to 50% and the case fatality 
rates from 5% to 25% or even higher in 
some years. The population mortality rate 
in both beef and dairy calves can vary 
from a low of 3% in well-managed herds to 
a high of 60% in problem herds in certain 
years. 


Piglets 

In piglets the morbidity rate of preweaning 
diarrhea varies widely between herds, but it 
averages about 6% of litters, mostly in the 
first week of life. The morbidity rates increase 
with increased litter size and decrease with 
increasing parity of the sow. Losses as a result 
of stillbirths, traumatic injuries, starvation, 
and undersize at birth account for a much 
greater combined total preweaning loss, but 
colibacillosis accounts for approximately 
50% of the gastroenteropathies encountered 
during the preweaning period. 

Postweaning diarrhea (PWD) occurring 
in the 2 weeks following weaning is one of 
the economically most important diarrheal 
diseases in piglets in which colibacillosis 
plays an important etiologic role. 5 ETEC 
associated PWD commonly occurs in the 
immediate postweaning period. Outbreaks 
can occur suddenly, with mortality rates of 
50% and higher. Affected animals can die 
acutely or show profuse diarrhea for up to 
4 days. In uncomplicated cases mortality 
rates rarely exceed 10%. 5 Postweaning diar¬ 
rhea of pigs is covered in detail under this 
heading. 

Risk Factors 

Several risk factors influence the occurrence 
of the disease, each one of which must be 
considered, evaluated, and modified or 
removed if necessary when investigating the 
cause of an outbreak so that effective clinical 
management and control of the disease may 
be achieved. 

Animal Risk Factors 
Animal Species 

The pathogenesis of colibacillosis involves a 
number of host factors, of which the pres¬ 
ence of specific receptors for adhesins and 
enterotoxins is probably among the most 
important. 6 Clinical disease associated with 
E. coli infection is largely dependent on the 
presence of specific receptors that usually 
only occur in one or few animal species, 
because of this receptor specificity of adhes¬ 
ins and enterotoxins, ETEC strains have 
considerable species specificity. 

Age and Birth Weight 
Diarrhea associated with ETEC occurs in 
calves mainly during the first few days of 
life, rarely in older calves, and never in 
adults. Epidemiologic studies of both beef 
and dairy calves indicate that more than 80% 
of clinical cases associated with ETEC F5 
(K99) occur in calves younger than 4 days 
of age. The ability of the F5 ETEC to adhere 
to the small intestinal epithelium of calves 
decreases continuously from 12 hours of age 
to 2 weeks of age. 8 The mechanism of this 
age-related resistance is not well understood, 
but it may be related to development of resis¬ 
tance to colonization of the small intestine 
as the calf becomes older. This could be 
associated with the replacement of villous 


epithelial cells that occurs in the first few 
days after birth. 

The disease is more common in piglets 
born from gilts than from sows, which sug¬ 
gests that immunity develops with develop¬ 
ing age in the sow and is transferred to the 
piglets. In a survey of approximately 4400 
litters of piglets over a period of 4 years in a 
large piggery, 64% of the litters were treated 
for diarrhea before weaning, and piglets born 
to sows under parity 2 were 1.7 times more 
likely to develop diarrhea before weaning 
than litters born to sows over parity 3. The 
susceptibility or resistance to E. coli diarrhea 
in piglets has an inherited basis. The cell 
surface receptor for the F4 (K88) antigen 
is inherited in a simple mendelian way, 
with adherence (S) dominant over nonad¬ 
herence (s). Homozygous dominants (SS) 
and heterozygotes (Ss) possess the receptor 
and are susceptible, whereas in the homozy¬ 
gous recessive (ss) the receptor is absent and 
the pigs are resistant. The highest incidence 
of diarrhea occurs in susceptible progeny 
born from resistant dams and sired by sus¬ 
ceptible sires. Most if not all pigs have intes¬ 
tinal receptors for F5 (K99 + ) pili and an 
inheritance pattern similar to F4 (K88) 
receptors does not exist for F5 receptors. 

Immunity and Colostrum 
Newborn farm animals are agammaglobu- 
linemic and must ingest colostrum and 
absorb colostral immunoglobulin within 
hours of birth to obtain protection against 
septicemic and enteric colibacillosis. The 
transfer of immunoglobulin from the dam to 
the neonate is termed transfer of passive 
immunity. Failure of transfer of passive 
immunity predisposes the neonate to devel¬ 
opment of infectious diseases (see also the 
section “Failure of Transfer of Passive 
Immunity”). 

Transfer of maternal immunoglobulin 
to calves depends on three successive 
processes: 

• Formation of colostrum with a high 
concentration of immunoglobulin by 
the dam 

• Ingestion of an adequate volume of 
colostrum by the calf 

• Efficient absorption of colostral 
immunoglobulin by the calf 
Colostral immunoglobulin is absorbed 

for up to 24 hours after birth in calves and 
up to 48 hours in piglets. However, in calves 
the maximum efficiency of absorption 
occurs during the first 6 to 12 hours after 
birth and decreases rapidly from 12 to 24 
hours after birth. Following absorption, 
transfer to the intestinal lumen is a major 
means of IgG clearance in calves, and this 
transfer results in antigen-binding antibody 
in the intestinal lumen. Both blood-derived 
antibody and lactogenic antibody are signifi¬ 
cant sources of passive antibodies in the 
intestinal lumen of the neonatal calf. 
Maintenance of high concentrations of 





milk-derived antibodies in the small intes¬ 
tinal lumen may require more than twice-a- 
day feedings because antibodies derived 
from a milk diet are predominantly cleared 
from the intestinal lumen by 12 hours after 
feeding. Transfer of passively acquired anti¬ 
bodies from the circulation to the small 
intestinal lumen is therefore a reasonable 
hypothesis to explain the strong association 
between high serum passive immunoglobu¬ 
lin concentrations and reduced morbidity in 
neonatal calves. 

Newborn dairy calves should ingest 
80 to 100 g of colostral IgG, and ideally 
up to 150 g, within a few hours after birth 
to achieve serum immunoglobulin of 
1000 mg/dL. 

Environmental and Management 
Risk Factors 

Meteorologic Influences 
Although few epidemiologic data are avail¬ 
able to support the claim, many veterinarians 
have observed a relationship between adverse 
climatic conditions and colibacillosis in both 
calves and piglets. During inclement weather, 
such as a snowstorm, a common practice in 
beef herds is to confine the calving cows in a 
small area, where they can be fed and watered 
more easily. The overcrowding is commonly 
followed by an outbreak of acute calf diar¬ 
rhea. There is evidence that cold, wet, and 
windy weather during the winter months 
and hot, dry weather during the summer 
months have a significant effect on the inci¬ 
dence of dairy calf mortality. 

The risk factors for mortality from diar¬ 
rhea in beef calves in Alberta, Canada, have 
been examined. The odds of mortality were 
increased when the cows and heifers were 
wintered on the same grounds, when the 
herd was wintered and calved on the same 
grounds, and if the cows and heifers were 
calved on the same grounds. The morbidity 
and mortality rates from diarrhea during the 
first 30 days of life increased with an increas¬ 
ing percentage of heifers calving in the herd. 
Heifers are commonly more closely confined 
during the calving season for more effective 
observation and assistance at parturition. 
This may lead to increased contamination 
of the environment and the abdominal 
wall and udder of the heifers. Additional 
factors in heifers include a higher incidence 
of dystocia and maternal misbehavior and 
lower volume and quality of colostrum, 
all of which can result in weak calves 
that may not acquire sufficient colostral 
immunity. 

Nutrition and Feeding Methods 
Dairy calves fed milk substitutes may be 
more susceptible to acute undifferentiated 
diarrhea, some of which may be a result of 
enteric colibacillosis, compared with those 
fed cows’ whole milk. Extreme heat treat¬ 
ment of the liquid skim milk in the process¬ 
ing of dried skim milk for use as milk 
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substitutes for calves results in denaturation 
of the whey protein, which interferes with 
digestibility of the nutrients and causes 
destruction of any lactoglobulins that are 
present and may have a protective effect in 
the young calf. 

Irregular feeding practices resulting in 
dietetic diarrhea may contribute to a higher 
incidence of enteric colibacillosis in calves. 
The person feeding and caring for the calves 
is an important factor influencing calf 
mortality a result of diarrhea. Although it is 
generally thought that general or specific 
nutritional deficiencies, such as a lack of 
energy, protein, or vitamin A, in the mater¬ 
nal diet predispose to colibacillosis, particu¬ 
larly in calves and piglets, there is no direct 
evidence that specific nutritional deficiencies 
are risk factors. However, they probably 
are, at least in indirect ways, for example, 
by having an effect on the amount of colos¬ 
trum available at the first milking after par¬ 
turition in first-calf heifers underfed during 
pregnancy. 

Standard of Housing and Hygiene 
Housing and hygienic practices are probably 
the most important environmental risk 
factors influencing the incidence of colibacil¬ 
losis in calves and piglets, but they have 
received the least amount of research effort 
compared with other aspects, for example, 
control of the disease through vaccination. 
As the size of herds has increased, and as 
livestock production has become more 
intensified, the quality of hygiene and sanita¬ 
tion, particularly in housed animals, has 
assumed major importance. The disease is 
much less common when calves are run at 
pasture or are individually tethered, or 
penned, on grass. 

Source of the Organism and Its 
Ecology and Transmission 
Ingestion is the most likely portal of infec¬ 
tion in calves, piglets, and lambs, although 
infection via the umbilical vessels and naso¬ 
pharyngeal mucosa can occur. It has been 
suggested that certain serotypes of E. coli 
may enter by the latter route and lead to the 
development of meningitis. 

In most species, it is assumed that the 
primary source of the infection is the feces 
of infected animals, including the healthy 
dams and neonates, and diarrheic newborn 
animals, which act as multipliers of the 
organisms. In some cases, the organism may 
be cultured from the vagina or uterus of sows 
whose litters become affected. In pig herds 
the total number of organisms on each sow 
is highest in the farrowing barn, decreases 
when the sow is returned to the breeding 
barn, and is lowest when the sow is in the 
gestation barn. 

Calves acquire the infection from con¬ 
taminated bedding and calf pails, dirty calf 
pens, nearby diarrheic calves, overcrowded 
calving grounds, and the skin of the perineum 


and udder of the cow. The organism is spread 
within a herd through the feces of infected 
animals and all the inanimate objects that 
can be contaminated by feces, including 
bedding, pails, boots, tools, clothing, and 
feed and water supplies. The organism is one 
of the first encountered by newborn farm 
animals, usually within minutes after birth. 
In cattle, the tonsil can be a reservoir for 
STEC in healthy animals. It is possible that 
virulent E. coli can be present and may be 
transferred to calves when they are licked by 
their dams at birth. The high population 
density of animals that occurs in over¬ 
crowded calving grounds in beef herds and 
heavily used calving pens in dairy herds and 
the continuous successive use of farrowing 
crates without a break for cleanup contribute 
to a large dynamic population of E. coli. The 
population of bacteria in an animal barn will 
continue to increase with the length of time 
the barn is occupied by animals without 
depopulation, clean-out, disinfection, and a 
period of vacancy. In some countries where 
lambing must be done in buildings to avoid 
exposure to cold weather, the lambing sheds 
may become heavily contaminated within a 
few weeks, resulting in outbreaks of septice¬ 
mic and enteric colibacillosis. 

Infected animals are the main reservoir 
for ETEC, and their feces are the major 
source of environmental contamination with 
the bacteria. Passage of the E. coli through 
animals causes a “multiplier effect”; each 
infected animal excretes many more bacteria 
than it originally ingested. Diarrheic calves 
are the most extreme multipliers because 
they often pass 1 L or more of liquid feces 
containing 10 10 /g ETEC within 12 hours, and 
recovered calves can continue to shed bacte¬ 
ria for several months. 

Normal calves and adult cows can serve 
as reservoirs of infection, and the bacteria 
can persist in a herd by circulating through 
animals of all ages. Carrier animals intro¬ 
duced to an uninfected herd are thought to 
be one of the main causes of natural out¬ 
breaks. The duration and amount of shed¬ 
ding probably depend on the degree of 
confinement, resulting population density, 
herd immunity, environmental conditions, 
and perhaps the serotype of the organism. 

Pathogen Risk Factors 
Virulence Factors of E. coli 
Virulence factors of E. coli include pili (fim¬ 
briae), enterotoxins (exotoxins), endotoxins, 
and capsules. The adhesins in the pili of 
ETEC allow them to adhere to intestinal 
villous epithelial cells and prevent peristaltic 
elimination by the gut and to produce 
enterotoxins. 

The virulence factors are relevant to 
vaccine efficacy. The species-specific adhesin 
antigens must be identified and incorporated 
into vaccines, which are given to pregnant 
females in an attempt to stimulate the 
production of specific antibody in the 
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colostrum, which will provide protection 
against enterotoxigenic colibacillosis. An 
essential element of vaccine development is 
the detection of common fimbrial antigens 
occurring among most pathogenic isolates 
and able to induce antibodies that block bac¬ 
terial adhesion. The great diversity of poten¬ 
tial pathogenic serotypes encountered in 
colisepticemia and the failure of serotype- 
specific antibody to cross-protect against a 
heterologous challenge in experimental 
infection have made it difficult to develop 
vaccines against septicemic colibacillosis. 

The major virulence factors of ETEC in 
calves are the F5 (K99) adhesin antigen and 
the heat-stable enterotoxin (ST). The coloni¬ 
zation in the small intestine of calves by F5 
ETEC appears to be site specific, having a 
predilection for the ileum. Some serogroups 
also elaborate the F41 adhesin to the F5. 
Other surface-adhesive antigens, such as Att 
25 and F17, have been identified on bovine 
enteropathogenic and septicemic E. coli. The 
F17a-positive ETEC strains are no longer 
isolated from diarrheic calves in some coun¬ 
tries. It is postulated that the use of a vaccine 
including 0101, K32, and H9 antigens in 
addition to F5 explains the strongly reduced 
incidence of the O101:K32:H9, F5 E. coli 
clone. A F4-related fimbrial antigen occurs 
on some enterotoxigenic and septicemic 
strains. 

Enterotoxins are plasmid-regulated 
secreted peptides of ETEC bacteria that affect 
the intestinal epithelium. Two types of entero¬ 
toxins are differentiated, large-molecular- 
weight (88 kDA) heat-labile enterotoxins 
(LT) and small-molecular-weight heat-stable 
enterotoxins (ST). 7 LT enterotoxins are pre¬ 
dominantly produced by human and porcine 
ETEC strains, whereas ST enterotoxins are 
produced by human, porcine, and bovine 
ETEC strains. The heat-stable enterotoxin 
from bovine ETEC has been purified and 
characterized. There is evidence of a form of 
ST enterotoxin that is common to bovine, 
porcine, and human strains of ETEC. 

Most strains of septicemic E. coli belong 
to certain serogroups with virulence proper¬ 
ties that enable them to resist the defense 
mechanisms that would normally eliminate 
other E. coli. Septicemic strains produce 
endotoxin, which results in shock and rapid 
death, usually in calves that are less than 5 
days of age and with FTPI. Isolates of E. coli 
from the blood of critically ill bacteremic 
calves on a calf-rearing farm in California 
constituted a heterogeneous group and were 
found to be aerobactin positive and often 
resistant to the bactericidal effects of serum. 
The relative importance of individual sero¬ 
groups varies between countries. However, 
it has been established that typeable isolates 
of E. coli from septic calves belong to a 
relatively small number of serogroups. 9 
Strains commonly isolated from calves 
with septicemia belong to serogroups 078 
and 015. 9,10 


Enterohemorrhagic E. coli (EHEC) and 
Shiga-toxin-producing E. coli (STEC) are 

recognized in humans and animals with 
increased frequency and constitute a major 
zoonotic concern (see the discussion of 
enterohemorrhagic E. coli in farm animals 
and zoonotic implications). These organisms 
are members of 0111, 0103, 05, and 026 
serogroups, and none produces enterotoxin, 
nor do they possess the F5 pili. They produce 
the potent Shiga toxins or verotoxins SLT1 
and SLT2; and some strains, the attaching 
and effacing E. coli (AEEC), attach to and 
efface the microvilli of the enterocytes, 
causing diarrhea and dysentery as a result of 
hemorrhagic colitis in calves 2 to 5 weeks of 
age. The effacing (eae) gene and the gene 
coding for the Shiga toxin 1 ( SLT1 ) are asso¬ 
ciated with most isolates of AEEC in cattle. 
They have been isolated from both diarrheic 
and healthy sheep and goats. 

A study of the onset and subsequent 
pattern of shedding of STEC 026, 0103, 
0111, 0145, and 0157 in a cohort of beef 
calves on a mixed cattle and sheep farm in 
Scotland found that 026 was shed by 94% 
of the calves and that 90% of the 026 isolates 
carried the vtxl, eae, and ehl genes. E. coli 
0103 was the second most commonly shed 
serogroup of the tested calves, and the 
pattern of shedding was sporadic and 
random. There was an absence of shedding 
of E. coli 0111, and the prevalence of shed¬ 
ding of 0145 was low. Although some shed¬ 
ding of 0157 occurred, shedding in calves 
was sporadic and infrequent. For 026, 
0103, and 0157, there was no association 
between shedding by calves and shedding 
by dams within 1 week of birth. For 026 
and 0103, there was no association between 
shedding and diarrhea and no significant 
change in shedding following housing. In a 
sample of Australian dairy farms, calves as 
young as 48 to 72 hours had evidence of 
fecal excretion of STEC, indicating that 
dairy cattle are exposed to STEC from 
birth. Calves at weaning are most likely to 
shed STEC 026 or E. coli 0157, similar to 
the prevalence surveys in the northern 
hemispheres. 

Naturally occurring cases of attaching 
and effacing lesions of the intestines in calves 
with diarrhea and dysentery and infected 
with E. coli 0126:H11, the predominant 
STEC strain in humans, have been described 
in the United Kingdom. STEC and ex¬ 
positive non-STEC have been isolated from 
diarrheic dairy calves 1 to 30 days of age. 

E. coli 0157 has been isolated from neo¬ 
natal calves and has been implicated as a 
cause of diarrhea in calves. The isolates 
carried various virulence genes, such as Ehly, 
eae, stxl, and stx2. The Ehly gene may be a 
virulence marker for bovine enterohemor¬ 
rhagic E. coli 0157 strains. Similar findings 
have been reported in dairy cattle herds in 
Brazil. Strains of E. coli possessing a subtype 
beta intimin, normally found in human 


enteropathogenic E. coli, have been found in 
diarrheic calves in Brazil. 

Non-0157 STEC have been isolated from 
diarrheic calves in Argentina, and the sero¬ 
types carried virulence traits associated with 
increased pathogenicity in humans and 
cattle. Severe clinical syndromes associated 
with non-0157 STEC are common in chil¬ 
dren under 4 years of age and may be associ¬ 
ated with diarrheic calves, which shed highly 
virulent STEC strains and could act as a 
reservoir and contamination source in 
these areas. 

E. coli 0116, a serogroup previously asso¬ 
ciated with cases of hemolytic-uremic syn¬ 
drome in humans, has been associated with 
an outbreak of diarrhea and dysentery in 
1- to 16-week-old calves in India. E. coli 
O103:H2, an STEC strain causing disease in 
humans, has been isolated from calves with 
dysentery and from a sheep in Australia. 

Necrotoxigenic E. coli (NTEC), which 
produce cytotoxic necrotizing factor (CNF), 
have been isolated from cattle in Northern 
Ireland and Spain and from diarrheic piglets 
in England. NTEC1 strains from cattle, pigs, 
and humans can belong to the same sero- 
groups/biogroups, carry genes coding for 
adhesions belonging to the same families, and 
possess other identical virulence-associated 
properties, and they therefore do not exclude 
the possibility of cross-infection between 
humans and farm animals in some cases. In 
Spain NTEC were detected by tissue culture 
and PCR in 15.8% of diarrheic dairy calves 
from 1 to 90 days of age; the majority were 
NTEC producing CNF2, and the risk 
increased with age. There was also a strong 
association between CNF2 and F17 fimbriae. 
The NTEC, with their associated adhesins 
and toxins, were present in diarrheic and sep¬ 
ticemic calves as early as 1958, and their prev¬ 
alence seems to be increasing. Their role in 
causing disease needs further examination. 

Most ETEC from neonatal pigs belong to 
the so-called “classical serogroups”: 08:K87, 
045, 0138:K81, 0141:K85, 0147:K89, 
0149:K91, and 0157:KXVX17. Strains of 
these serogroups usually express and produce 
F4 (K88), F5 (K99), F6 (987P), F18 and F41 
pilus antigens. With the exception of F18, 
these pilus antigens mediate adhesion of E. 
coli to ileal villi in neonates, causing profuse 
diarrhea in unweaned pigs. The F4 and F5 
piliated strains are the most common cause 
of enteric disease in piglets under 2 weeks of 
age. ETEC strains that produce F6 pili colo¬ 
nize the small intestines and cause diarrhea 
in neonatal pigs under 6 days of age, but not 
older pigs. FI8, in contrast, is not associated 
with neonatal colibacillosis in piglets, but 
together with F4 is the most common 
adhesin associated with postweaning coli- 
bacillosis. There are also some ETEC strains 
that produce none of the antigens mentioned 
previously. 

F4 produces heat-labile enterotoxin (LT), 
F5 and F6 do not produce LT, and all three 





types produce heat-stable enterotoxin STa in 
infant mice. Some isolates produce neither 
LT nor STa but produce enterotoxin in 
ligated intestinal loops of pigs (STb). Other 
“nonclassical” strains colonize the small 
intestine to a certain extent, do not strongly 
adhere to the intestinal epithelium, and 
produce enterotoxin and diarrhea in neona¬ 
tal piglets. 

The porcine ETEC strains that induce 
diarrhea in piglets less than 2 weeks of age 
but not in older pigs are designated class 2, 
whereas those strains that induce diarrhea in 
older pigs are class 1 ETEC. The bovine 
ETEC strains have several features in 
common with the porcine class 2 organisms, 
which include the possession of the 0 anti¬ 
gens 8, 9, 20, or 101; characterization as 
mucoid colonies; possession of F5 pili; and 
production of heat-stable enterotoxin. Most 
ETEC strains of pigs belong to a restricted 
number of serogroups. 

Lambs 

Enterotoxigenic strains of E. coli can be iso¬ 
lated from the feces of approximately 35% of 
diarrheic lambs. ETEC strains have also been 
isolated from the blood of a small percentage 
of diarrheic lambs. F5 (K99) piliated E. coli 
are associated with outbreaks of diarrhea in 
lambs under a few days of age. F17 fimbriae 
E. coli have been isolated from diarrheic 
lambs and kids, but none of the isolates pro¬ 
duced any of the toxins normally associated 
with ETEC strains. Attaching and effacing 
E. coli negative for Shiga toxin but positive 
for eae have been isolated from goat kids 
affected with severe diarrhea, with a high 
case fatality rate. 

Zoonotic Implications of E. coli 

Cattle are a major source of EHEC strain 
0157:H7, which is associated with food- 
borne disease in humans. (See “Enterohem- 
orrhagic Escherichia coli in Farm Animals 
and Zoonotic Implications.”) 

PATHOGENESIS 

The factors important in understanding the 
pathogenesis of colibacillosis are the affected 
species, the age and the immune status of the 
animal, and the virulence factors of the 
strain of E. coli, particularly its capacity to 
invade tissues and produce septicemia or to 
produce an enterotoxin. Diarrhea, dehydra¬ 
tion, metabolic acidosis, bacteremia, and 
septicemia are the major pathogenetic events 
in the various forms of colibacillosis. 

Septicemic Colibacillosis 
(Coliform Septicemia) 

Septicemic colibacillosis occurs in all species 
as a result of invasive strains of E. coli invad¬ 
ing the tissues and systemic circulation 
via the intestinal lumen, nasopharyngeal 
mucosa, and tonsillar crypts, or umbilical 
vessels. The intestinal permeability to macro¬ 
molecules in the newborn piglet may 
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predispose to the invasion of septicemia- 
inducing E. coli. These strains are able to 
invade extraintestinal tissues, to resist the 
bactericidal effect of complement in blood, 
to survive and multiply in body fluids, to 
escape phagocytosis and intracellular killing 
by phagocytes, and to induce tissue damage 
by the release of cytotoxins. Calves and 
piglets that are deficient in colostral immu¬ 
noglobulins are highly susceptible to septice¬ 
mia. Colostrum provides protection against 
colisepticemia, but it may not prevent diar¬ 
rhea associated with E. coli. Also, colostrum- 
fed calves are much more resistant to 
endotoxin than colostrum-deprived calves. 
Calves, piglets, and lambs that have normal 
levels of serum immunoglobulins are gener¬ 
ally protected from septicemia. The clinical 
findings and lesions in septicemic colibacil¬ 
losis are attributable to the effects of endo¬ 
toxin, which causes shock. The general 
effects of endotoxin in cattle include hypo¬ 
thermia, decreased systemic blood pressure, 
tachycardia and decreased cardiac output, 
changes in WBC counts, alterations in blood 
coagulation, hyperglycemia followed by 
hypoglycemia, and depletion of liver glyco¬ 
gen. Animals that recover from septicemia 
may later develop lesions as a result of local 
infection of other organs at varying periods 
of time. Arthritis is a common associated 
finding in calves, foals, and lambs. Meningi¬ 
tis is common in calves and piglets. Polyse¬ 
rositis as a result of E. coli has been recorded 
in pigs. 

Enteric Colibacillosis 
Enterotoxigenic Colibacillosis 

Enterotoxigenic strains of E. coli (ETEC) 
colonize and proliferate in the upper small 
intestine and produce enterotoxins, which 
cause an increase in net secretion of fluid and 
electrolytes into the gut lumen. The adhesion 
of E. coli to the intestinal epithelial cells is 
mediated by bacterial pili. The enterotoxi¬ 
genic form of colibacillosis occurs most 
commonly in calves and piglets and less 
commonly in lambs and kids. 

The factors that allow or control the colo¬ 
nization and proliferation of these strains 
and their production of enterotoxin are not 
well understood. The bacterial fimbriae 
attach to specific receptor sites on villous epi¬ 
thelial cells, following which the bacteria 
multiply and form microcolonies that cover 
the surface of the villi. The capsular polysac¬ 
charide of E. coli may also be involved in 
adhesion and colonization. The fimbriae of 
E. coli are strongly immunogenic, a factor 
that is utilized in the production of vaccines. 
Because the F5 antigen is only expressed at 
an environmental pH above 6.5, colonization 
of the mucosa of the small intestinal tract 
starts in the ileum, where the intraluminal 
pH is the highest, and progresses proximally 
from there. 8 Once established in the gut, 
ETEC strains start producing and secreting 
a heat-stable enterotoxin. Similar to the 


expression of F5, production of enterotoxin 
is pH dependent, with very limited produc¬ 
tion at an environmental pH below 7.O. 8 
Although this does not appear to have been 
studied specifically, it can be hypothesized 
that any factor resulting in an increase of 
the pH in the gut lumen will facilitate the 
proliferation of the organism; conversely, 
lowering the pH may reduce the severity of 
colibacillosis. 

Diarrhea, Dehydration, Metabolic 
Acidosis, and Electrolyte Imbalance 

The production of the enterotoxin results in 
net secretion of fluid and electrolytes from 
the systemic circulation into the lumen of 
the intestine, resulting in varying degrees 
of diarrhea, dehydration, electrolyte imbal¬ 
ances, acidemia, circulatory failure, shock, 
and death. The hyperkalemia that is observed 
in a subset of calves with severe dehydration 
and acidemia has been associated with 
cardiac arrhythmias, including bradycardia 
and atrial standstill. 

The effect of the enterotoxin on the gut of 
calves, piglets, and other species is similar to 
the effect of cholera enterotoxin in humans 
and takes place through an intact mucosa. 
Enterotoxin stimulates mucosal adenylcy- 
clase activity, leading to an increase in 
cyclic adenosine monophosphate (AMP), 
which increases intestinal chloride secretion. 
The increased intraluminal chloride content 
osmotically drags water into the gut to an 
amount that exceeds the absorptive capacity 
of the intestinal mucosa, thereby causing 
diarrhea. The secretion originates primarily 
in the intestinal crypts, but the villous epi¬ 
thelium also has a secretory function. The 
mucosal membrane colonized by ETEC 
remains morphologically intact. The fluids 
secreted are alkaline and, in comparison to 
serum, isotonic, low in protein, and high in 
sodium and bicarbonate ions. Distension of 
the abdomen of diarrheic calves may occur, 
which may be associated with fluid disten¬ 
sion of the abomasum and the intestines. 

When the disease is confined to the intes¬ 
tine, it responds reasonably well to treatment 
in the early stages. If death occurs, it is a 
result of acidemia, electrolyte imbalance, and 
dehydration. The acid-base and electrolyte 
changes in piglets 1 to 3 days of age infected 
naturally and experimentally with ETEC 
reveal severe dehydration, acidemia, and 
metabolic acidosis. 

Severe metabolic changes can occur 
in calves with diarrhea. If the disease is 
progressive, acidemia and metabolic acidosis 
become more severe as lactic acidosis devel¬ 
ops, and severe hypoglycemia may occur. If 
large amounts of fluid are lost, hypovolemia 
and shock occur. 

Historically, conventional wisdom held 
that metabolic acidosis in diarrheic calves is 
the result of fecal bicarbonate loss and for¬ 
mation of L-lactate as a result of increased 
anaerobic glycolysis in dehydrated animals 





1884 


Chapter 19 ■ Perinatal Diseases 


with decreased tissue perfusion. However, 
accumulation of L-lactate in neonatal diar- 
rheic calves only appears to occur in calves 
in their first week of life. Because the rela¬ 
tionship between L-lactic acid accumulation 
and the severity of metabolic acidosis could 
not be confirmed in clinical cases, it was pro¬ 
posed that exogenous acid supply to the 
organism must be the major contributor to 
the so-called anion-gap acidosis typically 
observed in diarrheic calves. 12 The anion gap, 
defined as the sum of the major cations 
minus the sum of the major anions, is a 
measure of “unspecified organic and inor¬ 
ganic acids,” of which lactic acid forms a 
considerable part. It was not until the end of 
last century that D-lactic acid accumulation 
was first identified as a major contributor to 
elevated anion gaps in diarrheic calves. In the 
meantime, several studies confirmed that 
D-lactic but not L-lactic acidosis is a common 
occurrence in diarrheic calves. Furthermore 
D-lactic acidosis was identified as a major 
contributory factor in calves with high 
anion-gap acidosis. 12 It is currently assumed 
that D-lactic acidosis is caused by increased 
intestinal absorption of this compound in 
diarrheic calves, where malabsorption results 
in bacterial fermentation of unabsorbed car¬ 
bohydrates to D-lactate. 12 Recent retrospec¬ 
tive studies suggested that the major driving 
factor of the acidemia of diarrheic calves was 
an increase in unmeasured anions, of which 
lactic acid forms a considerable part. The loss 
of fluid through the intestinal tract with high 
sodium and low chloride content is likely to 
contribute to the so-called strong-ion acido¬ 
sis. The increase of the total plasma protein 
concentration that is commonly observed 
with marked dehydration and resulting in a 
so-called weak-acid acidosis was found to be 
a minor contributor to acidemia in diarrheic 
calves. 13 

The severity and nature of the acidosis in 
diarrheic calves vary with the age of the calf. 
Younger calves tend to dehydrate more 
rapidly and severely than older calves, which 
may be related to the greater incidence of 
enterotoxigenic colibacillosis in the young 
age group. The severity of dehydration, 
hypothermia, and acidemia is associated 
with the level of obtundation. Accordingly, 
the degree of deterioration of the patients 
demeanor in combination with the age of the 
calf are used to predict the severity of acide¬ 
mia; the more severe the acidemia, the 
greater the depression. 

Conventional wisdom posits that neuro¬ 
logic effects such as ataxia, somnolence, or 
even coma are primarily caused by severe 
acidemia or metabolic acidosis, but a series 
of recent studies unequivocally demon¬ 
strated that disturbed neurologic function 
can better be explained by the frequently 
observed increase in plasma D-lactate con¬ 
centration than acidemia/metabolic acidosis 
per se. 14,15 Experimental studies conducted 
on euhydrated calves showed that neurologic 


signs similar to the ones observed in severely 
diarrheic calves can be reproduced by induc¬ 
ing hyper-D-lactatemia without concomi¬ 
tant acidosis. In contrast, experimentally 
inducing severe hyperchloremic acidosis in 
calves did not result in noteworthy effects on 
the demeanor of treated calves. 16,17 

Hyperkalemia in the Diarrheic Calf 

Hyperkalemia is the most prominent elec¬ 
trolyte disturbance recognized in dehydrated 
diarrheic calves that are severely acidemic. It 
occurs despite significant net losses of potas¬ 
sium into the gut in diarrheic animals. A 
recent retrospective study conducted on 
patients of a teaching hospital revealed an 
incidence of hyperkalemia in diarrheic calves 
of 34%. 18 The predominant clinical finding 
associated with hyperkalemia is bradycardia 
and arrhythmia that can lead to atrial stand¬ 
still, with fatal outcome. Although the asso¬ 
ciation between hyperkalemia and acidemia 
is well established, the underlying mecha¬ 
nism is poorly understood. 19 The long-held 
mechanism responsible for hyperkalemia in 
diarrheic calves is directly associated with 
extracellular acidosis and the electrochemi¬ 
cal exchange of K + for H + across the cell 
membrane, leading to a shift of potassium 
from the extracellular to the intracellular 
space in exchange for H + that tends to shift 
into the opposite direction with increasing 
extracellular H + concentrations. Although 
widely accepted, this proposed mechanism 
lacks a sound physiochemical basis because 
a decrease in plasma pH from 7.4 to 
7.0 would increase the extracellular H + 
concentration from 0.000,040 mmol/L to 
0.000,100 mmol/L. An equimolar exchange 
of K + for H + can therefore only account for 
an increase of the serum potassium concen¬ 
tration of 0.000,06 mmol/L, an effect that not 
only is not measurable with current labora¬ 
tory equipment but also is physiologically 
irrelevant. 19 An alternative mechanism that 
has been proposed is impaired activity of 
Na/K-ATPase in states of acidemia, resulting 
in impaired transport of potassium into the 
intracellular space. 19 The previously men¬ 
tioned retrospective study found the occur¬ 
rence and the degree of hyperkalemia to be 
more closely associated to the degree of 
dehydration than to the decrease in venous 
blood pH or base excess, suggesting that the 
impaired ability to excrete potassium through 
the urinary tract may play a more important 
role than metabolic acidosis/acidemia in 
the etiology of hyperkalemia in dehydrated 
calves. 18 

Hypernatremia in the Diarrheic Calf 

Hypernatremia is uncommon in diarrheic 
calves generally suffering from isotonic or 
mildly hypotonic dehydration. However, 
incidental cases of hypernatremia have been 
reported. It is presumed that mixing errors 
in the preparation of oral electrolyte solu¬ 
tions to treat diarrhea rather than diarrhea 


itself is the cause. The experimental oral 
administration of 1 L of electrolyte concen¬ 
trate containing 2750 mEq sodium found 
that calves would willingly consume the 
solution mixed with milk, and developed 
signs of hypernatremia within 6 hours of 
administration. 

Effect of Colostral 
Immunoglobulin Status 

An adequate level of serum immunoglobulin 
can protect calves from death as a result of 
the effects of diarrhea, but not necessarily 
from diarrhea. The best protection is pro¬ 
vided if both the immunoglobulin levels in 
the serum and the levels in the colostrum 
and milk during the first week after birth are 
high. The immunoglobulin subclasses in the 
plasma of calves that have received sufficient 
colostrum are IgG, IgM (and IgM is probably 
the more important of the two for the pre¬ 
vention of septicemia), and IgA. The serum 
IgG concentrations of calves under 3 weeks 
of age dying from infectious disease were 
much lower than those in normal calves. Of 
the dead calves, 50% had serum IgG levels 
that were more than 2 standard deviations 
below the normal mean, and an additional 
35% had concentrations greater than 1 stan¬ 
dard deviation below the normal mean. In 
the intestine, no single subclass of immuno¬ 
globulin is known to be responsible for pro¬ 
tection against the fatal effects of diarrhea. 
Individually, each immunoglobulin subclass 
can prevent death from diarrhea even though 
calves may be affected with varying degrees 
of diarrhea. In contrast to the situation in the 
pig, IgA appears to be least effective. 

In pigs, IgA becomes the dominant 
immunoglobulin in sow colostrum after the 
first few days of lactation, and this is the 
immunoglobulin that is not absorbed but is 
retained in, and reaches a high level in, the 
gut and plays a major role in providing local 
protection against enteric colibacillosis in 
piglets. Porcine colostral IgA is more resis¬ 
tant to gastrointestinal proteolytic enzymes 
than IgG 2 and IgM. On the other hand, IgG 
is at a peak concentration in colostrum in the 
first day after parturition, is readily absorbed 
by the newborn piglet, and is vital in provid¬ 
ing protection against septicemia. Lysozyme 
in sows’ milk may assist in the control of 
the bacterial population in the gut of the 
unweaned piglet. 

Intestinal Mucosa 

In general, ETEC exert their effects by the 
enterotoxin causing hypersecretion through 
an intact intestinal epithelium. However, the 
intraluminal exposure of the jejunum of 
3-week-old pigs to sterile crude-culture fil¬ 
trates from strains of E. coli known to 
produce two types of ST will induce micro¬ 
scopic alterations of the villous epithelium. 
Focal emigration of neutrophils, especially 
through the epithelium above aggregated 
lymphatic follicles; stunting of jejunal and 





ileal villi; and adherence of bacteria to jejunal 
and ileal mucosae are the most consistent 
findings. These changes are useful in making 
the diagnosis of enterotoxigenic colibacillo- 
sis in calves. Although enterotoxigenic 
strains are considered to be noninvasive, this 
does not preclude the possibility that inva¬ 
sion into the systemic circulation may occur, 
resulting in septicemia, or that septicemic 
strains may not also be present. 

Enzyme histochemistry studies of the 
small intestinal mucosa in experimental 
infections of calves with rotavirus and ETEC 
indicate a marked decrease in enzyme activ¬ 
ity in dual infections and a lesser decrease in 
monoinfections. Increased enzyme activity 
occurred in parts of the intestinal mucosa 
that were not affected or only slightly affected 
by the enteropathogens, which may be 
an adaptation of the mucosa to maintain 
absorptive function. Lactose digestion is 
slightly impaired in calves with mild diar¬ 
rhea. Calves with acute diarrhea are in a 
catabolic state and respond with a larger 
increase of plasma glucose concentration to 
a given amount of absorbed glucose than do 
healthy calves. 

Fat and carbohydrate malabsorption fre¬ 
quently occurs in diarrheic calves over 5 days 
of age and contributes to the development of 
D-lactic acidosis, which has been associated 
with a strong neurotoxic effect that is 
presumably responsible for the impaired 
demeanor of diarrheic calves. 

Attaching and Effacing Colibacillosis 

Attaching and effacing enteropathogenic E. 
coli can cause naturally occurring diarrhea 
and dysentery in calves at 18 to 21 days. They 
do not produce enterotoxin but adhere to the 
surface of the enterocytes of the large intes¬ 
tine. Affected calves pass bright red blood in 
the diarrheic feces. The lesions in experi¬ 
mentally infected calves are indistinguish¬ 
able from those produced by some E. coli 
that are enteropathogenic for humans, 
rabbits, and pigs. The bovine 0118:H16 
EHEC strain is able to colonize the intestine 
of newborn calves, inducing diarrhea 24 
hours after challenge and producing attach¬ 
ing and effacing lesions in the small and large 
intestines. 

Synergism Between Enteropathogens 

Enterotoxigenic colibacillosis occurs natu¬ 
rally and can be reproduced experimentally 
using ETEC in calves less than 2 days of age 
but not in calves 1 week of age. Diarrheic 
calves older than 3 days of age may be 
infected with enterotoxigenic F5 (K99) E. coli 
and rotavirus. There is evidence that prior or 
simultaneous infection of the intestine with 
rotavirus will enable the E. coli to colonize in 
older calves. Thus there may be synergism 
between rotavirus and ETEC in calves older 
than 2 days; this may explain the fatal diar¬ 
rhea that can occur in calves at 1 week of age, 
which normally would not be fatal with a 
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single infection. The rotavirus may enhance 
the colonization of E. coli. 

The simultaneous experimental infection 
of neonatal gnotobiotic calves at 24 hours of 
age with rotavirus and ETEC results in a 
severe diarrheal disease. The same situation 
occurs in piglets. However, in both species 
the effect was considered to be additive 
rather than synergistic. 

Summary of Pathogenesis 

Septicemic colibacillosis occurs in newborn 
animals, and FTPI is the major predisposing 
factor. Enteric colibacillosis occurs in 
colostrum-fed animals and is associated 
with the colonization and proliferation of 
ETEC, which produce enterotoxin and cause 
varying degrees of diarrhea, acidemia, and 
dehydration. Although single infections 
occur commonly, as in piglet diarrhea, and 
what was previously described as enteric- 
toxemic colibacillosis in calves, multiple 
infections with ETEC and viruses and other 
agents are more common. 

CLINICAL FINDINGS 
Calves 

CoNform Septicemia 

Coliform septicemia is most common in 
calves during the first 4 days of life and is 
described as the systemic inflammatory 
response syndrome (SIRS) to an active infec¬ 
tious process. 20 Most affected calves have low 
levels of serum IgG because of inadequate 
transfer of colostral immunoglobulin. 21 The 
illness is peracute, with the course varying 
from 24 to 96 hours, with a survival rate of 
less than 12%. Early clinical signs are vague 
and nonspecific. Affected animals are weak 
and obtunded, commonly recumbent, and 
dehydrated; tachycardia is present, and 
although the temperature may be high ini¬ 
tially, it falls rapidly to subnormal levels 
when the calf becomes weak and moribund. 
The suck reflex is weak or absent, the oral 
mucous membranes are dry and cool, and 
the capillary refill time may be prolonged. 
Cold extremities, weak peripheral pulse, and 
prolonged capillary refill time are common. 
Scleral injection is common. Diarrhea and 
dysentery may occur but are uncommon. 

The involvement of multiple body systems 
and organs is characteristic of neonatal sep¬ 
ticemia, and careful clinical examination is 
required to detect abnormalities. If a calf sur¬ 
vives the septicemic state, clinical evidence 
of postsepticemic localization may appear 
in about 1 week. This includes arthritis, 
meningitis, panophthalmitis, and, less com¬ 
monly, pneumonia. In a series of 32 cases 
of meningitis in neonatal calves, the most 
frequent clinical findings were lethargy, 
anorexia, recumbency, loss of the suck reflex, 
stupor, and coma. Opisthotonos, convul¬ 
sions, tremors, and hyperesthesia were seen 
less frequently. The case fatality rate was 100% 
in spite of intensive therapy, and lesions of 
septicemia were present at necropsy. 


Predictors of Septicemia 
The early clinical findings of septicemia in 
neonatal calves are vague and nonspecific 
and are often indistinguishable from the 
findings of noninfectious diseases or those of 
focal infections such as diarrhea. Positive 
blood cultures are required for a definitive 
diagnosis of septicemia, but results are not 
usually available for 48 to 72 hours, and false 
negatives are common. Laboratory parame¬ 
ters that have been proposed to identify 
potentially septic calves include hypo¬ 
glycemia, left shift of neutrophils, and signs 
of toxicity of neutrophils. 20 

No single laboratory test has emerged as 
being completely reliable for the early diag¬ 
nosis of septicemia in farm animal neonates, 
and therefore scoring systems and predictive 
models using obtainable historical, clinical, 
and clinicopathologic data have been 
developed. 20 The goal of these mathematical 
models is to identify septicemic neonates 
early in the course of disease when appropri¬ 
ate therapy would be most likely to result in 
a favorable outcome. In a study of diarrheic 
calves under 28 days of age submitted to a 
referral clinic for treatment, 31% of the 
calves were septicemic, based on blood 
culture. Two models to predict septicemia 
were used. Clinicopathologic variables asso¬ 
ciated with an increased risk of septicemia 
were moderate (1.99 to 5.55 mg/dL) and 
marked (>5.66 mg/dL) increases in serum 
creatinine (OR 8.63), moderate to marked 
toxic changes in neutrophils (OR 2.88), and 
FTPI (IgG concentrations ft 800 mg/dL, 
globulin p2 g/dL [OR2.72], and total serum 
protein /3 5 g/dL). The clinical variables asso¬ 
ciated with an increased risk of septicemia 
were age under 5 days (OR 2.58), focal infec¬ 
tion (OR 2.45), recumbency (OR 2.98), and 
weak suck reflex (OR 4.10). 

Enteric Colibacillosis 

Enteric colibacillosis is the most common 
form of colibacillosis in newborn calves, pri¬ 
marily 3 to 5 days of age. It may occur in calves 
as early as 1 day of age and only rarely up to 3 
weeks. The clinical severity will vary depend¬ 
ing on the number and kind of organisms 
causing the disease. The presence of a single 
ETEC may cause a state of collapse usually 
designated as enteric toxemia. In this form of 
the disease the outstanding clinical signs 
include severe weakness, coma, subnormal 
temperature, cold and clammy skin, pale 
mucosae, wetness around the mouth, collapse 
of superficial veins, slowness and irregularity 
of the heart, mild convulsive movements, and 
periodic apnea. Diarrhea is usually not 
evident, although the abdomen may be 
slightly distended, and succussion and aus¬ 
cultation may reveal fluid-splashing sounds 
suggesting a fluid-filled intestine. The prog¬ 
nosis for these calves is poor, and they com¬ 
monly die 2 to 6 hours after the onset of signs. 

In the more common form of the disease 
in calves, there is diarrhea in which the feces 
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are profuse and watery to pasty, usually pale 
yellow to white in color, and occasionally 
streaked with blood flecks and very foul- 
smelling. The dry-matter content of the feces 
is commonly below 10%. Defecation is 
frequent and effortless, and the tail and 
perineum are soiled with feces. The tempera¬ 
ture is usually normal in the initial stages but 
becomes subnormal as the disease worsens. 
Affected calves may or may not suck or drink 
depending on the degrees of acidosis, dehy¬ 
dration, and weakness. Calves under 8 days 
of age may be weak, primarily from the 
effects of rapid and severe dehydration; in 
calves older than 8 days the acidemia and 
metabolic acidosis, a considerable part of 
which is a result of the accumulation of 
D-lactic acid, tend to be more severe and 
make a greater contribution to obtundation 
and weakness. In the early stages of the 
disease, the abdomen may be slightly dis¬ 
tended as a result of distension of fluid-filled 
intestines, which can be detected by succus- 
sion and auscultation of the abdomen. In 
some of these calves the diarrhea is not 
yet obvious but is delayed for several hours, 
when it can become quite profuse. Mildly to 
moderately affected calves may be diarrheic 
for a few days and recover spontaneously 
with or without treatment. However, 15% 
to 20% of calves with enteric colibacillosis 
become progressively worse over a period 
of 3 to 5 days, gradually become more 
weak, lose the desire to suck, and progres¬ 
sively appear more obviously dehydrated. 

Throughout the course of the diarrhea 
the degree of dehydration will vary from just 
barely detectable clinically (4% to 6% of body 
weight [BW]) to up to 10% to 16% of body 
weight. The degree of dehydration can be 
estimated by “tenting” the skin of the lateral 
portion of the cervical region and measuring 
the time required for the skin fold to return 
to normal. In calves with 8% dehydration, 5 
to 10 seconds will be required for the skin 
fold to return to normal; in 10% to 12% 
dehydration, up to 30 seconds will be 
required. Recession of the eyeball (enoph- 
thalmos) is an alternative method validated 
to reliably estimate the degree of dehydration 
in diarrheic calves. Slight sinking of the 
eyeball without an obvious space between 


the eyeball and the orbit represents 6% to 8% 
dehydration, moderate separation of the 
eyeball from the orbit represents 9% to 12% 
dehydration, and marked separation of the 
eyeball from the orbit represents over 12% 
and up to 16% dehydration. A summary of 
the relationship between degree of dehydra¬ 
tion (% BW), depth of enophthalmos (mm), 
cervical skin tent duration in seconds, and 
the state of the mucous membranes and 
extremities in calves with experimentally 
induced diarrhea is set out in Table 19-12. 1 

Affected calves can lose 10% to 16% 
of their original body weight during the 
first 24 to 48 hours of the diarrhea. The 
hyperkalemia in calves with neonatal diar¬ 
rhea has been associated with cardiac rate 
and rhythm abnormalities, including brady¬ 
cardia and atrial standstill. Herd outbreaks of 
the disease in beef calves may last for several 
weeks, during which time almost every 
calf will be affected within several days 
after birth. 

Veal calf hemorrhagic enteritis is a fatal 
syndrome of veal calves characterized by 
anorexia, fever, diarrhea with mucus- 
containing feces that become bloody in the 
later stages, and hemorrhagic diathesis on 
the conjunctivae and mucous membranes 
of the mouth and nose. The etiology is 
unknown; the E. coli strains isolated from the 
feces of affected calves produced enterotox- 
ins and Shiga toxins, but their significance is 
uncertain. 

In some calves between 10 and 20 days of 
age with a history of diarrhea in the previous 
several days, from which they have recov¬ 
ered, there will be metabolic acidosis without 
clinical signs of dehydration. Affected calves 
are depressed, weak, ataxic, and sometimes 
recumbent, and they appear comatose. 
Affected calves respond quickly to treatment 
with intravenous sodium bicarbonate. A 
similar syndrome occurs in goat kids. 

Lambs and Goat Kids 

Although some cases manifest enteric signs, 
and chronic cases may occur, colibacillosis in 
lambs is commonly septicemic and peracute. 
Two age groups appear to be susceptible: 
lambs 1 to 2 days of age and lambs 3 to 8 
weeks old. Peracute cases are found dead 


without premonitory signs. Acute cases show 
collapse and occasionally signs of acute men¬ 
ingitis manifested by a stiff gait in the early 
stages, followed by recumbency with hyper¬ 
esthesia and tetanic convulsions. Chronic 
cases are usually manifested by arthritis. The 
disease in goat kids is similar to that in 
lambs. 

Piglets 

Coliform Septicemia 

Coliform septicemia is uncommon but 
occurs in piglets within 24 to 48 hours of 
birth. Some are found dead without any pre¬ 
monitory signs. Usually more than one 
piglet, and sometimes the entire litter, will be 
affected. Severely affected piglets seen clini¬ 
cally are weak and almost comatose, appear 
cyanotic, feel cold and clammy, and have a 
subnormal temperature. Usually there is no 
diarrhea. The prognosis for these piglets is 
poor, and most will die in spite of therapy. 

Edema disease is unique form of colibac¬ 
illosis occurring in piglets between a few 
days after birth to well after weaning. It is 
caused by Shiga-toxin-producing E. coli 
strains that induce degenerative angiopathy 
of small arteries and arterioles. 

Enterotoxigenic Colibacillosis 
Newborn Piglet Diarrhea 
Newborn piglet diarrhea, a form of colibacil¬ 
losis in piglets, occurs from 12 hours of age 
up to several days of age, with a peak inci¬ 
dence at 3 days of age. As with the septicemic 
form, usually more than one pig or the entire 
litter is affected. The first sign usually noticed 
is the fecal puddles on the floor. Affected 
piglets may still nurse in the early stages, but 
they gradually lose their appetite as the 
disease progresses. The feces vary from a 
pasty to watery consistency and are usually 
yellow to brown in color. When the diarrhea 
is profuse and watery, there will be no obvious 
staining of the perineum and hindquarters 
with feces, but the tails of the piglets will be 
straight and wet. Sick piglets occasionally 
vomit, although vomiting is not as prominent 
as with transmissible gastroenteritis. The 
temperature is usually normal or subnormal. 
The disease is progressive; diarrhea and 
dehydration continue, and the piglets become 
very weak and lie in lateral recumbency and 
make weak paddling movements. Within 
several hours they appear very dehydrated 
and shrunken, and they commonly die 
within 24 hours after the onset of signs if not 
treated. In severe outbreaks the entire litter 
may be affected and die within a few hours 
of birth. The prognosis is favorable if treat¬ 
ment is started early, before significant dehy¬ 
dration and acidosis occur. 

Postweaning Diarrhea 
The postweaning diarrhea (PWD) form of 
colibacillosis in piglets presents an economi¬ 
cally important cause of death of weaned 
piglets. It is commonly seen within days of 


Table 19-12 Degree 

of dehydration 

in calves with experimentally induced diarrhea 

1 Degree of dehydration Depth of 

Cervical skin-tent 

Mucous membranes 

(% BW) 

enophthalmos (mm) duration (s) 

and extremities 

0 

None 

Less than 2 

Moist 

2 

1 

3 

Dry 

4 

2 

4 

Dry 

6 

3 

5 

Dry 

8 

4 

6 

Cool extremities 

10 

6 

7 

Cool extremities 

12 

7 

>8 

Cool extremities 

>14 

>8 

>10 

White mucous membranes 
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weaning. In peracute cases piglets are found 
dead with an obviously dehydrated appear¬ 
ance, deeply sunken eyes, and cyanotic 
extremities. In less acute cases the first sign 
may be a loss in condition that is largely a 
result of dehydration. Diarrhea may not be 
apparent in all cases because fluid may just 
accumulate in the gut in some animals. If 
present, diarrhea can be watery to pasty, may 
contain blood in some instances, and may 
last between 1 and 5 days (see also “Post- 
weaning Diarrhea of Pigs”). 

CLINICAL PATHOLOGY 

Culture and Detection of Organism 

If septicemia is suspected, blood should be 
submitted for isolation of the organism and 
determination of its drug sensitivity. Blood 
for culture must be taken aseptically and 
inoculated directly into brain-heart infusion 
broth. Because of the limited sensitivity to 
detect bacteremia by a single culture, the 
blood sample should be repeated a few hours 
later to enhance recovery rate and confirm 
septicemia. 

The definitive etiologic diagnosis of 
enteric colibacillosis depends on the isola¬ 
tion and characterization of E. coli from the 
intestines and the feces of affected animals. 
The best opportunity of making a diagnosis 
is when untreated representative affected 
animals are submitted for pathologic and 
microbiological examination. The distribu¬ 
tion of the organism in the intestine; deter¬ 
mination of the presence of F4 (K88), 
F5(K99), or F6 (987P) antigens; and the his¬ 
topathologic appearance of the mucosa con¬ 
tribute to the diagnosis. 

The routine culture of feces and intestinal 
contents for E. coli without determining their 
virulence determinants is of limited value. 
The laboratory tests used to identify entero¬ 
toxigenic F4 (K99) E. coli include a direct 
fluorescent antibody technique with conven¬ 
tional culturing methods and the ELISA, 
with or without monoclonal antibody, to 
detect the organism or the enterotoxin in the 
feces. DNA gene probes specific for genes 
encoding enterotoxin and adhesins are avail¬ 
able and are being used to evaluate E. coli 
isolated from diarrheic animals. Isolates of 
the organism can also be examined for the 
presence of toxins using an enzyme immune 
assay test and latex agglutination test. 

Detection of STEC in feces has relied on 
cytotoxicity testing and DNA hybridization. 
Several ELISAs are available, and monoclo¬ 
nal antibodies to the Shiga toxins ST1 and 
ST2 have been used to examine feces from 
animals. The isolation of£. coli 0157:H7 has 
relied on its ability to ferment sorbitol. A 
sandwich ELISA using monoclonal antibod¬ 
ies to E. coli Shiga toxins 1 and 2 for capture 
and detection is available for detection of 
STEC in animal feces. A PCR test is also 
available for detection of ST genes in E. coli 
isolated from cattle, sheep, and pigs affected 
with diarrhea. 


The determination of drug sensitivity of 
the E. coli isolated from the feces of diarrheic 
calves and piglets is commonly done, but it 
is of limited value without determining 
which isolate is enteropathogenic. 

Hematology and Serum Biochemistry 

A total and differential leukocyte count and 
remarkable changes in the fibrinogen con¬ 
centration may indicate the presence of 
septicemia or severe intestinal infection. 
However, severely affected calves may not 
have grossly abnormal hemograms. 21 In 
enteric disease, the major changes in plasma 
composition are dehydration, electrolyte 
imbalance, and metabolic acidosis/acidemia. 
The total plasma osmolality tends to be 
decreased. 

The packed cell volume and the total 
protein concentration of the blood will indi¬ 
cate the degree of dehydration, although the 
increase of total protein in calves with FTPI 
may underestimate the degree of dehydra¬ 
tion. The blood urea nitrogen (BUN) con¬ 
centration may be increased in severe cases 
because of inadequate renal perfusion. The 
blood bicarbonate concentration is markedly 
reduced, indicating the presence of meta¬ 
bolic acidosis. Decreased blood pH values 
represent acidemia. Calves with a venous 
blood pH below 7.0 require immediate par¬ 
enteral therapy for acidemia. Other serum 
electrolytes are variable, but there may be a 
slight decrease in serum sodium and a slight 
increase in serum chloride. In severely dehy¬ 
drated animals hyperkalemia may occur, 
which may result in bradyarrhythmia. 18 

Hematologic abnormalities associated 
with septicemia vary with the stage and 
severity of the disease. Abnormal neutrophil 
counts (neutrophilia or neutropenia), a left 
shift of neutrophils, and signs of toxicity in 
neutrophils are commonly seen in septic 
animals. 11,20,21 Hypoglycemia is another 
common, although certainly not pathogno¬ 
monic, finding in septic calves. 

NECROPSY FINDINGS 

In coliform septicemia there may be no 
gross lesions, and the diagnosis may depend 
on the isolation of the organism from the 
filtering organs. In less severe cases there 
may be subserosal and submucosal hemor¬ 
rhages. A degree of enteritis and gastritis 
may be present. Occasionally, fibrinous exu¬ 
dates are found in the joints and serous cavi¬ 
ties, and there may be omphalophlebitis, 
pneumonia, and meningitis. The histologic 
features of such presentations of colibacillo¬ 
sis are those of septicemia and toxemia. 

In enteric colibacillosis of piglets and 
calves the carcass appears dehydrated, but 
the intestine is flaccid and filled with fluid. 
In calves, the abomasum is usually distended 
with fluid and may contain a milk clot. Clots 
are typically absent in calves fed whey milk 
replacers that do not contain casein. The 
abomasal mucosa may contain numerous 


small hemorrhages. In both calves and pigs, 
the intestinal mucosae may appear normal or 
hyperemic, and there may be edema of the 
mesenteric lymph nodes. Mild atrophy or 
even fusion of jejunal and ileal villi is often 
seen, but the key microscopic observation is 
the presence of bacilli adherent to the 
brush borders of enterocytes. Ultrastruc- 
turally, there is increased epithelial cell 
loss from the villus about 12 hours after 
experimental inoculation of calves with 
an ETEC. 

In calves affected with attaching and 
effacing E. coli there is pseudomembranous 
ileitis, mucohemorrhagic colitis, and proc¬ 
titis. Microscopic examination of well- 
preserved gut segments reveals bacterial 
adherence, atrophy of ileal villi, and erosion 
of enterocytes. 

In addition to traditional bacteriologic 
culture techniques, the ETEC may be iden¬ 
tified by several tests, including indirect 
fluorescent antibody (IFA) tests specific for 
F4 (K88), F5 (K99), and F6 (987P) pilus 
antigens. The IFA tests can be performed 
on impression smears or frozen sections 
of ileal tissue, and the results are avail¬ 
able within a few hours. Newer techniques 
such as DNA gene probes, enzyme immune 
assays, and latex agglutination tests are now 
available to identify those isolates that are 
enterotoxin producers and have adhesin 
properties. 

During severe disease outbreaks it is 
often necessary to conduct the necropsy 
examination on diarrheic animals that have 
been killed specifically for the purpose of 
obtaining a definitive etiologic diagnosis. 
The combined use of bacteriologic, parasito¬ 
logic, and virological methods, together with 
histologic and immunofluorescent studies of 
fresh intestinal tissue, will provide the most 
useful information about the location of the 
lesions and the presence of enteropathogens. 
Postmortem autolysis of the intestinal 
mucosae and invasion of the tissues by intes¬ 
tinal microflora occurs within minutes after 
death, so gut samples should be collected 
immediately following euthanasia of the 
animal. 

Samples for Confirmation 
of Diagnosis 
Coliform Septicemia 

• Bacteriology—chilled spleen, lung, liver, 
culture swabs of exudates, umbilicus, 
meninges (culture) 

• Histology—fixed samples spleen, lung, 
liver, kidney, brain, and any gross 
lesions 

Enteric Colibacillosis 

• Bacteriology—chilled segments of ileum 
and colon (including content; culture 
and/or FAT, latex agglutination, PCR) 

• Histology—fixed duodenum, jejunum, 
ileum, colon, and mesenteric lymph 
node 
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Table 19-13 Possible causes of bacteremia/septicemia and acute neonatal diarrhea in farm animals 

Calves 

Piglets 

Lambs and kids 

Foals 

Bacteremia/septicemia 

Escherichia coli 

Salmonella spp. 

Listeria monocytogenes 

Pasteurella spp. 

Streptococcus spp. 

Pneumococcus spp. 

E. coli 

Streptococcus 

L. monocytogenes 

E. coli 

Salmonella spp. 

L. monocytogenes 

Erysipelothrix rhusiopathiae 

E. coli 

Actinobacillus equuli 
Salmonella abortivoequina 
Salmonella typhimurium 
Streptococcus pyogenes 

L. monocytogenes 

Acute neonatal diarrhea 

Enteropathogenic and enterotoxigenic E. coli 
Rotavirus 

Coronavirus 

Bovine torovirus (Breda virus) 

Bovine calicivirus 

Bovine norovirus 

Cryptosporidium spp. 

Giardia spp. 

Salmonella spp. 

Eimeria spp. (calves at least 3 weeks old) 

C. perfringens type C 

Enteropathogenic E. coli 
Salmonella spp. 

Transmissible 
gastroenteritis virus 

C. perfringens type C 
(rarely A) 

Clostridium difficile 

Rotavirus 

PRRSV 

Isospora spp. 

Clostridium perfringens type C 

C. perfringens type B 
(lamb dysentery) 

Rotavirus 

Caprine herpesvirus 

Foal-heat diarrhea 

Rotavirus 

C. perfringens type B 

PRRSV, porcine reproductive and respiratory syndrome virus. 


DIFFERENTIAL DIAGNOSIS 


The definitive etiologic diagnosis of septicemic 
colibacillosis is dependent on the laboratory 
isolation of the causative agent, which is 
usually a single species or organism. The 
septicemias of the newborn cannot be 
distinguished from one another clinically. The 
definitive etiologic diagnosis of enteric 
colibacillosis in newborn calves and piglets 
may be difficult and often inconclusive 
because the significance of other organisms in 
the intestinal tract and feces of diarrheic 
animals cannot be easily determined. 

Table 19-13 lists the possible causative 
agents of diarrhea and septicemia in newborn 
farm animals. Using the combined diagnostic 
approach of detection of enteropathogens in 
the feces before death and in the intestinal 
mucosa after death, it is possible to identify 
where ETEC, rotavirus, coronavirus, Salmonella 
spp., and Cryptosporidium spp. appear to be 
the only or principal causative agents. 

However, mixed infections are more common 
than single infections. 

Every effort that is economically possible 
should be made to obtain an etiologic 
diagnosis. This is especially important when 
outbreaks of diarrhea occur in a herd or when 
the disease appears to be endemic. The use 
of an interdisciplinary approach will increase 
the success of diagnosis. This includes making 
a visit to the farm or herd and making a 
detailed epidemiologic investigation of the 
problem. The diagnosis depends heavily on 
the epidemiologic findings, the microbiological 
and pathologic findings, and sometimes on 
the results of treatment. 

The major difficulty is to determine 
whether or not the diarrhea is infectious in 
origin and to differentiate it from dietetic 
diarrhea, which is most common in hand-fed 


calves and in all newborn species that are 
sucking high-producing dams. In dietetic 
diarrhea the feces are voluminous and pasty 
to gelatinous in consistency; the animal is 
bright and alert and is usually still sucking, 
but some may be inappetent. 


TREATMENT 
Coliform Septicemia 
Intensive critical care is required for the 
treatment of neonatal coliform septicemia. 
Early identification of animals suspected of 
being septicemic and early therapeutic inter¬ 
vention are important determinants of the 
treatment success. Evidence from human 
medicine indicates that the survival rate 
must be expected to decrease by 10% for 
every hour antimicrobial therapy is delayed 
in patients in septic shock. 22 A recent con¬ 
sensus statement in human medicine recom¬ 
mends initiation of intravenous antimicrobial 
therapy within the first hour after having rec¬ 
ognized severe septicemia. 23 Thus, in most 
cases antimicrobial therapy has to be initi¬ 
ated before confirmatory culture results are 
available. 

Although E. coli may be cultured from 
the blood of septicemic foals and calves, 
a significant percentage of isolates are 
gram-positive, which justifies the use of anti¬ 
microbials that have a broad spectrum. Anti¬ 
microbials are given parenterally and may be 
given continuously intravenously, more than 
once daily and daily until recovery is appar¬ 
ent. Isolation of the organisms from blood 
and determination of drug sensitivity consti¬ 
tute the ideal protocol. Intravenous fluid 
and electrolyte therapy are administered 
continuously until recovery is apparent 


(see “Principles of Fluid and Electrolyte 
Therapy”). Whole blood transfusions are 
used in calves and foals, especially when 
immunoglobulin deficiency is suspected 
from the history or is determined by mea¬ 
surement of serum immunoglobulins of 
blood. In one series on neonatal septicemia 
in calves, in which E. coli accounted for 50% 
of the bacterial isolates, the survival rate was 
only 12%. 

Enteric Colibacillosis 

The considerations for treatment of enteric 
colibacillosis include the following: 

• Fluid and electrolyte replacement 

• Antimicrobial and immunoglobulin 
therapy 

• Antiinflammatory therapy 

• Antimotility drugs 

• Intestinal protectants 

• Alteration of the diet 

• Probiotics 

• Clinical management of outbreaks 

Fluid and Electrolyte Replacement 

The dehydration, acidosis, and electrolyte 
imbalance are corrected by the parenteral 
and oral use of simple or balanced electrolyte 
solutions. The provision of fluid therapy 
in diarrheic dehydrated calves under field 
conditions in veterinary practice has been 
described. It is important to obtain an ade¬ 
quate history of the case, including age of 
the calf, duration of the diarrhea, and all 
treatments already given by the owner. The 
physical examination of the calf includes a 
standard clinical examination with emphasis 
on evaluating the degree of dehydration and 
acidosis. 

Dehydration is evaluated by two clinical 
observations: 


















• Skin elasticity. The skin of the middle 
of the neck is better than the eyelid. A 
portion of the skin is tented and twisted 
for 1 second, and then the time to 
return to the initial position is 
measured—less than 2 seconds in the 
normal calf, 6 seconds in moderate 
(8%) dehydration, and more than 

8 seconds in severe (12%) dehydration 
(Table 19-12). 

• Position of eyeball in the orbit and 
extent of enophthalmos. This is 
determined by measuring the distance 
between the globe and the orbit. The 
eyeball is not sunken in healthy calves. 
Degrees of dehydration of 4%, 8%, 
and 12% are represented by 2-mm, 
4-mm, and 7-mm enophthalmos, 
respectively (Table 19-12). 

The degree of metabolic acidosis can be 
evaluated by determining the degree of 
obtundation, muscular tone, ability to stand, 
intensity of the sucking reflex, temperature 
of the inside of the oral cavity, and age of the 
calf that correlate with an estimate of the 
base deficit. The following categories for 
diarrheic calves are being used under field 
conditions: 

1. Calves with good muscular tone and the 
ability to stand, strong suck reflex, and 
warm oral cavity have no base deficit if 
younger than 8 days of age and up to 

5 mEq/L if older than 5 days. 

2. Calves that can stand, have a slightly 
cool oral cavity, and have a weak suck 
reflex have a base deficit of 5 mEq/L if 
under 8 days of age and 10 mEq/L if 
older than 8 days. 

3. Calves in sternal recumbency with a 
cool oral cavity and no suck reflex have 
a base deficit of 10 mEq/L if under 8 
days of age and 15 mEq/L if older than 
8 days. 

4. Calves in lateral recumbency that lack a 
suck reflex and have a cold oral cavity 
have a base deficit of 10 mEq/L if under 
8 days of age and 20 mEq/L if older 
than 8 days. 

Categorizing Diarrheic Calves Into 
Treatment Groups 

Based on the history and clinical findings, 
affected calves can be divided into the 
following categories according to the type 
of therapy required and which is most 
economical: 

1. Oral fluid therapy—calves with a 
history of acute diarrhea, less than 7% 
dehydrated, slightly dry oral mucosa, 
good suck reflex, good muscle tone, 
alert, able to stand, and warm mouth. 
These can be treated with oral fluids and 
electrolytes. 

2. Oral fluid therapy and hypertonic 
saline solution—calves with 7% to 9% 
dehydration and slight acidosis, weak 
suck reflex, good muscular tone, and 
warm mouth. Administer hypertonic 
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saline solution (7.5% NaCl) 
intravenously at 3 to 4 mL/kg BW in 5 
minutes. Assure voluntary intake of oral 
fluids, or administer oral fluids and 
electrolytes by stomach tube at 40 
to 60 mL/kg BW. Reevaluate in 6 to 
8 hours. 

3. Intravenous fluid therapy with 
alkalinizing agents—calves that are 
more than 9% dehydrated, have dry and 
cool oral mucous membranes, are 
recumbent, have no suck reflex, and are 
very depressed. Provide intravenous 
replacement and maintenance fluid 
and electrolyte therapy including an 
alkalinizing agent for a period of 6 to 
8 hours and up to 24 to 36 hours if 
necessary. 

The details for parenteral and oral fluid 
and electrolyte therapy are described under 
“Principles of Fluid and Electrolyte Therapy.” 

Antimicrobial Therapy 

Antimicrobials have been used extensively 
for the specific treatment of colibacillosis in 
calves and piglets because it was assumed 
that an infectious enteritis was present. It has 
been difficult to evaluate the efficacy of anti¬ 
microbials for the treatment of enteric coli¬ 
bacillosis because of the complex nature of 
the interactive factors that affect the outcome 
in naturally occurring cases. These include 
the presence of mixed infections, the effects 
of whether or not milk is withheld from the 
diarrheic calves, the effects of the immune 
status of individual calves, the variable times 
after the onset of diarrhea when the drugs are 
given, the possible presence of antimicrobial 
resistance, and the confounding effects of 
supportive treatment such as electrolyte and 
fluid therapy. 

Change in Small Intestinal Bacterial 
Flora in Calves With Diarrhea 

There has been a paradigm shift in the last 
40 years toward categorizing an episode of 
calf diarrhea as being the result of a specific 
etiologic agent, such as rotavirus, coronavi- 
rus, Cryptosporidia, Salmonella spp., or 
ETEC. Although the etiologic approach has 
correctly focused attention on preventive 
programs, including vaccination and opti¬ 
mizing transfer of colostral immunity, the 
approach has diverted attention from the 
universal finding of all studies, which is that 
calves with diarrhea of whatever etiology 
have coliform bacterial overgrowth of the 
small intestine. 

Studies completed more than 70 years 
ago documented increased numbers of E. 
coli bacteria in the abomasum, duodenum, 
and jejunum of scouring calves. Moreover, 
calves severely affected with diarrhea had 
increased numbers of E. coli bacteria in the 
anterior portion of their intestinal tracts 
compared with mildly affected animals. 
More recent studies have consistently docu¬ 
mented the fact that calves with naturally 


acquired diarrhea, regardless of age and the 
etiologic cause for the diarrhea, have altered 
small intestinal bacterial flora. Specifically, E. 
coli bacterial numbers were increased 5- to 
10,000-fold in the duodenum, jejunum, and 
ileum of calves with naturally acquired diar¬ 
rhea, even when the diarrhea was not attrib¬ 
utable to ETEC, and where rotavirus and 
coronavirus were identified in the feces. The 
largest increase in E. coli bacterial numbers 
occurs in the distal jejunum and ileum, 
whereas the E. coli or coliform bacterial 
numbers in the colon and feces are similar or 
higher for calves with diarrhea than calves 
without diarrhea, with E. coli being more 
numerous in the feces of colostrum-deprived 
than colostrum-fed calves. Small intestinal 
overgrowth with coliform bacteria can 
persist after departure of the initiating enteric 
pathogen. 

In calves with naturally acquired diar¬ 
rhea, increased small-intestinal colonization 
with E. coli has been associated with impaired 
glucose, xylose, and fat absorption. 

Mixed infections with enteric pathogens 
are commonly diagnosed in calves with nat¬ 
urally acquired diarrhea, and the clinical 
signs and pathologic damage associated with 
rotavirus infection are more severe when E. 
coli is present than when it is absent. Primary 
viral morphologic damage to the small intes¬ 
tine also facilitates systemic invasion by 
normal intestinal flora, including E. coli. 

In calves with experimentally induced 
ETEC diarrhea, colonization of the small 
intestine by E. coli has been associated with 
impaired glucose and lactose absorption, 
decreased serum glucose concentration, and 
possibly increased susceptibility to crypto- 
sporidial infection. 

In summary, calves with diarrhea have 
increased coliform bacterial numbers in 
the small intestine, regardless of etiology, 
and this colonization is associated with 
altered small-intestinal function, morpho¬ 
logic damage, and increased susceptibility to 
bacteremia. It therefore follows that admin¬ 
istration of antimicrobials that decrease 
small-intestinal coliform bacterial numbers 
in calves with diarrhea may prevent the 
development of bacteremia, decrease mor¬ 
tality, and decrease morphologic damage to 
the small intestine, thereby facilitating 
digestion and absorption and increasing 
growth rate. 

Incidence of Bacteremia in Calves 
With Diarrhea 

Calves with diarrhea are more likely to have 
FTPI, and this group of calves, in turn, is 
more likely to be bacteremic. Colostrum- 
deprived calves that subsequently developed 
diarrhea were frequentlybacteremic, whereas 
bacteremia occurred much less frequently 
in colostrum-fed calves that developed 
diarrhea. 

Based on field studies of diarrheic calves, 
it can be assumed that, on average, 30% of 
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severely ill calves with diarrhea are bacte- 
remic, with E. coli being the predominantly 
isolated pathogen. The risk of bacteremia is 
higher in calves with FTPI than in calves 
with adequate transfer of passive immunity, 
and the risk of bacteremia is higher in calves 
5 days of age or younger. Veterinarians 
should also assume that 8% to 18% of diar- 
rheic calves with adequate transfer of passive 
immunity and systemic illness are bactere- 
mic. The prevalence of bacteremia is suffi¬ 
ciently high in systemically ill calves that 
effective antimicrobial treatment for poten¬ 
tial bacteremia should be routinely insti¬ 
tuted, with emphasis on treating potential 
E. coli bacteremia, regardless of transfer of 
passive immunity status and treatment cost. 
Withholding an effective treatment for a life- 
threatening condition, such as bacteremia in 
calves with diarrhea, cannot be condoned on 
animal welfare grounds. 

Antimicrobial Susceptibility of Fecal 
Escherichia coli Isolates 
The most important determinant of antimi¬ 
crobial efficacy in calf diarrhea is obtaining 
an effective antimicrobial concentration 
against bacteria at the sites of infection 
(small intestine and blood). The results of 
fecal antimicrobial susceptibility testing have 
traditionally been used to guide treatment 
decisions; however, susceptibility testing in 
calf diarrhea probably has clinical relevance 
only when applied to fecal isolates of ETEC 
or pathogenic Salmonella spp. and blood 
culture isolates from calves with bacteremia. 
Validation of susceptibility testing as being 
predictive of treatment outcome for calves 
with diarrhea is currently lacking. 

The ability of fecal bacterial culture and 
antimicrobial susceptibility testing using the 
Kirby-Bauer technique to guide treatment in 
calf diarrhea is questionable when applied to 
fecal E. coli isolates that have not been identi¬ 
fied as enterotoxigenic. There do not appear 
to be any data demonstrating that fecal bac¬ 
terial flora is representative of the bacterial 
flora of the small intestine, which is the phys¬ 
iologically important site of infection in calf 
diarrhea. Marked changes in small-intestinal 
bacterial populations can occur without 
changes in fecal bacterial populations, and 
the predominant strain of E. coli in the feces 
of a diarrheic calf can change several times 
during the diarrhea episode. Furthermore, 
and most importantly, 45% of calves with 
diarrhea had different strains of E. coli iso¬ 
lated from the upper and lower small intes¬ 
tine, indicating that fecal E. coli strains are 
not always representative of small-intestinal 
E. coli strains. Marked discrepancies in anti¬ 
microbial resistance among E. coli strains 
isolated from different segments of the upper 
and lower intestinal tract of healthy veal 
calves at slaughter have also been reported in 
a more recent study. 24 

An additional bias present in most anti¬ 
microbial susceptibility studies conducted 


on fecal E. coli isolates is that data are fre¬ 
quently obtained from dead calves, which are 
likely to be treatment failures. The time since 
death is also likely to be an important deter¬ 
minant of the value of fecal culture because 
such a rapid proliferation of bacteria occurs 
in the alimentary tract after death that the 
results of examinations made on dead calves 
received at the laboratory can have little 
significance. Calves that die of diarrhea 
are likely to have received multiple antimi¬ 
crobial treatments, and preferential growth 
of antimicrobial-resistant E. coli strains starts 
within 3 hours of antimicrobial administra¬ 
tion. A further concern with fecal suscepti¬ 
bility testing is that the Kirby-Bauer 
breakpoints (minimum inhibitory concen¬ 
tration [MIC]) are not based on typical 
antimicrobial concentrations in the small 
intestine and blood of calves. Studies docu¬ 
menting the antimicrobial susceptibility of E. 
coli isolates from the small intestine of 
untreated calves, based on achievable drug 
concentrations and dosage regimens, are 
urgently needed. Until these data are avail¬ 
able, it appears that antimicrobial efficacy 
is best evaluated by the clinical response 
to treatment, rather than the results of in 
vitro antimicrobial susceptibility testing per¬ 
formed on fecal E. coli isolates. Thus, the 
value of antimicrobial susceptibility testing 
as a tool to guide the choice of an antibiotic 
to treat enterotoxigenic colibacillosis must 
currently be considered as very limited. 
Nonetheless, antimicrobial susceptibility 
testing presents an important tool to monitor 
the development of resistances not only of 
pathogens, but also of so-called indicator 
bacteria normally isolated in healthy animals 
in the field. 25,26 Because antimicrobial resis¬ 
tance can be transferred via plasmids from 
apathogenic bacteria to pathogens, monitor¬ 
ing trends in resistance patterns in the field 
is of critical importance. 

Surveillance for Antimicrobial 
Resistance in Escherichia coli Isolates 
The purpose of monitoring antimicrobial 
resistance through so-called indicator bacte¬ 
ria is to avoid misjudgment (overestimation) 
of resistance levels that would be extrapolated 
from resistance of pathogenic bacteria. 24 As 
mentioned earlier, pathogens isolated from 
sick or deceased animals have frequently 
been exposed to antimicrobial therapy which 
is likely to alter resistance patterns. A com¬ 
parison of antibiotic resistance for E. coli 
populations isolated from groups of diarrheic 
and control calves in the United Kingdom 
found a higher incidence of antibiotic- 
resistant E. coli in samples obtained from 
farms with calf diarrhea than from farms 
without the disease. Considering all samples, 
bacterial colonies in 84% were resistant to 
ampicillin, in 13% to Apramycin, and in 6% to 
nalidixic acid. Antibiotic resistance among 
ETEC from piglets and calves with diarrhea 
in a diagnostic laboratory survey of one 


geographic area in Canada over a 13-year 
period found that the least resistance occurred 
against ceftiofur for all isolates, followed by 
apramycin and gentamicin for porcine and 
florfenicol for bovine isolates. 

In a UK study over a 5-year period, E. coli 
isolates from calves with diarrhea became 
more resistant to furazolidone, trimethoprim - 
potentiated sulfonamide, clavulanic-acid- 
potentiated amoxicillin, and tetracycline. E. 
coli strains from outbreaks of diarrhea in 
lambs in Spain became increasingly resistant 
to nalidixic acid, enoxacin, and enrofloxacin. 
Some antimicrobial-resistant E. coli strains 
from diarrheic calves in the United States 
may possess a chromosomal flo gene that 
specifies cross-resistance to both florfenicol 
and chloramphenicol, and its presence 
among E. coli isolates of diverse genetic back¬ 
grounds indicates a distribution much wider 
than previously thought. In Spain, 5.9% of E. 
coli strains from cattle were resistant to nali¬ 
dixic acid, and 4.9% were resistant to enro¬ 
floxacin and ciprofloxacin. In sheep and 
goats, only 0.5% and 1.4%, respectively, of 
the strains were resistant to nalidixic acid, 
and none was resistant to fluoroquinolones. 
Most of the quinolone-resistant strains were 
nonpathogenic strains isolated from cattle. 
Susceptibility data obtained from 10 Euro¬ 
pean countries for the years 2002 to 2004 
revealed that although there was a generally 
high prevalence of resistance of E. coli iso¬ 
lated from diarrheic calves, resistance pat¬ 
terns varied considerably between countries. 25 
Generally high resistance of E. coli in the 
range of 50% or higher was reported from 
most countries for ampicillin, streptomycin, 
sulfonamides, trimethoprim, combinations 
of trimethoprim and sulfonamides, and tet¬ 
racyclines. 2 ' Although resistance of E. coli 
isolated from diarrheic calves against fluoro¬ 
quinolones was rare in several countries, 
resistance rates at or above 20% were reported 
from Spain, Belgium, and France. 2 ' In certain 
regions of Italy the incidence of enrofloxa- 
cin-resistant E coli strains was reported to 
have increased from 14.2% in 2002 to over 
40% in 2008. 27 

The CTX-M-14-like enzyme has been 
detected in E. coli recovered from the feces 
of diarrheic dairy calves in Wales. The 
enzyme is an extended-spectrum beta- 
lactamase (ESBL), which confers resistance 
to a wide range of beta-lactam (penicillin 
and cephalosporin) compounds. Organisms 
possessing ESBLs are considered to be 
resistant to second-, third-, and fourth- 
generation cephalosporins, and in vitro 
resistance to amoxicillin/clavulanate among 
producers is variable, reflecting the amount 
of beta-lactamase produced. In addition to 
this enzyme, the isolates produced a TEM-35 
(IRT-4) beta-lactamase that conferred resis¬ 
tance to the amoxicillin/clavulanate combi¬ 
nation. These two enzymes confer resistance 
to all the beta-lactamase compounds 
approved for veterinary use in the United 





Kingdom. Thus their occurrence in animals 
may be an important development for both 
animal and public health. ESBLs in human 
infections have emerged as a significant and 
developing problem, occurring in patients in 
the community and in those with recent hos¬ 
pital contact. Spread of this form of resis¬ 
tance in bacteria affecting the animal 
population could have serious implications 
for animal health, rendering many therapeu¬ 
tic options redundant. 

Antimicrobial resistance to intestinal 
bacteria also occurs in dairy calves fed milk 
from cows treated with antibiotics and has 
been associated with the prophylactic 
administration of medicated milk replacer . 28 
The resistance increases with higher concen¬ 
trations of antibiotics in the milk. Suscepti¬ 
bility of fecal and environmental E. coli. 
Salmonella spp., and Campylobacter spp. to 
tetracyclines was monitored on farms during 
use of medicated milk replacer and after dis¬ 
continuation of this practice. Discontinuing 
the use of medicated milk replacer resulted 
in increased susceptibility of these organisms 
to tetracyclines within 3 months, without 
causing an increase of disease occurrence . 28 

Antimicrobial Susceptibility of Blood 
Escherichia coli Isolates 
The Kirby-Bauer technique for antimicro¬ 
bial susceptibility testing has more clinical 
relevance for predicting the clinical response 
to antimicrobial treatment when applied 
to blood isolates rather than fecal isolates. 
This is because the Kirby-Bauer breakpoints 
(MICs) are based on achievable antimicro¬ 
bial concentrations in human plasma and 
MIC 90 values for human E. coli isolates, 
which provide a reasonable approximation 
to achievable MIC values in calf plasma 
and MIC 90 values for bovine E. coli isolates. 
Unfortunately, susceptibility results are not 
available for at least 48 hours, and very few 
studies have documented the antimicrobial 
susceptibility of blood isolates in calves with 
diarrhea. In a 1997 study of dairy calves 
in California, the antimicrobial suscepti¬ 
bility of isolates from the blood of calves 
with severe diarrhea or illness produced 
the following results: ceftiofur, 19/25 (76%) 
sensitive; potentiated sulfonamides, 14/25 
(56%) sensitive; gentamicin, 12/25 (48%) 
sensitive; ampicillin, 11/25 (44%) sensitive; 
tetracycline, 3/25 (12%) sensitive, although 
there was a clinically significant year-to- 
year difference in the results of susceptibil¬ 
ity testing that may have reflected different 
antimicrobial administration protocols on 
the farm. 

Evidence-Based Recommendations 
for Antimicrobial Treatment of 
Diarrheic Calves 

The four critical measures of success of 
antimicrobial therapy in calf diarrhea 
are as follows (in decreasing order of impor¬ 
tance): ( 1 ) mortality rate, ( 2 ) growth rate in 
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survivors, (3) severity of diarrhea in survi¬ 
vors, and (4) duration of diarrhea in 
survivors. 

In his review of the literature on the use 
of antibiotics for the treatment of calf diar¬ 
rhea, Constable concluded that the statement 
that oral or parenteral antimicrobials should 
not be used is not supported by a critical 
evidence-based review of the literature . 29 The 
arguments used to support a nonantimicro¬ 
bial treatment approach have included the 
following: 

• Orally administered antimicrobials alter 
intestinal flora and function and thereby 
induce diarrhea, which has been 
documented on more than one occasion 
with chloramphenicol, neomycin, and 
penicillin. 

• Antimicrobials harm the “good” bacteria 
in the small intestine more than the 
“bad” bacteria (an undocumented claim 
in the calf). 

• Antimicrobials are not effective (a 
statement that is clearly not supported 
by the results of some published 
peer-reviewed studies). 

• Antimicrobial administration promotes 
the selection of antimicrobial resistance 
in enteric bacteria. 

In calves with diarrhea and moderate to 
severe systemic illness, the positive predic¬ 
tive value (0.65) of clinical tests (sensitivity = 
0.39, specificity = 0.91) and the positive pre¬ 
dictive value (0.77) of laboratory tests (sen¬ 
sitivity = 0.40, specificity = 0.95) for detecting 
bacteremia are too low, assuming reasonable 
estimates for the prevalence of bacteremia 
(30%). Accordingly, it is recommended that 
clinicians routinely assume that 30% of ill 
calves with diarrhea are bacteremic and that 
bacteremia constitutes a threat to the life of 
the calf. Antimicrobial treatment of diarrheic 
calves should therefore be practiced and 
focused against E. coli in the small intestine 
and blood because these constitute the two 
sites of infection. In addition, the antimicro¬ 
bial must reach therapeutic concentrations at 
the site of infection for a long enough period 
(the treatment interval) and, ideally, have 
only a narrow gram-negative spectrum of 
activity to minimize collateral damage to 
other enteric bacteria. Fecal bacterial culture 
and antimicrobial susceptibility testing is 
not recommended in calves with diarrhea 
because fecal bacterial populations do not 
accurately reflect small-intestinal or blood 
bacterial populations, and the breakpoints 
for susceptibility test results have 
not been validated. Antimicrobial efficacy is 
therefore best evaluated by the clinical 
response to treatment. 

The efficacy of antimicrobial therapy can 
vary with the route of administration and 
when given orally, whether the antimicrobial 
is dissolved in milk, oral electrolyte solu¬ 
tions, or water. Oral antimicrobials adminis¬ 
tered as a bolus or contained in a gelatin 
capsule are deposited into the rumen and 


therefore have a different serum concentra¬ 
tion-time profile than antimicrobials dis¬ 
solved in milk replacer that are suckled by 
the calf. Antimicrobials that bypass the 
rumen are not thought to alter rumen micro¬ 
flora, potentially permitting bacterial recolo¬ 
nization of the small intestine from the 
rumen. Finally, when oral antimicrobials are 
administered to calves with diarrhea, the 
antimicrobial concentration in the lumen of 
the small intestine is lower and the rate of 
antimicrobial elimination faster than in 
healthy calves. 

In the United States parenterally admin¬ 
istered oxytetracycline and sulfachloropyr- 
idiazine and orally administered amoxicillin, 
chlortetracycline, neomycin, oxytetracy¬ 
cline, streptomycin, sulfachloropyridazine, 
and sulfamethazine are currently labeled for 
the treatment of calf diarrhea. Unfortunately, 
there is little published data supporting their 
efficacy in treating calves with diarrhea. 
Extralabel antimicrobial use (excluding pro¬ 
hibited antimicrobials) is therefore justified 
in treating calf diarrhea because of the appar¬ 
ent lack of published studies documenting 
clinical efficacy of antimicrobials with a label 
claim and because the health of the animal is 
threatened; suffering or death may result 
from failure to treat systemically ill calves. 

Administration of Oral Antimicrobials 
to Treat Escherichia coli Overgrowth 
of the Small Intestine 

Based on published evidence for the oral 
administration of these antimicrobial agents, 
only amoxicillin can be recommended 
for the treatment of diarrhea; dosage 
recommendations are amoxicillin trihydrate 
(10 mg/kg every 12 h) or amoxicillin trihy- 
drate-clavulanate potassium (10 mg/kg 
amoxicillin trihydrate and 2.5 mg/kg 
clavulanate potassium every 12 h) for at least 
3 days; the latter constitutes extralabel drug 
use. Concurrent feeding of milk and amoxi¬ 
cillin does not change the bio availability of 
amoxicillin, although amoxicillin is absorbed 
faster when dissolved in an oral electrolyte 
solution than in milk replacer, and absorp¬ 
tion is slowed during endotoxemia, presum¬ 
ably because of a decrease in abomasal 
emptying rate. Amoxicillin trihydrate is 
preferred to ampicillin trihydrate for oral 
administration in calves because it is labeled 
for the treatment of calf diarrhea in the 
United States and is absorbed to a much 
greater extent. However, a field study com¬ 
paring oral amoxicillin (400 mg every 12 h) 
and ampicillin (400 mg every 12 h) treat¬ 
ments for diarrhea reported similar propor¬ 
tions of calves with a good to excellent 
clinical response (79%, 49/62 for amoxicillin 
bolus; 80%, 59/74 for amoxicillin powder; 
65%, 47/65 for ampicillin bolus; p > 0.30 for 
all comparisons). The addition of clavulanate 
potassium to amoxicillin trihydrate is rec¬ 
ommended because clavulanate potassium, 
although not having a direct antimicrobial 
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effect, is a potent irreversible inhibitor of 
beta-lactamase, increasing the antimicrobial 
spectrum of activity. 

Oral administration of potentiated sul¬ 
fonamides is not recommended for treating 
calf diarrhea because of the lack of efficacy 
studies. Gentamicin (50 mg/calf orally every 
12 h) markedly decreased E. coli bacterial 
concentrations in the feces of healthy calves, 
and treatment with gentamicin has been 
shown to improve stool consistency in calves 
with experimentally induced E. coli diarrhea. 
However, oral administration of gentamicin 
is not recommended because antimicrobials 
administered to calves with diarrhea should 
have both local and systemic effects, and 
orally administered gentamicin is poorly 
absorbed. 

Colistin administered orally is frequently 
used in calves in piglets to treat enterotoxic 
colibacillosis. Oral colistin will decrease the 
number of E. coli bacteria in the intestinal 
lumen and thereby the amount of entero- 
toxin affecting the intestinal mucosa and can 
present an effective treatment of uncompli¬ 
cated cases of enteric colibacillosis. Because 
colistin is poorly absorbed from the alimen¬ 
tary tract, this treatment is not indicated in 
cases of suspected septicemia. 

Oxytetracycline and chlortetracycline are 
not recommended for the oral treatment of 
bacteremia, although tetracyclines may have 
some efficacy for treating E. coli bacterial 
overgrowth of the small intestine. Tetracy¬ 
clines are bound to calcium, and oral bio¬ 
availability when administered with milk 
is 46% for oxytetracycline and 24% for 
chlortetracycline. 

Florfenicol achieves high concentrations 
in the lumen of the small intestine and is 89% 
absorbed when orally administered to milk- 
fed calves; however, florfenicol does not 
provide the most appropriate antimicrobial 
for treating calf diarrhea, because the MIC 90 
for E. coli is very high at 25 jjg/mL and flor¬ 
fenicol (11 mg/kg orally) was shown to fail 
to reach the MIC 90 value in plasma. 

Fluoroquinolones clearly have proven 
efficacy in treating calf diarrhea, and a label 
indication exists in Europe for oral and par¬ 
enteral enrofloxacin and oral marbofloxacin 
for the treatment of calf diarrhea. Oral fluo¬ 
roquinolones have a high oral bioavailability. 
However, it must be emphasized that extral¬ 
abel use of the fluoroquinolone class of anti¬ 
microbials in food-producing animals in the 
United States is illegal and obviously not 
recommended. Also, in other countries it 
may be illegal to use some of the antimicro¬ 
bials mentioned here because of the regula¬ 
tions regarding their use in food-producing 
animals. 

The indiscriminate use of antibiotics in 
milk replacers for the treatment of newborn 
calves and piglets is widespread and must be 
viewed with concern when the problem of 
drug-resistance transfer from animal to 
animal and to humans is considered. 


In calves with diarrhea and no systemic 
illness (normal appetite for milk or milk 
replacer, no fever), it is recommended that 
the clinician should monitor the health of 
the calf and should not administer oral 
antimicrobials. 

Administration of Parenteral 
Antimicrobials to Treat Escherichia 
coli Bacteremia 

A common and widely recommended treat¬ 
ment is ceftiofur (2.2 mg/kg intramuscu¬ 
larly/subcutaneously every 12 h) for at least 
3 days. Ceftiofur is a broad-spectrum third- 
generation cephalosporin and beta-lactam 
antimicrobial that is resistant to the action of 
beta-lactamase; the MIC 90 for E. coli is less 
than 0.25 jig/mL, the recommended dosage 
schedule maintains free plasma antimicro¬ 
bial concentrations at the desired value of 
four times the MIC 90 value for the duration 
of treatment in 7-day-old calves, and 30% of 
the active metabolite of ceftiofur (desfuroyl- 
ceftiofur) is excreted into the intestinal tract 
of cattle, providing antimicrobial activity 
in both the blood and the small intestine. 
Parenteral (2 mg/kg, intramuscularly once) 
administration of ceftiofur hydrochloride 
decreased mortality rate and the severity of 
diarrhea in pigs with experimentally induced 
enteric colibacillosis, although these pigs 
were not suspected to be bacteremic. The 
beneficial effects of parenteral ceftiofur in 
these pigs was attributed to decreasing intes¬ 
tinal luminal concentration of pathogenic E. 
coli. Administration of ceftiofur to treat bac¬ 
teremia and diarrhea in calves constitutes 
extralabel drug use. 

In those countries where the use of fluo¬ 
roquinolones in food-producing animals is 
permitted for this indication, parenteral 
administration to calves with diarrhea has 
been recommended because of their broad- 
spectrum bactericidal activity, particularly 
against gram-negative bacteria. It must be 
emphasized that extralabel use of the fluoro¬ 
quinolone class of antimicrobials in food- 
producing animals in the United States and 
other countries is illegal and obviously not 
recommended. 

Cephalosporins and fluoroquinolones are 
among the most commonly used antimicro¬ 
bials to treat colibacillosis in farm animals 
because of their proven efficacy and because 
they have largely maintained their activity 
against E. coli. Recent trends of decreasing 
susceptibility of E. coli and other pathogens 
mainly to fluoroquinolones and to a lesser 
degree to third- and fourth-generation ceph¬ 
alosporins have, however, been reported and 
present a serious public health issue (see fol¬ 
lowing discussion under “Use of Antimicro¬ 
bials That Are of Critical Importance for 
Human and Veterinary Medicine”). 25 ' 27 

Another recommended treatment is 
parenteral amoxicillin trihydrate or ampicil- 
lin trihydrate (10 mg/kg intramuscularly 
every 12 h) for at least 3 days. Although par¬ 


enteral ampicillin has proven efficacy 
in treating naturally acquired diarrhea, 
whereas ceftiofur has unproven efficacy, the 
broad-spectrum beta-lactam antimicrobials 
amoxicillin and ampicillin are theoretically 
inferior to ceftiofur because parenterally 
administered ampicillin and amoxicillin 
reach lower plasma concentrations and 
require a higher MIC than ceftiofur, and they 
are not beta-lactamase-resistant. The intra¬ 
muscular administration of amoxicillin and 
ampicillin is preferable over subcutaneous 
administration because the rate and extent of 
absorption are superior after intramuscular 
injection. 

Parenteral treatment with potentiated 
sulfonamides (20 mg/kg sulfadiazine with 
5 mg/kg trimethoprim, intravenously or 
intramuscularly depending on the formu¬ 
lation characteristics, every 24 h for 
5 d) is also widely used. The efficacy of 
potentiated sulfonamides has only been 
proved when treatment commenced before 
clinical signs of diarrhea were present. It is 
therefore unknown whether potentiated 
sulfonamides are efficacious when adminis¬ 
tered to calves with diarrhea and depression, 
although it is likely that potentiated sulfon¬ 
amides are efficacious in the treatment of 
salmonellosis. 

Parenteral administration of gentamicin 
and other aminoglycosides (amikacin, kana- 
mycin) cannot currently be recommended as 
part of the treatment for calf diarrhea because 
of the lack of published efficacy studies, 
prolonged slaughter withdrawal times (15 
to 18 months), potential for nephrotoxicity 
in dehydrated animals, and availability of 
amoxicillin, ampicillin, and ceftiofur. 

Chloramphenicol had proven efficacy in 
treating calf diarrhea resulting from Salmo¬ 
nella enterica serotypes Bredeney and 
Dublin, but it is now illegal for use in food- 
producing animals in the United States and 
in many other countries. The related antimi¬ 
crobial florfenicol (20 mg/kg intramuscu¬ 
larly) failed to reach the MIC 90 value in 
plasma and only exceeded the MIC 90 value 
for less than 60 minutes when administered 
intravenously (11 to 20 mg/kg IV). 

In calves with diarrhea and no systemic 
illness (normal appetite for milk or milk 
replacer, no fever), the clinician should 
monitor the health of the calf and refrain 
from administering oral or parenteral 
antimicrobials. 

Use of Antimicrobials That Are of 
Critical Importance for Human and 
Veterinary Medicine 

Antimicrobials commonly used for the treat¬ 
ment of colibacillosis in food-producing 
animals include third- and fourth-genera¬ 
tion cephalosporins and fluoroquinolones, 
some of which have a label for the treatment 
of septicemia caused by E.coli in calves in 
some European and other countries and 
some of which can be used in an extralabel 
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manner in certain countries. 30 These classes 
of antimicrobials are considered to be criti¬ 
cally important for human and animal 
health, and thus recent reports of increasing 
prevalence of resistance of E. coli , Salmonella 
spp., and Enterobacter spp. against these 
classes of antimicrobials are very concern¬ 
ing. 25 ' 27 Although there appears to be general 
consensus that these antimicrobials should 
be used restrictively in veterinary medicine, 
there is currently no harmonized approach 
on prudent use of cephalosporins and 
fluoroquinolones in animals. Guidance on 
prudent use of antimicrobials for animals 
have been published in many countries, but 
most are on a general level, and cephalospo¬ 
rins and fluoroquinolones are not always 
specially addressed. 10 

The World Organization for Animal 
Health (OIE) issued the following 
recommendations for these classes of 
antimicrobials: 11 

• They are not to be used as preventive 
treatment applied by feed or water in 
the absence of clinical signs. 

• They are not to be used as first-line 
treatment unless justified. When used in 
a second-line treatment, such use should 
ideally be based on the results of 
bacteriologic tests. 

• Extralabel/off-label use should be 
limited and reserved for instances in 
which no alternatives are available. Such 
use should be in agreement with the 
national legislature in force. 

Immunoglobulin Therapy 

One of the important factors determining 
whether or not an animal will survive enteric 
colibacillosis is the serum immunoglobulin 
status of the animal before it develops the 
disease. The prognosis is unfavorable if the 
level of immunoglobulin is low at the onset 
of diarrhea, regardless of intensive fluid and 
antimicrobial therapy. Most of the literature 
on therapy omits this information and is 
therefore difficult to assess. There is ample 
evidence that the mortality rate will be high 
in diarrheic calves that are deficient in serum 
immunoglobulin, particularly IgG, in spite of 
exhaustive antimicrobial and fluid therapy. 
This has stimulated interest in the possible 
use of purified solutions of bovine gamma¬ 
globulin in diarrheic calves that are hypo¬ 
gammaglobulinemia However, they must be 
given by the intravenous route and in large 
amounts, the cost of which would be pro¬ 
hibitive. In addition, they are unlikely to be 
of value once the calf is affected with diar¬ 
rhea; they are protective and probably not 
curative. Whole blood transfusion to severely 
affected calves may be used as a source of 
gammaglobulin, but unless given in large 
quantities will not significantly elevate serum 
immunoglobulin concentrations in deficient 
calves. Limited controlled trials indicate that 
there is no significant difference in the sur¬ 
vival rate of diarrheic calves treated with 


either a blood transfusion daily for 3 days; 
fluid therapy given orally subcutaneously, 
or intravenously, depending on the severity 
of the dehydration; or fluid therapy with 
antibiotics. Those calves that survived, 
regardless of the type of therapy, had high 
immunoglobulin concentrations before they 
developed diarrhea. This emphasizes the 
importance of the calf ingesting liberal quan¬ 
tities of colostrum within the first few hours 
after birth. 

Analgesic and 
Antiinflammatory Therapy 

Pain in sick farm animals has become an 
important issue for veterinarians and pro¬ 
ducers and is perceived as important animal 
welfare issue by the public. Adequate pain 
management should be part of any state-of- 
the-art treatment approach. 

Diarrhea can be accompanied by abdom¬ 
inal pain as a result of intestinal inflamma¬ 
tion and cramping. In addition to controlling 
pain, the main objectives of antiinflamma¬ 
tory therapy in animals with colibacillosis 
are to control the inflammatory process in 
the intestinal tract and to ameliorate the 
effects of endotoxemia and septicemia. 12 
Several field studies reported that diarrheic 
calves receiving nonsteroidal antiinflamma¬ 
tory drugs (NSAIDs) in conjunction with 
fluid therapy showed less signs of pain, made 
a faster recovery and had better weight gains 
in the reconvalescent period. 11 Although the 
underlying mechanisms do not appear to 
have been studied in detail, the proven 
beneficial effects of several NSAIDs have 
been attributed to their analgesic, antiin¬ 
flammatory, antipyretic, and antisecretory 
properties. 

Two broad categories of antiinflamma¬ 
tory agents that are available are the cortico¬ 
steroids and the NSAIDs. Little evidence 
documenting the efficacy of corticosteroids 
for the treatment of calf diarrhea is available, 
but the use of this class of antiinflammatory 
drugs has been discouraged on the theoreti¬ 
cal grounds that diarrheic calves already tend 
to have higher concentrations of plasma 
cortisol of endogenous origin and because 
of the immunosuppressive effect of these 
compounds. 32 

The efficacy of different NSAIDs such as 
meloxicam, ketoprofen, or flunixin meglu¬ 
mine in diarrheic calves that were systemi- 
cally ill has been investigated in several 
studies. 12 A single treatment with meloxicam 
(0.5 mg/kg intravenously [IV]) and treat¬ 
ment with ketoprofen (6 mg/kg IV) twice, 4 
hours apart, were both found to improve 
general attitude, the fecal score, and the feed 
intake of systemically affected calves with 
diarrhea. 32 Flunixin meglumine (2.2 mg/kg 
IV) hastened clinical recovery, but only for 
animals that had visible amounts of blood 
in feces. 34 

Because treatment with NSAIDs in diar¬ 
rheic animals bears the risk of causing renal 


damage by further decreasing renal perfu¬ 
sion in already dehydrated animals, adequate 
oral and/or parenteral fluid therapy must be 
assured. An empirical guideline posits that 
treatment with NSAIDs should be limited to 
a single treatment whenever possible but 
should not exceed three treatments, a recom¬ 
mendation that has been justified by the risk 
of abomasal ulceration that is associated with 
prolonged use of these antiinflammatory 
agents. 12 

Antimotility Drugs 

Administration of substances reducing 
intestinal motility to treat diarrhea in 
farm animals is advocated by some veteri¬ 
narians. Compounds such as hyoscine-N- 
butylbromide and atropine have a proven 
inhibitory effect on intestinal motility, which 
undisputedly results in a rapid decrease of 
the fecal output in diarrheic patients. 
Although reducing fecal production may be 
interpreted as positive treatment outcome, it 
can also be seen as sequestration of gut fluid 
in the intestinal tract. Delaying the excretion 
of intestinal contents in patients suffering 
from malabsorptive diarrhea bears the risk 
of enhanced fermentation of unabsorbed 
carbohydrates and other nutrients. This 
could not only exacerbate enteral dysbiosis, 
but also the accumulation of D-lactic acid, 
which was found to markedly contribute to 
the clinical symptoms observed in diarrheic 
calves. 12 There does not appear to be any 
hard evidence in favor or against the use of 
antimotility drugs in diarrheic animals. 
Their use is nonetheless discouraged based 
on the possible negative effects that certainly 
outweigh the subjective perception of clini¬ 
cal improvement that is based on the appar¬ 
ent reduction of feces production. 32,35 

Intestinal Protectants 

Intestinal protectants such as kaolin and 
pectin are in general use for diarrheic 
animals; however, as with antimotility drugs, 
their value is uncertain. When they are used, 
the feces become bulky, but intestinal protec¬ 
tants do not have any known effect on the 
pathogenesis of the disease. 

Alteration of the Diet 

Whether or not diarrheic newborn animals 
should be deprived of milk during the period 
of diarrhea is under controversial debate. 
Diarrheic piglets are usually treated with an 
antimicrobial orally and left to nurse on the 
sow. Diarrheic beef calves are commonly 
treated with oral fluids and electrolytes and 
left with the cow. However, in dairy calves it 
is a common practice to reduce the milk 
intake of diarrheic animals for up to 24 hours 
or until there is clinical evidence of improve¬ 
ment. The withholding of milk from diar¬ 
rheic calves has been advocated based on 
the consideration that lactose digestion is 
impaired and that “resting” the intestine 
for a few days will consequently minimize 
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additional osmotic diarrhea caused by fer¬ 
mentation of undigested lactose in the large 
intestine. In contrast, the argument in favor 
of continuous feeding of milk is that the 
intestinal tract requires a constant source of 
nutrition, which it receives from the ingesta 
in the lumen of the intestine. To date, there 
is no scientific evidence available confirming 
that transiently starving diarrheic animals 
has any beneficial effects on the clinical 
outcome. Studies exploring the effect of con¬ 
tinuous milk feeding in diarrheic calves 
failed to confirm any deleterious effect, such 
as prolonged morbidity time, higher mortal¬ 
ity rate, or higher treatment frequency. To 
the contrary, calves kept on milk had higher 
weight gains during the period of reconvals- 
cence. 32,36 Although diarrheic animals clearly 
should be supplemented with oral electrolyte 
solutions to assist the compensation of exces¬ 
sive fluid and electrolyte loss, the currently 
available evidence is clearly in favor of 
maintaining the animal on milk or milk 
replacer. Calves should be offered reduced 
quantities of whole milk per feeding 
with higher feeding frequency. Milk should 
not be diluted with water because this may 
interfere with the clotting mechanism in the 
abomasum. In contrast to oral electrolyte 
solutions, milk should not be force-fed with 
an esophageal tube feeder because this will 
prevent closure of the reticular groove and 
thus foster accumulation of milk in the 
rumen, where it would be subject to bacterial 
fermentation. 

Probiotics 

The use of so-called probiotics for treatment 
and prevention of diarrhea has become 
increasingly popular over the past decades. 
Probiotics are defined as live microorgan¬ 
isms that, when administered in adequate 
amounts, confer a beneficial effect on the 
health of the host. 37 Most probiotics intended 
for veterinary use belong to the broad 
class of lactic acid bacteria, which include 
Lactobacillus, Bifidobacterium, Enterococcus, 
and Streptococcus spp. Probiotics have been 
claimed to promote gastrointestinal health 
and immunity, to reduce the shedding of 
potential pathogens in feces, and to reduce 
the need for therapeutic intervention. 38 Most 
importantly, probiotics are widely consid¬ 
ered not to be present any health risk for the 
patient. Unfortunately, to date there are no 
published clinical data obtained in animals 
supporting any of these claims. Of particular 
concern is that the use of probiotics in 
humans has been associated with Lactobacil¬ 
lus bacteremia in several immunocompro¬ 
mised patients, and deleterious effects with 
some commercial products have been 
observed in neonatal foals. 39 In veterinary 
medicine concerns have been voiced about 
the uncritical use of probiotics, particularly 
in neonates with systemic disease or with a 
compromised intestinal mucosa. 40 ' 41 With 
the current knowledge, the use of probiotics 


cannot be recommended for treatment or 
prevention of neonatal diarrhea. 

Clinical Management of Outbreaks 

Veterinarians should consider the following 
principles when outbreaks of colibacillosis in 
neonatal farm animals are encountered: 

• Visit the farm and conduct an 
epidemiologic investigation to identify 
risk factors. 

• Examine each risk factor and how it can 
be minimized. 

• Examine affected animals. 

• Identify and isolate all affected animals 
if possible. 

• Treat all affected animals as necessary. 

• Take laboratory samples from affected 
and normal animals. 

• Make recommendations for the control 
of diarrhea in animals to be born in the 
near future. 

• Prepare and submit a report to the 
owner describing the clinical and 
laboratory results and how the disease 
can be prevented in the future. 


TREATMENT 


Calf enterotoxic colibacillosis 

Fluid therapy (highest priority) 

Parenteral fluid therapy to correct acid-base 
and water and electrolyte imbalances* (R-1) 
Oral rehydration solution* (R-1) 

Antimicrobial therapy 
Amoxicillin (10 mg/kg IM/PO every 12h for at 
least 3 days) (R-2) 

Amoxicillin-clavulanate (12 mg combined/kg 
PO/IM every 12h for at least 3 days) (R-2) 
Ampicillin (10 mg/kg PO/IM every 12h for at 
least 3 days) (R-2) 

Colistin (100,000 lU/kg PO every 24h for at 
least 3 days) (R-2) 

Enrofloxacin (2.5 to 5 mg/kg IV/IM/SC/PO 
every 24h for at least 3 days) (R-2) 
Neomycin (10 mg/kg PO q12h) (R-2) 
Trimethoprim-sulfonamide (25 mg combined/ 
kg IV/IM/PO every 12h for at least 3 days 
(R-2) 

Antiphlogistic therapy 

Flunixin meglumine (2.2 mg/kg IV once) (R-2) 
Ketoprofen (6 mg/kg IM once) (R-2) 

Meloxicam (0.5 mg/kg IV/SC once) (R-2) 

Antimotility drugs (R-3) 

Probiotics (R-3) 

Calf septicemic colibacillosis 

Antimicrobial therapy 

Amoxicillin-clavulanate (25 mg/kg IV/IM every 
6-8h) (R-2) 

Ampicillin-sodium (10 mg/kg IV/IM every 8h) 
(R-2) 

Cefquinome (2 mg/kg IM every 24h) (R-2) 
Ceftiofur (2.2 mg/kg IM/SC every 12 h) (R-2) 
Enrofloxacin (5 mg/kg IV/IM every 24 h) (R-2) 
Florfenicol (20 mg/kg IM every 24h) (R-2) 
Trimethoprim-sulfonamide (25 mg combined/ 
kg IV every 8-12h) (R-2) 


Piglet enterotoxic colibacillosis 

Fluid therapy (highest priority) 

Oral rehydration solution* (R-1) 

Amoxicillin (10 mg/kg PO/IM every 12h for 
at least 3 days) (R-2) 

Amoxicillin-clavulanate (12 mg combined/ 
kg PO/IM every 12h for at least 3 days) 
(R-2) 

Ampicillin (10 mg/kg PO/IM every 12h for 
at least 3 days) (R-2) 

Ceftiofur (1.1 to 2.2 mg/kg IM every 24h 
for at least 3 days) (R-2) 

Chlortetracycline (20 mg/kg PO every 24h 
for at least 3 days) (R-2) 

Enrofloxacin (2.5 to 5 mg/kg IV/IM/SC/PO 
every 24h for at least 3 days) (R-2) 
Colistin (100,000 lU/kg PO every 24h for at 
least 3 days) (R-2) 

Oxytetracycline (10 mg/kg IM every 24h for 
at least 3 days) (R-2) 

Neomycin (10 mg/kg PO every 12h for at 
least 3 days) (R-2) 
Trimethoprim-sulfonamide (25 mg 

combined/kg IV/IM/PO every 12h for at 
least 3 days (R-2) 

*5ee "Principles of Fluid and Electrolyte Therapy ." 


CONTROL 

Because of the complex nature of the disease, 
it is unrealistic to expect total prevention, 
and control at an economical level should be 
the major goal. Effective control of colibacil¬ 
losis can be accomplished by the application 
of three principles: 

• Reduce the degree of exposure of the 
newborn to the infectious agents. 

• Provide maximum nonspecific 
resistance with adequate colostrum and 
optimum animal management. 

• Increase the specific resistance of the 
newborn by vaccination of the dam or 
the newborn. 

Reduction of the Degree of 
Exposure of the Newborn to the 
Infectious Agents 

The emphasis is on ensuring that newborns 
are born into a clean environment. Barns, 
confinement pens, and paddocks used as 
parturition areas must be clean and should 
preferably have been left vacant for several 
days before the pregnant dams are placed 
in them. 

Dairy Calves 

The following comments are directed par¬ 
ticularly at calves born indoors, where con¬ 
tamination is higher than outdoors: 

• Greatest attention must be paid to 
maternity pen hygiene. Calves should be 
born in well-bedded clean and dry box 
stalls. 

• Obstetric intervention and assistance 
to calving should be provided by 
adequately trained personnel in a calm 
and hygienic manner. 
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• Immediately after birth the umbilicus of 
the calf should be swabbed or dipped 
2 % iodine tincture or chlorhexidine 
solution. 

• In herds with high disease incidence the 
residence time of calves in the maternity 
pen should be kept as short as possible 
and calves moved to clean, dry, and 
well-bedded individual calf pens or 
hutches as soon as possible after birth. 

• Calves affected with diarrhea should be 
removed from the main calf barn if 
possible and treated in isolation. 

Beef Calves 

Beef calves are usually born on pasture or on 
confined calving grounds, and the following 
guidelines apply: 

• Calving grounds should have been free 
of animals previous to the calving 
period; the grounds should be well 
drained, dry, and scraped free of snow if 
possible. Each cow-calf pair should be 
provided with at least 2000 sq ft of 
space. Calving on pasture with adequate 
protection from wind is ideal. Covering 
the calving grounds with straw or wood 
shavings provides a comfortable calving 
environment. 

• In large beef herds, in a few days 
following birth when the calf is nursing 
successfully, the cow-calf pair should be 
moved to a nursery pasture to avoid 
overcrowding in the calving grounds. 

In beef herds, breeding plans should 
ensure that heifers calve at least 2 weeks 
before the mature cows. Limiting the breed¬ 
ing and therefore the calving season to 45 
days or less for heifers also offers several 
advantages. A short calving season allows the 
producer to more effectively and economi¬ 
cally concentrate personnel resources on 
calving management compared with a longer 
calving season. Calving heifers earlier allows 
them additional time required before the 
next breeding season to be on an increasing 
plane of nutrition necessary to maintain a 
high conception rate. The earlier calving of 
heifers also provides less exposure of their 
calves to infection pressure from the mature 
animals in the herd. 

The incidence and severity of neonatal 
disease will typically increase, and the age at 
disease onset will decrease, as the calving 
season progresses. This phenomenon is 
common in beef herds because of the effect 
of the calf as a biological amplifier. The more 
the calving season is shortened, the more the 
biological amplification effect is negated. 

For beef herds, it is necessary to have a 
plan for cattle movement throughout the 
calving season. This requires a minimum of 
four or five separate pastures: a gestation 
pasture, a calving pasture, and a series of 
nursery pastures. To ensure that beef calves 
are born in a sanitary environment, the herd 
should be moved from the gestation pasture 
to the calving pasture 1 to 2 weeks before 


calving. One day after birth, the cow or heifer 
and her calf should be moved to a nursery 
pasture. Cow-calf pairs should be added to 
a single nursery pasture until the appropriate 
number of pairs has been reached. There¬ 
after, cow-calf pairs can be added to a second 
nursery pasture. The difference in age 
between the oldest and youngest calf in a 
nursery pasture should never exceed 30 days, 
and smaller differences are preferable. This 
negates the biological amplification effect. 
The longer the calving season, the greater the 
need for a large number of nursery pastures. 
Calves that develop diarrhea should be 
removed immediately to an area away from 
healthy calves, treated, and not returned 
until all calves in the group are at low risk for 
developing diarrhea (>30 days of age). 

The nutrition of the pregnant cows, and 
particularly the first-calf heifers, must be 
monitored throughout gestation to ensure an 
adequate body condition and sufficient 
resources to provide an adequate supply of 
good-quality colostrum. 

Veal Calves 

Veal calves are usually obtained from several 
different sources, and 25% to 30% or higher 
may be deficient in serum immunoglobulin. 
The following guidelines apply to veal calves: 

• On arrival, calves should be placed in 
their individual calf pens, which were 
previously cleaned, disinfected, and left 
vacant to dry. 

• Feeding utensils are a frequent source of 
pathogenic E. coli and should be cleaned 
and air-dried daily. 

• Calves affected with diarrhea should be 
removed and isolated immediately. 

Lambs and Kids 

The principles described earlier for calves 
apply to lambs and kids. Lambing sheds can 
be a source of heavy contamination and must 
be managed accordingly to reduce infection 
pressure on newborn lambs. 

Piglets 

Piglets born in a total-confinement system 
may be exposed to a high infection rate. The 
following guidelines apply to piglets: 

• The all-in/all-out system of batch 
farrowing, in which groups of sows 
farrow within a week, is recommended. 
This system will allow the herdsman to 
wean the piglets from a group of sows 
in a day or two and clean, disinfect, and 
leave vacant a battery of farrowing 
crates for the next group of sows. This 
system will reduce the total occupation 
time and the infection rate. The 
continuous farrowing system 
without regular breaks is not 
recommended. 

• Before being placed in the farrowing 
crate, sows should be washed with a 
suitable disinfectant to reduce the 
bacterial population of the skin. 


Provision of Maximum Nonspecific 
Resistance With Adequate Colostrum 
and Optimum Animal Management 

The first step of fostering maximum nonspe¬ 
cific resistance is the provision of optimal 
nutrition to the pregnant dam, which will 
result in a vigorous newborn animal and 
adequate quantities of colostrum. At the time 
of parturition, surveillance of the dams and 
the provision of any obstetric assistance 
required will ensure that newborns are born 
with as much vigor as possible. Parturition 
injuries and intrapartum hypoxemia must be 
minimized as much as possible. 

Colostrum Management 

The next most important control measure is 
to ensure that liberal quantities of good- 
quality colostrum are available and ingested 
within minutes and no later than a few hours 
after birth. Although the optimum amount 
of colostrum that should be ingested by a 
certain time after birth is well known, the 
major difficulty with all species under practi¬ 
cal conditions is to know how much colos¬ 
trum a particular neonate has ingested. 
Because modern livestock production has 
become so intensive, it is imperative that the 
animal attendants make every effort to 
ensure that sufficient colostrum is ingested 
by that particular species. In a recent national 
survey in the United States, the estimated 
prevalence of failure of passive immunity 
transfer in female dairy calves was 19.2%. 41 

Failure of transfer of passive immunity 
(FTPI), as determined by calf serum 
immunoglobulin IgGi concentration below 
1000 mg/dL at 48 hours of age, occurred in 
61.4% of calves from a dairy in which calves 
were nursed by their dams, 19.3% of calves 
from a dairy using nipple bottle feeding, and 
10 .8% of calves from a dairy using tube 
feeding. A higher prevalence of FTPI in dairy 
calves can occur because an insufficient 
volume of colostrum is ingested by the calf. 
When artificial feeding is used, inadequate 
immunoglobulin concentration in the colos¬ 
trum fed is the most important factor result¬ 
ing in FTPI. The prevalence of FTPI in dairy 
herds can be minimized by artificially 
feeding all newborn calves large volumes (3 
to 4 L) of fresh or refrigerated first-milking 
colostrum from cows that had nonlactating 
intervals of normal duration. This volume is 
considerably greater than the intake that 
Holstein calves usually achieve by sucking 
and also exceeds the voluntary intake of 
most calves fed colostrum by nipple bottle. 

Calves need to ingest at least 100 g of IgGi 
in the first colostrum feeding to ensure ade¬ 
quate transfer of passive immunity. Thus the 
routine force-feeding of a sufficient amount 
of pooled colostrum immediately after birth 
results in high serum levels of colostrum 
immunoglobulin in dairy calves and is 
becoming a common practice in dairy herds. 

Encouraging and assisting the calf to suck 
within 1 hour after birth is also effective. The 
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provision of early assisted sucking of colos¬ 
trum to satiation within 1 hour after birth 
will result in high concentrations of absorbed 
immunoglobulin in the majority of calves. 
The ingestion of 100 g or more of colostral 
immunoglobulin within a few hours after 
birth is more effective in achieving high 
levels of colostral immunoglobulin in calves 
than either leaving the calf with the cow for 
the next 12 to 24 hours or encouraging the 
calf to suck again at 12 hours, which will not 
result in a significant increase in absorbed 
immunoglobulin. 

Despite early assisted sucking, a small 
proportion of calves will remain hypogam- 
maglobulinemic because of low concentra¬ 
tions of immunoglobulin in their dams’ 
colostrum, usually associated with leakage of 
colostrum from the udder before calving. 

In large herds where economics permit, a 
laboratory surveillance system may be used 
on batches of calves to determine the serum 
levels of immunoglobulin acquired. An 
accurate analysis may be done by electropho¬ 
resis or an estimation using the zinc sulfate 
turbidity test. Blood should be collected 
from calves at 24 hours of age. Samples taken 
a few days later may not be a true reflection 
of the original serum immunoglobulin con¬ 
centrations. The information obtained from 
determination of serum immunoglobulin in 
calves at 24 hours of age can be used to 
improve management practices, particularly 
the early ingestion of colostrum. 

Quality of Colostrum 
Specific Gravity 

Differentiating high - immunoglobulin - 
concentration colostrum from low-immu- 
noglobulin-concentration is problematic. 
Measurement of the specific gravity of the 
colostrum of dairy cows with a commercially 
available hydrometer (Colostrometer) has 
been explored. Originally it was claimed that 
measurement of specific gravity provided an 
inexpensive and practical method for esti¬ 
mating colostral immunoglobulin concen¬ 
tration. However, the specific gravity of 
colostrum is more correlated with its protein 
concentration than immunoglobulin con¬ 
centration and varies with colostral 
temperature, thus limiting the predictive 
accuracy of the test. In addition, different 
relationships between specific gravity and 
immunoglobulin concentration of colos¬ 
trum have been observed for different popu¬ 
lations of Holstein Friesian and Jersey cows 
and between herds. Specific gravity may also 
vary considerably according to season of the 
year. Specific gravity was measured in 1085 
first-milking colostrum samples from 608 
dairy cows of four breeds on a single farm 
during a 5-year period. The specific gravity 
more closely reflected protein concentration 
than IgG concentration and was markedly 
affected by month of calving. Colostral spe¬ 
cific gravity values were highest for Holstein 
and Jersey cows, cows in third or later 


lactation, and cows calving in autumn. They 
were lowest in Brown Swiss and Ayrshire 
cows, cows in first or second lactation, and 
cows calving in summer. Thus using the spe¬ 
cific gravity of colostrum as an indicator of 
IgG concentration has potential limitations. 

Frozen and Thawed Colostrum 
Colostrum can be banked as frozen colos¬ 
trum for future use. Excess colostrum can be 
stored frozen and thawed as necessary to 
provide an IgG source when administration 
of dam colostrum is impractical or insuffi¬ 
cient. Experience has shown that the compo¬ 
sition of frozen colostrum remains constant 
throughout storage. No significant changes 
in pH, percentage acidity, milk fat, total 
solids, total nitrogen, or nonprotein resulted 
from colostrum being stored. Feeding 4 L of 
frozen thawed colostrum (which had been 
frozen at -20° C (-4°F) for 24 h) to calves 
by orogastric tube at 3 hours after birth did 
not result in a significant difference in IgG 
absorption compared with calves receiving 
fresh colostrum. 

Pasteurization of Colostrum 
There are several indications for pasteuriza¬ 
tion of colostrum. This procedure can be a 
suitable instrument in a program for the 
control of specific infectious diseases, such as 
paratuberculosis, salmonellosis, or M. bovis 
infection, but it can also be useful to amelio¬ 
rate calf health by improving colostrum 
quality and reducing the exposure of the 
neonate to pathogens. On-farm pasteuriza¬ 
tion of bovine colostrum for 60 min at 60° C 
(140°F) results in elimination or at least sig¬ 
nificant reduction of bacterial contamination 
without impairing fluid characteristics or 
availability of IgG for intestinal absorption.' 
One recent study reported significantly 
higher serum IgG concentrations at 24 hours 
of life when calves were fed pasteurized colos¬ 
trum compared with calves receiving the 
same quality and amount of raw colostrum. 42 
The authors attributed this effect to reduced 
bacterial interference with intestinal IgG 
absorption. Pasteurization extends the shelf 
life of refrigerated colostrum without addi¬ 
tives to 8 to 10 days when stored in clean, 
sealed containers. 

Colostrum Supplements 
and Replacers 

Some colostrum-derived oral supplements 
containing immunoglobulin are available for 
newborn calves in which colostrum intake is 
suspected or known to be inadequate. Colos¬ 
trum supplement products have been devel¬ 
oped to provide exogenous IgG to calves 
when the dam’s fresh colostrum is of low IgG 
concentration. Many producers also use 
these products to replace colostrum when it 
is unavailable as a result of maternal agalac¬ 
tia, acute mastitis, or other causes of inade¬ 
quate colostrum supply. However, they 
contain low immunoglobulin concentrations 


compared with those found in high-quality 
first-milking colostrum. Most colostral sup¬ 
plements provide only 25 to 45 g of IgG/dose 
of 454 g, which is reconstituted in 2 L of 
water. Feeding one or even two doses of such 
supplements is insufficient to provide a mass 
of 100 g of IgG within the first 12 hours after 
birth. Colostrum replacers are intended to 
provide the sole source of IgG and thus must 
provide at least 100 g of IgG. Newborn 
colostrum-deprived dairy calves fed spray- 
dried colostrum containing 126 g of immu¬ 
noglobulin in 3 L of water as their sole source 
of immunoglobulin achieved normal mean 
serum immunoglobulin concentrations. 
Whey protein concentrate as a colostrum 
substitute, administered to calves as a single 
feeding, was ineffective in preventing neona¬ 
tal morbidity and mortality compared with a 
single feeding of pooled colostrum. 

The IgG derived from bovine serum or 
immunoglobulin concentrates from bovine 
plasma are well absorbed by neonatal calves 
when given in adequate amounts. The serum 
concentration of IgG in calves at 2 days of 
age force-fed a colostrum supplement con¬ 
taining spray-dried serum (total of 90 g 
immunoglobulin protein) within 3 hours 
after birth was much lower than in calves fed 
4 L of fresh colostrum. The mass of IgG and 
the method of processing are critical. Prod¬ 
ucts providing less than 100 g of IgG/dose 
should not be used to replace colostrum. 

To be successful, colostral supplements 
and replacers must provide enough IgG mass 
to result in 24-hour calf serum IgG concen¬ 
trations of more than 10 g/L. 

Purified Bovine Immunoglobulin 

The administration of purified bovine gam¬ 
maglobulin to calves that are deficient 
appears to be a logical approach, but the 
results have been unsuccessful. Large doses 
(30 to 50 g) of gammaglobulin given intrave¬ 
nously would be required to increase the 
level of serum gammaglobulin from 0.5 g/dL 
to 1.5 g/dL of serum, which is considered 
an adequate level. The cost would be prohibi¬ 
tive. The administration of gammaglobulin 
by any parenteral route other than the 
intravenous route does not result in a 
significant increase in serum levels of 
the immunoglobulin. 

To be effective, infusion of immunoglob¬ 
ulin derived from blood must increase serum 
IgG concentrations and reduce morbidity 
and mortality before weaning without affect¬ 
ing later production. Parenteral infusions of 
immunoglobulin will increase the concen¬ 
trations of serum IgG in calves, but may not 
necessarily have an effect on morbidity or 
mortality. High levels of specific circulating 
immunoglobulin can serve as a reservoir of 
antibodies to move into the intestine and 
prevent enteric infection. Thus immuno¬ 
globulin sources other than colostrum may 
not provide immunoglobulins that are spe¬ 
cific for antigens present in the environment 
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or might be insufficient when calves are 
exposed to a heavy infection pressure. 

Beef Calves 

The management strategies to decrease calf 
death losses in beef herds have been 
described. The role of management interven¬ 
tion in the prevention of neonatal deaths 
includes measures to improve host defenses 
and environmental hygiene to minimize out¬ 
breaks of neonatal disease. Specific attention 
is centered on preventing dystocia, improv¬ 
ing transfer of colostral immunoglobulin, 
and limiting environmental contamination. 

The following practices should be 
implemented: 

• Management of the beef herd must 
emphasize prevention of dystocia, which 
involves limiting calf size and ensuring 
adequate pelvic area of the dams. 

• Beef calves should be assisted at birth, 
if necessary, to avoid exhaustion 

and weakness from a prolonged 
parturition. 

• Normally beef calves will make attempts 
to get up and suck within 20 minutes 
after birth, but this may be delayed for 
up to 8 hours or longer. Beef calves that 
do not suck within 2 hours should be 
fed colostrum by nipple bottle or 
stomach tube. Whenever possible, they 
should be encouraged and assisted to 
suck to satiation within 1 hour after 
birth. The dam can be restrained and 
the calf assisted to suck. If the calf is 
unable or unwilling to suck, the dam 
should be restrained and milked out by 
hand, and the calf should be fed the 
colostrum with a nipple bottle or 
stomach tube. The mean volume of 
colostrum and colostral 
immunoglobulin produced in beef cows 
and the absorption of colostral 
immunoglobulin by their calves can 
vary widely. Beef calves deserted by 
indifferent dams need special attention. 
FTPI is common and estimated at 10% 
to 40% of beef calves. 

• Constant surveillance of the calving 
grounds is necessary to avoid 
overcrowding, to detect diarrheic calves 
that should be removed, to avoid 
mismothering, and to ensure that every 
calf is seen to nurse its dam. Although 
up to 25% of beef calves may not 

have sufficient serum levels of 
immunoglobulin, the provision of 
excellent management will minimize the 
incidence of colibacillosis. The recently 
developed practice of corticosteroid- 
induced parturition in cattle may result 
in a major mismothering problem if too 
many calves are born too quickly in a 
confined space. Every management 
effort must be used to establish the 
cow-calf herd as soon as possible after 
birth. This will require high-quality 
management to reduce the infection rate 


even further and minimize any stressors 
in the environment. 

Lambs 

Lambs require 180 to 210 mL of colostrum/ 
kg BW during the first 18 hours after birth 
to provide sufficient energy for heat produc¬ 
tion. Such an intake will usually also provide 
enough colostral immunoglobulin. Early 
encouragement and assistance of the lambs 
to suck the ewe is important. Well-fed ewes 
usually have sufficient colostrum for single- 
tons or twins. Underfed ewes may not have 
sufficient colostrum for one or more lambs, 
and supplementation from stored colostrum 
obtained by milking other high-producing 
ewes is a useful practice. 

Piglets 

The following practices should be imple¬ 
mented for piglets: 

• Every possible economical effort must be 
made to ensure that each newborn piglet 
obtains a liberal supply of colostrum 
within minutes of birth. The farrowing 
floor must be well drained, and it must be 
slip-proof to allow the piglets to move 
easily to the sow’s udder. Some herdsmen 
provide assistance at farrowing, drying 
off every piglet as it is born and placing it 
immediately onto a teat. 

• The washing of the sow’s udder 
immediately before farrowing with 
warm water and soap will reduce the 
bacterial population and may provide 
relief in cases of congested and 
edematous udders. 

• The piglet creep area must be dry, 
appropriately heated for the first week, 
and free from drafts. During farrowing, 
colostrum is released in discrete 
ejections, possibly by discrete release of 
oxytocin associated with parturition. 
Therefore, as the piglets are born they 
must be as close to the udder as possible 
to take advantage of these discrete 
ejections. 

Increasing Specific Resistance of the 
Newborn by Vaccinating the 
Pregnant Dam or the Newborn 

The immunization of neonate farm animals 
against colibacillosis by vaccination of the 
pregnant dam or by vaccination of the fetus 
or the neonate has received considerable 
research attention in recent years, and the 
results appear promising. 

Such vaccines are practical and effective 
for the following reasons: 

• Most fatal ETEC infections in farm 
animals occur in the early neonatal 
period when antibody titers in 
colostrum and milk are highest. 

• More than 90% of the ETEC in farm 
animals belong to a small family of 
fimbrial antigens. 

• Fimbriae consist of good protein 
antigens on the bacterial surface, 
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where they are readily accessible to 
antibodies. 

• Fimbriae are required for a critical step 
(adhesion-colonization) early in the 
pathogenesis of the disease. 

• Novel or previously low-prevalence 
fimbrial antigens have not emerged to 
render the vaccines ineffective. 

The pregnant dam is vaccinated 2 to 4 
weeks before parturition to induce specific 
antibodies to particular strains of entero- 
pathogenic E. coli, and the antibodies are 
then passed on to the newborn through the 
colostrum. The mechanism of protection is 
the production of antibodies against the 
pilus antigens, which are responsible for 
colonization of E. coli in the intestine. 

Vaccination is an aid to good manage¬ 
ment and not a replacement for good man¬ 
agement practices. Vaccines to prevent 
ETEC diarrhea in calves and piglets are 
based on the prevailing fimbrial antigens for 
colonization by ETEC in calves (F5) and 
newborn pigs (F4, F5, and F6). Reliable data 
on the efficacy of the commercial vaccines 
based on randomized clinical field trials are 
not available, but most animal health profes¬ 
sionals perceive that the vaccines are effec¬ 
tive and that disease occurs primarily in 
unvaccinated herds. There are unpublished 
anecdotal reports that use of the vaccine in 
cattle has shifted the peak occurrence of 
diarrhea in calves from the first week to the 
third and fourth week after birth. The exten¬ 
sive use of fimbria-based vaccines can select 
against the prevailing fimbrial antigen types 
as reflected in the vaccines, and emergence 
of new or previously low-prevalence fimbrial 
antigens may occur. Fimbriae antigenically 
distinct from FI, F4, F6, F41 occur among 
ETEC. However, these antigen types are less 
prevalent than those currently used in com¬ 
mercial vaccines. There is no evidence that 
ETEC with novel colonization mechanisms 
or new fimbrial antigens have emerged 
under the selection pressure of vaccination. 
Nor is there evidence that previously “low- 
prevalence” fimbrial antigen types of ETEC, 
not represented in the vaccines, have 
emerged as “common pathogens” filling an 
ecological niche left by the fimbrial antigen 
types targeted by the vaccines. 

Calves 

Vaccination of pregnant cattle with either 
purified E. coli F5 (K99) pili or a whole-cell 
preparation containing sufficient F5 antigen 
can significantly reduce the incidence of 
enterotoxigenic colibacillosis in calves. Good 
protection is also possible when the dams are 
vaccinated with a four-strain E. coli whole¬ 
cell bacterin containing sufficient F5 pilus 
antigen and the polysaccharide capsular K 
antigen. Colostral antibodies specific for F5 
pilus antigen and the polysaccharide capsu¬ 
lar K antigen on the surface of the challenge 
exposure strain of ETEC are protective. 
There is a highly significant correlation 
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between lacteal immunity to the F5 antigen 
and the prevention of severe diarrhea or 
death in calves challenged with enterotoxi¬ 
genic E. coli. The colostral levels of F5 anti¬ 
body are highest during the first 2 days after 
parturition, which is the most susceptible 
period for enterotoxigenic colibacillosis to 
occur in the newborn calf. The continuous 
presence of the F5 antibody in the lumen of 
the intestine prevents adherence of the bac¬ 
teria to the intestinal epithelium. The F5 
antibody is also absorbed during the period 
of immunoglobulin absorption and may be 
excreted into the intestine during diarrhea. 
This may be one of the reasons that mortality 
is inversely proportional to serum immuno¬ 
globulin levels. The pregnant dams are vac¬ 
cinated twice in the first year, 6 and 2 weeks 
before parturition. Each year thereafter they 
are given a single booster vaccination. An 
oil-emulsion E. coli F5 bacterin given once or 
twice to pregnant beef cows 6 weeks before 
calving elicited high levels of serum antibod¬ 
ies that provided protection against experi¬ 
mental infection of newborn calves for up to 
87 weeks after vaccination. 

Vaccines containing both the F5 antigen 
of ETEC and rotavirus, and in some cases 
coronavirus, have been evaluated, with vari¬ 
able results. The colostral antibodies to the F5 
antigen are higher in vaccinated than unvac¬ 
cinated dams, but the colostral antibodies to 
rotavirus and coronavirus may not be signifi¬ 
cantly different between vaccinated and 
unvaccinated dams. In these field trials vac¬ 
cination had no effect on the prevalence of 
diarrhea, calf mortality, or the presence of the 
three enteropathogens. In other field trials the 
combined vaccine did provide some protec¬ 
tion against outbreaks of calf diarrhea. The 
use of an inactivated oil-adjuvanted rotavirus 
E. coli vaccine given to beef cows in the last 
trimester of pregnancy decreases the mortal¬ 
ity from diarrhea and has a positive influence 
on the average weight gains of the calves at 
weaning. To be effective the rotavirus and 
coronavirus antibodies must be present in the 
postcolostral milk for several days after par¬ 
turition, during the period when calves are 
most susceptible to the viral infection. Vac¬ 
cination of pregnant cows twice during the 
dry period at intervals of 4 weeks can increase 
the colostral antibody levels to E. coli F5 by 26 
times on day 1 compared with controls. Much 
lower increases occur at the levels of corona¬ 
virus and rotavirus. 

A commercially inactivated vaccine con¬ 
taining bovine rotavirus (serotype G6 P5), 
bovine coronavirus (originally isolated from 
a calf with diarrhea), and purified cell-free E. 
coli F5 (adsorbed on to aluminum hydroxide 
gel), formulated as an emulsion in a light 
mineral oil, has been evaluated in a herd of 
Ayrshire/Friesian cows vaccinated once at 31 
days before the first expected calving date. 
Compared with control cows, a significant 
increase in the mean specific antibody titer 
against all three antigens occurred in the 


serum of vaccinated animals (even in the 
presence of preexisting antibodies), which 
was accompanied by increased levels of pro¬ 
tective antibodies to rotavirus, coronavirus, 
and E. coli F5 in their colostrum and milk for 
at least 28 days. 

Because naturally acquired antibodies to 
the J5 antigen may have an important role 
in the control of neonatal disease caused by 
bacterial infections with associated patho¬ 
gens that share antigens with E. coli (J5 
strain), vaccination of calves with an E. coli 
0111 :B4(J5) vaccine at 1 to 3 days of age and 
2 weeks later has been evaluated to control 
morbidity and mortality in dairy calves up to 
60 days of age. The use of either a killed E. 
coli 0111:B4(J5) bacterin or a modified live, 
genetically altered (aro-) Salmonella dublin 
vaccine, or both, in neonatal calves was effec¬ 
tive in reducing mortality resulting from 
colibacillosis and salmonellosis. Such a 
vaccine may be beneficial in controlling 
mortality in well-managed herds, but it is 
contraindicated in poorly managed herds. 

Passive immunotherapy of calves under 2 
days of age with J5 E. coli hyperimmune 
plasma given subcutaneously at a dose of 
5 mL/kg BW has been examined. The plasma 
was found to be safe and potent. It was not 
superior to control plasma or to no treatment 
for calf morbidity and mortality. 

The oral administration of a F5-specific 
monoclonal antibody to calves during the 
first 12 hours after birth may be an effective 
method of reducing the incidence of fatal 
enterotoxigenic colibacillosis, particularly 
when outbreaks of the disease occur in 
unvaccinated herds. Clinical trials indicate 
that the severity of dehydration, depression, 
and weight loss and the duration of diarrhea 
were significantly reduced in calves that had 
received the F5-specific monoclonal anti¬ 
body. In experimentally challenged calves 
the mortality was 29% in the treated calves 
and 82% in the control calves. 

The decision to vaccinate in any particu¬ 
lar year will depend on the recognition of 
risk factors. Such risk factors include the 
following: 

• A definitive diagnosis of ETEC F5 in the 
previous year 

• A population density in the calving 
grounds that is conducive to the disease 

• Calving during the year when the 
environmental conditions are wet and 
uncomfortable for the calves 

• A large percentage of primiparous dams 
that do not have protective levels of F5 
antibody in their colostrum 

Piglets 

Piglets born from gilts are more susceptible 
than those from mature sows, which suggests 
that immunity improves with parity. On a 
practical basis this suggests that gilts should 
be mixed with older sows that have been 
resident on the premises for some time. The 
length of time required for such natural 


immunization to occur is uncertain, but 1 
month during late gestation seems logical. 

Naturally occurring enteric colibacillosis 
in newborn piglets can be effectively con¬ 
trolled by vaccination of the pregnant dam. 
Field trials in large- scale farm conditions indi¬ 
cate that the vaccines are efficacious. Partial 
budget analysis of vaccinating pregnant sows 
with E. coli vaccines revealed an economic 
return on investment of 124% because of the 
decrease in morbidity and mortality resulting 
from diarrhea in piglets at 1 to 2 weeks of age. 
Three antigen types of pili, designated F4, 
F5, and F6, are now implicated in coloniza¬ 
tion of the small intestine of newborn piglets 
by ETEC. The vaccination of pregnant sows 
with oral or parenteral vaccines containing 
these antigens will provide protection against 
enterotoxigenic colibacillosis associated with 
E. coli bearing pili homologous to those in 
the vaccines. The parenteral vaccines are cell- 
free preparations of pili, and the oral vaccines 
contain live enteropathogenic E. coli. The oral 
vaccine is given 2 weeks before farrowing and 
is administered in the feed daily for 3 days as 
200 mL per day of a broth culture containing 
10 11 E. coli. A simple and effective method 
of immunization of pregnant sows is to feed 
five cultures of ETEC isolated from piglets 
affected with neonatal colibacillosis on the 
same farm. The oral vaccine can be given 
in the feed, beginning about 8 weeks after 
breeding and continued to parturition. The 
oral vaccine results in the stimulation of IgA 
antibody in the intestinal tract, which is then 
transferred to the mammary gland and into 
the colostrum. A combination of oral and 
parenteral vaccination is superior to either 
route alone. The parenteral vaccine is given 
about 2 weeks after breeding and repeated 
2 to 4 weeks before parturition. The paren¬ 
teral vaccination results in the production 
of high levels of IgM antibody for protec¬ 
tion against both experimental and naturally 
occurring enterotoxigenic colibacillosis. This 
vaccination also reduces the number of E. 
coli excreted in the feces of vaccinated sows, 
which are major sources of the organism. 
Immunization of pregnant sows with an E. 
coli bacterin enriched with the F4 antigen 
results in the secretion of milk capable of pre¬ 
venting adhesion of F4 E. coli to the gut for 
at least 5 weeks after birth, at which time the 
piglet becomes naturally resistant to adhe¬ 
sion by the organism. 

The possibility of selecting and breeding 
pigs that may be genetically resistant to the 
disease is being explored. The highest inci¬ 
dence of diarrhea occurs in progeny of resis¬ 
tant dams sired by susceptible sires. The 
homozygous dominants (SS) and the hetero¬ 
zygotes (Ss) possess the receptor and are 
susceptible, whereas it is absent in the homo¬ 
zygous recessives (ss) and the pigs are resis¬ 
tant. Sows that are genetically resistant may 
not be able to mount an immune response to 
the F4 antigen because of the inability of the 
organism to colonize the intestinal tract. 





Competitive Exclusion Culture 
An alternative method of control is the use 
of competitive exclusion cultures. The theory 
of competitive exclusion technology is to 
colonize the neonatal gastrointestinal tract 
with beneficial/commensal bacteria consid¬ 
ered to be the normal flora of the healthy 
animals of a particular species. The mecha¬ 
nism of action is not known, but hypotheses 
include the following: exclusion of entero- 
pathogens by competitive attachment sites 
and/or for nutrients; stimulation of the local 
immune mechanisms, which precludes colo¬ 
nization/invasion by enteric pathogens; and 
the production of various antimicrobial sub¬ 
stances that either have direct action on 
pathogenic bacteria or produce conditions 
within the intestine that are unfavorable for 
the growth and colonization by pathogens. 
Experimentally, the oral administration of a 
porcine competitive exclusion culture to 
piglets within 12 hours after birth resulted in 
significant reductions in mortality, incidence 
of fecal shedding, and intestinal colonization 
by E. coli compared with control values. 
Mortality decreased from 23% in the control 
group to 2.7% in the treated group. 

Lambs and Kids 

Vaccination of pregnant ewes with F5 antigen 
will confer colostral immunity to lambs chal¬ 
lenged with homologous ETEC. The preg¬ 
nant ewes are vaccinated twice in the first 
year, at 8 to 10 weeks and 2 to 4 weeks before 
lambing; in the second year, one vaccination 
2 to 4 weeks before lambing is adequate. 

Immunization of pregnant goats has been 
used to stimulate the development of lacteal 
immunity against naturally occurring coli- 
bacillosis in kids. Vaccination of pregnant 
does 1 month before parturition with a 
subunit vaccine containing F4, F5, and F6 
fimbrial antigens of E. coli and C. perfringens 
types B, C, and D toxins in an aluminum 
hydroxide adjuvant, along with improved 
management conditions, was highly success¬ 
ful in reducing neonatal morbidity and mor¬ 
tality resulting from diarrhea. Compared 
with two control groups, one in which no 
improvement in management was made and 
the second in which improvements were 
made without vaccination, in the vaccinated 
group with improved management condi¬ 
tions, neonatal morbidity and mortality were 
both reduced by a factor of 3 in group 1 and 
by factors of 9.5 and 12.5 in groups 2 and 3, 
respectively. Also, the duration of diarrhea 
was 3.7 and 12 times shorter in the kids of 
groups 2 and 3, respectively. 
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WATERY MOUTH OF LAMBS 
(RATTLE BELLY, SLAVERS) 


SYNOPSIS 


Etiology Nonenteropathogenic E. coli 
endotoxemia predisposed by failure of 
passive transfer. 

Epidemiology Higher risk with intensive 
housing with poor hygiene. 

Clinical findings Loss of sucking reflex, 
retention of meconium or feces, excessive 
mucoid saliva, abomasal distension. 

Lesions None specific. 

Diagnostic confirmation Nothing 
pathognomonic. 

Treatment Fluids and energy via stomach 
tube; antimicrobials. 

Control Antimicrobials at birth, pen hygiene, 
ensure adequate colostral transfer. 


ETIOLOGY 

Watery mouth of lambs is thought to be the 
result of endotoxemia in young lambs. It is 
postulated that the neutral pH of the aboma¬ 
sum in newborn lambs coupled with low 
concentrations of colostral immunoglobulin 
in the gut allow rapid multiplication of non¬ 
enteropathogenic strains of E. coli in the gut, 
and to some extent systemically, which 
results in endotoxemia. 

EPIDEMIOLOGY 

Occurrence 

The syndrome is primarily reported in lambs 
in Great Britain but has also been reported 
in New Zealand and in goat kids in Spain 
and North America. A related but perhaps 
separate entity, termed salivary abomasum 
disease , has been reported as common in 3- 
to 17-day-old lambs and kids in Greece. 1 

Animal and Environmental 
Risk Factors 

Lambs 12 to 72 hours of age are affected. The 
disease is seen under all management systems, 
but it is rare in pastured flocks and occurs 
most commonly in lambs kept in intensive 
housing where there is poor hygiene of the 
lambing environment. Lambs from prolific 
ewes are at risk, and the disease is more 
common in triplets than twins or singles. 

Delayed or poor colostral intake is a 
major risk factor, and situations that 
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predispose this may lead to outbreaks. A 
high prevalence has occurred in ram lambs 
castrated by the use of an elastic band at a 
very young age, and the resulting pain may 
have dissuaded them from feeding. 

Other risk factors, all of which reduce 
sucking by the lamb, are inclement weather, 
mismothering, maternal agalactia, competi¬ 
tion between twins or triplets, low vitality, 
and ewes in poor condition. 

Experimental Disease 

An equivalent clinical syndrome is repro¬ 
ducible by administering nonenterotoxic 
strains of E. coli by mouth to colostrum- 
deprived lambs, all of whom died within 
24 hours. 

Economic Importance 

Watery mouth disease is a major cause of 
mortality of housed newborn lambs in Great 
Britain and is reported to be the cause of 
approximately 25% of all deaths of lambs in 
indoor intensive lambing systems. Where 
conditions allow, morbidity rates may 
approach 24%; without early treatment, case 
fatality rates are high. 

PATHOGENESIS 

Gram-negative bacteria, nonenterotoxigenic 
and nonenteropathogenic E. coli , in the 
environment are ingested as a result of a con¬ 
taminated environment, or from a contami¬ 
nated fleece, and survive passage through the 
neutral pH of the abomasum to be absorbed 
into the systemic circulation by the natural 
pinocytosis that occurs in the intestinal epi¬ 
thelium of newborn ruminants, producing 
endotoxemia. 

CLINICAL FINDINGS 

Affected lambs are normal at birth but 
become sick at 24 to 48 hours and up to 72 
hours old. The disease is characterized by 
dullness, lethargy, a complete failure to suck, 
and excessive mucoid saliva around and 
drooling from the mouth. As the disease pro¬ 
gresses there is hypothermia, failure to pass 
feces, cold extremities, depression to the 
point of coma, anorexia, and, in the late 
stages, abdominal distension and recum¬ 
bency, but rarely diarrhea. The alimentary 
tract is full of fluid, and the lamb rattles when 
it is shaken. Some lambs are hypothermic, 
but the temperature is normal at the onset of 
the condition and falls to subnormal as the 
disease progresses. Progress is rapid, with 
death 6 to 24 hours after the first signs 
of illness. Salivary abomasum disease is 
reported in flocks that vaccinate against clos¬ 
tridial disease. 2 

CLINICAL PATHOLOGY 

Total protein concentrations and base excess 
values are significantly elevated compared 
with normal lambs. Blood glucose concen¬ 
trations are normal but may be low in the 
terminal phase of the disease. 


NECROPSY FINDINGS 

There are no findings specific to watery 
mouth syndrome. The abomasal contents are 
fluid and mucoid and contain small milk 
curds, and the intestine is filled with gas. A 
case series of lambs with salivary abomasum 
disease found pale kidneys and acute tubular 
necrosis in 90%. E. coli was cultured from 
only 6 of 37 abomasa in this study. 2 

TREATMENT 

Treatment with intramuscular amoxillin and 
clavulanic acid, intravenous flunixin meglu¬ 
mine, and oral rehydration fluid, when 
administered early in the clinical course, has 
resulted in a high recovery rate in field cases. 
Dextrose solution should also be given to 
those lambs that are hypoglycemic, and 
external warming should be provided. Other 
recommended treatments include emptying 
the alimentary tract by purgation or enema. 


DIFFERENTIAL DIAGNOSIS 


Most neonatal disease of lambs is manifest 
with diarrhea, which is not present in watery 
mouth. The early stages of Colisepticemia and 
Clostridium perfringens type B or C present 
with similar clinical signs, but they are easily 
differentiated later in the clinical course or at 
postmortem examination. Hypothermia/ 
starvation/cold stress can present with similar 
clinical findings, but the history and 
environmental circumstances of occurrence 
differ. 


CONTROL 

In outbreaks the administration of antibiot¬ 
ics to all newborn lambs within 15 minutes 
to 2 hours of birth dramatically reduces the 
occurrence of further cases. Fresh or frozen 
sheep or cow colostrum should be supple¬ 
mented to lambs at risk. The provision of ewe 
colostrum at 50 mL/kg BW within 6 hours 
of birth prevents the disease. 

Lambing areas and associated pens and 
yards should be kept clean and freshly 
bedded. Contaminated fleece should be 
removed from around the udder of the ewe 
before lambing, and every effort should be 
made to ensure early and adequate colostral 
intake by newborn lambs, especially for 
twins and triplets. 
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OMPHALITIS, 

OMPHALOPHLEBITIS, AND 
URACHITIS IN NEWBORN FARM 
ANIMALS (NAVEL ILL) 

Infection of the umbilicus and its associated 
structures occurs commonly in newborn 
farm animals and appears to be particularly 
common in calves. The umbilical cord 


consists of the amniotic membrane, the 
umbilical veins, the umbilical arteries, and 
the urachus. The amniotic membrane of the 
umbilical cord is torn at birth, and gradually 
the umbilical vein and the urachus close, but 
they remain temporarily outside the umbili¬ 
cus. The umbilical arteries retract as far back 
as the top of the bladder. 

In many countries regulations govern the 
minimal age at which neonatal calves can be 
shipped or sent to market and slaughter. The 
wetness or dryness of the umbilicus is 
used as a surrogate measure of age in welfare 
regulations, and the requirement is that the 
umbilical cord at the junction with the 
abdominal skin should be dry and shriveled. 
The drying time varies from 1 to 8 days, with 
variation between breeds and a longer drying 
period in bull calves. As might be expected, 
this measure is only an approximate surro¬ 
gate for age, but approximately 90% of calves 
have dry navels by 4 days of age. 1 

Incidence of the disease is scarcely 
reported. The 30-day incidence of clinically 
apparent omphalitis in Thoroughbred foals 
in the United Kingdom was 0.7%, which was 
not reduced by administration of antimicro¬ 
bials prophylactically. 2 Omphalitis was con¬ 
sidered the cause of death in 23% of 247 
calves 4 to 7 days of age that died during the 
preslaughter period (12 to 18 hours) at abat¬ 
toirs in New Zealand. 1 The death rate was 
0.7%, of which 23% was attributable to 
omphalitis. Omphalitis was the cause of 
wastage (condemnation of the carcass) in 
54% of calves examined after slaughter. 1 

Infection of the umbilicus occurs soon 
after birth and can result in omphalitis, 
omphalophlebitis, omphaloarteritis, or infec¬ 
tion of the urachus, with possible extension to 
the bladder, causing cystitis. There is usually 
a mixed bacterial flora including E. coli , 
Proteus spp., Staphylococcus spp., T. pyogenes, 
Bacteroides spp., F. necrophorum, and Klebsi¬ 
ella spp. The most common, and presumed 
clinically important, infections in foals are by 
E. coli and S. zooepidemicus. Infection of 
umbilical remnants in foals by Clostridium 
sordelli causes peritonitis, urachitis, ompha¬ 
lophlebitis, and omphaloarteritis. 3 

Bacteremia and localization with infec¬ 
tion may occur in joints, bone, meninges, 
eyes, endocardium, and end-arteries of the 
feet, ears, and tail. The navel can also be the 
source of infection, leading to septicemia, 
arthritis, and fever of unknown origin in 
neonates with FTPI. The incidence of abnor¬ 
malities of the umbilicus and consequent 
rate of umbilical infection is high in cloned 
calves. 2 5 

OMPHALITIS 

Omphalitis is inflammation of the external 
aspects of the umbilicus and occurs com¬ 
monly in calves and other species within 2 to 
5 days of birth and often persists for several 
weeks. The umbilicus is enlarged, is painful 
on palpation, and can be closed or draining 










purulent material through a small fistula. 
The affected umbilicus can become very 
large and cause subacute toxemia. The calf is 
moderately depressed, does not suck nor¬ 
mally, and is febrile. Treatment consists of 
surgical exploration and excision. A tempo¬ 
rary drainage channel may be necessary. 

OMPHALOPHLEBITIS 

Omphalophlebitis is inflammation of the 
umbilical veins. It can involve only the distal 
parts or extend from the umbilicus to the 
liver. Large abscesses can develop along the 
course of the umbilical vein and spread to 
the liver, with the development of a hepatic 
abscess that can occupy up to one-half of the 
liver. Affected foals and calves are usually 1 
to 3 months of age and are unthrifty because 
of chronic toxemia. The umbilicus is usually 
enlarged with purulent material; however, in 
some cases the external portion of the um¬ 
bilicus appears normal-sized. Placing the 
animal in dorsal recumbency and deep pal¬ 
pation of the abdomen dorsal to the umbili¬ 
cus in the direction of the liver might reveal 
a space-occupying mass. Ultrasonographic 
examination, including measurement of the 
size of umbilical structures, allows detection 
of omphalophlebitis, including any extension 
along the vein to the liver. 

Affected calves and foals are inactive, 
inappetent, and unthrifty and may have a 
mild fever. Parenteral therapy with antibiotics 
is not uniformly successful and may need to 
be administered for prolonged times. Explor¬ 
atory laparotomy and surgical removal of the 
abscess is often necessary. Large hepatic 
abscesses are usually incurable unless surgi¬ 
cally removed, but the provision of a drain to 
the exterior and daily irrigation may be 
attempted if resection is not feasible. 

OMPHALOARTERITIS 

In omphaloarteritis, which is less common, 
the abscesses occur along the course of the 
umbilical arteries from the umbilicus to the 
internal iliac arteries. The clinical findings 
are similar to those in omphalophlebitis: 
chronic toxemia, unthriftiness, and failure to 
respond to antibiotic therapy. An unusual 
presentation is that of distal aortic aneurysm 
secondary to ascending infection of the 
umbilical artery. 6 The affected foal was 3 
months of age and was examined because 
of colic and frequent urination. Treatment 
of omphalophlebitis consists of surgical 
removal of the abscesses. 

URACHITIS 

Infection of the urachus may occur any¬ 
where along the urachus, from the umbilicus 
to the bladder. The umbilicus is usually 
enlarged and draining purulent material, but 
it can appear normal. Deep palpation of the 
abdomen in a dorsocaudal direction from 
the umbilicus may reveal a space-occupying 
mass. Extension of the infection to the 
bladder can result in cystitis and pyuria. 5 
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Contrast radiography of the fistulous tract 
and the bladder will reveal the presence of 
the lesion. The treatment of choice is explor¬ 
atory laparotomy and surgical removal of the 
abscesses. Recovery is usually uneventful. 

CONTROL 

The control of umbilical infection depends 
primarily on good sanitation and hygiene at 
the time of birth. The application of drying 
agents and residual disinfectants such as 
tincture of iodine is widely practiced. 
However, there is limited evidence that 
chemical disinfecting is of significant value. 
Chlorhexidine is more efficient in reducing 
the number of organisms than 2% iodine or 
1% povidone iodine. High concentrations of 
iodine (7%) are most effective, but these are 
damaging to tissue and should not be used. 
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NEONATAL STREPTOCOCCAL 
INFECTION 


SYNOPSIS 


Etiology Various Streptococcus spp. 

Epidemiology Neonatal foals, calves, lambs, 
piglets. 

Signs Acute painful swelling of joints, 
lameness, fever; signs of meningitis, 
omphalophlebitis, ophthalmitis; sudden 
death. 

Clinical pathology Culture organism from 
joint fluid. 

Necropsy findings Fibrinopurulent synovitis, 
purulent meningitis and omphalophlebitis. 

Diagnostic confirmation Recovery of 
organism from joint fluid. 

Differential diagnosis Other infectious 
causes of arthritis, meningitis, and 
omphalophlebitis. 

Treatment Antimicrobials, usually penicillin. 

Control See "Principles of Control and 
Prevention of Infectious Diseases of 
Newborn Farm Animals" in Chapter 3. 


ETIOLOGY 

Streptococci are an important cause of septi¬ 
cemia, polyarthritis, meningitis, polyserosi¬ 
tis, endocarditis, and unexpected death in 
the neonates of all farm animal species. Men¬ 
ingitis associated with streptococcal infec¬ 
tion is restricted to the neonate in all species 
except piglets, in which outbreaks can occur 
in pigs after weaning, and lambs infected 
with S. suis, in which meningitis can occur 
as a sporadic disease at 3 to 5 months of 
age. Historically, there are reports of isolates 


of most of the Lancefield groups of 
beta-hemolytic streptococci, of nonbeta- 
hemolytic streptococci, and of viridans 
group streptococci from neonatal disease in 
farm animals. Commensal skin streptococci 
can occasionally cause disease in presumably 
immunocompromised neonates. However, 
the majority of neonatal disease is associated 
with a limited number of streptococcal 
species, although there can be geographic 
variation in their relative prevalence within 
animal species. 

In foals, S. zooepidemicus (S. equi subsp. 
zooepidemicus) is the most common strepto¬ 
coccal species recovered from septicemic 
disease and polyarthritis and is also a cause 
of placentitis and abortion in mares. 1 ' 2 S. 
equisimilis (S. dysgalactiae subsp. equisimilis) 
is a less common isolate. 2 

S. suis and S. equisimilis are the most 
common species incriminated in piglets. S. 
suis is especially important and is presented 
separately in the next section. Other Lance¬ 
field groups have been associated with spo¬ 
radic disease. In calves, S. dysgalactiae and S. 
uberis are the common streptococcal isolates 
from synovial fluid of neonatal calves with 
arthritis. Beta-hemolytic streptococci are 
isolated from approximately 16% of septice¬ 
mic calves in South Africa. 3 Streptococcus 
pluranimalium infection is reported in a 
single premature calf. 4 

S. dysgalactiae is also reported to be 
the most common cause of outbreaks of 
arthritis in neonatal lambs in Great Britain. 
Streptococcus bovis biotype 1 is reported to 
cause meningoencephalitis in llama cria. 5 
Streptococcus agalactiae causes periarticular 
abscesses in camel foals in Africa. 6 

Streptococci can also contribute to puru¬ 
lent infections at local sites, such as navel ill 
of all species or otitis media in neonatal 
calves, although the latter is more commonly 
caused by M. bovis. 7 

EPIDEMIOLOGY 
Occurrence and Prevalence 

The importance and relative prevalence of 
streptococcal infections in neonatal disease 
varies among countries and with surveys. 

Streptococci are a common cause of post¬ 
natal infections of foals, representing 50% of 
such cases in some surveys, but with a lower 
prevalence in others. Up to 20% of abortions 
in mares are a result of placentitis from strep¬ 
tococcal infection. Streptococcal septicemia 
as a result of beta-hemolytic streptococci 
may occur in foals under 5 days of age that 
have been stressed and have FTPI. 

In calves, neonatal infections with strep¬ 
tococci are usually sporadic and less common 
than infections with gram-negative bacteria 
and may be predisposed by FTPI. In lambs, 
S. dysgalactiae is associated with outbreaks 
with high morbidity, and in Great Britain S. 
dysgalactiae is reported to be the cause of 
over 70% of cases of polyarthritis in lambs 
during their first 3 weeks of life. Despite the 
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high attack rate in these outbreaks, it is rare 
for more than one of twins or triplets to have 
disease. Streptococcal arthritis associated 
with S. suis infection in piglets is a common 
disease and is covered in a separate section. 

Source of Infection 

The source of the infection is usually the 
environment, which may be contaminated 
by uterine discharges from infected dams or 
by discharges from lesions in other animals. 
S. dysgalactiae is reported to survive for up 
to a year on clean straw, as opposed to wood 
shavings, which do not support the persis¬ 
tence of the organism. 

The portal of infection in most instances 
appears to be the umbilicus, and continued 
patency of the urachus is thought to be a 
contributing factor in that it delays healing 
of the navel. In piglets there can be high rates 
of infection associated with infection enter¬ 
ing through skin abrasions such as carpal 
necrosis resulting from abrasive floors or 
facial lesions following fighting. Contami¬ 
nated knives at castration and tail docking, 
or contaminated ear taggers, can result in 
infection and disease. Other mechanical 
vectors include the screwworm fly ( Cochlio- 
myia americana). 

The organism can be isolated from the 
nasopharynx of the sow, and direct infection 
from the sow to the piglet is suggested by 
some epidemiologic data. 

Economic Importance 

Affected foals and other species may die or 
be worthless as working animals because of 
permanent injury to joints. There is also loss 
resulting from condemnation at slaughter. 

Zoonotic Implications 

S. zooepidemicus is associated with human 
infections, 8 particularly nephritis, and many 
human infections can be traced back to the 
consumption of contaminated animal food 
products. Some strains of S. equisimilis can 
also infect humans. 

PATHOGENESIS 

The infection spreads from the portal of entry 
to produce a bacteremia that is not detectable 
clinically. The period of bacteremia is vari¬ 
able but it may last several days in piglets. A 
terminal acute fatal septicemia is the common 
outcome in animals under 1 week of age; in 
older animals, suppurative localization in 
various organs is more common. Arthritis is 
the most common manifestation, with syno¬ 
vitis and invasion of medullary bone of the 
epiphysis with microabscessation and ische¬ 
mic necrosis of bone. Other manifestations of 
infection include ophthalmitis in foals and 
calves, meningitis and endocarditis in piglets, 
meningitis in calves, and endocarditis and 
sudden death in lambs. Streptococcal endo¬ 
carditis can be produced by the intravenous 
inoculation of group L Streptococcus. Lesions 
are well established within 5 days, the left 


heart is most commonly affected, and myo¬ 
cardial and renal infarction occur. 

CLINICAL FINDINGS 
Foals 

The disease is one of septicemia, often with 
localization of infection in joints (septic 
arthritis) or an eye (hypopyon), and is 
described in detail under “Neonatal Infec¬ 
tion” (page 1874). Infection of the umbilicus 
can cause omphalitis and omphalophlebitis. 

Piglets 

Arthritis and meningitis may occur alone or 
together and are most common in the 2- to 
6-week age group. More commonly, several 
piglets within a litter are affected. The arthri¬ 
tis is identical to that previously described in 
foals. With meningitis there is a systemic 
reaction comprising fever, anorexia, and 
depression. The gait is stiff, the piglets stand 
on their toes, and there is swaying of the 
hindquarters. The ears are often retracted 
against the head. Blindness and gross mus¬ 
cular tremor develop, followed by inability 
to maintain balance, lateral recumbency, 
violent paddling, and death. In many cases 
there is little clinical evidence of omphalo¬ 
phlebitis. With endocarditis the young pigs 
are usually found comatose or dead, without 
premonitory signs having been observed. 

Lambs 

Lameness in one or more limbs of lambs up 
to 3 weeks of age is the common presenting 
sign of infection with S. dysgalactiae , but 
approximately 25% of lambs can be initially 
recumbent. With this infection there is not 
major joint swelling in the early stages, and 
myopathy or delayed swayback may be initial 
considerations. In contrast with outbreaks 
that occur following docking, the incubation 
period is short, usually 2 to 3 days, and there 
is intense lameness, with swelling of one or 
more joints appearing in a day or two. Pus 
accumulates, and the joint capsule often rup¬ 
tures. Recovery usually occurs with little 
residual enlargement of the joints, although 
there may be occasional deaths as a result of 
toxemia. 

Calves 

Calves show polyarthritis, meningitis, oph¬ 
thalmitis, and omphalophlebitis. The oph¬ 
thalmitis may appear very soon after birth. 
The arthritis is often chronic and causes little 
systemic illness. Calves with meningitis show 
hyperesthesia, rigidity, and fever. 

CLINICAL PATHOLOGY 

Pus from any source may be cultured to 
determine the organism present and its sen¬ 
sitivity to the drugs available. Bacteriologic 
examination of the uterine discharges of the 
dam may be of value in determining the 
source of infection. The success rate with 
blood cultures is not very high, but an 
attempt is worthwhile. The identification of 


the causative bacteria is important, but the 
sensitivity of the organism may mean the 
difference between success and failure in 
treatment. The specific identity of the strep¬ 
tococcus should be determined. 

NECROPSY FINDINGS 

Suppuration at the navel and severe suppura¬ 
tive arthritis affecting one or more joints are 
usual. Abscesses may also be present in the 
liver, kidneys, spleen, and lungs. Friable tan 
masses of tissue are common on the heart 
valves of affected piglets, and this valvular 
endocarditis may also be observed in other 
species. Peracute cases may die without sup¬ 
purative lesions having had time to develop. 
Necropsy findings in the meningitic form in 
pigs include turbidity of the CSF, congestion 
of meningeal vessels, and the accumulation 
of white, purulent material in the subarach¬ 
noid space. Occasionally this exudate blocks 
the flow of CSF in the ventricular system, 
causing internal hydrocephalus. Histologi¬ 
cally there is infiltration of the affected tissue 
by large numbers of neutrophils, usually 
accompanied by fibrin deposition. 

Samples for Confirmation 
of Diagnosis 

Confirmation of diagnosis is made with the 
following samples: 

• Bacteriology—culture swabs from joints, 
meninges, suppurative foci; tissue pieces 
of valvular lesions, lung, spleen, synovial 
membrane (culture) 

• Histology—formalin-fixed samples of a 
variety of organs, including brain, lung, 
spleen, liver (light microscopy) 


DIFFERENTIAL DIAGNOSIS 


Omphalophlebitis and suppurative arthritis in 
foals may result from infection with 
Escherichia coli, Actinobacillus equuli, or 
Salmonella abortusequi, but these infections 
tend to take the form of a fatal septicemia 
within a few days of birth, whereas 
streptococcal infections are delayed in their 
onset and usually produce a form of 
polyarthritis. In pigs there may be sporadic 
cases of arthritis as a result of staphylococci, 
but the streptococcal infection is the common 
one. Arthritis as a result of Mycoplasma 
hyorhinis is less suppurative, but it may 
require cultural differentiation. Glasser's 
disease occurs usually in older pigs and is 
accompanied by pleurisy, pericarditis, and 
peritonitis. Erysipelas in very young pigs is 
usually manifested by septicemia. Nervous 
disease of piglets may resemble arthritis on 
cursory examination, but there is an absence 
of joint enlargement and lameness. However, 
the meningitic form of the streptococcal 
infection can easily be confused with viral 
encephalitides. Meningitis in young calves 
may also be associated with Pasteurella 
multocida. Polyarthritis in calves, lambs, and 









piglets may also be associated with infection 
with Trueperella pyogenes and Fusobacterium 
necrophorum. S. suis type 2 can also be the 
cause of meningitis in older pigs at 10 to 14 
weeks of age. 

The response of streptococcal infections to 
treatment with penicillin may be of value in 
the differentiation of the arthritides, and the 
microscopic and histologic findings at 
necropsy enable exact differentiation to be 
made. In lambs, suppurative arthritis occurs 
soon after birth and after docking. The other 
common arthritis in the newborn lamb is that 
associated with Erysipelothrix rhuriophiae, but 
this usually occurs later and is manifested by 
lameness without pronounced joint 
enlargement. Calves may also develop 
erysipelatous arthritis. 


TREATMENT 

Penicillin is successful as treatment in all 
forms of the disease if irreparable structural 
damage has not occurred. In newborn 
animals, the dosage rate should be high 
(20,000 IU/kg BW) and should be repeated 
at least once daily for 3 days. If suppuration 
is already present, a longer course of antibi¬ 
otics will be necessary, preferably for 7 to 10 
days. Piglets treated early in the course of the 
disease will survive but may runt. Because of 
the common litter incidence in piglets and 
the occurrence of subclinical bacteremia, it 
is wise to also treat all littermates of affected 
piglets. Benzathine or benethamine penicil¬ 
lins can be used in conjunction with shorter- 
acting penicillins. 
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CONTROL 

The principles of control of infectious dis¬ 
eases of the newborn are described else¬ 
where. Because the most frequent source of 
infection in foals is the genital tract of the 
dam, some attempt should be made to treat 
the mare and limit the contamination of the 
environment. Mixed bacterins have been 
widely used to establish immunity in mares 
and foals against this infection, but no proof 
has been presented that they are effective. On 
heavily infected premises the administration 
of long-acting penicillin at birth may be 
advisable. A major factor in the control of 
navel and joint ill in lambs is the use of 
clean fields or pens for lambing because 
umbilical infection originating from the 
environment seems to be more important 
than infection from the dam in this species. 
Docking should also be done in clean sur¬ 
roundings; if necessary, temporary yards 
should be erected. Instruments should be 
chemically sterilized between lambs. Regard¬ 
less of species and where practicable, all 
parturition stalls and pens should be kept 
clean and disinfected, and the navels of all 
newborn animals should be disinfected at 
birth. Where screwworms are prevalent, 
the unhealed navels should be treated with a 
reliable repellent. 
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Neonatal Neoplasia 

Congenital neoplasia is rare, occurring at a 
substantially lower rate than in adults, and 
accounts for a minor percentage of findings 
in surveys of neonatal mortality. It is proba¬ 
ble that genetic rather than environmental 
factors influence its development. 

Clinical signs depend on the type of neo¬ 
plasm and its site, and they can result in dys¬ 
tocia or abortion. A variety of tumors have 
been recorded in all large animal species and 
are predominantly of mesenchymal origin. 

In calves, malignant lymphoma is most 
commonly reported. It is usually multicen¬ 
tric and also affects the skin. Sporadic bovine 
leukosis of young calves may also be present 
at birth. Other tumors reported predomi¬ 
nant in calves include diffuse peritoneal 
mesothelioma, mixed mesodermal tumor, 
mast cell tumor, hemangiomas, and cutane¬ 
ous melanoma. 

Melanomas (both benign and malignant) 
also occur in foals and piglets. Duroc Jersey, 
Vietnamese pot-bellied pigs, and Sinclair 
miniature pigs have a high incidence of con¬ 
genital malignant melanoma, which is fatal 
in approximately 15% of affected pigs but 
regresses spontaneously, and without recur¬ 
rence, in the remainder. 

A breed predisposition to cardiac rhab¬ 
domyoma is recorded in Red Wattle pigs. 

Papillomatosis is rare, but lingual papil¬ 
lomatosis is reported as a cause of enzootic 
disease of piglets in China. 
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Introduction 

Mastitis is inflammation of the parenchyma 
of the mammary gland regardless of the 
cause. Mastitis is therefore characterized by 
a range of physical and chemical changes in 
the milk and pathologic changes in the glan¬ 
dular tissue. The most important changes in 
the milk include discoloration, the presence 
of clots, and the presence of large numbers 
of leukocytes. There is swelling, heat, pain, 
and edema in the mammary gland in many 
clinical cases. However, a large proportion of 
mastitic glands are not readily detectable by 
manual palpation or by visual examination 
of the milk using a strip cup; these quarters 
represent subclinical infections. Because of 
the large numbers of subclinical cases, the 
diagnosis of mastitis depends largely on 
indirect tests, which depend, in turn, on 
the somatic cell concentration or electrolyte 
(sodium or chloride) concentration of milk. 
It seems practicable and reasonable to define 
mastitis as a disease characterized by 
the presence of a significantly increased 
somatic cell concentration in milk from 
affected glands. The increased somatic cell 


concentration is, in almost all cases, caused 
by an increased neutrophil concentration, 
which represents a reaction of glandular 
tissue to injury and is preceded by changes 
in the milk that are the direct result of 
damage to glandular tissue. However, the 
exact clinical and laboratory changes that 
occur in the udder as a result of infection can 
also be caused by other factors in the absence 
of infection. Until it becomes common usage 
to define mastitis in terms of the sodium or 
chloride concentration of the milk (as mea¬ 
sured by electrical conductivity) or increased 
permeability of the blood-milk barrier (as 
measured by albumin concentration), there 
appears to be no point in changing the 
current definition of mastitis based on an 
abnormal-looking secretion or an increased 
somatic cell concentration. Characterization 
of mastitis depends on the identification of 
the causative agent whether it be infectious 
or physical. 

Most of the information presented here 
deals almost entirely with bovine mastitis 
because of its economic importance, but 
small sections on ovine, caprine, porcine, 
and equine mastitis are included at the end 
of the chapter. 


Bovine Mastitis 

GENERAL FEATURES 

A total of about 140 microbial species, sub¬ 
species, and serovars have been isolated from 
the bovine mammary gland. Microbiological 
techniques have enabled precise determina¬ 
tion of the identity of many of the mastitis 
pathogens. Based on their epidemiology and 
pathophysiology, these pathogens have been 
further classified as causes of contagious, 
teat skin opportunistic or environmental 
mastitis. 


SYNOPSIS 


Etiology 

• Contagious pathogens: Staphylococcus 
aureus. Streptococcus agalactiae, 
Corynebacterium bovis, and Mycoplasma 

• Teat skin opportunistic pathogens: 
Coagulase-negative staphylococci 

• Environmental pathogens: Environmental 
Streptococcus spp. including Streptococcus 
uberis and S. dysgalactiae, which are the 
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most prevalent; less prevalent is S. equinus 
(formerly referred to as 5. bovis). 
Environmental coliforms include the 
gram-negative bacteria Escherichia coli, 
Klebsiella spp., and Enterobacter spp., and 
Trueperella (formerly Arcanobacterium, or 
Actinomyces, or Corynebacterium) 
pyogenes. 

• Uncommon pathogens: Many, including 
Nocardia spp., Pasteurella spp., 
Mycobacterium bovis, Bacillus cereus, 
Pseudomonas spp., Serratia marcescens, 
Citrobacter spp., anaerobic bacterial 
species, fungi, and yeasts 

Epidemiology 

• Incidence of clinical mastitis ranges from 
10%-12% per 100 cows at risk per year. 
Prevalence of intramammary infection is 
about 50% of cows and 10%-25% of 
quarters. Case-fatality rate depends on 
cause of mastitis. 

• Contagious pathogens are transmitted at 
time of milking; teat skin opportunistic 
pathogens take any opportunity to induce 
mastitis; environmental pathogens are from 
the environment and induce mastitis 
between milkings. 

• Environmental pathogens are the most 
common cause of clinical mastitis in 
herds that have controlled contagious 
pathogens. 

• Prevalence of infection with contagious 
pathogens ranges from 7%-40% of cows 
and 6%-35% of quarters. 

• Prevalence of infection with environmental 
pathogens: coliforms 1%-2% of quarters; 
streptococci less than 5% 

Risk factors 

• Animal risk factors: Prevalence of 
infection increases with age. Most new 
infections occur in the dry period and in 
early lactation. Highest rate of clinical 
disease occurs in herds with low somatic 
cell counts (SCCs). Morphology and 
physical condition of the teat are risk 
factors. Selenium and vitamin E status 
influence incidence of clinical mastitis. 
High-producing cows are more 
susceptible. 

• Environmental risk factors: Poor quality 
management of housing and bedding 
increases infection rate and incidence of 
clinical mastitis caused by environmental 
pathogens. 

• Pathogen risk factors: Ability to survive 
in the environment, virulence factors 
(colonizing ability and toxin production), 
susceptibility to antimicrobial agents 

• Economics: Subclinical mastitis is a major 
cause of economic loss caused by loss of 
milk production, costs of treatment, and 
early culling. 

Clinical signs 

• Gross abnormalities in secretion 

(discoloration, clots, flakes, and pus) 

• Physical abnormalities of udder: Acute, 
diffuse swelling and warmth, pain, and 
gangrene in severe cases; chronic, local 
fibrosis and atrophy 


• Systemic response: May be normal or 
mild, moderate, acute, peracute with 
varying degrees of anorexia, toxemia, 
dehydration, fever, tachycardia, ruminal 
stasis, and recumbency and death 

Clinical pathology 

• Detection at the herd level: Bulk tank 
milk SCCs. Culture of bulk tank milk 

• Detection at the individual cow level: 

Abnormal looking milk, culture of 
composite or quarter milk samples. Indirect 
tests include SCCs of composite or quarter 
milk samples, California mastitis test of 
quarter milk samples, and in-line milk 
conductivity tests of quarter milk samples. 

• Use of selective media to differentiate 
gram-positive and gram-negative 
pathogens in cases of clinical mastitis 

• Differential diagnosis list: Other 
mammary abnormalities include 
periparturient udder edema, rupture of the 
suspensory ligament, and hematomas; 
blood in the milk of recently calved cows. 

Treatment 

• Clinical mastitis in lactating cow: Mild 
cases of clinical mastitis (abnormal secretion 
only) may not require treatment; however, 
all clinical mastitis episodes accompanied by 
an abnormal gland or systemic signs of 
illness should be treated with antimicrobial 
agents given by intramammary infusion (all 
cases) and parenterally (selected cases). 
Acute and peracute mastitis cases also 
require supportive therapy (fluid and 
electrolytes) and nonsteroidal 
antiinflammatory agents. Culture milk of 
representative clinical cases but antimicrobial 
susceptibility testing has not been validated. 

• Dry cow therapy: Intramammary infusion 
of long-acting antimicrobial agents at 
drying off provides the best treatment for 
subclinical mastitis caused by contagious 
pathogens. Must adhere to milk 
withholding times after treatment with 
antimicrobial agents to prevent milk drug 
residues, which is a major public health 
issue. Currently available cowside 
antimicrobial residue tests are not reliable. 

Control 

• Principles of control: 

1. Eliminate existing infections 

2. Prevent new infections 

3. Monitor udder health status 

• Components of a mastitis control program: 

1. Use proper milking management 
methods. 

2. Proper installation, function, and 
maintenance of milking equipment 

3. Dry cow management 

4. Appropriate therapy of mastitis during 
lactation 

5. Culling chronically infected cows 

6. Maintenance of an appropriate 
environment 

7. Good record keeping 

8. Monitoring udder health status 

9. Periodic review of the udder health 
management program 

10. Setting goals for udder health status 


Contagious Mastitis Pathogens 

There are many contagious mastitis patho¬ 
gens. The most common are Staphylococcus 
aureus and Streptococcus agalactiae. The 
usual source of contagious pathogens is the 
infected glands of other cows in the herd; 
however, the hands of milkers can act as a 
source of S. aureus. The predominant method 
of transmission is from cow to cow by con¬ 
taminated common udder washcloths, resid¬ 
ual milk in teat cups, and inadequate milking 
equipment. Programs for the control of con¬ 
tagious mastitis involve improvements in 
hygiene and disinfection aimed at disrupting 
the cow-to-cow mode of transmission. In 
addition, methods to eliminate infected cows 
involve antimicrobial therapy and the culling 
of chronically infected cows. 

Generally, a conscientious mastitis control 
program will eradicate S. agalactiae from 
most dairy herds. It is much more difficult to 
deal with a herd that has a high prevalence of 
S. aureus, but it can be eradicated from low- 
prevalence herds. 

Mycoplasma bovis is a less common cause 
of contagious mastitis; it causes outbreaks of 
clinical mastitis that do not respond to 
therapy and are difficult to control. Most 
outbreaks of M. bovis are associated with 
recent introductions of new animals into the 
herd. Characteristically, clinical mastitis 
occurs in more than one quarter, there is a 
marked drop in milk production, and there 
is little evidence of systemic disease. The 
laboratory diagnosis of mycoplasmal masti¬ 
tis requires specialized media and culture 
conditions. Antimicrobial therapy is rela¬ 
tively ineffective, and culling is the predomi¬ 
nant strategy. 

Teat Skin Opportunistic 
Mastitis Pathogens 

The incidence of mild clinical mastitis asso¬ 
ciated with bacterial pathogens that nor¬ 
mally reside on the teat skin is increasing, 
particularly in herds that have controlled 
major contagious mastitis pathogens. Teat 
skin opportunistic pathogens have the ability 
to create an intramammary infection via 
ascending infection through the streak canal. 
Accordingly, their epidemiology of infec¬ 
tions differs from those of contagious and 
environmental pathogens, and it is useful to 
consider them in a separate category. 
Coagulase-negative staphylococci (CNS) are 
the most common teat skin opportunistic 
mastitis pathogens. 

Environmental Mastitis Pathogens 

Environmental mastitis is associated with 
three main groups of pathogens, the coli¬ 
forms (particularly Escherichia coli and Kleb¬ 
siella spp.), environmental Streptococcus spp., 
and Trueperella pyogenes. The source of these 
pathogens is the environment of the cow. The 
major method of transmission is from the 
environment to the cow by inadequate 
management of the environment. Examples 
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include wet bedding, dirty lots, milking wet 
udders, inadequate premilking udder and 
teat preparation, housing systems that allow 
teat injuries, and poor fly control. Control 
strategies for environmental mastitis include 
improved sanitation in the barn and yard 
areas, good premilking udder preparation so 
that teats are clean and dry at milking time, 
and fly control. Special attention is necessary 
during the late dry period and in early 
lactation. 

Coliform organisms are a common cause 
of clinical mastitis, occasionally in a severe 
peracute form. Clinical cases of coliform 
infection are generally found in low levels in 
most herds and do not routinely result in 
chronic infections. There is increasing evi¬ 
dence that, as the contagious pathogens are 
progressively controlled in a herd, the inci¬ 
dence of clinical cases associated with coli¬ 
form organisms increases. The pathogenesis, 
epidemiology, predisposing risk factors, 
diagnostic problems, therapy, and control 
methods have been the subject of extensive, 
worldwide research efforts. 

Environmental streptococci have become 
a major cause of mastitis in dairy cattle. 
Streptococcal infections are associated with 
many different species; however, the most 
prevalent species are Streptococcus uberis 
and Streptococcus dysgalactiae. Infections 
with these organisms can cause clinical mas¬ 
titis that is commonly mild to moderate in 
nature. More frequently, these organisms 
cause a chronic subclinical infection with an 
increased milk somatic cell concentration. 
Many herds that have implemented the five- 
point program for mastitis control have 
found that environmental streptococci rep¬ 
resent their most common mastitis problem. 

T. pyogenes is an important seasonal 
cause of mastitis in dry cows and late preg¬ 
nant heifers in some parts of the world. 
Intramammary infections with T. pyogenes 
are severe, and the gland is almost always lost 
to milk production. 

Several other pathogens are included in 
the environmental class of infections. 
These pathogens invade the mammary gland 
when defense mechanisms are compromised 
or when they are inadvertently delivered into 
the gland at the time of intramammary 
therapy. This group of opportunistic organ¬ 
isms includes Pseudomonas spp., yeast 
agents, Prototheca spp., Serratia marcescens, 
and Nocardia spp. Each of these agents has 
unique microbiological culture characteris¬ 
tics, mechanisms of pathogenesis, and clini¬ 
cal outcomes. These infections usually occur 
sporadically. However, outbreaks can occur 
in herds or in an entire region and are usually 
the result of problems with specific manage¬ 
ment of hygiene or therapy. For example, 
mastitis associated with Pseudomonas aeru¬ 
ginosa has occurred in outbreaks associated 
with contaminated wash hoses in milking 
parlors. Iodide germicides used in wash lines 
are often at too low a concentration to 


eliminate Pseudomonas spp. Outbreaks of 
clinical mastitis associated with Nocardia 
spp. have been associated with the use 
of blanket dry cow therapy and the use of 
a specific neomycin-containing dry cow 
preparation. 

The mastitis pathogens, and their relative 
importance, continue to evolve as new man¬ 
agement methods and control practices are 
developed. Thus there is an ongoing need for 
epidemiologic studies to characterize the 
pathogens and describe their association 
with the animals and their environment. 
Improved control methods can develop only 
from investigations into the distribution and 
pathogenic nature of the microorganisms 
isolated. 

ETIOLOGY 

Bovine mastitis is associated with many dif¬ 
ferent infectious agents, commonly divided 
into those causing contagious mastitis, 
which are spread from infected quarters to 
other quarters and cows, those that are 
normal teat skin inhabitants and cause 
opportunistic mastitis, and those causing 
environmental mastitis, which are usually 
present in the cows environment and reach 
the teat from that source. Pathogens causing 
mastitis in cattle are further divided into 
major pathogens (those that cause clinical 
mastitis) and minor pathogens (those that 
normally cause subclinical mastitis and less 
frequently cause clinical mastitis). 

Major Pathogens 
Contagious Pathogens 

• S. agalactiae 

• S. aureus 

• M. bovis 

Environmental Pathogens 

Environmental Streptococcus species include 
S. uberis and S. dysgalactiae, which are the 
most prevalent; less prevalent is S. equinus 
(formerly referred to as S. bovis). The envi¬ 
ronmental coliforms include the gram¬ 
negative bacteria E. coli, Klebsiella spp., and 
Enterobacter spp. T. pyogenes mastitis can be 
an important problem in some herds. 

Minor Pathogens 

Several other species of bacteria are often 
found colonizing the teat streak canal and 
mammary gland. They rarely cause clinical 
mastitis and are known as minor pathogens. 
They include the coagulase-negative Staph¬ 
ylococcus spp. such as S. hyicus and S. chro¬ 
mogenes, which are commonly isolated from 
milk samples and the teat canal. S. xylosus 
and S. sciuri are found free living in the envi¬ 
ronment; S. warneri, S. simulans, and S. epi- 
dermidis are part of the normal flora of the 
teat skin (and therefore are teat skin oppor¬ 
tunistic pathogens). The prevalence of 
coagulase-negative Staphylococcus spp. is 
higher in first-lactation heifers than in cows 
and higher immediately after calving than in 


the remainder of lactation. In recent studies, 
they have been found as teat canal and 
intramammary infections in nulliparous 
heifers. 

Corynebacterium bovis is also a minor 
pathogen; it is mildly pathogenic and the 
main reservoir is the infected gland or teat 
duct. However, in some herds, C. bovis 
appears to be a common cause of mild clini¬ 
cal mastitis. C. bovis spreads rapidly from 
cow to cow in the absence of adequate teat 
dipping. The prevalence of C. bovis is low in 
herds using an effective germicidal teat dip, 
good milking hygiene, and dry cow therapy. 
The presence of C. bovis in a gland will 
reduce the likelihood of subsequent infec¬ 
tion with S. aureus. 

Uncommon Mastitis Pathogens 

Many other bacteria can cause severe mastitis, 
which is usually sporadic and usually affects 
only one cow or a few cows in the herd. These 
include Nocardia asteroides, N. brasiliensis, 
and N. farcinica, Histophilus somni, Pasteu- 
rella multocida, Mannheimia (formerly Pas- 
teurella) haemolytica, Campylobacter jejuni, 
Bacillus cereus, and other gram-negative bac¬ 
teria including Citrobacter spp., Enterococcus 
faecalis, E. faecium, Proteus spp., Pseudomo¬ 
nas aeruginosa, and Serratia spp. Anaerobic 
bacteria have been isolated from cases of mas¬ 
titis, usually in association with other faculta¬ 
tive bacteria, e.g.,Peptostreptococcusindolicus, 
Prevotella melaninogenica (formerly Bacteroi- 
des melaninogenicus), Eubacterium combesii, 
Clostridium sporogenes, and Fusobacterium 
necrophorum. 

Fungal infections include Trichosporon 
spp., Aspergillus fumigatus, A. nidulans, and 
Pichia spp.; yeast infections include Candida 
spp., Cryptococcus neoformans, Saccharomy- 
ces spp., and Torulopsis spp. Algal infections 
include Prototheca trispora and P. zopfii. 

Leptospiras, including Leptospira inter¬ 
rogans serovar Pomona, and especially Lep¬ 
tospira interrogans Hardjo, cause damage to 
blood vessels in the mammary gland and 
gross abnormality of the milk. They are more 
correctly classified as systemic diseases with 
mammary gland. 

Some viruses may also cause mastitis in 
cattle, but they are of little importance. 

EPIDEMIOLOGY 

This section deals with the general aspects of 
epidemiology of bovine mastitis. For infor¬ 
mation about the epidemiology of mastitis in 
the other animal species see the appropriate 
sections at the end of this chapter. 

Occurrence and Prevalence 
of Infection 

Occurrence refers to the location of the 
disease and the kinds of animals affected. 
Prevalence is the percentage of the popula¬ 
tion affected with a specific disease in a given 
population at a certain point in time. The 
incidence is a rate, such as the total number 
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of new cases of clinical mastitis, and is a per¬ 
centage of the animals at risk that develop a 
specific disease during a certain period of 
time. Prevalence is a function of the inci¬ 
dence and the duration of infection. 

Prevalence 

In most countries, surveys in dairy herds 
indicate that the prevalence of infection of 
mastitis pathogens is approximately 50% of 
cows and 10% to 25% of quarters. The preva¬ 
lence of infection in dairy heifers of breeding 
age and in pregnant dairy heifers varies 
widely from 30% to 50% of heifers and 18% 
of quarters to as high as 97% of heifers and 
75% of quarters. 

Incidence 

The average annual incidence of clinical 
mastitis, calculated as the number of clinical 
quarter cases per 100 cows at risk per year, 
including the dry period, in individual herds 
ranges from 10% to 12% in most herds, but 
higher incidences, ranging from 16% to 65%, 
occur in some herds. The greatest risk of first 
acquiring mastitis occurs early in lactation, 
usually in the first 50 days. The risk of clinical 
mastitis also increases with increasing parity. 
In beef herds, 32% to 37% of cows and 18% 
of quarters may have intramammary infec¬ 
tion, which has a significant negative effect 
on calf weaning weights. 

Case-fatality rates vary widely depend¬ 
ing largely on the identity of the causative 
organism. For example, S. agalactiae mastitis 
is not a fatal disease, but peracute staphylo¬ 
coccal mastitis in a recently calved cow often 
may be fatal. Details of the occurrence of the 
different types of mastitis are presented in 
their individual sections in this chapter. 

Relative Prevalence of Infection With 
Intramammary Pathogens 

The prevalence of infection with intramam¬ 
mary pathogens in cattle with clinical mastitis 
differs from country to country, primarily 
based on whether cows are pasture based or 
confinement fed, and whether cattle were 
housed in free stalls or tie stalls. For example, 
in the United States, coliform bacteria are 
most frequently isolated from cows with 
clinical mastitis. The most frequently 
isolated bacteria from cattle with clinical 
mastitis in Canada are S. aureus, E. coli, S. 
uberis, and CNS. 1 In Europe, clinical mastitis 
caused by Klebsiella spp. occurs less fre¬ 
quently than E. coli mastitis, whereas the two 
pathogens are of equal importance in the 
United States because of the more frequent 
use of sawdust and wood shavings for 
bedding. In Norway, S. aureus is the predomi¬ 
nant pathogen, followed by S. dysgalactiae. In 
Sweden, S. aureus is the predominant patho¬ 
gen, followed by E. coli, S. dysgalactiae, S. 
uberis, CNS, T. pyogenes, and Klebsiella spp. 2 
In Finland, S. aureus is also the predominant 
pathogen from clinical mastitis cases, fol¬ 
lowed by CNS, S. uberis, S. dysgalactiae, and 


E. coli . 3 S. uberis was the most common cause 
of clinical mastitis in Belgium, followed by E. 
coli. 4 In comparison, S. uberis is the most 
common cause of clinical mastitis in New 
Zealand, 1 and S. aureus is the predominant 
pathogen in Ireland, followed closely by S. 
uberis, coliform bacteria, environmental 
streptococci, and finally CNS. 5 

The bacteriologic identification of masti¬ 
tis pathogens is important because optimal 
control and eradication procedures depend 
on the prevalent pathogens in the herd. In 
addition, the validity of epidemiologic inves¬ 
tigations aimed at determining transmission 
patterns or the impact of environmental 
and managemental factors to a large extent 
depends on exact bacteriologic diagnosis. 

Contagious Pathogens 

The prevalence of infection with S. aureus in 
cows ranges widely, usually from 7% to 40%, 
but it is higher in some herds. A survey of 
Danish dairy herds found that 21% to 70% 
of all cows and 6% to 35% of all quarters were 
infected. S. aureus was isolated from 10% of 
quarter samples and was the most common 
species isolated. The prevalence of strepto¬ 
cocci, including S. agalactiae, ranges from 
1% to 8% of cows. A relative incidence of S. 
agalactiae, other streptococci and S. aureus 
of 1:1:2 is a common finding. S. aureus may 
still assume some importance as a cause of 
subclinical mastitis, but its prevalence has 
been reduced by modern mastitis control 
programs, leading to a higher proportion 
of culture-negative mastitic quarters and a 
corresponding, and perhaps consequent, 
increase in infections by E. coli and Klebsiella 
spp. The prevalence of infection caused by 
Mycoplasma spp. varies widely. 

The prevalence of infection caused by an 
individual pathogen, and therefore the ratio 
between its incidence and that of other 
pathogens, depends on several risk factors 
such as size of herd and quality of manage¬ 
ment, especially milking parlor hygiene and 
cleanliness of accommodation, and parity of 
animal (heifer or cow). For example, large, 
zero-grazed herds kept in drylot conditions 
are likely to encounter more hygiene prob¬ 
lems than conventionally housed herds 
mainly because of constant soiling of the 
udder by inadequate or improper bedding in 
larger units. In those circumstances there is 
likely to be a much higher prevalence than 
usual of mastitis associated with E. coli and 
S. uberis. 

Teat Skin Opportunistic Pathogens 

Coagulase-negative staphylococcal species 
were found in 4.1% of samples; the most 
frequently isolated were S. epidermidis 
(1.3%), S. chromogenes (1.0%), and S. 
simulans (0.7%). 

Environmental Pathogens 

The prevalence of intramammary coliform 
infections in a dairy herd seldom exceeds 1% 


to 2%; the prevalence of intramammary 
environmental streptococci is less than 5% in 
well-managed herds but may exceed 10% in 
some problem herds. A characteristic of 
intramammary coliform infections is the 
short duration, with 40% to 50% persisting 
less than 7 days. The majority of environ¬ 
mental streptococci infections last less than 
30 days. In a survey of Danish dairy herds, 
S. dysgalactiae (1.6%) and S. uberis (1.4%) 
were the second and third most common 
species isolated. 

Heifers 

Surveys of intramammary infection of 
heifers in regions such as Louisiana indicate 
variability in prevalence and duration of 
intramammary infection according to 
species of bacteria present around the time 
of parturition. About 20% of heifers were 
infected with S. aureus and 70% with CNS, 
the minor pathogens that are part of the 
normal teat skin flora of heifers. S. chromo¬ 
genes was isolated from 15% of all quarters 
of heifers before parturition but decreased 
shortly after parturition to 1%. Up to 97% of 
breeding age and pregnant dairy heifers and 
75% of their quarters may be infected with S. 
aureus, S. hyicus, and S. chromogenes. Infec¬ 
tions with S. simulans and S. epidermidis 
occurred in 1% to 3% of quarters both before 
and after parturition. S. dysgalactiae was iso¬ 
lated from 4% to 6% of quarters before and 
immediately after parturition. Intramam¬ 
mary infections with S. aureus rarely 
occurred before parturition but increased 
during the first week after parturition. There 
was no association between the prevalence of 
S. aureus in heifers before parturition and the 
prevalence in lactating cows. 

Distribution of Pathogens in 
Clinical Mastitis 

The distribution of pathogens isolated from 
cases of clinical mastitis has changed with 
the adoption of control programs from a 
high frequency of isolation of S. aureus and 
S. agalactiae to a higher isolation rate of 
other pathogens, particularly environmental 
pathogens. For example, in 171 randomly 
selected dairy herds, the average annual inci¬ 
dence of clinical mastitis was 13 quarter 
cases per 100 cows per year. The most fre¬ 
quent isolates from clinical cases were E. coli 
(16%), S. aureus (14%), S. uberis (11%), and 
S. dysgalactiae (8%). In another survey, the 
most common isolates from clinical cases 
were CNS and E. coli, each at 15% of samples 
taken. In a 2-year observational study of 65 
dairy herds in Canada, there was consider¬ 
able variation in the incidence of clinical 
mastitis among farms. Overall, 20% of cows 
experienced one or more cases of clinical 
mastitis during lactation. The pathogens iso¬ 
lated were coliforms (17%), other Streptococ¬ 
cus spp. (14%), S. aureus (7%), gram-positive 
bacilli (6%), C. bovis (2%), S. agalactiae (1%), 
and other Staphylococcus spp. (29%). There 
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was no growth in 18% of samples, and 8% 
were contaminated. Clearly the main differ¬ 
ence is that the rate of S. aureus in clinical 
cases is higher in continental Europe and 
lower in England and North America. 

Source of Infection 
Contagious Pathogens 

S. agalactiae and S. aureus reside primarily in 
the udder of infected cows; the source of 
infection is other infected cows and exposure 
to uninfected quarters is limited to the 
milking process. 

Teat Skin Opportunistic Pathogens 

A number of species of coagulase-negative 
staphylococcus reside primarily on the teat 
skin of cattle. 

Environmental Pathogens 

S. uberis, S. dysgalactiae, and coliforms are 
common inhabitants of the cows environ¬ 
ment such as bedding. The exposure of unin¬ 
fected quarters to environmental pathogens 
can occur at any time during the life of the 
cow, including milking time, between milk¬ 
ings, during the dry period, and before first 
calving in heifers. 

Methods of Transmission 

Infection of each mammary gland occurs via 
the teat canal, with the infection originating 
from either an infected udder or the environ¬ 
ment; in dairy cattle the infection originating 
from infected udders is transmitted to the 
teat skin of other cows by milking machine 
liners, milkers’ hands, washcloths, and any 
other material that can act as an inert carrier. 

Risk Factors 

Risk factors that influence the prevalence of 
infection and the incidence of clinical masti¬ 
tis are outlined here. Individual factors that 
are of particular importance in the individ¬ 
ual types of mastitis are described under 
those headings. 

Animal Risk Factors 
Age and Parity 

The prevalence of infected quarters increases 
with age, peaking at 7 years. Surveys of the 
prevalence of intramammary infection in 
dairy heifers a few days before their first par¬ 
turition reveals that 45% are infected, and 
the quarter infection rate may be 18%. Some 
studies found intramammary infections in 
97% of heifers and 74% of quarters. 

Stage of Lactation 

Most new infections occur during the early 
part of the dry period and in the first 2 
months of lactation, especially with the 
environmental pathogens. In heifers, the 
prevalence of infection is often high in 
the last trimester of pregnancy and several 
days before parturition, followed by a marked 
decline after parturition. In dairy heifers, 
most of these prepartum infections are 


associated with the minor pathogens, but 
some surveys have found evidence of infec¬ 
tion by the major pathogens. 

Some of these differences may be related 
to changes in the milk as a medium for bac¬ 
terial growth. For example, bacteria such as 
C. bovis grow best in milk secreted in the 
middle of lactation, whereas dry period 
secretion inhibits its growth. During the 
dry period the quarter’s capacity to 
provide phagocytic and bactericidal activi¬ 
ties diminishes. 

Season of Year 

The relationship between the incidence of 
mastitis and season of the year is variable, 
depending on geographic and climatic con¬ 
ditions. In subtropical and tropical areas the 
incidence may be higher during winter or 
spring calvings from the increase in infection 
pressure associated with increased humidity. 
In temperate climates and confined dairy 
herds, the incidence of mastitis is typically 
higher in summer; this has been attributed 
to ambient temperatures facilitating the 
growth of mastitis pathogens in bedding/’ 

Somatic Cell Count 

The highest average incidence of clinical 

mastitis caused by environmental bacteria 

may occur in herds with the lowest bulk tank 

milk somatic cell count (SCC; <150,000 cells/ 

mL) and a low prevalence of subclinical 

infection. 6 

Breed 

Generally, the incidence of mastitis is greater 
in Holstein Friesians than in Jerseys, but this 
may reflect differences in management rather 
than a true genetic difference. Valid com¬ 
parisons between breeds have not been 
reported. 

Milking Characteristics and 
Morphology of Udder and Teat 
High milking rate and large teat canal diam¬ 
eter have been associated with increased 
SCC or risk of intramammary infection. 
Milk leaking in cows in herds with a low bulk 
tank milk SCC has also been associated with 
an increased rate of clinical mastitis. Decreas¬ 
ing teat-end-to-floor distance is also a risk 
factor for clinical mastitis and may be associ¬ 
ated with an increased incidence of teat 
lesions.' Heritability estimates of teat-end- 
to-floor distance or udder height range from 
0.2 to 0.7, which may be a consideration in 
the selection indices of bulls. Periparturient 
udder edema is also be a risk factor for clini¬ 
cal mastitis. 7 

Physical Condition of Teat 
The teat end is the first barrier against invad¬ 
ing pathogens, and the efficiency of teat 
defense mechanisms depends on the integ¬ 
rity of teat tissue; its impairment leads to an 
increase in the risk of intramammary infec¬ 
tion. Teat thickness is an aid to evaluating 


teat tissue status. Milking machine charac¬ 
teristics can induce a decrease or increase in 
teat thickness after milking compared with 
premilking values. Increases in teat thickness 
of more than 5% are significantly associated 
with infection and new infection, but the 
association was not significant when teat 
thickness decreased by more than 5%. 
Coagulase-negative staphylococcal infec¬ 
tions are significantly associated with both 
increases and decreases in teat thickness 
numerically greater than 5%, but there is no 
association between teat thickness and S. 
aureus infections. In a longitudinal study of 
135 dairy cows teat condition, as assessed 
immediately after milking, did not appear to 
be associated with the risk of new intramam¬ 
mary infections, inflammatory response, or 
mastitis. 8 

Hyperkeratosis of the teat orifice is a 
commonly observed condition in the dairy 
cow because of machine milking; the degree 
of hyperkeratosis may be increased by a poor 
milking system. There is wide variation in 
the degree of hyperkeratosis between herds; 
the score increases with lactational age and 
peaks, for any lactation, and at 3 to 4 months 
after parturition, and declines as the cows 
dry off. There is no significant relationship 
between mean SCC and the degree of hyper¬ 
keratosis at the herd level. However, there is 
an association between higher hyperkerato¬ 
sis scores and higher microbial teat canal 
load, particularly for two common environ¬ 
mental mastitis pathogens, E. coli and S. 
uberis, but surprisingly not for S. aureus teat 
canal load. 9 Severe hyperkeratosis of the teat 
end is associated with an increased risk of 
clinical mastitis in the UK, but moderate 
hyperkeratosis was not predictive of clinical 
mastitis incidence. 10 Together, these data 
indicate that only severe disruption of the 
normal anatomy of the teat orifice is associ¬ 
ated with an increased risk of developing 
clinical mastitis. 10 

Udder Hygiene 

Dirty udders are associated with increased 
SCC and an increased prevalence of intrama¬ 
mmary infection caused by contagious and 
environmental pathogens.' It makes sense 
that an increased bacterial challenge of the 
teat and udder is associated with an increased 
risk of mastitis (Fig. 20-1). Udder hygiene 
could be a proxy for general mastitis man¬ 
agement skills, because good mastitis control 
programs result in a low prevalence of infec¬ 
tion with contagious and environmental 
pathogens. 

Nutritional Status 

Vitamins E and A as well as selenium may 
be involved in resistance to certain types 
of mastitis. Early reports found that 
supplementation with antioxidants such as 
selenium and vitamin E had a beneficial 
effect on udder health in dairy cattle by 
decreasing the incidence and duration of 
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Fig. 20-1 The environmental bacterial challenge can be formidable in confinement dairy 
operations, as demonstrated from a Midwest dairy in the United States. 


clinical mastitis. An increase in selenium 
concentration in whole blood was associated 
with a decrease in all infections, including S. 
aureus, T. pyogenes, and C. bovis. There was 
no association between different infections 
or SCC and concentrations of vitamin E, 
vitamin A, or (3-carotene, but an association 
existed between vitamin A concentration 
and SCC. There may an association between 
feed intake and risk of clinical mastitis: milk 
fat to protein ratios <1.0 (typically indicating 
the presence of subacute ruminal acidosis) 
or >1.5 (typically indicating the presence 
of excessive fat mobilization) predicts an 
increased likelihood of clinical mastitis 
within the following week. 8 

Genetic Resistance to Mastitis 
A variety of morphologic, physiologic, and 
immunologic factors contribute to a cows 
resistance or susceptibility to mastitis, and 
each of these factors is influenced to some 
extent by heredity.' Differences in udder 
depth, teat length, teat shape, and teat orifice 
morphology are thought to be associated 
with differences in mastitis occurrence. The 
production of keratin in the streak canal and 
the physical and biochemical characteristics 
of keratin are important contributors to mas¬ 
titis resistance. Many of the defense mecha¬ 
nisms of the udder, including lysozyme, 
lactoferrin, immunoglobulins, and leuko¬ 
cytes, are direct products of genes and have 
a genetic basis. For dairy cattle, heritability 
estimates for clinical mastitis average about 
0.05. These low heritability estimates indicate 
that there is very little genetic influence on 
clinical mastitis but a very strong environ¬ 
mental influence. 

Somatic Cell Count. Differences in herita¬ 
bility between herds with high and low SCCs 


are not significant. However, differences 
among bulls’ daughter groups for both clini¬ 
cal mastitis and SCC are reasonably large, 
suggesting that selection of sires can be 
important in mastitis control. An analysis of 
the disease and breeding records of a large 
number of Swedish bulls siring daughters 
whose milk had a low SCC count found 
genetic correlations from 0.71 to 0.79 
between SCC and clinical mastitis. It was 
concluded that it is possible to improve resis¬ 
tance to clinical mastitis by selecting for a 
low SCC. 

The strong phenotypic and genetic asso¬ 
ciation between SCC and mastitis indicates 
that breeding programs based on SCC may 
be effective as an indirect means of improv¬ 
ing mastitis resistance. However, greater 
emphasis on SCC may decrease genetic gain 
in yield traits, which are economically more 
important. 

Milk Yield 

The genetic correlation between milk yield 
and mastitis is about 0.2 to 0.3, which sug¬ 
gests that animals genetically above average 
for milk yield are more susceptible to masti¬ 
tis and that low-yielding cows tend to be 
more resistant. However, the low correlation 
value suggests that this relationship is not a 
strong tendency. The positive correlation 
implies that genetic improvement for milk 
yield is accompanied by a slow decline in 
genetic resistance to mastitis. Examination 
of the association between milk yield and 
disease in a large number of dairy cows 
found that higher milk yield was not a factor 
for any disease except mastitis. However, the 
association between milk yield and mastitis 
does not imply causation. At least two bio¬ 
logical explanations are plausible: increased 
injury and leaking of milk between milkings. 


Improved mastitis control efforts have offset 
the genetic trend for increased susceptibility 
to mastitis. The low heritability for mastitis 
indicates the great importance of environ¬ 
mental factors in causing differences in the 
prevalence of infection and the incidence of 
clinical mastitis. 

In summary, selection for milk yield 
alone results in increased incidence of mas¬ 
titis. The positive genetic correlation between 
milk yield and mastitis suggests that genes 
that increase milk yield tend to increase sus¬ 
ceptibility to mastitis. Selection indices that 
maximize genetic improvement for net eco¬ 
nomic benefit will not decrease the incidence 
of mastitis, but indices that include SCC, 
udder depth, or clinical mastitis will dimin¬ 
ish the rate of increase in mastitis by 20% to 
25%. Using predicted transmitting ability 
(PTA), an estimate of genetic merit, it has 
been found on average that daughters of 
bulls with high PTAs for SCC have a higher 
incidence of mastitis; sires with low PTA for 
somatic cell scores (SCSs) should therefore 
be selected. All of the economically impor¬ 
tant traits are weighted into a selection index 
for the selection of bulls, which will improve 
net income over cost of production. 

Dairy cattle with enhanced and 
optimally balanced antibody and cell- 
mediated immune responses are known as 
high immune responders. These adaptive 
immune responses are separate to innate 
immunity and are heritable, with heritability 
estimates of 0.25 to 0.35. These estimates are 
similar in magnitude to those for milk pro¬ 
duction traits, indicating that an appropri¬ 
ately weighted selection index would improve 
overall cow health and production. 11 

Other Concurrent Diseases 
These may be important risk factors for mas¬ 
titis. Retained placentas, teat injuries, and 
teat sores may be associated with a higher 
incidence of mastitis. Sole ulceration of any 
severity occurring in more than one digit has 
been associated with an approximately three¬ 
fold higher risk of S. aureus infections in the 
first lactation. It is suggested that sore feet 
could increase the risk of teat lesions, pre¬ 
sumably as a result of difficulty in standing. 

Immunologic Function of 
Mammary Gland 

The immune function of the mammary 
gland is impaired during the periparturient 
period; it is susceptible to mastitis during 
transition periods, such as drying off and 
colostrogenesis. As a result, the incidence of 
new intramammary infections is highest 
during the early nonlactating period and 
the periparturient period. 

Innate immunity plays an important 
role in maintaining a healthy mammary 
gland. 12 Pattern recognition receptors 
(PRRs) recognize well-conserved patterns on 
the surface of microbes called pathogen- 
associated molecular patterns (PAMPs). 
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The initial interaction between PAMPs and 
PRRs plays an important role in the subse¬ 
quent inflammatory response. 13,14 Lactofer- 
rin is another component of innate immunity. 
It reaches high concentrations in the glandu¬ 
lar secretions during the dry period, particu¬ 
larly during involution of the mammary 
gland. Because of its high secretion concen¬ 
tration and ability to bind iron, lactoferrin 
provides important innate antimicrobial 
activity against new intramammary infec¬ 
tions in the dry period, particularly coliform 
bacteria. 14,15 

The most important components of the 
defense against common bacterial pathogens 
are blood-derived neutrophils and opsoniz¬ 
ing antibodies. An inadequate rate of 
neutrophil recruitment to combat a new 
intramammary infection has a profound 
effect on the outcome of infection, because 
cows with a rapid and massive recruitment 
of neutrophils to an infected gland clear an 
intramammary infection within 12 to 18 
hours postinfection. 

It is also important that an early inflam¬ 
matory response in the infected mammary 
gland enables leakage of IgG 2 (opsonizing 
antibodies) because this facilitates neutro¬ 
phil phagocytosis of bacteria. The staggered 
one-two punch of peak IgG 2 concentra¬ 
tions within 4 hours of infection and peak 
neutrophil response within 6 to 12 hours of 
infection greatly facilitates clearance of new 
intramammary infections. 

Blood-derived neutrophils must undergo 
margination, adherence, and migration to 
arrive in the mammary gland, in which they 
perform phagocytosis, respiratory burst, 
and degranulation. Margination is via 
expression of three adhesion molecules 
from the selectin family, specifically 
L-selectin (also called CD62L) on neutro¬ 
phils, E-selectin (also called CD62E), and 
P-selectin (also called CD62P) on vascular 
endothelial cells. Neutrophil L-selectin 
makes the initial contact between “stream¬ 
ing” neutrophils in the bloodstream and the 
vascular wall; this contact slows neutrophil 
movement and allows them to “roll” along 
the endothelium while surveying for the 
presence of proinflammatory mediators at 
the sites of tissue infection. When the rolling 
neutrophils detect the presence of one or 
more proinflammatory mediators, they 
immediately shed surface L-selectin (CD62L) 
adhesion molecules and upregulate and 
activate Mac-1 (CDllb/CD18) adhesion 
molecules, stopping neutrophil rolling and 
permitting tight adherence of the neutrophil 
to the endothelium. Once adhered, neutro¬ 
phils commence diapedesis by migrating 
between endothelial cells to the site of infec¬ 
tion. Neutrophil migration therefore has 
three components: hyperadherence (cessa¬ 
tion of rolling), diapedesis, and chemotaxis. 
Any delay or inhibition in this process can 
lead to peracute mastitis and severe clinical 
disease. This is best illustrated by bovine 


leukocyte adhesion deficiency in Holstein 
Friesian cattle; affected calves cannot produce 
Mac-1 molecules and have a prominent neu¬ 
trophilia because streaming neutrophils 
cannot migrate to the site of infection. 
Migration of neutrophils is slow during the 
first few weeks of lactation, and this delay 
in neutrophil migration is thought to be 
responsible for the increased incidence and 
severity of intramammary infections during 
early lactation. 

Previous Mastitis 

Cows with a history of mastitis in the preced¬ 
ing lactation may be almost twice as suscep¬ 
tible to clinical mastitis in the current 
lactation as those without mastitis in the pre¬ 
ceding lactation. 

Preexisting Intramammary Infections 
Existing intramammary infections with 
minor pathogens has a protective effect 
against infections with major pathogens that 
is prominent in experimental infection 
studies that involve a large inoculum that 
bypasses the teat canal. 16 The observed pro¬ 
tective effect of minor pathogen infection 
may not occur under commercial dairy con¬ 
ditions. The strongest protective effect was 
observed with coagulase-negative staphylo¬ 
cocci, whereas intramammary infection with 
C. bovis did not provide protection against 
intramammary infection by a major patho¬ 
gen. 16 Elimination of minor pathogens with 
postmilking teat disinfection may therefore 
result in an increase in the incidence of sub- 
clinical and clinical mastitis. Discontinua¬ 
tion of teat dipping may be associated with 
an increase in the prevalence of minor 
pathogens, increase in the incidence of S. 
aureus infections, and decrease in the inci¬ 
dence of E. coli infections. 

Use of Recombinant 
Bovine Somatotropin 
Because the risk of clinical mastitis increases 
as milk production increases, there has been 
considerable scientific and public contro¬ 
versy over the potential effects that the use of 
recombinant bovine somatotropin (bST) 
might have on the incidence of clinical mas¬ 
titis and the subsequent use of antimicrobials 
from therapy. In some field trials, the use of 
bST did not result in an increase in the inci¬ 
dence of clinical mastitis compared with 
controls. In other trials, a significant increase 
in the incidence of clinical mastitis occurred 
in treated cows compared with controls. 
However, the incidence of clinical mastitis 
was greater in treated cows compared with 
controls before bST was used. In trials done 
on well-managed farms that had controlled 
contagious mastitis and had low rates of 
clinical mastitis caused by environmental 
pathogens, the use of bST was not associated 
with an increase in clinical mastitis, dis¬ 
carded milk because of therapy, or culling for 
mastitis. Interpretation of a direct effect of 


bST on mastitis incidence is confounded by 
the higher incidence of mastitis in cows of 
higher milk production. 

Environmental and Management 
Risk Factors 

Quality and Management of Housing 
Factors such as climate, housing system, type 
of bedding, and rainfall interact to influence 
the degree of exposure of teat ends to masti¬ 
tis pathogens. Because dairy cattle spend 
40% to 65% of their time lying down, the 
quality and management of housing for 
dairy cattle has a major influence on the 
types of mastitis pathogen that infect 
the mammary gland, as well as the degree 
of infection pressure. 

The major sources of environmental 
pathogens are the cow’s environment, includ¬ 
ing bedding, soil, feedstuffs, and water sup¬ 
plies. Environmental pathogens multiply in 
bedding materials, with which the cow’s teats 
are in close and prolonged contact. Bacterial 
growth in bedding depends on temperature, 
amount of moisture and nutrients available, 
and the pH. Fresh bedding can be a source 
of contamination even before it is used: Kleb¬ 
siella pneumoniae can be present in green, 
hardwood sawdust in higher numbers than 
in other types of bedding, and major out¬ 
breaks of environmental mastitis caused by 
K. pneumoniae have occurred following the 
use of contaminated wood products in 
bedding, described in detail in that section. 
Dry, unused bedding contains few patho¬ 
gens, but after being used it becomes con¬ 
taminated and provides a source in which 
pathogens multiply to high numbers in 24 
hours. Organic bedding materials such as 
straw, sawdust, wood shavings, and paper 
support the growth of pathogens. Inorganic 
materials such as sand retain less moisture 
and do not provide a supply of nutrients 
for the pathogens; bacterial counts in these 
materials are usually lower than in organic 
materials. Housing lactating cattle on 
sawdust leads to six times more Klebsiella 
bacteria and twice as much coliform bacteria 
on the teat ends compared with housing 
cattle on sand. In contrast, there were 10 
times more environmental streptococci bac¬ 
teria on teat ends when cows were housed on 
sand, compared with housing on sawdust. 
Surveys indicate that herds using wood chips 
or sawdust as bedding material have higher 
rates of clinical mastitis compared with those 
using straw bedding. 

High humidity and high ambient tem¬ 
peratures favor growth of pathogens. Cows 
in confinement housing with organic 
bedding materials have the highest incidence 
of environmental mastitis in the warm, 
humid months of the year. Pasturing herds 
during the summer months usually reduces 
the incidence of coliform mastitis, although 
rates of environmental streptococci may 
remain high. In drylot systems the incidence 
of coliform mastitis may be associated with 





periods of high rainfall. Herds with more 
months on pasture may have a higher inci¬ 
dence of clinical mastitis, which may be asso¬ 
ciated with factors such as sanitation and the 
stress of transition between pasture and con¬ 
finement housing. 

The management and design of housing 
systems influence the prevalence of intrama¬ 
mmary infection and the incidence of 
clinical mastitis. Any housing factor or man¬ 
agement system that allows cows to become 
dirty or damage teats or that causes over¬ 
crowding will result in an increase in clinical 
mastitis. This includes the size and comfort 
of free stalls, the size of the alleyways, ease of 
movement of cattle, and the cleaning system. 
Failure to keep alleyways, cow stalls and 
bedding clean and dry will increase the level 
of contamination of the teats. Overcrowding, 
poor ventilation, and access to dirty ponds of 
water and muddy areas in which cows con¬ 
gregate are major risk factors. 

The size of the milking cowherd may be 
positively associated with an increased inci¬ 
dence of clinical mastitis, because it can be 
more difficult to control contagious mastitis 
in a herd with a greater prevalence of infec¬ 
tion and a larger number of cow-to-cow con¬ 
tacts. As herd size increases, manure disposal 
and sanitation problems may increase expo¬ 
sure to environmental pathogens. However, 
regional and management differences may 
confound the association of size with infec¬ 
tion status. Some recent data suggest lower 
SCC in large herds. The use of designated 
maternity areas providing an isolated and 
clean environment for parturition may be 
associated with a lower incidence of clinical 
mastitis. 

If hygiene and bedding maintenance are 
neglected in the housing accommodation the 
prevalence of environmental forms of masti¬ 
tis may increase markedly. Periodic inspec¬ 
tion of dry cows is an essential part of 
mastitis control. 

Milking Practices 

The failure to use established and reliable 
methods of mastitis control is an impor¬ 
tant risk factor. This is a major subject, 
which includes efficiency of milking person¬ 
nel, milking machines, high milking speed, 
and especially hygiene in the milking parlor. 
Wet teats and udders are a risk factor for 
increased SCC, especially in the presence of 
teat impacts from liner slippage. The use of a 
separate drying cloth for each cow is associ¬ 
ated with a lower SCC. Effective use of a 
postmilking germicidal teat dip is critical for 
the control of contagious mastitis. Increasing 
person-hours spent milking per cow may be 
associated with a higher rate of clinical mas¬ 
titis. Contaminated milking equipment— 
including milk hoses, udder wash towels, 
and teat dip products—has been associated 
with outbreaks of environmental mastitis 
from S. marcescens and P. aeruginosa. Drying 
off procedures at the end of lactation and an 
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active policy on drying off treatment are 
equally important. 

The absence of milk quality regulations 
that place emphasis on SCC is also a risk 
factor. Conversely, the presence of strict 
regulations with penalties for high SCC is an 
important incentive to institute mastitis 
control programs that improve the quality of 
milk. The absence of a health management 
program consisting of regular farm visits by 
the veterinarian may also be a risk factor for 
mastitis, which may be associated with a 
relative lack of awareness by the producer of 
the importance of the principles of mastitis 
control. 

Pathogen Risk Factors 
Viability of Pathogens 
The ability of the pathogen to survive in the 
cows immediate environment (resistance to 
environmental influences including cleaning 
and disinfection procedures) is a charac¬ 
teristic of each pathogen. The causes of 
contagious mastitis are more susceptible to 
disinfection than the causes of environmen¬ 
tal mastitis. 

Virulence Factors 

There is a wide variety of virulence factors 
among the mastitis pathogens. These are 
described under specific mastitides. The 
influence of many bacterial virulence factors 
depends on the stage of lactation and sever¬ 
ity of the intramammary infection and the 
effects elicited by the virulence factors on 
bovine mammary tissue. A few examples 
of the common virulence factors are 
noted here. 

Colonizing Ability 

The ability of the pathogens to colonize the 
teat duct, then to adhere to mammary epithe¬ 
lium, and to initiate mastitis is a major char¬ 
acteristic of the major bacterial causes of 
mastitis. S. aureus strains that cause mastitis 
can bind to ductular udder epithelial cells and 
to explant cultures of bovine mammary 
glands. There are differences in the adhesion 
characteristics among strains of the organ¬ 
ism, which may explain the different epide¬ 
miologic characteristics of the organisms in 
some herds. Comparison of strains isolated 
from different S. aureus mastitis cases between 
herds reveals that only a limited number of 
genotypes of S. aureus are most prevalent. 

Toxins 

E. coli isolates that cause mastitis produce 
lipopolysaccharide endotoxin, which is 
responsible for many of the inflamma¬ 
tory and systemic changes observed during 
acute coliform mastitis. S. aureus isolated 
from intramammary infections produces 
many potential virulence factors, including 
enterotoxins; coagulase and alpha-, beta-, 
and delta-toxins; hemolysin; hyaluroni- 
dase; and leukocidins, which are consid¬ 
ered to be involved in the varying degrees 


of inflammation characteristic of staphylo¬ 
coccal mastitis from subclinical to peracute 
gangrenous mastitis. Virulence factors of S. 
uberis include hyaluronidase and the hyal¬ 
uronic capsule. 

Production and Economic Losses 

Although mastitis occurs sporadically in all 
species, it assumes major economic impor¬ 
tance in dairy cattle and may be one of the 
most costly diseases in dairy herds. Mastitis 
results in economic loss for producers by 
increasing the costs of production and by 
decreasing productivity. The premature 
culling of potentially profitable cows because 
of chronic mastitis is also a significant loss. 
Because of the large economic losses, there is 
a potential for high returns on investment in 
an effective control program. The compo¬ 
nent economic losses can be divided into the 
following: 

• Loss of milk production 

• Discarded milk from cows with clinical 
mastitis and treated cows 

• Replacement cost of culled cows 

• Extra labor required for treatment and 
monitoring 

• Veterinary service for treatment and 
control 

• Cost of first trimester abortions caused 
by clinical mastitis 

• Cost of decreased conception rate 
caused by clinical mastitis 1 week before 
or 2 weeks after artificial insemination 1 

• Cost of control measures 

There are additional costs such as antimicro¬ 
bial residues in milk from treated cows, milk 
quality control, dairy food manufacturing, 
nutritional quality of milk, degrading of milk 
supplies caused by high bacteria or SCC, and 
interference with the genetic potential of 
some cows from early involuntary culling 
because of chronic mastitis. 18 The total 
annual cost of mastitis in the dairy cattle 
population is estimated to be 10% of the total 
value of farm milk sales, and about two- 
thirds of this loss is caused by reduced milk 
production in subclinically affected cows. 
The production and economic losses are 
commonly divided into those associated 
with subclinical and clinical mastitis. 

Subclinical Mastitis 

Total milk losses from quarters affected with 
subclinical mastitis have been estimated to 
range from 10% to 26%. Lower SCCs are 
associated with higher milk production, and 
rolling herd average milk production has 
been estimated to decrease by 190 kg per 
unit increase of linear SCS. Most estimates 
indicate that on average an affected quarter 
results in a 30% reduction in productivity, 
and an affected cow is estimated to lose 15% 
of its production for lactation. This loss is 
sometimes expressed as a loss of about 
340 kg of saleable milk, which is caused by 
the loss of production and the value of milk 
that has to be withheld from sale. The loss in 
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production by an infected quarter may be 
largely compensated by increased produc¬ 
tion in the other quarters so that the net loss 
from the cow may be less than expected. In 
addition to these losses, there is an added 
loss of about 1% of total solids by changes in 
composition (fat, casein, and lactose are 
reduced and glycogen, whey proteins, pH, 
and chlorides are increased), which inter¬ 
feres with manufacturing processes, and 
other losses include increased culling rates 
and costs of treatment. Comparisons between 
low- and high-prevalence herds always show 
a financial advantage of about 20% to the 
low-prevalence herds, with the gain varying 
with the local price of milk or butter fat. In 
beef herds the losses are in the form of rare 
deaths of cows and failure of the calves to 
gain weight. 

Approximately 75% of the economic loss 
from subclinical mastitis is attributable to 
loss of milk production. Other costs include 
discarding milk from treated cows, drug 
costs, veterinary costs, labor, and loss of 
genetic potential of culled cows. 

Clinical Mastitis 

Clinical mastitis results in marked decreases 
in milk production, which are much larger 
in early than late lactation. 19 Milk production 
losses are also greater in cows with multiple 
lactations than first-lactation cows 19 and 
vary with pathogen type. Generally, gram¬ 
negative clinical mastitis cases have a greater 
milk loss than gram-positive and other 
cases. 20 In primiparous cattle, the greatest 
production losses were associated with E. coli 
and “untreatable” mastitis pathogens includ¬ 
ing T. pyogenes. Mycoplasma spp., Prototheca, 
and yeast. 21 In multiparous cattle, the great¬ 
est production losses were associated with 
Klebsiella spp. and untreatable mastitis 
pathogens. Clinical mastitis episodes caused 
by CNS were not associated with a detectable 
production loss. 21 

Clinical mastitis also decreases the dura¬ 
tion of lactation and increases the likelihood 
of culling. Clinical cases of brief duration 
that occur after the peak of lactation affect 
milk production very little but can induce 
abortion during the first 45 days of gestation. 
Clinically affected quarters may not com¬ 
pletely recover milk production in subse¬ 
quent lactations, but these carry-over losses 
are not as large as the losses from acute 
mastitis. 

The costs of clinical mastitis in dairy 
herds have been estimated in a number of 
countries. In a large 5-herd study in New 
York state in 2008 each clinical mastitis case 
cost $71 per cow-year, with a mean cost per 
clinical episode of $179. The latter estimate 
was based on $115 for milk yield loss, $14 for 
increased mortality, and $50 for treatment- 
associated costs. 22 These estimates did not 
include the cost of control programs. 

The component causes of economic loss 
associated with mastitis outlined previously 


vary according to the causative pathogen and 
are described under specific mastitides. In 
general terms S. aureus and E. coli may cause 
death from peracute mastitis; T. pyogenes 
causes complete loss of quarters; staphylo¬ 
cocci and streptococci cause acute clinical 
mastitis, but their principal role is in causing 
subclinical mastitis, resulting in a reduction 
of milk produced and a downgrading of its 
quality. Of these, S. agalactiae causes the 
greatest production loss, whereas S. aureus 
has the higher infection rate, greater resis¬ 
tance to treatment, and longer duration of 
infection. At one time S. aureus represented 
the impassable barrier to mastitis control 
programs. 

Other factors that affect the magnitude of 
the loss associated with mastitis include age 
(the loss is greatest in mature cows) and 
when the attack occurs in the first 150 days 
of lactation. 

Zoonotic Potential 

With mastitis there is the danger that the 
bacterial contamination of milk from affected 
cows may render it unsuitable for human 
consumption by causing food poisoning, or 
interfere with manufacturing processes or, in 
rare cases, provide a mechanism of spread of 
disease to humans. Tuberculosis, listeriosis, 
salmonellosis, and brucellosis may be spread 
in this way. Raw (unpasteurized) milk can be 
a source of food-borne pathogens, and con¬ 
sumption of raw milk can result in sporadic 
disease outbreaks. For instance, sampling 
bulk tank raw milk in Ontario revealed the 
presence of Listeria monocytogenes, Salmo¬ 
nella spp., Campylobacter spp., or verocyto- 
toxigenic E. coli in 2.7, 0.2, 0.5, and 0.9% of 
milk samples, respectively. These findings 
emphasize the importance of continued dili¬ 
gence in the application of hygiene programs 
within dairies and the separation of raw from 
pasteurized milk and milk products. 

PATHOGENESIS 

Infection of the mammary gland always 
occurs via the teat canal and on first impres¬ 
sion the development of inflammation after 
infection seems a natural sequence. However, 
the development of mastitis is more complex 
than this and can be most satisfactorily 
explained in terms of three stages: invasion, 
infection, and inflammation. Of the three 
phases, prevention of the invasion phase 
offers the greatest potential for reducing 
the incidence of mastitis by good manage¬ 
ment, notably in the use of good hygienic 
procedures. 

Invasion is the stage at which pathogens 
move from the teat end to the milk inside the 
teat canal. 

Infection is the stage in which the patho¬ 
gens multiply rapidly and invade the 
mammary tissue. After invasion the patho¬ 
gen population may be established in the 
teat canal and, with this as a base, a series 
of multiplications and extensions into 


mammary tissue may occur, with infection 
of mammary tissue occurring frequently or 
occasionally depending on its susceptibility. 
Multiplication of certain organisms may 
result in the release of endotoxins, as in coli- 
form mastitis, which causes profound sys¬ 
temic effects with minimal inflammatory 
effects. 

Inflammation follows infection and rep¬ 
resents the stage at which clinical mastitis 
occurs with varying degrees of clinical 
abnormalities of the udder and variable sys¬ 
temic effects from mild to peracute; gross 
and subclinical abnormalities of the milk 
appear. Abnormalities of the udder include 
marked swelling, increased warmth and, in 
acute and peracute stages, gangrene in some 
cases and abscess formation and atrophy of 
glands in chronic stages. The systemic effects 
are caused by the mediators of inflammation. 
Gross abnormalities of the milk include a 
decrease in milk yield, the presence of the 
products of inflammation, and marked 
changes in the composition of the milk. 

The most significant subclinical abnor¬ 
mality of the milk is the increase in the SCC, 
the most common measurement of milk 
quality and udder health. Milk somatic cells 
in a healthy gland consist of several cell 
types, including neutrophils (<11%), macro¬ 
phages (66%—88%), lymphocytes (10%- 
27%), and a smaller percentage of epithelial 
cells (0%—7%). Neutrophils are the predomi¬ 
nant cell type found in mammary tissues and 
secretions during inflammation, and in 
mastitis they constitute more than 90% of 
total mammary gland leukocytes. Once 
at the site of infection, neutrophils phagocy- 
tose and kill pathogens. Neutrophils 
exert their bactericidal effect through a respi¬ 
ratory burst that produces hydroxyl and 
oxygen radicals, which are important com¬ 
ponents of the oxygen-dependent killing 
mechanism. 

In the healthy lactating mammary gland, 
the SCC is less than 100,000 cells/mL of 
milk. During intramammary infection, the 
glandular SCC can increase to more than 
1,000,000 cells/mL of milk within a few 
hours because of the combined effect of an 
increased number of neutrophils (numera¬ 
tor) and a decreased glandular secretion 
volume (denominator). The severity and 
duration of mastitis are critically related to 
the promptness of the neutrophil migra¬ 
tory response and their bactericidal activ¬ 
ity at the site of infection. As they colonize 
and multiply in the mammary gland, some 
bacteria release metabolic by-products or 
cell-wall components (endotoxin if a gram¬ 
negative bacteria) that serve as chemoattrac¬ 
tants for leukocytes. If neutrophils move 
rapidly from the bloodstream and are able to 
eliminate the inflammatory stimuli (bacte¬ 
ria), then recruitment of neutrophils ceases 
and the SCC returns to normal levels. If bac¬ 
teria are able to survive this immediate host 
response, then the inflammation continues. 





resulting in neutrophil migration between 
adjacent mammary secretory cells toward 
the alveolar lumen. Prolonged diapedesis 
of neutrophils damages mammary tissue, 
resulting in decreased milk production. The 
duration and severity of the inflammatory 
response therefore has a major impact on the 
quantity and quality of milk produced. 

The major factor affecting the SCC at the 
herd and individual cow level is the preva¬ 
lence of intramammary infection at a glan¬ 
dular level. Because marked increases in SCC 
are a result of cells being attracted to the 
mammary tissue because of the mediators 
produced during a local infection, events 
that do not affect udder health are unlikely 
to have a direct or dramatic effect on SCC. 
Little evidence exists that any factor other 
than normal diurnal variation has a major 
influence on SCC in the absence of intra¬ 
mammary infections. 

The effects of mastitis on milk yield are 
highly variable and depend on the severity of 
the inflammation, the causative agents and 
the lesions produced, the efficiency of treat¬ 
ment, the production level, and the stage of 
lactation. Mastitis in early lactation causes a 
larger decrease in milk yield with long-term 
effects than mastitis in late lactation. Mastitis 
caused by S. aureus generally evolves into 
persistent but moderate infections, unlike 
those associated with coliforms. Mastitis 
associated with T. pyogenes results in sup¬ 
purative lesions, poor response to treatment, 
and culling. M. bovis causes chronic indura¬ 
tion and almost complete loss of milk pro¬ 
duction without recovery. 

CLINICAL FINDINGS 

Details of the clinical findings are provided 
under each specific type of mastitis. The 
clinical findings should be used only as a 
guide because different pathogens can cause 
chronic, subclinical, subacute, acute, and 
peracute forms of the disease, and clinical 
differentiation of the different causes of mas¬ 
titis is difficult. The greatest clinical accuracy 
achievable, even in a specialist hospital envi¬ 
ronment and after adaptation to suit local 
conditions, is about 70%, which is not suffi¬ 
ciently accurate to be clinically useful. In 
other words, bacteriologic culture of milk 
from an affected gland is required before 
specific pathogen-directed treatment can be 
implemented. 

Clinical mastitis is detected using only 
the results of the physical examination, and 
a useful definition of clinical mastitis is a 
negative answer to the question: Would you 
drink this? In other words, “undrinkable” is 
a simple and generalizable concept for defin¬ 
ing clinical mastitis, because milk from cows 
with clinical mastitis is not suitable for 
drinking. New cases of clinical mastitis 
are defined as being separated by at least 
14 days. 

The clinical findings in mastitis include 
abnormalities of secretion, abnormalities of 
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the size, consistency and temperature of the 
mammary glands and, frequently, a systemic 
reaction. In other words, there are three 
categories of clinical mastitis: abnormal 
secretion, abnormal gland, and an abnor¬ 
mal cow (systemic disease). Abnormal secre¬ 
tion is visibly abnormal (i.e., is not drinkable). 
An abnormal gland is larger and firmer than 
other quarters. An abnormal cow is pyrexic, 
depressed, or has decreased appetite or milk 
production. This three-part categorization 
scheme has excellent clinical utility, is readily 
understood by everyone, and provides a 
sound pathophysiological basis for treat¬ 
ment. In particular, it is likely that optimal 
treatment protocols can be developed for the 
three levels of clinical mastitis. Other catego¬ 
rization systems have been developed, but 
they lack the simplicity and generalizability 
of the secretion, gland, and cow system. 

Clinical mastitis episodes are also 
categorized according to their severity and 
duration. 

Severity is characterized as follows: 

• Peracute: severe inflammation with 
swelling and heat and pain of the 
quarter with a marked systemic 
reaction, which may be fatal 

• Acute: severe inflammation without a 
marked systemic reaction 

• Subacute: mild inflammation with 
persistent abnormality of the milk 
Duration is characterized as follows: 

• Short-term (as in E. coli and Klebsiella 
spp.) 

• Recurrent (as in S. aureus and S. 
dysgalactiae) 

• Persistent (as in S. agalactiae and M. 
bovis ) 

Abnormal Secretion 

Proper examination of the milk requires the 
use of a strip cup, preferably one with a 
shiny, black plate that permits the detection 
of discoloration as well as clots, flakes, and 
purulent material. Milk is drawn on to the 
black plate in pools, and comparisons are 
made between the milk of different quarters. 
Because the herdsman frequently has little 
time to examine milk for evidence of masti¬ 
tis, it is customary to milk the first few 
streams onto the floor; in some parlors black 
plates are set in the floor. The practice does 
not appear to be harmful if the floor is kept 
washed down. 

Discoloration may be from blood stain¬ 
ing or wateriness, with the latter usually indi¬ 
cating chronic mastitis when the quarter is 
lactating. Little significance is attached to 
barely discernible wateriness in the first few 
streams but, if this persists for two to three 
streams or more, it is an abnormality. One of 
the major unresolved issues in bovine masti¬ 
tis is how to treat a cow with abnormal secre¬ 
tion on the first one to two streams that 
subsequently has normal-looking milk. Clots 
or flakes are usually accompanied by discol¬ 
oration and they are always significant, 


indicating a severe degree of inflammation, 
even when small and present only in the first 
few streams. Blood clots are of little signifi¬ 
cance in a mastitis case, and neither are 
the small plugs of wax that are often present 
in the milk during the first few days 
after calving, especially in heifers. Flakes at 
the end of milking may be indicative of 
mammary tuberculosis in cattle. 

During the dry period in normal cows, 
the secretion changes from normal milk to a 
clear watery fluid, then to a secretion the 
color and consistency of honey, and finally to 
colostrum in the last few days before parturi¬ 
tion. Some variation may occur between 
individual quarters in the one cow; if this 
is marked, it should arouse suspicion of 
infection. 

The strip cup provides a valuable tool for 
detecting clinical mastitis and constitutes 
part of the routine physical examination of 
the lactating cow. The most sensitive use of 
the strip cup is to observe the ability of milk 
from one quarter to mix with milk from 
another quarter; incomplete mixing (evi¬ 
dence of streaming) indicates that secretions 
from the two quarters differ and suggests the 
presence of an intramammary infection in 
one of the quarters. However, it should be 
remembered that the strip cup can only 
detect clinical mastitis, and detection of sub- 
clinical mastitis requires use of indirect tests 
such as SCC of composite milk samples from 
individual cows, or application of the Cali¬ 
fornia mastitis test (CMT) to quarter samples 
or measuring the electrical conductivity of 
quarter samples. 

Abnormal Gland 

Abnormalities of size and consistency of the 
quarters may be seen and felt. Palpation is of 
greatest value when the udder has been 
recently milked, whereas visual examination 
of both the full and empty udder may be 
useful. The udder should be viewed from 
behind, and the two hindquarters should be 
examined for symmetry. By lifting up the 
hindquarters, the forequarters can be viewed. 
A decision on which quarter of a pair is 
abnormal may depend on palpation, which 
should be performed simultaneously on the 
opposite quarter of the pair. Although in 
most forms of mastitis the observed abnor¬ 
malities are mainly in the region of the milk 
cistern, the whole of the quarter must be pal¬ 
pated, particularly if tuberculosis is sus¬ 
pected. The teats should be inspected and 
palpated for skin lesions, especially around 
the teat end. The supramammary lymph 
nodes should also be palpated for evidence 
of enlargement. 

Palpation and inspection of the udder are 
directed at the detection of fibrosis, inflam¬ 
matory swelling, and atrophy of mammary 
tissue. Fibrosis occurs in various forms. There 
may be a diffuse increase in connective tissue, 
giving the quarter a firmer feel than its oppo¬ 
site number and usually a more nodular 
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surface on light palpation. Local areas of 
fibrosis may also occur in a quarter; these may 
vary in size from pealike lesions to masses as 
large as a fist. Acute inflammatory swelling is 
always diffuse and is accompanied by heat 
and pain and marked abnormality of the 
secretion. In severe cases there may be areas 
of gangrene, or abscesses may develop in the 
glandular tissue. The terminal stage of chronic 
mastitis is atrophy of the gland. On casual 
examination an atrophied quarter may be 
classed as normal because of its small size, 
whereas the normal quarter is judged to be 
hypertrophic. Careful palpation may reveal 
that, in the atrophic quarter, little functioning 
mammary tissue remains. 

Abnormal Cow (Systemic Response) 

A systemic response including toxemia, 
pyrexia, tachycardia, tachypnea, ruminal 
hypomotility, depression, recumbency, and 
anorexia may or may not be present, depend¬ 
ing on the type and severity of the infec¬ 
tion. 23 The hock-to-hock distance is increased 
in cattle with clinical mastitis (Fig. 20-2), 
reflecting a change in stance caused by the 
presence of localized pain in the udder. 23 The 
mechanical threshold to pain of cows with 
clinical mastitis is lower than that of control 
cows. 23 Daily feed intake is decreased by 
approximately 1.2 kg during the 5 days 
before clinical mastitis is detected, and cows 
eat more slowly and are less competitive at 
the feed bunk when they have clinical 
mastitis. 24 ' 26 Cows with clinical mastitis also 
spend more time standing and less time lying 
with affected quarter(s) on the down side. 25,26 

A systemic response is usually associated 
with severe mastitis associated with E. coli. 



Fig. 20-2 Increased hock-to-hock distance in 
a Holstein Friesian cow with clinical mastitis 
in the right rear quarter. 


Klebsiella spp., or T. pyogenes and occasion¬ 
ally with Streptococcus spp. or Staphylococcus 
spp. Clinical mastitis episodes caused by T. 
pyogenes produces the greatest decrease in 
milk production. In contrast, clinical masti¬ 
tis caused by environmental streptococci and 
CNS is associated with the smallest decrease 
in milk production. Clinical mastitis epi¬ 
sodes caused by S. aureus are associated with 
the highest risk of culling. 

FURTHER READING 

Pyorala S. Mastitis in post-partum dairy cows. Reprod 
Domest Anim. 2008;43(suppl 2):252-259. 
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Diagnosis of 
Bovine Mastitis 

Detection of Clinical Mastitis 

The initial diagnosis of clinical mastitis is 
made during routine physical examination. 
Laboratory culturing of milk samples for 
bacteria and Mycoplasma spp., and for deter¬ 
mining the antimicrobial susceptibility of S. 
aureus (specifically whether it produces 
(3-lactamase), is very useful for instituting 
optimal treatment protocols for cows with 
clinical mastitis and for instituting appropri¬ 
ate control measures. However, because sub- 
clinical mastitis has the greatest influence on 
the cost of mastitis to the producer, it is also 
advantageous to diagnose subclinical masti¬ 
tis on a cow and quarter level. 

Detection of Subclinical Mastitis 

Culturing large numbers of milk samples, 
although the gold standard for diagnosing 
intramammary infection, is too expensive 
and impractical for routine use. Much 


attention has therefore been given to the 
development of indirect inexpensive tests to 
predict the presence of an intramammary 
infection. Currently available indirect tests 
detect only the presence of inflammation 
(subclinical mastitis) and not intramammary 
infection, but are of value as screening tests; 
milk from quarters or cows with a positive 
screening test are then submitted to bacterio- 
logic culture. Subclinical mastitis can only 
be detected by laboratory examination and 
cannot, by definition, be detected during 
routine physical examination. In other 
words, the secretion from a quarter with sub¬ 
clinical mastitis appears drinkable. 

Detection at the Herd Level 

The prevalence of intramammary infection 
or subclinical mastitis is monitored by deter¬ 
mining the bulk tank milk SCC, and the 
most likely mastitis pathogens are identified 
by culturing bulk tank milk. These two 
methods are recommended for diagnosing 
the presence and prevalence of mastitis 
pathogens on a herd basis. 

Bulk Tank Milk Somatic Cell Counts 

The SCC of bulk tank milk is an indirect 
measure of the prevalence of mastitis within 
a dairy herd. The SCC is increased primarily, 
but not exclusively, because of subclinical 
mastitis associated with gram-positive bacte¬ 
rial intramammary infections. There is a 
good correlation between the number of 
streptococci (S. agalactiae, S. dysgalactiae, 
and S. uberis) colony forming units (CFUs) 
found in bulk tank milk and its SCC. The 
number of CFUs of S. aureus is moderately 
correlated to the bulk tank milk SCC. As 
contagious mastitis has become more effec¬ 
tively controlled, environmental mastitis 
pathogens have become a relatively more 
important cause of high SCC in bulk tank 
milk, especially in herds with moderate 
(<400,000 cells/mL) to low (<150,000 cells/ 
mL) bulk tank milk SCC. 

The SCC of bulk tank milk has become 
a widely used test because it provides a sensi¬ 
tive and specific indicator of udder health 
and milk quality. The sample for analysis is 
obtained by agitating the milk for 5 to 10 
minutes and collecting a sample from the top 
of the bulk tank milk using a clean dipper. 
The sample should not be collected near the 
outlet valve because this varies from that in 
the rest of the tank. The SCC of bulk tank 
milk is widely used to regulate whether milk 
may be legally sold and to determine the 
price paid for raw milk. Premium and 
penalty payments are calculated on the basis 
of a 3-month geometric mean of weekly bulk 
milk tank SCC measurements. Milk process¬ 
ing plants in most developed countries use 
automatic electronic somatic cell counters 
routinely to provide a monthly report of the 
bulk tank milk SCC. The test requires only 
that the sample for examination be taken 
randomly and not frozen, that it be prepared 
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Table 20-1 Estimated prevalence of 
infection and losses in milk production 
associated with bulk tank milk somatic 

cell count 



Bulk tank milk 

Infected 


somatic cell count 

quarters in 

Production 

(cells/mL) 

herd (%) 

loss (%) 

200,000 

6 

0 

500,000 

16 

6 

1,000,000 

32 

18 

1,500,000 

48 

29 


with the correct reagent, that the laboratory 
counter be set at the right calibration, and 
that the sample be examined quickly or pre¬ 
served with formalin to prevent cell losses 
during storage. The bulk tank milk SCC is 
extremely useful in creating awareness of the 
existence of a mastitis problem, so that when 
the SCC of bulk tank milk exceeds permis¬ 
sible limits further investigation of the herd 
is indicated. In a seasonal herd in which all 
cows are at the same stage of lactation, the 
bulk milk cell count will normally be high in 
early lactation and just before drying off. To 
overcome these and other factors that are 
likely to transiently influence bulk tank milk 
SCC, it is recommended that correction 
factors be introduced into the estimation or 
that a rolling SCC, in which monthly data are 
averaged for the preceding 3 months, be 
used. Consideration of this figure will avoid 
too hasty conclusions on one high count 
caused by an extraneous factor. 

It is not possible to use the bulk tank milk 
SCC to determine the number of cows in a 
herd affected by mastitis, but it is possible to 
estimate fairly accurately the number of 
infected quarters. Generally, as the bulk tank 
milk SCC increases, the prevalence of infec¬ 
tion increases and losses in production 
increase. Production losses calculated as a 
percentage of production expected with a 
count of 200,000 cells/mL are shown in Table 
20-1. A bulk tank milk SCC of more than 
300,000 cells/mL is considered to indicate a 
level of mastitis in the herd that warrants 
examination of individual cows. Herds with 
a high bulk tank milk SCC have significantly 
lower production levels and are less likely to 
use a postmilking teat dip or to have a regular 
program of milking machine maintenance or 
automatic cluster removal. 

Culture of Bulk Tank Milk 

Bacteria present in bulk tank milk may origi¬ 
nate from infected udders, from teat and 
udder surfaces, or from a variety of other 
environmental sources; however, despite the 
large number of potential sources for bacte¬ 
ria, culture of bulk tank milk is a useful tech¬ 
nique for screening for major mastitis 
pathogens. The culture of S. aureus and S. 
agalactiae from bulk tank milk is a reliable 
indicator of infection by those pathogens in 


the herd. The number of those pathogens 
found on culture is determined by the 
number of bacteria shed, the number of 
infected cows, the milk production level of 
infected cows relative to herd mates, and the 
severity of infection. A single culture of bulk 
tank milk has low sensitivity but high speci¬ 
ficity for determining the presence of S. aga¬ 
lactiae or S. aureus in the herd. Thus many 
infected herds will be called negative, but 
very few uninfected herds will be called posi¬ 
tive. Pathogens such as Nocardia spp. and 
Mycoplasma spp. have also been identified by 
culture of bulk tank milk. Generally, the sen¬ 
sitivity of a single bulk tank milk culture to 
detect the presence of intramammary infec¬ 
tions caused by S. agalactiae ranges from 
21% to 77%, for S. aureus it ranges from 9% 
to 58%, and for M. bovis it is 33%. 

Environmental bacteria such as S. uberis, 
S. dysgalactiae, and coliforms may enter milk 
from intramammary infections, but also 
from nonspecific contamination. The pres¬ 
ence of these organisms in bulk tank milk 
may relate to the general level of environ¬ 
mental contamination and milking hygiene 
in the herd. Udder infections with these 
environmental pathogens are predominantly 
of short duration and characterized by clini¬ 
cal disease, which makes their inadvertent 
introduction to the bulk tank less likely. 

String sampling or milk line sampling 
from the positive pressure side of the milking 
system is the collection of milk samples from 
a group of cattle instead of the entire herd, as 
in bulk tank milk sampling. String sampling 
may have some merit in identifying sub¬ 
groups of cattle with the highest prevalence 
of infection. It is thought to be more sensitive 
in monitoring herds for contagious patho¬ 
gens than bulk tank milk sampling. If a pro¬ 
duction group tests positive on a string 
culture, then individual composite milk cul¬ 
tures can be performed to identify individual 
animals. Information of the culture results 
from string sampling should assist develop¬ 
ment of control programs; however, milk 
samples left in the pipeline from one string 
can confound the culture results of subse¬ 
quent strings. 

Numerous bacteriologic techniques have 
been used to isolate and identify pathogens 
in bulk tank milk, but none has been estab¬ 
lished as the gold standard method for the 
culture of milk from bulk tanks. The most 
suitable laboratory medium for growth and 
classification of the pathogens from bulk 
tank milk needs to be determined. Sampling 
strategies have included weekly and monthly 
samples, but it remains to be determined 
which strategy is optimal relative to herd size 
and management, disease characteristics, 
and practicality. 

Detection at the Individual 
Cow Level 

Abnormalities of the udder and gross 
abnormalities of milk in cattle with clinical 


mastitis have been described earlier. In indi¬ 
vidual cows with clinical mastitis, culture of 
the secretion from an infected quarter can be 
done. In animals without clinical mastitis, 
culture of the secretion represents a direct 
test for intramammary infection. The objec¬ 
tive is to identify cows with contagious mas¬ 
titis so that they can be treated or culled, or 
to identify the nature and source of environ¬ 
mental mastitis pathogens. Fulfillment of 
these requirements requires bacteriologic 
culture of milk samples so that the pathogens 
can be named; this is because identification 
of mastitis pathogens is central to the 
development of effective treatment and 
control programs. Detection of infected 
cows requires an individual cow examination 
and application of an indirect (screening) 
test for subclinical mastitis, such as the SCC 
of a composite milk sample, followed by 
culture of a representative subset of cows to 
determine the most prevalent pathogen. 
Indirect tests estimate the prevalence of 
infection, and microbiological examina¬ 
tion identifies the mastitis pathogens; from 
this information an appropriate control plan 
can be formulated. 

Culture of Individual Cow Milk 

Individual cow milk can be cultured as part 
of a herd examination for mastitis, or on 
individual quarter samples, or on compos¬ 
ite samples including milk from all four 
quarters. A variety of definitions have been 
used for diagnosing the presence of an intra¬ 
mammary infection in research studies, such 
as the presence of the same pathogen in 
duplicate samples collected immediately 
after each other, or the presence of the same 
pathogen in two of three consecutive cul¬ 
tures obtained on different sampling dates. 
These definitions are too expensive and 
impractical for clinical practice. Individual 
quarter samples are preferred by some at 
dry off because the costs of treatment dictate 
that the least possible number of quarters be 
treated. With this technique only affected 
quarters are treated at dry off; if the quarter 
infection rate is low the saving in treatment 
costs is relatively large if the cost of culturing 
is low. A full economic comparative analysis 
of the balance between the cost of diagnosis 
versus the cost of treatment on a quarter or 
cow basis does not appear to have been per¬ 
formed. A confounding issue is that within a 
cow the four quarters are not independent in 
relationship to intramammary infection or 
subclinical mastitis; if one quarter is infected 
then there is an increased probability that 
one or more of the remaining quarters are 
infected or have subclinical mastitis. 1 On this 
basis, when treating subclinical intramam¬ 
mary infection at dry off, it makes more 
sense to treat the cow (i.e., all four quarters) 
and not specific quarters within a cow. 

A consensus has been reached as to 
how best to interpret a single milk culture 
from a quarter (Table 20-2). 2 ' 1 A reasonable 
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Table 20-2 Sensitivities and specificities for diagnosing an intramammary infection 
based on the culture of a single milk sample from a quarter using a 10-|iL volume 


SENSITIVITY (%)/SPECIFICITY (%) 

Threshold for detection Staphylococcus Streptococcus Escherichia 

(CFU/10 piL) CNS a aureus spp. b coli 

>1 61.2/84.3 90.4/99.8 29.1/94.8 76.5/99.9 

>10 26.0/98.1 72.0/100.0 6.9/99.9 47.1/100.0 


“CNS, coagulase-negative staphylococci. 
b Primarily S. uberis. 

Source: Data are categorized by pathogen type and two different detection thresholds. (Reprinted, with 
permission, from the National Mastitis Council [www.nmconline.org].) 


definition of an intramammary infection is 
>1 CFU/10 |J.L. Culturing duplicate milk 
samples from the quarter (at the same 
milking or close together in time) can 
improve the sensitivity or specificity defini¬ 
tion, but not both. 

Milk sampling for culture must be per¬ 
formed with due attention to cleanliness 
because samples contaminated during col¬ 
lection are worthless. The technique of clean¬ 
ing the teat is of considerable importance. If 
the teats are dirty, they must be washed and 
then properly dried or water will run down 
the teat to the teat end and infect the milk 
sample. The end of the teat is cleaned with a 
swab or gauze dipped in 70% alcohol, extrud¬ 
ing the external sphincter by pressure to 
ensure that dirt and wax are removed from 
the orifice. Brisk rubbing is advisable, espe¬ 
cially of teats with inverted ends. The first 
two or three streams are rejected because 
their cell and bacterial counts are likely to be 
a reflection of the disease situation within the 
teat rather than within the udder as a whole. 
The next few streams, the premilking sample, 
are the approved ones because of their 
greater accuracy. For complete accuracy a 
premilking and a postmilking sample are 
taken. Indirect and chemical tests for masti¬ 
tis can be performed more accurately on 
foremilk as on later milk, partly because the 
strippings have a higher fat concentration 
that alters the water compartment of milk on 
a volume basis. 

If individual quarter samples are col¬ 
lected, screw-cap vials are most satisfactory. 
During collection the vial is held at an angle 
to the ground to avoid as much as possible 
the entrance of dust, skin scales, and hair. If 
there is delay between the collection of 
samples and laboratory examinations, the 
specimens should be refrigerated or frozen. 
Freezing of milk samples appears to have 
variable effects on bacterial counts, depend¬ 
ing on the bacteria. T. pyogenes and E. coli 
counts are decreased by freezing, coagulase- 
negative Staphylococcus spp. counts are 
increased, and Streptococcus and S. aureus 
counts are either unaffected or increased. 

The laboratory techniques used vary 
widely and depend to a large extent on the 
facilities available. Incubation on blood agar 


is most satisfactory, because selective media 
for S. agalactiae have the disadvantage that 
other pathogens may go undetected. Smears 
of incubated milk are generally unsatisfac¬ 
tory because not all bacteria grow equally 
well in milk, and the bacterial count has to 
be high for microscopic detection. Aug¬ 
mented systems of culturing milk samples, 
which can provide superior results in terms 
of the number of infected quarters detected 
depending on the pathogen, include a variety 
of approaches, such as preculture incuba¬ 
tion, 5 centrifugation, 6 freezing of the milk 
sample at -20 or -196°C (-4 or -321°F), 7 ’ 8 
and inoculation of the medium with a larger 
inoculum volume (100 |LL) than the standard 
inoculum volume of milk. 9 The concern with 
augmented culture methods is that they may 
amplify contaminants obtained during sam¬ 
pling and therefore decrease the specificity of 
milk culture. Laboratory culturing tech¬ 
niques can be very time-consuming and 
expensive unless modern, prepackaged iden¬ 
tification systems are used that provide the 
speed needed to make the examination a 
worthwhile one. 

A milk sample is considered contami¬ 
nated when three or more species of bacteria 
are isolated. A quarter is considered to be 
cured when bacteria, isolated at initial 
sample, are not present in any samples 14,21, 
or 28 days later. An uninfected quarter at the 
initial sampling time that is infected when 
resampled at 14, 21, or 28 days indicates a 
new intramammary infection. A quarter that 
is infected at initial sampling but infected 
with another bacteria 14, 21, or 28 days 
later also indicates a new intramammary 
infection. 

Selective culture media plates, such as 
biplates (MacConkey agar and blood agar 
with 1% esculin), triplates (MacConkey agar, 
blood agar, and TKT agar [thallium, crystal 
violet, and staphylococcal toxin] in 5% blood 
agar with 1% esculin), AccuMast, Minnesota 
Easy Culture System II, Petrifilm, and Veto- 
Rapid plates can be used to differentiate 
between gram-positive and gram-negative 
pathogens and no growth, and they may aid 
in the rational and targeted use of antimicro¬ 
bial agents for clinical cases of mastitis. 10 ' 14 A 
major advance in mastitis pathogen identifi¬ 


cation is the use of an automated mass 
spectrometry (MS) system that uses matrix- 
assisted laser desorption ionization time-of- 
flight (MALDI-TOF) technology. MS of 
representative bacterial colonies provides 
species information on bacterial isolates, 
particularly CNS. 

There is interest in developing other 
cowside tests to determine whether the caus¬ 
ative pathogen is gram-negative or gram¬ 
positive. One such approach uses dilution 
of the milk sample, filtration through a 
membrane with a pore size that retains 
bacteria, and staining of the bacteria with 
specific stains. The filtration procedure 
takes 5 minutes, but the need for micro¬ 
scopic examination decreases the utility of 
this as a cowside test. A commercially avail¬ 
able cowside test for endotoxin (Limast-test), 
which indicates the presence of gram¬ 
negative bacteria, was used in Scandinavia 
but appears to be no longer available. 

A common diagnostic problem is a bac- 
teriologically negative culture in cows with 
clinical mastitis. Even when milk samples are 
collected appropriately and bacteriologic 
culture is done using routine laboratory 
methods, 15% to 40% of samples from clini¬ 
cal mastitis episodes are bacteriologically 
negative (yield no growth). Failure of these 
samples to yield a mastitis pathogen may be 
the result of spontaneous elimination of 
infection, a low concentration of pathogens 
in the milk, intermittent shedding of the 
pathogen, intracellular location of the patho¬ 
gens, or the presence of inhibitory substances 
in the milk. Augmented culture techniques 
may reduce, but do not eliminate, negative 
culture results and may facilitate growth of 
contaminant organisms. Dairy producers 
and veterinarians therefore face a dilemma 
when no bacteria or bacteria commonly 
regarded to be of minor pathogenicity, such 
as C. bovis or coagulase-negative Staphylo¬ 
coccus spp., are cultured from the milk of 
cows with clinical mastitis, particularly if 
clinical signs persist. Most bacteriologically 
negative cases of clinical mastitis appear to 
be caused by low-grade infections with 
gram-negative bacteria. When no bacterial 
pathogen can be isolated from cases of 
clinical mastitis using standard culture 
techniques, enzyme-linked immunosorbent 
assays (ELISAs) may be used to detect anti¬ 
gens against S. aureus, E. coli, S. dysgalactiae, 
and S. agalactiae. Antigens to these patho¬ 
gens may be detectable using an ELISA in up 
to 50% of quarter samples from cows with 
clinical mastitis in which no pathogens were 
isolated but in which the SCC was more than 
500,000 cells/mL. Despite these promising 
findings, ELISAs are not widely used in the 
identification of mastitis pathogens. 

A real-time commercially available mul¬ 
tiplex polymerase chain reaction (PCR) test 
(PathoProof) was globally launched in 2008 
for the diagnosis of mastitis pathogens. The 
test has potentially valuable advantages of 
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Fig. 20-3 Mean deviation (in log 10) of selected milk constituents from the overall means in 
relation to somatic cell count (n = 9326 quarter milk samples). (Reproduced with permission 
from Hamann J. XXII World Buiatrics Congress, Hannover, August 18-23, 2002, 334-345.) 


greater sensitivity and faster time to produce 
a definitive result. The major disadvantages 
are cost (typically more expensive than 
routine milk culture), the inability to deter¬ 
mine whether bacterial remnants detected 
by PCR in a milk sample reflect the presence 
of viable bacteria, and the lack of susceptibil¬ 
ity testing results. 15 ' 11 ' The bacterial remnant 
versus viability issues is particularly prob¬ 
lematic when low amounts of pathogenic 
DNA have been detected, and a consensus on 
the economic value of PCR testing has not 
been reached. 20,21 In 2015, more than 80% of 
quarter milk samples in Finland were diag¬ 
nosed using PCR. 16 Currently, PCR tests 
appear to provide their greatest value in the 
routine testing of bulk tank milk for patho¬ 
gen surveillance, for research studies related 
to clinical mastitis episodes with no bacterial 
growth on culture, and for investigating 
mastitis epidemics caused by an unusual 
pathogen. 

Indirect Tests for Subclinical Mastitis 

Indirect tests include SCCs using automated 
electronic counters, the CMT, increases in 
electrical conductivity of milk, and increases 
in the activity of cell associated enzymes 
(such as NAGase) in milk. ELISA tests to 
detect neutrophil components have been 
developed but are not commercially avail¬ 
able. Of these indirect tests, only the CMT 
and electrical conductivity can be used 
cowside, with CMT providing a more 
accurate screening test than electrical con¬ 
ductivity. It is important to understand that 
these indirect tests detect the presence of 
inflammation (subclinical mastitis) and not 
the presence of intramammary infection, 
although the vast majority of subclinical 
mastitis episodes are caused by intramam¬ 
mary infection. 

The Somatic Cell Count of Composite 
or Quarter Samples 

There is a strong relationship between the 
SCC of quarter samples of milk and the milk 
yield, with SCC increasing slightly as milk 
production decreases but increasing mark¬ 
edly with intramammary infection of the 
quarter. The distribution of SCC in a herd 
reflects the distribution of subclinical masti¬ 
tis and therefore the likely distribution of 
intramammary infections. The most impor¬ 
tant factor affecting SCC in an individual 
cow is the number of quarters infected with 
a major or minor pathogen. In most herds, 
the prevalence of infection will increase 
through a lactation and will also increase 
with the age of the cow. Cell counts in the 
first few days of the lactation are often excep¬ 
tionally high and unreliable as indicators of 
intramammary infection, and in uninfected 
cows the counts will drop to a low level 
within 2 weeks of calving and remain low 
throughout the lactation unless an intra¬ 
mammary infection occurs. The SCC of 
a cow that remains free of infection 


throughout her life will remain very low. 
However, older cows may have higher counts 
because the prevalence of infection is higher 
with age, and older cows are more likely to 
have had previous infections with residual 
lesions and leaking of somatic cells into the 
milk. There are also consistent and signifi¬ 
cant differences in actual SCC between cows, 
with individual cows tending to maintain the 
same class of count throughout their lives. 
Cows that have consistently low SCC do not 
seem to be more susceptible to mastitis than 
others. Attempts to base a breeding program 
to reduce the prevalence of mastitis on the 
selection of cows with an innately low com¬ 
posite SCC have been discarded because of 
fluctuations in numbers within cows. 

Healthy quarters have an SCC below 
100,000 cells/mL, and this cut point should 
be used to indicate the absence or presence 
of intramammary infection on a gland 
basis. This cut point looks very solid for a 
gland, because many milk components differ 
from normal values whenever the SCC 
exceeds 100,000 cells/mL (Fig. 20-3). More¬ 
over, mean SCC counts for bacteriologically 
negative quarters, quarters infected with 
minor pathogens, and quarters infected with 
major pathogens were 68,000, 130,000, and 
more than 350,000 cells/mL, respectively. 

Because of the time and labor saved it is 
now customary to do automated electronic 
cell counts on composite milk samples that 
have already been collected for butterfat 
testing. Regular reports of individual cow 
SCCs are therefore widely available in herds 
that routinely test production parameters of 
their cattle. An exciting new development in 
mastitis control is the portable somatic cell 
counter, which was designed for on-farm 
use, providing targeted and immediate SCC 
information for quarter or composite milk 


samples. Using the composite sample tech¬ 
nique does distort the SCC; for example, the 
dilution of high-SCC milk from a bad quarter 
by low-SCC milk from three normal quarters 
could mean that a cow with one infected 
quarter might not be detected. Composite 
SCCs of less than 200,000 cells/mL are con¬ 
sidered to be below the limit indicative of 
inflammation, even though uninfected quar¬ 
ters have an SCC of less than 100,000 cells/ 
mL. Factors that affect the composite milk 
SCC include the number of quarters infected, 
the kind of infection (S. agalactiae is a more 
potent stimulator of cellular reaction than S. 
aureus), the strictness with which milk from 
cows with clinical mastitis is kept out of the 
bulk tank, the age of the cows (older cows 
have higher counts), the stage of lactation 
(counts are highest in the first days after 
calving and toward the end of lactation), and 
the herd’s average production with the cell 
count reducing as milk yield increases. 

An SCC scoring system that divides the 
SCC of composite milk into 10 categories 
from 0 to 9, known as the somatic cell score 
(SCS) (originally called the linear score), is 
becoming more widely used. The SCS is a 
base 2 logarithm of the SCC (in cells/mL), in 
which SCS = log 2 (SCC/100,000) + 3. Like¬ 
wise, to calculate SCC (in cells/mL) from the 
SCS, the following formula is used: SCC = 
100,000 X 2 <scs " 3) . An SCC of 100,000 cells/ 
mL therefore converts to an SCS of 3. Each 
1 -unit increase (or decrease) in SCS is associ¬ 
ated with a doubling (or halving) of the SCC. 
For example, score 2 is equivalent to an SCC 
of 50,000 cells/mL, and scores of 4 and 5 cor¬ 
respond to 200,000 and 400,000 cells/mL. 
Conversion of SCC to SCS values is per¬ 
formed as shown in Tables 20-3 and 20-4. 
The principal reason for using the SCS is to 
achieve properties that are required to use 
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conventional statistical methods: mean equal 
to median, normal distribution, and uniform 
variance among samples within lactation, 
among cows within herd or among daugh¬ 
ters within sire. 

The proportion of neutrophils in the SCC 
is very low (<11%) in healthy quarters but is 


Table 20-3 Calculating somatic cell 
score (previously called linear score) 
from the somatic cell count 


Example: SCC = 200,000 cells/mL 

a. Divide the SCC by 100,000 cells/mL 
(200,000/100,000 = 2) 

b. Determine the natural log (In) of the results 
of step 1 (In 2 = 0.693) 

c. Divide this value by 0.693 (i.e., 0.693/0.693 
= D 

d. Add 3 to the result of step c = 1 +3 = 4 
(SCS) 

SCC, somatic cell count; SCS, somatic cell score. 


markedly increased in quarters with intra¬ 
mammary infection (to >90%). Accordingly, 
the percentage of neutrophils in the SCC 
may provide a useful indication of intra¬ 
mammary infection, but it is not currently 
performed. 

SCSs can also be determined for colos¬ 
trum, in which they are useful in indicating 
the presence of intramammary infection 
(Table 20-5). 

California Mastitis Test of 
Quarter Samples 

The CMT is the most reliable and inexpen¬ 
sive cowside test for detecting subclinical 
mastitis. It is also known as the rapid masti¬ 
tis test, Schalm test, or the Mastitis-N-K test, 
which was developed in 1957 and consti¬ 
tuted a modification of the Whiteside test. 
The CMT reagent contains a detergent that 
reacts with DNA of cell nuclei and a pH indi¬ 
cator (bromocresol purple) that changes 
color when the milk pH is increased above 


Table 20-4 Conversion of somatic cell scores (previously called linear scores) to somatic 
cells counts (cells/mL) and predicted loss of milk 


SCS 

Somatic cell count midpoint 
(cells/mL) 

POUNDS OF MILK LOST PER LACTATION 

First lactation 

Second lactation 

0 

12,500 

0 

0 

1 

25,000 

0 

0 

2 

50,000 

0 

0 

3 

100,000 

200 

400 

4 

200,000 

400 

800 

5 

400,000 

600 

1,200 

6 

800,000 

800 

1,600 

7 

1,600,000 

1,000 

2,000 

8 

3,200,000 

1,200 

2,400 

9 

6,400,000 

1,400 

2,800 


SCS, somatic cell score. 


its normal value of approximately 6.6 (mas¬ 
titis increases pH to 6.8 or above). The CMT 
is mixed with quarter milk samples that have 
been previously collected into a white con¬ 
tainer, and the sample is gently swirled; the 
result is read within 15 seconds as a negative, 
trace, 1, 2, or 3 reaction depending on the 
amount of gel formation in the sample. 
Maximum gel formation actually occurs 
from 1 to 2.5 minutes, depending on the 
quarter SCC, and continued swirling of the 
mixture after the time of peak viscosity pro¬ 
duces an irreversible decrease in viscosity. 
Cows in the first week after calving or in the 
last stages of lactation may give a strong posi¬ 
tive reaction. 

The close relationships between the CMT 
reaction and the SCC of milk, and the 
reduced productivity of affected cows, are 
shown in Tables 20-4 and 20-5, respectively. 
If the CMT is used to minimize the false¬ 
negative rate (produce the highest sensitiv¬ 
ity), then the test should be read as negative 
(CMT = negative) or positive (CMT = trace, 
1, 2, or 3). If the CMT is used to minimize 
the false-positive rate (produce the highest 
specificity) for culling decisions, then the test 
should be read as negative (CMT = negative 
or trace) or positive (CMT = 1, 2, or 3). 

CMT scores can also be determined for 
colostrum, in which the score is useful in 
indicating the presence of intramammary 
infection (see Table 20-5). The equivalent 
SCC for CMT scores of negative or trace are 
different for colostrum and milk, but the 
SCC for CMT scores of 1,2, and 3 are similar 
for colostrum and milk. 

NAGase Test of Composite or 
Quarter Samples 

The NAGase test is based on the measure¬ 
ment of the activity of a cell-associated 
enzyme (Af-acetyl-|3-D-glucosaminidase) in 


Table 20-5 California mastitis test reactions and equivalent somatic cell counts and somatic cell scores for bovine milk and somatic cell 
counts for bovine colostrum 

Test 



Equivalent Colostrum geometric 

result 

Reaction observed 

Equivalent milk SCC 

SCS 

mean SCC 

Negative The mixture remains fluid without thickening or gel formation. 

0-200,000 cells/mL 

0-4 

500,000 cells/mL 

Trace 

A slight slime formation is observed. 

This reaction is most noticeable when the paddle is rocked from side to side. 

150,000-500,000 cells/mL 

5 

670,000 cells/mL 

1 + 

Distinct slime formation occurs immediately after mixing solutions. 

This slime may dissipate over time. 

When the paddle is swirled, fluid does not form a peripheral mass, and the 
surface of solution does not become convex or "domed up." 

400,000-1,500,000 cells/mL 

6 

890,000 cells/mL 

2+ 

Distinct slime formation occurs immediately after mixing solutions. 

When the paddle is swirled the fluid forms a peripheral mass, and the 
bottom of the cup is exposed. 

800,000-5,000,000 cells/mL 

7-8 

3,400,000 cells/mL 

3+ 

Distinct slime formation occurs immediately after mixing solutions. 

This slime may dissipate over time. 

When the paddle is swirled the surface of the solution becomes convex or 
domed up. 

>5,000,000 cells/mL 

9 

6,260,000 cells/mL 

SCC, somatic cell count; SCS, somatic cell score. 
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Fig. 20-4 Schematic representation of the development of mastitis in an infected udder. Contagious and environmental pathogens invade the 
udder via the streak canal and teat cistern. The pathogens then multiply in the udder in which they are attacked by neutrophils. Epithelial cells 
lining the alveoli are damaged during bacterial multiplication and subsequent immunologic response, with release of enzymes such as NAGase 
and lactate dehydrogenase (depicted). The tissue response to infection varies based on pathogen, infective dose, immunologic state, and 
response of the cow, as well as other factors. (Reproduced with permission from Viguier C, Arora S, Gilmartin N, Welbeck K, O Kennedy R (2009) 
Mastitis detection: current trends and future perspectives. Trends Biotechnol 27:486-493.) 


the milk, with a high enzyme activity indi¬ 
cating a high cell count (Fig. 20-4). NAGase 
is an intracellular lysosomal enzyme derived 
primarily from damaged mammary epithe¬ 
lial cells with a small contribution from 
neutrophils.* : The test is suited to the rapid 
handling of large numbers of samples 
because of the ease of its automation, and the 
test can be done on fresh milk and read on 
the same day. However, because most of the 
NAGase activity is intracellular, samples 
should be frozen and thawed before analysis 
to induce maximal NAGase activity. The 
NAGase test is reputed to be the most accu¬ 
rate of the indirect tests and as good as 
SCC in predicting the infected status of a 
quarter. 23,24 It uses a less sophisticated reading 
instrument than the average automatic cell 
counter. If all tests are available it is best to 
consider the NAGase test and SCC as com¬ 
plementary tests and perform both of them. 
Milk NAGase levels are high at the beginning 
and the end of lactation, as with cell counts. 
The test has also been validated for use with 
goat milk. 

Related tests that have not been studied 
as extensively as NAGase but show promise 
in the detection of subclinical mastitis are 
milk lactate dehydrogenase (LDH) and 


alkaline phosphatase (ALP) activity. 24 ' 29 Both 
enzymes are cytoplasmic constituents of 
cells, and an increase in milk activity of LDH 
or ALP indicates the presence of cellular 
injury. 

Electrical Conductivity Tests of 
Quarter Samples 

A test that has received a great deal of atten¬ 
tion because it can be used in robotic milking 
systems is based on the increase in concen¬ 
tration of sodium and chloride ions, and the 
consequent increase in electrical conductiv¬ 
ity, in mastitic milk. The electrolyte changes 
in milk are the first to occur in mastitis, 
and the test is attractive for this reason. A 
number of factors affect these characteristics; 
however, and to derive much benefit from 
the test it is necessary to examine all quarters 
and use differences between the quarters to 
indicate affected quarters. For greater accu¬ 
racy all quarters need to be monitored each 
day. An experimental unit that takes all these 
factors into consideration has been fitted 
to a milking machine and, by a computer- 
prepared analysis, monitors variations in 
electrical conductivity in each quarter every 
day. Electrical conductivity is attractive as a 
test because it measures actual injury to the 


udder rather than the cow’s response to the 
damage like SCC and NAGase activity do. 
However, a meta-analysis indicated that 
using an absolute threshold for conductance 
did not provide a suitable screening test, 
because both sensitivity and specificity 
were unacceptably low. In addition, in a 
study of 173 dairy cows in South Africa, 
the CMT was more accurate than electrical 
conductivity for identifying quarters having 
an intramammary infection or an SCC 
> 200,000 cells/mL. 30 The use of differential 
conductivity (within cow quarter compari¬ 
son) results in improvement in test sensitiv¬ 
ity and specificity and is currently the 
only recommended application of this 
indirect test. 

The most commonly promoted method 
for measuring electrical conductivity is a 
handheld device with a built-in cup into 
which milk is squirted (foremilk is pre¬ 
ferred). Experimentally induced clinical 
mastitis caused by S. aureus and S. uberis was 
detectable by changes in electrical conduc¬ 
tivity of foremilk: 90% of cases were detect¬ 
able when clots first appeared and 55% of 
cases were detectable up to two milkings 
before the appearance of clots. This suggests 
that clinical mastitis associated with these 
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two major pathogens may be able to be 
detected earlier by electrical conductivity 
than by waiting for milkers to detect visible 
changes in the milk. 

Changes in electrical conductivity reflect 
changes in secretion Na, K, and Cl concen¬ 
tration, and it is likely that measurement of 
Na and K ion concentrations in milk will 
provide a low-cost clinically useful diagnos¬ 
tic test for subclinical mastitis. 30 ' 31 

L-lactate, glucose, lactose, and haptoglo¬ 
bin concentration in quarter samples. L- 
lactate concentration is markedly increased 
in the milk of cows with clinical mastitis, and 
is mildly to moderately increased in cows 
with subclinical mastitis. 29 "’ 1 The magnitude 
of the increase appears to be correlated with 
the leukocyte count in milk and the number 
of CFUs. 32 Glucose concentration is 
decreased in the milk of cows with clinical 
mastitis and subclinical mastitis through a 
yet to be determined mechanism.’ 1 Milk 
lactose percentage is decreased in cows with 
subclinical mastitis because milk is isotonic 
and inflammation increases the secretion 
concentration of Na, K, and Cl. Because milk 
is isotonic and lactose is the predominant 
osmotic agent in milk, the increase in elec¬ 
trolyte concentrations directly leads to a 
decrease in lactose concentration, measured 
on a percentage basis. 22 

The concentration of serum amyloid A 
and haptoglobin, which are acute phase 
reactants, increases in the secretion from 
glands with subclinical mastitis. 28 Skim milk 
haptoglobin concentration can discriminate 
between mastitis episodes caused by major 
or minor pathogens, 27 although this is most 
likely an indirect association, because major 
pathogens, by definition, cause greater injury 
to the mammary gland. 

Comparison of Indirect Methods 

The effects of subclinical intramammary 
infection on several parameters in foremilk 
from individual quarter milk samples have 
been compared. The SCC, electrical conduc¬ 
tivity, pH, NAGase activity, and the concen¬ 
trations of sodium, potassium, lactose, and 
a-1-antitrypsin were measured from indi¬ 
vidual quarters. The SCC, NAGase activity, 
electrical conductivity, and concentrations of 
sodium, a-1-antitrypsin, and lactose were all 
useful indirect indicators of infection. The 
SCC was able to discriminate between 
infected and uninfected quarters in cows 
better than electrical conductivity, pH, and 
NAGase activity. 

Hematology and Serum Biochemistry 

In severe clinical mastitis there may be 
marked changes in the leukocyte count, 
packed cell volume, and serum creatinine 
and urea nitrogen concentration because of 
the effects of severe infection and toxemia. In 
particular, clinical mastitis episodes associ¬ 
ated with gram-negative bacteria frequently 
cause a profound leukopenia, neutropenia, 


lymphopenia, and monocytopenia as a result 
of the endotoxemia, as well as an increased 
packed cell volume. In contrast, the leuko- 
gram in cattle with clinical mastitis associ¬ 
ated with gram-positive bacteria is normal or 
mildly increased. 

Ultrasonography of the 
Mammary Gland 

Two-dimensional (2D) ultrasonographic 
images of the gland cistern, parenchymal 
tissue, and teat are easily obtained using a 5-, 

7.5- , or 8.5-MHz linear array transducer, and 
ultrasonography is becoming more widely 
used to guide treatment of teat and gland 
cistern abnormalities. However, there are few 
reports of the use of ultrasonography to diag¬ 
nose or prognose clinical mastitis episodes, 
although this is likely to be a fruitful area for 
investigation. 

The best 2D images of the udder paren¬ 
chyma are obtained by clipping the hair on 
the udder and applying a coupling gel. This 
minimizes the air between the transducer 
face and skin. Imaging the normal adjacent 
quarter is very helpful in identifying abnor¬ 
malities. Imaging should be performed in 
two planes, sagittal to the teat (and therefore 
perpendicular to the ground), and transverse 
to the teat (and therefore horizontal to the 
ground). The injection of sterile 0.9% NaCl 
through a teat cannula into the gland pro¬ 
vides a practical contrast agent that can help 
further define the extent of any abnormali¬ 
ties. The superficial supermammary lymph 
nodes can be seen on ultrasound using a 

7.5- MHz linear transducer, and the lymph 
node is well demarcated from the surround¬ 
ing tissues. Mean lymph node length was 
7.4 cm (range 3.5-15.0 cm) and mean depth 
was 2.5 cm (range 1.2-5.7 cm). Lymph node 
size increased with age and is predictive of 
the presence of subclinical intramammary 
infection in cattle. 33 Similarly, superficial 
inguinal lymph node size is predictive of 
SCC in sheep. 34 

Mastitis produces an increased heteroge¬ 
neous echogenicity to the milk in the 
gland cistern, compared with an uninfected 
quarter. 35 It is important to make this visual 
comparison without altering the contrast 
and brightness setting on the ultrasono¬ 
graphic unit. 

Infrared Thermography of 
the Mammary Gland 

Infrared thermography shows promise for 
the real-time noninvasive diagnosis of mas¬ 
titis in dairy cattle. This will be particularly 
valuable in cattle that are robotically milked, 
in which the diagnosis of clinical mastitis 
remains problematic. 

Methodology for infrared thermography 
has been developed for the mammary 
gland. 36 Thermograms should be obtained 
with the animal in an environment to which 
it has been adapted for 30 minutes and out 
of direct sunlight and wind. The udder 


should be free from moisture, dirt, and 
foreign material; this is usually accomplished 
by brushing the hair on the udder or washing 
and drying the udder. Thermography is 
effective for the early diagnosis of clinical 
mastitis. 37-39 There have been mixed reports 
regarding the accuracy of thermography to 
detect subclinical mastitis in dairy cattle 40 ' 41 
using mean quarter temperature and 
maximum quarter temperature. 36 ' 39 

Biopsy of Mammary Tissue 

A biopsy of mammary tissue can be used for 
histologic and biochemical evaluation in 
research studies. The use of a rotating stain¬ 
less steel cannula with a retractable blade at 
the cutting edge has been described for 
obtaining biopsy material from cows. Despite 
some postoperative bleeding, milk yield and 
composition in the biopsied gland were 
affected only transiently. 

NECROPSY FINDINGS 

Necropsy findings are not of major interest 
in the diagnosis of mastitis and are omitted 
here but included in the description of spe¬ 
cific infections. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of clinical mastitis is not difficult 
if a careful clinical examination of the udder 
is performed as part of the complete 
examination of a cow with systemic clinical 
findings. Examination of the udder is 
sometimes omitted in a recumbent animal 
only for severe mastitis to be discovered later. 
The diagnosis of mastitis depends largely on 
the detection of clinical abnormalities of the 
udder and gross abnormalities of the milk or 
the use of an indirect test like the California 
mastitis test to detect subclinical mastitis. 

Other mammary abnormalities that must 
be differentiated from clinical mastitis include 
udder edema, rupture of the suspensory 
ligament, and hematoma. These are not 
accompanied by abnormalities of the milk 
unless there is hemorrhage into the udder. 

The presence of stray voltage in the milking 
plant should not be overlooked in herds in 
which the sudden lowering of production 
arouses an unfounded suspicion of mastitis. 
Differentiation of the different causes of 
mastitis is difficult on the basis of clinical 
findings alone but must be attempted, 
especially in peracute cases in which specific 
treatment must be given before results of 
laboratory examinations are available. A 
pretreatment sample of milk from the affected 
glands for culture and antimicrobial sensitivity 
may provide useful information about the 
health record of the cow and the need to 
consider alternative therapies, and could 
provide information on new infections in the 
herd. 
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TREATMENT OF 
BOVINE MASTITIS 

The treatment of the different causes of clini¬ 
cal and subclinical mastitis may require 
specific protocols, which are described 
under specific mastitis pathogens later in the 
chapter. The general principles of mastitis 
treatment are outlined here. 
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Historical Aspects of Antimicrobial 
Therapy for Clinical and 
Subclinical Mastitis 

Between about 1950 and 1990, on a world¬ 
wide basis, all forms of both clinical and sub¬ 
clinical bovine mastitis were treated with a 
wide variety of antimicrobial agents either by 
intramammary infusions or parenterally and 
commonly by both routes in acute and per- 
acute cases. Most veterinarians treated clini¬ 
cal mastitis and evaluated the response on the 
basis of clinical outcome. Generally, it was 
thought that antimicrobial agents were effec¬ 
tive for the treatment of clinical and subclini¬ 
cal mastitis in lactating cows. However, there 
are very few scientific publications based on 
randomized clinical trials in which the effi¬ 
cacy of intramammary antimicrobial agents 
for treatment of clinical mastitis was com¬ 
pared with untreated controls. If antimicro¬ 
bial agents were used and the animal 
recovered, it was assumed that treatment was 
efficacious. If the cow did not respond favor¬ 
ably, several reasons were usually enumer¬ 
ated for the treatment failure. However, most 
of these reasons, although biologically attrac¬ 
tive, are hypothetical and have not been sub¬ 
stantiated scientifically. Gradually, over the 
years, veterinarians began to doubt the effi¬ 
cacy of antimicrobial agents for the treatment 
of all cases of clinical mastitis. In addition, 
and of major importance, milk from treated 
cows had to be discarded for up to several 
days after the last day of treatment because 
of antimicrobial residues; this was a major 
expense. Currently, optimized treatment 
strategies focus on efficacy, economics, 
animal welfare aspects, and the milk with¬ 
hold time of antimicrobial treatment. 

Efficacy is assessed on the basis of clinical 
cure or bacteriologic cure. Most producers 
are interested in the return to normal milk 
(clinical cure) and are much less interested 
in the return to a sterile quarter (bacterio¬ 
logic cure). Because clinical mastitis is 
defined as abnormal milk, the return to 
normal (drinkable) milk represents a clinical 
cure. Bacteriologic cure represents the 
inability to isolate the initial pathogen 14 to 
28 days after the start of treatment. Other 
important indicators of efficacy are milk pro¬ 
duction, dry matter intake, the amount of 
saleable milk, and mortality or culling rates 
after treatment. 

Some examples of the efficacy or ineffi¬ 
cacy of antimicrobial agents illustrate the 
controversy. It is well accepted that the cure 
rate following intramammary treatment of 
clinical or subclinical mastitis caused by S. 
agalactiae in the lactating cow is high (80%- 
90%). In contrast, the cure rate of clinical and 
subclinical mastitis caused by S. aureus in the 
lactating cow is considerably lower (40%- 
50%), but certainly not 0%. In herds with a 
low prevalence of contagious mastitis, most 
cases of mild clinical mastitis (abnormal 
secretion only) in lactating cows are caused 
by environmental streptococci and coliforms 


and may recover without antimicrobial 
therapy, although antimicrobial administra¬ 
tion increases the clinical and bacteriologic 
cure rate. Antimicrobial agents may be inef¬ 
fective for the treatment of clinical mastitis 
associated with M. bovis, T. pyogenes, Nocar- 
dia spp., and P. aeruginosa. 

In the 1970s dairy processing plants, 
veterinarians, consumer advocates, public 
health authorities, and milk-quality regulat¬ 
ing agencies began to express concern about 
antimicrobial residues in milk from cows 
treated for mastitis. The public health and 
milk industry concerns about residues com¬ 
bined with the controversy about the efficacy 
of antimicrobial agents for clinical mastitis 
has also provided a stimulus to evaluate the 
efficacy and consequences of using antimi¬ 
crobial agents. Since the early 1990s, much 
emphasis has been placed on alternative 
methods of treating clinical mastitis, leading 
to a reduction in the use of antimicrobial 
agents during the lactating period. Such 
strategies have been defended based on a 
lack of information concerning the efficacy 
and economics of antimicrobial therapy 
associated with pathogens other than S. aga¬ 
lactiae, and by the need to reduce the risk of 
residue violation. However, a recent study 
concluded that not administering antibiotics 
to cows with clinical mastitis was imprudent 
and unethical. 

There is a need for additional randomized 
controlled field trials to evaluate the use of 
antimicrobial agents for the treatment of 
clinical mastitis. Well-conducted clinical 
mastitis treatment trials represent an invalu¬ 
able, although difficult and expensive, effort 
to evaluate efficacy of antimicrobial agents 
under field conditions. In should be noted 
that the use of antimicrobial agents for the 
treatment of subclinical mastitis at the end 
of lactation, known as dry cow therapy, is 
accepted worldwide and is based on scien¬ 
tific evidence using randomized clinical 
trials. Dry cow therapy is one of the princi¬ 
ples applied in the effective control of bovine 
mastitis, in which much progress has been 
made since the early 1970s. 

Treatment Strategy 

The treatment strategy will depend on 
whether the mastitis is clinical or subclini¬ 
cal and the health status of the herd, includ¬ 
ing its mastitis history. Clinical mastitis is 
further categorized as abnormal secretion, 
abnormal gland, or abnormal cow, as 
described previously. If treatment is indi¬ 
cated, the major decision is whether to 
administer antimicrobial agents parenterally 
or by intramammary infusion. 

An important aspect of treatment is 
the accurate positive identification of the 
animal(s) to be treated, the recording of the 
relevant clinical and laboratory information, 
the treatments being used, and monitoring 
the response. Useful information would 
include: 
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• Cow identification 

• Quarters affected 

• Date of mastitis event 

• Lactation number 

• Date of calving 

• Identification of pathogen(s) 

• Treatment used, including dose, route, 
and duration 

• Milk withholding time and time when 
returned to the milking string 

• Most recent level of milk production 
Options for treating cows with clinical mas¬ 
titis include treating all cows with antimicro¬ 
bial agents, treating none of the cows with 
antimicrobial agents, or treating only specific 
cows with antimicrobial agents. Treating all 
cows results in increased costs for those cows 
with clinical mastitis associated with patho¬ 
gens not susceptible to the antimicrobial 
agent used, especially if the signs are likely to 
resolve before the milk withholding period 
has expired. Treatment of all cows is also 
associated with increased risk of violative 
residues in the bulk milk. Treating none of 
the cows with antimicrobial agents has 
animal welfare implications, because an 
effective treatment is not administered to 
some cattle with clinical mastitis, and non¬ 
treatment allows gram-positive pathogens to 
persist, increasing the probability of a recur¬ 
rence of clinical mastitis or causing a herd 
epidemic of mastitis. Accordingly, nontreat¬ 
ment of all cases of mastitis is not a viable 
option. Treating only specific cows with 
antimicrobial agents requires an accurate 
method of determining which animals 
should be treated. However, clinical judg¬ 
ment and predictive models are too inaccu¬ 
rate to distinguish between clinical mastitis 
associated with gram-negative and gram¬ 
positive pathogens. To select cows for anti¬ 
microbial therapy on the basis of bacteriologic 
culture is costly and delays treatment; 
clinical judgment would still be necessary 
because bacteria are not isolated from 15% 
to 40% of milk samples from cows with clini¬ 
cal mastitis. 

Veterinarians should always ask and 
answer four questions related to antimicro¬ 
bial therapy in bovine mastitis: 

1. Is antimicrobial therapy indicated? 

2. Which route of administration 
(intramammary, parenteral, or both) 
should be used? 

3. Which antimicrobial agent should be 
administered? 

4. What should be the frequency and 
duration of treatment? 

Is Antimicrobial Therapy Indicated? 

The first decision is whether to treat a par¬ 
ticular case with antimicrobial agents and 
whether supportive therapy is required. 
Therapy decisions should be made in context 
with the overall objectives of the lactating 
cow treatment protocol. The availability of 
approved, effective treatment products is an 
essential component of the program. A 


number of factors are important in determin¬ 
ing which cases of mastitis should be treated 
during lactation. These factors include the 
type of pathogen involved, the type and sever¬ 
ity of the inflammatory response, the dura¬ 
tion of infection, the stage of lactation, and 
the age and pregnancy status of the cow. 

Type of Pathogen Involved 
There are marked differences in the bacterio¬ 
logic cure rates of the various major mastitis 
pathogens after therapy during lactation. The 
outcome of treatment during lactation is 
poor for cases of S. aureus mastitis. On the 
other hand, S. agalactiae responds extremely 
well to lactating cow therapy, and all infected 
cows should be treated. Cases of mastitis 
associated with environmental organisms 
have reasonable, but variable, cure rates. 

Type and Severity of the 
Inflammatory Response 
The predominant type of inflammatory 
process involved influences the objectives of 
the therapy program. Herds with clinical 
mastitis problems will aim at reducing clini¬ 
cal signs, returning the milk to saleable 
quality and avoiding residue violations. 
Herds with a predominance of subclinical 
mastitis are concerned with avoiding the 
spread of infection and reducing the preva¬ 
lence of the major pathogens involved. Both 
types of herd have the primary objective of 
restoring the production potential. 

The severity of the inflammatory response 
is also important in the selection of cases for 
mastitis therapy during lactation. Heat, pain 
and swelling of the quarter (abnormal gland) 
are clinical signs that indicate the need for 
antimicrobial therapy. Many producers, 
however, will treat any cow that shows clots 
in the milk (abnormal milk). There are no 
reports to verify that treatment of cows 
exhibiting abnormal milk only is efficacious 
and economically justifiable, although it is 
probable that treatment of clinical mastitis 
episodes of abnormal milk but normal gland 
caused by S. agalactiae is efficacious and eco¬ 
nomic. Treatment success is lower in cows 
with high NAGase concentrations in milk 
compared with cows with low NAGase 
concentrations. 

Duration of Infection 
For the contagious organisms, especially S. 
aureus, the duration of infection is an impor¬ 
tant determinant of its susceptibility to 
therapy during lactation. In chronic S. aureus 
mastitis, the organism survives intracellu- 
larly in leukocytes, becomes walled off in 
small abscesses of mammary ducts, and has 
the ability to exist in the L-form state. At 
this point S. aureus is virtually incurable 
during lactation. With new methods of auto¬ 
mated detection of subclinical intramam¬ 
mary infection such as in-line electrical 
conductivity measurement, new infections 
may be detected much earlier. The cure rate 


of S. aureus during lactation needs to be 
reevaluated when treatment is administered 
early in the course of infection. 

Stage of Lactation 

The stage of lactation is an important deter¬ 
minant of the benefit:cost ratio of mastitis 
therapy during lactation. It may be uneco¬ 
nomical to treat even cases with a high prob¬ 
ability of cure during late lactation. 

Age and Pregnancy Status of Cow 
The probability of a cure is greater in young 
cows, and age should be considered in select¬ 
ing cases for mastitis therapy during lacta¬ 
tion. 1 The economic aspects of treatment for 
late-lactation, nonpregnant cows are obvi¬ 
ously different from those for midlactation 
pregnant cows. 

A mastitis therapy program for lactating 
cows should be based on a complete under¬ 
standing of the mastitis status of the herd, 
and individual cow treatment decisions 
should be consistent with the overall herd 
mastitis therapy program. 2 A record system 
for treatment should be established so that it 
is possible to monitor the efficacy of the mas¬ 
titis treatment program. 

The udder health status in a particular 
herd will determine whether the lactating 
cow mastitis therapy strategy should be tar¬ 
geted at the individual cow level or at the 
herd level. The level of emphasis should 
clearly reflect the objectives of the therapy 
program. For example, a herd with low bulk 
tank milk SCC and sporadic cases of envi¬ 
ronmental mastitis should target the lactat¬ 
ing cow therapy strategy at the cow level. The 
primary objectives would be to alleviate 
clinical signs, to achieve a bacteriologic cure, 
and to restore the cow’s production. On the 
other hand, a herd with moderate to high 
bulk tank milk SCCs and a significant preva¬ 
lence of contagious organisms should aim 
the program at the herd level. In this case the 
objective would be to limit the spread of 
infection, markedly reduce or eradicate a 
specific pathogen, and increase herd produc¬ 
tion. A clear statement of treatment philoso¬ 
phy (individual cow level or herd level) in a 
particular herd is needed to direct establish¬ 
ment of well-defined treatment protocols for 
mastitis in lactating cows. 

Intramammary infection (mastitis) is 
identified by the presence of clinical signs or 
the results of a direct test (culture of milk) or 
indirect tests such as SCC, CMT, or electrical 
conductivity. The detection of clinical or 
subclinical mastitis does not necessarily 
indicate that therapy should be adminis¬ 
tered, although animal welfare issues dictate 
that treatment must be administered to cattle 
with an abnormal gland or systemic signs 
(abnormal cow) because these animals are 
undergoing pain and discomfort. A decision 
to use treatment during lactation should be 
based on the likelihood of achieving the 
objectives of the therapy program. Several 





factors are important in the selection of cows 
for treatment. These factors can significantly 
influence the cure rate achieved with therapy 
or the economic benefit realized. 

The herd history of udder health will 
indicate the probable cause of clinical masti¬ 
tis. Cows with mild cases of clinical mastitis 
(abnormal secretion only) in herds with a 
low prevalence of contagious mastitis patho¬ 
gens are likely to be affected with environ¬ 
mental pathogens and commonly return to 
clinically normal milk in four to six milkings. 
This has led to the development of treatment 
algorithms based on the results of culturing 
clinical cases using selective media. Using 
this approach, milk cultures are obtained 
from all cattle with clinical mastitis and 
plated using biplates or triplates. All cattle 
with abnormal glands or signs of systemic 
illness (abnormal cow) are immediately 
treated with antimicrobial agents and appro¬ 
priate ancillary treatment, with subsequent 
antimicrobial treatment based on the pre¬ 
liminary culture results at 18 to 24 hours or 
the final culture results at 48 hours. In 
contrast, treatment is initially withheld from 
all cattle demonstrating abnormal secretion 
only; antimicrobial treatment is instituted 
based on the culture results. One such 
scheme recommends using intramammary 
antibiotics to treat affected quarters with S. 
aureus, CNS, and environmental strepto¬ 
cocci, infusing intramammary antibiotics 
into all quarters of cows with one or more 
quarters infected with S. agalactiae and not 
administering antibiotics to cows with coli- 
form bacteria or no growth. When using this 
delayed approach to antimicrobial treat¬ 
ment, it is important that cattle with abnor¬ 
mal milk only are closely monitored, and 
that antimicrobial treatment is immediately 
instituted when signs of an abnormal gland 
or abnormal cow are present. The major 
difficulty with implementing the delayed 
approach is the difficulty in transporting 
the milk sample to and receiving the results 
from the diagnostic laboratory in a time- 
effective manner. For practical reasons, this 
approach works only if on-farm culturing is 
performed. 

An 8-herd study involving 422 cows with 
clinical mastitis in the Great Lakes region of 
North America was conducted to investigate 
the effectiveness and safety of selective 
treatment of clinical mastitis using on-farm 
culture results. The secretion from affected 
quarters was cultured for 18 to 24 hours 
using a biplate. Quarters with a gram¬ 
positive or mixed growth were treated with 
intramammary cephapirin sodium. Quarters 
with a gram-negative or no growth were not 
treated. Unfortunately, the study design 
enrolled cattle with clinical mastitis and 
abnormal secretion (72% of total), or abnor¬ 
mal secretion and abnormal gland (28% of 
total); as discussed previously the latter 
group should not have an effective treatment 
withheld for 24 hours, because an abnormal 
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Table 20-6 Summary of three-compartment model for anatomic location of infection 
caused by mastitis pathogens in cattle 


PHARMACOLOGIC COMPARTMENT 


Mastitis pathogen 

Milk and ducts 
(abnormal secretion) 

Parenchyma 
(abnormal gland) 

Systemic 
(abnormal cow) 

Contagious pathogens 

Staphylococcus aureus 

+ 

++ 

- 

Streptococcus agalactiae 

++ 

+ 

- 

Mycoplasma bovis 

+ 

+ 

++ 

Corynebacterium bovis 

++ 

- 

- 

Teat skin opportunistic pathogens 

Coagulase-negative staphylococci ++ 

- 

- 

Environmental pathogens 

Escherichia coli 

+ 

- 

++ 

Klebsiella pneumoniae 

+ 

- 

++ 

Environmental streptococci 

++ 

+ 

- 

Trueperella pyogenes 

+ 

++ 

- 

Antimicrobial therapy 

Intramammary 

Good to excellent 

Moderate 

Poor 

Parenteral 

Poor to moderate 

Moderate to excellent 

Good to excellent 


Antimicrobial therapy is categorized on the basis of route of administration and likely efficacy when treating 
a susceptible infection. 

++, extensive infection; +, moderate infection; minimal or no infection 

Source: Adapted from Erskine RJ et at. Vet Clin North Am Food Anim Pract 2003; 19:109. 


gland is associated with pain and discomfort. 
Use of selective antibiotic treatment based on 
24-hour culture results reduced intramam¬ 
mary antibiotic use by half without impact¬ 
ing days to clinical cure, bacteriologic cure 
risk, and treatment failure risk within 21 
days. 3 Selective treatment also had no impact 
on long-term outcomes, such as recurrence 
of clinical mastitis in the same quarter, 
increased SCS, decreased milk production, 
or cow survival for the remainder of the lac¬ 
tation. 4 This study supports the selective 
treatment of clinical mastitis episodes using 
intramammary cephapirin and an on-farm 
culture system for those mastitis episodes 
that have abnormal secretion. 

A decision tree analysis of treatment 
strategies, including selective treatment of 
clinical mastitis using on-farm culture 
results, indicated that the optimal economic 
strategy was to treat clinical mastitis episodes 
caused by gram-positive organisms for 2 
days (compared with a 5-day or 8-day treat¬ 
ment protocol) and to not treat mild clinical 
mastitis episodes caused by gram-negative 
organisms or associated with no bacterial 
growth. 1 This economic analysis needs 
to be updated based on recent studies with 
naturally occurring mastitis documenting 
improved efficacy with extended treatment 
durations. 5,6 

Which Route of Administration 
(Intramammary, Parenteral, or Both?) 

The second decision is the route of adminis¬ 
tration. The goal of antimicrobial treatment 
is to attain and maintain an effective 


concentration at the site of infection. Three 
pharmacologic compartments are recog¬ 
nized for infection by mastitis pathogens: 

• Milk and epithelial lining of the ducts 
and alveoli 

• Parenchyma of the mammary gland 

• The cow (Table 20-6) 

Generally, infections confined primarily to 
the milk and ducts (such as C. bovis and 
CNS) are easily treated with intramammary 
antibiotics. In contrast, infections caused by 
mastitis pathogens with the potential for 
systemic infection (such as E. coli, K. pneu¬ 
moniae, and M. bovis ) are best treated with 
parenteral antibiotics. Mastitis pathogens 
that are the most difficult to treat are those 
that are principally infections of parenchy¬ 
mal tissue (such as S. aureus and T. pyo¬ 
genes); this is because it is more difficult to 
attain and maintain an effective antibiotic 
concentration at this anatomic site when 
administering antibiotics by the intramam¬ 
mary or parenteral routes. 

Which Antimicrobial Agent Should 
Be Administered? 

The third decision is the antimicrobial agent. 
The selection of the antimicrobial class 
for the particular mastitis pathogen has tra¬ 
ditionally been based on culture and suscep¬ 
tibility testing and, although some in vivo 
data are now available, the choice is still 
largely dependent on case studies rather than 
on controlled experiments. Culture and anti¬ 
microbial susceptibility testing of the patho¬ 
gen is not necessarily a justifiable basis for 
selecting the antimicrobial agent to be used 
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in individual cows, and the response to treat¬ 
ment of clinical mastitis in two recent studies 
was unrelated to the results of in vitro sus¬ 
ceptibility tests. 

Antimicrobial agents are usually selected 
based on availability of labeled drugs, clinical 
signs in the cow, milk culture results for pre¬ 
vious mastitis episodes in the herd, experi¬ 
ence of treatment outcome in the herd, 
treatment cost and withdrawal times for 
milk, and slaughter. Many veterinarians and 
researchers have also recommended the 
routine use of susceptibility testing to guide 
treatment decisions. Susceptibility testing for 
guiding treatment of clinical mastitis should 
not be a routine recommendation for a 
number of reasons. First, the cost of suscep¬ 
tibility testing and a minimum 2-day delay 
in obtaining the results makes susceptibility 
testing irrelevant to the initial treatment 
protocol. Second, the medical profession 
does not routinely apply susceptibility 
testing to the initial treatment of a non- 
life-threatening illness; it is therefore difficult 
to understand why treatment of bovine mas¬ 
titis should be held to a higher standard. 
Third, and most importantly, the validity of 
agar diffusion susceptibility breakpoints 
derived from humans in the treatment of 
bovine mastitis has not been established 
and is extremely questionable because 
bovine mastitic milk pH, electrolyte, fat, 
protein, and neutrophil concentrations; 
growth factor composition; and pharmaco¬ 
kinetic profiles differ markedly from those 
of human plasma. Moreover, antibiotics are 
distributed unevenly in an inflamed gland, 
and high antibiotic concentrations can 
alter neutrophil function in vitro, having 
the potential to inhibit bacterial clearance 
in vivo. 

Adequate databases of in vitro minimum 
inhibitory concentration (MIC) values for 
clinical mastitis pathogens are currently 
unavailable, although adequate databases are 
available for subclinical mastitis isolates. 
Although we have a good knowledge of the 
pharmacokinetics of many parenteral antibi¬ 
otics used to treat clinical mastitis, most 
pharmacokinetic data have been obtained in 
healthy cattle, and it has become increasingly 
clear that the pharmacokinetic values in 
healthy cows are different to those in cows 
with clinical mastitis. In addition, pharma¬ 
cokinetic values for many of the intramam¬ 
mary antibiotics used to treat clinical mastitis 
are unknown, and there is a limited under¬ 
standing of the pharmacodynamics of anti¬ 
biotics in treating mastitis. More importantly, 
the breakpoints currently recommended for 
all parenterally and almost all intramammar- 
ily administered antibiotics used to evaluate 
susceptibility or resistance 7 ' 10 are based on 
achievable serum and interstitial fluid con¬ 
centrations in humans after oral or intrave¬ 
nous antibiotic administration. The relevance 
of these breakpoints to achievable milk con¬ 
centrations in lactating dairy cows after 


intramammary, subcutaneous, intramuscu¬ 
lar, or intravenous administration is dubious 
at best. 

Results from field studies are available to 
evaluate the validity of susceptibility break¬ 
points in guiding treatment of cows with clin¬ 
ical or subclinical mastitis. The results from 
these field studies suggest that the following 
antibiotics may have valid (but not necessar¬ 
ily optimal) breakpoints for treating clinical 
or subclinical mastitis associated with spe¬ 
cific bacteria: parenteral penicillin G for sub¬ 
clinical S. aureus infections, intramammary 
cephapirin for clinical Streptococcus spp. 
infections, and parenteral trimethoprim- 
sulfadiazine for clinical E. coli infections. Of 
these three antibiotics, the breakpoints for 
penicillin G and cephapirin have only been 
validated for bacteriologic cure, whereas the 
breakpoint for trimethoprim-sulfadiazine 
is validated for clinical cure. Because dura¬ 
tion of infection before treatment, antibi¬ 
otic dosage, dosage interval, and duration 
of treatment influence treatment outcome, 
many more field studies must be completed 
to validate the currently assigned antibiotic 
breakpoints for pathogens causing clinical 
mastitis. 

To properly use the known pharmacoki¬ 
netics of parenterally and intramammarily 
administered drugs, it is necessary to 
know something about their diffusion into 
mammary tissue, the degree of binding of a 
drug to mammary tissues and secretions, the 
ability to pass through the lipid phase of milk, 
and the degree of ionization. All of these 
factors influence the level of the antibiotic in 
the mammary gland. 11 Major challenges with 
modeling the milk concentration-time rela¬ 
tionship exist for antibiotics administered 
parenterally or by the intramammary route. 
As a consequence, a new pharmacokinetic 
modeling approach for the treatment of mas¬ 
titis has been developed. 12 Much of the pub¬ 
lished pharmacokinetic data are based on 
foremilk concentration, which is not repre¬ 
sentative of the antibiotic concentration in 
quarter milk 1 14 and has been conducted in 
healthy cows without clinical mastitis. The 
latter issue is of great importance because 
clinically important differences in pharma¬ 
cokinetic values have been identified for 
ruminants with and without experimentally 
induced mastitis. 1 ’ For lactating cows the 
preferred treatment is one that maintains an 
MIC for 72 hours without the need for mul¬ 
tiple infusions and without prolongation of 
the withdrawal time. The most successful 
antimicrobial agents for dry period treatment 
are those that persist longest in the udder, 
preferably as long as 8 weeks. These charac¬ 
teristics depend on the release time from the 
transport agent in the formulation and the 
particle size and diffusion capabilities of 
the antibiotic. 

The formulation of the preparation will 
affect the duration of the maintenance of the 
MIC. The third-generation cephalosporins 


(such as ceftiofur) and fluoroquinolones are 
the drugs of choice for use in cases in which 
the infection may be associated with either a 
gram-positive or gram-negative organism; 
however, these antimicrobial agents may not 
be able to be used to treat mastitis in some 
countries. Mixtures of penicillin and an ami¬ 
noglycoside are also in common use for this 
purpose. Penicillin G and penethamate are 
favored for gram-positive infections. Of 
special importance are the (3-lactamase- 
producing strains of S. aureus, against which 
p-lactam penicillins are ineffective; cloxacil- 
lin is a commonly used and effective intra¬ 
mammary formulation for these strains of S. 
aureus. The drugs that have the best record 
of diffusion through the udder after intra¬ 
mammary infusion are penethamate, ampi- 
cillin, amoxicillin, erythromycin, and tylosin. 
Those of medium performance are penicillin 
G, cloxacillin, and tetracyclines. Poor diffus¬ 
ers, which have a longer half-life in the 
udder because they bind to protein, include 
streptomycin and neomycin. Streptomycin is 
not used much now because of the high level 
of resistance to it, especially by S. uberis and 
E. faecalis. 

In summary, treatment of clinical masti¬ 
tis should be based on bacteriologic diagno¬ 
sis or assessment of the likely causative agent 
and take current guidelines on the prudent 
use of antimicrobials into account. The initial 
treatment of clinical mastitis episodes should 
be based on herd data and personal experi¬ 
ence for the geographic region 16 or the results 
of on-farm culture for clinical mastitis epi¬ 
sodes with only abnormal secretion. 3,4 The 
treatment of subclinical mastitis during lac¬ 
tation is rarely economical. 

What Should Be the Frequency and 
Duration of Treatment? 

The fourth decision is the frequency and 
duration of treatment. The frequency of 
administration for parenterally administered 
antimicrobial agents is dependent primarily 
on their pharmacokinetics and pharma¬ 
codynamics. Fluoroquinolones and amino¬ 
glycosides are concentration-dependent 
antimicrobial agents in which increasing 
concentrations at the site of infection 
increase the bacterial kill rate. Macrolides, 
p-lactams, and lincosamides are time- 
dependent antimicrobial agents in which 
exceeding the MIC at the site of infection 
for a prolonged percentage of the interdos¬ 
ing interval correlates with improved 
efficacy. In contrast, the frequency of admin¬ 
istration for intramammary formulations is 
dependent primarily on the milking sched¬ 
ule, because these agents are primarily 
cleared by milk removal. For example, the 
clearance of pirlimycin is strongly and posi¬ 
tively correlated (r = 0.97) to 24-hour milk 
production at the time of dosing. With all 
intramammary formulations being licensed 
based on the results of studies of twice-daily 
milking, the recent industry trend in some 
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parts of the world toward thrice-daily 
milking has created uncertainty as to 
whether intramammary treatment should be 
repeated after every milking or even whether 
once-a-day intramammary administration 
is as efficacious as twice- or thrice-daily 
administration. 13 ' 17,18 

Recent studies have confirmed long-held 
beliefs that appropriate antimicrobial 
therapy (commonly called extended or 
aggressive antimicrobial therapy) for 5 to 8 

days is more effective in treating intramam¬ 
mary infections than label intramammary 
therapy (2-3 days). 5,6,19 In other words, 
increasing the duration of antimicrobial 
administration increases treatment efficacy. 
Extended antimicrobial therapy is opposed 
by some producers because such treatment 
may be off-label and results in a longer milk 
withhold time and, consequently, the amount 
of milk that has to be discarded. In contrast, 
extended therapy of clinical mastitis epi¬ 
sodes that have been treated for 2 to 3 days 
but the secretion remains abnormal is per¬ 
ceived by some producers as part of the 
social norm of “being a good farmer.” 20 
Extended therapy is opposed by dairying 
administrators because of the inevitable 
increase in the number of infringements of 
health regulations relating to antibiotic resi¬ 
dues in milk. The inappropriately short treat¬ 
ment duration for most intramammary 
products has been a major hindrance to 
developing effective antimicrobial treatment 
protocols. 

Intramammary Antimicrobial Therapy 

For reasons of convenience and efficiency, 
antimicrobial udder infusions are in common 
use for the treatment of certain causes of 
mastitis in lactating cows and for dry cow 
therapy. For example, the cure rate of S. 
agalactiae using intramammary infusions 
in lactating cows exceeds 95%. Disposable 
tubes containing suitable antimicrobials in a 
water-soluble ointment base are ideal for dis¬ 
pensing and for the treatment of individual 
cows. Multiple-dose bottles containing 
aqueous infusions are adequate and much 
cheaper per dose when large numbers of 
quarters are to be treated, but repeated use of 
the same container increases the risk of con¬ 
tamination. The degree of diffusion into 
glandular tissue is the same when either 
water or ointment is used as a vehicle for 
infusion; the duration of retention within the 
gland depends on the vehicle. 

Most antimicrobial agents currently 
available in the United States in commercial 
intramammary infusion products are active 
against the staphylococci and streptococci, 
with cephapirin (a first-generation cephalo¬ 
sporin) having good activity against coliform 
bacteria, and ceftiofur (a third-generation 
cephalosporin) having excellent activity 
against coliform bacteria. Until recent years 
the emphasis was on the elimination of 
gram-positive cocci from the udder, but 


gram-negative infections, especially E. coli, 
have increased in prevalence to the point 
where a broad-spectrum preparation is 
almost essential for both lactation and dry 
period treatments. Generally, antimicrobials 
administered by the intramammary route for 
the treatment of clinical mastitis should be 
bactericidal because neutrophil phagocytosis 
of bacteria is impaired in milk. 

The choice of antimicrobial agents for 
intramammary infusion should be based on 
the following: 

• Mechanism of antimicrobial action and 
spectrum of bacteria controlled 

• Diffusibility through mammary tissue 

• Cost 

Strict hygiene is necessary during treatment 
to avoid the introduction of bacteria, yeasts, 
and fungi into the treated quarters; the use 
of a short cannula that just penetrates the 
external sphincter is preferred because it is 
less likely to introduce bacteria and leaves 
more of the keratin plug in place in the streak 
canal. This is important because the keratin 
plug has antimicrobial properties. Care must 
be taken to ensure that bulk containers of 
mastitis infusions are not contaminated by 
frequent withdrawals and that individual, 
sterilized teat cannulas, usually part of com¬ 
mercial, single-dose ointment tubes, are used 
for each quarter. Bulk treatments are best 
avoided because of the high risk of spread of 
pathogens. 

Infusion Procedure 

The teats must be cleaned and sanitized 
before infusing the quarter to avoid intro¬ 
duction of infection. The following steps are 
recommended: 

• Clean and dry the teats. 

• Dip teats in an effective germicidal 
product. Allow 30 seconds’ contact time 
before wiping teats with an individual 
disposable towel (one towel per cow, use 
one corner of the towel for each teat). 

• Thoroughly clean and disinfect each teat 
end with cotton soaked in 70% alcohol. 
Use a separate piece of cotton for each 
teat. 

• Prepare teats on the far side of the 
udder first, followed by teats on the near 
side. 

• Treat quarters in reverse order: near side 
first, far side last. 

• Insert only the tip of the cannula into 
the teat end (partial insertion). Do not 
allow the sterile cannula to touch 
anything before infusion. Most approved 
dry cow infusion products (and 
lactating tubes) are marketed with a 
dual cover that can be used for partial 
or full insertion. 

• Dip teats in a germicidal product after 
treatment. 

• Identify treated cows and remove them 
from the milking herd to prevent 
antimicrobials from entering the milk 
supply. 


Diffusion of infused intramammary drugs is 
often impeded by the blockage of lactiferous 
ducts and alveoli with inflammatory debris. 
Complete emptying of the quarter by the 
parenteral injection of oxytocin (10-20 IU 
intramuscularly) followed by hand stripping 
of affected quarters before infusion has been 
recommended in cases of clinical mastitis, 
but efficacy studies are lacking, the volume 
stripped is usually small, and the procedure 
is painful to the cow. If stripping is per¬ 
formed, the intramammary infusion is given 
after the last stripping of the day has been 
done, avoiding any further milking of the 
gland until the next milking. 

Parenteral Antimicrobial Therapy 

This should be considered in all cases of mas¬ 
titis in which there is an abnormal gland and 
is preferred in all cases of mastitis in which 
there is an abnormal cow (fever, decreased 
appetite, or inappetence). The systemic reac¬ 
tion can usually be brought under control by 
standard doses of antimicrobial agents, but a 
bacteriologic cure of the affected glands may 
not be achieved because of the relatively poor 
diffusion of the antimicrobial from the blood 
into the milk. However, the rate of diffusion is 
greater in affected than in normal quarters. 
Parenteral treatment is also recommended 
when the gland is markedly swollen and 
intramammary infusions are unlikely to 
diffuse to all parts of the glandular tissue. 19 To 
achieve adequate therapeutic levels of an anti¬ 
microbial in the mammary gland by paren¬ 
teral treatment it is necessary, for the above 
reasons, to use higher than normal dose rates 
daily for 3 to 5 days. 19 Milk from treated cows 
must be withheld from the bulk tank for the 
stated period of time of that antimicrobial 
following the date of last treatment. 

Treatment of Lactating Quarters 

There are three situations to consider: the 
emergency single case of clinical mastitis 
requiring immediate treatment; the herd 
with a problem of too many clinical cases or 
intractable cases, but where the identity of 
the pathogen is known; and the cow with 
subclinical mastitis. 

Emergency Treatment When the Type 
of Infection Is Unknown 

Cases of acute and peracute mastitis (abnor¬ 
mal cow) in lactating cows, and in dry cows 
close to calving, are serious problems for the 
field veterinarian. The need for treatment is 
urgent; it is not possible to wait for the results 
of laboratory tests to guide the selection of 
the most appropriate antibiotic. Clinical 
findings, season of the year; and manage¬ 
ment practices may give a broad hint as to 
the specific bacterial cause, but in most such 
circumstances it is necessary to use a broad- 
spectrum approach to treatment. Parenteral 
therapy with oxytetracycline (administered 
intravenously to increase bioavailability and 
therefore plasma and milk concentrations), 
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penethamate hydriodide, a potentiated sul¬ 
fonamide or similar broad-spectrum antimi¬ 
crobial agent should be supplemented with 
intramammary infusion with a p-lactamase- 
resistant antimicrobial such as a first- 
generation cephalosporin (cephapirin), a 
third-generation cephalosporin (e.g., ceftio- 
fur), penicillin G-neomycin combination, or 
other approved broad-spectrum intramam¬ 
mary infusion. Parenteral ceftiofur is not 
effective in clinical mastitis episodes that 
have abnormal secretion or abnormal gland 
and secretion. 

A consensus is developing that clinical 
mastitis episodes that manifest as abnormal 
secretion or abnormal secretion and gland 
should be treated only by the intramammary 
route, and that clinical mastitis episodes that 
manifest as abnormal secretion, gland, and 
cow should be treated by both the intramam¬ 
mary and parenteral routes. The latter group 
would also benefit from the administration 
of antiinflammatory agents and intravenous 
fluid therapy, depending on the severity 
of the systemic signs. A consensus is also 
developing that extended intramammary 
therapy (effectively more appropriate dura¬ 
tion therapy) beyond the traditional 2- to 
3-day treatment regimen is preferred when 
permitted by label directions and country 
recommendations 5,6 ; however, the optimal 
duration of intramammary therapy remains 
to be determined. 

In a multicenter study in Europe compar¬ 
ing three |3-lactam-based intramammary 
products for the treatment of 491 clinical 
mastitis episodes, the bacteriologic cure 
rate for intramammary administration of 
a combination of cephalexin (200 mg, first- 
generation cephalosporin) and kanamycin 
(133 mg) or cefquinome (75 mg, fourth- 
generation cephalosporin) were similar but 
higher than that for intramammary infusion 
of cefoperazone (100 mg, third-generation 
cephalosporin). 16 In a multifarm (n = 28) 
study in New Zealand comparing three 
cephalosporin-based intramammary prod¬ 
ucts for the treatment of 1462 clinical masti¬ 
tis episodes, the bacteriologic cure rates were 
similar for intramammary administration of 
procaine penicillin (1 g), cefuroxime sodium 
(250 mg, second-generation cephalosporin), 
or a combination of procaine penicillin 
G (1,000,000 U) and dihydrostreptomycin 
(0.5 g). 21 However, quarters treated with 
cefuroxime were more likely to be retreated 
within 30 days than quarters receiving either 
of the other two treatments. 21 

Field studies show that, in herds in which 
clinical mastitis is often caused by environ¬ 
mental pathogens, intravenous admini¬ 
stration of oxytetracycline, intramammary 
infusion of cephapirin, and supportive 
therapy (including intravenous administra¬ 
tion of flunixin meglumine or fluids) produce 
a higher rate of clinical and bacteriologic 
cure than supportive treatment alone. In 
addition, antimicrobial treatment is more 


effective than supportive treatment alone. In 
cows with clinical mastitis caused by E. coli 
the use of procaine penicillin G intramuscu¬ 
larly was no more effective than not using 
antimicrobial agents; this result is expected 
based on penicillins gram-positive spectrum 
of activity. Knowledge of the likely causative 
agent is therefore helpful when making deci¬ 
sions about therapy of clinical mastitis epi¬ 
sodes during lactation. 

Provision of other supportive therapy, 
such as fluids and electrolytes, is also crucial 
to the survival of the cow and minimiza¬ 
tion of the severity of the mastitis and extent 
of permanent injury to the udder. The effi¬ 
cacy of frequent stripping, with or without 
intramammary infusion, is uncertain. Non¬ 
steroidal antiinflammatory drugs (NSAIDs) 
decrease pain associated with an abnormal 
gland; in addition, they enhance recovery 
and reduce fever in severe cases. 

Treatment When the Infecting 
Organism Is Known 

A common situation encountered by a 
bovine practitioner is the dairy herd that has 
had an outbreak of clinical mastitis or has 
received a warning notice from the milk pro¬ 
cessor that the bulk milk SCC or bacterial 
count is above acceptable limits. The situa¬ 
tion calls for a complete mastitis control 
program, including conducting an investiga¬ 
tion to determine the causative bacteria 
present, the source of the infection, hygiene 
in the milking parlor, and the importance of 
risk factors such as milking machine man¬ 
agement, plus recommended antimicrobial 
preparations selected on the basis of the 
causative agent. Treatment of a number of 
identified subclinical cases at the commence¬ 
ment of the program, and of individual cases 
subsequently, can be based on the known 
common infection in the herd. Among 
gram-positive cocci, the response to antimi¬ 
crobial agents is excellent for streptococci. 
For staphylococci a cure rate of 65% is about 
the best that can be expected, and unless 
there are good reasons for doing otherwise it 
is recommended that treatment be post¬ 
poned until the cow is dry. Standard treat¬ 
ments for lactating cows include penicillin 
alone (100,000 units) or in combination with 
streptomycin (1 g) or neomycin (500 mg), 
and a combination of ampicillin (75 mg) and 
sodium cloxacillin (200 mg). Acid-resistant 
penicillins, e.g., phenoxymethylpenicillin, 
are probably best not used as mammary 
infusions because of their ability to pass 
through the human stomach, thus presenting 
a more serious potential threat to humans 
drinking contaminated milk. Because of the 
widespread and often indiscriminate use of 
penicillin, a large part of the mastitis that 
occurs is associated with penicillin-resistant 
bacteria, especially S. aureus. Treatment pro¬ 
grams need to take this into account when 
recommendations are made about the anti¬ 
biotic to be used. 


Intramammary infections associated 
with environmental streptococci that mani¬ 
fest signs of clinical mastitis are usually acute 
but only moderately severe. In most of these 
cases the streptococci are sensitive to antimi¬ 
crobial agents, and they often recover 
spontaneously with good management and 
nursing care. If not, they usually respond 
well to therapy. 22 Bacteriologic cure rates of 
60% to 65% can be expected following a 
single intramammary infusion of a cephalo¬ 
sporin product. 

In one randomized controlled field trial 
of clinical mastitis associated with Strepto¬ 
coccus spp. or coliform bacteria, the clinical 
cure rate by the 10th milking was signifi¬ 
cantly higher when intramammary cephapi¬ 
rin, intravenous oxytetracycline, or both 
were used along with supportive therapy 
(oxytocin and stripping of affected glands 
and, in severely affected cows, the use of flu¬ 
nixin meglumine and fluids) compared with 
supportive treatment alone. These results 
indicate that, in herds in which clinical mas¬ 
titis is often associated with environmental 
pathogens, antimicrobial therapy and sup¬ 
portive therapy may result in a better 
outcome than supportive therapy alone. 

Treatment of Subclinical Mastitis 

It is generally considered not advisable to 
treat subclinical mastitis during lactation. 23,24 
However, it is important to consider the 
causative organism, the age of the cow, the 
number of intramammary infections for 
the cow, and the udder health status of the 
herd. 2 ' There are several situations in which 
lactational therapy of subclinical mastitis is 
indicated; for example, herds with S. agalac- 
tiae infections should consider several 
approaches to therapy during lactation. S. 
agalactiae infections respond well to therapy 
during lactation, with cure rates of 80% to 
100% expected. All approved intramammary 
therapy preparations are efficacious, includ¬ 
ing penicillin, cephalosporins, cloxacillin, 
and erythromycin. In herds with a high prev¬ 
alence of S. agalactiae mastitis, blitz therapy 
can be used for eradication of the pathogen, 
increased milk production, and reduced 
penalties for high SCCs. There is, however, a 
risk of residue violation, problems with dis¬ 
posal of milk from treated cows, and consid¬ 
erable costs involved. It is also important to 
ensure that standard mastitis control proce¬ 
dures, such as postmilking teat disinfection 
and blanket dry cow therapy, have been 
implemented. The benefit:cost ratios for 
various approaches to blitz therapy of S. 
agalactiae-iniected herds have been studied. 
The prevalence of infected cows, and their 
stage of lactation, are important determi¬ 
nants of the type of program selected. 

Therapy of cows with subclinical mastitis 
caused by S. aureus during lactation is much 
less rewarding. Under field conditions, cases 
of S. aureus are difficult to cure during 
lactation. Reported cure rates following 
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intramammary therapy are between 15% and 
60%. Lactational therapy of subclinical S. 
aureus mastitis using intramuscular penicil¬ 
lin along with intramammary amoxicillin 
infusion, compared with the intramammary 
infusion alone, increased the cure rate to 
40%, which represented a doubling of the 
cure rate with intramammary therapy alone. 
Improvements in the cure rate of subclinical 
gram-positive intramammary infections 
have also been obtained with parenteral 
penethamate hydroiodide. 25 If treatment by 
this method is used in combination with data 
on the age of cow, stage of lactation, duration 
of infection, and level of SCC, the economic 
benefit of treating some cases of S. aureus 
mastitis during lactation may be attractive. 

Subclinical infections associated with 
environmental streptococci, and occasion¬ 
ally by coliform organisms, can be found in 
moderate numbers in some herds. Although 
spontaneous cure rates are higher with these 
environmental infections, individual cows 
may merit treatment during lactation. In 
these cases, the previously listed factors 
should be used and are important in the 
selection of cases to be treated. 

Prepartum antibiotic treatment of heifers 
is of benefit in herds experiencing a high 
incidence of clinical mastitis in recently 
calved heifers. CNS are frequently isolated 
from late-gestation heifers, and intramam¬ 
mary treatment with sodium cloxacillin 
(200 mg) or cephapirin sodium (200 mg) 7 
days before expected parturition is highly 
effective and economically beneficial. 

Antiinflammatory Agents 

NSAIDs have been evaluated for the treat¬ 
ment of field and experimental cases of acute 
and peracute mastitis. They have beneficial 
effects on decreasing the severity of clinical 
signs based on changes in rectal temperature, 
heart rate, rumen motility, and pain associ¬ 
ated with the mastitis and are routinely 
administered as part of the initial treatment 
of cattle with severe clinical mastitis and 
marked systemic signs (pyrexia, tachycardia, 
tachypnea, and ruminal hypomotility). On 
the basis of one comparative study, NSAIDs 
appear to ameliorate systemic abnormalities 
to a greater degree than corticosteroids. The 
strongest evidence to support the adminis¬ 
tration of NSAIDs is available for meloxi- 
cam, ketoprofen, and phenylbutazone. 

Administration of meloxicam (250 mg 
subcutaneously once) to dairy cows in New 
Zealand with acute clinical mastitis being 
treated with three daily intramuscular injec¬ 
tions of penethamate hydriodide (5 g) 
decreased posttreatment SCC and decreased 
culling from the herd from 28% to 16%. 26 
Ketoprofen at 2 g intramuscularly once daily 
combined with sulfadiazine and trime¬ 
thoprim intramuscularly given daily to cows 
with acute clinical mastitis, and complete 
milking of affected quarters several times 
daily, significantly improved survival and 


milk production compared with cows not 
receiving the NSAID. A reanalysis of the 
published results indicated that phenylbuta¬ 
zone at 4 g intramuscularly once daily com¬ 
bined with sulfadiazine and trimethoprim 
intramuscularly given daily to cows with 
acute clinical mastitis significantly improved 
the percentage of cows with milk production 
returning to more than 75% of previous 
levels compared with cows not receiving the 
NSAID. However, intramuscular adminis¬ 
tration of phenylbutazone is not currently 
recommended because of the potential for 
myonecrosis. Moreover, phenylbutazone is 
not permitted to be administered to dairy 
cattle greater than 20 months of age in the 
United States. Dipyrone (20 g, intramuscu¬ 
larly) administered once daily in the same 
study was not effective. It is not permitted 
to be administered to food-producing 
animals in some countries, including the 
United States. 

There is minimal evidence that treatment 
of clinical cases with NSAIDs alters the 
inflammatory response in the udder, 
although pretreatment of cattle with experi¬ 
mentally induced mastitis does alter the local 
(glandular) inflammatory response to infec¬ 
tion. Flunixin meglumine concentrations are 
low in milk, which is consistent with its 
properties as a weak acid that has difficulty 
crossing the blood-milk barrier. Flunixin 
meglumine (2 mg/kg, intravenously, twice 
24 hours apart) did not alter the survival rate 
of dairy cows with severe E. coli or S. uberis 
mastitis compared with intravenous admin¬ 
istration of 45 L of isotonic crystalloid fluids. 
Flunixin meglumine is often administered as 
part of the initial treatment of clinical mas¬ 
titis in cows manifesting systemic signs of 
illness, and flunixin residues are being 
detected in milk from dairy cattle being sent 
for human consumption. This may reflect the 
markedly slower clearance of flunixin in 
cows with clinical mastitis. 2. The one-time 
administration of 1 g of flunixin meglumine 
intravenously or 4 g of phenylbutazone 
intravenously, along with intramammary 
infusion of gentamicin (150 mg) at 12-hour 
intervals for four treatments, had no signifi¬ 
cant beneficial effect in cows with acute toxic 
mastitis associated with E. coli and Klebsiella 
spp. However, the results of this study do not 
indicate a lack of effectiveness of flunixin 
meglumine or phenylbutazone, because it is 
difficult for one dose of any NSAID to have 
a detectable effect on clinical signs in natu¬ 
rally occurring mastitis cases. 

Supportive Therapy 

Supportive treatment, including the intrave¬ 
nous administration of large quantities of 
isotonic crystalloid fluids, is indicated in 
cattle with severe systemic illness. Large 
volumes of isotonic crystalloid fluids can be 
rapidly administered under pressure at 0.5 L/ 
min through a 12-gauge catheter in the 
jugular vein, using a 7.5-L garden weed killer 


spray pump. The administration of hyper¬ 
tonic saline followed by immediate access to 
drinking water is a practical method of pro¬ 
viding fluid therapy to cows with severe mas¬ 
titis, especially peracute coliform mastitis. A 
dose of 4 to 5 mL/kg body weight (BW) of 
7.5% saline is given intravenously over 4 to 5 
minutes. This is usually followed by the 
animal consuming large quantities of water. 
Circulating blood volume is increased and 
there is mild strong ion (metabolic) acidosis, 
improved renal function, and changes in 
calcium and phosphorus homeostasis com¬ 
pared with cows given a similar volume of 
0.9% NaCl. Fluid therapy is covered exten¬ 
sively in Chapter 5. 

Adjunctive Therapy 

Cytokines may be useful as adjunctive 
therapy with existing antimicrobials to 
improve therapeutic efficacy, particularly 
in lactating cows. Cytokines are natural regu¬ 
lators of the host defense system in response 
to infectious diseases. The combination of a 
commercial formulation of cephapirin with 
recombinant interleukin (IL)-2 consistently 
improved the cure rate of treating S. aureus 
mastitis by 20% to 30% compared with use 
of the antimicrobial alone. 

Ozone is a gas (0 3 ) that rapidly inacti¬ 
vates bacteria and viruses. It was prepared 
with a commercially available ozone therapy 
device and administered to cattle with clini¬ 
cal mastitis. The administration of 100 mL of 
70% ozone decreased SCC over 1 week, sug¬ 
gesting that ozone may be an effective 
adjunct therapy. 28 

Magnitude of Response to Therapy 

The treatment of some causes of mastitis can 
be highly effective in removing infection 
from the quarter and returning the milk to 
normal composition. However, the yield of 
milk, although it can be improved by the 
removal of congestion in the gland and 
inflammatory debris from the duct system, is 
unlikely to be returned to normal in severe 
clinical cases, at least until the next lactation. 
The degree of response obtained depends 
particularly on the causative agent, the speed 
with which treatment is commenced, and 
other factors described earlier. A “cure” may 
mean disappearance of clinical signs, elimi¬ 
nation of the infectious cause, or both of 
those plus return to normal function and 
productivity. Which of these is the objective 
in any particular case or herd will influence 
the decisions to be made about treatment in 
an individual case of the disease. 

Failure to respond to therapy of the 
lactating cow may be caused by the 
following: 

• The presence of microabscesses and 
inaccessibility of the drug to the 
pathogen 

• Ineffective drug diffusion 

• Inactivation of the antimicrobial by milk 
and tissue proteins 
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• Inefficient killing of the bacteria and 

intracellular survival of bacteria 

• Increased antimicrobial resistance 

• The development of L-forms of bacteria 

Dry Cow Therapy 

Dry cow therapy is the use of intramammary 
antimicrobial therapy immediately after the 
last milking of lactation and is an important 
component of an effective mastitis control 
program. Intramammary infusions at drying 
off decrease the number of existing infec¬ 
tions and prevent new infections during 
the early weeks of the dry period. Dry cow 
therapy should be routinely administered 
and remains one of the cornerstones of an 
effective mastitis control program. Blanket 
dry cow therapy is treatment of all four 
quarters at drying off, compared with selec¬ 
tive dry cow therapy based on treatment of 
only those quarters that are infected. When 
subclinical mastitis is very low in some 
herds, selective dry cow therapy can be con¬ 
sidered, but nearly all herds use blanket dry 
cow therapy. The problem with selective dry 
cow therapy is the accuracy of available indi¬ 
rect tests to “select” cows for treatment or 
nontreatment. Currently available indirect 
tests are not sufficiently accurate (the excep¬ 
tion being quarter milk cultures) to be used 
as a basis for selective dry cow therapy. 

Intramammary infusions approved for 
dry cow therapy contain high levels of anti¬ 
microbial agents in a slow-release base that 
maintains therapeutic levels in the dry udder 
for long periods of time. Most dry cow 
therapy infusion products are intended to 
eliminate existing infections caused by S. 
aureus and S. agalactiae at drying off and to 
prevent new infections caused by the same 
pathogens and environmental streptococci 
in the early dry period. 

In herds with a high prevalence of conta¬ 
gious mastitis, dry cow therapy has been 
efficacious and economically beneficial in 
reducing the prevalence of intramammary 
infections. The consistent application of 
effective mastitis control procedures has 
reduced the prevalence of contagious patho¬ 
gens and the bulk tank milk SCC 
(<300,000 cells/mL), and owners of these 
herds questioned dry cow therapy because of 
the economics and the concerns of residues 
in the milk. Field trials in herds with a low 
prevalence of contagious mastitis indicate 
that dry cow therapy at the end of lactation 
increased 17-week milk production during 
the subsequent lactation and was economi¬ 
cally beneficial compared with not treating 
them. However, in the subsequent lactation, 
the incidence of clinical mastitis was not 
reduced and the SCCs were not significantly 
different from those of cows not treated at 
the end of lactation. 

The most effective time to treat subclini¬ 
cal intramammary infections is at drying off. 
Dry cow therapy has the following advan¬ 
tages over lactation therapy: 


• The cure rate is higher than that 
achieved by treatment during lactation. 

• A much higher dose of antimicrobial 
can be used safely. 

• Retention time of the antimicrobial in 
the udder is longer. 

• The incidence of new infections during 
the dry period is reduced. 

• Tissue damage by mastitis may be 
regenerated before parturition. 

• Clinical mastitis at calving may be 
reduced. 

• The risk of contaminating milk with 
antimicrobial residue is reduced. 

Selection of a suitable dry period treatment 
should take into account the fact that gram¬ 
negative infections are not common at that 
time because of the high concentration of 
lactoferrin in the dry secretions. Accord¬ 
ingly, attention should be directed at the 
inclusion of a potent antibiotic against Strep¬ 
tococcus spp., P-lactamase-producing S. 
aureus, and T. pyogenes. Cloxacillin and 
cephalosporins are popular for the purpose; 
for example, a recommended treatment is 
cephapirin or sodium cloxacillin in a slow- 
release base with an expected cure rate of 
80% against streptococci and 60% against S. 
aureus. A large North American trial involv¬ 
ing 6 dairy herds and 1091 cows identified 
no difference in the risk of cure between dry 
off and calving, and no effect of treatment on 
the risk for the presence of a new intramam¬ 
mary infection for the first 6 days in 
milk after calving, for cattle treated at dry 
off with intramammary procaine penicillin 
G (1,000,000 U) and dihydrostreptomycin 
(1 g), ceftiofur hydrochloride (500 mg), or 
cephapirin (300 mg) dry cow formulations. 29 
In contrast, a study in Central Florida involv¬ 
ing 2 dairy herds and 402 cows identified 
that cattle treated at dry off with intramam¬ 
mary ceftiofur hydrochloride (500 mg) had 
lower odds of having clinical and subclinical 
mastitis in the early part of the subsequent 
lactation than cows treated with intramam¬ 
mary procaine penicillin G (1,000,000 U) 
and dihydrostreptomycin (1 g). 30 

Most dry cow preparations maintain an 
adequate minimum concentration in the 
quarter for about 4 weeks, but some persist 
for 6 weeks. There is little, if any, value in 
treating cows again before the due calving 
date. There is always a possibility of intro¬ 
ducing infection while infusing an intra¬ 
mammary preparation and farmers are 
reluctant to break the teat canal seal, but it 
may be necessary to do so if summer mastitis 
is prevalent in the area. 

Prepartum Antimicrobial Therapy 
in Heifers 

Intramammary infusion of a cephapirin dry 
cow therapy preparation into pregnant 
heifers 10 to 12 weeks prepartum eliminated 
over 90% of the intramammary infection 
caused by S. aureus, Streptococcus spp., CNS 
spp., and coliforms. The SCCs of cured 


quarters were comparable to uninfected 
control quarters after parturition. At parturi¬ 
tion, 24% of treated quarters were positive 
for the antimicrobial; however, no quarters 
were positive at 5 days postpartum. 

Treatment of Mastitis on Organic 
Dairy Farms 

The sale of organic dairy products is increas¬ 
ing worldwide, and the common occurrence 
of mastitis in dairy cattle provides an animal 
welfare challenge about how to appropriately 
treat clinical mastitis episodes in organic 
dairy farms. In the United States, use of anti¬ 
microbials to treat dairy cattle results in 
permanent loss of organic status for that 
animal, 31 whereas organic dairy farms in the 
European Union and Canada are permitted 
limited use of antimicrobials for emergency 
treatments per year. 32 Consequently, organic 
farmers use a variety of treatments for clini¬ 
cal mastitis, including homeopathy, vitamin 
supplements, and botanicals. 31 They also use 
veterinarians less frequently than similarly 
sized conventionally managed dairy herds. 33 

Treatment with a botanical preparation 
containing extracts of Thymus vulgaris, 
Gaultheria procumbens, Glycyrrhiza uralen- 
sis, Angelica sinensis, and vitamin E did not 
affect the resolution of clinical mastitis at day 
4 of treatment, but it decreased the time to 
clinical recovery in cattle with clinical mas¬ 
titis in Colorado. 32 This botanical formula¬ 
tion contained chemicals with documented 
antiinflammatory, antiseptic, or nutritional 
effects. Intramammary infusion of a live 
culture of Lactococcus lactis may be effica¬ 
cious in the treatment of subclinical and 
clinical mastitis in dairy cattle. 34 

Antimicrobial Residues in Milk and 
Withholding Times 

Label instructions must be followed to 
ensure that drug residues do not occur, espe¬ 
cially from cows with a shorter than normal 
dry period. Antibiotic residue testing of the 
milk of a recently calved cow can be done if 
there is a suspicion of residues, but this is a 
misuse of a test designed for bulk tank milk 
testing and therefore suffers from problems 
with sensitivity and specificity. 

Treatment and control of mastitis 
accounts for the largest percentage of antimi¬ 
crobial use on dairy farms. Following treat¬ 
ment by the intramammary or parenteral 
route, the concentration of antimicrobial 
agents in the milk declines over time to levels 
that are considered safe and tolerable for 
humans. The duration of time for the con¬ 
centrations to decline to acceptable limits is 
known as the withholding time or the with¬ 
drawal period during which the milk cannot 
be added to the bulk tank supply but must be 
withheld and discarded. The presence of resi¬ 
dues in milk is a major public health concern 
that adversely affects the dairy industry, the 
practicing veterinarian, and the perception 
the public has of the safety of milk for human 





consumption. The public perception of the 
safety of milk is crucial, and veterinarians 
have a responsibility to respond to these con¬ 
cerns through public education and quality 
control of milk production. 

Other serious consequences of anti¬ 
microbial residues in milk are their effect 
on the manufacture of dairy products and 
the potential development of antimicrobial 
sensitivity syndromes in humans. In most 
countries the maximum intramammary 
dose of antimicrobial agents is limited by 
legislation, and the presence of detectable 
quantities of antimicrobial agents in milk 
constitutes adulteration. Attention has also 
been directed to the excretion of antimicro¬ 
bial agents in milk from untreated quarters, 
after treatment of infected quarters, and after 
their administration by parenteral injection 
or by insertion into the uterus. The degree 
to which this excretion occurs varies widely 
between animals and in the same animal at 
different points in the lactation period, and 
it differs from one antibiotic to another. Milk 
from cows subjected to dry period treatment 
is usually required to be withheld for 4 days 
after calving. The use of any dry period 
treatments in lactating cows causes pro¬ 
longed retention of the antimicrobial in milk 
and is a most serious violation of the 
legislation. 

Veterinarians have the responsibility to 
warn farmers of the need to withhold milk, 
and both should be aware of the withholding 
times of each product, the details of which 
are usually required to be included on its 
label. Marking the cow in some way to 
remind the farmer, by application of a leg 
band or placing dye on the udder, is 
advisable. 

Antimicrobial Residue Tests 

Several cowside tests are available to detect 
antimicrobial residues in the milk of cows 
that have been treated for mastitis. The goal 
of cowside testing is to assist in the produc¬ 
tion of high-quality, antimicrobial-residue- 
free milk from dairy herds. To be consistent 
with the intent of a quality assurance 
program, cowside testing would be used only 
on cows recently treated with antimicrobial 
agents and only after appropriate milk with¬ 
holding times had been followed. The ideal 
test would have a high sensitivity and high 
specificity. 

Most of the cowside screening tests for 
antimicrobial residues are imperfect because 
of a high rate of false-positive results when 
used on field samples. The direct costs to 
producers can be high because of the unnec¬ 
essary disposal of milk and imposition of 
fines and penalties. False-positive results also 
cause the unnecessary culling of some cows, 
and concern about the interpretation of posi¬ 
tive assay results, the appropriateness of 
withholding periods, and the safety of milk 
creates mistrust among consumers, produc¬ 
ers, veterinarians, and regulatory personnel. 
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The specificity of four commercially available 
tests ranged from 0.78 to 0.95. None of the 
test kits has been validated to meet perfor¬ 
mance standards for sensitivity and specific¬ 
ity. This applies to individual cow samples, 
bulk tank milk samples, and tanker truck 
samples. 

The presence of naturally occurring bac¬ 
tericidal products in the milk of cows with 
acute and convalescent mastitis is the most 
likely cause of the false-positive results of the 
tests (such as Delvotest) that are based on 
bacterial growth inhibition of (3-lactam 
antimicrobial agents. Immunoglobulins, 
complement, lysozyme, lactoferrin, and 
phagocytic cells are products of inflamma¬ 
tion in the milk of cows with mastitis that 
can inhibit bacterial growth. The milk from 
cows with experimental endotoxin-induced 
mastitis is at increased risk for false-positive 
assay results using commercial residue tests. 
The incidence of false-positive results is very 
low in milk from cows that have not had a 
history of mastitis or antimicrobial therapy. 
Naturally occurring bactericidal products in 
mastitic milk can be removed by heating at 
82°C (180°F) for 5 minutes; this temperature 
does not denature antimicrobial agents 
present in milk. Heat treatment therefore 
appears to provide a very practical way to 
reduce false-positive results on milk from 
individual cows. 

A sample of milk can be submitted for 
antimicrobial residue testing up to three 
times. First, a producer may test a sample 
from a specific cow at the end of her with¬ 
drawal period. Second, milk is sampled at 
the tanker truck level. Third, should the 
tanker truck sample have positive results, 
bulk tank milk samples from each dairy herd 
that contributed to that tanker truck are 
tested. 

There is a need for validation of the diag¬ 
nostic assays used to detect antimicrobial 
residues in milk. Acceptance of assays for 
regulatory purposes must be based on pro¬ 
tocols that include field estimates of assay 
performance before the assays are used by 
the public. Three strategies have been sug¬ 
gested to balance public health concerns 
with economic concerns of dairy producers 
caused by false-positive results: 

1. Retest samples that yield positive results 
with a confirmatory assay of specificity 
close to 100%. Only those samples that 
also yield positive results on the second 
assay are considered to be positive for 
violative residues. 

2. Recalibrate the assay to increase 
specificity. This will usually result in loss 
of sensitivity. 

3. Use an alternative assay of higher 
specificity. 

It is suggested that regulatory monitoring of 
residues at a national level will be best served 
by use of a combination of at least two assays: 
initial screening with a highly sensitive and 
inexpensive assay followed by confirmation 


testing with an assay of high specificity 
(>99%) that can quantify the concentration 
of the antimicrobial residue. All tanker 
samples that yield positive results with a 
screening assay should be rechecked with a 
quantitative assay. If the quantitative assay 
detects a concentration greater than the safe 
level, safe concentration, or tolerance level, 
only then would the milk be deemed to have 
violative residue and fines and penalties be 
imposed. The complex dynamics of current 
milk residue tests discourage practitioners 
from recommending testing procedures to 
dairy producers. 

As an approximate guide, the recom¬ 
mended periods for which milk should be 
withheld from sale after different methods of 
antimicrobial administration are (in times 
after last treatment) 

• Udder infusion in a lactating cow 
(72 hours) 

• Parenteral injection, one only 
(36 hours) 

• Parenteral injections, series of 
(72 hours) 

• Antimicrobial agents parenterally in 
long-acting bases (10 days) 

• Intrauterine tablet (72 hours) 

• Dry cow intramammary infusion (to be 
administered at least 4 weeks before 
calving and the milk withheld for at 
least 96 hours afterward) 

Permanently Drying Off Chronically 
Affected Quarters 

If a quarter does not respond to treatment 
and is classified as incurable, the affected 
animal should be isolated from the milking 
herd, or the affected quarter may be per¬ 
manently dried off by inducing a chemi¬ 
cal mastitis. Historically used methods, 
arranged in decreasing order of severity, are 
infusions of 

• 30 to 60 mL of 3% silver nitrate 
solution 

• 20 mL of 5% copper sulfate solution 

• 100 to 300 mL of 1:500, or 300 to 

500 mL of a 1:2000 acriflavine solution 
If a severe local reaction occurs, the quarter 
should be milked out and stripped frequently 
until the reaction subsides. If no reaction 
occurs, the quarter is stripped out 10 to 14 
days later. Two infusions of these solutions 
may be necessary. 

The best method for permanently 
drying off a quarter is infusion of 120 mL 
of 5% povidone iodine solution (0.5% 
iodine) after complete milk out and admin¬ 
istration of flunixin meglumine (1 mg/kg 
BW, intravenously). This causes permanent 
cessation of lactation in the quarter but does 
not alter total milk production by the cow. If 
the goal is chemical sterilization, then three 
daily infusions of 60 mL of chlorhexidine 
suspension should be administered after 
complete milk out. The majority of treated 
cows (5/7) returned to milk production in 
the quarter in the subsequent lactation. The 
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infusion of 60 ml of chlorhexidine, followed 
by milking out at the next subsequent 
milking and repeat of the infusion 24 hours 
after the initial treatment, is also effective in 
making infused quarters nonfunctional 
within 14 to 63 days. Histologic evaluation of 
the infused quarters revealed that secretory 
tissues had involuted to a nonsecretory state 
and appeared similar to blind or nonfunc¬ 
tional quarters. However, as noted earlier, 
milk production may return in the gland in 
the subsequent lactation. Studies have dem¬ 
onstrated that the intramammary infusion of 
10 ml of a peptide concentrate of casein 
hydrolysate is efficacious in drying off a 
quarter for the remainder of the lactation, 
but the quarter recovers over the dry period 
and milk production returns to similar levels 
the following lactation. 22,35 The infusion of 
casein induces an accelerated involution of 
the mammary gland. The effectiveness of this 
approach in drying off infected quarters does 
not appear to have been evaluated. 


TREATMENT AND CONTROL OF 
CLINICAL MASTITIS IN LACTATING 
DAIRY COWS 


Treatment 

Abnormal secretion 

Perform on-farm culture and treat gram¬ 
positive isolates 18-24 hours later with an 
intramammary formulation that has proven 
efficacy against common gram-positive 
mastitis pathogens per label directions 
(R-1). 

Administer broad-spectrum intramammary 
formulation per label directions (R-2). 

Abnormal secretion and abnormal gland 
Administer broad-spectrum intramammary 
formulation per label directions (R-1) 

Administer extended duration of 
intramammary therapy (R-2). 

Abnormal secretion, abnormal gland, 
and abnormal cow 

Administer broad-spectrum intramammary 
formulation per label directions (R-1). 
Administer extended duration of 
intramammary therapy (R-2). 

Parenteral cefquinome, ceftiofur, 

fluoroquinolones, penethamate hydriodide, 
or oxytetracycline per label directions (R-1) 
Intravenous fluid therapy with low-volume 
hypertonic saline or high-volume isotonic 
crystalloids (R-2) 

Antiinflammatory agents, including meloxicam 
(250 mg, subcutaneously, once) (R-2) 

Control 

See extensive section on control of mastitis 
later in this chapter. 

a Causative agent unknown. If the causative agent 
is known, then refer to specific treatment and 
prophylaxis recommendations for the etiologic 
agent in this chapter. 
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Mastitis Pathogens 
of Cattle 

In the following sections, the special features 
of each mastitis associated with one or a 
group of pathogens will be described using 
the usual format of the book. Mastitis in 
cattle is categorized as being associated with 
contagious, teat skin opportunistic or envi¬ 
ronmental pathogens, and as being common 
(major pathogen) or less common (minor 
pathogen). The features that are unique to the 
diagnosis, treatment, and control of each 
mastitis pathogen will be outlined, but details 


applicable to all causes of mastitis were pre¬ 
sented earlier. 


Mastitis of Cattle 
Associated With Common 
Contagious Pathogens 

STAPHYLOCOCCUS AUREUS 


SYNOPSIS 


Etiology Staphylococcus aureus is a major 
pathogen of the mammary gland and a 
common cause of contagious bovine 
mastitis. S. aureus also causes mastitis in 
sheep and goats. 

Epidemiology Major cause of mastitis in dairy 
herds without an effective mastitis control 
program. Prevalence of infection 50%- 
100%; prevalence of 1 %-10% in herds 
with low bulk tank milk SCCs, 50% in 
high-SCC herds, quarter infection rate 
10%-25% in high-SCC herds. Source of 
infection is infected udder; infection 
transmitted at milking. Chronic orsubclinical 
S. aureus mastitis is of major economic 
importance. 

Clinical findings 

• Chronic S. aureus mastitis is most common 
and is characterized by high SCC and 
gradual induration of udder, drop in milk 
yield, and atrophy with occasional 
appearance of clots in milk or wateriness. 

• Acute and peracute S. aureus mastitis most 
common in early lactation. Acute swelling 
of gland with fever; milk is abnormal with 
thick clots and pus; gangrene of gland and 
teat in peracute form. Systemic reaction 
with anorexia, toxemia, fever, ruminal 
stasis 

Clinical pathology Culture individual cow 
milk sample (composite or quarter) or 
polymerase chain reaction (higher 
sensitivity); indirect tests are high SCC and 
California mastitis test results. 

Necropsy findings Peracute, acute, and 
chronic (recurrent) clinical mastitis, 
subclinical mastitis common 

Diagnostic confirmation Culture milk for 
pathogen 

Differential diagnosis 

• Peracute mastitis 

• Peracute coliform mastitis 

• Trueperella (formerly Arcanobacterium or 
Corynebacterium) pyogenes mastitis 

• Parturient paresis 

• Acute and chronic mastitis. Not clinically 
distinguishable from other causes of 
mastitis. Must culture milk 

Treatment 

• Lactating cows: Cure rates for lactating 
cows with subacute staphylococcal mastitis 
less than 50%. Intramammary infusions 
daily for at least 3 days, preferably 5-8 
days 


















• Peracute mastitis: Antimicrobial agents 
parenterally and intramammary that are 
P-lactamase resistant, fluid and electrolyte 
therapy 

• Dry cow therapy: Chronic or subclinical 
mastitis best treated at drying off with 
long-acting intramammary antimicrobial 
infusions that are (J-lactamase resistant 

Control 

• Prevent new infections by early 
identification, culling infected cows, and 
good milking procedures, including 
hygienic washing and drying of udders and 
teats before milking and postmilking 
germicidal teat dips. Regular milking 
machine maintenance. Consider 
segregation of infected cows. 

• Eliminate existing infections by dry cow 
therapy. 

• Immunization with vaccines may be 
possible in future. 


5CC, somatic cell count. 


ETIOLOGY 

Coagulase-positive S. aureus is a major 
pathogen of the bovine mammary gland and 
a common cause of contagious mastitis in 
cattle. It also causes mastitis in sheep and 
goats. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

Coagulase-Positive Staphylococci 

Historically, S. aureus was one of the most 
common causes of bovine mastitis in dairy 
cattle worldwide. In the last 25 years, the 
prevalence of infection and the occurrence of 
clinical mastitis caused by S. aureus has 
decreased in herds using effective mastitis 
control measures. However, surveys indicate 
that 50% to 100% of herds maybe infected. In 
low-SCC herds, the prevalence of infection in 
cows ranges from 1% to 10%. In other herds, 
especially those with high SCCs, up to 50% of 
cows may be infected with S. aureus, with 
quarter infection rates ranging from 10% to 
25%. The prevalence of infection of S. aureus 
in heifers at parturition can range from 5% to 
15%. The majority of intramammary infec¬ 
tions caused by S. aureus are subclinical. 
The incidence of clinical mastitis caused by S. 
aureus is dependent on its prevalence of 
infection in the herd. With an effective masti¬ 
tis control program, the most common causes 
of clinical mastitis are the environmental 
pathogens. However, in some herds with a 
low rolling SCC, incidence of clinical mastitis 
caused by S. aureus ranges from 190 to 240 
cases per 100 cows per year, with about 47% 
of the clinical cases being S. aureus. 

Source of Infection and Method 
of Transmission 

S. aureus is ubiquitous in the environment of 
dairy cattle. The infected mammary gland of 
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lactating cows is the major reservoir and 
source of the organism. The prevalence of 
intramammary infection in primiparous 
heifers at parturition ranges from 2% to 50% 
and may represent an important reservoir of 
infection in herds with a low prevalence of 
infection. The organism may be present on 
the skin of the teats and external orifices 
of heifers, bedding materials, feedstuffs, 
housing materials, nonbovine animals on the 
farm, and equipment. In herds with a high 
prevalence of infection (>10% of cows), the 
organism was present in bedding, the hands 
and noses of dairy herd workers, insects, and 
water supplies. Transmission between cows 
occurs at the time of milking by contaminated 
milkers’ hands and teat cup liners. Although 
S. aureus can multiply on the surface of the 
skin and provide a source of infection for the 
udder, the teat skin lesions are usually 
infected originally from the udder, and teat 
skin is a minor source of infection. In herds 
with a low prevalence of infection, most new 
cases of S. aureus mastitis may be from extra¬ 
mammary sources rather than indicating 
cow-to-cow transmission. 1 

The horn fly ( Hameotobia irritans) is an 
important vector for transmitting S. aureus 
mastitis in heifers, particularly in heifers 
with scabs on the teat ends. Prevention of 
high populations of flies in heifers is there¬ 
fore needed to decrease new infections in 
this group. 1 

Risk Factors 
Animal Risk Factors 

Several animal risk factors influence the 
prevalence of infection and the occurrence of 
clinical mastitis caused by S. aureus. 

Local Defense Mechanisms 

Abrasions of the teat orifice epithelium 

are an important risk factor for S. aureus 
mastitis. In experiments, teat canal infection 
or colonization may develop in 93% of 
experimentally abraded teat canal orifices 
compared with 53% in control quarters. 
Chapping of the teats and thickness of the 
teat barrel are correlated and significantly 
influence recovery of S. aureus from the skin. 

Colonization With Minor Pathogens 
The presence of minor pathogens such as 
CNS protects against new intramammary 
infections associated with the major patho¬ 
gen S. aureus. This may be the result of an 
elevated SCC or an antimicrobial-like sub¬ 
stance provided by the CNS that inhibits the 
growth of S. aureus. Conversely, quarters 
infected with CNS may be more susceptible 
to new infections with S. agalactiae. Quarters 
that are infected with C. bovis are protected 
against S. aureus infection but not against 
most streptococcal species. 

Parity of Cow 

The prevalence of intramammary infection 
and subclinical infection caused by S. aureus 


increases with the parity of the cow. This is 
probably from the increased opportunity of 
infection with time and the prolonged dura¬ 
tion of infection, especially in a herd without 
a mastitis control program. 

Presence of Other Diseases 
The presence of periparturient diseases such 
as dystocia, parturient paresis, retained pla¬ 
centa, and ketosis has been identified as a 
risk factor for mastitis. The occurrence of 
sole ulcers in multiple digits may be associ¬ 
ated with S. aureus in the first lactation. 

Heredity 

Experimentally, the presence of certain 
bovine lymphocyte antigens increased the 
susceptibility to S. aureus infection, but heri- 
tability estimates of susceptibility after exper¬ 
imental challenge were low and unstable. 

Immune System 

The infection rate of S. aureus is dependent 
on the ability of the immune system to rec¬ 
ognize and to eliminate the bacteria. Staphy¬ 
lococcal antibodies are present in the blood 
of infected cows, but they appear to afford 
little protection against mastitis associated 
with S. aureus. This may be because of the 
low titer of the antibodies in the milk. Anti¬ 
body titers in the serum rise with age and 
after an attack of mastitis. 

The development or persistence of S. 
aureus mastitis depends on the interaction 
between invading bacteria and the host’s 
defense system, principally the somatic cells 
in an infected gland, which are more than 
95% polymorphonuclear cells. The number 
of bacteria isolated from milk samples of S. 
aureus- infected mammary glands is charac¬ 
terized by a cyclic increase and decrease con¬ 
comitant with an inverse cycling of the SCC. 
This relationship between SCC and numbers 
of bacteria indicates that the cells within the 
mammary gland have a central role in the 
pathogenesis of S. aureus infection. There 
appear to be qualitative changes in the ability 
of the animal’s somatic cells to phagocytose 
the bacteria. During the period of high SCC, 
the cells are able to kill bacteria 9000 times 
more efficiently than during the low-SCC 
period. The relative inability of the polymor¬ 
phonuclear cells to kill bacteria during the 
low-SCC period may explain the source of 
reinfection. Phagocytosis and killing of the 
bacteria may also be inefficient because of 
low concentrations of opsonins, a lack of 
energy source, and the presence of casein 
and fat globules in the milk. The function of 
the intramammary polymorphonuclear cell 
(somatic cells) may also be affected by 
immunosuppression induced by cortisol and 
dexamethasone in treated cows. 

Environmental and Management 
Risk Factors 

Several herd-level management risk factors 
are important for the spread of S. aureus. 
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Poor teat and udder cleaning can allow 
spread of the organism among quarters of 
the same cow, and can allow contamination 
of milking units, which are commonly trans¬ 
ferred among cows without washing or 
rinsing. The use of high-line parlors is a risk; 
this may be caused by the greater fluctuation 
in vacuum, especially when units are 
removed, leading to a greater occurrence of 
teat-end impacts in which bacteria in the 
milking unit may enter the teat canal to 
establish a new udder infection. 

Extensive surveys reveal that manage¬ 
ment procedures that are most effective in 
reducing infection rates and cell counts asso¬ 
ciated with infections with S. aureus are 

• Postmilking teat dipping 

• Maintaining a good supply of dry 
bedding for housed cows 

• Thorough disinfection of the teat orifice 
before infusing intramammary 
preparations 

• Milking clinical cases last 

Failure to use these management techniques 
will increase the risk of intramammary infec¬ 
tion with S. aureus. 

Pathogen Risk Factors 

Virulence Factors 

It has been known since 1961 that a variety 
of strains of S. aureus associated with clinical 
mastitis exist and that some of these strains 
appear to be more infectious within a herd, 
differing in the severity of clinical signs and 
persistence of infection. 3 ' 9 S. aureus has 
several virulence factors that account for its 
pathogenicity and persistence in mammary 
tissue in spite of adequate defense mecha¬ 
nisms and antimicrobial therapy. Most iso¬ 
lates from cattle appear to be host adapted 
and different from human S. aureus 
isolates. S. aureus has the ability to colonize 
the epithelium of the teat and the streak 
canal and can adhere and bind to epithelial 
cells of the mammary gland. The specific 
binding is to the extracellular matrix 
proteins fibronectin and collagen, which can 
induce the epithelial cell to internalize the 
organism, protecting it from both exogenous 
and endogenous bactericidal factors. Some 
strains of S. aureus are capable of invading 
bovine mammary epithelial cells in culture, 
and the invasion process requires eukaryotic 
nucleic acid and protein synthesis as well as 
bacterial synthesis. 

Some strains of S. aureus produce toxins, 
some of which may cause phagocytic dys¬ 
function. The P-toxin, or a combination of 
a- and p-toxins, is produced by most patho¬ 
genic strains isolated from cattle, but its 
pathogenic significance is uncertain. The p- 
toxin damages bovine mammary secretory 
epithelial cells, increases the damaging 
effects of a-toxin, increases the adherence of 
S. aureus to mammary epithelial cells, and 
increases the proliferation of the organism. 
All strains produce coagulase (hence the 
term coagulase-positive S. aureus), which 


converts fibrinogen into fibrin; this appears 
to assist the invasion of tissues. Leukocidin 
produced by S. aureus may inactivate neutro¬ 
phils. There is one report in a small number 
of cases that the presence of small colonies 
on bacterial culture (reflecting a slower rate 
of growth) is associated with chronic mastitis 
in cattle. 10 

Many staphylococcal strains (coagulase 
negative and coagulase positive) are able to 
produce an extracellular exopolysaccha¬ 
ride layer surrounding the cell wall called a 
biofilm. This capsular structure and its pro¬ 
duction of slime have been associated with 
virulence against host defense mechanisms 
because it facilitates bacterial adherence 
and colonization on mammary glandular 
epithelial cells and provides a protective 
“blanket” against immunologic attack and 
barrier to antibiotic diffusion. In addition, 
bacteria contained in a biofilm can have 
a low metabolic rate and therefore be less 
susceptible to antibiotic activity. 11 ' 14 Biofilm¬ 
forming ability has been identified in 36% 
to 38% of cows with subclinical S. aureus 
mastitis. 12,14 

A major pathogenic factor is the ability of 
the organism to colonize and produce micro¬ 
abscesses in the mammary gland so that it is 
protected from normal defense mechanisms, 
including phagocytic activity from neutro¬ 
phils. The difficulty in removing staphylo¬ 
cocci from an infected quarter is largely 
caused by the bacteria’s ability to survive in 
intracellular sites. There is also an ability to 
convert to a nonsusceptible L-form when 
exposed to antimicrobial agents and to 
return to standard forms when the antimi¬ 
crobial is withdrawn. 

Genotype of Strains 
Phage typing and ribotyping can be used to 
classify strains from clinical and subclinical 
S. aureus mastitis. DNA fingerprinting tech¬ 
niques, using PCR, are also being used to 
differentiate various strains of the organism. 
A large number of different types of S. aureus 
can be isolated from cases of bovine mastitis, 
but a few types predominate within different 
countries. Surveys have found that only a 
small number of genotypes cause most cases 
of S. aureus mastitis, which may be useful 
information in determining the dynamics of 
infection in a herd and how infection spreads 
from cow to cow. Fine-structure molecular 
epidemiologic analysis of S. aureus recovered 
from cows in the United States and Ireland 
indicates that only a few specialized clones of 
S. aureus are responsible for the majority of 
cases of bovine mastitis and that these clones 
have a broad geographic distribution. A pre¬ 
dominant strain is usually responsible for 
most clinical and subclinical S. aureus 
infections in a herd, and it is currently 
thought that S. aureus is a clonal organism 
that spreads from cow to cow. 3,5,6 Moreover, 
most strains isolated from milk are different 
from strains isolated from the teat skin. In 


other words, most S. aureus strains isolated 
from mastitis demonstrate both host and site 
specificity. This has important implications 
in the control of mastitis associated with S. 
aureus, because a rational and effective strat¬ 
egy for control of intramammary infections 
should be directed against clones that com¬ 
monly cause disease. 

Methicillin-Resistant 
Staphylococcus Aureus 
The increased concern about nosocomial 
methicillin-resistant S. aureus (MRSA) 
infections in human medicine and small 
animal practice 15 has led to surveys of MRSA 
prevalence in cattle with mastitis. In a study 
of 207 clinical mastitis cases in Iran, 20% 
were caused by S. aureus and 2.4% were 
caused by MRSA. 16 In 36 cows with subclini¬ 
cal mastitis in Brazil, 11% of infections were 
caused by MRSA, 1 and in Serbia 5% of 213 
S. aureus isolates were identified as MRSA. 18 
There are no data available indicating 
that the clinical course of MRSA mastitis epi¬ 
sodes in cattle differs from episodes caused 
by methicillin-susceptible strains of S. 
aureus; however, MRSA isolation in Italian 
herds was more likely to be isolated in herds 
with low S. aureus prevalence, with 9% of S. 
aureus isolates being MRSA. 19 

Economic Importance 

The overall prevalence of mastitis caused by 
S. aureus is much higher than for S. agalac- 
tiae, and the need for culling causes much 
greater economic consequences. The risk of 
new infections is a continuing concern. 
Response to treatment is comparatively poor, 
and satisfactory methods for the eradication 
of staphylococcal mastitis from infected 
herds have yet to be devised. 

Zoonotic Implications 

The presence of S. aureus in market milk may 
present a degree of risk to the consumer 
because of the organism’s capacity to produce 
enterotoxins and a toxic shock syndrome 
toxin, which cause serious food poisoning. 
Mastitic milk does not constitute any 
large risk for S. aureus enterotoxin food 
poisoning. 

PATHOGENESIS 

The disease can be reproduced experimen¬ 
tally by the injection of S. aureus organisms 
into the udder of cattle and sheep, but there 
is considerable variation in the type of mas¬ 
titis produced. This does not seem to be 
caused by differences in virulence of the 
strains used, although strain variations do 
occur, but may be related to the size of the 
inoculum used or, more probably, to the lac¬ 
tational status of the udder at the time of 
infection. It is possible to induce S. aureus 
infection in the bovine teat cistern; the teat 
tissues are able to mount a marked local 
inflammatory response, but in spite of large 
numbers of neutrophils that invade the teat 





they are unable to control the infection, 
except when the numbers of bacteria are low. 

Infection during early lactation may 
result in the peracute form of mastitis, with 
gangrene of the udder. During the later 
stages of lactation or during the dry period 
new infections are not usually accompanied 
by a systemic reaction but result in the 
chronic or acute forms. Chronic S. aureus 
mastitis in cows has been converted to the 
peracute, gangrenous form by the experi¬ 
mental production of systemic neutropenia. 

In the gangrenous form the death of 
tissue is precipitated by thrombosis of veins 
causing local edema and congestion of the 
udder. S. aureus is the only bacteria that 
commonly causes this reaction in the udder 
of the cow, and the resulting toxemia is 
caused by bacterial toxins and tissue destruc¬ 
tion. Secondary invasion by E. coli and Clos¬ 
tridium spp. contributes to the severity of the 
lesion and production of gas. 

The pathogenesis of acute and chronic S. 
aureus mastitis in the cow is the same; the 
variation occurs only in degree of involve¬ 
ment of mammary tissue. In both forms each 
focus commences with an acute stage char¬ 
acterized by proliferation of the bacteria in 
the collecting ducts and, to a lesser extent, in 
the alveoli. In acute mastitis the small 
ducts are quickly blocked by fibrin clots, 
leading to more severe involvement of the 
obstructed area. 

In the chronic form there are fewer foci 
of inflammation, and the reaction is milder; 
the inflammation is restricted to the epithe¬ 
lium of the ducts. This subsides within a few 
days and is replaced by connective tissue 
proliferations around the ducts, leading to 
their blockage and atrophy of the drained 
area. The leukocyte infiltration into the 
stroma, the epithelial lining, and the lumina 
indicate an obvious deficiency of secretory 
and synthesizing capacity caused by limita¬ 
tion of the alveolar lumina and the disten¬ 
sion of the stroma area. 

A characteristic of chronic S. aureus mas¬ 
titis that is important in its diagnosis is the 
cyclical shedding of the bacteria from the 
affected quarter. Paralleling this variation is 
a cyclical rise and fall in the number of poly¬ 
morphonuclear cells in the milk and their 
capacity to phagocytose bacteria. In some 
cases abscesses develop and botryomycosis 
of the udder, in which granulomata develop 
containing gram-positive cocci in an amor¬ 
phous eosinophilic mass, is also seen. 

CLINICAL FINDINGS 
Chronic Staphylococcus 
aureus Mastitis 

The most important losses are caused by the 
chronic form or subclinical form of mastitis. 
Although 50% of cattle in a herd may be 
affected, only a few animals will have 
abnormalities recognizable by the milker. 
Many cases are characterized by a slowly 
developing induration and atrophy with 
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the occasional appearance of clots in the milk 
or wateriness of the first streams. The SCC of 
the milk is increased, as well as the CMT 
results of infected quarters, but the disease 
may go unnoticed until much of the func¬ 
tional capacity of the gland is lost. The infec¬ 
tion can persist and the disease may progress 
slowly over a period of many months. 

Acute and Peracute Staphylococcus 
aureus Mastitis 

Acute and peracute staphylococcal mastitis 
are rare but do occur and can be fatal, even 
if aggressively treated. Acute S. aureus mas¬ 
titis is most common in early lactation. 
There is severe swelling of the gland, and the 
milk is purulent or contains many thick 
clots. Extensive fibrosis and severe loss of 
function always result. 

Peracute S. aureus mastitis occurs 
usually in the first few days after calving and 
is highly fatal. There is a severe systemic 
reaction with elevation of the temperature to 
41°C to 42°C (106°F-107°F), rapid heart rate 
(100-120 beats/min), complete anorexia, 
profound depression, absence of ruminal 
movements, and muscular weakness, often 
to the point of recumbency. The onset of the 
systemic and local reactions is sudden. The 
cow may be normal at one milking and 
recumbent and comatose at the next. The 
affected quarter is grossly swollen, hard and 
sore to touch, and causes severe lameness on 
the affected side. 

Gangrene is a constant development and 
may be evident very early. A bluish discolor¬ 
ation develops that may eventually spread to 
involve the floor of the udder and the whole 
or part of the teat, or may be restricted to 
patches on the sides and floor of the udder. 
Within 24 hours the gangrenous areas 
become black and ooze serum and may be 
accompanied by subcutaneous emphysema 
and the formation of blisters. The secretion 
is reduced to a small amount of bloodstained 
serous fluid without odor, clots, or flakes. 
Unaffected quarters in the same cow are 
often swollen, and there may be extensive 
subcutaneous edema in front of the udder 
caused by thrombosis of the mammary 
veins. Toxemia is profound, and death 
usually occurs unless early, appropriate treat¬ 
ment is provided. Even with early treatment 
the quarter is invariably lost and the gangre¬ 
nous areas slough. Separation begins after 6 
to 7 days, but without interference the gan¬ 
grenous part may remain attached for weeks. 
After separation, pus drains from the site for 
many more weeks before healing finally 
occurs. 

CLINICAL PATHOLOGY 
Culture of Individual Cow Milk 

Bacteriologic culture of milk is the best 
method for identifying cows with S. aureus 
intramammary infection. A problem in the 
laboratory identification of S. aureus is that 

bacteria are shed cyclically from infected 


quarters, thus a series of samples are neces¬ 
sary to increase overall test sensitivity 
when culture is used. The sensitivity of a 
composite (4-quarter) sample may be as low 
as 53%, but it is higher when performed on 
a quarter basis. 20 Factors that have the great¬ 
est impact on the sensitivity of culture, in 
order of importance, are the 

• Type of milk sample 

• Volume of milk cultured 

• Time interval between repeated milk 

sample collection strategies 

Quarter samples taken on day 1 and 
repeated either on day 3 or day 4, and cul¬ 
tured separately using 0.1 mL of milk for 
culture inoculum, were predicted to have 
sensitivities of 90% to 95% and 94% to 99%, 
respectively. Repeated quarter samples col¬ 
lected daily and cultured separately gave a 
sensitivity of 97% and a specificity from 
97% to 100%. Culturing of composite milk 
samples instead of individual quarter samples 
increases the number of false-negative results 
in diagnosing S. aureus mastitis, but the sen¬ 
sitivity of composite samples can be increased 
by using 0.05 mL of milk for inoculation 
instead of 0.01 mL, which is the volume rec¬ 
ommended by the National Mastitis Council 
(NMC). Freezing of milk samples before 
processing either does not affect the bacterial 
count or enhances it by about 200%; the 
latter response is attributed to fracturing of 
cells containing viable S. aureus bacteria. 
Bacterial counts of more than 200 CFU/mL 
are commonly used as a criterion for a posi¬ 
tive diagnosis of infection. 

Milk is typically plated onto sheep blood 
agar plates to facilitate the growth of a large 
range of potentially pathogenic microorgan¬ 
isms, but this does not facilitate the growth 
of all known pathogens. Biochemical tests 
such as a positive coagulase test and a posi¬ 
tive catalase test are routinely used to dif¬ 
ferentiate S. aureus from other gram-positive 
cocci. S. aureus grows very well on sheep 
blood agar and typically produces a zone of 
incomplete lysis of erythrocytes around the 
colony, which may contain an inner zone of 
complete lysis called double hemolysis. 21 The 
presence of double hemolysis is diagnostic 
for S. aureus, but colony types that do not 
demonstrate this morphology need a tube 
coagulase test to be positive to make a diag¬ 
nosis of S. aureus mastitis with 100% speci¬ 
ficity. However, it needs to be recognized that 
not all coagulase-positive staphylococci are 
S. aureus. Differentiation is best performed 
by subculturing colonies on sheep blood agar 
with complete hemolysis at 24 hours’ incuba¬ 
tion onto CHROMagar plates; S. aureus iso¬ 
lates grow on this media as mauve to rose 
colonies. 21 

MALDI-TOF MS shows great promise as 
a rapid method for accurately differentiating 
S. aureus from the other seven staphylococ¬ 
cal spp. that are coagulase positive by analyz¬ 
ing the metabolic signature of a bacterial 
colony in under 4 hours. 22 
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The Pathoproof Mastitis PCR assay has 
the highest test sensitivity (91%) and speci¬ 
ficity (99%) from cow-level composite 
samples, 20 and it may provide the preferred 
test method for composite milk samples 
when the trade-off between test cost, sensi¬ 
tivity, and specificity is evaluated. 

Numerous immunodiagnostic tests have 
been developed to diagnose S. aureus masti¬ 
tis, with an emphasis on rapid cowside diag¬ 
nostic tests, but none of these tests has been 
able to achieve the appropriate balance 
between sensitivity, specificity, and cost. 23 
Increased concentrations of haptoglobin and 
mammary-associated serum amyloid A 
occur in the milk of cows with S. aureus mas¬ 
titis, accompanied by increases in serum 
concentrations of haptoglobin and serum 
amyloid A. 24 

Culture of Bulk Tank Milk 

The culture of 0.3 mL of bulk tank milk for 
S. aureus using special Baird-Parker culture 
media is a practical method for detecting the 
organism in bulk tank milk and monitoring 
its spread in dairy herds; the sensitivity and 
specificity for detection of the bacteria 
ranged from 90% to 100%. 

Somatic Cell Counts and California 
Mastitis Test 

In an attempt to decrease the cost of sam¬ 
pling all quarters for culture, an alternative 
strategy is to use the SCC as a screening test 
to identify which cows to culture for S. 
aureus. For all intramammary infections, the 
sensitivity and specificity of SCC range from 
15% to 40% and 92% to 99%, respectively. 
Composite milk sample SCCs have a low 
sensitivity, ranging from 31% to 54% for 
detecting cows with S. aureus. Individual 
quarter SCCs have a higher sensitivity, 
ranging from 71% to 95% depending on the 
study and cut point chosen, but quarter sam¬ 
pling is impractical because SCC is usually 
performed on a composite sample. Both 
composite and quarter milk SCC testing 
result in an unacceptably high proportion of 
infected cows being missed, and are there¬ 
fore not currently recommended as a screen¬ 
ing test if the goal is to identify all cows 
with an S. aureus intramammary infection in 
the herd. 

CMT has also been used as a screening 
test to identify quarters or cows to culture. 
Using a CMT trace, 1, 2, or 3 to indicate the 
presence of an intramammary S. aureus 
infection produced a range of sensitivities 
from 0.47 to 0.96 and specificities of 
0.41 to 0.80. 20 

In summary, culture of quarter milk 
samples (preferably) or a composite milk 
sample is superior to a quarter SCC or CMT 
for the diagnosis of S. aureus intramammary 
infection. Culture is strongly preferred if it is 
important to identify all positive cows in a 
herd because the sensitivity of indirect tests 
(such as SCC and CMT) is inadequate. 


Enzyme-Linked Immunosorbent 
Assays for Antibody in Milk 

ELISA tests for detecting S. aureus antibody 
in milk have been developed but are not 
widely used. Rapid laboratory tests incorpo¬ 
rating these ELISAs, including the Staph- 
Zym test, have demonstrated 84% to 90% 
accuracy in identifying staphylococci. 

Acriflavine Disk Assay 

The acriflavine disk assay is a practical, accu¬ 
rate method for differentiating S. aureus iso¬ 
lates from non-S. aureus staphylococci. 

NECROPSY FINDINGS 

In peracute staphylococcal mastitis, the 
affected quarter is grossly swollen and may 
contain bloodstained milk dorsally but only 
serosanguineous fluid ventrally. There is 
extreme vascular engorgement and swelling, 
often progressing to moist gangrene of the 
overlying skin. Bacteria are not isolated from 
the bloodstream or tissues other than the 
mammary tissue and regional lymph nodes. 
Histologically, there is coagulation necrosis 
of glandular tissue and thrombosis of veins. 

In milder forms of staphylococcal masti¬ 
tis the invading organisms often elicit a gran¬ 
ulomatous response. Microscopically, such 
“botryomycotic” cases are characterized by 
granulomas with a central bacterial colony 
and by progressive fibrosis of the quarter. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: chilled mammary tissue, 
regional lymph node 

• Histology: fixed mammary tissue 


DIFFERENTIAL DIAGNOSIS 


Because of the occurrence of the peracute 
form in the first few days after parturition, 
the intense depression, and inability to rise, 
the dairy producer may conclude that the 
cow has parturient paresis, which is 
characterized by weakness, recumbency, 
hypothermia, rumen stasis, dilated pupils, 
tachycardia with weak heart sounds, and a 
rapid response to intravenous calcium 
gluconate. The mammary gland is usually 
normal in parturient paresis. 

Peracute S. aureus mastitis is 
characterized by marked tachycardia, fever, 
weakness, and evidence of severe clinical 
mastitis with swelling, heat, abnormal milk 
with serum and blood, and sometimes gas in 
the teat and often with gangrene of the teat 
up to the base of the udder. Other bacterial 
types of mastitis, particularly Escherichia coli 
and Trueperella pyogenes, may cause severe 
systemic reactions, but gangrene of the 
quarter is less common. 

Peracute coliform mastitis is a much 
more common cause of severe mastitis than 
S. aureus mastitis. The chronic and acute 


forms of staphylococcal mastitis are 
indistinguishable clinically from many other 
bacterial types of mastitis, and bacteriologic 
examination is necessary for identification. 


TREATMENT 

The bacteriologic cure rates for the treatment 
of S. aureus mastitis with either intramam¬ 
mary infusion or parenteral antimicrobial 
administration are notoriously less than sat¬ 
isfactory, particularly in the lactating cow. 
Bacteriologic cure rates after antimicrobial 
treatment seldom exceed 50%, and infec¬ 
tions commonly persist throughout the life¬ 
time of the cow. There are three likely 
reasons: inadequate penetration of the anti¬ 
microbial agent to the site of infection, 
formation of L-forms of S. aureus, and 
p-lactamase production. 

Inadequate Penetration of 
Antimicrobial Agent 
There is inadequate penetration of the anti¬ 
microbial agent into the site of intramam¬ 
mary infection in the lactating cow, and the 
organism survives in phagocytes that are 
inaccessible. There may also be inactivation 
of the antimicrobial by milk and serum con¬ 
stituents, and the formation of L-forms of the 
organism during treatment, varying between 
0% and 80% of bacteria. 

Antimicrobial Resistance 
Antimicrobial-resistant strains of S. aureus 
occur in specific geographic regions because 
of predominant S. aureus clones and are often 
p-lactamase producers; the enzyme confers 
resistance to p-lactam antimicrobial agents 
such as penicillin G, penethamate hydrio- 
dide, ampicillin, and amoxicillin. 25 This 
emphasizes the need for knowledge of local 
epidemiologic factors when determining 
treatment in cases in which the results of 
culture and susceptibility testing are not 
available. Cloxacillin and nafcillin are effec¬ 
tive, but only against gram-positive bacteria; 
they are less effective against nonlactamase 
staphylococci. Clavulanic acid added to 
amoxicillin overcomes this P-lactamase 
resistance as does cloxacillin added to ampi¬ 
cillin, and this is made use of in a popular 
intramammary formulation. First- and third- 
generation cephalosporins and erythromycin 
are effective against p-lactamase-producing 
staphylococci, and first- and third-generation 
cephalosporins are also effective against 
gram-negative bacteria. A cephapirin dry 
cow product administered to heifers with S. 
aureus infections resulted in bacteriologic 
cure and left the quarters clear well into their 
first lactation. Intramammary cloxacillin and 
ampicillin is generally considered to be the 
preferred initial treatment for S. aureus mas¬ 
titis because P-lactamase production by S. 
aureus is sufficiently common. 

Antimicrobial therapy for S. aureus sub- 
clinical mastitis during the lactating period 











is not economically attractive because of low 
bacteriologic cure rates, discarding of milk 
during the withholding period, and the lack 
of an economically beneficial increase in 
production following treatment. Dry cow 
treatment at the end of lactation is much 
more effective, being successful in 40% to 
70% of cases, although treatment should be 
attempted in heifers infected early in lacta¬ 
tion. Cows that are infected with S. aureus 
should be appropriately identified, segre¬ 
gated if possible, and milked last or with 
separate milking units. Culling of infected 
cows is also an option for consideration, but 
a detailed economic analysis of this popular 
recommendation is lacking. 

Lactating Cow Therapy 

The treatment of clinical cases of S. aureus 
mastitis using intramammary antimicrobial 
infusions is less than satisfactory but is often 
done. However, clinical recovery following 
therapy does not necessarily eliminate the 
infection, and some of the published litera¬ 
ture on cure rates has not made the distinc¬ 
tion between clinical and bacteriologic cure 
rates. Generally, the cure rate depends on the 
duration of infection, the number of quarters 
infected, whether it is a hindquarter or front 
quarter, whether the strain of S. aureus is a 
P-lactamase producer, the immune status of 
the cow, the antimicrobial agent adminis¬ 
tered, and the duration of treatment. Current 
recommendations to ensure the best treat¬ 
ment success rate are to combine intramam¬ 
mary and parenteral antimicrobial treatment 
or use extended intramammary treatment 
alone for 4 to 8 days. Penicillin G is regarded 
as the antimicrobial agent of choice for S. 
aureus strains that are penicillin sensitive. 
Intramammary pirlimycin also has good 
clinical efficacy when administered as 
extended therapy for 8 days. 1 An additional 
advantage of extended therapy with pirlimy¬ 
cin is decreased transmission of S. aureus 
infection within the herd and decreased inci¬ 
dence of strain-specific clinical mastitis 
within the herd. 1 

The following intramammary infusions, 
given daily at 24-hour intervals for 3 treat¬ 
ments (unless stated otherwise), have been 
used for the treatment of clinical cases of S. 
aureus mastitis, with expected clinical cure 
rates of about 27% to 60% in lactating cows. 
Subclinical cases are left until the cow is 
dried off: 

• Sodium cloxacillin (200-600 mg for 
three infusions) 

• Tetracyclines (400 mg) 

• Penicillin-streptomycin combination 
(100,000 units, 250 mg) 

• Penicillin-tylosin combination (100,000 
units, 240 mg) 

• Novobiocin (250 mg per infusion for 
three infusions) 

• Cephalosporins (most strains of 
S. aureus are sensitive to 
cephapirin) 
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• Cefquinome (75 mg per infusion for 

three infusions; fourth-generation 

cephalosporin) 

• Pirlimycin-extended therapy (eight 

50-mg doses, 24 hours apart, for 8 days) 

In a study of 184 cases of subclinical S. aureus 
mastitis in New York, commercially available 
intramammary infusions were not signifi¬ 
cantly more effective than untreated controls 
(43% bacteriologic cure), with the following 
bacteriologic cure rates: erythromycin (65%), 
penicillin (65%), cloxacillin (47%), amoxicil¬ 
lin (43%), and cephapirin (43%). In a multi- 
centered randomized clinical trial in Europe, 
extended intramammary treatment with cef¬ 
quinome improved clinical cure in lactating 
dairy cattle from 60% (three infusions 12 
hours apart) to 84% (additional three infu¬ 
sions 24 hours apart), but did not alter bac¬ 
teriologic cure. 26 

A slightly more effective treatment 
for subclinical S. aureus intramammary 
infection, with a cure rate of 50%, is simul¬ 
taneous intramammary infusion of amoxi¬ 
cillin (62.5 mg) and intramuscular injection 
of procaine penicillin G (9,000,000 units). 
This study was the first to demonstrate that 
combined parenteral and intramammary 
therapy was more effective than intramam¬ 
mary infusion alone. Because of the persis¬ 
tence of the infection in each herd, the final 
choice of the antimicrobial to be used should 
be based on a culture and susceptibility test; 
the latter is to determine whether the pre¬ 
dominant S. aureus strain in the herd is a 
(3-lactamase producer; this is because 
P-lactamase-producing strains are harder 
to cure and require a specific antibiotic 
protocol. The bacteriologic cure rate for 
penicillin-sensitive infections treated with 
parenteral and intramammary penicillin 
G was 76%, compared with p-lactamase- 
producing strains treated with parenteral 
and intramammary amoxicillin-clavulanic 
acid (29%). 

The application of cytokines as an adjunct 
to antimicrobial therapy may help to increase 
the number of phagocytes in the mammary 
gland and enhance cell function. The experi¬ 
mental intramammary infusion of recombi¬ 
nant interleukin into infected or uninfected 
mammary glands elicited an influx of poly¬ 
morphonuclear leukocytes exhibiting subse¬ 
quent enhanced activity and increased the 
cure rate 20% to 30% in quarters infected 
with S. aureus. 

A novel method for decreasing the trans¬ 
mission of S. aureus within a herd is to selec¬ 
tively cease lactation in infected quarters of 
lactating cattle. The best method for perma¬ 
nently drying off a quarter is infusion of 
120 mL of 5% povidone iodine solution 
(0.5% iodine) after complete milk out and 
administration of flunixin meglumine (1 mg/ 
kg BW, intravenously). Therapeutic cessation 
of milk production in one quarter does not 
alter daily milk production but does decrease 
individual cow SCC and its contribution to 


the bulk tank milk SCC. The final outcome 
of selectively drying off infected quarters is a 
decrease in the rate of new intramammary 
infections in the herds and a lowering in the 
bulk tank milk SCC. 

Peracute Mastitis 

Early parenteral treatment of peracute cases 
with adequate does of antimicrobials such as 
trimethoprim-sulfonamide or penicillin is 
deemed necessary to improve the survival 
rate. When penicillin is used the initial intra¬ 
muscular injection should be supported by an 
intravenous dose of crystalline penicillin, 
with subsequent intramuscular doses to 
maintain the highest possible blood level of 
the antimicrobial over a 4- to 6-day period; 
tamethicillin or penethamate hydriodide are 
preferred to achieve this. Intramammary 
infusions are of little value in such cases 
because of failure of the drugs to diffuse into 
the gland. The intravenous administration of 
large quantities of electrolyte solutions is also 
recommended. Hypertonic saline, as recom¬ 
mended for peracute coliform mastitis, has 
not yet been evaluated but may be indicated. 
Frequent massage of the udder with hot wet 
packs and milking out the affected gland is 
recommended. Oxytocin is used to promote 
letdown but is relatively ineffective in severely 
inflamed glands. Surgical amputation of the 
teat may be indicated to promote drainage of 
the gland, but only in cows with necrotic teats. 

Dry Cow Therapy 

It has become a common practice to leave 
chronic S. aureus cases until they are dried 
off before attempting to eliminate the infec¬ 
tion. The material is infused into each gland 
after the last milking of the lactation and left 
in situ. The major benefits of dry cow therapy 
are the elimination of existing intramam¬ 
mary infections and prevention of new 
intramammary infections during the dry 
period. In addition, milk is not discarded 
and bacteriologic cure rates are superior to 
those obtained during lactation. 

The factors associated with a bacterio¬ 
logic cure after dry cow therapy of subclini¬ 
cal S. aureus mastitis have been examined. 
The probability of cure of an infected quarter 
decreased when 

• SCC increased (>250,000 cells/mL) 26 

• Age of cow increased 

• Another quarter was infected in the 
same cow 

• Infection was in a hindquarter 

• The percentage of samples that were 
positive for S. aureus was higher before 
drying off 

Cows with more than one infected quarter 
were 0.6 times less likely to be cured than 
cows with one infected quarter. The cure rate 
of quarters affected with S. aureus can be 
predicted using a formula that considers 
several cow factors and quarter factors. The 
prediction of the probability of cure in an 
8-year-old cow with three quarters infected 
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with the organism and an SCC of 2,300,000 
is 36%. In a 3-year-old cow with one quarter 
infected and an SCC of 700,000, the proba¬ 
bility of cure is 92%. This information is 
often available at drying off and can be used 
to select cows that are unlikely to be cured to 
be removed from the herd by designating 
them as “do not breed” and culling when it 
is economically opportune. 

Most intramammary antimicrobial infu¬ 
sions are satisfactory for dry cow therapy 
provided they are combined with slow- 
release bases. Bacteriologic cure rates vary 
between herds from 25% to 75% and average 
about 50%. The use of parenteral antimicro¬ 
bials such as oxytetracycline along with an 
intramammary infusion of cephapirin did 
not improve the cure rate for S. aureus. 

CONTROL 

Because of the relatively poor results obtained 
in the treatment of staphylococcal mastitis, 
any attempt at control must depend heavily 
on effective methods of preventing the trans¬ 
mission of infection from cow to cow. S. 
aureus is a contagious pathogen, the udder is 
the primary site of infection, and hygiene in 
the milking parlor is of major importance. To 
reduce the source of the organism, a program 
of early identification, culling, and segrega¬ 
tion is important to control S. aureus masti¬ 
tis in a dairy herd, although successful 
implementation of all three aspects is chal¬ 
lenging. Satisfactory control of S. aureus 
mastitis has historically been difficult and 
unreliable; however, at the present time the 
quarter infection rate can be rapidly and 
profitably reduced from the average level of 
30% to 10% or less. 

The strategies and practices described 
under the control of bovine mastitis later in 
this chapter are highly successful for the 
control of S. aureus mastitis when applied 
and maintained rigorously. The control 
program includes the following: 

• Ensure optimal teat condition, 
particularly around the teat orifice. 

• Hygienic washing and drying of udders 
before milking, wearing disposable 
gloves during milking 

• Regular milking-machine maintenance 

• Teat dipping after milking. Teat dipping 
in 1% iodine or 0.5% chlorhexidine, 
either in 5% to 10% glycerin, is effective 
against S. aureus mastitis. In vitro 
studies have demonstrated that bacteria 
can grow at concentrations of iodine at 
<0.1% and chlorhexidine at <0.0002%. 27 
Teat dipping helps to eliminate infected 
quarters and reduces the new infection 
rate by 50% to 65% compared with 
controls, and the addition of glycerin to 
the teat dip improves teat and teat- 
orifice condition. The disinfection of 
hands or use of rubber gloves provides 
additional advantages. 

• Dry cow treatment on all cows 

• Culling cows with chronic mastitis 


• Milking infected cows last (very difficult 

to implement in free-stall housing or 

pasture feeding) 

An alternative but radical control strategy 
when all else has failed is to permanently dry 
off the infected quarter using a povidone 
iodine infusion. 

Vaccination 

Immunization against S. aureus mastitis has 
been widely researched for 100 years. Differ¬ 
ent vaccines based on cellular or soluble anti¬ 
gens with and without adjuvants have been 
given to dairy cows, but protection against 
infection and clinical disease has been unsat¬ 
isfactory when used in the field. Currently 
available vaccines are autogenous bacterins 
(made to order using isolates from clinical 
cases on the farm), recombinant protein, 
DNA-recombinant protein, or contain one 
or more S. aureus strains that are thought to 
provide good cross-protection. 28 The goals of 
such vaccines are to decrease the severity of 
clinical signs and increase the cure rate, par¬ 
ticularly when administered to heifers before 
they calve. Vaccination has also been used 
simultaneously with antimicrobial therapy 
during lactation or at dry off in an attempt 
to augment the cow’s immune response, 
with mixed success. For example, combined 
administration of 3 doses of a polyvalent 
S. aureus bacterin over 21 days and intra¬ 
mammary administration of pirlimycin 
in all 4 quarters once daily for 5 days 
(days 16-20) eliminated S. aureus infec¬ 
tion at a higher rate (40%) than untreated 
controls (9%). 29 

Based on published efficacy studies, cur¬ 
rently available vaccines cannot be recom¬ 
mended as part of the routine measures for 
controlling S. aureus mastitis. Challenges 
with developing an effective vaccine include 
the intracellular location of infection, ability 
to produce a biofilm, and insufficient 
vaccine-induced opsinizing antibody in milk 
to facilitate phagocytosis and clearance of 
S. aureus from infected mammary gland 
tissue. 3031 

Development of an effective S. aureus 
vaccine remains one of the most important 
issues confronting the control of infectious 
diseases in cattle. 


TREATMENT AND CONTROL 


Treatment 

Treat mild to moderate clinical cases during 
lactation with penicillin G formulation if 
susceptibility is known, otherwise 
administer |3-lactamase-resistant 
intramammary formulation; consider using 
extended therapy (R-1). 

Treat moderate to severe clinical cases during 
lactation with parenteral fl-lactamase 
antimicrobial (such as penethamate 
hydriodide) and intramammary formulation; 
consider using extended therapy (R-1). 


Treat subclinical infections in freshly calved 
heifers with penicillin G formulation if 
susceptibility is known, otherwise 
administer fi-lactamase-resistant 
intramammary formulation; consider using 
extended therapy (R-1). 

Treat subclinical infections during lactation 
(R-3). 

Control 

Implement 10-point mastitis control plan (R-1). 

Cull chronically infected 5. aureus mastitis 
cows (R-1). 

Blanket dry cow therapy with fi-lactamase- 
resistant intramammary formulation (R-1) 

Milk S. aureus-infected cows last (R-2). 

Eradicate infection from herd (R-2). 

Vaccinate using S. aureus bacterins (R-3). 
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STREPTOCOCCUS AGALACTIAE 


SYNOPSIS 


Etiology Streptococcus agalactiae is a major 
pathogen of the mammary gland and a 
common cause of contagious bovine 
mastitis in some countries. 

Epidemiology Major cause of mastitis in 
dairy herds without an effective mastitis 
control program. Prevalence of infection 
10%-50% of cows and 25% of quarters. 

In herds with an effective control program 
there is a prevalence of less than 10% of 
cows. Has been eliminated from many 
herds with treatment and control. Highly 
contagious obligate pathogen. Infection is 
transmitted at milking. 

Clinical findings Individual repeated episodes 
of subacute to acute mastitis are most 
common. Gland is swollen and warm, and 
milk is watery and contains clots. Gradual 
induration of udder if not treated 

Clinical pathology Culture of individual cow 
milk samples or bulk tank milk samples. 
Latex agglutination test 

Necropsy findings Not important 

Diagnostic confirmation Latex agglutination 
test for specific identification of organism 

Differential diagnosis Cannot differentiate 
clinically from other causes of acute and 
chronic mastitis. Must culture milk 

Treatment Mastitis associated with S. 
agalactiae in lactating cows is sensitive to 
intramammary therapy with a wide variety 
of antimicrobial agents resulting in a high 
rate of clinical and bacteriologic cures. Blitz 
therapy (simultaneous treatment of all 
positive cows in a herd) is commonly used 
to reduce prevalence of infection in herd. 

Control Eradication is possible. Identify and 
treat infected quarters, cull incurable cows. 
Premilking teat and udder sanitation, 
postmilking teat dipping, and dry cow 
therapy 


ETIOLOGY 

Streptococcus agalactiae infections with envi¬ 
ronmental streptococci are described in the 
next section. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

S. agalactiae was the major cause of mastitis 
before the antimicrobial era and is still a sig¬ 
nificant cause of chronic mastitis in which 
control procedures for contagious mastitis 
are not used. Herd prevalence rates of infec¬ 
tion range from 11% to 47%. Typically, in a 
herd infected with the pathogen, the preva¬ 
lence of infection could be as high as 50% of 
cows, but more recent surveys indicate much 
lower within-herd prevalences, ranging from 
8% to 10%. Where good hygienic measures 
and the efficient treatment of clinical cases 
are in general use, the prevalence of infection 
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within a herd will be less than 10% of cows. 
Following the use of antimicrobial agents, S. 
agalactiae was superseded by S. aureus and 
coagulase-negative Staphylococcus spp. as the 
major cause of bovine mastitis. In herds with 
a high bulk tank milk SCC, the probability is 
high that S. agalactiae infection is the most 
prevalent pathogen. 

Source of Infection 

S. agalactiae is a highly contagious obligate 
parasite of the bovine mammary gland. The 
main source of infection is the udder of 
infected cows, although when hygiene is 
poor contamination of the environment may 
provide an additional source. The teats and 
skin of cattle, milkers’ hands, floors, utensils, 
and clothes are often heavily contaminated. 
Sores on teats are the most common sites 
outside the udder for persistence of the 
organism. The infection may persist for up to 
3 weeks on hair and skin and on manure and 
bricks. The importance of environmental 
contamination as a source of infection is 
given due recognition in the general disin¬ 
fection technique of eradication. Spread of 
infection between herds is most often associ¬ 
ated with purchase of infected cows and 
heifers but can also result from hiring of 
relief milkers. 1 

Transmission of Infection 

Transmission from animal to animal is most 
common from the medium of milking 
machine liners, hands, udder cloths, and 
possibly bedding. 

The streak canal is the portal of entry, 
although there is doubt as to how invasion 
into the teat canal and then gland occurs. 
Suction into the teat during milking or imme¬ 
diately afterward does occur, but growth of 
the bacteria into the canal between milking 
also appears to be an important method of 
entry. It is difficult to explain why heifers that 
have never been milked may be found to be 
infected with S. agalactiae, although suckling 
between calves after ingestion of infected 
milk or contact with infected inanimate 
materials may be sources of infection. 

Risk Factors 

There is no particular breed susceptibility, 
but infection does become established more 
readily in older cows and in the early part of 
lactation. Poor hygiene, incompetent milking 
personnel, and faulty or maladjusted machin¬ 
ery are important risk factors. The most 
important risk factors are the failure to use 
postmilking teat dip and the selective or 
nonuse of dry cow therapy. The use of a 
common washrag or sponge is also a risk 
factor. Inadequate treatment of clinical cases 
of mastitis is also a frequent risk factor in 
infected herds. 

S. agalactiae has the ability to adhere to 
the mammary gland tissue, and the specific 
microenvironment of the udder is necessary 
for growth of the organism. The virulence of 


various strains of the organism is related to 
differences in their ability to adhere to the 
mammary epithelium. Bacterial ribotyping 
has been used to characterize strains of the 
organism to determine their geographic dis¬ 
tribution. The physical characteristics of the 
teat canal may influence the susceptibility to 
streptococcal infection. The mechanisms 
used by S. agalactiae to penetrate the teat 
canal are influenced more by the diameter of 
the teat canal lumen, as reflected by the peak 
flow rate, than by teat canal length. 

Economic Importance 

The disease is of major economic importance 
in milk production. In individual cows, the 
loss of production associated with S. agalac¬ 
tiae mastitis is about 25% during the infected 
lactation, and in affected herds the loss may 
be of the order of 10% to 15% of the potential 
production. Reduction of the productive life 
represents an average loss of one lactation 
per cow in an affected herd. Deaths caused 
by S. agalactiae infection rarely if ever occur, 
and complete loss of productivity of a quarter 
is uncommon; the losses are incurred in the 
less dramatic but no less important fashion 
of decreased production per cow. 

PATHOGENESIS 

When the primary barrier of the streak canal 
is passed, if bacteria are not flushed out by 
the physical act of milking they proliferate 
and invasion of the udder tissue follows. 
There is considerable variation between cows 
in the developments that occur at each of 
the three stages of invasion, infection, and 
inflammation. The reasons for this variation 
are not clear, but resistance appears to 
depend largely on the integrity of the lining 
of the teat canal. After the introduction of 
infection into the teat, the invasion, if it 
occurs, takes 1 to 4 days and the appearance 
of inflammation 3 to 5 days. Again there is 
much variation between cows in the response 
to tissue invasion, and a balance may be set 
up between the virulence of the organism 
and undefined defense mechanisms of the 
host so that very little clinically detectable 
inflammation may develop despite the per¬ 
sistence of a permanent bacterial flora. 

The development of mastitis associated 
with S. agalactiae is essentially a process of 
invasion and inflammation of lobules of 
mammary tissue in a series of crises, particu¬ 
larly during the first month after infection. 
Each crisis develops in the same general 
pattern. Initially there is a rapid multiplica¬ 
tion of the organism in the lactiferous ducts, 
followed by passage of the bacteria through 
the duct walls into lymphatic vessels and to 
the supramammary lymph nodes, and an 
outpouring of neutrophils into the milk 
ducts. At this stage of initial tissue invasion, 
a short-lived systemic reaction occurs, and 
the milk yield falls sharply as a result of inhi¬ 
bition and stasis of secretion caused by 
damage to acinar and ductal epithelium. 
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Fibrosis of the interalveolar tissue and invo¬ 
lution of acini result even though the tissue 
invasion is quickly cleared. Subsequently, 
similar crises develop and more lobules are 
affected in the same way, resulting in a step¬ 
wise loss of secretory function with increas¬ 
ing fibrosis of the quarter and eventual 
atrophy. 

The clinicopathologic findings vary with 
the stage of development of the disease. Bac¬ 
terial counts in the milk are high in the early 
stages but fall when the SCC rises at the same 
time as swelling of the quarter becomes 
apparent. In some cases bacteria are not 
detectable culturally at this acute stage. The 
SCC rises by 10 to 100 times normal during 
the first 2 days after infection and returns to 
normal over the next 10 days. The febrile 
reaction is often sufficiently mild and short¬ 
lived to escape notice. When the inflamma¬ 
tory changes in the epithelial lining of the 
acini and ducts begin to subside, the shed¬ 
ding of the lining results in the clinical 
appearance of clots in the milk. Thus the 
major damage has already been done when 
clots are first observed. At the stage of acute 
swelling, it is the combination of inflamed 
interalveolar tissue and retained secretion in 
distended alveoli that causes the swelling. 
Removal of the retained secretion at this 
stage may considerably reduce the swelling 
and permit better diffusion of drugs infused 
into the quarter. Inflammatory reactions also 
occur in the teat wall of affected quarters. 

The variations in resistance between cows 
and the increased susceptibility with advanc¬ 
ing age are unexplained. Hormonal changes 
and hypersensitivity of mammary tissue to 
streptococcal protein have both been 
advanced as possible causes of the latter. 
Local immunity of mammary tissue after an 
attack probably does not occur, but there is 
some evidence to suggest that a low degree 
of general immunity may develop. The rapid 
disappearance of the infection in a small pro¬ 
portion of cows in contrast to the recurrent 
crises that are the normal pattern of develop¬ 
ment suggests that immunity does develop in 
some animals. The antibodies are hyaluroni- 
dase inhibitors and are markedly specific for 
specific strains of the organism. A nonspe¬ 
cific rise in other antibodies may occur 
simultaneously, and this is thought to 
account for the field observations that coin¬ 
cident streptococcal and staphylococcal 
infections are unusual and that the elimina¬ 
tion of one infection may lead to an increased 
incidence of the other. 

CLINICAL FINDINGS 

In the experimentally produced disease, 
there is initially a sudden episode of acute 
mastitis, accompanied by a transient fever, 
followed at intervals by similar attacks, 
which are usually less severe. In natural cases 
fever, lasting for a day or two, is occasionally 
observed with the initial attack, but the 
inflammation of the gland persists and the 


subsequent crises are usually of a relatively 
mild nature. These degrees of severity may 
be classified as abnormal cow when the 
animal is febrile and off its feed; abnormal 
gland when the inflammation of the gland is 
severe, but there is no marked systemic reac¬ 
tion; and abnormal secretion when the 
gland is not greatly swollen, pain and heat 
are absent, and the presence of clots in 
watery foremilk may be the only apparent 
abnormality. Induration is most readily pal¬ 
pable at the udder cistern and in the lower 
part of the udder and varies in degree with 
the stage of development of the disease. 

The milk yield of affected glands is mark¬ 
edly reduced during each crisis but, with 
proper treatment administered early, the 
yield may return to almost normal. Even 
without treatment the appearance of the 
milk soon becomes normal, but the yield is 
significantly reduced and subsequent crises 
are likely to reduce it further. 

CLINICAL PATHOLOGY 

The CAMP test, which has served as the uni¬ 
versally used means of identifying S. agalac¬ 
tiae for many years, has been displaced by a 
commercial latex agglutination test, which 
contains specific reagents necessary for the 
identification of S. agalactiae and is suitable 
for general laboratory use. When used on 
isolates of samples from bulk tank milk, the 
sensitivity and specificity are 97.6% and 
98.2%, respectively. An ELISA test correlates 
well with the bulk tank milk SCC and pro¬ 
vides a suitable alternative. 

The critical judgment to be made is 
deciding when the quarter infection rate is 
so high that control or eradication measures 
are necessary. A decision can be made on the 
basis of the bulk tank milk SCC as an indica¬ 
tor of the prevalence of mastitis on a quarter 
basis and on culture of the bulk tank milk 
sample to indicate that S. agalactiae is the 
important pathogen, but this approach is too 
inaccurate to be recommended. There seems 
to be no alternative to performing bacterio- 
logic culture and determining SCC on milk 
samples from individual cows or quarters. 
Milk samples collected for bacteriologic 
examination for the presence of S. agalactiae 
can be stored in the frozen state. The number 
of samples that will be culturally positive 
when the stored frozen samples are thawed 
will either be unchanged or enhanced up to 
200%; the latter response is attributing to 
fracturing of cellular debris containing S. 
agalactiae. 

Culture From Bulk Tank Milk Samples 

The presence of the organism in bulk tank 
milk is caused by shedding of bacteria from 
infected quarters, and cyclic shedding is 
typical. The specificity of culture from bulk 
tank milk is very high; the sensitivity is more 
variable and typically much lower but can 
be increased by using selective media. A 
rapid, real-time quantitative PCR assay, the 


PathoProof mastitis PCR, provides a useful 
herd test when performed on bulk tank milk, 
because the test detects both growth- 
inhibited and nonviable bacteria. 2 When 
used at a cycle threshold of <40 this PCR test 
can be considered as a positive; however, for 
cycle thresholds >40 bacteriologic culture is 
recommended to confirm the presence of 
infection. A quantitative PCR assay specific 
for S. agalactiae has been developed. 3 

Total Bacterial Count 

The total bacterial count in bulk tank milk 
can be markedly increased because of the 
presence of S. agalactiae mastitis in the herd. 
Samples of bulk tank milk from infected 
herds commonly contain bacterial counts in 
the range of 20,000 to 100,000 CFU/mL, 
because a cow in the early stages of infection 
can shed up to 100,000,000 bacteria/mL. The 
standard plate count can drop from 100,000 
to 2,000 CFU/mL after implementation of a 
modified blitz therapy and control program 
to control S. agalactiae. 

Culture From Individual Cow Samples 

Composite milk samples are satisfactory, 
because the number of cows identified as 
positive does not increase by quarter sam¬ 
pling. The sensitivity and specificity of a 
single culture from individual cows ranges 
between 95% and 100%. 

Somatic Cell Count 

S. agalactiae produces high SCC in individ¬ 
ual cows, which has a significant influence 
on the bulk tank milk SCC. 

NECROPSY FINDINGS 

The gross and microscopic pathology of 
mastitis associated with S. agalactiae are not 
important in the diagnosis of the disease. 


DIFFERENTIAL DIAGNOSIS 


The clinical diagnosis of 5. agalactiae mastitis 
depends entirely on the isolation of S. 
agalactiae from the milk. Differentiation from 
other types of acute and chronic mastitis is 
not possible clinically. 


TREATMENT 

S. agalactiae is very sensitive to intramam¬ 
mary therapy using a wide variety of com¬ 
mercially available intramammary infusion 
preparations. Systemic therapy is also effec¬ 
tive but offers no advantages over the intra¬ 
mammary route. Clinical cases should be 
treated whenever they occur because of the 
need to prevent transmission to uninfected 
quarters and cows. Subclinical cases identi¬ 
fied at any stage of lactation should be 
treated immediately because of the excellent 
response to treatment. Treatment of S. aga¬ 
lactiae mastitis with intramammary infu¬ 
sions will result in a high percentage of 
infections being eliminated economically 
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and with few residual concerns, provided the 
milk withholding times are observed. 

Infections at all stages of lactation have 
90% to 100% cure rates with penicillin, 
erythromycin, cloxacillin, and cephalospo¬ 
rins. Gentamicin, neomycin, nitrofurazone, 
and polymyxin B have poor activity. Pro¬ 
caine penicillin G is universally used as a 
mammary infusion at a dose rate of 100,000 
units. Higher dose rates have the disadvan¬ 
tage of increasing penicillin residues in the 
milk. A moderate increase in efficiency is 
obtained by using procaine penicillin rather 
than the crystalline product, and by using 
100,000 units of penicillin in a long-acting 
base the cure rate (96%) is significantly better 
than with quick-acting preparations (83%). 

To provide a broader spectrum of antimi¬ 
crobial efficiency penicillin is often com¬ 
bined with other drugs that are more effective 
against gram-negative organisms. A mixture 
of penicillin (100,000 units) and novobiocin 
(150 mg) provides a cure rate ranging from 
89% to 98%. It is necessary to maintain ade¬ 
quate milk levels for 72 hours: three infu¬ 
sions at intervals of 24 hours are 
recommended, but dosing with two infu¬ 
sions 72 hours apart, or one infusion of 
100,000 units, in a base containing mineral 
oil and aluminum monostearate, gives 
similar results. As a general rule clinical 
cases should be treated with three infusions, 
and subclinical cases, particularly those 
detected by routine examination in a control 
program, with one infusion. Recovery, both 
clinically and bacteriologically, should be 
achieved in at least 90% of quarters if treat¬ 
ment has been efficient. Intramuscular 
administration of ceftiofur is not efficacious 
as a treatment to eliminate the organism, 
compared with intramammary infusion of 
penicillin (100,000 units) and novobiocin 
(150 mg) daily for two treatments. Likewise, 
intramuscular administration of penetha- 
mate hydriodide (5 g) was not as effective as 
a treatment to eliminate S. agalactiae com¬ 
pared with intramammary infusion of ampi- 
cillin (75 mg) and cloxacillin (200 mg) twice 
daily for 3 days. 4 

Other antimicrobial agents used in the 
treatment of S. agalactiae infections include 
the tetracyclines and cephalothin, which are 
as effective as penicillin and have the added 
advantage of a wider antibacterial spectrum, 
an obvious advantage when the type of infec¬ 
tion is unknown. Neomycin is inferior to 
penicillin in the treatment of S. agalactiae 
mastitis, whereas tylosin and erythromycin 
appear to have equal efficacy. A single treat¬ 
ment with 300 mg of erythromycin is recom¬ 
mended as curing 100% of quarters infected 
with S. agalactiae. Lincomycin (200 mg) 
combined with neomycin (286 mg) and 
administered twice at 12-hour intervals also 
has good efficacy. In a study of 1927 cases of 
subclinical S. agalactiae mastitis in New 
York, all commercially available intramam¬ 
mary infusions were more effective than 


untreated controls (27% bacteriologic cure), 
with the following bacteriologic cure rates: 
amoxicillin (86%), erythromycin (81%), 
cloxacillin (77%), cephapirin (66%), penicil¬ 
lin (63%), hetacillin (62%), pirlimycin (44%). 

In dry cows, one infusion is sufficient, 
and milk concentrations of penicillin remain 
high for 72 hours. Cloxacillin eliminated the 
organism from 98% and 100% of infected 
cows in two different studies. 

Blitz Therapy 

The prevalence of subclinical mastitis caused 
by S. agalactiae can be reduced more rapidly 
by treatment of infected cows during lacta¬ 
tion than by dry cow therapy and postmilk¬ 
ing teat dipping. S. agalactiae is one of the 
few pathogens causing subclinical mastitis 
that can be treated economically during lac¬ 
tation and can be eliminated from herds with 
blitz antimicrobial therapy followed by 
good sanitation procedures. All cows are 
sampled, and those that are positive are 
treated simultaneously with penicillin and 
novobiocin. Cows not responsive to the first 
treatment are identified and retreated or 
culled. Failure to institute sanitation proce¬ 
dures for the control of the pathogen may 
result in subsequent outbreaks of mastitis. 

If blitz therapy of all infected cows is not 
possible because of the short-term effect of 
lost milk production on income, a modified 
treatment protocol is recommended. The 
herd is divided into two groups, based on a 
composite milk SCC of 500,000. Those cows 
in the high category are treated with 300 mg 
of erythromycin, intramammarily. When 
lactating cow numbers reach their lowest 
point, all animals are treated with the 
same product. At drying off, cows are treated 
with 500 mg of cloxacillin and 250 mg of 
ampicillin. 

CONTROL 

Eradication on a herd basis of mastitis asso¬ 
ciated with S. agalactiae is an accepted pro¬ 
cedure and has been undertaken on an area 
scale in some countries. The control mea¬ 
sures as outlined later in this chapter are 
designed especially for this disease and 
should be adopted in detail. If suitable 
hygienic barriers against infection can be 
introduced and if the infection can be elimi¬ 
nated from individual quarters by treatment, 
the disease is eradicable fairly simply and 
economically. 

The control program consists of 

• Identifying infected quarters 

• Treating infected quarters on two 

occasions if necessary 

• Culling incurable cows 

The control program is particularly applica¬ 
ble in herds in which an unacceptable level 
of clinical cases is backed by a high incidence 
of subclinical infections. Premilking teat 
and udder sanitation, postmilking teat 
dipping, and dry cow therapy are vital 
aspects of the control program. 


Vaccination 

Vaccination against S. agalactiae has been 
attempted and elicits systemic hyperimmu¬ 
nity but no apparent intramammary resis¬ 
tance. Development of an effective vaccine 
will be difficult because of the multiplicity of 
strains involved and the known variability 
between animals in their reaction to intra¬ 
mammary infection. 

Biosecurity 

As with any eradication program a high 
degree of vigilance is required to maintain a 
“clean” status. This is particularly so with 
mastitis caused by S. agalactiae. Breakdowns 
are usually caused by the introduction of 
infected animals, even heifers that have not 
yet calved, or the employment of milkers 
who carry infection with them. Most dairy 
farms in the United States are in an ongoing 
process of herd expansion or replacement 
acquisition by the addition of purchased 
animals. Introduction of contagious mastitis 
associated with S. agalactiae, S. aureus, and 
M. bovis is a common result. It has been rec¬ 
ommended that herd additions should be 
screened for these important pathogens; 
however, currently available screening tests 
do not have perfect sensitivity. 


TREATMENT AND CONTROL 


Treatment 

Treat clinical cases during lactation with 
penicillin G formulation (R-1). 

Consider blitz therapy of herd using 

intramammary formulation during lactation 
(R-2). 

Treat clinical cases during lactation with 
parenteral antimicrobial (such as 
penethamate hydriodide) (R-3). 

Control 

Implement 10-point mastitis control plan, 
including postmilking teat dip or spray (R-1). 

Blanket dry cow therapy with intramammary 
formulation (R-1) 

Eradicate infection from herd (R-1). 

Vaccinate against 5. agalactiae (R-3). 


FURTHER READING 

Keefe G. Update on control of Staphylococcus aureus 
and Streptococcus agalactiae for management of 
mastitis. Vet Clin North Am Food Anim Pract. 
2012;28:203-216. 
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CORYNEBACTERIUM BOVIS 

ETIOLOGY 

Cory neb acterium spp. are a common conta¬ 
gious cause of subclinical mastitis in dairy 
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cows, and 89% of isolates are C. bovis. 1 For 
this reason, mastitis isolates identified as 
Corynebacterium spp. are frequently termed 
C. bovis. It has been cultured from dairy 
cattle with clinical mastitis in 1.7% of cases 
and, in a herd that had controlled contagious 
mastitis pathogens, C. bovis was the only 
pathogen isolated in 22% of clinical mastitis 
episodes. There is considerable debate about 
the significance of C. bovis infections for 
mammary gland health and cow productiv¬ 
ity. For this reason, C. bovis is classified as a 
minor pathogen. 

EPIDEMIOLOGY 

The main reservoir of infection appears to be 
the teat canal region, but C. bovis is also iso¬ 
lated from the teat cistern, gland cistern, and 
mammary parenchyma. 2 C. bovis spreads 
rapidly from cow to cow in the absence 
of adequate teat dipping. It is extremely 
contagious, and the duration of intrama¬ 
mmary infection is long (many months). 
The prevalence of C. bovis is typically low 
in herds using an effective germicidal teat 
dip, good milking hygiene, and dry cow 
therapy. 

In vivo and in vitro studies have demon¬ 
strated that the bacteria has a predilection 
for the streak canal, and this predilection has 
been associated with a requirement for lipids 
(possibly in the keratin plug) for growth. It 
is possible that C. bovis infection in the 
streak canal may compete with ascending 
bacterial infections for nutrients, decreasing 
the new intramammary infection rate. Alter¬ 
natively, the mild increase in SCC associated 
with C. bovis infection might increase the 
ability of the quarter to respond to a new 
intramammary infection. The C. bovis 
genome has been sequenced, and this indi¬ 
cated a bacteria that is well equipped to 
reside in the bovine udder, particularly the 
streak canal. The genome contains a number 
of genes related to lipolysis, including metab¬ 
olism of glycerols and phosphoacylglycerols, 
and utilization of casein and lactose. 3 

Intramammary infection with C. bovis 
induces a higher than normal SCC, 2 increas¬ 
ing the resistance of the colonized quarter to 
invasion by a major pathogen. In particular, 
the lowest rate of intramammary infection 
with major pathogens is observed in quarters 
infected with C. bovis. 

CLINICAL FINDINGS 

An intramammary infection with C. bovis is 
infrequently associated with clinical disease 
but usually causes a mild to moderate 
increase in the SCC and a small increase in 
the CMT score. 4 Milk production losses 
are usually not detectable, and the mastitis 
is typically a thicker than normal milk 
(abnormal secretion); occasional cases also 
have a large firm gland (abnormal gland), 
with systemic signs of illness being unusual 
(abnormal cow). There are clear herd-to- 
herd differences in the apparent clinical 


pathogenicity of C. bovis, suggesting that 
strains of different virulence are present. 

TREATMENT 

C. bovis is very susceptible to penicillin, 
ampicillin, amoxicillin, cephapirin, and 
erythromycin and most other commercially 
available intramammary infusions. There is 
no need for parenteral treatment. The dura¬ 
tion of infection is prolonged (months) 
in animals not treated with antimicrobial 
agents. 

CONTROL 

Long-term intensive programs of teat 
dipping and dry cow therapy will markedly 
reduce the prevalence of C. bovis. Because of 
its status as a minor pathogen, specific 
control measures (such as vaccination) are 
not indicated. 


TREATMENT AND CONTROL 


Treatment 

Treat Corynebacterium bovis clinical mastitis 
episodes during lactation with an 
intramammary formulation (R-1). 

Control 

Implement 10-point mastitis control plan, with 
particular emphasis on teat dipping/ 
spraying and blanket dry cow 
intramammary treatment (R-1). 
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M. BOVIS AND OTHER 
MYCOPLASMA SR 

ETIOLOGY 

A number of species of Mycoplasma, espe¬ 
cially M. bovis and occasionally Mycoplasma 
species group 7, Mycoplasma F-38, M. argi- 
nini, M. bovirhinis, M. canadensis, M. bovi- 
genitalium, M. alkalescens, M. capricolium, 
M. californicum, and M. dispar, have been 
isolated from clinical cases. Other mycoplas- 
mas, not usually associated with the develop¬ 
ment of mastitis, also cause the disease when 
injected into the udder. There is also evi¬ 
dence of mastitis associated with Ureaplasma 
spp. A striking characteristic of the myco- 
plasmas is that they seem to be able to 
survive in the presence of large numbers of 
leukocytes in the milk. Antibodies to the 
bacteria have not been detectable in sera or 
whey from animals infected with some 
strains, but complement-fixing antibodies 
are present in the sera of animals recovered 
from infection with other strains. 


SYNOPSIS 


Etiology Mycoplasma bovis, other 
Mycoplasma spp. 

Epidemiology A highly contagious mastitis 
causing outbreaks of clinical mastitis. Most 
common in large herds with recent 
introductions. Transmitted within herds by 
bulk mastitis treatments and poor milking 
hygiene. Cows of all ages and any stage of 
lactation but those in early lactation are 
most severely affected. 

Clinical findings Sudden onset of clinical 
mastitis in many cows, usually all four 
quarters, marked drop in milk production 
and may stop lactating, swelling of the 
udder and gross abnormality of the milk 
without obvious signs of systemic illness, 
eventually udders atrophy and do not return 
to production. Can cause clinical, subclinical, 
and chronic intramammary infections. 

Calves suckling milk from infected cows may 
develop otitis media/interna. 

Clinical pathology Special culture and 
staining of milk techniques 

Necropsy findings Purulent interstitial 
mastitis 

Diagnostic confirmation Identification of 
pathogen in milk 

Differential diagnosis Epidemiology and 
clinical findings are characteristic of 
Mycoplasma mastitis. May resemble other 
causes of chronic mastitis unresponsive to 
treatment 

Treatment Not responsive to commonly used 
mastitis treatments protocols. Identify and 
cull affected cows for slaughter. 

Control Prevent entry of infected cows into 
herd. Eradicate infection by culling affected 
cows. 


Acholeplasma laidlawii is not a mastitis 
pathogen, but it has been observed that a 
high proportion of bulk tanks will give posi¬ 
tive cultural tests for it, especially during wet, 
rainy weather. This increase is accompanied 
by an increase of clinical mycoplasmal mas¬ 
titis caused by pathogenic mycoplasma. A. 
laidlawii is considered to be a milk contami¬ 
nant in these circumstances. 

The group of diseases, including mastitis, 
that are associated with Mycoplasma spp. in 
sheep and goats are dealt with separately. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

The disease was first reported in 1961 in the 
United States and since then has been 
recorded in Canada, Europe, Israel, and Aus¬ 
tralia. The quarter infection rate in infected 
herds varies widely. 

Source of Infection 

The epidemiology of the disease has been 
incompletely characterized. Mycoplasma 














mastitis is most common in large herds and 
in herds in which milking hygiene is poor 
and when cows are brought in from other 
farms or from public saleyards. Mycoplasma 
mastitis usually breaks out subsequently 
after a delay of weeks or even months. The 
delay in development of an outbreak may be 
related to the long-term persistence of the 
organism (more than 12 months) in some 
quarters, and some cows become shedders of 
the organism without ever exhibiting signs of 
severe clinical mastitis. 

M. bovis is capable of colonizing and sur¬ 
viving in the upper respiratory tract and the 
vagina, and extramammary colonization 
explains many of its epidemiologic para¬ 
doxes. An interesting epidemiologic obser¬ 
vation is the detection of mycoplasmas and 
infectious bovine rhinotracheitis virus in 
affected udders at the same time. The virus 
could be the much sought after unknown 
factor in the etiology of the disease. Out¬ 
breaks of mastitis are recorded concurrently 
with outbreaks of vaginitis and otitis media/ 
interna vestibulitis. 

Transmission 

Entry of the disease to a herd is usually 
by the purchase of animals and their intro¬ 
duction without quarantine. Transmission 
within a herd is most common at milking via 
machine milking or the hands of milkers. 1 
Transmission can also be through the use 
of bulk mastitis treatments administered 
through a common syringe and cannula. 
Although the disease occurs first in the inoc¬ 
ulated quarter, there is usually rapid spread 
to all other quarters. 

Hematogenous spread of M. bovis has 
been demonstrated. Colonization of body 
sites other than the mammary gland is 
common, and M. bovis isolates from the 
respiratory and urogenital systems are fre¬ 
quently the same M. bovis subtypes that 
cause mastitis. 

Mycoplasma spp. group 7 has also been 
isolated from cases of pneumonia and poly¬ 
arthritis in calves fed milk from cows with 
mycoplasmal mastitis. 

Risk Factors 

Cows of all ages and at any stage of lactation 
are affected, and cows that have recently 
calved show the most severe signs and dry 
cows the least severe signs. There are several 
recorded outbreaks in dairy herds in dry 
cows, and one of them is immediately after 
mammary infusions of dry period treatment 
that affected all quarters of all cows. 

Experimental production of the disease 
with M. bovis causes severe loss of milk pro¬ 
duction, a positive CMT reaction, and clots 
in the milk. Experimental infection produces 
little tissue necrosis, but Mycoplasma are 
detectable in many tissues, including blood, 
vagina, and fetus, indicating that hematoge¬ 
nous spread has occurred. It is also apparent 
that spread of infection between quarters in 
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one cow can be hematogenous. There are no 
significant pathologic differences between 
mastitis produced by M. bovigenitalium and 
M. bovis; however, M. bovis remains the most 
common cause of mycoplasmal mastitis in 
dairy cattle. 

Economic Importance 

The disease is a disastrous one because of the 
high incidence in affected herds and the 
almost complete cessation of lactation. Many 
cows fail to ever return to milking; as many 
as 75% of affected cows may have to be 
culled. 

PATHOGENESIS 

This is a purulent interstitial mastitis. 
Although infection probably occurs via the 
streak canal, the rapid spread of the disease 
to other quarters of the udder and occasion¬ 
ally to joints suggests that hematogenous 
spread may occur. The presence of the infec¬ 
tion in heifers milked for the first time also 
suggests that systemic invasion may be fol¬ 
lowed by localization in the udder. 

M. bovis appears to have a number of 
virulence attributes, with variable surface 
lipoproteins (Vsps) an important virulence 
factor. Some of these surface antigens are 
involved in the adherence of M. bovis to epi¬ 
thelial cells; adherence is important because 
the small genome of M. bovis means that the 
organism is dependent on the host for essen¬ 
tial biosynthetic pathways, such as amino 
acids, lipids, and nucleotides. The Vsps also 
play an important role in interacting with the 
cow’s immune system. 

CLINICAL FINDINGS 

In lactating cows, there is a sudden onset of 
swelling of the udder, a sharp drop in milk 
production, and grossly abnormal secretion 
in one or more quarters. In most cases all 
four quarters are affected, and a high- 
producing cow may fall in yield to almost 
zero between one milking and the next. Dry 
cows show little swelling of the udder. 
Although there is no overt evidence of sys¬ 
temic illness, and febrile reactions are not 
observed in most field cases in lactating 
cows, those that have recently calved show 
the most obvious swelling of the udder and 
may be off their feed and have a mild fever. 
However, cows infected experimentally show 
fever up to 41°C (105.5°F) on the third or 
fourth day after inoculation, which is at the 
same time the udder changes appear. The 
temperature returns to normal in 24 to 96 
hours. In some cases the supramammary 
lymph nodes are greatly enlarged. The classic 
clinical presentation is severe clinical mas¬ 
titis in multiple quarters of multiple cows 
with minimal systemic signs of disease. A 
few cows, with or without mastitis, develop 
arthritis in the knees and fetlocks. The 
affected joints are swollen, with the swelling 
extending up and down the leg. Lameness 
may be so severe that the foot is not put to 


the ground. 2 Mycoplasma may be present in 
the joint. 

The secretion from affected quarters is 
deceptive in the early stages because it 
appears fairly normal at collection; on stand¬ 
ing, however, a deposit, which may be in the 
form of fine, sandy material, flakes, or floc- 
cules, settles out leaving a turbid whey-like 
supernatant. Subsequently the secretion 
becomes scanty and resembles colostrum or 
soft cheese curd in thin serum. The secretion 
may be tinged pink with blood or show a 
gray or brown discoloration. Within a few 
days the secretion is frankly purulent or 
curdy, but there is an absence of large, firm 
clots. This abnormal secretion persists for 
weeks or even months. 

Affected quarters are grossly swollen. 
Response to treatment is very poor, and the 
swollen udders become grossly atrophied. In 
infection with one strain of the Mycoplasma, 
many cows do not subsequently come back 
into production, although some may produce 
moderately well at the next lactation. With 
other strains there is clinical recovery in 1 to 
4 weeks without apparent residual damage to 
the quarter. 

Mycoplasmal mastitis caused by M. bovi¬ 
genitalium may be very mild and disappear 
from the herd spontaneously and without 
loss of milk production. 

CLINICAL PATHOLOGY 

The causative organism can be cultured 
without great difficulty by a laboratory skilled 
in working with Mycoplasma. Samples for 
culture should be freshly collected and trans¬ 
ported at 4°C (39°F), and concurrent infec¬ 
tion with other bacteria is common. Diagnosis 
at the herd level can be made by culturing 
bulk tank milk or milk from cows with clini¬ 
cal mastitis or increased SCC. However, the 
sensitivity of bulk tank milk culturing is poor 
(33%—59%). A marked leukopenia, with 
counts as low as 1,800 to 2,500 cells/(J.L, is 
present when clinical signs appear and per¬ 
sists for up to 2 weeks. SCCs in the milk are 
very high, usually over 20,000,000 cells/mL. 
In the acute stages the organisms may be able 
to be visualized by the examination of a milk 
film stained with Giemsa or Wright- 
Leishman stain. Species identification of 
Mycoplasma isolates is usually done using 
immunofluorescence and homologous 
fluorescein-conjugated antibody or an indi¬ 
rect immunoperoxidase test (immunohisto- 
chemistry). Speciation of the causative 
Mycoplasma species is recommended. 

NECROPSY FINDINGS 

Grossly, diffuse fibrosis and granulomatous 
lesions containing pus are present in the 
mammary tissue. The lining of the milk 
ducts and the teat sinus is thick and rough¬ 
ened. On histologic examination the granu¬ 
lomatous nature of the lesions is evident. 
Metastatic pulmonary lesions have been 
found in a few longstanding cases. 
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Samples for Confirmation 
of Diagnosis 

• Mycoplasmology: chilled mammary 
tissue, regional lymph node (special 
media) 

• Histology: fixed mammary tissue 


DIFFERENTIAL DIAGNOSIS 


A presumptive diagnosis can be made based 
on the clinical findings, but laboratory 
confirmation by culture of the organism is 
desirable. Because the organism does not 
grow on standard media and other 
pathogenic bacteria are commonly present 
often lead to errors in the laboratory diagnosis 
unless attention is drawn to the characteristic 
field findings. 


TREATMENT 

The majority of M. bovis strains isolated 
from cattle are susceptible in vitro to 
fluoroquinolones, florfenicol, and tiamulin. 
Approximately half of the isolates are suscep¬ 
tible to spectinomycin, tylosin, and oxytetra- 
cycline, and very few isolates are susceptible 
in vitro to gentamicin, tilmicosin, ceftiofur, 
ampicillin, or erythromycin. The clinical rel¬ 
evance of these in vitro susceptibility data 
to treating mycoplasmal mastitis remains 
questionable. 

Cows diagnosed with mycoplasmal mas¬ 
titis should be considered to be infected for 
life. None of the common antimicrobial 
agents appear to be effective and oil-water 
emulsions used as intramammary infusions 
appear to increase the severity of the disease. 
Parenteral treatment with oxytetracycline 
(5 g intravenously, daily for 3 days) has been 
shown to cause only temporary improve¬ 
ment. A mixture of tylosin 500 mg and tet¬ 
racycline 450 mg used as an infusion cured 
some quarters. Unless treatment is adminis¬ 
tered very early in the course of the disease, 
the tissue damage has already been done. 

A puzzling observation in one study was 
that identification of infected cows and pref¬ 
erential culling of these cows was not associ¬ 
ated with eliminating the infection from the 
herd, provided that good milking practices 
were followed. 5 Infection was eliminated 
from most herds in that study within 1 
month of the initial diagnosis. 3 

CONTROL 

Prevention of introduction of the disease 
into a herd appears to depend on avoidance 
of introductions, or isolating introduced 
cows until they can be checked for mastitis. 
A popular biosecurity recommendation is to 
culture the milk of all replacement cows for 
M. bovis, but the sensitivity and specificity of 
milk culture in cows with subclinical infec¬ 
tions appears to be low. The disease spreads 
rapidly in a herd, and affected animals should 
be culled immediately or placed in strict iso¬ 
lation until sale. Eradication of the disease 
can be achieved by culling infected cows 


identified by culturing milk and nasal swabs, 
especially at drying off and calving. When 
eradication is completed the bulk tank milk 
SCC is the best single monitoring device to 
guard against reinfection. An alternative 
program recommended for large herds is the 
creation of an infected subherd that is milked 
last. There appears to be merit in the frequent 
culturing of bulk milk samples as a surveil¬ 
lance strategy for problem herds and areas. 
Frequent culturing overcomes the poor sen¬ 
sitivity of bulk tank milk culturing. Cows 
with infected quarters are segregated into the 
subherd, and cows developing clinical illness 
or decreased milk yield are culled. 

Intramammary infusions must be per¬ 
formed with great attention to hygiene and 
preferably with individual tubes rather than 
multidose syringes. Most commercial teat 
dips are effective in control. Use of dispos¬ 
able latex gloves with disinfection of the 
gloved hands between cows may minimize 
transmission at milking. 

Vaccination is a possible development but 
is unlikely to be a satisfactory control measure 
because the observed resistance of a quarter 
to infection after a natural clinical episode is 
less than 1 year. This may be because of the 
presence of variable surface proteins that 
enable the pathogen to evade host immunity 
or because mycoplasmas appear to activate 
the host immune system via secreted second¬ 
ary metabolites. 4 An M. bovis bacterin is com¬ 
mercially available in the United States that 
contains multiple strains of M. bovis. Autog¬ 
enous bacterins have also been made for spe¬ 
cific herds; however, no vaccine has proven 
efficacy for preventing, decreasing the inci¬ 
dence of, or decreasing the severity of clinical 
signs of mycoplasmal bovine mastitis. 

Mycoplasma are sensitive to drying and 
osmotic changes but more resistant than bac¬ 
teria to the effects of freezing or thawing. 
Amputating the teats of affected quarters 
may result in heavy contamination of the 
environment and is not recommended. 
Because M. bovis can cause respiratory 
disease, otitis media/interna, and arthritis in 
calves, all colostrum and waste milk fed to 
calves should be pasteurized. 


TREATMENT AND CONTROL 


Treatment 

Identify, segregate, but do not treat infected 
cattle with confirmed subclinical or clinical 
mastitis caused by Mycoplasma bovis 
mastitis (R-1). 

Control 

Implement 10-point mastitis control plan (R-1). 

Eradicate infection from herd as soon as 
practical (R-1). 

Pasteurize waste colostrum or milk fed to 
suckling calves (R-2). 

Screen purchased cows for intramammary 
infection with M. bovis (R-2). 

Vaccinate using M. bovis bacterins (R-3). 


FURTHER READING 

Burki S, Frey J, Pilo P. Virulence, persistence, and 

dissemination of Mycoplasma bovis. Vet Microbiol. 
2015;179:15-22. 
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Mastitis of Cattle 
Associated With Teat Skin 
Opportunistic Pathogens 

COAGULASE-NEGATIVE 

STAPHYLOCOCCI 

Because of the intense investigation of 
coagulase-positive staphylococcal mastitis 
(S. aureus), coagulase-negative staphylococ¬ 
cal intramammary infections have come 
under closer scrutiny and are now among the 
most common bacteria found in milk, espe¬ 
cially in herds in which the major pathogens 
have been adequately controlled. There is 
considerable debate about the significance of 
these pathogens for the mammary gland and 
for cow productivity. 1-3 For this reason, these 
pathogens continue to be classified as minor 
pathogens. 

ETIOLOGY 

CNS are common but minor contagious 
pathogens that include S. epidermidis, S. 
hyicus, S. chromogenes, S. simulans, and S. 
warneri that are normal teat skin flora, and 
S. xylosus and S. sciuri that come from an 
uncertain site. At least 10 different species 
of CNS have been isolated from cattle with 
mastitis. S. simulans, S. chromogenes, and 
S. epidermidis are the predominant CNS 
species in bovine mastitis and are associated 
with persistent intramammary infection 4 ; 
S. simulans is a common isolate from older 
cows, whereas S. chromogenes is most fre¬ 
quently isolated from heifers before calving 
and during their first lactation. 

EPIDEMIOLOGY 

CNS are predominantly teat skin opportu¬ 
nistic pathogens and cause mastitis by 
ascending infection via the streak canal. 
They appear to have a protective effect 
against colonization of the teat duct and teat 
skin by S. aureus and other major pathogens, 
with the exception of E. coli and the environ¬ 
mental streptococci. Sources of CNS, other 
than the mammary gland and teat skin, are 
suspected to be in the dairy environment for 
some species, and it is likely that further 
investigation on a species level will identify 
species that are predominantly found in the 
environment 5 or have close human contact. 6 
Preliminary findings indicate that S. chromo¬ 
genes and S. epidermidis may be more host 
adapted to the bovine mammary gland and 
therefore have contagious characteristics. In 
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comparison, S. simulans and S. haemolyticus 
may have environmental reservoirs; there¬ 
fore their epidemiology may be more similar 
to that of environmental mastitis pathogens. 5 
Large differences from farm to farm have 
been reported. 

Studies in the United States found that 
20% to 70% of heifer quarters are infected 
before parturition with CNS, but these infec¬ 
tions are usually eliminated spontaneously 
or with antimicrobial therapy during early 
lactation. A survey of the prevalence and 
duration of intramammary infection in 
heifers in Denmark in the peripartum period 
found S. chromogenes in 15% of all quarters 
before parturition, but this decreased to 1% 
of all quarters shortly after parturition. In 
Finland, CNS are the most commonly iso¬ 
lated bacteria from milk samples of heifers 
with mastitis. Infections with S. simulans and 
S. epidermidis occurred in 1% to 3% of 
quarters both before and after parturition. 
Infection with S. simulans persisted in the 
same quarter for several weeks, but intra¬ 
mammary infections with S. epidermidis 
were transient. 

Coagulase-positive S. hyicus and S. inter¬ 
medins have been isolated from some dairy 
herds and can cause chronic, low-grade 
intramammary infection and be confused 
with S. aureus. The prevalence of infection 
with S. hyicus was 0.6% of all cows and 2% 
of heifers at parturition; the prevalence of 
infection of S. intermedins was less than 0.1% 
of cows. 

The major economic impact of CNS 
infection is that the mild to moderate 
increase in SCC, when coupled with a mod¬ 
erate to high prevalence of infection, may 
discount the price paid for milk. 8 S. simulans, 
S. chromogenes, and S. xylosus appear to 
increase SCC to a much greater degree 
during subclinical infection than other 
CNS. 7,9 Intramammary infection with CNS 
does not appear to have an effect on milk 
yield or composition. 3 For heifers, the pres¬ 
ence of a CNS intramammary infection at 
calving was associated with fewer cases of 
clinical mastitis and higher milk yield in 
their first lactation. 1 Based on these findings, 
the authors concluded that CNS intramam¬ 
mary infection around calving should not be 
a cause of concern. 1 

CLINICAL FINDINGS 

CNS are usually associated with mild clini¬ 
cal disease (abnormal secretion only and 
occasionally abnormal gland) and are com¬ 
monly isolated from mild clinical cases of 
mastitis and subclinical infections. For 
example, Staphylococcus spp. have been 
cultured from dairy cattle with clinical 
mastitis in 29% of cases, and subclinical 
infections usually induce a moderate increase 
in SCC. 

CLINICAL PATHOLOGY 

Intramammary infections by minor patho¬ 
gens such as CNS result in a higher than 


normal SCC, increasing the resistance of the 
colonized quarter to invasion by a major 
pathogen. Although these bacteria are 
capable of causing microscopic lesions, they 
are not nearly as pathogenic as S. aureus, and 
necropsy reports are lacking. 

A small number of CNS isolates are 
methicillin resistant, 10 and 54% of CNS in 
one study were identified to have slime- 
producing ability. 11 The epidemiologic or 
clinical relevance of these observations are 
not known. 

A major challenge with research into 
the role of CNS in bovine mastitis has 
been the lack of a sufficiently accurate but 
low-cost method for identifying CNS on 
the species level. Commercially available 
test kits that use biochemical tests do not 
appear to be sufficiently accurate to be 
used for research purposes, whereas analyti¬ 
cal methods using MALDI-TOF technology 
and molecular methods involving PCR show 
promise. 9 

TREATMENT 

Spontaneous cure is common. CNS, includ¬ 
ing S. chromogenes, S. hyicus, and others, are 
very susceptible to ampicillin, amoxicillin, 
clavulanic acid, cephapirin, erythromycin, 
gentamicin, potentiated sulfonamides, and 
tetracyclines, with some studies reporting 
resistance to penicillin. In a study of 139 
cases of subclinical coagulase-negative 
staphylococcal mastitis in New York, the 
bacteriologic cure rates of commercially 
available intramammary infusions were 
similar to that of untreated controls (72% 
bacteriologic cure), with the following bacte¬ 
riologic cure rates: cephapirin (89%), amoxi¬ 
cillin (87%), cloxacillin (76%), and penicillin 
(68%). The current consensus view is that an 
intramammary treatment duration of 2 to 3 
days should be used for cows with clinical 
signs of mastitis caused by CNS, because the 
mastitis usually responds well to treatment. 
Subclinical CNS infections usually do not 
need treatment because spontaneous elimi¬ 
nation is common, and the presence of 
bacteria in a milk sample may reflect 
contamination of the sample with teat skin 
flora. 

The use of a combination of novobiocin 
and penicillin, and cloxacillin as dry cow 
therapy for CNS gave cure rates of over 90%. 

CONTROL 

Implementation of a mastitis control 
program will be very effective in decreas¬ 
ing intramammary infection and clinical 
mastitis episodes caused by CNS. Because 
of its current categorization as an oppor¬ 
tunistic teat skin bacteria that can cause 
milk mastitis, attention should be focused 
on postmilking test dipping and opti¬ 
mizing teat skin condition, particularly 
around the teat orifice. Specific control 
measures (such as vaccination) are not 
indicated because of its status as a minor 
pathogen. 


TREATMENT AND CONTROL 


Treatment 

Treat clinical coagulase-negative staphylococci 
mastitis episodes during lactation with an 
intramammary formulation per label 
directions (R-1). 

Treat subclinical coagulase-negative 
staphylococci intramammary infections 
during lactation with an intramammary 
formulation (R-3). 

Control 

Implement 10-point mastitis control plan, with 
particular emphasis on postmilking teat 
dipping/spraying and optimizing teat 
condition, particularly around the teat 
orifice (R-1). 


FURTHER READING 

Pyorala S, Taponen S. Coagulase-negative 

staphylococci—emerging mastitis pathogens. Vet 
Microbiol. 2009;134:3-8. 

Taponen S, Pyorala S. Coagulase-negative staphylococci 
as cause of bovine mastitis—not so different from 
Staphylococcus aureus ? Vet Microbiol. 
2009;134:29-36. 
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Mastitis of Cattle 
Associated With Common 
Environmental Pathogens 

Environmental mastitis is associated with 
bacteria that are transferred from the envi¬ 
ronment to the cow rather than from other 
infected quarters. E. coli, Klebsiella spp., 
and environmental streptococci are the 
major pathogens causing environmental 
mastitis. 


COLI FORM MASTITIS 
ASSOCIATED WITH 
ESCHERICHIA COLI, KLEBSIELLA 
SP., AND ENTEROBACTER 
AEROGENES 

ETIOLOGY 

Many different serotypes of E. coli, numerous 
capsular types of Klebsiella spp. (most com¬ 
monly K. pneumoniae), and Enterobacter 
aerogenes are responsible for coliform 
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mastitis in cattle. E. coli isolated from the 
milk of cows with acute mastitis cannot be 
distinguished as a specific pathogenic group 
on the basis of biochemical and serologic test 
reactions. The incidence of antimicrobial 
resistance is also low in these isolates because 
they are opportunists originating from the 
alimentary tract, from which antimicrobial 
resistant E. coli are rarely found in adults. 
Other gram-negative bacteria that are not 
categorized as coliforms but can cause 
mastitis include Serratia, Pseudomonas, and 
Proteus spp. 


SYNOPSIS 


Etiology Many different serotypes of 
Escherichia coli, numerous capsular types 
of Klebsiella spp., and Enterobacter 
aerogenes. These are commonly 
called coliform bacteria; other 
gram-negative bacteria (such as 
Pseudomonas aeruginosa) can cause 
environmental mastitis but are not 
categorized as coliform bacteria. 

Epidemiology Dairy cattle housed in total 
confinement or drylot; uncommon in 
pastured cattle. Most important mastitis 
problem in well-managed, low-SCC herds. 
Quarter infection rate low at 2%-4%. 
Incidence highest in early lactation. Eight 
percent to 90% of coliform infections 
result in clinical mastitis; 8%-10% are 
peracute. Causes clinical mastitis rather 
than subclinical mastitis. Source of infection 
is environment between milkings, during 
dry period and prepartum in heifers. 

Isolates of E. coli are opportunists. Sawdust 
and shavings bedding contaminated with 
E. coli and Klebsiella spp. (particularly K. 
pneumoniae) are a major source of 
bacteria; much worse when wet (rainfall or 
high humidity). Coliform intramammary 
infection highest during 2 weeks following 
drying off and in 2 weeks before calving. 
Animal risk factors include: 

• Low SCC 

• Decrease of neutrophil function in 
periparturient cow 

• High susceptibility in early lactation 

• Contamination of teat duct 

• Selenium and vitamin E status 
Outbreaks of coliform mastitis do occur, and 
are commonly associated with major change 
in management of the environment 
(introduction of sawdust for bedding may 
result in outbreaks of Klebsiella mastitis). 
Clinical findings 

Acute: Swelling of gland, watery milk with 
small flakes, mild systemic response, 
recovery in a few days 
Peracute: Sudden onset of severe toxemia, 
fever, tachycardia, impending shock; 
cow may be recumbent. Quarter may or 
may not be swollen and warm, 
secretions thin and serous and 
contain very small flakes. May die in few 
days 


Clinical pathology Culture milk. Somatic cell 
count. Marked leukopenia, neutropenia, 
and degenerative left shift. Bacteremia may 
occur, particularly in severely affected 
cattle. 

Necropsy findings Edema, hyperemia, 
hemorrhages and necrosis of mammary 
tissue. Major changes in teat and lactiferous 
sinuses and ducts; invasion of organism into 
parenchyma is not a feature of E. coli. 

Diagnostic confirmation Culture of 
organism from milk and high SCC 

Differential diagnosis: 

• Parturient hypocalcemia paresis 

• Carbohydrate engorgement lactic acidosis 

Other causes of acute and severe mastitis 

(must culture milk): 

• Environmental streptococci 

• Staphylococcus aureus and Streptococcus 
agalactiae 

Treatment Must consider status and 
requirements for each case based on 
severity. Use of antimicrobial agents is 
indicated in moderately to severely affected 
animals; efficacy uncertain in mild cases. 
Some infections become persistent if 
antibiotics are not administered. Severely 
affected cattle also need supportive fluid 
and electrolyte therapy (such as hypertonic 
saline), and possibly NSAIDs for 
endotoxemia. 

Control Manage outbreaks by examination of 
environment. Improve sanitation and 
hygiene. Regular cleaning of barns. Dry 
bedding. Avoid crowding. Keep dry cows 
on pasture if possible. Replace sawdust and 
shavings with sand for bedding. Emphasize 
premilking hygiene, including premilking 
germicide teat dipping and keep cows 
standing for at least 30 minutes after 
milking. Core lipopolysaccharide antigen 
vaccine in dry period and early lactation to 
reduce incidence of clinical mastitis caused 
by gram-negative bacteria 


EPIDEMIOLOGY 
Occurrence of Clinical Mastitis 

The occurrence of coliform mastitis has 
increased considerably in recent years and is 
a cause for concern in the dairy industry and 
among dairy practitioners. Coliform mastitis 
occurs worldwide and is most common in 
dairy cattle that are housed in total confine¬ 
ment during the winter or summer months. 
Where cows are kept in total confinement in 
a drylot, outbreaks of coliform mastitis may 
occur during wet, heavy rainfall seasons. The 
disease is uncommon in dairy cattle that are 
continuously in pasture, but it has been 
reported in pastured dairy cattle in New 
Zealand. 

In contrast to contagious mastitis, 
environmental mastitis associated with coli¬ 
form bacteria is primarily associated with 
clinical mastitis rather than subclinical 


mastitis. Clinical mastitis associated with 
environmental pathogens (including the 
environmental streptococci) is now the most 
important mastitis problem in well-managed, 
low-SCC herds. In a survey of the incidence 
of clinical mastitis and distribution of patho¬ 
gens in dairy herds in the Netherlands, the 
average annual incidence was 12.7 quarter 
cases per 100 cows per year. The most fre¬ 
quent isolates from clinical cases were E. coli 
(16.9%), S. aureus (14.4%), S. uberis (11.9%), 
and S. dysgalactiae (8.9%). 

The incidence of clinical coliform mastitis 
is highest early in lactation and decreases pro¬ 
gressively as lactation advances. The rate of 
intramammary infection is about four times 
greater during the dry period than during 
lactation. The rate of infection is also higher 
during the first 2 weeks of the dry period and 
during the 2 weeks before calving. Eighty 
percent to 90% of coliform infections results 
in varying degrees of clinical mastitis in the 
lactating cow; approximately 8% to 10% of 
coliform infections result in peracute masti¬ 
tis, usually within a few days after calving. The 
disease also is common in herds that concen¬ 
trate calving over a short period of time. 

Prevalence of Infection 

The prevalence of both intramammary infec¬ 
tion and the incidence of clinical mastitis 
caused by coliform bacteria has increased, 
particularly in dairy herds with a low preva¬ 
lence of infection and incidence of clinical 
mastitis caused by S. aureus and S. agalactiae 
as a result of an effective mastitis control 
program. Compared with other causes of 
mastitis, coliform infections are relatively 
uncommon and, in databases on herd 
surveys, the percentage of quarters infected 
with these pathogens is low. The percentage 
of quarters infected at any one time is gener¬ 
ally low, at about 2% to 4%. 

In the UK, about 0.2% of quarters of cows 
may be infected at any one time. Surveillance 
of a dairy herd in total confinement in the 
United States indicated that infection with 
coliform bacteria by either day of lactation 
or day of the year never exceeded 3.5% of 
quarters, and this maximum was reached on 
the day of calving. However, coliform infec¬ 
tions may cause 30% to 40% of clinical 
mastitis episodes. In herds with a problem, 
up to 8% of cows have been infected with 
coliform bacteria, and 80% of the cases of 
clinical mastitis may be caused by coliform 
infections. 

Duration of Infection 

Coliform intramammary infections are 
usually of short duration. Over 50% last less 
than 10 days; about 70% less than 30 days; 
and only 1.5% exceed 100 days in duration. 

Source of Infection and Mode 
of Transmission 

The primary reservoir of coliform infection is 
the dairy cows environment (environmental 











Mastitis of Cattle Associated With Common Environmental Pathogens 


1945 


pathogen); this is in contrast to the infected 
mammary gland, which is the reservoir of 
major contagious pathogens (S. aureus and S. 
agalactiae ) and the main reservoir of infec¬ 
tion in cattle with M. bovis. Exposure of 
uninfected quarters to environmental patho¬ 
gens can occur at any time during the life of 
the cow, including during milking, between 
milkings, during the dry period, and before 
calving in heifers. 

Morbidity and Case Fatality 

In dairy herds with low bulk tank milk SCCs 
the average herd incidence of clinical masti¬ 
tis is 45 to 50 cases per 100 cows annually, 
with coliforms isolated from 30% to 40% of 
the clinical cases. This is similar to an average 
incidence of 15 to 20 cases of coliform 
mastitis per 100 cows in herds with low 
bulk tank milk SCCs. Other observations 
indicate that the number of clinical cases of 
coliform mastitis varies from 3 to 32 per 100 
cows per year, but the average incidence in 
dairy herds can be as low as 6 to 8 per 100 
cows per year. 

Coliform mastitis is one of the most 
common causes of fatal mastitis in cattle. The 
case-fatality rate from peracute coliform 
mastitis is usually high and may reach 80% 
in spite of intensive therapy. Outbreaks of the 
disease can occur with up to 25% of recently 
calved cows affected within a few weeks of 
each other. 

Risk Factors 
Pathogen Risk Factors 

The isolates of E. coli from bovine mastitic 
milk are simply opportunist pathogens 
and represent a number of different strains 
that mostly lack known E. coli virulence 
factors. 1 This finding suggests that specific 
cow factors probably play a more important 
role in determining the severity of clinical 
signs after intramammary infection. 3 The 
isolates that cause coliform mastitis possess 
lipopolysaccharides (endotoxin), which 
form part of the outer layer of the cell wall 
of all gram-negative bacteria. Coliform bac¬ 
teria isolated from the milk of cows or from 
their environment have different degrees of 
susceptibility to the bactericidal action of 
bovine sera, and the majority of isolates that 
cause severe mastitis are serum resistant in 
some, but not all studies. 4,3 Serum-sensitive 
organisms are unable to multiply in normal 
glands because of the activity of bactericidins 
reaching milk from the blood. Of the strains 
of E. coli isolated from cases of mastitis in 
cattle in England and Wales, only those 
that were serum resistant were reisolated 
from expressed milk following intramam¬ 
mary inoculation of lactating cows. Other 
observations indicate that serum-resistant 
coliforms have no selected advantage over 
serum-susceptible coliforms in naturally 
occurring intramammary infections. Strains 
of Klebsiella that cause mastitis were resistant 
to bovine serum in one study. 


There are also somatic and capsular 
factors of coliforms that affect resistance to 
bovine bactericidal activity. The presence of 
long polar fimbriae and an enteroaggregative 
heat-stable enterotoxin are also prevalent in 
the majority, but not all, of the strains iso¬ 
lated from cattle with clinical E. coli mastitis. 5 
The fibronectin binding property of E. coli 
from bovine mastitis may be an important 
virulence factor that allows the organism to 
adhere to the ductular epithelium. E. coli iso¬ 
lates from clinical mastitis cases were able to 
resist phagocytosis by neutrophils, multiply 
faster, and ferment lactose more quickly than 
environmental E. coli isolates from the 
environment. 4 

A minority of E. coli intramammary 
infections result in persistent infection. E. 
coli strains that are more likely to result in 
persistent infections are better able to invade 
and replicate within mammary epithelial 
cells than strains that do not result in persis¬ 
tent infections and were more likely to be 
resistant to multiple antibiotics. 6,7 

Environmental Risk Factors 

All the environmental components that 
come in contact with the udder of the cow 
are considered potential sources of the 
organisms. The coliform bacteria are oppor¬ 
tunists, and contamination of the skin of the 
udder and teats occurs primarily between 
milkings when the cow is in contact with 
contaminated bedding rather than at the 
time of milking. Feces, which are a common 
source of E. coli, can contaminate the 
perineum and the udder directly or indi¬ 
rectly through bedding, calving stalls, drylot 
grounds, udder wash water, udder wash 
sponges and cloth rags, teat cups, and 
milkers’ hands. Cows with chronic coliform 
mastitis also provide an important source of 
bacteria, and direct transmission probably 
occurs through the milking machine. 
Inadequate drying of the base of the udder 
and the teats after washing them before 
milking can lead to a drainage of coliform- 
contaminated water down into the teat cups 
and subsequent infection. 

Bedding 

Sawdust and shavings used as bedding that 
are contaminated and harbor E. coli, and 
particularly K. pneumoniae, are major risk 
factors for coliform mastitis. Cows bedded 
on sawdust have the largest teat-end popu¬ 
lation of total coliforms and klebsiellae; 
those bedded on shavings have an interme¬ 
diate number, and those on straw have the 
least. Experimentally, the incubation of 
bedding samples at 30°C to 44°C (86°F- 
111°F) resulted in an increase in the coli¬ 
form count; at 22°C (71°F) the count was 
maintained, and at 50°C (122°F) the bacte¬ 
ria were killed. Wet bedding, particularly 
sawdust and shavings, promotes the 
growth of coliform bacteria, especially 
Klebsiella spp. 


The relationship between the bedding 
populations of Enterobacteriaceae was 
studied over a 12-month period in a dairy 
herd. The analyses revealed that rainfall 
bedding populations of E. coli and coliform 
mastitis incidence were statistically indepen¬ 
dent, whereas there was a strong association 
between rainfall and K. pneumoniae bedding 
populations and the incidence of K. pneu¬ 
moniae mastitis. The lack of an association 
between bedding population of E. coli and 
coliform mastitis, along with the observation 
that cows are most susceptible immediately 
after parturition, suggest that the ability of 
the bacteria to penetrate the streak canal 
may be a factor of resistance in the cow and 
not a characteristic of the organism. Also, it 
appears that the cow in early lactation is not 
as susceptible to K. pneumoniae as to E. coli. 

The ability of several different bedding 
materials to support the growth of environ¬ 
mental pathogens has been outlined under 
controlled conditions. Bedding materials 
vary in their ability to support growth of dif¬ 
ferent pathogens, and under barn conditions 
it appears that high bacterial counts are 
influenced by factors more complex than the 
type of bedding alone. Even clean damp 
bedding may support bacterial growth. 

High populations of coliform bacteria on 
the teat end, unless accompanied by actual 
chronic quarter infection, are probably tran¬ 
sitory and represent recent environmental 
contamination that would usually be elimi¬ 
nated by an effective sanitation program at 
milking time. However, any teat skin popula¬ 
tion, whether associated with infection in 
another quarter, from contaminated teat cup 
liners or from other environmental sources, 
must be considered as a potential source of 
new infection. 

Animal Risk Factors 

Factors that influence the susceptibility of 
cows to coliform mastitis include the SCC of 
the milk, the stage of lactation, and the phys¬ 
iologic characteristics and defense mecha¬ 
nisms of the udder (particularly the speed of 
neutrophil recruitment), teat characteristics, 
and the ability of the cow to counteract the 
effects of the endotoxins elaborated by the 
organisms. 

Somatic Cell Count 
Experimentally, an SCC of 250,000 cells/mL 
in the milk of a quarter may limit significant 
growth of bacteria and development of mas¬ 
titis when small inocula of coliform organ¬ 
isms are experimentally introduced into the 
gland. SCCs of 500,000 cells/mL provided 
complete protection. Thus cows in herds 
with a low incidence of streptococcal and 
staphylococcal mastitis have a low milk SCC 
and are more susceptible to coliform masti¬ 
tis. Dairy herds with low herd bulk tank 
milk SCCs may have a greater incidence of 
severe toxic mastitis than herds with higher 
counts. 
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Neutrophil Recruitment and Function 
Increased susceptibility to coliform mastitis 
in the periparturient cow is primarily caused 
by impaired neutrophil recruitment to the 
infected gland. In fatal cases of peracute mas¬ 
titis in cows within 1 week after parturition 
there may be large numbers of bacteria 
in mammary tissues and an absence of neu¬ 
trophilic infiltration. Other observations 
indicate a high correlation between poor 
preinfection chemotactic activity of blood 
neutrophils and susceptibility to intramam¬ 
mary E. coli challenge exposure. Experimen¬ 
tally, in periparturient cows the inability to 
recruit neutrophils rapidly into the mammary 
gland following intramammary infection is 
associated with an overwhelming bacterial 
infection and peracute highly fatal mastitis. 
The periparturient cows are unable to control 
bacterial growth during the first few hours 
after bacterial inoculation and, consequently, 
the bacterial load is much higher when neu¬ 
trophils finally enter the milk. The lack of 
neutrophil mobilization could be caused by 

• Failure to recognize bacteria 

• Lack of production of inflammatory 

mediators 

• A defect in the ability of the cells to 

move into the milk compartment 

In ketonemic cows, experimental E. coli mas¬ 
titis is severe, regardless of preinfection che¬ 
motactic response. 

High levels of cytokines are present in the 
milk of cows that lack the ability to recruit 
leukocytes, which is evidence that the cells 
recognized the bacteria. All of this suggests 
that the critical defect is in the neutrophils of 
the periparturient cow. Certain cell-surface 
receptors on leukocytes may be important 
defense mechanisms against E. coli poly¬ 
saccharides. Bovine mammary neutrophils 
possess cell surface C14 and C18 and lectin— 
carbohydrate interactions mediating nonop- 
sonic phagocytosis of E. coli —which may be 
important in controlling these infections. 

Selenium and Vitamin E Status 
The positive effects of supplemental vitamin 
E and selenium on mammary gland health 
are well established. An adequate dietary 
level of selenium enhances the resistance of 
the bovine mammary gland to infectious 
agents. Experimentally induced intramam¬ 
mary E. coli infections are significantly more 
severe, and of longer duration, in cows whose 
diets have been deficient in selenium than in 
cows whose diets were supplemented with 
selenium. The enhanced resistance is thought 
to be associated with a more rapid diapedesis 
of neutrophils into the gland of cows fed 
diets supplemented with selenium, which 
limits the numbers of bacteria in the gland 
during infection. 

Vitamin E is especially important to 
mammary gland health during the peripar- 
tum period. Plasma concentrations of 
a-tocopherol begin to decline at 7 to 10 days 
before parturition, reach nadir at 3 to 5 days 


after calving, and then start increasing. 
When plasma concentrations are maintained 
during the peripartum period by injections 
of a-tocopherol, the killing ability of blood 
neutrophils is improved. The supplementa¬ 
tion of the diets of dry cows receiving 
0.1 ppm of selenium in their diets with 
vitamin E at 1000 IU/day reduced the inci¬ 
dence of clinical mastitis by 30% compared 
with cows receiving 100 IU/day. The reduc¬ 
tion was 88% when cows were fed 4000 IU/ 
day of vitamin E during the last 14 days of 
the dry period. 

There are also marked effects of dietary 
selenium on milk eicosanoid concentrations 
in response to an E. coli infection, which may 
be associated with the altered pathogenesis 
and outcome of mastitis in a selenium- 
deficient state. 

Stage of Lactation and 
Defense Mechanism 
Coliform mastitis occurs almost entirely in 
the lactating cow and rarely in the dry cow. 
The disease can be produced experimentally 
in lactating quarters much more readily than 
in dry quarters. The difference in the suscep¬ 
tibility may be caused by the much higher 
SCCs and lactoferrin concentrations in the 
secretion of dry quarters than in the milk of 
lactating quarters. Cows with known unin¬ 
fected quarters at drying off may develop 
peracute coliform mastitis at calving, sug¬ 
gesting that infection occurred during the 
dry period. New intramammary infections 
can occur during the nonlactating period, 
especially during the last 30 days, remain 
latent until parturition, and cause peracute 
mastitis after parturition. 

The rate of coliform intramammary 
infection is highest during the 2 weeks fol¬ 
lowing drying off and in the 2 weeks before 
calving. The fully involuted mammary gland 
appears to be highly resistant to experimen¬ 
tal challenge by E. coli, but it becomes sus¬ 
ceptible during the immediate prepartum 
period. More than 93% of E. coli intramam¬ 
mary infection associated with the nonlac¬ 
tating period originated during the second 
half of that period. 

Several physiologic factors may influence 
the level of resistance of the nonlactating 
gland to coliform infection. The rate of new 
intramammary infection is highest during 
transitions of the mammary gland from lac¬ 
tation to involution and during the period of 
colostrum production to lactation. There can 
be a sixfold increase in coliform infections 
from late lactation to early involution, but 
50% of these new infections do not persist 
into the next lactation. Also, the rate of spon¬ 
taneous elimination of minor pathogens is 
high during the nonlactating period. The dif¬ 
ference in susceptibility or resistance to new 
intramammary infection may be due, in part, 
to changes in concentration of lactoferrin, 
IgG, bovine serum albumin, and citrate, 
which are correlated with in vitro growth 


inhibition of E. coli, K. pneumoniae, and S. 
uberis. 

There is also a slower increase in poly¬ 
morphonuclear neutrophils in milk after 
new intramammary infection in early lacta¬ 
tion than in mid and late lactation. These 
conditions may explain the occurrence of 
peracute coliform mastitis in early lactation. 
This suggests latent infection or, more likely, 
that infection occurred at a critical time just 
a few days before and after calving, when the 
streak canal became patent and the popula¬ 
tion of coliform bacteria on the teat end was 
persistently high because the cow was not 
being milked routinely and thus would not 
be subjected to udder washing and teat 
dipping. Coliform bacteria can pass through 
the streak canal unaided by machine milking; 
this may be associated with the high inci¬ 
dence of coliform mastitis in high-yielding 
older cows, which may have increased 
patency of the streak canal with age. 

Newly calved cows can be classified as 
moderate or severe responders to experi¬ 
mentally induced coliform mastitis. Follow¬ 
ing infection there is a diversity of responses 
varying from very mild to very acute inflam¬ 
mation of the gland and evidence of systemic 
effects such as fever, anorexia, and discom¬ 
fort. Losses in milk yield and compositional 
changes are most pronounced in inflamed 
glands and, in severe responders, milk yield 
and composition did not return to preinfec¬ 
tion levels. It is proposed that the severe and 
long-lasting systemic disturbances in severe 
responders can be attributed to absorption of 
endotoxin. 

In summary, coliform mastitis is more 
severe in periparturient cows because of the 
inability to slow bacterial growth early after 
infection. This inability is associated with 
low SCC before challenge and slow recruit¬ 
ment of neutrophils. There may also be defi¬ 
cits in the ability of leukocytes to kill bacterial 
pathogens. 

Contamination of Teat Duct 
The sporadic occurrence of the disease may 
be associated with the use of contaminated 
teat siphons and mastitis tubes and infection 
following traumatic injury to teats or follow¬ 
ing teat surgery. Several teat factors are 
important in the epidemiology of E. coli mas¬ 
titis. It is generally accepted that E. coli is 
common in the environment of housed dairy 
cows and that mastitis can be produced 
experimentally by the introduction of as few 
as 20 organisms into the teat cistern via the 
teat duct. However, the processes by which 
this occurs under natural conditions are 
unknown. E. coli does not colonize the 
healthy skin of the udder or the teat duct. 

The teat duct normally provides an effec¬ 
tive barrier to invasion of the mammary 
gland by bacteria. As a result of machine 
milking there is some relaxation of the papil¬ 
lary duct, followed by gradual reduction in 
the duct lumen diameter in the 2 hours 





following milking. This period of relaxation 
after milking may be a risk factor predispos¬ 
ing to new intramammary infection. 

Experimental contamination of the teat 
ends with a high concentration of coliform 
bacteria by repeated wet contact; however, 
this does not necessarily result in an increase 
in new intramammary infection. The experi¬ 
mental application of high levels of teat-end 
contamination with E. coli after milking 
repeatedly led to high rates of intramam¬ 
mary infection, which suggests that penetra¬ 
tion of the teat duct by E. coli occurs in the 
period between contamination and milking. 
Milking machines that produce cyclic 
and irregular vacuum fluctuations during 
milking can result in impacts of milk against 
the teat ends, which may propel bacteria 
through the streak canal and increase the 
rate of new infections caused by E. coli and 
outbreaks of peracute coliform mastitis. 

Downer Cows 

Cows affected with the downer cow syn¬ 
drome following parturient paresis, or 
recently calved cows that are clinically 
recumbent for any reason, are susceptible to 
coliform mastitis because of the gross con¬ 
tamination of the udder and teats with feces 
and bedding. 

Other Defense Factors 
Lactoferrin and Citrate. The failure of lac- 
toferrin within mammary secretions to 
prevent new infections and mastitis near and 
after parturition may be caused by a decrease 
in lactoferrin before parturition. Lactoferrin 
normally binds the iron needed by iron- 
dependent organisms; these multiply exces¬ 
sively in the absence of lactoferrin. Also, 
citrate concentrations increase in mammary 
secretions at parturition and may interfere 
with iron binding by lactoferrin. 

Serum Antibody to E. coli. The serum IgG! 
ELISA titers recognizing core lipopolysac- 
charide antigens of E. coli J5 in cattle are 
associated with a risk of clinical coliform 
mastitis. Titers less than 1:240 were associ¬ 
ated with 5.3 times the risk of clinical coli¬ 
form mastitis. Older cattle in the fourth 
or greater lactations were also at greater 
risk, even though titers increased with age. 
There is a titer-independent age-related 
increase in clinical coliform mastitis. Active 
immunization of cattle with an Rc-mutant E. 
coli (J5) vaccine resulted in a remarkable 
decrease in the incidence of clinical coliform 
mastitis. 

PATHOGENESIS 

After invasion and infection of the mammary 
gland, E. coli proliferates in large numbers 
and releases endotoxin on bacterial death or 
during rapid growth when excess bacterial 
cell wall is produced. Endotoxin causes a 
change in vascular permeability, resulting 
in edema and acute swelling of the gland 
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and a marked increase in the number of neu¬ 
trophils in the milk. The neutrophil concen¬ 
trations may increase 40 to 250 times and 
strongly inhibit the survival of E. coli. This 
marked diapedesis of neutrophils is associ¬ 
ated with the remarkable systemic leukope¬ 
nia and neutropenia that occurs in peracute 
coliform mastitis. Large numbers of epithe¬ 
lial cells are sloughed into the glandular 
secretion very early in infection before the 
influx of immune cells into the affected gland 
and probably contribute to the breakdown in 
the blood-milk barrier. 8 The severity of the 
disease is influenced by the 

• Degree of the preexisting neutrophils in 
the milk 

• Rate of invasion and total number of 
neutrophils that invade the infected 
gland 

• Susceptibility of the bacteria to serum 
bactericidins that are secreted into the 
gland 

• Amount of endotoxin produced 9 

Stage of Lactation 

The severity of disease is dependent on the 
stage of lactation. Experimental infection of 
the mammary gland of recently calved cows 
with E. coli produces a more severe mastitis 
compared with animals in midlactation. This 
may be caused by a delay in diapedesis of 
neutrophils into the mammary gland of 
recently calved cows. Furthermore, because 
of this delay there may be no visible changes 
in the milk for up to 15 hours after infection, 
but the systemic effects of the endotoxin 
released by the bacteria are evident in the 
cow (fever, tachycardia, anorexia, rumen 
hypomotility or atony, and mild diarrhea). 
The net result is endotoxemia, which persists 
as long as bacteria are multiplying and 
releasing endotoxin. This persistent endotox¬ 
emia is probably a major cause of failure to 
respond to therapy compared with the tran¬ 
sient endotoxemia in the experimental inoc¬ 
ulation of one dose of endotoxin. 

Neutrophil Response 

The final outcome is highly dependent on the 
degree of neutrophil response. If the neutro¬ 
phil response is delayed and growth of the 
organisms is unrestricted, the high levels of 
toxin produced could cause severe destruc¬ 
tion of udder tissue and general toxemia. If 
the animal responds quickly there is often 
little effect on milk yield because the injury 
is confined to the sinuses without involve¬ 
ment of secretory tissues. The ability of the 
neutrophils to kill E. coli varies among cows. 
Experimental infection of the mammary 
gland of cows with E. coli results in the stim¬ 
ulation of a long-lasting opsonic activity for 
the phagocytosis and killing of the homolo¬ 
gous strain of the organism by neutrophils. 
Thus it is not opsonic deficiency that is the 
problem in early lactation; rather, it is a 
failure of rapid migration of neutrophils 
into the gland cistern. 


The rapidity and efficiency of the neutro¬ 
phil response are major factors in determin¬ 
ing the outcome. If the neutrophil response 
is rapid, clinical disease will be mild or go 
undetected, self-cure will occur, and the cow 
returns to normal; the milk may be negative 
for the bacteria. This may be one important 
cause of an increase in the percentage of 
clinical mastitis cases in which no pathogens 
can be isolated from the milk. Failure of the 
cow to mount a significant neutrophil 
response results in the multiplication of large 
numbers of bacteria, the elaboration of large 
amounts of endotoxin, and severe highly 
fatal toxemia. In these cases, bacteria are 
readily cultured from the milk. In less serious 
and nonfatal cases, the recruitment of neu¬ 
trophils does not fail but is delayed; this 
results in acute clinical mastitis with progres¬ 
sive inflammation and permanent loss of 
secretory function. The bacteria are not 
always readily eliminated from the infected 
gland by the neutrophils. Coliform bacteria 
may remain latent in neutrophils and, in 
naturally occurring cases, it is not uncom¬ 
mon to be able to culture the organism from 
the mammary gland during and after both 
parenteral and intramammary antibacterial 
therapy. 

Numbers of Bacteria in Milk 

The numbers of bacteria in the milk also 
influence the outcome. If bacterial numbers 
exceed 10 6 CFU/mL, the ability of the neu¬ 
trophil to phagocytose is impaired. If the 
bacterial count is less than 10 3 CFU/mL at 12 
hours postinfection, the bacteria will be 
rapidly eliminated and the prognosis will be 
favorable. This response is seen as a subacute 
form of the disease with spontaneous self¬ 
cure. If the neutrophil response is slow or 
delayed, the cow will exhibit more severe 
signs of coliform mastitis caused by toxemia. 
This is most common in recently calved cows 
and is characterized clinically by a serous 
secretion in the affected quarter that later 
becomes watery along with fever, depression, 
ruminal hypomotility, and mild diarrhea. 
The prognosis in these cases is unfavorable. 
These more severe forms of coliform mastitis 
usually occur after calving and in the first 6 
weeks of lactation. Cows with coliform mas¬ 
titis in mid to late lactation generally gener¬ 
ate a rapid neutrophil response rate, and 
their prognosis is likely to be favorable. 

Experimental Endotoxin-Induced 
Mastitis 

In an attempt to further understand the 
pathogenesis of coliform mastitis, the effect 
of experimentally introducing E. coli 
endotoxin into the mammary gland has 
been examined. The intramammary infusion 
of 1 mg E. coli endotoxin induces acute 
mammary inflammation and transient, 
severe shock from which cows recover within 
48 to 72 hours. Udder edema is apparent 
within 2 hours but begins to subside in 4 to 
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6 hours. The SCC increases within 3 to 5 
hours, and at 7 hours the count is 10 times 
normal. A mild systemic reaction with a 
transient fever occurs in some cows. High 
concentrations of IL-1 and IL-6 are detect¬ 
able in the milk of infused glands, beginning 
3 to 4 hours after infusion. Milk concentra¬ 
tions of bovine serum albumin are increased 
from baseline levels to peak levels within 2 
hours, indicating increased vascular perme¬ 
ability induced by inflammatory mediators. 
The infusion of endotoxin into the teat 
cistern of cows induces a rapid local inflam¬ 
matory response of short duration with an 
influx of neutrophils into the teat cistern. 

The intramammary infusion of endo¬ 
toxin results in a sequential increase of 
immunoglobulin in milk whey and of phago¬ 
cytosis of staphylococci by milk polymor¬ 
phonuclear cells. This is consistent with 
spontaneous recovery of cows with acute 
coliform mastitis. Endotoxin infusion can 
also result in increases in arachidonic acid 
metabolites such as thromboxanes, and cyto¬ 
kines, which may be involved in mediation 
of local quarter inflammation, and the sys¬ 
temic signs observed in acute coliform mas¬ 
titis. Histamine, serotonin, leukotrienes, and 
arachidonic metabolites are also released fol¬ 
lowing experimental K. pneumoniae masti¬ 
tis. There is also a marked increase in 
prostaglandin concentrations, which indi¬ 
cates that they may play a role in the patho¬ 
genesis of endotoxin-induced mastitis and 
that the use of NSAIDs may be of value 
therapeutically. 

In peracute coliform mastitis, severe 
toxemia with fever, shivering, weakness 
leading to recumbency in a few hours, and 
mild diarrhea are common and probably 
caused by the absorption of large quantities 
of endotoxin. For many years it was thought 
that bacteremia did not occur in severe cases 
of coliform mastitis. However, bacteremia is 
present in 32% to 48% of naturally occur¬ 
ring cases of coliform mastitis. In experi¬ 
mental endotoxemia in cattle there is 
profound leukopenia (neutropenia and lym¬ 
phopenia), a mild hypocalcemia, and eleva¬ 
tion in plasma cortisol concentration. 
Hypocalcemia also occurs in naturally 
occurring cases and is thought to be caused 
by a decreased abomasal emptying rate asso¬ 
ciated with the endotoxemia. Experimentally 
infused endotoxin is detoxified very rapidly 
after absorption into the circulation. 

In the acute form, the systemic changes 
are usually less severe than in the peracute 
form. However, in both forms, there is 
marked agalactia and the secretions in the 
affected quarter become serous and contain 
small flakes. Coliform organisms are not 
active tissue invaders, and in affected cattle 
that survive the systemic effects of the endo¬ 
toxin the affected quarter(s) will usually 
return to partial production in the same lac¬ 
tation, and even full production in the next. 
However, in some cows that survive the 


peracute form, subsequent milk production 
in the current lactation is inadequate and 
cows are commonly culled. 

A retrospective analysis of cows with 
clinical and laboratory features of coliform 
mastitis revealed that 60% returned to 
produce a milk-like secretion in the affected 
quarters in the current lactation and 40% did 
not. However, only 63% of the former group 
and 14% of the latter group remained in the 
herd and produced milk in the next lacta¬ 
tion. Some cows were culled during the 
current lactation for low milk production 
and other reasons, some died, and others 
were culled for mastitis. Of the original 88 
cows with coliform mastitis, only 38 (43%) 
remained in the herd and produced milk in 
the next lactation. 

CLINICAL FINDINGS 

Peracute coliform mastitis in the cow is a 

severe disease characterized by a sudden 
onset of agalactia and toxemia. The cow may 
be normal at one milking and acutely ill at 
the next. Complete anorexia, severe depres¬ 
sion, shivering and trembling, cold extremi¬ 
ties (particularly the ears), and a fever of 
40°C to 42°C (104°F-108°F) are common. 
Within 6 to 8 hours after the onset of signs 
the cow may be recumbent and unable to 
stand. At that stage, the temperature may be 
normal or subnormal, all of which may 
superficially resemble parturient paresis. The 
heart rate is usually increased up to 100 to 
120 beats/min, the rumen is static, there may 
be a mild watery diarrhea, and dehydration 
is evident. Polypnea is common, and in 
severe cases an expiratory grunt may be 
audible because of pulmonary congestion 
and edema. 

The affected quarter(s) is usually swollen 
and warm but not remarkably so, and for this 
reason coliform mastitis may be missed on 
initial clinical examination. The cow may be 
severely toxemic, febrile, and have cold 
extremities before there are visible changes 
in the mammary gland or the milk. The 
mammary secretion is characteristic, and 
there are changes from the consistency of 
watery milk initially to a thin, yellow serous 
fluid containing small meal-like flakes that 
are barely visible to the naked eye; these are 
best seen on a black strip plate used for gross 
examination of milk. Additional quarters 
may become affected within a day or two of 
the initial infection. 

The course of peracute coliform masti¬ 
tis is rapid. Some cows will die in 6 to 8 
hours after the onset of signs, and others will 
live for 24 to 48 hours. Those that survive the 
peracute crisis will either return to normal in 
a few days or remain weak and recumbent 
for several days and eventually develop the 
complications associated with prolonged 
recumbency. Intensive intravenous fluid 
therapy may prolong the life of the cow for 
up to several days, but significant improve¬ 
ment may not occur and eventually 


euthanasia may appear to be the desirable 
course of action. 

Acute coliform mastitis is characterized 
by varying degrees of swelling of the affected 
gland and variable systemic signs of fever 
and inappetence. The secretions of the gland 
are watery to serous in consistency and 
contain flakes. Recovery with appropriate 
treatment usually occurs in a few days. 
During the first day of infection affected 
cows spend approximately 10% less time 
lying than when they were healthy. This 
small difference would not be clinically 
detectable unless the animal was monitored 
with an activity monitor. 10 ' 11 

A clinically useful disease severity scoring 
system is helpful in directing treatment pro¬ 
tocols. 12 The most useful and easily under¬ 
stood system uses three easily identified 
categories of clinical mastitis: (1) abnormal 
secretion only, (2) abnormal secretion com¬ 
bined with abnormal gland (such as swelling, 
heat, erythema, pain, and decreased quarter 
milk production), and (3) abnormal cow 
(systemic signs of illness, such as fever, 
tachycardia, decreased rumen contraction 
rate, and depression) combined with abnor¬ 
mal secretion and abnormal gland. 

Accuracy of Clinical Diagnosis 

Various diagnostic schemes that use clinical 
parameters to differentiate cows with clinical 
mastitis caused by gram-negative bacteria 
from those with clinical mastitis associated 
with gram-positive bacteria have been devel¬ 
oped. Generally, all these schemes predict 
gram-negative bacteria as the cause if the 
milk is watery or yellow, if the mastitis 
episode occurs in summer, and if rumen 
motility is decreased or absent. Experienced 
clinicians are not much better at predicting 
the causative agent than inexperienced clini¬ 
cians. The conclusion from all of these 
studies is that clinical observations do not 
allow sufficiently accurate prediction of 
clinical mastitis pathogens and should not 
be used as the sole criteria for deciding 
whether cows are treated with antibiotics, or 
even the class of antibiotic to be adminis¬ 
tered. Even the best predictive algorithm was 
wrong 25% of the time if the prevalence of 
gram-negative mastitis was 50%, which is 
too high an error rate to be used to guide 
treatment. In comparison, flipping a coin to 
attribute the causative agent as being gram¬ 
positive or gram-negative is wrong only 50% 
of the time. 

An increase in the ability of a positive test 
to predict a gram-negative bacterial infec¬ 
tion as the cause for a clinical mastitis 
episode is provided by examining for the 
presence of endotoxin in milk (sensitivity 
[Se] = 0.72; specificity [Sp] = 0.95), whether 
the segmented neutrophil count is less than 
35% of the total leukocyte count (Se = 0.87; 
Sp = 0.71), whether the segmented neutro¬ 
phil count is less than 3200 cells/pL (Se = 
0.93; Sp = 0.89; Fig. 20-5), and by culturing 
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Fig. 20-5 Scatter plot of blood leukocyte count (left panel) and segmented neutrophil count (expressed on a logarithmic scale; right panel) for 
108 lactating dairy cattle with acute clinical mastitis caused by Gram-negative bacteria or Gram-positive bacteria. The hatched area represents 
the reference range, and data are expressed as mean ± standard deviation. Cattle with acute Gram-negative mastitis are much more likely to be 
leukopenic and neutropenic. (Reproduced with permission from Smith GW, Constable PD, Morin DE. J Vet Intern Med 2001;15(4):394-400.) 


on selective media (Se = 0.60; Sp = 0.98). The 
endotoxin test is a cowside test (Limast-test) 
that was commercially available in Scandina¬ 
via. Assessment of the white blood cell count 
and differential count is widely available in 
veterinary practice but is not a cowside test 
and is therefore not ideal. Both the milk 
endotoxin test and blood neutrophil count 
have adequate sensitivity and specificity for 
use to guide treatment decisions. 

Chronic coliform mastitis is character¬ 
ized by repeated episodes of subacute 
mastitis, which cannot be readily clinically 
distinguished from other common causes of 
mastitis. 

Subclinical coliform mastitis is charac¬ 
terized by the presence of coliform organ¬ 
isms in the milk samples of cows without 
clinical evidence of mastitis. The prevalence 
of intramammary infection in quarters 
with coliform bacteria is low relative to 
contagious mastitis pathogens, ranging from 
0.9 to 1.2%. 

CLINICAL PATHOLOGY 
Culture of Milk 

Milk samples should be submitted for culture 
to identify the causative agent, but antimi¬ 
crobial susceptibility testing has not been 
validated and is currently not recommended 
to guide treatment decisions. In the peracute 
case, the milk samples will yield a positive 
culture. In less acute cases, the milk sample 
may be negative because the neutrophils 
have cleared the bacteria. 

Application of newer methods for bacte¬ 
rial identification suggest that K. variicola 
may be misidentified as K. pneumoniae in 
dairy cattle with clinical mastitis culture 
using routine procedures. 13 


Somatic Cell Count and California 
Mastitis Test Scores 

In the experimental disease the SCC of milk 
from the inoculated quarter ranges from 
14,000,000 to 25,000,000 cells/mL at 5 hours 
after inoculation. The CMT on secretions 
from affected quarters is usually +3. 

Hematology 

In peracute coliform mastitis there is hemo- 
concentration, a marked leukopenia, neutro¬ 
penia, and a degenerative left shift caused by 
the margination of large numbers of neutro¬ 
phils in response to endotoxin. There is also 
a moderate lymphopenia, monocytopenia, 
and thrombocytopenia (see Fig. 21-5). If the 
degenerative left shift, leukopenia, neutrope¬ 
nia, and thrombocytopenia become worse 
on the second day after the onset of clinical 
signs, the prognosis is unfavorable. 14 
An improvement in the differential white 
count on the second day is a good 
prognostic sign. 

Endotoxin Presence in Milk 
and Plasma 

A commercially available cowside test 
(Limast-test) for endotoxin was available in 
Scandinavia. The test required at least 10 4 to 
10 5 CFU of gram-negative bacteria for a 
positive test result. The test took 15 minutes 
to run on milk samples and was able to 
detect the presence of endotoxin and 
therefore gram-negative bacteria, but it did 
not differentiate between E. coli and K. 
pneumoniae. 

Serum Biochemistry 

The biochemical abnormalities observed in 
naturally occurring cases include uremia, 


high aspartate aminotransferase activity, 
and strong ion (metabolic) acidosis in fatal 
cases, whereas in surviving cases there were 
decreased concentrations of sodium, potas¬ 
sium, and chloride, and strong ion (meta¬ 
bolic) alkalosis. 14,15 In acute cases there is a 
transient early hyperglycemia. 16 

NECROPSY FINDINGS 

There is edema and hyperemia of the 
mammary tissue. In severe cases hemor¬ 
rhages are present and are accompanied by 
thrombus formation in the blood and lym¬ 
phatic vessels; there is necrosis of the 
parenchyma. 

A study of the progressive pathologic 
changes in experimental and natural cases 
of E. coli mastitis in cows reveals that damage 
is most marked in the epithelium of the 
teat and lactiferous sinuses and diminishes 
rapidly toward the ducts. In hyperacute 
cases, the organisms are largely confined to 
the ductular and secretory lumen and there 
is little invasion of the parenchyma, despite 
the presence of large numbers of organ¬ 
isms. In some cases there may be intense 
neutrophil infiltration, subepithelial edema, 
and epithelial hyperplasia of the sinuses 
and large ducts. In hyperacute cases in the 
immediate postpartum period, infiltration 
of neutrophils may be negligible. Bactere¬ 
mia can occur in dairy cattle with coliform 
mastitis. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: chilled mammary tissue, 
regional lymph node 

• Histology: formalin-fixed mammary 
tissue 
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DIFFERENTIAL DIAGNOSIS 


• Peracute coliform mastitis in cattle is 
characterized clinically by a sudden onset 
of toxemia, weakness, shivering, often 
recumbency, fever in the early stages 
followed by a normal temperature or 
hypothermia in several hours, and 
characteristic gross changes in the milk, 
which usually is watery and contains some 
particles barely visible to the unaided eye. 
The peracute form of the disease is most 
common in recently calved cows. 

• Parturient hypocalcemia paresis occurs 
in recently calved cows. The weakness and 
recumbency resembles peracute coliform 
mastitis but the marked increase in heart 
rate, and dehydration and mild diarrhea if 
present, are not characteristic of parturient 
paresis and should prompt further clinical 
examination, particularly of the udder. In 
the early stages of coliform mastitis the 
changes in the milk may be just barely 
visible. Those clinical findings that are most 
useful to predict peracute coliform mastitis 
include watery consistency of milk, 
shivering, firmness of udder, tachycardia, 
polypnea, fever, weakness, and mastitis of 
less than 24 hours' duration. A marked 
leukopenia and neutropenia are 
characteristic of coliform mastitis, whereas 
in parturient paresis there is usually a 
neutrophilia and stress leukon (neutrophilia, 
no left shift, lymphopenia, monocytosis, 
and eosinopenia). The differential diagnosis 
of recumbency in the immediate 
postpartum period is discussed under 
parturient paresis. 

• Carbohydrate engorgement lactic 
acidosis causes rapid onset of weakness, 
recumbency, diarrhea, dehydration, and 
ruminal stasis and resembles the clinical 
findings of shock in peracute coliform 
mastitis. However, the rumen contains an 
excess of watery fluid, and the pH is below 
5.0 

• Acute coliform mastitis cannot be 
accurately differentiated from all other 
common causes of acute mastitis with 
abnormal gland and abnormal milk, 
including the environmental streptococci S. 
uberis and S. dysgalactiae, and the 
contagious pathogens S. aureus and 5. 
agalactiae. Culture of the milk is necessary. 


TREATMENT 

The treatment of coliform mastitis in cattle 
has been controversial, but recent studies 
have clarified the important role that anti¬ 
microbial agents play in treating severely 
affected cattle. Historically, the treatment 
of coliform mastitis was based on the prin¬ 
ciples of treating a bacterial infection with 
varying degrees of inflammation. A combi¬ 
nation of broad-spectrum antimicrobial 
agents administered parenterally and by 
intramammary infusion, fluid and electro¬ 
lyte therapy, frequent stripping out of the 


affected glands with the aid of oxytocin, and 
antiinflammatory drugs have been used with 
varying degrees of success based on empiri¬ 
cal and anecdotal experience. Only a handful 
of clinical trials have evaluated the efficacy of 
therapeutic agents used in naturally occur¬ 
ring cases of coliform mastitis, especially for 
the peracute form of the disease. 

Most of the controversy has centered on 
the rational use of antimicrobial agents. The 
use of antimicrobial agents for the treatment 
of coliform mastitis has been questioned for 
several reasons: 

• Clinical signs are primarily caused by 
the effects of endotoxin in the 
mammary gland, with formation of 
endogenous inflammatory mediators 
within the udder and their subsequent 
release into the systemic circulation. 

• The severity of clinical signs is 
correlated with the number of bacteria 
in the affected gland. 

• Most mild cases of coliform mastitis 
(abnormal milk but normal gland and 
cow) are self-limiting and resolve 
without antimicrobial therapy. However, 
a small percentage of these mild clinical 
cases develop persistent infection. 

• There is speculation that the use of 
bactericidal antimicrobial agents may 
result in the bolus release of large 
quantities of lipopolysaccharides in the 
mammary gland associated with a rapid 
kill of bacteria, but this has not been 
observed in any study. In contrast, 
endotoxin release occurs from rapid 
bacterial growth alone, which will be 
prevented by administration of an 
effective antibiotic. 

• Many, but not all, of the broad-spectrum 
antimicrobial agents currently approved 
for use in lactating cattle do not result 
in high enough concentrations in the 
milk when given parenterally. 

Most of the antimicrobial agents currently 
used for the treatment of coliform mastitis in 
lactating dairy cows are not approved for use 
in food-producing animals. Because of this 
extralabel use and the lack of pharmacoki¬ 
netic data for adequate withholding times, 
the risk of drug residues in milk and meat is 
increased. 

The prognosis in the peracute form of 
the disease is unfavorable if severe clinical 
toxemia is present. Severe depression, weak¬ 
ness, diarrhea and dehydration, recumbency, 
and a heart rate over 120 beats/min are 
indicators of an unfavorable prognosis. The 
successful treatment of peracute coliform 
mastitis requires the earliest possible action 
and clinical surveillance until recovery is 
apparent. 

Treatment Trials Using Antimicrobial 
Agents and Untreated Controls 

Treatment trials with experimentally 
induced coliform mastitis in cattle during 
lactation have failed, for the most part, 


to demonstrate efficacy of antimicrobial 
therapy. This is because all experimental 
models do not accurately reproduce the nat¬ 
urally occurring disease, and not because 
antibiotics are ineffective. Accordingly, treat¬ 
ment efficacy should be based on the results 
of randomized field trials. The major consid¬ 
erations for antimicrobial use in coliform 
mastitis include: 

• Early administration to decrease the 
exposure of the cow to endotoxin 

• The severity of clinical signs are 
positively associated with the bacterial 
and endotoxin concentration in the 
affected quarter. 9 

• Ensuring appropriate withholding 
periods for milk and meat 

• The benefit: cost ratio 

The antimicrobial susceptibilities of E. coli 
isolates from coliform mastitis vary consid¬ 
erably; drug susceptibility determination is 
not routinely recommended because the 
breakpoints have not been validated and 
the bacteria come from diverse sources in the 
environment. 

Parenteral Antimicrobial Agents 

Broad-spectrum antimicrobial agents should 
be administered parenterally to cattle with 
systemic signs of disease (abnormal cow), 
preferably by the intravenous route initially, 
followed by intramuscular administration to 
maintain appropriate plasma concentrations. 
The first reason to administer parenteral 
antibiotics is that the severity of clinical 
signs is correlated with the numbers of 
bacteria in milk from the affected gland. 
The second main reason to administer par¬ 
enteral antibiotics is to combat bacteremia, 
which is present in 32% to 48% of severely 
affected cattle. Based on pharmacokinetic/ 
pharmacodynamic values, the results of 
experimentally induced and naturally 
acquired infections, and in vitro antimicro¬ 
bial susceptibility testing (if this has any 
relevance to in vivo susceptibility), most E. 
coli isolated from the mammary glands of 
cattle are theoretically susceptible to third- 
generation cephalosporins (such as ceftio- 
fur), fourth-generation cephalosporins (such 
as cefquinome), fluoroquinolones, gentami¬ 
cin, amikacin, trimethoprim-sulfonamide, 
and oxytetracycline. Of these antimicrobials, 
third-generation cephalosporins, fourth- 
generation cephalosporins, fluoroquino¬ 
lones, and potentiated sulfonamides have 
documented efficacy in naturally acquired 
or experimentally induced cases of acute 
E. coli mastitis, with moderate evidence 
supporting the efficacy of intravenous 
oxytetracycline. 

• Cefitiofur is a third-generation 
cephalosporin that is resistant to 
p-lactamases and has excellent in vitro 
activity against E. coli. When given 
parenterally to cows with experimental 
coliform mastitis, ceftiofur did not 
produce drug concentrations in milk 
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above the reported MICs for coliform 
bacteria. However, when administered 
to cows with naturally occurring 
coliform mastitis, ceftiofur-treated cows 
(2.2 mg/kg BW intramuscularly every 
24 hours) were three times less likely to 
die or be culled from the herd and had 
more saleable milk than nontreated 
cattle. 

Cefquinome is a fourth-generation 
cephalosporin that is resistant to 
p-lactamases and has excellent in vitro 
activity against E. coli. Parenteral 
cefquinome therapy (1 mg/kg BW 
intramuscularly twice at 24 hours apart), 
with or without intramammary 
cefquinome (75 mg, three times 
atl2-hour intervals), increased the 
bacteriologic cure rate and significantly 
improved clinical recovery and return to 
milk production in experimentally 
induced E. coli mastitis. 

Danofloxacin, a fluoroquinolone with 
excellent in vitro activity against E. coli, 
given intravenously once at 6 mg/kg BW 
was effective in treating experimentally 
induced E. coli mastitis. 1 ' 

Enrofloxacin, a fluoroquinolone with 
excellent in vitro activity against E. coli, 
given intravenously initially then 
subcutaneously once (5 mg/kg BW) was 
effective in treating experimentally 
induced E. coli mastitis, but had 
minimal efficacy in treating naturally 
acquired E. coli mastitis in a randomized 
clinical trial. 18 Generally, parenterally 
administered enrofloxacin increased 
the rate of initial E. coli clearance from 
the infected mammary gland. In a 
randomized clinical trial, a lower 
dose of enrofloxacin (2.5 mg/kg 
intramuscularly daily for 3 days) did not 
improve the survival rate of cows with 
E. coli mastitis, but it did result in a 
lower SCC at the first monthly herd 
recording after treatment. 19 
Gentamicin has been used on an 
extralabel basis for the treatment of 
acute and peracute coliform mastitis 
because more than 90% of isolates from 
milk from affected cows are susceptible 
in vitro. However, the parenteral 
administration of gentamicin at 2 g 
intramuscularly every 12 hours until the 
appetite improved to dairy cows with 
mastitis predicted to be associated with 
gram-negative bacteria did not result in 
significant improvement compared with 
cows with similar mastitis that did not 
receive an antimicrobial or received 
erythromycin. 

Trimethoprim - sulfadiazine 

(trimethoprim 4 g, sulfadiazine 20 g, 
intramuscularly every 24 hours for 3-5 
days) is efficacious in treating naturally 
acquired cases of coliform mastitis. The 
recovery rate of cows with clinical 
mastitis caused by coliform bacteria 


susceptible to sulfonamide- 
trimethoprim was 89% compared with 
74% in cows infected with coliforms 
resistant to the combination given 
parenterally, combined with NSAIDs 
and complete milking of affected 
quarters several times daily. Sulfadiazine 
or sulfamethazine (sulfadimidine) are 
preferred to sulfadoxine because the 
latter produces much lower milk 
concentrations after parenteral 
administration. 

• Oxytetracycline (16.5 mg/kg BW 
intravenously every 24 hours for 3-5 
days), combined with intramammary 
cephapirin (200 mg) and supportive care 
(intravenous or oral fluids, flunixin 
meglumine, and stripping of the 
mammary gland) was more effective in 
treating coliform mastitis than similar 
treatment without antibiotics in cattle 
with naturally acquired mastitis. 

Intramammary Antimicrobial Agents 

Intramammary preparations of antimicro¬ 
bial agents can be infused into the affected 
quarters after they have been stripped out 
completely at the start and end of the day. 
Evidence supporting the use of intramam¬ 
mary treatment for naturally acquired mild 
to moderate cases of E. coli mastitis (abnor¬ 
mal secretion and abnormal gland) is avail¬ 
able for ceftiofur (125 mg daily for 5 
consecutive days) 20 and cephapirin (200 mg 
per treatment). On theoretical grounds mild 
to moderate Klebsiella spp. mastitis episodes 
should also respond to intramammary ceft¬ 
iofur or cephapirin treatment, because the 
spontaneous cure rate appears to be lower 
than that for E. coli. 20 The initial choice of 
antimicrobial will depend on previous expe¬ 
rience of treatment efficacy in the herd. 

• Cefitiofur: Based on clinical response 
and the results of antimicrobial 
susceptibility testing of coliform isolates 
from cows with naturally occurring 
mastitis (if relevant to in vivo 
performance), ceftiofur is an excellent 
choice for intramammary infusion in 
suspected cases of coliform mastitis. 

• Cephapirin: Based on clinical response 
in lactating dairy cattle with 
experimentally induced E. coli mastitis, 
intramammary infusion of cephapirin 
(300 mg per quarter) at 4-, 12-, 24-, and 
36-hour postinfection inhibited bacterial 
growth in milk decreased the 
inflammatory response. 21 The relevance 
of these findings to the treatment of 
naturally occurring cases of E. coli 
mastitis remains to be determined. This 
is because treatments were applied 4 
hours after intramammary inoculation 
of E. coli when clinical signs of mastitis 
are usually not evident or are very mild. 

• Gentamicin: The intramammary 
infusion of 500 mg of gentamicin did 
not affect the duration or severity of 


experimentally induced coliform 
mastitis. The numbers of E. coli in the 
milk after intramammary inoculation 
were not affected by the intramammary 
infusion of gentamicin, despite 
maintaining a mean minimal 
gentamicin concentration in milk of 181 
|ig/mL between dose intervals. The 
infusion did not affect the body 
temperature or the magnitude and 
duration of the inflammatory process in 
the glands as measured by the SCCs and 
peak albumin and immunoglobulin 
concentrations in the milk. It should be 
noted that gentamicin is not approved 
for use in the treatment of bovine 
mastitis, and in some jurisdictions it is 
not approved for any use. 

A study of the efficacy of intramammary 
antibiotic therapy for the treatment of natu¬ 
rally occurring clinical mastitis associated 
with environmental pathogens found no dif¬ 
ference in the short-term clinical or bacterio¬ 
logic cure rates between quarters infused 
with 62.5 g of amoxicillin every 12 hours for 
three milkings or 200 mg of cephapirin every 
12 hours for two milkings and those treated 
with 100 units of oxytocin intramuscularly 
every 12 hours immediately before milking 
for two or three milkings alone. However, the 
cost per episode of mastitis associated with 
the use of cephapirin was higher than the 
other two treatments, partly because of the 
longer milk withdrawal time (96 hours) 
associated with the drug. The percentage of 
relapses was higher for cows in the oxytocin 
treatment group, especially when the 
mastitis-associated pathogen was an envi¬ 
ronmental Streptococcus sp. 

Stripping of the Affected Quarter 

An artificial intramammary environment 
has shown that milking 12 times daily could 
lead to elimination of E. coli, suggesting that 
frequent stripping would be an effective 
treatment. Indeed, stripping (augmented by 
oxytocin) is a popular but largely unsubstan¬ 
tiated recommendation for treating severe 
cases of coliform mastitis. There is one report 
of cattle with acute coliform mastitis that 
suggests irrigation of the affected quarter 
with 1 to 3 L of 0.9% NaCl resulted in a 
higher recovery rate 30 days later. 22 

Oxytocin at 10 to 20 units per adult cow 
given intramuscularly, followed by vigorous 
hand massage and hourly stripping of the 
affected quarter, may assist in removing 
inflammatory debris. Oxytocin doses higher 
than this are not needed, and intravenous 
administration is not needed because oxyto¬ 
cin is rapidly absorbed when injected intra¬ 
muscularly. Oxytocin can be repeated and 
used as long as an effect is obtained. 

Effective removal of coliform bacteria 
and endotoxin will minimize their local 
effects in the mammary gland and decrease 
the systemic signs of endotoxemia. The 
main problems with stripping are the labor 





1952 


Chapter 20 


Diseases of the Mammary Gland 


involved, the small volumes produced, the 
potential for creating additional pain and 
discomfort for the cow (and the producer 
when the cow kicks), and potential contami¬ 
nation of the environment if the secretion is 
stripped onto the ground. The role of fre¬ 
quent stripping, if any, in the treatment of 
clinical mastitis remains to be determined. 

Fluid and Electrolyte Therapy 

Fluid and electrolyte therapy are essential for 
the treatment of acute and peracute coliform 
mastitis to counteract the effects of the endo- 
toxemia. Isotonic polyionic electrolyte solu¬ 
tions (such as Ringers solution) are given at 
80 mL/kg BW for the first 24 hours by con¬ 
tinuous intravenous infusion and at a slower 
rate than that over the following days. For a 
mature dairy cow (400-600 kg) a total of 32 
to 48 L is therefore needed in the first 
24-hour period, with 20 L given during the 
first 4 hours and the remainder over the next 
20 hours. A favorable response is usually 
clinically evident in 6 to 8 hours. If the 
animal has not improved after 5 days of 
intensive fluid therapy (the 5-day rule for 
clinical improvement), the prognosis for sur¬ 
vival is poor. 

The large amounts of isotonic fluids and 
electrolytes that have been advocated and 
used are expensive to administer by continu¬ 
ous intravenous infusion and require moni¬ 
toring over many hours. A possible alternative 
is the use of small volumes of hypertonic 
saline, which can be transported easily and 
administered rapidly. Hypertonic saline 
can be safely administered to cattle with 
endotoxin-induced mastitis. Hypertonic 
saline (7.2% NaCl) is given intravenously at 
4 to 5 mL/kg BW intravenously over 4 to 5 
minutes followed by immediate access to 
drinking water. The changes following 
administration of hypertonic saline include 
transient expansion of the plasma volume, 
hypernatremia, and hyperchloremia. The 
intravenous administration of hypertonic 
saline to clinically normal cows with access 
to water increases circulatory volume rapidly, 
induces slight strong ion (metabolic) acido¬ 
sis, and increases glomerular filtration 
rate. Fluid therapy is covered in detail in 
Chapter 5. 

Antiinflammatory Agents 

NSAIDs are frequently administered as 
adjunctive therapy in coliform mastitis, par¬ 
ticularly in the peracute form of the disease. 
Ketoprofen, a cyclooxygenase type 1 and 
type 2 inhibitor and lipoxygenase inhibitor, 
is the only currently available NSAID with 
documented efficacy in naturally acquired 
cases of coliform mastitis. 

Ketoprofen has been evaluated as adjunc¬ 
tive therapy for the treatment of acute clini¬ 
cal mastitis in dairy cows, most cases of 
which were associated with gram-negative 
pathogens. All cases were treated with 20 g 
of sulfadiazine and 4 g of trimethoprim 


intramuscularly followed by one-half dose 
daily until recovery. Ketoprofen was given at 
2 g intramuscularly daily for the duration of 
the antimicrobial therapy. Recovery rates for 
the nonblind contemporary controls and the 
blind placebo controls were 84% and 71%, 
respectively. In the nonblind controlled keto¬ 
profen and placebo-controlled ketoprofen 
treatment groups, recovery rates were 95% 
and 92%, respectively. The odds ratio (OR) 
of recovery was significantly high in the 
placebo-controlled study (OR = 6.8), and 
high but not significant in the nonblind con¬ 
trolled study (OR = 2.6). It was concluded 
that ketoprofen significantly improved 
recovery rate in clinical mastitis. Oral keto¬ 
profen (4 mg/kg in 500 mL of water and 
administered orally) was similarly effective 
in lactating dairy cattle to intramuscular 
ketoprofen (3 mg/kg) administered 2 hours 
after intramammary endotoxin infusion. 23 
This does not necessarily translate to efficacy 
in the treatment of field cases of acute E. coli 
mastitis because bacterial multiplication is 
not present following endotoxin infusion, 
and overt clinical signs were not apparent 
when treatments were applied. 

A similar clinical field trial evaluating the 
efficacy of phenylbutazone and dipyrone for 
the treatment of mastitis caused mostly by 
coliforms revealed a beneficial effect but no 
difference between the efficacies of the two 
drugs. Neither phenylbutazone nor dipyrone 
is permitted for use in lactating dairy cattle 
in the United States, but their use is permit¬ 
ted in some countries. 

A single administration of flunixin 
meglumine (2.2 mg/kg, intravenously) to 
lactating dairy cattle when clinical mastitis 
was evident after intramammary infusion of 
E. coli increased dry matter intake on day 1 
and milk yield on days 3 and 4 after treat¬ 
ment. 24 The antiinflammatory effect of either 
flunixin meglumine or dexamethasone was 
evaluated compared with controls in experi¬ 
mentally induced coliform mastitis. Dexa¬ 
methasone at 0.44 mg/kg intravenously and 
flunixin meglumine at i.l mg/kg intrave¬ 
nously were both given 2 hours after inocula¬ 
tion of the quarter with E. coli, which is 
essentially a pretreatment administration 
because clinical signs are not evident at this 
time. Flunixin meglumine was also adminis¬ 
tered once 8 hours after the initial dose. 
Dexamethasone reduced the rectal tempera¬ 
ture and the mammary surface temperatures 
and prevented further increase in rectal 
temperature above 39.2°C (102.5°F). The 
response to flunixin meglumine was less 
than expected, which suggested that a higher 
dose of 2.2 mg/kg may be necessary in 
lactating dairy cattle. The administration of 
flunixin meglumine at 2.2 mg/kg intramus¬ 
cularly or flurbiprofen at 2 mg/kg intrave¬ 
nously before clinical signs appeared in 
experimental E. coli mastitis abolished the 
febrile response during the first 9 hours after 
infection and lessened the decrease in rumen 


motility. In a separate study flunixin meglu¬ 
mine at 1.1 mg/kg intravenously 4 hours 
after inoculation of the E. coli mitigated the 
small reduction in lying time seen with acute 
E. coli mastitis; 11 this finding has minimal 
clinical relevance because this protocol is 
effectively a pretreatment administration 
because clinical signs of mastitis are usually 
not evident or very mild at this time. 

The intramammary administration of 
prednisolone (20 mg) in conjunction with 
intramammary cephapirin (300 mg) had an 
antiinflammatory effect in cattle with experi¬ 
mental E. coli mastitis, as indicated by lower 
density of leukocytes in mammary tissue, 
lower IL-4 concentration in the glandular 
secretion of infected quarters, and a faster 
restoration of milk quality. 21 The relevance of 
these findings to the treatment of naturally 
occurring cases of E. coli mastitis is question¬ 
able because treatments were applied 4 hours 
after intramammary inoculation of E. coli 
when clinical signs of mastitis are usually not 
evident or very mild. 

Carprofen, a long-acting NSAID, reduced 
the fever, tachycardia, and udder swelling 
associated with E. co/i'-endotoxin-induced 
mastitis. The long-acting properties of car¬ 
profen may be considered a therapeutic 
advantage over flunixin meglumine, which 
requires frequent dosing. 

Combination Therapy 

Fluid and electrolyte therapy and flunixin 
meglumine, in combination and individu¬ 
ally, have been evaluated in a 3-year study of 
a large number of cows with toxic mastitis. 
Cows were allotted to one of three groups: 

• Fluid therapy (45 L of intravenous 
isotonic electrolyte solution) and 
flunixin meglumine at 2 g 

• Fluid therapy intravenously only 

• Flunixin meglumine only 

All cases were treated with parenteral and 
intramammary antimicrobial agents, oxyto¬ 
cin, and calcium borogluconate. There was 
no significant difference in the rate of sur¬ 
vival between the treatment groups, and 54% 
of the cows survived. 

CONTROL 

The control of coliform mastitis is character¬ 
istically difficult, unreliable, and frustrating. 
Several cases of fatal peracute coliform mas¬ 
titis may occur in a herd of 100 cows during 
a period of a year, in spite of the existence 
of apparently excellent management. The 
general principles of mastitis control that 
have been effective for the control of S. 
aureus and S. agalactiae mastitis have been 
unsuccessful for the control of coliform mas¬ 
titis because infection of the mammary gland 
occurs by direct contact with the environ¬ 
ment, usually between milkings. For the 
control of coliform mastitis, the emphasis is 
on the prevention of new infection. Core 
lipopolysaccharide antigen vaccines are 
useful and are discussed later. 





Management of Outbreaks 

When an outbreak of peracute coliform mas¬ 
titis is encountered the following procedures 
are recommended in an attempt to prevent 
new cases: 

• Culture milk samples and obtain a 
definitive etiologic diagnosis (in other 
words, put a name to the causative 
pathogen). 

• Examine the bedding for evidence of 
heavy contamination with coliform 
bacteria. If sawdust or wood shavings 
are being used, replace with sand, if 
possible, or change more frequently. 

• Conduct a general clean-up of the stall 
and lounging areas. 

• Improve premilking hygiene. 

• Examine milking machine function. 

• Allow cows access to fresh feed 
immediately after milking to ensure that 
they remain standing for at least 30 
minutes to allow time for the streak 
canal to close. 

Housing and Environment 

The normal presence of coliform bacteria in 
every aspect of the cows environment must 
be recognized, but every effort must be made 
to avoid situations that allow a buildup of 
bacterial numbers. This is especially impor¬ 
tant in dairy herds that have been on an 
effective mastitis control program, resulting 
in a high percentage of cows with low SCCs 
in their milk, which increases their suscepti¬ 
bility to coliform mastitis. The overall level 
of sanitation and hygiene must be improved 
and maintained in these herds. 

Bedding 

Dairy cows lay down for 12 to 14 hours each 
day, and during this time their teats are in 
direct contact with a contaminated environ¬ 
ment. The key to control is to minimize the 
number of bacteria in the bedding environ¬ 
ment that are mastitis pathogens. Most coli¬ 
form infections in periparturient cows occur 
very early in the dry period or just before 
calving, so efforts to prevent infection should 
be centered on these periods. Management 
of the dry cow environment may provide the 
best opportunity for prevention of infection. 
Although no reliable recommendations are 
available, cows that are housed during part 
or all of the day or night should be bedded 
on clean and dry bedding and not over¬ 
crowded to prevent heavy fecal contamina¬ 
tion. When possible, dry and preparturient 
cows are best maintained on pasture. There 
remains an urgent need for the determina¬ 
tion of optimum space and bedding require¬ 
ments for the lounging areas of dairy cows 
kept under loose housing. Bedding should be 
kept as dry as possible. Excessively wet 
bedding should be removed from the back 
one-third of the stalls daily and replaced with 
fresh bedding. The addition of lime may 
decrease bacterial growth. Sawdust and shav¬ 
ings harbor more coliform bacteria than 
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straw and require special attention. The 
buildup of high numbers of coliform bacteria 
in the bedding of cow cubicles can be con¬ 
trolled by the daily removal of the sawdust 
from the rear of the cubicle and rebedding 
with clean sawdust, which is usually of low 
coliform count. The use of a paraformalde¬ 
hyde spray on sawdust bedding reduced the 
coliform count for 2 to 3 days, but it returned 
to its predisinfection level in 7 days. 
When outbreaks of coliform mastitis are 
encountered that are possibly associated with 
heavily contaminated sawdust or shavings, 
the bedding should be removed immediately 
and replaced with clean, fresh, dry straw. The 
use of sawdust or shavings as bedding should 
be avoided if possible. Sand is now consid¬ 
ered to be the “gold standard” and the most 
suitable alternative. 

Regular Daily Cleaning of Barns 

This is necessary to minimize contamination 
of teats. In free-stall and loose-housing dairy 
barns, every management technique avail¬ 
able must be used to ensure that cows do not 
defecate in their stalls and increase the level 
of contamination. This requires daily raking 
of the bedding in free-stall barns and adjust¬ 
ing head rails to ensure that cows do not lie 
too far forward in the stall and to ensure that 
they defecate in the alleyway. 

In dairy herds that are confined for all or 
part of the year, the level of contamination 
usually increases as herd size increases; and 
usually the ventilation is inadequate. This 
leads to excessively humid conditions, which 
promote the development of coliform bacte¬ 
ria in wet bedding. This will require increased 
attention to sanitation and hygiene. 

Milking Procedures 

Postmilking teat dipping with a disinfectant 
has little effect on reducing the incidence of 
coliform mastitis because contamination of 
the teats occurs between milkings rather 
than at milking. Thus one logical approach 
to the control of coliform mastitis is to 
reduce environmental contamination. In the 
event of gross fecal contamination of the 
udder and teats, additional time and care will 
be required at milking time. Premilking 
udder preparation can significantly influence 
milk quality. Lowest bacterial counts in milk 
are observed when the teats of cows are 
cleaned with water followed by thorough 
drying with paper towels, or when a teat dis¬ 
infectant is applied to the teats followed by 
drying with paper towels. In addition, pre¬ 
milking teat disinfection in association with 
good udder preparation reduces the rate of 
intramammary infections by environmental 
pathogens by about 51% compared with 
good udder preparation only. 

Premilking Teat Disinfection 

Many dairy producers have now incorpo¬ 
rated premilking teat disinfection into their 
mastitis control strategy, and many different 


teat dips are used. Premilking teat dips con¬ 
taining 0.25% iodine, 0.1% iodophor, 0.25% 
iodophor, and 0.55% iodophor with 1.9% 
linear dodecyl benzene sulfonic acid (LDBS A) 
have been evaluated and have provided con¬ 
sistent results. Premilking and postmilking 
teat disinfection, in association with good 
udder preparation, are significantly more 
effective in prevention of environmental 
pathogen intramammary infection than 
good udder preparation and postmilking teat 
disinfection. No chapping or irritation of 
teats was observed. However, premilking teat 
disinfection has not been shown to decrease 
the incidence of clinical mastitis. 

Postmilking Barrier Teat Dips 

Barrier test dips include latex, acrylic, and 
polymer-based products that create a physi¬ 
cal seal between the teat and the environ¬ 
ment and theoretically decrease the exposure 
of the teat end to environmental mastitis 
pathogens, decreasing the incidence of new 
coliform intramammary infections during 
lactation. The efficacy of this barrier product 
was thought to be caused by the persistency 
of the dip on teats between milkings; 
however, barrier dips were not consistently 
successful. In summary, barrier teat dips 
with germicidal agents are no more effective 
in decreasing the incidence of environm¬ 
ental mastitis than postmilking germicidal 
teat dips. 

Nutrition 

Vitamin E or selenium deficiency decreases 
neutrophil chemotaxis into the mammary 
gland and decreases the intracellular killing 
of bacteria by neutrophils. It is therefore 
important to ensure that vitamin E and sele¬ 
nium intakes are adequate; this is best 
achieved by daily ingestion of 1000 IU of 
vitamin E and 3 mg of selenium for dry cows 
and daily ingestion of 400 to 600 IU vitamin 
E and 6 mg of selenium for lactating cows. 

Vitamin C is the most important water- 
soluble antioxidant in mammals and, conse¬ 
quently, plasma vitamin C concentration 
may impact neutrophil function. 25 Daily 
ingestion of Vitamin C (30 g/day orally) had 
no effect on neutrophil phagocytosis, bacte¬ 
rial killing, or the severity of mastitis in dairy 
cattle following intramammary infusion of 
endotoxin. 25 The current data do not support 
the administration of Vitamin C in the diet 
as part of the control measures for E. coli 
mastitis. 

Prevention of Infection During 
Dry Period 

Considerable movement of coliform bacteria 
can occur from the teat apex into the teat 
sinus in cows that are not being milked, so 
cows that are ready to calve should be kept 
on grass or moved into a clean area at least 2 
weeks before calving, their udders and teats 
washed daily if necessary, and teat dipping 
with a teat disinfectant begun 10 days before 
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calving. This is particularly necessary for 
older cows and those that are known to be 
easy milkers. The teats of those cows that are 
“leakers” just before calving may have to be 
sealed with a barrier teat dip or collodion to 
minimize the chance of infection. 

Recumbent Cows 

Cows that are recumbent and unable to 
stand (e.g., the downer cow) should be well 
bedded on clean dry straw; their udders 
should be kept clean and dry, and the teats 
should be dipped with a teat disinfectant. 
Strict hygiene must be practiced when using 
teat siphons and teat creams, and strict 
asepsis should be observed when doing teat 
surgery. 

Milking Machine 

Irregular vacuum fluctuations in the milking 
machine may induce coliform mastitis in 
quarters exposed to a high level of contami¬ 
nation. The operation and sanitation of the 
milking machine, especially those parts in 
direct contact with the teats, must therefore 
be examined. 

Vaccination 

Core Lipopolysaccharide 
Antigen Vaccine 

The vaccination of cows during the dry 
period and early lactation with core lipo¬ 
polysaccharide antigen vaccine (such as the 
Re mutant Salmonella typhimurium or the Rc 
mutant E. coli 0111:B4, named the J5 
vaccine) provides one tool to reduce the inci¬ 
dence and severity of clinical coliform mas¬ 
titis. These vaccines are available in the 
United States and are based on mutated 
gram-negative bacteria with exposed core 
antigens of lipopolysaccharide. The core 
antigen (lipid A component) is uniform 
between bacterial species possessing lipo¬ 
polysaccharide and is immunogenic. On 
theoretical grounds, the Re mutant (S. 
typhimurium ) should provide better protec¬ 
tion than the Rc mutant (E. coli J5) because 
the lipid A component is more accessible to 
the immune system; however, comparative 
studies of vaccine efficacy have not been per¬ 
formed. Generally, core lipopolysaccharide 
vaccines are weakly immunogenic, and fre¬ 
quent dosing (hyperimmunization) appears 
to increase vaccine efficacy. However, the 
economic benefits of hyperimmunization 
have not been determined. 

The Re and Rc mutant vaccines are pro¬ 
tective against natural and experimental 
challenge to gram-negative bacteria, and in 
most, but not all studies, reduce the inci¬ 
dence and severity of clinical gram¬ 
negative bacterial mastitis in lactating 
dairy cows. 26-29 In a prospective cohort study 
in two commercial dairy herds, during the 
first 90 days of lactation, cows vaccinated 
with E. coli J5 vaccine were at five times 
lower risk of developing clinical coliform 
mastitis than unvaccinated cows. This is 


corroborated with the observation that cows 
with naturally occurring serum IgG ELISA 
titers higher than 1:240 against the gram¬ 
negative core antigen of E. coli J5 had 5.3 
times lower risk of developing clinical coli¬ 
form mastitis than cows with lower titers. 
Vaccination reduced the severity of clinical 
signs following intramammary experimental 
challenge with a heterologous E. coli strain. 
In cows vaccinated with the J5 bacterin at 
drying off, at 30 days after drying off and 
within 48 hours after calving, and challenged 
30 days after calving with a strain of E. coli 
known to cause mild clinical mastitis, the 
duration of intramammary infection and 
local signs of mastitis were reduced com¬ 
pared with controls. Also, the concentrations 
of bovine serum albumin in milk 24 hours 
after challenge were greater in control cows 
than in vaccinated cows. 

A partial budget analysis of vaccinating 
dairy cattle with one core lipopolysaccharide 
antigen vaccine (the Rc mutant of E. coli or 
J5 strain) indicated that herd vaccination 
programs were predicted to be profitable 
when more than 1% of cow lactations 
resulted in clinical coliform mastitis and pre¬ 
dicted to be profitable at all herd milk pro¬ 
duction levels. 

Core lipopolysaccharide antigen vaccines 
have the potential to have deleterious effects 
because of their endotoxin content. For 
instance, vaccination of late lactation and dry 
cattle with the S. typhimurium Re mutant 
transiently decreased leukocyte and blood- 
segmented neutrophil concentration, but the 
decrease is probably clinically insignificant. 
This response is typical for endotoxin admin¬ 
istration. Vaccination of lactating dairy cattle 
with the E. coli Rc mutant decreased milk 
production by 7% at the second and third 
milkings after vaccination. These two studies 
indicate that core lipopolysaccharide antigen 
vaccines should not be administered to dis¬ 
eased cattle or to healthy cattle in hot and 
humid weather because of their decrease in 
cardiovascular reserve. Moreover, to mini¬ 
mize the total bolus exposure to endotoxin, 
core lipopolysaccharide vaccines should not 
be administered at the same time as other 
gram-negative vaccines. 


TREATMENT AND CONTROL 


Treatment 

Treat mild and moderate Escherichia coli, 
Klebsiella spp., and Enterobacter aerogenes 
clinical mastitis episodes (abnormal 
secretion and abnormal gland) during 
lactation with a fi-lactamase-resistant 
intramammary formulation with activity 
against gram-negative bacteria per label 
directions (R-1). 

Treat severe E. coli, Klebsiella spp., and E. 
aerogenes clinical mastitis episodes 
(abnormal secretion, abnormal gland, and 


abnormal cow) during lactation with 
parenteral third- or fourth-generation 
cephalosporins, fluoroquinolones, 
potentiated sulfonamides, or intravenous 
oxytetracycline per label directions, in 
conjunction with intramammary treatment 
that may be extended to 5 days or 8 days 
per label directions (R-1). 

Administer intravenous small-volume 

hypertonic saline or large-volume isotonic 
crystalloid solutions to severe clinical 
mastitis episodes (R-1). 

Administer nonsteroidal antiinflammatory 
agents (ketoprofen, possibly flunixin 
meglumine) to cattle with systemic signs of 
illness (R-2). 

Treat subclinical intramammary infections 
during lactation with an intramammary 
formulation (R-3). 

Control 

Implement 10-point mastitis control plan, with 
particular emphasis on ensuring cows are 
housed in a clean dry environment and 
that clean dry teats are milked (R-1). 

Ensure cows remain standing for at least 30 
minutes after milking (R-1). 

Ensure adequate vitamin E and selenium 
intake in periparturient dairy cattle (R-1). 

Consider implementing premilking teat 
disinfection (probably with 0.1 %-0.5% 
iodophor formulation) (R-2). 

Administer core-lipopolysaccharide antigen 
vaccine (Re mutant Salmonella typhimurium 
or Rc mutant E. coli 0111 :B4) at least every 
6 months in herds with a high incidence of 
coliform mastitis (R-2). 


FURTHER READING 

Hogan f, Smith KL. Managing environmental mastitis. 
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2012;28:217-224. 

Schukken Y, Chuff M, Moroni P, et al. The “other” 
Gram-negative bacteria in mastitis. Vet Clin North 
Am Food Anim Pract. 2012;28:239-256. 

Suojala L, Kaartinen L, Pyorala S. Treatment for bovine 
Escherichia coli mastitis—an evidenced-based 
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ENVIRONMENTAL 

STREPTOCOCCI 


SYNOPSIS 


Etiology Streptococcus uberis, S. dysgalactiae, 
other Streptococcus spp. are most common; 
occasionally Enterococcus spp. 

Epidemiology Common cause of subclinical 
and clinical mastitis in herds and countries 
that have controlled contagious mastitis. 
Responsible for approximately one-third of 
all cases of clinical mastitis in herds without 
contagious pathogens. Rate of infection 
high during first 2 weeks following drying 
off and 2 weeks before calving. Duration 
of infection usually short (<8 days). 
Prevalence of infection at calving: 11 % of 
cows and 3% of quarters. Bedding 
materials (high in straw bedding) most 
important source of environmental 
streptococci; bacteria can be isolated from 
many different feedstuffs and several 
locations on cow (teats, rumen, feces, 
saliva, lips, and nares). Bacterial numbers 
low in sand, which is bedding of choice 

Clinical findings Abnormal secretion, 

abnormal gland, usually no systemic signs. 
Recovery in two to three milkings with 
intramammary treatment 

Clinical pathology Culture of milk 

Necropsy findings Not applicable 

Diagnostic confirmation Culture bacteria 
from milk and milk somatic cell count 

Differential diagnosis Cannot differentiate 
from other causes of subacute and acute 
mastitis without culture of milk 

Treatment Antimicrobial intramammary 
infusions increase bacteriologic cure rate 
and decrease percentage of relapses. 
Intramammary antibiotics should be 
routinely administered to all clinical cases 
of mastitis caused by environmental 
streptococci. 

Control Decrease exposure of teat end to 
pathogens by attention to environment, dry 
bedding, sand for bedding, premilking 
hygiene, and premilking germicide teat 
dipping. Dry cow therapy with penicillin G, 
cloxacillin, erythromycin, and first- 
generation (cephapirin) or third-generation 
(ceftiofur) cephalosporins. Application of an 
internal teat sealant of bismuth subnitrate 
at dry off may decrease new infection rate 
in dry period. 
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ETIOLOGY 

S. uberis and S. dysgalactiae and the entero¬ 
cocci are the most commonly isolated envi¬ 
ronmental streptococci from intramammary 
infections. Other uncommon environmental 
streptococci involved in bovine mastitis 
include S. equi var. zooepidemicus, S, viri- 
dans, S. equinus (S. bovis). Streptococcus spp. 
group G, S. pyogenes, and S. pneumoniae. 
Both S. uberis and S. dysgalactiae are wide¬ 
spread in the animal’s environment and on 
the skin of the teats. Enterococcus spp. are 
also a common cause of environmental 
intramammary infections. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

In countries in which the prevalence of intra¬ 
mammary infections caused by the conta¬ 
gious pathogens S. agalactiae and S. aureus 
has been reduced or eradicated, the propor¬ 
tion of intramammary infections associated 
with environmental streptococci has 
increased markedly; in some areas these 
organisms are the leading or second leading 
cause of both subclinical and clinical mastitis 
in dairy cattle. S. uberis is now a common 
cause of intramammary infection occurring 
during the dry period, with most clinical 
cases occurring during the first part of lacta¬ 
tion. Many infections acquired during the 
dry period persist to lactation and contribute 
to the incidence of clinical mastitis in early 
lactation. S. uberis has become the most 
commonly isolated pathogen from clinical 
mastitis episodes in grazing dairy cattle in 
Australia and is present in 33% of submitted 
samples in southeast Australia. 1 

The rate of new infection caused by envi¬ 
ronmental streptococci is elevated during the 
first 2 weeks following drying off and the 2 
weeks before calving; the rate of new infec¬ 
tions is greater during the first month of lac¬ 
tation than during the remainder of the 
lactation. Approximately 50% of new infec¬ 
tions occur during the dry period and 50% 
in the early part of lactation. The rate of new 
infections during the dry period is about five 
times greater than during lactation. Based on 
data from surveys of milk samples over a 
10-year period, the point prevalence of infec¬ 
tion of environmental streptococci was 4% of 
quarters and 12% of cows. The percentage in 
heifers at calving is similar to that in cows. 
The prevalence of environmental strepto¬ 
cocci isolation at drying off and calving was 
2.5% and 3.0%. Environmental streptococcal 
intramammary infections are usually short¬ 
lived (<28 days), with only a small percent¬ 
age becoming chronic. 

The most important change in the epi¬ 
demiology of bovine mastitis over the 
past decade has been the rise in the impor¬ 
tance of environmental pathogens, mainly 
causing clinical mastitis, relative to conta¬ 
gious pathogens. Remarkable increases 
in both the coliforms and environmental 


streptococci as causes of clinical mastitis 
have occurred. The percentage of clinical 
cases of mastitis from which environmental 
streptococci can be isolated ranges from 
14% in Ontario to 26% in the UK. When 
expressed as a percentage of clinical cases 
from which a major pathogen was isolated, 
environmental streptococci are isolated in 
37% to 45% of cases. 

Source of Infection 

The environmental streptococci, especially S. 
uberis, have been isolated from bedding 
materials and the lips and tonsils of cows, 
with the abdominal skin of cows often har¬ 
boring the largest population. Some cows are 
permanently colonized with S. uberis and 
may pass large numbers of the bacteria in the 
feces. Fecal shedding is thought to play an 
important role in the maintenance of S. 
uberis populations on dairy farms, and is the 
likely source of large numbers of the organ¬ 
ism in straw bedding on farms in which 
this form of mastitis persists. The numbers 
of environmental streptococci in organic 
bedding materials vary with the type of 
bedding. Large numbers of S. uberis are 
found in straw bedding and much lower 
numbers in sawdust and wood shavings. The 
numbers of streptococci recovered from the 
teats of cows bedded on sawdust are lower 
than those bedded on straw. Long straw used 
in calving box stalls or as bedding in loose 
housing can be a source of considerable 
exposure to environmental streptococci. 

S. dysgalactiae can also be found in the 
environment of dairy cattle and has been 
isolated from the tonsils, mouth, vagina, 
and the mammary glands. It has character¬ 
istics of both a contagious and an environ¬ 
mental pathogen, and some categorization 
schemes place it in the contagious category, 
although it is primarily an environmental 
pathogen. S. dysgalactiae is also associated 
with summer mastitis, which affects dry 
cows and heifers during the summer 
months. It has been isolated from the 
common cattle fly Hydrotoea irritans, which 
may be involved in the establishment and 
maintenance of bacterial contamination of 
teats. S. dysgalactiae may colonize the teat 
before infection with T. pyogenes and 
anaerobic bacteria such as P. indolicus and 
F. necrophorum. 

Risk Factors 

Environmental Risk Factors 

The major risk factor for environmental 
streptococci infection is exposure of the teat 
end to mastitis pathogens in the environ¬ 
ment. Transmission is predominantly from 
the environment. Exposure of uninfected 
teats to environmental streptococci can 
occur during the milking process, between 
milkings, during the dry period, and before 
parturition in first-lactation heifers. The rate 
of new infections is greatest during the 
summer months in North America. 
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Housing and management practices on 
dairy farms may contribute to contamina¬ 
tion of bedding materials and exposure of 
teats to environmental streptococci. Housing 
facilities that predispose to the accumulation 
of feces on cows will increase the rate of 
exposure of the teat end to the pathogens. 
Straw bedding appears to increase the risk of 
S. uberis mastitis, and an increase in S. uberis 
mastitis cases occurs when cows are housed 
in deep straw pack. 

Pastured cattle are generally at reduced 
risk for environmental streptococcal mastitis 
compared with cows in confinement housing. 
However, certain pasture conditions, such as 
areas under shade trees, poorly drained 
ground surfaces, ponds and muddy areas, 
may result in a high rate of exposure to the 
pathogens, particularly to S. uberis. The 
environmental streptococci are the most 
significant environmental pathogen in New 
Zealand dairy herds in which cows spend 
almost 100% of their time on pasture. 

S. dysgalactiae is commonly isolated from 
heifers and cows in the dry period and is one 
of the most prevalent pathogens isolated 
from cases of summer mastitis. The spread of 
S. dysgalactiae between cows within dairy 
herds may occur directly or by way of the 
milking machine or environment. 

Animal Risk Factors 

S. uberis is the most common cause of clini¬ 
cal mastitis at calving in cattle in pasture- 
based dairy systems. 2 The risk of new 
infections is influenced by the stage of lacta¬ 
tion and parity of the cow. The rate of new 
infection is highest during the 2 weeks fol¬ 
lowing drying off and the 2 weeks before 
calving. The high rates of new infection fol¬ 
lowing drying off may be associated with the 
lack of flushing action of milking, changes in 
the composition of the mammary secretion, 
which may enhance the growth of the patho¬ 
gens, and the lack of a keratin plug in the 
streak canal. The primary defense mecha¬ 
nisms for S. uberis are the length of the teat 
canal and the amount of keratin in the lining. 
Antimicrobial dry cow therapy reduces the 
infection rate in the early part of the dry 
period but has little or no effect on prevent¬ 
ing infection with S. uberis at the end of the 
dry period. The increase in susceptibility to 
infection just before parturition may be asso¬ 
ciated with the lack of milking when the 
gland is accumulating fluid, loss of keratin 
plugs from streak canals, or immunosup¬ 
pression of the periparturient period. The 
rate of infection is also higher in older cows 
than for either heifers or cows in second lac¬ 
tation, and highest during the summer 
months for both cows in lactation and cows 
in the dry period. This is in contrast to 
contagious pathogens, in which exposure 
occurs primarily during the milking process. 
A small percentage of animals have 
highly resistant phenotypes for S. uberis 
infection. 2 


Pathogen Risk Factors 

S. uberis is ubiquitous in the cows environ¬ 
ment with multiple environmental habitats. 
Consequently, the mammary gland is 
exposed continuously to the pathogen during 
lactation and the dry period, and infections 
are associated with a large variety of strains, 
some of which are not capable of inducing 
clinical mastitis or prolonged infections 
of subclinical mastitis. 3 Several virulence 
factors of S. uberis have been identified that 
are important in the pathogenesis of envi¬ 
ronmental mastitis. Antiphagocytic factors 
allow S. uberis to infect and multiply in the 
gland and to adhere to and invade the 
mammary tissue. Bovine mammary macro¬ 
phages are capable of phagocytosis of the 
organism, but certain strains of S. uberis are 
capable of resisting phagocytosis by neutro¬ 
phils because of their hyaluronic acid 
capsule. The ability of S. uberis to invade the 
bovine mammary epithelial cells could result 
in chronic infection and protection from 
host defense mechanisms and the action of 
most antimicrobial agents, which may 
explain the intractable response to therapy 
in some cases. However, most apparently 
“intractable” infections are caused by 
an inappropriately short duration of 
treatment. 

S. dysgalactiae behaves like both a conta¬ 
gious and an environmental pathogen 4 and 
can invade bovine mammary epithelial cells, 
which may explain the persistence of infec¬ 
tion. Different biotypes of S. dysgalactiae 
have been identified, and strains can possess 
several antiphagocytic factors, including 
M-like protein, a-2-macroglobulin, capsule 
and fibronectin binding, and virulence 
factors, including hyaluronidase and 
fibrinolysin. 

An existing intramammary infection 
caused by C. bovis is a risk factor for envi¬ 
ronmental streptococcal infection through 
an unidentified mechanism. 

Economic Importance 

The major economic losses associated with 
environmental streptococcal mastitis are 
caused by clinical mastitis resulting in lost 
production, milk withholding, premature 
culling, increased labor, and costs of therapy 
and veterinary services. Eighty-eight percent 
of the loss associated with clinical mastitis is 
attributed to loss of milk production and 
milk withholding. Pluriparous cows lost 2.6 
times as much as first-calf heifers, and cows 
less than 150 days in milk lost 1.4 times more 
than cows more than 150 days in milk. Intra¬ 
mammary infection with S. uberis at calving 
in heifers resulted in a decreased lactational 
milk yield, even with subclinical infections, 
which means that S. uberis infections at 
calving should be routinely treated. ' 

PATHOGENESIS 

The current consensus is that environmental 
streptococci (with the possible exception 


of S. dysgalactiae ) are not contagious 
pathogens. 4 

In experimental infection of dairy cows 
with S. uberis there is acute inflammation, 
resulting in the accumulation of large 
numbers of neutrophils in the secretory acini 
in 24 hours. Adherence to mammary epithe¬ 
lial cells followed by internalization appears 
to be important in the establishment of 
infection. 6,7 Infection also leads to the 
recruitment of activated T cells that are able 
to kill S. uberis and appear to play an impor¬ 
tant role in an effective immune response. 8 
After 6 days of infection, the neutrophil 
response is still evident, but there is cellular 
infiltration, septal edema, extensive vacuola- 
tion of secretory cells, focal necrosis of 
alveoli, small outgrowths of the secretory 
and ductular epithelium, and widespread 
hypertrophy of the ductular epithelium. The 
organism is present free or phagocytosed, in 
macrophages in the alveolar lumina, adher¬ 
ent to damaged secretory or ductular epithe¬ 
lium, in the subepithelium and septal tissue, 
and in lymphatic vessels and lymph nodes. 
The macrophage and activated T cells are 
important as the primary phagocytic cells, 7 ' 8 
but the marked neutrophil response may be 
ineffective as a defense mechanism. It is 
hypothesized that the marked neutrophil 
response following infection with S. uberis, 
rather than the organism, may be responsible 
for most of the effects of the mastitis. At least 
11 virulence-associated genes have been 
identified in S. uberis, but it is not clear 
which are of major importance. 9 

CLINICAL FINDINGS 

Approximately 50% of environmental strep¬ 
tococcal intramammary infections cause 
clinical mastitis during lactation. Clinical 
abnormalities occur in 42% to 68% of these 
infections in the same herd in different years. 
The clinical findings are usually limited to 
abnormal secretion or abnormal gland. In 
about 43% of cases the findings are limited 
to abnormal milk, 49% involve abnormal 
secretion and an enlarged (abnormal) gland, 
and in only 8% of cases do systemic signs 
include a fever and anorexia (abnormal cow). 
Clinical recovery commonly occurs in 24 to 
48 hours. Natural infections with S. uberis 
appear to be more severe than natural infec¬ 
tions with S. dysgalactiae, based on higher 
milk SCC for S. uberis mastitis episodes 
during the 4-month period after treatment. 4 

CLINICAL PATHOLOGY 

The laboratory diagnostic tests for these 
pathogens are the same as for S. agalactiae. 
All the environmental streptococci except S. 
dysgalactiae hydrolyze esculin on blood agar. 
Species can be differentiated with reasonable 
success using a variety of biochemical tests, 
such as the API20 Strep and serologic group¬ 
ing using specific antisera of Lancefield 
groups; however, this approach is laborious, 
time-consuming, and does not accurately 





differentiate every streptococcal mastitis 
pathogen. Biophysical analytical techniques 
have recently been applied with success to 
accurately differentiate streptococcal masti¬ 
tis pathogens, including MALDI-TOF MS, 
which is mainly based on ribosomal pro¬ 
teins, and Fourier transform infrared spec¬ 
troscopy, which covers the entire biochemical 
composition of a bacterial cell. 10 


DIFFERENTIAL DIAGNOSIS 


Streptococcus uberis mastitis in dry cows may 
be sufficiently severe to resemble mastitis 
associated with Trueperella pyogenes. 
Diagnosis depends on cultural examination of 
the milk. 


TREATMENT 
Antimicrobial Agents 

The in vitro susceptibility of environmental 
streptococci to antimicrobial agents is high. 
Most isolates of S. uberis and S. dysgalactiae 
are susceptible to penicillin, novobiocin, 
amoxicillin, and cephapirin. A high percent¬ 
age (96%) are also susceptible to tetracycline, 
but susceptibility to aminoglycosides is 
much lower. Most cases of clinical mastitis 
associated with S. uberis and S. dysgalactiae 
respond well to intramammary infusions of 
penicillin, cephalosporins, cloxacillin, eryth¬ 
romycin, and tetracyclines. Spontaneous 
cures can also occur. Clinical cases in lactat- 
ing cows should be treated by at least two 
intramammary infusions 12 hours apart; this 
may produce a clinical cure but fail to 
produce a bacteriologic cure. Subclinical 
infections in late lactation may be left until 
the dry period. For clinical cases in the first 
100 days of lactation there is substantial eco¬ 
nomic benefit from intramammary treat¬ 
ment. Some cases associated with strains of 
S. uberis appear intractable to treatment; 
extended treatment is necessary in these 
animals. Failure of treatment may be caused 
by epithelial cell invasion and movement of 
the bacteria into subepithelial layers, possi¬ 
bly reducing the effectiveness of the antimi¬ 
crobial. Apparently recurrent episodes of 
clinical mastitis caused by S. uberis despite 
adequate treatment are more likely from a 
subsequent infection with a new strain, 
rather than ineffective treatment. 1 Parenteral 
treatment is rarely needed to treat cattle with 
confirmed S. uberis clinical mastitis. 

Extended therapy (for 5 days or 8 days) 
with intramammary ceftiofur (125 mg), 
pirlimycin (50 mg), or penethamate hydrio- 
dide, dihydrostreptomycin sulfate, and fra- 
mycetin sulfate, every 24 hours, increases the 
bacteriologic cure rate for cattle with experi¬ 
mentally induced S. uberis mastitis. In a 
study of 1148 cases of subclinical environ¬ 
mental streptococci mastitis in New York, 
commercially available intramammary infu¬ 
sions were more effective than untreated 
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controls (66% bacteriologic cure), with 
the following bacteriologic cure rates: 
amoxicillin (90%), penicillin (82%), and 
cloxacillin (79%). 

Treatment using oxytocin and frequent 
stripping of the affected glands without 
intramammary antibiotic administration is 
not recommended because cure rates are 
much lower. Moreover, not administering 
antimicrobial agents results in a higher 
relapse rate. Many of the relapses were asso¬ 
ciated with the environmental streptococci; 
therefore intramammary antimicrobial 
treatment should be routinely performed. 
In particular, because clinical mastitis with 
an abnormal gland or abnormal cow induces 
some pain and discomfort in the cow, with¬ 
holding an effective treatment (intramam¬ 
mary antimicrobials) cannot be condoned 
on animal welfare grounds. 

Meloxicam (250 mg subcutaneously 
once) was administered to dairy cows in 
New Zealand with mild clinical mastitis 
receiving three daily intramuscular injec¬ 
tions of penethamate hydriodide (5 g). In 
this population, S. uberis was the most 
common isolate, and the addition of meloxi¬ 
cam to the treatment protocol decreased the 
posttreatment SCC and decreased culling 
from the herd from 28% to 16%. u 

CONTROL 

The control of mastitis caused by environ¬ 
mental streptococci is achieved by decreas¬ 
ing the exposure of pathogens to the teat 
end and by increasing the resistance to intra¬ 
mammary infections. A specific control rec¬ 
ommendation for environmental streptococci 
mastitis is not to bed on straw, but this may 
not be a practical or economic recommenda¬ 
tion for some producers. If straw bedding is 
used, a reduction in the teat-end exposure to 
S. uberis can result from frequent (daily) 
replacement of bedding. The key factor pro¬ 
moting environmental streptococci mastitis 
is bedding on wet or damp straw. 

Reducing the exposure of the teat end 
to manure and dirt depends on mainte¬ 
nance of a clean and dry environment. 
The alleys and holding pens should be fre¬ 
quently scraped, and places in which cows 
lie down should be dry. Special attention 
must be directed to the dry cow and 
close-up heifer housing, the calving area, 
lactating cow housing, and the milking 
parlor and milking hygiene. Organic 
bedding materials such as straw that 
support large numbers of environmental 
pathogens when wet should be kept dry. 
Sand is the ideal bedding material because 
it has the lowest number of coliform and 
environmental pathogens. Milking time 
hygiene should emphasize milking of clean, 
dry teats and udder, with a properly func¬ 
tioning milking machine. Predipping with a 
teat dip germicide may reduce environmen¬ 
tal mastitis by as much as 50%, but this 
reduction does not occur in all herds. 


Dry cow therapy to prevent new infec¬ 
tions has not been as successful for the 
control of all causes of environmental masti¬ 
tis as it has been for contagious mastitis. 
However, dry cow therapy is more effective 
against the environmental streptococci than 
against coliform bacteria. Application of an 
internal teat sealant of bismuth subnitrate at 
dry off is effective in preventing infections 
associated with S. uberis during the dry 
period. Combined administration of a dry 
cow intramammary formulation and an 
internal teat sealant has become routine in 
Australia as a fundamental plank in dairy 
herds with endemic S. uberis mastitis. 12 

A long-acting intramammary infusion 
dry cow therapy containing 250 mg of ceph- 
alonium administered after the last milking 
of lactation reduced the incidence of new 
infections caused by S. uberis from 12.3% to 
1.2%. Clinical infections during the dry 
period were most prevalent in quarters iden¬ 
tified as having open teat canals. Fewer open 
teat canals were observed among treated 
quarters over the first 4 weeks of the dry 
period. It is proposed that the teat canal of 
treated quarters closed earlier than those of 
untreated quarters. Most of the new infec¬ 
tions in the untreated controls occurred 
within the first 21 days of the dry period. 
Normally, the teat canal is dilated for up to 7 
days after drying off, with a keratin plug then 
forming over the following 14 to 21 days. It 
is suggested that once a physical keratin seal 
has formed in the teat canal after drying off, 
an uninfected quarter has a very low risk of 
infection over the remainder of the dry 
period. Treated quarters had a lower inci¬ 
dence of new clinical infections during the 
next lactation and lower SCCs. 

Vaccination 

Experimentally, multiple intramammary 
vaccinations with whole killed S. uberis cells 
resulted in complete protection against 
experimental infection in cattle. Bacteria 
could not be isolated from the quarters after 
challenge, and protection occurred in the 
absence of a marked neutrophil response. 
Preparations containing plasminogen activa¬ 
tor or recombinant S. uberis adhesion mol¬ 
ecule may form the basis of a vaccine against 
S. uberis. 13 

Vaccines are presently commercially 
unavailable, and vaccination is not cur¬ 
rently recommended as part of the control 
program for mastitis caused by environ¬ 
mental streptococci. 


TREATMENT AND CONTROL 


Treatment 

Treat clinical mastitis episodes during lactation 
with an intramammary formulation that is 
effective against gram-positive bacteria per 
label directions; consider extended 
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intramammary therapy in chronic cases 
(R-1). 

Treat subclinical 5. uberis intramammary 
infections at calving with an intramammary 
formulation that is effective against 
gram-positive bacteria per label directions 
(R-1). 

Administer nonsteroidal antiinflammatory 
agents (meloxicam) to cattle with clinical 
mastitis that is predominantly caused by 
environmental streptococci (R-2). 

Control 

Implement 10-point mastitis control plan, 
with particular emphasis on ensuring 
cows are housed in a clean dry 
environment and that clean dry teats are 
milked (R-1). 

Ensure cows remain standing for at least 30 
minutes after milking (R-1). 

Administer a long-acting intramammary 
formulation with activity against gram¬ 
positive bacteria at dry off to all cows, 
followed by infusion of an intramammary 
teat sealant (R-1). 
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TRUEPERELLA PYOGENES 
ETIOLOGY 

T. pyogenes (formerly Arcanobacterium pyo¬ 
genes, Actinomyces pyogenes, and Corynebac- 
terium pyogenes ) causes two forms of severe 
clinical mastitis: sporadic cases of suppura¬ 
tive mastitis, mostly in housed cattle, referred 
to as pyogenes mastitis, and a clinically 
similar disease that occurs in outbreaks in 
cattle during the summer months in Europe 
and Scandinavia and is referred to as summer 
mastitis. Successful transmission of infec¬ 
tion has been performed, but the bacteria is 
rarely present in pure culture in the naturally 
occurring disease and is not the specific 
cause of summer mastitis. When the organ¬ 
ism is applied to the teat skin at the end of 
the teat, infection of the quarter does not 
occur unless the teat end is injured, which is 
when anaerobic bacteria are also involved in 
the infection. 


SYNOPSIS 


Etiology Trueperella pyogenes, formerly 
known as Arcanobacterium pyogenes, 
Actinomyces pyogenes, or Corynebacterium 
pyogenes 

Epidemiology Important cause of sporadic 
suppurative mastitis, most common in dry 
cows or pregnant heifers. Outbreaks occur 
in Europe in summer (called summer 
mastitis) associated with seasonally active 
biting flies, such as Hydrotoea irritans. 

Other bacteria ( Streptococcus dysgalactiae 
and Peptostreptococcus indolicus) may be 
required to initiate clinical mastitis. 

Clinical findings Gland is severely swollen 
and hard, usually only one quarter affected. 
Secretion from infected quarters is initially 
watery with clots and later purulent. 

Initially severe systemic signs including 
fever, inappetence, tachycardia, depression, 
and mortality rate up to 50%. In cattle 
surviving the initial infection, the affected 
quarter becomes abscessed, with drainage 
of purulent material at the base of the 
teat. 

Clinical pathology Culture of milk 

Necropsy findings Abscesses in one gland 
and severe systemic reaction are strong 
presumptive necropsy findings of T. 
pyogenes mastitis. 

Differential diagnosis Cannot definitively 
differentiate from other causes of acute 
mastitis without culture of milk; however, 
the presence of abscesses in mastitis is 
strongly suggestive of T. pyogenes. 

Treatment Responds poorly to treatment with 
parenteral procaine penicillin G or 
oxytetracycline and intramammary 
penicillin. Affected quarter is almost always 
lost for milk production. 

Control Intramammary infusion with dry cow 
preparation every 3 weeks during the dry 
period. Control fly populations. Isolate 
cows with draining abscesses. 


In summer mastitis the purulent material 
in the quarter usually contains T. pyogenes as 
a primary pathogen, but the severity of the 
disease is determined by the presence of 
anaerobes such as P. indolicus; S. dysgalactiae; 
F. necrophorum; P. melaninogenica; Fusobac- 
terium spp.; a microaerophilic, gram-positive 
coccus (Stuart-Schwan coccus); and other 
Bacteroidaceae and Micrococcus spp. are also 
found. These bacterial species are found on 
the teats and conjunctiva and in the oral 
cavity of healthy cattle. F. necrophorum was 
recovered almost exclusively from the oral 
cavity, P. indolicus and T. pyogenes most fre¬ 
quently from teat skin, and isolates oiP. mela¬ 
ninogenica subsp. levii were evenly distributed 
between conjunctiva and teat tip samples. 
There is also a distinct seasonal pattern of the 
isolation of the pathogens, which corre¬ 
sponds closely to the seasonal activity of the 
flyH. irritans. 


It has also been proposed that S. dysgalac¬ 
tiae is the primary cause, and the others sec¬ 
ondary invaders, but all these bacteria are 
capable of causing suppurative mastitis when 
infused into the udder. T. pyogenes alone 
establishes itself readily in mammary tissue 
after experimental introduction but causes 
only a subclinical disease, but inclusion of 
summer mastitis exudate provokes the clas¬ 
sical syndrome of summer mastitis. Experi¬ 
mental infections with T. pyogenes and P. 
indolicus cause a much more serious disease, 
and are less responsive to treatment if the 
infection is introduced into a dry quarter 
instead of into a lactating one. The bacterial 
flora in cases of summer mastitis is quite 
variable. In some years in the UK, many 
cases are apparently caused by pure infec¬ 
tions of M. haemolytica. In pyogenes masti¬ 
tis, T. pyogenes is often found in pure culture, 
but the other bacteria listed in summer mas¬ 
titis are also common accompaniments. A. 
ulcerans is an uncommon cause of a subacute 
mastitis. 

EPIDEMIOLOGY 
Occurrence and Prevalence 
of Infection 

Bovine mastitis associated with T. pyogenes 
occurs sporadically and is most common in 
dry cows or pregnant heifers, although lac¬ 
tating cows may also be affected. A high 
prevalence is also recorded in heifer calves as 
young as 2 months. In the UK, Japan, north¬ 
ern Europe, Florida, and infrequently in a 
group of countries scattered all over the 
world, there is a much higher incidence of 
suppurative “summer mastitis” during the 
summer months when nonlactating females 
are left at pasture and not kept under close 
observation. In the UK 20% to 60% of farms 
are affected, the same herds are affected each 
year, and about 40% of farms never experi¬ 
ence the disease. 

Source of Infection and Mode 
of Transmission 

The portal of infection is unknown, although 
it is presumed to be via the streak canal. The 
method of spread is uncertain in sporadic 
cases but insects, especially biting ones such 
as H. irritans, appear to play an important 
role in outbreaks of summer mastitis in 
northern Europe. The prevalence of the 
disease is related to the peaks of the fly popu¬ 
lations and the prevailing climate, especially 
the wind force and direction. 

Risk Factors 

The incidence is much higher in wet summers 
and on heavily wooded and low-lying farms 
when the fly population is high. Dairy breeds 
are the predominant target, mostly at the end 
of gestation or in the first few days of the 
lactation. Heavy fly populations are a 
common accompaniment of an outbreak. It 
has been suggested that some triggering 
mechanism is needed before contamination 
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of the teat and invasion and infection of the 
gland can occur. The infection rate of T. pyo¬ 
genes in udders is much less in housed cattle 
than in the same cattle at pasture. In Austra¬ 
lia the disease occurs mostly in lactating 
cows and usually after injury or the develop¬ 
ment of black spot on the teat. Outbreaks are 
also recorded in association with outbreaks 
of foot-and-mouth disease and herpes mam- 
millitis virus damage to the teats. 

Economic Importance 

Summer mastitis is a serious disease because 
the mortality rate without adequate treat¬ 
ment is probably about 50%, and the affected 
quarters of surviving cows are always totally 
destroyed. In pyogenes mastitis the mortality 
rate is much less, but the loss of the quarter 
means that the cow is culled. 

PATHOGENESIS 

It is suggested that the infection is carried 
from udder to udder by flies and that massive 
invasion of the mammary tissue occurs via 
the teat canal that is damaged. The greater 
part of the gland is affected at the first attack, 
causing a severe systemic reaction and loss 
of function of the entire quarter. The disease 
has been reproduced by inoculation of the 
mammary gland of pregnant heifers with T. 
pyogenes, F. necrophorum, and P. indolicus. 
All animals developed moderate to severe 
clinical mastitis: 4 out of 10 animals recov¬ 
ered completely and had a normal lactation 
after calving. In 6 of 10 animals, the course 
of the disease was severe and affected quar¬ 
ters failed to produce milk after calving. 

CLINICAL FINDINGS 

Mastitis associated with T. pyogenes is usually 
peracute with a severe systemic reaction, 
including fever (40°C-41°C; 105°F-106°F), 
rapid heart rate, complete anorexia, and 
severe depression and weakness. Abortion 
may occur during this stage. In almost all 
cases only one quarter is affected, most com¬ 
monly a front one. The teat is swollen and 
inflamed and the quarter is very hard, 
swollen, and sore; the secretion is watery 
with clots early and later purulent, with a 
typical putrid odor. The SCC from the secre¬ 
tion of affected cows is extremely high, and 
the secretion resembles a purulent process 
more than milk. 1 Affected cows usually carry 
a large fly population. If the cow survives the 
severe toxemia, the quarter becomes 
extremely indurated and abscesses develop, 
later rupturing through the floor of the 
udder, commonly at the base of the teat. 
These may be presented as chronic cases, but 
they are usually residual after an acute 
episode. True gangrene, such as occurs in 
staphylococcal mastitis, rarely if ever occurs 
in uncomplicated infections with T. pyo¬ 
genes, but quarters may be so severely 
affected that sloughing occurs. Lameness in 
the hindlimb on the affected side occurs in 
some cases, and the limb joints may be 


swollen. The function of the quarter is per¬ 
manently lost, and cows that have calved 
recently may go completely dry. Severe the¬ 
litis with extreme thickening and obstruc¬ 
tion of the teat is a common sequel. Partial 
or complete obstruction of the teat and 
damage to the teat cistern can also occur 
independently of an acute attack of mastitis. 
Fetal growth retardation is thought to be a 
feature of calves born to cows affected by 
summer mastitis during pregnancy. 

CLINICAL PATHOLOGY 

Isolation of the bacteria is required. Freezing 
of milk samples reduces the number of 
samples giving a positive cultural result. 
MALDI-TOF MS provides a promising tool 
for the rapid identification of T. pyogenes. 2 

NECROPSY FINDINGS 

Details of the pathology of the disease are not 
available. 


DIFFERENTIAL DIAGNOSIS 


The seasonal incidence of the disease in some 
areas, the acute inflammation of the quarter, 
the suppurative nature of the mastitis, the 
development of abscesses, and the severe 
systemic reaction make this form of mastitis 
one of the easiest to diagnose clinically in 
cattle. 


TREATMENT 

Summer mastitis normally responds 
extremely poorly to treatment, and the 
affected quarter is almost always lost for milk 
production. Failure of therapy is caused by 
the extensive purulent processes in the udder 
and not to antimicrobial resistance. Bacterial 
isolates from cases of summer mastitis are 
susceptible to penicillin G and other (3-lactam 
antimicrobials. However, penicillin G has 
limited distribution throughout the inflamed 
udder. Given parenterally to experimental 
cases of summer mastitis, it was effective in 
about 40% of cases if treatment was initiated 
within 32 hours after inoculation. In per¬ 
acute cases parenteral treatment with sodium 
sulfadimidine or one of the tetracyclines 
is preferable and should be accompanied 
by repeated stripping of the quarter. 
Broad-spectrum antimicrobial agents are 
usually given by intramammary infusion, 
but the quarter is almost always rendered 
functionless. 

Affected quarters can also be treated by 
permanently drying the quarter off. The best 
method for permanently drying off a quarter 
is infusion of 120 mL of 5% povidone iodine 
solution (0.5% iodine) after complete milk 
out and administration of flunixin meglu¬ 
mine (1 mg/kg BW, intravenously). This 
causes permanent cessation of lactation in 
the quarter but does not alter total milk pro¬ 
duction by the cow. 


Clearing of proteinaceous debris from 
the affected quarter may be aided by the 
intramammary application of proteolytic 
enzymes, but the outcome as far as the 
quarter is concerned is unlikely to be much 
altered and amputation of the teat to facili¬ 
tate drainage is a common treatment. Even 
with intensive therapy, at least 80% of 
quarters are rendered useless and many of 
those that respond are greatly reduced in 
productivity. 

CONTROL 

The question of control of this form of mas¬ 
titis centers largely on summer mastitis. 
Many prophylactic measures, including infu¬ 
sion of the quarter when the cow is dried off, 
sealing the teat ends with collodion, and vac¬ 
cination with toxoid, have been tried but 
with inconclusive results. The most favored 
technique is intramammary infusion with a 
dry cow preparation (e.g., cloxacillin 500 mg 
and ampicillin 250 mg in a long-acting base) 
at 3-week intervals during the dry period. 
Less frequent administration offers less pro¬ 
tection. An alternative intramammary infu¬ 
sion procedure is to use cephalonium at 
4-weekly intervals. 

Repeated spraying of the udder, for 
example automatically at watering points, 
with a contact insecticide is commonly per¬ 
formed during the fly season and is thought 
to be effective. An alternative to spraying is 
the use of insecticide-impregnated ear tags, 
or pour-ons. Careful daily examination of 
dry cows during the summer may enable 
affected quarters to be identified, the cows to 
be isolated, and the quarters treated at an 
early stage, limiting the spread of infection. 
In particular, cows with purulent material 
draining from an affected quarter need to be 
isolated from other cattle. Early treatment of 
teat lesions to limit bacterial colonization by 
bacteria, possibly transported by flies, is rec¬ 
ommended. The known susceptibility of par¬ 
ticular farms, and particular paddocks on 
those farms, demands proper care in plan¬ 
ning the pasturing of dry cows during the 
danger period. 


TREATMENT AND CONTROL 


Treatment 

Treat clinical mastitis episodes immediately 
with intravenous oxytetracycline 
(R-1). 

Permanently dry off affected quarters if cow is 
to remain in the herd (R-2). 

Control 

Isolate cow from the rest of the herd if 
spontaneous purulent discharge from 
udder is present (R-1). 

Fly control during summer months for 
pastured cattle (R-1). 
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Mastitis of Cattle 
Associated With Less 
Common Pathogens 

PSEUDOMONAS AERUGINOSA 

Mastitis in cattle and sheep associated with 
P. aeruginosa is rare and occurs usually as 
sporadic cases after intramammary infusion 
with contaminated material. 

ETIOLOGY 

P. aeruginosa is the most common cause, 
although other Pseudomonas spp. can cause 
disease. P. aeruginosa produces a number of 
extracellular toxins; hemolysin is cytotoxic 
for most cells and is considered the most 
potent toxin produced, lecithinase (phos¬ 
pholipase) can destroy cell membranes, and 
protease degrades proteins. In 25 P. aerugi¬ 
nosa isolates from the milk of cattle 
with mastitis in Egypt, 80% carried the 
hemolysin virulence factor, whereas 72% 
were lecithinase positive and 16% were pro¬ 
tease positive. 1 

EPIDEMIOLOGY 

P. aeruginosa is common in the environment 
of cattle because of its innate ability to 
survive for long periods in dry and moist 
conditions. Occasionally a number of 
animals in the herd are affected with P. aeru¬ 
ginosa mastitis; the infection usually origi¬ 
nates in contaminated water used for washing 
udders. The organism has the capacity to 
colonize inert materials such as loops of hose 
and the interior surface of water heaters, so 
that high bacterial concentrations may be in 
the water left in the hose between milkings. 
It may be an advantage in these circum¬ 
stances to flush out the udder washing 
system before commencing each milking. 
Once the teats are contaminated, the entry of 
the organisms to the teats is facilitated by 
overmilking and by putting the milking cups 
on while the udder is still wet. Serious out¬ 
breaks in cows have also occurred in associa¬ 
tion with the use of a suspected contaminated 
mastitis infusion used as a dry period treat¬ 
ment. The cows became affected soon after 
calving. Prolonged herd outbreaks are rare. 

Rarely, strains of this organism are highly 
virulent and cause fatal mastitis with gener¬ 
alized lesions. Less commonly there is a high 
level of infection in a herd caused by a con¬ 
taminated water supply but with no clinical 


cases. Reinfection is common unless the 
source of infection is removed. 

CLINICAL FINDINGS 

The mastitis in cattle is usually mild, sub¬ 
acute, or chronic, but can be clinically severe 
with a mortality rate as high as 17% of 
affected cows. Clinically, there is a severe 
systemic reaction and acute swelling of the 
gland with the appearance of clotted, discol¬ 
ored milk; the function of the gland is usually 
completely lost at the first attack, but recur¬ 
rent crises may occur. 

CLINICAL PATHOLOGY 

Culture of the organism in milk is necessary 
to confirm the diagnosis. 

NECROPSY FINDINGS 

The disease can be fatal, and the gross and 
histologic findings are similar to other causes 
of clinical mastitis in cows. 


DIFFERENTIAL DIAGNOSIS 


Bovine mastitis associated with Pseudomonas 
aeruginosa must be differentiated from the 
many other forms of acute mastitis associated 
with this species; this can be done only by 
bacteriologic examination of the milk. 


TREATMENT 

Treatment with antimicrobial agents is 
generally unsuccessful. P. aeruginosa is 
an intrinsically multidrug-resistant bacteria 
because it has decreased outer membrane 
permeability, efflux systems, and produces 
(3-lactamase. 2,3 Most bovine mastitis strains 
are also strong biofilm producers that 
further decrease antimicrobial effectiveness. 4 
However, P. aeruginosa isolates from cattle 
with mastitis are susceptible to a wider variety 
of antimicrobials than similar isolates from 
humans. 1 This has been attributed to a lack 
of selection pressure in the cow’s environ¬ 
ment. 2 Third-generation cephalosporins such 
as ceftiofur, aminoglycosides such as genta¬ 
micin and amikacin, and fluoroquinolones 
are most likely to be efficacious in treating 
affected animals, 4 but susceptibility testing 
may be helpful in identifying which antimi¬ 
crobials not to administer on the basis of a 
very high MIC. 

CONTROL 

The standard control program described 
later in the chapter should control the disease 
in cows. The oral administration of an 
organic iodine compound and vaccination 
with a killed autogenous vaccine are credited 
with bringing the disease under control in 
one herd. 
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MANNHEIMIA (PASTEURELLA) 
SPECIES 

Mastitis associated with Mannheimia (for¬ 
merly Pasteurella) haemolytica and Pasteu- 
rella multocida is common in ewes, occurring 
in a peracute gangrenous form, but is com¬ 
paratively rare in cattle and goats. 

ETIOLOGY 

In cattle M. haemolytica and P. multocida are 
the causative organisms; M. haemolytica has 
also been isolated from many cases of 

summer mastitis in the UK. 

EPIDEMIOLOGY 

In cattle the disease is encountered rarely, 
and usually sporadically, but it may be a 
problem in individual herds, particularly in 
which calves are reared by nurse cows. 

CLINICAL FINDINGS 

In cattle the mastitis is severe with fever, pro¬ 
found toxemic shock, weak pulse, tachycar¬ 
dia, and recumbency. The affected quarter 
is very swollen and the milk is watery, red- 
tinged, and contains flakes. Disseminated 
intravascular coagulopathy may cause inter¬ 
nal bleeding at many sites. All four quar¬ 
ters may be affected. There is complete 
cessation of milk flow in affected and unaf¬ 
fected quarters and subsequent fibrosis and 
atrophy. Newborn calves allowed to suck 
colostrum from affected cows may die of 
pasteurellosis. 

Clinical Pathology 

Culture of the organism in the milk is neces¬ 
sary to confirm the diagnosis. 

NECROPSY FINDINGS 

The disease is not fatal in cows. 


DIFFERENTIAL DIAGNOSIS 


Bovine mastitis associated with Pasteurella 
multocida must be differentiated from the 
many other forms of acute mastitis associated 
with this species; this can only be done by 
bacteriologic examination of the milk. 


TREATMENT 

In cattle, streptomycin administered by intra¬ 
mammary infusion is effective, but tetracy¬ 
cline is preferred. Recurrence in quarters that 
appear to have recovered is not infrequent, 
and response to treatment is often poor. 

CONTROL 

The standard control program described 
later in the chapter should control the disease 
in cows. 

NOCARDIA SP. 

Nocardial mastitis is an uncommon occur¬ 
rence in cattle and is manifested as an acute 
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or subacute mastitis accompanied by exten¬ 
sive granulomatous lesions in the udder. 

ETIOLOGY 

Nocardia are aerobic, gram-positive, fila¬ 
mentous, branching rods. 1 Nocardia spp. are 
ubiquitous environmental saprophytes with 
more than 30 named species. 2 N. asteroides 
can be cultured from the milk of affected 
quarters, and the disease can be produced 
experimentally by this organism. The most 
common species isolated from bovine mas¬ 
titis are N. nova and N. farcinica. 3 Occasional 
cases of chronic mastitis associated with N. 
africana, N. arthritidis, N. asteroides, N. 
brasiliensis, N. cyriacigeorgica, N. neocaledo- 
niensis, and N. puris have also been recorded. 3 

EPIDEMIOLOGY 

Occurrence 

With rare exceptions, nocardial mastitis in 
cattle has been recorded as a sporadic infec¬ 
tion affecting only one or two cows in a herd. 
Accidental introduction of the causative bac¬ 
teria into udders when infusions are being 
administered may create a herd problem. A 
large number of cases occurred in Canada 
from 1987 to 1989 because of intrinsic con¬ 
tamination of a neomycin-containing dry 
cow formulation with an amikacin-resistant 
strain of N. farcinica. 4 ' 5 N. neocaledoniensis 
was isolated from the quarters of nine 
dairy cattle in Italy with chronic mastitis; 
intramammary infection was attributed 
to inadequate hygiene procedures during 
administration of intramammary therapy. 2 
Nocardia is recorded as being a relatively 
common chronic mastitis in Cuba. Confine¬ 
ment of dairy cattle in muddy pens has been 
associated with an increased incidence of 
nocardial mastitis. 

Source of Infection and Mode 
of Transmission 

The bacteria is a common soil contaminant 
and probably gains entrance to the udder 
when udder washing is ineffective or udder 
infusion is not performed aseptically. Nocar¬ 
dia can survive in ineffective teat dips and 
may be spread by their use. The disease is 
most common in freshly calved adult cows, 
particularly if infusion of the udder with 
contaminated materials is performed in the 
dry period. N. farcinica is capable of surviv¬ 
ing in mixtures used for intramammary 
infusion for up to 7 weeks. There is one 
record of a massive outbreak with many 
deaths in dairy cattle that was probably 
caused by the use of a contaminated home¬ 
made udder infusion. 

Risk Factors 

A sharp increase in isolations of N. farcinica 
in milk samples at veterinary diagnostic 
laboratories in Canada was related to the 
extensive use of a particular dry period treat¬ 
ment. Teat dips containing recommended 
concentrations of iodine or dodecylbenzene 


are effective against Nocardia, whereas those 
containing chlorhexidine acetate are not 
effective. When the dip is contaminated 
during use it may spread the organism to 
other quarters and other cows. 

Economic Importance 

The disease is a serious one because there is 
extensive destruction of tissue, loss of pro¬ 
duction, and occasionally death of a cow. 
Also, there is a possibility that human infec¬ 
tion may occur, because the organism may 
not be destroyed by usual pasteurization 
procedures. 

PATHOGENESIS 

The inflammation of the teat sinus and lower 
parts of the gland suggests invasion via the 
teat canal. Infection of mammary tissue 
results in the formation of discrete granulo¬ 
matous lesions and the development of 
extensive fibrosis, and the spread of inflam¬ 
mation occurring from lobule to lobule. 
Infected animals are not sensitive to 
tuberculin. 

When infection occurs early, in the first 
15 days of lactation, the reaction is systemic 
with fever and anorexia. At other times the 
lesions take the form of circumscribed 
abscesses and fibrosis. There may also be 
infected foci in supramammary and mesen¬ 
teric lymph nodes. 

CLINICAL FINDINGS 

Affected animals may show a systemic reac¬ 
tion with high fever, depression, and 
anorexia, but an acute or subacute inflamma¬ 
tion is more usual. Fibrosis of the gland and 
the appearance of clots in a grayish, viscid 
secretion that also contains small, white par¬ 
ticles is the usual clinical picture. The fibrosis 
may be diffuse but is usually in the form of 
discrete masses 2 to 5 cm in diameter. Badly 
affected glands become grossly enlarged and 
may rupture or develop sinus tracts to the 
exterior. None of these cases recovers suffi¬ 
ciently to justify retention, and all are even¬ 
tually culled. 

Laboratory examinations of herds in 
which cases occur may also reveal subclinical 
cases that have intermittent flare-ups. 

CLINICAL PATHOLOGY 

The bacteria can be detected on culture of the 
milk. Small (1-mm diameter) specks are 
visible in the milk and, on microscopic 
examination, these prove to be felted masses 
of mycelia. Herds containing infected cows 
have been readily identified by culture of 
bulk milk samples. A gentamicin-blood 
culture medium has good selectivity. The 
normal blood agar plates need to be kept for 
an extended period of time to detect growth. 
Colonies may not appear until 72 hours. 

NECROPSY FINDINGS 

Grossly, diffuse fibrosis and granulomatous 
lesions containing pus are present in the 


mammary tissue. The lining of the milk 
ducts and the teat sinus is thick and rough¬ 
ened. On histologic examination the granu¬ 
lomatous nature of the lesions is evident. 
Metastatic pulmonary lesions have been 
found in occasional longstanding cases. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: mammary tissue, regional 
lymph node 

• Histology: formalin-fixed mammary 
tissue for light microscopy 


DIFFERENTIAL DIAGNOSIS 


The appearance of the milk is distinctive, but 
cultural examination is necessary for positive 
identification. 


TREATMENT 

The disease does not respond well to treat¬ 
ment because of its chronic granulomatous 
nature. In vitro susceptibility tests suggest 
amikacin, gentamicin, and neomycin should 
be effective but will probably need to be 
administered for 1 to 2 weeks. 

CONTROL 

Invasion probably occurs via the teat canal 
from a soil-borne infection; proper hygiene 
at milking and strict cleanliness during intra¬ 
mammary infusion are therefore necessary 
on farms in which the disease is enzootic. 
Treatment in late cases is unlikely to be of 
value because of the nature of the lesions, 
and in affected herds particular attention 
should be given to the early diagnosis of the 
disease. 
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BACILLUS SP. 

Bacillus spp. are considered part of the 
normal microflora of the bovine teat. 1 
Bacillus cereus and B. subtilis are sapro¬ 
phytic organisms and only chance mastitis 
pathogens; they have been known to cause 
an acute hemorrhagic mastitis in cattle. B. 
cereus cases are often associated with con¬ 
tamination associated with teat injuries 
or surgery. The mastitis may also occur in 
cows at the time of calving and is associated 
with the feeding of brewers’ grains in which 
the spores of B. cereus are present. Some 
strains of Bacillus spp. appear nonpatho- 
genic and the strain isolated from the teat of 
clinically healthy cattle can change rapidly 
over time. 1 
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The infection is thought to occur during 
the dry period following the use of dry cow 
therapy preparations that may have been 
contaminated with the organism. Infection 
probably occurs at the time of infusion, but 
the acute mastitis does not occur until after 
parturition. B. cereus is a spore former and 
may remain dormant in the mammary gland 
for long periods, unaffected by the presence 
of the antibiotic. In one outbreak, 62 of 67 
cows infused with a dry cow infusion product 
contaminated with the organism developed 
acute hemorrhagic mastitis. Six cows died; 
the remainder survived but were subse¬ 
quently culled and slaughtered because of 
recurrent mastitis, inadequate milk produc¬ 
tion, and loss of weight. 

Clinically, there is peracute to acute mas¬ 
titis affecting one or more quarters. There is 
severe swelling and pain and the secretions 
are red-tinged and serous in consistency. 
Initially there is a high fever (40°C-41°C; 
104°F-106°F) and severe toxemia. Affected 
cows are weak and quickly become recum¬ 
bent; death may occur in 24 to 36 hours. 
Gangrene may occur and, in cows that 
survive, portions of affected gland will slough 
out and a chronic relapsing mastitis will 
persist. Experimentally produced mastitis 
caused by B. cereus causes toxemia, acute 
swelling of the quarter, and clots in the milk. 
The mastitis persists in a chronic form, and 
the quarter eventually dries up. 

The organism can be usually cultured 
from milk samples from affected quarters. At 
necropsy there is focal hemorrhagic necro¬ 
sis of the mammary tissue, acute lymph¬ 
adenitis, and disseminated intravascular 
coagulation. 

Treatment consists of intensive fluid 
therapy, a broad-spectrum antibiotic intrave¬ 
nously, and vigorous massage and stripping 
of the affected gland. Intramammary infu¬ 
sion of the most suitable antibiotic deter¬ 
mined by culture and sensitivity is indicated, 
but the results are often not good because of 
the presence of severe hemorrhage and 
necrosis and plugging of the lactiferous 
ducts. Prevention depends on the use of 
sterile techniques during teat surgery and the 
use of sterile intramammary infusions and 
instruments. In problem herds, autogenous 
bacterins have been prepared but not exten¬ 
sively evaluated. If B. cereus infection is iden¬ 
tified in the mammary glands of dry cows 
the recommended prevention program is 
infusion of each quarter with 750 mg of neo¬ 
mycin and 375 mg of framycetin. 

B. subtilis is recorded less frequently as a 
cause of acute mastitis. Infection is charac¬ 
terized by yellow or bloody milk, sometimes 
with clots, and the cow is febrile. 

CAMPYLOBACTER JEJUNI 

Only one case of clinical mastitis has been 
recorded, but the incident is of some 
importance because of its zoonotic impact. 


Infection of the udder by the organism is 
easy to establish, and the infection is persis¬ 
tent but subclinical for the most part. Other 
experimental cases have been recorded, and 
Campylobacters that have not been further 
identified have also been observed in natu¬ 
rally occurring cases. These are characterized 
by fine granular clots in the milk, very high 
cell counts, and a transient episode of fever 
and swelling of the quarter. 

CLOSTRIDIUM PERFRINGENS 
TYPE A 

This is a rare form of mastitis characterized 
by high fever, swelling, and superficial hyper¬ 
emia of the affected quarter, followed later by 
gangrene, enlargement of the supramam- 
mary lymph nodes, a thin brown secretion 
containing gas, and subcutaneous emphy¬ 
sema. Early treatment with a broad-spectrum 
antibiotic can be successful, but advanced 
cases are uniformly fatal. 2 

FUSOBACTERIUM 

NECROPHORUM 

This is a rare type of mastitis but is likely to 
have a high incidence in the herd when it 
occurs. Mixed infections of F. necrophorum 
appear to play an important role in summer 
mastitis caused by T. pyogenes (see section 
earlier this in chapter). Affected quarters 
have a viscid, clotty, stringy secretion but 
there is little fibrosis. No systemic reaction 
occurs, but treatment with a variety of anti¬ 
biotics is unsuccessful. 

HISTOPHILUS SOMNI 

Histophilus somni (formerly Haemophilus 
somnus) has caused mild, chronic mastitis, 
including an acute form with high fever 
and bloodstained milk and a gangrenous 
form. 

LISTERIA MONOCYTOGENES 

Udder infection with L. monocytogenes is 
reported more often in sheep and goats than 
cattle. 3 However, it is a gram-positive faculta¬ 
tive anaerobe that is being recorded with 
increasing frequency as a cause of bovine 
mastitis because of the zoonotic importance 
of the organism in dairy products. Most 
cases in cattle are subclinical and abnormal 
milk is rare. 3,4 The SCC is usually greater 
than 10 7 cells/mL milk. An ELISA and PCR 
have been used to detect antibody or bacte¬ 
rial antigen, respectively, in milk. One cow in 
Ireland with clinically normal milk was per¬ 
sistently infected for 6 months with a sero¬ 
type l/2b strain. 3 The milking system can be 
exposed to a variety of L. monocytogenes 
strains, but only a small percentage of these 
strains are able to persist within the milking 
system, suggesting that these strains possess 
factors that promote survival in this 


ecological niche. 4 Culture of bulk tank milk 
samples is an adequate means of locating 
herds with infected cows. Over a 23-year 
period in Denmark, the percentage of cows 
infected with the organism varied from 
0.01% to 0.1% and that of herds with an 
infected cow from 0.2% to 4.2%. 

Identifying listeriosis-infected cows is not 
easy because most infections are subclinical 
and clinical mastitis is usually mild; the 
milk is often normal in appearance, but 
the quarter does lose productivity and the 
milk carries a high SCC. The disease is 
characteristically unresponsive to treatment 
with penicillin, although the organism may 
be sensitive to the antibiotic in in vitro tests. 
The persistence of the clinical signs should 
arouse suspicion of L. monocytogenes as a 
cause. 

MYCOBACTERIUM SP. 

Tuberculous mastitis is described under 
tuberculosis. Other mycobacteria, especially 
M. lacticola, have been isolated from cases of 
mastitis in cattle that occur after the intra¬ 
mammary infusion of therapeutic agents in 
oils. The disease can be reproduced by the 
intramammary injection of the organism in 
oil but not when it is in a watery suspension. 
Subsequent oily infusions exacerbate the 
condition. Clinically, there is tremendous 
hypertrophy of the quarter with the appear¬ 
ance of clots in discolored milk, but there is 
no systemic reaction. Affected animals do 
not show sensitivity to avian or mammalian 
tuberculin. No treatment is effective. It is 
suggested that the treatment of injured teats 
and quarters with oil-based intramammary 
preparations is inadvisable because of the 
risk of them already being infected with 
mycobacteria. 

A mild, acute mastitis, self-terminating 
and unresponsive to treatment, has 
occurred in outbreak form. It may be unas¬ 
sociated with intramammary infusion but 
is apparently predisposed because of 
stress and associated with an unidentified 
mycobacterium. 

M. fortuitum is encountered rarely as a 
cause of a severe outbreak of bovine mastitis. 
Infected quarters are seriously damaged and 
do not respond to treatment, and affected 
cows die or are salvaged. The disease can be 
reproduced experimentally, and affected 
animals show positive reactions to mamma¬ 
lian and avian tuberculosis and some sensi¬ 
tivity to johnin. Similar experiences are 
recorded with M. smegmatis and M. che- 
loane. The mammary secretion of affected 
quarters varies from pus to a watery fluid 
containing flakes, and there is a high milk 
loss and irreparable damage to quarters. M. 
smegmatis causes hypertrophy of the gland of 
such proportions that all cases need to be 
culled. At least 15 different unique mycobac¬ 
terial species have been cultured from unpas¬ 
teurized bovine milk in Brazil. 6 











SERRATIA SP. 

S. marcescens is the most common Serratia 
species causing mild chronic mastitis in 
cattle in which swelling of the quarters with 
clots in the milk appear periodically.' Serra¬ 
tia mastitis occurs naturally and has been 
produced experimentally.' S. liquefaciens has 
caused a similar mastitis. Most cases are spo¬ 
radic, but herd outbreaks caused by the use 
of contaminated sawdust as bedding and 
inadequate cleaning of the teats before 
milking may occur. An epidemic in New 
York state was associated with the use of a 
chlorhexidine-containing teat disinfectant 
that permitted the growth of Serratia spp. 8 ' 9 
Generally, Serratia mastitis is not as severe as 
that caused by E. coli or Klebsiella spp. 

S. marcescens is susceptible to a large 
number of antimicrobials in vitro with the 
exceptions being penicillin, ampicillin, and 
cephapirin. 10 Neomycin (2 g initially fol¬ 
lowed by 3 daily doses of 1 g by intramam¬ 
mary infusion) has provided a satisfactory 
treatment. 

FUNGI AND YEASTS 

A larger variety of fungi and their unicellular 
form (yeasts) have been isolated from the 
glands of cattle with clinical mastitis, but the 
true pathogenic potential of a number of 
these isolates has yet to be determined. 

Cryptococcus neoformans, the yeast that 
causes human cryptococcosis, has caused 
acute mastitis in cattle and buffaloes. Con¬ 
taminated infusion material and spread from 
other infected quarters are the probable 
sources of infection. Infection in humans 
drinking the milk is unlikely to occur because 
the yeast does not withstand pasteurization, 
but there may be some hazard to farm fami¬ 
lies. Although there is no systemic reaction, 
the mastitis may be acute, with marked 
swelling of the affected quarter and the 
supramammary lymph node; a severe fall in 
milk yield; and the appearance of a viscid, 
mucoid, gray-white secretion. Clinical mas¬ 
titis persists for some weeks and, in many 
cases, subsides spontaneously, but in others 
the udder is so severely damaged that the 
cow has to be slaughtered. Systemic involve¬ 
ment occurs rarely. At necropsy, there is dis¬ 
solution of the acinar epithelium and in 
chronic cases a diffuse or granulomatous 
reaction in the mammary tissue and lymph 
node. Similar lesions have been found in 
the lungs. 

Many other fungi, including Candida 
spp., Saccharomyces spp., Pichia spp., and 
Torulopsis spp. have also caused mastitis in 
cattle. A survey of 91 bovine cases of fungal/ 
yeast mastitis in the United States showed 
that 78% belonged to Candida spp.; this 
genus contains at least seven different species 
that have been isolated from the bovine 
mammary gland. 11 Infection is probably 
introduced by contaminated intramammary 
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infusions or teat cup liners. Establishment of 
the infection is encouraged by damage to the 
mammary epithelium and stimulated by 
antibiotic therapy; for example, Candida spp. 
use penicillin and tetracyclines as sources of 
nitrogen. 

A fever (41°C; 106°F) is accompanied by 
a severe inflammation of the quarter, enlarge¬ 
ment of the supramammary lymph nodes, 
and a marked fall in milk yield. The secretion 
consists of large, yellow clots in a watery 
supernatant fluid. Lesions are limited to the 
walls of the milk cistern, and there is no inva¬ 
sion of the mammary gland itself. Usually 
the disease is benign and spontaneous recov¬ 
ery follows in about a week. 

Trichosporon spp. can cause mastitis in 
cattle and is manifested clinically by swelling 
of the gland and clots in the milk. The infec¬ 
tion rate is low, and the fungi disappear 
spontaneously. Experimental transmission 
of the disease has been effected. In cases of 
infection by Aspergillus fumigatus or A. nidu- 
lans there are multiple abscesses in the 
quarter. These are surrounded by granula¬ 
tion tissue, but the milk ducts are generally 
unaffected. 

None of these infections responds well 
to antimicrobial therapy but treatment with 
iodides, either sodium iodide intravenously, 
organic iodides by mouth, or iodine in oil as 
an intramammary infusion, might be of 
value. A number of drugs, including cyclo- 
heximide, nystatin, polymyxin B, neomycin, 
and isoniazid, have been tested for efficiency 
against mastitis in cattle produced experi¬ 
mentally by the infusion of C. neoformans but 
did not alter the clinical course of the disease. 
Merthiolate (20 mL of a 0.1% solution) as an 
infusion daily for 2 to 3 days is reported to 
have a beneficial effect if administered early 
in the course of the disease. Actinomycotic 
agents tested in vitro against fungi, mostly 
Candida spp., from cases of mastitis showed 
sensitivity to clotrimazole, nystatin, poly¬ 
myxin, miconazole, and amphotericin B, and 
least sensitivity to 5-fluorocytosine. Micon¬ 
azole (200 mg as an intramammary infusion 
administered a total of 8 times at 12-hour 
intervals) was not effective in treating dairy 
cows with moderate to severe clinical masti¬ 
tis. 12 Sulfamethoxypyridazine given paren- 
terally (22 mg/kg BW for 2-3 days) has 
resulted in more than 50% clinical cures in 
quarters infected with C. krusei. A case of 
mastitis caused by A. fumigatus has been suc¬ 
cessfully treated by concurrent intraarterial 
injection and intramammary infusion of 
100 mg of miconazole at each site. Clinical 
signs included fever, anorexia, and depres¬ 
sion; a hard, swollen, hot gland with clots in 
the milk; and a negative response to treat¬ 
ment with intramammary antibiotics. 

ALGAE 

The only known plants that cause infectious 
diseases in animals are unicellular round to 


ovoid colorless algae in the genus Prototheca , 
which lack chlorophyll. 13 Prototheca is ubiq¬ 
uitous in the environment. It is a zoonotic 
disease that can be transmitted to humans 
when they ingest milk from infected cows. 

P. zopfii and P. blaschkeae have been iden¬ 
tified as causes of chronic bovine mastitis. 14 ' 15 
P. zopfii consists of different biotypes based 
on biochemical and serologic grounds, and 
all clinical and subclinical mastitis isolates 
are genotype 2, 13 ' 16-19 or genotype 3, now 
renamed P. blaschkeae. Extremely strong 
herd-level risk factors identified associated 
with the presence of Prototheca in composite 
milk samples were intramammary infusions 
with a nonintramammary formulation (OR 
= 136.8), the use of a dry cow internal teat 
sealant (OR = 34.2), or the use of a dry cow 
external teat sealant (OR = 80.0). 20 These 
high OR estimates support the presence of a 
causal effect between poor teat hygiene prac¬ 
tices and intramammary infection with Pro¬ 
totheca spp. Reduced milk yield, large white 
clots in watery milk, and induration of the 
affected quarter may be the only clinical 
signs. Cases of this disease are usually spo¬ 
radic, but one severe outbreak is recorded. 
Experimental transmission of the disease 
causes a progressive pyogranulomatous 
lesion in the gland, and the organism can be 
isolated from draining lymph nodes. Proto¬ 
theca spp. are commonly isolated from 
animal environments, particularly mud and 
standing water. 

P. zopfii strains isolated from mammary 
glands are resistant to many antimicrobials, 
but are susceptible to kanamycin, gentami¬ 
cin, amphotericin, and ketoconazole. 19 Treat¬ 
ment is usually unsuccessful, and affected 
cows should be culled; because of a high 
prevalence rate in many affected herds the 
loss to the farmer can be considerable. 

Control measures should focus on imple¬ 
menting good hygiene practices at milking 
and identifying environmental sources for 
contamination. Iodine teat dip concentra¬ 
tions (0.16%-0.63%) and sodium hypochlo¬ 
rite teat dip concentrations (0.04%-0.16%) 
were effective in killing Prototheca in one 
study 21 ; another study identified minimal 
microbiocidal concentrations of 0.3% to 
1.3% for iodine and 0.005% to 0.020% for 
chlorhexidine. 11 Prototheca can form bio¬ 
films, even on stainless steel, and this may 
facilitate their persistence in the dairy envi¬ 
ronment. 23 Bedding type appears to impact 
growth of Prototheca spp., 24 but the recom¬ 
mended strategy of housing cattle on clean 
dry bedding should decrease the risk of mas¬ 
titis caused by Prototheca spp. 

TRAUMATIC MASTITIS 

Injuries to the teats or udder that penetrate 
to the teat cistern or milk ducts, or involve 
the external sphincter, are commonly fol¬ 
lowed by mastitis. Any of the organisms that 
cause mastitis may invade the udder after 
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such injury, and in such cases mixed infec¬ 
tions are usual. All injuries to the teat or 
udder, including surgical interference, 

should be treated prophylactically with 
broad-spectrum antibiotics. 
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Control of Bovine Mastitis 

Improvement in udder health has been a 
major initiative of the dairy industry for over 
50 years. The thrust of these efforts has been 
on the implementation and use of manage¬ 
ment techniques to limit the spread of major 
mastitis pathogens, reducing the quarter 
infection rate. Detailed mastitis control 
strategies have been outlined and promoted 
by the National Institute for Research in 
Dairying (NIRD) and the NMC (www 
.nmconline.org/). With proper implementa¬ 
tion, these programs result in a dramatic 
decrease in the prevalence of common con¬ 
tagious mastitis pathogens. Herds that have 
successfully implemented a comprehensive 
mastitis control program also need to 
develop strategies to control infection with 
environmental organisms, as well as using an 
effective monitoring system for new infec¬ 
tions. Achievement of excellent udder health 
for the production of high-quality milk is a 
realistic and important goal for all aspects of 
the dairy industry. 

The adoption of effective mastitis control 
programs has often been less than desirable, 
even with extensive research validation of 


the recommended control practices and with 
major extension efforts at both national and 
local levels. The reasons for this slow adop¬ 
tion of proven mastitis control strategies are 
not well documented, even though produc¬ 
ers look to the veterinary profession for 
information on mastitis and its control. 
Veterinarians usually become involved in 
mastitis control in one of the following 
circumstances: 

• The herd is experiencing a higher than 
normal incidence of clinical cases. 

• The milk processing plant reports a 
higher than permissible total bacterial 
count or bulk tank milk SCC. 

• A farmer who is not performing the 
standard program of postmilking teat 
dipping and dry period treatment asks 
for advice—either as a single mastitis 
control program or, more probably, as 
part of a herd health management 
program. 

The procedure is the same in all these situa¬ 
tions, and any variation is in terms of speed 
and intensity. It consists of an assessment of 
the herd’s mastitis status and the implemen¬ 
tation of a recommended mastitis control 
program. 

Udder Health Improvement 

The benefit of an integrated mastitis program 
is improved udder health; this improvement 
is progressive and can usually be observed 
within a few years after implementation at 
the herd level. Methods now exist to control 
contagious pathogens and reduce the bulk 
tank milk SCCs to below 400,000 cells/mL. 
With good management, the incidence of 
clinical mastitis can be kept low (7-21 cases 
per 100 cows per year) by culling any cow 
with chronic or recurrent mastitis and paying 
great attention to housing and management 
standards. 

Although the rate of contagious mastitis 
has been decreased with implementation of 
an integrated mastitis program, the rate 
of infections and the incidence of mastitis 
associated with environmental pathogens 
such as S. uberis and the coliform bacteria 
have not decreased. Approximately 65% of 
clinical cases are now caused by environ¬ 
mental pathogens. Organisms prevalent in 
the cow’s environment currently cause 
the most costly types of mastitis in the 
United States. 

Economic Benefits, Incentives, 
and Penalties 

Mastitis is one of the most costly diseases in 
dairy herds. Some surveys indicate that the 
cost incurred by producers because of clini¬ 
cal mastitis is much higher than the cost of 
prevention. An integrated mastitis control 
program has always been an excellent invest¬ 
ment for the dairy farmer, with a revenue to 
cost ratio of approximately 6:1; most of the 
additional revenue is from increased milk 
production. 


Differential payments to farmers for milk 
quality are also an economic incentive to 
adopt a control program. The widespread 
adoption of bulk tank milk SCCs as a 
measure of milk quality, and the adoption of 
payment schemes of increasing severity, has 
stimulated farmers to reduce their cell count. 
Many milk marketing cooperatives have 
established both penalty and incentive pro¬ 
grams based on bulk tank milk SCC and total 
bacterial counts as global measures of milk 
quality. 

Requirements 

The requirements for a successful mastitis 
control program include a willing farmer, a 
capable diagnostic laboratory, an enthusias¬ 
tic and knowledgeable veterinarian, a record 
keeping system, adequate milking machin¬ 
ery, and adequate housing facilities. 

The farmer must have health and produc¬ 
tion goals and be willing to achieve them by 
making a commitment to invest the resources 
to control mastitis. Wide variations in the 
costs of controlling and monitoring mastitis 
in herds are evident because of lack of client 
compliance with accepted recommendations 
for mastitis control. There are also variations 
in the level of mastitis control procedures 
adopted by producers that affect the success 
of a program. Lack of adoption may result 
from a lack of awareness of the economic 
returns from a complete program, adoption 
of a new practice only in response to a 
problem, or competition for liquid financial 
resources from other aspects of the 
enterprise. 

The veterinarian must be knowledgeable 
about all aspects of mastitis and be willing to 
invest the time and effort required to provide 
sound advice based on the health and pro¬ 
duction information obtained from moni¬ 
toring the herd. A data recording system that 
records all the udder health and production 
data and the milk quality of each cow and the 
herd on a regular basis is a vital requirement. 
A diagnostic laboratory or milk recording 
agency that provides regular SCCs of indi¬ 
vidual cows is necessary to monitor udder 
health. The milking machine and the housing 
facilities must be adequate for the size of the 
herd. Farmworkers must be aware of the 
health and production goals of the herd and 
adhere to the principles of mastitis control. 

OPTIONS IN THE CONTROL 
OF MASTITIS 

The broad options for control are either erad¬ 
ication or decreasing the infection rate, 
either by legislative control or implementing 
a voluntary program. 

Eradication 

Complete eradication of bovine mastitis 
from a herd or geographic region is not a 
practicable target in most circumstances. The 
exception is mastitis caused by S. agalactiae, 
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which can be eradicated from individual 
herds by a blitz antibiotic technique. The dif¬ 
ficulty in attempting to eradicate mastitis is 
that the contagious causes of mastitis, S. aga- 
lactiae and S. aureus, are so contagious, and 
the sources of infection so widespread, that 
adequate quarantine would be very difficult 
to maintain. In the case of S. aureus there is 
the additional difficulty of eliminating 
the infection from its intracellular sites in 
mammary tissue. The environmental infec¬ 
tions, especially E. coli, pose an even 
greater problem. They are so ubiquitous that 
reinfection would be almost immediate in 
cows housed in economically practicable 
surroundings. 

Decreasing the Infection Rate 

This is a practicable proposition; the degree 
of limitation is dependent on the need to 
maintain cost-effectiveness. One of the 
virtues deriving from this necessity is the 
concept that subclinical mastitis causes a 
continuous low-level leukocytosis in the 
milk that acts as a protective mechanism 
against other infections. Present-day knowl¬ 
edge about immunity in the mammary gland 
suggests that control programs that reduce 
milk SCCs to unrealistically low concentra¬ 
tions may reduce the gland’s resistance to 
clinical mastitis. Correspondingly, the com¬ 
plete elimination of common udder patho¬ 
gens such as S. agalactiae and S. aureus is 
thought to increase the susceptibility of the 
udder to environmental pathogens, espe¬ 
cially coliform bacteria. Another relevant 
example is the commonly encountered 
minor pathogen C. bovis, which may be a 
significant microbial agent in maintaining 
the resistance of udders. The mastitic effect 
of this organism is too low to warrant spe¬ 
cific action, but the infection rate with major 
pathogens is significantly lower in quarters 
that harbor C. bovis than in those that do not. 
An intensive program to disinfect udders 
could well eliminate C. bovis and increase 
susceptibility to other pathogens. C. bovis is 
likely to be more important where cows are 
housed, or confined in straw yards, and 
therefore more exposed to teat contamina¬ 
tion with coliforms. The question of whether 
it is better practice to maintain some level of 
bacterial infection with innocuous organ¬ 
isms in the udder as a protection against 
more damaging pathogens, rather than to 
attempt complete bacterial sterilization, is 
still unresolved. For now it is generally 
agreed that decreasing the infection rate is 
the appropriate target. 

Legislative Control 

Mastitis does not lend itself to eradication (as 
set out under the section Eradication), so 
legislative control of the disease is not widely 
implemented. Norway has implemented 
national control of mastitis, starting with a 
requirement in 1975 that records of mastitis 
treatments were to be maintained. This was 


followed by implementation of the Norwe¬ 
gian Mastitis Control Program in 1982. 1 

A Voluntary Program 

Most of what is done in mastitis control in 
dairy herds is through voluntary involve¬ 
ment by producers in programs aimed at 
reducing the incidence of mastitis and main¬ 
taining the infection rate at a low level. The 
justification for control of the disease is 
purely economic, and a control program 
must therefore be based on its applicability 
on each individual farm. Area or national 
control can only be in the form of providing 
incentives by educational and laboratory 
assistance to individual farmers who wish to 
participate. The value of a mastitis awareness 
program, and the part played by the two-way 
flow of information between farmers and the 
program operators, is most apparent when 
an area campaign is conducted by a govern¬ 
ment or industrial sponsor. Once a control 
program is in place it is customary for milk 
processors, aided in some places by govern¬ 
ment agencies, to encourage participation by 
paying incentives for bulk tank milk with low 
SCCs or bacteria counts, or refusing to 
accept milk for processing or, in some cases, 
refusing to transport milk that does not 
satisfy statutory requirements. This could be 
the first step in incorporating the program 
into planned health and production pro¬ 
grams that promote mastitis control and 
maintenance of milk production at finan¬ 
cially optimal levels. 

Mastitis infections in beef cattle herds 
are currently at too low a level for a 
mastitis control program to be financially 
advantageous. 

PRINCIPLES OF CONTROLLING 
BOVINE MASTITIS 

DYNAMICS OF INFECTION 

The principles of a bovine mastitis control 
program are based on changing the dynam¬ 
ics of infection, which are as follows: 

• Prevalence of infection is a function of 
the rate of new infection minus the 
rate of elimination 

• Rate of new infection is a function of 
the level of exposure times the number 
of susceptible quarters 

• Rate of elimination is a function of the 
number of infections times the efficacy 
of treatment plus spontaneous cure 

Successful control occurs when the level of 
infection is held low or is decreased, either 
by preventing new infections or eliminating 
existing infections. 

The dynamics are not, however, so simple 
in reality. They vary with the susceptibility of 
the individual animal, which changes with 
age and stage of lactation (Fig. 20-6) and is 
season dependent. The dynamics may vary 
with the pathogens involved, and the relative 
importance between herds can be very 
considerable and also vary with time. The 


duration of infection may be extremely dif¬ 
ferent for different pathogens. E. coli causes 
mild to severe acute clinical disease but 
usually self-eliminates quickly; it is rarely 
found in subclinical infections. S. agalactiae 
and S. aureus are very persistent, and S. 
aureus responds poorly to treatment. The 
rate of elimination and the persistency of 
these pathogens are highly variable. Simi¬ 
larly, there can be large variations in the rate 
of new infections, which is closely related to 
the identifiable risk factors, including rate of 
teat contamination, mechanisms aiding teat 
penetration, and effectiveness of establish¬ 
ment and growth of bacteria in the mammary 
gland. 

The success of a control program can be 
measured by the decrease in level of infec¬ 
tion and the speed with which this is 
achieved. The farmer must be able to appre¬ 
ciate progress within a year to remain enthu¬ 
siastic about application of the methods. The 
level of infection can be controlled signifi¬ 
cantly by lowering the rate of new infections, 
but the speed of change really depends on the 
duration of the infection and is thus related 
more to the rate of elimination. No control 
procedures are available to prevent all new 
infections, and only culling of chronically 
infected cows is absolutely successful in 
eliminating infections. Control schemes 
therefore require both prevention and elimi¬ 
nation to give optimal effect, and that 
optimum will vary with each pathogen. 

The specific components of a mastitis 
control program must be devised to fulfill 
three basic principles: (1) eliminate existing 
infections, (2) prevent new infections, and 
(3) monitor udder health. 

1. ELIMINATE EXISTING 
INFECTIONS 

The control program must reduce the dura¬ 
tion of infection in the cows. Antimicrobial 
therapy during the dry period remains the 
best method of achieving this objective (Fig. 
20-7). Treatment during lactation can be 
useful to eliminate some existing infections, 
depending on the causative agent, and is 
often effective in resolving clinical mastitis 
episodes. Culling of chronic cases that are 
not eliminated with dry period treatment is 
also used to remove the most persistent 
existing infections. Further study needs to 
focus on development of treatment protocols 
and on cowside identification of the caus¬ 
ative bacterial agent. 

2. PREVENT NEW INFECTIONS 

The control program must reduce the rate at 
which new infections occur. The dipping of 
all teats in an effective teat dip after each 
milking is the best method to reduce the new 
infection rate. Ensuring that the milking 
machine is functioning properly and used 
correctly will result in less spread of infec¬ 
tion. The dry period is the time of greatest 
risk of new infection, and blanket dry cow 
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Fig. 20-6 New infection rate in cows by stage of lactation. (Reproduced with permission from 
Natzke RP. J Dairy Sci 1981;64:1431-1441.) 
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Fig. 20-7 A summary of the possible outcomes for individual quarters during the dry period. 
IMI, intramammary infection. (Reproduced with permission from Bradley A, Barkema H, Biggs 
A, et al. Dairy Herd Health, Wallingford, UK: CAB International 2012;144.) 


therapy or application of an internal teat 
sealant is efficacious in preventing new infec¬ 
tions during the dry period. Environmental 
and nutritional management have also 
become important for the prevention of 
new infections. Specific recommendations 
for methods of reducing new infection 
rate depend on the predominant pathogen in 
the herd. 

A novel method for preventing new 
infections during the second half of the 
dry period and the start of lactation is to 
administer polyethylene glycol-conjugated 
bovine granulocyte colony-stimulating 
factor (bG-CSF) subcutaneously approxi¬ 
mately 7 days before the anticipated calving 
date followed by a second injection immedi¬ 
ately after calving. Administration of bG- 
CSF markedly increased the blood neutrophil 
count and decreased the number of clinical 
mastitis episodes caused by environmental 
pathogens. 2 

3. MONITOR UDDER 
HEALTH STATUS 

An ongoing program to monitor the udder 
health status of individual cows as well as the 
herd is needed to evaluate the effectiveness 
of the control efforts. Monitoring methods 
should also assist with specific decision 
making, such as optimized treatment proto¬ 
cols or culling. In the five-point mastitis 
control programs recommended by the 
NIRD and the NMC, monitoring was not 
emphasized. As udder health status improves, 
and as milk quality premiums and penalty 
programs become meaningful, there is a 
need to continuously monitor udder health. 

MASTITIS CONTROL PROGRAMS 

A major step forward in mastitis control 
occurred in 1970 with the publication of the 
results of controlled field studies performed 
by the NIRD. The five-point control plan 
was based on attacking the key areas in the 
dynamic processes of mastitis, and the indi¬ 
vidual components of the plan were evalu¬ 
ated as efficacious by field testing in dairy 
herds. Its success has been well documented. 
The five-point plan has been highly suc¬ 
cessful for the control of contagious masti¬ 
tis but is not adequate for the control of 
environmental mastitis. The plan depends 
heavily on the motivation, education, and 
financial commitment of the milkers and the 
herd owner to achieve good and consistent 
results. 

The five-point mastitis control program is 
as follows: 

1. Udder hygiene and proper milking 
methods 

2. Proper installation, function, and 
maintenance of milking equipment 

3. Dry cow management and therapy 

4. Appropriate therapy of mastitis cases 
during lactation 

5. Culling chronically infected cows 
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Five additional management practices are 
recommended to make a 10-point mastitis 
control program, which includes emphasis 
on an appropriate environment, particularly 
for the control of environmental mastitis, 
and the keeping of records, monitoring 
udder health, and setting goals for udder 
health status. 

6. Maintenance of an appropriate 
environment 

7. Good record keeping 

8. Monitoring udder health status 

9. Periodic review of the udder health 
management program 

10. Setting goals for udder health status 
The 10-point mastitis control program satis¬ 
fies the basic needs of the farmers, which is 
an essential prerequisite in the implementa¬ 
tion of a voluntary program. The program is 
profitable, within the scope of the producers 
technical skill and understanding, capable of 
being introduced into current management 
systems, and encourages farmers to continue 
the program by rapidly reducing the occur¬ 
rence of clinical mastitis and the rejection of 
milk by milk processors on the grounds of 
quality. Very helpful checklists that include 
all components of the recommended mastitis 
control program are available for North 
America and international dairy enterprises 
(www.nmconline.org; accessed July 2016). 

The components of the recommended 
10-point mastitis control program are the 
same for all situations. The exact level of 
severity at which it will be implemented 
depends on its cost-effectiveness; higher 
milk and cattle prices will justify higher 
financial inputs. The program has the virtues 
of simplicity, profitability, and widespread 
applicability, and most countries with a sig¬ 
nificant dairy industry have devised their 
own variant of it to suit their own local 
needs, especially the targets of freedom from 
infection and other quality-control criteria. 
The 10-point program was designed primar¬ 
ily for the control of the common contagious 
mastitis pathogens and may encounter 
difficulties unless measures to control the 
environmental infections receive special 
attention. 

TEN-POINT MASTITIS 
CONTROL PROGRAM 

1. UDDER HYGIENE AND PROPER 
MILKING METHODS 

The principles of a proper milking procedure 
include: 

• Premilking udder hygiene 

• Stimulation of milk letdown 

• Efficient removal of the milk 

• Postmilking teat disinfection 

These principles are important for control¬ 
ling the spread of contagious pathogens 
and for preventing new intramammary 
infections associated with environmental 
organisms. There is much farm-to-farm and 
region-to-region variation in how these 


milking procedures are applied. Milking 
methods are often taught to milkers by 
observation of the current methods used on 
the farm, and milkers are seldom objectively 
evaluated, especially in family farm opera¬ 
tions with only one or two farm employees. 

Several important steps are necessary in 
establishing a milking management routine, 
including the following. 

Establish and Maintain a Regular 
Milking Schedule in a Stress-Free 
Environment 

A management routine using twice-daily 
milking should strive for a 12-hour interval. 
In the same way, an 8-hour interval between 
milkings is necessary for thrice-daily 
milking. The milking schedule is obviously 
less important with robotic milking. Consis¬ 
tency is as important as maintaining these 
exact intervals. Any influence that may add 
stress to the milking environment is to be 
avoided. For example, harsh crowd gates, 
rough handling, barking dogs, and people 
shouting can be associated with epinephrine 
release, which will counteract the effect of 
oxytocin for efficient milk letdown. 

Ensure That Teats Are Clean and Dry 
Before Milking 

The major objective of premilking udder 
preparation and teat sanitation is to reduce 
the microbial population of teat skin, par¬ 
ticularly at the teat end. The aim of these 
techniques is to minimize the probability of 
new intramammary infection and have good 
milking performance. Milking time hygiene 
is extremely important because of the poten¬ 
tial interaction between milking machine 
function and the microflora of teat skin. The 
incidence of intramammary infection is 
highly correlated with the number of mastitis 
pathogens on the teat end at milking. 

Udder Hygiene Score 

An udder hygiene scoring system has been 
developed, with the udder viewed from 
behind. Score 1 is an udder free of dirt, score 
2 has 2% to 10% of the surface area dirty, 
score 3 has 10% to 30% of the surface area 
covered with dirt, and score 4 has more than 
30% of the surface area covered with caked- 
on dirt. A hygiene scoring system is repeat- 
able and easy to use, but only hygiene scores 
for the udder and hindlimbs are associated 
with cow composite milk SCCs. 

Premilking Cow Preparation 

Premilking cow preparation is a step in 
milking management in which there is con¬ 
siderable variability between what is recom¬ 
mended and what is actually practiced. The 
goal is to milk clean and dry teats. Current 
recommended procedures for premilking 
udder preparation range from water hose 
washing and manual drying of teats, to 
washing teats with a paper towel wetted in 
warm sanitized solution plus drying with a 


single service paper towel, to the use of pre¬ 
milking teat dipping in germicide plus paper 
towel drying. The additional step of premilk¬ 
ing teat disinfection (predipping) has been 
incorporated as part of the milking routine 
on many dairy farms. It is argued that manual 
teat washing improves stimulation and the 
release of oxytocin for milk letdown, in addi¬ 
tion to cleaning debris from the teats and teat 
ends. However, with properly functioning 
milking equipment, there is little evidence 
that the manual massage is necessary for 
good milk letdown. In milking parlors in 
which handheld spray washers are used, it is 
important to avoid wetting the udder. Exces¬ 
sive water use can lead to bacterial contami¬ 
nation of the teat cups and to an increase in 
the incidence of mastitis. In addition to indi¬ 
vidual paper towels, the use of disposable 
latex or nitrile gloves is also recommended 
to minimize the transfer of mastitis patho¬ 
gens from the milkers’ hands to the teats. 
Gloves that become soiled with organic and 
fecal material should be replaced. 

Check Foremilk and Udder 
for Mastitis 

Early clinical mastitis can be detected by 
physical examination of the udder for swell¬ 
ing, heat, or pain, and by using a strip cup or 
black plate to examine foremilk from each 
quarter of each cow before every milking. 
This step has been a standard NMC manage¬ 
ment recommendation, but the supporting 
evidence has been inconsistent. The rate of 
implementation of foremilk stripping (for¬ 
estripping) is widely variable and depends 
on the management system used. Forestrip¬ 
ping is more common in milking parlor 
situations. 

Checking foremilk has three major 
advantages: 

1. Detection of clinical mastitis (such as 
the presence of clots and stringy or 
watery milk), as early as possible: 
Detection of abnormalities is enhanced 
if the milk is evaluated against a dark 
surface such as a black strip plate. 

2. Forestripping: This theoretically aids in 
preventing new infections of the 
mammary gland by flushing pathogens 
from the teat streak canal before 
milking. Bacterial colonization of the 
teat canal may not represent a problem 
until the organisms gain access to the 
teat sinus beyond the rosette of 
Furstenburg. 

3. Stimulation of the milk letdown process: 
This could be helpful in systems in 
which minimal cow preparation is used, 
such as a premilking program consisting 
of only a dry wipe. 

In tie-stall barns, a strip cup is necessary to 
avoid contaminating the stall bedding or the 
cow herself. In milking parlors, it is common 
to use the concrete floor surface for detection 
of abnormalities in the milk. In either case it 
is important to recognize the potential for 
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cow-to-cow transmission of pathogens by 
milk contact from one teat to another. For 
this reason, forestripping must be done 
before the predipping or udder washing step. 

Foremilk stripping is often not done in 
pasture-based dairy industries, such as Aus¬ 
tralia and New Zealand, because it takes time 
and slows down the milking process. More¬ 
over, if the clinical mastitis incidence is 2 
cases per month per 100 lactating dairy 
cattle, then in herds milking twice a day, 
milkers have to forestrip 12,000 teats to iden¬ 
tify one clinical case of mastitis. Despite the 
very low incidence of clinical mastitis 
detected by foremilk stripping, in seasonal 
calving herds that are pasture based it is 
probably helpful to examine the foremilk for 
the first 2 to 4 weeks after calving, because 
this is the highest incidence of clinical mas¬ 
titis in this dairy system. 

Premilking Teat Disinfection 

Premilking teat disinfection, more com¬ 
monly referred to as predipping, is used by 
some dairy producers as a component of a 
mastitis control program. Premilking teat 
disinfection in association with good udder 
preparation and postmilking teat disinfec¬ 
tion can further reduce the occurrence of 
new intramammary infections during lacta¬ 
tion. The use of predipping is increasing as 
the predominant cause of mastitis shifts from 
contagious pathogens to environmental 
pathogens. Controlled studies on the effec¬ 
tiveness of predipping indicate significant 
merit in the use of iodine predipping for the 
reduction of udder infections caused by 
environmental pathogens in some, but not 
all studies. Some studies found that premilk¬ 
ing teat dipping with 0.25% iodophor did not 
reduce the incidence of clinical mastitis 
caused by environmental pathogens, and the 
use of 0.5% iodophor plus good udder prepa¬ 
ration did not affect the prevalence of infec¬ 
tion of coagulase-negative Staphylococcus 
spp., but the rate of clinical mastitis in the 
control group was 1.38 cases per 1000 cow- 
days compared with 1.06 cases per 1000 cow- 
days in the predipped group. The benefit: cost 
ratio of 0.37 indicated that the benefit of 
reduced incidence of clinical cases of mastitis 
did not justify the added expense required to 
predip the herd. A study in New Zealand 
with pasture-based dairy cattle found that 
the addition of premilking chloramine-T teat 
disinfection provided no benefit to that 
obtained by postmilking chloramine-T teat 
disinfection applied as a spray. 3 

Although premilking teat dipping with 
iodine-based sanitizers may play a role in 
reducing new intramammary infections, 
there are some precautions that should be 
taken. The major concern is the potential for 
increased iodine residues in milk. Predip¬ 
ping with either 0.5% or 1% iodophor does 
not significantly increase milk iodine resi¬ 
dues if a paper towel is used to dry the 
teats. Without drying, iodine residues are 


significantly increased. In addition, predip¬ 
ping in combination with postmilking teat 
disinfection may increase the potential for 
residues. 

Implementation of predipping into the 
cow preparation methods may require sig¬ 
nificant management changes, such as the 
drying of teats. Some, or possibly all, of the 
improvement in udder health associated 
with the implementation of a predipping 
program may be attributable simply to the 
milking of clean, dry teats. Before the com¬ 
mencement of predipping, attaching the unit 
to wet or dirty teats may have been common. 
Whatever management methods are adopted 
on a particular farm, premilking hygiene and 
udder preparation can have a significant 
effect on milk bacterial counts and on the 
incidence of mastitis. In summary, the 
current evidence supports the use of pre¬ 
milking teat disinfection as a routine proce¬ 
dure in dairy herds in which environmental 
pathogens are the predominant cause for 
mastitis. A 2008 survey in the United States 
indicated that the most commonly used ger¬ 
micidal predip formulations were iodine 
(60%), chlorhexidine (12%), unspecified 
(8%), chlorine (7%), fatty-acid based (2.5%), 
and quaternary ammonium (0.3%). 

Attach the Milking Unit Properly 

The milking unit teat cups should be care¬ 
fully attached to the udder within 90 seconds 
of starting udder preparation. The milk 
letdown process that follows the release of 
oxytocin after udder stimulation is at 
maximum for 3 to 5 minutes. Some effects of 
the oxytocin may last up to 8 minutes. It is 
important to use this physiologic event to its 
maximum for the most efficient removal of 
the milk. The proper timing of attaching the 
milking unit has been shown to shorten 
milk-out time and increase lactation produc¬ 
tivity. However, consistency in the time 
interval from stimulation to attachment of 
the unit is as important as the exact time. 

When attaching the teat cups, it is imper¬ 
ative to minimize the amount of air drawn 
into the system. Excessive air inlet could 
result in vacuum fluctuations, which may 
predispose to milk aerosol impacts of the teat 
end and machine-induced infections. 

The machine position and support should 
be adjusted as necessary during milking. 
This will ensure that quarters milk out prop¬ 
erly. The milking unit should hang on the 
cow as straight and level as possible. Improp¬ 
erly adjusted support could contribute to 
uneven milk out and to an unbalanced udder 
on some cows; in addition, there is an 
increased probability of liner slips and 
squawking, which in turn will increase the 
risk of new intramammary infections. The 
mechanics and importance of liner slips will 
be discussed with milking machine function 
later in this chapter. 

The use of proper milking machine 
attachment and adjustment methods affects 


the number of milker units that can be effi¬ 
ciently handled per person. With a tie-stall 
barn pipeline milking system it is recom¬ 
mended that a maximum of three units per 
person be used. It is unlikely that producers 
who milk with more than three units in a 
tie-stall barn are using appropriate cow prep¬ 
aration and milking machine attachment 
methods. 

Minimize Machine Stripping and 
Avoid Liner Slips 

The majority of milking-machine-induced 
intramammary infections occur near the end 
of milking. Liner slips occur with a greater 
frequency near the end of milking. During a 
liner slip, air sneaks in between the teat and 
liner (heard as a squawk), increasing the 
potential for small droplets of contaminated 
milk to be propelled backward against the 
end of the other teats (teat-end impacts). 
Over a sustained period of time, liner slips 
and milk impacts may result in an intramam¬ 
mary infection. 

Machine stripping is the act of putting 
hand pressure on the milker unit at the end 
of milking to remove extra milk. Machine 
stripping is habit forming, and will eventu¬ 
ally lead to increased milking time. It also 
increases the risk of squawking, liner slips, 
and milk impacts. 

Avoid Overmilking or Removing 
the Unit Under Vacuum 

As soon as a cow is milked out, the vacuum 
to the milker unit should be shut off, and the 
teat cups should be removed. The milker unit 
should gently “fall off” the teats, causing no 
irritation. This is best performed using auto¬ 
matic take-offs that detect a low flow of milk 
from the teat end and automatically detach 
the milking cluster from the udder. Remov¬ 
ing the unit under vacuum will cause milk 
and air to impact onto the teat ends. Over¬ 
milking should be avoided to prevent teat- 
end irritation. The unit should be removed 
as soon as the first quarter is milked out. The 
risk of liner slip is also increased during 
overmilking, but there is little evidence that 
overmilking will result in an increased rate 
of intramammary infection, unless liner slips 
and teat-end impacts occur. The practice of 
removing teat cups individually is also 
discouraged. 

Use an Effective and Safe 
Postmilking Teat Germicide (Teat Dip) 
After Every Milking 

Teat dipping or spraying with a germicidal 
solution immediately after every milking is 
an effective milking management practice 
to reduce the rate of new intramammary 
infections. Postmilking teat antisepsis is 
regarded as the single most effective mas¬ 
titis control practice in lactating dairy 
cows. The prevalence of C. hovis in milk cul¬ 
tures usually reflects inadequate teat disin¬ 
fection, because spread of C. bovis is easily 





controlled by postmilking test disinfection. 
Quarters colonized with C. bovis usually 
remain so until treated with an effective 
dry-cow intramammary formulation. In 
other words, the prevalence of C. bovis infec¬ 
tion will usually not decrease for approxi¬ 
mately a year after implementing an optimal 
postmilking disinfection protocol. 

Teat dipping or spraying is a simple, effec¬ 
tive, and economical means to reduce bacte¬ 
rial populations on teat skin. There is general 
agreement that the numbers and types of 
bacteria on teat skin have a direct relation¬ 
ship to the incidence and types of intramam¬ 
mary infections that develop in a herd. An 
effective teat dip, correctly used, will reduce 
the incidence of new udder infections by 
50% to 90%. 3 

There are several major classes of post¬ 
milking teat sanitizer and many available 
products within each class. The classes of 
product vary widely in their composition, 
formulation, and mode of action. Each 
product should be evaluated for its safety, 
efficacy, advantages, and disadvantages. The 
most commonly used teat dips fall into several 
major classes, with geographic differences in 
availability. A 2008 survey in the United 
States indicated that the most commonly 
used germicide postdip formulations were 
iodine (69%), chlorhexidine (13%), fatty-acid 
based (7%), unspecified (4%), chlorine (2%), 
and quaternary ammonium (0.6%). 

Iodine Formulations 

Iodine teat dips are used extensively and 
marketed in a variety of formulations, 
ranging from 0.1% to 1.0% available iodine. 
Iodine formulations are active against bacte¬ 
ria, viruses, and fungi, and ideally they 
should be used at a minimum 0.5% available 
iodine concentration. The safety and efficacy 
of these products are well established, and it 
is difficult to identify a reason why iodine 
formulations should not be the preferred 
choice for postmilking teat antisepsis. They 
were historically called iodophor teat dips 
because many contained phosphoric acid, 
which is no longer the case. 

Chlorhexidine 

Chlorhexidine teat dips are also widely used 
and effective for reducing new infections. 
They are more efficacious in the presence of 
organic material than other classes of product. 
Chlorhexidines have a broad spectrum of 
antimicrobial activity and excellent persis¬ 
tence on teat skin, but they are minimally 
effective against viruses and fungi. Commer¬ 
cial preparations are formulated with a dye 
to make the product visible and with glycerin 
to minimize teat skin irritation. 

Linear Dodecyl Benzene Sulfonic 
Acid Products 

LDBSA teat dips contain an organic acid and 
are formulated with emollients. They are 
generally nonstaining, tolerant of organic 
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matter, and less irritating than most other 
products; their efficacy against major masti¬ 
tis organisms is well established. 

Quaternary Ammonium Compounds 

A variety of quaternary ammonium chemi¬ 
cals, in combination with lanolin or glycerin, 
are available as teat dip germicides and are 
safe and effective. They are readily broken 
down in the environment and depend heavily 
on proper formulation for effectiveness. 

Sodium Hypochlorite 

Many dairy farmers prepare their own teat 
dip by dilution of commercial laundry bleach 
to a final concentration of 4% sodium hypo¬ 
chlorite. It is effective and extremely low cost. 
However, these dips are not government 
approved, have a strongly disagreeable odor, 
and can be inactivated by organic material. 
There is also a risk of mixing errors, resulting 
in the potential for irritation of teats and 
milkers’ hands. 

External Teat Sealants 
(Barrier Teat Dips) 

A goal that has yet to be achieved is develop¬ 
ment of a barrier teat dip that provides an 
effective teat sealant for use in lactating cows 
and withstands environmental contamina¬ 
tion but is easily removed with minimal pre¬ 
milking udder preparation. Latex and acrylic 
latex-based products have been developed to 
act as a physical barrier to the entrance of 
mastitis pathogens into the udder. These 
products were aimed at the prevention of 
coliform mastitis. However, it has proved to 
be difficult to remove the residual product 
from teats. Furthermore, the barrier product 
alone is not intended to be effective against 
other major mastitis organisms. 

External teat sealants have been formu¬ 
lated in combination with disinfectants to 
provide protection as both a barrier and a 
germicide. A postmilking teat disinfectant 
containing 0.64% sodium hypochlorite in a 
gel formulation was an effective and safe teat 
dip preparation. However, in experimental 
studies, barrier teat dips were no more effica¬ 
cious in preventing new intramammary 
infections caused by S. aureus and S. agalac- 
tiae than no teat dip or the use of a nonbar¬ 
rier product. In contrast to their current use 
in lactating dairy cows, external and internal 
teat sealants are increasingly applied at dry 
off (see the section Dry Cow Management 
and Therapy). 

Selection and Use of Teat 
Disinfectants 

With the extensive array of commercially 
available postmilking teat germicidal prepa¬ 
rations, producers need some guidelines to 
make an appropriate selection for use on 
their farms. Manufacturers of teat dips 
should provide the producer with documen¬ 
tation of the efficacy and safety of each 
product. In the United States, teat dip 


products must be listed with the Food and 
Drug Administration (FDA). The FDA regu¬ 
lates teat dips for compliance with label accu¬ 
racy and manufacturing quality, but efficacy 
data are not required for registration. In 
Canada, teat dips must be approved by the 
Bureau of Veterinary Drugs. This approval 
process requires extensive data on human 
safety, animal safety, and the efficacy of each 
new teat dip submission. Standard protocols 
have been endorsed for the evaluation of teat 
dip efficacy under conditions of experimen¬ 
tal challenge with mastitis pathogens, as well 
as under conditions of natural exposure in 
commercial dairy herds. 

In the United States, iodine-based teat 
dips are the most commonly used product 
for postmilking disinfection, and an iodine- 
based teat dip in 10% glycerin is generally 
regarded as the gold standard teat dip 
against which all other teat dips are com¬ 
pared. Dairy producers should request infor¬ 
mation on effectiveness when selecting a teat 
dip. Veterinarians should assist producers 
with interpretation of the data. There is no 
evidence that changing teat dips on a regular 
basis is necessary to prevent the develop¬ 
ment of resistant mastitis bacteria. Monitor¬ 
ing several measures of udder health status 
will signal the need for a change in teat dip 
product. The teat dip selected must be com¬ 
patible with other chemical preparations 
used in the milking management system. 

Postmilking teat dips can be applied by 
dipping or spraying. In North America, 
dipping has been the most popular method. 
However, with the increase in herd size and 
parlor automation, there is an increase in the 
use of teat spraying because it is quicker and 
easier. Spray and dip application of the same 
product result in equal efficacy, when done 
appropriately; however, it is easier to do a 
bad job of teat coverage with spraying than 
dipping. Under field conditions, the effec¬ 
tiveness of either method will depend on 
adequate coverage of each teat. A general 
recommendation is that as much of each 
teat should be covered as is possible and no 
less than the lower half. 

Teat dips should be stored in a cool dry 
place and not be allowed to freeze. Contami¬ 
nation should be prevented and expiry dates 
observed. For economic reasons, producers 
are tempted to dilute commercially available 
products; however, their effectiveness and 
safety may not be maintained. At the end of 
milking, unused teat dip solution should 
not be poured back into the original con¬ 
tainer. Dipping devices should be cleaned 
regularly. 

In cold weather conditions, precautions 
should be taken with respect to teat dipping. 
A high emollient concentration product 
should be used. Dipped teats should be 
allowed to dry before cows are exposed to 
cold and windy conditions. This may be 
accomplished by allowing the dip 30 minutes 
of contact time, followed by removal of 
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excess disinfectant with a laundered dairy 
cloth or a single-use paper towel. Wind¬ 
breaks should be provided for cows that have 
access to outside areas. These combined 
strategies will minimize the occurrence of 
frostbite of wet teats. 

Establish Milking Order and 
Segregation Programs 

In herds with a significant prevalence of con¬ 
tagious pathogens, such as S. aureus , estab¬ 
lishing a specific milking order may be 
helpful to limit the rate of new infections. 
This is a popular veterinary recommenda¬ 
tion that is difficult to implement because it 
usually requires massive disruption of the 
milking procedure. Generally, first-lactation 
heifers and fresh cows should be milked first. 
Cows with high SCCs, chronic clinical mas¬ 
titis, and current clinical cases should be 
milked last. The maintenance and manage¬ 
ment of both SCCs and clinical mastitis 
records becomes important to make milking 
order programs work. 

In larger herds, cows are usually grouped 
according to stage of lactation and produc¬ 
tion level. For nutritional management 
reasons, it is often suggested to have high-, 
medium-, and low-production groups. In 
herds with a high prevalence of S. aureus 
mastitis, it has been suggested that the 
problem of spread would be stopped by 
simply isolating infected cows and milking 
them last. In theory, segregation combined 
with culling and effective dry cow manage¬ 
ment should allow the prevalence of S. 
aureus to approach zero. However, the 
change in prevalence of S. aureus infection in 
unsegregated herds compared with herds 
using a segregated program indicates no sig¬ 
nificant difference. A more significant 
decrease in prevalence of S. aureus mastitis 
was found in herds that gave priority to a full 
milking hygiene program in combination 
with dry cow therapy and culling. Segrega¬ 
tion is not a simple, stand-alone solution to 
a contagious mastitis problem. 

Disinfect Teat Liners 

Disinfection of the milking machine teat cup 
liners between cows has the potential of lim¬ 
iting the spread of contagious organisms 
from cow to cow because bacterial popula¬ 
tions in liners can be greatly reduced by sani¬ 
tization. However, there is considerably less 
documentation that flushing liners will result 
in major reductions in contagious mastitis 
problems. 

In tie-stall milking barns, liner disinfec¬ 
tion is a laborious process that involves 
dipping the claw in a series of solutions. 
Liners must be put through a rinse, a disin¬ 
fectant, and another rinse to remove the ger¬ 
micide. The solutions should be kept hot and 
replaced when they become overly contami¬ 
nated. Only two liners can be dipped at one 
time if the milk hose remains connected to 
the pipeline to avoid an air lock in the claw, 
which will reduce the disinfection process. 


However, if the milk hose is disconnected 
from the milk pipeline, then all four liners 
can be dipped at one time. Even with these 
limitations, dairy herds with intensive man¬ 
agement, utilizing individual cow SCCs and 
culture information, can effectively use liner 
sanitization to limit the spread of contagious 
pathogens. Electric hot pails are commer¬ 
cially available to maintain the disinfection 
solution at a sterilization temperature. 

In large milking parlor operations, auto¬ 
matic backflushing of milking units between 
cows is commercially available but expensive 
to install. In conjunction with automatic 
take-offs, the claw is flushed with rinse water, 
followed by disinfectant, and again rinsed, 
immediately after the unit detaches from a 
cow. An alternative procedure (cluster 
dunking) involves backflushing the milking 
units with water until a clear stream is 
obtained and then dunking the milking units 
in a bucket containing disinfectant while 
avoiding trapping of air in the dunking 
process. Large numbers of pathogens can be 
removed from teat cups by the backflushing 
process, but documented reductions in the 
new intramammary infection rate are 
not available. For instance, backflushing 
decreased the numbers of staphylococci and 
gram-negative bacteria on liners by 98.5% 
and 99.5%, respectively and caused a small 
decrease in the number of new infections by 
C. bovis but had no effect on the incidence of 
new infections by staphylococci, strepto¬ 
cocci, or coliforms. Until backflushing has 
been demonstrated to decrease the new 
infection rate, the procedure cannot be a 
routine recommendation. 

2. PROPER INSTALLATION, 
FUNCTION, AND MAINTENANCE OF 
MILKING EQUIPMENT 

The milking machine plays an integral role 
in the efficiency of the operation of a dairy 
farm, and it has direct contact with teat 
tissue. It must perform properly and consis¬ 
tently, two or three times a day (or much 
more frequently in robotic milkers), day after 
day, year after year. For these reasons, it is 
important that the milking system is installed 
according to approved guidelines. Regularly 
scheduled maintenance should be per¬ 
formed, and machine function should be 
evaluated by periodic analysis of the system. 
All persons in the milking management 
process should thoroughly understand the 
basic components, function, and operation 
of the milking equipment. They should also 
be aware of the significance of regular equip¬ 
ment maintenance and of the importance of 
good milking techniques. 

Milking System Function 
and Objectives 

The milking system performs several basic 
functions to achieve its objectives: 

• Causing milk to flow from the teat by 
exposing the teat ends to a partial 
vacuum 


• Massaging the teat in an effort to relieve 
the effects of a continuous milking 
vacuum 

• Protecting the milk from contamination 
while it is transported to a storage 
device, which cools and stores the milk 
until it can be transported to the 
processing plant 

Components of a Milking System 

To perform the basic functions and to 
achieve the objective of efficient removal of 
the milk with minimal opportunity for intra¬ 
mammary infection, milking and milk 
handling equipment requires three basic 
components: 

• Vacuum system 

• Milk pipeline system 

• Bulk milk tank for milk cooling and 
storage 

Considerable engineering expertise goes into 
the proper design, installation, and function 
of milking equipment. For the purposes 
of understanding the basic principles of 
machine milking, a brief description of these 
three components will be provided. 

Vacuum System 
Vacuum Pump 

The function of milking equipment depends 
on the creation of a partial vacuum. A 
vacuum pump is used to continuously 
remove some of the air from the various 
lines in the milking system. The amount of 
air removed determines the system vacuum 
level, which is important for proper func¬ 
tion. The vacuum level is monitored using a 
gauge that is read in either kilopascals (kPa), 
millimeters of mercury (mm Hg), or inches 
of mercury (in.Hg). If one-half of the air is 
removed from the system, then the vacuum 
gauge will read 50 kPa (15 in.Hg) vacuum. 
Vacuum pumps are rated on the basis of 
the volume of air they can move when the 
intake vacuum is at 50.7 kPa (15.0 in.Hg). 
Cubic feet per minute (CFM) is the stan¬ 
dard air flow measurement used. The CFM 
rating of a vacuum pump determines the 
number of milking units that can be used on 
the system. For example, to operate 6 units, 
the minimum vacuum pump capacity is 
52 CFM. 

Vacuum Reserve Tank 
Because the vacuum pump continuously 
removes a constant amount of air from the 
system, a vacuum reserve tank is placed 
between the pump and the vacuum supply 
line. The purpose of this tank is to provide a 
common site for connecting the vacuum 
header lines and to provide a reserve of 
vacuum to help buffer the sudden admission 
of air into the system. For example, when a 
milking unit falls off a cow, there should be 
enough reserve vacuum to maintain the 
system function. The amount of reserve 
vacuum needed in a system is a function of 
pump capacity, pump performance, regula¬ 
tor operation, and the degree of system 





leakage. Vacuum reserve tanks are usually 
constructed of PVC plastic and should not 
be less than a 75-L capacity. 

Vacuum Regulator 

A vacuum regulator or controller is an 
important component of the vacuum system. 
The function of the regulator is to keep the 
vacuum of the milking system at a preset 
level by responding to changing air admis¬ 
sions into the system. The regulator should 
be located in proximity to, or directly on, the 
vacuum reserve tank. It should be sensitive 
to handle a rapid response to changes in 
vacuum. Servo-diaphragm regulators are the 
most sensitive style available and are highly 
recommended. An increase in vacuum pump 
capacity cannot compensate for poor regula¬ 
tor function. Likewise, a sensitive regulator 
cannot compensate for a deficiency in pump 
capacity. The two components must work 
well together. 

It is recommended that two vacuum 
gauges be installed in the system to monitor 
the system vacuum. One gauge should be 
located on the milking vacuum supply line 
near the regulator. A second gauge is best 
situated at the far end of the vacuum pulsa¬ 
tion line. A portable mercury manometer 
should be used on a regular basis to calibrate 
the accuracy of the system vacuum gauges 
and to make adjustments to the vacuum 
regulator. The preferred vacuum system 
installation consists of two header lines from 
the vacuum reserve tank, continuing to form 
a completely looped pulsation line. The rec¬ 
ommended vacuum lines are 76-mm diam¬ 
eter PVC pipe, adequately supported, and 
slightly sloped in the direction of air flow 
and with automatic drain valves. This line 
allows for attachment of the milking unit 
pulsators. 

Pulsation System 

A properly functioning pulsation system is 
critical to teat and udder health. The pulsator 
causes the chamber between the teat cup 
shell and the liner to alternate regularly from 
vacuum to air source. Pulsators are either 
electromagnetic or pneumatic. In an electro¬ 
magnetic system, all pulsators function 
together off an electrical signal. An elec¬ 
tronic control circuit turns current on and 
off to the electromagnet. Pneumatic pulsa¬ 
tors run off the vacuum system and use air 
to move a plunger or slide valve to cover and 
uncover the air passage, producing the pul¬ 
sating action. 

An understanding of the dynamics within 
the teat cup and the characteristics of pulsa¬ 
tion is crucial to ensuring that the objectives 
of mechanical milking are achieved. The 
chamber between the teat cup shell and the 
liner is regularly subjected to a vacuum 
source, whereas the inside of the liner is 
under stable milking vacuum at all times. 
The pulsation cycle involves a milk phase and 
a rest or massage phase. When air is admit¬ 
ted between the shell and the liner, the liner 
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collapses around the cow’s teat. The col¬ 
lapsed liner has a massaging action on the 
teat, which is called the rest or massage 
phase. Milk does not flow from the teat 
during this phase. When the pulsator opens, 
the space between the liner and the shell is 
exposed to system vacuum. This creates 
equal pressure on both sides of the liner, 
causing it to open. The cows teat end is now 
exposed to the milking vacuum. This 
vacuum, in combination with the internal 
pressure of milk letdown within the cows 
udder, causes milk to be drawn out through 
the teat streak canal. This component of pul¬ 
sation is called the milk phase. The process 
of milking involves repeatedly opening (milk 
phase) and closing (rest phase) the teat 
cup liner. 

The pulsation cycle is measured by the 
time, in seconds, for the completion of one 
milk phase and one rest phase. The pulsation 
rate refers to the number of cycles completed 
by a pulsator in 1 minute. Pulsation rates 
range from 45 to 60 cycles per minute. The 
pulsation ratio is the length of time in each 
cycle that the pulsator is in its milk phase 
compared with its rest phase. A common 
pulsation ratio is 60:40, indicating that in 
each pulsation cycle the teat cup chamber 
will be milking 60% of the time and massag¬ 
ing the teat 40% of the time. Wide pulsation 
ratios can speed up milking time but can put 
undue stress on the teats and teat ends from 
insufficient rest, predisposing to new intra¬ 
mammary infections. 

Pulsation phase refers to the method 
of pulsation for the whole milking unit 
and is either simultaneous or alternating. 
In simultaneous pulsation all four teat cups 
milk at the same time and rest at the same 
time. With alternating pulsation, two teat 
cups milk while two teat cups rest, then 
alternate to complete the pulsation cycle. 
The alternating action may be from side 
to side or from front to rear. Alternating 
pulsation has several advantages. It allows 
a more uniform milk flow into and out of 
the claw, which helps to minimize flooding 
of the claw, resulting in fluctuations in the 
teat-end vacuum. In addition, front/rear 
alternating pulsation allows for a wider 
pulsation ratio on the rear quarters, which 
encourages a more uniform and timely 
milk out of all four quarters. For alternat¬ 
ing pulsation systems with two different 
ratios, care must be taken to ensure that 
air hoses are not reversed when attached to 
the claw. 

Electromagnetic pulsators are unaffected 
by environmental temperature and can func¬ 
tion at a constant preset pulsation rate and 
ratio. Pneumatic pulsators can be greatly 
affected by changes in temperature and 
system vacuum. They require more mainte¬ 
nance and constant checking of the settings. 
Thus electromagnetic pulsators using alter¬ 
nating pulsation are most recommended, 
particularly for high-producing cows with 
fast milk letdown. 


If a teat cup is not positioned properly on 
a teat, the liner may slip down the teat and 
produce a squawking sound. As this is hap¬ 
pening, air is entering around the teat into 
the liner. The entrance of this air changes the 
system of stable milking vacuum within the 
claw and the other teat cups. These changes 
lead to droplets of milk being driven in a 
reverse direction back at the teat ends of the 
other teats. These are referred to as milk 
impacts. Repeated teat-end milk impacts, 
particularly with milk contaminated by mas¬ 
titis pathogens, can result in new intramam¬ 
mary infections. 

Milk Transport System 

Milking parlors and stanchion barn pipe¬ 
lines have similar systems for transporting 
milk from the cow to the bulk tank. The 
components of the transport system will 
be described in the direction of milk flow. 
The rubber or silicone insert in each teat 
cup is referred to as a liner or inflation. 
The liner should milk cows safely, with a 
minimal number of squawks from down¬ 
ward slippage, and without the teat cup 
crawl action of riding up on the teats to 
the base of the udder. Liner performance 
depends on many interrelated character¬ 
istics of the milking system. Narrow bore 
liners are recommended. Liners must be 
compatible with the teat cup shell. The 
most important management consideration 
with respect to teat cup liners is to ensure 
regular replacement, as recommended 
by the manufacturer. As a general guide¬ 
line, natural rubber liners last 500 to 700 
cow milkings, synthetic rubber liners 1000 
to 1200 cow milkings, and silicone liners 
5000 to 10,000 cow milkings. The desired 
milking inflation replacement interval (in 
days) can be calculated using the following 
formula: 

Number of days between changes 

= ((number of cow milkings/set of liners) 
X (number of units ))/ 

((number of cows milking) 

X (number of milkings/day)) 

Other rubber parts of the unit, such as the 
short air tubes on the claw, should be con¬ 
stantly checked for cracks or signs of wear. 
These problems could seriously affect air 
flow and liner pulsation. Proper storage in 
dark, cool conditions, as well as the correct 
use of cleaners and sanitizers, can affect the 
life of rubber parts. 

Milk Claw 

The milk claw is an important component of 
the milking unit. The claw is the collection 
point for milk from the four teat cups and 
should have adequate capacity to handle 
peak milk flow without flooding. Each claw 
should have a means of shutting off the 
vacuum to the teat end, so that the unit is not 
removed under vacuum. Most claws have an 
air vent in the upper half to allow a 
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predetermined quantity of air into the unit 
to facilitate milk flow away from the cow and 
into the pipeline. Claws should routinely be 
inspected for cleanliness, plugged air vents, 
and dented liner connectors. 

A long milk hose is used to carry milk 
from the claw to the pipeline. The hoses can 
be made of plastic, rubber, or silicone. They 
should be as short as possible, with an 
appropriate hose hanger. If the milk hose is 
crimped or allowed to loop, milk flows will 
be interrupted, which leads to irregular fluc¬ 
tuations in teat-end vacuum. The milk hose 
should attach to an inlet located in the top 
third of the milk pipeline, at the 11 o’clock or 
12 o’clock position. Inlets should be self¬ 
draining, self-closing, and should not cause 
milk flow restrictions that would result in 
irregular teat-end vacuum fluctuations. 

Milk Pipeline 

The milk pipeline serves two important 
functions: transporting milk from the cow to 
the receiver jar and carrying air flow to 
provide milking vacuum to the teat end. 
Either glass or stainless steel can be used for 
milk pipeline construction. The milk line 
should form a complete circuit and must be 
rigidly supported from the floor to maintain 
the appropriate slope. It is generally recom¬ 
mended that milk lines be installed as low 
as is practical. In milking parlors, low pipe¬ 
lines are installed below udder level. In stall 
barns, high pipelines are used, but they 
should be no higher than 2 m above the cow 
platform. Milk moves by gravity through the 
pipeline to the receiver jar. The milk line 
must be self-draining and should have a con¬ 
tinuous slope from the high point toward the 
milk receiver jar. The correct slope is impor¬ 
tant for the movement of milk and air during 
milking and for proper cleaning of the 
system. In the construction of new tie-stall 
barns, it is recommended that the founda¬ 
tion, floor, and gutter be sloped toward the 
milk house end. This will help to minimize 
pipeline height and to ensure that line slope 
will facilitate drainage during milking and 
washing. 

Line diameter is another important 
feature of milk pipeline design. In addition 
to line slope and the level of herd production, 
pipeline diameter will determine the number 
of milking units that a system can handle. 
Too many units will lead to milk line flood¬ 
ing and a reduction in air flow rate. Slugs of 
milk moving through the line is an obvious 
sign of milk line flooding. This problem will 
have a negative impact on milking time, herd 
production, and udder health. The recom¬ 
mended minimum pipeline diameter is 
51 mm (2.0 in.). At this pipeline size, high- 
producing herds should not use more than 
three milking units per pipeline slope. Thus 
larger pipeline sizes are often recommended 
for new installations. Pipeline couplers or 
welds must prevent air leakage into the 
system. 


Milk should flow into the receiver jar in 
a continuous, unimpeded fashion. When 
sufficient milk has accumulated, an elec¬ 
tronic probe triggers the milk pump to trans¬ 
fer milk from the receiver jar to the bulk 
tank. A milk filter is inserted into the transfer 
system to remove coarse impurities that may 
have entered the line. The receiver jar is con¬ 
nected to the main vacuum supply. A device 
called a sanitary trap is used to separate the 
“air-only” portion of the milking system 
from the “milk-handling” side of the system. 
The sanitary trap is designed to protect the 
vacuum supply from potential damage 
caused by the chemical cleaning and sanitiz¬ 
ing solutions used to clean milk pipelines. 

A milking system should have the capabil¬ 
ity of measuring the amount of milk from 
each cow. In older milking parlor systems, 
weight jars were often used for this purpose. 
They allowed for a quick visual means of 
monitoring individual cow production at 
each milking, as well as providing vacuum 
stability to the cow. However, they were 
expensive and represented a challenge to 
clean. More recently, milk metering systems 
have been developed that give an electronic 
digital readout of the milk volume pro¬ 
duced at each parlor station. These systems 
can often be adapted to provide automatic 
data recording in an on-farm computer 
system. In stall barn pipeline installations, 
several types of mechanical milk meters are 
in use. It is important that any metering 
system should not be restrictive to the flow of 
air and milk. These restrictions can cause a 
drop in teat-end vacuum and the occurrence 
of irregular teat-end vacuum fluctuations. 
Increased milking time, incomplete milk out, 
and new intramammary infections can result. 

Bulk Milk Tank 

The bulk milk tank is the vessel used to cool 
and store raw milk until it is picked up by the 
bulk milk transport truck. All tanks must be 
of an approved sanitary design and construc¬ 
tion. They must be of sufficient capacity to 
cool and store up to 3 days of milk produc¬ 
tion. The cooling capabilities of bulk milk 
tanks are clearly specified. Appropriate 
cleaning and sanitizing procedures for bulk 
tanks are critical to prevent bacterial growth 
and contamination of raw milk. 

Relationship of Milking Equipment 
to Udder Health 

The milking machine can influence new 
intramammary infection rates in several 
ways: 

• It may be a carrier of mastitis pathogens 
from one cow to the next. 

• It may serve as a pathway of cross¬ 
infection within cows. 

• Malfunctioning or improperly used 
equipment may result in failure to 
relieve congestion in teat tissue. 
Eventually, teat-end damage and 
intramammary infection can occur. 


• Abrupt loss of milking vacuum may 
create changes in air movement of 
sufficient force to move pathogens past 
the streak canal defenses. This 
phenomenon, known as the impact 
mechanism, was described earlier. 

The pathogenesis of new infections related to 
machine milking probably involves all four 
of these factors. However, even though the 
milking system becomes the focus of many 
herd udder health investigations, there is 
little evidence that machine factors are of 
primary importance in most problem herds. 
It has been difficult to link milking machine 
factors and prevalence of herd infection, 
with the clear exceptions being pulsation 
failure and the impact mechanism. Mastitis 
has been difficult to produce experimentally 
by altering machine function. 

Appropriate pulsation is important for 
sufficient teat-end massage. Although con¬ 
tinuous vacuum will remove milk from cows’ 
teats, eventually it will result in excessive 
congestion, edema, and teat-end damage. An 
adequate compressive load by the liner on 
the teat tissue is necessary to relieve the con¬ 
gestion. Mechanical failure of the pulsator, 
shortness of the liner barrel, and a too-short 
liner rest phase are the most common exam¬ 
ples of pulsation problems. The impact 
mechanism results from an abrupt loss of 
milking vacuum. Poor liner design has been 
shown to increase the frequency of liner 
slips. During a liner slip, a reverse pressure 
gradient occurs across the streak canal of the 
other three teats. Liner design has been 
shown to be very important in reducing the 
amount of slippage. In combination with 
liner slips, the vacuum fluctuations that 
result from pulsation problems can lead to 
new intramammary infection. 

Even with the myriad of potential machine 
problems, milking equipment is not usually 
the major risk factor for poor udder health. 

Maintenance and Evaluation of 
Milking Equipment 

The most important aspect of udder health 
management related to milking equipment 
is the establishment of an appropriate 
evaluation, maintenance, and service sched¬ 
ule. Farm personnel should incorporate an 
inspection of the equipment into their 
regular milking process. Many of the prob¬ 
lems discussed in conjunction with the 
description of milking system components 
can be discovered during this daily inspec¬ 
tion. In addition, the producer should have 
milking equipment serviced on a regular 
basis. Items such as the vacuum pump, regu¬ 
lator, pulsators, and sanitary trap would be 
included in this check list. Also included in 
this inspection will be regular changing of 
the teat cup liners and other rubber parts. 
It is common for equipment dealers to 
schedule a regular visit to each farm client 
for the purpose of conducting this periodic 
maintenance schedule and for dispensing 





chemical cleaners and disinfectants used in 
the udder health management program. 

A complete milking system analysis 
should be conducted on a regularly sched¬ 
uled basis. This regular analysis is perhaps 
just as important as the initial design and 
installation of the system. Many dairy cattle 
specialists believe that a regular independent 
analysis will ensure proper equipment func¬ 
tion. Milking system analysis can be con¬ 
ducted by equipment dealers, government 
extension staff, veterinarians, or indepen¬ 
dent technicians. All these individuals need 
the appropriate knowledge and training. It is 
essential to use some type of systematic 
milking system analysis worksheet to record 
various performance measurements and to 
identify components requiring service or 
upgrading. A complete system analysis 
should be conducted at least once a year, and 
records should be kept for future reference. 

Robotic Milking 

Mastitis control in robotic milking systems 
has specific challenges related to ensuring 
that clean dry teats are milked, diagnosing 
clinical mastitis, and the treatment of cows 
with clinical mastitis. Additional informa¬ 
tion is provided in a review article by 
Edmondson listed in additional reading. 

3. DRY COW MANAGEMENT 
AND THERAPY 

The proper management of dry cows and 
late-gestation heifers is an important compo¬ 
nent of a mastitis control program. The dry 
period offers a valuable opportunity to 
improve udder health while cows are not lac- 
tating. However, the beginning and the end 
of the dry period represent periods of 
increased risk of infection. The objective of 
udder health management during the dry 
period is to minimize the number of 
infected quarters at calving. Two of the 
three major principles of udder health man¬ 
agement must be met to achieve this objec¬ 
tive. Infections present at the time of drying 
off should be eliminated, and the rate of 
new intramammary infections during the 
dry period must be minimized. Thus dry 
cow therapy has a dual role in eliminating 
existing infections and preventing new infec¬ 
tions during the dry period and has been 
widely adopted by dairy farmers. If these two 
principles are followed, udders will be free of 
infection at calving and can be expected to 
produce a maximum amount of low-cell- 
count milk in the subsequent lactation. Intra¬ 
mammary administration of long-acting 
antimicrobial agents to all cows at drying off 
remains a routine recommendation. 

Epidemiology of Intramammary 
Infection During the Dry Period 

The development of effective udder health 
management strategies for the dry period 
requires an understanding of the epide¬ 
miology of intramammary infections in 
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dry cows. This in turn requires an under¬ 
standing of the incidence of new infections 
during the dry period and the types of 
pathogen involved. Risk factors that affect 
the susceptibility of dry cows should also be 
understood. 

Incidence of New Infections 

The rate of new intramammary infections is 
significantly higher in the dry period than 
during lactation. The greatest increase in 
susceptibility is during the first 3 weeks of 
the dry period. In this period, the new infec¬ 
tion rate is many times higher than during 
the preceding lactation as a whole. A second 
period of heightened susceptibility occurs 
just before parturition. The reported rates of 
new intramammary infection in the dry 
period vary widely. Reasons for these 
differences include the diagnostic criteria 
used and the types of organism considered 
to be major pathogens. There are also impor¬ 
tant herd-level effects, such as the prevalence 
of existing infections at drying off and 
the method of dry off. The average rate of 
new infections in untreated dry cows is 
expected to be between 8% and 12% of 
quarters. 

Types of Pathogen Causing New 
Infections During the Dry Period 
Contagious pathogens are transmitted 
among cows and quarters in association with 
the milking process. Environmental patho¬ 
gens are primarily contracted from contami¬ 
nation with organisms in manure and 
bedding. Teat skin opportunistic pathogens 
are present on the teat, particularly the teat 
end. Contagious, environmental, and teat 
skin opportunistic pathogens need to be 
considered in designing mastitis control 
schemes for the dry period. 

Exposure to environmental pathogens is 
likely to continue throughout the dry period; 
thus prevention of new dry period infection 
with environmental agents represents a con¬ 
siderably greater challenge. Herds that have 
implemented a basic mastitis control program 
still need to be aware of the importance of 
preventing environmental infections in the 
dry period. There are different rates of infec¬ 
tion by the various environmental agents as 
the dry period progresses. For example, infec¬ 
tions with environmental streptococcal 
species, Klebsiella spp., and Enterobacter spp. 
occur more frequently early in the dry period. 
On the other hand, E. coli infections tend to 
occur immediately before calving. Dry cow 
management strategies need to account for 
the risk of infection during the entire period 
from last milking until the next calving. 

Risk Factors That Affect Susceptibility 
in Dry Cows 

Several factors contribute to the variation in 
susceptibility during the dry period. These 
factors are included in the following 
sections. 


Teat-End Protection 
The cessation of routine milking-time 
hygienic practices such as teat dipping allows 
bacterial subpopulations on teat skin to 
increase in number and diversity. S. aureus 
numbers are high immediately after drying 
off, and environmental pathogens are more 
prevalent on teat skin late in the dry period 
and at calving time. Teat-end lesions increase 
the likelihood of intramammary infections 
during the dry period. A plausible mecha¬ 
nism to explain this association is that teat- 
end lesions increase the surface area available 
for bacterial colonization while presenting a 
variety of environmental niches. For instance, 
quarters with cracked teat ends were 1.7 
times more likely to develop a new intrama¬ 
mmary infection during the dry period than 
unaffected quarters. 

The streak canal of the teat is more pen¬ 
etrable by bacteria during the early dry 
period. The keratin plug in the streak canal 
must form early and completely in the early 
dry period to prevent penetration and 
growth of bacteria and decrease the inci¬ 
dence of new intramammary infections. 
However, this natural internal teat sealant 
does not form in some cows, and delay in 
formation is common. For instance, in cows 
in New Zealand, 45% of teats are open on day 
7 of the dry period, and 25% are still open 
on day 35 of the dry period. Similar results 
were obtained in North American dairy 
cows. Quarters that remain open during the 
dry period are 1.8 times more likely to 
develop a new intramammary infection than 
quarters that have developed an effective 
keratin plug. Internal and external teat seal¬ 
ants are discussed later in this chapter. 

Swelling of the mammary gland, an 
increasing volume of secretion, and leaking 
colostrum contribute to the high risk of new 
infection during the prepartum period. 

Resistance Mechanisms Within 
the Mammary Gland 
Throughout the dry period there are marked 
changes in the composition of mammary 
gland secretions and in the concentration of 
protective factors such as leukocytes, immu¬ 
noglobulins, and lactoferrin. These changes 
probably influence the variation in suscepti¬ 
bility to both environmental and contagious 
pathogens. 

Substantial evidence exists that innate 
and acquired defense mechanisms are lowest 
from 3 weeks precalving to 3 weeks postcalv¬ 
ing. This lowered responsiveness includes 
aspects of systemic and mammary gland 
immunity that may account, in part, for the 
increased incidence of peripartum disease. 
Polymorphonuclear neutrophil function is 
impaired during the peripartum period and 
may contribute to the increased incidence of 
mastitis following calving. Diminished lym¬ 
phocyte responsiveness around calving has 
also been observed. The role of the cow in 
effectively transferring antibodies and cells 
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to the mammary gland before parturition to 
ensure high-quality colostrum is also an 
important function, and this may be affected 
by prepartum vaccination schedules and the 
ability of the animal to respond effectively. 

Milk Production at Dry Off 
A high level of milk production at dry off 
increases the incidence of new intramam¬ 
mary infections at calving. It is reasonable to 
assume that high milk production at dry off 
will produce a higher intramammary pres¬ 
sure, increasing the likelihood of an open 
streak canal early in the dry period. High 
milk production at dry off will also decrease 
the concentration of protective fractions 
such as phagocytic cells, immunoglobulin, 
and lactoferrin, decreasing resistance within 
the mammary gland. The finding that cows 
leaking milk following dry off are four times 
more likely to develop clinical mastitis in 
the dry period supports the concept that 
increased milk production at dry off 
increases the rate of new intramammary 
infections. 

Method of Drying Off 
The industry standard method for cessation 
of lactation (drying off) is abrupt cessation 
of milking, in which milking stops on the day 
scheduled for dry off (all cows are usually 
scheduled to “go dry” on the same day each 
week) to facilitate administration of dry cow 
intramammary antibiotics, vaccinations, and 
vitamin E/selenium injections. 

The large increase in milk production over 
the past 50 years has led to a new challenge; 
producers are forced to dry off dairy cattle at 
the end of lactation that have high milk pro¬ 
duction (>15-20 kg/day). Abrupt drying off 
high-producing dairy cattle leads to rapid 
mammary distention and the leakage of milk 
that appears to be associated with an increased 
incidence of environmental intramammary 
infection. Abrupt drying off of high- 
producing dairy cattle also results in stress 
(based on increased fecal corticosteroid con¬ 
centrations) 4 and behavioral changes, includ¬ 
ing bellowing, increased standing time 
looking at the milking parlor (indicating a 
preference to be milked), and reduced 
number of lying bouts. 5 Consequently, abrupt 
dry off of high-producing dairy cattle is 
increasingly viewed as an animal welfare and 
mastitis problem, and many producers are 
interested in effective and practical methods 
that alleviate stress at dry off. 

For decades, the standard recommenda¬ 
tion to decrease mammary distention and 
therefore stress when abruptly drying off 
high-producing dairy cattle has been to 
decrease energy intake over 1 to 2 weeks 
before dry off. In North America in compo¬ 
nent fed systems, this recommendation is 
implemented by decreasing the amount of 
grain fed. In total mixed ration systems, 
this recommendation is implemented by 
decreasing the total amount fed when cows 
are individually housed; however, this 


recommendation is impractical in free-stall 
systems. Other approaches have been a 
gradual cessation of milking (such as once a 
day for the last 5 days)/’ Generally, gradual 
cessation of milking has not provided any 
significant production advantages, and as a 
result, abrupt cessation of milking remains 
the industry standard at dry off, coupled with 
an immediate change in diet. 

A longstanding recommendation has 
been to decrease water intake at dry off, 
because this decreases milk production. This 
practice is rarely undertaken in northern 
Germany, 6 and it has been discouraged by 
the New Zealand dairy industry to comply 
with animal welfare codes. However, water 
intake is likely to be decreased at abrupt dry 
off because drinking behavior appears to be 
closely coupled with milking in dairy cattle 
and is also dependent on dry matter intake. 7 

Parity 

Older cows are more likely to develop new 
intramammary infections during the dry 
period. This increased predilection may be 
caused by increased milk production at dry 
off, increased prevalence of abnormal teat 
placement (increasing exposure of the teat 
end to pathogens), or increased prevalence 
of open streak canals because older cows 
have higher milk production. 

Risk Factors That Affect Susceptibility 
in Heifers 

An increased risk for intramammary infec¬ 
tion in the preparturient period in heifers is 
associated with the presence of S. aureus or 
M. bovis in the herd, calving in summer, high 
herd bulk tank milk SCCs, poor fly control, 
mastitic milk fed to calves, and contact with 
adult cows. Other risk factors are increased 
age at first calving, prepartum milk leakage, 
blood in milk, and udder edema. 

Udder Health Management 
Strategies for Dry Cows 
Antimicrobial Therapy 
(Dry Cow Therapy) 

Antimicrobial therapy at the end of lactation 
(dry cow therapy) has been one of the key 
steps in mastitis control programs and has 
become the most effective and widely used 
control method for dry cows. The efficacy 
and advantages of antimicrobial therapy are 
well known. A meta-analysis concluded that 
the use of effective dry cow products resulted 
in a 78% increase in the elimination of exist¬ 
ing infections, 8 with no detectable difference 
for pathogen type, including S. aureus. An 
accompanying meta-analysis indicated that 
dry cow therapy provided significant protec¬ 
tion against new intramammary infections 
caused by Streptococcus spp. during the dry 
period and the first 21 days of lactation, 
but no protection was observed for new coli- 
form or Staphylococcus spp. intramammary 
infection. 9 

Long-acting antimicrobial preparations 
have been formulated to eliminate existing 


infections and to prevent new infections. 

These preparations include benzathine 
cephapirin, benzathine cloxacillin, and 
sustained-release formulations of erythro¬ 
mycin, novobiocin, and penicillin. The with¬ 
holding period for milk from animals treated 
with these dry cow formulations ranges from 
30 to 42 days after treatment. It is important 
that the label directions are followed care¬ 
fully for the recommended dosage level, 
required withdrawal period, storage guide¬ 
lines, and expiry dates. A general recommen¬ 
dation is that dry cow treatment should 
never be administered within 1 month of the 
expected calving date. Single-dose syringe 
preparations of dry cow antibiotic treatment 
are recommended. The risk of contamina¬ 
tion by environmental bacteria and yeast is 
much higher for multiple-dose bottles than 
for single-dose syringes. If bulk containers 
are used, great attention should be paid to 
maintaining sterility. 

The use of long-acting and short-acting 
antimicrobial intramammary infusions at 
dry off have been compared. In some cases, 
short-acting antimicrobial agents were more 
effective than long-acting ones in eliminat¬ 
ing infections caused by S. aureus or treating 
cows infected with major pathogens diag¬ 
nosed twice before drying off. Intramam¬ 
mary infusion of cephapirin sodium 15 days 
prepartum in heifers was effective in reduc¬ 
ing intramammary infections during late 
gestation and reduced the occurrence of resi¬ 
dues in milk during early lactation. The milk 
of heifers that calve less than 15 days 
after treatment may contain antimicrobial 
residues. 

Intramammary infusion is a widely used 
and highly recommended procedure for 
mastitis therapy; however, there is a potential 
for the introduction of pathogens during 
the infusion process. Insanitary infusion 
practices can introduce antibiotic-resistant 
environmental organisms into the udder. 
Infection with opportunistic microorgan¬ 
isms, such as yeast or Nocardia spp., may 
cause more extensive udder damage than the 
original organism for which treatment was 
being administered. Adequate teat-end prep¬ 
aration and careful dry cow treatment proce¬ 
dures can reduce this risk. Dry cow treatment 
procedures should be performed as follows: 

• Milk out the udder completely. 

• Immediately following teat cup removal, 
dip all teats in an effective teat dip. 

• Allow the teat dip to dry. If necessary, 
remove excess dip from teat ends with a 
clean single-service paper towel. 

• Disinfect each teat end by scrubbing for 
a few seconds with a separate alcohol- 
soaked cotton swab. Start with the teats 
on the far side of the udder and work to 
the near side. 

• Infuse each quarter with a single-dose 
syringe of a recommended dry cow 
treatment. Start with the teats on the 
near side of the udder. Use the partial 
insertion method of administration into 
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the teat streak canal. Preferably, a 
modified infusion cannula should be 
provided with the treatment product. 

• Dip all teats in an effective teat dip 
immediately following treatment. 

The necessity of using appropriate dry cow 
treatment procedures cannot be overempha¬ 
sized. An increased incidence of Nocardia 
spp. mastitis has been associated with 
blanket dry cow therapy, especially 
neomycin-containing products. However, 
Nocardia spp. were not found as a contami¬ 
nant of the suspected products. Teat-end 
preparation by scrubbing with an alcohol- 
soaked cotton swab was protective against 
the occurrence of Nocardia spp. infection 
when teats were experimentally contami¬ 
nated with organisms immediately before 
drying off. Most commercial dry cow treat¬ 
ment products provide individually wrapped 
alcohol-soaked cotton swabs for use with 
each syringe. The use of good teat-end prepa¬ 
ration before intramammary infusion needs 
to be continually emphasized. 

The method of intramammary infusion 
may be important. Partial insertion of the 
infusion cannula (up to 4 mm) results in 
fewer new intramammary infections and 
improved cure rates. The improvement with 
a short cannula is attributed to fewer organ¬ 
isms being delivered beyond the streak canal 
and decreased physical trauma to the streak 
canal. In addition, antimicrobial agents that 
are deposited within the streak canal should 
control local infections. Modified infu¬ 
sion cannulas for the convenient use of a 
partial insertion method of administration 
are now available for commercial dry cow 
products. 

Another approach to preventing the prob¬ 
lems associated with intramammary infusion 
would be the development of an effective sys- 
temically administered dry cow treatment. 
Preliminary results have indicated improved 
efficacy against S. aureus infections using a 
systemically administered fluoroquinoline 
antibiotic (norfloxacin nicotinate). 

Blanket Versus Selective Dry 
Cow Therapy 

Three strategies for intramammary antimi¬ 
crobial treatment of dry cows are available, 
although the current recommendation for all 
herds is blanket therapy: 

• Blanket therapy (treat all quarters of all 
cows) 

• Selective cow therapy (treat all quarters 
of any cow infected in one or more 
quarters) 

• Selective quarter therapy (treat infected 
quarters only). 

Although blanket dry cow therapy is a cor¬ 
nerstone of any mastitis control program, 
there is some controversy concerning the 
need to treat all quarters of all cows (blanket 
therapy) or only those quarters or cows 
requiring treatment. The controversy has 
gained momentum because the implementa¬ 
tion of udder health management practices 


has reduced the prevalence of infection and 
global interest in decreasing the use of anti¬ 
biotics. As a result, Nordic countries have 
implemented selective dry cow therapy as 
part of their national mastitis control 
program. 10 The major reasons for selective 
therapy are to 

• Avoid the elimination of minor 
pathogens, which may make cows more 
susceptible to environmental agents 

• Reduce the expense of treatment 

• Address increasing consumer concern 
regarding the routine administration of 
antibiotics to food-producing animals 

• Avoid the possible emergence of 
antibiotic-resistant organisms 

Each of these reasons should be carefully 
considered in making a decision between 
blanket and selective dry cow therapy. Selec¬ 
tive dry cow therapy is preferable provided 
that an accurate, practical, and inexpensive 
method for selecting infected cows is avail¬ 
able. This is the major problem with selective 
dry cow therapy because in most herds the 
sensitivity and specificity of the test used for 
selection is not adequate. The majority of 
economic analysis studies indicate that the 
optimum return on investment is provided 
by treating every quarter of every cow at 
drying off. 

As general udder health improves and 
bulk tank milk SCC remains low, producers 
question the need to continue dry treatment 
on all cows and are attracted by a potential 
reduction in costs for the purchase of dry 
cow treatment. However, selective therapy 
requires a decision as to which cows or quar¬ 
ters are to be treated. The sensitivity and 
specificity of currently available screening 
tests are inadequate as a basis for decisions 
concerning selective therapy. The history of 
the number of episodes of clinical mastitis, 
lactation number, individual cow composite 
SCC during lactation and at dry off, CMT 
results during lactation or at dry off, and 
even bacteriologic culture toward the end of 
lactation all result in leaving some infected 
cows untreated; conversely these result in the 
treatment of many uninfected cows. An 
important requirement for large-scale imple¬ 
mentation of selective dry cow therapy is the 
development of a cheap, practical, sensitive, 
and specific test to identify infected cows. 
The failure to prevent new intramammary 
infections during the dry period with the 
selective approach must also be considered. 
New infections in the dry period will become 
increasingly important as contagious patho¬ 
gens are eliminated from herds. Finally, 
blanket dry cow therapy reduces new infec¬ 
tion rates for quarters from approximately 
14% to 7%. The increase in milk production 
alone resulting from prevention of these new 
infections provides enough return to offset 
the cost of treatment for all cows. 

The most practical method currently 
available for implementing selective dry cow 
treatment appears to be a low SCC on a cow 
basis at the last milk recording before drying 


off, with a low SCC defined as <150,000 cells/ 
mL for primiparous and <250,000 cells/mL 
for multiparous cows. 10 In a split udder study 
of 1657 low-SCC cows in the Netherlands, 
the incidence of clinical mastitis in untreated 
quarters in the first 100 days of lactation was 
70% higher than in quarters infused with a 
dry cow intramammary product containing 
314 mg of potassium benzylpenicillin, 
1000 mg of procaine benzylpenicillin, and 
500 mg of neomycin sulfate. Clinical mastitis 
was most commonly caused by S. uberis. The 
SCC at calving and 14 days in milk were also 
higher in quarters dried off without antibiot¬ 
ics. 10 Despite increased antibiotic use for 
treating additional cases of clinical mastitis, 
total antibiotic use was decreased by 85% in 
low-SCC cows not administered an intra¬ 
mammary dry cow antibiotic. 10 This study 
highlights the balance the veterinarian 
must reach between increased incidence of 
clinical mastitis (and therefore more pain 
and discomfort) and overall reduction in 
antibiotic use when a selective dry cow 
therapy approach is applied using the most 
practical test. 

Information presently available indicates 
that the general recommendation should be 
for routine treatment of all quarters of all 
cows at the time of drying off (blanket dry 
cow therapy). There is a need to identify 
important management practices to limit 
new infections in untreated dry cows and to 
develop new screening tests to determine 
which cows should be treated. New environ¬ 
mental management methods and modern 
information processing capabilities may lead 
to the development of better selective dry 
cow treatment programs. These may include 
the administration of ancillary therapeutic 
agents. For instance, the intramammary 
infusion of recombinant bovine IL-2 along 
with cephapirin sodium at drying off mar¬ 
ginally increased the cure rate of intramam¬ 
mary infections associated with S. aureus, 
but not other pathogens, during the dry 
period compared with the administration of 
cephapirin only. Interleukin did not affect 
the incidence of new intramammary infec¬ 
tions for any pathogen group. However, the 
intramammary infusion of interleukin at 
drying off was associated with an increased 
incidence of abortion in dairy cows 3 to 7 
days after the infusion. 

Factors Affecting the Success of 
Antimicrobial Treatment of Dry Cows 
Despite blanket dry cow therapy, some cows 
calve with infected quarters and some with 
clinical mastitis. Several risk factors affecting 
the results of dry cow treatment have been 
evaluated. Some of these factors are 
• Number of quarters infected. With S. 
aureus infections, there is a significant 
decrease in cure rate as the number of 
quarters infected per cow increases. 
Quarters from cows with either three or 
four of their quarters infected have a 
very poor cure rate. 
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• Age of the cow. As the age of the cow 
increases, the probability of S. aureus 
infections being cured by dry cow 
therapy decreases. 

• SCC before drying off. The cure rate of 
S. aureus-infected quarters diminishes 
as the SCC before treatment increases. 
Controlling for age and number of 
quarters infected, there was a 
significantly lower cure rate in quarters 
with an SCC of more than 

1,000,000 cells/ml. 

• Herd of origin. There is a distinct herd 
effect on the success of dry cow therapy. 
The cure rate of S. aureus has been 
shown to be higher in herds with good 
hygiene and with a low prevalence of S. 
aureus infections at drying off. 

There is considerable potential in using indi¬ 
vidual cow and herd-level information to 
predict the likelihood of a cure with dry cow 
therapy. For example, an older cow with 
three quarters infected with S. aureus and a 
persistently high SCC has a low probability 
of a cure. Continued development of infor¬ 
mation management systems to assist with 
therapy and culling decisions will clarify the 
expectations of dry cow treatment. 

Persistent S. aureus infections represent 
only one of the shortcomings of antibiotic 
treatment for dry cows. Most dry cow prod¬ 
ucts are formulated for efficacy against gram¬ 
positive cocci. These antibiotics are of limited 
usefulness against gram-negative bacteria. In 
other words, new coliform infections would 
not be prevented by this therapy. 11 Even 
though dry cow products are formulated for 
sustained activity, the provision of adequate 
protection during the critical prepartum 
period is questionable. The persistence of 
effective levels of antimicrobial agents has 
been evaluated for various dry cow treat¬ 
ments and depends on the formulation; very 
few products have persistent activity until 
the time of calving. 

Internal Teat Sealants 

As discussed previously in risk factors for 
infection in the dry period, the keratin plug 
is a natural internal teat sealant that pro¬ 
vides an effective barrier to new intramam¬ 
mary infections. High milk production at 
dry off increases the likelihood that the 
streak canal remains open and presumably 
compromises formation of the keratin 
plug, increasing the risk of intramammary 
infection. 

A recent promising development in mas¬ 
titis control has been exogenous internal 
teat sealants that are applied at dry off. The 
teat sealant product most extensively evalu¬ 
ated contains a heavy inorganic salt (bismuth 
subnitrate) in a paraffin wax base; this 
product does not have antibacterial proper¬ 
ties but acts as a physical barrier to ascend¬ 
ing intramammary infections. Because it is 
not an antibiotic use of the product may 
be permitted on organic dairies in some 


countries. The formulation of bismuth sub¬ 
nitrate used has a higher density than milk 
causing it to sink to the bottom of the teat 
canal in which it creates a physical barrier. 
Administration of internal teat sealants alone 
requires meticulous attention to aseptic tech¬ 
nique because it is easy to facilitate transfer 
of bacteria on the teat end into the gland 
during infusion. 12 

A meta-analysis of 18 publications con¬ 
cluded that internal teat sealants decreased 
new intramammary infections by 73% com¬ 
pared with untreated cows and decreased the 
risk of clinical mastitis after calving by 48% 
compared with untreated cows. 13 The same 
meta-analysis also concluded that internal 
teat sealants combined with antibiotic dry 
cow therapy decreased new intramammary 
infections by 25% compared with cows 
treated with antibiotic dry cow therapy alone 
and further decreased the risk of clinical 
mastitis after calving by 29%. The addition of 
an antimicrobial agent is a logical addition to 
the bismuth subnitrate internal teat sealant 
and has been a routine addition to the teat 
sealant for some years in Ireland. An experi¬ 
mental challenge study in New Zealand indi¬ 
cated that the addition of 0.5% chlorhexidine 
to the internal teat sealant at dry off increased 
the protection against intramammary infec¬ 
tion after calving. 14 

Dry period length may be a factor to con¬ 
sider when deciding whether to use internal 
teat sealants, which persist for at least 100 
days in treated cattle. As such, internal teat 
sealants are theoretically more likely to 
prevent new intramammary infections in 
cows with long dry periods than infusion of 
a long-acting intramammary antibiotic 
because an effective antibiotic concentration 
after infusion rarely persists longer than 70 
days in glandular secretions. 15 However, 
study results have been mixed on this topic, 
with dry period length having no impact on 
the new infection rate or incidence of clinical 
mastitis in New Zealand dairy cattle admin¬ 
istered an internal teat sealant. In contrast, a 
UK study found in cattle with a dry period 
length >70 days that the new infection rate 
was 11% in quarters treated with cephalo- 
nium compared with 4% in cows receiving 
combined cephalonium and internal teat 
sealant. 16 

Insertion of an internal teat sealant before 
calving shows promise as a control measure 
for heifer mastitis. In a New Zealand study 
of first-calf heifers, infusion of an internal 
teat sealant at approximately 30 days before 
calving decreased the incidence of S. uberis 
intramammary infection by 84% and the 
incidence of clinical mastitis by 68% in the 
first 14 days of lactation. 17 

Bismuth subnitrate internal teat sealants 
clearly show promise for the prevention of 
new intramammary infections during the 
dry period. However, because bismuth sub¬ 
nitrate teat sealants do not eliminate exist¬ 
ing intramammary infections, and an 


accurate method for determining the infec¬ 
tion status of a quarter is unavailable (the 
exception being milk culture), the recom¬ 
mended application of internal teat sealants 
requires combined application with intrama¬ 
mmary dry cow therapy, with the teat sealant 
infused immediately after infusion of the 
intramammary dry cow antibiotic. The teat 
sealant should not be massaged upward after 
infusion. This combined therapy is more 
effective than either treatment alone but may 
be uneconomical; however, a study con¬ 
ducted on grazing dairy cattle in Australia 
concluded that the use of combined therapy 
was likely to be of benefit in herds that had 
a clinical mastitis incidence of 6% or more in 
the first 3 weeks of lactation. 18 Widespread 
adoption of internal teat sealants will be 
facilitated by development of an accurate 
low-cost test for determining intramammary 
infection status at dry off. 

It is important that the internal teat 
sealant does not reach the bulk milk tank. At 
the first milking after calving, each quarter 
should be stripped 10 to 12 times and colos¬ 
trum should be withheld for a minimum of 
4 days. 

External Teat Sealants 

A longer-standing approach to providing a 
physical barrier to ascending infections is the 
use of external teat sealants, which were 
originally developed for use in lactating 
cows. The major problem with external teat 
sealants is the duration of adherence, which 
is too long for lactating cow use and too 
short for dry cows. Teat-end lesions and teat 
length influence the adherence of external 
teat sealants. Widespread adoption of exter¬ 
nal teat sealants will require a product that 
provides prolonged protection but is easily 
removed at calving. 

Teat Disinfection 

Postmilking teat disinfection is a very effec¬ 
tive means of reducing new infections in 
lactating cows. However, the efficacy of teat 
disinfection in decreasing the incidence of 
new intramammary infections in the dry 
period has been discouraging. Daily teat 
dipping for the first week of the dry period 
is not effective in reducing S. uberis infec¬ 
tions. The lack of efficacy of teat disinfection 
needs to be contrasted to the efficacy of 
internal teat sealants. 

Intramammary Devices 

Intramammary devices have been devel¬ 
oped for use in preventing new infections 
in both lactating and dry cows. However, 
there is conflicting evidence as to the 
reduction in infection rate in quarters fitted 
with these devices, and such devices are no 
longer being investigated. The incidence of 
clinical mastitis may be less in cows fitted 
with these devices compared with control 
cows, but the prevalence of subclinical 
infection is unaffected. Intramammary 





devices induce a significant increase in 
postmilking SCC compared with control 
cows, and test-day SCCs may be higher 
than in control cows. 

Vaccination of the Dry Cow 

Immunization and immunotherapy for the 
control and prevention of mastitis have been 
active areas of research. Effective vaccines 
would have to eliminate chronic intramam¬ 
mary infections, prevent new intramammary 
infections, or decrease the incidence or 
severity of clinical mastitis. Currently avail¬ 
able mastitis vaccines may reduce the inci¬ 
dence and severity of clinical mastitis but 
have not eliminated chronic intramammary 
infections or prevented new intramammary 
infections. The inability of vaccines to prevent 
infection may be caused by the wide variety 
of pathogens, inadequate specific antibodies, 
or the failure of antibodies to enter the 
mammary gland before infection. Currently 
available vaccines should be used as adjuncts 
to other more effective control strategies. 

Vaccines have been developed to reduce 
the incidence and severity of clinical mastitis 
associated with gram-negative pathogens. 
R-mutant bacteria have an exposed inner 
wall structure (core lipopolysaccharide anti¬ 
gens) that is highly uniform, even among 
diverse and distantly related gram-negative 
bacteria. Vaccines containing killed R-mutant 
bacteria provide broad-spectrum immunity 
against a wide variety of unrelated gram¬ 
negative bacteria. The most commonly used 
coliform mastitis vaccines are the Rc-mutant 
E. coli 0111:B4, known as the J5 vaccine, and 
the Remutant S. typhimurium, both of which 
are commercially available in the United 
States. R-mutant vaccines have been effica¬ 
cious in reducting the incidence and severity 
of clinical mastitis caused by gram-negative 
bacteria. More than 50% of large (>200 cows) 
dairy herds and more than 25% of all dairy 
herds in the United States are using core 
lipopolysaccharide antigen vaccines. No pro¬ 
tection is provided against environmental 
streptococci and staphylococci, or the 
contagious pathogens. 

No effective vaccines are currently avail¬ 
able for the control of mastitis caused by S. 
aureus, S. agalactiae, environmental strepto¬ 
cocci, and M. bovis. 

The use of recombinant bovine cytokines 
as adjuvants to enhance specific immunity in 
the mammary gland of cows after primary 
immunization indicate an enhancement of 
specific immunity in the mammary gland, 
which may be effective in mastitis immuni¬ 
zation protocols. 

Management of the Environment for 
Dry Cows 

Dry cows should be provided with an envi¬ 
ronment that is as clean and dry as possible. 
If this is not feasible in confinement housing, 
it is probably better to maintain dry cows 
on pasture. Variations in the load of 
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coliforms and environmental streptococci in 
the environment are important predictors of 
new infection rates. Minimizing the expo¬ 
sure to environmental bacteria will reduce 
the new infection rate. However, some 
pasture conditions promote the crowding of 
cows under shade trees. In hot, humid, and 
muddy conditions, heavy contamination of 
such a small area can result in a significant 
risk of new environmental infections in the 
dry period. In good weather, it is ideal to 
hold parturient cows in a clean, grassy area 
in which they can be observed and assisted 
if necessary. 

In confinement housing systems for dry 
cows, it is important to provide adequate 
space, ventilation, bedding, and lighting to 
ensure cleanliness and comfort. Maternity 
(calving) stalls should be bedded with clean 
straw, sawdust, or shavings. Other important 
procedures for managing the environment 
for dry cows include adopting an effective fly 
control program. Clipping the hair on the 
udders, flanks, and inside the hind legs will 
help reduce contamination. The words 
clean, dry, cold, and comfortable summa¬ 
rize the ideal environment for dry cows. 
The words clean and dry also summarize the 
goal for the teat before attachment of the 
inflation during milking. 

Nutritional Management of Dry Cows 

A nutritionally balanced dry cow feeding 
program is important to ensure udder 
health. A role has been suggested for spe¬ 
cific nutritional factors in resistance to 
mastitis, especially over the dry period. 
Adequate levels of vitamin E and selenium 
in dry cow rations appear to be important 
for udder health at calving and in early lac¬ 
tation. This effect may be mediated through 
enhanced resistance mechanisms. Other 
vitamins and minerals may be important in 
udder health, but their role is less well 
substantiated. 

Nutritional management of dry cows is 
also important for reducing the risk of milk 
fever, which is an important predisposing 
factor to mastitis in fresh cows. Appropriate 
body condition can be achieved by good 
nutritional management in late lactation. 
The association between body condition, 
energy metabolism, and udder health needs 
further clarification. 

4. APPROPRIATE THERAPY OF 
MASTITIS DURING LACTATION 

The early recognition and treatment of clini¬ 
cal cases remains an important part of a 
mastitis control program. Improvements in 
understanding of the epidemiology, patho¬ 
physiology, and response to therapy of 
various mastitis pathogens have clarified the 
role of intramammary and parenteral anti¬ 
microbial agents for of the treatment of clini¬ 
cal and subclinical mastitis during lactation. 
This was covered extensively earlier in this 
chapter. 


5. CULLING CHRONICALLY 
INFECTED COWS 

The final step of the five-point mastitis 
control program is the selective removal of 
cows with chronic intramammary infection 
from the herd. Most producers have inter¬ 
preted this recommendation to mean that 
cows with recurrent episodes of clinical mas¬ 
titis should be eliminated. For example, some 
herds have established that cows having 
three or more clinical cases of mastitis in a 
lactation will be culled (the popular three 
strikes and out approach). However, very 
little research has been conducted to deter¬ 
mine the effect of various culling strategies 
on herd udder health status and on the inci¬ 
dence of clinical cases. 

Nevertheless, culling chronically infected 
cows meets one of the three guiding prin¬ 
ciples of mastitis control, namely the elimi¬ 
nation of existing intramammary infections. 
Through the use of available monitoring 
techniques and the establishment of a 
defined culling program, a valuable oppor¬ 
tunity exists to improve udder health by 
culling. 

Generally, a record of chronic mastitis 
and severe fibrosis detected on deep udder 
palpation should be the basis of a recom¬ 
mendation to cull. Culling is an effective 
and documented mastitis control measure 
for some specific mastitis pathogens. For 
example, the removal of infected cows is a 
key element of the recommended mastitis 
control program for herds with a high preva¬ 
lence of S. aureus infection. Removal of cows 
found to be infected with S. aureus accounted 
for more than 80% of the costs involved in 
the control program. Culling is also impor¬ 
tant in the control of other mastitis patho¬ 
gens that respond poorly to antimicrobial 
therapy. Herds with mastitis cases associated 
with M. bovis, Nocardia spp., and P. aerugi¬ 
nosa should be aware of the benefits of 
culling infected cows. 

A dairy herd culling program should be 
based on consideration of the net present 
value of each cow in the herd compared with 
the value of a replacement heifer. The net 
present value depends on the age of the cow, 
her potential for milk production, the stage 
of lactation, and her pregnancy status. 
Factors that determine the likelihood of 
treatment success, such as pathogen and 
duration of mastitis, as well as the cost of 
treatment, also need to be considered in cal¬ 
culating the net present value of the cow with 
mastitis. After consideration of the relative 
importance of udder health in the overall 
herd health management program, addi¬ 
tional economic pressure may be applied to 
cows with a specific udder health status. For 
example, if an S. aureus control program is a 
major priority in the health management 
program, additional economic pressure 
should be applied in removal decisions of 
cows with known S. aureus infections. As 
health management data collection and 
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analysis improve in sophistication, decision 
analysis methods and expert computer 
models will be used to provide this informa¬ 
tion automatically. 

Biosecurity for Herd Replacements 

Replacement animals may be purchased to 
increase herd size or to maintain cow 
numbers following culling. Biosecurity mea¬ 
sures must be used to ensure that herd 
replacements are not infected with conta¬ 
gious mastitis pathogens (specifically S. 
aureus, S. agalactiae, andM. bovis). However, 
an economic analysis of the different compo¬ 
nents of a biosecurity program has not been 
performed, and it is likely that some compo¬ 
nents of currently used programs are not 
cost-effective. 

An optimal biosecurity program includes 
knowing the herd of origin, knowing the 
cows, and protecting the home herd. 

Know the Farm of Origin 

• Request a bulk tank milk culture from 
the farm of origin 

• Request the following data: 6 to 12 
months of bulk tank milk SCC, bulk 
tank milk bacterial counts, and 6 to 
12 months of records for clinical 
mastitis 

Know the Cows 

When purchasing single or small groups of 
animals the following prepurchase proce¬ 
dures are recommended: 

• SCC and clinical mastitis records for 
each cow to be purchased 

• Results of bacteriologic culturing of 
quarter milk samples from each cow 
on arrival (if lactating) or at calving 
(if late gestation) for S. aureus, S. 
agalactiae, and M. bovis. Generally, the 
sensitivity of a single milk culture to 
detect the presence of intramammary 
infections caused by S. agalactiae is 
approximately 95%, for S. aureus it 
ranges from 30% to 86%, and for 

M. bovis it is 24%. 

• A physical examination of each cow, 
including udder, milk quality, and teat 
ends 

Protect the Home Herd 

Consider all purchased animals as potential 
health risks to the home herd by doing the 
following: 

• Maintain all newly purchased animals in 
separate or isolated facilities until 
diagnostic tests for udder health have 
been completed and there is no evidence 
of infection that may spread to the rest 
of the herd (usually <14 day 
quarantine). 

• Evaluate all herd replacements for 
evidence of antimicrobial residues in 
milk. 

• Milk all purchased animals last or with 
separate milking equipment until it is 


determined that they are free of 
infection. 

• Obtain results of bacteriologic culturing 
of bulk tank milk samples or string 
samples for S. aureus, S. agalactiae, and 
M. bovis; culturing should be done on 
more than one occasion because the 
sensitivity of bulk tank milk culturing is 
not 100%, and is less than 50% for M. 
bovis. 

6. MAINTENANCE OF AN 
APPROPRIATE ENVIRONMENT 

The multifactorial nature of mastitis has 
been emphasized throughout this chapter. 
Intramammary infection results from a 
complex interaction between the cow, the 
mastitis pathogens, and the environment. 
Thus the control of unfavorable environ¬ 
mental influences is extremely important 
in dairy herd udder health management 
programs. 

Intramammary infection involves expo¬ 
sure of the teat surface to potentially patho¬ 
genic microorganisms, entry of the pathogens 
into the gland via the teat duct, and establish¬ 
ment of the pathogens in the mammary 
tissue, producing an inflammatory response. 
Many environmental factors can influence 
this process of exposure, bacterial entry, 
and establishment of infection. For example, 
the type of bedding and manure manage¬ 
ment can have a great impact on the 
contamination of teat skin with microorgan¬ 
isms. Housing design can have an impact on 
the prevalence of teat injuries, which will 
influence intramammary invasion by masti¬ 
tis pathogens. Extreme climatic conditions, 
poor nutritional management, and cow 
stocking densities will influence the immune 
system and the establishment of intramam¬ 
mary infection. A comprehensive udder 
health management program should involve 
steps to minimize the detrimental influences 
of the environment. 

Global Environmental Influences 

Worldwide, there are major differences in 
dairy herd health and production systems. 
For example, the type of animal used, eco¬ 
nomics of production, climatic conditions, 
housing structures, and management 
methods are widely variable. These differ¬ 
ences greatly affect the interaction of cows 
with their environment, even though the 
predominant causative organisms are the 
same under different systems. Thus there are 
major variations in the relative incidences of 
different pathogens and in the importance of 
various approaches to mastitis control. 

Classification of 
Environmental Influences 

The influences of the total environment can 
be divided into the following: 

• External environment. All aspects of 
the environment outside the housing 
facilities make up the external 


environment. This includes the regional 
differences in climate, geography, and 
agricultural tradition. There are also 
local factors within a region that can 
have an important influence. These 
local factors include the topographic 
features of the land, natural shelters 
from the climate, and the availability of 
pasture. 

• Internal environment. All 

environmental conditions inside the cow 
buildings make up the internal 
environment. The general internal 
environment includes the type of 
housing system, temperature, humidity, 
and air quality. There are also specific 
internal environmental influences such 
as stall design, type of bedding, 
nutritional management, and manure 
disposal. The milking environment has a 
major influence through the equipment, 
cow preparation methods, and approach 
to general hygiene. 

External Environmental Influences on 
Mastitis Control 

There is minimal evidence that external envi¬ 
ronmental factors directly influence the 
incidence of mastitis; however, the external 
environment determines the way in which 
cows are housed, fed, and milked. Through 
these associations, the external environment 
can be an important risk factor in problems 
with udder health in dairy herds. 

Regional Environment 

The climate and geographic features of a 
region have implications for the prevalence 
of mastitis. The ambient temperatures and 
amount of rainfall often determine the types 
of housing and nutritional program used. 
Extremely hot or cold conditions inter¬ 
act with other predisposing management 
factors. In areas prone to severe rainstorms, 
teats may be exposed to wet or muddy con¬ 
ditions. The soil type, cropping policy, and 
presence of other industries can also have 
an indirect impact on the prevalence of 
mastitis; for example, regions suitable for 
growing cereal grains will commonly use 
straw as a bedding material, which may favor 
the growth of environmental streptococcal 
organisms. In contrast, dairying areas close to 
the forestry industries may favor sawdust or 
shavings as bedding. The use of these materi¬ 
als may influence the incidence of coliform 
mastitis. 

The socioeconomic structure and agri¬ 
cultural policy of a particular region can 
affect management factors known to influ¬ 
ence udder health. These factors determine 
herd size and labor costs. Large herd sizes 
necessitated by economic conditions will 
dictate the housing, feeding, and milking 
management practices used. More recently, 
regional policy toward regulation of bulk 
tank milk SCC levels has had a profound 
impact on udder health status. 





Local Environment 

The local environmental factors such as the 
topography of the land, the presence of 
natural shelters, and the type of pasture 
grown are thought to influence udder health 
status. However, direct scientific evidence is 
lacking. One important exception is summer 
mastitis, which affects nonlactating heifers 
and cows. This udder infection with T. pyo¬ 
genes is greatly affected by the local environ¬ 
ment, probably through the propagation of 
insects important in its transmission. Pro¬ 
tected pastures increase insect populations 
and can result in a high incidence of 
infection. 

Internal Environmental Influences on 
Mastitis Control 

The incidence of new intramammary infec¬ 
tions can be greatly affected by the manage¬ 
ment and facilities used in confinement 
dairying systems. General aspects of the 
internal environment exert their influence 
on all cows in the herd, such as the type of 
housing and milking system. Tie-stall barns 
pose different environmental stresses from a 
free-stall system. The air quality and noise 
levels can have an impact on animal health. 
The nutrient content of component feed- 
stuffs can affect disease resistance. 

Specific internal environmental factors 
exert their influence on an individual cow 
basis. For example, the stall design and tying 
system affect individual cows differently. 
Many epidemiologic studies have revealed 
interactions between udder disease and 
internal environmental conditions. Most of 
these studies relate to European tie-stall and 
seasonal grazing systems. However, the 
results are generally relevant to most housing 
and management systems. Some of the most 
important general and specific influences of 
the internal environment are as follows. 

Housing 

Housing factors account for a great deal of 
the variation in udder health status between 
herds. In both tie-stall and free-stall barns, 
short and narrow stalls are associated with 
increased incidence of teat tramps and mas¬ 
titis. An appropriate partition between stalls 
is beneficial. Stanchions or neck straps with 
chains can restrict the movement of the cow 
and increase the risk of teat injury. This 
occurs especially as cows are rising. In addi¬ 
tion, the use of electrical cowtrainers has 
been associated with an increase in the rate 
of subclinical mastitis. The use of adequate 
amounts of a good bedding material will 
reduce mastitis incidence in both tie-stall 
and free-stall housing systems. Even though 
there are reports of specific bedding materi¬ 
als being associated with certain mastitis 
problems, the use of adequate amounts of 
properly maintained bedding is beneficial. 
Straw, shavings, sawdust, sand, shredded 
newspaper, and other cushion systems have 
all been used effectively. 
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The climate and air quality maintained 
within a building can have a major influence 
on udder health. Draughty conditions, high 
relative humidity, and marked changes in 
indoor temperature over a 24-hour period 
are factors that contribute to higher mastitis 
rates. Adaptation to adverse internal envi¬ 
ronmental conditions may cause stress, 
which can reduce the cows defense mecha¬ 
nisms. Indoor climate, especially tempera¬ 
ture and humidity, can also account for 
differences in the concentration of patho¬ 
genic organisms to which cows are exposed. 

Nutritional Management 
A complex relationship exists between the 
quantity and quality of feed and udder health 
status. Improper nutritional management can 
result in an increase of new intramammary 
infections, the exacerbation of preexisting 
chronic infections, and an increase in clinical 
mastitis. Several mechanisms have been sug¬ 
gested for this association. An improper 
anion to cation balance in the dry cow ration 
is a predisposing factor for periparturient 
hypocalcemia, which in turn increases the 
risk of new intramammary infections. 
Feeding programs that result in excessively fat 
or abnormally thin cows may affect resistance 
to disease. Also, there is some evidence that 
feeds high in estrogenic substances may be 
detrimental to udder health status. 

The dietary concentration of some vita¬ 
mins and minerals may have an important 
relationship to udder health. Studies have 
shown that intramammary infection is 
related to plasma concentrations of vitamin 
E and blood concentrations of selenium. 
Dietary supplementation of vitamin E and 
selenium improved the natural resistance of 
the mammary gland to infection. Associa¬ 
tions between udder health and the levels of 
vitamin A, p-carotene, zinc, and other nutri¬ 
ents have been proposed but are not well 
documented. 

Management Approach 
Cow supervision, decision making, and 
general animal care by dairy herd managers 
may be important epidemiologic factors in 
the relationship between environment and 
udder health. For example, lack of consis¬ 
tency in the performance and timing of 
various herd activities results in decreased 
udder health status. Irregular intervals 
between milkings should be avoided. 

General Hygiene 

Even outside the milking environment, 
general hygiene can greatly influence the 
exposure of the udder and teats to patho¬ 
genic bacteria. The degree of hygiene 
achieved is directly related to the type of 
housing, the amount of bedding, and the effi¬ 
ciency of manure removal. Worldwide trends 
toward increasing herd sizes and decreasing 
labor force necessitate more emphasis on the 
importance of cow hygiene. 


Udder Singeing 

Hair on the udder facilitates the accumula¬ 
tion of fecal material and other organic 
material that, when wet, can contaminate the 
teat orifice and result in new intramammary 
infections, or enter the bulk tank milk vat. 
Udder hair can be removed by clipping or 
more quickly by “udder singeing” every 2 to 
3 months, which has become popular in 
parts of North America. A soft yellow flame 
from a handheld propane torch is held about 
15 to 20 cm below the udder to singe the 
udder hair and the ash brushed away using a 
gloved hand. Studies have demonstrated that 
udder singeing results in cleaner udders, but 
a beneficial effect on decreasing herd SCC, 
milk bacterial count, or the incidence of 
clinical mastitis does not appear to have been 
reported. Appropriate clinical studies docu¬ 
menting the pain and discomfort associated 
with the procedure do not appear to have 
been conducted. 

Use of Recombinant Bovine 
Somatotropin 

It has been suggested that the use of bST may 
increase the incidence of clinical mastitis by 
an indirect mechanism that acts through 
increased milk production. Controlled field 
studies have shown that the use of bST is not 
associated with an increase in the incidence 
of clinical mastitis, milk discarded because of 
therapy for clinical mastitis, or culling for 
mastitis. 

Environmental Control in an Udder 
Health Management Program 

There is a strong association between herd 
udder health status and the number of stress 
factors operating within the herd. It has been 
proposed that mastitis occurs when stress 
factors exceed the cow’s ability to adapt. It 
follows that a major objective of an udder 
health management program should be to 
limit the number and severity of environ¬ 
mental stress factors. 

Veterinarians responsible for udder 
health management programs should have a 
good understanding of the importance of 
environmental management. The three 
major objectives of environmental control 
for improvement of udder health are to 
prevent 

• Contamination of the teat end 

• Invasion of mastitis pathogens 

• Pathogens from establishing in the 
mammary gland 

The important steps in achieving these three 
objectives have been discussed. For example, 
an adequate housing system and manure 
handling are important to limit bacterial 
contamination of the teats. The prevention of 
environmentally induced teat injuries will 
aid in preventing invasion of pathogens into 
the gland. The producer’s approach to cow 
management, control of the nutritional 
program, and ensuring that the internal 
environment is appropriate will all greatly 
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improve host defense mechanisms and 
prevent intramammary pathogens from 
establishing within the gland. 

7. GOOD RECORD KEEPING 

Good record keeping involves the collection 
of useful data to monitor performance, cal¬ 
culation of appropriate indices, and decision 
making based on comparison to target levels. 
For acceptable performance the monitoring 
process is repeated and the cycle continues. 
If performance is not acceptable, further 
evaluation and analysis is performed, and a 
plan of action is instituted. Once again, the 
monitoring process carries on and the cycle 
continues. For many of the health manage¬ 
ment programs in food animal practice, a 
limiting factor is the availability of accurate 
and objective data. With respect to udder 
health, data have been readily available. Bulk 
tank milk SCC, individual cow composite 
SCC, and bacteriologic culture results are all 
accessible and useful. These data provide the 
information necessary to monitor udder 
health status and to make specific health 
management decisions. However, problems 
can still exist. Herds with a low prevalence of 
infection and very low bulk tank milk 
SCC can still have a high incidence of envi¬ 
ronmental infections and clinical mastitis 
cases. Thus an important step in an effective 
udder health management program is the 
maintenance and use of mastitis records. The 
increasing adoption of computerized dairy 
health management record systems provides 
an opportunity to make effective use of a 
clinical mastitis episode and therapy data. 
Even without a computerized system, manual 
records for clinical mastitis are easy to imple¬ 
ment and use. 

Objectives and Uses of Clinical 
Mastitis Records 

The objective of maintaining computerized 
or manual records of clinical mastitis epi¬ 
sodes is to complete the decision-making 
capabilities of a mastitis control program. 
The availability of this information will allow 
completion of the health management cycle 
over the entire spectrum of herd udder 
health situations. 

There are several important uses of clini¬ 
cal mastitis records: 

• To assess the risk factors associated with 
clinical mastitis episodes 

• To evaluate lactational and dry cow 
therapy programs 

To provide information useful in the evalua¬ 
tion of net present value of individual cows 
for the purposes of culling decisions. Without 
the ready availability of accurate data sur¬ 
rounding mastitis events, decisions associ¬ 
ated with therapy, culling, and the removal 
of risk factors are difficult to make. 

Recording Clinical Mastitis Data 

There is a limited amount of specific data 
necessary to make effective use of mastitis 


records as a health management tool. The 
cow identification, date of the clinical episode 
occurrence, type of therapy used, and the 
date that milk withholding will be complete 
are the essential pieces of information. If a 
manual record system is used, it will be 
important to add the lactation number, the 
date of calving, and the most recent test date 
production. A standard form that calculates 
the distribution of clinical episodes by lacta¬ 
tion number and by stage of lactation is 
desirable. These are the same distributions 
often provided with an individual cow SCC 
report. 

Using Clinical Mastitis Monitoring 
Systems 

Because clinical mastitis is a common event 
in dairy production, it is ironic that these 
records have not traditionally been kept. The 
key to overcoming this hurdle is the regular 
use of this information for health manage¬ 
ment decisions. Some of these uses and deci¬ 
sions are as follows. 

Cotv Versus Herd Clinical 
Mastitis Problems 

Calculation of the percentage of cows 
affected in the herd and the average number 
of clinical episodes per affected cow will aid 
in determining whether the clinical mastitis 
is more of an individual cow problem or a 
herd-level issue. 

Probability of Recurrence of Clinical 
Mastitis in the Same Lactation 
The number of animals with repeat cases of 
mastitis divided by the total number of clini¬ 
cal cases gives an estimate of the likelihood 
of recurrence. The same calculation can be 
made for specific parity groups. This infor¬ 
mation can be useful to characterize the 
problem, and for culling decisions. 

Stage of Lactation and 
Seasonal Profile 

If clinical mastitis data are collected consis¬ 
tently over a considerable period of time, 
potentially useful problem-solving informa¬ 
tion can be derived. For example, calculating 
days in lactation at first occurrence can help 
to identify specific risk factors for new intra¬ 
mammary infections. There is a higher pro¬ 
portion of clinical occurrences during the 
first few weeks after calving. However, analy¬ 
sis of clinical mastitis records might yield a 
different stage-of-lactation profile. In these 
cases, the evaluation of potential nutritional, 
environmental, or other stress factors would 
be indicated. There may be different immedi¬ 
ate and long-term solutions that should be 
implemented. 

Analysis of clinical mastitis records over 
several years may identify a significant 
seasonal pattern, such as the documented 
seasonal pattern for bulk tank milk SCC 
data and antibiotic residue violations. Action 
may be necessary to deal with seasonal 


environment and housing problems that 
impact new infection rates. 

Days of Discarded Milk 
It is very common for producers to have an 
aggressive attitude toward the treatment of 
clinical mastitis. This approach may result 
in huge economic losses if waste milk is not 
fed to calves. These losses are largely the 
result of discarded milk during the clearance 
of antibiotic residues from treated cows. Cal¬ 
culating the days of discarded milk may 
suggest that the mastitis therapy program 
during lactation should be evaluated. Estab¬ 
lishment of an appropriate treatment 
program and careful selection of cows for 
therapy might significantly decrease the 
need for discarding milk. In addition, cows 
that are responsible for a large percentage of 
the discarded milk should be identified for 
selective removal. The calculations from 
mastitis records that can help to clarify these 
issues include: 

• Total days of discarded milk for the 
herd 

• Days of discarded milk per 
episode 

• Days of discarded milk by lactation 
number 

• Accrued days of discarded milk for 
individual cows 

8. MONITORING UDDER 
HEALTH STATUS 

An important step missing from early mas¬ 
titis control programs was the monitoring of 
udder health status. Although intuitively it 
appears necessary to chart the progress of 
any program, it is only quite recently that 
monitoring has been included as an integral 
component of udder health management. 
Monitoring is now recognized as the third 
key principle of mastitis control. The devel¬ 
opment of objective, inexpensive, and effi¬ 
cient methods of monitoring udder health 
has made it much easier to complete the 
health management cycle for this component 
of herd programs. 

The implementation of SCC measure¬ 
ment on bulk tank milk and on individual 
cow samples has been widespread through¬ 
out the major dairy regions of the world. 
Because SCC is objective and standardized, 
it can be used to evaluate the progress of 
regional control programs. This has allowed 
rapid improvement in udder health com¬ 
pared with most of the other components 
of dairy health management programs. 
Regional authorities have established new 
regulatory limits and targets for milk quality 
performance. 

Implementing an effective system of 
monitoring udder health involves: 

• Monitoring udder health at the herd 
level 

• Monitoring udder health of individual 
cows 

• Use of cowside diagnostic tests 





This discussion will emphasize the use of 
monitoring methods for decision making 
and problem solving in udder health man¬ 
agement programs. Monitoring of udder 
health should be done at the herd level and 
individual cow level. 

Monitoring Udder Health at 
the Herd Level 

The monitoring of bulk tank milk provides 
the best method to evaluate the overall 
udder health status of dairy herds and the 
effectiveness of mastitis control programs. 

Herd-level monitors of udder health 
include bulk tank milk SCC, bulk tank 
milk bacteriologic culture, and herd sum¬ 
maries of individual cow SCC data. 

Analysis of clinical mastitis records is also 
useful for monitoring udder health at the 
herd level. 

Bulk Tank Milk Somatic Cell Counts 

Most milk marketing organizations and 
regional authorities regularly measure SCC 
on bulk tank milk as a monitor of the milk 
quality and udder health status of each herd. 
Many of these agencies use bulk tank milk 
SCC for penalty deductions or incentive pay¬ 
ments. Improvement in bulk tank milk SCC 
is associated with improvement in other 
measures of milk quality such as bacterial 
counts, inhibitor test violations, and milk 
freezing point. Countries and regions set 
milk quality targets using this SCC data, with 
milk being rejected from processing plants 
when the bulk tank milk SCC exceeds 
400,000 to 1,000,000 cells/mL, depending on 
the country. 

Several management practices are associ¬ 
ated with low, medium, and high SCC in 
bulk tank milk. Postmilking teat disinfection 
and dry cow therapy are most frequently 
associated with herds with a low bulk tank 
milk SCC. In herds with a low bulk milk 
SCC, more attention is given to hygiene than 
in herds with a medium or high bulk tank 
milk SCC. Cubicles, drinking buckets, and 
cows are cleaner in herds with a low bulk 
tank milk SCC. Cleaner calving pens and 
cubicles for herds with low bulk tank milk 
SCC coincide with the observations that 
bedding for lactating cows and in maternity 
pens is drier for herds with a low bulk tank 
milk SCC. In herds with a high bulk tank 
milk SCC, a higher percentage of cows are 
culled because of a high SCC. 

The incidence of clinical mastitis in dairy 
herds may not be different among those with 
low, medium, and high bulk tank milk SCC. 
However, clinical mastitis associated with 
gram-negative pathogens such as E. coli, 
Klebsiella spp., or Pseudomonas spp. occurs 
more commonly in herds with a low bulk 
tank milk SCC. Clinical mastitis associated 
with S. aureus, S. dysgalactiae, and S. agalac- 
tiae occurs more often in herds with a high 
bulk tank milk SCC. Systemic signs of illness 
associated with clinical mastitis occur more 
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often in herds with a low bulk tank milk 
SCC. In herds with a high bulk tank milk 
SCC, more cows with a high milk SCC were 
culled. In herds with a low bulk tank milk 
SCC, more cows were culled for teat lesions, 
milkability, udder shape, fertility, and char¬ 
acter than in herds with a high bulk tank 
milk SCC. In herds with a low bulk tank milk 
SCC, cows were culled more for export and 
production reasons. 

Herd Average of Weighted Individual 
Cow Somatic Cell Count 

The arithmetic mean of individual cow SCC 
values, weighted by the cows milk produc¬ 
tion, is also a good measure of the general 
udder health status of the herd. It should be 
noted that the high degree of variability of 
SCC measurements makes it inappropriate 
to compare this mean directly with the bulk 
tank milk SCC. 

Other Herd-Level Somatic Cell 
Count Monitors 

There are several other calculations using 
individual cow SCC data that are useful for 
monitoring herd udder health. Generally, 
these indices attempt to use mathematical 
calculations to reduce the impact of indi¬ 
vidual cows and to measure the change over 
time. These summaries are used to assist pro¬ 
ducers in the use of individual cow SCC 
information at the herd level. These indices 
include the following. 

Herd Average Somatic Cell Score 
The use of the somatic cell score (SCS, linear 
score; Tables 20.4 and 20.5) can simplify SCC 
interpretation and buffer the effects of indi¬ 
vidual cows with very high values. Thus the 
herd average of SCS is a very useful monitor 
of herd udder health status. A realistic goal 
for most dairy herds is an average SCS of 
less than 3.0, equivalent to fewer than 
100,000 cells/mL. It is not correct to estimate 
herd production loss from the average linear 
score using the individual cow linear score- 
production loss relationship developed for 
bulk tank milk SCC. 

Percentage of Herd Over Somatic Cell 
Count Threshold 

Interpretation of SCC and SCS requires the 
choice of a threshold value for classification 
of cows as positive and negative. The thresh¬ 
old value used ranges from 200,000- 
400,000 cells/mL (SCS, 4 to 5). A useful herd 
goal for subclinical mastitis is to have less 
than 15% of cows with SCC values greater 
than 200,000-250,000 cells/mL (prevalence). 
A second goal is to have fewer than 5% of 
cows developing new subclinical infections 
each month (incidence). 

Percentage of Herd Changing 
Somatic Cell Count to Over Threshold 
Most uses of SCC data focus on the determi¬ 
nation of current udder health status. In 


other words, SCC is used as an estimate of 
the prevalence of existing infections in the 
herd; however, an important objective of a 
mastitis control program is to minimize the 
number of new intramammary infections. 
The change in the SCC of individual cows 
from month to month can be used as an 
estimate of the rate of new infections, and the 
use of SCC data in this way has been evalu¬ 
ated. Using SCC changes from month to 
month as a test for the rate of new infections 
has low sensitivity and high specificity. 
More research is needed on the usefulness of 
SCC to monitor the occurrence of new 
infections. 

A popular way to represent these data 
graphically is to plot the SCC value (or linear 
score) for the current month on the y-axis 
and the SCC value (or linear score) for the 
preceding month on the x-axis. This graph¬ 
ing arrangement is preferred because the 
current SCC value is dependent, in part, on 
the previous SCC value. Using this graphical 
approach, individual SCC values in the 
upper left quadrant are new infections, 
values in the upper right quadrant are per¬ 
sistent infections, and values in the lower 
right quadrant are resolved infections. 

Bacteriologic Culture of Bulk Milk 

Although SCC is widely used for monitoring 
udder health status in dairy herds, decision 
making often requires information about the 
prevalence of specific pathogens. With the 
regular collection of bulk tank milk samples 
for the purposes of quality monitoring pro¬ 
grams, culturing of the bulk tank milk is an 
attractive alternative to culturing milk from 
individual cows. Bulk tank milk culture has 
been formally evaluated as a mastitis screen¬ 
ing test. For the major mastitis pathogens, 
bulk milk culture had a low sensitivity. Even 
in herds infected with S. agalactiae, repeated 
bulk milk cultures were necessary to detect 
positive herds. Mastitis pathogens of greatest 
interest are contagious pathogens, such as S. 
agalactiae, S. aureus, M. bovis, and C. bovis. 

The standard plate count (plate loop 
count) provides an estimate of the total 
numbers of aerobic bacteria in bulk tank 
milk and is an important measure of milk 
quality and udder health. It is most com¬ 
monly used to evaluate the efficiency of 
cleaning the milking system. A standard 
plate count of less than 10,000 CFU/mL 
can be achieved on most farms, and less 
than 5,000 CFU/mL should be the goal. 
Standard plate counts higher than 10,000 
CFU/mL indicate milking of cows with dirty 
teats or mastitis, poorly sanitized milking 
equipment, or delayed cooling of milk in the 
bulk tank. Many herds routinely have bacte¬ 
ria counts of 1,000 CFU/mL or less. Total 
bacterial counts have some value as an early 
warning system because up to 50% of viola¬ 
tions of the standard are associated with 
mastitis-related bacteria. For example, bacte¬ 
rial counts in the milk of acute clinical cases 





1982 


Chapter 20 


Diseases of the Mammary Gland 


may be as high as 10,000,000 CFU/mL. Milk 
from subclinically infected quarters may 
contain 1,000 to 10,000 CFU/mL, and 
normal quarters yield less than 1000 CFU/ 
mL. In nonmastitic cows, higher counts (up 
to six times higher) are seen in housed cows 
than in pastured cows. 

The preliminary incubation count is an 
estimate of the total number of cold-loving 
bacteria. As such, the preliminary incubation 
count provides an index of milk production 
on the farm. A preliminary incubation count 
below 50,000 CFU/mL can be achieved on 
most farms, with less than 10,000 CFU/mL 
being the goal. The preliminary incubation 
count should be less than 3 to 6 times the 
standard plate count. 

Herd-Level Measures of 
Clinical Mastitis 

The incidence of clinical mastitis, calculated 
as cases per 100 cows per year, can provide a 
rough assessment of new intramammary 
infections. The goal is less than 2 new cases 
per 100 cows each month (equivalent to 
<24% of cows affected each year). Calcula¬ 
tion of the total treatment days can provide 
a herd-level assessment of the approach to 
therapy of clinical mastitis, as well as an esti¬ 
mate of the economic losses. 

In a random sample of dairy herds in the 
Netherlands, the following risk factors were 
associated with a higher incidence of clinical 
mastitis: one or more cows leaking milk, one 
or more cows with trampled teats, no disin¬ 
fection of the maternity area after calving, 
consistent use of postmilking teat disinfec¬ 
tion, Red and White cattle as the predomi¬ 
nant breed, and an annual bulk tank milk 
SCC of less than 150,000 cells/mL. Factors 
associated with a higher rate of clinical mas¬ 
titis caused by E. coli included cows with 
trampled teats, no disinfection of the mater¬ 
nity area after calving, consistent use of post¬ 
milking teat disinfection, use of a thick layer 
of bedding in the stall, and the stripping of 
foremilk before cluster attachment. Factors 
associated with a higher rate of clinical mas¬ 
titis caused by S. aureus included Red and 
White cattle as the predominant breed, cows 
with trampled teats, stripping of foremilk 
before cluster attachment, no regular disin¬ 
fection of the stall, no regular replacement of 
stall bedding, and an annual bulk tank milk 
SCC of less than 150,000 cells/mL. Teat dis¬ 
infection appeared to increase the incidence 
of clinical mastitis associated with E. coli, 
which may be explained by the higher inci¬ 
dence around calving and during early lacta¬ 
tion, when the resistance of cows is low 
combined with an increase in the numbers 
of environmental bacteria associated with 
maternity pens. 

Monitoring Udder Health of 
Individual Cows 

Earlier in this chapter, one direct test 
(culture) and several indirect tests for 


intramammary infection were described. 
Currently, four methods are widely used to 
detect subclinical mastitis: culture of com¬ 
posite or quarter samples, SCC values of 
composite or quarter samples, and CMT and 
electrical conductivity of quarter samples. 
Currently, cow-level data (culture or SCC) 
are the most commonly used of these four 
monitoring tools, but the usefulness of these 
tests varies depending on their cost, sensitiv¬ 
ity, specificity, convenience, and availability. 

Bacteriologic Culture of Milk 

Culture of aseptically collected milk samples 
has been a cornerstone of mastitis control 
programs. Extensive diagnostic laboratory 
systems have been developed for the culture 
of milk. For many years, milk bacteriology 
has been recognized as the gold standard of 
mastitis diagnostic tests. The sensitivity and 
specificity of milk bacteriology are now 
being examined and, as the costs of labora¬ 
tory procedures have risen, there is an 
increasing need to justify diagnostic 
expenses. However, there is still an impor¬ 
tant need for information concerning the 
predominant types of mastitis organism 
active in a herd. 

Several schemes have been proposed 
for obtaining a pathogen profile of the 
mastitis pathogens in a herd. The following 
suggestions are offered as the most appropri¬ 
ate times to collect samples for milk 
bacteriology: 

• Pretreatment milk samples from 
clinical cases. Samples should be frozen, 
collected at a herd visit, and submitted 
for culture. 

• Cows that have an increased SCC. At 

each scheduled herd visit, each cow that 
has an increase in SCC over a preset 
threshold is sampled, and the sample is 
submitted for culture. 

• A composite milk sample from each 
lactating cow in the herd. This 
whole-herd culture would be conducted 
annually, or more frequently, depending 
on the herd situation. This method is 
most appropriate for herds having 
problems with contagious pathogens, 
but the economics of this approach have 
not been evaluated. 

• Culture of cows at a specific 
management event. One example is 
milk culture at drying off and at the first 
milking after calving. This can be useful 
for assessment of the dry cow 
management program. 

The cost-effectiveness of any one or a com¬ 
bination of these methods of obtaining a 
bacteriologic profile of a herd’s milk will 
depend on the current situation in the herd. 
For the vast majority of dairy herds, the 
routine culture of cows for subclinical 
mastitis diagnosis is not cost-effective. 
Herds with a low bulk tank milk SCC and 
a low incidence of clinical mastitis episodes 
can conduct an efficient udder health 


management program without culturing 
milk. It is very wise, however, to collect pre¬ 
treatment milk samples from clinical masti¬ 
tis cases. These samples can be frozen without 
significant alterations of the culture results 
for most pathogens. The samples are col¬ 
lected at a scheduled herd visit and submit¬ 
ted to the laboratory. In most herds, this 
approach will give a meaningful bacterio¬ 
logic profile of the herd and assist in assess¬ 
ment of the treatment protocol. 

C. bovis is not a common cause of clinical 
mastitis on most farms but is frequently 
found in random milk samples. Because C. 
bovis is highly infectious and susceptible to 
teat disinfection, it has been suggested that 
its prevalence could be used as an indicator 
of teat-dipping efficiency in a herd, either of 
the intensity of the dipping or of the efficacy 
of the dip. Because C. bovis is limited in its 
colonization to the streak canal, it is valuable 
as a monitor of teat disinfection. 

Somatic Cell Counts 

Several management decisions can be based 
on individual cow composite SCCs. Before 
any decisions can be made using SCC, crite¬ 
ria must be established to categorize cows 
based on their SCC results. This involves 
establishing threshold values or other 
criteria. The recommended threshold 
is 250,000 cells/mL in herds with a low 
prevalence (<5%) of subclinical mastitis, 
providing a sensitivity of 0.55 and specificity 
of 0.96. In comparison, the recommended 
threshold is 200,000 cells/mL in herds with 
a high prevalence (40%) of subclinical mas¬ 
titis, providing an apparent sensitivity of 
0.73 to 0.89 and a specificity of 0.86. A clini¬ 
cally more appropriate approach is to calcu¬ 
late likelihood ratios using test sensitivity 
and specificity, estimated herd prevalence, 
and a spreadsheet. Cows are identified for 
further investigation based on their SCC, 
using three different methods: 

• Change in SCC to over the threshold. 

A cow with a marked increase in SCC 
from one month to the next would be 
identified as potentially being infected. 

• Persistently elevated SCC. Cows with a 
persistently elevated SCC month after 
month would be identified for 
management intervention. The lactation 
average linear score and the lifetime 
linear score are also useful in this 
respect. This information is especially 
useful if dry period therapy has already 
been unsuccessful for the cow in 
question. 

• Percentage contribution to herd 
average. An estimate of the percentage 
of the SCC in bulk tank milk 
contributed by each problem cow can be 
calculated using individual cow test-day 
milk weights and SCC data. It should be 
noted that cows with high milk 
production and intermediate SCC levels 
can make a significantly higher 
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contribution to SCC than some cows 
with a very high SCC but low 
production. It is not uncommon for a 
few problem cows to be responsible for 
more than 50% of the cells in the bulk 
tank, particularly in small herds. In 
most circumstances, the cows with the 
highest percentage contribution merit 
immediate action. 

With these methods of identifying individual 

cows based on SCC results, several udder 

health management decisions can be made, 

including: 

• Selection of cows for milk 
bacteriologic culture. The importance 
of having a good bacteriologic profile of 
the intramammary infections in the 
herd has been emphasized. Several 
lactation events are suggested as useful 
times to collect milk for bacteriology. 
One such event is a clinical mastitis 
episode. Selection of cows for culture 
can also be based on an elevated SCC. 

• Selection of cows for dry cow 
treatment. Blanket dry cow therapy is 
currently recommended for most herds. 
However, herds that use selective dry 
cow therapy need a suitable screening 
test to make therapy decisions; such a 
test is currently unavailable, although 
individual cow SCCs may be of some 
help in this decision-making process. 
Cows with a very high SCC have 
significantly lower cure rates after dry 
cow treatment than cows that are 
infected but have a lower SCC. The SCC 
can be used as a general indicator of the 
expected success of dry cow treatment. 

• Treatment during lactation. The 
development of a treatment protocol 
and the criteria for selecting cows to 
treat during lactation were presented 
earlier. Treatment on the basis of a 
change in individual cow SCC from 
month to month is not economically 
justifiable. Many other factors need to 
be considered for a cost-effective 
treatment decision, and SCC could be 
one of these criteria. 

• Evaluation of the response to 
treatment. Individual cow SCC data can 
be used as a preliminary evaluation of 
the mastitis therapy program. With 
good records on clinical cases and the 
treatment administered, individual cow 
SCC data in the months following 
treatment can be used as a general 
indicator of the response to therapy. 
Spontaneous cures and new infections 
will confound this evaluation, but with 
data from multiple farms and over a 
considerable time period a low-cost 
preliminary evaluation can be achieved. 

• Culling decision. The lifetime average 
SCC or linear score of an individual cow 
is useful additional information in 
making specific culling decisions. In 
conjunction with milk culture results, 


the SCC data are useful to help establish 
a cow’s net present value. An elevated 
SCC month after month serves to 
emphasize that culling is the only 
method of elimination of some chronic 
cases of mastitis. Removal of these cows 
eliminates a source of infection for the 
rest of the herd, as well as assisting in 
general improvement in the quality of 
the bulk tank milk. 

• Alter the milking order. It is generally 
recommended that infected cows be 
milked last, although this is often 
impractical for free-stall and pasture- 
based dairy enterprises. Individual cow 
SCC can be used to establish a milking 
order in tie-stall barns. Alternatively, 
some large herds establish a special 
milking string for infected cows. These 
milking order and segregation programs 
can be based on SCC results, but cows 
with an elevated SCC but no 
intramammary infection may be 
incorrectly classified. In segregation 
programs these false-positive cows may 
be at increased risk. 

• Management procedures to limit the 
effect of individual cows. There is some 
evidence that machine disinfection after 
milking infected cows may limit the 
spread of contagious pathogens. In an 
intensively managed tie-stall herd, it is 
possible to manually disinfect the 
milking unit between cows. To 
maximize the efficiency of this labor- 
intensive step, individual cow SCC can 
be used to identify the cows after which 
machine disinfection would be useful. 
Another management method involves 
using the milk from specific cows for 
feeding calves. In situations in which 
there are significant financial incentives 
for low SCC bulk milk, removal of the 
milk from one or two cows can have an 
impact on the amount of premium 
received. Individual cow SCC values can 
be used to identify specific cows that 
should be eliminated from the bulk 
tank. Precautions need to be taken to 
prevent intersucking between calves 
receiving this high-SCC milk. 

• Use of individual cow SCC in 
economic decision analysis. The 
relationship between individual cow 
SCC and milk production losses has 
been well established. SCC values can be 
used to estimate the economic losses 
from subclinical mastitis. This 
information may be extremely useful in 
calculating the potential economic 
benefit of implementing a new udder 
health management strategy. 

Problem Solving Using Individual 
Cow Somatic Cell Counts 

A simple approach to problem solving 

involves defining the problem by answering 

the questions: who, when, where, and what 


is involved in the situation. Individual cow 
SCCs provide an inexpensive consistent 
source of information to answer these ques¬ 
tions. This process is completed by dividing 
the herd into subgroups and calculating the 
percentage of cows with SCCs over a thresh¬ 
old (250,000 cells/mL) in each group. 

• Who is affected? The herd can be 
subdivided based on several defining 
characteristics. These include 
production level, genetic factors (sire), 
and other characteristics such as having 
a previous clinical mastitis episode. A 
gradual increase in the proportion of 
elevated SCC would normally occur as 
lactation number increases. Thus a 
higher percentage of older cows are 
expected to have elevated SCCs than 
first-lactation and second-lactation 
animals. A high proportion of elevated 
SCC values in heifers would suggest a 
problem in the replacement program or 
a breakdown of hygiene in the 
immediate periparturient period for 
first-calf heifers. A markedly elevated 
percentage of high-SCC cows in older 
animals suggests that infections have 
become chronic and that the culling 
strategy should be reevaluated. 

• When does high SCC occur? It is 
appropriate to examine SCC 
distributions according to stage of 
lactation and season of the year. 
Normally there is a gradual increase in 
the prevalence of elevated counts as the 
lactation progresses. If the prevalence 
of cows with elevated SCCs is high in 
early lactation, it suggests a problem 
with dry cow management or with new 
infections occurring around the time of 
calving. If the distribution of cows over 
threshold shows a dramatic increase 
during lactation, cow-to-cow 
transmission of contagious organisms is 
suspected. Measures of new infection 
rate are also helpful in solving these 
problems. The percentage of cows over 
threshold in the herd can be charted 
over time. It is expected that this 
indicator will indicate the same 
seasonal trends as found in bulk tank 
milk SCC in the population. For 
example, the percentage of the herd 
over threshold should be highest in the 
fall and lowest in the spring. An 
increase in this index in the spring 
would contradict the population trend 
and should be investigated. 

• Where are the affected cows located? 
The distribution of cows with elevated 
SCC according to their location in the 
tie-stall barn, in milking strings, or 
according to milking order may provide 
evidence for some risk factors for new 
infections. A mastitis problem caused by 
environmental pathogens in a free-stall 
operation can be difficult to solve. 
Calculating the percentage of cows with 
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an SCC greater than 250,000 cells/mL 
for each milking group can help to 
determine where the problem is most 
severe. If a specific milking order is 
followed, as is the case in most tie-stall 
systems, the distribution of cows with 
elevated counts according to milking 
order can demonstrate weaknesses in 
milking hygiene. 

• What is the problem and why has it 
occurred? The information obtained by 
answering the questions who, when, 
and where in the problem-solving 
process can go a long way toward 
defining what the problem is. 

Prevalence distributions can be 
combined with the incidence of clinical 
mastitis, information from milk 
cultures, and an estimate of the financial 
losses to complete the picture. 
Subsequently, specific solutions 
will be aimed at why this problem might 
exist. 

With the development of computerized 
dairy health management records systems, 
the epidemiologic analysis of udder health 
information can be greatly simplified. Ulti¬ 
mately, specific risk factors would be auto¬ 
matically tested for statistical significance. 
In addition, the relative importance of 
many potential risk factors would be 
evaluated. 

9. PERIODIC REVIEW OF THE 
UDDER HEALTH MANAGEMENT 
PROGRAM 

Many aspects of mastitis control, such as 
milking management and therapy of clinical 
cases, become routine practices. However, 
changes continue to occur in the udder 
health status of the herd, environmental con¬ 
ditions, and available technology. With these 
changes, the current udder health manage¬ 
ment program may no longer be appropriate. 
New employees may be introduced, and it is 
possible that various steps are not being 
appropriately implemented. In some dairy 
herds, management practices are passed on 
from previous generations without critical 
examination. Mastitis results from a continu¬ 
ally evolving relationship between microor¬ 
ganisms, the cow, and the environment. Any 
program intended to limit problems from 
these relationships needs to be reevaluated 
on a regular basis. 

An effective udder health management 
program should undergo regular periodic 
review. The review process should involve 
the producer and the herd veterinarian, 
although input may be sought from various 
farm management advisors. The review 
should be objective and thorough, but 
simple and easy to conduct. The use of a 
standard investigation form structured on 
the 10 steps of the mastitis control program 
is recommended. The same standard form 
can be used for the investigation of problem 
herds. 


10. SETTING GOALS FOR UDDER 
HEALTH STATUS 

The establishment of realistic targets of per¬ 
formance for various udder health parame¬ 
ters is the final component in an udder 
health management program. These goals 
are important to determine whether there 
have been shortfalls in the milk quality and 
udder health performance. The goals should 
be realistic and achievable, as well as having 
economic significance. In addition, the 
targets must be easily measured and should 
be accepted by all members of the farm man¬ 
agement and labor team. 

The setting of appropriate goals for mas¬ 
titis control efforts is crucial for completion 
of the health management cycle. In some 
cases, the target will be the industry refer¬ 
ence value; however, in most situations it will 
be a farm-specific level of performance. 

Relationship of Udder Health to 
Productivity and Profitability 

Mastitis is generally considered to be the 
most costly disease facing the dairy industry. 
The reduced profitability is caused by two 
major factors: 

• Reduced milk production associated 
with subclinical mastitis accounts for 
approximately 70% of the economic loss. 

• The treatment costs, culling, and 
reduced productivity associated with 
clinical mastitis are responsible for the 
remaining losses. 

Production Losses From Increased 
Somatic Cell Count 

It is well accepted that milk production 
decreases as SCC increases, but the relation¬ 
ship between SCC and milk production is 
curvilinear for individual cattle but approxi¬ 
mates a straight line when a logarithmic 
transformation (such as somatic cell score) is 
used. Estimates of the milk production losses 
range from 3% to 6% with each one unit 
increase of somatic cell score (SCS) above 3. 
The loss in first-lactation heifers is greater 
than that in older cows. A general rule 
of thumb would suggest that there is 5% loss 
for each unit of SCS increase above a linear 
score of 3. 

There is also a relationship between bulk 
tank milk SCC and milk production because 
there is a linear decrease in herd milk 
production with an increase in bulk tank 
milk SCC. Estimates of the production loss 
range from 1.5% to 3.0% for each increase 
of 100,000 cells/mL over a baseline of 
150,000 cells/mL. Using an average of these 
estimates, daily milk and dollar losses can be 
calculated from bulk tank milk SCC and 
herd production levels. 

Clinical Mastitis and Lost Productivity 

Economic losses associated with the treat¬ 
ment of clinical mastitis arise from the 
cost of drugs, veterinary services, and milk 
discarded. In addition, decreased milk 


production, premature culling, and replace¬ 
ment heifer costs are also significant. 
However, more than 80% of the loss attrib¬ 
uted to a clinical episode involves the dis¬ 
carding of nonsaleable milk and decreased 
milk production. 

ASSESSMENT OF THE 
COST-EFFECTIVENESS OF 
MASTITIS CONTROL 

Dairy producers look to their veterinarian 
for information and services related to mas¬ 
titis and its control. With this motivation, 
veterinarians should be able to implement 
comprehensive udder health management 
programs on the majority of dairy farms. To 
achieve a high rate of implementation of 
mastitis control strategies, it may be neces¬ 
sary to demonstrate the cost: benefit ratio of 
the suggested practices before they are 
adopted. A reassessment of their impact over 
time may also be useful. A 2008 study in the 
Netherlands estimated that a single episode 
of clinical mastitis cost €210, with subclinical 
and clinical mastitis costing an estimated 
€140 per cow per year, and found that the 
majority of farmers underestimated the cost 
of mastitis. 19 

Mastitis control is feasible, practical, and 
cost-effective. The economics of the efforts of 
a mastitis control program in a herd can be 
estimated. There are several steps necessary 
to complete this assessment. 

1. Programs for monitoring udder health 
and for establishing achievable goals 
must be in place for an economic 
assessment. 

2. The losses resulting from mastitis must 
be quantified. The amount of reduced 
milk production resulting from 
increased SCC is calculated. In addition, 
costs associated with the discarded milk 
and treatment of clinical cases must be 
estimated. 

3. The udder health management program 
to be implemented must be described. 
An accounting system should be 
established to calculate the costs 
associated with this program. 

4. Using an estimate of the potential loss 
for a hypothetical herd with no mastitis 
control efforts, the profitability of the 
herd’s current udder health management 
program is determined. 

5. By estimating the costs of implementing 
new udder health management 
measures, the remaining potential 
profits from mastitis control can be 
calculated. 

This economic assessment is done using a 
computer spreadsheet program. With such a 
computer program, veterinarians can simply 
and rapidly input actual values for a particu¬ 
lar farm and assess the economic circum¬ 
stances. The impact of each element of 
control can be considered from the point 
of view of a cost: benefit ratio. The results of 






economic assessment will vary widely from 

farm to farm, but usually the following con¬ 
clusions are made: 

• Mastitis will remain a costly 
disease, even with implementation of 
properly applied, effective control 
programs. 

• Loss of milk production attributable to 
subclinical infection will remain a major 
cause of economic loss because of 
mastitis in most herds. 

• Proper application of simple, 
inexpensive mastitis control procedures 
will have a significant impact on 
profitability and will bring higher 
returns on investment. 
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Miscellaneous 
Abnormalities of the Teats 
and Udder 

Several diseases are characterized clinically 
by lesions of the skin of the teats and udder. 
These diseases are most common in dairy 
cattle and are of economic importance 
because teat lesions cause pain and discom¬ 
fort during milking, and udder edema and 
udder cleft dermatitis are very common in 
heifers at calving. 

The skin of the wall of the teat and the 
skin surrounding the teat canal orifice must 
be inspected closely to observe lesions and 
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palpated to detect lesions covered by scabs. 
It may be necessary to superficially irrigate 
and gently wash teat lesions with warm 0.9% 
NaCl solution to see the morphology and 
spatial arrangement of the lesions. The entire 
skin of the cranial, lateral, and posterior 
aspects of the udder should be examined 
by inspection and palpation. Lesions may 
be restricted to the lateral aspects of the 
udder and teats, as in photosensitization, 
or completely surround the teats, as in 
pseudocowpox. 

In North America, the most common 
viral diseases of the teats of cattle, which 
result in vesicles or erosion of the teats, 
include pseudocowpox and bovine herpes 
mammillitis, with vesicular stomatitis occur¬ 
ring occasionally. The vesicular diseases of 
the teats are particularly important because 
they require differentiation from the exotic 
vesicular diseases such as foot-and-mouth 
disease. The appearances of the lesions of 
each of these diseases are similar, which 
makes clinical diagnosis difficult. However, 
in most cases, the morphologic and epide¬ 
miologic differences in the lesions in groups 
of animals aid in the diagnosis. 

In pigs, necrosis of the skin of the teats 
of newborn piglets may occur in outbreak 
form. Abrasion of the nipples of baby pigs 
raised on rough nonslip concrete may be 
observed as acute lesions or be apparent only 
when the piglets mature and are found to 
have deficient teat numbers, as described 
under agalactia. 

The skin of the mammary gland and teats 
of lactating ewes may be affected by the 
lesions of contagious ecthyma, which are 
transmitted from the lips of suckling lambs. 
Ulcerative dermatosis of the teats in lactat¬ 
ing ewes has lesions similar to those of 
herpes mammillitis in cows. It is a disease of 
housed ewes and may be initiated by bedding 
on infected straw. Mastitis and teat deformity 
are common sequels. The etiology varies 
from S. aureus to CNS or Pasteurella spp. 

LESIONS OF THE BOVINE TEAT 

Traumatic injuries to teats are very common 
and range from superficial lacerations to 
deep lacerations into the teat cistern with the 
release of milk through the wound. Acciden¬ 
tal trampling of a teat by a cow may cause 
amputation of the teat. 

Chapping and cracking of the skin of 
the teats is common in dairy and beef cattle. 
The cracks in the skin are often linear and 
multiple and are painful when palpated or 
when the milking machine teat cups are 
applied to the affected teats. Cracks of the 
skin of the teats initiated by milking machine 
action can be aggravated by environmental 
factors to create chapping of the teats. The 
condition is common when adverse weather 
conditions follow turn out in spring. Linear 
lesions appear on the teat wall near the teat- 
udder junction and extend transversely 


around the teat. The addition of 10% glyc¬ 
erin to the teat dip provides an excellent 
method of improving teat skin condition. 

Frostbite of teats occurs in dairy cows 
housed outdoors during severely cold 
weather without adequate bedding. The skin 
of the teats is cold, necrotic, and oozes 
serum. Usually the front teats are more 
severely affected than the rear teats because 
the latter are less exposed to adverse ambient 
temperatures. 

Teat-end lesions are common in dairy 
cattle. Lesions include teat canal eversion, 
teat canal prolapse, prolapse of the meatus, 
eversion of the meatus, and teat orifice 
erosion. Limited information is presently 
available about the mechanism of develop¬ 
ment for these lesions and their clinical sig¬ 
nificance; one study found no association 
between the presence or absence of a teat- 
end lesion and intramammary infection. 

It is normal to see a 2-mm wide white 
ring around each teat orifice of machine 
milked cows. The first stage of a teat orifice 
abnormality occurs when this ring under¬ 
goes hypertrophy, keratinization, and radial 
cracking. Progression leads to increased 
hypertrophy, secondary bacterial infection, 
scab formation, eversion of the distal teat 
canal, and eventually teat orifice erosion. 
Improper milking machine function can 
produce teat orifice abnormalities. Excessive 
or fluctuating vacuum levels, faulty teat cup 
liners, incorrect pulsation ratios, and other 
faults attributed to inadequate maintenance 
and careless use of milking machines have 
been shown to cause teat injury. A high 
milking vacuum combined with a relatively 
low pulsation chamber vacuum can result in 
bruising and hemorrhage of the teat-end teat 
wall by the slapping action of the liner. 

Black spot (black pox) is a sporadic lesion 
of the teat tip characterized by a deep, crater¬ 
shaped ulcer with a black spot in the center. 
Black spot lesions occurring at the ends of the 
teats commonly involve the teat sphincter 
and are responsible for a great deal of mastitis. 
This abnormality is caused in most cases by 
excessive vacuum pressure or overmilking in 
teats that are naturally firm and have pointed 
ends. There is no specific bacteriology, 
although F. necrophorum is commonly 
present, and S. aureus is frequently isolated 
from the lesions. Lesser lesions of teat sphinc¬ 
ters are listed under vacuum pressure in 
bovine mastitis control. The lesions are 
painful, leading to kicking by the cows, some¬ 
times to repeated kicking off of the teat cups, 
and to blockage of the sphincter. T. pyogenes 
mastitis is a common sequel. Black spot 
lesions are poorly responsive to treatment, 
even if the machine error is corrected. 

Treatment of black spot is usually by 
topical application of ointments: Whitfield’s, 
10% salicylic acid, 5% sulfathiazole and 5% 
salicylic acid, and 5% copper sulfate are all 
recommended. An iodophor ointment, or 
iodophor teat dip with 35% added glycerol, 
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is also effective, but treatment needs to be 
thorough and repeated and milking machine 
errors need to be corrected. 

Thelitis or inflammation of the tissues of 
the teat wall leading to gangrene is a common 
complication of gangrenous mastitis, and is 
most commonly associated with peracute S. 
aureus mastitis. The skin of the teats is cold, 
edematous, and oozes serum. The subcutane¬ 
ous aspects are commonly distended with 
gas. The skin is commonly dark-red to purple- 
black. Sloughing of the skin may be evident. 

Inflammation of the wall of the teat (the¬ 
litis) is a nonspecific lesion usually associated 
with traumatic injury to the lining of the teat 
cistern. The wall of the cistern is thickened, 
hardened, painful, and, in chronic lesions, 
irregular in its internal lining. The lesion can 
be felt as a dense, vertical cord in the center 
of the teat tip. The lesions have historically 
been intractable to treatment, which usually 
consists of intramammary antibiotics and 
refraining from milking. The recent applica¬ 
tion of teat endoscopy has assisted in identi¬ 
fying cattle that are most likely to respond to 
medical or surgical treatment. 

Bovine nodular thelitis was first 
described in France in 1963, with subsequent 
reports in Japan and Switzerland. The disease 
is characterized by nodular lesions in the teat 
wall and ventral portion of the udder. The 
lesions are multicentric nodules containing 
atypical acid-fast mycobacteria, including 
M. terrae and undescribed Mycobacterium 
species that are related to M. leprae and M. 
lepromatosis. 1 Some nodules evolve to ulcers, 
demonstrating cicatrization and fibrosis. 

Photosensitization of the teats (photo¬ 
sensitive thelitis) is a local manifestation of 
generalized photosensitization, but occasion¬ 
ally photosensitive thelitis is the first clinical 
abnormality detected by the producer. There 
is a characteristic erythema and hardness of 
the unpigmented or white parts of the lateral 
aspects of each teat. The medial aspect is soft 
and cool. The teats are also painful and in the 
early stages apparently irritable, because 
affected cows will also stand in ponds or 
waterholes in such a way that the teats are 
immersed, and then rock backward and 
forward. They will also brush the sides of the 
udder with the hind feet in a way that could 
suggest the stamping movements of abdomi¬ 
nal pain. In cases in which the photosensitiza¬ 
tion is related to the induction of parturition 
by the administration of corticosteroids, the 
skin lesions are usually restricted to the teats. 
In cases due to other causes there are usually 
obvious lesions of photosensitive dermatitis 
on the dorsal aspects of the body but confined 
to the white parts. 

Corpora amylacea are inert concretions 
of amyloid that may become calcified and 
detached from the mammary tissue so that 
they cause blockage of the teat canal and ces¬ 
sation of milk flow. They are formed as the 
result of stasis caused by blocked mammary 
tissue ducts and resorption of the milk fluids. 


Papillomatosis of the teats is caused by 
bovine papillomavirus and is characterized 
clinically by small, white, and slightly ele¬ 
vated nodules with a 0.3-cm diameter or 
elongated tags 1 cm long that are removable 
by traction. This is covered more extensively 
in Chapter 16. 

Pseudocowpox is characterized clinically 
by painful localized edema and erythema 
with a thin film of exudate over the edema¬ 
tous area. Vesicle formation is uncommon. 
Within 48 hours of onset of signs, a small 
orange papule develops, shortly followed by 
the formation of an elevated, small, and dark- 
red scab. The edges of the lesion then extend 
and the center becomes umbilicated; at 1 
week the lesion measures approximately 
1 cm in diameter. By 10 days the central scab 
tends to desquamate, leaving a slightly raised 
circinate scab commonly termed a “ring” or 
“horseshoe” scab. One teat may have several 
such lesions, which coalesce to form linear 
scabs. The majority of lesions desquamate by 
6 weeks without leaving scars, although occa¬ 
sionally animals develop chronic infection. 
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LESIONS OF THE BOVINE TEAT 
AND UDDER 

Thermal burns of the skin of the udder and 
teats may occur in mature cattle exposed to 
grass fires. The hairs of the udder and base 
of the teats are singed black. Thermal injury 
to the skin varies from marked erythema of 
the teats to blistering and necrosis and 
weeping of serum. 

BOVINE HERPES MAMMILLITIS 


SYNOPSIS 


Etiology Bovine herpesvirus-2, rarely bovine 
herpesvirus-4 

Epidemiology Occurs as an outbreak in 
cows, particularly heifers, usually within 2 
weeks after calving. Commonly followed by 
persistent infection in the herd 

Clinical findings Lesions confined to teats 
and udder. Vesicles leading to sloughing of 
skin and necrotic ulceration. Prolonged 
clinical course 

Clinical pathology Virus isolation and 
electron microscopy on fresh lesions and 
serology 

Treatment Antiseptic and emollient ointments 

Control Isolation and milking hygiene, but 
not effective. Control of periparturient 
udder edema 


ETIOLOGY 

The causative virus, bovine herpesvirus-2 
(BHV-2), is an a-herpesvirus. Infection with 
BHV-2 can produce two distinct syndromes 


in cattle, bovine herpes mammillitis, in 

which there are vesicular and erosive lesions 
with necrotic ulceration on the skin of the 
udder and teats, and pseudolumpy skin 
disease (Allerton virus), which manifests 
with generalized superficial skin lesions over 
the body. Pseudolumpy skin disease is 
uncommon. The difference in clinical mani¬ 
festations between the two diseases may be 
caused by the strain of the virus or the 
method of infection. BHV-4 (DN599 strain), 
which is usually associated with respiratory 
disease in cattle, is also capable of causing 
mammary pustular dermatitis. 

EPIDEMIOLOGY 

Occurrence 

Herpes mammillitis is recorded in North 
America, Australia, Europe, and Africa, but 
probably has widespread occurrence. Herds 
infected for the first time have a high mor¬ 
bidity rate; subsequently, the incidence is low 
and is limited to fresh heifers. The morbidity 
rate varies between 18% and 96%, with sus¬ 
ceptible herds recording more than 30% 
affected. The mortality rate is negligible. 

ORIGIN OF INFECTION AND 
TRANSMISSION 

Introduction of bovine ulcerative mammil¬ 
litis into a herd may occur with the introduc¬ 
tion of infected animals, but outbreaks have 
been observed in self-contained herds. 
Spread within a herd is consistent with the 
presence of carrier animals, which may shed 
virus during times of stress, particularly in 
the periparturient period. Latent infection is 
an intrinsic trait of herpesvirus infections, 
and BHV-2 has been isolated from the tri¬ 
geminal ganglion of healthy cattle. 1 It is pre¬ 
sumed that the virus also remains latent in 
inguinal nerves but this has not been verified 
in cattle. However, BHV-2 has been demon¬ 
strated in lumbar ganglia of ewes experimen¬ 
tally inoculated with BHV-2; these ganglia 
are sensory to the ovine udder. 2 There is a 
seasonal incidence of clinical disease that has 
been related to the activity and presence of 
insect vectors. Experimental studies indicate 
that transmission requires virus inoculation 
at or below the level of the stratum germina- 
tivum of the teat or udder skin; therefore 
trauma associated with milking, teat cracks, 
or biting flies is a requirement for infection 
to be transferred. Milking machine liners, 
hands, and udder cloths may act as carriers 
of virus when a large amount of it is being 
released. 

Seasonal and circumstantial evidence in 
the UK and Australia suggest an insect 
vector, but this has not been confirmed by 
attempts at transmission with the stable fly 
[Stomoxys calcitrans), and in the Midwest of 
the United States, the disease is more 
common in the winter months between 
November and April. 

Survival of the virus for long periods in 
carrier animals occurs, and it is thought that 











this may be the means of survival of the virus 
within a herd that has become immune. 
Infection in some cows is suspected to result 
in chronic infection at the teat end with the 
cows becoming hard milkers and carriers of 
the disease. 

Animal and Pathogen Risk Factors 

Lesions are most common in animals within 
the first 2 weeks after calving, particularly 
in heifers, and the disease is more severe in 
heifers. Heifers that have udder edema at 
calving are particularly prone to develop 
severe lesions. Occasionally, lesions may be 
seen on the teats of replacement heifers, and 
calves suckling infected dams often develop 
mouth lesions. 

The disease is usually self-limiting, per¬ 
sisting in a herd for 6 to 15 weeks, and the 
severity of the lesions decrease as the out¬ 
break progresses. Immunity appears to last 
about a year; herds infected naturally can 
suffer recurrences a year later. Large herds 
may have persisting disease, particularly in 
heifers. 

The virus is relatively resistant to environ¬ 
mental influences and can survive freezing. 
It is susceptible to iodophor disinfectants 
and less so to hypochlorites. 

Economic Importance 

Forms of loss include a much higher inci¬ 
dence of mastitis, reduction in milk in 
affected herds by up to 20%, the culling of 
some cows because of severe mastitis and of 
heifers because of intractable ulcers, and a 
great deal of interference with normal 
milking procedure. 

Zoonotic Implications 

There are anecdotal reports of herpetic 
lesions in farmers exposed to infected 
cattle. 

PATHOGENESIS 

Typical clinical lesions and histopathological 
changes can be produced locally by intro¬ 
duction of the virus into scarifications of 
the skin of the teat and the oral mucosa and 
by intradermal and intravenous injection. 
There is no viremia, and spread is by local 
extension. In contrast to the poxes, the char¬ 
acteristic lesion in mammillitis is destruc¬ 
tive. The higher incidence of the disease and 
the greater severity of the lesions close to 
calving are thought to be from the immuno¬ 
suppression caused by parturition and to a 
greater predisposition from periparturient 
udder edema. 

CLINICAL FINDINGS 

There is an incubation period of 5 to 10 
days. There is no systemic illness, and lesions 
are confined to the teats and udder. When 
the disease occurs in a herd for the first time 
the first case is usually in a cow that has 
calved during the previous 2 to 3 days. Rapid 
lateral spread then occurs to other cows. 
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Bovine herpes mammillitis is character¬ 
ized by the formation of variable-sized vesi¬ 
cles, severe edema, and erythema of the teat 
with subsequent erosion of the teat epithe¬ 
lium. The vesicles rupture within 24 hours, 
and copious serous fluid often exudes from 
the dermis. Scabs form over the lesions by 
the fourth day, and the epithelium is reestab¬ 
lished under the scab by the third week, 
although the trauma of milking may delay 
healing, especially when secondary infection 
occurs. Scar formation on recovery is 
uncommon. Lesions may be present on 
several teats and the base of the udder. 

In cows calved more than a few weeks 
previously, the characteristic lesions are 
almost entirely confined to the skin of the 
teats; in recently calved cows they are 
restricted to the skin of the teats and the 
udder. The severity of the disease in recently 
calved cattle appears to be directly propor¬ 
tional to the degree of postparturient edema 
which is present. Vesicles occur but are not 
commonly seen. They are characteristically 
thin walled, 1 to 2 cm in diameter, variable 
in outline, and often commence at the base 
of the teat and spread over much of the udder 
surface (Fig. 20-8). Rupture and confluence 
of vesicles leads to weeping and extensive 
sloughing of the skin. 

In the most severe cases, the entire teat is 
swollen and painful, the skin is bluish in 
color, and it exudes serum and sloughs, 
leaving a raw ulcer covering most of the teat. 
In less severe cases, there are raised, deep red 
to blue, circular plaques, 0.5 to 2 cm in diam¬ 
eter, which develop shallow ulcers. In most 
cases, scab formation follows, but machine 
milking causes frequent disruption of them, 
resulting in frequent bleeding. The least 
severe lesions are in the form of lines of ery¬ 
thema, often in circles and enclosing dry skin 
or slightly elevated papules, which occasion¬ 
ally show ulceration. Mild lesions tend to 
heal in about 10 days, but severe ulcers may 
persist for 2 or 3 months. The severity of 
lesions on the teats on longer-calved cows 
varies, but in all cases the lesions are 



Fig. 20-8 Vesicles on the left foreteat of a 
Holstein heifer with acute herpes mammillitis 
infection. The vesicles are fragile and appear 
as the first sign of infection. 


sufficiently painful to make milking difficult. 
Lesions on the skin of the udder heal more 
rapidly because of the absence of trauma. 

Ulcers in the mouth of affected cows have 
been observed rarely, and calves suckling 
affected cows develop lesions on their oral 
mucosae and muzzles. Ulcerative lesions on 
the vaginal mucosa have been recorded 
rarely. During the recovery phase there is 
obvious scar formation and depigmentation. 
Infrequently, secondary infections are severe 
and animals are euthanatized. 3 

CLINICAL PATHOLOGY AND 
NECROPSY FINDINGS 

Material for tissue culture, electron 
microscopy, or cutaneous transmission tests 
is best obtained by syringe from early vesi¬ 
cles, or as swabs from early ulcers or oral 
lesions. The virus may be difficult to demon¬ 
strate if the lesions are as old as 7 days and if 
there has been intensive application of teat 
disinfectants such as iodophors. 

Serology is more commonly used for 
diagnosis. The presence of high virus¬ 
neutralizing antibody titers in serum taken 
during the acute phase of the disease, and a 
fourfold increase or decrease in titer in 
paired samples, are all supportive for diagno¬ 
sis. Titers of 1:16 or higher for BHV-2 and 
1:20 for BHV-4 indicate exposure. Antibody 
to both viruses should be tested for diagnos¬ 
tic purposes. 

Necropsy is not commonly performed, 
and no necropsy reports of cases of bovine 
ulcerative mammillitis are available. 

DIAGNOSIS 


DIFFERENTIAL DIAGNOSIS 


Diagnosis is made on the basis of clinical signs 
in multiple animals. Virus may be isolated 
from aspirating the fluid from vesicles before 
they rupture. Serology has been performed to 
identify a threefold to fourfold rising titer but 
it is not widely available, and many animals 
seroconvert early in the disease process. 

Differentiation of other diseases of the 
skin of the teat and udder is dealt with in the 
section on cowpox. 


TREATMENT 

There is no specific treatment, and the aim 
should be to develop scabs that can with¬ 
stand machine milking. This is most easily 
effected by the application of a water- 
miscible, antiseptic ointment just before 
putting the cups on, followed by an astrin¬ 
gent lotion, such as triple dye, immediately 
after milking. Crystal violet dyes have an 
excellent reputation as treatments. Cattle 
that develop a thickened teat caused by sec¬ 
ondary bacterial infections are likely to 
develop clinical mastitis, and treatment 
success of affected quarters is poor. 










1988 


Chapter 20 ■ Diseases of the Mammary Gland 


CONTROL 

Isolation of affected animals and strict 
hygiene in the milking parlor are practiced 
but have little effect on the spread of the 
disease. Milking heifers first also has minimal 
impact on disease spread. An iodophor dis¬ 
infectant is recommended for use in the 
dairy to prevent spread because it has good 
virucidal activity. Reducing the incidence 
and severity of periparturient edema in 
heifers may reduce the severity of herpes 
mammillitis. Inoculation of the natural virus 
away from the teats produces a local lesion 
and good immunity, but the method has not 
been tested as a control procedure. 
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LESIONS OF THE BOVINE 
UDDER OTHER THAN MASTITIS 

Udder Impetigo 

Udder impetigo associated with S. aureus is 
characterized by small, 2- to 4-mm diameter 
pustules at the base of the teats that may 
spread to involve the entire teat and the skin 
of the udder. This disease is important because 
of the discomfort it causes, its common asso¬ 
ciation with staphylococcal mastitis, the 
occasional spread to milkers’ hands, and the 
freq uency with which it is mistaken for 
cowpox. The lesions are usually small pus¬ 
tules (2- to 40-mm diameter), but in occa¬ 
sional animalsthey extend to the subcutaneous 
tissue and appear as furuncles or boils. The 
most common site is the hairless skin at the 
base of the teats, but the lesions may spread 
from here on to the teats and over the udder 
generally. Spread in the herd appears to occur 
during milking, and a large proportion of a 
herd may become affected over a relatively 
long period. The institution of suitable sanita¬ 
tion procedures, such as dipping teats after 
milking, washing of udders before milking, 
and treatment of individual lesions with a 
suitable antiseptic ointment, as described 
earlier, usually stops further spread. An ancil¬ 
lary measure is to vaccinate all cows in the 
herd with an autogenous bacterin produced 
from the S. aureus that is always present. 
Good immunity is produced for about 6 
months, but the disease recurs unless satisfac¬ 
tory sanitation measures are introduced. 

Sores of bovine teat skin in Norway, char¬ 
acterized by the presence of S. aureus and 
referred to as “bovine teat skin summer 
sore” are thought to be caused by cutaneous 
invasion by Stephanofilaria spp. nematodes. 
The differential diagnosis of discrete lesions 
on bovine teat skin is dealt with in the subject 
of cowpox. 

Udder Cleft Dermatitis 

Severe clinical disease caused by udder cleft 
dermatitis (udder rot, flexural seborrhea) 



Fig. 20-9 Healing udder deft dermatitis in the caudodorsolateral aspect of the udder of a 
Holstein Friesian heifer. The heifer is in dorsal recumbency. Smooth beds of granulation tissue 
are developing 1 week after aggressive debridement of the focal areas of dermatitis. 


of cattle is most common in dairy heifers that 
have calved recently. Lesions are present in 
three locations on the udder: between the 
halves of the udder (udder cleft dermatitis), 
on the ventral midline immediately cranial 
to the udder, and on the caudodorsolateral 
aspect of the udder in which it comes 
into contact with the medial aspect of the 
thigh. Lesions are usually detected during 
foot trimming or milking and are clearly 
underdiagnosed—cross-sectional studies in 
Sweden and the Netherlands identified a 
prevalence of lesions in the cranial udder of 
18% in 1084 cows in 30 dairy herds, and 5% 
in 948 cows in 20 dairy herds, respectively. 1 ” 
Udder cleft dermatitis occurs is most 
common in older dairy cattle; higher pro¬ 
ducing dairy cattle; and cows with a deep 
udder relative to the hock, large front quar¬ 
ters, and a small angle between the udder 
and the abdominal wall. 1,2 Although the eti¬ 
ology remains uncertain, there is speculation 
that bacteria associated with digital dermati¬ 
tis may be associated with the development 
of udder cleft dermatitis. 3 

Udder edema is thought to play an 
important role in development of lesions on 
the caudodorsolateral aspect of the udder, 
because these are most common in peripar¬ 
turient dairy heifers and typically are more 
severe. The etiology of caudodorsolateral 
lesions in heifers may be different to that of 
cranial lesions in older cows. 

In lesions of all three anatomic sites, there 
is variable inflammation and outpouring of 
sebum. Extensive skin necrosis may develop 
in a small number of cases, characterized by 
a prominent odor of decay. The irritation and 
pain of the caudodorsolateral lesion may 
cause the animal to appear lame when 
walking, and the animal may attempt to lick 


the affected part. Shedding of the oily, mal¬ 
odorous skin leaves a raw surface beneath, 
which heals in 3 to 4 weeks. Anecdotal 
reports exist of extension of infection into 
the subcutaneous veins resulting in severe 
hemorrhage and death. 2 

Freshly calved heifers with lesions on 
the caudodorsolateral aspect of the udder 
benefit from resolution of udder edema 
and mechanical debridement using a towel 
drawn repeatedly across the inguinal area. In 
advanced cases, a soft tissue curette is used 
to facilitate debridement of necrotic material 
after casting the cow in dorsal recumbency, 
or in lateral recumbency and elevating the 
upper hindlimb, so that the inguinal area can 
be adequately visualized (Fig. 20-9). 

The efficacy of topical treatment is 
unknown. Lesions in the other two sites are 
usually asymptomatic and treatment efficacy 
is unknown. 

Blood in the Milk (Mammary Gland 
Hematoma) 

Blood in the milk is usually an indication of 
a rupture of a blood vessel in the gland by 
direct trauma (such as getting caught on top 
of a wooden fence or the result of a kick) 
or more commonly by capillary bleeding 
in heifers with udder edema. Although in 
the latter circumstance the bleeding usually 
ceases in 2 to 3 days, it may persist beyond 
this period and render the milk unfit for 
human consumption. The discoloration 
varies from a pale pink to a dark chocolate 
brown and may still be present 7 to 8 days 
after parturition. Rarely, the blood loss may 
be sufficiently severe to require treatment for 
hemorrhagic shock (see Chapter 4). Cases 
of blood in the milk are usually sporadic in 
occurrence, but there are records of herds 
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with over 50% of cows affected; clotting 
defects were not detected in these herds. 

Treatment is often requested, although 
the cow is clinically normal in all 
other respects. Intravenous administration 
of calcium borogluconate or parenteral 
coagulants such as intravenous formalde¬ 
hyde (see Chapter 5) is widely practiced, but 
efficacy studies are lacking and it is difficult 
to believe that either treatment has therapeu¬ 
tic value. Difficulty may be experienced in 
milking the clots out of the teats, but they 
will usually pass easily if they are broken up 
by compressing them inside the teat. The 
presence of bloodstained milk in all four 
quarters at times other than immediately 
postpartum should arouse suspicion of 
leptospirosis or diseases in which extensive 
capillary damage occurs. 

UDDER EDEMA 

Edema of the udder at parturition is physi¬ 
ologic, but it may be sufficiently severe to 
cause edema of the belly, udder, and teats in 
dairy cows and occasionally in mares. In 
most cases the edema disappears within a 
day or two of calving, but if it is extensive 
and persistent it may interfere with suckling 
and milking. Udder edema is symmetric and 
extends cranially to the udder along the 
ventral abdomen (Fig. 20-10). The presence 
of an asymmetric ventral edema should alert 
the veterinarian to a mammary vein hema¬ 
toma or thrombophlebitis of the mammary 
vein secondary to intravenous injection. The 
tissue feels colder to the touch than sur¬ 
rounding skin and pits on finger pressure. In 
severe cases, it extends caudodorsally in the 
perineal region. A 10-level scale of severity 


has been devised for dairy cattle and could 
be applied in assessing the effects of treat¬ 
ment (Table 20-7). Edema is a prominent 
sign in inherited rectovaginal constriction of 
Jersey cows, and is described under that 
heading. 


Table 20-7 

edema 

Scale used in rating udder 

Score 

Definition 

0 

No edema apparent 

1 

Edema in the base of the udder 
around one or two quarters 

2 

Edema in the base of the udder 
around two or three quarters 

3 

Edema covering the lower half of 
the udder 

4 

Edema beginning to show in the 
midline and umbilicus 

5 

Extensive fluid accumulation along 
the midline and umbilicus 

6 

Edema covering entire udder. 
Median suspensory ligament 
crease has disappeared. 

7 

Midline fluid accumulation 
extended to the brisket 

8 

Midline fluid accumulation 
extended dorsally; the 
subcutaneous abdominal vein is 
indistinguishable. 

9 

Fluid accumulation extended to 
the thighs 

10 

Severe edema; marked fluid 
accumulation in the vulva; 
edema extensive in all of the 
areas mentioned earlier 

Source: From Tucker WB et al. J Dairy Sci 7 992; 
75:2382. 



Fig. 20-10 Udder edema in a 2-year-old Holstein Friesian heifer that calved a few days 
previously. Note the extension of edema cranial to the udder. This is a grade 5/10 udder edema 
score. 


Udder edema is most severe in peripar- 
turient dairy heifers, and the mechanism 
for its development is not well understood. 
Hypoproteinemia is not a precursor of udder 
edema. One epidemiologic study identified 
an increased risk of udder edema in dairy 
heifers if calving was in winter, the heifer 
was taller at the withers, and a bull calf 
was born. 4 

It is a common recommendation that the 
amount of grain fed in the last few weeks of 
pregnancy be limited, and there is evidence 
that heavy grain feeding predisposes to the 
condition, at least in heifers. High sodium or 
potassium intakes increase the incidence and 
severity of udder edema, especially in housed 
cattle; the disease often disappears when 
cows are turned out to pasture. The tendency 
for udder edema may be heritable in some 
herds and selection against bulls that sire 
edematous daughters is thought to be worth¬ 
while. Such a tendency could be mediated 
through a complex interaction between sex 
steroids, which are thought to play a role in 
the etiology. There is also a reduction in 
blood flow through, and an increase in blood 
pressure in, the superficial epigastric or milk 
veins of cows with chronic edema, through 
an unidentified mechanism. 

A mild form of udder edema is the pres¬ 
ence of a hard localized plaque along the 
ventral abdomen immediately cranial to the 
udder after parturition in heifers. This is 
common and relatively innocuous but may 
interfere with milking or ventral abdominal 
surgical repair of a left displaced abomasum. 
If the mild udder edema occurs repeatedly 
over a number of lactations it may result in 
permanent thickening of the skin (sclero¬ 
derma) of the lateral aspect of the udder. Hot 
fomentations, massage, and the application 
of liniments are of value in reducing the 
hardness and swelling. A chronic form of 
the disease is recorded from New Zealand, 
but no credible etiologic agent has been 
proposed. 

If udder edema is severe, one or more 
of the following empirical treatments is rec¬ 
ommended. Milking should be started some 
days before parturition, but colostrum from 
heifers should be discarded because it is 
likely to be of poor quality. After parturi¬ 
tion, frequent milking and the use of diuretic 
agents is recommended. Corticosteroids 
appear to exert no beneficial effect. Acetazol- 
amide (1-2 g twice daily orally or parenter- 
ally for 1-6 days) gives excellent results in 
a high proportion of cases, with the edema 
often disappearing within 24 hours. Chlo¬ 
rothiazide (2 g twice daily orally or 0.5 g 
twice daily by intravenous or intramuscular 
injection, each for 3-4 days) is also effec¬ 
tive. Furosemide is the most potent diuretic 
agent and should be administered paren- 
terally (1 mg/kg BW, intramuscularly or 
intravenously; 5 mg/kg BW orally) in severe 
cases of udder edema, but prolonged use 
can result in hypokalemia, hypochloremia, 
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and metabolic alkalosis. The use of diuret¬ 
ics before calving may be dangerous if con¬ 
siderable fluid is lost. When there is a herd 
problem, detection of the cause is often 
difficult. 

An outbreak of udder edema in ewes has 
been recorded. Affected animals were afe¬ 
brile, bright, and clinically normal except for 
the udder, which within 24 hours of lambing 
was white, cool, and firm, with edema. The 
milk was normal grossly and laboratory tests 
detected no abnormalities. Most ewes recov¬ 
ered within 5 to 10 days of lambing. 

Hard udder or indurative mastitis in 
goats is described under the heading of 
caprine arthritis-encephalitis, and that in 
ewes under maedi. 

RUPTURE OF THE SUSPENSORY 
LIGAMENTS OF THE UDDER 

Rupture of the suspensory ligaments is most 
common in adult cows and develops gradu¬ 
ally over a number of years. The cause is 
thought to be severe udder edema at calving, 
with excessive weight on the udder causing 
breakdown of the udder attachments, par¬ 
ticularly the median suspensory ligament. 
The result is that the teats on affected cows 
are not vertically aligned but point more lat¬ 
erally. When rupture of the suspensory liga¬ 
ment occurs acutely, just before or after 
parturition, the udder drops markedly and is 
swollen and hard, the teats point laterally, 
and serum oozes through the skin. Severe 
edema occurs at the base of the udder. The 
condition may be confused with gangrenous 
mastitis or abdominal rupture caused by 
hydrops allantois on cursory examination. 
Partial relief may be obtained with a suspen¬ 
sory apparatus, but complete recovery does 
not occur. 

AGALACTIA 

The most important cause of agalactia in 
farm animals is postpartum dysgalactia 
syndrome (PPDS) in sows, formerly 
named mastitis-metritis-agalactia (MMA) 
syndrome, which is addressed later in this 
chapter. The general principles that apply to 
PPDS also apply to the less common cases of 
agalactia that occur in all species. There is 
partial or complete absence of milk flow, 
which may affect one or more mammary 
glands. The condition is of major importance 
in gilts and sows, although it occurs occa¬ 
sionally in cattle. The importance of the 
disease in gilts and sows derives from the fact 
that piglets are very susceptible to hypo¬ 
glycemia. The condition may be caused by 
failure of letdown or absence of milk 
secretion. 

The causes of failure of letdown include 
painful conditions of the teat; sharp teeth in 
the piglets; inverted nipples that interfere 
with suckling; primary failure of milk 
ejection, especially in gilts; and excessive 


engorgement and edema of the udder. In 
many sows the major disturbance seems to 
be hysteria, which is readily cured by the use 
of tranquilizing drugs. Treatment of the 
primary condition and the parenteral admin¬ 
istration of oxytocin, repeated if necessary, is 
usually adequate. 

Ergotism may be a specific cause of aga¬ 
lactia in sows and has been recorded in 
animals fed on bullrush millet infested with 
ergot. 

Apparent hormonal defects do occur, 
particularly in cattle. Sporadic cases occur in 
which cows calve normally and have a 
normal udder full of milk but fail to let it 
down when stimulated in the normal way. A 
single injection of oxytocin is often sufficient 
to start the lactation. In rare cases repeated 
injections at successive milkings are required. 
There is one report of a number of cows in a 
herd being affected. The cows were under 
severe stress for a number of reasons and had 
depressed serum cortisol levels. In heifers 
and gilts there may be complete absence of 
mammary development and, in such cases, 
no treatment is likely to be of value. In 
animals that have lactated normally after 
previous parturitions, the parenteral admin¬ 
istration of chorionic gonadotrophin has 
been recommended but often produces no 
apparent improvement. 

Mares grazing fescue may fail to lactate 
after parturition because of inhibition of pro¬ 
lactin release. 

Milk Drop Syndrome 

This is a herd syndrome in which the milk 
yield falls precipitately without there being 
any clinical evidence of disease, especially 
mastitis, or obvious deprivation of food or 
water. Heat stress (particularly the combina¬ 
tion of heat and humidity), summer fescue 
toxicosis, and leptospirosis caused Leptospira 
hardjo are among the more common causes. 

Low Milk Fat Syndrome 

In this syndrome the concentration of fat in 
milk is reduced, often to less than 50% of 
normal, although milk volume is main¬ 
tained. This syndrome is a significant cause 
of wastage in high-producing cows. Low 
concentration of fat in milk occurs with 
ruminal acidosis in cattle. 5 The cause appears 
to be an increase in concentrations of conju¬ 
gated linoleic acid in the diet, with subse¬ 
quent reduction in lipogenesis in the udder. 6 
A supply of polyunsaturated fatty acids in the 
cows’ ration and alteration in fermentation 
in the rumen results in biohydrogenation of 
linoleic acid (abundant in oils and seeds) and 
formation of intermediate fatty acids in the 
rumen. These incompletely hydrogenated 
fatty acids are absorbed into the blood and 
have an inhibitory effect on lipogenesis. 7 
It is most common in cows on low-fiber 
diets, for example, lush, irrigated pasture, 
or grain rations that are ground very finely 
or fed as pellets. Treatment is achieved by 


administration of sodium bicarbonate or 
magnesium oxide, which increase fiber 
digestibility and hence the propionate: acetate 
ratio. Magnesium oxide also increases the 
activity of lipoprotein lipase in the mammary 
gland and increases uptake of triglycerides 
by the mammary gland from the plasma. 8 
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"FREE" OR "STRAY" 

ELECTRICITY AS A CAUSE OF 
FAILURE OF LETDOWN 

Free electrical current is common in dairies, 
especially recently built ones. The problem is 
most common when a herd moves into a 
new shed, but it also occurs with alterations 
to electrical equipment and wiring or 
with ordinary wear and tear. The stray 
current is present in the metallic part of the 
building construction, much of which is 
interconnected. Cows are very sensitive to 
even small amperages and are highly suscep¬ 
tible because they make good, often wet 
contact with the metal and with wet concrete 
on the floor. People working in the dairy are 
not likely to notice the electrical contact 
because they are usually wearing rubber 
boots. The voltage present would be too low 
to be of much interest to the local power 
authority, and an independent technician 
may be necessary to perform the examina¬ 
tion, which should be performed while the 
milking machine is working. The effects of 
free electricity in the milking shed may be as 
follows: 

• Fatal electrocution, stunning causing 
unconsciousness, frantic kicking, and 
bellowing, which are all manifested 
when the animal contacts the electrified 
metal, as set down under the heading of 
electrocution 

• Restlessness, frequent urination, 
defecation, failure to let milk down, and 
in tie-stalls frequent lapping at the water 
bowl but refusing to drink; the 
abnormal behavior may be apparent 
only when the cow is in a particular 
position or posture. 

• Startled, alert appearance with anxiety, 
baulking, and refusal to enter the 
milking parlor 

• Failure of letdown leads to lower milk 
production and recrudescence of 
existing subclinical mastitis leading to 
appearance of clinical signs. 
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Table 20-8 Diagnosis of free electricity 
problems based on voltage difference 
between two points that can be 
accessed by an animal with resultant 
current flow 


Normal 0-0.5 V 

Suspicious as possible cause 1.0-2.0 V 

for abnormal behavior 

Moderate behavioral 1.5-3.0 V 

reactions possible 

Behavioral reactions likely >3.0 V 

The estimates are guidelines and there is marked 
individual animal variability. 


In spite of the many field observations of 
these abnormalities experimental applica¬ 
tion of AC current up to 8 mA causes 
changes in behavior but not in milk yield or 
letdown. Additional information on stray 
voltage is provided in Chapter 4. 

Recommended guidelines for a diagnosis 
of free electricity problems are set out in 
Table 20-8. For simplicity it can be assumed 
that cows will behave abnormally if the free 
voltage exceeds 1 V AC, although 2 V and a 
current of 3.6 to 4.9 mA does not reduce 
milk production. A safer threshold is 0.35 V 
AC as a maximum. A proper voltmeter is 
necessary to make a diagnosis, and in most 
circumstances a qualified electrician is nec¬ 
essary for the exercise. 

The development of voltages in the met¬ 
alwork of the milking shed can arise from 
many factors. Obvious short circuits from 
faulty wiring are the least common cause. 
Most cases are caused by accumulation of 
relatively low voltages because of increased 
resistance in the earth or ground system, 
thus neutral to earth voltages. Reasons for 
the accumulation include a poor earthing or 
grounding system, grounding rods that are 
too short to reach the water table, insufficient 
grounding rods, or dry seasons lowering the 
water table. The problem may be intermittent 
and even seasonal, depending on climatic 
conditions that facilitate the passage of 
current through the cow as an alternative 
grounding system. 

NEOPLASMS OF THE UDDER 

The most common neoplasm of cows’ teats 
is viral papillomatosis. It is esthetically unat¬ 
tractive and may play a part in harboring 
mastitis organisms on the teat skin. It is dealt 
with in detail under the heading of papillo¬ 
matosis. Similar papillomata occur on the 
teat and udder skin of lactating Saanen 
goats. Rarely, these lesions may develop a 
squamous cell carcinoma lesion of low 
malignancy. 

Neoplasms of the bovine udder are 
extraordinarily rare. In a report by the United 
States Department of Agriculture in 1945, 
13 million bovine udders were inspected and 
none were found to have gross evidence of 


cancer. There are a handful of isolated reports 
of fibrosarcoma, carcinoma, and fibroade¬ 
noma of the mammary gland in cattle. 1 Car¬ 
cinomas are rarely reported in goats, and 
adenoma and carcinoma are very rare in 
sheep. 1,2 Malignant mammary carcinoma 
occurs occasionally in mares. The extremely 
low rate of mammary gland neoplasia in 
female ruminants is primarily attributed to 
their herbivore diet and because many rumi¬ 
nants are slaughtered before reaching middle 
age. 1 An additional reason for the low rate is 
that female ruminants that are retained in 
the herd or flock have an extremely low life¬ 
time exposure to estrogen as they spend 
most of their reproductive fife being preg¬ 
nant or not cycling. 

TEAT AND UDDER 
CONGENITAL DEFECTS 

The common sporadic defects in cows are 
supernumerary teats, fused teats with two 
teat canals opening into one teat sinus, hypo- 
mastia, absence of a teat canal and sinus, and 
absence of a connection between the teat 
sinus and the udder sinus; in sows insuffi¬ 
cient and inverted teats are the common 
errors. Supernumerary teats are common 
(up to 33%) in Simmental and Brown Swiss 
heifers and are removed surgically. A high 
prevalence of defects is recorded in Murrah 
buffaloes and inheritance of hypomastia, 
rudimentary teats, and angulation of teats is 
suspected in cows. 

Traditionally sows are required to have at 
least 12 functional teats and sows deficient in 
this regard are likely to be culled. Reasons for 
the deficit include inherited shortage (teat 
number is highly heritable), misplaced teats 
(usually too far posteriorly to be accessible to 
the piglets), or unevenly placed, inverted 
teats, either congenital or acquired as a result 
of injury; vestigial nipples that do not acquire 
a lumen, cistern, or gland; and normal-sized 
teats that are occluded. Inverted teats in sows 
may be this way because they lack a teat 
upturn, which is the teat duct opening 
directly into the mammary gland cistern. 
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MILK ALLERGY 

Signs of allergy, principally urticaria, are 
often manifested by cows during periods of 
milk retention. Most of these occur as the 
cow is being dried off. The Channel Island 
breeds of cattle are most susceptible, and the 
disease is likely to recur in the same cow at 


subsequent drying off periods; it is almost 
certainly inherited as a familial trait. 

The important clinical signs relate to the 
skin. There is urticaria, which may be visible 
only on the eyelids or be distributed gener¬ 
ally. Local or general erection of the hair may 
also be seen. A marked muscle tremor, respi¬ 
ratory distress, frequent coughing, restless¬ 
ness to the point of kicking at the abdomen 
and violent licking of themselves, and even 
maniacal charging with bellowing may 
occur. Other cows may show dullness, 
recumbency, shuffling gait, ataxia, and later 
inability to rise. The temperature and pulse 
rates are usually normal or slightly elevated, 
but the respiratory rate may be as high as 100 
beats/min. 

Diagnosis of milk allergy can be made by 
the intradermal injection of an extract of the 
cows own milk. A positive reaction occurs 
with milk diluted as much as 1 in 10,000, and 
edematous thickening is present within 
minutes of the injection. Other clinicopatho- 
logic observations include the development 
of eosinopenia, neutrophilia, and hyper¬ 
phosphatemia during an attack. 

Spontaneous recovery is the rule, but 
antihistamines are effective, especially if 
administered early and repeated at short 
intervals for 24 hours. Prevention is usually 
a matter of avoiding milk retention in sus¬ 
ceptible cows, but in many cases it is prefer¬ 
able to cull them. 

Mastitis of Sheep 

ETIOLOGY 

Most cases of clinical mastitis are caused by 
S. aureus or Mannheimia spp. (predomi¬ 
nantly M. haemolytica and M. glucosida, but 
also M. ruminalis). Each is responsible for 
around 40% of cases in ewes suckling lambs 
for meat or wool production, whereas in 
dairy sheep S. aureus has a higher preva¬ 
lence, and is responsible for around 80% of 
clinical cases. 1,2 S. agalactiae is also impor¬ 
tant, with other agents including CNS (often 
associated with persistent subclinical infec¬ 
tions and elevated SCCs), E. coli, H. somni 
(formerly H. ovis), Clostridium perfringens 
type A, Pseudomonas spp., C. pseudotubercu¬ 
losis, or E.faecalis. Acholeplasma oculi is pre¬ 
dominantly isolated from cases of contagious 
ophthalmia but can cause mastitis and 
agalactia. 

Another important cause is M. agalactiae, 
the agent of contagious agalactia, which is 
described under that syndrome. 

EPIDEMIOLOGY 

Occurrence 

Most cases of clinical mastitis in ewes occur 
up to 4 to 8 weeks after parturition or imme¬ 
diately after weaning. Compared with housed 
ewes, those grazing pasture have a lower 
prevalence with cases predominantly caused 
by M. haemolytica or Staphylococcus spp. 
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Many cases are associated with teat injury 
from any cause, such as when ewes are 
housed on abrasive floors. 

Clinical mastitis in grazing ewes averages 
only about 2% per year, but mastitis can be 
responsible for up to 10% of all ewe deaths. 
More than 30% of dairy ewes can have sub- 
clinical mastitis. 

The forms of loss in milk sheep are the 
same as those for dairy cattle: reduced milk 
production, reduced milk quality, which can 
negatively affect cheese production, and 
the culling of affected ewes. In meat and fiber 
sheep the most obvious losses are deaths, 
usually from gangrenous mastitis, and 
decreased growth and deaths in lambs. 
Where suckling lambs have access to supple¬ 
mental feed the effect of subclinical mastitis 
on lamb performance is negligible. 

The sheep dairy industry in many coun¬ 
tries is developing, so anything that adversely 
affects the quantity and quality of ovine milk, 
especially for the production of cheese, will 
cause financial loss. In Greece, where ewe 
milk is used to produce feta cheese, the prev¬ 
alence of subclinical mastitis in flocks varies 
from 29% to 43%, with CNS and S. aureus 
isolated from 44% and 33% of the positive 
milk samples, respectively. 

Staphylococcal Mastitis 

The most prevalent mastitis pathogen of the 
ewe is S. aureus. The incidence of clinical 
mastitis may be as high as 20%, with ewe 
mortality rates of from 25% to 50%. The 
affected halves in surviving ewes are usually 
necrotic and destroyed. Chronic mastitis can 
cause a 25% to 30% reduction in milk yield 
from the affected udder halves. Consequently, 
this disease is very important in countries, 
such as Greece, in which ewes’ milk is an 
important component of the human diet. The 
disease is probably spread from infected 
bedding grounds, with the infection gaining 
entry through teat injuries caused by suckling 
lambs. Intensive housing can be associated 
with an increased prevalence of lesions, prob¬ 
ably caused by cross-suckling by lambs with 
oral or nasal infections. 3 

Other staphylococcal mastitides in ewes 
include S. epidermidis; many clinically 
normal quarters show a high rate of infection 
with coagulase-negative staphylococcus. 
Experimental infection with S. chromogenes 
causes clinical mastitis, S. simulans causes 
subclinical mastitis, and S. xylosus causes a 
transient increase in the SCC. 

Marmheimia Mastitis 

Peracute, gangrenous mastitis associated 
with Mannheimia spp. is a common mas¬ 
titis. M. haemolytica and M. glucosida can 
be isolated from affected halves, and the 
disease can be reproduced experimentally 
by the intramammary infusion of cultures 
of the organism. S. aureus , T. pyogenes, and 
streptococci are often present as secondary 
invaders. 


Mannheimia mastitis occurs sporadically 
in the western United States, Australia, and 
Europe in ewes kept under systems of hus¬ 
bandry varying from open pasture to 
enclosed barns. Mastitis is most common in 
ewes suckling large lambs up to 3 months 
old. Infection is thought to occur through 
injuries to teats, perhaps caused by over vig¬ 
orous suckling. Occurrence is not related to 
hygiene, and many outbreaks occur in 
grazing sheep. However, because of sheep’s 
behavior (using “sheep camps” at night), it is 
possible that these areas become contami¬ 
nated and facilitate transmission by contact 
with infected soil or bedding. There is a high 
diversity among Mannheimia isolates, and 
horizontal transmission by lamb suckling 
probably occurs. 4 

Streptococcal Mastitis 

Streptococcal mastitis can be reproduced by 
the introduction of S. agalactiae into the 
mammary glands and occurs naturally in 
dairy ewes. The infection originates from an 
infected udder and is transmitted to the teat 
skin of other ewes by milking machine liners, 
milkers’ hands, washcloths, and any other 
material that can act as an inert carrier. S. 
dysgalactiae and S. uheris are also occasion¬ 
ally isolated. 

PATHOGENESIS 

The mechanisms of pathogenesis are similar 
to those for bovine mastitis. 

CLINICAL FINDINGS 

In milking ewes clinical mastitis is similar to 
that in cows, with acute and subacute forms 
manifested by swelling of the gland and 
wateriness and clots in the milk. Most clini¬ 
cal cases occur with 2 to 3 weeks of parturi¬ 
tion or at weaning, and take the form of 
gangrenous mastitis, affecting one or both 
halves. 

Staphylococcal Mastitis 

In sheep there is a strong similarity between 
this form of mastitis and that associated with 
M. haemolytica. They are both peracute, 
gangrenous infections. The ewe is usually 
recumbent and profoundly toxic, and the 
affected gland and the surrounding area of 
belly wall are blue-green in color and cold to 
the touch. A few drops of clear, bloodstained 
liquid is all that can be expressed from the 
udder. A fatal clinical course of 1 to 2 days is 
usual. 

Mannheimia Mastitis 

Mannheimia mastitis is an acute systemic 
disturbance, with a high fever (40°C-42°C; 
105°F-107°F), anorexia, dyspnea, and pro¬ 
found toxemia, with acute swelling of the 
gland and severe lameness on the affected 
side. This lameness is an important early sign 
and is useful in locating affected animals in 
a group. The udder is at first hot, swollen, 
and painful and the milk watery, but within 


24 hours the half is discolored blue-black 
and cold, with a sharp line of demarcation 
from normal tissue. The secretion is watery 
and red and contains clots. The temperature 
subsides in 2 to 4 days, the secretion dries up 
entirely, and the animal either dies of toxemia 
in 3 to 7 days or survives with sloughing of 
a gangrenous portion of the udder. This is 
followed by the development of abscesses 
and the continual draining of pus. Usually 
only one side is affected. Cases of pneu¬ 
monia caused by the same organism may 
occur in lambs in flocks in which ewes are 
affected. 

Clostridial Mastitis 

C. perfringens A is a rare and highly fatal 
cause of acute mastitis in ewes. Clinical signs 
of infection are principally hemolytic and are 
characterized by hemoglobinuria, jaundice, 
and anemia, plus fever, anorexia, and recum¬ 
bency. The affected half is swollen, painful, 
and hot and contains watery, brown, floc- 
culent secretion. 

Caseous Lymphadenitis 
and Mastitis 

Suppurative lesions associated with C. 
pseudotuberculosis are common in ovine 
mammary glands, but they usually involve 
only the supramammary lymph nodes and 
are not true mastitis. However, the function 
of the mammary gland may be lost when the 
infection spreads from the lymph node to 
mammary tissue. 

Pseudomonal Mastitis 

Naturally occurring pseudomonal mastitis in 
ewes is likely to be gangrenous and lethal, as 
well as accompanied by severe lameness in 
the hindlimb on the affected side. Infected 
intramammary infusions or milking machine 
malfunction are the usual means of intro¬ 
ducing the infection. 

CLINICAL PATHOLOGY 

The SCC is a useful predictor of mammary 
gland infection of individual dairy ewes, 
although thresholds are not as uniform or as 
widely accepted as for dairy cows. 5 ' 6 The SCC 
in normal ewe milk ranges from 0.5 to 1.0 x 
10 6 cells/mL, with 95% of samples having 
counts <0.5 X 10 6 cells/mL. Ewe milk SCC 
tends to increase more in later lactation com¬ 
pared with the cow, but consecutive testing 
when counts range from 0.5 to 1.0 X 10 6 cells/ 
mL will improve its diagnostic accuracy. In 
bulk milk samples, counts of 0.65 x 10 6 cells/ 
mL indicate that from 10% to 15% of ewes in 
a flock have subclinical mastitis. 5 

Other tests include the California Milk 
Test, a reliable indicator of SCC, and staining 
milk films with Giemsa or May-Grunwald 
stains to detect what type and proportion of 
cells are present. Early mammary gland 
infections change the proportion of ions in 
milk; thus measuring electrical conductivity 
can indicate mastitis. However, there are 




large interanimal and intraanimal variations, 
so specific algorithms that account for this 
daily variation are required.' Ultrasound 
examination of the udder and supramam- 
mary lymph nodes and infrared thermogra¬ 
phy of the udder are potentially rapid and 
sensitive tests for subclinical mastitis in spe¬ 
cialist dairy flocks. 8,9 Infection of ewes with 
maedi-visna virus does not alter their SCC. 

NECROPSY FINDINGS 

The gross appearance of the affected glands 
varies with the agent involved and the dura¬ 
tion of the process. Generally, the swollen, 
hemorrhagic, and/or gangrenous nature of 
fatal acute ovine mastitis is obvious. A puru¬ 
lent exudate is sometimes present, especially 
in the case of chronic C. pseudotuberculosis 
infection. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: chilled mammary gland 
for aerobic culture; anaerobic culture if 
Clostridium sp. is suspected. 


DIFFERENTIAL DIAGNOSIS 


Mannheimia mastitis is peracute and 
resembles mastitis associated with 
Staphylococcus aureus. A similar disease in 
ewes has been ascribed to Actinobacillus 
lignieresii. Suppurative mastitis associated with 
Corynebacterium pseudotuberculosis is 
chronic, and no systemic signs occur. 


TREATMENT 

Broad-spectrum parenteral and intramam¬ 
mary antimicrobial agents are effective. 
Although ewes probably require smaller 
doses of intramammary infusions than cows, 
it is customary to use ordinary cow-type 
mammary infusion treatments. However, 
this results in a much longer period during 
which the milk in the half has a level of 
antibiotic greater than acceptable limits 
for human consumption (the “withhold 
period”). The treatment of ewes with per¬ 
acute gangrenous mastitis requires systemic 
treatment, but this is often not successful and 
the affected half sloughs after several weeks. 

CONTROL 

Control programs for milking sheep flocks 
are less well defined, but principles similar to 
those outlined for dairy cows apply. This 
requires early detection and prompt treat¬ 
ment of affected ewes with an effective anti¬ 
microbial. Results of culture and sensitivity 
testing will not be immediately available, but 
milk samples should be collected aseptically 
from affected and nonaffected ewes to inform 
future treatment options, with the aim of 
testing up to 10 isolates of each species 
present. 2 Dry treatment with intramammary 
infusions into both halves of dairy ewes has 
been shown to reduce subclinical infections 
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and/or SCC during the next lactation. 10 
Selective treatment of ewes with a consis¬ 
tently high SCC, rather than treatment of all 
ewes, will be a more cost-effective strategy, 
but this information will only be available 
within well-developed dairy operations. For 
flocks of suckling ewes with a high preva¬ 
lence of mastitis the use of dry period treat¬ 
ment at weaning may be useful, but care and 
aseptic technique is required to prevent iat¬ 
rogenic infections. 

Phenotypic culling of affected dairy or 
suckling ewes is often undertaken, although 
this will not reliably prevent further clinical 
or subclinical infections in the flock. Genetic 
selection of dairy ewes with a reduced SCC 
is an indirect way of reducing susceptibility 
to mastitis infections and may offer a longer- 
term option for the control of subclinical 
mastitis. However, to have the most chance 
of success this needs reliable pedigree infor¬ 
mation, performance recording, and esti¬ 
mates of breeding values. 6 

Staphylococcal Mastitis 

Two multivalent bacterins have been released 
for use against staphylococcal mastitis in 
dairy cattle, Lysigin (United States) and Start- 
vac (Europe and Canada), but as yet they 
have not been systematically evaluated in 
sheep. The former, a multivalent whole-cell 
lysed bacterin, did not prevent infections but 
reduced the severity of mastitis after experi¬ 
mental challenge of heifers with S. aureus. 
Vaccination did not lower SCC, increase milk 
yields, or reduce the staphylococcal infection 
rate. 10 The second product includes an inac¬ 
tivated E. coli strain. It does not eliminate 
new staphylococci infections, but field studies 
in dairy cattle show a reduced time and trans- 
missibility of infections. 11 

For dairy ewes, frequent changing of 
pasture areas and culling of affected ewes 
may help reduce environmental contamina¬ 
tion and control the spread of infection. 

Mannheimia Mastitis 

In older studies polyvalent hyperimmune 
serum and an autogenous vaccine of killed 
M. haemolytica were shown to prevent intra¬ 
mammary infections with Mannheimia spp. 
More recently, M. haemolytica serotype 1 has 
been used in vaccines in an attempt to 
control respiratory disease in cattle and pas- 
teurellosis in sheep. However, a primary 
virulence factor of Mannheimia spp. isolates 
is leukotoxin A (LktA), and this may have an 
important role in immunity to disease caused 
by Mannheimia spp. A comparison of the 
similarity of the LktA of Mannheimia spp. 
isolated from clinical cases of mastitis found 
that the LktA from M. glucosida may be more 
suitable for a monovalent vaccine than the 
LktA from M. haemolytica. 12 

FURTHER READING 

Arsenault J, et al. Risk factors and impacts of clinical 

and subclinical mastitis in commercial 


meat-producing sheep flocks in Quebec, Canada. 
Prev Vet Med. 2008;87:373. 
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Mastitis of Goats 

S. aureus and E. coli are the most common 
causes of clinical mastitis. Other infectious 
agents include Pseudomonas spp., S. hyicus 
(much less pathogenic than S. aureus), S. dys- 

^^ftsSsMeB2it&b*,OlH}3t@»dOmore rarely, K. 
pneumoniae, C. pseudotuberculosis, M. hae¬ 
molytica, and Actinobacillus equuli causes a 
systemic reaction and granulomatous lesions 
in the udder and lungs. The gland prevalence 
of subclinical mastitis N. asteroides in goats, 
caused predominantly by infection with 
CNS, can range from 9% to 65%, although 
these organisms are often present in clini¬ 
cally normal halves. 1 

Goats have intrinsically higher SCCs than 
cows or sheep, which increase with age and 
stage of lactation, so goat milk can often 
exceed legal thresholds for human consump¬ 
tion mandated in some jurisdictions in the 
absence of a high prevalence of clinical or 
subclinical mastitis. 2 

Mastitis is also an important sign in the 
infectious diseases associated with M. aga- 
lactiae and M. mycoides var. mycoides. 

Staphylococcal Mastitis 

This is the most common cause of mastitis in 
goats and the same CNS can persist in sub¬ 
clinical infections for up to 7 months. 1 A 
New Zealand study of over 600 does from 18 
herds found bacteria in 23.3% of glands, and 
CNS (13.4%) and Corynebacterium spp. 
(7.3%) were the most common isolates. 3 The 
incidence of new infections was highest in 
early lactation, and prevalence of infections 
increased with age. 

S. aureus is commonly isolated from clin¬ 
ical mastitis but at a much lower prevalence 
than CNS. Experimentally produced S. 
aureus mastitis in goats has a similar patho¬ 
genesis to that in the cow except for a marked 
tendency for the staphylococci to invade and 
persist in foci in the interacinar tissue. As in 
cattle, some staphylococci in goats’ milk 
produce enterotoxins and the toxic shock 
syndrome toxin, so these can cause food poi¬ 
soning in humans. Latex agglutination tests 
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are available for the identification of the 
enterotoxins. 

Streptococcal Mastitis 

Goats are susceptible to S. agalactiae and S. 
uberis, and sporadic cases or outbreaks of 
mastitis associated with these and other 
streptococci do occur. In flocks of milking 
goats the infection is passed from infected 
quarters to others by means of the milkers’ 
hands, the teat cups of milking machines, 
and washcloths used to disinfect the udder 
before milking. S. zooepidemicus causes 
chronic suppurative mastitis in does, and 
artificially induced infections with S. dysga- 
lactiae are indistinguishable from mastitis 
associated with S. agalactiae. The pathogen¬ 
esis is probably similar in all streptococcal 
mastitides. 

Pseudomonas Mastitis 

Experimental pseudomonas mastitis in goats 
is acute, with extensive necrosis and fatal 
septicemia. As for dairy cattle, infection is 
often introduced through contaminated 
water. 1 

Summer Mastitis 

Summer mastitis associated with T. pyogenes 
has been produced experimentally in goats 
with udder lesions typical of acute suppura¬ 
tive mastitis. Nonlactating goats developed a 
severe mastitis, whereas lactating animals 
were less severely affected. 

Other Infections 

Mastitis in goats is associated with an organ¬ 
ism tentatively identified as M. haemolytica. 
Yersinia pseudotuberculosis has caused mas¬ 
titis in an aborting goat doe that probably 
experienced a bout of systemic yersiniosis. 
This infection would be a potential zoonosis. 
Granulomatous lesions in the mammary 
glands and in internal organs have been 
observed in goats experimentally infected 
with Cryptococcus neoformans. 

CLINICAL FINDINGS 

Clinical mastitis in goats is similar to that in 
cattle, with subclinical, chronic, acute, and 
peracute gangrenous forms occurring. Par¬ 
ticular care is needed in the clinical examina¬ 
tion of goat’s milk because of its apparent 
normality when there are severe inflamma¬ 
tory changes in the udder. 

SCCs in milk of goats are higher than in 
cattle or sheep but vary widely because of the 
apocrine nature of milk secretion. 2 The 
counts increase with stage of lactation, lower 
milk production, and increased parity, and 
goats without intramammary infection may 
have an SCC of more than 1 X 10 6 cells/mL, 
which is the mandated limit of goat milk for 
human consumption in some jurisdictions. 4 
These variations make the value of SCC as a 
guide to diagnosis in goats controversial. 

In staphylococcal mastitis, infected halves 
have higher NAGase and CMT than normal 


halves. However, they and the LDH and anti¬ 
trypsin tests give variable results, thus they 
are still not considered to be as reliable as in 
dairy cows. 3 

Treatment and Control 

Treatment and control of mastitis techniques 
to be used in goat does have been adapted 
from those used for cattle, with the details 
of dry period and lactational treatments 
informed by laboratory culture. If cow dose 
rates are used, retention of the antibiotic in 
the udder of goats will be prolonged, even for 
short-acting products such as ampicillin, so 
withholding periods need to be increased. 0 

For treatment of acute cases, intravenous 
flunixin meglumine is an effective antipyretic 
and leads to clinical improvement in the 
mammary gland when combined with intra¬ 
venous dextrose and electrolytes. The pre¬ 
ferred antimicrobials to achieve therapeutic 
tissue concentrations in the mammary gland 
include macrolides, trimethoprim, tetracy¬ 
clines, and fluoroquinolones.' 

Vaccination using killed bacterins has 
been investigated for a number of years, and 
two multivalent bacterins are available for 
use against staphylococcal mastitis in dairy 
cattle, Lysigin (United States) and Startvac 
(Europe and Canada). The effect of the 
former on the prevalence of staphylococcal 
mastitis and SCC in a 30-doe U.S. dairy goat 
herd was evaluated over 18 months. 8 The 
average SCC of vaccinates was lower (1.3 
versus 1.5 X10 6 cells/ mL for controls), which 
reduced the milk below the mandated level 
for human consumption, and they had more 
spontaneous cures (1.28 versus 0.6 per doe 
for controls). 
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Contagious Agalactia in 
Goats and Sheep 


SYNOPSIS 


Etiology Classic disease caused by 

Mycoplasma agalactiae in sheep and goats; 
also M. agalactiae, M. mycoides subsp. 
capri (formerly M. mycoides large colony 
type), and M. capricolum subsp. capricolum 
in goats 

Epidemiology Outbreaks and severe disease 
are especially problematic in the 
Mediterranean area of Europe and Africa. 


Introduction of infected animals. Direct 
spread by infected milk and ocular 
discharge to suckling young and to adults 
by contamination of bedding, feed, and 
milking equipment 

Clinical findings Triad of mastitis, arthritis, 
and ocular disease. Sometimes 
accompanied with respiratory disease, 
abortion, and diarrhea 

Lesions Indurative mastitis with abscessation, 
polyarthritis 

Diagnostic confirmation Culture, 
polymerase chain reaction, serology 

Treatment Antimicrobials may mitigate 
disease severity but not achieve a 
bacteriologic cure. 

Control Flock/herd biosecurity, milking-time 
hygiene. Test and slaughter eradication. 
Vaccines have poor efficacy. 


ETIOLOGY 

Contagious agalactia is a disease of sheep 
and goats, particularly those used for milk 
production. M. agalactiae is the main causal 
agent in sheep and goats, but M. mycoides 
subsp. capri and M. capricolum subsp. capri¬ 
colum produce a similar if not identical clini¬ 
cal presentation. There is apparent variation 
in virulence between isolates from different 
regions and countries. The situation in goats 
is quite complex, and frequently more than 
one of these agents can be isolated from the 
same outbreak. 

M. putrefaciens, first isolated from the 
joints of arthritic goats in California, has 
been isolated and implicated in some out¬ 
breaks of contagious agalactia, but experi¬ 
mental challenge with this organism does 
not produce classical contagious agalactia. 
M. putrefaciens can cause septicemia, pneu¬ 
monia, and mastitis in small ruminants that 
are predisposed by other diseases. 

EPIDEMIOLOGY 

Occurrence 

Contagious agalactia is endemic in most 
European countries and Africa and occurs in 
many other areas of the world including Asia 
and the Indian subcontinent, the Middle 
East, and North and South America. The 
disease is common in Mediterranean coun¬ 
tries, and is particularly widespread and 
problematic in Spain. 

Prevalence 

In endemic areas the disease is cyclic in 
occurrence with periods of outbreaks of 
severe disease interspersed with periods of 
chronic or mild disease. 

Peak rates of clinical disease occur after 
parturition in both the dams and their young 
with another peak occurring in association 
with the onset of machine milking after the 
young are removed from suckling. The mor¬ 
tality rate can be high (10%—30%), and many 












adult females are culled because the udder is 
permanently damaged. 

Transmission 

The organisms are present in the milk and 
ocular secretions of infected animals and in 
respiratory secretions in which the pulmo¬ 
nary form of the disease is present. Trans¬ 
mission is by direct contact, aerosol 
transmission, ingestion, and by contact with 
infected fomites. The young are infected 
through the ingestion of infection present in 
colostrum and milk. Infected milk can also 
contaminate bedding, feed and dairy equip¬ 
ment, and spread occurs with machine 
milking. The organisms reside in the ear 
canal of asymptomatic carrier sheep and 
goats, and are thought to be transmitted by 
ear mites. Venereal transmission is also 
thought to occur. 

The common practice of transhumance 
and communal grazing in endemic areas 
promotes transmission between herds and 
flocks, either from direct contact or grazing 
over infected pastures. The organisms have 
been isolated from outbreaks of disease in a 
range of wild ruminants, but the role of these 
in the epidemiology of contagious agalactia 
in domestic small ruminants is unclear. 1 
Illegal importation of animals from an 
endemically infected area can introduce the 
disease to disease-free areas. 

Experimental Reproduction 

Contagious agalactia can be reproduced 
experimentally and reflects the natural 
disease with acute and chronic multifocal 
necrotizing mastitis, acute arthritis, conjunc¬ 
tivitis, and subacute enteritis. Shedding of 
the organism precedes the onset of clinical 
disease by 1 to 10 days. The experimentally 
produced disease is much more severe in 
pregnant animals. 

Host Risk Factors 

The relative severity of clinical disease in 
sheep versus goats depends on the infecting 
mycoplasma and varies with region. There 
are also breed and age differences in suscep¬ 
tibility. Septicemia and acute disease is more 
common in young lambs and kids and lactat- 
ing females, with less severe disease in adult 
males and nonlactating nonpregnant females. 
Asymptomatic carriers are important in 
transmission of the organisms. 

Pathogen Risk Factors 

There is regional variation in the virulence of 
isolates; M. agalactiae, M. mycoides subsp. 
mycoides subsp. capri, M. capricolum subsp. 
capricolum, and M. putrefaciens have all been 
isolated from goats in Australia and the 
United States over several decades, but clini¬ 
cal disease in these countries associated with 
these organisms is extremely rare. 

Molecular studies show a high genetic 
diversity of M. agalactiae isolates from 
goats in Spain compared with relatively 
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low diversity from sheep isolates in France 
and Spain. 2,3 This has implications for vac¬ 
cines developed to control the disease in 
goats. 

CLINICAL FINDINGS 

The classical signs of contagious agalactia 
include septicemia, arthritis, mastitis, con¬ 
junctivitis, and localization in abscesses, but 
these are not all consistently present in 
outbreaks. 

In acute cases the onset is sudden with 
pyrexia, abrupt and complete agalactia, and 
unilateral or bilateral swelling of the udder 
with enlargement of the mammary lymph 
nodes and the development of multiple 
abscesses in the mammary gland. Induration 
of the udder may result in culling. In animals 
that survive, mycoplasma are excreted in the 
milk for several months and will persist in 
the udder to subsequent lactations. 

Arthritis may be manifested by lameness 
or recumbency and its presence detected in 
the carpal and tarsal joints by the occurrence 
of heat and palpable joint fluid and con¬ 
firmed by aspiration and examination of 
joint fluid. Conjunctivitis progresses to kera¬ 
titis with corneal revascularization in one or 
both eyes. Some cases have diarrhea. 

In less acute cases, there is a long period 
of illness of from one to several months. 
Abortion may also occur and genital disease 
with vulvovaginitis and metritis occurs in 
some outbreaks. 

CLINICAL PATHOLOGY 

Herd diagnosis is possible by the isolation of 
the organism M. agalactiae from the blood¬ 
stream, joint fluid, and mammary tissue. A 
multiplex real-time PCR on a range of 
samples, including bulk milk, can be used to 
identify the disease if the causative Myco¬ 
plasma spp. are present. 4 

Herd diagnosis can also be made sero¬ 
logically. The complement fixation (CFT) 
test becomes positive soon after clinical 
signs, although commercial ELISA kits can 
have variable sensitivity and specificity 
depending on the strain of M. agalactiae and 
cross-reactions with nonpathogenic Myco¬ 
plasma spp.’ 

NECROPSY FINDINGS 

Lesions are indicative of indurative mastitis 
with abscessation, lymphadenopathy, arthri¬ 
tis, and ocular disease. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology (aerobic culture) and 
PCR: milk, ocular fluid, joint fluid 
aspirate, nasal swabs, ear swabs, lung 
lesions, brain 
. Serology: CFT, ELISA 

TREATMENT 

Antimicrobial therapy can reduce the sever¬ 
ity of disease and mortalities and is an 


alternative to culling, especially for animals 
of high genetic merit. The preferred antibiot¬ 
ics are fluoroquinolones, tetracyclines, and 
macrolides. Antibiotic resistance to tetracy¬ 
clines, or an intrinsic lack of efficacy, is a 
problem as is the cost and practicality of 
therapy in many endemic areas. In vitro sen¬ 
sitivity testing of field isolates of M. agalactia 
found enrofloxacin most effective, followed 
by tylosin, tetracycline, lincomycin, and 
spectinomycin, with high cure rates reported 
with lincomycin, spectinomycin, and tylosin. 
However, treatment of bucks with marbo- 
floxacin did not eliminate Mycoplasma from 
the ear canal of goat bucks, so it would have 
little impact on eliminating carriers in 
chronically affected herds. 0 

CONTROL 

The majority of infections in healthy flocks 
come from introduction of carriers or 
contact with infected animals. Thus isolation 
from infected flocks and herds and a closed 
herd policy are important control measures. 
Where disease is restricted to a small number 
of flocks in a geographically isolated area, 
slaughter of serologically or culturally posi¬ 
tive flocks can be an effective control method. 
In endemic areas disease is common, so 
eradication by slaughter is not an option and 
control relies on biosecurity, hygiene, anti¬ 
bacterial therapy, and the use of killed mon¬ 
ovalent and polyvalent vaccines. 

The efficacy and duration of immunity to 
vaccines is relatively poor, but they do reduce 
excretion of mycoplasma and clinical disease. 
Vaccination of sheep and goats with either an 
attenuated live vaccine or a killed adjuvant 
vaccine of M. agalactiae gives mixed results; 
in late pregnant ewes the former is too viru¬ 
lent, and the latter insufficiently so unless it 
is used in ewes before mating, when effi¬ 
ciency is good. Early vaccination is recom¬ 
mended because of the susceptibility of 
young animals but should not be performed 
before 10 weeks of age. Extensive use of both 
vaccines over a period of 13 years resulted in 
almost complete disappearance of the disease 
from Romania, but live attenuated vaccines 
are not permitted in many countries. 

Comparison between commercial vac¬ 
cines shows that a saponified vaccine gives 
better results than a live, egg-cultured 
vaccine, and saponin and phenol inactivated 
vaccines show better efficacy against experi¬ 
mental disease than do vaccines killed by 
heat or formalin. An M. agalactiae bacterin 
combined with a mineral oil adjuvant has 
given good results when three doses are 
given before, and one dose after, each partu¬ 
rition, and the herd is kept isolated. Intra¬ 
mammary vaccination provides the highest 
level of antibody. 

Autogenous vaccines prepared from 
milk, brain, and mammary gland homoge¬ 
nates from infected sheep have been used for 
many years in parts of Europe but have been 
linked to outbreaks of scrapie. 
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In infected herds, hygiene at milking time 
is important in limiting the spread of disease. 
Pasteurization of colostrum (60 minutes at 
60°C; 140°F) eliminates M. mycoides subsp. 
capri, but M. agalactiae can survive for 120 
minutes at 60°C (140°F). 7 

FURTHER READING 

Gomez-Martin A, Amores J, et al. Contagious agalactia 
due to Mycoplasma spp. in small ruminants: 
epidemiology and prospects for control. Vet J. 
2013;198:48-56. 

Radostits O, et al. Contagious agalactia of sheep and 
goats. In: Veterinary Medicine: A Textbook of the 
Diseases of Cattle, Horses, Sheep, Pigs, and Goats. 
10th ed. London: W.B. Saunders; 2007:1138-1139. 
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Mastitis of Mares 

Mastitis in mares is generally regarded as rare, 
but it might be more common in breeding 
animals than has previously been recognized. 
The percentage of mastitis in breeding mares 
is about 5% and is most common during 
udder involution, but lactating and juvenile 
mares as well as suckling foals are also 
affected. 1 C. pseudotuberculosis, P. aeruginosa, 
S. zooepidemicus, S. equi, S. pyogenes, S. 
aureus, E. coli, Klebsiella spp., and Neisseria 
spp. can cause the disease. (3-Hemolytic strep¬ 
tococci have been found in the milk of many 
normal, just-foaled mares. Mastitis in non- 
lactating mares can be caused by S. aureus 
and evident as chronic, draining abscessation 
(botryomycosis). 2 Predisposing factors, other 
than lactation, are not identified. Mastitis can 
be traumatic (as a result of a kick), extension 
of an abdominal incision into the mammary 
gland, secondary to teat suckling of nonlac- 
tating mares, and in filly foals. 3 

Other causes of mammary gland enlarge¬ 
ment in mares include fungal infection, 
neoplasia (lymphoma, adenocarcinoma), 
and idiopathic causes. 4,5 

Clinical cases occur at any time during 
the lactation and many occur in nonlactat- 
ing mares. Many mares with typical signs 
of severe swelling and soreness of the 
udder, but without abnormal milk, are first 
observed when a sick foal has not suckled 
for 24 hours. In streptococcal mastitis there 
may be severe local pain and moderate sys¬ 
temic signs. In most cases both halves are 
affected. 

The milk, or udder secretions, are 
usually abnormal. Cell counts exceeding 
100,000 cells/mL during lactation and 
400,000 cells/mL during involution are 
regarded as abnormal. 1 


Severe cases, sometimes accompanied by 
fever, depression, and anorexia, show swell¬ 
ing, pain, and heat in the affected half, and 
ventral edema and clots in the milk; the mare 
is lame in the leg on the affected side. Gan¬ 
grene and sloughing of the ventral floor of a 
gland can occur. 

Because of the high frequency of gram¬ 
negative bacteria as causative agents in mares, 
treatment should include a broad-spectrum 
antibiotic in an intramammary infusion plus 
parenteral antibacterial treatment such as 
with gentamicin-penicillin or trimethoprim- 
sulfonamide combinations. Plot packs and 
frequent milking are also recommended. 
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Postpartum Dysgalactia 
Syndrome of Sows 

PPDS is a failure to provide sufficient colos¬ 
trum and milk to piglets during the early 
stages of lactation. It is usually not accompa¬ 
nied by inflammatory lesions. A whole 
variety of names have previously been 
given to this complex syndrome including 
the mastitis-metritis-agalactia (MMA) syn¬ 
drome. (The term mastitis-metritis-galactia 
was originally developed to describe sows 
with agalactia that had swollen udders, 
assumed to be caused by mastitis, and the 
appearance of a vulval discharge, assumed to 
be caused by metritis.) Progress in this field 
has only been made possible by the efforts of 
Guy-Pierre Martineau and Chantal Farmer 
and their colleagues. Most practicing veteri¬ 
narians might now recognize MMA as the 
most serious version of PPDS in which there 
is clinical mastitis or metritis or recognizable 
toxemia, but there are many more cases of 
PPDS than there are MMA. 

ETIOLOGY 

The etiology is unclear and complex. Lacta¬ 
tion is a very complex physiologic process. 
Many factors are involved, but they all result 
in a disturbed gilt or sow that is unable 
to deliver a proper colostrum/milk supply 
through adverse hormonal, biochemical, 
(collectively been called dys-homeorhesis), 
farrowing, and nursing responses (collec¬ 
tively called behavioral responses). There are 
four main areas that are involved in the 
PPDS syndrome: 

• Toxemia: The sow may contribute toxins 
from the gut following constipation, 
from the bladder following cystitis, from 
the mammary gland following mastitis, 
and from the uterus following 
endometritis postfarrowing. 1 The levels 
of toxins may also be affected by low 


feed intake, low water intake, stress, lack 
of exercise, overfeeding in late gestation, 
and inadequate vitamin E levels. 

• Bad management of the gilt in 
preparation for farrowing by incorrect 
feeding: This happens by moving at the 
wrong time and because of new social 
groupings. This may be complicated by 
the effects of moving sows into crates 
from loose housing, etc., and poor 
environment (too hot for sows, rarely 
too cold). These factors distress the sow, 
cause stress, and affect lactation through 
neurophysiologic mechanisms. 

• The sow may be too fat, over muscled, 
or undergoing inflammation as a result 
of disease or toxemia or be in pain or 
suffering from anorexia as a result of a 
multitude of factors. She may not have 
developed the normal mammary 
development to sustain the required 
level of lactation, which may in part be 
from genetics. 

• Colostrum and milk production may be 
faulty for a whole variety of reasons that 
lead to the individual piglet not 
receiving sufficient colostrum and/or 
milk. A major problem in the 
determination of the etiology is the 
difficulty of being precise in the 
description of the clinical findings of the 
abnormal mammary glands of affected 
sows. The common clinical findings are 
swelling of the glands, agalactia, 
toxemia, and fever. There is a very 
considerable farm effect in the 
appearance of the condition because 
sow care and management are so 
individual and important. There is 
considerable overlap in the clinical 
findings from one affected sow to 
another, but the lesion present in the 
mammary glands may vary from 
uncomplicated physiologic congestion 
and edema to severe necrotizing 
mastitis. 

Ringarp published the classic work on this 
disease based on 1180 cases of postparturient 
illness in sows in which agalactia was present. 
At least five causes of agalactia or hypogalac¬ 
tia were recognized, which are as follows (the 
incidence of each group as a percentage of 
the total cases is given in parentheses): 

• Eclampsia (0.6%), usually of older sows, 
responding to calcium and magnesium 
therapy 

• Failure of milk ejection reflex (3.3%), 
affecting primarily first-litter gilts and 
usually treated satisfactorily with 
oxytocin 

• Mammary hypoplasia (1.5%) in gilts, 
resulting in deficient milk secretion 

• Primary agalactia (6%), in which 
reduced milk supply is the only 
abnormality 

• Toxic agalactia (88.6%), the most 
important numerically and 
economically. It is characterized by 






anorexia, depression, fever, swelling of 
the mammary glands, and a course of 2 
to 4 days. Mastitis was commonly 
present, but there was no evidence 
of metritis. 

Mastitis 

Postweaning mastitis is not uncommon after 
drying off. Chronic mastitis as a result 
of traumatic contact between udders and 
dirty infected floors or traumatic piglets’ 
teeth resulting in abscesses, granulomas, and 
fibrous udders at weaning or after are also 
common. Where there are damaged glands 
sows are not usually agalactic but they may 
be producing less. 

In many instances, traumatic injury from 
unclipped piglets’ teeth and infected sawdust 
bedding are factors in mastitis in sows. Quite 
often, the condition occurs in the first 3 days 
postpartum and in many cases, if severe and 
untreated, will lead to the death of sows. 
Infectious mastitis is suggested as a major 
cause in many clinicopathologic investiga¬ 
tions, and there is a greater incidence of 
intramammary infection in PPDS-affected 
sows compared with normal sows. Peracute 
mastitis in sows is readily recognized as a 
clinical entity, but less severe infections may 
result in small foci of inflammation within 
the gland that cannot be detected on clinical 
examination. Single gland mastitis is uncom¬ 
mon except when there are particularly vin¬ 
dictive piglets causing severe teat trauma. 
Glands may then become unusable, and this 
may cause more piglet pressure on available 
teats and functional glands, which may in 
turn increase the trauma to the remaining 
glands and accelerate the process. Mastitis is 
recognizable clinically by inflammation, 
edema, skin congestion, pyrexia, and inap¬ 
petence in the sow and failing piglets. Gram¬ 
negative organisms predominate (£. coli , 
Enterobacter , and Klebsiella spp.), but there 
are also gram-positive organisms (strepto¬ 
cocci and staphylococci). 2 E. coli and K. 
pneumoniae have been recovered from the 
mammary glands of naturally affected cases, 
and both bacterial species are associated with 
histopathological changes of mastitis. Exper¬ 
imental intramammary inoculation of sows 
with field isolates of E. coli and K. pneu¬ 
moniae has resulted in cases of lactation 
failure and mastitis that closely resemble 
naturally occurring cases. Unfortunately, 
they cannot always be demonstrated. Strep¬ 
tococcus spp. and Staphylococcus spp. have 
also been isolated, but these are frequently 
isolated from healthy glands not associated 
with pathologic changes. It is unlikely that 
Mycoplasma spp. are important. 

Coliforms are the most significant patho¬ 
gens isolated from sows with mastitis. Coli- 
form mastitis is often the most visible of the 
disorders involved in this syndrome. 3 ' 4 In the 
second study, there were no differences in 
virulence genes demonstrated in the E. coli 
from healthy sows and sows with mastitis. 
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Pathologic examination of affected sows that 
were euthanized within 3 days after parturi¬ 
tion revealed the presence of varying degrees 
of mastitis, and E. coli and Klebsiella spp. were 
the most common organisms recovered. A 
recent study has shown that E. coli strains 
from mastitis in sows are highly variable in 
serotype, biochemical profile, virulence 
factors, and random amplified polymorphic 
DNA (RAPD) type. No relationship between 
serotypes, virulence factors, and RAPD types 
was found. Toxic agalactia can be produced 
experimentally by the introduction of E. coli 
endotoxin into the mammary gland of sows at 
parturition. The clinical, hematologic, and 
serum biochemical changes are similar to 
those that occur in naturally occurring cases 
of toxic agalactia. E. coli endotoxin acting at 
the level of the hypothalamus can suppress 
prolactin release, which results in a pro¬ 
nounced decline in milk production. Experi¬ 
mental Klebsiella mastitis in sows is an 
excellent model for the study of toxic agalac¬ 
tia because of infectious mastitis. 

Agalactia may also be the result of a defi¬ 
ciency of prolactin. Prolactin levels may be 
dramatically reduced by even the smallest 
amounts of endotoxin. Any factor that inter¬ 
feres with the release of prostaglandin from 
the uterus may affect the increase in prolac¬ 
tin that must occur to stimulate lactogenesis 
immediately before parturition. 

In summary, field observations have sug¬ 
gested many different causes and predispos¬ 
ing factors, including infectious mastitis, 
nutritional disturbances, metabolic disor¬ 
ders, and the stress of farrowing in total con¬ 
finement in a crate. Based on the examination 
of spontaneously occurring cases, infectious 
mastitis appears to be a major cause. Both 
prolactin and oxytocin release can be stopped 
by stressors and toxins from bacteria such as 
E. coli. 

EPIDEMIOLOGY 

Occurrence 

PPDS is most common in sows at farrowing 
or within the first 48 hours after parturition, 
and in sows that farrow in crates indoors. A 
peak incidence during the summer months 
has also been observed. The disease will 
often occur in one batch and then disappear 
again for months. 

Morbidity and Case Fatality 

Morbidity and mortality data are not readily 
available or precise because of the diffi¬ 
culty of making a reliable clinical diagnosis. 
Epidemiologic observations indicate that 
the risk of sows developing toxic mastitis 
increases with increasing age up to the third 
or fourth litter. The population incidence 
of toxic agalactia ranges from 4% to 10% 
of all farrowings, whereas the herd inci¬ 
dence may vary from 0% to 100%. A recent 
study in Denmark 5 suggested that 32.5% of 
sows on the first day of farrowing, 31.5% 
on the second day, and 10.1% on the third 


day after farrowing were affected (using 
the criteria of inappetence, reddened or 
swollen mammary glands, and temperature 
over 39.4°C; 102.9°F). 

The fatality rate in sows is usually less 
than 2%, but piglet losses caused by starva¬ 
tion and crushing may be as high as 80%. The 
disease does not usually recur in the same 
animal, and this suggests that immunity 
develops and sows should not necessarily be 
culled. 

RISK FACTORS 
Feed 

The risk factors that have been proposed 
based on field observations include over¬ 
feeding during pregnancy and a drastic 
change of feed at farrowing. 

Reduced feeding on the day of farrowing 
followed by an increase over the first week of 
lactation reduces PPDS, 6 and a fish diet 
before farrowing improves feed intake after 
farrowing. 7 It is best to switch diets 7 days 
before farrowing. 

Constipation of the sow at farrowing 8 has 
been suggested as a cause of PPDS. Higher 
rates of PPDS do occur in constipated sows, 
which may be associated with pain. 9 
However, clinical and pathologic examina¬ 
tions of both spontaneously occurring cases 
of agalactia and experimental agalactia 
induced by the introduction of E. coli endo¬ 
toxin into the mammary gland have been 
unable to support the observation of consti¬ 
pation. Both sick and normal sows defecate 
less frequently from 1 day before farrowing 
until 2 days later. There is no difference in the 
weight of feces in the terminal colon and 
rectum between sick and normal sows. 

Digestive disturbances and certain 
feeding practices have been associated with 
the disease. Sows that have been on high- 
level feeding during pregnancy appear to be 
susceptible to the disease, especially if they 
are subjected to a change of feed immediately 
before parturition. Also, any management 
practice that results in a marked change in 
feed intake at or near farrowing may appear 
to precipitate the disease. A sudden change 
of feed severe enough to result in gastro¬ 
intestinal stasis has been used to reproduce 
the condition experimentally. 

The effects of different feed allowances 
during late pregnancy may affect the inci¬ 
dence rate of the disease. Feeding sows 
during the last 15 days of gestation a diet at 
a level of 3.4 kg daily compared with 1.0 kg 
daily resulted in an incidence rate of 26.6% 
and 14.0%, respectively. The explanation for 
the effects of feeding is unknown. It has been 
proposed that intense feeding may promote 
toxin production in the alimentary tract, but 
how this is related to mastitis is unknown. 
Another hypothesis suggests that increased 
feeding in late gestation may intensify 
the initiation of lactation and result in 
udder engorgement and increased suscepti¬ 
bility to intramammary infection. A further 
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suggestion is that moldy food may play a 
part, but this has never been proven. 

The clinical status of the mammary 
glands, the bacteriologic findings, and the 
total cell count and its percentage of poly¬ 
morphonuclear leukocytes and pH in colos¬ 
trum and milk secretion during the first 3 
weeks of lactation of sows on high- or low- 
feeding regimes during late pregnancy have 
been examined. E. coli infection was present 
in 80% of the sows affected with toxic aga¬ 
lactia and 30% of the healthy sows. The E. coli 
were eliminated at between 3 and 8 days of 
lactation and were not isolated from sows 
examined at the time of weaning. The differ¬ 
ent feeding regimes did not influence the 
total cell count, the polymorphonuclear cells, 
or the pH in milk from bacteriologically 
negative glands or glands with E. coli masti¬ 
tis. The two feeding regimes had no influence 
on total cell count, the percentage of poly¬ 
morphonuclear cells, or the pH of colostrum 
and milk of healthy sows. 

The only mycotoxin found to be impor¬ 
tant in PPDS was shown to be ergot, 10 which 
probably affects prolactin production. Insuf¬ 
ficient water may also be a factor. Omega 3 
reduces inflammation and omega 6 increases 
inflammation. 

A variety of ingredients may influence 
PPDS; probiotics reduce PPDS, as do formic 
acid, lactulose, and fermented potato protein. 

Housing 

Moving sows only 4 days before farrowing 
has been associated with more PPDS than 
moving them at 7 days. 6 Housing sows so 
that they can in fact nest rather than place¬ 
ment in crates may reduce PPDS. 8 Houses 
that are too hot encourage sows not to eat. 

Management 

Insufficient time for the sow to adjust to the 
farrowing crate after being transferred from 
the gestation unit is thought to be an impor¬ 
tant factor, as is the induction of farrowing.' 
Frequent supervision of farrowing sows 
may reduce the problems of PPDS. Cross- 
fostering may also help. 

The disease occurs under management, 
environmental, and sanitation conditions 
ranging from very poor to excellent; however, 
the possible relationship between the level of 
bacterial contamination in the farrowing 
barn and on the skin of the sow and the 
incidence of the disease has apparently not 
been examined. Dirty conditions greatly 
increase the bacterial contamination of the 
udder. Environmental or other animal noises 
and disturbances and uncomfortable farrow¬ 
ing crates are potential PPDS factors. 

Animal Factors 

The initiating factors have not been identi¬ 
fied. The incidence of the disease may be 
higher in sows with larger litters than sows 
in the same herd that remain healthy and in 
those with a higher number of stillbirths and 


pigs found dead after birth. Long gestation 
and long farrowing times increase the inci¬ 
dence of PPDS. It is more common in young 
sows and relatively rare in older sows. Low 
exercise has also been suggested as a cause, 
and this also contributes to constipation. The 
role of water intake or lack of it and stress or 
disturbance during parturition has also not 
been investigated. This may also contribute 
to the fat sow and the over muscled sow 
syndrome, 12,13 which may also contribute 
to PPDS. 

The nursing behavior of the sow and the 
suckling behavior of the piglets may provide 
an explanation for the pathogenesis and clini¬ 
cal findings of some cases of agalactia in sows. 
Successful ejection of milk by the sow is 
dependent on proper stimulation of the sow’s 
udder by the piglets followed by a complex 
response by the sow. A period of time ranging 
from 15 to 45 minutes must elapse from the 
last successful milk ejection to the next. 
Failure of milk ejection may occur in up to 
27% of sows that attempt to suckle their 
piglets within 40 minutes after the previous 
milk ejection. The failure of milk ejection in 
sows within the first few crucial adjustment 
days after farrowing might possibly contrib¬ 
ute to the cause of mastitis and engorgement 
of the mammary glands. 

The over fat sow has a lower glucose tol¬ 
erance postpartum with a lower appetite, and 
drinks less and lies down more. The sow may 
have already switched to a catabolic state at 
or before farrowing using body reserves to 
produce milk. 14 Just before farrowing the cir¬ 
culating levels of nonesterified fatty acids 
also rise, 8 which indicates a catabolic state. 
There may also be a resistance to insulin at 
farrowing if there have been high levels of 
energy fed in late pregnancy. 15 

Microorganisms 

Each section of the mammary gland of the 
sow is divided into a separate rostral and 
caudal section, each with its own teat cistern 
and teat canal. In a sow with 14 teats there are 
28 potential portals of entry, so mastitis is 
common immediately after parturition when 
the teat canals have become patent. Bacteria 
in the gut and in endometritis have been pro¬ 
posed as a source of endotoxin, particularly as 
(3-hemolytic streptococci and coliforms have 
been associated with the condition. 

Some clinicopathologic examinations of 
affected sows have revealed the presence of a 
slightly enlarged, flaccid uterus from which 
coliform and streptococcal organisms can be 
recovered. However, pathologic evidence of 
metritis in affected sows is uncommon; the 
organisms that can be recovered are common 
in the reproductive tract of normal sows after 
parturition, and their recovery from vaginal 
mucus is difficult to interpret. 

PATHOGENESIS 

The pathogenesis of infectious mastitis 
caused by E. coli or Klebsiella spp. is probably 


similar to that of bovine mastitis in which the 
infection gains entry through the teat canal 
and invades the mammary tissue causing 
mastitis. Endotoxemia accounts for the 
fever initially as well as for the depression, 
anorexia, and agalactia, even in glands that 
are unaffected. The lipopolysaccharide endo¬ 
toxins acting at the level of the hypothalamus 
and hypophysis suppress the release of 
prolactin, which results in a marked decline 
in milk production. The endotoxin may 
also have a direct inhibitory effect on the 
mammary gland. There is a higher preva¬ 
lence of bacterial endotoxin in the blood of 
affected sows compared with control animals. 
The endotoxin can be detected in the blood 
of about 33% of sows affected with coliform 
mastitis. However, the oral administration of 
endotoxin daily to prepubertal gilts did not 
result in any clinical abnormalities. Experi¬ 
mentally, mastitis can be produced in sows 
by contamination of the skin of the teats with 
K. pneumoniae either shortly before or after 
parturition. The clinical signs are similar to 
those described for MMA; mastitis is present 
in more than 50% of the mammary gland 
subsections, and a marked leukopenia and 
degenerative left shift occurs. A total of 120 
organisms is sufficient to produce the masti¬ 
tis when the organisms are inoculated into 
the teats. In recent experimental infections 
with E. coli it was shown that the time of 
infection of the mammary gland relative to 
parturition and the number of circulating 
neutrophils at the time of infection influ¬ 
enced the development of clinical coliform 
mastitis in the sow. Similarly, parturition 
allows the penetration of vaginal organisms 
into the reproductive tract, and the absorp¬ 
tion of endotoxin reduces F2a in the uterus. 
This stimulates prolactin, which may con¬ 
tribute to the hypogalactia and agalactia. 

CLINICAL FINDINGS 

At one extreme is the sow that has no signs 
but has poor growth in piglets, 16 and this 
may have meant that colostrum provision 
has failed and not been noticed until the 
piglets begin to fade away. At the other 
extreme is a severely affected sow with high 
mortality in piglets. 

PPDS occurs in sows between 12 and 48 
hours (sometimes 72 hours) after farrowing 
and is characterized clinically by anorexia, 
lethargy, restlessness, lack of interest in the 
piglets, fever, swelling of the mammary 
glands (udder edema), and agalactia. Most 
affected animals respond to therapy within 
12 to 24 hours. Pathologically, there are 
varying degrees of mastitis. In some sows the 
level of oxytocin may be half the level in 
unaffected sows. The disease is of major eco¬ 
nomic importance when outbreaks occur 
because the inadequate milk production 
leads to high piglet mortality from starvation 
and secondary infectious diseases. In cases of 
subclinical MMA there is often a failure to 
achieve weaning weights (<4 kg at 24 days). 




Necropsy of spontaneously occurring cases 
has frequently confirmed the presence of 
mastitis, but the incidence of metritis has 
been insignificant. 

The prevalence of the condition appears 
to have reduced recently with the increased 
attention to hygiene in the farrowing house 
and the use of more porous and less trau¬ 
matic floorings. When it does occur it can be 
quite common, with up to 11% to 58% of the 
sows affected. A recent case definition sug¬ 
gests that the pathognomonic signs are poor 
piglet growth and sow rectal temperatures 
greater than 39.5°C (103.1°F). 

Sometimes there may be a delay in par¬ 
turition of more than 5 hours. The sow is 
usually normal, with a normal milk flow, for 
the first 12 to 18 hours after farrowing. Nor¬ 
mally, the sow will suckle her piglets for 
about 20 seconds once an hour. One of the 
first indications of the disease is the failure 
of the sow to suckle her piglets. She is unin¬ 
terested in the piglets, generally lies in 
sternal recumbency, and is unresponsive to 
their squealing and suckling demands. 
Litters of affected sows are noisier and are 
generally scattered around the pen searching 
for an alternative food supply. Such piglets 
may drink surface water or urine in the pen 
and infectious diarrhea may occur. If suck¬ 
ling is permitted, it does not progress from 
the vigorous nosing phase to the quiet 
letdown stage, and it is accompanied by 
much teat-to-teat movement by the piglets. 
Many piglets may die of starvation and 
hypoglycemia. A failure to grow at more 
than 105 g per day is a sure sign of piglet 
problems. Some sows are initially restless 
and stand up and lie down frequently, which 
contributes to a high mortality from crush¬ 
ing and trampling. 

Affected sows do not eat, drink very little, 
and are generally lethargic. The body tem¬ 
perature is usually elevated and ranges from 
39.5°C to 41°C (103.1°F to 105°F), especially 
if there is mastitis. However, there is a wide 
range of “normal temperatures” in newly 
lactating sows from 38.4°C to40.5°C (101.1°F 
to 104.9°F), 1 ' but this may be lactational 
hyperthermia. Mild elevations in body tem¬ 
peratures of sows in the first 2 days after 
parturition are difficult to interpret because 
a slight elevation occurs in normal healthy 
sows. This is known as uncomplicated far¬ 
rowing fever. However, temperatures above 
40°C (104°F) are usually associated with 
acute mastitis that requires treatment. One 
detailed investigation of the disease in 
Sweden concluded that 78% of sows with a 
temperature exceeding 39.5°C (103.1°F) had 
clinical evidence of mastitis. It is suggested 
that a temperature of 39.4°C (102.9°F) at 12 
to 18 hours after farrowing is an appropriate 
threshold at which to give preventive treat¬ 
ment for the disease. The heart and respira¬ 
tory rates are usually increased. 

Initial temperatures greater than 40.5°C 
(104.9°F) are usually followed by severe 
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illness and toxemia. Normally, the sows get 
better within 3 days, but not always if the 
temperature is very high. 

Characteristic findings are present in the 
mammary glands including varying degrees 
of swelling and inflammation. In most cases, 
several glands are affected, which may appear 
as diffuse involvement of the entire udder. 
Individual sections (half glands) are enlarged, 
warm, and painful, and may feel “meaty” and 
lack the resilience of normal mammary 
tissue. There may be extensive subcutaneous 
edema around and between each section, 
which results in a ridge of edema on the 
lateral aspects of the udder extending for its 
entire length. The skin overlying the sections 
is usually reddened and is easily blanched by 
finger pressure. The teats are usually empty 
and may be slightly edematous. A few drops 
of milk may be expressed out of some teats 
after gentle massage of the section or the 
administration of oxytocin but rarely can a 
normal stream of milk be obtained. In severe 
cases of mastitis the milk contains flakes and 
pus or is watery. 

The feces are usually scant and drier than 
normal, but whether or not constipation is 
present in most cases is uncertain. The inap¬ 
petence and anorexia and failure to drink 
normally could account for the reduced 
volume of feces. Constipation with impac¬ 
tion of the rectum with large quantities of 
feces is uncommon in sows, and when it does 
occur as the only abnormality it has little 
effect on appetite and milk production. 

A vaginal discharge is normal following 
parturition, and normal sows frequently 
expel up to 50 ml of a viscid, nonodorous, 
and clear mucus that contains variable 
amounts of white material within the first 3 
days following farrowing. Tenacious strands 
of this discharge may also be observed within 
the vagina. The presence of this discharge has 
been misleading and has been interpreted as 
evidence of the presence of metritis. Nec¬ 
ropsy examination after euthanasia of 
affected sows has failed to reveal evidence of 
significant metritis. The clinical diagnosis of 
metritis in sows is difficult, but generally 
large quantities of dark-brown, foul-smelling 
fluid are expelled several times daily, accom¬ 
panied by severe toxemia. This is uncommon 
in sows. Diagnosis is usually made on clini¬ 
cal signs. 

CLINICAL PATHOLOGY 
Examination of Milk 

The number of somatic cells in the milk from 
sows with mastitis will range from 2 to 20 x 
10 9 cells/mL compared with the normal of 
less than 2 x 10 9 cells/mL. Significant 
numbers of bacteria are present in the milk 
of more than 80% of sows with toxic agalac¬ 
tia. Milk obtained for laboratory examina¬ 
tion and culture should be taken after 
thorough cleaning and disinfection of the 
teats to minimize contamination by skin 
flora. However, because mastitis may be 


present in only one or a few of the mammary 
gland subsections in the sow and because it 
is often impossible to clinically identify 
affected subsections and distinguish them 
from unaffected adjacent glands, which may 
be swollen and agalactic because of continu¬ 
ous swelling, a valid assessment of intra¬ 
mammary infection is not possible unless 
milk samples are obtained from each subsec¬ 
tion. Subclinical mastitis may not be easy to 
detect with cells not reaching 2 x 10’ cells/ 
mL but 75% may be polymorphs. Normally, 
milk is around 1 x 10 9 cells/mL. 

Hematology and Serum Biochemistry 

Some hematologic and biochemical changes 
are present in affected sows but may not be 
marked enough to be a routine reliable diag¬ 
nostic aid. In severe cases of infectious masti¬ 
tis, a marked leukopenia with a degenerative 
left shift is common. In moderate cases there 
is a leukocytosis and a regenerative left 
shift. The serum biochemical changes that 
occur in naturally occurring cases and in 
the experimental disease are recorded. The 
plasma cortisol levels are commonly elevated, 
which may be caused by a combination of the 
stress of parturition and infectious mastitis. 
The plasma protein-to-fibrinogen ratio is 
lower than normal, and the plasma fibrinogen 
levels are commonly increased in severe cases 
that occur 8 to 16 hours after parturition. 

NECROPSY FINDINGS 

Lesions in the udder and the reproductive 
tract are not consistent. If they are found, the 
most important lesions are in the mammary 
gland. There may be extensive edema and 
some slight hemorrhage of the subcutaneous 
tissue. Grossly, on cross-section of the 
mammary tissue there is focal to diffuse red¬ 
dening and often only one subsection of a 
mammary gland may be affected. Histologi¬ 
cally, the mastitis may be focal or diffuse in 
distribution, and the intensity of the lesion 
varies from a mild catarrhal inflammation to 
a severe purulent and necrotizing mastitis 
usually involving more than 50% of all the 
mammary glands. There are no significant 
lesions of the uterus compared with the state 
of the uterus in normal healthy sows imme¬ 
diately after parturition. The adrenal gland is 
enlarged and heavier than normal, presum¬ 
ably caused by adrenocortical hyperactivity. 
In a series of spontaneous cases, E. coli and 
Klebsiella spp. were most commonly isolated 
from the mammary tissues. The abscesses of 
the mammary glands of sows examined at 
slaughter are not sequelae to coliform masti¬ 
tis but rather probably caused by injuries and 
secondary infection. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology: mammary gland, regional 
lymph node 

• Histology: formalin-fixed mammary 
gland 
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Chapter 20 ■ Diseases of the Mammary Gland 


DIFFERENTIAL DIAGNOSIS 


The characteristic clinical findings in toxic 
mastitis and agalactia are a sudden onset of 
anorexia and lack of interest in the piglets, 
acute swelling of the mammary gland, 
hypogalactia or agalactia, a moderate fever, 
and a course of about 2 days. The mammary 
secretion from mastitic glands may be watery 
or thickened and contain pus, and the cell 
count will be increased up to 20 x 10 9 cells/ 
mL. The acute swelling and agalactia of 
infectious mastitis must be differentiated from 
other noninfectious causes of acute swelling 
or "caking" of the mammary glands, which 
also results in agalactia as follows: 

• Agalactia caused by a failure in milk 
letdown is most common in first-litter 
gilts and is characterized by a fullness 
of the mammary glands but an inability 
of the gilt to suckle her piglets in spite of 
her grunting at them. The gilt is 
usually bright and alert and systemically 
normal. The response to oxytocin is 
dramatic, and repeat treatment is rarely 
necessary. 

• Farrowing fever is characterized clinically by 
loss of appetite, inactivity, and a body 
temperature of 39.3°C-39.9°C 
(102.7°F-103.8°F) with minimal detectable 
changes of the mammary gland. 

• Parturient psychosis of sows is 
characterized by aggressive and nervous 
behavior of the sow after the piglets are 
born. The sow does not call the piglets, 
and does not allow them to suck. When 
the piglets approach the sow's head, she 
will back away, snap, and make noisy 
staccato nasal expirations. Some sows will 
bite and kill their piglets. The mammary 
gland is usually full of milk, but the sow 
will not let it down. Ataractic drugs and/or 
short-term general anesthesia are indicated, 
and the response is usually excellent. 

Some sows need repeated tranquilization 
or sedation for the first few days 

until the maternal-neonatal bond is 
established. 

• Other causes of agalactia accompanied by 
enlargement of the mammary gland 
include inherited inverted teats and blind 
teats caused by necrosis of the teats 
occurring when the gilt was a piglet. These 
are readily obvious on clinical examination. 
The sharp needle teeth of piglets may 
cause the sow to refuse to suckle her 
piglets. The sow attempts to suckle but 
leaps up suddenly, grunting and snapping 
at the piglets. The piglets squeal and fight 
to retain a teat, thus causing more damage 
to the teats, which is obvious on clinical 
examination. Other causes of agalactia 
accompanied by systemic illness include 
retained piglets and infectious disease such 
as outbreaks of transmissible gastroenteritis 
and erysipelas. The common causes of 
agalactia in pigs in which there is lack of 
mammary development include ergotism, 
immature gilts, and inherited lack of 
mammary development. 


TREATMENT 

Most affected sows will recover within 24 to 
48 hours if treated with a combination of 
antimicrobials, oxytocin, and antiinflamma¬ 
tory agents. The treatment should begin 
when the temperature reaches 39.4°C 
(102.9°F). 

Antimicrobials are indicated in most cases 
because infectious mastitis and metritis 
are two common causes of the disease. The 
choice is generally determined by previous 
experience in the herd or region, but 
broad-spectrum antimicrobials are indicated 
because E. coli and Klebsiella spp. are the most 
common pathogens involved. They should be 
given daily for at least 3 days. Usually ampicil- 
lin, tetracyclines, trimethoprim-sulfonamide, 
or enrofloxacin is used. 

As soon as possible after the disease is 
recognized every effort must be made to 
restore normal mammary function through 
the use of oxytocin and warm water massag¬ 
ing of the affected mammary glands. 

Oxytocin 30 to 40 U intramuscularly or 
20 to 30 U intravenously is given, frequently, 
to promote the letdown of milk. If there is a 
beneficial response the piglets should be 
placed on the sow if she is willing to allow 
them to suck. This will assist in promoting 
milk flow. Massage of the mammary glands 
with towels soaked in warm water and hand 
milking for 10 to 15 minutes every few hours 
may assist in reducing the swelling and 
inflammation and promote the flow of milk. 
It will also relieve the pain and encourage the 
sow to suckle her piglets. Intramuscular 
injections of oxytocin may be repeated every 
hour, along with massaging of the glands 
with warm water. Failure of milk letdown or 
a low response following the use of oxytocin 
may be caused by a reduced sensitivity of the 
sow to oxytocin during the first week of lac¬ 
tation. In the normal, healthy sow the peak 
response to oxytocin occurs in the second 
week of lactation and gradually decreases to 
a low response by the eighth week. 

Oxytocin has an effect for about 14 
minutes, whereas the long-acting analog has 
an effect for about 6 hours. Preliminary 
results of its use in agalactic sows indicate 
superior results compared with oxytocin. 

Antiinflammatory agents are commonly 
used for their antiinflammatory effect but are 
rarely used on their own; flunixin meglu¬ 
mine has been shown to be beneficial as well 
as ketoprofen 18 to alleviate pyrexia and endo- 
toxemia. Recently meloxicam and oxytocin 
were shown to reduce mortality compared 
with flunixin. Plasma cortisol levels are 
increased in the experimental disease and for 
this reason may be contraindicated. Flowever, 
field reports suggest that their use along with 
antimicrobials and oxytocin provides a 
better response than when they are not used. 
Corticosteroids used alone do not appear to 
prevent the disease or enhance recovery. To 
be effective they must be used in combina¬ 
tion with antimicrobials and oxytocin. 


Dexamethasone at the rate of 20 mg intra¬ 
muscularly daily for 3 days for sows weigh¬ 
ing 150 to 200 kg has been recommended. 

Sows with toxemia almost invariably 
dehydrate, so fluid therapy is essential. 19 

Supplementation of Piglets 

The hypoglycemic piglets must be given a 
supply of milk and/or balanced electrolytes 
and dextrose until the milk flow of the sow 
is resumed, which may take 2 to 4 days, and 
most importantly they must be kept warm 
until body reserves are reestablished. Piglets 
should receive 300 to 500 mL of milk per day 
divided into hourly doses of 40 to 50 mL 
given through a 12- to 14-French plastic tube 
passed orally into the stomach. A solution of 
balanced electrolytes containing 5% glucose 
can also be given for 1 to 2 days if a supply 
of cows’ milk is not available. Intraperitoneal 
injection of 15 ml of 5% glucose will prevent 
starvation. Condensed canned milk diluted 
with water 1:1 is a satisfactory and readily 
available supply of milk. In severe cases in 
which the return to milk production and 
flow are unlikely, the piglets should be fos¬ 
tered onto other sows. If these are unavail¬ 
able, the use of milk substitute fortified with 
porcine gamma globulin is recommended to 
prevent the common enteric diseases. This is 
discussed under colibacillosis. Many more 
piglets are treated for diarrhea when the sows 
are treated for MMA, perhaps up to 19% 
compared with up to 9% normally. 

CONTROL 

It is necessary for modern pig farms to 
develop control measures 6,20 and to assess the 
six major areas outlined previously. 21 It has 
been difficult to develop a rational approach 
to control because the disease has been con¬ 
sidered to be a complex syndrome caused by 
several different factors. However, the control 
of infectious mastitis would seem to be of 
major importance. The routine use of antibi¬ 
otics and oxytocin without indication does 
not appear to be helpful. Farrowing crates 
should be vacated, cleaned, disinfected, and 
left vacant for a few days before pregnant 
sows are transferred from the dry sow barn 
and placed in the crates. Pregnant sows 
should be washed with soap and water before 
being placed in the crate. Farrowing crates 
must be kept clean and hosed down if neces¬ 
sary, particularly a few days before and after 
farrowing to minimize the level of intra¬ 
mammary infection. In problem herds, it 
may be necessary to wash and disinfect the 
skin over the mammary glands immediately 
after farrowing. All-in/all-out in the farrow¬ 
ing area with proper cleaning and disinfec¬ 
tion facilitated by batch farrowing will reduce 
the disease. An opportunity for exercise will 
help, because under outdoor conditions 
(sows in paddocks) the condition is rare. 

To minimize the stress to the sow of 
adjusting to the farrowing crate and the far¬ 
rowing facilities, the sow should be placed in 
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the crate at least 1 week before the expected 
date of farrowing. 

The nature and composition of the diet fed 
to the sow while in the farrowing crate should 
not be changed. To minimize the risk of toxic 
agalactia, it is recommended that the daily 
feed allowance be related to body condition 
score. It may be necessary to reduce the feed 
to 1 kg/day (from 100 days’ gestation) before 
farrowing. The daily intake (compared with 
the intake during the dry period) may be 
increased on the day after the sow has far¬ 
rowed and in increments thereafter as the 
stage of lactation proceeds. The inclusion of 
bran at the rate of one-third to one-half of the 
total diet for 2 days before and after farrowing 
has been recommended to prevent constipa¬ 
tion. In some herds the use of lucerne meal or 
other vegetable protein at the rate of 15% of 
the diet may help control the disease. 
However, under intensified conditions it may 
be impractical to prepare and provide these 
special diets on a regular basis. Although field 
observations suggest that a bulky diet at the 
time of farrowing will minimize the incidence 
of toxic agalactia, there is little scientific evi¬ 
dence to support the practice. 


Antimicrobial agents used prophylac- 
tically have apparently been successful in 
controlling some outbreaks. A trimethoprim- 
sulfadimidine and sulfathiazole combination 
at 15 mg/kg in feed from day 112 of ges¬ 
tation to day 1 after farrowing may reduce 
the prevalence. Using oxytocin early may 
also help. In a recent study where E. coli, 
streptococci, and staphylococci were the 
most cultured pathogens, marbofloxacin 
(10% solution) was found to be superior to 
amoxicillin. All E. coli were susceptible to the 
former, but 32% were resistant to the latter 
antibiotic. 

The use of prostaglandins for the induc¬ 
tion of parturition in sows has not been asso¬ 
ciated with a marked consistent change in 
the incidence of the disease. Some field trials 
have shown a reduction, whereas others have 
had no effect. 

FURTHER READING 

Martineau G-P, et al. Postparturient dysgalactia 

syndrome: a simple change in homeorhesis. / Swine 
Health Prod. 2013;21:85-95. 

Ringarp N. A post-parturient syndrome with agalactia 
in sows. Acta Vet Scand Suppl. 1960;7:1-153. 
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Systemic and Multi-Organ Diseases 


DISEASES OF COMPLEX OR 
UNDETERMINED ETIOLOGY 2003 

Cold Cow Syndrome 2003 
Recumbency in Horses of Undetermined 
Etiology 2003 
Thin Sow Syndrome 2006 
Wild Boar as Vectors for Infectious 
Diseases 2007 

MULTI-ORGAN DISEASES DUE TO 
BACTERIAL INFECTION 2011 

Anthrax 2011 
Bovine Tuberculosis 2015 
Tuberculosis Associated With 
Mycobacterium tuberculosis 2023 
Mycobacteriosis Associated With 
Mycobacterium avium intracellulare 
Complex and With Atypical 
Mycobacteria 2024 
Yersiniosis 2025 
Tularemia 2027 
Melioidosis 2029 
Heartwater (Cowdriosis) 2031 
Histophilus Septicemia of Cattle 
(Histophilus somni or Haemophilus 
somnus Disease Complex) 2033 
Septicemia and Thrombotic 
Meningoencephalitis in Sheep 
Associated With Histophilus 
somni 2038 

Tick Pyemia of Lambs (Enzootic 
Staphylococcosis of Lambs) 2039 
Septicemic Pasteurellosis of Cattle 
(Hemorrhagic Septicemia) 2040 
Pasteurellosis of Sheep and Goats 2042 
Pneumonic Pasteurellosis Affecting 
Wildlife 2043 

Pasteurellosis of Swine 2043 
Streptococcus suis Infection of Young 
Pigs 2045 

Streptococcal Lymphadenitis of Swine 
(Jowl Abscesses, Cervical 
Abscesses) 2051 
Erysipelas in Swine 2051 
Actinobacillus Septicemia in 
Piglets 2056 

Klebsiella Pneumoniae Septicemia in 
Pigs 2057 

Chlamydial Infection in the Pig 2057 
MULTI-ORGAN DISEASES DUE TO 
VIRAL INFECTION 2058 
Foot-and-Mouth Disease (Aphthous 
Fever) 2058 
Rift Valley Fever 2067 
Bluetongue 2069 
Malignant Catarrhal Fever (Bovine 
Malignant Catarrh, Malignant Head 
Catarrh) 2076 


Malignant Catarrh in Pigs 2080 
Jembrana Disease 2080 
Bovine Ephemeral Fever 2081 
Nairobi Sheep Disease 2084 
Wesselsbron Disease 2084 
Caprine Herpesvirus-1 Infection 2086 
Equine Viral Arteritis 2087 
African Horse Sickness 2091 
Equine Encephalosis 2097 
Getah Virus Infection 2097 
Classical Swine Fever (Hog 
Cholera) 2098 
African Swine Fever 2110 
Porcine Circovirus-Associated 
Disease 2117 
Torque Teno Virus 2134 
Nipah 2135 
Tioman Virus 2136 
Porcine Retroviruses 2136 
Menangle 2136 

Japanese B Encephalitis (Japanese 
Encephalitis) 2136 
Reston Virus 2137 
Bungowannah Virus 2137 
Porcine Parvovirus 2137 
Novel Porcine Parvoviruses 2137 
MULTI-ORGAN DISEASES DUE TO 
PROTOZOAL INFECTION 2137 
Sarcocystosis (Sarcosporidiosis) 2137 
Toxoplasmosis 2140 
Theilerioses 2144 
East Coast Fever (ECF) 2145 
Tropical Theileriosis (Mediterranean 
Coast Fever) 2148 
MULTI-ORGAN DISEASES DUE TO 
TRYPANOSOME INFECTION 2150 
Nagana (Samore, African 
Trypanosomiasis, Tsetse Fly 
Disease) 2150 

Surra (Mai De Caderas, Murrina) 2156 

MULTI-ORGAN DISEASES DUE TO 
FUNGAL INFECTION 2158 

Protothecosis and Chlorellosis (Algal 
Bacteremia) 2158 
Coccidioidomycosis 2159 
Paracoccidioidomycosis (Paracoccidioides 
Infection) 2159 

Rhodotorulua spp. Infection 2159 
Histoplasmosis 2159 
Cryptococcosis (European Blastomycosis, 
Torulosis) 2160 

North American Blastomycosis 2160 

MULTI-ORGAN DISEASES DUE TO 
METABOLIC DEFICIENCY 2161 

Sodium and/or Chloride 
Deficiency 2161 


Magnesium Deficiency 2162 
Copper Deficiency 2163 
Riboflavin Deficiency 
(Hyporiboflavinosis) 2176 
Choline Deficiency 
(Hypocholinosis) 2176 

MULTI-ORGAN DISEASES DUE TO 
TOXICITY 2176 

Snakebite 2176 
Bee and Wasp Stings 
(Hymenoptera) 2179 
Red Fire Ant Stings ( Solenopsis 
invicta) 2179 
Moths 2179 

Sweating Sickness (Tick Toxicosis) 2179 
4-Aminopyridine Toxicosis 2180 
Cadmium Toxicosis 2181 
Chromium Toxicosis 2181 
Cobalt Toxicosis 2181 
Primary Copper Toxicosis 2182 
Toxicosis from Dried Poultry 
Wastes 2185 

Toxicosis from Defoliants 2185 
Toxicosis from Fungicides 2185 
Toxicosis from Herbicides 2186 
Hydrocarbon Toxicosis 2187 
Iron Toxicosis 2188 
Toxicosis from Feed Additives 2189 
Toxicosis from Miscellaneous Farm 
Chemicals 2189 

Toxicosis from Seed Dressings 2190 
Toxicosis from Miscellaneous 
Rodenticides 2190 
Sulfur Toxicosis 2191 
Vanadium Toxicosis 2193 
Toxicosis from Wood Preservatives 2193 
Zinc Toxicosis 2194 
Diterpenoid Alkaloid Toxicosis 2196 
Ergotism 2198 

Neotyphodium (Acremonium) spp. 

Toxicosis 2199 
Fescue Toxicosis 2199 
Fumonisin Toxicosis 2200 
Glucosinolate Toxicosis 2202 
Miscellaneous Mycotoxins 2204 
Mushroom Toxicosis 2204 
Phalaris spp. (Canary Grass) 

Toxicosis 2205 

Toxicosis from Plant Phenols (Gossypol 
and Tannins) 2206 
Gossypol 2206 
Tannins 2207 

Miscellaneous Plant Toxicosis 2207 
Toxicosis From Brewer's Residues 2212 
Trichothecene Toxicosis 2213 
Triterpene Plant Toxicosis 2214 
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Diseases of Complex or 
Undetermined Etiology 

COLD COW SYNDROME 

Cold cow syndrome is a herd disease problem 
reported only from the United Kingdom in 
the early 1980s in cows freshly turned out 
onto lush pasture with a high (27% to 43%) 
soluble carbohydrate content. There is a high 
morbidity (up to 80%) and a large number of 
outbreaks in an area. The syndrome includes 
hypothermia, dullness, inappetence, agalac¬ 
tia, and profuse diarrhea. Affected cows feel 
cold to the touch. Some have perineal edema; 
some collapse. The herd milk yield falls 
disastrously, but there is a quick return to 
normal if the cows are moved to a different 
field. The problem may occur on the same 
pasture each year and recur if the cows are 
returned to the same pasture. There is no 
obvious clinicopathologic abnormality. It is 
postulated that the syndrome might be a 
result of zearalenone or related metabolites 
produced by microfungi in the pasture. 

RECUMBENCY IN HORSES OF 
UNDETERMINED ETIOLOGY 

Diagnosis and management of adult horses 
that are recumbent can be challenging. The 
large size of adult horses, the variety of con¬ 
ditions that can cause recumbency, the dif¬ 
ficulty in performing a thorough clinical 
examination, and the need for prolonged and 
intensive care all present formidable obsta¬ 
cles to management of recumbent horses. 
Causes of prolonged (>8 h) recumbency in 
horses are listed in Table 21-1. Other causes 
of acute recumbency of shorter duration are 
usually obvious on initial examination. 

EPIDEMIOLOGY 

The epidemiology of recumbent horses is 
covered in detail in the sections dealing with 
each of the specific diseases, and information 
on large series of recumbent horses is sparse. 
Overall, for 148 horses treated in a referral 
veterinary hospital with excellent resources 
and expertise to manage recumbent horses, 
there were 109 nonsurvivors and 39 survivors 
(case-fatality rate of 74%). Odds of death 
within the first 3 days of hospitalization 
increased with longer duration of clinical 
signs before presentation, with horses 
showing clinical signs for over 24 hours being 
4.16 (95% confidence interval [Cl] 1.04 to 
16.59) times more likely to die; presence of 
band neutrophils (odds ratio [OR] 7.9, 95% 
Cl 1.39 to 45.5); not using the sling (OR 4, 
95% Cl 1.1 to 15.7); and horses that were 
unable to stand after treatment (OR 231,95% 
Cl 23 to 2341). Increasing cost was associated 
with lower odds of death (OR 0.96, for each 
additional $100 billed, 95% Cl 0.93 to 0.99), 
likely because of greater financial resources 
increasing the chance of success. 1 


There does not appear to be any breed, 
age, or sex distribution beyond that antici¬ 
pated for the specific diseases. 

EXAMINATION OF THE 
RECUMBENT HORSE 
History 

Careful questioning of the horses attendants 
can reveal valuable information regarding 
the cause of recumbency. Causes such as 
observed trauma, foaling, and excessive 
unaccustomed exercise are readily deter¬ 
mined from the history. In addition to inqui¬ 
ries about the cause of the recumbency, 
estimates of the duration of recumbency 
should be obtained from the attendants. This 
can often be best elicited by asking when the 
horse was last observed to be standing. A 
history of recent illness, abnormal behavior 
or unusual use immediately before the horse 
became recumbent is useful. The horse’s age, 
sex, breed, and use should be determined. 
Information regarding management, vacci¬ 
nation and deworming status, feeding, and 
health of other horses can be revealing. Out¬ 
breaks of recumbency suggest either an 
infectious (equine herpesvirus-1) or toxic 
(botulism, ionophore) cause. Questions 
should be directed toward discerning the 
cause of the horse’s recumbency rather than 
collecting information. 

Physical Examination 

Physical examination of recumbent horses is 
challenging but should be as complete as 
practical and safe. The examination should 
begin with a general assessment of the horse 
and its surroundings and can be directed at 
answering a series of questions: 

• Are the surrounding conditions safe for 
the horse and people? Is the footing 
sound? 

• Is there evidence of the horse struggling 
or thrashing? 

• Has the horse defecated and urinated 
recently? 

• Is there evidence of exposure to toxins 
or physical evidence of the reason for 
recumbency? 

Examination of the horse should begin 
with measurement of heart rate, respiratory 
rate and temperature (rectal temperature 
might not be accurate if there is dilation of 
the anus), examination of mucous mem¬ 
branes and an assessment of its hydration, 
body condition and level of consciousness. 
The horse should be thoroughly examined 
for evidence of trauma. Although the exami¬ 
nation should be complete, initial examina¬ 
tion of cases for which the cause of 
recumbency is not immediately obvious 
should focus on the nervous and musculo¬ 
skeletal systems. 

• Is the horse alert and able to sit in 
sternal recumbency, or is it unconscious 
and in lateral recumbency? Can the 
horse rise with assistance? 

• Is the horse’s mentation normal? 


• Are there any spontaneous voluntary or 
involuntary movements? 

• Can the horse eat and drink? 

• Are the cranial nerves normal? 

• Is there evidence of trauma to the head 
or neck? 

• Is there evidence of paresis or paralysis? 
Are only the hindlimbs involved, or are 
both the hindlimbs and forelimbs 
involved? 

• Are the peripheral reflexes normal 
(withdrawal, patellar, cervicofacial, 
cutaneous, anal, penile)? 

• Is cutaneous sensation present in all 
regions? If not, what are the anatomic 
boundaries of desensitized areas? 

• Is the position of the limbs normal? Is 
there evidence of crepitus, swelling, or 
unusual shape of the limbs or axial 
skeleton? 

• Are the horse’s feet normal? Does it 
have laminitis? What is the response to 
application of hoof testers? 

• Are abnormalities detected on rectal 
examination (fractured pelvis, distended 
bladder, fecal retention, pregnancy), 
provided that it is safe to perform 

one? 

Other body systems should be evaluated as 
indicated or necessary. The heart and lungs 
should be auscultated, although detecting 
abnormal lung sounds in a recumbent horse 
is difficult. The horse should be rolled and 
thus a complete examination can be per¬ 
formed. Assisting the horse to stand using a 
rope tied to the tail and thrown over a rafter, 
or preferably using a sling, can be useful in 
assessing the severity of the horse’s illness 
(i.e., can it stand at all?) and in facilitating a 
complete physical examination. If there is a 
suspicion that the horse has colic, a nasogas¬ 
tric tube should be placed to check for accu¬ 
mulation of liquid gastric contents, a rectal 
examination performed, and peritoneal fluid 
collected. 

Ancillary diagnostic testing includes 
radiography of limbs and/or axial spine as 
indicated by the history or physical examina¬ 
tion, myelography if a compressive lesion of 
the cervical spinal cord is suspected, endo¬ 
scopic examination of the pharynx and gut¬ 
tural pouches (especially in horses with a 
history of falling; see section on rupture of 
the longus capitus muscle), ultrasonography 
of the chest and abdomen, collection of cere¬ 
brospinal fluid, and electromyography. 

Hematologic abnormalities are some¬ 
times reflective of the causative disease. 
Serum biochemical abnormalities are 
reflective of the causative disease and in addi¬ 
tion are influenced by muscle damage caused 
by the horse being recumbent (increased cre¬ 
atine kinase and aspartate aminotransferase 
activity), inappetent (increased total and 
indirect bilirubin and triglyceride concentra¬ 
tions), and unable to drink or gain access to 
water (increased serum urea nitrogen, creati¬ 
nine, sodium, chloride, total protein, and 
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Table 21-1 Causes and diagnostic features of recumbency of more than 8 hours in duration in adult horses 

Cause 

Clinical signs and diagnosis 

Treatment 

Prognosis and 
comments 

Neurologic disease 

Botulism 3 

Horse alert. Flaccid paralysis, dysphagia, weak corneal 
or palpebral reflex. 

Often multiple animals affected. 

Toxin isolation in mice. 

Administration of specific antitoxin or 
multivalent antitoxin. 

Supportive care. 

Can require prolonged 
treatment. 

Prognosis poor for 
recumbent horses. 

Tetanus 

Horse alert. Rigid paralysis. Signs worsened by stimuli. 
Often history of recent wound and lack of 
vaccination. 

Tetanus antitoxin (IV or intrathecally). 
Penicillin. Wound debridement. Sedation 
(acepromazine, chloral hydrate). Minimize 
stimulation (dark, quiet stall). 

Guarded prognosis. 

Trauma—vertebral 

Alert horse. Signs depend on site of lesion. Can be 
difficult to detect vertebral fractures in adult horses. 
Radiography. 

None specific. 

Poor prognosis. 

Trauma—cranial 

Unconscious or severely altered mentation. Seizures. 

Head wounds. Blood from ears and nostril. Imaging 
(radiography, CT, MRI). 

Antiinflammatory drugs including flunixin 
meglumine, phenylbutazone, 
corticosteroids. Drugs to reduce swelling 
(mannitol and hypertonic saline). Control 
of seizures (diazepam, midazolam, 
barbiturates). Heroic craniotomy. 

Very poor prognosis. 

Cervical vertebral 
instability 

Alert horse. Acute-onset ataxia and recumbency. Young 
horse (<4 years old). 

Radiography and myelography. 

Antiinflammatory drugs. 

Rest. Surgical vertebral stabilization. 

Poor prognosis. 

Vestibular disease 

Normal to depressed, depending on cause. Signs of 
vestibular disease include circling and falling to one 
side, head tilt, and nystagmus. Diagnosis by 
endoscopic examination of guttural pouches, 
radiography of skull, and examination of CSF. 

Antibiotics, antiinflammatory drugs. Surgical 
or medical treatment of guttural pouch 
disease. 

Poor to guarded 
prognosis. 

Equine herpesvirus-1 
myoencephalopathy 

Usually alert horse. Recumbency follows period of 
posterior ataxia with fecal and urinary incontinence. 
Fever in early stages of disease. CSF xanthochromic. 
Viral isolation or detection of virus by PCR. Serology. 
Often multiple horses affected. 

Supportive care. Valacyclovir or similar drug 
in early stages. 

Guarded prognosis. 
Affected horses can 
be infectious. 

Arboviral encephalitis 
(Eastern, Western, 

West Nile, Japanese B 
encephalitis) 

Alert horse or altered mentation, depending on the 
disease. CSF consistent with inflammation. Viral 
isolation or detection by PCR. Serology. 

Supportive care. Dexamethasone for West 
Nile encephalitis. 

Epidemiology is 
characteristic. 

Prognosis is poor for 
recumbent horses. 
Vaccines available. 

Migrating parasite larvae 

Mentation depends on anatomic site of parasite. 
Eosinophils in CSF. 

Ivermectin 400 pg/kg orally. Corticosteroids. 

Sporadic disease. 

Neoplasia (melanoma, 
lymphosarcoma, 
cholesterol granuloma) 

Alert horse. Signs of spinal cord compression. Diagnosis 
by imaging (radiography, myelography, CT). CSF 
usually normal. 

No specific treatment. 

Hopeless prognosis. 

Equine motor neuron 
disease 

Alert horse. Good appetite. Profound muscle weakness 
and atrophy. Prolonged periods of recumbency but 
usually able to stand when stimulated. 

Supportive care. Vitamin E. 

Guarded to poor 
prognosis. 

Lifelong disease. 

Equine protozoal 
myeloencephalitis 

Variable mentation and signs of neurologic disease. 
Diagnosis based on neurologic examination and 
results of Western blot of CSF or serum. 

Antiprotozoal medications. 

Guarded to fair 
prognosis. 

Rabies 

Variable mentation. Protean signs of neurologic disease. 
Important zoonosis. 

Diagnosis by immunofluorescent antibody testing of 
brain. 

No treatment. If suspected, then 
appropriate barrier isolation measures 
must be instituted until the horse dies or 
recovers, or another diagnosis is 
confirmed. 

Rare cause of 
recumbency in horses. 

Postanesthetic 

myelopathy 

Acute-onset posterior paresis evident on recovery from 
general anesthesia. 

Supportive care. 

Poor to hopeless 
prognosis. 

Musculoskeletal disease 

Acute rhabdomyolysis 
(exertional, atypical) 

Alert horse. History of unaccustomed or strenuous 
exercise. Painful. Sweating. 

Firm painful muscles. Pigmenturia. 

High CK and AST activity in serum. 

Fluid diuresis. Pain control. 

Supportive care. 

Guarded to fair 
prognosis. Can recur. 
Can progress to acute 
renal failure. 
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Table 21-1 Causes and diagnostic features of recumbency of more than 8 hours in duration in adult horses—cont'd 




Prognosis and 

Cause 

Clinical signs and diagnosis 

Treatment 

comments 

Laminitis 

Alert horse. Assumes sternal recumbency easily. 

Bounding digital pulses. Pain on application of hoof 
tester to feet. 

Pain control. Corrective shoeing. 

Guarded to poor 
prognosis for 
long-term care. 

Fracture of long bone or 
pelvis 

Florse usually able to stand on three legs. 

Bilateral fracture of femurs. Diagnosis by physical 
examination and radiography. 

Euthanasia. 


Foaling paralysis 

Dystocia. Mare unable to stand after difficult foaling. 

Supportive care. Antiinflammatory drugs. 

Guarded prognosis. 

(obturator nerve 

Legs excessively abducted. 

Sling horse. 


paresis) 

Bilateral femoral nerve 
paresis 

Occurs in horses suspended by the hind limbs during 
anesthesia. 

Supportive care. 

Guarded prognosis. 

Hyperkalemic periodic 

Alert horse. Anxious. Muscle fasciculations. 

Administration of dextrose or calcium 

Guarded to good 

paralysis 

Muscle weakness. Fligh serum potassium concentration. 

solutions. Prevention by administration of 

prognosis. 


Electromyography. Unusual for recumbency to persist 
for < 1-2 hours. 

Diagnosis by detection of appropriate genome. 

acetazolamide, feeding low-K + diet and 
selective breeding. 

Lifelong care needed. 

Environmental 

Fleat stress/exhaustion 

Depressed mentation. Compatible history of exercise in 
hot and humid conditions or exposure to extreme 
heat. Hyperthermia. 

Rapid cooling. Administration of fluids. 

Guarded to poor 
prognosis. Death 
often associated with 
DIC 

Flypothermia 

Depressed mentation. History of exposure to extreme 
cold. Hypothermia. 

Warming. Prolonged care necessary. 

Guarded to poor 
prognosis. 

Lightning strike 

Horses at pasture. History of electrical storm activity. 

One or more horses can be affected. There can be 
evidence of bums, fractures of long bones or the 
axial skeleton, or vestibular disease. 

Supportive care. Euthanasia for animals 
with severe disease. 


Gunshot wounds 

Horses at pasture. Often during hunting season. Can be 

Supportive care, depending on site of 

Horses that have been 


malicious. Physical examination variable. Entry hole 
and exit hole can be difficult to identify. 

wound. 

shot and are 
recumbent have a 
poor prognosis. 

Metabolic 

Starvation, inanition 

Alert horse. Grade 1 or 2 of 9 body condition score. 

Careful refeeding and supportive care. 

Poor to fair prognosis. 

Flypocalcemia, 

Depressed mentation. Seizures. Confirmed by 

Correction of electrolyte deficit. 

Good prognosis. 

hyponatremia 

measurement of serum electrolyte concentrations. 
Unusual cause of recumbency in adult horses. 

Gradual correction of hyponatremia. 


Liver disease 

Depressed, seizures, head pressing. 

Supportive care. Provision of hydration and 

Poor prognosis. History 


Jaundice. Elevated serum concentrations of bilirubin. 

nutrition. Correction of hypoglycemia. 

of exposure to 


ammonia, and bile acids and increased activity of 
gammaglutamyl transpeptidase and sorbitol 
dehydrogenase. 

Administration of lactulose. 

hepatotoxins. 

Flypoglycemia 

Seizures. Measurement of blood glucose concentrations. 
Iatrogenic or malicious, associated with insulin 
administration. Unusual cause in adult horses. 

Administration of glucose intravenously. 


Water deprivation 

Variable mentation from normal to seizures. Associated 

Judicious rehydration. Provision of 

Cause is usually obvious 


with inadequate water intake (e.g., broken bore or 

unrestricted access to water can result in 

(lack of access to 


dry tank supplying horses at pasture). 

water intoxication. 

water). Guarded 
prognosis. 

Senile collapse 

Alert horse. Old horse. History of progressive weakness. 
No other causes of recumbency identified. 

Supportive care. Correction of metabolic 
abnormalities. Provision of good-quality 
nutrition. 

Poor prognosis. 

Intoxications 

lonophores (monensin. 

Alert. Acute-onset colic and muscle weakness. 

Supportive. No specific treatment. 

Poor to guarded. Horses 

salinomycin, etc.) 

Recumbency. Diagnosis is based on history of 
exposure and measurement of drug concentrations in 
blood or tissues, and feed. 


surviving the acute 
episode can have 
exercise intolerance as 
a result of persisting 
myocardial disease. 

AST, aspartate transferase; CK, creatine kinase; CSF, cerebrospinal fluid; CT, computed tomography; DIC, disseminated intravascular coagulation; IV, intravenously; MRI, 
magnetic resonance imaging; PCR, polymerase chain reaction. 
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albumin concentrations). Cerebrospinal fluid 
is reflective of any inciting disease but is 
usually normal. 

MANAGEMENT AND CARE 

The principles of care are treatment of the 
primary disease, prevention of further illness 
or injury, assisting the horse to stand, and 
provision of optimal nutrition and hydra¬ 
tion. Median duration of hospitalization in 
one report of 148 horses treated at a referral 
hospital was 2.8 days (interquartile range of 
1.5 to 8 days). 1 

Treatment of the primary disease is 
covered in other sections of this book. Simi¬ 
larly, maintenance of hydration and electro¬ 
lyte status is covered elsewhere. Maintenance 
of normal hydration is sometimes problem¬ 
atic in recumbent horses because of limited 
access to water and unwillingness to drink. 
Provision of fresh, palatable water is essential. 
Intravenous or enteral (nasogastric intuba¬ 
tion) administration of fluids and electrolyte 
solutions might be necessary in some recum¬ 
bent horses, especially early in their illness. 

Horses with diseases that cause recum¬ 
bency often have problems with fecal and 
urinary incontinence or retention. Catheter¬ 
ization of the urinary bladder might be nec¬ 
essary to relieve distension in horses with 
neurogenic upper motor bladder or lower 
motor bladder dysfunction, or in male horses 
that are reluctant to urinate when recum¬ 
bent. Catheterization of the bladder is often 
repeated. To minimize the risk of iatrogenic 
cystitis, the procedure should be performed 
aseptically. Administration of bethanechol 
might increase detrusor muscle tone and aid 
urination, and phenoxybenzamine (0.5 mg/ 
kg intravenously over 15 minutes) might 
decrease sphincter tone in horses with upper 
motor neurone bladder. 

Horses that can eat should be fed a bal¬ 
anced, palatable, and nutritious diet. Tempt¬ 
ing horses with reduced appetite with treats 
such as apples, carrots, and horse treats 
might stimulate appetite for hay and grain. 
Horses that are unable to eat should be fed 
through a nasogastric tube. Slurries of alfalfa 
pellets or commercial diets can be adminis¬ 
tered through nasogastric tubes. The mainte¬ 
nance needs of a sedentary 425-kg horse are 
approximately 15 to 18 Mcal/d. The mainte¬ 
nance needs of a recumbent horse are 
unknown, but are probably less than that of 
normal sedentary horses. 

COMPLICATIONS—PREVENTION 

A major challenge in managing recumbent 
horses is preventing further injury. Abnor¬ 
malities caused by recumbency include abra¬ 
sions and lacerations, gastric ulceration, 
corneal ulceration, pneumonia, cystitis, pig- 
menturia, muscle hemorrhage and tearing, 
impaction colic, laminitis, and catheter-site 
infection or inflammation. 1 

Recumbent horses often make repeated 
efforts to stand, which, although encouraging 


to all involved, can result in further injury. 
An attempt to stand can injure the horses 
head, especially the periorbital regions, and 
skin over bony prominences such as over the 
wing of the ilium. Minimization of further 
injury is achieved by use of a sling or tail rope 
to assist horses to stand; housing in a padded 
stall with deep, soft bedding (although this 
can interfere with the horses ability to stand); 
and protection of the head and distal limbs 
with a helmet and bandages, respectively. 
Recumbent horses kept in well-grassed 
pasture often do well and have minimal self- 
inflicted trauma. 

Decubital ulcers occur over pressure 
points, such as the wing of the ilium, point 
of the shoulder, and zygomatic arch, and 
can become severe. Recumbent horses that 
paddle can abrade the skin over limb joints, 
with subsequent increased risk of septic 
arthritis. Bandages, helmets, ointments such 
as silver sulfadiazine paste, and soft bedding 
minimize but do not eliminate these abra¬ 
sions. Recumbent horses that cannot or do 
not voluntarily move from side to side should 
be rolled every 2 to 4 hours. 

Peripheral pressure neuropathy can occur 
in recumbent horses. The radial nerve and 
facial nerve are most often affected. Preven¬ 
tion is achieved by use of padded bedding, 
slings, frequent rolling, and a helmet. 

Recumbent horses can sustain muscle 
damage from pressure on large muscle 
groups. For large or well-muscled horses this 
can result in large increases in serum cre¬ 
atine kinase activity and myoglobinuria. 
Myoglobinuria can cause acute renal failure, 
although this degree of myoglobinuria in 
recumbent horses is unusual. 

Pneumonia can occur as a result of 
recumbency. Horses that are dysphagic are at 
increased risk of aspiration of feed material 
and saliva, and hence development of aspira¬ 
tion pneumonia. Horses receiving cortico¬ 
steroids are at increased risk of bacterial 
and fungal (Aspergillus spp.,) pneumonia. 
Although not every recumbent horse should 
be administered antimicrobials, this is indi¬ 
cated in horses at increased risk of develop¬ 
ing pneumonia. Antimicrobials should have 
a broad spectrum, including activity against 
Streptococcus spp., such as a combination of 
penicillin and an aminoglycoside. 

Slinging of horses is labor intensive and 
requires a sling that is designed for use with 
horses. Horses that accept being supported 
by a sling have increased chances of survival 
(OR of 4 for death for horses not using a sling 
[1.1% to 16%, 95% Cl)] than do horses that 
cannot or will not use a sling. 1 Horses should 
not be lifted using hip slings intended for use 
with cattle. Use of these slings to lift horses 
by grasping over the wing of each ilium is 
inhumane and unsuccessful. There are slings 
designed specifically for use with horses 
(e.g., Anderson Sling Support Device). 2 

Horses in slings should be closely moni¬ 
tored and not allowed to hang in the sling. 


The horses should be assisted to stand in the 
sling every 6 or 8 hours. The sling should be 
used to help the horse to get up and provide 
some support while it is standing, but the 
horse should not have all its weight borne by 
the sling for more than a few minutes. Horses 
that have an excessive amount of weight 
borne by the sling for a prolonged period of 
time have trouble breathing and might 
develop colic, rupture of the urinary bladder, 
diaphragmatic hernia, or rectal prolapse. 

Potentially catastrophic complications 
include septic arthritis, radial nerve injury, 
bladder rupture, diaphragmatic hernia, 
rectal prolapse, colon torsion, and long bone 
fracture. The risk of these complications can 
be minimized by the practices detailed previ¬ 
ously, but they cannot be eliminated. 

FURTHER READING 

Gardner R. Evaluation and management of the 
recumbent adult horse. Vet Clin North Am. 
2011;27:527-534. 

Pusterla N, et al. How to lift recumbent equine patients 
in the field and hospital with the UC Davis large 
animal lift. AAEP Proceedings. 2006;52:87-92. 
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THIN SOW SYNDROME 


SYNOPSIS 


Etiology The syndrome is the result of 
inadequate nutrition and unbalanced 
nutrition in pregnancy and lactation but 
may also result from parasitic or chronic 
infectious disease. 

Epidemiology Loss of weight to the point of 
inanition, particularly in first- and 
second-litter gilts. 

Clinical findings Inanition. 

Control Recognition of the relation between 
voluntary feed intake in pregnancy and 
lactation; feeding based on condition 
scores. 


Thin cow syndrome is a condition of sows, 
particularly sows at the end of lactation or in 
the early dry period where there has been 
tremendous lactational weight loss and this 
has not been regained. It was formerly 
common in outdoor or yard systems, partic¬ 
ularly in the United Kingdom, but currently 
is rarely seen because management practices 
and nutritional knowledge have advanced 
markedly. There are a number of causes of 
wasting and the occurrence of thin sows. 

ETIOLOGY 

Historically, the major cause of thin sow syn¬ 
drome was the complete lack of awareness 
that sows needed to be fed correctly in preg¬ 
nancy to prepare for farrowing and in lacta¬ 
tion to provide milk for 9 or more piglets 
consuming 800+ ml of milk per piglet per day. 










EPIDEMIOLOGY 

It emerged as a problem in the 1970s as a 
result of poor understanding of the interrela¬ 
tion between feed intake in pregnancy and 
that in lactation. The syndrome is most 
common in first- and second-litter gilts but 
can affect all parities when nutrition is inad¬ 
equate. The voluntary intake of food by sows 
during lactation is inversely related to the 
intake in pregnancy. Consequently, sows that 
are fed at high levels during pregnancy will 
gain excessive weight during pregnancy but 
will voluntarily restrict feed intake during 
lactation and lose excessive weight during 
lactation. In contrast, sows that are fed what 
is basically a maintenance ration 2.0 to 2.5 kg 
(4.5 to 5.5 lbs) of a balanced sow ration 
during pregnancy will gain adequate weight 
for conceptus and body growth and during 
lactation will consume adequate feed for lac¬ 
tation requirements and loose minimal 
weight in this period. Knowledge of sow 
nutrition has improved such that major 
problems with this syndrome should not 
occur, but there is still a risk of inadequately 
feeding sows selected for lean genotype and 
high litter size and weaning weights. First- 
and second-litter gilts may require more feed 
to provide for body growth. This was com¬ 
bined with the move to intensive indoor 
housing of pregnant sows. Penning of sows 
exacerbated social dominance/submissive 
relationships. 

Modern commercial highly bred sows do 
not have the subcutaneous fat reserves nec¬ 
essary for outdoor production and thus are 
prone to body-weight loss in exposed fields 
and yards. The second major group of causes 
is environmental. Often sows are kept in 
yards or arks with minimum straw for 
bedding, which alleviates to some extent low 
environmental temperatures. Environmental 
causes include cold or drafty housing, fluctu¬ 
ating temperatures, too high a temperature 
in the farrowing house, wet bedding, and 
lack of drinking water. 

Early weaning increases the risk of thin 
sow syndrome, especially if the nutrition is 
inadequate. Afflicted animals were often on 
low-level feeding to avoid obesity. 

Parasitic disease, particularly associated 
with infestation with Oesophagostomum spp. 
and Hyostrongylus spp., contributes to 
wasting in sows and the occurrence of thin 
sow syndrome. 

Thin sows can be a component of the syn¬ 
drome of infectious diseases such as cystitis 
and pyelonephritis. 

CLINICAL FINDINGS 

Within a herd, thin sow syndrome develops 
over a period of months and often one or two 
pregnancy cycles, with a gradually decline in 
the body condition of the group until 20% to 
30% of sows have a low body-condition 
score. No abnormalities are evident on clini¬ 
cal examination, but the sows fail to regain 
weight after weaning, particularly sows after 
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their first litter. The most critical period for 
weight loss is the first 2 weeks after weaning. 
Affected sows have a poor appetite but often 
show pica and excessive water intake and 
may be anemic. 

CONTROL 

Feeding During Pregnancy 

Currently the risk for thin sow syndrome 
exists where it is assumed that all pregnant 
sows can be fed a standard amount of ration. 
Problems are likely to occur when sows are 
run in groups and fed as a group, where 
timid sows are likely to be bullied out of their 
required share of food. Individual feeders or 
stall feeding, and particularly electronic 
feeders, will prevent this. 

Feeding During Lactation 

The critical issue is to ensure adequate feed 
and energy intake during lactation. This can 
be achieved by not feeding to excess during 
pregnancy, restricting the feed intake of sows 
in the first few days after farrowing to 
encourage better feed intake in later lacta¬ 
tion, ensuring an adequate and constant 
supply of water, ad lib feeding during lacta¬ 
tion, and providing a high-energy-density 
lactation diet. 

In addition, enclosing the creep with heat 
for the piglets and thus the farrowing house 
can be kept at a lower temperature for 
the sow and controlling parasitic disease 
will help. 

Condition scoring is a valuable guide to 
the feeding of individual sows and for a judg¬ 
ment of feeding practices in the herd as a 
whole. On a score of 1 to 5, it should be very 
rare to find sows with condition scores of 1 
or 5. The optimum is to have sows entering 
the farrowing house between condition score 
3 and 4 and not less than 2.5 at weaning. 
First- and second-parity sows in poor condi¬ 
tion at weaning are best “skipped” at the first 
heat and mated on the second heat. 

Methods for condition scoring and 
guidelines can be found at http://www. 
defra.gov.uk/animalh/welfare/farmed/pigs/ 
pb3480/pigsctoc.htm. 

WILD BOAR AS VECTORS FOR 
INFECTIOUS DISEASE 

There is an increasing worldwide focus on 
wild boar and escaped domesticated (feral) 
pigs as a reservoir of infection for pig dis¬ 
eases of epizootic nature, 1 ' 3 particularly in 
Europe and the United States, where the 
hunting fraternity has a vested interest in 
these animals. Wild animals have great 
potential as a source of both viral and para¬ 
sitic diseases, and the wild boar ( Sus scrofa ) 
is no exception. In many cases, they are 
shy and retiring, frequently inhabiting 
woodland, where their numbers are not 
really appreciated. Where there is a high 
density, there is a high transmission rate 
of infection. 4 


There is wide variation in populations in 
different countries in Europe. It is the second 
most important wild ungulate in Europe and 
is important in Germany, France, Spain, 
Poland, and the Czech Republic; in the 
United States, they are found in 39 of 50 
states. 

Wild boar have become increasingly 
common across Europe because they free 
range. In Switzerland, the population of wild 
boar has shown a steady increase over the 
last 15 years.' 1 Commercial pigs have also 
become increasingly reared outside, so the 
possibility of disease transmission has 
increased rapidly. To illustrate this, a recent 
study in Switzerland of contacts between 
piggeries and wild boar 6 showed that 5% of 
the piggeries recorded the presence of cross¬ 
bred pigs on their premises. The pigs of the 
Mangalitza breed were the most at risk of 
such matings. A study of the risk of such 
happenings was made,' and it showed that 
the risk was highest when the disease under 
consideration was spread by aerosol (e.g., 
African swine fever, classical swine fever) 
rather than those spread by venereal means 
(e.g., brucellosis). They can also possibly be 
a hazard to humans as well. 8 

There is a technique for assessing relative 
abundance and aggregation. 9 

Overall, the disease situation in the wild 
boar is not well understood. Various diseases 
are outlined in the following discussion; the 
diseases are arranged alphabetically. 

RISK FACTORS 

The greater the distance between the 
outdoor pigs and the managing homestead, 
the greater the risk of intrusion by wild 
boar. Unsupervised units are definitely at 
risk. Close proximity to forest also increases 
the risk of disease. Piggeries with pasture 
paddocks are also at considerable risk 
from wild boar. Commercial hunting sites 
maintain an overabundant wild boar popu¬ 
lation. 9,10 The role of fences has been dis¬ 
cussed. 11 Concentrated feed sources are a 
high point of contact, and these fields for 
outdoor pigs should be effectively fenced. 
Feral swine require dense vegetation for 
thermoregulation. They also require areas 
of surface water and moist areas in which 
to wallow. 

DISEASE IN GENERAL 

Generally, if wild boar are farmed, then the 
diseases are the same as for domestic pigs. 12 
A large study of wild boar in Campania in 
southern Italy 13 showed that 4.4% were posi¬ 
tive for Brucella spp., 2.6% for Leptospira 
interrogans, 19.3% for Salmonella spp., 30.7% 
for Aujesky’s disease, 7.9% for porcine par¬ 
vovirus, and 37.7% for porcine reproductive 
and respiratory virus, but all were negative 
for African swine fever, classical swine fever. 
Thus the wild boar does provide a challenge 
to the domestic pig if there is contact between 
the two groups. 
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AFRICAN SWINE FEVER 

Wild boar are natural hosts for African swine 
fever (ASF), but a survey in Spain in an area 
previously infected showed neither virus nor 
antibody, 14 suggesting that permanent recov¬ 
ery of freedom is possible. The outbreak was 
extremely expensive in Spain and took 30 
years to eradicate. This was because of poor 
biosecurity, Ornithodorus ticks, and the pres¬ 
ence of wild boar. The study suggested that 
even in highly dense wild boar populations, 
such as in the natural parks, ASF circulation 
cannot be maintained in the absence of other 
sources of infection. The recent incursion 
into Russia has shown wild boar affected in 
Russia, Ukraine, and Lithuania. 

ASTROVIRUSES 

Astroviruses were found in the feces of wild 
boar in Hungary. 1 ’ 

AUJESKY'S DISEASE 

Aujesky’s disease virus (ADV) has been 
found in wild boar in Switzerland. 16,1 ' Culling 
of wild boar appeared to have no effect on 
the presence of ADV. 18 It has now largely 
disappeared from domestic pigs in Europe. 17,19 
However, it was found recently in wild boar 
in Austria. 20 In Germany, two cases of ADV 
were reported in 2010 and had central 
nervous system (CNS) signs and nonsuppu¬ 
rative panencephalitis. 21 It is quite a wide¬ 
spread infection in wild boar in some regions. 
In wild boar, ADV virus is relatively attenu¬ 
ated, and it may have adapted to coexistence 
with the specific host population. There is 
also a wide diversity in the wild boar popula¬ 
tion. It is probably spread by direct contact 
and not aerosols, especially over long dis¬ 
tances. Currently, oral vaccination for wild 
boar is not an option, but it has been success¬ 
ful experimentally. 22 Fencing is the main 
control method. Adequate monitoring is the 
only real control. 

BRUCELLOSIS 

The most commonly isolated strain from 
wild boar in central, eastern, and western 
Europe is Brucella suis biovar 2. It has been 
found in the Czech Republic, Hungary, 
Poland, Slovakia, Slovenia and Switzer¬ 
land, 16,23 and Germany. 24 B. suis was found in 
28.8% of wild boar, and antibodies were 
found in 35.8%. 5 

In Croatia, 424 sera from wild boar were 
looked at in 2003 to 2004, 23 and 27.6% were 
shown to have seropositivity. 

In northeastern Spain, the presence of 
Brucella was studied in wild boar because in 
Spain the presence of fencing, supplemental 
feeding, and illegal restocking of wild boar 
have become common management prac¬ 
tices to increase the number of wild boar in 
an area. They have been bred illegally, cross¬ 
bred to domestic pigs, or imported, particu¬ 
larly from France. 26 Brucella antibodies were 
detected in 28/256 samples (10.9%). 27 In the 
United States, spillover from wild boar to 


domestic pigs has been suspected but never 
been confirmed (in the United States, there 
are also bison and elk as a possible source), 
but strain analysis can help in this situa¬ 
tion. 28 In this study, Brucella isolates were 
found in 77% of pigs, and 68% had B. suis 
isolates that were biovar 1, with 92% in 
males and only 34% in females. The authors 
also pointed out that wild boar could also 
be a reservoir for Brucella abortus in addi¬ 
tion to B. suis. In the southeastern United 
States (South Carolina), wild boar have anti¬ 
bodies to porcine parvovirus (PRV), B. suis, 
and porcine circovirus type 2 (PCV2), but 
not to Swine Influenza virus (SIV) or 
porcine reproductive and respiratory syn¬ 
drome virus (PRRS). In North Carolina 
there was no PRV or B. suis, but 1/20 had 
PRRS, 86/120 had PCV2, and 9/19 had SIV. 
In other words, infection in wild and feral 
pigs can be highly local. 

CAMPYLOBACTER SPP. 

Campylobacter strains were isolated from 
feral swine in California following an Esch¬ 
erichia coli 0157:H7 outbreak associated 
with spinach. Of the swine samples, 40% 
were positive, and six species were isolated: 
coli, fetus, hyointestinalis, jejuni, lanienae, 29 
and sputorum. The study highlighted the 
need to keep wild animals clear of vegetable 
crops and highlighted the potential of infect¬ 
ing humans, particularly hunters. 

CHLAMYDIAE 

A high seroprevalence of Chlamydiaceae 
has been demonstrated in Spain, 30 but 
until the report of conjunctivitis and 
ocular lesions, 31 it was not possible to show 
diseases related to Chlamydia. The affected 
pig had ulcerations and corneal opacities. 
The lesions in the wild boar were similar to 
those seen in experimental infections of 
commercial pigs. 

CLASSICAL SWINE FEVER 

In Germany, classical swine fever (CSF) has 
been present for several decades. The reverse 
transcription polymerase chain reaction 
(RT-PCR) has been used to study the evolu¬ 
tion to CSF in wild boar. 32 Wild boar were 
an important source of outbreaks for domes¬ 
tic pigs. Many of the animals were less than 
1 year old; thus, the removal of young 
animals, particularly boar, by hunting 
reduces the risk of infection. Oral immuni¬ 
zation for wild boar was begun in 1993 33 
(C-strain bait vaccine 34 ) and does help in 
the control effort. 33 Younger animals are less 
efficiently vaccinated and are more fre¬ 
quently affected than older boar. 36 Baits may 
more attractive to older pigs. The optimal 
vaccination time for pigs is October/ 
November. 3 ' Increasing the level of baiting 
does not seem to improve the situation. 
Baiting is not of great usage in controlling 
CSF because of low bait usage (62%); 
however, it does help to describe patterns of 


feral swine movement, facilitate observation, 
and improve efficacy. 38 

Most of the previous outbreaks in the 
wild boar population with high-pathogenicity 
CSF were largely self-limiting, 39 but morbid¬ 
ity and mortality rates in outbreak regions 
are high. Recent outbreaks have involved 
the less damaging genotype 2.3 strains. The 
change from high to moderate virulence pro¬ 
longed the virus circulation. It is also possi¬ 
ble that monitoring and detection have 
improved, leading to declining severity fol¬ 
lowing an outbreak rather than selection 
against a highly virulent virus. 

The multiplex RT-PCR can be used to dif¬ 
ferentiate natural CSF from vaccinated 
animals, 40 and the marker vaccine is safe. 41 
The three outbreaks in northeastern France, 
between 2002 and 2011, occurred in wild 
boar and a pig herd in Moselle, and the third 
occurred in wild boar in the Bas-Rhin area. 
All were genotype 2.3 and were derived from 
lineages from the Rhineland-Palatinate lin¬ 
eages in Germany. The Bas-Rhin outbreak 
lasted until 2007, and the virus evolved 
slightly over this period. 83 

CRYPTOSPORIDIA 

Two species of Cryptosporidia, C. suis and C. 
scrofarum, were described in wild boar in 
central Europe (Austria, Czech Republic, 
Poland, and the Slovak Republic). In none of 
the detected cases was clinical disease found. 
In most cases the infections were single, but 
in some both species were found together. 
The PCR was a better detection method than 
the microscopic. 81 

ESCHERICHIA COLI 

E. coli 0157:H7 was found in feral swine in 
central California near spinach fields respon¬ 
sible for disease outbreaks. 42 Not much is 
known about E. coli in wild boar, but it 
appears to be individual and diverse. In a 
study in central Europe, it was found that 
wild boar carried antimicrobial-resistant E. 
coli in their feces. In the wild boar, the level 
of resistance was 6%. Five multiresistant iso¬ 
lates producing extended-spectrum beta- 
lactamase (ESBL) were recovered from the 
wild boar. 89 The detection and characteriza¬ 
tion of 0157:H7 and non-0157 Shiga-toxin- 
producing E. coli in wild boars have been 
described in wild boar in Spain. 90 

ERYSIPELAS 

In Iberian wild boar the prevalence was 
15%, 18 and infection has been described in 
Spain. 27 

FASCIOLA HEPATICA 

The Fasciola hepatica parasite has recently 
been found in a feral wild boar in Scotland, 
although it has been described previously in 
feral Nebrodi black pigs in Sicily, Italy. 44 
Occasionally the flukes are found to be adults 
in the liver, although the pig is considered 
resistant to the development of liver fluke. 
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FOOT-AND-MOUTH DISEASE 

Contact with the virus in cattle occurs 
most commonly at water courses for feral 
and wild boar. 45 

HEPATITIS E 

Hepatitis E (Hep E) in humans is thought to 
be associated with eating raw pig meat or 
wild boar, particularly liver. Hunting is asso¬ 
ciated with a higher prevalence 46 ' 48 of anti¬ 
bodies in humans. Wild boars in southeastern 
France may be a source of infection for 
humans. 46 

There is a high seroprevalence of antibod¬ 
ies to Hep E in forestry workers (31%) and 
wild boars (14%) in France 49 and in Iberian 
wild boars. 50 The wild boar prevalence is 
related to the geographic location. In Italy, 
there were seropositive wild boar. 51 In 
Germany, the prevalence in wild boars was 
studied using liver samples from wild boar, 
and 14.9% were found to be positive. 52 ' 53 A 
further study in Germany showed a 29.9% 
prevalence, but it varied considerably 
between the regions that were analyzed. All 
the isolates were genotype 3 (3i, 3h, 3f, and 
3e), but the type depended on the hunting 
spot. 54 It was found in all areas and all regions 
but more frequently in rural areas. There 
were three sources of infection: hunting, wild 
boar meat, and fecal contamination. Even in 
Japan there is a risk from wild boars. 55 In 
Spain, 28% of wild boar tested were found to 
be positive 56 and 12% in the Netherlands. 5, It 
was found in Croatia, 58 Czechoslovakia, 59 
and Sweden. 60 Within these overall preva¬ 
lence rates, there is evidence of quite high 
local prevalence rates. 61 The suspicion is that 
wild boar infection may spill over into the 
domestic pig population and then into the 
human population, but there is no proof that 
this happens. 62 Several studies in Germany 
have shown hepatitis E virus (HEV) geno¬ 
type 3 within the wild boar population and 
in domestic pigs. 52 ' 54 ' 96 ' 97 

LEPTOSPIRA SPP. 

In wild boar, antibodies to Leptospira spp. 
and leptospiral cells have been seen, 63 and 
they have been detected in Japan. 64 ' 65 Wild 
boars (15.2%) were found to carry Leptospira 
more commonly than deer, although cases in 
both have increased rapidly in Japan in 
recent years. The supposition is that they 
wallow in the mud to keep cool and can get 
infected under these conditions. The sugges¬ 
tion is that wild boar leptospires may prove 
a hazard to hunters, meat-processing 
workers, and hunting dogs in Japan. A study 
in Swedish wild boar suggested that the 
infection was much less common than in the 
rest of Europe. 66 In Poland, the level of anti¬ 
bodies detected was 25%, in Germany it was 
18%, and in Italy it was 12%. 

LYMPHADENITIS 

In a study of lymphadenitis in wild boar 
in Brazil, (3-hemolytic streptococci (10%), 


Mycobacterium spp. (8.4%), and Rhodococ- 
cus equi (6.6%) were the most common cause 
of lesions. 67 

MYCOBACTERIUM BOVIS 

The risk of infection in wild boar is age 
dependent and correlates with abundance 
and spatial aggregation. 9 In some parts of 
Spain, the wild boar is a maximum risk for 
domestic pigs. 1 In south-central Spain, wild 
boar tuberculosis (TB) may be the main 
driver of bovine TB. Culling of 50% of the 
population of European wild boar (Sus 
scrofa) in south-central Spain showed that 
M. bovis reduced by 21% to 48%. In Portugal, 
in the 2005 to 2006 hunting season, 18/162 
wild boars from 3/8 study areas were positive 
for M. bovis. 6S Detection of M. bovis was 
most consistently associated with variables 
linked to the wild ungulate’s relative abun¬ 
dance; thus, wild boar may be a reservoir for 
M. bovis. 

In New Zealand, the transmission of M. 
bovis to cattle occurs through the reservoir 
of the bush-tailed possum. In those areas 
where control of the possum was carried out, 
the level of M. bovis in the feral pigs was 
reduced. The feral pigs do not seem to pass 
the disease to other pigs. 69 Data from Corsica 
suggest that wild and domestic animals are 
in an epidemiologic bovine tuberculosis 
(bTB) transmission cycle. 11 

Experimental infection of wild boar with 
M. avium subsp. avium has been carried out 
and was similar to the natural disease. 1 The 
lesions in wild boar are frequently in the tho¬ 
racic lymph nodes and lungs, suggesting that 
respiratory infection occurs. In the Iberian 
Peninsula, it may well be that the wild boar 
contribute to the persistence of the infection 
in domestic pigs, depending on the size of 
the local population. 82 M. bovis was first iso¬ 
lated from a feral wild boar in the United 
Kingdom in 2010, 86 although it had been 
isolated from farmed wild boar previously; 
there are now several pockets of wild boar 
in the United Kingdom countryside. 
Many lymph nodes, particularly the man¬ 
dibular, retropharyngeal, and mesenteric, 
were affected. There was a granulomatous 
lymphadenitis with small numbers of acid- 
fast bacteria. Spoligotype 17 was identified 
and is also found in other wildlife in the area. 

The immunopathology of granulomas in 
naturally infected wild boar has been 
described. 87 In wild boar, the pattern of 
infection is contained, not generalized. The 
majority of granulomas did not have any 
acid-fast bacteria, and only a few had multi- 
nucleate giant cells. 

There was a large presence of T cells and 
macrophages exhibiting a high level of inter¬ 
feron gamma (IFN-y) activity at all stages of 
granuloma development. A high level of 
nitric oxide production from macrophages 
was also found. 

The influence of PCV2 on bTB in wild 
boar populations has been studied. 88 In 


Spain, two of the risk factors for TB in wild 
boar include the density of the population 
and the age of the boar. The role of other 
pathogens has not been investigated. The 
presence of bTB in 551 hunted wild boar 
from southwestern Spain was studied. A sta¬ 
tistical relationship was found between the 
prevalence rates of bTB and PCV2. Where 
PCV2 was highest, so was the occurrence of 
bTB. Wild boar with PCV2 were also more 
likely to have generalized lesions. 

In a recent study in the United Kingdom 
of the hotspots for M. bovis infections, it was 
found that infected pigs were found on farms 
where there was poor biosecurity or where 
the animals were raised outdoors. In some 
cases, the strains found in pigs correlated 
better with the strains found in badgers 
rather than in cattle, suggesting that pigs 
could be a sentinel for detecting M. bovis in 
wildlife. 91 

In Spain, the intradermal bovine tubercu¬ 
lin test in wild boar was only approximately 
77.4% effective (24/31). The enzyme-linked 
immunoabsorbent assay (ELISA) has been 
used more recently and may give a better 
result in wild boar. 98 Wild boar can act as 
maintenance hosts, 99 but they are usually 
regarded as a “dead-end” host. 100 A number 
of other species of Mycobacteria other than 
M. bovis and M. avium have been found in 
domestic pigs and wild boar in Brazil. 101 

MYCOPLASMA HYOPNEUMONIAE 

Mycoplasma hyopneumoniae (MH) is 
common in Swiss wild boar, 12 as detected by 
RT-PCR. There was little information on 
enzootic pneumonia (EP) in wild boar until 
the study in Spain in 2010, 102 which showed 
that antibodies were detected in 21% of 428 
serum samples and in 20% of nasal swabs. 
MH was detected by nested polymerase 
chain reaction (nPCR) and in 8% (of 156) of 
lung samples. No gross lesions were seen in 
any of the pigs, but histologic lesions were 
seen in 18 of 63 (29%) of lung samples. The 
conclusion was that the EP lesions were 
likely to be subclinical. 

PARASITES 

Over 30 species of parasites have been found 
in wild boars (in particular, flukes, tape¬ 
worms, and nematodes are included in 
this list). 

PORCINE CIRCOVIRUS TYPE 2 

PCV2 has a variable prevalence in Europe, 
but there is a high prevalence in Spain in 
Iberian wild boar 50 and in Romania. 73,92 ' 94 In 
Germany, only 0.3% of wild boar were posi¬ 
tive compared with 8.7% of domestic pigs. 74 
The wild boar had much lower levels of 
PCV2 load than domestic pigs. 

In a study in Korea, the prevalence of 
PCV2 infection was found to be 4.98% 
(91/1825). 95 The PCV2 ORF2 sequences 
belonged solely to subgroups 1A/B and 1C of 
the PCV2b genotype. 
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PORCINE PARVOVIRUS 

Porcine parvovirus (PPV) is widespread in 
wild boar (14% to 77%) depending on the 
country but does not seem to cause lesions, 
although it may cause problems to wild boar 
sows in their first pregnancy in midgestation. 
The forces that drive the evolution of PPV 
are unknown. However, it appears that in the 
presence of antibodies, the neutral selection 
seems to be more important than adaptive 
evolution. 103 In wild boar populations, phy¬ 
logenetic analysis has revealed that PPV is 
more diverse than in domestic pigs. 104 Thus, 
wild boar populations may have played a 
vital part in the emergence of new PPV 
phenotypes. 

PORCINE REPRODUCTIVE AND 
RESPIRATORY SYNDROME 

In Spain there was a low prevalence of 
porcine reproductive and respiratory syn¬ 
drome (PRRS) in wild boar, 18 whereas in 
Italy 13 and Germany it was quite high, 61 but 
it is probably not a reservoir status. 27 In 
China, high-pathogenicity PRRS may be 
transmitted in hybrid wild boar. 6 

PORCINE SAPELOVIRUS 

Porcine sapelovirus type 1 (PSV1) has 
recently been isolated from a wild boar in 
Japan. It was formerly known as porcine 
enterovirus A. 105 

SALMONELLA SEROTYPES 

Wild boar in northern Italy 75 (1313 boars) 
were examined, and 326 salmonellae were 
isolated (24.8%). Thirty different serovars 
were isolated from three different Salmonella 
enterica spp. 

In a study of wild boars in the Latium 
region of Italy, 10.8% were positive; many 
serovars were, found but S. typhimurium was 
only found in 1.8%. The most important point 
was that most of these salmonellae carried 
resistance genes, particularly to sulfonamides 
(92.5%) sulfonamide-trimethoprim (14.8%), 
colistin (14.8%), and streptomycin (18.5%), 
with the others at much lower levels. 85 

Wild boars may act as healthy carriers of 
a wide range of Salmonella species. 76 In a 
study in Australia of an isolated wild boar 
population, it was found that there were Sal¬ 
monella spp. in 36.3% of fecal samples and 
11.9% of mesenteric lymph nodes." Thirty- 
nine serovars were found (29 in feces and 24 
in the lymph nodes). The transmission is 
from old to young pigs, possibly through the 
water features. 

Wild boar in Spain, northern Italy, Portu¬ 
gal, and Slovenia 84 have also been found to 
be seropositive or have had the organism iso¬ 
lated from wild boar populations. 

SWINE INFLUENZA 

A survey in the United States showed wide 
state-to-state variation, with up to 14.4% 
positive for H3N2 inTexas 106 and with higher 
prevalence levels in the Carolinas. 107 In a 


recent survey, 2% were positive for HI and 
40% for H3. 108 In Germany, 5.2% of pigs had 
antibodies to both H1N1 and H3N2. 119 

TOXOPLASMA 

A case of congenital toxoplasmosis has been 
described in a wild boar from Spain. The 
histopathologic results suggest that the shot 
sow and her three fetuses all had toxoplas¬ 
mosis. Myositis was found in many samples 
and interstitial pneumonia in the fetuses. The 
absence of cysts is consistent with the experi¬ 
mental infection reported in pigs. 80 The para¬ 
site was detected by PCR in nearly all the 
tissues. 

TRICHINELLA 

Trichinella has been found in wild boar in 
Corsica, 78 where the muscle antibody ELISA 
was positive. It necessitates proper veterinary 
controls on wild boar meat and proper 
cooking of meat. 

CONTROL 

Tight biosecurity to separate wild boar from 
domestic pigs is essential to prevent the 
incursion of disease into the domestic pig 
herds. Fencing of water tanks is something 
that is not normally considered, but it should 
be with wild boar. You can raise water tanks 
and thus cattle can drink but wild pigs 
cannot. Similarly, feeding deer with corn also 
attracts feral pigs. 
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Multi-Organ Diseases Due 
to Bacterial Infection 

ANTHRAX 


SYNOPSIS 


Etiology Bacillus anthracis. 

Epidemiology Global occurrence and often 
occurs as outbreaks. Spores survive in soil 
for many years and disease is enzootic in 
certain areas. Pastoral outbreaks associated 
with periods of climatic extremes. 

Outbreaks also associated with infected 
feedstuffs. 

Clinical findings Ruminants and horses— 
acute/peracute disease characterized by 
fever, septicemia, and sudden death. This 
may be accompanied by subcutaneous 
edematous swellings in horses. More 
prolonged disease with cellulitis of the neck 
and throat in swine. 

Clinical pathology Because of risk for 
human exposure hematology and blood 
chemistry are not performed. 

Demonstration of organism in blood or 
subcutaneous fluid. 

Necropsy findings Carcass should not be 
opened if anthrax suspected; the diagnosis 
is made from the examination of aspirated 
carcass blood. Exudation of tarry blood 
from the body orifices of the cadaver, 
failure of the blood to clot, absence of 
rigor mortis and the presence of 
splenomegaly. 

Diagnostic confirmation Identification of 
organism in blood or tissues by polychrome 
methylene blue stain of smear or by 
monoclonal antibody-fluorescent 
conjugates. Culture, Ascoli test, polymerase 
chain reaction (PCR). 

Treatment Antibiotics, antiserum. 

Control Prevention of further spread. 
Vaccination. 


ETIOLOGY 

Bacillus anthracis, a gram-positive, rod¬ 
shaped, aerobic, immobile, capsulated, 
spore-forming bacterium belonging to the 
family Bacillacae is the causative agent of the 
disease. 1 Although the vegetative form of B. 
anthracis is not very robust, the spores persist 
in the environment for decades, easily with¬ 
stand cold temperatures, and even survive in 
dried and salted hides. Sporulation occurs 
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with exposure of the bacillus to free oxygen, 
which is the case when it is shed from 
the host organism into the environment. 
Although ingested spores readily return to 
the vegetative state once the host organism is 
infected, the vegetative form is practically 
not encountered in the environment. Sporu¬ 
lation of B. anthracis requires an environ¬ 
mental temperature range between 12° and 
42° C (53-107° F) and does not occur at tem¬ 
peratures below 9° to 12°C (48-53°F). 2 

EPIDEMIOLOGY 

Occurrence 

Anthrax is a disease known since ancient 
times. It probably originated in sub-Saharan 
Africa and has spread to have a worldwide 
distribution. During the late nineteenth and 
early twentieth centuries, anthrax was the 
infectious disease with the highest case- 
fatality rate in domestic and wild animals. 
For instance, in 1923 an anthrax outbreak in 
South Africa was responsible for the death of 
an estimated 60,000 animals. The develop¬ 
ment of the so-called Sterne vaccine and 
the discovery of antibiotics in the middle of 
the last century provided effective tools to 
control the disease, which has lost its impor¬ 
tance in large parts of the world since then. 
In recent years, anthrax received increased 
attention because it is a potential agent of 
bioterrorism. The reality of this threat 
became apparent after a bioterrorist attack in 
the fall of 2001 in the United States, when 
five letters sent by mail containing small 
amounts anthrax spores contaminated more 
than 30,000 people, killed 5 people, and 
infected 17. 3 

Currently anthrax is a sporadic disease in 
western Europe, North America, and Austra¬ 
lia, although there are regions in these parts 
of the world where the disease remains enzo¬ 
otic. Such areas include specific zones in the 
North-Western Territories and Alberta in 
Canada and in eastern North and South 
Dakota, northwest Minnesota, and south¬ 
west Texas in the United States. 1 Anthrax is 
essentially absent from northern and central 
Europe but remains enzootic in Greece, 
Turkey, Spain, southern Italy, and Albania. 
The disease also persists in certain countries 
of Latin America, such as Bolivia, Peru, and 
Mexico, and is enzootic in Haiti. Endemic 
regions of Asia include the Philippines, 
South Korea, eastern India, the mountainous 
region of western China, and Mongolia. 1 

In tropical and subtropical climates with 
high annual rainfalls, the infection persists in 
the soil, and thus frequent, serious outbreaks 
of anthrax are commonly encountered. In 
some African countries the disease occurs 
every summer and reaches a devastating 
occurrence rate in years with a heavy rainfall. 
Wild fauna—including hippos, cape buffalo, 
and elephants—die in large numbers. 

In temperate, cool climates only sporadic 
outbreaks derive from the soil-borne infec¬ 
tion. Accidental ingestion of contaminated 


bone meal or pasture contaminated by 
tannery effluent are more common sources. 
In this circumstance outbreaks are few, and 
the number of animals affected is small. 

Source of the Infection 

Infection can occur directly from the soil or 
from fodder grown on infected soil, from 
contaminated bone meal or protein concen¬ 
trates, or from infected excreta, blood, or 
other discharges from infected animals. The 
initial source is often from old anthrax graves 
where the soil has been disturbed. 

Spread of the organism within an area 
may be accomplished by streams, insects, 
dogs, feral pigs, and other carnivores, and by 
fecal contamination from infected animals 
and birds. Avian scavengers such as gulls, 
vultures, and ravens can carry spores over 
considerable distances, and the feces of 
carrion-eating birds can contaminate water- 
holes. Infected wildlife is also a source for 
domestic animals on common grazing land. 
Water can be contaminated by the effluent 
from tanneries, from infected carcasses, and 
by flooding and the deposition of anthrax- 
infected soil. 

Introduction of infection into a new area 
is usually through contaminated animal 
products, such as bone meal, fertilizers, hides, 
hair, and wool, or by contaminated concen¬ 
trates or forage. This form of transmission 
presents a particular danger because it can 
cause clinical disease silently anywhere, even 
where anthrax is unknown, and at any time of 
the year. 1 In recent years as many as 50% of 
consignments of bone meal imported into the 
United Kingdom have been shown to be con¬ 
taminated with the anthrax bacillus. Out¬ 
breaks in pigs can usually be traced to the 
ingestion of infected bone meal or carcasses. 

Transmission of the Infection 

Infection gains entrance to the body by 
ingestion, inhalation, or through the skin. 
Although the exact mode of infection is often 
in doubt, it is generally considered that most 
animals are infected by the ingestion of con¬ 
taminated food or water. Microwounds of 
the mucous membrane of the digestive are 
thought to serve as portal of entry for B. 
anthracis. The increased incidence of the 
disease on sparse pasture is thought to be 
attributable to both the ingestion of contami¬ 
nated soil and to injury to the oral mucosa 
facilitating invasion by the organism. 

Inhalation infection is thought to be of 
minor importance in animals, although the 
possibility of infection through contami¬ 
nated dust must always be considered. 2 It has 
been proposed that inhalation of spores can 
lead to some sort of chronic carriage, with 
onset of disease any time after inhalation. 2 
“Woolsorters disease” in humans is a result 
of the inhalation of anthrax spores by 
workers in the wool and hair industries, but 
even in these industries cutaneous anthrax is 
much more common. 
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Biting flies, mosquitoes, ticks, and other 
insects have often been found to harbor 
anthrax organisms, and the ability of some to 
transmit the infection has been demon¬ 
strated experimentally. However, there is 
little evidence that they are important in the 
spread of naturally occurring disease, with 
the exception of tabanid flies. The transmis¬ 
sion is mechanical only, and a local inflam¬ 
matory reaction is evident at the site of the 
bite. The tendency, in infected districts, for 
the heaviest incidence to occur in the late 
summer and autumn may be a result of the 
increase in the fly population at that time, 
but an effect of higher temperature on veg¬ 
etative proliferation of B. anthracis in the soil 
is more likely. 

An outbreak of anthrax has been recorded 
following the injection of infected blood for 
the purpose of immunization against ana- 
plasmosis. There have been a number of 
reports of the occurrence of anthrax after 
vaccination, probably as a result of inade¬ 
quately attenuated spores. Wound infection 
with B. anthracis occurs occasionally. 

Risk Factors 
Host Risk Factors 

The disease occurs in all vertebrates but is 
most common in cattle and sheep and less 
frequent in goats and horses. Humans 
occupy an intermediate position between 
this group and the relatively resistant pigs, 
dogs, and cats. In farm animals, the disease 
is almost invariably fatal, except in pigs, 
and even in this species the case-fatality rate 
is high. 

Algerian sheep are reported to be resis¬ 
tant and, within all species, certain individu¬ 
als seem to possess sufficient immunity to 
resist natural exposure. Whether or not this 
immunity has a genetic basis has not been 
determined. The most interesting example of 
natural resistance is the dwarf pig, in which 
it is impossible to establish the disease. 
Spores remain in tissues ungerminated, and 
there is complete clearance from all organs 
by 48 hours. The ability to prevent spore ger¬ 
mination appears to be inherited in this 
species. 

Pathogen Risk Factors 

Pathogenic strains of B. anthracis possess 
two important virulence factors: the capsule 
and the toxin complex, consisting of three 
proteins known as protective antigen (PA), 
lethal factor (LF), and edema factor (EF). 
These virulence factors are encoded in two 
plasmids, pXOl (encoding PA, LF and EF) 
and pX02 (encoding the capsule). Both plas¬ 
mids are required for full virulence. 

The ability of the bacillus to establish 
itself in the tissues of the host was found to 
be inherently dependent on the possession 
of a capsule. Variants of B. anthracis having 
lost the capsule were also found to have lost 
their virulence. 4 Although the presence of 
this polypeptide capsule was found to be an 


important factor allowing the bacterium to 
multiply within the host, its precise mecha¬ 
nism of action is not entirely understood. 2 
It was long held that its primary function 
was to discourage the phagocytic activity of 
lymphocytes and to neutralize anthracidal 
substances normally present in tissue, but 
this is not supported by results of more 
recent in vitro studies. 2 In any case, the 
capsule appears to facilitate the evasion of 
the bacillus from the host’s immune system, 
possibly also by protecting surface antigens 
of the bacterium from exposure to 
antibodies. 

As noted, the anthrax toxin complex 

consists of three synergistically acting pro¬ 
teins: PA, LF, and edema factor (EF). 
Whereas independently each of these pro¬ 
teins is innocuous, the combination of them 
provokes death in infected animals. PA 
appears to be important for the binding to 
specific target cells and the introduction of 
LF and EF into these target cells. EF is an 
adenylate cyclase that triggers the abnormal 
production of cyclic-AMP, causing altered 
ion and water movement and thereby result¬ 
ing in the edema formation that is character¬ 
istic of anthrax. 2 Alteration of the c-AMP 
signaling pathways was shown to disturb 
activation of immune cells. LF is a zinc- 
dependent protease that disrupts regulatory 
pathways in eukaryotic cells associated 
with phosphorylation. The mechanism 
through which this disruption leads to the 
known effects of LF remains to be fully 
determined. 

Environment Risk Factors 

Outbreaks originating from a soil-borne 
infection always occur after a major climate 
change, for example, heavy rain after a pro¬ 
longed drought or dry summer months after 
prolonged rain, and always in warm weather 
when the environmental temperature is over 
15° C (60°F). Sporulation of the vegetative 
state of B. anthracis shed into the environ¬ 
ment rapidly occurs with environmental 
temperatures above 12°C (53°F), and thus 
vegetative bacilli are practically not found in 
the environment. 5 It has been proposed that 
spores may collect and concentrate in 
so-called storage areas. Spores have a high 
surface hydrophobicity, giving them a ten¬ 
dency to clump, become concentrated, and 
remain suspended in standing water, with f 
urther concentration on the soil surface as 
the water evaporates. This relationship to 
climate has made it possible to predict 
“anthrax years.” 

Other risk factors in the environment 
include close grazing of tough, scratchy feed 
in dry times, which results in abrasions of the 
oral mucosa, and confined grazing on heavily 
contaminated areas around water holes. 
Some genotypes appear to persist better in 
calcium-rich soils and organic soils, and 
poorly drained soils have risk in endemic 
areas. 


Economic Importance 

In most developed countries, vaccination of 
susceptible animals in enzootic areas has 
reduced the prevalence of the disease to neg¬ 
ligible proportions on a national basis, but 
heavy losses may still occur in individual 
herds. Loss occurs as a result of mortality but 
also from withholding of milk in infected 
dairy herds and for a period following 
vaccination. 

Zoonotic Potential 

Anthrax has been an important cause of fatal 
human illness in most parts of the world, but 
in developed countries it is no longer a sig¬ 
nificant cause of human or livestock wastage 
because of appropriate control measures. 
However, it still holds an important position 
because of its potential as a zoonosis, and it 
is still an important zoonosis in developing 
countries. It is a major concern as an agent 
of bioterrorism and is listed as a category A 
agent by the U.S. Centers for Disease Control 
and Prevention. 

An account of an outbreak in a piggery 
in the United Kingdom should be compul¬ 
sory reading for veterinary students as an 
example of the responsibilities of veterinari¬ 
ans in a modern public-health-conscious 
and litigation-minded community. 6,7 In 
developing countries, anthrax can still be a 
major cause of livestock losses and a serious 
cause of mortality among humans who eat 
meat from infected animals and develop the 
alimentary form of this disease, or those who 
handle infected carcasses. 

Cutaneous anthrax has occurred in vet¬ 
erinarians following postmortem examina¬ 
tion of anthrax carcasses. The areas at 
particular risk for infection are the forearm 
above the glove line and the neck. Infection 
begins as a pruritic papule or vesicle that 
enlarges and erodes in 1 to 2 days, leaving a 
necrotic ulcer with subsequent formation of 
a central black eschar. 

PATHOGENESIS 

Upon ingestion of the spores, infection may 
occur through defects or microwounds of 
the mucosa of the digestive tract. Alterna¬ 
tively, infection can occur through skin abra¬ 
sions or skin lesions (e.g., from biting flies) 
or inhalation of spores. 

From the site of entry spores are trans¬ 
ported by macrophages to the regional 
lymph nodes, where they can enter the 
bloodstream and spread throughout the rest 
of the organism; septicemia, with massive 
invasion of all body tissues, follows. 

The severity of the clinical signs depends 
on the infectious dose, the quality of the 
bacillary capsule, the amount of toxin pro¬ 
duced, and the susceptibility of the host 
species. The previously mentioned toxin 
complex produced by B. anthracis causes 
edema and tissue damage, acute renal 
failure, terminal anoxia, and death resulting 
from shock. The characteristic terminal 





hemorrhage to the exterior from orifices of 
the animal at death is caused by the action 
of the toxin on the endothelial cell lining of 
blood vessels, resulting in breakdown and 
bleeding. 2 

In pigs, localization occurs in the lymph 
nodes of the throat after invasion through 
the upper part of the digestive tract. Local 
lesions usually eventually lead to a fatal 
septicemia. 

CLINICAL FINDINGS 

The incubation period after field infection 
is not easy to determine but is probably 1 to 
2 weeks. 

Cattle and Sheep 

The disease occurs in a peracute and acute 
form in cattle and sheep. 

The peracute form of the disease is most 
common at the beginning of an outbreak. 
The animals are usually found dead without 
premonitory signs, the course being proba¬ 
bly only 1 to 2 hours, but fever, muscle 
tremor, dyspnea, and congestion of the 
mucosae may be observed. The animal soon 
collapses, and it dies after terminal convul¬ 
sions. After death, discharges of blood from 
the nostrils, mouth, anus, and vulva can 
occur. 

The acute form runs a course of about 
48 hours. Severe depression and listlessness 
are usually observed first, although they are 
sometimes preceded by a short period of 
excitement. The body temperature is high, 
up to 42°C (107°F), the respiration rapid 
and deep, the mucosae congested and hem¬ 
orrhagic, and the heart rate much increased. 
No food is taken, and ruminal stasis is 
evident. Pregnant cows may abort. In 
milking cows, the yield is very much 
reduced, and the milk may be bloodstained 
or deep yellow in color. Alimentary tract 
involvement is usual and is characterized by 
diarrhea and dysentery. Local edema of the 
tongue and edematous lesions in the region 
of the throat, sternum, perineum, and flanks 
may occur. 

Pigs 

In pigs, anthrax may be acute or subacute. 
There is fever, with dullness and anorexia, 
and a characteristic inflammatory edema of 
the throat and face. The swellings are hot but 
not painful and may cause obstruction to 
swallowing and respiration. Bloodstained 
froth may be present at the mouth when pha¬ 
ryngeal involvement occurs. Petechial hem¬ 
orrhages are present in the skin, and when 
localization occurs in the intestinal wall, 
there is dysentery, often without edema of 
the throat. A pulmonary form of the disease 
has been observed in baby pigs that inhaled 
infected dust. Lobar pneumonia and exuda¬ 
tive pleurisy were characteristic. Death 
usually occurs after a course of 12 to 36 
hours, although individual cases may linger 
for several days. 
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Horses 

Anthrax in the horse is always acute but 
varies in its manifestations with the mode of 
infection. When infection is by ingestion, 
there is septicemia with enteritis and colic. 
When infection is by insect transmission, 
hot, painful, edematous, subcutaneous swell¬ 
ings appear about the throat, lower neck, 
floor of the thorax and abdomen, prepuce, 
and mammary gland. There is high fever and 
severe depression, and there may be dyspnea 
as a result of swelling of the throat or colic as 
a result of intestinal irritation. The course is 
usually 48 to 96 hours. 

CLINICAL PATHOLOGY 

Hematology and blood chemistry examina¬ 
tions are not conducted because of the risk 
for human exposure. In the living animal the 
organism may be detected in a stained smear 
of peripheral blood. The reference standard 
for diagnosis is the detection, by micro¬ 
scopic examination, of a clearly defined 
metachromatic capsule on square-ended 
bacilli (often in chains) in a blood smear 
stained with polychrome methylene blue. 
The blood should be carefully collected in a 
syringe to avoid contamination of the envi¬ 
ronment. When local edema is evident, 
smears may be made from aspirated edema 
fluid or from lymph nodes that drain that 
area. For a more certain diagnosis, especially 
in the early stages when bacilli may not 
be present in the bloodstream in great 
numbers, blood culture or the injection of 
syringe-collected blood into guinea pigs is 
satisfactory. 

Fluorescent antibody techniques are 
available for use on blood smears and tissue 
sections. Monoclonal antibodies are also 
used to provide specific identification of 
anthrax organisms. 

The Ascoli test can be used to demon¬ 
strate antigen in severely decayed tissue 
samples, and a nested PCR technique has 
been used to demonstrate antigen in envi¬ 
ronmental samples; PCR methods can also 
be used to confirm the identity of bacterial 
isolates. If other detection methods fail, 
experimental animal inoculation can be 
attempted. 

As the carcass decomposes and the veg¬ 
etative forms of B. anthracis die, diagnosis by 
smear is more difficult; an immunochro- 
matographic test for antigen has been devel¬ 
oped that has high specificity and does not 
give positive results in recently vaccinated 
cattle. In cases where antibiotic therapy has 
been used, the identification from blood 
smears or culture may be difficult, and 
animal passage may be necessary. 

Because antibodies develop in the late 
stage of disease serology will be of use only 
for retrospectives studies and only in species 
with low susceptibility to B. anthracis, such 
as pigs. In these cases acute and reconvales¬ 
cent sera can be assayed for their antibody 
titer by means of an ELISA. 


Shipping infectious material presents 
risk for spread of the pathogen and human 
exposure. Before planning to ship infectious 
material to a diagnostic laboratory, local 
authorities and the diagnostic laboratory 
should be consulted. The reader is further¬ 
more referred to the guidelines of the World 
Health Organization (WHO) for the trans¬ 
port of infectious substances. 8 

NECROPSY FINDINGS 

There is a striking absence of rigor mortis, 
and the carcass undergoes gaseous decom¬ 
position, quickly assuming the characteristic 
“sawhorse” posture. All natural orifices 
usually exude dark, tarry blood that does not 
clot. If there is a good reason to suspect the 
existence of anthrax, the carcass should not 
be opened. If a necropsy is carried out, the 
failure of the blood to clot, widespread 
ecchymoses, bloodstained serous fluid in the 
body cavities, severe enteritis, and spleno¬ 
megaly are strong indications of the presence 
of anthrax. The enlarged spleen is soft, with 
a consistency likened to blackberryjam. Sub¬ 
cutaneous swellings containing gelatinous 
material and enlargement of the local lymph 
nodes are features of the disease in horses 
and pigs. Lesions are most frequently seen in 
the soft tissues of the neck and pharynx in 
these species. 

To confirm the diagnosis on an unopened 
carcass, peripheral blood or local edema 
fluid should be collected by needle puncture. 
Because the blood clots poorly, jugular veni¬ 
puncture may permit sample collection. 
Smears prepared from these fluids should be 
stained with polychrome methylene blue and 
examined. These fluid samples can also be 
used for bacteriologic culture if smear results 
are equivocal. The smears should be pre¬ 
pared and interpreted by an experienced and 
qualified microbiologist. 

If decomposition of a carcass is advanced, 
a small quantity of blood may be collected 
from the fresh surface of an amputated tail 
or ear. A portion of spleen is the specimen of 
choice for bacteriologic culture if the carcass 
has been opened. 

Anthrax is a reportable disease in many 
countries, requiring the involvement of 
government regulatory agencies when the 
disease is suspected or when the diagnosis is 
confirmed. Representatives of these agencies 
can often facilitate sample collection and 
transportation to an appropriate laboratory. 
If anthrax is suspected, then shipping diag¬ 
nostic samples via the mail or courier 
systems is strongly discouraged (see previ¬ 
ous discussion). 8 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—unopened carcass: blood 
or edema fluid in sealed, leakproof 
container; opened carcass: previously 
described samples plus spleen (local 
lymph nodes in horses, pigs) in sealed, 
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leakproof containers (direct smear, 
culture, bioassay) 

• Histology—formalin-fixed spleen/local 
lymph nodes if carcass has been opened 
(light microscopy) 

Note the zoonotic potential of this organ¬ 
ism when handling the carcass and submit¬ 
ting specimens. 


DIFFERENTIAL DIAGNOSIS 


There are many causes of sudden death in 
farm animals, and differentiation is often 
difficult. Diseases where there can be multiple 
deaths suggestive of anthrax include the 
following: 

• Lightning strike 

• Peracute blackleg 

• Malignant edema 

• Bacillary hemoglobinuria 

• Hypomagnesemic tetany 


TREATMENT 

Severely ill animals are unlikely to recover, 
but in the early stages, particularly when 
fever is detected before other signs are 
evident, recovery can be anticipated if the 
correct treatment is provided. Penicillin 
(20,000 IU/kg BW twice daily) has had con¬ 
siderable vogue, but concerns have been 
raised in recent years because of the occa¬ 
sional appearance of p-lactamase-producing 
strains that were thus resistant to penicillin. 
The range of occurrence rates of penicillin- 
resistant strains reported in the literature is 
broad, ranging from 0% to 11.5%. 2 Reports 
of naturally occurring resistance to penicil¬ 
lin among fresh animal isolates are exceed¬ 
ingly rare. 2 Penicillin has remained the 
recommended antibiotic in both animals 
and humans, at least in developing coun¬ 
tries, where it is affordable and available 
almost everywhere. Because of the suscepti¬ 
bility of B. anthracis to a broad range of 
antimicrobials, a wide range of alternative 
choices exists among them tetracyclines, 
aminoglycosides, macrolides, and chino- 
lones. It is desirable to prolong treatment to 
at least 5 days to avoid a recrudescence of 
the disease. 

Antibiotics are effective against B. anthra¬ 
cis, but there are currently no effective 
therapeutic options against toxemia, which 
persists even after antimicrobial therapy may 
have eliminated the bacteria. 1 

The treatment of anthrax in livestock is 
legally prohibited in certain countries. In 
those countries the destruction of animals 
with clinical signs of anthrax without spill¬ 
ing of blood is required. Some countries 
even require the slaughter of the entire 
herd following a case of anthrax, a proce¬ 
dure that is considered unnecessary and 
wasteful. 2 


TREATMENT AND CONTROL 


Treatment 

Penicillin G sodium/potassium (20,000 IU/kg 
IV every 12h at least as loading dose IV) 
(R-2) 

Procaine penicillin (22,000 IU/kg IM every 12h 
or 44,000 IU kg IM q24h) (R-2) 

Oxytetracycline (10 mg/kg IV or IM every 24h) 
(R-2) 

Anthrax hyperimmune serum (R-2) 

Control 

Anthrax vaccine (R-1) 

Anthrax hyperimmune serum to animals at 
risk (R-2) 

Procaine penicillin (44,000 IU/kg every 24h to 
animals at risk) (R-2)* 

Oxytetracycline (long-acting formulation 

20 mg/kg every 72h to animals at risk) (R-2)* 

*Antibiotics administered within 7 to 10 days of 

vaccination with anthrax vaccine will impair 

efficacy of vaccine. 2 


CONTROL 

The control of meat- and milk-producing 
animals in infected herds in such a way as to 
avoid any risk to the human population is a 
special aspect of the control of anthrax. 
When an outbreak occurs, the placing of 
the farm in quarantine, the destruction 
of discharges and cadavers, and the vaccina¬ 
tion of survivors are part of the animal 
disease control program and indirectly 
reduce human exposure. Prohibition of 
movement of milk and meat from the farm 
during the quarantine period should prevent 
entry of the infection into the human food 
chain. 

Disposal of infected material is most 
important, and hygiene is the biggest single 
factor in the prevention of spread of the 
disease. Infected carcasses should not be 
opened but immediately burned in situ 
together with manure, bedding, and soil con¬ 
taminated by discharges. Deep burial, with 
an ample supply of quicklime, may also be 
used but is less desirable because it bears the 
risk of groundwater contamination. If the 
carcass and infectious material cannot be 
disposed of immediately, a liberal application 
of 5% formaldehyde on the carcass and its 
immediate surroundings will discourage 
scavengers. 

All suspected cases and in-contact 
animals must be segregated until cases cease, 
and for 2 weeks thereafter the affected farm 
must be kept in quarantine to prevent the 
movement of livestock. The administration 
of hyperimmune serum to in-contact 
animals may prevent further losses during 
the quarantine period, but prophylactic 
administration of a single dose of long- 
acting tetracycline or penicillin is a much 
commoner tactic. Because currently used 
anthrax vaccines contain live attenuated 


bacteria, they should not be used in combi¬ 
nation with antimicrobial therapy. 

Disinfection of premises, hides, bone 
meal, fertilizer, wool, and hair requires 
special care. When disinfection can be 
carried out immediately, before spore forma¬ 
tion can occur, ordinary disinfectants or heat 
(60° C [140°F]) for a few minutes) are suffi¬ 
cient to kill vegetative forms. This is satisfac¬ 
tory when the necropsy room or abattoir 
floor is contaminated. When spore formation 
must be expected to have begun (i.e., within 
a few hours of exposure to the air), disinfec¬ 
tion is almost impossible by ordinary means. 
Strong disinfectants such as 5% Lysol require 
being in contact with spores for at least 2 
days. Strong solutions of formalin or sodium 
hydroxide (5% to 10%) are probably most 
effective. Peracetic acid (3% solution) is an 
effective sporicide; if applied to the soil in 
appropriate amounts (8 L/m 2 ), it is an effec¬ 
tive sterilant. Infected clothing should be 
sterilized by soaking in 10% formaldehyde. 
Shoes may present a difficulty, and steriliza¬ 
tion is most efficiently achieved by placing 
them in a plastic bag and introducing ethyl¬ 
ene oxide. Contaminated materials should be 
damp and left in contact with the gas for 18 
hours. Hides, wool, and mohair are sterilized 
commercially by gamma-irradiation, usually 
from a radioactive cobalt source. Special care 
must be taken to avoid human contact with 
infected material; if such contact does occur, 
the contaminated skin must be thoroughly 
disinfected. The source of the infection must 
be traced and steps taken to prevent further 
spread of the disease. Control of the disease 
in a feral animal population presents major 
problems. 

Immunization 

Immunization of animals as a control 
measure is extensively used. Veterinary 
anthrax vaccines contain spores from attenu¬ 
ated strains of B. anthracis and are classified 
into two categories: 

• Live attenuated vaccines, capsulated 
and nontoxigenic (cap +/tox—). Strains 
used in these vaccines are devoid of the 
plasmid pXOl that encodes the toxin 
complex of B. anthracis (e.g., Pasteur 
vaccine). 

• Live attenuated vaccines, 
noncapsulated and toxigenic (cap—/tox 

+). Strains in these vaccines lost the 
plasmid pX02 encoding the capsule 
antigen (e.g., Sterne vaccine). 

The sporulation character of both vaccine 
classes has the advantage of keeping the live 
vaccine viable over long periods. The Pasteur 
vaccines have the disadvantage that the 
various animal species show varying suscep¬ 
tibility to the vaccines, and anthrax may 
result from vaccination in some cases. This 
has been largely overcome by preparing vac¬ 
cines of differing degrees of virulence for use 
in different species and in varying circum¬ 
stances. Another method of overcoming the 
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virulence is the use of saponin or saturated 
saline solution in the vehicle to delay 
absorption. This is the basis of the carbozoo 
vaccine. 

The Sterne vaccine has overcome the risk 
of causing anthrax by vaccination and pro¬ 
duces a strong immunity. It is the vaccine 
used in most countries. Although only one 
dose was originally thought to be necessary, 
with cases ceasing about 8 days after vaccina¬ 
tion, it now appears that two vaccinations are 
necessary in some situations. 

Currently only a few countries use Pasteur 
vaccines, whereas the Sterne vaccine is 
widely used because it is characterized by its 
elevated protective capacity and very low 
residual residence. 1 

A febrile reaction does occur after 
vaccination; the milk yield of dairy cows will 
be depressed, and pregnant sows will prob¬ 
ably abort. 

When the disease occurs for the first time 
in a previously clean area, all in-contact 
animals should either be treated with hyper¬ 
immune serum or be vaccinated. The mea¬ 
sures used to control outbreaks, and the 
choice of a vaccine depend largely on local 
legislation and experience. Ring vaccination 
has been used to contain outbreaks of the 
disease, and in enzootic areas annual revac¬ 
cination of all stock is necessary. Surface 
contamination of a pasture (as opposed to 
deep soil contamination) can persist for 3 
years, and cattle grazing these pastures 
should be revaccinated annually for this 
period. In endemic areas cattle are routinely 
vaccinated yearly. 

Milk from vaccinated cows is usually dis¬ 
carded for 72 hours after the injection in case 
the organisms in the vaccine should be 
excreted in the milk. Ordinarily the organ¬ 
isms of the Sterne vaccine do not appear in 
the milk and cannot be isolated from the 
blood for 10 and 7 days, respectively, after 
vaccination. Vaccinated animals are usually 
withheld from slaughter for 45 days. 

Deaths as a result of anthrax have 
occurred in 3-month-old llamas after vacci¬ 
nation with a Stern vaccine and may occur 
in goats. Older crias and adults were unaf¬ 
fected. It was assumed that the dose of 
vaccine was excessive for such young animals. 
In these species two vaccinations 1 month 
apart with the first dose one-quarter of the 
standard dose can be used. 1 

FURTHER READING 
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BOVINE TUBERCULOSIS 


SYNOPSIS 


Etiology Mycobacterium bovis and, to a 
lesser extent, Mycobacterium caprae. 

Epidemiology All age groups and species are 
susceptible, but infection is predominantly 
in cattle and pigs. Infected cattle are the 
main source of infection, but wildlife 
reservoirs are important in some regions 
and preclude the eradication of bovine 
tuberculosis in some countries. Inhalation is 
the major method of transmission between 
cattle. Pigs get primarily infected orally. 
Zoonosis, with most common route of 
infection through consumption of 
unpasteurized dairy products; other routes 
of infection include inhalation and direct 
contact. 

Clinical findings Progressive emaciation, 
capricious appetite, and fluctuating 
temperature with signs referable to 
localization, such as respiratory disease, 
pharyngeal obstruction, reproductive 
disorder, and mastitis. In pigs, the disease is 
subclinical, but tuberculous lesions in 
cervical lymph nodes. 

Clinical pathology Tuberculin testing. Single 
intradermal test is the official test in most 
countries, with the single intradermal 
comparative test for cattle suspected as 
false-positive reactors; interferon-gamma 
testing. 

Necropsy findings Tuberculous granulomas 
may be found in any of the lymph nodes, 
or there may be generalized tuberculosis. 

Diagnostic confirmation Culture of 
organism or identification by polymerase 
chain reaction (PCR) or other molecular 
techniques. 

Control Test and slaughter. Most countries 
have official eradication programs. 


ETIOLOGY 

Bovine tuberculosis is defined as infection of 
any bovide with disease causing mycobacte¬ 
rial species within the Mycobacterium 
tuberculosis complex (MTC ). 1 The MTC 
comprises a range of mycobacterial species, 
including Mycobacterium tuberculosis, M. 
bovis, M. africanum, M. microti, M. canettii, 
M. pinnipedii and M. caprae, but the most 
common etiologic agents of bovine tubercu¬ 
losis are M. bovis and to a lesser extent to M. 
caprae. M. caprae was previously considered 


to be a subspecies of M. bovis but is now 
recognized as genetically distinct species 
within the MTC. 2 

Mycobacteria are acid-fast gram-positive 
bacteria of the family Mycobacteriaceae. 
These organisms can survive for months 
outside the animal host, particularly in a 
cold, dark, and moist environment. At tem¬ 
peratures between 12° and 24°C (54-75°F), 
survival times between 18 and 332 days have 
been reported. 2 

M. bovis is the mycobacterial species 
most commonly associated with tuberculosis 
in cattle. A wide range of species, including 
humans, are susceptible to M. bovis infec¬ 
tion, but only cattle and in certain geographic 
regions some wildlife species function as 
maintenance hosts for M. bovis. Cattle, goats, 
and pigs are most susceptible to infection, 
whereas sheep and horses show a high 
natural resistance. M. caprae, formerly des¬ 
ignated as M. tuberculosis subsp. caprae and 
later as M. bovis subsp. caprae, was initially 
only recognized as the main etiologic agent 
of caprine tuberculosis, but is currently also 
recognized as a common etiologic agent of 
tuberculosis in cattle, domesticated pigs, 
wild boar, wild and farmed red deer, and 
camelids in many Central and western Euro¬ 
pean countries. 3 

EPIDEMIOLOGY 

Occurrence 

During the first part of the twentieth century, 
bTB was widespread and present in most 
parts of the world, with herd prevalence rates 
of up to 63% and animal prevalence rates in 
the range of 20% to 45%. With the introduc¬ 
tion of rigorous bTB control programs in 
many developed countries during the second 
half of the twentieth century, the occurrence 
of bTB in the cattle population of these coun¬ 
tries decreased dramatically, and many 
countries were able to virtually eradicate the 
disease and are now classified as officially 
bTB free (OTF). bTB is a disease notifiable 
to the World Organization of Animal Health 
(OIE) and is included in the so called OIE 
List A, comprising “transmissible diseases 
that are considered to be of socioeconomic 
and/or public health importance within 
countries and that are significant in the inter¬ 
national trade of animals and animal prod¬ 
ucts.” 2 Clinical tuberculosis in animals is 
now a rarity in countries with eradication 
programs in place; occasional smaller out¬ 
breaks affecting one or few herds, however, 
occur regularly even in countries recognized 
as OTF. The presence of the disease is 
usually signaled by detection in carcasses at 
abattoirs. 

Within the European Union, where all 
member states have TB eradication pro¬ 
grams in place, the herd prevalence of bTB 
has been relatively stable in recent years, with 
rates between 0.37% and 0.67% from 2007 to 
2012. 4 Thirteen member states of the Euro¬ 
pean Union, including France, Germany, 
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Belgium, Poland, and Sweden, in addition to 
Norway and Switzerland, have the status of 
OTF, nonofficially free member states are, 
among others, the United Kingdom (Great 
Britain and Ireland), Italy, Greece, Spain, and 
Portugal. 4 A slight increase in the herd prev¬ 
alence in nonofficially TB-free member 
states from 0.46% to 1.26% was recorded 
between 2007 and 2012. 4 The highest herd 
prevalence rates in 2012 were reported from 
Great Britain (10.40%), Ireland (4.37%), 
Spain (1.18%), and Greece (0.41%). 4 Herd 
outbreaks of M. bovis infection were recorded 
in several OTF member states in 2012, 
including France (169 herds), Germany (23 
herds), Poland (7 herds), the Netherlands (2 
herds), and Belgium and Slovenia (1 herd 
each). Three herds infected with M. caprae 
were identified in Austria. 4 With the national 
herd prevalence remaining below 0.1%, the 
OTF status of affected countries is not 
suspended. 

In the United States, all states with excep¬ 
tion of Michigan and California only have 
cattle herds certified as officially free of bTB. 
M. bovis infection of white-tailed deer, which 
is a maintenance host, remains a significant 
barrier to the U.S. bTB eradication program. 
M. bovis is still endemic in the white-tailed 
deer population in northeastern Michigan 
and northern Minnesota, presenting a 
potential source of infection for the local 
cattle population in that region. The number 
of confirmed cases of TB in Michigan live¬ 
stock could, however, be reduced to single¬ 
digit figures since 2005. 5 

Australia obtained OTF status in 1997 
after nearly 30 years of sustained bTB eradi¬ 
cation. In New Zealand, where the eradica¬ 
tion is complicated by the presence of the 
possum, also functioning as maintenance 
host for M. bovis, the implemented eradica¬ 
tion program was highly successful in reduc¬ 
ing the number of infected herds from 1700 
in the mid-1990s to 66 in 2012. 3 

Source of Infection 
Cattle 

Infected cattle are the main source of infec¬ 
tion for other cattle. Organisms are excreted 
as aerosol in exhaled air and in sputum, feces 
(from both intestinal lesions and swallowed 
sputum from pulmonary lesions), milk, 
urine, vaginal and uterine discharges, and 
discharges from open peripheral lymph 
nodes. Animals with gross lesions that com¬ 
municate with airways, skin, or intestinal 
lumen are obvious disseminators of infec¬ 
tion. Cattle in the early stages of the disease, 
before any lesions are visible, may also 
excrete viable mycobacteria in nasal and tra¬ 
cheal mucus. In experimentally infected 
cattle, excretion of the organism commences 
about 90 days after infection. 

Wildlife Reservoirs 

A large number of wildlife and feral species 
can be naturally infected with M. bovis or M. 


caprae. Although most wildlife and feral 
animals are unimportant as sources for 
infection to cattle, in some areas of the world 
certain species function as significant main¬ 
tenance hosts and reservoirs for infection in 
cattle. These reservoirs escape traditional test 
and slaughter control programs and result in 
regions where the disease remains endemic 
in cattle herds. 

• In areas of southwestern England and 
the Republic of Ireland, infected 
badgers ( Meles meles) are significant 
in the epidemiology of the disease 

in cattle, and infection of cattle is 
thought to be from badger urine 
contamination of pastures. Badgers 
have also been found to make nocturnal 
visits to farm buildings and cattle 
troughs to feed, during which they 
defecate and urinate directly onto the 
cattle feed. 

• In New Zealand infection occurs in the 
brush-tail possum ( Trichosurus 
vulpecula) and produces lesions in 
peripheral lymph nodes with 
discharging sinuses. Much of New 
Zealand’s residual problem with bTB is 
in cattle running on the pasture-bush 
margin, where there is ample 
opportunity for cattle-possum contact. 
Infection of cattle is thought to occur 
when curious cattle sniff moribund 
possums. 

• Mule deer ( Odocoileus hemionus), 
white-tailed deer (O. virginianus), elk 
(Cervus elaphus canadensis), and bison 

( Bison bison ) in North America and red 
deer in Great Britain and Ireland can all 
act as maintenance hosts and in some 
regions spread infection to cattle 
through comingling or sharing of 
winter feed, resulting in foci of herd 
infections. 

• Buffaloes ( Syncerus caffer ) in South 
Africa and water buffaloes ( Bulbalis 
bulbalis) in the Northern Territory of 
Australia can also act as maintenance 
hosts. 

• High infection rates approaching 50% 
have been reported in the wild boar 
{Sus scrofa ) population of the Iberian 
Peninsula, where this species is 
regarded as maintenance host for M. 
bovis. 6 In northwestern Italy, wild boar 
are considered as spillover hosts that are 
unable to maintain infection without 
continued introduction from other 
species. 7 

Methods of Transmission 

In most cases infection occurs through inha¬ 
lation or ingestion and, to a lesser degree, 
contact through penetration of the agent 
through breaks in the skin. Inhalation is the 
almost invariable portal of entry in housed 
cattle, and even in those at pasture it is 
considered to be the principal mode of 
transmission. 


Ingestion 

Infection by ingestion is possible at pasture 
when feces contaminate the feed and com¬ 
munal drinking water and feed troughs, but 
a large infective dose is required. Under 
natural conditions, stagnant drinking water 
containing the pathogen may cause infection 
up to 18 days after its last use by a tubercu¬ 
lous animal, whereas a running stream does 
not represent an important source of infec¬ 
tion to cattle in downstream fields. 

The survival of the organism in the 
environment is influenced by temperature, 
moisture, exposure to the desiccating 
effect of sunlight, and ultraviolet light. The 
organism can survive for long periods in 
feces and soil, but most studies show that 
survival on pasture is measured in weeks 
rather than months and that environmental 
contamination of pasture is not of major 
importance in the epidemiology of the 
disease in cattle. 

Other Routes 

The drinking of infected milk by young 
animals is a common method of transmis¬ 
sion where the disease is endemic, but 
mammary infection occurs late in the course 
of the disease and is less common in coun¬ 
tries with advanced control programs. 
Other uncommon routes of infection include 
intrauterine infection at coitus, by the use of 
infected semen or of infected insemination 
or uterine pipettes, and intramammary 
infection by the use of contaminated teat 
siphons or by way of infected cups of milking 
machines. The feeding of tuberculous cattle 
carcasses to pigs has also caused a severe out¬ 
break of the disease. Unusual sources of 
infection are infected cats, goats, and 
even humans. Stockmen with genitourinary 
infections have transmitted infection to 
cattle through urinating in the cattle 
environment. 

Risk Factors 

Environment Risk Factors 

Housing predisposes to the disease, as do 
high stocking intensity and a large number 
of animals on a farm, and thus the disease is 
more common and serious where these 
forms of husbandry are practiced. The closer 
the animals are in contact, the greater is the 
chance that the disease will be transmitted. 

Among beef cattle the degree of infection 
is usually much lower because of the open- 
range conditions under which they are kept. 
However, individual beef herds may suffer a 
high morbidity if infected animals are intro¬ 
duced and large numbers of animals have to 
drink from stagnant water holes, especially 
during dry seasons. 

Host Risk Factors 

Zebu (Bos indicus) type cattle are thought to 
be much more resistant to tuberculosis than 
European cattle, and the effects on these 
cattle are much less severe, but under 





intensive feedlot conditions a morbidity rate 
of 60% and a depression of weight gain can 
be experienced in tuberculous Zebu cattle. 

Pigs are susceptible to infection with M. 
bovis, and disease levels in general reflect 
those in the local cattle population from 
which the infection derives, either by the 
ingestion of dairy products or by grazing 
over the same pasture as cattle. The lower 
relative prevalence in pigs is attributable to a 
number of factors, particularly the tendency 
of the disease to remain localized in this 
species and the early age of slaughter. Preva¬ 
lence is higher in older pigs. When the 
disease is common among dairy cattle in an 
area, 10% to 20% of the local pigs are likely 
to be infected. Tuberculosis in pigs is now 
rare in countries with bTB control programs 
in place, but reports from Portugal and Spain 
showing that M. bovis strains can circulate 
in cattle, pigs, and wild boar indicate that 
infection of domesticated and feral pigs can 
be of epidemiologic relevance under certain 
circumstances. 8 

Infection of goats with M. bovis or M. 
caprae has a worldwide occurrence and is 
well recognized in many European countries 
with a large small ruminant population, such 
as the United Kingdom, Italy, Portugal, 
Spain, and Greece. In countries that are not 
officially free of bTB, infection can circulate 
between cattle and goats, particularly if these 
species are kept in close proximity to each 
other and share pastures or water sources. 
This underscores the importance to include 
caprine flocks in the TB surveillance in these 
countries, which, however, is not done in 
most cases. 8 

Sheep have historically been considered 
to be resistant. However, the increasing 
number of reports of TB infection in this 
species either with M. bovis or M. capra, par¬ 
ticularly in non-TB-free countries, suggests 
that the prevalence of infection in sheep may 
have been underestimated. 8 Experience in 
New Zealand has shown that the disease can 
be quite prevalent in this species, with up to 
5% of flocks being infected, probably as a 
result of a high prevalence in local cattle and 
possums. 

In horses the disease occurs rarely, largely 
as a result of limited exposure to infection, 
but natural resistance also appears to play 
a part. 

Over the past decades, infection with M. 
bovis and also with M. microti has been diag¬ 
nosed with increased frequency in New 
World camelids (NWCs), particularly in 
regions that are not free of bTB. 8 NWCs are 
highly susceptible to infection with M. bovis 
and M. microti, and they may function as 
reservoir of the disease for cattle and wild¬ 
life. 8 A complicating factor is that antemor¬ 
tem diagnosis of infection with M. bovis is 
difficult in NWC. Diagnostic tests success¬ 
fully used to control and eradicate tubercu¬ 
losis in cattle were found to have a low 
sensitivity and specificity in NWC. 8 
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Tuberculosis can be a problem in farmed 
deer and may also be encountered in elk, 
wild deer of various species, water buffalo, 
camels, bison, elephants, wild carnivores, 
monkeys and other wild fauna, and birds. 
Most are dead end-hosts, but some may act 
as important reservoirs of infection for cattle, 
as mentioned earlier. Infection with M. bovis 
in zoo animals may present a particular 
problem because of the longer life expec¬ 
tancy of potentially infected animals and the 
relatively close contact with other species, 
including humans. 

Pathogen Risk Factors 

The causative organism is moderately resis¬ 
tant to heat, desiccation, and many disinfec¬ 
tants. It is readily destroyed by direct sunlight 
unless it is in a moist environment. In warm, 
moist, protected positions, it may remain 
viable for weeks. 

Economic Importance 

bTB is a serious infectious disease of cattle 
and other ruminant species and has been 
classified as disease of socioeconomic and 
public health importance that is significant 
in the international trade of animals and 
animal products by the World Organization 
for Animal Health (OIE). bTB is under strict 
control in most developed countries but still 
has important economic and social implica¬ 
tions in the beef and dairy cattle industry of 
countries affected by the disease. Incurred 
costs not only result from losses of cattle 
because of tuberculosis, decreased produc¬ 
tivity, and losses of carcass value, but also 
from control and eradication measures. On 
a national level, costs are incurred for 
increased regulation, animal movement 
control, and enforcement of compliance and 
indemnification programs. Trade restric¬ 
tions for farms, regions, or countries that are 
not certified as OTF will add to the economic 
damage. 

Zoonotic Importance 

Historically, bTB was an important zoonotic 
disease transmitted from cattle to humans 
through the consumption of unpasteurized 
dairy products and to a lesser extent through 
direct animal contact when the organism is 
inhaled or penetrates the body through a 
break in the skin. In countries where bTB is 
still endemic, it presents an occupational 
hazard for farmers, veterinarians, workers in 
the meat industry and slaughterhouse, and 
hunters. The widespread occurrence of 
tuberculosis in exotic animals maintained in 
captivity adds to the public health impor¬ 
tance of these infections. 

With introduction of pasteurization of 
dairy products as standard procedure and 
intensive veterinary surveillance of the cattle 
population, in many countries the diseases 
has lost its importance as zoonotic disease. 
Whereas over 30% of all human TB cases 
were attributable to infection with M. bovis 


before introduction of pasteurization, this 
number has plummeted to less than 2% of all 
confirmed cases today. 9 Nonetheless, in 
regions of the world where bTB control pro¬ 
grams have not been implemented and the 
disease in cattle remains endemic, this con¬ 
dition is still an important zoonotic disease. 
In these countries, between 10% and 20% of 
all human cases of tuberculosis are associ¬ 
ated with infection with M. bovis. 10 The cur¬ 
rently increasing incidence of tuberculosis in 
humans, particularly in immunocompro¬ 
mised humans, has led to a renewed interest 
in the zoonotic importance of M. bovis. 

In the United States, the Centers for 
Disease Control and Prevention (CDC) 
records approximately 220 cases of tubercu¬ 
losis in humans associated with M. bovis 
every year, which is equivalent to less than 
2% of all human cases of tuberculosis. 11 The 
highest percentage levels on a national basis 
are recorded in Mexico with 13.8%, Uganda 
with 7%, and Nigeria with 5% of all human 
TB cases caused by M. bovis. 10 

Within the European Union, a total of 
125 confirmed cases of human M. bovis 
infections were recorded in 2012. Most cases 
were reported from Germany (44 cases), fol¬ 
lowed by the United Kingdom (35 cases), 
Spain (15 cases), Italy (9 cases), and the 
Netherlands (8 cases); Switzerland, a non-EU 
member state, reported 5 confirmed cases in 
that year. 4 

PATHOGENESIS 

Tuberculosis spreads in the body by two 
stages, the primary complex and postpri¬ 
mary dissemination. The primary complex 
consists of the lesion at the point of entry and 
in the local lymph node. A lesion at the point 
of entry is common when infection is by 
inhalation. When infection occurs via the 
alimentary tract, a lesion at the site of entry 
is unusual, although tonsillar and intestinal 
ulcers may occur. More commonly the only 
observable lesion is in the pharyngeal or 
mesenteric lymph nodes. 

A visible primary focus develops within 
8 days of entry being effected by the bacteria. 
Calcification of the lesions commences 
about 2 weeks later. The developing necrotic 
focus is soon surrounded by granulation 
tissue, monocytes, and plasma cells, and the 
pathognomonic “tubercle” is established. 
Bacteria pass from this primary focus, which 
is in the respiratory tract in 90% to 95% of 
cases in cattle, to a regional lymph node and 
cause the development of a similar lesion 
there. The lesions in the lungs in cattle occur 
in the caudal lobes in 90% of cases. In calves 
fed tuberculous milk, the primary focus is 
likely to be in the pharyngeal or mesenteric 
lymph nodes, with hepatic lesions as the 
major manifestation of postprimary spread. 

Postprimary dissemination from the 
primary complex may take the form of 
acute miliary tuberculosis, discrete nodular 
lesions in various organs, or chronic organ 
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tuberculosis caused by endogenous or exog¬ 
enous reinfection of tissues rendered allergic 
to tuberculoprotein. In the latter case, there 
may be no involvement of the local lymph 
node. Depending on the sites of localization 
of infection, clinical signs vary, but because 
the disease is always progressive, there is the 
constant underlying toxemia, which causes 
weakness, debility, and the eventual death of 
the animal. 

In cattle, horses, sheep, and goats, the 
disease is progressive; although generalized 
tuberculosis is not uncommon in pigs, local¬ 
ization as nonprogressive abscesses in the 
lymph nodes of the head and neck is the 
most common finding. 

CLINICAL FINDINGS 
Cattle 

Although signs referable to localization in a 
particular organ usually attract attention to 
the possible occurrence of tuberculosis, 
some general signs are also evident. Some 
cows with extensive miliary tubercular 
lesions are clinically normal, but in most 
cases progressive emaciation unassociated 
with other signs occurs, which should arouse 
suspicion of tuberculosis. A capricious appe¬ 
tite and fluctuating temperature are also 
commonly associated with the disease. The 
hair coat may be rough or sleek. Affected 
animals tend to become more docile and 
sluggish, but the eyes remain bright and 
alert. These general signs often become more 
pronounced after calving. 

Lungs 

Pulmonary involvement is characterized by 
a chronic cough as a result of bronchopneu¬ 
monia. The cough is never loud or paroxys¬ 
mal, occurring only once or twice at a time, 
and is low, suppressed, and moist. It is easily 
stimulated by squeezing the pharynx or by 
exercise and is most common in the morning 
or in cold weather. In the advanced stages 
when much lung has been destroyed, dyspnea 
with increased rate and depth of respiration 
becomes apparent. At this stage, abnormali¬ 
ties may be detected by auscultation and per¬ 
cussion of the chest. Areas with no breath 
sounds and dullness on percussion are 
accompanied by areas in which squeaky 
crackles are audible, often most audible over 
the caudal lobes. Tuberculous pleurisy may 
occur but is usually symptomless because 
there is no effusion. Involvement of the bron¬ 
chial lymph nodes may cause dyspnea 
because of constriction of air passages, and 
enlargement of the mediastinal lymph node 
is commonly associated with recurrent and 
then persistent ruminal tympany. 

Intestine 

Rarely, tuberculous ulcers of the small 
intestine cause diarrhea. Retropharyngeal 
lymph node enlargement causes dysphagia 
and noisy breathing as a result of pharyn¬ 
geal obstruction. Pharyngeal palpation, or 


endoscopy, reveals a large, firm, rounded 
swelling in the dorsum of the pharynx. 
Chronic, painless swelling of the submaxil¬ 
lary, prescapular, precrural, and supramam- 
mary lymph nodes is relatively rare. 

Uterus 

Reproductive disorders include uterine 
tuberculosis, which is uncommon with 
bovine strains except in advanced cases. 
Spread by contiguity from the uterus causes 
peritonitis, bursitis, and salpingitis, with the 
lesions in the salpinx taking the form of 
small enlargements containing a few drops 
of yellow fluid. In tuberculous metritis, there 
may be infertility, or conception may be fol¬ 
lowed by recurrent abortion late in preg¬ 
nancy, or a live calf is produced that in most 
cases dies quickly of generalized tuberculo¬ 
sis. Lesions similar to those of brucellosis 
occur on the placenta. 

In cows that fail to conceive, there may be 
a chronic purulent discharge heavily infected 
with the organism, and the condition is very 
resistant to treatment. A number of cows will 
have an associated tuberculous vaginitis 
affecting chiefly the ducts of Gartner. Rare 
cases of tuberculous orchitis are character¬ 
ized by the development of large, indurated, 
painless testicles. 

Mastitis 

Tuberculous mastitis is of major importance 
because of the danger to public health, risk 
of spread of the disease to calves, and the 
difficulty of differentiating it from other 
forms of mastitis. Its characteristic feature is 
a marked induration and hypertrophy, which 
usually develops first in the upper part of 
the udder, particularly in the rear quarters. 
Palpation of the supramammary lymph 
nodes is essential in all cases of suspected 
tuberculous mastitis. Enlargement of the 
nodes with fibrosis of the quarter does not 
necessarily indicate tuberculosis, but enlarge¬ 
ment without udder induration suggests 
either tuberculosis or lymphomatosis. In the 
early stages, the milk is not macroscopically 
abnormal, but very fine floccules appear later 
and settle after the milk stands, leaving a 
clear, amber fluid. Later still, the secretion 
may be an amber fluid only. 

Pigs 

Pigs get infected through oral ingestion of 
the pathogen, leading to primary lesions in 
the oropharyngeal lymph node and the 
digestive tract. Tuberculous lesions in cervi¬ 
cal lymph nodes usually cause no clinical 
abnormality unless they rupture to the exte¬ 
rior. Generalized cases present a syndrome 
similar to that seen in cattle, although tuber¬ 
culous involvement of the meninges and 
joints is more common. 

Horses 

As in pigs, infection in horses commonly 
occurs through the digestive route, again 


leading to primary lesions in the oropharyn¬ 
geal lymph node and the digestive tract. 12 
The commonest syndrome in horses is 
caused by involvement of the cervical verte¬ 
brae in which a painful osteomyelitis causes 
stiffness of the neck and inability to eat off 
the ground. Less common signs include 
polyuria, coughing as a result of pulmonary 
lesions, lymph node enlargement, nasal dis¬ 
charge, and a fluctuating temperature. 

Sheep and Goats 

Bronchopneumonia is the commonest form 
of the disease in these species and is mani¬ 
fested by cough and terminal dyspnea. In 
some goats, intestinal ulceration, diarrhea, 
and enlargement of the lymph nodes of the 
alimentary tract occur. In both species the 
disease is only slowly progressive, and in 
affected flocks many more reactors and 
necropsy-positive cases are often found than 
would be expected from the clinical cases 
that are evident. In kids the disease may be 
more rapidly progressive and cause early 
death. 

New World Camelids 

Infection of a camelid herd with either M. 
bovis or M. microti may go unnoticed until 
one or several animals die, presenting suspi¬ 
cious lesions at necropsy. Affected animals 
may either be found dead or show signs of 
general distress with weight loss and respira¬ 
tory symptoms before dying. 13 

CLINICAL PATHOLOGY 

The antemortem diagnosis of bovine tuber¬ 
culosis still presents a challenge because all 
available and routinely employed tests suit¬ 
able for antemortem diagnosis have limita¬ 
tions regarding sensitivity and specificity. 14 
Diagnostic tests for bTB can broadly be clas¬ 
sified into direct and indirect diagnostic 
tests, with direct tests identifying the pres¬ 
ence of the causative agent in the host and 
indirect tests using immunologic markers to 
determine whether an infection had occurred 
in an individual animal. Current bTB eradi¬ 
cation programs are based on a screening 
and slaughter policy, and all use indirect tests 
determining the presence of a cellular or 
humoral immune response to a challenge 
with bovine tuberculin. Knowledge of the 
various tests used, including their deficien¬ 
cies and advantages, is essential. 

Direct Tests 

Direct tests targeted at directly identifying 
the agent in postmortem specimens include 
microscopic examination, culture, and 
nucleic acid recognition methods. Direct 
tests targeted at identifying the causative 
agent in an animal form part of the passive 
abattoir surveillance that is an integral part 
of all bTB eradication programs and can 
be applied on samples collected during 
postmortem examination. All carcasses of 
slaughtered cattle are visually screened for 





characteristic gross pathologic findings that 
may be indicative of infection. Histopathol- 
ogy, culture, and molecular methods are 
then used to identify bacteria in abnormal 
tissue. Passive abattoir surveillance is consid¬ 
ered highly cost effective but has the major 
drawback of lack of sensitivity. Extensive 
lesions are present in advanced stages of 
tuberculosis only, which have become a 
rarity in regions with ongoing bTB surveil¬ 
lance; small organ lesions are easily missed 
during abattoir meat inspection. 2 

The collection and pooling of samples 
from several grossly unremarkable lymph 
nodes from the head and thorax has been 
suggested as suitable material for bacterio- 
logic culture. 

Microscopic Examination 

Mycobacteria can be demonstrated micro¬ 
scopically in smears and tissue material from 
clinical samples. Special stains such as the 
Ziehl-Neelsen or fluorescent acid-fast stain 
are used to determine the presence of acid- 
fast bacteria, which, together with the char¬ 
acteristic histologic lesions, can lead to a 
presumptive diagnosis; however, the diagno¬ 
sis requires further confirmation. 2 Particu¬ 
larly in ruminants, histologic lesions contain 
few bacteria which may lead to a negative 
result, although M. bovis can be isolated in 
cultures.. 

Culture 

Specimens for culture are first homogenized 
following decontamination and are then cen¬ 
trifuged. The sediment is used for micro¬ 
scopic examination and culture. Cultures are 
incubated on specific media at 37° C (99° F) 
for at least 8 weeks, but preferably 10 to 12 
weeks. If growth occurs, smears are prepared 
using specific acid-fast stains. Growth of M. 
bovis is generally observed between 3 and 
6 weeks of culture. 2 Because M. bovis must 
be differentiated from other species of the 
M. tuberculosis complex, further testing is 
required. The major disadvantage of cultures 
is the long turnaround time, and the primary 
limitation results from the poor quality of 
samples often submitted to the diagnostic 
laboratory. 

Nucleic Acid Recognition Methods 

The polymerase chain reaction (PCR) is a 
laboratory technique for identifying the 
presence of bacteria-specific DNA that has 
been extensively evaluated for the detection 
of M. tuberculosis complex in specimens of 
human and, more recently, also of animal 
origin. In principle, the PCR presents an 
attractive diagnostic procedure allowing for 
the identification and differentiation of 
specific pathogens. The method is rapid, 
cost effective, and easy to standardize. For 
the diagnosis of tuberculosis in animals, 
however, commercial kits and in-house 
methods have been evaluated with unsatis¬ 
factory results. 2 The reasons why the PCR 
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does not yet fulfill its diagnostic potential as 
diagnostic test for tuberculosis are various. 
False-positive and false-negative results have 
not only been attributed to the low number 
of bacteria often present in samples, but also 
to difficulties with the decontamination 
methods, the presence of polymerase enzyme 
inhibitors in the samples, and difficulties in 
extracting DNA from mycobacteria that 
possess a robust cell wall. 15 Current molecu¬ 
lar methods are therefore not yet considered 
adequate for direct detection of M. bovis, 
either from ante- or postmortem samples. 13 

Indirect Tests 

Indirect tests can again be subdivided 
into cellular-immunity-based and humoral- 
immunity-based diagnostic tests. Cellular- 
immunity-based tests determine the 
occurrence of a delayed hypersensitivity 
reaction in general in the form of swelling 
after intradermal application of tuberculin 
protein. These so-called intradermal tuber¬ 
culin tests are the standard diagnostic tools 
of bTB eradication programs used for ante¬ 
mortem diagnosis of M. bovis infection. 

Blood-based cellular immunity tests 
include the interferon-y test, which is now 
accepted as complementary test in many 
national bTB eradication programs and is 
recognized as alternative test of international 
trade, and the lymphocyte proliferation 
assay. Humoral-immunity-based tests are 
serologic diagnostic tools that determine the 
presence of specific antibody indicating prior 
exposure to antigen of M. bovis. 

Intradermal Tuberculin Test 

The intradermal tuberculin test is the stan¬ 
dard diagnostic tool for detection of bTB and 
consists of the intradermal injection of 
bovine tuberculin purified protein derivate 
(PPD) into a skin fold of a specific location 
of the body and the subsequent detection of 
swelling as a result of delayed hypersensitiv¬ 
ity 72 hours later. 2 Because of differences in 
sensitivity of the skin of different body parts, 
different approaches for the intradermal 
tuberculin test are in use. The caudal skin 
fold at the base of the tail (caudal fold test 
[CFT]) is used primarily for practicality 
reasons in the United States, Canada, and 
New Zealand, and formerly also in Australia, 
whereas in Europe and the United Kingdom 
a cervical skin fold of the lateral aspect of 
the neck is used for the so-called single 
intradermal test (SIT). Applying the intra¬ 
dermal test in the cervical region results in 
higher sensitivity and specificity compared 
with the caudal skin fold but is more labor 
intensive because it requires better restraint 
of the animal and clipping of the skin. 16 
Whereas the interpretation of the CFT con¬ 
sists of manual palpation to determine swell¬ 
ing approximately 72 hours after injection, 
the interpretation of the SIT and SICT 
(described in the following discussion) is 
done by measuring the thickness of the 


skinfold before and 72 hours after injection 
using calipers. 

Where the presence of paratuberculosis 
(Johnes disease), avian tuberculosis, or a 
high prevalence of infection with environ¬ 
mental mycobacteria is suspected, nonspe¬ 
cific sensitization must be considered. In 
these cases, the single intradermal com¬ 
parative test (SICT), consisting of the 
simultaneous intradermal administration of 
bovine and avian tuberculin on two different 
injection sites of the neck, either one on each 
side or both on the same side approximately 
12 cm apart and one above the other, is 
administered. The test is read 72 hours later 
and the reaction to both tuberculins com¬ 
pared with each other. The greater of the two 
reactions indicates the organism responsible 
for the sensitization. This test is not generally 
intended for primary use in detecting reac¬ 
tors but only to follow up known reactors to 
determine the infecting organism. Its use as 
a primary test is recommended when a high 
incidence of avian tuberculosis or Johne’s 
disease is anticipated or when vaccination 
against Johnes disease has been carried out. 
The comparative test is adequate to differen¬ 
tiate between vaccination against Johne’s 
disease and tuberculosis, and the distinction 
is easier the longer the time between vaccina¬ 
tion and testing. 

Historically, other tests using bovine 
tuberculin to determine hypersensitivity— 
such as the vulvar, ophthalmic, or palpebral 
test; the short thermal test; and the Stormont 
test—have been used but are now obsolete. 

Special Aspects of Sensitivity 
to Tuberculin 

• Potency and standardization of 
tuberculins: Modern-day tuberculin 
used for diagnostic purposes is a 
purified protein derivative (PPD) of 
bovine or avian tuberculin that is 
prepared from the heat-treated products 
of growth and lysis of M. bovis (or M. 
avium in the case of avian tuberculin). 
Production methods have in the 
meantime largely been standardized, 
and with PPD being a licensed product, 
it requires production under good 
manufacturing practice conditions that 
comply with official requirements of the 
World Organization for Animal Health 
(OIE). 2 The standardized preparation is 
meant to ensure that the final product 
contains a precise concentration of 
standardized quality; nevertheless, the 
protein content of tuberculin does not 
precisely predict its biological activity or 
potency, which is a critical parameter 
strongly affecting the outcome of the 
test. 14 Potency testing is therefore 
required as further step in the 
manufacturing process to standardize 
product quality, which is done by 
comparing the potency to a reference 
standard in guinea pigs. It must. 
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however, be noted that the clinical 
potency determined in tuberculous 
guinea pigs is not necessarily 
representative of the clinical potency in 
cattle. 16 A bovine tuberculin is 
considered adequate for diagnosis as 
part of an official test program when 
providing a minimum of 2000 IU PPD 
per dose, with an estimated potency of 
between 66% and 150%. 14 

• Dose: The dose of tuberculin must be at 
least 2000 IU of bovine (or avian for the 
SCIT) tuberculin; in cattle with 
diminished allergic sensitivity, higher 
doses of up to 5000 IU may be required. 
In any case the injection volume should 
not exceed 0.2 mL. 2 The exact dose for 
the particular tuberculin that is officially 
prescribed must be strictly adhered 

to when the cervical skin test is used. 

In the United States 0.1 mL is 
recommended for herds of unknown 
status and 0.2 mL in known infected 
herds when cases with low sensitivity 
are to be carefully sought. The method 
of injection of tuberculin also has some 
importance when the cervical site is 
used. A careful intradermal injection 
produces the largest swelling, and a 
quick thrust produces the least. 

• Desensitization during tuberculin 
testing: When a suspicious reactor is 
encountered, the question of when to 
retest is complicated by the 
phenomenon of desensitization caused 
by the absorption of tuberculin and 
other foreign proteins. Desensitization is 
more marked and of longer duration 
after an (accidental) subcutaneous than 
after an intradermal injection. After an 
SID test the period of desensitization is 
short, but as a practical procedure, it is 
recommended that animals giving a 
suspicious result to an SID test not be 
retested before 60 days. 

The desensitization phenomenon can 
be used to obscure a positive reaction. If 
tuberculin is injected and thus the test is 
made in the desensitized period, no 
reaction will occur in infected animals. 

• Postparturient desensitization: 
Tuberculous cattle go through a period 
of desensitization immediately before 
and after calving, and as many as 30% 
give false-negative reactions returning to 
a positive status 4 to 6 weeks later. The 
loss of sensitivity is probably a result of 
the general immunologic hyporeactivity 
that occurs associated with parturition. 
Calves drinking colostrum from 
infected dams give positive reactions for 
up to 3 weeks after birth even though 
they may not be infected. 

• Anergy: Anergic animals are those with 
visible lesions of tuberculosis but that 
do not react to a cutaneous delayed 
hypersensitivity test. The number of 
these can be reduced by being careful to 


inject sufficient tuberculin (2000 IU) at 
the right site and to read the test at 72 
hours. There is still a residuum of cases 
that do not respond, especially those 
with extensive pulmonary involvement. 

Summary of Testing Procedures 
in Cattle 

In summary, it is usual to use the single 
intradermal test as a routine procedure. 

Annual testing of all cattle, quarantine of 
test-positive herds, and a movement ban into 
TB-free areas have historically been effective 
in TB control schemes. The sensitivity and 
specificity of the skin test are moderately 
high, but false-positive and false-negative 
reactions occur. 

False-positive reactions (no gross lesion 
reactors) may be given by the following: 

• Animals sensitized to other 
mycobacterial allergens, including those 
of human or avian tuberculosis or 
paratuberculosis (Johne’s disease); 
relatively nonpathogenic mycobacteria 
(e.g., skin tuberculosis); and, by 
ingestion, nonpathogenic mycobacteria 
in permanent waters inhabited by birds, 
or poultry litter fed to cattle when the 
birds are infected with M. avium 

• Animals sensitized to other allergens 
(e.g., Nocardia farcinicus) 

• Animals injected with irritants at the 
injection site before reading of the 
tuberculin test, when compensation 
rates for reactors exceed true cattle 
prices 

The proportion of false-positive reactions 
is likely to increase as control programs pro¬ 
gress toward eradication and can undermine 
farmers’ confidence in the control program. 
Reactors that are thought to be nonspecific 
should be retested by the comparative test in 
the cervical region 7 days after the response 
to the SID or CFT. Alternatively, cattle can be 
retested using the whole-blood interferon- 
gamma assay 8 to 28 days after the skin test. 

False-negative reactions may be given by 
the following: 

• Advanced cases of tuberculosis 

• Early cases until 6 weeks after infection 

• Cows that have calved within the 
preceding 6 weeks 

• Animals desensitized by tuberculin 
administration during the preceding 8 
to 60 days 

• Old cattle 

• Low-potency tuberculin or bacterial 
contamination of the tuberculin 

• Variable dose with multidose syringes 

Tuberculin Testing in Other Species 

Pigs 

The most generally used method is the SID 
test, injecting 0.1 mL of standard-potency 
mammalian tuberculin into a fold of skin at 
the base of the ear, but the test is relatively 
inaccurate in this species. The test is read 
24 to 48 hours later; an increase in skin 


thickness of 5 mm or more constitutes a 
positive reaction. In positive animals the skin 
thickening often exceeds 10 mm and shows 
superficial necrosis and sloughing. 

If the animal is infected with M. avium , 
the maximum skin thickening may not occur 
until 48 hours after injection. When no 
attempt is being made to determine the type 
of infection, mixed avian and mammalian 
tuberculins may be used and the test read at 
24 to 48 hours. If avian tuberculin alone is 
used, the test should be read at 48 to 72 
hours, and an increase in skin thickness of 
4 mm is classed as positive. 

Many suspicious reactions occur in pigs 
because of the tendency of lesions to regress 
and the sensitivity to tuberculin to diminish, 
with maximum sensitivity occurring 3 to 9 
weeks after infection. A retest in 6 to 8 weeks 
should determine whether or not the disease 
is progressing. Although positive reactors 
may in time revert to a negative status, there 
may be macroscopic lesions in these animals 
at necropsy. However, viable organisms are 
not usually recoverable from the lesion, the 
infection apparently having been overcome. 

Some decrease in skin sensitivity after 
parturition occurs in sows infected with 
M. bovis but may not occur when the 
infection is associated with M. avium. Com¬ 
parative tests work efficiently in this species, 
with little or no reaction to heterologous 
tuberculin. 

Horses 

The results obtained with subcutaneous and 
intradermal tuberculin tests are very erratic 
and must be assessed with caution, especially 
when the test is positive because many false- 
positives occur. The horse appears to be 
much more sensitive than cattle to tubercu¬ 
lin, and much smaller doses of standardized 
tuberculin are required. As little as 0.1 mL of 
PPD tuberculin is sufficient to elicit a posi¬ 
tive reaction, and testing may provoke an 
anaphylactic reaction. No safe recommenda¬ 
tions can be made on tests in this species 
because of lack of detailed information, but 
the occurrence of a systemic reaction with a 
positive cutaneous test can be accepted as 
indicating the presence of infection. 

Sheep and Goats 

The single intradermal test is relatively inac¬ 
curate, with some tuberculous animals 
giving negative reactions, although on the 
basis of results achieved in experimentally 
infected goats, it is adequate. The test injec¬ 
tion is usually given in the caudal fold as in 
cattle, but injection into the skin of the inside 
of the thigh of sheep is also satisfactory. An 
increase in thickness of 5 mm in the fold 
constitutes a positive reaction. 

New World Camelids 
Diagnostic tests used for in vivo identifica¬ 
tion of cattle infected with M. bovis are con¬ 
sidered highly unreliable in NWCs because 





they have demonstrated a lack of sensitivity 
and specificity when applied according to the 
protocol used in cattle. 8 In dromedaries the 
diagnostic performance of the SCIT was 
found to be improved somewhat when the 
test was performed on the axillar skin and 
read after 5 days, although a considerable 
number of animals also reacted to avian 
tuberculin. 15 

Interferon-y Assay (IFN-y) 

An in vitro assay of cell-mediated reactivity 
by detection and quantitation of y-interferon 
known as the interferon-y assay (IFN-y) is 
licensed and commercially available in some 
countries. It is based on the detection of 
IFN-y liberated from white blood cells in 
whole-blood cultures incubated with PPD 
tuberculin and has the advantage that tested 
cattle need only be handled once. It can 
detect infected cattle as early as 3 to 5 weeks 
after infection even with low exposure level. 
It also has value in retesting skin-test- 
positive cattle that may be false-positive 
reactors, but for this purpose it should be 
used between 8 and 28 days after skin testing 
because assay reactions are diminished if 
conducted on samples taken at the 3-day 
reading revisit after skin testing. Ideally, the 
test should be set up in the laboratory on the 
same day as sampling or, at the most, after 
overnight storage of the blood. Current 
testing is with M. bovis PPD, which can 
contain cross-reacting antigens to other 
mycobacterial species, and more specific and 
sensitive tests using antigens specific to M. 
bovis are being evaluated. 

A recent meta-analysis reported an esti¬ 
mated sensitivity of 67%, which is superior 
to the SCIT, and a specificity of 96%, which 
is inferior to the SCIT, for the IFN-y. 16 The 
IFN-y is available as commercial test kit and 
is now approved as official diagnostic test in 
several national bTB eradication and control 
programs, including programs in the Euro¬ 
pean Union, the United States, New Zealand, 
and Australia. 

Lymphocyte Proliferation Test 

Like the IFN-y test, the lymphocyte prolif¬ 
eration test is an in vitro test that is con¬ 
ducted either on whole blood or purified 
lymphocytes and determines and compares 
the reactivity of peripheral lymphocytes to 
avian and bovine tuberculin. The test result 
is the difference in reactivity of lymphocytes 
to bovine (B) and avian (A) tuberculin; the 
B-A value is calculated and compared with 
a cutoff value. The test is not used for routine 
diagnostics because it requires the handling 
of radioactive material and long incubation 
periods. 2 

Serologic Tests for Diagnosis 
of Tuberculosis 

In the final stages of a tuberculosis eradica¬ 
tion program, the percentage of reactors, 
which are not in fact tuberculous, increases 
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to the point where a more discerning test 
than the one based on cutaneous hypersen¬ 
sitivity is required. Most of the tests tried so 
far have been serologic ones. Their aim is to 
identify anergic animals and cases sensitized 
by some other bacteria. 

Serologic tests, including complement 
fixation, fluorescent antibody, direct bacte¬ 
rial agglutination, precipitin, and hemagglu¬ 
tination tests, have been developed but have 
little potential value for the routine diagnosis 
of tuberculosis. 

Early enzyme-linked immunosorbent 
assay (ELISA) tests to crude mycobacterial 
antigens had limited value, but an ELISA 
that examines antibody to defined antigens 
of M. bovis before and after skin testing 
appears useful in detecting nonspecific 
reactors. 

Serologic tests may, however, be of some 
value for the diagnosis of tuberculosis in 
domestic animal and wildlife species such as 
farmed deer, NWCs, badgers, nonhuman 
primates, or elephants, where cellular- 
immunity-based diagnostic tests are not 
available and intradermal tuberculin test 
have been proven unreliable. 2 

NECROPSY FINDINGS 
Cattle, Sheep, and Goats 

These show similar lesions with a standard 
distribution. Tuberculous granulomas may 
be found in any of the lymph nodes, but par¬ 
ticularly in bronchial, retropharyngeal, and 
mediastinal nodes. In the lung, miliary 
abscesses may extend to cause a suppurative 
bronchopneumonia. The pus has a charac¬ 
teristic cream to orange color and varies in 
consistency from thick cream to crumbly 
cheese. Tuberculous nodules may appear on 
the pleura and peritoneum. 

All localized lesions of tuberculosis tend 
to stimulate an enveloping fibrous capsule, 
but the degree of encapsulation varies with 
the rate of development of the lesion. Gener¬ 
alized cases are denoted by the presence of 
miliary tuberculosis, with small, transpar¬ 
ent, shot-like lesions in many organs, or by 
pulmonary lesions that are not well encapsu¬ 
lated and caseated. The presence of broncho¬ 
pneumonia or hyperemia around pulmonary 
lesions is highly suggestive of active disease. 
Cases with tuberculous mastitis or discharg¬ 
ing tuberculous metritis must also be consid¬ 
ered as likely to be potent spreaders of the 
infection. 

Chronic lesions are characteristically dis¬ 
crete and nodular and contain thick, yellow 
to orange, caseous material, often calcified 
and surrounded by a thick, fibrous capsule. 
Although such lesions are less likely to cause 
heavy contamination of the environment 
than open lesions, affected animals are 
important as sources of infection. It should 
be noted that suspect cattle slaughtered as 
part of bovine tuberculosis eradication pro¬ 
grams may be culture-positive and yet have 
no typical gross or microscopic lesions. 


Pigs 

Generalized tuberculosis, with miliary tuber¬ 
cles in most organs, is seen in pigs, but the 
common finding is localization in the tonsils 
and the submaxillary, cervical, hepatic, bron¬ 
chial mediastinal, and mesenteric lymph 
nodes. The nodes are markedly enlarged and 
consist of masses of white, caseous, some¬ 
times calcified, material, surrounded by a 
strong, fibrous capsule and interlaced by 
strands of fibrous tissue. Because of the 
regressive nature of the disease in pigs, these 
lesions are often negative on culture. 

Horses 

The characteristic distribution of tubercles in 
horses includes the intestinal wall, mesen¬ 
teric lymph nodes, and spleen. The cut 
surface of these firm nodules has a fleshy 
appearance similar to that of neoplastic 
tissue. There is also a tendency for lesions to 
develop in the skeleton, particularly the cer¬ 
vical vertebrae. 

Histologically, there is some variation 
between the domestic species with regard to 
features such as mineralization and the 
degree of tissue necrosis. In some cases acid- 
fast bacilli may be difficult to demonstrate 
using conventional stains. A comparison of 
the infection in cattle and cervid species sug¬ 
gests that tuberculosis should be considered 
in cervids even when the lesions have a sup¬ 
purative and necrotizing character, with a 
minimal granulomatous component. Culture 
of M. bovis is difficult and time consuming, 
and it poses a considerable public health risk. 
Methods such as immunoperoxidase staining 
and PCR can permit detection of the organ¬ 
isms while minimizing public health risks. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—affected lymph nodes, 
lung, granulomas from viscera (culture 
[has special growth requirements], PCR) 

• Histology—formalin-fixed samples of 
these tissues (light microscopy, 
immunohistochemistry, PCR) 

Note the zoonotic potential of this organ¬ 
ism when handling the carcasses and sub¬ 
mitting specimens. 


DIFFERENTIAL DIAGNOSIS 


Because of the chronic nature of the disease 
and the multiplicity of signs caused by the 
variable localization of the infection, 
tuberculosis is difficult to diagnose on clinical 
examination. If the disease occurs in a 
particular area, it must be considered in the 
differential diagnosis of many diseases of 
cattle. In pigs, the disease is usually so benign 
that cases do not present themselves as 
clinical problems and are found only at 
necropsy. The rarity of the disease in horses, 
sheep, and goats makes it an unlikely 
diagnostic risk, except in groups that have 
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had abnormally high exposure to infected 

cattle. Differential diagnoses include the 

following: 

• Mycobacteriosis associated with the M. 
avium-intracellulare complex and atypical 

• Mycobacteria and M. tuberculosis in 
particular in pigs 

• Lung abscess as a result of aspiration 
pneumonia 

• Pleurisy and pericarditis following traumatic 
reticulitis 

• Chronic contagious bovine 
pleuropneumonia 

• Upper respiratory disease 

• Actinobacillosis 

• Bovine leukosis 

• Lymphadenopathy 

• Other causes of mastitis 


TREATMENT 

Treatment of tuberculosis in cattle is not per¬ 
mitted in countries with an established bTB 
eradication program, requiring removal of 
reactors from the herd. Treatment may, 
however, be permitted in some cases, such as 
in valuable zoo animals. 

Because of the progress being made in the 
treatment of human tuberculosis with such 
drugs as isoniazid, combinations of strepto¬ 
mycin and para-aminosalicylic, and other 
acids, the treatment of animals with tubercu¬ 
losis has undergone some examination, and 
claims have been made for the efficiency of 
long-term oral medication with isoniazid 
both as treatment and as control. It is not a 
favored option in eradication-conscious 
countries. 

CONTROL 

Eradication of bTB has been virtually 
achieved in many countries. The methods 
used have depended on a number of factors, 
but ultimately the test and slaughter policy 
has been the only one by which effective 
eradication had been achieved. 

Control on a Herd Basis 

Control in a herd rests on removal of the 
infected animals, prevention of spread of 
infection, and avoidance of further introduc¬ 
tion of the disease. 

Tuberculin Testing 

Detection of infected animals depends 
largely on the use of the intradermal tuber¬ 
culin test. All animals over 3 months of age 
should be tested and positive reactors dis¬ 
posed of according to local legislation. Suspi¬ 
cious reactors are retested at intervals 
appropriate to the test used. At the initial 
test, a careful clinical examination should be 
conducted on all animals to ensure that there 
are no advanced clinical cases that will give 
negative reactions to the test. Doubtful cases 
and animals likely to have reduced sensitiv¬ 
ity, particularly old cows and those that have 
calved within the previous 6 weeks, may be 


tested by one of the special sensitivity or 
serologic tests described previously or 
retested subsequently. The single compara¬ 
tive intradermal test (SCIT) should be used 
where infection with M. avium is anticipated 
or where a high incidence of reactors occurs 
in a herd not showing clinical evidence of the 
disease. 

Retesting 

Until recently, if the incidence of reactors was 
high at the first test or if “open” lesions were 
found at necropsy in culled animals, empha¬ 
sis was placed on repeat testing at short inter¬ 
vals to avoid the situation in which the spread 
of the disease might overtake the culling rate. 
It is now thought that all animals with tuber¬ 
culosis should be regarded as equally potent 
disseminators of the infection. Retests of the 
herd should be carried out at 3-month inter¬ 
vals until a negative test is obtained. A further 
test is conducted 6 months later, and if the 
herd is again negative, it may be classed as 
free of the disease. Subsequent check tests 
should be carried out annually. 

Prevention of Spread 

Hygienic measures to prevent the spread of 
infection should be instituted as soon as the 
first group of reactors is removed. Feed 
troughs, water troughs, and drinking cups 
should be cleaned and thoroughly disin¬ 
fected. Suspicious reactors being held for 
retesting should be isolated from the remain¬ 
der of the herd. Separation of infected and 
susceptible animals by a double fence pro¬ 
vides practical protection against spread of 
the disease. 

It is important that calves being reared as 
herd replacements be fed on tuberculosis- 
free milk, either from known free animals or 
pasteurized. Rearing calves on skim milk 
from a communal source is a dangerous 
practice unless the skim milk is sterilized. All 
other classes of livestock on the farm should 
be examined for evidence of tuberculosis. 
Farm attendants should be checked because 
they may provide a source of infection. 

If a number of reactors are culled, atten¬ 
tion must be given to the possibility of infec¬ 
tion being reintroduced with replacements, 
which should come from accredited herds. 
Failing this, the animals should be tested 
immediately, isolated, and retested in 60 
days. Infection from other herds should be 
addressed by preventing communal use of 
watering facilities or pasture and by main¬ 
taining adequate boundary fences. 

It is inadvisable to attempt a control 
program until it can be guaranteed that all 
animals can be gathered, identified, tested, 
and segregated, a difficult proposition in 
cattle run on extensive range country with 
little manpower and few fences. 

Control on an Area Basis 

The method used to eradicate bovine tuber¬ 
culosis from large areas will depend on the 


incidence of the disease, methods of hus¬ 
bandry, attitude of the farming community, 
and the economic capacity of the country to 
stand losses from a test and slaughter 
program. 

Education 

An essential first step is the prior education 
of the farming community. Livestock owners 
must understand the economic and public 
health significance of the disease, its 
manifestations, and the necessity for the 
various steps in the eradication program. 
Eradication must also be compulsory because 
voluntary schemes always leave foci of 
infection. Adequate compensation must 
be paid to encourage full cooperation by 
way of payment for animals destroyed or 
bonuses for disease-free herds or their milk 
or beef. 

Staging 

It is essential at the beginning of a program 
to determine the incidence and distribution 
of the disease by tuberculin testing of samples 
of the cattle population and a meat inspec¬ 
tion service. Eradication can commence in 
herds and areas that have a low incidence of 
the disease. These will provide a nucleus of 
tuberculosis-free cattle to supply replace¬ 
ments for further areas as they are brought 
into the eradication scheme. 

Vaccination 

Vaccination may offer a major alternative to 
test and slaughter in the control of bovine 
tuberculosis but currently suffers from both 
lack of efficacy and the problem of vacci¬ 
nated cattle reacting to current tests for TB. 
Vaccination may be used as a temporary 
measure when the incidence of tuberculosis 
is high and a routine test and slaughter 
program may be economically impossible 
until it is lowered, or when an eradication 
program cannot be instituted for some time 
but it is desired to reduce the incidence of the 
disease in preparation for eradication. 

Bacillus Calmette-Guerin (BCG) vacci¬ 
nation is the only method available for field 
use. Vaccination must be repeated annually, 
and the vaccinated animal remains positive 
to the tuberculin test. Calves must be vacci¬ 
nated as soon after birth as possible and do 
not achieve immunity for 6 weeks. The 
immunity is not strong, and vaccinated 
animals must not be submitted to severe 
exposure. In field circumstances where the 
disease is prevalent, only modest results, if 
any, can be expected. 

There are a number of newer, prospective 
vaccines, including subunit and synthetic 
peptide vaccines, antigenically improved 
BCG, attenuated mutants of M. bovis, and 
protective antigens expressed in attenuated 
live vaccine vectors. Detection of vaccinated 
cattle from naturally infected cattle could be 
possible with vaccine-specific antigens in the 
interferon-gamma assay. 
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Test and Slaughter 

When the overall incidence of tuberculosis is 
5% or less, compulsory testing and the 
slaughter of reactors is the only satisfactory 
method of eradication. A combination of 
lines of attack is usually employed. 

Accredited areas are set up by legislation, 
and all cattle within these areas are tested 
and reactors removed. Voluntary accredita¬ 
tion of individual herds is encouraged 
outside these areas. In some countries, focal 
points of extensive infection outside accred¬ 
ited areas have been attacked under special 
legislation. 

When an area or country has been freed 
from the disease, quarantine barriers must 
be set up to avoid its reintroduction. Within 
the area, the recurrent cost of testing can be 
lessened by gradually increasing the interest 
period to 2 and then to 3 or even 6 years as 
the amount of residual infection diminishes. 
Meat inspection services provide a good 
observation point should any increase in 
incidence of the disease occur. Among range 
beef cattle it is usual to check samples of 
animals at intervals rather than the entire 
cattle population. 

Problems in Tuberculosis Eradication 

Complete eradication of tuberculosis has not 
really been achieved in any country. In many, 
a state of virtual eradication has been in exis¬ 
tence for years, but minor recrudescences 
occur. In the final stages of an eradication 
program a number of problems achieve 
much greater importance than in the early 
stages of the campaign. The major problems 
that arise are as follows. 

No-Visible-Lesion Reactors 

The percentage of reactors with no gross 
lesions or no visible lesions (NVL) at slaugh¬ 
ter rises steeply as the disease prevalence 
decreases. In part this occurs because gross 
examination has poor sensitivity for detec¬ 
tion of infection, but it is also inevitable 
given the falling prevalence of disease and 
the specificity of the tuberculin test. NVL 
reactors create administrative and public 
relations difficulties. Resolution of this 
problem awaits the validation of the 
interferon-gamma assay or other accepted 
serologic tests. 

"Breakdowns" 

Individual herds that have been accredited 
after a number of free tests may be found to 
have the disease again, often with a very high 
incidence. This may be because an anergic 
carrier has been left in the herd and tests 
have been too far apart or because of a break 
in the security of the herd, with infection 
from purchased cattle or transmission 
between cattle in neighboring herds. 

"Traceback" 

A principal source of information on the 
location of infected herds in the final stages 


of a program could be a traceback originat¬ 
ing from infected animals at packing plants. 
It is often impossible, and a major advance 
would be a suitable method of identifying 
individual animals that could be utilized up 
to the killing floor. The two most popular 
methods are fabric labels stuck on the rump 
with skin contact glue and wraparound 
plastic or metal tail-tags bearing an identifi¬ 
cation number for the farm of origin. They 
have two problems. They can be removed at 
the abattoir and reused; they fall off if the tail 
is docked, a popular practice in some areas. 
Electronic identification might solve this 
problem but meets political and other resis¬ 
tance in many countries. Recent experience 
with bovine spongiform encephalopathy and 
other concerns for food safety will likely 
remove this resistance, and most countries 
have or are developing effective traceback 
programs. 

Large Herds 

Another kind of difficulty in eradication is 
where cattle are run under very extensive 
conditions on large ranches or stations as in 
North America, South America, and Aus¬ 
tralia. There can be difficulty in ensuring a 
complete muster, and there is a great need 
for a test that does not require that cattle be 
held in a mustering site for 3 days before 
the test is read. Problems with continuing 
infection also occur in large intensive 
dairies where the policy is test and cull, and 
the whole dairy cannot be depopulated at 
one time. 

Wildlife Reservoirs 

Spread to cattle from wild fauna is a major 
problem in the United Kingdom, where 
badgers and deer are important sources of 
infection; in New Zealand, where the brush¬ 
tailed possum plays the same role; and a risk 
from deer exists in several countries. In New 
Zealand, the possum is considered a pest and 
does considerable damage to the ecosystem; 
possum control programs are accepted. 
However, the badger in Britain, and deer in 
most countries, are protected species and 
suitable control programs, acceptable to 
animal protectionists, are difficult to negoti¬ 
ate in this sensitive area of public relations. 
DNA fingerprinting can establish sources of 
infection and the importance of wildlife res¬ 
ervoirs to cattle. 

Control of Tuberculosis in Pigs 

M. bovis infection in pigs usually results 
from the feeding of infected milk, skim milk, 
or whey to pigs or allowing cattle and pigs to 
graze the same pasture. The first step in the 
control of tuberculosis in a pig herd is to 
remove the source of infection, and then to 
test and remove the reacting animals, which 
is not an efficient procedure because of the 
relative inaccuracy of the tuberculin test in 
this species. The nonprogressive nature of 
the disease means that transmission between 


pigs is unlikely to occur to a significant 
extent, except perhaps in breeding animals. 
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TUBERCULOSIS ASSOCIATED 
WITH MYCOBACTERIUM 
TUBERCULOSIS 

Mycobacterium tuberculosis is occasionally 
isolated from cattle or pig livestock with 
tuberculous lesions, but this is rare. Out¬ 
breaks of tuberculosis in animals associated 
with M. tuberculosis of human origin 
are transitory, and removal of tuberculous 
humans from the environment usually 
results in the disappearance of positive reac¬ 
tors in cattle. 

In recent years a considerable increase in 
the occurrence rate of tuberculosis associ¬ 
ated with M. tuberculosis was noticed among 
the wildlife population of South African 
zoos. 1 The considerable genetic diversity of 
strains involved in cases of TB in wild 
animals suggests that animals contracted the 
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infection from human visitors to the zoos 
rather than from an internal source. This 
development is considered to be the result of 
the human tuberculosis epidemic in South 
Africa spilling over to wild animals. 1 

M. tuberculosis has been isolated from a 
subset of pig carcasses that have been con¬ 
demned because of the presence of tubercu¬ 
lous lesions at two slaughterhouses in 
Ethiopia. 2 The presence of M. tuberculosis in 
pig carcasses suggests transmission of the 
pathogen between both species and supports 
the idea that pigs may indeed not be dead¬ 
end hosts for mammalian tuberculosis. 2 

In cattle herds, the reactors and necropsy 
lesions are most common in the young stock. 
Many reactors have no visible lesions; those 
that do occur are small and confined to the 
lymph nodes of the digestive and respiratory 
systems. Pigs may develop minor lesions in 
lymph nodes, but sheep, goats, and horses 
appear to be resistant. M. tuberculosis infec¬ 
tions in pigs are usually the result of feeding 
offal from a tubercular household or contact 
with a tuberculous attendant. 
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MYCOBACTERIOSIS 
ASSOCIATED WITH 
MYCOBACTERIUM AVIUM 
INTRACELLULARE COMPLEX 
AND WITH ATYPICAL 
MYCOBACTERIA 


SYNOPSIS 


Etiology Mycobacterium avium-intracellulare 
complex and other mycobacteria. 

Epidemiology Ubiquitous in nature. Infection 
by ingestion. High concentration can build 
up in animal bedding of various types. 
Domestic or wild birds are a source of 
classic avian tuberculosis serovars. Can 
cause disease in humans particularly when 
immunocompromised. 

Clinical findings Most infections are of the 
draining lymph nodes of the alimentary 
tract and are subclinical, but they can result 
in carcass condemnation. Generalized cases 
manifest with chronic weight loss and 
diarrhea. 

Clinical pathology Tuberculin testing in 
cattle and swine. Culture, polymerase chain 
reaction (PCR). 

Necropsy findings Microgranulomas, with or 
without caseation, in lymph nodes. 

Control Reduction of environmental 
contamination. 


ETIOLOGY 

The M. avium-intracellulare complex (MAC) 
comprises two mycobacterial species: M. 


avium and M. intracellulare. M. avium is 
further subdivided into four subspecies: M. 
avium subsp. avium, M. avium subsp. para- 
tuberculosis, M. avium subsp. s ylvaticus, and 
M. avium subsp. hominissuis. The classical M. 
avium serovars are the cause agents of tuber¬ 
culosis in poultry, whereas M. avium subsp. 
hominissuis is an opportunistic pathogen pri¬ 
marily infecting swine and humans. M. 
avium subsp. pararuberculosis is the causative 
agent of paratuberculosis in cattle and small 
ruminants (Johne’s disease) and is discussed 
in the corresponding chapters of this book. 

The MAC comprises ubiquitous opportu¬ 
nistic pathogens of a large range of species, 
and in livestock these pathogens have the 
most importance in swine. Tuberculosis 
associated with these organisms in livestock 
is usually not manifest clinically and is not a 
major disease problem, but infected animals 
react to the intradermal tuberculin test, cre¬ 
ating difficulty in M. bovis tuberculosis erad¬ 
ication programs. Outbreaks in pig herds can 
cause significant losses because of carcass 
condemnation. In pigs, a significant propor¬ 
tion of reactors to tuberculin are attributable 
to infection with organisms of this complex, 
and infected cattle and pigs are potential 
sources of infection for the increasing 
number of MAC (particularly M. avium 
subsp. hominissuis ) infections in humans. 

EPIDEMIOLOGY 

Occurrence 

Lymphadenitis in pigs associated with these 
organisms is reported from all continents. 

Source and Transmission 

Organisms of the MAC are ubiquitous in 
nature and can be isolated from soil, plants, 
water, and animal feed and animal bedding. 
Infected birds nesting in animal or feed 
buildings are the most common source of M. 
avium subsp. avium and contaminate feed 
and water supplies. In contrast, isolates of M. 
avium subsp. hominissuis are commonly iso¬ 
lated from the environment and can be iso¬ 
lated from various species of flies and beetles 
that inhabit the ground, bedding, and feed in 
farm environments. Several studies have 
confirmed the role of peat that is used for 
bedding or as feed additive as source of 
infection with M. avium subsp. hominissuis 
for piglets. 1 The organisms are resistant to 
acidic environments, which allows them to 
survive in the acidic, humid environments of 
peat bogs and decomposed feces, and the 
lipopolysaccharide bacterial wall promotes 
survival in environments inside and outside 
barns for extended periods of time. 2 

Ingestion appears the normal route of 
infection, and pigs infected with M. avium 
subsp. homonissuis excrete the organism m 
in feces. ’ In pigs the use of dirt floors or deep 
litter, rather than bare concrete or slats, 
increases the risk of infection and the devel¬ 
opment of macroscopic lymphadenitis in 
large numbers of pigs. The length of time that 


pigs are kept on the litter is also important, 
and severe outbreaks can occur in pigs kept 
on litter for the entire period from weaning 
to slaughter. Sawdust, straw, peat, and wood 
shavings have all been found to be highly 
contaminated. Sphagnum moss contami¬ 
nated with M. cookii and environmental 
exposure to other mycobacteria may result in 
sensitization of cattle to bovine tuberculin. 

M. avium subsp. avium is the cause of 
tuberculosis in domestic and wild birds, 
which are infected by ingestion of contami¬ 
nated feed or soil and excrete large numbers 
of organisms in feces. Although infection in 
domestic livestock is commonly contracted 
from domestic poultry, from soil-borne 
infection, or from pen floors or feeds con¬ 
taminated by wild birds, pig-to-pig transmis¬ 
sion can also occur. 

Economic Importance 

Clinical disease is not important, but at 
slaughter organs with tuberculous lesions are 
discarded, and the entire carcass may be con¬ 
demned or require heat treatment before 
being released for human consumption. 

Zoonotic Importance 

Infections with atypical mycobacteria are 
not uncommon in humans and have 
higher prevalence in immunocompromised 
humans. Members of the MAC, in particular 
M. avium subs, hominissuis, cause both pul¬ 
monary infections in immunocompetent 
individuals and disseminated diseases in 
acquired immunodeficiency syndrome. 
Another typical manifestation of M. avium 
infection is lymphadenitis in the head and 
neck region of children. 4 

Animals, or animal products, may be a 
source for human infection, but direct asso¬ 
ciations are difficult to prove. Although not 
clinically ill, human workers have been 
found to be infected on farms when the 
disease occurred in pigs. It is likely that 
infections in humans and animals on the one 
farm come from the one source, but it is also 
possible that spread from animals to humans 
occurs. 

CLINICAL AND 
NECROPSY FINDINGS 
Cattle 

With classic avian tuberculosis, sensitivity to 
tuberculin may disappear soon after cattle 
are removed from contact with infected 
birds. Infection with this group of organisms 
produces microgranulomas in lymph nodes. 
Local lesions may persist in the mesenteric 
lymph nodes, the meninges, and in the 
uterus and udder, and occasional cases of 
open pulmonary tuberculosis have been 
observed. In uterine infections recurrent 
abortion may occur, and mammary localiza¬ 
tion causes induration and involvement of 
lymph nodes, similar to the lesions associ¬ 
ated with M. bovis. Generalized tuberculosis 
can occur in up to 50% of cases. 
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Goats and Sheep 

Goats and sheep appear to have a strong 
natural resistance to infection with M. avium 
complex. A high incidence of avian tubercu¬ 
losis has been observed in a herd of goats, 
and although the disease progresses slowly, 
this species may act as reservoirs for other 
species. Animals with progressive disease 
show anorexia and chronic diarrhea and 
wasting. 

Deer 

Infection in wild and farmed deer occurs and 
may serve as a source of infection for carrion¬ 
eating birds. 

Horses 

Horses are resistant to infection with M. 
avium complex, although rare, generalized 
cases of tuberculosis have been reported in 
this species. It is possible that disease occurs 
only in horses that are immunosuppressed 
by other factors. A common history is 
chronic diarrhea and weight loss. Less 
common manifestations include dermatitis, 
alopecia, and skin ulceration. Granuloma¬ 
tous enteritis is commonly present at nec¬ 
ropsy. Two cases have been recorded in 
which the lesions in the cervical lymph 
nodes were accompanied by lesions in cervi¬ 
cal vertebrae. The lesions were similar to 
those seen in cervical vertebral osteomyelitis 
associated with M. bovis. 

Pigs 

Infection is usually sporadic in pigs in herds 
but in some herds can be enzootic. 5 The 
naturally occurring disease is nonprogressive 
and usually restricted to the lymph nodes of 
the head and neck and the mesenteric lymph 
nodes. Occasional generalized cases with 
involvement of liver, lungs, and kidneys 
occur; an outbreak of pulmonary tuberculo¬ 
sis associated with M. avium and clinical 
symptoms such as wasting and abortion has 
been reported in pigs. The lesions may be 
free of suppuration and resemble neoplastic 
tissue, but granulomatous and occasionally 
caseous lesions in lymph nodes also occur. 
Similar lesions are associated with Rhodococ- 
cus equi. Granulomatous lesions that develop 
in the tonsils and intestinal wall result in the 
passage of organisms in the feces for at least 
55 days, and transmission to in-contact pigs 
occurs readily. 1 

Tuberculosis produced experimentally in 
pigs by the oral administration of M. avium 
is generalized, provided the inoculation dose 
is sufficiently large. Transmission from these 
pigs to contact pigs occurs. Vaccination of 
pigs with BCG vaccine provides partial pro¬ 
tection against experimental infection with 
M. avium. 

CLINICAL PATHOLOGY 

The lesions at postmortem or slaughter 
inspection are characteristic, but culture and 
identification of the organism is required for 


confirmation. Growth is slow, and PCR tech¬ 
nologies offer faster diagnosis, with some 
ability to distinguish between individual 
species and serovars. Smears of lesions asso¬ 
ciated with some of these agents do not stain 
positive with acid-fast stains. 

Tuberculin Testing 

With infections in cattle, sensitivity to tuber¬ 
culin occurs to both avian and bovine tuber¬ 
culin, but is greater to avian tuberculin. With 
atypical mycobacteria the response is also 
short-lived, with significant changes in sen¬ 
sitivity occurring between successive tests. 
The comparative tuberculin test is becoming 
more widely used because of the growing 
importance of these infections. It is not 
uncommon to have more than one species of 
mycobacteria causing disease in a herd at the 
one time. 

The single intradermal comparative 
tuberculin (SCIT) test consisting of the 
simultaneous intradermal injection of bovine 
and avian tuberculin has been used to dif¬ 
ferentiate between infections with MAC and 
M. bovis, which pertains to the M. tubercu¬ 
losis complex (MTC) in swine. Animals 
infected with mycobacteria of the MTC tend 
to show a stronger reaction to bovine than to 
avian tuberculin, whereas animals previously 
exposed to organisms of the MAC show a 
reverse reaction. 3 

Tuberculin skin testing in horses is not 
conducted because 70% of clinically normal 
horses show positive reactions. 

TREATMENT AND CONTROL 

Treatment is not usual, except possibly in 
horses. Antimicrobial treatment in humans 
for this complex of organisms includes ami¬ 
kacin, ciprofloxacin, rifampin, and the mac- 
rolide azithromycin. 

In swine herds with enzootic infection, 
culling on the basis of skin sensitivity is 
usually not practical because of the high 
prevalence of infection and high environ¬ 
mental contamination. Control procedures 
concentrate on the reduction of environ¬ 
mental contamination by a change from 
bedding to solid or slatted floors, frequent 
washing and disinfection of pen floors, 
separate weaner and grower facilities, and 
exclusion of wild birds from buildings and 
feed areas. 
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YERSINIOSIS 

ETIOLOGY 

There are pathogenic and nonpathogenic 
strains of Yersinia pseudotuberculosis and 
Yersinia enterocolitica. The pathogenic strains 
of both organisms possess chromosomal and 
plasmid-mediated virulence determinants. 

Y. pseudotuberculosis can be divided into 
15 major serogroups, based on O-antigens, 
some of which can be further divided 
into subgroups on the basis of type-specific 
somatic and flagellar antigens. There is varia¬ 
tion in animal and human pathogenicity 
between the serogroups. 

Y. enterocolitica is divided into six major 
biotypes, designated as 1A (generally 
regarded as nonpathogenic), and IB, 2, 3, 4, 
and 5. It is serologically heterogeneous, with 
54 serotypes originally identified on the basis 
of somatic antigens, which was subsequently 
simplified to 18 serogroups. 1 Bioserotypes 
may be host-specific. Serotypes 0:2, 0:3, 
0:5, 0:8, and 0:9 have been most often asso¬ 
ciated with infection in farm animals and 
humans. Other serotypes appear to be largely 
nonpathogenic, although virulence factors 
have recently been detected in some biotypes 
previously regarded as nonpathogenic. Sero¬ 
type 0:9 is antigenically very similar to Bru¬ 
cella spp., and infection with this serotype is 
a cause of false-positive reactions to Brucella 
agglutination and complement fixation tests. 

EPIDEMIOLOGY 

Occurrence 

Yersiniosis has worldwide occurrence, 
although there appear to be regional differ¬ 
ences in the species of animal infected, the 
prevalence of disease, and the organism 
involved. Y. pseudotuberculosis has histori¬ 
cally been associated with sporadic pyemic 
disease in sheep manifest with extensive 
abscessation of internal organs such as liver 
and spleen. Subsequently, Y. pseudotubercu¬ 
losis and Y. enterocolitica have been associ¬ 
ated with enterocolitis in cattle, sheep, pigs, 
goats, buffalo, and farmed and feral deer. 
Enteric disease in ruminants has been most 
reported from Australia, New Zealand, and 
the United States. 2 

Yersinia pseudotuberculosis 

Y. pseudotuberculosis is a common inhabitant 
of the intestine in a wide variety of domestic 
and wild mammals. Wild birds and rodents 
are also reservoirs of the organism, and fecal- 
oral spread on pastures and in water is a major 
method of transmission. Spring migratory 
birds can spread pathogenic types over long 
distances, although these are usually not asso¬ 
ciated with disease in ruminants. 

There may be differences in the host spec¬ 
ificity of different serotypes and strains. 
Rodents and birds may be the major reser¬ 
voirs for serotypes I and II, which infect deer 
and goats, whereas sheep and cattle may be 
maintenance hosts for serotype III. 
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In an Australian study, Y. pseudotubercu¬ 
losis serotype III was isolated from the feces 
of healthy sheep in 5% of flocks examined, 
although the prevalence was probably much 
higher because only a small number of sheep 
were sampled in each flock. Infection was 
more common in young sheep and occurred 
during the winter and spring months, and 
excretion of the organism persisted for 1 to 
14 weeks. A 23-year retrospective study of 
disease caused by Y. pseudotuberculosis in 
goats in California found that cases occurred 
predominantly in winter and spring and 
were clustered in certain years. The most 
common syndromes were enteritis and/or 
typhlocolitis (64%), abscessation (14%), and 
abortion (12%). 2 

In cattle, the organism has been found 
without disease in up to 26% of normal cattle 
and on 84% of farms tested. The fecal excre¬ 
tion that occurs in clinically normal sheep 
and cattle possibly results from a subclinical 
infection of the intestine; experimental chal¬ 
lenge of ruminants can result in the estab¬ 
lishment of the organism in the intestine, 
with the presence of microscopic abscessa¬ 
tion in the lamina propria and serologic con¬ 
version in the absence of clinical disease. 

Enteric disease associated with this 
organism in both cattle and sheep appears to 
occur as the result of a heavy infection pres¬ 
sure in animals that are debilitated from 
other influences. These include cold wet 
weather, inanition and starvation, trace- 
element deficiency, change of diet, manage¬ 
ment procedures such as marking, and, in 
farmed deer, procedures such as capture, 
yarding, and recent transport. 

In sheep, attack rates in the flock for clini¬ 
cal disease have ranged from 1% to 90%, with 
a mean of 18% and a population mortality 
varying from 0% to 7%. Y. pseudotuberculosis 
may also cause sporadic abortion in cattle, 
goats, and sheep. In sheep, abortion rates of 
1% to 9% are recorded, with abortion occur¬ 
ring in the latter part of pregnancy and 
without clinical illness in the ewes. The 
organism is the cause of occasional cases of 
bovine caprine mastitis, epididymitis, and 
orchitis in rams, and it may be found in spo¬ 
radic cases of abscessation and lymphangitis 
in ruminants. 

Yersinia enterocolitica 

Y. enterocolitica is less commonly associated 
with clinical disease in farm animals, 
although apparently healthy animals can 
excrete strains that are potentially patho¬ 
genic for humans for much of the year. Diar¬ 
rhea associated with this organism can occur 
in sheep, and the organism can be isolated 
from affected lambs. However, harmful 
strains of Y. enterocolitica tend to be less 
pathogenic to sheep and goats than patho¬ 
genic strains of Y. pseudotuberculosis. 

Enterocolitis is recorded in sheep and 
goats. Biotype 5, serotype 0:2,3 has been iso¬ 
lated from some of these. In an Australian 


survey in the early 1990s this organism was 
detected in 17% of flocks and was isolated 
from young sheep at all seasons of the year. 
In a study of goat flocks in New Zealand, 80 
of 82 Y. enterocolitica isolated from 18 flocks 
were biotype 5 0:2,3. 3 Young goats (those < 
1 year old) had from 2.2 to 12.9 times the risk 
of shedding potentially pathogenic isolates 
than older goats. Clinical disease appears to 
be predisposed by the same stress factors as 
apply with disease associated with Y. pseudo¬ 
tuberculosis. For example, Y. enterocolitica 
was isolated from the caecum of lambs with 
severe diarrhea grazing fodder beet in the 
United Kingdom. 4 The weather at the time of 
the outbreak was cold and wet, and the year¬ 
ling sheep were seen congregating around 
pools of water in the paddock. Parasitism 
and poor nutrition were also thought to be 
contributing factors. Disease is typically 
recorded in sheep less than 1 year of age, 
with attack rates varying from 2% to 55% and 
population mortalities ranging from 0.3% to 
17%. Y. enterocolitica is also an occasional 
cause of abortion in sheep, and this has been 
reproduced experimentally. 

Whereas Y. enterocolitica is commonly 
isolated from pigs, and pigs are a major res¬ 
ervoir for human disease, it is a rare cause of 
clinical disease in pigs, although clinical 
enteric disease can be produced by experi¬ 
mental challenge of colostrum-deprived 
pigs. Normal pigs challenged with serotype 
0:3 excreted the organism in feces but were 
fecal-culture-negative 10 weeks after chal¬ 
lenge and at slaughter, even though the 
organism could be isolated from the tonsils 
at slaughter. Pigs seroconverted 19 days after 
challenge and remained seropositive until 
slaughter 70 days later. 

Zoonotic Implications 
Yersinia pseudotuberculosis 

Human infection with Y. pseudotuberculosis 
is primarily manifest with septicemia, and 
renal failure is a sequela. In addition to food- 
borne infection, the consumption of water 
contaminated by animal feces appears to be 
a major risk factor. Raw milk consumption is 
also a risk. Human cases are usually spo¬ 
radic, although outbreaks have been reported 
from Finland and Russia. 5 

Yersinia enterocolitica 
Gastrointestinal disease associated with Y. 
enterocolitica appears to have increasing 
prevalence in humans, being the third most 
commonly reported zoonosis in Europe, and 
can be associated with a reactive arthritis as 
a sequela. Septicemia does occur but is 
largely limited to those with other underly¬ 
ing disease. The bioserotype most often 
associated with human disease is 4/0:3, 
with other bioserotypes including 2/0:5,27, 
lB/0:8, and 2/0:9.* Pigs are a major reser¬ 
voir for Y. enterocolitica, and pork and 
pork products are sources for human infec¬ 
tion. 6 Bioserotype 4/0:3, in particular, is 


commonly isolated from the tonsils and 
pharynx of pigs at slaughter and less com¬ 
monly from feces. The rate of isolation varies 
geographically and with farm source, and it 
has been suggested that pathogen-free breed¬ 
ing is a method for control. A high rate of 
biotype 1A, which is a common isolate from 
livestock and generally thought to be non- 
pathogenic for humans, was isolated from 
sheep feces, but not tonsil, from sheep at 
slaughter in Gotland, Sweden. 6 Recently, the 
virulence gene ail (adhesion invasion locus) 
has been identified in some strains of Y. 
enterocolitica biotype 1A, and thus a more 
thorough examination of these biotypes may 
be justified. ' 9 

In contrast to Australia and New Zealand, 
it is thought that in Europe the pig is the 
only domestic animal consumed by humans 
that regularly harbors pathogenic Yersinia. 
There is an apparent increasing prevalence of 
bioserotype 4/0:3 infections in humans in 
the Northern Hemisphere, and pigs and pork 
products are considered to be important 
sources. A survey in Great Britain comparing 
isolates of Y. enterocolitica from cattle, sheep, 
and pigs with those from humans over a 
2-year period did not find a strong correla¬ 
tion between pathogenic serotypes isolated 
from the two groups, with the exception of 
isolates from pigs. The importation of meat 
products has been incriminated as the 
vehicle of introduction of pathogenic sero¬ 
types into Japan. There would appear to be 
an increased risk for infection in humans 
handling pigs at slaughter and in veterinari¬ 
ans in pig practice. 

Bioserotype 3/0:5,27 is common in 
animals in the United Kingdom, but not iso¬ 
lated from humans. This bioserotype 
increased the secretion of the cytokines IL-6 
and IL-8 from macrophages infected in vitro, 
compared with other biotype 3 and 4 iso¬ 
lates. 10 It was proposed that these differences 
in the interaction of the bacteria with the 
host immune system may explain why this 
bioserotype is not pathogenic for humans. 

PATHOGENESIS 

Invasion of the intestinal epithelium is fol¬ 
lowed by inflammation in the mucosa and 
the formation of microabscesses in the 
lamina propria and mesenteric lymph nodes. 
Ulcers and disruption of the intestinal 
mucosa lead to loss of fluid and function. The 
intestinal lesions are accompanied by villous 
atrophy and lead to malabsorption and ill- 
thrift, diarrhea, or a combination of the two. 

CLINICAL FINDINGS 

Affected animals may present with a syn¬ 
drome of chronic ill-thrift and in a wasted 
condition with or without diarrhea. Where 
diarrhea is present, the feces are watery, foul¬ 
smelling, and black in color, but occasionally 
they also contain mucus and blood. Diarrhea 
persists for 2 to 3 weeks in an individual 
animal and may require the removal of soiled 





wool (“crutching” or “dagging”) to reduce 
the risk of fly strike. 

CLINICAL PATHOLOGY 

There is a neutrophilia with a left shift. 
Affected animals are often hypoproteinemic 
and anemic, although this may be a reflection 
of the underlying malnutrition. In experi¬ 
mental infections antibody develops by 9 to 
19 days after infection and may be an aid to 
diagnosis. The organism can be isolated from 
the feces. Multiplex PCR, capable of detecting 
10 pathogenic serobiotypes of Y. enterocolit¬ 
ica, and real-time PCR have been developed 
to discriminate pathogenic Y. enterocolitica 
from other members of this genus. 11 

NECROPSY FINDINGS 

There are liquid intestinal contents but 
usually no gross findings. Some sheep may 
have thickening of the mucosa of the small 
intestine and the cecum and colon, and the 
mesenteric lymph nodes may be enlarged 
and edematous. 

The characteristic findings on histopa- 
thology consist of a segmental suppurative 
erosive enterocolitis. Microabscesses, con¬ 
sisting of aggregations of neutrophils with 
prominent colonies of gram-negative cocco- 
bacilli, are present in the mucosa. Lesions are 
most prevalent in the jejunum and ileum and 
are accompanied by atrophy of villi and 
hyperplasia of cryptal epithelium. Microab¬ 
scesses may coalesce to produce extensive 
erosions, and there may be microabscesses in 
the liver. 

The placenta from sheep that have 
aborted in association with Y. pseudotubercu¬ 
losis is thickened and edematous, with 
necrotic debris in the intercotyledonary 
zone, and must be differentiated from enzo¬ 
otic abortion. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—jejunum, ileum, colon, 
mesenteric lymph node (culture— 
sometimes requires cold enrichment) 

• Histology—formalin-fixed jejunum, 
ileum (several sections), colon, 
mesenteric lymph node (light 
microscopy) 

Note the zoonotic potential of this organ¬ 
ism when handling the carcasses and sub¬ 
mitting specimens. 


DIFFERENTIAL DIAGNOSIS 


The major differential is the syndrome of 
weaner ill-thrift, caused mainly by 
undernutrition and gastrointestinal parasitism, 
and other agents that cause diarrhea, such as 
salmonellosis. 


TREATMENT AND CONTROL 

Isolates vary in their sensitivity to antibiotics, 
and a sensitivity test is advisable. Most 
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isolates show in vitro sensitivity to the ami¬ 
noglycosides, to tetracyclines, and to sulfon¬ 
amides or a combination of sulfonamides 
and trimethoprim. Sulfonamides and trim¬ 
ethoprim are reported not to be effective in 
the treatment of yersiniosis in cattle; long- 
acting tetracyclines are recommended for 
the treatment of both infections, in combina¬ 
tion with supportive therapy. 

A vaccine is available for deer in New 
Zealand, but in other countries there is no 
specific control for ruminants and pigs. Live 
attenuated oral vaccines have been evaluated 
in laboratory animals and afforded good 
cross-protection against heterologous strains 
of Y. pseudotuberculosis. 12 In grazing animals 
mitigating the effects of parasitism, particu¬ 
larly during winter, and maintenance of good 
nutrition are thought to be important factors 
in avoiding clinical disease. 

FURTHER READING 

Bergsbaken BT, Cookson T. Innate immune response 
during Yersinia infection: critical modulation of cell 
death mechanisms through phagocyte activation. 
JLeuk Biol. 2009;86:1153-1158. 

Fredriksson-Ahomaa M, et al. Molecular epidemiology 
of Yersinia enterocolitica infections. FEMS Immunol 
Med Microbiol. 2006;47:315-329. 

Laukkanen-Ninios R, et al. Population structure of the 
Yersinia pseudotuberclosis complex according to 
multilocus sequence typing. Env Microbiol. 
2011;13:3114-3127. 

Radostits O, et al. Yersiniosis. In: Veterinary Medicine: A 
Textbook of the Diseases of Cattle, Horses, Sheep, 
Goats and Pigs. 10th ed. London: W.B. Saunders; 
2007:954-956. 

Slee KJ, Skilbeck NL. The epidemiology of Yersinia 
pseudotuberculosis and Y. enterocolitica infections in 
sheep in Australia. / Clin Microbiol. 

1992;30:712-715. 

REFERENCES 

1. Drummond N, et al. Food Path Dis. 2012; 17:179. 

2. Giannitti F, et al. / Vet Diag Invest. 2014;26:88. 

3. Lanada EB, et al. Aust Vet J. 2005;83:563. 

4. Otter A, Callaghan G. Vet Rec. 2008; 162:699. 

5. Laukkanen-Ninios R, et al. Env Microbiol. 
2011;13:3114. 

6. Soderquist K, et al. Acta Vet Scand. 2012;54:39. 

7. Kraushaar B, et al. / Appl Microbiol. 2011;111:997. 

8. Sihvonen LM, et al. Food Path Dis. 2011;8:455. 

9. Kumar P, Virdi JS. / Appl Microbiol. 2012;113:1263. 

10. McNally A, et al. / Med Microbiol. 2006;55:725. 

11. Lambertz ST, et al. Appl Environ Microbiol. 
2008;74:6060. 

12. Quintard B, et al. Comp Immunol Microbiol Infect 
Dis. 2010;33:e59. 

TULAREMIA 


SYNOPSIS 


Etiology Francisella tularensis subsp. 
tularensis in North America; Francisella 
tularensis subsp. holarctica in Asia, Europe, 
and North America. 

Epidemiology Primarily wild animal disease 
with wide occurrence in the Northern 
Hemisphere. Among domesticated animals, 


cats and lambs are most, and pigs less, 
susceptible; seasonal, associated with heavy 
tick infestation. Tabanidae, rodents, and 
lagomorphs function as hosts and vectors. 
Zoonosis, potential bioterrorist agent. 

Clinical findings Tick infestation. Fever, 
stiffness of gait, diarrhea, weight loss, 
recumbency. Wool break. 

Clinical pathology None specific. 

Necropsy findings Subcutaneous swellings 
at site of tick attachment, lymphadenitis, 
and septicemia in sheep. Pigs have 
pleuritis, pneumonia, and abscessation of 
submaxillary and parotid lymph nodes. 

Diagnostic confirmation Identification of 
agent by immunohistochemistry, 
polymerase chain reaction (PCR) or culture; 
serology in survivors. 

Treatment Tetracyclines, streptomycin. 

Control Tick control, repellents. 


ETIOLOGY 

Francisella tularensis, the causative organism 
of tularemia is a gram-negative, nonspore¬ 
forming coccobacillus pertaining to the 
family Francisellaeceae. The bacterium sur¬ 
vives in the environment for prolonged 
periods. Viable bacteria can be found after 
weeks and months in the carcasses and hides 
of infected animals and in fomites, which 
include grain, straw, dust and water. It is 
highly resistant to freezing and can survive 
in meat of infected animals stored at -15° C 
(5°F) for 3 years. 1 

Currently, four subspecies with different 
animal hosts and different geographic distri¬ 
bution are recognized: 2 

• F. tularensis subsp. tularensis (type A): 
This is the most virulent subspecies; it is 
found in North America and associated 
with rabbits, ticks, and sheep. 

• F. tularensis subsp. holarctica 

(palaearctica , type B): This subspecies is 
less virulent and is found in Asia, 

Europe and North America. It is often 
isolated in association with streams, 
ponds, lakes, and rivers. Beavers and 
muskrats in North America and 
lemmings and beavers are presumably 
responsible for maintaining the water 
association of this bacterium. There is 
evidence suggesting that the pathogen 
can persist in water (possibly associated 
to protozoa) for prolonged periods of 
time. 

• F. tularensis subsp. mediasiatica: This 
serotype has only been isolated in 
Kazakhstan and Turkmenistan. Little is 
known about its virulence, but is 
considered to comparable to that of 
subsp. holarctica. 

• F. tularensis subsp. novicida: This strain 
has thus far only been isolated from 
humans; it has been linked to 
waterborne transmission in Australia, 
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Spain, and the United States. The strain 
of subsp. novidda isolated in Australia is 
the only one identified in the Southern 
Hemisphere thus far. 

EPIDEMIOLOGY 

Tularemia is a highly contagious disease 
occurring principally in wild animals, but it 
may transmit to farm animals and cats, 
causing septicemia and high mortality. It can 
occur either as epizootics or as sporadic 
disease. It is a zoonosis that is responsible for 
approximately 100 clinical cases in humans 
every year in the United States. 

Occurrence 

Tularemia is primarily restricted in its occur¬ 
rence to countries in the Northern Hemi¬ 
sphere and occurs in most of them. In the 
United States tularemia is recognized in all 
states except Hawaii. It is most prevalent in 
the central-western states of the United 
States, including Missouri, Arkansas, Okla¬ 
homa, South Dakota, and Kansas. 3 In Europe, 
the disease is more prevalent in eastern 
European countries and less common in 
continental western Europe. 3 Epidemics 
affecting the human population have 
occurred in Spain, Portugal, Sweden, and 
Kosovo. 

Risk Factors 
Animal Risk Factors 

F. tularensis has a wide host range and is 
recorded in over 100 species of bird and wild 
and domestic animals. Common wild animal 
hosts include rabbits, muskrats, beavers, and 
a variety of rodents, including voles, squir¬ 
rels and lemmings. Disease in domesticated 
animals most commonly occurs in cats and 
sheep and to a lesser extent in pigs, dogs, and 
horses; cattle appear to be relatively resistant 
but can be infected in association with heavy 
tick infestation. Sheep and pigs of all ages are 
susceptible, but most losses occur in lambs; 
in pigs, clinical illness occurs only in piglets. 
There is a sharp seasonal incidence, with the 
bulk of cases occurring during the spring 
months. The morbidity rate in affected flocks 
of sheep is usually about 20% but may be as 
high as 40%, and the mortality rate may 
reach 50%, especially in young animals. 

Transmission 

The major reservoirs and transmitters of the 
infection are rabbits, hares, wild rodents, 
ticks, and flies. The principal mammalian 
target host in North America is the cottontail 
rabbit ( Sylvilagus spp.). With sheep, trans¬ 
mission occurs chiefly by the bites of the 
wood tick, Dermacentor andersoni, and 
from Haemaphysalis otophila, with the ticks 
becoming infected in the early part of 
their life cycle when they feed on rodents. In 
Europe, Ixodes ricinus and Dermacentor 
reticulatus are vectors. Transmission to pigs 
and horses is thought to occur chiefly by 
tick bites, but mechanical transmission to 


laboratory animals does occur with tabanid 
and blackflies. In the former Soviet Union 
and northern Europe, the bacterium has 
been demonstrated to be transmitted by 
mosquitoes. 2 Tabanid flies, which include the 
horsefly and the deerfly, have been impli¬ 
cated as vectors in the western United States 
and northern Europe. 1 At least 20 flea species 
were identified as potential vectors, although 
their role in the spread of the disease is 
uncertain. Neither in flies nor mosquitoes 
the pathogen was confirmed to reside in the 
salivary glands, suggesting that they may 
function as mechanical rather than biologi¬ 
cal vectors. 

In contrast, transstadial and transovar- 
ial transmission occurs in the tick. The adult 
ticks infest sheep, and pastures bearing low 
shrubs and brush are particularly favorable 
to infestation. The ticks are found in greatest 
numbers on the sheep around the base of the 
ears, top of the neck, throat, axillae, and 
udder. 

Pathogen Risk Factors 

There is little information concerning viru¬ 
lence mechanisms of F. tularensis. The 
capsule appears to be a necessary component 
for expression of full virulence and protects 
against serum-mediated lysis. The lipopoly- 
saccharide has unusual biological and struc¬ 
tural properties and low toxicity in vitro and 
in vivo. 

Pronounced differences in virulence 
between subtypes are well established. F. 
tularensis subsp. tularensis is by far the most 
virulent subspecies for all affected species 
and is associated with the highest mortality 
rates in animals and humans. 

Zoonotic Implications 

Humans can acquire F. tularensis from 
various sources. Most exposures appear to 
result from the handling of infected rabbits 
and other wildlife (e.g., during hunting activ¬ 
ities), but infections can arise from bites of 
ticks and haematophagus flies, from the 
ingestion of contaminated meat and water, 
and from the bite or scratch of infected cats. 
Inhalation of aerosolized bacteria appears to 
be a less common route of infection but is 
associated with respiratory tularemia, which 
has the highest fatality rate of all clinical 
presentations of tularemia. 2 The disease is 
an occupational hazard to hunters and 
workers in the sheep industry in areas 
where the disease occurs. Spread of the 
disease to humans may also occur in abattoir 
workers who handle infected sheep car¬ 
casses. Person-to-person transmission has 
not been documented. 

F. tularensis is one of the most infectious 
pathogens known in human medicine, with 
an extremely low infectious dose (10 bacteria 
when injected subcutaneously and 25 bacte¬ 
ria when inhaled as aerosol). Because of its 
high infectivity, the fact that it causes infec¬ 
tion through inhalation in combination with 


its stability in aerosols, F. tularensis is recog¬ 
nized as potential bioterrorist agent. 

PATHOGENESIS 

Tularemia is an acute septicemia, but 
localization occurs, mainly in the parenchy¬ 
matous organs, with the production of gran¬ 
ulomatous lesions. 

CLINICAL FINDINGS 

Sheep 

The incubation period has not been deter¬ 
mined. A heavy tick infestation is usually 
evident. 

The onset of the disease is slow with a 
gradually increasing stiffness of gait, dorsi- 
flexion of the head, and a hunching of the 
hindquarters; affected animals lag behind the 
group. The pulse and respiratory rates are 
increased, the temperature is elevated up to 
42°C (107°F), and a cough may develop. 
There is diarrhea, the feces being dark and 
fetid, and urination occurs frequently, with 
the passage of small amounts of urine. Body 
weight is lost rapidly, and progressive weak¬ 
ness and recumbency develop after several 
days, but there is no evidence of paralysis, 
with the animal continuing to struggle while 
down. Death occurs usually within a few 
days, but a fatal course may be as long as 2 
weeks. Animals that recover commonly shed 
part or all of the fleece but are solidly immune 
for long periods. 

Pigs 

The disease is latent in adult pigs, but young 
piglets show fever up to 42°C (107°F), 
accompanied by depression, profuse sweat¬ 
ing, and dyspnea. The course of the disease 
is about 7 to 10 days. 

Horses 

In horses, fever (up to 42°C [107°F]) and 
stiffness and edema of the limbs occur. Foals 
are more seriously affected and may show 
dyspnea and incoordination in addition to 
the previously mentioned signs. 

CLINICAL PATHOLOGY 

Isolation of the pathogen can be attempted 
from impression smears or fixed specimens 
of organs such as liver, spleen, bone marrow, 
kidney, or lung and from blood smears. 
Immunologic methods such as the fluores¬ 
cent antibody test are considered most reli¬ 
able to identify the agent. 4 Polymerase chain 
reaction (PCR) protocols are now widely used 
to confirm the presence of bacterial DNA. 

Serologic tests are the standard tests used 
for the diagnosis of tularemia in humans. 
In veterinary medicine serology may 
be employed for epidemiologic surveys of 
animal species resistant to the infection, but 
it is of limited value in susceptible species 
that commonly die before seroconversion 
occurs. The agglutination test is the most 
commonly used test for the diagnosis of tula¬ 
remia, with a titer of 1:50 being regarded as 
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a positive test in pigs. Serum from pigs 
affected with brucellosis does not agglutinate 
tularemia antigen, but serum from pigs 
affected with tularemia agglutinates brucel¬ 
losis antigen. Cross-agglutination between F. 
tularensis and Brucella abortus is less 
common in sheep, and an accurate diagnosis 
can be made on serologic grounds because of 
the much greater agglutination that occurs 
with the homologous organism. Titers of 
agglutinins in affected sheep range from 
1:640 to 1:5000 and may persist at levels of 
1:320 for up to 7 months. A titer of 1:200 is 
classed as positive in sheep. In horses the 
titers revert to normal levels in 14 to 21 days. 

Enzyme-linked immunosorbent assays 
(ELISAs) are available to identify either IgM, 
IgA, or IgG in infected animals. Because IgM 
levels are sustained for prolonged periods 
after infection, a high titer cannot be used as 
an indication for recent infection. 4 

NECROPSY FINDINGS 

In sheep, large numbers of ticks may be 
present on the hides of fresh carcasses. In 
animals that have been dead for some time, 
dark-red subcutaneous areas of congestion 
up to 3 cm in diameter are found and may 
be accompanied by local swelling or necrosis 
of tissues. These lesions mark the attachment 
sites of ticks. Enlargement and congestion of 
the lymph nodes draining the sites of heavi¬ 
est tick infestation are often noted. Pulmo¬ 
nary edema, congestion, or consolidation are 
inconstant findings. 

In pigs the characteristic lesions are pleu- 
ritis, pneumonia, and abscessation of sub¬ 
maxillary and parotid lymph nodes. The 
organisms can be isolated from the lymph 
nodes and spleen and from infected ticks. 
Isolation can also be effected by experimental 
transmission to guinea pigs. Techniques such 
as immunoperoxidase staining of fixed speci¬ 
mens and PCR of fresh tissues can circumvent 
the need for culture of this zoonotic agent. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—lung, liver, lymph node, 
spleen, kidney, bone marrow, blood 
(immunohistochemistry, PCR, culture— 
requires cystine-enriched media) 

• Histology—previously mentioned tissues 
fixed in formalin (light microscopy, 
immunohistochemistry) 

Note the zoonotic potential of this organ¬ 
ism when handling the carcasses and sub¬ 
mitting specimens. 


DIFFERENTIAL DIAGNOSIS 


The occurrence of a highly fatal septicemia in 
sheep during spring months when the sheep 
are heavily infested with Dermacentor 
andersoni should suggest the possibility of 
tularemia, especially if the outbreak occurs in 
an enzootic area. 


Tick paralysis. This occurs in the same area 
and at the same time of the year as 
tularemia but is not accompanied by fever, 
and there is marked flaccid paralysis. 
Recovery from tick paralysis occurs 
commonly if the ticks are removed. 

Other septicemias include P. trehalosi in 
sheep and Haemophilus spp. in sheep and 
cattle. These are unusual in the age group 
in which tularemia occurs and are not 
associated with tick infestation. In pigs, 
local lesions can resemble tuberculosis. 

Anthrax. 


TREATMENT 

Streptomycin, gentamicin, tetracyclines, and 
fluorochinolones are effective treatments in 
humans and companion animals. Oxytetra- 
cycline (10 mg/kg body weight [BW] IV or 
IM every 24 hours). 



CONTROL 

An outbreak of tularemia in sheep can be 
rapidly halted by spraying or dipping with an 
insecticide to kill the vector ticks. In areas 
where ticks are enzootic, sheep should be 
kept away from shrubby, infested pasture or 
sprayed regularly during the months when 
the tick population is greatest. An experi¬ 
mental live attenuated vaccine has been 
developed, but there is no routine vaccina¬ 
tion of livestock. 

FURTHER READING 

Feldman KA. Tularemia. / Am Vet Med Assoc. 
2003;222:725-730. 

Petersen JM, Schriefer ME. Tularemia: emergence/ 
re-emergence. Vet Res. 2005;36:455-467. 

Tarnvik A, Priebe HS, Grunow R. Tularaemia in Europe: 
an epidemiological overview. Scand J Infect Dis. 
2004;36:350-355. 

World Health Organization (WHO). WHO guidelines 
on tularemia. 2007 at: <http://www.cdc.gov/ 
tularemia/resources/whotularemiamanual.pdf>; 
Accessed 01.02.14. 
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MELIOIDOSIS 


SYNOPSIS 


Etiology Burkholderia pseudomallei. 

Epidemiology Ubiquitous soil saprophyte 
endemic to Southeast Asia, northern 
Australia, and the South Pacific. Occurs 
primarily 20° north and south of the 
equator. Transmission is by inhalation of 
contaminated dust and cutaneous abrasion. 
Primarily a disease of sheep and goats and 
humans, occasional disease in horses, and 
subclinical infection in pigs. 

Clinical findings Septicemia, weakness, 
recumbency, and death in sheep. 
Septicemia, pneumonia, and lymphangitis 
in horses. 

Clinical pathology Culture, serology, allergic 
skin test. 

Necropsy findings Abscessation of internal 
organs. 

Treatment and control General hygienic 
procedures. Little specific information 
available. 


ETIOLOGY 

Burkholderia pseudomallei is the sole cause. 
There is considerable genetic variability, and 
strains vary in pathogenicity. The organism 
causes latent (asymptomatic), acute, or 
chronic disease, depending largely on the 
host resistance to the organism. 1 

EPIDEMIOLOGY 

Occurrence 

The disease occurs almost exclusively in 
tropical countries 20° north and south of the 
equator and is endemic in Southeast Asia, 
Asia, and northern and subnorthern areas 
of Australia. Disease occurs in rodents, 
rabbits, pigeons, humans, animals in zoo¬ 
logic gardens, dogs, cats, horses, pigs, sheep, 
goats, alpacas, reptiles, and camels, but rarely 
in cattle. 2 " 6 In domestic animals the disease 
has occurred in outbreak form in pigs, goats, 
and sheep in Australia; in the Caribbean area 
and in Cambodia; in horses in Malaysia and 
Iran; in pigs and cattle in Papua New Guinea 
and Australia; in horses in France in 1976 to 
1978; and in cattle in Argentina. Goats 
appear to be more susceptible than cattle or 
horses. 4 

The incidence rate in Thailand during 
2006 to 2010 was 1.6 cases per 100,000 goats, 
0.02 cases per 100,000 pigs, and 0.01 cases 
per 100,000 cattle. There were reports of the 
disease in a single camel, crocodile, deer, 
horse, monkey, and zebra. However, inci¬ 
dence rates varied considerably with region 
of the country, with rates as high as 101 cases 
per 100,000 goats and 19 cases per 100,000 
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people. 4 The estimates for animals are 
likely an underrepresentation of the actual 
incidence of the disease because not all 
dead animals are subject to postmortem 
examination. 

Risk Factors 

The risk factors for occurrence of melioidosis 
on small ruminant farms in Malaysia include 
the following: bush clearing around farms 
(odds ratio [OR] = 661, 95% confidence 
interval [Cl] = 112-3884, P = 0037), B. pseu¬ 
domallei present in the soil (OR = 623, 95% 
Cl = 103-3768, P = 0046), other animal 
species present (OR = 796, 95% Cl = 114- 
5599, P = 0037), and flooding or waterlog¬ 
ging conditions (OR = 1195, 95% Cl = 
139-1026, P = 0024). 7 

Source and Methods of 
Transmission 

In endemic areas the organism is a ubiqui¬ 
tous soil saprophyte and is present in moist 
soil and waterholes which are the primary 
reservoirs from which most infections are 
acquired. A variety of free-living amoebae, 
including Acanthamoeba and Hartmannella 
spp., are potential hosts to B. pseudomallei. 
The majority of cases in livestock are associ¬ 
ated with the “wet season” and exposure to 
surface water and mud. Infection occurs 
through inhalation, ingestion, in association 
with skin wounds via contaminated dust 
particles or water, or by insect bites. Infected 
animals pass the organism in their feces, and 
the disease in rodents runs a protracted 
course, making these animals important res¬ 
ervoirs of infection. 

Pathogen Risk Factors 

B. pseudomallei is very hardy and can survive 
in water at room temperature for up to 10 
years, in muddy water for up to 7 months, 
and in soil in the laboratory for up to 30 
months. 1 The organism can survive in con¬ 
taminated injectable drugs and has ability to 
survive for some time in cetrimide 3% and 
chlorhexidine 0.3% solution. Varying degrees 
of virulence are observed in different strains 
of the organism, but starvation or other 
conditions of stress appear to increase the 
susceptibility of experimental animals to 
infection. 

Experimental Production 

The disease can be produced experimentally 
in goats, sheep, rats, mice, hamsters, and 
pigs. 

Zoonotic Implications 

Humans are at risk for infection within 
endemic areas, and although this can be zoo¬ 
notic, it can also occur without direct animal 
contact through inhalation. The disease of 
humans presents with various clinical pic¬ 
tures ranging from asymptomatic state, to 
localized infection such as pneumonia, to 
acute fatal septicemia. 


Veterinarians and animal owners are at 
risk from localized or generalized infection 
from infected animals. Pregnant women 
handling goats aborting with this infection 
have risk for infection and abortion. Infected 
areas are often rural in nature, and pasteuri¬ 
zation of commercially sold milk should be 
ensured, as should condemnation of infected 
carcasses at abattoirs. 

Pathogenesis 

The pathogenesis of melioidosis involves 
infection of animals by B. pseudomellia in the 
environment, with subsequent transepithelial 
spread in infected macrophages. There 
is initial bacteremia or septicemia and 
subsequent localization in various organs. 
Experimentally induced melioidosis in goats 
induced by percutaneous administration of 
the organism is characterized by septicemia 
with undulating fever, wasting, anorexia, 
hindlimb paresis, mastitis, and abortion. 8 
Necropsy lesions include widely scattered 
microabscesses after intraperitoneal injec¬ 
tion and a chronic disease with abscesses in 
the lungs and spleen when the infection is 
administered subcutaneously. In pigs, exper¬ 
imental infection results in a generalized 
chronic infection. 

CLINICAL FINDINGS 
Sheep 

Signs consist mainly of weakness, respiratory 
disease, and recumbency, with death occur¬ 
ring in 1 to 7 days. In experimentally infected 
sheep, a severe febrile reaction occurs and is 
accompanied by anorexia, lameness, and a 
thick, yellow exudate from the nose and 
eyes. Some animals show evidence of central 
nervous system involvement, including 
abnormal gait, deviation of the head and 
walking in circles, nystagmus, blindness, 
hyperesthesia, and mild tetanic convulsions. 
The disease is usually fatal. Skin involvement 
is not recorded. 

Goats 

The syndrome may resemble the acute form 
as seen in sheep, but it more commonly runs 
a chronic course with abscessation. Mastitis 
is common in infected goats, with one study 
finding mammary infection in 35% of 
infected goats. 

Pigs 

Disease is usually chronic and manifested by 
cervical lymphadenitis, but in some out¬ 
breaks there are signs similar to those in 
other species. In such outbreaks slight poste¬ 
rior paresis, mild fever, coughing, nasal and 
ocular discharge, anorexia, abortion, and 
some deaths may occur. 

Florses 

The syndrome is one of an acute metastatic 
pneumonia with high fever and a short 
course. Cough and nasal discharge are 
minimal, and there is a lack of response to 


treatment with most drugs. Other signs in 
horses include colic, diarrhea, and lymphan¬ 
gitis of the legs. Subacute cases become 
debilitated and emaciated and develop 
edema. Affected horses may survive for 
several months. A case of acute meningoen¬ 
cephalitis is described in a horse. The onset 
was sudden and manifest with violent 
convulsions. 

CLINICAL PATHOLOGY 

The organism is easily cultured and may be 
isolated from nasal discharges. The organism 
can be differentiated from B. mallei on mul¬ 
tiplex quantitative PCR (qPCR) or using a 
PCR allelic discrimination assay. 9,10 Injection 
into guinea pigs and rabbits produces the 
typical disease. An allergic skin test using 
melioidin as an antigen, a complement fixa¬ 
tion test (CFT), and an indirect hemaggluti¬ 
nation (IHA) test are available. An ELISA is 
available that can detect antibodies to B. 
pseudomallei in goats. 11 The IHA test is rec¬ 
ommended for screening and the CFT for 
confirmation in cases of active melioidosis in 
goats and pigs. Affected horses can give a 
positive reaction to the mallein test. 

NECROPSY 

Multiple abscesses in most organs, particu¬ 
larly in the lungs, spleen, and liver, but also 
in the subcutis and the associated lymph 
nodes, are characteristic of the disease in all 
species. In sheep respiratory infection is 
common, and these abscesses in the lung 
contain thick or caseous, green-tinged pus 
similar to that found in Corynebacterium 
pseudotuberculosis lesions. Lesions in the 
nasal mucosa proceed to rupture, with the 
development of ragged ulcers. An acute 
polyarthritis, with distension of the joint 
capsules by fluid containing large masses of 
greenish pus, and acute meningoencephalitis 
have been observed in experimental cases. 

A high incidence of lesions in the aorta 
of goats is reported in Australia. Nine out of 
43 (21%) goats had aortic lesions at autopsy. 
Seven of these goats died as a result of a 
ruptured aortic aneurysm. 

DIAGNOSTIC CONFIRMATION 

Culture of the organism confirms the 
diagnosis. 










TREATMENT 

Treatment is unlikely to be undertaken in 
farm animals because of the nature of the 
disease and the risk of exposure to humans. 
Little information is available on satisfactory 
treatments of melioidosis in farm animals, 
but recommendations for humans are avail¬ 
able. Penicillin, streptomycin, chlortetracy- 
cline, and polymyxin are ineffective, but in 
vitro tests suggest that oxytetracycline, novo¬ 
biocin, chloramphenicol, and sulfadiazine 
are most likely to be valuable, with oxytetra¬ 
cycline the preferred drug. In horses, chlor¬ 
amphenicol is an effective treatment. 

CONTROL 

There is currently no vaccine for 
melioidosis. 12 

Prevention involves removing animals 
from the contaminating source. Water 
supplies can be chlorinated. This and the 
elimination of infected animals and the dis¬ 
infection of premises should be the basis of 
control procedures. Housed animals can be 
removed from soil by raising them from the 
ground on wooden slats or with concrete or 
paved floors. Treatment of soil with lime 
reduces the risk (OR = 0.028) of animals 
developing melioidosis.' 

FURTHER READING 

Adler NRL, et al. The molecular and cellular basis of 
pathogenesis in melioidosis: how does Burkholderia 
pseudomallei cause disease? FEMS Microbiol Rev. 
2009;33:1079-1099. 
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HEARTWATER (COWDRIOSIS) 


SYNOPSIS 


Etiology Ehrlichia (Cowdria) ruminantium, a 
rickettsial organism. 

Vectors Ambiyomma variegatum and 
Amblyomma hebraeum. 

Epidemiology Endemic disease of cattle, 
sheep, goats and wild ruminants in Africa 
and the Caribbean; high mortality in exotic 
animals. 

Clinical signs High fever, nervous signs, 
diarrhea, and death if acute; may be mild 
and inapparent. 
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Clinical pathology Nonspecific. 

Diagnostic confirmation Rickettsial colonies 
in capillary endothelium (brain 
preparations), polymerase chain reaction 
(PCR). 

Lesions Ascites, hydrothorax, 

hydropericardium, and severe pulmonary 
edema. 

Differential diagnosis list Anthrax, rabies, 
cerebral babesiosis, cerebral theileriosis, 
meningitis or encephalitis. 

Treatment Short- and long-acting 
tetracyclines. 

Control Vaccination based on infection and 
treatment methods, tick control, and 
chemoprophylaxis. 


ETIOLOGY 

Ehrlichia ( Cowdria ) ruminantium is a gram¬ 
negative, intracellular rickettsial organism in 
the order of Rickettsiales. It occurs in colo¬ 
nies or morulae with a predilection for the 
vascular endothelium and stains blue with 
Giemsa stain. The organism is coccoid, 0.2 to 
0.5 microns in diameter. It can now be culti¬ 
vated in vitro, and it can also grow in mice. 
Cyclical development takes place in intesti¬ 
nal and salivary epithelia of ticks. Widely 
ranging E. ruminantium genotypes with dif¬ 
fering cross-protection capacities usually 
circulate simultaneously in the same region, 
leading to a poor vaccine efficacy. 1 However, 
all isolates obtained at different geographic 
levels (village, region, and continent) possess 
a major antigenic protein 1 (MAPI) that is 
conserved. 2 This protein is used for serologic 
diagnosis, but the antigen cross-reacts with 
other Ehrlichia spp., including E. equi, the 
cause of equine granulocytic ehrlichiosis. 
Variants of E. ruminantium that do not cause 
disease in livestock have also been reported 
from South Africa. 3 

EPIDEMIOLOGY 

Occurrence 

Heartwater was first recognized in South 
Africa in the nineteenth century. 4 The disease 
is limited in its occurrence to sub-Saharan 
Africa, including the islands of Madagascar, 
Sao Tome, Reunion, Mauritius, Zanzibar, 
and Mayotte in the Indian Ocean. It is also 
present on the three Caribbean islands of 
Guadeloupe, Marie-Galante, and Antigua, 
where it threatens the American mainland 
because of the risk of spread of its tick vector 
by migratory birds or by uncontrolled move¬ 
ment of animals. 5 Heartwater is one of the 
main causes of death in imported breeds of 
cattle, sheep, and goats in endemic areas. 

Measures of Disease Occurrence 

In endemic areas, morbidity and mortality 
rates are low, but the percentage of sera- 
positive titers for heartwater could be as high 
as 100% in adult cattle, depending on the 
abundance of tick vectors. In Tanzania, 


antibodies to E. ruminantium were found in 
68.6% of the sheep and 64.7% of the goats 
examined by ELISA, but the infection was 
unevenly distributed within districts. 6 Case 
mortality can be as high as 100% in peracute 
cases in sheep and goats and as low as 0 to 
10% in cattle. The disease is less severe in 
indigenous breeds and related game animals 
reared in enzootic areas, some of which may 
become symptomless carriers. The N’Dama 
breed in West Africa is reported to be well 
adapted to heartwater, partly because it can 
resist tick burdens under traditional farming 
system. Conversely, the Angora goat is highly 
susceptible, and Merino sheep are moder¬ 
ately so. 

Method of Transmission 

Heartwater is transmitted by many ticks of 
the Amblyomma genus, especially by A. var¬ 
iegatum (the tropical bont tick) mostly in 
western, central, and eastern Africa and the 
Caribbean, and by A. habraeum mostly in 
southern Africa. The geographic distribution 
of the ticks appears to be spreading. Infec¬ 
tion in ticks is transmitted transstadially and 
possibly transovarially. A single infected tick 
can transmit the disease to the host, and this 
can occur 1 to 2 days after attachment as 
nymph or 2 to 3 days as adult. Vertical trans¬ 
mission to calves and lambs in utero and in 
colostral milk has been reported. Several 
wild ruminants can be infected and become 
subclinical carriers and reservoirs. Tick 
feeding on them can transmit the disease to 
domestic ruminants. In the Caribbean, cattle 
egrets are suspected to spread A. variegatum 
between islands. However, recent molecular 
studies of isolates from the Caribbean and 
Africa would suggest that there was a simul¬ 
taneous introduction of several strains of E. 
ruminantium from Africa into the Carib¬ 
bean.' Nevertheless, heartwater is consid¬ 
ered to be a threat to the American mainland, 
where potential vectors such as A. macula- 
turn are present but do not harbor the 
disease or where the vector may be intro¬ 
duced by migratory birds and become estab¬ 
lished. Similarly, southern Italy is considered 
at risk of introduction and establishment of 
infected Amblyomma ticks through migra¬ 
tory birds. 8 The organism does not infect 
humans. 

Risk Factors and 
Immune Mechanisms 

Animals at greatest risk are exotics imported 
into endemic areas and at times when the 
vector population is high, usually during the 
rains. Angora goats are also highly suscepti¬ 
ble and therefore difficult to immunize by 
the current method of infection and treat¬ 
ment. Cattle and sheep recovering from the 
disease are immune for 6 months to 4 years 
but may be carriers for 8 months or longer. 
Immunity is related to the ability of lympho¬ 
cytes in infected animals to produce inter¬ 
feron gamma (IFN-y). 9 An age-dependent 
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resistance has long been recognized, and 
young animals were thought to have innate 
resistance. This was later shown to be attrib¬ 
utable to low-grade infection of the young 
in colostral cells or following intrauterine 
transmission. In small ruminants, the resis¬ 
tance begins to wane at the age range of 4 and 
12 weeks when they are most susceptible. 10 

ECONOMIC IMPORTANCE 

Heartwater is the most important rickettsial 
infection of ruminants in Africa and the 
second most important tick-borne disease 
after East Coast fever. In southern Africa, it 
is regarded as the most important disease of 
ruminants. In general, heartwater is a more 
serious problem where A. habraeum is the 
vector. In countries or regions where there is 
endemic stability, losses from heartwater are 
minimal until new animals are introduced or 
moved from nonendemic to endemic areas. 
On the other hand, because most losses are 
in exotic animals, heartwater is a major con¬ 
straint to livestock improvement in sub- 
Saharan Africa. Furthermore, it has the 
potential to spread from North Africa to 
Europe and from the Caribbean to the 
American mainland. 

Biosecurity Concerns 

Heartwater requires the vector tick to get 
established in any community. Therefore 
there is concern about possible illegal impor¬ 
tation of infected animals or ticks to the 
southern United States where potential 
vectors exist. Migratory birds can also 
introduce infected ticks to parts of the 
Mediterranean countries where the environ¬ 
ment is suitable for the establishment of 
Amblyomma. 

PATHOGENESIS 

There is limited new information on the 
pathogenesis of heartwater. The rickettsial 
organisms are introduced into the host in 
the saliva of an infected tick. They multiply 
in reticuloendothelial cells of the local 
lymph node, rupture the cells, and are 
released into the circulation, where they 
invade endothelial cells of blood vessels in 
all organs, where further multiplication 
takes place. Organisms can be found in 
phagosomes of circulating neutrophils but 
are more abundant in endothelial cells. 
Invasion of vascular endothelium causes 
increased vascular permeability, leading to 
edema, especially in the lungs, body cavities, 
and the brain, by mechanisms that are not 
understood because infected endothelial 
cells show minimal cytopathic effects. Brain 
edema is responsible for the nervous signs, 
severe hydropericardium will impair cardiac 
function, and severe pulmonary edema with 
hydrothorax would lead to death from 
asphyxia. In goats, renal ischemia and 
nephrosis have been described, and irrevers¬ 
ible kidney damage may be the cause of 
death in such cases. 


CLINICAL FINDINGS 

The incubation period is 1 to 3 weeks after 
transmission in tick saliva. Depending on 
the susceptibility of individual animals and 
the virulence of the infecting organism, the 
resulting disease may be peracute, acute, 
subacute, or mild and inapparent. Peracute 
cases show only high fever, prostration, and 
death with terminal convulsions in 1 to 2 
days. Acute cases are more common and 
have a course of about 6 days. A sudden 
febrile reaction is followed by inappetence, 
listlessness, and rapid breathing, followed 
by the classical nervous syndrome that is 
characteristic of heartwater. It comprises 
ataxia, chewing movements, twitching of the 
eyelids, circling, aggression, apparent blind¬ 
ness, recumbency, convulsions, and death. 
Profuse, fetid diarrhea is frequent. 

Subacute cases are less severe but may 
terminate in death in 2 weeks or the animal 
may gradually recover. The mild form is 
often subclinical and is seen mainly in indig¬ 
enous animals and wild ruminants with high 
natural or induced resistance. The case- 
mortality rate in peracute cases is 100%; in 
acute cases, 50% to 90%; and in calves at less 
than 4 weeks of age, it is 5% to 10%; most 
animals recover in mild cases. 

CLINICAL PATHOLOGY 

Hematologic changes in heartwater are not 
specific, but there may be thrombocytope¬ 
nia, neutropenia, eosinopenia and lympho¬ 
cytosis. Confirmatory diagnosis is based on 
identifying the rickettsia in capillary endo¬ 
thelial cells using a Giemsa-stained squash 
preparation of brain tissue at postmortem. 
The rickettsiae occur as blue to reddish- 
purple colonies or morulae of five to several 
hundred coccoid organisms (0.2 to 0.5 
microns in diameter) in the cytoplasm of the 
cells close to the nucleus. An immunohisto- 
chemical staining technique has also been 
described. Injection of blood into sheep may 
also be used as a diagnostic procedure 
because sheep are highly susceptible. 

The polymerase chain reaction (PCR) 
assay is preferred for confirmatory diagnosis 
in a sick animal. To this end, a quantitative 
pCS20 real-time PCR has been developed 
and can be performed within 2 hours in live 
animals; it is also an effective assay for epi¬ 
demiologic surveillance and monitoring of 
infected animals, and it can be used by para- 
veterinary staff. 11 ' 12 However, it cross-reacts 
with at least two other Ehrlichia spp. Nested 
pCS20 PCR is highly sensitive and can be 
used to detect infected ticks. 1 ’ A more sensi¬ 
tive and highly specific new test has been 
reported. It is the loop-mediated isothermal 
amplification (LAMP) assay, in which DNA 
amplification is completed in 1 hour. 14 Assays 
using two sets of LAMP primers designed 
from the pCS20 and sodB genes were more 
sensitive than conventional pCS20 PCR 
assay. LAMP detected 16 different isolates 
from geographically distinct countries, and 


no cross-reaction was observed with geneti¬ 
cally related Rickettsiales. Because of its sim¬ 
plicity and specificity, LAMP also has the 
potential for use in clinical laboratories in 
resource-poor countries where heartwater is 
endemic and for active screening in areas 
under threat of introduction of the disease. 

Serologic tests are used for surveys, and 
the two tests recommended are indirect fluo¬ 
rescent antibody (IFA) and ELISA. The close 
antigenic relationship between E. ruminan- 
tium and other Ehrlichia spp. often leads to 
false positives. The ELISA based on recom¬ 
binant MAPI protein of E. ruminantium is 
more sensitive, but all serologic assays have 
poor sensitivity and specificity. 

NECROPSY FINDINGS 

Standard lesions are ascites, hydrothorax, 
and hydropericardium. Pulmonary edema is 
often severe, accompanied by copious froth 
in the tracheobronchial airways. There may 
be subserosal hemorrhages in most cavities. 
Lymph nodes are swollen and wet, and the 
spleen is markedly enlarged. In goats with 
nephrosis, the kidneys will be soft. Although 
hemorrhages have been described in the 
brain, this organ often has no remarkable 
gross lesions; microscopically, there is peri¬ 
vascular mononuclear infiltration and edema 
along with presence of rickettsial colonies in 
capillary endothelial cells. The colonies dis¬ 
appear quickly as autolysis sets in. Foci of 
malacia may be present. Tissues for histopa- 
thology should include brain, lungs, lymph 
nodes, spleen, and kidneys. In addition, 
squash preparations of brain should be sub¬ 
mitted for direct staining with Giemsa of for 
PCR detection. 


DIFFERENTIAL DIAGNOSIS 


In endemic areas, heartwater should be 
suspected in susceptible animals infected with 
Amblyomma and having a fever of unknown 
origin, especially when accompanied by 
nervous signs. The clinical and pathologic 
findings are not specific, and the diagnosis 
must be based on detection of rickettsial 
organisms. 

The peracute form should be 
differentiated from anthrax and the acute 
form from rabies, sporadic bovine 
encephalomyelitis, tetanus, cerebral forms of 
theileriosis, babesiosis, trypanosomosis, 
meningitis, listeric or other encephalitis, 
hypomagnesemia, and poisoning with 
strychnine, lead and organophosphates. 
Appropriate laboratory tests are utilized to 
eliminate these differentials. 


TREATMENT 
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Sulfamethazine (55 mg/kg SC) (R-2) 
Hyperimmune serum (R-4) 

Control 

Infection and treatment with tetracycline IM 
or with doxycycline implant SC (R-1) 
Attenuated vaccine from cell culture (R-1) 

Vector control (R-1) 

Field cases of heartwater are difficult to treat 
successfully because available drugs are 
effective only in early febrile stages before 
neurologic signs develop. In the early stages, 
short-acting tetracyclines (oxytetracycline at 
10 to 20 mg/kg BW or doxycycline at 2 mg/ 
kg) and long-acting forms at reduced doses 
are effective. Sulfonamides (e.g., sulfametha¬ 
zine) were also used in the early stages but 
are less effective. Hyperimmune serum is 
reported to be of no curative value. Support¬ 
ive therapy to reduce either the pulmonary 
edema or the neurologic signs or to stabilize 
membranes in general is being investigated, 
but with little success. 

Chemoprophylaxis involves administra¬ 
tion of tetracyclines or subcutaneous implan¬ 
tation of doxycycline in susceptible animals 
when they are introduced into an endemic 
area. Results are not always predictable. 

CONTROL 

Heartwater has traditionally been controlled 
by four different approaches: controlling the 
tick vector by dipping, establishing endemic 
stability, performing immunization by infec¬ 
tion and treatment, and preventing the 
disease by regular administration of prophy¬ 
lactic antibiotics. 15 Control efforts have 
been hindered by abundance of ticks in 
endemic areas, by high rate of the carrier 
state following infection, and by lack of effi¬ 
cient vaccine in the field as a result of the 
high genetic diversity of strains circulating in 
any given area. 16 

Past efforts to control heartwater were 
based on intensive acaricide treatment to 
control ticks in endemic areas. It involved 
frequent use of acaricides (plunge dipping) 
up to 52 times a year. This has now been 
shown to be environmentally unfriendly and 
economically unsustainable, and it would 
invariably lead to animals that remained 
always susceptible. For example, it was 
observed in Zimbabwe that large farms 
applying acaricides very frequently (more 
than 30 times per annum) had higher mor¬ 
bidity and mortality than farms applying 
acaricides less frequently. 

Long-acting acaricides have largely 
replaced the earlier ones applied frequently. 
Apart from being more environmentally 
friendly, occasional use of acaricides helps in 
the establishment of endemic stability in 
treated animals because they can still be 
exposed to low levels of infection. For 
example, flumenthrin 1% pour-on at 45-day 
intervals was found to provide effective 


protection of Friesian-Zebu crossbred cattle 
against important ticks, but it must be 
applied correctly at the recommended dose. 
Pure Zebu and N’Dama cattle would proba¬ 
bly require less frequent applications. Flu¬ 
menthrin pour-on is gradually replacing 
plunge dipping for the control of ticks and 
tickborne diseases in general. 

Vaccination is based on infection and 
treatment regimen that was first developed 
more than 50 years ago. It involves an intra¬ 
venous injection of virulent organisms in 
cryopreserved sheep blood, followed by 
treatment with tetracyclines at the first indi¬ 
cation of fever. The exposure of calves and 
lambs up to 3 weeks of age, without treat¬ 
ment, is considered optimal for the develop¬ 
ment of resistance, but kids may still be 
susceptible. Vaccination may lead to some 
deaths, the immunity may wane in absence 
of reinfection, and animals may become car¬ 
riers. Nevertheless, the use of inactivated 
vaccines from cell-cultured E. ruminantium 
combined with an adjuvant led to a reduc¬ 
tion in mortality from heartwater in cattle, 
sheep, and goats exposed to field challenges 
in Botswana, Zambia, Zimbabwe, and South 
Africa. Recently, an attenuated vaccine from 
E. ruminantium (Welgevonden) stock given 
intramuscularly was found to provide pro¬ 
tection against virulent homologous needle 
challenge in Merino and Angora goats; injec¬ 
tion did not produce disease, and protection 
was for at least 12 months after immuniza¬ 
tion. 1, In the Gambia, an attenuated vaccine 
was found to be superior to an inactivated 
vaccine for sheep. 18 Mass production of E. 
ruminantium variants from different regions 
of sub-Saharan Africa is one of the difficul¬ 
ties that must be overcome in producing a 
heartwater vaccine from cell culture. 19 
Recently, a process for the large-scale pro¬ 
duction of a ready-to-use inactivated vaccine 
against heartwater was described. 20 

Experimental studies using DNA recom¬ 
binant vaccines so far have met with only 
limited success, and none has been as effec¬ 
tive as immunization with live organisms. 9,21 
The development of a universal recombinant 
vaccine would require increased knowledge 
of E. ruminantium biology, including viru¬ 
lence mechanisms. 5 So far, the goal of pro¬ 
ducing an effective vaccine against the 
disease in the field still remains frustratingly 
just beyond reach. 4 

What is advocated today is integrated 
control based on the establishment of 
endemic stability by vaccination or natural 
challenge and general reduction in tick infes¬ 
tation through periodic application of long- 
acting insecticides when warranted. 
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HISTOPHILUS SEPTICEMIA OF 
CATTLE (HISTOPHILUS SOMNI 
OR HAEMOPHILUS SOMNUS 
DISEASE COMPLEX) 


SYNOPSIS 


Etiology Histophilus somni (formerly 
Haemophilus somnus) 

Epidemiology High prevalence of infection in 
cattle population; low incidence of disease. 
Occurs in North American feedlot cattle, 
in the United Kingdom, and in some 
European countries. Young growing cattle 
are most commonly affected. Originally, 
thrombotic meningoencephalitis (TME) was 
most common lesion, but pleuropneumonia 
and myocarditis are more common now. 
Several virulence factors of organism may 
account for different forms of disease. 
Organism resides in respiratory and 
reproductive tracts of both females and 
males. 

Signs Thrombotic meningoencephalitis with 
fever, ataxia, joint swellings, weakness, 
recumbency, and death in 12 to 24 hours; 
pleuropneumonia and myocarditis with 
rapid death; reproductive failure with 
abortion. 

Clinical pathology Marked changes in 
leukon. Demonstrate and culture organism 
from cerebrospinal fluid, joint fluid, pleural 
cavity, and myocardium. 

Lesions Meningoencephalitis, hemorrhagic 
infarcts in brain, retinal hemorrhages. 

Continued 
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pleuropneumonia, myocarditis. Vasculitis in 
infected tissue. 

Diagnostic confirmation Culture, 
polymerase chain reaction (PCR). 

Treatment Antimicrobials. 

Control H. somni bacterin vaccines are 
available but unreliable; metaphylactic 
treatment with antimicrobials at time of 
placement in feedlot is frequently used. 


ETIOLOGY 

Histophilus somni (formerly Haemophilus 
somnus ) is a gram-negative, fastidious pleo¬ 
morphic coccobacillus of the family Pasteu- 
rellaceae. Earlier investigations have shown 
that H. somni, Haemophilus agni, and His¬ 
tophilus ovis represent the same species, and 
recent analysis of genes of strains supports 
the allocation of this species to a novel genus 
within the family Pasteurellaceae as Histoph¬ 
ilus somni . 1 H. somni causes a variety of 
diseases in cattle, including septicemia, 
thrombotic meningoencephalitis (TME), 
pleuropneumonia, myocarditis, reproduc¬ 
tive failure with abortion, polyarthritis, and, 
in sheep, mastitis, septicemia, and 
epididymitis. 

EPIDEMIOLOGY 
Prevalence of Infection 

H. somni is an obligate inhabitant of mucosal 
surfaces of bovines, ovines, and related rumi¬ 
nants with worldwide occurrence. It is fre¬ 
quently found as an asymptomatic commensal 
in the male prepuce, the female vagina, and 
occasionally in the upper respiratory tract. 1 
More than 50% of normal bulls, 8% to 10% of 
normal cows, and 10% of normal rams have 
H. somni in the reproductive tract. Among 
those that have had the disease and survived, 
the serologic reactor rate varies from 50% to 
100%. Some surveys found more positive 
reactors in beef cattle and dairy cattle from 
infected herds than in dairy cattle from herds 
without clinical disease. 

Occurrence of Disease 

H. somni is responsible for a variety of clini¬ 
cal syndromes in cattle, most of which occur 
in feedlot and dairy calves, although disease 
was also observed in grazing cattle. 2 Infec¬ 
tion of cattle with H. somni may cause septi¬ 
cemia, thrombotic meningoencephalitis 
(TME), polysynovitis, pleuritis, suppurative 
bronchopneumonia, myocarditis, otitis 
media, mastitis, and reproductive tract dis¬ 
eases. When infection of cattle with the 
organism was first described in 1956, the 
primary form of the disease was TME. Since 
then, many different clinical forms of the 
infection have been described. Suppurative 
bronchopneumonia, fibrinous pleuritis, 
and myocarditis are now being recognized 
with increased frequency in feedlot cattle 
and are being attributed to H. somni 
infection. Based on necropsy examinations 


over a 20-year period in a Saskatchewan 
diagnostic laboratory, there has been an 
increasing percentage of cattle with pneumo¬ 
nia and myocarditis associated with the 
organism and a decreasing percentage with 
TME. However, because of the practical 
difficulties in making a specific clinical, 
pathologic, and microbiological diagnosis in 
situations where the disease complex occurs, 
there is some uncertainty about the relative 
importance of the organism in causing 
certain diseases, such as pneumonia of 
feedlot cattle. For example, because of the 
variability of nature and extent of the lesions 
in bovine respiratory disease and the 
common occurrence of mixed infections, it 
is difficult to determine whether H. somni or 
M. haemolytica is the primary pathogen. 

The disease occurs most commonly in 
feedlot cattle in North America after they 
have been commingled from different 
sources. The disease has also been recog¬ 
nized in the United Kingdom, Germany, 
Switzerland, and Israel. The organism has 
been found in the tonsillar tissues of Ameri¬ 
can bison ( Bison bison) and has been the 
cause of bronchopneumonia in bison. 

The incidence rate of TME in a suscepti¬ 
ble group of calves is low, averaging 
about 2%, but may be up to 10% in 
some outbreaks. The case-fatality rate, 
however, is 90% if affected animals are not 
identified and treated early in the course of 
the disease. 

TME was historically a disease of feedlot 
cattle from 6 to 12 months of age with highest 
occurrence during the fall and winter 
months. In Canada TME occurred most 
commonly in cattle about 4 weeks after 
arrival in the feedlot, with a range of 1 week 
to 7 months. It also occurred in feedlot cattle 
in Argentina. 

The disease complex that is encountered 
more commonly now is characterized by 
pleuritis, pneumonia, and myocarditis and 
can be the most significant cause of mortality 
in feedlot calves. Death from pneumonia 
attributable to the infection occurs mainly 
during the first 5 weeks in the feedlot; death 
from myocarditis, pleuritis, TME, septice¬ 
mia, and euthanasia because of polysynovitis 
occurs mainly after the third week. This 
disease complex is occurring despite routine 
vaccination of calves on arrival in the feedlot. 
A history of respiratory tract disease preced¬ 
ing the outbreak is common, and in some 
cases TME had occurred in the same herd in 
the previous year. 

H. somni also causes various forms of 
reproductive failure in cattle. The importa¬ 
tion of infected young rams into a flock can 
have a deleterious effect on the percentage of 
ewes that lamb. Purchasing replacement 
animals and having cattle on the same farm 
were risk factors for infection in the flock. 
The possibility of interspecies transmission 
between cattle and sheep requires further 
study. 


Risk Factors 
Animal Risk Factors 

Thrombotic meningoencephalitis, pleuro¬ 
pneumonia, and myocarditis occur most 
commonly in feedlot calves 6 to 12 months 
of age. 

Pathogen Risk Factors 

The literature on the virulence factors of the 
organism has been reviewed. 23 Several viru¬ 
lence factors have been identified, including 
adherence, synthesis of lipooligosaccharide 
(LOS) and LOS phase variation, antigen 
variation of surface proteins, synthesis of 
immunoglobulin binding proteins, or the 
production of histamine and hemolysin. 

Adherence. H. somni colonizes the surface 
of mucous membranes. In the asymptomatic 
carrier state the organism remains at the 
mucosal surface without invading cells; it 
attaches to nonepithelial cells, as has been 
documented in the example of bovine aortic 
endothelial cells. It is assumed that nonpilus 
adhesins are involved in the adherence of the 
organism to the cell surface. 2 H. somni 
attaches in large numbers to bovine vaginal 
epithelial cells, and attachment may be all 
that is necessary to produce infertility as a 
result of endometritis or degeneration of 
embryos during early gestation. The organ¬ 
ism is able to persist in the lungs of calves for 
6 to 10 weeks in the presence of specific anti¬ 
body and in the absence of clinical abnor¬ 
malities other than sporadic coughing. 

Lipooligosaccharides (LOS or Endotoxin). 

Endotoxin produced by H. somni lacks the 
long, repeated polysaccharide chains that are 
characteristic for some gram-negative bacte¬ 
ria and is thus more appropriately designated 
as lipooligosaccharide (LOS) rather than 
lipopolysaccharide. The microorganism can 
vary the structure of the LOS by switching 
on and off specific genes encoding individual 
glycosyltransferases that are responsible for 
attaching individual glycoses to the oligosac¬ 
charide molecule, a phenomenon termed as 
LOS phase variation. The structure of the 
LOS outer core oligosaccharides of some 
strains mimics that of host glycosphingolip- 
ids, which may allow the organism to evade 
the host’s immune system by camouflaging 
bacterial antigen. 1 LOS specifically triggers 
bovine platelet aggregation and may thereby 
contribute to adherence and colonization of 
respiratory epithelial cells and bovine endo¬ 
thelial cells. LOS was furthermore found to 
mediate apoptosis of bovine endothelial 
cells; the cytotoxic properties and the serum 
resistance of some strains have also been 
proposed to be associated with the produc¬ 
tion of LOS. 4 

Antigen Variation of Surface Proteins. 

Surface proteins or outer membrane proteins 
(OMPs) are important immunologic struc¬ 
tures accessible for the host’s immune system. 







Strains of H. somni are diverse in molecular 
mass and antigenic reactivity. Although the 
precise role of OMPs in the pathogenesis of 
histophilosis is not yet understood, they may 
play an important role in the ability of the 
organism to evade the host’s immune system 
and cause disease. 2 

Immunoglobulin-Binding Proteins. Immu¬ 
noglobulin-binding proteins (IgBPs) are 
characterized by their affinity to IgG 2 immu¬ 
noglobulin and are thought to enable 
H. somni to evade antibody defense. 
Although it is well accepted that IgBPs are 
important determinants of serum resistance 
of pathogenic H. somni strains, the underly¬ 
ing mechanism is not yet well explained. 3 
Some isolates of the organism are indeed able 
to multiply in vivo because they are resistant 
to complement, and bovine leukocytes are 
incapable of destroying the organism in the 
absence of specific antibody. 

Transferrin-Binding Proteins. H. somni is 
inherently dependent on the availability of 
iron and in absence of available iron pro¬ 
duces transferrin-binding proteins (TBPs) 
that specifically bind bovine transferrin but 
not transferrin of other species. 3 This was 
proposed as one of the underlying causes for 
the host specificity of H. somni. 

Biofilm Synthesis. H. somni was found to 
produce biofilm in vitro and in vivo, which 
is a virulence factor likely contributing to the 
pathogenesis of histophilosis. Strains of H. 
somni isolated from diseased tissue often 
have the greatest capacity to form a biofilm. 5 
Furthermore, different strains were found to 
produce biofilm with different structures, 
and difference in biofilm architecture may 
correlate with resistance to the hosts immune 
defense mechanisms. 1 

Some strains are serum resistant and 
others serum sensitive, which may explain 
the ability of certain strains to invade beyond 
mucous membrane surfaces. Virulence dif¬ 
ferences also exist between H. somni strains 
following intratracheal challenge of bovine 
lungs. Those strains isolated from encepha¬ 
litic lesions, or from the prepuce, will not 
produce the same degree of experimental 
pneumonia as those strains isolated from 
lung lesions. Preputial and septicemic iso¬ 
lates of ovine H. somni are similar to bovine 
H. somni in pathogenicity and in surface 
antigens. Ovine isolates given by intracister- 
nal inoculation to 2- to 3-month-old 
lambs caused fatal meningoencephalitis and 
myelitis. 

In summary, many virulence factors are 
involved in several steps of pathogenesis. 
Adherence is likely to be important in colo¬ 
nization, complement resistance in survival 
in the circulation or inflammatory sites, and 
cytotoxicity in evading killing by phagocytes 
and in initiation of vasculitis, and invasion 
through the endothelium. The host damage 
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that occurs as a result may be further exac¬ 
erbated by inflammatory mediators released 
by the host in response to H. somni. 

Methods of Transmission 

The method of transmission and portal of 
entry are unclear. A feature of infections with 
this organism is its persistence at mucosal 
sites in both subclinical and diseased animals. 
The organism can be isolated from the respi¬ 
ratory and reproductive tracts of normal 
animals. 

In bulls, the organism has been isolated 
from semen and the preputial orifice, prepu¬ 
tial cavity, urinary bladder, accessory sex 
glands, ampulla of the ductus deferens, and 
the preputial washings of steers. Most bulls 
harbor the organism in the prepuce. Thus the 
potential exists for venereal transmission of 
H. somni, for lateral spread from the genital 
tract, and for environmental contamination 
by the organism. 

The organism has also been isolated from 
the vagina, vestibular gland, cervix, uterus, 
and bladder of cows. The prevalence of infec¬ 
tion in normal cows varies depending on the 
herd and geographic location, but 10% to 
27% can harbor the organism. The organism 
can colonize the vagina of cows without 
causing disease, and it is thought to have a 
primary etiologic role in vaginitis and cervi¬ 
citis in cows. 

The organism has been isolated from the 
udder secretions of cattle with naturally 
occurring mastitis. 

Urine is also a source of the organism. 
The young beef calf in a cow-calf herd can 
become infected as early as 1 month of age 
and become a nasal carrier of the organism 
without showing any signs of clinical disease. 
The mature cow is considered to be a major 
source of infection for the calf. The method 
of transmission is presumed to be by contact 
with infective respiratory and reproductive 
secretions or by aerosol transmission, espe¬ 
cially in close-contact feedlots. 

The organism can survive more than 70 
days when it is mixed with cerebrospinal 
fluid, whole blood, blood plasma, vaginal 
mucus, or milk and frozen at -70° C (-94° F). 
At 23.5°C (73.5°F) it can survive beyond 70 
days when mixed with whole blood and 
nasal mucus. The viability of the organism in 
urine at all temperatures is less than 24 hours 
and less than 15 minutes at 20° C (68° F) and 
37° C (98° F). It survives for less than 1 day 
in milk at room temperature or when incu¬ 
bated at 37° C (98° F) and should be consid¬ 
ered as a possible cause of mastitis in cases 
that are negative on routine bacteriologic 
culture. 

Immune Mechanisms 

Serum antibody titers do not correlate with 
susceptibility to clinical disease. Naturally 
acquired humoral immunity does not influ¬ 
ence the outcome of experimental intrave¬ 
nous inoculation of the organism. Also, the 


role of naturally acquired antibody in pro¬ 
tecting cattle from disease is uncertain. The 
levels of naturally occurring serum bacteri¬ 
cidal activity to H. somni are low or absent 
in calves at 4 to 6 months of age, when they 
are most susceptible to TME. The levels 
increase with age and are high in mature 
cows; yearlings have intermediate levels. 

Convalescent sera from calves with 
experimental H. somni pneumonia protect 
calves against acute H. somni pneumonia. 
Marked serum exudation characterizes the 
early stages of experimental pneumonia, and 
antibody should be involved in protection. 
The specificity of this protection is directed 
primarily against outer-membrane proteins 
(OMPs) of the organism. These antigens may 
also be useful in serologic diagnosis because 
convalescent calves have high IgGi and IgG 2 
titers to H. somni for several weeks. The mea¬ 
surement of serum IgGi is a more reliable 
test to detect a current or recently active 
infection. Later, there is a sustained increase 
in IgG 2 . The development of a systemic IgG 2 
antibody response is the basis for local 
immunologic protection in the bovine repro¬ 
ductive tract. 3 

The immune response in cattle to the 
major outer membrane proteins during 
infection is weak and directed to antigeni- 
cally variable determinants in a strain 
specific manner that may have important 
implications in protective immunity. Vacci¬ 
nation of 1- to 2-month-old calves with com¬ 
mercial aluminum-hydroxide-adjuvanted H. 
somni bacterins elicits an ELISA-detectable 
IgE response 14 days after injection, which 
may be associated with severe clinical disease 
associated with type I hypersensitivity. 

PATHOGENESIS 

H. somni first establishes itself in the host by 
colonizing the surface of the mucous mem¬ 
branes. It is not known if strains harbored in 
the respiratory tract or the genital tract 
invade the circulatory system to cause 
septicemia with ensuing localization in 
many tissues and organs. Although respira¬ 
tory disease preceding TME has been 
described, experimental intratracheal inocu¬ 
lation resulted in colonization of the upper 
and lower respiratory tract without concom¬ 
itant septicemia. 2 

The ability of H. somni to survive in both 
mononuclear phagocytes and neutrophils 
may be important in the establishment of the 
chronic multisystemic infection characteris¬ 
tic of bovine histophilosis. With TME the 
sequence of events may be initiated by adhe¬ 
sion of the bacterium to vascular endothelial 
cells. The organisms LOS induces endothe¬ 
lial cell apoptosis and contraction and 
desquamation of cells, with exposure of 
subendothelial collagen; thrombosis and 
vasculitis is followed by ischemic necrosis 
of adjacent parenchyma. The common site of 
localization is the brain. Multifocal areas of 
hemorrhagic necrosis occur throughout the 
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brain, resulting in TME and causing the 
typical clinical findings of depression, 
paresis, and recumbency. Localization in 
synovia results in polysynovitis. Fibrin 
thrombi occur in the small vessels and capil¬ 
laries of the liver, spleen, kidney, lung, heart, 
and brain, which suggests that disseminated 
intravascular coagulation may be a feature 
of the pathogenesis of Histophilus septice¬ 
mia. Myocarditis has been recognized with 
increased frequency and is characterized by 
acute or chronic heart failure. 6 

The pathogenesis of Histophilus pneumo¬ 
nia is not clear. Although H. somni has been 
isolated from cattle with bronchopneumonia 
and fibrinous pneumonia in pure culture and 
in combination with Pasteurella spp., the 
lungs of cattle dying of TME are not usually 
affected with a fibrinous pneumonia. The 
pneumonia that is attributed to the organism 
is characteristically subacute or chronic, and 
it is probable that the portal of entry is via 
the upper respiratory tract. However, it is dif¬ 
ficult to reproduce the disease by aerosol 
challenge with H. somni. The organism pro¬ 
duces and secretes histamine, which may be 
enhanced by carbon dioxide concentrations 
that approximate those in the bronchial tree. 

The microscopic lesions in the lungs of 
cattle with pneumonia from which H. somni 
is isolated consist of suppurative to necrotiz¬ 
ing bronchiolitis, particularly in calves 
with subacute to chronic pneumonia. The 
experimental pneumonia is characterized by 
purulent to fibrinopurulent bronchiolitis 
accompanied by alveolar filling with fibrin, 
neutrophils, and macrophages. Laryngitis 
and polypoid tracheitis have also been attrib¬ 
uted to H. somni, but the evidence for a cause 
and effect relationship is limited. 

Hemorrhagic necrotic lesions also occur 
in the spinal cord, which contribute to the 
muscular weakness, recumbency, and paral¬ 
ysis encountered in some cases with or 
without brain lesions. Lesions in the esopha¬ 
gus, forestomaches, and intestines may 
account for the bloat and alimentary 
tract stasis that occurs in the experimental 
disease. 

The septicemia usually causes marked 
leukopenia, neutropenia, and degenerative 
left shift. 

Cattle dying of experimentally induced 
and naturally occurring disease have high 
levels of agglutinating H. somni antibody, but 
not of complement-fixing antibody. Because 
septicemia can occur even with high levels of 
serum antibody, it is hypothesized that the 
formation of antigen-antibody complexes 
may contribute to the development of vascu¬ 
litis. It is possible that previous exposure to 
H. somni infection is necessary for typical 
TME to occur. Inoculation of colostrum- 
deprived calves with H. somni causes septi¬ 
cemia but does not produce lesions typical of 
TME. This suggests that the disease may be 
an example of a type III hypersensitivity 
reaction or serum sickness. 


The organism can cause inflammatory 
disease in the genital tract of cows or may 
merely colonize the healthy genital mucosa. 
Vaginitis, cervicitis, and endometritis have 
been associated with infection by H. somni. 
Experimentally, the organism can be 
embryocidal, which indicates a possible role 
in early embryonic mortality. Sporadic 
abortions have been reported following 
septicemia and placentitis, the latter being 
characterized by thrombosis and vasculitis 
as observed with TME and Histophilus 
pneumoniae’ 

CLINICAL FINDINGS 

The range of clinical findings associated with 
H. somni infection in cattle has changed 
remarkably over the last decades. Histori¬ 
cally, TME was the major form of the disease. 
However, fewer cases of this presentation are 
being diagnosed now, whereas many more 
cases of other forms of the disease are 
becoming prevalent. 

Thrombotic Meningoencephalitis 
(TME) 

In the typical nervous form of the disease, 
thrombotic meningoencephalitis (TME), it is 
common for several animals to be affected 
within a few days or at one time, but single 
cases do occur. Some affected animals may 
be found dead without any premonitory 
signs, and often this may be the first sign of 
disease in the group. 

In the more common acute form, in 
which there is usually neurologic involve¬ 
ment, cattle may be found in lateral or sternal 
recumbency and may or may not be able to 
stand. The temperature is usually elevated 
up to 41 to 42°C (105.8-107.6°F) but may 
be normal in some cases. Depression is 
common, the eyes are usually partially or 
fully closed, and unilateral or bilateral blind¬ 
ness may be present. Originally the disease 
was called the “sleeper syndrome” because 
the eyes were partially closed. Recumbent 
cattle that attempt to stand may have consid¬ 
erable difficulty and exhibit obvious ataxia 
and weakness. Others that are able to stand, 
when attempting to walk, knuckle over on 
the hind fetlocks, are grossly atactic, and 
usually fall after walking a short distance. In 
the recumbent position, opisthotonos, nys¬ 
tagmus, muscular tremors, hyperesthesia, 
and occasionally convulsions will occur, 
but the emphasis is on muscular weakness 
and paralysis rather than signs of irritation. 
Otitis media with concurrent meningitis 
may also occur. 

TME is rapidly fatal in 8 to 12 hours if not 
treated when signs are first noticed. Affected 
cattle that are treated before becoming 
recumbent commonly recover in 6 to 12 
hours, which is an important clinical charac¬ 
teristic of the disease. Once recumbent, 
particularly with obvious neurologic involve¬ 
ment, the affected animal will either die in 
spite of treatment or remain recumbent and 


deteriorate over a period of several days. Sec¬ 
ondary complications, such as pneumonia 
and decubitus ulcers, usually result. 

The ocular lesions consist of foci of 
retinal hemorrhages and accumulations of 
exudate that appear like “cotton tufts.” 
Although these fundic lesions are not present 
in all cattle affected with H. somni, they are 
a valuable aid to the diagnosis. The organism 
has been isolated from the conjunctival sacs 
of feedlot cattle affected with conjunctivitis. 

Otitis in feedlot cattle has also been 
attributed to the organism. The ears are com¬ 
monly drooping, and affected animals appear 
depressed. A combination of otitis and men¬ 
ingitis in young cattle associated with the 
organism has been described. 

The synovitis is characterized by disten¬ 
sion of the joint capsules, usually the major 
movable joints such as the hock and stifle 
joints, but any joint may be involved. Pain 
and lameness are only mild; when treated 
early, the synovitis usually resolves in a few 
days. In a few cases there is marked lameness 
and a preference for recumbency associated 
with hemorrhages in muscle. The organism 
has been isolated from a calf with a urachal 
abscess. 

Respiratory Disease 

The clinical findings of the respiratory form 
of the disease, which has been diagnosed 
with increased frequency in the last decades, 
have not been clearly described. It is unlikely 
that there are any distinctive clinical features. 
Most feedlot calves with pleuritis attributable 
to H. somni die in the pen without ever 
having been treated. 

Epidemiologic surveys of weaned beef 
calf mortality attributable to pneumonia and 
pleuritis associated with H. somni suggest 
that death from pneumonia occurred during 
the first 5 weeks after arrival in the feedlot. 
The median fatal disease onset for pneumo¬ 
nia was day 12, and for myocarditis and pleu¬ 
ritis, day 22. It is suggested that pneumonia 
and pleuritis should be suspected in feedlot 
cattle that have been treated unsuccessfully 
for bovine respiratory disease in the previous 
several days. Laryngitis, tracheitis, pleuritis, 
and pneumonia can occur alone or in com¬ 
bination with the acute neurologic form of 
the disease. The laryngitis is characterized 
clinically by severe dyspnea, mouth¬ 
breathing, and stertor. Conjunctivitis similar 
to that seen in infectious bovine rhinotrache- 
itis (IBR) may occur, and isolation of the 
organism from ocular swabs is necessary to 
make the definitive diagnosis. Chronic sup¬ 
purative orchiepididymitis in a calf from 
which H. somni was isolated has been 
described. 

Myocarditis 

In the myocardial form of the disease, 
affected animals may be found dead without 
any previous illness having been recorded or 
they may have been treated for respiratory 
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disease within the previous few weeks with a 
variable response. If seen early in the course 
of the myocarditis, the most common clini¬ 
cal findings are a fever and depression. With 
advanced stages of myocarditis, exercise 
intolerance, mouth-breathing, and protru¬ 
sion of the tongue occur. Affected animals 
may collapse and die while being moved 
from their home pen to the hospital pen in 
the feedlot. Most animals with myocarditis 
have a previous history of being treated for 
an undifferentiated fever and depression 
within the previous 10 to 14 days. When 
returned to their home pens, they may 
be found dead or in severe respiratory 
distress. 

Chronic free-gas bloat is a not uncom¬ 
mon finding in naturally occurring cases and 
occurs frequently in the experimental 
disease. 

CLINICAL PATHOLOGY 
Hematology 

In most cases there are changes in the total 
and differential leukocyte count. Leukopenia 
and neutropenia may be present in severe 
cases, whereas in less severe cases a neutro¬ 
philia with a left shift is more common. In 
the cerebrospinal fluid, the total cell count is 
markedly increased, and neutrophils pre¬ 
dominate. The Pandy globulin test on cere¬ 
brospinal fluid is usually strongly positive. In 
the synovial fluid the total cell count is also 
increased, and neutrophils predominate. 

Culture of Organism 

The organism can be cultured from blood, 
cerebrospinal fluid, synovial fluid, urine, 
brain, kidney, and liver, less commonly from 
pleuritic fluid and tracheal washings. In vivo 
H. somni was isolated more often from bron- 
chioalveolar lavage fluid than from nasopha¬ 
ryngeal swabs. 3 Culture of H. somni is poorly 
sensitive because the organism is fragile and 
fastidious. Collected samples must be 
shipped in a timely manner using special 
transport media and under refrigeration. 
Growth of H. somni is slow, requiring at least 
48 to 72 hours on selective culture media and 
incubated on presence of 10% C0 2 . Previous 
antimicrobial therapy may further decrease 
the chances of successful recovery of the 
germ from an infected animal. The PCR 
technique is a more sensitive method for 
detection of the organism than bacterial 
culture and immunochemistry. The interpre¬ 
tation of a culture positive result is compli¬ 
cated by the common occurrence of 
asymptomatic carriers. Only large numbers 
of H. somni, ideally in pure culture obtained 
from a lesion, are considered confirmatory. 3 

Serology 

Cattle with experimental or naturally occur¬ 
ring disease have high levels of agglutinating 
anti-H. somni antibody. Recovered animals 
are positive to the complement fixation test 
(CFT) within 10 days following infection, 


and titers begin to decline to low levels 30 
days after infection. 

A microagglutination test is available, but 
this test preferentially detects IgM antibody, 
an antibody class commonly cross-reacting 
with other members of the family Pasteurel- 
laceae. Immunologic cross-reaction may 
explain why most cattle are positive 
on microagglutination in the absence of a 
history of H. somni disease or related clinical 
signs. ELISAs identifying the presence of 
IgG 2 are more specific; however, there is no 
significant difference in serum IgG 2 titers 
between culture-negative and culture¬ 
positive but asymptomatic animals. It was 
proposed that seroconversion could also 
occur in asymptomatically infected carrier 
animals. 3 

An immunoblot test can detect an 
immune response after experimental abor¬ 
tion, experimental pneumonia, or vaccina¬ 
tion with a killed vaccine. It is also able 
to distinguish between animals with an 
immune response as a result of disease or 
vaccination with the organism and those 
animals that are asymptomatic carriers, 
culture negative, or infected with closely 
related bacteria. 

Paired serum samples obtained during 
acute and convalescence phase can be useful 
retrospectively. 

NECROPSY FINDINGS 

The characteristic lesions of TME are hemor¬ 
rhagic infarcts in any part of the brain and 
spinal cord. These are usually multiple and 
vary in color from bright red to brown and 
in diameter from 0.5 to 3 cm. Cerebral men¬ 
ingitis may be focal or diffuse, and the cere¬ 
brospinal fluid is usually cloudy and slightly 
yellow-tinged. Hemorrhages may also be 
present in the myocardium, skeletal muscles, 
kidneys, and serosal surfaces of the gastro¬ 
intestinal tract. 

There may be petechiation and edema of 
the synovial membranes of joints. There is an 
excessive quantity of synovial fluid, which is 
usually cloudy and may contain fibrinous 
flecks. The articular cartilage is usually not 
affected. 

Pulmonary involvement is characterized 
by a fibrinopurulent bronchopneumonia, 
although the posterior aspects of the lung 
may be edematous and have a rubbery con¬ 
sistency. Histologically, there is fibrinosup- 
purative bronchiolitis accompanied by filling 
of the alveoli with fibrin, neutrophils, and 
macrophages. Peribronchiolar fibrosis and 
bronchiolitis obliterans, interlobular fibrosis 
and thrombosis of interlobular and pleural 
lymphatics develop in chronic cases. Fibrin¬ 
ous or serofibrinous inflammation of the 
peritoneum, pericardium, or pleura is found 
in more than 50% of cases. There may be 
focal ulceration and fibrinonecrotizing 
inflammation extending from the pharynx 
down into the trachea. Polypoid tracheitis 
has also been reported. 


Histologically, vasculitis and thrombo¬ 
sis with or without infarctions and a cellular 
component composed almost entirely of 
neutrophils may be seen in all tissues where 
localization occurs, especially the heart but 
also the placenta in case of abortion. 3 Myo¬ 
cardial abscesses may develop and are most 
common in the left ventricular free wall, par¬ 
ticularly in the papillary muscles. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—culture swabs from brain/ 
meningeal and joint lesions; lung, 
spleen, heart (culture, PCR) 

• Histology—formalin-fixed brain, lung, 
heart, kidney, synovial membrane (light 
microscopy, immunohistochemistry) 


DIFFERENTIAL DIAGNOSIS 


Thrombotic meningoencephalitis 

attributable to Histophilus somni is 
characterized by sudden onset of weakness, 
ataxia, depression, fever, enlarged joints, and 
rapid death within 12 to 24 hours. There are 
marked changes in the cell count of the 
cerebrospinal fluid and the leukogram. There 
is a rapid response to treatment in the early 
stages. 

In polioencephalomalacia, blindness, 
normal temperature, nystagmus, 
opisthotonos, and convulsions are common. 

In Listeria meningoencephalitis, there is 
unilateral facial paralysis with deviation of the 
head and neck and a normal or slightly 
increased temperature. The cerebrospinal fluid 
in listeriosis usually contains an increased 
number of mononuclear cells. 

Mycoplasma bovis infection can cause 
polyarthritis, otitis media in calves, and, in rare 
instances, meningoencephalitis. 

Hypovitaminosis A in young cattle 6 to 
12 months of age is characterized by sudden 
onset of short-term convulsions and syncope 
lasting 10 to 30 seconds, during which they 
may die but from which they more commonly 
recover to appear normal. Exercise such as 
walking from pasture to the farmstead will 
commonly precipitate the seizures. Eyesight 
may be slightly impaired, but the menace 
reflex is usually present. 

Pneumonia and pleuritis associated with 
H. somni cannot be distinguished clinically 
from the other common causes of pneumonia 
in cattle, and the diagnosis is usually made at 
necropsy. 

Myocarditis attributable to H. somni may 
cause sudden death or congestive heart 
failure, which will require a necropsy 
examination for a diagnosis. 


TREATMENT 

Cattle with TME must be treated with antimi¬ 
crobials as soon as clinical signs are obvious. 
Florfenicol, an analog of thiamphenicol, at a 
dose of 20 mg/kg BW intramuscularly and 
repeated 48 hours later, is effective for the 
treatment of acute undifferentiated fever in 
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feedlot calves and may be the antimicrobial of 
choice if H. somni infection is a major cause 
of mortality in feedlot calves. Oxytetracycline 
at 20 mg/kg BW intravenously daily for 3 days 
is effective when treatment is begun within a 
few hours after the onset of clinical signs. The 
prognosis in recumbent cattle is unfavorable, 
but treatment for 2 to 4 days maybe attempted. 
A failure to respond after 3 days of treatment 
usually indicates the presence of irreversible 
lesions. The MICs of 33 antimicrobial agents 
for H. somni indicated high in vitro suscepti¬ 
bility to penicillin G, ampicillin, colistin, and 
novobiocin; oxytetracycline also revealed 
high activity. Once the disease has been rec¬ 
ognized in a group, all in-contact animals 
should be observed closely for the next 7 to 10 
days to detect new cases in the initial stages so 
that early treatment can be given. The treat¬ 
ment of pneumonia and pleuritis attributable 
to H. somni is the same as for acute undiffer¬ 
entiated bovine respiratory disease. 


TREATMENT AND CONTROL 


Treatment 

Oxytetracycline (20 mg/kg IV every 24h for at 
least 3 days) (R-2) 

Florfenicol (20 mg/kg IM every 48h) (R-2) 

Control 

H. somni bacterin vaccine 
Florfenicol (40 mg/kg IM as single 
treatment) 

Oxytetracycline (long acting formulation 
20 mg/kg IM as single treatment) 


CONTROL 

Satisfactory control procedures are not avail¬ 
able because the pathogenesis and epidemi¬ 
ology of the disease are not well understood. 
When an outbreak of the nervous form of the 
disease is encountered, the provision of con¬ 
stant surveillance and early treatment is 
probably the most economical and effective 
means of control. 

Metaphylactic Antimicrobial Therapy 

Postarrival metaphylactic treatment with 
antibiotics is widely used in feedlots to 
control undifferentiated bovine respiratory 
disease (UBRD) and was shown to reduce 
morbidity and mortality associated with this 
disease complex. 7,8 Evidence supporting the 
metaphylactic or prophylactic use of antimi¬ 
crobials to reduce occurrence rate and mor¬ 
tality directly associated with H. somni 
infection is scant. Mass medication with 
long-acting oxytetracyclines did not reduce 
the risk of histophilosis mortality, but it 
reduced the risks of bovine respiratory 
disease morbidity and mortality by 14% and 
71%, respectively. 2 

Vaccination 

Vaccines have been available for use in 
North America and are mainly labeled 


for protection from TME but not the other 
forms of histophilosis; their efficacy is uncer¬ 
tain. 9 One bacterin is immunogenic and will 
protect vaccinated cattle against the nervous 
form of the infection produced by intrave¬ 
nous and intracisternal inoculation of the 
organism. Two injections of the bacterin 
given subcutaneously 2 to 3 weeks apart are 
recommended. Controlled field trials indi¬ 
cate that the bacterin reduces the morbidity 
and mortality rates of nervous system disease 
in vaccinated cattle compared with nonvac- 
cinated animals. However, the efficacy of the 
bacterin has been difficult to evaluate because 
the incidence of naturally occurring disease 
in nonvaccinated control animals is usually 
low and may not be significantly greater than 
in vaccinated animals. 

The efficacy of a H. somni bacterin to 
reduce mortality was evaluated in auction- 
market-derived beef calves vaccinated 
immediately upon arrival at the feedlot. The 
vaccine had no significant effect on overall 
crude mortality but appeared to reduce the 
incidence rate of fatal disease during the first 
2 months in the feedlot when the risk of fatal 
disease onset was highest. When mortalities 
unlikely to be associated with H. somni were 
removed from the analysis, the mortality rate 
in male calves was reduced by about 17% in 
the vaccinated group. A second vaccination 
2 weeks after arrival did not reduce the mor¬ 
tality risk. 

Vaccination of feedlot calves on arrival 
with a genetically attenuated leukotoxin of 
M. haemolytica combined with bacterial 
extracts of H. somni increased serum anti¬ 
body titers to both organisms and reduced 
acute undifferentiated bovine respiratory 
disease. However, it is not known what pro¬ 
portion of the respiratory disease was attrib¬ 
utable to H. somni. 

Vaccinating calves twice with a killed 
whole-cell bacterin reduced the clinical and 
pathologic effects of experimentally induced 
H. somni pneumonia. Calves vaccinated 
once were incompletely protected. 

There is no published evidence to indi¬ 
cate that vaccination of feedlot calves before 
or after entry into the feedlot with any of the 
available H. somni vaccines will provide pro¬ 
tection against the various forms of clinical 
disease, particularly the respiratory and 
myocardial types described earlier. 9 The 
disease complex is occurring in feedlot calves 
in spite of vaccination. A rational vaccina¬ 
tion program would consist of vaccinating 
calves at least twice, 2 to 4 weeks apart, with 
the second vaccination occurring at least 2 
weeks before entry into the feedlot. 
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SEPTICEMIA AND THROMBOTIC 
MENINGOENCEPHALITIS IN 
SHEEP ASSOCIATED WITH 
HISTOPHILUS SOMNI 


SYNOPSIS 


Etiology Histophilus somni (formerly 
Haemophilus agni, Histophilus owls) 

Epidemiology Worldwide occurrence but not 
a common disease. In affected flocks, cases 
occur over several weeks to result in a 
significant population mortality. 

Clinical findings Acute disease and affected 
sheep commonly found dead. Septicemia, 
polyarthritis, and occasionally meningitis 
primarily in lambs 4 to 7 months of age. 

Necropsy findings Multiple hemorrhages 
throughout the carcass. Focal hepatic 
necrosis. Polyarthritis, meningoencephalitis. 

Diagnostic confirmation Isolation of the 
organism. 

Treatment and control Oxytetracycline. 


ETIOLOGY 

Histophilus somni falls within the family 
Pasteurellaceae. This organism, previously 
known as Haemophilus agni and Histophilus 
ovis, has been isolated from sheep, bighorn 
sheep, and bison with a number of different 
pyogenic conditions, including septicemia, 
polyarthritis, thrombotic meningoencepha¬ 
litis, general pyemia, metritis, mastitis, abor¬ 
tion, neonatal mortality, and epididymitis. 1 

EPIDEMIOLOGY 

Disease associated with H. somni in sheep 
has worldwide occurrence but is not 
common. 

The most common presentation is lame¬ 
ness and septicemia in lambs aged 4 to 7 
months, but infection with this organism can 
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also result in polyarthritis in lambs 1 to 4 
weeks of age. The morbidity rate varies 
between outbreaks, but the case-fatality rate 
is likely to be 100% unless treatment is 
undertaken, and the population mortality 
rate can approach 10%. Outbreaks may last 
several weeks;, within a flock, cases of the 
disease occur sporadically but over a long 
period. 

In some outbreaks, both in lambs and 
adult sheep, meningoencephalitis is the 
primary presentation, and the clinical and 
pathologic findings are similar to those 
of thromboembolic meningoencephalitis in 
cattle. The method of transmission is 
unknown, but the disease does not appear to 
spread by pen contact and cannot be pro¬ 
duced by oral, nasal, or conjunctival expo¬ 
sure to the organism. Environmental or 
other stress may be a predisposing factor. H. 
somni has been isolated from the genital 
mucosa of goats that are in contact with 
sheep flocks, but their role in transmission of 
this organism is not clear. 2 

PATHOGENESIS 

The organism colonizes the respiratory and 
reproductive tract mucosa and invades to 
produce septicemia and disseminated bacte¬ 
rial thrombosis, leading to a severe focal 
vasculitis. 

CLINICAL FINDINGS 

Affected sheep are often found dead. Depres¬ 
sion, high fever (42°C [107°F]), disinclina¬ 
tion to move, and collapse with movement 
are the obvious clinical signs, and affected 
lambs may die within 12 hours of becoming 
ill. Lambs that survive more than 24 hours 
develop a severe arthritis with a palpable 
increase in joint fluid and heat in the joints. 
They are usually recumbent, and those with 
meningoencephalitis show hypersalivation, 
convulsions, and opisthotonos. The clinical 
course is short. 

CLINICAL PATHOLOGY 

Hematology and blood chemistry are not 
commonly conducted because of the acute 
nature of the disease and the availability of 
carcasses for postmortem. Initially there is 
leukopenia and neutropenia, with neutro¬ 
philia and left shift in more prolonged cases. 
Total cell count is elevated in cerebrospinal 
fluid and joint fluid, and these also can be 
cultured for the organism. Antibody detected 
by complement fixation persists for about 3 
months in animals that survive. 

NECROPSY FINDINGS 

At necropsy the most striking feature is the 
presence of multiple hemorrhages through¬ 
out the carcass. Focal hepatic necrosis sur¬ 
rounded by a zone of hemorrhage is also a 
constant finding. Lambs that die in the early 
stages of the disease show minimal joint 
changes, but those that survive for more than 
24 hours develop fibrinopurulent arthritis. 


Histologically, the disease is a disseminated 
bacterial thrombosis leading to a severe focal 
vasculitis. This change is most apparent in 
the liver and skeletal muscles. More pro¬ 
tracted cases can have hemorrhages in the 
leptomeninges and foci of liquefactive necro¬ 
sis at the gray-white junction of cerebral 
hemispheres, basal gray nuclei, and thala¬ 
mus. Microscopically, these foci exhibit sup¬ 
purative necrosis and vascular thrombosis, 
with bacterial colonies inside the abscesses. 3 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—swabs from joint fluid, 
liver, meningeal fluid for culture and 
PCR 

• Histology—formalin-fixed liver and 
brain for histology and 
immunochemistry 


DIFFERENTIAL DIAGNOSIS 


Because of the acute nature of the clinical 
disease, the disease is likely to be confused 
with acute septicemia associated with E. coli or 
P. trehalosi, and with enterotoxemia. The 
characteristic hepatic lesions and histology 
serve to identify the disease, and final diagnosis 
depends on isolation of the organism. 


TREATMENT AND CONTROL 

Antimicrobials, such as tetracyclines or til- 
micosin, 4 need to be given very early in the 
course of the disease if they are to be effec¬ 
tive. Because of the acute nature of the 
disease, vaccination is likely to be the only 
satisfactory method of control. Although 
there is no label, vaccine immunity after a 
field attack seems to be solid. Mass treatment 
of the group of sheep at risk with long-acting 
tetracyclines is a possible strategy to reduce 
the occurrence of further cases. 
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TICK PYEMIA OF LAMBS 
(ENZOOTIC STAPHYLOCOCCOSIS 
OF LAMBS) 


SYNOPSIS 


Etiology Infection with Staphylococcus 
aureus predisposed by infection with 
Anaplasma (formerly Ehrlichia) 
phagocytophila. 


Epidemiology Disease of young lambs that 
occurs in areas that are habitats for Ixodes 
Ricinus. 

Clinical and necropsy findings Septicemia 
and subsequent abscessation in internal 
organs. 

Diagnostic confirmation Isolation of 
organism. 

Treatment Long-acting antimicrobials. 

Control Tick control. 


ETIOLOGY 

The disease has a complex causality and 
results from a septicemia produced by Staph¬ 
ylococcus aureus predisposed by infection 
with Anaplasma (formerly Ehrlichia) phago¬ 
cytophila, which is transmitted by Ixodes 
ricinus. 

EPIDEMIOLOGY 

Enzootic disease has been recorded only in 
the United Kingdom and occurs only in 
the hill areas that are habitats for the tick I. 
ricinus. The disease occurs in the spring and 
early summer. The annual incidence varies 
with the year and between farms. On average, 
5% of lambs at risk are affected, but on some 
farms the incidence may be as high as 29% 
in certain years. 

In enzootic areas the disease has consid¬ 
erable economic importance and has been 
stated to affect as many as 300,000 lambs 
every year, the majority of which die or fail 
to be profitable. 

PATHOGENESIS 

Experimental and epidemiologic studies 
have established a clear relationship between 
infection with A. phagocytophila, the agent of 
tick-borne fever, and susceptibility to infec¬ 
tion with S. aureus. The role of the tick is in 
the transmission of A. phagocytophila, which 
produces waves of bacteremia detectable by 
quantitative PCR as early as 1 day following 
experimental infection. 1 

Infection with A. phagocytophila pro¬ 
duces a significant lymphocytopenia that 
develops 6 days after infection and affects all 
subsets of T- and B-lymphocytes, and also a 
prolonged neutropenia lasting for 2 to 3 
weeks combined with a thrombocytopenia. 
Up to 70% of the neutrophils are parasitized 
from the onset of the parasitemia and have 
impaired function, and lambs with tick- 
borne fever have a much higher susceptibil¬ 
ity to experimental infection with S. aureus 
than noninfected lambs. The ticks are not 
thought to necessarily provide portals of 
entry for, nor to be the primary carriers of, 
the infection with S. aureus, although they 
are important in this respect. S. aureus can 
gain entry through a variety of sources, and 
in affected flocks there is a high incidence of 
lambs carrying the same infection on their 
nasal mucosa. 
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CLINICAL AND 
NECROPSY FINDINGS 

Lambs aged 2 to 10 weeks are affected. They 
may die quickly of septicemia or show signs 
of localization of infection. Clinically, this is 
most evident by infections that localize in 
joints or the meninges to manifest as arthritis 
or meningitis, but on postmortem examina¬ 
tion abscesses can be found in any organ, 
including the skin, muscles, tendon sheaths, 
joints, viscera, and brain. 

TREATMENT AND CONTROL 

Treatment of the established disease has 
limited value, and efforts should be directed 
at prevention or mitigation of early infection 
during the bacteremic phase. 

The strategic use of long-acting antibiot¬ 
ics has shown success in this respect. On 
farms with enzootic disease, benzathine pen¬ 
icillin administered at 3 weeks of life has 
been shown to result in a marked decrease in 
the incidence of subsequent clinical disease. 
The use of long-acting tetracyclines has the 
additional advantage of protecting against 
infection with the agent of tick-borne fever 
and S. aureus infection; two treatments of 
lambs, the first between 1 and 3 weeks of age 
and the second between 5 and 7 weeks, has 
been shown to result in a significant reduc¬ 
tion in morbidity and mortality. In addition, 
the treatment has been accompanied by 
increased weight gain. 

Tick control by dipping lambs or using a 
pour-on insecticide significantly reduces the 
incidence of clinical disease and increases 
weight gain of clinically normal lambs. Sepa¬ 
ration of the lambs for dipping has not been 
associated with problems of mis-mothering. 
A combination of antibiotic and acaricide 
treatment may be the most effective and in 
one trial reduced losses from 10.3% to 0.6%. 
Dipping the whole flock in an acaricide in 
spring, although it will not completely eradi¬ 
cate tick infestation, will reduce the inci¬ 
dence of tick pyemia. 

Pyemic infection with S. aureus is also 
recorded in association with tick infestation 
in camels in Saudi Arabia. 

FURTHER READING 

Woldehiwet Z. The natural history of Anaplasma 
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SEPTICEMIC PASTEURELLOSIS 
OF CATTLE (HEMORRHAGIC 
SEPTICEMIA) 

ETIOLOGY 

Hemorrhagic septicemia (HS) is mainly 
associated with two specific serotypes of 
P. multocida, a gram-negative, aerobe coc- 
cobacillus of the family Pasteurellaceae. The 
Asian serotype is designated B:2 and the 


African serotype is E:2 by the Carter- 
Heddlestone system, corresponding to 6:B 
and 6:E by the newer Namioka-Carter 
system. The letter denotes the capsular 
antigen and the cipher the somatic antigen. 
Other serotypes—namely, A:l, A: 1,3, A:3, 
A:4, B:l, B:2,5, and others—have occasion¬ 
ally been isolated from HS outbreaks. 1 Sero¬ 
type E:2 has thus far only been retrieved in 
Africa, whereas serotype B:2 was isolated 
from cases on other continents but also from 
Egypt and Sudan. 

Although P. multocida does not readily 
survive in the environment, it is thought that 
it can survive for hours and probably days in 
moist soil and water. 

EPIDEMIOLOGY 

Occurrence 

Hemorrhagic septicemia is a highly fatal 
acute septicemic disease predominantly 
affecting water buffaloes and cattle. Occa¬ 
sional outbreaks among pigs and less fre¬ 
quently among sheep, goats and bison have 
been reported. Incidental cases have been 
reported in horses, donkeys, elephants, yaks 
and camels. 2 

HS is considered economically important 
in Asia, Africa, and the Middle East, with 
highest incidences in Southeast Asia. Cases 
have also been reported form countries in 
southern Europe and the United States, 
where outbreaks among bison were reported. 
In regions where the disease is endemic it 
causes heavy death losses and has emerged 
as the economically most important bacte¬ 
rial disease following the successful eradica¬ 
tion of rinderpest and the continued low 
mortality of food-and-mouth disease. 1 HS is 
listed on list B of the World Organization for 
Animal Health (OIE), which includes “trans¬ 
missible diseases that are considered to be of 
socioeconomic and/or public health impor¬ 
tance within countries, and that are signifi¬ 
cant in the international trade of animals and 
animal products.” 3 

Both morbidity and case-fatality rates 
vary between 50% and 100%, and animals 
that recover require a long convalescence. 
Morbidity will depend on the immune status 
of the herd, either acquired naturally or 
induced by vaccination. The greater the per¬ 
centage of immune to nonimmune animals, 
the lower will be the morbidity. In endemic 
areas, adult animals develop a naturally 
acquired immunity, and large outbreaks no 
longer occur in these areas. The incidence of 
disease is reduced significantly in areas 
where the vaccine is used. 

Risk Factors 
Animal Risk Factors 

The disease predominantly affects water 
buffaloes and cattle, but buffaloes are consid¬ 
ered to be more susceptible to clinical 
disease. These species also present the most 
important host reservoir for the pathogen. It 
is estimated that in endemic areas up to 5% 


of water buffaloes and cattle are carriers and 
thus potential shedders of the pathogens. 1 

All age groups are susceptible to infec¬ 
tion, but in endemic regions, older animals 
previously exposed to the pathogen may 
have antibodies providing some protection. 
In these regions the most susceptible age 
group is 6 months to 2 years of age. Colostral 
immunity of calves from cows vaccinated 
against hemorrhagic septicemia peaks at 
8 to 16 weeks of age and then declines. 
There is no difference in susceptibility 
between breeds. 

The immune status and health of the indi¬ 
vidual animal and the herd are considered 
important factors in the epidemiology of HS. 
Stress resulting from inadequate feed supply, 
disease, or exhaustion is considered an 
important predisposing factor for clinical 
disease. 2 

Pathogen Risk Factors 

P. multocida possesses a number of virulence 
factors, which include the capsule, fimbriae, 
and adhesins; outer membrane proteins 
(OMPs); endotoxin (lipopolysaccharide 
[LPS]); siderophores; and a number of extra¬ 
cellular enzymes. 1 Endotoxin appears to be 
the most important virulence factor respon¬ 
sible for clinical disease. LPS of serogroups B 
and E were found to be identical, and intra¬ 
venous inoculation with LPS from these 
strains allowed for reproduction of clinical 
disease and death within hours, consistent 
with severe endotoxemia in water buffaloes. 1 
Synthesis of the extracellular enzyme hyal- 
uronidase appears to be a specific feature of 
serotype B:2, but the significance of the 
enzyme for the virulence of the pathogen is 
not known. 1 

Environmental Risk Factors 

Although clinical disease can occur at any 
time of the year, close herding and wet con¬ 
ditions clearly contribute to the spread of the 
disease. Outbreaks of the disease are often 
associated with wet, humid weather during 
the rainy season. 

Stressors such as inadequate feed supply 
or exhaustion are considered important pre¬ 
disposing factors that not only increase the 
susceptibility to clinical disease, but also 
stimulate shedding of the bacterium from 
subclinically infected animals. 

During intervening periods the causative 
organism persists on the tonsillar and naso¬ 
pharyngeal mucosae of carrier animals. 

Transmission 

Transmission of P. multocida occurs either 
through oral ingestion or inhalation, either 
during direct contact between infected 
und susceptible individuals or via fomites 
such as contaminated feed or water. The 
saliva of affected animals contains large 
numbers of Pasteurella during the early 
stages of the disease. Although infection 
occurs by ingestion, the organism does not 
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survive on pasture for more than 24 hours. 
Biting insects to not seem to be significant 
vectors. 2 

PATHOGENESIS 

The portal of entry of infection is thought to 
be the tonsils. A fulminating septicemia 
occurs, which is associated with the capsular 
material of the organism and its endotoxin. 
In acute and peracute cases death ensues 
within 8 to 24 hours of appearance of the first 
clinical signs. The effects of the septicemia 
are most severe in the respiratory tract, 
heart, and gastrointestinal tract. In cattle and 
buffalo there is rapid translocation of bacte¬ 
ria from the respiratory tract to the blood, 
liver, and spleen, suggesting that the bacteria 
are able to invade via the mucosal epithelial 
layers. 

CLINICAL FINDINGS 

The disease is an acute septicemia and is 
clinically characterized by a sudden onset of 
fever (41 to 42° C [106-107°F]), followed by 
profuse salivation, submucosal petechiation, 
severe depression, and death in about 24 
hours. On range lands, animals may be 
found dead without any clinical signs having 
been observed. Localization may occur in 
subcutaneous tissue, resulting in the devel¬ 
opment of warm, painful swellings about the 
throat, dewlap, brisket, or perineum, and 
severe dyspnea may occur if the respiration 
is obstructed. In the later stages of an out¬ 
break, some affected animals develop signs 
of pulmonary or alimentary involvement. P. 
multocida may be isolated from the saliva 
and the bloodstream. The disease in pigs is 
identical to that in cattle. 

CLINICAL PATHOLOGY 
Culture and Detection of Bacteria 

Laboratory diagnosis is by isolation and 
identification of the causative agent. The 
organism can be cultured from blood or a 
nasal swab from an animal within a few 
hours of death. Blood or a nasal swab during 
the clinical phase of the disease is not reliable 
because the septicemia is a terminal event. 2 
From older carcasses, a long bone is used for 
culture from the bone marrow. Biochemical 
and serologic tests are used for identification 
and serotyping of P. multocida. Serotyping 
can be done by rapid slide agglutination, 
indirect hemagglutination, agar gel immu¬ 
nodiffusion, and counterimmunoelectro- 
phoresis. 4 DNA fingerprinting and other 
molecular techniques are suitable for epide¬ 
miologic studies to trace an outbreak back to 
its origin. 

Serology 

Serology is not normally used for diagnosis 
because of the peracute and highly fatal 
course of disease; however, high titers (1:160 
or higher) by indirect hemagglutination 
(ILIA) in surviving in-contact animals are 
suggestive of disease. 2 


NECROPSY FINDINGS 

At necropsy, the gross findings are usually 
limited to generalized petechial hemor¬ 
rhages, particularly under the serosae, and 
edema of the lungs and lymph nodes. Subcu¬ 
taneous infiltrations of gelatinous fluid may 
be present, and in a few animals there are 
lesions of early pneumonia and a hemor¬ 
rhagic gastroenteritis. Varying degrees of 
lung involvement range from generalized 
congestion to patchy or extensive consolida¬ 
tion. Thickening of the interlobular septa 
may be prominent. Lymph nodes in the tho¬ 
racic region are enlarged and hemorrhagic. 
Isolation of the causative bacteria is best 
attempted from heart, blood, and spleen 
samples. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnoses for hemorrhagic 
septicemia include many other conditions 
causing peracute death, sometimes without 
specific clinical signs: 

• Blackleg 

• Anthrax 

• Rinderpest 

• Lightning strike 

• Acute salmonellosis 

More protracted cases with signs of 
respiratory distress: 

• Pneumonic pasteurellosis (shipping fever, 
enzootic calf pneumonia) 

• Atypical interstitial pneumonia 

• Mycoplasmosis 


TREATMENT 

Treatment is of little use once clinical signs 
have become apparent because of the acute/ 
peracute course of disease. 2 Various antimi¬ 
crobials have been used to treat HS in cattle 
and other species, including tetracyclines, 
penicillin, and sulfonamides, but monitoring 
of antimicrobial susceptibility of P. multo¬ 
cida strains associated with HS revealed a 
gradual development of in vitro resistance, 
particularly against sulfonamides. 1 Treat¬ 
ments described in the section on pneu¬ 
monic pasteurellosis of cattle should also be 
effective in this disease. Whatever antimi¬ 
crobial is chosen, an initial intravenous 
loading dose is required to reach bactericidal 
concentrations in blood as fast as possible. 


TREATMENT AND CONTROL 


Antimicrobial therapy 

Penicillin G sodium/potassium (22,000 IU/kg 
initial IV then IM every 12h) (R-2) 

Procaine penicillin (22,000 IU/kg IM every 12h 
or 44,000 IU/kg IM every 24h after initial 
IV loading dose of penicillin G sodium/ 
potassium) (R-2) 

Oxytetracycline (10 mg/kg initial IV then IM 
every 24 for 4 days) (R-2) 


Trimethoprim ([2.66 mg/kg] + sulfadoxine 
[13.33 mg/kg] initial IV then IM every 12h) 
(R-2) 

Enrofloxacin* (2.5-5 mg/kg SC q24h) 

Ceftiofur sodium* (1.2-2.2 mg/kg IV every 
24h) 

Ceftiofur hydrochloride* (2.2 mg/kg SC every 
24 after initial IV loading dose of ceftiofur 
sodium) 

Metaphylaxis 

Tulathromycin (2.5 mg/kg SC as single dose) 
Florfenicol (40 mg/kg SC as single dose) 
Tilmicosin (10 mg/kg SC as single dose) 
Gamithromycin (6 mg/kg SC/IM as single 
dose) 

Oxytetracycline long-acting formulation 
(20 mg/kg IM as a single dose) 
Enrofloxacin* (7.5-12.5 mg/kg SC/IM as single 
dose)(R-3) 

Danofloxacin* (8 mg/kg SC as single dose) 
(R-3) 

Ceftiofur* crystalline acid free (6.6 mg/kg SC 
posterior pinna as single treatment) (R-3) 

Vaccination 

Vaccination with inactivated HS vaccine (R-1)** 

Vaccination with modified live vaccine 
(intranasal) (R-1)** 

*Classified as critically important antimicrobials in 
human and veterinary medicine. Use as first-line 
treatment is discouraged. 5 
** Colostra! antibody interferes with vaccine 
efficacy in calves. 


CONTROL 

Hemorrhagic septicemia can be eradicated 
from nonendemic areas by animal move¬ 
ment control, quarantines, tracing of con¬ 
tacts, culling of infected and exposed 
animals, and disinfection of the premise. 
Although treatment may be successful when 
initiated early in the course of the disease, up 
to 20% of surviving animals are estimated to 
become clinically unapparent shedders, 
thereby creating a host reservoir. 2 

In endemic areas the condition is mainly 
controlled by vaccination. Removing identi¬ 
fied carrier animals, avoiding stress by pro¬ 
viding adequate feed supply, and avoiding 
overcrowding, particularly during the rainy 
season, can further reduce the risk of clinical 
disease and transmission of the infection. 

Treatment of animals that were in contact 
with clinical herdmates may be suitable to 
limit morbidity and mortality rates during an 
outbreak. 2 

Antimicrobial Metaphylaxis 

Although the metaphylactic use of antimi¬ 
crobials as disease control is debatable from 
the point of view of prudent antimicrobial 
use, the treatment of clinically still healthy 
in-contact animals during an outbreak may 
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be indicated and justified by the high case- 
fatality rate that is largely attributable to the 
peracute course of disease. 2 

Vaccines 

Vaccines against HS are widely used in 
endemic areas and are the only practical 
approach to prevent HS. 1 Initially, inacti¬ 
vated vaccines based on plain bacterins of P. 
multocida were used, to which various adju¬ 
vants were added later to enhance immune 
response. The commonly used vaccines 
are alum precipitated vaccines, aluminium 
hydroxide gel vaccines, oil-adjuvant vaccines 
(OAVs), and multiemulsion vaccines 
(MEVs), which vary considerably in the 
duration of immunity induced and in side 
effects. Alum-precipitated vaccines are 
widely used. Plain broth bacterins, or alum- 
precipitated and aluminum hydroxide gel 
vaccines, are administered twice a year 
because these vaccines offer immunity of 4 
to 6 months. OAVs give both a higher degree 
and a longer duration of immunity, up to 1 
year, but have not been popular because they 
are difficult to inject and because of local 
tissue reactions and abscess formation at the 
site of injection. To overcome this issue, 
an (MEV of a thinner viscosity has been 
developed that provide immunity parallel to 
the OAV. 

Generally, inactivated vaccines are widely 
used in endemic areas and are effective in 
reducing the disease incidence. Disadvan¬ 
tages of these vaccines are the short duration 
of immunity they provide and the high costs 
of production. 2 

A fallow deer strain aerosol vaccine 
(strain B:3,4) developed in Myanmar is cur¬ 
rently the only available modified live (MLV) 
HS vaccine. The safety, efficacy, and cross- 
protectivity of this vaccine has been tested in 
young cattle and buffaloes in Myanmar, 
where more than 1.5 million animals were 
inoculated with the vaccine between 1989 
and 1999. A recommended dose of 2 x 10 7 
viable organisms was used for the efficacy 
test. The administration of 100 times the rec¬ 
ommended dose to 50 cattle and 39 buffalo 
calves was innocuous. Three out of three buf¬ 
faloes were protected 7 months after they 
were vaccinated, and 12 months after they 
were vaccinated, 3 out of 4 buffaloes were 
protected against a subcutaneous challenge 
with serotype B:2, which killed 3 of 3 unvac¬ 
cinated buffaloes; 12 months after they were 
vaccinated, 8 out of 8 cattle survived a sero¬ 
type B:2 challenge that killed 4 out of 4 
unvaccinated controls. The vaccinated cattle 
had developed serum antibodies detectable 
by the passive mouse protection test. Indirect 
hemagglutination tests on sera taken from 
cattle 10 days and 5 weeks after they were 
vaccinated showed high titers on antibodies. 
The serum of vaccinated cattle cross- 
protected passively immunized mice against 
infection with P. multocida serotypes E:2, 
F:3,4, and A:3,4. The intranasal aerosol 


vaccination is safe, even at very high dose 
levels, and does not induce anaphylactic 
shock even after repeated vaccinations. The 
freeze-dried live vaccine is stable for at least 
3 years at room temperatures of 30 to 36° C 
(86 to 97°F), and thus a “cold chain,” which 
is impracticable for many hemorrhagic- 
septicemia-endemic areas, is not necessary 
for the storage and transport of the vaccine. 

The Food and Agriculture Organization 
(FAO) of the United Nations has reviewed 
development and use of this MLV vaccine in 
Myanmar and has commended the intrana¬ 
sal use of live B:3,4 vaccine as safe and potent 
and has suggested that the technology be 
transferred to other countries. Nevertheless, 
no other country is currently using the MLV 
vaccine. 2 

FURTHER READING 

Shivachandra SB, Viswas KN, Kumar AA. A review of 
hemorrhagic septicemia in cattle and buffalo. Anim 
Health Res Rev. 2011;12:67-82. 

Verma R, Jaiswal TN. Hemorrhagic septicemia vaccines. 
Vaccine. 1998;16:1184-1192. 
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PASTEURELLOSIS OF SHEEP 
AND GOATS 

Mannheimia (Pasteurella) haemolytica and 
Bibersteinia trehalosi are the main causes of 
pasteurellosis in sheep and goats. Under the 
old classification system, M. haemolytica 
was classified into two biotypes, A and T, 
which were then subdivided into serotypes 
based on antigenic differences in capsular 
polysaccharide. 

• The serotypes within biotype A are now 
classified as Mannheimia haemolytica 
with the exception of serotype All, 
which is a separate species, Mannheimia 
glucosida. 

• The most common manifestation of M. 
haemolytica in sheep is pneumonic 
pasteurellosis, which occurs in all ages. 

• M. haemolytica is a secondary invader, 
and a cause of death, in chronic 
enzootic pneumonia in sheep and goats 
that is initiated by Mycoplasma 
ovipneumoniae. 


• M. haemolytica infections in sheep also 
cause septicemic pasteurellosis in young 
suckling lambs, which often occurs 

in association with pneumonic 
pasteurellosis in the same flocks, and 
mastitis in ewes. 1,2 

• Palpable lesions in the testicles of rams 
have also been associated with heavy 
pure growth of organisms from the 
Pasteurella cluster. 3 Lesions include 
epididymitis, spermatic granulomas, 
testicular atrophy, and adhesions 
between the vaginal tunic and 
scrotum. 

• M. glucosida comprises a heterogeneous 
group of organisms that cause 
opportunistic infections of sheep, 
especially mastitis. 12 

• Biotype T of M. haemolytica contains 
four serotypes and is now classified as 
Bibersteinia trehalosi. Isolates of B. 
trehalosi that are leukotoxin A (LktA) 
positive are associated with septicemic 
disease in weaned sheep. 

• Genetic analyses show that bovine and 
ovine strains of M. haemolytica 
represent genetically distinct 
subpopulations that are specifically 
adapted to, and elicit disease in, either 
cattle or sheep. 

• These analyses also demonstrate that 
traditional classification based upon 
metabolic characteristics lack the 
resolution and accuracy to reliably 
classify isolates. Consequently, for 
reliable epidemiologic investigations 
they should be augmented by molecular 
techniques such as 16s rRNA and LktA 
screening using PCR assays. 4 

• P. multocida is an uncommon 
respiratory pathogen in sheep in 
temperate areas but may be of greater 
importance in tropical areas. 

SEPTICEMIC PASTEURELLOSIS OF 
SUCKLING LAMBS 

Septicemic pasteurellosis is a disease of 
young lambs typically associated with M. 
haemolytica biotype A. It occurs in lambs 
from 2 days to 2 months of age but presents 
most commonly at 2 to 3 weeks of age. The 
young lamb is highly susceptible to biotype 
A infections, which progress rapidly from 
the tonsils and lungs to a fatal septicemia. 
The organism is also a primary pathogen in 
goat kids. Septicemic pasteurellosis in suck¬ 
ling lambs may occur as an isolated disease 
but more commonly occurs in conjunction 
with pneumonic pasteurellosis, with younger 
lambs succumbing to the former and ewes 
and older lambs to the latter. This disease 
probably does not warrant a separate classi¬ 
fication but is kept separate because some 
outbreaks are manifest only by septicemia in 
lambs. 

There is a significant difference in the 
incidence of death from septicemic pasteu¬ 
rellosis in lambs between flocks that are 
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infested with Ixodes ricinus and flocks that 
are Ixodes free. It is thought that immune 
suppression from tick-borne fever caused by 
A. phagocytophilum can predispose to septi¬ 
cemic pasteurellosis. Lambs that die are 
usually 4 to 8 weeks of age. B. trehalosi can 
also cause of this condition. ’ 

A single subcutaneous injection of 10 mg/ 
kg tilmicosin or intramuscular injection of 
20 mg/kg oxytetracycline is effective in pre¬ 
venting disease. Tulathromycin (2.5 mg/ 
kg, SC), a semisynthetic macrolide, may also 
be an effective treatment. 6 

P. multocida is a rare cause of septicemic 
disease in neonatal lambs but can occur with 
a high morbidity and high case-fatality rate. 
Clinically, it presents with a syndrome 
resembling watery mouth with marked sali¬ 
vation, abdominal distension, and a short 
clinical course. On postmortem examina¬ 
tion, there is excess peritoneal and pleural 
pericardial fluid. Prophylactic long-acting 
tetracycline at a dose of 100 mg per lamb has 
prevented further cases. 

MANNHEIMIA MASTITIS IN SHEEP 

M. haemolytica, M. glucosida, and M. rumi- 
nalis have been isolated from cases of per- 
acute, gangrenous acute mastitis in sheep. 1 M. 
haemolytica is the most common cause of 
mastitis in meat-producing flocks. It occurs 
in the Canada, United States, Australia, New 
Zealand, and Europe in ewes kept under 
systems of husbandry that vary from open 
pasture to enclosed barns, and is a major 
cause of mastitis in ewes in Britain. A variety 
of typed and untyped strains within biotype 
A are isolated, with serotype A2 most 
common from cases of acute mastitis. Mas¬ 
titis is most common in ewes suckling large 
lambs up to 3 months old. There is a high 
diversity among Mannheimia isolates. Hori¬ 
zontal transmission by lamb suckling prob¬ 
ably occurs, supported by the observation 
that the prevalence of mastitis associated 
with this organism is less in dairy sheep than 
in meat flocks.' 

PNEUMONIC PASTEURELLOSIS 
AFFECTING WILDLIFE 

Pasteurella and Mannheimia spp. have been 
isolated from a number of different species 
of wildlife, but there has been particular 
concern with outbreaks of acute fatal pneu¬ 
monic pasteurellosis that have occurred 
in Rocky Mountain and desert bighorn 
sheep ( Ovis canadensis ) following commin¬ 
gling with domestic sheep or feral goats. 
This appears to be a complex polymicrobial 
disease, with M. ovipneumoniae, M. haemo¬ 
lytica, LktA-positive B. trehalosi, P. multo¬ 
cida, respiratory syncytial virus, and 
parainfluenza-3 virus isolated from natural 
cases, and some argument over which agent 
is the primary cause. 8 Experimental chal¬ 
lenge with M. haemolytica will induce 
disease, and bighorn sheep are particularly 


susceptible to pathogenic (LktA positive) 
biotype A strains acquired from commin¬ 
gling with domestic sheep. This, coupled 
with the stress of high densities and food 
shortage, was thought to be important in the 
epidemiology of this disease. However, 
bighorn sheep are not naturally infected with 
M. ovipneumoniae, and spread of this agent 
from domestic sheep to susceptible popula¬ 
tions of bighorn sheep, which then increases 
their susceptibility to M. haemolytica, has 
been proposed as an alternative explanation. 8 
If this is the case, vaccinating domestic sheep 
against M. ovipneumoniae may be an effec¬ 
tive way to reduce exposure and disease in 
bighorn sheep. 

Nevertheless, whereas previous vaccines 
were not effective, repeated doses of an exper¬ 
imental multivalent vaccine containing M. 
haemolytica serotypes A1 and A2 and B. tre¬ 
halosi serotype 10 did protect bighorn sheep 
against experimental challenge with a patho¬ 
genic M. haemolytica. 9 A commercial multi¬ 
valent killed vaccine (OviPast Plus™) with 
five strains of M. haemolytica (Al, 2, 6, 7, 9) 
and four strains of B. trehalosi (T3, 4, 10, 15) 
is available in the United Kingdom for the 
reduction of mortalities as a result of pneu¬ 
monic pasteurellosis in sheep. However, this 
vaccine did not increase weight gain or 
reduce lung scores in a study in seven flocks 
in New Zealand. 10 A primary virulence factor 
of Mannheimia spp. isolates is leukotoxin A 
(LktA), which are toxic to ruminant leuko¬ 
cytes and probably have an important role in 
immunity to disease caused by Mannheimia 
spp. A comparison of the similarity of the 
LktA of Mannheimia spp. isolated from clini¬ 
cal cases of mastitis found that the LktA from 
M. glucosida may be a more suitable candi¬ 
date for a monovalent vaccine than the LktA 
from M. haemolytica. 11 
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PASTEURELLOSIS OF SWINE 

Pasteurella multocida (PM) is an important 
pathogen of pigs. Toxigenic strains, in con¬ 
junction with Bordetella bronchiseptica, are 
recognized as the etiologic agents of atrophic 
rhinitis described under that heading. Pneu¬ 
monic pasteurellosis and septicemic pasteu¬ 
rellosis are also manifestations of infection 
with P. multocida in pigs. P. multocida capsu¬ 
lar type A can cause pneumonia in growing 


pigs but also septicemia and arthritis. It has 
been consistently isolated from skin lesions 
in sporadic cases of porcine dermatitis and 
nephropathy syndrome. Strains from pigs 
may be found in nasal passages of pig 
workers, and pig strains have been found in 
bronchopneumonia in humans. There is 
therefore the possibility of occupational 
exposure. Some forms are very similar to 
pleuropneumonia, with dyspnea, cyanosis, 
and sudden death. 

PNEUMONIC PASTEURELLOSIS 
Etiology 

P. multocida is commonly isolated from the 
lungs of pigs with chronic pneumonia, puru¬ 
lent bronchopneumonia, and pleurisy. Iso¬ 
lates are predominantly capsular serotype A 
strains with some serotype D strains. It is 
possible to serotype P. multocida and of the 
16 serotypes, serotypes 3 and 5 are the pre¬ 
dominant isolates. 1 In most herds, there is a 
single isolate, and this is usually A3. In one 
study, 88% of the lung strains were type A 
(OMP strains 1:1, 2:1, 3:1, 5:1, and type 
6:1). It may be a primary pathogen with a 
relatively high degree of virulence and a con¬ 
siderable transfer of capsular biosynthesis 
and toxA genes between strains of both type 
A and type D. Virulence genotypes have also 
been studied. 2 It may be that most P. multo¬ 
cida strains have the toxA gene, which sug¬ 
gests widespread genetic diversity in the 
capsular type A strains 3 and that a single 
clone might be more predominant in a par¬ 
ticular pig population. For many years it was 
thought that toxigenic strains were not found 
in the lung, but in three surveys, 25% to 90% 
of the pneumonic strains were toxigenic. A 
study looked at 230 isolates from 250 pigs 
and found that 200 (88%) were A, 4% were 
D, and 9% were untypeable. The toxA gene 
was found in 13%, of which 11% belonged to 
A, 1% to D, and 1% could not be typed. Sero¬ 
type D strains were specifically associated 
with abscesses in the lung. A wide diversity 
is found in the lung. 

P. multocida is a common secondary 
infection in the lungs of pigs with enzootic 
pneumonia associated with M. hyopneu- 
moniae. The pneumonic lesions from dual 
infections are more severe than those from 
M. hyopneumoniae alone. The organism 
is also commonly associated with A. 
pleuropneumoniae. 

Epidemiology 

In the microbiome of the soft palate of swine 
it was found that members of the Pasteurel- 
laceae predominate. 

Although found in other species, it is 
generally assumed that there is little inter¬ 
species transfer. The tonsils of the pig are 
an important site of colonization of many 
pathogenic and commensal organisms. In a 
study of the microbiome of the tonsils in 12 
healthy pigs from two herds, it was found 
that Pasteurellaceae dominated the tonsillar 
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biome of all the pigs, comprising 60% of 
the total. 

It is generally considered that P. multo¬ 
cida is not a primary pathogen of the lower 
respiratory tract and that its involvement in 
pneumonia is secondary to infection with 
other respiratory pathogens. A large-scale 
survey in Germany of 6560 postmortem 
examinations found that pneumonia was 
present in 24.4% of cases. In 49.3% of these 
P. multocida was found, and with increasing 
age there was an increasing rate of recovery 
of P. multocida. Most of the lung cultures 
(54.2%) showed multiple infections. Pneu¬ 
monic pasteurellosis cannot be reproduced 
by the intranasal or intratracheal challenge 
of healthy pigs with P. multocida but can be 
reproduced by challenge to pigs whose pul¬ 
monary clearance mechanisms have been 
compromised by infections with M. hyo- 
pneumoniae, pseudorabies virus, or by anes¬ 
thesia and other stresses, and also lungworms. 
Although atmospheric ammonia may pre¬ 
dispose to nasal attachment of P. multocida 
type D, it seems unlikely that this applies to 
pulmonary infection. The organism is carried 
in the nasal cavity and tonsils of pigs, and 
carriage rates are higher in herds with a 
history of chronic respiratory disease. 

Transmission is by aerosol and more 
probably by direct nose-to-nose contact and 
thence by inhalation or ingestion. The bacte¬ 
rium has a short-term survival in aerosols, 
particularly of low humidity (less than 1 
hour), but it survives for longer at high 
humidity and lower temperature. Heating to 
60° C (140°F) will kill it, but it can survive 
for up to 14 days in water, 6 days in slurry, 
and up to 7 weeks in nasal washings at room 
temperature. There is always the feeling that 
the condition is most common under condi¬ 
tions where mycoplasmosis is common and 
where there is poor husbandry, notable over¬ 
crowding, and poor hygiene and where envi¬ 
ronmental stress is high. As a result, it is 
often seen after transport, mixing, or moving 
groups of pigs. 

Pathogenesis 

Pneumonic pasteurellosis results from the 
colonization of existing lung lesions by 
inhaled organisms, often from reservoirs in 
the nasopharynx and tonsil, and the major 
virulence mechanisms are unknown. It is 
suspected that they may attach particularly 
to the alveoli by means of fimbriae or pili. 
Serotype A strains are resistant to phagocy¬ 
tosis, which has been attributed to the pres¬ 
ence of capsular hyaluronic acid and might 
allow their colonization of lung lesions. Iso¬ 
lates from lung lesions are not invariably 
toxigenic. A recent study has shown that 
there is a change in the functional capabili¬ 
ties of the blood cells, with oxygen radical 
formation and phagocytosing neutrophils 
elevated after infection. The disease is diffi¬ 
cult to produce experimentally, and large 


volumes of inoculum mist be used in the 
trachea together with other infectious agents 
or their toxins to produce pathology. It has 
been reproduced when nontoxigenic strains 
are given repeatedly by intrabronchial injec¬ 
tion following A. pleuropneumoniae or M. 
hyopneumoniae infections Strains vary in 
their ability to produce secondary pneumo¬ 
nia and pleuritis in these experimental 
models, suggesting the existence of specific 
pneumotropic and pleurotropic strains, 
which is supported by epidemiologic studies 
that have found that a single strain predomi¬ 
nates in problem herds. 

Clinical Findings 

There is a possibility of a hyperacute 
condition in which the only sign is sudden 
death. 

Pneumonic pasteurellosis is a common 
cause of sporadic cases of acute broncho¬ 
pneumonia in grower-finisher pigs. Affected 
pigs have fever of up to 41°C (106°F), are 
anorectic and disinclined to move (lethar¬ 
gic), and show significant respiratory distress 
with labored respiration and increased lung 
sounds, often breathing through the mouth. 
Cyanosis may occur. Without treatment, 
death is common after a clinical course of 4 
to 7 days. There is a marked tendency for the 
disease to become chronic, resulting in 
reduced weight gain and frequent relapses, 
and real recovery seldom occurs. It can occur 
as an outbreak, spreading to affect several 
pigs within a group. The first indication of 
disease within a group and of an impending 
outbreak may be the finding of a pig dead 
with a peracute infection. In an intermediate 
stage there may be fever, coughing, and poor 
growth rate for about 3 to 5 weeks before 
recovery. The disease may also exist in a 
chronic form as part of the porcine respira¬ 
tory disease complex, with little evidence of 
overt clinical disease but with an adverse 
effect on growth rate and food-conversion 
efficiency. 

Necropsy Findings 

At necropsy the lesions are considered to be 
typical of what is normally called enzootic 
pneumonia—a chronic bronchopneumo¬ 
nia with abscessation. Pleuritis is common, 
and there may also be pericarditis. In some 
instances, there may be carcass congestion, 
and the trachea may be full of frothy fluid. 
Experimental infections have caused between 
15.5% and 39.4% of lung tissue to be affected 
with pneumonia. Histologically, the airways 
are filled with degenerate leukocytes, but 
the overall lung pathology is often compli¬ 
cated by other pathogens. Peracute fatalities 
show an acute necrotizing and fibrinous 
bronchopneumonia reminiscent of bovine 
pneumonic pasteurellosis. There is edema, 
congestion, and hemorrhage with bron- 
chiolar exudation containing bacteria, neu¬ 
trophils, and macrophages, which are also 


present in the alveoli. Small bronchi and 
bronchioles may be completely occluded by 
the exudates. 

Diagnosis 

Diagnosis is through the clinical signs (fever, 
dyspnea, cyanosis, sudden death), lesions at 
gross postmortem, histopathology, and isola¬ 
tion of P. multocida. Aerobic culture from 
these cases usually produces a pure culture 
of the organism. 


DIFFERENTIAL DIAGNOSIS 


The disease must be differentiated from other 
causes of respiratory disease in pigs. 

Enzootic pneumonia of pigs, unless 
accompanied by pasteurellosis, is not 
manifested by a marked systemic or 
pulmonary involvement. 

Dyspnea is a prominent sign in Glasser's 
disease, but there is obvious arthritis; at 
necropsy the disease is characterized 
by arthritis, a general Serositis, and 
meningitis. 

Pleuropneumonia associated with A. 
pleuropneumoniae causes a severe 
pneumonia with rapid death, and 
differentiation from pasteurellosis is necessary 
at necropsy. 

The septicemic and acute enteric forms of 
salmonellosis in pigs are often accompanied 
by pulmonary involvement, but these are 
usually overshadowed by signs of septicemia 
or enteritis. Chronic pasteurellosis has to be 
differentiated from lungworm infestations and 
ascariasis. 


Treatment 

The animals are usually severely ill, and 
therefore treatment is first by parenteral 
injection and then by water medication; once 
they start to eat, medication should continue 
with in-feed antibiotics. 

Treatment is with antibiotics, commonly 
with tetracyclines. There is also a case for 
using ceftiofur, penicillin, streptomycin, 
trimethoprim/sulfonamides, ampicillin, spi¬ 
ramycin, and spectinomycin for 3 to 5 days. 
Tilmicosin and telithromycin would also be 
suitable antibiotics. There is significant varia¬ 
tion in the antibiotic sensitivity of isolates, 
and the choice of antibiotic should be based 
on a sensitivity established for the organism 
for that farm. In a recent survey in the United 
Kingdom, 15% of P. multocida isolates were 
resistant to tetracyclines, and it was also 
reported that resistance to trimethoprim/ 
sulfonamides, Apramycin, and neomycin 
was found in some isolates. A German 
survey showed that 55% were resistant to 
sulfonamides. 

Control 

Vaccination is ineffective, although autoge¬ 
nous vaccines have been produced that are 
effective (need to be certain that you have the 
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strain causing the problem). Control depends 
on management of the risk factors, which are 
described under enzootic pneumonia of 
swine because pasteurellosis is often second¬ 
ary to that condition. In particular, all-in, 
all-out management with vaccination for 
enzootic pneumonia is essential. Tiamulin at 
40 ppm in the feed has also been used stra¬ 
tegically at the time of stress, for example, 
over mixing and moving. 

SEPTICEMIC PASTEURELLOSIS 

Septicemic disease with death occurring 
within 12 hours and without signs of pneu¬ 
monia is occasionally observed in neonatal 
pigs. They are associated with M. haemolyt- 
ica infection (occasionally P. trehalosi that is 
untypeable), and in many cases there is an 
association with sheep. Septicemic disease is 
also recorded in India in association with 
infection with capsular serotype B. The 
disease occurs in all ages of pigs, including 
adults, and is manifest with fever, dyspnea, 
and edema of the throat and lower jaw. A 
population mortality of 40% in a group of 
pigs is recorded. Clinical signs are rarely 
seen. Acute septicemic disease in grower pigs 
aged 14 to 22 weeks and associated with 
serotype D has been recorded in Australia. 
Cases can be confused with those caused by 
taxon 15 of APP. 

An outbreak of hemorrhagic septicemia 
was reported from Australia associated with 
P. multocida subsp. gallicida in a large pig 
herd. Affected pigs were found dead, 
with swelling of the pharyngeal region and 
blue discoloration of the ventral abdomen 
and ears. On gross postmortem there was 
hemorrhage and congestion on serosal sur¬ 
faces. The postmortem picture is reported to 
resemble that seen in A. suis infection with 
a superimposed pneumonic pasteurellosis. 
Histologic examination of the viscera showed 
widespread vascular damage with thrombus 
formation and intravascular colonies of 
bacteria. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—lung, bronchial node 
(plus liver, spleen, kidney for septicemic 
form). Culture produces large mucoid 
colonies 3 mm to 5 mm in diameter on 
blood agar. In the past the recovered 
organisms were rarely toxigenic. Some 
isolates did have fimbriae. On a smear 
gram-negative coccobacilli may be seen. 
In early cases aerobic cultures of heart 
blood and lung lesions will give a pure 
culture. Anaerobic cultures often yield 
Bacteroides spp. as well, and if 
Haemophilus cultures will also often 
prove positive. Further identification 
using electrophoretic typing may be 
necessary, as in the case of secondary 
infection in sporadic cases of porcine 
dermatitis and nephropathy syndrome. 


Here a high proportion had a single 
electrophoretic type (01) isolated from a 
range of tissues. In the septicemic form 
the organism was readily cultured from 
the liver, spleen, and lymph nodes. 

• Histology—formalin-fixed lung (variety 
of organs for septicemic form) (light 
microscopy) 
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STREPTOCOCCUS SUIS 
INFECTION OF YOUNG PIGS 

There are three organisms that infect the 
neonatal pig quite commonly— Haemophilus 
parasuis, S. suis, and Actinobacillus suis, 
which have been dubbed the “suis-cides.” S. 
suis (SS) is therefore one of the early coloniz¬ 
ers of the pig; by the end of the nursery 
period, most pigs are infected. Virulence 
may be an attribute of strains that colonize 
the young pig poorly but infect older animals 
more easily, in the absence of maternal 
antibody. They also have public health 
importance. 


SYNOPSIS 


Etiology Streptococcus suis; 35 capsular 
serotypes exist if you include 1/2. Worldwide, 
type 2 is probably the most common, and 
types 1 through 9 are more frequent than 
types 10 to 34. 

Epidemiology - Occurs principally in piglets 
under 12 weeks of age 

Signs Septicemia, arthritis, meningitis, 
pericarditis, endocarditis, polyserositis, and 
pneumonia. 

Clinical pathology Culture organism. 

Lesions Fibrinous polyserositis, purulent 
meningitis, myocarditis, vegetative 
endocarditis, fibrinous arthritis, or fibrinous or 
hemorrhagic pneumonia may be a secondary 
problem. 

Diagnostic confirmation Culture organism 
from body tissues and blood. 

Differential diagnosis Arthritis as a result 
of the following: 

Mycoplasma hyorhin/s 

Erysipelas 

Glasser's disease 

Meningitis as a result of the following: 


Escherichia coli 
Trueperella pyogenes 
Pasteurella multocida 

Treatment Antimicrobials based on culture 
and sensitivity. 

Control Provision of optimum environment 
(temperature and relative humidity). Avoid 
overcrowding in nursery pens. Age spread of 
pigs in pens should not exceed 2 weeks. Use 
all-in, all-out pig flow. Control of other 
common infectious diseases. Avoid nutritional 
deficiencies. Consider mass medication of 
feed with antimicrobials. Possible use of 
autogenous vaccines. 


ETIOLOGY 

The streptococci are gram-positive, encapsu¬ 
lated, facultative anaerobes; are coccoid or 
ovoid; and occur singly or in pairs or in 
chains. S. suis (SS) type 1 (SSI) and S. suis 
type 2 (SS2) were the original capsular types 
of the organism, which appeared to account 
for most epidemics of the disease. SS types 
are related to Lancefield’s group D. The 
Lancefield’s groups R, S, RS, and T are no 
longer used. 1 There are now 35 known SS 
capsular types. Even now, new species of 
Streptococcus, such as S. ferus, are being iso¬ 
lated from pigs. The important species of 
Streptococcus that have been isolated in the 
pig are shown in Table 21-2. 2 ' 3 

At least 40% of the genome of SS is dis¬ 
tinct from the other species of Streptococ¬ 
cus. 4 ’ 5 The strains within each capsular 
serotype are also very diverse genetically. 6 ' 8 

EPIDEMIOLOGY 

The epidemiology of SS is very complex. The 
isolation of different strains within the same 
herd and the predominance of particular 
strains within some herds are evidence that 
infection by SS is a dynamic process and 
reinforce the idea that the epidemiology is 
complex. 

The distribution of the serotypes varies 
widely across the world. In general, SSI-9 is 
the most commonly found type and likely to 
cause disease. 9 ' 10 SS9-34 will colonize, but 
this type is less likely to cause disease. There 
may be one, two, or even more serotypes in 
a single pig. In some countries one serotype 
is more important (e.g., SS14 in Scotland or 
SS7 in Scandinavia). 11 The position is com¬ 
plicated because a certain serotype in one 


Table 21-2 Species of streptococci isolated from the pig with principal locations 


Intestine 

Tonsils 

Oral cavity 

Vagina 

hyointestinaiis 

suis 

orisuis 

hyovaginalis 

suis 

po rein us 

mutans- like 

thoraltensis 

alactolyticus 

dysgalactiae ssp. equisimilis 



bovis 
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country is not necessarily of the same viru¬ 
lence and importance in another because the 
genetic makeup of the strains varies geo¬ 
graphically. It is further complicated in that, 
following culture, the strains may lose their 
capsules and become untypeable. 9,10 Again, 
in general, in Eurasia, SS2 is the most 
common, 12 and in North America it is SS2 
and SS3, but SS2 is not necessarily the most 
prevalent. 9,10 There are considerable differ¬ 
ences between the SS2 in Europe and the SS2 
in North America. 

Occurrence 

Diseases associated with SS occur world¬ 
wide, generally affecting pigs 2 weeks to 22 
weeks of age but capable of causing disease 
in any age of susceptible pig. Most cases 
occur just after weaning and are associated 
with weaning stressors such as moving, 
mixing, overcrowding, and inadequate ven¬ 
tilation. SS2 causes outbreaks of meningitis 
in young pigs 10 to 14 days after weaning. 
The disease occurs most commonly in inten¬ 
sive systems of high population density, such 
as flat-deck rooms and early (grower) finish¬ 
ing pens. Sporadic cases occur in older pigs, 
including adults, depending on immunity. 

The organism has also been isolated from 
cattle, sheep, goats, a horse with meningitis, 
fallow deer, and cats and increasingly from 
other species. It has also been isolated from 
wild boar. 13 

Prevalence of Infection 

SS2 is the most prevalent serotype. Types 3, 
4, 7, 8, and 14 have been isolated from 
affected pigs in the United Kingdom. In Aus¬ 
tralia, SS2 was detected in 58% of the pala¬ 
tine tonsils, in 66% of the pneumonic lungs, 
and in 28% of the healthy lungs. Overall, the 
carrier rate in piggeries was 60%. The organ¬ 
ism was also present in the blood of 3% of 
apparently normal pigs at slaughter. It could 
also be cultured from many other tissues, 
including the vagina of sows, and it is pos¬ 
sible that piglets are infected during birth. 
Specific pathogen-free herds are free of the 
organism, and hysterectomy-derived piglets 
are born SS free. 

The rate of infection of the environment 
of the pigs can also be very high. In Canada, 
all 35 serotypes have been isolated, with SS2 
being the most prevalent of all isolates. The 
other capsular types in decreasing order were 
3,7,1/2, 8,23, and 4. Over a period of several 
years, more than 60% of isolates belong to 
capsular types 2, 1/2, 3, 4, 7, and 8. In a 
survey of clinically healthy piglets 4 to 8 
weeks of age in Quebec, the organism could 
be isolated from 94% of piglets and 98% of 
farms. The typeable isolates of the organism 
are more frequently recovered from pigs 
between 5 and 10 weeks of age, whereas 
untypeable isolates are most frequently 
found in animals more than 24 weeks old. In 
the United States, serotype 3 was most preva¬ 
lent (26.1%), followed by serotypes 8 (17.4%), 


2, 4, and 7 (15.2%). There were no significant 
differences in the epidemiologic features, 
clinical signs, or lesions in pigs infected with 
multiple serotypes compared with a single 
serotype of SS. 

Only some Scandinavian countries 
reported a higher incidence of type 7 over 
type 2. In Denmark, SS2 accounted for 29% 
of the isolates; SS7 for 17%; and 3, 4, and 8 
for a further 9% to 10%. SS7 was isolated 
more frequently than reported in other 
countries, causing septicemia, arthritis, and 
meningitis. In Finland, the most common 
types isolated from dead pigs were 7, 3, and 
2, respectively, and they were most frequently 
isolated from cases of pneumonia. In the 
Netherlands, SS2 was most frequently iso¬ 
lated from pigs with meningitis. SS9 and SS2 
have been isolated as the cause of septicemia 
and meningitis in weaned pigs in Australia. 

Morbidity and Case Fatality 

The incidence of clinical disease ranges from 
0% to 15%. In a 3-year survey of a breeding 
herd, the combined morbidity and mortality 
rates attributable to meningitis from SS2 
were 3%, 8%, and 9.1%, respectively. 

Methods of Transmission 

The organism is usually transmitted by 
healthy carriers. The organism is carried in 
the tonsils and occasionally in the nose of 
healthy pigs 14,15 of all ages, and transmission 
to uninfected pigs can occur within 5 days of 
mixing. In a herd where there are no clinical 
signs there is usually a low carriage of SS. 
There is a higher carriage in herds where 
there is clinical disease. 10 The introduction of 
breeding gilts from infected herds results in 
disease appearing subsequently in weanlings 
and growing pigs in the recipient herds. The 
detectable carrier rates in different groups of 
pigs can vary from 0% to 80% and are highest 
in weaned pigs aged 4 to 10 weeks. Over 80% 
of the sows in an individual herd may be 
subclinical carriers. They do not normally 
carry the organism in the nasal cavity but in 
the vagina. Based on the results of sampling 
of sows and piglets at parturition, and being 
able to culture multiple serotypes of the 
organism from the sow’s vaginal secretions 
and oropharyngeal samples of piglets, it is 
highly probable that the newborn piglet is 
infected during birth by the organism, which 
is transferred from the sows vagina to the 
dorsal surface and oral cavity of the piglet. 
However, even though most pigs are colo¬ 
nized by weaning age, colonization by the 
virulent strains of SS2 takes longer and 
usually does not occur before 15 days of age. 
This could constitute a risk factor for devel¬ 
oping disease later when maternal immunity 
has waned. 

Weaned carrier pigs transmit the infec¬ 
tion to previously uninfected pigs after 
mixing following weaning. The organism can 
persist in the tonsils of carrier pigs for more 
than 1 year, and in the presence of circulating 


opsonic and binding antibodies, and in pigs 
receiving penicillin-medicated feed. Thus the 
organism can be endemic in some herds 
without causing recognizable clinical disease. 
House flies can carry the organism for at 
least 5 days and can contaminate feed for at 
least 4 days. 

The carrier rate in some surveys of slaugh¬ 
ter pigs ranges from 32% to 50% of pigs 4 to 
6 months of age. Sporadic cases of SS2 have 
also been found in pigs with bronchopneu¬ 
monia (secondary to enzootic pneumonia), 
pleuropneumonia, arthritis, vaginitis, and 
aborted fetuses and in neonatal piglets 1 to 2 
days of age affected with fatal septicemia. It 
appears that the organism is found in the 
lungs of pigs affected with pneumonia more 
frequently in North America than in other 
countries. Although airborne infection of 
type 2 has been described, it is thought that 
indirect transmission is a much better way to 
infect piglets because it is easily transmitted 
via fomites. It can survive in feces for 104 
days at 0° C (32° F) and for 10 days at 9° C (48° 
F) and in dust for 54 days at 0° C and 25 days 
at 9°C. Experimentally, pure cultures of the 
organism placed on rubber and plastic sur¬ 
faces, especially when protected by swine 
manure, are viable up to 55° C (131° F) and 
can survive if kept frozen for up to 10 days. In 
the summer, at a temperature in the middle 
range, it may survive for about 8 days. The 
organism is readily destroyed by disinfec¬ 
tants. It can be spread by contaminated pig 
nose snares and needles used for blood sam¬ 
pling. SS can also be transmitted by flies. 

Risk Factors 
Animal Risk Factors 

The host factors that render pigs susceptible 
to clinical disease are uncertain. Over 30 dif¬ 
ferent gram-positive bacterial organisms 
may occur in the nasal cavities and tonsils of 
unweaned pigs between 2 weeks and 6 weeks 
of age. It is suggested that strains of SS2 vary 
in pathogenicity and that the occurrence of 
disease is dependent on both exposure to a 
pathogenic strain and undetermined sec¬ 
ondary factors. The peak incidence of SS 
from 5 to 10 weeks of age suggests that the 
stressors of weaning may render pigs suscep¬ 
tible to clinical disease and certainly to the 
horizontal spread of the infection. At this 
point any infected pig may be shedding large 
numbers of organisms. Most weaned pigs 
carry SS, but few appear to carry virulent 
strains. 16 In an outbreak, one strain of SS 
usually predominates. The presence of other 
infectious diseases, such as porcine repro¬ 
ductive and respiratory syndrome (PRRS) 
and Actinobacillus pleuropneumoniae, may 
be associated with a higher-than-average 
prevalence of infection with SS. PRRS cer¬ 
tainly increases susceptibility to SS infection 
experimentally. In utero infection with PRRS 
makes pigs more susceptible to subsequent 
neonatal SS infections. Infection of specific- 
pathogen-free pigs with PRRS virus may be 





a risk factor for infection and disease associ¬ 
ated with SS. Similarly, the pseudorabies 
virus may enhance clinical disease associated 
with SS. In addition, faulty teeth clipping 
may be associated with the condition in 
young pigs. 

Environmental and 
Management Factors 

The incidence of clinical disease appears to 
depend on environmental factors (which 
may be important in the spread of SS), such 
as inadequate ventilation, high population 
density, and other stressors. Several environ¬ 
mental and management risk factors have 
been associated with a high prevalence of 
pigs harboring SS in swine herds. Excessive 
environmental temperature fluctuation in 
the nursery pig facilities was the most 
common factor. Nursery pig environmental 
temperatures should not fluctuate more 
than 1.1° to 1.7°C (34° to 35° F) over a 
24-hour period to prevent chilling of pigs. 
Fluctuations in temperature are caused by 
draffs, inadequate heaters, or poorly insu¬ 
lated buildings. Excessive relative humidity 
was also a factor; the recommended range 
for nursery pigs is 55% to 70%. The third and 
fourth most common factors were age spread 
of more than 2 weeks for pigs in the same 
room and crowding (both increasing SS 
transmission rates). The fifth most common 
factor was the use of continuous flow facili¬ 
ties, which allows for build-up of dust and 
manure (and therefore SS) and increased 
infection pressure. An unusual case where SS 
was isolated from the lumen of the small 
intestine occurred when a feed was formu¬ 
lated with no salt and 58.5 kg instead of 
3.5 kg of vitamin premix. Once the ration 
was corrected, the problem disappeared. 

SS2 can survive in feces for 104 days at 
0°C (32°F), up to 10 days at 9°C (48°F), and 
up to 8 days at 22 to 25°C (71 to 77°F). It 
can survive in dust for up to 25 days at 9° C 
(48° F) but could not be isolated from dust 
stored at room temperature for 24 hours. The 
organism is rapidly inactivated by disinfec¬ 
tants commonly used on farms. Liquid soap 
inactivates SS2 in less than 1 minute at a 
dilution in water of 1 in 500. The organism 
can survive in pig carcasses at 40°C (104°F) 
for 6 weeks and may therefore be an impor¬ 
tant source of the organisms for infection in 
humans. 

Pathogen Risk Factors 

Most studies of virulence have been associ¬ 
ated with studies on SS2. Some have proved 
to be virulent, others not so. 11 New factors 
are being discovered all the time. For 
example, a new virulence gene virA was dis¬ 
covered that only occurs in virulent strains. 1 ' 
Many other secreted substances, important 
as virulence factors, are probably awaiting 
discovery. 

Colonization of piglets occurs very early 
in life, with most pigs being colonized by 
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weaning age; virulent strains of SS2 may 
not colonize until later. Early colonization 
reduces the subsequent clinical signs. Despite 
the association of bacteria with disease, they 
may also be recovered from the nasal cavities 
and tonsils of healthy pigs. High numbers of 
organisms were isolated from the cerebrospi¬ 
nal fluid of clinically normal pigs. A study 
also showed that a persistent epidemic strain 
of SS was consistently isolated from the 
brains of pigs over a 2-year period. 

There are differences in pathogenicity 
between serotypes and between strains of the 
same serotype. In the United Kingdom there 
are differences in pathogenicity between 
types 1 and 2; type 1 causes less severe 
disease in piglets, whereas type 2 causes a 
more severe and acute disease in older and 
growing pigs. Highly virulent and completely 
avirulent type 2 strains exist. Different strains 
of SS2 vary in their ability to cause meningi¬ 
tis. Streptococci require manganese but 
not iron as a growth factor, which affects 
the activity of superoxide dismutase in cell 
cultures. 

Capsules 

One of the main virulence factors is the pres¬ 
ence of the capsules, which are powerfully 
antiphagocytic. The organism is classified 
into serotypes on the antigenic specificity of 
its capsular polysaccharide. The capsule, cer¬ 
tainly for SS2, plays an important role in 
pathogenesis. It is an important antiphago¬ 
cytic factor. 18 Because many nonpathogenic 
strains are capsulated, there are probably 
many other interrelating factors. 

There are also modifications of the 
cell wall, such as lipoteichoic acids and 
peptidoglycans. 1 u9,20 ' 22 

Proteins 

The virulence markers of the organism 
include the structural proteins muramidase- 
related protein (MRP) and extracellular 
factor (EF). There are virulence differences 
between strains of the same serotype based 
on the presence or absence of muramidase- 
released proteins. It has also been reported 
that some of these proteins are not essential 
for virulence; on the other hand, there is 
sometimes a strong association between pro¬ 
teins and strain virulence. 12,23 Most Canadian 
field isolates of SS2 do not produce these 
virulence-related proteins. 

Fibronectin and fibrinogen-binding 
protein played a role in the colonization of 
specific organisms involved in a SS infec¬ 
tion. 24 An IgG binding protein in the 60-kDa 
range has been shown to bind IgG in a non- 
immune way. A 44-kDa protein has been 
isolated as a virulence marker of SS2, and the 
presence of antibodies against this protein 
appears to be necessary to obtain complete 
protection against the disease. 

Recently, 36 environmentally regulated 
genes have been identified. Strains of SS2 
from Europe are genotypically different from 


those of North America. A serum opacity¬ 
like factor has also been identified as a novel 
virulence determinant. 11 

Suilysin 

Suilysin, an extracellular protein with hemo¬ 
lytic properties, has been described, and it is 
cytotoxic. 25 In one study most SS2 field 
strains from four different European coun¬ 
tries produced this hemolysin. Between 58% 
to 90% of strains from the Netherlands, 
Denmark, France, England, and Italy pro¬ 
duced the suilysin but only 1% of Canadian 
strains. A total of 164 field isolates from dis¬ 
eased pigs in four countries were serotyped 
and tested for suilysin. SS2 was the most 
prevalent type isolated from all four coun¬ 
tries. After SS2, SS9 was most prevalent in 
the Netherlands and France and SS7 in 
Denmark. All the English isolates were SS2. 
No nonvirulent suilysin-producing SS2 
strains have been reported. 

Hemolysin 

The hemolysin gene was found in over 80% 
of the strains that were associated with men¬ 
ingitis, septicemia, and arthritis but in only 
44% of pneumonia isolates. 

Other Properties 

The organism bears fimbriae and pili, and 
the capsular materials from different sero¬ 
types have distinct morphologies. Certain 
strains possess hemagglutinating properties. 

Glutamine synthetase is required for the 
full expression of virulence in SS2. 26 Recently 
glutamate dehydrogenase, glyceraldehyde 
3-phosphate dehydrogenase, and a secreted 
nuclease have been suggested as aiding the 
virulence of SS2. 27 

Adhesion 

There are also adhesins. 5,21,28 SS2 isolates 
possess a factor that allows them to adhere 
to porcine lung. Australian isolates of SS are 
genetically very diverse, which suggests that 
serotyping is not a reliable technique for 
identifying specific strains and not a good 
predictor of the genetic background of a 
given isolate. 

Zoonotic Implications 

Splenectomized humans are particularly at 
risk from certain infections, including strep¬ 
tococci, and should not handle or come into 
contact with pigs in particular. Death is not 
common in humans in North America but 
does occur in Europe and is much more 
common in Asia, 29 which may be a feature of 
greater contact with SS2. It has been identi¬ 
fied as an important emerging zoonotic 
agent, 30 particularly in the East. 

Infections with SS2 are the most common 
infections in humans (from pigs or raw 
pork). The Chinese outbreaks may be associ¬ 
ated with undercooked or raw pork. 28,31 A 
high percentage of pork in Asian markets is 
contaminated with SS. 32 It is possible that 
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many human cases are misdiagnosed, such 
as in those that were described in Southeast 
Asia, where 5 of 8 cases of SS were described 
as S. viridans. SS in humans is associated 
with the nasopharynx 33 and the gastro¬ 
intestinal tract; diarrhea is often a prominent 
feature, 34 but SS can produce very variable 
clinical signs in humans. The clinical mani¬ 
festations in humans include meningitis and 
septicemia, which may be accompanied by 
arthritis, endophthalmitis, and disseminated 
intravascular coagulation. Endocarditis and 
acute gastroenteritis have also been reported. 
Deafness occurred in 50% to 60% of cases 
and is a result of cochlear sepsis following 
invasion of the organism from the subarach¬ 
noid space into the perilymph of the inner 
ear. Vertigo and ataxia occurred in 30% and 
arthritis in 53% of patients. There was a case- 
fatality rate of 13%. The organism invades 
the cerebrospinal fluid within monocytes, an 
example of the “Trojan horse” mechanism of 
entry. 

A truck driver has recently been described 
with septic shock. It is thought that SS25 has 
evolved to become the highly pathogenic 
SSI, which has in turn evolved to become 
epidemic strain SS7, which in turn stimulates 
the production of large amounts of proin- 
flammatory cytokines, leading to streptococ¬ 
cal shock syndrome. 3 ’ 

In the United Kingdom, the highest inci¬ 
dence of meningitis attributable to SS2 is in 
butchers and abattoir workers; transmission 
is thought to be mainly via minor skin abra¬ 
sions, and often there is no visible point of 
entry. Subclinical infection in pigs sent to 
slaughter represents a potential source of 
infection for abattoir workers; eviscerators 
who remove the larynx and lungs have a sig¬ 
nificantly higher risk of exposure to the 
organism than other abattoir workers. 

Within infected herds in New Zealand, 
up to 100% of pigs are carriers, and SS2 
infection may be one of the most infectious 
potentially zoonotic pathogens present in 
New Zealand, although very rarely result¬ 
ing in clinical disease. The annual incidence 
of subclinical infection and seroconver¬ 
sion in pig farmers in New Zealand is close 
to 28%. 

PATHOGENESIS 

Streptococci exist in extremely different phe¬ 
notypes with regard to adhesion, invasion, 
and cytotoxicity. These features depend on 
the state of encapsulation and environmental 
growth conditions. 

The crypts of the tonsils are a site of per¬ 
sistence, multiplication, and portal of entry 
of a variety of pathogens, including SS. Inva¬ 
sive disease occurs in a minority of infected 
pigs. It is not clearly known how SS travels 
from the mucosal surfaces to the blood and 
produces a bacteremia, then septicemia, 
and finally meningitis. Most bacteria 
remain extracellular, with fewer than 2% of 
monocytes containing bacteria. 36,37 Persistent 


bacteremia is an important phase in the 
pathogenesis of SS2 meningitis. There is a 
high level of adhesion of bacteria to phago¬ 
cytic cells. SS adheres to brain microvascular 
endothelial cells, and suilysin can damage 
these. It has been shown that SS capsular 
strains stimulate tumor necrosis factor alpha 
(TNF-a) and interleukin (IL)-6, but the sui¬ 
lysin and the extracellular protein do not do 
so on their own. It is likely that the enhanced 
production of inflammatory cytokines con¬ 
tributes to the more severe signs and an early 
death. 38,39 A terminal acute fatal septicemia 
is the common outcome in young animals, 
but in older animals localization can occur 
in synovial cavities, endocardium, eyes, and 
meninges. Virulent isolates of SS2 possess 
capsules and are relatively resistant to phago¬ 
cytosis. Isogenic mutants defective in capsule 
production were not virulent. SS is able to 
adhere to but not to invade epithelial cells, 
and the adhesins are partially blocked by 
the capsule and are part of the cell wall. 
The highly virulent isolates possessed the 
suilysin, muramidase-releasing protein, and 
extracellular protein factor phenotype. 40 
SS are able to survive and replicate within 
macrophages, and the bacteria enter the 
cerebrospinal fluid space in association with 
migrating monocytes, which move through 
choroid plexuses. They therefore enter the 
cerebrospinal fluid by a “Trojan horse” 
mechanism similar to that used by some 
viral pathogens of the central nervous system 
(CNS). The predominant lesions are suppu¬ 
rative or fibrinopurulent inflammation in 
brain, heart, lungs, and serosae. SS9 may 
produce a different distribution of lesions 
compared with SS2. The disease has been 
reproduced experimentally in pigs and labo¬ 
ratory animals by intravenous, intranasal, 
and subarachnoid routes. Certain strains of 
streptococci can cause vascular lesions, with 
the development of fibrinohemorrhagic 
pneumonia and septal necrosis. Of impor¬ 
tance in the pathogenesis of SS infections is 
the predisposing role of PRRS. This effect of 
PRRS has still only been experimentally 
demonstrated with SS. 

CLINICAL FINDINGS 

Multiple Streptococcus spp. are implicated in 
lameness and CNS signs in piglets and sows. 
There is significant variation of carrier states 
and clinical signs with the individual sero¬ 
types. Although morbidity is usually less 
than 5% in an endemic infection, the case- 
mortality rate may be as high as 20%. The 
earliest clinical sign is often a raised tem¬ 
perature, followed by reduced appetite, 
depression, shifting lameness. In a new infec¬ 
tion on a premises, only sudden death may 
be seen at first. It does occur as hyperacute, 
acute, subacute, and chronic pictures, with 
the basic difference being the time scale of 
events. 

Arthritis and meningitis may occur alone 
or together and are most common in the 


2- to 6-week age group. More commonly 
several piglets within a litter are affected. 
Meningitis is particularly associated with 
serotypes 1, 2, 1/2, 3, 4, 8, 9, 14, and 16; 
septicemia with 2; arthritis with 7 and 14; 
abscesses with 2; bronchopneumonia with 2, 
3, 7,10,15, and 27; and reproductive damage 
with 2, 13, and 22; 14 can be associated with 
any clinical condition. 

An experimental infection with SS9 in 
SPF pigs produced meningitis, arthritis, and 
serositis. 41 

The arthritis is characterized by enlarged 
and distended joint capsules, lameness, and 
pain on palpation of the affected joints. 
Fever, depression, reluctance to move, and 
inactivity are common. 

Meningitis is characterized by fever, 
anorexia, and depression. The gait is stiff, the 
piglets stand on their toes, and there is 
swaying of the hindquarters. The ears are 
often retracted against the head. Blindness 
and gross muscular tremor develop, followed 
by inability to maintain balance, lateral 
recumbency, violent paddling, and death. In 
many cases there is little clinical evidence of 
omphalophlebitis. 

In epidemics of meningitis attributable to 
SS2, sudden death in one or more pigs may 
be the first sign. The eyes may stare. Affected 
pigs found alive are uncoordinated and 
rapidly become recumbent. There is opis¬ 
thotonos, paddling, and convulsions and 
death in less than 4 hours. A fever of up to 
41°C (105°F) is common. In the United 
Kingdom, meningitis of recently weaned 
pigs is the most striking feature of SS2 
infection. 

Otitis interna is a common sequela to 
many cases of SS meningitis. Arthritis is 
common in younger pigs. 

In endocarditis, which is a relatively rare 
clinical sign (except in North America), and 
in septicemia the piglets are usually found 
comatose or dead without premonitory signs 
having been observed. 

Valvular endocarditis attributable to SS2 
has also been reported in a 13-week-old fin¬ 
ishing pig in a breeding herd that had a long 
history of SS meningitis. Occasionally, the 
infection results in conjunctivitis, rhinitis 
abortion, and vaginitis. 

CLINICAL PATHOLOGY 
Culture or Detection of Organism 

The organism can be cultured from joint 
fluid, cerebrospinal fluid, blood, and the 
brain at necropsy. Often the lungs will yield 
SS, but the role of SS in primary lung disease 
is not understood. The tonsils of live pigs 
may be swabbed and cultured for the organ¬ 
ism. Improved and selective media are avail¬ 
able for the isolation and serotyping of the 
organism. An indirect fluorescent antibody 
test can be used to identify the organism on 
tonsillar swabs of live pigs. Because of mul¬ 
tiple antimicrobial resistance among strains 
of the organism, drug sensitivity testing on a 
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routine basis is recommended. Highly viru¬ 
lent strains of SS2 and SSI were detected in 
tonsillar specimens using a PCR. Rapid 
serotype-specific PCR assays have been 
developed. A multiplex PCR for identifying 
four capsular types and four associated viru¬ 
lence markers was described. 3 ’ 

Serology 

The specific serotype of SS should be deter¬ 
mined. A simplified laboratory method is 
available for the identification of SS strains 
associated with different animal hosts or 
located in different body regions. An ELISA 
using monoclonal antibodies directed 
against virulence markers of SS can distin¬ 
guish between virulent and avirulent strains 
of the organism. A rapid and specific double¬ 
sandwich ELISA is available for the detection 
and capsular typing of the organism, with a 
specificity of 97.6% and sensitivity of 62.5%. 
However, many laboratories are not readily 
equipped to identify the numerous serotypes 
of the organism. 

NECROPSY FINDINGS 

In pigs dying from SS2 infection, the gross 
and microscopic findings are usually found 
in the brain, heart, and joints and include 
one or more of fibrinopurulent polyserositis, 
fibrinous polyarthritis, fibrinous or hemor¬ 
rhagic bronchopneumonia, suppurative 
meningitis, hemorrhagic necrotizing myo¬ 
carditis, and vegetative valvular endocarditis. 
Gross myocardial lesions cannot be distin¬ 
guished from those of mulberry heart 
disease. In cases with meningitis, there is tur¬ 
bidity of the cerebrospinal fluid, congestion 
of meningeal vessels, and variable amounts 
of white exudate in the subarachnoid space. 
The brain may be so swollen that the cerebel¬ 
lum herniates into the foramen magnum. 
Suppuration is usually most evident along 
the ventral aspect of the brain, and the 
meninges may appear grayish as a result of 
neutrophilic inflammation. 

The typical histologic picture is one of 
acute inflammation—neutrophils and fibrin 
dominate the response. There is a choroiditis, 
encephalitis, and meningitis. Other changes 
that may be observed in SS infections of the 
central nervous system include internal 
hydrocephalus, foci of liquefaction necrosis, 
subacute (mononuclear cell-rich) meningo¬ 
encephalitis, or meningoencephalomyelitis 
with bilateral subacute optic perineuritis and 
Gasserian ganglioneuritis. In the tonsils, SS 
organisms can be seen in the subepithelial 
lymphoid tissue and in the crypt lumen and 
crypt epithelium. SS9 is more prone to cause 
bronchopneumonia than the spectrum of 
lesions typical of SS. 

Samples for Confirmation 
of Diagnosis 

• Bacteriology—spleen; culture swabs 
from serosal surfaces, joints, and 
meninges are best. The significance of 


SS-positive lungs is not yet resolved. 
Biochemical tests can be used (Amylase 
and Vosges-Proskauer tests are positive 
for SS). Cerebrospinal fluid is the 
material for the best diagnosis. Bacterial 
culture is difficult if the animals have 
been treated, and this is so even when 
they receive growth-promoting 
antibiotics. Immunomagnetic isolation 
of SS2 and SS 1/2 from swine tonsils has 
been described, and it is better than the 
standard procedure. 

• PCRs have been used in human 
medicine but not in veterinary 
medicine. 1 

• Histology—formalin-fixed samples of a 
variety of organs, including lung, brain, 
heart, liver (light microscopy) are best. 
Immunohistochemistry 42 and in situ 
hybridization have been described for 
use on formalin-fixed tissue and are able 
to detect single infected cells. Using 
immunohistochemistry (IHC) the 
bacteria can be seen in the cytoplasm of 
the neutrophils and macrophages, and 
the IHC may be positive even though 
culture is negative following antibiotic 
or growth promotant administration. 

Note the zoonotic potential of this organ¬ 
ism when handling the carcass and submit¬ 
ting specimens. 

DIAGNOSIS 

Diagnosis is often possible based on clinical 
signs, gross pathology, histopathology, and 
culture if the carcasses are fresh and the 
correct sites are examined. A colloidal gold- 
based immunodiagnostic assay has been 
described for SS2 and SS 1/2 43. Serotyping 
by coagglutination will enable the SS strain 
to be identified. The genetic diversity within 
and between strains is increasing. 6 The same 
SS isolated from different geographic regions 
may be genetically and phenotypically very 
different. 42 

Serologic tests are generally not very 
useful because of the diversity of the strains 
involved, but an ELISA has been developed 
for human exposure. 33 


DIFFERENTIAL DIAGNOSIS 


In pigs, there may be sporadic cases of 
arthritis attributable to staphylococci but the, 
streptococcal infection is the common one. 
Arthritis attributable to M. hyorhinis is less 
suppurative but may require cultural 
differentiation. Glasser's disease occurs usually 
in older pigs and is accompanied by pleurisy, 
pericarditis, and peritonitis. Erysipelas in very 
young pigs is usually manifested by 
septicemia. Nervous disease of piglets may 
resemble arthritis on cursory examination, but 
there is an absence of joint enlargement and 
lameness. However, the meningitic form of 
the streptococcal infection can easily be 
confused with viral encephalitides. Meningitis 


in young pigs may also be associated with 
P. multocida and E. coli. Polyarthritis in calves, 
lambs, and piglets may also be associated 
with infection with T. pyogenes and F. 
necrophorum. SS2 can also be the cause of 
meningitis in older pigs of 10 to 14 weeks of 
age. 


TREATMENT 

Antimicrobials 

In summary, there has been an increasing 
level of resistance to tetracyclines and eryth¬ 
romycin and a variable resistance to cipro¬ 
floxacin and penicillin. 43 Most SS are resistant 
to tetracyclines. 44 If treatment is based on 
serotyping and sensitivity testing, then there 
is much less chance of treating or creating 
resistant organisms. 

In Denmark, over the last 15 years there 
has been an increase in resistance of SS iso¬ 
lates to the two most commonly used antibi¬ 
otics, tylosin and tetracyclines. The strains 
show a varying pattern of resistance depen¬ 
dent on to which of the 21 ribotype profiles 
they belong. For example, strains causing 
meningitis were more resistant to sulfa¬ 
methoxazole, but those causing pneumonia 
were more resistant to tetracyclines. Tilmi- 
cosin has been used successfully to remove 
clinical signs of streptococcal meningitis 
from a herd. 

Penicillin has been the treatment of 
choice, but penicillin-resistant isolates 
have emerged. Penicillin sensitivity can no 
longer be assumed for all strains of SS, 
and the routine use of penicillin must be 
reevaluated. In one study, more than 50% 
of isolates of SS were not susceptible to 
penicillin. Penicillin did not eliminate the 
organism from the tonsils of carrier pigs 
treated daily for several days. In some 
surveys, the antimicrobial sensitivity of 
SS indicates a high degree of sensitivity to 
ampicillin, cephalothin, and trimethoprim- 
sulfamethoxazole, and resistance to the ami¬ 
noglycosides gentamicin and streptomycin. 
It is recommended that trimethoprim- 
sulfamethoxazole be used for the treatment 
of affected pigs and be given daily for 3 days. 
An occasional strain may be resistant to 
trimethoprim-sulfamethoxazole. 

None of the resistant strains produced 
beta-lactamase. Conjugation of antibiotic 
resistance in SS has been reported, which 
may explain the multiple antimicrobial resis¬ 
tance. The genes responsible for resistance 
appear to be homologous to genes found in 
many other species of bacteria. Treatment of 
pigs affected with meningitis attributable to 
SS2 with either trimethoprim-sulfadiazine 
or penicillin reduced the case-fatality rate 
from 55% to 21%. Cefquinome has been 
shown to improve cure rates (67%) com¬ 
pared with ampicillin (55%) and to reduce 
mortality from 35% with ampicillin to 24% 
with cefquinome. 
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Passive immunization against SS2 has 
been described. 

CONTROL 

At the present time there are no known spe¬ 
cific methods for the prevention of the 
disease complex associated with SS2. The 
recommendations are based on empirical 
field observations. Regular isolation of the 
agent from any clinical cases will confirm the 
continuation of a strain or the arrival of a 
new strain and hopefully differentiate viru¬ 
lent from nonvirulent. 15 

It has been suggested that ceftiofur 
administered by injection for 3 consecutive 
days following SS challenge is the most effec¬ 
tive regimen for minimizing disease associ¬ 
ated with PRRS virus and SS infection. The 
use of potassium penicillin G in drinking 
water for several days was reported as being 
successful 45 and will reduce mortality. A 
combination of medication and vaccination 
was seen to remove SS from the tonsils of 
carrier sows. 47 

Environment and Management 

Good management and hygiene techniques 
should be emphasized. Based on obser¬ 
vations of the effects of management prac¬ 
tices on SS carrier rate in nursery pigs, 
excessive temperature fluctuations, high rel¬ 
ative humidity, crowding, and an age spread 
exceeding 2 weeks of pigs in the same room 
were associated with a higher-than-average 
percentage of carrier pigs. 

Nursery pig environmental temperature 
should not fluctuate more than 1.1° to 1.7°C 
(34° to 35° F) over a 24-hour period. 

Excessive relative humidity must be 
avoided; the recommended range of relative 
humidity for nursery pigs is 55% to 70%. 

The age spread between pigs in the same 
room should not exceed 2 weeks. Young, 
potentially naive piglets raised in the same 
air space as older animals may be exposed to 
high concentrations of the organism. 

Adequate space to avoid crowding is also 
necessary. Crowding occurs when less than 
0.18 m 2 is provided for each 22.7 kg of pig. 
The use of an all-in, all-out production 
system is recommended, compared with a 
continuous flow system, which allows for a 
build-up of pathogens. The control of the 
most commonly encountered infectious dis¬ 
eases is also important. A well-fortified 
nutritional program may also aid in the 
control of SS infection and the carrier state 
in a swine herd. 

Segregated early weaning programs have 
been used in an attempt to control the disease 
but appear to be unsuccessful in reducing the 
carrier state. Pigs are weaned at an early age 
and moved to a separate site in an effort to 
separate the piglets from the sows, which are 
the primary source of the organism. Carrier 
pigs readily transmit the infection to unin¬ 
fected pigs, and the main method of spread 
between herds is the movement of infected 


breeding stock or weaner pigs. In herds that 
are free of the infection, it is necessary to 
avoid the importation of infected pigs. Eradi¬ 
cation of SS2 infection can be attempted 
by depopulation of suspected carrier sows 
and replacement with noninfected breeding 
stock. 

Mass Medication of Feed 

Mass medication of individual pigs or medi¬ 
cation of the feed during periods of high risk 
may control the incidence of clinical disease. 
Outbreaks in sucking piglets have been con¬ 
trolled by a single injection of benethamine 
penicillin to all piglets given 5 days before 
the average age of onset of clinical signs. The 
feeding of oxytetracycline (400 g/ton) for 14 
days immediately before the usual onset may 
control the occurrence of the disease at a low 
level in weaned pigs, although there is 
increasing evidence of resistance. The use of 
a medicated feed containing trimethoprim- 
sulfadiazine (1:5) at a rate of 500 g/ton 
for the first 6 weeks after weaning did 
not significantly reduce the incidence of 
disease. Oral prophylactic medication with 
either procaine penicillin G or a mixture 
of chlortetracycline, sulfadimidine, and 
procaine penicillin G reduced the incidence 
of meningitis. Penicillin V administered 
orally provided higher plasma concentra¬ 
tions of drug. The inclusion of penicillin V 
potassium (10%), at a rate of 2 kg/ton of 
feed, significantly reduced the incidence of 
streptococcal meningitis when fed to the 
pigs for a total of 6 weeks from 4 to 10 weeks 
of age. 

Tiamulin in the drinking water at 
180 mg/L of water for 5 days significantly 
reduced the effects of experimentally induced 
SS infections. 

Vaccination 

Most vaccination studies have been carried 
out with piglets. 46 Either commercial or 
autogenous bacterins are available. Autoge¬ 
nous vaccines need to use strains from sys¬ 
temic sites such as the meninges, spleen, 
liver, and joints, nasal cavity, or tonsils, but 
not the lungs because they are more likely to 
be the nonvirulent SS. A study showed that 
SS9 bacterin produced a much lower level of 
efficacy than a SS2 vaccine. 47 Homologous 
protection is always more successful than for 
heterologous strains, which is why it is essen¬ 
tial to continually monitor the strains in an 
endemically affected herd. A commercial 
vaccine reduced mortality from 17% to 2.6%. 
What constitutes an effective antigen is still 
a matter of conjecture. High levels of anti¬ 
body against MRP and EF proteins did not 
confer protection. 48 

Studies are being conducted on the use 
of vaccines containing the immunogenic 
polysaccharide from SS2. However, the 
protection provided by whole-cell vaccines 
is probably type specific, which suggests 
that such vaccines should contain many 


serotypes if broad protection is desired. A 
trial minimizing variation in weaning age to 
achieve a uniform size with a combination of 
an autogenous vaccine and ceftiofur sodium 
has been reported. The protective levels of 
antibody did not prevent the survival of the 
organism in either tonsils or joints. An 
ELISA can be used to evaluate the antibody 
response in pigs vaccinated with SS2. 

Different components of the organism 
are being examined to identify possible frac¬ 
tions for the preparation of a subunit vaccine. 
A subunit vaccine containing both MRP and 
EF, formulated with an oil/water adjuvant, 
that protected pigs against challenge with a 
virulent SS2 has been proposed. Vaccination 
of sows with 2 mL of bacterin prevented 
neurologic signs but not lameness, bacteri- 
uria, or mortality in their progeny from chal¬ 
lenge at 13 to 21 days of age. Immunization 
of experimental mice with a live avirulent 
strain of SS2 provided protection, which may 
be extrapolated for consideration in pigs. A 
vaccine containing purified suilysin pro¬ 
tected mice against a lethal homologous 
challenge and induced protection against 
clinical signs in pigs after homologous chal¬ 
lenge. Pigs vaccinated with a vaccine con¬ 
taining purified suilysin were protected from 
challenge with the homologous strain of the 
organism, whereas pigs vaccinated with a 
vaccine containing most of the extracellular 
antigens, and the placebo pigs, developed 
clinical disease. Suilysin is produced by most 
of the field strains tested and could be an 
important cross-protection factor. 

Medicated early weaning does not 
produce eradication. The establishment of a 
new herd by hysterectomy and artificial 
rearing will allow this, and freedom can only 
be maintained by intense 24/7 biosecurity. 
Complete degreasing, cleaning, disinfection, 
and drying and letting a building rest before 
repopulating with SS-free stock from a 
known SS-free pyramid is the only way to get 
rid of a persistent infection. 
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STREPTOCOCCAL 
LYMPHADENITIS OF SWINE 
(JOWL ABSCESSES, 

CERVICAL ABSCESSES) 

Cervical or “jowl” abscess of pigs is observed 
mainly at slaughter. Clinically, there is 
obvious enlargement of the lymph nodes of 
the throat region, particularly the mandibu¬ 
lar and the retropharyngeal. It is of consider¬ 
able importance because of the losses 
resulting from rejection of infected carcasses 
at meat inspection. 

The condemnation rate of pig heads at 
slaughter was as high as 78% to 94% in some 
herds in the 1960s. However, since then, the 
incidence of jowl abscesses in pigs has 
declined steadily. This may be a result of 
changes in management of pig herds and the 
use of antibiotic feeding. 

Most jowl abscesses in swine are associ¬ 
ated with beta-hemolytic streptococci of 
Lancefields group E type IV, although P. mul- 
tocida, E. coli, and T. pyogenes may also be 
present. Some additional serotypes have 
been isolated. Jowl abscessation occurs pri¬ 
marily in postweaning and finishing pigs. 
Piglets under 28 days of age are relatively 
resistant, and even colostrum-deprived 
piglets are resistant to clinical disease follow¬ 
ing experimental infection. 

The disease has been produced by feeding 
or the intranasal or intrapharyngeal instilla¬ 
tion of streptococci, and they are thought 
to be the cause, with infection occurring 
through the tonsil or pharyngeal mucosa 
from contaminated food and water. The con¬ 
tamination occurs from abscess material 
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leaking into food or water. In herds where 
cervical abscess is a problem, streptococci can 
commonly be isolated from the vaginas of 
pregnant sows and the pharynges of normal 
young pigs. The persistence of the infection in 
herds is thought to depend on the presence 
of carrier animals. Transmission occurs 
via feed and drinking water. After infection 
has occurred, bacteremia develops, and 
abscesses are initiated in the cervical lymph 
nodes in a high proportion of pigs. Infre¬ 
quently, abscesses occur in atypical sites other 
than the head and neck. Pigs that have recov¬ 
ered from the natural disease are immune to 
experimental challenge. A microtitration 
agglutination test is available to detect infec¬ 
tions associated with type IV streptococci. 

Vaccination of pregnant sows with an 
autogenous or commercial bacterin contain¬ 
ing streptococci and staphylococci is thought 
to be of value in protecting the litters of the 
vaccinated sows. Vaccination of young pigs 
with a whole-culture bacterin has provided 
some protection. The use of an oral vaccine 
prepared from an avirulent strain of group 
E streptococci and sprayed into the oro¬ 
pharynx is highly effective as a preventive 
measure. None of these vaccines is widely 
used because the condition is very sporadic. 
A number of prophylactic regimens based on 
the feeding of antibiotics have been proposed 
and generally give good results. Chlortetra- 
cycline fed to young pigs at the rate of 220 g/ 
ton for 1 month is an example. Treatment of 
breeding pigs at the same time is likely to 
have a beneficial effect in reducing the sever¬ 
ity of exposure of the young pigs to infection. 
A similar advantage can be gained by keeping 
the treated groups isolated from untreated 
groups of older pigs. Because piglets under 
28 days of age are relatively resistant to 
clinical disease, the weaning and isola¬ 
tion from older pigs is a successful control 
program. 

ERYSIPELAS IN SWINE 

Erysipelas of pigs is the major disease of 
animals associated with Erysipelothrix rhu- 
siopathiae, and it can occur in all stages of 
pig production. The condition is seen as 
sudden death; as an acute disease, possibly 
with diamond-shaped skin lesions; and also 
as a chronic disease with arthritis and veg¬ 
etative endocarditis and reproductive failure 
in adults. In many minimal-disease herds 
they have tended not to vaccinate, and then 
the epizootics have occurred as a result of 
an increasing lack of immunity. It is zoo¬ 
notic, most commonly causing erysipeloid in 
the fingers. 


SYNOPSIS 


Etiology Erysipelothrix rhusiopathiae. 

Epidemiology Pigs worldwide. Common in 
unvaccinated pigs raised outdoors. High 


case-fatality rate if not treated. Organism 
in environment and transmitted by carrier 
pigs. Important zoonosis. 

Clinical signs Hyperacute sudden death. 
Sudden onset of acute disease, fever, 
anorexia, typical diamond-shaped skin 
lesions. Arthritis, endocarditis in chronic 
form. 

Clinical pathology Organism in blood. 
Hemogram and serology. 

Necropsy findings Skin lesions, widespread 
ecchymotic hemorrhages (kidney, pleura, 
peritoneum), venous infarction of stomach. 
Nonsuppurative proliferative arthritis. 
Vegetative endocarditis. 

Diagnosis Culture and isolate organism from 
blood in acute case and then tissues. 

Differential diagnosis Other septicemias of 
pigs: 

• Septicemic salmonellosis 

• Hog cholera and African swine fever 

• Streptococcal septicemia and arthritis 

• Streptococcal endocarditis 
Other arthritides of pigs: 

• Glasser's disease 

• Mycoplasma synoviae and hyorhinis 
arthritis 

• Rickets and chronic zinc poisoning 

• Foot rot of pigs 

• Leg weakness 

Treatment Penicillin. 

Control Vaccination, with at most 6 
month-interval until new and improved 
vaccines appear. 


ETIOLOGY 

Erysipelothrix rhusiopathiae (formerly insidi- 
osa) (ER) is the causative bacterium, and the 
disease can be produced in hyperacute, 
acute, and subacute septicemic and chronic 
forms by the injection of cultures of the 
organism. The organism occurs as rough and 
smooth strains; the smooth are more viru¬ 
lent. At least 29 antigenic types have been 
identified, and usually types 1 and 2 are iso¬ 
lated from the septicemic forms. 1 The species 
has recently been divided into two species on 
the basis of the DNA tests that reflect bio¬ 
chemical and serologic characteristics. Many 
of the serotypes have been regrouped and 
called Erysipelothrix tonsillarum (ER), which 
is nonpathogenic. 2 This is found in the tonsil 
and is morphologically and biochemically 
similar to ER but has a very distinctive 
genetic profile. However, some species iden¬ 
tified as ET on serology have been shown to 
be ER on multilocus enzyme electrophoresis. 
In addition, the restriction fragment length 
polymorphism (RFLP) typing using the PCR 
products of the Spa A gene have been used 
to subdivide the serotypes. 3 Recently, a new 
classification has been put forward based 
on Spa genes. 4,5 These are proteins, and at 
least three genes are known (Spal, Spa2 
and Spa3). 6,7 
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Erysipelas rhusiopathiae now contains the 
former serotypes 1, 2, 4, 5, 6, 8, 9, 11, 12, 15, 
16, 17, 19, 21, and N. 

Erysipelas tonsillarum now contains sero¬ 
types 3, 7,10,14,20,22, and 23. Serotypes 13 
and 18 are intermediate and called Erysipelas 
species strains 1 and 2 (also contains a few 9 
and 10), respectively, and strain 3, which con¬ 
tains some strains of 7 and is as yet untype- 
able. 3 The identification and characterization 
of E. inopinata has not yet been determined. 8 

EPIDEMIOLOGY 

Occurrence 

Erysipelas in pigs occurs worldwide and 
causes serious economic loss, substantially as 
a result of deaths, morbidity and devaluation 
of pig carcasses because of arthritis. However, 
because the indoor confinement of swine 
and no contact with contaminated soil has 
followed, the occurrence of the disease has 
decreased markedly. The exception to this 
would be outdoor units where no regular 
vaccination is practiced. The other major 
exceptions are those parts of the world where 
the backyard or enthusiasts pigs are still 
found and where hygiene and biosecurity are 
usually nonexistent. Historically, the disease 
occurred most commonly in unvaccinated 
growing pigs over 3 months of age and 
adults. This is primarily because the mater¬ 
nal antibody is thought to last up to 3 
months. The infection, usually with sero¬ 
types la or 2, has also been demonstrated in 
wild boars, so these should not be forgotten 
as a reservoir. Perhaps more important, these 
strains were resistant to oxytetracycline and/ 
or dihydrostreptomycin. 

Prevalence of Infection 

The prevalence of infection with ER in 
carrier pigs ranges from 3% to 98%, with 
most surveys indicating that 20% to 50% of 
pigs are carriers, particularly in the tonsils. 
Carriers occur among vaccinated and unvac¬ 
cinated pigs. The organism has been isolated 
from 10% of apparently healthy slaughter 
pigs and may explain its wide prevalence. In 
addition, the organism has been isolated 
from over 30 species of wild birds and 50 
species of wild animals. 

Morbidity and Case Fatality 

Morbidity and case-fatality rates in pigs vary 
considerably from area to area, largely 
because of variations in virulence of the par¬ 
ticular strain of the organism involved. On 
individual farms or in particular areas the 
disease may occur as a chronic arthritis in 
finishing pigs or as extensive outbreaks of the 
acute septicemia, or both forms may occur 
together. In unvaccinated pigs, the morbidity 
in the acute form will vary from 10% to 30%; 
the case-fatality rate may be as high as 75%. 

Methods of Transmission 

Soil contamination occurs through the feces 
of affected or carrier pigs. Other sources of 


infection include infected animals of other 
species, mouse contamination, open muck 
heaps and effluent on the soil, and birds. 
Straw-based systems are often highly con¬ 
taminated. The clinically normal carrier pig 
is the most important source of infection, 
with the tonsils being the predilection site for 
the organism. Young pigs in contact with 
carrier sows rapidly acquire the status of car¬ 
riers and shedders. Because the organism 
can pass through the stomach without loss of 
viability, carrier animals may reinfect the soil 
continuously, and this appears to be the main 
cause of environmental contamination. The 
organism can survive in feces for several 
months. All effluent contains species of Ery- 
sipelothrix but not necessarily ER. However, 
its persistence in soil is variable and may be 
governed by many factors including tem¬ 
perature, pH, and the presence of other bac¬ 
teria. The organism can be isolated from the 
effluent of commercial piggeries and from 
the soil and pasture of effluent disposal sites 
for up to 2 weeks after application of the 
effluent containing the organism. Although 
the environment is considered to be second¬ 
ary to animals as a reservoir of infection, the 
survival of the organism in the environment 
could create an infection hazard. Flies are 
known to transmit the disease, and a lowered 
prevalence has been attributed to the use of 
insecticides. 

Under natural conditions, skin abrasions 
and the alimentary tract mucosa are consid¬ 
ered to be the probable portals of entry, and 
transmission is by ingestion of contaminated 
feed. Occasional outbreaks occur after the 
use of virulent and incomplete avirulent cul¬ 
tures as vaccines. Abortion storms in late 
pregnant sows with septicemic death in 
sucklers may be the first indication of the 
disease in specific-pathogen-free herds. 

Spread of the infection can also occur to 
most other species. The organism has been 
recovered from sylvatic mammals in north¬ 
western Canada. It has been isolated from a 
horse affected with vegetative endocarditis. It 
has, at times, been found in fish meal, but 
this is now less used in pig diets. It is possible 
that other species, such as cattle, may harbor 
strains that are pathogenic for swine. 

Risk Factors 

It may be that some serotypes are resident 
in a single farm, and an outbreak may 
represent the arrival of a new serotype on 
that farm. 

There is considerable variation in the ease 
with which the disease can be reproduced 
and in its severity. Many factors, such as age, 
health and intercurrent disease, exposure, 
and heredity, influence both natural and arti¬ 
ficial transmission. Stress may predispose to 
the condition, but virulence of the strain is 
probably the most important factor. Smooth 
strains can be used successfully to produce 
the disease experimentally, but rough strains 
appear to be nonpathogenic. This variation 


in virulence between strains of the organism 
has been utilized in the production of living, 
avirulent vaccines. 

Animal Risk Factors 

Infected pigs probably shed the agent in feces 
and oronasal secretions and also in urine, 
and direct contact is probably the most usual 
method. 

Pigs of all ages are susceptible. Recently 
farrowed sows seem to be particularly sus¬ 
ceptible. This suggests that fatigue may be a 
factor. Sudden diet changes have also predis¬ 
posed, as have heat and cold stress. When the 
strain is virulent, pigs of all ages, even suck¬ 
lers a few weeks old, develop the disease. 
Almost entire litters under 2 weeks of age 
may be affected. Piglets from an immune sow 
may get sufficient antibodies in the colos¬ 
trum to give them immunity for some weeks. 
It is likely that the animals are immune to the 
strains that are normally found in their par¬ 
ticular environment. Possibly the arrival of 
new serotypes through new pig arrivals or 
the turning over of previously contaminated 
land together with an increase in stress are 
the main factors. It is known that ER from 
bovine tonsils is pathogenic for mice and 
pigs and possibly pathogenic for other 
animals and humans. 

Pathogen Risk Factors 

At least 32 serotypes are known to exist and 
many strains; however, 15 probably com¬ 
monly affect pigs. Serotypes 1 and 2 are the 
most common types isolated from swine 
affected with clinical erysipelas and are gen¬ 
erally thought to be the only serotypes that 
cause the acute disease. The other serotypes 
are relatively uncommon, and none of them 
has yet been a cause of acute epidemics, but 
some have been isolated from lesions of 
chronic erysipelas. Serotypes la, 3,5,6, 8,11, 
21, and type N have been isolated from pigs 
with chronic erysipelas, mainly arthritis and 
lymphadenitis. 

Not all serotypes isolated from pigs are 
virulent. In a survey in Japan, the organism 
was found in 10% of the tonsils of healthy 
slaughter pigs: 54% were serotype 7, 32% 
serotype 2, 9.5% serotype 6, and 1.6% each 
of serotypes 11, 12, and 16. All serotype 2 
isolates were highly virulent for pigs, whereas 
the other serotypes were only weakly viru¬ 
lent. Members of the other nonvirulent or 
weakly virulent group, mainly serotype 7 
strains, are considered to be resident in 
porcine tonsils. Serotypes la or 2 were found 
most commonly in pigs in Australia, less 
commonly in sheep, and infrequently in 
other animals. Serotypes la and lb accounted 
for 79% of the isolates from diseased pigs. 
The genetic diversity of Australian field iso¬ 
lates of ER and ET indicates widespread 
diversity. Those recovered from sheep or 
birds were more diverse than those isolated 
from pigs, and isolates of serovar 1 were 
more diverse than those of serovar 2. The 





diversity indicated that serotyping of ER is 
unreliable as an epidemiologic tool. 

The serotype antigens of ERare immuno- 
logically distinct, and commercial bacterins 
prepared from the common serotypes will 
not provide protection against other patho¬ 
genic serotypes. This may be an explanation 
for the epidemics that may occur in vacci¬ 
nated pigs. The 64 to 66 kDa protein appears 
to be most immunogenic. Also, a variety of 
serotypes may be recovered from pigs 
affected with the septicemic and arthritic 
forms of the disease. 

The organism is resistant to most envi¬ 
ronmental influences, and to heat (15 
minutes at 60°C [14° F]), and can survive in 
animal tissues at 40°C (105° F) and frozen 
tissues and is not readily destroyed by chemi¬ 
cal disinfection, including 0.2% phenol and 
by drying agents. It can survive for 60 months 
in frozen or refrigerated media, 4 months in 
flesh, and 90 days in highly alkaline soil and 
is resistant to drying. It will also resist salt 
preparations and other food preservatives. 

Zoonotic Implications 

Because of human susceptibility, swine ery¬ 
sipelas has some public health significance. 
Veterinarians in particular are exposed to 
infection when vaccinating with virulent cul¬ 
tures. It commonly contaminates pig prod¬ 
ucts and therefore is quite a common 
infection in abattoir workers or butchers or 
those employed in similar trades. It usually 
produces a swollen finger and is known as 
erysipeloid. In this context, there have been 
recent advances in slide agglutination and 
latex agglutination tests for rapid diagnosis, 
which have a good correlation with each 
other and subsequent culture. Now a PCR 
identifying four species has been described, 
principally for use in the abattoir. Recently a 
case of endocarditis and presumptive osteo¬ 
myelitis has been described, so care is 
needed. Type 21 is recorded as having pro¬ 
duced a septicemia in humans. 1 

PATHOGENESIS 

The invasion of the susceptible pig by ER can 
occur under particular circumstances, for 
example, if weather conditions are hot and 
humid or in particular fields or buildings. 
Experimentally, it is often easier to infect the 
pig through scarified wounds than through 
intravenous infusions, through the gut, or 
through intravenous injections. There are 
marked differences in virulence between 
strains. 

There is the presence in the pathogenic 
serotypes of a capsule that resists phagocyto¬ 
sis. Some virulent strains also produce a 
phosphorylcholine which resists phago¬ 
cytosis. Some others may produce a 
neuraminidase, which may cleave the 
mucopolysaccharides in cell walls and cause 
vascular damage leading to hemorrhage 
and thrombosis. The surface protective 
antigen, a protein, Spa is also important in 
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pathogenesis. There is also the possibility of 
novel adhesins called RspA and RspB. Appar¬ 
ently, avirulent strains do not have these four 
important features. Invasion of the blood¬ 
stream occurs in all infected animals in the 
first instance. Septicemia results within 1 to 7 
days. The subsequent development of either 
an acute septicemia or a bacteremia with 
localization in organs and joints is dependent 
on undetermined factors. Virulence of the 
particular strain may be important, and this 
may depend on the number of recent pig 
passages experienced. Coagulase activity 
is a possible virulence factor. Concurrent 
viral infection, especially hog cholera, may 
increase susceptibility of the host. 

Localization in the chronic form is com¬ 
monly in the skin, joints, and other heart 
valves, with probable subsequent bacteremic 
episodes, and it may start from as early as 4 
days after initial infection, although the car¬ 
tilage lesions may be delayed until about 8 
months, and they can then continue to pro¬ 
gress for at least 2 years. Selective adherence 
of some strains of ER to heart valves may be 
a factor in the pathogenesis of endocarditis. 
In joints, the initial lesion is an increase in 
synovial fluid and hyperemia of the synovial 
membrane, followed in several weeks by the 
proliferation of synovial villi (really a syno¬ 
vitis), thickening of the joint capsule, and 
enlargement of the local lymph nodes. Dis- 
kospondylitis also occurs in association with 
chronic polyarthritis attributable to erysipe¬ 
las. Amyloidosis may occur in pigs with 
chronic erysipelas polyarthritis. The heart 
lesions may begin with early inflammatory 
changes associated with emboli. 

There has been some controversy over 
whether the arthrodial lesions result from 
primary infection or whether they result 
from hypersensitivity to the Erysipelothrix or 
other antigens. Current opinion suggests that 
the former is the case but that the lesions are 
enhanced by immunologic mechanisms to 
persistent antigen at the site. There are 
increased levels of immunoglobulins IgG 
and IgM in the synovial fluids of pigs with 
polyarthritis attributable to ER, and the 
levels are considered to be only partly a result 
of serum and increased permeability. The 
presence of antibody does not remove the 
organism from the joints. 

Abortion is thought to occur as a result 
of high fever, but the organism has been iso¬ 
lated from the fetus. Congenital erysipelas 
has also been recorded. In these cases, the 
organism can be recovered from the anterior 
vagina. 

CLINICAL FINDINGS 

There are several forms of disease. These 
include hyperacute, acute, subacute, and 
chronic. 

Hyperacute Form 

Quite often the disease is seen for the first 
time in pigs approaching market weight. The 


animal is usually found dead or is dull, is 
depressed, has a temperature of 42° C (106- 
109°F), and dies quickly; it usually occurs in 
finishing pigs and is uncommon in sows. 

Acute and Subacute Forms 

This form is uncommon in adults. The signs 
vary with age and immune status. The acute 
usually die within 12 to 48 hours of the onset 
of signs. After an incubation period of 1 to 7 
days, there is a sudden onset of high fever 
(up to 42°C [108°F]), which is followed 
some time later by severe prostration, com¬ 
plete anorexia, thirst, and occasional vomit¬ 
ing. Initially, affected pigs may be quite active 
and continue to eat even though their tem¬ 
peratures are high. However, generally in an 
outbreak one is initially presented with one 
or two dead or severely affected pigs showing 
marked red (scarlet flush) to purple discol¬ 
oration of the skin of the jowl and ventral 
surface (may even be whole-body cyanosis), 
with others in the group showing high fever, 
reluctance to rise, and some incoordination 
while walking. Dyspnea is a common feature. 
Conjunctivitis with ocular discharge may be 
present. 

Skin lesions are almost pathognomonic 
but may not always be apparent. These may 
take the form of the classical diamond¬ 
shaped, red, urticarial plaques about 2.5 by 
5 cm square that occur within the 24 to 48 
hours of the onset of clinical signs, or a more 
diffuse edematous eruption with the same 
appearance. These lesions can also be pal¬ 
pated as raised patches. In the early stages the 
lesions are often palpable before they are 
visible. The lesions are most common on the 
belly, inside the thighs, and on the throat, 
neck, and ears, and usually appear about 24 
hours after the initial signs of illness. Some¬ 
times they can be felt rather than seen. After 
a course of 2 to 4 days the pig recovers or 
dies, with diarrhea, dyspnea, and cyanosis 
evident terminally. The mortality rate may 
reach 75%, but wide variation occurs. Preg¬ 
nant animals may abort, and it is thought 
that this is a result of the fever, but it may be 
that there is a direct fetal action because con¬ 
genital infections and isolations of the organ¬ 
ism from the fetus have occurred. There may 
occasionally be waves of returns to service 
and abortion storms. Inflected boars recover 
but may be infertile for 6 to 8 weeks. 

The so-called “skin” form is usually the 
acute form with more prominent skin local¬ 
ization but less severe signs of septicemia 
and with a low mortality. The skin lesions 
disappear in about 10 days without residual 
effects. In the more serious cases the plaques 
spread and coalesce, often over the back, to 
form a continuous deep-purple area extend¬ 
ing over a greater part of the skin surface. 
The affected skin becomes black and hard, 
and the edges curl up and separate from an 
underlying, raw surface. The dry skin may 
hang on for a considerable time and rattle 
while the pig walks, or it may slough off. 
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Chronic Form 

Many of the chronic cases require euthanasia 
because they deteriorate rapidly. 

Signs are vague and indistinct except for 
the joint lesions characteristic of this form of 
the disease. Bacteria may localize in the 
joints. There may be alopecia, sloughing of 
the tail and tips of the ears, and dermatitis in 
the form of hyperkeratosis of the skin of the 
back, shoulders, and legs; growth may be 
retarded. Joint lesions are most common in 
the elbow, hip, hock, stifle, and knee joints 
and cause lameness and stiffness. The joints 
are obviously enlarged and are usually hot 
and painful at first but in 2 to 3 weeks are 
quite firm and without heat. This is especially 
the case when the arthritis has been present 
for some time, allowing healing and ankylo¬ 
sis to develop. Paraplegia may occur when 
intervertebral joints are involved or when 
there is gross distortion of limb joints. 

A subclinical form of synovitis may occur 
that affects feed intake and results in a 
reduced rate of growth. 

Endocarditis also occurs as a chronic 
form of the disease with or without arthritis. 
Suggestive clinical signs are often absent, 
with the animals dying suddenly without 
previous illness, especially at times of exer¬ 
tion, such as mating, or movement between 
pens. In others there is progressive emacia¬ 
tion and inability to perform exercise. With 
forced-exercise dyspnea, cyanosis and even 
sudden death may occur. The cardiac impulse 
is usually markedly increased, the heart rate 
is faster, and a loud murmur is audible on 
auscultation if the valves are badly damaged. 
Cyanosis, tachycardia and tachypnea, and 
heart murmurs may feature in these cases. 

In Switzerland, chronic swine erysipelas 
is suspected where there is vegetative endo¬ 
carditis, arthritis, and the culture of ER from 
vulval discharges. These signs are also 
accompanied by poor fertility and increased 
prevalence of abortions, stillbirths, and small 
litter size. Vaccine was used to control an 
outbreak of purulent periparturient vulval 
discharge in which ER was the only organ¬ 
ism isolated. In one study anterior vaginal 
samples from 64 sows all yielded ER. 

CLINICAL PATHOLOGY 
Detection of Organism 

In the acute form, examination of blood 
smears may reveal the presence of the bacte¬ 
ria, particularly in the leukocytes, but blood 
culture is likely to be more successful as a 
method of diagnosis. Repeated examinations 
in the chronic forms of the disease may by 
chance give a positive result during a bacte- 
remic phase. Final identification of the 
organism necessitates mouse or pigeon inoc¬ 
ulation tests and protection tests in these 
animals using antierysipelas serum. 

Hematology 

In the early stages of the acute form there is 
first leukocytosis, followed by leukopenia 


and monocytosis. The leukopenia is of mod¬ 
erate degree (40% reduction in total leuko¬ 
cyte count at most) compared with that 
occurring in hog cholera. The monocytosis 
is quite marked, varying from a 5-fold to a 
10-fold increase (2.5% to 4.5% normal levels 
rise to 25%). 

Serology 

The efficiency of agglutination tests for ER is 
not clear. They appear to be satisfactory for 
herd diagnosis but not sufficiently accurate 
for identification of individual affected pigs, 
particularly clinically normal carrier animals. 
A more accurate and reliable complement 
fixation test is available, but an enzyme 
immunoassay test is much quicker, easier, 
and more economical to perform. An ELISA 
test has been used. 

NECROPSY FINDINGS 

Experimentally the disease can be produced 
by oral dosing; by intradermal, intravenous, 
and intraarticular injection; and by applica¬ 
tion to scarified skin, conjunctiva, and nasal 
mucosa. The arthritic form of the disease can 
be reproduced by multiple intravenous inoc¬ 
ulations of ER. 

The microscopic lesions include vasculi¬ 
tis in capillaries and venules in many sites, 
including glomeruli, pulmonary capillaries, 
and the skin. Sometimes, it is possible to see 
emboli of bacteria without specific stains to 
demonstrate bacteria. 

Acute and Subacute Forms 

In the hyperacute cases, all that may be seen 
is a congested carcass with discoloration of 
the skin. The degree of skin discoloration 
may provide a clue to prognosis, in that it is 
said that if the skin lesions are pink to light 
purple, then resolution will often occur 
within 4 to 7 days, but the dark angry black/ 
purple lesions have a grave prognosis. 

Classic “diamond skin” lesions may be 
present. They are almost pathognomonic. 
However, the diffuse, purplish discoloration 
of the belly and cyanosis of the extremities 
common to other septicemic diseases of pigs 
is a more reliable finding. Internally, petechial 
and ecchymotic hemorrhage occurs, mainly 
on the pleura and peritoneum and beneath 
the renal capsule but also on the heart, kidney, 
pleura, liver, and spleen. Venous infarction of 
the stomach is accompanied by swollen, hem¬ 
orrhagic mesenteric lymph nodes, and there 
is congestion of the lungs and liver. Infarcts 
may be present in the spleen and kidney and 
the former much enlarged. Histologic 
changes in all tissues are those of toxemia and 
thrombosis. Large numbers of intravascular 
organisms are often visible. There are no spe¬ 
cific histologic changes. 

Chronic Form 

There may be necrotic skin lesions and 
embolic lesions in organs and the enlarged 
joints, 


A nonsuppurative proliferative arthritis 
involving limb and intervertebral joints is 
characteristic. Synovitis, with a serous or 
serofibrinous amber-colored intraarticular 
effusion, occurs first ; degenerative changes 
in the subendochondral bone, cartilage, and 
ligaments follow. When the synovial changes 
predominate, the joint capsule and villi are 
thickened. There are enlarged, dark-red 
pedunculations or patches of vascular granu¬ 
lation tissue, which spread as a pannus onto 
the articular surface. When bony changes 
predominate, the articular cartilage is 
detached from the underlying bone, causing 
abnormal mobility of the joint. Ulceration of 
the articular cartilage may also be present. 
Local lymph node enlargement is usual. 
With time, the joint lesions often repair by 
fibrosis and ankylosis sufficiently to permit 
use of the limb. 

Endocardial lesions, when present, are 
large, friable vegetations on the valves, often 
of sufficient size to block the valvular orifice. 
Occasionally, endocarditis may be the only 
lesion seen, but this is a rare occurrence. Ery¬ 
sipelas is often said to rank below S. suis as a 
cause of endocarditis in growing pigs, but ER 
was the most frequent isolate from cases 
of endocarditis seen in slaughtered pigs. 
Infarcts occur in the kidney, and these may 
also yield pure cultures of the organism. 
Chronic joint lesions are often sterile, but 
bacteriologic culture should nevertheless be 
attempted. The probability of positive isola¬ 
tion increases with the number of joints 
sampled, and isolations are more frequent 
from the smaller, distal joints. 

DIAGNOSIS 

Clinical signs (fever, lameness, and skin 
lesions) and the absence of respiratory signs 
and anorexia are suggestive and confirmed 
by isolation of the agent from blood in the 
acute stages. Diagnosis from joints in chronic 
stages is more difficult. Postmortem exami¬ 
nation of the acute case cases will usually 
allow culture from the heart, blood, spleen, 
and bone marrow, particularly the long 
bones. 

Samples for Confirmation 
of Diagnosis 

With acute cases, the tests are more success¬ 
ful. Bacteriologic examination of subacute 
cases is less successful, and chronic cases 
often not successful. 

• Bacteriology—culture swabs from joints; 
synovial membranes in culture media; 
heart valve masses, spleen, kidney, skin 
and bone marrow, particularly from a 
long bone. Smears of heart blood are 
particularly useful in the first 1 to 2 days 
of the acute diseases. The organism is a 
slender, facultative anaerobe and 
gram-positive rod that produces a 1-mm 
gray colony after 24 hours of incubation 
on blood agar. It may be observed 
singly, in short chains, or as a palisade. 





There are a variety of short gram¬ 
positive rods that can be confused with 
Erysipelas organisms. 9 Different 
morphologic types (rough and smooth 
colonies), exist and the rough are 
considered less virulent. Enrichment 
techniques and the use of selective 
media will also increase the frequency 
of isolation. 9 

• Florescent techniques have been 
developed to show antigen in joints. 

New PCR techniques have also been 
used. 

• Histology—formalin-fixed synovial 
membranes, heart valve masses, spleen, 
kidney, and skin lesions (light 
microscopy) are useful. There may be 
granulation tissue on the heart valves. 
The synovial lesions are characterized 
by macrophages and lymphocytes 
with synoviocyte proliferation. The 
vasculitis is extensive, and thrombi and 
bacterial colonies may be seen. 
Immunohistochemistry aids in the 
differential diagnosis from the other 
bacteria (Mycoplasma, S. suis, and H. 
parasuis). 10 

Antigen detection has helped greatly in 
detection. PCR and RT-PCR have been 
developed. A multiplex PCR has been devel¬ 
oped to differentiate ER and ET11, and strain 
2 was then added. 11 A qRT-PCR has been 
described for ER and ET13 and for differen¬ 
tiating vaccine strains from field strains. 12 

Note the zoonotic potential of this organ¬ 
ism when handling the carcass and submit¬ 
ting specimens. 


DIFFERENTIAL DIAGNOSIS 


Erysipelas in pigs is not ordinarily difficult to 
diagnose because of the characteristic clinical 
and necropsy findings. In the occasional 
situation in which anthrax may have occurred 
in the past, it is worth testing a smear of 
edema fluid taken by a needle from the jowl 
or ear region for this pathogen before 
opening of the carcass. The acute disease may 
be confused with the other septicemia 
affecting pigs, but pigs with erysipelas usually 
show the characteristic skin lesions and are 
less depressed than pigs with hog cholera or 
salmonellosis. Rarely, A. pleuropneumoniae 
and H. parasuis may also appear similar. 

Other septicemias of pigs: 

• Septicemic salmonellosis is characterized by 
gross bluish-purple discoloration of 

the skin, especially the ears, some 
evidence of enteritis, and polypnea 
and dyspnea. 

• Hog cholera is characterized by large 
numbers of pigs affected quickly, 
weakness, fever, muscle tremors, skin 
discoloration and rapid death; convulsions 
are also common. 

• Streptococcal septicemia and arthritis are 
almost entirely confined to suckling pigs in 
the first few weeks of life as is septicemia 
associated with Actinobacillus suis. 
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• Streptococcal endocarditis has a similar age 
distribution to erysipelas endocarditis and 
bacteriologic examination is necessary to 
differentiate them. 

Other arthritides of pigs: 

The chronic disease characterized by joint 
disease occurs in pigs of all ages but less 
commonly in adults and must be 
differentiated from the following conditions: 

• Glasser's disease in pigs is accompanied by 
a severe painful dyspnea. At necropsy there 
is serositis and meningitis 

• Mycoplasma hyorhinis arthritis generally 
affects pigs less than 10 weeks of age and 
produces a polyserositis and polyarthritis. 
However, Mycoplasma hyosynoviae can 
produce simple polyarthritis in growing 
pigs. In general, the periarticular, synovial, 
and cartilaginous changes are less severe in 
these infections compared with erysipelas; 
however, cultural differentiation is 
frequently necessary. 

• Rickets and chronic zinc poisoning produce 
lameness in pigs, but they occur under 
special circumstances and are not 
associated with fever, and rickets is 
accompanied by abnormalities of posture 
and gait that are not seen in erysipelas. 

• Foot rot of pigs is easily differentiated by 
the swelling of the hoof and the 
development of discharging sinuses at the 
coronet. 

Leg weakness. In recent years there has been 
a marked increase in chronic osteoarthritis 
and various forms of "leg weakness" in 
growing swine, probably related to the 
increased growth rate resulting from 
modern feeding and management 
practices. 


TREATMENT 
Antimicrobial Therapy 

Penicillin and antierysipelas serum (avail¬ 
able only in some countries) comprise the 
standard treatment, often administered 
together by dissolving the penicillin in the 
serum. The antiserum lasts about 2 weeks. 
Penicillin alone is usually adequate when the 
strain is mildly virulent. Standard dose rates 
give a good response in the field, but experi¬ 
mental studies suggest that 50,000 IU/kg BW 
of procaine penicillin intramuscularly for 3 
days and preferably 5 days is required for 
complete chemotherapeutic effect. Most 
animals are significantly improved within 2 
days. Oxytetracycline is also useful, but in a 
Japanese study, over 70% of the strains were 
resistant. Chronic cases do not respond well 
to either treatment because of the structural 
damage that occurs to the joints and the 
inaccessibility of the organism in the 
endocardial lesions. Most strains are suscep¬ 
tible to ampicillin, cloxacillin, benzylpenicil- 
lin, ceftiofur, tylosin, enrofloxacin, and 
danofloxacin. Most strains are resistant to 
apramycin, neomycin, streptomycin, and 
spectinomycin and also to sulfonamides and 
polymyxins. 


CONTROL 

Successful control depends on good hygiene 
(cleaning, disinfection, and separation from 
feces and contaminated fields); biosecurity 
(other pigs and other species); reduction of 
stress, an effective 6-month vaccination 
policy, preferably two doses, for all animals 
over 3 months of age, including boars; and 
rapid diagnosis, quarantine, and treatment. 
The organism is inactivated by most disin¬ 
fectants but is never completely eliminated. 
Effective bird and rodent control is impor¬ 
tant, especially if they are near feed such as 
in outdoor herds. Where there are scrape- 
through systems, there is never complete 
control. Do not forget that sheep and turkeys 
may also be a source of infection. 

Eradication 

Eradication is virtually impossible because of 
the ubiquitous nature of the organism and its 
survival in suitable environments. Complete 
removal of all pigs and leaving the pens 
unstocked is seldom satisfactory. Eradication 
by slaughter of reactors to the agglutination 
test is not recommended because of the 
uncertain status of the test. 

General hygienic precautions should be 
adopted. Clinically affected animals should 
be disposed of quickly, and all introductions 
should be isolated and examined for signs of 
arthritis and endocarditis. This procedure 
will not prevent the introduction of clinically 
normal carrier animals. All animals dying of 
the disease should be properly incinerated to 
avoid contamination of the environment. 
Although thorough cleaning of the premises 
and the use of very strong disinfectant solu¬ 
tions is advisable, these measures are unlikely 
to be completely effective. The organism is 
susceptible to all the usual disinfectants, par¬ 
ticularly caustic soda and hypochlorites. 
Whenever practicable, contaminated feed- 
lots or paddocks should be cultivated for a 
spell before repopulating. 

Specific-pathogen-free piggeries estab¬ 
lished on virgin soil may remain clinically 
free of erysipelas for several years. However, 
because of the high risk of introduction of 
the organism, it is advisable to vaccinate 
routinely. 

Immunization 

Because of the difficulty of eradication, bio¬ 
logical prophylactic methods are in common 
use. Immunizing agents available include 
hyperimmune serum and vaccines. 

Antierysipelas Serum 

The parenteral administration of 5 to 20 ml 
of serum, with the amount depending on 
age, will protect in-contact pigs for a 
minimum of 1 to 2 weeks, possibly up to 6 
weeks, during an outbreak. Suckling pigs in 
herds where the disease is endemic should 
receive 10 mL during the first week of life 
and at monthly intervals until they are 
actively vaccinated, which can be done as 
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early as 6 weeks, provided the sows have not 
been vaccinated. Repeated administration of 
the serum may cause anaphylaxis because of 
its equine origin. For this reason, it has been 
withdrawn from sale in many countries. 

Vaccination 

There is no fully satisfactory vaccine avail¬ 
able for erysipelas because of the strain varia¬ 
tion and short duration of immunity, but 
vaccines have reduced the occurrence of 
clinical disease. Regular administration at 
6-month intervals overcomes this to some 
extent, but there is always the possibility of a 
new strain appearing. Most vaccines are for¬ 
malized whole cultures. Most bacterins are 
serotype 215, and most of the attenuated live 
vaccines (only available in some countries, 
such as the United States and Japan) contain 
la. Vaccines containing serotypes 2 and 10 
protect against both Erysipelothrix species. 
Serum-simultaneous vaccination has been 
largely replaced by the use of bacterins, for 
which lysate and absorbate preparations are 
available, or by the use of attenuated or avir- 
ulent live-culture vaccines, which are admin¬ 
istered orally or by injection. The use of 
live-culture vaccines is prohibited in many 
countries because of the risk of variation in 
virulence of the strains used and the possibil¬ 
ity of spreading infection. 

None of these vaccines gives lifelong pro¬ 
tection from a single vaccination, and the 
actual duration of protection achieved fol¬ 
lowing vaccination varies considerably. It 
should not be assumed that protection lasts 
longer than 6 months. The recent identifica¬ 
tion of the region responsible for protective 
immunity should improve these vaccines in 
future. Most of the commercially available 
vaccines are formalin-treated whole cultures 
with an adjuvant. 

There is considerable difficulty in the 
experimental evaluation of the efficacy of 
erysipelas vaccines. Strain differences in 
immunogenicity and variation in host 
response to vaccination attributable to innate 
and acquired factors influence this evalua¬ 
tion, as does variation in virulence of the 
challenge strain and the method of chal¬ 
lenge. A recent experiment has shown that 
an antigen of serotype la will elicit a protec¬ 
tive response to a challenge with serotypes la 
and 2b. Similar factors are involved in the 
variations seen in field response to the use of 
these vaccines. Cross-protection of mice and 
pigs given a live-organism vaccine against 10 
serovars of ER has been demonstrated. The 
use of culture filtrate from a broth culture of 
an attenuated strain of the organism has 
been evaluated to produce cross-protective 
antibody. 

Vaccination will reduce the incidence of 
polyarthritis attributable to erysipelas, but 
not mild cases of arthritis. Passively acquired 
maternal immunity may significantly affect 
the immune response to vaccination in 
the young piglet. Also, the immunity 


engendered by standard vaccines is not uni¬ 
formly effective against all strains. Vaccine 
breakdown occurs when the vaccine type is 
very different from that occurring on the 
farm. For example, a vaccine made from 
serotypes 1 and 2 will protect against sero¬ 
type 10 (ET), but it is not certain that it will 
protect against serotype 20. Under certain 
conditions, some unusual serotypes have 
the potential for causing disease in animals 
vaccinated with vaccines containing the 
common serotypes. This possibility cannot 
be ignored and must be considered when 
vaccination failures occur. Nevertheless, 
these vaccines are valuable immunizing 
agents in field situations. 

Vaccination Program 

Following a single vaccination at 6 to 10 
weeks of age, significant protection is pro¬ 
vided to market age. However, a second 
“booster” vaccination given 2 to 4 weeks later 
is advisable. In herds where sows are rou¬ 
tinely vaccinated before farrowing, a persist¬ 
ing maternal passive immunity (6 to 9 weeks) 
may require that piglet vaccination be 
delayed until 10 to 12 weeks of age for effec¬ 
tive active immunity. 

Replacement gilts and adults should also 
be vaccinated. Bacterins are effective, and 
field evidence suggests that vaccination pro¬ 
vides immunity for approximately 6 months. 
Sows should be vaccinated twice yearly, pref¬ 
erably 3 to 6 weeks before farrowing, because 
this will also provide significant protection 
against the septicemic form in young suck- 
lers. If possible, a closed herd should be 
maintained. Abortion may occur sporadi¬ 
cally following the use of live vaccines. 

Vaccination is subcutaneous in the skin 
behind the ear or at the axilla and the flank. 
Reactions at the site of injection are not 
uncommon. Swelling with subsequent 
nodule formation and occasional abscessa- 
tion may occur following the injection of 
bacterins, and modified live vaccines may 
produce hemorrhage in the skin at the injec¬ 
tion site. Granulomatous lesions may occur 
following the use of oil-based vaccines. There 
is little evidence that vaccination increases 
the incidence of arthritis. It has been sug¬ 
gested by a very limited study that maternal 
antibody does not appear to interfere with 
the vaccination. These vaccines were also 
used in pigs with PRRS and found to be safe 
and effective. In those cases where the 
vaccine has not worked, it may be that the 
correct serotype was not in the vaccine or 
the administration and storage instructions 
were not followed. 
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ACTINOBACILLUS SEPTICEMIA 
IN PIGLETS 

Actinobadllus suis and Actinobacillus equuli 
sometimes cause a fatal septicemia in piglets 
of 1 to 6 weeks of age. Occasionally in older 
animals there may be skin lesions or necro¬ 
tizing pneumonia. It is probably underdiag¬ 
nosed because most cases are possibly 
assumed to be S. suis. 

ETIOLOGY 

It is gram negative and produces small trans¬ 
lucent colonies on blood agar. In Canada, 
two groups appear, one associated with 
healthy pigs and the other with severely dis¬ 
eased pigs. The organism also produces the 
Apx toxins I and II. The organism should be 
distinguished from APP biotype II. 

EPIDEMIOLOGY 

It is probably widespread. In one study 94% 
of the tested herds were positive, 1 but no 
clinical cases were reported. It is reported 
infrequently. The introduction of carrier 
animals may be the cause of infections. 
Maternal antibodies are usually present in 
colostrum. Active antibodies are produced at 
6 to 8 weeks of age. 

PATHOGENESIS 

The organism is probably carried in the nasal 
cavity and under stress or in the absence of 
immunity becomes septicemic. It may die at 
this point or may develop as endocarditis or 
arthritis. The virulence factors of A. suis are 
unknown, but outer membrane proteins are 
thought to be important. 2 

CLINICAL SIGNS 

Sudden death may occur and may be attrib¬ 
uted to hypoglycemia, starvation, or crush¬ 
ing and not investigated. 

Piglets may be pyrexic and have dyspnea, 
cough, lameness wasting, abscesses, neuro¬ 
logic components, and cyanosis, with con¬ 
gestion and hemorrhages on the skin and 
possibly swollen joints. Recovered animals 
have poor growth. Older animals are not 
often affected but can be if the bacteria are 
entering a susceptible herd for the first time. 
Finishers may also die suddenly, and in the 
older animals, the condition may resemble 
swine erysipelas. 

NECROPSY FINDINGS 

Animals may have petechiae on the lung; 
microabscesses throughout the body, 
particularly the lungs; and skin discol¬ 
oration. Chronic cases may have endo¬ 
carditis, pericarditis, pneumonia, or 






polyarthritis. Histologically, the lesions are 
often microabscesses with central necrosis 
surrounded by neutrophils with bacterial 
thromboemboli. 

DIAGNOSIS 

The clinical signs and pathology are not 
diagnostic. The infection can be confirmed 
by pure culture from the liver, kidney, or 
heart blood and from lesions. Quite often, 
the organism can be recovered from tonsils 
of young pigs, vaginas of sows, and the pre¬ 
putial diverticulum of boars. Because there 
is production of Apx I and II, PCR testing 
may be useful, but it should be remembered 
that the level of toxin production is much 
lower in A. suis. 

A real-time TaqMan PCR assay for the 
detection of A. suis has been described. 3 It 
was highly specific, sensitive, and reproduc¬ 
ible and gave results within 3 hours. 

TREATMENT 

A wide range of antibiotics have proved 
useful, and most infections clear up in 
2 to 5 days. Ceftiofur, gentamicin, and 
trimethoprim/sulfadiazine seem to be the 
drugs of choice. Resistance to amoxicillin, 
ampicillin, and tetracyclines has been 
recorded. 
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KLEBSIELLA PNEUMONIAE 
SEPTICEMIA IN PIGS 

Klebsiella pneumoniae subspecies pneu¬ 
moniae (KPSP) is an opportunist pathogen 
causing mastitis in sows but has recently 
been recognized in the United Kingdom as a 
cause of septicemia in preweaned pigs in 
outdoor herds. The organism is commensal 
in the healthy porcine alimentary tract and 
is present in the environment in soil and 
water. It can cause infections in humans, but 
it is not a recognized zoonosis and is more 
likely to occur in immunocompromised 
patients in hospitals. Pigs are found dead, 
with lesions consistent with septicemia and 
pure/predominant growth of KPSP isolated 
from internal sites. 

The condition has been seen in pre¬ 
weaned pigs 17 to 28 days of age, in good 
bodily condition, and occasionally they 
are found in extremis, recumbent, with 
cyanosis and mouth breathing, with death 
within 30 minutes. All the cases occurred 
in outdoor commercial units in the summer 
(June through September). The mortal¬ 
ity is estimated to be 1% to 4%, with one 
or a whole litter succumbing. The out¬ 
break lasts from a period as short as 7 to 
10 weeks to others lasting for more than 
12 weeks. 
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The lesions can only be described as non¬ 
specific, with the most common finding 
being the presence of fibrin strands in the 
abdominal cavity. Other findings include 
ventral skin reddening, serosal hemorrhages, 
pleural effusions, and reddened lymph 
nodes. Standard bacteriologic methods 
recover KPSP from several visceral sites. 

The bacteria recovered have an innate 
resistance to ampicillin. Once weaned, the 
piglets do not appear to suffer from the 
condition. 

CHLAMYDIAL INFECTION 
IN THE PIG 

Chlamydia spp. infection in the pig has been 
known in pigs since 1955. These organ¬ 
isms may cause conjunctivitis, pneumonia, 
pleurisy, pericarditis, polyarthritis, orchitis, 
infertility, abortion, and the birth of weak 
piglets. They are also thought to be a cause 
of enteritis. Many infections are inapparent. 
Diagnostic laboratories may also not rou¬ 
tinely test for Chlamydia, and therefore the 
diagnoses of such infections may be greatly 
underestimated. 

The transmission of C. abortus from pigs 
to humans has not been proven but cannot 
be excluded. Parachlamydiae are probably 
not involved in abortion, and their potential 
as a zoonotic agent is also unknown. 

ETIOLOGY 

The Chlamydiaceae family includes the 
genus Chlamydia, with nine species. Chla- 
mydophila and Chlamydia both occur in the 
pig, as do Chlamydia-like Parachlamydiae 
spp. and Waddila spp. 

The several species occurring in the 
pig have been identified by PCR, 
gene sequencing, DNA probes, and 
immunohistochemistry. 

Chlamydia suis has been particularly asso¬ 
ciated with growing pigs with or without diar¬ 
rhea and finishing pigs with conjunctivitis. 2 ' 3 
Infection is sporadic in pigs, but evidence for 
infection has been found in boar semen, 
fetuses, intestinal samples, reproductive 
tissues, and lungs from pigs in Germany, 
Switzerland, and Estonia. 4 Although it is con¬ 
sidered that the intestine is the natural reser¬ 
voir for this species, it may also cause lung 
function disorders, together with pleurisy, 
pericarditis, polyarthritis, and polyserositis, 
and reproductive problems. C. suis was for¬ 
merly known as the porcine serovar of C. 
trachomatis, and the only known host is the 
pig. There is a high genetic diversity in the pig. 

Chlamydia pecorum is associated with 
enteritis. 

Chlamydia psittaci has been associated 
with respiratory and reproductive problems 
in pigs. 

Chlamydia abortus has been associated 
with aborted material. 5 Chlamydia trachoma¬ 
tis has been isolated from the uteri of sows 
with conception failure. 


EPIDEMIOLOGY 

They have been found in pigs in all conti¬ 
nents, but particularly North America, 
Europe, and Asia. Recently, studies have 
described them in Poland, Italy, Austria, 
Germany, Scotland, Switzerland, and 
Belgium. Pigs of all ages may be affected. The 
presence of antibodies is widespread in the 
pig population. They have also been found in 
wild boar; for example, a study of wild boar 
in Thuringia in Germany found three species: 
abortus, psittaci, and suis. 

They can be spread by aerosol, direct 
contact, and ingestion of contaminated feed. 
Venereal transmission may be particularly 
important. Chlamydiae may survive for a 
long time in the environment, especially if 
there is a moist organic base. Chlamydi have 
been found to survive up to 30 days in feces 
and bedding. 

Vertical transmission can occur if infec¬ 
tions are contracted in utero. Flies and dust 
are also thought to transmit the organism. 
There is a suspicion that they may be trans¬ 
mitted by birds. In the United Kingdom, 
an outbreak of suspected brucellosis sub¬ 
sequently turned out to be chlamydiosis 
associated with the arrival of thousands of 
gulls at the morning feeding time of sow 
rolls to the sows held in outside paddocks. 
In experimental infections with C. suis, it 
has been found that the diarrhea was dose 
dependent. In a study of pigs with intesti¬ 
nal lesions, using PCR and immunohisto¬ 
chemistry, it was found that although C. 
suis was identified, there was no correla¬ 
tion with isolation of the organism and 
clinical signs. 6 

There is no doubt that the occurrence of 
the agent may be associated with the immu¬ 
nosuppressive disorders that affect the pig 
(PRRS, PCV2, and SIV). A large pig produc¬ 
tion unit in Estonia with a problem of post- 
weaning multisystemic wasting syndrome 
(PMWS) and PCV2 infection and Chlamydia 
was studied. 7 It was found that chlamydial 
disease occurred 3 days after the introduc¬ 
tion of Swedish boars and PMWS 11 days 
after the introduction. 

PATHOGENESIS 

The development of lesions may depend on 
different factors, such as the virulence of the 
strain, infectious dose, route of infection, 
age of the animal, and immunologic status of 
the host. 

Experimental infection of the respiratory 
tract results in acute exudative or interstitial 
pneumonia within 4 to 8 days of infection. 

The organism is an obligate intracellular 
parasite characterized by a unique develop¬ 
mental cycle. Elementary bodies (EBs) attach 
to the host cell by endocytosis and differenti¬ 
ate into noninfectious metabolically active 
reticulate bodies (RBs). These multiply by 
binary fission, resulting in mature chlamyd¬ 
ial intracytoplasmic inclusion bodies approx¬ 
imately 48 to 72 hours after infection. The 
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RBs reorganize to form infective EBs, which 
are released by rupture of host cells and can 
initiate new cycles. There are also intermedi¬ 
ate bodies between EBs and RBs. 8 There are 
also mostly enlarged RB-like structures 
called aberrant bodies, and these may allow 
the persistence of Chlamydiaceae. These 
aberrant bodies may occur when there are 
dual infections with other agents. 9 The 
organism lives in the mucosal epithelial cells, 
placental trophoblastic epithelium, and 
monocytes and macrophages. 

C. suis enteritis may develop within 4 to 
5 days following infection and may last for 
up to 8 days. Villus atrophy develops, and 
antibodies occur within 2 weeks. 

Chlamydial replication was particularly 
marked at 2 to 4 days following infection 
and primarily located in the small intestinal 
epithelium. 10 Further sites of replication 
included large intestinal enterocytes, lamina 
propria, and tunica submucosa and mesen¬ 
teric lymph nodes. 

CLINICAL SIGNS 

The clinical signs may vary considerably 
because of the early development of immu¬ 
nity. They are also variable depending on the 
presence of concurrent infections, such as 
PRRS, PCV2, and SIV, and in some cases 
there appears to be an association with 
Lawsonia and Brachyspira infections. In 
general, most infections are inapparent, but 
respiratory and systemic infections may 
result in inappetence and pyrexia (39-41° C, 
[103-106° F]). Dyspnea, conjunctivitis, and 
pneumonia may occur and last 4 to 8 days, 
accompanied by pleurisy and pericarditis 
with occasional lameness. Clinical signs 
following experimental infection included 
moderate to severe diarrhea, slight and 
transient anorexia, weakness, and body- 
weight loss. 

Pigs experimentally infected with an 
aerosol challenge of C. suis resulted in severe 
acid-base disturbance characterized by 
respiratory acidosis and strong ion metabolic 
acidosis secondary to anaerobic metabolism 
and hyperlactatemia. Maximal changes were 
seen at 3 days following inoculation, when 
severe clinical signs of respiratory dysfunc¬ 
tion were evident. 14 

NECROPSY FINDINGS 

The pathologic role of the organism has yet 
to be clearly defined. However, confirmed 
cases may show consolidation in the lungs 
(particularly the caudal lobes), pericarditis, 
pleurisy, splenic enlargement, synovitis, 
orchitis, and dead fetuses and mummified 
piglets. The enteritis is typified by watery 
contents, undigested food in the stomach, 
villus atrophy, multifocal necrosis of the villi 
of the distal jejunum in particular and the 
ileum, and membranous colitis in the large 
intestine. Histologically, the villus atrophy 
can be severe, with villus tip erosions, necro¬ 
sis of the villi, inflammatory changes, and 


lymphangitis. Chlamydial antigens can be 
demonstrated in the enterocytes. 10 

DIAGNOSIS 

The clinical signs may be suggestive. Bear in 
mind that most laboratories do not routinely 
test for Chlamydia. 

Preparations of intestine, lungs, and other 
suspect tissues can be stained by Roster’s 
method or by MZN stains, but the acid-fast 
result is not specific for Chlamydia (Brucella 
and Coxiella are also acid fast). 

Recently, species-specific nucleic acid 
amplification tests have been developed. 
These, including PCRs and DNA probes, can 
identify strains and species. A multiplex PCR 
has been developed for the usual four 
species. 11 These PCR techniques target the 
omp A gene, the 16S-23S RNA, or the inc A 
gene. 12 Immunofluorescence and immuno- 
peroxide methods have been developed for 
frozen and fixed tissues. 

Serology using CF tests (limited use in 
pigs) or ELISAs can confirm infection, par¬ 
ticularly if rising titers can be seen on paired 
samples. The kits do not allow identification 
of species and strains, have a high cost, and 
lack sensitivity and specificity. 

TREATMENT 

Tetracyclines are the drug of choice, but 
resistant strains are not unknown. There is 
now thought to be a stable tetracycline- 
resistant phenotype. 13 Second-choice treat¬ 
ments are quinolones or macrolides. 

A recent study showed that short-term 
antimicrobial treatment at dosages recom¬ 
mended for treatment for other bacterial 
infections in the pig was not effective in the 
treatment of Chlamydiosis. Such treatment 
did not eradicate subclinical infections. 14 
However, it is most important that treatment 
should last at least 21 days at therapeutic 
levels to achieve effective eradication. 

CONTROL 

Proper cleaning and disinfection in indoor 
units with effective rodent and bird control is 
essential. Disinfection with a 1:1000 dilution 
of a quaternary ammonium compound will 
work, as will a solution of 7% isopropyl 
alcohol, 1% Lysol, 1:100 bleach, or chloro- 
phenols. Outside pig production requires the 
same techniques but is infinitely more diffi¬ 
cult to achieve. In some cases in the United 
Kingdom, one of the most effective tech¬ 
niques is to get all outside sows fed at the same 
time because this spreads the descending gull 
population over several outdoor sites. 

Probiotic strains of E. faucium have been 
used to reduce carry-over infections from 
sows to piglets. 
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Multi-Organ Diseases Due 
to Viral Infection 

FOOT-AND-MOUTH DISEASE 
(APHTHOUS FEVER) 


SYNOPSIS 


Etiology Foot-and-mouth disease virus, an 
aphthovirus. 

Epidemiology Affects ruminants and pigs. 
Highly contagious, usually low mortality but 
great economic impact worldwide. 

Clinical signs Fever, profuse salivation, 
vesicles in mouth and feet, sudden death 
in young animals. 

Clinical pathology/diagnostic confirmation 

Virus isolation, serology and reverse- 
transcription polymerase chain reaction 
(RT-PCR) detection. Typing confirmed in a 
reference laboratory. 

Lesions Vesicular, erosive/ulcerative stomatitis 
and esophagitis, vesicular/ulcerative 
dermatitis (feet and teats); in neonates, 
interstitial mononuclear and necrotic 
myocarditis. 

Differential diagnostic list 

Vesicular stomatitis 

Vesicular exanthema 

Swine vesicular disease 

Rinderpest 

Bovine viral diarrhea 

Treatment None except symptomatically. 

Control Mass vaccination with killed vaccines 
in endemic areas, eradication by slaughter 
when feasible, and strict quarantine during 
outbreaks. 


ETIOLOGY 

Foot-and-mouth disease (FMD) is a highly 
contagious disease of cloven-footed animals 
and is caused by the foot-and-mouth disease 
virus (FMDV), a small, nonenveloped virus 
that belongs to the genus of Aphthovirus, 
family Picornaviridae. The picornaviruses 
include the human rhinovirus causing the 
common cold and poliovirus causing polio. 
FMDV occurs as seven major distinct sero¬ 
types: A, O, C, Southern African Territories 
(SAT) 1, SAT 2, SAT 3, and Asia 1. Each sero¬ 
type has multiple subtypes with varying anti¬ 
genicity and degrees of virulence, especially 
within the A and O types. Because there is no 











cross-immunity between serotypes, immu¬ 
nity to one type does not confer protection 
against the others. This presents difficulties 
for vaccination programs. Furthermore, 
there can be great changes in antigenicity 
between developing serotypes; virulence may 
also change dramatically. There are also bio¬ 
typical strains that become adapted to par¬ 
ticular animal species and then infect other 
species only with difficulty. There are strains 
that are much more virulent for pigs 
(so-called porcinophilic strains), some for 
buffalo, and some even for tropical breeds 
of cattle, which generally react only mildly 
to endemic strains. Newer techniques for 
identifying subtypes involve enzyme-linked 
immunosorbent assay (ELISA), reverse- 
transcriptase polymerase chain reaction (RT- 
PCR) and nucleotide sequence analysis. 

EPIDEMIOLOGY 

Occurrence 

FMD affects all cloven-footed animals, and 
outbreaks are reported from Africa and Asia 
and less frequently from South America and 
parts of Europe. The disease can occur in any 
country or continent, but New Zealand and 
Australia have always been disease-free, and 
North America has been so for about 60 
years. In nonendemic countries, FMD often 
occurs as devastating epidemics resulting 
in great economic losses from the control 
measures that must be instituted to regain 
disease-free status. Worldwide, countries 
have been classified into categories with 
respect to FMD occurrence as follows 1 : 

• Endemic, as in most of sub-Saharan 
Africa and Asia 

• Intermediate, sporadic, as in Eastern 
Europe and parts of Asia 

• Free with vaccination or multizone, as 
in most of South America 

• Free with virus in game parks, as in 
South Africa 

• Free, as in North America, Western 
Europe, and Australia 

By 2009, 70 countries in the world were offi¬ 
cially recognized by the OIE as free from 
FMD with or without vaccination, whereas 
more than 100 countries were considered as 
either endemically or sporadically infected 
with the disease. 2 Three examples of recent 
major outbreaks since the turn of this century 
are as follows: 

1. An outbreak in Great Britain in 2001 
spread to Ireland, France, and the 
Netherlands before it was eventually 
contained. The outbreak was traced to 
illegal import to the United Kingdom of 
infected meat products. Spread within 
the country and to other countries was 
mostly through the movement of 
livestock not showing obvious clinical 
signs. Over 10 million animals were 
culled or died. 

2. An outbreak occurred in the Republic of 
Korea in 2010/2011, during which more 
than 3 million animals were destroyed. 3 
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3. An outbreak in Japan in 2010 
involved cattle and pigs. Nearly 
300,000 animals were culled, but the 
epidemic was contained within a 
localized area and was eradicated 
within 3 months. 4 

As for North America, the last outbreak 
in the United States was in 1929, Canada in 
1951 to 1952, and Mexico in 1946 to 1954. 
During the outbreaks, movement of cattle 
and cattle products between the United 
States and either Canada or Mexico was 
brought to a standstill. The importance of the 
Darien Gap in maintaining the disease-free 
status of North America is well known. This 
tract of impassable territory between Colom¬ 
bia and Panama prevents any chance of 
direct contact between cattle populations in 
North and South America. 

Prevalence 

There are no reliable figures for the preva¬ 
lence of FMD in different countries. Cases in 
endemic countries may go unreported unless 
they occur as outbreaks in previously unin¬ 
fected regions or herds. Worldwide, the 
cumulative incidence of FMD serotypes show 
that six of the seven serotypes (O, A, C, SAT-1, 
SAT-2, SAT-3) have occurred in Africa, Asia 
contends with four (O, A, C, Asia-1), South 
America with only three (O, A, C), and the 
Middle East periodically has incursions of 
types SAT-1 and SAT-2 from Africa. 5 Thus, 
the serotypes and strains are distributed into 
several major virus ecological reservoirs, 
each containing distinct regional viral strains 
from which new variants may emerge. 2 These 
regional differences are more attributable to 
the pattern of the meat trade and livestock 
movements than to any inherent properties of 
the serotypes. Overall, outbreaks of types O 
and A occur more frequently than the others, 
and recently, outbreaks of type C have become 
uncommon. Whereas the disease in endemic 
countries may not be clinically apparent and 
therefore not be promptly reported, it usually 
occurs as outbreaks in nonendemic countries 
and rapidly spreads from herd to herd, 
making international news, before it is 
controlled. 

Morbidity and Case-Fatality Rate 

The morbidity rate in outbreaks of FMD in 
susceptible animals can rapidly approach 
100%, but some strains are limited in their 
infectivity to particular species, mostly cattle 
and pigs. However, the case fatality is gener¬ 
ally very low, about 2% in adults and 20% 
in young stock. Nonetheless, severe out¬ 
breaks of a more violent form sometimes 
occur, as in the 1997 Taiwan outbreak in 
pigs, where case fatality was 18% and 
reached 100% in piglets, and the outbreak 
in calves of exotic dairy animals in Nigeria 
in the 1970s. During outbreaks in nonen¬ 
demic countries, most deaths are attribut¬ 
able to a slaughter policy that usually 
involves all susceptible animals and herds in 


contact with, or within a certain radius of, 
the infected herd. 

Methods of Transmission 

FMD is transmitted by a variety of methods 
between herds, countries, and continents, 
but spread from one animal to another is by 
inhalation or by ingestion. In endemic areas, 
the most important method of spread is 
probably by direct contact between animals 
moving across state and national boundaries 
as trade or nomadic cattle. In nonendemic 
areas such as Europe, the first introduction 
to a new area is often via pigs that contract 
infection by ingestion of infected meat 
scraps. Spread from these pigs to cattle is via 
movement of people, abattoir waste, or 
animals. Further spread between cattle is 
more likely to be by airborne means. The 
virus can persist in aerosol form for long 
periods in temperate or subtropical climates 
but not in hot and dry climates. The speed 
and direction of the wind are important 
factors in determining the rate of airborne 
spread. Humidity is also important, but rain 
as such appears not to be. In the most favor¬ 
able circumstances, it is now estimated that 
sufficient virus to initiate an infection can be 
windborne as far as 250 km (156 miles). 
There are peaks of spread at dawn and dusk. 
Animals in the United Kingdom are thought 
to be vulnerable to airborne transmission of 
the virus from the European mainland. It has 
been shown that pigs are the most potent 
excretors of airborne virus and cattle the 
most susceptible to airborne infections. 
During the 2001 outbreak in England, there 
was no indication of airborne spread to the 
mainland, perhaps because ruminants rather 
than pigs were mostly affected. 

The risk of airborne infection varies with 
the FMD serotype and animal species. In a 
study involving serotypes A, O, and Asia 1, 
it was found that each serotype demon¬ 
strated distinct transmission characteristics 
and required different exposure times to 
achieve successful contact transmission. 6 In 
that study, serotype A required less time of 
exposure (4 hours) for contact transmission, 
had the highest levels of viral shedding in 
saliva and nasal swabs, and also had the 
highest virus levels in room air compared 
with serotypes O and Asia 1. Furthermore, 
under experimental conditions in which 
virus from affected pigs was given via the 
intranasal route to cattle, sheep, and pigs, 
cattle were found to require the least amount 
of virus to cause infection and give rise to 
lesions, followed by sheep, whereas pigs were 
not readily infected by the intranasal route.' 

In cattle, the first site of virus infection 
and subsequent rapid multiplication is the 
pharynx, and the virus is first detectable in 
the oropharyngeal fluid. The onset of clinical 
signs is associated with high levels of virus in 
the blood, oropharyngeal fluid, and nasal 
fluid. 8 Following a few days of viremia, the 
virus appears in milk and saliva for up to 24 
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hours before vesicles appear in the mouth. 
All other excretions, including urine, feces, 
and semen, may be similarly infective before 
the animal is clinically ill and for a short 
period after signs have disappeared. However, 
the period of maximum infectivity is when 
vesicles are discharging because vesicular 
fluid contains the virus in maximum concen¬ 
tration. Although it is generally conceded 
that affected animals are seldom infective for 
more than 4 days after the rupture of vesicles, 
except insofar as the virus may persist on the 
skin or hair, some animals may remain as 
carriers and are important in the epidemiol¬ 
ogy of the disease in the field. In cattle, car¬ 
riers may develop during convalescence 
from the natural disease or, more important, 
in vaccinated animals that are exposed to 
infection. Up to 50% of cattle, sheep, and 
goats may become carriers, but pigs do not. 

The nasopharynx is the main site for per¬ 
sistence of the FMDV, and erratic low-level 
excretion may occur for up to 2 years. Using 
molecular techniques, intact, nonreplicating 
virus was found in the germinal centers of 
lymph nodes in the oropharyngeal region for 
up to 38 days. 9 The virus may also persist in 
mammary tissue for 3 to 7 weeks. Wild fauna 
may serve as the FMDV reservoir, and in 
southern, central, and eastern Africa, the 
African buffalo (Syncerus caffer ) is a signifi¬ 
cant reservoir. Similarly, viral persistence 
may be a common outcome in the farmed 
Indian buffaloes (Bubalis bubalis) following 
FMDV Asia 1 infection. 10 

Humans are often a vehicle for transmis¬ 
sion of the virus. It has been recovered from 
the nasal mucosa of persons working with 
infected cattle for up to 28 hours after 
contact. Nose-blowing did not eliminate it, 
nor did cotton face masks prevent infection. 
In a more recent study, the virus could not 
be detected in nasal secretions 12 hours after 
contact, and contaminated personnel could 
not transmit the disease to susceptible pigs 
and sheep after they had showered and 
changed into clean outer wear. 

The disease is spread from herd to herd 
either directly by the movement of infected 
animals or indirectly by the transportation of 
FMDV on inanimate objects, including farm 
equipment, uncooked and unprocessed meat 
products, and other animal products, includ¬ 
ing milk. The pH and temperature of milk 
significantly affect survival, which may be as 
long as 18 hours. Flash pasteurization proce¬ 
dures, as distinct from the holding method, 
do not inactivate the virus in milk—neither 
does evaporation to milk powder or process¬ 
ing into butter, cheese, or casein products. 
The risk of spreading FMDV through impor¬ 
tation of vaccinated cattle, sheep, and pigs is 
extremely small, and the risk from products 
derived from vaccinated animals is even 
smaller, provided appropriate risk mitigation 
measures are applied. 11 

Introduction of FMD into a herd or 
country as a result of the use of infected 


cattle semen for artificial insemination is 
possible. The virus can also be detected in the 
semen of infected boars, but this has not 
been a means of transmitting it. Similarly, it 
is not transmitted through the transfer of 
embryos from viremic donor cows. 

Epidemics in free areas occur intermit¬ 
tently and from a number of sources. In 
England it was estimated that outbreaks 
arose in the following manner: 

• Meat products used as pig food—40% 

• Completely obscure causes—28% 

• Transportation by birds—16% 

• Contact with meat and bones other than 

swill—9% 

• Unknown causes (probably swill)—7% 

The greatest danger appears to be from 

uncooked meat scraps fed to pigs. A common 
pattern is the importation of the virus in 
sheep meat from sheep that showed no 
illness, an initial infection in pigs, and then 
spread to cattle. However, more unusual 
methods of introduction must not be disre¬ 
garded. With modern methods of transport, 
farm workers can carry the virus long dis¬ 
tances in their clothing. In Tanzania, where 
the disease is endemic, roads played a domi¬ 
nant role in epidemic situations between 
2001 and 2006, and FMD occurrence was 
more related to animal movement and 
human activity via communication networks 
than transboundary movements or contact 
with wildlife. 12 Human activity was also the 
main factor in the spread of the FMD epi¬ 
demic in South Korea in 2010/2011. 3 
However, movement restrictions during the 
2010 FMD outbreak in Japan proved insuf¬ 
ficient to prevent spread of the disease for 
about 3 months. 13 

Risk Factors 
Host Factors 

The disease is most important in cattle and 
pigs, but goats, sheep, and buffaloes in India 
and llama in South America are also affected. 
Some strains of the virus are limited in their 
infectivity to particular species. Although 
cattle, sheep, and goats can be carriers, they 
are not regular sources of infection, and early 
studies in Kenya showed that goats were 
infrequent carriers, and sheep not at all. 
Immature animals and those in good condi¬ 
tion are relatively more susceptible, and 
hereditary differences in susceptibility have 
also been observed. Horses are not suscep¬ 
tible to the disease. Old World camels 
(dromedaries) are also not susceptible, but 
New World (Bactrian) camels can contract 
the disease. 14 ' 15 

A variety of wildlife species, such as the 
deer in England, the water buffalo (Bubalus 
bubalis) in Brazil, and wild ungulates in 
Africa, become infected periodically but are 
thought to play little or no role as reservoirs 
of infection for domestic animals. A notable 
exception is the African buffalo ( Syncerus 
caffer ), probably the natural host of the SAT 
types of the virus and the major source of 


infection for cattle in southern Africa. The 
disease in buffalo populations is mild, but the 
infection rate is often high and can be per¬ 
sistent. On the other hand, the domesticated 
Asian buffalo shows typical clinical disease 
and spread from buffalo to other species. 
Small rodents and hedgehogs in Europe and 
capybaras in South America may also act as 
reservoirs. Yaks that live in high altitudes in 
China (Bos grunniens yaks) are susceptible 
and can keep carrier status for at least 8 
months. 16 In Bulgaria, infection in wild boar 
was found to be a short-lived event that 
failed to develop into a large-scale epi¬ 
demic. 1, Feral swine in the United States are 
susceptible, they can transmit the disease to 
domestic swine, and FMD viral RNA can 
persist in their tonsils up to 36 days following 
infection, by which time virus isolation is 
negative. 18 The North American bison and 
elk are also susceptible, but the virus may not 
be isolated from animals past 28 days 
postinoculation. 19 

Environmental and Pathogen Factors 

The virus is resistant to external influences, 
including common disinfectants and the 
usual storage practices of the meat trade. It 
may persist for over 1 year in infected prem¬ 
ises, for 10 to 12 weeks on clothing and feed, 
and up to a month on hair. It is particularly 
susceptible to changes in pH away from 
neutral. Sunlight destroys the virus quickly, 
but it may persist on pasture for long periods 
at low temperatures. Boiling effectively 
destroys the virus if it is free of tissue, but 
autoclaving under pressure is the safest pro¬ 
cedure when heat disinfection is used. The 
virus can survive for more than 60 days in 
bull semen frozen to -79°C (-110°F). In 
general, the virus is relatively susceptible to 
heat and insensitive to cold. Most common 
disinfectants exert practically no effect, but 
sodium hydroxide or formalin (1% to 2%) or 
sodium carbonate (4%) will destroy the virus 
within a few minutes. 

All uncooked meat tissues, including 
bone, are likely to remain infective for long 
periods, especially if quick-frozen, and to a 
lesser extent meat chilled or frozen by a slow 
process. The survival of the virus is closely 
associated with the pH of the medium. The 
development of acidity in rigor mortis inac¬ 
tivates the virus, but quick-freezing suspends 
acid formation, and the virus is likely to 
survive. However, on thawing, the suspended 
acid formation recommences, and the virus 
may be destroyed. Prolonged survival is 
more likely in viscera, bone marrow, and 
blood vessels and lymph nodes, where acid 
production is not so great. Meat pickled in 
brine or salted by dry methods may also 
remain infective. For example, dry-cured 
Serrano and Iberian hams from experimen¬ 
tally infected pigs were shown to contain 
viable virus for up to 6 months. Fomites, 
including bedding, mangers, clothing, motor 
tires, harness, feedstuffs, and hides, may also 
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remain a source of infection for long periods. 
There are claims that the virus can pass 
unchanged through the alimentary tracts of 
birds, which may thus act as carriers and 
transport infection for long distances and 
over natural topographic barriers such as 
mountain ranges and sea. 

Some outbreaks in Europe have been 
associated with vaccine virus either acciden¬ 
tally escaping from the laboratory or that was 
incompletely inactivated. The 2007 out¬ 
breaks in southern England were caused by 
a derivative of a virus strain handled in two 
nearby FMD laboratories. 20 

Immune Mechanism 

In endemic areas, periodic outbreaks occur 
that sweep through the animal populations 
and then subside. A 6-year epidemic cycle 
was demonstrated in India in the 1990s. This 
was probably as a result of the disappearance 
of immunity that develops during an epi¬ 
demic and the sudden flaring up from small 
foci of infection when the population 
becomes susceptible again. Immunity after 
natural infection lasts for 1 to 4 years in cattle 
and for a shorter time in pigs. When out¬ 
breaks follow each other in quick succession, 
the presence of more than one strain of virus 
should be suspected. In countries where 
general vaccination is practiced every year, 
outbreaks are usually associated with differ¬ 
ent strains imported in carrier animals or 
infected meat. 

Studies of the interaction of FMDV with 
cells mediating the early, innate immune 
response of the host have shown that the 
virus has a distinct inhibitory effect on the 
response of the cells. 21 Following aerogenous 
administration of the virus, cattle were 
shown to develop a rapid and vigorous local 
antibody response throughout the respira¬ 
tory tract in 4 to 5 days postinfection, and 
this led to IgM-mediated virus clearance. 22 

Experimental Reproduction 

The clinical signs and lesions of FMD can be 
reproduced by rubbing virus-containing 
material on the oral mucosa of susceptible 
cattle or by intradermal inoculation into the 
dorsum of the tongue. The disease can easily 
spread from infected to susceptible animals 
housed in close proximity (cohabitation). 
With mice and guinea pigs, inoculation of 
footpads of hindfeet is preferred (see “Clini¬ 
cal Pathology” section). 

Economic Importance 

With the possible exception of bovine spon¬ 
giform encephalopathy (mad cow disease), 
FMD is the most feared animal disease in the 
developed world, even though the mortality 
rate is low. This is because it is the most con¬ 
tagious disease of livestock, and it has a great 
potential for causing severe economic loss in 
high-producing animals. Losses occur in 
many ways, although loss of production, the 
expense of eradication, and the interference 


with movement of livestock and meat 
between countries are the most important 
economic effects. There are also significant 
losses in agriculture and tourism as a result 
of restriction on human movement. The 
2001 outbreak in the United Kingdom was 
eradicated within 7 months but resulted in 
the death of nearly 10 million livestock, with 
losses of up to 8 billion pounds sterling 
(about US$12 billion). In the United States 
the median economic impact of an FMD 
outbreak in a dairy herd in California was 
estimated to result in national agriculture 
welfare losses of up to $69 billion if the out¬ 
break was not detected within 21 days. 23 
However, in unimproved or low-grade Bos 
indicus cattle reared under an extensive or a 
nomadic system of management, or in pigs 
in some southeast Asian countries, FMD is 
often less severe and has fewer effects for the 
subsistent producer. Nevertheless, because of 
its severity in exotic or improved breeds and 
because of its effects on international trade, 
FMD control and eradication in such coun¬ 
tries will still result in a strong benefit-cost 
ratio in places like Thailand. 

Zoonotic Implications 

Humans are thought to be slightly suscepti¬ 
ble to infection with the virus, and vesicles 
may develop in the mouth or hands. Very 
few cases have been reported, even among 
people working with infected carcasses and 
at laboratories. However, humans and par¬ 
ticularly their clothing can be vehicles for 
transmission to animals. 

Biosecurity Concerns 

Because FMD is highly contagious, there are 
biosecurity concerns regarding intentional 
or accidental introduction of the virus into 
nonendemic countries. Intentional introduc¬ 
tion would be a form of agroterrorism, and 
this would be devastating in any country that 
is FMD-free because it would probably take 
some days before the disease would be rec¬ 
ognized and much longer before it could be 
stamped out. Laboratories working with 
FMD virus or producing FMD vaccines and 
reagents must comply with OIE require¬ 
ments for Containment Group 4 pathogens 
to ensure that there is no escape of the virus. 
There are also strict regulations for shipping 
diagnostic samples to national or interna¬ 
tional laboratories. 

PATHOGENESIS 

The pathogenesis of FMD has been exten¬ 
sively studied and was recently reviewed. 24 21 
The surface-exposed capsid proteins (VP1, 
VP2, and VP3) of the virus determine 
its antigenicity and the ability of the virus 
to interact with host receptors and cause 
disease. 26 Although strain and species 
differences have been reported, the basic 
pathogenesis involves the following three 
phases: (i) previremic phase characterized by 
infection and replication at the primary 


replication sites or sites, (ii) viremic phase 
with generalization and vesiculation at sec¬ 
ondary infection sites, and (iii) postviremia/ 
convalescent phase including resolution of 
clinical disease that may result in long-term 
persistent infection. 24 

The previremic phase lasts for about 3 
days depending on the infecting dose and the 
strain of virus and the host. Infection of 
cattle, sheep, and other ruminants generally 
occurs via the respiratory route by aerosol¬ 
ized virus attaching to cells lining the route. 
Infection can occur less efficiently through 
abrasions on the skin or mucous membranes. 
Pigs are much less susceptible to aerosol 
infection and usually become infected 
by eating FMDV-contaminated food or by 
direct contact with infected animals, or by 
being placed into recently infected premises. 
Following exposure, FMDV particles first 
attach to mucosal epithelial cells and pene¬ 
trate into the cytoplasm of the cell. To survive 
in the host, the virus has evolved a mecha¬ 
nism to block host innate immunity by tem¬ 
porarily blocking interferon (IFN) response 
and influencing the ability of natural killer 
cells to recognize and eliminate FMDV- 
infected cells. This allows the virus to repli¬ 
cate rapidly for a few days, cause viremia, 
and become highly contagious. 27 ' 28 There is 
no consensus in reports regarding the ana¬ 
tomic sites involved in early virus replica¬ 
tion. 29 The primary replication site in cattle 
is probably the epithelial cells of the naso¬ 
pharyngeal region and subsequent wide¬ 
spread replication in the lungs coinciding 
with onset of viremia. 30 In experimentally 
infected pigs, FMDV accumulated in man¬ 
dibular lymphoid tissue up to 6 hours after 
infection and in the tissues draining the 
mandibular lymph node and tonsil, then dis¬ 
seminated throughout the body, where epi¬ 
thelial cells were the favored sites of 
(secondary) replication. 31 

Irrespective of the portal of entry, once 
infection gains access to the bloodstream 
(viremic phase), the virus is widely dissemi¬ 
nated to many epidermal sites, probably in 
macrophages, but gross lesions develop only 
in areas subjected to mechanical trauma or 
unusual physiologic wear, such as the epithe¬ 
lium of the mouth and feet, the dorsum of 
the snout of pigs, and the teats. Characteris¬ 
tic lesions develop at these sites after an incu¬ 
bation period of 1 to 21 days (usually 3 to 8 
days in most species). The initial phase of 
viremia is often unnoticed, and it is only 
when localization in the mouth and on the 
feet occurs that the animal is found to be 
clinically abnormal. Furthermore, the virus 
can be excreted in exhaled air, saliva, milk, 
semen, urine, and feces during this phase for 
about 2 weeks. 

The postviremic phase is characterized by 
healing of lesions. The process can be rapid 
in the oral mucosa but often slow in the feet. 
Associated mastitis in dairy animals can also 
become chronic. Most adult animals will 





2062 


Chapter 21 


Systemic and Multi-Organ Diseases 


recover from FMD, become immune to the 
serotype for years, and no longer be conta¬ 
gious. A few recovered ruminants can 
become carriers for several months, whereas 
the African buffalo are lifelong carriers. The 
virus is thought to persist in the oropharyn¬ 
geal region, the germinal centers of lymph 
nodes, 32 and possibly in dendritic cells in 
lymphoid organs. 

The experimental disease in sheep is 
characterized by an incubation period of 4 to 
9 days after contact or 1 to 3 days after virus 
inoculation. Thereafter, viremia occurs at 17 
to 74 hours and hyperthermia from 17 to 96 
hours. Clinical signs are serous nasal dis¬ 
charge, salivation, and buccal lesions in 75% 
of cases and foot lesions in 25%. At the end 
of viremia, the animal recovers, but the virus 
may persist in the pharyngeal area of conva¬ 
lescent ruminants as previously discussed. 

Bacterial complications generally aggra¬ 
vate the lesions, particularly those of the feet 
and the teats, leading to severe lameness and 
mastitis, respectively. In young animals, 
especially neonates, the virus frequently 
causes necrotizing myocarditis, and this 
lesion may also be seen in adults infected 
with some strains of the virus, particularly 
type O. 

CLINICAL FINDINGS 

In typical field cases in cattle, there is an 
incubation period of 3 to 6 days, but it may 
vary between 1 and 7 days. The onset is her¬ 
alded by a precipitate fall in milk yield and a 
high fever (40° to 41° C [104° to 106°F]), 
accompanied by severe dejection and 
anorexia, followed by the appearance of an 
acute painful stomatitis. At this stage, the 
temperature reaction is subsiding. There is 
abundant salivation, with the saliva hanging 
in long, rope-like strings; a characteristic 
smacking of the lips is present; and the 
animal chews carefully. Vesicles and bullae (1 
to 2 cm in diameter) appear on the buccal 
mucosa, dental pad, and tongue. These 
rupture within 24 hours, leaving a raw, 
painful surface that heals in about 1 week. 
The vesicles are thin walled, rupture easily, 
and contain a thin, straw-colored fluid. Con¬ 
currently with oral lesions, vesicles appear on 
the feet, particularly in the clefts and on the 
coronet. Rupture of vesicles causes acute dis¬ 
comfort, and the animal is grossly lame and 
often recumbent, with a marked, painful 
swelling of the coronet. 

Secondary bacterial invasion of foot 
lesions may interfere with healing and lead 
to severe involvement of the deep structures 
of the foot. Vesicles may occur on the teats; 
when the teat orifice is involved, severe mas¬ 
titis often follows. Vesicles on the teats may 
be the primary clinical sign observed by the 
dairy farmer, as in the 2010/2011 epidemic 
in the Republic of Korea. 33 Pregnant animals 
may abort or have stillbirths. Very rapid loss 
of condition and fall in milk yield occur 
during the acute period, and these signs are 


much more severe than would be anticipated 
from the extent of the lesions. Eating is 
resumed in 2 to 3 days as lesions heal, but the 
period of convalescence may be as long as 6 
months. Young animals are more susceptible 
and may suffer heavy mortality from myo¬ 
cardial damage, even when typical vesicular 
lesions are absent in mouth and feet. 

In most outbreaks, the rate of spread is 
high and clinical signs are as described 
earlier, but there is a great deal of variation 
in virulence, especially in beef cattle, and this 
may lead to difficulty in field diagnosis. For 
example, there is a malignant form of the 
disease in adults in which acute myocardial 
failure occurs. There is a typical course ini¬ 
tially but a sudden relapse occurs on days 
5 to 6 with dyspnea, a weak and irregular 
heart action, and death during convulsions. 
Occasional cases show localization in the 
alimentary tract with dysentery or diarrhea, 
indicating the presence of enteritis. Ascend¬ 
ing posterior paralysis may also occur. On 
the other hand, there is a mild form that 
usually occurs when endemic strains infect 
only indigenous Bos indicus (Zebu) cattle. 
This is the form most commonly seen in 
endemic countries in Africa, Asia, and South 
America. 

A sequela to FMD in cattle, probably as a 
result of endocrine damage, is a chronic syn¬ 
drome of dyspnea, anemia, overgrowth of 
hair, and lack of heat tolerance. Affected 
cattle are described colloquially as “hairy 
panter.” The syndrome has been reported in 
European cattle breeds but has not been 
described in zebu cattle from India. 34 

In sheep and goats, the disease is often 
mild and may go unnoticed. FMD in small 
ruminants is important mainly because of 
the danger of transmission to cattle. Adult 
sheep may develop a syndrome identical to 
that of cattle, and thus it becomes a crippling 
disease with occasional loss of hooves from 
bacterial complications. Goats are some¬ 
times spared during an outbreak. The more 
common syndrome in these species is the 
appearance of a few small lesions, but with 
more severe involvement of all four feet. As 
in cattle, young stock are more susceptible. 

FMD in pigs can be very severe, and dev¬ 
astating epidemics involving pigs only or 
pigs and other species are reported from 
time to time in Asia. A porcinophilc strain 
(O/Taiwan/97) has been identified and 
studied. Following intradermal inoculation, 
symptoms of depression and inappetence 
appeared at 1 day postinoculation (dpi), 
whereas vesicles were observed at the inocu¬ 
lation site at 1 dpi and on the mouth and 
snout the following day. 35 Teats can also be 
affected in nursing sows. Large vesicles and 
bullae may rupture to expose large, raw sur¬ 
faces. Remnants of feet lesions may persist 
for more than 2 months, and such residual 
lesions may aid in clinical diagnosis. Experi¬ 
mentally infected feral swine were fully sus¬ 
ceptible but exhibited a higher tolerance to 


FMD than domestic swine; the latter showed 
clinical signs of the disease within 24 hours 
after contact with the feral swine, whereas 
feral swine did not do so until 48 hours after 
contact with domestic and feral swine. 18 

CLINICAL PATHOLOGY 

During FMD outbreaks, laboratory investi¬ 
gations are carried out to diagnose the 
disease rather than for clinical assessment as 
with most other diseases. Exhaustive labora¬ 
tory studies are needed for diagnosis, deter¬ 
mination of the type of the virus involved, 
and to differentiate the disease from vesicu¬ 
lar stomatitis, vesicular exanthema, and 
swine vesicular disease. A handbook of the 
standard tests used worldwide is provided 
from time to time. 36 Fresh vesicular fluid and 
surrounding epithelial tissue should be col¬ 
lected in a transport medium composed of 
equal amounts of glycerol and 0.04 M phos¬ 
phate buffer, pFI 7.2 to 7.6, or glycerol and 
phosphate buffered saline for laboratory 
tests. This is the sample of choice. If the ves¬ 
icles are already healing, blood should be 
collected, along with esophageal-pharyngeal 
(OP) fluid samples from ruminants or throat 
swabs from pigs. The OP samples should be 
collected from up to five animals with the use 
of a probang cup. In tropical countries with 
maximum temperature fluctuations, spoilage 
of FMD-suspect samples originating from 
remote areas can be minimized by using 
FTA Classic Cards for collection, shipment, 
storage, and identification of the FMDV 
genome by RT-PCR and real-time RT-PCR. 37 
The major methods for diagnosis are as 
follows: 

1. Identification of the agent in tissue or 
fluid 

• Virus isolation by inoculation into 
cell cultures or unweaned mice. The 
cell cultures should be examined for 
cytopathic effect for 48 hours. If no 
CPE is detected, the cells should be 
frozen and thawed, used to inoculate 
fresh cultures, and examined for CPE 
for another 48 hours. Alternatively, 
unweaned mice 2 to 7 days old can 
be used (see following discussion of 
experimental transmission). With 
diagnostic samples, neutralization of 
the virus by known antisera makes 
the technique highly efficient and 
specific. 

• Immunologic methods: 

• Enzyme-linked immunosorbent 
assay [ELISA): This is the 
preferred test for the detection 
of FMD viral antigen and 
identification of viral serotype. It 
is an indirect sandwich test in 
which different rows in multiwall 
plates are coated with rabbit 
antisera to each of the seven 
serotypes of FMD virus. It can 
simultaneously test for swine 
vesicular disease (SVD) or 
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vesicular stomatitis (VS) where 
appropriate. 

• Complement fixation test ( CFT): 
This can be used if reagents for 
ELISA are not available. It is less 
sensitive and is affected by 
pro- and anticomplementary 
factors. Direct CFT on epithelial 
suspension used to be one of the 
fastest methods of making a 
positive diagnosis, within a few 
hours, but negative samples must 
be checked in tissue cultures 
because of the number of false 
negatives that occur with the 
CFT, especially in poorly 
collected and packaged samples. 

• Nucleic acid recognition methods: 
These include reverse transcription 
polymerase chain reaction (RT-PCR) 
and in situ hybridization (ISH). The 
RT-PCR amplifies fragments of FMD 
genome in samples and can be used 
for typing. It is more sensitive than 
ELISA. The procedures used include 
agarose gel-based RT-PCR assay, 
real-time RT-PCR assay, and 
molecular epidemiology based on 
the comparison of genetic differences 
between viruses. 36 A reverse- 
transcription loop-mediated 
isothermal amplification (RT-LAMP) 
assay has been described that is 
simple and rapid and can be read 
within 1 hour, whereas conventional 
RT-PCR methods require 2 to 4 
hours. 38 More recently, a lateral flow 
immunochromatographic (LFI) strip 
test has been reported that can 
diagnose FMD serotypes O, A, and 
Asia 1 using a generic rapid assay 
device. 39 The procedure takes only 10 
minutes and can be done on-site; it 
also has high specificity and can be 
used for early detection of FMD in 
the field. In addition, a field-portable 
nucleic acid extraction and real-time 
PCR amplification platform has been 
developed for rapid detection of 
FMD. 40 The ISH detects FMD virus 
RNA in infected tissues, including 
those obtained during necropsy. 

Serologic tests 

• Serologic tests for FMD are of two 
types: those detecting antibodies to 
viral structural proteins (SPs) and 
those detecting antibodies to viral 
nonstructural proteins (NSPs). 36 The 
SP tests detect antibodies elicited by 
vaccination and infection and are 
serotype-specific and highly 
sensitive, provided that the virus or 
antigen used in the test is closely 
matched to the strain circulating in 
the field. They are the prescribed 
tests for international trade. 

Examples are as follows: 

• Virus neutralization (VN) 


• Solid-phase competitive ELISA, 
another prescribed test 

• Liquid-phase blocking ELISA 

The NSP tests can be used to 
identify past or current infection 
with any of the seven serotypes of 
the virus, whether or not the 
animal has been vaccinated. The 
tests are more useful on a herd 
basis. For certifying animals for 
trade, the tests have the advantage 
over the SP methods in that the 
serotype of the virus does not 
have to be known. The assays 
measure antibodies to NSPs using 
antigens produced by 
recombinant techniques. 
Antibodies to polyproteins 3AB 
or 3ABC are generally considered 
to be the most reliable indicators 
of infection. Examples include: 

• Indirect ELISA 

• Enzyme-linked 
immunoelectrotransfer blot assay. 

Where vaccination has been 
carried out and a diagnosis has to 
be made by serologic methods, it 
is necessary to differentiate 
between infected and vaccinated 
animals (DIVA). An epitope- 
based ELISA has been described 
that can differentiate infected 
from vaccinated animals and 
appears to be promising test for 
FMD control and eradication. 41 
3. Experimental transmission 

• The propagation of the virus in 
unweaned white mice can be used to 
detect the presence of virus in 
suspected material, the presence of 
antibodies in serum, and for 
investigations into the transmission 
of immunity and the pathogenesis of 
the disease. In guinea pigs, 
intradermal injection of fresh 
vesicular fluid into the plantar pads 
causes vesicles to appear on the pads 
in 1 to 7 days and secondary vesicles 
in the mouth 1 to 2 days later. 
Large-animal inoculation may be 
used for the differentiation of FMD, 
vesicular stomatitis, and vesicular 
exanthema based on the different 
species’ susceptibilities to the three 
viruses (Table 21-3) and to test the 
potency of vaccines. To avoid 
disseminating the virus, animal 
inoculation should be done only in 
specially equipped facilities. 

NECROPSY FINDINGS 

The lesions of FMD consist of vesicles and 
erosions in the mouth and on the feet and 
udder. The erosions often become ulcers, 
especially if secondary bacterial infection 
has occurred. In some cases, vesicles may 
extend to the pharynx, esophagus, forestom- 
aches, intestines, trachea, and bronchi. The 


teats and mammary gland are often swollen. 
In the malignant form and in neonatal 
animals, epicardial hemorrhages with or 
without pale areas are also present. Grossly, 
the ventricular walls appear streaked with 
patches of yellow tissue interspersed with 
apparently normal myocardium, giving the 
typical “tiger heart” appearance. If the animal 
survives, there is replacement fibrosis, and 
the heart is enlarged and flabby. 

Histologically, vesicles start as foci of pro¬ 
gressive swelling, necrosis, and lysis of 
infected keratinocytes in the deeper layers of 
the epidermis and accumulation of fluid in 
the space. This is followed by necrosis of 
overlying keratinocytes and rupture of vesi¬ 
cles to form erosions that may extend deep 
into the dermis to form ulcers, especially on 
the feet. There is only mild leukocytic infil¬ 
tration around the erosions and ulcers. 
Similar changes in mammary gland epithe¬ 
lium lead to acinar necrosis and mild 
interstitial cellular infiltration. Heart (and 
occasionally skeletal muscle) lesions in the 
malignant form are characterized by severe 
hyaline degeneration, necrosis, and occa¬ 
sional calcification of myocardial fibers and 
marked interstitial infiltration by mononu¬ 
clear cells. In addition, pancreatic islet and 
acinar degeneration has been reported in 
chronically infected cattle. 

Tissues to be submitted for histopathol- 
ogy should include oral mucosa and skin con¬ 
taining vesicles or fresh erosions. The heart, 
mammary gland, and pancreas should also be 
included. Viral antigen can be detected in 
tissues by immunohistochemistry. Because 
most animals infected with FMD will not die 
and because it is important to make prompt 
diagnosis from clinical cases, histopathology 
of necropsy materials is often secondary. 


DIFFERENTIAL DIAGNOSIS 


The need to identify foot-and-mouth (FMD) 
is of paramount importance in all countries. 

It is of particular importance in those 
countries in which the disease is not 
endemic because of the need to introduce 
strict control measures quickly. The field or 
zoo veterinarian must be able to recognize 
suspicious cases, take appropriate samples, 
and submit them to a laboratory facility able 
to confirm the diagnosis promptly. Clinical 
signs in sheep, goats, and zoo animals such 
as elephants, giraffes, and camels may be 
difficult to recognize. In countries where the 
disease is endemic, there are special 
difficulties in clinical recognition because of 
the frequent subdued severity of the oral 
and feet lesions, even in cattle. Where the 
other vesicular diseases do not occur, 
suspicions will be readily aroused, but in 
North America, the presence of vesicular 
stomatitis and vesicular exanthema may 
result in misdiagnosis. Vesicular stomatitis in 
horses, cattle, and swine, vesicular 

Continued 
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Table 21-3 Differentiation of acute vesicular disease 


Animal species 

Route of inoculation 

FMD 

Vesicular 

stomatitis 

Vesicular exanthema 
of swine 

Swine vesicular 
disease 

Bluetongue 

Natural infection 







Cattle 


+ 

+ 

- 

- 

+ (occurs rarely) 

Pig* 


+ 

+ 

+ 

+ 

- 

Sheep and goat 


+ 

± 

- 

- 

+ 

Horse 


* 

+ 

- 

- 

- 

Experimental transmission 






Cattle 

Intradermal in tongue, gums, lips 

+ 

+ 

- 

- 

+ 


Intramuscular 

+ 

- 

- 

- 


Pig* 

Intradermal in snout, 

+ 

+ 

+ 

+ 



lips 

+ 

+ 

+ 

+ 



Intravenous 

+ 

- 

- 

+ 



Intramuscular 






Sheep and goat 

Various 

+ 

+ 

- 

+ (no lesions) 

+ 

Horse 

Intradermal in tongue 

- 

+ 

+ (some strains) 

- 



Intramuscular 



+ (some strains) 

- 


Guinea pig 

Intradermal in footpad 

+ 

+ 

§ 

- 

- 

Unweaned white mice 

Intradermal 

+ 

+ 

- 

+ 

+ (hamsters also) 

Adult chicken 


+ 

+ 

- 

- 



*White-skinned pigs fed on parsnips or celery and exposed to sunlight develop vesicles. 


exanthema of swine, and swine vesicular 
disease resemble FMD closely (Table 21-3). 
Three other vesiculoviruses—Piry, Chandipura, 
and Isfahan—cross-react with vesicular 
stomatitis virus 18 but are much less virulent. 
The observations that white-skinned pigs fed 
parsnips or celery and exposed to sunlight 
will develop vesicles on the snout and feet 
and that cattle fed on grain treated with 
caustic soda can develop profuse salivation 
are further confounding factors in the 
differentiation of the vesicular diseases. 

Bluetongue of sheep may also present a 
problem in differentiation. Details of these are 
provided separately, but a summary is given in 
Table 21-3. Rapid laboratory differentiation 
and diagnosis of these diseases may be 
achieved, as described under Clinical 
Pathology (see previous discussion). 

Bovine viral diarrhea/mucosal disease, 
rinderpest, malignant catarrhal fever, and 
lumpy skin disease are easily differentiated by 
the lesions that develop in the mucosa and 
sometimes on the feet. The lesions are never 
vesicular, commencing as superficial erosions 
and proceeding to the development of ulcers. 
Pox infections of the mammary gland and 
foot rot in sheep should also be differentiated 
from FMD. Ingestion of any caustic material 
may cause oral vesiculation and salivation. 
Among zoo animals, giraffes, elephants, and 
camels are susceptible. 


TREATMENT 



Control 

Vaccination with killed vaccine (R-1 in 
endemic areas) 


Treatment with mild disinfectant and protec¬ 
tive dressings to inflamed areas to prevent 
secondary infection is recommended in 
endemic countries where a slaughter policy 
is not in force. A good symptomatic response 
is reported to the administration of flunixin 
meglumine. In Kenya, ethnoveterinary rem¬ 
edies of natural soda ash solution (97% 
sodium bicarbonate), honey, and finger 
millet flour were used to manage FMD 
lesions during an outbreak in a medium- 
scale dairy farm. 42 The lesions were washed 
with soda ash solution to remove the necrotic 
tissue, after which raw honey and finger 
millet flour were applied daily for 3 days. 
Experimentally, it has been shown that 
administration of porcine type I interferon to 
pigs or bovine type III interferon to cattle can 
protect swine or significantly delay and 
reduce the severity of FMD in cattle chal¬ 
lenged with FMDV for up to 7 days. 43 44 
These interferons can thus inhibit FMDV 
replication before an inactivated vaccine can 
induce protection in the face of an outbreak 
in endemic areas. 

CONTROL 

Many factors govern the control procedure 
in a given area. The procedures commonly 
used are (a) control by eradication and (b) 
control by vaccination, or a combination of 
the two. In countries where the disease is 
endemic, or where there are wildlife reser¬ 
voirs, eradication is seldom practicable. In 


areas with only occasional epidemics, slaugh¬ 
ter of all infected and in-contact animals is 
usually carried out. It must be remembered 
that vaccination is costly and sometimes 
ineffective and that eradication would be the 
ideal objective in all countries. For countries 
in large continents, international coopera¬ 
tion is required for eradication. The Euro¬ 
pean Union phased out mass vaccination in 
1991 to increase its international competi¬ 
tiveness in trade in livestock and livestock 
products. Soon after, outbreaks of FMD in 
Italy were controlled by surveillance and 
slaughter of thousands of cattle, sheep/goats, 
and pigs in all-infected and contact herds. A 
similar procedure was adopted in 2001 in 
England, Ireland, and France and with some 
modification in the Netherlands, and the 
outbreaks were successfully controlled 
within months. Similar results were obtained 
in Taiwan during periodic outbreaks between 
1997 and 2011. On the other hand, a 2010 
epidemic in Japan was eradicated within 3 
months in an area with high density of cattle 
and pigs by strict movement control and 
emergency vaccination. 4 

As in the control of all epidemic infec¬ 
tious diseases, the problems posed for 
administrators are complex and continually 
changing. For example, the prospect of 
making a wrong decision about when to 
switch from an eradication-by-slaughter 
program to a containment-by-vaccination 
program, when an outbreak is raging and 
public sentiments are running high, is a 
daunting one. A wrong decision may cost a 
livestock industry many millions of dollars. 
To avoid making such errors, it is customary 
to develop a mathematical or computer 



















model that simulates the progress of an out¬ 
break in terms of numbers of animals 
infected, affected, and dead, and how these 
numbers will change under pressure from 
control procedures, management practices, 
and prevailing weather. An essential aspect 
of such an analysis is the economic effect of 
various control programs and their out¬ 
comes. The cost-benefit aspects of computer 
simulation models and the meteorologic pre¬ 
dictions of the likely spread of the disease are 
used to determine an appropriate strategy for 
control. Even then, conclusions from such 
models may still be controversial, as was the 
case in the 2001 outbreak in England, where 
a culling policy driven by unvalidated pre¬ 
dictive models rather than experience con¬ 
tributed to the death of approximately 10 
million animals. 44 ' 45 

Control by Eradication 

The success of an eradication program 
depends on the thoroughness with which it 
is applied. As soon as the diagnosis is estab¬ 
lished, all cloven-footed animals in the 
exposed groups should be immediately 
slaughtered and burned or buried on site. No 
reclamation of meat should be permitted, 
and milk must be regarded as infected. Inert 
materials that may be contaminated must 
not leave infected premises without proper 
disinfection. This applies particularly to 
human clothing, motor vehicles, and farm 
machinery. Bedding, feed, feeding utensils, 
animal products, and other articles that 
cannot be adequately disinfected must be 
burned. Barns and small yards must be 
cleaned and disinfected with 1% to 2% 
sodium hydroxide or formalin or 4% sodium 
carbonate solution. Acids and alkalis are the 
best inactivators of the virus, and their activ¬ 
ity is greatly enhanced by the presence of a 
detergent. The effective pH at a disinfection 
surface may be grossly altered by the pres¬ 
ence of organic matter and needs to be 
adequately maintained. When all possible 
sources of infection are destroyed, the farm 
should be left unstocked for 6 months and 
restocking permitted only when “sentinel” 
test animals are introduced and remain 
uninfected. There are strict international 
requirements for demonstrating freedom 
from infection. 

Recommendations for outdoor sites are 
difficult to make. Observations in Argentina 
suggest that contaminated pastures and 
unsheltered yards are clear of infection if left 
unstocked for 8 to 10 days. No animal move¬ 
ment can be permitted, and human and 
motor traffic must be reduced to a minimum. 
Persons working on the farm should wear 
waterproof clothing, which can be easily dis¬ 
infected by spraying and subsequently 
removed as the person leaves the farm. 
Clothing not suitable for chemical disinfec¬ 
tion must be boiled. Because of the rapidity 
with which the disease may spread, immedi¬ 
ate quarantine must be imposed on all farms 
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within a radius of 16 to 24 km (10 to 15 
miles) of the outbreak. 

Although the eradication method of 
control is favored when the incidence is low, 
it imposes severe losses on the animal indus¬ 
try in affected areas and is economically 
impracticable in many countries. However, it 
must be regarded as the final stage in any 
control program. The standard strategy is the 
containment of the disease by ringing the 
outbreak with a zone of vaccinated animals 
and setting about reducing the infection rate 
within the ringed area and eventually eradi¬ 
cating remaining hotspots by slaughter. Con¬ 
tainment of an outbreak is a difficult task 
with high rewards, as shown by various cost- 
benefit analyses. 

The controversy about whether to eradi¬ 
cate or vaccinate is ongoing. For example, the 
1967-1968 epidemic in the United Kingdom 
involving the slaughter of nearly half a 
million animals at a cost of US$250 million 
was so damaging financially that it was 
arranged for vaccination to be available 
should there be a recurrence of such an epi¬ 
demic. Nevertheless, the slaughter policy was 
still adopted in 2001, and many more animals 
were killed. Part of the increased concern 
about a test and slaughter policy derives 
from the following factors: 

• Increasing size of herds 

• Risks involved if infection is 
introduced 

• Environmental concerns regarding 
carcass disposal if thousands or millions 
of animals are to be slaughtered within a 
short time. During the 1997 epidemic in 
Taiwan, it was reported that a disposal 
capacity of 200,000 pigs per day was 
reached despite ring vaccination. In 
England, disposal capacity was 
overwhelmed in 2001, even with 
military intervention, and carcasses were 
sometimes left for days before burial or 
burning. A recent study in the United 
States concluded that depopulation of a 
large feedlot during an FMD outbreak 
would be difficult to complete in a 
humane and timely fashion. 46 

Vaccination 

Regular vaccination against FMD is a way of 
life for most of the world, and vaccine pro¬ 
duction is a major industry. In the endemic 
countries, eradication does not seem possi¬ 
ble within the foreseeable future, and coun¬ 
tries free of the disease may require regional 
vaccination during outbreaks. Consequently, 
it has been estimated that 1.5 billion mon¬ 
ovalent doses of the FMD vaccine are admin¬ 
istered annually, with South America alone 
accounting for some 1300 million doses. 

Killed trivalent (containing O, A, and C 
strains) vaccines are in general use, but 
because of the increasing occurrence of anti- 
genically dissimilar substrains, the produc¬ 
tion of vaccines from locally isolated virus is 
becoming a more common practice. The 


virus is obtained from infected tongue tissue, 
a cell culture of bovine tongue epithelium, or 
other cell culture. Baby hamster kidney 
(BHK) is a favored viral cultural medium, 
and BHK vaccine is now in general use. Its 
principal virtue is its adaptability to deep 
suspension culture, in contrast with its 
growth on monolayer culture, enabling 
large-scale production of the virus to be 
carried out within practicable space limits. 
Inactivation of the virus to produce a killed 
vaccine used to be done with formalin, but 
there are disadvantages with its use, and 
more sophisticated agents, especially binary 
ethylene immine (BEI) are now used. Ser¬ 
viceable immunity after a single vaccination 
can be relied on for only 6 to 8 months. Vac¬ 
cines produced from “natural” virus give 
longer immunity than those produced from 
“culture” virus. Vaccines produced in oil- 
adjuvant form offer promise of providing 
longer immunity and require only annual 
revaccination in adult cattle and biannual 
revaccination for young stock or every 4 to 6 
months in pigs. 

A general vaccination program for an 
area must be planned for that area. Thus in 
continental Europe, the program until 1991 
included an annual vaccination of all adults, 
with an additional campaign every 6 months 
to vaccinate calves as they reached about 4 
months of age. In South America, the spe¬ 
cific recommendations are that calves from 
unvaccinated dams should be vaccinated at 
4 months and revaccinated at 8 months of 
age, but calves from vaccinated cows should 
be vaccinated twice, the first at 6 months and 
the second at 10 months of age. The impor¬ 
tant considerations in calves are to avoid vac¬ 
cination while the calf is still carrying 
maternal antibodies derived from colostrum 
and to avoid infection before they can 
develop active immunity. Calves as young as 
1 week old respond as actively to vaccination 
as adult animals, provided they are free 
of maternally derived antibody. Immunity 
is present 7 to 20 days after vaccination, 
depending on the antigenicity of the vaccine. 
It is not usual to include sheep, goats, and 
pigs in a general vaccination program unless 
they are also affected during outbreaks. After 
the outbreak in Taiwan, it was recommended 
that piglets be vaccinated at 8 to 12 weeks 
followed by a boost 4 weeks later, and that 
sows be vaccinated 3 to 4 weeks before far¬ 
rowing or every 4 to 6 months. 

Because of the short duration of the 
immunity produced by killed vaccines, 
attention has been focused on the produc¬ 
tion of an attenuated living-virus vaccine. 
The major difficulty encountered so far has 
been the narrow margin between loss of 
virulence and loss of immunogenicity. Atten¬ 
uated vaccines have been produced by 
passage through white mice, embryonated 
hen eggs, rabbits, and tissue culture. Their 
use has contributed to the eradication of the 
disease in cattle in South Africa. Vaccines 
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have also been instrumental in eliminating 
FMD from most countries in South America 
under the Pan American Centre for Foot and 
Mouth Disease (PANAFTOSA). 

Provided constant surveillance can be 
maintained over vaccinated animals, their 
value in such circumstances cannot be 
denied. Flowever, their early promise has not 
been fulfilled, and improved killed vaccines 
are most generally favored. In spite of the 
uncertain stability of the lapinized virus, 
control of the disease in Russia was reported 
after the use of a rabbit-passaged vaccine. In 
those countries where vaccination of very 
large numbers of animals is carried out 
annually, one of the emerging problems is 
the quality control of vaccines with respect 
to innocuity and to immunizing capacity or 
potency. The techniques to monitor these 
characteristics are available, but they do add 
to the costs of the vaccine, and if commercial 
competition is keen, this aspect of produc¬ 
tion may be spared. Some outbreaks have 
been linked to attenuated vaccines. 

A great deal has been written about 
genetically engineered FMD vaccines pro¬ 
duced by biotechnological manipulation and 
their distinct safety advantages over whole- 
virus vaccines. Initial reports of a polypep¬ 
tide vaccine (protein VP1) in cattle are 
encouraging, and the peptide can be chemi¬ 
cally synthesized and incorporated into the 
core of hepatitis B virus to produce a vaccine. 
Research is ongoing, and at least one 
novel molecular vaccine has been licensed 
for emergency use in the United States. 4 ' 
However, much work still needs to be 
done, and these newly developed vaccines 
cannot yet replace the classical inactivated 
vaccines. 

General vaccination as a means of control 
is recommended for countries where the 
disease is enzootic or where the threat of 
introduction is very great (e.g., Israel). If an 
outbreak occurs, a booster vaccination with 
the relevant serotype will greatly increase the 
resistance of the population. However, the 
strategy of general vaccination has many dif¬ 
ficulties. The following disadvantages are 
suggested: 

• To be effective, the program should 
consist of vaccination against a number 
of strains three times yearly. More 
frequent vaccination may be necessary 
in the face of outbreaks during optimum 
conditions for spread. Young animals 
with maternally derived antibodies do 
not respond to vaccination. 

• Vaccination of sheep and pigs is also 
used in control programs. In pigs, a 
bi- or trivalent, inactivated, adjuvant 
vaccine gives strong immunity for 6 
months and some resistance for 12 
months. Severe local reactions 
(abscesses and granulomas) at 
vaccination sites can be reduced by the 
inclusion of an oil-adjuvant. However, 
vaccination of pregnant sows leads to a 


high rate of abortions and stillbirths. In 
sheep, monovalent or trivalent vaccines 
give immunity for 5 to 6 months, but 
the sheep may act as inapparent carriers. 
One study suggested that a single 
emergency vaccination would be 
effective in the control of an epidemic 
involving cattle and sheep, but would be 
less effective in pigs. 47 

• Inapparent infections may occur in 
animals whose susceptibility has been 
reduced by vaccination, permitting the 
existence of “carrier” foci. It has become 
generally recognized that the number of 
carrier animals produced by vaccination 
is very much greater than was 
previously thought. Apart from the fact 
that these animals are a potent method 
of spreading the disease, they also 
provide an excellent medium for the 
mutation of existing virus strains 
because the hosts are immune. The 
carrier state in vaccinated and 
unvaccinated cattle may persist for as 
long as 6 months and be capable of 
causing new outbreaks in all species. 

But the problem must be kept in 
perspective. The number of carriers 
produced in this way is directly related 
to the rate of occurrence of the disease 
in the population, and if this is kept to a 
minimum by an assiduous vaccination 
program and a strict limitation on the 
movement of infected animals into the 
population, the rate of occurrence of 
carriers can be very small. Nevertheless, 
in FMD-free countries, vaccinated 
animals are subsequently slaughtered to 
comply with OIE regulations so as to 
resume meat export as soon as possible. 
However, this policy is now being 
challenged from the point of view of 
animal welfare. 

• Importation of vaccinated animals is 
often prohibited even though trade in 
these animals and their products poses 
minimal risk of transmitting FMD. 11 
An additional disadvantage is the 
production of sensitivity resulting in 
anaphylaxis in 0.005% of cattle 
vaccinated repeatedly, especially when 
the vaccines contain antibiotics or the 
vaccine contains foreign protein not 
associated with the antigen, or the virus 
has been killed with formalin that has 
also denatured the protein in the 
vaccine. Edema, urticaria, dermatitis, 
abortion, and fatal anaphylaxis all occur. 
Cows in early and late pregnancy or 
otherwise stressed from other diseases 
are most susceptible to adverse effects of 
vaccination. Satisfactory purification 
and standardization of the vaccine can 
eliminate many of the problems because 
the hypersensitivity is to the culture 
medium and to the agent used to 

kill the virus, rather than the 
virus itself. 


• Countries that vaccinate during an 
outbreak have to reestablish their 
FMD-free status to the satisfaction of 
their trading partners. This is difficult 
because currently available vaccines 
stimulate production of antibodies 
indistinguishable from those following 
infection, and because vaccinated 
animals can be infected and become 
carriers. The detection of antibodies to 
nonstructural proteins is helpful in 
making the distinction at herd level, and 
further research is ongoing to 
standardize the techniques. 

Alternatives to general vaccination are 

modified programs, including “ring” vacci¬ 
nation to contain outbreaks, “frontier” vac¬ 
cination to produce a buffer area between 
infected and free countries, and vaccination 
of selected herds on a voluntary basis when 
an outbreak is threatened. Such emergency 
vaccinations can reduce the risk of spreading 
infection by reducing the rate of virus excre¬ 
tion. It is generally conceded that vaccina¬ 
tion of an entire population may be necessary 
when eradication is incapable of preventing 
the spread of the disease. For this reason, 
many countries have strategic reserves of 
concentrated vaccines, but no such vaccine 
banks exist in Africa. 

Prevention of entry of the disease into 
free areas is an ever-increasing problem 
because of modern developments in com¬ 
munications. The following prohibitions are 
necessary if the disease is to be excluded: 

• There must be a complete embargo on 
the importation of animals and animal 
products from countries where FMD is 
endemic. The embargo should include 
hay, straw, and vegetables. Where the 
disease occurs only as occasional 
outbreaks, importation of animals can 
be permitted provided they are 
subjected to a satisfactory period of 
quarantine. 

• Particular attention should be given to 
preventing entry of uncooked meats 
from ships, airplanes, and other forms 
of transport and in parcels originating 
in infected areas. In danger areas, all 
swill fed to pigs must be cooked and all 
food waste satisfactorily disposed of. 

• Personal clothing and other items 
belonging to people arriving from 
infected areas should be suitably 
disinfected. Persons arriving from 
endemic countries or countries 
experiencing outbreaks should keep 
away from livestock for several days. 

• The risk of introducing the disease 
through importation of semen or 
fertilized ova is now thought to be 
minimal. The virus can survive in frozen 
bull semen and possibly in some 
fertilized ova (e.g., zona pellucida-free 
bovine embryos) but not in others (e.g., 
zona pellucida-intact bovine embryos). 
However, because even viremic animals 
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do not transmit the disease through 
their embryos, bovine embryos with 
intact zona pellucida can be safely 
imported from enzootic areas regardless 
of the serologic status of the donor. 
Consequently, if exotic or special 
animals have to be imported from 
enzootic countries, embryo transfer may 
be a means of controlling the 
transmission of FMD. Even for llama 
embryos that lack a zona pellucida, the 
risk of FMD transmission was calculated 
to be close to zero if favorable 
epidemiologic or ecological conditions 
exist in the region of origin of the 
embryos. 

In summary, the control and eventual 
eradication of FMD in a country, region or 
worldwide can only be achieved if the inter¬ 
national community recognizes that the 
control of FMD is a global public good that 
will benefit all populations and future gen¬ 
erations. 2 In South America, under the aus¬ 
pices of the PANAFTOSA’s new Plan of 
Action 2011-2020, it is hoped that several 
challenges will be overcome to ensure eradi¬ 
cation of FMD from the Americas by 2020. 48 
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RIFT VALLEY FEVER 


SYNOPSIS 


Etiology Rift Valley fever virus, genus 
Phlebovirus, a member of the family 
Bunyaviridae. 

Epidemiology Enzootic in sub-Saharan Africa 
and Egypt. First occurrence outside African 
continent in 2000 affecting Arabian 
Peninsula. Virus maintained in floodwater 
mosquitoes and transmitted by 
hematophagous insects. Ruminants are 
amplifying hosts. Epizootics in high rainfall 
periods. A major zoonosis with mortality 
rate of 1 % in humans. 

Clinical findings Acute febrile disease in 
lambs and calves characterized by hepatitis 


and high mortality; abortion in adult sheep 
and in cattle. In humans, influenza-like 
disease and, in rare instances, hemorrhagic 
fever. 

Necropsy findings Hepatic necrosis. 

Diagnostic confirmation 

Immunohistochemical localization of viral 
antigens in tissues. 

Treatment No specific treatment available; 
supportive. 

Control Vaccination, vector control, control of 
livestock movement. 


ETIOLOGY 

Rift Valley fever virus is a single-stranded 
RNA virus of the family Bunyaviridae, genus 
Phlebovirus. There is only one serotype rec¬ 
ognized, with only minor genetic variation 
between strains. 1 

The virus remains viable in aerosols at 
25° C (77° F) for 1 hour or longer but can 
survive in serum at 4°C (40° F) for several 
months. Infected sheep plasma can retain its 
infectivity over years with storage and ship¬ 
ment under a variety of refrigeration condi¬ 
tions. Infectious material thus presents a 
potential source of infection for laboratory 
personnel or veterinarians for a prolonged 
period of time. 2 

EPIDEMIOLOGY 

Occurrence 

Riff Valley fever (RVF) was first recognized in 
1930 in the Rift Valley in Kenya but now exists 
and occurs as epizootics throughout sub- 
Saharan Africa, with recent extensions into 
Egypt, Mauritania, and Madagascar. The first 
RVF outbreaks outside Africa were recorded 
in 2000 in Yemen and Saudi Arabia. The most 
recent outbreaks recorded by the World 
Health Organization (WHO) occurred in 
Somalia (2006/2007), Kenya (2007/2008), 
Tanzania (2007), Sudan (2007/2008), Mada¬ 
gascar (2008/2009), South Africa (2008,2009, 
and 2010), Mauritania (2010 and 2012), 
Botswana (2010), and Namibia (2010). 3 
The disease has great potential for spread 
to other countries either through legal or 
illegal movement of infected livestock or the 
encroachment of mosquitoes into new areas. 4 
The pattern of occurrence is cyclical epidem¬ 
ics that are inherently linked to regional 
climate variability, particularly to rainfall 
patterns. 4 Outbreaks occur with periods of 
quiescence of 5 to 15 years in duration. 2 

Climate changes and livestock movement 
facilitate the spread of the disease and present 
an increasing risk of introduction of the 
disease into the Mediterranean basin and 
Europe. 2 

Risk Factors 
Animal Risk Factors 

Rift Valley fever is an infectious disease pri¬ 
marily affecting ruminants but to which 
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other species, including humans, are also 
susceptible. There is a clear age predisposi¬ 
tion to clinical disease rendering lambs, goat 
kids, puppies, and kittens extremely suscep¬ 
tible, with mortality rates between 70% and 
100%. Adult sheep and calves have been 
categorized as highly susceptible, with mor¬ 
tality rates between 20% to 70%. Adult cattle, 
goats, African and domestic buffalo, and 
humans are moderately susceptible, with 
mortality rates of less than 10%.' Camelids, 
equids, pigs, and adult dogs and cats are con¬ 
sidered resistant to clinical disease, with 
infection being inapparent in these species. 
A large number of different African wildlife 
species were found to have seroconverted in 
endemic areas. 

Environmental Risk Factors 

Outbreaks of RVF have been associated with 
above-normal rainfall and climatic condi¬ 
tions favorable to competent vectors. More 
precisely, epidemics have been reported in 
four epidemiologic systems 2 : 

• “Dambo” areas in East Africa. These 
areas are valleys near a river in which 
outbreaks occur following heavy rainfall 
events. 

• Semiarid areas of western Africa 

(including Senegal and Mauritania). In 
these regions, which are characterized 
by temporary areas of water, outbreaks 
could not be directly related to flood¬ 
like rainfalls; rather, they occurred 
during the rainy season with abundant 
regular rainfall. 

• Irrigated areas (including the Nile 
Delta or Senegal River basin). In 
artificially irrigated areas the permanent 
availability of water favors the 
persistence of a vector population 
throughout the year. 

• Temperate and mountainous areas 
(including regions in Madagascar). 
Transmission of RVFV in these regions 
results from vector-borne transmission 
associated with livestock movement. 

RVF outbreaks were found to occur with 

a cyclic pattern in association with the warm 
phase of the El Nino/Southern Oscillation 
(ENSO) phenomenon. The ENSO is associ¬ 
ated with varying climate effects on a 3- to 
7-year interval. 4 

Source of Infection 

The live cycle of RVFV consists of an epizo¬ 
otic cycle that is associated with outbreaks of 
RVF and an enzootic or interepizootic cycle, 
during which the virus persists in a host 
but is not associated with clinical disease. 
During the interepizootic cycle the RVFV is 
maintained through vertical transmission 
in Aedes mosquito eggs. These eggs are 
drought-resistant and survive several years 
without hatching, thereby maintaining the 
virus during interepizootic periods. These 
interepizootic vectors belong to the Aedes 
subgenus Neomelaniconion in East Africa 


and the subgenus Aedimorphus in West 
Africa. Epizootics occur in enzootic areas 
when wet and flood conditions enable the 
infected eggs to mature and hatch. Aedes 
mosquitoes hatched from infected eggs 
transmit the virus to susceptible animals, 
particularly domestic ruminants on which 
they feed preferentially. 

Once a susceptible animal, which is con¬ 
sidered an amplifying host, is infected, a 
transient viremic phase occurs, permitting 
virus transmission between susceptible indi¬ 
viduals through any hematophagous insect 
species. These insects, which include Culex 
and Anopheles spp., function as secondary 
arthropod vectors but do not transmit the 
virus transovarially and therefore do not act 
as RVFV reservoirs during interepizootic 
periods. 1 

For humans, direct contact with infected 
animal tissues, blood, or other body fluids 
and also inhalation of aerosolized infected 
material are considered the predominant 
routes of infection.’ Accordingly, certain 
occupational groups, such as farmhouse, 
slaughterhouse, or laboratory personnel and 
veterinarians, are at increased risk of infec¬ 
tion. Biting insects appear to have a limited 
role in the transmission of RVFV to humans. 
Nevertheless, during the 2000/2001 outbreak 
of RVF in Saudi Arabia, with over 400 con¬ 
firmed clinical cases in humans and 85 
deaths, 23% of all infections were estimated 
to have occurred through mosquito expo¬ 
sure. 5 In contrast, during a South African 
outbreak, 89% of clinical cases in humans 
were associated with direct contact with 
infectious material. Ingestion of unpasteur¬ 
ized milk was incriminated as a possible 
route of infection based on epidemiologic 
evidence, but this has not been demonstrated 
conclusively/’ 

Method of Transmission 

In ruminants RVFV is transmitted between 
animals through primary and secondary 
arthropod vectors. Direct transmission 
between animals through contact with 
viremic fluid, such as blood or lochial fluid, 
is strongly suspected but has thus far not 
been confirmed. The presence of virus in 
the nasal or lachrymal secretions, urine, or 
feces of infected animals has not been 
demonstrated. 2 

In humans there is no evidence for 
person-to-person transmission of infection. 
Vertical transmission from an infected 
mother to her baby has been reported in two 
instances during the outbreaks in Saudi 
Arabia in 2000 and in Sudan in 2007. 6 

Experimental Reproduction 

The disease can be transmitted by most 
routes, including inoculation and the inhala¬ 
tion of aerosols. Following inoculation of 
sheep and cattle the incubation period is 1 to 
2 days, and high virus titers are found in 
blood. The virus persists in the body for 


approximately 3 weeks, but long-term car¬ 
riage has not been observed. Pregnant 
animals abort, but infection may be clinically 
mild in nonpregnant animals. IgM antibody 
can be detected as early as 4 days after infec¬ 
tion and persists for 2 to 6 months. 

Zoonotic Implications 

Although humans are susceptible to infec¬ 
tion and disease, infection with RVFV in the 
large majority of cases is asymptomatic, as is 
suggested by retrospective serologic studies 
following epidemics. If clinically apparent, 
the disease is usually a transient flulike 
illness, but complications of hemorrhagic 
fever, retinal and renal disease, and encepha¬ 
litis occur. 1 Traditionally, the occupational 
groups at greatest risk are laboratory workers 
handling the virus and those working among 
infected animals or their products, including 
veterinarians. However, cases were not 
limited to these groups in the large outbreaks 
in Egypt in 1977 and 1978 and the more 
recent outbreaks in the Arabian Peninsula. 
The occurrence rate of clinical disease in 
humans was very high in Egypt (more than 
20,000 cases and 600 deaths). The mortality 
rate in humans is estimated to be 1% to 2%. 7 
The pathogen is identified as a potential 
agent for bioterrorism. 

Economic Importance 

The disease causes significant morbidity and 
mortality in calves and lambs and has been 
associated with abortion storms in adult 
ruminants, with pronounced health and 
economic impacts. The economic losses 
solely attributable to trade disruptions 
occurred during the RVF outbreaks of 2007 
in Sudan have been estimated to exceed $60 
million. 8 

PATHOGENESIS 

Hepatocytes are the primary site of viral rep¬ 
lication in lambs and calves, and age is a 
determining factor in the progression and 
outcome of infection. In very young animals, 
hepatic lesions progress from degeneration 
and necrosis of individual hepatocytes to 
extensive necrosis throughout the liver, 
resulting in hepatic insufficiency and failure. 
In young animals, encephalomyelitis may 
also occur. 

CLINICAL FINDINGS 

The clinical presentation of RVF varies by 
species and age. The disease is most severe in 
young ruminants, particularly lambs. After 
an incubation period of between 12 and 36 
hours, anorexia, weakness associated with 
fever, and lymphadenopathy become appar¬ 
ent. Hemorrhagic diarrhea with abdominal 
pain may be seen. In calves, icterus is a 
common clinical finding. Mortality rates are 
high and can reach 90% to 100% in lambs 
and 70% in calves. 

In adult sheep and cattle, abortion is the 
outstanding and in many cases only clinical 
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sign. Abortion storms affecting up to 100% 
of ewes and 85% of cows can occur. In clini¬ 
cal cases in cattle and adult sheep there is 
febrile disease, with anorexia, weakness, and 
a drop in milk production that can be associ¬ 
ated with hemorrhagic diarrhea. In severe 
cases the mortality rate in adult sheep 
may be as high as 25% and 10% in cattle. 
Goats show a febrile reaction but few other 
clinical signs. 

Clinical signs can be unspecific when 
considering an individual animal, but RVF 
should be suspected whenever high abortion 
rates in adult ruminants and high mortality 
rates in neonatal ruminants occur in combi¬ 
nation with flulike disease in humans who 
had contact with sick ruminants. 

CLINICAL PATHOLOGY 

Severe leukopenia is a common finding. 

Virus isolation is usually performed 
from inoculated hamsters, mice, or cell cul¬ 
tures. Virus identification can also be done 
by immunofluorescence carried out on 
impression smears of liver, spleen, or brain 
or immunostaining of histology slides. 1 
The agar gel immunodiffusion (AGID) test 
is an alternative for laboratories without 
tissue culture facility. Polymerase chain 
reaction (PCR) is used for rapid detection of 
viral RNA. 

Serology can be conducted by virus 
neutralization (VN), which is the prescribed 
test for international trade, by means of 
an enzyme-linked immunosorbent assay 
(ELISA) or by hemagglutination inhibition. 
The virus neutralization test requires the use 
of live RVFV, making this test unsuitable to 
be used outside endemic areas. 1 Several 
RVFV antibody ELISAs are available as com¬ 
mercial test kits and can be performed with 
inactivated antigen and thus are suitable for 
the use outside RVFV-endemic areas. The 
IgM-capture ELISA allows diagnosis of a 
recent infection. 1 Antibodies appear in the 
serum about 1 week after infection, and per¬ 
sistence depends on antibody type. 

NECROPSY FINDINGS 

Extensive hepatic necrosis is the character¬ 
istic lesion in RVF. In neonates, the liver is 
enlarged and has a yellow-orange discolor¬ 
ation, whereas in older animals, pale foci of 
necrosis impart a mottled appearance to the 
organ. Other nonspecific lesions include 
congestion and petechiation in the heart, 
lymph nodes, gallbladder, and alimentary 
tract. Abomasal and intestinal content may 
be dark brown to red as a result of 
hemorrhage. 

Microscopically there is multifocal or 
diffuse necrosis of the liver, and there may be 
acidophilic intranuclear inclusion bodies in 
hepatic cells. The lesions are much more 
extensive in newborn lambs and calves than 
in older animals. Immunohistochemical 
localization of viral antigens in tissues pro¬ 
vides a specific diagnosis. 


Samples for Confirmation 
of Diagnosis 

• Virology—liver, spleen, brain (virus 
isolation, fluorescence antibody test, 
PCR) 

• Histology—liver, spleen, brain (light 
microscopy, immunohistochemistry) 

Note the zoonotic potential of this disease 
when handling these specimens. 


DIFFERENTIAL DIAGNOSIS 


In regions where this disease has not occurred 
it should be suspect when there is an area 
outbreak of abortion and neonatal mortality 
in sheep and cattle coupled with an area 
outbreak of flu-like disease in humans. 

• Wesselsbron disease 

• Bluetongue 

• Ephemeral fever 

• Bacterial septicemias 

• Anthrax 

• Vibriosis 

• Trichomoniasis 

• Toxic plants 


TREATMENT 

Little attention has been given to the aspect 
of treatment of the disease, and no known 
treatment is of any value. 

CONTROL 

Measures to control Riff Valley fever include 
the following: 

• Control of livestock movement 

• Vector control 

• Vaccination 

The role of livestock movement over long 
and short distances in the spread of the 
disease throughout the African continent is 
well documented, and phylogenetic studies 
suggest that ruminant trade is the main 
reason for the spread of the disease from the 
African continent to the Arabian Peninsula. 

Vector control is most effective when 
larvicides are used in mosquito breeding 
sites. Limitations of this approach are that 
breeding sites must be clearly identified and 
must have a limited surface to be manage¬ 
able. Particularly with heavy rainfalls and 
flooding, mosquito-breeding sites are too 
numerous and wide to be controlled. Eco¬ 
logical, health, and financial issues around 
applying large amounts of insecticides to the 
environment further complicate this type of 
control. 

Vaccines 

Live attenuated vaccines (Smithburn 
strain) and mutagenized live virus vaccines 
provide good protection that lasts for at 
least 28 months but are not recommended 
for pregnant animals because they are 
abortigenic, causing fetal death and some 
teratogenic anomalies. The recorded prob¬ 
lems include hydrops amnii, arthrogryposis, 
hydranencephaly, and microencephaly. There 
is also a concern for reversion to virulence. 


Live attenuated vaccines, furthermore, are 
pathogenic for humans, and exposure 
to live attenuated vaccines may present a 
health risk. 5 

Killed-virus vaccines require repeat 
administration for good immunity, and 
annual vaccination of all dairy cattle is 
recommended as a cost-effective control 
program in endemic countries. They are 
also recommended for pregnant and young 
animals. 

A mutagen attenuated vaccine protects 
against challenge in both sheep and cattle. 
Viremia following vaccination is minimal 
and thought not to be a risk for infection of 
susceptible mosquitoes. Mutagenic vaccines 
were initially thought to have no deleterious 
effect on the fetus, but abortion and terato¬ 
genicity have been observed in the lambs of 
sheep vaccinated early in pregnancy. 

Prevention of the introduction of Riff 
Valley fever into countries free of the disease 
requires the prohibition of the importation 
of all susceptible species from Africa. All 
necessary steps to prevent the introduction 
of infective insects and infected biological 
materials should be taken. The possibility of 
humans carrying the infection from country 
to country is very real. 
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BLUETONGUE 


SYNOPSIS 


Etiology Bluetongue virus (BTV), an orbivirus 
with several serotypes and considerable 
genetic heterogeneity. 

Epidemiology An infectious, noncontagious 
disease primarily of sheep, but also 
occurring in cattle, wild ruminants, New 
World camelids, and goats. Transmitted by 
Culicoides spp. Cattle are the reservoir and 
amplification hosts. Severe disease is most 
common in European fine wool and 
mutton breeds of sheep. Certain serotypes 
can cause severe disease in cattle. 


Continued 
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Infection, but not disease, is endemic in 
tropical and subtropical regions. Disease 
occurs in epidemic and incursive areas 
when climatic conditions allow the 
expansion of vector occurrence or when 
naive animals are introduced into an 
endemic area. 

Clinical findings Fever, apathy, serous to 
bloody nasal discharge, respiratory distress, 
oral erosions and ulcerations with 
hypersalivation. Lameness as a result of 
coronitis, myositis, and muscle necrosis. 

Clinical pathology Virus isolation or 

detection of viral RNA (reverse-transcription 
polymerase chain reaction [RT-PCR]) in 
blood or tissue specimens. Serologic tests 
to identify BTV-specific antibodies or a rise 
in antibody titer (competitive enzyme-linked 
immunoabsorbent assay [C-ELISA], virus 
neutralization test, agar gel 
immunodiffusion [AGID]). 

Necropsy findings Mucosal lesions, 

hemorrhage and necrosis of skeletal and 
cardiac muscles, hemorrhagic lesion at base 
of pulmonary artery. Congestion of heart, 
lung, liver and kidney. 

Diagnostic confirmation Detection of viral 
nucleic acid, virus isolation, rising titer with 
serology. 

Treatment None specific, supportive. 

Control Reduction of exposure to vector is 
attempted, but major method of control in 
epidemic areas is by vaccination. 


ETIOLOGY 

Bluetongue virus (BTV) is an arthropod- 
borne Orbivirus in the family Reoviridae 
with a genome composed of 10 dsRNA seg¬ 
ments. The bluetongue viruses are stable and 
resistant to decomposition and to some stan¬ 
dard virucidal agents, including sodium car¬ 
bonate. They are sensitive to acid, inactivated 
below pH 6.0, and susceptible to 3% sodium 
hydroxide solution and organic iodides. 

Worldwide there are currently 26 recog¬ 
nized serotypes of BTV. 1 ' 4 The virus is char¬ 
acterized by its high genetic variability 
resulting from the genetic drift of individual 
gene segments and from reassortment of 
gene segments when ruminants or the 
vectors are infected with more than one 
strain. The occurrence of different BTV sero¬ 
types varies by geographic region. 

EPIDEMIOLOGY 

Occurrence 

Bluetongue virus has been identified on all 
continents except Antarctica and is consid¬ 
ered endemic in the domestic livestock pop¬ 
ulations of all tropical and subtropical 
countries. Until the end of last century, BTV 
was considered an exotic disease in the Pale- 
arctic, but a series of outbreaks caused by 
different serotypes apparently originating 
from adjacent enzootic regions has occurred 
in the Mediterranean basin since 1998. 5 


Whereas historically the enzootic area was 
considered to be limited to the area between 
latitude 35° S and 50° N, this zone appears to 
have extended to areas north of 53° NN over 
the last decade. BTV outbreaks observed in 
these new regions in the past years are 
thought to be the result of climate change 
from global warming. 

The distribution and intensity of infec¬ 
tion in regions of the continents is deter¬ 
mined by the climate, geography, and 
altitude, which affect the occurrence and 
activity of the Culicoides vectors, and by the 
presence of susceptible mammalian hosts. 
There is a gradation from continuous BTV 
activity in tropical areas to absence of virus 
transmission in colder areas. In large coun¬ 
tries that span different latitudes, such as the 
United States and Australia, there are 
endemic areas and regions that are free of 
BTV infection. 

In endemic areas, the infection is always 
present, but clinical disease of the indigenous 
species is unusual. It can occur with new 
BTV strains and when nonindigenous sus¬ 
ceptible species are introduced to the area. 

Epidemic zones also exist, where infec¬ 
tion and clinical disease occur every few 
years. Infection in these areas is highly focal, 
and outbreaks occur when climatic condi¬ 
tions allow the vector to spread beyond its 
usual boundaries and to infect susceptible 
ruminants. 

Incursive disease can occur in regions 
that do not normally experience infection 
and may be caused by windborne movement 
of infected Culicoides with subsequent insect 
breeding in the summer before “die-out” in 
the autumn and winter. This method of 
spread is thought to have been the genesis of 
several serious outbreaks of bluetongue in 
countries normally free of the disease and of 
the outbreaks in Portugal in 1956, in Cyprus 
in 1977, in Turkey and Greece in 1979 to 
1980, and in Israel in 1960 to 1980. The 
recent epidemic of BTV-8 in northern and 
central Europe between 2006 and 2008, 
which caused the most severe outbreak of the 
disease on record, made clear that alterna¬ 
tive, thus far unidentified, ways of virus 
introduction into previously unaffected 
regions must be considered. This serotype 8, 
which was previously was only identified in 
the sub-Saharan region, was first isolated in 
the Netherlands in 2006, having entirely 
bypassed the southern part of the continent. 
To this day no plausible explanation for the 
introduction of serotype 8 into the northern 
European region has been proposed. 

In the United States the prevalence of 
seropositive cattle varies from high in the 
southern and western states to low in the 
northern states, especially the northeastern 
states. In the northwestern region, there are 
epidemics of infection in the summer and 
fall every few years, associated with move¬ 
ment of infected vectors from the south. 
Canada is free of infection except for 


periodic incursions into the Okanagan 
Valley in British Columbia from windborne- 
infected Culicoides from south of the border. 
In Australia, there has been a sequential 
introduction of bluetongue serotypes from 
Indonesia by windborne Culicoides spp., but 
endemic infection is limited to northern 
cattle areas with extension down the East 
Coast. In central and northern Europe and 
the United Kingdom, no new cases of BTV 
have been recorded since 2009, and thus 
wide parts of the continent have been 
declared free of BTV In southern Europe 
BTV is currently present in the southern part 
of Italy, Spain, Portugal, and Corsica. 6 

Host Occurrence 

Under natural conditions infection occurs in 
sheep and cattle, but it is also recorded in 
New World camelids, elk, white-tailed deer, 
pronghorn antelope, camels, and other wild 
ruminants. Natural infection rarely occurs in 
goats, but the infection can be transmitted 
experimentally. Although clinical disease 
primarily occurs in sheep, certain strains are 
highly virulent in cattle and wild ruminants. 
Cattle are the major reservoir host. In 
carnivores, infection after vaccination with 
BTV-contaminated vaccines has been 
documented. 

Method of Transmission 

The disease is not contagious and is almost 
exclusively transmitted biologically by spe¬ 
cific species of Culicoides. There are approx¬ 
imately 1500 species of Culicoides worldwide, 
of which only limited types have been asso¬ 
ciated with BTV. Only about 50 Culicoides 
species are susceptible to BTV infection. Of 
these species, only those having ruminants 
as sole or predominant hosts are epidemio- 
logically relevant for the transmission 
of BTV 

Culicoides breed in damp, wet areas, 
including streams, irrigation channels, 
muddy areas, and fecal runoff areas around 
farms, and habitats for them exist on the 
majority of farm environments. Only female 
Culicoides are hematophagous and feed 
on their main or preferred host species, 
requiring at least one blood meal for the 
completion of the ovarian cycle. They 
feed nocturnally on animals in open pens 
and fields, and the optimal temperatures 
for activity are between 13°C and 35° C (55° 
and 95° F). 

Virus present in ingested blood cells 
infects cells of the midgut of the vector, rep¬ 
licates, and subsequently is released to the 
salivary gland. The virus is then transmitted 
through saliva to the host the infected midge 
is feeding on. Vertical transmission of infec¬ 
tious virus from adult midge to its larvae 
does not appear to occur. In temperate areas 
the disease is seasonal because Culicoides do 
not tolerate low ambient temperatures, 
resulting in a vector-free season during late 
fall and winter. 







Culicoides Species 

Different Culicoides species have different 
geographic occurrence, and their distribu¬ 
tion in a country is determined by climatic 
factors and the presence of a preferred host. 
In the United States, C. sonorensis is the pre¬ 
dominant vector throughout much of the 
country, except in the southeast, where it is 
C. insignis. C. insignis is also the predomi¬ 
nant vector for most BTV strains in the 
Caribbean and Central and South America. 
Other epidemiologically relevant Culicoides 
species in this region are C. pucillus, C. insig¬ 
nis, C. pusillus, and C. filarifer. In Africa, C. 
imicola is a predominant vector, and in the 
Middle East and Asia, C. fulvis, C. imicola, 
C. obsoletus, C. nudipalpis, and C. orientalis. 
In Australia, C. wadai, C. actoni, C. brevitar- 
sis, C. peregrinus, C. oxystoma, C. brevipalpis, 
and C.fulvus are vectors or potential vectors. 
They have different distribution in the 
country, which oscillates depending on 
climate. C. imicola has been involved in the 
recent expansion of bluetongue in southern 
Europe, but C. obsoletus, C. pulicaris, and C. 
dewulfi have been implicated as new vectors 
associated with recent BTV outbreaks in 
central and northern Europe, where C. 
imicola does not occur. 

Other Vectors 

Other vectors may transmit the disease 
mechanically but are unlikely to be of major 
significance in disease epizootics. The argasid 
tick Ornithodoros coriaceus has been shown 
experimentally to be capable of transmitting 
the virus and be a potential vector. The sheep 
ked ( Melophagus ovinus) ingests the virus 
when sucking the blood of infected sheep 
and can transmit the infection in a mechani¬ 
cal manner. Mosquitoes may play a role in 
transmission, and Aedes lineatopennis and 
Anopheles vagus have been suspect. 

Overwintering 

Survival of the virus during the vector-free 
season is termed overwintering. As is docu¬ 
mented by an annual recrudescence of blue- 
tongue in several temperate areas, BTV can 
survive several months of cold season pre¬ 
sumably in the absence of adult biological 
vectors. The mechanisms involved are not 
yet fully understood. Proposed hypotheses to 
explain the overwintering ability of BTV 
include persistence of the virus within sur¬ 
viving adult vectors, transovarian transmis¬ 
sion within the vector, and prolonged or 
even persistent infection of viremic or avire- 
mic vertebrate hosts. 5 The average life span 
of an adult Culicoides is between 10 and 20 
days but can occasionally extend up to 
3 months. 7 In addition, entomologic surveil¬ 
lance in northern Europe has demonstrated 
the presence of a small number of 
active Culicoides during the winter season 
inside barns. 8 Overwintering within the 
adult vector population has therefore been 
proposed as a plausible explanation for a 
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sustained BTV transmission cycle. In con¬ 
trast, no evidence supporting vertical (trans¬ 
ovarian) transmission of BTV within the 
vector is currently available. 

Overwintering of BTV could also occur 
in hosts with prolonged viremic phases, such 
as cattle, where viremia commonly lasts 
between 20 and 50 days. 9 It is assumed that, 
in general, viremia in cattle ceases by 60 
days after infection, although viremic phases 
of up to 100 days have been reported. 10 

Transplacental Infection 

Transplacental infection has been docu¬ 
mented experimentally and under field con¬ 
ditions after infection with modified live 
laboratory strains commonly used for 
vaccine production (modified live vaccines), 
suggesting that modification of BTV field 
strains can markedly increase the ability of 
the virus to cross the placenta and cause fetal 
infection. Of the 26 currently known wild- 
type serotypes, only serotype 8 was repeat¬ 
edly documented to cause fetal infection 
through transplacental transmission in cattle 
and sheep under field conditions. 11,12 Before 
the appearance of BTV-8 the observed inci¬ 
dence of transplacental transmission was 
estimated to be near zero, and the few docu¬ 
mented cases were associated to the use of 
modified live vaccines. 13 In contrast, trans¬ 
placental virus transmission after infection 
with wild-type BTV-8 was shown to occur 
with considerable frequency. 14 A study con¬ 
ducted during the BTV-8 epidemic in north¬ 
ern Europe between 2006 and 2008 revealed 
that virus RNA could be retrieved from 41% 
of aborted fetuses where BTV was suspected 
as causative pathogen and from over 18% of 
fetuses where BTV was not suspected as 
cause of abortion. 11 

Although the epidemiologic relevance of 
the vertical transmission of certain BTV 
serotypes is to be determined, intrauterine 
infection of the fetus, possibly resulting in a 
virus-shedding neonate, also presents a pos¬ 
sible mechanism for virus survival during 
the vector-free season. 

The outcome of transplacental infection 
primarily depends on the stage of pregnancy 
at the time of infection of the dam and can 
range from abortion to different sorts of 
congenital defects to healthy-looking lambs 
or calves. Infection or vaccination of the 
dam with virus strains capable of crossing 
the placenta at early stages of pregnancy 
most commonly results in abortion. Con¬ 
genital defects of the nervous system can 
occur when pregnant ewes or cows are 
exposed to BTV-8 or vaccinated with attenu¬ 
ated vaccine virus before midgestation. At 
birth, affected neonates characteristically 
also have circulating BTV-specific antibod¬ 
ies before ingestion of colostrum but no 
infectious BTV. Dams infected at a later 
stage of pregnancy give birth to calves 
without congenital malformation that may 
be viremic with or without BTV-specific 


antibody titer. The viremic phase of newborn 
calves infected in utero is of similar duration 
as in animals infected after birth. BTV 
infection in cattle is therefore considered 
to be transient and neither persistent nor 
immunotolerant. 15 

Observed congenital defects include 
excessive gingival tissue, agnathia (tilted 
mandible), arthrogryposis, hydranenceph- 
aly, and porencephaly. The severity of the 
brain lesions decreases with increasing fetal 
age. Infection at 243 days results in a mild 
encephalitis and the premature birth of 
calves that are still viremic but poorly viable. 

Persistent Infection 

Persistent infection in immunotolerant 
animals following in utero infection has been 
implied in a single study and was conse¬ 
quently thought to be of paramount epide¬ 
miologic importance. However, a large 
number of experimental and field studies 
failed to produce any evidence supporting 
the occurrence of persistent infection or the 
existence of a BTV carrier status. Persistent 
infection is therefore currently considered a 
highly unlikely scenario. 

Venereal Transmission 

Bluetongue virus can be found in the semen 
of infected bulls during the viremic period, 
and infection has been transmitted through 
bull semen to susceptible cows, but it is 
unlikely that this is a significant mechanism 
of transmission. Transplanted embryos from 
infected donors are free of the virus because 
it does not appear to penetrate the zona pel- 
lucida. Embryo transfer is regarded as a 
minimal risk procedure for the transmission 
of BTV in cattle and sheep as long as the 
guidelines of the International Embryo 
Transfer Society (IETS) are followed. Rec¬ 
ommended procedures include visual 
inspection, rigorous washing of the embryo, 
and, in some instances, treating with trypsin 
to inactivate infectious virus particles. Virus 
transmission when doing embryo transfers 
could occur as a result of contamination of 
media or equipment used to manipulate the 
embryos. 16 

Oral Transmission 

Studies reporting or suggesting oral 
transmission BTV have been published 
recently. These studies include one report of 
infection of adult cattle after ingestion of 
BTV-8-infected placenta and several reports 
where infection of newborn calves after 
consumption of infected colostrum was 
described. 1 19 The epidemiologic relevance if 
this route of transmission remains to be 
determined. 

Pathogen and Vector Risk Factors 

The geographic occurrence of bluetongue 
serotypes varies and is changing with time. 
There are differences in virulence between 
serotypes. The virulence of the virus is also 
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related to the infectious dose, which, among 
other factors, depends on the vector species, 
its competence, and its occurrence. Different 
Culicoides species vary in susceptibility to 
infection (i.e., vector competence), and some 
known vectors are resistant to infection with 
some serotypes, which in part explains 
regional differences in serotype occurrence. 

Climate 

Climate is a major risk factor because Culi¬ 
coides require warmth and moisture for 
breeding and calm, warm, humid weather 
for feeding. A cold winter or a dry summer 
can markedly reduce vector numbers and 
risk for disease. Moisture may be in the form 
of rivers and streams or irrigation, but rain¬ 
fall is the predominant influence; rainfall in 
the preceding months is a major determinant 
of infection. 

Precipitation affects the size and persis¬ 
tence of breeding sites and the availability of 
humid microhabitats to allow shelter from 
desiccation during hot summer and autumn 
periods. Optimal temperature is also essen¬ 
tial for survival and activity of the vector and 
for virus replication within the vector. 
Ambient temperatures for survival of adult 
midges and larvae must be above a mean of 
13°C (55°F) and range between 18° and 
30° C (64° and 86° F) for optimal adult activ¬ 
ity. The rate of virus replication within an 
infected midge also largely depends on the 
ambient temperature. Whereas at 30° C 
midges may start shedding virus within days 
of infection, this takes several weeks at 
ambient temperatures of 15°C (59° F). 1 Virus 
replication within the vector apparently 
ceases completely at temperature below 
approximately 12°C (54°F), although the 
virus may persist in infected midges and rep¬ 
lication may resume with increasing tem¬ 
peratures. 1 Geographic information systems 
(GIS) can be used to predict area risk. 

Serotype Occurrence 

Genetic studies indicate that BTV tends to 
exist in discrete, stable ecosystems and that 
BTV serotypes that circulate in one region of 
the world are largely different from those in 
other regions. In the United States, four 
serotypes (10,11, 13, and 17) associated with 
C. sonorensis are considered endemic south 
of the so-called “Sonorensis Line” going 
from Washington in the West to Maryland in 
the East. Serotype 2 is another strain occur¬ 
ring in the United States, but it is restricted 
to the southeast of the country, the habitat of 
C. insignis. 

In the Caribbean region and South and 
Central America, serotypes 1, 3, 5, 6, 8, 12, 
14, 17, 19, 22, and 24 were reported. In Aus¬ 
tralia, BTV is endemic in the northern and 
northeastern areas of the country, and most 
of the western, southern, and central parts of 
the country are considered free of blue- 
tongue. 20 Serotypes 1 and 21 are the predom¬ 
inant strains in northwestern Australia, the 


Northern Territory, Queensland, and the 
northeastern areas of New South Wales. 21 In 
total 10 serotypes (1, 2, 3, 7, 9, 15, 16, 20, 21, 
and 23) have been isolated in the country. Six 
of these (3, 9, 15, 16, 20, and 23) have only 
been found in the north of the Northern Ter¬ 
ritory. Since 2008, BTV-2 has been detected 
in northern and eastern Australia, in regions 
in which only serotypes 1 and 21 had been 
recorded previously. 21 The virus has been iso¬ 
lated from infected Culicoides and sentinel 
animals, and although there is serologic evi¬ 
dence of infection in Queensland and New 
South Wales, there has been no clinical 
disease. In Africa, 22 of the known 26 sero¬ 
types have been identified. Serotypes 1, 16, 
18, 19, and 24 are the predominant serotypes 
isolated, and serotypes 20, 21, 25 and 26 are 
considered exotic. 22 In Asia, serotypes 1, 4, 
7, 9, 10, 12, 16, 17, 20, 21, and 23 have been 
identified. The new serotype 26 was recently 
identified in Kuwait. 4 Serotypes 1, 2, 4, 6, 8, 
9, 11, and 16 are associated with disease in 
the expansion of BTV infection in Europe 
since 1998. BTV serotype 8 is the strain asso¬ 
ciated with repeated BTV outbreaks observed 
between 2006 and 2008 affecting most of 
central and northern Europe, including the 
United Kingdom and parts of Scandinavia. 23 
Serotypes 6 and 11 isolated in northern 
Europe in that same period have been related 
to vaccine strains used in modified live vac¬ 
cines produced in South Africa and are 
thought to have been introduced through the 
illegal use of modified live vaccines in the 
region. 1 Currently, large parts of Europe are 
declared free of BTV. Exceptions are Spain 
(serotypes 1 and 4), Portugal (serotype 1), 
the southern part of Italy (serotypes 1, 2, 4, 
8,9, 16), Corsica (serotypes 1,2, 4, 8,16), the 
Channel Islands (serotypes 1, 8), Cyprus 
(serotypes 4 and 6), and the Greek islands of 
Lesbos, Dodekanisa, and Samos (serotypes 1, 
4, 8, 16). 6 

Host Risk Factors 

Although all ruminant species are suscepti¬ 
ble to infection with BTV, most virulent 
strains cause clinical disease primarily in 
sheep, whereas infection often remains 
asymptomatic in the majority of infected 
cattle, goats, and wild ruminants. 

Cattle 

Although some BTV strains, such as sero¬ 
type 8, can cause severe clinical disease in 
cattle, infection with most other virulent 
BTV strains remains subclinical or causes 
only mild clinical signs in this species. Cattle 
are therefore considered the reservoir and 
amplifying host and have a high titer 
viremia. Cattle appear to be much more 
attractive to Culicoides spp., and this may 
enhance the importance of cattle as carriers. 
A critical density of cattle in a region may 
be required to sustain bluetongue in regions 
where the Culicoides vector is strongly cattle 
associated. Seroprevalence increases with 


age, probably a reflection of increased dura¬ 
tion of exposure. 

Sheep 

All breeds of sheep are susceptible to infec¬ 
tion, although to varying degrees. European 
fine-wool and mouton breeds are most sus¬ 
ceptible to severe clinical disease. There are 
also differences in age susceptibility to clini¬ 
cal disease, which, inexplicably, vary with 
different outbreaks. Exposure to solar radia¬ 
tion can increase the severity of the disease, 
as can excessive droving, shearing, poor 
nutrition, and other forms of stress. 

Goats and Wild Ruminants 

Goats, like other ruminant species, are sus¬ 
ceptible to infection but rarely show clinical 
signs. Among wild ruminants, white-tailed 
deer and pronghorn antelopes were found to 
be highly susceptible to infection resulting in 
clinical disease. Surveys conducted through¬ 
out Europe during the epidemic caused by 
BTV serotype 8 documented the broad sus¬ 
ceptibility to infection of the wild ruminant 
population. 24,25 

New World Camelids 

Evidence for natural infection of South 
American camelids with different BTV sero¬ 
types is available from Peru, the Unites 
States, and Europe, where seroconversion in 
unvaccinated animals has been reported. 26 ' 28 
Following the recent BTV-8 outbreak in 
northern and central Europe, a mean animal 
seroprevalence of 14.3% of the tested New 
World camelid population was reported in 
Germany, a value that is considerably 
below prevalence rates determined in other 
ruminant species in the same region. 28 His¬ 
torically, South American camelids were 
considered to be resistant to clinical blue- 
tongue, but incidental case fatalities that 
have been associated with BTV infection 
have been reported in the recent literature. 29 ' 31 

Morbidity and Case Fatality 

When the disease occurs in a flock for the 
first time, the incidence of clinical disease 
may reach 50% to 75% and the mortality 20% 
to 50%. Outbreaks in Cyprus and Spain were 
accompanied by mortality rates of 70% in 
affected flocks, but most outbreaks result in 
much lower mortality. Mortality rates of 2% 
to 30% are reported under field conditions in 
South Africa and from 0% to 14% in field 
outbreaks in the United States. High mortal¬ 
ity can occur when a new strain of BTV 
emerges in an area. 

Before the occurrence of BTV-8 in north¬ 
ern and central Europe, bluetongue in cattle 
was considered a predominantly subclinical 
disease, and clinical cases were observed 
sporadically only. During the European 
BTV-8 outbreak between 2006 and 2008, 
morbidity rates ranging from 0% to 32% 
were reported. Mortality ranged between 0% 
and 17% in sheep and 0% and 4% in cattle. 32 





Immunity to BTV tends to be strain spe¬ 
cific, and in epizootics, more than one strain 
may be introduced into an area. Infections 
caused by different serotypes may follow one 
another in quick succession in a sheep popu¬ 
lation. The serotypes vary widely in their 
virulence, with a corresponding variation in 
the severity of the disease produced. 
However, sequential infection with more 
than one type of BTV results in the develop¬ 
ment of heterotypic antibody and may result 
in protection against heterologous serotypes 
not previously encountered. 

Experimental Reproduction 

Infection is readily produced by experimen¬ 
tal infection of sheep, cattle, and New World 
camelids, but it is common for the clinical 
presentation of the experimental disease to 
be very mild despite the fact that the isolate 
might have been associated with severe 
disease in the field. In many cases experi¬ 
mental infection produces viremia, fever, 
leukopenia, and an antibody response, but 
the localizing, identifying lesions are often 
minimal, with erythema of the coronary 
bands as the only visible abnormality in 
some cases. 

Economic Importance 

Economic losses from bluetongue are attrib¬ 
utable to direct effects of the infection, such 
as animal losses and abortion, to which costs 
associated with treatment and disease control 
have to be added. Production losses are also 
of great importance in sheep and cattle alike. 
Adult sheep either lose their fleece from a 
break in the growth of the staple or develop 
a weakness (tender wool) that causes breaks 
in processing and markedly reduces the 
value of the fleece. Pregnant ewes commonly 
abort. There is a severe loss of condition, and 
convalescence is prolonged, particularly in 
lambs. The loss from clinical disease and 
from reduced wool quality and suboptimal 
production following infection in sheep are 
significant. Production losses associated with 
the BTV-8 outbreak in Europe affecting the 
dairy industry were estimated to be consid¬ 
erably higher compared with sheep in part 
because of the higher value of the individual 
animal, but also because of the marked and 
sustained effect on milk production lasting 
for several weeks (up to 2 kg per cow and 
day) and the increased incidence of repro¬ 
ductive failures.’ 3 

Major financial losses result from restric¬ 
tions in international trade. The severe 
disease that occurred in the outbreaks in 
Cyprus and the Iberian Peninsula in the 
1940s and 1950s resulted in bluetongue 
being placed on List A of veterinary diseases 
by the OIE. At the time, persistent infection 
of ruminants resulting in carrier animals was 
thought to be a major factor explaining the 
worldwide spread of the disease; as a result, 
restrictions on the international movement 
of cattle and sheep and their products from 
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countries that have this infection to those 
that do not have been instituted. For coun¬ 
tries where BTV virus is endemic and clini¬ 
cal disease is rare, such as the United States, 
costs resulting from these trade restrictions 
by far outweigh direct costs related to the 
disease. It is estimated that the United 
States has an annual loss of $144 million 
because of the inability to trade with BTV- 
free countries. 

PATHOGENESIS 

Sheep 

The pathology of bluetongue can be attrib¬ 
uted to vascular endothelial damage result¬ 
ing in changes to capillary permeability and 
fragility, with subsequent disseminated 
intravascular coagulation and necrosis of 
tissues supplied by damaged capillaries. 
These changes result in edema, congestion, 
hemorrhage, inflammation, and necrosis. 

Following inoculation of the virus 
through the skin by a bite of an infected 
vector, the virus reaches the regional lymph 
node, where a first replication occurs. The 
virus that targets all blood cells and throm¬ 
bocytes is then disseminated by these cells 
throughout the entire organism. Secondary 
virus replication takes place in lymphoid 
tissues such as the lymph nodes and spleen 
and particularly in the lungs. Viremia is 
detectable by day 3, and peak viremia, asso¬ 
ciated with fever and leukopenia, usually 
occurs 6 to 7 days after infection. Circulating 
virus concentrations subsequently fall with 
the appearance of circulating interferon and 
specific neutralizing antibodies. With the 
viremia, there is localization of the virus in 
vascular endothelium, which causes endo¬ 
thelial cell degeneration and necrosis with 
thrombosis and hemorrhage. There is also 
the development of a hemorrhagic diathesis 
and coagulation changes consistent with dis¬ 
seminated intravascular coagulation. The 
distribution of the lesions is thought to be 
influenced by mechanical stress and the 
lower temperatures of these areas in relation 
to the rest of the body. 

Cattle and Wild Ruminants 

With infection in cattle and wild ruminants 
by most virus strains, endothelial cell damage 
is minimal. The viremia in cattle is highly cell 
associated, particularly with erythrocytes 
and platelets. Although the virus does not 
replicate in the erythrocytes, it is protected 
from circulating neutralizing antibody, and 
infected erythrocytes are likely to circulate 
for their life span. With the life span of 
bovine erythrocytes being longer than that of 
ovine erythrocytes, this results in the pro¬ 
longed viremia in cattle with concomitant 
presence of neutralizing antibodies. Although 
virus RNA may be detectable for up to 140 
days after infection, the viremic phase (i.e., 
period of presence of infectious virus in 
blood) rarely exceeds 60 days. Viremic 
phases of up to 100 days have been reported 


incidentally. 10 Before the BTV-8 outbreak in 
Europe, sporadic clinical cases observed 
in cattle were thought to be the result of 
type I hypersensitivity reaction triggered 
by repeated exposure to virus-specific IgE. 

In white-tailed deer, which are highly 
susceptible to bluetongue, disseminated 
intravascular coagulopathy (DIC) develops 
as a result of BT V-induced vascular damage. 
Affected animals develop potentially life- 
threatening hemorrhagic diathesis. 15 

CLINICAL FINDINGS 
Sheep 

Naturally occurring florid bluetongue in 
sheep has the following clinical characteris¬ 
tics. After an incubation period of less than 
a week, a severe febrile reaction with a 
maximum temperature of 40.5° to 41° C 
(105-106°F) is usual, although afebrile cases 
may occur. The fever continues for 5 or 6 
days. About 48 hours after the temperature 
rise, nasal discharge and salivation, with red¬ 
dening of the buccal and nasal mucosae, are 
apparent. The nasal discharge is mucopuru¬ 
lent and often blood stained, and the saliva 
is frothy. Swelling and edema of the lips, 
gums, dental pad, and tongue occur, and 
there may be involuntary movement of the 
lips. Excoriation of the buccal mucosa 
follows, the saliva becomes blood stained, 
and the mouth has an offensive odor. 

Lenticular necrotic ulcers develop, par¬ 
ticularly on the lateral aspects of the tongue, 
which may be swollen and purple in color, 
but more commonly is not. Hyperemia and 
ulceration are also common at the commis¬ 
sures of the lips, on the buccal papillae, and 
around the anus and vulva. Swallowing is 
often difficult for the animal. Respiration is 
obstructed and stertorous and is increased in 
rate up to 100/min. Diarrhea and dysentery 
may occur. 

Foot lesions, including laminitis and 
coronitis and manifested by lameness and 
recumbency, appear only in some animals, 
usually when the mouth lesions begin to 
heal. The appearance of a dark-red to purple 
band in the skin just above the coronet, as a 
result of coronitis, is an important diagnostic 
sign. Wryneck, with twisting of the head and 
neck to one side, occurs in a few cases, 
appearing suddenly around day 12. This is 
apparently attributable to the direct action of 
the virus on muscle tissue, as is the pro¬ 
nounced muscle stiffness and weakness, 
which is severe enough to prevent eating. 
There is a marked and rapid loss of condi¬ 
tion. There is facial swelling with extensive 
swelling and drooping of the ears, and hyper¬ 
emia of the nonwooled skin may be present. 
Some affected sheep show severe conjuncti¬ 
vitis, accompanied by profuse lacrimation. A 
break occurs in the staple of the fleece. Vom¬ 
iting and secondary aspiration pneumonia 
may also occur. Death in most fatal cases 
occurs about 6 days after the appearance 
of signs. 
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In animals that recover, there is a long 
convalescence, and a return to normal may 
take several months. Partial or complete loss 
of the fleece is common and causes great 
financial loss for the farmer. Other signs 
during convalescence include separation or 
cracking of the hooves and wrinkling and 
cracking of the skin around the lips and 
muzzle. Although the subsequent birth of 
lambs with porencephaly and cerebral necro¬ 
sis is usually recorded after vaccination with 
attenuated virus, it also occurs rarely after 
natural infections. 

In sheep in enzootic areas, the disease is 
much less severe and often inapparent. Two 
syndromes occur: (i) an abortive form in 
which the febrile reaction is not followed by 
local lesions and (ii) a subacute type in which 
the local lesions are minimal, but emacia¬ 
tion, weakness, and extended convalescence 
are severe. A similar syndrome occurs in 
lambs, which become infected when colos- 
tral immunity is on the wane. 

Cattle 

Most infections are inapparent, although 
some BTV strains, such as serotype 8, are 
highly virulent in cattle. Affected animals 
may develop a clinical syndrome not unlike 
that seen in severely affected sheep. The 
incubation period was estimated to be 
between 6 and 8 days. Although fever in the 
range of 40° to 41° C (104-106° F) is often but 
not consistently observed, affected animals 
are lethargic and show anorexia and a drop 
in milk production. Skin and mucosal lesions 
on the muzzle, oral cavity, and tongue 
develop in early stages of the disease. Lesions 
are characterized by ulceration, necrosis, and 
eventually by superficial crusting. Mucopu¬ 
rulent and sometimes blood-tinged nasal 
discharge and fetid breath is a common 
finding. Hypersalivation and regurgitation 
are often observed. Skin lesions with ery¬ 
thema, ulcers, and necrosis can be found on 
the udder skin, on and around the coronary 
band, and sometimes around the eyes. Local¬ 
ized distal limb edema contributes to the 
observed reluctance to move of affected 
animals. Photodermatitis may develop at 
later stages of the disease (2-3 weeks after 
infection) on unpigmented skin. Contrac¬ 
tion of the infection during early pregnancy 
may cause abortion, stillbirth, or congenital 
deformities, including hydranencephaly, 
microcephaly, arthrogryposis, blindness, and 
deformity of the jaw. 

During the viremic phase, infected bulls 
are likely to shed virus in semen. The pres¬ 
ence of BTV in the semen of bulls is accom¬ 
panied by structural abnormalities of the 
spermatozoa and by the presence of virus 
particles in them. 

Goats 

Infected goats show very little response clini¬ 
cally. There is a mild to moderate fever and 
hyperemia of the mucosae and conjunctivae. 


BTV infections in deer produce an acute 
disease that is clinically and pathologically 
identical to epizootic hemorrhagic disease of 
deer and characterized by multiple hemor¬ 
rhages throughout the body. 

New World Camelids 

Although New World camelids were consid¬ 
ered to be resistant to clinical disease associ¬ 
ated with BTV, several reports of clinical 
disease with fatal outcome have been pub¬ 
lished in the recent literature. 29 ' 31 Common 
to all reports is that only individual animals 
of a flock were affected while the rest of the 
flock remained clinically healthy. Common 
clinical findings were a rapid onset with 
anorexia, lethargy, and rapidly progressing 
respiratory distress. In most cases animals 
became recumbent and died within 24 hours 
of first clinical signs. Postmortem findings 
were severe alveolar edema of the lungs, 
hydrothorax, and hydropericardia, and 
severe congestion of the liver, spleen, and 
kidneys. In one case abortion was reported, 
and virus RNA was retrieved in fetal tissue. 30 

Experimental infection studies and epi¬ 
demiologic field survey suggest that New 
World camelids are susceptible to infection, 
showing seroconversion, but only very rarely 
show clinical signs of disease. 26 ’ 34 

Wild Ruminants 

Among wild ruminants, white-tailed deer 
were found to be most susceptible to blue- 
tongue. Clinical presentation resembles the 
epizootic hemorrhagic disease of deer. Acute 
cases are characterized by hemorrhagic dia¬ 
thesis resulting from disseminated intravas¬ 
cular coagulopathy (DIC). Affected animals 
have widespread hemorrhages throughout 
the body, bloody diarrhea, swelling of 
head and neck, and blood-stained nasal 
discharge. 

CLINICAL PATHOLOGY 

There is a fall in packed cell volume and 
initial leukopenia followed by leukocytosis. 
In severe disease there is marked leukopenia, 
largely as a result of lymphopenia. Infected 
cattle show a similar manifestation of leuko¬ 
penia. The skeletal myopathy that occurs in 
this disease is reflected by a rise in creatine 
phosphokinase. 

Specific diagnosis is either by isolation of 
the virus, detection of viral antigen or nucleic 
acid, or detection of specific antibodies in 
serum. Serologic assays can detect prior 
exposure to BTV but cannot establish if the 
animal is viremic, which is currently still 
important for movement decisions concern¬ 
ing cattle. 

Material that can be used for virus isola¬ 
tion include heparin or EDTA blood; biop¬ 
sies or postmortem tissue samples of the 
spleen, lung, lymph nodes, liver, and bone 
marrow; and, when indicated, heart or skel¬ 
etal muscle tissue and brain tissue of aborted 
or stillborn fetuses. 


Virus Isolation 

Virus isolation commonly is carried out by 
tissue culture or culture in embryonated 
chicken eggs (ECEs). Material obtained from 
inoculated chick embryos can either directly 
be examined (e.g., by using molecular 
methods such as PCR or in vitro hybridiza¬ 
tion) or be further propagated in cell cul¬ 
tures. Cell lines used for this purpose can be 
of insect origin, such as the KC cell lines 
derived from Culicoides sonorensis or mam¬ 
malian cell lines such as the baby hamster 
kidney cells (BHK), calf pulmonary artery 
endothelium cells (CPAE), or African green 
monkey kidney cells (Vero). The cytopathic 
effect produced by BTV is only observed in 
cell lines of mammalian origin. Virus identi¬ 
fication from cell cultures can then be 
conducted by methods such as immunofluo¬ 
rescence and immunoperoxidase assays 
using BTV-specific monoclonal antibodies. 
Virus isolation is the most reliable confirma¬ 
tion of BTV infection because there are dif¬ 
ficulties with the interpretation of serologic 
test results. However, traditional isolation 
methods require 2 to 4 weeks. 

Less commonly, diagnosis is by inocula¬ 
tion of blood into susceptible sheep, a 
method that is considered as one of the most 
sensitive and reliable methods of BTV isola¬ 
tion. A positive test depends on the appear¬ 
ance of clinical signs and/or the mounting of 
a BTV-specific antibody response. This 
method is used occasionally with samples 
containing very low virus titers but has 
widely been replaced by ECE inoculation. 

Detection of Antigen or Nucleic Acid 

Immunohistochemical tests, including 
immunofluorescence, immunoperoxidase, 
and immunoelectron microscopic tech¬ 
niques using monoclonal antibody, can be 
used for rapid sensitive and specific detec¬ 
tion of antigen. In situ nucleic acid hybrid¬ 
ization and reverse-transcription polymerase 
chain reaction (RT-PCR) can be used for 
detection of the virus even after the viremic 
phase. This method has the advantage of 
speed over tissue culture virus isolation and 
can also differentiate between wild-type iso¬ 
lates and vaccine strains. Tests that detect 
viral RNA prove exposure to the virus but do 
not necessarily indicate that infectious virus 
is still present. 

Serologic Tests 

Serologic tests for detection of either group- 
reactive antibodies or serotype-specific anti¬ 
bodies are available. The commonly available 
tests include the complement fixation test 
(CFT), the agar gel immunodiffusion test 
(AGID), a number of different ELISA tests, 
and serum neutralization (SN). The AGID 
test is easy to perform and inexpensive but 
is also relatively insensitive and detects 
cross-reacting antibodies to other orbivi- 
ruses. Over the last decades the CFT and 
AGID have been replaced in many 
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laboratories by the more rapid, sensitive, and 
specific competitive ELISA. 

Numerous ELISA tests have been devel¬ 
oped using group-specific monoclonal 
antibodies and present valuable alternatives 
to the AGID for routine diagnosis and inter¬ 
national trade. The competitive ELISA 
(c-ELISA), which is the most sensitive and 
highly specific group-specific test, is the pre¬ 
ferred test for serodiagnosis of bluetongue. 
The c-ELISA cannot differentiate between 
infection and vaccination with modified life 
vaccines but is ideally suited to identify sero¬ 
conversion in an unvaccinated population or 
to monitor the efficiency of a vaccination 
campaign in noninfected animals. 

The serum neutralization test (SNT) is 
serotype specific and thus allows differentia¬ 
tion between antibodies against specific BTV 
serotypes. The biological detection system 
(either ECE or cell cultures) is reacted with 
a reference serum for specific BTV serotypes, 
and the amount of virus neutralization is 
determined. Although the SNT is highly sen¬ 
sitive and specific, it is also expensive and 
time consuming and is therefore not used as 
routine diagnostic procedure. 

NECROPSY FINDINGS 
Sheep 

Sheep dying from bluetongue show edema¬ 
tous face and ears and a dry, crusty exudate 
on the nostrils and the conjunctiva. The 
coronary bands of the hooves are often 
hyperemic, and hemorrhages may extend 
down to the horn. The oral mucosa is usually 
cyanotic or hemorrhagic, with erosions and 
ulcers commonly affecting the tongue and 
dental part and sometimes extending to the 
rumen and abomasum. Acute cases will 
show subcutaneous and intermuscular 
edema, which may be serous or suffused 
with blood; the lesion is most marked in the 
head, neck, and abdominal regions. There 
may be serous effusions in the pleura, peri¬ 
cardium, and peritoneum. A characteristic 
and almost pathognomonic lesion for 
bluetongue is hemorrhage at the base of the 
pulmonary artery. Foci of muscle necrosis 
may be present in the heart, esophagus, 
pharynx, and other muscles. There may be 
aspiration pneumonia secondary to damaged 
esophageal/pharyngeal musculature, or the 
lungs may be diffusely edematous, especially 
when there are cardiac lesions. 

The outcome of fetal infection in both 
sheep and cattle is age-dependent, with 
distinctive cavitating lesions of the brain 
(hydranencephaly or porencephaly) in 
fetuses that survive infection during early 
gestation, whereas fetuses infected in late 
gestation may be born viremic but without 
brain malformations. 3 ' 

Cattle 

Mortality is less common in cattle. Lesions 
can include severe and extensive ulceration 
of the muzzle, oral mucosa, and teats; 


rhinitis and mucohemorrhagic nasal dis¬ 
charge; epiphora and periocular inflamma¬ 
tion; and limb edema and interdigital 
necrosis and ulceration. ’ 3 In some cases, the 
skin is ulcerated or eroded with a dry, crusty 
exudate, or it may have thick folds, particu¬ 
larly in the neck region. The coronary band 
is often hyperemic, and there may be pulmo¬ 
nary edema and serous effusion into body 
cavities. As in sheep, infected fetuses may 
develop central nervous lesions depending 
on the strain of the virus and the stage of 
gestation when infected. Several cases of con¬ 
genital hydranencephaly and other anoma¬ 
lies were reported in calves during the initial 
outbreaks of BTV serotype 8 in Europe. 35 ' 36 

Microscopically, bluetongue virus infec¬ 
tion in sheep and cattle is characterized by 
thrombosis and widespread microvascular 
damage leading to hemorrhage, edema, 
myodegeneration, and necrosis. Inflamma¬ 
tion is mild. 

Samples for Confirmation 
of Diagnosis 

• Histology—fixed oral and 
mucocutaneous lesions, abomasum, 
pulmonary artery, skeletal muscle from 
a variety of sites, left ventricular 
papillary muscle; brain from aborted 
fetus (light microscopy, 
immunohistochemistry) 

• Virology—chilled lung, spleen; CNS 
tissues, thoracic fluid from aborted 
fetus (ISO, PCR, in situ hybridization, 
ELISA, etc.) 


DIFFERENTIAL DIAGNOSIS 


Foot-and-mouth disease 

Epizootic hemorrhagic disease (wild 
ruminants) 

Contagious ecthyma (sheep) 

Sheep pox (sheep) 

Bovine viral diarrhea/mucosal disease (cattle) 
Malignant catarrhal fever (cattle) 

Acute photodermatitis (cattle) 

Bovine herpes mammillitis (cattle) 

TREATMENT 

There is currently no specific treatment for 
bluetongue available. Symptomatic and sup¬ 
portive treatment should be considered to 
provide relief. Local irrigations with mild 
disinfectant solutions may afford some relief. 
Affected sheep should be housed and pro¬ 
tected from weather, particularly hot sun, 
and fluid and electrolyte therapy and treat¬ 
ment to control secondary infection may be 
desirable. 

CONTROL 

Reduction of Infection Through 
Vector Abatement 

Attempts to control bluetongue through a 
reduction of infection consist of reducing the 


risk of exposure to infected Culicoides and 
reduction in Culicoides numbers. Neither is 
particularly effective. 

Reducing the risk of exposure is attempted 
by spraying cattle and sheep with repellents 
and insecticides and housing sheep at night. 
Biweekly application of permethrin was 
found not to be effective in preventing 
infection. 

During transmission periods, avoidance 
of low, marshy areas or moving sheep to 
higher altitudes may reduce risk. Because of 
the preference of some Culicoides for cattle 
as a host, cattle have been run in close prox¬ 
imity to sheep to act as vector decoys. Wide¬ 
spread spraying for Culicoides control is not 
usually practical and has only a short-term 
effect. 

There is a high mortality in Culicoides 
that fed on cattle that have been treated with 
a standard anthelmintic dose of ivermectin 
and also a larvicidal effect in manure passed 
for the next 28 days for Culicoides that breed 
in dung. 

Movement of ruminants from areas 
where specific BTV strains are circulating to 
regions where this serotype does not occur 
should only be considered after confirmation 
of absence of viremia. 

Vaccination 

Vaccination is the only satisfactory control 
procedure once the disease has been intro¬ 
duced into an area. Vaccination will not 
prevent or eliminate infection, but it is suc¬ 
cessful in keeping losses to a very low level, 
provided immunity to all local strains of 
the virus is attained. Current vaccines are 
usually polyvalent attenuated virus vac¬ 
cines and are in use in South Africa and 
Israel and available in other countries. 
These vaccines have been used in South 
Africa for more than 50 years, and they are 
known to induce effective and long-lasting 
immunity. 

Reactions to vaccination are slight, but 
ewes should not be vaccinated within 3 
weeks of mating because anestrus often 
results. Annual revaccination 1 month 
before the expected occurrence of the disease 
is recommended. Immunity is present 
10 days after vaccination, and thus early 
vaccination during an outbreak may sub¬ 
stantially reduce losses. Lambs from immune 
mothers may be able to neutralize the attenu¬ 
ated virus and fail to be immunized, whereas 
field strains may overcome their passive 
immunity. In enzootic areas, it may therefore 
be necessary to postpone lambing until 
major danger from the disease is passed, and 
lambs should not be vaccinated until 2 weeks 
after weaning. Rams should be vaccinated 
before mating time. 

Live attenuated vaccines should not be 
used in pregnant ewes because of the risk of 
congenital defects in the lambs or embryonic 
death. The danger period is between the 4th 
and 8th weeks of pregnancy, with the greatest 
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incidence of deformities occurring when 
vaccination is carried out in ewes pregnant 
for 5 to 6 weeks. The incidence of congenital 
defects may be as high as 13%, with an 
average of 5%. Abortions do not occur, 
although some lambs are stillborn. 

The preparation and use of attenuated 
vaccines against BTV is problematic. The 
neutralizing epitopes are highly conserved 
on some serotypes, but they are highly plastic 
on others. It is therefore necessary to con¬ 
tinually monitor the identity and prevalence 
of the serotypes that need to be in the 
vaccine. 

There are also concerns for the use of 
attenuated live vaccines to control insect- 
borne diseases because of the risk of the 
vaccine strain being transmitted, of being 
exalted in virulence by passage, and of 
recombinants resulting in the development 
of new virus strains with unwanted charac¬ 
teristics. There is evidence for the emergence 
of a reassortment strain from a vaccine 
virus in the United States and Europe and 
suspicion of occurrence elsewhere. However, 
attenuated live vaccines are used for practical 
reasons, including the fact that inactivated 
vaccines do not provide protection against 
infection. The difficulty in obtaining safe 
vaccines may be overcome by the use of 
recombinant DNA technologies. There is 
also good reason to suggest that cattle should 
be a major target of vaccination for blue- 
tongue control. 

International Movement 
of Livestock 

Countries that are free of BTV infection have 
traditionally erected barriers to avoid its 
introduction by prohibiting the importation 
of any ruminant animals from countries 
where the disease occurs. Others have less 
severe restrictions, and several procedures 
aimed at permitting limited movement are in 
force; their stringency varies with the import¬ 
ing country. Some countries only require a 
negative serologic test or series of tests before 
movement. Others require a negative test in 
conjunction with a period of quarantine. The 
introduction of bovine semen from low-risk 
areas after suitable tests of donors and a pro¬ 
longed storage period is accepted by most 
countries. Most countries allow the importa¬ 
tion of embryos. 

A more enlightened understanding of the 
epidemiology of bluetongue will probably 
result in a reevaluation of these requirements 
in the future, including regionalization 
within a country to allow exports from 
areas where there is no prevalence or 
transmission. 
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MALIGNANT CATARRHAL FEVER 
(BOVINE MALIGNANT CATARRH, 
MALIGNANT HEAD CATARRH) 


SYNOPSIS 


Etiology Alcelaphine herpesvirus-1, the 
wildebeest-associated malignant catarrhal 
fever (MCF) virus; ovine herpesvirus-2, the 
sheep-associated MCF virus 

Epidemiology Highly fatal disease of cattle, 
farmed deer, and bison in the United 
States; Bali cattle (Banteng) in Indonesia; 
and occasionally pigs but rarely goats. 
Disease associated with contact with sheep, 
often weaned lambs, and in Africa also 
with wildebeest calves. Disease may occur 
sporadically or in outbreaks. 

Clinical findings Fever, ocular and nasal 
discharge, erosive stomatitis and 
gastroenteritis, erosions in the upper 
respiratory tract, keratoconjunctivitis, 
encephalitis, cutaneous exanthema, and 
lymph node enlargement. The head and 
eye form is most common, and there is a 
distinctive lesion in the cornea. 

Clinical pathology Competitive 

inhibition enzyme-linked immunosorbent 
assay (ELISA) for serology. Polymerase 
chain reaction (PCR) detection of 
viral DNA. 

Necropsy findings Lymphoproliferative 
disorder involving dysregulation of 
T-lymphocytes. Erosions in gastrointestinal 
tract and lymphadenopathy. Necrotizing 
vasculitis. 

Diagnostic confirmation. Detection of viral 
DNA by PCR. 

Treatment Supportive. 

Control Avoid cattle having contact with 
sheep and wildebeest. 


ETIOLOGY 

Malignant catarrhal fever (MCF) is really 
two diseases, clinically and pathologically 
indistinguishable, but associated with two 
different infectious agents with different 
ecologies: 

• Alcelaphine herpesvirus-1 (A1HV1) is 
now allocated to a new genus Macavirus 
(previously known as Rhadinovirus) of 
the subfamily Gammaherpesvirinae in 
the family Herpesviridae. This is the 
wildebeest-associated MCF virus, 
transmitted to cattle from blue 
wildebeest (Connochaetes taurinus). 

• Ovine herpesvirus-2 (OvHV2) is also a 
Macavirus of the subfamily 
Gammaherpesvirinae. This is the 
sheep-associated MCF virus 
transmitted to cattle from sheep. 

Neither agent appears to transmit from 

cattle to cattle, and neither of the viruses 
causes any disease in the principal hosts, the 
wildebeest and the sheep. A1HV1 can be 
grown in eggs and tissue culture, but OvHV2 










has never been propagated in vitro. The 
molecular genomic structure of these viruses 
is described. A gammaherpesvirus closely 
related to OvHV2 has been isolated from 
goats and called caprine herpesvirus-2 
(CpHV2), and another, also closely related, 
has been isolated from deer and called deer 
herpesvirus (DVH). The pathogenicity of 
these newly recognized viruses is not known. 
Complete genome sequences of A1HV1 
(130,608 base pairs) and OvHV2 (135,621 
base pairs) have been published. 1 

EPIDEMIOLOGY 
Occurrence and Prevalence 

The broad range of natural hosts for MCF 
can be divided into two categories: reservoir 
hosts (sheep, goats, wildebeest) and clinically 
susceptible hosts (cattle, bison, deer). 2 

Alcelaphine MCF 

Wildebeest-associated MCF occurs in most 
African countries in cattle that commingle 
with clinically normal wildebeest and harte- 
beest. It is epizootic and seasonal. It can 
also occur in zoologic gardens in other 
countries. 

Sheep-Associated MCF 

Sheep-associated MCF occurs worldwide. 
Cases mostly occur when cattle have had 
contact with lambing ewes and usually 
start 1 to 2 months later. Goats can also 
act as a source of OvHV2 infection for 
cattle, and rare reports of clinical disease 
in goats exist. 3 Cases without apparent or 
recent exposure to sheep do occur but are 
uncommon. 

The morbidity rate varies. Usually the 
disease is sporadic and presents as a single or 
small number of cases over a short period, 
but on occasion up to 50% of a herd may be 
affected in rare but devastating outbreaks 
that may be short-lived or last for several 
months. The disease with both agents is 
almost always fatal, with rare reports of 
recovery in cattle. 

Besides cattle, MCF is also an important 
disease of farmed deer. It is an occasional 
disease of pigs and is recorded in pigs that 
had contact with sheep on a farm and in a 
petting zoo. 

Methods of Transmission 

Both A1HV1 and OvHV2 appear to be trans¬ 
mitted by contact or aerosol, primarily from 
respiratory secretions of wildebeest calves 
(AlHVl) and weaned lambs (OvHV2) under 
1 year of age. Nose-to-nose contact appears 
to provide the most efficient method of 
spread, but transmission can also occur via 
fomites. 1 The MCF-susceptible species are 
thought to be dead-end hosts that do not 
shed virus and are therefore not infectious. 
Acute MCF in cattle is caused by either 
AlHVl or OvHV2, with almost all cases in 
North American cattle being caused by 
OvHV2. 
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Alcelaphine MCF 

Infection with AlHVl in wildebeest occurs 
in the perinatal period by horizontal and 
occasional intrauterine transmission, and 
infected young wildebeest up to the age of 
about 4 months have viremia and shed virus 
in ocular and nasal secretions. The disease 
is transmitted from wildebeest to cattle 
by contact or over short distances, prob¬ 
ably by inhalation of aerosol or ingestion of 
pasture contaminated by virus excreted by 
young wildebeest in nasal and ocular dis¬ 
charges. In contrast, infected cattle do not 
excrete virus in nasal or ocular secretions. 
The disease can transmit between wildebeest 
and cattle over a distance of at least 100 m, 
and it is suggested that cattle need to be 
kept at least 1 km from wildebeest to avoid 
disease. 

In Kenya the peak incidence of alcelaph¬ 
ine MCF occurs when 3- to 4-month-old 
wildebeest are in maximum numbers. In 
South Africa the peak incidence is at a time 
when young wildebeest are 8 to 10 months 
old and not infectious, requiring that there 
be another, high-volume source of the infec¬ 
tion. The proportion of sheep in a wildebeest 
area that are serologically positive and pre¬ 
sumably infected with the wildebeest- 
associated virus is very high. 

Sheep-Associated MCF 

Virtually all domestic sheep raised under 
natural flock conditions are infected with 
OvHV2, which causes an inapparent infec¬ 
tion in sheep. High rates of seropositivity 
have been found in domestic sheep and goats 
over 1 year of age in several surveys. In a 
study of 14 species of North American wild¬ 
life, a high rate of seropositivity was also 
found in muskox (Ovibos moschatus) and 
bighorn sheep (Ovi's canadensis), suggesting 
that they might be sources of infection. There 
were low seropositivity rates in clinically sus¬ 
ceptible species such as deer and bison. 

In contrast to AlHVl infection in 
wildebeest, the transmission of OvHV2 
between sheep appears minimal in the 
perinatal period. There is no evidence 
for transplacental infection, and although 
antigen, detected by PCR, is present in colos¬ 
trum and milk from infected ewes, the 
majority of lambs are not infected until after 
2 to 3 months of age. The rate of infection in 
lambs and the age at infection is not influ¬ 
enced by passively acquired maternal immu¬ 
nity and appears to be dose dependent. 
Infected sheep excrete OvHV2 in nasal 
secretions, but very high levels of excretion 
occur between 6 and 9 months of age, sug¬ 
gesting that the 6- to 9-month period is the 
time when most virus is shed into the envi¬ 
ronment. Viral antigen has been detected in 
the ejaculate of rams, but there is little epide¬ 
miologic evidence for significant venereal 
transmission. 

The means by which OvHV2 spreads 
from infected sheep to cattle is not known 


but is presumably by inhalation or ingestion 
of respiratory secretions. The common epi¬ 
demiologic association of diseased cattle 
having had contact with lambing ewes sug¬ 
gests that perinatal lambs play a role in trans¬ 
mission similar to that played by wildebeest 
calves; however, the age at infection of lambs 
and the excretion patterns of the virus do not 
fit this assumption. Shedding from ewes does 
not increase in the lambing period. Contact 
with ewes is not a prerequisite, one outbreak 
having occurred when cattle commingled 
with rams. Infection can also occur when 
sheep and cattle are housed in the same 
building but with no common contact 
through feeding or watering points. 

An interesting insight into transmission 
is provided by a Canadian outbreak where 
45/163 bison died following exposure for less 
than 1 day to sheep at a sale barn. 5 Bison 
deaths started 50 days later and peaked at 60 
to 70 days after exposure to sheep, with the 
last death occurring 7 months after initial 
exposure. Despite the high mortality rate, 
there was no evidence of bison-to-bison 
transmission. 

Occasional cases occur in cattle that have 
had no apparent contact with sheep, and the 
persistence of the infection in a particular 
feedlot, or on a particular farm, from year 
to year when no contact with sheep exists, 
is unexplained. Persistence of the virus on 
inanimate fomites has been suggested, but 
the virus is a most fragile one, and this seems 
unlikely. The observation that some recov¬ 
ered cattle show a persistent viremia for 
many months suggests that carrier cattle may 
be the source of these carryover infections. 
In addition, the virus, detected by PCR, has 
been demonstrated in cattle and farmed 
deer with no evidence of MCF disease. 
It is possible that stress could activate a 
latent infection in animals with no sheep 
contact. 

Experimental Reproduction 

Sheep-associated MCF virus does not repli¬ 
cate in tissue culture. It has a close associa¬ 
tion with lymphoblastoid cells, particularly 
large granular lymphocytes, which can be 
grown in tissue culture and induce MCF 
when injected. MCF can also be trans¬ 
mitted to cattle by transfusion of large 
volumes of blood if given within 24 hours 
of collection. Wildebeest-associated MCF 
virus can be readily transmitted by several 
routes. It has been adapted to grow on egg 
yolk sac and tissue culture, and transmis¬ 
sion to rabbits to yolk sac to cattle has been 
achieved. 

Environment Risk Factors 

The disease shows the greatest incidence in 
late winter, spring, and summer months. 
There have been suggestions that copper 
deficiency or exposure to bracken fern might 
be environmental stressors that predispose 
the expression of the disease in cattle. 
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Animal Risk Factors 

Clinical disease had been described in over 
30 species of ruminants. In Africa, assorted 
wild ruminants contract the disease and 
suffer a severe illness and a high mortality 
rate. Similar species in zoos are also com¬ 
monly affected, for example, Pere Davids 
deer ( Elaphurus davidianus) and Greater 
kudus ( Strepsiceros kudu). 

Among domestic animals, all ages, races, 
and breeds of cattle are equally susceptible, 
but banteng ( Banteng sondaicus), buffalo 
C Bubalus bubalis), bison ( Bison bison), and 
deer are more susceptible and suffer a more 
severe form of the disease than do commer¬ 
cial cattle. Bison are estimated to be approxi¬ 
mately 1000 times more susceptible to 
clinical MCF than cattle. 2 Disease is recorded 
in captive deer or farmed deer including sika 
deer ( Cervus nippon), roe deer ( Capreolus 
capreolus), white-tailed deer ( Odocoileus vir- 
ginianus), rusa deer (C. timorensis), and red 
deer (C. elaphus). 

MCF is considered one of the most 
important diseases of farmed deer. The clin¬ 
ical signs and necropsy findings closely 
resemble those of MCF in cattle, but the 
morbidity and mortality can be disastrously 
high, resulting in heavy losses for the deer 
farmer. 

Economic Importance 

Losses attributable to the disease can be cata¬ 
strophic on rare individual farms. For the 
most part it is a nuisance because of its 
resemblance to mucosal disease and blue- 
tongue and its historic resemblance to rin¬ 
derpest, which has been eradicated. 

PATHOGENESIS 

MCF is a fatal, multisystemic disease charac¬ 
terized by lymphoid proliferation and infil¬ 
tration and widespread vascular epithelial 
and mesothelial lesions, which are morpho¬ 
logically associated with lymphoid cells. 
CD8+ T-lymphocytes are the predominant 
cells associated with the vascular lesions. 
Involvement of the vascular adventitia 
accounts for the development of gross 
lesions, including the epithelial erosions and 
keratoconjunctivitis. The lymph node 
enlargement is a result of atypical prolifera¬ 
tion of sinusoidal cells. The cerebromenin- 
geal changes, usually referred to as 
encephalitis, are in fact a form of vasculitis. 
There is commonly synovitis, especially 
involving tibiotarsal joints, and this also is 
associated with a lymphoid vasculitis. It is 
thought that the pathogenesis of this disease 
is the result of direct virus-cell interactions 
or perhaps immune-mediated responses 
directed against infected cells. 

CLINICAL FINDINGS 

The incubation period in natural infection 
varies from 3 to 8 weeks, and after artificial 
infection averages 22 days (14 to 37 days). 
MCF is described as occurring in a number 


of forms, although fever, corneal edema, and 
oculonasal and oral lesions are almost always 
present in cattle with acute MCF. The forms 
identified are: 

• Peracute 

• Alimentary tract form 

• Common “head-and-eye” form 

• Mild form 

However, these forms are all gradations, with 
cases being classified on the predominant 
clinical signs. In serial transmissions with 
one strain of the virus, all of these forms may 
be produced. The most common manifesta¬ 
tion is the head-and-eye form. 

In cattle, the presence of nasal discharge, 
corneal edema, fever, and lymphadenopathy 
is very helpful in differentiating MCF from 
mucosal disease or bluetongue. 6 The mean 
duration of clinical signs before death in one 
outbreak was 6 days, with a range of 1 to 
26 days. 7 

Head-and-Eye Form 

There is a sudden onset of the following 
symptoms: 

• Extreme dejection 

• Anorexia 

• Agalactia 

. High fever (41° to 41.5°C [106-107°F]) 

• Rapid pulse rate (100 to 120/bpm) 

• Profuse mucopurulent nasal discharge 

• Severe dyspnea with stertor as a result of 
obstruction of the nasal cavities with 
exudate 

• Ocular discharge with variable degrees 
of corneal edema 

• Blepharospasm and uveitis 

• Congestion of scleral vessels 
Superficial necrosis is evident in the ante¬ 
rior nasal mucosa and on the buccal mucosa. 
This begins as a diffuse reddening of the 
mucosa and is a consistent finding at about 
day 19 or 20 after infection. Discrete local 
areas of necrosis appear on the hard palate, 
gums, and gingivae. The mouth is painful at 
this time, and the animal moves its jaws care¬ 
fully, painfully, and with a smacking sound. 
The mucosa as a whole is fragile and splits 
easily. The mouth and tongue are slippery, 
and the mouth is hard to open. The erosive 
mucosal lesions may be localized or diffuse. 
Lesions may occur on the following areas: 

• Hard palate 

• Dorsum of the tongue 

• Gums below the incisors 

• Commissures of the mouth 

• Inside the lips 

The cheek papillae inside the mouth are 
hemorrhagic, especially at the tips, which are 
later eroded. At this stage there is excessive 
salivation, with saliva that is ropelike and 
bubbly hanging from the lips. The skin of the 
muzzle is extensively involved, commencing 
with discrete patches of necrosis at the nos¬ 
trils that soon coalesce, causing the entire 
muzzle to be covered by tenacious scabs. 
Similar lesions may occur at the skin-horn 
junction of the feet, especially at the back of 


the pastern. The skin of the teats, vulva, and 
scrotum in acute cases may slough off 
entirely upon touch or become covered with 
dry, tenacious scabs. 

Nervous signs, particularly weakness in 
one leg, incoordination, a demented appear¬ 
ance, and muscle tremor, may develop very 
early, and nystagmus, head-pushing, paraly¬ 
sis, and convulsions may occur in the final 
stages. Trismus has been described, but it is 
probably a result of pain in the mouth rather 
than a neuromuscular spasm. There is one 
report in young calves where nervous signs 
were the predominant feature. 8 

In natural cases the superficial lymph 
nodes are often visibly and usually palpably 
enlarged. Lymphadenopathy is also one of 
the earliest, most consistent, and persistent 
signs of the experimental disease. The con¬ 
sistency of the feces varies from constipation 
to profuse diarrhea with dysentery. In some 
cases there is gross hematuria, with the red 
coloration most marked at the end of 
urination. 

Odema (opacity) of the cornea is always 
present to some degree, commencing as a 
narrow, gray ring at the corneoscleral junc¬ 
tion (perilimbal) and spreading centripetally 
with conjunctival and episcleral hyperemia 
(Fig. 21-1). Anterior uveitis (keratic precipi¬ 
tates, aqueous flare, fibrin deposition in the 
anterior chamber, hypopyon, iris hyperemia 
and edema, miosis) is observed in some 



Fig. 21-1 A, The right eye of an adult cow 
with early clinical signs of malignant 
catarrhal fever. Moderate corneal edema is 
present. Intraocular structures can be seen 
but not in detail. B, The left eye of an adult 
cow with advanced malignant catarrhal 
fever. Severe corneal edema is present, and 
intraocular structures cannot be observed. 
(Reproduced with permission from Zemljic T, 
Pot SA, Haessig M, Spiess BM. Clinical ocular 
findings in cows with malignant catarrhal 
fever: ocular disease progression and 
outcome in 25 cases [2007-2010], Veterinary 
Ophthalmology 2012; 15:46-52.) 






cases. The progression of corneal edema and 
nonimprovement of anterior uveitis indicate 
that survival is unlikely. 9 

In cases of longer duration, skin changes, 
including local papule formation with 
clumping of the hair into tuffs over the loins 
and withers, may occur. In addition, eczema¬ 
tous weeping may result in crust formation, 
particularly on the perineum, around the 
prepuce, in the axillae, and on the inside of 
the thighs. Infection of the cranial sinuses 
may occur, with pain on percussion over the 
area. The horns and rarely the hooves may be 
shed. Persistence of the fever is a character¬ 
istic of MCF, even in cases that persist for 
several weeks, with a fluctuating temperature 
that usually exceeds 39.5°C (103°F). 

During some outbreaks an occasional 
animal makes an apparent recovery but 
usually dies 7 to 10 days later of acute 
encephalitis. In the more typical cases the 
illness lasts for 3 to 7 days and rarely up to 
14 days. 

Peracute and Alimentary Tract Forms 

In the peracute form the disease runs a short 
course of 1 to 3 days, and characteristic signs 
and lesions of the head-and-eye form do not 
appear. There is usually a high fever, dyspnea, 
and acute gastroenteritis. The alimentary 
tract form resembles the head-and-eye 
form, except that there is marked diarrhea 
and only minor eye changes consisting of 
conjunctivitis rather than ophthalmia. This 
form of the disease has been encountered in 
outbreak form in cattle in large dairy herds 
in drylots, with only indirect contact with 
sheep, and in cattle to which transmission 
was attempted and farmed deer. A feature of 
this form of the disease is reported to be a 
brief period of slight illness followed by the 
final fulminating disease, which is common 
in deer. 

Mild Form 

The mild form occurs most commonly in 
experimental animals but is observed 
in natural outbreaks. There is a transient 
fever, and mild erosions appear on the oral 
and nasal mucosae. Mild disease may be fol¬ 
lowed by complete recovery, recovery with 
recrudescence, or chronic MCF. A distinctive 
clinical feature in chronic MCF is persistent 
bilateral ocular leukomata. 

Pigs 

The disease in pigs is similar to the head- 
and-eye form in cattle and manifests with 
fever and tremor, ataxia, hyperesthesia, and 
convulsions and death. 

CLINICAL PATHOLOGY 

Leukopenia, commencing at first illness and 
progressing to a level of 3000 to 6000/p.L, has 
been recorded but is not a general observa¬ 
tion. The leukopenia recorded was mainly 
the result of agranulocytosis. In our experi¬ 
ence moderate leukocytosis is more common. 
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Virus isolation is not practical with 
either virus because of the instability of cell- 
associated A1HV1 and the fact that OvHV2 
does not replicate in cell culture. Transmis¬ 
sion can be used for diagnosis using whole 
blood, nasal swabs or washings, and prefer¬ 
ably lymph node collected by biopsy, with 
histologic lesions in the recipient rabbits or 
calves as the criterion. Detection of viral 
nucleic acid by PCR has largely replaced 
transmission experiments. 

There are a number of serologic tests that 
can be used, but they have limited value for 
diagnosis of clinical cases because only a 
small percentage of animals seroconvert and 
do so late in the course of the disease. The 
antibody titer is low, and there is cross¬ 
reaction with other herpes viruses. A 
competitive-inhibition ELISA using a 
monoclonal antibody to a broadly conserved 
epitope of the MCF virus can be used for 
detection of antibody and has largely replaced 
other serologic tests. It is of particular value 
for epidemiologic studies. The development 
of antibody following infection is delayed in 
a significant proportion of young animals, 
and serology is unreliable for determining 
infection status until after 1 year of age. 

Uninfected lambs or kids under 4 months 
of age may test positive because of the pres¬ 
ence of maternal antibody. 

Detection of viral nucleic acid by PCR 
techniques is the current accepted diagnostic 
technique. The huffy coat is probe-positive 2 
days after experimental infection with alcela- 
phine herpesvirus-1. Virus can be present in 
cattle without clinical MCF, and if these have 
a disease that is not MCF, but test probe posi¬ 
tive, a false diagnosis is possible. 

NECROPSY FINDINGS 

Lesions in the mouth, nasal cavities, and 
pharynx vary from minor degrees of hemor¬ 
rhage and erythema through extensive, 
severe inflammation to discrete ulcers. These 
lesions may be shallow and almost impercep¬ 
tible or deeper and covered by cheesy diph¬ 
theritic deposits. Erosion of the tips of the 
cheek papillae, especially at the commis¬ 
sures, is common. Longitudinal, shallow 
erosions are present in the esophagus. The 
mucosa of the forestomaches may exhibit 
erythema or sparse hemorrhages or erosions. 
Similar but more extensive lesions occur in 
the abomasum. Catarrhal enteritis of moder¬ 
ate degree and swelling and ulceration of the 
Peyers patches are constant. The feces may 
be loose and blood stained. 

Similar lesions to those in the mouth and 
nasal cavities are present in the trachea and 
sometimes in the bronchi, but the lungs are 
not usually involved except for occasional 
emphysema or secondary pneumonia. The 
liver is swollen, and severe hemorrhage may 
be visible in the urinary bladder. All lymph 
nodes are swollen, edematous, and often 
hemorrhagic. The gross ocular lesions are as 
described clinically. Petechial hemorrhages 


and congestion may be visible in brain and 
meninges. 

Histologically, MCF is characterized by 
perivascular mononuclear cell cuffing in 
most organs and by degeneration and erosion 
of affected epithelium. The pathognomonic 
lesion is a necrotizing vasculitis that fea¬ 
tures infiltration of the tunica media and 
adventitia by lymphoblast-like cells and 
macrophages. Acidophilic, intracytoplasmic 
inclusion bodies in neurons have been 
described, but their identity as viral inclu¬ 
sions has not been established. Large 
numbers of inclusion bodies have been 
observed in the tissue of artificially infected 
rabbits. The histologic features of the pan¬ 
ophthalmitis have been described. 

Cattle with chronic MCF have chronic 
bilateral central stromal keratitis with or 
without corneal pigmentation. An oblitera¬ 
tive arteriopathy is characteristic, and this 
vascular lesion is present in all major organs. 
Results of a competitive inhibition ELISA 
serologic test suggesting a role for the virus 
in the development of obliterative arterial 
lesions in cattle have been supported by in 
situ PCR and immunohistochemical studies 
of the disease in bison that demonstrated 
OvHV2 within the infiltrating lymphocytes. 
These lymphoblast-like cells were also shown 
to be CD8+ T cells. 

A PCR technique or immunohistochemi¬ 
cal stains can be used to confirm the pres¬ 
ence of viral antigen in whole blood or in 
tissues harvested at necropsy. When trans¬ 
mitted to rabbits, both the wildebeest- and 
sheep-associated viruses elicit a rapidly fatal 
lymphoproliferative disorder. The newer 
molecular biology-based techniques have 
made this bioassay method obsolete. 

Samples for Confirmation 
of Diagnosis 

• Histology—fixed brain, lymph node, 
alimentary tract mucosa including 
pharynx, esophagus, rumen and Peyers 
patch, liver, adrenal gland, kidney, 
urinary bladder, salivary gland 
(immunohistochemistry, light 
microscopy); Bouins-fixed eye (light 
microscopy) 

• Virology—lymph node, spleen, lung 
(PCR) 


DIFFERENTIAL DIAGNOSIS 


• Mucosal disease 

• Infectious bovine rhinotracheitis (IBR) 

• Bluetongue 

• Sporadic bovine encephalomyelitis 

• Rinderpest (included for historic reasons) 

• Jembrana disease 


TREATMENT 

Treatment of affected animals is unlikely to 
influence the course of the disease. 
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Nonsteroidal antiinflammatories may ease 
the discomfort. 

CONTROL 

Isolation of affected cattle is usually recom¬ 
mended, but its value is questioned because 
of the slow rate of spread and the uncertainty 
regarding the mode of transmission. Because 
of the field observation that sheep are impor¬ 
tant in the spread of the disease, separation 
of cattle and sheep herds is recommended. 
The introduction of sheep from areas where 
the disease has occurred to farms with cattle 
should be avoided. A program to produce 
sheep free of OvHV2 infection by separation 
and isolation of lambs before they become 
infected is recommended for sheep used in 
petting zoos. 

An effective vaccine is not available and is 
likely to remain unavailable in the foreseeable 
future. 10 Attempts to immunize cattle with 
live or inactivated culture vaccines with 
Freund’s incomplete adjuvant do not provide 
protection against experimental challenge or 
natural challenge by exposure to wildebeest 
herds. High and persistent levels of virus¬ 
neutralizing antibody are demonstrable fol¬ 
lowing vaccination, but humoral mechanisms 
are probably not important in determining 
resistance to infection with the virulent virus. 
An inactivated wildebeest-associated MCF 
virus vaccine has provided protection against 
challenge with virulent viruses. Establishing 
a respiratory mucosal barrier of antibody is 
currently thought to provide the best chance 
of protective immunity, 11 but this will be chal¬ 
lenging to attain with IM or SC vaccines. 

FURTHER READING 
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O’Toole D, Li H. The pathology of malignant catarrhal 
fever with an emphasis on ovine herpesvirus 2. Vet 
Pathol. 2014;51:437-452. 
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MALIGNANT CATARRH IN PIGS 

Malignant catarrh virus outbreaks are not 
common in pigs, but they do occur sporadi¬ 
cally, usually when pigs are kept together 
with sheep, which are the main reservoir of 
infection. Information on the disease is not 
extensive. 


ETIOLOGY 

The cause is ovine herpes virus 2 (OvHV2), 
and there is a sheep-associated form and a 
wildebeest-associated form. 1 

EPIDEMIOLOGY 

The condition has been reported in pigs in 
Europe in Germany, Norway, Italy, Finland, 2,3 
and Switzerland. In a recent outbreak in the 
United Kingdom it was described in two 
ailing Kune Kune 4 that lived in a “traveling 
circus” with sheep and goats and other 
species that were often transported together 
in a mobile trailer. 

In most cases described, pigs have had 
contact or been housed together with sheep. 
Nasal discharges may be the source of infec¬ 
tion, particularly from lambs. 

The pig is a dead-end host, and thus 
spread is limited. 6 In the cases in Brazil, 7 
there was transfer of the infection from 
asymptomatic boars to sows via the semen of 
infected boars. 

PATHOGENESIS 

Pathogenesis is unknown as yet in the pig. 

CLINICAL SIGNS 

Pigs are depressed and recumbent, have 
abnormal respiration, and produce hard, 
mucus-covered scant feces. The condition 
develops to ataxia and severe balance loss, 
which is sometimes violent. There is corneal 
edema with severe uveitis. In the Kune 
cases, they were blind, with bilateral corneal 
opacity, excessive lacrimation, and eyelid 
thickening. Eventually there was a fine 
tremor with circling. 

A recent report described the infection in 
asymptomatic swine without any history of 
contact with sheep in Norway. s The disease 
is difficult to diagnose in pigs because of the 
nonspecific nature of the clinical signs and 
the sporadic nature of the disease. Usually 
only one or two animals are affected, 
although an outbreak in 41 pigs has been 
described. 3 

In the Brazilian cases, gilts and sows had 
depression, abortion, and anorexia. Subse¬ 
quently, a whole range of neurologic signs 
developed, such as ataxia, tremors, convul¬ 
sions, and aggressive behavior. Animals that 
survived had locomotory abnormalities with 
forelimb paralysis and were dog-sitting. 
Infected boars shed virus but remained clini¬ 
cally healthy. In the Finnish study the dead 
sows had anorexia and high fever. 1 

PATHOLOGY 

There are quite often very few gross signs. 
There may be a crusty skin and areas of cya¬ 
nosis. The respiratory tract may be covered 
in a mucopurulent exudate. Lungs may be 
congested and edematous. In the Finnish 
study, the sows had swollen lymph nodes, a 
pale-brown liver, and congested kidneys. 
There may be pale kidneys with petechiae, 
small erosions on the lining of the stomach, 


and congested meninges. In many cases, 
there were only small lesions in the lung and 
pancreas. 

In the Kune Kune 4 there were ulcerations 
of the skin, and mucocutaneous ulcerations 
were found in the mouth. There was also 
ulceration of the soft palate and tonsils 
and lymphadenopathy with enlarged spleen 
and adrenals and meningeal edema and 
meningitis. 

The disease is essentially a lympho- 
proliferative vasculitis. Histopathologically, 
there was a severe nonpurulent meningo¬ 
encephalitis with lymphocytic cuffing around 
vasculitis. Edema, fibrinoid necrosis, and 
lymphocytic infiltration were also observed. 
The lesions are more severe in the kidneys 
(severe, multifocal, interstitial, nonsuppura¬ 
tive nephritis) associated with fibrinoid 
necrosis of the vessels. 

DIAGNOSIS 

The differential diagnosis includes Aujesz- 
ky’s disease (ADV), classical swine fever 
(CSF), porcine enterovirus (PEV), and 
rabies. OHV2 DNA can be detected in the 
clinically affected pigs. A combination of 
clinical signs, histopathology, and the detec¬ 
tion of virus-specific antibodies is usually 
suggestive. A competitive inhibition ELISA 
test has been developed and also a direct 
ELISA. PCR and quantitative reverse- 
transcription PCR (qRT-PCR) have also 
been developed for the detection of the virus 
in tissues. 
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JEMBRANA DISEASE 

Jembrana disease is the name of a fatal infec¬ 
tious disease that occurs in Bali cattle (Bos 
javanicus) and buffaloes (Bubalus bubalis) on 
the island of Bali in Indonesia. The disease is 
endemic in areas of Indonesia only, but the 
severe disease of the initial outbreak has 
modified with time. 

ETIOLOGY 

The disease is caused by a lentivirus, the Jem¬ 
brana disease virus (JDV), genetically related 
to but distinct from bovine immunodefi¬ 
ciency virus (BIV), a more benign infection 
found in Indonesia and many other coun¬ 
tries. Both viruses resemble human immu¬ 
nodeficiency virus (HIV) in their structural, 
genomic, antigenic, and biological proper¬ 
ties. JDV has a capsid protein (p26) that is 
used as an antigen source for serologic diag¬ 
nosis, but it cross-reacts with sera from 
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BlV-infected cattle. 1 Furthermore, although 
JDV is genetically very stable, it has strain 
variation, and under experimental condi¬ 
tion, atypical responses to infection charac¬ 
terized by reduced viral loads, lower or 
absent febrile responses, and absence of spe¬ 
cific antibody responses were observed in 
15% of infected cattle. 2 ' 3 

EPIDEMIOLOGY 

Occurrence 

The disease originally occurred in Jembrana 
district on the Island of Bali, Indonesia, in 
1964 and rapidly spread to the rest of the 
island, resulting in the deaths of approxi¬ 
mately 17% of Bali cattle. Since 1964, the 
disease has been endemic on Bali island but 
with lower morbidity and mortality rates. It 
has subsequently spread to the Indonesian 
islands of Sumatra, Java, and Kalimantan, 
producing initial epidemic disease with 
high mortality followed by endemic disease 
with lower morbidity and mortality. The 
current mortality rate is approximately 15% 
to 20%. 4 ' 5 

Transmission 

Transmission probably occurs by direct 
contact with infective secretions in the acute 
phase of the disease when viral titers are 
greater than 10(6) genomes/ml 6 and by 
mechanical transmission by hematophagous 
insects or mechanically by needles during 
mass vaccination of animals for the control 
of diseases such as hemorrhagic septicemia. 

Experimental Reproduction 

The disease can be experimentally transmit¬ 
ted by intravenous (IV) or intraperitoneal 
inoculation of blood or spleen into B. javani¬ 
cus. The virus is present in high titer in the 
blood during the febrile phase and in the 
saliva and milk. In B. javanicus an incubation 
period of 4 to 12 days is followed by fever 
lasting from 5 to 12 days and clinical signs 
typical of the enzootic form of the disease. 
Persistent infection occurs for periods of at 
least 2 years following recovery. 

Experimental challenge of B. indicus, B. 
Taurus, and crossbred ( B. javanicus and B. 
indicus ) cattle results in only a transient 
febrile response, mild clinical disease, and 
viremia that persist for 3 months, although 
antibody persists for at least 4 years following 
infection. Infection, as determined by anti¬ 
body response, but not clinical disease, can 
be transmitted experimentally to pigs, sheep, 
goats, and buffaloes. 

PATHOGENESIS 

Jembrana disease is not typical of other len- 
tivirus infections, which are usually charac¬ 
terized by chronic progressive disease with 
long incubation periods. Instead, JDV causes 
an acute and sometimes fatal disease after a 
short incubation period. There is a high 
viremia during the febrile stage, with virus 
titers being as high as 10(12) virus/mL of 


plasma. Initial virus proliferation in the 
spleen is followed by widespread dissemina¬ 
tion during a second proliferative phase and 
infection in lymph nodes, lungs, bone 
marrow, liver, and kidney. Affected animals 
do not develop detectable antibodies to the 
virus until at least 6 weeks after recovery 
from the acute phase, and surviving animals 
are resistant to reinfection but remain infec¬ 
tious for at least 2 years. 

The specific cell types infected by Jem¬ 
brana disease virus have not yet been identi¬ 
fied, but during the febrile phase, there is 
marked depletion of CD4+ T cells and 
increase in CD8+ T cells and CD21+ B cells.' 
The persistent depletion of CD4+ T-cell 
numbers, through lack of T-cell helper to B 
cells, may explain the lack of production of 
JDV-specific antibodies for several weeks 
after recovery despite an increase in CD21+ 
B-cell numbers. 7 Furthermore, viral antigen 
is present in IgG-containing cells, including 
plasma cells in lymphoid tissues, and in 
macrophage-like cells in the lungs. 8 

CLINICAL FINDINGS 

Natural clinical disease is reported only in B. 
javanicus; other cattle types and buffalo are 
subclinically infected in natural outbreaks. 
After an incubation period of 4 to 12 days, 
clinical signs include fever (40-42° C [104— 
107° F]) that lasts up to 12 days, anorexia, 
generalized lymphadenopathy, nasal dis¬ 
charge, increased salivation, and anemia. In 
severely affected cattle there is diarrhea fol¬ 
lowed by dysentery. Mucosal erosions can 
occur but are rare. Hemorrhages are present 
in the vagina, mouth, and occasionally the 
anterior chamber of the eye in severe disease. 
Where the disease is enzootic and less severe 
in presentation, clinical signs include inap¬ 
petence, fever, lethargy, reluctance to move, 
enlargement of the superficial lymph nodes, 
mild erosions of the oral mucosa, and 
diarrhea. 

CLINICAL PATHOLOGY 

During the febrile period there is a moderate 
normocytic normochromic anemia and 
leukopenia with lymphopenia, eosinopenia, 
and thrombocytopenia. The lymphopenia is 
attributable to a significant decrease in both 
the proportion and absolute numbers of 
CD4+ T cells.' Bone marrow shows no 
microscopic changes. Elevated blood urea 
concentrations and diminished total plasma 
protein are seen in B. javanicus but not B. 
taurus. An ELISA test and an agar gel immu¬ 
nodiffusion test can be used for serologic 
surveys. Both are specific, but the ELISA test 
has greater but limited sensitivity. A combi¬ 
nation of real-time PCR and JDV p26-his 
ELISA has been recommended for the detec¬ 
tion of infection with JDV in Indonesia. 1 

NECROPSY FINDINGS 

Necropsy lesions in B. javanicus include 
generalized lymphadenopathy, with enlarge¬ 


ments up to 20-fold, and generalized hemor¬ 
rhages. The spleen is enlarged to 3 to 4 
times its normal size. Histologically, there is 
marked proliferation of lymphoblasts in 
parafollicular (T-cell) areas of lymph nodes 
and spleen, and atrophy of the follicles (B-cell 
areas). In addition, there is lymphoprolifera- 
tion around blood vessels in the liver, kidney, 
and other organs. ’ 

Specimens for histopathology should 
include lymph nodes, spleen, liver, and 
kidney. 

TREATMENT AND CONTROL 


TREATMENT AND CONTROL 


Treatment 

None except supportive 

Prophylaxis 

Vaccination (R-2) 


Treatment is supportive. There is currently 
no specific control. Vaccination has been 
attempted using virus-containing plasma 
and spleen tissue from acutely affected cattle 
with the virus inactivated with triton X-100 
and the vaccine adjuvanted with either 
mineral oil or Freund’s incomplete adjuvant. 
Protection is only partial and not of real 
value in control, except perhaps in reducing 
the risk of virus transmission, because 
vaccinated animals have a greatly reduced 
viral load. 6 
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BOVINE EPHEMERAL FEVER 


SYNOPSIS 


Etiology Arthropod-borne rhabdovirus of the 
genus Ephemerovirus. 

Epidemiology Enzootic in tropical areas. 
Transmitted by insect vectors. Episodic 
epizootics in summer in incursive areas 
probably initiated by wind-borne 
transmission of insect vector. High 
morbidity but low case fatality. 

Continued 
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Clinical findings Disease of cattle with fever, 
respiratory distress, muscular shivering, 
stiffness, lameness, and enlargement of the 
peripheral lymph nodes. 

Generally spontaneous recovery in 3 days and 
low case-fatality rate. 

Clinical pathology Leukocytosis, 
hyperfibrinogenemia, hypocalcemia, 
elevated creatine kinase. Blocking 
enzyme-linked immunoabsorbent assay 
(ELISA) for serology. 

Necropsy findings Serofibrinous polyserositis. 

Diagnostic confirmation Demonstration of 
specific bovine ephemeral fever (BEF) viral 
antigen by immunofluorescence or by 
isolation in mice. 

Treatment Nonsteroidal antiinflammatory 
drugs cause remission of clinical signs. 

Control Vaccination and supportive 
treatment. 


ETIOLOGY 

Bovine ephemeral fever (BEF) is associated 
with an arthropod-borne rhabdovirus that is 
the type species of the genus Ephemerovirus. 
There are a number of strains that vary anti- 
genically. Other antigenically related but 
nonpathogenic species of Ephemerovirus 
occur in the same environment in Australia. 
The BEF virus is closely associated with the 
leukocyte-platelet fraction of the blood, and 
it can be maintained deep frozen or on tissue 
culture and chick embryos. 

EPIDEMIOLOGY 

Occurrence 

A disease of cattle, ephemeral fever is enzo¬ 
otic in the tropical areas of Africa, in most of 
Asia, the Middle East, the East Indies, and in 
much of Australia, with extensions into the 
subtropics and some temperate regions. In 
these areas the disease presents as episodic 
epidemics. Area outbreaks can last several 
months, with the spread of infection follow¬ 
ing prevailing winds, and during this period 
most herds within a region will be infected. 
The proportions of herds affected in out¬ 
breaks in the Jordan Valley in Israel in 1990 
and 1999 were 79% and 98% respectively. 

The morbidity rate in outbreaks is usually 
between 25% and 45%, but if the population 
is highly susceptible or the infecting strain 
virulent, the morbidity rate may reach 100%. 
In enzootic areas, only 5% to 10% will be 
affected. A rate of 1% for case fatality and loss 
from involuntary culling is usual with low- 
virulence strains but can approach 10%. 

Source of Infection 

The source of infection is the animal affected 
with the clinical disease and biological 
vectors (hematophagous biting insects). 

Method of Transmission 

A great deal of work in recent years has not 
clearly defined the vector list, which 


probably includes the mosquitoes Aedes spp., 
Culex annulirostris, Anopheles bancroftii and 
A. annulipes, and the biting midge Culicoides 
brevitarsis. Culex annulirostris has been iden¬ 
tified as a biological vector in Australia. This 
mosquito can transmit infection within a 
week of feeding on an infected animal, and 
the epidemiology of the disease in Australia 
supports transmission by mosquitoes rather 
than Culicoides spp. 

The reservoir host, other than cattle, has 
not been identified. This is of particular 
importance when the epidemiologic pattern 
of occurrence of the disease changes, as it has 
done in Australia after being introduced in 
approximately 1936. 1 The disease now occurs 
annually in areas where it used to occur 
only once each decade, probably because of 
establishment of the virus in indigenous 
vectors. 

Spread by wind-borne carriage of vectors 
has been documented. 2 ' 3 Epidemiologic 
studies suggest that outbreaks in Japan origi¬ 
nate from Korea, and those in Israel originate 
from Turkey. 2 Transboundary movement can 
also occur by animal transport, 2 although 
transmission does not occur through contact 
with infected animals or their saliva or 
ocular discharge. The disease is not spread 
through semen, nor is intrauterine admin¬ 
istration of the virus a suitable route of 
transmission. 

Experimental Reproduction 

The disease can be transmitted by the injec¬ 
tion of whole blood or the leukocyte fraction 
of it. Experimental reproduction in cattle 
requires IV administration, and viremia lasts 
3 days with a maximum of 2 weeks. There is 
no carrier state. 

Environment Risk Factors 

The disease occurs in the summer months, 
outbreaks are clustered and relatively short¬ 
lived, and spread depends largely on the 
insect vector population and the force and 
direction of prevailing winds. The disease 
tends to disappear for long periods to return 
in epizootic form when the resistance of the 
population is diminished. 

Recurrence depends primarily on suit¬ 
able environmental conditions for increase 
and dissemination of the insect vector and 
the degree of population immunity, as indi¬ 
cated by neutralizing antibody titers and 
immunity coverage. 4 During periods of qui¬ 
escence the disease is still present, but the 
morbidity is reputed to be very low. However, 
in many enzootic areas the degree of surveil¬ 
lance is less than intense, and clinical 
cases may occur without being observed. 
Temporary protection against infection is 
provided by subclinical infections by other 
unrelated arboviruses (e.g., Akabane, Aino, 
and others). 

Animal Risk Factors 

Among domestic animals, only cattle are 
known to be naturally affected, but antibod¬ 


ies can be found in African ruminant 
wildlife. All age groups of cattle are suscep¬ 
tible, but calves less than 3 to 6 months old 
are not affected by the natural disease. With 
experimental infections calves as young as 3 
months old are as susceptible as adults to 
experimental infection but do not show clin¬ 
ical disease. 

In dairy cattle, higher-producing cows 
are at greater risk, and clinical disease may 
be minimal in cows under 2 years of age. A 
recent Israeli study in 10 beef herds found 
average morbidity and mortality rates of 
46.2% and 4.8%, respectively, with higher 
rates in bulls than cows and a higher morbid¬ 
ity in cows 2 to 5 years of age than in heifers 
less than 2 years of age. In natural outbreaks 
there is no breed susceptibility. 

In Africa, based on serologic results, the 
virus is thought to be cycling in populations 
of wild ruminants between epidemics in 
domestic cattle. Buffalo ( Bubalus bubalis) are 
susceptible to experimental infection, but it 
is unlikely that they play any part as a reser¬ 
voir host. After experimental infection of 
cattle there is solid immunity against homol¬ 
ogous strains for up to 2 years. Immunity 
against heterologous strains is much less 
durable, which probably accounts for the 
apparent variations in immunity following 
field exposure. 

Economic Importance 

Although the case-fatality rate is very low, 
considerable loss occurs in dairy herds as a 
result of the depression of milk flow—up to 
80% in cows in late lactation. In an Israeli 
study of eight infected dairy herds, the 
decline in milk yield from preinfection levels 
varied between cows and ranged from 30% 
to 70%, with the highest-yielding cows 
having the greatest drop. Following recovery 
from disease, milk production was still less 
than that of preinfection levels. 

There is also a lowered resistance to mas¬ 
titis. Reproductive inefficiency is associated 
with a significant delay in the occurrence 
of estrus, abortion in cows, and tempo¬ 
rary sterility in bulls. Occasional animals 
die of intercurrent infection, usually pneu¬ 
monia, or prolonged recumbency. Bovine 
ephemeral fever can have a serious effect 
on the agricultural economy in countries 
where cattle are used as draught animals. 
For cattle-exporting countries such as 
Australia, BEF causes interference with 
movement of cattle when receiving coun¬ 
tries insist on evidence of freedom from 
the disease. 

PATHOGENESIS 

Experimental production of the disease 
requires the IV route of transmission. Virus 
multiplication probably occurs primar¬ 
ily within the vascular system. The BEF 
virus alters cellular biology in cattle to 
enhance virus entry and replication. This 
includes activation of intracellular signal¬ 
ing pathways to up-regulate clathrin and 
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dynamin 2 expression and activation of 
COX-2-mediated E-prostanoid receptors 2 
and 4 to enhance clathrin-mediated endo- 
cytosis of the virus. 5 ' 7 After an incubation 
period of 2 to 10 days, there is a biphasic 
fever with peaks 12 to 24 hours apart. The 
fever lasts 2 days, and increased respira¬ 
tory rate, dyspnea, muscle trembling, limb 
stiffness, and pain are characteristic at 
this time. 

There is generalized inflammation with 
vasculitis and thrombosis, serofibrinous 
inflammation in serous and synovial cavities, 
and increased endothelial permeability at the 
same sites. The virus can be detected in cir¬ 
culating neutrophils and plasma, the serosal 
and synovial fluids, the mesothelial cells of 
synovial membrane and epicardium, and in 
neutrophils in the fluids. Clinical signs are 
thought caused by the expression of media¬ 
tors of inflammation coupled with a second¬ 
ary hypocalcemia. 

CLINICAL FINDINGS 

Calves are least affected, with those less than 
3 to 6 months of age showing no clinical 
signs. Overweight cows, high-producing 
cows, and bulls are affected the most. Deaths 
are relatively uncommon and are usually less 
than 1% of the herd/’ 

In most cases the disease is acute. After 
an incubation period of 2 to 4 days, some¬ 
times as long as 10 days, there is a sudden 
onset of fever (40.5°-41°C [105°-106°F]), 
which may be biphasic or have morning 
remissions. Anorexia and a sharp fall in 
milk yield occur. There is severe consti¬ 
pation in some animals and diarrhea in 
others. Respiratory and cardiac rates are 
increased, and stringy nasal and watery 
ocular discharges are evident. The animals 
shake their heads constantly, and muscle 
shivering and weakness are observed. There 
may be swellings about the shoulders, neck, 
and back. 

Muscular signs become more evident on 
the second day, with severe stiffness, clonic 
muscle movements, and weakness in one or 
more limbs. A posture similar to that of 
acute laminitis, with all four feet bunched 
under the body, is often adopted. On about 
the third day, the animal begins eating and 
ruminating, and the febrile reaction disap¬ 
pears, but lameness and weakness may 
persist for 2 to 3 more days. A common 
name of “3-day sickness” is applied because 
animals typically progress through onset of 
disease to severe illness and recovery within 
3 days. 3 

Some animals remain standing during 
the acute stages, but the majority go down 
and assume a position reminiscent of partu¬ 
rient paresis, associated with hypocalcemia, 
with the hindlegs sticking out and the head 
turned into the flank. Occasionally, animals 
adopt a posture of lateral recumbency. Some 
develop clinically detectable pulmonary and 
subcutaneous (SC) emphysema, possibly 
related to a nutritional deficiency of 


selenium. In most cases recovery is rapid and 
complete unless there is exposure to severe 
weather or unless aspiration of a misdirected 
drench or ruminal contents occurs. Some 
cases have a second episode of clinical 
disease 2 to 3 weeks after recovery. 

Occasional cases show persistent recum¬ 
bency and have to be destroyed, and abor¬ 
tion occurs in a small proportion of cases. 
Affected bulls are temporarily sterile. Milder 
cases, with clinical signs restricted to pyrexia 
and lack of appetite, may occur at the end of 
an epizootic. 

CLINICAL PATHOLOGY 

Blood taken from cattle in the febrile stage 
clots poorly. Marked leukocytosis with a 
relative increase in neutrophils occurs during 
the acute stage of the disease. There is a shift 
to the left and lymphopenia. Plasma fibrino¬ 
gen levels are elevated for about 7 days, and 
there is a marked increase in creatine kinase 
activity. In natural cases, but not experimen¬ 
tally produced ones, significant hypocalce¬ 
mia occurs. 8 Available serologic tests include 
a complement fixation test, serum neutral¬ 
ization, fluorescent antibody test, agar gel 
immunodiffusion (AGID) test, and a block¬ 
ing ELISA, which is reported to be simple 
and the preferred test. 

NECROPSY FINDINGS 

Postmortem lesions are not dramatic. The 
most consistent lesions are a serofibrinous 
polyserositis, involving the synovial, peri¬ 
cardial, pleural, and peritoneal cavities, with 
a characteristic accumulation of neutrophils 
in these fluids and surrounding tissues. 
Hemorrhage may also be observed in the 
periarticular tissues, and there may be foci of 
necrosis in the musculature of the limbs and 
back. All lymph nodes are usually enlarged 
and edematous. Pulmonary emphysema 
and fibrinous bronchiolitis are standard find¬ 
ings, and subcutaneous emphysema along 
the dorsum may be observed. Characteristic 
microscopic findings consist of a mild vascu¬ 
litis of small vessels, with perivascular neu¬ 
trophils and edema fluid plus intravascular 
fibrin thrombi. 

Necropsy examinations of animals that 
develop persistent recumbency have shown 
severe degenerative changes in the spinal 
cord similar to those produced by physical 
compression, but the pathogenesis of these 
lesions remains uncertain. Although nucleic 
acid sequences of the agent are known, PCR 
tests are not yet widely utilized. 

Antigen in reticuloendothelial cells can 
be detected by immunoperoxidase and 
immunofluorescent techniques. 

Samples for Confirmation 
of Diagnosis 

• Virology—chilled lung, spleen, synovial 

membrane, pericardium (virus isolation) 

• Serology—pericardial fluid (ELISA) 

• Histology—formalin-fixed samples of 

previously mentioned tissues 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of ephemeral fever in a cattle 
population is not difficult on the basis of its 
epidemiology and clinical presentation. It can 
produce difficulties in individual animals 
where differentials include the following: 

• Botulism 

• Parturient paresis 

• Pneumonia 

• Traumatic reticulitis 


TREATMENT 

Palliative treatment with nonsteroidal anti¬ 
inflammatory drugs such as IV or IM flu- 
nixin meglumine (2.2 mg/kg/d), or IM 
ketoprofen (3 mg/kg/d) results in remission 
of signs without in any way influencing the 
development of the disease. There is little 
effect on the respiratory manifestations of the 
disease but a major effect on stiffness, lame¬ 
ness, and anorexia. All treatments are contin¬ 
ued for 3 days. Phenylbutazone may be most 
effective, but the injection frequency is not 
practical and creates slaughter residue con¬ 
cerns. Moreover, phenylbutazone use in cattle 
is not permitted in some countries. Parenteral 
treatment with calcium borogluconate 
should be given to cows that show signs of 
hypocalcemia, and field observations are that 
parenteral treatment with calcium solutions 
often helps to get a recumbent cow to her feet. 
Proper nursing of the recumbent animal is 
required. 

CONTROL 

Restriction of movement from infected areas 
is practiced, but vaccination is the only 
effective method of control. Vaccines pre¬ 
pared from attenuated tissue culture virus 
or in mouse brain and adjuvanted in 
Freunds incomplete or Quil A adjuvants are 
commercially available in Australia, Japan, 
Taiwan, and South Africa. Two vaccinations 
are required and are effective in preventing 
disease in natural outbreaks for periods up 
to 12 months. The use of vaccination in 
Japan is credited with preventing further 
major outbreaks. Attenuated vaccines are 
expensive to produce and have a short shelf- 
life, and breakdowns are recorded after their 
use. There is also concern about back- 
mutation of the attenuated strain to a viru¬ 
lent form, particularly given the high 
mutation rate of RNA viruses, and contami¬ 
nation with other viruses during preparation 
of the vaccine. 9,10 The use of inactivated vac¬ 
cines therefore offers an attractive alterna¬ 
tive, such as formalin killed vaccines with 
and without adjuvants. Unfortunately, inac¬ 
tivated vaccines appear to need at least three 
vaccinations to provide longer-term immu¬ 
nity, 910 requiring frequent boosting for 
effect. Immunity is positively correlated with 
the level of specific antibody measured with 
a blocking ELISA or as virus-neutralizing 
antibody. 
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NAIROBI SHEEP DISEASE 

Nairobi sheep disease (NSD) is a tick- 
transmitted disease of small ruminants, par¬ 
ticularly sheep, caused by the Nairobi sheep 
disease virus (NSDV) and characterized by 
fever, hemorrhagic gastroenteritis, abortion, 
and high mortality. NSDV was first recog¬ 
nized at the beginning of the twentieth 
century as a disease of sheep and goats in 
Kenya. The virus is the prototype of the genus 
Nairovirus, family Bunyaviridae, and it is 
endemic in East and Central African coun¬ 
tries of Kenya, Uganda, Tanzania, Ruanda, 
Somalia, and Ethiopia. A similar virus known 
as Ganjam virus (GV) has been recognized in 
India and Sri Lanka, where it is associated 
with febrile illness in humans and disease in 
sheep and goats. Recent genomic analysis has 
shown that NSDV is highly diverse and that 
the Ganjam virus is a variant of the NSDV. 1 
Furthermore, it has been suggested that GV 
probably spread from India to Africa in the 
nineteenth century and that both virus vari¬ 
ants could be referred to as NSDV/GV. 2 
Other antigenically related viruses are the 
Crimean Congo hemorrhagic fever virus in 
humans and the Dugbe fever virus in cattle in 
the drier parts of West and East Africa. The 
Bunyaviridae family also include two signifi¬ 
cant pathogens of animals, Cache Valley 
virus and Akabane virus, both of which have 
a tropism for fetal tissues and are responsible 
for embryonic losses and multiple congenital 
deformities in domestic ruminants. 3 Nairobi 
sheep disease virus does not affect cattle, 
horses, or pigs, but can cause a mild febrile 
disease in humans, hence a zoonosis. 

The most common vector for NSDV in 
Africa is the brown ear tick Rhipicephalus 
appendiculatus, but other species may be 
involved, including the bont tick, Ambly- 
omma variegatum. In India, GV is found in 
a number of ticks, primarily Haemophysalis 
intermedia. 1 Transmission by R. appendical- 
tus is both transstadial and transovarial. 
Animals bred in endemic areas are usually 
immune, and hence the virus is of little con¬ 
sequence in stable populations of sheep and 
goats. The virus can persist in ticks for long 
periods, more than 2 years in unfed adults, 
thereby enhancing endemic stability in resi¬ 
dent animals. 

The pathogenesis of NSDV/GV infection 
has been investigated recently. 4 The virus is 
regarded as one of the most pathogenic 


agents for sheep and goats, with mortality 
ranging from 40% in Merino sheep to 90% 
in Masai sheep. Like other viral hemorrhagic 
diseases, including Crimean Congo hemor¬ 
rhagic fever in humans, MSDV/GV has 
developed an efficient mechanism to circum¬ 
vent or inhibit innate immunity of the host 
by inhibiting interferon induction and 
action. 4 This makes it easier for the virus to 
invade cells and replicate in them. In experi¬ 
mentally infected sheep, the virus has also 
been shown to cause profound leukopenia, 
most likely as a result of large-scale apopto¬ 
sis, and to cause increased levels of some 
proinflammatory cytokines, including tumor 
necrosis factor (TNFa), which has the effect 
of increasing endothelial permeability, 
leading to hemorrhages. 2 As the sheep began 
to recover from the infection, the level of 
interferon gamma was found to increase. 

Clinical disease occurs when susceptible 
animals are moved into endemic areas (e.g., 
for marketing purposes or for livestock 
improvement) or when there is a breakdown 
in tick control measures. Outbreaks occur 
outside endemic areas when there has been 
unusual increase in tick population brought 
about by excessive or prolonged rains. There 
are differences in susceptibility among differ¬ 
ent breeds of sheep and goats, and unlike in 
most other diseases, some indigenous breeds 
are more susceptible than exotic breeds, like 
the Merino. A sudden onset of fever is fol¬ 
lowed by anorexia, nasal discharge, dyspnea, 
and severe diarrhea, sometimes with dysen¬ 
tery, abortion, and death in 3 to 9 days. There 
may be hyperemia of the coronary band and 
hemorrhages in the oral mucosa. 2 The case- 
mortality rate is 30% to 90% but is lower in 
goats. 

The necropsy picture is typical of a hem¬ 
orrhagic diathesis and consists of hemor¬ 
rhages on serous surfaces of visceral organs 
and on mucosal surfaces, particularly the 
abomasum, colon, and female genital tract. 
Lymph nodes and spleen are enlarged. Later, 
a hemorrhagic gastroenteritis becomes more 
obvious, and there may be zebra striping in 
the mucosa of the colon and rectum. The 
uterus and fetal skin are hemorrhagic. Ticks 
are likely to be found on the body, especially 
on the ears and head. Common histopatho¬ 
logic lesions outside the gastrointestinal tract 
include myocardial degeneration, nephritis, 
and necrosis of the gall bladder. 

Differential diagnoses include peste des 
petits ruminants (PPR), Rift Valley fever, 
heartwater, parasitic gastroenteritis, and sal¬ 
monellosis, all to be confirmed by laboratory 
tests. 

Specimens for laboratory diagnosis 
should include uncoagulated blood, mesen¬ 
teric lymph node, and spleen, collected safely 
to avoid aerosol infections. The virus is first 
isolated in tissue culture or in infant mice, 
and the disease can be reproduced in suscep¬ 
tible sheep. The polymerase chain reaction 
(PCR) technique has been used on whole 


blood or the buffy coat. 2 The blood should be 
collected in EDTA. A quantitative PCR assay 
can also be used on ticks and for carrying out 
surveys. 5 

The recommended serologic test is the 
indirect fluorescent antibody test, but others 
are the complement fixation test (CFT) and 
the indirect hemagglutination test. For viral 
identification, the recommended tests used 
to be immunofluorescence, agar gel immu¬ 
nodiffusion, CFT, and ELISA. 

There is no treatment for NSD and no 
vaccine for commercial use, even though a 
killed tissue culture vaccine or an attenuated 
vaccine has been suggested. Vector control is 
crucial when animals have to be moved to 
endemic areas. 

FURTHER READING 

OIE Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals. Paris: OIE; 2008 chapter 
2.9.1:1165. 
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WESSELSBRON DISEASE 


SYNOPSIS 


Etiology Wesselsbron virus, genus Flavivirus, 
a member of the family Flaviviridae. 

Epidemiology Enzootic in sub-Saharan 
Africa. Maintenance host not yet identified 
but presumably domesticated herbivores. 
Transmitted by mosquitoes of the genus 
Aedes. Infection can occur in small and 
large ruminants, pigs, donkeys, horses, and 
ostriches. Infections occur year round in 
warmer and moister coastal areas; dryer 
regions have lower prevalence and 
outbreaks in high rainfall periods often 
occurring in conjunction with Rift Valley 
fever. 

Clinical findings Acute febrile disease in 
lambs characterized by hepatitis, abortion 
in pregnant ewes with congenital central 
nervous system malformation and 
arthrogryphosis in aborted fetuses; 
subclinical infection predominates in calves, 
adult nonpregnant sheep, goats, and 
cattle; occasional abortions. 

Necropsy findings Jaundice, diffuse hepatic 
necrosis. 

Diagnostic confirmation Virus isolation, 
serum neutralization, or 
immunohistochemical localization of viral 
antigens in tissues; serology. 

Treatment No specific treatment available, 
supportive. 

Control Vaccination is no longer available; 
vector control not cost effective. 
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ETIOLOGY 

Wesselsbron virus is an arthropod-borne 
enveloped single stranded RNA virus of the 
family Flaviviridae, genus Flavivirus, that has 
not been well characterized thus far. 

EPIDEMIOLOGY 

Occurrence 

Wesselsbron disease (WBD) was first 
described in 1955 in an 8-day-old lamb in 
the Wesselsbron district of the Orange Free 
State in South Africa. Serologic evidence 
indicates high infection prevalence in the 
moister and warmer regions of South Africa, 
Mozambique, and Zimbabwe. Animals with 
antibody titer are, in contrast, less common 
in the dryer South African inland. 1 Wessels¬ 
bron virus has been isolated from vertebrates 
and arthropod vectors in many African 
countries, including Cameroon, the Central 
African Republic, Nigeria, Senegal, South 
Africa, Uganda, and Zimbabwe and in Mad¬ 
agascar. Although serologic studies suggest 
an enzootic presence of virus over wide parts 
of the subcontinent, the incidence of clinical 
disease is very low. 2 

The pattern of occurrence is year round 
in the warmer and moister coastal regions of 
southern and eastern Africa. Cyclical out¬ 
breaks that are typically linked to periods of 
heavy rainfall, in contrast, occur in the dryer 
areas of the continent. Outbreaks frequently 
occur in conjunction with Riff Valley fever 
epizootics. 

Risk Factors 
Animal Risk Factors 

Wesselsbron disease is an infectious disease 
primarily affecting sheep, with a clear age 
predisposition. Newborn lambs in the first 
days of life are most susceptible to clinical 
disease, with mortality rates in the range of 
30%. In adult pregnant ewes a common pre¬ 
sentation of the disease is abortion that may 
be associated with a febrile episode. 

Other species, including cattle, goats, 
camels, donkeys, horses, and ostriches, are 
susceptible to infection but do not typically 
develop disease; abortions that have been asso¬ 
ciated with Wesselsbron virus infection have, 
however, been reported in cattle and goats. 3,4 

Environmental Risk Factors 

A warm and moist environment that is favor¬ 
able to competent vectors is an important 
risk factor for the spread of the virus. Abnor¬ 
mally heavy rainfalls and the ensuing 
increase in the mosquito population can 
results in epizootics in dryer regions of the 
African continent. 1 

Source of Infection and Method 
of Transmission 

Floodwater breeding mosquitoes of the 
genus Aedes, including the species A. caballus 
and A. circumluteolus, are considered the 
principal vectors of the Wesselsbron virus. 
The high seroprevalence of infection in 


domesticated herbivores in affected areas 
suggests that these species may function as 
maintenance hosts for the virus. Direct 
transmission of the virus between animals 
has not been documented. In humans, 
however, infection after handling infectious 
material has been reported. 4 

Zoonotic Implications 

Although humans are susceptible to infec¬ 
tion and disease, infection with the Wessels¬ 
bron virus in the large majority of cases is 
asymptomatic. If clinically apparent, the 
disease is usually a transient flulike illness 
associated with a transient fever, headache, 
and muscle and joint pain; cutaneous hyper¬ 
sensitivity and skin rashes may occur. 4,5 
Person-to-person transmission of infection 
has not been reported. 

Economic Importance 

The disease primarily causes disease in lambs 
and pregnant ewes; evidence that the disease 
causes significant economic damage is, 
however, lacking. 1 

PATHOGENESIS 

Wesselsbron virus has been classified as 
pantropic virus with marked hepatotropic 
properties in newborn lambs and latent neu¬ 
rotropic properties in embryonic and fetal 
tissue in pregnant ewes. 0 Hepatocytes are the 
primary site of viral replication in lambs, and 
age seems to be a determining factor in the 
progression of infection. Liver necrosis is the 
most consistent finding in infected young 
lambs, resulting in hepatic insufficiency and 
cholestasis. In general, the extent and sever¬ 
ity of liver necrosis is considerably less severe 
than in lambs infected with the Rift Valley 
fever virus. 6 

CLINICAL FINDINGS 

The clinical presentation of WBD varies by 
species and age. The disease is most severe in 
young lambs. After an incubation period of 
between 1 and 4 days, nonspecific clinical 
signs, such as anorexia, listlessness, and fever, 
become apparent. Similar symptoms are rarely 
observed in neonates of other species. Jaun¬ 
dice associated with liver cell necrosis may 
become apparent in more severe cases. Mor¬ 
tality rates are in the range of 25% in lambs. 

In adult sheep and cattle, the only appar¬ 
ent sign may be a fever episode. In pregnant 
ewes, infection may result in abortion, mum¬ 
mification, stillbirth, or birth of weak lambs. 
Stillborn or aborted lambs may show con¬ 
genital neurologic defects or arthrogryposis. 
The occurrence of hydrops amnii has also 
been associated with Wesselsbron virus 
infection in pregnant ewes. 2,6 Death of the 
ewe may occur, presumably as a complica¬ 
tion of the abortion. 

CLINICAL PATHOLOGY 

Wesselsbron disease is diagnosed by identi¬ 
fication of the causative virus or by serology. 


Virus identification can be done by direct 
virus isolation, by means of the complement 
fixation test (CFT) or the serum neutraliza¬ 
tion test (SNT). 2 The virus can be isolated 
from most organs of clinically affected lambs, 
but blood serum or liver tissue from aborted 
fetuses and liver or spleen of dead lambs are 
most commonly used. Immunohistochemis- 
try has also been used for virus identification 
in liver tissue of deceased lambs. 5 

Serology can be conducted by virus neu¬ 
tralization (VN), complement fixation, and 
hemagglutination inhibition. The hemagglu¬ 
tination inhibition test shows a high degree 
of cross-reactivity with other flaviviruses. 
More recently, an antibody ELISA has been 
developed that is more sensitive and less 
cross-reactive than the hemagglutination 
inhibition test. 5 

NECROPSY FINDINGS 

In aborted fetuses, congenital malformations 
of the central nervous system, such as poren¬ 
cephaly and cerebellar hypoplasia, have been 
reported. These were associated in some 
instances with arthrogriposis. 6 In neonates, 
moderate to severe icterus is a prominent 
finding. The liver is friable with a yellow to 
orange-brown color and may be congested 
and enlarged in some instances. Other non¬ 
specific lesions include petechiation on the 
serosal surface of the entire digestive tract 
and on the abomasal mucosa. 2 Subcutaneous 
edema has also been reported. 

On histopathology, mild to severe necro¬ 
sis of the liver characterized by diffuse necro¬ 
sis of individual or few grouped hepatocytes 
that are scattered randomly throughout 
the liver is the predominant finding. Prolif¬ 
eration of Kupffer cells and bile ducts is 
another consistent finding. 2 Hepatic lesions 
associated with Wesselsbron disease can be 
differentiated from those observed with Rift 
Valley fever by the absence of well-defined 
primary foci of coagulative necrosis of hepa¬ 
tocytes and the lacking parenchymal hemor¬ 
rhage that characterize infection with Rift 
Valley fever. 1 

Samples for Confirmation 
of Diagnosis 

• Virology—liver, spleen, brain (virus 
isolation, serum neutralization, 
complement fixation) 

• Histology—liver, spleen, brain (light 
microscopy, immunohistochemistry) 
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TREATMENT 

Little attention has been given to the aspect 
of treatment of the disease, and no known 
treatment is of any value. 

CONTROL 

Measures to control Wesselsbron disease that 
have been proposed in the past include 
vector control and vaccination. Although 
vector control is in theory possible, it requires 
that Aedes spp. breeding sites have been 
identified and have a limited surface to be 
manageable. Particularly with heavy rainfalls 
and flooding mosquito-breeding sites are too 
numerous and wide to be controlled. Eco¬ 
logical, health, and financial issues around 
applying large amounts of insecticides to the 
environment further complicate this type of 
control. 

A modified live vaccine was available in 
the past. Injudicious vaccination of pregnant 
ewes, however, resulted in considerable eco¬ 
nomic loss as a result of abortion and a high 
incidence of fetal malformations. Because of 
the limited economic damage caused by 
WBD and the complications experienced 
with vaccination, the production of the 
vaccine has been discontinued. 
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CAPRINE HERPESVIRUS-1 
INFECTION 


SYNOPSIS 


Etiology Caprine herpesvirus-1 

Epidemiology Most infections subdinical. 
High seroprevalence in Mediterranean 
countries. Latent infection common and 
outbreaks of abortion and neonatal 
mortality with no known precipitating 
cause. 

Clinical findings Abortion, neonatal disease, 
vulvovaginitis, balanoposthitis. 

Clinical pathology Leukopenia in systemic 
disease in kids. 

Lesions Ulceration and necrosis of vulva and 
prepuce. Multifocal necrosis in intestine 
and organs of aborted fetus and young 
(1-2 week olds) kids with systemic disease. 

Diagnostic confirmation Virus isolation, 
polymerase chain reaction (PCR). 

Treatment and control No effective 

treatment. Herd biosecurity. Experimental 
vaccine shows protection. 


ETIOLOGY 

Caprine herpesvirus-1 (CpHVl) is an alpha- 
herpesvirus within the family Herpesviridae. 
Restriction endonuclease analysis indicates 
that there are different strains, but these are 
not geographically clustered. 

EPIDEMIOLOGY 

Occurrence 

The disease is recorded in the United States, 
Canada, Australia, New Zealand, South 
America, and many countries in Europe, and 
it probably has worldwide distribution. 
Within the countries where it occurs, there 
is serologic evidence that the infection is 
widespread. Seroprevalence is particularly 
high in Mediterranean countries with high 
goat populations, such as Greece, Italy, 
France, 1 and Spain. 

In adults, the systemic disease is clinically 
inapparent, but a genital form of the disease 
can be transmitted sexually. The virus mostly 
causes latent or subdinical infections, such as 
vulvovaginitis and balanoposthitis, which 
may sometimes present with very serious 
lesions. 2 It is also associated with occasional 
but severe outbreaks of abortion, where the 
abortion rate may exceed 50%. 3 CpHVl is 
also associated with severe systemic disease in 
1 - to 2-week-old kids. This may occur in herds 
where does are also aborting or occasionally 
in herds without accompanying abortion. 

Transmission and 
Experimental Reproduction 

Transmission is thought to be by inhalation, 
ingestion or genitally. The virus is found in 
nasal, pharyngeal, and vaginal discharges; 
the prepuce; and feces. It is shed by affected 
females for 10 to 12 days after infection and 
for up to 24 days by males. 4 The extended 
shedding period in bucks is probably impor¬ 
tant in the high transmission rates of infec¬ 
tion that occur with the genital form of this 
disease. 

Only goats are affected naturally; lambs 
and calves are not infected by intranasal 
inoculation, but lambs can be infected by IV 
injection. After primary infection, CpHVl 
establishes a latent infection in the third and 
fourth sacral ganglia, but it is difficult to 
reactivate these infections by experimental 
or natural means. Reactivation occurs at the 
time of estrus, and outbreaks of vulvovagini¬ 
tis often occur during or after the mating 
period. 1 

Abortion occurs 1 to 7 weeks after experi¬ 
mental challenge. However, the factors that 
precipitate occasional outbreaks of abortion 
and disease in young kids are not known. 
Challenge of females in early pregnancy is 
followed by fetal stunting and death, whereas 
challenge in midpregnancy causes no impair¬ 
ment of fetal growth, with the fetus carried 
to term but born dead. 

Economic Importance 

Losses include deaths of young goats, in 
which the morbidity and case-fatality rates 


are high, and abortion and stillbirths in does. 
Although the disease is not common, abor¬ 
tion rates can be high in those herds that 
experience disease. 

PATHOGENESIS 

Viremia can occur in 1- to 2-week-old 
unweaned kids, with infection of various 
organs, especially the alimentary and respi¬ 
ratory tract. The virus can infect the pla¬ 
centa, causing placentitis and invading the 
fetus. 

CLINICAL SIGNS 
Adults 

In both the experimentally produced and the 
natural disease there is no prodromal clini¬ 
cal disease preceding abortion, and aborted 
kids are usually full term. Where there are 
twins, one may be born dead and the other 
alive. With the genital disease, there is ery¬ 
thema and edema of the vulva and shallow 
erosions, ulcers, and occasionally a diph¬ 
theritic membrane on the mucosae of the 
vulva and vagina. 1 The vaginal discharge 
is clear to mucopurulent, and lesions heal 
in approximately 1 week. Outbreaks occur 
during or after mating and are not neces¬ 
sarily followed by abortion. In males, there 
is an ulcerative balanoposthitis, with hyper¬ 
emia, edema, and ulceration of the penis 
and prepuce, often with a purulent exudate, 
with lesions healing within 15 days of 
infection. 4 

Newborn Kids 

Consistent signs include weakness, anorexia, 
cyanosis and dyspnea, increased heart and 
respiratory rates, abdominal pain, and fluid 
gut contents accompanied by diarrhea, and, 
in some cases, dysentery. Vesicles and ulcers 
may also be present on the coronets. Con¬ 
junctivitis, seropurulent nasal discharge, 
erosions of the oral mucosa, and petechial 
hemorrhages in the skin are also seen. 

CLINICAL PATHOLOGY 

Leukopenia is a consistent finding in sick 
newborn kids. The virus can be isolated from 
all secretions or identified by PCR and 
restriction endonuclease analysis. In serum, 
antibodies can be demonstrated by serum 
neutralization or ELISA tests. 5 

NECROPSY FINDINGS 
Adults 

In does, ulceration and necrosis of the 
vaginal and vulval mucosae and placentitis 
are standard findings. Males have inflamma¬ 
tion and ulceration of the penis and prepuce. 
A few adults develop an acute pneumonia 
with thick fibrinous exudate in the pleural 
cavity. Miliary foci of hepatic necrosis may 
or may not be grossly visible in aborted 
fetuses, but microscopic multifocal necrosis 
is commonly seen in the liver, adrenal glands, 
lung, and kidney. Herpesvirus intranuclear 
inclusions can be found in some of these 
tissues. 










Newborn Kids 

Prominent lesions include ulceration and 
necrosis of the mucosae of the rumen, 
abomasum, intestine, cecum, and colon. 
Lesions are particularly severe in the large 
intestine. Vesicles and ulcers on the coronet 
of the feet may also be seen. Microscopi¬ 
cally, foci of necrosis are often seen in the 
adrenal glands, urinary bladder, spleen, 
liver, lungs, and other tissues. Characteristic 
intranuclear inclusion bodies may be seen 
in mononuclear cells associated with these 
lesions. 

Samples for Confirmation 
of Diagnosis 

• Virology— Kids, fetuses —liver, lung, 
adrenal gland. Adults —genital ulcers, 
vesicles. Chilled swabs in viral transport 
media (virus isolation, PCR). It may be 
difficult to isolate virus from aborted 
fetuses, but it can be demonstrated by 
real-time PCR. 6 

• Histology—formalin-fixed samples of 
affected tissues 


DIFFERENTIAL DIAGNOSIS 


The systemic disease needs to be 
differentiated from the severe mycoplasmal 
infections and bacterial septicemias. Ulcerative 
dermatosis may be a confusing diagnosis in 
the genital form. 

The differential diagnosis of causes of 
abortion in the ewe and doe are summarized 
in Table 18-1. 


TREATMENT AND CONTROL 

The immunosuppressive drug mizoribine 
enhances the antiviral activity of acyclovir, 
but this combination is a model for treat¬ 
ment of human herpesvirus infections 
rather than a practical treatment for goats.' 
NSAIDs may ease the discomfort from 
the genital lesions caused by CpHVl, but 
effective quarantine and serologic testing 
of all introduced goats is the only effective 
control measure that can be suggested at the 
present time. 

The disease is probably not of sufficient 
economic importance to justify developing a 
commercial vaccine. However, experimental 
vaccines based upon glycoprotein D from a 
nonpathogenic bovine herpes virus-4 have 
provided good protection against challenge 
with pathogenic CpHVl. 8 
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EQUINE VIRAL ARTERITIS 


SYNOPSIS 


Etiology Equine arteritis virus 

Epidemiology Infection and disease in 
equids. Outbreaks of disease as a result of 
lateral transmission by infected body fluids. 
Venereal transmission by persistently 
infected but clinically normal stallions, with 
subsequent lateral spread among mares. 

Clinical signs Abortion. Upper respiratory 
disease with systemic signs including 
edema and respiratory distress. 

Clinical pathology Serology. No characteristic 
changes in hemogram or serum 
biochemistry. 

Diagnostic confirmation Virus isolation or 
reverse-transcription polymerase chain 
reaction (RT-PCR) detection of viral genome 
in blood, sperm-rich fraction of semen, 
nasopharyngeal swabs or tissue. 
Seroconversion or increase in complement 
fixation titer or enzyme-linked 
immunoabsorbent assay (ELISA). 

Differential diagnosis: 

• The systemic disease—viral respiratory 
disease 

• Abortion—equine herpesvirus-1 (EHV1), 
mare reproductive loss syndrome 

• Similar disease in neonates—EHV1 or 
other septicemia 

Treatment There is no specific treatment 
Control Vaccination, especially of stallions 
and seronegative mares to be inseminated 
by seropositive stallions and to control 
outbreaks at racetracks. Quarantine. 
Hygiene. 


ETIOLOGY 

Viral arteritis of horses, donkeys, zebras, 
and mules (EVA) is associated with an 
arterivirus—equine arteritis virus (EAV). 
There is an as yet unsubstantiated suspicion 
that New World camelids can be infected. 1 
EAV is a small enveloped, positive-sense, 
single-stranded RNA virus that is the proto¬ 
type virus in the family Arteriviridae (genus: 
Arterivirus), order Nidovirales. This taxo¬ 
nomic grouping includes porcine reproduc¬ 
tive and respiratory syndrome virus (PRRSV; 
see Chapter 18), simian hemorrhagic fever 
virus (SHFV), lactate dehydrogenase- 
elevating virus (LDV) of mice, and newly 
identified wobbly possum disease virus 
(WPDV), the cause of neurologic disease 
among free-ranging Australian brushtail 
possums (Trichosurus vulpecula) in New 
Zealand. 2,3 Although there is only one known 
EAV serotype, field strains of the virus differ 
in their virulence and neutralization pheno¬ 
type, 4 with some strains causing no detect¬ 
able disease and others being associated with 
severe clinical signs in adult horses and death 
in foals. 5 ' 7 


The structural proteins of the EAV virion 
include seven envelope proteins (E, GP2, 
GP3, GP4, ORF5a protein, GP5, and M) and 
the nucleocapsid (N) protein. 4,8 Equine EAV- 
specific polyclonal antisera and EAV neutral¬ 
izing monoclonal antibodies bind to the 
N-terminal hydrophilic ectodomain of GP5. 4 
Interactions among the GP2, GP3, GP4, 
GP5, and M envelope proteins play a major 
role in determining the CD 14+ monocyte 
tropism, whereas tropism for CD3+ 
T-lymphocytes is determined by the GP2, 
GP4, GP5, and M envelope proteins but not 
the GP3 protein. 9 

There is considerable genomic varia¬ 
tion among isolates, with EAV of North 
American and European origin clustering 
in geographically approximate, but distinct, 
viral clades. Phylogenetic analysis based 
on sequences of the hypervariable region 
of ORF5 is valuable for tracing the origin 
of EAV strains. 8,10 ' 19 Isolates of EAV cluster 
into two distinct groups: North American 
and European, with there being two clus¬ 
ters within the European clades (EU-1 and 
EU-2). Viral clades within a country tend 
to be consistent—for example, most iso¬ 
lates from horses in South Africa, Poland, 
and Argentina are from one of the Euro¬ 
pean clades, 11,12,15,20 whereas those in Turkey 
cluster within the North American clade. 16 
An outbreak in Quarter horses (which char¬ 
acteristically have a very low prevalence of 
serum antibody titers to EAV) and Ara¬ 
bians in North America in 2006 to 2007 
was associated with a novel strain of virus 
from the EU-1 clade. 6 However, increas¬ 
ing international movement of horses has 
resulted in the geographic spread of virus 
clades, with there being molecular genetic 
evidence of recent introduction of new viral 
clades into France and Argentina (and likely 
elsewhere). 10,18 For instance, of 22 French 
EAV isolates, 11 isolates obtained before 
January 28, 2003h clustered within either 
the EU-1 (9 isolates) or EU-2 (2 isolates) 
subgroup, whereas 11 isolates obtained after 
January 30, 2003 belonged to the North 
American group, strongly suggesting that 
these strains were recently introduced into 
France. 10,21 Infected stallions, or infected 
straws of semen, are the most frequent 
mode of introduction of new strains to an 
area. 10,12,18,19 

Nine South African strains isolated from 
a single donkey are phylogenetically distinct 
and different from EAV strains isolated from 
horses in North America and Europe, 
donkeys in Europe, and the group of South 
African Lipizzaner stallions. 10 

Novel phenotypic variants of EAV can 
emerge during persistent infections in stal¬ 
lions, and this is an important feature in the 
development of disease in exposed mares 
and foals. 4 ' 6 Persistently infected carrier stal¬ 
lions harbor EAV between breeding seasons, 
enabling emergence of genetic diversity of 
the virus. 4 The degree of nucleotide sequence 
identity among EAV strains isolated from a 
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single persistently infected stallion on 11 
occasions over 7 years ranged from 98.92% 
to 100%, and amino acid homology ranged 
from 98.06% to 100%. 1 ' An outbreak of EVA 
in France in 2007 was linked to a single per¬ 
sistently infected stallion in which the EAV 
evolved from relatively innocuous strains 
into a pathogenic strain. The stallion was 
monitored, and EAV strains available for 
examination, from 2000 to 2007, enabled 
determination that the source of the out¬ 
break was a viral strain that developed in this 
horse. 21 This means of development of new 
quasispecies is likely more important for the 
emergence of genetic diversity among EAV 
strains than is the minimal virus diversity 
that is generated during small or restricted 
outbreaks of EVA when the virus is transmit¬ 
ted by respiratory or venereal, or both, 
routes. 6 

EPIDEMIOLOGY 

Occurrence 

Serologic evidence of infection by EAV with 
or without evidence of disease is found 
in horse populations in North and South 
America, Europe, Africa, Asia, Australia, 
Britain, Spain, Italy, France, Poland, the 
Netherlands, South Africa, and Germany. It 
is probable that the disease is now present in 
most countries with substantial populations 
of horses. New Zealand has evidence that it 
is free of infection, and there are no reports 
of the disease from Japan. 12 International 
shipment of horses and frozen semen con¬ 
tributes to the spread of the EAV. 

The proportion of seropositive horses 
varies considerably among populations, with 
there being marked differences among 
breeds. Overall, 2% of horses in the United 
States are seropositive to EAV (serum neu¬ 
tralization titer >1:4), with 8.4% of horse 
operations having seropositive horses. 
Twenty-five percent of operations whose 
principal activity was breeding had at least 
one unvaccinated seropositive horse, whereas 
4% of racing operations had a least one 
unvaccinated seropositive horse. The preva¬ 
lence of titers to EAV is higher in mares and 
in horses used for breeding. The frequency 
with which horses in the United States have 
serum titers greater than 1:4 varies with 
breed, with 24% of Standardbreds, 4.5% of 
Thoroughbreds, 3.6% of Warmbloods, and 
0.6 % of Quarter horses being seropositive. 
Approximately 19% of Warmblood horses 
imported into the United States have anti¬ 
bodies to EAV, with horses from Germany 
and the Netherlands having the highest prev¬ 
alence (21% and 25% respectively). Between 
55% and 93% of Warmblood and Lipizzan 
breeds in Austria have serologic evidence of 
exposure to EAV. Of horses in Anatolia, 
Turkey, -24% are seropositive. 23 Of approxi¬ 
mately 8000 sera tested in Greece, 3.3% were 
positive for antibodies to EAV. 24 

Disease in Great Britain and North 
America has been associated with 


importation of infected stallions or semen. 
The disease spreads rapidly in a group of sus¬ 
ceptible horses, and although the course of 
clinical disease is short, an outbreak in a 
group of horses may persist for a number of 
weeks. Naturally acquired infections in 
newborn foals can occur as an outbreak and 
cause severe disease. 

Origin of Infection and Transmission 

EAV is spread in two ways: 

1. Horizontal transmission of virus by 
predominantly nasal fluid, but also by 
urine, feces, lacrimal fluid, and vaginal 
discharge of infected horses 

2. Venereal transmission from stallions to 
susceptible (seronegative) mares 

Horizontal Transmission 

Through infected nasal discharge and body 
fluid, horizontal transmission is effective and 
is the means of disease spread in outbreaks 
in racing stables, and among mares and foals 
at breeding farms. The virus is found in 
respiratory secretions for 7 to 14 days and in 
other tissues for 28 days. Close contact 
between horses is probably required for 
transmission of the virus—it has been 
reported to spread after contact of horses 
across a fence. The duration of viability of the 
virus in the environment has not been 
reported, but the potential for spread of 
infection on fomites including clothing and 
tack should be considered when dealing with 
an outbreak. 

Venereal Transmission 

Stallions are infected by horizontal trans¬ 
mission of the virus, subsequently excrete 
the virus in semen, and infect susceptible 
mares at the time of mating. Clinically 
normal stallions are also capable of trans¬ 
mitting the virus horizontally to other stal¬ 
lions in a breeding operation, demonstrating 
the potential for horizontal spread of infec¬ 
tion from stallions in the absence of clinical 
disease or sexual contact. This is demon¬ 
strated by the high frequency of infection 
in stallions sharing a stable and infection of 
semen in a virgin stallion. 15 Between 30% 
and 60% of infected stallions excrete the 
virus in semen for weeks to months. Some 
stallions excrete virus for years, and lifelong 
infection and virus excretion can occur. 
Prolonged infection of stallions is associ¬ 
ated with mutation of the virus and secre¬ 
tion by the stallion of viral strains that vary 
over time. 21 However, disease resulting from 
transmission of infection from a stallion to a 
mare, and subsequent spread of infection to 
other horses, is associated with a single viral 
strain. In other words, stallions can excrete 
a variety of strains of the virus during their 
lifetime, but outbreaks of disease are associ¬ 
ated with an initial single viral strain that 
evolves slowly, if at all, during the weeks 
or months of the outbreak but that can 
develop into multiple viral strains. 5 ' 6 For 


instance, at least 22 strains of EAV were 
detected in the 2007 outbreak in France, 
with the original inciting virus having 
developed in a stallion persistently infected 
before 2002. 5 ' 6 ' 10 

Prolonged excretion of the virus in semen 
is likely important in the maintenance of the 
virus in populations of horses. Introduction 
of a persistently infected stallion into a 
naive population, insemination of seronega¬ 
tive mares with semen from an infected stal¬ 
lion, and emergence of a virulent strain of 
EAV from a persistently infected stallion 
have been implicated as the cause of out¬ 
breaks of viral arteritis. 5 ' 10 ' 13,18 The carrier 
stallion infects mares at mating; the mares 
then develop disease and shed the virus in 
nasal and other body fluids and infect 
in-contact susceptible horses and foals by 
horizontal transmission. 

Artificial breeding practices in which 
large numbers of mares, often over geo¬ 
graphically dispersed areas, are inseminated 
within a short time or single season from an 
infected stallion can result in widespread 
outbreaks. This situation occurred among 
Quarter horses in the United States in 2006 
to 2007 and in draff breed horses in France 
in 2007. 5 ' 6 Furthermore, transfer of EAV- 
infected embryos to EAV serologically nega¬ 
tive recipient mares can result in infection of 
the recipients, although this has only been 
demonstrated experimentally and has not 
been identified as a means of EAV spread in 
the field. 25 

The possibility of fomite spread on veteri¬ 
nary instruments, clothing, or personnel, as 
was possibly the case in France, should be 
considered.’ 

Immunity 

Vaccination or recovery from natural infec¬ 
tion results in the development of a strong 
serum antibody virus-neutralizing response, 
which is thought to be important in clear¬ 
ance of the virus and resistance to infection. 
The humoral immune response to EAV 
includes development of complement-fixing 
and virus-specific neutralizing antibodies. 
Complement-fixing antibodies develop 1 to 
2 weeks after infection, peak after 2 to 3 
weeks, and disappear by 8 months, whereas 
virus-neutralizing antibodies are detected 
within 1 to 2 weeks after exposure, peak at 2 
to 4 months, and persist for at least 3 years. 4 

Naive pregnant mares infected by hori¬ 
zontal transmission may abort or, less com¬ 
monly, give birth to infected foals that 
subsequently die, whereas foals of immune 
mares are resistant to infection. Viral neu¬ 
tralization antibodies are present in mare’s 
colostrum and foal’s serum after sucking, 
with persistence of the antibodies to the age 
of 2 to 6 months in the foals. Persistence of 
passive immunity in foals has important 
implications for resistance to infection and 
for timing of administration of modified live 
vaccines. 
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Animal Risk Factors 

There are clear differences in susceptibility of 
individual horses to infection and disease, 
with the clinical outcome of EAV infection 
determined by host genetic factors. Horses 
can be segregated into susceptible and resis¬ 
tant phenotypic groups based on the in vitro 
susceptibility of CD3+ T-lymphocytes to 
EAV infection. 26 ' 28 A genetically dominant 
haplotype associated with the in vitro sus¬ 
ceptible phenotype has been identified in 
four horse breeds studied and is located in 
the region of ECA11, based on genome-wide 
association studies. 26 There are several pro¬ 
teins associated with virus attachment and 
entry, cytoskeletal organization, and NF- 
kB pathways encoded by this region of 
ECA1. 26 There does not appear to be an asso¬ 
ciation between polymorphisms in major 
histocompatibility antigens (the equine lym¬ 
phocyte antigen) and susceptibility to EAV 
infection. 2 

Horses of all age groups are susceptible to 
infection, but adult horses are generally 
resistant to disease. In the 2007 outbreak in 
France, deaths were recorded of one fetus, 5 
young foals, and 2 mature horses. 6 

Economic Importance 

The chief impact of the disease on breeding 
farms is the loss of foals through abortion 
and the cost of quarantine and control mea¬ 
sures. The systemic illness can be severe, but 
the mortality rate is low. The outbreak in 
western France in 2007 affected 18 (index, 
8 primary and 9 secondary) premises in five 
counties in western France. Eight mortality 
cases were observed, including one fetus, 
five young foals and two mature horses. 
During outbreaks at race tracks, the eco¬ 
nomic impact is a result of lost opportunities 
for training and racing sick or convalescing 
horses and the effect of quarantine and 
control measures. Additional costs are 
incurred by the inconvenience and cost of 
vaccinating mares to be bred to stallions 
infected with the virus and import regula¬ 
tions controlling movement of horses and 
semen, including the inability to export 
mares, fillies, and noncarrier stallions that 
are seropositive (perhaps as a result of vac¬ 
cination), and the limited opportunities for 
export of semen from infected stallions or 
export of the stallions themselves. 

PATHOGENESIS 

The clinical manifestations of EVA result 
from vascular injury; the pathogenesis of 
EVA has not yet been comprehensively 
defined but involves infection of CD3+ 
T-lymphocytes. 9 The highly virulent, horse- 
adapted Bucyrus strain of EAV causes death 
in horses by severe vascular damage. The 
pathogenesis of disease associated with hori¬ 
zontal transmission of EAV has been eluci¬ 
dated. After inhalation of the virus, it binds 
to the respiratory epithelium and infects 
alveolar macrophages and is detectable in 


bronchial lymph nodes by 48 hours after 
infection. Three days after infection, the 
virus is detectable in circulating monocytes, 
with subsequent systemic distribution of 
infection. The virus has localized in vascular 
endothelium and medial myocytes by days 6 
to 9, and there is significant damage to blood 
vessels by day 10. The virus infects renal 
tubular epithelium and can persist there for 
up to 2 weeks. Medial necrosis of blood 
vessels might cause anoxia of associated 
tissues. The virus is not detectable in any 
tissue by 28 days after infection, with the 
exception of accessory sex glands in intact 
male horses. 

Abortion is caused by a severe necrotiz¬ 
ing myometritis and presumed consequent 
reduction in fetal blood flow. There are 
usually no lesions in the fetus, although the 
fetus is infected with the virus, sometimes at 
titers higher than those in the dam. The 
mechanism underlying abortion of foals 
from EAV-infected mares is unclear. 4 

CLINICAL FINDINGS 

Infection by EAV is usually clinically inap- 
parent, especially after venereal infection of 
mares. Abortion is not necessarily associ¬ 
ated with clinical disease in the mare. Sys¬ 
temic disease is usually mild to moderate 
and self-limiting, with recovery in 5 to 9 days 
in the vast majority of horses. 

Systemic disease is characterized by an 
incubation period of 1 to 6 days followed 
by the appearance of fever (39-41° C [102- 
106°F]). A serous nasal discharge presents 
that may become purulent and be accom¬ 
panied in some horses by congestion and 
petechiation of the nasal mucosa, urticaria, 
conjunctivitis, excessive lacrimation devel¬ 
oping to purulent discharge, keratitis, pal¬ 
pebral edema, and blepharospasm. Opacity 
of the aqueous humor and petechiation of 
the conjunctiva may also occur. Signs of pul¬ 
monary disease, such as respiratory distress 
and coughing, are attributable to pulmonary 
edema and congestion but are uncommon. 
The appetite is reduced or absent; in severe 
cases, there may be abdominal pain, diar¬ 
rhea, and jaundice. Edema of the limbs 
is common and more marked in stabled 
horses than those at pasture. In stallions, 
edema of the ventral abdominal wall may 
extend to involve the prepuce and scrotum. 
Depression is usual and varies in degree 
with the severity of the syndrome. The 
disease is acute and severe, and deaths may 
occur without secondary bacterial inva¬ 
sion. In these cases dehydration, muscle 
weakness, and prostration develop quickly. 
It must be emphasized that the disease 
may be much milder than that described 
previously. 

Clinical disease in neonatal foals is 

characterized by fever, profound depression, 
weakness, limb and facial edema, and respi¬ 
ratory distress. 30 Severely affected foals 
usually die. Foals can be affected at birth or 


be born apparently normal and develop 
disease 1 to 19 days after birth. 

Abortion occurs within a few days of the 
onset of clinical illness, although it is not 
usually associated with clinically apparent 
disease. Abortions may occur in 10% to 60% 
of at-risk mares during an outbreak and 
during the 3rd through 10th months of ges¬ 
tation. Abortion occurs 12 to 30 days after 
exposure. The abortion is not foreshadowed 
by premonitory signs, and the placenta is not 
retained. 

CLINICAL PATHOLOGY 

Hematologic examination of adults and 
foals during the acute phase of the systemic 
disease is characterized by leukopenia and 
thrombocytopenia. 

Antemortem confirmation of infection 
has historically been achieved by serology or 
virus isolation. However, modern diagnostic 
techniques involving PCR and genetic 
sequencing technology have greatly facili¬ 
tated prompt diagnosis of infection, moni¬ 
toring for the presence of EAV in semen 
(fresh or for artificial insemination), and 
genetic epidemiology of infection to track 
the source of the outbreak and its progres- 
sion. 5,6,10 ' 12 PCR tests are described for detec¬ 
tion of the EAV. 31,32 Recommended use of 
testing is described in Table 21-4. 

Serologic confirmation of infection is 
achieved using complement fixation, serum 
neutralization, and ELISA tests. 33 ' 36 Serocon¬ 
version occurs within 1 week of infection, 
and demonstration of a rising antibody titer, 
based on acute and convalescent serum 
samples, or seroconversion is considered 
evidence of recent infection. False-positive 
results for the virus neutralization test have 
occurred using OIE prescribed rabbit kidney 
(RK-13) indicator cells when testing serum 
from horses vaccinated with an EHV1/4 
tissue cultured derived vaccine. The false¬ 
positive results are likely a result of vaccine- 
induced antibody response against the 
RK-13 cells. 

Virus isolation from blood, body fluids, 
and fetal or placental tissue is readily 
achieved during the acute phase of the 
disease. Appropriate samples for virus isola¬ 
tion include nasopharyngeal or conjunctival 
swabs and anticoagulated whole blood 
(heparin, EDTA, or citrate are suitable anti¬ 
coagulants). Virus is continuously excreted 
in the semen of infected stallions and is 
readily isolated from the sperm-rich fraction 
of the semen. A nested PCR can detect the 
presence of virus in naturally infected semen 
at concentrations as low as 2.5 plaque¬ 
forming units per mL with a specificity of 
97% and a sensitivity of 100%, and may be 
useful for the rapid diagnosis of EAV shed¬ 
ding stallions. 

Antemortem diagnosis of EVA disease 
can be achieved by examination of skin 
samples using monoclonal antibody immu- 
noperoxidase histochemistry. Examination 
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Table 21-4 Test methods available for the diagnosis of equine viral arteritis and their purpose 


Method 




PURPOSE 



Population 
freedom from 
infection 

Individual animal 
freedom from 
infection 

Efficiency of 

eradication 

policies 

Confirmation 
of clinical 

cases 

Prevalence of 
infection— 
surveillance 

Immune status in individual 
animals or populations 
postvaccination 

Virus isolation 

- 

+++ 

- 

+++ 

- 

- 

Agar gel immunodiffusion 

- 

- 

- 

S 

- 

- 

Complement fixation 

- 

- 

- 

+++ 

- 

- 

Enzyme-linked immunosorbent assay 

+ 

++ 

+ 

++ 

+++ 

+ 

Polymerase chain reaction 

- 

+++ 

- 

+++ 

- 

- 

Virus neutralization 

+ 

+++ 

+ 

+++ 

+++ 

+++ 


Key: +++ = recommended method; ++ = suitable method; + = may be used in some situations, but cost, reliability, or other factors severely limit its application; - = not 
appropriate for this purpose. 

Although not all of the tests listed as category +++ or ++ have undergone formal standardization and validation, their routine nature and the fact that they have been 
used widely, without dubious results, makes them acceptable. 


of skin samples obtained by biopsy reveals 
edema and vasculitis and presence of intra- 
cytoplasmic EAV antigen. 

NECROPSY FINDINGS 

Gross lesions include edema of the eyelids 
and petechiation of the upper respiratory 
tract and the serosae of the abdominal and 
thoracic viscera. There is an abundant sero¬ 
fibrinous pleural and peritoneal effusion 
with generalized edema of the lungs, medi¬ 
astinum, and abdominal mesenteries. A 
hemorrhagic enterocolitis and hemorrhage 
and infarction in the spleen may be noted. 
Characteristic histologic changes are found 
in the small arteries and include fibrinoid 
necrosis of the tunica media and karyor- 
rhexis of the infiltrating leukocytes. Fluo¬ 
rescent antibody or immunohistochemical 
staining demonstrates viral antigen within 
the endothelial cells of these blood vessels. 
An immunoperoxidase method has also 
revealed viral antigen within endothelial 
cells and macrophages of an aborting mare 
and her fetus and within skin biopsies of 
animals exhibiting a maculopapular rash. 
Serologic tests performed on samples col¬ 
lected at necropsy can also be used to confirm 
that exposure to the virus has occurred. 

The virus can be isolated from the lung 
and spleen of aborted fetuses, but no consis¬ 
tent, specific lesions are present. Necrotizing 
arteritis, similar to that in the mare, may be 
detectable. 

Samples for Confirmation 
of Diagnosis 

• Virology—chilled lung, spleen, and 
thymus (virus isolation, PCR, 
fluorescence antibody test) 

• Serology—heart-blood serum or fetal 
thoracic fluid (virus neutralization, 
ELISA, complement fixation) 

• Histology—fixed lung, spleen, adrenal, 
jejunum, colon, and heart (light 
microscopy, immunohistochemistry) 


DIFFERENTIAL DIAGNOSIS 


Definitive diagnosis is based on isolation of 
EAV from affected cases, or the 
demonstration of seroconversion or an 
increase in serum antibody titer. 

The systemic disease must be 
differentiated from that associated with 
equine herpesvirus type 1 (EHV1) or type 4 
(EHV-4) infection, equine influenza, strangles 
(see Tables 12-13 and 12-14—Infectious 
respiratory diseases of horses), infection with 
Getah virus in Japan, equine infectious 
anemia, African horse sickness, and purpura 
hemorrhagica, equine infectious anemia, 
equine encephalosis virus infection, Hendra 
virus infection, Getah virus infection, and 
toxicosis caused by hoary alyssum (Berteroa 
incana). 

Abortion should be differentiated from 
that associated with EHV1, Salmonella 
abortusequi, leptospirosis, mare 
reproductive loss syndrome, and congenital 
malformations. 

Similar disease in neonates can be 
associated with EHV1, immaturity or 
premature birth, and bacterial septicemia. 


TREATMENT AND CONTROL 

There is no specific treatment for equine viral 
arteritis. Most horses recover without spe¬ 
cific care. Severely affected foals require 
intensive care. 

Control of EAV infection is based on the 
strong immunity induced by natural infec¬ 
tion or vaccination with a modified live virus 
and an understanding of the role of carrier 
stallions in the disease. The following prac¬ 
tices are suggested: 

1. Isolate all new arrivals (and returning 
horses) to farm or ranch for 3 to 5 
weeks. 

2. If possible, segregate pregnant mares 
from other horses. 

3. Blood test all breeding stallions for 
EAV antibodies. 


4. Check semen of any unvaccinated, 
antibody-positive stallions for EAV to 
identify carriers before breeding. 

5 Once tested negative for EAV 
antibodies, vaccinate all breeding 
stallions annually. 

6. Physically isolate any EAV carrier 
stallions. 

7. Restrict breeding EAV carrier stallions 
to vaccinated mares or mares that test 
positive for naturally acquired 
antibodies to the virus. 

8. Vaccinate mares against EVA at least 3 
weeks before breeding to a known 
carrier stallion. 

9. Isolate mares vaccinated for the 
first time against EVA for 3 weeks 
following breeding to an EAV carrier 
stallion. 

10. In breeds or areas with high rates of 
EAV infection, vaccinate all intact 
males between 6 to 12 months of age. 

Testing of mares and stallions permits 
identification of serologically negative, and 
therefore at-risk, animals. Seronegative 
mares should not be mated with infected 
stallions nor inseminated with fresh or 
frozen semen from infected stallions because 
of the risk of transmission of infection to the 
mare. Seropositive mares, or mares that have 
been vaccinated for at least 3 weeks, can 
safely be bred to stallions that have serologic 
evidence of infection. Seropositive mares 
should be separated from seronegative mares 
for at least 3 weeks after mating to a seroposi¬ 
tive stallion. Seropositive stallions that have 
not been vaccinated should have their semen 
cultured to determine whether they are 
excreting the virus. Stallions excreting virus 
in their semen should be kept isolated from 
susceptible horses but can be bred to sero¬ 
positive mares, as described previously. 
Because the virus survives cooling and freez¬ 
ing, similar principles should be applied to 
the use of artificial insemination in horses. 
One control program requires that all 
















stallions be vaccinated with a modified live 
virus vaccine 28 days before the beginning of 
each breeding season. 

Vaccination with a modified live virus 
vaccine induces strong immunity, although 
revaccination is necessary to ensure continu¬ 
ing immunity. The vaccine protects mares 
exposed to stallions shedding the virus in 
semen and has been used to control out¬ 
breaks of the respiratory form of the disease 
at racetracks. The modified live virus vaccine 
is regarded as safe, although there is mild 
fever and leukopenia, and there is evidence 
that the vaccine virus replicates in the vac¬ 
cinates. A killed-virus vaccine is also avail¬ 
able and is used to vaccinate Thoroughbred 
stallions in the United Kingdom. 3, Antibod¬ 
ies induced by the vaccine cannot be 
differentiated from those resulting from 
natural infection, a situation that may 
be problematic when import restrictions 
require the horse to be seronegative, 
presumably as proof of lack of exposure to 
virulent EAV. 

Vaccination of foals from immune mares 
results in good protection, provided that the 
timing of vaccination is delayed until mater¬ 
nal antibodies to EAV are no longer present 
in the foal. 

Control of an outbreak of EVA involves 
cessation of all movement on and off the 
farm and all breeding to control both hori¬ 
zontal and venereal transmission. All cases 
and contacts should be traced, sampled, and 
isolated. All horses on the affected premises 
should be screened and grouped according 
to infectious status. Testing and screening 
should continue on all possible affected 
premises until the end of the outbreak, sero¬ 
positive animals and pregnant mares should 
be isolated for 4 weeks after first sampling, 
and stallions must have their shedding status 
determined. It is critical that all breeding of 
stallions is stopped and that concerted efforts 
are made to control horizontal spread of 
infection to stallions. 

For breeds that permit use of assisted 
breeding technologies, all semen and 
embryos should be traced and recipients 
informed of the situation. 

A protocol for managing an outbreak of 
EVA on a breeding facility is as follows 
(modified from the Horserace Betting Levy 
Board 38 ): 

1. Stop mating, teasing, and collection/ 
insemination of semen, and stop 
movement of horses on and off the 
premises immediately. 

2. Notify the appropriate regulatory 
authority. 

3. Isolate and treat clinical cases. 

4. Group the in-contacts away from other 
horses on the premises and take 
samples for virus detection (preferably 
RT-PCR). When the results are 
available, separate any healthy horses 
that have tested negative away from 
those that have tested positive. Horses 
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that have tested positive should be kept 
in isolation until freedom from active 
infection is confirmed. 

5. Screen all other horses at the premises 
to determine their serologic status 
(EAV positive or negative). If any of 
these return positive results, they 
should be separated from those with 
negative results and kept in isolation 
until freedom from active infection is 
confirmed by RT-PCR testing. 

6. Arrange for one straw from each 
ejaculate of stored semen from infected 
stallions and their in-contacts to be 
tested by a laboratory. If any straw is 
infected, all straws from that ejaculate 
should be destroyed. 

• Inform the following of infection: 

• owners (or persons authorized 
to act on their behalf) of horses 
at, and soon to arrive at, the 
premises; 

• owners (or persons authorized 
to act on their behalf) of horses 
which have left the premises; 

• recipients of semen from the 
premises; 

• the national breeders’ 
association, if applicable. 

7. Clean and disinfect stables; equipment, 
including that used for semen 
collection and processing; and vehicles 
used for horse transport. 

8. Good hygiene must be exercised. If 
possible, separate staff should be used 
for each different group of horses to 
prevent indirect transmission of 
infection between the groups. 

9. Repeat the serologic testing after 14 
days and again every 14 days until 
freedom from active infection is 
confirmed. Use the same laboratory for 
repeat samples as for the first samples. 
If any of the previously healthy or 
seronegative horses become ill or 
seropositive, they should be moved 
into the appropriate group. Testing of 
these horses should continue until 
freedom from active infection is 
confirmed. Seropositive stallions and 
teasers must be investigated to 
determine whether they are shedders. 
Those that prove to be shedders must 
be kept in strict isolation until their 
future is decided and must not be used 
for breeding activities during 

this time. 

10. Do not resume any breeding activities 
or movement on and off the premises 
until freedom from active infection is 
confirmed in all infected and 
in-contact horses. 

11. Pregnant mares must be isolated for at 
least 28 days after leaving the premises. 
Those remaining on the premises 
should be kept in isolation for at least 
28 days after active infection has 
stopped. 


12. Any mares that became infected after 
their pregnancy began should be foaled 
in isolation. 

FURTHER READING 

Balasuriya UBR, et al. Equine arteritis virus. Vet 
Microbiol. 2013;167:93-122. 

REFERENCES 

1. World Organization for Animal Health. Terrestrial 
animal health code. 2013 at: <www.oie.int/ 
fileadmin/Home/fr/Health_standards/.. ./2.05.10_ 
EVA.pdf>; Accessed 30.11.15. 

2. Dunowska M, et al. Vet Microbiol. 2012;156:418. 

3. Archambault D, et al. Biomed Res Int. 
2014;2014:303841. 

4. Balasuriya UBR, et al. Vet Microbiol. 2013;167:93. 

5. Pronost S, et al. Equine Vet J. 2010;42:713. 

6. Zhang J, et al. / Gen Virol. 2010;91:2286. 

7. Vairo S, et al. Vet Microbiol. 2012;157:333. 

8. Firth AE, et al. / Gen Virol. 2011;92:1097. 

9. Go YY, et al. / Virol. 2010;84:4898. 

10. Zhang J, et al. Arch Virol. 2007; 152:1977. 

11. Echeverria MAG, et al. Virus Genes. 2007;35:313. 

12. Larska M, et al. Vet Microbiol. 2008;127:392. 

13. Metz GE, et al. Arch Virol. 2008;153:2111. 

14. Ernesto Metz G, et al. Intervirol. 2011;54:29. 

15. Rola J, et al. Vet Microbiol. 2011;148:402. 

16. Ataseven VS, et al. Rev Med Vet. 2013; 164:67. 

17. Rola J, et al. Vet Microbiol. 2013;164:378. 

18. Metz GE, et al. Rev Sci Tech OIE. 2014;33:937. 

19. MiszczakF, et al. Virologie. 2015;19:7. 

20. Surma-Kurusiewicz K, et al. Res Vet Sci. 

2013;94:361. 

21. MiszczakF, et al. Virol. 2012;423:165. 

22. McFadden AMJ, et al. NZ Vet J. 2013;61:300. 

23. Bulut O, et al. / Anim Vet Adv. 2012;11:924. 

24. Mangana-Vougiouka O, et al. Rev Sci Tech OIE. 
2013;32:775. 

25. Broaddus CC, et al. Therio. 2011;76:47. 

26. Go YY, et al. / Virol. 2011;85:13174. 

27. Go YY, et al. J Virol. 2012;86:12407. 

28. Go YY, et al. Vet Microbiol. 2012;157:220. 

29. Kalemkerian PB, et al. Res Vet Sci. 2012;93:1271. 

30. Gryspeerdt A, et al. Vlaams Dier Tijd. 2009;78:189. 

31. Lu Z, et al. / Vet Diagn Invest. 2008;20:147. 

32. Miszczak F, et al. J Clin Micro. 2011;49:3694. 

33. Chung C, et al. / Vet Diagn Invest. 2013;25:182. 

34. Chung C, et al. J Vet Diagn Invest. 2013;25:727. 

35. Ernesto Metz G, et al. / Virol Meth. 2014;205:3. 

36. Hu Y, et al. Chin J Prev Vet Med. 2014;36:651. 

37. Newton JR. Equine Vet Educ. 2007;19:612. 

38. Horserace Betting Levy Board. 2015 at: <http:// 
codes.hblb.org.uk/index.php/page/55>; Accessed 
29.11.15. 


AFRICAN HORSE SICKNESS 


SYNOPSIS 


Etiology African horse sickness virus. 

Epidemiology Infectious, noncontagious, 
arthropod-borne disease of horses, 
donkeys, and mules endemic to sub- 
Saharan Africa. Epizootics occur in the 
Iberian Peninsula, Mediterranean coast. 
Middle East, and Indian subcontinent. 
Heightened concern over risk of spread to 
areas, particularly western Europe, that are 
currently free of the disease. 

Continued 
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Chapter 21 


Systemic and Multi-Organ Diseases 


Clinical signs Pulmonary form: fever, 

respiratory distress, frothy nasal discharge, 
death. Cardiac form: fever, edema of the 
head and ventral chest, hydropericardium. 
Mixed form has characteristics of both 
pulmonary and cardiac forms. Horse fever: 
mild fever, often inapparent infection. 
Clinical pathology Leukopenia; disseminated 
intravascular coagulation. Serology often 
negative in horses that die acutely. 
Detection of viral genome by polymerase 
chain reaction (PCR). 

Lesions Pulmonary edema, hydropericardium, 
ascites, edema of the gastrointestinal tract. 

Diagnostic confirmation Histopathology. 
Detection of virus by cultivation or 
reverse-transcription PCR (RT-PCR) in blood 
or tissues. 

Differential diagnosis list: 

• Pulmonary form—rupture of cordae 
tendinea of mitral valve (single horse), 
acute bacterial pneumonia, anthrax, 
piroplasmosis 

• Cardiac form—intoxication with 
monensin or similar ionophore. 

Treatment None. Supportive care. 

Control specific Enzootic area: vaccination, 
reduce exposure to biting insects. 
Quarantine and eradication in nonenzootic 
areas. 


African horse sickness is an important 
disease of horses and mules in southern and 
central Africa and, during epizootics, in 
northern Africa (including Ethiopia) 1 and 
the Arabian and Iberian peninsulas. The 
disease in southern Africa occurs as fre¬ 
quent, intermittent small outbreaks and as 
periodic epidemics that kill large numbers of 
horses. An epidemic during 1854 to 1855 
killed over 17,000 horses, 40% of the horse 
population, in the Western Cape region. 
During premechanized exploration and 
development of southern and central Africa 
and during the Boer War, the disease had a 
major economic and military impact. For 
example, during a single campaign in the 
Boer War, of 1732 British horses involved, 
323 died of African horse sickness within a 
17-day period in late April of 1901. An out¬ 
break that extended through northern Africa 
into the Indian subcontinent from 1959 to 
1961 resulted in the death of 300,000 horses. 

ETIOLOGY 

African horse sickness (AHS) is associated 
with a viscerotropic orbivirus (RNA, family 
Reoviridae), of which nine antigenic strains 
(serotypes) are recognized. The genome of 
AHS virus (AHSV), which is available, 2 is 
composed of 10 double-stranded RNA 
segments, which encode seven structural 
proteins (VP 1-7) and four nonstructural 
proteins. 3,4 Proteins VP2 and VP5 form the 
outer capsid of the virion, and proteins VP3 
and VP7 are the major inner capsid proteins. 


Proteins VP1, VP4, and VP6 constitute 
minor inner capsid proteins. The NS3 pro¬ 
teins are the second most variable AHSV 
proteins and are associated with viral release 
from cells and total viral yield. 3,5 

The serotypic differences are attributable 
to variations in the capsid proteins, predomi¬ 
nantly VP2 and to a lesser extent VP5. VP2 
contains the predominant neutralizing epi¬ 
topes, although antibodies to VP5 are one of 
the earliest serologic markers of infection and 
have neutralizing activity. Lineages are also 
evident within serotypes, and the resultant 
clades are grouped geographically, at least for 
the serotypes studied. Identification of clades 
facilitates epidemiologic studies. There are 
also variants of each serotype with attenuated 
virulence. No new serotypes have been iden¬ 
tified since 1960, and virtually all epidemics 
outside of southern Africa before 1987 were 
caused by serotype 9. Since then, outbreaks 
attributable to AHSV-4 (Iberian Peninsula 
1987-1990); AHSV2, -4, -6, -8, and -9 in 
Ethiopia since 2007 (although AHSV-9 is 
endemic and was the serotype isolated from 
-80% of cases) 6 ; and AHSV-2 in Nigeria, 
Ghana, Senegal, Morocco, and neighboring 
countries from 2007 (again, with AHSV-9 
being endemic in some of this region) have 
occurred. 8 Serotype 7 has been reported to 
cause disease in equids in Ethiopia but was 
not detected during 2007 to 2010. 1 

An avirulent form of AHSV 9 circulates in 
the Gambia, with 96% of clinically normal 
unvaccinated horses and donkeys seroposi¬ 
tive for the serotype. The avirulent strain of 
AHSV-9 is identical to a vaccinal strain, 
raising the suggestion that the virus circulat¬ 
ing in the Gambia region is highly likely to 
have derived from a live-attenuated AHSV-9 
vaccine. 9 Passage of AHSV-7 through cell 
lines to produce an attenuated strain does not 
reduce its infectivity for midges, indicating 
the potential for vector-borne spread of avir¬ 
ulent strains of the virus. 10 The practice of 
vaccinating horses with polyvalent, avirulent 
vaccines has led to concerns about reassort¬ 
ment of the virus and reversion to virulence. 
However, although reassortment of vaccine 
virus occurs in vivo, there is currently no 
evidence that the reassortants are pathogenic, 
noting the limitation on this conclusion 
imposed by the small number of horses 
studied and the short duration of the study. 11 

There have been three outbreaks of AHS 
in the AHS-controlled zone near the Cape of 
Good Hope in South Africa since the zone 
was established in 1997. Serotypes involved 
in these outbreaks were serotype 1 (2004 and 
2011) and serotype 7 in 1999. The 1999 and 
2004 outbreaks were traced to unauthorized 
movement of horses into the zone. The 
source of the 2011 outbreak is unknown. 12 

There is real concern among AHS-free 
countries, including those in Europe, the 
Americas, and Australia, that AHS will gain 
entry, either by movement of midges, through 
introduction of subclinically infected equids 


(likely mules, donkeys, or zebras), or through 
fraudulent (unauthorized) importation of 
equids. Recognition of this risk, which 
appears to be increasing with global warming 
and climate change and is exemplified by the 
emergence of Bluetongue and Schmallenberg 
viruses in Europe, 8,13,14 has resulted in many 
countries developing contingency plans for 
exclusion of the virus or management plans 
should it emerge. 8 14 ' 19 

The virus is similar to other animal orbi- 
viruses, including bluetongue virus, enzootic 
hemorrhagic disease virus, and equine 
encephalosis virus. The host range includes 
equids (horses, donkeys, mules, zebra), ele¬ 
phants, camels, sheep, goats, and predatory 
or scavenging carnivores. Infection produces 
disease in horses and mules, and less com¬ 
monly African donkeys, but rarely in the 
other herbivorous hosts. 3 The disease occurs 
in dogs, although apparently rarely, and can 
occur in dogs that have not had known 
access to infected meat. 20 

The virus is inactivated by heating at 50° C 
(122°F) for 3 hours or 60°C (140°F) for 15 
minutes, is stable at 4° C (39°F), and survives 
for 37 days at 37° C. It remains viable at pH 
of 6 to 12, but it is inactivated by acid and in 
48 hours by 0.1 % formalin or phenol, sodium 
hypochlorite, and iodophors. 

Infection with African horse sickness 
virus is listed by the World Organization for 
Animal Health (OIE). 21 

EPIDEMIOLOGY 

African horse sickness is an infectious but 
not contagious disease of Equidae. It is 
spread by the bite of blood-feeding insects. 

Occurrence 

The disease is enzootic in sub-Saharan 
Africa, causing clinical disease in horses, 
donkeys, mules, and dogs and infecting 
zebras, elephants, and perhaps other wildlife. 
The disease occurs from Senegal through 
sub-Saharan Africa to Somalia and Ethiopia. 
The disease makes occasional incursions into 
Iran, Pakistan, India, Turkey, and the eastern 
Mediterranean and Cyprus. The virus occurs 
in the Middle East, including Saudi Arabia 
and Yemen. It does not appear to be enzootic 
to Saudi Arabia, although the long-term 
status of this region is uncertain. In 1987 the 
disease recurred in Spain through introduc¬ 
tion of infected zebras into a game park. By 
1990 the disease had spread throughout Spain 
and Portugal but was eliminated by 1991. 

Sero-epidemiologic surveys in Ethiopia 
indicate a prevalence rate of 10.4%, 29.7%, 
and 10.3% in horses, donkeys, and mules, 
respectively, with some regions having 51% 
seroprevalence in donkeys, 30% in mules, 
and 28% in horses, with an overall sero¬ 
prevalence of 33%.' 

South Africa 

The disease has been recognized in South 
Africa since shortly after introduction of 







domesticated horses in the 1600s. The disease 
occurred throughout what is now South 
Africa in the nineteenth and early twentieth 
centuries, but as an enzootic disease became 
restricted to the northeastern areas of the 
country in the middle and later part of the 
twentieth century. The geographic contrac¬ 
tion of disease was associated with elimina¬ 
tion of large herds of wild zebra from all 
except the game parks of the northeastern 
areas of the country. Elimination of zebra, 
the reservoir of infection, reduced the occur¬ 
rence of the disease dramatically. Outbreaks 
of disease outside of the endemic areas in the 
northeastern areas of South Africa are asso¬ 
ciated with introductions of virus from 
endemic areas at times of high abundance 
of Culicoides spp., the vector. The disease 
does not overwinter in the essentially zebra- 
free nonendemic areas. Serotype 9 causes 
enzootic disease in central Africa in the 
absence of zebra; the wildlife host has not 
been identified. 

African horse sickness occurred in 1999 
in the surveillance zone of the Cape Province 
of South Africa surrounding the disease-free 
area of Cape Town. The virus (serotype 7) 
was of a clade identical to that found in 
Kwazulu Natal Province, and its introduction 
was by the movement of infected horses 
from that region into the Cape Province. 

Transmission of Infection 

African horse sickness virus (AHSV) is 
transmitted by the bite of hematophagous 
insects, including midges ( Culicoides spp.), 
ticks ( Hyalomma dromadarii and the brown 
dog tick, Rhipicephalus sanguineus), and 
mosquitoes (various species in laboratory 
studies). Midges are by far the most impor¬ 
tant vector in the spread of the spontaneous 
disease. The source of virus for midges is 
blood of infected horses, donkeys, mules, 
and zebra. Horses and mules have clinical 
signs of disease while viremic, but donkeys 
are often and, most important, zebra are 
always, apparently uninfected. Zebras may 
remain viremic for 6 weeks, donkeys for 12 
days, and horses for 18 to 21 days. Dogs are 
usually infected by eating infected animals, 
although transmission to and from dogs by 
ticks can occur. 20 

Transmission of the virus to areas where 
it does not usually exist occurs both by 
movement of infected animals, such as 
zebras and horses, and by transportation of 
midges by wind or in aircraft. 7,8 Mechanical 
transmission of the virus on contaminated 
surgical instruments and needles should be 
considered a possibility. 

Zebra 

In areas in which the disease is enzootic, the 
virus persists by cycling between the mam¬ 
malian host, the zebra, and vectors year 
round. Zebra in enzootic areas can serocon- 
vert during any month of the year, indicating 
that persistence of the virus is associated 
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with sequential infection of zebra within a 
herd or region. Persistence of the virus in a 
region is attributable to the long period of 
viremia in zebra and the presence of a herd 
of sufficient size to support cycling of infec¬ 
tion among animals. The minimum size of a 
zebra population to maintain an enzootic 
infection is unknown. However, in areas in 
which the disease is not enzootic, the virus 
does not persist over the cooler winter 
months, when viremic animals recover and 
the vectors die. Concern exists that reintro¬ 
duction of zebra to areas of the country cur¬ 
rently free of enzootic AHS might permit 
reestablishment of the virus and disease in 
horses. 

Midges 

Knowledge of the ecology of midges ( Culi¬ 
coides spp.), and which of them can be 
vectors for AHSV, is critical to developing an 
understanding of the risk of introduction 
and spread of infection in disease-free 
areas. 22,23 Although much is known about the 
ecology of midges, it is unclear which species, 
apart from C. imicola and C. bolitinos, can be 
vectors for AHSV and the capacity of these 
potential vectors to spread disease. A number 
of species of culicoides that feed on horses, 
and other herbivores, are present in rural and 
urban regions of the southeastern United 
Kingdom and could be potential vectors for 
AHSV. 23,24 And being present and capable of 
being infected by AHSV, midges must feed 
on horses with sufficient frequency to spread 
the infection. The frequency with which 
midges feed on horses could be influenced 
by the host preference of midges—they 
might prefer to feed on other herbivores, 
thereby reducing the risk of spread of infec¬ 
tion between horses. 25 Whether midges have 
this preference, and the influence of variable 
densities of alternative hosts on midge 
feeding, is unclear at this time. 25 

Finally, the risk of introduction and 
establishment of breeding populations of 
species of midges to areas in which they are 
not currently present must be considered. 8,15 
Such introductions could be by wind or air¬ 
craft. The biosecurity risks of African horse 
sickness viruses need to be reevaluated in 
regions where the vector’s niche is suitable as 
a result of climate change or human manipu¬ 
lation of local ecosystems, such as by irriga¬ 
tion. 26 Under some likely climate change 
scenarios the distribution of C. imicola could 
expand northward in the Northern Hemi¬ 
sphere. The risk of spread of African horse 
sickness virus is likely to increase as the 
climate suitability for C. imicola shifts pole- 
ward, especially in Western Europe. 26 The 
range of C. imicola in Africa might well 
decrease as a result of a warming climate. 26 
Other human activities, such as irrigations 
programs and alterations in herbivore popu¬ 
lations, that alter the ecology of local areas in 
such a way as to provide an ecological niche 
and environment where midges exotic to the 


area can thrive will influence the risk of 
introduction of AHSV. 

Midges are infected with AHSV; that is, 
they are not mechanical vectors, but rather 
the virus infects and replicates in the midge, 27 
although transovarian transmission of infec¬ 
tion between generations of midges does not 
occur. C. imicola is the primary vector 
responsible for the transmission of AHSV 
within its enzootic area and during epizoot¬ 
ics. C. bolitinos is also a vector of AHSV in 
southern Africa, whereas a number of other 
Culicoides spp. are unlikely to be vectors 
because they are unable to maintain infec¬ 
tion with the virus 10 days after ingesting a 
meal of infected blood. At least 11 species 
of culicoides from South Africa can be 
infected by a variety of AHSV serotypes after 
feeding on infected blood meals in a labora¬ 
tory setting. There are evident complex rela¬ 
tionships between species of culicoides and 
serotype of AHSV affecting viral infection 
and titer in the vectors. 10 However, C. varip- 
enis, C. pulicaris, and C. obsoletus are com¬ 
petent and likely important vectors because 
of their ability to maintain infection over the 
winter, as demonstrated in Portugal. 

The abundance of midges can be pre¬ 
dicted from measures of soil moisture content 
and land surface temperature. Midges breed 
in damp soils that are rich in organic mate¬ 
rial, such as irrigated pastures, that provide 
soil moisture adequate for completion of 
the life cycle (at least 7-10 days). Higher 
temperatures increase the rates of infection 
of midges, virogenesis within midges, and 
transmission rate but decrease midge longev¬ 
ity. Replication of AHSV in midges does not 
occur at temperatures less than 15°C (59°F), 
although midges continue to be active at 
12°C (54°F). The absence of AHSV in the 
midges during winter in parts of South Africa 
can be ascribed to their relatively low 
numbers, low infection prevalence, low virus 
replication rates, and low virus titers in the 
potentially infected midges. 28 

Midges can be transported by winds for 
up to 700 km. 

Risk Factors 
Environment Factors 

The incidence of the disease is often seasonal 
because of the seasonal variations in the 
number of Culicoides spp. present and pos¬ 
sibly other weather-related factors such as 
host (zebra) behavior (Fig. 21-2). Vector 
activity is favored by temperatures between 
12.5° and 29° C (54.5° and 84°F), and it is 
likely that several cool or cold episodes, 
rather than one “killing frost,” are necessary 
to kill all or most vectors. Local factors, 
including topography, influence the distribu¬ 
tion of midges within their overall range, and 
therefore the disease has a geographic distri¬ 
bution: the areas most severely affected are 
low lying and swampy. 

Epizootics of AHS occur in southern 
Africa in association with variations in the El 
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Fig. 21-2 Seasonal occurrence of outbreaks of African horse sickness in central Ethiopia 
(2007-2010).' (Reproduced with permission from Aklilu N, Batten C, Gelaye E, et al: African 
Horse Sickness Outbreaks Caused by Multiple Virus Types in Ethiopia. Transboundary & 
Emerging Diseases 2014;61:185-192.) 


Nino/Southern Oscillation. Epizootics of the 
disease occur in years in which the oscilla¬ 
tion produces drought followed by heavy 
rains. The reason for this association, which 
was first anecdotally reported in the 1800s, is 
unknown but could be related to congrega¬ 
tion of zebra around water holes during the 
drought. Congregation of large numbers of 
zebra might increase the infection rate 
among midges, which then disseminate the 
infection when rains produce widespread 
conditions favorable to their reproduction. 

Animal Factors 

Natural infection occurs in Equidae, the 
most severe disease occurring in horses, with 
mules, donkeys, and zebras showing lesser 
degrees of susceptibility, in that order. The 
risk of death is greatest in weanlings but for 
all horses does not appear to be related to sex 
of the animal. The case-fatality rate varies 
depending on the severity of disease (see 
under “Clinical Signs”) but can be as high as 
90% in susceptible horses, 12 ' 29 but it is lower 
in mules and donkeys. 

Elephants seroconvert when exposed to 
infection but are probably not an important 
reservoir. White rhinoceros sampled in 
Kruger National Park in 1989 had a 60% 
seroprevalence to AHSV, whereas in 2007 
the seroprevalence was zero. The reasons for 
this difference are unclear. 30 

Vaccination is effective in reducing risk of 
the disease (odds ratio for risk of death ~0.1 
[0.04 to 0.4] ). 29 After natural infection or vac¬ 
cination, immunity to that strain, but not to 
heterologous strains, is solid. The develop¬ 
ment of immunity is slow and may require 3 
weeks to be appreciable; titers may continue 
to rise for 6 months after infection. 

Foals from immune dams derive passive 
immunity, the titer of which varies depend¬ 
ing on the mare’s titer, the serotype, and the 
time after ingestion of colostrum. Mare titers 
before foaling and foal serum titers after 
suckling are highly correlated regardless of 
serotype. 31 Mare serum titers for some 


serotypes (1, 4, 6, and 9) are higher than for 
other serotypes, and this is mirrored in the 
titers in foal serum. Estimated mean half-life 
for neutralizing antibodies in foals to all 9 
serotypes was 20.5 (+ 2.6 standard deviation) 
days, with a range from 15.4 days for sero¬ 
type 8 to 22.6 days for serotype 3. The esti¬ 
mate for the mean time until the serum 
neutralization test became negative at a 1:10 
dilution, considered absence of protection 
from infection, was 96 days for all nine sero¬ 
types, with a range from 62 days for serotype 
5 to 128 days for serotypes 3 and 4. 31 

Economic Importance 

The disease was of tremendous economic 
concern in southern Africa when horses 
were important for transportation and as 
draff animals. The disease is currently 
an economic concern because of the costs 
associated with preventive measures in enzo¬ 
otic areas, monitoring for introduction of 
disease in unaffected areas, and restrictions 
on importation of horses from countries in 
which the disease is enzootic. The high case- 
fatality rate and morbidity of the disease in 
outbreaks is another source of loss. The cost 
of disease epizootics can be large, as demon¬ 
strated by the outbreak in the Iberian Penin¬ 
sula, where control of the disease in Portugal 
in 1990 to 1991 was achieved at a cost of 
US$2,000,000. Direct costs of managing the 
2011 outbreak in the AHS-controlled zone in 
South Africa were at least R850,000, with 
estimated export losses of greater than 
R20,000,000. 12 

Zoonotic Disease 

African horse sickness caused encephalitis 
and chorioretinitis in eight workers in an 
AHS vaccine factory. Infection was likely be 
through inhalation of freeze-dried virus. 

PATHOGENESIS 

AHSV affects vascular endothelium 
and monocytes/macrophages. 32 The tissue 
tropism of the infecting serotype determines 


which organs are most severely affected, 
although all serotypes infect the heart and 
lungs and, to a lesser extent, the spleen. 32 
After infection, the virus multiplies in local 
lymph nodes, and a primary viremia ensues, 
with dissemination of infection to endothe¬ 
lial cells and intravascular macrophages of 
lung, spleen, and lymphoid tissues. Viral 
multiplication then results in a secondary 
cell-associated (red cell and white cell) 
viremia in horses of up to 9 days in duration. 
Fever and viremia occur at the same time, 
and resolution of the viremia is associated 
with defervescence. Localization of antigen 
depends on the form of the disease—horses 
with horse sickness have most of the antigen 
in the spleen, whereas horses with the more 
severe cardiopulmonary form have abundant 
antigen in cardiovascular and lymphatic 
systems. 

Infection of endothelial cells results in 
degenerative changes, increases in vascular 
permeability, impaired intercellular junc¬ 
tions, loss of endothelium, subendothelial 
deposition of cell debris and fibrin, and evi¬ 
dence of vascular repair. Edema, hemor¬ 
rhage, and microthrombi are associated with 
the vascular lesions. Abnormalities in the 
lungs include development of alveolar and 
interstitial edema, sequestration of neutro¬ 
phils and platelet aggregates, and formation 
of fibrinous microthrombi. Combined, these 
changes likely result in coagulopathy, sys¬ 
temic inflammatory response syndrome, 
edema, impaired cardiovascular and pulmo¬ 
nary function, and hypovolemia. 

CLINICAL FINDINGS 

The incubation period in natural infections 
is about 5 to 7 days. Three or four clinical 
forms of the disease occur, an acute or pul¬ 
monary form, a cardiac or subacute form, a 
mixed form, and a mild form known as 
“horse sickness fever.” An intermittent fever 
of 40° to 41°C (105-106°F) is characteristic 
of all forms. 

Acute (Pulmonary) Horse 
Sickness (Dunkop) 

Acute horse sickness is the most common 
form in epizootics and has a case-fatality rate 
of 95%. Fever is followed by labored breath¬ 
ing, severe paroxysms of coughing, and a 
profuse nasal discharge of yellowish serous 
fluid and froth. Profuse sweating, profound 
weakness, and a staggering gait progress to 
recumbency. Death usually occurs after a 
total course of 4 to 5 days, although it can be 
so acute as to be without observed premoni¬ 
tory signs in some horses. Severe respiratory 
distress persists for many weeks in surviving 
animals. This is the form of the disease that 
occurs naturally in dogs. 

Subacute (Cardiac) Horse 
Sickness (Dikkop) 

Subacute (cardiac) horse sickness is most 
common in horses in enzootic areas and has 












a case-fatality rate of 50%. The incubation 
period may be up to 3 weeks, and the disease 
has a more protracted course than does the 
acute, pulmonary form. There is edema in 
the head, particularly in the temporal fossa, 
the eyelids, and the lips, and the chest, which 
may not develop until the horse has been 
febrile for a week. The oral mucosa is bluish 
in color, and petechiae may develop under 
the tongue. Examination of the heart and 
lungs reveals evidence of hydropericar¬ 
dium, endocarditis, and pulmonary edema. 
Restlessness and mild abdominal pain and 
paralysis of the esophagus, with inability to 
swallow and regurgitation of food and water 
through the nose, is not uncommon. Recov¬ 
ery is prolonged. A fatal course may last as 
long as 2 weeks. 

A mixed form of the disease, with both 
pulmonary and cardiac signs, is evident as an 
initial subacute cardiac form that suddenly 
develops acute pulmonary signs. Also, a 
primary pulmonary syndrome may subside, 
but cardiac involvement causes death. This 
mixed form is not common in field 
outbreaks. 

Horse Sickness Fever 

A mild form of horse sickness fever, which 
may be easily overlooked, is common in 
enzootic areas. The disease occurs in horses 
with some immunity or infection by sero¬ 
types of low virulence. This is the only form 
of the disease that occurs in zebras. The tem¬ 
perature rises to 40.5°C (105°F) over a 
period of 1 to 3 days but returns to normal 
about 3 days later. The appetite is poor, and 
there is slight conjunctivitis and moderate 
respiratory distress. 

CLINICAL PATHOLOGY 

Leukopenia with lymphopenia, neutropenia 
and a left shift, mild thrombocytopenia, and 
hemoconcentration are characteristic of the 
acute forms of AHS. Serum biochemical 
abnormalities include increases in creatine 
kinase, lactate dehydrogenase, and alkaline 
phosphatase activities and creatinine and 
bilirubin concentrations. There is evidence 
of activation of coagulation cascade and 
fibrinolysis, although disseminated intravas¬ 
cular coagulation is unusual. 

Confirmation of diagnosis is based on 
seroconversion (in horses that survive) or 
presence of AHSV in horses with compatible 
clinical or epidemiologic characteristics of 
the disease/’ Detection of the virus can be 
made by demonstration of viral genome by 
one or more of a variety of PCR tests. 3 ' 33 ' 41 
Each of these tests has its particular advan¬ 
tages, but all have the advantage of rapidity 
of diagnosis, often within hours of the sample 
being delivered to the laboratory, and many 
allow prompt identification of the serotype 
involved. Type-specific gel-based RT-PCR 
and real-time RT-PCR using hybridization 
probes for identification and differentiation 
AHSV genotypes provides a rapid typing 
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method for AHSV in tissue samples and 
blood. 34 ' 37 ' 39 ' 42 ELISA tests provide rapid 
detection of AHSV antigen in blood, spleen, 
and supernatant from cell culture. The virus 
neutralization (VN) assay was formerly the 
“gold standard” for typing and identifying 
virus isolates, but because it takes 5 days and 
culture of the virus, it has been replaced by 
PCR assays. ’ The virus can be cultured in 
baby hamster kidney-21 (BHK-21), monkey 
stable (MS) or African green monkey kidney 
(Vero), or insect cells (KC); intravenously 
in embryonated eggs; or intracerebrally in 
newborn mice. 3 

Serologic diagnosis of the acute disease 
may be difficult because many horses die 
before they mount a detectable antibody 
response. In horses that survive for at 
least 10 days, agar gel immunodiffusion 
(AGID), indirect fluorescent antibody (IFA), 
complement fixation (CF), VN and ELISA 
tests are all effective in detecting antibody to 
the virus. An indirect ELISA (I-ELISA) is 
more sensitive in detecting early immuno¬ 
logic responses to vaccination or infection 
and the declining immunity in foals. 
However, in outbreaks of disease early and 
accurate diagnosis of disease and identifica¬ 
tion of the serotype involved is important to 
guide selection of vaccine and thereby 
control spread of the disease. Blocking 
ELISA, indirect ELISA, and complement 
fixation are all prescribed tests in the OIE 
Terrestrial Manual. 3 Suitable samples are 
blood collected into heparin during the 
febrile stage of the disease or lung, spleen, or 
lymphoid tissue collected at necropsy. 

Tests approved for testing horses for 
international trade include a complement 
fixation test and an indirect sandwich ELISA. 


DIFFERENTIAL DIAGNOSIS 


The fulminant disease in groups of horses is 
characteristic, although acute intoxication by 
monensin, salinomycin, or similar compounds 
can produce similar signs. Individual horses 
affected with purpura hemorrhagica and 
groups of horses affected with equine viral 
arteritis can have signs similar to horses with 
African horse sickness (AHS). Piroplasmosis (6. 
caballi or T. equi) and trypanosomiasis cause 
fever and depression. Anthrax can cause acute 
deaths in solitary horses or groups of horses. 


NECROPSY FINDINGS 

Gross findings in acute cases include severe 
hydrothorax and pulmonary edema and 
moderate ascites. The liver is acutely con¬ 
gested, and there is edema of the bowel wall. 
The pharynx, trachea, and bronchi are filled 
with yellow serous fluid and froth. In cases 
of cardiac horse sickness there is marked 
hydropericardium, endocardial hemorrhage, 
and myocardial degeneration. Edema of the 
head and neck is common, especially of the 
supraorbital fossa and nuchal ligament. 
Microscopic lesions are minimal in the acute 


form; pulmonary edema may be present but 
no obvious vascular injury. Myocardial 
damage, including foci of necrosis, hemor¬ 
rhage, and mild leukocytic infiltrates, may 
be seen during histologic examination of 
many cardiac (subacute) cases. An immuno- 
peroxidase test is sensitive in detecting viral 
antigenin formalin-fixed, paraffin-embedded 
tissues. 43 

Samples for Confirmation 
of Diagnosis 

• Virology—chilled spleen, lung, lymph 
node (PCR, VIRUS ISOLATION) 

• Histology—fixed lung, heart (light 
microscopy, immunohistochemistry) 

TREATMENT 

There is no specific treatment for AHS. Sup¬ 
portive care and treatment of complication 
of the disease should be provided. 

CONTROL 

The principles of control in enzootic areas 
are vaccination and reduction of exposure 
of horses to biting insects, whereas in non¬ 
enzootic areas the aim is to prevent intro¬ 
duction of the disease and eradication if it 
is introduced. The objectives of a control 
program for African horse sickness are as 
follows: 

• Prevention of introduction of infection 
by clinically ill or apparently uninfected 
animals 

• Slaughter of viremic animals where 
animal welfare and economic 
considerations permit this course of 
action 

• Management changes to reduce 
exposure to midges 

• Vector control 

• Induction of active immunity in animals 
at risk of disease 

Prevention of Introduction 

Many countries now have specific plans to 
prevent introduction of AHSV-infected 
equids and emergency management of intro¬ 
duction of the virus or occurrence of the 

disease. 843 ' 14 ' 16 ' 17 ' 19 ' 44 

Infection can be introduced into an area 
free of AHSV by infected animals or midges. 
Control of midges is discussed later in the 
chapter. Infected animals can be horses incu¬ 
bating the disease; clinically ill animals; or 
animals, including donkeys and zebras, that 
have no clinical signs of illness but are 
infected and viremic, as was the case of the 
Portuguese epizootic. Appropriate control 
measures to prevent movement of animals at 
risk of being infected should be instituted 
and include the following: 1 completion of a 
vaccination protocol effective against all 
important serotypes at least 42 to 60 days 
before introduction of the horse, positive 
identification of all horses by microchipping 
and passport documenting vaccination 
status, and a veterinary certificate confirming 
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health and issued no more than 48 hours 
before introduction. Equids imported from 
areas in which the disease is enzootic, or from 
neighboring regions, should be housed in 
isolation in insect-proof enclosures for 60 
days. Recommendations that call for vaccina¬ 
tion of all equids within 10 miles (16 km) of 
imported horses are not appropriate for most 
countries to which the disease is exotic. 

Slaughter of Sick or Viremic Animals 

The extreme measure of slaughter is appro¬ 
priate in controlling infection recently intro¬ 
duced into areas previously free of the 
disease. It is an effective adjunct in control of 
spread of infection, as demonstrated in Por¬ 
tugal. There are obvious economic, animal 
welfare, and public relations aspects to this 
practice, especially in areas where horses 
have high intrinsic worth or are companion 
animals. 

Reduce Exposure to Biting Midges 22 

Horses should be housed in insect-proof 
buildings or, at a minimum, buildings that 
limit exposure of horses to midges by closure 
of doors and covering of windows with 
gauze. Impregnation of gauze with an insec¬ 
ticide further reduces biting rates. Stables 
should be situated in areas, such as on hill¬ 
tops or well-drained sites, that have minimal 
midge populations. Midge numbers on indi¬ 
vidual farms should be reduced by habitat 
alteration, and thus areas of damp, organi¬ 
cally enriched soils are eliminated. Wide¬ 
spread use of insecticides is unlikely to be 
environmentally acceptable. 

The feeding pattern of midges is such that 
housing of horses during the crepuscular 
periods and at night will significantly reduce 
biting rates and likelihood of infection. 
Horses kept at pasture should have insect 
repellents applied regularly and especially to 
provide protection during periods of high- 
insect-biting activity. DEET (N,AT-diethyl-m- 
toluamide) is the only commercially available 
repellent with documented activity against 
Culicoides spp. Application of deltamethrin 
(10 ml of 1% solution) to skin of horses did 
not reduce the frequency of midge feeding 
in an experimental trial in the United 
Kingdom. 24 Installation of alphacyperme- 
thrin impregnated mesh to jet stalls reduced 
the attach rate by culicoides species by 6- to 
14-fold and markedly reduced the number of 
culicoides collected from horses housed in 
the stalls compared with sentinel horses, sug¬ 
gesting that this might be a useful means of 
reducing exposure of housed horses to 
midges. 45 

Vaccination 

Vaccination is effective in reducing both 
morbidity and mortality from AHSV infec¬ 
tion in horses in enzootic areas and to control 
epizootics of the disease. 7,29 Vaccination is 
used in two circumstances: in areas in which 
the disease is endemic and in regions with an 


epizootic of the disease. Vaccination can be 
used in enzootic or neighboring regions to 
provide active immunity of all resident 
equids because of the continual risk of the 
disease in these areas. Vaccination in this 
instance is initiated as soon as foals no longer 
have passive immunity to the virus, and it 
continues annually throughout the horses 
life. Alternatively, vaccination can be used in 
the face of an epizootic to induce active 
immunity in horses in contact or in regions 
surrounding the outbreak. In this instance 
vaccination is stopped when the infection is 
eradicated from the area. 

Early attenuated virus vaccines, although 
effective in preventing AHS, were associated 
with significant adverse effects, such as 
encephalitis. More recent vaccines of virus 
attenuated by passage through tissue culture 
are effective in preventing disease but do not 
prevent viremia. They were used to control 
the most recent outbreak in Spain and 
Portugal. Currently available vaccines are 
polyvalent or monovalent preparations 
containing attenuated strains of the virus. 
Protection against heterologous serotypes 
is usually weak, and most vaccines are 
polyvalent. 

The polyvalent vaccines contain sero¬ 
types 1, 3, and 4 or serotypes 2, 6, 7, and 8, 
respectively. AHSV-9 is not included because 
serotype 6 is cross-protective. 46 A monova¬ 
lent vaccine containing attenuated serotype 
9 is used in western Africa, where this was, 
until recent emergence of AHSV-2, the only 
serotype present. Vaccination of foals with 
either monovalent or polyvalent vaccine did 
not affect the serologic response to each sero¬ 
type; that is, the response to vaccination with 
a monovalent vaccine did not differ to the 
response to that serotype when it was deliv¬ 
ered in a polyvalent vaccine. 47 Foals have 
markedly varying serologic responses to dif¬ 
fering serotypes, similar to the situation in 
adult to horses, 31 and they fail to develop 
protective immunity to some serotypes. 47 

Inactivated vaccines are effective in pre¬ 
venting viremia in most animals and disease 
without adverse effects. Inactivated vaccines 
are no longer available. 

A number of recombinant canary-pox or 
vaccinia subunit vaccines have been trialed 
experimentally and provide protective 
immunity against challenge exposure of 
horses or appear to be effective using guinea 
pig models of the disease. The remaining 
challenge is to ensure that vaccines provide 
protection against all 9 serotypes. 48 ' 52 

The recommended vaccination program 
for horses in South Africa that all race 
horses shall be vaccinated against African 
horse sickness using a registered, nonex- 
pired, polyvalent horse sickness vaccine 
(e.g., Horse Sickness Vaccine I [AHS I] and 
Horse Sickness Vaccine II [AHS II]) accord¬ 
ing to the manufacturers’ recommendations 
including two times as foals between the ages 
of 6 and 18 months, not less than 90 days 


apart and, where possible, between June 1 
and October 31, and thereafter every year 
between June 1 and October 31. 53 Foals are 
not vaccinated until they are at least 6 months 
of age to prevent any effect of colostral 
passive immunity on efficacy of vaccination. 
Horses resident in the AHS controlled area 
may not be vaccinated without written per¬ 
mission from authorities. 

Immunity after vaccination is protective 
for at least 1 year, but annual revaccination 
of all horses, mules, and donkeys is 
recommended. 

There is concern over the use of attenu¬ 
ated virus vaccines in epizootic situations, 
that is, in regions where AHSV is not enzo¬ 
otic. These reasons include the lack of vac¬ 
cines approved for use in the European 
Community; the availability of only two 
types of polyvalent vaccines and one type of 
monovalent vaccine; delays in availability 
of vaccine for emergency vaccination; intro¬ 
duction of the virus, even attenuated virus, 
into regions in which it is not present; 
attenuated-virus viremia in some vaccinated 
horses; and reversion of vaccine strains to 
virulence. 9,11,54 These concerns have height¬ 
ened the need for availability of inactivated 
virus or subunit vaccines. 
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EQUINE ENCEPHALOSIS 
ETIOLOGY 

The equine encephalosis virus is an insect- 
borne orbivirus, transmitted by a variety of 
Culicoides spp., that is closely related to blue- 
tongue and epizootic hemorrhagic disease 
viruses. 1 ' 3 It has characteristics in cell culture 
similar to African horse sickness (see 
“African Horse Sickness”). There are multiple 
serotypes of equine encephalosis virus that 
infect equids of southern, eastern, and 
western Africa, with serologic evidence of 
infection or virus isolation from equids in 
Kenya, Botswana, Namibia, South Africa, 
Ghana, the Gambia region, and Ethiopia, but 
not Morocco. Seven serotypes have been 
identified as circulating among equids in 
South Africa, with additional phylogeneti- 
cally distinct isolates from horses in Israel. 1,4,5 
The virus was detected in horses in Israel in 
2008, in which it caused a mild febrile illness 
in large numbers of horses, and there is sero¬ 
logic evidence of its presence in Israel since 
2001. The virus isolated from horses in 
Israel was phylogenetically distant to those 
serotypes circulating in South Africa and 
similar to an isolate obtained from horses in 
Ghana. 5 

EPIDEMIOLOGY 

Horses, donkeys, and zebra in southern, 
western, and eastern Africa frequently have 
antibodies to the virus, indicating wide¬ 
spread infection of these equidae. Seventy- 
seven percent of 1144 horses, 57% of 518 
horses, 49 % of 4875 donkeys, and up to 88% 
of zebra in South Africa have antibody to 
EEV. All of 144 equids (horses and donkeys) 


sampled in the Gambia region, 129 of 159 
(81%) in Ghana, and 206 of 220 in Ethiopia 
had serologic evidence of infection by equine 
encephalosis virus. 6 None of 120 horses 
sampled in Morocco had serologic evidence 
of infection. An intensive study of all 127 
foals on a single stud farm in South Africa 
revealed that 94% of the 93 foals that had a 
pyrexic episode were infected with EEV, 
despite 34% having maternally acquired anti¬ 
bodies soon after birth.' Zebra foals develop 
antibodies to the virus within months of 
losing their maternally acquired passive 
immunity. Elephants seldom have antibodies 
to EEV. 

Seroprevalence in Thoroughbred year¬ 
lings has varied in South Africa markedly 
from year to year. Seroprevalence varies 
between 17.5 and 34.7% (of approximately 
500 sampled each year) in most years but can 
be as low as 3.6%.' 

The virus replicates in midges, although 
the rate differs depending on species of 
midge and strain of the virus. The genetic 
and phenotypic stability of strains of the 
virus are unknown, and there exists the 
potential for emergence of new strains or 
recognition of currently undetected strains, 
as demonstrated by the recent isolation of a 
phylogenetically distinct form of the virus 
from horses in Israel and Ghana. Variations 
in pathogenicity are not recognized but 
might exist. There is independent persistence 
of virus serotypes in a maintenance cycle 
based on observation of increased rates of 
seasonal seroconversion to a specific sero¬ 
type with ongoing low level of infection by 
other serotypes. For example, infection by 
serotype 1 is most common (60%), whereas 
that by serotype 2 is uncommon (0.7%), 
despite the latter having been first docu¬ 
mented as infecting horses in 1967. 1 

CLINICAL SIGNS 

The clinical importance of the virus is uncer¬ 
tain, and three syndromes are described: 
asymptomatic infection, clinical disease, 
and, on less evidence, encephalitis. Serocon¬ 
version in closely managed horses without 
evidence of clinical disease suggests that in 
most instances infection by the virus is 
asymptomatic. Whereas 94% of foals experi¬ 
encing a pyrexic episode had virus recovered 
from their blood, only -50% of foals from 
which virus was recovered had pyrexia, indi¬ 
cating that asymptomatic infections are 
common. Most infections are subclinical 
based on the high seroprevalence rate and 
lack of reports of outbreaks of the disease. 
Clinical signs commonly attributed to EEV 
infection include fever, lassitude, edema of 
the lips, and congesta mucosal membranes, 
as reported in horses in Israel in 2008 and 
2009. The virus was originally isolated from 
a horse with signs of neurologic disease— 
hence the name. However, the disease associ¬ 
ated with infection by EEV is poorly 
documented, and, given the high prevalence 


of infection, EEV might be falsely incrimi¬ 
nated as the cause of more severe disease in 
some situations. Acute neurologic disease, 
abortion, and enteritis are anecdotally 
reported. In an outbreak report in late 2008 
in Israel, the morbidity rate on 60 premises 
varied from 2% to 100%. 4,5 No horses died of 
the disease during that outbreak. Disease 
associated with EEV has not been recorded 
in donkeys or zebra. 

CLINICAL PATHOLOGY 

Characteristic abnormalities in serum bio¬ 
chemistry or hematology are not reported. 
Antibodies to the virus are detected by 
serum neutralization assays and ELISA, both 
of which are group specific. 8 Complement 
fixation and agar gel immunodiffusion tests 
have been used to detect group-specific anti¬ 
bodies. A group-specific, indirect sandwich 
ELISA detects EEV antigen and does not 
cross react with African horse sickness virus, 
bluetongue virus, or epizootic hemorrhagic 
disease virus. A competitive ELISA suitable 
for use with serum from horses, donkeys, or 
zebras detects antibodies to all seven equine 
encephalosis virus serotypes but does not 
detect antibodies to other orbiviruses (such 
as African horse sickness or bluetongue). 

NECROPSY FINDINGS 

Necropsy examination reveals cerebral 
edema, localized enteritis, degeneration of 
cardiac myofibers, and myocardial fibrosis 
but whether these abnormalities are attribut¬ 
able to EEV is unclear. 3 Definitive diagnosis 
of individual animals is difficult at the 
current time because of the high prevalence 
of seropositive animals and the ill-defined 
clinical and necropsy characteristics of the 
disease. Detection of seroconversion and/or 
virus isolation associated with clinical signs 
consistent with the disease in groups of 
horses permits detection of outbreaks of 
the disease, such as occurred in Israel. 
There are no recognized measures for treat¬ 
ment, control, or prevention. There is no 
vaccine. 
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GETAH VIRUS INFECTION 
ETIOLOGY 

Getah virus is an alphavirus within the 
Semliki Forest complex of togaviruses. These 
are small enveloped viruses with a single- 
stranded, positive-sense RNA genome. 
Getah virus causes disease in horses and 
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pigs, and this occurs in Japan, Hong Kong, 
China, Southeast Asia, Korea, and India. 
Reports from the 1960s document antibod¬ 
ies to Getah virus in animals in Australia, but 
the presence of this virus in Australia has not 
been confirmed using modern techniques 
that are able to differentiate antibodies to 
Getah virus from those of the related Ross 
River virus and other viruses in this complex. 
There are no reports of disease caused by 
Getah virus in Australia. There is consider¬ 
able sequence homology between Getah and 
Ross River virus genomes. There is temporal, 
but not geographic, variability among iso¬ 
lates of Getah virus from Southeast Asia and 
Japan. 1,2 

EPIDEMIOLOGY 

Getah virus is arthropod-borne, and infec¬ 
tion is through the bite of an infected mos¬ 
quito. The life cycle of Getah virus has not 
been completely explicated. The virus is 
maintained in the mosquito-vertebrate- 
mosquito host cycle typical of arboviruses. 
The definitive, amplifying vertebrate host for 
Getah virus is unknown, although a number 
of vertebrates, including horses, cattle, and 
pigs, can be infected by the virus. Antibodies 
to the virus have been detected in humans. 
Horses and pigs become viremic and pre¬ 
sumably can infect mosquitoes, although 
this does not appear to have been confirmed 
experimentally. The virus is assumed to be 
maintained in a mosquito-pig-mosquito 
cycle in those areas in which there is mos¬ 
quito activity year round. Persistence of the 
virus in areas in which mosquito activity is 
seasonal has not been explained, and whether 
transovarial or transtadial transmission 
occurs within the mosquito population is not 
reported. 

There is suspicion that during outbreaks 
of disease Getah virus is spread by horse-to- 
horse contact, based on the rapidity of spread 
among horses, the short duration of the out¬ 
break, and the lack of mosquito activity at 
the time that some horses developed the 
disease. However, experimental evidence 
suggests that this route of spread is likely of 
limited importance in propagation of epi¬ 
demics because of the low concentration of 
the virus in nasal and oral secretions of 
infected horses and the large inoculum 
required to cause disease in horses by the 
intranasal route. 

A recent outbreak in Japan saw 75 of 
2000 Thoroughbred race horses develop a 
pyrexic episode, with Getah virus isolated 
from 25 of the 49 blood samples collected. 3,4 
This contrasts with the 770 of 1900 horses 
affected in a 1974 outbreak at the same facil¬ 
ity in Japan. The prevalence of serologic 
evidence of infection of horses by Getah 
virus in Japan ranges from 8% to 93%, 
depending on the region of the country in 
which the samples were collected and the 
disease history of the band or stable of 
horses. Seroprevalence was 17% in India, 


12.4% in Thoroughbred racehorses in Korea 
(with 28% of horses > 6 years of age posi¬ 
tive), and 25% in Hong Kong. 1 ' These results 
confirm the widespread incidence of sub- 
clinical infection of horses by Getah virus 
in endemic areas. 

Disease of humans caused by Getah virus 
has not been documented. 

CLINICAL SIGNS 

Disease associated with Getah virus infec¬ 
tion is characterized by pyrexia, edema of the 
limbs, and an abnormal gait, often described 
as “stiffness.” Eruptions of the skin, urticaria, 
and submandibular lymphadenopathy are 
reported in some horses with the disease in 
Japan, but not in India. The clinical disease 
persists for 7 to 10 days. Abortion is not a 
feature of the disease, and foals born of 
mares that have had the disease during gesta¬ 
tion are normal. Subclinical infection is very 
common in endemic areas. However, Getah 
virus has been isolated from aborted swine 
fetuses. 

Hematologic abnormalities induced 
by Getah virus infection in horses include 
lymphopenia. Increases in serum activity 
of muscle-derived enzymes, such as 
creatine kinase, are not characteristic of the 
disease. Affected horses can have mild to 
moderate hyperbilirubinemia secondary to 
inappetence. 

Diagnosis of disease caused by Getah 
virus is achieved by detection of clinical 
signs consistent with the disease, isolation of 
the virus from blood of affected horses, and 
seroconversion to the virus. Interpretation of 
serologic data from horses in Japan is hin¬ 
dered by the widespread use of a vaccine 
against Getah disease that induces detectable 
antibodies to Getah virus in serum. A mul¬ 
tiplex RT-PCR is available for use on samples 
from pigs. 6 

NECROPSY FINDINGS 

Reports of postmortem examination of 
horses with disease caused by Getah virus are 
limited to experimental studies because the 
disease is typically not fatal. Horses with 
disease induced by inoculation with patho¬ 
genic Getah virus typically have mild 
changes, including atrophy of splenic and 
lymphoid tissue with destruction of lympho¬ 
cytes, and perivascular and diffuse infiltra¬ 
tion of focal skin lesions by lymphocytes, 
histiocytes, and eosinophils. Lesions in the 
central nervous system are equivocal and 
limited to mild perivascular cuffing in the 
cerebrum and small hemorrhagic foci in the 
spinal cord. 

TREATMENT 

Treatment of affected horse is supportive. 
Affected horses might benefit from adminis¬ 
tration of analgesics and antipyretics such as 
phenylbutazone. Administration of antimi¬ 
crobials is not indicated in uncomplicated 
cases. 


CONTROL 

An inactivated virus vaccine is available 
in Japan for immunization of horses 
against disease caused by Getah virus. The 
vaccine, which is combined with that for 
Japanese encephalitis, is considered effective. 
Race horses are vaccinated every 6 months. 4 
Minimizing the exposure of horses to 
infected mosquitoes is prudent, although 
the efficacy of this technique in preventing 
infection is unknown. During outbreaks 
of disease caused by Getah virus, it is 
prudent to isolate affected horses, given the 
potential for horse-to-horse spread of the 
virus. 
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CLASSICAL SWINE FEVER 
(HOG CHOLERA) 

Hog cholera, also known as classical swine 
fever (CSF), is a highly infectious pestivirus 
infection of pigs. At one time it was charac¬ 
terized clinically by an acute highly fatal 
disease and pathologically by lesions of a 
severe viremia. It is now known that chronic 
or inapparent disease also occurs, including 
persistent congenital infection in newborn 
pigs infected during fetal life. In many coun¬ 
tries where it is endemic, clinical ability will 
diagnose it more often than laboratory skills. 

Swine can also be affected by ruminant 
pestiviruses (BVD and BD); these seldom 
cause disease in pigs, but there are excep¬ 
tions. 1 The risk factors for these are large 
numbers of cattle or sheep and goats sharing 
the same accommodation and watering facil¬ 
ities. 2 Knowledge of these viruses is impor¬ 
tant for the interpretation of diagnostic 
tests for CSF because BVDV can transmit 
between pigs and may prevent the transmis¬ 
sion of CSF. 3 


SYNOPSIS 


Etiology Hog cholera virus, a pestivirus 
belonging to the genus Flaviviridae and 
related to the bovine virus diarrhea virus. 

Epidemiology Affects domestic pig of all 
ages; causes major economic losses 
interfering with trade when outbreaks 
occur in pig-raising countries. Occurs in 
Europe, South America, and the Far East. 
Highly virulent virus causes high morbidity 
high mortality; less virulent strains cause 
milder form. Transmitted by direct contact, 
feeding of uncooked pork products. 
Neutralizing antibodies provide 
protection. 










Signs Sudden onset of peracute deaths first 
indication in herd. Many pigs affected 
within days. Severe depression, fever, 
anorexia, purplish discoloration of skin, 
ocular discharge, nervous signs, and death 
in few days. Nervous form may 
predominate. Reproductive failure in 
pregnant sows (abortions, mummification, 
stillbirths, birth of persistently infected 
pigs). 

Clinical pathology Leukopenia. Detection of 
virus in tissues and serologic testing. 

Lesions Diffuse hemorrhages subcapsular of 
kidney, lymph nodes, bladder, larynx, 
swollen lymph nodes, splenic infarcts, 
congestion of liver and bone marrow, 
button ulcers in colon, nonsuppurative 
encephalitis. Hydropic degeneration and 
proliferation of vascular endothelium. 

Diagnostic confirmation Detection of virus 
in tissues and serologic tests. 

Differential diagnosis list: 

• African swine fever 

• Erysipelas 

• Salmonellosis 

Treatment None 

Control Eradication in hog cholera-free 
countries by slaughter of all in-contact and 
affected pigs. Use of vaccines in endemic 
areas. Eradication in countries where 
endemic by use of vaccination followed by 
test and slaughter, quarantine farms. 


ETIOLOGY 

It is a small, enveloped positive-sense, single- 
stranded, RNA virus in the genus Pestiviri- 
dae of the family Flaviviridae. A new virus, 
Bungowannah virus, found in two herds in 
Australia, is also a pestivirus. 4 Most are non- 
cytopathogenic in culture, but there are some 
CSF and BVD that are cytopathogenic. 5 

It is antigenically and genetically diverse, 
with recombination possible between 
strains. 6 There is considerable antigenic vari¬ 
ability. There are four structural proteins (C, 
E ms , El, and E2) and eight nonstructural pro¬ 
teins. Genetic typing is most commonly 
based on E2 glycoprotein because abundant 
sequence data are available. The E2 glycopro¬ 
tein of CSF is a virulence determinant in 
swine. There are three major groups, each 
with three of four subgroups. 8 Typing used 
full-length encoding sequences of E2, which 
proved to be the most reliable for significant 
phylogeny and were proved to be useful in 
recent outbreaks in Lithuania. 

Group 1 types are present in South 
America and Russia. There have been sub¬ 
groups 1.1, 1.2, and 1.3 in the past, but now 
it is proposed that there is a group 1.4 found 
in Cuba. 9 

Group 2 types were isolated from 
Europe 10 and some Asian countries. 11 It has 
been shown that there is the possibility of a 
long-term persistence of genotype 2.3 CSF 
virus strains in affected areas at an almost 
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undetectable level even after long-term oral 
vaccination campaigns. 12 

Group 3 types are confined to Asia. Four 
genetic groups are found in China (1.1, 1.2, 
2.2, and 2.3), and a recent study has shown 
the wide range of antigenic differences in 21 
strains. 13 

The virus is an enveloped virus and thus 
is susceptible to detergents and lipid sol¬ 
vents. Fligh or low pFl and temperature 
above 60° C (140° F) will inactivate the virus, 
but this depends on the substances in which 
the virus is contained. 

There is evidence of natural recombina¬ 
tion in CSF virus. 6 A sequence database 
allowing automated genotyping has been 
established. 14 

Classification of virulence has been based 
on a clinical and pathologic score and 
extended further by additional parameters 
such as case-fatality rate, antibody produc¬ 
tion, and leukocyte count to provide a modi¬ 
fied clinical score 15 that gives a more reliable 
classification of virulence. 

EPIDEMIOLOGY 

Although eradicated in many parts of the 
world, the countries that are free are always 
open to reinfection from illegal imports of 
fresh products, tourism, hunting, and illegal 
swill feeding. 136 

Occurrence 

The pig is the only domestic animal species 
naturally infected by the virus. Wild boar are 
also affected. Antibodies against CSF virus in 
fecal samples from wild boar in Korea have 
been described. 16 

A study of common warthogs and bush- 
pigs in South Africa showed that they were 
capable of supporting CSF infection and 
could transmit to other pigs that were in 
contact. 1 The warthogs did not develop clin¬ 
ical signs, but the bushpigs did. 18 ' 19 CSF of the 
type 1.1 cluster has also been described in 
pygmy hogs in India at a conservation 
center. 20 All breeds and ages are susceptible, 
and adults are more likely to survive an acute 
infection. The disease is found in eastern 
Europe, Southeast Asia, Central and South 
America, and in parts of Europe in wild boar. 

Canada, Australia, New Zealand, and 
South Africa have not experienced the 
disease for many years. A mild form of the 
disease occurred in Australia in 1960 to 
1961. The disease was eradicated from the 
United Kingdom during the period 1963 to 
1967, and the United States was declared free 
of the disease in 1978. 

Outbreaks of acute hog cholera have 
occurred occasionally in other countries but 
were quickly controlled by a rigorous policy 
of slaughter and quarantine. The disease 
occurred in the United Kingdom in 1986 in 
which three primary outbreaks were identi¬ 
fied; all outbreaks were attributed to the 
feeding of unprocessed waste feed contain¬ 
ing imported pig meat products. A similar 


origin was suspected for the outbreak in the 
United Kingdom in 2000. In this outbreak an 
interesting feature was the transport of 
infected pig carcasses from a site where 
bodies were dumped for quite long distances 
by scavenging foxes, infecting new outside 
pig arks across fields as they went. 

Between 1982 and 1984 epidemics 
occurred in Germany, the Netherlands, 
Belgium, France, Italy, Greece, and the 
Iberian Peninsula. As of 1985, six countries 
in Europe were free of classical swine fever: 
Denmark, Ireland (including Northern 
Ireland), Norway, Sweden, Finland, and 
Switzerland. 

There were three outbreaks of CSF in 
France between 2002 and 2011, one in wild 
boar and a pig herd in 2002 in Moselle, and 
a further one in wild boar in 2003 in Bas- 
Rhin, and they appeared to be from two lin¬ 
eages in wild boar in Germany. The wild boar 
in Bas-Rhin remained infected until 2007. 21 
The role of wild boar in France has been 
described. 22 

The costs are astronomical (the Belgian 
outbreak of 1997 cost an estimated €11 
million), and the 1997 to 1998 outbreak in 
the Netherlands was very serious. The disease 
has also concentrated in certain parts of 
Europe where the pig populations are intense 
and live in close proximity to wild boar and 
feral pig populations. For instance, outbreaks 
occurred regularly between 1997 and 2001 in 
Croatia. One source was imported pig meat; 
the other was strains reaching domestic pigs 
from wild boar. The wild boar areas include 
parts of Germany and Poland and probably 
most of eastern Europe. The outbreak in 
Spain in 2001 to 2002 was related to wild 
boar. 23 

In Europe, the disease, together with ASF, 
is endemic in the central highlands of Sar¬ 
dinia. Many outbreaks of classical swine 
fever occurred in Germany between 1993 
and 1995, and major outbreaks occurred in 
1996 to 1997 in Germany and the Nether¬ 
lands. The risk factors for Germany have 
been described. In these countries, over the 
past 25 years, the disease occurred as a series 
of epidemics in which many swine herds in 
a geographic area were affected within a few 
months. 

Infection with the classical swine fever 
virus has also occurred in the wild boar 
population in Tuscany in Italy, Germany, 
France, Austria, Czechoslovakia, and Croatia. 
Serologic surveys of wild boar in Sardinia 
found an overall prevalence of 11%, and 
seropositive boars were found not only in 
areas where they share their habitat with 
free-ranging domestic pigs but also in areas 
of the island where contacts between wild 
and domestic pigs are unlikely to occur. Thus 
there may be transmission and persistence of 
the virus within the wild boar population. 
This has occurred with the low-virulence 
strain in Germany. The persistence of infec¬ 
tion in a wild boar population in the 
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Brandenburg region of Germany provided 
optimum conditions for the establishment of 
a CSF epidemic in Germany. 

The disease is currently endemic in most 
countries of South America and the Far East 
except Japan and Korea. In Asia the problem 
is the backyard pig that is not vaccinated and 
is always a reservoir. Here extension services, 
appropriate vaccination schemes, and regu¬ 
latory control are difficult to implement, but 
it may be time to try for worldwide eradica¬ 
tion. In the Philippines, the disease is 
endemic on many large-scale swine farms. In 
spite of vaccination of the sows and boars 
every 6 months and piglets at 6 to 8 weeks of 
age, the disease causes suboptimal perfor¬ 
mance in 10% to 30% of pigs between 7 and 
16 weeks of age. 

Morbidity and Case Fatality 

The disease usually occurs in epidemics, 
often with a morbidity of 100% and a case- 
fatality rate approaching 100%, when a viru¬ 
lent strain of the virus infects a susceptible 
population. However, in recent years, out¬ 
breaks of a relatively slowly spreading, mild 
form of the disease have caused great concern 
in many countries. The disease associated 
with strains of low virulence may be unno¬ 
ticed in growing and adult pigs, but the 
infection can be associated with perinatal 
mortality, abortions, and mummified fetuses. 
In a recent outbreak a mild form given 
experimentally to sows only produced a mild 
viremia with widespread antigen distribu¬ 
tion, but without clinical signs, except lesions 
of hemorrhagic dermatitis. It did, however, 
produce an antibody response and transpla¬ 
cental infection. 

Methods of Transmission 

The source of virus is always an infected pig 
or its products, and the infection is usually 
acquired by ingestion; inhalation is also a 
possible portal of entry. Direct animal-to- 
animal contact is the most important method 
of spread. Infected pigs shed a large amount 
of the virus in all secretions and excretions 
of pigs infected with highly or moderately 
virulent strains. 24 The effect of strain and 
inoculation dose of CSF on within-pen 
transmission has been described. 25 It is 
excreted in the urine for some days before 
clinical illness appears and for 2 to 3 weeks 
after clinical recovery. 

Virus spread via excretions is more 
important in early stages of an outbreak. 
Highly contagious by direct contact, it is 
likely to be transmitted by aerosol only when 
all the pigs in the same airspace are viremic, 
and even then only for a distance of 1 meter. 
Viral RNA and infectious virus were detected 
in air samples in 2008. 26 It has been spread 
experimentally by aerosol, which followed 
the pattern of air currents, but the impor¬ 
tance under field conditions is not known. 
The higher the dose of virus or the more 
virulent the virus strain, the sooner the virus 


should be detected in air samples in experi¬ 
mental infections. 26 Analysis of the 1997 to 
1998 outbreak in the Netherlands suggested 
that it did not occur over long distances but 
did occur within a holding or within a radius 
of less than 500 meters. The transmission of 
CSF depends on the clinical course of infec¬ 
tion, which is determined by the levels of 
high or low levels of virus excretion. 27 Differ¬ 
ent strains of the virus can differ in the rela¬ 
tive contribution of secretions and excretions 
to the transmission of the virus, although 
blood is a high risk for spreading infection 
from pig to pig. 28 

Infected boars can shed the virus in 
semen. Rats and mice are unlikely to be 
involved in the spread. 

Silent circulation of CSF occurs before 
the first outbreak is detected. The most 
severely affected animals have a higher infec- 
tivity than the less affected ones. Three trans¬ 
mission experiments suggested that the most 
severely affected animals could play a promi¬ 
nent role in CSF transmission. 29 

Sick pigs excrete virus until they die, or 
until after recovery. The resistance and high 
infectivity of the virus make spread of the 
disease by inert materials, especially 
uncooked meat, a major problem. The UK 
virus in the 2000 outbreak probably came 
from an infected pork product, imported 
illegally and fed to an outdoor pig. Outside 
pens, in warm weather and exposed to sun¬ 
light, lose their infectivity within 1 to 2 days. 
The ability of the virus to survive in the envi¬ 
ronment in more favorable situations is 
uncertain. However, it is probable that it can 
survive for considerable periods because the 
virus is quite resistant to chemical and phys¬ 
ical influences. Transmission from neighbor¬ 
ing units is very easy. One of the major 
features of the recent Dutch outbreak was the 
proof that transmission from boar studs (AI) 
was possible because infected boars excreted 
virus in semen, and the virus probably 
infects spermatogonia. It was shown that fol¬ 
lowing insemination with semen containing 
CSF antibodies, infection could occur as 
early as 7 days; all pigs were positive by 14 
days. The transmission rates in the Dutch 
outbreak have been calculated. 

In areas free of the disease, introduction 
is usually by the importation of infected 
pigs or the feeding of garbage containing 
uncooked pork scraps. Hopefully, in Europe 
the ban on swill feeding will prevent further 
cases of infected meat causing the problems. 
Movement of pigs that are incubating the 
disease or are persistently infected is the 
most common method of spread. The infec¬ 
tion usually originates directly from infected 
breeding farms. Birds and humans may also 
act as physical carriers of the virus. In 
endemic areas, transmission to new farms 
can occur in feeder pigs purchased for finish¬ 
ing, indirectly by flies and mosquitoes, or on 
bedding, feed, boots, automobile tires, or 
transport vehicles. Farmers, veterinarians, 


and vaccination teams can transmit the virus 
by contaminated instruments and drugs, but 
recent evidence suggests that mechanical 
transmission may have been overestimated. 
People can spread the virus. 30 

Farmers can spread the virus within a 
herd by treating sick animals or employing 
routine health management procedures such 
as iron injections of newborn pigs. The 
common practice of not changing syringes 
and needles between farm visits constitutes a 
major risk when viremic animals are present. 
The most common cause of dissemination 
occurs through the movement and sale of 
infected or carrier pigs through communal 
sale yards when there is ample opportunity 
for infection of primary and secondary con¬ 
tacts. Transmission of excretions without 
direct contact from pig to pig may have been 
overestimated. 

When the disease is introduced into a 
susceptible population, an epidemic usually 
develops rapidly because of the resistance of 
the virus and the short incubation period. In 
recent years, outbreaks have been observed 
in which the rate of spread is much reduced, 
and this has delayed field diagnosis. It is not 
spread by dogs, cats, or rats, and bird trans¬ 
mission is unlikely. 

Risk Factors 

Following the 1997 to 1998 severe epizootic 
in the Netherlands, analysis showed that 
there were five major increased risk factors 
identified: (i) presence of commercial poultry 
on the farm, (ii) visitors to the units not 
being provided with protective clothing, (iii) 
drivers of lorries using their own clothes 
rather than protective clothing provided by 
the premises they were visiting, (iv) larger 
size, and (v) aerosols produced by high- 
pressure hosing. Reduced risk was associated 
with (i) over 30 years of experience in 
farming and (ii) additional lorry cleaning 
before being allowed on to the farm. 

Animal Risk Factors 

It has been shown at least experimentally 
that the virulence of the strain can influence 
the dynamics of the virus spread. 29 Pigs 
infected with such a virus excrete signifi¬ 
cantly more virus than pigs infected with 
moderately or low virulent virus. The excep¬ 
tion was the chronically infected pig, which, 
over the period of its disease, excreted sig¬ 
nificantly more virus. It showed the impor¬ 
tance of virus type and excretion data in 
modeling studies. 28 

Historically, infection with the hog 
cholera virus rapidly resulted in severe clini¬ 
cal disease. It is now recognized that with less 
virulent strains, a carrier state can occur, at 
least for a period of time. Following exposure 
to these strains, pigs may become infected 
without showing overt signs of the disease, 
and although they may eventually develop 
clinical disease, this latent period is of 
importance in dissemination of infection 
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when such pigs are sold and come in contact 
with others. In recent outbreaks in high- 
pig-density areas in Belgium, the interval 
between the first occurrence of clinical signs 
and the report of a suspect herd was shorter 
when the disease was first diagnosed in fin¬ 
ishing pigs rather than in sows, boars, or 
nursing piglets. The proportion of clinically 
affected animals was positively correlated 
with the proportion of serologically positive 
animals. 

Susceptible pregnant sows, if exposed to 
less virulent strains of the virus, may remain 
clinically healthy, but infection of the fetuses 
in utero is common, and the virus may be 
introduced into susceptible herds by way of 
these infected offspring. The sow with 
“carrier sow syndrome” can give birth to 
normal, healthy-appearing piglets that are 
persistently infected and immuno-tolerant; 
these pigs, along with those with chronic 
infections, are responsible for the perpetua¬ 
tion of the virus in the pig population. A fully 
virulent virus may also be transmitted in this 
manner if the sows are treated with inade¬ 
quate amounts of antiserum at the time of 
exposure or if they are exposed following 
inadequate vaccination. Piglets infected in 
utero, if they survive, may support a viremia 
for long periods after birth. 

During outbreaks of classical swine fever 
in Germany between 1993 and 1995, differ¬ 
ing clinical courses were observed, ranging 
from mild clinical signs to severe typical 
disease. The genotype of pigs may influence 
the outcome of hog cholera virus infection. 
In certain pig breeds the chronic form of the 
disease is more likely to occur, and these pigs 
may excrete the virus over prolonged periods. 
Experimental inoculation of purebred pigs 
resulted in acute fatal infections, whereas 
crossbred pigs experienced acute, chronic, 
and transient infections. 

Pathogen Risk Factors 
Virulence Characteristics 
The most virulent strains produce clinical 
disease in pigs of all ages. But there are dif¬ 
ferences in the clinical and pathologic fea¬ 
tures between strains of the virus and in their 
virologic characteristics. The less virulent 
strains cause only mild clinical disease or 
disease restricted primarily to fetal and 
newborn piglets. It is probable that this vari¬ 
ance has always occurred in field strains of 
the virus, but the use of inadequately attenu¬ 
ated live virus vaccines is also a contributory 
factor. The occurrence of variation in 
virulence and antigenicity has been recog¬ 
nized as a cause of failure of vaccination 
and “vaccine breakdowns.” It is equally 
important in causing problems with the 
diagnosis of hog cholera in eradication 
programs when infection is manifest in pat¬ 
terns not traditionally associated with this 
disease. 

Genetic analysis of isolates of the virus for 
a series of epidemics of swine fever in Italy 


affecting both domestic pigs and wild boar 
has provided useful epidemiologic informa¬ 
tion. The isolates were divided into three 
subgroups, and it is suggested that there have 
been at least two separate introductions of 
classical swine fever over a 7-year period and 
that the virus has been transmitted between 
domestic pigs and wild boar. Molecular anal¬ 
ysis can aid in tracing the transmission of the 
virus from domestic pigs to wild pigs and 
back to domestic pigs. 

In the outbreaks of hog cholera in 
England in 1986, affected pigs in the first 
outbreak exhibited clinical signs and nec¬ 
ropsy lesions indicative of a virulent strain of 
the virus. However, in subsequent outbreaks, 
clinical disease was much milder and case- 
fatality rates low. Experimental infection of 
pigs with a field isolate of the virus resulted 
in variations in clinical response, from acute 
illness to inapparent infection, including 
minimal changes visible at necropsy, all of 
which indicate that genotype may influence 
the pathogenesis of the disease. High titers of 
virus were found in several tissues of one 
experimental pig that was recovering, even 
in the presence of serum-neutralizing anti¬ 
bodies. It is clear that some infected pigs may 
pass through an abattoir without detection 
because of the absence of lesions. 

Resistance of Virus 

Survival of the virus is very dependent on the 
strain of the virus. 20 The CSF virus (CSFV) is 
destroyed by boiling, 5% cresol, or 2% 
sodium hydroxide and by sunlight, but it 
persists in meat that is preserved by salting, 
smoking, and particularly by freezing. It is 
able to survive in cool, moist protein-rich 
environments for 2 weeks at 20° C (68° F) but 
for 6 weeks at 4° C. The virus can be inacti¬ 
vated in at least 80% of pork hams after expo¬ 
sure to a flash temperature of 71°C (159°F). 
It can survive in infected uncooked ham 
pork for at least 84 days and 140 days in 
diced ham or sausage; it can survive in bacon 
for 27 days after traditional curing processes 
and for at least 102 days in hams cured in salt 
concentrations of up to 17.4%, which is 
much higher than that normally used in 
curing bacon. The use of lower-salt concen¬ 
trations in curing solutions and the decreased 
time between slaughter and consumption as 
a result of modern abattoir practices increase 
the risk of disease transmission. It survives 
pH ranges from 3 to 11. Persistence in frozen 
meat has been observed after 4.5 years. The 
virus persists for 3 to 4 days in decomposing 
organs and for 15 days in decomposing 
blood and bone marrow. 

Immune Mechanisms 

Maternal antibodies may interfere with the 
production of viral-specific cell-mediated 
immunity. Neutralizing antibodies occur as 
early as 9 days after infection in recovering 
pigs and after 15 days in fatally infected 
pigs. Neutralizing antibodies are the most 


important antibodies in terms of protection. 
The maximum antibody response occurs 3 to 
4 weeks after infection, and levels may persist 
indefinitely but last at least 6 months. In 
chronic hog cholera, neutralizing antibodies 
may be transiently detectable during the 
phase of partial recovery between 3 and 6 
weeks after infection. Low-virulence strains 
of hog cholera may cause inapparent infec¬ 
tions and are described as poorly immuno¬ 
genic but in some instances may induce 
considerable titers of neutralizing antibodies 
in immunocompetent pigs. Cellular immu¬ 
nity mechanisms are probably very impor¬ 
tant in that it has been shown that there 
is CSFV-specific IFN-y formed early 
after antigen exposure. These mechanisms 
produce a higher response after intranasal or 
oral vaccination than after IM vaccination, 
and therefore vaccines should be looked at 
for their potential to induce higher T-cell 
responses. Intrauterine infection of piglets 
with the virus may induce a state of specific 
immunologic unresponsiveness. The piglets 
are persistently viremic and may continue to 
five for several weeks or months, but the 
majority die within the first 3 weeks of life. 
Piglets with PRRSV infections have been 
shown to produce a poorer response. 

Economic Importance 

Hog cholera has been responsible for large 
economic losses in the swine industry world¬ 
wide. It is considered to be the most impor¬ 
tant disease of pigs in the European Union, 
and a common program of eradication in the 
member states is in effect. The magnitude of 
the economic importance of the disease 
is directly proportional to the size of the 
pig population and the standards of the 
swine industry. In countries with intensified 
systems of pig production, such as the Neth¬ 
erlands, it is estimated that the direct costs of 
transport and destruction of infected herds, 
disinfection of premises, indemnities to 
farmers, vaccination, and identification and 
registration of pigs on behalf of the control 
of the disease amounted to a large percentage 
of the gross slaughter value. The additional 
indirect damage as a result of loss of produc¬ 
tion on infected farms, standstill of pig 
movements in affected areas or regions, and 
restrictions on export is difficult to evaluate. 
Losses as a result of the death of pigs are 
aggravated by the high cost of vaccination 
programs in enzootic areas and by the 
problem that vaccination may not be com¬ 
pletely effective in controlling epidemics. 
Recovered or partially recovered pigs are 
very susceptible to secondary infections, and 
exacerbations of existing chronic infections 
such as enzootic pneumonia are likely to 
occur during the convalescent period. 

PATHOGENESIS 

The tonsil is the primary site of virus inva¬ 
sion following oral exposure. Primary multi¬ 
plication of the virus occurs in the tonsils, 
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beginning within several hours after infec¬ 
tion. It then spreads to the peripheral lymph 
nodes. The virus is first found in plasma 
before the mononuclear cell populations. 
The primary cell in the peripheral blood to 
be infected is the mixed granulocyte. The 
virus then moves through lymphatic vessels 
and enters blood capillaries, resulting in an 
initial viremia at approximately 24 hours. At 
this time the virus is present in the spleen 
and other sites such as peripheral and vis¬ 
ceral lymph nodes, bone marrow, and Peyer s 
patches. The virus exerts its pathogenetic 
effect on endothelial cells, lymphoreticular 
cells and macrophages, and epithelial cells. 
In particular, B-lymphocytes, T-helper cells, 
and cytotoxic T cells are affected, and these 
changes take place before the RT-PCR picks 
up the virus in the blood. 

The changes in gene expression of 148 
genes during the first 48 hours following 
infection have been described. 31 Mutations 
in CSF nonstructural protein NS4B affect the 
virulence of CSF. 32 

The enhanced pathogenicity of some 
strains is associated with the presence of 
residues in E2 and NS4B of CSFV that can 
act synergistically to influence viral replica¬ 
tion efficiency in vitro and pathogenicity 
in pigs. 33 

CSF virus is accompanied by depression 
of cellular immune defenses, 34 particularly 
innate responses mediated by interferon.’ 5 
CSFV is not often found in apoptotic cells, 
so there are other mechanisms that cause this 
apoptosis. CSFV appears to be able to inhibit 
apoptotic signaling at multiple levels, and by 
supporting viral replication, endothelial cells 
may promote the pathogenesis of CSF. 36 A 
B-lymphocyte deficiency associated with 
viral destruction of germinal centers in lym¬ 
phoid tissues is the most significant patho- 
immunologic consequence of acute hog 
cholera infection. This lymphocyte apopto¬ 
sis, which is activation-induced programmed 
cell death, is one of the key features of CSF 
infections. CSF affects cellular antiviral 
activity, which suggests that the lesions may 
have an immunopathologic component, pos¬ 
sibly through the infection of dendritic cells 37 
and possibly by damaging the interferon pro¬ 
duction. 38 It is likely that CSFV up-regulates 
some of the adhesion molecules, such as 
integrin-(33 in vascular endothelial cells, 
which may alter hemostatic balance in CSF. 39 

Certain virus infections are associated 
with high levels of IFN-1 (type 1), which is a 
potent antiviral defense mechanism. Despite 
the presence of viral anti-IFN-1, inhibitors 
the plasmacytoid dendritic cells can con¬ 
tinue to produce IFN-1. CSFV prevents 
IFN-1 secretion in its main target cells (mac¬ 
rophages, monocytes, and endothelial cells) 
by interacting with interferon regulatory 
factor. 40 The ability to activate dendritic cells, 
the ability to spread systemically, and the 
tropism for lymphoid tissues also contribute 
strongly to a raised IFN-1 response. 


There is a novel virulence determinant 
within the E2 structural glycoprotein of 
CSFV. 41 In highly and moderately virulent 
strains of CSF there was a decrease in antivi¬ 
ral and apoptotic gene expression, and this 
coincided with higher levels of virus in these 
immune tissues (spleen, tonsil, retropharyn¬ 
geal lymph nodes). 42 

In recovered pigs (from infection with 
a moderately severe strain) it was found 
that antiviral defense mechanisms were 
rapidly activated, whereas in chronically 
affected pigs several genes with the power 
to inhibit production of type 1 interferons 
were up-regulated. The chronic pigs failed 
to activate NK or cytotoxic T-cell pathways, 
and they also showed reduced gene 
activity in antigen-presenting monocytes/ 
macrophages. 43 A highly virulent CSF virus 
produced significant changes in the mono¬ 
nuclear cell proteome in porcine peripheral 
blood, with 66 protein spots showing altered 
expression; 44 of these were identified as 34 

• ■ • 44 

unique proteins. 

CSFV can evade the immune response 
and establish chronic infection, and in an 
in vitro study it was shown that immune 
response genes were generally down- 
regulated. 45 The gene transcriptional profiles 
in peripheral blood mononuclear cells fol¬ 
lowing a virulent strain of CSF have been 
studied. Many genes were up-regulated and 
many down regulated. 46 CSFV strains may 
exacerbate the alpha-response, leading to 
bystander killing of lymphocytes and lym¬ 
phopenia, the severity of which might be 
attributable to the host’s loss of control of 
IFN production and downstream effectors 
regulation. 47 

Most of the lesions are produced by 
hydropic degeneration and proliferation of 
vascular endothelium, which results in the 
occlusion of blood vessels. This effect on 
the vascular system results in the character¬ 
istic lesions of congestion, hemorrhage, and 
infarction from changes in arterioles, 
venules, and capillaries. Thrombosis of small 
and medium-sized arteries is another feature. 
Vascular changes are most severe in the 
lymph nodes, spleen, kidneys, and gastro¬ 
intestinal tract. Lesions related to the effects 
on the endothelial cells also occur in the 
adrenals, central nervous system, and eyes. 
Atrophy of the thymus, depletion of lympho¬ 
cytes and germinal follicles in peripheral 
lymphoid tissues, renal glomerular changes, 
and splenitis are characteristic. Leukopenia 
is common in the early stages, followed by 
leukocytosis in some animals, and anemia 
and thrombocytopenia occur. The thrombo¬ 
cytopenia may be caused by massive platelet 
activation and subsequent phagocytosis of 
platelets secondarily to the release of platelet 
activating factors by activated macrophages. 
Disseminated intravascular coagulation is 
common with microthrombi in small vessels, 
particularly of the kidney, liver, spleen, 
lymph nodes, lung, intestine, and intestinal 


lymph nodes. The end stage of a lethal 
infection in the natural host is associated 
with a marked depletion preferentially of 
B-lymphocytes in the circulatory system and 
in the lymphoid tissues. Macrophage activa¬ 
tion, and subsequent release of proinflam- 
matory cytokines, plays an important role in 
the development of the classical signs of CSF. 
This is particularly true for the pulmonary 
intravascular macrophages. 

It has been shown that there is a signifi¬ 
cant expression of TNF-a in virus infected 
lymph nodes. It may be that commitment to 
apoptosis may depend on the IFN produc¬ 
tion. In these lymph nodes lymphocyte death 
occurred by apoptosis, and some of the cells 
were positive on IHC for both TNF-a and 
apoptosis. It may be that the release of the 
TNF-a may induce the apoptosis in the 
uninfected bystander cells. Early immuno¬ 
suppression is an important feature of the 
development of CSF, with the depression of 
CD1+, CD4+, and CD8+ common thymo¬ 
cytes. It has recently been shown that CSF 
can replicate in the dendritic cells and control 
IFN type 1 responses without interfering 
with immune reactivity. It is still not clear, 
even though it is known that there is clear 
targeting of macrophages and monocytes, 
how these cells produce this immunosup¬ 
pression and account for the death of the 
T-lymphocytes. It is known that the den¬ 
dritic cells are the sentinels of the immune 
system and respond to easy viral contact. 
They then develop the effective immune 
responses by migrating into the lymphoid 
tissue to present the processed viral antigens 
to the T-lymphocytes. However, in both CSF 
and BVD infections there is no activation of 
the dendritic cells, and this may be a feature 
of pestivirus infections and enable them to 
evade the immune response. At the same 
time, there is no interference with the matu¬ 
ration of the dendritic cells. The virus induces 
proinflammatory cytokine production (IL-1, 
IL-6, and IL-8) by 3 hours, and even further 
at 24 hours postinfection, and also increases 
the coagulation factors, tissue factor, and 
vascular endothelium cell growth factor. 
Endothelial cells that were chronically 
infected were unable to produce IFN type 1, 
and these cells were also protected from 
apoptosis. This establishes a long-term infec¬ 
tion of endothelial cells with virus replica¬ 
tion and increasing levels of IL-1, IL-6, and 
IL-8. It shows that there has been long-term 
interference with cellular antiviral defenses, 
possibly by targeting interferon regulating 
factor 3, as BVDV does, or by increased 
binding of NF-k| 3, which modulates an 
apoptotic pathway controlling several anti- 
apoptotic genes. 

CSFV infections significantly increased 
the mRNA expression of IL-10 and tumor 
necrosis factor (TNF) alpha, and they inhib¬ 
ited IL-12 expression, with little effect on 
IFN-a and IFN-y expression. CSFV sup¬ 
presses maturation and modulates functions 





of monocyte-derived dendritic cells without 
activating nuclear factor kappa B, which is 
involved in immune regulation, inflamma¬ 
tory response, and antiapoptosis effect. 48 

In many cases, secondary bacterial infec¬ 
tion occurs and plays an important part in 
the development of lesions and clinical signs. 

The experimental disease is characterized 
by a biphasic temperature elevation at the 
2nd and 6th day after inoculation, a pro¬ 
found leukopenia and an appreciable anemia 
24 hours after inoculation, diarrhea at the 
7th day, and anorexia and death on the 4th 
to 15th day in slaughter pigs. The anemia 
can be explained by the infection of 2% to 
9% of the megakaryocytes 2 to 9 days after 
infection. 

The inoculation of pregnant sows with a 
low-virulence field strain of hog cholera 
virus at various stages of pregnancy results in 
prenatal mortality in litters from sows 
infected at pregnancy day 40 and postnatal 
death at 65 days. The later that infection 
occurs in pregnancy, the greater the number 
of uninfected piglets born in infected litters. 
Transplacental infection of the porcine fetus 
with both field and vaccine strains of the 
virus may induce a spectrum of abnormali¬ 
ties, including hypoplasia of the lungs, 
malformation of the pulmonary artery, 
micrognathia, arthrogryposis, fissures in the 
renal cortex, multiple septa in the gallblad¬ 
der, and malformations of the brain. Infec¬ 
tion of the fetus at a critical stage of gestation 
(30 days) induces retardation in growth and 
maturation of the brain, resulting in micro- 
encephaly. The teratogenicity of the virus 
clearly depends on the stage of gestation. In 
general, the earlier the infection occurs, the 
more severe the abnormalities are likely to 
be. The virus can be found in the ovaries 
because the blood vessels deliver peripheral 
macrophages to the ovaries through atretic 
follicles. 

One of the sequelae of transplacental hog 
cholera virus infection of the fetus is con¬ 
genital persistent virus infection with the 
evolution of a runt-like syndrome during the 
first few months of life. At birth, affected 
piglets appear normal, although they are 
viremic; the viremia persists throughout life 
of the animals. The first evidence of clinical 
disease may occur at about lOn weeks of age, 
but it may be delayed until 4 months of age. 
Growth retardation, anorexia, depression, 
conjunctivitis, dermatitis, intermittent diar¬ 
rhea, and locomotor disturbance with poste¬ 
rior paresis occur. At necropsy, the most 
remarkable lesion is atrophy of the thymus 
gland, and lesions of classical hog cholera are 
not present. In experimental congenital per¬ 
sistent hog cholera infection, the earlier the 
infection occurs in pregnancy, the greater the 
number of persistent infections in piglets 
born alive with immunologic tolerance. The 
immunologic tolerance is specific to the 
virus because affected piglets respond to 
other selected antigens. 
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The experimental infection of pregnant 
goats with the hog cholera virus on days 
64 to 84 of gestation can result in transpla¬ 
cental infection, with the virus replicating 
and persisting in the fetuses for at least 40 
to 61 days. The virus is highly pathogenic 
for goat fetuses, and serum antibodies 
may be present in the precolostral sera of 
the kids. 

It appears that disseminated intravascular 
coagulation does not play a major role in the 
pathogenesis of CSF. 49 

CLINICAL FINDINGS 

The early identification of clinical signs 
would facilitate diagnosis and control, but 
a recent paper on experimental infections 
with a type 2.1 genotype virus and a geno¬ 
type 3.3 virus that is genetically divergent 
from European viruses has shown differ¬ 
ences in outcome. 50 The UK 2001 virus was 
similar to other European type 2 viruses, 
but the 3.3 virus produced fewer and 
delayed clinical signs, notably with little 
fever, making it more difficult to recognize 
in the field. Another complicating factor is 
that it poorly recognized by the CSF-specific 
antibody. 

Six uncharacterized CSFV isolates from 
1996 to 2007 were examined’ 1 and assessed 
in animal experiments for their clinical viru¬ 
lence. They were assessed as either moder¬ 
ately or highly virulent. 

Diagnosis 

Nearly always, the detection is too late 
because it has been missed. The clinical signs 
are often nonspecific, but the score system 
suggested by the Dutch may help to suggest 
it. The differences in the four most recent 
German outbreaks in terms of clinical and 
pathologic signs were minimal. In former 
times, most of the European outbreaks were 
associated with the virulent genotype 1 of the 
virus, but now there are types 2:1, 2:2, and 
2:3, which are much less virulent and 
produce a milder clinical course that is much 
more difficult to recognize over the first 14 
days postinfection. In a recent set of experi¬ 
ments (with a strain of virus SF0277) all the 
pigs died, but in other experiments some of 
the pigs survived. 

A recent report has suggested that the 
occurrence of PRRS does not appear to 
potentiate the clinical outcome of CSF in 
young pigs, but this has been disputed. 

Simultaneous infection with Trypano¬ 
soma evansi does seem to produce a poor 
response to CSF vaccination. 

As a result of the recent outbreak in the 
Netherlands, a quantitative retrospective 
analysis was made of the clinical signs, which 
suggested that the clinical inspection was the 
most important part of detection but was not 
very specific. Moderate-virulence and low- 
virulence strains cause a mild disease that 
may be so mild that clinical disease is not 
suspected. 


Differential diagnosis should include 
PRRS, PDNS, ASF, salmonellosis, and cou- 
marin poisoning. 

Peracute and Acute Disease 

In the acute form the disease is characterized 
by anorexia, lethargy, conjunctivitis, respira¬ 
tory signs, and constipation. 51,52 Diagnosis 
on clinical signs is more difficult since the 
1980s, and therefore the CSF may not be rec¬ 
ognized immediately, 2 ' but nearly always the 
major clinical sign is pyrexia. Clinical signs 
usually appear 5 to 10 days after infection, 
but incubation periods up to 35 days or more 
are recorded. At the beginning of an out¬ 
break, young pigs may die in a peracute state 
without evidence of clinical signs having 
occurred. Acute cases are the most common. 
Affected pigs are depressed, do not eat, and 
stand in a drooped position with their tails 
hanging. They are disinclined to move and, 
when forced, do so with a swaying move¬ 
ment of the hindquarters. They tend to 
lie down and burrow into the bedding, 
often piled one on top of the other. Before 
the appearance of other signs, a high tem¬ 
perature (40.5-41.5° C [105-107° F]) is 
usual. In recent European outbreaks, respira¬ 
tory signs have not been common. Constipa¬ 
tion followed by diarrhea and vomiting also 
occurs. Later, a diffuse purplish discoloration 
of the abdominal skin occurs. Small areas of 
necrosis are sometimes seen on the edges of 
the ears, tail, and lips of the vulva. A degree 
of conjunctivitis is usual, and in some pigs 
the eyelids are stuck together by dried, puru¬ 
lent exudate. Nervous signs often occur in 
the early stages of illness and include cir¬ 
cling, incoordination, muscle tremor, and 
convulsions. Death can be expected 5 to 7 
days after the commencement of illness. 
Infection with Salmonella Choleraesuis may 
also be potentiated by hog cholera infection, 
and the two diseases in combination can 
result in high mortality. 

Nervous Manifestations 

A form of the disease in which nervous signs 
predominate is attributed to a variant strain 
of the virus. The incubation period is often 
shorter and the course of the disease more 
acute than usual. Pigs in lateral recumbency 
show a tetanic convulsion for 10 to 15 
seconds followed by a clonic convulsion of 
30 to 40 seconds. The convulsion may be 
accompanied by loud squealing and may 
occur constantly or at intervals of several 
hours, often being followed by a period of 
terminal coma. In some cases, convulsions 
do not occur, but nervous involvement is 
manifested by coarse tremor of the body and 
limb muscles. Apparent blindness and stum¬ 
bling have also been observed. 

Chronic Disease 

Low-virulence strains of virus result in less 
severe disease syndromes. A chronic form 
occurs in field outbreaks and occasionally 
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after serum-virus simultaneous vaccination. 
The incubation period is longer than normal, 
and there is depression; anorexia; persistent 
mild fever; unthriftiness; and the appearance 
of characteristic skin lesions, including alo¬ 
pecia, dermatitis, blotching of the ears, and a 
terminal, deep-purple coloration of the 
abdominal skin. Pigs may apparently recover 
following a short period of illness but subse¬ 
quently relapse and die if stressed. 

Pigs infected with the low-virulence 
strains of the virus appear more susceptible 
to intercurrent bacterial disease. The change¬ 
able nature of this combination is such that 
hog cholera should be suspected in a herd or 
area where there is an increase in mortality 
from any apparent infectious cause that 
either does not respond, or responds only 
temporarily, to therapeutic ploys that are 
usually effective. 

Reproductive Failure 

Reproductive failure can be a significant 
feature and may occur without other clinical 
evidence of disease within the herd. It may 
occur when inadequately protected pregnant 
sows are exposed to virulent virus or when 
susceptible pregnant sows are vaccinated 
with live attenuated vaccines or exposed to 
low-virulent field strains. Infection of the 
sow can occur at any stage of pregnancy and 
may result in no clinical signs other than a 
mild pyrexia, but it may be followed by a 
high incidence of abortion, low litter size, 
and mummification, stillbirth, and anoma¬ 
lies of piglets. Piglets infected at 50 to 70 days 
may be clinically normal at birth and then 
waste away and may develop tremors; such 
cases are said to be late-onset CSF. They are 
like BVDV cases in that they shed virus and 
are persistently affected for months. Live- 
born pigs, although carriers, may be weak 
or clinically normal. Persistent congenital 
infection is characterized by persistent 
viremia, continuous virus excretion, and late 
onset of disease, with death occurring 2 to 11 
months after birth. No antibodies to the 
virus are present in spite of the persistent 
infection; affected pigs have a normal 
immune response to other antigens, but they 
do not respond to the hog cholera virus. 
Cell-mediated immunity appears to be 
normal. A high incidence of myoclonia con¬ 
genita (congenital trembles) associated with 
cerebellar hypoplasia has been observed in 
some outbreaks where prenatal infection 
with hog cholera virus has occurred, and this 
syndrome has been reproduced experimen¬ 
tally. The prevalence of any one of these 
manifestations appears to vary with the 
strain of the virus and the stage of gestation 
at the time of infection. 

CLINICAL PATHOLOGY 
Hematology 

A valuable antemortem diagnostic test is the 
total and differential leukocyte count. In the 
early stages of the disease there is marked 


leukopenia, with the total count falling from 
a normal range of 14,000 to 24,000 cells/pl 
to 4000 to 9000 cells/pl. This is specifically 
granulocytopenia caused by bone-marrow 
atrophy. It is a result of apoptosis or necrosis, 
from 1 to 3 days postinfection, probably as a 
result of cytokine interaction. Depletion of 
the lymphocyte subpopulations occurs 1 to 4 
days before the virus can be detected by 
RT-PCR on serum. If a virulent form, deple¬ 
tion is evident by 2 days. 

B-lymphocytes, T-helper cells, and cyto¬ 
toxic T cells are the most affected by the 
virus. The loss of the circulating B- 
lymphocytes is consistent with the failure to 
generate a circulating neutralizing antibody. 
Virulent strains produce greater reduction 
in B-lymphocytes than do mild forms. This 
can be of value in differentiation from bac¬ 
terial septicemias, but it should not be used 
as the sole method of differentiation. In the 
late stages of hog cholera, leukocytosis as a 
result of secondary bacterial invasion may 
develop. Piglets less than 5 weeks of age 
normally have low leukocyte counts. 

In a study of CSFV in 6- and 11-week-old 
pigs, 53 it was found that although only the 
mild disease resulted, there were depletions 
in B-cell numbers and a number of T-cell 
populations in peripheral blood, which were 
most marked in the 6-week-old pigs. A pop¬ 
ulation of large granulocytes developed in 
the peripheral blood before the start of 
viremia. 

Diagnostic Tests 

A comparison of diagnostic tests shows that 
the best results are detected by RT-PCR 
(98.9%), which is earlier than virus isolation 
(VI) on blood, which gives only a result of 
94.5%. RT-PCR is expensive and labor inten¬ 
sive. The antigen-ELISA gives a later detec¬ 
tion and the worst results. The leukocyte 
count gives the earliest pointer to CSF infec¬ 
tion but of course does not confirm the 
disease. 

The advent of eradication programs has 
resulted in the development of diagnos¬ 
tic tests for hog cholera. These tests must 
be accurate and rapid so that control mea¬ 
sures can be rapidly instituted or lifted as 
required. Diagnosis by virus isolation is 
slow, the cytopathic effect may be minimal, 
and some strains have low infectivity 
and limited growth in tissue culture. This 
method is seldom used as a primary diag¬ 
nostic method. Animal inoculation tests still 
provide an excellent method for the diag¬ 
nosis of hog cholera and involve the chal¬ 
lenge of susceptible and immune pigs with 
suspect material followed by subsequent 
challenge at a later date with fully virulent 
hog cholera virus. However, this test is time 
consuming and costly, and although it is 
used for the final confirmatory test for the 
presence of hog cholera infection in various 
situations, it is not satisfactory for a rapid 
diagnostic test. 


Detection of Virus 

The more rapid tests rely on the detection of 
antigen in infected pig tissues or the detec¬ 
tion of antibody following infection. 

Fluorescent Antibody Techniques 

This technique allows the rapid detection of 
antigen in frozen sections of tissue or impres¬ 
sion smears and in infected tissue cultures, 
and these methods have been adopted as a 
primary test in the eradication program in 
the United States. Antigen can be detected 
up to 2 days after death, and this method 
has been considered more reliable than the 
agar gel precipitation test. The method is 
capable of detecting virus carriers among 
vaccinated pigs. 

Antigen-Capture ELISA 

The antigen-capture ELISA can detect 
the virus antigens in blood and tissues 
from experimentally infected pigs at 4 to 
6 days after infection with a moderate- to 
high-virulence strain (Weybridge virus) 
and 7 to 9 days after infection with a low- 
virulence strain (New South Wales virus). 
The technique does not require tissue 
culture and takes less than 36 hours for a 
definitive result. 

Agar Gel Precipitation Test 

The agar gel precipitation test detects antigen 
in tissue by means of a precipitin formed 
with immune sera. Usually pancreas 
from suspect pigs is tested. This test was 
used widely in the UK eradication program 
and is the standard primary test in many 
countries. 

Differentiation of Swine Fever Virus 
From Other Pestiviruses 
PCR Tests 

A PCR assay can be used to differentiate clas¬ 
sical swine fever virus from ruminant pesti¬ 
viruses. An international reference panel 
of monoclonal antibodies for the differentia¬ 
tion of hog cholera virus from other pesti¬ 
viruses has been developed. Restriction 
endonuclease cleavage of PCR amplicons can 
distinguish between vaccine strains and 
European field viruses. The RT-PCR can also 
detect CSF in boar semen. A RT-PCR was 
then described. Rapid detection of CSF using 
a portable real-time RT-PCR (TaqMan) 
has been described. Further modifications 
have been described, and thus the test can 
be performed in a single tube with all the 
ingredients. It can then be used as a pen-side 
test and detects virus in nasal and tonsil 
scrapings 2 to 4 days before the onset of 
clinical signs. A further modification of 
RT-PCR and ISH has been that they can 
be used on formalin-fixed sections. A 
multiplex PCR is available to separate BVD 
from CSF. 

A multiplex RT-PCR for the simultane¬ 
ous detection of both ASFV and CSFV 
has been described, 113 with a diagnostic 





sensitivity of 100% for both viruses and 
100% specificity for CSFV and 97.3% for 
ASFV. The inclusion of a heterologous inter¬ 
nal control allowed the detection of false 
negatives. 

Serologic Tests 

Antibody can be detected by the fluorescent 
antibody neutralization test, tissue culture 
serum neutralization test, or an indirect 
ELISA. Serologic tests are less satisfactory for 
detection of hog cholera in the acute phase 
and are of limited value in vaccinated 
animals. They are of value in the detection in 
sows of the subclinical infection of hog 
cholera associated with reproductive failure 
and for survey studies to determine the prev¬ 
alence of hog cholera infection. BVDV may 
infect pigs, especially those in close contact 
with cattle, and may give false-positive sero¬ 
logic reactions. The incidence rates of these 
false-positive reactions may be high, and 
they pose a problem for hog cholera identi¬ 
fication in eradication programs. The neu¬ 
tralizing peroxidase-linked antibody assay is 
a highly sensitive and specific test for 
hog cholera and will distinguish between 
pigs infected with different strains of the 
hog cholera virus and BVDV. The complex, 
trapping, blocking ELISA is sensitive, spe¬ 
cific, and reliable for screening purposes for 
early identification of infected herds and 
their elimination in an eradication program. 
A peroxidase-labeled antibody assay can be 
used to detect swine IgG antibodies to hog 
cholera and BVDVs. Monoclonal antibodies 
to pestiviruses are also available to discrimi¬ 
nate between both viruses. A competitive 
ELISA using a truncated E2 recombinant 
protein has been described, which can be 
used when a large number of samples are to 
be tested. 

Samples for Laboratory 

When hog cholera is suspected, tissues sub¬ 
mitted for examination should include the 
brain and sections of intestine and other 
internal organs in formalin, and pancreas, 
lymph node, and tonsil unpreserved in 
sealed containers. Local regulations and 
requirements should be followed. The viral 
antigens are densely distributed in the skin 
and tongue of infected pigs, and biopsies 
of the ear may be useful for diagnosis on a 
herd basis. 

NECROPSY FINDINGS 

In many cases the single most important 
diagnostic aid is the postmortem examina¬ 
tion, although in the Dutch outbreaks it was 
thought that the contribution to the detec¬ 
tion of CSF was limited. The reason for this 
is that there is a tremendous individual vari¬ 
ation in necropsy findings. In the outbreak 
in the United Kingdom in 2000, there were 
few lesions in fetuses or in neonates; in the 
sows, lesions were often restricted to con¬ 
junctivitis and lesions in the hepatic and 
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splenic lymph nodes, even though 15 animals 
in each group were examined. The age group 
showing relatively consistent lesions were the 
growers, and in these the lesions were similar 
to those that are reported in the classical 
outbreaks. 

In peracute cases, there may be no gross 
changes at necropsy. In the more common 
acute form, there are many submucosal and 
subserosal hemorrhages, but these are incon¬ 
stant; to find them, it may be necessary to 
examine several carcasses from an outbreak. 
The hemorrhage results from erythrodiape- 
desis and increased vascular permeability, 
probably aided by mast cell degranulation. 
The hemorrhages are most noticeable under 
the capsule of the kidney, near the ileocecal 
valve, in the cortical sinuses of the lymph 
nodes, and in the bladder and larynx. The 
hemorrhages are usually petechial and rarely 
ecchymotic. The lymph nodes are enlarged, 
and the spleen may contain marginal infarcts. 
Infarction in the mucosa of the gallbladder 
is a common but not constant finding and 
appears to be an almost pathognomonic 
lesion. There is congestion of the liver 
and bone marrow and often of the 
lungs. Circular, raised button ulcers in the 
colonic mucosa are usual but cannot be dis¬ 
tinguished from those of salmonellosis. 
Although these gross necropsy findings are 
fairly typical in cases of hog cholera, they 
cannot be considered as diagnostic unless 
accompanied by the clinical and epizootio- 
logical evidence of the disease. They can 
occur in other diseases, particularly salmo¬ 
nellosis. A recent study found that the lymph 
nodes had the highest score for lesions and 
that the fewest lesions were found in the 
spleen and tonsil because infection of these 
organs was also rare. The most common 
lesions were also in the lymph nodes, around 
the ileocecocolic junction, and around the 
blood vessels of the brain. Atypical bronchio- 
lar cilia have been reported. 

There are characteristic microscopic 
lesions of a nonsuppurative encephalitis in 
most cases, and a presumptive diagnosis of 
hog cholera can be made if they are present. 
It is thought that the most common lesion in 
chronic CSF is the mononuclear cell cuff in 
the CNS. Here ISH is capable of detecting 
viral nucleic acid even when viral antigen 
is not detected. Histologically, the main site 
of tissue injury is the reticuloendothelial 
system. There is always a progressive lym¬ 
phoid depletion and mucosal necrosis. The 
depletion is probably caused by apoptosis but 
not by direct apoptosis. Atrophy of the 
thymic cortex and loss of thymocytes is also 
a feature and may be related to synthesis of 
the cytokines, TNF-a and IL-la in particu¬ 
lar, which may increase the apoptosis of the 
thymocytes. 

Fibrinoid necrosis of the tunica media 
combined with hydropic degeneration and 
proliferation of the vascular endothelium 
causes occlusion of blood vessels. The 


more virulent “neurotropic” strains produce 
lesions of a similar nature but greater 
severity. 

In the intestinal tract mucosa there are 
large, usually infected macrophages. The gut- 
associated lymphoid tissue areas are lympho¬ 
cyte depleted, usually because of massive 
lymphocyte apoptosis, particularly in the 
B-cell areas. These changes are possibly 
attributable to the large amounts of TNFa 
and IL-la released from the infected macro¬ 
phages. They also showed that the macro¬ 
phages in the splenic marginal zone were 
among the first cells to be infected. The infec¬ 
tion, mobilization, and apoptosis of splenic 
macrophages play a very important role in 
the course of the infection through cytokine 
release. An unusual manifestation of CSF 
infection is the onset of metaphyseal bone 
formation caused by the partly thrombosed 
vessels in the bone, with strong CSF viral 
specific fluorescence. 

Histology showed swelling and vacuola- 
tion of megakaryocytes in the bone marrow 
2 days after infection, and they were necrotic 
4 days after infection. Severe swelling and 
necrosis of endothelial cells in the vascular 
endothelium were observed 3 days after 
infection. It was concluded that the throm¬ 
bocytopenia resulting from direct viral 
damage to MKC and endothelial damage can 
cause hemorrhagic diathesis, whereas coagu¬ 
lation disorders are not involved in early 
stages of the disease. 

In the chronic form of the disease, ulcer¬ 
ation of the mucosa of the large intestine is 
usual. Secondary pneumonia and enteritis 
commonly accompany the primary lesions 
of hog cholera. 

Infection of the fetus produces a persis¬ 
tent immunologically tolerant noncytolytic 
infection, often with little evidence of cell 
necrosis or inflammatory reaction to suggest 
the presence of a virus. Aborted fetuses show 
nondiagnostic changes of petechial hemor¬ 
rhage and ascites. Malformations such as 
microcephaly, cerebellar hypoplasia, pulmo¬ 
nary hypogenesis, and joint deformity appear 
as a result of inhibition of cell division and 
function in these areas. Antibody is not 
detected in fetal blood when infection occurs 
early in fetal life. In pigs showing signs of 
myoclonia congenita, cerebellar hypoplasia is 
highly suggestive of hog cholera infection. 

An immune complex glomerulonephritis 
has been described in which there is macro¬ 
phage infiltration of the mesangium with 
immune complex deposits of IgM, IgG, 
and Clq in mesangial, subepithelial, and 
subendothelial areas from 10 days postinfec¬ 
tion, and by 14 days neutrophils had also 
congregated. 

This is a disease of major economic 
importance, and confirmation of the diagno¬ 
sis is usually performed in specialized gov¬ 
ernmental laboratories. Virus isolation and 
fluorescent antibody tests are most com¬ 
monly used, but other techniques, including 
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immunoperoxidase staining of cryostat sec¬ 
tions, are available. The demonstration of 
viral antigen in the crypts of the tonsils, 
tubular epithelial cells of the kidney, bron- 
chiolar mucosal gland cells, and the pancre¬ 
atic epithelial cells has been shown to be 
possible even after 18 years in formalin. 

DIAGNOSIS 

The European Union Reference laboratory in 
Hanover is responsible for the testing in the 
European Union. A survey of pig farmers 
and practitioners in the Netherlands investi¬ 
gated their attitudes regarding CSF and 
found there were six sets of problems 
identified: 54 

1. Lack of knowledge of CSF 

2. Guilt, shame, and prejudice 

3. Negative opinion of control measures 

4. Dissatisfaction with postreporting 
procedures 

5. Lack of trust in government bodies 

6. Uncertainty about and lack of 
transparency in reporting procedures 

The authors recommended procedures 
to deal with these problems. Diagnostic 
methods for CSF have been reviewed. 55 ' 56 

Detection of Antigen 

Virus isolation is the sensitive, highly spe¬ 
cific, time-consuming, and labor-intensive 
method to find CSF. 

For the rapid detection of viral antigen, 
immunofluorescence and ELISAs are being 
used. The former uses thin sections of tissues 
(lymph node, spleen, tonsils, and other 
organs); the specificity is good, but the sen¬ 
sitivity is not so good. In the early stages of 
infection there may be false-negative results 
because there may not be high levels of virus. 

The RT-PCR is considered the most sen¬ 
sitive and most specific tool for the detection 
of CFSV. 

A real time RT-PCR is available for dif¬ 
ferentiating vaccine and field virus, and this 
will probably become available as a field 
test. 136,13. Next-generation technology allows 
the full genome of CSFV to be identified and 
is the best basis for high-resolution phyloge¬ 
netic studies. 138 

Pyrexia is one of the key indicators for 
CSFV, together with high mortality. 

Samples for Confirmation 
of Diagnosis 

Laboratory diagnosis is always required. 
Fresh tonsil can be used for polyclonal direct 
florescent antibody, which also detects 
BVDV and BDV, and can then be used for 
additional tests. The sensitivity of this test 
was shown to be only 78%, so to give a 99% 
chance of infection being detected five post¬ 
mortems would need to be performed. Even 
when suffering from tissue degradation, 
tonsil and spleen will still yield infectious 
virus and RNA. 64 

A comparative study of the signs and 
lesions produced by six field strains of CSF 


virus 51 showed that the most characteristic 
lesions were found in the lymph nodes, fol¬ 
lowed by necrotic lesions in the ileum and 
hyperemia of the brain. Splenic infarction 
and necrotic tonsils when they occur are 
spectacular but are less frequent, and respira¬ 
tory signs are also less frequent than was 
reported in the last century. 

A one-step gel-based RT-PCR assay with 
comparable performance to RT-PCR for 
detection of CSF virus has been described. 5. 

Two RT-PCR assays of CSF were devel¬ 
oped for genetic differentiation of naturally 
infected from vaccinated wild boars. 58 

C-strain “Riems” or other vaccinated 
animals can be differentiated from infected 
animals using a RT-PCR. 59 

Two new E ms -based ELISAs allow differ¬ 
entiation of infected from marker-vaccinated 
animals and discrimination of pestivirus 
antibodies. 60 

Meat juice ELISA can be used as a suit¬ 
able substrate for diagnosis of CSF. 61 Viral 
RNA was detected in meat juice at a lower 
level than in serum. 62 Sensitivity was calcu¬ 
lated to be 91% and specificity to be 97%. 
Difficulties were encountered when there 
were low-virulence strains involved and 
when samples were taken very early in 
infections. 

Pan-pestivirus assays will detect the pes¬ 
tivirus, and then CSF specific assays are 
required. qRT-PCR is routinely used. Spe¬ 
cific assays for CSF include VI, fluorescence 
antibody test (FAT), and ELISAs. 

Irrespective of virulence, whole-blood 
and tonsil scrapings are the samples of choice 
for the early detection of CSF. 63 At least eight 
RT-PCRs have been developed for detection 
of wild-type CSF, 65 ' 69 and some are used 
routinely. 70 ' 71 

A loop-mediated isothermal amplifica¬ 
tion assay for detection of wild-type CSF was 
described 2 and proved to be a simple, rapid, 
and sensitive tool for detection of wild-type 
CSFV under field conditions. 

A multiplex nested RT-PCR for the dif¬ 
ferentiation of wild-type viruses from the 
C-strain vaccine of CSF was developed. 

Multiplex PCRs for the simultaneous 
detection and differentiation of CSFV field 
strains and the C-strain vaccine virus have 
been developed. 59,68 

A multiplex RT-PCR assay for the rapid 
and differential diagnosis of CSF and other 
pestiviruses was developed 74 and was shown 
to be rapid, highly sensitive, and cost 
effective. 

A triplex TaqMan RT-PCR assay for dif¬ 
ferential detection of wild-type and hog 
cholera lapinized vaccine strains of CSF and 
BVDV type 1 has also been devised. 75 

Most CSF reference laboratories use more 
than one test (virus isolation, antigen ELISA, 
RT-PCR for detection and confirmation). It 
has been shown 1 that the RT-PCR is 100% 
sensitive but VI only about 72% and antigen 
ELISA only 39%. 


A novel RT-PCR assay based on primer- 
probe energy transfer has also been 
developed. 58,76 This has been shown to be a 
highly sensitive and specific confirmatory 
tool. 

The qRT-PCRs have high specificity and 
sensitivity.' 1 '" ,s Viral RNA can be detected 
in samples where the virus is in tissues that 
are autolysed. ' 9 Viral RNA can be detected in 
animals that have recovered. 80 The qRT-PCR 
can also be used to differentiate between 
virus species BD, BVD and CSF, and strains 
of CSF. It can also be used to differentiate 
infected from vaccinated animals (DIVA). 81 
There are some tests that are specific for 
wild-type virus 58 ' 68 irrespective of the vacci¬ 
nation status of the animal. A negative 
RT-PCR generally means that the animal is 
not infectious, but a positive RT-PCR does 
not mean that it is infectious. 82 Antigen- 
capture ELISA is recommended for animals 
with clinical signs or lesions. 

A primer-probe energy transfer RT-PCR 
assay for CSF was described 83 and can 
differentiate between wild-type CSFV 
and certain C-strain vaccines. A one-step 
RT-PCR detection of CSFV using a minor 
groove binding probe was described 84 and 
was found to be rapid and of high specificity 
and sensitivity. 

A reverse transcription multiplex RT-PCR 
was developed for the detection and geno- 
typing of CSF. 85 It was said to be a rapid, 
sensitive, reproducible, sensitive, and spe¬ 
cific genotyping tool. RT-PCR was able to 
detect CSF 2 days earlier than virus isolation 
and 2 to 4 days earlier than with antigen 
ELISA. 86 A high-speed RT-PCR was able to 
detect FMD, CSF, and SIV-A, 8 and it took 
only about 28 minutes. 

A gold-nanoparticle-based oligonucle¬ 
otide microarray for the simultaneous detec¬ 
tion of seven swine viruses, including CSF, 
has been described. 88 

• Histology —formalin-fixed brain, spleen, 
lymph nodes, colon, cecum, ileum, 
kidney, tonsil, skin, tongue (LM). Tissue 
sections can also be used for ISH and 
IHC. 

• Virology —lymph nodes, tonsil, spleen, 
distal ileum, skin, tongue, brain (FAT, 
ISO, IHC, PCR); heparinized blood. 
Virus can be isolated from tissue, serum, 
plasma, buffy coat, or whole blood in 
heparin. 89 

Serology 

The gold standard is the virus neutralization 
test. However, ELISAs in microtiter are easy 
to perform, rapid, and automated. Differen¬ 
tiation between pestiviruses is possible and 
depends on the design of the test, and detec¬ 
tion of DIVA vaccines is also possible. 60 

The immuno-chromatographic strip or 
lateral flow device 139 can be used as a penside 
test. 

The evaluation of assays 90 showed that the 
Chekit CSF-Sero and the HerdChek CSFV 





Ab were both practical and had highest sen¬ 
sitivity. The PrioCHECK (Rcircle) CSFV™ 
was the only ELISA suitable for use in 
DIVA but is less sensitive and cannot be 
recommended. 

ELISAs for the detection of anti-CSF anti¬ 
bodies are useful for epidemiologic surveys 
and for monitoring CSF-free areas. These 
antibodies occur 10 to 15 days postinfection, 
the same as for neutralizing antibodies. 

A recombinant E2-based indirect ELISA 
for the detection of specific IgM antibody 
responses to CSF has been shown to detect 
antibodies 2 weeks after vaccination. 91 

An immunochromatographic strip for 
rapid detection of antibodies to CSF was 
described 92 and was found to be 97% sensi¬ 
tive and 100% specific and could be per¬ 
formed within 5 minutes. 


DIFFERENTIAL DIAGNOSIS 


A positive diagnosis of hog cholera is difficult 
to make without laboratory confirmation. This 
is particularly true of the chronic, less 
dramatic forms of the disease. A highly 
infectious, fatal disease of pigs with a course 
of 5 to 7 days in a group of unvaccinated 
animals should arouse suspicion of hog 
cholera, especially if there are no signs 
indicative of localization in particular organs. 
Nervous signs are probably the one exception. 
The gross necropsy findings are also 
nonspecific, and reliance must be placed on 
the leukopenia in the early stages and the 
nonsuppurative encephalitis visible on 
histologic examination. Both of these bacterial 
infections, particularly salmonellosis, may be 
present. 

The major diseases that resemble hog 
cholera include the following: 

• Salmonellosis, usually accompanied by 
enteritis and dyspnea. 

• Erysipelas, in which there are 
characteristic diamond skin lesions, and the 
subserous hemorrhages are likely to be 
ecchymotic rather than petechial. 

• Pasteurellosis, in which respiratory signs 
predominate and lesions of 
pleuropneumonia at necropsy are 
characteristic. 

Epidemiologic considerations and 
hematologic and bacteriologic examination 
will usually differentiate these conditions. 

Recently, hemorrhagic septicemia in a pig 
caused by extraintestinal E. coli has been 
suggested as a differential diagnosis. 93 

In the United Kingdom, many of the cases 
reported as suspected classical swine fever 
(CSF) have turned out to be Purpura 
hemorrhagica. 

Other encephalitides, particularly viral 
encephalomyelitis and salmonellosis, cause 
similar nervous signs. 

African swine fever, apart from its 
greater severity, is almost impossible to 
differentiate from hog cholera without 
laboratory testing. 
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TREATMENT 

Hyperimmune serum is the only available 
treatment and may be of value in the very 
early stages of the illness if given in doses of 
50 to 150 mL. It has more general use in the 
protection of in-contact animals. A concen¬ 
trated serum permitting the use of much 
smaller doses is now available. 

In the future, capsid-targeted viral inacti¬ 
vation (CTVI), which involves the use of the 
viral capsid protein containing a deleterious 
enzyme such as a nuclease, could be used to 
bind native viral protein. 94 

There is also the future possibility of 
imidazolepyridines, which have a potent in 
vitro activity against CSFV, being used for 
treatment. The reduction of CSFV trans¬ 
mission to untreated pigs has been shown by 
the pestivirus inhibitor BPIP. 96 

CONTROL 

Strategies for Control Have Been Reviewed. 9 

The methods used in the control include 
eradication and control by vaccination. 
Both modeling and real-time prediction 
have been described. In areas where effec¬ 
tive barriers to reintroduction of the disease 
can be established, eradication of the disease 
by slaughter methods is feasible and usually 
desirable. In contrast, in areas where the 
structure and economics of the pig indus¬ 
try require considerable within-country and 
across-border movement of pigs, it may 
not be practical or economically feasible to 
institute a slaughter eradication program. 
The establishment of a highly susceptible 
population in a high-risk area is unwise. If 
repeated breakdowns occur, the restriction 
of movement of pigs within the quarantine 
areas creates considerable management 
problems for pig owners, and they may, as 
a result, eventually become noncooperative 
in the program. In these areas, control and 
possibly even eradication by vaccination is 
the approach of choice, and this method is 
used in some countries, such as the Phil¬ 
ippines. The Commission for the European 
Communities has declared its policy, sup¬ 
ported by appropriate community legis¬ 
lation, to eliminate hog cholera without 
vaccination. A full discussion of the possi¬ 
bility of using vaccination in the future has 
been outlined. A computerized framework 
for the risk assessment for CSF has been pro¬ 
duced. In Germany, there are big risks with 
regard to the import of pigs, the presence 
of wild boar populations, and the import of 
pig meat. A retrospective spatial and statis¬ 
tic simulation to compare two vaccination 
techniques with the nonvaccination sce¬ 
nario in the Dutch 1997/1998 CSF outbreak 
showed that both emergency vaccination 
techniques would hardly have been more 
efficient. 

In the following discussion, general pro¬ 
cedures are described first, followed by a 
description of the immunizing products 
available. 


Control of Outbreaks in Hog 
Cholera-Free Areas 

Modeling for the control of CSF in such areas 
has been described, and a simulation model 
for low- and moderate-density pig areas has 
been described 98 A simulation of an outbreak 
of CSF in Denmark suggested that the out¬ 
break would be of fewer than 10 cases and 
last less than 2 weeks on average, 99 although 
in some cases it may be longer lasting, and a 
large epidemic would result. Any outbreak 
would have a considerable cost to the export 
industry. A modeling study suggested that 
movement restrictions have had the domi¬ 
nant effect on control strategy for CSF and 
that preventive culling only became relevant 
under imperfect compliance. 100 

In areas where the disease does not nor¬ 
mally occur, eradication by slaughter of all 
in-contact and infected pigs is possible and 
recommended. The pigs are slaughtered and 
disposed of, preferably by burning. All herds 
in the area should be quarantined and no 
movement of pigs permitted unless for 
immediate slaughter. In areas with high pig 
densities, control strategies depend on 
highly effective identification and recording 
systems, which provide information on herd 
inventories and animal movements, and thus 
herd epidemics can be traced back to their 
origin. Recent experiences with epidemics of 
swine fever in Belgium and the Netherlands 
found that with the current eartag with 
manual recording and use of a documenta¬ 
tion system, most epidemics could not be 
traced back to their origin. The tracing and 
removal of carrier herds prevents these herds 
from becoming infectious and prevents the 
spread of disease at an early stage. 

All vehicles used for the transport of pigs, 
all pens and premises, and all utensils must 
be disinfected with strong chemical disinfec¬ 
tant such as 5% cresylic acid. Contaminated 
clothing should be boiled. Entry to and 
departure from infected premises must be 
carefully controlled to avoid spread of the 
disease on footwear, clothes, and automobile 
tires. Legislation prohibiting the feeding of 
garbage or commanding the boiling of all 
garbage before feeding must be enforced. 
This eradication procedure has controlled 
outbreaks that have occurred in Canada and 
Australia and has served to maintain these 
countries as free from the disease. 

Control Where Hog Cholera 
Is Endemic 

One of the major problems in Europe is the 
wildlife reservoir in the wild boar popula¬ 
tion. A retrospective analysis of oral wild 
boar vaccination in the Eifel region of 
Rhineland-Palatinate has been described. 101 
In areas where there is little risk, there are 
few positive animals; where there is a high 
risk, many animals may be positive. In Swit¬ 
zerland 179 of 528 boars in a risk area were 
positive. The oral vaccination of wild boar 
described in Germany had no risk for the 
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establishment of a persistent wild boar CSF 
infection. However, it was shown that more 
than 50% of the wild boar did not feed on 
the vaccination baits and therefore did not 
become immune. There is evidence from 
wild boar studies in Italy that the level of 
infection in the free population gradually 
reduces in any case. When wild pigs with 
maternal antibodies contract live CSF virus, 
they have transient clinical signs, but the 
disease is not lethal. Infected wild boars 
could therefore play a very big part in the 
transmission of a natural outbreak. The vac¬ 
cination studies in wild boar were reported 
recently and showed that after the fifth vac¬ 
cination, there was no viremia, no virus 
excretion, and no postmortem virus recov¬ 
ery. Oral vaccination of wild boar usually 
reduces the presence of CSF, but only a low 
number of wild boars (30% to 35%) become 
seropositive. The isolated case in Israel in 
2009 showed the problem of transfer of virus 
from wild boar. 102 

After CSF occurred in wild boar in north¬ 
eastern Bulgaria, it was decided to trap them; 
124 were removed from the area, and of 
these, 119 were trapped. Further outbreaks 
of CSF were prevented. 103 

In endemic areas, control is mostly a 
problem of selecting the best vaccine and 
using it judiciously. In Asia almost all the 
control is vested in the use of vaccines and 
their proper use. Most problems are caused 
by policy failures or changes in demograph¬ 
ics, whereas most of a vaccination policy 
should be determined by the epidemiology 
of the disease. Much can also be done to keep 
the incidence of the disease low by the edu¬ 
cation of farmers, whose cooperation can be 
best assured by a demonstration that eradi¬ 
cation is both desirable and practicable. 
Once farmers are motivated to act, the great¬ 
est stumbling block to control, failure to 
notify of outbreaks, is eliminated. Education 
of the farmer should emphasize the highly 
contagious nature of the disease and the ease 
with which it can be spread by the feeding of 
uncooked garbage and the purchase and sale 
of infected or in-contact pigs. The common 
practice of sending pigs to market as soon as 
illness appears in a group is one of the major 
methods by which hog cholera is spread. 

Vaccination in the EU finished in 1990 
mainly because of the difficulty of differenti¬ 
ating infected and vaccinated animals. The 
exception is as an emergency vaccine or as 
bait for wild boar. Vaccination of wild boar 
has been carried out in France and Germany 
to reduce the shedding of the virus by the 
vaccinated boars. Outside the European 
Union, there is widespread use of the Chinese 
live C-strain vaccine and a biotech CSF E2 
glycoprotein subunit marker vaccine. 

There are two sorts of vaccine: 

1. The first group is the classical live group 

containing attenuated virus, and these 

are preferred. Live, virulent-virus 

vaccines produce a solid immunity 


within just a few days and give lifelong 
protection. The reaction to live-virus 
vaccine may be severe, and the 
susceptibility of pigs to other diseases 
may be increased. Eradication of the 
disease is impossible while the use of 
this type of vaccine is permitted. 
Commercially available modified live 
vaccines are able to induce complete 
protection in vaccinated pigs, but 
several factors, including maternal 
immunity, age of primary vaccination, 
vaccination protocol, and complications 
caused by other pathogens, can affect 
the effectiveness in the field. " 

2. There is a recently developed second 
group of live vaccines aimed as marker 
vaccines based on the E2 protein, but 
these are still undergoing development. 
The marker vaccine strategies have been 
reviewed. 108 There appears to be no 
complete protection against congenital 
infection, they do reduce transmission of 
the virus, but they seem to last only 
about 1 year. They have the potential to 
allow tests to be used to differentiate 
between naturally infected and 
vaccinated animals. They may also fail in 
the face of natural infection. Recent 
further developments of these marker 
vaccines possibly include a chimeric 
vaccine in which one of the genes has 
been replaced by a BVD gene and a 
second vaccine in which a DNA vaccine 
expresses the E2 protein after entering 
the host cell and others with E2 peptides. 
There are also several other vaccines: the 
E2 subunit marker vaccines expressed in 
baculovirus, E2 subunit vaccines, a chimeric 
BVDV-CSF marker vaccine, and a recombi¬ 
nant PRV vaccine expressing CSFV glyco¬ 
protein that is protective for both diseases. 

A safe glycoprotein E2 vaccine expressing 
an ORFF virus recombinant has been 
described. 104 Protective efficacy of a CSF virus 
C-strain deletion mutant was described, 105 
but the commercially available E2 ELISA was 
unsuitable as an accompanying test. 

The strategy of exchanging specific epit¬ 
opes between pestiviruses is useful, as was 
shown 106 when parts of the E2 gene were 
replaced by the corresponding sequence 
from a BDV strain. 

When an outbreak occurs in a herd, the 
immediate need is to prevent infection from 
spreading further. This can be best achieved 
by removing the source of infection and 
increasing the resistance of in-contact 
animals by the administration of hyperim¬ 
mune serum or one of the available vaccines. 
Removal of the source of infection necessi¬ 
tates the following: 

• Isolation of infected animals—this was 
highlighted in the recent Dutch 
outbreak. 

• Suitable hygienic precautions to prevent 
the spread of infections on boots, 
clothing, and utensils 


• Disposal of carcasses by burning 

• Disinfection of pens—the pens should 
be scraped, hosed, and sprayed with 5% 
cresylic acid solution or another suitable 
disinfectant. The choice of serum or 
vaccine may depend on local legislation 
and will depend on circumstances. Pigs 
in the affected pen should receive serum 
(20 to 75 mL, depending on size), and 
pigs in unaffected pens should be 
vaccinated. Pigs receiving serum only 
will require active vaccination at a later 
date if a strong immunity is to be 
achieved. 

Hog Cholera Eradication 

The elimination of hog cholera from a 
country where it is well established presents 
a formidable problem. Before the final 
stage of eradication can be attempted, the 
incidence of the disease must be reduced 
to a low level by widespread use of vaccina¬ 
tion and enforcement of garbage-cooking 
regulations. 

One of the most important problems 
encountered in eradication programs is the 
clinically normal “carrier” animal, and steps 
need to be taken to avoid the sale of all pigs 
from infected premises. A procedure that has 
been particularly effective in the control of 
this and other diseases of pigs is the complete 
prohibition of all community sales of feeder 
pigs. There are obvious political difficulties 
in such a prohibition, but despite their use¬ 
fulness as marketing agencies, community 
sales continue to be a major source of swine 
infections. When the occurrence of virulent 
hog cholera has been eliminated, further 
necessary steps include the prohibition of 
use of any vaccine and serologic studies to 
detect low-virulence carrier states. 

The eradication of swine fever in the 
United Kingdom in 1986 was an important 
achievement. Control was radical in that all 
herds in which the disease was diagnosed 
were slaughtered and all carcasses burned or 
buried to avoid missing atypical cases and 
recurrence through the swill cycle. The two 
focal points that became apparent were the 
need to avoid vaccination and the need to 
diagnose accurately. Vaccination was not 
permitted because it was not completely 
effective, produced “carriers,” and encour¬ 
aged the development of mild and chronic 
forms of the disease. The need to diagnose 
accurately led to changes in diagnostic pro¬ 
cedure as the campaign progressed. As the 
proportion of classical epidemics declined, 
there was increasing dependence on sero¬ 
logic and antigen-detection tests. The 
program in the United States, which cur¬ 
rently appears complete, is an equivalent 
achievement. 

Immunization Methods 

There is a common neutralizing epitope on 
envelope glycoprotein E2 of different pestivi¬ 
ruses, which may have implications for the 





development of DIVA vaccines and serologic 
diagnosis of CSF. 109 

Very few pigs possess natural immunity 
to hog cholera, and until the introduction of 
the serum-virus method of vaccination, an 
outbreak of the disease in a herd meant that 
the herd would be eliminated. The situation 
changed rapidly thereafter, and it can be 
safely claimed that the development of the 
swine industry in the United States would 
have been impossible without the protection 
that the serum and virus provided. On the 
other hand, the dangers inherent in the use of 
fully virulent or partially avirulent virus do 
not recommend their use and have led to a 
continuing search for safe methods of immu¬ 
nization. The ideal vaccine should retain 
strong immunogenicity but should be com¬ 
pletely avirulent, even for pregnant sows, the 
fetus, and young or stressed pigs. It should be 
stable in the degree of attenuation and should 
not persist in the vaccinate or transmit from 
the vaccinate to in-contact pigs. Killed vac¬ 
cines are safe and do not directly spread 
virus, but, in general, they engender only a 
limited immunity. Live vaccines provide a 
longer-lasting immunity but frequently have 
not met the criteria listed previously. 

Serum-Virus Vaccination 

The serum-virus vaccination produces an 
immediate, solid, and lasting immunity 
when properly administered to healthy 
swine. The virus, produced by collecting 
blood 6 to 7 days after artificial infection, is 
injected SC in 2-mL doses followed immedi¬ 
ately by serum in doses graduated to the size 
of the pigs and varying from 20 mL for suck¬ 
ling pigs to 75 mL for adults. Overdosing 
with serum will not prevent the development 
of immunity. Vaccination is performed at 
any age after 4 weeks. Because of the avail¬ 
ability of safer vaccines, this method is not 
recommended. 

Attenuated Vaccines 

The first attenuated vaccine was the Chinese 
lapinized vaccine (C-strain), which induced 
antibody- and cell-mediated immunity. 
C-strain-vaccinated pigs produce interferon- 
gamma at about 9 days postvaccination, and 
it is a potent inducer of type 1 T-cell responses 
with significant levels of proinflammatory 
cytokines. 110 There are certain CD8 cells that 
play an important role in the protection 
derived from the C strain vaccine, particu¬ 
larly in the early period before the presence 
of neutralizing antibody occurs. 134 

CSF infection results in the rapid onset of 
leucopenia, and it was shown that this affects 
the T cells. The inability to prime IFN-y- 
secreting virus-specific T cells may be attrib¬ 
utable to their depletion before activation or 
to the phenomenon of apoptotic cell-induced 
dendritic-cell-mediated suppression. 111 It 
may also be that the affected dendritic cells 
have a deranged cytokine production that 
overexpresses IFN-y and TNF-a. ll: 
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The most notable development has been 
the introduction of the first generation of 
marker vaccines against CSF. These are 
E2-subunit vaccines that protect pigs by 
inducing high levels of neutralizing antibod¬ 
ies to E2 after vaccination. A serologic test 
against E ms was approved within the 
European Union. 55 However, this test also 
detects antibodies against E rns from rumi¬ 
nant pestiviruses and therefore produces 
cross-reactivity in diagnostic tests. 113 E2 gly¬ 
coprotein contains epitopes that produce 
neutralizing antibodies, which confer pro¬ 
tective immunity and are frequently used for 
designing DIVA vaccines. 114 The E2 glyco¬ 
protein is the major antigenic protein 
exposed on the outer surface of the virion 
that induces the main neutralizing antibody, 
and there are differences between the E2 of 
the vaccine and field strains of CSF. 115 There 
are conserved residues, and these may be 
useful in the development of future diagnos¬ 
tic tests and marker vaccines. 

A live attenuated antigenic CSF marker 
vaccine involving a positive antigenic marker 
in El and a negative marker in E2 has been 
designed. 116 

A yeast-expressed CSF virus glycoprotein 
E2 was also shown to produce a protective 
response. 11 ' 

There has been the rational design of a 
CSF C-strain vaccine virus that enables the 
differentiation between infected and vacci¬ 
nated animals. 118 These findings provide the 
molecular basis for the development of a 
novel, genetically stable, live attenuated CSF 
DIVA vaccine. Some C-strain vaccine virus 
is not detected by C-strain-specific RT-PCR 
as a result of a point mutation in the primer 
binding site. 119 

The efficacy of marker vaccine candi¬ 
date CP7_E2alf in piglets with maternally 
derived C-strain antibodies was studied. 120 
It provides early protection against lethal 
challenge infection with CSF virus after 
both intramuscular and oral immuniza¬ 
tion. 121,122 It was shown to be effective in 
preventing mortality, severe clinical signs, 
and pathologic lesions in 5- or 8-week-old 
pigs, positive for maternal antibodies derived 
from sows vaccinated 4 weeks before far¬ 
rowing, with one dose of C-strain vaccine. 
The vaccine was able to produce stable anti¬ 
bodies that led to protection for 6 months 
after vaccination. 123 The primary replica¬ 
tion site in vaccinated animals is the tonsils. 
It persists for up to 63 days after oronasal 
administration, and it also allows the use of 
DIVA in the serologic tests. 124 It was con¬ 
firmed as a promising marker candidate for 
oronasal vaccination for both wild boar and 
domestic pigs. 

Enhanced immunity to CSF was 
described after inducement by prime boost 
immunization using an alphavirus replicon- 
vectored DNA vaccine and a recombinant 
adenovirus, 125 and it is able to produce cell- 
mediated immunity. 126 


Attenuated vaccines include tissue culture 
vaccines attenuated by repeated passage 
through tissue culture of porcine or other 
origin, lapinized vaccines produced by 
repeated rabbit passage, and vaccines from 
mutant strains. Many of the early vaccines of 
this type were not stable and could cause 
disease when not used in conjunction 
with serum. Furthermore, transmission to 
in-contact pigs, especially with porcine 
origin vaccines, and fetal disease following 
vaccination of pregnant sows have been 
problems. Attenuated vaccines are in wide 
use in Europe and Asia and include the 
Chinese or LPC and GPE strains. Recently, a 
safe and efficacious CSF marker vaccine 
based on the E2 protein (major immunogen) 
of the virus has been developed. This protein 
has neutralizing antibodies, and it is also 
conserved. It can be used where there is 
an endemic problem and also after the 
outbreak. It also prevents or reduces 
drastically the problem of transplacental 
infection. Experimental nontransmissible 
marker vaccines have also been developed. 
Highly passaged preparations are antigeni- 
cally stable and show no evidence of rever¬ 
sion. They produce a very limited viremia, or 
none, and no leukopenia or clinical illness. 
Protection is evident within 5 to 10 days of 
vaccination. Piglets from nonimmune sows 
can be vaccinated within the first 2 weeks of 
life. Because the presence of maternal immu¬ 
nity can interfere with effective immuniza¬ 
tion, the vaccination of piglets from immune 
sows should be delayed until at least the 
second month. The French Thiverval strain 
is a cold mutant strain that has lost its viru¬ 
lence but retained good immunogenicity. 
Vaccination of piglets even with 10 times the 
regular dose produced no clinical illness and 
virtually no viremia. A single IM vaccination 
will produce resistance to challenge by 5 to 
10 days, and immunity persists for 3 years. 
Colostral immunity will protect piglets for 
periods up to 2 months after birth. When 
given to pregnant sows, even the highly 
attenuated strains have the ability to cross the 
placenta and produce fetal infection even 
though no clinical evidence of this may be 
manifest. Consequently, it is recommended 
that replacement gilts be vaccinated at least 
2 weeks before mating and that recently vac¬ 
cinated animals be kept separate from sus¬ 
ceptible pregnant sows. 

In the Netherlands, the control of swine 
fever has relied on a slaughter policy on 
affected farms plus an emergency vaccina¬ 
tion program in which all pigs over 2 weeks 
of age in areas of risk are vaccinated. The 
mass vaccination program is followed by 
supplementary vaccination of pigs at 7 to 9 
weeks of age and revaccination of breeding 
gilts when they reach 6 to 7 months of age. 
The serologic response of piglets born from 
vaccinated sows is best at 9 to 10 weeks of 
age rather than at 5 to 6 weeks of age. A 
vaccine-induced neutralizing antibody titer 
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of less than 32 is adequate to provide protec¬ 
tion against clinical disease and to prevent 
virus transmission. 

In the future, a recombinant adenovirus 
expressing the E2 protein of CSF virus may 
be useful as a candidate vaccine for prevent¬ 
ing CSF. 12 Another possibility is the use of 
synthetic RNA corresponding to the nucleo¬ 
tides 1130 to 1148 of the CSF virus targeting 
the nucleocapsid protein, which was shown 
to inhibit viral replication. 128 

Modification of the glycosylation of the 
El, as for the other E proteins, could be 
useful for the development of CSF live- 
attenuated vaccines. 129 

Oral vaccination of backyard pigs against 
CSF with bait vaccine was proven to be 
useful in an emergency-type situation. 130 

Inactivated Vaccines 

Inactivated vaccines are usually prepared 
from the blood or tissues of infected pigs. 
Crystal violet vaccine has been the most 
widely used of this type and was used in the 
United Kingdom before eradication but 
never gained full acceptance in the United 
States. It is completely safe, but its immuno- 
genicity is poor. Immunity does not develop 
until 12 days after vaccination. Its duration 
is short, and booster injections are required 
for maintenance. Vaccinated sows may still 
develop fetal infection when exposed to vir¬ 
ulent virus, and there is a danger that the use 
of this vaccine in enzootic areas may in this 
way induce virus carriers. The production of 
immune antibodies to the blood components 
of the vaccine may result in the occurrence 
of isoimmune hemolytic anemia in some 
breeds. For these reasons inactivated vac¬ 
cines are not in common use. 

Wild boar populations in some countries 
have risen considerably, particularly in 
Germany. It is seemingly harmless in wild 
boar. It can be confined to certain areas until 
eliminated. 1 ' 1 Routine vaccination around an 
area of infection has been proposed as a 
method of control. 132 Only then can the 
DIVA qRT-PCR be used to separate vacci¬ 
nated from field cases. 

FURTHER READING 

Moenig V, et al. Classical Swine fever. Dev Biol. 

2013;135:167-174. 
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AFRICAN SWINE FEVER 

Africans swine fever (ASF) is an OIE List A 
disease. It is on the move and dangerous. 1 






For many years only the Pirbright, Spanish, 
Portuguese, and South African groups have 
been interested in the virus, with limited 
resources to pursue a vaccine, but with the 
incursion into Europe, this has changed. It is 
indistinguishable in the field from classical 
swine fever because both are hemorrhagic 
diatheses, and it is just as contagious. It is 
responsible for a highly fatal disease in 
domesticated pigs. It is the greatest limitation 
to the development of the pig industry in 
Africa. 2 However, it is associated with a 
totally different virus. It is also very impor¬ 
tant because of its spread into Europe, 
because of its economic effect, and because 
of the difficulties of control in wild pig popu¬ 
lations and eradication in the face of no 
effective vaccination. It has no public health 
significance. An online training course put 
together by a consortium of experts working 
on ASF is offered through the link http:// 
asforce.org/course/. 


SYNOPSIS 


Etiology Large icosahedral cytoplasmic DNA 
virus. 

Epidemiology Disease of major threat to 
pig-producing countries. Occurs in Africa, 
western and eastern European countries, 
Caribbean countries. High morbidity, high 
case-fatality rate in classic form; low- 
virulence form less fatal. In Africa, 
transmitted by argasid tick from wild pigs 
to domestic pigs. In Europe, transmitted by 
direct contact with infected pigs and wild 
and feral pigs. Antibodies in colostrum of 
recovered sows provide passive protection 
to piglets. 

Signs High fever, purplish skin, depression, 
anorexia, huddling, disinclination to move, 
weakness, incoordination, nasal and ocular 
discharges, diarrhea, vomiting, abortions, 
death in a few days. Historically, highly 
virulent forms; in recent decades, subacute 
and chronic forms common, with fever, 
depression, and lethargy; recover in few 
weeks but remain persistently infected; 
chronic cases are intermittently pyrexic and 
become emaciated, with soft edematous 
swelling over joints and mandible. 

Clinical pathology Severe leukopenia and 
lymphopenia. Detect antigen or serologic 
tests. 

Lesions Marked petechiation of all serous 
surfaces, lymph nodes, epicardium and 
endocardium, renal cortex, bladder; 
edema and congestion of colon and lungs. 
Renal hemorrhages are considered 
pathognomonic. 

Diagnostic confirmation Identify virus in 
tissues. 

Differential diagnosis list: 

• Hog cholera 

• Erysipelas 

• Salmonellosis 


Multi-Organ Diseases Due to Viral Infection 
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Treatment None. 

Control Identification of affected pigs, 
slaughter, and quarantine premises. 
Establish disease-free areas. 


ETIOLOGY 

It is associated with a DNA virus that is the 
sole member of the family Asfarviridae and 
as such is the only known DNA arbovirus. It 
is a large icosahedral virus that contains a 
linear, double-stranded DNA genome (170 
to 190 kbp). The viral genome may encode 
for 165 genes and encodes for approximately 
113 virus-induced proteins and over 28 
structural proteins in intracellular viral par¬ 
ticles, most with an as yet unknown func¬ 
tion. The variable ends of the genome contain 
five multigene families, and the large differ¬ 
ences in these between the different isolates 
may account for the large differences in anti¬ 
gens that are seen between the various iso¬ 
lates. There are large differences between the 
genomes of isolates from different regions 
and types of pig 3 and between virulent and 
avirulent viruses. Morphologically, it is 
similar to the iridoviruses but resembles the 
pox viruses in genome construction and 
gene expression. There are different forms 
from highly lethal to subclinical with differ¬ 
ent field strains and tissue-culture-adapted 
strains. These are recognized by restriction 
fragment length polymorphism (RFLP), and 
protein p72 recognizes all viral groups. 
Partial p72 gene characterization allows 
genotyping of field strains. It does not 
produce neutralizing antibodies, and there¬ 
fore there is no serotypic classification, but 
22 ASF genotypes have been identified using 
partial sequencing from the p72 gene. 4 Gen¬ 
otype 1 is West African, which also circu¬ 
lated in Europe in the previous outbreaks, 
and the other 21 are East African. The strain 
at present circulating primarily in Russia is 
also an East African strain. It grows well in 
porcine bone marrow and huffy coat with the 
production of syncytia. 

EPIDEMIOLOGY 

Because there is no vaccination as yet, the 
presence of antibodies always denotes infec¬ 
tion, and these antibodies appear early and 
last for long periods. There is high genetic 
variability, which seems to be related to the 
sylvatic cycle present in the region and may 
be responsible for the complex epidemiology 
in the region. 4 

Geographic Occurrence 
Africa 

African swine fever is indigenous to the 
African continent, where it affects wild pigs. 
These include warthogs, bush pigs, and 
escaped (feral) forest hogs, which act as res¬ 
ervoirs of the virus, which cycles between the 
pigs and the ticks. Wild pigs in some areas 
are free of infection, and consequently the 


disease is not endemic in all areas. It was 
always considered to be a disease of sub- 
Saharan Africa but over the years has reached 
new areas. It is endemic in over 20 sub- 
Saharan countries. It reached Cuba (1971 
and 1980). In 1978 outbreaks occurred in 
Malta, Brazil, and the Dominican Republic 
and in 1979 in Haiti. It reached Madagascar 
and Mozambique in 1994, Kenya in 1994, 
Ivory Coast in 1996, Benin in 1997, and Togo 
and Nigeria in 2001. The Kenyan outbreak 
seemed to be maintained in the domestic 
pigs without sylvatic hosts. The Nigerian 
strain was 92% to 97% homologous to the 
strains from Uganda, the Dominican Repub¬ 
lic, and Spain. The serious worry was the 
appearance of the virus in Madagascar in 
1998. Although studies showed a seroposi- 
tivity of only 5.3%, infection of wild pigs 
produced no clinical disease. With virulent 
strains, infection in the domestic pig is 
almost always fatal. Since its recognition, 
occurrence of the disease in South Africa has 
been cyclical, with periods of 10 to 12 years 
of clinical disease and then an absence of 
disease. Until 1957, ASF had not occurred 
outside the African continent. To the rest of 
the world it represented the most formidable 
of the exotic diseases of swine, a disease that 
had to be kept within its existing boundaries 
at all costs. 

Europe 

In 1957, it spread from Africa to Lisbon and 
then to Spain in 1960; France in 1964; Italy 
in 1967, 1969, and 1993; Malta in 1978; 
Belgium in 1985; and the Netherlands in 
1986. It was eradicated from the Iberian Pen¬ 
insula in 1964. 

In Malta (1978), the disease resulted in 
the death or slaughter of the entire popula¬ 
tion of 80,000 pigs within 12 months of the 
diagnosis. This is one of the few examples 
where a country had to slaughter an entire 
species of a domestic animal to eliminate a 
disease. The source of infection was thought 
to be pork imported from Spain, which was 
fed to only one boar. Once the official diag¬ 
nosis was made, all animals on affected farms 
were slaughtered. Animals that had direct 
commercial contact with infected herds were 
also slaughtered, and the disease was declared 
eradicated in September 1985. 

In Spain, the disease had been present 
since 1960, but the implementation of regu¬ 
lations for eradication adopted in 1985 made 
it possible to divide the country into an ASF- 
free region and an infected region. Since 
1995, Spain and Portugal have been declared 
free from the disease, although there was an 
isolated outbreak in Portugal in 1995. This 
has resulted in a marked change in the dis¬ 
tribution and incidence of the disease. 

Europe has remained free after the eradi¬ 
cation from Iberia, with one exception, Sar¬ 
dinia, where the disease is endemic in the 
Central Highlands, although it decreased 
from October 1994 to March 1996. In a 
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survey in 1998, 45 of 82 municipalities in the 
province of Nuoro in Sardinia were found to 
have ASF. In 2010 there were 87 cases in Italy, 
the principal reasons being the extensive pig 
farming and the occurrence of wild boar. The 
partial confinement farms have less seroposi- 
tivity than the free-range farms, and those in 
total confinement have only 20% of the level 
of the free-range farms. 

The Recent Disease Outbreak 

On the basis of sequence studies, 5 it is likely 
that the virus in Georgia originated from 
East Africa (Mozambique or Madagascar) 
and went by boat (uncooked pork) to the 
Black Sea and then to the port of Poti in 
Georgia. In 2007 ASF was recognized in 
Georgia. It killed all the pigs within 5 to 10 
days 6 and remains as virulent now. It then 
spread rapidly to the Caucausus 5 and then 
rapidly to Armenia, Azerbaijan, and the 
Russian Federation. It has reached the 
Ukraine and now has reached the northwest¬ 
ern areas of Russia near the Baltic States and 
the Barents Sea. It is currently circulating out 
of control in both domestic and wild pig 
populations. There are two populations at 
risk: the low-biosecurity population (back¬ 
yard pigs, etc.: 77%) and the high-security 
domestic pigs (23%). The disease has spread 
widely in the southern part of the Russian 
Federation, and since 2011 a secondary 
endemic center has shifted to the center of 
the country. 8 ' 9 In 2010, pigs were dumped at 
a poultry manure storage site just 30 km 
from St. Petersburg and 100 km from the EU 
border with Estonia, but where the pigs came 
from is unknown. It is a risk being near to 
one of the largest ports in Russia, and it must 
be ensured that trucks emanating from 
theses ports are properly disinfected. This 
present virus is genotype 11, and nearly all 
the cases are acute cases, as you would expect 
in a naive, susceptible population. 

In June 2013, the Russian authorities 
reported outbreaks in backyard pigs along 
the border with the Ukraine and in wild boar 
in the Smolensk region north of Moscow. 
Belarus also reported ASF in backyard pigs 
in the Grodno region in the west of the 
country. This is of danger to the European 
Union because this is close to the border with 
Lithuania, where there have been cases in the 
wild boar as a result of transborder move¬ 
ments. It is a threat to the European Union 
because of wild boar, backyard pig keeping, 
illegal entry of meat from infected pigs into 
the food chain and possible import into the 
United Kingdom, and swill feeding. Three- 
quarters of all ASF events are reported 
between June and November in the backyard 
sector, whereas a quarter of wild boar out¬ 
breaks are reported in May and June when 
there is an increasing population. The virus 
has also been found in illegally disposed car¬ 
casses and meat-processing plants. Low tem¬ 
peratures do not destroy the virus, and 
chilled meats are a source of infection where 


swill feeding is practiced. A model has been 
developed for the spread of ASF into the 
European Union during the high-risk 
period. 10 One of the key suggestions is that 
spread during the high-risk period is likely 
to be limited especially if the high risk period 
is short. There is a risk of ASF being trans¬ 
ported into the European Union through 
transport-associated routes (returning 
trucks, and waste from planes and ships), 
and this risk has been examined. 11 The study 
showed that the risk through transport- 
associated routes was low, except for in some 
countries, such as Lithuania and Poland, and 
the returning trucks were the highest risk. 
The risk of introduction of live pigs was 
highest in Poland, 12 particularly in Novem¬ 
ber and December, and from the Russian 
Federation. The ASF virus found in Georgia 
can replicate efficiently in ticks. 13 An epide¬ 
miologic update has been provided. 14 

In early 2014, ASF was discovered in wild 
boar in Lithuania less than 200 km from the 
Polish border. It is likely to be the result of 
movement of infected animals from affected 
regions in Belarus. 

Species Affected 

Only pigs are affected; domestic pigs of all 
ages and breeds are highly susceptible, but 
the virus can be passed in tissue cultures of 
rabbits, goats, and embryonated hen eggs. 
The three African wild species (warthogs, 
giant forest hogs, and bush pigs) are resistant 
to infection, but European wild boar are 
susceptible. 

Until recently, the occurrence of the 
disease in Africa was limited to explosive 
outbreaks in European pigs that came in 
contact with indigenous African pigs. These 
outbreaks tended to be self-limiting because 
all pigs in affected herds died or were 
destroyed, but after a number of years the 
disease became enzootic in domestic herds. 
Surveys of the disease in countries such as 
Malawi illustrate the changing behavior of 
the disease over a period of years. The virus, 
which was introduced to Europe in 1957, was 
capable of persisting in European pigs, and 
after a period of several years in which the 
disease was epizootic, a change to an enzo¬ 
otic character occurred. The outbreak in 
Cuba was of a comparatively virulent form. 

When the disease occurred in the Carib¬ 
bean region, it posed a major threat to the 
large swine industry of the United States 
principally because of the possible spread of 
the virus to the feral swine population in 
Florida. The feral swine population in Florida 
is the largest in the United States and is of 
major recreational and economic impor¬ 
tance to hunters, trappers, taxidermists, and 
dealers who sell feral swine to hunting clubs. 
The feral swine in Florida are descendants of 
domestic swine that were allowed to run 
wild. Experimental inoculation of these pigs 
with virulent isolates of the virus will cause 
fatal disease. 


Morbidity and Case Fatality 

Early in the history of African swine fever, 
the morbidity rate could be as high as 100%, 
and the case-fatality rate was also often over 
90%. Flowever, a decrease in the virulence of 
the virus occurs with time in enzootic areas, 
and the case-fatality rate may now be as low 
as 2% to 3%. 

Methods of Transmission 

There are three main methods of transmis¬ 
sion cycle. Firstly, a wild pig/soft ticks/ 
domestic pigs cycle; second, a domestic pig/ 
tick cycle without warthogs; and third, a 
domestic pig/pig cycle. 15 Local spread and 
outdoor production facilities in association 
with wandering wild boar may be the most 
common methods of transmission. 

In Africa, the method of transmission of 
the disease from the reservoir in wild pigs to 
the domestic pig has been the subject of 
considerable interest. Infection is primarily 
transmitted to domestic pigs via the argasid 
tick Ornithodoros moubata. The viremic 
warthog is a source of infection for the ticks. 
The virus can be maintained in warthog- 
associated argasid ticks by a transstadial, 
transovarial, and sexual (male to female, but 
usually not vice versa) transmission mecha¬ 
nism. It needs to replicate in the midgut epi¬ 
thelium of the tick for successful ASF 
infection of the tick. The tick is relatively 
restricted in its habitat, and if contact 
between domestic pigs and wild pigs and 
their burrows is prevented, transmission can 
be prevented. The virus can be maintained in 
these ticks for long periods in the absence of 
fresh sources of infection, with a low level of 
viremia lasting a long time. The young wart- 
hogs in the burrows are infected early on, 
and thus they act as reservoirs and vectors of 
infection. Sporadic outbreaks may thus 
occur in endemic areas when the virus 
spreads from infected ticks or warthogs to 
domestic pigs. In some areas where infected 
warthogs are common but where O. moubata 
is apparently absent, O. savignyi may be a 
natural field vector of the virus. It is also 
found in O. porcinus. The ASF virus repli¬ 
cates to a high titer in the developing cells of 
the egg of the tick. Ticks infected with ASF 
virus also have a higher mortality than unin¬ 
fected ticks. 

The long-held belief that the source of the 
virus in primary epidemics of African swine 
fever in southern and eastern Africa is the 
carrier, wild pig, is not tenable. It is postu¬ 
lated that infected ticks are transported to 
the vicinity of domestic pigs either by wart- 
hogs or on the carcasses of warthogs. 

In Africa, the virus is maintained primar¬ 
ily by a cycle of infection between warthogs 
and soft ticks (Ornithodoros moubata). The 
virus does not have an apparent effect on 
either warthogs or ticks, and it is only when 
infection of domestic pigs occurs that the 
virus produces disease. Indeed, most wart- 
hogs are aviremic but seropositive. The tick 





has a wide distribution in Africa south of the 
Sahara, and its main habitat is in burrows 
that are inhabited by the warthog. There is a 
good correlation between antibodies in wart- 
hogs and the presence of ticks. Newborn 
warthogs can become infected soon after 
birth if bitten by infected ticks, and the con¬ 
sequent viremia would be high enough to 
infect previously uninfected ticks feeding on 
them. It is also found in the bush pig ( Pota- 
mochoerus porcus), which, following infec¬ 
tion, may be viremic for 35 to 91 days, and 
these also transmit the infection to ticks. 

In Europe there is direct transmission 
between sick and healthy animals irrespec¬ 
tive of whether they are domesticated or wild 
or feral animals. In Spain and Portugal, the 
methods of spread are contact between 
neighboring farms and the introduction of 
infected pigs either during the incubation 
period or as persistently infected virus carri¬ 
ers. During the last 20 years, an increasing 
number of outbreaks occurred in which 
clinical disease was not readily recognized. 
The mortality rates decreased, and a wide 
range of clinical disease occurred, ranging 
from acute to chronic and including appar¬ 
ent recovery to normal health. The major 
consequence of the emergence of these less 
virulent forms of the virus was the develop¬ 
ment of persistently viremic carriers and a 
large population of pigs with inapparent 
infection. The African swine fever virus may 
persist in the pig population by persistent 
infection in recovered pigs for several 
months, during which time the virus must be 
reactivated before transmission can occur. 
The virus can also persist by reinfection of 
recovered pigs in which the virus replicates 
without producing clinical disease, and 
transmission occurs by excretion and by 
infected blood and tissues. Wild boars in 
Spain carry the virus without clinical signs. 

The European vector of the virus is the 
soft tick O. erraticus. 16 It can maintain and 
transmit the virus for at least 300 days. In 
various areas of Spain, O. erraticus was found 
in 42% to 64% of the pens occupied by pigs. 
Following the outbreak of the disease in 
Spain, abandonment of these pig pens has 
resulted in the elimination of most soft ticks 
infected with the virus. The adults and large 
nymphs can survive for about 5 years or 
longer in the soil of pig pens when animals 
occasionally enter them. There is a relation¬ 
ship between the persistence of the disease 
and the distribution of the tick in Spain. 
Hungry tick populations may transmit the 
virus when feeding in the winter, but popula¬ 
tions that have continuous access to pigs do 
not feed until the pig pens reach a tempera¬ 
ture of 13° to 15°C (55°-59°F). The develop¬ 
ment from larva to adults takes 2 to 3 years. 
In a recent study of the ticks (O. erraticus ) 
from farms in southern Portugal, two types 
of ASF were isolated. One produced the 
acute, 100% fatal disease, and the other just 
a low viremia in pigs. 
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In Sardinia, the major factors involved in 
the spread of the disease are related to the 
following factors: 

• Mountainous terrain in which pigs may 
range freely in previously infected areas 

• Movement of pigs that may survive 
infection and mingle with other herds 

• Introduction of infected pigs from 
unknown sources into healthy herds 
because of the uncontrolled movement 
of pigs 

• Feeding of waste food containing meat 
from infected pigs 

The virus has been experimentally trans¬ 
mitted to healthy swine by O. coriaceus, an 
argasid tick indigenous to the United States. 
The potential arthropod vectors of the virus 
in North America and the Caribbean basin 
have been examined. Most Ornithodoros spp. 
of ticks that will feed on pigs may be capable 
of acting as vectors of the virus, and the pos¬ 
sible existence of potential vectors among the 
other blood-sucking arthropods should not 
be ignored. The soft tick O. ( Alectorobius ) 
puertoricensis found on the Caribbean island 
of Hispaniola (Haiti and Dominican Repub¬ 
lic), where African swine fever was endemic 
from 1978 to 1984, was experimentally able 
to transmit the virus from infected to suscep¬ 
tible pigs. The O. coriaceus tick is able to 
harbor and transmit the virus for more than 
440 days, passing it transstadially from the 
first nymphal stage to the adult, sustaining it 
through at least four molts. O. puertoricensis 
has all of the prerequisites for becoming 
a true biological vector and reservoir of 
the virus. 

Once established in domestic pigs the 
disease can spread rapidly. Virus is present in 
high titer in nasopharyngeal excretions at the 
onset of clinical signs and is present in all 
organs and excretions in acutely sick pigs. In 
experimentally inoculated domestic pigs, the 
virus is present in substantial amounts in 
secretions and excretions of acutely infected 
pigs for only 7 to 10 days after the onset of 
fever and is present in the greatest amount in 
the feces. The virus can persist in the blood 
of some recovered pigs for 8 weeks and in the 
lymphoid tissues for 12 weeks. Feces are the 
environmental contaminant most likely to 
spread the infection, but blood is also highly 
infective, and transmission could occur by 
contamination of wounds created by fight¬ 
ing. Infection occurs via oral and nasal 
routes, and with the short incubation period 
once the disease is established in a herd, it 
spreads rapidly by direct contact. Infection 
among domestic pigs can also reputedly be 
spread by the following activities: 

• Indirect contact by infected pens 

• Ingestion of contaminated feed and 
water 

• Feeding uncooked garbage containing 
infected pig material 

Transmission via the hog louse Haemato- 
pinus suis is also probable. An important 
source of infection is the recovered pig, 


which may remain persistently infected and 
a carrier indefinitely. Pigs that have recov¬ 
ered from the Western Hemisphere isolates 
(Brazilian and Dominican Republic) may be 
persistently infected and are resistant to 
experimental challenge. 

Little is known as yet about the transmis¬ 
sion of the virus by ticks in eastern Europe. 
However, all Ornithodorus spp. ticks tested 
so far have been susceptible to ASF virus and 
are therefore potential biological vectors. 

Risk Factors 
Pathogen Factors 

The ASF virus is a multiclonal population of 
viruses in which all combinations of at least 
four markers (hemadsorption, virulence, 
plaque size, and antigenicity) are found. This 
may explain the epidemiologic observation 
that when the disease was confined to Africa 
and the Iberian Peninsula in the early 1960s, 
the viruses isolated were highly virulent to 
swine, but in subsequent years mortality 
decreased and subacute and chronic infec¬ 
tion became more common. Experimentally, 
moderately virulent ASF virus obtained from 
the Dominican Republic, when inoculated 
into pigs, results in an acute febrile illness 
along with viremia and a transient neutro¬ 
philia from which the pigs recover. The 
Malta 78 isolate of the virus experimentally 
produces a clinical syndrome similar to that 
of the African isolates of the virus. 

A huge amount of research is continuing 
apace into the genes and the proteins pro¬ 
duced from the expression of these genes, 
but these are beyond the scope of this text. 
However, recent studies of ASF have sug¬ 
gested that the virulence may depend on 
their ability to regulate the expression of 
macrophage-derived cytokines, which in 
turn regulate T-helper type 1 cells (Thl) and 
T-helper type 1 cells (Th2) responses and 
control the host protective responses. The 
less virulent cultures of ASF with macro¬ 
phages produce more TNF-a, IL-6, IL-12, 
and IL-15, whereas virulent strains inhibit 
their production. The ASF virus also affects 
chemotactic responses and phagocytic 
capacity and causes a reduction in the release 
of toxic oxygen radicals. 

The virus is very stable at pH 4.0 but not 
so stable at levels above or below this. It is 
highly resistant to putrefaction, heat (it will 
survive 2 hours at 56° C [ 133° F]) and dryness 
and survives in chilled carcasses for up to 6 
months and at 4° C (39° F) for 2 years. It sur¬ 
vives in serum for 6 years at 5°C (41°F). 
Probably 0.5% to 0.66% of all the genes of 
ASF are not connected with virus replication 
but are important for viral transmission and 
survival in the host. It is inactivated by 1% 
formaldehyde in 6 days and by 2% sodium 
hydroxide in 24 hours. 

Immune Mechanisms 

Antibodies against the ASF virus occur in 
the colostrum of sows previously infected 
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with the virus and are transferred passively 
to nursing pigs. Experimentally, passively 
transferred virus-specific immunoglobulins 
alone will protect swine against lethal infec¬ 
tion with a highly virulent homologous 
strain of the virus. The antibody-mediated 
protective effect is also an early event that 
effectively delays disease onset. The con¬ 
struction of blocking antibodies by some of 
the viral proteins probably prevents the 
complete neutralization of the virus by 
antibodies. 

Pigs infected with virulent or attenuated 
virus may recover and resist challenge expo¬ 
sure with virulent homologous and, under 
certain conditions, heterologous viruses. 
Although pigs develop antibodies that 
are detectable by different tests, virus¬ 
neutralizing antibodies have only recently 
been demonstrated against viral protein p72. 
However, it has recently been suggested that 
p30, p54, p72, and p22 proteins are not asso¬ 
ciated with neutralizing antibodies. The sera 
from pigs that have been infected and are 
resistant will inhibit virus replication, but the 
nature of the inhibition is not understood. 
Neutralization of virulent virus isolates in 
both Vero cell cultures and swine macro¬ 
phages using swine immune sera has been 
demonstrated. Experimental exposure of 
pigs to a low-virulent field isolate of the virus 
results in a range of virus-induced specific 
cellular responses. 

The virus induces strong in vitro blasto- 
genesis of primed blood mononuclear cells, 
when less virulent but live virus isolates are 
used. Pigs recovering from an acute infection 
with the virus have significant levels of virus- 
specific cytotoxic T-lymphocytes after in 
vitro stimulation. Viral protein p36 induces 
a helper T-cell response in mice. Resistance 
to infection appears to be related to the level 
of antibody-dependent cell-mediated cyto¬ 
toxicity. Virus-specific blastogenic and cyto¬ 
toxic T cells are prime candidates for the cells 
inducing and conferring protective immu¬ 
nity against challenge with the virus, sug¬ 
gesting that cellular-based mechanisms are 
highly important. 

In persistently infected animals the virus 
may be shed into the environment for at least 
70 days. 1 ' 

The incubation period varies widely from 
4 to 19 days depending on the isolate and the 
route of infection. Infected domestic pigs 
begin shedding the virus before they are 
showing clinical signs. The virus is shed in 
large amounts from all excretions and secre¬ 
tions. Surviving pigs demonstrate a long¬ 
term viremia, and virus may be recovered. 

PATHOGENESIS 

The virus replicates in the monocytes and 
macrophages of the lymph nodes nearest 
the point of virus entry to the body. It is 
often the tonsils and respiratory tract and 
replicates in the lymphoid tissues of the 
nasopharynx before the occurrence of a 


generalized viremia, which can occur within 
48 to 72 hours of infection and is followed by 
secondary replication in the lymph nodes, 
spleen, lungs, liver, and kidney. The viremia 
may begin after 4 to 8 days and may last for 
weeks because there are no neutralizing 
antibodies. 

Infectivity and contact transmission 
develops at this time and continues for at 
least 7 days. Pigs inoculated with field iso¬ 
lates of the virus from the Western Hemi¬ 
sphere develop thrombocytopenia with a 
characteristic pattern. Infected pigs become 
thrombocytopenic over a 48-hour period 
after 3 to 4 days of illness. After several days 
of thrombocytopenia, the platelet count 
returns to baseline level even with a continu¬ 
ing viremia. Experimentally, the virus causes 
hematopoiesis in bone marrow, which coin¬ 
cides with macrophage activation, and bone- 
marrow function is not impaired. Membrane 
proteins on the surface of permissive cells act 
as receptors for ASF, and specific interactions 
take place at this site. ASF is associated with 
red blood cell membranes and platelets. The 
subacute form is characterized by a transi¬ 
tory thrombocytopenia. 

The effects of ASF are primarily hemor¬ 
rhages and apoptosis. A newly found protein 
(p54) encoded by the virus has just been 
shown to be the first that directly induces 
apoptosis. The disease is characterized by 
apoptosis with abundant lymphocyte, par¬ 
ticularly B-cell, death. Both T and B cells, 
particularly in the spleen, are affected as 
early as 3 days after infection, with the apop¬ 
tosis being induced by cytokines or apoptotic 
mediators released from ASF-infected mac¬ 
rophages. In all probability there is an intra¬ 
cellular pathway triggered at the same time 
as the process of virus encoding. It is prob¬ 
able that the inducers of apoptosis are bal¬ 
anced by the inhibitors of apoptosis. 

Tissue necrosis and generalized endothe¬ 
lial cell infection are not features of the 
disease caused by isolates of moderate 
virulence. 

The virus causes hemorrhages through its 
effect on hemostatic mechanisms by affect¬ 
ing vascular endothelium. After about 4 to 5 
days the vascular damage extends to the 
basement membranes, and death ensues, 
usually because of the serious edema and 
hemorrhage. The mechanisms related to 
hemorrhage consist of the following: 

1. Activation and extensive destruction of 
monocytes and macrophages—serum 
TNF-a and IL-1 (3 increase in the serum. 
The lymphocytes also appear to have 
decreased activity. Apoptosis of 
thymocytes has been reported. 

2. Disseminated intravascular 
coagulation 

3. Infection and necrosis of 
megakaryocytes—many apoptotic and 
also pyknotic and karyorrhectic 
megakaryocytes can be seen, which are 
induced either by cytokine damage or 


peripheral destruction of platelets. 
Between 0.2% and 9.5% of cells may be 
affected. Early in the infection there is 
prolongation of coagulation times as a 
result of inhibition of fibrin formation; 
later, thrombocytopenia develops. The 
thrombocytopenia and coagulation 
defects lead to the development of the 
following: 

• Hemorrhage 

• Serous exudates 

• Infarction 

• Local edema 

• Engorgement of tissues 

All clinical forms of the disease are 
characterized by extensive hemorrhage at 
necropsy, and it is this feature that often 
establishes a presumptive diagnosis in the 
field. A highly virulent virus produces renal 
hemorrhage as a result of intense endothelial 
injury, facilitated by phagocytic activity. 
With strains of moderate virulence, hemor¬ 
rhage is a consequence of an increase in vas¬ 
cular permeability with diapedesis of 
erythrocytes. Activation of platelets by the 
virus may also contribute to increased per¬ 
meability. After 4 to 5 days the basement 
membranes are affected, which leads to pul¬ 
monary edema, and this results in death. 

The virus mainly infects cells of the 
mononuclear phagocyte system and also 
impairs lymphocyte function. Pulmonary 
intravascular macrophages demonstrate 
intense TNF-a and IL-1 a activity, which 
coincides with the pulmonary edema, 
neutrophil sequestration, and fibrin micro¬ 
thrombi. The lymphopenia that is so charac¬ 
teristic of the disease is attributable to a 
significant increase in lymphocyte death by 
apoptosis (programmed cell death). In the 
experimental disease, there is marked apop¬ 
tosis of lymph node lymphocytes, and this 
occurs in both compartments of cortical 
tissue but is more intense in diffuse lym¬ 
phoid tissue (T area). The peripheral lym¬ 
phopenia is associated with T-lymphocyte 
depletion. There is no evidence of virus rep¬ 
lication in lymphocytes in the lymph nodes, 
but there is a high rate of viral replication in 
macrophages in diffuse lymphoid tissue 
compared with the low rate in lymphoid fol¬ 
licles. In summary, there is lymphoid tissue 
impairment and programmed cell death of a 
high percentage of lymphoid and monocyte/ 
macrophage cell populations. This accounts 
for the lymphopenia and the state of immu¬ 
nodeficiency. There are also a variety of pro¬ 
teins encoded by the virus that are apoptosis 
inhibiting proteins. Experimentally, the virus 
also causes activation and degranulation of 
platelets from day 3 after inoculation onward, 
coinciding with activation of the mononu¬ 
clear phagocyte system and virus replication 
in monocyte/macrophages. Virions of the 
virus also appear in the platelets, which sug¬ 
gests that platelets assist in disseminating the 
virus within the body, especially in subacute 
infections. Probably 95% of the infectivity of 





blood is in the form of virus adsorbed to the 
red blood cells. 

The virus can cross the placenta, replicate 
in fetal tissues, and cause abortion. However, 
the pregnancy failure is probably the result 
of the effects of the virus infection on the 
dam more than from direct viral damage to 
the placenta or fetus. 

The reasons for the lack of viremia in wild 
African pigs is unknown, as is the higher 
resistance of European wild boar to ASF. 

CLINICAL FINDINGS 

The disease occurs in acute to chronic forms. 
When it occurs as a new infection (epi¬ 
demic), it is often acute, but it is subacute to 
chronic when endemic. In the acute form of 
the disease the animals die in an acute state 
of shock characterized by a disseminated 
intravascular coagulation with multiple 
hemorrhages in all tissues. The incubation 
period after contact exposure varies from 4 
to 19 days depending on virus dose and the 
route of infection, but only 2 to 5 days in 
experimental infections. 

Most often the morbidity is 40% to 85%, 
and the mortality may be as high as 90% to 
100% when a virulent virus is involved but 
may be only 20% to 40% in less virulent 
outbreaks. 

A high fever (40.5°C [105°F]) appears 
abruptly and persists, without other appar¬ 
ent signs, for about 4 days. The fever then 
subsides, and the pigs show marked cyanotic 
blotching of the skin, depression, anorexia, 
huddling together, disinclination to move, 
weakness, and incoordination. Extreme con¬ 
gestion and discoloration of the hindquar¬ 
ters with difficulty in walking are early and 
characteristic signs. Coordination remains 
in the front legs, and affected pigs may walk 
on them, dragging the hindlegs. Tachycardia 
and serous to mucopurulent nasal and 
ocular discharges occur, and dyspnea and 
cough (sometimes up to 30%) are present 
in some pigs. Diarrhea, sometimes dysen¬ 
tery, and vomiting occur in some outbreaks, 
and pregnant sows usually abort. Purple 
discoloration of the skin may be present on 
the limbs, snout, abdomen, and ears. Abor¬ 
tion may occur in all stages of gestation 
about 5 to 8 days after the infection com¬ 
mences or after 1 to 2 days of fever. Death 
usually occurs within a day or two after the 
appearance of obvious signs of illness, and 
death is often preceded by convulsions. Sub¬ 
acute is characterized by thrombocytopenia, 
leucopenia, and numerous hemorrhagic 
lesions. 

High fever and varying degrees of depres¬ 
sion and lethargy are observed during the 
acute phase, but some pigs continue to eat; 
the case-fatality rate is usually less than 5%; 
the fever subsides in 2 to 3 weeks; and the 
pigs return to full feed and grow at a normal 
rate. Recovered pigs have no lesions sugges¬ 
tive of the disease but may be viremic for 
several weeks. These persistently infected 
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pigs would pass routine antemortem inspec¬ 
tion at slaughter and potentially infectious 
offal and carcass trimming could be fed 
unknowingly to other pigs. Chronic cases are 
intermittently febrile, become emaciated, 
and develop soft edematous swellings over 
limb joints and under the mandible. 

Diagnosis depends on clinical signs 
(which are not distinguishable in the field 
from acute PDNS or CSF), postmortem 
examination (it is said that button ulcers and 
“turkey egg kidney” are less common rare in 
ASF, but this cannot and must not be relied 
upon), and, most important, on diagnostic 
tests to rule out CSF and confirm ASF. A 
definitive diagnosis is only obtainable by 
exclusion of CSF and confirmation of ASF 
by laboratory testing. 

CLINICAL PATHOLOGY 
Hematology 

As in hog cholera, there is a fall in the total 
leukocyte count to about 40% to 50% of 
normal by the fourth day of fever. In par¬ 
ticular, there is the emergence of immature 
cells and atypical lymphocytes in the host 
blood following ASF infection, but the 
mechanisms are as yet unknown. 18 There is 
a pronounced lymphopenia and an increase 
in immature neutrophils. In chronic cases 
there is hypergammaglobulinemia. Clotting 
times are increased from about 4 days 
postinfection. Thrombocytopenia is detect¬ 
able from day 6 to 9. Serum concentrations 
of C-reactive proteins, serum amyloid A, 
and haptoglobin have been measured 19 and 
all increased significantly in pigs inoculated 
with either ASF or CSF. Pig major acute- 
phase protein and apolipoprotein correlate 
with the clinical course of experimental ASF 
infection. 19 

Diagnosis 

The viremia persists, as do the antibodies, for 
long periods of time; therefore, diagnosis is 
best achieved by parallel detection of antigen 
and antibodies. 20 Pen-side tests are just 
around the corner. 

Detection of the Virus 

The safest and most commonly used tech¬ 
niques are PCR, direct immunofluorescence 
(DIF), and the hemadsorption (HA) tech¬ 
nique, which is used in reference laborato¬ 
ries. DIF and HA should be used with 
other techniques because they both can 
produce false negatives. 20 The original PCR 
techniques have also been developed to 
include novel real-time PCR, 21 universal 
probes, 22 and loop amplification systems. 
More recently, a genotyping microarray has 
also been developed. 26 

Antigen can be detected by the fluores¬ 
cent antibody technique in tonsil and sub¬ 
mandibular lymph node within 24 to 48 
hours of infection and elsewhere once gen¬ 
eralization has occurred. The indirect fluo¬ 
rescence antibody and direct fluorescence 


tests are commonly carried out on pooled 
visceral fluid samples. 

Serologic Tests 

The ELISA is frequently used to screen large 
numbers of samples because it is easily auto¬ 
mated, and many tests have been developed, 
including a recombinant that works well in 
poorly preserved sera. 23 Antibody to the 
virus may be detected within 7 days of infec¬ 
tion. The ELISA is highly sensitive and spe¬ 
cific and can be automated for screening 
large numbers of sera. It has been developed 
for a variety of ASF proteins, such as p73 or 
p30. More than 90% of infected pigs can be 
detected by the demonstration of specific 
antibodies against the virus. An immuno- 
blotting assay is a highly specific and sensi¬ 
tive test that is easy to interpret, provides an 
alternative to immunofluorescence, and can 
be carried out in less than 90 minutes under 
field conditions. Complement testing is also 
a possibility. The inadequate storage or trans¬ 
port of sera may lead to samples being kept 
at high temperatures for long periods, and up 
to 20% of these may be false negatives by 
ELISA. All blood samples should be held at 
4°C before testing and if incorrectly stored 
or handled should be tested by immunoblot- 
ting. A monoclonal antibody immunoper- 
oxidase test is also useful for screening 
purposes. 

To confirm positive or ambiguous ELISA 
results, immunoblotting, indirect immuno¬ 
fluorescence, and immuno-peroxidase tech¬ 
niques are sued. The first two used together 
will confirm ASF in over 90% of infected 
animals. 20 

NECROPSY FINDINGS 

Gross changes at necropsy resemble closely 
those found in hog cholera, except that in the 
acute ASF, the lesions are more severe. The 
pathology varies with virulence of the virus 
but is essentially extensive hemorrhages and 
lymphoid tissue necrosis in the acute cases. 
In the subacute and chronic cases, the lesions 
may be minimal or absent. The lesions are 
most pronounced in the spleen, heart, lymph 
nodes, and kidneys. In many organs there 
is a hyperemia or edema, with fibrinous 
microthrombi. The most common gross 
findings are swollen and hemorrhagic gas- 
trohepatic and renal lymph nodes, often so 
badly affected that they may resemble the 
spleen; subcapsular petechiation of the 
kidneys; ecchymoses of the cardiac surfaces 
and various serosae; and pulmonary edema 
with hydrothorax. There may be hemoperi- 
cardium. The renal hemorrhages are consid¬ 
ered almost pathognomonic and are a 
consistent lesion following inoculation of 
pigs with the virulent or moderately virulent 
virus. Splenomegaly is usual, but in contrast 
to hog cholera, splenic infarcts are rarely 
seen. There may be congestion of the liver 
and gall bladder and petechiae in the bladder. 
Hydrothorax is not unknown. There may be 
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congestion in the meninges, in the choroid 
plexuses, and on the brain. The gallbladder 
is edematous and hemorrhagic, but this is 
not a pathognomonic lesion, as sometimes 
thought. In chronic cases the lesions are 
essentially the same but also include pericar¬ 
ditis, interstitial pneumonia, and lymphade¬ 
nitis. There is severe submucosal congestion 
in the colon, although button ulcers in the 
large intestine are less common than in hog 
cholera. 

It is said that button ulcers and “turkey 
egg kidney” are less common but this must 
not be relied upon. 

Histologically, the lesions are more 
diagnostic. The virus causes destruction 
of the mononuclear phagocyte system and 
then infects megakaryocytes, tonsillar crypt 
cells, renal cells, hepatocytes, and endothe¬ 
lial cells. Postcapillary venules undergo 
hyalinization and endothelial swelling. 
Destruction of monocytes/macrophages is 
visible in the lymph nodes, the spleen, and 
the bone marrow. In the liver, there 
is extensive destruction of hepatocytes. 
Marked karyorrhexis of lymphocytes is 
visible in both normal lymphoid tissues and 
in the infiltrating population of cells within 
parenchymatous organs. Encephalitis may 
be present with lymphoid infiltration of 
the leptomeninges, but is generally less 
severe than that of hog cholera. In recov¬ 
ered animals the presence of virus and anti¬ 
body simultaneously (persistent infection) 
can cause the formation of immune 
glomerulonephritis. 

Diagnosis depends on laboratory diagno¬ 
sis because it cannot be determined on clini¬ 
cal signs and pathology. 

As for hog cholera, the diagnostic testing 
to confirm ASF tends to be restricted to spe¬ 
cialized laboratories. 

Samples for Confirmation 
of Diagnosis 

Samples can be collected on filter papers 
to detect antigen and antibody, 20 and oral 
fluids have also been used to detect 
antibody. 24 

• Histology—formalin-fixed spleen, lung, 
lymph nodes, kidney, liver, colon, 
cecum, brain (light microscopy). 

The virus can be detected by 
immunohistochemistry, particularly in 
the tonsil, 2 ’ or ISH. 

• Virology—spleen, kidney, 
submandibular and abdominal lymph 
nodes, tonsil, and bone marrow 
should be collected for fluorescence 
antibody test and PCR. Direct 
immunofluorescence and 
hemadsorption are reliable, as are a 
range of PCR tests, including a TaqMan. 
A PCR has also been developed that can 
be used on a blood sample on filter 
paper and also a plaque assay. The PCR 
developed using the p72 protein will 
enable detection of ASF within 5 hours 


of clinical sample submission and full 
characterization of the virus within 48 
hours. A new RT-PCR using the 
universal probe library has been 
described. 22 

SEROLOGY 

The immunity to ASF is unknown. Surviving 
animals are persistently infected, and viremia 
persists in spite of high levels of antibody as 
a result of high levels of incomplete antibody. 
Antibodies first appear after 10 days. Most of 
the virus is bound to erythrocytes. There is 
an absence of neutralizing antibodies and a 
huge variation in viruses. Cell-mediated 
immunity may be important in the immune 
response to ASF and in the protection against 
reinfection. The serologic responses have 
been described. 28 

The presence of anti-ASV antibodies is 
indicative of infection because a vaccine is 
not available. ELISA is the most useful 
method for large-scale investigation of out¬ 
breaks, and the new methods are not affected 
by the quality of the samples. 23 ' 29 


DIFFERENTIAL DIAGNOSIS 


The disease is easily confused with hog 
cholera, and very careful examination is 
required to differentiate the two. Clinically, 
the illness is much shorter (2 days versus 7 
days) than in hog cholera. Gross necropsy 
changes are similar to but more severe than 
those of hog cholera. The marked karyorrhexis 
of lymphocytes characteristic of African swine 
fever (ASF) is not observed in hog cholera. 
Differential diagnosis must rely on laboratory 
testing. In the past, differentiation has been 
achieved by the challenge of hog cholera- 
susceptible and immune pigs with suspect 
material. More recently, reliance has been 
placed on the demonstration of hemadsorbing 
activity with virus from suspected outbreaks 
grown on pig leukocyte tissue cultures. But 
hemadsorbing activity may be weak, delayed, 
or even absent, and there is sometimes 
difficulty in isolating virus from subacute or 
chronic cases in enzootic areas. Demonstration 
of antigen by florescent antibody staining will 
allow diagnosis of acute cases. For chronic 
cases, serologic testing has been 
recommended, and with the use of more than 
one test a high degree of accuracy can be 
achieved. Several sensitive laboratory tests for 
detection of the virus in tissues and serum 
antibody are now available. Enzyme-linked 
immunoabsorbent assay (ELISA) tests are 
highly sensitive. Radioimmunoassay tests are 
also sensitive, and isolates of the virus may be 
titrated in swine monocyte cultures using a 
microtechnique. In the lymphocyte response 
test to virus infection, there is a cytolytic 
effect on the lymphocytes; the effect is 
greater on the B-lymphocytes than on the 
T-lymphocytes. Pigs with demonstrable 
antibody should be considered as chronic 
carriers of the virus because it is doubtful that 
true recovery ever occurs. 


TREATMENT 

There is no treatment for ASF. 

CONTROL 

Immediately restrict pig movements. There 
is no vaccine for ASF as yet, but ASF has 
been eradicated before from countries 
without the use of a vaccine. 

Slaughter affected pigs and their ticks as 
quickly as possible. 

The control and eradication of ASF is dif¬ 
ficult because of the following factors: 

• Lack of an effective vaccine 

• Transmission of the virus in fresh meat 
and cured pork products 

• Recognition of persistent infection in 
some pigs, particularly wild feral pigs, 
and possibly warthogs and bush pigs 

• Clinical similarity of hog cholera and 
African swine fever 

• Recognition that in some parts of the 
world soft ticks of the genus 
Ornithodoros ( erraticus , moubata, 
pordnus pordnus) are involved in the 
biological transmission of the disease 
and can remain carriers for long periods 
(possibly 5 years) 

Prevention of introduction of the disease 
to free countries is based on the prohibition 
of importation of live pigs or pig products 
from countries where African swine fever 
occurs. Strict application of the prohibition 
has prevented the spread of the disease from 
enzootic areas within South Africa. If a 
breakdown does occur, control must consist 
of prevention of spread by quarantine, 
slaughter of infected and in-contact animals, 
and suitable hygienic precautions. The need 
for close contact between pigs for the disease 
to spread and the ease with which this can be 
prevented by the erection of pig-proof fences 
facilitate control. Conversely, the disease is 
virtually uncontrollable when pigs from a 
number of farms have access to communal 
grazing. The virus is highly resistant to exter¬ 
nal influences, including chemical agents, 
and the most practical disinfectant to use 
against the virus is a strong solution of 
caustic soda. Contaminated sites can remain 
infective for periods exceeding 3 months. 
These factors and the persistence of the virus 
in recovered pigs probably contributed to the 
difficulties encountered in the eradication 
program in Portugal, where the disease 
was stamped out but reappeared in 1960. 
However, the most important factor appears 
to have been the indiscriminate use of atten¬ 
uated vaccines, which fostered the develop¬ 
ment of carrier pigs. In this outbreak, very 
little was seen in the form of clinical signs. 

In Spain in 1985, a comprehensive nation¬ 
ally coordinated program for the eradication 
of the disease was begun, and substantial 
progress had been made. Before 1985, the 
only method of control of the disease in 
Spain was depopulation of herds with clini¬ 
cal disease. The current eradication program 
consists of the following: 
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• Depopulation of herds with clinical 
disease 

• Serologic surveillance of all sows and 
boars in every herd 

• Improvement of sanitary conditions of 
housing 

• Improved hygiene (safe disposal of 
manure, vehicle disinfection, insect and 
rodent extermination) 

• Veterinary control of all swine livestock 
transfers (with individual identification 
of every animal moved for finishing or 
breeding purposes) 

• Health certification of every animal used 
for herd replacement 

• Destruction of every seropositive animal 

• Formation of mobile veterinary field 
teams exclusively dedicated to support 
the program 

Following introduction of this program, 
it has been possible to divide Spain into a 
disease-free region (the criteria is a minimum 
of 2 years without the disease) and an 
infected region. Eradication of the disease in 
Spain occurred by 2001. In 1991 the Spanish 
government claimed that 96% of the Spanish 
territory was free of ASF. The calculated 
benefit-cost ratio is estimated to vary from 
1.23 to 1.47, depending on the intensity of 
the program. A reduction in the funding for 
control would result in a benefit-cost ratio of 
0.97, making the program unprofitable. 

It has been shown that the use of chemi¬ 
cal disinfectants containing at least 2% citric 
acid for porous surfaces is effective in remov¬ 
ing ASF 30 and foot and mouth disease 
(FMD), whereas 2000 ppm of sodium hypo¬ 
chlorite will disinfect ASF but not FMD. 

In a study of the risk factors for ASF in 
major pig-producing areas in Nigeria 1997 to 
2011, 31 it was found that the presence of an 
infected pig farm in the same area and an 
abattoir will increase the likelihood of ASF 
infection of farms. Vermin and birds are also 
a risk. Strict food and water control, immedi¬ 
ate separation (isolation) of sick pigs from 
healthy pigs, and the washing and/or disin¬ 
fection of farm equipment will assist in 
reducing the chance of infection. Region- 
based control and farm-based biosecurity 
will help control ASF in Nigeria. Biosecurity 
is the likely key to successful control in 
Africa. 2 

Vaccines 

The prospects for the development of vac¬ 
cines have been discussed, 32 and the key 
factor is that knowledge of the antigens that 
encode the dominant protective epitopes 
recognized by CD8+ T cells is lacking at 
present. 

It is difficult to make a vaccine because of 
the large size of the virus and the many pro¬ 
teins in the genome. Many of these alter the 
immune response. 20 It is also variable. The 
host response to the virus is very complex, 
with only partial protection produced by 
neutralizing antibodies. 33 Several different 


vaccines have been used, including an inef¬ 
fective inactivated-virus vaccine and modi¬ 
fied live-virus vaccines. 34 The modified 
live-virus vaccines provide some protection, 
but the results following their use have been 
neither satisfactory nor safe, and they have 
the two disadvantages of confounding labo¬ 
ratory tests and producing “carrier” pigs. The 
cell-mediated immunity component is very 
important. 27 The administration of individ¬ 
ual recombinants proteins and/or DNA only 
gives partial protection. 32 
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PORCINE CIRCOVIRUS- 
ASSOCIATED DISEASE 

Originally, the condition associated with 
porcine circovirus type 2 (PCV2) was 
called postweaning multisystemic wasting 
syndrome (PMWS), but we now know that 
PCV2 is associated with a wider spectrum 
of conditions now referred to as porcine 
circovirus associated disease (PCVAD). 
PCVI was known for some time before¬ 
hand in tissue culture but has always been 
considered nonpathogenic. Infection with 
PCV2 is necessary for PMWS to develop, 
but one or more cofactors are necessary to 
facilitate this. 1 

The other diseases in PCVAD include 
porcine dermatitis and nephropathy syn¬ 
drome (PDNS), reproductive disorders, 
enteritis, proliferative and necrotizing pneu¬ 
monia, and the porcine respiratory disease 
complex (PRDC). Only once has congenital 
tremor been linked to PCV2, so it is no 
longer regarded as a PCVAD. 2 

Two initial features of the disease are the 
effects on the lymph nodes of the pig and the 
lack of response of the condition to antibiotic 
therapy. 3 

Very simply, the disease occurs where 
there is a high serum viral load (compared 
with nonaffected pigs) and where there is a 
lack of neutralizing antibody. In other words, 
if there is a successful immune response, it 
limits PCV2 replication and avoids clinical 
disease. 

PCV2 is one of the three viral diseases 
that destabilize the enzootic bacterial dis¬ 
eases in a herd. 1 It is a cause of considerable 
economic loss. 

ETIOLOGY 

Circoviruses are relatively new, probably 
having existing for only around 500 years. 4 
PCV has the highest mutation rate reported 
for any DNA virus and approaches the 
higher rate of genetic change seen usually in 
RNA viruses. 5 PCV2 belongs to the genus 
Circovirus of the Circoviridae family 
(includes PCVI) and is described as the 
prime causative agent of PMWS. 6 

Porcine circoviruses are small but power¬ 
ful,' and PCV1 and PCV2 have similar 
genomic organization, with two ambisense 
open reading frames (ORFs) flanking the 
origin of replication.' 

PCV2 has been retrospectively identified 
by serology in swine populations as an 
asymptomatic infection at least 25 years 
before the first case of PMWS, and a recent 
study of the genome showed that the archival 
PCV2 was avirulent, as is the new PCV2, as 
a result of mutational events within a 
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sequence of nine base nucleotides in the 
nucleocapsid gene of PCV2. 8 

The experimental reproduction of the 
disease and its occurrence under field condi¬ 
tions are usually associated with a number of 
risk or triggering factors. 9 It has been sug¬ 
gested that PCV2 is a necessary but not suf¬ 
ficient cause of the condition of PMWS. 1 

A novel porcine circovirus-like agent PI, 
also associated with wasting disease, has 
been isolated with 896 nucleotides. 10,11 No 
single viral cofactor has yet been identified. 12 
Different isolates may vary in virulence, 13 but 
PMWS has been produced in gnotobiotic 
pigs following exposure to various amounts 
of PCV2a and PCV2b 14 without the presence 
of any detectable infectious cofactors. 

There are two subtypes, 2a and 2b, with 
sequence differences mostly found in the 
capsid region, 15,16 and the antigenic profiles 
are not identical. 15 " 19 

The current classification scheme for 
grouping viruses is complicated by genetic 
recombination. 20 ' 23 

GENOME STUDIES 

The viruses are the smallest known mamma¬ 
lian viruses. The details of the genome and the 
virus proteins produced have been described. 
The PCV2 genome is a circular, single- 
stranded DNA with a size of 1766 to 1768 
nucleotides that contains three major ORFs. 19 

ORF1 encodes the replicase proteins rep 
and rep' involved in virus replication. They 
bind to specific sequences within the origin 
of replication located in the 5' intergenic 
region, and both are essential for viral 
replication. 24 ’ 26 

ORF2 encodes the viral capsid (cap) 
protein, which has the ability to bind to the 
host cell receptor. 19,27,28 

ORF3 encodes a protein that is involved 
in PCV2 apoptosis, 29,30 and in vitro ORF3 is 
found within ORF1. The ORF3 proteins of 
both PCVI and PCV2 induce apoptotic cell 
death 31 and code for a 105 amino acid protein 
that causes apoptosis of PCV2 infected cells 32 
but is dispensable for virus infection. ' 3 

An ORF4 has also been detected in PCV2 
productive infection. 34 It is not essential for 
PCV2 replication but plays a role in the sup¬ 
pression of caspase activity and regulating 
CD4+ and CD8+ T-lymphocytes during 
PCV2 replication. 

The signature motif 23 discriminating 
between 2a and 2b lies within the virus 
capsid protein, which often contains virus 
pathogenicity characteristics. There are 
several genotyping studies. 16,29,35 ' 37 

Genetic variation and newly emerging 
genotypes in China have been described, 38 
and 19 isolates were identified in three geno¬ 
types, 2a, 2b, and 2d. PCV2d was a new geno¬ 
type for China, and PCV2b had become 
the predominant genotype. The subtypes 
described in Asia (2d and 2e) 39,40 may belong 
to the previously described groups (a, b, or c), 
depending on classification interpretation. 41 


In a recent study, the complete genome 
sequence of a novel PCV2b variant was 
described in cases of vaccine failure in 
animals with PMWS, 42 and this was similar 
to the reported Chinese PCV2d strain. 

A new natural PCV2 virus with a very 
low incidence was identified in Quebec in 
September 2008, in which it was found that 
the virus contained the ORF1 of PCV1 and 
ORF2 of PCV2a; using the nomenclature of 
Segales et al., 65 it was decided to call this 
virus PCVl/2a. 43 

It is to be noted that very small differ¬ 
ences in the amino acid sequence may result 
in major changes in the pathogenicity of the 
virus. 13 

TRANSCRIPTION 

Little is known about the cellular events trig¬ 
gered by infection with PCV2 in PMWS. 
Several porcine genes were found to be 
up-regulated in lymph nodes and also in 
PK-15 cells. At least five have been identi¬ 
fied. 7 It has recently been shown that PCV2 
induces the activation of NF-kB by phos¬ 
phorylation and degradation and subsequent 
translocation of NF-kB p65 from the cyto¬ 
plasm to the nucleus. Many of the events 
point to intracellular signaling and endocytic 
pathways. 7 

EMBRYO INFECTIVITY 

Embryonic cells are susceptible to infection 
but not while in the zona pellucida. Exten¬ 
sive replication in embryos leads to death 
and resorption in utero. 44 In fetuses of 40 to 
70 days of gestation the virus replicates 
mainly in the heart, followed by the liver, 
lymphoid tissue, and lungs; 45 with increasing 
age of the fetus, the replication decreases. 
After birth, replication is mainly in the lym¬ 
phoblasts and the monocytes. 46 

VIRUS IMPORT 

Internalization is slow and inefficient via 
endocytosis. Clathrin-mediated endocytosis 
also plays a part. No substantial replication 
was found in lymphoid cells but rather in 
endothelial cells particularly aortic endothe¬ 
lial cells, gut epithelial cells, and fibrocytes 47 
by an increase in Cap and Rep proteins. The 
glycosaminoglycans heparin, heparin sulfate, 
chondroitin sulfate A, and keratin sulfate 
serve as attachment receptors. 28 After inter¬ 
nalization, PCV2 is localized in endosomes. 48 
A dynamin- and cholesterol-independent, 
but actin- and small GTPase-dependent 
pathway allows PCV2 internalization in epi¬ 
thelial cells that leads to infection, and 
clathrin-mediated PCV2 internalization in 
epithelial cells is not followed by a full 
replication. 49 Disassembly involves serine 
proteases. 48 

REPLICATION 

Upon infection, in step 1 the viral ssDNA 
genome is converted by host cell factors 
into a dsDNA replicate form that serves 


as a template. Further complex processes 
occur, 26,50,51 and only Rep and Rep' are 
essential for viral replication in mammalian 
cells. 24 PCV2 replication is impaired by inhi¬ 
bition of the extracellular signal-regulated 
kinase (ERK) signaling pathway, 52 which 
indicates that it is involved in PCV2 infec¬ 
tion and beneficial to PCV2 replication in 
cultured cells. 

Six cellular proteins were found to react 
with cap and three with rep in a study of the 
interactions of the replication proteins and 
the capsid protein of PCV1 and PCV2 with 
host proteins. 53 It appears that only the rep, 
rep', and cap genes are responsible for repli¬ 
cation. It has been proposed that PCV repli¬ 
cates by means of a rolling-circle melting-pot 
mechanism. 24 The rep and cap genes are 
oriented in the opposite direction, resulting 
in an ambisense genome organization. An 
intergenic region between the S' ends of the 
rep and cap genes forms a stem-loop struc¬ 
ture containing the origin of virus replication 
and the replication factors between PCV1 
and PCV2. Replacement of the replication 
factors of PCV2 with those of PCV1 greatly 
enhances the viral replication in vitro. 54 
Reactive oxygen species regulate the replica¬ 
tion of PCV2 via a NF-kB pathway. 55 

Viral replication is enhanced by stimula¬ 
tion by mitogens (Con A or pokeweed 
mitogen) but does not depend strictly on 
whether a cell is in mitosis. 56 Monocyte- 
derived dendritic cells enhance cell prolifera¬ 
tion and PCV2 replication in concanavalin 
A-stimulated swine peripheral blood lym¬ 
phocytes in vitro. 5 ' 

A recent study has shown that ORF1- 
dependent but not ORF2-dependent differ¬ 
ences are important for in vitro replication 
of PCV2 in porcine alveolar macrophages 
singularly or coinfected with PRRSV. 58 The 
PCV2 ISRE sequence not only plays a role in 
the whole viral genome in vivo and in vitro 
but also works in the Rep promoter. It plays 
a significant role in the viral replication effi¬ 
ciency and regulation of IFN-a-mediated 
PCV2 replication in PK-15 cells. 59 PCV2 
could trigger autophagosome formation 
and enhance autophagic flux in PK-15 cells 
and thereby increase replication. 60,61 PCV2 
replicates in lymphoblastoid cells, and viral 
infection could result in the lysis of infected 
cells. 62 

GENOTYPES 

Early studies focused on differences in geno¬ 
type, 16,29,63,64 and further studies have led to 
the naming of the two major genotypes, 
PCV2a and PCV2b. 65 Since then, a new gen¬ 
otype has been added, and the three PCV2 
genotypes have been designated PCV2a, 
PCV2b, and PCV2c. 41,65 In this system, the 
ORF2 sequences are assigned to different 
genotypes when the genetic difference 
between them is at least 0.035. 65 

PCV2a is divided into five clusters (2A to 
2E), whereas PCV2b is divided into three 





clusters (1A to 1C). 16 PCV2c was identified 
in pigs from Denmark. 66 

Some countries have detected a shift from 
PCV2a to PCV2b on sequencing studies. 66 ' 68 

An association between the genotype 
shift from PCV2a to PCV2b and the sudden 
increase of PMWS has been suggested. The 
genotype shift was reported from Switzer¬ 
land and Denmark in 2003, 66,68 in Canada in 
2005, 69 and in the United States in 2005. 11 In 
Spain, it was reported in 2011 in cases from 
1985 to 2008. 0 In Korea, the shift occurred 
in 2002 or even earlier. 1-72 In England, there 
appeared to be a shift from PCV2a to PCV2b 
at the time as an outbreak of PMWS on a 
farm.' ’ PCV2a may have been associated 
with non-PMWS-affected farms, and it is the 
switch to 2b that has been associated with the 
upsurge in PMWS. This may also mean that 
2a is less virulent than 2b. In Australia, where 
PMWS has not been seen, only 2a has been 
reported. 66 

PCV2b is currently the most prevalent 
form of the virus in naturally occurring 

infections. 29 ’ 66 ’ 74 ' 77 

Recombination between lineages in 
natural populations of PCV2 in Hong Kong 
and China has been shown. 8 

Evidence for recombination between 
PCV2a and PVC2b has been found. 9 81 

In the study from the United States, 
PCV2a and PCV2b were found in the tissues 
of the same infected pig. 

Forty strains from China were sequenced 
from 2004 to 2008, 82 and they could be 
grouped into four genotypes based on their 
genetic distances and phylogenetic trees. 
PCV2a, PCV2b, PCV2d, and PCV2e were 
found, but the Danish type PCV2c was not 
found. The study also showed that PCV2b 
had become the most common type in 
China. Since this study, 82 the existence of 2d 
and 2e has been discounted on the basis of 
classification studies. 41 

An emerging recombinant cluster from 
2b (recombination between the 2a and 2b 
strains within the ORF2 gene) has been 
shown to be circulating in China and other 
Asian countries. 83 

Multiple strains of PCV2 have been 
found in the same pig in China, 84 and this 
coexistence may contribute to the develop¬ 
ment of more severe clinical signs in coin¬ 
fected pigs. 

There is a high degree of heterogeneity of 
PCV2 within a geographic region in both 
domesticated and wild boar populations. 85,86 

During 2012, a new variant PCV2 strain 
designated mPCV2 was identified in the 
United States, 42 and it was found to be more 
virulent than the traditional 2a and 2b 
strains. 8 This mPCV2b strain appears to be 
present in Europe and based on limited data 
appears to be replacing other PCV2b strains 
in Southeast Asia and North America. 88 It 
also has significance in that this variant has 
also has been found in possible vaccine 
failure cases. 89 
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Dual heterologous PCV2a/2b infection 
induces severe disease in germ-free pigs 
when given 7 days apart. PCV2a or PCV2b 
when administered singly or in combination 
with keyhole limpet hemocyanin appeared 
to be of equal virulence. 90 Gross lesions were 
more severe in heterologously infected pigs 
than in 2b/2b infected pigs, and these were 
more severe than in 2a/2a infected pigs. 

EPIDEMIOLOGY 

Other than the mouse, 91 nonporcine species 
are not susceptible. 

PCV2 can be considered to be enzootic 
throughout the world and becomes epizootic 
when there is a significant increase in mor¬ 
tality. 92 Initially, the viruses isolated (1997- 
2006) were PCV2a, but there was a shift on 
a global scale to PCV2b, except in Korea, 
Japan, and Australia. 66 PCV2b was isolated in 
Korea from 2005 to 2007, 93 and in Japan (iso¬ 
lates from 2006-2007), the change from 
PCV2a to 2b occurred very quickly. 76 

In a study of 148 PCV2 isolates, 63.5% 
were PCV2b. 16 In Ireland, 5/6 isolates were 
PCV2a, but the other one, associated with 
increased mortality, was a PCV2b. 74 The 
most recent discovery of a PCV was probably 
in Australia 94 and was a PCV2a, but the cri¬ 
teria for the Australian definition of PMWS 
were not met, 95 possibly because a PCV2b 
has not yet been found. 

Many epidemiologic studies have sug¬ 
gested that the shift from PCV2a to PCV2b 
has been associated with an increase in 
PMWS infections. 64 ’ 66 ’ 67 ' 69 

A new emerging genotype subgroup 
within the PCV2b dominates the PMWS epi¬ 
demiology in Switzerland. 68 

In North America, the shift occurred 
later and may have been initially in South 
and Latin America, and then followed 
importation of infected animals into North 
America. 75 ' 96 

In a study in Canada, most of the strains 
were PCV2a, but PCV2b was also found, and 
in a few cases both types; 64,9, for example, one 
pig had both 2a and 2b in the liver. 98 

In a study of the prevalence of 2a and 2b 
in pigs with and without PMWS in Korea, it 
was found that there was a significant 
increase over time in animals with PCV2b 
that had and did not have PMWS.' 1 

In the United States, the emergence of 
novel mutant PCV2b associated with PCVAD 
(PCV2b was first seen in 2005 to 2006) was 
described 1 ’ and was found to be 99.9% iden¬ 
tical to a mutant virus found in China. 89 

A similar progression from PCV2a to 
PCV2b has been seen in Asia, in both 
China 39,99 and in Korea. 100 The genetic diver¬ 
sity of PCV2 from pigs in Korea has been 
described, 100 and there are two main groups 
and four subgroups (1A, 1C, 2D, and 2E). 
Most cases from PMWS-affected herds were 
in group 1, whereas cases with no clinical 
signs of PCV2 infection were within 
group 2. 


It is not just the variations in the genotype 
of the virus that may be related to the patho¬ 
genicity of the virus; 101 the dynamics of 
PCV2 infection in a herd are strongly influ¬ 
enced by management and husbandry, 102 
with everything that favors early infection 
being particularly important, such as the size 
of the pens and cross-fostering. 

Wild Boar 

It has been found in Transylvanian wild boar 
(in a Hungarian study), where 13.5% proved 
to be positive for PCV2 by RT-PCR. 10 ' It was 
found in wild boar in Poland 108 in over 70% 
of animals and was found to be of either 2a 
or 2b genotype. 

PMWS has been described in wild boar 
in several countries, including the United 
States, Brazil, 111 Germany, Croatia, 112 
Greece, 113 and Italy. 114 

Prevalence 

The prevalence varies considerable from 
country to country and survey to survey, 
often with results between 40% and 80%, but 
it may be as low as 23% in Japan 103 on PCV2 
antigen detection or viral DNA, even though 
50.45% of the farms were positive (65/129 
farms). One of the other conclusions was 
that it may exist in several forms, including 
an epidemic form or a subtle endemic or 
sporadic form. The prevalence was 50% in 
Taiwan and 8% in Korea. 104 It has been found 
in 30% to 40% of archived tissue in the 
United Kingdom and in 10% in the United 
States. 

In a study in the United States of 185 
farms, it was found that 82% of the farms 
were positive for PCV2, and only 2.45% were 
positive for PCV1. 105 It was found in Cuba 
in 2010. 106 

It has also been found in 50% of animals 
in Spain 109 and in 43% in the Czech Repub¬ 
lic. 110 PCV2 infections associated with 
PMWS are only sporadically present in the 
Czech Republic, 11 ’ although positive serol¬ 
ogy for PCV2 was widespread. The spread of 
PMWS in Sweden has been described, 116 and 
the change from an exotic to endemic disease 
was described. 

In a study of seven PCVAD-affected 
farms, the risk of PCVAD was increased by 
early PCV2 infection but significantly 
decreased when pigs were born to PCV2- 
seropositive sows. 117 Nonaffected animals 
also had higher titers earlier than piglets that 
developed PCVAD 118 and higher PCV2 

• 119 

viremia. 

Environmental Survival 

The virus is extremely difficult to eradicate 
from the environment because it has an 
ability to resist the environment and there¬ 
fore increase its survival time. 

It is resistant to pH 3.0, chloroform, 
and temperatures of 70°C (158°F) for 15 
minutes. 120 ' 122 Animals exposed to nondisin- 
fected trailers for 2 hours became viremic 
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and seroconverted, but no seroconversion or 
viremia was found after disinfection using 
one of four protocols. 123 

It has been suggested that because of its 
survival in the environment, animal-to- 
animal contact is not necessary for its 
spread. 124 

Transmission 

Both vertical and horizontal transmission is 
possible. Multiple routes of transmission to 
piglets in the presence of maternal immu¬ 
nity have been described. 12 ’ Piglets are reg¬ 
ularly infected with PCV2 in utero and are 
under constant challenge by PCV2 through 
contact with infected sows and a contami¬ 
nated farrowing environment. Maternal 
immunity did not affect PCV2 transmission 
to piglets or the viral load in sows. This 
emphasizes the importance of maternal 
infection in early infection in newborn 
piglets. 

As fetuses near term, the replication of 
the virus takes place in the cells of the 
monocyte-macrophage series. 

Horizontal Transmission 

It is transmitted principally by the oronasal 
route. The widespread distribution in the 
lymphatic system, respiratory system, uro¬ 
genital system, and gastrointestinal system 
suggests that it may be present in all secre¬ 
tions and transudates. It is also present in 
colostrum, 126 milk, and semen. 12 ' It was 
found in the macrophages of the mammary 
ducts within 3 days. 128 

A study showed that the virus was shed 
in similar amounts by the nasal, oral, and 
fecal routes, 118 and in sows until at least 27 
days, 129 or 209 days postfarrowing. 130 The 
maximum level of genomic load was detected 
at 28 days postfarrowing (5 to 7 log 10 genome 
copies/mL) and steadily decreased until 209 
days postfarrowing. 

In a study of five experimentally infected 
gnotobiotic pigs, there were between 6 and 
12 log 10 PCV2 genome copies/mL in the 
serum and liver. 131 In one study, infectious 
PCV2 was detected in colostrum samples 
and milk samples. Anti-PCV2 IgA was found 
in high levels in colostrum and milk. Infec¬ 
tious PCV2 may be present in milk and 
colostrum of naturally infected sows even in 
the presence of neutralizing antibody. 1 ’ 2 
Shedding of PCV2 in milk has been shown 
from experimentally infected sows. 129 The 
animals excreted from day 1 until day 27 of 
lactation. There is also the possibility of 
PCV2 replication in the mammary gland. 128 
Antibodies in milk protect against clinical 
disease but not against infection. Shedding of 
PCV1 and PCV2 was found in whey for the 
first time. 138 

Vaccination decreases the shedding of 
virus in colostrum and milk. 132 ' 133 

Pigs shed virus for a prolonged period 
following viral exposure, and growing pigs 
were the source of horizontal PCV2 


transmission in PCV2-infected herds. 134 
There is a high level of PCV2 DNA in colos¬ 
trum, sow sera, and piglet sera. 135 

The intermingling of affected and healthy 
pigs 136 showed transmission by direct nose- 
to-nose contact, and two were infected 
without being in direct contact with infected 
animals. On-site control animals in a sepa¬ 
rate compartment did not develop clinical 
disease. 

When pigs from affected herds were 
mingled with healthy pigs from unaffected 
herds, 137 it led to horizontal transmission, as 
did pigs being in adjacent pens but not 
directly in contact. 

In a study of infectiousness and transmis¬ 
sion, it was suggested that the probability of 
horizontal transmission was negligible after 
55 days postinfection, even though there was 
still significant viremia. 102 

Transmission can occur from diseased 
pigs to healthy in-contacts after mingling, 
especially if there is very close contact. 139 It 
can be transmitted in uncooked tissue from 
viremic animals. 140 A lower infectious dose 
in some of these tissues (bone marrow and 
skeletal muscle compared with lymphoid 
tissue) may result in a delayed onset of 
infection. 

Experimentally produced spray- 
dried plasma spiked with PCV2 was 
transmissible. 141 

Airborne transmission has also been 
shown in an experimental setup. 142 In a study 
of Canadian swine confinement buildings, 
up to 10 7 genomes per cubic meter of air 
were found. Airborne dust concentrations 
were correlated with airborne PCV2 and 
total bacterial counts. 143 

The verification of natural infection of 
peridomestic rodents by PCV2 on commer¬ 
cial swine farms was confirmed, 144 with 
PCV2 being found in the spleen, lung, and 
kidney, although transmission from rodents 
to pigs has not been confirmed. 

PCV2b has been transmitted by house 
flies. 145 The flies in the nursery and weaner 
areas were most likely to be positive. 

In practice, there is often a pattern of 
elevated antibody levels in the herd because 
it is a mixture of passive and active immu¬ 
nity 130 and, as a result, may maintain consis¬ 
tent infection dynamics in the farm. 

Under field conditions, PCV2 can be 
recovered from mice and rats at quite high 
prevalence levels, and therefore there is the 
possibility of indirect transmission and per¬ 
sistence on a farm site. 146 

There is also the possibility that vaccines 
may introduce the virus. In Canada, the 
appearance of the PCV1/PCV2 chimera may 
have been associated with the use of inacti¬ 
vated PCV2 vaccines. 147 

Pigs from PMWS-affected herds had at 
least 10 3 higher mean serum titer of PCV2 
compared with pigs from PMWS-free herds. 
Pigs that were able to control the infection 
(as measured by PCV2 titer in serum) 


recovered clinically (from PMWS-affected 
herds) or stayed healthy (from unaffected 
herds). Pigs with titers below 5 x 10 s copies/ 
mL serum during the study period had a 
chance of recovery, but those above this gen¬ 
erally died. 136 

Vertical Transmission 

Transplacental infection was demonstrated 
following the intranasal infection of sows 3 
weeks before farrowing, and the virus was 
recovered from both aborted and live-born 
piglets. 148 

PMWS was reproduced in pigs fed colos¬ 
trum and milk from PCV2-infected sows 
and infected postnatally with PPV or immu- 
nostimulated. 149 PCV2 was detected in 
mammary and other tissues in experimen¬ 
tally infected sows. 128 

The virus has also been demonstrated 
in myocarditis in aborted fetuses and still¬ 
born piglets. 150 In earlier experiments, the 
cardiomyocytes of the fetus were found to be 
the main target of PCV2. 

In a study in Poland, the heart of the fetus 
contained the highest amounts of virus and 
the highest number of antigen positive cells. 
The myocardium was full of hypertrophic 
cells and showed multiple and irregular pale 
areas that corresponded to histologic lesions 
of necrosis. 151 

Boars show excretion of PCV2 virus in 
semen (with no differences between 2 a and 
2b) continuously until at least 50 days after 
inoculation of the boars. 1 ’ 2 The virus has 
been shown to be excreted in the semen of 
boars with serum antibodies. 1 ’ 3 

Naive sows inseminated with PCV2 
spiked semen exhibited reproductive failure, 
and their fetuses were infected. 154 The mum¬ 
mified fetuses died between 42 and 105 days 
of gestation. 

PCV2-seropositive gilts can be infected 
with PCV2 after intrauterine exposure, and 
low maternal antibody may increase the 
probability of a fetal infection. 1 ” 

PCV2 viremic sows had a higher number 
of exposed fetuses compared with nonvire- 
mic sows, which means that PCV2 can cross 
the placenta and cause fetal damage. Sows 
with low antibody titers had greater mortal¬ 
ity in their piglets than those with higher 
levels. 119 

In a study of porcine circovirus viremia 
in newborn piglets in five clinically normal 
swine breeding units in North America, it 
was found that all sow colostrum samples 
(125/125) and 96.8% (121/125) of the sow 
serum samples were positive for anti-PCV2 
antibodies. The overall PCV2 DNA preva¬ 
lence was 47.2% (59/125) in the sow serum 
and 40.8% (51/125) for sows’ colostrum and 
39.9% in presuckle piglet serum. PCV2b was 
detected more frequently than PCV2a. Con¬ 
current 2a and 2b was detected in 11.9% of 
the sow sera, 5.9% of the colostrum, and 
15.6% of the piglet sera. 13 ’ Natural exposure 
to PCV2 results in long-term infection, and 
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PCV2 is shed in similar amounts by nasal, 
oral, and fecal routes. 130 When the PCV2 
viremic pigs were segregated from their 
dams, PCV2 DNA was detected for extended 
periods (81-day observation period). 

Experimental PCV2 exposure results in 
long-term infection. PCV2 is shed in similar 
amounts by nasal, oral, and fecal routes and 
is infectious to naive pigs. 156 

PCV2 has also been detected in the 
semen of naturally and experimentally 
infected boars, including seropositive 
animals. 127 ' 153 ’ 157 The PCV2 material in semen 
is infectious. 15 ' The younger the boar, the 
more likely it is to be shedding virus in the 
semen. 

Maternal antibodies have an effect on 
PCV2 shedding in vertically infected pigs. 159 

Risk Factors 

A cross-sectional study of 147 pig farms in 
the United Kingdom was undertaken from 
2008 to 2009 and risk factors identified. 
Increased PMWS was associated with rearing 
growers indoors, more veterinary visits, 
poorly isolated hospital pens, buying replace¬ 
ments, and seropositivity to M. hyopneu- 
moniae. Factors associated with a decreased 
risk were low stocking density for growers, 
adjusting diets at least three times between 
weaning and 14 weeks of age, and requiring 
visitors to be “pig-free” for at least 2 days. 160 

The spatio-temporal patterns and risks of 
herd breakdowns in pigs with PMWS 161 and 
closeness to another infected pig farm, large 
herds, and no prevention of visitors who had 
not been through a pig-free period were 
identified as being risks for infection. The 
affected farms were also more likely to have 
other infections. 

There is a “litter effect,” which is mainly 
explained through the sow PCV2 status 
(viremia), in that fewer piglets died when 
born to nonviremic sows. 119 

In the individual pig, low levels of anti¬ 
body at 7 weeks of age is considered a risk 
factor, as is being born to a seronegative sow. 

Pigs with PMWS have greater amounts of 
PCV2 in their serum and shed larger 
amounts of the virus than do nonaffected 
pigs. 136 

In many ways, the risk factors are the 
same as for many other diseases and are 
listed as follows: 

• Infection in the herd or vaccination 

• The occurrence of type 2 strains in a 
country only normally having type 1 
(e.g., Denmark, which used the U.S. 
vaccine based on ATC-2332) 

• Other affected herds in the area, 
especially if they are close 

• Purchasing large numbers of 
replacement gilts (>500 a year) 

• A herd size of over 400 sows 

• Purchase of replacement gilts 

• A high prevalence of PCV2 antibodies 

• PPV antibodies in the finishers 

• Active PPV infection in the gilts 


• On-farm semen collection and artificial 
insemination (AI) 

Other factors include the following: 

• The presence of visitors to the farm 
without a 3-day pig-free period before 
their visit is regarded as a hazard 

• Large pens in the nursery and grower 
stages 

• A high level of cross-fostering 

• Early weaning less than 21 days 

• Mixed ages and weights in the same 
airspace 

• Lack of proper cleaning, disinfection, 
drying, and rest periods between 
batches—continuous flow through the 
nursery is a source of environmental 
contamination. 

• Vaccination for PRRSV, E. coli, and 
separate use of PPV and Erysipelas 
vaccines may be disadvantageous. 

The risk to a herd is reduced when 
there is a high level of biosecurity, including 
reducing the numbers of visitors; proper iso¬ 
lation and quarantine for new arrivals; use of 
semen from an AI station; group housing of 
sows during pregnancy; protective clothing 
on entry to the unit and showering in and 
out; separate sites for removal and arrival of 
pigs; long empty periods of rest for the build¬ 
ings before restocking; proper vaccination 
protocols for other diseases, which also help 
to control concurrent infections 162 ; sorting 
pigs by sex in the nursery; greater minimum 
weights at weaning; regular vaccinations for 
endemic disease and following the recom¬ 
mendations for use; routine anthelmintic 
treatments and for ectoparasites; and oxyto¬ 
cin during parturition, which may also help 
reduction of PMWS. The use of spray-dried 
plasma in initial rations also is helpful, and 
it was shown 163 that commercial spray-dried 
porcine plasma does not transmit PCV2 in 
weaned pigs challenged with PRRSV. On the 
other hand, it was shown that PCV2b in an 
experimental spray-dried product was not 
effectively inactivated by the process used. 141 
The efficiency of the process therefore deter¬ 
mines the likelihood of PCV2b resisting the 
spray drying. 

Studies have found that the earlier the 
infection occurs, the higher the risk of 
PMWS, and also if the offspring are weaned 
early 11 '; however, other studies 118 have 
stated there is no effect of the timing of 
\infection on subsequent PMWS develop¬ 
ment. Colostrum-deprived piglets are 
more sensitive to PMWS development. 164 
Healthy pigs had higher titers at an earlier 
age than piglets that subsequently developed 
PMWS. 118 

More piglets die of viremic sows and 
from sows with low antibody levels. 119 

Occurrence 

It has also been found in wild boar. 86 An 
antigen shift was shown in the wild boar 
from PCV2a to PCV2b. It was originally 
described in western Canada and has 


subsequently spread to Europe, 165 North and 
South America, Australia, 95 and Asia, includ¬ 
ing Japan. 103 It was first described in Slovakia 
in 2009, 166 and this was similar to the Aus¬ 
trian PCV2 isolate. It was described in Israel 
in 2008. 167 In Poland, 50% of the farms in a 
study had PMWS, and PMWS was con¬ 
firmed in all herds with over 1000 sows in 
the study, but the small herds with less than 
100 breeding sows were free. 168 ' 172 

A Romanian isolate was closely related to 
viruses from France and Hungary. 169 A 
Romanian isolate from wild boar was 
recently shown to be closely related to PCV2a 
and PCV2b types and to possess a high 
degree of sequence heterogeneity. 170 In 
Korean wild boar, the prevalence was 
4.98%, 171 and all were type PCV2b. 

The epizootic onset in Switzerland was 
observed in late 2003, 68 and before that infec¬ 
tion with PCV2 was mainly subclinical. The 
epizootic was accompanied by a switch to 
PCV2b, but this was present in the Swiss 
population as far back as 1979. 

Retrospective studies on the occurrence 
of PCV2 in Germany showed that it was first 
detected in a pig in 1962, with a low inci¬ 
dence between 1962 and 1984 and with a 
subsequent increase between 1985 and 1998. 
Associated lesions such as PMWS and PDNS 
were not observed before 1985, and it appears 
that the were no major changes in the 
sequence analyses over the period from 1962 
to 1998, suggesting that other factors were 
involved in the altered virulence. 1 " 

It was found to be ubiquitous (106/108 
farms had at least one positive pig) in 
Mexican backyard pigs. 174 

Breeding 

The clinical expression of PMWS under field 
conditions is modulated by the pigs genetic 
background. 1 ' 5 Certain breeds have been 
shown to be more susceptible. Landrace 
were more susceptible than Duroc or Large 
Whites 176 ; in an earlier study, Large White 
and Duroc were more susceptible than pure¬ 
bred Pietrain pigs. Sometimes, field studies 
suggest that the boar lines used may have an 
influence on the occurrence of PMWS, but 
other studies do not support this. 

Two regions of the porcine genome may 
have genes that are linked to increased sus¬ 
ceptibility. 1 " In a study of over 16,000 piglets 
from 2034 sows inseminated by 13 Hungar¬ 
ian Landrace boars, it was found that there 
was a considerable difference in the propor¬ 
tion of the piglets with signs of PMWS, still¬ 
born piglets, and mummified piglets sired by 
the different boars. Rates varied from 3.06% 
to 15.6% for PMWS, 1.76% to 8.52% for still- 
borns, and 0% to 3.22% for mummies. 178 

Concurrent Infections 

As yet, no novel agents have been found to 
be associated with the triggering of PC VAD. 12 

Pigs infected with PCV2 and immunized 
with a modified live-virus CSFV vaccine 
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developed mild to moderate PMWS, whereas 
none of the pigs infected with PCV2 alone or 
immunized with modified live-virus CSF 
alone developed PMWS. 1 9 

Concurrent viral or bacterial infections 
often enhance the effects of PCV2 infection 
in terms of occurrence, severity, and dura¬ 
tion. The effect of PCV2 on the immune 
system also predisposes to viral, bacterial, 
fungal, and metazoal infections in turn. 

One of the first agents to be associated 
with PCV2 was PPV. It is not normally the 
cause of disease in piglets, but in early 
Canadian studies coinfection was found fre¬ 
quently, and the association of both had 
been confirmed in studies of microscopic 
lesions. 148 In cell culture, concurrent PCV2/ 
PPV infection has been shown to decrease 
the ability of pulmonary macrophages to 
phagocytose. 180 Another contributor may be 
TNF-a, 181 which may be produced by PPV 
and could promote the high levels of PCV2 
typically seen in conjunction with PPV. Fligh 
levels of TNF-a are induced by this coinfec¬ 
tion, and the high level of proinflammatory 
cytokines may lead to PMWS. 181 

Random amplification methodologies 
have been used to discover new viruses, and 
in one study using random multiple dis¬ 
placement amplification (MDA) and large- 
scale sequencing, a unique novel porcine 
boca-like virus was isolated from two 
Swedish pigs with systemic PCVAD 182 (the 
genus Bocavirus of the subfamily Parvoviri- 
nae). The occurrence of this virus was con¬ 
firmed in a further study, 183 and a PPV4 virus 
was also found. 184 

PRRSV has long been associated with 
PCV2 in Spain 119185 ' 186 and in Japan, 103 ' 187 
the United States, 188 the Netherlands and 
Canada, 64 and Italy. 189 The immunosuppres¬ 
sion and immune-response modifications 
have been shown to play a part in respiratory 
infections, with a possible increased 
apoptosis. 190 

Swine alveolar macrophages infected 
with PCV2 first and then with PRRSV later 
or simultaneously displayed marked reduc¬ 
tions in PRRSV antigen-containing rate, 
cytopathic effect, and TNF-a expression 
level. In this study, 191 PCV2 was easily inter¬ 
nalized in the cytoplasm of alveolar macro¬ 
phages (AMs) but caused no noticeable cell 
death, and PRRSV displayed a low infection 
rate but severe cytopathic effect and strong 
TNF-a induction in AMs. PCV2-induced 
IFN-a likely caused a reduction in the 
PRRSV infection rate and PRRSV-related 
AMs dysfunction when AMs were coinocu¬ 
lated with PCV2 and PRRSV simultaneously. 
Similar PCV2-induced IFN-a effects were 
seen in the PCV2/PRRSV group but not in 
the PRRSV/PCV2 group where there was 
also a significant induction of IFN-a. If pre¬ 
existing damage has been caused by PRRSV 
infection, it is unlikely that IFN-a produc¬ 
tion induced by the PCV2 will be able to stop 
the adverse effects of the PRRSV. 


PRRSV can cause enhanced PCV2 repli¬ 
cation, as evidenced by higher serum and 
tissue PCV2 loads, increased severity of the 
pathologic changes and clinical manifesta¬ 
tions, and higher incidence of PCVAD. 

PCV2 that was inoculated first or simul¬ 
taneously with PRRSV not only hinders 
PRRSV replication but also reduces the 
PRRSV-induced adverse effects on the 
phagocytosis of AMs. The impaired microbi¬ 
cidal capability in PCV2- and/or PRRSV- 
inoculated groups may be attributable to the 
reduction in reactive oxygen groups pro¬ 
duced. PCV2a and PCV2b would also appear 
to have the same effects on the reduction of 
killing capability of AMs. 191 Fas (CD95) and 
FasL play a major role in the induction of 
apoptosis. In this same study, it was shown 
that PCV2 could induce swine AMs to 
produce FasL but PRRSV could not, except 
when they were both present, when there 
was an addictive effect. The increased expres¬ 
sion of IFN-a, TNF-a, IL-8, and FasL mRNA 
in AMs from pigs with various infections 
with PCV2 and PRRSV observed 191 in this 
study may contribute to some extent to the 
pneumonia and bronchiolar epithelial cell 
damage in the lungs of PCV2- and/or 
PRRSV-infected pigs. 

The risk of PRRSV and PCV2 coinfection 
was 1.85 times greater in piglets from a sow 
with low titers of PCV2 antibodies than in 
piglets from sows with medium to high titers. 
It was also greater in piglets from primiparous 
sows, PCV2-infected sows, and farms in an 
area of high pig density than in piglets from 
sows of higher parity, noninfected sows, and 
farms in a low-pig-density area. 192 

Compared with infections with PRRSV 
alone, combined infections with PCV2 
resulted in significantly more severe macro¬ 
scopic and microscopic lung lesions and a 
stronger anti-PRRS IgG response. 193 In the 
origin of the replication of the genome of 
PCV2, an interferon-stimulated response 
element (ISRE) was identified. During the 
early stages of infection, at 14 days postin¬ 
oculation (PI), the mutant reduced viral rep¬ 
lication and elicited low antibody responses. 
However, at 28 days PI, viremia in the 
infected pigs showed an upward trend, and 
lesion scores were more severe than with the 
wild-type virus. With the mutant and PRRSV 
the lesions were more severe than with wild- 
type PCV2 and PRRS. These results suggest 
that the ISRE element may play a part in viral 
pathogenesis. 194 

The severity of microscopic lesions and 
the PCV2 antigen load associated with these 
lesions were higher in the PRRSV-vaccinated 
piglets compared with those detected in the 
PCV2-only infected animals. 195 

Torque teno sus virus (TTSuV) has two 
main species: TTSuVl and TTSuV2. 196 It is 
not known whether they cause disease or 
not, 19 ' and they were found in a higher prev¬ 
alence in PCVAD-affected animals than in 
controls. 198 


A Spanish study found that TTSuV2 viral 
loads were related to PCVAD but not 
TTSuVl, 198 ' 199 and a similar finding was 
found in Japan. 200 It may not exacerbate 
PCVAD in all instances, 182,201 and this was 
also noted in Canada 64 and in the United 
States. 202 

PCV2 also has a complex relationship 
with hepatitis E virus 203,204 and was found 
more commonly where there were lesions of 
hepatitis. In an experiment with gnotobiotic 
pigs, it was found that TTSuVl had to be 
given 7 days before PCV2 challenge to 
produce any effects. 205 Tissues from systemi- 
cally infected PCV2 showed widespread 
loads, but the higher TTSuV2 loads were in 
the affected animals’ tissues compared with 
the healthy group. 206 A similar trio of agents 
has been associated with PMWS in the 
United Kingdom. 207 

There was no evidence of a relationship 
between hepatitis E (HEV) and PCV2 in a 
study in Italy from necropsied pigs. 208 There 
was an association demonstrated in Spain in 
sick pigs, 209 especially in pigs evidencing hep¬ 
atitis lesions. The detection of PCV2 and 
HEV in the liver of aborted fetuses and from 
sera and feces of the dams suggests the pos¬ 
sibility of transplacental infection and asso¬ 
ciated reproductive disorders in cases of 
coinfection. 210 

PCV2, a porcine boca-like virus, and a 
torque teno virus were isolated from PMWS 
cases. In 71% of the PMWS cases, the three 
viruses were found, but in 33% of the pigs, 
PMWS was not found. 183 It is possible that 
TTV may contribute to the development of 
PMWS. 211 

There is probably an influence of trans¬ 
placental PCV2 infection on neonatal diar¬ 
rhea associated with an epidemic diarrhea 
virus. 212,213 In a study of transplacental PCV2 
infection on porcine epidemic diarrhea 
virus-induced enteritis in preweaning 
piglets, 2 it was found that the mean villous 
height and crypt depth ratio in PEDV- 
infected piglets from PCV2-infected sows 
were significantly different from those of 
PEDV-infected piglets from PCV2-negative 
sows. It is concluded that the clinical course 
of PEDV disease was markedly affected by 
transplacental infection with PCV2. 

It has also been associated with Aujesz- 
ky’s virus (before 2006), but a study recently 
showed that subclinical PCV2 does not mod¬ 
ulate the immune response to an Aujeszkys 
disease virus vaccine 214 or porcine Teschovi- 
rus in Japan. 200 

Swine influenza can frequently be identi¬ 
fied with PCV2 in the field, 188 but experi¬ 
mentally, SIV did not increase the severity of 
clinical disease or gross or microscopic 
lesions. 215 

Experimental coinfection with bovine 
viral diarrhea virus (BVD) type 1 and PCV2 
suggested that ruminant pestivirus and/or 
vaccination with BVD might have a role in 
the development of PVCAD. 216 
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In a study in the United Kingdom, one of 
the identified factors associated with 
increased PCVAD was M. hyopneumoniae 
(MH) infection, 160 which also occurs in the 
United States. 188 The mycoplasma probably 
potentiates the severity of PCV2-associated 
lung and lymphoid lesions by increasing the 
amount and the duration of the PCV2 
antigen. Recently, experiments with MH 
have shown that the MH potentiated PCV2 
infection by increasing IFN-y and IL-10 
mRNA expression levels, 217 ' 219 which sug¬ 
gests that the severity of the lesions in dual- 
infected pigs is associated with PCV2 antigen 
and alterations of cytokine expression. 
Overall, MH potentiated PCV2 infection by 
increasing IFN-y and IL-10 mRNA expres¬ 
sion levels. Mycoplasma infection or vaccina¬ 
tion does increase the incidence of PMWS. 220 
Simultaneous PCV2 and M. hyorhinis coin¬ 
oculation does not potentiate disease in con¬ 
ventional pigs. 221 

There is often an association between 
PCV2 and M. hyorhinis in healthy pigs and 
pigs with pneumonia, with M. hyorhinis 
being detected more frequently than 
MH. 222 ' 223 Pigs with the dual infection natu¬ 
rally show respiratory disease and micro¬ 
scopic lesions and clinical signs suggestive of 
PCV2 infection, 224 and PCV2 vaccination 
reduces considerably the number of coinfec¬ 
tions with M. hyorhinis. 215 

In a study of the presence of endemic 
pig diseases in England, it was found 
that there was a significant association of 
A. pleuropneumoniae antibodies with the 
presence of a positive PCR for PCV2 in 
weaners. 226 

An association between M. hyorhinis and 
PCV2 was also noticed in Canada 64 and in 
Japan 103 and between M. suis and PCV2 in 
Argentina. 227 

In a study of PMWS in Korea, it was 
found that the most common lesions were 
multifocal, granulomatous inflammation in 
the lymph nodes, liver, and spleen character¬ 
ized by infiltration of epithelioid macro¬ 
phages and multinucleated giant cells. In 
85% of pigs there was a dual infection, and a 
combination with H. parasuis was the most 
common combination. 

With Salmonella it is likely that prior 
exposure to PCV2 may increase the clinical 
effects of salmonellosis in the field. 463 In a 
study in Japan, it was found that prior PCV2 
infection potentiated the severity of clinical 
signs, lung lesions, and fecal shedding and 
tissue dissemination of S. Choleraesuis in 
infected pigs. Salmonella Choleraesuis was 
implicated in PMWS in Japan. 228 

Bacterial lipopolysaccharide has been 
shown to induce PCV2 replication in swine 
alveolar macrophages. 229 

Experimental reproduction of PCV2- 
associated enteritis in pigs infected with 
PCV2 alone or concurrently with Lawsoni- 
ana intracellularis (LI) or Salmonella 
Typhimurium 230 showed that PCV2 could 


induce enteritis independently from other 
enteric pathogens. A study of low growth 
rate in grower-finishing pigs was examined 
for associations between Lawsoniana and 
PCV2. Gross lesions in the small intestine 
and an LI load were significant risk factors 
for low growth, but no association with 
PCV2 was found. 231 

Aspergillus and Cryptosporidium had 
been found before 2003. Pneumocystis carinii 
is commonly found with PCV2 in Brazilian 
pigs 232 and in wild boar. 233 ’ 234 

Candida albicans in Brazil and Zygomyces 
spp. were found in Hungary. 235 Toxoplasmo¬ 
sis was diagnosed in a fattening pig with 
PCV2 infection 236 using immunohistochem- 
istry. Either PCV2 may have triggered sys¬ 
temic toxoplasmosis, or T. gondii may have 
caused extensive replication of PCV2. 

Recently, a case of fatal bronchopneumo¬ 
nia was found with Metastrongylus elongatus 
in a PCV2-infected pig, 23 and it is suggested 
that a concurrent PVCAD condition may 
trigger metastrongylosis. 

A pie chart 92 from earlier data on the exis¬ 
tence of coinfections suggested that PCV2 
was found in 1% of cases. A joint infection 
with SIV was found in 4% of cases, bacterial 
pneumonia in 6%, bacterial septicemia in 
10%, PPV in 11%, M. hyopneumoniae in 
27%, and PRRSV in 41%. 

PATHOGENESIS 

Pathogenicity was reported to be a function 
of the individual properties of an isolate and 
not related to genotype. 238 In one study, 
tissues from diseased pigs showed infection 
with both PCV2a and PCV2b, but those with 
subclinical infection had either PCV2a or 
PCV2b. 239 

In all cases of PMWS, the common factor 
is PCV2, but the discussion on the other 
factors continues. Although PCV2 alone is 
not sufficient to produce the full spectrum of 
disease, none of the other currently recog¬ 
nized “trigger factors” is considered essential 
on its own. 164 These include changes in hus¬ 
bandry on the farm, immuno-stimulation by 
vaccination strategies, and the occurrence of 
other primary and secondary agents or new 
agents. 6 

The most pivotal step in the pathogenesis 
of PMWS associated with PCV2 is activation 
of the immune system. This may lead to 
increased lymphoid depletion in swine cells 
in both PCV2- and PRRSV/PCV2-infected 
swine cells. 190 

In a study of inguinal lymph nodes, 
PCV2, PRRSV, and PPV had their own con¬ 
tributions to the development of lymphoid 
lesions in PMWS, with PCV2 as the main 
causative agent. B-lymphocyte depletion and 
macrophage proliferation/infiltration are 
two hallmarks of PCV2-associated lymphoid 
lesions. Apart from blood recruitment, local 
T-cell and macrophage proliferation may 
play a part in the granulomatous inflamma¬ 
tion. Apoptosis is an apparent feature in 


association with lymphoid depletion. The 
higher apoptotic rate and the PCV2 load in 
the germinal center and a higher apoptotic 
rate but lower PCV2 load in the interfollicu- 
lar region suggest that there may be a direct 
cell injury to B cells by PCV2 infection; asso¬ 
ciated lymphoid lesions may develop through 
the combination of several different mecha¬ 
nisms with the help of coinfected viruses. 240 
It is possible that lymphoid depletion in 
PMWS is attributable to a combination of 
apoptosis, viral induced lysis, destruction of 
lymphoid architecture, and other unknown 
mechanisms. 

PCV2 is most frequently associated with 
monocytes, macrophages, and dendritic cells 
(DCs). These cells may accumulate viral 
antigen for long periods and therefore may 
play a role in persistence. 241 It appears not to 
affect the DCs or interfere with their rela¬ 
tionships with lymphocytes and is not trans¬ 
mitted to the lymphocytes, which do carry 
antigen or viral nucleic acid for a short 
period. 242 It may be that these cells are not 
sites of replication but have phagocytosed or 
endocytosed PCV2 antigen. 47,243 The asymp¬ 
tomatic piglet does produce antibodies and 
cytotoxic responses, so lymphocyte commu¬ 
nication is not affected. 244 

The most characteristic pathologic fea¬ 
tures of PMWS are lymphocyte depletion 
and granulomatous infiltration of lymphoid 
tissues. PCV2 alone induces cell prolifera¬ 
tion, cell fusion, and chemokine expression 
in swine monocytic cells in vitro 245 and 
therefore may be capable of causing granulo¬ 
matous inflammation unaided by other 
pathogens. There is a subcellular immunolo- 
calization of PCV2 in lymph nodes from pigs 
with PMWS. PCV2 has been detected exclu¬ 
sively in histiocytes. The endoplasmic reticu¬ 
lum was dilated, and the mitochondria were 
swollen, associated with PCV2-labeled intra- 
cytoplasmic inclusions with recognizable 
virions. 246 There is a close relationship 
between the PCV2 and the mitochondria, 
which may suggest that the mitochondria 
may be involved in replication. It is likely that 
lymphocyte cell populations support the 
initial PCV2 replication. 247 

PCV2 induces apoptosis both in vitro 
and in vivo. 248 ' 251 PCV2-induced apoptosis 
involves activating both the caspase-8 and 
caspase-3 pathways and a variety of other 
pathways and factors. 252 ' 255 The regulatory 
role of ASK 1 in PCV2-induced apoptosis 
has been described. 256 

Apoptosis is increased following PCV2 
infection under certain stimulation condi¬ 
tions, and the rate of replication increases 
with the cell stimulation. This same study 
suggests that there may be a specific stimula¬ 
tion or trigger for increased viral replication 
that is independent of cell proliferation/ 

PCV2a and PCV2b coinfection adminis¬ 
tered 35 days apart is not sufficient to induce 
clinical disease. Experimental infection of 
conventional SPF pigs with PCV2 results in 
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persistent viral infection despite the presence 
of high levels of PCV2 antibodies without 
the presence of clinical disease. 258 

PCV2 induces a procoagulant state in 
naturally infected swine and in cultured epi¬ 
thelial cells. 259 

In some studies, vascular disorders have 
been highlighted. Animals in Brazil were 
found to have blood hypercoagulation, 
petechiae, and vasculitis associated with 
lymph node atrophy and organ failure. 
Widespread petechiae have also been 
reported in kidneys. 249 The presence of PCV2 
antigen has been revealed in lymphatics and 
blood vessels with severe degeneration of the 
endothelial cells of the blood vessel thrombi 
and vasculitis associated with organ necrosis 
and ischemia. 260 In another study, the activa¬ 
tion of the hemostatic system was high¬ 
lighted, with PCV2 being shown to modulate 
the swine hemostasis. 259 Plasma coagulation 
times were diminished, which points to the 
activation of coagulation systems in PCV2- 
affected animals. Fibrinogen was lower in the 
PCV2 group, and fibrinogen was found 
in the brain vasculature. 261 PCV2-affected 
animals had lower platelet counts. The plate¬ 
let function was 40% higher in the PCV2- 
affected animals, and this implies a likely 
prothrombic state. Thrombin plasma activity 
was also increased. The occurrence of PCV2 
antigen in the vascular endothelium and the 
precoagulant state suggests an activation of 
the endothelium. 262 In one study, 259 PCV2- 
infected cells had higher viral loads. How 
PCV2 causes lymphadenopathy has yet to be 
elucidated. 

Host-Virus Interactions 

Because of its very small size, PCV2 relies 
entirely on the host for completing its life 
cycle. Several porcine proteins have been 
identified. 53 ’ 261 ’ 263 

Cytokine Studies 

Immune gene expression profiles in swine 
inguinal lymph nodes with different viral 
loads of PCV2 support a close interaction 
between immune activation and suppression 
of PMWS development. 264 

There are many in vitro studies on the 
immunomodulatory effects of PCV2 on lym¬ 
phoid cells. It can suppress the release of 
some cytokines and stimulate the release of 
other proinflammatory cytokines. 

The PCV2 genome as a whole was 
found to induce IFN-a in culture of mono¬ 
cytes and may help in immune-evasion 
mechanisms. 265 

Proinflammatory cytokines (IL-8, TNF- 
a, and IL-iP) and immune (IFN-y, IL-10) 
cytokines were evaluated in PCV2-vaccinated 
and unvaccinated pigs exposed to natural 
PCV2 infection. PMWS-affected animals 
were not able to mount an efficient innate 
proinflammatory response to cope with 
PCV2 infection because there were low levels 
of 11-8, TNF-a, IL-1 (3, and IFN-y. Conversely, 


there was a high expression of 11-8, TNF-a, 
and IL-ip in the vaccinated group. A signifi¬ 
cant increase of 11-10 occurred in the early 
phase of infection in the PMWS-infected 
animals, whereas vaccinated pigs had low 
viremia and absence of PMWS and had a 
more stable IFN-y response. 266 

Studies in vitro have shown that in 
PBMCs and macrophages from PMWS pigs, 
there were reduced antiviral activities and an 
increase in proinflammatory cytokines (II- 
1(3 and 11-8 expressions). Peripheral blood 
monocytes from PMWS-affected pigs are 
less able to produce 112, IL-4, and IFN-y upon 
challenge and are able to produce IL-10 after 
stimulation with recall viral antigens. Differ¬ 
ent components of PCV2 have been shown 
to play an important role in the modulation 
of the in vitro responses by PBMCs. 267 IFN-y 
is up-regulated in the tonsils. PCV2-induced 
IL-10 may participate in down-regulation of 
specific responses through the inhibition of 
IFN-y, IFN-a, and 11-12. PCV2 induced pro¬ 
duction of IL-10 (immunosuppressive), and 
when this was neutralized, a clear increase in 
IL-12 was noted. 268 These effects are inde¬ 
pendent of viral replication. The PCV2 
capsid does not influence dendritic or mono¬ 
cytic responses, although the viral DNA 
does. 268 

These studies suggest that DNA sequences 
may be found in the genome that modify DC 
function. The immunosuppressive compo¬ 
nent is strongest in the whole genome or the 
circular replicative form. The full-length 
genome induced a clear suppression of 
IFN-a in responses in a dose-dependent 
manner. 269 

In addition, PCV2 is able to inhibit 
IL-2 through an Il-10-independent 
mechanism. 268 

Swine alveolar macrophages show 
reduced microbicidal activity, with a decrease 
in the production of 0 2 free radicals and 
H 2 0 2 and an increased production of TNF- 
a, 11-8, and other factors. 2 ' 0 

In vitro data indicate that PMWS-affected 
animals also show elevated serum 11-10 
levels; subclinically, PCV2-infected pigs 
develop transient IL-10 PCV2-specific 
responses during the viremic phase of the 
infection. 271 

In pigs suffering from PMWS, mRNA 
expression levels of II-la and IL-10 increase, 
whereas levels of 11-2, IL-8, TNF-a , and 
IFN-y decrease. 

Increased levels of IL-10 in the thymus 
were associated with the thymic depletion 
and atrophy that is observed in PMWS pigs. 
11-10 was elevated from 10 to 14 days in 
experimentally infected pigs that subse¬ 
quently developed PMWS. 272 11-10, IL-12p40 
in the spleen, IL-4 in the tonsils, and 11-10, 
Il-12p40 and IL-4 in the lymph nodes were 
detected in PMWS pigs. 2 ' 1 Increased levels of 
11-10 in PCV2-infected pigs are responsible 
for the depression of the Thl responses in the 
peripheral blood monocytes of the infected 


pigs. PCV-2-induced IL-10 leads to impaired 
IFN and antigen-recalled responses to pseu¬ 
dorabies immunized animals. 

The IL-10 elevated expression is common 
in PCV2 infections—in the thymus, 2 " 
lymph nodes, spleen, and tonsil 2 "—and is 
mainly located in T-cell areas. 11-10 was 
increased in PMWS-affected pigs 274 and was 
mainly associated with CD163+, CD4+, and 
CD8+ cell populations in the spleen. IL-1 is 
expressed at higher levels by bystander cells 
than by PCV2-infected cells, suggesting that 
11-10 production is the result of paracrine 
action. 273,274 In a pig suffering from intersti¬ 
tial pneumonia, elevated 11-10 and 11-8 
mRNA would be expected, and this is what 
was shown in a pig with PCV2-associated 
respiratory disease. 100 

A variety of substances that are proin¬ 
flammatory cytokines are also up-regulated, 
including TNF-a, macrophage inflamma¬ 
tory protein, and C-reactive proteins. 2 ' 2 

In pigs, the main acute-phase proteins 
(APPs) are CRP, SAA, Pig-MAP, haptoglo¬ 
bin, and AGP. In PMWS-affected pigs, the 
concentrations of Pig-MAP, C- reactive 
protein, and serum amyloid in infected 
animals were increased at 14 and 21 days 
postinfection. 275 

In a study of the spleen in PMWS-affected 
animals it was found the CD163+, CD4+, 
and CD8+ cell produced 11-10 in the spleen, 
and 11-10+ cell numbers were higher in 
PMWS animals compared with their levels in 
healthy counterparts. IL-10-producing cells 
were not infected by PCV2 and were mainly 
localized in the periarteriolar lymphoid 
sheaths. 274 

Interferons 

The immune response produced by many 
PCV2 components varies with the cell 
type. Infection of natural IFN-producing 
cells may prevent the maturation of dendritic 
cells. 276 

An interferon-stimulated response 
element (ISRE) sequence was found in the in 
the PCV2 genome, which influences the 
interferon-mediated enhancement of PCV2 
replication in vitro and may play a role in 
virus pathogenesis in pigs. 194,277 

In a study of cell-mediated immunity to 
PCV2 in CD/CD piglets, it was shown that 
viral clearance might be mediated by the 
development of PCV2 IFN-y-secreting cells 
in contribution to the PCV2-specific neu¬ 
tralizing antibodies. 2 ' 8 

IMMUNITY 

In an infected but nonclinically diseased 
animal, PCV2 may exist with the host by 
undergoing minimal replication, inducing a 
limited but balanced Thl/Th2 response, and 
a trigger then sets disease in operation. 

Clinical PMWS was preceded by low 
levels of serum antibodies and a high load of 
PCV2 but did not develop in all such 
animals. 279 





The interaction with the host immune 
system is the key to PCV2 infections and the 
development of PMWS. It was originally 
thought that it required cofactors to produce 
PMWS, but now it is known that it can 
produce PMWS on its own. 

In affected piglets there is a lymphoid 
depletion, leucopenia, and destruction of 
lymphoid follicles. The absolute numbers of 
total T cells, Th cells, cytotoxic T cells, and 
y/S T cells—but not memory/activated T 
cells—decreased after PCV2 infection. 280 
There is a reduction of numbers of interfol- 
licular dendritic cells, interdigitating cells, B 
cells, natural killer (NK) cells, y/8 T cells, 
CD4+, and CD8+ T-lymphocytes and 
reduced expression of high endothelial 
venules, together with an increase in mono¬ 
cytes and granulocytes. The amount of PCV2 
antigen in tissues is directly related to 
the amount of depletion. 281 Coinfection 
with PRRSV increases the immune cell 
depletion. 282 CD4+ and CD8+ T cells are 
important in the response to PCV2 
infection. 244 

PCV2 can persist in dendritic cells 
without affecting their performance, but in 
cells producing interferons, it reduces IFN-a 
and TNF-a production, thereby interfering 
with immune priming. In diseased pigs there 
is a state of activation with higher level and 
earlier expression of MHC-II on T and B 
cells and a higher level of CD25, IL2 receptor 
expression. 281 Both T and B cells are impor¬ 
tant targets for PCV2. 242,247 

IgM antibodies were first detected at 
week 8 PI and reached their highest at week 
12. IgG antibody appeared at week 10, and 
levels were at their highest at week 16, with 
an average titer of 1:3500. Viral load peaked 
at week 10 (7 x 10 7 genomes copy/mL of 
sera) and persisted to adult age (10 5 genomes 
copy/mL of sera). 283 

PCV2 capsid specific antibodies appear 
within 10 to 28 days postinfection, 284 and 
their appearance coincides with a decrease in 
serum viral load 284 ; however, in clinically dis¬ 
eased pigs the level of neutralizing antibody 
is greatly reduced. 284 It is not clear why some 
pigs can remove the infection, whereas 
others succumb to disease. Pigs infected with 
PCV2 appear to mount strong PCV2-specific 
antibody responses. 

In the field, there is a decrease in mater¬ 
nal antibodies from 3 to 11 weeks, and then 
there is an active response around 15 weeks 
that persists for life. Experimental infections 
produce antibodies within 14 days PI and 
neutralizing Abs at about 21 days PI. 

Antibodies particularly IgM Abs, may be 
lower in pigs with PMWS. The IgM is not 
neutralizing but indicates an infection. 284 
Increased levels of IL-10 lead to a high ratio 
of IgG to IgM. 2 1 

There is a strong correlation between 
antibody titers and protection. 285,286 

High PCV2 antibody levels in sows at 
parturition did not prevent early PCV2 
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infection and viremia in piglets from the first 
day of life or peripartum maternal viremia 
and virus shedding into the lacteal secretions. 
Vertical transmission of PC V2 could generate 
PCV2 seropositivity in viable piglets even on 
farms with no signs of reproductive failures 

Lack of antibody protection against 
PCV2 and PPV in naturally infected dams 
and their offspring has been shown. 288 After 
ingesting colostrum, piglets from vaccinated 
sows had significantly higher numbers of 
PCV2-specific gamma-interferon-producing 
cells, an increased PCV2-specific delayed- 
type hypersensitivity response, and a stron¬ 
ger proliferative response of peripheral blood 
mononuclear cells compared with piglets 
from nonvaccinated sows. 289 This is the first 
report of a transfer of a maternally derived 
adaptive cellular immune responses from 
vaccinated dams to their offspring. 

The PCV2 Cap and Rep proteins are 
involved in the development of cell-mediated 
immunity upon PCV2 infection. In the 
course of subclinical infection, the develop¬ 
ment of and the strength of these responses 
may be related to the level of PCV2 
replication. 290 

The T-helper type 2 response primarily 
stimulates B-cell proliferation and specific 
antibody formation. This humoral response 
is largely regulated by the secretion of IL-4, 
IL-5, IL-10, and IL-13 by T-helper type 2 
cells. The interleukins were up-regulated dif¬ 
ferently in different lymph nodes and periph¬ 
eral blood mononuclear cells. 291 

Pigs with high neutralizing antibody 
levels and high IFN-y responses showed the 
lowest levels of viral replication, whereas pigs 
with weak or nil responses had the highest 
levels of replication. The levels of NA could 
be correlated with the clinical status of the 
pig and the viral load. 284 

NECROPSY FINDINGS 

Not all pigs with PCV2 infection develop 
PMWS. PMWS incidence is highest where 
there is coinfection. Lymph nodes in affected 
pigs had the highest levels of viral load, but 
there was no significant difference between 
lesion severity and the viral load in these 
structures. There was no difference in the 
viral load in inguinal lymph nodes with or 
without PMWS, but in the former, the lesions 

292 

were more severe. 

Gross Pathology 
Fetal Pathology 

PCV1 can, when used to experimentally, 
infect midgestational porcine fetuses, repli¬ 
cate, and produce pathology (severe hemor¬ 
rhages in the lung) in the fetuses inoculated 
at 55 days of gestation. 293 

There are increased numbers of mummi¬ 
fied and stillborn fetuses. The mummified 
can be as small as 6 to 7 cm. 154 Frequently, 
gross lesions are not seen at all. If lesions are 
seen, they are generally associated with myo¬ 
cardial failure. 


Generally, in a fetus the lesions are found 
in the cardiovascular system, particularly the 
heart. Myocardiocytes may be degenerate, 
necrotic, or lost and replaced by fibrous con¬ 
nective tissue. There is often abundant PCV2 
antigen in these lesions. 

Dilated cardiomyopathy, pulmonary 
edema, hepatomegaly with congestion in an 
accentuated lobular pattern, hydrothorax, 
ascites, and subcutaneous edema are also 
seen. 154 Sometimes there is lymphadenopa- 
thy, 18 thymic atrophy, perirenal edema, 18,154 
mesocolic edema, 154,294 and cerebral and 
splenic petechiation. 18,154 

Microscopically, there are often lesions in 
the myocardium in mummified, stillborn, 
and weak live-born piglets. 154 The myocar¬ 
diocytes are often necrotic, degenerate, or 
lost, and are replaced by fibrous tissue and 
mineralization with inflammatory cells, 
including macrophages, plasma cells, and 
multinucleated giant cells. Occasionally, 
there are inclusion bodies. 54,294 Sometimes, 
lesions may include interstitial pneumonia, 
bronchopneumonia, and hepatic congestion 
with hepatocellular loss; nonsuppurative 
hepatitis with periacinar necrosis; and lymph 
node and splenic lymphocyte depletion with 
occasional multinucleated cells or lymph 
node follicular hyperplasia. 

Myocarditis with high viral load of PCV2 
in several tissues in cases of fetal death and 
high mortality in piglets has been described. 150 
A high load of PCV2 DNA was observed in 
the myocardium, liver, and spleen from 
mummified or stillborn piglets. 

Pathology in Piglets and Pigs 

In some cases all lymph nodes are affected, 
but in others only a few; thus, a range of 
nodes is essential in any postmortem 
examination. 

Necrotizing lymphadenitis associated 
with PCV2 infection has been character¬ 
ized. 251 The pathogenesis of the lesion has 
been linked to apoptosis induced by PCV2. 
Lymphoid necrosis in PMWS-affected pigs 
may be related to hypertrophy and hyperpla¬ 
sia of high endothelial venules. Necrotizing 
lymphadenitis may develop following vascu¬ 
lar damage, with thrombosis and subsequent 
follicular necrosis. 

A reactive hyperplastic lymphadenopa- 
thy was shown in submaxillary lymph nodes 
with granulomatous lymphadenitis and 
necrotic foci. 295 

Based on the necropsy of three unthrifty 
pigs from all herds in a case-control study, 
approximately 78% had PMWS in the case 
herds and 26% in the control herd. 296 

Postmortem examination may reveal the 
following: 

• Lesions in the liver, which are often 
yellowish-orange, indicating jaundice, 
with mild to moderate mottling; wasting 
is often seen. 

• Noncollapsed lungs that are rubbery, 
with pronounced grayish nodules; 
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in some cases, there may be 
pulmonary edema, pleurisy, and 
pneumonia. 

• Swollen, pale, homogeneous lymph 
nodes, particularly the inguinal, 
mesenteric, and tracheobronchial 

• Thymic atrophy 

• In the kidneys, there may be either no 
lesions or scattered white foci visible on 
the subcapsular surface and edema of 
the peripelvic connective tissue. 
Interstitial nephritis lesions were 
classified into three groups: 
lymphoplasmacytic, tubulointerstitial, or 
lymphohistiocytic to granulomatous and 
mixed patterns. 295 

• There may be limb edema and 
hemorrhagic joint fluid, and the spleen 
may be enlarged, meaty, and 
noncongested. 

• The classical blue/purple skin lesions of 
PDNS may be a feature. 

• There may be gastric ulcers and 
enteritis, with fluid-filled, thin-walled 
sections of the lower intestine, 
particularly the ileum and the spiral 
colon, with occasional edema of the 
cecal wall. 

Mid- to late-term abortions may be seen, 
with affected fetuses showing necrotizing 
myocarditis and the presence of PCV2 
antigen in cardiac tissues. Pathologic and 
virologic findings have been described in 
midgestational fetuses after experimental 
inoculation with PCV2a or PCV2b. 293 At 21 
days PI 11/12, were edematous and had dis¬ 
tended abdomens, and 1/12 looked normal. 
All PCV2-inoculated fetuses had internal 
hemorrhages and congestion and an enlarged 
liver. High PCV2 titers were found in all 
tissues, especially the heart, spleen, and liver. 
High numbers of infected cells were seen in 
the heart. The 2a and 2b types produced 
similar lesions and replicated to similar titers 
in the organs of 55-day-old immuno- 
incompetent pig fetuses. 

Acute enteritis may be seen in otherwise 
normal pigs. In the early cases, particularly 
in the United Kingdom and Spain, porcine 
dermatitis and nephropathy syndrome was a 
feature and closely resembled African or 
classical swine fever cases. It was not common 
but was associated with a high mortality. 
There were coalescing red to purple skin 
lesions, particularly over the perineal region; 
glomerular and interstitial nephritis; vascu¬ 
litis; and deposition of immune complexes in 
the kidneys. In the cases with brain and cord 
lesions described, 297 there was hemorrhage 
on the cut surface, as multifocal to coalescent 
areas of hemorrhage extending from the 
cervical to the lumbar region. Brain lesions 
in pigs affected with PMWS have been 
described. 298 They included cerebellar mul¬ 
tiple hemorrhages and edema, which were 
microscopically associated with mononu¬ 
clear vasculitis in the molecular zone of the 
cerebellum; hypertrophied endothelium; 


and perivascular lymphohistiocytic infiltrate 
with deposits of fibrin. 

An acute pulmonary edema was described 
in the Midwest of the United States. The pigs 
were found dead without previous signs and 
had clear fluid in the thoracic cavity and dif¬ 
fusely heavy and wet lungs with moderate 
to severe expansion of interlobular septae. 
Histopathology revealed the edema and 
also a diffuse interstitial pneumonia. There 
was often a fibrinoid necrosis of the blood 
vessel walls. 299 

Histopathology 

PCV2 has been associated with primarily 
PMWS and PDNS, proliferative and necro¬ 
tizing pneumonia, cerebellar vasculitis, 249 
granulomatous enteritis, reproductive failure 
with abortion and premature farrowing, neo¬ 
natal losses with tremor, and myocarditis. 

The major histopathologic lesions in 
PCV2 diseases are lymphoid, with a deple¬ 
tion of T and B-lymphocytes. There should 
be PCV2 antigen in moderate to large 
amounts in the lymphoid tissues. This lym¬ 
phocyte depletion is the result of a combina¬ 
tion of factors, including destruction of 
lymphoid architecture, apoptosis, and cell 
lysis induced by PCV2 infection. 300 The main 
cellular changes are a decrease in follicular 
DCs, interdigitating cells, interfollicular 
lymphocytes, and B cells. Typical micro¬ 
scopic findings in lymph nodes include lym¬ 
phocyte depletion, histiocytic infiltrations, 
and occurrence of multinucleated giant cells. 
There are losses of both B cells and T cells. 
There is a loss of lymph node architecture. 
These may be atrophic or necrotizing. Occa¬ 
sionally basophilic intracytoplasmic inclu¬ 
sions are found in the B-cell-dependent 
areas. Necrotizing lymphadenitis, interstitial 
nephritis, and interstitial pneumonia may 
also be found. 

Lesions in the liver may include those 
such as infectious hepatitis and apoptosis. 248 
There is often lymphohistiocytic infiltration 
of the portal areas, with occasional atrophy 
of the bile duct epithelium. Single-cell necro¬ 
sis may be seen. In late stages there may be 
hepatocyte swelling and karyomegaly. 

PCV2 inclusion bodies have been found 
in pulmonary (bronchial and bronchial glan¬ 
dular) and renal epithelial cells, 301 but 
pathologist experience suggests that these 
are now much less frequent than when the 
disease first occurred. 

CNS lesions in PCV2 infections are rare 
but if found are usually in the brain and are 
usually found in the cerebellum. 249,302 In the 
Zlotowski cases, there was a moderate lym¬ 
phohistiocytic vasculitis with thrombosis 
and marked mural fibrinoid degeneration 
with perivascular edema in meninges and 
parenchyma. Marked Wallerian degenera¬ 
tion and occasional Gitter cells were seen in 
the white matter of the cord. In animals 
experimentally inoculated with PCV2b, vas¬ 
culitis was a hallmark of the lesions. 303 Two 


cases of nonsuppurative encephalitis were 
attributed to PCV2 infection by virtue of ISH 
when viral nucleic acid was found in the 
mesencephalon, cerebellum, and medulla 
oblongata, mainly in the cytoplasm of mac¬ 
rophages, endothelial cells, and some glial 
cells, and real-time PCR detected PCV2 in 
the brain samples from seven other pigs. 304 
In natural cases of PCV2 infection there may 
be interstitial nephritis, tubulointerstitial 
nephritis, and granulomatous or lympho¬ 
plasmacytic nephritis. Lesions are often asso¬ 
ciated with PCV2 antigen. The renal lesions 
tend to occur later on in PCV2 infections. 
Renal tubular necrosis and interstitial hem¬ 
orrhage (“turkey-egg kidney”) have been 
seen in a PCV2-infected Yorkshire cross 
pig. 305 There was edema and petechiation of 
both kidneys, with renal tubular epithelial 
necrosis with extensive interstitial edema, 
and hemorrhage and inclusions in renal 
tubular epithelium. PCV2 was readily identi¬ 
fied within these lesions. In the lungs, there 
may be interstitial pneumonia, lympho¬ 
histiocytic infiltration in the interstitium, 
granulomatous inflammation with syncytia, 
epithelial airway destruction, and bronchiol¬ 
itis obliterans. There may be peribronchiolar 
fibrous hyperplasia, often with PCV2 antigen. 
Association of PCV2 with vascular lesions in 
porcine pneumonia has been seen in PCV2- 
infected lungs in Hungarian swine, particu¬ 
larly type 2b infections. 306 Vascular lesions 
are often reported in PCV2-affected pigs in 
the form of distension of interlobular septae 
with edema and fibrinoid necrosis. In the 
heart, the PCV2 antigen is associated with 
the myocyte swelling or necrosis. 

Lesions in the sow’s reproductive tract or 
the boars reproductive tract are rarely 
reported. 

Granulomatous enteritis may be seen 
with inclusion bodies in the Peyer’s patches. 
There may be lymphohistiocytic infiltration 
of the gastric, cecal, and colonic mucosa. 
There may also be sloughing of crypt or glan¬ 
dular epithelium. There may be dilation of 
lymphatics. The pancreas may show areas of 
acinar epithelial atrophy and lymphoid 
aggregates in the interstitial regions. 

The liver may show inflammatory and 
apoptotic changes with mononuclear cell 
infiltration in the parenchyma. Hepatitis 
may be seen. Singular 2a and 2b infection 
results in apoptosis of hepatocytes in clini¬ 
cally affected gnotobiotic pigs. 250 There were 
higher amounts of PCV2 antigen in clinically 
affected pigs. 

Porcine Dermatitis and 
Nephropathy Syndrome 

Porcine dermatitis and nephropathy syn¬ 
drome (PDNS) is characterized by systemic 
vasculitis and glomerulonephritis affecting 
pigs of 20 to 65 kg. It is often solely associ¬ 
ated with the occurrence of Pasteurella as a 
specific condition known in the United 
Kingdom as sporadic PDNS before the onset 





of the condition associated with PCV2. It has 
been seen in pigs, from 5-week-old nursery 
pigs to 9-month-old gilts. The affected 
animals are usually afebrile, anorectic, and 
depressed and show ventrocaudal subcuta¬ 
neous edema. The course of the disease is 
rapid, and most pigs die within 3 days of the 
onset of clinical signs. This condition is now 
regarded as being part of the PCVAD 
complex. 

Except in the condition of PDNS, PCV2 
is rarely found in the skin of the pig, except 
in ear necrosis, as mentioned earlier. 

Ultrastructural Changes 

The ultrastructural changes in lymph nodes 
suffering from PMWS showed swelling of 
histiocytes, proliferation of mitochondria, 
and proliferation and swelling of endoplas¬ 
mic reticulum and Golgi complex. Infected 
histiocytes contained large numbers of 
intracytoplasmic inclusions.’ 1 ' Lymphocyte 
depletion was a striking feature. Viral repli¬ 
cation is probably a frequent event in 
macrophages. 

CLINICAL SIGNS 

PCV2 infection is widespread worldwide, 105 
but clinical PCVAD is only seen in a minor¬ 
ity of pigs. Subclinical infection is the normal 
occurrence in PCV2 infection, but it may be 
associated with decreased vaccine efficacy. 162 
Clinical signs of PMWS were only visible in 
pigs 1 to 2 weeks before death, when they 
wasted rapidly. There were no other charac¬ 
teristic clinical signs and no obvious gross 
lesions at postmortem. PCV2 antigen level 
was higher from 4 to 6 weeks of age in pigs 
that died from other causes. 308 When it first 
occurred, it was seen a classical PMWS in 
weaners with a high mortality but now seems 
to be a more chronic disease associated with 
finishers with nonspecific signs (unthrifty, 
increase in mortality, decreased productivity, 
and increased disease from concurrent infec¬ 
tions) in both the United States and Europe. 

The first 41 cases in Denmark showed an 
average postweaning mortality of 11% in the 
nursery (7-30 kg), with comparable figures 
in other countries. 

PCV2 is suspected to be associated with 
other diseases, such as PRDC, reproductive 
disorders, PDNS, and congenital tremor. 

During their lives, most pigs will get 
PCV2, will seroconvert, and will never show 
any signs of the disease. It can also be recov¬ 
ered from healthy units that have never had 
any disease incidents. 

PMWS most commonly affects pigs from 
60 to 120 days of age at the end of the nursery 
phase or the beginning of the finishing 
phase. 

The age at which the disease occurs is 
similar in Spain, but no pigs under 4 weeks 
have been affected, and the maximum age 
was 6 months. 309 A study of fattening pigs in 
the Netherlands with respiratory disease but 
no signs of PMWS looked at the contribution 
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of PCV2. Eight herds had a high percentage 
of pneumonia at slaughter, and eight had a 
low percentage of pneumonia at slaughter. 
High PCV2 viral loads were found in 58% of 
the high group but only in 29% of the low 
group. High loads were found more fre¬ 
quently with other pathogens in the high 
group. 310 The study confirmed that PCV2 
plays a role in pneumonia in pleurisy in pigs 
from 10 to 24 weeks in herds with PMWS 
and in herds with no clinical signs of PMWS. 

The PCV2 genome plasticity is a major 
contributing factor to the PMWS disease 
manifestation. 68 Piglets of 5 to 12 weeks are 
most commonly affected, but occurrence of 
signs 5 to 16 weeks is not unknown. In the 
initial cases the condition affected the 
nursery pigs, but now more finishing pigs are 
reported with the signs. Pigs under 5 weeks 
are probably protected by maternal antibody, 
and the lowest levels of antibody are usually 
around 7 weeks under natural conditions. 
Infection levels peak at around the same age 
as the peak of PMWS outbreaks (12-13 
weeks of age) and then decrease progres¬ 
sively following seroconversion. 118 The incu¬ 
bation period is thought to be 7 to 28 days. 

The clinical signs are highly variable and 
are said to be multisystemic, which is their 
main characteristic. Some farms had high 
morbidity, mainly in weaners and others in 
the finishing pigs. 311 Mortality may be high. 07 
Morbidity may be high or low, and only a 
small proportion may actually develop clini¬ 
cal signs (5% to 30%). 2 

There is a blurred border between PCV2 
systemic disease and PRDC, and it is prob¬ 
able that PCV2 lung disease is a negligible 
condition and that PCV2 mainly contributes 
to PRDC in relation to PCV2 systemic 
disease occurrence. 312 There may be fever. 
Other signs may include weight loss; wasting 
is the extreme effect, but reduced weight gain 
is now typical. This is a frequent occurrence. 
In a case-control study in Denmark, affected 
weaners had a lower weight gain of 36 g/day 
and finishers of 52 g/day. 296 Feed utilization 
is also reduced, with an increased daily gain- 
to-feed value (396 g/kg of feed in vaccinated 
pigs) compared with 390 g/kg of feed in 
unvaccinated animals. 313 Respiratory dys¬ 
function, including dyspnea, is also a fre¬ 
quent occurrence. Enlargement of superficial 
lymph nodes, particularly the superficial 
inguinal, which is not palpable in normal 
healthy animals, is a frequent occurrence. 
Antibiotic usage is increased with PMWS 
when comparing usage before an outbreak to 
that until a year after the outbreak. 314,315 
Anemia or pallor is often present. Diarrhea 
is often present. Jaundice may occur but is 
not frequent. Generalized depletion of lym¬ 
phocytes and secondary infections with 
opportunist and secondary infections are a 
feature. Necrotizing dermatitis and renal 
failure 316 may also occur. 

Reproductive failure is a feature in 
breeding units. 31 ' The authors think there 


is a distinction between PCV2-associated 
reproductive failure and subclinical PCV2 in 
utero infection. For the diagnosis of PCV2- 
associated reproductive failure the following 
must be confirmed: 

1. Clinical signs, which include early 
termination of pregnancy and increased 
numbers of mummified fetuses, 
stillborn, or weak-born pigs 

2. Microscopic lesions within fetal tissues 

3. PCV2 antigen or DNA within fetal 
tissues 

Subclinical infection in utero is identified 
by the detection of PCV2 DNA or antibodies 
in fetal tissues, presuckle serum, or fetal tho¬ 
racic fluid. Some piglets were found to be 
infected with both PCV2a and PCV2b. 135 A 
high level of reproductive losses was seen in 
a herd in Japan, 318 where there were 48.8% 
stillborn piglets and 14.5% preweaning mor¬ 
tality rate; the problem was rapidly solved 
after vaccination. 

PCV2 infection in pregnant sows was 
reproduced using isolates from reproductive 
failure 319 and in naive sows inseminated with 
semen contaminated with a PCV2b virus. 154 
Any PCV2 isolate is capable of causing 
PCV2-associated reproductive failure. PPV 
has been recognized in fetal tissues, 294,320,321 
as have PRRSV, 294 PCV1, 294 porcine TTV 
viruses, 322 and E. coli. 19i 

Reproductive failure often occurs in gilts 
and start-up herds and is probably a reflec¬ 
tion of seronegative populations. 150,323 ' 325 

Homologous anti-PCV2 antibodies are 
at least partially protective for in utero 
PCV2 infection and the development of 
reproductive failure. 133,159 Abortion is not a 
major feature. The PCV2 virus is capable of 
infecting and damaging embryos in early 
pregnancy, leading to failure or reduction 
in litter size. In later gestation, damage to 
the fetus may result in stillbirth, mummifi¬ 
cation, embryonic death and infertility 
(SMEDI), mainly in primiparous sows, 326 
and a potential return to estrus. 44 The most 
consistent feature of PCV2 infection in 
sows is stillbirth or mummified fetuses. 
Pyrexia and anorexia are often features of 
aborting sows. Delayed farrowing may 
also be seen. In a recent outbreak of 
PCV2-associated reproductive failure, gilt 
displayed pneumonia, diarrhea, and 
wasting. 324 

Paralysis in pigs with a spinal cord injury 
has been described’ 1 ' in Brazil. 

Clinical signs are not usually seen in 
boars. In Poland, a reduction in ear necrosis 
was noted after a vaccination program for 
PCV2 was started. 328 

A clinical syndrome that affected healthy 
nursery and younger finisher pigs in the 
Midwest of the United States has been 
described in PCV2-vaccinated herds. Mor¬ 
tality reached 20% in some affected groups. 
Clinical signs included the rapid onset of 
respiratory distress followed almost immedi¬ 
ately by death. 329 
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Chapter 21 


Systemic and Multi-Organ Diseases 


One of the most important aspects of 
PCV2 infection is that vaccination using the 
Lapinized Philippines Coronel (LPC) vaccine 
was shown to have an effect in decreasing the 
efficacy of the vaccine. The level of neutral¬ 
izing antibodies produced and the presence 
of lymphocyte subsets were reduced by the 
PCV2. 330 

CLINICAL PATHOLOGY 

Acute-phase proteins are synthesized mainly 
by the liver and are used as biomarkers of 
diseases for diagnosis and prognosis. 331 ' 333 
They are under the control of cytokines that 
are released during the inflammatory 
process. IL-6 and IL-1 type cytokines that are 
produced mainly by macrophages and 
monocytes (IL-la, IL-1 (3, IL-6, TNF-a, and 
IFN-y) appear to be the major regulators. 334 
It is controlled largely at the level of tran¬ 
scription. The regulators include NF-kB and 
the STAT proteins. 

In the blood there is a reduction of both 
B cells and all T-cell subpopulations (naive 
Th, activated Th, Tc, and gammadelta cells 
and also NK cells). In the 14 days postinfec¬ 
tion with PCV2, there is a decrease of leuko¬ 
cytes, followed by an increase in neutrophils 
7 to 14 days later. No changes in circulating 
monocytes, basophils, and eosinophils were 
detected. 335 

The major acute-phase protein (MAP) 
and haptoglobin serum concentrations cor¬ 
relate with PCV2 viremia and the clinical 
course of PMWS. 336 There was a significant 
correlation between PCV2 loads and both 
MAP and haptoglobin concentrations in 
serum of PMWS-affected pigs. 

Diagnosis 

Diagnosis of systemic PCVAD requires the 
presence of microscopic lesions and detec¬ 
tion of PCV2 antigen or nucleic acids associ¬ 
ated with the microscopic lesions. This is 
achieved using IHC or ISH. The ISH stain 
may be easier to read with more stained 
cells. 337 

Diagnosis of fetal infection on clinical 
signs is impossible to differentiate from other 
infections and effects of management 
changes. Sows with PCV2 infection fre¬ 
quently have no signs, are usually seroposi¬ 
tive, and can be viremic or nonviremic. 157 
Sampling of four to six fetuses per litter 
is recommended. Immunohistochemistry 
(IHC) and in-situ hybridization (ISH) are 
the gold standard for detection of antigen in 
the myocardium. DNA can be detected by 
PCRin the heart, liver, kidney, spleen, lymph 
node, and brain. Liver and myocardium have 
the highest amounts of DNA. Myocardium, 
liver, and splenic tissues were positive for 
PCV2 DNA in all live-born piglets. 279 The 
DNA extraction method has an important 
role in the usefulness of PCV2 quantification 
in swine lymph nodes, 338 and it casts doubt 
on comparable results unless the extraction 
methods are comparable. Laboratories in 


North America have been compared, and it 
has been shown that there are considerable 
differences in their detection limits and 
quantification. 339 

In utero infection can also be diagnosed 
by demonstrating ABs in fetal or live-born 
presuckle piglets using an ELISA. 135,340 
Fluorescent antibody and IPMA have also 
been used. 

Virus isolation is more difficult, but 
PCV2 can be isolated from most fetal tissues, 
particularly the myocardium. 

Piglets from dams with low PCV2 anti¬ 
body titers or with viremia had more 
morbidity and mortality associated with 
PMWS. 119 A protocol for the diagnosis of 
PMWS was developed in Italy. 341 Samples 
were examined histologically first and then 
by IHC for PCV2 when histologic lesions 
were first recognized. The lymphoid tissues 
were more reliable for diagnosis of PMWS 
than lungs. 

Serology 

An immunochromatographic strip for the 
detection of antibodies against PCV2 has 
been described, 342 and it agreed with the 
ELISA in 94% of cases. 

Neither viral load nor antibodies can be 
used for diagnosing herds as PMWS-affected 
pigs or free herds (serology and qPCR are 
used 118,308,343 ) because the diagnostic sensitiv¬ 
ity and specificity are low. 118 

An indirect ELISA using a recombinant 
truncated capsid protein of PCV2 has been 
described as a serodiagnostic assay for detec¬ 
tion of PCV2 antibodies. 344 Histopathology 
plus detection of PCV2 in tissues is neces¬ 
sary for diagnosis in the individual animal. 

The pathogen is ubiquitous, which 
hinders the diagnosis because many pigs are 
infected without clinical signs or have sub- 
clinical infections. To make a diagnosis, the 
following must be present: 

1. Recognizable clinical signs 

2. Moderate to severe histopathologic 

lesions 

3. Moderate amounts of PCV2 antigen in 

the lesions 

During the PCVAD outbreak in Ontario 
from 2004 to 2006, the probability of a posi¬ 
tive PCR for PRRSV decreased. It was con¬ 
cluded that when a decrease in test positivity 
occurred for a known disease, it may suggest 
that a new disease agent is emerging in the 
population. 345 

The diagnosis of PCV2 infection, mostly 
PMWS, is based on the clinical signs of 
the condition in individuals and groups 
of animals and by laboratory detection 
of PCV2. 

In the individual animal, histopathologic 
examination together with viral detection 
in the lymphoid tissue is the definitive 
diagnosis. 118,346 

For herd diagnosis, there is a problem, 
because individuals may have the disease 
although the herd may have good production 


figures. 347 In some herds, 32% may not fulfill 
the diagnostic criteria, 348 or even 55%. 118 In 
these cases there must be (1) a significant 
increase in postweaning mortality and 
wasting and (2) the use of individual diagno¬ 
ses in at least 1/5 of every group 
of animals subjected to postmortem 
examination 

Diagnosis in Boars 

PCV2 is found 5 days after experimental 
infection of boars. Shedding in semen has 
been reported in the absence of viremia. 
Antibodies develop within about 2 weeks of 
infection. Intermittent shedding was contin¬ 
ued over an 8-week observation period, 157,349 
with continuous shedding of the virus for 
90 days. 

Naturally infected boars shed for 27.3 
weeks in a positive boar stud. 127 Peak shed¬ 
ding occurs at around 9 to 20 days. 157,349 

Experimentally infected boars can be 
viremic for at least 90 days, and blood swabs 
can be positive for DNA at least 47 days after 
cell-free viremia was last detected. 15 

The virus DNA can be detected in the 
bulbourethral glands, testes, epididymis, 
prostate, and seminal vesicles. 350 ' 353 Detec¬ 
tion of PCV2 DNA in boar semen is variable 
and depends on age. 127,153,354 Infectivity of 
PCV2 is possible, but because of the low 
amount semen in each dose after extension, 
the virus in each ampule is very low, 
so the risk of infection is low. PCV2 
DNA can be detected using a quantitative 
real-time PCR. 355 

Postmortem examination of one and 
preferably up to five piglets is necessary to 
ascertain the spectrum of gross lesions. 2 

Virus Detection 

Samples should be taken and examined his¬ 
tologically for the presence of characteristic 
PCV2 cytoplasmic inclusion bodies; second, 
IHC should be applied to confirm the PMWS 
cases with positive histochemistry. The 
lymph nodes were more reliable than the 
lungs for the diagnosis of PMWS, both in 
individual pigs and in groups of pigs. 356 
PCV2-DNA was subsequently detected in 
the formalin-fixed lymph nodes by PCR. 357 

Detection of Viral Antigen by 
Immunohistochemistry 

PCV2 antigen was identified by IHC in the 
tissues of 61 % of Danish finishing pigs exam¬ 
ined.” 5 Up to 78% of the pigs had mild 
lymphoid depletion, indistinct follicle devel¬ 
opment, and/or histiocytic infiltration of the 
lymph nodes. But these lesions were not 
associated with PCV2. No association was 
found between lung and kidney lesions and 
the detection of PCV2. Three patterns of 
PCV2 labeling were seen: 

1. Labeling of cells with stellate 

morphology and reticular distribution 

2. Labeling of isolated nonepithelial cells 

3. Epithelial labeling 





PCV2 may interface with FDCs to cause 
depletion of B-lymphocytes. Follicular den¬ 
dritic cells may be a reservoir of infective 
PCV2 in subclinically infected animals or be 
a simple storage site for PCV2 antigen. 

In a study of reproductive failures in 
Danish pigs, it was found that IHC was only 
useful in the diagnosis of reproductive failure 
in the early stages of reproductive failure, 
whereas quantitative PCR can be used over a 
wider time span. 325 

It can also be detected in primary lym¬ 
phoid organs from naturally and experimen¬ 
tally infected pigs by ISH. 359 PCV2 nucleic 
acids and replication were found in bone 
marrow and thymus of PMWS-affected pigs, 
but there was no evidence that primary lym¬ 
phoid organs were major supporters of 
PCV2 replication. 

Multiplex PCR and multiplex RT-PCR 
for inclusive detection of major swine 
DNA and RNA viruses in pigs with multiple 
infections 360 were described as a useful 
combination for the rapid and accurate iden¬ 
tification of major pathogenic viruses with 
multiple infections. 

An indirect in situ PCR for the detection 
of PCV2 in formalin-fixed and paraffin- 
embedded tissue specimens has been 
described 361 and was shown to be a useful 
technique. 

A quantitative PCR for PCV2 in swine 
feces in a PCV2-affected commercial herd 
and a nonaffected commercial herd proved 
useful for the detection of virus shedding. 362 

Quantification of PCV2 was described. 131 
Detection of viral genome by ISH and/or 
PCR is necessary for diagnosis. There is 
considerable variance between labs in the 
qPCR test. 363 ' 364 

A DNA miniarray was devised for the 
simultaneous detection of PC VI and 
PCV2, 365 and a multiplex real-time PCR 
has also been used to differentiate PCVI 
and PCV2. 366 

Many types of real-time in vitro amplifi¬ 
cation techniques’ 1 ’ and real-time PCR 
assays using SYBR Green, 131 TaqMan PCR, 242 
and molecular beacon technology 368 have 
been developed. 

A simultaneous detection of PCV2, CSF, 
PPV, and PRRSV by using multiplex PCR 
was described. 369 It was found to be a rapid, 
sensitive, and cost-effective diagnostic tool 
for the routine surveillance of viral disease in 
pigs. Also, oligo-microarray has been used. 370 

Multiply primed rolling-circle amplifica¬ 
tion (MPRCA) of PCV2 genomes has appli¬ 
cations for detection, sequencing, and virus 
isolation. 371 It was concluded that this is a 
useful tool to amplify PCV2 genomes for 
sequencing and virus isolation. However, it 
is less sensitive than PCR for diagnostic 
purposes. 

A LUX real-time PCR assay has been 
described, 372 which was more specific for the 
generation of fluorogenic signals than the 
SYBR Green PCR. 
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Oral Fluids 

Surveillance methods used in oral fluids have 
been described. 373,374 PCR methods have 
been described for use in porcine fluid oral 
samples. 375 Antibody methods have been 
described for oral fluid samples. 3 ' 6 

CONTROL 

Management may influence the appearance 
of the condition, and the application of the 
Madec principles 3 '' will undoubtedly amelio¬ 
rate the condition. The Madec 20-point plan 
is in fact no more than the rules of good hus¬ 
bandry and pig practice crystallized to make 
control easier. Most people follow some of the 
points, but not the majority or all of the 
points. However, the more that are imple¬ 
mented, the better the control. Essentially, the 
20-point plan recommends the following: 

1. Improvements in hygiene 

2. Minimization of the mixing of pigs 

3. Provision of clean feed, water, and air 

4. Minimization of the stress on pigs 
through overstocking, draughts, poor 
husbandry conditions, and so 
forth 103,188,378 

All-in, all-out by age is particularly sig¬ 
nificant in control of the infection. 

Vaccinating pigs against Mycoplasma 2 
weeks before suspected exposure to PCV2 
will also help. 379 

Serum from pigs recovered from PMWS 
by injection could prevent PMWS in some 
cases, but in other cases it did not work. 380 It 
is not to be recommended for health trans¬ 
mission reasons and is no longer necessary 
now that there is vaccination. 

The absence of an external envelope 
leaves the virus resistant to lipid-dissolving 
disinfectants, but it can be inactivated by 
alkaline disinfectants (sodium hydroxide), 
oxidizing agents (sodium hypochlorite), 
and quaternary ammonium compounds. 381 
Results of a study 120 showed that Virkon S, 
Clorox bleach, and sodium hydroxide were 
the most effective agents for disinfection. 
Disinfection of an airspace could be achieved 
using formaldehyde vapor, assuming optimal 
temperature and humidity. 

Infected boar semen is a possible source 
of infection, so AI centers should use boars 
that are free from infections. 382 

Attention to good nutrition will help, 
and there is some evidence that a seleno¬ 
methionine supplement may help by reduc¬ 
ing PCV2 replication in PK-15 cells (probably 
by enhancing glutathione peroxidase). 383 

Dietary aluminium silicate given to 
experimentally infected pigs produced a sig¬ 
nificant decrease in the load of viral genome 
in nasal swabs, serum, and lung tissue of pigs 
compared with a control group 28 days after 
PCV2 infection. Pigs in the treated group 
also had less severe histopathologic lesions. 384 

In theory, plasma-containing products 
may contain PCV2, but in a recent study, 
piglets fed spray dried plasma containing 
PCV2 DNA did not become infected. 163 


A modeling approach was used to esti¬ 
mate the effects of husbandry and control 
measures on the dynamics of PCV2 infec¬ 
tion, 385 and it was found that early infection 
was significantly reduced when mixing of 
piglets was reduced by avoiding cross- 
fostering and mixing of groups. Sow targeted 
vaccination reduced the infectious process 
until waning of passive immunity. Piglet vac¬ 
cination considerably decreased the force of 
infection. Changing from a low prevalence of 
PCV2-infected semen to a high one signifi¬ 
cantly increased the risk of early infections. 
Reducing replacement rate or changing sow 
housing from individual crates to sow group 
housing had little effect. 

Increased morbidity occurred for an 
extended period before the diagnosis of 
PMWS both in the sow units and the weaner 
pig units, and there was an increased use 
of antibiotics in the third (35%) and 
fourth quarters (43%) before diagnosis 
was made. 314 

After a herd had an outbreak of PMWS 
(PCV2) in Danish herds, the use of antibiot¬ 
ics in the weaners was increased for about 1 
year, and the use of antibiotics before the 
outbreak was 37% higher in herds with 
weaners and 17% higher in herds with finish¬ 
ers in the year compared with herds that did 
not have PMWS. 315 In the 4-year period 
when the incidence of PMWS rose from 
almost zero to 20%, the national use of anti¬ 
biotics increased by 4% to 5%. 

Vaccination 

The relationship between antibody titers and 
protection is unknown, but PMWS-affected 
pigs do show an impaired PCV2 humoral 
response. 

The vaccines were developed to control 
PMWS but are now used for all PCVAD. The 
vaccines have been successful in reducing 
mortality in Europe, Canada, and the United 
States. 0 The vaccines probably work by acti¬ 
vating both humoral and cellular immu¬ 
nity. 386,387 Vaccination of sows does not 
prevent PCV2 infections but reduces the 
viremia. 387,388 The antibody titers do not 
appear to influence the occurrence of disease 
because gilts and sows with high antibody 
titers against PCV2 and PPV presented 
viremia, and fetal exposure during gestation 
occurred in these animals. 

It has been shown that IFN-y- secreting 
cells develop during the adaptive response to 
PCV2 and probably contribute to viral clear¬ 
ance in infected pigs, 389 and CD4+ and CD8+ 
cells contribute to this response. 244 

The efficacy of the five commercial PCV2 
vaccines has been described experimen¬ 
tally, 135,389 ' 394 and studies have been made in 
the field. 395 ' 404 

The Vaccines 

The Vaccines Use Different Adjuvants. 

Circovac (Merial) is an inactivated oil- 
adjuvanted vaccine originally designed for 
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sows (2 ml) and now available in a reduced 
dosage for piglets (0.5 ml). 404 

Four additional vaccines were licensed 
for use in piglets; three are based on ORF2 
capsid protein (main neutralizing epitope) 
expressed in the baculovirus system: Circo- 
flex (Boehringer Ingelheim), Circumvent 
Intrvet (Merck; North America), and Porcilis 
PCV (Schering Plough/Merck; Europe). 

Suvaxyn PCV2 One Dose (Pfizer Animal 
Health/Fort Dodge Animal Flealth) is 
another vaccine but is based on a chimeric 
PCV1/2 virus using the genome of PCV1 
with the ORF2 from PCV2. This was replaced 
using a natural PCV1/PCV2 chimera from 
Canada, 405 and this was relaunched as Fostera 
PCV (Pfizer Animal Health). 

All the commercial vaccines are based 
on PCV2a, which does protect against the 
more common strain of PCV2b, 390 ' 393 which 
appears to be essential for triggering PCV2 
into PVCAD (16/17). 15 ' 406 ' 407 The four com¬ 
mercial vaccines are all killed or recombi¬ 
nant vaccines based on PCV2a, 387 ' 389 ' 399 even 
though PCV2b has now become the globally 
dominant genotype. These vaccines still con¬ 
tinue to provide good protection even 
though PCV2a and PCV2b differ in nucleo¬ 
tides by up tol0%. 54 ' 389 An experimental 2b 
vaccine has also been shown to provide pro¬ 
tection from both 2a and 2b. 389 

Vaccine Effects 

In a study of four vaccines, it has been shown 
that the average daily gain of vaccinated 
animals was much higher than that of 
nonvaccinated animals. There were more 
IFN-y-secreting cells and CD4+ cells in the 
vaccinated animals. The histologic lesions 
and the PCV2-antigen scores in the lymph 
nodes were significantly lower in vaccinated 
animals. 408 

As always with pig farmers, one-dose vac¬ 
cines are preferred to two-dose vaccines. 
One-dose vaccines improve daily gain in the 
field by 16 to 69 g/day from 3 to 19 weeks and 
decrease mortality by 1.9% to 9.3%. PCV2 
vaccines reduce the proportion of viremic 
pigs and the viral load in blood and reduce the 
length of the viremic period in both experi¬ 
mental and field situations. They also reduce 
nasal and fecal shedding of the virus. The 
presence of NA is induced by commercial 
PCV2 vaccines, and there is a decreased rep¬ 
lication of virus correlated with the absence of 
clinical signs. The induced presence of IFN- 
y-secreting cells in vaccinated animals is also 
likely to increase PCV2 clearance. Vaccina¬ 
tion of pigs reduces the number of PMWS- 
associated microscopic lesions and the PCV2 
load in lymphoid tissues compared with non¬ 
vaccinated animals. The vaccines will control 
PMWS under field conditions, but their role 
in protecting against the PCV2 component of 
PRDC is still unknown. 

When the killed vaccines were originally 
introduced in the United Kingdom, it was 
noted that it had the following results: 


• An improved growth rate (7-10 days 
faster to slaughter) 

• A 1% to 5% reduction in nursery 
mortality 

• A 1% to 6% reduction in finisher 
mortality 

• An improvement in numbers weaned/ 
litter by up to 0.5 piglets (sow vaccine), 
with improvements in fertility and litter 
size 

• More even growth within a litter 

• Improvement in fat measurements, 
probably as a result of more rapid 
growth 

Most pigs in commercial production are 
now vaccinated against PCV2 infections. The 
introduction of the sow vaccine was benefi¬ 
cial for the following reasons: 

• Lower cost 

• Lower workload and reduced stress on 
piglets 

• Prevention of in utero infection and 
early fetal death 

• Control of reproductive losses. 

On some farms where disease 
occurs over 10 weeks, the sow vaccina¬ 
tion may not help in prevention, prob¬ 
ably because maternal derived antibody has 
disappeared. 

In the United Kingdom the initial use of 
the piglet vaccines was associated with a 
reduction in mortality of up to 50% and an 
improvement in growth rate of 50 gm/day, 
with most of the increase occurring in the 
finishing stage. 

PCV2 infection may be a factor contrib¬ 
uting to weight variation in vaccinated, 
market pigs. 409 The mean antibody titer, pro¬ 
portion of viremic pigs, and virus load dif¬ 
fered between the light and heavy pigs on 
three different farms. 

Mortality rate reduction with the PCV2 
vaccination might depend on the genetic 
types of PCV2 that occur on the farm. 410 

With a vaccination program in operation, 
there is a large decrease in mortality, a 
reduced viremia, reduced back-fat depth, 
reduced number of culls, a reduced time to 
market, and reduced medication costs when 
vaccinated pigs are compared with unvacci¬ 
nated pigs. 411 ' 418 

PCV2-vaccinated pigs also have a better 
daily gain, a higher percentage of lean meat, 
a better feed conversion, a higher number of 
pigs reaching slaughter, and a higher carcass 

weight. 400 ' 412 ’ 416 ' 418 ' 419 

An early antibody boost was sufficient 
to protect pigs from contracting PVCAD 
before the fattening period and also enhanced 
pigs’ growth 401 and performance in the 
fattening period, although new infections 
were detected as early as 56 days after 
birth (on the basis of PCVC2-specific IgM 
measurements). 

It was shown that sow vaccination, piglet 
vaccination, or vaccination of sow and 
piglet produced similar control of PMWS. 400 
However, decreased mortality in piglets 


before weaning was only observed in the 
piglets from vaccinated sows. 

Sow Compared with Piglet 
Vaccination 

Under field conditions, piglets born to sows 
that are vaccinated have a preweaning weight 
gain. Experimentally vaccinated 8-week-old 
piglets have lower PCV2 loads than those 
receiving passive protection from MDA. 393 ’ 400 
The duration of protection may be 11 to 13 
weeks. 135 ' 396 Sow vaccination is to be used if 
there is a high level of infection before 
weaning, but piglet protection is best to 
ensure that there is active immunization. 

A comparison was made of the effective¬ 
ness of dam (passive) versus piglet (active). 
Immunization and the impact of passively 
derived PCV2 vaccination induced immu¬ 
nity on vaccination. 393 Both dam and piglet 
vaccines had similar efficacy in reducing 
PCV2 viral loads and antigen levels in the 
growing pigs. Vaccination of the piglets with 
the same vaccine as used on their dams did 
not appear to affect the vaccine efficacy 
because they had the same levels of AB and 
genome copies of PCV2 as those receiving 
the piglet vaccine alone. 

Sow Vaccination 

Vaccination of sows appeared to improve 
reproduction in sows and provided protec¬ 
tion for the piglets. 422 

Vaccination of sows before mating is 
designed to protect sows against PCV2 
reproductive disease 423 and also leads to sta¬ 
bilization and homogenization of the PCV2 
immune status of the sow population 
during gestation. 424 ' 42 ' The effect of vaccinat¬ 
ing sows before farrowing is to increase 
the transfer of PCV2 antibodies to piglets 
and to protect piglets against systemic 
disease. 399 ' 425 ' 426 

Vaccination of sows reduces the preva¬ 
lence of PCV2 viremia in their piglets in the 
field. 426 Vaccinated sows had less PCV2 in 
the colostrum than nonvaccinated sows. 424 
Vaccinated sows had more PCV2 antibody in 
their serum and colostrum than unvacci¬ 
nated sows. 428 A study compared sow vacci¬ 
nation, piglet vaccination, and sow + piglet 
vaccination 429 and found similar efficacy. 
Sow vaccination and piglet vaccination were 
found to be similar in another study. 393 

Vaccination of sows during pregnancy 
reduces the viral load in the blood and the 
rate of transplacental infection, 133 but it does 
not eliminate intrauterine infection com¬ 
pletely. It also reduced the numbers of nonvi- 
able fetuses. 133,154 It may therefore reduce 
reproductive failure. 340 

Colostrum from vaccinated sows may 
also contain PCV2-specific IFN-y-secreting 
cells. 430 

Semen Shedding in Boars 

Boars can shed PCV2 for a long time without 
showing clinical signs or changes in semen 
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quality, 127 ' 157 and thus AI may be a possible 
source of virus. 152 

Vaccination of boars with an inactivated 
PCV2 vaccine was followed by challenge 
with a PCV2b virus. 4 ’ 1 The number of PCV2b 
genomes in the semen correlated with that in 
the blood in both vaccinated challenged and 
nonvaccinated challenged boars. The PCV2b 
vaccine significantly decreased the amount 
of PCV2b DNA shedding in semen from 
vaccinated boars after experimental infec¬ 
tion with PCV2b, and also the duration. 432 

Piglet Vaccination 

Piglet vaccination of 5-day-old or 21 -day-old 
piglets using either a chimeric or subunit 
PCV2 vaccine produced a detectable 
humoral immune response and provided 
reduction or complete protection against 
PCV2 viremia and PCV2-associated lesions 
after triple challenge with PCV2, PPV, and 
PRRSV. 434 

A single dose of vaccine to sows pro¬ 
duced a higher level of antibody in piglets at 
4 weeks and a different level of PCV2 infec¬ 
tion dynamics than in nonvaccinated piglets. 
Piglet vaccination in any case caused an 
earlier seroconversion and lower percentages 
of PCV2-infected piglets. There was some 
interference with piglet vaccination, but this 
was overcome by the vaccination because the 
average daily gain was improved in both 
groups of vaccinated piglets. 435 

Unusual manifestations of PCVAD in 
vaccinated finishing pigs have been 
described. 420 Vaccinated pigs also have a 
much lower prevalence of PRRSV and M. 
hyorhinis in lung tissues than do unvacci¬ 
nated pigs. 398 There was a larger average daily 
gain in herds free from PRRSV infection. 421 

In a study of a one-shot, inactivated 
PCV2 vaccine, it was found that it reduced 
clinical signs, PCV2 viral load in sera and 
feces, and overall mortality in nurseries and 
fattening units. 404 Average daily gain was 
increased, but maternally derived antibody 
(MDA) did interfere with the development 
of an active humoral response. 

Maternally Derived Antibodies 

Maternally derived antibodies are found in 
nearly all piglets because most sows are 
infected with PCV2 and are therefore pro¬ 
ducing colostral antibodies. The vaccine effi¬ 
ciency is determined by the level of colostral 
antibody at the time of vaccination. It appears 
that the vaccines are not affected in the field 
because PCV2 associated lesions and viral 
load are not inhibited. 390,391 The vaccines 
produce specific antibodies and IFN-y- 
secreting cells even in the presence of 
MDA. 389,390,433 

There may or may not be an effect of 
maternal antibody on piglet vaccination. It 
was shown that there was an effect of mater¬ 
nal antibody, 390,396 but it has also been said 
there is no such effect. 395 Vaccination at 3 
weeks seems to be a good compromise 


between wanting to vaccinate and waiting for 
maternal antibody to wane. It produces neu¬ 
tralizing antibodies and prevents PCV2 
infection during weaning.’ 91 A comparison 
of one-shot and two-shot vaccinations has 
been described. 392 PCV2 vaccination reduced 
PCV2 in a PCV2/S. choleraesuis (SCS) coin¬ 
fection model and in animals with SCS chal¬ 
lenge. 436 Piglets were given the vaccine at 3 
weeks of age followed by PCV2 and SCS at 5 
and 7 weeks of age. 

Experimental Vaccines 

RNA aptamers, which are RNA molecules 
that bind specifically to a target, have been 
shown to block the infectivity of PCV2 in 
vitro in a dose-dependent manner. 437 Short- 
hairpin RNA has also been shown to result 
in a reduced PCV2 level in vitro. 438 

A PCV2 vaccine based on genotype 
PCV2b is more effective than a 2a-based 
vaccine to protect against PCV2b or a com¬ 
bined 2a/2b viremia in pigs with concurrent 
PCV2, PRRSV, and PPV infection. 439 The 
piglets had significantly higher levels of 
PCVl-2b viremia and shedding but also a 
much more robust humoral immune 
response. The PCVl-2b vaccine reduced the 
amount of viremia compared with the 
PCVl-2a vaccine. Concurrent PCV2a/ 
PCV2b infection is necessary for optimal 
PCV2 replication. 

A genetically engineered chimeric 
vaccine against PCV2 improves clinical, 
pathologic, and virological outcomes in 
PMWS affected farms. 399 The vaccine reduced 
clinical signs, viral load in lymphoid organs 
and/or sera, and overall mortality in nurser¬ 
ies and finishing units. This is the first time 
that a vaccine has been shown to reduce 
PMWS mortality. The vaccine also reduced 
the severity of histologic lesions in the 
PMWS cases. 

The live chimeric PCV12a vaccine is 
attenuated, immunogenic, and genetically 
stable, providing similar protection as the 
commercial inactivated and subunit vac¬ 
cines. 440,441 It is not uncommon to vaccinate 
piglets with PRRSV and PCV2 concur¬ 
rently. 442,443 The chimeric PCV12b live vac¬ 
cines have the advantage in that they are not 
likely to revert. 

A potential PCV12b vaccine was shown 
to be effective in preventing infection with 2a 
and 2b, 444 with decreased lymphoid lesions 
and viral load. One-dose and two-dose com¬ 
mercial PCV2 vaccines were evaluated in a 
PRRSV-PCV2-SIV model. 392 

Viremia was reduced by 78.5% in pigs 
vaccinated by one dose and by 97.1% in pigs 
vaccinated with two doses. Overall, the 
microscopic lesions were reduced by 78.7% 
and 81.8%, respectively. 

A triple-coinfection model was used to 
show that the chimeric PCV12b vaccine was 
efficacious. 441,445 Vaccines, both commercial 
and experimental PCV2, used a triple chal¬ 
lenge with PCV2, PRRSV, and PPV, and it 


was found that both vaccines reduced the 
PCV viremia at 16 weeks of age and after 
PCV2 challenge, 441 even though there was 
PCV2 viremia at the time of vaccination. 

PCV2 vaccination usually reduces the 
prevalence and severity of clinical 
disease. 445,446 A longitudinal study on the effi¬ 
cacy of Ingelvac CircoFLEX against PRDC 
showed that there was a significant improve¬ 
ment in the economics of late-occurring 
PRDC. 447 

A single-dose schedule for M. hyopneu- 
moniae bacterin at 1 week of age and PCV2 
vaccine at 3 weeks of age improved ADG 
(122.4%) and slaughter weight (120.5%) and 
reduced the incidence of clinical signs and 
lung and lymph node lesions. 72 Mineral oil- 
adjuvanted bacterins carry with them height¬ 
ened potential for induction of PMWS, 
whereas the other adjuvanted bacterins 
tested have minimal or no potentiating 
effects on PMWS. 220 

In a study of PCV2 and PRRSV vaccina¬ 
tion in a PCV2-PRRSV challenge model, 448 
it was found that vaccination against PCV2 
reduced PCV2 viremia, PCV2-induced 
lesions, and PCV2 antigens in the dually 
infected pigs. Therefore, the PCV2 vaccina¬ 
tion reduced the potentiation of PCV2- 
induced by PRRSV in dually infected pigs. In 
contrast, the PRRS vaccine did not decrease 
the potentiation of PCV2-induced lesions by 
PRRSV in dually infected pigs. 

Some evidence of priming of young 
piglets in the presence of maternal antibod¬ 
ies was shown 449 using a prototype adju¬ 
vanted PCV2 vaccine. 

Vaccination against PCV2 can reduce 
antibody titers when given postinfection and 
has no dramatic effects on semen character¬ 
istics. 432 There was also evidence that vacci¬ 
nation reduced the reoccurring infections in 
the vaccinated boars. 

A comparison of the effectiveness of 
dam (passive) or piglet (active) immuniza¬ 
tion was carried out, and both had similar 
efficacies. 393 

In this study, 450 the PCV2 vaccine 
response was evaluated in a PCVAD chal¬ 
lenge model. Dual challenge with PCV2 and 
PRRSV resulted in high mortality and the 
presence of clinical signs. PRRSV increased 
PCV2 infection. The results of IFA tests 
showed that PCV2 infection and vaccination 
resulted in similar levels of total serum anti¬ 
body. Vaccination produced nearly 4 times as 
much virus neutralizing activity as infection 
and disease. The magnitude of the total anti¬ 
body response cannot be used as the measure 
of protective immunity. 

Only occasionally has vaccine failure 
been reported, possibly as a result of off-label 
uses. In some herds vaccinated against 
PCV2, acute pulmonary edema with a per- 
acute onset has been reported. 451 

In one study of an apparent vaccine 
failure, it was found that only 50% of the pigs 
developed a detectable immune response to 
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vaccination, and this may have been 
associated with simultaneous 2a and 2b 
infection. 

It may be necessary to produce vaccines 
based on 2b rather than 2a now that this is 
much more common, because the efficacy of 
currently available PCV2 vaccines depends 
on the genotypes of PCV2 on the farm. 410 

Some experimental vaccines have been 
suggested, including an ORF2 baculovirus 
vaccine, 452 an ORF2 DNA vaccine, a recom¬ 
binant pseudorabies vaccine expressing 
ORF1, an ORF2 fusion protein, 453 and a 
recombinant adenovirus vaccine expressing 
the ORF2 protein, 454 and these have been 
shown to provide protection under experi¬ 
mental conditions. 

Vaccination with inactivated or live- 
attenuated chimeric PCV1-2 results in 
decreased viremia in challenge-exposed pigs 
and may reduce transmission of PCV2. 455 
Both of these vaccines did not reach the 
higher level of antibody of the commercial 
inactivated vaccine. The results suggested 
that 140-day closure of a small pig popula¬ 
tion in a controlled environment may result 
in stabilization and elimination of PCV2. 

A similar study using a reformulated 
inactivated chimeric PCV12 vaccine induced 
humoral and cellular immunity after experi¬ 
mental PCV2 challenge. 456 

The induction of mucosal immunity by 
intranasal immunization with recombinant 
adenovirus expressing major epitopes of 
PCV2-capsid protein has been described. 457 
It can elicit both humoral and Thl-type cel¬ 
lular protective immunity in mice. A B. bron- 
chiseptica mutant has been used as a live 
vehicle for heterologous PCV2 major capsid 
protein expression. 458 

Small interfering RNAs have also been 
suggested as a potential treatment for PCV 
infection because Rep gene expression was 
inhibited. 459 

Vectored Vaccines 

The preparation of bacteriophage lambda 
particles displaying PCV2 capsid epitopes, in 
the absence of an adjutant, induced PCV2- 
neutralizing ABs and elicited both cellular 
and humoral immune responses in pigs, with 
no reactions. 460 

Subunit vaccines may also play a part in 
the future, such as capsid protein in yeast, 461 
recombinant baculovirus, 462 recombinant 
pseudorabies expressing PCV2 capsid 
protein, 454 and an attenuated Bordetella 
vaccine expressing the capsid of PCV2, 459 
which have all been shown to be 
immunogenic. 
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TORQUE TENO VIRUS 

Torque teno virus is, as far as is known at 
the moment, a nonpathogenic commensal 
inhabitant of vertebrates. It is one of a newly 
created family of Anellivirid, which has nine 
genera. It may be one of what are now called 
“bystander viruses.” 1 

ETIOLOGY 

These are emerging circular DNA viruses 
affecting many species, including pigs. Cur¬ 
rently, two genera have been found in pigs: 
type l(TTSuVl), now known as Iotatorque- 
virus, which has la and lb subtypes; and type 
2 (TTSuV2), now known as Kappatotorque- 
virus, which has 2a and 2b subtypes. In addi¬ 
tion, a novel virus was also discovered in 
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New Zealand in 2012, and this has also been 
found in China. 2 ' 3 The virus may have an 
immunosuppressive effect when found as a 
natural infection before vaccination with 
PRRS. 1 The replication site of the virus is 
unknown. 4 Several strains have been found 
in one pig. 3 They can also be widely divergent 
in genotype. 6 In a study measuring TTV 
quantitatively, there was no difference in 
viral load between PCV2-negative and 
PCV2-positive pigs.' 

EPIDEMIOLOGY 

These viruses have also been found in pig 
commercial vaccines, enzymes for labora¬ 
tory use, and human drugs containing com¬ 
ponents of porcine origin. 8 

They were first linked to PCV2-associated 
diseases (PCVAD) 9 and PDNS 10 and may be a 
cofactor in the disease. They were found very 
commonly in animals with nephropathy. 
They are widely distributed in tissues in the 
pig. The virus is found in fetal tissues, blood, 
semen, 11 and colostrum. In piglets, it can be 
found in week 1 of life, and the highest detec¬ 
tion is at 11 weeks for type 1 and 16 weeks for 
type 2. 12 A study in the United States 
showed that it was common and increased 
with age. 13 

It has a long-lasting viremia, probably 
because there is a very poor immunologic 
response. The virus load increases progres¬ 
sively for suckling pigs to finisher pigs and 
then decreases in mature animals. It can be 
transmitted vertically and horizontally. 

It has been found in wild boar, 14 in 
Spain,““Czechoslovakia,“Italy,“Hungary, 19 
China, 20 ' 22 the United States, 1 ' and Austria. 23 

In Japan, it is widespread in postweaning 
pigs and may play a part in pig disease. There 
is a low incidence in young pigs, less than 
11% in pigs under 30 days old but 54% to 
85% in older pigs. 21 The two species differ in 
their viral infection dynamics in PMWS- 
affected herds. 25 In a South Korean study, 
there was shown to be an early onset of 
viremia and a chronic viremic state regard¬ 
less of the PCV2 vaccination status.' 

In a Spanish retrospective study of pigs 
from 1985 to 2005, 113/162 pigs were 
infected with one or another type; 38/162 
had both types of virus, 90/162 had type 2, 
and 54/162 had type l. 16 

There is evidence for vertical transmis¬ 
sion 14 and in utero infection. 26 An increased 
viral load and prevalence of TTSuV2 in pigs 
experimentally infected with a highly patho¬ 
genic CSFV has been shown. 4 

CLINICAL SIGNS 

There are no clinical signs. Coinfection of 
TTSuV and PCV2 in a reproductive problem 
was demonstrated, but no clinical disease 
was found. 

DIAGNOSIS 

There are several PCR assays for TTSuVl 16 
and for TTSuV. 28 There is a nonspecific 


qPCR for both viruses, 29 and ELISAs are 
available for the detection of antibodies. 

FURTHER READING 

Kekrainen T, Segales J. Sus virus in pigs: an emerging 
pathogen? Transbound Emerg Dis. 2012;59(suppl 
Sl):103-108. 
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NIPAH 

Nipah is a zoonotic virus encephalitic disease 
of pigs and humans in Southeast Asia. It 
probably jumped from a wildlife reservoir to 
domestic pigs first. Infection with two strains 
of the virus was responsible for fatal respira¬ 
tory disease in Malaysia in 1999. The out¬ 
break resulted in numerous deaths of pig 
farmers (fatal febrile encephalitis) and others 
in contact with pigs, including abattoir 
workers. About 90% of outbreaks in humans 
can be associated with close contact with 
pigs. Recently, outbreaks in humans have 
occurred without reference to pigs. 1 ' 2 It can 
cause huge economic loss in the pig industry. 
The pig serves as an “amplifying host.” 

ETIOLOGY 

Pigs are highly susceptible to Nipah virus. 

The virus is a member of the Henipavirus 
genus in the Paramyxoviridae family, which 
includes Hendra virus, which is transmitted 
from frugiverous bats ( Pteropus spp.) to pigs, 
among which it spreads horizontally to other 
pigs and humans. Horses can be exposed and 
develop antibodies to the virus, and there is 
one anecdotal report of dilated meningeal 
vessels in a horse from which Nipah virus 
was isolated. It grows readily in cell culture 
to produce syncytia. 


EPIDEMIOLOGY 

There is strong evidence that the reservoir 
from which the virus originated was pterop- 
tid bats. 

It is highly contagious in swine, and 
transmission may be by several routes, 
including direct contact with large droplets. 
The oronasal route is the most common 
method because the virus can be demon¬ 
strated in nasal secretions. Cats and dogs 
can be affected but probably do not transmit 
to pigs. 

PATHOGENESIS 

The virus affects the vascular, nervous, and 
lymphoreticular systems, leading to a viremia 
and specific infections of the endothelial 
cells 3 and immune cells, 4 particularly some T 
cells and monocytes. Nipah can then cross 
the blood-brain barrier. The virus infects 
monocytes and a subset of T-lymphocytes. 

CLINICAL SIGNS 

It may be asymptomatic in pigs, but it is 
usually a severe, fatal disease with respiratory 
or CNS signs. Affected weaners may have a 
temperature in excess of 40°C (104°F), with 
a harsh characteristic (but not pathogno¬ 
monic) barking cough, mouth breathing, 
and poor exercise tolerance. There is hindleg 
weakness, thrashing, and recumbency, with 
head pressing, titanic spasms, and fits. In 
adults there may be sudden death, which is 
quite rare, and sometimes there are neuro¬ 
logic signs, such as pharyngeal muscle paral¬ 
ysis, frothy salivation, and drooping of the 
tongue. In experimental infections, piglets 
often only showed a mild temperature rise. 4 

NECROPSY FINDINGS 

There are few gross lesions. There may be 
lung consolidation and froth in the trachea. 
The lymph nodes may be enlarged. Histo¬ 
logically, there is a pneumonia and the pres¬ 
ence of syncytia and multinucleated alveolar 
macrophages; if neurologic signs, there may 
be a nonsuppurative meningitis. 

DIAGNOSIS 

Diagnosis is based on exposure to affected 
pigs or fruit bats; the presence of the harsh 
barking cough, which is said to be almost 
pathognomonic; and the nervous signs. 
Specimen collection and diagnostic assays 
have been reviewed, 3 but any handling of 
suspect material should be carried out in 
category 4 laboratories. It is possible to 
demonstrate the antigens in formalin-fixed 
material. 

The virus can be demonstrated in the 
tissues using a tagged monoclonal antibody 
or RT-PCR. There is high sensitivity of 
qRT-PCR. 6 

For the presence of antibodies, blocking 
ELISAs are superior to virus neutralization. 6 

TREATMENT 

No treatment is available. 
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CONTROL 

Neutralizing antibodies appear 7 to 10 days 
postinfection and reach a maximum at 14 to 
16 days postinoculation. 

It is necessary to keep the pigs on farms 
where there are no fruit bats nesting in trees. 
Isolation and quarantine are the best control 
methods, rapid slaughter of infected pigs is 
absolutely necessary, and other species must 
be kept away from infected farms. 
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TIOMAN VIRUS 

Tioman virus is another paramyxovirus of 
pigs of fruit bat origin, found in Malaysia, 1 
which causes a mild disease in pigs and has 
a predilection for the lymph nodes. 

REFERENCE 

1. Yalw KC, et al. J Virol. 2008;82:565. 

PORCINE RETROVIRUSES 

All mammals have leftover traces of past viral 
infections in their genetic makeup. 1 Com¬ 
mercial pigs carry high and variable titers of 
retroviral RNA in their blood, with differ¬ 
ences according to their age and herd health 
status. These endogenous retroviruses 2 may 
contribute up to 8% of the genome of all ver¬ 
tebrates. 3 All pigs carry endogenous porcine 
retroviruses (PRs) in their genome. 4 There 
may be an association between PRs and mor¬ 
tality in commercial herds. 1 ' 5 ' 6 The discovery 
that PRs can infect human cells triggered 
research into how xenotransplantation infec¬ 
tion may be prevented. 

FURTHER READING 

Denner J, Tonjes RR. Infection barriers to successful 
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endogenous retroviruses. Clin Microbiol Rev. 
2012;25:318-343. 
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MENANGLE 

Menangle virus was first identified in a 
three-farm disease outbreak in New South 


Wales in 1997. It causes reproductive prob¬ 
lems in pigs and congenital defects and has 
the fruit bat as an asymptomatic reservoir. 
It can cause a flulike disease in humans. 
Only one outbreak has been described. The 
virus normally lives asymptomatically in 
fruit bats. 

ETIOLOGY 

It is a RNA virus in the family Paramyxoviri- 
dae, probably in the genus Rubalovirus. It is 
closely related to Tioman virus found in fruit 
bats on Tioman Island, Malaysia. 

EPIDEMIOLOGY 

A variety of fruit bats are seropositive, but 
the virus has not been isolated from them, 
including the gray-headed flying fox, black 
fruit bat, and spectacled fruit bat. These fruit 
bats have been found in other areas of Aus¬ 
tralia and the original area around Menan¬ 
gle, New South Wales. 

Bat feces and urine are probably the 
source of infection. Transmission from pig to 
pig is slow and probably requires close 
contact. In one building, it took a long time 
for the sows to become affected. It probably 
spreads from farm to farm via infected 
animals. There is no sign of persistent infec¬ 
tion and no evidence of long-term virus 
shedding. Present evidence suggests that 
virus survival in the environment is short 
because sentinel pigs placed in an uncleaned 
area did not seroconvert. 

CLINICAL SIGNS 

Currently, there is no knowledge of the incu¬ 
bation period. In the initial outbreak, clinical 
signs were seen only on the farrow-to-finish 
farm, but infected pigs were found in all 
three farms. 

The disease was an outbreak of reproduc¬ 
tive disease with fetal death; fetal abnormali¬ 
ties, including congenital defects such as 
skeletal and neurologic defects, 1 mummified 
fetuses, and stillborn fetuses; smaller litters 
with fewer live piglets; and a reduced farrow¬ 
ing rate. The farrowing rate fell from 80%+ 
to a low of approximately 38%, reaching an 
average of 60%. Many sows returned to 
estrus 28 days after mating, which suggests 
that there has been an early death of the litter. 
Some sows remain in pseudopregnancy for 
more than 60 days. It probably crosses the 
placenta and spreads from fetus to fetus. 
Once the infection became endemic the in 
the farrow-to-finish herd, the reproductive 
failures ceased. 

NECROPSY FINDINGS 

The mummified fetuses vary in size and are 
of 30 days’ gestation or older. 

The virus causes degeneration of the 
brain and spinal cord. In particular, the cere¬ 
bral hemispheres and cerebellum are smaller. 
Occasionally there may be effusions and 
pulmonary hypoplasia. Eosinophilic inclu¬ 
sions are found in the neurons of the cere¬ 
brum and spinal cord. Sometimes there is 


nonsuppurative meningitis, myocarditis, and 
hepatitis. Experimental infections show 
shedding 2 to 3 days after infection in nasal 
and oral secretions. A tropism for secondary 
lymphoid tissues and intestinal epithelium 
has been demonstrated. 2 No lesions have 
been seen in piglets born alive or other post¬ 
natal pigs. 

DIAGNOSIS 

The diagnosis is suspected when the repro¬ 
ductive parameters change very suddenly, as 
previously described. 

Diagnosis is confirmed by virus culture, 
and electron microscopy (EM) and virus 
neutralization (VN) tests confirm the iden¬ 
tity of the virus. Serologic tests include 
ELISAs, and the best way to test the herd is 
to use this for the sows for antibody. 

DIFFERENTIAL DIAGNOSIS 

The differential diagnosis includes porcine 
parvovirus (PPV), classical swine fever 
(CSF), porcine reproductive and respiratory 
syndrome (PRRS), encephalomyocarditis 
virus (EMCV), pseudorabies virus (PRV), 
Japanese encephalitis, swine influenza virus 
(SIV), and blue eye. Noninfectious causes 
such as toxins or nutritional deficiencies 
should also be considered. 

TREATMENT 

It seems likely that young pigs are infected by 
the virus when the maternal antibody falls at 
14 to 16 weeks of age. By the time they enter 
the breeding herd, their immunity is quite 
strong. 

CONTROL 

Avoiding contact with all fruit bats is the best 
advice. 

FURTHER READING 

Philbey AW, et al. An apparently new virus (family 
Paramyxoviridae) infection for pigs, humans and 
fruit bats. Emerg Infect Dis. 1998;4:269. 
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JAPANESE B ENCEPHALITIS 
(JAPANESE ENCEPHALITIS) 

This is the most important of the encephali- 
togenic flaviviruses. It causes in excess of 
50,000 human cases a year, with a case- 
mortality rate of 25%. It causes reproductive 
failure in pigs. 

ETIOLOGY 

It is a Flavivirus and is found in at least five 
genotypes. 

EPIDEMIOLOGY 

The natural distribution range of the virus 
is Southeast Asia and Australasia. The 
vectors are Culex spp., in particular, C. 
tritaeniorhynchus. The virus activity is natu¬ 
rally maintained through bird-mosquito 









Multi-Organ Diseases Due to Protozoal Infection 


2137 


cycles, with the Heron family in particular. 
The night herons, little egrets, and plumed 
egrets are particularly active as a reser¬ 
voir. Pigs are important “amplifying hosts.” 
Pigs and these birds may allow the over¬ 
wintering of the virus when mosquitoes 
are absent. 

PATHOGENESIS 

Viremia results from the mosquito bite, and 
usually nothing is seen; occasionally there 
may be a mild fever, but quite often the virus 
goes straight to the testicles and causes 
orchitis. 

CLINICAL SIGNS 

Fetal death is common, with mummified 
fetuses, stillborns, and weak pigs. Boars 
undergo reproductive failure. 

NECROPSY FINDINGS 

Pathology is largely related to the abnormal 
fetuses. 

DIAGNOSIS 

RT-PCR and nested RT-PCR can be used 
to detect the virus when virus isolation is 
negative. Antibody can be detected by hem¬ 
agglutination inhibition (HI), ELISAs (IgM- 
capture ELISA), and latex agglutination tests. 

CONTROL 

Live attenuated vaccines should be given to 
breeding stock 2 to 3 weeks before the start 
of the mosquito season. Killed and adju- 
vanted vaccines are also available. 

FURTHER READING 

Mackenzie JS, Williams DT. The zoonotic flaviviruses of 
southern, south-eastern and eastern Asia and 
Australasia; the potential for emergent viruses. Zoott 
Pub Hlth. 2009;56:338. 

RESTON VIRUS 

Reston virus, an Ebolavirus , was recently 
detected in pigs in the Philippines. Specific 
antibodies were found in the pig farmers, 
indicating exposure to the virus. In an exper¬ 
imental situation, pigs were infected with 
Zaire Ebola virus (ZEBOV), and it was found 
to replicate to high titers, mainly in the respi¬ 
ratory tract, and developed severe lung 
pathology. 1 Shedding from the oronasal 
mucosa was detected for up to 14 days after 
infection, and transmission was confirmed 
in all naive pigs cohabiting with inoculated 
animals. These results confirm an unex¬ 
pected site of virus amplification and shed¬ 
ding linked to transmission of infectious 
virus 
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BUNGOWANNAH VIRUS 

Bungowannah virus is possibly a new species 
of pestivirus that was found on a pig farm in 


New South Wales, Australia. Sudden death 
was experienced by 3- to 4-week-old pigs, 
and at the same time, there was an increase 
in the number of stillborn piglets with mul¬ 
tifocal nonsuppurative myocarditis and 
myonecrosis leading to a secondary conges¬ 
tive heart failure. 

PORCINE PARVOVIRUS 

Usually parvoviruses are described with the 
acronym SMEDI, are associated with repro¬ 
ductive failure in pregnant sows, and are 
characterized by embryonic and fetal death, 
mummification, stillbirths, and delayed 
return to estrus. In other groups of postna¬ 
tal nonpregnant pigs, the acute infection is 
usually subclinical, but it has been linked 
to skin lesions in piglets, interstitial nephri¬ 
tis in slaughter pigs, and nonsuppurative 
myocarditis in piglets. Tonsils are the main 
site of replication of the virus, but it also 
occurs in the heart, lungs, spleen, kidney, 
and endometrium. In the fetus, the repli¬ 
cation is mainly in the heart, spleen, lung, 
and testis. 

NOVEL PORCINE PARVOVIRUSES 

Several new members of the subfamily Par- 
voviridae have been discovered in animals, 
particularly pigs. 1 

The subfamily Parvoviridae infects birds 
and mammals. Two of the five genera in this 
group contain pig viruses. These are Bocavi- 
rus and Parvovirus genera, and recently the 
newly proposed genus Hokovirus may 
contain newly identified pig viruses. 

The viruses are called porcine parvovi¬ 
ruses (PPVs). These new viruses are impor¬ 
tant because they have been associated with 
PCVAD, 2 ' 4 or “high-fever” disease. 5 

PPV1 is ubiquitous in swine and is asso¬ 
ciated with reproductive disease. 6 

In 2001, a new parvovirus was discov¬ 
ered in Myanmar and called porcine parvo¬ 
virus 2; 5 it is of a novel and distinct lineage. 
It was also recently isolated in Hungary, 7 
and two strains were isolated in the United 
States. 8 This virus, like other parvoviruses 
and RNA viruses, has a high substitution 
rate in the capsid gene. These new viruses 
may not have the same protection follow¬ 
ing use of the old vaccines. PPV2 does not 
belong to any of the known clusters, has 
been found in swine serum, and has not 
been associated with any known disease. It 
was the second of the new viruses discov¬ 
ered and is now found worldwide. 5,8 Not 
much is known about porcine parvovirus 2 
and disease, but on one Chinese farm the 
virus was detected 3 weeks before a severe 
respiratory disease outbreak. In one study, 
DNA was detected in the lung tissues from 
nursery pigs and grow-finish pigs. Porcine 
parvovirus 3 was found in Hong Kong and 
originally called Hokovirus. 9 PPV3 of the 
proposed Hokovirus genus has been found 
in both sick and healthy pigs 10 and was also 


called partetravirus. 11 Coinfection with both 
PPV3 and PCV2 was shown in China and 
Hong Kong. 3 PPV4 l: and the porcine boca- 
like virus 1, belong to the group. PPV4 9 was 
identified in association with PCV2. It is not 
clear whether it can cause disease on its own 
or whether it exacerbates PCV2 infections. It 
has been reported since in Asia, Europe, and 
Africa. 1,7,14 ' 16 

A novel porcine parvovirus was identified 
in the lung lavage of a diseased pig coinfected 
with PCV2. 

In a recent study in Germany, it was 
shown that PPV1 through PPV4 strains 
were found in the tonsils of piglets, 17,18 and 
PPV1 and PPV4 were found in the hearts. 
A real-time PCR has been developed to 
detect and analyze virulent PPV loads in 
artificially challenged sows and piglets, 19 
using a conserved region of the genome. Pre¬ 
vious RT-PCR methods have used the VP2 
gene. 20,21 Diagnosis is through use of PCRs, 
virus isolation, hemagglutination inhibition 
tests, and immunofluorescence. Anti-PPV 
antibodies occur in the fetus at about 56 to 
70 days. 
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Multi-Organ Diseases Due 
to Protozoal Infection 

SARCOCYSTOSIS 

(SARCOSPORIDIOSIS) 


SYNOPSIS 


Etiology Sarcocystis species. There are 
numerous species, with various carnivore 
species as their final host, but usually a 
specific intermediate host species. 

Epidemiology High prevalence of infection in 
most areas. Source of infection is feces 
from carnivores. Primary definitive hosts 
include farm dogs and cats fed raw meat, 

Continued 
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Table 21-5 Definitive and intermediate hosts for Sarcocystis spp.-associated infections 
in agricultural animals 


Intermediate host 

Sarcocystis spp. 

Synonyms 

Definitive host 

Cattle 

S. cruzi 

S. bovicanis 

Dog, wolf, fox, raccoon, coyote 


S. hirsuta 

S. bovifelis 

Cat 


S. hominis 

S. bovihominis 

Humans 

Sheep 

S. tenella 

S. ovicanis 

Dog, coyote, fox 


S. arieticanis 

~ 

Dog 


S. gigantica 

S. ovifelis 

Cat 


S. medusiformis 

« 

Cat 

Goats 

S. capracanis 

- 

Dog, coyote, fox 


S. hericanis 

- 

Dog 


S. moulei 

- 

Cat 

Pigs 

S. miescheriana 

S. suicanis 

Dog, raccoon, wolf 


S. suihominis 

- 

Human 


S. porcifelis 

- 

Cat 

Horses 

S. bertrami 

S. equicanis 

S. fayeri 

Dog 


S. neurona 

~ 

New World opossums 


or other carnivores if they have access to 
ruminant carcasses. 

Clinical findings Severity of disease is dose 
dependent. Most infections are subclinical. 
Abortion and depressed growth rate. 
Neurologic disease and ataxia in sheep. 
Severe infection in some species results in 
carcass condemnation. 

Clinical pathology Anemia and elevated 
concentrations of enzymes in blood 
associated with tissue damage during acute 
disease. 

Lesions Nonsuppurative encephalitis in sheep 
with neurologic signs. Nonsuppurative 
encephalitis, myocarditis, and hepatitis in 
aborted fetus. Cysts in carcasses in chronic 
cases. 

Diagnostic confirmation Identification of 
parasite microscopically in biopsy or 
postmortem material. 

Treatment and control No effective 

treatment. Amprolium or salinomycin may 
aid in control. Proper disposal of carcasses. 
Raw meat not to be fed to farm dogs or 
cats. Control of carnivores. 


ETIOLOGY 

Sarcocystis species are cyst-forming coccidial 
parasites with indirect life cycles. 1 They are 
obligate two-host apicomplexan parasites. 
There are numerous species, each with 
omnivorous or carnivorous definitive hosts. 
One system of naming the species identifies 
the intermediate and definitive host in the 
name (e.g., S. bovifelis) and has been com¬ 
monly used in the literature. However, cur¬ 
rently the organisms are known by their 
original names. Table 21-5 shows the cur¬ 
rently accepted name of Sarcocystis species of 
importance in agricultural animals and their 
definitive hosts. 

EPIDEMIOLOGY 

Occurrence 

In all countries where there have been 
surveys, the prevalence of infection in cattle, 
sheep, and horses approaches 100%, with a 
lower, but significant, infection rate in swine. 1 
Clinical disease is relatively rare. 

Source of Infection 

Sarcocystis spp. have an obligatory prey- 
predator life cycle in which the definitive 
host is a predator or scavenger. 1,2 The car¬ 
nivorous definitive host becomes infected 
by ingesting tissue from a suitable intermedi¬ 
ate host that contains mature sarcocysts. Fol¬ 
lowing ingestion, bradyzoites are released 
from the sarcocyst in the stomach and intes¬ 
tine, and they transform into micro- and 
macrogamonts. The microgamonts (male) 
mature to release microgametes, which fer¬ 
tilize the macrogamont to form a zygote and 
then an oocyst. Within the intestine, the 
oocyst sporulates to produce two sporo- 
cysts. The sporulated oocyst ruptures in the 


intestine. Sporocysts (each containing four 
sporozoites) are passed in the feces and are 
directly infective to the intermediate host. 

The prepatent period is variable, approxi¬ 
mately 14 days, and there is no illness in the 
carnivore host in association with this cycle. 
However, the replicative cycle of the parasite 
in the intestine results in the production of 
large numbers of sporocysts in the feces, and 
the infection can be patent for a relatively 
long period. Intermediate hosts become 
infected by ingesting sporulated sporocysts 
in the food or water. 1,2 

Risk Factors 
Climate 

Sporocysts develop and maturate before 
excretion in feces, and they are quite resistant 
to environmental factors. Under experimen¬ 
tal conditions, they can survive freezing, but 
they are susceptible to desiccation. Conse¬ 
quently, they might overwinter in the envi¬ 
ronment. Some studies have shown a lower 
herd prevalence of sarcocystosis in cattle in 
arid and semiarid environments compared 
with cattle from temperate and tropical 
areas, which might be a consequence of rela¬ 
tive aridity and a lower density of definitive 
and intermediate hosts for Sarcocystis spp. in 
arid climatic zones. 1 

Species of Sarcocystis 
Individual species vary in their pathogenic¬ 
ity and in their ability to produce clinical 
disease in intermediate hosts. In cattle, for 
example, S. cruzi is considerably more patho¬ 
genic than S. hominis . 1,2 

S. tenella is the most pathogenic species 
of sheep, and S. capricanis for goats; naturally 
occurring clinical disease in sheep is not 
observed with S. gigantea or S. medusifor¬ 
mis. There is a strong correlation between 
the number of sporocysts ingested and the 


severity of disease. The size of the sarcocyst 
that occurs in the tissues of the intermediate 
host also varies with the infecting species. 
Those from cats and occurring in sheep 
(S. gigantea, S. medusiformis) or cattle 
(S. hirsuta) are of particular economic 
importance because they produce macro- 
scopically visible sarcocysts that can result in 
meat condemnation. S. cruzi is pathogenic 
but produces microscopic sarcocysts in 
muscle and will escape gross detection at 
meat inspection. 

Farm Dogs 

There is a positive association between herds 
infected with Sarcocystis and the presence of 
working dogs on a farm, the practice of 
leaving carcasses in the field, and the feeding 
of dogs with raw meat. 1,2 Virtually all 
reported clinical cases of sarcocystosis in 
cattle in the literature record that the dogs on 
a farm were fed offal or uncooked beef. 
Housing of dogs and cattle in the same shed 
or area can be linked to an increased risk for 
infection and clinical disease, and cattle pas¬ 
tured close to farm buildings where there are 
dogs are at greater risk. The presence of foxes 
on farms is also strongly associated with Sar¬ 
cocystis infection in those herds that leave 
carcasses on the field. 

Cats 

The main risk for cat-associated sarcocysto¬ 
sis is the farm cat that is fed raw meat. Farm 
cats use hay barns as dens and can contami¬ 
nate hay and other feedstuffs. 1,2 Feral cats 
have the potential to distribute sporocysts 
widely in the grazing environment; however, 
the presence of feral cats on a farm may not 
increase the risk for Sarcocystis infection of 
cattle because scavenged sheep or cattle car¬ 
casses are a relatively unimportant part of the 
diet of feral cats. 












Stocking Density 

The risk for infection with Sarcocystis is 
higher with higher stocking densities, 4 which 
might reflect a more intense contamination 
of pastures by working dogs. Cattle on farms 
that graze sheep and cattle on the same pas¬ 
tures are less likely to be infected. 

Economic Importance 

The major economic loss occurs with those 
sarcocysts that produce macroscopic cysts 
and meat condemnation, although acute 
outbreaks of sarcosporidiosis have been 
reported. More severe infection can depress 
growth rates, and there is a greater risk for 
abortion in infected herds. 

PATHOGENESIS 

In the intermediate host, sporozoites are 
released from ingested sporocysts in the 
small intestine, where they penetrate the 
mucosa and enter the endothelial cells of 
blood vessels. The schizogony stages and the 
distribution of merozoites vary according to 
Sarcocystis species, but in cattle endothelial 
infection is followed by parasitemia, with 
merozoites subsequently localizing in stri¬ 
ated muscles (usually) or nervous tissue, 
where they develop into sarcocysts. Imma¬ 
ture sarcocysts can be found in muscle 
45 to 60 days following ingestion of spo¬ 
rocysts and are infective at approximately 
70 days. 2 

Schizogony in the endothelial cells of the 
arterioles and capillaries results in wide¬ 
spread hemorrhage and anemia. Fever is 
associated with the parasitemia, and in the 
experimental disease it coincides with the 
time of maturation and rupture of schiz- 
onts. 2 The vascular lesion appears to be an 
essential part of the diseases pathogenesis. 
It has been proposed that the parasite pro¬ 
duces growth retardation as a result of 
changes in plasma concentrations of soma¬ 
tostatin and growth hormone and changes 
in cytokine interactions with the endocrine 
system. 1 

The severity of the illness and the degree 
of infection of tissues at postmortem appear 
to relate to infective dose. The number of 
asymptomatic infections probably reflects 
the early ingestion of a few sporocysts 
that provoke a strong immunity to subse¬ 
quent challenge. When groups of animals 
that have not been exposed to infection 
previously are suddenly exposed to large 
numbers of sporocysts, originating from 
dogs and cats, outbreaks of disease are likely 
to occur. 

CLINICAL FINDINGS 

Infection and disease can occur at all ages. 
Clinical disease may be more severe in situ¬ 
ations where there is intercurrent nutri¬ 
tional stress, and copper deficiency may be 
an exacerbating factor. Monensin is sus¬ 
pected of being able to potentiate recent 
infections to cause a severe myositis. 1,2 
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Cattle 

Acute illness is recorded with experimental 
infections, but it is rarely seen or recognized 
in the field. Illness commences with a rise in 
temperature and heart rate, followed by 
anorexia, anemia, weight loss, a fall in milk 
production, nervousness, muscle twitching, 
hypersalivation, lameness, abortion, and, in 
heavy infections, death. The agent is an occa¬ 
sional cause of nonsuppurative encephalo¬ 
myelitis in cattle and manifests with ataxia 
and recumbency. 

Chronic disease in cattle is manifest by 
poor weight gains; loss of hair of the neck, 
rump, and the switch of the tail (“rat-tail”); 
anemia; and/or abortion. 

Sheep 

In sheep, naturally occurring sarcocystosis 
has been associated with S. tenella and S. 
arieticanis and presents primarily as a neu¬ 
rologic disorder, with muscle weakness, 
trembling, ataxia of varying severity, fol¬ 
lowed by hindlimb paresis or flaccid paraly¬ 
sis and lateral recumbency. All ages of sheep 
can be affected, although lambs under 6 
months of age are most susceptible. 

Infection may also be manifest with 
depressed growth, reduced wool growth, 
and anemia. Less common manifestations 
include signs of congestive heart failure asso¬ 
ciated with endocardial and myocardial 
infection. Infestation of the muscle of the 
esophagus in sheep is thought to be a cause 
of esophageal dysfunction and regurgita¬ 
tion in sheep. 1,2 

Swine 

Disease does not seem to be associated 
natural infections. Sarcocystosis produced 
experimentally in pigs is manifested by cuta¬ 
neous purpura on the snout, ears, and but¬ 
tocks, and dyspnea, tremor, and weakness or 
recumbency. 1 There is evidence that the 
breed of pig affects the severity of disease 
with experimental infections and also the 
subsequent severity of the parasite burden. 

Abortion and Perinatal Fatality 

Fetal infection, with abortion or neonatal 
mortality, is recorded in both cattle and 
sheep when pregnant animals are infected 
experimentally or naturally with pathogenic 
species or strains. 

CLINICAL PATHOLOGY 

Characteristic laboratory findings for sys¬ 
temic disease include a responsive anemia, a 
prolonged prothrombin time, and high titers 
of antibody to Sarcocystis. Blood creatine 
phosphokinase, lactic dehydrogenase, and 
aspartate aminotransferase are significantly 
elevated. Indirect hemagglutination (IHA) 
and ELISA tests can be used for serologic 
surveys, although there are limitations with 
the specificity immunologic assays. Many 
animals have been exposed to Sarcocystis 
spp., and serologic examination cannot 


differentiate reliably current infection from 
past infection or exposure, and there are 
problems with serologic cross-reactivity. 

NECROPSY FINDINGS 

Emaciation, lymphadenopathy, laminitis, 
anemia, and ascites can be present, but an 
obvious feature is the presence of petechial 
and ecchymotic hemorrhages throughout the 
body. 2 There are also erosions and ulcerations 
in the oral cavity and esophagus, likely as a 
result of microvascular damage. Cysts of S. 
gigantica on the esophagus of sheep are 
usually visible with the naked eye. Micro¬ 
scopically, schizonts are found in endothelial 
cells throughout the body, and hemorrhages, 
lymphocytic infiltration, and edema are 
observed in heart, brain, liver, lung, kidney, 
and striated muscle. Death is probably a result 
of the severe necrotizing myocarditis that 
occurs. There is an association between 
eosinophilic myositis and sarcosporidiosis, 
but this relationship is not proven in all cases. 

In sheep presenting with neurologic 
disease, there may be no findings at gross 
postmortem examination, but a nonsuppu¬ 
rative encephalomyelitis is evident upon 
histologic examination. 1,2 Aborted bovine 
fetuses show nonsuppurative encephalitis, 
myocarditis, and/or hepatitis. 

Different options are available to achieve 
a definitive diagnosis of the Sarcocystis 
species involved, including animal transmis¬ 
sion studies, immunohistochemistry, elec¬ 
tron microscopy, and/or PCR. Although 
such techniques are seldom used for routine 
diagnosis, there have been some efforts 
toward developing specific and sensitive 
molecular diagnostic tools. 3 ' 5 

Samples for Confirmation 
of Diagnosis 

• Histology—formalin-fixed heart, 
skeletal muscle (several sites, and 
tongue, diaphragm, and masseter 
muscle) (light microscopy) 


DIFFERENTIAL DIAGNOSIS 


Clinical diagnosis of disease can be difficult 
because of the nonspecific signs observed and 
the widespread prevalence of infection. 
Sarcosporidiosis is a consideration in the 
examination of problems of fever and anemia 
of undetermined origin in cattle and of 
ill-thrift in cattle or sheep. 

The examination of muscle biopsies can 
aid in the determination of the presence of 
infection, but still begs the question of its 
relationship with disease. 

The differential diagnoses for abortion are 
covered under brucellosis of cattle and sheep. 
Causes of encephalitis and ataxia in sheep are 
listed under those headings. 


TREATMENT 

No approved treatment is available, but amp- 
rolium or salinomycin may relieve clinical 
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signs. 1 Amprolium 100 mg/kg BW, given 
daily, can reduce the severity of infection in 
experimentally infected calves and sheep and 
might be used to control outbreaks in sheep. 
Treatment of experimentally infected calves 
with salinomycin (4 mg/kg BW daily; in 
divided doses for 30 days) can reduce the 
severity of disease. Monensin may have a 
similar ameliorating effect, but is also sus¬ 
pected to exacerbate muscle lesions. Oxytet- 
racycline, at very high dose rates, and 
halofuginone might be effective in acute 
infections. 1 

CONTROL 

Control is challenging because it involves the 
separation of carnivores from stock, which 
is not possible on most farms. However, 
infection in farm dogs and cats can be 
reduced if all meat fed to them is thoroughly 
cooked. Feral canids and felids should be 
controlled, and livestock carcasses should 
not be left on paddocks. Prior exposure to 
small numbers of pathogenic sarcocysts pro¬ 
duces a strong immunity, but no vaccine is 
readily or commercially available. 
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TOXOPLASMOSIS 


SYNOPSIS 


Etiology Toxoplasma gondii. 

Epidemiology Infection from the ingestion of 
oocytes excreted in the feces of cats. Any 
vertebrate can acquire infection from 
ingestion of different stages of T. gondii. 

Clinical findings Abortion and stillbirths in 
ewes is the major veterinary manifestation; 
other manifestations can be neonatal 
mortality, encephalitis and/or pneumonia. 
Major importance as a zoonosis. 

Pathologic findings: 

• Lesions —granulomatous lesions in 
organs of all species, with abortions, 
placentitis, and focal necrotic lesions in 
brain, liver, and kidney of aborted fetus. 


Diagnosis Detection of the parasite in tissues 
or tissue fluids. Serologic and DNA-based 
tests, which vary in diagnostic sensitivity 
and specificity. 

Treatment Not usually indicated in livestock. 
Sulfamethazine and pyrimethamine in 
abortion outbreak. 

Control Reduce exposure to infective stages, 
including oocysts. In pregnant sheep, 
prophylactic feeding of monensin or 
decoquinate; vaccination. 


ETIOLOGY 

The causative agent Toxoplasma gondii is 
cyst-forming coccidial parasite ( Apicotn- 
plexa). Felids (cat family) are definitive 
hosts, and vertebrates are intermediate hosts. 
Different strains can differ in their virulence 
and epidemiology. 1,2 

T. gondii has three infective stages: 

1. Tachyzoites—rapidly replicating stage of 
the parasite during the acute phase of 
infection (endodyogeny) in the 
intermediate or accidental host 

2. Bradyzoites—slowly replicating or 
dormant stage of the parasite (usually 
within a cyst or pseudocyst) during the 
chronic phase of infection in the 
intermediate or accidental host 

3. Oocysts (containing sporocysts and 
sporozoites)—present in cat feces 
Oocysts are the infective stage of impor¬ 
tance in farm animals, and they are the only 
environmental infective stage for herbivores. 
Oocysts excreted in the feces of cats can 
survive in soil for months or years and are 
ingested by the intermediate (livestock) host. 
The parasite (sporozoite stage) invades any 
host cell, with the exception of nonnucleated 
erythrocytes, and undergoes tachyzoite rep¬ 
lication (acute phase of infection). Any tissue 
(including nervous system, myocardium, 
lung tissue, and placenta) of the host or fetus 
can be infected and affected. An inoculum of 
as few as 10 oocysts can be infective to goats. 
Following the acute phase of infection, as 
host immunity develops, the replication rate 
decreases. The bradyzoites replicate slowly 
within cells and then stop replicating to 
become dormant within cysts (“tissue cysts” 
containing many bradyzoites). These cysts, 
containing live bradyzoites, are a source of 
infection to carnivorous or omnivorous 
animals (including pigs and humans). 

EPIDEMIOLOGY 

Occurrence 

Toxoplasmosis occurs in domesticated and 
wild animals and birds in most parts of the 
world, although surveys indicate consider¬ 
able variation in prevalence. 2 ' 4 Although 
some studies indicate a relatively high sero- 
prevalence in some farm animals, infection 
is often subclinical. With the exception of 
abortion and neonatal disease in sheep, T. 
gondii has limited importance as a cause of 


disease in farm animals. T. gondii has major 
importance as a zoonotic parasite. 

Source of Infection 
Cat Feces 

The source of infection in sheep, pigs, and 
other livestock is oocysts excreted in the 
feces from felids. In almost all agricultural 
areas, the feces originate from domestic or 
feral cats. 

Cats become infected as a result of ingest¬ 
ing tissues from intermediate hosts infected 
with tachyzoites or bradyzoites (within cysts) 
and then shed oocysts in the feces. All verte¬ 
brates can act as intermediate hosts; rodents 
and small birds are common intermediate 
hosts for infection to cats. For instance, 
rodents pass the parasite from generation to 
generation through congenital infection and 
thus can provide a reservoir of infection in 
an area for a long time. Cats ingest infected 
rodents and develop an intestinal infection, 
leading to oocyst excretion into the environ¬ 
ment. The prevalence of infection is highest 
in young cats hunting for the first time. Fol¬ 
lowing infection of the cat, the period of 
excretion of oocysts is short, usually -2 
weeks, but it can be high, with several million 
oocysts being excreted during patency. In a 
given environment, the number of cats 
excreting oocysts in their feces at any point 
in time is likely to be quite small, but the 
contamination of the environment over time 
can be significant. 

Domestic and barn cats in farm environ¬ 
ments tend to nest and to defecate in hay and 
straw mows, grain stores, or loose piles of 
commodity feeds, thus providing the poten¬ 
tial for direct contamination of livestock 
feeds with T. gondii oocysts. 5 Fields fertilized 
with manure and bedding contaminated 
with cat feces can also be a source of infec¬ 
tion. Feral cats bury feces superficially in the 
soil, but contamination can spread, for 
example, via the elements or invertebrates, to 
pasture and be ingested by livestock. Feral 
cats can have territories of up to 250 acres 
and are capable of widely distributing oocysts 
of T. gondii. 1 Oocysts may be found in feed, 
water, and soil in the vicinity of livestock 
units. 

Other Sources 

Oocysts are also an important source of infec¬ 
tion to swine, although it is possible for swine 
to be infected by the ingestion of tachyzoites 
or bradyzoites present in meat (dead rodents, 
cannibalized piglets, etc.) or through the 
ingestion of blood while tail- or ear-biting. T. 
gondii infection has been shown in all wildlife 
mammalian species tested in the environ¬ 
ment of swine units. Direct sheep-to-sheep 
transmission by close contact with grossly 
infected placenta and transmission via the 
semen of infected rams could occur but is 
not thought to be of significance. There 
is some evidence that T. gondii can be present 
in the placental tissue from sheep following 
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successful pregnancies, suggesting that con¬ 
genital infection perpetuates infection in 
sheep flocks in the absence of cats. 3 

Risk Factors 
Pathogen Risk Factors 

Oocysts are very resistant to external 
influences and can often survive in the envi¬ 
ronment for at least 1 year. They can over¬ 
winter in cold climates but are more 
susceptible to desiccation. Fifty grams of 
infected cat feces can contain as many as 10 
million oocysts, and infection in farm 
animals can be established by the ingestion 
of fewer than 40 oocysts. 1 Oocysts are 
destroyed by exposure to high temperatures 
and freezing. 

Environmental and Management 
Risk Factors 

In sheep, a high rate of infection can relate 
to areas of high rainfall, allowing increased 
survival of oocysts on pasture. The preva¬ 
lence of infection in small ruminants is much 
lower in hot, arid countries than in regions 
with wet climates. 

Sheep raised in cat-free areas have almost 
no toxoplasmosis, whereas sheep raised in 
similar environments with cats can have a 
high level of exposure or infection. : In many 
recorded toxoplasmosis outbreaks with high 
prevalence rates in sheep and goats, there 
was a link to stored feed contaminated with 
cat feces. Cat access to sows is also a risk 
factor for toxoplasmosis in swine. 4 

Other management risk factors include 
housing. Swine housed outdoors can be at a 
greater risk for infection in some areas. Prev¬ 
alence is low in sows that are kept indoors. 
Infected pork is a significant source of infec¬ 
tion to humans, and the trend to outdoor 
rearing on free-range farms may increase the 
risk for human infection. 

Experimental Studies 
Sheep 

Experimental disease can be achieved 
by challenge with oocysts, tissue cysts, 
or tachyzoites. 1 Ewes may show a febrile 
response during the parasitemic phase 5 
to 12 days following inoculation. Abor¬ 
tion and fetal mortality occur in sheep that 
suffer a primary infection during pregnancy. 
The parasite invades the placenta and can 
be detected in the fetus between 5 and 10 
days following the onset of parasitemia. 
Infection may result in resorption, abor¬ 
tion, or the birth of stillborn or congenitally 
infected live lambs. Infection in early preg¬ 
nancy (less than 60 days), before the fetus 
acquires immunologic competence, usually 
results in embryonic death and resorp¬ 
tion and a barren ewe. Infection in mid¬ 
pregnancy usually results in abortion and 
the birth of stillborn lambs, whereas ewes 
infected in late pregnancy (more than 110 
days) may give birth to live but congenitally 
infected lambs. 


Cattle 

Cattle are relatively resistant to infection. 2 
Diarrhea, anorexia, poor weight gain, depres¬ 
sion, weakness, fever, and/or dyspnea follow 
challenge infection of calves with pathogenic 
strains. Using strains of low virulence, there 
is a mild fever and lymphadenopathy, and 
the parasite is detectable only in the lymph 
nodes for only a few weeks. Adult cows are 
usually not susceptible to infection, and it is 
apparent that cattle do not readily acquire 
persistent T. gondii infection. T. gondii is not 
important in causing abortion or clinical 
disease in cattle. It is probable that many 
cases previously diagnosed as bovine toxo¬ 
plasmosis were actually cases of neosporosis 
or sarcosporidiosis. 

Other Ruminants 

High numbers of oocysts fed to (susceptible) 
goats cause a febrile, anorectic, fatal illness 
and pregnant goats abort. The pathogenesis 
of the abortion is as for sheep. Disease in 
buffalo calves is described as peracute, with 
pulmonary consolidation, necrotic foci in all 
organs, and fluid accumulations in body 
cavities. 

Pigs 

Infection is relatively readily established in 
pigs, 4 but it is usually not associated with 
disease or only with a short period of fever 
and growth suppression. Congenital toxo¬ 
plasmosis is not readily induced experimen¬ 
tally. Young pigs (less than 12 weeks of age) 
are considerably more susceptible than older 
pigs. Infections induced by tissue cysts are 
usually less severe than those induced by the 
ingestion of oocysts. 

Horses 

Horses appear to be relatively nonsuscepti- 
ble to T. gondii and toxoplasmosis. 

Economic Importance 

Abortion and neonatal mortality in sheep 
and goats are the major clinical manifesta¬ 
tions of toxoplasmosis in livestock and result 
when primary infection occurs during preg¬ 
nancy. Ovine abortion and neonatal mortal¬ 
ity as a result of toxoplasmosis are important 
problems in New Zealand, Australia, Canada, 
the United States, and the United Kingdom; 
in most countries, they are second in impor¬ 
tance only to chlamydial abortion. Perinatal 
mortality rates (including abortions and 
neonatal death) in affected flocks may be as 
high as 50%. Toxoplasmosis can be a primary 
cause of economic losses in flocks with an 
abortion problem. Toxoplasmosis of goats is 
also associated mummification of fetuses 
and perinatal death. 

Zoonotic Implications 

Humans are accidental intermediate hosts 
for T. gondii, and approximately one-half of 
the population in the United States is 
infected. 1 Infection can result from the 


ingestion of oocysts from cat feces that con¬ 
taminate waterways or food, that contami¬ 
nate the hair of domestic dogs and cats, or 
that are inadvertently ingested because of 
poor hygiene practices. However, the major 
risk for human infection relates to the inges¬ 
tion of bradyzoites and/or tachyzoites in 
meat or tissues that are eaten or handled. The 
risk is with raw or undercooked meats. Ade¬ 
quate freezing and/or cooking will kill the 
parasite. Beef is a minor source of infection, 
with pork and, to a lesser degree, sheep meat 
posing a greater risk. Tachyzoites can be 
passed in the milk of goats challenged with 
oocysts; raw goat milk has some public 
health risk for toxoplasmosis, although the 
risk is low. 

Usually, T. gondii infection in immu¬ 
nocompetent humans is asymptomatic. 
However, disease can occur in people suffer¬ 
ing from AIDS or malignancy, in those 
treated with cytotoxic or immunosuppres¬ 
sive drugs, and in children and the elderly. 
There is also the risk in pregnant women for 
abortion or congenital infection of the fetus 
with resultant hydrocephalus, intracranial 
calcification, and retinochoroiditis. Maternal 
infection in the first and second trimesters 
may result in severe congenital toxoplasmo¬ 
sis and death of the fetus in utero and 
subsequent abortion. Infection late during 
pregnancy may result in the birth of an 
apparently normal child who is at risk of 
developing chorioretinitis later in life. 

Toxoplasmosis poses an occupational 
risk for veterinarians, farmers, and slaugh¬ 
terhouse workers who handle infected 
tissues, such as placenta, brain, or muscle. 
For instance, the risk can be high during 
contact with lambing ewes in infected flocks; 
veterinarians and farm workers, particularly 
if pregnant or immunocompromised, should 
take precautions to avoid infection when 
handling infected material. 

PATHOGENESIS 

T. gondii is an intracellular parasite that 
attacks most tissues and organs, with predi¬ 
lection for the reticuloendothelial and 
central nervous systems . 2 1 Sporozoites 
from oocysts or bradyzoites from tissue cysts 
invade and penetrate cells of the intermedi¬ 
ate host by an active process and then repli¬ 
cate as tachyzoites, initially in intestinal 
epithelial cells. After invasion of various cell 
types, the tachyzoites multiply (rapidly 
during endodyogeny) and eventually fill and 
destroy cells. Following their release from 
ruptured cells, liberated tachyzoites reach 
other organs via the bloodstream. Parasit¬ 
emia commences ~5 days following infec¬ 
tion and declines with the development of 
immunity 2 to 3 weeks after infection. At this 
stage, the parasite undergoes bradyzoite rep¬ 
lication within cells/tissues to produce tissue 
cysts. 

The presentation of disease varies 
depending on the organ(s) affected and on 
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whether the disease is congenital or acquired. 
The principal manifestations are encephalitis 
when infection is congenital and febrile 
exanthema with pneumonitis and enteroco¬ 
litis when heavy infections occur post- 
natally. However, most infections are 
asymptomatic; tissue cysts can be found in 
many animals and appear to cause no harm. 
When the immunity of the animal declines, 
because of stress, disease, immunosuppres¬ 
sive therapy or an immunocompromised 
state, tissue cysts can rupture, and granulo¬ 
matous lesions can develop. Immunodefi- 
cient or immunocompromised animals can 
develop severe disease. 

Pregnant Sheep and Goats 

Abortion and fetal mortality occur in sheep 
or goats that contract a primary infection 
during pregnancy. In the dam, the infection 
is limited by a developing immune response, 
but it is not limited in the placenta or in the 
immuno-incompetent fetus. The fetus, and 
the ability of the fetus and its associated 
placenta, to mount a protective response 
depend on the age of the fetus at the time of 
infection. 

Immunocompetence against T. gondii 

does not usually develop before 60 days of 
gestation. Infection in early or midpreg¬ 
nancy results in fetal death, with resorption 
or mummification. Some lambs infected in 
midpregnancy may survive to near term and 
be stillborn, or they may survive to parturi¬ 
tion but are weak and die shortly after birth. 
Parasite replication in the placenta results in 
multiple foci of necrosis, and these lesions 
likely contribute to abortion or to the birth 
of weak lambs. In addition, congenital infec¬ 
tion of the central nervous system may result 
in locomotory and sucking dysfunction. 
Only sheep that become infected during 
pregnancy abort. With infection in late preg¬ 
nancy, the fetus can mount an immune 
response and is usually born live, infected, 
and immune. Infection of pregnant and non- 
pregnant sheep usually provokes sufficient 
protective immunity to prevent abortion in 
future pregnancies. 

CLINICAL FINDINGS 

The clinical syndrome and the course of 
toxoplasmosis vary a great deal among 
species and among age groups. 31 The only 
clinical syndrome recognized with any regu¬ 
larity in the field is abortion and neonatal 
mortality in sheep. The other, less common, 
syndromes are described in the following 
subsections. 

Sheep 

In sheep, although a syndrome of fever, 
dyspnea, generalized tremor, abortions, and 
stillbirths can occur, 3 the clinical manifesta¬ 
tion of the systemic disease in the ewe is rare. 
The principal manifestations of toxoplasmo¬ 
sis in sheep are fetal resorption, abortion, the 
birth of mummified or stillborn lambs, 


neonatal death, and the birth of full-term 
lambs that show locomotor and sucking 
disorders. 

Abortion commonly occurs during the 
last 4 weeks of pregnancy, and the rate may 
be as high as 50%. Full-term lambs from 
infected ewes may be born dead, or alive but 
weak, with death occurring within 3 to 4 
days of birth. Lambs affected after birth show 
fever and dyspnea, but a fatal outcome is 
uncommon. Fetal resorption can occur in 
ewes infected in early pregnancy. 

Goats 

Toxoplasmosis of sheep and goats is similar. 
Caprine toxoplasmosis is manifested by 
perinatal deaths, including abortion and 
stillbirth. Systemic disease, with a high case- 
fatality rate, can occur, particularly in young 
goats. 

Pigs 

Pigs are susceptible. If an outbreak occurs, 
pigs of all ages can be affected. 4 Clinical signs 
include debility, weakness, incoordination, 
cough, tremor and/or diarrhea, but no fever. 
Young pigs can be acutely ill, with a high 
fever of 40° to 42°C (104-107°F); they 
develop diarrhea and can die after several 
weeks. Pigs of 2 to 4 weeks of age have addi¬ 
tional signs, including wasting, dyspnea, 
coughing, and nervous signs, particularly 
ataxia. Pregnant sows commonly abort; 
piglets are premature or stillborn, or they 
survive and can develop disease at 1 to 3 
weeks of age. Toxoplasmosis should be con¬ 
sidered in the case of a resident problem of 
abortion and stillbirth in a pig herd. 

Cattle 

Rare bovine toxoplasmosis may be mani¬ 
fested in fever, dyspnea, and nervous signs, 
including ataxia and hyperexcitability, in the 
early stages, followed by extreme lethargy. 
Stillborn or weak calves that die soon after 
birth may also occur. However, usually, toxo¬ 
plasmosis does not play a significant role in 
bovine abortion. Congenitally affected calves 
can show fever, dyspnea, coughing, sneezing, 
nasal discharge, clonic convulsions, grinding 
of the teeth, and/or tremor of the head and 
neck. Death can occur after 2 to 6 days. 

Horses 

Toxoplasmosis is rare in horses. 

CLINICAL PATHOLOGY 

Serologic tests available for the detection of 
humoral antibodies to T. gondii include the 
Sabin-Feldman dye test, the indirect hemag¬ 
glutination assay, the indirect fluorescent 
antibody test (IFAT), the modified agglutina¬ 
tion test (MAT), the latex agglutination test 
(LAT), the enzyme-linked immunosorbent 
assay (ELISA), and the immunosorbent 
agglutination assay test (IAAT). 2 " 4 Serologic 
tests are commonly used to estimate the 
seroprevalence of T. gondii exposure or 


infection in animal populations, but their 
sensitivity and specificity can vary consid¬ 
erably depending many factors, including 
the actual assay used and the species of 
animal being tested. 

Abortion 

Serologic testing to establish toxoplasmosis 
as the cause of abortion is of limited value. 
A test-negative titer will likely rule out toxo¬ 
plasmosis, but because serum antibody can 
persist for some years, a test-positive titer 
will only indicate that an animal has been 
exposed to or infected with T. gondii at some 
stage of its life. Seroprevalence can be high 
in sheep and swine. Rising titers in paired 
samples are more informative but are likely 
of limited value for the diagnosis of T. 
gondii-related abortion in sheep, where 
infection and serum antibody responses may 
precede the abortion storm. It is informative 
to test pleural or peritoneal fluid of aborted 
fetuses for the presence of antibody or 
nucleic acids of T. gondii. PCR assays can be 
used to specifically detect or quantitate T. 
gondii DNA or RNA in infected fetal and any 
other tissues from suspected cases. 

NECROPSY FINDINGS 

Macroscopic lesions consist of multiple 
foci of necrosis in various organs, including 
the lungs, brain, spinal cord, liver, spleen, 
kidneys, and heart. Interstitial pneumonia 
hydrothorax, ascites, lymphadenitis, and 
intestinal ulceration may be observed. 
Microscopically, foci of coagulative necrosis 
are present, with little evidence of inflamma¬ 
tion, except in the lungs, where there is 
interstitial pneumonia, and in the nervous 
system, where there is usually nonsuppura¬ 
tive meningoencephalitis. Stages (tachyzo- 
ites, bradyzoites, and/or cysts) of T. gondii 
can be found in the viscera and/or brain. 11,12 

Abortion 

In sheep, there may be involvement of the 
uterine wall, the placenta, and the fetus. The 
lesions in the fetal lambs are usually limited 
to focal necrosis in brain, liver, kidney, and 
lungs; characteristic lesions are common and 
severe in the placenta . 1 The lesions are con¬ 
fined to the cotyledons and consist of mul¬ 
tiple white foci of necrosis in the villi. On 
histologic examination, there is multifocal 
necrosis and desquamation of trophoblastic 
epithelium, sometimes with calcification. T. 
gondii stages can be found in the placenta 
and other organs 

In swine, the prominent lesions are 
necrotic placentitis, nonsuppurative enceph¬ 
alomyelitis, and/or myocardial degeneration. 
In contrast to sheep, grossly visible areas of 
necrosis are not present in the placenta, but 
numerous organisms may be visible on 
microscopic examination of the placenta. 

Immunohistochemical staining can be 
used to identify the parasite in formalin- 
fixed material. Serologic testing of fetal 
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thoracic fluid can be useful in those fetuses 
that are immunocompetent at the time of 
abortion. PCR can be used for the specific 
detection of T. gondii DNA in tissues and can 
be used on autolyzed tissue. 2 ' 4 On rare occa¬ 
sions, a diagnostic bioassay can be performed 
to induce infection and propagate the para¬ 
site in specific-pathogen-free (SPF) rodents, 
which is a very sensitive but time-consuming 
method. Aseptically collected brain, lung, 
and diaphragm is homogenized and admin¬ 
istered orally, or by intraperitoneal or intra¬ 
cerebral injection to mice, or orally to SPF 
cats. A positive diagnosis depends on the 
presence of T. gondii cysts in the brains of 
the mice -8 weeks after the inoculation or 
the excretion of oocysts in the feces of 
infected cats. Cats are a more sensitive assay 
because of the volume of tissue that can be 
tested. The mouse bioassay is useful to prop¬ 
agate T. gondii for subsequent molecular or 
genetic analyses or in vitro experiments. 

Samples for Diagnostic Testing 

• Parasitology—fresh or chilled brain, 
lung, placenta 

• Serology—fetal thoracic fluid 

• Histology—placental cotyledons, lung, 
liver, brain, spinal cord, kidney, heart 


DIFFERENTIAL DIAGNOSIS 


Toxoplasmosis is rarely considered in a primary 
diagnostic list other than with problems of 
abortion and associated neonatal mortality. 
The differential diagnosis of abortion in cattle 
is dealt with under brucellosis, in sheep under 
brucellosis, and in pigs under leptospirosis. 

The causes of encephalitis and pneumonitis in 
animals are listed under respective headings. 


TREATMENT 

Treatment with a combination of sulfameth¬ 
azine and pyrimethamine (administered 
over 3 days for three periods with an interval 
of 5 days between the start of each treatment 
period) has proved effective in mitigating the 
effects of experimentally induced toxoplas¬ 
mosis in pregnant ewes. This therapy should 
be considered in the face of an outbreak of 
abortion associated with toxoplasmosis. 1 
These drugs appear to be effective against 
proliferating tachyzoites in the acute stage of 
toxoplasmosis, but they will not eliminate 
infection and will have limited activity on 
bradyzoites within tissue cysts. 

CONTROL 

There are two key issues in the control of 
toxoplasmosis in agricultural animals. The 
first is to reduce the economic impact of 
disease; the second is to reduce the risk for 
human disease associated with consumption 
of infected meat. 

Cat Control 

The elimination of cats from the farm envi¬ 
ronment will preclude feed contamination 


and contamination of pasture areas. 
Although it is possible to ban domestic cats 
from the farm, this will not usually eliminate 
the risk of toxoplasmosis because of the 
range of activities of cats from adjacent areas, 
the presence of feral cats, and the possibility 
of spread of oocysts. 5 Nevertheless, risk of 
infection/disease will be reduced by elimi¬ 
nating cats from the farm environment or 
restricting them to neutered animals. Where 
possible, feeds should be stored in cat- 
proof areas. In swine units, rodent control 
and preventing the access of pigs to any 
carrion are key measures. On farms, any 
animal carcass or material (e.g., placenta 
and fetus) linked to suspected or confirmed 
cases of toxoplasmosis should be eliminated 
immediately, 

Serologic Monitoring 

Serologic testing can be used to estimate 
seroprevalence and seroconversion in sows 
housed indoors and outdoors, and it may 
assist in assessing whether changes need to 
be made to farm management practices. 
Such testing can also be employed to assess 
seroprevalence and monitor specific anti¬ 
body titers in sheep to support a risk man¬ 
agement strategy against toxoplasmosis and 
to assess whether antitoxoplasmal drugs or 
vaccination should be implemented for 
prevention/protection. 

There is an effective and long-lasting 
immunity following primary T. gondii infec¬ 
tion, and ewes that have aborted should be 
kept in the flock. Exposure of ewes to natural 
infection in a contaminated environment 
before breeding would be possible means of 
preventing toxoplasmosis but is difficult to 
control. 

Prophylaxis 

Feeding monensin at a dose of 15 mg/animal 
per day during the first 100 days of preg¬ 
nancy has been shown to reduce lamb loss 
following experimental infection with T. 
gondii, as has decoquinate fed at 2 mg/kg 
daily. 1 Decoquinate is more palatable and 
has less risk of toxicity. Preventative medica¬ 
tion offers an option for ewes that are test¬ 
negative for anti-T gondii serum antibodies 
and likely to be exposed in pregnancy to 
feed, water, or an environment contaminated 
with oocysts. Both drugs are best fed to ewes 
before they encounter infection and are not 
effective as therapeutic agents. 

Vaccination 

Tachyzoites from an attenuated strain of T. 
gondii are used in a vaccine to protect sheep, 
which is available commercially in some 
countries. 3,6 ' 8 Such tachyzoites readily infect 
seronegative sheep but do not initiate chronic 
infection or tissue cysts, and the parasite 
cannot be detected in muscle or brain 6 
weeks after vaccination. Ewes should be vac¬ 
cinated at least 3 weeks before mating, and a 
single injection will protect for the life of the 


sheep. In flocks where toxoplasmosis is a 
cause of lamb loss, initial vaccination of the 
whole flock, followed by vaccination of 
replacement ewes, is a better economic 
option than only vaccinating replacement 
ewes. 3 Vaccination does not completely 
protect pregnant ewes against parasitemia or 
the infection of the fetus following challenge 
with virulent T. gondii oocysts, but there is a 
significant reduction in the birth rates of 
dead lambs. It has been postulated that vac¬ 
cination results in reduced numbers of 
tachyzoites invading the gravid uterus or 
fetus, with a consequent reduced potential 
for inducing significant pathologic changes 
in the placenta and the fetus. Immunity 
appears to be cell mediated. Experiments 
with an adjuvanted vaccine in pigs show pro¬ 
tection from clinical challenge and a reduc¬ 
tion in recoverable Toxoplasma from tissues 
of vaccinated challenged pigs. 1 

Reduction of Zoonotic Risk From 
Food and Water 

Oocysts from cat feces are an important 
source of human infection, as is meat from 
sheep, swine, and sometimes from other live¬ 
stock animals that are infected with tachyzo¬ 
ites or bradyzoite cysts. 2 The implementation 
of control procedures on farms will reduce 
infection risk, and the major aspect will be 
to reduce the numbers of cats on farms or 
eliminate them. The infectivity of meat can 
be destroyed by freezing, proper cooking, or 
irradiation. Reviews of other strategies for 
the control of food-borne toxoplasmosis are 
readily available. 9 ' 10 
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THEILERIOSES 

Theilerioses are those tick-borne protozoan 
diseases associated with Theileria spp. in 
cattle, sheep, goats, and horses and in wild 
and captive ungulates. The genus Theileria 
belongs to the Apicomplexa group, which 
includes Babesia, Toxoplasma, Neospora, and 
Plasmodium, among others. The life cycle of 
Theileria spp. involves cyclical development 
in ticks to form sporozoites; on being injected 
with tick saliva into the mammalian host, 
sporozoites develop into schizonts in leuko¬ 
cytes and then piroplasms (merozoites) in 
erythrocytes. The diseases in ruminants are 
characterized by fever and lymphoprolifera- 
tive disorders and are associated with varying 
degrees of leucopenia and/or anemia. 

Theileria spp. are found throughout the 
world, and their nomenclature and classifica¬ 
tion, although still controversial, are being 
gradually elucidated through molecular 
characterization. The important pathogens 
of cattle are restricted to certain geographic 
regions after which the diseases are named 
(Table 21-6). East Coast fever (ECF), caused 
by Theileria parva, and tropical theileriosis 
(or Mediterranean Coast fever), caused by 
T. annulata, are the two most important thei¬ 
lerioses and are dealt with separately in the 
following discussion. 

Oriental theileriosis (or Japanese thei¬ 
leriosis) caused by T. orientalis is increas¬ 
ingly being associated with disease outbreaks 


in Asia and Australia. Molecular analysis has 
revealed four genotypes of T. orientalis 
(ikeda, chitose, buffeli, and type 5), with the 
ikeda genotype being the most pathogenic. 1 
The disease is transmitted by Haemophysalis 
ticks, which occur in Europe, the Mediter¬ 
ranean basin, Asia, and Australia. In addi¬ 
tion, transplacental (vertical) transmission 
from pregnant cows to calves has been 
reported in some countries. 

Oriental theileriosis is characterized by 
moderate to severe anemia in heavily para¬ 
sitized cattle and moderate enlargement of 
lymph nodes. Outbreaks of more severe 
clinical signs and economic losses have been 
reported occasionally from India, Australia, 
and New Zealand. 2 4 Such outbreaks are 
characterized by severe anemia and heavy 
parasitemia, especially in European breeds of 
cattle, in their crossbreds, or in naive animals 
moved to endemic areas. Affected animals 
show high fever, lacrimation, nasal discharge, 
swollen lymph nodes, and hemoglobinuria. 2 
Abortion, significant loss in milk produc¬ 
tion, and deaths were reported in the Austra¬ 
lian outbreaks. 3 ' 6 Postmortem lesions include 
punched-out ulcers in the abomasum, 
enlargement of the spleen, and massive pul¬ 
monary edema, as in East Coast fever and 
Mediterranean Coast fever (see following 
discussion). 

The pathogenesis of the anemia and 
hemoglobinuria in oriental theileriosis is not 
clear but may be related to a hemolytic factor 
in the serum of acutely affected cattle or to 
an oxidative damage of the red blood cell 
membrane leading to hemolysis, as in ovine 
malignant theileriosis (see following discus¬ 
sion). 7 European breeds are more susceptible 
than zebu breeds. 


Methods of diagnosis include parasito¬ 
logic, serologic, and PCR)assays. 8 In one 
study involving beef cattle in Australia, prev¬ 
alence of infection was 28.1% by parasito¬ 
logic method and 70.8% by PCR assay 
employing a region within the major piro- 
plasm surface protein (MPSP) gene as 
marker. 5 With such high infection rates in 
clinically normal animals, it is important that 
calves used for the production of live vac¬ 
cines against babesiosis and anaplasmosis 
should be free of oriental theileriosis. In Aus¬ 
tralia, concurrent treatment with prima¬ 
quine phosphate and halofuginone lactate is 
effective for this purpose. 

T. mutans, confined to Africa and the 
Caribbean islands, causes a usually innocu¬ 
ous disease (benign theileriosis), but it may 
be manifested by fever, anorexia, and anemia. 
Some genotypes of T. orientalis are also asso¬ 
ciated with subclinical infections in Asia and 
Australia. Another species, T. velifera, is 
associated with very mild theileriosis in trop¬ 
ical Africa. Amblyomma ticks transmit both 
species. T. taurotragi of the eland antelope is 
generally nonpathogenic to cattle, but it is 
one of the causes of cerebral theileriosis 
(turning sickness) in southern Africa (cere¬ 
bral theileriosis can also be associated with 
T. parva). Parasitized lymphoblasts accumu¬ 
late in cerebral, spinal, and meningeal arter¬ 
ies, with resultant thrombosis and infarction 
of affected organs. T. taurotragi is transmit¬ 
ted by Rhipicephalus spp. 

The important pathogen of sheep and 
goats is T. hirci (synonym T. lestoquardi), the 
cause of malignant ovine theileriosis. The 
disease is enzootic from North Africa 
throughout the Middle East to India and 
China, approximately the same geographic 


Table 21-6 Summary of the theilerioses of domestic ruminants 

Disease 

Distribution 

Theileria spp. 

Main vector 

Cattle 

East coast fever 

Turning sickness (cerebral 
theileriosis) 

East and central Africa 

Southern Africa 

T. parva 

T. parva, T. taurotragi 

Rhipicephalus appendiculatus 

Rhipicephalus spp. 

Tropical theileriosis 
(Mediterranean coast 
fever) 

Mediterranean countries 

Indo-China 

T. annulata 

Hyalomma anatolicum 

Oriental theileriosis (Japanese 
theileriosis) 

Asia, Australia 

T. orientalis (genotype ikeda) 

Haemophysalis spp. 

Benign theileriosis 

Africa/Caribbean 

Africa 

Asia 

T. mutans 

T. velifera 

T. buffeli 

T. sergenti 

Amblyomma spp. 

Amblyomma spp. 

Haemophysalis longicornis/H. punctata 

Sheep and goats 




Malignant ovine 
theileriosis 

North Africa, Middle East, India 

T. hirci ( T. lestoquardi) 

Hyalomma spp./Haemophysalis spp.? 

Benign theileriosis 

Worldwide 

T. ovis 

Rhipicephalus spp.? 

Horses, other equidae 

Equine theileriosis 

East and South Africa 

Worldwide 

T. separata 

T. equi 

Rhipicephalus spp. 

Boophilus microplus, Rhipicephalus spp., 


Hyalomma spp. 
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region as bovine tropical theileriosis. Malig¬ 
nant theileriosis in sheep and goats is similar 
to bovine tropical theileriosis as a result of T. 
annulata. Like the latter, it is also transmitted 
by Hyalomma spp., but in China, the main 
vector is Haemophysalis spp. The disease can 
be acute, subacute, or chronic, depending on 
the resistance of the sheep or goats, and is 
seasonal, depending on availability of ticks. 
The acute disease is characterized by fever 
and very high mortality in 3 to 6 days. 
Anemia, jaundice, and enlargement of lymph 
nodes are characteristic, and both piro- 
plasms and schizonts can be demonstrated in 
smears of blood and tissues, respectively. The 
anemia is severe, progressive, and hemolytic 
and is associated with oxidative damage.' In 
subacute and chronic cases, signs are gener¬ 
ally less marked except for anemia and ema¬ 
ciation. An indirect fluorescent antibody test 
is available and parasites can be identified by 
PCR methods. Parvaquone and buparva- 
quone may be used to treat early cases. 
Benign ovine theileriosis is caused either by 
T. ovis or by T. separata, T. luwenshuni, or T. 
uilenbergi. 9 Piroplasms are found in blood, 
but there are no overt clinical signs. 

Equine theileriosis is caused by Theileria 
equi (formerly Babesia equi ) and has been 
reported from all continents, including 
North America, where it has reemerged as a 
persistent subclinical infection of horses in 
the United States. 10 The term equine piroplas- 
mosis is used to refer to T. equi infection 
alone or concurrently with Babesia cabali. 
Horses, donkeys, camels, and zebras are 
affected. Transmission is by Boophilus micro¬ 
plus, Rhipicephalus spp., and Hyalomma spp. 
In addition, transplacental transmission 
from mare to foals is quite common. The 
disease is generally a benign form of theile¬ 
riosis detected during routine blood exami¬ 
nation or through serology and molecular 
techniques (PCR). Treatment with imido- 
carb dipropionate is largely successful in 
eliminating carrier state and transmission 
risk in nonendemic countries. 10 

In summary, the pathogenesis of various 
forms of theileriosis is dependent on the pro¬ 
duction of schizonts in lymphocytes and 
piroplasms in erythrocytes. Thus T. parva, T. 
annulata, and T. hirci produce numerous 
schizonts and piroplasms and are very 
pathogenic; T. orientalis, T. mutans, and T. 
ovis rarely produce schizonts but may cause 
varying degrees of anemia when piroplasms 
are many in red blood cells; and with T. 
velifera and T. separata, no schizonts have 
been described, the parasitemia is usually 
scanty, and the infection is mild or subclini¬ 
cal. Transmission is from tick saliva to the 
mammalian host, but cases of transplacental 
infection have been reported rarely for T. 
orientalis and more frequently for T. equi. 
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EAST COAST FEVER (ECF) 


SYNOPSIS 


Etiology Theileria parva, an Apicomplexa 
protozoon. Vector is Rhipicephalus 
appendiculatus and, rarely, R. zambeziensis. 
Epidemiology Endemic disease of cattle in 
East and Central Africa; high mortality and 
great economic importance. 

Clinical signs Fever, enlarged superficial 
lymph nodes, dyspnea, wasting, and 
terminal diarrhea. 

Clinical pathology Schizonts in lymphoblasts, 
piroplasms in erythrocytes, serology. 

Lesions Massive pulmonary edema, 

hydrothorax, hydropericardium, emaciation, 
hemorrhages, lymphadenopathy, and 
widespread proliferation of lymphoblastoid 
cells. 

Differential diagnosis list 

• Trypanosomosis/babesiosis/anaplasmosis 

• Headwater 

• Malignant catarrhal fever/bovine virus 
diarrhea/rinderpest 

Treatment Limited success with halofuginone, 
parvoquone, and tetracyclines. 

Control Integrated approach involving 
resistant animal breeds, strategic 
application of acaricides, and vaccination 
by infection-and-treatment methods. 


ETIOLOGY 

East Coast fever is caused by Theileria parva 
transmitted by ticks. The genus Theileria 
belongs to the apicomplex group (see “Thei- 
lerioses”). There has been considerable 
naming and renaming of T. parva and the 
associated diseases in Africa. “Classic” East 
Coast fever (ECF) occurs in East Africa and 
is associated with T. parva transmitted from 
cattle to cattle by the brown ear tick, Rhipi¬ 
cephalus appendiculatus. ECF also occurs 
either as corridor disease in eastern and 
southern Africa or as January disease in 
central Africa. Corridor disease is transmit¬ 
ted from buffalo to cattle by either R. appen¬ 
diculatus or R. zambeziensis, and the agent 
responsible used to be called T. parva lawren- 
cei. Close contact between buffalo, cattle, and 
ticks is essential. The disease is more acute 
than classical ECF, but after serial passage in 
cattle, it is indistinguishable from classical 
ECF. January disease occurs mainly between 
January and March, and the agent was named 


T. parva bovis. The disease is also more acute 
than classical ECF, with death sometimes 
occurring within 4 days. These three clinical 
diseases are otherwise indistinguishable 
from one another, and hence the causative 
agents are currently referred to simply as T. 
parva. 

EPIDEMIOLOGY 

Occurrence 

ECF affects mainly cattle but also buffalo, 
and occurs in 13 countries in eastern, central, 
and southern Africa. Its occurrence is related 
to the distribution of the vector tick, which 
has been recorded from large areas extend¬ 
ing from southern Sudan in the north to 
western Zambia and eastern Zaire in the 
west, and to Mozambique and Zimbabwe in 
the south. The disease is prevalent through¬ 
out the wetter areas favoring the develop¬ 
ment of the tick, but is absent from the wet 
highlands in the horn of Africa. An outbreak 
was reported in the Comoros following 
importation of immunized cattle from Tan¬ 
zania. 1 The disease has been eradicated from 
southern Africa up to the Zambezi River. 
The endemic scenarios range from a stable 
situation with high prevalence of herd infec¬ 
tion but low fatality rates (endemic stability) 
to a low-prevalence/high-fatality scenario 
(endemic instability). Endemic stability 
develops in indigenous zebu cattle exposed 
to constant tick challenge, such as those in 
wetter areas, whereas endemic instability is 
seen with commercial production systems 
utilizing imported breeds or crossbreeds and 
in areas with a unimodal rainfall pattern that 
restricts tick activity. Epidemics occur when 
there is a breakdown in tick control, espe¬ 
cially during the rainy season or when sus¬ 
ceptible animals are introduced into an 
endemic area. 

Morbidity and Case Fatality 

All susceptible cattle in endemic areas are at 
the risk of contracting ECF unless they are 
vaccinated or the tick population is under 
stringent control. The morbidity and case- 
fatality rates are very high, approaching 90% 
to 100% in recently introduced exotic ( Bos 
taurus) breeds and in previously unexposed 
or naive indigenous cattle. However, indige¬ 
nous zebu cattle (Bos indicus) and African 
buffalo in endemic areas have a strong resis¬ 
tance to the disease, and calfhood mortality 
is around 5%. 

Methods of Transmission 

The vector of ECF is Rhipicephalus appen¬ 
diculatus-, in the field, the disease occurs only 
where this tick is found, except for corridor 
disease, which may be transmitted by R. 
zambeziensis. Other species of Rhipicephalus 
and Hyalomma spp. can transmit ECF exper¬ 
imentally, but they are not significant. Devel¬ 
opmental stages of the parasite occur in the 
tick, and they pass transstadially through the 
stages of larva, nymph, and adult, but there 
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is no transovarian transmission. Conse¬ 
quently, larvae or nymphs become infected 
and transmit infection as nymphs or adults, 
respectively. Adults are more efficient vectors 
than nymphs but each developmental stage 
results in amplification of the vectors com¬ 
petence in parasite transmission and the 
ability to infect more than one host during 
the life cycle of the tick. 2 Infected ticks start 
transmission of the parasite from 72 hours 
postattachment, 3 and mechanical transmis¬ 
sion is of no significance. The epidemiology 
of the disease is thus largely dependent on 
the distribution and habitat of the tick and 
its ability to complete development to the 
adult stage, usually during the rainy season. 
Ticks may live for 1 to 2 years, but they lose 
their infection within 11 months. 

Risk Factors 

The most important risk factors relate to the 
presence of the brown ear tick in a given area 
and the level of tick burden per animal, even 
though it takes only one tick to establish an 
infection that could be fatal. At low infesta¬ 
tion rates, an average of five ticks per head 
(two to three per ear) will sustain endemic- 
ity; one to four per head will invite epidemic - 
ity, whereas an average of less than one can 
allow sporadic outbreaks. In addition, there 
is evidence that R. appendiculatus popula¬ 
tions that originate from eastern Africa tend 
to become more highly infected with T. 
parva than those that originate from south¬ 
ern Africa, and consequently the disease they 
transmit is more virulent. 

The infection rate in ticks in endemic 
areas is usually low (1% to 2%), even though 
the immunity conferred on recovered or vac¬ 
cinated animals is no longer thought to be 
sterile. However, soon after ECF becomes 
established in susceptible herds, infection 
rates in ticks become much higher. 

Young animals are less susceptible, and 
indigenous breeds and buffaloes are less 
clinically affected than exotic breeds, but 
buffaloes are the carriers of corridor disease. 
Other wild Bovidae may help to sustain the 
population of the tick vector but are not car¬ 
riers of T. parva. Asiatic or water buffalo are 
fully susceptible. 

Environmental Factors 

In eastern Africa, R. appendiculatus nor¬ 
mally occurs in grass-covered savannah and 
savannah woodlands, but it is usually absent 
from extensive heavily wooded forest habi¬ 
tats. Areas that are too high, too cold, or too 
dry will not allow the tick to undergo more 
than one life cycle in a year, thereby reducing 
the period of transmission of theilerial para¬ 
sites by the nymphs or adults. For example, 
the disease is most prevalent in eastern 
Africa, where adult and immature stages of 
the tick occur simultaneously on cattle, 
leading to rapid and continuous transmis¬ 
sion. In southern Africa, by contrast, there is 
a seasonal life cycle for the tick, and thus 


there is little overlap between the activity 
periods of adults (January to March) and 
immature stages, thereby reducing the fre¬ 
quency of disease transmission. 

Immune Mechanisms 

Cattle recovering from ECF have a solid 
immunity to homologous challenge, but the 
immunity is not sterile. In endemic areas, 
premunity is established early, and this pro¬ 
vides lifelong protection if reinfection contin¬ 
ues and the cattle are not moved to a different 
location where they may be exposed to a dif¬ 
ferent strain of the parasite. Indigenous cattle 
are able to limit explosive multiplication of 
schizonts during the acute phase. Nutritional 
or climatic stress may seriously reduce the 
animal’s premunity, even among resistant 
breeds. Although antibody responses to the 
sporozoite may play some part in protection, 
immunity is mediated mainly by cellular 
mechanisms involving cell-mediated cyto¬ 
toxic T-cell (CTL) responses against surface 
antigens of macroschizont-infected cells. The 
CTL response is parasite specific and geneti¬ 
cally restricted (major histocompatibility 
complex [MHC] antigens), and the protec¬ 
tion can be transferred between immune and 
naive calves in the CD8+ T-cell fraction ema¬ 
nating from a responding lymph node. 

Experimental Reproduction 

ECF can easily be reproduced by feeding 
infected ticks on susceptible cattle or by 
inoculating cattle with infected tick mate¬ 
rial, sporozoites, or macroschizont-infected 
tissue culture cells. This is used as a method 
of immunization. When working with ticks 
or tick materials, care should be taken to 
avoid the risk of contracting other tick-borne 
diseases. 

Economic Importance 

ECF has a major impact on cattle production 
in eastern, central, and southern Africa. It is 
estimated that in 1989, ECF killed 1.1 million 
head of cattle and caused US$168 million in 
losses. Serious losses occur in exotic and 
indigenous cattle, mainly from reduced pro¬ 
duction of milk and meat as a result of mor¬ 
bidity and mortality, and from the heavy 
costs incurred in implementing effective tick 
control. T. parva does not infect human 
beings. 

Biosecurity Concerns 

The vector of ECF has strict requirements 
that limit the spread and establishment of the 
disease beyond the geographic areas where it 
normally occurs. Where the vector occurs 
but there is no disease, as in the Comoros, 
precautions should be taken to avoid impor¬ 
tation of carrier cattle from endemic areas. 
ECF is not contagious. 

PATHOGENESIS 

Sporozoites of T. parva are injected into the 
bovine host by the tick in its saliva. Ticks 


must feed for 2 to 4 days before sporozoites 
in their salivary glands will mature and 
become infective to cattle. One tick can 
transmit sufficient sporozoites to cause a 
fatal infection in a susceptible animal. The 
sporozoites then enter lymphocytes and 
develop into schizonts in the lymph node 
draining the area of attachment of the tick, 
usually the parotid node. Infected lympho¬ 
cytes are transformed to immortalized 
lymphoblasts and continue to divide syn¬ 
chronously with the schizonts, and thus each 
daughter cell is also infected. Eventually, 
infected lymphoblasts are disseminated 
throughout the lymphoid system and in non- 
lymphoid organs, where they continue to 
proliferate. The strategy used by the parasite 
to transform the infected cell is via repro¬ 
gramming the cell’s glucose metabolism and 
redox signaling. 4,5 It has been suggested that 
only a proportion of infected lymphocytes 
will actually proliferate and disseminate. 6 
Furthermore, the survival of infected lym¬ 
phoblasts is promoted by cytoplasmic 
sequestration of p53, the central effector 
molecule of the p53 apoptotic pathway. 7 
Later, some schizonts differentiate into 
merozoites and are released from the lym¬ 
phoblasts. Without the schizonts, prolifera¬ 
tion of such lymphoblasts is arrested. 3 
Meanwhile, the released meroziotes invade 
erythrocytes, where they are referred to as 
piroplasms. The latter are the form infective 
to ticks. Piroplasms ingested by ticks undergo 
several developmental stages and eventually 
form sporozoites in salivary glands, thus 
completing the cycle. 

The dominating pathologic lesion is 
generalized lymphoid proliferation resulting 
from uncontrolled proliferation of T- 
lymphocytes containing schizonts. This is 
followed later by necrosis of infected lympho¬ 
blasts induced by cytotoxic T-lymphocytes. 
In one study involving 3-month old calves, 
massive necrosis of lymphocytes without 
initial proliferation was reported. 8 The severe 
lymphocytolysis often leads to immunosup¬ 
pression. Terminally, the animal develops 
severe pulmonary edema, probably as a result 
of release of vasoactive substances from lym¬ 
phocytes disintegrating in the lungs. Eryth¬ 
rocytic indices are usually unchanged, but 
there may be terminal anemia in January 
disease. 

CLINICAL FINDINGS 

The basic syndrome caused by T. parva infec¬ 
tion lasts for a few weeks. The incubation 
period is 1 to 3 weeks, depending on the 
virulence of the strain and the size of the 
infecting dose. Experimentally, the first clini¬ 
cal sign is enlargement of lymph nodes in the 
area draining the site of tick attachment (i.e., 
8 to 16 days after attachment). One or 2 days 
later, there is fever, depression, anorexia, and 
a drop in milk in dairy animals. In later 
stages, there may be nasal and ocular dis¬ 
charges, dyspnea, generalized lymph node 
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enlargement, and splenomegaly. In severe 
cases, diarrhea occurs, sometimes with dys¬ 
entery, but usually only late in the course of 
the disease. Emaciation, weakness, and 
recumbency lead to death from asphyxia in 
7 to 10 days. Terminally, there is often a 
frothy nasal discharge. Occasional cases of 
brain involvement occur and are character¬ 
ized by circling, hence “turning sickness,” or 
cerebral theileriosis. 

In southern Africa, cerebral theileriosis is 
associated with an aberrant form of T. tau- 
rotragi originating from the eland (see “Thei- 
lerioses”). There are localized nervous signs 
and convulsions, tremor, profuse salivation, 
and head pressing. Infection with the strain 
of T. parva (formerly T. parva lawrencei) 
responsible for corridor disease causes a 
similar acute syndrome, with the additional 
lesion of keratitis and accompanying blepha¬ 
rospasm. ECF in Zimbabwe (formerly attrib¬ 
uted to T. parva bovis ) is generally slightly 
less virulent but is still frequently fatal. 

CLINICAL PATHOLOGY 

The parasites are evident as schizonts, some¬ 
times in circulating lymphocytes, but mainly 
in biopsy smears of enlarged lymph nodes 
stained with Giemsa. Piroplasms are also 
easily visible in erythrocytes from day 16 
after tick attachment, and they increase in 
number until death. Over 30% of the red cells 
may be infected, but the level of intraeryth- 
rocytic piroplasms is not correlated with the 
severity of the disease. T. parva piroplasms 
are difficult to differentiate from other piro¬ 
plasms—hence the necessity to find schiz¬ 
onts. Blood counts will reveal a panleukopenia 
and thrombocytopenia with little or no 
anemia. The protozoa can be grown on a 
tissue culture of lymphoblastoid cells. 

A range of serologic tests is available, 
including indirect immunofluorescent anti¬ 
body test (IFAT), complement fixation test, 
indirect hemagglutination test, and enzyme- 
linked immunosorbent assay (ELISA). The 
ELISA test is increasingly being used for 
seroepidemiologic studies, and the polym¬ 
erase chain reaction (PCR) technology can 
be used as with other theilerioses. However, 
the IFAT is the most widely used test. 9 

NECROPSY FINDINGS 

The most striking lesion is massive pulmo¬ 
nary edema, hyperemia, and emphysema, 
along with hydrothorax and hydropericar¬ 
dium. Copious froth is present in the airways. 
The carcass is emaciated, and hemorrhages 
are evident in a variety of tissues and organs. 
There is enlargement of the liver, lymph 
nodes, and spleen and ulceration of aboma¬ 
sum and intestines. Small lymphoid nodules 
(the so-called pseudoinfarcts) are present 
in liver, kidney, and alimentary tract. In 
protracted cases, animals may have small, 
exhausted lymphoid organs. 

Microscopic lesions are characterized 
by proliferating lymphoblastoid cells and 


varying amounts of necrosis in lymphoid 
organs, lungs, liver, kidneys, the gastro¬ 
intestinal tract, and other tissues, somewhat 
similar to a multicentric lymphoid tumor. 
Some lymphoblasts contain schizonts, which 
are better seen in impression smears stained 
with Giemsa stain. In cerebral theileriosis, 
infected lymphoblasts sequester in cerebral 
blood vessels and cause infarction. 

Specimens to submit for pathology 
should include lymph nodes, lungs, kidneys, 
liver, and any other organ with gross lesions. 


DIFFERENTIAL DIAGNOSTIC 


The fever, depression, and lymphadenopathy 
of ECF can be confused with such diseases as 
theileriosis attributable to 

• T. armulata 

• trypanosomosis 

• headwater 

• malignant catarrhal fever 

• bovine virus diarrhea and rinderpest 
The lymphoid hyperplasia may also simulate 
lymphoma. Knowledge of the disease history, 
coupled with hematologic and lymph node 
smear examinations, is usually adequate to 
make a definitive diagnosis. 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Buparvaquone (2.5 mg/kg IM, 2 doses 48 
hours apart) (R-1) 

Parvaquone (10 mg/kg IM 2 doses 48 hours 
apart) (R-1) 

Halofuginone lactate (1.2 mg/kg PO) (R-1) 

Oxytetracycline (20 mg/kg IM) (R-2) 

Control 

Vaccination by infection and treatment 
method using tetracycline or parvaquone 
(R-1) 

Vaccination by infection with low- 
pathogenicity isolate (R-2) 


Once an animal is manifesting clinical signs 
of ECF, treatment is generally considered to 
be either unsatisfactory or too expensive. 
Tetracyclines were the recommended treat¬ 
ment for many years, but they have only 
moderate efficacy, especially if the disease 
has been present for a few days. Two recently 
introduced drugs, halofuginone lactate and 
parvaquone, have had a much higher success 
rate, but recovered animals may become 
carriers unless the correct dose is used. 
Halofuginone lactate is an effective oral 
treatment for the acute syndrome at two 
doses, 1.2 mg/kg BW. Parvaquone (10 mg/kg 
BW, two doses 48 hours apart) or the related 
buparvaquone (2.5 mg/kg BW, two doses 48 
hours apart) given IM is effective in most 
cases. In field trials, buparvaquone gives 


results comparable to those of parvaquone, 
and cure rates are maximized by accurate 
diagnosis and prompt treatment of both ECF 
and intercurrent infections. Cure rates are 
even higher if the animals are also treated for 
pulmonary edema with dexamethasone or 
the diuretic furosemide. A recovery rate of 
95.2% was reported in field cases in Tanzania 
treated with buparvaquone alone. 10 

CONTROL 

Until recently, the main method of control of 
ECF was to break the transmission cycle 
between cattle and ticks. This was achieved 
through widespread and strict application 
of acaricides at 3-, 5-, or 7-day intervals 
throughout the year (intensive dipping), 
adherence to legislation on cattle movements 
and quarantine, and good livestock and 
pasture management. With the ever-rising 
costs of acaricides, their effect on the envi¬ 
ronment, the development of acaricide resis¬ 
tance, and frequent political problems in the 
affected regions, this strategy to control ECF 
and other tick-borne diseases in Africa has 
been revised. Furthermore, it has been 
observed that indigenous cattle, constituting 
the majority of the herds in some of the 
affected countries, may lose their endemic 
stability with intensive dipping, and the 
process is not cost-effective. An integrated 
approach is now advocated involving the use 
of genetically resistant breeds, a judicious 
and selective application of acaricides at 
3-week intervals (strategic dipping) or when 
there are at least 100 ticks per animal (tacti¬ 
cal dipping), and the use of vaccines. It has 
been reported that monthly applications of 
deltamethrin-based pour-on insecticide sig¬ 
nificantly reduce the incidence of ECF and 
other hemoparasitic diseases in smallholder 
dairy farms in Kenya. 

The technique used for vaccination 
is immunotherapy or “infection-and- 
treatment method.” Initially, cryopreserved 
suspensions of T. parva sporozoites from 
ground-up infected ticks were injected into 
the patient. Now, sporoziotes from cell 
culture are used. The infection they cause is 
controlled with long-acting oxytetracycline 
(20 mg/kg BW IM), or preferably parva¬ 
quone given at the same time, and thus pre- 
munity is established. It is preferably to use 
a cocktail of different stocks of parasites. 
Vaccination, coupled with strategic dipping 
only when ticks are abundant, is usually suc¬ 
cessful and economically attractive, provided 
local stocks of Theileria are included. The 
Muguga cocktail vaccine is being used 
throughout eastern, central, and southern 
Africa and has been recommended for use in 
southern Sudan. 11 Reports indicate that 
calves in high-risk areas should be vacci¬ 
nated at 1 to 2 months of age, that immuniza¬ 
tion campaigns are more efficient when 
concentrated in the period of low adult tick 
activity, and that immunization is of no 
benefit in herds under intensive tick control 
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but is of high value when combined with 
strategic tick control. Strategic control plus 
immunization can markedly reduce the risk 
of clinical ECF, but immunized animals are 
carriers, and all stages of R. appendiculatus 
can transmit infection from them to naive 
animals. 

Studies have indicated that cattle could 
be successfully immunized without con 
current tetracycline therapy by using low- 
pathogenicity isolates as vaccines, for 
example, T. parva (Boleni) in Zimbabwe, or 
low-infectivity sporozoite stabilates stored at 
-196° C (-321°F) for over 6 months. Because 
of the high cost of tetracyclines, this proce¬ 
dure would reduce the cost of vaccination by 
more than threefold in the first year of field 
application. Furthermore, the T. parva 
(Boleni) isolate was reported to induce pro¬ 
tection against a wide spectrum of Theileria 
stocks in Zimbabwe. 12 Economic analyses in 
Kenya have demonstrated that integrated 
control in which ECF immunization is 
always an important component can play an 
important role in the overall control of the 
disease. 2 In Tanzania, annual theileriosis 
costs were US$205.40 per head, whereas the 
introduction of immunization reduced this 
by 40% to 68% depending on the postim¬ 
munization dipping strategy adopted. 13 

It needs to be stated that immunity is 
engendered so far only with live parasites 
that can establish an infection but can also 
produce carriers, from which the parasites 
can be transmitted to unvaccinated cattle 
that share grazing. 14 Hence, there is inherent 
risk in the widespread use of such vaccines 
across national boundaries. On the other 
hand, this process may be accelerating pro¬ 
gress to endemicity. 

The possibility of immunizing cattle with 
recombinant surface molecules from either 
the sporozoite (the p67 antigen) or the schiz- 
ont, or a mixture of several antigens derived 
from both stages, has been investigated but 
without much success. Such a recombinant 
vaccine would probably avoid the break¬ 
downs that occur with any immunothera- 
peutic technique, and if the right antigens are 
found for the vaccine, it is hoped that the 
immunity engendered is likely to be broad, 
robust, and not parasite stock specific. 
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TROPICAL THEILERIOSIS 
(MEDITERRANEAN 
COAST FEVER) 


SYNOPSIS 


Etiology Theileria annulata, an Apicomplexa 
protozoon. Vectors are Hyalomma ticks. 

Epidemiology Endemic disease of cattle in 
Mediterranean basin and parts of Asia. 

Clinical signs Inapparent in local stock; fever, 
lymphadenopathy, wasting, anemia, and 
jaundice in exotics. 

Clinical pathology Schizonts in macrophages 
and lymphocytes especially in liver smears; 
piroplasms in erythrocytes. 

Lesions As in East Coast fever (ECF); also 
anemia and jaundice. 

Differential diagnosis list: 

• Other theilerioses 

• Babesiosis 

• Anaplasmosis 

• Trypanosomosis 

• Malignant catarrhal fever 

Treatment Buparvaquone is effective. 

Control None required for indigenous cattle; 
vaccination and strategic tick control for 
exotics. 


ETIOLOGY 

Theileria annulata is a member of the Api¬ 
complexa group, like T. parva, the cause of 
East Coast fever. It is highly virulent for 
European dairy cattle, whereas infection in 
local zebu cattle is often subclinical. 

EPIDEMIOLOGY 
Occurrence and Methods 
of Transmission 

The disease occurs from Morocco and Por¬ 
tugal in the west through the Mediterranean 
basin and the Middle East to India and 
China in the east. An outbreak in a Scottish 
dairy farm over a decade ago was thought to 
have been attributable to mechanical trans¬ 
mission from experimentally infected calves 
on a research institute associated with the 


farm. In the absence of natural vectors, that 
outbreak was quickly controlled. 

T. annulata affects cattle and is transmit¬ 
ted transstadially by the three-host tick Hya¬ 
lomma anatolicum in central-western Asia 
and northeastern Africa, and by the two-host 
tick H. detritum in the Mediterranean basin. 
The extent of its distribution may overlap 
with that of T. parva in Sudan and Eritrea 
and with T. orientalis in the Far East. 

In endemic areas, virtually all adult cattle 
are infected, but infection rates vary with 
the method of examination. For example, 
surveys carried out in different parts of 
Turkey showed the prevalence to be between 
0% and 60.5% by microscopic examination 
of blood and lymph node smears, 1.8% and 
91.4% by serology (IFAT), and between 
15.4% and 61.2% by molecular techniques. 1 

Case fatality is approximately 10% to 20% 
and is confined mainly to calves. Exotic 
animals recently introduced may have 20% 
to 90% mortality. The disease occurs when 
there is much tick activity, mainly in summer 
and the rainy seasons, and in crossbred 
animals. A single tick can cause fatal infec¬ 
tion because its salivary glands usually 
contain numerous sporozoites. 

Risk Factors and 
Immune Mechanisms 

The normal state is that of endemic stability. 
This balance is disturbed when exotic 
animals are introduced, and heavier losses 
occur. Recovered animals show a solid, long- 
lasting immunity, but they remain as carri¬ 
ers. Buffaloes are thought to be the natural 
hosts, and they may also act as carriers, 
whereas yaks are highly susceptible. In one 
study in Egypt, water buffaloes were more 
severely affected than cattle. 2 As with T. 
parva, immunity is mainly cell mediated but 
is poor in calves. Experimental reproduction 
is by feeding infected ticks on cattle or by 
needle inoculation of sporozoites in macer¬ 
ated ticks, schizonts in lymphocytes, or of 
merozoites in erythrocytes. Humans are 
not affected. 

Economic Importance 

The disease is a major constraint to livestock 
improvement programs in many parts of 
the Middle East and Asia. Around one-sixth 
of the world cattle population is at risk. 
Economic losses arising from the disease 
in Turkey were estimated to vary from 
US$130,000 to US$598,000 per annum in the 
endemic stable zones. 1 In carrier animals in 
Tunisia, the greatest loss is from reduced 
milk production. 3 

Biosecurity Concerns 

There are no biosecurity concerns. 

PATHOGENESIS 

The life cycle of T. annulata is cattle-tick- 
cattle, as for T. parva, but unlike T. parva, the 
sporozoites of T. annulata invade and form 










Multi-Organ Diseases Due to Protozoal Infection 


2149 


schizonts, mostly in macrophages/monocytes 
that express major histocompatibility (MHC) 
class II antigens. The macrophages then 
stimulate uninfected lymphocytes to undergo 
lymphoblastic transformation and prolifer¬ 
ate. 4 Schizont-infected cells multiply in the 
draining lymph nodes and disseminate 
rapidly along with lymphoblasts throughout 
the lymphoid tissues and in nonlymphoid 
organs, including the liver, kidney, lung, 
abomasum, and brain. Virulence of the 
disease is associated with the capacity of 
infected cells to disseminate inside the host. 5 
Later, schizonts differentiate into merozoites 
and invade erythrocytes (as piroplasms). The 
pathogenesis therefore involves proliferation 
of macrophages induced by schizonts, and 
anemia with icterus induced mostly by the 
piroplasms. Macrophages/monocytes are the 
main producers of inflammatory cytokines 
that can induce an acute-phase protein 
response. The response is greater in Bos 
taurus Holstein breed than the Bos indicus 
Sahiwal breed, 6 and this would explain the 
more severe disease in the Holstein. Infected 
macrophages from taurine breeds are also 
more capable of aggressive invasiveness than 
zebu breeds.' 

Over 90% of erythrocytes may be parasit¬ 
ized, each by one or more merozoites. Mero- 
ziotes induce hemolysis most likely by lipid 
peroxidation of the red cell membrane. The 
level of hemolysis is dependent on the 
parasitic burden. 8 Immunosuppression may 
occur in the acute stages of the disease but is 
generally less marked than in ECF, probably 
because leukocyte numbers return to normal 
soon after the acute phase. 

CLINICAL FINDINGS 

In a stable endemic situation, there may be 
only mild or no clinical disease in local zebu 
cattle. Clinical signs are acute and severe in 
exotic cattle and less severe in crossbreeds 
and are similar to those in ECF. However, the 
course is longer in tropical theileriosis and 
may last for weeks before death. Clinical 
signs include marked fever, swelling of 
superficial lymph nodes, inappetence, tachy¬ 
cardia, dyspnea, pale mucous membranes, 
and icterus. Others are diarrhea, weight loss, 
convulsions, torticollis, and other nervous 
signs. In chronic cases, there may be small 
subcutaneous nodules, from which schizonts 
can be demonstrated in smears. In Egypt, 
affected cattle and buffaloes also showed 
ocular signs, including severe lacrimation, 
bilateral conjunctivitis, photophobia, and 
corneal opacity, 2 whereas in Spain, there 
were coalescing skin nodules similar to mul¬ 
ticentric malignant lymphoma. 4 

CLINICAL PATHOLOGY 

As with ECF, examination of smears of blood 
and lymph node biopsy will reveal piro¬ 
plasms in erythrocytes and schizonts in lym¬ 
phocytes. Schizonts of T. annulata tend to be 
more common in the liver than in lymph 


node smears, but they are otherwise indistin¬ 
guishable from those of T. parva. Further¬ 
more, the piroplasms are predominantly 
round and oval, as opposed to T. parva, 
which has comma- and rod-shaped piro¬ 
plasms. Anemia is a significant feature of 
tropical theileriosis, unlike in ECF, and is 
associated with bilirubinemia, hemoglobin¬ 
uria, and bilirubinuria. The anemia results 
from destruction of erythrocytes containing 
piroplasms, but other factors may include 
autoimmune hemolysis and poor bone- 
marrow response. Reduction in white cell 
and platelet counts is less severe than in ECF, 
but animals dying from the disease show 
persistent and severe lymphocytopenia 
involving mainly T-lymphocytes. 

The most commonly used serologic 
diagnostic technique is the indirect 
fluorescent antibody test. 9 For surveys, an 
indirect enzyme-linked immunosorbent 
assay (ELISA) test using a recombinant T. 
annulata surface protein has been described. 
The ELISA tests provide higher sensitivity 
and specificity than the IFAT. The polymerase 
chain reaction (PCR) test is more sensitive 
and more specific 10 and can detect carriers; 
it can also be used to detect infected ticks. A 
multiplex PCR method can simultaneously 
detect single and coinfections with T. annu¬ 
lata, Babesia bigemina, and Anaplasma 
marginale in cattle. 11 The test is simple, 
specific, and sensitive and can be applied to 
epidemiologic studies aimed at assessing 
the burden of multiple infection with tick- 
borne pathogens. 

NECROPSY FINDINGS 

Apart from pallor of mucous membranes 
and yellowish discoloration of tissues, the 
postmortem lesions in animals dying from 
tropical theileriosis are similar to those of 
ECF. Lymphoid proliferation can resemble 
multicentric malignant lymphoma. 4 Liver, 
spleen, and lymph nodes should be submit¬ 
ted for laboratory examination to detect 
schizonts, whereas merozoites are detected 
in blood smears. 


DIFFERENTIAL DIAGNOSIS 


Tropical theileriosis may be confused with the 
other theilerioses that may occur in the 
region, and with babesiosis, anaplasmosis, 
trypanosomosis, and malignant catarrhal fever. 
Liver biopsy and blood examination will help 
to confirm a clinical diagnosis. 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Buparvaquone 2.5 mg/kg IM, 2 doses 48 
hours apart) (R-1) 

Halofuginone lactate (1.2 mg/kg PO) (R-1) 
Oxytetracycline (20 mg/kg IM) (R-2) 


Control 

Vaccination by infection and treatment 
method using tetracycline (R-1 for exotic 
animals) 

Vaccination with attenuated schizont vaccine 
(R-2) 


Buparvaquone is the most effective agent 
available, and the recommended dose is 
2.5 mg/kg BW. In calves, supportive treat¬ 
ment for anemia is indicated. Halofuginone 
at 1.2 mg/kg is also effective, but tetracycline 
at 20 mg/kg is less so. 

CONTROL 

Indigenous cattle five with the disease and 
do not require any intensive tick control or 
treatment. For valuable exotic stock or their 
crossbreeds, vaccination and strategic tick 
control are recommended. Vaccines can be 
made from either the sporozoite or the schiz¬ 
ont. The sporozoite vaccine is based on 
the infection-and-treatment method using 
schizont-infected cell lines and simultaneous 
tetracycline treatment, as for T. parva. It has 
been suggested that the most economical 
way to control theileriosis in India is to vac¬ 
cinate calves and to reserve buparvaquone 
for treating clinical cases. The schizont 
vaccine was formerly blood containing a 
mild strain of the parasite. The newer vac¬ 
cines are prepared from live schizonts grown 
in lymphoid cell culture and attenuated by 
prolonged passage. They cause virtually no 
adverse reactions, and vaccinated cattle show 
good resistance to the disease for at least 3.5 
years. Therefore it is necessary to revaccinate, 
preferably with a different cell-line vaccine, 
if tick population is too low to establish 
endemic stability. The risk for spread of the 
vaccine strains in the field is very low. The 
disease has been successfully controlled in 
China by vaccination. 12 
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Multi-Organ Diseases Due 
to Trypanosome Infection 

Trypanosomes are flagellated protozoan par¬ 
asites belonging to the genus Trypanosoma, 
family Trypanosomatidae. They live in the 
blood and other body fluids of vertebrate 
hosts, where some of them cause disease. 
With the help of the flagellum, trypanosomes 
swim within the vertebrate bloodstream and 
prosper despite being constantly attacked by 
the host immune system. The parasites gen¬ 
erally possess a kinetoplast and undergo 
cyclical development in an arthropod vector 
but can be transmitted mechanically. Their 
biological adaptations, morphology, and 
pathogenicity are fascinating and have been 
extensively studied. The parasites cause 
several diseases, each of which was referred 
to as trypanosomiasis. The currently pre¬ 
ferred term is trypanosomosis, plural try- 
panosomoses. The diseases are summarized 
in Table 21-7. 

Trypanosoma evansi is the first known 
pathogenic trypanosome. It was first 
described in India as the cause of surra in 
animals, but the disease is widespread in the 
tropics and is transmitted mechanically 
rather than by a biological vector. In Africa, 
three species ( Trypanosoma congolense, T. 
vivax, and T. brucei) are the main pathogens 
for animals and humans. The parasites are 


transmitted by the tsetse fly ( Glossina spp.), 
and the resulting animal disease is referred 
to as African trypanosomosis or nagana. 
Two subspecies of T. brucei are responsible 
for African sleeping sickness in human 
beings, T. brucei gambiense in West and 
Central Africa, and T. brucei rhodesiense in 
East Africa. Another disease, dourine, spe¬ 
cifically affects equines and camels and is 
caused by T. equiperdum transmitted sexu¬ 
ally during coitus. T. evansi and T. equiper¬ 
dum are regarded as subspecies of T. brucei, 
which have lost their ability to infect tsetse 
and are therefore able to spread outside 
Africa. In South and Central America, a dif¬ 
ferent trypanosome, T. cruzi, transmitted by 
reduviid bugs ( Rodnius spp. and Triatoma 
spp.), is the cause of Chagass disease or 
American trypanosomosis, mostly in 
humans, but it also affects dogs, cats, and 
pigs. Trypanosomoses of veterinary impor¬ 
tance are discussed here. 

NAGANA (SAMORE, AFRICAN 
TRYPANOSOMAISIS, TSETSE 
FLY DISEASE) 


SYNOPSIS 


Etiology Trypanosoma congolense, T. vivax, T. 
brucei brucei, and T. simiae, all salivarian 
trypanosomes. Tsetse flies (Glossina spp.) 
serve as biological vector, other biting flies 
as mechanical vectors. 

Epidemiology Endemic disease of all 
mammals in tropical Africa, also Central 
and South America; of greatest economic 
importance in cattle. Two subspecies of T. 
brucei cause African sleeping sickness, an 


Table 21-7 Summary of the trypanosomoses of domestic animals and humans 


Disease 

Distribution 

Trypanosoma spp. 

Main vector 

Animals 

Nagana or African 
trypanosomosis 
(most mammals) 

Tropical Africa 

T. brucei brucei 

T. congolense 

T. vivax 

T. simiae 

Glossina spp. 
Other biting flies 

Surra (horses, camels, 
buffaloes) 

Africa, Asia, South and 
Central America 

T. evansi 

Biting flies 

Dourine (horses and 
donkeys) 

Africa, Asia, South and 
Central America 

T. equiperdum 

None (venereal 
transmission) 

Nonpathogenic (cattle 
and sheep) 

Worldwide 

T. theileri 

T. melophagium 

Biting flies 

Humans 

Rhodesian sleeping 
sickness 

East, central, and southern 
Africa 

T. brucei rhodesiense 

Glossina spp. 

Gambian sleeping 
sickness 

Western and central Africa 

T. brucei gambiense 

Glossina spp. 

Chagas' disease (also in 
dogs, cats, and pigs) 

South and Central America, 
southern United States 

T. cruzi 

Rhodnius spp. 
Triatoma spp. 


important human disease (zoonosis) in 
tropical Africa. 

Clinical signs Fever, apathy, pale mucous 
membranes, swollen lymph nodes, 
progressive emaciation, cachexia, and 
death, sometimes preceded by nervous 
signs. May be acute, subacute or, often, 
chronic disease. 

Clinical pathology Progressive anemia, 
parasite detection in blood by various 
methods, including polymerase chain 
reaction (PCR). 

Lesions Not definitive but include pallor, 
emaciation, and enlargement of lymph 
nodes, spleen, and liver. 

Differential diagnosis list: 

• Malnutrition 

• Helminthosis 

• East coast fever 

• Babesiosis 

• Anaplasmosis 

• Hemorrhagic septicemia 

Treatment Trypanocides such as Berenil, 
Samorin, Suramin, and Antrycide, but drug 
resistance is a problem. 

Control Integrated methods involving tsetse 
fly control, prophylaxis, good husbandry, 
and use of trypanotolerant breeds, no 
vaccine. 


ETIOLOGY 

Trypanosoma vivax, T. congolense, T. brucei, 
and T. simiae are the four main species 
responsible for African trypanosomosis 
affecting virtually all domestic mammals. T. 
vivax and T. congolense mostly affect cattle, 
sheep, goats, and horses. Horses are also 
severely affected by T. brucei brucei, whereas 
pigs suffer mostly from T. simiae. All four 
species are members of the Salivaria group 
of trypanosomes and are transmitted cycli¬ 
cally via the mouthparts of tsetse flies— 
hence the name salivarian trypanosomes. 
Cyclical development in the vector is a result 
of the presence of kinetoplast DNA in these 
trypanosomes. 

The morphology and movement of the 
trypanosomes are characteristic for each 
species and are helpful in making a diagno¬ 
sis. In acute infections, T. vivax is usually 
numerous in blood samples and can be iden¬ 
tified by its very fast movement in wet films. 
In stained smears, it is 20 to 26 pm long, 
slender, and monomorphic, with a rounded 
posterior end, a terminal kinetoplast, and a 
long free flagellum, but no prominent undu¬ 
lating membrane. T. congolense is smaller, is 
sluggish in wet films, and often adheres to 
red blood cells by the anterior end. In stained 
smears, it is 9 to 18 pm long, with a marginal 
kinetoplast, no free flagellum, and no promi¬ 
nent undulating membrane. T. brucei is large 
like T. vivax, but its rapid movement is in 
confined areas of the wet film. In stained 
smears, it is pleomorphic and may occur 
as long and slender forms up to 35 pm, 


















intermediate forms, or short and stumpy 
forms about 12 pm long. The slender 
and intermediate forms have a long free 
flagellum, pointed posterior end, subtermi¬ 
nal kinetoplast, and prominent undulating 
membrane, whereas the stumpy forms 
resemble T. congolense but are bigger and 
have a prominent undulating membrane. 
The strains or species of T. brucei infective to 
animals only are often referred to as T. brucei 
brucei to distinguish them from T. brucei 
gambiense and T. brucei rhodesiense, which 
are infective to humans. T. simiae is morpho¬ 
logically indistinguishable from T. congo¬ 
lense, and it is adapted to pigs, in which 
parasitemia can be very heavy (swarming). 

EPIDEMIOLOGY 

Occurrence 

The epidemiology of African trypanosomo- 
sis is determined mainly by the ecology of 
the tsetse fly found only in tropical Africa. 
However, T. vivax is also transmitted 
mechanically by biting flies and has been 
responsible for disease outbreaks in Costa 
Rica and some South American countries, 
including Bolivia, Brazil, and Venezuela, 
where it affects mainly cattle and sheep. In 
general, T. congolense and T. vivax are 
responsible for severe disease in cattle, sheep, 
and goats, and T. brucei brucei usually causes 
a subclinical infection in cattle but a severe 
disease in sheep, goats, horses, and, occa¬ 
sionally, pigs. T. simiae causes a hyperacute 
and highly fatal disease in exotic pigs and in 
camels. Warthogs act as its reservoir, and the 
parasite is not pathogenic to cattle, sheep, or 
goats. 

Prevalence 

Infection rates reported in cattle in endemic 
areas vary considerably and could be over 
60% in some herds. However, as a result of 
various control methods, including those 
under the auspices of the Pan African Tsetse 
and Trypanosomiasis Eradication Campaign 
(PATTEC), the prevalence of infection is 
decreasing in many African countries, par¬ 
ticularly in West Africa. Recent surveys in 
the region report prevalence rates of 5% or 
less in cattle by parasite detection methods 
and higher rates with serology or with 
polymerase chain reaction (PCR) techniques 
detecting parasite nucleic acids. For example, 
prevalence studies in villages in Burkina 
Faso involving 2002 cattle, 1466 small rumi¬ 
nants, and 481 donkeys reported only a 
0.77% infection rate in cattle, 0% in goats, 
and 0.6% in donkeys by routine parasito¬ 
logic methods, whereas by serology, the rates 
were 34.2% for cattle, 20.9% for sheep, 8.5% 
for goats, and 5.8% for donkeys. 1 Seventy- 
five percent of the cases were attributable to 
T. vivax and 25% to T. congolense. In an 
Ethiopian study involving 1524 animals, the 
overall prevalence of infection was 5.5% by 
conventional parasitologic methods and 
31.0% by PCR. 3 A major factor affecting 
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reported prevalence rates is the chronically 
low parasitemias in indigenous African zebu 
cattle, which often necessitates repeated 
sampling before an animal can be regarded 
as being uninfected. Using repeated PCR 
testing in East Africa, infection rates in 35 
village cattle were found to be T. brucei 
(34.3%), T. congolense (42.9%), and T. vivax 
(29.9%). 3 Mixed infections with two or more 
species are common in endemic areas, and 
such infections are more readily detected by 
the PCR technique. 4 It should be mentioned 
that a positive serology does not necessarily 
imply current infection, whereas a positive 
PCR test, when properly carried out, indi¬ 
cates current or very recent infection 
because trypanosome DNA persists in host 
blood for only 14 days after successful treat¬ 
ment. 5 In general, it would seem that T. 
vivax is more commonly encountered and 
more pathogenic in West and Central Africa, 
whereas T. congolense appears more preva¬ 
lent and more pathogenic in East and South 
Africa. Exceptions to this general rule are 
two recent reports, one from Mali, 6 and the 
other from Nigeria,' where T. congolense was 
found to be more prevalent than T. vivax in 
the herds studied. 

Pigs and horses are less frequently affected 
than ruminants, perhaps because they are 
less exposed to tsetse flies than cattle that 
normally graze over long distances. The clin¬ 
ical disease in pigs is usually attributable to 
T. simiae, but there have been no reports of 
natural outbreaks of this form of trypanoso- 
mosis in many years. Horses in Africa are 
affected by the three major species, and the 
disease syndrome is similar. 

In Central and South America, T. vivax 
infections appear to be spreading to new 
areas, where they cause periodic outbreaks of 
serious disease mostly in cattle but also in 
horses. 

Morbidity and Case Fatality 

Morbidity rates during outbreaks are vari¬ 
able and may reach 70% in cattle infected 
with T. vivax and up to 100% in pigs infected 
with T. simiae. Morbidity is usually much 
lower in sheep, goats, and horses because 
these are not often the preferred hosts for 
tsetse or are less exposed to tsetse challenge. 
Sheep and goats are more vigorous than 
cattle in defending themselves against suc¬ 
cessful feeding by tsetse flies. 

Case fatality also depends on the try¬ 
panosome species, host, and its level of resis¬ 
tance. T. simiae is invariably fatal in exotic 
pigs. Some strains of T. vivax in East Africa 
cause similar heavy mortalities in exotic 
dairy cows, and infected horses are likely to 
die if left untreated. However, most infec¬ 
tions in cattle in endemic areas run a chronic 
course and are not invariably fatal, but the 
animal may remain unproductive and 
unthrifty. West African strains of T. vivax are 
generally more pathogenic to cattle than East 
African strains, and T. congolense is generally 


the more pathogenic species in East Africa. 
Subspecies of T. congolense are also recog¬ 
nized, with T. congolense savannah type 
being much more pathogenic than other 
types (X congolense forest type, T. congolense 
kilifi type, and T. congolense godfreyi). 

Methods of Transmission 
Cyclical 

African trypanosomes can be transmitted by 
23 species of tsetse ( Glossina ) found only in 
sub-Saharan Africa between latitudes 14°N 
and 29°S, excluding areas of high altitude, 
extreme drought, or cold temperatures 
where tsetse cannot survive. The flies can be 
grouped according to their preferred habitats 
as savannah species, riverine species, and 
forest species. The savannah species (includ¬ 
ing G. morsitans, G. austeni, G. pallidipes, G. 
swynnertoni, and G. longipalpis) pose the 
greatest threat to livestock because they 
inhabit the grasslands where cattle are tradi¬ 
tionally reared, they can easily adapt to other 
ecological niches, they feed primarily on 
cattle and pigs, and they are efficient vectors 
of trypanosomes. They are also the main 
vectors of Rhodesian sleeping sickness asso¬ 
ciated with T. b. rhodesiense in humans 
(Table 21-8). The riverine species (G. palpa- 
lis, G. tachinoides, and G. fuscipes ) are 
important vectors of bovine and porcine try- 
panosomosis, and of Gambian sleeping sick¬ 
ness as a result of T. b. gambiense. On the 
other hand, the 13 or so forest species 
(including G. fusca, G. brevipalpis, and G. 
longipennis ) are not frequently incriminated 
vectors of animal trypanosomes even though 
their preferred food hosts are ruminants and 
suids. 

The life cycle of trypanosomes in tsetse 
involves cyclical development for a varying 
length of time, depending on species and 
ambient temperatures, leading to the pro¬ 
duction of mature procyclic (metacyclic) 
parasites infective to the mammalian host. T. 
vivax completes its developmental cycle in 
the proboscis and pharynx of the fly and can 
be transmitted to a host within a week of the 
initial infective feed. The cycle of T. congo¬ 
lense involves the midgut and proboscis and 
is completed in about 2 weeks. That of T. 
brucei is more complex: it takes 3 or more 
weeks in the fly and involves the midgut and 
salivary glands. Once infected, flies remain 
so for life (1 to 2 months). It follows that for 
any fly, its vectorial capacity and efficiency 
are highest for T. vivax and least for T. brucei. 
Even then, infection rates in tsetse flies are 
generally low by conventional parasitologic 
methods of detection. Using the more sensi¬ 
tive PCR technique, 10.5% of 550 field- 
captured flies ( Glossina pallidipes ) were 
found to harbor trypanosome DNA in an 
endemic area in southwestern Zambia. 8 

Noncyclical 

After trypanosomes have been introduced 
into a herd, further transmission is possible 
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in the absence of Glossina. Biting flies such 
as Tabanus, Stomoxys, and Hippobosca are 
capable of mechanically transmitting blood¬ 
stream trypanosomes in their mouthparts 
when they feed on more than one host within 
a short interval. This is how T. vivax is spread 
in areas outside the tsetse belt in Africa and 
in Central and South America. Mechanical 
transmission can also occur through the 
needle during inoculations and in carnivores 
feeding on infected carcasses. There are 
occasional reports of intrauterine (vertical) 
transmission in animals and in human 
beings. 

The Carrier State 

Reservoirs of infection are found in many 
wild animals, in trypanotolerant animals, 
and in chronically infected animals. Tsetse 
caught in and around game reserves tend to 
have relatively high infection rates, and the 
relative abundance of wildlife in East Africa 
compared with West Africa may explain, at 
least in part, why the prevalence of the 
disease appears to be declining more rapidly 
in the west. 

Risk Factors 
Host Factors 

The effect of infection varies with the host in 
that most wild and some domestic animals 
establish a balance with the parasite and 
remain as clinically normal carriers for long 
periods. Specifically, some breeds of cattle 
indigenous to Africa can tolerate light to 
moderate challenge with tsetse flies by limit¬ 
ing the multiplication of trypanosomes in 
their blood and also limiting the degree of 
anemia caused. The phenomenon is called 
trypanotolerance; it is both genetic and 
environmental in origin, and the level of tol¬ 
erance varies. Thus the indigenous taurine 
breeds, such as the N’Dama, Baoule, and 
Muturu, are more tolerant than the West 
African zebu, and among East African zebu 
cattle, the Orma Boran and Maasai zebu have 
superior tolerance compared with Galana 
Boran and Friesian breeds. In a study involv¬ 
ing N’Dama crossed with more susceptible 
Kenya-Boran animals reared under natural 
field situations, the trypanotolerant trait 
derived from the N’Dama was found to be 
primarily additive in nature, being expressed 
in heterozygous condition and in three- 
quarters Boran crosses. 9 In addition, females 
were more trypanotolerant than males. Thus 
the tolerance of the more productive but sus¬ 
ceptible breeds can be improved by cross¬ 
breeding. However, because of the uncertain 
genetic makeup of animals within these 
so-called breeds and crossbreeds, the level of 
trypanotolerance may also vary with indi¬ 
vidual animals within a given category, and 
it can be overcome by heavy tsetse challenge, 
malnutrition, or other stress factors. 

Trypanotolerance also occurs in some 
indigenous breeds of small ruminants but is 
less pronounced than in cattle. The breeds 


include the Djallonke sheep, the West 
African Dwarf (WAD) sheep and goat, and 
the East African goat, whereas the Toggen- 
burg, British Alpine, Saanen, Anglo-Nubian, 
and Sahel breeds of goats are fully suscepti¬ 
ble. Because of unintentional and indis¬ 
criminate crossbreeding of the WAD goat 
populations with more susceptible breeds 
from the Sahel region, the former are becom¬ 
ing less trypanotolerant. 10 

Environmental Factors 

The density of tsetse population in an area 
and the level of tsetse contact with the host 
will determine the level of infection. This is 
further influenced by the vectorial capacity 
of the fly and the availability of its preferred 
host. For example, cattle are more attractive 
to tsetse flies than pigs, and pigs are more 
attractive than goats. 11 Trekking of livestock 
through tsetse-infested vegetation is a risk 
nomadic farmers face from time to time, and 
the risk is even greater where cattle routes 
converge, for example, at major bridges or 
watering holes. Agricultural and industrial 
developments generally lead to a lowering of 
tsetse density by destroying their habitat, 
whereas the establishment of game or forest 
reserves provides large numbers of preferred 
hosts or a suitable habitat for tsetse, respec¬ 
tively. Herds located near such reserves are 
therefore at a higher risk. So also are tourists 
visiting such game parks. 

Pathogen Factors 

In cattle, T. vivax generally produces a higher 
level of parasitemia than other species. And 
because its life cycle in the tsetse is also 
shorter, T. vivax is more readily transmitted 
than the others when animals are newly 
introduced into a tsetse-infested area. Higher 
parasitemias also facilitate mechanical trans¬ 
mission. Conversely, T. brucei is infrequently 
detected by microscopic examination of 
cattle blood, even though infection can be 
confirmed through other, more sensitive 
diagnostic methods. Furthermore, some 
animals carry infection without showing 
clinical signs, especially if they are trypano¬ 
tolerant, like the Muturu in Nigeria, or if 
infected with nonpathogenic genetic types, 
such as T. congolense kilifi type in cattle. 

Immune Mechanisms 

Animals recovering from infection with one 
strain/serodeme or species of trypanosome 
are not immune to infection with another 
strain/serodeme or species. This is attribut¬ 
able to the ability of trypanosomes to peri¬ 
odically replace a monolayer or their 
protective coat of variant surface glycopro¬ 
teins (VSGs) in an immunocompetent host 
through a process called antigenic variation. 
Each trypanosome cell expresses only one of 
many VSGs at a time, and the coat is con¬ 
tinually shed and replaced to avoid the host 
immune system. During each peak parasit¬ 
emia, a mixture of variable antigenic types of 


parasites may be present, but the dominant 
VSG antigen determines the specific anti¬ 
body response. These antibodies kill off the 
dominant population, leaving others with 
different antigens to emerge; these multiply 
and become dominant, and the process con¬ 
tinues in cycles until the animal dies or the 
immune mechanisms catch up with the para¬ 
site and the animal recovers. This phenom¬ 
enon is also responsible for the successive 
waves of parasitemia in infected animals. 

The molecular mechanisms involved in 
the switching or activation of new VSGs are 
now being studied. 12 ' 13 In T. brucei, the 
mechanisms involve DNA repair mechanism 
in that a double-strand break (DSB) initiates 
a switch in the expressed variant surface 
coat. 14 Furthermore, it has been shown that 
the DSB site determines the probability and 
mechanism of antigenic switching, and that 
DSBs can trigger switching via recombina¬ 
tion or transcription inactivation. 1 ’ The fre¬ 
quency of recombination is comparable 
between T. congolense and T. brucei but is 
much lower in T. vivax. 13 Following repeated 
episodes of infection and recovery (with or 
without treatment) in an endemic area, 
animals will encounter a variety of antigenic 
types and therefore become less susceptible 
to strains/serodemes in that area. 

Infected animals are more susceptible to 
secondary infections by other microorgan¬ 
isms, particularly bacteria. The immune 
system of an infected animal is disrupted by 
mechanisms not fully understood, but they 
may vary with the species of animals. In 
ruminants, the state of immunosuppression 
is abrogated once the trypanosomes are 
eliminated by chemotherapy. 

Experimental Reproduction 

Infection can be easily reproduced by inocu¬ 
lation of infected blood or other serous fluid 
into a susceptible host. Infected flies can also 
be fed on the host to transmit the disease. 
Several laboratory animal models of nagana 
and sleeping sickness are available, and lots 
of studies have been done with mice and rats. 
These studies help to elucidate the pathogen¬ 
esis of the disease and approaches to chemo¬ 
therapy and drug resistance. 

Economic Importance 

Tsetse flies infest 10 million square kilome¬ 
ters of Africa, involving 38 countries and 
placing 50 million cattle at risk. Hence, 
nagana is still the most important disease of 
livestock in the continent. The added risk of 
human infections has greatly affected social, 
economic, and agricultural development of 
rural communities. Because nagana is a 
wasting disease, affected animals are chroni¬ 
cally unproductive in terms of milk, meat, 
manure, and traction, and the mortality rate 
can be high, especially in exotic and more 
productive animals. The disease in Africa 
costs livestock producers and consumers an 
estimated US$4.5 billion each year. The 





anticipated losses as a result of T. vivax in 
South America exceed $160 million. Fur¬ 
thermore, the disease may affect various 
immunization campaigns in endemic areas 
because it can cause immunosuppression. 

Zoonotic Implications 

The animal pathogens ( T. vivax, T. congo- 
lense, T. simiae, and T. brucei brucei) are 
not infective to humans, but animals can 
serve as reservoirs of T. brucei rhodesiense 
and T. brucei gambiense, the causes of 
human African trypanosomosis (HAT), or 
sleeping sickness. T. brucei brucei is morpho¬ 
logically indistinguishable from the human 
pathogens, but when it is incubated in 
human serum, it is lysed and becomes non- 
infective to laboratory animals, unlike the 
human pathogens, which are human serum 
resistant. 16 

As in animals, human infections with T. 
brucei gambiense or T. brucei rhodesiense 
result from tsetse bites, generally in game 
parks, in forest reserves, along streams, or in 
other rural settings. The incidence of human 
infections fell to a few thousand cases per 
year in the 1960s and then started to rise as 
a result of relaxation of previous control 
measures and especially because of civil 
unrest forcing people to leave their homes to 
seek shelter in tsetse-infested areas. Cur¬ 
rently, a total of 70 million people are at risk 
of infection. In 2012, over 175,000 cases were 
reported in 20 countries; T. brucei gambiense 
accounted for 82.2% of them, and T. brucei 
rhodesiense accounted for the remaining 
17.8%. 1 ' High-risk countries are in Central 
Africa, especially the Democratic Republic 
of the Congo, Angola, the Central African 
Republic, and southern Sudan, where civil 
wars have hampered control efforts. During 
the period 2009 to 2013, most cases of Rho¬ 
desian sleeping sickness were reported from 
Uganda, Malawi, Tanzania, and Zambia 18 
and from foreign tourists who had visited 
East African game parks. A comprehensive 
review of the human disease was published 
recently. 18 

A rash (chancre) develops at the site of 
tsetse bite in humans, and this is soon fol¬ 
lowed by fever, persistent headache, and 
swelling of lymph nodes, spleen, and liver. 
Weakness and signs of cardiac involvement 
may be noticed early in the Rhodesian form 
encountered in eastern and southern Africa. 
This form is rapidly fatal if it is not diagnosed 
early and treated promptly. The Gambian 
form is usually chronic and often asymptom¬ 
atic for months before the patient gradually 
wastes away and dies from the disease or 
from secondary infections years later. It is 
encountered in West and Central Africa, 
including the northwestern part of Uganda. 
In both forms, the disease progresses from a 
hemolymphatic first stage (SI) to a meningo- 
encephalitic second stage (S2) correspond¬ 
ing to when parasites invade the cerebrospinal 
fluid (CSF) and brain across the blood-brain 
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barrier. 19 Stage 2 results in progressive non¬ 
suppurative menigo-encephalitis, causing 
the patient to fall asleep often—hence the 
name sleeping sickness. 

Biosecurity Concerns 

There are no biosecurity concerns for nagana 
because tsetse flies require strict environ¬ 
mental conditions to survive and breed. 
However, because T. vivax can be transmit¬ 
ted mechanically by biting flies, this fact 
should be taken into consideration when 
infected animals are moved outside the tsetse 
zone in Africa and in South and Central 
America. People working with T. brucei gam¬ 
biense and T. brucei rhodesiense should take 
precautions to avoid accidental inoculation 
of themselves or their coworkers with 
infected material in syringes or tsetse flies. 

PATHOGENESIS 

Nagana in most domestic animal species is a 
progressive but not always fatal disease, and 
the main features are anemia, tissue damage, 
and immunosuppression. Metacyclic try¬ 
panosomes are inoculated intradermally as 
the fly feeds. They multiply at this site, pro¬ 
voking a local skin reaction (chancre), which 
is most pronounced in a fully susceptible 
host and may be slight or absent with some 
strains or species of trypanosomes. Within 
the chancre, metacyclic parasites change to 
trypomastigote form, enter the bloodstream 
directly or through the lymphatics, and initi¬ 
ate characteristic intermittent parasitemias 
associated with intermittent fever. The 
behavior of the parasites thereafter depends 
largely on the species of trypanosome trans¬ 
mitted and the host. 

In the acute phase, T. vivax usually mul¬ 
tiplies rapidly in the blood of cattle, sheep, 
and goats, and it is evenly dispersed through¬ 
out the cardiovascular system, whereas T. 
congolense tends to be aggregated in small 
blood vessels and capillaries of the heart, 
brain, and skeletal muscle. T. congolense 
parasitemias in ruminants is not usually as 
high as with T. vivax, even though the 
anemia may be more marked. Both species 
exert their effect mainly by causing severe 
anemia and mild to moderate organ damage 
in the form of cellular degeneration and 
perivascular mononuclear cellular infiltra¬ 
tion. Very acute infections with T. vivax in 
cattle or with T. simiae in pigs result in ful¬ 
minating parasitemia and disseminated 
intravascular coagulation, with hemorrhages 
leading rapidly to death. Such syndromes 
resemble septicemia, and anemia may not be 
severe. 

T. brucei brucei and, less often, T. vivax 
have the added capability of escaping 
from the capillaries into the interstitial 
tissues and serous cavities, where they con¬ 
tinue to multiply. Such infections result 
in more severe organ damage in horses, 
sheep, and goats, in addition to anemia. The 
cerebrospinal fluid and brain parenchyma 


can be invaded by the parasites, resulting in 
a nonsuppurative meningo-encephalitis and 
encephalomalacia. 20 ' 21 Parasites in the CSF 
are not easily reached by some drugs and 
may be a source of relapsing infection when 
they reinvade the bloodstream. In addition, 
pregnant animals may abort, and transpla¬ 
cental fetal infections occasionally occur. 

The pathogenesis of anemia in trypanos- 
osmosis has been studied extensively, and it 
may vary with the parasite, the host species, 
and the stage of infections 23 The three 
mechanisms generally recognized in the 
development of anemia are (a) extravascular 
red cell destruction as a result of massive 
erythrophagocytosis in the spleen and liver 
at all stages of infection, (b) intravascular 
hemolysis in the acute stage, and (c) 
inadequate bone-marrow response (dys- 
hemopoiesis) in the chronic stage. Increased 
erythrophagocytosis occurs in activated 
macrophages that are induced by parasite- 
derived glycolipids to become hyperactive 
against trypanosomes and red blood cells. 
During the acute phase of infection, erythro¬ 
phagocytosis may also be triggered by 
trypanosome transsialidases acting on eryth¬ 
rocyte membranes. 24 Intravascular hemolysis 
is less commonly reported but has been 
attributed to several factors, including hemo¬ 
lysins from parasites, cleavage of sialic acids 
from the red cell membrane, passive absorp¬ 
tion of trypanosome molecules in the red cell 
membrane, and, more recently, oxidative 
stress from free radicals. In the chronic stage, 
bone-marrow response to ongoing red cell 
loss is poor, and this is attributed to increased 
sequestration of iron (as hemosiderin) in 
macrophages. 25 Thus, the pathogenesis of 
anemia in the chronic stage of nagana is 
analogous to that of anemia of chronic 
disease or chronic inflammation. 22 ' 23 

Animals infected with any pathogenic 
trypanosome may develop concurrent 
and even fatal bacterial, viral, and other pro¬ 
tozoan infections as a result of immunosup¬ 
pression. This is thought to be attributable 
to trypanosome-induced B-cell apoptosis 
resulting in loss of protective antiparasite 
antibody responses and abolishment of 
memory responses against nonrelated 
pathogens. 26 

Trypanotolerant animals control parasit¬ 
emias better and have less severe anemia and 
organ damage. They usually recover from the 
disease, but they may act as carriers. On the 
other hand, human beings have a sterile 
immunity to these parasites, except T. brucei 
gambiense and T. brucei rhodesiense. 

CLINICAL FINDINGS 

Although anemia is the cardinal feature, 
there are no pathognomonic signs that 
would help in pinpointing a diagnosis of try¬ 
panosomosis in farm animals. The general 
clinical picture is as follows, but there are 
many variations determined by the level of 
tsetse challenge, the species and strain of the 
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trypanosome, and the breed and manage¬ 
ment of the host. Acute episodes last for a 
few days to a few weeks, from which the 
animal dies or lapses into a subacute to 
chronic stage, or the illness may be chronic 
from the beginning. Chronic cases may run 
a steady course, may be interrupted by peri¬ 
odic incidents of severe illness, or may 
undergo spontaneous recovery. 

The basic clinical syndrome appears after 
an incubation period of 8 to 20 days follow¬ 
ing the infective tsetse fly bite. Chancre is 
not readily noticed under field conditions. 
There is fever, which is likely to be intermit¬ 
tent or cyclic for weeks. Affected animals are 
dull, anorexic, and apathetic; have a watery 
ocular discharge; and lose condition. Super¬ 
ficial lymph nodes become visibly swollen, 
mucous membranes are pale, diarrhea occa¬ 
sionally occurs, and some animals have 
edema of the throat and underline. Estrus 
cycles become irregular, pregnant animals 
may abort, and semen quality progressively 
deteriorates. The animal becomes very ema¬ 
ciated and cachectic and dies within 2 to 4 
months or longer. Thin, rough-coated, 
anemic, lethargic cattle with generalized 
lymph node enlargement are reported to 
have a “fly struck” appearance. 

In general, T. congolense is more patho¬ 
genic to cattle in eastern and southern Africa, 
whereas T. vivax produces a more serious 
disease in most of West and Central Africa. 
However, severe outbreaks of T. vivax involv¬ 
ing exotic dairy animals in East Africa occur; 
affected animals show mucosal petechiation, 
rhinorrhagia, dysentery, and death after an 
illness of only a few weeks. 

Mixed infections with more than one 
species of trypanosomes are common and 
are usually more severe. Furthermore, inter¬ 
current bacterial, viral, or other parasitic 
infections may mask or complicate the basic 
clinical syndrome. Immune response to 
bacterial and some viral vaccines is also 
depressed unless trypanocidal therapy is 
given at the time of vaccination. 

Clinical findings peculiar to the individ¬ 
ual trypanosome are as follows: 

• T. vivax affects all agricultural species 
except pigs. Acute and chronic 
outbreaks occur, anemia is severe, and 
fever is usually associated with high 
parasitemia. A chronic form of the 
disease is more usual in East Africa, but 
an acute hemorrhagic form can occur 
with exotic cattle. Furthermore, 
outbreaks in Brazil have been associated 
with nervous signs in cattle 20 and in 
sheep, 2 characterized by head pressing, 
lateral recumbency, paddling 
movements, and muscle tremors. 

T. vivax is less commonly seen in 
trypanotolerant cattle breeds. 

• T. congolense affects all species, usually 
with an acute disease lasting 4 to 6 
weeks, but some chronic cases occur, 
especially in West Africa. Anemia and 


emaciation are severe. The savannah 
subspecies is more pathogenic than the 
other subspecies. 

• T. brucei brucei affects all species with a 
subacute to chronic disease. In addition 
to fever and anemia, there is often 
marked subcutaneous edema and 
keratoconjunctivitis. Nervous signs are 
manifested in horses, pigs, and small 
ruminants by ataxia, circling, head 
pressing, and paralysis. Cattle show 
chronic clinical signs, and they can act 
as carriers. 

• T. simiae affects exotic pigs with a 
fulminating infection leading to death in 
hours or a few days of first appearing ill. 
The clinical signs are fever, stiff gait, 
dyspnea, and cutaneous hyperemia, 
without significant anemia. However, 
no outbreak has been reported in 
decades. 

CLINICAL PATHOLOGY 

A progressive drop in packed cell volume is 
a nonspecific but useful indicator of trypano- 
somosis in endemic areas. The classic method 
of confirming nagana diagnosis is to demon¬ 
strate parasites in a wet blood film and in a 
thin or thick blood smear stained with 
Giemsa. This is fairly reliable in the early 
stages of the disease when parasitemia is 
usually high and parasitemic peaks corre¬ 
spond with fever. As the disease progresses, 
parasitemias become infrequent and the 
intervals between peaks grow longer, even 
though the animal is still sick. To increase the 
accuracy of parasitologic diagnosis, it is now 
routine to concentrate the parasites in the 
buffy-coat layer of a microhematocrit capil¬ 
lary tube. The huffy layer is then examined 
directly at low power (Woo’s method) or in 
a wet preparation with a dark-ground/phase- 
contrast microscope (Murray’s method). 
Both tests are simple, sensitive, and applica¬ 
ble to field use on individual animals and in 
herds. Blood should be examined fresh but 
may be refrigerated for up to 24 hours, 
beyond which most parasites will die and 
disappear from the sample. 

Blood can also be inoculated into experi¬ 
mental animals, usually rodents, but this 
is cumbersome and is accurate for only 
T. brucei, and possibly T. congolense, but not 
T. vivax. 

During surveys, a series of tests can be 
used to detect antibodies in serum or other 
body fluids. The three tests used most often 
are the indirect immunofluorescent antibody 
test (IFAT), the capillary agglutination test 
(CAT), and the ELISA. These tests indicate 
past and current infections, are difficult to 
standardize for different laboratories, and are 
not species specific. The ELISA technique 
was modified to detect circulating trypano¬ 
some antigens (antigen-ELISA) using mono¬ 
clonal antibodies that would distinguish 
between T. vivax, T. congolense, and T. brucei, 
and it would detect only current or very 


recent infections. Results from field trials in 
Africa and South America have not been 
encouraging. 

The polymerase chain reaction (PCR) 
technique is now being used to detect try¬ 
panosome DNA in blood, serum, and in 
tsetse tissues. The technique targets the gene 
encoding the small ribosomal subunit to 
identify and differentiate all clinically impor¬ 
tant African trypanosome species and some 
subspecies. The test is sensitive, economical, 
and suitable for large-scale epidemiologic 
studies, usually in combination with other 
tests. Dried blood spots on filter papers are 
also a useful source of DNA for the detection 
of trypanosomes. 28 PCR technology is 
currently being made available in some labo¬ 
ratories in endemic areas and has led to 
increased rates of detection. 

Examination of the cerebrospinal fluid is 
used routinely in human sleeping sickness to 
establish the stage of infection to select the 
appropriate drug for treatment. In animals, 
CSF examination for parasites, turbidity, 
protein content, and leukocytes can be done 
at necropsy if there have been neurologic 
signs. 21 

NECROPSY FINDINGS 
Gross Pathology 

The postmortem lesions are, like the clinical 
findings, not definitive. The carcass is marked 
by anemia, emaciation, and enlargement of 
the liver, spleen, and lymph nodes. Body-fat 
stores are depleted or show marked serous 
atrophy, especially around the heart and in 
bone marrow. The bone marrow may be red 
(active) in the acute stage, but it becomes 
pale and gelatinous (unresponsive) in the 
chronic stage. Subcutaneous edema, corneal 
opacity, and testicular degeneration may be 
present. Thickening of the meninges and 
softening of the brain have been reported in 
some cattle naturally infected with the South 
American T. vivax. 

In acute cases, there will be a general con¬ 
gestion of the viscera and extensive hemor¬ 
rhages in all tissues. Chronic cases show 
cachexia, often complicated with secondary 
bacterial pneumonia or other parasitic 
diseases. 

Histology 

Microscopic lesions are also not specific, 
except in very acute infections, in which 
clumps of trypanosomes mixed with fibrin 
thrombi are found in blood vessels. Lym¬ 
phoid organs are usually hyperplastic and 
may show varying degrees of erythrophago- 
cytosis and hemosiderosis. The interstitial 
tissues and perivascular spaces of various 
parenchymatous organs may contain a lym- 
phoplasmacytic infiltrate. This tends to be 
most marked with T. brucei, in which the 
parasites often localize extravascularly in the 
interstitial tissue. A severe nonsuppurative 
meningoencephalitis, myocarditis, and der¬ 
matitis may result. Degenerative changes 





may also be present in the liver, testis, ovary, 
brain, and pituitary gland. 

Specimens for Pathology 

Smears from tissues, usually the cut surface 
of a lymph node or heart muscle, are exam¬ 
ined for trypanosomes before or shortly after 
the animal dies. Trypanosomes will not be 
detectable if postmortem examination is 
delayed for even a few hours because the 
parasites die and disintegrate soon after the 
host dies. For PCR detection, blood or huffy 
coat is spotted on Whatman filter paper 
(Whatman No. 4) stored at room temperature 
and sent to the appropriate laboratory. 27 With 
T. brucei, smears of serous fluids, including 
the CSF, may contain many parasites even 
when they are undetectable in blood. 

The following organs should be taken for 
histopathology: lymph nodes, spleen, liver, 
heart, kidney, brain, and any other organ 
showing gross lesions. The immediate 
cause of death is often a combination of 
trypanosome-induced anemia and a concur¬ 
rent bacterial or parasitic infection. 


DIFFERENTIAL DIAGNOSIS 


Diagnosis is based on detecting parasites in 
blood. Because parasitemias fluctuate, 
multiple samples from a herd or repeated 
sampling of a suspected case may be required 
before a specific diagnosis can be made. 
Furthermore, an infected animal may be 
suffering from a concurrent disease. 
Emaciation and anemia can also be associated 
with the following: 

• Malnutrition 

• Helminthosis 

• Babesiosis 

• Anaplasmosis 

• East coast fever 

Acute trypanosomosis may be confused 
with hemorrhagic septicemia and anthrax. 
Laboratory examination of blood, feces, and 
other tissues is required to confirm diagnosis. 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Diminazene aceturate (Berenil) (3.5-7 mg/kg 
IM) (R1 for ruminants, R-3 for equines) 

Homidium chloride/bromide (Ethidium/ 
Novidium (1 mg/kg IM) (R-1 for ruminants 
and equines) 

Isometamedium chloride (Samorin) 

(0.25-1 mg/kg IM) (R-1 for ruminants) 

Quinapyramine sulfate (Antrycide) (5 mg/kg 
SC) (R1 for equines) 

Suramin (Antrypol) (10 mg/kg IV) (R-2 for 
equines, camelids, 2-3 times weekly) 

Control 

Isometamedium chloride (2 mg/kg IM) (R-1) 

Elomidium chloride/bromide (1 mg/kg IM) 
(R-2) 
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Prothridium (2 mg/kg IM) (R-2) 

Antrycide prosalt (7.4 mg/kg SC) (R-2) 

Antrycide/Suramin complex (35 mg/kg SC) 
(R-2 for T. simae in pigs) 


The number of trypanocidal drugs available 
for treating and preventing infections in 
endemic areas is limited, and 35 million 
doses are administered yearly in Africa. 29 The 
drugs have been in the market for half a 
century or more; their range of therapeutic 
safety is small; many of them cause severe 
local reactions, especially in horses; and 
some may be fatal in high doses. Further¬ 
more, because drugs are expensive and can 
now be purchased without prescription, 
inappropriate dosing, improper administra¬ 
tion, and use of fake or poor-quality drugs 
are common. These, plus the fact that some 
drugs are used both prophylactically and 
therapeutically, have led to cases of drug 
resistance, which is universally regarded as a 
threat to livestock production and health. 

Ideally, each country or region establishes 
a group of sanative drugs that are to be used 
only as a break in a course of one of the more 
common drugs. The sanative drug should 
provide moderate prophylaxis and avoid the 
development of resistance to the prime drug. 
These measures have not been well executed 
in many countries, especially with the priva¬ 
tization of veterinary practice in Africa. This 
may explain the increasing reports of multi¬ 
ple resistance to curative, sanative, and pro¬ 
phylactic drugs over the years. 6,30 ' 31 On the 
other hand, a high prevalence of drug resis¬ 
tance to diminazene aceturate has been 
reported for T. congolense without a recent 
history of drug exposure. 5 The isolates were 
obtained from tsetse or wildlife in parks in 
Tanzania, Zambia, and South Africa. Fur¬ 
thermore, it has been observed that clones of 
T. congolense resistant to isometamedium 
chloride are more easily transmissible to 
tsetse flies (G. morsitans ). 32 This may be 
another factor contributing to the high prev¬ 
alence of drug-resistant strains in the African 
region. 

Strains are regarded as resistant when 
they fail to respond to the drug or when they 
relapse in blood sometime after an apparent 
cure. More cases of relapses are likely to be 
observed with the more sensitive PCR 
method for blood examination. However, it 
has been observed that relapses, where the 
host controls the level of parasitemia to a 
level below the sensitivity of routine micro¬ 
scopic examination, do not affect the pro¬ 
ductivity of the host. 33 Relapses are more 
likely to occur if the commencement of treat¬ 
ment is delayed or the dose rate is inade¬ 
quate. However, in field situations, there is 
hardly any regular monitoring of drug effi¬ 
cacy, and animals may be reinfected with the 
same or other species of trypanosomes soon 
after an otherwise effective cure. 


The common drugs in use against try¬ 
panosomes are set out in the following dis¬ 
cussion. The specific dose rates vary with 
animal species, the specific trypanosome, 
and the specific purpose (curative, prophy¬ 
lactic, or sanative). 

• Diminazene aceturate (Berenil) is used 
widely against T. vivax and T. congolense 
as a curative and sanative drug at 3.5 to 
7 mg/kg BW IM. It is well tolerated by 
ruminants, and it is one of the two 
recommended drugs for bovine 
trypanosomosis. It is not well tolerated 
by horses. 

• Isometamidium (Samorin or 
Trypamidium) is the other preferred 
drug against T. vivax and T. congolense 
in ruminants. It is used as a curative and 
prophylactic drug at 0.25 to 1 mg/kg 
BW IM. At much higher doses (12.5 to 
35 mg/kg BW) it can be used 
prophylactically against T. simiae in pigs 
but not without the risk of death from 
acute cardiovascular collapse. 

• Homidium bromide (ethidium) and 
homidium chloride (novidium) are also 
widely used against T. congolense and T. 
vivax as curative and sanative drugs at 

1 mg/kg BW IM. 

• Pyrithidium bromide (prothridium) is 
less widely used against T. congolense 
and T. vivax as prophylaxis at 2 mg/kg 
BW IM. 

• Quinapyramine sulfate (Antrycide) is no 
longer used extensively in cattle. It is the 
preferred curative drug against T. brucei 
brucei in horses at 5 mg/kg BW IM. 
Quinapyramine sulfate and chloride 
(Antrycide prosalt) is used 
prophylactically at 7.4 mg/kg BW SC. 

• Suramin (naganol) may also be used 
against T. brucei as a curative and 
prophylactic drug at 10 mg/kg BW in 
horses and camels. 

• Antrycide-Suramin complex is the only 
other drug effective against T. simiae in 
pigs, and it is used prophylactically at 
40 mg/kg BW. 

CONTROL 

The control of trypanosomosis in endemic 
countries involves control of tsetse fly popu¬ 
lation, prophylactic treatment of animals at 
risk, good husbandry of animals, and use of 
trypanotolerant animals. There is no vaccine 
against the disease, and in spite of intensive 
research, vaccines appear unlikely in the near 
future because of the ability of trypanosomes 
to readily change their glycoprotein surface 
coat through the process of antigenic 
variation. 

Control of tsetse has been successfully 
attempted in some African countries, but 
reinvasion is frequent if the land is not 
properly utilized. The earliest methods 
involved bush clearing and elimination of 
game animals on which tsetse feed. These 
methods were effective in eradicating or 
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controlling tsetse in some parts of the con¬ 
tinent, especially in southern Africa, but 
they resulted in destroying valuable plant 
and animal resources and also led to soil 
erosion. More recent methods involved 
the use of insecticides, especially DDT 
and endosulfan, applied strategically in the 
form of ground and aerial spraying over 
large expanses of land. Because tsetse flies 
are sensitive to insecticides and no resis¬ 
tance has developed, considerable successes 
were achieved in some countries. Under the 
Pan African Tsetse and Trypanosomosis 
Eradication Campaign (PATTEC) program, 
tsetse was eliminated from an area of over 
10,000 km 2 in Botswana and Namibia in 
2006 using a sequential aerial spraying tech¬ 
nique to apply deltamethrin. 34 However, 
spraying insecticides is costly and harmful 
to the environment. These harmful effects 
are considerably reduced if the insecticides, 
for example, synthetic pyrethroids, are 
applied directly on the animal in the form 
of spray or pour-on formulation, or the 
recently described footbath. 34 ' 35 The insecti¬ 
cides also reduce tick infestations in treated 
animals. 

Other effective methods involve use of 
targets impregnated with insecticides and 
traps that attract and catch tsetse. These are 
simple and cheap and can be constructed 
and maintained by local communities. Fur¬ 
thermore, they do not pollute the environ¬ 
ment and are suitable for both small- and 
large-scale farming. They have been used 
to drastically reduce tsetse fly population 
and incidence of trypanosomosis in some 
countries. 

Another method of control is the sterile 
male technique. Because the female tsetse 
only mates once in a lifetime, this technique 
is theoretically able to eradicate a targeted 
tsetse species in areas where other methods 
have been used to reduce its density. But it is 
expensive. 

Finally, it should be stated that develop¬ 
ment of the land for agriculture, industries, 
highways, and so forth effectively destroys 
the habitat for tsetse flies. This is occurring 
in many parts of Africa, including Nigeria, 
with rapid economic activities and expand¬ 
ing human population. 

Attempts at trypanosomosis control have 
also been directed to prophylactic dosing 
with chemicals such as suramin, prothrid- 
ium, and isometamidium (Samorin). Pro¬ 
phylaxis is used along with other methods in 
areas where there is a heavy tsetse challenge. 
The prophylactic effect is supplemented by 
the development of antibodies, and the total 
period of protection may be as long as 5 
months. However, it is customary to give 
four or five treatments per year. The produc¬ 
tivity response to this pattern of treatment is 
good if general husbandry is also adequate. 
The downside of this approach is that it is 
thought to be one of the factors leading to 
drug resistance in many countries, in 
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addition to the ready availability of fake and 
poor-quality drugs. 

Trypanotolerant animals are being used 
to establish ranches in areas where tsetse 
challenge is not too heavy. These indigenous 
breeds are not well accepted in some coun¬ 
tries because their productivity is generally 
low. To offset this, the breeds are increasingly 
being crossed with other indigenous and 
improved breeds. The crosses are more pro¬ 
ductive, and they retain the trait for 
tryp ano tolerance. 9 

For effective control of trypanosomosis in 
Africa and in Central and South America, 
an integrated approach will mostly likely 
produce the desired results in each region. In 
the absence of a vaccine, control methods 
must combine reduced exposure to the 
vectors (large-scale tsetse trapping and 
pour-on applications) with strategic treat¬ 
ment of exposed animals (chemotherapy and 
chemoprophylaxis) along with use of try¬ 
panotolerant animals when feasible. The Pan 
African Tsetse and Trypanosomiasis Eradi¬ 
cation Campaign launched in the last decade 
is applying many of these methods in differ¬ 
ent countries, with the hope of eliminating 
tsetse from Africa in the near future. 
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SURRA (MAL DE CADERAS, 
MURRINA) 


SYNOPSIS 


Etiology Trypanosoma evansi (synonym T. 
equinum), a subspecies of T. brucei, but 
transmitted mechanically by biting flies, 
mainly tabanids, and by vampire bats in 
Latin America. 

Epidemiology Endemic disease of mainly 
horses, camels, and buffaloes in the tropics 
and subtropics, seasonality is related to fly 
population. Rare outbreaks in Spain and 
France. 

Clinical signs Fever, progressive emaciation, 
anemia, subcutaneous edema, nervous 
signs, death. May be acute, but mostly 
subacute to chronic. 

Clinical pathology Progressive anemia, 
parasite detection in blood by various 
methods, serology. 

Lesions Not definitive but include pallor, 
emaciation, muscle atrophy of hindquarters 
in horses, lymphadenomegaly, and 
jaundice. 

Differential diagnosis list: 

• Nagana 

• Malnutrition 

• Helminthosis 
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• Babesiosis 

• Anaplasmosis 

• Hemorrhagic septicemia 

Treatment Trypanocides as in nagana, but 
less effective. 

Control Chemotherapy, no vaccine. 


ETIOLOGY 

Trypanosoma evansi, the first pathogenic try¬ 
panosome to be identified in 1880 in India, 
belongs to the brucei group (subgenus Try- 
panozoon ) but has lost its kinetoplast DNA 
(akinetoplastic) and is therefore not capable 
of cyclical development in tsetse Glossina 
spp. 1 The parasite is believed to have origi¬ 
nated from a mutated form of T. equiperdum 
characterized by being dyskinetoplastic (has 
lost part of its kDNA). T. evansi was formerly 
referred to as T. equinum, T. hippicum, or T. 
venezuelense in South America. Worldwide, 
it is the most widespread species of patho¬ 
genic trypanosomes. In blood smears, T. 
evansi is morphologically indistinguishable 
from T. brucei, but at the molecular level, the 
structure of the kinetoplast DNA of T. evansi 
is different. 

EPIDEMIOLOGY 

Occurrence 

Surra has a wide distribution in areas of Asia, 
Middle East, Central and South America, 
Africa north of the tsetse belt, and occasion¬ 
ally in Europe. The disease is called “mal de 
caderas” (meaning “sickness of the hips”) in 
South America, “murrina” in Panama, and 
“surra” in other parts of the world. In some 
countries, the incidence of surra increases 
significantly during the rainy season when 
there are large biting fly populations, the 
so-called surra season. The disease affects 
mainly camels and horses, but buffaloes and 
cattle are also affected. Some endemic areas 
have been identified in Las Palmas and the 
Canary Islands, and two recent outbreaks of 
the disease in Spain and France were traced 
to camel importation from the areas. 2 A two- 
part comprehensive review of T. evansi and 
surra has been published recently. 3 4 

Morbidity and Case Fatality 

Infection rates in camels, horses, and buf¬ 
faloes in endemic countries vary consider¬ 
ably and can be as high as 100% in buffalo 
herds in high-risk areas. 5 During a recent 
outbreak in Spain, 76% of the camels, 36% 
of the donkeys, and 26% of the horses 
examined were affected. 6 Fewer cases are 
detected by standard parasitologic methods 
than by serology or PCR methods. The 
case fatality in horses and camels is nearly 
100% if untreated, but it is much lower 
in cattle and buffaloes, where the disease 
tends to run a chronic course. Nonetheless, 
strains highly pathogenic for water buf¬ 
faloes and cattle have been reported in the 
Philippines. 7 


Method of Transmission 

Several hematophagous flies can transmit T. 
evansi mechanically, but the most important 
is the horse fly ( Tabanus spp.), followed by 
the stable fly (Stomoxys spp.). Transmission 
is enhanced when horses or camels congre¬ 
gate or are closely herded and when they 
have high numbers of parasites in their 
blood. In South America, the vampire bat 
also can transmit the disease in its saliva. 
The process can be mechanical as for flies but 
also biological in that parasitemia occurs in 
the bats, and the bats may die of the infec¬ 
tion or recover and serve as carriers. There¬ 
fore vampire bats are simultaneously hosts, 
reservoirs, and vectors of T. evansi. Indig¬ 
enous cattle, buffalo, and several species of 
wildlife may act as reservoirs of infection 
for horses and camels. Several workers in 
South America have incriminated capy- 
baras, small marsupials, armadillos, feral 
pigs, and peccary as possible reservoirs of 
T. evansi A 9 Carnivores can also be infected 
peri-orally when they feed on an infected 
carcass. 

Immune Mechanisms 

Immune mechanisms are related to antigenic 
variation of the parasite and production of 
antibodies by the host, as in T. brucei and 
all its subspecies. Infected animals are also 
immunosuppressed and respond poorly to 
vaccination. As with other trypanosome 
infections, the immunosuppressive effect 
is abrogated following successful antitry¬ 
panosome treatment. 10 The disease can 
be reproduced experimentally by blood 
inoculation. 

Zoonotic Implications 

Humans are generally not susceptible to T. 
evansi infection. However, two cases of 
human infection and disease have been 
reported, one from India and the other from 
Egypt. 1112 In the Indian case, the serum of 
the infected patient was found to have no 
trypanolytic activity, and this finding was 
linked to a lack of apolipoprotein L-l, the 
pathway in normal human serum for killing 
most trypanosomes. 13 

Economic Importance 

Surra is one of the most important diseases 
of camels in Africa and Asia, and outbreaks 
are increasingly being reported in South 
American horses and occasionally in Euro¬ 
pean camels. Camel raising in Africa and 
buffalo production in Asia are particularly 
affected by the disease. As in nagana, losses 
are attributable to reduced productivity, 
infertility, abortion, mortality, and cost of 
treatment. In Indonesia, losses as a result 
of surra were estimated at more than US$20 
million in the 1980s. More recently, it has 
been estimated that in the Philippines, the 
total net benefit for surra control for herds in 
a typical village in an endemic area is 
$158,000 per annum. 14 


Biosecurity Concerns 

There are no biosecurity concerns, except 
with regard to importation of carrier animals 
to nonendemic countries. 

PATHOGENESIS 

Trypanosomes are inoculated into the host 
from the contaminated mouthparts of biting 
insects or the saliva of vampire bats. Parasites 
multiply in blood, causing anemia and spread 
to serous fluids and interstitial tissue, result¬ 
ing in inflammatory changes just like those 
seen with T. brucei. The anemia of surra is 
probably similar to that of nagana. There is 
increased erythrophagocytosis and intravas¬ 
cular hemolysis resulting from lipid peroxi¬ 
dation of erythrocytes. 15 As for emaciation, 
it has been suggested that protein breakdown 
and lipolysis might contribute to the cachexia 
in infected horses. 16 In horses, T. evansi fre¬ 
quently invades the central nervous system, 
including the spinal cord, where it is less 
exposed to chemotherapeutic agents. 

CLINICAL FINDINGS 

The main clinical findings are intermittent 
fever, progressive anemia, edema of depen¬ 
dent parts of the body, dullness, listlessness, 
loss of body condition despite a good appe¬ 
tite, nasal and ocular discharge, abortion, 
and infertility. In the late stages, there are 
marked nervous signs, including marked 
paraplegia, paralysis, delirium, and convul¬ 
sions. In a recent outbreak involving horses 
in Brazil, the nervous signs were ataxia, 
blindness, head tilt, circling, head pressing, 
and paddling movements before death. 
Surra is invariably fatal in camels and horses, 
with death occurring in days or months, but 
camels may exhibit chronic signs for years. 
These signs include a reduction in milk yield 
and capacity for work, and a high abortion 
rate in pregnant females. Abortion and high 
neonatal mortality characterized the camel 
outbreak in the Canary Islands. 18 In endemic 
areas, cattle and buffalo usually have a milder 
disease that may be exacerbated by stress 
from adverse climatic conditions, work, or 
intercurrent disease. Signs may include a 
reduction in milk yield and capacity for 
work, irregular estrus, a high rate of abortion 
and stillbirth, and poor semen quality in 
bulls. Outbreaks of a more severe disease in 
indigenous zebu cattle are reported from 
time to time.' In such cases, there may be 
nervous signs and high mortality rate. 

CLINICAL PATHOLOGY 

As with tsetse-transmitted trypanosomosis, 
routine parasite detection is more reliable in 
the acute phase. Examination of wet blood 
films and stained smears of blood and lymph 
node should be carried out, and this should 
include the buffy-coat method. In the chronic 
phase, repeated sampling for some days may 
be required. In addition, suspected blood 
samples may be inoculated into rats or mice, 
both of which are highly susceptible. 
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A number of nonspecific serologic tests 
have been used, especially in areas where 
other forms of trypanosomes are not preva¬ 
lent. These include the mercuric chloride, 
formol gel, or stilbamidine test for increased 
serum protein levels. Specific antibody detec¬ 
tion tests are also available and include the 
direct card agglutination test (CAAT) for anti¬ 
bodies, the latex agglutination test (Suratex) 
for circulating antigens, the indirect fluores¬ 
cent antibody test (IFAT), and the enzyme- 
linked immunosorbent assay (ELISA). 
Serologic tests are probably more sensitive 
than parasitologic methods in revealing the 
true extent of surra in camel herds. 

Where the facilities exist, the PCR tech¬ 
nique is more sensitive and specific and 
can detect trypanosome DNA antemortem 
in the cerebrospinal fluid and in brain tissue 
postmortem. 19 

NECROPSY FINDINGS 

The carcass is emaciated and pale and may 
be icteric but, as in T. brucei infections, there 
are no pathognomonic gross and micro¬ 
scopic lesions unless the parasites are detect¬ 
able. Infected horses will show hindquarter 
muscle atrophy, splenomegaly, and lymphad- 
enomegaly. Asymmetric leukomalacia has 
been described in naturally infected horses, 
but it is not clear whether or not this was a 
result of treatment with diminazene acetu¬ 
rate. 15 Microscopic changes are characterized 
by a lymphoplasmacytic infiltrate of various 
organs, including the brain and spinal cord. 
If the carcass is very fresh, trypanosomes can 
be detected in blood and CSF with routine 
microscopy, and in the parenchyma of 
central nervous system by immunoperoxi- 
dase method 1 or by PCR technique identify¬ 
ing parasite DNA. 19 


DIFFERENTIAL DIAGNOSIS 


Laboratory services are required to confirm a 
diagnosis; even then, without the use of 
molecular techniques, surra cannot be easily 
distinguished from T. brucei brucei infection 
where both coexist. Clinical signs and gross 
and microscopic lesions of both diseases in 
horses and camels are identical. Specimens to 
take for laboratory diagnosis are blood, brain, 
spinal cord, lymph nodes, spleen, and liver. 


TREATMENT 


TREATMENT AND CONTROL 


Treatment 

Quinapyramine sulfate (Quintricide) (5 mg/kg 
SC) (R-1 for camels) 

Diminazene aceturate (Berenil) (3.5-7 mg/kg 
IM) (R-1 for ruminants, R-3 for equines) 

Melarsomine (Cymerlasan) (0.25 mg/kg IM for 
camels and 0.5 mg/kg for cattle) (R-1) 

Isometamedium chloride (Samorin) 

(0.25-1 mg/kg IM) (R-1 for ruminants) 


Suramin (Antrypol) (10 mg/kg IV) (R-2 for 
equines, camelids, 2-3 times weekly) 

Control 

Isometamedium chloride (2 mg/kg IM) (R-1) 
Antrycide prosalt (7.4 mg/kg SC) (R-2) 

Suramin (Antrypol) (10 mg/kg IV) (R-2 for 
equines, camelids, 2-3 times weekly) 


Drugs used for treating nagana could be used 
for surra, but the outcome is less favorable 
because of their low trypanocidal activity 
against T. evansi and their specific toxicity 
for camels and horses. Furthermore, the 
drugs are not able to cross the blood-brain 
barrier to reach parasites in the cerebrospinal 
fluid and nervous tissue. As a result, relapses 
are common and may present as drug resis¬ 
tance. Three Brazilian isolates of T. evansi 
tested for drug resistance were found to be 
fully susceptible to a single dose of suramin 
sodium at 10 mg/kg BM in mice. 20 

Quinapyramine sulfate (quintrycide) is 
used curatively for camels, and diminazene 
aceturate (Berenil) is used for horses. A 
water-soluble arsenical, melarsomine hydro¬ 
chloride (Cymerlasan), given IM is recom¬ 
mended for camels at 0.25 mg/kg BW and 
for cattle at 0.5 mg/kg BW. 21 For both cura¬ 
tive and prophylactic use, quinapyramine 
prosalt (trypacide), suramin (naganol), and 
isometamedium chloride (samorin or try- 
pamidium) are recommended (see section 
on nagana or African trypanosomosis). 

CONTROL 

Unlike in nagana, control measures are 
aimed primarily at the host rather than the 
vector, which is abundant. The measures 
include detection and treatment of infected 
animals, prophylactic treatment of suscepti¬ 
ble animals, and their protection from biting 
flies and bats, where possible. As in nagana, 
there is no vaccine. 

FURTHER READING 

Abebe G. Trypanosomosis in Ethiopia. Ethiop J Biol Sci. 
2005;4:75-121. [The Biological Society of Ethiopia 
review article]. 

Desquesnes M. Livestock Trypanosomoses and Their 
Vectors in Latin America. Paris: OIE (World 
Organisation for Animal Health); 2004. 

Desquesnes M, et al. Trypanosoma evansi and surra: a 
review and perspectives on origin, history, 
distribution, taxonomy, morphology, hosts and 
pathogenic effects. Biomed Res Intern. 2013; 194176. 
Desquesnes M, et al. Trypanosoma evansi and surra: a 
review and perspectives on transmission, 
epidemiology and control, impact and zoonotic 
aspects. Biomed Res Intern. 2013;321237. 

Hunter AG, Luckins AG. Trypanosomosis. In: Sewell 
MMH, Brocklesby DW, eds. Handbook on Animal 
Diseases in the Tropics. 4th ed. London: Bailliere 
Tindall; 1990:204-226. 

OIE Manual of Diagnostic Tests and Vaccines for 

Terrestrial Animals. Vol. 1. 6th ed. Paris: OIE; 2008 
chapter 2.1.17:252-260. 

Stephen LE. Trypanosomiasis: A Veterinary Perspective. 
Oxford: Pergamon Press; 1986. 


REFERENCES 

1. Lai DH, et al. Proc Natl Acad Sci USA. 
2008;105:1999. 

2. Gutierrez C, et al. Vet Parasitol. 2010; 174:26. 

3. Desquesnes M, et al. Biomed Res Intern. 
2013;194176. 

4. Desquesnes M, et al. Biomed Res Intern. 
2013;321237. 

5. Dargantes AP, et al. Int J Parasitol. 2009;39:1109. 

6. Tamarit A, et al. Vet Parasitol. 2010;167:74. 

7. Mekata H, et al. Parasitol Res. 2013;[Epub ahead of 
print]. 

8. Rademaker V, et al. Acta Trop. 2009; 111:102. 

9. Herrera HM, et al. Parasitol Res. 2008;103:619. 

10. Singla LD, et al. Trop Anim Health Prod. 
2010;42:589. 

11. Powar RM, et al. Indian J Med Microbiol. 
2006;24:72. 

12. Haridy FM, et al. / Egypt Soc Parasitol. 2011;41:65. 

13. Vanhollebeke B, et al. N Engl J Med. 2006;355:2752. 

14. Dobson RJ, et al. Int J Parasitol. 2009;39:1115. 

15. Habila N, et al. Res Vet Sci. 2012;93:13. 

16. Ranjithkumar M, et al. Trop Anim Health Prod. 
2013;45:417. 

17. Rodrigues A, et al. Vet Pathol. 2009;46:251. 

18. Guttierez C, et al. Vet Parasitol. 2005;130:163. 

19. Berlin D, et al. Vet Parasitol. 2009;161:316. 

20. Faccio L, et al. Exp Parasitol. 2013;134:309. 

21. Desquesnes M, et al. Parasitology. 2011;138:1134. 


Multi-Organ Diseases Due 
to Fungal Infection 

PROTOTHECOSIS AND 
CHLORELLOSIS (ALGAL 
BACTEREMIA) 

Protothecosis and chlorellosis are rare pseu- 
dofungal diseases in animals caused by 
the opportunistic algae of the Chlorellaceae 
family, Prototheca spp. (achlorophyllous 
mutant) and Chlorella spp. (chlorophyll- 
containing green alga), respectively. 1 
Asymptomatic systemic infections and 
lymphadenitis associated with the achloro¬ 
phyllous alga Prototheca zopfii or the green 
alga Chlorella spp. are extremely rare in cattle 
and sheep. Peritonitis and lymphadenitis 
associated with Scenedesmus spp., which is 
closely related to Chlorella spp., occurs rarely 
in cattle. 2 More common is mastitis in cattle 
caused by P. zopfii, or the more recently recog¬ 
nized Prototheca blaschkeae , 3 Protothecosis 
in goats is caused by Prototheca wickerhamii 
and presents as chronic weight loss and signs 
of respiratory disease. 4 Infections are con¬ 
sidered opportunistic, with the exception of 
increased risk for disseminated infection in 
sheep grazing sewage-contaminated pasture. 
Lesions are typically granulomas. 5 Diagnosis 
is based on demonstration of alga in granulo¬ 
matous lesions predominantly in the lymph 
nodes. 1 PCR-based testing is available. 
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COCCIDIOIDOMYCOSIS 

ETIOLOGY 

Coccidioides immitis is associated with the 
disease in all species, including humans. Coc¬ 
cidioides posadasii appears to be increasingly 
recognized as a pathogen. 1 

EPIDEMIOLOGY 

Coccidioidomycosis is a comparatively 
benign disease of farm animals, usually 
causing no apparent illness, although dis¬ 
seminated or overt pulmonary disease is 
associated with a high case-fatality rate in 
horses. 2 Sporadic cases are recorded in all 
species but are most common in dogs and in 
cattle and, to a much less extent, in pigs, 
sheep, and horses. Pulmonary coccidioido¬ 
mycosis has been described in a 13-day-old 
foal. Approximately 4% of horses in areas in 
which the disease is endemic have serum 
antibodies to C. immitis. 1 The disease tends 
to affect young to middle-aged animals 
(median age of 8 years in affected horses), 
presumably because they are naive to the 
infection, with older animals likely to have 
been exposed and subsequently resistant to 
the disease. 2 Case-fatality rates are low for 
mares with abortion (~0%) and animals with 
superficial abscesses compared with a fatality 
rate greater than 90% in horses with pneu¬ 
monia and pleural effusion, or with pneumo¬ 
nia and at least one extrapulmonary site of 
disease. 

The disease is enzootic in the southwest¬ 
ern United States, and up to 20% of cattle 
finished in feedlots in the area may harbor 
the fungus. The incidence of the disease in 
humans in the area provides a major problem 
in public health. It is not contagious, with 
infection occurring by inhalation of spores 
of the fungus, which grows in the soil, and 
possibly by ingestion and through cutaneous 
abrasions. The disease is common in dogs 
and is reported in aquatic wildlife (walrus), 
rhinoceros, and a koala (in San Diego, 
California). 3 ' 6 

CLINICAL FINDINGS 

Clinical manifestations of infection in 
any species can include fever, abor¬ 
tion, pneumonia, pleural effusion, severe 
weight loss, osteomyelitis, and external 
abscessation. 2 

In horses, findings include weight loss up 
to severe emaciation, a fluctuating tempera¬ 
ture, persistent cough, muscle pain, and 
superficial abscesses, often recurring, and 
most commonly in the pectoral area. 
Increased lung sounds, wheezing, and dull¬ 
ness are audible over the ventral chest. Other 
signs include edema of the legs, anemia, and 
intermittent colic as a result of internal 
abscesses and peritoneal adhesions. Liver 
rupture may cause death. Affected sheep 


show fever and abscesses in peripheral lymph 
nodes. 

CLINICAL PATHOLOGY 

A leukocytosis is usual, and there can 
be increases in serum or plasma markers 
of inflammation (serum amyloid A, 
fibrinogen). 

Fungal cultures or biopsies can be posi¬ 
tive for C. immitis. Coccidioides spp. grows 
within 2 to 5 days on several media, although 
fungal culture should be restricted to bio¬ 
safety level 3 laboratories.' A PCR assay is 
available to detect and determine the species 
of Coccidioides involved in the disease. 1 

Microscopic examination of tissues or of 
transtracheal or broncho alveolar lavage 
fluids, lymph nodes, and pleural fluid exu¬ 
dates can be performed using KOH (or 
KOH-ink), lactophenol cotton blue, H&E, 
Papanicolaou, PAS, and methenamine silver 
stains.' 

Serologic tests (i.e., agar gel immunodif¬ 
fusion [AGID] assays and ELISA for the 
detection of IgM and IgG antibodies) may 
assist the diagnosis of coccidioidomycosis. 
Serum antibody titers are highest in animals 
with disseminated or pulmonary disease and 
lowest in animals with localized disease or 
abortion.' 

NECROPSY FINDINGS 

The lesions produced in cattle and pigs are 
granulomatous, contain a cream-colored 
pus, are sometimes calcified, and are found 
in the bronchial, mediastinal, and, rarely, the 
mesenteric, pharyngeal and submaxillary 
lymph nodes and in the lungs. In a neonatal 
foal, the lungs were diffusely infiltrated with 
a miliary pattern of multiple, coalescing, 
pale-tan to red, irregularly shaped, slightly 
raised, firm foci, 0.1 to 0.5 cm in diameter. 


DIFFERENTIAL DIAGNOSIS 


Microscopic or cultural examination may be 
used to identify the disease. Isolation of the 
organism or detection of DNA by polymerase 
chain reaction (PCR) is preferred.' 

Differential diagnosis list: 

• Cattle and pigs—tuberculosis 

• Sheep and goats—caseous lymphadenitis 

• Horses—C. pseudotuberculosis infection, 
pneumonia and pleuropneumonia, 
metastatic Streptococcus equi infection 


TREATMENT 

Administration of azole compounds (flucon¬ 
azole, itraconazole, voriconazole) or ampho¬ 
tericin B is advised, although the efficacy of 
these compounds remains to be determined." 
Animals treated with these compounds must 
be monitored for adverse effects, including 
nephropathy induced by amphotericin. 

Because infection occurs by the inhala¬ 
tion of soil-borne spores, control of dust 
in feedlots may help to prevent the spread of 


the disease. Dust control is a major factor in 
prevention of human coccidioidomycosis 
because there is no vaccine or effective thera¬ 
peutic agent available, and the eradication of 
C. immitis from the soil is not practicable. 
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PARACOCCIDIOIDOMYCOSIS 

(PARACOCCIDIOIDES 

INFECTION) 

Paracoccidioidomycosis in humans caused 
by Paracoccidioides brasiliensis is endemic in 
parts of South and Central America. 1,2 The 
disease affects mainly men, causing oral 
mucosal lesions and disseminated granulo¬ 
matous disease. 3 There is serologic evidence 
of widespread exposure of horses, 4 free- 
ranging pigs, 5 dairy cattle, 6 sheep, and goats 8 
in endemic regions, but no reports of disease 
caused by this organism in large animals. 
Pigs appear to be resistant to the disease. 5 
The organism was identified in tuberculous 
lesions obtained at slaughter from cattle in 
Kenya, but the etiologic role for B. brasilien¬ 
sis was unclear. 9 
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RHODOTORULUA 
SPP. INFECTION 

Infection by Rhodotorula spp. is a rare cause 
of disease in humans and animals. 1 In large 
animals it is associated with pneumonia and 
fungemia in sheep. 2 

REFERENCES 

1. Wirth F, et al. Interdisc Pers Infect Dis. 2012;465717. 

2. Chitko-McKown CG, et al. Transbound Emerg Dis. 
2014;61:E76. 


HISTOPLASMOSIS 

Histoplasmosis, associated with infection 
with Histoplasma capsulatum, is a rare sys¬ 
temic mycosis in farm animals, with a high 
prevalence in specific geographic localities, 
such as the Ohio River and Mississippi 
River system and areas of South and Central 
America, Mediterranean countries, Asia, 
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Africa, and Australia. Cases have been 
recorded in horses, cattle, and pigs. The 
disease is relatively common in cats and dogs 
and occurs in a wide variety of other species, 
including wildlife and humans. 14 

The fungus is able to survive for periods 
as long as 4 months in soil and water. Infec¬ 
tion occurs by the inhalation of contami¬ 
nated dust, and primary invasion usually 
takes place in the lung. The disease can 
spread from animals to humans. Attempts at 
experimental infection in cattle, sheep, 
horses, and pigs have resulted in nonfatal 
infections, unless the agent is given intrave¬ 
nously, but the test animals become positive 
to the histoplasmin cutaneous sensitivity 
test. 

Clinical syndromes vary greatly and 
include pneumonia with dyspnea and nasal 
discharge, hepatic insufficiency with jaun¬ 
dice and anasarca, placentitis with abortion, 
and widespread lesions in neonates, espe¬ 
cially foals. Infections in horses can be 
evident as intra-abdominal masses. 5 

As a diagnostic aid for herd or area, the 
histoplasmin skin test appears to be satisfac¬ 
tory. Keratitis attributable to Histoplasma 
spp. has been described. Histoplasmosis may 
be secondary to yersiniosis in the horse. 

Necropsy lesions are as variable as the 
clinical syndrome and include gross hepatic 
enlargement containing necrotic foci, pul¬ 
monary consolidation and granulomatous 
pneumonia, and enlargement of splanchnic 
lymph nodes. Aggregation of the fungal 
bodies in lymphoid tissue and other tissues 
in which large numbers of phagocytes are in 
residence is characteristic of the disease; the 
lesions consist of groups of macrophages 
packed with fungal cells. Fungal culture can 
yield the organism. 

Triazoles (e.g., fluconazole, itraconazole) 
or imidazoles (e.g., ketoconazole) appear to 
be sensible choices for pharmacologic 
therapy, but efficacy has not been demon¬ 
strated. The treatment of choice for histo¬ 
plasmosis in dogs and cats is itraconazole, 
either alone or in combination with ketocon¬ 
azole or amphotericin B. 3 Voriconazole is 
also used, but without documented efficacy 
in large case series in dogs or cats. 

The disease associated with infection 
with H. farciminosum is dealt with under the 
heading “Epizootic Lymphangitis.” 
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CRYPTOCOCCOSIS (EUROPEAN 
BLASTOMYCOSIS, TORULOSIS) 

Infection with the yeast Cryptococcus neofor- 
mans or C. gattii (the C. neoformans-gattii 


complex) occurs in most species, including 
humans, cattle, horses, goats, dogs and 
cats, and wildlife, either as a generalized 
disease, sometimes with localization in par¬ 
ticular tissues, or as a granulomatous 
meningoencephalitis. 17 In humans, pulmo¬ 
nary lesions are more likely with C. gattii 
infection, and neurologic disease more likely 
with C. neoformans , 4 C. neoformans is a 
basidiomycetous fungus with a worldwide 
distribution, commonly found in soil con¬ 
taminated with avian feces. 8 Two pathogenic 
variants of C. neoformans are C. neoformans 
var. neoformans and C. neoformans var. 
gattii, and these variants are separate species, 
based on DNA sequence analysis, but are not 
distinguishable by the routinely performed 
and rapidly available C. neoformans capsular 
antigen latex agglutination titer. 8 

The frequency of disease or animal risk 
factors are not reported. Of 260 horses exam¬ 
ined in an area in which the disease was con¬ 
sidered endemic (Vancouver Island, Canada), 
4 had cryptococcus isolated from nasal 
swabs and none had detected serum anti¬ 
body titers to the organism. 9 

Nervous system involvement is mani¬ 
fested by stiffness, hyperesthesia, blindness, 
or incoordination. Clinical signs in cattle 
include multifocal neurologic deficits mani¬ 
fested by hypermetria, ataxia, depression, 
circling, impaired vision, head pressing, low 
head carriage, wide-based stance, and falling 
to the side or backward. 4,10 Systemic involve¬ 
ment includes cases of myxomatous lesions 
of nasal mucosa, pulmonary abscess or 
pneumonia, jejunal granuloma, lymphadeni¬ 
tis, osteomyelitis, placentitis with abortion, 
and systemic involvement in the fetus. C. 
neoformans is a cause of bovine mastitis. The 
disease can manifest as sinonasal granulo¬ 
mas in horses with local extension to the 
cranial vault. 3 

CSF of affected animals is xanthochro¬ 
mic, with elevated white cell count and 
markedly increased protein concentration. 8 
Cryptococci can be detected in cerebrospinal 
fluid of animals with neurologic disease by 
microscopic examination of the fluid, or 
detection of serum or CSF antibodies to the 
organism (detected by latex agglutination 
test). 8 

Successful treatment of neurologic disease 
in horses is by administration of triazole anti- 
fungals, such as fluconazole (14 mg/kg PO 
once, and then 5 mg/kg PO q24h) for weeks 
to months; 8 or, for sinonasal granulomas, a 
combination of systemic therapy with fluco¬ 
nazole, debulking of the lesions in the 
nasal cavity, and intralesional injection of 
fluconazole, amphotericin, and/or formalin, 3 
or irrigation of the nasal sinuses with 
enilconazole. 11 
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NORTH AMERICAN 
BLASTOMYCOSIS 

The fungus associated with North American 
blastomycosis, an important disease in 
humans * 1 and dogs, 2 is Blastomyces dermatiti- 
dis, which is genetically diverse, having over 
100 haplotypes divided into two important 
genetic groupings (Groups 1 and 2), although 
it has yet to be fully classified. 3,4 More veteri¬ 
nary isolates are in Group 2 than in Group 1, 
with some haplotypes in each group being 
identified in only human infections (Group 

1) or animals (Group 2). 4 The asexual phase 
is called Blastomyces dermatitidis and its 
sexual phase, Ajellomyces dermatitidis. 1 The 
organism affects both animals and humans; 
although it does not appear to be zoonotic 
(direct transfer of infection from animals to 
humans), caution should be exercised when 
treating animals with the disease. Presence of 
disease, or prevalence of antibodies to the 
organism, can be indicative of endemicity of 
infection in geographic areas. 

The disease is relatively common in dogs 
in the upper Midwest of the United States, 
but it is rare in horses and other large 
animals. 5 It is reported in horses, goats, 
sheep, alpaca, and cattle and in miscella¬ 
neous other species such as ferrets. 4,6 ' 10 The 
disease is reported, although infrequently, 
worldwide, with cases in animals recorded in 
Italy, 11 West Africa, 6 India, and South 
America, in addition to well-recognized foci 
in North America. 4 

Risk factors for large animals are not 
identified. 

There is little information on the patho¬ 
genesis of this disease in large animals. In 
humans and dogs, infection is either by 
inhalation of organism, with subsequent 
development of granulomatous pneumonia, 
or it follows direct infection of skin, presum¬ 
ably through wounds or macerated dermis, 
resulting in skin lesions. Infection from 
either site can then become systemic, with 
pulmonary infection disseminating to other 
organs, including the brain, urogenital tract, 
viscera, and skin. Infection originating in 
the skin can spread to other organs. 1,5 
Systemic infection in dogs is associated with 
increases in concentration or activity of 
markers of systemic inflammation and 
hyperco agulability. 12 

The disease in horses can affect the skin 
(Fig. 21-3), bones, 8 temporomandibular 
joint, mammary gland, and both thoracic 
and abdominal organs. Skin lesions in horses 
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Fig. 21-3 Lesions of blastomycosis in horse 
demonstrating combination of verrucous, 
raised, hairless lesions (black arrow) and 
subcutaneous lesions (white arrow). 

(Reproduced with permission from Funiciello 
B, et al. Equine Vet Educ 2014;26:458.) 


occur mainly in the skin of perianal, peri- 
vulvar, neck, pectoral, inguinal areas, 
ventrum, mammary gland, and hindlegs, 5 
and are typically of either of two forms, or a 
mix of each (Fig. 213): subcutaneous 
nodules or verrucous, irregularly shaped 
lesions with hair loss and crusty raised 
margins.' 11 The verrucous lesions are often 
located over subcutaneous abscesses. Skin 
lesions can be ulcerated and have draining 
tracts from deeper lesions. 

The pulmonary form is reported in 
sheep, 7 disseminated disease with clini¬ 
cal manifestations of central neurologic 
dysfunction in an alpaca, 10 and granulo¬ 
matous disease resembling tuberculosis in 
cattle. 13 

Organisms can occasionally be identified 
as budding yeast bodies in the exudate of 
ulcerative lesions or draining tracts. Demon¬ 
stration of organism in typical lesions con¬ 
firms the disease. B. dermatitidis antigens 
can be detected in urine of animals with blas¬ 
tomycosis. 8,14 The degree of antigenuria has 
diagnostic utility in dogs, being moderately 
sensitive but highly specific for the presence 
of the disease, and is useful in monitoring 
response to therapy, decisions on cessation of 
pharmacotherapy, and monitoring for recru¬ 
descence of infection. 14 

Differential diagnoses include tuberculo¬ 
sis (especially in cattle), metastatic S. equi 
in equids, equine multinodular pneumonia, 
neoplasia, and abscesses caused by C. 
pseudotuberculosis. 

Treatment consists of surgical debulking 
or debridement of accessible solitary lesions 
and administration of antifungal agents. 
Treatment of choice in dogs and humans is 
administration of itraconazole or flucon¬ 
azole or, in cases of severe infection, ampho¬ 
tericin B. 5 Successful treatment of cutaneous 


blastomycosis in a horse involved adminis¬ 
tration of fluconazole (14 mg/kg PO loading 
dose followed by 5 mg/kg PO once daily) 
for 5 weeks. 11 Discontinuation of therapy 
resulted in recrudescence of infection, which 
was resolved by further administration of the 
drug. Use of potassium iodide (20 mg/kg PO 
every 24h) was not efficacious in preventing 
recrudescence of infection. Antifungal 
therapy should be continued for months. 
Monitoring of efficacy of therapy by mea¬ 
surement of urine B. dermatitidis antigens in 
urine might be useful in large animals, as it 
is in dogs and humans. 14 

FURTHER READING 

Wilson JH. Blastomycosis in horses. Equine Vet Educ. 
2014;26:464-466. 
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to Metabolic Deficiency 

SODIUM AND/OR 
CHLORIDE DEFICIENCY 

A dietary deficiency of sodium is most likely 
to occur in the following instances: 

• During lactation, as a consequence of 
losses of the element in the milk, in 
rapidly growing young animals fed on 
low-sodium, cereal-based diets 

• Under very hot environmental 
conditions where large losses of water 
and sodium occur in the sweat and 
where the grass forage and the seeds 
may be low in sodium 

• In animals engaged in heavy or intense 
physical work and in animals grazing 
pastures on sandy soils heavily fertilized 
with potash, which depresses forage 
sodium levels 

Naturally occurring salt deficiency 
causing illness in grazing animals is uncom¬ 
mon except under specific circumstances. 
The most commonly cited occurrences are 
on alpine pastures and heavily fertilized 
pasture leys. Pasture should contain chloride 
at least 0.15 g/100 g dry matter (DM), and 
clinical signs are evident after about 1 month 
on pasture containing 0.1 g chloride/ 
100 g DM. Under experimental conditions, 


lactating cows give less milk until the chlo¬ 
ride deficiency is compensated. After a 
period of up to 12 months there is consider¬ 
able deterioration in the animal’s health, and 
anorexia, a haggard appearance, lusterless 
eyes, rough coat, and a rapid decline in body 
weight occur. High-producing animals are 
most severely affected, and some may col¬ 
lapse and die. The oral administration of 
sodium chloride is both preventive and 
rapidly curative. Experimental sodium 
depletion in horses for up to 27 days has no 
deleterious effect on general health. 

In dairy cattle on a sodium-deficient 
diet, there is polyuria; polydipsia; salt 
hunger; pica, including licking dirt and each 
other’s coats and drinking urine; loss of 
appetite and weight; and a fall in milk pro¬ 
duction. Urination is frequent, the urine has 
a lower-than-normal specific gravity, and the 
urine concentrations of sodium and chloride 
are decreased and the potassium increased. 
The salivary concentration of sodium is 
markedly decreased, the potassium is 
increased, and the salivary sodium: potas¬ 
sium ratio is decreased. The concentrations 
of serum sodium and chloride are also 
decreased, but the measurement of urinary 
or salivary sodium concentration is a 
more sensitive index of sodium intake than 
plasma sodium concentration. Of these, it is 
urinary sodium that is depressed first and is 
therefore the preferred indicator in cattle and 
horses. The polyuria associated with severe 
sodium depletion may be an antidiuretic 
hormone insensitivity as a result of lack of an 
effective countercurrent mechanism and 
hyperaldosteronism. 

Supplementation of salt to dairy cows 

on a pumice soil in New Zealand resulted 
in a 12.8% increase in milk yield with unal¬ 
tered composition. The cows were grazing 
ryegrass/clover pastures averaging 0.05% 
sodium, whereas the recommended concen¬ 
tration for dairy cows is 0.12%. Measure¬ 
ment of the sodium content of the pasture is 
the most simple and reliable method of diag¬ 
nosing salt deficiency compared with saliva 
sodium: potassium ratio. It is considered 
likely that sodium deficiency will become 
more prevalent on dairy farms in the future 
and that there are cost-effective benefits to 
using salt where deficiencies occur. 

Experimental restriction of chloride in 
the diet of dairy cows in early lactation 
results in a depraved appetite, lethargy, 
reduced feed intake, reduced milk produc¬ 
tion, scant feces, gradual emaciation, and 
severe hypochloremia and secondary 
hypokalemic metabolic alkalosis. Lethargy, 
weakness, and unsteadiness occur after 
about 6 weeks on the chloride-deficient diet. 
Bradycardia is also common. The concentra¬ 
tion of chloride in cerebrospinal fluid is 
usually maintained near normal, whereas the 
serum concentrations decline. The experi¬ 
mental induction of a severe, total body chlo¬ 
ride deficit by the provision of a low-chloride 
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diet and the daily removal of abomasal con¬ 
tents results in similar clinical findings to 
those described previously and lesions of 
nephrocalcinosis. 

The diagnosis of salt deficiency is depen¬ 
dent on the clinical findings, analysis of the 
feed and water supplies, serum levels of 
sodium and chlorine, and determination of 
the levels of sodium in the saliva, urine, and 
feces of deficient animals. The concentration 
of sodium in saliva is a sensitive indicator of 
sodium deficiency. In cattle receiving an 
adequate supply of sodium and chlorine, the 
sodium levels in saliva vary from 140 to 
150 mmol/L; in deficient cattle the levels 
may be as low as 70 to 100 mmol/L. The 
levels of sodium in the urine are low, with a 
reciprocal rise in potassium. The serum 
sodium levels are less reliable, but licking 
begins when the level falls to 137 mmol/L, 
and signs are intense at 135 mmol/L. 

The biochemical methods have been 
evaluated to estimate the sodium intake of 
dairy cows. Groups of cows were given 10 
to 20, 30 to 50, or 70 to 100 g salt per day, 
and two groups were given salt ad libitum 
either in bowls or in salt blocks. The con¬ 
centrations of sodium and potassium were 
measured in serum and urine. Cows receiv¬ 
ing 70 to 100 g salt daily and those in the 
ad libitum group had higher urinary sodium 
concentrations than the other groups. Those 
receiving 10 to 20 g day had a higher urinary 
ratio of potassium: sodium in their urine 
than all other groups, in which the ratio 
decreased as the level of supplementary salt 
increased. 

Experimentally induced sodium defi¬ 
ciency in young pigs causes anorexia, 
reduced water intake, and reduced weight 
gains. 

The provision of salt in the diet at a level 
of 0.5% is considered to be fully adequate for 
all farm animal species. Under practical con¬ 
ditions, salt mixes usually contain added 
iodine and cobalt. In some situations, the salt 
mixes are provided on an ad libitum basis 
rather than adding them to the diet. However, 
voluntary consumption is not entirely reli¬ 
able. The daily amount consumed by animals 
having unrestricted access to salt can be 
highly variable and often wasteful. Two 
factors influencing voluntary salt intake are 
the physical form of the salt and the salt 
content of the water and feed supplies. Some 
cattle consume much more loose than block 
salt, although the lower intakes of block salt 
may be adequate. Also, animals dependent 
on high-saline water for drinking consume 
significantly less salt than when drinking 
nonsaline water. Voluntary salt consumption 
is generally high in cows on low-sodium pas¬ 
tures, which are low inherently or as a result 
of heavy potash fertilization. Lactating gilts 
may require 0.7% salt in their diets, and 
energy efficiency in feedlot cattle may be 
improved by feeding high levels (5% of diet) 
of salt in the diet of finishing steers. 


MAGNESIUM DEFICIENCY 

Magnesium (Mg), the second most abundant 
intracellular cation, plays a vital role as a 
cofactor for many enzymes, acts as a modu¬ 
lator of ion channels, and affects many 
cellular processes, such as neuromuscular 
excitability and secretion of hormones, 
and antagonizes the actions of Ca 2+ . 1 " 3 Mag¬ 
nesium deficiency or depletion causes 
disturbances in a multitude of physiologic 
processes and is evident from severe clinical 
disease and death, in hypomagnesemic 
tetany of cattle, through to reduced produc¬ 
tion and impaired health. 2,4 Nutritional defi¬ 
ciency of magnesium plays a role in causing 
lactation tetany in cows and hypomagnese¬ 
mic tetany of calves, and these diseases are 
dealt with in Chapter 18 on metabolic dis¬ 
eases. Magnesium deficiency in late pregnant 
dairy cows can predispose to periparturient 
hypocalcemia by impairing the secretion of 
parathyroid hormone (PTH). In both dis¬ 
eases, there are complicating factors that may 
affect the absorption and metabolism of the 
element. 

Hypomagnesemia occurs in up to 50% of 
adult horses hospitalized for severe gastro¬ 
intestinal disease such as colic, acute diar¬ 
rhea, and infectious respiratory disease.’ 
Serum magnesium concentrations of healthy 
horses vary with age, parturition, lactation, 
and sex. 6 Cattle with any one of a number of 
diseases that decrease feed intake, 2 ' 3 or mag¬ 
nesium absorption, are at increased risk of 
magnesium deficiency. Postpartum cows 
with retained placenta have lower concentra¬ 
tions of Mg, and some other minerals, than 
do postpartum cows without retained pla¬ 
centa.' Dairy cows at risk of hypokalemia 
and supplemented by oral administration of 
KC1 might be at increased risk of magnesium 
deficiency because of the competitive inhibi¬ 
tion of increased ruminal potassium concen¬ 
trations on magnesium absorption from the 
rumen. 8 

Magnesium is an essential constituent of 
rations for recently weaned pigs. Experi¬ 
mentally induced deficiency causes weak¬ 
ness of the pasterns, particularly in the 
forelegs, causing backward bowing of 
the legs, sickled hocks, approximation of the 
knees and hocks, arching of the back, hyper¬ 
irritability, muscle tremor, reluctance to 
stand, continual shifting of weight from limb 
to limb, and eventually tetany and death. A 
reduction in growth rate, feed consumption 
and conversion, and levels of magnesium in 
the serum also occurs. The requirement of 
magnesium for pigs weaned at 3 to 9 weeks 
of age is 400 to 500 mg/kg of the total ration. 

Diagnosis of magnesium deficiency is 
challenging because measurement of serum 
magnesium concentration is not a reliable 
indicator of whole-body magnesium status. 9 
Plasma Mg makes up only 0.3% of total body 
Mg, and concentration of Mg in plasma is 
held constant over a wide range of Mg 


intakes and is only weakly correlated with 
the functionally important intracellular 
pools of Mg. 1 ' 4,9 Increasing or decreasing 
renal magnesium excretion primarily regu¬ 
lates the extracellular Mg concentration, and 
whole-body Mg status can be monitored 
rather by assaying total urinary Mg excre¬ 
tion. Because the collection of all urine pro¬ 
duced over a 24-hour period is difficult or 
impossible in practice, urinary magnesium 
concentration can be measured in a spot 
sample. However, urinary magnesium con¬ 
centration is markedly affected by urine 
volume and can be difficult to interpret. Esti¬ 
mates of magnesium status can be obtained 
by measuring urine creatinine and magne¬ 
sium concentrations, measuring plasma 
magnesium and urine concentrations, and 
calculating urinary fractional excretion of 
Mg, thereby avoiding the need for collection 
of all urine produced over a 24-hour, or other 
prolonged, period. 1,4 Fractional excretion of 
Mg is a more sensitive indicator of Mg avail¬ 
ability than is plasma, or serum, Mg concen¬ 
tration and a better predictive indicator of 
the need for supplementation. 4 Methodology 
for determining magnesium status in cattle 
and horses is described. A method in cattle 
involves collection of basal blood and urine 
samples 60 minutes before starting a magne¬ 
sium challenge infusion (2.5 mg/kg BW in 
250 mL of 0.9% saline was infused at 2.1 mL/ 
min for 120 min) with blood and urine 
samples collected at 30-minute intervals 
until 60 minutes after the end of the infusion. 
Urinary fractional clearance (FC) of magne¬ 
sium is calculated using the formula: 

FC% (Mg) = x X100 
[Cr]„ [Mg] pl 

The reference interval is generally considered 
to be 2.64% to 43.6% for cows at the end of 
lactation. Herds with mean fractional clear¬ 
ance of Mg less than 10% are likely to have a 
deficient Mg status and might benefit from 
Mg supplementation. 4 A magnesium chal¬ 
lenge test can reveal cows with low total body 
magnesium content because these cows 
retain much of the infused magnesium, with 
consequent unchanged fractional clearance 
values, whereas cows with adequate magne¬ 
sium status have an increase in fractional 
clearance of the electrolyte. 4 

Feeding of a magnesium-deficient diet 
for 29 days in young horses did not result in 
detectable changes in total or ionized mag¬ 
nesium concentrations in serum, but magne¬ 
sium excretion over 24 hours and fractional 
clearance of magnesium in urine were mark¬ 
edly reduced. 9 

FURTHER READING 
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COPPER DEFICIENCY 


SYNOPSIS 


Etiology Primary deficiency as a result of 
inadequate copper in the diet. Secondary 
copper deficiency is associated with 
antagonistic factors, particularly excess 
molybdenum and sulfur, which form 
thiomolybdates in the rumen. 
Thiomolybdates can bind copper in the 
rumen, or, if insufficient copper is present, 
they are absorbed (especially tetra- 
thiomolybdate) and bind to several 
enzymes and compounds that have diverse 
biological activities. Dietary iron forms 
complexes with copper in the rumen, and 
so can exacerbate this process. 

Epidemiology Herd or flock problem, mainly 
in young growing ruminants (cattle, sheep, 
goats, and farmed deer) on pasture in 
spring and summer. Primary deficiency 
occurs in sandy and heavily weathered 
soils; secondary in peat or muck soils high 
in molybdenum. Feed and water supplies 
may also contain molybdenum, sulfate, 
and iron salts, which interfere with copper 
absorption and metabolism. Some breeds 
of sheep, and possibly Simmental cattle, 
are more susceptible. 

Signs Unthriftiness, altered hair color, chronic 
diarrhea in molybdenosis (secondary 
deficiency), chronic lameness, neonatal 
ataxia in newborn lambs (swayback) if 
ewes are copper deficient in mid¬ 
pregnancy, delayed ataxia in older lambs 
(enzootic ataxia), anemia in more 
prolonged deficiency, falling disease in 
adult cattle (now rare). 


Clinical pathology Low plasma and liver 
copper, low ceruloplasmin, anemia. 

Necropsy findings Demyelination in enzootic 
ataxia, anemia, emaciation, hemosiderosis, 
osteodystrophy, cardiomyopathy. 

Diagnostic confirmation Low liver 
and plasma copper, response to 
treatment. 

Differential diagnosis Copper deficiency 
must be differentiated from herd problems 
associated with the following: 

• Unthriftiness as a result of intestinal 
parasitism 

• Malnutrition as a result of energy- 
protein deficiency 

• Lameness caused by osteodystrophy 
(calcium, phosphorus, and vitamin D 
imbalance) 

• Anemia as a result of sucking lice 

• Neonatal ataxia in lambs (congenital 
swayback and enzootic ataxia) from 
border disease; cerebellar hypoplasia 
(daft lamb disease); hypothermia; 
meningitis 

• Sudden death as a result of other causes 

Treatment Oral slow-release bolus or capsule, 

parental copper glycinate, oral copper 
sulfate. 

Control Oral dosing with controlled-release 
glass bolus or capsule with copper oxide 
needles; supplementation pasture by 
top-dressing with copper sulfate; parenteral 
administration of copper at strategic times; 
remove sulfates from water supply; genetic 
selection may be an option. 


ETIOLOGY 

Copper (Cu) deficiency may be primary, 
when the intake in the diet is inadequate, or 
secondary (“conditioned”), when the dietary 
intake is sufficient but the absorption of 
copper and its utilization by tissues is 
impeded. 

Primary Copper Deficiency 

The amount of Cu in the diet may be inad¬ 
equate when the forage is grown on deficient 
soils, typically sandy or weathered soils, or 
soils in which the Cu is unavailable. 


Secondary Copper Deficiency 

This is the predominant deficiency; the 
amount of Cu in the diet is adequate, but 
other dietary factors (mainly molybdenum, 
sulfur, and iron, but also manganese and 
zinc) interfere with the availability and uti¬ 
lization of Cu (Table 21-8). A dietary excess 
of molybdenum (Mo) is the most common 
factor, and a high intake can induce Cu 
deficiency even when the Cu content of the 
pasture is quite high. A higher Cu intake 
can overcome this effect. Conversely, sup¬ 
plementing the diet with Mo can be used to 
counteract a dangerously high intake of Cu. 
There are species differences in response to 
high Cu and Mo intake, with sheep being 
much more susceptible to Cu toxicity and 
cattle more susceptible to excess Mo. 

Zinc, lead, calcium carbonate, and man¬ 
ganese are other conditioning factors. For 
example, using zinc sulfate to control facial 
eczema decreases plasma Cu, which can be 
corrected by the injection of copper glyci¬ 
nate. On the other hand, in New Zealand the 
administration of selenium to sheep on 
Cu-deficient pastures increases Cu absorp¬ 
tion and can improve the growth rate of 
lambs. 

Dietary inorganic sulfate, in combination 
with Mo, has a profound effect on the absorp¬ 
tion of Cu by ruminants. For example, sheep 
consuming a complete diet low in sulfur and 
Mo, and with modest Cu (12 to 20 mg/kg 
DM), may die of Cu toxicity, whereas others 
grazing pasture of similar Cu content but 
high in Mo and sulfur can give birth to lambs 
affected with swayback. Increasing the sulfate 
concentration of a sheep diet from 0.1% to 
0.4% can potentiate a Mo content as low as 
2 mg/kg (0.02 mmol/kg) and reduce absorp¬ 
tion of Cu below normal. Increasing sulfate 
in the diet also decreases absorption of sele¬ 
nium, and thus deficiencies of both Cu and 
selenium can occur in areas with soils defi¬ 
cient in both elements, especially when 
sulfate is added in the form of superphos¬ 
phate fertilizer. Such combined deficiencies 
are becoming more common with higher 
applications of fertilizer that enable higher 
stocking rates on improved pastures. Interac¬ 
tions between Cu, selenium, and sulfates 


Table 21-8 Conditions associated with secondary copper deficiency 


Disease 

Country 

Species 

Liver copper 

Probable initiating factor 

Swayback 

Britain, United States 

Sheep 

Low 

Unknown 

Renguerra 

Peru 

Sheep 

Low 

Unknown 

Teart 

Britain 

Sheep and cattle 

Unknown 

Molybdenum 

Scouring disease 

Holland 

Cattle 

Unknown 

Unknown 

Peat scours 

New Zealand 

Cattle 

Low 

Molybdenum 

Peat scours 

Britain 

Cattle 

Unknown, low blood Cu 

Unknown 

Peat scours 

Canada 

Cattle 

Unknown 

Molybdenum 

Salt sick 

Florida (United States) 

Cattle 

Unknown 

Unknown 

"Pine" (unthrifty) 

Scotland 

Calves 

Low 

Unknown 
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must be considered when animals fail to 
respond to treatment unless both Cu and 
selenium are provided. 

EPIDEMIOLOGY 

Occurrence 

Copper deficiency is endemic in ruminants 
worldwide and causes diseases of economic 
importance that can render large areas of 
otherwise fertile land unsuitable for grazing 
by ruminants of all ages, particularly young, 
rapidly growing animals. Based on surveys 
of serum and plasma Cu in cattle herds 
in Britain, Cu deficiency remains a serious 
problem requiring constant vigilance. It is 
estimated that clinical signs of Cu deficiency 
develop annually in about 0.9% of the cattle 
population in the United Kingdom. In some 
surveys, the lowest concentrations of serum 
Cu were in heifers being reared as heifer 
replacements. Although heavy mortalities 
can occur in affected areas, the major loss is 
from the failure of animals to thrive. Enzo¬ 
otic ataxia may affect up to 90% of a lamb 
flock in badly affected areas, with most of 
these lambs dying of inanition. In falling 
disease, up to 40% of cattle in affected herds 
may die. 

Copper deficiency is the most common 
trace-element deficiency in farmed deer in 
New Zealand, producing mainly enzootic 
ataxia but also osteochondrosis. 

Geographic Distribution 
Primary Copper Deficiency 

Disease caused by a primary deficiency of Cu 
occurs in grazing livestock in many parts of 
the world, including enzootic ataxia of sheep 
in Australia, New Zealand, and the United 
States, licking sickness, or liksucht, of cattle 
in Holland and falling disease of cattle in 
Australia (now rarely seen). Copper defi¬ 
ciency is endemic in the Salado del Sur River 
basin in Buenos Aires Province, Argentina, 
affecting over 50% of beef cattle. 

Concurrent deficiencies of both Cu and 
cobalt in Australia (“coast disease”) and 
Florida in the United States (“salt sickness”), 
characterized by the appearance of clinical 
signs of both deficiencies in all ruminant 
species, are controlled by supplementation 
with both Cu and cobalt. 

In the United States, Cu deficiency is not 
restricted to a single region, with a third of 
256 beef herds classified as deficient or mar¬ 
ginally deficient based on a survey of serum 
Cu concentrations. Approximately 50% of 
the producers used Cu supplements, but a 
significant proportion of cattle from those 
herds were classified as marginally deficient 
or deficient. 

In Canada, a survey of cattle at slaugh¬ 
ter in Saskatchewan found that 67% had a 
liver Cu less than 25 mg copper/kg dry 
weight (DW). However, this indicator of 
deficiency is now obsolete, with concentra¬ 
tions less than 10 mg Cu/kg DW (160 pmol 
Cu/kg DW), or 40 mg Cu/kg fresh weight 


(FW) (630 (tmol Cu/kg FW) indicative of 
Cu deficiency in ruminants. 1 The concen¬ 
trations of Cu in the liver of fetuses were 
proportional to the liver Cu concentrations 
in the dams, progressively decreasing in the 
dam during gestation and increasing in the 
fetus to meet postnatal requirements of 
the calf because cow milk is a poor source 
of Cu. 

Copper deficiency has been diagnosed in 
captive musk-oxen in Canada, and it causes 
anemia in sucking pigs and reduced growth 
rate and cardiac disease in growing pigs. 
Adult horses are unaffected, but abnormali¬ 
ties of the limbs and joints of foals reared in 
Cu-deficient areas do occur. 

Secondary Copper Deficiency 

Diseases caused by secondary Cu deficiency, 
mostly as a result of high dietary intakes of 
Mo and sulfate, are listed in Table 21-8. They 
include syndromes characterized by ataxia, 
abnormal wool or hair, diarrhea (peat scours, 
teart), or unthriftiness. Anemia develops 
after severe or prolonged Cu deprivation. 

Swayback and enzootic ataxia of lambs is 
induced by feeding pregnant ewes a diet defi¬ 
cient in Cu or high in Mo and sulfur. Two 
phases of rapid myelination of the central 
nervous system occur in sheep, the first 
during midpregnancy, and then in the spinal 
cord a few weeks after birth. Consequently, 
the timing of the ataxia in lambs and goat 
kids depends on when the induced Cu defi¬ 
ciency occurs; neonatal ataxia corresponds 
with deficiency during midpregnancy, 
delayed ataxia when deficiency occurs in late 
pregnancy or soon after birth. Heavy top- 
dressing of pasture with lime may predispose 
lambs to swayback. The central nervous 
system of calves undergoes a slow, progres¬ 
sive myelination, and so they are not affected 
by neonatal ataxia. 

A dietary excess of Mo is known to be the 
conditioning factor in the diarrheic diseases; 
“peat scours” in Australia, New Zealand, 
California, and Canada; and “teart” in Britain. 

In Canada, high concentrations of Mo 
(21-44 mg/kg DM) have been identified in 
forage on reclaimed mining areas in British 
Columbia, but cattle can graze these areas for 
short periods (12 weeks) each year without 
developing secondary Cu deficiency. Animals 
given a Cu supplement had no differences in 
weight gain, liver Mo, or serum and milk Cu 
and Mo, suggesting that the upper tolerable 
dietary concentrations of 5 to 10 mg molyb¬ 
denum and the minimum safe Cu: Mo ratio 
of 2:1, described by the National Research 
Council, may not be universal. 

Moose sickness, also known as “Alvsborg 
disease” and “wasting disease,” has affected 
up to 4% to 5% of moose (Alces alces L.) in 
Sweden. The appearance of the disease coin¬ 
cided with heavy liming of wetlands, lakes, 
and forests during the 1980s, undertaken to 
counteract the deleterious effects of acid 
rain. The increase in soil pH caused by the 


liming reduced the availability of Cu and 
increased the availability of Mo. Copper defi¬ 
ciency may also be a factor contributing to 
the decline of moose in northwestern Min¬ 
nesota, with deficient or marginally deficient 
concentrations of liver copper in 69% of 
moose found dead. Low liver Cu concentra¬ 
tions have also been recorded in ill-thrifty 
moose in Norway. 2 

Seasonal Occurrence 

Primary Cu deficiency occurs most com¬ 
monly in spring and summer, coinciding 
with the lowest concentration of Cu in the 
pasture. The Cu status of beef and dairy cattle 
can vary quite widely each month, with 
higher rainfall usually associated with a 
lower availability of Cu. 

Secondary Cu deficiency may occur at 
other times, depending on the concentration 
of the conditioning factors, predominantly 
Mo or sulfur, in the forage. For example, the 
Mo content of herbage may be highest in 
the autumn or spring, when rains stimulate 
the growth of legumes. 

Risk Factors 

Several factors influence the plasma and 
tissue concentrations of copper in rumi¬ 
nants, including the following: 

• Breed, age, and growth of animal 

• Demands of pregnancy and lactation 

• Dietary factors—type of pasture or feed 
source, season 

• Soil characteristics and concentration of 
minerals—particularly Mo and sulfur, 
which can form thiomolybdates and 
reduce the availability of Cu by binding 
with it in the rumen or with biological 
compounds in the plasma and tissues 

Animal Factors 

Age 

Young animals are more susceptible to 
primary Cu deficiency than adults. Calves of 
dams fed deficient diets may show signs at 2 
to 3 months of age, with clinical signs more 
severe in calves and yearlings, less severe in 
2-year-olds, and less important in adults. 
Enzootic ataxia is primarily a disease of neo¬ 
natal or suckling lambs whose dams receive 
insufficient dietary copper during mid- or 
late-pregnancy. Ewes with a normal Cu 
status take some time to lose their liver 
reserves, and thus they do not produce 
affected lambs for at least 6 months after 
starting to graze Cu-deficient pastures. The 
predominance of Cu deficiency in suckling 
lambs indicates the importance of fetal stores 
and the inadequacy of milk as a source of Cu. 
Milk from normal ewes contains 3.1 to 
9.4 |imol/L (20 to 60 pg/dL) Cu, but with 
severe deficiency this may be reduced to 0.16 
to 0.31 pmol/L (1 to 2 (ig/dL). 

Breed and Species Susceptibility 
There are marked genetic differences in the 
Cu metabolism of sheep breeds; Welsh 





Mountain and Texels can absorb Cu 50% 
more efficiently than Scottish Blackface, and 
Texel cross Blackface 145% more efficiently 
than pure Blackface lambs. The susceptibility 
to Cu deficiency, or protection from Cu 
poisoning, is influenced from birth by 
genetic effects. These affect Cu status of the 
lamb at birth, through the maternal environ¬ 
ment controlled by the dam’s genes and the 
effect of the lamb’s own genes. These genetic 
differences have physiologic consequences, 
reflected in differences in the incidence of 
swayback, both between and within breeds, 
and in effects on growth and possibly on 
reproduction. The differences are attribut¬ 
able to genetic differences in the efficiency of 
absorption of dietary Cu. 

In sheep, the existence of genes determin¬ 
ing plasma Cu has been shown by the 
continued selection for high and low concen¬ 
trations in closed lines of a single breed. Ram 
selection was made on the basis of plasma Cu 
concentrations at 18 and 24 weeks of age, 
with this trait having a heritability of 0.3, 
similar to that calculated for Angus cattle. 3 
The high-line ewes retain more Cu in the 
liver than the low-line ewes, caused by a 
positive correlation between the concentra¬ 
tion of Cu in plasma and the efficiency of 
absorption. 

Genetic variation in the Cu metabolism 
of sheep has important physiologic conse¬ 
quences. The incidence of swayback may 
vary from 0% to 40% between different 
breeds within the same flock, with the inci¬ 
dence more closely related to differences in 
the concentration of Cu in the liver than in 
blood. When high and low female lines are 
placed on improved and limed pasture, 
which can induce a severe Cu deficiency, 
swayback, dullness, lack of vigor, and mor¬ 
tality are evident in lambs soon after birth. 
At 6 weeks of age the mortality rate was 
higher in the lambs from the low-Cu line and 
they were 2 kg lighter than those from the 
high-Cu line. 

Goats are more prone to Cu deficiency 
than sheep, probably as a result of lower 
accumulation of liver Cu. The dietary 
requirement for goats is 8 to 10 ppm Cu. 
However, an intake of Cu that could cause 
toxicity in sheep (100 to 150 ppm) enhanced 
growth rate and immune function and 
did not cause toxicity in Boer crossbreed 
goats. 4 

Cattle are less efficient absorbers of Cu, 
with evidence for genetic differences between 
breeds growing stronger. For example, 
certain breeds, such as Simmental and Cha- 
rolais, may have higher Cu requirements 
than other breeds, such as Angus. Based on 
an assessment of liver Cu, diets containing 
4.4 or 6.4 mg of Cu/kg DM did not meet the 
requirements of either Angus or Simmentals 
during gestation and lactation or growth, but 
the addition of 7 mg of copper/kg DM to 
both diets met the requirements of both 
breeds. Similar to sheep, these differences are 
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probably related to differences in Cu 
absorption. 

Fetal Liver Copper 

During gestation, the concentration of Cu in 
the ovine and bovine fetal liver progressively 
increases, whereas it decreases in the mater¬ 
nal liver. The bovine fetus obtains Cu by pla¬ 
cental transfer, and thus at birth the liver 
concentration of Cu is initially high and then 
declines to normal adult levels within a few 
months. Placental transfer is less efficient in 
sheep, and thus lambs are often born with 
low liver reserves, making them susceptible 
to Cu deficiency. 

In deficient cattle, the accumulation of 
liver Cu in the fetus continues independent 
of the dam’s liver Cu until the fetus is about 
180 days, after which it gradually declines. In 
contrast, the liver Cu concentration in fetuses 
from dams on adequate diets continues to 
increase. Thus during the last month of preg¬ 
nancy the daily requirement for Cu in cattle 
increases to about 70% above maintenance 
requirements, so the dietary allowance of 
10 mg/kg DM increases to 25 mg/kg DM 
during pregnancy. 

Colostrum is rich in Cu, allowing the 
newborn to absorb Cu and increase its 
hepatic stores. The Cu content of milk then 
declines rapidly and is usually unable to meet 
the requirements of the suckling neonate. 
Young milk-fed animals absorb about 80% of 
Cu intake, but this efficiency declines rapidly 
as the rumen becomes functional, when only 
2% to 10% of available Cu is absorbed. 

Dietary Factors 
Pasture Composition 
The absorption (or availability) of Cu is 
influenced by the type of diet; the presence 
of other substances in the diet, such as Mo, 
sulfur, and iron; the interaction between the 
type of diet and the chemical composition of 
the diet; and the genetic constitution of the 
animals. Copper is well-absorbed from diets 
low in fiber, such as cereals and Brassicas. 
However, it is poorly absorbed from fresh 
pasture, although conservation as hay or 
silage generally improves its availability. This 
explains why Cu deficiency is predominantly 
a problem of grazing ruminants but only 
rarely seen in housed animals fed diets with 
adequate Cu. 

Molybdenum and Sulfur 
Only small increases in the molybdenum 
(Mo) and sulfur (S) concentration of grass 
will cause major reductions in the availability 
of Cu. This is especially so for ruminants 
grazing improved pastures in which the Mo 
and S concentrations are increased. The Cu 
content of feedstuffs should be expressed in 
terms of available copper concentration, 
using appropriate equations, which permits 
a more accurate prediction of clinical disease 
and can be used for more effective control 
strategies. 1 


The effect of Mo and S on the availability 
of copper in grass is changed by conserva¬ 
tion; at a given concentration of S, the antag¬ 
onistic effect of Mo is proportionately less in 
hay than in fresh grass. At a low concentra¬ 
tion of Mo, the effect of S is more marked in 
silage than in fresh grass, but the use of form¬ 
aldehyde as a silage additive may weaken the 
Cu-S antagonism. Thus herbage high in Mo 
should be used for conservation when pos¬ 
sible, and sulfuric acid should not be used as 
an additive for silage unless accompanied by 
a Cu salt because it significantly raises the S 
concentration of the silage. 

An Mo-induced secondary copper defi¬ 
ciency in cattle has occurred when motor oil 
containing Mo bisulfide was spilled onto 
pasture. 

Copper in the Diet 

In general, pasture containing less than 
3 mg/kg DM of copper will result in signs of 
deficiency in grazing ruminants. Concentra¬ 
tions of 3 to 5 mg/kg DM are marginal, 
whereas greater than 5 mg/kg DM (prefera¬ 
bly 7 to 12) is safe unless Mo-S interactions 
cause secondary copper deficiency. These 
complex interactions require an examination 
of each particular set of circumstances. 
For example, plant Mo concentrations are 
directly related to the soil pH. Grasses grown 
on strongly acidic Mo-rich soils have low Mo 
(<3 mg/kg DM), whereas those growing on 
alkaline Mo-poor soils may contain up to 
17 mg/kg DM. Thus conditioned copper 
deficiency can be related to enhanced levels 
of plant-available Mo rather than the abso¬ 
lute soil levels. Heavily limed pastures are 
often associated with a less-than-normal 
intake of Cu and a low copper status of sheep 
grazing them. 

Secondary copper deficiency is also 
recorded in pigs when drinking water con¬ 
tains very large amounts of sulfate. 

Dietary Iron 

Dietary iron can interfere with Cu metabo¬ 
lism. 1,5 Concentrations of iron in silage and 
pasture forage can range from 500 to 
1500 mg/kg DM or higher and can induce 
Cu deficiency in ruminants when Cu intake 
is marginal or Mo and S intake is increased. 
Ruminants obtain iron from ingested soil 
and mineral supplements. In areas where 
hypocuprosis is likely to occur, the risk can 
be minimized by avoiding mineral supple¬ 
ments with high iron content, minimizing 
the use of bare winter pasture, and avoiding 
excessive contamination of silage with soil 
during harvesting. The effect of soil ingestion 
on Cu deficiency can vary, which is under¬ 
standable given the differences in soil physi¬ 
cal and chemical composition (principally 
pH, Fe, Mo, and S). 6 

Stored Feeds 

Livestock that are housed for all or part of 
the year have a different dietary intake of Cu 
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compared with those on pasture. Concen¬ 
trates and proprietary feeds usually contain 
adequate Cu, whereas pasture is more likely 
to be deficient, especially in early spring 
when the grass growth is lush. Consequently, 
silage may be Cu deficient, but hay is more 
mature and usually contains more of all trace 
elements and minerals, and hence housed 
animals are usually protected against Cu 
deficiency for a few weeks after they come 
out onto pasture in the spring. In these cir¬ 
cumstances, young, rapidly growing animals 
will be the first affected by hypocuprosis. 

Soil Characteristics 

Copper Deficiency. In general, there are 
two types of soil in which Cu deficiency 
occurs. First are the sandy soils, poor in 
organic matter and heavily weathered, such 
as on the coastal plains of Australia and 
marine and river silts (these are often defi¬ 
cient in other trace elements, especially 
cobalt). The second important group is 
“peat” or muck soils reclaimed from swamps, 
which are more commonly associated with 
Cu deficiency in the United States, New 
Zealand, and Europe. These soils may have 
an absolute deficiency of Cu, but more com¬ 
monly it is not available to plants, and so they 
do not contain adequate amounts of Cu. 

The cause of the lack of availability of the 
copper is uncertain, but is probably a result 
of the formation of insoluble organic copper 
complexes. An additional factor is the pro¬ 
duction of secondary copper deficiency on 
these soils because of their high content of 
molybdenum. The concentration of Cu in a 
range of soils and plants is summarized in 
Table 21-9. 

Molybdenum Excess. Pastures containing 
less than 3 mg/kg DM of molybdenum (Mo) 
are usually safe, but disease may occur at 3 
to 10 mg/kg DM if the intake of Cu is low. 
Pastures containing greater than 10 mg/kg 
DM of molybdenum are of high risk unless 
the diet is supplemented with Cu. Soil Mo 


may be as high as 10 to 100 mg/kg, which 
can be exacerbated by the application of Mo 
in fertilizer to increase the fixation of nitro¬ 
gen by legumes. 

In the United Kingdom, much farming 
land is underlain by marine black shales, 
which are rich in Mo, and hence there is a 
high concentration of Mo in soil and pas¬ 
tures, and secondary Cu deficiency is 
common. Secondary Cu deficiency also 
occurs in cattle in many parts of Canada. For 
example, large areas of west-central Mani¬ 
toba are underlain by molybdeniferous shale 
bedrocks, and soils can contain up to 20 mg/ 
kg of molybdenum. 

In New Zealand, some peat soils or the 
heavy application of Mo in superphosphate 
to stony soils can produce pastures with a Mo 
concentration of 3.5 to 20 mg/kg DM, which 
can induce Cu deficiency. For example, 
increasing the pasture Mo concentrations 
from 2 to 4.6 mg/kg DM significantly 
reduced serum and liver Cu concentrations 
in grazing red deer, and reduced growth rate 
occurred when pasture Mo was greater than 
10 mg/kg DM. Flowever, an assessment of 
the elemental composition of pastures found 
that 95% of pastures from over 800 farms in 
New Zealand had a Mo content less than 
2 mg/kg DM. This, combined with increas¬ 
ing reports of lethal Cu toxicity in dairy 
herds associated with overly exuberant sup¬ 
plementation, suggests that Mo-induced 
copper deficiency may not be as widespread 
as thought. 

PATHOGENESIS 
Effects on Tissues 

Copper is incorporated into and essential for 
the activity of many enzymes, cofactors, and 
reactive proteins. 1 Some pivotal functions of 
major enzymes include cellular respiration 
(cytochrome oxidase), protection from oxi¬ 
dants (superoxide dismutase [SOD], cerulo¬ 
plasmin) , the transport of iron (ceruloplasmin 
[ferroxidase I] and hephestin [ferroxidase 
II]), conversion of tyrosine to melanin 


(tyrosinase), and the formation of collagen 
and elastin (lysyl oxidase). Consequently, the 
consequences of Cu deficiency are diverse 
but relate to decreased function of Cu metal- 
loenzymes and Cu-binding proteins. 

SOD acts as an antioxidant by the dismu- 
tation of superoxide anions (0 2 ), producing 
molecular oxygen and hydrogen peroxide 
(H 2 0 2 ), with the latter usually metabolized 
by glutathione peroxidase and catalase. The 
ferroxidase activity of ceruloplasmin medi¬ 
ates the oxidation of ferrous ions (Fe 2+ ) to the 
ferric state (Fe 3+ ), thereby preventing ferrous 
ion-dependent formation of hydroxyl radi¬ 
cals (OF!') via the Fenton reaction. In 
Cu-deficient animals, the activities of SOD 
and glutathione peroxidase are decreased, 
causing increased oxidative damage to cells 
from lipid peroxidation. Ceruloplasmin is 
the predominant Cu-containing protein in 
plasma, but it also acts as an antioxidant by 
scavenging free radicals in many tissues. 

The pathogenesis of most of the lesions 
seen with Cu deficiency is explained in terms 
of faulty tissue oxidation associated with the 
failure of these enzyme systems. This role is 
exemplified by failure of myelination, which 
produces swayback and enzootic ataxia, or 
wool abnormalities (“steely wool”) in defi¬ 
cient sheep, after myelination is complete. 
Reduced growth (abnormal bone and carti¬ 
lage) is also influenced by reduced lysyl 
oxidase activity, decreased pigmentation 
(white bands in the wool of pigmented sheep, 
changed coat color in cattle) by reduced 
tyrosinase activity, and a terminal anemia by 
reduced ferroxidase activity. 

Changes in Gene Expression 

Differences in the expression of genes associ¬ 
ated with Cu metabolism have been demon¬ 
strated in Cu-deficient cattle, including 
less duodenal Cu transporter 1 (Ctrl) and 
up-regulation of genes in the liver of 
Cu-deficient fetuses (antioxidant 1 [Atoxl]), 
cytochrome c oxidase assembly protein 17 
(Coxl7), and copper metabolism MURR 
domain 1 (Commdl). s In naturally occurring 
Cu deficiency of Angus cattle in Argentina, 
cytogenetic analysis of peripheral lympho¬ 
cyte cultures found a significant increase in 
the frequency of abnormal metaphases in 
moderate to severely deficient groups. 

Wool 

Loss of crimp causes “stringy” or “steely” 
wool with reduced tensile strength, which is 
most obvious in Merinos. This follows inad¬ 
equate keratinization, probably as a result of 
imperfect oxidation of free thiol groups. Pro¬ 
vision of Cu to affected sheep is followed by 
oxidation of these free thiol groups and a 
return to normal keratinization within a few 
hours. 

Body Weight 

Poor growth is a feature of the later stages of 
Cu deficiency, more often associated with 


Table 21-9 Copper levels of soils and plants in primary and secondary copper 
deficiency 




Soil copper 

Plant copper 

Condition 

Area 

Soil type 

(mg/kg) 

(mg/kg DM) 

Normal 

_ 

_ 

18-22 

11 

Primary copper 

Western Australia 

Various 

1-2 

3-5 

deficiency 

New Zealand 

Sand 

0.1-1.6 

3 


New Zealand 

Peat 

- 

3 


Holland 

Sand 

- 

<3 

Secondary copper 

New Zealand 

Peat 

5 

7 

deficiency 

Britain 

Peat 

- 

7-20 


Britain 

Limestone 

- 

12-27 


Britain 

Stiff clay 

- 

11 


Ireland 

Shale deposits, peat 





marine, alluvial soils 




Holland 

Sand 

- 

>5 


Canada 

Burned-over peat 

20-60 

10-25 
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excess Mo, when the impairment of tissue 
oxidation causes interference with interme¬ 
diary metabolism and loss of condition or 
failure to grow in sheep, cattle, and deer. 
This can be accompanied by poor feed- 
conversion efficiency if Mo-induced Cu defi¬ 
ciency begins in utero. 9 

Diarrhea 

The pathogenesis of diarrhea in Mo-induced 
secondary Cu deficiency (peat scours, teart) 
is uncertain. There are no histologic changes 
in gut mucosa of naturally affected cattle, 
although villous atrophy was recorded in 
severe experimental cases. Sheep and goats 
are far less susceptible to diarrhea induced by 
molybdenosis, although it can occur. 

Anemia 

Anemia develops with severe or prolonged 
Cu deficiency and is associated with the role 
of Cu in the formation of hemoglobin. 
Hemosiderin deposits in the tissues of defi¬ 
cient animals suggest that Cu is necessary 
for the recycling of iron released from the 
normal breakdown of hemoglobin. There is 
no evidence of excessive hemolysis. Heinz - 
body anemia, an indicator of oxidative stress, 
can occur when Cu- or selenium-deficient 
lambs are moved onto rape (Brassica napus). 
The unusual relationship between Cu defi¬ 
ciency and postparturient hemoglobinuria 
seen in New Zealand has not been explained. 

Bone 

Bone abnormalities vary considerably 
between and within species of ruminants. 1 
The osteoporosis that occurs in some natural 
cases of Cu deficiency is caused by the 
depression of osteoblastic activity. In experi¬ 
mentally induced primary Cu deficiency, the 
skeleton is osteoporotic, and there is a sig¬ 
nificant increase in osteoblastic activity. 
There is a marked overgrowth of epiphyseal 
cartilage, especially at costochondral junc¬ 
tions and in metatarsal bones. This is accom¬ 
panied by beading of the ribs, enlargement 
of the long bones, and an impairment of col¬ 
lagen formation. When the Cu deficiency is 
secondary to dietary excesses of Mo and 
sulfate, the skeletal lesions are quite different 
and characterized by widening of the growth 
plate and metaphysis and active osteoblastic 
activity. 

In foals, Cu deficiency causes severe 
degenerative disease of cartilage, character¬ 
ized by breaking of articular and growth- 
plate cartilage through the zone of 
hypertrophic cells, resulting in osteochon¬ 
drosis of the articular-epiphyseal complex 
(A-E complex). The incidence and severity of 
osteochondrosis in foals can be decreased by 
supplementation of the diets of mares during 
the last 3 to 6 months of pregnancy and the 
first 3 months of lactation. Foals from 
nonsupplemented mares have separation 
of the thickened cartilage from the subchon¬ 
dral bone. Clinical, radiographic, and 


biochemical differences occur between 
copper-deficient and Cu-supplemented 
foals, and there may be a relationship 
between low Cu intake in rapidly growing 
horses, inferior collagen quality, biomechan- 
ically weak cartilage, and osteochondritis. 

Copper is essential for the function of 
lysyl oxidase, which produces aldehydic 
groups on hydroxylysine residues as a pre¬ 
requisite for eventual cross-link formation in 
collagen and elastin. Similar lesions in foals 
have been attributed to zinc toxicity from 
exposure to pasture polluted by smelters. 
Experimentally, the addition of varying 
amounts of zinc to the diet of foals contain¬ 
ing adequate Cu will result in zinc-induced 
Cu deficiency, but there are no effects with 
zinc intakes up to 580 ppm, and it is sug¬ 
gested that 2000 ppm or higher is necessary 
to affect Cu absorption in horses. 

Connective Tissue 

Copper is a component of the enzyme lysyl 
oxidase, secreted by the cells involved in 
the synthesis of the elastin component of 
connective tissues, and has important func¬ 
tions in maintaining the integrity of tissues 
such as capillary beds, ligaments, and 
tendons. Naturally occurring examples of 
connective tissue dysfunction are rare, but 
lesions of osteochondrosis described in 
young farmed red deer and wapiti-red deer 
hybrids in New Zealand also have defective 
articular cartilage. 1 

Heart 

The myocardial degeneration of falling 
disease, now rarely seen, may be a terminal 
manifestation of anemic anoxia, or it may be 
a result of interference with tissue oxidation. 
In this disease, it is thought that the stress 
of calving and lactation contribute to the 
development of heart block and ventricular 
fibrillation when there has already been con¬ 
siderable decrease in cardiac reserve. Experi¬ 
mentally induced Cu deficiency in piglets 
causes cardiac pathology and electrical dis¬ 
turbances and a marked reduction in growth 
and hematocrit. 

Blood Vessels 

Experimentally induced Cu deficiency has 
caused sudden death as a result of rupture of 
the heart and great vessels in a high propor¬ 
tion of pigs fed a Cu-deficient diet. The basic 
defect is degeneration of the internal elastic 
laminae. There is no record of a similar, natu¬ 
rally occurring disease. A similar relation¬ 
ship appears to have been established between 
serum Cu levels and fatal rupture of the 
uterine artery at parturition in aged mares. 

Pancreas 

Lesions of the pancreas may be present in 
normal cattle with a low blood copper status. 1 
The lesions consist of an increase in dry 
matter content and reduced concentrations 
of protein and Cu in wet tissue; cytochrome 


oxidase activity and protein :RNA ratio are 
also decreased. There are defects in acinar 
basement membranes, splitting and disorga¬ 
nization of acini, cellular atrophy and dis¬ 
sociation, and stromal proliferation. 

Nervous Tissue 

Copper deficiency halts the formation of 
myelin and causes demyelination in lambs, 
probably by a specific relationship between 
Cu and myelin sheaths. Defective myelina- 
tion can commence in the midterm fetus, 
causing lesions in the cerebrum, with lambs 
affected at birth (congenital swayback), or 
lesions in the white matter of the spinal 
cord in delayed cases of enzootic ataxia (the 
predominant form in goats and deer). This 
distribution reflects peaks of myelin develop¬ 
ment at those sites, at 90 days of gestation 
and 20 days after birth. Copper deficiency 
interferes with the synthesis of phospholip¬ 
ids, and anoxia may also be involved in 
demyelination. Anemic anoxia is more likely 
in highly deficient ewes, and anemic ewes 
produce a higher proportion of lambs with 
enzootic ataxia. However, there is often no 
anemia in ewes that produce lambs with the 
more common subacute form of nervous 
disease. Severely deficient ewes tend to have 
lambs affected at birth, whereas the lambs of 
less severely deficient ewes have normal 
myelination at birth and develop demyelin¬ 
ation later. 

Reproductive Performance 

There is no clear evidence that Cu deficiency 
causes infertility in dairy cows, and both 
improvement and impairment of fertility 
have been reported in normocupremic cows 
given parenteral Cu. 1 Copper glycinate given 
to dairy cattle does not affect the average 
interval in days between calving and first 
observed heat, services per conception, or 
first-service conception rate compared with 
untreated cows in the same population. 
Experimentally, the addition of Mo to the 
diet of heifers delayed the onset of puberty, 
decreased the conception rate, and caused 
anovulation and anestrus in cattle without 
accompanying changes in Cu status or live- 
weight gain. Thus the presence of Mo rather 
than low Cu status may affect the reproduc¬ 
tive performance of cattle. It is inadvisable to 
ascribe poor reproductive performance to 
subclinical hypocuprosis on the evidence of 
low blood Cu alone, and other factors, such 
as management and energy and protein 
intake, should be examined. 

Immune System 

Copper has an important role in the immune 
response, but the precise mechanism is not 
well understood. In secondary Cu deficiency 
in cattle, induced by 30 ppm molybdenum 
and 225 ppm sulfate, the intracellular copper 
content of peripheral blood lymphocytes, 
neutrophils, and monocyte-derived macro¬ 
phages was reduced between 40% and 70%. 
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In Cu deficiency, serum ceruloplasmin activ¬ 
ity is decreased to 50% of control values, and 
superoxide dismutase and cytochrome c 
oxidase activities of leukocytes are signifi¬ 
cantly reduced. Thus Cu deficiency alters the 
activity of several key enzymes that mediate 
antioxidant defense and ATP formation. 
These effects may impair cellular immune 
function and make animals more susceptible 
to infection. 

Copper deficiency decreases humoral 
and cell-mediated immunity and reduces 
nonspecific immunity regulated by phago¬ 
cytic cells, such as macrophages and neutro¬ 
phils. The decreased resistance to infection 
in deficient sheep responds to treatment with 
Cu, but also genetic selection, with mortali¬ 
ties from birth to 24 weeks of age 50% lower 
in lambs genetically selected for high con¬ 
centrations of plasma Cu compared with 
those selected for low concentrations. Exper¬ 
imental viral and bacterial infections of cattle 
can also cause a rapid, although transient, 
increase in serum ceruloplasmin and plasma 
Cu in Cu-replete animals, suggesting a major 
protective role for copper in infectious 
diseases. These changes evolve from an 
interleukin-1-mediated increase in hepatic 
synthesis and release of ceruloplasmin, an 
acute-phase protein. The concentration of 
Cu in organs involved in immune regula¬ 
tions, such as the liver, spleen, thymus, and 
lung, is substantially reduced by Cu defi¬ 
ciency, again suggesting that deficient 
animals have a greater risk of infection than 
Cu-adequate ones. However, experiments 
using low-Cu diets, with or without supple¬ 
mental Mo, did not alter specific indicators 
of immunity in stressed cattle. 

The severity of Cu depletion needed for 
immune dysfunction is less than that 
required to induce clinical signs of Cu defi¬ 
ciency, and endogenous Cu may contribute 
to the regulation of both nonimmune and 
immune inflammatory responses. Low- 
molecular-weight complexes may have an 
antiinflammatory effect in animal models of 
inflammation, and it is postulated that the 
increased plasma Cu-containing compo¬ 
nents seen during inflammatory disease 
represent a physiologic response. 

In experimental coliform mastitis in Hol¬ 
stein heifers fed 20 mg Cu/kg DM, from 60 
days prepartum to day 42 of lactation, the 
clinical response but not duration of mastitis 
was reduced compared with animals receiv¬ 
ing 6.5 mg Cu/kg DM. In a subsequent 
experiment, supplementation a basal diet of 
7.1 mg Cu/kg DM with 10 mg/kg Cu DM 
with an organic supplement (Cu proteinate) 
tended to be more effective than an inorganic 
one (with Cu sulfate), although somatic cell 
count, plasma Cu, and plasma ceruloplasmin 
were not significantly different. 10 

Development of Clinical Signs 

In experimental Cu deficiency in calves, 
beginning at 6 weeks of age, hypocupremia 


developed at 15 weeks, growth retardation 
from 15 to 18 weeks, rough hair coat at 
17 weeks, diarrhea at 20 weeks, and leg 
abnormalities at 23 weeks. Thus the appear¬ 
ance of clinical signs correlated reasonably 
well with the onset of hypocupremia and 
was indicative of a severe deficiency. 
However, even with severe clinical signs, 
histologic abnormalities may only be quite 
minor. 

In another study, beginning at 12 weeks 
of age, clinical signs of Cu deficiency did 
not develop until after 6 months, with 
musculoskeletal abnormalities including a 
stilted gait, “knock-kneed” appearance of the 
forelimbs, overextension of the flexors, 
splaying of the hooves, and swellings around 
the metacarpophalangeal and carpometa¬ 
carpal joints. Changes in hair pigmentation 
occurred after about 5 months of deficiency, 
and diarrhea occurred between 5 and 7 
months after deficiency. The diarrhea 
stopped within 12 hours after oral adminis¬ 
tration of 10 mg of Cu. 

Copper-Molybdenum- 
Sulfate Relationship 

The interaction between copper (Cu), 
molybdenum (Mo), and sulfur (S), and its 
effects on health and production in rumi¬ 
nants, is unique among mammals. 1 Molyb¬ 
denum and sulfate, alone or in combination, 
can affect Cu metabolism. Much of the Cu 
released in the rumen is precipitated with 
sulfides (S 2 “) to form Cu sulfide (CuS). In 
addition, whether derived from organic or 
inorganic sources, Mo and S bind with Cu 
in the rumen to form thiomolybdatesZ 
These compounds have two effects. First, 
they reduce the amount of Cu available for 
absorption, with the Cu-thiomolybdate 
complexes binding to particulate matter in 
the digesta and reducing the proportion of 
Cu absorbed to 1% of that ingested. Second, 
thiomolybdates can be rapidly absorbed 
and reversibly bound to Cu in biological 
compounds, including ceruloplasmin, cyto¬ 
chrome oxidase, superoxide dismutase, and 
tyrosine oxidase. This induces a secondary 
Cu deficiency (technically a thiomolybdate 
toxicosis), with tetrathiomolybdate (MoS 4 2 ') 
by far the most potent of the thiomolyb¬ 
dates. 5 Thus, secondary (conditioned) Cu 
deficiency occurs when the dietary intake of 
Cu is adequate but absorption and utilization 
of Cu are not. These effects also occur in the 
fetus, interfering with Cu storage in the fetal 
liver. In cattle, reduced growth rate and 
changes in the hair texture and color occur 
after 16 to 20 weeks of supplementation with 
Mo, accompanied by decreased feed intake 
and reduced efficiency of feed utilization. 

In addition to the Mo-S-Cu relationship, 
additional interactions with iron (Fe), sele¬ 
nium (Se), Zinc (Zn), and manganese (Mn) 
can occur. Iron reduces absorption of Cu by 
adsorption of Cu into insoluble iron com¬ 
pounds and down-regulation of a Cu carrier 


(DMT). 1 In calves, liver and plasma concen¬ 
trations of Cu decrease and become severely 
deficient within 12 to 16 weeks of including 
iron in the diet. In sheep, the administration 
of Se to sheep on Cu-deficient pastures 
improves the absorption of Cu. 

The toxicity of dietary Mo is determined 
by the ratio of the dietary Mo to dietary Cu. 
The critical ratio of Cu: Mo in animal feeds 
is 2.0, and feeds or pasture with a lower ratio 
may induce a secondary copper deficiency. 
For example, in some regions of Canada the 
Cu:Mo ratio varies from 0.1 to 5.3, with a 
higher critical ratio of 4 to 5 recommended 
for safety. 

Copper Utilization 

Sulfate and molybdate interfere with mobili¬ 
zation of Cu from the liver, inhibition of Cu 
intake by the tissues, inhibition of Cu trans¬ 
port (both into and out of the liver), and 
inhibition of the synthesis of Cu storage 
complexes and ceruloplasmin. 

Clinical signs of hypocuprosis, such 
as steely wool, occur in sheep on diets con¬ 
taining high levels of Mo and sulfate, even 
though blood Cu concentrations are high. 
This suggests that Cu is not available, and 
hence blood Cu rises in response to this 
demand. 

Hepatic Storage 

If animals are receiving a Cu-deficient diet, 
and thus Cu is removed from the liver, those 
supplemented with molybdate plus sulfate 
retain more Cu in the liver than do animals 
not being supplemented. This supports the 
hypothesis that, together, molybdate and 
sulfate impair the movement of Cu into or 
out of the liver, possibly by affecting copper 
transport. Sulfate alone exerts an effect, with 
an increased intake reducing hepatic storage 
of both Cu and Mo. 

Phases of Copper Deficiency 

The development of a deficiency can be 
divided into four phases (Fig. 21-4): 

1. Depletion 

2. Deficiency (marginal) 

3. Dysfunction 

4. Disease 

During the depletion phase, there is loss of Cu 
from storage, principally liver storage, but the 
plasma concentrations of Cu remain con¬ 
stant. With continued dietary deficiency the 
concentrations of Cu in the blood decline 
during the phase of marginal deficiency. 
However, it may be some time before the con¬ 
centrations or activities of copper-containing 
enzymes in the tissues begin to decline, and it 
is not until this happens that the phase of dys¬ 
function is reached. There may be a further 
lag before the changes in cellular function are 
manifested as clinical signs of disease. 

CLINICAL FINDINGS 

The general effects of Cu deficiency are the 
same in sheep and cattle, but in addition to 
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Fig. 21-4 The biochemical changes that lead to copper deficiency and disease. (From Suttle 
IMF. The mineral nutrition of livestock, 4th ed., Wallingford, Oxon: CAB International, 2010: 
255-305.). 


these general syndromes there are specific 
syndromes more or less restricted to species 
and to areas. Following is a general descrip¬ 
tion of disease caused by Cu deficiency, then 
details of specific syndromes of enzootic 
ataxia, swayback, falling disease, peat scours, 
teart, and unthriftiness (pine). 

Cattle 

Subclinical Hypocuprosis 

No clinical signs occur, plasma Cu is mar¬ 
ginal (<9.0 mmol/L [57 mg/dL]), and there 
is a variable response after supplementation 
with Cu. Surveys in some Cu-deficient areas 
show that about 50% of beef herds and 10% 
of dairy herds within the same area have low 
blood Cu associated with a low dietary intake 
from pasture (natural forages). Deficiency 
will only be suspected if production is moni¬ 
tored and found to be suboptimal. 

A feature of subclinical hypocuprosis 
under field conditions is the wide 
variation in increased growth rate when 
cattle of the same low-Cu status are given 
supplementary Cu. 

General Syndrome 
Primary Copper Deficiency 
Primary deficiency causes unthriftiness, 
decreased milk production, and anemia in 
adult cattle. The coat becomes rough, and its 
color is affected, with red and black cattle 
changing to a bleached, rusty red. In severely 
deficient states, which are now uncommon, 
calves grow poorly, and there is an increased 
tendency for bone fractures, particularly of 
the limbs and scapula. Ataxia may occur 
after exercise, with a sudden loss of control 
of the hindlimbs and the animal falling or 
assuming a sitting posture and then return¬ 
ing to normal after rest. Itching and hair¬ 
licking are also seen in Cu-deficient cattle. 


Although diarrhea may occur, persistent 
diarrhea is not a characteristic of primary Cu 
deficiency, and its occurrence should arouse 
suspicion of molybdenosis or helminthiasis. 
In some areas, affected calves develop stiff¬ 
ness and enlargement of the joints and con¬ 
traction of the flexor tendons, causing them 
to stand on their toes. These signs may be 
present at birth or before weaning. Unlike 
in sheep, paresis and incoordination are 
not seen. 

An increased occurrence of postparturi¬ 
ent hemoglobinuria is also recorded in New 
Zealand, but it is not well understood. 

Secondary Copper Deficiency 
Signs can be similar to primary Cu defi¬ 
ciency, although anemia is less common, 
probably as a result of the relatively better Cu 
status in secondary deficiency. For example, 
anemia occurs in peat scours of cattle in New 
Zealand when the Cu intake is marginal. 
However, with increased Mo intake, there is 
a tendency for diarrhea, particularly in cattle. 

Falling Disease 

The characteristic behavior in falling disease 
is for apparently healthy cows to throw up 
their heads, bellow, and fall. In most cases 
death is instantaneous, but some cattle 
struggle on their sides for a few minutes, 
with intermittent bellowing, paddling, and 
attempts to rise. Rare cases show signs for up 
to 24 hours or more. These animals periodi¬ 
cally lower their heads and pivot on the front 
legs, with sudden death usually occurring 
during one of these episodes. 

Peat Scours ("Teart") 

Persistent diarrhea, with watery, yellow- 
green to black feces with an inoffensive odor, 
occurs soon after the cattle start grazing 


affected pasture, in some cases within 8 to 10 
days. Defecation often occurs without lifting 
of the tail. Severe debilitation is common, 
although appetite remains. The hair coat is 
rough, with depigmentation manifested by 
reddening or gray flecking, especially around 
the eyes in black cattle. These signs vary 
greatly from season to season, and spontane¬ 
ous recovery is common. Affected animals 
usually recover in a few days following treat¬ 
ment with Cu. 

Unthriftiness (Pine) of Calves 

The earliest signs are a stiff gait and ill-thrift. 
The epiphyses of the distal ends of the meta¬ 
carpus and metatarsus may be enlarged and 
resemble the epiphysitis of rapidly growing 
calves deficient in vitamin D or calcium 
and phosphorus. The epiphyses are painful 
on palpation, and some calves are severely 
lame. The pasterns are upright, and the 
animals may appear to have contracted 
flexor tendons. Progressive ill-thrift and 
emaciation progress and can lead to death in 
4 to 5 months. Gray hair occurs, especially 
around the eyes of black cattle, and diarrhea 
may occur in a few cases. 

Sheep 

General Syndrome 
Primary Copper Deficiency 
Abnormalities of the wool are the first, and 
often only, sign in areas of marginal defi¬ 
ciency. Fine wool loses its crimp and luster, 
assuming a straight, “steely” appearance. This 
is more obvious in Merinos but can occur in 
meat breeds with broader and plainer wool. 
Dark wool loses pigment to become gray or 
white, often in bands coinciding with the sea¬ 
sonal occurrence of Cu deficiency. Anemia, 
scouring, unthriftiness, and infertility may 
occur in conditions of extreme deficiency, 
but in sheep the characteristic findings are 
swayback or enzootic ataxia in lambs. 
Reduced growth, diarrhea, and increased 
mortality are seen in lambs genetically 
selected for low plasma Cu when they are 
grazed on improved and limed pastures. 
Osteoporosis with fractures of the long bones 
is also recorded with Cu deficiency that was 
not severe enough to cause enzootic ataxia. 

Swayback and Enzootic Ataxia in 
Lambs and Goat Kids 

Swayback and enzootic ataxia have a lot in 
common, but there are subtle differences in 
their clinical signs and epidemiology. 

Swayback is the only true manifestation 
of a primary deficiency of Cu in the United 
Kingdom. Its prevalence can vary consider¬ 
ably, reflecting genetic differences in Cu 
metabolism, both between and within breeds 
of sheep. A congenital cerebrospinal form 
occurs when the Cu deficiency is extreme. 
Affected lambs are born dead or weak and 
are unable to stand and suckle. They have 
spastic paralysis, are more uncoordinated 
with erratic movements compared with 
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enzootic ataxia, and are occasionally blind. 
There is softening and cavitation of the cere¬ 
bral white matter, which corresponds to 
demyelination of the cerebral cortex com¬ 
mencing around day 120 of gestation. Pro¬ 
gressive (delayed) spinal swayback is 
characterized by a stiff and staggery gait and 
hindlimb incoordination, and it appears at 3 
to 6 weeks of age. In Wales, a third form in 
older lambs is associated with cerebral 
edema. It resembles the more usual delayed 
form, but it develops suddenly with onset of 
recumbency and death within 1 to 2 days. 

Enzootic ataxia occurs in unweaned 
lambs. In severe outbreaks, lambs may be 
affected at birth, but most cases occur at 1 to 
2 months of age. The severity of the paresis 
decreases with increasing age at onset. Lambs 
affected at birth or within the first month 
usually die within 3 to 4 days, whereas older 
lambs may survive for 3 to 4 weeks or longer. 
However, surviving lambs always have 
some ataxia and atrophy of the hindquarters. 
The first sign of enzootic ataxia is incoordi¬ 
nation of the hindlimbs, often when the 
lambs are mustered. Cardiac and respiratory 
rates are greatly increased by exertion, and 
incoordination progressively becomes more 
severe and may be obvious after walking only 
a few meters. There is excessive flexion of 
joints, knuckling of the fetlocks, wobbling of 
the hindquarters, and finally falling. The 
hindlegs are affected first, and the lamb may 
be able to drag itself about in a sitting posture. 
When the forelegs are eventually involved, 
recumbency persists, and the lamb dies of 
starvation. However, there is no true paraly¬ 
sis because the lamb is able to kick vigor¬ 
ously, even in the recumbent stage, and 
appetite is unaffected. 

Goats 

Enzootic ataxia attributable to Cu deficiency 
occurs in goat kids. The disease is similar in 
most respects to that in lambs, except cere¬ 
bellar hypoplasia is a frequent finding in 
goats. Kids may be affected at birth, or the 
clinical signs may be delayed until the 
animals are several weeks of age. 

Other Species 
Deer 

Enzootic ataxia of red deer is quite different 
from the disease in sheep in that it develops 
in weaned deer and adults. Clinical signs 
include ataxia, swaying of the hindquarters, 
a dog-sitting posture, and, eventually, 
hindlimb paresis. This is associated with 
demyelination of the spinal cord and neuro¬ 
nal degeneration in the midbrain. 

Osteochondrosis of young, farmed deer 
in New Zealand is characterized by lame¬ 
ness, one or more swollen joints, an abnor¬ 
mal “bunny-hopping” gait, and “cow-hocked” 
stance. In Australia, secondary Cu deficiency 
of red deer during drought was associated 
with weight loss in lactating hinds and steely 
hair coats of reduced luster, similar to steely 


wool of Cu-deficient sheep. This was associ¬ 
ated with the high sulfur content of the diet, 
possibly exacerbated by ingestion of iron 
from increased soil ingestion when supple¬ 
mentary feed was trailed onto the ground. 

Pigs 

Naturally occurring enzootic ataxia has 
occurred in 4- to 6-month-old growing pigs, 
with posterior paresis progressing to com¬ 
plete paralysis in 1 to 3 weeks. Liver Cu con¬ 
centration was 3 to 14 mg/kg (0.05 to 
0.22 mmol/kg), but dosing with Cu salts had 
no effect on the clinical condition. Copper 
deficiency in piglets 5 to 8 weeks of age has 
been described, characterized by ataxia, pos¬ 
terior paresis, nystagmus, inability to stand, 
paddling of the limbs, and death in 3 to 5 
days. Lesions included demyelination of the 
spinal cord and degeneration of the elastic 
fibers of the walls of the aorta and pulmo¬ 
nary arteries. 

Including 125 to 250 mg/kg of Cu (as 
Cu sulfate) in the diet of growing pigs (11 
to 90 kg) fed ad libitum results in slight 
improvements in growth rate and feed effi¬ 
ciency, but has no significant effect on carcass 
characteristics. The addition of Cu causes a 
marked increase in liver Cu, which is a 
potential food hazard, and so it is recom¬ 
mended that Cu supplementation be limited 
to starter and grower diets fed to pigs weigh¬ 
ing less than 50 kg. 


Horses 

Adult horses are not affected by Cu defi¬ 
ciency, but there are anecdotal reports of 
limb abnormalities in foals. Foals in Cu- 
deficient areas may be unthrifty and slow- 
growing, with limb stiffness, enlarged joints, 
and contraction of the flexor tendons, which 
causes the animal to stand on its toes. Signs 
may be present at birth or develop before 
weaning, but there is no ataxia or involve¬ 
ment of the central nervous system. Affected 
foals recover slowly after weaning but can 
display ill-thrift for up to 2 years. 

In Australia, geophagia (soil eating) in 
horses has been associated with higher con¬ 
centrations of iron and Cu in soil, suggesting 
that these elements are a stimulus for 
geophagia. 

CLINICAL PATHOLOGY 

The laboratory evaluation of the copper 
status of farm animals can be complex, with 
biochemical values often difficult to interpret 
and correlate with the clinical state of animals 
as they progress through the phases of Cu 
depletion, marginal deficiency, dysfunction, 
and disease (Fig. 21-4). Consequently, testing 
is usually undertaken on a herd basis, rather 
assessing the Cu status of individual animals. 
Guidelines for the laboratory diagnosis 
of primary and secondary Cu deficiency 
in cattle and sheep are summarized in 
Table 21-10. 


Table 21-10 Concentrations of copper in plasma, liver, milk, and hair; dietary 
intake and ratios of copper and its antagonists in normal, marginal, and copper- 
deficient situations 


Species and tissue 

Normal 

Marginal 

Primary [secondary] 
copper deficiency 

Cattle 

Plasma (pmol/L) A 

10-20 

3-9 

<8 (often 1.6-3.2) 

Adult liver (pmol/kg DW) B 

380-1600 

160-380 

<160 

Milk (mg/L) 

0.05-0.20 

0.02-0.05 

0.01-0.02 

Hair (mg/kg) 

6.6-10.4 

4-8 

1.8-3.4 [5.5] 

Sheep 

Plasma (pmol/L) 

10-20 

3-9 

1.6-3.2 [6.3-11] 

Adult liver (pmol/kg DW) 

350-3140 

100-300 

10-100 

Milk 

3.1-9.4 

0.3-3.0 

0.16-0.30 

Deer 

Plasma (pmol/L) 

>8 

5-8 

<5 

Adult liver (pmol/kg DW) 

>400 

240-400 

<240 

Pasture {forage} 1 

Cu (mg/kg DM) 

10° 

6-8 {4-6} 


Cu: Mo ratio 

>2.0 (beef cattle growth)^!.0 

1.0-3.0 {0.5-2.0} E 


Fe:Cu ratio 

(to prevent swayback) c 

15-20 

- 

[50-100] 


A Divide by 15.7 to convert to \x.g/mL; neonatal liver from 3000-6000 [imol/kg DW. 
B Multiply by 4 to convert to fresh weight. 

c This ratio is quite variable and influenced by other antagonists (Fe, S, Mn, and Zn). 
D When dietary Mo is < 1.5 mg/kg. 

E When dietary Mo is <8 mg/kg for sheep and <1 5 mg/kg for cattle. 











Herd Diagnosis. The diagnosis of copper 
deficiency in a herd is based on the collection 
and interpretation of the history, clinical 
examination of affected animals, laboratory 
tests on blood and liver samples, and exami¬ 
nation of the environment, including analy¬ 
sis of the feed, water, and, occasionally, soil. 

When collecting samples for analysis, it is 
important to avoid contamination, which 
can occur with Cu-distilled water, vial caps, 
specimen containers, and other endogenous 
sources of Cu. Intercurrent disease may also 
affect plasma Cu concentrations. 

Treatment Response Trial. A comparison 
between a group of animals treated with Cu 
and a similar group not treated is often a 
cost-effective and desirable approach. Vari¬ 
ables include growth rates, mortality, and 
reproductive performance. 

Copper Status of Herd or Flock. To assess 
the copper status of herd or flock, a standard 
practice is to take blood samples at random 
from at least 10% of clinically affected and 
10% of normal animals. However, this may 
be inappropriate when there is a wide vari¬ 
ability in the blood Cu within a herd. In 
some cases a 10% sample may be too large, 
whereas in others too small. The minimal 
sample size for random samples from a finite 
population of a normal continuously distrib¬ 
uted variable can be calculated as follows: 

{n = t 2 cv - 2/[ (Nl)E 2 t 2 cv - 2]} 

where n = minimal sample size; AT = herd 
size; t = Students f value; cv = coefficient of 
variation; and E = allowable error. 

Initial testing can be used to estimate the 
variability of serum or plasma Cu concentra¬ 
tion within a herd, which will help calculate 
a minimum sample size for more detailed 
investigations. This may differ between each 
class of animal according to age, diet, and 
production status, so a range of groups 
should be sampled if appropriate. Follow-up 
samples can be taken from the same animals 
following therapy or the institution of control 
measures. 

Laboratory Diagnosis 

Historically, laboratory tests for Cu defi¬ 
ciency in cattle and sheep have centered on 
the measurement of blood and liver Cu. 
However, because of the relationships sum¬ 
marized in Fig. 21-4, estimates of serum or 
plasma Cu, by themselves, are not reliable as 
the sole indicator of Cu status. Within an 
affected herd, clinically normal animals may 
have normal or marginal values, whereas 
unthrifty animals may have marginal or defi¬ 
cient values. Furthermore, when either the 
normal animals with marginal values or the 
unthrifty animals with the marginal or defi¬ 
cient values are treated with Cu, there may 
or may not be an improvement in weight 
gain, as might be expected in the former, or 
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improvement in clinical condition in the 
latter. Consequently, liver samples, collected 
either by biopsy or at slaughter, can be used 
to more accurately assess Cu status. 

In addition, for most mammalian species 
values for serum and plasma Cu are inter¬ 
changeable. However, this is not the case for 
bovid ruminants, including cattle, sheep, and 
goats, where there is a significant and vari¬ 
able loss of Cu into the clot. The 95% limits 
of agreement are similar for sheep and goats, 
with serum Cu values being from 70% to 
104% and 66% to 100% of the corresponding 
plasma Cu, respectively. 11 However, unlike 
cattle, sequestration of Cu into the clot in 
sheep and goats is proportional to the con¬ 
centration of Cu. Thus although plasma is 
the preferred sample, the effect of using 
serum to assess marginal deficiencies is 
probably minimal, provided the results are 
not used to assess individual animals. It is 
recommended that experimental studies 
should use plasma Cu to estimate the acel¬ 
lular fraction of Cu in blood. In cattle, the 
difference between serum and plasma Cu is 
unrelated to Cu status, and thus plasma is the 
preferred sample, but the difference between 
serum and plasma ceruloplasmin is propor¬ 
tional to Cu status. 12 Sequestration of Cu into 
the clot does not occur in deer. 11 

Interpretation of Laboratory Results 

The liver is the main storage site of Cu, and 
so the first sign of depletion is a decline in 
liver Cu (Fig. 21-4). Concentrations of liver 
Cu in replete neonatal calves and lambs are 
much higher than those in adults: 3000 to 
6000 pmol/kg DW (190 to 380 mg/kg DW), 
which corresponds to 750 to 1500 pmol/kg 
fresh weight (FW) (50 to 95 mg/kg FW). 

When liver reserves of Cu are close to 
being exhausted, ceruloplasmin synthesis 
decreases and plasma Cu falls. 1 Broad guide¬ 
lines are that an average value less than 
9 pmol/L (57 pg/dL) indicates marginal 
deficiency, but plasma Cu may have to fall to 
below 3 pmol/L (19 pg/dL) before there is 
dysfunction and lost production in sheep 
and cattle. However, there is considerable 
biological variation according to species, 
breed, the time during which depletion has 
occurred, and the presence of intercurrent 
disease. 

Estimates of Cu in liver and blood are of 
diagnostic value, but they should be inter¬ 
preted with caution because clinical signs of 
deficiency may appear before there are sig¬ 
nificant changes in these measures. Con¬ 
versely, the plasma Cu may be very low in 
animals that are otherwise normal and per¬ 
forming well. For example, in the Nether¬ 
lands the Cu status of groups of dairy heifers 
was monitored at regular intervals for 18 
months. One group was supplemented with 
Cu sulfate, and the other was not. The con¬ 
centrations of Cu and Mo in pasture were 
within normal limits for the Netherlands: 7 
to 15 mg Cu/kg DM and less than 5 mg Mo/ 


kg DM. The concentration of Cu in both 
blood and liver was below the reference 
ranges used in that country (6 to 15 pmol/L 
in blood and > 470 pmol/kg [30 mg/kg] 
DW in liver), but no clinical signs of Cu 
deficiency occurred, and there were no dif¬ 
ferences in growth rate and reproductive 
performance. This highlights that the ranges 
used to indicate marginal and deficient Cu 
status can vary between veterinary laborato¬ 
ries, and the thresholds for marginal status 
may often be set too high. 

Cattle and Sheep 

The internationally recognized threshold for 
Cu deficiency in the plasma of cattle and 
sheep is 9.4 pmol/L. A plasma Cu concentra¬ 
tion between 3.0 and 9.0 pmol/L (19 to 
57 pg/dL) is interpreted as marginal defi¬ 
ciency, and less than 3 pmol/L (19 pg/dL) is 
interpreted as a functional deficiency or 
hypocuprosis. In both species, 11 pmol/L is 
associated with adequate liver Cu (790 to 
3750 pmol/kg DW [50 to 240 mg/kg]). A 
decrease to 9.3 pmol/L can indicate liver Cu 
values of 315 to 790 pmol/kg DW (20 to 
50 mg/kg DW), which is interpreted as mar¬ 
ginal in some areas, and a plasma Cu less 
than 7.9 pmol/L (50 pg/dL) is associated 
with low liver Cu. 

Of the two measures, liver Cu is the most 
informative about deficiency because the 
concentration of Cu in plasma can remain 
normal long after liver stores start to decrease 
and early signs of Cu deficiency appear. 
Normal concentrations of Cu in adult liver 
are 1570 and 3140 pmol/kg DW (100 and 
200 mg/kg DW) for cattle and sheep, respec¬ 
tively. Those from 160 to 380 pmol/kg DW 
(11 to 24 mg/kg DW) are classed as mar¬ 
ginal, and less than 160 pmol/kg DW 
(10 mg/kg DW) as low. However, the lower 
critical value is influenced by species and 
breed. In New Zealand, a liver Cu concentra¬ 
tion of 45 to 95 pmol/kg FW (180-380 pmol/ 
kg DW) in dairy cattle is interpreted as mar¬ 
ginal. It is recommended that at least 10 to 
12 samples of liver need to be collected at 
slaughter or biopsy to reliably estimate the 
liver Cu status of a herd. 14 

Nevertheless, because the liver is the 
primary storage organ for Cu, estimates of 
liver Cu indicate a state of depletion rather 
than deficiency. Consequently, there is no 
rigid threshold for liver Cu below which the 
performance and health of livestock will 
definitely be impaired, and a broad range of 
values may coincide with a marginally defi¬ 
cient state (say, 80 to 380 pmol/kg DW). In 
sheep, the concentration of copper through¬ 
out the liver is uniform, and thus a single 
biopsy sample is representative of the whole 
liver. The frequency of biopsy does not affect 
Cu concentration, and there is little variabil¬ 
ity between successive samples. 

In calves, the concentration of liver Cu 
copper varies according to age and class 
(dairy or beef). In calves submitted for 
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necropsy, liver Cu concentrations were up to 
940 |imol/kg FW (60 mg/kg) higher in dairy 
than beef calves. The concentration increased 
to 2 months old, declined until 9 months of 
age, and then increased again. Thus inter¬ 
preting liver Cu concentration in calves 
should account for both age and production 
class. 

Copper concentrations in the kidney 
cortex may be useful because they have a 
narrower normal range, 200 to 300 pmol/kg 
DW (12.7 to 19.0 mg/kg). Thus concentra¬ 
tions less than 200 pmol Cu/kg DW in the 
kidney may be an indicator of dysfunction. 

The difficulties interpreting plasma Cu 
led to the use of plasma copper-protein com¬ 
plexes, especially ceruloplasmin, which in 
normal cattle contains more than 80% of the 
plasma Cu. There is a high correlation 
between plasma Cu and plasma ceruloplas¬ 
min activity (0.83 for cattle and 0.92 for 
sheep). However, although estimating ceru¬ 
loplasmin is less complicated and quicker, it 
is an enzymatic assay and thus inherently 
more variable than plasma Cu. 1 In cattle, 
normal plasma ceruloplasmin concentra¬ 
tions range from 15 to 35 IU/L, but calculat¬ 
ing a simple ratio of ceruloplasmin activity/ 
plasma Cu does not appear to improve the 
diagnostic capability of these tests. 15 Esti¬ 
mates for Cu and ceruloplasmin are higher 
in plasma than serum, with less Cu associ¬ 
ated with ceruloplasmin in serum (55%) 
compared with plasma (66%). In experimen¬ 
tal primary Cu deficiency of calves, decreased 
plasma ceruloplasmin activity occurred at 
least 80 days before clinical signs of 
deficiency. 

Erythrocyte superoxide dismutase 
(ESOD), a Cu-containing enzyme, has been 
used to assess Cu status. In deficient animals 
the activity of this enzyme decreases more 
slowly than plasma or liver Cu, and thus it 
may be a better measure of impending hypo- 
cuprosis. ESOD activity ranges from 2 to 
5 U/mg hemoglobin in marginal and less 
than 2 U/mg hemoglobin in functional Cu 
deficiency. 

Anemia can occur in advanced cases of 
primary copper deficiency, with hemoglobin 
being as low as 50 to 80 g/L and erythrocytes 
2 to 4 X 10 12 /L. A high proportion of cows in 
affected herds may have a Heinz-body 
anemia without evidence of hemoglobinuria, 
with the severity of the anemia related to the 
degree of hypocupremia. 

Copper concentrations in milk and hair 
are lower in deficient cattle compared with 
normal ones, and thus estimating the Cu 
content of hair is an acceptable diagnostic 
test. It also provides a progressive record of 
the dietary intake of Cu, and it decreases 
when additional dietary Mo is fed. 

Horses 

A threshold of 16 jimol/L is used to distin¬ 
guish between the normal and subnormal 
values of plasma Cu in horses, but many 


healthy horses have serum values between 12 
and 16 |imol/L. Estimates of liver Cu from 
slaughtered horses varied widely about a 
mean of 114 (tmol/kg FW, and a threshold of 
52.5 |amol/kg FW was proposed to distin¬ 
guish deficient and marginal concentrations. 
The mean liver and plasma Cu concentra¬ 
tions of horses fed diets containing 6.9 to 
15.2 mg Cu/kg DM were 270 to 330 pmol/kg 
DW and 22.8 to 28.3 pmol/L (3.58 to 
4.45 pg/dL), respectively, but there was no 
simple mathematical relationship between 
plasma and liver Cu concentrations. 

Farmed Red Deer (Cervus Elaphus) 

Suggested reference ranges for deficient, 
marginal, and adequate serum Cu in deer are 
less than 5, 5 to 8, and greater than 8 pmol/L, 
respectively, and for liver Cu are less than 60, 
60 to 100, and greater than 100 pmol/kg FW, 
respectively. Enzootic ataxia and osteochon¬ 
drosis occur when liver Cu is less than 
60 pmol/kg fresh tissue and serum Cu con¬ 
centrations less than 3 to 4 pmol/L. Growth 
responses to supplementation are equivocal 
when blood Cu is less than 3 to 4 pmol/L, 
but responses are significant when they are 
0.9 to 4.0 pmol/L. No antler growth or body- 
weight response to copper supplementation 
occurred when blood ceruloplasmin activity 
was 10 to 23 IU/L (equivalent to serum 
Cu of 6 to 13 pmol/L) and liver Cu was 
98 pmol/kg FW. 

NECROPSY FINDINGS 

The characteristic gross findings in Cu defi¬ 
ciency of ruminants are anemia and emacia¬ 
tion. Hair and wool abnormalities may be 
present, as described in the section on clini¬ 
cal findings. Extensive deposits of hemosid¬ 
erin can cause darkening of the liver, spleen, 
and kidney in most cases of primary Cu defi¬ 
ciency and in the secondary form if the Cu 
status is sufficiently low. In lambs, there may 
be severe osteoporosis and long-bone frac¬ 
tures. Osteoporosis is less evident in cattle 
but can be confirmed radiographically and 
histologically. In naturally occurring second¬ 
ary Cu deficiency in cattle, associated with 
high dietary molybdenum and sulfate, there 
is widening of the growth plates as a result of 
abnormal mineralization of the primary 
spongiosa, resulting in a grossly rachitic 
appearance to the bones. 

The most significant histologic finding 
in enzootic ataxia is degeneration of axons 
and myelin within the cerebellar and 
motor tracts of the spinal cord, with chro¬ 
matolysis of neurons in a variety of loca¬ 
tions within the central nervous system. In 
a few extreme cases, and in most cases of 
swayback, myelin loss also occurs in the 
cerebrum, with destruction and cavitation 
of the white matter. In these cases there is 
marked internal hydrocephalus, and the 
convolutions of the cerebrum are almost 
obliterated. In affected lambs, acute cere¬ 
bral edema, with marked brain swelling and 


cerebellar herniation reminiscent of polio- 
encephalomalacia, may accompany the more 
typical myelopathy and multifocal cerebral 
leukomalacia. 

In falling disease, the heart is flabby and 
pale, there is generalized venous congestion, 
and the blood may appear watery. The liver 
and spleen are enlarged and dark. Histology 
reveals atrophy of the cardiac muscle fibers 
and considerable cardiac fibrosis. Deposits of 
hemosiderin are present in the liver, spleen, 
and kidney. 

Necropsy findings associated with Cu 
deficiency in nonruminant species are not 
well documented. Degenerative changes 
with subsequent rupture of the aorta have 
been induced experimentally in pigs, but 
this has not been described as a naturally 
occurring disease. Myelopathy with white- 
matter changes similar to those of enzootic 
ataxia has also been reported in 4- to 
5-month-old Cu-deficient pigs. Musculo¬ 
skeletal changes similar to those described 
for calves have also been reported in foals 
with hypocuprosis. 

Ideally, necropsy examinations should 
include assays for Cu, and also Mo if a sec¬ 
ondary deficiency is suspected. In primary 
deficiency the concentration of Cu in liver 
will usually be low (see Table 21-10), whereas 
in secondary Cu deficiency there may be 
elevated kidney Cu and high concentrations 
of Mo in the liver, kidney, and spleen (see 
Table 21-10). 

Samples for Confirmation 
of Diagnosis 

• Biochemistry—50 g liver, kidney 
(ASSAY [Cu] [Mo]) 

• Histology—formalin-fixed samples of 
long bone (including growth plate), 
skin, liver, and spleen. Enzootic ataxia/ 
swayback: half of midsagittally sectioned 
brain, lumbar, and cervical spinal cord. 
Falling disease: heart (several sections), 
bone marrow, spleen (light microscopy). 


DIFFERENTIAL DIAGNOSIS 


Clinical findings are most common in young, 
rapidly growing ruminants. They include a 
herd problem of unthriftiness and progressive 
weight loss, changes in hair coat color or 
texture of wool, chronic lameness, neonatal 
ataxia in lambs and kids, and terminal anemia. 
Chronic diarrhea is characteristic in adult 
cattle on pastures with excess Mo. A 
combination of plasma and liver Cu, and 
possibly serum Mo, is used to distinguish 
between Cu deficiency and other diseases. 

Several herd or flock problems in cattle 
and sheep may resemble both primary and 
secondary Cu deficiency. A key indicator of 
Cu deficiency is that many animals are 
affected at the same time with a chronic 
debilitating disease complex, under the same 
dietary and seasonal circumstances. 









The differential diagnosis of mineral and 
vitamin responsive disorders in beef cattle 
herds with suboptimal performance should 
investigate three major areas: malnutrition 
(lack of feed), chronic infectious disease, and 
lack of specific micronutrients. 

Cattle 

Unthriftiness and progressive weight loss may 
be attributable to protein-energy 
malnutrition; examination of the diet will 
reveal if it is deficient. 

Changed hair coat color in young, 
rapidly growing cattle is caused only by Cu 
deficiency. 

Chronic lameness in young, rapidly 
growing cattle may be caused by a calcium, 
phosphorus and vitamin D imbalance, 
determined by evaluating the diet and 
examining the long bones at necropsy 
or by radiography. Radiographic changes 
in cattle with secondary Cu deficiency 
are widened, irregular epiphyseal plates 
with increased bone density in the 
metaphysis, and metaphyseal lipping. 

These are similar to those described for 
rickets and secondary nutritional 
hyperparathyroidism. 

Chronic diarrhea in young cattle may be 
attributable to intestinal parasitism; fecal egg 
counts and response to therapy are 
diagnostic. Diarrhea in a group of adult cattle 
on pasture known to be high in Mo is 
probably attributable to secondary 
Cu deficiency; response to therapy is 
diagnostic. 

Winter dysentery of cattle, salmonellosis, 
coccidiosis, and mucosal disease are acute 
infectious diseases characterized by diarrhea, 
but have other distinctive signs and 
clinicopathologic findings. Johne's disease can 
cause diarrhea with a retained appetite, but 
cattle are usually 4 years or older. Many 
poisons cause diarrhea in ruminants, 
particularly arsenic, lead, and salt, but there 
are usually additional diagnostic signs and 
evidence of access to the poison. Assay of 
feed and tissues helps confirm a diagnosis of 
poisoning. 

Peat scours is usually diagnosed if there 
is an immediate response to oral dosing with 
a copper salt. 

Falling disease occurs only in adult cattle 
and must be differentiated from other causes 
of sudden death. Poisoning by the gidgee 
tree (Acacia Georginae) produces a similar 
syndrome. 

Sheep and goats 

Unthriftiness and abnormal wool or 

hair as a flock or herd problem are 
characteristic of Cu deficiency in sheep and 
goats, which must be differentiated from 
protein-energy malnutrition, intestinal 
parasitism, cobalt deficiency, and external 
parasites. 

Lameness in lambs several weeks of age 
must be differentiated from nutritional 
osteodystrophy as a result of deficiencies or 
an imbalance of calcium, phosphorus, and 
vitamin D and stiff lamb disease as a result of 
enzootic muscular dystrophy. 
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Neonatal ataxia caused by congenital 
swayback and enzootic ataxia in newborn 
lambs and kids as a result of maternal Cu 
deficiency must be differentiated from border 
disease of newborn lambs, characterized by 
an outbreak of newborn lambs with hairy 
fleece and tremors, cerebellar hypoplasia (daft 
lamb disease), and hypothermia. 


TREATMENT 

The treatment of Cu deficiency is relatively 
simple, but if advanced lesions are already 
present in the nervous system or myocar¬ 
dium, complete recovery will not occur. Oral 
dosing with 4 g of Cu sulfate for 2- to 
6-month-old calves, or 8 to 10 g for mature 
cattle, given weekly for 3 to 5 weeks, is rec¬ 
ommended for the treatment of primary or 
secondary Cu deficiency. Parenteral injec¬ 
tions of copper glycinate may also be used. 

If feasible, the diet of affected animals can 
also be supplemented with Cu. Copper 
sulfate may be added to the mineral-salt mix 
at 3% to 5% of the total mixture. A com¬ 
monly recommended mixture for cattle is 
50% calcium-phosphorus mineral supple¬ 
ment, 45% cobalt-iodized salt, and 3% to 5% 
Cu sulfate. This mixture is offered free of 
choice, or it can be added to a complete diet 
at the rate of 1% of the total diet. 

CONTROL 

Dietary Requirements 

The minimum dietary Cu requirements for 
cattle and sheep are often cited as 10 mg 
copper/kg DM and 5 mg/kg DM, respec¬ 
tively. However, this is overly simplistic 
because the requirement to prevent subclini- 
cal or clinical Cu deficiency depends on the 
presence of interfering substances in the diet, 
such as Mo, S, and Fe, which can cause the 
absorption of Cu to vary from 0.01 (1 % of Cu 
ingested) to 0.10. Absorption is also influ¬ 
enced by age, physiologic state, and the geno¬ 
type of the animal. 1 For example, in sheep the 
requirement has been modified from 5 mg/kg 
DM in 1975 to 7 to 11 mg/kg DM in 1985,1.0 
to 8.6 mg/kg DM in 1980 and then 4.3 to 
28.4 mg/kg DM in 1999. The latter estimate 
was more detailed, assuming different absorp¬ 
tion of Cu from different feedstuffs (0.06 from 
roughage, 0.03 from grasses, and 0.015 from 
grass with increased Mo [>5 mg/kg DM]), 
assuming increased Cu absorption in neo¬ 
nates that decreased in older animals, and 
allowing for the demands of the lamb in preg¬ 
nant ewes (0.2 mg/d for a 4-kg lamb). The 
latest estimate from the NRC uses a factorial 
method to estimate requirements for sheep. 1,16 

There is insufficient data to do more 
detailed estimates for goats or deer, but 
they probably have increased requirements 
compared with sheep and thus are more 
similar to cattle (8-10 mg/kg DM). 1,16,17 
Concentrations of Cu that could cause tox¬ 
icity in sheep do not cause toxicity in goats, 
and some data show a stimulatory effect on 


growth of 100 to 300 ppm Cu in the diet of 
Nubian goats. 

Under some circumstances, providing 
additional Cu to feedlot cattle can adversely 
affect performance, with as little as 20 mg 
Cu/kg DM reducing growth in finishing 
steers. Adding 10 or 20 mg Cu/kg DM of a 
high-concentrate diet containing 4.9 mg Cu/ 
kg DM altered lipid and cholesterol metabo¬ 
lism in steers, but it did not alter ruminal 
fermentation. Reducing cholesterol and 
altering the fatty acid composition of beef, 
from saturated to unsaturated fats, has 
potential health benefits for humans, but this 
has yet to be exploited. 

Copper Toxicity 

Sheep are more susceptible to Cu toxicity 
than cattle, and hence preventing excess 
supplementation or accidental overdosing 
and monitoring of dietary intake of Cu are 
essential. As an example, in a Canadian 
study, 50% of cull ewes and 40% of market 
lambs had concentrations of liver Cu that 
were high to toxic. 

Excessive or unnecessary supplementa¬ 
tion with Cu is associated with Cu toxicity in 
many developed countries, with serious out¬ 
breaks described in dairy cattle that had 
recently been dried off. 18,19 In the United 
Kingdom, submissions to veterinary labora¬ 
tories for chronic Cu poisoning increased 
from negligible before 2000 to 0.23% and 
0.66% of all submissions in 2005 and 2007, 
respectively. In one case, high-yielding Jersey 
cows were identified at higher risk and had 
an estimated Cu intake of 50 mg/kg DM. 18 In 
New Zealand, deaths were associated with 
elevated concentrations of Cu in the liver 
(3990 pmol/kg FW) and kidney (440 (tmol/ 
kg FW) in Jersey cattle fed palm kernel 
expeller, which contains a high concentra¬ 
tion of Cu (20 to 29 mg/kg DM). 19 Removing 
all Cu supplements and feeding 200 mg 
Mo/head per day as sodium molybdate 
reduced the average concentration of liver 
Cu from 3100 to 1320 pmol/kg FW within 
26 days. 19 

Another presentation of excess Cu intake 
in lactating dairy cattle is a subclinical hepa- 
topathy with no clinical disease. Affected 
cows received an average of 963 mg Cu/d 
from a mineral supplement, with total 
dietary intake of Cu of high- and low- 
producing cows being 1325 and 1250 mg/ 
day, respectively, compared with their esti¬ 
mated requirement of 290 and 217 mg/cow 
per day. Consequently, excessive supplemen¬ 
tation with Cu may be a significant problem 
in dairy herds, even those without overt 
clinical signs of toxicity. 

Copper Supplementation 

Copper can be supplied by several different 
methods. The following dose rates are rec¬ 
ommended for the control of primary Cu 
deficiency, and they may have to be increased 
or given more frequently for secondary Cu 
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deficiencies. In these cases, it is often neces¬ 
sary to determine the most satisfactory 
dosing strategy through a field trial. 

Oral Dosing 

Oral dosing with 1 g Cu sulfate will prevent 
swayback in lambs if the ewes are dosed 
weekly throughout pregnancy, then lambs 
can be protected after birth by dosing with 
35 mg of Cu sulfate every 2 weeks. However, 
such regular oral dosing is time consuming 
and no longer widely practiced, especially in 
large, extensively managed flocks in which 
labor efficiency is an essential determinant of 
profitability. 

Copper sulfate is considered a better 
supplement than Cu oxide or injectable Cu 
if cattle consume diets containing excess Mo, 
or Mo plus S. 

Dietary Supplementation 

Copper sulfate may be mixed with other 
minerals into a mineral premix, which is 
then incorporated into the concentrate part 
of the ration. The final concentration of Cu 
is usually adjusted to provide an overall 
intake of at least 10 mg/kg DM in the final 
ration. Thus, if the forage components of the 
ration contain much less than 10 mg/kg DM, 
the concentrate ration may need to contain a 
higher Cu concentration. Where a secondary 
Cu deficiency is attributable to excess Mo in 
the forage, up to 1200 mg Cu (approximately 
5 g of hydrated Cu sulfate) is added to the 
concentrate daily. 

For sheep grazing toxic lupin stubble, 
signs of lupinosis may be exacerbated by 
supplementing with 10 mg Cu/kg DM as Cu 
sulfate, and thus additional Cu should not be 
fed unless there are suitable amounts of Mo 
and S in the ration. 

If animals are not receiving concentrates, 
an alternative is to provide free access to a 
mineral mixture or salt-lick containing Cu 
sulfate (0.25% to 0.5% for sheep and 2% for 
cattle; typically added to iodized salt, cobalt, 
calcium, phosphorus, and other trace miner¬ 
als). This will supply sufficient Cu, provided 
there is an adequate intake of the mixture, 
although this is often highly variable between 
individuals and thus may not be the case. 

In some areas, an effective method of 
administering copper is by the top-dressing 
of pasture with 5 to 10 kg Cu sulfate/ha, 
although the amount required will vary 
according to soil type, rainfall, and stocking 
rate. Early studies in Australia found that 5 
to 7 kg Cu sulfate/ha was effective for 3 to 4 
years, whereas in New Zealand hill country, 
3 kg/ha increased pasture Cu for only 100 
days. 1 Copper poisoning may occur if live¬ 
stock are turned onto pasture while the Cu 
salt is still on the leaves, and thus treated 
pasture should be left unstocked for 3 weeks 
or until the first heavy rain. Chronic copper 
poisoning may also occur if the soil Cu status 
increases sufficiently as a result of repeated 
applications over a number of years. 


In New Zealand the top-dressing of pas¬ 
tures grazed by farmed red deer was com¬ 
pared with oral administration of copper 
oxide wire particles. Pastures top-dressed 
with Cu sulfate at a rate of 12 kg/ha in mid- 
March increased the Cu status of weanling 
hinds, whereas top-dressing in mid-March 
and dosing hinds with 10 g copper oxide in 
late July effectively increased the Cu status of 
pregnant hinds, and it also significantly 
improved the Cu status of the progeny of 
yearling hinds from birth to weaning. 

Addition of Cu salts to drinking water is 
usually impractical because it corrodes metal 
piping, and it is difficult to maintain the 
correct concentration of Cu in large bodies 
of water. However, systems have been devised 
to automatically supplement drinking water 
for short periods, and such systems have 
effectively controlled Cu deficiency in cattle. 
Calves can tolerate copper in milk replacers 
at a concentration of 50 ppm, but there is no 
advantage in providing more than 10 ppm. 

Copper can also be provided in molasses- 
based supplements. However, the high 
sulfur content of the molasses may affect the 
availability of Cu, through the formation of 
Cu sulfide and thiomolybdates in the rumen, 
and actually decrease liver Cu concentra¬ 
tions. Consequently, a dietary Cu concentra¬ 
tion greater than 10 ppm may be necessary 
to ensure absorption of Cu in beef cattle fed 
molasses-based supplements. 

Removal of Sulfates 

The removal of sulfates from drinking water 
by purification using reverse osmosis may be 
beneficial, with beef cows drinking desul- 
fated water having an increased availability 
of Cu compared with those drinking water 
with a high concentration of sulfates. 

Parenteral Injections of Copper 

To overcome the difficulty of frequent indi¬ 
vidual dosing or top-dressing of pasture, the 
periodic injection of compounds that gradu¬ 
ally release Cu is used and has given good 
results. These injections can be given at stra¬ 
tegic times, avoid fixation of Cu by Mo and 
sulfides in the alimentary tract, and are com¬ 
monly used for the prevention of swayback 
in lambs. 

The following have been evaluated under 
field conditions: Cu calcium ethylenediamine 
tetra-acetate (copper calcium edetate), Cu 
methionate, Cu heptonate, Cu glycinate, Cu 
oxyquinoline sulfonate, and Cu phenylala¬ 
nine complex. The criteria used to compare 
these compounds are minimal damage at the 
injection site, satisfactory liver storage (90% 
to 100% of the administered dose), and the 
safety margin between therapeutic and toxic 
doses. The typical dose of Cu in these com¬ 
pounds is 400 mg for cattle and 150 mg for 
sheep. 

Copper heptonate (25 mg of Cu in 2 mL 
of preparation) given by IM injection to ewes 
in midpregnancy is not toxic and will prevent 


swayback in lambs. The Cu is removed from 
the injection site within 7 days, with most 
transferred to the liver and little or no deposi¬ 
tion in skeletal muscle. Injection of 1 to 2 mg 
Cu/kg BW as heptonate has increased liver 
Cu to values associated with copper toxicity 
(13,000 to 52,000 pmol/kg DM). In sheep on 
pasture with high Mo content, a single IM 
injection of copper heptonate (37.5 mg Cu to 
adults, or 25 mg Cu to weaners) increases 
liver Cu reserves for at least 9 and 3 months, 
respectively. It was an acceptable alternative 
to copper oxide wire particles for preventing 
copper deficiency in sheep in southern Aus¬ 
tralia, but it is no longer available. 

Copper calcium edetate increases blood 
Cu within hours and increases liver Cu 
within a week after injection. However, 
because of this rapid absorption, toxicity can 
occur with accidental overdosing. Some 
unexplained deaths also occurred in groups 
of treated sheep, and thus it is important to 
reduce handling and other stress during and 
after treatment. Marked local reactions occur 
at the site of injection; thus, SC injection is 
preferable, especially in animals to be used 
for meat. This treatment has a small risk of 
precipitating blackleg in cattle. 

For sheep, a single injection of 45 mg of 
Cu as copper glycinate in midpregnancy is 
sufficient to prevent swayback in the lambs. 

Cu calcium edetate or Cu oxyquinoline 
sulfonate given SC to sheep increases the 
concentration of Cu in whole blood, serum, 
and urine within 24 hours. In contrast, the 
injection of copper methionate increases the 
concentration of Cu in blood more gradually 
over 10 days, and there is no increase in 
urinary copper. After the injection of any of 
these three compounds, there is a steady 
increase in serum ceruloplasmin activity 
over 10 to 20 days, followed by a slow fall to 
the activity before treatment at 40 days. The 
lower toxicity of Cu methionate compared 
with Cu calcium edetate or Cu oxyquinoline 
sulfonate is a result of the slower absorption 
and transport of the Cu to the liver and 
kidney. Deaths have also occurred in sheep 
following the parenteral administration of 
diethylamine oxyquinoline sulfonate at rec¬ 
ommended doses, with signs of hepatic 
encephalopathy and an acute, severe, gener¬ 
alized, centrilobular hepatocellular necrosis 
at necropsy. The use of Cu disodium edetate 
at the recommended dose rates in calves has 
caused deaths associated with liver necrosis 
and clinical signs of hepatic encephalopathy. 

A single dose of Cu glycinate (120 mg for 
cows, 60 mg Cu for calves) will maintain 
adequate Cu concentrations for about 60 to 
90 days. Milk is a poor source of Cu, particu¬ 
larly from Cu-deficient cows, but even 
treated cows can have insufficient Cu in their 
milk. Consequently, calves on pasture will 
often need a Cu supplement because they 
cannot increase or maintain their stores of 
liver Cu from marginal or deficient pastures. 
Copper reserves accrue in fetal liver at the 
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expense of the dams liver Cu, and thus 
newborn calves usually have sufficient liver 
Cu and will not need treatment until they are 
6 weeks old. In pregnant cows, Cu supple¬ 
mentation should be timed to provide for the 
higher Cu requirement for Cu from the 
demands of the fetal liver during the last 
trimester. 

One dose of Cu glycinate is sufficient 
when cattle are grazing forage with less than 
3 mg/kg DM of Mo and less than 3 g/kg DM 
of S. With higher concentrations of Mo and 
S, repeated injections (or, alternatively, slow- 
release boluses) are often needed. The inject¬ 
able copper may be supplemented by the use 
of 1% Cu sulfate in a mineral supplement, 
which will provide adequate Cu for cows, but 
calves may not consume enough mineral and 
may need multiple injections. The supple¬ 
mentation required to prevent a decrease in 
serum Cu during the grazing season will 
vary according to the concentration of 
dietary Mo and S and their effect upon the 
absorption of Cu. 

In Canada, 100 mg of Cu as copper 
edetate, 120 mg copper glycinate, and 
120 mg of copper methionate all improved 
and maintained an adequate Cu status for 90 
days in deficient cattle. Copper methionate 
was least acceptable because of the severity 
of reactions at the injection site. 

In horses, 100 mg and 250 mg copper 
edetate given IM to mares during months 9 
and 10 of gestation had no effect on the liver 
concentration of their foals at birth, and thus 
would have little or no effect on the occur¬ 
rence and severity of developmental bone 
and joint disease associated with Cu defi¬ 
ciency in newborn foals. 

Slow-Release Treatments 

There is a risk of Cu toxicity from mineral 
supplements because of variable ingestion of 
the supplement, and from injectable Cu 
compounds because it is difficult to control 
the rate at which the Cu is released. This risk, 
and a more constant supplementation with 
Cu, can be overcome by using slow- or 
controlled-release devices. 

Glass Bolus 

Soluble glass boluses are available for use in 
sheep and cattle in the United Kingdom and 
Europe, but not in New Zealand or Australia. 
They lodge in the rumen and release Cu at a 
uniform rate for up to 8 months, although the 
rate of dissolution is increased by the lower 
rumen pH associated with concentrate 
feeding. It is proposed that the additional 
rumen available Cu is complexed with thio- 
molybdates in the rumen, preventing absorp¬ 
tion of thiomolybdates and their binding to 
biologically active compounds in blood and 
tissues, although there appears to be no direct 
experimental confirmation of this hypothe¬ 
sis. Commercially available glass boluses 
typically contain 13.4% Cu, 0.5% cobalt, and 
0.3% selenium, with two boluses given to 


cattle greater than 100 kg (a 100-g bolus) or 
one to sheep greater than 25 kg (a 33-g bolus). 

Copper Oxide Needles 

Copper oxide wire particles (“needles”), 
incorporated into a soluble polyethylene 
glycol capsule and given orally, are a safe and 
effective way of controlling Cu deficiency in 
ruminants. These are relatively cheap, and a 
single treatment can be effective for an entire 
grazing season. The needles are gradually 
released from the rumen-reticulum and 
lodge in the folds of the abomasum, where 
they gradually release Cu for up to 100 days 
or more. The absorbed Cu is transported to 
and stored in the liver. An additional minor 
benefit may be some limited efficacy against 
gastrointestinal parasites in the abomasum 
(Ostertagia and Haemonchus), particularly 
newly ingested larvae. 

Sheep 

The response is dose dependent, with liver 
Cu peaking 10 weeks after administration of 
2.5 to 20 g per animal, and then declining 
linearly over the next 40 weeks. A dose of 
0.1 g/kg live weight (5 g) did not induce 
copper toxicity in the susceptible North Ron- 
aldsay breed. 

A single dose of 2 g cupric oxide needles 
maintained normal blood and liver Cu, pre¬ 
vented signs of ill-thrift, and improved 
growth rate in 3- to 5-week-old lambs 
grazing newly established, limed pastures. 
Copper oxide needles given to ewes in early 
pregnancy increases their liver Cu through¬ 
out gestation and in early lactation and the 
Cu status of their lambs from birth to 36 days 
old. Serum copper concentration was not 
affected by treatment, but a marked rise was 
observed in all lambs between birth and 10 
weeks of age. 

The administration of Cu oxide needles 
to ewes in the first half of pregnancy prevents 
swayback in their lambs, and when given at 
parturition it prevents hypocupremia for up 
to 17 weeks in animals grazing pasture 
known to have excess Mo and S. Treatment 
of ewes at parturition also increased the con¬ 
centration of Cu in milk during early lacta¬ 
tion. However, this increase in milk Cu will 
not prevent hypocupremia and hypocuprosis 
in lambs, which can be treated with cupric 
oxide needles at 6 weeks of age. 

Some breeds of sheep are more suscepti¬ 
ble to Cu toxicity because they accumulate 
Cu in the liver, and thus it is important not 
to exceed the recommended dosage. A dose 
of 4 g of Cu oxide needles has been used for 
the prevention of swayback in goats. 

Cattle 

Commercial capsules have 39% Cu oxide 
and in many countries are available in a 20-g 
dose for adults and a 10-g dose for calves. 
A dose of 20 g will maintain adequate Cu 
status for at least 5 months in lactating cows, 
and it prevented decreased growth and 


hypocupremia in young cattle weighing 
190 kg for 70 days. The currently recom¬ 
mended doses for beef cattle are 10 g for 
calves and yearlings less than 200 kg and 
20 g for cattle greater than 200 kg, which will 
provide protection for at least 6 months. 

Farmed Red Deer 

The need for Cu supplementation in young 
deer is not clear-cut. For example, 5 g of Cu 
oxide wire particles given to 4- to 7-month- 
old deer in New Zealand had no effect on 
live-weight gain despite hypocupremia in 
38% of untreated deer, which gained weight 
at similar rates to those with adequate plasma 
Cu. In another study, 20-g boluses of Cu 
oxide wire particles did not significantly alter 
velvet weight, daily velvet growth rate, days 
from casting to removal, grade or value 
velvet, or the live weight gain of 2-year-old 
stags. Growth responses to supplementation 
are equivocal when blood Cu is less than 3 
to 4 (imol/L, but responses are significant 
when they are 0.9 to 4.0 (tmol/L. 

Genetic Selection 

It is possible to manipulate trace-element 
metabolism by genetic selection. For 
example, the selection of sheep based on 
plasma concentration of Cu resulted in two 
divergent sets of progeny within 5 years, one 
with a high Cu status, the other low, which 
resulted in clinical signs of Cu deficiency in 
the low group and protection in the high. 
This has not been exploited in commercial 
production. 

Summary and Guidelines 

Several rules of thumb are important and 
useful: 

• Cattle are more susceptible to Cu 
deficiency than sheep. 

• Sheep are more susceptible to Cu 
toxicity than either cattle or goats. 

• The newborn calf is protected against 
neonatal hypocuprosis by donations 
from the dam, but newborn lambs 
assume the same copper status as the 
ewe. 

• In general, a dietary intake of Cu 
equivalent to 10 mg/kg DM will prevent 
the occurrence of primary copper 
deficiency in both sheep and cattle. 

• Diets containing less than 6 mg/kg DM 
will cause hypocuprosis. 

• Diets with Cu: Mo ratios of less than 
3:1 are conducive to secondary Cu 
deficiency (<2:1 for deer and goats). 
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RIBOFLAVIN DEFICIENCY 
(HYPORIBOFLAVINOSIS) 

Although riboflavin is essential for cellular 
oxidative processes in all animals, the occur¬ 
rence of deficiency under natural conditions 
is rare in domestic animals because actively 
growing green plants and animal protein are 
good sources, and some synthesis by alimen¬ 
tary tract microflora occurs in all species. 
Synthesis by microbial activity is sufficient 
for the needs of ruminants, but a dietary 
source is required in these animals in the 
preruminant stage. Milk is a very good 
source. Daily requirements for pigs are 60 to 
80 |ig/kg BW, and 2 to 3 g/ton of feed pro¬ 
vides adequate supplementation. The trend 
toward confinement feeding of pigs has 
increased the danger of naturally occurring 
cases in that species. 

On experimental diets the following syn¬ 
dromes have been observed: 

• Pigs: slow growth, frequent scouring, 
rough skin, and matting of the hair coat 
with heavy, sebaceous exudate are 
characteristic. There is a peculiar 
crippling of the legs with inability to 
walk and marked ocular lesions, 
including conjunctivitis, swollen eyelids, 
and cataract. The incidence of stillbirths 
may be high. 


• Calves: anorexia, poor growth, scours, 
excessive salivation and lacrimation, and 
alopecia occur. Areas of hyperemia 
develop at the oral commissures, on the 
edges of the lips, and around the navel. 
There are no ocular lesions. 

CHOLINE DEFICIENCY 
(HYPOCHOLINOSIS) 

Choline is a dietary essential for pigs and 
young calves. Calves fed on a synthetic 
choline-deficient diet from the second day of 
life develop an acute syndrome in about 7 
days. There is marked weakness and inability 
to get up, labored or rapid breathing, and 
anorexia. Recovery follows treatment with 
choline. Older calves are not affected. On 
some rations, the addition of choline 
increases daily gain in feedlot steers, particu¬ 
larly during the early part of the feeding 
period. 

Supplementation of 20 g/day of rumen- 
protected choline to dairy cows 14 days 
before parturition increased milk produc¬ 
tion during the first month of lactation and 
the concentration of choline in milk, but it 
did not affect fat or protein concentration in 
the milk or plasma levels of glucose, 
(3-hydroxybutyrate, cholesterol, and non- 
esterified fatty acids (NEFAs). The NEFA 
concentrations at the time of parturition 
were lower in treated animals than in con¬ 
trols, indicating improved lipid metabolism. 
Choline also increased a-tocopherol plasma 
concentrations. There does not appear to be 
a difference in effect of rumen-protected and 
unprotected choline supplements to dairy 
cattle when energy-related metabolites are 
evaluated. 1,2 

In pigs, ataxia, fatty degeneration of the 
liver and a high mortality rate occur with 
severe deficiency. Enlarged and tender hocks 
have been observed in feeder pigs. For pigs, 
1 kg/ton of food is considered to supply suf¬ 
ficient choline. 

Congenital splayleg of piglets has been 
attributed to choline deficiency, but adding 
choline to the ration of the sows does not 
always prevent the condition. 3 
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Multi-Organ Diseases Due 
to Toxicity 

SNAKEBITE 


SYNOPSIS 


Etiology Venom injected into victim by a bite 
with specially adapted fangs. 


Epidemiology Isolated bites primarily during 
summer months. A rare clinical disease in 
large animals. 

Clinical pathology Venom detectable in 
blood (coagulopathy), urine (hematuria, 
myoglobinuria, anuria, oliguria), body 
tissues (hemorrhage, ecchymosis, necrosis), 
and fluids generally. 

Lesions Varies depending on snake; may be 
local swelling and tissue necrosis. 

Diagnosis confirmation Based on detection 
of venom in body tissues or fluids. 

Treatment Injection of type-specific antivenin 
(antivenom). 

Control Difficult. 


ETIOLOGY 

At least six toxic actions can result from 
snake venoms, and different snakes have 
varying combinations of toxins in their 
venoms (Table 21-11). The toxins include 
necrotizing, anticoagulant, and procoagulant 
fractions and neurotoxic, cardiotoxic, myo- 
toxic, nephrotoxic, cytotoxic, and hemolytic, 
and hemorrhagic fractions. 1 Although there 
is often insufficient venom (composed of 
multiple toxins) injected to cause death in 
large animals, a serious secondary bacterial 
infection may occur in the local swelling and 
cause the subsequent death of the animal. 
Additionally, blood degradation products 
may be associated with coagulopathic insults 
resulting in secondary renal complications. 
The common venomous snakes include 
vipers, such as Crotalus spp. (rattlesnakes and 
other pit vipers of North America, Mexico, 
and Central and South America), the true 
vipers (e.g., Vipera berus [common European 
viper, the United Kingdom’s only venomous 
snake]), and multiple other viper species, 
such as Africa’s gaboon vipers (Bitis spp.) and 
Asia’s Russell’s vipers ( Daboia spp.), and the 
elapid snakes, including coral snakes ( Micru- 
rus spp.) in the Americas, cobras ( Naja spp.) 
and mambas ( Dendroaspis spp.), and most of 
Australia’s venomous snakes, including Note- 
chis scutatus (tiger snake), Oxyuranus spp. 
(taipans), and Pseudonaja ( Demansia) textilis 
(common brown snake). 14 

EPIDEMIOLOGY 

The Incidence of snakebite is controlled by 
the geographic distribution of the snakes and 
their numbers. Asia, India, Africa, Central 
and South America, Australia, and the 
southern United States are areas in which 
snake populations are large. In general, the 
morbidity rate in farm animals is low, 
although a mortality rate from 9% to 25% has 
been recorded in horses 5 and 31% to 58% in 
New World camelids (llamas and alpacas). 6,7 

Risk Factors 
Animal Risk Factors 

Most snakebite incidents occur during the 
summer months, and bites are mainly near 
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Table 21-11 Venomous snakes of importance: taxonomy, geographic range, and major 
venom effects (Prepared by Daniel E Keyler, Pharm. D., FAACT) 


Family/genus 

Common names 

Geographic range 

Chief venom effects 

Atractaspididae 

Atractaspis 

Burrowing asps 

Africa 

Vasoconstriction, myocardial 

Colubridae 

Dispholidus 

Boomslang 

Africa 

Coagulopathy, hemorrhage 

Philodryas 

Cobra-verde 

C, S America 

Coagulopathy, hemorrhage 

Rhabdophis 

Keelbacks 

Asia 

Coagulopathy, hemorrhage 

Thelotornis 

Twig snake 

Africa 

Coagulopathy, hemorrhage 

Elapidae 

Acanthophis 

Death adders 

Australia 

Paralysis 

Bungarus 

Kraits 

SE Asia 

Paralysis 

Dendroaspis 

Black/green mamba 

Africa 

Paralysis 

Hemachatus 

Rinkhals 

Africa 

Paralysis, local necrosis 

Hoplocephalus 

Broad-headed snakes 

Australia 

Coagulopathy 

Micropechis 

Small-eyed snake 

New Guinea 

Paralysis, anticoagulant, myolysis 

Micrurus 

Coral snakes 

N, C, S America 

Paralysis 

Naja 

Cobras/spitting cobra 

Africa/Asia 

Paralysis, corneal ulceration 

Notechis 

Tiger snakes 

Australia 

Paralysis, coagulopathy, myolysis 

Ophiophagus 

King cobra 

Asia 

Paralysis 

Oxyuranus 

Taipan 

Australia 

Paralysis, coagagulopathy, myolysis 

Pseudechis 

Mulga/black snakes 

Australia 

Coagulopathy, myolysis 

Pseudonaja 

Brown snakes 

Australia 

Coagulopathy, paralysis 

Tropidechis 

Rough-scaled snake 

Australia 

Coagulopathy, paralysis, myolysis 

Hydrophiidae 

Astrotia 

Sea snakes 

Indo-Pacific Oceans 

Paralysis, myolysis 

Pelamis 


Pacific Oceans 


Laticauda 

Many other 
genera 


Indo-Pacific Oceans 


Viperidae: 

Crotalinae (pit vipers) 

Agkistrodon Cantils, copperheads, 

Moccasins 

N, C, S America 

N, C, S America 

Coagulopathy, necrosis 
Coagulopathy, necrosis 

Bothrops 

Lanceheads 

C, S America 

Coagulopathy, necrosis 

Calloselasma 

Malayan pit viper 

Asia 

Coagulopathy, necrosis 

Crotalus 

North American 
rattlesnakes, 
tropical rattlesnake 

N America 

C, S America 

Coagulopathy, necrosis 

Paralysis, myolysis 

Hypnale 

Hump-nosed vipers 

Asia 

Local necrosis, renal 

Lachesis 

Bushmaster 

C, S America 

Coagulopathy, necrosis 

Sistrurus 

Massasauga, pygmy 

N America 

Hemorrhage, local necrosis 

Trimeresurus 

Green pit vipers 

SE Asia 

Coagulopathy, necrosis 

Viperinae (true 

Bids 

vipers) 

Gaboon/puff adder 

Africa 

Cardiovascular, coagulopathy 

Causus 

Night adders 

Africa 

Local necrosis 

Cerastes 

Horned vipers 

Africa/Asia 

Coagulopathy, necrosis 

Daboia 

Russel's vipers 

SE Asia 

Coagulopathy, myolysis, renal 

Echis 

Carpet, saw-scaled 

N Africa/Asia 

Coagulopathy, necrosis 

Vipera 

adders, asps, 

European vipers 

Eurasia 

Cardiovascular, coagulopathy 
necrosis, paralysis 


C = central; N = North; S = South; SE = Southeast 


the head because of the inquisitive behavior 
of the bitten animal.' Pigs are not highly sus¬ 
ceptible but not, as generally believed, 
because of their extensive subcutaneous fat 
depots. Sheep may be bitten on the udder, 
but their long wool coat is generally effective 
as a protective mechanism on other parts of 
the body. Cows may be less represented 
because of their large size and the large 
venom dose required to cause death. Horses, 
however, appear to be much more suscepti¬ 
ble to venom than any other species. 8 

PATHOGENESIS 

The effects of snakebite (envenomation) 
depend on the size and species of the snake, 
the quantity of venom injected, the route of 
venom delivery with the bite (e.g., subcuta¬ 
neous, intramuscular, intravenous), the size 
of the bitten animal, and the location of the 
bite, particularly with reference to the thick¬ 
ness of the hair coat and the quantity of sub¬ 
cutaneous fat. As a general rule, the venom 
is injected by fangs, which leave a bite mark 
comprised of a row of small punctures with 
two large punctures outside them. An excep¬ 
tion is the coral snake and other elapids, 
which typically chew to inoculate the venom. 
The bites may be visible on hairless and 
unpigmented skin but can only be seen on 
reflection of the skin at necropsy in many 
instances. Nonpoisonous snakes may bite 
animals, but the bite mark is typically (but 
not always) in the form of two rows of small 
punctures. 

The toxins in venom include the 
following 1 

• Cardiotoxins, causing coronary artery 
vasoconstriction/vasodilatation and 
direct myocardial effects, leading to 
hypotension and arrhythmias 

• Cytolisins, which are associated with 
tissue necrosis, including platelets, 
leading to intravascular coagulation and 
anticoagulation 

• Hemolysins/hemorrhagins, causing 
blood cell lysis and degradation of 
blood components and increased 
permeability of vascular tissues, leading 
to fluid shifts 

• Myotoxins, causing selective ion 
channel blockade, rhabdomyolysis, 
myoglobinemia, and myoglobinuria 

• Nephrotoxins, causing direct 
nephrotic damage, acute tubular 
necrosis, renal cortical necrosis, and 
renal failure 

• Neurotoxins, causing pre- and 
postsynaptic blockade and 
neurotransmitter destruction, with 
flaccid paralysis, pupillary dilation, and 
paralytic respiratory failure 

The overall effect of a venomous bite by a 
snake depends on the mix of specific venom 
components and the dose delivered. 4 The 
actual dose delivered is highly variable, but 
also depends on the size of the snake and the 
period of time since the snake last expended 
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venom with a bite. Tiger snake venom con¬ 
tains neurotoxins and procoagulants. 4 Death 
adder venoms contain only neurotoxin; Aus¬ 
tralian brown snakes have procoagulant and 
some neurotoxin. Rattlesnake venom is asso¬ 
ciated with necrosis of arterioles and arterio¬ 
lar thrombus formation, and in most species 
it contains an anticoagulant, causing a bleed¬ 
ing diathesis. 2 The Mojave rattlesnake Crota¬ 
lus scutulatus and the neotropical and 
tropical rattlesnakes ( Crotalus durrissus spp.) 
are exceptions. 

CLINICAL FINDINGS 

Bites by adder-type snakes (viperids) are 
associated with a local swelling and rapidly 
developing pain, which is usually sufficient 
to produce signs of excitement and anxiety. 
Bites on the head may be followed by swell¬ 
ings of sufficient size to cause dyspnea. If 
sufficient neurotoxin has been injected, a 
secondary stage of excitement occurs and is 
followed by marked dilation of the pupils, 
salivation, hyperesthesia, tetany, depression, 
recumbency, and terminal paralysis. In small 
animals, death may occur as a result of 
asphyxia during convulsions in the excite¬ 
ment stage of the disease. In animals that 
recover, there is usually local tissue slough¬ 
ing at the site of the swelling. 

Rattlesnake ( Crotalus spp.) bites are 
reported primarily in North America, and 
affected animals include horses, 5 ' 9 ' 10 New 
World camelids, 6 ' 7 cattle, and sheep. In horses, 
the most commonly reported signs are swell¬ 
ing around the bite site, which may be severe 
and result in respiratory distress, tissue 
necrosis, and evidence of a coagulopathy 
(spontaneous bleeding from eyes, ears, 
injection site, tracheotomy site). 5 ' 9 Venom- 
associated cardiac abnormalities include 
tachycardia and arrhythmias, including atrial 
fibrillation, ventricular premature contrac¬ 
tions, and second- and third-degree arterio- 
ventricular (AV) block. 910 Clinical signs in 
New World camelids include facial swelling, 
respiratory distress, tachypnea, hyperther¬ 
mia, tachycardia, lethargy, and recumbency. 6 ’ 7 
Rattlesnake bite in calves is associated with 
restlessness, teeth grinding, vomiting, hyper¬ 
salivation, dyspnea, ataxia, and convulsions. 

Bites by cobra-type snakes (elapids) may 
be associated with local swelling in animals 
that survive the effects of the neurotoxin. 2 ' 4 
They may develop significant localized tissue 
necrosis, and they frequently develop bacte¬ 
rial infection 3 to 4 days later. The major 
effects following bites of cobra-type snakes 
are excitement, with convulsions, respiratory 
depression, and death resulting from 
asphyxia. The signs appear quickly or may be 
delayed, and death occurs usually in up to 48 
hours in horses. In calves, the effects of the 
neurotoxin are manifested by marked pupil¬ 
lary dilation, excitement, and incoordina¬ 
tion, followed by paralysis. 

Clinical signs in horses bitten by tiger 
snakes ( Notechis scutatus) in Australia 


include anxiety, diffuse muscle tremors, 
tachycardia, tachypnea, and profuse sweat¬ 
ing. 4 The gait is stiff and short. In another 
case, muscle tremors were obvious in the 
standing patient, disappeared when the 
animal became recumbent, and reappeared 
upon arising. Foals bitten by brown snakes 
{Pseudonaja textilis) in Australia show 
similar signs to those associated with tiger 
snake envenomation. Common signs include 
drowsiness, drooping of eyelids and lips, 
partial tongue paralysis, muscle tremors 
and weakness leading to recumbency, and, 
in some, pupillary dilation. Respiration 
becomes labored and abdominal in nature. 
Sweating and inability to suck, swallow, or 
whinny occur late in the course. Adults also 
show an inability to swallow, with salivation 
and accumulation of food in the mouth. 

CLINICAL PATHOLOGY 

There are numerous clinicopathologic abnor¬ 
malities associated with snake envenom¬ 
ation, with most of them dependent on the 
species and weight of animal affected, specific 
snake, and potency of venom. 1 Hematologic 
alterations include abnormalities in red 
and white blood cells and platelets. 
Venom-induced consumptive coagulopa¬ 
thies (VICCs) similar to DIC occur, in par¬ 
ticular with venom from the Australian 
brown snakes ( Pseudonaja spp.) and taipans 
[Oxyuranus spp.). 111 Increases in BUN and 
creatinine, creatine kinase, and liver enzymes 
occur, as do decreases in albumin, potassium, 
and calcium. 1 ’ 4 ' 5,7 Horses with myocardial 
damage show elevations in cardiac troponin 
I (cTnl), which may be delayed for several 
days to weeks after envenomation. 9,10 

An ELISA for identification of venom in 
blood, urine, or other body tissue or fluid is 
available in Australia. 4 It is highly accurate, 
suitable for field or office use, and immedi¬ 
ate, but it is expensive. It is limited to 
the snake species for which reagents are 
available. 

NECROPSY FINDINGS 

Postmortem findings are specific to each 
snake. In general, local swellings at the site 
of the bite are a result of exudation of serous 
fluid and inflammatory reaction to venom 
components, which is often deeply blood¬ 
stained. Fang marks are usually visible on 
the undersurface of the reflected skin. A 
horse dying from rattlesnake envenomation 
showed ischemia of the heart, skeletal 
muscle, urinary bladder, and gastrointestinal 
tract. 10 Cardiac hypertrophy and myocardial 
necrosis involving both ventricular free 
walls and atria was present grossly, and myo¬ 
cytes in both ventricles and the atria were 
necrotic and degenerative on histopatho¬ 
logic examination. 10 New World camelids 
dying of rattlesnake envenomation showed 
severe and hemorrhagic facial swellings, 
congestion of the lungs and kidneys, ulcer¬ 
ations in the third compartment, and other 


systemic manifestations.' Postmortem anal¬ 
ysis of a cow presumed to have died from 
the bite of a snake in the Viperidae family 
showed petechial and ecchymotic hemor¬ 
rhage to frank hemorrhage in the lung, liver, 
tracheal lumen, peritoneum, and epicardial 
and subendocardial surfaces. Pale linear 
streaks were present in the right ventricular 
myocardium. 12 

Diagnosis confirmation depends on a 
positive assay for venom in the patient’s 
blood, urine, and tissues generally. Absolute 
identification of the snake by a knowledge¬ 
able herpetologist can also confirm the 
species of snake involved with envenom¬ 
ation. In acute cases death has usually 
occurred by the time the animal is seen. If 
the actual bite is observed, the diagnosis is 
made on the history. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

Nervous syndrome: 

• Organophosphorus/carbamate toxicosis 

• Fluoroacetate toxicosis 

• Tick paralysis 

Local swelling: 

• Anthrax in horses and pigs 

• Black widow, redback or brown recluse 
spider bites 

• Blackleg 

• Insect stings (wasps, hornets, bees) 

• Puncture/trauma wounds versus fang 
puncture marks 

• Scorpion stings 


TREATMENT 

In human medicine the application of a tour¬ 
niquet proximal to a limb bite site has been 
replaced; for elapid envenomation a firm 
pressure immobilization bandage (PIB) is 
applied over the bite to restrict the distribu¬ 
tion of the venom via the lymphatics and 
retain it in the site and prevent systemic 
effects. The use of PIB for crotalid or viperid 
envenomation is not recommended because 
the PIB holds the venom at the application 
site, and pit viper and viper venoms typically 
cause significant local tissue damage. As 
such, use of PIB in these instances may exac¬ 
erbate local tissue damage. Excision of the 
bite site is not recommended for the bites of 
snakes (crotalids and viperids) that are asso¬ 
ciated with a serious local reaction because 
the procedure may worsen local tissue 
damage and enhance the distribution of 
venom from the bite-site region. 

Emergency treatment should include 
early placement of an intravenous catheter, 
correction and maintenance of hydration, 
and establishment of a patent airway. In 
animals with severe facial or nasal swelling, 
a tracheotomy may be needed. Systemic 
treatment should include antivenin (anti¬ 
venom), antibiotics, antiinflammatories, and 
antitoxin. Polyvalent antivenin containing 
antibodies against the venoms of all the 
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snake species in the geographic region can 
usually be obtained locally, often in highly 
purified form. 4,7,8 It is expensive to use but 
highly effective. Speed is essential, and the IV 
route is preferred. The dose rate varies widely 
depending on the degree of envenomation, 
with the size of the animal and clinical signs 
determining the dose. In horses and New 
World camelids this is typically 1 to 5 vials, 
but the dose may be higher depending on the 
venom and amount contained in the vial. 5,7,8 
The use of antibiotics in human beings is 
controversial but should be administered to 
control the local infection at the site of the 
bite. The occurrence of clostridial infections 
after snakebite suggests the administration of 
antitoxins against tetanus and gas gangrene. 
A nonsteroidal antiinflammatory drug such 
as flunixin will provide pain relief and assist 
with local and systemic swelling. 

Many other pharmacologic treatments 
have been used in treating venomous snake¬ 
bite, including antihistamines and cortico¬ 
steroids. These drugs have been found to be 
valuable as a protection against possible ana¬ 
phylaxis after treatment with antivenin, but 
in cases where local tissue damage is evident, 
they are without value and in many cases 
exert deleterious effects. Adrenaline or epi¬ 
nephrine has little or no value, and calcium 
salts do not significantly reduce mortality. 
The application of chemicals to the incised 
bite area is also of no value and may exacer¬ 
bate tissue damage. Attention has been 
drawn to the need to appreciate the mode of 
action of one’s local snake venoms before 
attempting a general program of treatment— 
what may be effective in one country may 
very well be lethal in another. 

CONTROL 

Control is difficult because snakes occur in 
dry lots, paddocks, pastures, and fields where 
animals live. Vaccination against rattlesnake 
envenomation in horses is possible, but 
reported vaccine titers from the commer¬ 
cially available product are not as high as 
those that develop after natural rattlesnake 
envenomation. 1 '’ 
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BEE AND WASP STINGS 
(; HYMENOPTERA) 

Bees ( Apoidea ) and wasps, hornets, and 
yellow jackets ( Vespoidea ) are stinging 
insects found in the Hymenoptera family. 
Their venom is proteinaceous in nature. 1 
Bees sting only once and die; wasps, hornets, 
and yellow jackets are capable of stinging 
multiple times. 

Most single stings are self-limiting, but 
multiple stings may be associated with severe 
local swelling up to 6 cm in diameter, similar 
to those in angioedema. The lips, eyelids, 
tongue, and vulva are often swollen and 
painful. Pain may result in pronounced 
excitement, and in severe cases in horses 
there may be diarrhea, hemoglobinuria, 
jaundice, tachycardia, cardiac arrhythmia, 
rapid breathing, sweating, and prostration. 
Animals attacked about the head may show 
dyspnea because of severe local swelling. 
Horses often show mild to moderate colic. 
Anaphylaxis is rare and generally occurs 
within minutes of stinging. 1 In a few cases, 
the attack may be fatal and nonanaphylactic, 
usually occurring after a course of 4 to 12 
hours. 

Treatment depends on the location of 
the stings, but may include antihistamines, 
topical hydrocortisone or lidocaine cream 
or ointment, cool compresses, trache¬ 
otomy if swelling and asphyxia threaten, 
and early recognition and treatment 
of anaphylaxis. Necropsy lesions vary 
depending on the number of stings and 
location but may include hemorrhages and 
edema of all connective tissues and the 
bowel wall. 

FURTHER READING 
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Injury research and statistics series no. 40. Cat no. 
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RED FIRE ANT STINGS 
(SOLENOPSIS INVICTA) 

The red fire ant (Solenopsis invicta) is present 
in most of the southern portion of the United 
States and many other countries. The venom 
is a nonproteinaceous alkaloid with a wide 
range of biocidal activities. 1 Fire ants are 
aggressive, and an individual attack usually 
results in a number of stings. Fire ants both 
bite and sting, but envenomation only occurs 
with the sting. 2 Stings occur in a circular 
pattern because the ant first bites the animal 
with its mandible and then rotates its head 
around the bite site. 

Stings from the aggressive red fire ant 
have been associated with focal necrotic 
ulcers of the cornea and conjunctiva of 
newborn calves. Stings around the nostrils 
may cause swelling with open mouth breath¬ 
ing, inhalation of more ants, or suffocation. 
Weak calves, lambs, and deer fawns are most 
likely to be injured, as are older and weaker 
animals. In addition, adult animals may 
develop stress-related anorexia resulting in 
decreased weight gain or milk production. 

Treatment depends on the sting site and 
severity of signs and may include antihista¬ 
mines, cool compresses, corticosteroids, 
tracheotomy, and appropriate therapy for 
anaphylaxis. 2 

FURTHER READING 
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effects of the red imported fire ant. PhD thesis. 2003 
at: <http://www.tdl.org>; Accessed 14.01.13. 
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1993;17:19-32. 
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MOTHS 

Insect-generated fiber (e.g., in the cocoons of 
Molopo moths) can be indigestible and, if 
eaten in large quantities, can be associated 
with ruminal impaction. The body scales of 
the brown-tail moth and its larvae have a 
nettling effect, causing skin irritation on 
contact and bronchial mucosal irritation on 
inhalation. 


SWEATING SICKNESS 
(TICK TOXICOSIS) 


SYNOPSIS 


Etiology Unknown, associated with bites of 
Hyalomma truncatum. 

Continued 
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Epidemiology Reported in Africa, India, and 
Sri Lanka affecting calves 2 to 6 months of 
age. 

Clinical findings Fever, salivation, lacrimation, 
hyperemia of mucosae, epistaxis, extensive 
and severe dermatitis, necrosis of oral 
epithelium. 

Lesions Dermatitis and necrotic stomatitis, 
disseminated intravascular coagulopathy. 

Treatment Symptomatic and use of 
hyperimmune serum. 

Control Tick control. 


ETIOLOGY 

The cause of sweating sickness in cattle has 
not been identified, but it behaves as though 
it were an epitheliotropic or dermatrophic 
toxin produced by the salivary glands of 
certain strains of the hard tick Hyalomma 
truncatum. Both male and female ticks of 
the strains can produce the toxin, but not 
all strains of H. truncatum have the ability to 
do so. 

EPIDEMIOLOGY 

Attempts to transmit the disease between 
animals by direct contact and by injections 
of tissue or blood are unsuccessful. The 
disease occurs in Central, East, and South 
Africa; Sri Lanka; and probably southern 
India. Younger animals up to 1.5 years of age 
are affected as a rule, but rare cases occur in 
adults. Sheep, pigs, and goats are susceptible, 
although the disease does not naturally 
occur in them, and a similar disease has been 
reported in a dog in Brazil infested with the 
soft tick Ornithodoros brasiliensis, popularly 
known as the mouro tick. 1 

Sweating sickness occurs at all times of 
the year but is most prevalent during the wet 
season when ticks are more plentiful. The 
morbidity rate varies with the size of the tick 
population but is usually 10% to 30%. The 
case-fatality rate is up to 30%. 

PATHOGENESIS 

The clinical signs begin 4 to 7 days after the 
ticks attach, probably 3 days in experimental 
infestations. The effects are dose specific; if 
the ticks are removed very early, there is no 
clinical response, and the animal remains 
susceptible; with a longer exposure before 
the ticks are removed, the animal becomes 
immune but shows no clinical signs. With 
longer exposure of more than 5 days, the 
subject develops the full-blown clinical 
disease and may die. If it recovers, it has a 
solid and durable immunity. However, there 
is no passive immunity via colostrum. 

CLINICAL FINDINGS 

There is a sudden onset of fever up to 41° C 
(106° F), anorexia, hyperemia of the mucosae, 
and hyperesthesia. The animal is lethargic, 
depressed, and dehydrated and has a serous 
then mucopurulent oculonasal discharge, an 


arched back, and a rough coat. There is an 
extensive, moist dermatitis commencing in 
the axilla, groin, perineum, and the base of 
the ears, and it may extend to cover the entire 
body in bad cases. “Sweating” refers to this 
moist dermatitis. The hair is matted together 
by exudate, and moisture collects in the form 
of beads on the surface. The eyelids may be 
stuck together. Subsequently patches of the 
skin and hair are rubbed off or can be pulled 
off to leave raw, red areas of subcutaneous 
tissue exposed. The tips of the ears and tail 
may slough. 

Affected calves seek shade, and their skin 
is very sensitive to touch. Later it becomes 
dry and hard, and cracks develop. Secondary 
bacterial infection and infestation with 
blowflies or screw-worm larvae are common 
sequelae. The oral mucosa is hyperemic at 
first and then becomes necrotic with the for¬ 
mation of ulcers and diphtheritic mem¬ 
branes. The calf salivates profusely, cannot 
eat or drink, and becomes emaciated and 
rapidly dehydrated. There are similar 
mucosal lesions in the vagina and nasal cavi¬ 
ties, the latter causing dyspnea. The severity 
of the mucosal lesions appears to vary with 
different “strains” of the toxin. There may be 
abdominal pain and diarrhea in some calves. 

The course may be as short as 2 days but is 
usually 4 or 5 days. In recovered animals the 
skin may heal and the hair may regrow, but 
there maybe permanent, patchy alopecia, and 
the calves may remain stunted and unthrifty. 

CLINICAL PATHOLOGY 

There is severe neutropenia and eosinopenia 
and a degenerative left shift; a-globulin and 
beta-globulin levels are raised. Urinalysis 
indicates the existence of nephrosis, but 
serum creatinine levels are normal. Derma¬ 
tologic examination fails to reveal the pres¬ 
ence of any of the usual infectious causes of 
dermatitis. 

NECROPSY FINDINGS 

The lesions are essentially those seen clini¬ 
cally. There is also evidence of severe toxemia, 
dehydration, emaciation, and hyperemia of 
all internal organs and disseminated intra¬ 
vascular coagulation. The necrosis of the oral 
epithelium extends into the esophagus and 
may reach the forestomaches. 


DIFFERENTIAL DIAGNOSIS 


The combination of extensive dermatitis and 
mucosal necrosis is unusual. Mucosal disease 
and bovine malignant catarrh may bear some 
resemblance, and there could be difficulty in 
differentiation in areas where the tick 
Hyalomma truncatum occurs. 


TREATMENT 

There is no specific treatment; efforts should 
be directed at relieving the severity of the 
dermatitis and mucosal loss. Nonsteroidal 


antiinflammatory drugs (NSAIDs) and 
broad-spectrum antibiotic cover is a logical 
regimen. Hyperimmune serum, produced in 
sheep and cattle by infesting them with Hya¬ 
lomma truncatum at 6-week intervals for 2 to 
5 occasions, is an effective treatment in pigs, 
sheep, and, to a less extent, calves. 

CONTROL 

Control is limited to control of the causative 
tick. No vaccine is available. Exposure to the 
strain of ticks for a period of about 72 hours 
confers a limited degree of immunity. 
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4-AMINOPYRIDINE TOXICOSIS 

4-aminopyridine is marketed as an avicide or 
bird repellant to control the overpopulation 
of “pest birds” that might destroy crops or 
damage aircraft, monuments, and other 
areas. It is a highly toxic, restricted-use 
pesticide marketed under the tradename 
Avitrol. Currently, it is available as treated 
whole corn, treated corn pieces, and mixed 
grains in 0.5% and 1% concentrations. 1 Inter¬ 
estingly, in 2010 the U.S. Food and Drug 
Administration (FDA) granted medical 
approval for the use of 4-aminopyridine in 
humans with multiple sclerosis. 2 

Poisoning in large animals is rare, with an 
animal poison center reporting a single cow 
case in a 10-year retrospective study. 2 In 
horses, reported clinical signs occurred 6 to 
8 hours after ingestion and included signs of 
fright, profuse sweating, severe convulsions, 
and fluttering of the third eyelid. Death 
occurred 2 hours after the onset of signs; the 
lethal dose was estimated at 2 to 3 mg/kg BW. 
In cattle, signs include anorexia, frequent 
passage of small amounts of feces, and tenes¬ 
mus, with some animals also showing tremor, 
ataxia, and erratic behavior, especially 
walking backward, with some sudden deaths. 

It is rapidly absorbed from the gastro¬ 
intestinal tract, metabolized in the liver, and 
excreted in the urine. 4-aminopyridine 
blocks specific voltage-gated potassium ion 
channels and increases the release of acetyl¬ 
choline at neuromuscular junctions and in 
the central nervous system. 2 ' 3 In toxic 
amounts, agitation, hyperactivity, and sei¬ 
zures occur. Death is from cardiac or respira¬ 
tory arrest. 

Treatment is primarily supportive and 
symptomatic and involves managing the 
airway and controlling CNS signs with seda¬ 
tives and/or anticonvulsants. 2,3 
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CADMIUM TOXICOSIS 

Cadmium is an environmental pollutant that 
may accumulate in plants and animals. 1 It 
contaminates the environment, especially the 
soil, when sewage sludge and rock phosphate 
are used as fertilizers. Other sources include 
industrial pollution from zinc smelters, 
mining wastes, coal combustion, and water 
from old zinc- or cadmium-sealed pipes. 2 

There is much interest in cadmium enter¬ 
ing the human food chain via animals used 
as food. The chances of cadmium accumulat¬ 
ing in lean meat are not very great because 
the levels of ingestion required to produce 
significant levels are so high that they would 
be associated with observable clinical illness. 
The kidney and liver accumulate cadmium 
far more readily than other tissues, and 
ingestion may be of concern. 2 4 

Accumulation in the kidneys is related to 
cadmium content in forage and soil ingested. 1 ' 
Horses may carry a higher body burden of 
cadmium than sheep, cattle, and pigs. 6 Con¬ 
centrations of cadmium in kidneys obtained 
from animals in rural Croatia showed the 
highest levels in horses (0.1029-47.4 mg/kg), 
which exceeded the maximum European 
Union levels for cadmium in the kidney by 
93%. In contrast, cattle exceeded the limit by 
14% and sheep by 16%. 6 In Belgium, cattle 
kidney cadmium levels were much higher 
(75% cadmium from contaminated areas; 
47% from rural areas); no equine kidneys 
were analyzed. 7 

Ingestion is the most common route of 
exposure in large animals, with absorption 
occurring in the intestinal tract. Once 
absorbed, cadmium is transported to the 
liver, where it induces and binds to metallo- 
thionein, forming an inert complex that 
decreases the toxic effects of cadmium on the 
liver. 3,6 The complex decreases biliary excre¬ 
tion of cadmium and increases retention of 
cadmium in cells, and it ultimately plays a 
role in the long half-life of cadmium in the 
body (10 to 25 years in human beings). 2 ’ 3,8,9 

Acute ingestion is rare in animals 
and in most cases result from accidental 
administrations of farm chemicals (e.g., a 
cadmium-containing fungicide). The target 
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organs in acute human ingestions are the 
lung, liver, kidney, and testes, with nephro¬ 
toxicity common. 2,9 

Chronic ingestion in animals is associ¬ 
ated with accumulation in tissues such as 
liver, kidney, lung, bone, testes, intestinal 
tract, skin, and blood. Chronic poisoning in 
cattle is associated with inappetence, weak¬ 
ness, loss of weight, poor hoof keratinization, 
dry brittle horns, matting of the hair, kerato¬ 
sis, and peeling of the skin. At necropsy there 
is hyperkeratosis of forestomach epithelium 
and degenerative changes in most organs. In 
cattle and sheep, cadmium levels in the feed 
greater than 50 mg/kg DM are associated 
with toxicity and large accumulations of 
cadmium in the kidney and liver. 3 Experi¬ 
mental poisoning of sheep is associated with 
anemia, nephropathy, and bone demineral¬ 
ization at a dose rate of 2.5 mg/kg body 
weight per day. Abortion, congenital defects, 
and stillbirths are also potential toxic out¬ 
comes. In young pigs, levels in the feed of 
50 mg/kg for 6 weeks reduce growth rate and 
are associated with an iron-responsive 
anemia. The most signs in horses are lame¬ 
ness and swollen joints with osteoporosis 
and nephrocalcinosis. 

There is currently no accepted treatment. 2 
Zinc and iron may play a protective role in 
liver and kidney accumulation. 3 Selenium in 
rats has had a protective effect on the liver 
and kidneys and may be beneficial in indi¬ 
vidual animals. 10,11 Chelating agents have 
been suggested in human beings, but there 
are no documented studies on which par¬ 
ticular one is effective. 3 
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CHROMIUM TOXICOSIS 

Chromium is most commonly found in two 
oxidation states: hexavalent and trivalent. 


Hexavalent chromium is a strong oxidizing 
agent that crosses biological membranes and 
is five times more toxic than trivalent 
chromium. 12 Toxicity from hexavalent 
chromium occurs primarily from inhalation 
or industrial contamination and trivalent 
chromium from ingestion or parenteral 
administration. 

Chromium is absorbed in the gastro¬ 
intestinal tract and transported in the blood 
to bone, spleen, liver, and kidney. 1 Excretion 
is primarily renal, with some biliary 
elimination. 

The use of protein concentrates prepared 
from tannery waste as an animal feed is not 
recommended because of the material’s high 
chromium content. 3 Trivalent chromium 
salts given orally to pigs at the rate of 0.5 to 
1.5 and at 3 mg/kg BW are associated with 
transient diarrhea. With the higher dosage 
there is also tremor, dyspnea, and anorexia. 
Toxicity from hexavalent chromium in oil 
fields has been associated with death in 
cattle, and dermal absorption of a strong oxi¬ 
dizing solution of chromium has been asso¬ 
ciated with death in a dairy herd. 
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COBALT TOXICOSIS 

Cobalt is an essential component of vitamin 
Bn (cobalamin). 1,2 Nonruminant animals are 
unable to synthesize vitamin B 12 and depend 
on a dietary source of cobalt; ruminants can 
synthesize it if enough cobalt is provided in 
the diet. 1 Poisoning from cobalt is unlikely to 
occur in domestic animals unless there are 
errors in feed mixing, contamination of feed 
or water supply, or deliberate overdosing. 

Absorption appears to be age dependent, 
with higher absorption in younger animals. 
Iron deficiency, in nonruminants, is associ¬ 
ated with a higher absorption of cobalt. 
Cobalt is excreted primarily in the urine, 
with a small amount of fecal excretion. 
Tissue concentrations are highest in the liver, 
followed by the kidney, pancreas, and heart. 2 

Poisoning with cobalt compounds is 
associated with anorexia, weight loss, rough 
hair coat, listlessness, and muscular incoor¬ 
dination. Toxic effects appear in calves at 
dose rates of about 40 to 55 mg of elemental 
cobalt per 50 kg BW per day. Sheep are much 
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less susceptible, ingesting 15 mg/kg BW of 
cobalt without apparent effect. Pigs tolerate 
up to 200 mg cobalt/kg of diet, but intakes of 
400 and 600 mg/kg are associated with 
growth depression, anorexia, stiffness of the 
legs, incoordination, and muscle tremors. 
Supplementation of the diet with methio¬ 
nine, or with additional iron, manganese, 
and zinc, alleviate the toxic effects. 
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PRIMARY COPPER TOXICOSIS 


SYNOPSIS 


Etiology Acute or chronic intake of copper. 

Epidemiology Sheep most susceptible, 

horses least. Significant differences in breed 
susceptibility. Copper originates from 
copper-rich soils, industrial contamination 
of pasture, agricultural chemicals, copper 
preparations used pharmaceutically, feed, 
and other sources. 

Pathogenesis Acute poisoning as a result of 
ingestion of a single large dose is 
associated with gastrointestinal tract 
mucosal necrosis and fatal shock. Acute 
injectable dosing or chronic oral intake is 
associated with hepatic necrosis and 
hemolytic anemia. 

Clinical pathology Chronic oral poisoning: 
very high liver copper levels, low packed 
cell volume (PCV), hemoglobinemia, 
hemoglobinuria. Liver enzyme activity and 
blood copper levels may or may not be 
elevated depending on when they are 
taken. 

Necropsy lesions 

Acute oral poisoning : severe gastroenteritis, 
bluish-green discoloration of mucosa and 
ingesta. 

Chronic oral poisoning : icterus, swollen liver, 
kidneys, spleen; high tissue levels of 
copper. 

Diagnostic confirmation High copper levels 
in tissues. 

Treatment Acute poisoning: supportive care; 
chronic poisoning: various dosages of 
sodium or ammonium molybdate in 
combination with thiosulfate; 
thiomolybdate; chelating agents 
(penicillamine, dimercaprol, calcium 
disodium EDTA). 

Control Removal from source, prophylactic 
administration of molybdate. 


ETIOLOGY 

Acute oral and injectable poisoning is associ¬ 
ated with a single large dose of copper. 
Chronic oral poisonings are associated with 
the accumulation of small amounts of copper 
over a long period of time. 1,2 In these 
instances, the amount of copper may exceed 
that required by the animal or be related to 
deficiencies in minerals such as molybde¬ 
num and sulfur. 2 

Causes of Acute Oral Poisoning 

• Accidental administration of soluble 
copper salts 

• Old copper-containing 
anthelmintics 

• Accidental ingestion of copper- 
containing substances 

• Copper sulfate foot baths, 
containers of copper algaecides or 
fungicides 

Causes of Acute Injectable Poisoning 

• Prophylactic injection of copper salts, 
especially soluble salts 

• Copper (as the diethylamine 
oxyquinoline sulfonate) at 
recommended dose rates has been 
associated with death in sheep. 

Causes of Chronic Oral Poisoning 

• Contamination of drinking water 

• Contamination of plants with fungicidal 
sprays 3 

• Copper containing boluses, pastes, 
needles, or wires placed in the rumen/ 
reticulum 4 

• Feeding seed grain treated with 
copper-containing antifungal agents 

• Feeding mineral or salt licks or 
mixtures containing excessive amounts 
of copper 

• Grazing pasture contaminated by 
smelter fumes 5 or by drippings from 
overhead power cables made of copper 
but corroded by the constituents of an 
industrially polluted area 

• Grazing pasture growing on soils rich in 
copper 

• Grazing pasture too soon after it has 
been top-dressed with the following: 

• Copper salts to correct a mineral 
deficiency in the soil 

• Poultry manure or dried chicken 
waste when the birds have been fed 
on a copper-rich diet 6 

• Pig slurry or dried pig wastes when 
the pigs have been fed on a copper- 
enriched ration as a growth 
supplement' 

• Mineral or salt mixes containing copper 
ingested by salt-hungry livestock 

• Miscellaneous sources of copper causing 
poisoning—palm oil cake and lumber 
treated with arsenic, copper, and 
chromium 

• Overfeeding of copper-enriched 
concentrate rations 


EPIDEMIOLOGY 

Occurrence 

Sporadic outbreaks of primary copper poi¬ 
soning occur in many species and in many 
different countries. Toxicosis occurs far more 
often in ruminants, especially sheep, than in 
nonruminants. Poisoning in sheep is com¬ 
monly reported in countries such as Austra¬ 
lia, Brazil, New Zealand, South Africa, and 
the United States. 1 ' 8 Cattle, buffalo, and goats 
are also affected, although reports are more 
sporadic. 2 810 The morbidity rate is often low, 
but the mortality rate is high/’ 

There is a great deal of published anec¬ 
dotal evidence about the amount of copper 
fed to specific species that has been asso¬ 
ciated with illness or deaths but almost 
no evidence of MD 50 or LD 50 The fol¬ 
lowing toxic dose rates are provided as a 
rough guide. 

Sheep 

• Acute: Single oral doses of 9 to 20 mg 
copper/kg BW; 2 some references provide 
a range of 20 to 100 mg copper/kg BW. 3 

• Chronic: Daily intakes of 3.5 mg 
copper/kg BW, 25 ppm being the 
maximum tolerated concentration in the 
feed. 3 Even lower concentrations 

(15 ppm) may poison sheep if adequate 
molybdenum and sulfate are not present 
in the diet. 

Calves (Preruminant) 

Toxic doses are similar to those for sheep. 2 

Cattle 

• Acute: 200 mg copper/kg BW 2 (up to 
800 mg/kg BW) 

• Chronic: varies considerably depending 
on the breed 

Goats 

No data are available. 

Horses 

• Acute: 125 mg copper solution/kg BW; 
signs did not occur when similar 
amount added to feed. 2 

• Chronic: Relatively resistant; 791 mg 
copper/kg BW x 6 months resulted 
in no signs, but a liver copper 
concentration greater than 3000 mg/kg 
DM. 2 

Swine 

• Acute: No data but considered relatively 
resistant 

• Chronic: 200 mg copper/kg BW 
stimulates growth in weanling pigs; 

500 mg copper/kg BW resulted in 
reduced growth and death. 2 

None of these data on toxic intakes come 
with information on competing and con¬ 
tributory dietary factors such as sulfate, 
molybdenum, and zinc, and these are critical 
in determining the toxic effects of the copper 
intake. 












Risk Factors 
Animal Risk Factors 

Many deaths attributable to copper poison¬ 
ing are followed by deaths from general 
debility in sheep in poor condition. Dairy 
cows, especially those lactating at the time, 
fail to produce well, and special care is 
needed to bring them back to full produc¬ 
tion. Younger animals, especially calves, are 
more likely to be poisoned as a result of an 
increase in copper absorption. 2 

Species Susceptibility 
Ruminants, especially young ruminants, are 
more susceptible than nonruminants. Preru¬ 
minant calves appear to mirror the suscepti¬ 
bility of sheep. Sheep are the most susceptible 
species, with some species tolerating as little 
as 9 mg/kg BW; they are different from other 
species in the way in which copper is handled. 
As ingestion increases, sheep are unable to 
increase the amount of biliary excretion, and 
copper accumulates in the liver. Goats toler¬ 
ate higher amounts in their diets than sheep. 
Goats receiving 36 mg/kg DM for 88 days 
had higher liver concentrations of copper but 
no evidence of liver damage. Cattle will 
usually tolerate 100 ppm, 1 but lethal hemo¬ 
lysis has occurred in cattle fed a low-copper- 
level mineral supplement (38 mg/kg BW for 
lactating cows) for 2 years. Swine can tolerate 
and swine 250 ppm in their diets. 2 Horses are 
the least susceptible, with a tolerance to 
levels of 800 ppm in the diet. 

Breed Susceptibility 
Sheep. Scottish Blackface sheep appeared to 
be the least susceptible, followed by the 
Finnish Landrace, with intermediate suscep¬ 
tibility when fed moderate to high amounts 
of copper. 2 Texel sired lambs followed by 
Suffolk lambs were the most susceptible. 2 
North Ronaldsay sheep are reported to be 
the most copper sensitive of sheep and 
mammals in general. 11,12 These sheep nor¬ 
mally subsist on seaweed that has a very low 
content of copper and molybdenum. 12 When 
the sheep are fed on terrestrial herbage con¬ 
taining normal levels of copper and molyb¬ 
denum and high levels of zinc, they develop 
copper poisoning. 

Cattle. Angus cattle are much more 
susceptible than Charolais and Simmental. 
Jerseys may be more sensitive than Holstein 
cows. 2 

Environmental Factors 

Both acute and chronic copper poisoning 
occur under field conditions. Acute poison¬ 
ing usually occurs because of the accidental 
ingestion or administration of large quanti¬ 
ties of soluble copper salts, whereas chronic 
poisoning occurs principally as a result of 
ingesting feed containing or contaminated 
by copper derived from the soil or by its 
application to the diet as an agricultural 
chemical or feed supplement. 
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The toxicity of copper ingested in this 
manner is governed not only by the absolute 
amount of copper but also by the interaction 
of a number of factors, including the amount 
of molybdenum and sulfate present in the 
diet, the presence or absence of specific 
plants in the diet, and the level of protein in 
the diet. 1,2 In fact, either copper deficiency or 
copper poisoning can occur on soils with 
apparently normal copper levels, with the 
syndrome depending on the particular con¬ 
ditioning factors present. High molybdenum 
and sulfate levels in the rumen lead to the 
microbiological synthesis of nonabsorbable 
thiomolybdates, and a high-sulfate diet also 
leads to lower retention of copper in tissues. 

Other compounding factors exist. There 
is a competitive relationship between copper 
and zinc in the internal metabolism of rumi¬ 
nants, with a high level of zinc in the diet 
reducing the intake of copper. Reduction in 
rumen protozoa results in an increased sus¬ 
ceptibility to copper, as does the use of iono- 
phores such as monensin. 2 Sheep on a 
selenium-deficient diet and with low blood 
levels of glutathione peroxidase are more 
susceptible to chronic copper poisoning. 
Some sheep are conditioned by inheritance 
to have low blood glutathione levels in spite 
of a normal dietary intake of selenium. They 
also have low glutathione peroxidase blood 
levels and may be more susceptible for this 
reason. 

PATHOGENESIS 

Toxicokinetics vary depending on the gastro¬ 
intestinal tract. In nonruminant animals, 
including preruminant calves and lambs, 
absorption occurs primarily in the small 
intestine. Absorption in ruminant animals is 
low, primarily as a result of the relationship 
between molybdenum and sulfur in the 
rumen. In the intestinal mucosa, a portion is 
bound to metallothionein and eventually 
excreted in the feces. The remainder is bound 
to albumin and transcuprin in the blood and 
transported to the liver. Once in the liver, 
copper can be stored, incorporated into 
ceruloplasmin for use, or excreted in the 
bile. 1,2 Very little renal excretion occurs. The 
liver has the highest concentration of copper, 
followed by the kidney and brain. 2,13,14 

Acute exposure to soluble copper salts in 
high concentrations is associated with 
intense irritation of the gastrointestinal 
mucosa, blue-green discoloration of the 
feces and mucosa, and profound shock. 
Severe intravascular hemolysis occurs if the 
animal survives long enough. Free copper 
acts as a protein coagulant, binding to pro¬ 
teins and forming a reactive oxygen species. 1,2 

When excessive amounts of copper are 
injected the response is rapid, and animals 
begin to die the next day, with peak mortality 
about the third day after dosing. 13 Early 
deaths appear to be attributable to severe 
hepatic insufficiency and later deaths to renal 
tubular necrosis. 


Chronic poisoning occurs when inges¬ 
tion overwhelms biliary excretion. The fre¬ 
quent ingestion of small amounts produces 
no ill-effects while copper accumulates in the 
liver and to a less extent, the kidney. This is 
generally referred to as the “prehemolytic 
phase.” 1,2 When maximum hepatic levels are 
reached, often after periods of exposure as 
long as 6 months, copper is released from the 
liver into the bloodstream, and the animal 
dies of acute intravascular hemolysis. This 
phase is generally referred to as the “hemo¬ 
lytic phase.” 1,2 The production of superoxide 
radicals that damage erythrocyte membranes 
may be responsible for hemolysis. One of the 
dangers of cumulative copper poisoning is 
that the animal shows normal health until 
the hemolytic crisis, when it becomes acutely 
ill and dies very quickly. Death is ascribed to 
acute hemolytic anemia and hemoglobinuric 
nephrosis. 

The liberation of the hepatic copper is not 
well understood, but the favored hypothesis 
is that the accumulation of copper ions in the 
liver cells is associated with the accumula¬ 
tion of electron-dense lysozymes in the 
hepatocytes and hepatic necrosis. Various 
stresses, including a fall in plane of nutrition, 
traveling, and lactation, are thought to pre¬ 
cipitate the liberation. 2,3 Complex mecha¬ 
nisms relating to disorders of cell membranes; 
a marked change in hemoglobin composi¬ 
tion, including the development of methe¬ 
moglobinemia; and an increase in the 
oxidative status of the sheep are described as 
occurring during the critical stages. 3 Liver- 
specific enzymes may appear in the serum 
beginning a few days or weeks before the 
hemolytic stage. Severe hepatic necrosis 
occurs at the time of the hemolytic crisis. 

CLINICAL FINDINGS 
Acute Intoxication 

Acute toxicosis from ingestion or injection of 
large amounts of copper salts is rare. Clinical 
signs present after ingestion include severe 
gastroenteritis accompanied by salivation, 
abdominal pain, dehydration, diarrhea, and 
vomiting in those species that are able to. The 
feces and vomitus are mucoid with a charac¬ 
teristic blue-green color. Shock with a fall in 
body temperature and an increase in heart 
rate is followed by collapse and death, usually 
within 24 hours. 1,2 If the animal survives for 
a longer period, dysentery and jaundice 
become apparent. Horses receiving an oral 
solution of copper sulfate (125 mg/kg BW) 
developed gastroenteritis, hemolysis, and 
liver and kidney damage, and they died 
within 2 weeks. Interestingly, horses receiv¬ 
ing a similar amount in the feed did not 
develop any signs of poisoning. 2 

Poisoning associated with the injection of 
copper salts is manifested by anorexia, 
depression, and dehydration. Ascites, hydro¬ 
thorax, hydropericardium, hemoglobinuria, 
and massive hemorrhages, tachypnea, head¬ 
pressing, opisthotonos, aimless wandering, 
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circling, and ataxia are reported in calves 
surviving for 3 or more days. 1,13 Lambs simi¬ 
larly poisoned die within 24 hours of 
injection. 

Chronic Intoxication 

In ruminants, anorexia, thirst, hemoglobin¬ 
uria, pallor, and jaundice appear suddenly. 
There is no disturbance of alimentary tract 
function. 13,8 Depression is profound, and the 
animal usually dies 24 to 48 hours after the 
appearance of signs. A herd of affected lactat- 
ing dairy goats did not show hemolysis but 
rather anorexia, recumbency, and neurologic 
signs, whereas adult Boer goats developed 
hemolysis and hemoglobinuric nephrosis. 9,10 
In pigs, signs of illness are uncommon, with 
most pigs being found dead without pre¬ 
monitory signs, although dullness, anorexia, 
poor weight gain, melena, weakness, pallor, 
hyperesthesia, and muscle tremor may be 
observed occasionally. 

CLINICAL PATHOLOGY 
Acute Ingestion 

In acute intoxications, hepatic enzymes may 
not rise for a few days. Fecal examination 
may show large amounts (8000 to 10,000 mg/ 
kg) of copper. 

Chronic Ingestion 

Serum enzyme activity (aspartate amino¬ 
transferase [AST], y-glutamyltransferase 
[GGT], sorbitol dehydrogenase [SDH]) may 
be increased just before the hemolytic 
episode. The hepatic enzymes GGT and AST 
were determined in one experimental study 
to be the best enzymes to assess copper load 
in sheep during the prehemolytic phase. 
GGT activity increases were evident 28 days 
before the hemolytic crisis, and AST activity 
increased from 14 days before onset of acute 
copper toxicosis. In one small study, GGT 
and AST were predictive indicators of hepatic 
accumulation in cattle, whereas only GGT 
was predictive in buffalo. 1 ’ 

Other laboratory abnormalities are con¬ 
sistent with hemolysis and renal damage. The 
packed cell volume decreases sharply with 
the onset of hemolysis. Hemoglobinemia 
and hemoglobinuria may be present, and 
elevations in blood urea nitrogen and creati¬ 
nine indicate renal compromise. 

Levels of copper in the liver are markedly 
increased in chronic copper poisoning. Liver 
biopsy is the best diagnostic technique and 
serves a most useful purpose in the detection 
of chronic copper poisoning because blood 
levels do not raise appreciably until the 
hemolytic crisis occurs before death. 1,6 
Because of the greater concentration of 
copper in the caudate lobe compared with 
other parts of the liver, an autopsy specimen 
will give the most reliable results. 

Blood levels of copper during the hemo¬ 
lytic crisis are usually of the order of 78 
to 114 jimol/L (4.9 to 7.2 ppm), compared 
with about 15.7 pmol/L (1 ppm) in normal 


animals. Normal liver levels of less than 
5.5 mmol/kg dry matter (349 ppm) rise to 
above 15.7 mmol/kg (997 ppm) in the latter 
stages of chronic copper poisoning in sheep, 
to 95 mmol/kg in pigs, and to 30 mmol/kg 
in calves. In sheep, liver values greater than 
7.85 mmol/kg and kidney values of greater 
than 1.25 to 1.57 mmol/kg dry matter are 
diagnostic. After a massive single dose, it is 
important to include kidney among speci¬ 
mens submitted for copper assay because 
levels may be high (more than 25 mg/kg dry 
matter), whereas liver copper levels have not 
yet risen. When comparing normal and toxic 
values, it should be remembered whether 
results are expressed as dry weight basis or 
wet weight basis. Assuming approximately 
20% dry matter in tissue, a wet weight value 
of 1.5 ppm copper is actually 7.5 ppm on a 
dry weight basis, comparable to the toxic 
range reported previously for blood. Thus a 
commonly observed toxic value of 200 ppm 
copper in liver (wet weight basis) would 
be reported as 1000 ppm copper on a dry 
weight basis. 

NECROPSY FINDINGS 
Acute Intoxication 

Acute copper poisoning via oral exposure is 
uncommon in ruminants, but gross changes 
include severe gastroenteritis with erosion 
and ulceration, particularly in the aboma¬ 
sum. Macroscopic changes in calves poi¬ 
soned by injected solutions of copper salts 
include hepatomegaly with an enhanced 
zonal pattern and massive fluid accumula¬ 
tions in body cavities. Characteristic micro¬ 
scopic findings in such acute copper toxicoses 
include extensive periacinar hepatic necrosis 
and a variable amount of renal tubular 
nephrosis. 

Chronic Intoxication 

In chronic copper poisoning, jaundice and 
hemoglobinuria are usually but not always 
present. The liver is swollen and yellow and 
may contain hemorrhagic foci. The spleen is 
enlarged, with a soft pulp; the kidneys are 
swollen and have a dark, gunmetal color. 
The hemolytic crisis typical of ovine copper 
toxicosis results in massive acute hepato¬ 
cellular necrosis, which masks most of the 
chronic hepatic damage. These changes 
include hepatocellular vacuolation and 
degeneration, increased single-cell necrosis 
of hepatocytes, a variable amount of peri¬ 
portal fibrosis, and proliferation of cholan- 
giolar cells. These chronic lesions are more 
easily identified in cattle suffering from 
copper poisoning. Granular casts are often 
present in the renal tubules, especially in 
affected sheep. The brain in affected sheep 
may have focal areas of gliosis in the cerebral 
cortex and white-matter areas. 14 Hemosid¬ 
erin deposits are increased in the liver and 
spleen. Details of the critical copper levels of 
tissues are provided in the clinical pathology 
discussion. 


Although the lesions described previ¬ 
ously do occur in some outbreaks of the 
disease in pigs, they are not as pronounced 
as in ruminants, and they are often accom¬ 
panied by pulmonary edema and by severe 
hemorrhage from ulcers in the pars esopha- 
gea or large intestine. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—5 mL blood; 50 g liver, 
kidney; 100 g stomach content; 500 g 
suspect feed (ASSAY [Cu]) 

• Histology—formalin-fixed liver, kidney, 
abomasum, spleen (light microscopy) 
Diagnostic confirmation is by demon 

stration of high blood and liver levels of 
copper plus histologic evidence of liver 
damage. The history and the examination of 
feedstuffs and pastures are valuable aids in 
determining the cause. 


DIFFERENTIAL DIAGNOSIS 


Differential list: 

Acute Intoxication: 

The differential diagnosis list for acute copper 
poisoning includes other associations with 
gastroenteritis. Copper poisoning can usually 
be identified by the bluish-green color of the 
ingesta or feces. 

Chronic Intoxication: 

Acute hemolytic diseases that may be 
mistaken for chronic copper poisoning include 
the following: 

• Babesiosis 

• Bacillary hemoglobinuria 

• Equine infectious anemia 

• Leptospirosis 

• Nitrate/nitrate poisoning 

• Plant poisoning including allium and 
S-methylcysteine sulphoxide (SMCO) in 
rape, kale 

• Postparturient hemoglobinuria 

• Red maple (Acer rubrum) toxicosis 
(horses) 


TREATMENT 

In acute poisoning, treatment is primarily 
symptomatic and supportive. Intravenous 
fluids, gastrointestinal protectants, and 
nonsteroidal antiinflammatory drugs may 
be used for dehydration, gastrointestinal 
pain, and shock. Blood transfusions may be 
indicated in individual animals with hemo¬ 
lysis and a rapidly falling packed cell 
volume. 

Chelation may be useful in chronic toxi¬ 
cosis in small herds or individual animals. 
Common chelating agents used in the treat¬ 
ment of human copper toxicosis include 
penicillamine, dimercaprol, and calcium 
disodium EDTA. 16 Penicillamine has been 
used successfully in goats (50 mg/kg PO 
q24h x 7 days), but the cost may limit its use 
in herd situations. 9 Intravenous calcium 
disodium edetate (70 mg/kg BW x 2 days) 
has been used in calves. 









There are a number of dosage recom¬ 
mendations for ammonium molybdate and 
sodium thiosulfate. For chronic copper 
poisoning, daily oral treatment of lambs 
with 100 mg ammonium molybdate and 
1 g anhydrous sodium thiosulfate signifi¬ 
cantly reduced the copper content of tissues 
and appears to prevent deaths in lambs 
known to have toxic amounts of copper. In 
a herd of goats, 300 mg ammonium molyb¬ 
date (300 mg PO q24h) and sodium thio¬ 
sulfate (300 mg PO q24h) for 3 weeks has 
been used. 9 Ammonium tetrathiomolybdate 
(1.7 mg/kg IV or 3.4 mg/kg SQ every other 
day for 3 doses) or (2-15 mg/kg IV q24h X 
3-6 days) has been recommended for use in 
food animals and sheep. 1 Different coun¬ 
tries may have particular restrictions on the 
form of molybdenum approved for use, so 
locally available approved therapy should be 
determined. 

CONTROL 

With chronic intoxication, the provision of 
additional molybdenum in the diet as 
described under the control of phytogenous 
chronic copper poisoning should be effective 
as a preventive measure. Ferrous sulfide is 
effective, but difficulty is usually encountered 
in getting the animals to eat it. In pigs and 
sheep, the administration of iron and zinc 
reduces the risk of copper poisoning in diets 
supplemented by this element, and a diet 
high in calcium encourages the development 
of copper poisoning, probably by creating a 
secondary zinc deficiency. A lick that con¬ 
tains dicalcium phosphate, sulfur, and zinc 
sulfate has been used as a prophylactic. 
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TOXICOSIS FROM DRIED 
POULTRY WASTES 

Feeding dried poultry wastes to ruminants 
provides them with a source of nitrogen 
and gets rid of the chicken farmer’s dis¬ 
posal problem. However, deleterious effects 
include the following: 

• Copper poisoning when the chickens 
are fed on diets supplemented with 
copper 

• Estrogen poisoning when the chickens 
are fed on estrogen-supplemented diets 

• An unidentified problem arises of 
hepatic necrosis, hypoalbuminemia, and 
ascites in lambs fed large amounts of 
poultry waste from hen batteries. 

• Litter from broiler houses is associated 
with renal damage but not to the point 
of causing mortality. 

• Botulism 

TOXICOSIS FROM DEFOLIANTS 

Substances used to remove the leaves from 
plants to facilitate harvesting of seed may 
represent a toxic hazard if the residual stalks 
are fed to livestock or if the animals gain 
access to concentrated product. 

• Monochloroacetate sodium (SMCA) is 
commonly used for this purpose. It is 
unlikely to cause poisoning unless very 
large quantities of the stalks are fed or if 
animals have access to the concentrated 
defoliants. Toxic signs in cattle include 
diarrhea, colic, muscular tremor, stiff 
gait, ataxia, and dyspnea. Terminally 
there may be convulsions, 
hyperexcitability, and aggressiveness. 

The course is short, with most animals 
dying within a few hours. 

• Trialkyl phosphorothioates (Merphos 
and DEF), organophosphorus 
compounds used as a defoliant for 
cotton plants, produce typical signs of 
organophosphorus poisoning. 

• Thidiazuron (TDZ), a cotton defoliant, 
appears to be nontoxic to animals, but it 
may enter the human food chain via 
goat’s milk and chicken eggs. 
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TOXICOSIS FROM FUNGICIDES 

• Zinc ethylene dithiocarbonate (zineb) 
may be associated with thyroid 
hyperplasia and hypofunction, 
degeneration of myocardium and 
skeletal muscle, testicular weight 
reduction, and germ cell depletion. 

• Thiram (tetramethyl thiuram sulfide) is 
a widely used agricultural fungicide that 
is associated with conjunctivitis, rhinitis, 
and bronchitis on local contact; it is 
thought to be associated with abortion 
in ewes on ingestion. It is a known 
teratogen, but no specific poisoning 
incidents have been recorded in large 
animals. In birds, ingestion of 
contaminated poultry feed caused soft 
eggshells, depressed growth, and leg 
abnormalities. 1 

Fungistatic Agents 

• Hexachlorobenzene (HCB) is widely 
known because of its indestructibility 
and capacity to pass from grain through 
cattle and into humans. Legislation 
against chlorinated hydrocarbons being 
found in the human food chain is very 
harsh, and hexachlorobenzene is a 
prime target for public health 
veterinarians. Its specific toxicity is not 
high, although experimental poisoning 
in pigs is associated with incoordination, 
paresis, and other disorders of the 
central nervous system. 

Grain Fumigants 

• Grain treated by the fumigant 
dibromoethane is associated with 
mortality in sheep. The principal lesions 
are pulmonary edema, septal fibrosis, 
alveolar epithelialization, and pleural 
effusion. Death occurs 48 to 120 hours 
after exposure. 

• Methyl bromide is used for stored grain 
and as a soil fumigant. 

FURTHER READING 

Guitart R, Mateo R, Gutierrez JM, et al. An outbreak of 
thiram poisoning on Spanish poultry farms. Vet 
Hum Tox. 1996;38:287-288. 

Palmer JS. Tolerance of sheep to the organic-zinc 
fungicide, Zineb. J Am Vet Med Assoc. 
1963;143:994-995. 








2186 


Chapter 21 


Systemic and Multi-Organ Diseases 


Robinson GR, Wagstaff DJ, Colaianne JJ, et al. 

Experimental hexachlorophene intoxication in 
young swine. Am J Vet Res. 1975;36:1615-1617. 

REFERENCE 

1. Guitart R, et al. Vet J. 2010;183:249. 


TOXICOSIS FROM HERBICIDES 

Over 200 different substances have been 
used as herbicides; some of them are histori¬ 
cal and no longer manufactured. Herbicides 
vary widely in their composition, toxicity, 
associated toxicity, mechanism of action, 
and use. Associated toxicities include the 
following: 

• Arsenicals herbicides may also cause 
other signs of arsenic poisoning. 

• A hazard of the relatively safe organic 
compounds described here is their 
contamination by highly toxic ones as a 
result of faults in the manufacturing 
process (e.g., the dioxins that have been 
found to be significant contaminants of 
the 2,4,5-T chemical). Today, 
restrictions on registration and changes 
in the manufacturing process have 
drastically reduced contamination by 
dioxins. 

• Sodium chlorate, in addition to other 
signs, causes methemoglobinemia. 

• Some herbicides (e.g., glyphosate) 
increase the palatability of sprayed 
pasture more, creating their own toxicity 
hazard. 

• The phenoxy acid herbicides (2,4-D, 
2,4,5-T) can increase palatability of 
some plants after spraying and induce 
elevated nitrate concentration in plants 
for several days after spraying. 

BIPYRIDYL DERIVATIVES 

Paraquat and diquat, the two common her¬ 
bicides included in this classification, are 
poisonous by ingestion, inhalation, and 
dermal exposure. Paraquat is among the 
most toxic herbicides currently in use and is 
restricted in many developed countries; 
diquat is somewhat less toxic. Poisoning in 
large animals with a bipyridyl herbicide is 
unlikely to occur unless it is accidentally or 
maliciously administered. Cattle and sheep 
are more sensitive to bipyridyls than other 
species. The LD 50 of paraquat in cattle is 35 
to 50 mg/kg BW; in sheep, the LD 50 is 8 to 
10 mg/kg BW; and in pigs, 75 mg/kg BW. 
The LD 50 of diquat in cattle is 20 to 40 mg/ 
kg BW. 1 

Paraquat accumulates in the lungs, affect¬ 
ing the type I and II alveolar cells and Clara 
cells and resulting in acute alveolitis and 
chronic pulmonary fibrosis in many species. 2 
Paraquat is associated with fibrosing pneu¬ 
monitis in pigs, but this does not develop in 
sheep or cattle with fatal doses. A dose rate 
of 100 mg/kg BW is uniformly fatal in pigs, 
with signs of vomiting, diarrhea, and 
dyspnea. Those animals that survive long 


enough may develop acute renal failure. 
Other lesions include hepatic injury and 
mucosal damage. 3 

Diquat does not specifically affect the 
lungs, but rather the gastrointestinal tract, 
liver, and kidneys. Accidental poisoning of 
sheep as a result of contamination of pasture 
by diquat has been associated with wide¬ 
spread illness with signs of diarrhea and sig¬ 
nificant mortality. In cattle, accidental 
poisoning with diquat has been associated 
with fatal abomasitis and enteritis, hepatic 
and myocardial degeneration, and pulmo¬ 
nary emphysema. 

CARBAMATES, THIOCARBAMATES, 
DITHIOCARBAMATES 

Herbicides in this group include, among 
others, asulam, barban, di-allate, tri-allate, 
and metham sodium. In general, these her¬ 
bicides are safe when used in low concentra¬ 
tions. Repeated small doses are associated 
with marked alopecia. 4 Barban is toxic at 
doses of 25 mg/kg BW in cattle. Di-allate is 
toxic to ruminants, with anorexia, ataxia, 
and exhaustion reported as common signs. 1 
The toxic dose of di-allate in cattle and sheep 
is 25 mg/kg BW for 5 days or 50 mg/kg BW 
for 3 days. 1 Tri-allate is associated with severe 
illness and sporadic death after single oral 
doses of 300 mg/kg BW in sheep and 800 mg/ 
kg BW in pigs. Salivation, bradycardia, vom¬ 
iting, muscular weakness, dyspnea, tremor, 
and convulsions are followed by death in 2 
to 3 days. It is also toxic when continuously 
given in small amounts. 

DINITROPHENOL COMPOUNDS 

Dinitrophenol (DNP) and Dinitro- 
orthocresol (DNOC) are the most common 
members of this group. Dinoseb, now rarely 
used, is a highly toxic DNP. Dinitrophenols 
are hazardous to all species; doses of 25 to 
50 mg/kg BW are usually toxic, but much 
smaller doses produce toxicity when envi¬ 
ronmental temperatures are high. The toxic 
dose range in cattle is 2 to 50 mg/kg BW. 1 

Animals can be poisoned accidentally 
by inhalation, ingestion, or percutaneous 
absorption of these compounds, which have 
the effect of uncoupling oxidative phosphor¬ 
ylation and increasing the basal metabolic 
rate. 5 Poisoning is manifested by an acute 
onset of restlessness, sweating, deep and 
rapid respiration, hyperthermia, and col¬ 
lapse. In ruminants, but not in nonrumi¬ 
nants, the metabolites of these compounds 
are associated with intravascular hemolysis, 
methemoglobinemia, and hypoproteinemia. 
Death may occur 24 to 48 hours later. 

INORGANIC HERBICIDES 

Sodium chlorate, sodium borate or borax, 
ammonium sulfamate, and several arsenical 
products have historically been used as her¬ 
bicides. For the most part they have been 
replaced by newer preparations. Sodium 
chlorate, although banned as an herbicide in 


several countries, 6 has been studied in sheep, 
cattle, and pigs as means of decreasing the 
fecal shedding of E. coli and other gastro¬ 
intestinal pathogens. 7 ' 10 

Sodium Chlorate 

Animals seldom ingest sufficient sprayed 
plant material to produce clinical illness, and 
the principal danger is from accidental 
dosing or permitting salt-hungry cattle to 
have access to the chemical. The lethal oral 
dose is 2 to 2.5 g/kg BW for sheep, 0.5 g/kg 
for cattle, and 3.5 g/kg for dogs. Irritation of 
the alimentary tract is associated with 
diarrhea and deep, black erosions of the 
abomasal and duodenal mucosae. Hemoglo¬ 
binuria, anemia, and methemoglobinemia 
result, and somnolence and dyspnea are 
characteristic. At necropsy, the blood, 
muscles, and viscera are very dark. No spe¬ 
cific treatment is available. Sodium thiosul¬ 
fate and methylene blue are used in treatment 
but have little effect; copious blood transfu¬ 
sions have been recommended. 

ORGANOPHOSPHORUS 

COMPOUNDS 

Glyphosate and glufosinate, both organo- 
phosphorus compounds, are herbicides reg¬ 
ularly used in many countries. 11,12 The acute 
oral toxicity is low; dermal, ophthalmic, and 
respiratory irritation can occur from expo¬ 
sure to wet product. Glufosinate is slightly 
more toxic than glyphosate, and the surfac¬ 
tant used in ammonium formulation has 
been implicated in human poisonings. 1 

PHENOXY ACID DERIVATIVES 

Substances found in this group are among the 
most extensively used herbicides, with 2,4-D 
(2,4-dichlorophenoxyacetic acid) and others 
commercially available since the mid-1940s. 
Common phenoxy acid derivatives include 
2,4-D, 2,4-DB, 2,4,5-T, dalapon, 2,4-DP 
(dichloprop), MCPP (mecoprop), MCPA, 
and silvex. As a group, low doses are relatively 
safe; ingestion of higher doses results in 
gastrointestinal and nervous system signs. 1 
Silvex, MCPA, 2,4-D, and 2,4,5-T are non¬ 
toxic in the concentrations used on crops and 
pasture, but dosing with 300 to 1000 mg/kg 
as a single dose is associated with deaths in 
50% of cattle. They have also been tentatively 
linked with the high prevalence of small 
intestinal carcinomas in sheep 

Ingestion of 2,4-D at doses between 150 
and 188 mg/kg BW is fatal to adult cows and 
at 10 mg/kg BW for sheep. Reversible toxic 
effects are produced with single doses in 
calves with doses of 200 mg/kg and in pigs 
with 100 mg/kg. Repeated administration of 
50 mg/kg is toxic to pigs. In adult cows, signs 
include recumbency, ruminal stasis, saliva¬ 
tion, and tachycardia. In calves, the signs are 
dysphagia, tympanites, anorexia, and mus¬ 
cular weakness; in pigs, additional signs 
include incoordination, vomiting, and tran¬ 
sient diarrhea. Long-term administration to 
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pigs (500 ppm in the diet for 12 months) is 
associated with moderate degenerative 
changes in kidney and liver. Repeated dosing 
of sheep with silvex for about 30 days at 
150 mg/kg BW causes death. 

A commonly used mixture of 2,4-D, 
2,4,5-T and a brushwood killer, monoso¬ 
dium methyl arsenate, is very toxic by mouth 
or after application to the skin; signs include 
anorexia, diarrhea, weight loss, and death in 
most cases. 

TRIAZINES/TRIAZOLES 

Similar to phenoxy acid herbicides, triazine 
herbicides have been enjoyed widespread use 
for many years. Common herbicides include 
atrazine, cyanazine, propazine, prometone, 
simazine, and terbutryn. Atrazine and prom¬ 
etone appear to be nontoxic at usual levels of 
ingestion. Accidental poisoning of sheep 
with atrazine is associated with paralysis, 
exophthalmos, grinding of the teeth, diar¬ 
rhea, dyspnea, and tachycardia, and that of 
cattle is associated with salivation, tenesmus, 
stiff gait, and weakness. Experimental dosing 
of heifers with large doses of atrazine is asso¬ 
ciated with fatalities, but animals treated 
with activated charcoal have survived. 
Continuous access to simazine is associated 
with tremor, tetany and paraplegia, and a 
prancing gait with the head held against the 
chest. Death occurs after 2 to 4 days, and 
mild to moderate myocardiopathy is found 
at necropsy. 

Simazine and aminonitrazole in combi¬ 
nation have been associated with death in 
sheep and horses allowed access to pasture 
sprayed with the mixture. In sheep the signs 
are staggering, inappetence, and depression. 
In horses, colic is the prominent feature. 

UREAS/THIOUREAS 

Diuron, isoproturon, linuron, and tebuthi- 
uron are among the many herbicides found 
in this classification. With the exception of 
tebuthiuron, most of these herbicides are of 
low-order toxicity. The toxic dose of diuron 
in cattle is 100 mg/kg BW for 10 days, and in 
sheep it is 250 mg/kg BW or 100 mg/kg BW 
for 2 days. 1 The toxic dose of linuron in cattle 
is listed as 20 to 40 mg/kg BW. 1 Flumeturon 
toxicity in sheep results depression and 
drowsiness, dyspnea, salivation, mydriasis, 
teeth grinding, chewing movements, and 
incoordiation. 1 

OTHERS 

Triclopyr 

Triclopyr, a selective postemergence herbi¬ 
cide, is toxic to horses at five times the 
estimated maximum intake from herbage. It 
is associated with digestive and respiratory 
signs, ataxia, stiff gait, and occasional 
tremors. 

Delrad 

Delrad is an algicide historically used to 
control the growth of algae on ponds and 


other water reservoirs. Cattle and sheep are 
unharmed by the ingestion of water contain¬ 
ing 100 ppm of the compound. Dose rates of 
250 g/kg BW in adult cattle, 150 mg/kg BW 
in calves, and 500 mg/kg BW sheep are asso¬ 
ciated with toxic effects. 
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HYDROCARBON TOXICOSIS 
ETIOLOGY 

Crude oil coming directly from wells is 
usually repellent to animals, but they can 
consume lethal quantities if they are in salt- 
deficient and salt-hungry state. A character¬ 
istic of crude oil is that it is usually mixed 
with salty water, which is often left lying in 
ponds nearby. After extraction most crude 
oils are temporarily stored in installations 
where lead paint is available ,and thus 
salt and lead poisoning commonly occur 
with oil poisoning. Of the natural crude oils, 
those with the highest content of sulfur 
(“sour crude”) are most unpalatable and 
most toxic. 


Petroleum distillates, including diesel oil, 
lamp oil, kerosene, and gasoline, are all poi¬ 
sonous to animals. Cattle will drink all of 
them and appear to have a positive liking for 
some products, especially used sump oil and 
liquid paraffin (mineral oil). Among the 
commercial oil products, those with the 
highest content of volatile and inflammable 
components, especially naphtha and petrol 
(gasoline) fractions, are the most toxic. Gas¬ 
oline up to the level of 3 ppm in the drinking 
water does not appear to depress water 
intake or to interfere with growth perfor¬ 
mance of pigs. 

The additives used with gasoline, espe¬ 
cially lead, may also contribute to the 
poisoning. The introduction of lead-free 
gasoline has decreased this risk 
considerably. 1 

Other hydrocarbons or ingredients 
mixed with them are toxic as well. Toxic 
agents of all kinds can be encountered when 
reject sludge oil is available to animals. Chlo¬ 
rinated naphthalenes found in some older 
lubricants, greases, and oils can cause a 
severe hyperkeratosis in cattle similar to 
vitamin A deficiency. Methyl alcohol is 
used as antifreeze in gasoline engines for 
pumps working continuously on oilfields in 
cold regions. Accidental access to the pump 
enclosure may result in a poisoning 
incident. 

Accurate dose levels are difficult to deter¬ 
mine in field outbreaks. In experimental 
trials, crude oil at the rate of 37 mL/kg BW 
in a single dose or 123 mL/kg in 5 divided 
daily doses were poisonous to cattle. Kero¬ 
sene at 20 mL/kg BW as a single dose and 
62 mL/kg BW in 5 equal daily doses was poi¬ 
sonous. Tractor paraffin (kerosene) at a 
single dose rate of 13 mL/kg BW is associ¬ 
ated with severe illness and at 21 mL/kg was 
fatal to cattle. 

EPIDEMIOLOGY 

On farms access to tractor fuel (paraffin, 
gasoline, kerosene) is the most likely hazard. 
When highly chlorinated naphthalenes were 
used as lubricants, access to oil dumps could 
lead to clinical signs. Kerosene has an unwar¬ 
ranted reputation as a therapeutic agent for 
bloat and constipation, but it is unlikely to be 
given in amounts sufficient to be associated 
with more than slight illness, unless it is 
given repeatedly. 

PATHOGENESIS 

The early signs are thought to be attributable 
to regurgitation of the oil; aspiration of 
the oil, causing pneumonia; and absorption 
of the volatile components through the 
pulmonary mucosa, causing toxemia. The 
later signs are thought to be associated with 
the direct effect of the oil on the alimentary 
tract. 

Local application or ingestion of highly 
chlorinated naphthalenes to cattle produces 
hyperkeratosis characterized by thickening 
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and scaling of the skin, emaciation, and 
eventual death. The pathogenesis of the skin 
lesions is attributable to interference with the 
conversion of carotene to vitamin A, causing 
a syndrome similar to vitamin A deficiency. 
When poisoning results from accidental 
emission from industrial plants, there are 
additional signs as a result of ocular, nasal, 
and tracheobronchial irritation; infertility 
and abortion also occur. 

Accidental ingestion of methyl alcohol by 
cattle is associated with vomiting, recum¬ 
bency, death, and a high concentration of 
methyl alcohol in the ruminal contents. 

CLINICAL FINDINGS 
(OIL INGESTIONS) 

Natural Cases 

When large volumes of crude oil are con¬ 
sumed, signs of toxemia and incoordination 
occur; regurgitation (vomiting) and bloat 
may or may not occur. In terminal stages 
mydriasis, tachycardia, hyperpnea, and 
hyperthermia are evident. Death is rapid. 
The animals smell of oil, oil is often present 
on the skin around the mouth and anus, and 
oil is found in the feces. The feces are usually 
oily, often soft to semifluid, and frequently 
black if the crude oil has been ingested. With 
kerosene the feces are often dry and firm in 
the later stages, and the regurgitus may be in 
the form of gelatin-like cuds, smelling 
strongly of kerosene. Oil persists in the ali¬ 
mentary tract for long periods and may be 
found in the cud and feces and at postmor¬ 
tem as long as 16 days after ingestion. 
Animals that survive the acute toxic syn¬ 
drome eat poorly, lose weight, and die at 
variable periods from 16 to 36 days later. 
Recovered animals usually do so poorly after 
the incident that they are slaughtered after a 
history as long as 6 months. 

Experimental Cases 

Early signs include incoordination, shiver¬ 
ing, head-shaking, and mental confusion. 
Within 24 hours, anorexia, vomiting, and 
moderate to severe bloating occur. Experi¬ 
mental kerosene inhalation is associated 
with persistent severe intrapulmonary physi¬ 
ologic shunting, resulting in prolonged 
hypoxemia and acidemia and may account 
for the clinical disease in survivors. 

CLINICAL PATHOLOGY 

There are no specific clinicopathologic 
findings, but hypoglycemia, acetonemia, 
and transient hypomagnesemia are all 
recorded. 

NECROPSY FINDINGS 

In crude oil or kerosene poisoning aspiration 
pneumonia is recorded constantly in natu¬ 
rally occurring and experimentally produced 
cases. It is thought to be the result of vomit¬ 
ing and aspiration from the alimentary tract 
of already swallowed oil. In longstanding 
cases of bovine kerosene poisoning, the 


lungs are colored gray-blue and are enlarged 
and firm, but there are no significant histo¬ 
pathologic changes, nor are there any in the 
kidney or liver. Oil is present in the alimen¬ 
tary tract, and there may be thickening and 
inflammation of the alimentary mucosa. 
Degenerative changes in liver and kidney are 
recorded in some cases. 

TREATMENT 

No primary treatment is undertaken. Sup¬ 
portive treatment if the animal survives the 
initial acute phase should include an instilla¬ 
tion of fresh rumen contents from a healthy 
animal. 
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IRON TOXICOSIS 

Iron poisoning is uncommon in large 
animals, with sporadic case reports in cattle, 
goats, horses, and pigs. 1 The occurrence of a 
genetic iron storage disease is very rare but 
reported in Saler cattle. Young animals, such 
as piglets, absorb iron more efficiently than 
older ones. Toxicity can occur from excessive 
ingestion or parenteral administration of 
iron-containing supplements. Poisoning is 
most severe after intravenous administration 
followed by intramuscular or subcutaneous 
use and least with oral administration. 
Absorption is the rate-limiting factor for oral 
toxicosis, and intake must be high for sys¬ 
temic poisoning to occur. The toxicity associ¬ 
ated with iron occurs from generation of free 
radicals and peroxidation of lipid mem¬ 
branes. 1,2 Oral toxicity results in damage to 
the gastric mucosa, whereas systemic toxicity 
results in accumulation and damage to 
the liver and other tissues such as the 
myocardium. 

The extent of poisoning also varies with 
different iron-containing compounds and 
the presence of dietary substances. 2 ' 4 The 
most toxic compounds are those that contain 
a high proportion of their iron in an ionic, 
and therefore readily absorbable, form. High 
dietary levels of vitamin E, selenium, or 
calcium may reduce or modulate iron toxic¬ 
ity; simultaneously low levels of vitamin E 
or selenium may predispose to toxicity. 14 
Newborn piglets from vitamin-E-deficient 
sows showed signs of toxicity when injected 
with 100 mg or 200 mg iron dextran. In a 
recent study, day-old piglets with normal 
vitamin E and selenium levels receiving 100 


mg iron dextran injections had normal PCV 
values and iron liver levels close to normal, 
whereas those treated with 150 mg and 
200 mg had toxic levels of iron. 4 

Neonatal Pigs 

Neonatal pigs frequently receive oral or 
injected iron supplements after birth to 
prevent iron-deficiency anemia. Susceptibil¬ 
ity in piglets is attributable to low fetal iron 
stores, insufficient iron concentration in 
sow’s milk, large litter sizes, and rapid growth 
rate. Recent studies show that the duodenal 
transporters of iron are almost undetectable 
at birth, making oral absorption and toxicity 
less likely to occur. 2 

Two-day-old pigs are much more suscep¬ 
tible to the toxic effects of iron compounds 
than are 8-day-old pigs. A suggested reason 
for this age resistance is the older pigs’ better 
renal functional ability to excrete iron. 
Another possible reason is the greater mobi¬ 
lization of calcium by older pigs in response 
to iron administration. This mobilization, or 
calciphylaxis, can be great enough to result 
in deposition of calcium in damaged tissues 
or to cause death. This effect appears to be 
precipitated by simultaneous or immediately 
preceding (within 24 hours) injection of 
vitamin D , but the injection is not essential 
to it. The progeny of vitamin-E-deficient 
sows are most susceptible; the muscle cell 
membranes are damaged, and extensive 
biochemical changes result, including a 
great increase in extracellular potassium 
levels causing cardiac arrest and sudden 
death. 

Two different syndromes of poisoning 
occur. In peracute poisoning, death occurs 
within several minutes to an hour after injec¬ 
tion of an iron salt. Vomiting or diarrhea 
may occur before death, or piglets may be 
found dead with no other signs. The mecha¬ 
nism of action, although similar to anaphy¬ 
laxis, is unknown. In acute or subacute 
poisoning, death may not occur for 2 to 4 
days and is accompanied by gastrointestinal 
necrosis (if ingested), with vomiting, abdom¬ 
inal pain, depression, and coma. There is an 
additional possible damaging effect of iron 
injection in young pigs, the development of 
asymmetric hindquarters. In this condition 
there is asymmetry, but the muscles are 
normal in composition and appear to have 
asymmetric blood supplies. 

Foals/Horses 

Neonatal foals died soon after the oral 
administration of an oral supplement con¬ 
taining ferrous fumarate (16 mg/kg) or the 
iron compound alone. Naturally occurring 
and experimental cases pointed to acute 
hepatitis as the critical lesion and the iron 
compound as the cause. Depression, ataxia, 
recumbency, jaundice, nystagmus, and death 
occurred 1 to 5 days after administration. 
Foals were suspected of being more suscep¬ 
tible because of an age-related increase in 
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intestinal absorption and decreased iron¬ 
binding capacity. Postmortem lesions 
included hepatic cell necrosis with bile duct 
proliferation and periportal fibrosis. 

Deaths have occurred in adult horses 
within a few minutes of intramuscular injec¬ 
tion of iron compounds. Others have shown 
severe shock but recovered. Death, when it 
occurs, appears to be attributable to acute 
heart failure. Chronic iron poisoning may 
occur in horses receiving large amounts of 
iron-enriched supplements. 5 

Cattle 

Acute hepatitis and sudden deaths have 
occurred in 6- to 9-month-old bulls about 24 
hours after injection of an organic iron 
preparation. 
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TOXICOSIS FROM 
FEED ADDITIVES 

Many antibiotics, fungistats, vermicides, 
estrogens, arsenicals, urea, iodinated casein, 
and copper salts are added to prepared feed 
mixes to improve food utilization and hasten 
growth. Many of them are toxic if improperly 
used. Miscellaneous agents include ampro- 
lium, an antithiamine coccidiostat, which is 
associated with polioencephalomalacia in 
ruminants, and iodinated casein, which was 
used experimentally at one time to stimulate 
milk production in cows but is now associ¬ 
ated with cardiac irregularity, dyspnea, rest¬ 
lessness, and diarrhea in hot weather. Toxic 
additives described elsewhere in this book 
are arsanilic acid and copper compounds. 

BRONOPOL 

Bronopol (2 bromo-2-nitro-l, 3-propanediol) 
is used as a laboratory preservative for milk 
(e.g., in milk samples used for butterfat esti¬ 
mation). This milk is usually fed to calves or 
pigs and may be toxic on occasional feedings. 
Affected calves salivate, are depressed, col¬ 
lapse, and die within 24 hours of feeding. 
Necropsy lesions include severe necrotizing 
abomasitis and local peritonitis on the 
serosal surface of the abomasum. The oral 
LD 50 values of bronopol in large animals 


are not reported, but in male and female rats 
are 307 and 342 mg/kg body weight, 
respectively. 1 

CARBADOX 

Carbadox (mecadox, fortigro, getroxel), a 
member of the quinoxaline-di N oxide 
family, is used in pig feeds as a growth pro- 
motant and in the treatment of swine dysen¬ 
tery and other enteric diseases at the 
recommended rate of 50 mg/kg of feed/head 
per day. Toxic effects occur at rates of 
150 mg/kg. Two chemically related com¬ 
pounds, cyadox and olaquindox, are also 
toxic, but carbadox is more harmful than 
olaquindox, and cyadox is safe in dosages up 
to 400 ppm. Affected pigs refuse the ration 
but will eat other rations, are gaunt and ema¬ 
ciated, pass hard fecal pellets, and drink 
urine, and they have a long and rough coat, 
pale skin, severe tachycardia, weak hind¬ 
quarters, and a swaying walk, followed by 
knuckling of the hind fetlocks, posterior 
paralysis, and death in 8 to 9 days. 2 In the 
early stages the pigs screech frequently. Sows 
are agalactic and produce stillborn or weak, 
undersized piglets. 

Necropsy lesions are diagnostic, with 
extensive damage to the zona glomeru- 
losa of the adrenal gland accompanied by 
renal tubular necrosis. Both carbadox and 
olaquindox provided to pigs in the feed 
at 100 mg/kg for 6 weeks caused changes 
in the zona glomerulosa. 2 The resulting 
hypoaldosteronism is manifested by low 
serum sodium levels, elevated serum potas¬ 
sium (8 mmol/L), and elevated blood urea 
nitrogen levels. The condition is irrevers¬ 
ible, and the outcome is severe disability 
or death. 

PLURONICS 

These substances are administered to adult 
cattle in their feed as prevention against 
bloat. They are unpalatable and unlikely to 
be consumed in dangerous amounts unless 
they are well masked in feed. When they are 
fed accidentally to calves in their milk, 
they are associated with dyspnea, ruminal 
tympany, bellowing, protrusion of the 
tongue, nystagmus, opisthotonos, recum¬ 
bency, and convulsions. Death after 24 hours 
is the usual outcome. 

TIN POISONING 

Dibutyltin dilaurate (DBTD) is a coccidiostat 
fed to chickens in their feed. Errors in mixing 
may lead to cattle receiving toxic amounts in 
concentrates or pellets. Calves usually die 
acutely, with signs of tremors, convulsions, 
weakness, and diarrhea. Older animals 
usually suffer a chronic illness characterized 
by persistent diarrhea, severe weight loss, 
inappetence, polyuria, and depression, remi¬ 
niscent of arsenic poisoning. Affected 
animals may not be suitable for human con¬ 
sumption because of the high content of tin 
in their tissues. 
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TOXICOSIS FROM 
MISCELLANEOUS 
FARM CHEMICALS 

FORMALIN 

Formalin is used to preserve colostrum for 
calf feeding and in the preparation of 
formalin-treated grain. Milk containing too 
much formalin is associated with severe 
gastroenteritis and death in some calves 
that drink it. The clinical signs include 
salivation, abdominal pain, diarrhea, and 
recumbency. 

METHYL BROMIDE 

Soil fumigants used to prepare fields for 
planting may be associated with toxicity 
hazards in animals grazing them or in feed 
harvested from them. Methyl bromide has 
been associated with poisoning in horses, 
cattle, and goats when used in this manner 
but should soon be historical in nature. 
Because of depletion of the ozone layer, the 
use of methyl bromide was phased out in the 
United States in 2001, in developed countries 
in 2005, and in developing countries by 
2015. 1 Clinical signs in horses, cattle, and 
goats include ataxia, stumbling, and 
somnolence. 

POLYBROMINATED BIPHENYLS 

Polybrominated biphenyls (PBBs; hexabro- 
mobiphenyl, octabromobiphenyl, and deca- 
bromobiphenyl) were produced commercially 
as flame retardants beginning in 1970. They 
are not especially poisonous, nor are they a 
greater risk to farm animals, because of 
degree of exposure, than many other indus¬ 
trial chemicals, but they found their way into 
the cattle food chain in reported incidents in 
the United States. In 1973 to 1974, PBBs were 
accidentally mixed into various animal feeds, 
and over 9 million people were exposed to 
contaminated animal products, including 
eggs, meat, milk, and cheese. 2 Subsequent to 
that, the production of PBBs in the United 
States was voluntarily discontinued. Most of 
the animal losses attributable to contamina¬ 
tion with these compounds were a result of 
destruction of animals because they were 
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contaminated, and there was concern for 
adverse effects on humans who consumed 
them or their products. However, neither 
animals nor humans exposed to the PBBs 
showed any signs of illness at the time of 
exposure. 

The excretion of these compounds occurs 
principally in feces and urine, but as much 
as 25% of ingested substance may be present 
in the milk. They are lipotropic and accu¬ 
mulate in fat depots and the liver. These 
compounds pass into the placenta and are 
found in fetuses but appear to be associated 
with no health problems in the offspring. 
Attempts to hasten excretion have not 
produced a satisfactory method. Grazing 
wool sheep on contaminated ground may be 
an option for utilization of contaminated 
land. 

CLINICAL SIGNS 
Cattle 

Experimental dosing with 67 mg/kg BW 
daily for long periods is associated with poi¬ 
soning, but levels of 10 mg/kg BW are not 
toxic. Clinical signs of illness are anorexia, 
diarrhea, lacrimation, salivation, emaciation, 
dehydration, depression, and abortion. 
Similar signs plus extensive cutaneous 
hyperkeratosis occur in natural cases. Nec¬ 
ropsy lesions include mucoid enteritis, 
degenerative renal lesions in natural and 
experimental cases, hyperkeratosis in the 
glands, and epithelium of the eyelids. 

Pigs 

Experimental poisoning in pigs causes no ill- 
effects in sows, but high concentrations of 
PBBs develop in the sows milk, with death 
of some nursing pigs resulting. 

POLYBROMINATED 
DIPHENYL ETHERS 

Compounds in the polybrominated diphenyl 
ethers (PBDEs) group (pentaBDE, octaBDE, 
and decaBDE) are similar to the PBBs in 
physical and chemical structure and are still 
produced commercially as flame retardants 
for in use in consumer products. 2 In many 
countries, the unrestricted production and 
disposal has resulted in environmental con¬ 
tamination of the water, soil, air, and marine 
animals. 3 Two of the compounds, pentaBDE 
and octaBDE, have been voluntarily phased 
out, restricted, or banned in many countries, 
including the United States and the Euro¬ 
pean Union. Concentrations of PBDEs have 
been found in cows and goat’s milk, animal 
meats, fish, soil, and grass. 3 ' 9 

POLYCHLORINATED BIPHENYLS 

Polychlorinated biphenyls (PCBs) have a 
number of industrial uses and are common 
environmental contaminants. They are 
hydrophobic and lipophilic, accumulate in 
body fat, have low rates of biotransformation 
and excretion, and persist in animal tissues 
for long periods. Concentrations of PCBs, 


sometimes with seasonal variation, have 
been found in cow’s milk in countries where 
no known PCB production occurs. 6 ' 8 
Belgium, in 1999, experienced PCB, dioxin, 
and dibenzofuran contamination of poultry 
products, resulting in a precipitous drop in 
egg production, decreased weight gain, and 
increased chick mortality. 10 At postmortem, 
degenerative changes were found in the skel¬ 
etal and cardiac muscle. 

The presence of PCBs in animal tissues is 
likely to cause rejection of meat from the 
human food chain. Recorded damage refers 
to unidentified reproductive inefficiency and 
reduction in efficiency of food conversion 
and possibly hepatic hypertrophy and gastric 
erosion, but in the same species a positive 
growth-stimulating effect has also been 
recorded. Experimental poisoning of gnoto- 
biotic pigs has been associated with diarrhea, 
erythema of the nose and anus, distension of 
the abdomen, growth retardation, and, at 
doses of more than 25 mg/kg BW, coma and 
death. 

SODIUM FLUOROSILICATE 

Sodium fluorosilicate is white, odorless, and 
tasteless powder previously used as a poison 
in baits for crickets, grasshoppers, and other 
pests. For the past 30 years it has largely been 
banned, restricted, or otherwise removed 
from the market in most countries. The 
preparation as a bran-based pellet made it 
attractive to all animal species, and poison¬ 
ing has been recorded in cattle, sheep, and 
horses, usually because unused baits were 
not retrieved after baiting programs ended. 
In sheep, mild illness occurs after doses of 25 
to 50 mg/kg BW and death after 200 mg/kg. 
Clinical signs include drowsiness, anorexia, 
constipation, ruminal stasis, teeth grinding, 
abdominal pain, and diarrhea. 

SUPERPHOSPHATE FERTILIZERS 

Superphosphate fertilizer is the usual form in 
which phosphorus-rich fertilizers are applied 
to the soil and is therefore available to 
animals in most countries. It is made by a 
reaction that takes place when rock phos¬ 
phate is treated by sulfuric acid, and the end 
product generally contains phosphorus, 
calcium, sulfur, and fluoride. The fertilizer is 
also used to prepare “superjuice,” which in 
some countries is administered to cows as a 
phosphorus supplement. 

Higher-than-normal intakes of the fertil¬ 
izer either by dosing or by pasture applica¬ 
tion will cause poisoning, largely as a result 
of the fluoride present. 10 Calcium pyrophos¬ 
phate, calcium orthophosphate, or calcium 
sulfate can also contribute to the toxicosis, 
causing proximal renal tubular nephrosis. It 
is not highly palatable, but sheep will eat it 
when it is in “pill” form (small and granular, 
resembling grain in texture and particle 
size). Clinical signs of poisoning include 
anorexia, thirst, diarrhea, weakness, ataxia, 
and death in about 48 hours. The LD 50 


of superphosphate for sheep is 100 to 
300 mg/kg BW. 
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TOXICOSIS FROM 
SEED DRESSINGS 

Many poisoning incidents are caused by live¬ 
stock gaining access to seed that has been 
treated in some way. The more common ones 
are listed here, and each is dealt with under 
the heading of the toxic agent: 

• Grain treated with arsenic used to 
poison birds 

• Grain treated with highly toxic 
organophosphorus substances used to 
make baits for market garden pests 

• Bran mixed with metaldehyde for use as 
a snail bait 

• Grain to be used as seed that has been 
treated with a mercury-based fungistatic 
agent 

• Corn treated with 4-aminopyridine for 
use as a bird repellent 

Additional poisonous substances are grain 
fumigants and other fungistatic agents. 

TOXICOSIS FROM 
MISCELLANEOUS RODENTICIDES 

BROMETHALIN 

Bromethalin is a highly toxic, single-dose, 
restricted-use rodenticide registered in the 
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United States but not several other countries, 
including New Zealand and Europe. 1 Poison¬ 
ing in large animals is rare and primarily 
confined to ingestion of bait stations by 
young animals or accidental mixing in feed. 
The onset of action is slow, with signs appear¬ 
ing within 10 hours to a few days. Clinical 
signs are dose dependent and typically occur 
1 to 2 days after ingestion. 1 ' 2 Commonly 
reported signs in small animals are primarily 
related to the nervous system and include 
agitation or depression, hyperesthesia, sei¬ 
zures, coma, paresis, paralysis, and death. 2,3 

Bromethalin is a potent neurotoxin that 
is rapidly absorbed; widely distributed to the 
liver, fat, and the brain, where it crosses the 
blood-brain barrier; metabolized in the liver 
by N-demethylation; and excreted in the bile; 
it undergoes enterohepatic recirculation. 3 It 
acts by uncoupling mitochondrial oxidative 
phosphorylation in the central nervous 
system, decreasing the synthesis of ATP and 
the activity of N/K ATPase. 12 The end result 
is an increase in intracellular Na with loss of 
osmotic control, fluid within the myelin 
sheathes, increased pressure on nerve axons, 
increased cerebrospinal fluid pressure, and 
impairment of nerve conduction. 1 ' 3 Convul¬ 
sions, paralysis, and death occur. 

There is no antidote, and treatment is 
symptomatic and supportive. Treatment 
should include therapy for cerebral edema 
and seizure control. ’ Judicious use of intra¬ 
venous fluids is advised so cerebral edema 
does not become worse. 

CHOLECALCIFEROL (VITAMIN D 3 ) 

Cholecalciferol (vitamin D 3 ) is an active 
ingredient in several rodenticides used 
worldwide. 1 It is effective when used alone or 
added to other baits such as coumatetralyl (an 
anticoagulant rodenticide). 1 Anecdotally, 
poisoning has occurred in calves that ingested 
individual baits or in farm animals secondary 
to mixing errors in their feed. Toxicity and 
clinical signs vary widely between species, 
and there are few data available for large 
animals. In dogs, clinical signs begin about 12 
to 36 hours after a toxic ingestion and include 
vomiting, weakness, lethargy, melena, cardiac 
irregularities, seizures, and death. 4 

The mechanism of action is similar to 
other forms of vitamin D 3 poisoning in 
which cholecalciferol is first hydroxylated in 
the liver to 25-hydroxycholecalciferol and 
then modified in the kidney to form the bio¬ 
logically active 1,25-dihydroxycholecalciferol 
(calcitriol). 1,4 At toxic doses, calcitriol 
decreases calcium excretion by the kidneys 
and excessively increases intestinal calcium 
and phosphorus from the digestive tract, 
resulting in calcification of the cardiovascu¬ 
lar system (vessels), lungs, kidneys, and 
stomach lining. Renal failure secondary to 
mineralization generally occurs simultane¬ 
ously with the onset of clinical signs. 4 

Treatment is directed toward lowering the 
serum calcium concentrations, preventing 


renal compromise, and treating seizures. 
Intravenous fluids at rates higher than main¬ 
tenance should be used to increase urine 
production and promote excretion of 
calcium. Bisphosphonates are routinely used 
in small animal medicine to inhibit bone 
reabsorption and minimize hypercalcemia, 
but their cost may prohibit use in large 
animals. 4,5 

RED SQUILL (SEA ONION) 

Poisoning by red squill seldom occurs 
because the material is extremely unpalat¬ 
able and when eaten is usually vomited. In 
all species large doses (100 to 500 mg/kg 
BW) must be administered to produce toxic 
effects. Young calves are most susceptible, 
and goats are least susceptible. Experimental 
poisoning is associated with convulsions, 
gastritis, and bradycardia. 

PHOSPHIDES 

Zinc phosphide and, to a much lesser extent, 
aluminum phosphide are commonly used 
rodenticides; aluminum, calcium, and mag¬ 
nesium phosphides are used primarily as 
fumigants to protect grain during storage and 
transportation. 6 ' 7 In large animals, toxicosis 
occurs primarily from mixing errors or acci¬ 
dental exposure to treated or stored grain. 
Poisoning is less likely to occur in ruminants 
because an acidic stomach pH is important 
for phosphide hydrolysis. Clinical signs 
occur in most species within 15 minutes to 4 
hours of a toxic ingestion. 6 Vomiting and 
hematemesis (in those species that can 
vomit), abdominal distension, and abdomi¬ 
nal pain occur first and are rapidly followed 
by tachycardia, tachypnea, agitation, ataxia, 
and abnormal neurologic behavior. Sixty-six 
horses accidentally received aluminum 
phosphide-contaminated grain; of these, 29 
showed full body sweating, tachycardia, 
tachypnea, pyrexia, muscle tremors, seizures, 
and recumbency. 7 Hypoglycemia was present 
in all affected horses. The remaining 37 
horses were treated aggressively andremained 
asymptomatic. Signs occurred 14 hours after 
ingestion of the contaminated grain; despite 
treatment, death occurred in 27 horses.' 

The overall toxicity of phosphides is 
attributable to the generation of phosphine 
gas. In the stomach, zinc phosphides (or 
those of other metals) are hydrolyzed to form 
phosphine gas and zinc hydroxide. 8 Phos¬ 
phine gas rapidly enters the blood and is 
widely distributed to the lungs, liver, kidney, 
and other organs. 1,6,8 Inhaled phosphine gas 
crosses the respiratory epithelium. The 
precise mechanism of toxicity from phos¬ 
phine gas is unknown but was originally 
thought to be related to inhibition of cyto¬ 
chrome c oxidase. 6 More recent findings 
suggest that phosphine has an inhibitory 
effect on oxidative respiration and forms 
highly reactive free radicals. 6,7 The overall 
effect is a combination of local corrosive 
effects in the gastrointestinal tract and circu¬ 


latory collapse. Death occurs from pulmo¬ 
nary edema or cardiac arrest. 

There is no antidote, and treatment is 
symptomatic and supportive. Blood glucose 
concentrations should be monitored and 
treated appropriately. In asymptomatic cases, 
gastric lavage followed by activated charcoal 
or a di-tri-octahedral smectite has been used 
successfully.' 

Necropsy lesions present in a horse 
ingesting zinc phosphide were congestion 
and hemorrhages in all organs; pulmonary 
edema; fatty degeneration of the liver; con¬ 
gestion of the lungs, kidney, and spleen; and 
hyperemia of the gastrointestinal mucosa. 
Common lesions in those horses dying from 
aluminum phosphide-contaminated grain 
included petechial and ecchymotic hemor¬ 
rhages in the mesentery, epicardium, spleen, 
kidneys, lungs, skeletal muscle, and other 
tissues. Vascular congestion was a consistent 
finding, and pulmonary edema was present 
in 3/6 horses. 
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SULFUR TOXICOSIS 


SYNOPSIS 


Etiology Ingestion of sulfur-containing 
materials, generally feed and/or water; 

Continued 
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inhalation of hydrogen sulfide or sulfur 
dioxide gas. 

Epidemiology Sulfur toxicosis is a worldwide 
problem of ruminants; horses and pigs are 
rarely affected animals. 

Clinical pathology Two distinct syndromes 
occur (acute and subacute). The acute form 
has a rapid-onset central nervous system 
(CNS) signs, and death is common; the 
subacute form has similar signs, but they 
develop over weeks, and recovery may 
occur. 

Lesions Polioencephalomalacia in ruminants; 
osmotic diarrhea in monogastrics. 

Diagnostic confirmation The diagnosis is 
generally made based on postmortem 
findings and the presence of sulfur in 
water or feed source. In some cases, 
hydrogen sulfide concentrations in rumen 
gas and the presence of sulfhemoglobin in 
serum may be helpful. 
Polioencephalomalacia may not be present 
in acute cases. 

Treatment Supportive care, including fluids 
and electrolytes; thiamine IV or IM. 

Control Management of sulfur in feed and 
water; removal of animals near sulfur 
dioxide or hydrogen sulfide spills. 


ETIOLOGY 

Sulfur exists in four different oxidative states: 
sulfur (0), sulfide (-2), sulfite (+4), and 
sulfate (+6) and all of them are present either 
naturally (sulfur) or in various biological 
products (sulfide, sulfite, sulfate). Absorp¬ 
tion and metabolism of sulfur-containing 
compounds depends on the valence state. 1 
Ruminants are more susceptible to toxicosis 
from dietary ingestion of elemental sulfur 
and sulfate compounds. Water, especially 
well water high in sulfates; feed products 
such as sulfate salt, mineral mixes (sulfur 
containing), protein sources high in sulfur, 
and dried distiller’s grains; and inhaled gases 
such as eructated hydrogen sulfide gas and 
sulfur dioxide are all possible sources of 
sulfur toxicosis. 2 4 Another potential source 
is the use of elemental sulfur (flowers of 
sulfur) as an ectoparasiticide 2 

Sulfur and sulfates in the feed and drink¬ 
ing water play a significant role in the etiol¬ 
ogy of polioencephalomalacia. The feeding 
of 85 to 450 g per head to cattle has been 
fatal, as has 45 g of sulfur in feed pellets to 
ewes, and the minimum lethal dose of a 
sulfur-protein concentrate for sheep is esti¬ 
mated to be 10 g/kg BW. Continuous feeding 
of sulfur at the rate of 7 g per day can be fatal 
to adult sheep. Sulfur given to adult horses at 
a dose level of 1000 to 1500 mg/kg body 
weight has been associated with poisoning. 

EPIDEMIOLOGY 

Occurrence 

Sulfur toxicosis occurs worldwide and has 
been reported in beef and dairy cattle, sheep, 


Multi-Organ Diseases 


goats, and horses. 3,5 It can occur as a single, 
isolated case or as an outbreak affecting 
many animals. 

Risk Factors 
Animal Risk Factors 

Ruminants are the species most often affected 
by sulfur poisoning. Rumen microbes reduce 
sulfates and elemental sulfur to sulfides, 
which combine with hydrogen to make 
hydrogen sulfide. 2,3 Systemic absorption of 
hydrogen sulfide results in interference with 
cellular energy production and the onset of 
clinical signs. 1,2 The brain is most often 
affected because it has the highest energy 
demands. Inhaled hydrogen sulfide gas not 
only causes respiratory paralysis but can be 
absorbed and result in systemic effects. 1 

Horses, lacking a rumen, do not routinely 
absorb sulfur or sulfates, and they remain in 
the gastrointestinal tract and act as osmotic 
agents, pulling water into the intestinal 
lumen and causing severe, foul-smelling, 
black diarrhea. 5 Dehydration is severe, and 
the animals soon become recumbent and 
dyspneic, develop convulsions, and die after 
lapsing into a coma. 

Pigs exposed to an environment contain¬ 
ing 35 mg/kg of sulfur dioxide for long 
periods show increased salivation accompa¬ 
nied by clinical and histologic evidence of 
irritation of the conjunctiva and respiratory 
mucosa. 

Environmental Risk Factors 

Animals housed over the slatted floors of a 
manure pits, exposed to industrial waste pits, 
or inhaling “sour gas” from crude-oil well 
explosions are at increased risk for develop¬ 
ing respiratory tract irritation and signs of 
systemic sulfur poisoning. 

Transmission 

• Ingestion of sulfur- or sulfate-containing 
products, either accidental or intentional 

• Topical use of sulfur powder (flowers of 
sulfur) to control external parasites 

• Inhalation of sulfur dioxide gas used in 
the preparation of ensilage or associated 
with industrial waste pits 

• Inhalation of hydrogen sulfide gas from 
ruminant eructation or as a gas 
emanating from oil and natural gas wells 
or manure pits. 

PATHOGENESIS 

In small doses the substance is relatively 
nontoxic, but excessive doses can be associ¬ 
ated with fatal gastroenteritis and dehydra¬ 
tion. Conversion of the sulfur to hydrogen 
sulfide by rumen microbes and the absorp¬ 
tion of the gas across the rumen can result in 
the development of polioencephalomalacia 
in ruminants. 2,6 Hydrogen sulfide blocks 
ATP production and energy metabolism at a 
cellular level. Sulfides are potent oxidants, 
binding both glutathione peroxidase and 
superoxide dismutase. 1 The brain is most 


often affected because of the high energy 
demands, relative lack of antioxidants, and 
high lipid concentrations. The amount of 
hydrogen sulfide produced in the rumen is 
pH dependent, with more produced as the 
rumen pH drops. 3 Other metabolism occurs 
in the rumen, primarily the incorporation of 
sulfur into amino acids; rumen bacteria can 
use these amino acids to produce hydrogen 
sulfide gas. Metabolism occurs in the liver, 
although much slower for the inhaled gases, 
and excretion is both renal and biliary. 

CLINICAL FINDINGS 
Ruminants 

Two different clinical syndromes exist: 1,2,6 

1. Acute: Signs associated with this include 
central blindness, head pressing, 
opisthotonus, recumbency, seizures, 
coma, and death. Other signs include 
abdominal pain; severe, foul smelling 
diarrhea; colic; rumen stasis; and the 
odor of hydrogen sulfide gas. All 
species, including horses and pigs, are 
susceptible to this syndrome, which may 
be associated with the direct irritant 
effects of hydrogen sulfide and 
respiratory paralysis. 2 Clinical signs 
generally occur in 12 to 48 hours, and 
death is the normal outcome. 6 

2. Subacute or chronic: Signs associated 
with this form include cortical 
blindness, bruxism, weakness, ataxia, 
fine muscle tremors of the head, 
recumbency, and coma. Most signs are 
related to the development of 
polioencephalomalacia (cerebrocortical 
necrosis) and are associated with 
hydrogen gas production by ruminants. 
Often these signs do not occur for 
several weeks after an exposure, and 
recovery may be complicated by 
persistent neurologic deficits. 6 

NECROPSY FINDINGS 

The lungs are congested and edematous, the 
liver is pale, the kidneys are congested and 
black in color, there is severe gastroenteritis 
with peritoneal effusion, and petechial hem¬ 
orrhages occur extensively in all organs and 
in musculature. Polioencephalomalacia may 
occur in a high proportion of cases. 


DIFFERENTIAL DIAGNOSIS 


Water and feed analyses are helpful in making 
a diagnosis. Elevated hydrogen sulfide 
concentrations in the rumen and the presence 
of sulfhemoglobin in the systemic circulation 
may also be used. 

Monogastrics 

• Carbohydrate overload 

• Gastrointestinal parasites 

• Infectious causes of diarrhea (Salmonella, 
Clostridium perfringes, Neorickettsia risticii) 

• Nonsteroidal inflammatory toxicosis 
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• Organophosphorus/carbamate toxicosis 

• Osmotic laxatives 

Ruminants 

• Amprolium administration 

• Cyanobacteria (blue-green algae) toxicosis 

• Lead toxicosis 

• Listeria 

• Rabies 

• Sodium chloride (salt) poisoning/water 
deprivation 

• Thiamine deficiency 

• Thromboembolic meningoencephalitis 


TREATMENT 



All sources of sulfur supplementation should 
be removed from the diet and environment. 
Treatment is primarily supportive with 
attention to fluid and electrolyte replace¬ 
ment. Glucose supplementation may be 
helpful. 2 Other adjunct therapies include a 
broad-spectrum antibiotic and corticoste¬ 
roids. 1,2 Thiamine, even though polioenceph- 
alomacia is not related to a thiamine 
deficiency, has been effective in several 
cases. 1,2 

CONTROL 

Management is the most effective way to 
prevent and control sulfur poisoning. Water 
sources and all dietary material should be 
tested to identify sources high in sulfur. 
Animals living close to oil wells and indus¬ 
trial waste pits should be monitored closely 
and moved if necessary. 

FURTHER READING 
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VANADIUM TOXICOSIS 

Vanadium is used extensively in industry 
and high amounts may occur in the air, soil, 
ash, and soot in areas surrounding smelters, 
burners, and other processing plants. Experi¬ 
mental and natural poisoning of adult cattle, 
calves, and sheep are recorded. Signs include 
anorexia, diarrhea, dehydration, oliguria, 
difficulty in standing, and incoordination. 
Postmortem findings include ruminal ulcers, 
hemorrhage in the gastrointestinal tract and 
surrounding the heart and kidney, and 


congestion of the liver and lungs. Field cases 
are only likely to be encountered when 
industrial contamination of pasture occurs. 
Liver is considered the best tissue for assess¬ 
ing chronic vanadium toxicosis in cattle 
grazing vanadium-contaminated pastures. 1 
Careful plowing of the pasture, especially 
when the vanadium is contained in a fertil¬ 
izer such as basic slag, reduces the toxic risk. 
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TOXICOSIS FROM WOOD 
PRESERVATIVES 

Chromated Copper Arsenate 

Chromated copper arsenate (CCA) is com¬ 
posed of chromium trioxide, copper oxide, 
and arsenic and was at one time the most 
widely used wood preservative in the United 
States. In 2003 the U.S. Environmental Pro¬ 
tection Agency restricted CCA to industrial 
use because it poses an unreasonable human 
health risk. Several industrial uses remain, 
however, and it can still be used in animal 
production facilities, on utility poles, and in 
other cases. 1 

It is recorded that animals would need to 
eat at least 28 g of the treated wood daily for 
a month before a chronic poisoning occurred. 
Horses that crib or chew could eat more than 
that and could theoretically become poi¬ 
soned. The risk to animals, however, is not 
ingested treated wood but ingestion of ashes 
left from burning treated lumber. 1 Burning 
concentrates arsenic in the ashes, and cattle, 
in particular, have been poisoned in this 
manner. 

Pentachlorophenol 

Agricultural and residential use of pentacho- 
rophenol (PCP; penta) in the United States 
was prohibited in 1986, but the treated 
lumber may still be found in older buildings, 
water and feed troughs, fence posts, and 
other animal areas. PCP is extremely toxic in 
humans by inhalation and ingestion and is 
irritating to the skin, respiratory tract, and 
mucous membranes. 2 Feeding pigs in PCP- 
treated wood troughs resulted in salivation 
and irritation to mucous membranes. 1 Inha¬ 
lation of PCP by animals in an enclosed area 
caused death. 1 Acute signs include agitation, 
pyrexia, tachycardia, tachypnea, muscle 
tremors, seizures, and death. 1,3 Chronic 


intoxication causes weight loss, fatty liver, 
and nephrosis. In high doses, PCP is embryo- 
toxic and fetotoxic. 3 

Horses bedded on shavings from 
pentachlorophenol-treated wood, prepared 
wrongly by treating the rough lumber and 
then dressing it instead of applying the pre¬ 
servative to the dressed lumber, may have 
been poisoned by dioxin, a common con¬ 
taminant in the preservative. Clinical signs 
include depression of appetite; severe weight 
loss; ventral and limb edema; hair loss; 
anemia; and a crusty, scaly dermatitis around 
the eyes, muzzle, axilla, and inguinal region, 
and on the neck. Exudation through cracks 
in the skin is a feature of the lesion. Lesions 
in liver biopsies include necrosis and severe 
vacuolar changes in the hepatocytes. 

Pentachlorophenol is rapidly absorbed 
from the skin, lungs, and gastrointestinal 
tract; metabolized in the liver; and 
excreted primarily in the urine. 2 It acts to 
uncouple oxidative phosphorylation, increas¬ 
ing oxygen consumption and decreasing ATP 
production. 1 ' 3 Acute fatal doses range from 
27 to 350 mg/kg BW. 1 

There is no treatment other than removal 
from the source and supportive care. Intra¬ 
venous fluids at doses higher than mainte¬ 
nance may be useful in promoting excretion. 2 
Strict attention must be paid to the potential 
for milk and meat residues. 

Creosote (Coal Tar Creosote) 

Creosote is produced as a by-product of 
high-temperature distillation of coal tar, 
and it contains hundreds of different com¬ 
pounds, including phenols, cresols, toluene, 
naphthols, and tar acids and bases. 1,4 Among 
these, phenol and phenolic compounds are 
among the most toxic. It is no longer reg¬ 
istered in the United States for residential 
use but is used on utility poles, railroad 
ties, and other industrial lumbers. There 
are no human or animal studies clearly 
demonstrating the toxicokinetics of coal tar 
creosote. 

Large animals are generally exposed to 
creosote by licking the material from treated 
lumber such as railroad ties or intentional 
topical misuse. A high mortality may be 
encountered in newborn pigs, and there may 
be a greater than normal incidence of still¬ 
births when sows are farrowed in treated 
crates. Weaned pigs may show depression, 
skin irritation, and, occasionally, death. Cre¬ 
osote applied as a treatment for ringworm 
has shown marked toxic effects in cattle. 
Fatal doses for coal tar creosote are 4 to 6 g/ 
kg BW as a single dose or 0.5 g/kg BW daily. 

Experimentally, a sheep dosed with 
8000 mg/kg BW died in 4 days after dosing 
and a calf dosed with 4000 mg/kg BW sur¬ 
vived but lost weight. There were no specific 
clinical signs in the sheep before death. At 
postmortem, excess fluid was present in the 
pleural cavity, and the urine was dark, with 
a tarry odor. 4 
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Three sheep were dosed with varying 
amounts of creosote and monitored on a 
daily basis. A sheep receiving 500 mg/kg BW 
for 32 days showed no clinical signs; both 
other sheep, one receiving 1000 mg/kg/BW 
and the other receiving 2000 mg/kg BW, died 
at 8 and 16 days, respectively. 4 Clinical signs 
included rapid weight loss, anorexia, and 
weakness. Postmortem findings included 
excess peritoneal fluid, epicardial petechia- 
tion, inflammation of the colon and duode¬ 
nal mucous membranes, and thyroid 
enlargement. A calf dosed with 500 mg/kg 
BW for 11 days lost weight, as did a second 
calf dosed with 1000 mg/kg BW for 11 days. 4 
Weight loss in the second calf continued for 
3 weeks after the dosing was discontinued. 

There is no treatment other than remov¬ 
ing the animals from the source, bathing 
with a degreasing shampoo if applied topi¬ 
cally, and providing supportive care. 
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ZINC TOXICOSIS 


SYNOPSIS 


Etiology Ingestion of excess amounts of zinc 
from a variety of sources. 

Epidemiology Rare occurrence in large 
animals. 

Clinical pathology Elevated serum and tissue 
levels of zinc. 

Clinical findings 

Pigs: lameness as a result of degenerative 
arthritis 

Cattle: lethargy and anorexia, diarrhea or 
constipation, reduced milk yield 
Horses: lameness, stiff gait, join effusion 


Multi-Organ Diseases 


Necropsy lesions 

Pigs: degenerative arthritis 
Cattle: degenerative lesions in all organs, 
especially pancreas 

Diagnostic confirmation Elevated serum and 
tissue levels of zinc. 

Treatment Find and remove source: 
supportive care. 

Control Rinse galvanized pipes and utensils 
after each carriage of milk or milk 
products. Supplement diet with additional 
calcium. 


ETIOLOGY 

Zinc is an essential element in most 
mammals, serving as a component in enzyme 
systems and structural and regulatory pro¬ 
cesses in the body. It plays a major role in the 
regulation of immune function, appetite, and 
growth. 1 It is found in feed supplements, 
medicines (zinc oxide), industry (steel and 
other alloys), wood preservatives, and a 
variety of other commercial and industrial 
products. Contamination of soil may lead to 
an increase in water and plants. 2 Zinc phos¬ 
phide is a commonly used rodenticide, but it 
in cases of overdose, poisoning occurs from 
the generation of phosphine gas and not the 
amount of zinc ingested. 3 

Toxic doses are not well defined, 4 but 
drinking water containing 6 to 8 mg/kg of 
zinc is associated with constipation in cattle, 
and 200 g of zinc as lactate fed over a period 
of 2 months as a 0.1% solution is associated 
with arthritis in pigs. The maximum amount 
tolerated by pigs is 0.1% zinc (as zinc carbon¬ 
ate) in the diet. Experimental zinc poisoning 
in sheep and cattle is associated with reduced 
weight gains and feed efficiency when zinc 
is fed at the rate of 1 g/kg BW. At 1.5 to 
1.7 g/kg BW there is reduced feed consump¬ 
tion in both species and depraved appetite 
in cattle. 

EPIDEMIOLOGY 

Occurrence 

Zinc poisoning in large animals is a rare 
occurrence and poorly documented. Case 
reports, when present, usually indicate the 
presence of another heavy metal. 

Dietary levels of zinc associated with poi¬ 
soning in different species have been sum¬ 
marized. Pigs develop abnormal articular 
cartilage at 500 ppm dietary zinc, whereas 
2000 ppm zinc in the ration is associated 
with copper deficiency, anorexia, and subcu¬ 
taneous hematoma. For horses, approxi¬ 
mately 3600 ppm in the diet or 90 mg/kg 
body weight reduces growth rate. Sheep and 
cattle generally are adversely affected by 
900 ppm zinc in their diet. 

Risk Factors 
Animal Risk Factors 

The accidental oral administration of large 
doses of zinc oxide may be associated with 


hypocalcemia and a syndrome comparable 
to milk fever. 

The addition of zinc to pig rations as a 
preventive against parakeratosis is unlikely 
to be associated with poisoning because of 
the unpalatability of rations containing 
excessive amounts. 

Careless use of zinc sulfate as a prophy¬ 
lactic and treatment for the following should 
be avoided: 

• Poisoning by fungi, especially 
Pithomyces chartarum 

• Ovine foot rot 

• Lupinosis—it is apparent that daily 
doses of 50 to 100 mg zinc/kg BW in 
these circumstances can be associated 
with severe abomasal lesions, pancreatic 
damage, and death in sheep, provided 
the material is administered with a 
drenching gun. The same dose 
administered by ruminal intubation is 
nontoxic, because the zinc triggers a 
closure of the reticular groove, resulting 
in its immediate deposition in the 
abomasum. 

Farm Risk Factors 

Industry-related zinc dust settling on crops 
and pastures is a hazard; dose rates up to 
45 mg/kg BW have no effect on cattle, 50 mg/ 
kg is associated with anemia, and daily dose 
rates of 110 mg/kg BW are associated with 
deaths. 

An outbreak of poisoning occurred in 
pigs fed buttermilk from a dairy factory. 
The buttermilk was piped to the pig pens 
each day through a long galvanized iron 
pipe. The buttermilk sat in pools in the pipe 
after each batch was run through; souring 
occurred, and the lactic acid produced was 
associated with the formation of zinc 
lactate, which was passed to the pigs in the 
next batch of buttermilk. The concentration 
of zinc in the milk (0.066%) was slightly 
higher than the minimum toxic strength 
(0.05%). 

Transmission 

Common sources of zinc include: 

• Zinc released from galvanized surfaces 
in the following circumstances: 

• When subjected to electrolysis when 
galvanized and copper pipes are 
joined 

• Galvanized bins flake zinc when used 
for storage of pig swill. 

• Zinc chromate used as a paste in joining 
electrical cables 

• Fumes from a nearby galvanizing 
factory 

• Zinc, often associated with cadmium, is 
a common pollutant from industrial 
plants handling a variety of ores; nearby 
pasture may contain more than 500 mg/ 
kg of zinc. 

• Zinc-based paints, with a 50% to 55% 
zinc content when cattle lick freshly 
painted ironwork 
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• Zinc added to calf-grower rations as a 
nonspecific dietary supplement 

• Accidental inclusion of zinc oxide in a 
prepared dairy cow ration 

PATHOGENESIS 

Ingested zinc is absorbed primarily from the 
proximal small intestine, and approximately 
one-third of absorbed zinc is protein bound 
in the plasma. Phytic acid content of plant 
proteins interferes with absorption of zinc 
in monogastric diets. Other nutrients or 
elements that reduce zinc absorption include 
calcium, cadmium, and copper. Once 
absorbed, zinc accumulates rapidly in liver 
and pancreas, with slower accumulation in 
muscle and bone. Excretion is primarily in 
feces contributed from bile and from secre¬ 
tion via intestinal mucosa and bile. 

The pathogenesis of zinc poisoning has 
not been determined, but it is likely that the 
arthritic lesions observed will be a result of 
faulty calcium absorption. The lesion in 
equines may be related to interactions of zinc 
and copper with interference in collagen 
metabolism. The development of anemia in 
some animals is poorly understood, but it 
may be a result of interactions of zinc, copper, 
and calcium. 

CLINICAL FINDINGS 
Acute Poisoning 
Cattle 

Large doses are associated with light-green- 
colored diarrhea and drastic reduction in 
milk yield. Severe cases show additional 
signs, including somnolence and paresis. 

Pigs 

Large doses are associated with decreased 
food intake, arthritis, hemorrhages in the 
axillae, gastritis, and enteritis. Death may 
occur within 21 days. 

Chronic Poisoning 
Dairy Cattle 

Dairy cattle show chronic constipation and a 
fall in milk yield. Other reported signs 
include inappetence, loss of condition, diar¬ 
rhea with dehydration or subcutaneous 
edema, profound weakness, and jaundice. 4 

Pigs 

Pigs fed buttermilk containing zinc show 
anorexia; lethargy; unthriftiness; rough coat; 
subcutaneous hematomas; stiffness; lame¬ 
ness, progressive weakness with enlargement 
of the joints, particularly the shoulder joint; 
and, finally, recumbency. 

Horses 

Chronic poisoning is associated with a non¬ 
specific, degenerative arthritis, especially at 
the distal end of the tibia. The lesion is 
accompanied by an effusion into the joint 
capsule and the obvious enlargement of 
the hock joint. There may also be a general¬ 
ized osteoporosis, lameness, and ill-thrift. 


Affected foals may be reluctant to rise and 
have a joint effusion with a stiff gait. 

Zinc fed experimentally to foals is 
associated with pharyngeal and laryngeal 
paralysis, stiffness, and lameness result¬ 
ing from swelling of the epiphyses of 
long bones. 

CLINICAL PATHOLOGY 

After experimental feeding, elevated levels of 
zinc are detectable in tissues, especially the 
liver, pancreas, and kidney, and liver (and 
serum) levels of copper are reduced. Serum 
zinc levels in affected cattle may be as high 
as 500 |ig/mL, in contrast with the normal 
levels of about 140 pg/mL in normal cattle. 
Estimated as zinc protoporphyrin, the levels 
in poisoned donkeys and mules reach 900 to 
1900 pg/mL. Fecal levels of zinc are likely to 
be elevated from an average of 220 mg/kg in 
normal animals to 8740 mg/kg in affected 
ones. 

NECROPSY FINDINGS 

Severe, acute poisoning in sheep is associ¬ 
ated with an abomasitis and duodenitis, in 
which the mucosa may appear green in color. 
In survivors, a severe, fibrosing pancreatitis 
may develop. 

Acute poisoning in cattle has been 
accompanied by generalized pulmonary 
emphysema, a pale flabby myocardium, 
renal hemorrhages, and severe hepatic 
degeneration. Chronic poisoning in this 
species may result in lesions in many organs 
but the most consistent damage is in the 
pancreas. Atrophy of exocrine pancreatic 
acini with extensive interstitial fibrosis have 
also been described in piglets receiving a 
total parenteral nutrition diet. 

In chronic zinc poisoning in pigs there is 
a nonspecific, degenerative arthritis affecting 
particularly the head of the humerus, with 
the articular cartilage being separated from 
the underlying osteoporotic bone. In foals, 
similar joint lesions and nephrosclerosis may 
be seen. 

The hepatic zinc content in normal 
animals is high (30 to 150 mg/kg wet matter 
in calves) and may reach levels of 400 to 
600 mg/kg wet matter after continued inges¬ 
tion of zinc chromate paste without being 
accompanied by signs of zinc poisoning. In 
acute poisoning by zinc oxide in cattle, levels 
of 2000 mg/kg dry matter in the liver and 
300 to 700 mg/kg dry matter in the kidney 
may be achieved; tissue copper levels in these 
animals may be reduced to 10 to 20 mg/kg. 
Tissue levels in calves dying of experimental 
zinc poisoning are much lower: 200 to 
400 mg/kg. 

Samples for Confirmation 
of Diagnosis 

• Toxicology—50 g liver, kidney; 500 g 

suspect feed or ingesta (ASSAY [Zn]) 

• Histology—formalin-fixed pancreas 

(light microscopy) 


Tissue Assay 

The zinc Content of liver in normal animals is 
high (30 to 150 mg/kg wet matter in calves) 
and may reach levels of 400 to 600 mg/kg wet 
matter after continued ingestion of zinc chro¬ 
mate paste without being accompanied by 
signs of zinc poisoning. In acute poisoning by 
zinc oxide in cattle, levels of 2000 mg/kg dry 
matter in the liver and 300 to 700 mg/kg dry 
matter in the kidney may be achieved; tissue 
copper levels in these animals may be reduced 
to 10 to 20 mg/kg. Tissue levels in calves 
dying of experimental zinc poisoning are 
much lower at 200 to 400 mg/kg. 

Diagnostic confirmation of zinc poison¬ 
ing depends on identification of elevated 
levels of zinc in fluids or tissues. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

• Erysipelas 

• Lead toxicosis 

• Naphthalene toxicosis 

• Osteochondrosis/degenerative joint disease 

• Rickets limited in occurrence to young pigs 


TREATMENT 

Removal of the source and supportive care 
are the most effective means of treatment. In 
foals, serum copper concentrations should 
be evaluated because copper may need to be 
added to the diet. Chelating agents, espe¬ 
cially calcium disodium EDTA, have been 
used successfully in small animals and 
human beings. 5 

CONTROL 

Galvanized utensils and piping should be 
rinsed after each use in carrying milk. The 
addition of extra amounts of calcium to the 
diet of pigs is capable of preventing the toxic 
effects of zinc if the calcium supplementation 
is heavy and the zinc intake is not too high. 
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DITERPENOID ALKALOID 
TOXICOSIS 


SYNOPSIS 


Etiology Toxic plants in Aconitum spp. 
(monkshood). Delphinium spp. (larkspur), 
and Erythrophleum spp. (Cooktown 
ironwood). Toxins include aconitine, 
MSAL-type alkaloids (methyllycaconitine 
[MLA], nudicauline [NUD], 
14-deacetylnudicauline [DAN], and 
MDL-type alkaloids (deltaline, 
14-O-acetyldictyocarpine 
[14-OAD]). 

Epidemiology Aconitum spp. are present in 
North America and Europe. Toxic 
Delphinium spp. are rangeland plants 
found throughout the western United 
States. Erythrophleum spp. are trees in 
northern Australia, Asia, Africa. Poisoning 
is most often in cattle, but all species may 
be affected. 

Clinical pathology Toxic alkaloids in blood, 
urine, or ingesta. 

Lesions Nonspecific. 

Diagnostic confirmation Toxic alkaloids in 
blood, urine, ingesta, tissues, or plant. 

Treatment Physostigmine/neostigmine 
(Delphinium spp.). Supportive care. 

Control Avoid all consumption of Aconitum 
spp. or Erythrophleum spp. plants. Graze 
cattle before or after "toxic window" for 
Delphinium spp. 


ETIOLOGY 

Diterpenoid alkaloids occur in Delphinium 
spp. (larkspur), Erythrophleum spp., and Aco¬ 
nitum spp. and are associated with poisoning 
in grazing animals. Diterpenoid alkaloids in 
toxic larkspur are divided into three different 
groups: norditerpenoid alkaloids, C-20 diter¬ 
penoid alkaloids, and bis-diterpenoid alka¬ 
loids. 12 Of these, norditerpenoid alkaloids are 
the most toxic, and they are further divided 
into two primary groups: MSAL-type nordi¬ 
terpenoid alkaloids (important toxins include 
methyllycaconitine [MLA], nudicauline 
[NUD], 14-deacetylnudicauline [DAN]) 
and MDL-type norditerpenoid alkaloids 
(important toxins include deltaline, 14-0- 
acetyldictyocarpine[14-OAD]). 2 ' 3 At least 18 
different toxic alkaloids are produced by poi¬ 
sonous species of larkspur. 4 Methyllycaconi¬ 
tine and deltaline are present in many toxic 
larkspurs. MSAL type alkaloids are approxi¬ 
mately 20 times as toxic as the MDL type, 5 
but MDL types are more abundant and may 
potentiate the toxicity of MSAL-type alka¬ 
loids. 4 Plants in the Erythrophleum spp. 
contain a number of different toxic alkaloids; 


among them are diterpene ester alkaloids. 
Aconitine is the toxin found in monkshood 
or wolfsbane ( Aconitum napellus). 6,7 

There are over 100 species of these plants, 
but a full alkaloid content profile has been 
completed in only a few. Larkspur is often 
divided into low, tall, and plains larkspur 
based on their mature height and geo¬ 
graphic distribution. The species known to 
contain toxic diterpenoid alkaloids and to 
be associated with disease in livestock are as 
follows: 

• Aconitum napellus (monkshood, 
wolfsbane) 

• Delphinium andersonii (low; Anderson’s 
larkspur) 

• D. barbeyi (tall; subalpine larkspur) 

• D. bicolor (low; little larkspur) 

• D. geyeri (plains; Geyer’s larkspur) 

• D. glaucescens (tall; smooth larkspur) 

• D. glaucum (tall; sierra larkspur) 

• D. nuttallianum (low; twolobe larkspur) 

• D. occidentale tall; duncecap or 
subalpine larkspur) 

• Erythrophleum spp., e.g. E. chlorostachys 
(Cooktown ironwood) 

Some of the species assumed to contain 
the alkaloids because of their known associa¬ 
tion with the disease are as follows: 

• Delphinium ajacia 

• D. consolida 

• D. elatum 

• D. hybridum 

• D. nelsonii 

• D. parryi 

• D. ramosum 

• D. robustum 

• D. tricorne 

• D. trollifolium 

• D. virescens 

EPIDEMIOLOGY 

Occurrence 

North America, especially the western 
United States, and Europe are the principal 
locations of Delphinium spp. and Aconitum 
spp. poisonings. Rangeland larkspurs ( Del¬ 
phinium spp.) are important pasture plants in 
North America, and many of them are asso¬ 
ciated with heavy losses (2% to 15%) in 
grazing livestock. 4 The incidence of poison¬ 
ing varies widely with season and climate 
because of variations in the concentration 
and chemical composition of specific alka¬ 
loids in the specific larkspur plants. Plants in 
the Erythrophleum spp. are found in Africa, 
Asia, and northern Australia and have been 
associated with death in cattle and horses. 8 
Aconitum spp. grow in the United States and 
Europe, but poisoning rarely occurs in large 
animals. 

Risk Factors 
Animal Risk Factors 

All animal species are susceptible, but most 
cases are seen in cattle, less often in sheep, 
and rarely in horses. Sheep are 5 times less 
susceptible than cattle, and little is reported 


about horses. 9 The rate of consumption and 
amount consumed are known risk factors 
for grazing cattle. The toxicity of tall lark¬ 
spur is seasonal, being much more toxic 
early in the season and less so as it matures. 3 
A “toxic window” has been established for 
grazing cattle that begins just before the 
flowering stage and ends with shattering of 
the pod. 4 During this time period, grazing 
cattle are at the highest risk for developing 
toxicosis. 

PATHOGENESIS 

The principal action of diterpenoid alkaloids 
is neuromuscular paralysis secondary to 
blockade at the postsynaptic neuromuscular 
junction. 3,4 The toxins are competitive post¬ 
synaptic inhibitors of acetylcholine; MLA is 
a potent competitive blocker at nicotinic ace¬ 
tylcholine receptors (nAChRs) in the striated 
muscles and autonomic nervous system.’ 
Interference with the other parts of the neu¬ 
romuscular arc is also possible. Signs peak 18 
to 24 hours after first ingestion, but the 
effects may be cumulative. 10,11 The signs in 
the herd disappear 6 to 7 days after the plant 
is withdrawn from the diet. 10,11 

Aconitine and other alkaloids present in 
Aconitum spp. are potent neurotoxins and 
cardiotoxins with actions on cell-membrane 
voltage-sensitive sodium channels.' Nerves, 
muscles, and myocardium are affected, 
becoming refractory to excitation. The alka¬ 
loids in Erythrophleum chlorostachys have a 
cardiac glycoside-like action. 

CLINICAL FINDINGS 

Clinical signs in terminally poisoned cattle 
include tachycardia, muscle weakness, 
tremors, sternal recumbency leading to 
lateral recumbency, and death. 3,4 Other signs 
include constipation, bloating, and dyspnea. 4 
Many animals are simply found dead. Those 
animals ingesting lower amounts may show 
dyspnea, an irregular heart rate, and collapse, 
but not death. 

Diarrhea is reported in Aconitum spp. 
poisoning, possibly as a result of the presence 
of additional toxins. In large ingestions, 
rapid death from paralytic respiratory failure 
or ventricular arrhythmias may occur.' Aspi¬ 
ration of ruminal contents after regurgitation 
also causes some deaths. In the terminal 
stages, the pupils are dilated, and the pulse 
and respiration may be barely perceptible. 
Some animals are found dead without evi¬ 
dence of clinical signs. 

Erythrophleum chlorostachys (ironwood) 
and E. guineense are both poisonous to all 
animal species. Clinical signs include 
anorexia, a staring expression, partial blind¬ 
ness, tremor, ataxia, contraction of abdomi¬ 
nal muscle, increased heart sounds, mucosal 
pallor, and terminal dyspnea. Horses poi¬ 
soned by E. chlorostachys have loud and often 
irregular heart sounds, dyspnea, and spo¬ 
radic contraction of abdominal muscles, and 
they die rapidly. 










CLINICAL PATHOLOGY 

There are no specific findings other than 
identification of toxic alkaloids in blood, 
urine, ingesta, and tissues. 

NECROPSY FINDINGS 

There are no specific postmortem lesions. 
Aspiration pneumonia may be an incidental 
finding in some cases. 

Diagnostic confirmation of larkspur poi¬ 
soning depends on chemical identification of 
the causative alkaloids in the blood, urine, 
rumen contents, or plants. Normal and 
reverse-phase high-performance liquid 
chromatography (HPLC) has been used to 
successfully identify toxic alkaloids in several 
Delphinium spp. 12 Aconitine has been con¬ 
firmed in urine and blood using liquid- 
chromatography tandem mass spectrometry 
(LC-MS/MS). 13 


DIFFERENTIAL DIAGNOSIS 


Differentiation from other plant poisonings 
causing incoordination, recumbency, and 
death in cattle on extensive grazing is usually 
based on botanical identifications. 

Differential diagnosis list: 

• Clavibacter toxicus (tunicaminyluracil 
poisoning) 

• Lead poisoning 

• Organophosphorus compounds. 

• Paspalum spp., infested with Claviceps 
paspali (paspalitrem poisoning) 

• Phalaris spp. (tyramine poisoning) 


TREATMENT 


TREATMENT AND CONTROL 


Physostigmine (0.04-0.08 mg/kg BW IV, 
repeat prn) (R-2) 

Neostigmine (0.02-0.04 mg/kg BW, IM or IV, 
repeat prn) (R-2) 


Physostigmine and neostigmine have been 
used as effective antidotes for Delphinium 
spp. poisoning, but they may have limited 
practical value in a herd situation. Physo¬ 
stigmine, a cholinergic drug, given IV at 
0.08 mg/kg BW, has been used successfully 
in experimental and field conditions; 4 alter¬ 
nate dosages in recumbent cattle include 
IV, SC, or IP administration at 0.04 to 
0.08 mg/kg BW. 14,15 Intravenous neostigmine 
(0.04 mg/kg BW) has reversed clinical signs 
in cattle, 14 and IM administration at 0.02 mg/ 
kg BW has used in cattle as a “rescue” drug. 3,4 
Neostigmine may be more effective in 
reversing tachycardia and physostigmine in 
reversing muscle weakness. 14 The duration 
of action is less than 2 hours, and repeat 
doses will need to be administered. 

No specific treatment has been identified 
for Aconitum spp. or Erythrophleum spp. 
poisoning. Treatment is supportive, with 
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particular attention paid to the cardiovascu¬ 
lar and respiratory systems. 

CONTROL 

Control of Delphinium spp. poisoning is only 
possible by careful management of pasture 
and preventing access to heavily infested 
areas. Prevention of grazing during the “toxic 
window” decreases toxicity, but the quality of 
the forage declines substantially. 4 Sheep are 
more resistant to the poisoning than cattle, 
but they are fond of the plant and may have 
to be restricted to areas where it does not 
occur. 9 Attempts to create and maintain a 
long-standing aversion to the plants to 
prevent ingestion of them and allow grazing 
of infested pastures have not always been 
successful. 4,16 Herbicides may be effective in 
reducing heavy growths of larkspur, but 
application timing is critical to success, and 
some herbicides may actually make plants 
more palatable. 4 
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ERGOT ALKALOID TOXICOSIS 

Ergot alkaloids are mycotoxins produced by 
fungi found primarily in the Claviceps and 
Neotyphodium genus. 1,2 The presence of rich, 
fertile soil in addition to warm temperatures, 
elevated humidity, and high rainfall increase 
the production of ergot alkaloids. Many of 
the fungi occur naturally in plants and 
produce similar clinical syndromes, however, 
their presence in a feedstuff does not neces¬ 
sarily indicate toxicity. Rather, determina¬ 
tion of the specific ergot alkaloid should be 
pursued. 

Ergot alkaloids in the genus Claviceps 
produce external spores, infecting the flowers 
of grasses and cereal grains such as rye, 
barley, wheat, millet, and oats, and ultimately 
forming an ergot alkaloid packed sclero- 
tium. 2 The sclerotia in cereal grains are gen¬ 
erally large and easily visible; those in grass 
seeds often quite small and difficult to see. 
Several fungi in the Neotyphodium, Balansia, 
and Epichloe genera found in grasses produce 
ergot alkaloids. 1 These endophytic fungi do 
not sporulate and grow within plants in a 
variety of symbiotic relationships ranging 
from antagonistic ( Epichloe ) to mutualistic 
( Neotyphodium ).* 

The individual toxins, and the plants they 
parasitize, are only partially identified. A list 
of the fungi, the toxins they contain and the 
syndromes attributed to them is as follows: 

• Claviceps africana iA —sorghum ergot; 
contains dihydroergosine (DHES) and 
related alkaloids; agalactia, 
hyperthermia, decreased production 

• C. cinerea —gait incoordination 

• C. cynodontis 3 —paspalitrem B, 
ergonovine, ergine; muscle tremors 

• C. cyperi —ergocryptine; hyperthermia 
and decreased milk production 

• C. fusiformis —agalactia 

• C. paspali 6 — paspalitrem A, paspalitrem 
B, paspalitrem C, paspalinine; gait 
incoordination, muscle tremors 

• C. purpurea 1,2 —ergometrine, 
ergotamine, ergocornine, ergocristine 
ergosine, ergocrytpine; peripheral 
gangrene, hyperthermia and decreased 
production, reproductive failure, rare 
nervous signs 

• C. sorghi'—sorghum ergot 

• C. sorghicola—sorghum ergot 

• Balansia epichloe —gait incoordination, 
peripheral gangrene 

• Neotyphodium spp. 1,2 — ergonovine 
and lysergic acid amide; gait 
incoordination 

• Neotyphodium (Acremonium) 
coenophialum 1,2 —ergopeptine 
alkaloids, ergovaline, ergotamine; 
hyperthermia, milk yield drop, 
peripheral gangrene 
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Systemic and Multi-Organ Diseases 


ERGOTISM 

Alkaloids produced by fungi in the Claviceps 
genus are generally referred to as ergots, and 
ergotism is loosely defined as the toxicity or 
physical manifestations that occur when a 
toxic amount of ergot is ingested. 2 Claviceps 
purpurea, with an ability to infect over 600 
plants worldwide, 1 is often used to describe 
the clinical syndromes associated with 
ergotism. 


SYNOPSIS 


Etiology Ingestion of large quantities of 
cereal grains or grasses containing ergots 
produced by Claviceps purpurea. 

Epidemiology Warmth, high humidity, fertile 
soil; worldwide distribution in temperate 
climates. 

Clinical pathology No specific 
abnormalities. 

Lesions Gangrene of the extremities; 
hyperthermia in cattle; reproductive 
issues (abortion, poor mammary 
development, early neonatal deaths in 
mares and sows), poorly documented 
nervous syndrome. 

Diagnosis confirmation Assay for specific 
ergot alkaloid in feed and/or body tissues. 

Treatment Remove from source. 

Control Avoid exposure or dilute feed with 
nontoxic material. 


ETIOLOGY 

Claviceps purpurea is a fungus that under 
natural conditions infects rye and triticale 
and, less commonly, other cereals and many 
grasses, including the rye grasses, tall fescue 
grass, Phleum pratense (timothy, cocksfoot, 
Yorkshire fog), Cynosurus cristatus (crested 
dogstail, tall oat grasses, the brome grasses), 
Brachiaria decumbens, Brachiaria humidic- 
ola, and Pennisetum typhoides (bulrush 
millet). Ingestion of large quantities of seed 
heads infested with the fungal sclerotia is 
associated with ergotism in cattle, sheep, 
pigs, horses, dogs, and birds. 

There is some evidence that corn smut 
may have pharmacologic activity similar to 
that of C. purpurea. Claviceps cynocontis 
infected Cynodon dactylon (Bermuda or 
couch grass, “kweek”) may be related to the 
tremor syndrome that occurs occasionally in 
cattle grazing this grass. 1 ’ 

EPIDEMIOLOGY 

Claviceps purpurea is widespread in distri¬ 
bution, but it is seldom ingested in large 
enough amounts during its toxic stage to be 
associated with poisoning. Poisoning is 
most likely to occur during or after a warm, 
wet season, which favors the growth of 
the fungus. Ergotism occurs commonly in 
cattle and usually in stall-fed animals 
feeding on heavily contaminated grain over 


a considerable period of time. Other species 
are not usually exposed to the infected 
grain. 

Ergot-infected pasture may be associated 
with the clinical syndrome, and the toxicity 
is preserved through the ensiling process. 
Cows may show early signs of lameness in as 
short a period as 10 days after going onto an 
infected pasture, but most animals do not 
become affected until 2 to 4 weeks after 
exposure. Peripheral gangrene occurs in the 
cooler months; hyperthermia in warmer 
weather. 

PATHOGENESIS 

The ergots contain a number of alkaloids and 
amines with pharmacologic activity, and 
these vary in concentration with the maturity 
of the ergot. Clavine alkaloids, lysergic acid 
and lysergic acid derivatives (e.g., ergomet- 
rine or ergonovine), ergopeptine alkaloids 
(e.g., ergotamine, ergocornine), and lactam 
ergot alkaloids (e.g., ergocristam) are the four 
main groups of naturally occurring ergot 
alkaloids. 1,2 Ergometrine, ergotamine, ergo¬ 
cornine, ergocristine, ergosine, and ergo- 
cryptine are the most common alkaloids 
produced by Claviceps purpurea. 12 Structur¬ 
ally, the ergot alkaloids are similar to sero¬ 
tonin, dopamine, norepinephrine, and 
epinephrine, and they are able to bind to bio¬ 
genic amine receptors and elicit an effect. 1 
The pharmacologically active compounds in 
the group stimulate (constrict) the smooth 
muscle of arterioles, intestines, and the uterus 
and decrease serum prolactin. The peptide 
alkaloids of ergot, particularly ergotamine, 
are associated with arteriolar spasm and cap¬ 
illary endothelial damage, with restriction of 
the circulation and gangrene of the extremi¬ 
ties, when small amounts are ingested over 
long periods. 

CLINICAL FINDINGS 

Four different clinical syndromes have been 
described. Classical ergotism is character¬ 
ized by gangrene of the extremities, the 
hyperthermic syndrome results in elevated 
body temperatures and decreased produc¬ 
tion, and the reproductive syndrome pre¬ 
sents with agalactia, lack of mammary gland 
development, low birth weight, and stillborn 
animals. 1,9 In spite of the known abortifa- 
cient action of Claviceps purpurea, abortion 
does not usually occur in poisoned animals. 
The fourth syndrome is a rare, ill-defined 
nervous form that may be associated with a 
single, acute ingestion of large amounts of 
sclerotia. 

Peripheral Gangrene 
(Classical Ergotism) 

The extremities, particularly the lower part 
of the hindlimbs, tail, and ears, are affected. 
There is reddening, swelling, coldness, loss of 
hair or wool, and lack of sensation of the 
parts initially, followed by the development 
of a blue-black color and dryness of the skin. 


Gangrene usually affects all local tissues, and 
after the lapse of some days, the affected part 
becomes obviously separated and may even¬ 
tually slough. The lesions are not painful, but 
some lameness is evident even in the early 
stages, and the animal may remain recum¬ 
bent most of the time. Severe diarrhea is 
often an accompanying sign. In sheep, gan¬ 
grene of the limbs does not occur under 
experimental conditions, but there is ulcer¬ 
ation and necrosis on the tongue and mucosa 
of the pharynx, rumen, abomasum, and 
small intestine. 

The experimental feeding of ergots 
(1%—2% of ration) is associated with severe 
reduction in feed intake and growth rate in 
young pigs without producing overt signs of 
ergotism. 

Hyperthermia Form 

Affected cows have temperatures of 41° to 
42°C (105-107°F), dyspnea, and hypersali¬ 
vation. Milk production and growth rate are 
depressed, and morbidity is about 100%. The 
syndrome occurs in hot weather conditions 
when affected animals seek water or shade, 
but exposure to sunlight under normal con¬ 
ditions of air temperature and humidity can 
be enough to be associated with clinical 
signs. Affected animals stressed by exercise 
in ambient temperatures over 30° C (86° F) 
commonly die. Long-term, low-level feeding 
of ergot to fattening beef cattle can result in 
reduced feed intake and weight gain, 
increased water intake and urination, failure 
to shed winter coat, and increased suscepti¬ 
bility to heat stress. 

Reproductive Form 

The manifestation varies depending on the 
species. Although rare in cattle, a brief 
exposure to a heavily ergotized pasture 
caused abortion in late pregnant cows. It 
also occurs as a single outbreak of agalactia, 
lack of mammary gland development, abor¬ 
tions, prolonged gestations, and early foal 
deaths in mares fed oats containing Lolium 
multiflorum seeds heavily infested with C. 
purpurea. In sheep, the feeding of ergot 
reduces the chance of fetal survival, and 
thus relative infertility occurs, and feeding 
pregnant ewes on ergotized grain is not 
recommended. 

In pigs, ergotism is manifested by lack of 
udder development and agalactia in sows, 
and the birth of small pigs that suffer a heavy 
neonatal mortality. Some of the piglets 
survive and subsequently suffer gangrene of 
the ear edges and tail tip. In sows, the 
chronic feeding of C. purpurea may not 
disturb existing pregnancies, but premature 
births, mummified fetuses, and low litter size 
are recorded. Levels up to 0.2% in the diet 
appear to be safe. A specific ergot, Claviceps 
fusiformis, which grows on Pennisetum 
typhoides (bulrush millet), is known to be 
associated with agalactia in sows in Zimba¬ 
bwe. Claviceps africana, the ergot of 










sorghum, has been associated with agalactia 
in sows and perinatal mortality of piglets in 
Australia. 

CLINICAL PATHOLOGY 

There are no specific abnormalities. Samples 
of fungus-infested material, either animal 
tissues or feed, may be submitted for assay. 
High-performance liquid chromatography 
(HPLC) and liquid chromatography/mass 
spectrometry (LC/MS) techniques can be 
used to identify the presence of many ergot 
alkaloids. 1,2 ’ 10 

NECROPSY FINDINGS 

In cattle, gangrene of the extremities is the 
principal gross lesion. There may be evidence 
of congestion, arteriolar spasm, and capillary 
endothelial degeneration in the vicinity of 
the gross lesions and in the central nervous 
system. Ulceration and necrosis of the oral, 
pharyngeal, ruminal, and intestinal mucosae 
are recorded in sheep. 

Diagnosis confirmation depends on a 
positive assay of ergot alkaloids in feed or 
tissues. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

• Classical ergotism 

• Poisoning by Neotyphodium coenophialum 

• Arterial thrombosis and embolism 

• Trauma causing obstruction of circulation 
to the part 

• Bacteremia (e.g., in salmonellosis) 

• Hyperthermia/poor production 

• Heat stroke 

• Water deprivation 


TREATMENT 

The infected grain should be withdrawn 
from the ration immediately. Further treat¬ 
ment is not usually attempted, although 
vasodilator drugs may have some beneficial 
effect. 

CONTROL 

Heavily ergotized grain or pasture fields con¬ 
taining ergotized grasses should not be used 
for animal feeding. They may be grazed if 
they are first mowed with the mower blade 
set high to remove the seed heads. Feed 
should not contain more than 0.1% of ergot- 
infested heads. It is best not to feed ergot- 
infested feed to pregnant females. 

NEOTYPHODIUM 
(ACREMONIUM) SPP. TOXICOSIS 

Infestation of the grasses Achnatherum ine- 
brians (drunken horse grass) in China and 
Stipa robusta (sleepy grass) in North America 
by endophytes is associated with a syndrome 
of incoordination in horses and sheep 
grazing on the grass. Identification of the 
fungi is not complete but they contain ergo- 
novine and lysergic acid amide. Low levels of 
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paxillene and lolitrem B (indo-terpenoids) 
are also present. 

FESCUE TOXICOSIS 

CLINICAL FINDINGS 

Four clinical syndromes are associated with 
ingestion of Neotyphodium (Acremonium) 
coenophialum, an endophyte present in the 
tissues of the tall fescue grass Lolium arundi- 
naceum (formerly Festuca arundinacea). The 
toxic hyphae are invisible without microscopy 
and produce no fruiting bodies. There is no 
visible effect on the growth of the grass, and 
spread of the endophyte is via infected seeds. 1 
The fungus produces ergopeptine alkaloids, 
principally ergovaline, and many other phar¬ 
macologically active compounds, including 
peramine and ergine (lysergic acid amine). 
There is a great deal of variation in the toxic¬ 
ity of different varieties of the tall fescue 
grass: KY-31 is most toxic; Kenhy, Mo-96, 
and Kenmont are intermediate; and Fawn is 
least toxic. 

Several clinical syndromes are associated 
with ingestion of pasture grass or hay made 
from infected tall fescue grass. In cattle and 
sheep, fescue summer toxicosis, fescue foot, 
and fat necrosis are reported; in mares, 
reproductive abnormalities occur most 
often. 1 All of these syndromes could theo¬ 
retically occur on the same pasture, but 
summer toxicosis occurs only in the summer 
and fescue foot in the winter. 

In Australia, horses grazing on a pasture 
seeded with novel Mediterranean (Max P or 
Max Q) fescue varieties known not produce 
ergovaline developed a fescue-associated 
edema syndrome. 11 Clinical signs included 
depression, inappetence, and dependent 
subcutaneous edema affecting the head, 
neck, chest, and abdomen. Analysis of the 
serum showed a low total protein, in particu¬ 
lar a low albumin concentration. 11 Rumi¬ 
nants grazed on the same pasture were 
unaffected. It was proposed that N-acetyl 
norloline, a pyrrolizidine alkaloid produced 
by the Max P endophyte, was responsible for 
the clinical signs. 

Fescue Summer Toxicosis (Summer 
Slump, Epidemic Hyperthermia) 

Fescue summer toxicosis has caused signifi¬ 
cant economic losses in the US, New Zealand, 
and Australia dairy industries because of the 
high rate of use of tall fescue as a pasture 
grass. It is also the most common of the 
clinical syndromes associated with fescue 
toxicosis. 1,12 

The syndrome occurs in cattle at pasture 
in the summer and consists of a period of 
poor production manifested by a fall in milk 
production or a failure to grow adequately in 
fat cattle, both in the presence of what 
appears to be an optimum amount of nutri¬ 
tious pasture. The same poor weight gain is 
experienced by steers fed on fescue seed and 
in sheep. In cattle grazing at pasture the 


depressing effect on production is made 
worse by environmental temperatures above 
31°C (87° F). Affected cattle show hyperther¬ 
mia with temperatures as high as 40.5° C 
(104.5°F), dyspnea, hypersalivation, inappe¬ 
tence, and rough coat, and they may compul¬ 
sively seek out water or tree shade in which 
to stand. Hyperthermia may not recede until 
about 6 weeks after the cattle are moved from 
the pasture. 

The mycotoxin responsible is ergovaline, 
an ergopeptide similar to, but more powerful 
than, ergotamine. The lowered milk yield is 
accompanied by low blood levels of prolac¬ 
tin, resulting in an indifferent prolactin surge 
when the premilking stimuli are applied. 
Prolactin levels may be significantly increased 
by the administration of metoclopramide, a 
dopamine antagonist, but side effects and 
cost may preclude use. 

Fescue Foot 

Fescue foot occurs in cattle grazing pasture 
dominated by tall fescue, usually within 10 
to 14 days of being turned onto the pasture 
during cold weather. Cattle permanently 
pastured on the field do not appear to be 
affected, and horses seem to be able to graze 
with impunity. The lesions and clinical signs 
include severe lameness followed in 2 or 
more weeks by gangrene and sloughing of 
the extremities, especially the digits and, to a 
lesser extent, the tail. The incidence in a herd 
may be as high as 10%. The lesions are asso¬ 
ciated with the vasoconstrictive agent ergo¬ 
valine produced by N. coenophialum. In 
freezing temperatures, frostbite may be a 
complicating factor. New cases may continue 
to appear for up to 1 week after removal from 
the affected pasture. Broad-spectrum antibi¬ 
otics may be useful early in the syndrome to 
prevent secondary infections. 

There is a close similarity to the disease 
associated with the ingestion of Claviceps 
purpurea, and Claviceps ergot alkaloids are 
also present in fescue; thus identifying the 
specific cause of gangrene of the extremities 
may not be possible. Grass heads are com¬ 
monly infested by C. purpurea, but the 
disease occurs in their absence. 

Fat Necrosis (Lipomatosis) 

Abdominal fat stores in cattle are affected in 
the syndrome of fat necrosis. Clinical signs 
vary depending on the location of fat, but in 
general fat stores become hardened and 
necrotic. Dystocia may result if this occurs 
in the pelvic canal. Necrotic fat in the mes¬ 
entery may cause an obstruction or bloat. 
Generally, the presence of fat necrosis is an 
incidental finding at postmortem. 

Reproductive Abnormalities 
in Mares 

Pregnant mares grazing on pastures infected 
with Neotyphodium (Acremonium) coe¬ 
nophialum can experience a much higher 
incidence of dystocia, prolonged gestation, 
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low foal survival, small udder development, 
and poor milk yield compared with mares 
on unaffected pastures. 8 “Fescue” foals may 
be small and dysmature or large and overly 
mature. The delivery of an overly mature 
foal may result in dystocia or the birth of 
a “red bag” foal. This occurs when a pre¬ 
maturely detached chorioallantois enters the 
birth canal before the foal. 8 Prolongation of 
luteal function, an increase in cycles bred per 
pregnancy rate, and early embryonic death 
significantly reduce reproductive efficiency. 
Pregnant mares are most susceptible to tox¬ 
icity after day 300 of gestation and should 
be removed from infected pasture before 
that time. 

Domperidone, a D-2 dopamine antago¬ 
nist, is an FDA-approved drug marketed for 
the prevention of fescue toxicosis in mares. 8,13 
The drug is best used for those mares that 
cannot be removed from infected pasture. A 
dosage of 1.1 mg/kg BW/day is recom¬ 
mended, but it should be given no sooner 
than 15 days before the expected foaling 
date. 13 If the mare is agalactic after foaling, 
domperidone may be administered at the 
same dosage rate for an additional 5 days. 13 

CONTROL 

Planting endophyte-resistant varieties of tall 
fescue, rotating cattle through fescue and 
other grass and clover varieties, and diluting 
infected hay with nonfescue varieties are 
among the most effective means of control. 
Newer, novel endophyte-infected varieties of 
fescue should be planted with caution until 
complete information is available. 11 Ammo- 
nization of the affected hay will degrade 
ergovaline so it is safe to feed, but the proce¬ 
dure is expensive, labor intensive, and time 
consuming. Cattle on summer pastures with 
fescue-infected hay should have adequate 
shade and access to water; those on similar 
pasture in cooler weather should have shelter 
or windbreaks. If possible, mares should be 
removed from fescue-infected hay or pasture 
before 300 days of gestation; if this is not 
possible, domperidone should be adminis¬ 
tered as described previously. 
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FUMONISIN TOXICOSIS 


SYNOPSIS 


Etiology Corn or corn products contaminated 
with fumonisins B, (FB,) and B 2 (FB 2 ). 

Epidemiology Sporadic occurrences 

worldwide in those countries where corn is 
grown. Equine leukoencephalomalacia 
(ELEM) and porcine pulmonary edema (PPE) 
are the two most widely recognized 
syndromes. 

Clinical pathology Nonspecific increases in 
hepatic enzyme activities; increased serum 
or tissue concentrations of sphinganine (Sa) 
and sphingosine (So) and increase in Sa:So 
ratio. 

Lesions ELEM: Fatal neurologic or hepatic 
syndrome; PPE: pulmonary edema, 
left-sided heart failure, hepatic syndrome. 

Diagnostic confirmation Presence of FB, or 
FB 2 in corn or corn product. 

Treatment None. 

Control Remove animals from source, test 
corn or corn product; feed contaminated 
product to slaughter cattle. 


ETIOLOGY 

Fumonisins B 3 and B 2 are mycotoxins pro¬ 
duced by Fusarium verticillioides (synonym 
F. moniliforme, Gibberella fujikuroi ) and F. 
proliferatum growing on moldy corn (maize) 
grain. 1,2,3 More than 25 fumonisins have been 
isolated and grouped (A, B, C, and P); 
however, the most important and well 
studied is fumonisin B 3 (FB,). 4,5,6 Fumonisins 
B 2 (FB 2 ) and B 3 (FB 3 ) occur in lower con¬ 
centrations than FBi and don’t appear to play 
an important role in the development of 
toxicity. 4 Aspergillus niger and other species 
of Fusarium also produce fumonisins; 4,5 
there is some controversy as to whether 
Alternaria alternata f. sp. lycopersici pro¬ 
duces fumonisins. 5 


EPIDEMIOLOGY 

Equine leukoencephalomalacia (ELEM) and 
porcine pulmonary edema (PPE) are the two 
most widely recognized syndromes associ¬ 
ated with ingestion of FB 3 and FB 2 in corn. 1,2,7 
Of the known toxic fumonisins, FB 3 is the 
most common cause of animal disease and is 
a known carcinogen in humans (esophagus) 
and rats (liver). 4,5 

Occurrence 

Outbreaks of ELEM and PPE associated with 
fumonisin-contaminated corn have occurred 
worldwide. 4,8,9 Historically, there have been 
reports of poisoning associated with FB r 
and FB 2 -contaminated oats and New Zealand 
forage grass, ’ but the majority of problems 
occur with contaminated corn and corn 
products. 1 ' 3 

Risk Factors 
Animal Risk Factors 

Horses and pigs are much more susceptible to 
the poisoning than cattle and poultry. 1 7,10 The 
recommended concentration of fumonisins 
in animal feed varies depending on the 
species; both the U.S. FDA and the European 
Union Commission have published guide¬ 
lines. 1 In the United States, the total fumoni¬ 
sins (FBj, FB 2 , and FB 3 ) present in maize or 
maize by-product in formulated feed should 
not exceed 5 ppm for horses. 1,1 Fumonisins 
are not excreted in the milk of cows or sows 
ingesting the toxin, so nursing animals should 
not be at risk for development of toxicity. 1 

Environmental Risk Factors 

The fungus is commonly found growing on 
moldy corn (maize) grain that has been 
affected by rain while on the stalk or stored 
wet. All forms of corn, including pelleted 
feeds, are susceptible to contamination, and 
visible mold may not necessarily be present 
on the corn. Infection by F. verticillioides may 
occur more often when a drought is followed 
by cool, damp weather during the pollination 
period. 9 

PATHOGENESIS 

The mechanism of action has not been clearly 
defined but may be related to interruption in 
sphingolipid metabolism. 1,8 The molecular 
structure of FB 3 and FB 2 is very close to that 
of sphinganine and sphingosine, sphingolip- 
ids found in lipid substances such as cellular 
membranes. Both FBi and FB 2 inhibit 
ceramide synthase (sphingosine and sphin¬ 
ganine N-acyl-transferase), effectively block¬ 
ing sphingolipid metabolism and interfering 
with cellular differentiation, growth, commu¬ 
nication, and transformation. 1,9 Serum and 
tissue concentrations of sphinganine and 
sphingosine increase and may be used as a 
biological marker of exposure to fumonisins. 1 
An elevation in the serum, tissue, or urine 
ratio of sphinganine to sphingosine (Sa:So) 
may have promise as a biomarker. 111 










EQUINE TOXICOSIS 

Equine Leukoencephalomalacia 

(Moldy Corn Disease) 

The most common clinical entity is equine 
leukoencephalomalacia (ELEM), a disease of 
horses, mules, and donkeys associated with 
the ingestion of fumonisin-contaminated 
corn. 4,9,12 Of the known fumonisins, FB! and 
FB 2 are the most important, and FB! has been 
shown to be the specific cause of ELEM. Poi¬ 
soning occurs in stored moldy corn, but it 
also occurs in horses fed commercial feeds, 
including pelleted feed; the disease incidence 
is usually in the form of an outbreak, with 
some of them being large-scale outbreaks. 4 ' 9,13 
Most feeds associated with ELEM contain a 
minimum of 15 to 22 ppm FBi, although risk 
is increased with ingestions of feeds contain¬ 
ing 10 ppm FB!. 4 ' 8 ' 13 

CLINICAL FINDINGS 

Classically, the disease is described as 
either a neurotoxic or hepatotoxic syn¬ 
drome, although it is likely a single syn¬ 
drome with the spectrum of signs related 
more to the actual concentration of fumo¬ 
nisins present in the feed, prior exposure, 
individual susceptibility, and total amount 
ingested. 1 ’ Cardiovascular dysfunction may 
play an important role in the development 
of ELEM. 1,4 

Clinical signs occur 14 to 21 days after 
introduction of contaminated feed; occa¬ 
sionally animals present with signs at 7 days 
and on rare occasions, not for 90 days. 1 
Reported early neurologic signs (neurotoxic 
syndrome) include proprioceptive deficits 
and decreased tongue tone, followed by 
a wide variety of other signs. 1 ’ Anorexia, 
hypersensitivity and agitation, sweating, 
muscle tremor and weakness, hypermetria, 
staggering, circling, inability to swallow, 
lower lip paralysis, protrusion of a flaccid 
tongue, apparent blindness, circling, head 
pressing, and dementia have all been 
reported. 18,9 ' 1 ’ Most animals die 4 to 24 hours 
after the onset of signs, although some horses 
are found dead without signs having been 
observed. 1,9 Hepatic signs (hepatotoxic syn¬ 
drome) are edematous swelling of the lips, 
nose, supraorbital fossa, and lower limbs. 
Icterus, mucosal petechiae, and dyspnea 
are common signs. The time period from 
the onset of clinical signs to death is 5 to 
10 days. 1 

CLINICAL PATHOLOGY 

Sphinganine and sphingosine concentrations 
and Sa:So ratio may be elevated. Serum 
chemistry analysis in horses with hepatic 
signs shows elevations in liver enzyme activi¬ 
ties, including gamma-glutamyl transferase 
(GGT) and aspartate aminotransferase 
(AST). 1,4 Total bilirubin and bile acids may 
also be elevated. The cerebrospinal fluid in 
horses with ELEM often shows elevations in 
protein concentration. 13 
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NECROPSY FINDINGS 

The classical lesion associated with ELEM is 
liquefaction necrosis of the white matter. 
There are macroscopic areas of softening, 
especially in the cerebrum, accompanied by 
hemorrhages in the white matter of the 
cerebral hemisphere and brown to yellow 
areas of discoloration. Histologically, there 
are swollen astrocytes or oligodendrites (pre¬ 
viously referred to as clasmatodendritic 
astroglia) containing eosinophilic intracyto- 
plasmic globules and eccentric hyperchro- 
matic nuclei. 8,9 Grossly, the liver is firm and 
small with an increased lobular pattern. 
Hepatic periportal fibrosis and hepatocyte 
vacuolization or necrosis are present on 
histopathology. 1,9,12 

SWINE TOXICOSIS 

The lungs, liver, and heart are the primary 
target organs for FBi and FB 2 toxicosis in 
swine. 1,4,10 A reduction in cardiac and vascu¬ 
lar efficiency is seen with chronic fumonisin 
intoxication. Alterations in immune function 
and intestinal colonization by pathogens may 
be present. 2,14 Fusaric acid, a mycotoxin also 
produced by F. moniliforme, is associated 
with depression and vomiting in pigs. 

PORCINE PULMONARY EDEMA 

Ingestion of fumonisin-contaminated corn 
in levels as low as 16 ppm is associated with 
the development of fatal pulmonary edema 
(PPE). 1,4,13 Fumonisin Bi blocks L-type 
calcium channels, resulting in left-sided 
heart failure and pulmonary edema. 1,4 Heart 
rate, contractility, and cardiac output are 
decreased, and pulmonary artery wedge 
pressure is increased. 1 

Clinical Signs 

Clinical signs occur 2 to 7 days after inges¬ 
tion of feeds containing large concentrations 
of FBi. 1,4 There is an acute onset of respira¬ 
tory distress characterized by a rapid 
respiratory rate, dyspnea, and open-mouth 
breathing. Decreased feed consumption, 
weakness, and cyanosis have been reported. 13 
Death from pulmonary edema and hydro¬ 
thorax occurs in a matter of hours following 
the onset of clinical signs. 1,4 

Necropsy Findings 

Grossly, the apical and cardiac lobes are firm 
and consolidated, with evidence of edema. 1 ’ 
Alveolar edema, interstitial edema surround¬ 
ing airways and vessels, and dilated lymphat¬ 
ics are present histologically. 1,13 

Hepatosis/Hepatic Effects 

Hepatic toxicity precedes the development of 
PPE and occurs when ingested amounts are 
less than those associated with PPE or, 
less often, in chronic exposures without 
development of PPE. 1,10 Common clinical 
signs include anorexia, weight loss, and 
icterus. More chronic cases of the hepatosis 


syndrome are accompanied by hyperkerato¬ 
sis and parakeratosis of the distal esophageal 
mucosa. 10 

Clinical Pathology 

Elevations in liver enzyme activities (GGT, 
alkaline phosphatase [ALP], and AST) and 
increases in total bilirubin and bile acids 
occur as early as a day or so after exposure to 
fumonisins. 1,2 ' 1 ’ Experimentally, serum total 
protein and albumin were lower and AST and 
ALT activity higher in swine chronically fed 
diets containing more than 10 ppm FBi. 2 

Necropsy Findings 

The liver is large, yellow, and friable. Hepatic 
fibrosis and nodular hyperplasia are present 
in chronic cases. 1 

RUMINANT TOXICOSIS 

Ruminants are relatively resistant to the 
fumonisins, likely from minimal rumen 
absorption. 1 Beef calves fed 148 ppm fumo¬ 
nisins for 31 days developed only anorexia, 
but serum analysis showed evidence of 
hepatic damage. 1,16 Dairy cattle seem to be 
more susceptible compared with beef cattle. 
Lower milk production and decreased feed 
intake occurred when fed 100 ppm fumoni¬ 
sins for 7 days before and 70 days after partu¬ 
rition. 10 Lambs receiving high concentrations 
of fumonisins developed acute hepatic and 
renal toxicity and died. 1,16 

DIAGNOSIS 

The diagnosis depends on the species, clini¬ 
cal signs, and pathologic findings, but must 
include detection of the specific toxin (FBi or 
FB 2 ) in the feed. The presence of Fusarium 
spp. in the feed does not confirm a diagnosis. 
High-performance liquid chromatography 
(HPLC) and enzyme-linked immunosorbent 
assay (ELISA) are available in many areas to 
assay corn and feed products for FBi 
and FB 2 .' Experimentally, liquid chromatog¬ 
raphy high-resolution mass spectrometry 
(LC-HRMS) has been used to identify 
hydrolyzed fumonisins in corn, 1 and a liquid 
chromatography-tandem mass spectrometry 
(LC-MS/MS) method has been developed 
and validated to identify FB! and FB 2 in 
swine liver. 18 

TREATMENT 

The onset of signs is so rapid that no specific 
treatment, other than supportive, has been 
effective. All suspect contaminated feed 
should be removed as soon as possible. 

CONTROL 

Corn and corn-based products, including 
pellets, should be tested for the presence of 
FBi and FB 2 and compared with published 
guidelines for maximum tolerable levels 
for individual species. 1 Contaminated corn 
should be disposed of or diluted and fed to 
feeder cows. 
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GLUCOSINOLATE TOXICOSIS 


SYNOPSIS 


Etiology Glucosinolates in Brassica spp. and 
related plants used as feed. 

Epidemiology Outbreaks in grazing cattle or 
in cattle fed crop by-products, especially 
cake or meal made from residues of seed 
oil extraction. 

Clinical pathology Assay of blood levels of 
glucosinolate or metabolic end products. 

Lesions Nonspecific goiter, enteritis, 
pulmonary emphysema, and interstitial 
pneumonia. 

Diagnostic confirmation Positive blood 
assay of glucosinolate. 

Treatment Supportive care only. 

Control Avoid toxic plants and meals. 


ETIOLOGY 

Glucosinolates, sometimes referred to as 
“mustard oil glycosides” or “thioglucosides” 
are organic substances containing a sulfo- 
nated oxime group, combined with glucose 


Multi-Organ Diseases 


Table 21-12 Plants causing glucosinolate poisoning 

Goitrogenic effect 


Pasture and forage plants: 


Rape (syn. canola) 

Brassica napus 

Kale, kohlrabi, chou moellier 

Brassica oleracea 

Cabbage, cauliflower, broccoli 


Brussels sprouts, Calabrese 


Chinese cabbage 

Brassica chinensis 

Turnip rape, cole 

Brassica campestris 

Swede, rutabaga 

Brassica napobrassica 

Turnip 

Brassica rapa 

Radish 

Raphanus sativus 

Plant by-products: 


Rapeseed oil cake 


Weeds: 


Turnip weed 

Rapistrum rugosum 

Diarrhea, unpalatability, taint effects (caused by mustard oil glucosinolates) 

Culinary plants: 


Horse radish 

Armoracia rusticana 

Cress, mustard greens 

Lepidium, Nasturtium, Tropaeolum spp. 

Wild radish 

Raphanus raphanistrum 

White mustard 

Sinapis alba 

Black mustard 

Sinapis nigra 

Oriental mustard 

Brassica juncea 

Weeds: 


Fanweed 

Thlaspi arvense 

Charlock 

Sinapis arvensis 

Wormseed or treacle mustard 

Erysimum cheiranthoides 

Note: The taxonomy of the Brassica spp. varies between countries. 


in the form of glycosides. More than 120 
compounds have been identified and charac¬ 
terized. 1,2 The metabolic by-products include 
isothiocyanates, nitriles, oxazolidinethiones, 
and carbinols. These plants also contain thio- 
glucosidase (myrosinase), the enzyme 
needed to hydrolyze the glucosinolate to 
glucose and the toxic radical. 1,2 

A special group, mustard oil glucosino¬ 
lates, occurs in the foliage of some plants and 
is concentrated in their seeds and the seeds 
of some others. Plant sources of glucosino¬ 
lates are mostly from the family Brassicaceae 
(Cruciferae), as listed in Table 21-12. 

EPIDEMIOLOGY 

Occurrence 

Outbreaks of glucosinolate poisoning are 
common wherever intensive animal hus¬ 
bandry is practiced, especially where plant 
wastes from the food industries are fed to 
livestock in feedlots. 

Risk Factors 
Animal Risk Factors 

Pigs are the most sensitive to glucosinolate 
poisoning followed by ruminants. 2 There is 


one equine report of toxicity associated with 
rapeseed oil. 

Human Risk Factors 

The toxic substances may be excreted in 
cows’ milk, but the observed goitrogenic 
effect when the milk is fed may be attribut¬ 
able to the low iodine content of the milk. 

Tainting of milk occurs in cows fed 
plants, more commonly plant seed by¬ 
products, containing glucosinolates. The 
odor and off-flavor are attributable to volatile 
thiocyanates and not to isothiocyanates. 
Treatment of the feed with caustic soda pre¬ 
vents the tainting. 

Plant Factors 

Plants in several uncommon botanical fami¬ 
lies contain glucosinolates, but animal poi¬ 
soning is largely limited to the agriculturally 
important members of the Brassicaceae (Cru¬ 
ciferae) family, all members of which contain 
these substances. The common fodder plants 
and commercial vegetables listed in Table 
21-12 have all been associated with poison¬ 
ing. Seed oil crops, such as seed rape and 
mustard seed, may be fed as roughage after 
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Multi-Organ Diseases Due to Toxicity 


the seed has been harvested and represent 
a possible source of poison. Large quanti¬ 
ties of seed also become available for animal 
feed, and because of the large quantity fed 
they may be associated with the enteric form 
of the disease. Glucosinolates are present in 
the vegetative parts of these plants but are in 
much higher concentration in the seeds. The 
glucosinolate concentration varies widely 
between species of plants (e.g. Brassica napus 
is much more goitrogenic than B. campes- 
tris ), and even between cultivars of the same 
species at different times of the year and 
under different conditions of growth. Includ¬ 
ing the rapeseed in ensilage does not reduce 
its goitrogenicity. Plant stress, including 
drought and overcrowding of plants, and the 
feeding of high-3.sulfate diets are known to 
increase the concentration of the toxin, and 
small young leaves may contain as much as 5 
times more glucosinolate than large, mature 
leaves. The high content of sulfate and glu¬ 
cosinolates in cabbage makes it a damaging 
feed. The most common and serious cases 
of poisoning occur in animals fed rapeseed 
or rapeseed meal. Diets containing as low 
as 3% of rapeseed meal may be associated 
with goiter and reduced weight gain in pigs. 
The meal is often fed in amounts up to 20% 
of the diet. An extensive plant-breeding 
program has produced varieties of seed 
rape that have very low concentrations of 
glucosinolate. 

PATHOGENESIS 

Glucosinolate metabolites and the relative 
proportions of them produced by enzymatic 
breakdown of the glucosinolates depend 
largely on the composition of the glucosino¬ 
late present, but factors such as pH also 
have an effect. There are three groups of glu¬ 
cosinolates, each producing a particular 
metabolite: 

• Glucosinolates producing principally 
isothiocyanates—some of these (e.g., 
allyl-isothiocyanate, 3-butenyl 
isothiocyanate) are the irritant 
components of mustard oils, contained 
in plant seeds, and are irritant to 
alimentary tract mucosa causing 
gastroenteritis, diarrhea, and dysentery. 
Others, present in the leaves of the 
plants, are hydrolyzed further to form 
thiocyanate ion. 

• Glucosinolates producing principally 
thiocyanate ion—which, when taken in 
small amounts over long periods, is a 
goitrogen. It is likely to be associated 
with goiter only when the iodine status 
of the diet is low. This substance reduces 
iodine capture by the thyroid gland, and 
the condition can be alleviated by the 
administration of iodine. 

• Thiones (e.g., 5-vinyloxazolidine-2- 
thione or goitrin), produced by the 
hydrolysis of glucosinolates present in 
the seeds of cruciferous plants, are more 
potent goitrogens than thiocyanate ion. 


They interfere with the synthesis of 
thyroxin, and iodine is ineffective in the 
treatment of the poisoning. Clinically, 
the effects of low-level intakes of 
isothiocyanate and thiones include 
goiter and a related reduction of the 
growth rate in the young, and possibly 
an indirect, depressing effect on 
reproduction in adults. The reduction in 
growth rate may be attributable to the 
observed hypothyroidism, but there is, 
in addition, a reduction in palatability 
with diets containing high levels of 
glucosinolates. This effect is most 
noticeable in young pigs but may also be 
evident in high-producing cows. 2 
There is a positive correlation between cru¬ 
ciferous plants (Brassica spp.) and polioen- 
cephalomalacia in ruminants (e.g., in rape 
blindness), but the brain lesion is likely 
associated with the high sulfur content of 
the plant.’ Mustard oil glucosinolates are 
associated with violent diarrhea, some¬ 
times dysentery, and abdominal pain in 
animals eating large amounts of seeds. 2 
No identifiable pathogenesis is advanced 
as being associated with acute pulmonary 
emphysema and interstitial pneumonia, 
or the ill-defined “digestive disturbance” 
seen in some outbreaks of poisoning with 
these plants. 

CLINICAL FINDINGS 
Goiter 

Enlargement of the thyroid may occur at any 
age, including the newborn of dams fed the 
plants during pregnancy. Deaths as a result 
of hypothyroidism, after a period of hypo¬ 
thermia, weakness, recumbency, and coma, 
are more likely in the latter age group. In 
older animals the accompanying syndrome 
will be weight loss or failure to gain weight. 2 
In serious outbreaks the thyroid is enlarged 
by 50% in most lambs, with more than 
10% showing gross enlargement. Affected 
flocks have longer-than-usual gestation 
periods, and lamb mortality is increased 
threefold because of the poor vigor of 
the lambs. 

Enteritis 

Abdominal pain, salivation, vomiting in 
some cases, diarrhea, dysentery, and a short 
course with a fatal outcome are common 
after animals have access to large amounts of 
reject seeds of these plants. 

Acute Pulmonary Emphysema and 
Interstitial Pneumonia 

The condition of acute pulmonary emphy¬ 
sema and interstitial pneumonia has been 
observed only in cattle. Affected animals 
show severe dyspnea, with stertorous rapid 
respiration, mouth breathing, and subcuta¬ 
neous emphysema. The temperature may or 
may not be elevated. Affected animals may 
survive but often remain chronically affected 
and do poorly. 


Polioencephalomalacia 
(Rape Blindness) 

Polioencephalomalacia, characterized by 
blindness, head pressing, aimless walking, 
ataxia, and recumbency, occurs in cattle, and 
rape blindness is manifested by the sudden 
appearance of blindness in cattle and sheep 
grazing these crops. 3 The eyes are normal on 
ophthalmoscopic examination; the pupils 
show some response to light and may or may 
not be dilated. Complete recovery usually 
occurs but may take several weeks. 

Other Unrelated Diseases 

• Digestive disturbances in steers on rape 
are usually accompanied by anorexia, 
the passage of small amounts of feces, 
absence of ruminal sounds, and the 
presence of a solid, doughy mass in the 
rumen. Only a small quantity of sticky, 
black material is present on rectal 
examination. 

• Photosensitization and bloat are also 
encountered in cattle grazing rape. 

CLINICAL PATHOLOGY 

Assays of blood levels of glucosinolates and 
their metabolic products are available. The 
diet and the pastoral environment should 
be examined for the presence of the plants 
and plant by-products known to contain 
glucosinolates. 

NECROPSY FINDINGS 

Goiter, enteritis, pulmonary emphysema, 
and interstitial pneumonia are nonspecific 
and dealt with at other points in the text. In 
Thlaspi arvense poisoning there may be 
massive edema of the forestomach walls. 

Diagnostic confirmation is detection of 
glucosinolates in the blood of animals with 
access to relevant plants or feedstuffs made 
from them. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis list: 

Goiter: 

• Inherited goiter 

• Low, continuous intake of cyanogenetic 
glucosides in, for example, pasture plants 
such as Cynodon aethiopicus, C. 
nlemfuensis (couch grasses), and Trifolium 
repens (white clover) 

• Nutritional deficiency of iodine 

Diarrhea with or without dysentery: 

• Arsenic poisoning 

• Infectious gastroenteritis 

• Other poisonous plants in which the toxin 
has not been identified 

• Salmonellosis 

TREATMENT 

Treatment is symptomatic and supportive. 

CONTROL 

Avoidance of losses can be best achieved by 

avoiding the use of the poisonous substance 









2204 


Chapter 21 


Systemic and Multi-Organ Diseases 


or the grazing of the affected area. Some of 
the goiters can be relieved by the administra¬ 
tion of iodine, and avoidance of high-sulfate 
diets reduces the level of glucosinolate pro¬ 
duction. Plant by-products containing glu¬ 
cosinolate derivatives can be treated with 
alkali solutions to destroy their toxicity. 
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MISCELLANEOUS MYCOTOXINS 

CYCLOPIAZONIC ACID 

Cyclopiazonic acid (CPA), an indole- 
tetramic acid, is a secondary metabolite pro¬ 
duced by several genera of Aspergillus and 
Penicillium growing on stored grain, includ¬ 
ing sunflower seeds. 1 It has been found in 
human and animal foods and food sources, 
including milk, eggs, and poultry. 1 ' 2 

Toxicity associated with CPA is consid¬ 
ered low, based on an LD 50 in rats of 30 to 
70 mg/kg BW, and reports of animal poison¬ 
ings are rare. 1 Ingestion of CPA-contaminated 
feed in sows is associated with feed refusal 
and conception problems in sows. Isolated 
from A. flavus, cyclopiazonic acid is associ¬ 
ated with weakness, anorexia, loss of body 
weight, and diarrhea in pigs. Necropsy 
lesions include gastric ulceration and hemor¬ 
rhages throughout the alimentary tract. 

PATULIN 

Patulin, an important toxin in human medi¬ 
cine, is produced by Aspergillus clavatus and 
other fungi, including Byssochlamys nivea , 
Penicillium urticae, P. claviforme, and P. 
patulum. iA Toxicity is most commonly asso¬ 
ciated with rotting apples or apple juice, and 
poisoning may occur in pigs fed food waste 
containing rotten fruit. 3 

Cattle and sheep poisoned by patulin 
producing fungi develop brain hemorrhage, 
pulmonary edema, or liver and kidney 
damage with abomasal hemorrhage. When 
fed to piglets, it is associated with vomiting, 
salivation, anorexia, polypnea, weight loss, 
leukocytosis, and anemia. Patulin may be the 
toxin associated with neurologic problems in 
cattle ingesting malting by-products and 


sprouted grains. 4 ’ 6 Affected cattle develop 
neuromuscular signs, including salivation, 
ataxia, hind limb weakness, muscle tremors, 
recumbency, and death. 1 6 

STERIGMATOCYSTIN 

Sterigmatocystin (STC) is a hepatotoxin and 
potential carcinogen in humans. 7 Carcino¬ 
genesis in farm animals is not reported. It has 
been isolated from Aspergillus spp., Bipolaris 
spp., Penicillium luteum, and other species of 
fungi. 7,8 It is a precursor of aflatoxin synthe¬ 
sis. 7 Contaminated foods include grains, soy¬ 
beans, nuts, animal feeds, and silage. 8 
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MUSHROOM TOXICOSIS 

Reports of poisoning associated with mush¬ 
rooms in large animals are rare. Grazing 
animals may have access to poisonous mush¬ 
rooms and develop clinical signs, but a spe¬ 
cific mushroom is rarely identified, and 
diagnostic tests are often limited. 

AMATOXINS 

Mushrooms in the genera Amanita, Gale- 
rina, and Lepiota contain amanitins (cyclo¬ 
peptides) that are toxic to the gastrointestinal 
tract, kidney, and liver. 1 Amanita phalloides 
(dead cap) and Amanita ocreata (Western 
North American destroying angel), both 
found in the coastal western and southwest¬ 
ern United States and parts of Mexico, have 
been associated with poisonings in calves, 1 
cattle, 3 dogs, 3 and human beings 1 ’ and 
perhaps horses. 1,4 As a group, amatoxins 
include several amantins, amanin, amanul- 
lin, and proamanullin, but amanitins are the 
most commonly reported toxins. A. phalloi¬ 
des and A. ocreata contain high concentra¬ 
tions of a-amanitin and p-amanitin. 1 
Ingestions of small amounts have resulted in 
poisoning in humans and dogs; the toxic 
amount in large animals is unknown. 

In monogastric animals, amanitins are 
absorbed in the gastrointestinal tract and 
transported to the liver, where they are taken 


up by OATP1B3, an organic acid hepatic 
transporter. 5 Protein binding does not occur. 
Metabolism has not been recorded, and 80% 
to 90% of an ingested dose is eliminated in 
the urine and 7% in the bile. 1 Bioavailability, 
serum half-life, and plasma detection time 
vary with the species. 1,2 Similar information 
is not available for ruminants. 

Clinical signs occur from inhibition of 
nuclear RNA polymerase II, which causes a 
decrease in messenger RNA and ultimately 
protein synthesis. 1,2 Hepatocytes, crypts cells, 
and those in the proximal convoluted tubules 
of the kidney are most commonly affected. 
Other cellular effects are at work as well. 1,2 
The earliest signs identified in animals are 
gastrointestinal and include severe pain, 
vomiting, and bloody diarrhea. 2 These are 
followed by a latent period of hours to a few 
days and a final stage with acute necrotizing 
hepatic failure and renal failure. 1,2 Coagula¬ 
tion defects, hypoglycemia, elevations in liver 
enzymes, and encephalopathy may occur. 

Several different modalities, including a 
liver transplant in humans, are used to treat 
toxicosis in humans and dogs, but large 
animals are generally found dead or die 
before treatment can be provided. 

Postmortem examination shows a friable 
liver with diffuse centrilobular to panlobular 
necrosis. 1 Other organs, such as the kidney, 
and the gastrointestinal tract are also affected. 
Liquid chromatography/mass spectrometry 
is available in some laboratories to analyze 
serum, urine, liver, kidney, and gastric con¬ 
tents, including rumen, for amanitins. 6 

RAMARIA FLAVO-BRUNNESCENS 

The Ramaria flavo-brunnescens mushroom 
is found only in the eucalyptus woods of 
North America, Australia, China, Brazil, 
and Uruguay. ' 9 The toxin is unknown, but 
toxicity may be related to interference with 
sulfur-containing amino acids (cysteine) in 
keratinized structures. 9 

Clinical signs of “eucalyptus poisoning” 
have been recorded in sheep and cattle. 
Jersey calves experimentally poisoned with 
20 mg/kg BW R. flavo-brunnescens mush¬ 
rooms developed anorexia, hyperemia of the 
oral mucosa, and loosening of hair shafts at 
the tip of the tail. 8 Other recorded signs 
include salivation; lingual and esophageal 
ulcers; loss of hair, especially of the tail 
brush; recumbency; and pain in, and loss of, 
hooves. 

SCLERODERMA CITRINUM 

Scleroderma citrinum (common earth ball) 
fed to a miniature Chinese pot-bellied pig 
has been associated with vomiting, depres¬ 
sion, recumbency, and death. 4 The pupillary 
light reflex was lost, but the eye preservation 
reflex remained. Pain on abdominal palpa¬ 
tion, hyperthermia, tachycardia, and mucoid 
feces passed with some straining were 
present; death occurred in about 5 hours. 
The toxin has not yet been identified. 







CORTINARIUS SPECIOCISSIMUS 

Cortinarius speciocissimus has been associ¬ 
ated with deaths in sheep in Norway with 
renal tubular necrosis and terminal uremia. 

INOCYBE AND CLITOCYBE SPP. 

Muscarine, a mycotoxic alkaloid found in the 
macrofungi, is associated with excessive sali¬ 
vation, bradycardia, diarrhea, and vomiting. 
Atropine is an effective antidote. 
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PHALARIS SPP. (CANARY 
GRASS) TOXICOSIS 


SYNOPSIS 


Etiology Associated with the ingestion of 
the Phalaris spp. grasses containing 
dimethyltryptamine (causing an incoordination 
syndrome) or unknown substances (causing a 
sudden death/cardiac syndrome and a sudden 
death/polioencephalomalacia-like syndrome). 

Epidemiology Outbreaks on lush, rapidly 
growing pasture; sheep most commonly 
affected. 

Clinical pathology Isolation of tryptamines 
in plants and affected animals. 

Lesions Green-gray discoloration of renal 
medulla, medulla oblongata, brainstem. 

Diagnostic confirmation By detection of 
tryptamines in body fluids or cadaver. 

Treatment None. 

Control Limitation of access to causative 
plants. 


ETIOLOGY 

Dimethyltryptamines associated with inco¬ 
ordination syndrome include the following: 

• Phalaris aquatica (synonym P. tuberosa) 

• P. angusta, timothy canary grass 

• P. arundinacea , reed canary grass 

• P. caroliniana, Maygrass, Southern 
canary grass 

• P. brachystachys 
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• P. canariensis, annual canary grass, 

commercial canary grass 

• P. minor, littleseed canary grass, wild 

canary grass 

• P. paradoxa, hooded canary grass 

The cause of acute death from cardiac 
arrest, originally ascribed to the methylated 
tryptamines, is unknown, but may be related 
phenylethylamines, other alkaloids (indoles/ 
oxindoles), or other factors. 1 The cause of 
death associated with polioencephalomala- 
cia, once thought to be a related to thiamine 
analogs produced by the ruminal flora, is 
also unknown. 1 

EPIDEMIOLOGY 

Occurrence 

The disease has been recorded in many parts 
of Australia, New Zealand, South Africa, 
Spain, California, and South America where 
the phalaris grasses are in common use as 
pasture plants. 1 ' 3 Heavy losses occur on indi¬ 
vidual farms as a result of sudden deaths, but 
careful management relieves the burden of 
the incoordination syndrome. 

The individual tryptamine alkaloids asso¬ 
ciated with the disease vary significantly in 
their toxicity, and thus plants in a pasture 
can vary greatly in the danger they present. 
The concentration of tryptamines in the 
grass is increased by high environmental 
temperature and their growing in the shade, 
and toxicity is greatest when the plants 
are young and growing rapidly, especially 
after a break in a dry season. Provision of 
cobalt appears to stimulate the proliferation 
of microorganisms in the rumen that are 
capable of destroying the causative agent, but 
sheep affected with phalaris staggers do not 
usually show any signs of cobalt deficiency. 
Under some circumstances, plants with low 
tryptamine content will be associated with 
the syndrome. 

Risk Factors 
Animal Factors 

Sheep, followed by cattle, are most commonly 
affected, although alpacas have developed the 
incoordination syndrome and horses the 
sudden death/cardiac syndrome. 1,4,5 

Up to 30% of a flock may be affected 
when P. aquatica dominates the pasture or is 
preferentially grazed. On lightly stocked pas¬ 
tures the sudden death syndrome, with signs 
appearing within 4 hours but usually between 
12 and 72 hours after going onto the pasture, 
is most likely to occur. Deaths are most 
common in hungry sheep in the early 
morning or in foggy or cloudy weather. This 
syndrome is also recorded in cattle on irri¬ 
gated Phalaris spp. pasture in hot, humid 
weather. 

The incoordination syndrome occurs in 
similar circumstances but in sheep that have 
protracted or repeated exposure. In this case 
clinical signs appear 2 to 3 weeks after sheep 
are put onto pasture showing new growth, 
usually in the autumn or early winter. Both 


forms may occur in a single flock of sheep 
and also in feedlots. Sheep of all ages are 
affected, and mild cases may occur among 
cattle. 

The variability in the numbers affected 
and the severity of the disability in sheep 
flocks from day to day appear to be attribut¬ 
able to the variation in the amount of toxin 
absorbed, possibly affected by the degree of 
detoxification of the tryptamines in the 
rumen. The reduction in severity of an out¬ 
break associated with dietary supplementa¬ 
tion with cobalt is thought to be effected in 
this way. 

PATHOGENESIS 

Tryptamine alkaloids, structurally similar to 
serotonin, are present in the grass under 
certain conditions and are associated with the 
incoordination syndrome by a direct agonist 
action on serotonergic receptors in specific 
brain and spinal cord nuclei. 1,4 Clinical signs 
mimic those of the serotonin syndrome and 
include repetitive head movements tremors, 
rigidity, and hyperreactivity, The nervous dis¬ 
turbance appears to be functional in contrast 
to that associated with P-carbolines, which is 
accompanied by axonal degeneration and is 
an irreversible syndrome. 

A characteristic of the disease is a 
greenish-gray discoloration of the brainstem, 
diencephalon, dorsal root ganglia, and 
kidneys. 4 The pigmentation is a result of the 
accumulation of indole-like pigments at the 
locations where the causative alkaloids act, 
but the pigments themselves do not have any 
effect on the signs. 

CLINICAL FINDINGS 

The sudden cardiac death syndrome, the 
most rare of the three syndromes, is mani¬ 
fested by sudden collapse, especially when 
excited, a short period of respiratory distress 
with cyanosis, and then death or rapid recov¬ 
ery. 1 During the stage of collapse there is 
arrhythmic tachycardia followed by ventric¬ 
ular fibrillation and cardiac arrest. Con¬ 
sciousness is retained. 

The sudden death polioencephalomalacia 
syndrome cases are rarely observed alive, but 
occur commonly after short periods of feed 
deprivation. This occurs most often in sheep, 
although cattle have been affected as well. 

In the initial stages of the incoordination 
syndrome in sheep, signs appear only when 
the animals are disturbed. Hyperexcitability 
and generalized muscle tremor, including 
nodding and bobbing of the head, occur first. 
On moving, the limb movements are stiff, 
and the hocks are not bent, causing dragging 
of the hindfeet. Incoordination and swaying 
of the hindquarters follow. Some animals 
walk on their knees, others bound or hop, 
and others knuckle at the fetlocks; some 
show splaying of the digits. In the most 
severe cases collapse into lateral recumbency 
is accompanied by paddling movements 
of the legs and irregular involuntary 
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movements of the eyeballs. There is rapid 
respiration and irregular tachycardia. The 
sheep may die at this stage, but if left undis¬ 
turbed they may recover and walk away 
apparently unaffected. If the sheep are left on 
the pasture, the condition worsens in indi¬ 
vidual cases, with the animal becoming 
recumbent and manifesting repeated convul¬ 
sive episodes until death supervenes. 

There is a great deal of variation from day 
to day in the number of sheep showing signs 
and in the severity of the signs observed. 
Even after sheep are removed from the 
pasture the clinical state may deteriorate, and 
although some appear to recover, clinical 
signs can usually be elicited by forcing them 
to exercise. Deaths are reported to continue 
for 1 week after removal of sheep from toxic 
pasture, and clinical signs of the nervous 
form of the disease may persist for as long as 
2 months. The extraordinary situation is 
recorded where new cases continue to occur 
for as long as 12 weeks after sheep are moved 
onto pasture that contains no Phalaris spp. 

In cattle, the signs may be restricted to 
stiffness of the hocks and dragging of the 
hind toes, but severe cases similar to the 
common syndrome in sheep also occur. 3,4 
Additional, and more common, signs 
observed in some, but not all, cattle include 
an extraordinary incoordination of the 
tongue and lips in prehension; thus, the 
hungry animal, trying desperately to eat, can 
only prehend a few stalks of grass at a time. 4 
The jaw movements are quite strong, 
but the tongue stabs and darts, and it lacks 
the sinuous curling movements normally 
present. There may also be an inability to put 
the muzzle to the ground, and thus prehen¬ 
sion can only occur from a raised manger or 
hayrack. Affected cattle are often hyperexcit- 
able and difficult to handle. 

CLINICAL PATHOLOGY 

Laboratory tests on antemortem material 
can detect the presence of the causative 
tryptamines in plant material but are unlikely 
to be generally available. 

NECROPSY FINDINGS 

Other than the characteristic green-gray pig¬ 
mentation of tissues in the renal medulla, 
brainstem, midbrain, and dorsal root ganglia, 
gross lesions are absent. Degeneration of 
spinal cord tracts and of the ventral portion 
of the cerebellum has been observed in 
terminal cases of the incoordination syn¬ 
drome, but is not a consistent finding. In the 
sudden death or cardiac syndrome sheep are 
usually found dead on their sides with their 
heads strongly dorsiflexed and legs rigidly 
extended. Some sheep have blood-stained 
nasal discharge, and many froth at the mouth. 
Abdominal visceral congestion and epicar- 
dial and duodenal hemorrhages are present 
and indicate acute heart failure. Polioenceph- 
alomalacia is characteristic of the sudden 
death -polioencephalomalacia syndrome. 


The association between the nervous 
disease and the plants should suggest the 
diagnosis. The appearance of these signs only 
on exercise is significant, suggesting a func¬ 
tional rather than a physical lesion. Diagnos¬ 
tic confirmation rests on the identification of 
the causative tryptamines in the feed materi¬ 
als and the tissues and fluids on antemortem 
or postmortem examination. 

TREATMENT 

Flocks of affected sheep should be removed 
immediately from the pasture. There is no 
specific antidotal treatment. 

CONTROL 

No preventive measures are available against 
the sudden death syndrome, but the nervous 
form may be prevented by the oral adminis¬ 
tration of cobalt. 1,4 Affected pastures may be 
grazed if sheep are dosed with cobalt (at least 
28 mg per week) at intervals of not more than 
1 week, or if alternative grazing is provided in 
rotation. Dosing at too long intervals or with 
inadequate amounts may account for some 
failures in prevention. The parenteral admin¬ 
istration of cobalt or vitamin B 12 is not effec¬ 
tive. The additional cobalt can be provided by 
drenching the sheep individually or spread¬ 
ing it on the pasture mixed with fertilizer as 
described under cobalt deficiency. Unfortu¬ 
nately, the genetic selection of P. aquatica 
cultivars with low contents of methylated 
tryptamines favors a significant increase in 
toxic (3-carbolines. 
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TOXICOSIS FROM PLANT 
PHENOLS (GOSSYPOL 
AND TANNINS) 

Two important groups of plant polyphenols 
(hydroxyl derivatives of benzene) are gos- 
sypol and the tannins. 

GOSSYPOL 

ETIOLOGY 

Gossypol is found primarily in oil glands 
(gossypol glands) of the seed but also in 
some other portions of the plant. It is present 
in variable amounts in cottonseed cake made 


from the seeds of Gossypium spp. and hybrids 
(commercial cotton) and in the seeds and 
their hulls, and poisoning occurs primarily 
from ingestion of seed meal or other seed 
products. Seed meal usually contains 300 to 
400 ppm but may contain as much as 
18,000 ppm of free gossypol in a 17% protein 
ration. 

EPIDEMIOLOGY 

Swine and preruminant animals are more 
susceptible to poisoning than mature rumi¬ 
nants. Levels of 200 to 300 ppm are toxic to 
swine, and preruminant calves’ diets con¬ 
taining 100 to 200 mg/kg BW resulted in 
gossypol mortality. Horses appear to be resis¬ 
tant to gossypol toxicity, with no natural 
cases being on record. 1 

Most recorded outbreaks of gossypol poi¬ 
soning refer to pigs. Cottonseed cake should 
not be fed to pigs at all, especially young pigs. 
Adults may tolerate up to 60 ppm gossypol 
in the feed, although other sources suggest 
100 ppm may be safe. 1 

Animals with a functioning rumen are 
able to tolerate higher levels of free gossypol 
than preruminant animals. Goats are more 
susceptible than others, with daily intakes of 
350 to 400 mg gossypol being fatal after 3 
months. Calves die of heart failure if fed 800 
to 1000 g cottonseed meal/day. Illness and 
mortality have also been produced by feeding 
gossypol to adult dairy cows. Adverse effects 
on spermatogenesis with an increase in 
sperm morphologic abnormalities occurs in 
bulls on low intakes and without clinical 
signs. Sheep are susceptible if the toxin is 
injected but appear to be unaffected when it 
is fed. In rams, feeding free gossypol in 
concentrations greater than 9 mg/kg BW 
resulted in reproductive toxicity. 2 

PATHOGENESIS 

Cottonseed oil is extracted at high tempera¬ 
tures, and during this process gossypol is 
released from the oil glands. Some binds to 
proteins and is considered nontoxic; the 
remainder is referred to as “free gossypol” 
and is the toxic form. In swine, free gossypol 
is absorbed from the gastrointestinal tract, 
conjugated in the liver, and excreted in the 
feces. 1 Little is excreted in the urine or milk. 
The mechanism of action is that of a reactive 
species, forming free radicals and damaging 
various tissues, especially the heart. 1,2 Other 
mechanisms are likely at work as well. Myo¬ 
cardial necrosis with congestive heart failure 
and hepatic changes are commonly associ¬ 
ated with ingestion of toxic amounts of 
gossypol. 1 

CLINICAL FINDINGS 

Clinical signs are abrupt but don’t usually 
appear until animals have been fed on rations 
containing cottonseed meal for 1 to 2 months. 
Pigs poisoned by gossypol are thin, are exer¬ 
cise intolerant, cough, and are severely dys- 
pneic, with a “thumping” type of respiration. 







Multi-Organ Diseases Due to Toxicity 


2207 


Death from cardiac insufficiency occurs in a 
few days, often preceded by cyanosis and sei¬ 
zures. Feeding cottonseed meal to pregnant 
sows at the rate of 20% to 40% of the ration 
is associated with shortening of the gestation 
length, and in some cases 40% of piglets are 
born prematurely and die. Poisoned calves 
show anorexia, dyspnea, cough, brisket 
edema, ascites, distension of the jugular vein, 
and weakness; hematuria occurs occasion¬ 
ally, and death follows an illness of several 
days. Sublethal rates of ingestion are associ¬ 
ated with stunting of growth and reduction 
of fertility in bulls. Feeding cottonseed meal 
to young bulls and rams is not recommended 
because of the risk of permanent damage to 
spermatogenic tissues, but the risk is consid¬ 
ered to be negligible. 

CLINICAL PATHOLOGY 

There are no specific clinical pathology tests 
that are specific for gossypol. In later stages, 
hepatic enzyme activities may be elevated; 
Thoracic radiographs may demonstrate 
the presence of fluid, which can be examined 
for protein content after collection via 
thoracocentesis. 

NECROPSY FINDINGS 

There is generalized edema, including high- 
protein fluid in all the serous cavities, and 
hepatomegaly as a result of congestive heart 
failure, and histologically there is degenera¬ 
tion of the myocardium and skeletal muscu¬ 
lature. Centrilobular necrosis in the liver is 
also a characteristic lesion, and the liver will 
contain as much as 42 |ig/g gossypol. 

CONTROL 

Cottonseed cake may be fed with safety to 
adult cattle if the daily intake of meal is less 
than 2.5 to 3 kg/head per day, and it may 
be fed to pigs if it constitutes less than 9% 
of the ration. 1 Cooking of the cake or the 
addition of 1% calcium hydroxide or 0.1% 
ferrous sulfate to it are efficient methods of 
detoxification. In experimental trials the 
addition of iron in equal proportions to gos¬ 
sypol up to 600 mg/kg of the ration will 
protect pigs. Significant quantities of cations 
(particularly calcium and iron) in water sup¬ 
plies or rations appear to be protective. Pro¬ 
viding calcium carbonate at a rate of 12 g/ 
kg of whole cotton seed (WCS) for every 
0.5% of free gossypol in the WCS prevents 
reproductive effects in cattle. Selenium 
(sodium selenite) supplementation in rams 
at 1 mg/ram per day has been used experi¬ 
mentally to counteract the adverse effects on 
semen characteristics. 2 

TANNINS 

Tannins include the condensed tannins (pro- 
anthocyanidins), which are insoluble and 
nontoxic, except that they may be associated 
with oral mucosal lesions, and the hydro¬ 
lyzable tannins, which are soluble and 


potentially toxic. 3 Pyrogallol, a degradation 
product of hydrolyzable tannins, is a gastro¬ 
intestinal (GI) and renal toxin. Oaks ( Quercus 
spp.) and yellow-wood tree ( Terminalia 
oblongata ssp. oblongata ) are important in 
this group. Miscellaneous other toxic plants 
in this group include the following: 

• Acacia melanoxylon —black wattle 

• Acacia salacina —black sally wattle 

• Clidemia hirtia —harendong 

• Elephantorrhiza elephantine — 
elephants root; elans bean 

• Stryphnodendron spp. 

• Thiloa glaucocarpa —sipauba, vaqueta 

• Ventilago viminalis —supple jack 

OAK ( QUERCUS SPP.) 

The leaves and acorns of many varieties of 
oak trees can be browsed by animals and are 
associated with no illness when they form 
only a small part of the diet. 3 When ingested 
in large quantities, all Quercus spp. are asso¬ 
ciated with toxicity, including the following: 

• Q. agrifolia —coast live oak 

• Q. garryanna —Oregon white oak 

• Q. havardii —sand shin oak 

• Q. marilandica —blackjack oak 

• Q. robur (synonym Q. pedunculata )— 

European oak 

• Q. rubra —Northern red oak 

• Q. velutina —black oak 

The toxic principles are hydrolyzable 
tannins and simple phenols in the leaves, 
especially the young buds, and green acorns. 
All species of animals are affected, with 
losses in sheep and cattle being reported 
most commonly and occasional cases occur¬ 
ring in horses. 4 8 Goats are thought to be 
capable of surviving much greater intakes of 
tannin than cattle because of greater concen¬ 
trations of tannase enzymes in their ruminal 
mucosa. 4 Experimental administration of 
tannic acids to goats has produced anemia, 
but there is no record of the natural occur¬ 
rence of the disease. 

Oak toxicosis involves the gastrointestinal 
tract and kidneys. 4 7 Cattle and sheep tend to 
show both GI and renal disease, whereas 
horses are more likely to develop gastroen¬ 
teritis and fewer renal issues. If little else is 
eaten, oak foliage and acorns ingested for 3 
to 4 days may be associated with nephrosis, 
which is manifested by polyuria, ventral 
edema, abdominal pain, and constipation 
followed by the passage of feces containing 
mucus and blood. Blood urea nitrogen 
(BUN) and creatinine levels are elevated; 
serum electrolytes are altered (increased 
potassium, decreased sodium); urine specific 
gravity is low, and proteinuria, glucosuria, 
and hematuria may occur. 4,6 Hepatic 
enzymes, indicative of liver damage, may be 
elevated, depending on the animal and/or 
oak species. At necropsy in ruminants there 
is edema of the gastrointestinal wall and 
mesentery, a characteristic nephrosis, and 
hepatic damage. Ulcerations of the mucosa 
consistent with uremia may be present. 


Survivors of an initial attack of nephrosis 
make compensatory weight gains and 
perform well in feedlot situations. 

Extensive areas of oak-brush range in the 
United States can be utilized for cattle 
grazing, but this requires careful manage¬ 
ment if losses are to be avoided. The phenol 
content varies between species, and thus 
stands of Q. alba can be much less toxic than 
those of Q. rubra or Q. velutina. Calcium 
hydroxide (15% of the ration) is an effective 
preventive under experimental conditions. 

YELLOW-WOOD TREE ( TERMINALIA 
OBLONGATA SPP.) 

The foliage of the Yellow-Wood Tree con¬ 
tains a hepatotoxic tannin punicalagin and 
an unidentified nephrotoxin, and it is associ¬ 
ated with losses in cattle. Acute poisoning of 
cattle is manifested by a sudden onset of 
hepatopathy, jaundice, and photosensitiza¬ 
tion, with some nephrosis and signs of 
abdominal pain and dehydration. Necropsy 
reveals a swollen congested liver, swollen 
gray-green kidneys, and gray-green pig¬ 
mentation of the gastrointestinal mucosa, 
with multiple small hemorrhagic erosions of 
the abomasal mucosa. Chronic poisoning of 
cattle is dominated by severe nephrosis with 
pigment accumulation and fibrosis in the 
kidney cortex, polyuria, and wasting of the 
body. Yellow-wood poisoning of sheep is a 
nervous derangement, manifested by sei¬ 
zures if sheep are excited by handling, from 
which they recover spontaneously. 

FURTHER READING 

Danke RJ, Panciera RJ, Tillman AD. Gossypol toxicity 
studies with sheep. J Anim Sci. 1965;24:1199-1201. 
Duncan CS. Oak leaf poisoning in two horses. Cornell 
Vet. 1961;51:159-162. 

Garg SK, Makkar HP, Nagal KB, et al. Oak ( Quercus 
incana) leaf poisoning in cattle. Vet Hum Toxicol. 
1992;34:161-164. 

Kornegay ET, Clawson AJ, Smith FH, et al. Influence of 
protein source on toxicity of gossypol in swine 
rations. J Anim Sci. 1961;20:597-602. 

Legg J, Moule GR, Chester RD. The toxicity of 
yellow-wood ( Terminalia oblongata) to cattle. 
Queensland J AgSci. 1945;2:199-208. 

Zelski RZ, Rothwell TJ, Moore RE, et al. Gossypol 
toxicity in preruminant calves. Aust Vet J. 
1995;72:394-398. 

REFERENCES 

1. Nicholson SS. Cottonseed toxicity. In: Gupta RC, ed. 
Veterinary Toxicology. Elsevier; 2012:1161. 

2. El-Mokadem MY, et al. / Anim Sci. 2012;90:3274. 

3. Mueller-Harvey I. / Sci Food Agric. 2006;86:2010. 

4. Eroksuz Y, et al. Revue Med. Vet. 2013;164:302. 

5. Sadeghi-Nasab A, et al. / Vet Res. 2013;68:305. 

6. Lorin B, et al. Revue Med Vet. 2009; 160:507. 

7. Perez V, et al. Res Vet Sci. 2011;91:269. 

8. Hume T. Vet Rec. 2006;159:860. 

MISCELLANEOUS 
PLANT TOXICOSIS 

AESCULIN 

The glycoside aesculin (7-hydroxycoumarin- 
6-glucoside) occurs in Aesculus spp. plants, 
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including A. californica, A. glabra, A. hippo- 
castanum, A. octandra, and A. pavia (buck¬ 
eyes or horse chestnuts), with A. pavia being 
the most toxic. 1 Ingestion of the seeds and 
nuts is usually reported, but toxicity also 
occurs after eating bark and foliage. 1 In 
monogastric animals the glycoside is associ¬ 
ated with gastroenteritis with vomiting, but 
its digestion in ruminants to a soluble agly- 
cone results in the more common syndrome 
of depression, straddled posture, stiff and 
uncoordinated gait, tremor, easy falling, 
recumbency, and convulsions with opisthot¬ 
onos. Signs are exacerbated by handling or 
harassment. No necropsy lesions are reported. 

ALCOHOL (COMPLEX PLANT) 

Included in alcohol toxins are cicutoxin, 
occurring in Cicuta spp. (water hemlock); 
oenanthotoxin, isomeric with cicutoxin, in 
Oenanthe spp. (water hemlock dropwort); 
and tremetol in Ageratina altissima (formerly 
Eupatorium rugosum [white snakeroot]) and 
Isocoma pluriflora (rayless goldenrod). 

Cicutoxin and oenanthotoxin are C17 
conjugated polyacetylenes and act as 5- 
aminobutyric acid antagonists in the CNS; 2 
tremetol is composed of complex mixtures of 
alcohols and ketones that may act to impair 
the tricarboxylic acid cycle. 3,4 

• Cicutoxin poisoning in all species is 
characterized by early tremor, 
restlessness, and stumbling gait, 
followed by violent clonic convulsions 
with bellowing, opisthotonos, and 
frothing at the mouth. 5 Between 
convulsions there is ruminal tympany, 
dyspnea, profuse salivation, teeth 
grinding and chewing movements, 
frequent urination and defecation, 
tachycardia, hyperthermia, and pupillary 
dilation. Most affected animals die of 
respiratory failure after a course of a few 
minutes, but more usually several hours. 
Serum levels of muscle enzymes are 
elevated as a result of the muscle 
activity. Necropsy lesions are comprised 
of skeletal and cardiac myodegeneration. 
The characteristic roots may be found in 
the forestomaches, more commonly 
lodged in the esophageal groove than in 
the rumen proper. In experimentally 
produced cases, IV sodium 
pentobarbital administered at the onset 
of the first convulsion prevents further 
convulsions and the myodegeneration, 
but no practicable remedy is available 
for natural cases. Green seed heads and 
tubers are toxic. 1 ’ Prevention depends on 
keeping animals away from the plant, 
including the roots, which may be 
exposed during excavation or after 
flooding 

• Oenanthotoxin poisoning is associated 
with an identical syndrome, most 
commonly in cattle. The roots of the 
plant are the common source of the 
poison. 


• Tremetol is associated with stiffness and 
incoordination of gait, severe tremor, 
salivation, depression, recumbency, and 
coma preceding death in ruminants. In 
goats, skeletal muscle degeneration and 
necrosis is extensive. 3,7 In horses, there 
is heavy sweating, regurgitation of food 
through the nostrils, and the passage of 
dark, hard feces; there may be 
congestive right-heart failure with 
electrocardiographic abnormalities and 
extensive myocardial damage. 4 Cardiac 
troponin I may be a useful diagnostic 
tool for horses suspected of tremetol 
toxicosis. 4 The alcohol is excreted in the 
milk of animals that ingest the plant and 
may be associated with clinical illness 
and even death in humans drinking the 
milk.' Liver damage and skeletal muscle 
and myocardial swelling and pallor are 
gross lesions at necropsy. 

ALIPHATIC ACETOGENIN 
(MONOGLYCERIDE) 

The toxin responsible for poisoning by Persea 
americana (avocado, alligator pear) is a bio¬ 
logically active aliphatic acetogenin, persin, 
with the form of a monoglyceride. Only vari¬ 
eties of Guatemalan origin are toxic; Mexican 
varieties are not. All parts of the plants can be 
toxic. Horses, ruminants, and ostriches have 
been affected. In lactating females, poisoning 
produces sterile mastitis and agalactia, with 
necrosis of secretory epithelium of mammary 
glands. Horses are affected by a heart failure 
syndrome, usually nonfatal, with severe sub¬ 
cutaneous edematous swelling of the head 
and dyspnea. In some cases, there is ischemic 
necrosis of masseter and tongue muscles. 
Fatal cases have myocardial necrosis. Colic 
and diarrhea have been reported in foals. Poi¬ 
soned ostriches have paresis of neck muscles, 
edema of the neck, pulmonary edema, and 
necrosis of cardiac muscle. 

AMINE TOXICITY 

Tyramine (N-methyl-phenylethyl-amine) is 
found in Acacia berlandieri (guajillo) and 
two mistletoes, Phoradendron villosum and 
Viscosum album. Clinical signs in poisoning 
by the acacia include gait incoordination, 
limb weakness, and recumbency, all exacer¬ 
bated by exercise or harassment, and all of 
which disappear if the patient is removed 
from contact with the plant. No signs are 
attributed to poisoning by mistletoe; in the 
only event recorded, the patient was found 
dead. 

AMINO ACID TOXICITY 

The best-known toxic amino acids are as 
follows: 

• Indospicine in Indigofera hendecaphylla 
(formerly I. spicata, creeping or trailing 
indigo) 

• Indospicine in Indigofera linnaei (I. 
dominii, I. enneaphylla, Birdsville 
indigo) 


• Canavanine in Canavalia spp., Indigofera 
linnaei 

• Mimosine in Leucaena leucocephala 
(lead tree) and Mimosa pudica (sensitive 
plant) 

Indospicine/Canavanine 

Poisoning by Indigofera linnaei has generally 
been ascribed to indospicine, an arginine 
analog, and, to a lesser extent, canavanine, 
also an arginine analog, but a nitrocom¬ 
pound may also be involved. The mechanism 
of action is an inhibition of nitrous oxide 
synthesis, decreased glutathione levels, and 
increased superoxides in hepatocytes. 

Indospicine transmitted to dogs fed on 
meat from poisoned horses is associated with 
fatal liver damage in the dogs. Canavalia spp. 
and I. hendecaphylla in sheep and cattle are 
associated with a similar syndrome that 
includes anorexia, icterus, weakness, gait 
incoordination, and, less commonly, abor¬ 
tion. Horses show anorexia, depression, 
ataxia, and seizures. 

Mimosine 

The nonprotein amino acid mimosine 
occurs in Mimosa pudica (sensitive 
plant) and Leucaena leucocephala, a legumi¬ 
nous fodder shrub. 8,9 Mimosine plus 
an enzyme in plant tissue produces 3,4- 
dihydroxypyridone (3,4-DHP), a potent goi- 
trogen, which on mastication yields 2,3-DHP 
through the action of rumen flora. Mimo¬ 
sine, 3,4-DHP, and 2,3-DHP are all toxic. 10 
Both plants are associated with alopecia, but 
Leucaena spp. is associated with the disease 
known as “jumbay” (Bahamas) or “lamtoro” 
(Indonesia). Some varieties of the tree 
contain more mimosine than others. Safe 
daily intakes of mimosine are 0.18 g/kg BW 
for cattle, 0.14 g/kg BW for sheep, and 
0.18 g/kg BW for goats. There is a great deal 
of variation in the effects of poisoning with 
L. leucocephala, depending on the variety of 
the tree, the amount of other fodder avail¬ 
able, and the selection of the feed by the 
animal. 11 Horses, sheep, cattle, and goats are 
all affected. 

Cattle and goats in Indonesia, Hawaii, 
and the Virgin Islands, where the tree is 
indigenous, eat very large amounts of the 
plant without ill-effect. This immunity is 
attributable to the adaptation of ruminal 
microflora to degrade the mimosine, with 
the degree of degradation varying with 
the diet and being much greater on a con¬ 
centrate diet than on a roughage one. A 
transfer of rumen contents from resistant 
to susceptible cattle is a successful preven¬ 
tive veterinary procedure. The bacterium 
capable of degrading the toxins is Synergistes 
jonesii. 10,12 In some areas, if ruminants are 
introduced to the plant gradually enough, 
the ruminal microflora may develop the 
capacity of metabolizing mimosine, and thus 
poisoning is not a problem. Animals in the 
areas of concern can be given a Synergistes 





jonesii ruminal inoculum and success¬ 
fully graze on leuceana pastures without 
issues. 10 

Loss of wool and hair is the most common 
sign. Other less frequent signs are anorexia, 
weakness, thyroid gland enlargement, gingi¬ 
val atrophy, lingual epithelial ulceration, 
infertility, and low birth weight. In experi¬ 
mental animals, hepatic injury is one of the 
most marked effects, but this is not recorded 
in field cases. 

In horses the loss of hair is most marked 
in the mane and tail and around the hocks 
and knees. Ring formation in the hooves 
and emaciation also occur. In cattle and 
sheep, shedding of hair or wool occurs soon 
(7-14 days) after the first exposure to the 
plant, when very large amounts are fed. The 
alopecia is not necessarily general but is 
symmetric and includes the tail, ears, face, 
and sheath. Experimental feeding of large 
amounts of the plant to steers has been 
associated with hair loss, especially on the 
tail, pizzle, and escutcheon. Cattle fed on 
the plant for long periods develop other 
chronic syndromes, including incoordina¬ 
tion, temporary blindness, and hyperactiv¬ 
ity to the point of severely interfering with 
normal handling procedures. A secondary 
phase of poisoning is associated with the 
formation of DHP recorded in some coun¬ 
tries, but not others. It is characterized by 
enlarged thyroid glands, poor breeding per¬ 
formance, and goitrous, weak calves. The 
goitrogenic effect is limited to ruminants, 
associated with 3,4-DHP, and unresponsive 
to iodine administration. A further compli¬ 
cation, seen in goats on low-level feeding 
over a long period, is fibrous osteodystro¬ 
phy of the mandible, causing salivation, 
slow eating, and weight loss. The long bones 
are normal. 

In pigs, the feeding of diets containing up 
to 15% of dried L. leucocephala to pregnant 
gilts is associated with a high proportion of 
fetuses being resorbed and some having limb 
deformities. Feeding 1% ferrous sulfate in 
the diet reduces these effects. 

Toxic effects are quickly reversible by 
removing animals from access to the plants, 
so the case-fatality rate is usually low. Taste 
aversion conditioning has been successful in 
an experimental setting and may be in useful 
in reducing toxicity in those animals that 
must graze on leucaena pastures. 13 Supple¬ 
mentation of the diet of ruminants with iron, 
copper, and zinc is also claimed to reduce the 
toxic effects. 

Animals grazing heavily on L. leucoceph¬ 
ala may have low blood levels of thyroxine 
and are likely to have high blood and urine 
levels of DHPs. 9,11 Necropsy lesions are 
limited to alopecia, oral and esophageal 
ulcers, and thyroid enlargement. 

ARISTOLOCHINE 

Aristocholine, an alkaloid, occurs in the fol¬ 
lowing Aristolochia spp.: 
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• A. bractea 

• A. clematitis —birthwort 

• A. densivena 

• A. elegans 

In goats, poisoning takes the form of 
diarrhea, dyspnea, alopecia, and hindlimb 
weakness. In horses, signs include straining 
to urinate, passing small amounts of urine 
frequently, polyuria, and tachycardia. 

CREPENYNIC ACID 

Necrosis of cardiac and skeletal muscle, 
manifested clinically by staggering and 
recumbency, or sudden death during exer¬ 
cise, is the significant lesion in poisoning of 
sheep by crepenynic acid, which is found in 
mature seed heads of Ixiolaena brevicompta 
(button weed). 

CYCAD GLYCOSIDES 

All cycads that have been investigated 
contain one or more glycosides of methyl- 
azoxymethanol (MAM) and a neurotoxic 
amino acid (/J-N-methylamino-L-alanine or 
BMAA). The two common glycosides are 
cycasin and macrozamin. These include 
species of the following: 

• Bowenia 

• Cycas 

• Dioon 

• Encephalartos 

• Lepidozamia 

• Macrozamia 

• Stangeria 

• Zamia 

These robust cone-bearing plants grow in 
greatest numbers in poor soil in hot climates, 
and their young leaves and seeds are eaten 
eagerly by ruminants when other feed is 
short. Methylazoxymethanol glycosides are 
more concentrated in seeds than in leaves 
and roots. 14 The MAM glycosides are hydro¬ 
lyzed in the rumen to aglycones and sugars. 
The MAM aglycone is the toxic portion, 
alkylating DNA and RNA and causing hepa- 
totoxicosis with periacinal hepatocyte necro¬ 
sis and damage to blood vessels leading to 
hepatic veno-occlusion. Long-term intake 
results in liver cirrhosis. The liver lesions 
result in anorexia, weight loss, jaundice, and 
photosensitization. In addition, acute poi¬ 
soning is associated with hemorrhagic 
necrosis of the abomasum and small intes¬ 
tine in sheep and cattle, causing severe diar¬ 
rhea. Sheep are more likely than cattle to 
consume seeds and develop hepato/ 
gastrointestinal MAM poisoning. 14,15 Pigs 
and horses have been experimentally poi¬ 
soned with seeds. MAM is mutagenic and 
carcinogenic in laboratory animals, but this 
effect has not been described under natural 
conditions. 

The role fS-N-methylamino-L-alanine 
(BMAA) plays in animal toxicosis has not 
been well established. It is a potent neuro¬ 
toxin that concentrates in the roots of several 
Cycas spp. and may be associated with 
or produced by cyanobacteria. 16,17 It has 


also been linked to the development of 
amyotrophic lateral sclerosis/parkinsonism 
dementia complex present in the Chamorro 
people in Guam. 16 

An unidentified neurotoxin in Bowenia, 
Cycas, Macrozamia, and Zamia produces 
posterior ataxia in cattle, a syndrome recog¬ 
nized in Australia, where it is called zamia 
staggers; some Japanese islands; and in the 
Caribbean region. 18 This is the most likely 
result of cattle consuming these plants under 
natural conditions; however, affected cattle 
often have some degree of chronic liver 
damage. This ataxia syndrome in sheep has 
been produced experimentally but is rare 
under natural conditions. Clinically, the con¬ 
dition is a proprioceptive defect affecting the 
hindlimbs causing an irregular, stiff overex¬ 
tension (“goose-stepping”) and knuckling 
over at the fetlocks. Atrophy of hindlimb 
muscles and posterior paralysis may follow. 
There are degenerative lesions of the fascicu¬ 
lus gracilis, dorsal spinocerebellar tracts, 
and corticospinal tracts of the spinal cord. 
Affected cattle do not recover. 

GRAYANOTOXINS 

Grayanotoxins (synonyms acetylandrom- 
edol, andromedotoxins, rhodotoxins) are 
resinoid substances, members of the diterpe¬ 
noid group of substances, and found in 
plants of the Ericaceae (heath), family 
including: 

• Agauria salifolia 

• Clethra arborea —heathers 

• Kalmia spp.—mountain laurels 

• Ledum spp.—labrador tea 

• Leucothoe spp.—sierra laurel, hanahiri 

• Lyonia ligustrina —staggerbush 

• Menziezia ferruginea —mock azalea 

• Pieris spp.—apanese pieris 

• Rhododendron spp.—azaleas and 
rhododendrons 

Grayanotoxins concentrate in the leaves 
but are found in all plant parts including the 
flowers and nectar. The toxins present in 
nectar are transferred to honey made from 
these plants and have been associated with 
poisoning in humans. 19,20 The toxins bind to 
voltage-dependent sodium channels, slowing 
their opening and closing, resulting in per¬ 
sistent activation and an increase in axon 
sodium ion permeability of almost 100- 
fold. 19,21 At higher doses, calcium channels 
may be affected as well. 

The toxins are very poisonous, with 
deaths often occurring after plant clippings 
are thrown into pastures or fed individually 
by unsuspecting individuals. 20,21 The toxic 
dose of Rhododendron spp. in cattle is 0.2% 
of their body weight and for Kalmia spp. is 
0.4% of body weight. 19,21 Cholinergic type 
signs begin 3 to 14 hours after the plant is 
eaten and include depression, salivation, 
projectile vomiting, bloat, repeated swallow¬ 
ing or belching, tenesmus, abdominal 
pain, and diarrhea. 19 ' 21 Other signs include 
irregular respirations, blindness, weakness, 
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recumbency, convulsions, and cardiac 
arrhythmias (bradycardia, tachycardia, 
others). Diarrhea is rare. Aspiration pneu¬ 
monia is a common sequela and is the only 
common gross necropsy finding. 19 ' 21 Typi¬ 
cally the acute signs last for about 24 hours, 
with 2 to 3 days required for resolution of the 
neurologic effects. 19 

ISOQUINOLINE ALKALOIDS 

Berberine, a pyridine alkaloid, a subgroup of 
the isoquinoline alkaloids, occurs in the fol¬ 
lowing weeds: 

• Argemone mexicana —Mexican prickly 
poppy 

• A. ochraleuca 

• A. subfusiformis 

• Berberis spp. 

• Mahonia spp. 

The clinical syndrome in cattle and pigs 
includes weight loss, dyspnea, and subcuta¬ 
neous edema. Diarrhea, abdominal pain, and 
recumbency are also recorded. At necropsy 
the principal lesion is cardiomyopathy 
accompanied by fluid in body cavities and 
pulmonary edema, and gastroenteritis in 
some cases. The toxic effect of A. mexicana 
seeds may be attributable to their total 
content of isoquinoline alkaloids rather than 
to their berberine content. 

Bulbocapnine is an isoquinoline alkaloid 
found in Corydalis flavula (fitweed, fuma- 
tory) and Dicentra spectabilis (bleeding 
heart) and is associated with a transient syn¬ 
drome of tremor, tetanic convulsions, frenzy 
and biting at surrounding objects, opisthoto¬ 
nos, drooling of saliva, and vomiting in 
grazing ruminants. 

Chelidonine, a toxic isoquinoline alka¬ 
loid found in Chelidonium majus (greater 
celandine or celandine poppy), is associated 
with a syndrome of gait incoordination, 
dribbling urine, drooling saliva, and convul¬ 
sions in cattle, especially if they are harassed. 

Corydaline is an isoquinoline alkaloid 
found in Corydalis caseana (fitweed) and 
is associated with acute diarrhea, frenzy 
and excitement exacerbated by harassment, 
clonic convulsions, and a quick death in 
grazing animals. The same toxin in Dicentra 
cucullaria is associated with a similar syn¬ 
drome, except that vomiting occurs and diar¬ 
rhea does not. Gastroenteritis is present at 
necropsy. 

JUNIPERINE 

An alkaloid, juniperine occurs in Juniperus 
spp. trees and is reputed to be associated with 
nephrosis, cystitis, and rumenitis when 
eaten. Signs include abdominal pain, diar¬ 
rhea, proteinuria, elevation of blood urea 
nitrogen (BUN) levels, and abortion. 

RHOEADINE 

Rhoeadine is an alkaloid found in the seed 
capsules of Papaver rhoeas (field poppy), 
and probably P. nudicaule and P. som- 
niferum, and is associated with restlessness, 


hypersensitivity, ataxia, ruminal stasis, 
dyspnea, and convulsions, but no significant 
necropsy lesions. 

SAPONIN POISONING 

Saponins are naturally occurring glycosides 
with the physical properties of soaps; that is, 
they produce a stable froth in water. They 
have a bitter taste. They also lyse erythrocytes 
in vitro. There are two classes of saponins, 
those with a triterpene aglycone radical and 
those in which the nonsugar radical is a 
steroid. 

Triterpene Saponins 

In plants, almost all saponins are triterpene 
saponins. The compounds are concentrated 
in the rapidly growing shoots, the bark, and 
the roots, and they are thought to have an 
insect-repellent role in these sensitive areas 
of the plant. They are absorbed very slowly, 
if at all, from the alimentary tract, and it 
seems unlikely that they will exert any sys¬ 
temic effect unless there is preexisting 
damage to the intestinal mucosa. 

Information regarding the toxicity of tri¬ 
terpene saponins for animals is scarce. The 
principal pathogenic effect is enteritis and 
gastroenteritis, manifested by diarrhea and 
dysentery. Other less common signs include 
abdominal pain, vomiting, and salivation. 
The following plants are known to have 
this effect: 

• Aleurites fordii 

• Dialopsis africana 

• Gutierrezia microcephala 

• Hedera helix 

• Jatropha curcas 

• J. hyssopifolia 

• Phytolacca americana 

• Phytolacca dioica —packalacca 

• Phytolacca dodecandra 

• Saponaria officinalis 

• Sesbania spp. 

Bulnesia sarmientii (Palo santo tree) seed 
pods and foliage contain an unspecified toxic 
saponin that is associated with convulsions, 
licking of forelimbs, geophagia, chewing 
movements, ruminal atony, bradycardia, and 
frequent urination and defecation. The bitter 
taste of saponins may result in a decrease in 
feed intake and a reduction in growth rate in 
monogastric animals. 

Steroidal Saponins 

Steroidal saponins are associated with 
Scandinavian (Norway) photosensitization 
disease (alveld or “elf fire”) and occasionally 
nephrosis in ruminants; they occur in the 
following plants: 

• Agave lecheguilla 

• Agrostemma githago 

• Brachiaria decumbens grass 

• Kochia scoparia —summer cypress 

• Nartheciium ossifragum —also associated 
with alveld 

• Panicum spp. grasses 

• Panicum schinizii 


• Panicum miliaceum —French millet 

• Panicum coloratum —kleingrass 

• Panicum. dichotomiflorum —smooth 
witch grass 

• Tribulus terrestris. 

Other Panicum spp. grasses that should 
now be on the suspicious list for this kind of 
poisoning are as follows: 

• P. decompositum 

• P. effusum 

• P. maximum 

• P. queenslandicum 

• P. whitei 

Birefringent crystals composed of the 
glucuronides of epismilagenin and episar- 
sasapogenin formed from an ingested 
saponin accumulate in the biliary system, 
blocking it and causing damage to it and 
surrounding hepatocytes. Jaundice, photo¬ 
sensitization, and hepatitis result. Blockage 
of the bile canaliculi and bile ducts and 
filling of hepatocytes, Kupffer, and renal 
tubules cells by acicular crystals are char¬ 
acteristic. Necrosis of the distal renal 
tubules, papillary muscles of the heart, and 
adrenal cortex are accompanying lesions. 
Other steroidal saponins are present in 
Tribulus terrestris, but they appear to be 
nonlithogenic. 

SESQUITERPENES 

Sesquiterpenes are common plant poisons. 
Subgroups of them, described elsewhere in 
this chapter, are as follows: 

• Furanoid sesquiterpenes 

• Ipomeanols 

• Ngaiones 

• Sesquiterpene lactones 

• Sporidesmin 

Unspecified sesquiterpenes are also listed 
as being associated with other poisonings. 
For example, Flourensia cernua and Vernonia 
spp. are associated with heavy losses in South 
America and Africa as a result of hepatic 
necrosis in grazing ruminants. Affected 
animals show nonspecific signs of anorexia, 
ruminal atony, hypothermia, staggering gait, 
recumbency, and convulsions. Serum levels 
of liver enzymes are elevated, accompanying 
a massive liver necrosis. 

FURANOID SESQUITERPENES 
(FURANOSESQUITERPENOID) 
POISONING 

Furanosesquiterpenoids, including ngaione 
and myodesmone, are essential oils in the 
following plants: 

• Lasiospermum bipinnatum —ganskweed 

• Myoporum spp.—boobialla, Ellangowan 
poison bush, and others 

Ingestion of these plants usually is associ¬ 
ated with jaundice, photosensitization, 
ruminal stasis, constipation, tenesmus, and 
abdominal pain. Necropsy findings are 
limited to hepatic necrosis, jaundice, and 
photosensitive dermatitis. Ingestion of L. 
bipinnatum by lambs also is associated with 
the same hepatic insufficiency syndrome, but 
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the same plant from a different part of a farm 
may be associated with pulmonary and 
mediastinal emphysema and interstitial 
pneumonia reminiscent of the ipomeanols. 
The fungi Ceratocystis spp. is associated with 
the same problems as L. bipinnatum. The fol¬ 
lowing are associated with acute hepatic 
injury and deaths in ruminants: 

• Myoporum laetum —ngaio tree 

• Eremophila deserti (= M. deserti )— 
Ellangowan poison bush 

• M. tetrandrum —Australian boobialla 

Ipomeanol 

Ipomeanols are produced in sweet potatoes 
in response to infection by the Fusarium 
fungi, F. solani, F. oxysporum, and F. javani- 
cum, and Ceratostomella fimbriata and are 
associated with pulmonary emphysema and 
edema and interstitial pneumonia when fed 
to animals. 22 ' 24 Ipomeanols are also suspected 
of being associated with the poisoning of 
Perilla frutescens (purple mint weed) 25 
and Zieria arborescens (stinkwood tree). 
P. frutescens is toxic only after the plant has 
flowered and then loses its toxicity once it 
has been wilted by frost. Cases appear in 
calves 3 to 12 days after they begin eating the 
plant. Pulmonary edema develops because of 
damage to endothelial cells and young 
pneumocytes. 

Zieria arborescens, a small tree in Tasma¬ 
nia and eastern Australia, is associated with 
interstitial pneumonia in cattle, and the 
disease is reproducible by feeding the foliage. 
Clinical signs appear as tachypnea, abdomi¬ 
nal, grunting respiration with extension of 
the head, mouth breathing, and a nasal dis¬ 
charge. In severe cases the temperature and 
pulse are elevated. Most cases die after an 
illness of 1 to 21 days. Necropsy lesions 
include massive pulmonary edema and 
emphysema. 

Sesquiterpene Lactones 

There are very many plant lactones sus¬ 
pected of being poisonous. Plant genera 
known to owe their toxicity to their content 
of sesquiterpene lactones include Centaurea 
spp. (especially C. repens, C. solstitialis). 
Chrysanthemum spp. (associated with 
contact dermatitis), Geigeria spp., Helenium 
spp., Hymenoxys spp., Iphiona aucheri, and 
Parthenium hysterophorus (parthenium 
weed). 

Vomiting Syndrome 

Geigeria, Helenium, and Hymenoxys spp. 
poisonings in cattle are associated with a 
syndrome of regurgitation (spewing sick¬ 
ness, vermeersiekte), salivation, dysphagia, 
and coughing. An ELISA is available for the 
quantitative detection of the sesquiterpene 
lactone dihydrogriesenin in Geigeria spp. 
Contrast radiography of the esophagus and 
biopsy of skeletal and esophageal muscle are 
helpful in diagnosis. Dietary supplements 
used to prevent poisoning by sesquiterpene 


lactones, including a soybean meal-sodium 
sulfate combination, are useful if thiol groups 
are added to the ration. Urea potentiates the 
poisoning. 

Encephalomalacia Syndrome 

Centaurea solstitialis (yellow star thistle) and 
C. repens (Russian knapweed) poisoning in 
horses is associated with a well-known 
syndrome of severe depression, constant 
chewing movements, salivation, tongue 
flicking, dysphagia, intestinal bloat, paraly¬ 
sis, recumbency, and death. 26 Yawning and 
somnolence are evident, but the horse is 
easily aroused. Some horses show aimless, 
slow walking, and, in the early stages, tran¬ 
sient circling. The gait is not grossly abnor¬ 
mal, with a slight stiffness in the walk being 
the only abnormality except for weakness in 
the terminal stages. A fixed facial expression 
is common, with the mouth being held half 
open or the lips drawn into a straight line. 
Wrinkling of the skin of the lips and muzzle 
and protrusion of the tongue are present in 
many cases. Signs fluctuate in severity for 2 
to 3 days and then remain static until the 
animal dies or is destroyed. Nigropallidal 
encephalomalacia and fluid accumulations 
in body cavities are characteristic necropsy 
lesions. Areas of necrosis or softening are 
visible macroscopically in the brain, with 
lesions within the substantia nigra pars retic¬ 
ulata (sparing the dopaminergic cell bodies 
in the pars compacta) and in the rostral 
portion of the globus pallidus. 26 

The plants do not appear to be toxic to 
ruminants, rodents, or monkeys, and sheep 
do well on sole diets of the plants. 

SELENOCOMPOUNDS 

Organic selenocompounds occur in two 
classes of plants that preferentially accumu¬ 
late selenium: primary converter or indicator 
plants that grow only in soils with abnor¬ 
mally high selenium content and secondary 
converters that grow anywhere but accumu¬ 
late selenium if it is available. Primary 
converters are more toxic, attaining levels of 
greater than 1000 and up to 10,000 ppm. 2 
Secondary converters reach levels of about 
1000 ppm. 

Primary converters include the 
following: 

• Astragalus spp.—milk vetch, poison 
vetch 

• A. bisulcatus —two grooved milk vetch 27 

• A. pattersonii —Pattersons milk vetch 

• A. praelongus —sinking milk vetch 

• A. pectinatus —narrow leaf milk vetch 

• A. racemosus —alkali milk vetch, creamy 
locoweed 

• Oonopsis condensata —goldenweed 

• Stanleya pinnata —prince’s plume 27 

• Xylorrhiza spp.—woody aster 
Secondary converters include the 

following: 

• Acacia cana 

• Aster spp.—woody aster 


• Astragalus spp. 

• Atriplex canescens —saltbush 

• Castilleja spp. 

• Comandra pallidai 

• Grindelia squarrosai 

• Machaeranthera ramosa 

• Morinda reticulata 

• Neptunia amplexicaulis 

• Penstemon spp. 

• Sideranthus spp.—ironweed 

Clinical findings include the common 
acute form with signs of aimless wandering, 
circling, apparent blindness, head-pressing, 
dyspnea, lameness and recumbency, teeth 
grinding, and salivation. The chronic form is 
characterized by alopecia, weight loss, coro- 
nitis, hoof deformity, and hoof shedding in 
all species, including pigs. Assay of selenium 
in the feed is usually necessary to confirm 
the diagnosis. Daily intakes of more than 
30 ppm are usual in the subacute form. In 
chronic cases the intake is usually below this 
level and has been maintained for some 
months. 

Necropsy findings are nonspecific and 
include hepatic, myocardial, and renal injury 
and erosion of joint cartilage. 

STEROIDAL ALKALOIDS 
(SOLANUM SPP.) 

Solanum spp. plants contain many poisonous 
glycosidic steroidal alkaloids, including 
solanidine, soladulcidine, solasodine, toma- 
tidine, and others. The most well-known 
poisonous plants in the group include the 
following Solanum spp.: 

S. bonariensis ls 

S. dulcamara —bitter nightshade, bittersweet 
S. elaeagnifolium —silver leaf nightshade, 
white horse nettle 
S. esuriale 
S. fastigiatum 
S. kwebense 29 
S. lycopersicum —tomato 
S. nigrum —black nightshade 
S. pseudocapsicum —Jerusalem cherry 
S. triflorum —cut leaf nightshade 30 
S. tuberosum —potato 

The other important members of the 
genus are S. malacoxylon and S. glaucophyl- 
lum, with the principal association being 
enzootic calcinosis. 31 Lycium halimifolium is 
also listed as containing these alkaloids. 

Acute poisoning with steroidal alkaloids, 
associated with large doses, appears in exper¬ 
imental animals as a syndrome of gastroen¬ 
teritis, with diarrhea and necropsy lesions of 
mucosal necrosis in the stomach and intes¬ 
tines. Subacute poisoning with smaller doses, 
which are not associated with an enteric 
lesion but are absorbed, is associated with 
nervous signs of exercise-induced gait inco¬ 
ordination, easy falling, a straddled gait, nys¬ 
tagmus, and convulsions with opisthotonos, 
complemented in some cases by cardiac 
irregularity, hemolysis, and sometimes diar¬ 
rhea. Records of necropsy lesions include 
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only occasional references to the presence of 
encephalomalacia and cerebellar agangliosi- 
dosis associated with the incoordination 
syndromes. Solanum esuriale has been sug¬ 
gested as being associated with humpy back, 
a common disease in sheep in Australia, but 
the association is unproven. After forced 
exercise, affected sheep show gait stiffness in 
the hindlimbs with shortness of steps. This is 
followed by an inability to keep walking and 
the adoption of a peculiar hump-backed 
stance. The disease occurs only in summer in 
fully wooled sheep. At necropsy, there is 
degeneration of spinal cord tracts. In the 
United States, S. dimidiatum is associated 
with a “crazy cow syndrome” of staggering 
and incoordination, with a selective loss of 
Purkinje cells from the cerebellum. A similar 
syndrome is associated with S. kwebense in 
South Africa (mad drunk disease), 29 one by 
S. bonariense (naranjillo) in cattle in 
Uruguay, 28 one by S. cinereum in goats in 
Australia, and one by S. fastigiatum var. fas- 
tigiatum in Brazil. The latter appears to be an 
acquired gangliosidosis. It is characterized 
by cytoplasmic membranous bodies in the 
Purkinje cells and a syndrome identical 
to that described previously for subacute 
poisoning with steroidal ( Solanum spp.) 
alkaloids. After an attack lasting up to 60 
seconds, the animal returns to normal. 
Affected animals do not recover but do not 
die unless by misadventure. The animals can 
be provoked to have an attack by raising 
their heads or by holding them in lateral 
recumbency and then letting go. 28 ' 29 It is 
probable that these are not true “convulsive” 
diseases but cerebellar incoordination in 
which frantic efforts by a seriously ataxic 
animal give a superficial resemblance to con¬ 
vulsive episodes. It is also probable that the 
lesions in this disease are not associated with 
steroidal alkaloids but with perhaps with 
p-carbolines. 

Potatoes are toxic only if they are green 
and sprouted, and the toxic alkaloid solanine 
is concentrated in those parts; potatoes must 
constitute more than 50% of the diet before 
toxicity occurs. Pigs are most commonly 
affected, but all species are susceptible. In 
pigs there is dullness, copious diarrhea, 
anorexia, hypothermia, and coma in the ter¬ 
minal stages. The mortality rate may be high. 
In horses, the signs include depression and 
prostration, but usually there are no signs of 
alimentary tract irritation. In cattle, derma¬ 
titis, comprised of vesicles and scabs on the 
legs, is a more common syndrome. At nec¬ 
ropsy in all species there is a moderate 
hyperemia of the alimentary mucosa. 
Sprouted or diseased potatoes can be fed 
safely if they are boiled and the amount fed 
is restricted to less than 25% of the diet. 

There are several anecdotal reports that 
tomatoes are toxic to horses and ruminants 
if they are fed green vines and foliage from 
tomato plants. This was not shown to be the 
case, at least in beef cattle; they did not 
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develop any clinical signs other than weight 
loss after being fed large amounts of tomato 
foliage for 42 days. 

Some of these plants also contain specific 
teratogenic steroidal alkaloids that contain 
a-piperidine moiety. The plants, in decreas¬ 
ing order of toxicity in terms of produc¬ 
ing craniofacial deformities in laboratory 
animals, are as follows: 

• S. elaeagnifolium 

• S. saccharoides 

• S. dulcamara 

• S. melongena 

• S. tuberosum 

VELLEIN 

The toxin vellein, found in the plant Velleia 
discophora, is associated with hyposensitiv- 
ity, dyspnea, tachycardia, and recumbency 
but no specific necropsy lesions. 

VERATRINE 

The mixture of alkaloids found in Veratrum 
californicum is associated with a syndrome of 
salivation, dyspnea, vomiting, diarrhea, fre¬ 
quent urination, cardiac irregularity, and 
convulsions. The plant also contains the 
teratogen cyclop amine. 

ZIGADINE (ZIGADENINE) 

The phytotoxin zigadine occurs in the plants 
Zigadenus spp. (death camas), especially the 
bulb, and is associated with a syndrome of 
salivation, vomiting, tremor, ataxia, and 
dyspnea. The toxin has been identified in the 
rumen of dead cattle by electron impact mass 
spectrometry, avoiding the necessity of iden¬ 
tifying the plant botanically. 
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TOXICOSIS FROM 
BREWER'S RESIDUES 

Diseases associated with the feeding of 
by-products of brewing and distilling include 
the following: 
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• Carbohydrate engorgement in cattle fed 
wet brewer s grains 

• Possibly spinal cord degeneration in 
adult cattle fed sorghum beer residues 
contaminated by Aspergillus flavus and 
containing aflatoxin 

• Excess sulfur (>0.45% in the diet) from 
some methods of processing, which can 
lead to polioencephalomalacia 

TRICHOTHECENE TOXICOSIS 

Trichothecenes (TCT) are the largest group of 
mycotoxins and are among the most toxic. 1 ' 2 
They may produce toxic effects in the liver, 
kidney, gastrointestinal tract, central nervous 
system, immune system, or hematopoietic 
system or adversely affect productivity in 
many animals. 3 5 Trichothecenes exert these 
effects through several mechanisms, includ¬ 
ing inhibition of protein synthesis, inhibition 
of RNA and DNA synthesis, activation of 
cytokines, increased lipid peroxidation, dys¬ 
function of mitochondria, and apoptosis. 6,7 

More than 180 TCT mycotoxins have 
been identified, all containing an epoxy 
group at the C12 to C13 portion of their 
chemical structure that is necessary for tox¬ 
icity. 7,8 This epoxy group is necessary for tox¬ 
icity. 1,9 They are divided into two different 
categories, the macrocyclic and the nonmac- 
rocyclic trichothecenes, on the basis of their 
molecular structure. Chemically, they are 
divided into four types (A, B, C, D) based on 
substitutions at five different sites on the 
TCT molecule. 1,2 Type A contains T-2 toxin, 
HT-2 toxin, and 4,15-diacetoxyscirpenol 
(DAS); type B contains deoxynivalenol 
(DON) and nivalenol (NIV); type C contains 
crotocin and baccharin; and type D contains 
the macrocyclic mycotoxins such as verruca- 
rin, roridin, and satratoxins. 1,2,6 

MACROCYCLIC TRICHOTHECENES 

Trichothecene mycotoxins in this group 
include satratoxin, verrucarin, roridin and 
others. 

The standard nomenclature for toxicity 
associated with this group of mycotoxins 
is retained, stachybotrytoxicosis and 
myrotheciotoxicosis. 

Stachybotryotoxicosis 

Toxins in the fungus Stachybotrys chartarum 
(S. atra, S. alternans), which is associated 
with stachybotryotoxicosis, are the macrocy¬ 
clic tricothecenes, satratoxins G and H, 
roridin E, and verrucarin J. These mycotox¬ 
ins are found worldwide as contaminants of 
wet and decaying straw and hay. 10,11 Horses, 
cattle, sheep, and pigs may be affected, and 
the disease is characterized by fever, ruminal 
atony, diarrhea, dysentery, necrotic ulcer¬ 
ation, hemorrhages of the nasal and oral 
mucosae causing epistaxis and purulent 
nasal discharge, and conjunctivitis causing 
lacrimation. 3 Drying and cracking of the skin 
are visible, especially peri-orbitally and on 


the face. At necropsy there are hemorrhages 
into all tissues and under all serous mem¬ 
branes. An important abnormality is the 
depression of leukocyte formation, causing 
agranulocytosis and producing a disease not 
unlike that associated with bracken poison¬ 
ing in cattle. Hemorrhages are visible in the 
mucosae; there is also hemorrhagic enteritis. 
In sheep, Pasteurella haemolytica can often 
be isolated from tissues. The infection is 
thought to occur as a result of the immuno¬ 
suppression associated with the toxins. In 
horses, there is also a subacute or acute myo¬ 
sitis. The disease resembles alimentary toxic 
aleukia (ATA), associated with the ingestion 
of toxin from Fusarium poae and Fusarium 
sporotrichioides, in humans. 3 

Myrotheciotoxicosis 

Roridin, a toxin in the fungus Myrothedum 
roridum and Myrothedum verrucaria 
growing on rye-grass and white clover plants 
in pasture, or on stored feeds, is associated 
with sudden death in sheep and cattle, with 
necropsy lesions of abomasitis, hepatitis, and 
pulmonary congestion and edema. Smaller 
intakes are associated with similar lesions, 
but over a course of 7 to 10 days. Very small 
doses administered over a 30-day period are 
associated with loss of weight but no deaths. 

A bizarre involvement in what appears to 
be a plant poisoning is the role that M. ver¬ 
rucaria plays in Baccharis spp. poisoning. 
Baccharis spp., including B. cordifolia, B. dra- 
nunculifolis, B. pteronioides (synonym B. 
ramulosa ), and B. glomeruliflora, are associ¬ 
ated with tremor, stiff gait, and convulsions 
and some deaths in cattle and sheep. Roridin, 
a toxin produced by Myrothedum spp. 
growing in close apposition to the roots of 
the plants, is absorbed and, when eaten by 
animals, poisons them. In other plants 
roridin is lethal to the plant when present in 
very small amounts. 

NONMACROCYCLIC 

TRICHOTHECENES 

T-2 toxin and deoxynivalenol (DON) are 
well recognized TCT mycotoxins produced 
by several different genera of fungi, with 
many growing on cereal grains. Fungi pro¬ 
ducing these mycotoxins are not fully defined 
in terms of which toxins they produce, and 
many produce more than one. Accordingly, 
the syndromes described here, and attrib¬ 
uted to specific fungi and toxins, are tenta¬ 
tive. Any one or combination of them can be 
implicated in toxicity if they produce the 
specified toxin at the specified time. A partial 
list of well-known TCT producing fungi 
includes the following: 

• Cephalosporium spp. 

• Fusarium acuinatum 

• F. culmorum 

• F. graminearum 

• F. moniliforme 

• F. nivale 

• F. poae 


• F. roseum 

• F. semitectum 

• F. sporotrichioides 

• F. tricinctum 

• Trichoderma spp. 

Trichothecium spp. 

T-2 Toxin and HT-2 Toxin 

A sesquiterpene compound, the T 2 toxin is 
produced by several different Fusarium 
species, including F. acuinatum, F. poae, and 
F. sporotrichoides growing in cereal grains. 1 
Occasionally, in areas of uncommonly cool 
and wet weather, pastures used for animal 
grazing have been contaminated with Fusar¬ 
ium production of T-2 toxin, HT-2 toxin, 
and other mycotoxins. 6 Species, age, amount 
or dose of toxin ingested, and route of expo¬ 
sure are important determinants in the level 
of toxicity and production of signs. 1 

Reported signs associated with poisoning 
include feed refusal, vomiting, weight loss, 
diarrhea, rough hair coats, and abortion. 1,6 
Historically, T-2 toxin has been associated 
with a hemorrhagic syndrome, but this 
has not been a consistent finding. Experi¬ 
mental administration of the purified toxin 
parenterally produced a range of signs 
including emesis, posterior paresis, lethargy, 
hunger, and frequent defecation of normal 
stools, whereas oral administration of the 
T-2 toxin or cultures containing it to piglets 
and calves was associated with hemorrhagic 
disease. Field evidence of the relationship 
between the ingestion of the fungus and the 
appearance of hemorrhagic disease is strong, 
but the identity of the specific toxic agent 
may be in doubt. Alternatively, other effects 
have been reported. Ingestion of T-2 toxin is 
associated with immunosuppression when 
fed to laboratory animals, sheep, and pigs. 
This leads to leukopenia, lymphopenia, and 
atrophy of lymph nodes, thymus, and spleen, 
Blood coagulability is reduced because of the 
toxic effects on platelets. 

T-2 toxin fed to pigs is associated with 
necrotic contact lesions on the snout and 
commissures of the mouth and the prepuce. 
Topical application of T 2 toxin to pig skin is 
associated with initial swelling and purple 
discoloration, followed by separation and 
sloughing by day 14. It has also been cited as 
the probable cause of congenital skin defects 
about the head and tarsus of pigs. The toxin 
also is associated with reproductive ineffi¬ 
ciency when given experimentally to pigs, 
causing small litters, repeat breeders, and 
abortion. 

Deoxynivalenol 

Deoxynivalenol (synonym vomitoxin) is a 
sesquiterpene compound found in Fusarium 
graminearum (roseum), F. culmorum, and 
other species. It is a potent central emetic, to 
which pigs are very sensitive and ruminants 
more resistant. 6,12 The toxin may be associ¬ 
ated with severe vomiting, acute diarrhea, 
dysentery, ataxia, mucosal hemorrhages, and 
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sudden death. 6,12,13 The most common field 
observation about the toxic effect of DON 
fed to pigs is that it is associated with abso¬ 
lute feed refusal or reduction in weight gain 
and feed intake.' Deoxynivalenol is mini¬ 
mally excreted in the milk and accumulation 
in swine tissues meant for human consump¬ 
tion is low. 6,12 

The only effective method of preventing 
losses as a result of deoxynivalenol is to dilute 
affected corn with uncontaminated feed to 
levels unlikely to result in toxicosis. Mixing 
the feed with bentonite, sweeteners, or 
sodium-calcium aluminosilicate is ineffective 
as a detoxification method, but rinsing and 
removing floating material is recommended. 6 
Feed toxic to pigs may be utilized by diluting 
and feeding it to adult ruminants. 

Fusaritoxicosis Syndromes Without 
Specified Toxins 

F. graminearum (roseum) produces toxins 
associated with emesis, refusal of feed, toxins 
lethal to pigs, and estrogenic substances 
causing infertility in pigs. F. culmorum also 
is associated with inappetence, scouring, 
ataxia, and a fall in milk yield when fed to 
cattle. The fungus F. moniliforme is associ¬ 
ated with food refusal in cattle. Food refusal 
is also recorded with zearalenone. Ingestion 
of Fusarium xylaroides infected groundnut 
hay by cattle has resulted in anorexia, rumen 
atony, colic, tenesmus, and nasal and rectal 
hemorrhage. 14 Experimentally, when fed 
infected groundnut, calves developed diar¬ 
rhea, weakness, ataxia, and conjunctival and 
cutaneous hemorrhage. Serum concentra¬ 
tions of urea nitrogen, creatinine, aspartate 
aminotransferase (AST), and alanine amino¬ 
transferase (ALT) were elevated. The toxin 
has not yet been identified. 14 
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TRITERPENE PLANT TOXICOSIS 

Toxic triterpenes include the following: 

• Cucurbitacins, tetracyclic triterpenes 
found in Cucumis africanus and 
Cucumis myriocarpus, Stemodia kingii 
and Stemodia florulenta, and Ecballium 
elaterium 

• Lantadenes A and B, and triterpene 
acids found in Lantana spp. 1 

• Icterogenins A, B, and C in Lippia spp. 

• Meliatoxins A, Ai, B, and B,, 
tetranortriterpenes, found in Melia 
azederach (chinaberry tree) 2 

• Colocynthin, a glucoside found in the 
fruit of the vine Citrullus colocynthis 
(synonym Colocynthis vulgaris). 
Cucurbitacins are a group of tetracyclic 

triterpenes found in the fruits of the vines 
C. africanus, C. melo var. agrestis (Ulcardo 
melon), C. myriocarpus (prickly pad- 
dymelon), and E. elaterium (squirting 
cucumber). The ripe fruits are most toxic, 
and in cattle, sheep, and horses are associated 
with a syndrome of lethargy, dehydration, 
abdominal pain, diarrhea, dyspnea, and 
death in a matter of a few hours. Necropsy 
findings include edema and necrosis of the 
ruminal epithelium, intense congestion and 


hemorrhage in the intestinal mucosa, pul¬ 
monary congestion and edema, and hepa- 
topathy in some cases. Seeds of the plant are 
conspicuous in the ruminal contents. 

Icterogenins and lantadenes are associ¬ 
ated with liver damage and nephrosis, neither 
of which is specific, but the lantadenes cause 
damage to bile canaliculi, gallbladder paraly¬ 
sis, and intrahepatic cholestasis. 3 ' 5 Jaundice, 
photosensitization, and ruminal stasis 
result. 3,4 Lantana spp. is a very pungent plant, 
and cattle will eat it only if other feed is 
scarce. 6 Bos taurus cattle at one time were felt 
to be more susceptible to lantadene poison¬ 
ing than Bos indicus cattle, but that is no felt 
to be true. 6 Treatment with activated char¬ 
coal or bentonite is effective in decreasing 
absorption of the toxins. 

Pigs are most commonly poisoned by 
meliatoxins, but cattle, sheep, and goats are 
also susceptible. Meliatoxin administered to 
pigs is associated with a syndrome of gastro¬ 
enteritis manifested by diarrhea, melena, and 
vomiting, plus dyspnea as a result of pulmo¬ 
nary edema. The toxic dose in pigs is 0.5% of 
body weight. Pigs fed ground chinaberries at 
5 g/kg BW developed mild diarrhea and 
rapidly recovered. Those fed 10 g/kg BW, 
15 g/kg BW, and 20 g/kg BW developed 
muscle tremors, ataxia, incoordination, and 
recumbency 2 to 24 hours after dosing. 
Other observed signs included hypothermia 
and vocalization (moans, screams). Death 
occurred in the 20 g/kg BW group. 2,7 
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CONVERSION FACTORS FOR OLD AND SI UNITS 



Old units 

MULTIPLICATION FACTORS 

Old units to SI units SI units to old units 

SI units 

RBC 

x107mm 3 

10 6 


10“ 6 

xl 0 12 /L 

PCV 

% 

0.01 


100 

I7L 

Hb 

g/dL 

None 


None 

g/dL 

MCV 

P 3 

None 


None 

fL 

MCH 

ppg 

None 


None 

pg 

MCHC 

% 

None 


None 

g/dL 

WBC 

x10 3 /mm 3 

10 6 


10“ 6 

xl 0 9 /L 

Platelets 

x10 3 /mm 3 

10 6 


10“ 6 

xl 0 9 /L 

Total serum 

Protein 

g/dL 

10 


0.1 

g/L 

Albumin 

g/dL 

10 


0.1 

g/L 

Bicarbonate 

mEq/L 

None 


None 

mmol/L 

Bilirubin 

mg/dL 

17.1 


0.0585 

pmol/L 

Calcium 

mg/dL 

0.25 


4.008 

mmol/L 

Chloride 

mEq/L 

None 


None 

mmol/L 

Cholesterol 

mg/dL 

0.0259 


38.7 

mmol/L 

Copper 

pg/dL 

0.157 


6.35 

pmol/L 

Cortisol 

pg/dL 

27.6 


0.0362 

nmol/L 

Creatinine 

mg/dL 

88.4 


0.0113 

pmol/L 

Globulin 

g/dL 

10 


0.1 

g/L 

Glucose 

mg/dL 

0.0555 


18.02 

mmol/L 

Inorganic 

phosphate 

mg/dL 

0.323 


3.10 

mmol/L 

Iron 

pg/dL 

0.179 


5.59 

pmol/L 

Lead 

pg/dL 

0.0483 


20.7 

pmol/L 

Magnesium 

mg/dL 

0.411 


2.43 

mmol/L 

Molybdenum 

pg/dL 

0.104 


9.6 

pmol/L 

Potassium 

mEq/L 

None 


None 

mmol/L 

Selenium 

pg/dL 

0.126 


7.9 

pmol/L 

Sodium 

mEq/L 

None 


None 

mmol/L 

Triglyceride 

mg/dL 

0.0113 


88.5 

mmol/L 

Urea nitrogen 

mg/dL 

0.3570 


2.8 

mmol/L 

Urea 

mg/dL 

0.1665 


6.01 

mmol/L 

Zinc 

pg/dL 

0.15 


6.54 

pmol/L 


CONVERSIONS 


To convert grams per 100 mL into grains per U.S. 
fluid ounce 

- 

multiply by 4.564 

To convert grams per 100 mL into grains per Imperial 
fluid ounce 

- 

multiply by 4.385 

To convert grams into ounces avoirdupois 

- 

multiply by 10 and divide by 283 

To convert liters into U.S. pints 

- 

multiply by 2.114 

To convert liters into Imperial pints 

- 

multiply by 88 and divide by 50 

To convert kilograms into pounds 

- 

multiply by 1000 and divide by 454 


TEMPERATURE 


Celsius (centigrade) 

Fahrenheit 

110 ° 

230° 

100 

212 

95 

203 

90 

194 

85 

185 

80 

176 

75 

167 

70 

158 

65 

149 

60 

140 

55 

131 

50 

122 

45 

113 

44 

111.2 

43 

109.4 

42 

107.6 

41 

105.8 

40.5 

104.9 

40 

104.0 

39.5 

103.1 

39 

102.2 

38.5 

101.3 

38 

100.4 

37.5 

99.5 

37 

98.6 

36.5 

97.7 

36 

96.8 

35.5 

95.9 

35 

95 

34 

93.2 

33 

91.4 

32 

89.6 

31 

87.8 

30 

86 

25 

77 

20 

68 

15 

59 

10 

50 

+5 

41 

0 

32 

-5 

23 

-10 

14 

-15 

+5 

-20 

-4 


To convert Fahrenheit into Celsius: subtract 
32, multiply the remainder by 5, and 
divide the result by 9. 

To convert Celsius into Fahrenheit: multiply 
by 9, divide by 5, and add 32. 


2215 













2216 


Appendix 1 ■ Conversion Tables 


MASS 


Metric 


U.S./Imperial 


1 kilogram (kg) 

= 15,432 grains 

1 ton (2240 lb) 

= 1016 kilograms 


or 35.274 ounces 
or 2.2046 pounds 

1 hundredweight (112 lb) (cwt) 

= 50.80 kilograms 

1 gram (g) 

= 15.432 grains 

1 stone (14 lb) (st) 

= 6.35 kilograms 

1 milligram (mg) 

= 0.015432 grains 

1 pound (avoirdupois) (lb) 

1 ounce (avoirdupois) (oz) 

1 grain (gr) 

= 453.59 grams 
= 28.35 grams 
= 64.799 milligrams 


CAPACITY 


Metric 






1 liter (L) 

= 

2.114 U.S. pints = 1 

7598 Imperial pints 



1 milliliter (ml.) 

= 

16.23 U.S. minims = 

16.894 Imperial minims 



U.S. Liquid 



Imperial 



1 gallon (128 fl oz) (gall) 

= 

3.785 liters 

1 gallon (160 fl oz) (gal) 

= 4.546 liters 

1 pint (pt) 

= 

473.17 milliliters 

1 pint (pt) 


= 568.25 milliliters 

1 fluid ounce (fl oz) 

= 

29.573 milliliters 

1 fluid ounce (fl oz) 

= 28.412 milliliters 

1 fluid dram (fl dr) 

= 

3.696 milliliters 

1 fluid dram (fl dr) 

= 3.5515 milliliters 

1 minim (min) 

= 

0.061610 milliliters 

1 minim (min) 


= 0.059192 milliliters 

LENGTH 

Metric 


US/Imperial 


Pressure 


1 kilometer (km) 

= 0.621 miles 

1 mile 

= 1.609 kilometers 

1 kilopascal (kPa) 

= 10.197 cm H 2 0 

1 meter (m) 

= 39.370 inches 

1 yard 

= 0.914 meters 

1 kilopascal (kPa) 

= 7.50 mm Hg 

1 decimeter (dm) 

= 3.9370 inches 

1 foot 

= 30.48 centimeters 

1 kilopascal (kPa) 

= 0.145 pounds per square 
inch (PSI) 

1 centimeter (cm) 

= 0.39370 inch 

1 inch 

= 2.54 centimeters 

1 atmosphere 

= 760 mm Hg 

1 millimeter (mm) 

= 0.039370 inch 


or 25.40 millimeters 

1 mm Hg 

= 1.359 cm H 2 0 
= 0.133 kPa 

1 micrometer (pm) 

= 0.000039370 inch 




= 0.0193 PSI 









APPENDIX 


Reference Laboratory Values 



Reference values for some frequently measured variables in blood and serum are provided as a guide. Values of these variables from healthy 
animals vary depending on many factors, including age, breed, sex, diet, geographical habitat, and methods of sample collection and laboratory 
measurement. The values listed here are compiled from a variety of sources, including the clinical laboratories of the Western College of Veteri¬ 
nary Medicine at the University of Saskatchewan, the College of Veterinary Medicine at The Ohio State University, and Kaneko JJ. Clinical 
biochemistry of domestic animals, 5th ed. New York: Academic Press, 1997. 

Tables of reference values for newborn foals and calves are provided elsewhere. 


HEMATOLOGY 



Cattle 

Sheep 

Goat 

Swine 

Horses 

Hemoglobin (g/dL) 

8.5-12.2 

9.0-15.0 

8.0-12.0 

10.0-16.0 

11.0-19.0 

Hematocrit (packed cell volume) (%) 

22-33 

27-45 

22-38 

32-50 

32-53 

RBC (xl 0 6 /pL) 

5.1-7.6 

9.0-15.0 

8.0-18.0 

5.0-8.0 

6.8-12.9 

MCV (fL) 

38-50 

28-40 

16-25 

50-68 

37-59 

MCH (pg) 

14-18 

8.0-12.0 

5.2-8.0 

17.0-21.0 

12.3-19.7 

MCHC (g/dL) 

36-39 

31.0-34.0 

30.0-36.0 

30.0-34.0 

31.0-38.6 

RDW (%) 

15.5-19.7 





Thrombocytes (per pL) 

200,000-650,000 

800,000-1,100,000 

300,000-600,000 

320,000-715,000 

100,000-600,000 

WBC (per/pL) 

4900-12,000 

4000-12,000 

4000-13,000 

11,000-22,000 

5400-14,300 

Neutrophils (mature) (per/pL) 

1800-6300 

700-6000 

1000-7200 

3100-10,500 

2300-8500 

Neutrophils (band cells) (per/pL) 

Rare 

Rare 

Rare 

0-880 

0-100 

Lymphocytes (per/pL) 

1600-5600 

2000-9000 

2000-9000 

4300-13 600 

1500-7700 

Monocytes (per/pL) 

0-800 

0-750 

0-550 

200-2200 

0-1000 

Eosinophils (per/pL) 

0-900 

0-1000 

0-650 

0-2400 

0-1000 

Fibrinogen (mg/dL) 

200-700 

100-500 

100-400 

100-500 

200-400 


Hematology (International units, SI) 



Cattle 

Sheep 

Goat 

Swine 

Horses 

Hemoglobin (g/L) 

85-122 

90-150 

80-120 

100-160 

110-190 

Hematocrit (packed cell volume) (L/L) 

0.22-0.33 

0.27-0.45 

0.22-0.38 

0.32-0.50 

0.32-0.53 

RBC (xl 0 12 /L) 

5.1-7.6 

9.0-15.0 

8.0-18.0 

5.0-8.0 

6.8-12.9 

MCV (fL) 

38-50 

28-40 

16-25 

50-68 

37-59 

MCH (pg) 

14-18 

8.0-12.0 

5.2-8.0 

17.0-21.0 

12.3-19.7 

MCHC (g/L) 

360-390 

310-340 

300-360 

300-340 

310-386 

RDW (%) 

15.5-19.7 

18.0-24.6 




Thrombocytes (x10 9 /pL) 

200-650 

800-1100 

300-600 

320-715 

100-600 

WBC (xl 07L) 

4.9-12.0 

4.0-12.0 

4.0-13.0 

11.0-22.0 

5.4-14.3 

Neutrophils (mature) (x10 9 /L) 

1.8-6.3 

0.7-6.0 

1.2-7.2 

3.1-10.5 

2.3-8.5 

Neutrophils (band cells) (x10 9 /L) 

Rare 

Rare 

1.0-7.2 

0-0.9 

0-0.1 

Lymphocytes (x10 9 /L) 

1.6-5.6 

2.0-9.0 

2.0-9.0 

4.3-13.6 

1.5-7.7 

Monocytes (x10 9 /L) 

0-0.8 

0-0.8 

0-0.6 

0.2-2.2 

0-1.0 

Eosinophils (x10 9 /L) 

0-0.9 

0-1.0 

0-0.7 

0-2.4 

0-1.0 

Fibrinogen (g/L) 

2-7 

1-5 

1-4 

1-5 

2-4 
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Appendix 2 ■ Reference Laboratory Values 

Serum constituents (U.S. units) 

Cattle Sheep Swine Horses 


Electrolytes 

Sodium (mEq/L) 

Potassium (mE/qL) 

Chloride (mEq/L) 

Osmolality (mOsmol/kg) 

Acid-base status 

pH (venous) 

P C0 2 (venous) (mm of Hg) 

Bicarbonate (mEq/L) 

Total carbon dioxide (mEq/L) 

Anion gap (mEq/L) 

Minerals 

Calcium, total (mg/dL) 

Calcium, ionized (mg/dL) 

Phosphorus (mg/dL) 

Magnesium (mg/dL) 

Iron (pg/dL) 

Iron-binding capacity (pg/dL) 

Renal function 

Urea nitrogen (mg/dL) 

Creatinine (mg/dL) 

Liver function 

Total bilirubin (mg/dL) 

Direct (conjugated) bilirubin (mg/dL) 

Bile acids (pg/mL) 

Metabolites 

Ammonia (pg/dL) 

Cholesterol (mg/dL) 

Free fatty acids (mg/L) 

Glucose (mg/dL) 

Ketones 

Acetoacetate (mg/dL) 

Acetone (mg/dL) 
p-Hydroxybutyrate (mg/dL) 

Lactate (mg/dL) 

Triglyceride (mg/dL) 

Hormones 

Cortisol (pg/dL) 

Thyroxine (T4) (pg/dL) 

Triiodothyronine (T3) (ng/dL) 

Enzymes 

Alanine aminotransferase (ALT) (units/L) 
Alkaline phosphatase (units/L) 

Aspartate aminotransferase (AST) (units/L) 
Creatine kinase (units/L) 
y-Glutamyl transferase (units/L) 

Isocitrate dehydrogenase (units/L) 

Lactate dehydrogenase (units/L) 

Sorbitol dehydrogenase (units/L) 

Protein 

Total protein (g/dL) 

Albumin (g/dL) 


132-152 

145-152 

3.9-5.8 

3.9-5.4 

95-110 

95-103 

270-306 

270-300 

7.35-7.50 

7.32-7.50 

34-45 

38-45 

20-30 

21-28 

20-30 

20-28 

14-26 

12-24 

9.7-12.4 

11.5-13.0 

4.0-5.2 

4.0-4.8 

5.6-6.5 

5.0-7.3 

1.8-2.3 

2.2-2.8 

57-162 

166-222 

240-450 


6.0-27 

8.0-20 

1.0-2.0 

1.2-1.9 

0.01-0.5 

0.1-0.5 

0.04-0.44 

0-0.27 

<50 

<10 


65-220 

52-76 

<30 

30-100 

45-75 

50-80 

0-1.1 

0.27-0.35 

0.7-5.5 

0-10 

5.9-13.9 

4.7-67 

5-20 

9-12 

0-14 


0.47-0.75 

1.40-3.10 

4.2-8.6 



11-40 

5-20 

0-200 

70-390 

78-132 

60-280 

35-280 


6.1-17.4 

20-52 

9.4-21.9 

0.5-8.0 

692-1445 

240-440 

4.3-15.3 

5.8-28 

5.7-8.1 

6.0-7.9 

2.1-3.6 

2.4-3.0 


140-150 

132-146 

4.7-7.1 

3.0-5.0 

94-103 

98-110 


270-290 


7.32-7.46 


38-46 

18-27 

23-32 

17-26 

22-31 

10-25 

10-25 

7.1-11.6 

11.2-13.6 

3.5-5.8 

5.6-6.8 

5.3-9.6 

3.1-5.6 

2.7-37 

2.2-2.8 

56-190 

91-199 

270-557 

270-390 

10-30 

10-24 

1.0-27 

0.9-1.9 

0-1.0 

1.0-2.0 

0-0.3 

0-0.4 


4-8 


13-108 

54-120 

46-180 

85-150 

75-115 


0.24-0.36 


0.55-0.80 


10-16 


9-44 

2.6-3.3 

2-6 


See Table 29.8 
See Table 29.8 


31-58 

3-23 

120-400 

140-400 

32-84 

220-600 


145-380 

10-60 

4-44 

380-630 

160-410 

1.0-5.8 

1.9-5.8 

4.5-7.5 

6.0-77 

1.9-4.0 

2.9-3.8 
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Appendix 2 ■ Reference Laboratory Values 


Serum constituents (International units, SI) 



Cattle 

Sheep 

Swine 

Horses 

Electrolytes 

Sodium (mmol/L) 

132-152 

145-152 

140-150 

132-146 

Potassium (mmol/L) 

3.9-5.8 

3.9-5.4 

4.7-7.1 

3.0-5.0 

Chloride (mmol/L) 

95-110 

95-103 

94-103 

98-110 

Osmolality (mmol/kg) 

270-306 

270-300 


270-290 

Acid-base status 

pH (venous) 

7.35-7.50 

7.32-7.50 


7.32-7.46 

P C0 2 (venous) (mm of Hg) 

34-45 

38-45 


38-46 

Bicarbonate (mEq/L) 

20-30 

21-28 

18-27 

23-32 

Total carbon dioxide (mEq/L) 

20-30 

20-28 

17-26 

22-31 

Minerals 

Calcium, total (mmol/L) 

2.43-3.10 

2.88-3.20 

1.78-2.90 

2.80-3.44 

Calcium, ionized (mmol/L) 

1.0-1.3 

1.0-1.2 

0.9-1.4 

1.4-1.7 

Phosphorus (mmol/L) 

1.8-2.1 

1.62-2.36 

1.7-3.1 

0.70-1.68 

Magnesium (mmol/L) 

0.74-1.10 

0.90-1.26 

1.1-1.5 

0.9-1.2 

Iron (pmol/L) 

10-29 

30-40 

10-34 

16-36 

Iron-binding capacity (pmol/L) 

42-80 


48-100 

45-73 

Renal function 

Urea nitrogen (mmol/L) 

2.0-9.6 

3.0-7.1 

3.0-8.5 

3.5-8.6 

Creatinine (pmol/L) 

88-175 

106-168 

90-240 

80-170 

Liver function 

Total bilirubin (pmol/L) 

0.17-8.55 

1.71-8.55 

0-17.1 

17-35 

Direct (conjugated) bilirubin (pmol/L) 

0.7-7.54 

0-4.61 

0-5.1 

0-6.8 

Bile adds (pmol/L) 

<120 

<25 


10-20 

Metabolites 

Ammonia (pmol/L) 




7.6-63.4 

Cholesterol (mmol/L) 

1.7-5.6 

1.3-2.0 

1.4-3.10 

1.20-4.6 

Glucose (mmol/L) 

2.5-4.2 

2.8-4.4 

4.7-8.3 

4.2-6.4 

Ketones 

Acetoacetate (mmol/L) 

0.0-0.11 

0.026-0.034 


0.023-0.035 

Acetone (mmol/L) 

0.1-1.0 

0-1.7 



[3-Hydroxybutyrate (mmol/L) 

0.35-0.47 

0.47-0.63 


0.052-0.076 

Lactate (mmol/L) 

0.6-2.2 

1.0-1.3 


1.1-1.8 

Triglyceride (mmol/L) 

0-0.2 



0.1-0.5 

Hormones 

Cortisol (nmol/L) 

13-21 

39-86 

72-91 

55-165 

Thyroxine (T4) (nmol/L) 

54-110 



See Table 29.8 

Triiodothyronine (T3) (nmol/L) 




See Table 29.8 

Enzymes 

Alanine aminotransferase (ALT) (units/L) 

11-40 

5-20 

31-58 

3-23 

Alkaline phosphatase (units/L) 

0-200 

70-390 

120-400 

140-400 

Aspartate aminotransferase (AST) (units/L) 

78-132 

60-280 

32-84 

220-600 

Creatine kinase (units/L) 

35-280 



145-380 

y-Glutamyl transferase (units/L) 

6.1-17.4 

20-52 

10-60 

4-44 

Isocitrate dehydrogenase (units/L) 


0.5-8.0 


5-18 

Lactate dehydrogenase (units/L) 

692-1445 

240-440 

380-630 

160-410 

Sorbitol dehydrogenase (units/L) 

4.3-15.3 

5.8-28 

1.0-5.8 

1.9-5.8 

Protein 

Total protein (g/L) 

57-81 

60-79 

45-75 

60-77 

Albumin (g/L) 

21-36 

24-30 

19-40 

29-38 






APPENDIX 



Drug doses and 
and ruminants 


intervals for horses 


Suggested drug doses and intervals for horses and ruminants are provided here. Dosages listed are general recommendations and might not be 
optimal or efficacious in all instances and might need to be adjusted depending on the disease and its severity; patient factors, including but not 
limited to age or diet; and because of regulatory considerations regarding milk and meat withholding times in animals intended as human food. 
The manufacturers recommendations should be checked before administering any drug, and the effect on withholding time of varying from 
the manufacturers recommendation regarding dosing should be considered. Local regulations regarding use of drugs in animals that could be 
used for human food should be consulted. 

Doses are given in milligrams per kilogram body weight (mg/kg) unless otherwise stated (g = gram, IU = international units). Drugs given 
as total doses, such as intramammary preparations, are denoted by TD. Dosing interval is given in hours, unless otherwise stated, or unless 
given as a single dose (SD). The route of administration is indicated as follows: intravenous (IV), intramuscular (IM), oral (PO), subcutaneous 
(SC), intraarticular (IA), intramammary (IMM), intraperitoneal (IP), inhalation (IH), per rectum (PR), topically (TO), or subconjunctivally 
(10). Drugs recommended not to be given to certain species are indicated by NR. 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval(h) 

Route 

Acepromazine maleate 

0.044-0.088 

SD 

IM, IV, SC 

0.01-0.02 

SD 

IV 





0.03-0.1 

SD 

IM 

Acetazolamide 

2.2 

6-12 

PO 


Acetylcysteine 

8 g, TD (for (retained 

SD 

PR 





meconium in foal) 






Acetylsalicylic acid (aspirin) 

10-20 

48 

PO 

50-100 

12 

PO 

Acyclovir 

10 

12 

IV as 1-h 





20 

8 

infusion (foal) 
PO (adult) 




Adrenaline; see Epinephrine 


Albendazole 

25-50 

SD-12 

PO 

10 

SD 

PO (cattle, goat) 





7.5 

SD 

PO (sheep) 

Albuterol 

0.001-0.008 

4-8 

IH 


Altrenogest 

0.044 

24 

PO 


Aluminum hydroxide 

60 

6-8 

PO 

15-60 

SD, 8-24 

PO 

Amantadine 

5 

4 

IV 


hydrochloride 


Amikacin sulfate 

22 (foals) 

24 

IV, IM 

NR 




10 (adults) 

24 

IV, IM 




Aminocaproic acid 

40 

SD 

IV 





10-20 

6 

IV 




Amiodarone 

Intravenous infusion of 5 mg/kg/h for 1 

h, then 0.8 mg/ 





kg/h for 23 h, then 1.9 mg/kg/h; for atrial fibrillation 




Aminopropazine fumarate 

0.5 

SD 

IM, IV 


Amitraz 

NR 



Goats: 11 mL of 19.9% solution diluted 

Topical 





in 7.5 liters 



Ammonium chloride 

60-520 

24 

PO 

50-200 

12-24 

PO 

Ammonium molybdate 

50-200 TD 

24 

PO 

Ammonium tetrathiomolybdate 




1.7-3.4 

48 

IV; SC (3 







treatments) 

Amoxicillin sodium 

11-50 

6-8 

IM, IV 

22 

12 

SC 

Amoxicillin/potassium clavulanate 

15-25 

6-8 

IV 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Amoxicillin trihydrate 

6-22 NR 

6-12 

IM 

11-22 

12-24 

SC 

Amphotericin B 

0.3-0.6 

24-48 

IV (dilute, slow) 


Ampicillin sodium 

10-50 

6-8 

IM, IV 

22 

12 

SC, IV 

Ampicillin trihydrate 

10-22 NR 

6-8 

IM, PO 

4-22 

12-24 

IM, SC 

Amprolium hydrochloride 

NR 



5-10 (calves), 15 
(lambs), 50 (kids) 

24 

PO 

PO 

Apramycin sulfate 

20-40 (calves) 

24 

PO 

Ascorbic acid (vitamin C) 

30 

1000-2000 

12-24, SD 

24 

IV 

PO (red maple 
poisoning) 

3 g TD (calves) 

SD 

SC 

Aspirin (see Acetylsalicylic acid) 


Atipamezole 

0.05-0.1 

SD 

IV 

0.02-0.1 

SD 

IV 

Atracurium besylate 

0.15 then 0.06-0.2 

SD or to effect 

IV 

0.5 then 0.2 to effect 
(sheep) 

SD or to effect 

IV 

Atropine sulfate 

0.001-0.003 

(bronchodilation) 

0.22 

(organophosphate 

toxicity) 

SD 

As needed 

IV 

IV, IM, 

SC 

0.06-0.12 (pre¬ 
anesthetic) 

0.5 (organophosphate 
toxicity) 

SD 

4 

IV, IM, SC 

IV, IM, SC 

Aurothioglucose 

1 

7d 

IM 


Azathioprine 

2-5 loading dose 
then every 24 h 


PO 


Azlocillin 

25-75 

6-12 

IV 


Azithromycin 

10 

24 h for 5 days 
then q48 h 

PO 


Bacampicillin sodium 

20 

12 

PO 


BAL (British anti-Lewisite); see 

Dimercaprol. 


Baquiloprim/sulfadimidine 

40-80 

48 

PO 

Beclomethasone 

0.001-0.003 

12 

IH 


Benztropine mesylate 

0.018 

8 

IV 


Betamethasone 

0.02-0.1 

24 

IM, PO 


Bethanechol chloride 

0.05-0.75 

SD, 8 

SC, IV 

0.07 

8 

SC 

Bismuth subsalicylate 

0.5 mlVkg 

4-6 

PO 

60-90 mL, TD (calves) 

6-12 

PO 

Boldenone undecylenate 

1.1 

3 weeks 

IM 


Bretylium 

5-10 

10 min until 
conversion 

IV 


Bromhexine hydrochloride 

0.1-0.25 

24 

IM, PO 

0.2-0.5 

24 

IM, PO 

Bromide, potassium 

20-40 

24 

PO 


Bromocriptine mesylate 

0.01 

12 

IM 


Buprenorphine hydrochloride 

0.004-0.006 

SD 

IV 


Buscopan®; see Hyoscine 


Buserelin 

0.04 

SD 

IM, IV, SC 

0.02 

SD 

IM, IV, SC 

Butorphanol tartrate 

0.02-0.1 

SD.3-4 

IV, IM 

0.02-0.04 

SD 

IV, IM 

Calcium EDTA 

35 

12 

IV slow 


Calcium gluconate 

150-250 

SD 

IV (slow, to 
effect) 

150-250 

SD 

IV (slow, to 
effect), SC, IP 

Cambendazole 

20 

SD 

PO 


Carbenicillin sodium 

50-100 

6-12 

IV 



6 g, TD 

SD 

Uterus 


Carprofen 

0.7 

24 

IV 

1.4 (cattle) 

SD 

IV, SC 

Casein (iodinated) 

0.01 

24 

PO 


Cefamandole 

10-30 

4-8 

IV, IM 


Cefazolin sodium 

25 (adults) 

15-20 (foals) 

6-8 

8-12 

IV, IM 

IV 



Continued 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Cefoperazone sodium 

30-50 

6-8 

IV, IM 

250 TD 

SD 

IMM 

Cefotaxime sodium 

20-30 

6-8 

IV 


Cefoxitin sodium 

20 

4-6 

IV 


Cefpodoxime proxetil 

10-12 

8-12 

PO (foals) 


Ceftiofur crystalline free acid 

6.6 mg/kg IM, 



6.6 

SD 

SC into 


2 doses given 





posterior 


4 days apart 





aspect of ear 





1.1-2.2 

24 

IM, SC (3-5 







days) 

Ceftiofur hydrochloride 




125 mg TD 

24 

IMM 





500 mg TD (dry cow) 

SD 

IMM 

Ceftiofur sodium 

2.2-4.4 

24 

IV, IM 

1.1-2.2 

24 

IM, IV 

Ceftriaxone sodium 

25-50 

12 

IV, IM 


Cefuroxime 




250 mg TD 

12 

IMM 





40 

12 

IM (goats) 

Cephacetrile sodium 

250 

SD 

IMM 

Cephalexin 

25-33 

6 

PO 


Cephalothin sodium 

10-30 

6 

IM, IV 

55 

6 

SC 

Cephapirin sodium 

20-30 

8-12 

IM, IV 

200 TD 

12 

IMM 


50 

8-12 

PO 




Cephapirin benzathine 

300, TD 

SD 

IMM 

Charcoal (activated) 

750 g (adults) 

8-12 

PO 

1-3 g 

8-12 

PO 

Chloral hydrate 

20-200 

SD 

IV 





40-100 

6-12 

PO 




Chloramphenicol palmitate 

25-50 

6-8 

PO 

NR 

Chloramphenicol sodium 

20-60 

6-8 

IV, IM 

NR 



succinate 







Chlorpromazine hydrochloride 

NR 



0.22-1.0 (cattle) 

SD 

IM 





0.6-4.4 (sheep and 

SD 

IM 





goats) 



Chlortetracycline 




6-10 

24 

IM, IV 





10-20 

24 

PO 

Chorionic gonadotropin (HCG) 

1000-3000 

SD 

IM, IV, SC 

2500-5000IU, TD 

SD 

IV 





(cattle) 




U, TD 



10,000 IU, TD (cattle) 

SD 

IM 





250-1000 IU, TD 

SD 

IV, IM 

Cimetidine hydrochloride 

6.6 

4-6 

IV 

8-16 

8 

IV 


18 

8 

PO 

50-100 

8 

PO (calves) 

Cisapride 

0.1 

8-12 

IV 

NR 




0.5-1.0 

8-12 

PO 




Clarithromycin 

7.5 

12 

PO (foals) 


Clenbuterol 

0.0008-0.0032 

12 

PO 





(0.8-3.2 ptg/kg) 







0.0008 

12 

IV 




Clioquinol 

0.02 

12-24 

PO 


Cloprostenol sodium 

0.1, TD 

SD 

IM 

0.5, TD (cattle) 

SD 

IM 





0.06-0.13 TD (goats 

SD 

IM 





and sheep) 



Closantel 

10 (sheep) 

SD 

PO 

Clorsulon 

7 

SD 

PO 

Cloxacillin, benzathine 

500, TD 

SD 

IMM 

Cloxacillin, sodium 

10-30 

6 

IM, IV 

200, TD 

12 

IMM 

Colistin 

2500 IU 

6 

IV (slow) 


Colony stimulating factor 

0.005 

24 

IV 




(granulocyte) 







Cromolyn sodium 

80-300, TD 

24 

IH 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Cyclophosphamide 

2.0 

3 weeks 

IV 


Cyproheptadine hydrochloride 

0.25-1.2 

12-24 

PO 


Dalteparin sodium 

50 U 

12 

SC 


Danofloxacin 




8 

SD 

SC 





6 

48 

SC (only repeat 
once) 

Dantrolene sodium 

2 

6 

IV 



2-10 

24 

PO 


Decoquinate 

0.5 

24 

PO 

Dembrexine hydrochloride 

0.3 

12 

PO 


Deferoxamine mesylate 

10 

SD 

IM, IV 

10 

SD 

IM, IV 

Detomidine hydrochloride 

0.005-0.08 

SD, 2-4 

IV, IM 

0.002-0.02 

SD 

IV, IM 

Dexamethasone 

0.01-0.2 (anti- 

24 

IV, IM, PO 

20-30 TD (cattle, 

SD 

IM 


inflammatory) 

SD 

IV, IM 

induction of 

24 

IV, IM 


0.5-2 (shock) 



parturition) 

0.02-2 (cattle, 

SD, 24 

IM 





anti-inflammatory 
dose) 5-20, TD 
(cattle, ketosis) 



Dexamethasone sodium 







phosphate; see 

Dexamethasone 







Dexamethasone 21 -isonicotinate; 







see Dexamethasone 







Diazepam 

0.05-0.4 

SD 

IV 

0.4 (calves) 

SD 

IV 


0.5 

SD 

IM 




Dichlorvos 

35 

SD 

PO 


Diclofenac of 1 % cream 

12.5 cm strip 

12 

TO 


Dicloxacillin sodium 

10 

6 

IM 


Diethylcarbamazine 

hydrochloride 

22 

24 

IM 

Digoxin 

0.002 

12 

IV 

0.022 loading dose 


IV 





then 




0.01-0.02 

12-24 

PO 

0.0034 

4 

IV 

Dihydrostreptomycin 

11 

12 

IM, SC 

11 

12 

IM, SC 

Dimercaprol 

5 then 

3 then 

SD 

6 for 4 doses, then 

IM 

3 

4 for 2 days, then 

6 for 1 day, 

IM 


1 

6 for 8 doses 



then 12 for 10 
days 


Dimethyl glycine 

1-2 

24 

PO 


Dimethyl sulfoxide (DMSO) 

0.5-2 

12-24 

IV (as 10% 

NR 




100 g, TD 

12-24 

solution, 
slowly), PO 
topical 




Dimophebumine hydrochloride 




1.0-1.5 g TD (cattle) 

SD 

IM 





150-250, TD (sheep) 

SD 

IM 

Dinoprost tromethamine 

0.002-0.01 

SD 

IM 

25 TD (cattle, estrus 

10-12 days 

IM 





induction) 

SD 

IM 





25 TD (cattle, 

days 5 and 11 of 

IM 





abortifacient) 8 TD 

cycle 

IM 





(ewe, estrus 

days 4 and 11 of 

IM 





induction) 

cycle 

IM 





8 TD (doe, estrus 

<60 days 

IM 





induction 10-15 TD 

pregnancy entire 






(ewe, abortifacient) 
5-10 TD (doe, 

pregnancy 






abortifacient) 




Continued 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Dioctyl sodium sulfosuccinate 

10-20 

48 (limit 2 doses) 

PO 




(DSS) 







Diphenhydramine hydrochloride 

0.5-1 

6-8 

IV, IM 

0.5-1.0 

6-8 

IV, IM 

Diprenorphine 

0.03 (horses) 

SD 

IV 

0.03 (cattle) 

SD 

IV 


0.015 (donkeys) 



0.015 (sheep) 



Dipyrone 

11-22 

SD, 8 

IV, IM 

50 

SD 

IM, IV, SC 

Dobutamine hydrochloride 

1-10 gg/kg/min 

Infusion 

IV 


Docusate; see Dioctyl sodium 







sulfosuccinate 







Domperidone 

0.2 

SD, 12 

IV 





1.1 

24 

PO 




Dopamine hydrochloride 

1-10 gg/kg/min 

Infusion 

IV 

2-10 gg/kg/min 

Infusion 

IV 

Doramectin 

0.2 

SD 

IM, SC 

Doxapram hydrochloride 

0.02-1 

SD 

IV 

5-10 

SD 

IV 

Doxycycline 

10 

12 

PO (do not 







use IV) 




Doxylamine succinate 

0.55 

8 

IM, SC, IV (slow) 

0.5 

12 

PO, IM, SC 

Edetate calcium disodium (EDTA) 

75 

24 

IV (slow, dilute) 

67 

12 

IV (slow) 

Edrophonium chloride 

0.1-0.5 

SD 

IV (slow) 

0.5-1.0 

SD 

IV 

Enrofloxacin 

5 

12 

PO 

7.5-12.5 

SD 

SC 


7.5 

24 

PO 

2.5-5.0 

24 

SC (3-5 days) 

Ephedrine sulfate 

0.7 

12 

PO 


Epinephrine (1 mg/mL) 

0.01-0.02 mIVkg 

SD 

IM, SC 

0.01-0.02 mL 

SD 

IM, SC 

Epinephrine (1 mg/mL) 

0.1-0.2 mIVkg 

SD 

IM, SC 

0.1-0.2 mL 

SD 

IV 

Eprinomectin 




0.5 mg/kg 

SD 

Topical 





1 

SD 

SC 

Erythromycin base 

0.1 (for ileus) 

infusion per hour 

IV 

2.2-15 

12-24 

IM 

Erythromycin estolate, 

25-37.5 

6-12 

PO 




ethylsuccinate 




300 TD 600 TD (dry 

12 

IMM 





cows) 



Erythromycin 





SD 

IMM 





300 TD (lactating 

12 

IMM 





cows) 



Estradiol (estrus induction) 

5-10 TD 

SD 

IM 

NR 

Estrone sulfate 

0.04 

12 

IM 


Famotidine 

1.9-2.8 

8-12 

PO 





0.2-0.4 

8-12 

IV 




Febantel 

6 

SD 

PO 

5-10 

SD 

PO 

Fenbendazole 

5 (adults) 

SD 

PO 

5 

SD 

PO 


10 (foals) 

SD 

PO 




Fenoterol 

2-4 

6-12 

IH 


Fenprostalene 

0.001 

SD 

IM 

0.002 

SD 

SC 

Fentanyl (transdermal) 

10, more commonly 







called "100 







mcg/hr" patches 







per 400 kg 






Ferrous sulfate 

10-20 

24 

PO 

10-30 

24 

PO 

Florfenicol 




20 

48 

IM (repeat 







once) 





40 

SD 

IM 

Fluconazole 

4-5 

24 

PO 


Flumazenil 

0.01-0.02 

SD 

IV (slow) 


Flumethasone 

0.002-0.008 

SD 

IM, IV, IA 


Flunixin meglumine 

0.25-1.1 

6-24 

IV, IM, PO 

1.1-2.2 

12-24 

IV 

Fluoroprednisolone acetate 

0.01-0.04 

SD 

IM 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Fluprostenol 

0.55 pg 

SD 

IM 


Fluticasone 

2-4 pg/kg 

6-12 

IH 


Folic acid 

40-75 mg TD 

SD 

PO 


Folinic acid 

50-100 TD 

SD, 24 

PO 


Follicle stimulating hormone 

10-50TD 

SD 

IV, IM, SC 

5TD 

12 

IM, SC 

Framycetin sulfate 




5 10 (calves) 

12 

IM 






24 

PO 

Frusemide; see Furosemide 


Furosemide 

0.25-3 

SD 

IV, IM 

0.5 or 1 

12-24 

IV, IM (adult 







cattle) 

Gallamine triethiodide 

1 then increments of 

SD 

IV 

0.5 then 0.1 to effect 

SD 

IV 


0.2 



(cattle) 0.4 (sheep) 

SD 

IV 

Gamithromycin 

6 

SD 

SC 

Gentamicin sulfate 

2.2 

8 

IV, IM 

NR 




6.6 

24 

IV, IM 




Glauber's salts; see Sodium 







sulfate 







Glycerol 




180 mL TD (cattle) 

12 

PO 





90 mL TD (sheep) 

12 

PO 

Glycerol guaiacolate ether; see 

110 

SD 

IV 




Guaifenesin 







Glycopyrrolate 

0.001-0.01 

SD, 12-24 

IV, IM 


Glycopyrronium bromide; see 







Glycopyrrolate 







Gonadorelin 

100 pg TD 

SD 

IM 

Glycosaminoglycan, polysulfated 

250 TD 

SD, 7 days 

1A 





1 

5 days 

IM 




Griseofulvin 

5-10 

24 

PO 

10-20 

24 

PO 

Guaifenesin 

110, give first one 

SD 

IV 

66-130 

SD 

IV 


third to cause 
recumbency 






Flemoglobin (bovine, 

10-30 mlVkg 

SD 

IV 




polymerized) 







Heparin 

25-125 lU/kg 

6-12 

SC, IV 


Hyaluronate sodium 

10-50 mg TD 

SD 

IA 


Hydralazine 

0.5-1.5 

12 

PO 


Hydrochlorothiazide 

0.5 

24 

PO 

0.25-0.5 

12-24 

IV, IM 

Hydroxyethyl starch colloids 

10 mL/kg 

SD 

IV slow 




(Hetastarch) 







Hydroxyzine 

0.5-1.0 

12 

IM, PO 


hydrochloride or pamoate 


Hyoscine (butylbromide) 

0.3 

SD 

IV (slow) 


Imipenem cilastatin sodium 

15-20 

4-6 

IV 


Imidocarb dipropionate 

2-4 

SD 

IM 

1.2 

SD 

SC 


4.4 

72 

IM (total of 4 







treatments) 




Imipramine 

0.55-1.5 

8 

IM, IV, PO 


Insulin, protamine zinc 

0.15 u 

12 

IM, SC 

200 IU 

TD 

SC 

suspension 


Iodide sodium 

20-40 

24 

IV, PO 

66 

SD 

IM (repeat once 







at 7 days) 

lodochlorhydroxyquin 

20 

24 

PO 



Continued 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Ipratropium 

2-3 pg/kg (foal) 

6-8 

IH 


Iron cacodylate 

2 

SD 

IV 


Isoflupredone acetate 

5-20 mg TD 

SD 

IM 

10-20 mg TD 

SD 

IM 

Isoniazid 

5-20 

24 

PO 

11-25 

24 

PO 

Isoxsuprine hydrochloride 

0.4-1.2 

8-12 

PO 


Itraconazole 

3-5 

12-24 

PO 


Ivermectin 

0.2 

SD 

PO 

0.2 

SD 

SC, PO 

Kaolin pectate 

2-4 mL/kg 

8-12 

PO 

0.25-1 mlVkg 

4 

PO 

Ketamine hydrochloride (after 
appropriate premedication) 

1.1-2.2 

SD 

IV 

2 

4 

SD 

SD 

IV 

IM 

Ketoconazole 

5-30 

12-24 

PO 


Ketoprofen 

2.2 

24 

IM, IV 

2-4 

24 

IM, IV 

Ketorolac tromethamine 

0.5 

SD 

IV 

0.3-0.7 (goats) 

8 

IM, IV, SC, PO 

Lactulose 

120-300 

12 

PO 


Lasalocid 

1 

24 

PO 

Levamisole 

8-11 

24 

PO 

5.5-11 

3.3-8 

SD 

SD 

PO 

SC 

Levothyroxine 

0.02 

24 

PO 


Lidocaine 

1.3 mg/kg as bolus 
then 0.05 mg/kg/ 
min 

Infusion 

IV 


Lincomycin 

NR 



5-10 

12-24 

IM 

hydrochloride 


Loperamide 

0.1-0.2 

6 

PO 


Lufenuron 

5-20 

24 

PO 


Luprostiol 

7.5 TD 

SD 

IM 

7.5-15 TD (cattle) 

SD 

IM 

Magnesium hydroxide 

0.5 mL 

8 

PO 

400-450 g, TD 
(cattle) 

10-30 g, TD (sheep) 

8-24 

8-24 

PO 

PO 

Magnesium oxide 

1000-2000 

SD 

PO 

Magnesium sulfate 

0.2-1.0 

2.2-6 (for ventricular 
tachycardia) 

50 mg/kg/h for 1 h 
then 25 mg/kg/h 
as CRI (for 
presumed 
neonatal hypoxic 
encephalopathy) 

24 

1 min 

PO 

IV boluses every 
minute until 
conversion or 
total dose of 

60 mg/kg 

0.1 

0.02 

SD 

SD (with calcium 
gluconate) 

SC 

IV (slow) 

Mannitol 

0.25-2.0 g/kg 

SD 

IV (slow) 

1-3 g/kg 

SD 

IV 

Marbofloxacin 

2 

24 

IM, IV, SC 

Mebendazole 

8.8-20 

SD 

PO 


Meclofenamic acid 

2.2 

12-24 

PO 


Meloxicam 

0.6 

24 

IV, PO 

0.5 

0.5-1.0 

SD 

24-48 

IV, SC 

PO 

Meperidine 

1-2 

0.2-0.4 

SD 

SD 

IM 

IV (slow) 

3-4 

SD 

IM, SC 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Methadone hydrochloride 

0.05-0.2 

SD 

IV, IM 


Methicillin 

25 

4-6 

IV 


Methionine-DL 

20-50 

24 

PO 

50 

24 

PO 

Methocarbamol 

5-55 

6 

IV 

110 

SD 

IV 


40-60 

24 

PO 




Methylene blue 

NR 



4-15 

SD, 6 

IV 

Methylprednisolone or 

0.5-1.0 

24 

PO 




methylprednisolone sodium 

0.5-1.0 

24 

IV 




succinate (shock) 

10-20 

SD 

IV 




Methylprednisolone acetate 

0.2 

SD, as necessary 

IM 





0.1 

SD 

IV 







IV 




Metoclopramide 

0.02-0.25 

6-8 

IV 

NR 

Metronidazole 

15-25 

8-12 

IV, PO 


Mezlocillin 

25-75 

6 

IV 


Midazolam hydrochloride 

0.011-0.044 

SD 

IV 


Mineral oil 

10 mL/kg (adults) 

SD, 12 

PO 

8 mL7kg 

SD 

PO 

Minocycline 

3 

12 

PO 


Misoprostol 

1-4 pg/kg 

8-12 

PO 


Monensin 

1 

24 

PO 

Morantel tartrate 

8-10 

SD 

PO 

Morphine sulfate 

0.1-0.7 

SD 

IM, IV (slow) 

1-10 mg TD (sheep 
and goats) 

SD 

IM 

Moxalactam 

50 

8 

IM, IV 


Moxidectin 

0.4 

SD 

PO 

0.2 (cattle) 

SD 

SC, PO 





0.5 (cattle) 

SD 

Topical 





0.2 (sheep) 

SD 

PO 





0.2-0.5 (goat) 

SD 

PO, SC 

Nafcillin 

10 

6 

IM 


Naloxone 

0.01-0.05 

SD 

IV 


Naproxen 

5-10 

12-24 

PO 


Neomycin 

2-6 

6-12 

PO 

3-6 

6-12 

PO 


4.4 

8-12 

IV 

88 

8 

SC 

Neostigmine 

0.004-0.02 

SD, 6 

SC 

0.02 

SD 

SC 

Netilmicin 

2 

8-12 

IV, IM 


Netobimin 

7.5 

SD 

PO 

Niclosamide 

100 

SD 

PO 


Nizatidine 

6.6 

8 

PO 


Nitazoxanide 

25 for days 

24 

PO 



1-5, then 50 for 







days 6-28 






Nitrofurantoin 

2.5-5 

8 

PO 


Nitroglycerin 

15 TD 

24 

Topical over 







each digital 
artery 




Nitroxinil 

10-15 

SD 

SC 

Norepinephrine 

0.1-1.5 pg/kg/min 

SD 

IM 


Novobiocin (dry cow) 




400 TD 

SD 

IMM 





150 TD (lactating 

24 

IMM 





cow) 



Nystatin 

250,000-1,000,000 

SD 

IU 


Omeprazole 

1-4 

24 

PO 


Oxacillin 

25-50 

8-12 

IM, IV 



Continued 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Oxfendazole 

10 

SD 

PO 

4.5 

SD 

PO 

Oxibendazole 

10-15 

SD 

PO 

10-20 

SD 

PO 

Oxyclozanide 

10-15 

SD 

PO 

Oxymorphone 

0.01-0.02 

SD 

IM, IV 


Oxytetracycline 

6.6-10 

24 

IV (slow) 

5-20 

12-24 

IV, IM 


10-20 (foals) 

24 

IV (slow) 




Oxytocin 

0.05-0.1 (induction 

SD 

IM 

0.05-0.1 

1-1.5 

IM 


of foaling) 



(retained placenta) 




0.01-0.02 (retained 

1-1.5 

IM 

0.025-0.05 

SD 

IV 


placenta) 



(milk letdown) 



Pancuronium 

0.04-0.066 

SD 

IV 

0.04 then 

SD 

IV 





0.008 (cattle) 

0.025 then 

0.005 (sheep) 

SD 

IV 

Pantoprazole 

1.5 

24 

IV or PO 


Paromomycin 

100 

24 

PO 


Penicillamine 

3-4 

6 

PO 

52 

24 

PO 

Penicillin G, benzathine 

10,000-40,000 IU 

48-72 

IM 

44,000-66,000 lU/kg 

48-72 

IM, SC 

Penicillin G, procaine 

20,000-50,000 IU 

12-24 

IM 

10,000-60,000 lU/kg 

12-24 

IM, SC 

Penicillin G, sodium or potassium 

10,000-50,000 IU 

6-8 

IV, IM 


Penicillin V, potassium 

66,000-110,000 

6-8 

PO 


Pentazocine 

0.33 

SD 

IV, IM, SC 


Pentobarbital 

2-20 (to effect) 

SD 

IV 

30 (to effect) 

SD 

IV 


120-200 FOR 

SD 

IV 

120-200 FOR 

SD 

IV 


EUTHANASIA 



EUTHANASIA 



Pentobarbitone; see Pentobarbital 


Pentosan sulfate 

250 mg (TD) 

7 days 

IA 





3 mg/kg 

7 days 

IM 




Pentoxifylline 

10 

12 

PO 


Pergolide 

0.002-0.004 

24 

PO 


Perphenazine 

0.3-0.5 

12 

PO 


Pethidine; see Meperidine 


Phenobarbital 

5-25 

SD, 8 

IV 

10 

24 

PO 


1-5 

12 

PO 




Phenothiazine 

55 

SD 

PO 


Phenoxybenzamine hydrochloride 0.6 

6-8 

IV 





0.6-1.7 

17 

PO 




Phenylbutazone 

2-4.4 

12-24 

PO, IV 

4 

24 

IV 





10-20 (loading dose) 

24-48 

PO 





then 5-10 



Phenylephrine 

0.02-0.04 

SD 

IV (over 10 min) 





hydrochloride 






Phenytoin sodium 

5-10 then 1-5 (for 

SD 

IV 





seizures) 

4-8 

IV, IM, PO 






12 

PO 





10-12 (for 
rhabdomyolysis) 
10-22 (for 

12 

IV (slow), IM 





arrhythmias) 






Physostigmine 

VO 

o 

J_ 

o 

SD 

IM, IV 


Phytonadione (vitamin K,) 

0.5-2.5 

SD, 4-6 

IV (slow) 

0.5-2.5 

SD, 8 

IV (slow), IM 

Piperazine 

110-200 

SD 

PO 


Piperacillin 

15-50 

6-12 

IV, IM 


Pirbuterol 

0.001-0.002 

12-24 

IH 


Pirlimycin 

50 TD 

12-24 

IMM 

Pivampicillin sodium 

20 

12 

PO 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 


Drug 


HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Poloxalene 

110 mg/kg 

24 

PO 

Polysulfated glycosaminoglycan 

0.5 

96 

IM 





0.25 

96 

IA 




Polymyxin B 

6000 

SD 

IV 

6000 

SD 

IV 

Ponazuril 

5 

24 

PO 


Potassium bromide 

20-40 

24 

PO 


Potassium iodide 

4-40 

24 

PO 

1.5 

24 

IV 

Potentiated sulfonamide; see 







Sulfonamide/trimethoprim 







Pralidoxime chloride 

20-50 

4-6 

IV 

25-50 

SD, 6 

IV (slow) 

Praziquantel 

1-2 

SD 

PO 

10-15 

SD 

PO 

Prednisolone 

0.2-4.4 

12-24 

IM, PO 

1-4 

SD, 24 

IV 

Prednisolone sodium succinate 

50-100 mg (adult) 

SD 

IV 


Primidone 

10-20 

6-12 

PO 


Procainamide 

0.5 to total dose 

10 min 

IV 





of 4 






Progesterone 

0.3-0.6 

24 

IM 


Promazine 

0.25-1 

SD 

IV 





1-2 

SD 

PO 




Propafenone 

0.5-1.0 

SD 

IV 


Propantheline bromide 

0.014 

SD 

IV 


Propofol 

2.4 (induction) 

Infusion 

IV 





0.3 (maintenance) 






Propranolol 

0.03-0.15 

8 

IV 





0.4-0.8 

8 

PO 




Propylene glycol 




110-225 mL 

24 

PO 





TD (cattle) 







110 mL TD (sheep) 

24 

PO 

Protamine sulfate 

0.2 

SD 

IV 

Prostaglandin F2a 

0.02 

SD 

IM 


Psyllium mucilloid 

500 

12-24 

PO 


Pyrantel pamoate 

6.6 

SD 

PO 

25 

SD 

PO 

Pyrantel tartrate 

2.6 

SD 

PO 


Pyrilamine maleate 

0.8-1.3 

6-12 

IV (slowly), IM, 

0.55 

SD 

IV, IM 




SC 




Pyrimethamine 

1-2 

24 

PO 


Quinidine, gluconate 

22 

2-4 

PO 

50 

Over 4 hours 

IV 


0.5-2.2 

10 min until 

IV 

210 loading dose 

6 

PO 



conversion to 

then 180 





sinus rhythm or 






suppression 

of 






arrhythmia 





Ranitidine hydrochloride 

6.6 

6-12 

PO 

50 (calves) 

8 

PO 


1.5 

6-12 

IV 




Reserpine 

0.002-0.008 

24 

PO 


Rifampin 

5-10 

12 

PO 


Romifidine 

0.04-0.12 

SD 

IV (slowly), IM 


Salmeterol 

0.0005-0.001 

6-12 

IH 


Scopolamine hydrobromide 

See Hyoscine 




Selenium 

See text (pp. 15-105 






to 15-110) 






Sodium acid phosphate 




60 g in 300 mL water 







IV and SC every 







24 h for adult 







cattle 




Continued 
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Appendix 3 ■ Drug doses and intervals for horses and ruminants 




HORSES 


RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug 

Dose (mg/kg) 

Interval(h) 

Route 

Dose (mg/kg) 

Interval (h) 

Route 

Sodium chloride (hypertonic, 

4 mL 

SD 

IV 

4 mL 

SD 

IV 

7.0%) 







Sodium sulfate 

1-2 

SD, 24 

PO 

1-2 

SD 

PO 

Sodium thiosulfate 

30-40 

SD 

IV 

660 (cyanide 

SD 

IV 





poisoning 

1 (copper poisoning) 

24 

PO 

Spectinomycin 

20 

8 

IM 

10-15 

24 

sc 

Stanozolol 

0.55 

168 

IM 

2 

SD 

IM 

Streptomycin 

11 

12 

IM, SC 

11 

12 

IM, SC 

Succinylcholine chloride 

0.09-0.11 

Sd 

IV 


Sucralfate 

10-20 

6-12 

PO 


Sulfachloropyridazine 




88-110 

12-24 

IV 





30-50 (calves) 

8 

PO 

Sulfadimethoxine 

55 then 28 

24 

IV 

55-110 

24 

PO 


55 then 78 

74 

IV 

Sulfadimidine 




100-200 loading 

SD 

IV 





dose then 50-100 

24 


Sulfadoxine/trimethoprim 

15 

12-24 

IM, IV (slow) 

15 

12-24 

IM, SC, IV 

Sulfamethoxypyridazine 

20 

24 

SC, IM, IV, IP 

Sulfonamide/trimethoprim 

15-30 

12-24 

PO, IV, IM 

15-30 

12-24 

IM, IV 





15-30 (pre-ruminant 

12-24 

PO 





calves) 



Suxamethonium chloride 

0.1 

SD 

IV 

0.02 

SD 

IV 

Terbutaline sulfate 

0.02-0.06 

6-12 

PO 





0.002 

SD 

IV 




Tetanus antitoxin 

3 IU (tetanus 

SD 

IM, IV, SC 





prophylaxis) 

100 IU (treatment of 

72-120 

IM, IV, SC 





tetanus) 






Tetracycline; see oxytetracycline 
hydrochloride 


Theophylline 

8-12 

8-12 

PO 


Thiabendazole 

44 

SD 

PO 

50-100 

SD 

PO 

Thiamine hydrochloride 

0.5-5 

SD 

IV, IM, PO 

5-50 

12 

IV, IM 

(vitamin B,) 







Thiamylal sodium 

2-4 

SD 

IV (to effect) 

4.4-8.8 

SD 

IV 

Thiopental 

6-12 

SD 

IV 

8-16 

SD 

IV 

Thiophanate 




2.4-4.8 g, TD (cattle) 

SD 

PO 





240-480 mg, TD 

SD 

PO 





(sheep) 



Thyroxine L 

0.01 

24 

PO 


Ticarcillin (with or without 

50 

6-8 

IV, IM 




clavulanate) 







Tildipirosin 

4 

SD 

SC 

Tiletamine hydrochloride with 

1.6-2.2 

SD 

IV 




zolazepam hydrochloride 







Tilmicosin 

10 

72 

SC 

Tobramycin 

4 mg/kg every 

24 hours IV, IM 




Tocopherol acetate (vitamin E) 

10-15 IU 

24 

PO 


Tolazoline 

4 

SD 

IV slowly 


Trenbolone acetate 

140-200 TD 

SD 

SC 

Triamcinolone acetonide 

0.1-0.2 

SD 

IM, SC 

0.02-0.04 

SD 

IM 


6-18 TD 

SD 

IA 




Trichlorphon 

35-40 

SD 

PO 


Triclabendazole 

12 

8-10 weeks 

PO 













































2231 


Appendix 3 ■ Drug doses and intervals for horses and ruminants 


HORSES 

RUMINANTS (CATTLE, SHEEP, GOATS) 

Drug Dose (mg/kg) Interval (h) Route 

Dose (mg/kg) Interval (h) Route 

Trilostane 0.4-1.0 24 PO 


Tripelennamine hydrochloride 1.1 6-12 IM 

1.1 6-12 IV, IM 

Tubocurarine chloride 0.3 then SD IV 

0.05 

0.06 then SD, to effect IV 

0.01 (cattle) 

0.04 then SD, to effect IV 

0.01 (sheep) 

Tulathromycin 

2.5 SD SC 

Tylosin NR 

18 24 IM 

Vancomycin 7.5 8 IV 


Verapamil 0.025-0.5 SD IV (slow) 


Vecuronium bromide 0.1 then 0.02 SD, to effect IV 

0.04 then 0.01 SD to effect IV 

(sheep) 

Vitamin B,; see Thiamine 

See text 

Vitamin C; see Ascorbic acid 


Vitamin E; see Tocopherol 
acetate 


Vitamin E micellated (water 6-10 IU 24 PO 

soluble) 


Vitamin K,; see Phytonadione 


Warfarin sodium 0.02 then slowly 24 PO 

increasing to 
effect 


Xylazine hydrochloride 1.1 SD IV 

2.2 SD IM 

0.01-0.05 SD IV 

0.02-0.10 SD IM 

Yohimbine hydrochloride 0.05-0.2 SD IV slowly, IM 

0.125 SD IV 

Zeranol 

36-72 TD SD SC 

Sources: Bishop Y. The veterinary formulary, 6th ed. London: The Pharmaceutical Press, 2005; Plumb DC. Plumb's veterinary drug handbook, 8th ed., John Wiley & 

Sons, Inc. 2015; other sources. 


























APPENDIX 



Drug doses and intervals for pigs 


Suggested drug doses and intervals for pigs and concentrations of medicaments in feed are given here. Dosages listed are general recommenda¬ 
tions and may not be optimal or efficacious in all instances and may need to be adjusted depending on the disease and its severity, patient factors 
such as age or diet, and because of regulatory considerations regarding milk and meat withholding times in food animals. The manufacturers 
recommendations should be checked before administering any drug, and the effect on withholding time of varying from the manufacturer s 
recommendation regarding dosing should be considered. Local regulations regarding use of drugs in animals that may be used for human food 
should be consulted. 

Doses are given in milligrams per kilogram body weight (mg/kg) unless otherwise stated (g = gram, IU = international units). Drugs given 
as total doses are denoted by TD. Dosing interval is given in hours, unless otherwise stated, or unless given as a single dose (SD). The route 
of administration is indicated as follows: intravenous (IV), intramuscular (IM), oral (PO), subcutaneous (SC), or intraperitoneal (IP). One 
ton = 1016 kg. 


Drug 


PIGS 


Dose (mg/kg) or (Concentration in feed 
or water) 

Interval(h) 

Route 

Acepromazine maleate 

0.03-0.5 

SD 

IM, IV, SC 

Acetazolamide 

6-8 

SD 

IV, IM, PO 

Acetylsalicylic add (aspirin) 

10 

4 

PO 

Amoxicillin trihydrate 

6.6-22 

8-24 

IM 


6.6-22 

12-24 

PO 

Ampicillin sodium 

6-8 

8 

IM, SC 

Ampicillin trihydrate 

4.4-22 

8-24 

IM 

Amprolium hydrochloride 

25-65 

12-24 

PO (3-4 days) 

Apramycin sulfate 

10-20 (150 g/ton) 

24 

PO 

Arsanilate, sodium 

(700 mg per 4 L drinking water for 7 days) 



Aspirin; see Acetylsalicylic acid 




Atropine sulfate 

0.02-0.04 

SD 

IM 

Azaperone 

1-2 

SD 

IM 

Bacitracin zinc 

(10-50 g/ton) 



Bacitracin methylene disalicylate 

(250 g/ton) 



Baquiloprim/sulfadimidine 

10 

24 

IM 

Bismuth subsalicylate 

2-5 mL, TD (piglets) 

6-12 

PO (2 days) 

Bromhexine hydrochloride 

0.2-0.5 

24 

IM, PO 

Calcium gluconate 

150-250 

SD 

IV (slow, to effect), IM, SC, IP 

Carbadox 

(50 g/ton) 



Ceftiofur crystalline free acid 

5 

SD 

IM (neck) 

Ceftiofur hydrochloride 

3-5 

24 

IM (3 days) 

Ceftiofur sodium 

3-5 

24 

IM (3 days) 

Chlorpromazine hydrochloride 

0.6-3.3 

SD 

IV 


1-4 

SD 

IM 

Chlortetracycline 

10-20 (50-100 g/ton) 

24 

PO 

Cloprostenol sodium 

0.18, TD 

SD 

IM 

Dantrolene sodium 

3.5 

SD 

IV 

Dexamethasone 

0.06 (1-10, TD) 

SD, 24 

IM 

Dexamethasone sodium phosphate see 




Dexamethasone 




Dexamethasone 21-isonicotinate 

0.02-0.1 

SD, 96 

IM 

Diazepam 

0.55-2.0 

SD 

IM 

Dichlorvos 

17 (334-500 g/ton) 

SD 

PO 

Dimetridazole 

10-25 

24 

PO 
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Appendix 4 ■ Drug doses and intervals for pigs 


Drug 


PIGS 


Dose (mg/kg) or (Concentration in feed 
or water) 

Interval(h) 

Route 

Dinoprost tromethamine 

15 TD then 10 TD (estrus induction); 5-10 TD 

separate doses 

IM 


(abortifacient); 10-25 TD (induce 

by 12 hours 

IM 


parturition) 

SD 

IM 



SD 


Dipyrone 

50 

SD 

IM, IV, SC 

Doramectin 

0.3 

SD 

IM, SC 

Doxapram hydrochloride 

5-10 

SD 

IV 

Doxylamine succinate 

0.5 

8 

PO, IM, SC 

Edrophonium chloride 

0.5-1.0 

SD 

IV 

Enrofloxacin 

7.5-12.5 

SD 

IM, SC 

Epinephrine 




1 mg/mL 

0.01-0.02 mlVkg 

SD 

IM, SC 

1 mg/mL 

0.1-0.2 mL/kg 

SD 

IM, SC 

Erythromycin estolate, ethylsuccinate 

2.2-22 

24 

IM 

Fenbendazole 

5 

SD 

PO 


3 

24 

PO 


(10-80 g/ton) 



Ferrous sulfate 

0.5-2 

24 

PO 

Flunixin meglumine 

2.2 

SD 

IM 

Follicle stimulating hormone 

1000-1500 IU TD 

SD 

IM 

Gallamine triethiodide 

4 then 0.8 to effect 

SD 

IV 

Griseofulvin 

20 

24 

PO 

Guaifenesin 

44-88 

SD 

IV 

Flygromycin B 

(12 g/ton) 



Iron dextran 

100 mg, TD (piglet) 

SD 

IM 

Ivermectin 

0.3 

SD 

IM 

Kaolin pectate 

0.2 mL/kg 

4 

PO 

Ketamine hydrochloride (after appropriate 

11 

SD 

IM 

premedication) 




Levamisole 

8 

SD 

PO 

Lincomycin hydrochloride 

11 

24 

IM 


2-10 (40-200 g/ton) 

24 

PO 

Luprostiol 

7.5 TD 

SD 

IM 

Mannitol 

1-2 g/kg 

SD 

IV (slow) 

Marbofloxacin 

2 mg/kg 

24 

IM 

Mineral oil 

2-8 mlVkg 

SD 

PO 

Morphine sulfate 

0.2-0.9 

SD 

IM 

Moxidectin 

0.4 

SD 

SC, PO 

Neomycin sulfate 

7-12 

12 

PO 

Neostigmine 

0.06 

SD 

IM 

Oxfendazole 

3 mg/kg once orally 

SD 

PO 

Oxibendazole 

15 

SD 

PO 

Oxymorphone 

0.075 (with ketamine and xylazine) 

SD 

IV 

Oxytetracycline 

2-10/10-30 

12-24 / 12-24 

IM, SC / PO 

Oxytocin 

0.1-0.2 (agalactia) 

3-4 

IM 


(2-10 IU) 



Penicillin G, benzathine 

4.5 (11000-22000 lU/kg) 

48-96 

IM 

Penicillin G, procaine 

6-20 (6000-40000 lU/kg) 

12-24 

IM 

Pentazocine 

2.0 

SD 

IM 

Pentobarbital 

30 (to effect) 

SD 

IV 


Continued 
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Appendix 4 ■ Drug doses and intervals for pigs 


Drug 


PIGS 


Dose (mg/kg) or (Concentration in feed 
or water) 

Interval(h) 

Route 


120-200 (for euthanasia) 

SD 

IV 

Pentobarbitone see pentobarbital 




Phenylbutazone 

4 

24 

PO, IV 

Phytomenadione (vitamin K,) 

0.5-2.5 

SD 

IM, IV (slow) 

Piperazine 

110 

SD 

PO 

Prednisolone sodium succinate 

0.2-1.0 

SD, 24 

IV, IM 

Pyrantel pamoate 

22 

SD 

PO 


6.6 (pot-bellied pigs) 

SD 

PO 

Pyrantel tartrate 

22 (96 g/ton) 

SD 

PO 

Pyrilamine maleate 

0.5-1.0 

SD 

IM 

Roxarsone 

182 g/ton 



Sodium arsanilate see arsanilate, sodium 




Sodium chloride (hypertonic, 7.0%) 

4 mL 

SD 

IV 

Sodium sulfate 

0.25-0.5 

SD 

PO 

Spectinomycin HCI 

11 

12-24 

PO 


6.6-22 

24 

IM 

Streptomycin 

13 

12-24 

IM 

Sulfachloropyridazine 

44-70 

24 

PO 

Sulfadiazine/trimethoprim 

48 

24 

PO 

Sulfadoxine/trimethoprim 

15 

12-24 

IM 

Sulfonamide/trimethoprim 

15-30 

24 

IM, PO 

Suxamethonium chloride 

2 

SD 

IV 

Tetracycline hydrochloride 

10-40 

12/24 

PO 

Thiabendazole 

50-75 

SD 

PO 

Thiamine hydrochloride (vitamin B,) 

5-10 mg/kg 

SD 

IV, IM, PO 

Thiamylal sodium 

6.6-11 

SD 

IV 

Thiopental 

5.5-11 

SD 

IV 

Tiaprost 

0.3-0.6 TD 

SD 

IM 

Tiamulin 

2-10/ 10-15 (35-200 g/ton) 

24/24 

PO / IM 

Tildipirosin 

4 

SD 

IM 

Tilmicosin 

10-20 (180-360 g/ton) 

24 

PO 

Tripelennamine hydrochloride 

1 

8-12 

IV, IM 

Tubocurarine chloride 

0.4 then 0.08 

SD, to effect 

IV 

Tylosin 

8.8 (40-100 g/ton) 

12 

IM, PO 

Valnemulin 

1.25-10 

24/24 

PO 

Virginiamycin 

(25-100 g/ton) 



Sources: Bishop Y. The veterinary formulary, 6th ed. London: The Pharmaceutical Press, 2005; Cowart RP, Casteel SW. An outline of swine diseases. A handbook, 

2nd ed. Iowa State University Press, 2002; Plumb DC. Plumb's veterinary drug handbook, 8th ed., John Wiley & Sons, Inc. 2015; and other sources. 
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Page numbers followed by "f" indicate figures, "t" indicate tables, and "6" indicate boxes. 


A 

A. fumigatus, 650 

A23187, porcine stress syndrome, 1527 
ABC Reflection Sovereign, 706 
Abdomen 

clinical examination of, 13, 17-18 
abdominal pain, detection of, 451-452 
auscultation, 17-18 
distended rumen lavage, 445-446 
inspection and palpation, 446 
laparoscopy, 454-455 
left side, 446-448 
rectal palpation, 449, 450f 
right side, 448 
silhouette, 237 
palpation, 484 

traumatic reticuloperitonitis, 482-490, 
4826-4836 
paracentesis of, 21 
tactile percussion of, 18 
Abdominal distension, 182-183 
Abdominal fat necrosis, 215 
Abdominal fluid 
gastric dilatation, horses, 241 
newborns, 239 

Abdominal pain, 18, 177, 182 
differential diagnosis of, 1826 
relief of, 191 

Abdominal situs inversus, 751 
Abdominal surface ripples, 446 
Abdominal ultrasonography, 184 
Abdominocentesis 
in cattle, 190 
in equine colic, 231 
in horses, 189-190 
for peritoneal fluid, 186-190 
for peritonitis, 218-219 
urolithiasis and, 1 147 

Abducent nerve (cranial nerve VI), assessment of, 
1169 

Aberdeen Angus 
abdominal fat necrosis, 215 
congenital osteopetrosis, 1534 
familial convulsions and ataxia, 1336 
Aberrant pigment metabolism, photosensitization, 
1550 

Aberrant right subclavian artery, 706 
Abiotrophies, 1186 
cerebellar, 1328-1329 
nervous system of, inherited, 1227 
Abnormal secretion, 1913 
Abnormality 

defining, in examination of population, 30, 31 f 
of function present, key abnormality method 
and, 3 

Abomasal bloat (tympany), 522-523 
Abomasal dilatation, 456f, 513 
Abomasal emptying, rate of, 149 
Abomasal impaction 
cattle, 515-517, 5156 
differential diagnosis in, 5166-5176 
grunting, 516 
in lambs, 517-518 
mineral oil for, 517 
roughage, 515 
sand and, 515 

in sheep and goats, 517-518 
surgery for, 517 


Abomasal luminal pressure, 501 
Abomasal phytobezoars, 518 
Abomasal reflux, 501 
metabolic alkalosis and, 493 
Abomasal reflux syndrome, 492 
Abomasal sounds, 506 
Abomasal trichobezoars, 518 
Abomasal ulcer 

acute diffuse peritonitis and, 520 
alkalinizing agents for, 522 
in beef calves, 519-520 
bluetongue, 2069-2076, 20696-20706 
in bulls, 519 
in calves, hand-fed, 519 
cattle, 518-522, 5186 
differential diagnosis in, 5216 
cimetidine for, 522 
coagulants for, 522 
dairy cattle, 519 
fecal examination for, 520 
feedlot cattle, 519 
hemogram for, 521 
kaolin and pectin for, 522 
magnesium hydroxide for, 522 
melena and, 521 
milk replacer for, 520 
ranitidine for, 522 
surgery for, 522 
in veal calves, 519 
Abomasal volvulus (AV), 510-515 
beef cattle, 510 
in calves, 510 
dairy cattle, 510 
hemogram for, 512 
hypokalemia and, 119 
serum biochemistry for, 512 
surgery for, 514 
urinalysis for, 512 
Abomasitis, salmonellosis, 365 
Abomasocentesis, 507 
Abomasotomy, 518 
Abomasum 
anatomy, 501 

clinical examination of, 500-501 
diseases of, 500-502 

displacement, see Left-side displacement of the 
abomasum (LDA); Right-side displacement 
of the abomasum (RDA) 
pathophysiology, 501 
Abortion 

African swine fever, 2115 
anaplasmosis, 771 
bluetongue, 2071 
border disease and, 1255 
bovine herpesvirus-1 infection in, 954, 956 
brucellosis, 1765, 1777t 
Campylobacter fetus, \771t 
Campylobacter jejuni, 17771 
caprine herpesvirus-1 infection, 2086 
causes of, in cattle, 1788f-1790f 
cloned offspring, 1871 
EHV-1 or BHV-1, 39 

encephalomyocarditis virus disease, pigs, 696 
endemic, neosporosis, 1817-1818 
epizootic 
bovine, 1769 
neosporosis and, 1818 
equine viral arteritis, 2089 
ergotism, 2198 
ewes, 1777f 



horses, 1762 
hyperthermia, 52-53 
inherited congenital achondroplasia with 
hydrocephalus, 1532 
leptospirosis and, 1120, 1122 
Listeria ivanovii, 1338 
listerial, 1338 
in goats, 1338 
mycoses, 1788f-1790t 
myeloencephalopathy and, 1285 
ovine enzootic, 1786-1791, 17866-17876 
plants, 1827 

prevention of spread and, 1288 
rapid diagnosis of, 1288 
Rift Valley fever, 1777 1 
Salmonella dublin, 1785 
Salmonella typhimurium, 1785 
salmonellosis and, 365 
sarcocystosis and, 2139 
sporadic, neosporosis and, 1818 
tick-borne fever, 1777f 
toxoplasmosis, 2142 
transplacental infection, 58 
Abscess, 76-77 
discharge, in strangles, 1020 
drainage of, 78 
facial, in cattle and goats, 77 
inguinal, 77 

isolation of bacteria from, 78 
liver, 632-635, 6326-6336 
perirectal, 77 
perivaginal, 77 
pituitary, 77 

pulmonary, 894-895, 8956 
at tooth root, in llamas, alpacas, goats and sheep, 
77 

urachal, 77 

Absorption tests, 184-186, 211 
Accommodation, performance shortfalls in, 94 
Acetated Ringer's solution, 139 
Acetylpromazine, laminitis, horse and, 

1402-1403 

Achnatherum Inebrians (drunken horse grass), 

2199 

Acholeplasma laidlawii, 1 940 
Acholeplasma oculi, 1991 
Acholeplasma spp., 1794 
Achondroplasia, 1390 
Achromotrichia, 1553 
al-Acid glycoprotein, 56 
Acid-base imbalances, 113, 123-130 
naturally occurring, 130-137 
Acidemia, 113, 126-128 
clinical findings in, 128 
etiology of, 126-127, 127f 
pathogenesis of, 127-128 
Acidifying agents, 459 
Acidosis, in dyspnea, 849 
Acne, contagious, of horses, 1576 
Aconltum spp., 2196 
"Acorn" calves, 1538 

Acquired equine polyneuropathy, see Scandinavian 
knuckling syndrome 

Acquired hemostatic defects, hemorrhage and, 
721-722 

Acquired hydrocephalus, 1182, 11826 
Acquired immunity, defects of, 744f 
Acremonium lolii, 966 

Acriflavine disk assay, for Staphylococcus aureus 
mastitis, 1934 
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Actinobacillosis (wooden tongue), 532-534, 532b 
differential diagnosis of, 533b 
treatment of, 533-534, 534b 
Actinobacillus pleuropneumonia (APP), 1055-1064 
Actinobacillus septicemia, in piglets, 2056-2057 
Actinomyces hyovaginalis, 1071 
Actinomycosis (lumpy jaw), 531-532, 531b, 53If 
differential diagnosis, 532b 
treatment, 532, 532b 
Acupuncture 
for head-shaking, 1226 
for heaves, 1011 
for pain, 83 

Acute bacterial bronchopneumonia, 889 
Acute diffuse peritonitis, 69 
milk fever and, 1681 
Acute hemorrhage, 733f-734f 
Acute hepatitis, of horses, 639-640 
differential diagnosis, 640b 
Acute hypokalemia, in cattle, 1690-1693, 1690b 
erythrocyte potassium concentration in, 1692 
milk potassium concentration in, 1692 
necropsy findings of, 1692 
plasma potassium concentration in, 1691-1692 
salivary potassium concentration in, 1692 
skeletal muscle potassium content in, 1691 
treatment of, 1692, 1693b 
urine potassium concentration in, 1692 
Acute icteroanemia, 780 
Acute injectable poisoning, causes of, 2182 
Acute interstitial pneumonia, of cattle, 889 
Acute intoxication, 826 
Acute leptospirosis, associated with Pomona, 
1121-1122 

Acute myocardiopathy, poisons associated with, 100 
Acute nutritional myopathy, 1379 
Acute oral poisoning, causes of, 2182 
Acute phase proteins (APPs), 1807-1808 
Acute phase response, 56-57, 60-61 
Acute pulmonary emphysema, glucosinolate 
toxicosis and, 2203 
Acute renal ischemia, 1112 
Acute respiratory distress syndrome (ARDS), 892 
Acute undifferentiated bovine respiratory 
disease, 55 

Acute undifferentiated diarrhea, of newborn farm 
animals, 373-377, 373f-374f, 376f 
Acute vesicular disease, differentiation of, 2064f 
Acute viral encephalomyelitis, 1290-1291 
Adactyly, 1537 

Adenohypophyseal hypoplasia, 1828-1829 
Adenoviruses 
equine, 1029 
porcine, 341 
Adjunctive therapy 

for enzootic pneumonia of calves, 945 
for septic arthritis synovitis, 1417 
Adrenocorticotropic hormone (ACTH), 1727 
Aerobes, equine pleuropneumonia, 1047 
Aerosol infection, in enzootic pneumonia of calves, 
940 

Aerosolization, of antimicrobials, 871 
Aesculin, 2207-2208 
Affective state framework, and stress, 86 
Aflatoxicosis, 649-650, 649b 
differential diagnosis, 650b 
Aflatoxins (AFs), poisoning by, 649-650 
Africa 

African swine fever in, 2111 
anthrax in, 2011 
rabies in, 1239 

African buffalo (Syncerus caffer), 2060 
African horse sickness (AHS), 2091-2097, 
2091b-2092b 
clinical findings, 2094-2095 
clinical pathology, 2095 
control, 2095-2096 
differential diagnosis, 2095b 
economic importance, 2094 
epidemiology, 2092-2094 
etiology, 2092 


necropsy findings, 2095 
occurrence, 2092-2093 
pathogenesis, 2094 
prevention, 2095-2096 
reduce exposure to biting midges in, 2096 
risk factors, 2093-2094, 2094f 
samples for confirmation of diagnosis, 2095 
slaughter of sick or viremic animals, 2096 
transmission of infection, 2093 
treatment, 2095 
zoonotic disease and, 2094 
African swine fever (ASF), 2110-2117, 2111b 
clinical findings, 2115 
clinical pathology, 2115 
control, 2116-2117 
differential diagnosis, 2116b 
epidemiology, 2111-2114 
etiology, 2111 

geographic occurrence, 2111-2112 
immune mechanisms, 2113-2114 
methods of transmission, 2112-2113 
morbidity and case fatality, 2112 
necropsy findings, 2115-2116 
pathogenesis, 2114-2115 
recent disease outbreak, 2112 
risk factors, 2113 
species affected, 2112 
treatment, 2116 
wild boar and, 2008 
African trypanosomiasis, 2150-2156 
Agalactia, 1990 
contagious, in goats, 924 
Agammaglobulinemia, 755 
Agar gel double diffusion test, 797 
Agar gel immunodiffusion (AGID) test, 838 
in Johne's disease, 559, 569 
in ovine progressive pneumonia, 976 
Agar gel precipitation test, for classical swine fever 
(hog cholera), 2104 

Age 

caseous lymphadenitis, 763-764 
in equine herpesvirus-1 and -4 infections, 1041 
at infection, anaplasmosis risk factors and, 772 
at manifestations, congenital cardiac defects and, 
704 

sheep, infectious footrot in, 1442 
Agglutination tests, for Brucella abortus, 1766 
Aggressive behavior, 1159 

Aging process, degenerative joint disease and, 1406 
Agnathia, 433 
inherited, 1534 
a-2 agonists, 83, 234 
Agriostomum vryburgi, 614 
Aimless wandering, 1159 
Aino virus 

epidemiology of, 1511 
source of infection of, 1512 
Airborne pollution, in mycoplasmal pneumonia, 

1072 

Airway inflammation, heaves in, 1006 
Airway mucus, in pneumonia, 887 
Airway obstruction 
in dyspnea, 849 

in exercise-induced pulmonary hemorrhage, 

998 

heaves in, 1006 
in hypoxic hypoxia, 846-847 
Airway secretions 

examination of, in exercise-induced pulmonary 
hemorrhage, 1000-1001 
in pneumonia, 887 

Akabane disease, 1511b, 1513b, 1514-1515 
Akabane virus, 1378 
Alanine aminotransferase, 628 
Albendazole 

in Fascioloides magna, 645 
in fasciolosis, 644 

for parasitic gastroenteritis in ruminants, 607 
poisoning of, 1211 
Albinism, 1553 
inherited, 1643 


Albumin, 628 
as acute phase protein, 56 
cerebrospinal fluid in, 1177 
in dairy-herd metabolic profile testing, 1670 
glomerular filtrate in, 1096 
Alcohol (complex plant), 2208 
Alcohol ethoxylates, 478 
detergents, 480-481 
Alfalfa, 475, 479-480 
Alfasure, 478, 480 
Algaecides, 103 
Algal bacteremia, 2158 
Algorithm method, for diagnosis, 2-3 
Alimentary ketosis, 1709-1710 
Alimentary sojourn, 1702 
Alimentary tract 

abomasum, diseases of, 500-502 
bacterial and viral, diseases of, 382-384 
buccal cavity, diseases of, 192-194 
diseases of, 436-621 
distension, 177 
dysfunction 
principles of, 176-178 
ruminant gastrointestinal, 441-445 
esophagus, diseases of, 196-197 
examination of, 183, 445-457 
abdominocentesis for peritoneal fluid, see 
Abdominocentesis; Peritoneal fluid 
absorption, tests of, 184-186 
appetite, 445 
cattle, 445-457 
digestion, tests of, 184-186 
endoscopy, 184 

exploratory laparotomy (celiotomy), 184,453-454 
habitus, 445 
history, 445 
intestinal biopsy, 190 
liver biopsy, 190 
medical imaging, 183-184 
nasogastric intubation, 183 
systemic state, 445 
functions of, 176 
hemorrhage, 181-182 
hypermotility, 177, 191 
hypomotility, 177, 191-192 
inherited atresia, 434-435 
inherited defects, 434-435 
lacerations, actinomycosis, 531 
neoplasms, 431-432 
of nonruminants, stomach and intestines, 

203-215 

omasum, diseases of, 457-459 
parasitic diseases of, 397-401 
plant toxins affecting, 427-429 
reticulum, diseases of, 457-459 
rumen, diseases of, 457-459 
ruminants 

anatomy and physiology, 436-441 
forestomach, diseases of, 436 
intestines, diseases of, 523-528 
signs, viral diseases characterized by, 2058-2067 
spiking activity, 176-177 
stasis, peritonitis, 217 
toxic and unknown diseases, 618-620 
toxins affecting, 421 
treatment, principles of, 190-192 
Aliphatic acetogenin (monoglyceride), 2208 
Alkalemia, 113, 128, 129f 
etiology and pathogenesis of, 128, 129f 
hypokalemia and, 119-120 
Alkaline phosphatase (ALP), 628 
for equine colic, 230-231 
serum, osteodystrophy and, 1390 
Alkalinizing agents 
abomasal ulcer, 522 
carbohydrate engorgement, 469-470 
simple indigestion, 459 
Allergic rhinitis, familial, 874-875 
Allergy, 746-747 

Alleviation, of pulmonary microvascular damage, 882 
Allium spp., 831 





Alloimmune hemolytic anemia, of newborn, 
740-744, 7406-741b 
differential diagnosis of, 7436 
Allotriophagia, 87-89 
Aloe vera gel, 285 
Alopecia, 1552-1553, 15536 
Alpaca 

cerebellar abiotrophy in, 1334 
tooth root abscess in, 77 
Altered hemoglobin, in dyspnea, 849 
Alternaria alternata, 797 
Aluminum hydroxide, 522 
Aluminum salts, fluoride toxicosis and, 1510 
Aluminum toxicosis, 1506 
Alveolar capillary membranes, exercise-induced 
pulmonary hemorrhage in, 998 
Alveolar hypoxia, 693 
Alveolar inspiratory pressure, increasing, in 

exercise-induced pulmonary hemorrhage, 
1002 

Alveolar macrophages, 916 
Alveoli, flooding of, with inflammatory cells, 849 
Alveolitis 
allergic, 966 
diffuse fibrosing, 967 
Alvsborg disease, 2164 
Amantadine, for equine influenza, 1035 
Amatoxins, 2204 

American Association of Swine Practitioners, 1073 
American Miniature horses, 879-880, 880 f 
Amine toxicity, 2208 
Amino acid toxicity, 2208-2209 
Amino-acetonitrile derivatives, 1211 
Aminocaproic acid, 721 
for hemorrhagic shock, 76 
Aminocyclitols, 169-170 
Aminoglycosides, 169-170 
5-Aminolevulinic acid dehydratase (D-ALAD), in lead 
poisoning, 1207 
Aminopropionitrile, 1506 
4-Aminopyridine toxicosis, 2179-2180 
Amitraz toxicosis, 426 
Ammonia, 106, 627-628 
Ammoniated forage, feeds, 620 
Ammonium chloride, 1144 
for milk fever, 1688 
Ammonium sulfate, in sulfur-induced 
polioencephalomalacia, 1315 
Amniotic fluid 
examination, 1841 
inhaled, 1869 
Amoxicillin 
arthritis, 1415-1416 

small intestine Escherichia coli overgrowth, 
1891-1892 

Amphotericin, for Aspergillus spp., 1046 
Amplitude, 665 

Amprolium poisoning encephalopathy, 

1315 

Amputates, 1537 

Amyloidoses, 757-761, 759 f, 7606 
decreased oncotic pressure and, 128 
Analgesia 

administration routes for, 83-84 
balanced (multimodal), for pain, 83 
for pain, 81 
preemptive, 80 
Analgesics 

for equine colic, 233f 
for laminitis of horse, 1402 
narcotic, for pain, 83 
for pain, 81 

Anaphylaxis, 746-747, 7496-7506, 753 
cattle, 750, 756f 
goats, 750 
horses, 750-751 
pigs, 750 
sheep, 750 

sudden death from, 101 
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Anaplasma phagocytophilum. see Equine 
granulocytic anaplasmosis 
Anaplasmosis, 769-775, 7736, 7776 
Anaplastic malignant melanomas, 1641 
Anasarca, 130, 1325 
Anatoxin-a, 102 
Anatoxins, 101 

Ancillary agents, for ketosis, 1715-1716 
Ancillary diagnostic testing, for recumbent adult 
horses, 2003 

Ancillary testing, for head-shaking, 1226 
Ancillary therapy 

for Rhodococcus equi pneumonia, 1018 
for strangles, 1024 

Andromedotoxin, alimentary tract and, 427 
Anemia, 7286, 749, 789 
correction of, 738 

dose-dependent, and chloramphenicol, 171 
dose-independent, and chloramphenicol, 

171 

in dyspnea, 849 
exercise intolerance, 99 
Anemic hypoxia, 732-734, 847 
Anesthetic agents, local, for pain, 81-82 
Anesthetics, local, for endotoxemia, 65 
Angioedema, 1555-1556, 15566 
Angioneurotic edema, 1555-1556, 15566 
Angiotensin-converting enzyme inhibitors, heart 
failure and, 661-662 
Anhidrosis, 44, 1561-1562 
Anhidrotic ectodermal dysplasia, 1644 
Animal data, clinical examination and, 6 
Animal welfare, and antimicrobial therapy, 

153 

Anion gap, and naturally occurring combined 

abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure, 
135, 135f 

Anion-gap acidosis, 1883-1884 
Anionic salts, for milk fever, 1687-1688 
Ankylosing spondylitis, lameness in pigs and, 
1419-1420 

Ankylosis of coffin joint, 1539 
Anodontia, congenital hypotrichosis and, 1 644 
Anophagia, 88 
Anophthalmos, 1331 

Anoplocephala perfoliata, infestation, 257 
Anorectal lymphadenopathy, 751 
Anorexia 
definition of, 87 

granulomatous enteritis, of horses, 282 
peritonitis, 217 
Antacids, 522 

Anthelmintic programs, strategic, for lungworm, 
964-965 

Anthelmintic toxicosis, 1202 
Anthelmintics, 1351 
choice of, 607-608 
cobalt in, 819-820 
in Fascioloides magna, 645 
oral selenium and, 1476 
resistance, 608, 613 

Anthraquinone, alimentary tract and, 427 
Anthrax, 2011-2015, 20116, 20146 
in Africa, 2011 
in Asia, 2011 
in cattle, 104 
in Europe, 2011 
horses, 2013 

immunization, 2014-2015 
in Latin America, 2011 
lymphadenopathy and, 751 
pasteur vaccines and, 2014-2015 
pigs, 2013 
sheep, 2013 
Antibacterials 
for actinomycosis, 532 
for bovine footrot, 1434-1435 
Antibiotic oxytetracycline, 812 


Antibiotics 
banned, 157 
diarrhea 
cause of, 277 

chronic undifferentiated, 281-282 
in foals, 276 
enteritis, proximal, 257 

enterohemorrhagic Escherichia coli control, 542 

for equine colic, 234 

for equine influenza, 1035 

in footbaths, for bovine digital dermatitis, 1440 

growth promotion and, 156 

for heaves, 1011 

for infectious footrot in sheep, 1446-1447 
laminitis, horse and, 1403 
metaphylaxis with, 158 
rectal tear, 272 
for shock, 76 
Antibodies 

bovine virus diarrhea virus, 580 
for neonatal infection, 1876-1877 
Antibody index (Al), 1177 
Anticholinergic drugs 
enteritis, 213 

for respiratory tract disease, 872 
Anticoagulant citrate dextrose (ACD) solution, for 
hemorrhagic shock, 75 
Anticoagulants, 8266, 832-834 
for endotoxemia, 66 
for hemorrhagic shock, 75 
laminitis, horse and, 1403 
rodenticide toxicosis, 8296, 834-836 
differential diagnosis of, 8296 
treatment and prophylaxis, 8326 
Antidiarrheal drugs, enteritis, 213 
Antidiuretic hormone (ADH), 1096 
Antierysipelas serum, for erysipelas in swine, 
2055-2056 

Antifoaming agents, 478-479, 481 
Antifungal agents 
for Aspergillus spp., 1046 
for guttural pouch empyema, 986-987 
Antigen detection 
bovine viral diarrhea and, 586-587 
epizootic hemorrhagic disease and, 784 
in ovine progressive pneumonia, 976 
of pleuropneumoniae, in pigs, 1060 
in progressive atrophic rhinitis, 1051 
in swine influenza, 1082 

Antigen immunodiffusion test (AGID), in contagious 
bovine pleuropneumonia, 928 
Antigen variation, 2152 
of surface proteins, 2034-2035 
Antigenic drift, of equine influenza, 1030 
Antigenic shift, of equine influenza, 1030 
Antihistamines, in pulmonary edema, 882 
Antiinflammatory agents 
for acute undifferentiated bovine respiratory 
disease, 9116 
for heaves, 1009-1011 
for laminitis of horse, 1402 
for mastitis, 1 927 
coliform, 1952 

for pneumonic pasteurellosis, 920 
for postpartum dysgalactia syndrome, 2000 
for respiratory tract disease, 870-871 
for septic arthritis synovitis, 1417 
Antimicrobial metaphylaxis, for pneumonic 
pasteurellosis, 923 

Antimicrobial prophylaxis, for Mycoplasma 
pneumonia, 1069 
Antimicrobial resistance 
campylobacteriosis, in pigs, 320-321 
Escherichia coli, 318 
salmonellosis, 297-298, 363 
Antimicrobial sensitivity 
in acute undifferentiated bovine respiratory 
disease, 909-910 

for pleuropneumoniae, of pigs, 1061 
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Antimicrobial sensitivity (Cont'd) 
in pneumonia, 890 
for pneumonic pasteurellosis, 920 
Antimicrobials, 1109, 2000 
absorption of, 162 

for acute undifferentiated bovine respiratory 
disease, 911b 
administration of, 159-162 
ease of, 165 
intramuscular, 159-160 
intraperitoneal, 160 
intrathecal injections, 1179 
intratracheal, 162 
intravenous, 159 
local, 162 
oral, 160-162 
parenteral, 162 
in peritoneal cavity, 220 
subcutaneous, 160, 160f 
aerosolization of, 891 
antagonism, 164 
approved, 169 
bactericidal, 165-166, 1657 
bacteriostatic, 165-166, 1657 
for bovine footrot, 1434 
for bovine herpesvirus-1 infection, 957 
for bovine mastitis, 1921 
coliform, 1951 
indication of, 1922-1923 
intramammary, 1925, 1951 
parenteral, 1925, 1950-1951 
prepartum, 1928 

resistance, Staphylococcus aureus, 1 934 
selection of, 1923-1924 
Staphylococcus aureus, 1934 
for bovine respiratory syncytial virus, 951 
broad spectrum, 164 
for bronchitis, 879 
classification of, 169-174 
coccidiosis, 407 
combinations of, 164-165 
compliance of, testing for, 168 
for contagious bovine pleuropneumonia, 
930-931 
cost of, 165 
deterioration of, 166 
diarrhea 
acute, 279-280 
in foals, 276 

diffusion of, barriers to, 162 
distribution of, 162-165 
for dry cow, 1974-1976 
duration of treatment with, 164 
for endotoxemia, 64 
enteritis, 212 

for environmental streptococci, 1957 
for enzootic pneumonia of calves, 945 
for equine pleuropneumonia, 993-995 
for erysipelas in swine, 2055 
excretion of, 163 
extralabel dose of, 167, 167b 
for fever, 55 

for guttural pouch empyema, 985 
inhalation of, 891 
insensitivity to, 166 
for intestinal obstruction, 528 
intraarticular, for septic arthritis synovitis, 
1416 

intramammary, infusion procedure for, 1925 
label dose of, 167 
for laryngitis, 879 
leptospirosis and, 1125, 1128 
for localized infections, 78 
mass medication 
enteritis, 212 
swine dysentery, 333 
for meningitis, 1193 
mode of action of, 164b 
for Mycoplasma bovis, 937-938 
for newborn, 1865, 1866f 
osteomyelitis and, 1394 


parenteral 

for bovine digital dermatitis, 1439 
for septic arthritis synovitis, 1415-1416 
peritonitis, 220 

pharmacokinetic principles for usage of, 163-164 
for pleuritis, 898 

for pleuropneumoniae, of pigs, 1061-1062 
for pneumonia, 890-891 
for pneumonic pasteurellosis, 919-920 
porcine proliferative enteropathy, 326 
for postpartum dysgalactia syndrome, 2000 
practical, 153-174 
principles of, 154-156 
prohibited, 166b 
for puerperal metritis, 69 
recommended dose, 158-159, 167 
relative diffusion of, 1179, 1183 1 
residue avoidance in, 167-169 
residue testing for, 168 
residue violations of 
in beef cattle, 168 
in milk, 168 
in swine, 168-169 
residues in milk, 1928-1929 
resistance, to enterohemorrhagic Escherichia coli, 
538 

resistance to, 153, 156-157 
avoidance of, 157-158 
mechanisms of, 156 
three Ds approach to, 158 
variable, 154 

for respiratory tract disease, 871 

reticuloperitonitis, traumatic, 489 

salmonellosis, 303-304, 369-370 

selection of, 153, 165-174 

for Streptococcus suis infection, 2049-2050 

swine dysentery, 331-333 

topical, for bovine digital dermatitis, 1438-1439 

toxicity of, 165 

for tracheitis, 879 

types of, 169 

unfavorable response to, 166 
Antipyretics, for fever, 55-56 
Antisecretory drugs, 213 
Antiseptics, for puerperal metritis, 70 
Antitoxin 

for enterotoxemia, Clostridium perfringens type D 
associated, 1232 
tetanus, 1365 

Antitussive drugs, for respiratory tract disease, 

872 

Anuria, 1097 
Aorta 

coarctation of, 705 
rupture of, 692-693 
Aortic aneurysm, inherited, 707 
Aortic valve, insufficiency of, 687-688 
Aphagia, 88 

Aphthous fever, 2058-2067 
Aplasia cutis, 1643, 1645 
Apophysiolysis, lameness in pigs and, 1424 
Appetite 

decreased, and pain, 80 
definition of, 87 

Apx toxins, in pleuropneumoniae, of pigs, 
1057-1058, 1057b 
Aqueous humor antibody, 1124 
Arab fading syndrome, 1645 
Arabian breeding, inherited combined 

immunodeficiency in foals of, 8071 
Arachidonic acid metabolites, endotoxemia, 60 
Arachnomelia, inherited, 1535-1536 
Arcanobacterium pyogenes, 1027 
ARDS, see Acute respiratory distress syndrome 
(ARDS) 

Area under the curve (AUC), 163 
Aristolochine, 2209 
Arrhythmias (dysrhythmias), 675, 675 1 
with normal heart rates or bradycardia, 679-680 
with tachycardia, 680-685 
Arsenic toxicosis, 421-425, 421b, 424b 


Arterial blood gas analysis, 865-866, 866f 
in bovine respiratory syncytial virus, 950 
Arterial blood pressure 
in equine colic, 229 

and naturally occurring combined abnormalities of 
free water, electrolyte, acid-base balance, 
and oncotic pressure, 136 
Arterial blood-gas analysis, 737 
Arterial plasma ammonia concentration, 1175 
Arterial thrombosis, 709-711, 709b 
differential diagnosis of, 711b 
Arteritis, equine viral, 2087-2091, 2087b 
animal risk factors, 2089 
clinical findings, 2089 
clinical pathology, 2089-2090, 2090f 
economic importance, 2089 
epidemiology, 2088-2089 
etiology, 2087-2088 
immunity, 2088 
necropsy findings, 2090 
samples for confirmation of diagnosis, 2090, 
2090b 

occurrence, 2088 

origin of infection and transmission, 2088 
horizontal transmission, 2088 
venereal transmission, 2088 
pathogenesis, 2089 
treatment and control, 2090-2091 
Arthritis, 934, 1262-1263 
calves with experimentally induced infectious, 1412 
caprine arthritis encephalitis, 1256b-1257b, 
1282-1283 
from erysipelas, 1455 
infectious, 1413 
Mycoplasma bovis, 934-935 
Mycoplasma bovis polyarthritis, 932-939, 932b 
septic, 937 

septic arthritis synovitis, 1411-1418 
septic pedal, in cattle, 1417 
Arthrocentesis 

for musculoskeletal system disease, 1376 
for septic arthritis synovitis, 1414 
Arthrodesis, for septic arthritis synovitis, 1417 
Arthrogryposis 

calves, Akabane disease and, 1513 
with dental dysplasia, 1538 
inherited, 1329, 1538-1539 
with multiple defects, 1 538 
with palatoschisis, 1538 
in pigs, 1538-1539 
prolonged gestation with, 1829 
in sheep, 1538-1539 
simple, 1538 

Arthropathy, fluoroquinolones and, 171 
Arthroscopic joint debridement, in Mycoplasma 
bovis, 937 
Arthroscopy 

for degenerative joint disease, 1410 
for musculoskeletal system disease, 1376-1377 
for septic arthritis synovitis, 1414, 1416-1417 
Arthrosis, lameness in pigs and, 1420 
Arthrosonography, for septic arthritis synovitis, 1414 
Arthrotomy, for septic arthritis synovitis, 1417 
Artificial ankylosis, for septic arthritis synovitis, 1417 
Artificial breeding techniques, 112 
Artificial feeding, of colostrum, 1849, 1852, 
1855-1856 
Artificial insemination 

bovine immunodeficiency-like virus and, 786 
bovine virus diarrhea virus, 583-584, 593 
transmission, 579 
enzootic bovine leukosis and, 833 
Aryepiglottic fold 
axial deviation of, 989 
entrapment, 988-989, 988 f 
Arytenoid cartilages, mucosal lesions of, 988-989 
Arytenoid chondritis, 988 
Ascariasis, 409-411, 409b 
cattle, 409-411 
clinical findings, 410 
clinical pathology, 410 





Ascariasis (Cont'd) 
control, 411 

diagnostic confirmation, 410 
differential diagnosis, 410b 
epidemiology, 410 
etiology, 409 
horses, 409-411 
life cycle, 409 
necropsy findings, 410 
pathogenesis, 410 
pigs, 409-411 

treatment, 410-411, 410b-411b 
Ascaris lumbricoides, 624 
Ascaris suis, in interstitial pneumonia, 966 
Ascaris suum, 409 

Ascending urinary tract infection, 1130 
Ascites, 660 

edematous swellings in, 130 
Aseptic fevers, 54 

Ash hazards, volcanic eruptions, 109 
Asia 

anthrax in, 2011 

contagious bovine pleuropneumonia in, 926 
Aspartate aminotransferase (AST) 
in fasciolosis, 643 

left-side displacement of abomasum and, 
503-504, 507 
liver function test, 628 
myopathy and, 1470-1471 
Aspergillosis 
disseminated, 1045 
pulmonary, 1045, 1046f 
systemic, 1045 

Aspergillus flavus, aflatoxicosis, 649 
Aspergillus fumigatus, in heaves, 1005-1006 
Aspergillus spp., 1045-1046, 1046f 
aflatoxicosis, 649 

Aspergillus-associated mycotoxins, 1202-1208 
Asphyxia, perinatal, 1851 
Aspiration pneumonia, 892-893 
milk fever and, 1681 
Assessment, biosecurity and, 41 
Assisted traction during birth, femoral fractures and, 
1389 

Astragalus, in congenital defects, 1837 
Astrovi ruses 
porcine, 342 
in wild boar, 2008 

Asymmetric hindquarter syndrome, of pigs, 1 529 
Ataxia, 1372 
assessment of, 1171 

in bovine spongiform encephalopathy, 1298 
caused by proprioceptive defect, 1194 
cerebellar, 1159 
in encephalopathy, 1194 
equine sensory, see Equine cervical vertebral 
stenotic myelopathy 
familial, in cattle, 1333 
inherited, of calves, 1333 
inherited progressive, 1352-1353 
median grade for, 1354f 
in nervous system disease, 1161 
spinal cord compression and, 1349 
in spinal cord disease, 1 162 
Ataxic animal, 1 162 
Atelectasis, 849, 883, 883 f 
Atlantooccipital cistern (cisterna magna), in 
cerebrospinal fluid collection, 1173 
Atlanto-occipital deformity, inherited, 1534 
Atopic rhinitis, bovine, 901-902 
Atractyloside, 11 95 
Atrial contraction ("a" wave), 664 
Atrial fibrillation, 680-683 
benign, in racehorses, 681 
electrical cardioversion, 683 
electrocardiography, 680-683 
left-side displacement of abomasum and, 506 
metabolic diseases and, 682 
ruminants, 683 
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Atrial jugular impulse, 679 
Atrial premature complexes, 680 
Atrioventricular block, 679-680 
Atrioventricular valves, left, 688 
Atrophic rhinitis 
mycoplasmal pneumonia, 1071 
progressive, 1047-1054, 1048b, 1052b 
Atropine 

for gastrointestinal motility, 191 
for heaves, 1011 

Attenuated vaccines, 2109-2110 
anthrax, 2014 
bluetongue, 2075-2076 
bovine ephemeral fever, 2083 
foot and mouth disease, 2065-2066 
Japanese B encephalitis, 1817 
Rift Valley fever, 2069 

Atypical interstitial pneumonia, see Interstitial 
pneumonia 

Aujeszky's disease, 1071 
see also Pseudo rabies 

Aural flat warts, in horses, 1583, 1583 f, 1640 
Aural plaques, in horses, 1583, 1583b 1640 
Auricular vein, of cattle and calves, 146, 148 f 
Auscultation 
of abdomen, 17-18 
clinical examination of, 14 
in equine colic, 227 
foals, 239 

in equine pleuropneumonia, 992 
of lungs, 17, 850, 889 
murmurs in, 685 

in respiratory system, examination of, 855 
in Rhodococcus equi, 1015 
of rumen, 446-448 
sand colic, 266 
of trachea, in heaves, 1007 
ventricular septal defects, 704 
volvulus, of large colon, 262 
Australia 

bovine ulcerative mammillitis in, 1986 
brucellosis in, 1773 

contagious bovine pleuropneumonia in, 926 
equine influenza in, 1033 
Austria, bovine virus diarrhea virus eradication 
program, 598 

Autoimmune hemolytic anemia, 734 
Autoinfection larvae, bovine ostertagiosis, 605 
Autonomic nerve activity, cardiac reserve and, 658 
Autonomic nervous system 
abnormalities of, 1163-1164 
equine grass sickness, 1362 
Axial deviation of the aryepiglottic folds (ADAF), 
983, 989 

Axonal degeneration, 990 
Axonopathy 

central and peripheral, of Maine Anjou cattle, 
1352-1353 

inherited bovine degenerative, 1352 
segmented, 1353-1354 

Azithromycin, for Rhodococcus equi pneumonia, 
1016-1017 
Azotemia, 1097 
Azoturia. see Rhabdomyolysis 


B 

Baber's fly traps, 1630 
Babesia bigemina, 790 f, 802 
Babesia bovis, 801-802, 806 
Babesia caballi, 808 
Babesia equi, 798 
Babesia indicus, 800 
Babesia spp., 798 
life cycle and development of, 797 
methods of detection and identification of, 
803 


Babesiosis, 816b, 822 
acquired immune mechanisms of, 798 
acute cases of, 800 
clinical findings of, 800 
clinical pathology of, 803 
control of, 805 

in species other than cattle, 809 
culture of, 803 

demonstration of presence of, 803 
differential diagnosis of, 800f, 817b 
economic importance of, 800-804 
environmental factors of, 800 
epidemiology of, 796 
equine, see Equine babesiosis 
equine piroplasmosis and, 796-797 
etiology of, 795-796 
geographic occurrence of, 796, 798f 
in goats, 796, 806 
host occurrence in, 796 
immunity of, 798 
susceptibility to infection and, 797 
immunology of, 800 

innate immune mechanisms of, 797-798 
limitation of prevalence of, 805 
natural endemic stability of, 809 
necropsy findings of, 805 
origin of infection and transmission of, 

797 

pathogen factors of, 800 
pathogenesis of, 800-801 
porcine, 796 
risk factors of, 798 
sheep, 796 

supportive treatment of, 805 
treatment of, 805 
vector control of, 809 
wildlife, 797 

zoonotic importance of, 800 
Bacillary hemoglobinuria, 635-637, 635b 
animal risk factors of, 635 
C. haemolyticum, 635 
clinical findings, 636 
clinical pathology, 636 
control, 637 
diagnosis, 636 
differential diagnosis, 636b 
environmental risk factors of, 635-636 
epidemiology of, 635-636 
etiology of, 635 
necropsy findings, 636 
occurrence, 635 
pathogenesis, 636 
risk factors of, 635-636 
treatment of, 636, 637b 
vaccination, 637 
Bacillus anthracis, 2011 
Bacillus piliformis, 633 
Bacitracin, 173 
Bacitracin Zinc, 326 
Back pain, in horses, 1350 
Backflushing, milking units, 1970 
Back-muscle necrosis, porcine stress syndrome and, 
1527 

BACTEC system, 569 
Bacteremia 
definition of, 57 
in neonatal infection, 1876 
radiation and, 108 
salmonellosis, 300, 365 
in swine, 300 
Bacteria 

bone access routes in osteomyelitis, 1391 
enteritis and, 206f 

in enzootic pneumonia of calves, 940, 943 
in peritoneal fluid, 189 
Bacterial arteritis, 710 
Bacterial bronchopneumonia, acute, 889 
Bacterial colonization, equine pleuropneumonia, 
992 
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Bacterial culture 

for acute undifferentiated bovine respiratory 
disease, 909-910 
for Brucella abortus, 1766 
for Brucella melitensis, 1783 
for Brucella suis, 1780 
for brucellosis associated with Brucella ovis, 

1776 

for colibacillosis, 1887 
for localized infections, 78 
for Mycobacterium avium subspecies 
paratuberculosis (MAP), 558, 

568-569 

for pneumonic pasteurellosis, 918 
for salmonellosis, 301, 367 
Bacterial infection 
endocarditis, 689 
immune deficiency from, 755 
in interstitial pneumonia, 966 
myocardial disease, 690 

Bacterial multiplication, in equine pleuropneumonia, 
992 

Bacterial myocarditis, 690 

Bacterial pseudomycosis, 1559 

Bacterial toxins, hemolytic jaundice and, 623 

Bactericidal antimicrobials, 165-166, 165f 

Bacteriologic culture, of bulk milk, 1981-1982 

Bacteriology 

caseous lymphadenitis of, 766 
of Glasser's disease, 1452-1453 
porcine proliferative enteropathy, 325 
swine dysentery, 331 

Bacteriostatic antimicrobials, 165-166, 165f 
Bacteriuria, 1103 

Bacteroldes asaccharolyticus, 1394 
Bacteroides fragilis, 1394 
"Bagging" examination, 850 
Bairnsdale ulcer, 1574 
Balance, abnormalities of, 1170 
Balanced (multimodal) analgesia, 83 
Balanoposthitis, 1152, 11526-1153b 
differential diagnosis of, 11546 
treatment and prophylaxis of, 11546 
Baldy calf syndrome, 1643, 1645 
Balling-gun-induced trauma, 196 
Ballottement, clinical examination of, 14 
Bang test, 1 298 

Bang's disease, 1761-1774, 17616 
clinical findings of, 1765-1766 
clinical pathology of, 1766-1768 
control of, 1769-1774 
eradication in, 1773-1774 
guidelines in, 1769-1770 
programs on a herd basis in, 1772 
by vaccines, 1770-1772 
diagnosis of, 1768 
differential diagnosis of, 17696 
economic importance of, 1764 
epidemiology of, 1761-1765 
etiology of, 1761 
immune mechanisms of, 1764 
necropsy findings of, 1768 
occurrence and prevalence of, 1761-1762 
pathogenesis of, 1765 
risk factors of, 1763-1764 
transmission of, 1762-1763 
treatment of, 1769 
vaccination for, 1770-1772 
cessation of, 1773-1774 
zoonotic implications of, 1764-1765 
Barley smut (Ustilago hordei) fungus, 1828 
Barn fire, 110 

Barn itch, 1619-1621, 16206 
Base-apex electrocardiograms, 676f-67Sf 
Base-apex lead system, 667, 667 f, 668 1 
Basldiobolus haptosporus, 797 
Basioccipital bone, fracture of, 1190 
Basisphenoid bone, fracture of, 1190 
Batch farrowing, 1 878 
Bayes theorem, 26 
B-cell lymphoma, 748 


Bedding 

coliform mastitis in, 1945, 1953 
for downer-cow syndrome, 1697 
enterohemorrhagic Escherichia coli control, 542 
stress induction, 84 

Bee and wasp stings (Hymenoptera), 2179 
Beef breeding herd 

nutritional management of, 1749-1750 
vaccination programs in, 960 
Beef calves, 1833 
abomasal ulcer in, 519-521 
administration of colostrum in, 1855 
birth size of, 1833 
dietary diarrhea, 214 
in enzootic pneumonia of calves, 940 
fetal disease in, 1833 
mortality in, 1833 
parturient disease in, 1833 
postnatal disease in, 1833 
Beef cattle 

abomasal displacement, 510 

abomasal volvulus, 510 

antimicrobial residue violations in, 168 

biosecurity planning for, 376 

bovine virus diarrhea virus vaccination, 596 

carbohydrate engorgement, 462 

feed intake reduction manifestations, 88 

Johne's disease, 563 

neosporosis in, 1818 

nutrient requirements of, 517 

phosphorus requirements for, 1490 

right-side displacement of abomasum, 510 

salmonellosis, 361 

salt-mineral mixture for, 1476-1477 
tail-tip necrosis in, 1394-1395 
Beef cows, volume of colostrum ingested of, 1851 
Beef feedlots, nutritional advice for, 1750 
Behavior 

abnormalities of, in encephalopathy, 1 194-1195 
in bovine spongiform encephalopathy, 1298 
changes 

in dehydration, 115 
in nasal bots, 980 
and stray voltage, 105 
clinical examination of, 10 
equine colic and, 226-227, 226f, 231 
in nervous system examination, 1 164 
pain and, 78-80 

Belgium blue cattle, prolonged gestation with 
arthrogryposis, 1829 
Benign ovine theileriosis, 2145 
Benomyl, 652, 654 
"Bentleg", 1499-1500 
Benzimidazoles (BZDs), 1211 
for parasitic gastroenteritis in ruminants, 607-608 
Benzylpenicillin, 162 
Berberine, 2210 
Berenil. see Diminazene 
Bergstrom muscle biopsy needles, 1381 
Bermudagrass staggers, 1202 
Besnoitiosis, 1607-1608, 16076 
Beta irradiation, congenital defects and, 1837 
Beta-2-adrenergic agonists 
for heaves, 1011 
for pneumonia, 892 
for respiratory tract disease, 871 
Betalactam antimicrobials, for respiratory tract 
disease, 871 

Bethanechol, for gastrointestinal motility, 192 
Bibersteinia trahalosi, in enzootic pneumonia of 
calves, 940 

Bicarbonate system, acid-base balance, 123-124 

Big bale silage, 1338, 1366 

"Bighead" syndrome, 1389-1390 

Bigleg (sporadic lymphangitis), 781 

Bilateral laryngeal paralysis, 990 

Bile, regurgitation of, 289 

Bile acids, serum, 627, 629 

Bile duct carcinoma, 655 

Bile ducts, tumors of, 655 

Biliary atresia, 655 


Biliary disease, manifestations of, 623-625 
Biliary obstruction, 624 
Biliary peritonitis, 626 
Biliary system 
concretions in, 655 
diseases of, 655-656 
Bilirubin, 627 

biliary obstruction and, 624 
jaundice and, 623-624 
Bilirubin encephalopathy, 743 
Bioavailability, and intramuscular antimicrobials, 
159-160 

Biochemical abnormalities 
exercise intolerance and, 99 
in recumbent adult horses, 2003-2006 
Biocontainment, leptospirosis and, 1126-1127 
Bioelectrical impedance analysis, 136 
Bioequivalence, 163-164 
Biofilm, in Mycoplasma bovis, 933 
Biofilm synthesis, 2035 
Biohazard, 36 

Biological functioning framework, and stress, 86 

Biomarkers, septicemia, 58 

Biopsy 

equine grass sickness, 285 
equine phycomycosis and, 797-798 
lung, 867-868 
in heaves, 1008 

Mycobacterium avium subspecies paratuberculosis 
(MAP), 569 
Biosecurity, 36-42 
assessment and, 41 
for bovine digital dermatitis, 1440 
for bovine herpesvirus-1 infection, 958 
bovine virus diarrhea virus, 592-593, 597 
Brucella abortus in, 1762-1763 
cleaning and, 40-41 
communication and, 41 
concepts of, 36-37 
controlling contact and 
by visitors to operation, 39 
by wildlife, neighboring livestock, and pets, 

39 

definition of, 36-37 
development of biosecurity plan, 37-38 
disease monitoring and, 41 
diseases or agents for, 37 b 
disinfection and, 40-41, 40f 
enzootic bovine leukosis, 840 
for herd replacements, 1978 
initial planning for, 37-38, 37 b 
Johne's disease, 561 
leptospirosis and, 1126-1127 
for Mycoplasma bovis, 938 
online risk calculators and, 36f 
online sources of information regarding, 36 1 
in ovine progressive pneumonia, 977 
peste des petits ruminants (PPR), 575 
porcine proliferative enteropathy, 326 
porcine reproductive and respiratory syndrome in, 
1812 

practices to aid in maintaining, 38-41 
record keeping and, 41 
salmonellosis, in swine, 304 
separating groups of animals based on risk and, 
39-40 

in Streptococcus agalactiae mastitis, 1939 
swine dysentery, 333-334 
testing and/or isolation of newly introduced 
animals and, 38 
training and, 41 
Bioterrorism 
anthrax as 

major concern of, 2012 
potential agent of, 2011 
Brucella melitensis, 1782 
Coxiella burnetii, 1792 
Biotin (vitamin H), deficiency, 1 502-1503 
Biot's breathing, 1193 

Biotypes, in pleuropneumoniae, of pigs, 1056 
Birch sawfly (Arge pul lata), 654 





Birds 

aquatic, influenza A virus in, 1079 
enterohemorrhagic Escherichia coli transmission, 
538 

Birdsville horse disease, 1200 
Birth weight 
in colibacillosis, 1880 
and summit metabolism, 46 
Birthcoat retention, inherited, 1645 
Bismuth subnitrate, internal teat sealants, 1976 
Bisolvon, 872 

Bison, Johne's disease, 568 
Bison (Bison bison), in Brucella abortus infection, 
1762 

Biting flies, 2012 

Bivalent vaccines, mono- and, for infectious footrot 
in sheep, 1447 

Black disease, 637-638, 6376-6386 

Black flies, 1629-1630 

Black patch disease, 429-430 

Black pox, 1985 

Black soil blindness, 1203 

Black tongue, 784-785, 7856 

"Black-grain mycetomas", 797 

Black-hair-colored follicular dysplasia, 1645 

Blackleg, 1430-1432, 14306, 14326 

Bladder 

diseases of, 1139 
eversion of, 1140 
paralysis of, 1 139 
rupture of (uroperitoneum), 1 140 
Bladder rupture, test of, 11 07 
Blight, 1650-1653 
Blind bronchoalveolar lavage, 862 
Blindness, 1163 
black soil, 1203 

vitamin A deficiency and, 1324 
Blink response, 1 165 
Blister beetle poisoning, 430-431 
Bloat (ruminal tympany), 473-481, 4736 
case fatality, 474-475 
clinical findings, 476-477 
clinical pathology, 477 
control, 478-481 
differential diagnosis, 4776-4786 
economic importance, 476 
epidemiology, 474-476 
etiology, 473-474 

first-aid emergency measures, 477-478 
free-gas, 474 
frothy, 473-474 
morbidity, 474-475 
necropsy findings, 477 
pathogenesis, 476 
risk factors, 475-476 
treatment, 477-478, 4816-4826 
Blood 

abnormalities, vitamin E deficiency and, 

1467 

diseases of, in dyspnea, 849 
normal pH of, 134 
selenium and, 1471 

typing, for porcine stress syndrome, 1528 
whole, 142 

Blood concentration, and naturally occurring 

combined abnormalities of free water, 
electrolyte, acid-base balance, and oncotic 
pressure, 134 
Blood culture, 1863 
septicemia, 58 
Blood gas 

analysis of, and naturally occurring combined 
abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure, 
133-134 

in newborn, 1863 
Blood gas analysis 
arterial, 865-866, 866f 
venous, 866 
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Blood glucose, and naturally occurring combined 
abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure, 
134-135 

Blood lactate concentration, in respiratory system, 867 
Blood lead, 1206-1207 

Blood L-lactate concentration, in bovine respiratory 
syncytial virus, 950 
Blood loss 

decreased oncotic pressure and, 128 
by hemorrhage, 813 
Blood samples, storage of, 133-134 
Blood smears, eperythrozoonosis of, 780 
Blood transfusion, 738-739 
for hemorrhagic shock, 75 
leptospirosis and, 1125 
Blood urea nitrogen (BUN), 628, 1137 
Blood vessel permeability, subcutaneous edema and, 
1555 

Blow-fly strike, of sheep, 1611-1615, 16116-16126 
clinical findings of, 1613, 1613f 
clinical pathology and necropsy findings of, 1613 
control of, 1614-1615 
differential diagnosis of, 16136 
etiology of, 1612 
fly population in, 1612 
life cycle and epidemiology of, 1612-1613 
pathogenesis of, 1613 
prediction of risk periods in, 1614 
prevention of, 1614-1615 
reduction of fly numbers in, 1614 
susceptibility of sheep in, 1612-1613 
reducing, 1615 
treatment of, 1613 

Bluetongue, 2069-2076, 20696-20706 
clinical findings, 2073-2074 
clinical pathology, 2074-2075 
control, 2075-2076 
economic importance, 2073 
epidemiology, 2070-2073 
etiology, 2070 

experimental reproduction, 2073 
host risk factors, 2072 
method of transmission, 2070-2071 
morbidity and case fatality, 2072-2073 
necropsy findings, 2075, 20756 
occurrence, 2070 
host, 2070 

pathogen and vector risk factors, 2071-2072 
pathogenesis, 2073 
treatment, 2075 

virus, in congenital defects, 1836 
Boars, semen shedding in, 2130-2131 
Bocavirus, porcine, 343 
Body condition, clinical examination of, 11 
Body condition score (BCS), 90-91 
as indicator of fat-free mass and fat mass, 91,91 f-93f 
Body conformation, clinical examination of, 12 
Body mange, 1621-1622 
differential diagnosis of, 1 6226 
Body systems, combined effects on, of endotoxemia, 
62-63 

Body temperature, 43-44 
Body weight, in vitamin A deficiency, 1323 
Body weight, loss of, and dehydration, 115 
Bolo disease, 1 575 

Bone ash, phosphorus concentrations of, 1489 
Bone grafts, osteomyelitis, 1394 
Bone growth, in vitamin A deficiency, 1322 
Bone marrow, 735-736 
inflammation of, osteomyelitis and, 1392 
Bone spavin, 1406 
Bones 

bending of, 1390 
congenital defects of, 1390 
diseases of, 1388-1391 
infection, classification of, 1 392 
inherited diseases of, 1530-1532, 15311, 1533f 
Bony lesions, of vertebra, 1349 


Boophilus, 799 
Borborygmi 
absence, enteritis, 256 
equine colic and, 227 
sounds, 17 

Border disease, 12526, 1282 
clinical findings of, 1254 
clinical pathology of, 1254-1255 
conformation of, 1254 
control of, 1256 
differential diagnosis of, 12536 
economic importance of, 1253 
enteric disease and, 1254 
epidemiology of, 1252 
etiology of, 1252 

experimental reproduction of, 1253 
host risk factors of, 1252 
necropsy findings of, 1255 
neurologic dysfunction of, 1254 
occurrence of, 1252 
pathogenesis of, 1253 
reproductive performance of, 1254 
samples for diagnostic confirmation of, 1255 
in sheep, 579, 1253 
transmission of, 1252 
treatment for, 1255 
Border disease virus 
in abortion, 1777f 
in congenital defects, 1836 
Bordetella bronchiseptica, 1047-1048, 1054 
porcine reproductive and respiratory syndrome 
and, 1797-1798 
Bordetella parapertussis, 972 
Bordetella rhinitis, 1054-1055 
Borna disease, 1312-1314 
Born-after-the-ban, 1295-1296 
Boron toxicosis, 1201-1202 
Borrelia burgdorferi, 1425 
Borreliosis, 1425-1428, 14256 
in cattle, 1425, 1427 
clinical findings of, 1427 
clinical pathology of, 1427 
control of, 1428 
differential diagnosis of, 14286 
epidemiology of, 1425-1427 
etiology of, 1425 
in horses, 1425-1427 
immune mechanisms in, 1427 
methods of transmission, 1426-1427 
necropsy findings of, 1427-1428 
pathogenesis of, 1427 
in sheep, 1425, 1427 
treatment for, 1428, 14286 
in wildlife, 1426 
zoonotic implications and, 1426 
Botfly, 418-419 
Botryomycosis, 1559 
Bottle jaw, 624, 643 
Botulism, 1360-1363, 13676 
carrion-associated, 1 366 
clinical findings of, 1367 
clinical pathology of, 1368 
control of, 1370 
differential diagnosis of, 13686 
epidemiology of, 1365 
etiology of, 1365 

experimental reproduction of, 1366 
forage, 1366 
importance of, 1367 
necropsy findings of, 1368 
occurrence of, 1365-1366 
pathogenesis of, 1367 
risk factors for, 1366 

samples for diagnostic confirmation of, 1368 
source of infection of, 1365-1366 
toxicoinfectious, 1366 
treatment for, 1368, 13686 
wound, 1366 

zoonotic implications of, 1367 
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Bovine atopic rhinitis, 901-902 
Bovine babesiosis 
epidemiology of, 796-797 
serology of, 804-805 
Bovine besnoitiosis, 1607 
Bovine coronavirus 
calf diarrhea, 386-387 
vaccine, 392 
winter dysentery, 387 
Bovine coronavirus (BCoV) 
calf diarrhea, 599 
respiratory tract infection, 600 
winter dysentery, 599-600 
Bovine coronavirus (BoCV), 906-907 
in enzootic pneumonia of calves, 939, 941 
Bovine digital dermatitis, 1435-1441, 1435b 
clinical findings of, 1436-1437, 1437f 
clinical pathology of, 1437-1438 
control of, 1440, 14406-1441b 
differential diagnosis of, 1438b 
economic importance of, 1436 
epidemiology of, 1435-1436 
etiology of, 1435 
immune mechanisms of, 1436 
pathogenesis of, 1436 
risk factors of, 1436 

treatment for, 1438-1440, 14406-1441b 
Bovine enzootic hematuria, 1151-1152, 1151b, 

1152f 

differential diagnosis of, 1152b 
Bovine ephemeral fever (BEF), 2081-2084, 
20816-20826 
animal risk factors of, 2082 
clinical findings of, 2083 
clinical pathology of, 2083 
control of, 2083 
economic importance of, 2082 
environmental risk factors of, 2082 
epidemiology of, 2082 
etiology of, 2082 

experimental reproduction of, 2082 
method of transmission of, 2082 
necropsy findings in, 2083 
occurrence of, 2082 
pathogenesis of, 2082-2083 
samples for confirmation of diagnosis, 2083, 
20836 

source of infection in, 2082 
treatment for, 2083 
Bovine factor XI deficiency, 843 
Bovine familial degenerative neuromuscular disease, 
1515-1517 
Bovine farcy, 779-781 
Bovine footrot, 1432-1435, 14326 
clinical findings of, 1433-1434 
clinical pathology of, 1434 
control of, 1434-1435, 14356 
differential diagnosis of, 14346 
economic importance of, 1433 
environmental risk factors of, 1433 
epidemiology of, 1433 
etiology of, 1433 
host risk factors of, 1433 
necropsy findings of, 1434 
occurrence of, 1433 
pathogenesis of, 1433 
transmission of, 1433 
treatment for, 1434, 14356 
vaccination for, 1435 

Bovine hereditary dilated cardiomyopathy, 706-707 
Bovine herpes mammilitis. see Bovine ulcerative 
mammillitis 

Bovine herpesvirus-1 (BHV-1) infection, 906, 
952-961, 9526 
clinical findings in, 955-956 
clinical pathology of, 956-957 
control of, 957-961 
differential diagnosis of, 9576 
epidemiology of, 952-954 
etiology of, 952 
necropsy findings in, 957 


pathogenesis of, 954-955 
risk factors for, 953 
treatment of, 957, 9616 
Bovine herpesvirus-2, 1986 
Bovine immunodeficiency-like virus (BIV), 785-794 
Bovine iritis, 1649-1650, 16496 
Bovine ketosis, 1709-1711 
Bovine lentivirus-l, 786 

Bovine leptospiral vaccines, leptospirosis vaccination 
in, 1127-1128 

Bovine leukocyte adhesion deficiency (BLAD), 755 
Bovine lymphosarcoma, see Enzootic bovine leukosis 
(EBL) 

Bovine malignant catarrh, 2076-2080, 20766 
Bovine mammary gland, Mycoplasma bovis in, 

933 

Bovine Marfan syndrome, 707 
Bovine mastitis, 1904-1914, 19046-19056 
clinical 

abnormal cow in, 1914, 1914f 
abnormal gland in, 1913-1914 
antimicrobial therapy for, 1921 
clinical findings of, 1913 
detection of, 1914 
economic losses, 1912 
records for, 1980 
recurrence, 1980 
clinical findings of, 1913-1914 
control of, 1964-1985 
cost-effectiveness of, 1 984-1985 
decreasing the infection rate in, 1965 
dynamics of infection, 1965, 1966f 
economic benefits of, 1964 
eradication in, 1964-1965 
incentives in, 1964 
legislative control in, 1965 
options in, 1964-1965 
penalties of, 1964 
principles, 1965-1966, 1966f 
requirements of, 1964 
udder health improvement, 1964 
voluntary program in, 1965 
diagnosis of, 1914-1921 
differential diagnosis of, 19206 
drying off, permanently, 1929-1930 
duration of, 1913 
economic losses in, 1911-1912 
epidemiology of, 1906-1912 
etiology of, 1906 
genetic resistance to, 1909 
incidence of, 1907 
methods of transmission of, 1908 
miscellaneous causes of, 1961-1964 
necropsy findings of, 1920 
pathogenesis of, 1912-1913 
pathogens of, 1930 

antimicrobial indications for, 1922-1923 
colonizing ability, 1911 
common, 1960 

contagious, 1905-1908, 1930-1936 
distribution of, 1907-1908 
environmental, 1905-1906, 1908, 1943-1955 
intramammary, 1907 

opportunistic, 1905, 1907-1908, 1942-1943 
prevalence of, 1 907 
production in, 1911-1912 
recurrent, 1913 
risk factors of, 1908-1909 
season of year and, 1908 
severity of, 1913 
source of infection in, 1908 
subclinical 

antimicrobial therapy for, 1921 
detection of, 1914 
economic losses, 1911-1912 
indirect tests for, 1917-1920 
treatment of, 1921-1930, 19306 
adjunctive therapy for, 1927 
bacteriologic cure for, 1921 
clinical cure of, 1921 
frequency and duration of, 1924-1925 


lactating quarters, 1925-1927 
response to, 1927-1928 
route of administration in, 1923, 1923f 
supportive therapy for, 1927 
zoonotic potential of, 1912 
Bovine mastitis, in bovine herpesvirus-1 infection, 

955 

Bovine neonatal pancytopenia (BNP), 724-725, 

7516, 755-757 
clinical findings of, 757 
clinical pathology of, 757 
control of, 757-758 
differential diagnosis of, 7576 
epidemiology of, 756 
etiology of, 756 
necropsy findings of, 757-758 
pathogenesis of, 756-757 
samples for postmortem confirmation of 
diagnosis, 757 
treatment of, 757 
Bovine nodular thelitis, 1986 
Bovine norovirus, 387 

Bovine ocular squamous-cell carcinoma, 1655-1658, 
16556 

clinical findings of, 1657 
clinical pathology of, 1657 
control of, 1657-1658 
differential diagnosis of, 16576 
economic importance of, 1656 
epidemiology of, 1655-1656 
etiology of, 1 655 
pathogenesis of, 1656, 1656f 
risk factors of, 1655-1656 
treatment of, 1657, 16576 
Bovine ostertagiosis, 605 

Bovine papular stomatitis (BPS), 601-603, 6016-6026 
differential diagnosis, 6026 
Bovine peritoneal fluid, 186-190, 187f 
Bovine pestivirus disease complex, 577-599 
Bovine petechial fever, 779 
Bovine pyelonephritis, 1129-1131, 11296, 

1130f—1131 f 

differential diagnosis of, 11306 
treatment and prophylaxis and, 11316 
Bovine respiratory disease (BRD), 158 
Bovine respiratory syncytial virus (BRSV), 906, 
946-952, 9466-9476 

in chronic enzootic pneumonia of sheep, 973 
clinical findings in, 949 
clinical pathology of, 949-950 
control of, 951 

differential diagnosis of, 9506-9516 
in enzootic pneumonia of calves, 939 
epidemiology of, 947-948 
etiology of, 947 
necropsy findings in, 950 
pathogenesis of, 948-949 
pneumonia 

in enzootic pneumonia of calves, 943, 943f 
experimental reproduction of, 949 
risk factors for, 947-948 
treatment of, 951, 9516 
Bovine respiratory tract, diseases of 
acute undifferentiated, 903-914, 9116 
associated with Mycoplasma spp., 924-925 
bovine herpesvirus-1 infection in, 952-961, 9526, 
9576, 9616 

bovine respiratory syncytial virus in, 946-952, 
9466-9476, 9506-9516 
caudal vena caval thrombosis in, 902-903, 902 f 
contagious bovine pleuropneumonia in, 925-932, 
9256, 926f, 9296-9306 
cranial vena caval thrombosis in, 903, 903f 
differential diagnosis of, 904f-905t 
embolic pneumonia in, 902-903, 902 f 
enzootic nasal granuloma in, 901-902 
enzootic pneumonia in, 939-946, 9396, 943f, 
9446, 9466, 946f 

infectious bovine rhinotracheitis in, 952-961, 
9526, 9576, 9616 

Mycoplasma bovis in, 932-939, 9326, 9366-9386 





Bovine respiratory tract, diseases of (Cont'd) 
pneumonic pasteurellosis in, 914-924, 914b, 
919b, 921b 

tracheal stenosis in, 902-903 
Bovine rotavirus 
serotypes, 385-386 
viral diarrhea, in calves, 385-386 
case fatality, 386 
concurrent infections, 386 
experimental studies, 392 
immune mechanisms, 386 
morbidity, 386 
occurrence, 385-386 
prevalence, 385-386 
risk factors, 386 
transmission, 386 

Bovine rotavirus-coronavirus vaccine, 392-393 
Bovine salmonellosis, 366 
Bovine spinal muscular atrophy, 1193 
Bovine spongiform encephalopathy, 1290b, 1293 
age incidence in, 1295 
clinical findings of, 1297 
clinical pathology of, 1297 
clinical signs of, 1297 
detection of, 1297 
differential diagnosis of, 1296b 
economic importance of, 1296-1297 
epidemiology of, 1293 
etiology of, 1 293 

experimental reproduction of, 1296 
geographic occurrence of, 1293 
herd type and, 1294 
necropsy findings of, 1297 
occurrence of, 1 293 
in other countries, 1295-1296 
passive surveillance of, 1297 
pathogenesis of, 1 297 

samples for diagnostic confirmation of, 1298 
sheep and, 1321 
tissue infectivity in, 1296 
transmission of, 1295 
zoonotic implications of, 1297 
Bovine sterile eosinophilic folliculitis, 1554-1555 
"Bovine teat skin summer sore", 1988 
Bovine torovirus, 387 
Bovine tuberculosis (bTB), 2015-2023 
clinical findings, 2018 
clinical pathology, 2018-2021 
culture, 2019 
direct tests, 2018-2019 
indirect tests, 2019-2021 
interferon-y assay (IFN-y), 2021 
intradermal tuberculin test, 2019 
lymphocyte proliferation test, 2021 
microscopic examination, 2019 
nucleic acid recognition methods, 2019 
serologic tests, 2021 
special aspects of sensitivity to tuberculin, 
2019-2020 

summary of testing procedures in cattle, 

2020 

tuberculin testing in other species, 2020-2021 
control, 2022-2023 
economic importance and, 2017 
epidemiology, 2015-2017 
etiology, 2015 

methods of transmission, 2016 
necropsy findings, 2021, 2021b-2022b 
occurrence, 2015-2016 
pathogenesis, 2017-2018 
risk factors, 2016-2017 
source of infection, 2016 
synopsis, 2015b 
treatment, 2022 
zoonotic importance and, 2017 
Bovine ulcerative mammillitis, 1986b-1987b, 19877 
Bovine viral diarrhea (BVD), 577-599, 577b 
acute infections, diagnosis of, 587 
antigen detection, 586-587 
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antigenic diversity, 580, 595 
biocontainment, 592-594 
case-fatality rates, 579 
clinical findings, 584-586 
clinical pathology, 586-588 
combination vaccines, 595 
congenital defects, 586, 589, 1836 
congenital infection, 578 
control and prevention, 592-598 
cytopathic (CP), 578, 584 
diagnosis, 589 

differential diagnosis, 589b-592b 
economic importance, 581, 597 
embryonic period, infection during, 583 
epidemiology, 578-581 
eradication of, 597-598 
etiology, 577-578 
fetal infection, 579, 583-584 
45 to 125 days' gestation, 583-584 
125 to 175 days' gestation, 584 
180 days' gestation and term, 584 
embryonic-early fetal period, 583 
prevention, 596 
genotypes, 577, 580, 595 
goats, 578 
herd 

laboratory tests in, 587-588 
monitoring, 592 
screening, 588 
testing, objectives of, 5937 
immune mechanisms, 580-581 
immunization programs, 593-594 
schedules, 596-597 
strategies, 596 
isolation, 586 
morbidity, 579 
necropsy findings, 588-589 
neonatal disease, 585-586 
noncytopathic (NCP), 578, 580 
occurrence, 578 
pathogenesis, 581-584 
peracute, 582, 585, 589 
perinatal weak-calf syndrome and, 1868 
persistent infection (PI), 578, 580 
carriers, 588 
clearance, 592 
diagnosis, 588 
elimination, 592, 5947-5957 
identification, 592 
prenatal diagnosis, 588 
self-clearance, 592 
serology, 587 
unthrifty calves, 585 
pigs, 578 

prevalence, 578-579 
prognosis, 592 

reproductive failure, 585-586 
risk factors, 580 
sheep, 578 

subclinical, 581-582, 584 
transmission, 579-580 
treatment, 592 
type 1 (BVDV-I), 577 
type 2 (BVDV-2), 577, 580, 582 
vaccination, 596-597 
vaccines, 594-595 
adverse reactions, 595 
booster, 596 
combination, 595 
commercially available, 596 
cross-protective efficacy, 595 
efficacy of, 595-596 
failures, 597 
fetal protection, 597 
heifers, 596 
immune response, 594 
postnatal infections, 596 
potency, 596 

temperature-sensitive, 594-595 


Bovine virus diarrhea virus (BVDV), 391, 906 
Bovine-serum-based preparations, in colostrum 
supplements, 1855 
"Bowie", 1499-1500 
Box walking, 1224 
Brachial plexus injury, 13597, 1362 
Brachydadium spidferum, 798 
Brachygnathia, 433, 1534-1535 
Brachyspira hampsonii, 334 
Brachyspira hyodysenteriae, swine dysentery, 327 
Brachyspira pilosicoli, 327 
Brachyspiral colitis, 327 

Bracken fern (Pteridium aquilinum), poisoning, in 
thiamine deficiency, 1315 

Bracken ingestion, bright blindness caused by, 1655 
Bradsot, 544-545, 544b 
differential diagnosis, 544b 
Bradycardia, 15, 676 
heart failure etiology of, 663 
sinus, 676 

third-degree atrioventricular block, 679 
Brain 

caprine arthritis encephalitis in, 1260 
diffuse diseases of, 1178-1180 
focal diseases of, 1187-1189 
function of, in polioencephalomalacia, 1313 
swelling, 1180 
clinical findings of, 1 181 
clinical pathology of, 1181 
differential diagnosis for, 1 180b 
necropsy findings in, 1181 
pathogenesis of, 1181 
treatment of, 1181 
traumatic injury of, 1186 
clinical findings of, 1 188 
clinical pathology of, 1 188-1189 
craniocerebral missile injury, 1188 
diagnosis of, 1 188 
differential diagnosis of, 1 189b 
etiology of, 11 87-1188 
necropsy finding of, 1 189-1191 
pathogenesis of, 1188 
treatment for, 1178-1179, 1190 
Brain abscess, 1190, 1191b 
Brain morphometry, computer-assisted MRI, for 
cerebellar abiotrophy, 1334-1336 
Brainstem, diseases of, 1329-1331 
Brainstem auditory evoked potentials, 1 177-1178 
Branched-chain keto acid dehydrogenase deficiency, 
1326-1327 
Brand cancer, 1641 
Brassica spp., 837, 839b 
iodine deficiency in, 1743 

Braunvieh- Brown Swiss calves, congenital myopathy 
of, 1378 

Braxy, 544-545, 544b 
differential diagnosis, 544b 
Breath sounds, 850-852, 8517 
Breathing 

abnormalities of, 848-849 
work of, determining, 981 
Breda virus, 387 
Breed 

anaplasmosis risk factors and, 771 
caseous lymphadenitis, 764 
differences in, and body temperature, 44 
predisposition, lameness in pigs and, 1422 
pregnancy toxemia and, 1724 
sheep, infectious footrot in, 1442 
Breeding history, history taking of, 8 
Breeding stock, medication of, for Mycoplasma 
pneumonia, 1070 
Breeze flies, 1626 

Brewer's residues, toxicosis from, 2212-2213 

"Bright blindness," of sheep, 1655 

Brisket disease, bovine, 693 

Britain, in ovine pulmonary adenocarcinoma, 978 

Brix refractometry, in monitoring colostrum, 1854 

Broad-spectrum drugs, for lungworm, 964 
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"Broken mouth", 194 
Bromethalin, 2190-2191 
Bromhexine, 872 
Bromide toxicosis, 1201 
Bromosulfophthalein (BSP) clearance test, 648 
Bronchial angiogenesis, in exercise-induced 
pulmonary hemorrhage, 1002 
Bronchial sounds, 851 
see also Breath sounds 
Bronchiectasis, in heaves, 1007-1008 
Bronchitis, 878-879, 879b 
Bronchoalveolar lavage (BAL) 
in acute undifferentiated bovine respiratory 
disease, 909 
fluid, 860 

in tracheobronchial secretions, 861-862 
Bronchoalveolar lavage fluid, in heaves, 1008-1009 
Bronchoconstriction 

in exercise-induced pulmonary hemorrhage, 1002 
heaves in, 1006 
Bronchodilators 
for heaves, 1011 
for pneumonia, 892 
for respiratory tract disease, 871-872 
smoke inhalation, 111 
Bronchography, 857 

Broncho-interstitial pneumonia, in foals, 889, 996 
Bronchomucotropic agents, 872 
Bronchopleural fistulae, in equine pleuropneumonia, 
993 

Bronchopneumonia, acute bacterial, 889 
Bronopol, 2189 
Brucella abortus 
in camelids, 1 762 
in cattle, 1762 
in dogs, 1762 
in horses, 1762 
in pigs, 1762 

strain 19 vaccine, 1770-1771 
strain RB51 vaccine for, 1771-1772 
in wildlife species, 1762 
Brucella melitensis, brucellosis, see Brucellosis 
Brucella ovis, brucellosis, see Brucellosis 
Brucella suis, brucellosis, see Brucellosis 
Brucellosis 

abortion in, 1765, 1777f 
Brucella abortus, associated with, see Bang's disease 
Brucella melitensis, associated with, 1781-1784, 
1781b 

clinical findings of, 1783 
clinical pathology of, 1783 
control of, 1783-1784 
differential diagnosis of, 1783b 
economic importance of, 1 782 
epidemiology of, 1781-1782 
eradication of, 1784 
etiology of, 1781 
necropsy findings of, 1783 
pathogenesis of, 1782-1783 
risk factors of, 1782 
source of infection of, 1 782 
transmission of, 1782 
treatment of, 1783-1784 
vaccination for, 1784 
zoonotic importance of, 1782 
Brucella ovis, associated with, 1774-1778, 1774b 
clinical findings of, 1775-1776 
clinical pathology of, 1775-1776 
control of, 1776-1778 
differential diagnosis of, 1776b 
economic importance of, 1775 
epidemiology of, 1774-1775 
eradication of, 1776 
etiology of, 1 774 

experimental reproduction of, 1775 
necropsy findings of, 1776 
pathogenesis of, 1775 
risk factors for, 1775 
source of infection in, 1775 
transmission of, 1775 
treatment of, 1 776 


vaccination, killed, 1778-1781 
zoonotic implications of, 1775 
Brucella suis, associated with, 1778-1781, 1778b 
biovars, 1778 
clinical findings of, 1780 
clinical pathology of, 1780 
control of, 1781 
diagnosis of, 1780-1781 
differential diagnosis of, 1781b 
economic importance of, 1779 
epidemiology of, 1778-1779 
etiology of, 1778 
necropsy findings of, 1780 
pathogenesis of, 1779-1780 
risk factors of, 1779 
source of infection in, 1779 
treatment of, 1781 
vaccination for, 1781 
zoonotic implications of, 1779 
vaccination for, 1776-1778 
in wild boar, 2008 
Bubbling, 852 
Bubo, 77 

Buccal cavity, diseases of, 192-194 
Buccal mucosa, abnormalities of, 19 
Buccal mucosa, wounds, 531 
"Buckskin"-colored follicular dysplasia, 1645 
Buffalo 

fasciolosis and, 644 
lead poisoning in, 1205 
Buffalo flies, 1628-1629 
Buffalo gnats, 1629-1630 
Buffalopox, 1587-1588, 1587b 
differential diagnosis of, 1 588b 
Bulbar necrosis, infectious, 1448-1449 
Bulbocapnine, 2210 
Bulk tank infection, 1339 
Bulk tank milk, 1972 
culture of, 1915 
Acholeplasma laidlawii in, 1940 
Staphylococcus aureus mastitis in, 1934 
Streptococcus agalactiae mastitis in, 1938 
somatic cell counts, 1914-1915, 1915f 
record keeping for, 1981 
Bulldog calves, 1534 

Buller steer syndrome, 1760-1761, 1760b 

Bullous stomatitis, 193 

Bulls 

abomasal ulcer in, 519 
Brucella abortus, transmission of, 1763 
femoral-tibial osteoarthrosis of, 1408 
spondylosis in, 1344 
transportation stress and, 85 
vaccination programs in, 960 
Bungowannah virus, 2137 
Bunostomosis, 613-615, 613b-614b 
differential diagnosis, 614b 
treatment, 614-615, 614b 
Bunostomum phlebotomum, 614 
Bunostomum trigonocephalum, 614 
Bureau of Veterinary Drugs (Canada), 1969 
Burkholderia mallei, 1026 
Burkholderia pseudomallei, 2029 
Burn injury, 110 
Burros, strangles in, 1021 
Bursattee, 813b, 814-817 
Buruli ulcer, 1574 
Bush flies, 1630 
Bush foot, see Footrot, in pigs 
Bushfire (grassfire) injury, 110-111, 110b, 111 f 
Buss disease, 1282 
Butorphanol, 234 


c 

C. pseudotuberculosis biovar equi, 1 449 
Cache valley virus disease, 1511b, 1514-1515 
clinical findings of, 1513 
clinical pathology of, 1513 


in congenital defects, 1836 
differential diagnosis of, 1513b 
epidemiology of, 1511 
necropsy findings of, 1513 
pathogenesis of, 1512 
risk factors of, 1512 
source of infection of, 1512 
Caddis flies (Dicosmoecus gilvipes), 382 
Cadmium toxicosis, 2181 
Calcification, arterial thromboembolism, 710 
Calcinogenic glycoside poisoning, 1504-1505, 

1504b-1505b 
Calcinosis, of cattle, 1390 
Calcium 

absorption of, 1482-1483 
deficiency, 1482-1485, 1483b 
clinical findings of, 1484 
clinical pathology of, 1484 
control of, 1484-1485 
differential diagnosis of, 1484b 
epidemiology of, 1483-1484 
etiology of, 1483 
necropsy findings of, 1484 
pathogenesis of, 1484 
primary, 1484 
secondary, 1484 
treatment for, 1 484 
dietary 

in milk fever, 1677 
requirements of, 1486f 
homeostasis, in milk fever, 1677 
for intestinal absorption, in milk fever, 

1686-1690 

intravenous administration of, 122 
in macromineral evaluation, 1670 
metabolism of, 1482-1483, 1483f 
oral administration of, 122 
osteodystrophy and, 1 388 
serum 

osteodystrophy and, 1390 
vitamin D deficiency and, 1493 
subcutaneous administration of, 122 
Calcium borogluconate, 141 
for hypocalcemia, 121-122 
Calcium (Ca) borogluconate 
intravenous, 1684 
for lactation tetany, of mares, 1 737 
for milk fever, 1684 
Calcium carbonate 
crystalluria, 1103 
iron deficiency and, 814 
Calcium chloride, 1689 
Calcium gluconate, 662 
23%, 141 

for hypocalcemia, 121-122 
Calcium versenate, for lead poisoning, 1208-1209 
Calcium: phosphorus ratio, vitamin D deficiency and, 
1493 

Calf Antibiotic and Sulfa Test (CAST), 168 
Calf barns, for enzootic pneumonia of calves, 

945 

Calf enterotoxemia, 547 
Caliciviruses, porcine, 341 
Calicivirus-like (Norovirus) agent, 389 
California Mastitis Test, 1918, 1918 1 
for coliform mastitis, 1949 
for Corynebacterium bovis, 1940 
Staphylococcus aureus mastitis and, 1 934 
Calves 

abdomen, examination of, 455-456 

abdominal distension in, 456, 456f 

abdominocentesis for, 190 

abomasal bloat (tympany) in, 522-523 

abomasal volvulus, 510 

acute heart failure and, 707 

acute undifferentiated diarrhea, 373-377, 

374f 

aortoiliac thrombosis in, 711 
arthrogryposis, Akabane disease and, 1513 
auricular vein of, 146, 148f 
birth, assisted traction and, 1389 






Calves (Cont'd) 

bovine immunodeficiency-like virus and, 786 
carbohydrate engorgement, 462 
coccidiosis, 401 
cold injury in, 51 

colibacillosis in, 1879-1880, 1885-1886 
congenital defects in, 1839 
critical temperature in, 1846 
cryptosporidiosis, 397 
with diarrhea, 114-115, 143 
decision tree for, 144 f 
feeding of milk to, 149 
oral electrolyte solutions for, 149 
dietary diarrhea, 214 
digestive tract, examination of, 456 
doddler, 1331 

enterotoxemia in, associated with Clostridium 
perfringens type D, 1228, 1230 
enzootic pneumonia of, 939-946, 939b, 944b, 
946b, 946f 

with experimentally induced infectious arthritis, 
1412 

femoral nerve paralysis in, 1362 
glomerulonephritis and, 1111 
hand-fed, abomasal ulcer in, 519 
heart rates, fetal, 668 
hemonchosis in, 611-612 
hepatic enzyme profile of, 629 
hydranencephaly, Akabane virus and, 1513 
hypokalemia in, 119 
hypomagnesemic tetany of, 1706-1707, 

1706b-1707b 
hypothermia in, 1846 
indigestion from milk replacers, 460-461 
inherited ataxia of, 1333 
Johne's disease, 554-555 
left-side displacement of abomasum (LDA) and, 
502, 506 
malnutrition, 90 
management, 834-835 
metabolic acidosis in, 128 
neonatal, diarrhea of, 582 
neonatal hypothermia in 
prevention of, 50 
risk factors for, 47 
treatment for, 50 
neonatal infection in, 1874-1875 
in neonatal streptococcal infection, 1901-1902 
newborn, systemic disease in, 956 
oral fluid therapy in, 147-150 
otitis media/interna in, 1335 
parturition, induction of, 1758-1759 
peritoneal fluid of, 190 
plasma for, 142 
portosystemic shunts in, 632 
prevention of infection in, enzootic bovine 
leukosis, 840 

primary copper toxicosis, 2182 
prolonged gestation with fetal gigantism in, 
1828-1829 

pulmonary edema and, 707 
radiographs of, 856-857 
rickets in, 1495 

septic arthritis synovitis and, 1411-1412 
septicemia in, 57 

serum biochemical values of, 1862f 
sodium bicarbonate 8.4% for, 141 
temperature, lower critical, 45, 46f 
terminal colon, atresia, 433 
transportation stress and, 85 
unthriftiness (pine) of, 2169 
vertebral osteomyelitis in, 1346-1347 
viral diarrhea, 384-393 
clinical findings, 389 
differential diagnosis, 391 
epidemiology, 385-388 
oral vaccines, 392 
pathogenesis, 388-389 
water intoxication in, 116 
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Calving 

in control and prevention, of infectious diseases, 
1877-1879 

draft-free environment for, 50 
hypomagnesemic tetany and, 1705 
seasonal feeding changes and, 1671 
Calving paralysis, 1362, 1694 
Cambendazole, poisoning of, 1211 
Camelids 

idiopathic nasal/perioral hyperkeratotic dermatosis 
of, 1563-1564 

New World, parenteral nutrition for, 151-152 
Camels, peste des petits ruminants (PPR), 574 
CAMP test, Streptococcus agalactiae mastitis, 1938 
Campylobacter coli, 320 

Campylobacter infection, antimicrobial sensitivity, 
155-156 

Campylobacter jejuni, 320 
mastitis and, 1962 
water supply contamination, 540 
Campylobacter lari, 320 
Campylobacter perfringens, diarrhea, 275 
Campylobacter spp., wild boar, 2008 
Campylobacteriosis, in pigs, 320-322 
Canada 

bovine viral diarrhea infection in, 578 
brucellosis in, 1774 
ovine progressive pneumonia in, 974 
ovine pulmonary adenocarcinoma in, 978 
rabies in, 1239 

Canadian horsepox, 1576, 1576b 
Canary grass toxicosis, 2205-2206 
Canavanine, 2208 
Cancer-eye, 1640 

Cannabinoids, affecting nervous system, 1195 
Cannibalism, 88 
Canthariasis, 430-431 
Cantharidin toxicosis, 430-431, 430b-431b 
Capillary damage, leptospirosis and, 1120 
Capillary integrity, in exercise-induced pulmonary 
hemorrhage, 1003 

Capillary permeability, increased, 129 
Capillary refill time, equine colic and, 231-233, 238 
Caprine adenocarcinoma virus, 969-970 
Caprine arthritis encephalitis, 1256b-1257b, 
1282-1283 

clinical findings of, 1255 f, 1260 
clinical pathology of, 1261 
control for, 1261 
differential diagnosis of, 1258b 
economic importance of, 1259-1260 
epidemiology of, 1257 
etiology of, 1257 

experimental reproduction of, 1259-1262 

geographic occurrence of, 1257-1258 

host risk factors of, 1258 

necropsy findings of, 1261 

pathogenesis of, 1260-1261 

perinatal transmission of, 1261 

samples for diagnostic confirmation of, 1261 

test and segregate/cull, 1261-1262 

transmission of, 1258 

vaccination and genetic selection in, 1261-1262 
Caprine besnoitiosis, 1607 

Caprine contagious ophthalmia, 1653-1654, 1653b 
Caprine hepatic lipidosis, cobalt deficiency, 817 
Caprine herpesvirus-1 infection, 2086-2087, 2086b 
clinical pathology, 2086 
clinical signs, 2086 
economic importance, 2086 
epidemiology, 2086 
etiology, 2086 

necropsy findings, 2086-2087, 2087b 
occurrence, 2086 
pathogenesis, 2086 

transmission and experimental reproduction, 

2086 

treatment and control, 2087 
Caprine idiopathic dermatitis, 1548 


Caprine pleuropneumonia, contagious, 970-972, 
970b, 971 f, 972b 
Caprine progressive spasticity, 1349 
Caprine salmonellosis, 366 
Capsaicin, for pain, 83 

Capsules, in Streptococcus suis infection, 2047 
Carbadox, 173, 2189 
swine dysentery, 331-332 
Carbamate insecticides, 1209, 1214b 
Carbamazepine, for head-shaking, 1226 
Carbamylcholine chloride, 458-459 
Carbazochrome, 721 
Carbendazim, 654 
Carbicarb, 140 
Carbohydrate engorgement 
milk fever and, 1681 
of ruminants, 461-472, 461b 
accidental consumption, 461 
beef breeding herbs, 462 
case-fatality rates, 462 
clinical findings, 465-466, 466f 
clinical pathology, 466-468 
complications, 466 
control, 470-472 
dairy cattle herds, 462 
differential diagnosis, 468b 
epidemiology of, 461-463 
etiology of, 461 
feed, types of, 462-463 
feedlot cattle, 461-462 
lamb feedlots, 462 
liquid-fed calves, 462 
morbidity, 462 
necropsy findings, 468 
pathogenesis, 463-465 
prevention, 470-472 
severity, 465 
speed of onset, 465 
toxic amounts of feed, 462-463 
treatment, 466f, 468-470, 472b 
Carbohydrates 
loss of, excessive, 93 
metabolism of, endotoxemia and, 62 
|3-Carboline indoleamine alkaloid poisoning, 1196 
Carbon dioxide retention, 848 
Carboxyatractyloside, 1195 
Carboxyhemoglobinemia, 745 
Carboxyparquin, 1195 
Carboy, intravenous fluids in, 147 
Carcass(es) 

condemnation for human consumption, caseous 
lymphadenitis, 765 
contamination of, 360, 543 
hemorrhage, coagulation defect, 722 
Card agglutination test (CAT), 773 
Cardiac area, clinical examination of, 16-17 
Cardiac catheterization, 673-675, 674f 
Cardiac contractility, acidemia and, 127-128 
Cardiac dilatation (eccentric hypertrophy), 659 
Cardiac dullness area, percussion of thorax to 
identify, 665 
Cardiac dyspnea, 849 
Cardiac enlargement, 659 
Cardiac glycoside 
cardiac enlargement and, 662 
toxicosis, 697-699, 697b, 699b 
Cardiac hypertrophy (concentric hypertrophy), 659 
Cardiac index, 673 

Cardiac insufficiency, cardiac reserve and, 658-659 
Cardiac lesions, 837 

Cardiac measurement, cardiac reserve and, 659 
Cardiac neoplasia, 703 
Cardiac output 
anemic hypoxia and, 736 
exercise and, 96 
Cardiac reserve 

autonomic nerve activity and, 658 
cardiac insufficiency and, 658-659 
heart rate and, 658 
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Cardiac reserve (Cont'd) 
measurement and, 659 
mixed venous oxygen tension and, 658 
stroke volume and, 658 
valvular disease and, 686 
Cardiac signs, endocarditis, 689 
Cardiac tamponade, 692 
Cardiac troponin I, 661 
Cardiac troponin T (cTnT), 670 
Cardiomyopathy, 690-692, 690 b 
bovine hereditary dilated, 706-707 
clinical findings of, 691 
clinical pathology of, 691-692 
congenital, 691 
differential diagnosis of, 692 b 
etiology of, 690-691 
necropsy findings of, 692 
pathogenesis of, 691 
treatment of, 692 

Cardiopulmonary function, endotoxemia and, 61 
Cardiotoxins, 2177 

Cardiovascular accidents, acute, 692-693 
Cardiovascular disease, in dyspnea, 849 
Cardiovascular dysfunction, causes of, 657 b 
Cardiovascular system 
arrhythmias (dysrhythmias), 675, 675 1 
blood vessel disease, 709-711 
circulatory system inherited defects of, 706-707 
congenital cardiac defects, 703-706, 703 b 
diseases of, 657-715 
cardiac enlargement, 659 
heart failure, see Heart failure 
manifestations of, 659-662 
principles of, 657-659 
examination of, 663-665 
angiocardiographic examination, 673 
arterial blood pressure measurement, 671 
cardiac catheterization, 673-675, 674f 
cardiac output, 673 
echocardiography, 672-673 
exercise tolerance, 666 
heart rate, 664 
jugular vein, 665 
phonocardiography, 673 
physical, 663-665 

pulmonary artery blood pressure measurement, 
671-672 

radiographic examination, 673 
heart disease, 690-692 
vascular neoplasia and, 715 
Cardiovascular system, exercise intolerance, 99 
Caribbean, rabies in, 1239-1247 
Carotene, plasma, 1325 
Carotid artery aneurysm, rupture of, 99-100 
Carpal joints, arthritis in, 976 
Carprofen, for pain, 83 
Case, definition of, 30 
Case fatality 

clinical examination and, 6 
rate, of heaves, 1004 

Caseonecrotic bronchopneumonia, in Mycoplasma 
bovis, 936 

Caseous lymphadenitis, of sheep and goats, 765, 
766 b 

clinical findings of, 763 f, 766-767 
clinical pathology of, 763f, 766 
control of, 767 
differential diagnosis of, 768 b 
economic importance of, 764 
epidemiology of, 762 
eradication, 768 
etiology of, 762 
necropsy findings of, 766-767 
pathogenesis of, 766 
prevention of, 768 

samples for confirmation of diagnosis, 767 
treatment of, 767 
vaccination, 768 

zoonotic implications of, 766-769 
Castanospermine poisoning, 1196 
Casts, urine, 1103 


Cat(s) 

control, 2143 
feces, 2140 

Cataracts, congenital, 1659 
Catarrhal stomatitis, 193 
Catecholamines, 691 
Cattle 
abdomen 
diseases of, 454f 

silhouettes of the contour of, 446 f 
abdominal ultrasonography, 184 
abdominocentesis, 190 
abomasal impaction in, 515-517, 515b 
differential diagnosis in, 516b-517b 
abomasal ulcers of, 518-522, 518b 
differential diagnosis in, 521b 
acute hypokalemia in, 1690-1693, 1690b 
alimentary tract examination, 445-457 
anaphylaxis of, 750, 756f 
auricular vein of, 146, 148 f 
differential diagnosis of diseases of, 590f-591t 
diseases of, 12811 
differential diagnosis of, 1126f 
endoscopic examination, of airways, 856 
fasting, daily energy requirements of, 140f 
fatty liver in, 1716-1722, 1717b 
heart rate, resting, 676 
Histophilus septicemia of, 2033-2038, 
2033b-2034b 

inherited periodic spasticity of, 1347f, 1353 
injection-site lesions in, 1387-1388 
lead poisoning in, 1204, 1205f, 1206 
listerial encephalitis/meningitis in, 1335f, 1338 
musculoskeletal examination, ultrasonography, 
1376 

Mycoplasma bovis in, 932-939, 932b, 936b-938b 
Mycoplasma spp. of 

diseases of the respiratory tract associated with, 
924-925 

major pathogenic, 885f 
nociception in, 81 f 

osseous sequestration in, 1392, 1392f—1393f 
papillomatosis in, 1582, 1582f-1583f 
periparturient period in, 1662-1667 
phosphorus requirements for, 1489 
rabies in, 1240 
recumbent, 687 

reproductive performance, selenium and vitamin E 
deficiency, 1465 
rhinitis in, 874 
ringworm in, 1601 

rumen of, nasogastric intubation, 183 
sarcocystosis, 2139 

selenium subcutaneous injections for, 1475-1476 
Senkobo disease of, 1570-1573 
septic arthritis synovitis and, 1412 
septic pedal arthritis in, 1417 
septicemia in, 57 

septicemic pasteurellosis of, 2040-2042 
serum bile acid, 627 
slow-release treatments in, 2175 
spastic paresis of, 1348f, 1350f, 1351 
starvation in, 90 
steatitis in, 1726 
thyroid enlargement in, 1744 
toxoplasmosis, 2142 
tracheal stenosis in, 879 
tracheitis in, 878 
transportation stress and, 85 
ulcerative lymphangitis 
clinical findings of, 761 
epidemiology of, 760 
vaccination, Johne's disease, 563-564 
vesicular stomatitis, 396 
water medication in, 161 
zinc toxicosis 
acute poisoning, 2195 
chronic poisoning, 2195 

Cattle Health Certification Standards (Checs), 598 
Cattle plague, see Rinderpest (RPV) 

Cauda equina syndrome, 1362 


Caudal compression, for head-shaking, 1226 
Caudal fold test (CFT), 2019 
Caudal skin fold, 2019 

Caudal vena cava syndrome, hepatic abscess with, 
634 

Caudal vena caval thrombosis, 714 
Cauliflower saltwort (Salsola tuberculatiformis), 1 827 
Caustic-treated grain, feeds, 620 
Cecal catheters, in horses, 146 
Cecal dilatation, in cattle, 524, 528-530, 530b 
Cecal distension, 228f, 258-259 
Cecal impaction, 258 
Cecal rupture, 258 
Cecal torsion, 258 
Cecal tympany, 258 
Cecocecal intussusception, 259 
Cecocolic intussusception, 259, 524 
Cecum, disease of, 257-259, 257b 
clinical findings, 258-259 
clinical pathology, 259 
differential diagnosis, 259b 
epidemiology, 258 
etiology, 257-258 
necropsy findings, 259 
pathogenesis, 258 
treatment, 259 

Cedist blocking enzyme-linked immunosorbent assay 
(ELISA), 587 

Cefquinome, for coliform mastitis, 1951 
Ceftiofur, for coliform mastitis, 1950-1951 
Ceftiofur crystalline-free acid sterile suspension 
(CCFA-SS), 920 

Celiotomy, 277, 453-454, 455 1 
Cells, in urine, 1103 
Cellulitis 
definition of, 77 
traumatic, 77 

Centers for Disease Control and Prevention, 
enterohemorrhagic Escherichia coli 
infection, 539 
Central blindness, 1163 

Central cyanosis, in respiratory insufficiency, 853 
Central hypersensitivity, and pain, 80 
Central nervous system (CNS) 
acidemia and, 128 
associated masses of, 1218 
associated tumors of, 1218 
bacterial infection of, 1179 
degenerative diseases of, 1184-1186 
see also Encephalomalacia 
depressants of, 1178 
equine grass sickness, 285 
injury response of, 1 179 
metastatic tumors of, 1221 
in ovine progressive pneumonia, 975 
palpation of bony encasement, 1172 
stimulants of, 1178 
strangles in, 1021 
tumors of, 1216, 1221b 
Central venous pressure, 73 
measurement of, 665-666 
and naturally occurring combined abnormalities of 
free water, electrolyte, acid-base balance, 
and oncotic pressure, 136 
Cephalosporins 
toxicity of, 170-171 
Cephenemyia titillator, 979 
Ceratopogonidae, 1631 
Cereal pastures, hypomagnesemic tetany and, 

1701 

Cerebellar abiotrophy, 1328-1329 
Cerebellar atrophy, of lambs, 1331-1332 
Cerebellar disease 
ataxia, 1159, 1161 
hypoplasia, 1162 
Cerebellar hypoplasia, 1331 
bovine virus diarrhea virus, 586 
in Churra lambs, 1332 
Cerebellum, diseases of, 1328 
Cerebral cortex, lesions of, blindness from, 

1167 





Cerebral edema, 116-118, 1180 
clinical findings of, 1181 
clinical pathology of, 1 181 
cytotoxic, 1180 

differential diagnosis for, 1180b 
interstitial, 1181 
laminar necrosis and, 1312 
necropsy findings in, 1 181 
pathogenesis of, 1181 
treatment of, 1181 
vasogenic, 1180 
Cerebral hypoxia, 1179, 1179b 
Cerebrocortical necrosis, 1324-1325 
Cerebrospinal angiopathy, 312, 1265-1269 
Cerebrospinal fluid (CSF) 
analysis of, 1 174-1175 
brain abscess and, 1191 
collection of, 1158, 1172-1173 
in encephalitis, 1184 
examination of, 1172-1175 
magnesium concentrations in, in hypomagnesemic 
tetany, 1703 
in meningitis, 1 193 
in newborn, 1863 
pH of, hypercapnia in, 848 
in vitamin A deficiency, 1322, 1328 
Cerebrospinal nematodiasis, 1351 
Cerebrum, diseases of, 1252-1253 
inherited, 1326 
Cervical abscesses, 2051 
Cervical adenitis, lymphadenopathy, 751 
Cervical esophagostomy alimentation, 202-203 
Cervical examination, equine colic and, 236-237 
Cervical skin fold, 2019 
Cervical vertebrae, osteomyelitis and, 1393 
Cervical vertebral instability, see Equine cervical 
vertebral stenotic myelopathy 
Cervicothoracic vertebral osteomyelitis, 1 393 
Cesarean section, for pregnancy toxemia, 1725 
C-fibers, 79-80 
Chabertia, 617 
Chabertia ovina, 617 
Chance nodes, 27 
Charm Farm and Disk Assays, 168 
Charm Inhibition Assay, 168 
Chediak-Higashi syndrome 
thrombasthenia and, 726 
Chelidonine, 2210 
Chemical agents 
gastritis, etiology of, 203 
osteodystrophy and, 1388 
Chemical arthrodesis, for degenerative joint disease, 
1411 

Chemical rinses, carcass decontamination, 543 
Chemotherapy, anaplasmosis and, 775-776 
Chewing, disturbances of, 1168f 
Cheyne-Stokes respiration, 12, 1193 
Chiasma, blindness from, 1179 
Chigger mites, 1618 
Chilled vaccine, 806-808 

Chiropractic manipulation, for head-shaking, 1226 
Chlamydiae, wild boar, 2008 
Chlamydial disease, reproductive, 1786-1791 
Chlamydial infection in pig, 2057-2058 
Chlamydial polyarthritis, 1449 
Chlamydophila abortus, in ovine enzootic abortion, 
1786 

Chlamydophila pecorum, in contagious ophthalmia, 
1653 

Chlamydophila psittaci, 1786 
Chlamydophila suis, 1787 
Chloramphenicol, 171 
analogs of, 171 
mechanism of action, 171 
toxicity of, 171 

Chlorellosis, protothecosis and, 2158 
Chlorhexidine, postmilking teat sanitization, 1969 
Chloride, 118 

experimental restriction of, 2161-2162 
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Chlortetracycline, porcine proliferative enteropathy, 
326 

Choanal atresia, 433 

Choke, acute esophageal obstruction, 200-201 
Cholangiohepatitis, in horses, 655-656 
Cholangitis, 624 

Cholecalciferol (vitamin D 3 ), 2191 
Cholecystocentesis, percutaneous ultrasound-guided, 
626 

Choledocholithiasis, 656 
Cholelithiasis, 624, 626, 655 
Cholestasis, 626 
Cholesteatoma, 1184 
Choline deficiency (Hypocholinosis), 2176 
Cholinesterase inactivation, in organophosphate 
poisoning, 1215 

Chondrodysplasia, inherited, 1535-1536 
Chondrodystrophy, 1390 
congenital 

manganese deficiency and, 1501 
of unknown origin, 1538 
Chondroids, 984-985 

Chondroprotective agents, for degenerative joint 
disease, 1411 

Chordae tendineae rupture, 689 
Chorioptic mange, 1622-1623 
differential diagnosis of, 1623b 
Chromated copper arsenate (CCA), 2193 
Chromium toxicosis, 2181 
Chromogenic assays, 723 
Chronic bronchopneumonia, in cattle, 889-890 
Chronic disease, in anemia, 730f, 731 
Chronic enzootic pneumonia, of sheep, 972-973, 
972b 

Chronic equine eosinophilic dermatitis, 1548 
Chronic fluorosis, osteodystrophy of, 1390 
Chronic free-gas bloat, 2037 
Chronic interstitial fibrosis, 1114 
Chronic interstitial pneumonia 
in foals, 996 
in goats, 924 

Chronic leptospirosis, associated with L. Pomona, 
1122 

Chronic nodular lung lesions, in glanders, 1026 
Chronic nonprogressive atypical pneumonia, 
972-973, 972b 

Chronic oral poisoning, causes of, 2182 
Chronic pleuritis, 896 

Chronic pneumonia, Mycoplasma bovis, 934 
Chronic pneumonia and polyarthritis syndrome 
(CPPS), 932-933 
Chronic poisoning, 826 
Chronic renal ischemia, 1112 
Chronic wasting disease, 1321-1322 
Chrysomyia bezziana, 1615-1617, 1615b—1616b 
Chrysops (deer fly), equine infectious anemia virus 
transmission, 789 
Chrysops spp., 1626 
Cicutoxin, 2208 
Cimetidine, 251 
for abomasal ulcer, 522 
Ciprofloxacin, diarrhea and, 277 
Circling, vestibular disease, 1162 
Circuit failure, 71, 658 
Circulatory disorders, encephalomalacia and, 
1187-1189 

Circulatory failure, principles of, 657-659 
Circulatory hypoxia, 847 

Circulatory system, inherited defects of, 706-707 
Cirrhosis, 630-631 
Cisapride 
equine colic, 234 
equine grass sickness, 285 
for gastrointestinal motility, 191 
Cisplatin, for sarcoid, 1586 
Cisterna magna, in cerebrospinal fluid collection, 
1173 

Cistus salvifolius ingestion, 1129 
Citrate, 1947 


Citrinin toxicosis, 1135 
Citrullinemia, 1838-1839 
inherited, 1331 
Clara cells, 978 

Clarithromycin, for Rhodococcus equi pneumonia, 
1016-1017 

"Clasp-knife release", 1173 
Classical swine fever (hog cholera), 2098-2110, 
2098b-2099b 

Agar gel precipitation test, 2104 
animal risk factors, 2100-2101 
antigen-capture ELISA, 2104 
attenuated vaccines, 2109-2110 
chronic disease, 2103-2104 
clinical findings, 2103-2104 
clinical pathology, 2104-2105 
control, 2107-2110 
detection of antigen, 2106 
detection of virus, 2104 
diagnosis, 2103-2104, 2106-2107 
differential diagnosis, 2107b 
economic importance, 2101 
epidemiology, 2099-2101 
etiology, 2099 

florescent antibody techniques, 2104 
hematology, 2104 
immune mechanisms, 2101 
immunization methods, 2108-2110 
inactivated vaccines, 2110 
methods of transmission, 2100 
morbidity and case fatality, 2100 
necropsy findings, 2105-2106 
nervous manifestations, 2103 
occurrence, 2099-2100 
versus other pestiviruses, 2104-2105 
pathogen risk factors, 2101 
pathogenesis, 2101-2103 
PCR tests, 2104-2105 
peracute and acute disease, 2103 
reproductive failure, 2104 
resistance of virus, 2101 
risk factors, 2100-2101 
samples 

for confirmation of diagnosis, 2106 
for laboratory, 2105 
serology, 2105-2107 
serum-virus vaccination, 2109 
treatment, 2107 
wild boar, 2008 

C/awceps-associated mycotoxins, 1202 
Claw deformity, inherited, 1537 
Cleaning, biosecurity and, 40-41 
Cleft palate, 432-434, 1838 
Clenbuterol 
for heaves, 1010 
for pneumonia, 892 

Clenbuterol hydrochloride, for heaves, 1011 
Climate 
fasciolosis, 642 

hemonchosis, in ruminants, 611 
history taking of, 8 
hypomagnesemic tetany and, 1702 
sheep, infectious footrot in, 1442 
stress induction and, 84 
Clinical endometritis, 67 
Clinical examination, of individual animal, 5-22 
abdomen, 13, 17-18 
auscultation, 14 
ballottement, 14 
behavior, 10 
body condition, 11 
body conformation, 12 
close physical examination of, 13-14 
defecation, 11 
diagnostic imaging for, 22 
eating, 11 

environment and, 8-10 
examination of animal, 10-22 
excitation states, 10-11 
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Clinical examination, of individual animal (Cont'd) 
external genitalia, 13 
feet, 21 
gait, 11 

general inspection, 10-12 
head, 12, 18 
limbs, 13 

mammary glands, 13, 21 
musculoskeletal system, 21 
neck, 12, 18 
nervous system, 21 
palpation, 13 

particular distant examination, 12-13 

percussion, 13-14 

posture, 11 

reproductive tract, 21 

skin, 12, 21-22 

succussion, 14 

thorax, 12-13, 16-17 

urinary system, 21 

urination, 11 

vital signs, 15-16 

voice, 11 

Clinical lymphosarcoma, occurrence of, enzootic 
bovine leukosis and, 833 
Clinical metritis, 67 

Clinical scoring systems, in enzootic pneumonia of 
calves, 943 

Clinical surveillance, for contagious bovine 
pleuropneumonia, 930 

Clinicopathological anemia, iron deficiency and, 813 
Clipboard test, 1298 
Clitocybe spp., 2205 
Clofazimine, 561 

Cloned offspring, diseases of, 1870-1871 
Clorsulon, 644, 1212 
Closantel 
in fasciolosis, 644 

for hemonchosis in ruminants, 612-613 
for nasal bots, 980 

Close housing, in ovine pulmonary adenocarcinoma, 
978 

Closed farming system, for bovine herpesvirus-1 
infection, 958 

Clostridial enterotoxin, diarrhea and, 278-279 
Clostridial infection, localized, 77 
Clostridial myonecrosis, see Malignant edema 
Clostridiosis, in pigs, 308-311 
Clostridium, myositis and, 1 388 
Clostridium botulinum 
equine grass sickness, 283-284 
tremor, 1161 
Clostridium difficile 
diarrhea, 275 

enterocolitis associated with, 377-379 
Clostridium haemolyticum, 635 
Clostridium novyi 
infection, 638-639 
type B, black disease, 637 
type D (Clostridium haemolyticum), 635 
Clostridium perfringens 
enteric disease, 545 
mastitis and, 1962 
myositis and, 1388 

type B, enterotoxemia, 546-549, 546b 
type C, enterotoxemia, 546-549, 546b 
type E, enterotoxemia, 546-549, 546b 
Clostridium pseudotuberculosis, localized infection, 
77 

Clostridium sordellii, 1428 
Clostridium tetani, 1 160 

Clotting factors, vitamin K-dependent, reduction of, 
722 

Clover disease, phytoestrogen toxicosis, 1823 
Cluster dunking, 1970 
Coagulants, for abomasal ulcer, 522 
Coagulase-negative staphylococci (CNS), 1905 
Coagulation 

defects, hemorrhage and, 721-722 
diarrhea, acute, 278 
equine colic and, 225-226 


Coagulopathies 

arterial thromboembolism, 709 
in exercise-induced pulmonary hemorrhage, 
1002-1003 

treatment of, 721-725 
Coal tar creosote, 2193-2194 
Coal tar pitch poisoning, 655-656 
Coast disease, of sheep, 815 
Coat-color dilution, 1644-1645 
Cobalt 

in anthelmintics, 819-820 
deficiency, 823, 825b 
anemia, nonregenerative, 732 
clinical findings of, 816-817 
clinical pathology of, 816 
in congenital defects, 1837 
control of, 819 
differential diagnosis of, 826b 
epidemiology of, 814 
etiology of, 814-817 
experimental reproduction, 816 
necropsy findings of, 817-818 
occurrence of, 814-815 
pathogenesis of, 816 
primary, 816 
risk factors of, 814-815 
samples for confirmation of diagnosis, 818 
status, biochemistry, 816 
treatment of, 818-819 
in ketosis, 1710 
liver, 817 

pasture top-dressing of, 819-820 
serum concentration of, 817 
status, biochemistry of, 816 
supplementation of, 819-820 
toxicity, 819-820 
Cobalt pellet, 819-820 
Cobalt toxicosis, 2181-2182 
Coccidioides immitis, 2159 
Coccidioidomycosis, 2159, 2159b 
Coccidiosis, 391, 401-408, 401b 
calves, 401 
case fatality, 402 
cattle, 402 

clinical findings, 404-405 
clinical pathology, 405 
control, 406-408 
diagnosis, 406 
differential diagnosis, 406b 
epidemiology, 401-403 
etiology, 401 
goats, 402 

immune mechanisms, 403 
life cycle, 403-404 
morbidity, 402 
multiinfections, 403 
necropsy findings, 405-406 
with nervous signs, 405 
occurrence, 401 
pathogenesis, 403-404 
pigs, 402 
prevalence, 401 
risk factors, 402-403 
sheep, 402 
transmission, 402 
treatment, 406 
vaccines, 408 
Coccidiostats, 407 
Cochliomyia americana, 1 902 
Cochliomyia hominivorax, 1615-1617, 

1615b—1616b 
Cockle, 1 562-1563 
Coenurosis, 1308b-1309b, 1323 
Coitus transmission, of dourine, 1820 
Colchicine, alimentary tract and, 428 
Cold cow syndrome, 2003 
Cold exposure 
animal production in, 48 
lethal limit, 45 

Cold injury (frostbite and chilblains), 50-51, 
50b-51b 


Cold stress 

management of, in sick foals, 50 
in mortality in piglets, 1834 
neonatal response to, 44-47 
Cold thermogenesis, 46 
Colibacillosis 
enteric, 1883-1885 
clinical findings of, 1885-1886, 1886 1 
diagnosis of, 1887, 1888f 
necropsy findings of, 1887 
treatment of, 1888 
enterotoxigenic, 1 886-1887 
in newborn, 1879-1899, 1879b 
analgesic and antiinflammatory therapy for, 
1893 

anti motility drugs for, 1893 
clinical findings in, 1885-1887 
clinical pathology of, 1887 
diagnosis of, 1887 
differential diagnosis of, 1888b 
epidemiology of, 1879-1883 
etiology of, 1879 
immunoglobulin therapy for, 1893 
morbidity in, 1880 
mortality in, 1880 
necropsy findings of, 1887 
occurrence of, 1 879-1880 
pathogenesis of, 1883-1885 
prevalence of infection in, 1879-1880 
risk factors of, 1880-1883 
transmission of, 1881 
treatment of, 1888-1894, 1894b 
septicemic, see Coliform septicemia 
Colic 

in foals, 237-240, 237b, 238t 
clinical findings, 238-239 
clinical pathology, 239 
differential diagnosis, 239b, 240f 
epidemiology, 238 
necropsy findings, 239 
pathophysiology, 238 
prevention, 239 
treatment, 239 
in horses, 220-236, 221b 
acid-base, 231 
acute, 221 

case fatality rate, 223 
chronic, 221 

classification, 221, 222f-223f 
clinical findings, 226-230 
clinical pathology, 230-231 
course of the disease, 229-230 
differential diagnosis, 233b, 242f-243f 
epidemiology, 221-225 
etiology, 221 

field, management of, 235 
gastric ulcers and, 248-249 
incidence, 223 
infarctive, 221, 226 
inflammatory, 221, 226 
from ingestion of indigestible fiber, 427 
mortality, 223 
necropsy findings, 233 
normal anatomy, 227 
obstructive and strangulating, 221, 226 
occurrence, 223 
pathogenesis, 225-226 
prevention, 235 
prognosis, 232-233 
protocol for evaluating a colic patient, 
231-233 

rectal examination, 227-228 
rectal findings, 228 1 
recurrent, 221 
risk factors, 223-224 
simple obstructive, 226 
spasmodic, 221 
surgery, 232, 235 
treatment, 233-236, 233 1 
trocarization, 235 
when to refer, 232-233 





Colic (Cont'd) 

in postparturient mare, 236-237 
in pregnant mare, 236-237 
sand, 266-267 
spasmodic, 221, 269 
thromboembolic, 270 

Coliform gastroenteritis, of pigs, 315-320, 3156 
case-fatality rate, 315-316 
clinical findings, 317 
clinical pathology, 317 
control, 318-319 
diagnosis, 317 

differential diagnosis, 3176-3186 
epidemiology, 315-316 
etiology, 315 
necropsy findings, 317 
pathogenesis, 316-317 
risk factors, 316 
treatment, 318 
vaccination, 319 
Coliform mastitis, 1943-1954 
acute, 1681, 1948 
case fatality of, 1945 
chronic, 1949 

clinical findings of, 1948-1949 
clinical pathology of, 1949 
control of, 1952-1954 
diagnosis of, 1949 
differential diagnosis of, 19506 
duration of infection of, 1944 
endotoxin-induced, 1947-1948 
epidemiology of, 1944-1947 
etiology of, 1943-1944, 19446 
management of outbreaks, 1953 
in mastitis, 1906 
in mastitis-metritis-galactia, 1997 
morbidity of, 1945 
necropsy findings of, 1949 
pathogenesis of, 1 947-1948 
peracute, 1681, 1948 
prevalence of, 1944 
risk factors of, 1945-1947 
severity of, 1947 

source of infection of, 1944-1945 
subclinical, 1949 

treatment of, 1950-1952, 19546 
vaccination for, 1954 
Coliform septicemia, 391, 1883 
clinical findings of, 1885-1887 
diagnosis of, 1887 
necropsy findings in, 1887 
treatment of, 1 888-1894 
Colistin, for enterotoxic colibacillosis, 1892 
Colitis 

diarrhea, acute, 277 
Lawsonia, 325 
nonspecific, 334-335 
right dorsal, 267-268 
Colitis X, 277 

Collagenase solution, for puerperal metritis, 70 
Collagenolytic granuloma, 1559 
Colloid solutions, 142-143 
Colloids 

hypovolemic shock, 74-75 
maldistributive shock, 74-75 
Colobomata, typical, 1659 
Colon 

displacement, 228 
distension, 228, 228f 
intussusception, 525-526 
Colostral immunity, in bovine herpesvirus-1 
infection, 954 
Colostrum 

administration of, 1855-1856 
antibody, Clostridium perfringens types B, C 
and E, 548-549 
artificial feeding of, 1849 
bacterial contamination of, 1850 
banking for, 1854 
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benefits of, 1852 
bovine virus diarrhea virus, 581 
breed differences in, 1850 
California Mastitis Test for, 1918f 
caseous lymphadenitis effect, 767 
concentration, determinants of, 18496, 1850 
cross-species, 1855 
deprivation of, septicemia, 58 
efficiency of absorption in, 1851-1852 
esophageal feeder administration, 461 
immunity and, in colibacillosis, 1880-1881 
immunoglobulins in, 1848-1849, 1863 
effects of, 1 884 
lactogenic immunity in, 1849 
monitoring of, 1854 
natural sucking of, 1849-1851 
neonatal hypothermia prevention, 47 
normal transfer of immunoglobulins in, 
1848-1849 

pasteurization of, 1 850 
pooling of, 1850 
replacer, 1855 
storage of, 1 854 
supplements, 392, 1855 
in transfer of passive immunity, 1853-1854 
transfer of selenium and vitamin E to, 1466-1467 
viral diarrhea, 393 
volume, ingestion of, 1850 
Coma, 1169 

Combination therapy, for coliform mastitis, 1952 
Combination vaccines, for bovine herpesvirus-1 
infection, 959-960 

Combined immunodeficiency (CID), 755 
Communication, biosecurity and, 41 
Compartment syndrome, in downer-cow syndrome, 
1695 

Compensation, of respiratory insufficiency, 847 
Competitive enzyme-linked immunosorbent assay 
(C-ELISA), 773 

in contagious bovine pleuropneumonia, 929 
peste des petits ruminants, 575 
Complement fixation test (CFT), 773, 804-805 
for Brucella abortus, 1767 
in contagious bovine pleuropneumonia, 928 
for dourine, 1820 
for Johne's disease, 559, 569 
for ovine enzootic abortion, 1787 
in pleuropneumoniae, of pigs, 1060 
Complement-fixing antibody, in equine herpesvirus-1 
and -4 infections, 1041 

Complete blood count, for localized infections, 78 
Complete heart block, 679 
Complex vertebral malformation, in Holstein calves, 
1536-1537 

Compression atelectasis, 883 
Compression stenosis, 524 
Compressive myelopathy, vertebral, 1349 
Compton metabolic profile test, 1667 
Compulsive walking, 1159 
Computed tomography (CT) 
for musculoskeletal system disease, 1377 
in nervous system examination, 1 176 
for newborn, 1860 
in respiratory system, 857-858 
for septic arthritis synovitis, 1414-1415 
urinary system examination, 1108 
Computer-assisted diagnosis, 25-26 
Computer-assisted MRI brain morphometry, for 
cerebellar abiotrophy, 1334-1336 
Concentration-dependent killing, 166 
Concentric hypertrophy (cardiac hypertrophy), 

659 

Conchal atrophy, in grading system, of progressive 
atrophic rhinitis, 1052 
Concussion, 1188 
Concussive laminitis, 1396 
Condition scoring, of sow, 2007 
Conditioning programs, for pneumonic 
pasteurellosis, 921-922 


Conduction disturbances, 675 
electrocardiography and, 667-668 
myocardial disease and, 691 
Conductive heat loss, 45 
Confinement 

housing, effects of, 1087-1088 
lameness in pigs and, 1422 
Confirmation, of strangles, 1022 
Conformation, 1376 
of border disease, 1254 
Congenital absence, of skin, inherited, 1645 
Congenital achondroplasia, with hydrocephalus, 
1534 

Congenital arthrogryposis, and hydranencephaly, 
1511b, 1514-1515 
Congenital defects 
of alimentary tract, 432-434 
cardiac, 703-706, 703 b 
plants and, 1827 
in respiratory tract, 1090 
vitamin A deficiency and, 1324-1325 
Congenital dyserythropoiesis, 1643 
Congenital hydrocephalus, 1182, 1182b 
inherited, 1329 

Congenital hyperostosis, inherited, 1537 
Congenital hyperplasia, of myofiber, 1510 
Congenital hypothyroidism, 1739-1742 
Congenital hypotrichosis, inherited, 1644 
Congenital ichthyosis, inherited, 1643, 1646 
Congenital infection, in enzootic bovine leukosis, 
833 

Congenital inherited disease, 839 
Congenital joint laxity and dwarfism, 1 538 
Congenital myasthenia gravis, 1515 
Congenital necrotizing encephalopathy, of lamb, 
1227-1239 

Congenital nutritional muscular dystrophy, 1463 
Congenital osteopetrosis, 1 534 
Congenital polycystic kidney disease, of lamb, 1 138 
Congenital skin tumors, 1642-1643 
Congenital stationary night blindness (CSNB), 1659 
Congenital tremor 
of pigs, 1355 

syndromes of piglets, 1235f-1237f, 1248-1252, 
1259f 

Congestive hepatitis, 631-632 
Conidiobolus coronatus, 813b 
Conium, 1201 

Conium maculatum (poison hemlock), 1837 
Conjunctiva 

diseases of, 1540-1661 
examination of, 18 
Conjunctivitis, 1648 

bovine herpesvirus-1 infection in, 955-956 
nonspecific, 1648 

Consciousness, abnormalities of, 1194-1195 
Conservative therapy, for puerperal metritis, 69 
Constipation, 180, 625, 1999 
Constrictive pericarditis, 707-708 
CONSULTANT program, 26 
Contagious acne, of horses, 1576 
differential diagnosis of, 1576b 
Contagious agalactia, in goats, 924 
Contagious bovine pleuropneumonia (CBPP), 
925-932, 925b 
clinical findings in, 928 
clinical pathology of, 928-929 
control of, 930-932 
differential diagnosis of, 929b 
epidemiology of, 925-927 
etiology of, 925, 926f 
necropsy findings of, 929 
pathogenesis of, 927-928 
risk factors for, 927 
status of, for countries or regions, 932 
treatment of, 929-930, 930b 
Contagious caprine pleuropneumonia (CCPP), 
970-972, 970b, 972b 
in goats, 924 
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Contagious conjunctivokeratitis, 1653b 
Contagious ecthyma, 1593-1596, 1593b 
clinical findings of, 1594-1595 
clinical pathology of, 1595 
control of, 1596 
differential diagnosis of, 1595b 
economic importance of, 1594 
epidemiology of, 1 593-1594 
etiology of, 1 593 

experimental reproduction of, 1 593-1594 
in goats, 1 595 

morbidity and case fatality of, 1593 
necropsy findings of, 1595 
occurrence of, 1 593 
pathogenesis of, 1 594 
risk factors of, 1594 
in sheep, 1594-1595, 15947-15957 
transmission of, 1 593 
treatment of, 1 596 
zoonotic implications of, 1594 
Contagious ovine digital dermatitis (CODD), 1444b 
Contagious pustular dermatitis, 1576, 1593-1596, 
1593b 

differential diagnosis of, 1576b 
Continuous-flow peritoneal dialysis, 1109, 11097 
Contraction atelectasis, 883 
Control, of infection, 36-42 
Contusion, traumatic brain injury, 1188 
Convulsions 
clonic, 1 160 

in encephalopathy, 1194 
extracranial, 1161 
familial, in cattle, 1333 
nervous system disease, 1160 
vitamin A deficiency and, 1324-1325 
Coombs testing, 737-738 
Cooperative State-Federal Brucellosis Eradication 
Program, USA, 1771-1772 
Cooperia, 603 
resistance to, 603-604 
see also Trichostrongylid worms 
Coordination, in nervous system examination, 
1164-1165 

Copper 

deficiency anemia, nonregenerative, 732 
parenteral injections of, 2174-2175 
supplementation, osteodystrophy, 1391 
Copper deficiency, 2163-2176, 2163b 
animal factors, 2164-2165 
clinical findings, 2168-2170 
clinical pathology, 2170-2172, 2170 1 
in congenital defects, 1837 
control, 2173-2175 
copper supplementation, 2173-2174 
copper toxicity, 2173 
dietary requirements, 2173 
genetic selection, 2175 
parenteral injections of copper, 2174-2175 
removal of sulfates, 2174 
slow-release treatments, 2175 
summary and guidelines, 2175 
dietary factors, 2165-2166, 21667 
effects on tissues, 2166-2168 
anemia, 2167 
blood vessels, 2167 
body weight, 2166-2167 
bone, 2167 

changes in gene expression, 2166 
connective tissue, 2167 
development of clinical signs, 2168 
diarrhea, 2167 
heart, 2167 

immune system, 2167-2168 
nervous tissue, 2167 
pancreas, 2167 

reproductive performance, 2167 
wool, 2166 

encephalomalacia and, 1190 
epidemiology, 2164-2166 
etiology, 2163-2164 
geographic distribution, 2164 


hepatic storage, 2168 
laboratory diagnosis, 2171-2172 
laboratory results, interpretation of, 2171 
in lambs, 1390 

molybdenum-sulfate relationship, 2168 
necropsy findings, 2172 
occurrence, 2164 
osteodystrophy and, 1388 
pathogenesis, 2166-2168 
phases, 2168, 21697 
primary 
etiology, 2163 

general syndrome, cattle, 2169 
risk factors, 2164-2166 
samples for confirmation of diagnosis, 2172, 

2172b-2173b 
seasonal occurrence, 2164 
secondary, etiology, 2163-2164, 2163f 
treatment, 2173 
utilization, 2168 

Copper oxide needles, for copper deficiency, 2175 
Copper poisoning 
chronic, hepatogenous, 820 
hepatogenous chronic, 823 
phytogenous chronic, 820 
secondary, 820 
in sheep, 647 
Copper sulfate, 103 
dietary supplementation, 2174 
oral dosing, 2174 

solution, for infectious footrot in sheep, 1446 
Coprophagia, 88 
Coprophagy, 169 
Cor pulmonale, 693 
in pulmonary hypertension, 882 
Core lipopolysaccharide antigen vaccine, 1954 
Cork-screw claw, 1537 
Cornea 

abnormalities of, 18 
odema of, 2078-2079 
Corneal opacity, congenital, 1659 
Coronary arteries, anomalous origin, 705 
Coronary thrombosis infarction, 692 
Coronavirus, 389 
equine, 384 
porcine, 388 
Coronaviruses, 385 
Corpora amylacea, 1986 
Corridor disease, 2145 
Corriedales, black livers in, 625 
Corticosteroids 

for bovine respiratory syncytial virus, 951 

for ketosis, 1715 

laminitis, horse and, 1397 

for pneumonia, 892 

for shock, 76 

Cortinarius speciocissimus, 2205 
Cortisol 

plasma, 78-79, 85 
salivary, 85-86 
Corydaline, 2210 

Corynebacterium, osteomyelitis and, 1393 
Corynebacterium bovis, 1906, 1939-1940, 

1940b 

Corynebacterium pseudotuberculosis 
caseous lymphadenitis, 764 
lymphadenitis, caseous, 761 
ulcerative lymphangitis, 763 
Corynebacterium suis, 1132 
Corynetoxins, 1197, 1198b-1200b 
Cough reflex, in pneumonia, 888 
Cough suppressants, for heaves, 1011 
Coughing 
in heaves, 1007 

in mycoplasmal pneumonia, 1073 
in ovine pulmonary adenocarcinoma, 978 
in pneumonia, 889 
in respiratory insufficiency, 853 
winter dysentery, cattle, 600-601 
Coumestans, phytoestrogen toxicosis, 1822 
Counterimmunoelectrophoresis test, 390 


Cowdriosis, 2031-2033, 2031b 
Cow-lifting devices, 1697 
Cowpox, 1587-1588, 1587b 
differential diagnosis of, 1588b 
Cows 

contact voltage, 105 
greasy heel of, 1554 
heat tolerance in, 52 

intravenous administration of fluids for, 146, 
1467-1477 

lowest behavioral perception, stray voltage, 105 
nymphomania in, 1822 
with puerperal metritis, identification of, 70 
selection of, for metabolic profile testing, 
1671-1673 
Cowside test, 1918 

for antimicrobial residues in milk, 1929 
for ketosis, 1712-1713 
left-side displacement of abomasum and, 507 
Coxiella burnetii, 1787 
Coxiellosis, 1792 

Coxofemoral joint, dislocation of, 1683 
Crackles, 852 

in ovine pulmonary adenocarcinoma, 978 
Crackling sounds, in heaves, 1007 
Cranial mesenteric artery, aneurysm, 692-693 
Cranial nerve dysfunction, signs of, 986 
Cranial nerves (CN) 

in nervous system examination, 1 164-1165 
vestibular disease in, 1161-1162 
Cranial neuritis, with guttural pouch mycosis, 1362 
Cranial thoracic masses, in equine pleuropneumonia, 
993 

Cranial vena caval thrombosis, 903, 9037 
Craniocerebral missile injury, experimental traumatic, 
1188 

Craniofacial deformity 
inherited, 1535 

prolonged gestation with, 1829 
Cranioschisis, inherited, 1534 
Cranioventral laparoscopy, 455 
Cranium bifidum, 1534 
C-reactive protein, 56 
Creatine kinase (CK) 

blood levels of, porcine stress syndrome and, 
1527-1528 

in cerebrospinal fluid, 1 177 
myopathy, 1380 
horse and, 1382 
plasma, myopathy and, 1470 
Creatinine 

concentration, 11 04 
equine colic, 231 

and naturally occurring combined abnormalities of 
free water, electrolyte, acid-base balance, 
and oncotic pressure, 134 
renal clearance of, 1 105 
renal insufficiency and, 1095-1096 
serum and, 1862 
Creep feeding 

coliform gastroenteritis, 315-316, 319 
for pneumonic pasteurellosis, 921 
Creole cattle, chromosomal translocation in, 1828 
Creosote (Coal tar creosote), 2193-2194 
Crepenynic acid, 2209 
Crib-biting, 1224 

Crohn's disease, humans, 556, 567 
"Crooked-calf disease", 1837 
Crop ears, 1661 
Crop maturity, bloat and, 475 
Cross-agglutination absorption test (CAAT), 
1115-1116 

Crowding, stress induction, 84 
Crown-rump length, gestation and, 1835 
Crush syndrome, in downer-cow syndrome, 1695 
Crushing, in mortality in piglet, 1833 
Cryotherapy 

laminitis, horse and, 1402 
for sarcoid, 1 587 
Cryptococcosis, 2160 

Cryptococcus spp., equine pleuropneumonia, 991 





Cryptorchidism, 1829 
Cryptosporidia, wild boar, 2008 
Cryptosporidiosis, 391, 397-400, 397b 
calves, 397 
clinical findings, 399 
clinical pathology, 399 
control, 399-400 
diagnosis, 399 
differential diagnosis, 399b 
epidemiology, 397-398 
etiology, 397 
goats, 397 

necropsy findings, 399 
occurrence, 397 
pathogenesis, 398 
pigs, 397 
prevalence, 397 
risk factors, 397-398 
sheep, 397 

source of infection, 397 
supportive treatment, 400 
transmission, 397 
treatment, 400 
zoonotic implications, 398 
Crystalline preparations, 166 
Crystalloid solutions, 138-141, 138f 
hypertonic, 138-139, 145 
hypotonic, 138-139 
isotonic, 138-139 

number of charged components, 138 
polyionic, 143, 145 
Crystalluria, 1103 
CSF acidosis, 139 
Cud, stealing, 459 
"Cud-dropping", 198 
Culard, 1516-1517 
Culicidae, 1631 

Culicoides brevitarsis, Akabane disease and, 1512 
Culicoides species, epizootic hemorrhagic disease 
and, 783 

Culling 

brucellosis associated with Brucella ovis and, 1776 
caseous lymphadenitis and, 767 
Johne's disease and, 562 
in mastitis control program, 1978 
milk fever and, 1678 
Mycoplasma mastitis, 1942 
in neosporosis, 1819 
rate, history-taking of, 7 
somatic cell count in, 1983 
for Staphylococcus aureus mastitis, 1934-1935 
Culture 

in guttural pouch empyema, 986 
methods, in Mycoplasma bovis, 935 
of pleuropneumoniae, in pigs, 1059 
in progressive atrophic rhinitis, 1051 
Curled toe, 1 537 
Curvularia geniculata, 798 
Cushing's syndrome, 1221 
Cutaneous actinobacillosis, 533 
Cutaneous angiomatosis, 1642 
Cutaneous asthenia, 1643 
Cutaneous cysts, 1558 
Cutaneous habronemosis, 1609 
Cutaneous lymphoma, 836f, 841-842 
Cutaneous lymphosarcoma, 748 
Cutaneous neoplasms, 1640-1641 
Cutaneous pain, 79 
Cutaneous stephanofilariasis, 1611 
Cutaneous T-cell lymphoma, 843 
Cutaneous trunci reflex, 1 174 
Cuttings, ingestion of, ruminal impaction and, 427 
Cyanide hydrocyanic acid, 832b, 834 
Cyanobacteria (blue-green algae) toxicosis, 100, 

101b 

clinical findings in, 102 
clinical pathology of, 102 
control of, 103 
diagnosis of, 102-103 
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differential diagnosis of, 103b 
epidemiology of, 101-102 
etiology of, 101 
freshwater toxins, various, 102 
ingestion of toxins, prevention of, 103 
necropsy findings, 102-103 
occurrence of, 101-102 
pathogenesis of, 102 
risk factors for, 102 
treatment of, 103 

Cyanogenic glycoside poisoning, 832b, 834 
animal risk factors of, 825-826 
clinical findings of, 826-829 
clinical pathology of, 826-827 
control of, 827 

cyanogenic risk factors of, 826 
diagnostic field tests of, 827 
differential diagnosis of, 832b 
environmental risk factors of, 826 
epidemiology of, 825 
etiology of, 825 
farm risk factors of, 826 
investigational treatments of, 827-828 
necropsy findings of, 827 
occurrence of, 825 
pathogenesis of, 826 
plant risk factors of, 826 
risk factors of, 825 

samples for confirmation of diagnosis, 827 
toxic variability of, 825 
treatment of, 827, 833b 
Cyanosis, in respiratory insufficiency, 853-854 
Cyathostomiasis 
diarrhea 
acute, 277-279 
chronic undifferentiated, 281 
larval, cecum, disease of, 257 
treatment, 281 
Cycad glycosides, 2209 
Cyclic octadepsipeptides (Emodepside), 1211 
Cyclooxygenase inhibitors, for shock, 76 
Cyclopia, 1535 

Cyclopiazonic acid (CPA), 2204 
Cyclops anomaly, 1 535 
Cylindrospermopsin, 102 

Cynanchoside, affecting nervous system, 1 195-1197 

Cynapine, 1200 

Cyproheptadine 

in equine pituitary pars intermedia dysfunction, 
1730 

for head-shaking, 1226 

Cystitis, 1131-1132, 1132b, 1137, 1143-1144 
differential diagnosis of, 1133b, 1144b 
Cystocentesis, 1099 

Cystometry, urinary system examination, 1108 
Cytokines 
for mastitis, 1927 

in PRRS infection, 1801-1803, 1802f 
Staphylococcus aureus mastitis, 1935 
Cytolisins, 2177 
Cytotoxic edema, 1180 
Cytotoxic necrotizing factor, 1882 


D 

1,25-(OH) 2 D receptor protein, milk fever and, 
1677 

Dactylomegaly, 1537 

Daft lamb disease 1, 1331-1332 

Daft lamb disease 2, 1331-1332 

Daily urine flow, variations in, 1097-1098 

Dairy calves 

administration of colostrum in, 1855-1856 
dehorning, stress, 85 
in enzootic pneumonia of calves, 940 
fetal disease in, 1832 
hand-fed, dietary diarrhea, 214 


hemonchosis in, 611 
lungworm in, 962 
management of, 1833 
mortality in, 1832 
postnatal disease in, 1832-1833 
Dairy cattle 
abomasal ulcer, 519 
abomasal volvulus, 510 
activity meters of, 1673 
biosecurity planning for, 37b 
body-condition scoring of, in fatty liver, 1722 
bovine herpesvirus-1 infection in, 955 
bovine respiratory syncytial virus in, 949 
bovine virus diarrhea virus vaccination, 596-597 
carbohydrate engorgement, 462 
diet of, 470, 502-503 

with endotoxic shock, hypertonic saline solution 
for, 141 

feed intake reduction manifestations, 88 
hyperthermia management for, 53 
intravenous dextrose infusion for, 152 
Johne's disease, 563 

lactational performance and health of, 1666 

lungworm in, 963 

milk production of, 1673 

phosphorus requirements for, 1489-1490 

reticuloperitonitis, traumatic, 483 

right-side displacement of abomasum and, 510 

rumination monitors of, 1673 

salmonellosis, 361 

selenium supplementation for, 1477 
transition period in, 1662-1664 
decrease nonesterified fatty acid (NEFA) supply 
during, 1722 

dry matter intake in, 1721 
energy balance in, 1721 
glucose demands during, 1722 
immunosuppression during, 1665 
metabolic adaptations during, 1721-1722 
record keeping during, 1667 
vaccination programs in, 960 
vitamin E supplementation for, 1477 
volume of colostrum ingested of, 1850-1851 
voluntary dry matter intake in, 1664-1665 
Dairy Herd Health and Productivity Service (DHHPS), 
1667-1668 

Dairy Herd Improvement Association (DHIA), 

1667 

Dairy herds 
biosecurity, in, 938 

bovine respiratory syncytial virus in, 947 
cold injury in, 51 

nutritional management in, 1748-1749 
Dairy-herd metabolic profile testing, 1668-1675 
Dallis grass staggers, 1202 
Dalteparin, 721 

Danish mix-ELISA (DME), 301-302 
Danofloxacin, for coliform mastitis, 1951 
Dantrolene sodium, 1381, 1386-1387, 1521 
Dapsone, 173 

Dark, firm, and dry (DFD) pork, 1527 
Darrow's solution, 140 
Database method, for diagnosis, 4-5 
"3-Day sickness", 2083 
Dead vaccines, 809 

Death by misadventure, volcanic eruptions, 109 
Decision analysis, 26-28 
Decision nodes, 27 
Decision tree, 27, 27f-28f 
Decomposing wood shavings, 1005 
Decompression 
in cerebral edema, 1 182 
gastric, 183, 257 
of nervous system, 1 178 
Decubitus ulcers, laminitis, horse and, 1400 
Deer 

copper deficiency, 2170 
epizootic hemorrhagic disease and, 785 
clinical findings, 784 
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Deer (Cont'd) 
farmed 

bovine tuberculosis in, 2017 
Johne's disease in, 553, 566 
Johne's disease in, 553, 566 
mycobacteriosis associated with MAC and with 
atypical mycobacteria, clinical and necropsy 
findings of, 2025 
Deer flies, 1626 
Defecation, 20-21 
clinical examination of, 11 
decreased frequency of, 180 
in equine colic, 227 
frequency increase, see Diarrhea 
frequency of, 21 

Deficiency of UMP synthase (DUMPS), 1727 
Defoliants, 2185 
Deformity, 1372-1375 
atlanto-occipital, inherited, 1534 
facial, in enzootic nasal adenocarcinoma, 970 
joints, 1375, 1388 
muscle and tendon, 1372 
skeleton, 1372-1375 
of tongue, 193 
Degenerative axonopathy 
inherited bovine, 1352 
of tyrolean grey cattle, 1348-1349 
Degenerative coxofemoral arthropathy, 1406 
Degenerative diseases, hereditary, familial, and 
idiopathic, 1187 

Degenerative joint disease, 1406-1411 
clinical findings of, 1408-1409, 14097 
control of, 1411 
diagnosis of, 1409-1410 
differential diagnosis of, 1410b 
epidemiology of, 1406-1407 
etiology of, 1406-1407 
lameness in pigs and, 1418-1424 
necropsy findings of, 1410 
osteoarthritis and, 1499-1500, 15007 
pathogenesis of, 1407-1408 
prevention of, 1411 
treatment for, 1410-1411 
Degenerative lesions, 4 
Degenerative myopathy, 1378, 1683 
Dehorning, 85 
Dehydration, 113-116, 132 
alimentary tract dysfunction, 177, 182 
carbohydrate engorgement of ruminants, 

465 

clinical findings in, 114-115 
clinical pathology of, 115 
enteritis, 209-210 
etiology of, 113, 1147 
horses, 114-115 
and hyperthermia, 52 
hypertonic, 116, 1177, 134 
hypotonic, 116, 1177, 134 
isotonic, 116, 1177, 134 
pathogenesis of, 113-114, 1147 
Delrad, 2187 
Delvotest P, 168 
Dembrexine, 872 
Demodectic mange, 1619, 1619b 
Demyelination, primary, 1185 
Dendritic cells, PPRSV and, 1799-1800 
Denmark, bovine virus diarrhea virus eradication 
program, 598 

Dental alveoli, actinomycosis, 531 
Dental fluorosis, 194 
fluoride toxicosis and, 1508 
Deoxynivalenol, 2213-2214 
Department of Agriculture (USDA), Pathogen 

Reduction Hazard Analysis of Critical Points 
System (HACCP) and, 543 
Depopulation 
Bang's disease and, 1769 
repopulation and, in porcine reproductive and 
respiratory syndrome, 1811, 18117 
Depression, states of, 11 59 
Dermal melanomatosis, 1641 


Dermatitis, 1546-1549, 1546b 
caprine idiopathic, 1 548 
in cattle, 1 547 

clinical findings of, 1547-1549 
clinical pathology of, 1 549 
diagnosis of, 1 549 
differential diagnosis of, 1 549b 
etiology of, 1 546-1547 
in goats, 1547 
in horses, 1547 
pathogenesis of, 1547 
in pigs, 1 547 

plant poisoning and, 1637 
in sheep, 1547 
treatment of, 1549 

Dermatitis-nephropathy syndrome, 1110 
Dermatomycoses, 1 600-1603 
Dermatophilosis, 1570-1573, 1570b 
in cattle, 1 571 
clinical findings of, 1572 
clinical pathology of, 1 572 
control of, 1 573 
differential diagnosis of, 1 573b 
economic importance of, 1572 
environmental and management risk factors of, 
1571 

epidemiology of, 1570-1571 
etiology of, 1570 
experimental disease of, 1 572 
in horses, 1571 

host risk factors of, 1571-1572 
necropsy findings of, 1 573 
pathogen risk factor of, 1572 
pathogenesis of, 1572 
source of infection in, 1571 
transmission of, 1571 
treatment of, 1573 
Dermatosis, 1546-1549 
Dermatosis vegetans, 1643, 1647-1648 
inherited, 1646 

Dermatosparaxis, 1643, 1646-1647 
Dermis, diseases of, 1 543-1544 
Dermoid cysts, 1643 
ocular, 1659, 16607 

Deworming, colic and, prevention of, 239 
Dexamethasone 

for decompression, 1179, 1182 
for endotoxemia, 66 

for granulomatous enteritis, of horses, 283 
for heaves, 1009-1010 
Dexamethasone suppression test, 1728 
Dexamethasone-21-isonicotinate, for heaves, 
1009-1010 

Dextran, preparations of, 142 
Dextrose 

five percent, 139 
fifty percent, 140 
for ketosis, 1713 
Dhurrin poisoning, 827 
Diabetes insipidus, 1097, 1105 
Diabetes mellitus, 656 
in cows, 656 
glucosuria, 1102 
in horses, 656 

insulin-dependent, spontaneous, 584 
Diagnosis, making a, 1-28 
arborization or algorithm method, 2-3 
computer-assisted, 25-26 
database method, 4-5 
diagnostic methods, 2-5 
hypothetico-deductive reasoning, 2 
interpretation of laboratory data, 22-25 
key abnormality method, 3-4, 3 f 
syndrome or pattern recognition, 2 
Dianthrone derivatives, plant poisoning by, 

1637 

Diaphragm 
diseases of, 895-896 
diaphragmatic hernia in, 900-901, 9017 
hemothorax in, 895-896, 896b 
hydrothorax in, 895-896, 896b 


pleuritis (pleurisy) in, 896-899, 898b, 8997 
pneumothorax in, 899-900, 900b 
perforation of, 896 

Diaphragmatic hernia, 496-499, 900-901, 9017 
differential diagnosis of, 496b 
strangulated, 254 

Diaphragmatic muscle dystrophy, 1378, 1380, 1515 
Diaphragmatic paralysis, 1362 
Diaporthe toxica, 651 

Diarrhea, 131-132, 1317, 179-180, 204-213, 625 
abnormal intestinal motility, 209 
bunostomosis, 614 

carbohydrate engorgement of ruminants, 465 
dehydration, 177 
dehydration and, 113-115, 143 
dehydration tree for, 1447 
exudative, 208 
in horses, 150 
hyponatremia and, 116 
malabsorption syndromes, 180 
mechanisms of, 208-209 
new neonatal, 343 

of newborn farm animals, acute undifferentiated, 
373-377 

oral electrolyte solutions for, 149 
osmotic, 208 
pathophysiology, 180 
in pigs, 337-338 
plants and, 429 
porcine epidemic, 350-353 
porcine intestinal spirochetosis, 335 
secretory, 208-209 
stomach fluke disease and, 618 
viral, 384-393 
see also Enteritis 
Diarrhea, horses, 220-236 
acute, of adult horses, 276-280, 276b-277b 
antibiotic administration, 277 
clinical pathology, 278 
clinical signs, 278 
control, 280 

diagnostic confirmation, 278-279 
differential diagnosis, 279b 
epidemiology, 277 
etiology, 277 
necropsy, 279 
pathogenesis, 277-278 
risk factors, 277 
treatment, 279-280 
acute, of suckling foals, 273-276 
clinical pathology, 275 
clinical signs, 275 
control, 276 

diagnostic confirmation, 275 
epidemiology, 273-275 
etiology, 273, 274f 
lesions associated with, 275 
pathogenesis, 275 
risk factors, 273 
treatment, 275-276 

chronic undifferentiated, 280-282, 280b 
clinical findings, 281 
clinical pathology, 281 
control, 282 

differential diagnosis, 281b 
etiology, 280 
necropsy findings, 281 
treatment, 281-282 
Diarrheic calf 

categorizing, into treatment groups, 1889 
change in small intestinal bacterial flora in, 1889 
hyperkalemia in, 1884 
hypernatremia in, 1884 
incidence of bacteremia, 1889-1890 
Diastolic failure, 660 
Diastolic murmurs, 686 
Diazepam, 1179 

Didazuril, for equine protozoal myeloencephalitis, 

1312 

Diclofenac, for pain, 83 
Dicoumarol poisoning, 826b, 832-834 





Dicrocoelium dendriticum 
biliary obstruction, 624 
infection, 645 

Dictyocaulus arnfieldi, 1047 
Dictyocaulus filaria, 980 
Dictyocaulus viviparus, in cattle, 961, 980 
Diet 

buffers, carbohydrate engorgement prevention, 
470-471 

calcium-to-phosphorus ratio in, 1686 
cobalt deficiency risk factors of, 816 
coliform gastroenteritis, of pigs, 316 
enteritis, 212 

enterohemorrhagic Escherichia coli control, 542 

equine colic, risk for, 224 

for equine hyperkalemic periodic paralysis, 1 524 

frothy bloat and, 475 

gastric ulcers, 248 

for laminitis in ruminants and swine, 1405 
left-side displacement of abomasum risk, 502-503 
myopathic agents in, 1462 
polyunsaturated fatty acids in, 1462 
ration change, carbohydrate engorgement of 
ruminants, 461 

for recurrent exertional rhabdomyolysis, 1521 
swine dysentery, 333 

total mixed rations, carbohydrate engorgement 
prevention, 470 
Dietary cation-anion difference 
acid-base balance of dairy cows and, 1688 
calculating, 1687f 
milk fever and, 1678, 1686-1687 
Dietary diarrhea, 213-215 
clinical findings, 214-215 
clinical pathology, 215 
differential diagnosis, 215 b 
etiology, 213-214 
necropsy findings, 215 
pathogenesis, 214 
treatment, 215 
Dietary medication, 161-162 
Diffusion impairment, in hypoxic hypoxia, 847 
Digestion, faulty, weight loss, 93-94 
Digestion tests, 184-186, 211 
Digestive function, alimentary tract dysfunction, 178 
Digestive tract lesions, 837 
Digital cooling, laminitis, horse and, 1402 
Digital dermatitis, bovine, 1435-1441, 1435b 
clinical findings of, 1436-1437, 1437f 
clinical pathology of, 1437-1438 
control of, 1440, 1440b-1441b 
differential diagnosis of, 1438b 
economic importance of, 1436 
epidemiology of, 1435-1436 
etiology of, 1435 
immune mechanisms of, 1436 
pathogenesis of, 1436 
pathology of, 1438 
risk factors of, 1436 

treatment for, 1438-1440, 1440b-1441b 
Digits, splayed, inherited, 1517-1518 
Digoxin, 662 
Dimethyl disulfide, 832 
Dimetridazole, 331-332 
Diminazene, 1821 

Dioctyl sodium sulfosuccinate, 234, 517 
Diphtheria, 534b 
Diplodia maydis, 1197 
Dipping 

caseous lymphadenitis risk factor, 764 
malignant edema and, 1429 
tick-borne fever control, 778 
Dipyrone, 234 

Direct test, for bovine tuberculosis, 2018-2019 
Directigen Flu A test, in equine influenza, 1035 
Discoid lupus erythematosus, 1 548 
Discrete dermal melanomas, 1641 
Disease history, history taking of, 6-7 
Disease wastage, performance shortfalls and, 94 
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Disinfection 

biosecurity and, 40-41, 40f 
swine dysentery, 333 
Disk susceptibility tests, 155 
Disophenol, 612 
Disseminated aspergillosis, 1045 
Disseminated intravascular coagulation, 725-728 
clinical pathology of, 726-727 
clinical signs of, 726 
diagnostic confirmation of, 727 
diarrhea, acute, 280 
endotoxemia and, 61-62 
epidemiology of, 725-728 
etiology of, 725-728 
necropsy examination of, 727 
pathophysiology of, 726 
prevention, 280 
prognosis of, 725-726 
septicemia and, 58 
treatment for, 66, 280, 727 
Distal renal tubular acidosis (type I), 1114 
Disulfide plant toxicosis, 837, 839b 
differential diagnosis of, 840b 
Diterpenoid alkaloid toxicosis, 2196-2197, 2196b 
clinical findings, 2196 
clinical pathology, 2197 
control, 2197 

differential diagnosis, 2197b 
epidemiology, 2196 
etiology, 2196 
necropsy findings, 2197 
occurrence, 2196 
pathogenesis, 2196 
risk factors, 2196 
treatment, 2197, 2197b 
Diterpenoid (kaurene) glycosides, 1195 
Diuretics, 661 
Diverticulitis, of pigs, 291 
DNA probe, in Mycoplasma bovis, 935 
Dobutamine 
for endotoxemia, 65 
heart failure and, 662 
Doddler calves, 1331 
Dogs 

Brucella abortus infection in, 1762 
definitive host, of neosporosis, 1817-1818 
"Dog-sitting" posture, 1162 
Donkeys 

equine infectious anemia and, 794 
heat stress in, 53 
septicemia in, 57 
Doppellender, 1516-1517 
Doramectin 
bunostomosis, 614 

for parasitic gastroenteritis in ruminants, 607 
Double muscling, 1516-1517 
Double-outlet right ventricle, 705 
Doubling-muscling, in cattle, 1378 
Dourine, 1819-1821, 1819b 
clinical findings of, 1820 
clinical pathology of, 1820 
differential diagnosis of, 1821b 
epidemiology of, 1819-1820 
etiology of, 1819 
immune mechanism of, 1820 
incubation period of, 1820 
necropsy findings of, 1820-1821 
occurrence of, 1 820 
pathogenesis of, 1 820 
secondary stage of, 1820 
tertiary stage of, 1 820 
transmission of, 1 820 
treatment of, 1821, 1821b 
Downer-cow syndrome, 1173, 1693-1699, 

1693b 

antiinflammatory therapy for, 1697 
assisted lifting for, 1697-1698 
bedding for, 1697 
clinical care for, 1697 


clinical examination of, 1696 
clinical findings in, 1695-1696 
clinical pathology of, 1696 
coliform mastitis and, 1947 
control of, 1698 

differential diagnosis of, 1696b-1697b 
disposition of, 1698 
epidemiology of, 1693-1694 
etiology of, 1693 
euthanasia for, 1698 
fluid and electrolyte therapy for, 1697 
handling of, 1698 
milk fever and, 1678, 1683, 1694 
myopathy and, 1378, 1380 
necropsy findings of, 1696 
occurrence of, 1 693-1694 
pathogenesis of, 1694-1695 
risk factors of, 1 694 
transportation of, 1698 
treatment of, 1697-1698, 1698b 
Doxapram, 870 
Doxycycline 

for Mycoplasma pneumonia, 1068 
for pleuropneumoniae, of pigs, 1062 
Drechslera campanulata, 654 
Drenching, of magnesium, for hypomagnesemic 
tetany, 1705 

Drooling, of saliva, 178-179 
"Dropped pulse", 665, 680 
Drowning, 893-894 
Dry coat, 1561-1562 
Dry cow 

antimicrobial therapy for, 1974-1976 
external teat sealants for, 1976 
internal teat sealants for, 1976 
intramammary devices for, 1976-1977 
intramammary infection 
epidemiology of, 1973-1974 
risk factors of, 1973 
types of pathogen, 1973 
management 
of environment for, 1977 
and therapy, in mastitis control program, 
1973-1977 

metabolic profile testing of, 1672 
nutritional management of, 1977 
Dry cow therapy, 1 928 
blanket, 1928 

for environmental streptococci, 1957 
lactation therapy and, 1928 
for mastitis, 1928 

in mastitis control program, 1973-1977 
selection of cow for, 1983 
selective, 1928 

for Staphylococcus aureus mastitis, 1935-1936 
Dry gangrene, 1557 
Drying off, method of, 1974 
Dummy foal, 1871-1874 

see also Equine neonatal maladjustment syndrome 
Dummy syndrome, 10 
hepatitis, 631 
plants causing, 649 
Dummy-calf syndrome, 1868 
Duodenal ileus, 525-527 
Duodenal ulceration, 245 
Duodenal-abomasal reflux, 501 
Duodenitis-proximal jejunitis, 255-257, 255b-256b, 
257f 

Duodenum, stomach fluke disease in, 618 
Dust, 106 

caseous lymphadenitis risk factor, 764 
Dusty feed, 893 

Dwarfism, inherited, 1532-1534 

Dye dilution, cardiac output measurement, 673 

Dyschondroplasia, 1410 

Dysentery 

enteritis, acute, 210 
hemorrhagic enteritis, 449 
plants and, 429 
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Dysmaturity, 1859-1860 
Dysmetria, 1161, 1172 
Dysmyelination, inherited spinal, 1350 
Dysphagia 
causes of, 178 

in cranial nerve dysfunction, 986 
esophageal obstruction, 200 
plants and, 429 
Dyspnea, 848 
bloat and, 477 
definition of, 846 

diseases causing, in exercise tolerance, 849 
expiratory, 848-849 
inspiratory, 849, 878 
in mycoplasmal pneumonia, 1073 
in ovine progressive pneumonia, 973, 975 
in pneumonia, 889 
Dystocia, milk fever and, 1678 
Dystrophy-like myopathy, in foal, 1378 
Dysuria, 1098 


E 

E2 glycoprotein, 2109 
Ear 

cancer, 1640-1641 
clinical examination of, 21-22 
external, diseases of, 1540-1661 
Ear mange, 1621-1622 
differential diagnosis of, 1622b 
Ear-chewing, in pigs, 1225 
Ear-tip necrosis, 1661 

East Coast fever (ECF), 2144-2148, 2145b 
biosecurity concerns, 2146 
clinical findings, 2146-2147 
clinical pathology, 2147 
control, 2147-2148 
economic importance, 2146 
environmental factors, 2146 
epidemiology, 2145-2146 
etiology, 2145 

experimental reproduction, 2146 
immune mechanisms, 2146 
methods of transmission, 2145-2146 
morbidity and case fatality, 2145 
necropsy findings, 2147 
occurrence, 2145 
pathogenesis, 2146 
risk factors, 2146 
treatment, 2147, 2147b 
Eastern encephalitis, of horses, 1269b, 
1294-1300 

animal risk factors of, 1274-1275 
case fatality of, 1275 
clinical findings of, 1276 
clinical pathology of, 1276-1277 
control of, 1277-1278 
differential diagnosis of, 1271b 
distribution of, 1273-1281 
epidemiology of, 1272 
etiology of, 1271-1272 
morbidity of, 1275 
necropsy findings of, 1277 
pathogenesis of, 1276 
protection from insects of, 1278 
samples for diagnostic confirmation of, 1277 
transmission of, 12667 
treatment for, 1 277 
vaccination of, 1278 
viral ecology of, 1273-1274 
zoonotic aspects of control, 1278-1279 
zoonotic implications of, 1275-1276 
Eating, clinical examination of, 11 
Ecbolic drugs, for puerperal metritis, 70 
Eccentric hypertrophy (cardiac dilatation), 659 
Echocardiography, 672-673 
Doppler, cardiac output measurement, 673 
fetal, 672 

pericarditis and, 709 


Eclampsia, 1736-1737 
in postpartum dysgalactia syndrome, 1996 
Ecthyma, contagious, 1985 
Ectopic heart, 704 
Ectopic ureter, 1139 
Edema, 880-882, 881b 
cerebral, see Cerebral edema 
colibacillosis and, 1886 
in dourine, 1820 

equine granulocytic anaplasmosis, 768 

heart failure, right-sided chronic (congestive), 660 

hepatitis and, 631 

in horses, 130 

liver disease and, 624 

localized, 130 

oncotic pressure and, 128-130 
trauma at parturition and, 1843 
trichostrongylid infection, 605 
udder, 1985, 1989-1990, 19897, 1989t 
Edema disease, 312-315, 312b 
clinical findings, 313-314 
clinical pathology, 314 
control, 314-315 
differential diagnosis, 314b 
epidemiology, 313 
etiology, 312-313 
necropsy findings, 314 
pathogenesis, 313 
treatment, 314 
Edema factor (EF), 2012 
Education, Johne's disease, 564 
Effusive pericarditis, idiopathic, 708 
Eggs, stomach fluke disease and, 618 
EHEC. see Enterohemorrhagic Escherichia coli (EHEC) 
Ehlers-Danlos syndrome, 1643 
Ehrlichia (Cowdria) ruminantium, 2031 
Eicosanoids 
endotoxemia, 60 
in maldistributive shock, 72 
Einthoven's triangle, 667-668 
Eisenmenger complex, 705 

Elaeophoriasis (filarial dermatitis in sheep), 714-715, 
715b 

Elaphostrongylosis, 1345 
Elaphostrongylus, 1341-1345 
Elastosis, 996 
Electric fields, 106-107 
Electrical cardioversion, atrial fibrillation, 683 
Electrical transmission wires, 104 
Electrocardiographic examination 
equine grass sickness, 285 
uroperitoneum in foals and, 1 142 
Electrocardiography (ECG), 666-670 
atrial fibrillation, 680-683 
atrial premature complex, 680 
atrioventricular block and, 679-680 
depolarization and, 666-668 
endocarditis, 689 
equipment of, 665 
fetal, 668-669 

heart rate variability, 669, 6697 

lead systems, 667-668 

pericarditis and, 708-709 

repolarization, 666-668 

second-degree atrioventricular block, 679 

sinus arrhythmia and, 675 

telemetry, 668 

ventricular premature complexes, 680 
ventricular tachycardia, 684 
Electrocution, sudden death by, 100, 103-105, 

103b 

clinical findings in, 104 
clinical pathology of, 104 
control of, 105 
diagnosis of, 105 

differential diagnosis of, 104b-105b 
epidemiology, 104 
etiology, 103-104 
necropsy findings in, 104 
pathogenesis of, 104 
treatment of, 105 


Electroencephalography 
of brain abscess, 1191-1193 
in nervous system examination, 1 177 
Electrolyte, serum 
enteritis, 209 
equine colic, 230 
Electrolyte abnormalities 
diarrhea, in foals, 276 
exercise intolerance, 99 
Electrolyte imbalances, 113, 116-123 
enteritis, 209 

naturally occurring, 130-137 
Electrolyte paste, 150-151 
Electrolyte status 
diarrhea, acute, 279 
dynamics of, 131-132 
Electromyography 

for equine hyperkalemic periodic paralysis, 1524 
in nervous system examination, 1 177 
Electron microscopy 
viral diarrhea, 389 
winter dysentery, cattle, 601 
Electroretinography, in nervous system examination, 
1177 

Elementary bodies, of Chlamydophila abortus, 

1786 

"Elephant on a tub stance", 285 
Elephant skin disease, 1607-1608, 1607b 
Elevated functional residual capacity, heaves in, 
1007 

Elk, 1762 

Brucella abortus, 1762 
strain RB51 vaccines, 1772 
Ellis van Creveld syndrome, 1532-1534 
Elso heel, 13487, 13507, 1351 
Emaciation 

liver disease and, 624 
in ovine progressive pneumonia, 975 
Embolic arteritis, 710 
Embolic infarction, 691 
Embolic nephritis, 1115, 1131 
Embolic pneumonia, in cattle, 902-903 
Embolism, 709-711, 709b 
endocarditis, 689 
Embryo technology, 833 

Embryologic development, in vitamin A deficiency, 
1322 

Emphysema, pulmonary, 883-885 
Enamel erosion, 194 
Encephalitis, 1182 

in bovine herpesvirus-1 infection, 954 

in cattle, 1183 

clinical findings of, 1 184 

clinical pathology of, 1184 

differential diagnosis of, 1183b 

entrance of viruses in, 1185 

etiology of, 1182-1183 

in goats, 1183-1184 

in horses, 11 84 

leptospirosis, 1120 

listerial, 1337-1339 

necropsy findings of, 1 184 

in new world camelids, 1 184-1186 

pathogenesis of, 1 184 

in pigs, 1184 

in sheep, 1 183 

West Nile, Kunjin, Murray Vallesy, 1265b, 
1286-1293 

Encephalomalacia, 1184-1186 
clinical findings of, 1 187 
clinical pathology of, 1187 
differential diagnosis of, 1 186b 
etiology of, 1186 

focal symmetric, 1232b, 1262-1265 
in horses, 11 86 
necropsy findings of, 1 187 
pathogenesis, 11 86-1187 
in pigs, 1186 
in ruminants, 1 186 
treatment of, 1 187 
Encephalomalacia syndrome, 2211 






Encephalomyelitis 
acute viral, 1290-1291 
subacute viral, 1291 
verminous, 1185 
viral, in horses, 1286f 
Encephalomyocarditis virus disease, in pigs, 
695-697 

differential diagnosis of, 697b 
Encephalopathy, 1 159 
congenital, 1218-1219 
inherited, 1218-1219 
metabolic, 1191-1193 
in pregnancy toxemia, in sheep, 1724 
toxic, 1191-1193 
Endemic instability, 800 
Endemic stability, 800 
Endocarditis, 688-690, 688b 
in cattle, 688 
clinical course of, 689 
clinical findings of, 689 
clinical pathology of, 689-690 
differential diagnosis of, 690b 
echocardiography and, 672 
epidemiology of, 689 
etiology of, 688-689 
in horses, 688 
necropsy findings of, 690 
pathogenesis of, 689 
in pigs, 688-689 
relapse, 690 
in sheep, 688-689 
treatment of, 690 
ventricular septal defects and, 

704-705 

Endocrine diseases, 1662-1757 
Endocrinopathic laminitis, 1396 
Endogenous creatinine clearance, 1 104 
Endogenous pyrogens, 54 
Endorphins, 80 

Endoscopic bronchoalveolar lavage, 862 
Endoscopic examination 
of airways, 855-856 
in guttural pouch empyema, 985 
in guttural pouch tympany, 987 
in heaves, 1007, 1008 f 
of paranasal sinuses, 856 
in rhinitis, 875 
of tracheal secretions, 861 
Endoscopy 

alimentary tract, examination of, 184 
equine colic, 239 
esophageal obstruction, 202 
rhinolaryngoscopy in, 1177 
urinary system examination and, 1107 
Endothelial adhesion molecules, 60 
Endothelin (ET)-1, septic arthritis synovitis in horse 
and, 1413 
Endotoxemia, 59-67 
biochemical mediators, 60-61 
clinical findings, 63 
clinical pathology, 63-64 
control of, 66 
definition of, 59 
diarrhea, acute, 280 
equine colic, 225, 234 
etiology of, 59-60 
hyperdynamic stage of, 72 
laminitis, horse and, 1399 
necropsy findings, 64 
pathogenesis, 60-63 
prophylaxis, 234, 280 
reticulorumen motility, primary contraction 
influence, 439 
in ruminal atony, 437 
severe, 63 

treatment for, 64-66, 280 
Endotoxins, 57-59, 2034 
maldistributive shock and, 72 
tolerance to, 63 
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Energy 

balance, in dairy-herd metabolic profile testing, 
1668-1670, 1672, 1673f 
deficiency of, 1753 
England, swine influenza in, 1078 
Enoxaparin, 721 
Enrofloxacin 

for coliform mastitis, 1951 
in pneumonic pasteurellosis, 920 
Enteric disease, with Clostridium perfringens, 545 
Enteritis, 204-213 
acute, 210 
cattle, 205 1 
chronic, 209-210 
clinical findings, 210 
clinical pathology, 210-211 
control, 213 

differential diagnosis, 211b 
epidemiology, 204-208 
etiology, 204-208 
gastritis and, 210 
glucosinolate toxicosis and, 2203 
goats, 207f-208f 
granulomatous, 282-283 
horses, 206f, 282-283 
listeriosis and, 1337, 1339-1340 
location of lesion, 209 
necropsy findings, 211 
necrotic, 324 
pathogenesis, 208-210 
pharmacodynamics of drug, 210 
pig, 206f-207f 
proximal, 255-257 
salmonellosis, 300, 365 
sheep, 207f-208f 
stomach fluke disease, 618 
treatment, 212-213 
yersiniosis, 337 
see also Diarrhea 
Enterocolitis 

associated with Clostridium difficile, 377-379, 
377b, 379b 

Clostridium perfringens type A, 545 
lymphocytic-plasmacytic, 283 
Enterohemorrhagic Escherichia coli (EHEC), 
536-544 

acid resistance, 538 
antimicrobial resistance, 538 
in cattle, 536-537 
clinical pathology, 541 
control, 541 
ecology of, 541 
economic importance, 540 
epidemiology of, 536-540 
etiology of, 536 

experimental reproduction, 540-541 

in goats, 537 

immune mechanisms, 539 

mechanisms, 538 

occurrence, 536-537 

outbreaks, 536 

pathogenesis, 540-541 

in pigs, 537 

prevalence, 536-537 

risk factors, 537-538 

in sheep, 537 

sources of organism, 538-539 
transmission, 538-540 
vaccination, 539, 542 
virulence attributes, 538 
zoonotic implications, 539-540 
Enteroliths, 264-266, 266 f 
Enteropathy, 204-213 
Enterotoxemia, 312-315 
Clostridium perfringens type A, 545-546 
Clostridium perfringens type D, 1227b, 
1259-1262 

animal and management risk factors of, 
1228-1229 


clinical findings of, 1229 
clinical pathology of, 1230 
control of, 1231 

differential diagnosis of, 1227b-1228b 
epidemiology of, 1228 
etiology of, 1227-1239 
experimental reproduction, 1228-1230 
necropsy findings of, 1230 
occurrence of, 1228 
pathogenesis of, 1229 
samples for diagnostic confirmation of, 
1230-1231 
treatment for, 1231 

Clostridium perfringens types B, C and E 
associated, 546-549, 546b 
antiserum, 548-549 
clinical findings, 547-548 
clinical pathology, 548 
control, 548-549 
differential diagnosis, 548b 
epidemiology, 547 
etiology, 546-547 
goat, 546 

necropsy findings, 548 
outbreaks, 548-549 
pathogenesis, 547 
treatment, 548 
vaccination, 548 
Enterotoxic colibacillosis, 391 
Enterotoxins, 59 
Entropion, 1659 
Environment 

bacillary hemoglobinuria, 635-636 
black disease, 637 
bovine herpesvirus-1 infection, 953 
bovine mastitis and, 1910-1911 
bovine respiratory syncytial virus in, 947 
bovine virus diarrhea virus (BVDV), 580 
chronic enzootic pneumonia, 973 
cobalt deficiency risk factors of, 816 
colibacillosis and, 1881 
coliform mastitis and, 1945, 1953 
congenital defects and, 1 838 
contamination of, and piggery, 169 
control of, for respiratory tract disease, 873 
enterohemorrhagic Escherichia coli in, 537-539, 
542 

enzootic pneumonia of calves, 940-941 
equine grass sickness, 284 
equine influenza, 1032 
examination of, 8-10 
gastric ulcers, 288 
of heaves, 1004-1005 
Johne's disease and, 555, 567 
malnutrition and, 90 

mastitis control program and, 1978-1980 
for musculoskeletal system disease, 1377 
in Mycoplasma bovis, 934 
in Mycoplasma pneumonia, 1065-1066 
mycoplasmal pneumonia, 1072-1073 
osteodystrophy and, 1 389 
ovine pulmonary adenocarcinoma, 978 
pleuropneumoniae, of pigs, 1058 
pneumonic pasteurellosis, 915 
porcine intestinal spirochetosis, 336 
porcine reproductive and respiratory syndrome 
and, 1797 

salmonellosis, 361-362 
sodium chloride poisoning, 829-832 
Staphylococcus aureus mastitis and, 1931-1932 
stress and, 85-86 
swine dysentery, 328 
swine influenza, 1079 
winter dysentery, cattle, 600 
Environmental pollutants, 106 
Environmental streptococci, 1906, 1955-1958, 
1955b 

clinical findings of, 1956 
clinical pathology of, 1956-1957 
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Environmental streptococci (Cont'd) 
control of, 1957 
differential diagnosis of, 1957b 
economic importance of, 1956 
epidemiology of, 1955-1956 
etiology of, 1955 
occurrence of, 1955-1956 
pathogenesis of, 1 956 
prevalence of, 1955-1956 
risk factors of, 1955-1956 
source of infection in, 1955 
treatment of, 1957, 1957b-1958b 
vaccination of, 1957 

Enzootic ataxia, in lambs and goat kids, 2169-2170 
Enzootic bovine leukosis (EBL), 838, 841b 
animal risk factors of, 833 
antibodies of, 834 
calf management of, 834-835 
cardiac lesions, 837 
clinical findings of, 835b 836 
clinical pathology of, 837 
congenital infection, 833 
diagnosis of presence of infection, 837 
differential diagnosis of, 842b-843b 
digestive tract lesions, 837 
economic importance of, 835 
enlargement of superficial lymph nodes, 836 
environmental and management risk factors, 834 
epidemiology of, 832 
etiology of, 832 
experimental transmission, 834 
genetic resistance and susceptibility, 833 
lesions and clinical disease of, 836 
less common lesions, 837 
methods of transmission of, 832-833 
necropsy findings of, 839 
nervous system involvement, 837 
pathogen risk factors of, 834-835 
pathogenesis of, 802b 835-836 
risk factors of, 833 

samples for confirmation of diagnosis, 839 
susceptibility to diseases, 834-836 
trade restrictions of, 835-836 
zoonotic implications of, 835 
Enzootic calcinosis, 1 504-1505 
of muscles, 1388 

Enzootic calf pneumonia (ECP), 914 
Enzootic nasal adenocarcinoma, 875, 970f 
Enzootic nasal granuloma (ENG), of cattle, 901-902 
Enzootic nutritional muscular dystrophy, 1378, 1460 
Enzootic pneumonia (EP), 1064, 2009, 2044b 
of calves, 939-946, 939b 
clinical findings in, 943, 943f 
clinical pathology in, 943-944 
control for, 945-946 
differential diagnosis of, 944b 
epidemiology of, 940-942 
etiology of, 939-940 
necropsy findings in, 944 
pathogenesis of, 942-943 
risk factors for, 940-942 
treatment of, 945, 946b 
chronic, of sheep, 972-973, 972b 
Enzootic posthitis, 1152, 1152b—1153b 
differential diagnosis of, 1154b 
treatment and prophylaxis of, 1154b 
Enzootic staphylococcosis, of lambs, 2039-2040, 
2039b 

Enzyme-linked immunosorbent assay (ELISA), 2009 
antibody capture, 1123-1124 
in assessment of transfer of passive immunity, 
1854 

bovine virus diarrhea virus and, 586-587 
for Brucella abortus, 1767 
for Brucella ovis, 1776 

in equine herpesvirus-1 and -4 infection, 1041 
in equine influenza, 1034 
in fasciolosis, 643-644 
indirect, 1123 

Johne's disease and, 559-560, 569 
leptospirosis and, 1123 


in lungworm, 963 

in Mycoplasma bovis, 935 

in Mycoplasma pneumonia, 1066-1067 

for neosporosis, 1819 

for ovine enzootic abortion, 1787 

in ovine progressive pneumonia, 976 

in pleuropneumoniae, of pigs, 1060 

of pseudorabies, 1248 

salmonellosis and, 301-302, 368 

in serum or milk, 838 

for Staphylococcus aureus mastitis, 1 934 

in swine influenza, 1082 

test, 805 

viral diarrhea, 390 
winter dysentery, cattle, 601 
Enzymology, for musculoskeletal system disease, 
1377 

Eosinophilia, 746 
Eosinophilic enteritis, 797 
idiopathic focal, 283 
Eperythrozoon sui, 782 
Eperythrozoonosis, 777-779, 783b 
Epidemic curves, temporal pattern and, 32 
Epidemic hyperthermia, 2199 
Epidemiologic investigations, for examination of 
herd or flock, 29 

Epidermal dysplasia, inherited, 1643, 1645 
Epidermis, diseases of, 1 543-1544 
Epidermolysis bullosa, 1643, 1645-1646 
Epididymitis, 1765 

Epidural abscess, of spinal cord, 1348 
Epidural pressure, 1176 
Epiglottic conformation, 983 
Epiglottic entrapment, 988-989, 9887 
Epiglottic retroversion, during exercise, 988 
Epiglottitis, 988 
Epilepsy, 1225 

inherited idiopathic, of cattle, 1331-1333 
Epinephrine, in pulmonary edema, 882 
Epiphysiolysis, lameness in pigs and, 1423-1424 
Epiphysitis, 1389 
Epiploic foramen 

entrapment of, small intestine, 254 
intestinal herniation through, 252 
Epistaxis, 877-878 
causes of, in horses, 10011 
clinical examination of, 877 
etiology of, 877 

in exercise-induced pulmonary hemorrhage, 997, 
999 

in respiratory insufficiency, 854-855 
treatment of, 877 

Epithelial tissues, in vitamin A deficiency, 1322 
Epitheliogenesis imperfecta, 1643, 1645 
Epizootic abortion, neosporosis and, 1818 
Epizootic bovine abortion, 1769 
Epizootic hemorrhagic disease, 784-785, 785b 
clinical findings of, 784-785 
clinical pathology of, 784 
control of, 785, 839 
differential diagnosis of, 792b 
economic importance of, 783 
epidemiology of, 782 
eradication programs of, 839 
etiology of, 782 
host occurrence of, 782-783 
host risk factors of, 783 
limitation of spread of infection, 840-841 
method of transmission of, 783 
morbidity and case fatality and, 783 
necropsy findings of, 785 
occurrence of, 782-783 
pathogenesis of, 783-784 
reduction of infection through vector abatement, 
785 

sample for confirmation of diagnosis, 785 
treatment of, 785, 839 
Epizootic hemorrhagic disease virus (EHDV), 

785b 

Epizootic lymphangitis, 806b, 811-814 
differential diagnosis of, 811b 


Eprinomectin 
for lungworm, 964 

for parasitic gastroenteritis in ruminants, 607 
Epsiprantel, 1212 
Epsom salts, 123, 459 
Equid besnoitiosis, 1607-1608 
Equid herpesvirus-1 myeloencephalopathy, 1283b, 
1301-1302 

clinical findings of, 1285 
clinical pathology of, 1285 
control of, 1287-1292 
outbreaks of, 1287, 1297f 
cycling of infection of, 1284 
differential diagnosis of, 1285b 
economic importance of, 1284 
epidemiology of, 1284 
etiology of, 1284 
immunity to, 1284-1285 
method of transmission of, 1284 
necropsy findings of, 1285 
occurrence of, 1284 
pathogenesis of, 1 284 
prevention of infection in, 1287 
rapid antemortem diagnosis of, 1277f 
risk factors for, 1284 

samples for diagnostic confirmation of, 1285 
treatment for, 1 286 
vaccination for, 1287-1290 
Equine adenovirus infection, 1029 
Equine amnionitis and fetal loss (EAFL), 1827 
Equine atypical myopathy, 1378 
Equine aural plaque, 1548 
Equine babesiosis, 808, 820b-821b, 822-823 
chemotherapy of, 811 
clinical findings of, 810 
clinical pathology of, 810 
control of, 811 

differential diagnosis of, 80If, 823b 
epidemiology of, 809 
etiology of, 809 

geographic occurrence of, 809-810 
host occurrence of, 809-810 
immunology of, 810 
impact of, 809 

life cycle and transmission, 809 
microscopic examination of, 810 
movement of horses of, 809-810 
necropsy findings of, 810 
pathogenesis of, 810 
serologic and DNA-based methods, 810 
supportive treatment of, 811-814 
treatment of, 811 
Equine B-cell lymphoma, 748 
Equine blastomycosis (epizootic lymphangitis), 806b, 
811-814 

differential diagnosis of, 811b 
Equine cauda equina syndrome, 1368-1369 
Equine cervical vertebral stenotic myelopathy, 
1233f-1235f, 1351, 1360b 
ancillary diagnostic tests for, 1359 
clinical findings of, 1359 
clinical pathology of, 1360-1363 
differential diagnosis of, 1362b 
epidemiology of, 1356-1357 
etiology of, 1355-1356 
necropsy findings of, 1360 
neurologic examination for, 1359 
occurrence of, 1358-1359 
pathogenesis of, 1358-1359 
radiographic examination for, 1354f, 1359 
risk factors of, 1233f-1235t, 1358 
treatment for, 1 360 
Equine coital exanthema, 1794 
Equine coronavirus infection, 384 
Equine Cushing disease. See Equine pituitary pars 
intermedia dysfunction 

Equine degenerative myeloencephalopathy (EDM), 
1162,1239-1247 
vitamin E deficiency and, 1468 
Equine dysautonomia. see Equine grass sickness 
Equine ehrlichial colitis, see Equine neorickettsiosis 





Equine encephalosis, 2097 
Equine eosinophilic granuloma, 1559 
Equine granulocytic anaplasmosis, 765-769, 768b 
Equine granulocytic ehrlichiosis, see Equine 
granulocytic anaplasmosis 
Equine grass sickness, 283-286, 283b, 1362 
acute cases, 285 
case-fatality rate, 284 
chronic cases, 285 
clinical findings, 285 
clinical pathology, 285 
control, 286 
diagnosis, 285 

differential diagnosis, 285b-286b 

epidemiology, 284 

etiology, 283-284 

farm or premise risk factors, 284 

necropsy findings, 285 

occurrence, 284 

pathogenesis, 284-285 

risk factors, 284 

subacute cases, 285 

transmission, 284 

treatment, 286 

Equine hendra virus infection, 1043-1045 
Equine hepatic disease, 630 
Equine herpesvirus-1 and -4 infections, 1040-1042, 
1040b 

clinical findings in, 1041 
clinical pathology of, 1041-1042 
control of, 1042 
differential diagnosis of, 1042b 
epidemiology of, 1040-1041 
etiology of, 1040 
necropsy findings in, 1042 
pathogenesis of, 1041 
risk factors, 1041 

Equine herpesvirus-3 (EHV-3), 1794 
Equine histoplasmosis (epizootic lymphangitis), 
806b, 811-814 
differential diagnosis of, 811b 
Equine hyperkalemic periodic paralysis, 1523-1524, 
1523b-1524b 

Equine hyperlipemia, 1737-1739, 1737b 
clinical findings of, 1738 
clinical pathology of, 1738 
control of, 1739 
differential diagnosis of, 1739b 
epidemiology of, 1737-1738 
etiology of, 1737 
necropsy findings of, 1738-1739 
occurrence of, 1737 
pathogenesis of, 1738 
postmortem confirmation of diagnosis in, 

1739 

risk factors of, 1737-1738 
treatment of, 1739 

Equine infectious anemia (EIA), 795-799, 795b 
animal risk factors of, 788 
clinical findings of, 790 
clinical pathology of, 786 
control of, 791 

diagnostic confirmation of, 790 
differential diagnosis of, 798b 
economic importance of, 788-789 
epidemiology of, 788, 789 f 
eradication of, 794 
etiology of, 787-788 
immune reaction of, 789 
infection persistence of, 789-791 
insect vectors of, 788 
methods of transmission of, 788 
morbidity of, 789 
necropsy findings of, 790-791 
occurrence of, 788 
pathogenesis of, 789 
prevalence of, 789 
relapse, 791 
treatment of, 791 
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virus, 749 1 
epidemiology of, 788 
Equine influenza, 1029-1039, 1029b 
Australian outbreak of, 1033 
clinical findings of, 1034 
clinical pathology of, 1034-1035 
control of, 1036-1038 
differential diagnosis of, 1035b 
epidemiology of, 1032-1033 
etiology of, 1029-1032, 103If 
necropsy findings of, 1035 
pathogenesis of, 1033-1034 
risk factors for, 1032-1033 
treatment of, 1035-1036 
Equine influenza A/H3N8, 1029 
Equine influenza A/H7N7, 1029 
Equine intestinal clostridiosis, 545 
Equine laryngeal hemiplegia, 1362 
Equine leukoencephalomalacia (ELEM), 1188, 
2201 

Equine metabolic syndrome, 1731-1736, 1731b 
body-condition scoring in, 1732, 1733f, 1734f 
clinical pathology of, 1735 
clinical signs of, 1732-1735 
diagnosis of, 1732-1735 
dietary management for, 1735 
differential diagnosis of, 1735b 
dynamic testing in, 1734-1735 
epidemiology of, 1731 
etiology of, 1731 
exercise for, 1735 
medications for, 1735-1736 
necropsy of, 1735 
pathogenesis of, 1731-1732 
treatment of, 1735-1736 
Equine molluscum contagiosum, 1596-1597 
Equine monocytic ehrlichiosis, 382-384 
Equine motor neuron disease, 1 193-1194, 
1351-1357 

diagnosis confirmation, 1472 
vitamin E deficiency and, 1468 
Equine multinodular pulmonary fibrosis (EMPF), 
1042-1043, 1043b 

Equine neonatal maladjustment syndrome, 
1871-1874 

clinical pathology of, 1872 
clinical signs of, 1872 
control of, 1874 

diagnostic confirmation of, 1872 
differential diagnosis of, 1873b, 1873f 
epidemiology of, 1872 
etiology of, 1872 
hypoxia in, 1872 
necropsy findings of, 1873 
pathogenesis of, 1872 
treatment of, 1873-1874 
Equine neorickettsiosis, 277, 382-384, 382b 
case-fatality rates, 382 
clinical findings, 382-383 
clinical pathology, 383 
control, 384 
diagnosis, 383 
differential diagnosis, 383b 
epidemiology, 382 
etiology, 382 
laminitis and, 1397 
necropsy findings, 383 
occurrence, 382 
pathogenesis, 382 
risk factors, 382 
transmission, 382 
treatment, 383-384 

Equine neuraxonal dystrophy, 1239-1247 
Equine nodular necrobiosis, 1548 
Equine nutritional myopathy, selenium deficiency 
and, 1467-1468 

Equine ocular squamous-cell carcinoma, 1658 
Equine osteochondrosis, 1410 
Equine periodic ophthalmia, 1125 


Equine phycomycosis, 813b, 814-817 
Equine piroplasmosis. see Equine babesiosis 
Equine pituitary pars intermedia dysfunction, 
1727-1731 

clinical findings of, 1727-1728 
clinical pathology of, 1728 
control of, 1730 

diagnostic confirmation of, 1728-1730, 1729t 
differential diagnosis of, 1730b 
epidemiology of, 1727 
etiology of, 1727 
necropsy findings of, 1730 
pathogenesis of, 1727 
treatment of, 1730 
Equine pleuropneumonia, 991-996 
clinical pathology of, 993 
clinical signs of 
acute, 992-993 
chronic, 993 
control of, 995-996 
diagnostic confirmation of, 993 
differential diagnosis of, 993b 
epidemiology of, 991 
etiology of, 991, 991b 
necropsy findings of, 993 
pathogenesis of, 991-992 
risk factors for, 991 
treatment of, 993-995, 994f 
Equine polysaccharide storage myopathy, 

1378 

Equine protozoal myeloencephalitis, 1194, 1309b, 
1323-1324 

clinical findings of, 1309 

clinical pathology of, 1309 

control of, 1309 

differential diagnosis of, 1311b 

epidemiology of, 1308-1309 

etiology of, 1308 

necropsy of, 1309 

pathogenesis of, 1309 

risk factors of, 1309 

samples for diagnostic confirmation of, 

1309 

transmission of, 1309 
treatment for, 1 309 

Equine renal cortical tubular ectasia, 1 139 
Equine rhinitis, 1039-1040 
Equine rhinitis A virus-1 (ERAV-1), 1039 
Equine rhinitis B virus (ERBV), 1039 
Equine rotavirus, 388 
vaccine, 393 

Equine salmonellosis, 366-367 
Equine sarcoidosis, 1 559 
Equine seasonal allergic dermatitis, 1559-1560 
differential diagnosis of, 1 560b 
Equine sensory ataxia, see Equine cervical vertebral 
stenotic myelopathy 

Equine staphylococcal pyoderma, 1 548-1549 
Equine toxicosis, 2201 
Equine tropical lichen, 1548 
Equine viral arteritis, 2087-2091, 2087b 
animal risk factors, 2089 
clinical findings, 2089 
clinical pathology, 2089-2090, 2090f 
economic importance, 2089 
epidemiology, 2088-2089 
etiology, 2087-2088 
immunity, 2088 
necropsy findings, 2090 
samples for confirmation of diagnosis, 2090, 
2090b 

occurrence, 2088 

origin of infection and transmission, 2088 
horizontal transmission, 2088 
venereal transmission, 2088 
pathogenesis, 2089 
treatment and control, 2090-2091 
Equine viral rhinopneumonitis, 1040-1042, 1040b, 
1042b 
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Eradication 

of bovine herpesvirus-1 infection, 960-961 
for erysipelas in swine, 2055 
leptospirosis and, 1127 
for Mycoplasma pneumonia, 1068-1069 
for pleuropneumoniae, of pigs, 1062-1063 
in progressive atrophic rhinitis, 1053 
Ergonovine maleate, for hemorrhagic shock, 76 
Ergot alkaloid toxicosis, 2197-2200 
clinical findings, 2198-2199 
hyperthermia form, 2198 
peripheral gangrene, 2198 
reproductive form, 2198-2199 
clinical pathology, 2199 
control, 2199-2200 
differential diagnosis, 2199b 
epidemiology, 2198 
ergotism, 2198b 
etiology, 2198 
fescue toxicosis, 2199-2200 
clinical findings, 2199-2200 
summer, 2199 
necropsy findings, 2199 

Neotyphodium (acremonium) spp. toxicosis, 2199 
pathogenesis, 2198 
treatment, 2199 
Erosions 

gastric ulcers, 289 
mucosal disease, 584 
stomatitis, 193 
Eructation 

esophageal obstruction in free-gas bloat, 474 
failure of, 474 
reticulorumen motility, 440 
Erysipelas 

arthritis from, 1455 
in swine, 2051-2056, 2051b 
acute and subacute form, 2053 
animal risk factors, 2052-2053 
chronic form, 2054 
clinical findings, 2053-2054 
clinical pathology of, 2054 
control of, 2055-2056 
detection of organism, 2054 
diagnosis of, 2054-2055 
epidemiology of, 2052-2053 
etiology of, 2051-2052 
hematology, 2054 
hyperacute form, 2053 
methods of transmission, 2052 
morbidity and case fatality, 2052 
necropsy findings of, 2054 
occurrence of, 2052 
pathogenesis of, 2053 
prevalence of infection, 2052 
risk factors, 2052 

samples for confirmation of diagnosis, 
2054-2055, 2055b 
serology, 2054 
treatment of, 2055 
zoonotic implications, 2053 
wild boar, 2008 

Erysipelothrix tonsillarum (ER), 2051 
Erythema multiforme, 752, 1548 
Erythrocyte(s) 
counts, 743 

decreased production, anemia from, 731 
in peritoneal fluid, 189 
Erythrocyte count, and radiation, 108 
Erythrocyte osmotic fragility, porcine stress syndrome 
and, 1528 

Erythrocyte potassium concentration, in acute 
hypokalemia, 1692 

Erythrocyte protoporphyrin, in lead poisoning, 

1207 

Erythrocytosis, 745 
Erythromycin, 172 

for Rhodococcus equi pneumonia, 1016-1017 
Erythropoietin 

plasma concentration, 738-739 
serum concentration, anemia, 738-739 


Escherichia coli, 311-315 
antibiotic resistance of, 156-157 
antimicrobial resistance of, 1890-1891 
antimicrobial sensitivity/susceptibility of, 155-156 
attaching and effacing, 311-312, 539-541 
blood, isolates, 1891 
cerebrospinal angiopathy, 312 
coliform gastroenteritis, 318 
cystitis and, 11 32 
edema disease, 312-315 
enterohemorrhagic, 1879, 1882 
see also Enterohemorrhagic Escherichia coli 
(EHEC) 

enteropathogenic, 1879 
enterotoxigenic, 311, 1879, 1883 
fecal, isolates, 1890 
hepatic abscesses in goats and, 633 
in mastitis, 1905-1906, 1997 
necrotoxigenic, 1879, 1882 
in neonatal infection, 1876 
0157 in pigs, 312 
0157:H7, in pigs, 542 
pigs, weaned, 311-315 
pyelonephritis and, 1111 
verotoxin-producing, 311 
viral diarrhea and, 392 
virulence factors of, 1881-1883 
wild boar, 2008 
zoonotic implications of, 1 883 
Esophageal groove 
actinomycosis, 531 

closure, reticulorumen motility, 440-441 
dysfunction, 491 
Esophageal lavage, 202 
Esophageal obstruction, 199-203, 893 
acute obstruction or choke, 200-201 
cattle, 200-201 
chronic, 201 

clinical findings, 200-201 
clinical pathology, 201 
complications, 201 
differential diagnosis, 201b-202b 
extraluminal, 199-200 
horse, 200-201 
intraluminal, 199 
manual removal, 202 
pathogenesis, 200 
treatment, 201-203 
Esophageal paralysis, 200 
Esophageal rupture, 198-199, 199b 
Esophageal strictures, 200 
Esophagitis, 198, 198b 
Esophagogastric lesions, 290b 
Esophagostomy, 202-203 
Esophagus 

diseases of, 196-197 
examination of, 445 
neoplasms, 431 
Esp protein, 539 
Estradiol cypionate, 773 

Estrogenic substances, poisoning in, 1821-1822 
Estrogenic subterranean clover, 1 145 
Estrogenism, idiopathic female, 1821 
Ethmoidal hematomas, progressive, in equids, 876, 
876 f 

Ethyl pyruvate, for endotoxemia, 66 
Ethylene glycol toxicosis, 1 136 
Ethylene-diamine dihydroiodide, 798 
Eubacterium suis, 11 32 
Europe 

African swine fever, 2111-2112 
anthrax, 2011 

bovine spongiform encephalopathy in, 1294-1295 
contagious bovine pleuropneumonia in, 926 
continental, bovine virus diarrhea virus eradication 
program, 598 

history of compulsory eradication programs in, 
epizootic hemorrhagic disease, 839 
ovine enzootic abortion in, 1786 
rabies in, 1238 

European blastomycosis, 2160 


Euthanasia, for downer-cow syndrome, 1698 
Ewes 

abortion in, 1777f 
body-condition score of, 1752 
phytoestrogen toxicosis in, 1823 
placental and fetal growth of, 1751 
volume of colostrum ingested of, 1851 
Excessive bleeding, in exercise-induced pulmonary 
hemorrhage, 1002-1003 
Excitation states, 11 58-1159 
clinical examination of, 10-11 
Excitement, and stress induction, 85 
Exercise, 96-97 

cardiac irregularities following, 677 
diseases associated with, 97 
equine colic, risk for, 224 
intolerance of, in horses, 97-99 
lameness in pigs and, 1422 
recovery from, 96-97 
testing, in respiratory system, 868, 868f 
tolerance 

cardiac reserve determination, 659 
cardiovascular system examination, 666 
myocardial disease, 691 
unaccustomed, enzootic nutritional muscular 
dystrophy and, 1462 

Exercise-induced pulmonary hemorrhage (EIPH), of 
horses, 997-1003, 997b 
clinical findings in, 999-1003, 999f-1000f 
differential diagnosis of, 1001b, 100It 
epidemiology of, 997-998 
etiology of, 997 
necropsy in, 1001 
pathogenesis of, 998-999 
treatment of, 1001-1003 
Exhaled breath condensate, collection and analysis 
of, 867 

Exhausted horse syndrome, 97 
Exhaustion, 97 
Exhaustion syndrome, 114 
Exogenous creatinine clearance, 1104 
Exogenous pyrogen, 54 
Exophthalmos, 834 
Exotoxins, 57-59 
Expected value, 27 
Expectorants, 872 

Experimental reproduction, posthitis and, 

1153 

Experimental syndromes, thiamine deficiency and, 
1315 

Experimental traumatic craniocerebral missile injury, 

1188 

Experimental viral pneumonia, in enzootic 
pneumonia of calves, 943 
Expiratory dyspnea, 848-849 
Expiratory grunting, 852 

Exploratory laparotomy (celiotomy), 184, 453-454, 
455t 

Exposure, previous, history taking of, 7 
Exposure pressure, in neonatal infection, 1875 
Extension subcutaneous abscess, 1558 
Extensive hepatic necrosis, 2069 
External genitalia, clinical examination of, 13 
External insulation, 45 
Extracranial convulsions, 1161 
Extralabel use 

of antimicrobials, 167, 167b 
of vancomycin, 174 
Extraneous sounds, 852 

Extrapulmonary manifestations, of Rhodococcus 
equi, 1015 

Extrapulmonary right-to-left shunting, in hypoxic 
hypoxia, 847 

Extra pyramidal tracts, 1163 
Extrasystoles (premature complexes), 680 
Extraurinary postrenal proteinuria, 1102 
Extremely low frequency magnetic field, 

106-107 

Exudative diarrhea, 208 
Exudative epidermitis, 1576-1579 
See also Greasy pig disease 





Eye(s) 

clinical examination of, 12, 18-19 
degree of recession into orbit of, 114-115, 115f 
diseases of, 1540-1661 
Eyeball 

abnormal movements of, 18 
size of, 18 
Eyeworm, 1655 


F 

Face fly, 1630 

Facial abscess, in cattle and goats, 77 
Facial deformity, in enzootic nasal adenocarcinoma, 
970 

Facial eczema, 652-654, 652b 
differential diagnosis, 653b 
Facial necrosis, 1054 
Facial nerve 
assessment of, 11 69 

dysfunction, and cranial nerve dysfunction, 986 
Facial paralysis, 1170 
Facial pyemia, 1054 
Facial subcutaneous abscesses, 1 558 
Factor VIII deficiency (hemophilia A), 723 
Factor XI deficiency, 723, 1838-1839 
Facultative anaerobes, equine pleuropneumonia, 
1047 

Fagopyrin, plant poisoning by, 1637 
Failure of passive transfer (FPT), 1848 
Failure of transfer of passive immunity (FTPI), 57, 
1849-1852 
Fainting, 1 160 
Fainting goats, 1518-1519 
Falling disease, 100 
in cattle, 2169 

Fallout, of radionuclides, 107 
"False blackleg", 1431-1432 
FAMACHA system, 613 
Familial acantholysis, 1643, 1645 
Familial allergic rhinitis, 874-875 
Familial convulsions and ataxia 
in cattles, 1333 

cerebellar abiotrophy and, 1336 
Familial narcolepsy, 1327-1328 
Familial polycythemia, 840-841 
Familial undulatory nystagmus, 1660 
Famotidine, 251 
Fanconi's syndrome, 1113 
Farm 

pollution from, 106 
pollution outside, 106 
Farm chemicals 
congenital defects and, 1837 
hepatitis, 630 
miscellaneous, 2189-2190 
Farm visitors, enterohemorrhagic Escherichia coli, 
540, 544 

Farmed deer, leptospirosis and, 1118 
Farmed red deer (Cervus Elaphus) 
plasma and liver copper in, 2172 
slow-release treatments in, 2175 
Farrowing hysteria, of sows, 1224 
Fasciola gigantica, 642 
Fasciola hepatica, 642 
wild boar, 2008 
Fascioloides magna, 645 

Fasciolosis (liver fluke disease), 641-643, 641b-642b 
acute, 643 
carriers, 642 
cattle, 642-643 
chronic, 643 
clinical findings, 643 
clinical pathology, 643 
control, 644-645 
diagnostic confirmation, 643-645 
differential diagnosis, 644b 
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epidemiology of, 642 
etiology of, 642 
goats, 642 
host snails, 642 
life cycle, of Fasciola, 642 
necropsy findings, 643 
pathogenesis, 642-643 
sheep, 642-643 
subacute, 643 
treatment, 644, 644b 
vaccination, 645 

Fast Antimicrobial Screen Test (FAST), 168 
Fat 

bloat prevention, 480 
dietary, gastric ulcers, 288 
Fat cow syndrome, 69, 651b, 1716-1722, 1717b 
Fat necrosis, 1726-1727, 2199 
intestinal obstruction, 527 
Fatigue, in dyspnea, 849 
Fat-mobilization syndrome, 1716-1722, 1717b 
Fatty cirrhosis, 630-631 
Fatty liver 

in cattle, 1716-1722, 1717b 
clinical findings of, 1719 
clinical pathology of, 1719-1720 
control of, 1721-1722 
differential diagnosis of, 1720b 
epidemiology of, 1717-1718 
fluid and electrolyte therapy for, 1720-1721 
incidence of, 1717 
necropsy findings of, 1720 
occurrence of, 1717 
outbreaks in, 1721 
pathogenesis of, 1718-1719 
risk factors of, 1717-1718 
treatment of, 1720-1721, 1721b 
cows, left-side displacement of abomasum and, 
507 

Faulty wiring, 104 

Febantel, for parasitic gastroenteritis in ruminants, 
607 

Febrile response, 54-55 
Fecal egg counts 
bunostomosis, 614 
Haemonchus, 612 

parasitic gastroenteritis, ruminants, 609 
trichostrongylid worms, 606 
Fecal examination, 449-451 
abomasal ulcer and, 520 
amount, 449 
color, 449-451 
consistency, 451 
diarrhea 
acute, 278-279 
chronic undifferentiated, 281 
digestion, degree of, 451 
enteritis, 210-211 

enterohemorrhagic Escherichia coli, 541 
fibrin, 451 

intestinal obstruction, 527, 527f 
mucus, 451 

Mycobacterium avium subspecies paratuberculosis 
(MAP), 558-559, 569 
odor, 451 
Fecal lead, 1207 
Fecal softeners 
equine colic, 234, 235f 
large (ascending) colon, impaction, of horses, 

264 

Fecaliths, 264-266, 266b 
Feces 

absence of, 449, 451 f 
blood in, 182, 449-451 
clinical examination of, 20-21 
color of, 20-21 
composition of, 21 
consistency of, 20 
equine colic, 227, 232 
odor of, 21 


peritonitis, 217 
protein loss in, 93 
sand in, diarrhea, 281 
scant, 180, 449, 451 f, 512 
Feed 

aflatoxins in, 649 
ammoniated forage, 620 
analysis, osteodystrophy and, 1390 
aversion to, 88 
caustic-treated grain, 620 
changes, timing of blood tests and, 1671 
chemically treated natural, 620-621 
contamination, Mycobacterium avium subspecies 
paratuberculosis (MAP), 562-563 
finely ground, gastric ulcers, 287-288 
formalin-treated grain, 620 
medication of, in pneumonic pasteurellosis, 920 
newsprint, 620 
pellets, gastric ulcers, 288 
porcine intestinal spirochetosis, 336 
restriction, edema disease, 314 
salmonellosis and, 305 
sewage sludge, 620 
shortage in, 90 
supplies 

enterohemorrhagic Escherichia coli source, 539 
environmental examination of, 9 
withholding, gastric ulcers, 248 
Feeder pigs, source of, in Mycoplasma pneumonia, 
1070 

Feeding 

methods, colibacillosis and, 1881 
timing of blood tests and, 1671 
Feedlot bloat 
case fatality, 475 
clinical findings, 476-477 
control, 481 
epidemiology, 474 
etiology, 473 
morbidity, 475 
treatment, 478 
weather risk factors, 476 
Feedlot cattle 
abomasal ulcer in, 519 
bovine herpesvirus-1 infection in, 952, 

955-956 

bovine respiratory syncytial virus in, 947 
bovine virus diarrhea virus, 582-583, 592, 596 
carbohydrate engorgement, 461-462 
hyperthermia management for, 53 
interstitial pneumonia in, 967 
liver abscess in, 634 
otitis in, 2036 

phosphorus requirements for, 1490 
pneumonic pasteurellosis in, 917-918 
primary vitamin A deficiency in, 1321 
vaccination programs in, 960 
winter dysentery, 601 
Feedlot playas, salmonellosis, 361 
Feedlot starter rations, carbohydrate engorgement 
prevention, 470 

Feedlots, cattle, salmonellosis, 361 

Feedstuff, contamination of, by antibiotics, 161 

Feet 

clinical examination of, 21 
foul in. see Bovine footrot 
Feline spongiform encephalopathy, 1295-1296 
Femoral fractures, 1389 
Fenbendazole 
for lungworm, 964 

for parasitic gastroenteritis in ruminants, 607 
poisoning of, 1211 
Fentanyl, 83 

Fenugreek staggers, 1367-1368 

Fertility, in equine coital exanthema, 1794 

Fertilization, hypomagnesemic tetany and, 1701 

Fescue foot, 2199 

Fescue toxicosis, 2199-2200 

Fetal anasarca, 1 555 
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Fetal anoxia, 1844 
Fetal diseases, 1830 
Fetal echocardiography, 672 
Fetal electrocardiography, 668-669 
Fetal gigantism, prolonged gestation with, 
1828-1829 

Fetal hypoxia, 1843-1844 
Fetal membrane retention, 67-68 
Fetal pleural fluid, in neosporosis, 1819 
Fetus 

ballottement of, 14 

transfer of selenium and vitamin E to, 1466-1467 
Fever (pyrexia), 15, 43-50, 54-56 
aseptic, 54 

clinical findings in, 55 
clinical pathology of, 55 
encephalitis and, 1183b 
endogenous pyrogens in, 54 
etiology of, 54 
febrile response, 54-55 
lymphosarcoma, 748 
magnitude of, 55 
necropsy findings in, 55 
pathogenesis of, 54-55 
peritonitis, 217 

reticulopericarditis, traumatic, 497 
reticulorumen motility, primary contraction 
influence, 439 
septic, 54 

tick-borne fever and, 777 
treatment for, 55-56 
undifferentiated, 55 
of unknown origin, in horses, 55 
Fiber, dietary 
gastric ulcers, 288 

left-side displacement of abomasum, 503, 509 
Fiber balls, luminal blockage, 525 
Fibrin degradation products, 727 
Fibrinogen, 56, 720-721 
deficiency, heritable, 723-724 
disseminated intravascular coagulation and, 727 
Fibrinogen, reticuloperitonitis, traumatic, 485 
Fibrinolysis 
diarrhea, acute, 278 
equine colic, 225-226 
Fibrinolytic therapy 
in equine pleuropneumonia, 995 
in exercise-induced pulmonary hemorrhage, 
1002-1003 
for pleuritis, 898-899 
Fibrinous pericarditis, 707-708 
Fibrinous polysynovitis, in Mycoplasma bovis, 

936 

Fibroelastosis, 705 

Fibrosis, kidney worm disease, 1135 

Fillies, 987 

Filtration system, for PPRSV, 1811-1814 
"Fingerprint lesions," T. axei infection, 606 
Finishers, lameness and, 1418-1419 
Finland, bovine virus diarrhea virus eradication 
program, 598 

Finnish Landrace lambs, 1110-1111 
First-degree atrioventricular block, 679 
First-pass effect, 163 
Fish-scale diseases, 1646 
Fits, see Convulsions 

Fixed-dose combinations, of antimicrobial drugs, 

164 

Flaccidity, 1173 
Flecainide, 682-683 
Fleece 

border disease and, 1254 
loss of, caseous lymphadenitis, 765 
rot, in sheep, 1574-1575, 1574b 
wetness of, and hypothermia, 48 
Flesh fly, 1617-1618 
Flexor reflex, 1 173 
Flexor spinal reflex, 1173-1174 
Flexural seborrhea, 1 554 
Flocking instinct, and stress induction, 85 
Floor plan, environmental examination of, 10 


Flooring 

environmental examination of, 10 
osteodystrophy and, 1389 
type, lameness in pigs and, 1422 
Florfenicol, 171 

for enterotoxic colibacillosis, 1892 
for Mycoplasma pneumonia, 1068 
Florida horse leech'(equine phycomycosis), 813b, 
814-817 

Flow-volume loops, measurement of, 864 
Flu OIA (Biostar) assay, in equine influenza, 1035 
Fluid, intravenous administration, cecum, disease of, 
259 

Fluid and electrolyte replacements, 191 
Fluid and electrolyte therapy 
carbohydrate engorgement, 469 
for coliform mastitis, 1952 
colloid solutions, 142-143 
electrolyte requirements in, calculation of, 137 
enteritis, 212-213, 213f 
equine colic, 234 
intestinal obstruction, 528 
intravenous catheters and complications in, 
146-147, 146f—147f 
in newborn piglets and lambs, 151 
oral, 147-151 

in calves and adult cattle, 147-150 
in horses, 150-151 
parenteral, 145 
peritonitis, 220 

practical administration of, 143-145, 144f 
principles of, 137-152, 137f 
quantity of fluids required, 145-147, 145f 
rate of administration, 145-146 
right-side displacement of abomasum, 514 
routes of administration, 145-147 
thrombophlebitis and, 146-147 
vagus indigestion, 495 

Fluid and electrolytes, urinary tract disease and, 

1108-1109 

Fluid exudate, accumulation of, peritonitis, 217 
Fluid line, 897 

Fluid status, dynamics of, 131-132 
Fluid therapy 

aggressive, for endotoxemia, 64 
for anophagia, 88 
for cold injury, 51 
for hyperthermia, 53 

intravenous, for hypovolemic and maldistributive 
shock, 74 

for newborns, 1865-1866 
Fluid thrill, 14 

Fluid-rushing sounds, enteritis, 210 
Fluids, myopathy, horse and, 1386 
Flukicides, fasciolosis, 644 
Flunixin meglumine, 65 
for coliform mastitis, 1951 
endotoxemia, 234, 280 
equine colic, 234 
for mastitis, 1926 
for pain, 82 

for permanently drying off, in bovine mastitis, 
1929-1930 

Fluorescent antibody test (FAT), in contagious bovine 
pleuropneumonia, 928 
Fluoride toxicosis, 1506-1510, 1506b-1507b 
acute intoxication of, 1 508 
chronic intoxication of, 1 508 
clinical findings of, 1508-1509 
clinical pathology of, 1 509 
control of, 1509-1510 
differential diagnosis of, 1 509b 
epidemiology of, 1507-1508 
etiology of, 1507 
necropsy findings of, 1 509 
pathogenesis of, 1508 
risk factors of, 1 507-1508 
treatment for, 1 509 
Fluorine poisoning 
osteodystrophy and, 1 388 
volcanic ash, 109 


Fluoroquinolones, 171 
for enterotoxic colibacillosis, 1892 
for Mycoplasma pneumonia, 1068 
Flying foxes, in equine hendra virus infection, 1044 
Foal ataxia, see Equine cervical vertebral stenotic 
myelopathy 

Foal heat diarrhea, 273, 391 
Foals, 742 

administration of colostrum in, 1855 
antimicrobial treatment for, 1865, 1866f 
antimicrobials, septic arthritis synovitis and, 
1415-1416 
biliary atresia in, 655 
colic, 237-240, 237b, 238t, 239b, 240f 
congenital defects in, 1839 
congenital fixation of joints in, 1510-1511 
congenital hypothyroidism in, 1740 
congenital skin tumors in, 1643 
critical plasma IgG concentrations in, 1863-1864 
critical temperature in, 1846 
diarrhea 
acute, 273-276 
see also Diarrhea, horses 
dietary, 214 
viral, 384-393 

dysmaturity of, 1842-1843, 1859-1860 
dystocial, 1846 

endocrine abnormalities in, 1860 
enterotoxemia, 546-547 
equine rotavirus, 388 
examination protocol for, 1857f-1858f 
fetal disease in, 1834 
fluid therapy for, 1865-1866 
fractional clearance of electrolytes, 1108 
gastric ulcer in, 244-246 
see also Gastric ulcer, in foals 
gestation in, 1859-1860 
goiter in, 1745 
heart rates, fetal, 668-669 
hematology in, 1861-1862, 18611 
hemolytic enterotoxemia, 545-546 
hypoglycemia in, 1860 
hypothermia in, 1846 
hypoxia in, 1860 
iron toxicosis in, 2188-2189 
lactose digestion test, 185-186 
lethal white syndrome in, 434-435 
liver, radiography of, 626 
mortality in, 1834 
muscular dystrophy in, 1470 
neonatal hypothermia in 
prevention of, 50 
risk factors for, 48 
treatment for, 50 
neonatal infection in, 1874-1875 
in neonatal streptococcal infection, 1901 
parenteral nutrition for, 151, 1865 
parturient disease in, 1834 
parturition, induction of, 1759 
peritoneal fluid, reference values, 189 
plasma for, 142 

portosystemic shunts in, 630, 632 
postnatal disease in, 1834 
prematurity of, 1842-1843, 1859-1860, 1859f 
radiographs of, 856-857 
rickets in, 1495 
sepsis score for, 1 859, 1859f 
septic arthritis synovitis and, 1412 
in septic shock, 61 
coagulopathies in, 64 
septicemia in, 57, 1413, 1874 
Salmonella abortusequi, 1785-1786 
serum biochemical values of, 1862f 
stage of maturity of, 1 859f 
terminal colon of, atresia in, 433 
transfusion of, 743 
uroperitoneum in, 1140-1143 
xylose absorption test, 186 
Focal chronic interstitial nephritis, 1 120 
Focal symmetric encephalomalacia, 1232b, 
1262-1265 





Foliar dusting, and spraying, 1705 
Folic acid, 172 
deficiency, 734, 826-829 
Follicles, diseases of, 1552-1553 
Follicular mange, 1619, 1619b 
Folliculitis, 1554-1555 
differential diagnosis of, 1555b 
Fomite transfer, in equine influenza, 1032 
Fomites, transmission of, bovine virus diarrhea virus, 
579 

Food and Drug Administration (FDA), 1969 
Food Animal Residue Avoidance Databank (FARAD), 
167-168 

Food deprivation, hypomagnesemic tetany and, 
1702 

Food intake 
decreased, 88 
disorders of, 87-88 

in enterotoxemia, Clostridium perfringens type D 
associated, 1231-1232 

Food products, antibiotic contamination of, 167 
Foot abscess, in sheep, 1448-1449 
Foot scald, 1443b 

Foot warts, see Digital dermatitis, bovine 
Foot-and-mouth disease, 2058-2067, 2058b 
biosecurity concerns, 2061 
clinical findings, 2062 
clinical pathology, 2062-2063, 2064f 
control, 2064-2067 
eradication, 2065 
vaccination, 2065-2067 
differential diagnosis, 2063b-2064b 
economic importance, 2061 
epidemiology, 2059-2061 
etiology, 2058-2059 
methods of transmission, 2059-2060 
morbidity and case-fatality rate, 2059 
necropsy findings, 2063 
occurrence, 2059 
pathogenesis, 2061-2062 
prevalence, 2059 
risk factors, 2060-2061 
environmental and pathogen, 2060-2061 
experimental reproduction, 2061 
host, 2060 

immune mechanism, 2061 
treatment, 2064, 2064b 
wild boar, 2009 
zoonotic implications, 2061 
Footbaths 

for bovine digital dermatitis, 1439-1440 
for bovine footrot, 1434 
for infectious footrot in sheep, 1445-1446 
Footrot 

benign, 1441, 1443 
bovine, 1432-1435, 1432b 
clinical findings of, 1433-1434 
clinical pathology of, 1434 
control of, 1434-1435, 1435b 
differential diagnosis of, 1434b 
economic importance of, 1433 
environmental risk factors of, 1433 
epidemiology of, 1433 
etiology of, 1 433 
host risk factors of, 1433 
necropsy findings of, 1434 
occurrence of, 1433 
pathogenesis of, 1433 
transmission of, 1433 
treatment for, 1434, 1435b 
vaccination for, 1435 
in pigs, 1456-1458 
differential diagnosis of, 1457b 
in sheep, infectious, 1441-1448, 1441b 
clinical findings of, 1443-1444 
clinical pathology of, 1444 
control for, 1444-1447 
differential diagnosis of, 1444b 
economic importance of, 1442 
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environmental risk factors of, 1442 
epidemiology of, 1441-1442 
eradication of, 1447-1448 
etiology of, 1441 
genetic selection and, 1447 
host risk factors of, 1 442 
methods of transmission of, 1441 
necropsy findings of, 1444 
pathogenesis of, 1 443 
scoring systems for, 1443 
source of infection of, 1441 
symptomless carriers for, 1443-1444 
treatment for, 1444-1447, 1446b 
vaccination for, 1447 
virulent, 1441, 1443 
Forages 

alternative temperate, 479 
choice of, 479 
frothy bloat and, 475 

Forced expiratory flow-volume curves, measurement 
of, 864-865 
Foreign body 

esophageal, surgical removal, 202 
gastric ulcers, 288 

pericardial sac penetration (traumatic pericarditis), 
707-708 

pericardial sac penetration (traumatic 
reticulopericarditis), 497 
pharyngeal obstruction, 197 
rumen impaction, 459-460, 460 f 
small-intestinal obstruction, 253-254 
Forelimbs, nervous system examination of, 
1170-1171 

Foremilk, check of, for mastitis, 1967-1968 
Forest fires, 110 
Forestomach 
anatomy of, 436-441 
diseases of, 436 
distension of, 439 
hypomotility, 437, 439-440 
reticulorumen motility, 437-441 
Formalin, 2189 
coagulopathy treatment, 721 
for hemorrhagic shock, 76 
solution, for infectious footrot in sheep, 

1446 

Formalin-treated grain, feeds, 620 
Formiminoglutamic acid, 817 
Fractional clearance, 1105 
Fractures 
femoral, 1389 
from lightning strike, 104 
ribs, trauma at parturition, 1843 
spontaneous, 1375 
osteodystrophy and, 1390 
France, winter dysentery, cattle, 599 
Francisella tuiarensis, 2027 
Frank-Starling mechanism, 658 
Free-gas (secondary) bloat, 474, 476, 484 
Freemartinisum, calves, 1760 
Free-water deficit, 1324-1325 
Frenzy, 10-11, 1159 
Friction sounds, pleuritic, 897 
Frog, support of, laminitis, horse and, 1403 
Froin's syndrome, 1176 
Frothy (primary) bloat, 473-476 
Frozen vaccine, 806 

Fruitbats, in equine hendra virus infection, 1044 
Fumes, inhalation of, in interstitial pneumonia, 

966 

Fumonisin toxicosis, 2200-2201, 2200b 
Functional murmurs, 686-687 
Functional renal proteinuria, 1102 
Functional residual capacity, elevated, heaves in, 
1007 

Functional systolic ejection murmurs, 687 
Fungal infection, in mastitis, 1906 
Fungal toxicosis, in congenital defects, 1837 
Fungal toxins, hemorrhagic disease, 723 


Fungi 

affecting nervous system, 1196, 1203 
causing hepatic damage, 654-655 
lacking, identified toxins, 1137 
poisoning, miscellaneous, 1137 
reproductive dysfunction and, 1827-1828 
Fungicides, 654, 2185-2186 
Fungistatic agents, 2185 
Furan toxicosis, 1087 

Furanoid sesquiterpenes poisoning, 2210-2211 
Furanosesquiterpenoid poisoning, 2210-2211 
Furocoumarin, plant poisoning by, 1637 
Furosemide, 1108 

Fusaritoxicosis syndromes, without specified toxins, 
2214 

Fusarium, in interstitial pneumonia, 966 
Fusarium culmorum, 1824 
Fusarium graminearum, 1 824 
Fusarium semitectum, 966 
Fusarium solani, 966 

Fusarium toxin, splayleg syndrome and, 1529-1530 
Fusobacterium necrophorum, 943, 1054 
localized infection, 77 
mastitis and, 1962 
oral necrobacillosis, 534 


G 

Gabapentin, for pain, 83 
Gaigeria pachyscelis, 614 
Gait, 1157 

abnormalities of, 1161, 1167f 
analysis of, 1376 
clinical examination of, 11 
deficit, 1172 
kinetic analysis of, 1 178 
nervous system examination of, 1170 
Galactan, in contagious bovine pleuropneumonia, 
927 

Galegine toxicoses, 1087 
Gallba bulimoides, 642 
Gallba bulimoides tech el la, 642 
Gallbladder, tumors of, 655 
Gallium maltoate, in Rhodococcus equi pneumonia, 
1018 

Gallop rhythm, 664 

Galloway calves, hepatic lipodystrophy in, 

1727 

y-Aminobutyric acid analogs, for pain, 83 
Gamma-glutamyl transferase, left dorsal 

displacement, of large colon, 262 
Gangliosidosis, 1219, 1839 
Gangrene, 1557-1558, 1558b 
Staphylococcus aureus mastitis, 1 933 
terminal dry, salmonellosis, 365 
Gas exchange, heaves in, 1006-1007 
Gas gangrene, 1557 
see also Malignant edema 
Gasoline, poisoning, 422 
Gasterophilus spp. infestation, 418-419, 418b 
Gastric antacids, 251 
Gastric bacteria, gastric ulcers, 288 
Gastric center, control of primary contractions, 
437-439 

Gastric decompression, 183, 257 
Gastric dilatation 
in horses, 240-243, 240b-241b 
in pigs, 287 

Gastric hemorrhage, gastric ulcers, 289 
Gastric impaction, in horses, 243 
Gastric lavage, 243 

Gastric lesions, grading system for, 249, 

249b 

Gastric pH, gastric ulcer, 244, 246, 248 
Gastric reflux, 179 

gastric decompression, in horses, 183 
Gastric rupture, 100 
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Gastric ulcer 

in adult horses, 246-252, 247b 
clinical findings, 249-250 
clinical pathology, 250 
control, 251 

differential diagnosis, 250b 
epidemiology, 247-248 
etiology, 247 
necropsy findings, 250 
pathogenesis, 248-249 
treatment, 246f, 250-251 
in foals, 244-246, 244b 
clinical findings, 245 
clinical pathology, 245 
control, 246 

diagnostic confirmation, 245 
differential diagnosis, 245b 
epidemiology, 244 
etiology, 244 
necropsy findings, 245 
pathogenesis, 244-245 
treatment, 245-246, 246f 
number/severity score, 249b 
of swine, 287-290, 287b 
clinical findings, 289 
clinical pathology, 289 
control, 290 

differential diagnosis, 290b 
epidemiology, 287-288 
etiology, 287 

necropsy findings, 289-290 
pathogenesis, 288-289 
severity and extent, 290b 
treatment, 290 
Gastric volvulus, acute, 287 
Gastrin, 521, 606 
Gastritis, 203-204, 204b 
parasitic, 417-418 

Gastroduodenal ulcer, prophylaxis for, 1866 
Gastroenteritis 
listeriosis and, 1337 

parasitic, see Parasitic gastroenteritis (PGE) 
plants and, 429 
radiation and, 108 

Gastrointestinal conditions, sudden death, 99-100 
Gastrointestinal disease/disorders 
arrhythmia association, 681 
hemorrhagic anemia, 728 
Gastrointestinal dysfunction in cattle, 442, 
442f-444f 

Gastrointestinal motility, normal, 176-177 
Gastrointestinal stasis, edema disease, 313 
Gastrointestinal system, function of, and 
endotoxemia, 62 

Gastrointestinal tract, plants and, 429 
Gastroscopy 
gastric dilatation, 241 
gastric ulcer 
in adult horses, 249 
in foals, 245 

Gastrospillium suis, gastric ulcers, 288 
Gaucher disease, type 2, 1219-1222 
Gelatins, 143 

General adaptation syndrome, 84 
General nursing care, for respiratory tract disease, 
872 

Generalized cytomegalic inclusion-body disease, of 
swine, 1074-1075 
Generalized hyperkeratosis, 1544 
Genetic predisposition, lameness in pigs and, 1422 
Genetic selection 

infectious footrot in sheep and, 1447 
for ovine progressive pneumonia, 977 
porcine stress syndrome and, 1 528-1529 
Genetic testing 

for hyena disease of cattle, 1504 
for myopathy, horse, 1382 
Genital tract disease 
dourine, 1819-1821 
hemorrhagic anemia, 731 
Mycoplasma, 1793-1794 


Genome-wide association studies, 112 
Gentamicin, for coliform mastitis, 1951 
Geographic occurrence, caseous lymphadenitis and, 
762 

Geographic region, anaplasmosis risk factors and, 
772 

Germany, bovine virus diarrhea virus eradication 
program, 598 

Germinative epithelium, and radiation, 108 
Gestation 

ages for viability in, 1831 
prolonged, 1828-1829 
arthrogryposis with, 1829 
in cattle, 1828 

craniofacial deformity with, 1829 
fetal gigantism with, 1828-1829 
Getah virus infection, 2097-2098 
GGT. see y-Glutamyl transferase (GGT) 

Giardia duodenalis, 408 
Giardiasis, 408-409, 408b 
Gingival sulcus, deepening of, 195 
Gingivitis, 192, 195 
see also Stomatitis 
Glanders, 1026-1028, 1026b 
clinical findings in, 1027 
clinical pathology of, 1027 
control of, 1028 

diagnostic confirmation of, 1027 
differential diagnosis of, 1028b 
epidemiology of, 1026 
etiology of, 1026 
necropsy findings in, 1027 
pathogenesis of, 1027 
treatment of, 1028 
Glanzmann's disease, 726 
Glass bolus, for copper deficiency, 2175 
Glasser's disease, 1450-1454, 1450b, 2044b 
clinical findings of, 1452 
clinical pathology of, 1452 
control of, 1454 
diagnosis of, 1453, 1453f 
differential diagnosis of, 1453b 
epidemiology of, 1450-1451 
etiology of, 1450 
necropsy findings of, 1452-1453 
pathogenesis of, 1451-1452 
treatment for, 1453-1454, 1454f 
Gliosis, 1184 

Globoid cell leukodystrophy, 1224 
Glomerular filtrate, 1095 
Glomerular filtration rate, 1096-1097, 1104 
Glomerular proteinuria, 1 102-1103 
Glomerulonephritis, 1110-1111, 1131 
Glomerulopathy, 1111 
Glossal actinobacillosis, 533 
Glossitis, 192 
see also Stomatitis 

Glossopharyngeal nerve (cranial nerve IX), 
assessment of, 1169 

Glucagon 

for fatty liver, 1721 
for ketosis, 1709, 1714 
Glucocorticoids 
for endotoxemia, 65-66 
for fatty liver, 1721 
for ketosis, 1714 
for respiratory tract disease, 871 
secondary immune system of, 758 
Glucose 

for endotoxemia, 65 
in fluid therapy, 140 
ketosis and, 1712 
metabolism, fatty liver and, 1721 
in oral electrolyte solution, 149 
Glucose absorption test, 185 
Glucose cerebrospinal fluid concentration of, 

1177 

Glucose-glycine electrolyte formulation, 391 
Glucosinolate toxicosis, 2202-2204, 2202b 
clinical findings, 2203 
clinical pathology, 2203 


control, 2203-2204 
differential diagnosis, 2203b 
epidemiology, 2202-2203 
etiology, 2202, 2202f 
necropsy findings, 2203 
occurrence, 2202 
pathogenesis, 2203 
risk factors, 2202-2203 
animal, 2202 
human, 2202 
plant, 2202-2203, 2202t 
treatment, 2203 
Glucosuria, 1097 
Glutamate dehydrogenase (GDH) 
in fasciolosis, 643 
liver function tests, 628 
y-Glutamyl transferase (GGT) 
equine colic, 230-231 
liver function test, 628, 653 
y-glutamyl transpeptidase, in fasciolosis, 643 
Glutaraldehyde coagulation test, for transfer of 
passive immunity, 1853 

Glutathione peroxidases, 1460, 1471-1472, 1472 t, 
1475 

Glycerine, for ketosis, 1713-1714 
Glycerol, for ketosis, 1713-1714 
Glyceryl trinitrate, laminitis, horse and, 1403 
Glycine, in oral electrolyte solution, 149 
Glycogen branching enzyme deficiency, in horses, 
1736 

Glycogen storage diseases, 1514 
Glycogenosis, generalized, 1514-1515 
Glycoprotein E (gE), in bovine herpesvirus-1 
infection, 953 

Glycoprotein E2, bovine virus diarrhea virus, 

580-581 

Glycopyrrolate, for heaves, 1011 
Goat kids, swayback and enzootic ataxia in, 
2169-2170 
GoatMAP, 571-572 
Goatpox, 1591-1593, 1591b 
differential diagnosis of, 1592b 
Goats 

anaphylaxis of, 750 

anaplasmosis and, clinical findings, 773 
biosecurity planning for, 37b 
bluetongue, 2072 
border disease in, 1254 
botulism in, 1368 
caseous lymphadenitis and, 762 
risk factors of, 764 
coccidiosis, 402 

congenital fixation of joints in, 1510 
contagious agalactia in, 1994-1996 
contagious ecthyma in, 1 595 
copper deficiency, 2170 
cryptosporidiosis, 397 

enterotoxemia, Clostridium perfringens type D 
associated, 1228, 1230 
enzootic nasal adenocarcinoma of, 970 f 
facial abscess in, 77 
hemorrhagic shock in, 71-72 
infected by bovine tuberculosis, 2018 
necropsy findings of, 2021 
infectious footrot in, 1444 
inherited goiter in, 1747 
iodine deficiency in, 1744 
leptospirosis and, 1117-1118, 1122 
listerial abortion in, 1338 
listerial encephalitis/meningitis in, 1335f, 

1338 

lungworm in, 980-981, 980b-981b 
with M. bovis, 2017 
mastitis of, 1993-1994 
melioidosis, clinical findings, 2030 
metabolic acidosis in, 128 
methicillin-resistant Staphylococcus aureus in, 

1567 

mycobacteriosis associated with MAC and with 
atypical mycobacteria, clinical and necropsy 
findings of, 2025 





Goats (Cont'd) 

Mycoplasma spp. of 

diseases of the respiratory tract associated with, 
924 

major pathogenic, 8851 
myotonia of, 1518-1519 
organophosphorus poisoning in, 1215 
osteodystrophia fibrosa in, 1498 
papillomatosis in, 1583 
parenteral nutrition for, 151-152 
pasteurellosis of, 2042-2043 
pleuritis in, 896 
pneumonia in, 886 
primary copper toxicosis, 2182 
pseudorabies in, 1248 
psoroptic mange in, 1621 
pulmonary and pleural neoplasms in, 1088-1089 
rabies in, 1240 

respiratory tract, diseases of, 969-970 
rhinitis in, 874 

septic arthritis synovitis and, 1412 
squamous-cell carcinoma in, 1641 
staphylococcal folliculitis in, 1555 
systemic mycoplasmoses of, 9711 
tick-borne fever and, 777 
tooth root abscess in, 77 
toxoplasmosis, 2142 
water deprivation in, 114 
Goiter, 1743 
congenital, 1744 
glucosinolate toxicosis and, 2203 
Goldmann-Witmer coefficient (C-value), 1177 
Good-quality veal, iron deficiency and, 813 
Gossypol, 2207 

Gracilis muscle, myositis and, 1387 
Grain, gorge on, ruminants, 177 
Grain feeding 
adaptation, 464, 471-472 
left-side displacement of abomasum and, 503 
Grain fumigants, 2185 
Granular cell tumors, 1089, 10897 
Granulocytopenic syndromes, 165 
Granulomas, granulomatous enteritis, 282 
Granulomatous dermatitis, 1579-1580 
Granulomatous enteritis, of horses, 282-283 
Granulomatous lesions, 1558-1559 
actinomycosis, 532 

Grass disease, see Equine grass sickness 
Grass sickness, see Equine grass sickness 
Grass staggers, 1699-1706, 1699b 
Grass tetany, 1699-1706, 1699b 
Grassfire (bushfire) injury, 110-111 
Gravel, ingestion of, 515 
Grayanotoxins, 2209-2210 
Grazing 

animals, vitamin D deficiency and, 1492 
bloat control, 479-480 
management, for interstitial pneumonia, 969 
Greasy heel, 1554 

Greasy pig disease, 1576-1579, 1577b 
clinical findings of, 1577-1579 
clinical pathology of, 1 579 
control of, 1 579 
diagnosis of, 1579 

differential diagnosis of, 1578f, 1579b 
epidemiology of, 1577 
etiology of, 1 576-1577 
necropsy findings of, 1579 
pathogenesis of, 1 577 
risk factors of, 1577 
transmission of, 1 577 
treatment of, 1 579 

Great arteries, complete transposition of, 705 
Great Britain 

bovine spongiform encephalopathy in, 12887, 
1294 

swine influenza in, 1078 
Green respiratory secretions, in pneumonia, 887 
Griseofulvin, for congenital defects, 1837 
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Ground barley, gastric ulcers, 288 
Ground beef, Escherichia coli detection, 543 
Growers, lameness and, 1418-1419 
Growth inhibition test (GIT), in contagious bovine 
pleuropneumonia, 928 
Growth rate 
of border disease, 1254 
gastric ulcers, 289-290 
lameness in pigs and, 1421 
Growth-plate defects, 1389 
Grunting 

abdominal pain, 451 

abomasal impaction, 516 

alimentary tract disease in cattle, 445 

causes of, 4887 

elicit, 452 

pain and, 80 

Guernsey cattle, chromosomal translocation in, 
1828 

Gut edema, 312-315 
Gut tie, 524, 5257 

Guttural pouch empyema, 984-985, 9847, 985b 
Guttural pouch fluid, in respiratory secretions, 860 
Guttural pouch mycosis, 985-987, 986b 
Aspergillus spp. in, 1045 
cranial neuritis with, 1362 
Guttural pouch tympany, 987 
Guttural pouches 
diseases of, 984-985 
strangles in, 1021 


H 

H1N1 humanlike viruses, in pigs, 1076 

H1N1 virus, 1076 

H1N2 virus, 1077 

H 2 antagonist, 246 

H2N3 viruses, 1077 

H3N1 SIV, 1077 

H3N2 virus, 1077 

H5N1 influenza viruses, 1077 

H5N2 virus, 1077 

H6N6 virus, 1078 

H7N2 virus, 1078 

H9N2 SIVs, 1078 

H10N5 virus, 1078 

Habitus, alimentary tract examination, 445 
Haemaphysalis longicornis, 111 
Haematobia spp., 1628-1629 
Haematopota spp., 1626 
Haemonchus, 610 
Haemonchus contortus, 610-611 
Haemonchus placei, 611 
Haemophilus agni, 2038 
Haemophilus pleuropneumoniae, 1055 
Hair 

fibers, abnormalities of, 1543 
follicles, diseases of, 1552-1553 
Hair coat, palpation of, 21 
Hair-coat-color-linked follicle dysplasia, inherited, 
1645 

Hairy foot warts, see Digital dermatitis, bovine 

Half-life (f 1/2 ), 163 

Half-lives, 107 

Halicephalobus, 1 307-1308 

Halothane test, for porcine stress syndrome, 

1527 

Hand-fed animals, history taking of, 7-8 
Haptoglobin, 56 
Hard bag, 976 
Hard udder, 976 
Hardwood forest fires, 110 
Harelip, 432-433 
Harvest mites, 1618 
Hay feeding, in heaves, 1005 
Hazard Analysis of Critical Points System (HACCP), 
543 


Head 

behavior and, 1164 
clinical examination of, 12, 18 
coordination of, 1 164-1165 
mental status and, 1 164 
position of, 1164-1165 
posture, 1161 
Head fly, 1 630 
Head trauma, 1178-1179 
Head-pressing, 1159 
Head-shaking, 1169 
clinical findings of, 1226 
clinical pathology of, 1226 
control of, 1226 
differential diagnosis of, 1226b 
epidemiology of, 1225 
etiology of, 1225 
in horses, 1253-1256 
necropsy findings of, 1226 
pathogenesis of, 1225-1226 
treatment of, 1226 
Heart 

auscultation of, 16 
disease associated with, 690-692 
ectopic, 704 
rhythm of, 16 
rupture of, 692-693 
Heart failure, 657-658 
acute, 662-663, 662b 
chordae tendineae, 689 
clinical findings of, 663 
clinical pathology of, 663 
differential diagnosis of, 663b 
etiology of, 662-663 
necropsy findings of, 663 
pathogenesis of, 663 
treatment of, 663 

cardiac reserve and compensatory mechanisms in, 
658-659 

chronic (congestive), 659-662, 659b 
clinical findings of, 660-661 
clinical pathology of, 661 
differential diagnosis of, 661b 
etiology of, 659-660 
left-sided, 660-661 
necropsy findings of, 661 
pathogenesis of, 660 
right-sided, 660-661, 661 f 
treatment of, 661-662 
plants causing (unidentified toxins), 701 
poisons associated with, 100 
Heart rate 

cardiac reserve and, 658 

cardiovascular system examination, 664 

decreased, 699 

equine colic, 227, 232-233 

fetal, 1841, 1841 f 

heaves in, 1007 

intensity variation of, 664 

resting, 676 

cardiac reserve measurement, 659 
cattle, 676 
horses, 676 
shock and, 73 
variability, 669, 669 f 
Heart sounds, 16, 663-664 
abnormal, 16 
first (SI), 663-664 
fourth (S4), 664 
intensity variation, 659 
muffled, traumatic reticulopericarditis, 

497-498 
muffling of, 664 
phonocardiography, 673 
second (S2), 664 
sequence of, 664 
third (S3), 664 
Heart valves, rupture of, 693 
Heartwater, 781 
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Heartwater/cowdriosis, 2031-2033, 2031b 
clinical findings, 2032 
clinical pathology, 2032 
control, 2033 

differential diagnosis, 2032b 
economic importance, 2032 
biosecurity concerns, 2032 
epidemiology, 2031-2032 
etiology, 2031 

method of transmission, 2031 
necropsy findings, 2032 
occurrence, 2031 
measures, 2031 
pathogenesis, 2032 

risk factors and immune mechanisms, 2031-2032 
treatment, 2032-2033, 2032b-2033b 
Heat loss, 43-44 
excessive, 44 

and heat gain, balance between, 44 
in lambs, 1845 
neonatal control of, 45 
Heat production, 43 
insufficient, 44 
neonates, 45-47 
Heat stress 

in immunoglobulin concentration in colostrum, 
1850 

in intrauterine growth retardation, 1840 
Heaves, 1003-1012, 1003b 
clinical findings in, 1007-1008, 1008f 
clinical pathology of, 1008-1009 
diagnostic confirmation in, 1009 
differential diagnosis of, 1009b 
epidemiology of, 1004-1005 
etiology of, 1003-1004 
necropsy findings in, 1009 
pasture-associated, 1012-1013 
pathogenesis of, 1005-1007 
risk factors for, 1004-1005, 1005f 
special examinations for, 1008-1009 
treatment of, 1009-1011, 101 Of 
Heavy magnesium "bullets", 1705 
Heel abscess, 1448-1449 
"Heel warts." see Digital dermatitis, bovine 
Heifer calf herd replacements, dietary 
supplementation and, 813 

Heifers 

bovine virus diarrhea virus vaccination, 596 
intramammary infection of, 1907 
Helicobacter heilmannii, gastric ulcers, 288 
Heliotropium europaeum, copper poisoning and, 
820 

Helminthosporium biseptatum, 1828 
Helminthosporium ravenelii, 654 
Helminthosporium spiciferum, 798 
Hemagglutinating encephalomyelitis, porcine, 
340-341 

Hemagglutination inhibition, in swine influenza, 
1082 

Hemangioma, 715, 1642 
Hemangiosarcoma, 715, 1089, 1642 
Hematinics, 739-740 
Hematochezia, 210, 449 
Hematocrit 

for dairy-herd metabolic profile testing, 1671 
equine colic, 230, 232-233 
hemorrhagic shock, 73, 75 
radiation and, 108 
Hematogenous osteomyelitis, 1392 
Hematogenous spread, of brain abscess, 11 90 
Hematogenous subcutaneous abscess, 1558 
Hematologic abnormalities 
exercise intolerance, 99 
in strangles, 1022 
Hematology 
anaplasmosis and, 773 
anemia and, 735 
babesiosis and, 803 
for bovine mastitis, 1920 
of brain abscess, 1191 
cobalt deficiency and, 817-818 


for coliform mastitis, 1949 
in dairy-herd metabolic profile testing, 1671 
diarrhea, acute, 278 
endotoxemia and, 63-64 
enteritis and, 211 
eperythrozoonosis of, 780 
equine colic and, 230-231 
hemorrhagic bowel syndrome and, 551 
of lead toxicosis, 1206-1207 
of meningitis, 1193 
in newborn, 1861-1862, 18611 
peritonitis and, 218 
in pneumonia, 890 
in pneumonic pasteurellosis, 918-919 
for postpartum dysgalactia syndrome, 1 999 
puerperal metritis in cattle and, 68 
Hematoma, 1557 
differential diagnosis of, 1557b 
infarction, 746-749 
spleen, 746-749 

Hematophagous insect transmission, 771 
Hematopoietic cell density, reduced, 758 
Hematuria, 1100-1101 
Hemic murmurs, 686 

Hemlock, poison (Conium maculatum), 1837 
Hemochromatosis, 630, 844 
Hemoconcentration, 113-114 
Hemodialysis, 1109 
Hemoglobin 

altered, in dyspnea, 849 
decreased production, anemia from, 731 
hemonchosis in ruminants, 611 
Hemoglobinopathies, 745 
Hemoglobinuria, 1 101 
water intoxication and, 115-116, 116 f 
Hemogram 

abomasal displacement/volvulus, 512 

abomasal ulcer, 521 

for encephalitis, 1185 

in fatty liver, 1720 

intestinal obstruction, 527 

left-side displacement of abomasum and, 

506-507 

for localized infections, 78 
in milk fever, 1681 
reticulopericarditis, traumatic, 498 
reticuloperitonitis, traumatic, 485 
retroperitoneal abscess, 270-271 
septicemia and, 58 
vagus indigestion, 494 
Hemolymphatic system, 781-784 
clinical pathology of, 782 
clinical signs of, 782 
control of, 782 
diagnosis of, 782 
diseases of, 716-844 

plasma protein concentration abnormalities of, 
716-718 

spleen, diseases of, 751-752 
thymus, diseases of, 751-752 
white cell disorders of, 745-746 
epidemiology of, 781 
etiology of, 781 
Mycoplasma suis, 781-782 
pathogenesis of, 782 
pathology of, 782 
treatment of, 782 
Hemolysins, 2177 
Hemolysis, 734-735 
leptospirosis and, 1 120 
Hemolytic anemia, 728-740 
autoimmune, 729f-730f 

Hemolytic disease, Clostridium perfringens type A, 
545-546 

Hemolytic jaundice, 623 
Hemolytic uremic-like syndrome, 1114 
Hemonchosis 
in goats, 611 

in ruminants, 610-613, 610b 
breed, susceptibility with, 611 
clinical findings, 611-612 


clinical pathology, 612 
control, 612-613 
diagnostic confirmation, 612 
differential diagnosis, 612b 
epidemiology, 611 
etiology, 610 
natural resistance, 613 
necropsy findings, 612 
pathogenesis, 611 
predisposing causes for, 611 
self-cure phenomenon, 611 
transmission, 610-611 
treatment, 612, 612b 
vaccination, 613 
in sheep, 611 
Hemophilia, 842-844 
Hemophilia A, 722, 844 
Hemoptysis, 877-878 
in respiratory insufficiency, 854-855 
Hemorrhage 

alimentary tract, 181-182 

diseases causing, 721 

hemangiosarcoma and, 715 

internal spontaneous, sudden death from, 99 

panhypoproteinemia of, 717 

peritonitis, 216 

prevention of, in guttural pouch empyema, 986 
pulmonary, 883, 883f 
Hemorrhagic anemia, 728-740 
Hemorrhagic bowel syndrome, in cattle, 549-552 
clinical findings, 550-551 
clinical pathology, 551 
control, 551-552 
differential diagnosis, 551b, 551 f 
epidemiology, 549 
etiology, 549 
necropsy findings, 551 
pathogenesis, 549-550, 550f 
treatment, 551 
Hemorrhagic diathesis, 625 
Hemorrhagic disease, 718-725 
bovine virus diarrhea virus, 585 
infection, 582 
Hemorrhagic enteritis, 449 
Hemorrhagic enterotoxemia, 391, 545-546 
Hemorrhagic septicemia (HS), 2040-2042 
Hemorrhagic shock, 71-76, 71b 
cattle, 71-72 
clinical findings in, 73 
clinical pathology, 73-74 
differential diagnosis of, 74b 
etiology of, 71-72 
horses, 72 

necropsy findings, 74 
pathogenesis of, 72 
pigs, 72 

treatment, 74-76 
Hemorrhagic syndrome, pigs, 722 
Hemorrhagins, 2177 

Hemostatic system, endotoxemia and, 61-62 
Hemothorax, 895-896, 896b 
Henderson-Hasselbalch equation, 124, 124f—125f, 
135 

Heparin 

coagulopathy treatment, 721 
disseminated intravascular coagulation and, 

728 

equine colic, 234-235 
for equine hyperlipemia, 1739 
laminitis, horse and, 1403 
Hepatic abscess, 626, 632-635 
in cattle, 626, 634 
caudal vena cava syndrome, 634 
in goats, 633 
in horses, 626, 634 
ultrasonography, 626 

Hepatic abscesses, carbohydrate engorgement, 
463-464 

Hepatic biliary cystadenoma, 655 
Hepatic coma, 624 

Hepatic dysfunction, principles of, 622-623 





Hepatic encephalopathy, 624, 632, 647, 817, 1187 
in cattle, 624 
in horses, 629 

Hepatic enzymes, serum profile, 628-629 
Hepatic fibrosarcoma, in goats, 655 
Hepatic fibrosis, 631-632 
Hepatic function, congenitally defective, 1550 
Hepatic function tests, 627-628 
Hepatic injury 
plants causing, 649-650 
pyrrolizidine alkaloid toxicosis, 647 
Hepatic lipidosis, 1716-1722, 1717b 
in goat, 816 

Hepatic lipodystrophy, in galloway calves, 1 727 
Hepatic necrosis, in pigs, 630 
Hepatitis, 622, 629-632 
acute, 639-640 
clinical findings, 631-632 
clinical pathology, 632 
congestive, 631 
differential diagnosis, 632b 
epidemiology, 629-630 
etiology, 629-630 
infectious, 630, 637-638 
infectious necrotic, see Black disease 
necropsy findings, 632 
nutritional, 630 
parasitic, 630-631 
pathogenesis, 630-631 
postvaccinal, 639-640 
serum, 631, 639-640 
toxemia perfusion, 630 
toxic, 630 
toxipathic, 630-631 
treatment, 632 
trophopathic, 630-631 
Hepatitis E, 640-641 
wild boar, 2009 
Hepatoencephalopathy, 639 
Hepatogenous chronic copper poisoning, 823 
Hepatogenous photosensitization, 1 550 
Hepatopathy, congestive, 630 
Hepatosis, 622, 630 
Hepatosis dietetica 
clinical findings of, 1470 
epidemiology of, 1464 
necropsy findings of, 1473 
Herbicides, 2186-2187 
bipyridyl derivatives, 2186 
carbamates, 2186 
delrad, 2187 

dinitrophenol compounds, 2186 
dithiocarbamates, 2186 
inorganic, 2186 
sodium chlorate, 2186 
organophosphorus compounds, 2186 
phenoxy acid derivatives, 2186-2187 
poisoning, 422 
thiocarbamates, 2186 
triazines/triazoles, 2187 
triclopyr, 2187 
ureas/thioureas, 2187 
Herd, shortfalls in performance, 94 
Herd certification, in Mycoplasma pneumonia, 1067 
Herd testing, 1 668 

Herding instinct, and stress induction, 85 
Hereditary equine regional dermal asthenia, 1643, 
1647 

Hereditary hemimelia, 1537 
Hereditary lissencephaly, 1332 
Hereditary neuraxial edema, 1350 
Hereditary peromelia, of Mohair goats, 1 537 
Hernia 

diaphragmatic, 900-901, 901 f 
inguinal, 253-254 
inherited umbilical, 1516 
Hetastarch, 142-143 
Hexachlorophene, 618 
poisoning of, 1212-1213 
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Hexokinase assay, 134-135 

High-frequency electromagnetic radiation, 106-107 

Hindlimbs 

incoordination of, 313 
nervous system examination of, 1171-1172 
Hip dysplasia, inherited, 1 539 
Hip lifters, for downer-cow syndrome, 1697 
Hirsutism, 1727-1728 
Hirudin, 721-722 

Histamine, carbohydrate engorgement, 464 
Histamine type-2 (H 2 ) receptor antagonists, 522 
Histiocytoma, 1642 
Histology 

caseous lymphadenitis of, 769 
equine infectious anemia and, 793 
of Glasser's disease, 1453 
hemochromatosis, 843 
iron deficiency and, 817 
porcine proliferative enteropathy, 325 
of porcine reproductive and respiratory syndrome, 
1810 

of Q fever, 1792 
swine dysentery, 331 
Histophilus ovis, 2038 

Histophilus septicemia of cattle (Histophilus somni or 
haemophilus somnus disease complex), 
2033-2038, 2033b-2034b 
clinical findings, 2036-2037 
myocarditis, 2036-2037 
respiratory disease, 2036 
thrombotic meningoencephalitis (TME), 2036 
clinical pathology, 2037 
culture of organism, 2037 
hematology, 2037 
serology, 2037 
control, 2038 

metaphylactic antimicrobial therapy, 2038 
vaccination, 2038 
epidemiology, 2034-2035 
etiology, 2034 
immune mechanisms, 2035 
methods of transmission, 2035 
necropsy findings, 2037 
sample for confirmation of diagnosis, 2037, 
2037 b 

occurrence of disease, 2034 
pathogenesis, 2035-2036 
prevalence of infection, 2034 
risk factors, 2034-2035 
animal, 2034 
pathogen, 2034-2035 
treatment, 2037-2038, 2038b 
Histophilus somni 
localized infection, 77 
mastitis and, 1962 
septicemia, 2038-2039, 2038b 
synovitis caused by, 1416 
thrombotic meningoencephalitis, 2038-2039, 
2038b 

vaccines, 913, 923 
Histoplasma capsulatum, 2159-2160 
Histoplasma capsulatum var. fa rcimi nosum, 795 
Histoplasmosis, 2159-2160 
History taking, of individual animal, 5-8 
animal data, 6 
case fatality, 6 
climate, 8 
culling rate, 7 
disease history, 6-7 
general management, 8 
management history, 7-8 
method, 5-6 
morbidity, 6 
nutrition, 7-8 

population mortality rates, 6 
present disease, 6 
previous disease, 7 
previous exposure, 7 
prior treatment, 6 


prophylactic and control measures, 6 
reproductive management and performance, 8 
transit, 7 

Histotoxic anoxia, 847 
"Hobby farm malnutrition", 92 
Hog cholera, 2098-2110 
virus, in congenital defects, 1836 
Holodiastolic murmurs, 687-688 
Holosystolic murmurs, 687 
Holstein calves, complex vertebral malformation in, 
1536-1537 

Holstein Friesian calves, volume of colostrum 
ingested of, 1850-1851 
Holstein-Friesian cattle 
chromosomal translocation in, 1828 
factor XI deficiency, 723 
rupture of abdominal artery aneurysm in, 

711 

Homeothermy, 43, 48 
Homoanatoxin-a, 102 
"Honking" respiratory noise, 880 
Hookworm disease, 613-615 
Hooves, clinical examination of, 21-22 
Hormonal therapy, for ketosis, 1714 
Hormones 

defects, in agalactia, 1 990 
reticulorumen motility, primary contraction 
influence, 439 
Horn cancer, 1640-1641 
Horn flies, 1628-1629 

Horn fly ( Hameotobia irritans), Staphylococcus 
aureus mastitis, transmission of, 1931 
Horner's syndrome, 1172 
in cranial nerve dysfunction, 986 
Horns, clinical examination of, 21-22 
Horse flies (Tabanus fuscicostatus), 1626 
enzootic bovine leukosis transmission, 834 
Horsepox, 1596-1597 
Horses 

abdominal ultrasonography, 184 
abdominocentesis, 189-190 
acute diarrhea in, 150 
anaphylaxis of, 750-751 
anthrax in, 2013 

antimicrobials, septic arthritis synovitis and, 
1415-1416 

aortoiliac thrombosis in, 710-711 
arterial blood pressure measurement, 671 
ascariasis, 409-411 

aural flat warts in, 1583, 1583 f, 1640 
back pain in, 1350 
biosecurity planning for, 37b 
biotin and, 1503 
blood glucose levels, 185 
borreliosis in, 1425-1427 
botulism in, 1368 
bovine tuberculosis in, 2017 
necropsy findings of, 2021 
bronchitis in, 878 
cecal catheters in, 146 
cerebellar abiotrophy in, 1334-1336 
cervical vertebrae in, 1344 
cholangiohepatitis in, 655-656 
chronic pectoral and ventral midline abscess in, 
1449-1450 

congenital cardiac defects and, 704 
contagious acne of, 1 576 
differential diagnosis of, 1576b 
copper deficiency, 2170 
dehydration in, 114-115 
dermatitis in, 1 547 
dermatophilosis in, 1571 
disease causing spinal ataxia in, 1356f 
diseases of, 1272f 
edema in, 130 

endoscopic examination, of airways, 855-856 
enterotoxemia in, Clostridium perfringens type D 
associated, 1228-1229 
exercise intolerance in, 97-99 
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exercises-induced pulmonary hemorrhage of, 
997-1003, 997 b, 999 f, 1001b 
fever of unknown origin in, 55 
gastric decompression, 183 
granulomatous lesions in, 1559 
grazing, atypical myopathy in, 1 505-1506 
greasy heel of, 1554 
head-shaking in, 1253-1256 
heart .'weight ratio, 659 
hemoglobinuria in, 631 
hemoptysis in, 877 
hemorrhagic shock, 72 
hepatic abscesses in, 634 
hepatic enzyme profile of, 629 
hyperkalemic periodic paralysis, 111 
hyperthermia in, 52-53 
malignant, 1524-1525 
with hyperthyroidism, 1740 
hypertonic saline solution for, 141 
hypoglycin A intoxication of, 1 505-1506 
hypokalemia, 120 

infected by bovine tuberculosis, 2018 
inguinal abscess in, 77 

inherited congenital hydrocephalus in, 1329-1331 
injection-site clostridial infections in, 1388 
insect bite hypersensitivity in, 1559-1560 
differential diagnosis of, 1 560b 
interstitial pneumonia in, 996-997 
intramuscular injection reaction of, 159 
iron toxicosis, 2188-2189 
laminitis of, 1395-1404, 1395b, 1395f 
laryngitis in, 878 
lead poisoning in, 1205-1206 
leptospirosis and, 1118-1119, 1122-1123 
liver 

biopsy, 626, 632 
and kidney lead in, 1207 
normal, 625 

lungworm in, 1047, 1047b 
lymphangitis in, 1 557 
melioidosis, clinical findings, 2030 
methicillin-resistant Staphylococcus aureus in, 1 568 
mildly affected, myopathy and, 1386 
muscular dystrophy in, 1470 
mycobacteriosis associated with MAC and with 
atypical mycobacteria, clinical and necropsy 
findings of, 2025 
Mycoplasma spp. of 

diseases of the respiratory tract associated with, 
925 

major pathogenic, 885f 
myopathy of, 1381-1387 
control of, 1386-1387 
diagnosis of, 1382, 1386f 
etiology of, 1382, 1383f-1385f 
pathogenesis of, 1 382 
treatment for, 1382-1386 
neuraxonal dystrophy of, 1349 
neurotoxic mycotoxins in, 1186 
oral fluid therapy in, 150-151 
orally administered antimicrobial agents for, 161 
organophosphorus poisoning in, 1215 
osteochondrosis and, 1407-1408 
osteodystrophia fibrosa in, 1388, 1498 
otitis media/interna in, 1335 
papillomatosis in, 1583-1584 
parenteral nutrition for, 151 
peritoneal fluid, 187f-188f 
phosphorus deficiency in, 1487 
plasma and liver copper in, 2172 
pleuritis in, 896 
pneumonia in, 886 

polysaccharide storage myopathy of, 1522-1523 
poor racing performance by, 97-99 
poxvirus infections in, 1596-1597, 1597f, 

1598f-1599f 

primary copper toxicosis, 2182 
primary vitamin A deficiency in, 1322 
progressive ethmoidal hematomas in, 876, 876 f 
proliferative enteropathy, 379-381 


pruritus in, 1 543 

psoroptic mange in, 1621 

pulmonary and pleural neoplasms in, 1088 

pulmonary emphysema in, 884 

pulmonary lesions in, 877 

rabies in, 1240-1241 

respiratory tract of, viral infections of, 1028-1029 
resting heart rate, 676 

rhabdomyolysis, sporadic exertional, in, 1479-1481 
rhinitis in, 874 
ringworm in, 1601 
SAA in, 56 

salmonellosis, 357-373 
selenium status in, 1471 

selenium-responsive reproductive performance in, 
1478 

septic arthritis, prognosis for survival and athletic 
use in, 1417-1418 

septic arthritis synovitis and, 1412-1413 
septicemia in, 57 
serum bile acids, 627 
serum hepatitis in, 631 
smoke inhalation in, 881 
squamous-cell carcinoma in, 1583-1584, 1584f, 
1640 

starvation in, 89-90 

steatitis in, 1726 

strongylosis, 411-415 

sudden death in, 100 

summer sores in, 1608-1609, 1608b 

synchronous diaphragmatic flutter in, 1013 

thiamine deficiency in, 1319 

thoracic radiographs of, 856-857, 857b, 857 f 

thoroughbred and standardbred, recurrent 

exertional rhabdomyolysis in, 1519-1522 
thyroidectomy of, 1740 
tick-borne fever and, 778 
toxoplasmosis, 2142 
tracheal collapse in, 879-880 
tracheitis in, 878 
transportation stress, 85 
tuberculin testing in, 2020 
tularemia, clinical findings, 2028 
tying-up in, 1379 
ulcerative lymphangitis 
clinical findings of, 761-762 
epidemiology of, 760 
upper respiratory tract of 
abnormalities of, 981-982 
diseases of, differential diagnosis of, 1023 1 
Venezuelan viral encephalomyelitis of, 1300-1301 
vertebral osteomyelitis in, 1347 
vesicular stomatitis, 396 
zearalenone toxicosis in, 1825 
zinc toxicosis, chronic poisoning, 2194 
Hosepipe gut, 324 
"Hospital pasture", 1878 
Host occurrence, caseous lymphadenitis and, 762 
Hot water rinse, carcass decontamination, 543 
Houseflies, porcine reproductive and respiratory 
syndrome, transmission of, 1799 
Housefly, 1630 
Housing 

bovine digital dermatitis and, 1440 
caseous lymphadenitis and, 764 
colibacillosis and, 1881 
coliform mastitis and, 1953 
enterohemorrhagic Escherichia coli risk factor, 

538 

equine colic, risk for, 224 

for equine influenza, 1033 

facilities, for respiratory tract disease, 873 

in heaves, 1005 

in mastitis control program, 1979 

in mortality in dairy calves, 1833 

for musculoskeletal system disease, 1377 

for newborns, 1878 

performance shortfalls and, 94 

for pneumonia, 892 

in risk factors, of bovine mastitis, 1910-1911 
stress induction and, 84 


HT-2 toxin, 2213 
Human H7N9 IV, 1078 
Humanlike H1N1 viruses, 1076 
Humans 

Actinobacillus lignieresii infection, 533 
Anaplasma phagocytophila, 775-777 
bovine papular stomatitis infection in, 602 
Brucella melitensis in, 1782 
Brucella suis infection in, 1779 
brucellosis in, 1779 
campylobacteriosis, in pigs, 321 
Chlamydophila abortus infection in, 1786-1787 
enterohemorrhagic Escherichia coli (EHEC) 
infections in, 536 

Mycobacterium avium subspecies paratuberculosis 
(MAP), 552 
Q fever in, 1792 
salmonellosis, 298, 363-364 
yersiniosis, 337 
Hunger, 87, 89 
Hunting reaction, 45 

Hurdle technology, slaughter practices, 543 
Hutches, for enzootic pneumonia of calves, 945 
Hyaluronic acid 

for degenerative joint disease, 1411 
for septic arthritis synovitis, 1417 
Hydranencephaly 
calves, Akabane virus and, 1513 
inherited, 1329 
Hydration 

clinical examination of, 16 
diarrhea, acute, 279 
status indicator of, 114-115, 115 f 
Hydration therapy, 145 
Hydroallantois, 1871 
Hydrocarbon toxicosis, 2187-2188 
Hydrocephalus, 1 181 f, 1182-1184 
Hydrocyanic acid poisoning, minimum lethal dose, 
827 

Hydrogen peroxide, in Mycoplasma bovis, 933 
Hydrogen sulfide, in polioencephalomalacia, 1313 
Hydronephrosis, 1098, 1114 
Hydropericardium, 130 
enzootic bovine leukosis and, 837 
Hydrostatic pressure 
increased, 129 

subcutaneous edema and, 1555 
Hydrothorax, 130, 895-896, 896b 
Hydrotoea irritans, 1630 
p-hydroxy butyrate 
in energy balance, 1669 
left-side displacement of abomasum and, 
503-504, 507 

25-hydroxycholecalciferol, 1689 
Hydroxyethyl starch, 142-143 
solution, 723 

Hyena disease, of cattle, 1503-1504 
Hygiene 

Brucella melitensis, control of, 1783-1784 
colibacillosis and, 1881 
environmental examination of, 9 
in equine herpesvirus-1 and -4 infections, 1042 
Johne's disease control, 563 
leptospirosis and, 1127 
in mastitis control program, 1979 
Hygienic precautions, for equine influenza, 1038 
Hymenoptera, 2179 
Hyoscine butylbromide, 234 
Hyper d-lactatemia, 132 
Hyperalgesia, peripheral, 79-80 
Hyperammonemia, 624, 1177 
treatment of, 640 
Hyperbilirubinemia, 627 
photosensitization and, 1646 
Hypercapnia, 846, 848 
Hypercoagulability, 728 
Hypercoagulable states, 725-728 
clinical pathology of, 726-727 
clinical signs of, 726 
diagnostic confirmation of, 727 
epidemiology of, 725-728 





Hypercoagulable states (Cont'd) 
etiology of, 725-728 
necropsy examination of, 727 
pathophysiology of, 726 
prognosis of, 725-726 
treatment of, 727 
Hyperdynamic phase, 61 
Hyperelastosis cutis, 1643, 1646-1647 
Hyperemia, 1193 
Hyperesthesia, 1164, 1542 
Hyperesthetic leukotrichia, 1 553 
Hyperfibrinogenemia, 718 
in foals with sepsis, 1862 
in strangles, 1022 

Hypergammaglobulinemia, lymphosarcoma, 748 
Hyperglobulinemia, 718 
Hyperglycemia 
endotoxemia and, 62 
equine metabolic syndrome and, 1733 
parenteral nutrition and, 152 
Hyperhidrosis, inherited, 1647 
Hyperhydration, 872 
Hyperimmune serum 
for endotoxemia, 66 
peste des petits ruminants, 576 
Hyperinsulinemia 

equine metabolic syndrome and, 1733 
laminitis, horse and, 1397 
Hyperkalemia, 120-121, 134, 1143 
in diarrheic calf, 1884 
Hyperkalemic distal RTA (type IV), 1113 
Hyperkalemic periodic paralysis, 111, 121, 1378, 
1380 

Hyperkeratosis, 1544 
differential diagnosis of, 1544b 
of swine, 287-290, 290b 
Hyperketonemia, 1708-1716, 1708b 
Hypermetria, 1162, 1171-1172 
Hypernatremia, 118, 118f 
in diarrheic calf, 1884 
Hyperorexia, definition of, 87 
Hyperparathyroidism, 1389-1390 
Hyperplasia, in Mycoplasma pneumonia, 1066 
Hyperpnea, 846, 848 
Hyperproteinemia, 718 
in strangles, 1022 
Hypersensitivity 
central, 80 
endotoxemia, 63 

to molds, in interstitial pneumonia, 966 
Hypertension, 660, 671 
pulmonary, 882-883 
Hyperthermia, 15, 43-54 
clinical findings in, 52-53 
clinical pathology of, 53 
in congenital defects, 1837-1838 
control for, 53 
in dyspnea, 849 
etiology of, 51-52 
horses and, 52-53 
malignant, 52, 1525-1529 
clinical findings of, 1527 
in horses, 1524-1525 
necropsy findings in, 53 
neurogenic, 52 
other causes of, 52 
pathogenesis of, 52 
treatment of, 53 
Hyperthyroidism, 1739-1742 
Hypertonic crystalloid solutions, 138-141 
Hypertonic dehydration, 116, 117 f, 134 
Hypertonic saline, 140, 145 
hyperkalemia, 121 

with or without Dextran 70, 140-141 
water intoxication, 116 
Hypertonic saline solution 
coliform mastitis and, 1952 
for hemorrhagic shock, 76 
for hypovolemic and maldistributive shock, 74 
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Hypertonic sodium bicarbonate, 121, 145 
Hypertonic solutions, for endotoxemia, 64-65 
Hypertriglyceridemia 
equine hyperlipemia and, 1738 
parenteral nutrition and, 151 
Hypertrophic osteopathy, 1391 
Hyperventilation, stimulation of, in rebreathing 
examination, 850 

Hypervitaminosis A, treatment for, 1328 
Hypervolemia, red cell, 746 
Hyphomyces destruens, 797 
Hypoadrenal corticalism, in premature foals, 

1842-1843 

Hypoalbuminemia, 717 
decreased oncotic pressure and, 128-129 
fasciolosis with, 643 
granulomatous enteritis, of horses, 282 
in strangles, 1022 
trichostrongylid infection, 605 
Hypobiosis, trichostrongylid worms, 603, 605 
Hypobiotinosis, 1502-1503 
Hypocalcemia, 121-122 
diarrhea, acute, 279 
experimental, 1679 
hypomagnesemic tetany in, 1700 
in lactation tetany, 1737 
left-side displacement of abomasum and, 504 
milk fever and, 1679 
nonparturient, 1683 
in sows, 1 683 
volcanic ash fallout, 109 
Hypocalcemic paresis, 1683 
Hypochloremia, 116, 118, 118f 
diarrhea, acute, 279 
Hypocholinosis, 2176 
Hypochromic anemia, 976 
Hypocyanocobalaminosis, 823-825 
Hypoderma spp. infestation, 1626-1628, 
1626b-1627b 

Hypodermic needle reuse, bovine virus diarrhea virus 
transmission, 579 
Hypodynamic phase, 61 
Hypoesthesia, 1164 
Hypoferremia, 734 
endotoxemia and, 62 
Hypofibrinogenemia, 717 
Hypofolicosis, 826-829 
Hypogammaglobulinemia, 717 
Hypoglossal nerve (cranial nerve XII), assessment of, 
1169 

Hypoglycemia, 624 
encephalomalacia and, 1187 
endotoxemia and, 62 
in newborn, 1860 
postvaccinal hepatitis with, 640 
pregnancy toxemia and, 1723 
Hypoglycemic coma, in prolonged gestation with 
fetal gigantism, 1828-1829 
Hypoglycin A intoxication, of horses, 1 505-1506 
Hypokalemia, 119-120, 119f 
acute, in cattle, 1690-1693, 1690b 
alkalemia and, 119-120 
defined, 119 
horses, 120 
severe 

in downer-cow syndrome, 1694 
in milk fever, 1681 
treatment for, 120 
Hypomagnesemia 
in cattle, volcanic eruptions, 109 
chronic, 1703 
concurrent, 1680 
in downer-cow syndrome, 1694 
herd diagnosis in, 1703-1704 
in hypomagnesemic tetany, 1700 
milk fever and, 1679, 1681 
parturient paresis with, 1703 
in sheep, 1702 
winter, 1700 


Hypomagnesemic tetany, 1699-1706, 1699b 
of calves, 1706-1707, 1706b-1707b 
clinical findings of, 1702-1703 
clinical pathology of, 1703-1704 
combined calcium/magnesium therapy for, 1704 
control of, 1704-1706 
differential diagnosis of, 1704b 
epidemiology of, 1700-1702 
etiology of, 1699-1700 
hypocalcemia in, 1700 
magnesium for 
supplements, 1704-1705 
therapy, 1704 
morbidity of, 1701 
mortality of, 1701 
necropsy findings of, 1 704 
pasture risk factors of, 1701 
pathogenesis of, 1702 
treatment of, 1704, 1706b 
Hypometria, 1172 

Hypomyelinogenesis, inherited, 1235f-1237t, 
1248-1252, 12591, 1355 
Hyponatremia, 116-118, 1143 
diarrhea, acute, 279 
etiology of, 117f 
pathogenesis of, 117 f 
Hyponiacinosis, 1325 
Hypopantothenosis, 1326 
Hypophosphatemia, 122-123 
in downer-cow syndrome, 1694 
milk fever and, 1679, 1681 
Hypoplasia, cerebellar, 1331 
Hypoproteinemia, 716-718 
exercise intolerance, 99 
hemonchosis in ruminants, 611 
Hypoproteinemic (hypooncotic) edema, 1555 
Hypopyridoxinosis, 1325-1326 
Hyporiboflavinosis, 2176 
Hypothalamic-pituitary-adrenal axis 
dysfunction of, and endotoxemia, 61 
stress and, 84 

Hypothalamus, effect of pyrogens on, 54 
Hypothermia, 15, 44-50 
clinical findings, 49 
control of, 50 
epidemiology of, 44-50 
etiology of, 44 

intravenous fluid administration and, 

145-146 

necropsy findings in, 49 
neonatal, 44 
clinical findings, 49 
risk factors for, 47-48 
pathogenesis of, 48-49 
postshearing, in sheep, 48 
secondary to other diseases, 49 
treatment of, 49-50 

Hypothetico-deductive reasoning, for diagnosis, 2 
Hypothyroidism, 1739-1742 
Hypotonic crystalloid solutions, 138-139 
Hypotonic dehydration, 116, 117f, 134 
Hypotrichosis, 1552-1553 
Hypoventilation, in hypoxic hypoxia, 846-847 
Hypovitaminosis A, 2037b 
see also Vitamin A, deficiency 
Hypovolemia 

diarrhea, in foals, 275-276 
equine colic, 225 

Hypovolemic shock, 71-76, 71b, 658 
clinical findings, 73 
clinical pathology, 73-74 
differential diagnosis of, 74b 
etiology of, 71 
necropsy findings in, 74 
pathogenesis of, 72 
treatment for, 74-75 
Hypoxemia 
definition of, 846 
heaves in, 1006-1007 
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Hypoxia, 846-847 
anemic, 847 
cerebral, 1179, 1179b 
circulatory, 847 
consequences of, 847 
definition of, 846 
encephalomalacia and, 1187 
histotoxic, 847 
hypoxic, 846-847 
in newborn, 1860 
in pulmonary hypertension, 882 
Hypoxic hypoxia, 846-847 
Hypozincemia, endotoxemia and, 62 


I 

Iatrogenic deaths, 100 
Iatrogenic transmission, 771 
of enzootic bovine leukosis, 833 
Ibaraki disease, 784-785 
Ibaraki stain, 784 

Iberian peninsula, bovine spongiform 

encephalopathy in, 1294-1295 

Iceland 

ovine progressive pneumonia in, 974 
in ovine pulmonary adenocarcinoma, 978-979 
Ictus, see Convulsions 

Idiopathic chronic inflammatory bowel diseases, of 
horses, 282 

Idiopathic fibrosing dermatitis, 1548 
Idiopathic focal eosinophilic enteritis, 283 
Idiopathic nasal/perioral hyperkeratotic dermatosis, 
of camelids, 1563-1564 
differential diagnosis of, 1564b 
treatment of, 1 564, 1564b 
"Idiopathic tetanus", 1363 
Iforrestine poisoning, 1137 
IgA 

in bovine respiratory syncytial virus, 948 
in swine influenza, 1083 
winter dysentery, cattle, 600 
IgG concentration, critical plasma, in foals, 
1863-1864 
IgM 

in bovine respiratory syncytial virus, 948 
in indirect florescent antibody assay, for PRRS, 

1809 

winter dysentery, cattle, 600 
Ileal impaction, 253, 525 
Ileitis 

of pigs, 291 
regional, enteritis, 209 
Ileocecal intussusception, 253-254 
Ileocecal valve impaction, 254 
lleocecocolic intussusception, 524 
Ileum, biopsy of, 559, 569 
Ileus, 180-181 
adynamic, 180 
dynamic or mechanical, 180 
equine colic, 225 
etiology, 180-181 
medications, 1811 
paralytic, 180, 210, 216-217 
pathogenesis, 180-181 
postoperative, 62, 180 
treatment, 181 

Iliac artery thrombosis, myopathy and, 1380 
Ill-thrift, 90-94 
weaner, 94-96 
Imaging 

alimentary tract, examination of, 183-184 
of brain abscess, 1191 
equine colic, 239 
of liver, 626 

in nervous system examination, 1 175-1176 
in newborn, 1860 
peritonitis, 218 
in uroperitoneum, 1142 
Imidazothiazoles (Levamisole), 607, 1211 


Imidocarb (Imizol), 774, 805 
Imiquimod, for sarcoid, 1586-1587 
Immune mechanisms 
in bovine herpesvirus-1 infection, 953 
in contagious bovine pleuropneumonia, 927 
in leptospirosis, 1121 
in Mycoplasma pneumonia, 1065 
in pleuropneumoniae, of pigs, 1058 
in vitamin A deficiency, 1322 
Immune response 

acquired, bovine virus diarrhea virus, 580 
in heaves, 1005-1006 
Johne's disease, 557-558, 567-568 
selenium deficiency and, 1466 
Immune responsiveness, in neonatal infection, 1875 
Immune system 
diseases of, 716-844 
in Staphylococcus aureus mastitis, 1933 
tick-borne fever, 775-777 
Immune-deficiency disorders, 753-755 
Immune-mediated anemia, 731 
Immune-mediated (idiopathic) thrombocytopenia, 
723-724 

Immunity 

in Bordetella rhinitis, 1055 
in equine herpesvirus-1 and -4 infections, 1041 
in equine influenza, 1033, 1036-1038 
in neonatal infection, 1875 
in swine influenza, 1080 
Immunity tests, in Johne's disease, 560, 570 
Immunization 
anthrax, 2014-2015 
for bovine respiratory syncytial virus, 951 
for enzootic pneumonia of calves, 945-946, 946 f 
for erysipelas in swine, 2055 
for salmonellosis, in swine, 305-306 
Immunoblotting test (IB), in contagious bovine 
pleuropneumonia, 929 
ImmunoCardSTAT Rotavirus, 390 
Immunochromatography, 390 
Immunodiffusion and electron microscopy, viral 
diarrhea, 390 

Immunofluorescence, viral diarrhea, 389-390 
Immunofluorescence antibody test, 805 
Immunofluorescence assay, for Q fever, 1792 
Immunofluorescent antibody test (IFAT), for porcine 
reproductive and respiratory syndrome, 
1809 

Immunoglobulin status, septicemia, 58 
Immunoglobulin-binding proteins, 2035 
Immunoglobulins 
normal transfer of, 1848-1849 
parenteral, correction of failure of transfer of 
passive immunity, 1854 
serum concentration 
lymphosarcoma, 748 
in newborn, 1860-1861 
Immunohistochemistry (IHC) 
bovine virus diarrhea virus, 586 
detection of viral antigen by, 2128-2129 
in Mycoplasma bovis, 935 
Immunologic tests, in contagious bovine 
pleuropneumonia, 928 

Immunomodulators, for respiratory tract disease, 

871 

Immunoperoxidase monolayer assay (IPMA) 
bovine virus diarrhea virus, 586 
for porcine reproductive and respiratory syndrome, 

1808 

Immunostimulating complexes (ISCOMs), bovine 
respiratory syncytial virus, 951 
Immunosuppression, 755 
bovine ketosis and, 1711 
bovine virus diarrhea virus, 582-583 
in neosporosis, 1819 

during transition period, in dairy cows, 1665 
Immunotherapy 
for sarcoid, 1587 
for shock, 76 

Impaction, large intestine, in pigs, 291 
Impedance, current flow, 105 


Impetigo, 1545, 1545b 
udder of, 1988 
Impulse oscillometry, 864 
Inactivated vaccines 
for bovine herpesvirus-1 infection, 959 
for bovine virus diarrhea virus, 580-581, 595 
for swine influenza, 1083 
Inanition, 89-90 
Inappetence 
definition of, 87 
peritonitis, 217 
Inbreeding, 111 
degree of, 112 

Inclusion bodies, tick-borne fever and, 778 
Inclusion-body rhinitis, 1074-1075 
Incontinence, urinary, 1139 
Incursive disease, 2070 
Indiana fever, 393-397 
Indifference, in drug combination, 164 
Indigestion of late pregnancy, in cattle, 491, 494 
Indirect ELISA, in bovine respiratory syncytial virus, 
950 

Indirect enzyme-linked immunosorbent assay 
(l-ELISA), for porcine reproductive and 
respiratory syndrome, 1808-1809 
Indirect florescent antibody assay 
for neosporosis, 1819 

for porcine reproductive and respiratory syndrome, 

1809 

Indirect fluorescent antibody test (IFAT), 773 
bovine immunodeficiency-like virus and, 787 
in contagious bovine pleuropneumonia, 928 
Indirect immunoperoxidase staining technique, 
bovine virus diarrhea virus, 586 
Indolizidine alkaloid toxicosis, 1193 
Indoor environment, history taking of, individual 
animal, 9-10 
Indospicine, 2208 
Indurative mastitis, 976 
Industrial organophosphates, 1217 
Infantophagia, 88-89 
Infarctive purpura hemorrhagica, 712 
Infection(s) 

age at, anaplasmosis risk factors and, 772 
clinical examination for, 154 
congenital defects and, 1836-1837 
gangrene from, 1558 

limitation of spread of, epizootic hemorrhagic 
disease, 840-841 
localized, 76-78 
bacterial causes of, 77 
clinical findings in, 77-78 
clinical pathology of, 78 
endotoxemia, 63 
etiology of, 76-77 
necropsy findings in, 78 
pathogenesis of, 77 
portal of entry in, 77 
treatment for, 78 
lowered resistance to, 753-755 
of nervous system, elimination and control, 11 78 
prevalence of 

bovine immunodeficiency-like virus and, 786 
enzootic bovine leukosis and, 832 
removal of foci of, and endotoxemia, 64 
risk factors, caseous lymphadenitis and, 763 
source of 

caseous lymphadenitis and, 762 
in enzootic bovine leukosis, 833 
stress-related susceptibility, 86 
taking samples for diagnosis of, 154-155 
thrombocytopenia and, 723-724 
transmission, caseous lymphadenitis and, 762-763 
Infection control, 36-42 
Infectious agents 

diseases associated with, sudden death from, 101 
gastritis, etiology of, 203 
Infectious arthritis, 1413 
Infectious bacterial, 2011-2015 
Actinobacillus septicemia in piglets, 2056-2057 
anthrax, 2011-2015 






Infectious bacterial (Cont'd) 
bovine tuberculosis, 2015-2023 
chlamydial infection in pig, 2057-2058 
erysipelas in swine, 2051-2056 
heartwater or cowdriosis, 2031-2033, 2031b 
Histophilus septicemia of cattle (Histophiius somni 
or haemophilus somnus disease complex), 
2033-2038, 2033b-2034b 
Klebsiella pneumonia septicemia, 2057 
mastitis, 2043 

melioidosis, 2029-2031, 2029 b 
mycobacteriosis, associated with Mycobacterium 
avium intracellulare complex and with 
atypical mycobacteria, 2024-2025, 2024 b 
pasteurellosis 

of sheep and goats, 2042-2043 
of swine, 2043-2045 
pneumonic pasteurellosis, 2043-2045 
affecting wildlife, 2043 

septicemia and thrombotic meningoencephalitis in 
sheep associated with Histophilus somni, 
2038-2039, 2038b 
septicemic pasteurellosis, 2043-2045 
of cattle (Hemorrhagic septicemia), 2040-2042 
of suckling lambs, 2042-2043 
streptococcal lymphadenitis of swine, 2051 
Streptococcus suis infection of young pigs, 
2045-2051, 2045b 

tick pyemia of lambs (enzootic staphylococcosis of 
lambs), 2039-2040, 2039b 
tuberculosis associated with Mycobacterium 
tuberculosis, 2023-2024 
tularemia, 2027-2029, 2027b 
yersiniosis, 2025-2027 

Infectious bovine keratoconjunctivitis, 1650-1653, 
1650b 

ancillary therapy for, 1652 
clinical findings of, 1651, 1651f 
clinical pathology of, 1651 
control of, 1 652-1653 
differential diagnosis of, 1651 b—1652b 
economic importance of, 1651 
environmental risk factors of, 1650 
epidemiology of, 1650-1651 
etiology of, 1650 

immune mechanisms in, 1650-1651 
parenteral therapy for, 1652 
source of infection in, 1650 
subconjunctival therapy for, 1652 
topical therapy for, 1 652 
transmission of, 1650 
treatment of, 1652, 1652b 
vaccination for, 1653 

Infectious bovine pododermatitis. see Bovine 
footrot 

Infectious bovine rhinotracheitis (IBR), 903, 952-961, 
952b, 957b, 961b 
ocular form of, 956 
vaccine for, 912 
Infectious diseases, 1425-1428 
bacterial, 536-544 

resistance to, selenium and vitamin E deficiency 
and, 1465-1467 
viral and parasitic, 572-573 
Infectious equine anemia, 626 
Infectious fungal, 2158-2159 
coccidioidomycosis, 2159 
cryptococcosis, 2160 
histoplasmosis, 2159-2160 
North American blastomycosis, 2160-2161 
paracoccidioidomycosis (paracoccidioides 
infection), 2159 

protothecosis and chlorellosis, 2158 
Rhodotorula spp. infection, 2159 
Infectious hepatitis, 630, 637-638 
Infectious polyarthritis, see Glasser's disease 
Infectious protozoal, 2137-2140 
sarcocystosis, 2137-2140 
theilerioses, 2144-2145 
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toxoplasmosis, 2140-2144 
tropical theileriosis, 2148-2150 
Infertility, in zearalenone, 1824 
Infertility and milk drop syndrome, 1121-1122 
Inflammatory bowel disease 
chronic, 621 
idiopathic chronic, 282 
Inflammatory lesions, 4 

Inflammatory mediators, in maldistributive shock, 72 
Inflammatory response, in bovine mastitis, 1922 
Influenza A virus, 1076, 1079 
Inguinal abscess, in horses, 77 
Inguinal hernia, 253-254, 1829 
Inguinal ring, palpation of, 20 
Inhalation, of antimicrobials, 871 
Inheritance, performance shortfalls in, 94 
Inherited ataxia, of calves, 1333 
Inherited bleeding disorders, 842 
Inherited bovine degenerative axonopathy, 1352 
Inherited cerebellar defects, 1331-1332 
Inherited citrullinemia, 1331 
Inherited congenital hydrocephalus, 1329 
Inherited congenital posterior paralysis, 1352-1357 
Inherited congenital spasms, of cattles, 1333 
Inherited cystic renal dysplasia, 1138 
Inherited defects, of alimentary tract, 434-435 
Inherited disease 
control of, 112 
diagnosis of, 111-112 
Inherited erythrocytic protoporphyria, 844 
Inherited eye defects, 1658-1660 
Inherited hypomyelinogenesis, 1355 
Inherited idiopathic epilepsy, of cattle, 1331-1333 
Inherited multifocal symmetric encephalopathy, 
1330-1331 

Inherited myopathies, 1378 

Inherited neonatal spasticity, 1331-1337 

Inherited parakeratosis, 1643 

Inherited periodic spasticity, of cattle, 1347f, 1353 

Inherited progressive degenerative 

myeloencephalopathy, 1352 
Inherited spinal dysraphism, 1351 
Inherited spinal muscular atrophy, 1354-1355 
Inherited spontaneous lower motor neuron diseases, 
1350 

Inhibition enzyme immunoassay, in 

pleuropneumoniae, of pigs, 1060 
Injection injuries, to peripheral nerves, 1362 
Injection site reactions, in strangles, 1025 
Injection-site lesions, in cattle, 1387-1388 
Innate immune system, bovine virus diarrhea virus, 
580 

Innate immunity, deficiencies of, 756 
Inocybe spp., 2205 

Inorganic phosphate, fractional clearance of, 11 05 
Inotropic agents, for endotoxemia, 65 
Insect baits, poisoning, 422 
Insect bite hypersensitivity, in horses, 1 559-1560 
differential diagnosis of, 1 560b 
Insect repellent, equine infectious anemia and, 794 
Insects 

as mode of transmission, in enzootic bovine 
leukosis, 833 

porcine reproductive and respiratory syndrome, 
transmission of, 1799 

Inspection, history taking of, individual animal, 

10-12 

Inspiration, prolongation of, 12 
Inspiratory dyspnea, 849, 878 
Insulation 
external, 45 
tissue, 45 
Insulin 

for endotoxemia, 65 
for fatty liver, 1721 
in ketosis, 1709, 1714 
resistance 

in equine hyperlipemia, 1738 
in equine metabolic syndrome, 1731 


Insulin resistance, left-side displacement of 
abomasum and, 505 

Insulin-dependent diabetes mellitus, spontaneous, 
584 

Integrated animal health and production 

management program, in examining 
population, 29, 34-35 
Integrated therapy, for heaves, 1011 
Interdigital dermatitis, 1 548 
bovine footrot and, 1434 
Interdigital necrobacillosis. see Bovine footrot 
Interdigital phlegmon, see Bovine footrot 
Interferon, for respiratory tract disease, 871 
Interferon-y assay (IFN-y) 
for bovine tuberculosis, 2021 
for Johne's disease, 557, 560 
Interferons, in PRRSV infection, 1802 
lnterleukin-1 (IL-1), as pyrogen, 54 
Interleukin-10 (IL-10), porcine reproductive and 
respiratory syndrome and, 1800 
Interleukin-12 (IL-12), 1796 
Interleukins, endotoxemia, 60 
Intermittent dorsal displacement, of soft palate, 
982-984, 982f-983f, 983b 
Intermittent thoracic drainage, in equine 
pleuropneumonia, 995 

Intermittent-flow peritoneal dialysis, 1108-1109 
Internal abdominal abscess, 270-271 
International trade, restrictions in, 2073 
Interspecies transmission, in enzootic bovine 
leukosis, 833 

Interstitial cells of Cajal, 285 
Interstitial edema, 1181 
Interstitial inflammation, in exercise-induced 
pulmonary hemorrhage, 1002 
Interstitial nephritis, 1114, 1131 
differential diagnosis of, 111 5b 
leptospirosis and, 1120 
Interstitial pneumonia 
in adult horses, 996-997 
of cattle, 889, 965-969, 965b 
clinical findings of, 967-968 
clinical pathology of, 968 
control of, 969 
differential diagnosis of, 968b 
epidemiology of, 966-967 
etiology of, 965-966 
necropsy findings of, 968-969 
pathogenesis of, 967 
treatment of, 969, 969b 
chronic, in foals, 996 
glucosinolate toxicosis and, 2203 
ovine progressive pneumonia in, 975 
porcine reproductive and respiratory syndrome, 
1809-1810 
viral, 889 

Interstitial space, increased fluid passage into, 130 
Intervention strategies, for examination of 
population, 34, 34b 
Intestinal absorption, 208 
Intestinal accidents, 523-524 
Intestinal aganglionosis, 435 
Intestinal amphistomosis, 617-618 
Intestinal biopsy, 190, 281 
Intestinal clostridiosis, in pigs, 308-311 
clinical signs, 309-310 
control, 311 

differential diagnosis, 310 
epidemiology, 308-309 
etiology, 308 
histology, 311 

laboratory diagnosis, 310-311 
pathogenesis, 309 
pathology, 310 
treatment, 311 
Intestinal fibrinous casts, 451 
"Intestinal hurry", 209 
Intestinal hyperammonemia, 286 
Intestinal hypermotility, 213 


Volume I • pp 1-1091 • Volume II • pp 1095-2234 






2270 


Index 


Intestinal hypersensitivity, 316 
Intestinal infection, in Rhodococcus equi, 1015 
Intestinal lubricants, equine colic, 234, 235 1 
Intestinal lymphosarcoma, 747 
Intestinal motility, enteritis, 209-210 
Intestinal mucosal injury, 209 
Intestinal obstruction 
in cattle, 523-528, 523 b 
clinical findings, 526-527, 526 f 
clinical pathology, 527 
differential diagnosis, 528b 
epidemiology, 523-525 
etiology, 523-525 
functional, 525 
intestinal accidents, 523-524 
luminal blockages, 524-525 
necropsy findings, 527 
pathogenesis, 525-526 
treatment, 527-528 
clinical findings, 290 
etiology, 290 

functional, peritonitis, 216-217 
in horses, 252 
in pigs, 290 

see also Ileus; Large intestine, obstruction; Small 
intestine, obstruction 
Intestinal reflux, 290 
Intestinal sounds 
in enteritis, 210 
in equine colic, 231-232 
of horse, 17 
Intestinal tympany 
abdominal distension, 182-183 
in horses, 269, 269 b 
in pigs, 291 
Intestinal wall 
infarction of, 180 
ischemia of, 225 
Intestines 

atresia, congenital, 433-434 
diseases of 

nonruminants, 203-215 
ruminants, 523-528 
distention of, 447f 
endotoxins in, 60 
neoplasms, 432 
Intimin, 542 
Intoxication 

encephalomalacia and, 1187-1189 
vitamin D, 1494 
Intraabdominal abscesses, 271 
in Rhodococcus equi, 1015 
Intraabdominal drain, peritonitis, 220 
Intraabdominal masses, equine colic, 228f 
Intracranial hemorrhage, trauma at parturition and, 
1843 

Intracranial lesion, cerebral hypoxia secondary to, 
1179 

Intracranial pressure, 1176 
increase in, 1 180 
in decompression, 1178 
in hydrocephalus, 1182 
measurement of, 1 178 
Intradermal testing, in heaves, 1009 
Intradermal tuberculin test, for bovine tuberculosis, 
2019 

Intraluminal hemorrhage, acute, 210 
Intramammary antimicrobial agents, for coliform 
mastitis, 1951 
Intramammary infections 
in risk factors, of bovine mastitis, 1909 
sensitivities and specificities for diagnosing, 1915f 
Intramuscular injection 
of antimicrobials, 159-160 
reaction, of horses, 159 
Intramuscular vaccine, for bovine herpesvirus-1 
infection, 958 
Intranasal vaccine 

for bovine herpesvirus-1 infection, 958 
for strangles, 1025 
Intrapartum death, 1843 


Intrapartum hypoxemia, 1843 
Intraperitoneal injection, of antimicrobials, 160 
Intrastadial transmission, hematophagous insect, 

771 

Intrathoracic abscesses, in equine pleuropneumonia, 
993 

Intratracheal antimicrobials, 162 
Intrauterine growth retardation, 1840 
Intrauterine medication, for puerperal metritis, 
69-70 

Intravenous catheters, and complications, 146-147 
Intravenous fluids 

administration of, adverse reactions to, 145 
in carboy, 147 

and hypothermic animals, 145-146 
types of, 137-143 

Intravenous injection, of antimicrobials, 159 
Intussusception, 524 
Inulin clearance, 1 104 
Involuntary movements, 1159-1160, 1166f 
Involuntary spastic contraction, of large muscle 
masses, 1194 

Involuntary spastic paresis, 1160 
Iodides, actinobacillosis (wooden tongue), 533 
Iodine deficiency, 831, 1742-1747, 1742b-1743b 
clinical findings of, 1744-1745, 1745f 
clinical pathology of, 1745-1746, 1746f 
in congenital defects, 1837 
control of, 1746-1747 
differential diagnosis of, 1746b 
epidemiology of, 1743-1744 
etiology of, 1743 
necropsy findings of, 1746 
occurrence of, 1 743 
pathogenesis of, 1 744 
risk factors of, 1 743-1744 
treatment of, 1746 

Iodine formulations, for teat dip, 1969 
Iodine toxicosis, 1640 
lodochlorhydroxyquin, 281-282 
lodophor, 1985-1986, 1988 
Ionizing radiation, 107 

lonophore (carboxylic) toxicosis, 701-703, 701b 
in cattle, 702 

clinical pathology of, 702-703 
clinical signs of, 702 
control of, 703 

differential diagnosis of, 703b 
epidemiology of, 701-702 
etiology of, 701 
in horses, 702 
necropsy findings of, 703 
pathogenesis of, 702 
in sheep, 702 
in swine, 702 
treatment of, 703 
lonophores, 161-162 
bloat, 481 

carbohydrate engorgement prevention, 470-472 
coccidiosis, 407 
for ketosis, 1715 
lotatorquevirus, 2134-2135 
Ipomeanol, 2211 
toxicosis, 1087 

Ipratropium bromide, for heaves, 1011 
Iris, absence of, 1659 
Iritis, bovine, 1649-1650, 1649b 
Iron, in acute phase response, 56 
Iron deficiency, 811-812, 824b-825b 
anemia, nonregenerative, 732 
clinical findings of, 811-812 
clinical pathology of, 812 
control of, 812-813 
dietary supplementation, 812-813 
differential diagnosis of, 825b 
epidemiology of, 811 
etiology of, 811 
hemonchosis in ruminants, 611 
intramuscular injection of iron preparation, 
812-813 

necropsy findings of, 812 


oral dosing, 813-814 
pathogenesis of, 811 

samples for confirmation of diagnosis, 812 
treatment of, 812 
Iron toxicosis, 2188-2189 
Irradiation, carcass decontamination, 544 
Irritant diterpenoids, alimentary tract and, 428 
Irritant oils, alimentary tract and, 428 
Irritation, 1158 
Ischemia 

myasthenia and, 1377 
myopathy and, 1378-1380 
Ischemic muscle necrosis, 1683 
Ischemic nephrosis, 1112, 1112b 
Isoflavones, phytoestrogen toxicosis, 1 822 
Isoflupredone, for heaves, 1009-1010 
Isoimmune thrombocytopenia, 725, 743 
Isolated farrowing, for Mycoplasma pneumonia, 
1069 

Isolation, for ovine enzootic abortion, 1787 
Isoniazid 

actinobacillosis (wooden tongue), 534 
Johne's disease, 561 
Isoquinoline alkaloids, 2210 
Isothermal loopmediated amplification (LAMP), in 
contagious bovine pleuropneumonia, 928 
Isotonic crystalloid solutions, 138-140 
for hypovolemic and maldistributive shock, 74 
Isotonic dehydration, 116, 117 f, 134 
Isotonic electrolyte solution, for heaves, 1011 
Isotonic saline, 139 
Isotonic sodium bicarbonate, 139 
Isoxsuprine, laminitis, horse and, 1402-1403 
Itchmites, 1618-1619 
Itraconazole, 794 
Ivermectin 
in fasciolosis, 644 
for hemonchosis in ruminants, 612 
for nasal bots, 980 

for parasitic gastroenteritis in ruminants, 607-608 
Ixodes, ecology of, 768-769 
Ixodes pad ficus, 768, 777 
Ixodes persulcatus, 768, 777 
Ixodes ricinus 

Ana plasma phagocytophila vector, 768, 776 
bovine babesiosis transmission and, 799 
Ixodes scapularis, 768, 777 
Ixodes ticks, borreliosis and, 1426 


J 

Jaagsiekte sheep retrovirus (JSRV), 978 
Jaffe reaction, 1104 
January disease, 2145 

Japan, bovine spongiform encephalopathy in, 

1295 

Japanese B encephalitis, 1817, 2136-2137 
Japanese B encephalitis virus, in congenital defects, 
1837 

Japanese encephalitis, 1293-1294 
clinical pathology of, 1270 
clinical signs of, 1270 
control of, 1271 
differential diagnosis of, 1271 
epidemiology of, 1270 
etiology of, 1263f, 1270 
necropsy findings of, 1270-1271 
samples for diagnostic confirmation of, 1271 
transmission of, 1263f 
treatment for, 1271 
zoonosis and, 1271 
Japanese theileriosis, 2144 
Jaundice, 623-624, 623 f 
clinical findings, 624 
clinical pathology, 624 
extrahepatic biliary obstruction and, 624 
hemolytic, 623 
hepatic, 623-624 

with hepatic cell degeneration, 624 






Jaundice (Cont'd) 
hepatitis and, 631 
hepatocellular, 623-624 
neonatal, 623 
posthepatic, 624 
prehepatic, 623 
toxemic, 647 

Jaundiced foal agglutination test (JFA), 745 
Jaw 

deformity of, 434 

malapposition, inherited, 1534-1535 
inherited defects of, 434 
Jejunal hemorrhage syndrome, see Hemorrhagic 
bowel syndrome, in cattle 
Jejunitis, duodenitis-proximal, 255-257, 255b, 

257f 

Jejunojejunal intussusception, 524, 524f 
Jembrana disease, 2080-2081, 2081b 
Johne's absorbed enzyme-linked immunosorbent 
assay (ELISA), 560 
Johne's disease 

accreditation program, 571-572 
advanced clinical, 558 
bison, 568 

"borderline forms", 568 
case fatality, 552 
cattle, 552-565, 552b 
clinical, 558, 568 
clinical findings, 558, 568 
clinical pathology, 558-561, 568-570 
control, 562, 570-572 
countrywide basis, 563, 571-572 
flock basis, 571 
herd testing/classification, 564 
decreased oncotic pressure and, 128 
deer, 566, 570 
diagnosis, 558-560 
differential diagnosis, 561b, 570b 
economic importance, 555-556 
epidemiology, 552-557, 565-567 
etiology, 552, 565 
exotic species, 552-553 
goats, 565-572, 565b 
herd characteristics of, 554 
herds, certify, 564 
incubation period, 553, 558 
lepromatous extreme, 568 
lesions, development of, 568 
morbidity, 552, 565-566 
necropsy findings, 561, 570 
outbreaks, 552-553, 566 
pathogenesis, 557-558, 567-568 
prepurchase testing, 561 
prevalence, 553, 566 
determination of herd status, 562 
rabbits, 570 

risk factors, 554-555, 566-567 
sheep, 565-572, 565b 
silent, 558 
stages of, 558, 567 
subclinical, 555, 558, 567-568 
transmission, 553, 566 
treatment, 561-562, 562b, 570 
tuberculoid extreme, 568 
vaccination, 563-564, 571 
wildlife, 552-553 

zoonotic implications, 556-557, 567 
Johne's Disease Market Assurance Program, 571-572 
Johnin tests, 560, 570 
Joint fluid 
analysis of, 1414 
culture of, 1414 

degenerative joint disease and, 1409-1410, 1409f 
septic arthritis synovitis and, 1414 
serology of, 1414 
Joints 

caprine arthritis encephalitis in, 1260 
defects of, 1375, 1388 
diseases of, 1406-1411 
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fixation of, 1510-1511 
hypermobility of, 1514, 1539 
inherited diseases of, 1 538-1539 
lavage of, 1416, 14177 
Jowl abscesses, 2051 
Juglone, 1506 

Jugular blood pressure, and naturally occurring 
combined abnormalities of free water, 
electrolyte, acid-base balance, and oncotic 
pressure, 136 
Jugular vein 

catheterization of, and thrombophlebitis, 146 
examination of, 665 
thrombophlebitis, 714 

Jugular venous pressure, measurement of, 665 
Junctional premature complexes, 680 
Juniperine, 2210 

Juvenile Arabian leukoderma, 1553 


K 

Kaolin and pectin 
for abomasal ulcer, 522 
mixtures, enteritis, 213 
Kappatotorquevirus, 2134-2135 
Kata, see Peste des petits ruminants (PPR) 

Ked infestations, 1623-1624 
Keratin plug, 1973 
Keratoconjunctivitis, 1648 
listeriosis and, 1338-1341 
Keratomycosis, in Aspergillus spp., 1045-1046 
Kernicterus, 743 
Ketone 

formation of, 1709 
ketosis and, 1712 
Ketonuria, 1 101-1102 
puerperal metritis, 69 
Ketoprofen, 1112-1113 
for coliform mastitis, 1952 
for endotoxemia, 65 
equine colic, 234 
for mastitis, 1927 
for pain, 82 
Ketosis 

alimentary, 1709-1710 
body-condition score and, 1710 
bovine, 1709-1711 
in cattle, 1708-1716, 1708b 
clinical chemistry of, 1713 
clinical findings of, 1711-1712 
clinical pathology of, 1712-1713, 1712f 
control of, 1714-1716 
differential diagnosis of, 1713b 
economic significance of, 1710 
energy balance in, 1708 
energy supplements for, 171 5-1716 
epidemiology of, 1710 
etiology of, 1708-1709 
hematology of, 1713 
hepatic insufficiency in, 1708-1709 
herd monitoring for, 1716 
hormonal therapy for, 1714 
left-side displacement of abomasum and, 
502-504, 506, 508-509 
milk fever and, 1678, 1681 
necropsy findings of, 1713 
nervous form of, 1711, 17117 
nutritional deficiency and, 1710 
occurrence of, 1710 
pathogenesis of, 1710-1711 
primary, 1709 
prophylaxis for, 1714b 
replacement therapy for, 1713-1714 
risk factors of, 1710 
secondary, 1709 
starvation, 1710 

subclinical, 1669, 1708-1716, 1708b 


treatment of, 1713-1714, 1714b 
wasting form of, 1711 
Key abnormality method, for diagnosis, 3-4, 

3 f 

Kidney(s) 

cortex, selenium and, 1471 
diseases of, 1110-1111 
function of, 1095 
lead in, 1207 

morphological abnormality of, 1098 
rectal examination palpation of, 20 
Kidney worm disease, in pigs, 1134-1135, 1134b 
differential diagnosis of, 1135b 
Kids 

rotavirus, 387 
viral diarrhea, 384-393 
Killed vaccines 
anaplasmosis and, 774 
for ovine enzootic abortion, 1787 
for porcine reproductive and respiratory syndrome, 
1813 

Killed-virus vaccines, 2069 
Kinetic gait analysis, 1178 
Kirby-Bauer method, 909-910 
Kirby-Bauer technique, 155 
Klebsiella pneumoniae 
in mastitis-metritis-agalactia, 1997 
septicemia, 2057 
Knopvelsiekte, 1589-1591 
Knuckling, of flexed foot, 1171 
Kobuviruses, porcine, 342 
Kunjin virus, encephalitis of, 1265b, 1286-1293 
animal risk factors for, 1267 
case fatality of, 1267-1268 
clinical findings of, 1268 
clinical pathology of, 1268 
control of, 1269-1270 
differential diagnosis of, 1268b 
distribution of, 1267 
epidemiology of, 1267 
etiology of, 1266-1267 
identification of, 1268 
morbidity of, 1267-1268 
necropsy findings of, 1268 
pathogenesis of, 1268 
samples for diagnostic confirmation of, 

1269-1272 

serologic tests for, 1268 
transmission of, 1 267 
treatment for, 1269 
viral ecology of, 1267 
zoonotic implications of, 1267-1268 
Kussmaul breathing, 127-128 


L 

Label dose, in antimicrobials, 159 
Laboratory data 
indications for, 22-23 
interpretation of, 22-25 
properties of, 23-25, 24f 
likelihood ratio and, 24 
positive and negative predictive value, 24-25, 
25 f 

sensitivity and, 24 
specificity and, 24 
utility for, 23 

reference range and, 23-24 
problems with, 24 
Laboratory test 

in examination of population, 33-34 
in liver disease, 626-629 
Laceration, traumatic brain injury, 1 188 
(3-lactam antibiotics, 170-171 
Lactase deficiency 
diarrhea, 178 
lactose digestion test, 186 
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Lactate, 737 
equine colic, 231 
plasma, and shock, 73 
Lactate dehydrogenase (LDH) 
in cerebrospinal fluid, 1177 
liver function test, 628 
myopathy and, 1380 
Lactated Ringer's solution, 139 
Lactating cow therapy, for Staphylococcus aureus 
mastitis, 1935 

Lactation 

age and stage of, 1694 

diseases of, 1665 

feeding management in, 472 

of magnesium, in hypomagnesemic tetany, 1699 

number, in perinatal mortality, 1832 

precocious, 1843 

sow, feeding during, 2007 

stage of 

in bovine mastitis, 1908, 1922 
in coliform mastitis, 1946-1947 
in mastitis control program, 1980 
therapy, dry cow therapy and, 1928 
treatment during, 1983 
Lactation tetany, 1699-1706, 1699b 
acute, 1702 
of cows, 1700 
of ewes, 1700 
of mares, 1736-1737 
occurrence of, 1700-1701 
risk factors for, 1700-1701 
subacute, 1702 

Lacteal-secretion-based-preparations, 1 855 
Lactic acidosis 
experimental, 464 
ruminal atony, 437 

systemic, carbohydrate engorgement, 463 
vaccination against, 472 
Lactoferrin, 1947 

Lactogenesis, endotoxemia and, 62 
Lactogenic immunity, 1849, 1849f 
Lactose, intolerance, viral diarrhea and, 388 
Lactose digestion test, 185-186 
Lairage, gastric ulcers, 288 
Lambing 

in control and prevention, of infectious diseases, 
1877 

draft-free environment for, 50 
management at, 1832 
Lambs 

abomasal bloat (tympany) in, 522-523 
abomasal impaction in, 517-518 
administration of colostrum in, 1856 
arthritis in 

erysipelas and, 1455 
benign folliculitis of, 1555 
birth weight of, 47, 1831 
border disease in, 579 
"bowie" or "bentleg" in, 1499-1500 
cerebellar atrophy of, 1331-1332 
coccidiosis, 404-405 
colibacillosis in, 1883, 1886 
congenital necrotizing encephalopathy of, 
1227-1239 

congenital polycystic kidney disease of, 1 138 
critical temperature in, 1845 
diarrhea, viral, 384-393 
dysentery, 546-547 

enterotoxemia in, associated with Clostridium 
perfringens type D, 1229-1230 
feedlots, carbohydrate engorgement, 462 
fetal disease in, 1831 
fluid and electrolyte therapy in, 151 
glomerulonephritis and, 1110-1111 
goiter in, 1 744 

hypothermia in, 44, 1844-1845, 1845f 
neonatal, risk factors for, 47-48 
pathogenesis of, 49 
prevention of, 50 
treatment of, 49-50 
infectious diseases in, 1832 


iron deficiency of, 814 

lead poisoning in, 1390 

lethal white syndrome in, 434-435 

liver rupture in, 625 

losses, 1751-1752 

lungworm in, 980-981 

metabolic acidosis in, 128 

mortality rates in, 1831 

neonatal infection in, 1874-1875 

in neonatal streptococcal infection, 1902 

osteoporosis from copper deficiency, 1390 

otitis media/interna in, 1330 f, 1335 

ovine progressive pneumonia in, 974 

ovine pulmonary adenocarcinoma in, 978 

parasitic gastroenteritis, 606 

parturient disease in, 1831 

parturition, induction of, 1759 

postnatal diseases in, 1831 

rickets in, 1495 

rotavirus, 387 

septic arthritis synovitis and, 1412 
septicemia, 57 
star-gazing, 1332 

with Streptococcus dysgalactiae polyarthritis, 1412 
subcapsular liver rupture in, 1470 
suckling, septicemic pasteurellosis of, 2042-2043 
swayback and enzootic ataxia in, 2169-2170 
temperature, lower critical, 45, 46f 
thiamine deficiency in, 1319 
thrombocytopenia and, 725 
tick pyemia of, 2039-2040, 2039 b 
Lameness, 1 179, 1372 

accompanied by foot lesions in sheep, differential 
diagnosis of, 1445f 
bovine footrot and, 1433 
in degenerative joint disease, 1418-1424 
exercise intolerance, 99 
painful aspects of, 1375-1376 
in pigs, 1418-1424, 1420b 
clinical findings of, 1423-1424 
clinical pathology of, 1424 
control of, 1424 
differential diagnosis of, 1424b 
economic importance of, 1422 
epidemiology of, 1421-1422 
etiology of, 1421 
necropsy findings of, 1424 
occurrence of, 1421-1422 
pathogenesis of, 1422-1423 
risk factors of, 1421-1422 
postdipping, erysipelas and, 1455 
Laminitis 

chronic, carbohydrate engorgement of ruminants, 
466 

in equine pituitary pars intermedia dysfunction, 
1728 

of horses, 1395-1404, 1395b, 1395f 
acute disease, 1400 
chronic, 1403 

clinical findings of, 1399-1401 
clinical pathology of, 1401 
clinical signs in, 1400 
control of, 1403-1404 
differential diagnosis of, 1401b 
epidemiology of, 1396-1398 
etiology of, 1 396 
importance of, 1397-1398 
mechanical support, 1403 
necropsy findings of, 1401 
occurrence of, 1396-1397 
pathogenesis of, 1398-1399 
phases of, 1 399 
prognosis of, 1400-1401 
promotion of healing, 1403 
recumbency, 1400 
risk factors for, 1 397 
severe disease in, 1400 
treatment for, 1401-1403, 1403b 
ruminal acidosis and, 464 
in ruminants and swine, 1404-1406, 

1404b 


clinical findings of, 1405 
clinical pathology of, 1405 
control of, 1405 
differential diagnosis of, 1405b 
epidemiology of, 1404-1405 
etiology of, 1 404 
importance of, 1405 
necropsy findings of, 1405 
occurrence of, 1404 
pathogenesis of, 1405 
risk factors of, 1404-1405 
treatment for, 1405 
toxic, 1396 
Laparoscopy 

abdomen examination, 454-455 
alimentary tract, examination of, 184 
Large (ascending) colon 
displacement, 259-262, 259b 
clinical findings, 261-262 
clinical pathology, 262 
differential diagnosis, 262b 
epidemiology, 260 
etiology, 259-260 
left dorsal, 260 f, 261, 263 f 
necropsy findings, 262 
pathogenesis, 260-261 
right dorsal, 261-262, 261 f 
treatment, 262 

impaction, of horses, 263-264, 263b-264b 
volvulus, 259-262, 259b 
clinical findings, 261-262 
clinical pathology, 262 
differential diagnosis, 262b 
epidemiology, 260 
etiology, 259-260 
necropsy findings, 262 
pathogenesis, 260-261, 261 f 
treatment, 262 
Large intestine 
impaction of, in pigs, 291 
obstruction of, abdominal distension, 183 
obstructive lesions, equine colic, 226 
Large offspring syndrome, 1871 
Larvae 

Haemonchus contortus, 610-611 
Oesophagostomum, 615 
Stephanurus dentatus, 1134 
trichostrongylid worms, 604 
Laryngeal adductory reflex, 1173-1174 
Laryngeal hemiplegia, 981 
in cranial nerve dysfunction, 986 
Laryngeal hemiplegia, equine, 1362 
Laryngeal necrobacillosis, 534-536, 534b 
differential diagnosis, 535b 
treatment, 535b-536b 
Laryngeal neuropathy, recurrent, 989-991, 

990b 

Laryngeal obstruction, 990 
Laryngitis, 878-879, 879b 
Laryngoplasty, prosthetic, for recurrent laryngeal 
neuropathy, 990-991 
Laryngotracheal injury, traumatic, 879 
Laryngotracheitis, traumatic, 879-880, 880f 
Larynx, examination of, 878 
Laser ablation, equine phycomycosis, 798 
Lateral compartment, of guttural pouch, 984 
Lateral flow assay (LFA), 773 
Lateral-flow immunoassay, for assessment of transfer 
of passive immunity, 1853 
Latex agglutination test (LAT), 804 
for assessment of transfer of passive immunity, 
1853 

diarrhea, acute, 278-279 
Streptococcus agalactiae mastitis, 1938 
viral diarrhea, 390 
Latin America 
anthrax, 2011 
rabies in, 1239-1247 

Lavage fluid, examination of, in exercise-induced 
pulmonary hemorrhage, 1000-1001 
Lavender foal syndrome, 1247-1248, 1647 





Law of Laplace, 659 
Lawsonia intracellularis 
antibiotics and, 157 
diarrhea, 275 
enteritis, 381 f 

porcine proliferative enteropathy, 322 
Laxatives, vagus indigestion, 495 
LDA. see Left-side displacement of the abomasum 
(LDA) 

Lead 

left-side displacement of abomasum and, 503 
poisoning, osteodystrophy and, 1388, 1390 
toxicosis, 1199-1201, 1202b 
clinical findings of, 1206 
clinical pathology of, 1206 
control of, 1208 
differential diagnosis, 1207b 
environmental risk factors of, 1205 
epidemiology of, 1203 
etiology of, 1 203 

farm or premise risk factors of, 1205 
human and public health risk factors of, 
1205-1206 
occurrence of, 1203 
pathogenesis of, 1206 
risk factors of, 1203-1204 
samples for diagnostic confirmation of, 1207 
transmission of, 1205 
treatment for, 1207-1208, 1207b 
Lead-pipe rigidity, 1173 
Lectins, alimentary tract and, 428 
LEE. see Locus for enterocyte effacement (LEE) 
Left-side displacement of the abomasum (LDA), 
502-510, 502b 
acute, 506 

"atypical," exploratory laparotomy (celiotomy), 
453 

case fatality, 502 
clinical findings, 506 
clinical pathology, 506-507 
control, 509 
course of, 506 
differential diagnosis, 507b 
economic importance, 504-505 
epidemiology, 502-505 
etiology, 502 
"floaters", 505 

genetic predisposition, 504, 509 
hypokalemia, 119 
lactational incidence rate, 502 
metabolic predictors of, 504 
necropsy findings, 507 
pathogenesis, 505-506 
risk factors, 502-504 
surgical techniques, 508 
treatment, 508-509, 509b-510b 
Leg buckling, 132 
Leg disorders, 1418 
Leg mange, 1622-1623 
differential diagnosis of, 1623b 
Leg weakness, 1418 
"Lelystad virus", 1795 
Lens dystrophy, 1659 

Lepromatous extreme, Johne's disease, 568 
Leptospira, in mastitis, 1906 
Leptospira interrogans, leptospirosis and, 1116 
Leptospira spp., wild boar, 2009 
Leptospirosis, 1115-1129, 1115b 
acute form, 1120 
associated with L. Hardjo, 11 22 
in cattle, 1117-1118 
clinical findings of, 1121-1123 
clinical pathology of, 1123-1124 
control of, 1 126-1128 
culture of urine, 1124 
demonstration or culture of organism, 1124 
differential diagnosis of, 1125b 
economic importance of, 1119 
epidemiology of. 111 6-1117 
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etiology of, 111 5-1116 
in farmed deer, 1118 
forms of, 1 120f 
general considerations of, 1 122 
in goats, 1117-1118, 1122 
in horses, 1118-1119, 1122-1123 
methods of transmission of, 1119-1120 
necropsy findings of, 1 124-1125 
occurrence and prevalence of infection, 1117 
pathogenesis of, 1120-1121 
in pigs, 1118, 1122 
portal of entry of organism, 1120 
risk factors of, 1116-1117 
samples for confirmation of diagnosis, 1125 
serologic and related tests, 1123-1124 
in sheep, 1117-1118, 1122 
treatment of, 1125, 1126b 
zoonotic implications of, 1118 
Leptospiruria, 1119 
Lesion 

of skin, 1541-1542, 1542f 
specific cause of, 4 

within system or organ affected, location of, 4 
type of, 4 

Letdown, failure of, 1990-1991, 1991 f 
Lethal factor (LF), 2012 
Lethal white foal syndrome, 1553 
Lethal white syndrome, 435, 1643-1644 
Leucaena leucocephala, 1837 
Leukemia, 746 

Leukocytes, and endotoxemia, 61 
Leukocytosis, 746 
in equine pleuropneumonia, 993 
ovine progressive pneumonia in, 976 
Leukoderma, 1553 
inherited, 1645 

Leukoencephalomalacia, 1186-1187 
Leukopenia, 743 
in coliform mastitis, 1947 
endotoxemia, 61 
Leukoproliferative disease, 746 
Leukosis, sporadic bovine, 838-839, 843b 
Leukotoxin 

bovine footrot and, 1433 
of M. haemolytica, 917 
Leukotoxin extract vaccine, for pneumonic 
pasteurellosis, 922 
Leukotrichia, 1553 
Leukotriene, for heaves, 1011 
Levamisole 

kidney worm disease, 1 135 
for parasitic gastroenteritis in ruminants, 607 
Levothyroxine, for thyroid function, disorders of, 
1742 

Licking syndrome, 1543 

L-iditol dehydrogenase (sorbitol dehydrogenase), 
628 

Lidocaine 

for endotoxemia, 65 
equine colic, 234 
laminitis, horse and, 1402 
ventricular tachycardia and, 684 
Life cycle, kidney worm disease in pigs and, 1134 
Lifting, assisted, 1697-1698 
Lighting, examination of, 10 
Lightning strike, sudden death by, 100, 103-105, 
103 b 

clinical findings in, 104 
clinical pathology of, 104 
control of, 105 
diagnosis of, 105 

differential diagnosis of, 104b-105b 
epidemiology, 104 
etiology, 103-104 
necropsy findings in, 104 
pathogenesis of, 104 
treatment of, 105 

Likelihood ratio, laboratory data and, 24 
Limb muscles, acute myositis of, 1387, 1387f 


Limbs, clinical examination of, 13 
Limulus amoebocyte lysate (LAL) assay, 64 
Linamarin poisoning, 827 
Li neomycin 
diarrhea and, 277 

porcine proliferative enteropathy, 326 
swine dysentery, 331-332 
Lincosamides, 171-172 

Linear dodecyl benzene sulfonic acid products, 1969 
Linear hyperkeratosis, 1 548 
Linseed meal/cake 

cyanogenic glycoside poisoning, 827 
iodine deficiency and, 1744 
Lipid mobilization 
in fatty liver, 1721 
genetics of, in fatty liver, 1718 
Lipid pneumonia, 893 

Lipofuscin, deposition of, in sheep liver, 625 
Lipoma, 527, 1641-1642 
pedunculated, in horses, 253 
Lipomatosis, 215, 2199 
Lipooligosaccharides (LOS), 2034 
Lipopolysaccharide (LPS), 1116 
of M. haemolytica, 917 

Lipopolysaccharide binding protein (LBP), 56, 60 
Lissencephaly, hereditary, 1332 
Listeria ivanovii, abortion caused by, 1 338 
Listeria meningoencephalitis, 2037b 
Listeria monocytogenes, mastitis and, 1962 
Listerial keratoconjunctivitis, 1649-1650, 1649b 
differential diagnosis of, 1649b 
treatment of, 1 649b 
Listeriosis, 1331-1337, 1341b 
clinical findings of, 1337-1339 
clinical pathology of, 1339 
control of, 1342 

differential diagnosis of, 1 341 b-1342b 
epidemiology of, 1336 
etiology of, 1336 

experimental reproduction in, 1336 
host of, 1336 

necropsy findings of, 1339-1340 
occurrence of, 1336 
pathogenesis of, 1336-1337 
risk factors of, 1336 

samples for diagnostic confirmation of, 1340 
septicemic, 1338 
source of infection in, 1336 
transmission of, 1336 
treatment for, 1341, 1344b 
zoonotic implications of, 1336 
Litter size, mortality in lambs, 1831 
Live Animal Swab Test (LAST), 168 
Live attenuated vaccines, 2069 
Live vaccines 
anaplasmosis and, 774 
babesiosis of, 806 
hazards and precautions of, 808 
modified, for swine influenza, 1083-1084 
for ovine enzootic abortion, 1791 
problems with, 776 
use of, 806-808 
Liver 

diseases of, 622-656 
in cattle, 631 
diffuse, 622, 629-632 
examination, 625-629 
biopsy, see Liver biopsy 
medical imaging, 626 
palpation, 625-626 
percussion, 625-626 
radiography, 626 
ultrasonography, 626, 627 f 
Fascioloides magna infection, 645 
fasciolosis (liver fluke disease), 641-643, 
641b-642b 
focal, 622, 655-656 
hepatic dysfunction, 622-623 
in horse, 631 
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Liver (Cont'd) 

introduction, 622 
laboratory tests, 626-629 
liver failure and, 631 
manifestations of, 623-625 
abdominal pain, 625 
alteration in size of liver, 625 
black livers of sheep, 625 
constipation, 625 
diarrhea, 625 
displacement of liver, 625 
edema, 624 
emaciation, 624 
hemorrhagic diathesis, 625 
hepatic encephalopathy, 624 
jaundice, 623-624, 623 f 
photosensitization, 625 
rupture of liver, 625 
nervous signs, 631 
with phytotoxins, 645-648 
portal circulation, 623 
primary, 622 
secondary, 622 

systemic involvement, 639-640 
telangiectasis, 635 
treatment in, 629-632 
trematodes, associated with, 641-645 
enlargement of, traumatic reticulopericarditis, 498 
lead in, 1207 

postvaccinal hepatitis, 639-640 
rupture of, trauma at parturition and, 1843 
selenium and, 1471 
ultrasonography of, 1720 
Liver abscess, 632-635, 632b-633b 
clinical findings, 634 
clinical pathology, 634 
control, 635 
diagnosis, 634 
differential diagnosis, 634b 
epidemiology of, 633-634 
etiology of, 633 

farm animals, risk factors in, 633-634 
feed management, 635 
grain-fed cattle, risk factors in, 633 
necropsy findings, 634 
occurrence, 633 
pathogen risk factors, 633 
pathogenesis, 634 

prophylactic antimicrobial therapy, 635 
treatment, 634, 634b-635b 
vaccination, 635 
young lambs, 635 
see also Hepatic abscess 
Liver atrophy 
acute, 630 
in horses, 625 
Liver biopsy, 626 

alimentary tract, examination of, 190 
of horses, 626, 632 
technique, 626 
Liver cobalt, 817 
Liver failure, 743 
liver disease and, 631 

Liver fluke disease, see Fasciolosis (liver fluke disease) 
Liver function tests, for puerperal metritis, 69 
Liver tumors, 655 
Livestock 

movement, role of, 2069 
neighboring, controlling contact by, 39 
at pasture, history taking of, 7 
Llamas 

eperythrozoonosis and, 785 
tooth root abscess in, 77 
Lobeline, 1200 

Local analgesia, laminitis, horse and, 1402 
Local antimicrobials, 162 
Local hyperkeratosis, 1544 
Local spread, of brain abscess, 1190 
Locus for enterocyte effacement (LEE), 

enterohemorrhagic Escherichia coli, 540 
Lolium perenne, 966 


Long bones, angular deformities of joints of, 1388 
Longus capitis muscle, rupture of, 987, 987 f 
Lophyrotoma interrupta, 654 
Lophyrtomin toxicosis, 654-655 
Lotaustralin poisoning, 827 
Lotusin poisoning, 827 
Louping-ill. see Ovine encephalomyelitis 
Louping-ill virus, 777 
Louse infestations, 1623-1625, 1624b 
chewing lice in, 1624-1625 
clinical findings and diagnosis of, 1624-1625 
etiology of, 1624 

life cycle and epidemiology of, 1624 
sucking lice in, 1624 
treatment and control of, 1625 
Low inspired oxygen tension, in hypoxic hypoxia, 847 
Low milk fat syndrome, 1990 
Low serum iron concentration, iron deficiency and, 
813 

Lower motor neuron, lesion of, 1163 
Lower motor neuron disease 
inherited, 1193 
inherited spontaneous, 1350 
Lower respiratory tract 

pneumonic pasteurellosis in, colonization of, 916 
small particles into, in pneumonia, 888 
Low-milk-fat syndrome, 1754 
Lumbosacral cistern, in cerebrospinal fluid collection, 
1173, 1173f 

Luminal blockages, 524-525 
Lumpy jaw (actinomycosis), 531-532, 531b 
differential diagnosis, 532b 
treatment, 532b 

Lumpy skin disease, 1589-1591, 1589b 
differential diagnosis of, 1591b 
Lumpy wool, of sheep, 1570-1573 
Lung, rupture of, in pneumothorax, 899 
Lung biopsy, 867-868 
in heaves, 1008 

Lung parenchyma, diseases of, 880-882 
acute respiratory distress syndrome in, 892 
aspiration pneumonia in, 892-893 
atelectasis in, 883, 883f 
drowning in, 893-894 
edema in, 880-882, 881b 
pneumonia in, 885-892, 885f, 887 f, 890b-891b 
pulmonary abscess in, 894-895, 895b 
pulmonary congestion in, 880-882, 881b 
pulmonary emphysema in, 883-885, 884 f, 885b 
pulmonary hemorrhage in, 883, 883f 
pulmonary hypertension in, 882-883 
Lung sounds, abnormal, heaves in, 1007 
Lungworm 

in cattle, 961-965, 961b, 963b-964b 
in goats, 980-981, 980b-981b 
in horses, 1047, 1047b 
in pigs, 1086-1087, 1086b 
in sheep, 980-981, 980b-981b 
Lupinus angustifolius, 652 
Lycorine, alimentary tract and, 428 
Lyme disease, see Borreliosis 
Lymnaea columella, 642 
Lymnaea tomentosa, 642 
Lymnaea truncatula, 642 
Lymnaeid mud snails, 642 
Lymph node, 735t 
abscess and, 77, 760-761 
enzootic bovine leukosis, 836 
ovine progressive pneumonia in, 976 
Lymphadenitis, 749-751 
wild boar, 2009 
Lymphadenopathy, 749-751 
malignant catarrhal fever, 2078 
retropharyngeal, 989, 989 f 
in strangles, 1021 
Lymphangitis, 1556-1557 
epizootic, 806b, 811-814 
differential diagnosis of, 811b 
Lymphatic flow, obstruction to, 129 
Lymphocyte proliferation test, for bovine 
tuberculosis, 2021 


Lymphocytic-plasmacytic enterocolitis, 283 
Lymphocytopenia, tick-borne fever and, 777 
Lymphocytosis, 786 
Lymphomas, 1223 
Lymphomatosis, 1642 
metastatic lesions of, 655 
Lymphopenia, 746, 753 
endotoxemia, 61 

Lymphoproliferative disease, 746-749 
Lymphosarcoma, 735 1, 745-746, 1089 
diagnosis of, 839 
juvenile or calf, 841 

Lysosomal storage diseases, inherited, 1221, 1224b, 
1839 


M 

M. hyosynoviae, 1455 
M proteins, in strangles, 1020 
Maceration, of skin, 1 562 
"Machinery murmur", 705 
Macracanthorhynchus hirudinaceus, 419, 419b 
Macrocyclic lactone anthelmintics (MLs), for parasitic 
gastroenteritis in ruminants, 607 
Macrocyclic lactone compounds, for Hypoderma 
spp. infestation, 1628 
Macrocyclic lactones, 1211-1212 
toxicosis, 1202-1208, 1212b—1213b 
Macrolides, 172 

Macromineral evaluation, in dairy-herd metabolic 
profile testing, 1670-1671 
Macrophage damage, PRRSV infection and, 1801 
Macrophages, equine infectious anemia virus, 796 
Madura foot, 797 
Maduromycosis, 795-799 
Maedi-visna virus (MW), 974 
Magnesium, 1145 
dietary, milk fever and, 1677 
in hypomagnesemic tetany 
dietary intake of, 1699 
factors influencing, 1699-1700 
in pastures and tetany hazard, 1700 
renal excretion of, 1699 
reserves, 1699 

in macromineral evaluation, 1671 
Magnesium alloy bullets, 1707 
Magnesium deficiency, 2162 
Magnesium homeostasis, 1699 
in calf, 1706 
Magnesium hydroxide 
for abomasal ulcer, 522 
for carbohydrate engorgement, 469-470 
for simple indigestion, 459 
Magnesium sulfate 
for equine colic, 234 
for lead poisoning, 1208 
ventricular tachycardia and, 684 
Magnetic fields, 106-107 
Magnetic resonance imaging (MRI) 
for musculoskeletal system disease, 1377 
in nervous system examination, 1 176 
for newborns, 1860 
of respiratory system, 857 
for septic arthritis synovitis, 1414-1415 
Main drain virus encephalitis, 1311-1312 
Maintenance therapy, 145 
Mai de caderas, 2156-2158 
Mai secco, 283-286 
see also Equine grass sickness 
Malabsorption 
diarrhea, 180 

granulomatous enteritis, of horses, 282 
viral diarrhea and, 388 
see also Enteritis 
Maladie du coit. see Dourine 
Malassezia spp. dermatitis, 1603-1604 
Maldistributive shock, 71-76, 71b, 658 
clinical findings, 73 
clinical pathology, 73-74 






Maldistributive shock (Cont'd) 
differential diagnosis of, 74 b 
etiology of, 72 
necropsy findings in, 74 
treatment for, 74-75 

Male castrates, phytoestrogen toxicosis in, 1823 
Male estrogenism, 1822 
Malignant catarrh, in pigs, 2080 
Malignant catarrhal fever (MCF), 2076-2080, 2076 b 
animal risk factors, 2078 
clinical findings, 2078-2079 
clinical pathology, 2079 
control, 2080 

economic importance, 2078 
environment risk factors, 2077 
epidemiology, 2077-2078 
etiology, 2076-2077 
experimental reproduction, 2077 
head-and-eye form, 2078-2079, 2078 f 
methods of transmission, 2077 
alcelaphine MCF, 2077 
sheep-associated MCF, 2077 
mild form, 2079 
necropsy findings, 2079 
samples for confirmation of diagnosis, 2079, 
2079b 

occurrence and prevalence, 2077 
alcelaphine MCF, 2077 
sheep-associated MCF, 2077 
pathogenesis, 2078 

peracute and alimentary tract forms, 2078-2079 
pigs, 2079 

treatment, 2079-2080 

Malignant edema, 1428-1430, 1428/3-1430/3 
Malignant head catarrh, 2076-2080, 2076/3 
Malignant hyperthermia, 52 
Malignant lymphoma, congenital, 1903 
Mallein test, 796 
in glanders, 1027 
Malnutrition, 89-90 
in cattle, sheep and horses, 90 
in congenital defects, 1837 
controlled, 90 

of dam, during late gestation, 47 
definition of, 87 
Mammary gland 
biopsy of, 1 920 

bovine, Mycoplasma bovis in, 933 
clinical examination of, 13, 21 
diseases of, 1904-2001 
hematoma of, 1988-1989 
immunologic function of, in bovine mastitis, 
1909-1910 

infrared thermography of, 1920 
ovine progressive pneumonia in, 976 
resistance mechanism within, 1973-1974 
selenium and vitamin E deficiency and, 1465 
ultrasonography of, 1920 
Mammary hypoplasia, 1996 
Management 

of bovine mastitis, 1910-1911 

of colibacillosis, 1881 

in mastitis control program, 1979 

of porcine reproductive and respiratory syndrome, 

1797 

for postpartum dysgalactia syndrome and, 1998 
of Staphylococcus aureus mastitis, 1931-1932 
Management practices 
bovine virus diarrhea virus, 580 
in enterohemorrhagic Escherichia coli, 538, 542 
history taking, individual animals, 7-8 
Johne's disease and, 554-555, 564 
sheep, infectious footrot in, 1442 
Management risk factors 
porcine intestinal spirochetosis, 336 
salmonellosis, 361-362 
Mandible, developmental deficiency of, 433 
Mandibular prognathism, 1535 
Manganese, in congenital defects, 1837 
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Manganese deficiency, 1500-1502 
clinical findings of, 1501 
clinical pathology of, 1501 
control of, 1501-1502 
epidemiology of, 1500-1501 
etiology of, 1500 
necropsy findings of, 1501 
pathogenesis of, 1501 
treatment for, 1501-1502 
Mania, 10-11, 1158-1159 
Mannheimia haemolytica, 1960, 1960b 
in acute undifferentiated bovine respiratory 
disease, 906 

antimicrobial sensitivity in, 920 
in bovine herpesvirus-1 infection, 955 
bovine virus diarrhea virus and, 582 
capsular polysaccharides and, 916 
in chronic enzootic pneumonia, 972 
in enzootic pneumonia of calves, 939 
fimbriae, 916-917 
leukotoxin in, 917 
lipopolysaccharide in, 917 
passive immunity to, 922 
in pneumonic pasteurellosis, 914 
synergism in, 917 
vaccine for, 913 
adverse reaction of, 923 
efficacy of, evaluation of, 922-923 
virulence factors of, 916 
Mannitol, 1108 

for decompression, 1179, 1182 
Mannosidosis, 1221, 1839 
a-Mannosidosis, 1222 
(3-Mannosidosis, 1222-1223 
Manure 

enterohemorrhagic Escherichia coli source, 539 
Johne's disease and, 555 
Manure gas poisoning, 1087-1088 
MAR see Mycobacterium avium subspecies 
paratuberculosis (MAP) 

Maple syrup urine disease (MSUD), 1326-1327, 
1838-1839 
March flies, 1626 

Mare, pregnant, equine colic, 236-237 
Mare reproductive loss syndrome, 1825-1827, 
1825b 

clinical findings of, 1826 
clinical pathology of, 1826-1827 
control of, 1827 
differential diagnosis of, 1827b 
epidemiology of, 1825-1826 
etiology of, 1825 
necropsy findings of, 1827 
occurrence of, 1 826 
pathogenesis of, 1 826 
risk factors of, 1826 
treatment of, 1827 
Mares 

dourine in, 1820 
mastitis of, 1 996 

reproductive abnormalities in, 2199-2200 
Marfan syndrome, 692 
Marie's disease, 1391 

Marker vaccines, for bovine herpesvirus-1 infection, 
959 

Market cattle testing, brucellosis, 1773 
Mass medication 

for acute undifferentiated bovine respiratory 
disease, 911-912 

for pleuropneumoniae, of pigs, 1062 
for pneumonia, 891 
for pneumonic pasteurellosis, 923 
for progressive atrophic rhinitis, 1053 
Masseter myonecrosis, 1479 
Mast cell tumors, 1642 
Mastication abnormalities, 11, 178 
Mastitis, 2043 
acute, 69 

antimicrobials and, 154 


in immunoglobulin concentration in colostrum, 
1850-1851 

listeriosis and, 1337-1339 
milk fever and, 1678 
peracute, 69 
tuberculous, 2018 
vitamin E deficiency and, 1467 
Mastitis control programs, 1966-1967 
appropriate therapy of mastitis during lactation, 
1977 

culling chronically infected cows, 1977-1978 
dry cow management and therapy, 1973-1977 
maintenance of an appropriate environment, 
1978-1980 

milking methods for, 1967-1970 
monitoring udder health status, 1980-1984 
periodic review of the udder health management 
program, 1984 

proper installation, function, and maintenance of 
milking equipment, 1970-1973 
proper milking methods in, 1967-1970 
record keeping in, 1980 
requirements, 1964 
setting goals, 1984 

ten-point mastitis control program, 1 967-1984 
udder hygiene in, 1967-1970 
Mastitis-metritis-agalactia (MMA), 1996 
endotoxemia and, 62 
see also Postpartum dysgalactia syndrome 
Maternal antibody, bovine virus diarrhea virus, 581 
Maternal deficiency, primary vitamin A deficiency in, 
1321 

Maternal nutrition 
caloric undernutrition, 1840, 1847 
newborn and, 1846-1847 
Maternal obstetric paralysis, 1683 
Matrix metalloproteins (MMPs), laminitis, horse and, 
1399 

Maxilla swelling, actinomycosis, 531 
Maximum permissible concentration, radioactivity in 
meat, 107-108 

Maximum plasma concentration (C max ), 163 
McRebel system, 1812 

McSherry's balanced electrolyte solution, 140 
MD. see Mucosal disease (MD) 

Mean corpuscular hemoglobin, 730 1 
Meat 

consumer education on handling and cooking, 

544 

radiation and, 107-108 
Meat inspection service and surveillance, 

enterohemorrhagic Escherichia coli control, 
543 

Meat-and-bone meal, ingestion of, 1295 
Meat-producing animals, intramuscular injection 
avoidance of, 159 
Mechanical ventilation, 1866 
for respiratory tract disease, 870 
Mechanoheat nociceptors, 79-80 
Meconium impaction, 238-239 
Meconium staining, for fetal hypoxia, 1844 
Medial compartment, of guttural pouch, 984 
Median ataxia grade, 1354f 
Mediastinum, Aspergillus spp. in, 1045 
Medicago, phytoestrogen toxicosis, 1822 
Medical imaging, in pneumonia, 889-890 
Mediterranean Coast fever, 2144, 2148-2150 
Megaesophagus, 200 
Melanocytic nevi, 1641 
Melanoma 
congenital, 1903 
cutaneous, 1641 
inherited, 1647 
malignant, 1223 
"Melanosis," in sheep liver, 625 
Melanotropes, 1727 
Melena 

abomasal ulcer and, 521 
abomasum, hemorrhage into, 449 
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Melena (Cont'd) 

alimentary tract examination, 445 
alimentary tract hemorrhage, 181-182 
enteritis, acute, 210 

Melengestrol acetate (MGA), in interstitial 
pneumonia, 966 
Melioidosis, 2029-2031, 2029 b 
clinical findings, 2030 
goats, 2030 
horses, 2030 
pigs, 2030 
sheep, 2030 
clinical pathology, 2030 
control, 2031 

diagnostic confirmation, 2030, 2030 b 
epidemiology, 2029-2030 
etiology, 2029 

experimental production, 2030 
necropsy, 2030 
occurrence, 2029-2030 
pathogenesis, 2030 
risk factors, 2030 
pathogen, 2030 

source and methods of transmission, 2030 
treatment, 2031 
zoonotic implications of, 2030 
Melophagus ovinus, 1623-1624 
Meloxicam 

for degenerative joint disease, 1410 

for pain, 82-83 

for pneumonia, 891-892 

Membrane-bound receptor (mCD14), endotoxemia, 
60 

Menace reflex, 1165, 1170 
examination of, 1170 
in polioencephalomalacia, 1315 
vitamin A deficiency and, 1331 
Menace reflex, blindness test, 19 
Menangle, 1816-1817, 2136 
clinical signs, 2136 
control, 2136 
diagnosis, 2136 
differential diagnosis, 2136 
epidemiology, 2136 
etiology, 2136 
pathology, 2136 
treatment, 2136 
Meninges, diseases of, 1189 
Meningitis, 1192 
in cattle, 1 192 
clinical findings in, 1 193 
clinical pathology of, 1193 
differential diagnosis of, 1192b-1193b 
etiology of, 1192 
in horses, 1192 
listeriosis and, 1337-1338 
necropsy findings of, 1193 
in neonatal streptococcal infection, 1901 
pathogenesis of, 1 192 
in pigs, 1192 
in sheep, 1 192 
treatment for, 11 93 
in young animals, 1192 

Meningoencephalitis, bovine virus diarrhea virus, 
582 

Mental state/mentation, 1157 
abnormalities of, 1165 1 
altered, 11 58-1159 

in nervous system examination, 1164, 11657 
Mercury toxicosis, 1201, 1208b-1209b 
Merino breed, of sheep, brucellosis associated with 
Brucella ovis, 1775 
Merino sheep, Johne's disease, 566 
Mesenteric lymph node, biopsy of, 569 
Mesenteric rents, 253 
Mesenteric root volvulus, 524, 527 
Mesothelial cells, peritoneal fluid, 189 
Mesothelioma, 432 
Metabolic acidosis, 124, 132 
diarrhea, acute, 279 
enteritis, 209 


equine colic, 231 
hyperkalemia, 120-121 

right-side displacement of abomasum and, 511 
syndrome of, 128 
Metabolic alkalosis, 124 

hypochloremic hypokalemic, 118, 120, 134, 145 
hypokalemia and, 119 

right-side displacement of abomasum and, 511 
vagus indigestion, 493 
Metabolic deficiencies, 2161-2163 
choline deficiency, 2176 
copper deficiency, 2163-2176 
magnesium deficiency, 2162 
riboflavin deficiency, 2176 
sodium and/or chloride deficiency, 2161-2162 
Metabolic diseases, 1662-1757 
atrial fibrillation and, 682 
breed susceptibility in, 1666 
encephalomalacia and, 1187-1189 
incidence of, 16647 
management practices in, 1666 
myasthenia and, 1377 
occurrence and incidence of, 1 666 
periparturient period in, 1662-1667 
salient features of, 16637 
stress and, 86-87 

transition period, in dairy cows, 1662-1664 
Metabolic profile testing, 1667-1675 
background information in, 1673 
biological and statistical basis for herd testing in, 
1668 

body condition score in, 1673-1675, 16747, 16757 
dairy-herd, 1668-1675 
interpretation of results of, 1673 
optimum values of, 16727 
usefulness of, 1667-1668 
written advice for, 1673 
Metabolic rate, exercise and, 96 
Metabolism 
dehydration and, 114 
faulty, and weight loss, 93-94 
Metacercariae 

Dicrocoelium dendriticum, 645 
Fasciola, 642, 644 
Fascioloides magna, 645 
Metaphylactic antimicrobial therapy, for 

undifferentiated bovine respiratory disease, 
2038 

Metaphylaxis, for acute undifferentiated bovine 
respiratory disease, 911b 
Metastatic infection, in strangles, 1021 
Metazoan agents, gastritis, etiology of, 203 
Meteorologic influences, in colibacillosis, 1881 
Meteorological factors, in mycoplasmal pneumonia, 
1072 

Metformin, for equine metabolic syndrome, 1736 
Methallibure, 1837 
Methemoglobinemia, 737-738 
anemia and, 734-735, 7367, 745 
Methemoglobinemia, in respiratory insufficiency, 

853 

Methicillin-resistant Staphylococcus aureus, 
1564-1569 
animal, 1565 
butchers and, 1 565 
in cattle, 1 567 
control of, 1 569 
diagnosis of, 1 569 
epidemiology of, 1565-1566 
etiology of, 1565 
in horses, 1568 

human public health and, 1564 
pathogenesis of, 1569 
pathology of, 1 569 
pig farmers and, 1565 
in pigs, 1 566-1567 
risk factors of, 1566-1569 
in sheep and goats, 1 567 
in small animals, 1567-1568 
in veal calves, 1 567 
veterinarians and, 1564-1565 


Methionine, laminitis, horse and, 1403 

4- Methoxypyridone plant toxicosis, 701 
Methyl bromide, 2189 

Methylene blue, 831 
3-Methylindole 

production, for interstitial pneumonia, 969 
toxicosis, 1087 

Methylmalonic acid (MMA), 817 

5- methylmethionine sulfonium chloride, 290 
Methylxanthines, for respiratory tract disease, 872 
Metoclopramide 

contraindications for, 191 
dose rate, 191 

for gastrointestinal motility, 191 
indications for, 191 
simple indigestion, 459 
Metritis 

Brucella suis, 1780 
milk fever and, 1678 
Metronidazole, 173, 281-282 
Miconazole, 798 

Microagglutination test (MAT), 1 123 
Microangiopathy, 709 
Microcystins, 101 

Microfilariae, of onchocerciasis, 1610 
Microflora, antibiotic effects on, 156 
Micrognathia, 433 

Microneutralization ELISA, in bovine respiratory 
syncytial virus, 950 
Microphthalmia, 1659 
Microphthalmos, 1331 
Micropolyspora faeni, 966 
Microscopic agglutination test, Brachyspira 
hyodysenterlae, 330 
Microscopic lesions, of bovine neonatal 
pancytopenia, 758-759 
Microscopy, viral diarrhea, 389 
Microtiter techniques, 155 
Micturition abnormalities, 1098 
Midges 

African horse sickness, transmission of infection, 
2093 

biting, 1560, 1631 

Midstream voiding, urine sampling, 1099 
Migrating myoelectric complex, 176-177 
Miliary nodules, 1027 
Miliary tuberculosis, 2021 
Milk 

abnormalities, in mastitis, 1915 
antimicrobial residues in, 1928-1929 
Brucella melitensis and, 1782 
bulk-tank, myopathy and, 1471 
calcium concentration of, 1841 
contamination, Mycobacterium avium subspecies 
paratuberculosis (MAP), 553, 555-556 
continuous feeding of, to diarrheic calves, 

149 

Coxiella burnetii and, 1792 
culture, Mycobacterium avium subspecies 
paratuberculosis (MAP), 559 
culture of, 1915-1917 
bacteriologic, 1982 
coliform mastitis in, 1947, 1949 
in monitoring udder health, 1982-1984 
Staphylococcus aureus mastitis in, 1 933-1934 
digestion, dietary diarrhea, 214 
discoloration of, in bovine mastitis, 1913 
electrical conductivity of, 1917 
electrolyte concentration of, in mastitis, 1904 
endotoxin test, in coliform mastitis, 1948-1949, 
19497 

examination of, in postpartum dysgalactia 
syndrome, 1999 

ketone, left-side displacement of abomasum and, 
507 

lead in, 1206-1207 
listeriosis in, 1339 
overfeeding, dietary diarrhea, 214 
pasteurization, Mycobacterium avium subspecies 
paratuberculosis (MAP) survival, 555 
potassium in, 120 





Milk (Cont'd) 
production 

in bovine mastitis, 1909-1911 
bulk tank milk somatic cell count, 191 St 
at dry off, 1974 
Johne's disease, subclinical, 555 
left-side displacement of abomasum and, 503 
milk fever and, 1678 
radiation and, 107-108 

regurgitation, persistence of right aortic arch, 706 

residue violations in, 168, 168b 

Salmonella, 360 

selenium and, 1471 

starvation, 89 

stress and, 87 

testing, for ketosis, 1712 

transfer of selenium and vitamin E to, 1466-1467 
unpasteurized consumption of, 544 
withholding period for, 167 
withholding times and, 1928-1929 
Milk allergy, 1991 
Milk claw, 1971-1972 
Milk drop syndrome, 1990 
Milk ejection reflex, failure of, 1996 
Milk fever, 121, 1675-1690, 1675b 
body-condition score of, 1677 
case fatality of, 1676 
in cattle, 1675-1676, 1679 
clinical care procedures of, 1685 
clinical findings of, 1679-1680, 16807 
clinical pathology of, 1680-1681 
complication of, 1694 
control of, 1 685b, 1686-1690 
dietary and environmental risk factors of, 
1677-1678 

differential diagnosis of, 1681-1685, 1682f 
economic importance of, 1678 
epidemiology of, 1675-1678 
etiology of, 1675 
general management of, 1685 
in goats, 1676, 1680 
morbidity of, 1676 
necropsy findings of, 1681 
pathogenesis of, 1679 
relapses, 1678 
risk factors of, 1676-1677 
in sheep, 1676, 1680 
standard treatment of, 1684 
treatment of, 1 683-1684, 1685b 
Milk impacts, 1971 
Milk line sampling, 1915 
Milk pipeline, 1972 

Milk potassium concentration, in acute hypokalemia, 
1692 

Milk replacer 

abomasal bloat (tympany), 522-523 
abomasal ulcer and, 520 
dietary diarrhea, 213-214 
indigestion in calves, 460-461 
for newborns, 1878-1879 
Milk ring test, 1767 
Milk transport system, 1971 
Milk urea nitrogen (MUN), 1670 
Milk yield acceleration, 1662, 16647 
Milkers' nodule, 1588-1589 
Milking equipment 
bulk milk tank and, 1972 
evaluation of, 1972-1973 
installation of, 1970-1973 
maintenance of, 1972-1973 
milk claw in, 1971-1972 
milk pipeline in, 1972 
milk transport system in, 1971 
pulsation system for, 1971 
udder health and, 1972 
vacuum system for, 1970-1971 
Milking machine 
liner slips and, 1968 
stripping, liner slip and, 1968 
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Milking methods, in mastitis control program, 
1967-1970 
Milking practices 

characteristic, in risk factor, of bovine mastitis, 
1908 

establish milking order and, 1970 
in risk factor, of bovine mastitis, 1911 
schedule for, 1967 
segregation program in, 1970 
udder, premilking, 1967 
Milking system 
components of, 1 970 
function and objectives of, 1970 
Milking unit 
attachment of, 1968 
backflushing of, 1970 
cluster dunking and, 1970 
removing of, 1968 
Mimosine, 2208-2209 
Mine spills, 106 

Mineral nutrients, deficiencies of, 1754-1757 
in developing countries, 1755 
diagnostic strategies for, 1754-1755 
economic importance of, 1754 
laboratory diagnosis of, 1756-1757, 17567 
prevalence of, 1754 

trace-element deficiency in, pathophysiology of, 
1755-1756, 1755 1 
Mineral oil 

abomasal impaction, 517 
bloat, 480 
equine colic, 234 
sand colic, 267 

Minerals, metabolism of, and endotoxemia, 62 
Minimal disease herds, for Mycoplasma pneumonia, 
1069 

Minimal inhibitory concentration (MIC), of 

antimicrobial agents, 153, 155, 165 
Minimal-disease pigs, Mycoplasma pneumonia in, 
1069 
Miracidia, 642 

Miscellaneous mycotoxins, 2204 
Miscellaneous plant toxicosis, 2207-2212 
Mismothering, in lambs, 1845 
Mite infestations, 1618 
Mitral valve, 663-664 

Mixed venous oxygen tension, cardiac reserve and, 
658 

Moaning, and pain, 80 

Mobitz type 1 second-degree atrioventricular block, 
679 

Modified bovine collagens, 143 
Modified live-virus (MLV) vaccines 
for bovine herpesvirus-1 infection, 958 
for bovine respiratory syncytial virus, 951 
for bovine virus diarrhea virus, 594-595 
for porcine reproductive and respiratory syndrome, 
1813 

for swine influenza, 1083-1084 
Mohair goats, hereditary peromelia of, 1 537 
Molar teeth, displaced, inherited, 1534 
Moldy corn disease, 2201 
Molluscicide toxicosis, 1213-1214 
Molluscum contagiosum, 1548 
Molybdenosis, 425-426 
Molybdenum 
copper interaction, 2168 
excess, soil characteristics of, 2166 
sulfate interaction, 2168 
toxicosis, 425-426, 425b-426b 
Monensin, 1664 
bloat, 481 

controlled-release capsules 
bloat, 481 

left-side displacement of abomasum prevention, 
509 

for fatty liver, 1 722 
Johne's disease, 561-562 
for ketosis, 1715 


liquid formulation of, 481 
swine dysentery, 331-332 
Monepantel, 1211 

Monitoring, disease, biosecurity and, 41 
Monoclonal antibody 15C5, 586 
Monoclonal antigen-capture ELISA (ACE) test, bovine 
virus diarrhea virus, 586-587 
Monofluoroacetate plant toxicosis, 700 
Monoglyceride, 2208 
Monosodium phosphate, 123 
Monosporium apiospermum, 798 
"Moose sickness," cobalt deficiency and, 816 
Morantel, 1212 

Morantel citrate monohydrate, 607 
Morbidity 
history taking of, 6 
neonatal, selenium and, 1467 
Morbillivirus, 572 
Morel's disease, 768 b 

Morphine, intraarticular, for degenerative joint 
disease, 1410-1411 

Mortality, neonatal, selenium and, 1467 
Mortellaro's disease, see Digital dermatitis, bovine 
Mortierella wolfii, 633 
Mosquitoes, 789, 1625-1626, 1631 
Mothering 

effect, colostral immunoglobulin and, 1852 
poor 

in lambs, 1845 

in neonatal mortality, 1832, 1847-1848, 1848f 
Moths, 2179 

Motor evoked potentials, 1178 
Motor neuron diseases, 1 193 
Motor system, 1162 
Mount St. Helens, 109 

Mountain sickness (brisket disease), 693-695, 693b, 
695f 

differential diagnosis of, 694b 
Mouth 

clinical examination of, 19-20 
inherited defects of, 434 
Mouth munge, 1563-1564 
Movement 
abnormality, 1372 
peritonitis, 217 

trauma caused by, degenerative joint disease and, 
1406 

Moxidectin 

for bunostomosis, 614 

for hemonchosis in ruminants, 612 

for oesophagostomosis, 616 

for parasitic gastroenteritis in ruminants, 

607-608 

Mucokinetic agents, for respiratory tract disease, 

872 

Mucolytics 
for heaves, 1011 
for respiratory tract disease, 872 
Mucopolysaccharidosis type IIIB, bovine, 

1222-1223 

Mucormycosis, 817-822 
Mucosal disease (MD), 577-599 
acute, 584-585, 588 
chronic, 585, 589 
death, 579, 584 

differential diagnosis, 589b-592b 
necropsy findings, 588-589 
pathogenesis of, 584 

Mucosal lesions, of arytenoid cartilages, 988-989 
Mucous membranes 
alimentary tract examination, 445 
equine colic, 227, 231 
foals, 238 

Mucus, heaves in, 1006 
Muellerius capillaris, 980 
Mulberry heart disease 
clinical findings of, 1470 
epidemiology of, 1463-1464 
necropsy findings of, 1473 
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Mule deer (Odocoileus hemionus), epizootic 
hemorrhagic disease and, 783 
Mule operation, caseous lymphadenitis and, 767 
Mules, septicemia in, 57 
Mulga trees (Acacia aneura), 625 
Multifocal symmetric encephalopathy, inherited, 
1330-1331 

Multi-organ diseases, 2002-2214 
Multiple ankyloses, inherited, 1539 
Multiple exostosis, inherited, 1537-1538 
Multiple myeloma, 745-746 
Multiple organ defects, 434 
Multiple organ dysfunction syndrome, 57 
Multiple tendon contracture, inherited, 

1538-1539 

Multiplex PCR test, in Rhodococcus equi pneumonia, 
1016 

Multivalent vaccines 

for bovine herpesvirus-1 infection, 959-960 
for infectious footrot in sheep, 1447 
Mummification, 583-584 
Murmurs, 685-688, 685b 
acquired, 685 
cattle, 685 

clinical findings of, 686-688 
clinical pathology of, 688 
congenital, 685 
continuous, 686 
patent ductus arteriosus, 705 
diastolic, 686 

differential diagnosis of, 688b 
epidemiology of, 685 
etiology of, 685 
examination of, 686-687 
functional (innocent), 687 
functional systolic ejection, 687 
generation of, 685-686 
holodiastolic, 687-688 
holosystolic, 687 
horses, 685 
interpretation, 686 
necropsy findings of, 688 
pansystolic, 687 
pigs, 685 

point of maximum intensity, 687 
presystolic, 687 
systolic, 686 
treatment of, 688 
without valvular disease, 686 
Murray Vallesy encephalitis, 1265b, 1286-1293 
animal risk factors for, 1267 
case fatality of, 1 267-1268 
clinical findings of, 1268 
clinical pathology of, 1268 
control of, 1269-1270 
differential diagnosis of, 1268b 
distribution of, 1267 
epidemiology of, 1267 
etiology of, 1266-1267 
identification of, 1268 
morbidity of, 1267-1268 
necropsy findings of, 1268 
pathogenesis of, 1268 
samples for diagnostic confirmation of, 

1269-1272 

serologic tests for, 1268 
transmission of, 1267 
treatment for, 1 269 
viral ecology of, 1267 
zoonotic implications of, 1267-1268 
Murrina, 2156-2158 
Musca autumnal is, 1 630 
Mu sea domestica, 1630 
Musca vetustissima , 1630 
Muscle enzymes, myopathy and, 1379 
Muscle fiber, myopathy and, 1379 
Muscle glycogen phosphorylase deficiency, 1515 
Muscle infarction, in strangles, 1021-1022 
Muscle relaxants, myopathy, horse and, 1386 
Muscle-derived serum enzymes, 1380 
myopathy, horse and, 1382 


Muscles 
biopsy of 

for musculoskeletal system disease, 1377 
myopathy and, 1381 

of polysaccharide storage myopathy in horses, 
1522 

damage to, intravenous antimicrobials and, 159 

defects of, 1372 

diseases of, 1377-1381 

inherited diseases of, 1514-1515 

skeletal 

and potassium, 120 
weakness of, 1510 
tone, decreased, 1173 

Muscular atrophy, inherited spinal, 1354-1355 
Muscular dystonia type 1, congenital, 1518 
Muscular dystrophy 
congenital, 1470 
control of, 1476-1477 
enzootic 
acute, 1469 

subacute, 1469-1470, 1469f 
progressive, inherited, 1517 
subclinical nutritional, 1470 
Muscular hypertrophy, idiopathic, 254 
Muscular tremors, 132 
Musculoskeletal diseases, in dyspnea, 849 
Musculoskeletal (somatic) pain, 79 
Musculoskeletal pain, relief of, 1376 
Musculoskeletal system 
abnormal movement, 1372 
abnormal posture, 1372 
clinical examination of, 21 
congenital/inherited diseases and, 1510-1514 
differential diagnosis of diseases of, 1373f-1375f 
diseases characterized by involvement of, 
1503-1504 

diseases of, 1371-1539 
bones, 1388-1391 
joints, 1406-1411 
muscles, 1377-1381 
examination of, 1376-1377 
exercise intolerance, 99 
infectious diseases and, 1425-1428 
lameness, see Lameness 
nutritional diseases and, 1458-1479 
obvious absence or deformity of specific parts of, 
1510 

principal manifestations of, 1372-1376 
spontaneous fractures in, 1375 
Mushroom toxicosis, 2204-2205 
Mutagen attenuated vaccines, 2069 
Mutant prevention concentration (MPC), 158 
Mutations, and radiation, 108 
Muzzle, diseases of, 192 
Myasthenia, 1377 
Myasthenia gravis, 1362 
Mycobacteriosis, 2024-2025, 2024b 
Mycobacterium avium intracellulare complex (MAC), 
and with atypical mycobacteria, 
mycobacteriosis associated with, 
2024-2025 

Mycobacterium avium subspecies paratuberculosis 
(MAP) 

chemotherapeutic agent resistance, 570 

dormancy, in environment, 555 

fetal infection, 566 

Johne's disease, 552 

molecular studies of, 565 

risk factors, 554-555 

strains, 552 

survival, 555 

thermal resistance, 555 

vaccines, 563 

Mycobacterium bovis, wild boar, 2009 
Mycobacterium phlei, localized infection, 77 
Mycobacterium spp. 
granulomatous enteritis, of horses, 282 
mastitis and, 1962 

Mycobacterium tuberculosis, 2023-2024 
Mycobacterium tuberculosis complex (MTC), 2015 


Mycobacterium ulcerans infection, 1574 
Mycoplasma 

diseases of the respiratory tract associated with, 
924-925 

in enzootic pneumonia of calves, 939, 941-943 
Mycoplasma agalactiae 
in contagious agalactia, in sheep, 1994 
disease associated with, 1793 
Mycoplasma agalactiae var. bovis, 1 793 
Mycoplasma arthritis, 933 
Mycoplasma bovigenitalium, 1793-1794 
Mycoplasma bovis 
in cattle, 924-925 

in enzootic pneumonia of calves, 939 
infection, 2037b 
synergism, 917 

Mycoplasma bovis pneumonia, 932-939, 932b 
clinical findings of, 934-935 
clinical pathology of, 935-936 
control of, 938 

differential diagnosis of, 936b-937b 
epidemiology of, 932-934 
necropsy findings in, 936 
pathogenesis of, 934 
risk factors for, 933-934 
treatment of, 937, 937b-938b 
Mycoplasma bovis polyarthritis, 932-939, 932b 
clinical findings of, 934-935 
clinical pathology of, 935-936 
control of, 938 

differential diagnosis of, 936b-937b 
epidemiology of, 932-934 
necropsy findings in, 936 
pathogenesis of, 934 
risk factors for, 933-934 
treatment of, 937, 937b-938b 
Mycoplasma californicum, 933 
Mycoplasma capricolum subsp .capricolum, 

contagious agalactia, in sheep, 1994 
Mycoplasma conjunctivae, in contagious ophthalmia, 
1653 

Mycoplasma dispar 
in cattle, 925 

in enzootic pneumonia of calves, 942 
Mycoplasma felis, in horses, 924-925 
Mycoplasma hyopneumoniae, 1055, 1071 
porcine reproductive and respiratory syndrome 
and, 1798 
wild boar, 2009 

Mycoplasma mastitis, 1940-1942 
clinical findings of, 1941 
clinical pathology of, 1941 
control of, 1942 
diagnosis of, 1941 
differential diagnosis of, 1942b 
economic importance of, 1941 
epidemiology of, 1940-1941 
etiology of, 1940, 1940b 
necropsy findings of, 1941-1942 
pathogenesis of, 1941 
prevalence of, 1 940 
risk factors of, 1941 
source of infection in, 1940-1941 
transmission of, 1941 
treatment of, 1 942, 1942b 
Mycoplasma mycoides subsp. mycoides small colony 
(MmmSC), in contagious bovine 
pleuropneumonia, 925, 927 
Mycoplasma ovipneumoniae 
in chronic enzootic pneumonia of sheep, 

972 

in sheep, 924 

Mycoplasma pneumonia, 1064-1071 
clinical findings in, 1066 
clinical pathology of, 1066-1067 
control of, 1068-1070 
diagnosis of, 1067-1068 
epidemiology of, 1064-1066 
etiology of, 1064 
necropsy findings in, 1067 
treatment of, 1068 





Mycoplasma spp. 

diseases of eyes associated with, 1654-1655 
in diseases of the genital tract, 1793-1794 
in interstitial pneumonia, 966 
Mycoplasma suipneumoniae, 1064 
Mycoplasma suis, 781-782 
Mycoplasmal hyosynoviae, in pigs, 1455-1456 
Mycoplasmal pneumonia, of pigs, 1071-1074 
clinical signs of, 1073 
control of, 1074 
epidemiology of, 1071-1073 
etiology of, 1071 
monitoring of, 1074 
pathology of, 1073 
treatment of, 1073-1074 
Mycoplasmology lung, in Mycoplasma pneumonia, 
1068 

Mycoplasmosis, 63 
Mycosis fungoides, 748 
Mycotic dermatitis cutaneous streptotrichosis, 
1570-1573 

Mycotic nasal granuloma, 902 
Mycotic rhinitis, 875 
Mycotic stomatitis, 193 
Mycotoxicosis, in interstitial pneumonia, 966 
Mycotoxins 
miscellaneous, 2204 
poisoning by, 649-650 
Myelitis, 1193 

Myeloencephalopathy, 1285 
control of outbreaks of, 1287-1288 
inherited progressive degenerative, 1352 
Myelography, 1178, 1354f, 1360 
Myelomalacia, 1189-1191 
Myelophthisic anemia, 731-732 
Myeloproliferative diseases, 744 
Myocardial disease, 690-692, 690b 
clinical findings of, 691 
clinical pathology of, 691-692 
congenital, 691 
differential diagnosis of, 692b 
etiology of, 690-691 
heart failure, chronic (congestive), 659 
necropsy findings of, 692 
pathogenesis of, 691 
premature complexes, 680 
treatment of, 692 

Myocardial injury, biomarkers of, 670-671 
Myocarditis 
acute focal, 1695 
attributable to H. somni, 2037b 
bacterial, 690 

bovine virus diarrhea virus and, 589 
Histophilus septicemia of cattle, clinical findings, 
2036-2037 
parasitic, 690-691 
viral, 690 
Myoclonus, 1160 
inherited congenital, 1350 
Myofiber, congenital hyperplasia of, 1510 
Myofiber hyperplasia, 1516-1517, 15167 
Myoglobinuria, 1101 
in grazing horses, 1505-1506 
myopathy and, 1378, 1381 
horse and, 1382 
nephrosis and, 1378 

Myopathic agents, enzootic nutritional muscular 
dystrophy and, 1462 
Myopathy, 1377-1381 
acute nutritional, 1379 
atypical, in grazing horses, 1505-1506 
clinical findings of, 1379-1380 
clinical pathology of, 1470-1473 
control for, 1381 
degenerative, 1378, 1683 
diagnosis of, 1380-1381 
differential diagnosis of, 1381b 
epidemiology of, 1377-1378 
etiology of, 1377-1378 
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of horses, 1381-1387 
inherited, 1378 
necropsy findings of, 1381 
pathogenesis of, 1378-1379 
plant poisonings and, 1506 
primary, 1378-1379 
secondary, 1379-1380 
treatment for, 1381 
Myositis, 1387-1388 
Myositis ossificans, 1387 
Myotonia, of goats, 1518-1519, 1518b 
clinical findings of, 1519 
clinical pathology of, 1519 
economic importance of, 1519 
epidemiology of, 1518-1519 
necropsy findings of, 1519 
pathogenesis of, 1519 

Myotonia congenita, myotonic dystrophy and, 

1519 

Myotonic dystrophy, myotonia congenita and, 1519 
Myotoxins, 2177 
Myrotheciotoxicosis, 2213 


N 

N-acetyl-|3-D-glucosaminidase (NAGase), 1917 
Nagana, 2150-2156, 2150b 
biosecurity concerns, 2153 
clinical findings, 2153-2154 
clinical pathology, 2154 
control, 2155-2156 
differential diagnosis, 2155b 
economic importance, 2152-2153 
epidemiology, 2151-2153 
etiology, 2150-2151 
experimental reproduction, 2152 
immune mechanisms, 2152 
methods of transmission, 2151-2152 
carrier state, 2152 
cyclical, 2151 
noncyclical, 2151-2152 
morbidity and case fatality, 2151 
necropsy findings, 2154-2155 
gross pathology, 2154 
specimens for pathology, 2155 
occurrence, 2151 
pathogenesis, 2153 
prevalence, 2151 
risk factors, 2152 
environmental, 2152 
host, 2152 
pathogen, 2152 
treatment, 2155, 2155b 
zoonotic implications, 2153 
NAGase test, 1918-1919, 19197 
Nairobi sheep disease (NSD), 2084 
Naloxone, 191 
Narcolepsy (catalepsy) 
familial, 1327-1328 
nervous system disease, 11 60 
Narcotic analgesics 
laminitis, horse and, 1402 
for pain, 83 

Nasal adenocarcinoma, enzootic, 875, 970 f 
Nasal bots, 979-980, 979b 
Nasal cavities, obstruction of, 875-877 
clinical findings in, 876-877 
enzootic nasal adenocarcinoma, 875 
neoplasms, 875-876 

progressive ethmoidal hematomas, in equids, 876, 
876 f 

treatment of, 877 
Nasal discharge 

in guttural pouch empyema, 985 
in heaves, 1007 
in respiratory insufficiency, 854 
in strangles, 1020 


Nasal form, of glanders, 1027 
Nasal granuloma 
enzootic, of cattle, 901-902 
mycotic, 902 

Nasal insufflation, 869, 870f 
Nasal lavage, in respiratory secretions, 859 
Nasal passages, Aspergillus spp. in, 1045 
Nasal reflux, esophageal obstruction, 200 
Nasal swabs 

in acute undifferentiated bovine respiratory 
disease, 908-909 
in respiratory secretions, 859 
Nasogastric intubation 
abdominal examination of, 18 
alimentary tract, examination of, 183 
equine colic, 228-229, 232, 239 
esophageal obstruction, 201 
gastric dilatation, 241 
in horses, 241 

gastric (gastroduodenal) ulcer, 245 
Nasolacrimal duct fistulae, 1659 
Nasopharyngeal swabs 
in acute undifferentiated bovine respiratory 
disease, 908-909 

in bovine respiratory syncytial virus, 950 
in respiratory secretions, 859 
National Academy of Sciences, 543 
National Advisory Committee on Microbiological 
Criteria for Foods, 543 
National Committee on Clinical Laboratory 
StandardsA/eterinary Antimicrobial 
Susceptibility Testing Subcommittee 
(NCCLS/VASTS), 910 

National Institute for Research in Dairying (NIRD), 1964 
National Scrapie Flocks Scheme, 1309 
Natural exposure, for bovine herpesvirus-1 infection, 
957-960 

Natural living framework, and stress, 86 
Naturally occurring combined abnormalities of free 
water, electrolyte, acid-base balance, and 
oncotic pressure, 130-137 
clinical findings in, 132 
clinical pathology of, 132-136, 133f 
history of, 132 
nature of disease, 132 
Navel (umbilical) bleeding, in piglet, 723 
Navel ill, 1900-1901 
Neck 

clinical examination of, 12, 18, 20 
nervous system examination of, 1170-1171 
posture, 1161 
Necrobacillosis, 632-635 
Necrosis 

back-muscle, porcine stress syndrome and, 1 527 
gangrene and, 1557-1558 
Necrotic bronchopneumonia, suppurative, in 
strangles, 1021 
Necrotic dermatitis, 761 
Necrotic enteritis, 324 
of pigs 

clinical findings, 547-548 
Clostridium perfringens types B and C, 547 
endemic, 547 
etiology, 546 
outbreaks, 547 
peracute, 547 
risk factors, 547 
Necrotic stomatitis, 534, 534b 
Necrotizing glomerulonephritis, 1110 
Necrotizing vasculitis, 721 
Negative predictive value (NPV) 
biosecurity and, 38 
laboratory data and, 24-25, 25 f 
Nematodiosis, cerebrospinal, 1351 
Nematodirus, 604 
age resistance, 603-604 
control of, 609 
eggs of, 603 

see also Trichostrongylid worms 
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Neonatal animals, dietary diarrhea, 213 
Neonatal deaths, investigation of, 1835 
Neonatal diarrhea syndrome, 343 
Neonatal foal disease, 11 23 
Neonatal infection, 1874-1877, 1874b 
clinical findings of, 1876 
clinical pathology of, 1876 
control of, 1877 
differential diagnosis of, 1876b 
epidemiology of, 1875-1876 
etiology of, 1874-1875 
pathogenesis of, 1876 
risk factors of, 1875-1876 
sources of infection in, 1875 
streptococcal, 1901-1903 
transmission of, 1875 
treatment of, 1876-1877 
Neonatal isoerythrolysis isoimmune hemolytic 
anemia, 740-744, 740b-741b 
differential diagnosis of, 743b 
Neonatal jaundice, 623 
Neonatal neoplasia, congenital, 1903 
Neonatal septicemia, 1285 
Neonatal tetanus, 1363 
Neonatal viremia, 1285 
Neonates 
hypothermia, 44 
clinical findings, 49 
risk factors for, 47-48 
treatment for, 49-50 
septicemia, 57-58 

streptococcal infections of, 1901-1903, 1901b 
clinical findings of, 1902 
clinical pathology of, 1902 
control of, 1903 
diagnosis of, 1902 

differential diagnosis of, 1902b-1903b 
economic importance of, 1902 
epidemiology of, 1901-1902 
etiology of, 1901 
necropsy findings of, 1902 
pathogenesis of, 1 902 
source of infection in, 1902 
treatment of, 1 903 
zoonotic implications of, 1902 
sudden death of, 101 
thermoregulation in, 44-48 
Neoplasms 

alimentary tract, 431-432 
myopathy and, 1378 

Neoplastic diseases, of respiratory tract, 1088-1090 
Neoplastic tissue, ovine pulmonary adenocarcinoma 
in, 979 

Neospora caninum, 1817-1818 
Neosporosis, 1817-1819, 1817b 
bovine viral diarrhea virus in, 1818 
clinical findings of, 1818-1819 
clinical pathology of, 1819 
congenital infection in, 1818 
control of, 1819 
differential diagnosis of, 1819b 
economic importance of, 1818 
epidemiology of, 1818 
etiology of, 1817-1818 
experimental studies for, 1818 
in horses, 1818-1819 
necropsy findings of, 1819 
occurrence of, 1818 
pathogenesis of, 1818 
risk factors of, 1818 
transmission of, 1818 
treatment of, 1819 
Neostigmine, 192, 458-459 
Neotyphodium-assoaated mycotoxins, 

1202-1204 

Nephritis, interstitial, 1114 
Nephroblastoma, 1137 
Nephrogenic diabetes insipidus, 1114 
Nephrosis, 1111-1112, 1131, 1137 
Nephrotic syndrome, 1110 
Nephrotoxicity, of aminoglycosides, 169 


Nephrotoxins, 2177 
Nerve conduction studies, 1178 
Nerve sheath tumors, peripheral, 1370 
Nervous dysfunction, 1157-1158 
excitation (irritation) signs, 1158 
inhibition release signs, 1158 
modes of, 1158 
nervous shock, 1158 
paresis/paralysis, 1158, 1162 
Nervous ketosis, 1711, 17117 
Nervous shock, 104, 1158 
Nervous signs 
in liver disease, 631 
malignant catarrhal fever, 2078 
Nervous system 

abiotrophies of, inherited, 1227 
clinical examination of, 21 
diseases of, 1155-1370 
altered mentation, 1158-1159 
altered sensation, 1162-1163 
associated with prions, 1320-1321 
autonomic nervous system abnormality, 
1163-1164 

clinical manifestations of, 1158-1164 
in dyspnea, 849 
etiology of, 1 179 
exercise intolerance, 99 
gait abnormality, 1161 
involuntary movements, 1 159-1160 
meninges in, 1 189 
mental state, 1157 
paresis/paralysis, 1158, 1162 
pathophysiologic mechanisms of, 11 78 
posture abnormality, 1160-1161 
posture and gait, 1157 
sensory perceptivity, 1157 
treatment of, 1178 
endotoxemia effects, 63 
enzootic bovine leukosis, 837 
examination of, 1 164-1175 
anus, 1 172 

brainstem auditory evoked potentials, 
1177-1178 

cranial nerves in, 1164-1165 
electroencephalography, 1177 
electromyography, 1177 
electroretinography, 1177 
endoscopy (rhinolaryngoscopy), 1177 
epidemiology, 1164 
forelimb, 1170-1171 
gait, 1170 
head, 11 64-1169 
history, 1164 

with imaging techniques, 1175-1176 

intracranial pressure measurement in, 1178 

kinetic gait analysis in, 1178 

neck, 1170-1171 

neurologic, 1164 

ophthalmoscopy, 1177 

palpation of bony encasement, 1 172 

posture, 1170 

serum biochemical analysis in, 1175 
signalment, 1164 
tail, 1172 

fungi affecting, 1196 
nematodes affecting, 1322 
plants affecting, 1195 
vitamin A deficiency and, 1324-1325 
Net acid excretion, 1100, 1101 f 
Netherlands, Johne's disease control in, 564 
Netobimin, for parasitic gastroenteritis in ruminants, 
607 

Neuraxial edema, hereditary, 1350 
Neuraxonal dystrophy, 1193 
of horses, 1 349 
of sheep, 1353-1354 
Neuroanatomical location of lesions, 1158 
Neurodegeneration, inherited, 1350-1351 
Neurofibromatosis, 1642 
Neurogenic dyspnea, 849 
Neurogenic hyperthermia, 52 


Neurogenic muscular atrophy 
clinical findings of, 1380 
etiology of, 1378 
paresis/paralysis, 1162 
pathogenesis of, 1379 
Neurogenic quinolizidine alkaloid poisoning 
(Lupinus spp.), 1194-1195 
Neurologic dysfunction, of border disease, 1254 
Neurologic examination, 21 
Neuromas, 1223 

Neuronal ceroid lipofuscinosis, 1227 
Neuronal degeneration, 989-990 
Neuronal satellitosis, 1185 
Neuronophagia, 1185 

Neurons, extrapontine and pontine, demyelination 
of, 116-118 
Neuroses, 1224 

Neurotoxic mycotoxins, in encephalomalacia, 1186 
Neurotoxicity, organophosphorus-induced delayed, 
1215 

Neurotoxins, 2177 
Neutralizing antibodies 
bovine virus diarrhea virus, 580-581 
equine infectious anemia virus of, 790 
Neutropenia, 746 
in coliform mastitis, 1947 
endotoxemia, 61 
tick-borne fever and, 111 
Neutrophils 

coliform mastitis and, 1946-1947 
heaves in, 1006 
intestinal mucosal injury, 209 
radiation and, 108 
selenium deficiency and, 1466 
tick-borne fever and, 111 
Nevus, 1643 

New World camelids (NWCs), 1834-1835, 2017 
bluetongue, 2072 
encephalitis in, 1184-1186 
fetal disease in, 1834 
with M. bovis, 2018 
mortality in, 1834 
parturient disease in, 1834 
postnatal disease in, 1834-1835 
rickets in, 1495 

tuberculin testing in, 2020-2021 
New Zealand, brucellosis in, 1773 
Newborns 

critically ill, 1856-1867 
clinical examination of, 1856-1860, 

1857f—1858f 

clinical pathology of, 1860-1863 
complications of, 1866 
imaging for, 1860 
prognosis of, 1866-1867, 1867f 
treatment of, 1 863-1866 
hypothermia in, 1844-1846 
lactose digestion test, 185 
maternal transfer to, selenium deficiency and, 1474 
resistance of, increasing, 1878-1879 
Newly introduced animals, testing and/or isolation 
of, 38 

Newsprint, feeds, 620 
Niacin, for ketosis, 1716 
"Nibbling" reaction, 1164 
Nicoletella semolina, 996 
Nicotiana, 1200 
Nicotiana glauca, 1 837 
Nicotiana tabacum, 1837 
Nicotine, poisoning of, 1213 
Nicotinic acid deficiency, 1325 
Nidus formation, 1 144 
Niemann-Pick disease, 1224-1227 
Nigerian equine encephalitis, 1288 
Night blindness (nyctalopia), 1 166 
in vitamin A deficiency, 1323 
Night vision, vitamin A deficiency and, 1322 
Night-blindness, testing for, 19 
Nipah, 2135-2136 
Nitazoxanide, for equine protozoal 
myeloencephalitis, 1312 
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Nitrate, poisoning, 834b, 837 
animal risk factors and, 828 
cattle, 828 

clinical findings of, 829 
clinical pathology of, 829 
control of, 830 
environmental factors of, 829 
etiology of, 827-828 
minimum lethal dose, 829 
necropsy findings of, 829 
pathogenesis of, 829 
pigs, 829 

ration dilution, 830 
sheep, 828 
toxic levels of, 830 
treatment of, 830, 838b 
Nitrite, poisoning, 834b, 837 
animal risk factors and, 828 
cattle, 828 

clinical findings of, 829 
clinical pathology of, 829 
control of, 830 
differential diagnosis of, 836b 
environmental factors of, 829 
epidemiology of, 828 
etiology of, 827-828 
minimum lethal dose, 829 
necropsy findings of, 829 
pathogenesis of, 829 
pigs, 829 

ration dilution, 830 
risk factors of, 828 

samples for confirmation of diagnosis, 829-832 

sheep, 828 

toxic levels of, 830 

treatment of, 830, 838b 

Nitrocompound plant toxicosis (milk vetch), 1 195, 

1196b—1197b 
Nitrofurans, 173 
Nitrogen dilution test, 864-865 
Nitroxynil 

for bunostomosis, 614 
in fasciolosis, 644 

A/-methyl-D-aspartate receptor antagonists, for pain, 
83 

Nocardia sp. f mastitis and, 1960-1961, 1961b 
Nociception, 79 
in cattle, 81 f 
Nodularins, 102 

Nodules, oesophagostomosis, 615-616 
Noise pollution, 106 
Nonambulatory cows 
disposition of, 1 698 

with nonprogressive neurologic findings, 
1693-1699, 1693b 
Nonesterified fatty acids, 1668-1669 
in energy balance, 16697 
fatty liver and, 1718, 1722 
Nonesterified fatty acids (NEFA), left-side 

displacement of abomasum and, 504 
Non-feed-borne transmission, of bovine spongiform 
encephalopathy, 1295 
"Nonparasitic scouring syndrome", 605 
Nonpastured cattle, interstitial pneumonia in, 968 
Nonprogressive atrophic rhinitis, 1047-1048 
Nonprotein nitrogen (NPN) toxicosis, 618b 
differential diagnosis, 619b-620b 
treatment, 620, 620b 
Nonregenerative anemia, 731 
Nonshivering thermogenesis, 43, 45-46 
Nonspecific colitis, 334-335 
Nonsteroidal antiinflammatory drugs (NSAIDs) 
for acute undifferentiated bovine respiratory 
disease, 911 

for bovine respiratory syncytial virus, 951 
for bronchitis, 879 

for degenerative joint disease, 1410-1411 
for endotoxemia, 65 
for equine colic, 234 


for equine pleuropneumonia, 995 
for gastric ulcer in foals, 246 
for guttural pouch empyema, 985 
for intestinal obstruction, 528 
for laryngitis, 879 
for listeriosis, 1342 
for mastitis, 1927 
coliform, 1952 
for pain, 82-83 
for peritonitis, 220 
for pneumonia, 891-892 
for puerperal metritis, 70 
for respiratory tract disease, 871 
toxic nephrosis from, 1112 
for tracheitis, 879 

Nonsweating syndrome, 1561-1562 
Nonulcerative keratouveitis, 1123 
Nonviable hypotrichosis, 1644 
Nonvolatile buffer ion acidosis, 126 
Norepinephrine, for endotoxemia, 65 
Normovolemic anemia, 728, 742 
Norovirus, 389 
bovine, 387 
porcine, 342 

North America, bovine spongiform encephalopathy 
in, 1295-1297 

North American blastomycosis, 2160-2161, 21617 
North Country Cheviot lambs, liver rupture in, 625 
Northern Ireland, bovine spongiform encephalopathy 
in, 1294-1300 

Norway, bovine virus diarrhea virus eradication 
program, 598 

Nostrils, clinical examination of, 19 
Novel porcine parvoviruses, 2137 
Novel porcine viruses, 2135-2136 
Bungowannah virus, 2137 
Japanese B encephalitis, 2136-2137 
menangle, 2136 
Nipah, 2135-2136 
novel porcine parvoviruses, 2137 
porcine parvovirus, 2137 
porcine retroviruses, 2136 
Reston virus, 2137 
Tioman virus, 2136 
Novobiocin, 174 
Nuclear factor kB (NF-kB), 60 
Nuclear imaging, in respiratory system, 858 
Nuclear scintigraphy 

for musculoskeletal system disease, 1377 
for septic arthritis synovitis, 1414 
Nucleic acid 

epizootic hemorrhagic disease and, 784 
recognition 

in contagious bovine pleuropneumonia, 928 
methods, for bovine tuberculosis, 2019 
"Nursery pasture", 1878 

Nursing beef calves, bovine respiratory syncytial virus 
in, 947 

Nursing behavior, in postpartum dysgalactia 
syndrome and, 1998 
Nursing care, for newborns, 1863 
Nutrients, addition to water of, prevention of, 

103 

Nutrition 

alimentary tract dysfunction, 183 
coliform mastitis and, 1 953 
degenerative joint disease and, 1406 
edema disease, 313 

and feeding methods, colibacillosis and, 1881 
hemonchosis in ruminants, 611 
history taking of, 7-8 
lameness in pigs and, 1421 
osteodystrophy and, 1 388 
performance shortfalls in, 94 
Nutritional deficiencies, 823, 1747-1753 
abnormal absorption in, 1748 
abnormal requirement of, 1748 
abnormal utilization of ingested nutrients in, 

1748 


anemia, nonregenerative, 731 
congenital defects and, 1837 
evidence of 

associated with disease, 1748 
based on cure or prevention by correction of, 
1748-1752 

as cause of disease, 1 747-1748 
immunosuppression of, 758 
intrauterine growth retardation in, 1840 
levels of nutritional service in, 1749 
maternal, 1846-1847 

myocardial disease/cardiomyopathy etiology, 691 
nutritional advice for 
beef feed lots, 1750 
for sheep flocks, 1751-1752 
for swine-herds, 1750-1751 
nutritional management in, 1748-1749 
nutritional status of, 1748 
stress induction and, 85 
sudden death by, 100 
Nutritional diseases, 1458-1479 
encephalomalacia and, 1187 
Nutritional (trophopathic) hepatitis, 630-631 
Nutritional history 

for musculoskeletal system disease, 1377 
osteodystrophy and, 1390 
Nutritional management, in mastitis control 
program, 1979 

Nutritional muscular dystrophy 
enzootic, 1378 
necropsy findings of, 1473 
pathogenesis of, 1468 
treatment for, 1473-1474 
Nutritional service, in nutritional deficiencies, 1749 
Nutritional status 

anaplasmosis risk factors and, 771-772 
disorders of, 87-88 

in risk factors, of bovine mastitis, 1908-1909 
Nutritional support 

diarrhea, chronic undifferentiated, 282 
in newborn, 1864-1865 
Nyctalopia, testing for, 19 
Nymphomania, in cows, 1822 
Nystagmus, 1162 
inherited, 1660 


o 

Oak (Quercus spp.), 2207 

Obesity, equine metabolic syndrome and, 1731 

Obligate anaerobes, equine pleuropneumonia, 

991 

Obstacle test, for blindness, 19 
Obstruction 
atelectasis, 883 
esophageal, 893 
Obstructive shock, 71-76, 71b 
clinical findings, 73 
clinical pathology, 73-74 
differential diagnosis of, 74b 
etiology of, 72 
necropsy findings in, 74 
pathogenesis of, 72-73 
treatment for, 74-76 
Occult forms, leptospirosis, 1120-1121 
Occupation time, examination of, 9 
Ochratoxin poisoning, 649 
Ochratoxins (ochratoxicosis), 1136-1137, 1136b 
differential diagnosis of, 1137b 
Ocular abnormalities, in vitamin A deficiency, 13177, 
1322-1323 

Ocular dermoids, 1659 

Ocular lesions, thrombotic meningoencephalitis, 
2036 

Ocular movements, testing of, 1170 
Ocular squamous-cell carcinoma, 1640 
Odema (opacity), of cornea, 2078-2079 


Volume I • pp 1-1091 • Volume II • pp 1095-2234 






2282 


Index 


Oenanthotoxin, 2208 
Oesophagostomosis, 615-617, 615b 
clinical findings, 616 
clinical pathology, 616 
control, 616-617 
diagnostic confirmation, 616 
differential diagnosis, 616b 
epidemiology, 615 
etiology, 615 
necropsy findings, 616 
pathogenesis, 615-616 
pigs, 615-616 
sheep, 616 
treatment, 616, 616b 
Oesophagostomum, 615 
Oesophagostomum asperum, 615 
Oesophagostomum columbianum, 615 
Oesophagostomum dentatum, 615 
Oesophagostomum quadrispinulatum, 615 
Oesophagostomum radiatum, 615 
Oesophagostomum venulosum, 615 
Oestrus ovis, 979-980 

Offspring segregation, of pseudorabies, 1249-1250 
Oil field pollutants, 106 
Oils, bloat prevention, 480 
Olfactory mucosa, neoplasms of, 875 
Olfactory nerve (cranial nerve I), assessment of, 
1165-1169 
Oliguria, 1097-1098 
Omasum, 437 
diseases of, 457-459 
impaction of, 499-500, 4997, 515-517 
Omental bursitis, 270-271, 522 
Omentopexy, 508 
Omeprazole, 245, 246f, 250-251 
Omphalitis, 1900-1901 
Omphaloarteritis, 1901 
Omphalophlebitis, 1901 
Onchocerciasis, 1609-1610 
treatment of, 1610b 
Oncolytic agents, lymphosarcoma, 750 
Oncotic pressure 
decreased, 113 
edema and, 128-130 
clinical findings in, 130 
clinical pathology of, 130 
differential diagnosis of, 130b 
etiology of, 128-130 
necropsy findings in, 130 
pathogenesis of, 129-130 
treatment of, 130 
plasma, decreased, 128-129 
Ondiri disease, 779 

Online Mendelian Inheritance in Animals (OMIA), 112 
Open-mouth breathing, 849 
Ophthalmoscopy, in nervous system examination, 
1177 

Opiates, 213, 234 

Opioids, for degenerative joint disease, 1410-1411 
Opisthotonus, posture of, 11 59 
Optic nerve (cranial nerve II) 
assessment of, 11 65 
diseases of, blindness from, 1179 
Oral administration, of antimicrobials, 160-162 
Oral cavity, examination of, 445 
Oral electrolyte solution 
alkalinizing agent in, 149 
glucose in, 149 
glycine in, 149 
for horses, 150 
osmolality of, 148-149 
propionate in, 149 
for ruminants, 150 
sodium concentration of, 149 
Oral fluids, in swine influenza, 1082 
Oral necrobacillosis, 534-536, 534b 
differential diagnosis, 535b 
treatment, 535b-536b 
Oral neoplasms, 431 

Oral sugar test, for equine metabolic syndrome, 

1735 


Orbit, diseases of, blindness from, 1178 

Orbiviruses, porcine, 342 

Orchitis 

actinomycosis, 531 
Brucella abortus infection, 1765 
Brucella suis in, 1780 
Orf, 1593-1596, 1593b 
peste des petits ruminants and, 575 
Orf virus (ORFV), 602 
Organic arsenical, swine dysentery, 332 
Organochlorine insecticides, 1210, 1216b—1218b 
Organophosphate 
anthelmintics, 612 
in congenital defects, 1837 
poisoning, 882 

Organophosphorus compounds, poisoning from, 
1209, 1214b 
clinical findings of, 1215 
control of, 1217 

differential diagnosis of, 1215b—1216b 
epidemiology of, 1214 
etiology of, 1214 

industrial organophosphates in, 1217 
necropsy findings of, 1216 
pathogenesis of, 1215 
risk factors of, 1214-1215 
transmission of, 1215 
treatment of, 1216b 

Oriental cockroach (Blatta orientalis) nymphs, 553 
Oriental theileriosis, 2144 

Ornithine carbamoyl transferase (OCT), liver function 
test, 628 

Oryctolagus cuniculus (wild rabbit), Johne's disease, 
553 

Oscillometric sphygmomanometry, 671 
Oscillometry, impulse, 864 
Osmolal gap, 136 
Osmolality, 138 

of oral electrolyte solution, 148-149 
Osmolarity, 138 
Osmotic diarrhea, 208 

Osseous sequestration, in cattle, 1392, 13927-13937 
Osseus metaplasia, 291 
Osteitis, salmonellosis, 365 
Osteoarthritis, degenerative joint disease and, 
1499-1500 

Osteoarthropathy, 1406-1411 
primary, 1407 

Osteochondrosis, 1406-1411 
etiology and epidemiology and, 1406-1407 
leg weakness in pigs and, 1420, 1422 
pathogenesis of, 1408 
Osteodystrophia fibrosa, 1388-1390 
clinical findings of, 1498 
clinical pathology of, 1498 
control of, 1499 
differential diagnosis of, 1499b 
epidemiology of, 1498 
etiology of, 1497-1498 
necropsy findings of, 1498 
pathogenesis of, 1498 
phosphorus ratio and, 1482 
treatment for, 1499 
Osteodystrophy, 1 388-1391 
of chronic fluorosis, 1390 
clinical findings of, 1390 
diagnosis of, 1390 
differential diagnosis of, 1391b 
etiology of, 1388-1389 
necropsy findings of, 1390-1391 
pathogenesis of, 1389-1390 
treatment for, 1391 

Osteofluorosis, fluoride toxicosis and, 1508-1509 
Osteogenesis imperfecta, inherited, 1532 
Osteomalacia, 1496-1497, 1496b 
clinical findings of, 1497 
clinical pathology of, 1497 
control of, 1497 
differential diagnosis of, 1497b 
epidemiology of, 1497 
etiology of, 1497 


necropsy findings of, 1497 
pathogenesis of, 1389, 1497 
treatment for, 1 497 
vitamin D deficiency and, 1482 
Osteomyelitis, 1391-1394 
clinical findings of, 1393 
diagnosis of, 1393 
differential diagnosis of, 1394b 
etiology of, 1391-1392 
hematogenous, 1392 
necropsy findings of, 1393 
pathogenesis of, 1391-1392 
pyelogranulomatous, jawbones, 531 
treatment for, 1 394 
Osteopetrosis, congenital, 1534 
Osteophagia, 88 
Osteoporosis, 589, 1390 
phosphorus ratio and, 1482 
Osteosarcomas, osteodystrophy and, 1389 
Ostertagia, 603, 605 
see also Trichostrongylid worms 
Ostertagiosis, bovine, 605 
Otitis, in feedlot cattle, 2036 
Otitis externa, 1660-1661 
Otitis media/interna, 1334, 1339b 
Mycoplasma bovis, 933-937 
Ototoxicity, of aminoglycosides, 169 
Outdoor environment, history taking of, individual 
animal, 8-9 

Outer membrane proteins (OMPs), 1116 
Outflow abnormality, scant feces, 180 
Ovarian dysfunction, bovine virus diarrhea virus, 

583 

Overactive stretch reflex, 13507, 1354 
Overcrowding, 9 
swine dysentery, 328 
"Overeating disease", 1230 
Overfeeding, in fatty liver, 1718 
Overhydration, acute, 115 
Overmilking, avoidance of, 1968 
Overnourishing, in intrauterine growth retardation, 
1840, 1847 
Overwintering, 2071 
Ovine atopic dermatitis, 1548 
Ovine contagious ophthalmia, 1653-1654, 1653b 
Ovine encephalomyelitis, 1259b, 1283-1286 
clinical findings of, 1265-1268 
clinical pathology of, 1265 
control of, 1265 
differential diagnosis of, 1262b 
epidemiology of, 1262-1265 
etiology of, 1262 
geographic occurrence of, 1264 
host and environmental risk factors for, 1264 
host occurrence of, 1264 
necropsy findings of, 1265-1267 
nontick transmission of, 1264 
occurrence of, 1262-1264 
pathogenesis of, 1265 

samples for diagnostic confirmation of, 1265 
transmission of, 1264 
treatment for, 1265-1266 
zoonotic implications of, 1264-1265 
Ovine enzootic abortion, 1786-1791, 1786b-1787b 
Ovine heritable arthrogryposis multiplex congenita, 
1539 

Ovine humpyback, 1518 
Ovine interdigital dermatitis, 1443b 
Ovine Johne's Disease Control and Evaluation 
Program, 571-572 
Ovine "kangaroo" gait, 1367-1368 
Ovine ketosis, in pregnancy toxemia, 1 724 
Ovine lentiviruses, 974 

Ovine nasal adenocarcinoma virus (ENT-1), 969-970 
Ovine postdipping necrotic dermatitis, 1 548 
Ovine progressive pneumonia, 973-977, 973b-974b 
clinical findings of, 975-976 
clinical pathology of, 976 
control of, 976-977 
differential diagnosis of, 976b 
epidemiology of, 974-975 





Ovine progressive pneumonia (Cont'd) 
etiology of, 974 
necropsy findings in, 976 
pathogenesis of, 975 
treatment of, 976 

Ovine pulmonary adenocarcinoma, 977-979, 977 b, 
979 b, 1089 

Ovine skin cancer, 1641 
Ovine white liver disease, 816 
Oxalate, toxic nephrosis from, 1113 
Oxfendazole 
for lungworm, 964 

for parasitic gastroenteritis in ruminants, 607 
Oxidative damage, anemia and, 734-735, 736f 
Oxime, in organophosphate poisoning, 1217 
Oximetry, anemia and, 737 
Oxyclozanide, 618, 644 
Oxygen delivery, 735-736, 865 
system, transtracheal, 869 
Oxygen saturation, 865 
Oxygen tension 

low inspired, in hypoxic hypoxia, 847 
measurement of, 865 

Oxygen therapy, for respiratory tract disease, 
869-870, 870f 
Oxygen toxicity, 869-870 
Oxytetracycline 

for acute undifferentiated bovine respiratory 
disease, 912 
for anaplasmosis, 774 
for borreliosis, 1428 

for bovine digital dermatitis, 1438-1439 
for brucellosis associated with Brucella ovis, 1776 
for coliform mastitis, 1951 
for osteodystrophy, 1391 
for pleuropneumoniae, of pigs, 1062 
Oxytocin 

for coliform mastitis, 1951 
for postpartum dysgalactia syndrome, 2000 
for puerperal metritis, 70 
Oxytropis spp., 1837 
Oxyuris equi, 415-416, 4156 


P 

P. purpurogenum, 654 
R rubrum, 654 

P26, equine infectious anemia, 788 
Pachyderma, 1544-1545 
differential diagnosis of, 15456 
treatment of, 1 545 
Packed cell volume (PCV) 
for dairy-herd metabolic profile testing, 1671 
equine colic, 232 

naturally occurring combined abnormalities of free 
water, electrolyte, acid-base balance, and 
oncotic pressure, 132 
peritoneal fluid, 189 
Pain, 78-84 
assessment of, 78-79 
attitude towards, advances in, 79 
behavioral responses to, 80 
central hypersensitivity, 80 
clinical findings in, 80-81 
cutaneous or superficial, 79 
definition of, 78 
duration and periodicity of, 81 
in dyspnea, 849 

elicitation of, by veterinarian, 80 
equine colic, 225 
etiology of, 79 

measurement of, difficulties in, 78 
musculoskeletal (somatic), 79 
pathogenesis of, 79-80 
physiologic responses to, 80 
preemptive analgesia and, 80 
problem of, 78-79 
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reticulorumen motility, primary contraction 
influence, 439 
stress induction, 84 
treatment for, 81-84 
visceral, 79 
Pain receptors, 79 
Palatal dysfunction, 982-984 
Palatitis, 192 
see also Stomatitis 

Pale, soft, and exudative (PSE) pork, 1 527-1528 
Palmar digital artery pulse, laminitis, horse and, 

1400 

Palpation 
of abdomen, 484 
of bladder, 20 
in clinical examination, 13 
of hair coat, 21 
of inguinal ring, 20 
of kidney, 20 
of liver, 625-626 
of lung, 17 

in nervous system examination, 1 172 

of pharynx, 196 

of rumen, 437, 446 

of spleen, 20 

of testicles, 1775 

through abdominal wall, 17-18 

of tongue, 533 

Palpebral eye-preservation reflex, in 

polioencephalomalacia, 1315 
Pancreas, diseases of, 656 
Pancreatic adenocarcinoma, 656 
Pancreatic adenoma, 656 
Pancreatitis, 656 
Pancytopenia, 746 
Pandy test, 1177 
Pangonia spp., 1626 
Panhyperproteinemia, 718 
Panhyproteinemia, 717 
Panniculitis, 1557, 1726-1727 
Panniculus reflex, 1164 
Pansystolic murmur, 687 
Pantothenic acid deficiency, 1326 
Papilloma, 1640 

Papillomatosis, 1580-1585, 15806 
in cattle, 1582, 1582f—1583 f 
clinical findings of, 1582-1584 
clinical pathology of, 1 584 
control of, 1 585 
differential diagnosis of, 1 5846 
economic importance of, 1582 
epidemiology of, 1581-1582 
etiology of, 1580-1581 
experimental production of, 1 582 
in goats, 1583 
in horses, 1583-1584 
pathogenesis of, 1582 
treatment of, 1584-1585 
vaccination for, 1584-1585 
Papillomatous digital dermatitis of cattle, see Bovine 
digital dermatitis 

Papillomavirus infection, 1580-1585 
Para-amino-benzoic acid (PABA), 172 
Parachute left atrioventricular valve, 706 
Paracoccidioides infection, 2159 
Paradoxical aciduria, 119 
Paradoxical vestibular syndrome, 1162 
Parafilaria bovicola, 722-723 
Parafilariosis, 1610-1611, 16106 
Paraganglioma, 1736 

Parainfluenza-3 paramyxovirus, in enzootic 
pneumonia of calves, 939 
Parainfluenza-3 virus, 1029 
in chronic enzootic pneumonia of sheep, 

972-973 

in enzootic pneumonia of calves, 941-942 
Parakeratosis, 1544, 1634-1637, 16346 
clinical findings of, 1635-1636 
clinical pathology of, 1636 


control of, 1637 

differential diagnosis of, 1 5446-15456, 
16366 

etiology of, 1634-1635 
in goats, 1636 
infertility in ewes and, 1636 
inherited, 1643 
necropsy findings in, 1636 
pathogenesis of, 1635 
in pigs, 1634 
ruminal, 472-482, 473f 
in ruminants, 1634-1635 
in sheep, 1636 

treatment of, 1 544, 1636-1637 
Paralysis, 1158 
bladder, 1139 
calving, 1362 
degree of, 1 163 
diaphragmatic, 1362 
in encephalopathy, 1194 
of femoral nerve, in calves, 1362 
hyperkalemic periodic, 121 
inherited congenital posterior, 1352-1357 
nervous system disease, 11 62 
tick, 1363-1367, 1367f 
vitamin A deficiency and, 1324-1325 
Paralytic ileus, 180, 216-217 
Paralytic respiratory failure, 848 
Paranasal sinus fluid, in respiratory secretions, 
859-860 
Paranasal sinuses 
Aspergillus spp. in, 1045 
endoscopy of, 856 
Parapoxvirus (PPV), 602 
Parascarls equorum, 409 
Parasite refugia, 608-609 
Parasites 

attenuation of, 806 
enteritis and, 206 1 
wild boar, 2009 
Parasitic arteritis, 709-710 
Parasitic diseases, of alimentary tract, 397-401 
Parasitic gastritis, in pigs, 417-418, 4176-418b 
Parasitic gastroenteritis (PGE) 
cattle, 606-607 
goats, 605, 607 
in ruminants, 603-610, 603b 
anthelmintic, choice of, 607-608 
anthelmintic reliance reduction, 610 
anthelmintic resistance, 608 
clinical findings, 606 
clinical pathology, 606 
contamination, sources of, 604-605 
control, 608-610 
diagnostic confirmation, 606-607 
differential diagnosis, 607b 
disease, outbreaks of, 605 
epidemiology, 603-605 
etiology, 603 
necropsy findings, 606 
pathogenesis, 605-606 
"resilience", 604 
sheep, 606-607 
transmission, 604 
treatment, 607, 607b 
Parasitic hepatitis, 630-631 
Parasitic infestation, in interstitial pneumonia, 
966 

Parasitic myocarditis, 690-691 
Parasitism, hemorrhagic anemia and, 728 
Parasitoses, weight loss from, 93 
Parasympatholytic drugs, for respiratory tract 
disease, 872 

Parasympathomimetic drugs, 191 
Parasympathomimetics, 458-459 
Paratuberculosis. see Johne's disease 
Paratyphoid, see Salmonellosis 
Parbendazole, poisoning of, 1211 
Parenchymatous enzymuria, 1103 
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Parenteral antimicrobials, 162 
for coliform mastitis, 1950-1951 
Parenteral calcium, supplementation, for milk fever, 
1689-1690 

Parenteral fluid therapy, 145 
Parenteral nutrition, 151-152 
colic in foals, 239 
in newborn, 1865 

Parenteral vitamin D 3 , for milk fever, 1689 
Paresis, 11 58 
assessment of, 1171 
degree of, 11 63 
in encephalopathy, 1194 
hypocalcemic, 1683 
involuntary spastic, 1160 
nervous system disease, 1162 
of sciatic nerve, 13597, 1362 
spastic, of cattles, 13487, 13507, 1351 
Paresthesia, 1542 

Parity, pregnancy toxemia and, 1724 
Parotitis, 195 

Paroxysmal tachycardia, 683-684 

Paroxystic respiratory distress syndrome (PRDS), 948 

Parquin, 1195 

Partial heart block, 679 

Partial hypotrichosis, 1644 

Partial milking, for milk fever, 1690 

Parturient diseases, 1830 

Parturient injury, 1843 

Parturient paresis, 1675-1690, 1675b 

Parturition, 1665 

Brucella abortus, transmission of, 1762 
cecal rupture, 258 

induction of, 517, 1758-1759, 17596-1760b 
prolonged gestation with fetal gigantism, 1828 
trauma at, 1843 
Parturition syndrome, 67 
Parvovirus, 385, 389 
Paspalum staggers, 1202 
Passive immunity 

assessment of transfer of, 1853-1854 
decline of, 1852 

failure of transfer of, 1848-1856 
avoidance of, 1854-1856 
colibacillosis and, 1880 
correction of, 1854, 1863-1864 
to Mannheimia haemolytica, 922 
transfer failure of, 7447 
Pasteur vaccines, anthrax and, 2014-2015 
Pasteurella multocida, 2043 
Actinobacillus pleuropneumonia and, 1057 
in enzootic pneumonia of calves, 939, 942 
in pneumonic pasteurellosis, 914 
in progressive atrophic rhinitis, 1047-1048 
Pasteurella vaccines 

for acute undifferentiated bovine respiratory 
disease, 913 

for pneumonic pasteurellosis, 922 
Pasteurellosis, of sheep and goats, 2042-2043 
Pasture 

abrasive, actinobacillosis (wooden tongue), 533 
environmental examination of, 9 
equine grass sickness, 284 
management of, 1705 
sheep, infectious footrot in, 1442 
top dressing, 1705 
cobalt of, 819-820 
sodium selenate in, 1476 
Pasture bloat 
case fatality, 474-475 
clinical findings, 476-477 
control, 478-481 
epidemiology, 474 
etiology, 473 
genetic control of, 481 
morbidity, 474-475 
Pasture-associated heaves, 1012-1013 
Pastured cattle, interstitial pneumonia in, 967-968 
Patchy atelectasis, 883 
Patellar reflex, 1174 
Patellar subluxation, inherited, 1539 


Patent ductus arteriosus, 705 
Patent foramen ovale, 704-705 
Patent urachus, 1098, 1140 
Path models, for examination of population, 32 
Pathologic surveillance, for contagious bovine 
pleuropneumonia, 930 
Pattern recognition, for diagnosis, 2 
Patulin, 2204 
Patulin poisoning, 649 
Peat scours ("Teart"), in cattle, 2169 
Pediculosis, 1624-1625, 1624b 
Pedunculated lipomas, 215, 253 
Pellets, magnesium-rich, for hypomagnesemic 
tetany, 1705 
Pelvic limbs, injuries to 
in downer-cow syndrome, 1694 
at parturition, 1683 
Pelvis 

fracture of, 99-100 
injuries to, at parturition, 1683 
size of, trauma at parturition and, 1 843 
Pemphigus, 1549 
Pemphigus foliaceus, 1 549 
Pendular nystagmus, 1171, 1660 
Penetrating wound, 77 

Penicillin G, for guttural pouch empyema, 985 
Penicillins, 170-171 
categories of, 170f 
for listeriosis, 1341 
mechanism of action of, 170 
for neonatal streptococcal infection, 1903 
of strangles, 1022 

toxicity and clinical considerations for, 170-171 
Penicillium citrinum, 649 
Penicillium roqueforti, 1827-1828 
Penicillium-assodated mycotoxins, 1203 
Pentachlorophenol, 2193 
Pentastarch, 143 
Pentoxifylline 

for endotoxemia, 66, 234, 280 
for heaves, 1011 
Pepsinogen, 606 
Peracute intoxication, 826 
Peramivir, in equine influenza, 1035 
Percussion 

clinical examination of, 13-14 
equine colic, 227 
in equine pleuropneumonia, 992 
of liver, 625-626 
of lung, 17 

respiratory system, examination of, 855 
through abdominal wall, 17-18 
Percutaneous transtracheal aspiration, in 
tracheobronchial secretions, 861 
Percutaneous ultrasound-guided cholecystocentesis, 
626 

Perennial ryegrass staggers, 1202-1204 
Performance, shortfalls in, 94 
Pergidin toxicosis, 654-655 
Pericardial friction rub, reticulopericarditis, 497-498 
Pericardial friction sound, pericarditis, 708 
Pericardiocentesis, 498 
Pericarditis, 707-709, 707b 
in cattle, 708 
clinical findings of, 708 
clinical pathology of, 708-709 
constrictive, 707-708 
differential diagnosis of, 709b 
etiology of, 707-708 
fibrinous, 707-708 
in goats, 708 
in horses, 708 
idiopathic effusive, 708 
necropsy findings of, 709 
pathogenesis of, 708 
in pigs, 708 
prognosis of, 709 
in sheep, 708 
treatment of, 709 
Pericardium, diseases of, 707-709 
Periconia spp., 654 


Perilla frutescens, 966 
Perinatal diseases, 1830-1903 
classification of, 1830-1831 
cloned offspring, diseases of, 1870-1871 
congenital defects in, 1835-1840, 1835b-1836b 
clinical findings of, 1839 
clinical pathology of, 1839 
differential diagnosis of, 1839b 
epidemiology of, 1838 
etiology of, 1836-1838 
necropsy findings of, 1839 
pathogenesis of, 1838-1839 
fetal diseases in, 1830 
general epidemiology of, 1831-1835 
parturient diseases in, 1830 
physical and environmental causes of, 1840-1842 
postnatal diseases in, 1830-1831 
Perinatal fatality, sarcocystosis and, 2139 
Perinatal weak-calf syndrome, 1867-1870, 1867b 
control of, 1870 
differential diagnosis of, 1870b 
epidemiology of, 1868-1869 
etiology of, 1868-1869 
historical aspects of, 1 867-1868 
necropsy findings of, 1869-1870 
prevention of, 1870 
treatment of, 1870 
Perinatology, 1841 
Perineal reflex, 1175 
Perineum, urine scalding, 1098 
Perinodal myocardial fibrosis, 677 
Periodic ophthalmia, leptospirosis, 1121-1123 
Periodontal disease, 194-195 
sheep, 194-195 

Periosteum, proliferation of the, 1391 
Periparturient egg rise (PPER) 
elimination of, parasitic gastroenteritis, 609 
Oesophagostomum, 615 
trichostrongylid worms, 604 
Peripheral blindness, 1163 
Peripheral circulatory failure, in dyspnea, 849 
Peripheral cyanosis, in respiratory insufficiency, 
853-854 

Peripheral hyperalgesia, 79-80 
Peripheral nerve sheath tumors, 1370 
Peripheral nerves, 1178 
injection injuries to, 1362 

Peripheral nervous system, diseases of, 1357-1358 

Peripheral neuropathy, glomerulopathy and, 1111 

Peripheral nociceptors, 79-80 

Peripheral tissues, cold injury in, 51 

Perirectal abscess, 77 

Peristalsis 

abnormality, diarrhea, 179-180 
enteritis, 210 

equine grass sickness, 285 
failure, 180 

Peritoneal effusion, reticuloperitonitis and, 487 
Peritoneal fluid, 186-190 
analysis 

cecal impaction, 259 
characteristics, 186 

diarrhea, chronic undifferentiated, 281 
equine colic, 231 
equine grass sickness, 285 
large colon, displacement of, 262 
peritonitis, 218-219 
reticuloperitonitis, traumatic, 485-486 
bovine, 187 1 
properties of, 187f, 189 
reference values, 189 
vagus indigestion, 494 
Peritoneal lavage, 220 

Peritoneal leiomyomatosis, disseminated, 432 
Peritoneum 
adhesions, 217 
diseases of, 215-220 
tumors of, 432 
Peritonitis, 215-220 
abdominocentesis, 189 
acute, 217-218 





Index 


2285 


Peritonitis (Cont'd) 
acute diffuse, 69 
abomasal ulcer and, 520 
acute local, 520 
case-fatality rate, 219 
cattle, 215-216 
chronic, 218, 270-271 
chronic hypoalbuminemia and, 722 
clinical findings, 217-218 
clinical pathology, 218-219 
colitis, right dorsal, 267-268 
diagnosis, 219 
differential diagnosis, 220b 
etiology, 215-216 
goats, 216 
horses, 216 
necropsy findings, 219 
pathogenesis, 216-217 
peracute diffuse, 218 
prognosis, 219 
septic, 219 
sheep, 216 
subacute, 217-218 
treatment, 220 
Perivaginal abscess, 77 
Perivascular cuffing, 1 184 
Perivascular reactions, intravenous antimicrobials 
and, 159 

"Permanent clover disease," phytoestrogen toxicosis, 

1823 

Pernicious anemia, 820 
Perreyia flavipes, 654 

Persistence of the right aortic arch, 706, 706f 
Persistent dorsal displacement, of soft palate, 984 
Persistent lymphocytosis (PL), 833, 841 
diagnosis of, 838-839 

Persistent pulmonary hypertension of the neonate 
(PPHN), 693 

Persistent truncus arteriosus, 705 
Persistent (pervious) urachus, 1098 
Peruvian horse sickness virus, 1302 
Peste des petits ruminants (PPR), 573-577, 573b 
acute forms, 575 
biosecurity concerns, 575 
case-fatality rate, 574 
clinical findings, 575 
clinical pathology, 575 
control, 576-577 
differential diagnosis, 576b 
economic importance, 575 
epidemiology, 574-575 
etiology, 574 

experimental reproduction, 575 
immune mechanisms, 575 
necropsy findings, 575-576 
occurrence, 574 
pathogenesis, 575 
risk factors, 575 
sample collection, 575 
subacute forms, 575 
transmission, 574-575 
treatment, 576, 576b 
zoonotic implication, 575 
Peste des petits ruminants virus (PPRV), 574-575 
Pestiviruses, 577 

Petrous temporal bone, fracture of, 1 189-1190 

Pets, controlling contact by, 39 

Peyer's patches, 567 

PGE. see Parasitic gastroenteritis (PGE) 

pH 

analysis of, and naturally occurring combined 
abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure, 
133-134 

normal blood, 134 
in urine, 1100, 1101 f 
Phalanges, inherited, reduced, 1537 
Phalanx, third, laminitis, horse and, 1400 
Phalaris aquatica, 1311 


Phalaris spp. toxicosis, 2205-2206, 2205b 
Pharyngeal lymphoid hyperplasia, 196 
Pharyngeal obstruction, 197, 197b 
Pharyngeal paralysis, 197-198, 198b 
"Pharyngeal phlegmon", 196 
Pharyngitis, 196-197, 197b, 878 
Pharynx 

clinical examination of, 19-20 
diseases of, 196-197 
neoplasms, 431 
palpation, 196 
Phaseolus vulgaris, 966 

Phenolsulfonphthalein, plasma clearance and, 1104 
Phenothiazine, poisoning of, 1213 
Phenylbutazone 

for degenerative joint disease, 1410 

for disorders of thyroid function, 1740-1741 

for endotoxemia, 65, 234, 280 

for laminitis, of horse, 1402 

for mastitis, 1927 

for pain, 82 

for retropharyngeal lymphadenopathy, 989 
toxicity, venous thrombosis and, 714 
Phenylephrine, 262, 285 
Phenytoin 

myopathy, horse and, 1 386-1387 
rhabdomyolysis 
in horses and, 1481 
recurrent exertional for, 1521 
Phenytoin sodium, 684 
Pheochromocytoma, 1736 
Phlebitis, 714 
Phlegmon, 77, 1393 
definition of, 77 

Phomopsins toxicosis (lupinosis), 650-652, 
650b-651b 

differential diagnosis, 651b 
Phonocardiography, 673 

Phosphate, retention, renal insufficiency, 1096-1097 
Phosphides, 2191 

Phospholipase A 2 , endotoxemia, 60 
Phosphorus 

absorption of, 1482-1483 
deficiency, 1482, 1485-1491, 1485b 
cattle, 1485-1487 
clinical findings of, 1488 
clinical pathology of, 1488-1489 
control of, 1489-1491, 1489b 
differential diagnosis of, 1489b 
epidemiology of, 1485-1487 
etiology of, 1485 
horses, 1487 

necropsy findings of, 1489 
pathogenesis of, 1487-1488 
pigs, 1487 
secondary, 1487 
sheep, 1487 

treatment for, 1489, 1489b 
dietary 

content of, 1489 
milk fever and, 1678 
requirements of, 1486f, 1489-1491 
in macromineral evaluation, 1671 
metabolism of, 1482-1483, 1483f 
osteodystrophy and, 1 388 
serum 

osteodystrophy and, 1 390 
phosphorus deficiency, 1488-1489 
vitamin D deficiency and, 1493 
supplementation, 1491 
Phosphorus deficiency, Trichostrongylus 
colubriformis, 605 
Phosphorus toxicosis, 421 
Photoperiod, lactation and, 1666 
Photosensitive thelitis, 1986 
Photosensitization, 1549-1552, 1549b 
clinical findings of, 1551 
clinical pathology of, 1551 
differential diagnosis of, 1 551 b—1552b 


etiology and epidemiology of, 1549-1551 

hepatitis and, 631 

hepatogenous, 1550 

hyperbilirubinemia and, 1646 

in liver disease, 625 

necropsy findings in, 1551-1552 

pathogenesis of, 1551 

plant poisoning and, 1637-1638 

plants causing, 649 

primary, 1550 

as result of aberrant pigment metabolism, 1550 
treatment of, 1552 
of uncertain etiology, 1551 
Photosensitizing substances, 1 550 
Phylloerythrin, 1550 

Physical effort, excessive, stress induction, 84 
Physical examination 
of abomasum, 500 

in exercise-induced pulmonary hemorrhage, 999, 
999f 

for musculoskeletal system disease, 1376 
Physical therapy, for septic arthritis synovitis, 1417 
Physiological arrhythmias, 676-679 
Physitis, osteodystrophy and, 1388-1389 
Phytobezoars 
abomasal, 518 
luminal blockages, 525 
Phytoestrogen toxicosis, 1 822-1824, 1822b 
clinical findings of, 1823 
clinical pathology of, 1823 
control of, 1824 
differential diagnosis of, 1824b 
epidemiology of, 1822-1823 
etiology of, 1822 
in fungi, 1822 

necropsy findings of, 1823-1824 
occurrence of, 1 822 
pathogenesis of, 1823 
in plants, 1822 
risk factors of, 1 822-1823 
treatment of, 1824 

Phytogenous chronic copper poisoning, 823 
PI-3 V vaccine, 913 
Pica, 88-89 
consequences, 89 
definition of, 87 
gastric ulcers, 288 
significance of, 89 
types of, 88 

Picobirnaviruses, porcine, 342 
Pietrain creeper pigs, 1 529 
Pigeon fever, 1449-1450 
Piglets 

Actinobacillus septicemia in, 2056-2057 
acute undifferentiated diarrhea, 373-377 
administration of colostrum in, 1856 
coccidiosis, 405 

colibacillosis in, 1880, 1886-1887 
congenital defects in, 1839 
congenital fixation of joints in, 1511 
congenital tremor syndromes of, 1248-1252 
critical temperature of, 1846 
diarrhea 
dietary, 214 
viral, 384-393 

enteritis in, Clostridium perfringens type A, 

545 

fetal disease in, 1833 
fluid and electrolyte therapy in, 151 
hypothermia in, 1846 
management of, 1834 
mortality in, 1833 
navel (umbilical) bleeding in, 723 
necrosis of the skin of, 1985 
neonatal hypothermia in 
prevention of, 50 
risk factors for, 48 
treatment for, 50 

in neonatal streptococcal infection, 1902 
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Piglets (Cont'd) 

parturient disease in, 1833-1834 
parturition, induction of, 1759 
porcine coronavirus, 388 
porcine reproductive and respiratory syndrome, 
1800 

porcine rotavirus, 387-388 
postnatal disease in, 1834 
postpartum dysgalactia syndrome and, 2000 
septic arthritis synovitis and, 1412 
septicemia in, 57 
streptococcal arthritis and, 1416 
streptococcal infection in, 1901 
teeth clipping of, 1848 
vaccination of, 2131 
viable weight of, 1833 
Pigs 

age-related changes in, 1418-1420 
anaphylaxis of, 750-751 
anthrax in, 2013 
ascariasis, 409-411 

asymmetric hindquarter syndrome of, 1 529 

biotin and, 1503 

botulism in, 1368 

bronchitis in, 878 

cerebellar abiotrophy in, 1334 

changes in behavior of, stray voltage, 105 

chlamydial infection in, 2057-2058 

coccidiosis, 402 

congenital cardiac defects and, 704 
congenital progressive ataxia and spastic paresis, 
1350 

congenital skin tumors in, 1643 
congenital tremor of, 1355 
control of tuberculosis in, 2023 
copper deficiency, 2170 
cryptosporidiosis, 397 
electrocution of, 104 
eperythrozoonosis and 
serology, 781-784 
source of transmission, 779 
granulomatous lesions in, 1559 
hemorrhagic shock, 72 
infected by bovine tuberculosis, 2018 
necropsy findings of, 2021 
inherited congenital hydrocephalus in, 1329-1331 
inherited deficiency in, 1747 
inherited dermatosis vegetans in, 1646 
injections for, selenium, 1475-1476 
iodine deficiency in, 1744 
kidney worm disease in, 11 34-1135, 1134b 
lameness in, 1418-1424 
laryngitis in, 878 
lead poisoning in, 1206 
leptospirosis and, 1118, 1122 
listeriosis in, 1340 
lungworm in, 1086-1087, 1086b 
with M. bovis, 2017 

major pathogenic Mycoplasma spp. of, 885f 
malignant catarrh in, 2080 
malignant catarrhal fever, 2079 
melioidosis, clinical findings, 2030 
methicillin-resistant Staphylococcus aureus in, 
1566-1567 

muscular dystrophy in, 1470 
mycobacteriosis associated with MAC and with 
atypical mycobacteria, clinical and necropsy 
findings of, 2025 

mycoplasmal hyosynoviae in, 1455-1456 
neonatal, iron toxicosis, 2188 
neonatal infection in, 1874 
newborn 

splayleg syndrome in, 1 529-1530 
splaylegs of, 1378 

organophosphorus poisoning in, 1215 
osteochondrosis and, 1409 
osteodystrophia fibrosa in, 1388, 1498 
osteomalacia in, 1497 
otitis media/interna in, 1335-1336 
parasitic gastritis in, 417-418 
phosphorus deficiency in, 1487 


phosphorus requirements for, 1491 
pleuritis in, 896 

pleuropneumonia of, with Actinobacillus 
pleuropneumoniae, 1055-1064 
pneumonia in, 886 
primary vitamin A deficiency in, 1322 
pruritus in, 1 543 
pseudorabies in, 1248 
rabies in, 1241 

reactivity to voltage levels, 105 
reproductive performance, selenium and vitamin E 
deficiency, 1465 

respiratory tract of, diseases of, 1047-1054 
rhinitis in, 874 
rickets in, 1495 

selenium and vitamin E deficiency and, 1 472-1473 
selenium supplementation in, 1475 
selenium-responsive reproductive performance in, 
1477-1478 

septic arthritis synovitis and, 1412 
septicemia in, 57 

Streptococcus suis infection, 2045-2051, 2045b 

thiamine deficiency in, 1319 

thick forelimbs of, 1 537 

thorny-headed worm in, 419 

tracheitis in, 878 

transfer of selenium and vitamin E in, 1467 
tuberculin testing in, 2020 
tularemia, clinical findings, 2028 
ulcerative dermatitis of, 1 579-1580 
vesicular stomatitis, 396 
vitamin E-selenium deficiency in, 1470 
water medication of, 161 
zinc toxicosis 
acute poisoning, 2195 
chronic poisoning, 2195 
Pilobolus, 962 
Pinching, 1174 
"Pine," lamb dysentery, 547 
Pinkeye, 1650-1653 
Pinworm, 415-416, 415b 
Pioglitazone, for equine metabolic syndrome, 

1736 

Piperazine, poisoning of, 1211-1212 
Piperidine alkaloid plant toxicosis, 1 195-1197 
Pithomyces chartarum, 652, 654 
Pithomycotoxicosis, 652-654, 652b 
in cattle and sheep, 653f 
differential diagnosis of, 653b 
distribution of, 6537 

Pithyosis hyphomycosis destruens (equine 
phycomycosis), 813b, 814-817 
differential diagnosis of, 814b 
Pituitary abscess, 77 

Pituitary abscess syndrome, 1191, 1191b 
Pituitary gland 
abscesses of, 1191 

adenoma of the pars intermedia of, 1221 
hypophysis of, 1221 

Pituitary pars intermedia dysfunction, equine, 
1727-1731 

clinical findings of, 1727-1728 
clinical pathology of, 1728 
control of, 1730 

diagnostic confirmation of, 1728-1730, 1729f 
differential diagnosis of, 1730b 
epidemiology of, 1727 
etiology of, 1727 
necropsy findings of, 1730 
pathogenesis of, 1727 
treatment of, 1730 
Pityriasis, 1543-1544 
Pityriasis rosea, 1544, 1648 
differential diagnosis of, 1 648b 
treatment of, 1648 
Pizzle rot, 1152, 1152b-1153b 
differential diagnosis of, 1 154b 
treatment and prophylaxis of, 11 54b 
Placenta 

abnormalities, in cloned offspring, 1871 
in ovine enzootic abortion, 1787 


premature-like signs, in foals, 1843 
retained fetal, selenium and vitamin E deficiency 
and, 1465 
retention of, 68 
Placental cotyledons, 1787 
Placentitis 

brucellosis associated with Brucella ovis, 1775 
precocious lactation and, 1843 
Plant phenols (gossypol and tannins), 2207 
Plant poisoning, 1 506 
caused by toxins, 1137 
in interstitial pneumonia, 966 
miscellaneous, 1137 
from unidentified toxins, 1137 
volcanic ash fallout, 109 
Plant toxicosis, miscellaneous, 2207-2212 
Plants 

abortion and, 1827 
affecting nervous system, 1195, 1203 
awns or spines, stomatitis, 192 
causing pulmonary disease, 1088 
containing hepatotoxins, 1550 
containing steroidal saponins, 1550 
materials, causing physical damage, 427 
poisoning 

associated with known toxins, 1637 
associated with unidentified toxins, 1637-1638 
selenium in, 1461 

toxins, affecting the alimentary tract, 427-429 
unidentified toxins, affecting the gastrointestinal 
tract, 429 

Plaque 

in dourine, 1820 
peste des petits ruminants, 575 
Plasma, 142, 1864 

decreased oncotic pressure in, 128-129 
hyperimmune, 142 
in neonatal infection, 1877 
pH,124 

transfusion, hypofibrogenemia and, 719 
transfusion of, in newborn, 1864 
Plasma 6-aminolevulinic acid, in lead poisoning, 1207 
Plasma fibrinogen concentration, in Rhodococcus 
equi pneumonia, 1016 

Plasma glucose, and naturally occurring combined 
abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure, 
134-135 

Plasma L-Lactate concentration 
and anion gap, 135 

and naturally occurring combined abnormalities of 
free water, electrolyte, acid-base balance, 
and oncotic pressure, 134 
Plasma oncotic pressure, 882 
Plasma potassium concentration, in acute 
hypokalemia, 1691-1692 
Plasma protein, naturally occurring combined 

abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure 
and, 132 

Plasma transfusion, for endotoxemia, 66 
Plasmacytoma, 745-746 
Plasmid-determined antimicrobial resistance, 

156-157 
Plasmids, 156 
Platelet(s) 
count, 721 

disseminated intravascular coagulation and, 

728 

disorders of, 723-725 
and endotoxemia, 61 
equine infectious anemia of, 790 
in excessive bleeding, of exercise-induced 
pulmonary hemorrhage, 1003 
function, 721 

thrombocytopenia of, 723-724 
Platelet count, and radiation, 108 
Pleural cavity 
diseases of, 895-896 
diaphragmatic hernia in, 900-901, 901 f 
hemothorax in, 895-896, 896b 





Pleural cavity (Cont'd) 

hydrothorax in, 895-896, 896b 
pleuritis (pleurisy) in, 896-899, 898b, 899 f 
pneumothorax in, 899-900, 900b 
drainage and lavage of, for pleuritis, 898, 899f 
Pleural effusion 
hemangiosarcoma and, 715 
pleuritis, 897 

Pleural fluid, in equine pleuropneumonia, 993 
Pleural lavage 

in equine pleuropneumonia, 995 
in pleuritis, 898, 899 f 
Pleural neoplasms, 1088-1089, 1089f 
Pleural pain, pleuritis and, 897 
Pleural pressure changes, measurement of, 864 
in heaves, 1007-1008 
Pleurisy, 896-899 
Pleuritic friction sounds, 852, 897 
Pleuritis, 896-899 
associated with H. somni, 2037b 
chronic, hypoalbuminemia and, 722 
clinical findings in, 897-898 
clinical pathology of, 898 
differential diagnosis of, 898b 
etiology of, 896 
necropsy findings in, 898 
pathogenesis of, 896-897 
pneumonia and, 889 
traumatic reticuloperitonitis and, 484 
treatment of, 898-899, 899f 
Pleurocentesis 
in pleuritis, 898 

in tracheobronchial secretions, 862-864 
Pleurodynia, pleuritis and, 897 
Pleuropneumonia 

associated with A.. pleuropneumoniae, 2044b 
contagious caprine, 970-972, 970b, 972b 
of pigs, associated with Actinobacillus 
pleuropneumonia, 1055-1064 
clinical findings in, 1059 
clinical pathology of, 1059-1060 
control of, 1062-1063 
diagnosis of, 1060-1061, 1061b 
epidemiology of, 1055-1058, 1057b 
etiology of, 1055 
necropsy findings in, 1060 
pathogenesis of, 1058-1059 
treatment of, 1061-1062 
Pleuropulmonary fibrosis, 996 
Pleuroscopy 
in airways, 856 
in pleuritis, 897-898 
Plumbism, 1199-1201 

Plunge dipping, caseous lymphadenitis risk factor, 
765 

Pluronics, 2189 
Pneumocystis carinii, 996 
Pneumocystis jiroveci pneumonia, 891 
Pneumocytes, in ovine pulmonary adenocarcinoma, 
978 

Pneumonia, 885-892 
aspiration, 892-893 
associated with H. somni, 2037b 
chronic obstructive, 693 
clinical findings in, 889-890 
clinical pathology of, 890 
development of, 888-889 
differential diagnosis of, 890b-891b 
epidemiology of, 886-887 
etiology of, 885-886, 885f 
housing for, 892 
in lambs, 1832 
lipid, 893 

in mortality in beef calves, 1833 
necropsy findings in, 890 
ovine progressive, 973-977, 973b-974b, 976b 
pathogenesis of, 887-889, 887 f 
predisposition to, bovine herpesvirus-1 infection 
in, 955 
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traumatic reticuloperitonitis and, 484 
treatment of, 890-892 
Pneumonic pasteurellosis, 907, 2043-2045 
affecting wildlife, 2043 
in cattle, 914-924 
clinical findings of, 917-918 
clinical pathology of, 918-919 
control of, 921-923 
differential diagnosis of, 919b 
epidemiology of, 914-916 
etiology of, 914 
experimental, 917 
necropsy findings of, 919 
pathogenesis of, 916-917 
risk factors, 915-916 
treatment of, 919-921, 921b 
clinical findings, 2044 
control, 2044-2045 
diagnosis, 2044, 2044b 
epidemiology, 2043-2044 
etiology, 2043 
necropsy findings, 2044 
in ovine pulmonary adenocarcinoma, 979 
pathogenesis, 2044 
treatment, 2044 
Pneumoperitoneum, 182 
Pneumothorax, 899-900, 900b 
Podophyllin poisoning, alimentary tract and, 428 
Point source epidemic curve, 32 
Point-of-care clinical analyzing systems, 134 
for blood L-lactate concentration, 134 
Poisoning 

aflatoxins, 649-650 
blindness from, 1 179 
in cattle, 877 
in dyspnea, 849 

in estrogen substances, 1821-1822 
hemolytic jaundice and, 623 
mycotoxins, 649-650 
myelomalacia and, 1193 
stomatitis, 192-193 
sudden death by, 100 
thrombocytopenia, 724 
Poisonous plants, in congenital defects, 1837 
Poisons, potent, access to, 100-101 
Polioencephalomalacia (PEM), 1187, 1311b, 
1324-1325, 2037b 
case fatality of, 1310 
cattles in, 1306f, 1312 
clinical findings of, 1312 
clinical pathology in, 1312 
control of, 1314 
definition of, 1186 
differential diagnosis of, 1312b 
epidemiology of, 1310 
etiology of, 1310 
glucosinolate toxicosis and, 2203 
menace reflex and, 1170 
morbidity of, 1310 
necropsy findings of, 1313 
occurrence of, 1310 
outbreak management for, 1313 
pathogenesis of, 1311 
risk factors of, 1310-1311 
sheep in, 1307 f, 1312 
sulfate toxicity in, 1315 
sulfur-induced, 1311 
treatment for, 1312b, 1313 
Pollakiuria, 1097-1098 
Poloxalene, 480 

Polyacrylamide Gel Electrophoresis, 390 
Polyarthritis 

infectious, see Glasser's disease 
salmonellosis, 365 

Polyarthritis syndrome, Mycoplasma bovis, 

934 

Polybrominated biphenyls, 106, 2189-2190 
Polybrominated diphenyl ethers, 2190 
Polychlorinated biphenyls, 2190 


Polycystic kidneys, 1138 
Polycythemia, familial, 840-841 
Polydactylism, 1537 
Polydipsia, 1137 
psychogenic, 1105 

Polymerase chain reaction (PCR), 2019 
borreliosis and, 1428 
in bovine papular stomatitis, 602 
in bovine respiratory syncytial virus, 950 
in bovine virus diarrhea virus, 564, 592 
Brachyspira hyodysenteriae and, 330 
in contagious bovine pleuropneumonia, 928 
detection by 

of Brucella abortus, 1766 
for dourine, 1820 

in porcine reproductive and respiratory 
syndrome, 1808 
eperythrozoonosis of, 780 
Johne's disease, 564 
for Mycobacterium avium subspecies 

paratuberculosis (MAP), 559, 568-569 
in Mycoplasma bovis, 935 
in Mycoplasma pneumonia, 1068 
in pleuropneumoniae, of pigs, 1060 
for porcine stress syndrome, 1528 
in Rhodococcus equi pneumonia, 1016 
in strangles, 1022 

test, enzootic bovine leukosis and, 838 
Polymethylmethacrylate beads, antimicrobial- 
impregnated, 1416 

Polymicrobial infections, equine pleuropneumonia, 
991 

Polymyxin, 234, 280 
Polymyxin B, 66 
Polymyxins, 174 

Polyneuritis equi, 1362, 1368-1369 
Polyneuropathy, acquired equine, see Scandinavian 
knuckling syndrome 
Polyphagia, 88 
Polypnea, 848 
definition of, 846 
in pneumonia, 889 

Polysaccharide storage myopathy, 1 380 
of horses, 1522-1523 
clinical findings of, 1522 
clinical pathology of, 1 523 
control of, 1 523 

diagnostic confirmation of, 1523 
differential diagnosis of, 1 523b 
epidemiology of, 1522 
etiology of, 1 522 
necropsy findings of, 1523 
pathogenesis of, 1522 
treatment for, 1523 

Polysulfated glycosaminoglycan, for degenerative 
joint disease, 1411 

Polyunsaturated fatty acids, enzootic nutritional 
muscular dystrophy and, 1462 
Polyuria, 1097, 1137 
acidemia and, 128 

Ponazuril, for equine protozoal myeloencephalitis, 
1312 

Population, examination of, 29-35 
abnormality, defining, 30, 31 f 
approach to, 29-30, 30b 
epidemiologic investigations for, 29 
etiologic group, defining, 32 
intervention strategies for, 34, 34b 
laboratory testing in, 33-34 
methods for, 29 

numerical assessment of performance, 34 
pattern of occurrence and risk factors, defining, 
30-32, 31 f 

response trials, 34, 34b 

role of integrated animal health and production 
management program in, 34-35 
sample size for, 34 
sampling strategy for, 33 
selection of animals, 33 
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Population, examination of (Cont'd) 
specific etiology, defining, 32 
steps for, 30-32, 31 f 
techniques in, 32-34 

Population density, history taking of, individual 
animal, 9 

Population factors, in mycoplasmal pneumonia, 
1072 

Population mortality rates, history taking of, 6 
Porcine adenoviruses, 341 
Porcine arthritis, see Glasser's disease 
Porcine astroviruses, 342 
Porcine babesiosis, 796 
Porcine bocavirus, 343 
Porcine brucellosis, 1780 
Porcine caliciviruses, 341 
Porcine circovirus type 2, wild boar, 2009 
Porcine circovirus-associated disease, 2117-2134 
antibody, 2128 
detection of viral antigen by 

immunohistochemistry, 2128-2129 
diagnosis in boars, 2128 
oral fluids, 2129 
virus detection, 2128 
clinical pathology, 2128-2129 
clinical signs, 2127-2128 
control, 2129-2132 
cytokine studies, 2124 
diagnosis, 2128 
embryo infectivity, 2118 
epidemiology, 2119-2123 
etiology, 2117-2118 
genome studies, 2118 
genotypes, 2 118-2119 
histopathology, 2126-2127 
host-virus interactions, 2124 
immunity, 2124-2125 
interferons, 2124 
pathogenesis, 2123-2124 
pathology, 2125-2127 

porcine dermatitis and nephropathy syndrome, 
2126-2127 
replication, 2118 
transcription, 2118 
ultrastructural changes, 2127 
vaccines, 2129-2130 
effects, 2130 
experimental, 2131-2132 
maternally derived antibodies, 2131 
piglet vaccination, 2131 
semen shedding in boars, 2130-2131 
sow compared with piglet vaccination, 2130 
sow vaccination, 2130 
vectored, 2132 
virus import, 2118 
wild boar, 2119 
breeding, 2121 

concurrent infections, 2121-2123 
environmental survival, 2119-2120 
horizontal transmission, 2120 
occurrence, 2121 
prevalence, 2119 
risk factors, 2121 
transmission, 2120-2121 
vertical transmission, 2120-2121 
Porcine colitoxicosis, 63 
Porcine colonic spirochetosis, 335-337 
clinical findings, 336 
control, 337 
etiology, 335-336 

see also Porcine intestinal spirochetosis 
Porcine congenital splayleg, 1529-1530 
Porcine coronavirus, 388 
Porcine cytomegalic virus, 1074-1075 
Porcine dense deposit disease, 1110 
Porcine dermatitis and nephropathy syndrome 
(PDNS), 1548, 2126-2127 
Porcine epidemic diarrhea, 350-353, 391 
clinical signs, 352 
control, 353 
diagnosis, 352-353 


epidemiology, 351 
etiology, 350-351 
immunity, 352 
occurrence, 351 
pathogenesis, 351-352 
pathology, 352 
treatment, 353 
Porcine failure to thrive, 96 
Porcine hemagglutinating encephalomyelitis, 
340-341 

Porcine idiopathic chronic recurrent dermatitis, 1548 
Porcine intestinal adenomatosis (PIA), 322 
Porcine intestinal spirochetosis, 335-337 
clinical findings, 336 
control, 337 
etiology, 335-336 
immunology, 336 
laboratory diagnosis, 336-337 
pathogenesis, 336 
pathology, 336 
treatment, 337 
vaccination, 337 
Porcine kobuviruses, 342 
Porcine necrotic ear syndrome, 1 548 
Porcine necrotizing pneumonia (PNP), 1804 
Porcine norovirus, 342 
Porcine orbiviruses, 342 
Porcine parvovirus (PPV), 2137 
wild boar, 2010 
Porcine picobirnaviruses, 342 
Porcine polyserositis, see Glasser's disease 
Porcine proliferative enteritis complex, 322 
Porcine proliferative enteropathy, 322-327, 

322 b 

case fatality, 322-323 
clinical findings, 324 
clinical pathology, 324 
control, 326-327 
diagnosis, 325 

differential diagnosis, 3256-3266 
epidemiology, 322-323 
eradication, 326 
etiology, 322 

Lawsonia intracellularis, 322 
morbidity, 322-323 
necropsy findings, 324-325 
pathogenesis, 323-324 
risk factors, 323 
transmission, 323 
treatment, 326-327 
vaccines, 326-327 
Porcine pulmonary edema, 2201 
Porcine reproductive and respiratory syndrome 
(PRRS), 1794-1816, 17946-17956 
aerosol spread of, 1799 
airborne spread of, 1799 
clinical findings of, 1806-1807 
clinical pathology of, 1807-1809 
colostral antibodies in, 1805 
concurrent infection in, 1806 
congenital infection of, 1799 
control of, 1810-1811 
secondary infection in, 1812 
cytokines and, 1801-1803, 1802f 
detection of virus in, 1808 
differential diagnosis of, 18106 
in endemic herds, 1796-1797 
epidemiology of, 1796-1799 
etiology of, 1795-1796 
experimental infections with, 1796 
filtration system for, 1811-1814 
general effects of, in immune system, 1801 
herd diagnosis for, 1809 
herd profile, 1809 
immunology in, 1804-1805 
isolation of virus in, 1808 
maternal immunity in, 1805 
morbidity in, 1 797 
mortality in, 1797 
necropsy findings of, 1809-1810 
occurrence of, 1796 


pathogenesis of, 1799-1800 
prevalence of, 1796-1797 
protective immunity in, 1805 
receptors of, 1800 
replication of, 1800-1803 
reproductive failure in, 1806-1807 
respiratory disease and, 1807 
risk factors of, 1797-1798 
secondary bacterial infection in, 1806 
strain variations of, 1804 
transmission of, 1798 
treatment of, 1810 
vaccine for, 1812-1814 
virus entry of, 1800 
wild boar, 2010 

Porcine reproductive and respiratory syndrome 
(PRRSV), 1795 

Porcine respiratory coronavirus, 1085-1086 
Porcine respiratory disease complex (PRDC), 
1795 

mycoplasmal pneumonia and, 1071-1074 
in swine influenza, 1079 
Porcine retroviruses, 2136 
Porcine rotaviruses, 338-340 
clinical signs, 339 
control, 340 
diagnosis, 339 

differential diagnosis, 3396-3406 
epidemiology, 338-339 
etiology, 338 
immunity, 339 
pathogenesis, 339 
pathology, 339 
serotypes, 338 
transmission, 338 
treatment, 340 
vaccines, 393 
viral diarrhea, 387-388 
Porcine salmonellosis, 300-301 
Porcine sapelovirus, wild boar, 2010 
Porcine sapoviruses, 341 
Porcine somatotropin, gastric ulcers, 288 
Porcine spirochetal colitis, 327 
Porcine stress syndrome, 1525-1529, 

15256 

clinical findings of, 1527 
clinical pathology of, 1 527-1528 
control of, 1528-1529 
differential diagnosis of, 1 5286 
economic importance of, 1 526 
epidemiology of, 1525-1526 
etiology of, 1 525 
myopathy and, 1378 
necropsy findings of, 1 528 
occurrence of, 1525 
pathogenesis of, 1526-1527 
prevalence of, 1 525 
risk factors of, 1525-1526 
treatment for, 1528 
Porcine torovirus, 342 
Porphyrias, 842-844 
Portal circulation, liver disease, 623 
Portosystemic shunts, 632 
Portosystemic vascular anomaly, 630-631 
Positive predictive value (PPV) 
biosecurity and, 38 
laboratory data and, 24-25, 25 f 
Postanesthetic myositis, 1379 
Postantibiotic effect, 165-166 
Postmilking teat germicide, 1968-1970 
Postnatal diseases, 1830-1831 
Postnatal infection, 1875 
Postpartum dysgalactia syndrome, 1996-2001 
case fatality in, 1997 
clinical findings of, 1998-1999 
clinical pathology of, 1999 
control of, 2000-2001 
diagnosis of, 1999 
differential diagnosis of, 20006 
epidemiology of, 1997 
etiology of, 1996-1997 





Postpartum dysgalactia syndrome (Cont'd) 
morbidity of, 1997 
necropsy findings of, 1999 
pathogenesis of, 1 998 
risk factors of, 1997-1998 
treatment of, 2000 
Postparturient hemoglobinuria, 623 
Postrace dilatation, in horses, 241 
Postrenal proteinuria, 1102 
Postrenal uremia, 1096 
Postshearing hypothermia, in sheep, 48 
Posture, 11 57 

abnormalities of, 1160-1161, 1166t-1167f, 1372 
clinical examination of, 11 
equine colic, 227 
laminitis 

horse and, 1400 
ruminants and swine and, 1405 
nervous system examination of, 1 170 
peritonitis, 217 

Postvaccinal (serum) hepatitis, 639-640 
differential diagnosis, 640b 
Postweaning diarrhea, 1886-1887 
see also Coliform gastroenteritis 
Postweaning multisystemic wasting syndrome 
(PMWS), 2117 
Potassium 

administration of, 120 
oral, 120 
deficiency, 734 
dietary, milk fever and, 1677 
low diet, for equine hyperkalemic periodic 
paralysis, 1524 

in macromineral evaluation, 1671 
measurement of, 120 
serum, digoxin administration of, 662 
solutions containing, 143 
Potassium deficiency, 1370 
Potassium iodate, for iodine deficiency, 1746 
Potassium iodide 

actinobacillosis (wooden tongue), 533 
equine phycomycosis, 794 
sporotrichosis and, 798 
Potomac horse fever, 1 397 
see also Equine neorickettsiosis 
Povidone iodine solution, 1929-1930 
Powassan virus, 1302-1310 
Poxvirus infections, in horses, 1596-1597, 15977, 
1598M5997 

PPR. see Peste des petits ruminants (PPR) 

Prairie fire, 110 
Praziquantel, 1212 
Precocious lactation, 1843 
Precolostral serum, in congenital defects, 1839 
Preconditioning programs, for pneumonic 
pasteurellosis, 921 
Precordial thrill, 686 
Predation, 1832 

Predictive value, positive and negative, laboratory 
data and, 24-25, 25 f 
Prednisolone, for heaves, 1009-1010 
Preemptive analgesia, 80 
Pregnancy 

cow, bovine mastitis and, 1922-1923 
failure, endotoxemia and, 62 
feeding during, 2007 

left-side displacement of abomasum and, 503 
pregnancy toxemia and, 1724 
Q fever in, 1791 
rectal palpation of, 1837 
Pregnancy toxemia 
in cattle, 1716-1722, 1717b 
in sheep, 1722-1726, 1722b-1723b 
clinical findings of, 1724 
clinical pathology of, 1724 
control of, 1725-1726 
differential diagnosis of, 1725b 
economic significance of, 1724 
epidemiology of, 1723-1724 
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etiology of, 1723 

experimental production of, 1723-1724 
fat-ewe, 1723 

necropsy findings of, 1724-1725 
occurrence of, 1723 
oral therapy for, 1725 
parenteral therapy for, 1725 
pathogenesis of, 1724 
prevention of, 1725 
primary, 1723 
risk factors of, 1 724 
secondary, 1723 
starvation, 1723 
stress-induced, 1723 
treatment of, 1725, 1725b 
Preharvest beef safety production programs, 541 
Prehension 

abnormalities of, 11, 178 
disturbances of, 1168f 
Prekallikrein deficiency, 723, 843 
Premature complexes, 680 
Prematurity, 1841, 1859-1860 
hematology and, 1862 
serum biochemistry and, 1863 
Premilking teat disinfection, 1968 
Premunity, tick-borne fever and, 777 
Prenatal infection, 1875 
Prepartum nutrition, left-side displacement of 
abomasum and, 502-503, 509 
Prepuce, diseases of, 11 52-1154 
Prerenal azotemia, 1 099-1100 
Prerenal uremia, 1098 

Pressure damage, in downer-cow syndrome, 1695 
Pressure load, chronic heart failure, 660 
Presystolic murmur, 687 
Primary cobalt deficiency, 816 
Primary copper deficiency 
etiology, 2163 
general syndrome 
cattle, 2169 
sheep, 2169 

Primary copper toxicosis, 2182-2185, 2182b 
breed susceptibility, 2183 
clinical findings, 2183-2184 
clinical pathology, 2184 
control, 2185 

differential diagnosis, 2184b 
epidemiology, 2182-2183 
etiology, 2182 
necropsy findings, 2184 
occurrence, 2182 
pathogenesis, 2183 
risk factors, 2183 

samples for confirmation of diagnosis, 2184 
species susceptibility, 2183 
treatment, 2184-2185 
Primary immune deficiencies, 755-757 
Primary pityriasis, 1543-1544 
Primary pulmonary congestion, 880 
Probatocephaly, inherited, 1534-1535 
Probenzimidazole, 607 
poisoning of, 1211 
Probiotics, 1894 

enterohemorrhagic Escherichia coli control, 

542 

Problem-oriented method, for diagnosis, 4 
Problem-oriented veterinary medical record system, 
4-5 

Procaine penicillin, for borreliosis, 1428 

Procaine penicillin G, 1939 

Production, effects of stray voltage on, 105-106 

Production diseases, 1662 

Production ketosis, 1709 

Productivity indexes, for examination of population, 
34 

Progestogen, plasma, 1841 
Prognosis, 26-28 

Progressive ethmoidal hematomas, in equids, 876, 
876 f 


Progressive muscular dystrophy, inherited, 1517 
Prolactin, release of, 1997 

Proliferative and necrotizing pneumonia (PNP), 1073 
Proliferative dermatitis, 1575-1576 
differential diagnosis of, 1576b 
Proliferative enteropathy 
in horses, 379-381, 381b, 381 f 
pathogenesis, 323 
porcine, 322-327 

Proliferative exudative pneumonia, 972-973, 972b 
Proliferative hemorrhagic enteropathy (PHE), 322 
Prolonged gestation, plants and, 1827 
Promotility agents 
enteritis, proximal, 257 
equine colic, 234, 235f 
large (ascending) colon, impaction, of horses, 

264 

Proopiomelanocortin, 1727 
Propagative epidemic curve, 32 
Prophylaxis, history taking of, 6-7 
Propionate, 1708 
in oral electrolyte solution, 149 
Propionic acid, 817, 1715 
Proportional dwarfs, 1534 
Propylene glycol 
for fatty liver, 1721 
for ketosis, 1 713-1714 
toxicosis, 427 

Prosencephaly, inherited, 1329-1330 
Prostacyclin, endotoxemia, 60 
Prostaglandins, and fever, 54 
Prosthetic laryngoplasty, for recurrent laryngeal 
neuropathy, 990-991 
Protectants, 213, 251 
Protective antigen (PA), 2012 
Protein 

in dairy-herd metabolic profile testing, 1670, 
1672-1673 

deficiency of, 1753-1754 
differential diagnosis of, 1754b 
feces, loss in, 93 

high-protein diet, in hemonchosis, 611 
loss of, excessive, 93 
metabolism of, endotoxemia and, 62 
plasma 

equine colic, 230, 232 
reticuloperitonitis, traumatic, 485 
serum total, in assessment of transfer of passive 
immunity, 1853 

Protein-energy malnutrition, 758, 1753 
Protein-losing enteropathy 
enteritis, 209 

panhypoproteinemia and, 717 
radioactive isotopes, 186 
Proteins, in Streptococcus suis infection, 2047 
Proteinuria, 1102-1103 
weight-loss from, 93 
Protexin Hoof- Care, 1439 
Prothrombin formation, deficiency in, 625 
Prothrombin time, 720 

disseminated intravascular coagulation and, 728 
Protoanemonin poisoning, alimentary tract and, 

428 

Prototheca wickerhamii, 2158 
Protothecosis, and chlorellosis, 2158 
Prototype Parapoxvirus ovis (Orf virus), 602 
Protozoa, preservation of live, 803 
Protozoan, hemolytic jaundice and, 623 
Provirus, 786 

Proximal enteritis, 255-257 
Proximal jejunitis, 255-257, 255b-256b, 257t 
Proximal renal tubular acidosis (type II), 1114 
Pruritus, 1542-1543 
Prussic acid, 832b, 834 
Pseudoalbinism, 1643-1644 
Pseudoallescheria boydii, 797 
Pseudocowpox, 1588-1589, 1588b, 1986 
differential diagnosis of, 1 589b 
Pseudocowpox virus (PCPV), 602 
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Pseudoglanders (epizootic lymphangitis), 806b, 
811-814 

differential diagnosis of, 811 b 
Pseudomonas aeruginosa, mastitis and, 1960, 

1960 b 

Pseudomyotonia, of cattle, 1517-1518, 1517b 
Pseudorabies, 1248b, 1272-1282 
case fatality of, 1 245-1247 
clinical findings of, 1248 
clinical pathology of, 1248 
control of, 1249 
detection of, 1248-1252 
differential diagnosis of, 1248b 
economic importance of, 1248 
epidemiology of, 1245 
etiology of, 1 245 
immune mechanisms of, 1248 
morbidity of, 1245-1247 
necropsy findings of, 1248-1249 
offspring segregation of, 1249-1250 
pathogenesis of, 1 248 
prevalence determination of, 1249 
risk factors of, 1246 

samples for diagnostic confirmation of, 1249 
strategies available for, 1249 
transmission of, 1247-1248 
vaccines and vaccination for, 1250 
wild boar, 2008 
Pseudorabies virus, 1837 
Pseudothrombocytopenia, 721, 724 
Psorergates bos, 1618-1619 
Psorergates ovis, 1618-1619 
Psoroptic mange, 1621-1622 
differential diagnosis of, 1622b 
Psychogenic polydipsia, 1105 
Psychoses, 1224 

Psychosomatic disease, stress-related, 86 
Psyllium mucilloid, 267 
Puerperal metritis, in cattle, 67-70 
clinical findings in, 68 
clinical pathology of, 68-69 
epidemiology of, 67-68 
etiology of, 67 
necropsy findings, 69 
pathogenesis of, 68 
treatment for, 69-70 
ancillary, 70 
and prophylaxis, 70b 
Puff disease, 1561-1562 
Pulmonary abscess, 894-895, 895b 
Pulmonary artery blood pressure measurement, 
671-672 

Pulmonary aspergillosis, 1045, 1046f 
Pulmonary blood flow, cardiac catheterization, 

674 

Pulmonary capillary pressure, 882 
reducing, in exercise-induced pulmonary 
hemorrhage, 1002 
Pulmonary congestion, 880-882 
Pulmonary defense mechanisms, in pneumonia, 
887-888, 887 f 

Pulmonary disease, plants causing, 1088 
Pulmonary edema, 880-881 
heart failure, left-sided chronic (congestive), 660 
Pulmonary embolism, 710 
Pulmonary emphysema, 883-885, 884f, 885b 
Pulmonary form, of glanders, 1027 
Pulmonary function tests, 864-865 
Pulmonary hemorrhage, 854, 883, 883f 
exercise-induced, 997-1003, 997b, 999f, 1001b 
leptospirosis, 1121 
Pulmonary hypertension, 882-883 
Pulmonary lesions, in horses, 877 
Pulmonary neoplasms, 1088-1089, 1089f 
Pulmonary valve, 688 
Pulsation system, 1971 
Pulse 

amplitude 

clinical examination of, 15 
equine colic, 231-232 
arterial, examination of, 664-665 


cardiac reserve determination, 659 
clinical examination of, 15 
left atrioventricular valve insufficiency, 687 
rate, 664-665 

clinical examination of, 15, 15f 
equine colic, 231-232 
rhythm, 665 

clinical examination of, 15 
in shock, 73 

Pulse oximetry, in respiratory system, 866-867 
Pump failure, 71 

Pupillary light reflex, 1164-1165, 1170 
Purgatives, 191 

Purified protein derivate (PPD), bovine tuberculin, 
2019 

Purpura hemorrhagica, 711-713, 71 lb-712b, 

721 

differential diagnosis of, 713b 
in strangles, 1025 
Pus, bacterial influence on, 77 
Pustular psoriaform dermatitis, 1544, 1648 
Pyelogranulomatous osteomyelitis, 531 
Pyelonephritis, 1111, 1131-1132, 1132b 
bovine, 1129-1131, 1129b, 1130f-1131f 
cattle and, 1 098 

differential diagnosis of, 1111b, 1133b 
Pyloric achalasia, 491 
Pyloric obstruction, 494 
Pyramidal tracts, 1162 
Pyrantel, 1212 
Pyrexia, 15 

Pyridoxine (vitamin B 6 ) deficiency, 734, 

1325-1326 

Pyrogens 

effect of, on hypothalamus, 54 
endogenous, 54 
exogenous, 54 

Pyrrolizidine alkaloid (PA) poisoning, in sheep, 624, 
646 

Pyrrolizidine alkaloid (PA) toxicosis, 645-648, 
645b-646b 

animal risk factors, 646 
cattle, 647 

clinical findings, 647-648 
clinical pathology, 648 
control, 648 

differential diagnosis, 648b 
environmental risk factors, 646-647 
epidemiology of, 646-647 
etiology of, 646 
horses, 647-648 
human risk factors, 647 
necropsy findings, 648 
occurrence, 646 
pathogenesis, 647 
pigs, 648 

plant factors, 646-647 
risk factors, 646-647 
secondary photosensitization, 647 
transmission, 647 
treatment, 648 
Pyrrolizidine poisoning, 624 
Pythium insidiosum, 797 
Pyuria, 1103 


Q 

Q" fever, 1791-1793, 1791b 
clinical findings of, 1792 
clinical pathology of, 1792 
control of, 1793 
differential diagnosis of, 1793b 
epidemiology of, 1791-1792 
etiology of, 1791 
necropsy findings of, 1792 
risk factors of, 1 792 
source of infection of, 1791-1792 
transmission of, 1791-1792 
zoonotic implication of, 1792 


Quarantine 

for Bang's disease, 1769 
bovine virus diarrhea virus, 592 
for equine influenza, 1038 
Quarter horse, acute nutritional myopathy and, 
1379 

Quaternary ammonium compounds, 1969 
Queckenstedt's test, 1 176 
Quercus spp., 2207 
Quietness, and stress induction, 85 
Quinapyramine sulfate, 1821 
Quinidine, 682 
Quinidine gluconate, 682 
Quinidine sulfate, 684 
oral, 682 


R 

Rabbits, Johne's disease in, 570 
Rabies, 1239b, 1269-1272 
animal vectors for, 1239 
clinical findings of, 1240-1241 
clinical pathology of, 1241 
control of, 1243 
differential diagnosis of, 1244b 
economic importance of, 1240 
epidemiology of, 1238 
etiology of, 1238 
furious in, 1243 

intraspecific transmission of, 1241 
latent infection of, 1239-1240 
necropsy findings of, 1241-1242 
paralytic form in, 1243 
pathogenesis of, 1 240 
postexposure vaccination for, 1243-1244 
preexposure vaccination for, 1243 
prevention of exposure to, 1243 
quarantine and biosecurity, 1244 
samples for diagnostic confirmation of, 1242 
seasonal spread of, 1239 
transmission methods of, 1239-1242 
treatment for, 1 243 
vaccination of wildlife for, 1244-1247 
vaccines for, 1244 
virus variant distribution of, 1239 
zoonotic implications of, 1239-1240 
Racehorses 
anemia, 734 

benign atrial fibrillation, 681 
gastric ulcers in, 247-248 
poor performance, 97-99 
vaccines for, in equine influenza, 1037-1038 
Radial immunodiffusion, in assessment of transfer of 
passive immunity, 1853 

Radial nerve, traumatic damage to, 1359f, 1362 
Radiation injury, 107-109, 107b 
acute syndrome, 108 
case fatality, 107 
chronic exposure, 108 
clinical findings in, 108 
clinical pathology of, 108 
control of, 108-109 

diagnosis of, samples for confirmation of, 108 
differential diagnosis of, 108b 
epidemiology of, 107-108 
etiology of, 107 
incidence of, 107 
nature of radiation in, 107 
necropsy findings in, 108 
pathogenesis, 108 
risk factors for, 107 
subacute syndrome, 108 
zoonotic implications, 107-108 
Radiation therapy, for sarcoid, 1587 
Radioactive isotopes, protein-losing enteropathy, 186 
Radiographic examination 
in caudal vena caval thrombosis, 902 
in equine pleuropneumonia, 992 
in exercise-induced pulmonary hemorrhage, 1000 







Radiographic examination (Cont'd) 
in guttural pouch empyema, 985-986 
in heaves, 1007 
in nasal discharge, 854 
in progressive atrophic rhinitis, 1051 
in respiratory system, 856-857, 857b, 857 f 
in Rhodococcus equi, 1015 
uroperitoneum in foals and, 1142 
Radiography 

abdomen examination, 452-453 

abdominal, 183-184 

cardiovascular system examination, 673 

caudal abdominal obstruction, 254 

for degenerative joint disease, 1405, 1410, 1500 

enterolith, 265, 266 f 

for equine cervical vertebral stenotic myelopathy, 

1354f, 1359 
equine colic, 229, 239 
esophageal, 183 
gastric dilatation, in horses, 241 
gastric ulcers, 245 
for laminitis 

horse and, 1400, 1400f-1401f 
in ruminants and swine, 1405 
of liver, 626 

monitoring of lesions in, lameness in pigs and, 
1423 

for musculoskeletal system disease, 1376 

in nervous system examination, 1 175-1176 

for osteodystrophy, 1390 

for osteomyelitis, 1393 

pericarditis and, 709 

reticulum, 486 

for rickets, 1496 

sand colic, 266, 267 f 

for septic arthritis synovitis, 1414 

for urachitis, 1901 

urinary system examination, 1107-1108 
urolithiasis and, 1 148 
Radioimmunoassay, 838-839 
Radioimmunoprecipitation assay, 838 
Radionuclides, 107 
Radiosensitivity, 107 
Rafoxanide, 614 

Ramaria flavo-brunnescens, 2204 
Ranitidine 

for abomasal ulcer, 522 
gastric ulcers, 245, 246f, 251 
Rat-tail syndrome, 602, 1644-1645 
Rattling sounds, 852 

RDA. see Right-side displacement of the abomasum 
(RDA) 

Rebreathing ("bagging") examination, 850 
Receptors, of porcine reproductive and respiratory 
syndrome virus, 1800 
Reciprocal translocation, 1828 
Recombinant bovine somatotropin, 1665 
in bovine mastitis, risk factor of, 1910 
in mastitis control program, 1979 
Recombinant human erythropoietin, 736 
Recommended dose, of antimicrobial therapy, 154 
Record keeping, biosecurity and, 41 
Rectal biopsy, 190 

diarrhea, chronic undifferentiated, 281 
granulomatous enteritis, of horses, 282 
Rectal examination, 20-21 
aortoiliac thrombosis, 710 
cecal dilatation/cecocolic volvulus, 529, 530f 
diarrhea, acute, 278 
enteritis, proximal, 256 
enteroliths and fecaliths, 265 
equine colic 
foals, 239 

postparturient mare, 236-237 
equine grass sickness, 284-285 
gastric dilatation, in horses, 241 
large (ascending) colon, impaction, of horses, 264 
left dorsal displacement, of large colon, 261 
left-side displacement of abomasum and, 506 
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peritonitis, 218 
rectal tear, 272-273 
reticuloperitonitis, traumatic, 485 
retroperitoneal abscess, 270 
right dorsal displacement, of large colon, 

261-262 

small colon obstruction, 268 
urinary system examination, 1130 
vagus indigestion, 493 
volvulus, of large colon, 262 
Rectal pack, 272 
Rectal palpation, 449 
abdomen, of cattle, 449, 450f 
of enzootic bovine leukosis, 833 
of pregnancy, 1837 
sand colic, 266 

"Rectal paralysis," luminal blockage, 525 
Rectal prolapse, 291, 434 
in pigs, 291-292 

postparturient mare, equine colic, 236-237 
small colon obstruction, 268 
Rectal stricture, 292 
Rectal tears, 271-273 
classification, 271-272 
clinical pathology, 272 
clinical signs, 271-272 
epidemiology, 271 
etiology, 271 
iatrogenic rupture, 271 
pathogenesis, 271 
prevention, 273 
prognosis, 272 
risk factors, 271 

spontaneous or noniatrogenic rupture, 271 
Rectovaginal constriction, inherited, 434 
Recumbency 
duration of, 1 694 
experimental sternal, 1695 
horses 

complications and prevention, 2006 
diagnosis and care, 2003-2006, 2004f-2005f 
epidemiology, 2003 
examination, 2003-2006 
history, 2003 

management and care, 2006 
myopathy and, 1386 
physical examination, 2003-2006 
laminitis, horse and, 1400 
prolonged, 1694-1695 
Recumbent animal, 1173-1174 
Recurrent airway obstruction, 1003-1012, 1003b, 
1005 f, 1008 f, 1009b 

Recurrent laryngeal neuropathy, 989-991, 990b 
Recurrent uveitis, leptospirosis, 1121 
Red cell aplasia, 731-734 
Red cell function, abnormal, 744-745 
Red clover (Trifolium pratense), poisoning in, 1822 
Red deer, farmed 
selenium and, 1472 

selenium subcutaneous injections for, 1475-1476 
Red fire ant stings (Solenopsis invicta), 2179 
Red foot disease, of sheep, 1646 
Red maple leaf (Acer rubrum) toxicosis, 837-838 
Red squill (sea onion), 2191 
Red urine, caused by pigmented substance from 
plant, 1137 

Red water disease, see Bacillary hemoglobinuria 
Reduction, of progressive atrophic rhinitis, 1053 
Redworm infestation, 411-415 
Reference range 
laboratory data and, 23-24 
problems with, 24 
Reflux 

enteritis, proximal, 256 
equine colic, 228-229, 232 
Regional ileitis, 209, 324 
Regional limb perfusion, septic arthritis synovitis 
and, 1416 
Regurgitation, 179 


Reindeer, bovine papular stomatitis, 602 
Reinfection, of herds, for Mycoplasma pneumonia, 
1069 

Reinfection syndrome, in lungworm, 963 
Relative adrenal insufficiency, and endotoxemia, 61 
Renal abscess, 1115 
Renal adenocarcinoma, 1138 
Renal azotemia, 1099 
Renal biopsy, 11 07 
Renal carcinoma, 1137 
Renal clearance studies, 1 105 
Renal crystalluria, and sulfonamides, 172 
Renal dysplasia, 1138-1139 
Renal failure, 1096-1097 
acute, 1098 
chronic, 1098 
and endotoxemia, 63 
Renal function tests, 1099 
summary of, 1106, 1106f 
Renal hypoplasia, 1137-1138 
Renal injury, detection of, 1099 
Renal insufficiency 
causes of, 1096 
pathogenesis of, 1096-1097 
principles of, 1095-1097 
renal failure and, 1096-1097 
Renal ischemia, 1096 
acute, 1112 
chronic, 1112 
Renal neoplasms, 1137 

Renal perfusion, decreased, hypovolemic shock, 72 
Renal toxicity, of aminoglycosides, 169-170 
Renal tubular acidosis (RTA), 11 13-1114 
Renin-angiotensin-aldosterone system, 670-671 
activation of, and endotoxemia, 61 
Renosplenic entrapment, 261, 263 f 
Reovirus, 1029 

Reproduction, endotoxemia and, 62 
Reproductive efficiency, vitamin A deficiency and, 
1323 

Reproductive failure, in bovine herpesvirus-1 
infection, 955 

Reproductive history, clinical examination of, 8 
Reproductive performance 
biotin deficiency, 836 
of border disease, 1254 
Reproductive system 

congenital and inherited diseases primarily 
affecting, 1828 

diseases primarily affecting, 1758-1760 
toxic agents primarily affecting, 1821-1822 
Reproductive tract 
clinical examination of, 21 
ultrasonography of, 22 
Republic of Ireland, bovine spongiform 
encephalopathy in, 1294-1300 
Resistance, general, selenium deficiency and, 1466 
Respiration, type of, 13 
Respiration depth, clinical examination of, 13 
Respiration rate, clinical examination of, 12 
Respiration rhythm, type of, 12 
Respiratory acidosis, 124 
Respiratory alkalosis, 124 
Respiratory center, in dyspnea, 849 
Respiratory disease 
bovine virus diarrhea virus, 585 
equid herpesvirus-1 myeloencephalopathy and, 
1285 

Histophilus septicemia of cattle, clinical findings, 

2036 

volcanic ash, 109 
Respiratory failure, 848 
definition of, 846 
Respiratory gas transport, 869 
Respiratory insufficiency 
abnormal posture in, 849-850 
breath sounds, normal and abnormal, 850-852 
breathing, rate, depth, and ease of, abnormalities 
in, 848-849 
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Respiratory insufficiency (Cont'd) 
carbon dioxide retention in, 848 
compensatory mechanisms of, 847-848 
coughing in, 853 
cyanosis in, 853-854 
definitions of, 846 
epistaxis in, 854-855 
hemoptysis in, 854-855 
hypoxia in, 846-847 
nasal discharge in, 854 
principal manifestations of, 848-855 
principles of, 846-848 
respiratory failure and, 848 
respiratory noises and, 852 
thoracic pain in, 855 

Respiratory mucociliary clearance, in pneumonia, 
887-888 

Respiratory mucus, secretion of, in pneumonia, 887 
Respiratory muscles, paralysis of, in dyspnea, 849 
Respiratory noises, clinical examination of, 13 
Respiratory rate 
equine colic, 227, 231 
heaves in, 1007 
and hyperthermia, 53 
Respiratory secretions 
laboratory evaluation of, 859-864 
in pneumonia, 890 

Respiratory sound spectrum analysis, 868 
Respiratory stimulants, 870 
Respiratory support, for newborn, 1866 
Respiratory system 
diseases of, 845-1090 
bovine, 901-902 
caprine, 969-970 
congenital, 1090 
control of, 872-873 
diagnosis of, 872 
in diaphragm, 895-896 
equine, 981-982 
inherited, 1090 
in lung parenchyma, 880-882 
lungworm infestation in, 961-965 
neoplastic, 1088-1090 
ovine, 969-970 
in pleural cavity, 895-896 
swine, 1047-1054 
treatment of, 868-872 
in upper respiratory tract, 874-875 
exercise intolerance and, 98 
special examination of, 855-868 
arterial blood gas analysis in, 865-866, 866f 
auscultation in, 855 
blood lactate concentration in, 867 
computed tomography in, 857-858 
endoscopic examination, of airways, 855-856 
exercise testing, 868, 8687 
exhaled breath condensate, collection and 
analysis of, 867 
lung biopsy in, 867-868 
magnetic resonance imaging in, 857 
paranasal sinuses, endoscopy of, 856 
percussion in, 855 
pleuroscopy in, 856 
pulse oximetry in, 866-867 
radiography in, 856-857, 857 b, 8577 
respiratory secretions, laboratory evaluation of, 
859-864 

respiratory sound spectrum analysis, 868 
scintigraphy in, 858 
ultrasonography in, 858-859 
venous blood gas analysis, 866 
toxicoses, 1087 

Respiratory tract disease, in dyspnea, 849 
Response trials, for examination of population, 34, 
34 b 

Rest, laminitis, horse and, 1403 
Restlessness, 10 
Reston virus, 2137 

Reticular abscesses, 484-487, 4877, 490 
Reticular adhesions, 491 
Reticular magnet, 488, 490 


Reticulated leukotrichia, 1553 
Reticulitis, iatrogenic, 485 
Reticulocytosis, 739 
Reticulohepatitis, traumatic, 499-500 
Reticulopericarditis, traumatic, 497-499, 497b, 
4977-4987 

differential diagnosis, 498b-499b 
treatment, 499, 499b 

Reticuloperitonitis, traumatic, 482-490, 482b-483b 
acute 

diffuse, 485, 488 
local, 483-484 
chronic local, 484-485 
clinical findings, 484-485 
clinical pathology, 485-486 
complications of, 491 
differential diagnosis, 488b-489b 
digesta passage disturbances, 492 
economic importance, 483 
epidemiology, 483 
etiology, 482-483 

exploratory laparotomy (celiotomy), 454 
laparoscopy, 488 
metal detection, 487 
necropsy findings, 488 
pathogenesis, 483-484 
prevention, 490 
radiography, 486-487 
risk factors, 483 
sequelae, 482, 4827 
treatment, 489-490, 490b 
ultrasonography, 486-487, 4877 
Reticulorumen 
anatomy of, 437 
hypomotility, 437 
ingesta, layers of, 491 
left-side displacement of abomasum and, 

506 

motility, 437-441, 446 
eructation, of gas, 440 
esophageal groove closure, 440-441 
primary contraction cycle, 437 
rumination, 440, 441 7 
secondary cycle contraction, 440, 447 
outflow abnormality, vagus indigestion, 491 
retention time, 492 
Reticulosplenitis, traumatic, 499-500 
Reticulum, 437 
biphasic contractions of, 437 
diseases of, 457-459 

foreign body penetration, see Reticuloperitonitis, 
traumatic 
radiography, 486 
ultrasonography, 486-487 
Retina, diseases of, blindness from, 1179 
Retinol, plasma, 1325 
Retroperitoneal abscess, 270-271 
Retropharyngeal lymph nodes, swelling of, in 
strangles, 1021 

Retropharyngeal lymphadenopathy, 989, 9897 
Return-over-feed index (ROF), 1667 
Rev. 1 vaccine, 1784 
Reverse passive hemagglutination, 390 
Reverse transcription polymerase chain reaction 
(RT-PCR) 

in bovine virus diarrhea virus, 587 
in equine influenza, 1034-1035 
in peste des petits ruminants, 575 
in porcine reproductive and respiratory syndrome, 
1808 

in winter dysentery, cattle, 601 
Rewarming, of hypothermic calves, 1846 
Rhabditid dermatitis, 1609 
Rhabdomyolysis 
exertional, 1379-1380 
clinical findings of, 1379-1380 
etiology of, 1378 

muscle-derived serum enzymes and, 1380 
or postexercise, 1378 
pathogenesis of, 1379 
treatment of, 1381 


recurrent exertional, in thoroughbred and 
standardbred horses, 1 519-1522 
clinical findings of, 1520 
clinical pathology of, 1520-1521 
control of, 1521 

diagnostic confirmation of, 1521 
differential diagnosis of, 1521b 
epidemiology of, 1520 
etiology of, 1519-1520 
necropsy findings of, 1521 
pathogenesis of, 1520 
treatment for, 1521, 1521b 
sporadic exertional, in horses, 1479-1481 
clinical findings of, 1480 
clinical pathology of, 1480-1481 
control of, 1481 

diagnostic confirmation of, 1481 
differential diagnosis of, 1481b 
epidemiology of, 1480 
etiology of, 1479-1480 
necropsy findings of, 1481 
pathogenesis of, 1480 
treatment for, 1481 
in strangles, 1021-1022 
Rhabdomyosarcoma, 704, 1223 
Rhinitis, 874-875, 875b 
Bordetella, 1054-1055 
bovine herpesvirus-1 infection in, 955-956 
equine, 1039-1040 
equine grass sickness, 284-285 
familial allergic, 874-875 
inclusion-body, 1074-1075 
mycotic, 875 
in nasal bots, 980 

progressive atrophic, 1047-1054, 1048b, 

1052b 

Rhinoestrus spp., 979 
Rhinolaryngoscopy, 855-856, 1177 
Rhinosporidium seeberi, 1046-1047 
Rhinosporidosis, 1046-1047, 10467 
Rhodococcus equi 
diarrhea, 275 
localized infection, 77 

Rhodococcus equi pneumonia, of foals, 1013-1019, 
1013b 

clinical findings in, 1015 
clinical pathology of, 1016 
control of, 1018 

diagnostic confirmation in, 1016 
differential diagnosis of, 1016b, 10177 
epidemiology of, 1014 
etiology of, 1013-1014 
extrapulmonary manifestations of, 1015, 

10157 

necropsy findings in, 1016 
pathogenesis of, 1014-1015 
prognosis of, 1015-1016 
treatment of, 1016-1018, 10187 
Rhodotorula spp. infection, 2159 
Rhoeadine, 2210 
Riboflavin deficiency, 2176 
Rickets, 1494-1496, 1494b 
clinical findings of, 1495 
clinical pathology of, 1495-1496 
control of, 1496 
differential diagnosis of, 1496b 
epidemiology of, 1495 
etiology of, 1495 
inherited, 1537-1538 
necropsy findings of, 1496 
pathogenesis of, 1389, 1495 
treatment for, 1 496 
vitamin D deficiency and, 1482 
Rifampin, 174 
Johne's disease, 561 
for Rhodococcus equi pneumonia, 

1017-1018 

Rift Valley fever, 2067-2069, 2067b 
clinical findings, 2068-2069 
clinical pathology, 2069 
control, 2069 





Rift Valley fever (Cont'd) 
economic importance, 2068 
epidemiology, 2067-2068 
etiology, 2067 

experimental reproduction, 2068 
method of transmission, 2068 
necropsy findings, 2069 
samples for confirmation of diagnosis, 2069, 
2069 b 

occurrence, 2067 
pathogenesis, 2068 
risk factors, 2067-2068 
animal, 2067-2068 
environmental, 2068 
source of infection, 2068 
treatment, 2069 
vaccines, 2069 
zoonotic implications, 2068 
Rift Valley fever virus, 1836 
Right ventricle, double-outlet, 705 
Right-side displacement of the abomasum (RDA), 
510-515, 510b 
clinical findings, 512 
clinical pathology, 512-513 
control, 514 

differential diagnosis, 5136-514b 
epidemiology, 510-511 
etiology, 510 
hypokalemia, 119 
necropsy findings, 513 
pathogenesis, 511-512 
postsurgical complication in, 493 
prognostic indicators, 513 
risk factors, 510-511 
surgical correction, 514 
treatment, 514 

Rima glottidis, obstruction of, 983, 9837 
Rimantidine, for equine influenza, 1035 
Rinderpest (RPV), 572-573 
Ringer's solution, 139 
Ringworm, 1600-1603, 1600b 
in cattle, 1601 

clinical findings of, 1601-1602 
clinical pathology of, 1602 
control of, 1603 
differential diagnosis of, 1602b 
epidemiology of, 1600-1601 
etiology of, 1 600 
in horses, 1601 
pathogenesis of, 1601 
in pigs, 1601-1602 
risk factors of, 1600-1601 
in sheep, 1601 

treatment of, 1 602-1603, 1603b 
vaccination for, 1603 

zoonotic considerations and economic importance 
of, 1601 

Risk group analysis, computation for, 30 
Roaring, 852 
"Robber" ewes, 1848 
Robertsonian translocation (ROB), 1828 
Rodenticides, miscellaneous, 2190-2191 
Roll-and-toggle-pin suture, 508 
Romulea rosea, 1827-1828 
Rose bengal test, for Brucella abortus, 1766 
Ross river virus, 1458 
Rotavirus 
bovine, 385-386 
coliform gastroenteritis, 316 
diarrhea, 275-276 
equine, 388 

porcine, 338-340, 339b-340b, 387-388 
viral diarrhea, 385 
concurrent infection, 388 
kids, 387 
lambs, 387 

pathogenesis, 388-389 
Rotazyme test, 390 
Rotenone toxicosis, 1209-1210 
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Roughage 

abomasal impaction, 515 
feeding, 1315 
simple indigestion, 457 
RPV see Rinderpest (RPV) 

Ruapehu, 109 
Rubratoxin toxicosis, 654 
Rumen, 436-437 
atony, 437, 438f, 474, 493-494 
auscultation of, of cattle and sheep, 17 
collapse, 446 
diseases of, 457-459 
distention of 
decompression, 183 
differential diagnosis in, 447f 
vagus indigestion, 493 
examination, 448-449, 465 
flora, 192 

hypermotility, vagus indigestion, 493 
impaction, with indigestible foreign bodies, 
459-460 

lavage 

carbohydrate engorgement, 469 
distended rumen, 445-446 
vagus indigestion, 495, 495 f 
microflora 
changes in, 463 

reconstitution of, simple indigestion, 459 
neoplasms, 431-432 

overload, see Carbohydrate engorgement, of 
ruminants 

palpation, 437, 446 
sodium: potassium ratio in, 1699-1700 
volatile fatty acids 
carbohydrate engorgement, 463 
reticulorumen motility, primary contraction 
influence, 439 
Rumen fluid/juice 
abomasum, flow into, 501 
analysis of, 448-449 
chloride concentration of, 449, 494 
color, 183, 448 
consistency of, 183, 448 
examination of, 448-449 
frothy bloat, 473 

microscopic examination of, 448-449 
odor, 183 
pH, 183, 448 

carbohydrate engorgement, 466-467 
correction of, 192 
diet changed, 465 
simple indigestion, 459 
Rumen transfaunation, 509 
Rumenatorics, 458 
Rumenitis, 442-445 

chemical, carbohydrate engorgement, 463 
mycotic, carbohydrate engorgement, 463, 465 
Rumenocentesis, 467 
Rumenotomy 

carbohydrate engorgement, 468-469, 469 f 
emergency, 477 
for lead poisoning, 1208 
reticuloperitonitis, traumatic, 489-490 
vagus indigestion, 496 
Ruminal drinkers, 460-461 
Ruminal impaction, in cattle, 427 
Ruminal lactic acidosis, see Carbohydrate 
engorgement, of ruminants 
Ruminal parakeratosis, 472-482, 473f 
Ruminal protozoa, carbohydrate engorgement, 467 
Ruminal tympany, see Bloat (ruminal tympany) 
Ruminant toxicosis, 2201-2202 
Ruminants 

atrial fibrillation, treatment of, 683 
carbohydrate engorgement, see Carbohydrate 
engorgement, of ruminants 
enterohemorrhagic Escherichia coli reservoirs, 538 
hypothermia, neonatal, 44 
laminitis in, 1404-1406 


lymphoma/lymphosarcoma, 747 
neurotoxic mycotoxins in, 1186 
oral electrolyte solution for, 150 
osteomalacia in, 1497 
primary vitamin A deficiency in, 1321 
salmonellosis, 357-373 
sulfur toxicosis, 2192 
transit recumbency of, 1707-1708 
zearalenone toxicosis in, 1825 
Rumination, 440, 441 f 
absence, traumatic reticuloperitonitis, 484 
appetite and, 445 
reduction, in causes, 440 
Runt, 1840 

Rupture, blood vessels and, 709-711, 709b 
Ryegrass, annual, staggers, 1197, 1198b-1200b 
Ryegrass pastures, 652 


s 

Sabin-Feldman dye test, 2142 
Sabulous urolithiasis, 1139 
Sacrocaudalis dorsalis muscle, 1472 
Sadism, 100 

Salicylanilides/substituted phenols, 1212 
Salicylates, for pain, 83 
Saline-dextran solution, hypertonic, 142 
Saliva, excessive, 19 
Salivary abomasum disease, 621 
Salivary cortisol, stress, 85-86 
Salivary ducts, atresia, 433 
Salivary glands, parotid, diseases of, 195-196, 
196b 

Salivary potassium concentration, in acute 
hypokalemia, 1692 

Salivation 

excessive, 178-179 
actinobacillosis (wooden tongue), 533 
frothy bloat role, 474 
promote, in bloat, 478 
Salmonella 

osteomyelitis and, 1393 
serovar Typhimurium DTI 04, 299 
vaccinology, 305-306, 372 
Salmonella abortusequi, 1785-1786 
Salmonella abortusovis, 1784-1785 
Salmonella bongori, 357 
Salmonella choleraesuis 
in pigs, 295 

porcine reproductive and respiratory syndrome 
and, 1806 
Salmonella dublin 
abortion, 1785 
osteomyelitis and, 1393 
Salmonella enterlca 
in horses, 357 
in pigs, 293 

serovar Abortusequi, 1785 
serovar Abortusovis, 1784 
Salmonella ruiru, 1785 
Salmonella serotypes, wild boar, 2010 
Salmonella typhimurium 
abortion, 1785 
rectal stricture, 292 
vaccination for, 1785 
Salmonellosis 
abomasitis, 365 
abortion, 365 
bacteremia, 300, 365 
cattle 

occurrence, 358-359 
prevalence, 358 
chronic, 281 

diarrhea, acute, 278-279 
economic importance, 299, 364 
enteritis, 300, 365 
gangrene, terminal dry, 365 
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Salmonellosis (Cont'd) 
genetic resistance, 295, 360-361 
in horses and ruminants, 357-373, 357 b 
carrier state, 360 
case fatality, 359 
clinical findings, 366-367 
clinical pathology, 367-368 
control, 370-372 
differential diagnosis, 3686-3696 
epidemiology, 358-364 
etiology, 357-358 
immune mechanisms, 361 
morbidity, 359 
necropsy findings, 368 
occurrence, 358-359 
pathogenesis, 364-365 
risk factors, 360-361 
transmission, 359-360 
treatment, 369-370, 3706 
infection, 299-300, 364 
osteitis, 365 
polyarthritis, 365 
portal of infection, 360 
septicemia, 300, 365 
sheep 

occurrence, 359 
prevalence, 358 

in swine, 292-308, 2926-2936 
clinical findings, 300-301 
clinical pathology, 301-302 
control, 304-307 
diagnosis, 303 
differential diagnosis, 3036 
epidemiology, 293-299 
etiology, 293 

necropsy findings, 302-303 
pathogenesis, 299-300 
risk factors, 295-298 
transmission, 294-295, 294f 
treatment, 303-304 

zoonotic implications, 298-299, 363-364 
Salsola tuberculatiformis (cauliflower saltwort), 
1827 
Salt 

deficiency, diagnosis, 2162 
supplementation of, to dairy cows, 2161 
Salt blocks, 1705 
Samore, 2150-2156 

Sampling, in examination of population, 33-34 
Sand, abomasal impaction, 515 
Sand colic, 266-267, 267 f 
Saponin poisoning, 2210 
Sapoviruses, porcine, 341 
Sarcocystosis, 2137-2140, 21376-21386 
clinical findings, 2139 
clinical pathology, 2139 
control, 2140 

economic importance, 2139 
epidemiology, 2138-2139 
etiology, 2138, 2138f 
necropsy findings, 2139 
samples for confirmation of diagnosis, 2139, 
21396 

occurrence, 2138 
pathogenesis, 2139 
risk factors, 2138-2139 
cats, 2138 
climate, 2138 
farm dogs, 2138 
species of Sarcocystis, 2138 
stocking density, 2139 
source of infection, 2138 
treatment, 2139-2140 
Sarcoid, 1585-1587, 15856, 1640 
clinical findings of, 1586 
clinical pathology of, 1586 
differential diagnosis of, 15866 
epidemiology of, 1585-1586 
experimental reproduction of, 1585 
pathogenesis of, 1 586 
risk factors of, 1585-1586 


transmission of, 1 585 
treatment of, 1 586-1587 
Sarcoptic mange, 1619-1621, 16206 
Sarcosporidiosis, 2137-2140 
Sawfly larvae toxicosis, 654-655 
Sawhorse posture, 1 361 f—1362f, 1363 
Saxitoxins, 102 

Scabby mouth, 1593-1596, 15936 
Scabby ulcer, 1152, 11526-11536 
differential diagnosis of, 1 1546 
treatment and prophylaxis of, 11 546 
Scandinavian countries, bovine virus diarrhea virus 
eradication, 598 

Scandinavian knuckling syndrome, 1369-1370 
Scant feces, 180 
Scedosporium prolificans, 797 
Schiff-Sherrington syndrome, 1163 
Schmallenberg virus, 15116, 1514-1515 
clinical findings of, 1513 
clinical pathology of, 1513 
control of, 1 513-1514 
differential diagnosis of, 15136 
epidemiology of, 1511 
necropsy findings of, 1513 
pathogenesis of, 1512-1513 
risk factors of, 1512 
source of infection of, 1512 
treatment for, 1513-1514 
Schwannomas, 1223 
Schwartzman reaction, 63 
Sciatic nerve, paresis of, 1359f, 1362 
Scintigraphic detection, colitis, right dorsal, 

267 

Scintigraphy, in respiratory system, 858 
Scleroderma citrinum, 2204 
Sclerosis, head-shaking and, 1226 
Scoliosis, head, 1838 
Scours, 1833 
Scrapie, 12996, 1321 
advanced cases of, 1299 f, 1305 
clinical findings of, 1305 
clinical pathology of, 1305-1306 
control of, 1306-1307 
differential diagnosis of, 13026 
early signs of, 1305 
economic importance of, 1303 
epidemiology of, 1301-1302 
etiology of, 1 300 

experimental reproduction for, 1303-1305 
genetics of, 1302-1303, 1327f 
geographic occurrence of, 1301 
host occurrence of, 1301 
incubation of, 1305 
necropsy findings of, 1305-1306 
pathogen risk factors for, 1 303 
pathogenesis of, 1304-1305 
risk factors for, 1302-1303 
transmission of, 1302 
Scrapie Flock Certification, 1309 
Screwworm, 1615-1617, 16156-16166 
differential diagnosis of, 16176 
treatment of, 16176 
Screwworm, myositis and, 1387 
Screwworm fly (Cochliomyia americana), 

1902 

Scrotal mange, 1622-1623 
differential diagnosis of, 16236 
Scrotum, cold injury to, 51 
Sea onion, 2191 
Season 

hypomagnesemic tetany and, 1701 
sheep, infectious footrot in, 1442 
Seasonal allergic dermatitis, in sheep, 1560-1561, 
1561 f 

Seasonal pasture myopathy, 1378 
Seborrhea, 1554 
differential diagnosis of, 1 5546 
Second syndrome, otitis media/interna in, 
1336-1337 

Secondary bacterial pneumonia, mycoplasmal 
pneumonia, 1071 


Secondary copper deficiency 
etiology, 2163-2164 
general syndrome, cattle, 2169 
Secondary copper poisoning, 820 
Secondary immune deficiencies, 755-756 
Secondary osteoarthropathy, 1407-1408 
Secondary pityriasis, 1544 
Secondary pulmonary congestion, 880 
Second-degree atrioventricular block, 679 
Secretory diarrhea, 208-209 
Sedation 

esophageal obstruction, 201-202 
mild, myopathy, horse and, 1386 
Sedimentation and decanting technique, 618 
Seed dressings, 2190 
Segmentation, abnormality of, diarrhea, 

179-180 

Segmented axonopathy, 1353-1354 
Segregated rearing, for ovine progressive 
pneumonia, 977 
Seizures, see Convulsions 
Selenium 

biological functions of, 1459-1460 
coliform mastitis and, 1946 
deficiency, 1458-1478, 14596 
clinical findings of, 1469-1470 
control of, 1474-1478 
differential diagnosis of, 14736-14746 
epidemiology of, 1460-1468 
etiology of, 1459-1460 
necropsy findings of, 1473 
pathogenesis of, 1468-1469 
reproductive performance and, 1464-1465 
treatment for, 1474 
volcanic eruptions, 109 
dietary requirement of, 1475 
dosage of, 1475-1476 
gastric ulcers, 290 
intraruminal pellets, 1478 
level in blood and body tissues deficient of, 

1472f 

in milk supplies, 1475 
myopathy and, 1377-1378, 1381 
horse and, 1382 
oral, 1476 
in plants, 1461 
reference range of, 1472f 
responsive reproductive performance and growth 
for, 1477-1478 
responsiveness of, 1478 
soil in, 1461 
status, 1471 

subclinical insufficiency, 1464, 1468-1469 
toxicity of, 1474-1475, 1478 
transfer to fetus, colostrum, and milk, 1466-1467 
Selenium toxicosis, 1638-1640, 16386 
acute, 1639 
chronic, 1639 
clinical findings of, 1639 
clinical pathology of, 1638-1639 
control of, 1639 
differential diagnosis of, 16396 
epidemiology of, 1638 
etiology of, 1638 
necropsy findings of, 1639 
pathogenesis of, 1 638-1639 
risk factors of, 1638 
treatment of, 1 639 
Selenium-responsive disorders, 1464 
Selenocompounds, 2211 
Semen, 833 

Brucella abortus, transmission of, 1763 
examination of, brucellosis associated with 
Brucella ovis, 1776 
ovine progressive pneumonia in, 974 
in Q fever, transmission of, 1792 
Senkobo disease, of cattle, 1570-1573 
Sensation 

altered, 1162-1163 
skin, 1174 

Sensible grazing management, for lungworm, 964 





Sensitivity 

laboratory data and, 24 
test of, 11 64 

Sensory nerve action potentials, 1 178 

Sensory nerve fibers, 79 

Sensory perceptivity, 11 57 

Separation, of groups of animals based on risk, 39- 

Sepsis 

definition of, 57 
in neonates, 1856-1859 
severe, 57 

Sepsis score, 58, 1859, 1859t, 1876, 1877f 
Sepsis-related laminitis, 1396 
Septic arthritis, treatment of, 937 
Septic arthritis synovitis, 1411-1418 
clinical findings of, 1413-1414, 1413f 
control of, 1418 
diagnosis of, 1414-1415 
differential diagnosis of, 1415b 
epidemiology of, 1411-1412 
etiology of, 1411-1412 
necropsy findings of, 1415 
pathogenesis of, 1412-1413 
treatment for, 1415-1418 
Septic fevers, 54 

Septic pedal arthritis, in cattle, 1417 
Septic peritonitis, 219 
Septic shock, 57, 59-67 
clinical findings, 63 
horse in, 61 
treatment for, 64-66 

Septic shock, fluid therapy, in newborn, 1865 
Septicemia, 57-59 

associated with Histophilus somni, 2038-2039, 
20386 

clinical findings, 2039 
clinical pathology of, 2039 
epidemiology of, 2038-2039 
etiology of, 2038 
necropsy findings of, 2039 
pathogenesis of, 2039 

samples for confirmation of diagnosis, 2039, 
20396 

treatment and control of, 2039 
cattle, 57 

clinical findings in, 58 
clinical pathology, 58-59 
definition of, 57 
donkeys, 57 

due to Brucella abortus, 1771 
epidemiology of, 57 
etiology of, 57 
foals with, 1413 
hemorrhagic, 2040-2042 
horses, 57 

intravenous antimicrobials and, 159 
Klebsiella pneumonia, 2057 
leptospirosis and, 1 120 
mules, 57 

necropsy findings in, 58-59 
neonatal, 57-58 
in neonatal infection, 1876 
pathogenesis of, 57-58 
peritonitis, 216 
pigs, 57 

Salmonella abortusequi with, 1785-1786 
salmonellosis, 300, 365 
in swine, 300 
secondary, 57 
sheep of, 57 
treatment of, 59 
vasculitis and, 721 
Septicemic listeriosis, 1337-1338 
Septicemic pasteurellosis, of cattle (hemorrhagic 
septicemia), 2040-2045 
clinical findings, 2041 
clinical pathology, 2041 
culture and detection of bacteria, 2041 
serology, 2041 
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control, 2041-2042 
antimicrobial metaphylaxis, 2041-2042 
vaccines, 2042 
differential diagnosis, 2041b 
epidemiology, 2040-2041 
etiology, 2040 
necropsy findings, 2041 
occurrence, 2040 
pathogenesis, 2041 
risk factors, 2040 
animal, 2040 
environmental, 2040 
pathogen, 2040 

samples for confirmation of diagnosis, 2045 
transmission, 2040-2041 
treatment, 2041, 2041b 
Serologic surveillance, for contagious bovine 
pleuropneumonia, 930-931 
Serologic tests 

in bovine herpesvirus-1 infection, 956-957 
bovine immunodeficiency-like virus and, 787 
in bovine respiratory syncytial virus, 950 
in contagious bovine pleuropneumonia, 

928-929 

in enzootic pneumonia of calves, 944 
epizootic hemorrhagic disease and, 785 
in equine herpesvirus-1 and -4 infections, 

1041 

in equine influenza, 1034-1035 
in Mycoplasma bovis, 935 
in Mycoplasma pneumonia, 1066-1067 
in ovine progressive pneumonia, 976 
in pleuropneumoniae, of pigs, 1060 
in progressive atrophic rhinitis, 1051 
in Rhodococcus equl pneumonia, 1016 
in swine influenza, 1082 
Serology 

anaplasmosis and, 773-775 
babesiosis and, 804 
of borreliosis, 1427 
of bovine digital dermatitis, 1438 
for bovine ulcerative mammillitis, 1987 
bovine viral diarrhea, 587 
Brachyspira hyodysenteriae, 330 
for Brucella abortus, 1766-1767 
for brucellosis associated 
with Brucella melitensis, 1783 
with Brucella ovis, 1776 
with Brucella suis, 1780 
of encephalitis, 1184 
eperythrozoonosis of, 780 
equine infectious anemia and, 796 
of Glasser's disease, 1453 
in Johne's disease, 559-560, 569-570 
porcine proliferative enteropathy, 325 
for porcine reproductive and respiratory syndrome, 
1808-1809 
of pseudorabies, 1248 
salmonellosis, 301-302, 368 
septicemia, 58 

for teschovirus infections, 1291 
viral diarrhea, 390 
winter dysentery, cattle, 601 
Seropositivity, high rates of, 2077 
Serotype, of pleuropneumoniae, in pigs, 1056-1057, 
1059-1060 

Serovars, leptospirosis and, 1116 
Serpulina pilosicoli, 335 
Serratia spp., mastitis and, 1963 
Serum 

assessment test on, 1853-1854 
tests of, 11 03-1106 
urea nitrogen, 1104 

Serum agglutination test, for Brucella abortus, 

1766 

Serum amyloid A (SAA) protein, 56 
in horses, 56 

Serum biochemical profiles, limitations of, 

24 


Serum biochemistry 
abomasal displacement/volvulus, 512 
anemia and, 737 
for bovine mastitis, 1920 
carbohydrate engorgement, 467 
for coliform mastitis, 1949 
colitis, right dorsal, 267-268 
diarrhea, acute, 278 
endotoxemia, 64 
enteritis, 211 
equine colic, 230-231 
of fatty liver, 1 719-1720 
hemorrhagic bowel syndrome, 551 
intestinal obstruction, 527 
Johne's disease, 570 

left-side displacement of abomasum and, 507 
for musculoskeletal system disease, 1377 
in newborns, 1862-1863, 1862f 
in pneumonic pasteurellosis, 918-919 
for postpartum dysgalactia syndrome, 1999 
urolithiasis and, 1147 
vagus indigestion, 494 
Serum electrolyte imbalance, in downer-cow 
syndrome, 1694 

Serum electrolytes, and naturally occurring 

combined abnormalities of free water, 
electrolyte, acid-base balance, and oncotic 
pressure, 134 

Serum y-glutamyltransferase activity, for assessment 
of transfer of passive immunity, 1853 
Serum (postvaccinal) hepatitis, 631, 639-640 
Serum methylmalonic acid, 817-822 
Serum muscle enzyme activity, 1681 
Serum neutralization test (SNT), 785 
for porcine reproductive and respiratory syndrome, 
1809 

of pseudorabies, 1248 

Serum neutralizing (SN) antibodies, bovine virus 
diarrhea virus, 581-582, 587 
Serum total protein, for assessment of transfer of 
passive immunity, 1853 
Sesquiterpene lactones, 2211 
Sesquiterpenes, 2210 
Setaria, 1345-1346 

Severe pericardial tamponade, and obstructive 
shock, 72-73 

Severely affected horses, myopathy and, 1386 

Sewage sludge, feeds, 620 

Sex, sheep, infectious footrot in, 1442 

Shade, and hyperthermia, 53 

Shaker calf syndrome, 1350-1351 

Shamonda virus, 1511 

Shearing 

caseous lymphadenitis risk factor, 764 
hypothermia and, 48-49 
winter, lamb birth weight and, 47 
Sheat rot, 11 52, 11526-1153 b 
differential diagnosis of, 11 54 b 
treatment and prophylaxis of, 11546 
Sheep 

abomasal impaction in, 517-518 
anaphylaxis of, 750 

anaplasmosis and, clinical findings, 773 
anthrax in, 2013 
babesiosis of, 802 
treatment, 805-806 
biosecurity planning for, 37 b 
biotin and, 1 503 

blow-fly strike of, 1611-1615, 16116-16126 
bluetongue, 2072 
border disease in, 1253 
borreliosis in, 1425, 1427 
botulism in, 1368 
bronchitis in, 878 
caseous lymphadenitis and, 762 
risk factors of, 763-764 
cerebellar abiotrophy in, 1334 
chondrodysplasia in, 1535 
chronic enzootic pneumonia in, 972-973, 9726 
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Sheep (Cont'd) 
cocddiosis, 402 

congenital cardiac defects and, 704 
congenital fixation of joints in, 1510 
contagious agalactia in, 1994-1996, 1994b 
contagious ecthyma in, 1 594-1595, 1594f-1595f 
copper deficiency, 2169-2170 
cryptosporidiosis, 397 
dwarfism in, 1532 
ELISA and, 805 

enterotoxemia, Clostridium perfringens type D 
associated, 1228-1230 
enzootic nasal adenocarcinoma of, 970 f 
eperythrozoonosis and 
serology, 780 

source of transmission, 779 
erysipelas in, 1455 

fate of, burned by pasture fire, 110-111 
fleece rot in, 1574-1575 
foot abscess in, 1448-1449 
granulomatous lesions in, 1559 
hemorrhagic shock in, 71-72 
infected by bovine tuberculosis, 2018 
necropsy findings of, 2021 
infectious footrot in, 1441-1448, 1441b 
clinical findings of, 1443-1444 
clinical pathology of, 1444 
control for, 1444-1447 
differential diagnosis of, 1444b 
economic importance of, 1442 
environmental risk factors of, 1442 
epidemiology of, 1441-1442 
eradication of, 1447-1448 
etiology of, 1441 
genetic selection and, 1447 
host risk factors of, 1442 
methods of transmission of, 1441 
necropsy findings of, 1444 
pathogenesis of, 1 443 
scoring systems for, 1443 
source of infection of, 1441 
symptomless carriers for, 1443-1444 
treatment for, 1444-1447, 1446b 
vaccination for, 1447 

inherited congenital hydrocephalus in, 1329-1331 
inherited goiter in, 1747 
interstitial pneumonia in, 967 
intestinal obstruction in, 528-530 
intraruminal selenium pellets for, 1478 
iodine deficiency in, 1744, 1745f 
laryngitis in, 878 
lead poisoning in, 1204-1206 
leptospirosis and, 1117-1118, 1122 
listerial abortion in, 1338 
listerial encephalitis/meningitis in, 1337-1338 
lumpy wool of, 1 570-1573 
lungworm in, 980-981, 980b-981b 
lymphosarcoma, outbreaks of, 837 
with M. bovis, 2017 
mastitis of, 1991-1993, 1993b 
differential diagnosis of, 1993b 
maternal nutrition in, 1847 
melioidosis, clinical findings, 2030 
methicillin-resistant Staphylococcus aureus in, 

1567 

mycobacteriosis associated with MAC and with 
atypical mycobacteria, clinical and necropsy 
findings of, 2025 
Mycoplasma spp. of 

diseases of the respiratory tract associated with, 
924 

major pathogenic, 885f 
neuraxonal dystrophy of, 1353-1354 
nonprotein nitrogen toxicosis in, 619 
nutritional advice for, 1751-1752 
organophosphorus poisoning in, 1215 
osteogenesis imperfecta in, 1532 
parenteral nutrition for, 151-152 
pasteurellosis of, 2042-2043 
periparturient period in, 1662-1667 
phosphorus deficiency in, 1487 


plasma and liver copper in, 2171-2172 
pleuritis in, 896 
pneumonia in, 886 
posthitis and, 1153 
postshearing hypothermia in, 48 
primary copper toxicosis, 2182 
pruritus in, 1 543 
pseudorabies in, 1248 
psoroptic mange in, 1621 
pulmonary and pleural neoplasms in, 1088 
rabies in, 1240 
red foot disease of, 1646 
reproductive performance, selenium and vitamin E 
deficiency, 1465 

respiratory tract, diseases of, 969-970 
rhinitis in, 874 
salmonellosis, 358 
salt-mineral mixture for, 1476-1477 
sarcocystosis, 2139 

seasonal allergic dermatitis in, 1560-1561, 

1561 f 

selenium subcutaneous injections for, 1475-1476 
selenium-responsive reproductive performance in, 
1477 

septic arthritis synovitis and, 1412 
septicemia and thrombotic meningoencephalitis 
in, associated with Histophilus somni, 
2038-2039, 2038b 
septicemia in, 57 
shorn, hypothermia in, 49 
slow-release treatments in, 2175 
starvation in, 90 

strawberry footrot of, 1575-1576 
systemic mycoplasmoses of, 97It 
temperature, upper critical, 52 
tick-borne fever and, 777-778 
tooth root abscess in, 77 
toxoplasmosis, 2142 
tracheitis in, 878 
transportation, stress, 85 
tuberculin testing in, 2020 
tularemia, clinical findings, 2028 
ulcerative dermatosis of, 1596 
Sheep ked (Melophagus ovinus), 1 623-1624 
Sheep scab, 1621-1622 
differential diagnosis of, 1 622b 
SheepMAP, 571-572 
Sheeppox, 1591-1593, 1591b 
differential diagnosis of, 1 592b 
Sheepshead, 1534-1535 
Shiga toxin (Stx) genes, 540 
Shipping fever, 158, 939 
Shivering thermogenesis, 43, 45-46 
Shock 

alimentary tract dysfunction, 177, 182 

enteritis, 210 

equine colic, 225 

hypovolemic, 658 

from lightning strike, 104 

maldistributive, 658 

milk fever and, 1681-1682 

monitoring in, 73 

peritonitis, 216 

septic, 57, 59 

Short chain fatty acids, gastric ulcers, 288 
Short-term mechanical ventilation, 870 
Show horses, vaccines for, in equine influenza, 
1037-1038 

Shower dipping, caseous lymphadenitis risk factor, 
765 

Shunting, in hypoxic hypoxia, 846 
Shunts 

cardiac catheterization of, 674-675 
congenital anatomic defects producing, 659 
congenital cardiac defects and, 704 
Sideroleukocytes, equine infectious anemia, 792 
Siggaard-Andersen's empirical equation, 125 
Sign-time relationship, 1169 
Silage, listeriosis and, 1336 
Silage eye, 1649-1650, 1649b 
Silicosis, 109 


"Silver dollar spots", 1820 
Simple indigestion, 457-459, 457b 
clinical findings, 457-458 
clinical pathology, 458 
differential diagnosis, 458b 
etiology, 457 
pathogenesis, 457 
spontaneous recovery, 458 
treatment, 458-459, 459b 
Simuliidae, 1629-1630 

Single intradermal comparative test (SICT), 2019 
Single intradermal test (SIT), 2019 
Sinks, laminitis, horse and, 1400 
Sinoatrial block, 679 
Sinus arrhythmia, 679 
Sinus bradycardia, 676 
Sinus tachycardia, 675-676 
Sinusitis, in nasal bots, 980 
Siphonage, repeated, 202 
Skeletal muscle potassium content, in acute 
hypokalemia, 1691 
Skeleton, defects of, 1372-1375 
Skin 

biopsy, bovine virus diarrhea virus, 586-587 
burned, 110 
burns of, 111 

changes in, in vitamin A deficiency, 1323 
clinical examination of, 12, 21-22 
congenital absence of, 1645 
diseases of, 1 540-1661 
abnormal coloration of, 1542 
abnormalities of 
skin glands, 1 543 
wool and hair fibers, 1543 
clinical signs and special examination of, 1541 
dermis, diseases of, 1 543-1544 
epidermis, diseases of, 1543-1544 
granulomatous lesions of, 1558-1559 
infectious diseases in, 1 564-1570 
inherited, 1644 
lesions in, 1 541-1542 
miscellaneous plants in, 1637-1638 
primary/secondary lesions of, 1541 
principles of treatment of, 1543 
pruritus in, 1 542-1543 
subcutis, diseases of, 1555-1559 
form, of glanders, 1027 
pricking of, from cutaneous trunci reflex, 1 174 
sensation, 1174 
tenting, equine colic, 232 
wrinkling of, 114 
Skin tuberculosis, 1573-1574 
differential diagnosis of, 1 574b 
Skunk cabbage (Lysichiton americanus), prolonged 
gestation and, 1827 
Skunks, rabies in, 1240 
Slaframine toxicosis, 429-430, 429b-430b 
Slap test, 11 73-1174 
Slaughter 

enterohemorrhagic Escherichia coli 
control, 543-544 
prevalence, 537 
equine histoplasmosis, 796 
"Sleeper syndrome", 2036 
Slick hair gene, and hyperthermia, 52 
Slide agglutination test, Brachyspira hyodysenteriae, 
330 

Slobbers, 429-430 
Slurry, 307 

Slurry applications, 106 
Slurry pits, 106 
Small colon 

impaction, 268-269, 268b 
obstruction, 268-269 
Small intestine 

biopsy, granulomatous enteritis, 282 
distension, equine colic, 227-228, 228 1 
epiploic foramen entrapment, 254 
equine grass sickness, 285 
hemorrhage, 181-182 
incarceration, 526 





Small intestine (Cont'd) 
intussusception, 525-526 
exploratory laparotomy (celiotomy), 453 
intussusception, obstruction, 253-254 
obstruction 

abdominal distension, 183 
exploratory laparotomy (celiotomy), 453 
in horses, 252-255, 2526 
acute, 253 

caudal abdominal, 254 
clinical findings, 253-254 
clinical pathology, 254-255 
differential diagnosis, 255 b 
epidemiology, 252-253 
etiology, 252 

functional obstruction, 252, 254 
with infarction, 252 
necropsy findings, 255 
pathogenesis, 253 
subacute, 253 
treatment, 255 
without infarction, 252 
obstructive lesions, equine colic, 226 
viral diarrhea, 390 
volvulus, 254, 523-526 

Small ruminants, epizootic hemorrhagic disease and, 
783 

Smelter emissions, 106 
Smithburn strain, 2069 
Smoke inhalation, in horses, 881 
Smooth tongue (epitheliogenesis imperfecta linguae 
bovis), 434 

Snake venom, coagulation defect of, 722 
Snakebite, 2176-2179, 21766 
clinical findings, 2178 
clinical pathology, 2178 
control, 2179 

differential diagnosis, 21786 
epidemiology, 2176-2177 
etiology, 2176, 2177f 
necropsy findings, 2178 
pathogenesis, 2177-2178 
risk factors, 2176-2177 
animal, 2176-2177 
treatment, 2178-2179 
Sneezing, 852 

in mycoplasmal pneumonia, 1073 
in nasal bots, 979-980 
in porcine cytomegalic virus, 1075 
Snoring, 852 

Snorter dwarfs, 1 532-1534 
Snorting, 852 

Snout-rubbing, in pigs, 1225 
Snuffling, 852 
SOAP acronym, 4 
Sodium 

and/or chloride deficiency, 2161-2162 
fractional clearance of, 1105 
hypernatremia, 118 
hyponatremia, 116 
in macromineral evaluation, 1671 
in oral electrolyte solution, 149 
Sodium bicarbonate 
5%, 141 
8.4%, 141 

carbohydrate engorgement, 469 
diarrhea, acute, 279 
for horses, 150 

hypertonic, for endotoxemia, 65 
isotonic, 139 
myopathy and, 1381 
horse, 1386-1387 
oral administration of, 150 
rhabdomyolysis and 
in horses, 1481 
recurrent exertional for, 1521 
Sodium chlorate supplementation, 

enterohemorrhagic Escherichia coli control, 
542 
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Sodium chloride, 138, 1145 
7.2%, 140 

toxicosis of, 1325, 13316 
clinical findings of, 1318 
clinical pathology of, 1318 
control of, 1319 
differential diagnosis of, 13316 
epidemiology of, 1317 
etiology of, 1317 
necropsy findings of, 1318 
occurrence of, 1317 
pathogenesis of, 1318 
risk factors of, 1317-1318 
samples for diagnostic confirmation of, 1318 
treatment for, 1319 

Sodium citrate, for hemorrhagic shock, 75 
Sodium cromoglycate, for heaves, 1011 
Sodium dilution principle, 136 
Sodium fluoroacetate (compound 1080) toxicosis, 
1210-1212 

Sodium fluorosilicate, 2190 
Sodium hypochlorite, 1969 
Sodium iodide, 533, 796 
Sodium lactate, hypertonic solutions of, 141 
Sodium nitrite, cyanogenic glycoside poisoning, 829 
Sodium pentosan polysulfate, 721 
Sodium phosphate, monobasic monophosphate 
form of, 122-123 
Sodium selenate, 1476-1477 
Sodium sulfanilate, plasma clearance and, 1 104 
Sodium sulfate, equine colic, 234 
Sodium sulfite precipitation test, for assessment of 
transfer of passive immunity, 1853 
Soft palate 
conformation, 983 
dorsal displacement of, 982-984 
intermittent, during exercise, 982-984, 9836, 
9836 

persistent, 984 

ulceration, stomatitis, 193-194 
Softwood forest fires, 110 
Soil 

Clostridium haemolyticum, 635 
enterohemorrhagic Escherichia coli source, 539 
Johne's disease and, 555 
selenium in, 1461 
type 

clinical examination of, 8-9 
and radiation, 107 
Solatium spp., 2211-2212 
Solenopsis invicta, 2179 
Soluble CD 14 receptors (sCD14), 60 
Solutes, precipitation of, 1144-1145 
Somatic cell count 

bulk tank milk, 1914-1915, 1915t, 1981 
of composite or quarter samples, 1917-1918, 
19176 1918f 
herd average of, 1981 
of individual cow, 1982-1983 
in mastitis, 1904, 1909 
bovine, risk factors of, 1908 
coliform, 1945, 1949 
Corynebacterium bovis, 1 940 
Staphylococcus aureus, 1 934 
Streptococcus agalactiae, 1938 
problem solving using, 1983 
threshold and, 1982 

Somatic-cell nuclear transfer, in cloning, 1870 
Somatosensory evoked potentials, 1178 
Somatotropin, 1709 
Sonic bang, aircraft, 106 
"Sonorensis Line", 2072 
Sorbitol dehydrogenase (SDH), 628 
Soremouth, 393-397, 1 593-1596, 15936 
Sorghum cystitis-ataxia syndrome, 827 
Sound spectrum analysis, respiratory, 868 
South Africa, African horse sickness, occurrence of, 
2092-2093 

South America, rabies in, 1239-1247 


Sow vaccination, 2130 
Sows 

dietary supplementation and, 813 
gastric volvulus, acute, 287 
volume of colostrum ingested of, 1851 
Soybean by-products, 1744 
Soybean products, dietary diarrhea, 213 
Space-occupying lesions, 4 
Spasmodic colic, 221, 269, 2696 
Spasmolytics 
for equine colic, 233f 
for increased motility, 191 
Spasms, inherited congenital, of cattles, 1333 
Spastic paresis, involuntary, 1160 
Spasticity 

caprine progressive, 1349 
inherited neonatal, 1331-1337 
upper motor neuron lesion, 1163 
Spatial Examination, of disease problem, 32 
Species susceptibility, leptospirosis and, 1116 
Specific gravity, 1100 

Specific pathogen-free pigs, Mycoplasma pneumonia 
in, 1069 

Specificity, laboratory data and, 24 
Spectinomycin, 170 

Spectroscopy, infrared, for degenerative joint 
disease, 1409-1410 
Spheroids, 1193 

Sphingomyelinase deficiency, 1222-1223 
Spider lamb syndrome, 1535, 15366 
Spinal accessory nerve (cranial nerve XI), assessment 
of, 1169 
Spinal cord 

compression of, 1339-1341 
clinical findings of, 1349 
clinical pathology of, 1349 
differential diagnosis of, 13556 
etiology of, 1 347-1348 
necropsy findings of, 1349-1350 
pathogenesis of, 1349 
treatment of, 1350 
diseases of, 1337-1339 
inherited, 1346-1347 
local ischemia of, 1343 
traumatic injury of, 1342-1343 
clinical findings of, 1344 
clinical pathology of, 1344-1345 
differential diagnosis of, 13516-13526 
etiology of, 1 342 
by parasitic invasion, 1343 
pathogenesis of, 1343-1344 
by physical trauma, 1342-1343 
treatment for, 1346 
tumors of, 13396, 1348 
Spinal cord disease, 1161-1162 
Spinal dysraphism, inherited, 1351 
Spinal muscular atrophy, bovine, 1193 
Spinal myelitis, listeriosis and, 1337, 1339 
Spinal reflexes, of thoracic limbs, 1171 
Spinal stenosis, congenital, 1538 
Spiral colon, testing of, 390 
Spirochetal colitis, 335-337 
Splayed digits, inherited, 1517-1518 
Splayleg syndrome, in newborn pigs, 1529-1530 
Splaylegs, of newborn pigs, 1378 
Spleen 

congenital anomalies of, 752-753 
diseases of, 751-752 
displaced, equine colic, 228f 
infarction of, 746-749 
neoplasms of, 751 
rectal examination palpation of, 20 
rupture of, 751 
Splenectomy, 751 
Splenic abscess, 746-749 
Splenic hematoma, 746-749 
Splenomegaly, 746-749, 777 
Spondylitis, osteodystrophy and, 1389 
Spondylosis, in bulls, 1344 
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Spongiotic vesicular dermatitis, 1548 
Spontaneous fractures, 1375, 1390 
Sporadic abortion, neosporosis and, 1818 
Sporadic bovine encephalomyelitis (SBE), 1251b, 
1282 

Sporadic bovine leukosis, 838-839, 843b 
clinical findings of, 841-842 
clinical pathology of, 842 
differential diagnosis of, 844b 
differentiation between enzootic and, 838 
epidemiology of, 840-841 
etiology of, 840 
necropsy findings of, 842 
pathogenesis of, 841 

samples for confirmation of diagnosis, 842 
Sporadic lymphangitis, 781 
Sporidesmin toxicity, 652-654, 652b 
differential diagnosis, 653b 
Sporidesmium bakeri (Pithomyces chartarum), 652 
Sporothrix beurmanii, 794 
Sporothrix equi, 794 
Sporothrix schenckii, 794 
Sporotrichosis, 799-811 
differential diagnosis of, 799b-800b 
Sporotrichum schenckii, 794 
Spotted leukotrichia, 1553 
Sputolosin, 872 
Squamous cell carcinoma 
esophagus, 431 
mouth, 431 
pharynx, 431 
stomach, 431 
Squamous-cell carcinoma 
bovine ocular, 1655-1658, 1655b 
cutaneous, 1640-1641 
in horses, 1583-1584, 15847, 1640 
St. Helens, Mount, 109 
Stable fly (Stomoxys calcitrans), 1625-1626 
Stable footrot, 1434 
Stachybotryotoxicosis, 2213 
Staining, for localized infections, 78 
Stall rest, heart failure and, 662 
Stall-fed animals, history taking of, 7-8 
Stallions, 2088 
dourine in, 1820 

Stalls, confinement to, gastric ulcers and, 248 
Standardbred horses, granulomatous enteritis, 282 
Staphylococcus 

coagulase-negative, in mastitis, 1906 
localized infection, 77 
Staphylococcus aureus mastitis 
acute, 1933 

bulk tank milk somatic cell count and, 1914, 
1930-1936, 1930b-1931b 
chronic, 1933 

clinical findings of, 1933, 1943 
clinical pathology of, 1933-1934, 1943 
coagulase-negative, 1942-1943 
coagulase-positive, 1931 
control of, 1936 

culture of bulk tank milk and, 1915 
cure rates of, 1921 
diagnosis of, 1934 
differential diagnosis of, 1934b 
economic importance of, 1932 
epidemiology of, 1931-1932, 1942-1943 
etiology of, 1931, 1942 
genotype of strains of, 1 932 
method of transmission of, 1931 
necropsy findings of, 1934 
pathogenesis of, 1932-1933 
peracute, 1933 
prevalence of, 1931 
risk factors of, 1931 
source of infection in, 1931 
treatment of, 1934-1936, 1936b, 1943, 1943b 
vaccination for, 1936 
virulence of, 1932 
zoonotic implications of, 1932 
Staphylococcus chromogenes, 1 942 
Staphylococcus epidermidis, mastitis, 1942 


Staphylococcus hyicus, mastitis and, 1 942 
Starch absorption test, 281 
Starch digestion test, 185 
Star-gazing lambs, 1332 
Starvation, 89 
in mortality in piglets, 1833 
secondary, dental disease, 195 
Starvation ketosis, 1710 
Status spongiosus, 624 

Steam pasteurization, carcass decontamination, 543 
Steam vacuum, carcass decontamination, 543 
Steatitis, 1726-1727 
generalized 

necropsy findings of, 1473 
vitamin E deficiency and, 1468 
Stenosis 

anterior functional (achalasia), 492 
compression, 524 

posterior functional (achalasia), 492 
vagus indigestion, 492 
vagus nerve injury/dysfunction, 491 
Stephanofilariasis, 1611 
treatment of, 1611b 
Stephanurosis, 1134 
Stephanurus dentatus, 1134-1135 
Stepwise resistant mutants, 159 
Stereotypy, 1224 
Sterigmatocystin, 2204 
poisoning, 649 
Sterne vaccine, 2011 
anthrax and, 2015 

Steroidal alkaloids ( Solanum spp.), 2211-2212 
Steroidal saponins, 2210 
plants containing, 1550 
Steroids 

anabolic, for ketosis, 1714 
inducing, degenerative joint disease, 1406 
intraarticular, for degenerative joint disease, 1411 
Stertor, 852 

Stevens-Johnson syndrome, 752 
Stewart Range syndrome, 1197, 1198b-1200b 
Stick test, 1298 
Stillbirth, 1867-1870 
congenital defects and, 1 839 
in lambs, 1831 
in pigs, 1833-1834 

in porcine reproductive and respiratory syndrome, 

1807 

Stock, segregation of, in fasciolosis, 644 
Stocking rate examination, 9 
Stomach 

diseases of, nonruminants, 203-215 
equine grass sickness, 285 
hemorrhage, 181-182 
neoplasms, 431-432 
tube, bloat, 478 

Stomach fluke disease, 617-618, 617b 
differential diagnosis, 618b 
treatment, 618, 618b 
Stomatitis, 192-194 
bullous, 193 
catarrhal, 193 
clinical findings, 193-194 
clinical pathology, 194 
differential diagnosis, 194b 
etiology, 192-193 
mycotic, 193 
necropsy findings, 194 
necrotic, 534, 534b 
pathogenesis, 193 
treatment, 194 

vesicular, see Vesicular stomatitis 
Stomoxys calcitrans, 1625-1626 
enzootic bovine leukosis transmission, 834 
equine infectious anemia virus transmission, 789 
Strabismus, with exophthalmos, 1658, 16597 
Strangles, 1019-1026, 1019b 
clinical findings of, 1021-1022 
clinical pathology of, 1022 
control of, 1024-1026 
diagnostic confirmation in, 1022 


differential diagnosis of, 1022b, 10237 
epidemiology of, 1020 
etiology of, 1020 
hepatic abscesses and, 633 
necropsy findings in, 1022 
pathogenesis of, 1020-1021 
transmission of, 1020 
prevention of, 1024, 10257 
treatment of, 1022-1024 
venous thrombi, 714 
Strangulation, intestinal, 524 
Stranguria, 1098 

Strategic anthelmintic programs, for lungworm, 
964-965 

Strawberry footrot, of sheep, 1575-1576 
differential diagnosis of, 1 576b 
Stray voltage, 105-106, 105b-106b 
Streaked hairlessness, 1644 
Streptococcal arthritis, piglets and, 1416 
Streptococcal lymphadenitis, of swine, 2051 
Streptococcus, localized infection, 77 
Streptococcus agalactiae mastitis, bovine, 
1937-1939, 1937b 

bulk tank milk somatic cell counts and, 1914 
clinical findings of, 1938 
clinical pathology of, 1938 
control of, 1939 

in culture of bulk tank milk, 1915 
cure rate of, 1921 
differential diagnosis of, 1938b 
economic importance of, 1937 
epidemiology of, 1937 
etiology of, 1937 

intramammary antimicrobial therapy for, 

1925 

necropsy findings of, 1938 
pathogenesis of, 1937-1938 
prevalence of, 1 937 
risk factors in, 1937 
source of infection in, 1937 
transmission of, 1937 
treatment of, 1938-1939, 1939b 
vaccination for, 1939 
Streptococcus bovis, 463 
Streptococcus dysgalactiae 
in bulk tank milk, 1915 
lamb arthritis and, 1449 
in mastitis, 1906 

in neonatal streptococcal infection, 1901 
polyarthritis, lambs with, 1412 
Streptococcus equi, in neonatal streptococcal 
infection, 1901 
Streptococcus suis infection 
adhesion, 2047 
clinical findings, 2048 
clinical pathology, 2048-2049 
culture or detection of organism, 2048-2049 
serology, 2049 
control, 2050 

environment and management, 2050 
mass medication of feed, 2050 
vaccination, 2050 
diagnosis, 2049, 2049b 
epidemiology, 2045-2048 
etiology, 2045, 20457 
hemolysin, 2047 
methods of transmission, 2046 
morbidity and case fatality, 2046 
necropsy findings, 2049 
occurrence, 2046 
other properties, 2047 
pathogenesis, 2048 
prevalence of infection, 2046 
risk factors, 2046-2047 
animal, 2046-2047 

environmental and management, 2047 
pathogen, 2047 

samples for confirmation of diagnosis, 2049 
treatment, 2049-2050 
of young pigs, 2045-2051, 2045b 
zoonotic implications, 2047-2048 





Streptococcus uberis, in mastitis, 1906 
Streptococcus zooepidemicus 
infection, 1019, 1033-1034 
in neonatal streptococcal infection, 1901 
Streptomycin 

actinobacillosis (wooden tongue), 534 
Johne's disease, 561 
Stress, 84-87 
animal welfare, 86 
causes of, 84-85 
clinical pathology, 85-86 
coliform gastroenteritis, 319 
diarrhea, acute, 277 
economic performance of, 87 
gastric ulcer in foals, 244 
management of, 87 
metabolic disease and, 86-87 
pathogenesis of, 85 
sources of, 85 
syndromes, 86-87 
Stressors, 84 

management of, for porcine stress syndrome, 
1529 

Stridors, 852 

history taking of, individual animal, 13 
String sampling, 1915 
Stringhalt, 1346 

Strip cup, in bovine mastitis, 1913 

Strip grazing, bloat control, 479 

Stripping of the affected quarter, coliform mastitis, 

1951-1952 

Stroke volume, cardiac reserve and, 658 
Stroma-free Hb, 142 
Strong ion acidosis, 126 

Strong ion approach, to acid-base imbalance, 125, 
125f-126f, 139 

Strong ion gap (SIG), and naturally occurring 
combined abnormalities of free water, 
electrolyte, acid-base balance, and oncotic 
pressure, 135-136, 136f 
Strongyloides (threadworm), 416, 416b 
Strongyloides papillosus, 416 
Strongyloides ransomi, 416 
Strongyloides westeri, 416 
Strongylosis, 411-415, 41 lb-41 2b 
clinical findings, 413 
clinical pathology, 413 
diagnostic confirmation, 414 
differential diagnosis, 414b 
epidemiology, 412 
etiology, 412 
in horses, 411-415 
life cycle, 412 

necropsy findings, 413-414 
pathogenesis, 412-413 
treatment, 414, 414b 
Strongylus vulgaris, 709-710 
Struck, 547 
Strychnine, 1216 
Stypandrol, 11 95 

Subacute forms, leptospirosis, 1120-1121 
Subacute leptospirosis, associated with L. Pomona, 
1122 

Subacute ruminal acidosis (SARA), 461-472 
dairy cattle, 464-466, 471-472 
clinical findings, 466 
pathogenesis, 464 
prevention, 471 

Subclinical hypocuprosis, in cattle, 2169 
Subclinical iron-deficiency anemia, iron deficiency 
and, 813 

Subcutaneous abscess, 1558 
Subcutaneous edema, 1555 
differential diagnosis of, 1555b 
pleuritis and, 897 
Subcutaneous emphysema, 1556 
differential diagnosis of, 1556b 
Subcutaneous injection, of antimicrobials, 160, 

160f 
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Subcutaneous tissue, aspirate of, urolithiasis and, 
1147 

Subcutis, diseases of, 1555-1559 
Subepiglottic cysts, 988 
Submaxillary region, clinical examination of, 20 
Subterranean clover (Trifolium subterraneum) 
poisoning, 821, 1823 
Subunit vaccines 

for bovine herpesvirus-1 infection, 959 
for pleuropneumoniae, of pigs, 1063 
for viral diarrhea, 393 
Subvalvular aortic stenosis, 706 
Succussion, clinical examination of, 14 
Sucking 

behavior, postpartum dysgalactia syndrome and, 
1998 

drive, hypothermia, neonatal, 48 
loss of, in hypothermic lambs, 1845 
natural 

in administration of colostrum, 1855 
colostral immunoglobulin, 1849 
weak, colostral immunoglobulin and, 1851 
Sucralfate, 251 
Sucrose absorption test, 186 
Sudden death, 99-101 
bacillary hemoglobinuria, 636 
black disease, 637 
coliform gastroenteritis, 315 
groups of animal, 100-101 
in horses, 100 

investigation of, procedure for, 101 
myocardial disease, 691 
plants causing, without cardiomyopathy, 103 
reticuloperitonitis, traumatic, 485 
single animal, 99-100 
Suffocation, volcanic eruptions, 109 
Suffolk lambs, osteochondrosis and, 1406 
Suilysin, in Streptococcus suis infection, 2047 
Sulfadiazine, 277 
Sulfamethylphenazole, 778 
Sulfate 

removal of, 2174 

toxicity, in polioencephalomalacia, 1315 
Sulfonamides, 172 

actinobacillosis (wooden tongue), 534 
mechanism of action of, 172 
precautions and contraindications for, 172 
residues of, 169 

toxicity and clinical considerations of, 172 
use of, by ruminants, 160-161 
Sulfur 

environmental, selenium and, 1461 
excess dietary, in polioencephalomalacia, 
1310-1311 

Sulfur toxicosis, 2191-2193, 2191 b—2192b 
clinical findings, 2192 
control, 2193 

differential diagnosis, 2192b-2193b 
epidemiology, 2192 
etiology, 2192 
necropsy findings, 2192 
occurrence, 2192 
pathogenesis, 2192 
risk factors, 2192 
transmission, 2192 
treatment, 2193, 2193b 
Sulfur-induced polioencephalomalacia 
clinical pathology of, 1312-1313 
pathogenesis of, 1311-1312 
risk factors for, 1311 
treatment of, 1313-1314 
Sumicidin, poisoning of, 1214 
Summer infertility, 52-53 
Summer pneumonia, 972-973, 972b 
Summer slump, 2199 
"Summer snuffles," of cattle, 874 
Summer sores, in horses, 1608-1609, 1608b 
differential diagnosis of, 1609b 
treatment of, 1609b 


Summit metabolism, cold thermogenesis, 46 
Superficial burns, 104 
Superficial pain, 79 
Superinfection 

oral antimicrobial-induced, 160 
and penicillin, 170 
Superphosphate fertilizers, 2190 
Supporting limb laminitis, in horses, 1397 
Supportive therapy 
antimicrobials and, 166 
for equine influenza, 1035-1036 
for equine pleuropneumonia, 995 
for mastitis, 1 927 
for myopathy, 1381 
for pain, 84 
for pneumonia, 892 
Supportive treatment 
in bacillary hemoglobinuria, 636 
diarrhea, chronic undifferentiated, 282 
Suppurative foci, in Rhodococcus equi, 1015 
Suppurative necrotic bronchopneumonia, in 
strangles, 1021 
Suramin, 1821 
Surfactant 
bloat and, 478 

in ovine pulmonary adenocarcinoma, 978 
for respiratory tract disease, 872 
Surgery 

abomasal impaction, 517 
abomasal ulcer, 522 
abomasal volvulus, 514 
cecal dilatation/ cecocolic volvulus, 530 
equine colic, 232, 235, 239 
intestinal obstruction, 527-528 
left-side displacement of abomasum, 508 
for omphalophlebitis, 1901 
for respiratory tract disease, 872 
small-intestinal obstruction, 255 
Surgical debridement, actinomycosis, 532 
Surgical drainage 
for bovine footrot, 1434 
for septic arthritis synovitis, 1417 
Surgical therapy, for degenerative joint disease, 

1411 

Surgical treatment 
enteritis, proximal, 257 

large (ascending) colon, impaction, of horses, 264 
Surra, 2156-2158, 2156b-2157b 
biosecurity concerns, 2157 
clinical findings, 2157 
clinical pathology, 2157-2158 
control, 2158 

differential diagnosis, 2158b 
economic importance, 2157 
epidemiology, 2157 
etiology, 2157 
immune mechanisms, 2157 
method of transmission, 2157 
morbidity and case fatality, 2157 
necropsy findings, 2158 
occurrence, 2157 
pathogenesis, 2157 
treatment, 2158, 2158b 
zoonotic implications, 2157 
Susceptibility tests, antimicrobial, 155-156 
flaws and limitations of, 156 
methods for, 155 
purpose of, 155 
rationale for, 155-156 

vs. empirical therapy, pros and cons of, 156b 
Swab Test on Premises (STOP), 168 
Swainsonine poisoning, 1193b, 1195b, 1196 
Swallowing 

abnormalities of, 11, 178 
disturbances of, 11 68f 
Swamp cancer (equine phycomycosis), 813b, 
814-817 

Swathing, bloat control, 479 
Sway reaction, 1172, 1174 
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Swayback, in lambs and goat kids, 2169-2170 
Sweating 

dehydration and, 113 
equine colic and, 227 
exercise and, 96 

Sweating sickness, 2179-2180, 21796-2180b 
clinical findings, 2180 
clinical pathology, 2180 
control, 2180 

differential diagnosis, 21806 
epidemiology, 2180 
etiology, 2180 
necropsy findings, 2180 
pathogenesis, 2180 
treatment, 2180 

Sweden, winter dysentery, cattle, 599 
Sweet clover poisoning, 8266, 832-834 
differential diagnosis, 8266 
treatment and prophylaxis, 8286 
"Swelled head", 1429 
Swine 

biosecurity planning for, 376 
erysipelas in, 2051-2056 
laminitis in, 1404-1406 
leptospirosis vaccination in, 1 128 
noninfectious intestinal disease of, 290-291 
primary copper toxicosis, 2182 
residue violations in, 168-169 
salmonellosis, 292-308 
sarcocystosis, 2139 
streptococcal lymphadenitis of, 2051 
urinary disease in, 1131-1132 
zearalenone toxicosis in, 1824-1825 
Swine dysentery, 327-334, 3276 
antibiotic therapy for, 332f 
antimicrobials, 331-332 
biosecurity, 333-334 
case-fatality rate, 329 
clinical findings, 329-330 
clinical pathology, 330 
control, 333-334 
diagnosis, 331 
differential diagnosis, 3316 
drug-augmented, 333 
drug-delayed, 332 
drug-diminished, 332 
epidemiology, 328-329 
etiology, 327-328, 327 1 
immunity, 329-330 
morbidity, 329 
necropsy findings, 330-331 
pathogenesis, 329 
risk factors, 328-329, 328f 
transmission, 329 
treatment, 331-333 
vaccines, 334 
Swine estrogenism, 1822 
Swine influenza, 1075-1085 
clinical findings in, 1081 
clinical pathology of, 1082 
concurrent infections in, 1081 
control of, 1083 
differential diagnosis of, 10836 
epidemiology of, 1078 
etiology of, 1076 
inactivated vaccines for, 1083 
modified live vaccines for, 1083-1084 
necropsy findings in, 1082-1083 
pathogenesis of, 1080-1081 
risk factors for, 1079 
seasonality in, 1078-1080 
treatment of, 1083 
vaccination for, 1083 
wild boar, 2010 
zoonotic implications in, 1080 
Swine toxicosis, 2201 
Swine vesicular disease, 353-355, 3536 
clinical findings, 355 
clinical pathology, 355 
control, 355, 3556 
epidemiology, 354 


etiology, 354 
necropsy findings, 355 
pathogenesis, 354 
treatment, 355 

Swine-herds, nutritional advice for, 1750-1751 
Swinepox, 1597-1600, 15976 
differential diagnosis of, 16006 
Sympathoadrenal medullary system, 84-87 
Synchronous diaphragmatic flutter, in horses, 1013 
Syncope, 11 59 
Syndactylism, 1537 

Syndrome recognition, for diagnosis, 2 
Synergism, 164 
Synovial fluid 

interpretation, for musculoskeletal system disease, 
1376 

in newborns, 1863 

septic arthritis synovitis in horse and, 1413 
Synovitis 

Brucella abortus infection, 1765 
Histophilus somni and, 1416 
thrombotic meningoencephalitis, 2036 
System, determination of, key abnormality method 
and, 3-4 

Systematic reviews, 26 
Systemic AA amyloidosis, 760 
Systemic antimicrobial administration, in guttural 
pouch empyema, 985 
Systemic aspergillosis, 1045 
Systemic blood flow, cardiac catheterization, 

674 

Systemic diseases, 2002-2214 
in newborn calves, 956 

Systemic inflammatory response syndrome (SIRS), 

57 

Systemic lupus erythematosus (SLE), 1548 
Systemic states, 43-112 

in diseases causing dyspnea, at exercise tolerance 
disturbances of appetite, 87-88 
food intake, 87-88 
nutritional status, 87-88 
Systolic failure, 660 
Systolic murmurs, 686 


T 

T-2 toxin, 2213 
Tabanid fly, 834 

Tabanids, insect transmission and, 771 
Tabanus spp., 1626 

Tachyarrhythmia, heart failure etiology of, 
662-663 

Tachycardia, 15, 132 
bloat and, 477 

equine grass sickness, 284-285 
paroxysmal, 683-684 
sinus, 675-676 
ventricular, 684 
Tachypnea, 848 
definition of, 846 
in fetal hypoxia, 1 843-1844 
Tachyzoites, Neospora caninum, 1819 
Tail 

abscessation and cellulitis on, 77 
cold injury to, 51 

nervous system examination, 1172 
Tail deformity, 1 538 
Tail jack, pain distraction, 80 
Tail mange, 1622-1623 
differential diagnosis of, 16236 
Tail-biting, in pigs, 1225, 1256-1259 
Taillessness, inherited, 1538 
Tail-tip necrosis, in beef cattle, 1 394-1395 
control for, 1395 
risk factors for, 1 394 
treatment for, 1395 
Talfan disease, 1291 
Tamm-Horsfall protein, 1102 
Tannins, 2207 


Tapeworm infestations, 419-420 
adult tapeworm, 420-421, 4206 
larval, 419-420 
life cycle, 420 

treatment, 420-421, 4206-4216 
Tay-Sachs disease, 1 222 
T-cell lymphoma, 748 
Teat-end lesion, 1985 
Teats 

abnormalities of, 1985-1986 
burn injury to, 110 
congenital defects of, 1991 
disinfection, dry cow, 1976 
external sealants, 1969, 1976 
frostbites of, 1 985 
internal sealants for, 1976 
lesions of, 1985-1988 
liner disinfection of, 1970 
morphology of, in risk factor, of bovine mastitis, 
1908 

papillomatosis of, 1986, 1991 
photosensitization of, 1986 
physical condition of, in risk factor, of bovine 
mastitis, 1908 

postmilking barrier teat dips, 1953 
premilking, disinfection of, 1953, 1968 
supernumerary, 1991 
traumatic injuries to, 1985 
Teeth 

clinical examination of, 19 
congenital defects, 194 
diseases of, 194-195 
eruption of, rickets and, 1495 
grinding of, and pain, 80 
molar, inherited displaced, 1534 
premature wear and loss, 194 
Telemetry, 668 
Temperature, 132 
body, 43-44 

clinical examination of, 15, 156 
equine colic, 231 
lower critical, 45, 46 f 
upper critical, 52 

Temperature-sensitive BHV-1 modified live vaccine, 
958 

Temporal pattern, of distribution of disease, 32 
Tendon, defects of, 1372 
Tenesmus, 182 
cattle, 182 
horses, 182 
pigs, 182 

puerperal metritis, 68 
relief of, 192 

Tenotomy, laminitis, horse and, 1403 
Teratogenic pathogen, 1835 
Teratogens, 112 
Terbutaline, for heaves, 1011 
Terminal colon, atresia, 433-434 
Terminal dry gangrene, salmonellosis, 365 
Terminal ileal hypertrophy, 254 
Terminalia oblongata spp., 2207 
Teschen disease, 1290-1291 
Teschovirus infections, 12876, 1314-1320 
clinical findings of, 1290 
clinical pathology of, 1291 
control of, 1292 
differential diagnosis of, 12906 
epidemiology of, 1289 
etiology of, 1289 
immunity for, 1292 
necropsy findings of, 1292 
pathogen risk factors for, 1290 
pathogenesis of, 1290 
risk factors for, 1289 

samples for diagnostic confirmation of, 1292 
serotypes, 1288-1289 
transmission of, 1289 
"Test and cull" strategy 
bovine virus diarrhea virus, 597 
in ovine progressive pneumonia, 977 
program, components of, 597-598 






Testicles, palpation of, brucellosis, 1775 
Tetanospasmin, 1363 
Tetanus, 1358-1360, 13626-1363b 
active immunity for, 1365 
animal risk factors of, 1363 
antitoxin, 1365 
case-fatality rate of, 1362 
clinical findings of, 1361f-1362f, 1363 
clinical pathology of, 1363 
control of, 1364-1365 
differential diagnosis of, 13636 
epidemiology of, 1362 
etiology of, 1362 
importance of, 1363 
necropsy findings of, 1363 
occurrence of, 1 362 
passive immunity for, 1365 
pathogenesis of, 1363 

samples for diagnostic confirmation of, 1363 
source of infection of, 1362-1363 
toxoid, 1364 
transmission of, 1363 
treatment for, 1 364, 13666 
Tetanus antitoxin, 631 
Tetanus-associated bloat, 440 
Tetany, nervous system disease, 11 59-1160 
Tetrachlorethylene, poisoning of, 1213 
Tetracyclines, 172-173 
anaplasmosis and, 774 
diarrhea and, 277 
mechanism of action of, 173 
for Mycoplasma pneumonia, 1068 
for puerperal metritis, 69-70 
tick-borne fever and, 778 
toxicity of, 173 

Tetrahydropyrimidines, 607, 1212 
Tetralogy of Fallot, 705 
Tetrastarch, 143 

Texel sheep, inherited chondrodysplasia in, 

1535 

Theileria annulata, 2148 
Theilerioses, 2144-2145, 2144f 
Theiler's disease (postvaccinal/serum hepatitis), 631, 
639-640 
Thelaziasis, 1655 
Thelitis, 1986 
Theophylline, 872 
for heaves, 1011 

Therapeutic decision making, 26-28 
Thermal nociceptors, 79-80 
Thermodilution, cardiac output measurement, 

673 

Thermogenesis, cold-induced, 45 
Thermography, infrared, for musculoskeletal system 
disease, 1377 
Thermoneutral zone, 45 
Thermoregulation 
endotoxemia and, 62 
mechanisms for, 45 
in neonates, 44-48 
Thiabendazole, 654 
poisoning of, 1211 
Thiaminases, 1311 

toxicosis of, 13146-13156, 13196, 1325 
Thiamine 
deficiency, 1315 
clinical findings of, 1315-1316 
clinical pathology of, 1315 
control of, 1316 
differential diagnosis of, 13146 
encephalomalacia and, 1190 
etiology of, 1315-1320 
experimental syndromes and, 1315 
necropsy findings of, 1315-1316 
treatment for, 1316 
supplementation of, 1314 
Thiamine hydrochloride 
for lead poisoning, 1208 
for polioencephalomalacia, 1313 
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Thiamine inadequacy polioencephalomalacia 
clinical pathology of, 1312 
etiology of, 1310 
pathogenesis of, 1311 
risk factors of, 1311 
Thiamphenicol, 171 
Thick forelimbs, of pigs, 1 537 
Thin ewe syndrome, 766, 975 
Thin sow syndrome, 2006-2007 
clinical findings, 2007 
control, 2007 
epidemiology, 2007 
etiology, 2006 
Oesophagostomum, 615 
synopsis, 20066 
thirst, 89 

Thiophanate methyl, 654 
Thiosulfate, urine concentration of, in 
polioencephalomalacia, 1317 
Thirst, 87-88 
degree of, 115 
hyperthermia and, 52-53 

Thoracic drainage, in equine pleuropneumonia, 995 
Thoracic limbs, spinal reflexes of, 1171 
Thoracic pain, in respiratory insufficiency, 855 
Thoracic radiographs, of horses, 856-857, 8576, 
857 f 

Thoracic wall, trauma to, in pneumothorax, 899 
Thoracocentesis 
in pleuritis, 898 
in pneumonia, 890 

in tracheobronchial secretions, 862-864 
Thoracotomy 

in equine pleuropneumonia, 995 
in pleuritis, 898 
Thorax 

auscultation of, traumatic pericarditis, 497-498 
clinical examination of, 12-13, 16-17 
Thorny-headed worm, in pigs, 419 
Thoroughbred horses, exercise-induced pulmonary 
hemorrhage in, 998 
Threadworm, 416 
Thrombasthenia, 724 
Thrombin time, 720 
Thrombocytopenia, 723-724, 789 
bovine virus diarrhea virus, 585, 589 
infection, 582 

decreased platelet production, 724 
endotoxemia, 61 

equine granulocytic anaplasmosis of, 768-769 
horses, 725-726 

immune-mediated (idiopathic), 723-724 
increased platelet destruction, 723-724 
isoimmune, 725 
tick-borne fever and, 777 
Thrombocytosis, 724-725 
Thromboelastography (TEG), 720 f, 721 
Thromboembolic colic, 270, 2706 
Thrombopathia, inherited, 843 
Thrombophlebitis, 713-714 
and fluid therapy, 146-147 
Thrombosis, 728 
arterial, 709-711, 7096 
differential diagnosis of, 7116 
Thrombotic meningoencephalitis (TME) 

Histophilus septicemia of cattle, clinical findings, 
2036 

Histophilus somni associated, 20376 
Thromboxane A 2 , endotoxemia, 60 
Thymic lymphosarcoma, 8367, 841, 1223 
Thymoma, 1089 
Thymus, 753 
diseases of, 751-752 
function of, 753 

Thyroid, damage to, and radiation, 108 
Thyroid adenoma, 1739-1742 
Thyroid function, disorders of, 1739-1742 
clinical findings of, 1740 
clinical pathology of, 1740-1742 


control of, 1 742 
epidemiology of, 1740 
etiology of, 1739-1740 
necropsy findings of, 1742 
treatment of, 1742 

Thyroid hormone assays, 1740-1742, 1741t 
Thyroid-stimulating hormone, 1740, 17411 
Thyroxine, for disorders of thyroid function, 1742 
Tiamulin 

porcine proliferative enteropathy, 326 
swine dysentery, 331-332 
Tick 

babesiosis vectors, 808 

bacterial,viral and rickettsial disease transmitted 
by, 1632, 1632 1 
causing direct losses, 1632 
infestations, 1631-1634, 16316 
acaricidal agents of, 1632-1633 
eradication of, 1634 
macrocyclic lactones for, 1633 
multiple-host ticks in, 163It 
organophosphates for, 1 633 
pasture management for, 1633-1634 
pyrethroids for, 1633 
single-host ticks in, 163If 
treatment and control of, 1 632-1634 
use of resistant cattle for, 1633 
vaccination for, 1634 

ovine encephalomyelitis, transmission of, 1264 
transmit protozoan diseases, 754f, 795 
Tick paralysis, 1363-1367, 1367f 
Tick pyemia, 777 
of lambs, 2039-2040, 20396 
clinical and necropsy findings, 2040 
epidemiology, 2039 
etiology, 2039 
pathogenesis, 2039 
treatment and control, 2040 
Tick toxicosis, 2179-2180 
Tick-borne fever, 775-777, 7776 
cattle, 111 

clinical findings of, 777-778 
clinical pathology of, 778 
congenital infection of, 111 
control of, 778 
differential diagnosis of, 7776 
epidemiology of, 776 
etiology of, 776 

experimental reproduction of, 111 
goats, 111 

intercurrent disease of, 111 
necropsy findings of, 778 
occurrence of, 776 
pathogen risk factors of, 111 
pathogenesis of, 111 
sheep of, 777-778 

source of infection and transmission, 776-777 
treatment of, 778, 7816 
zoonotic implications of, 777-779 
Tics, nervous system disease, 1159 
"Tiger stripe" pattern, large intestine mucosa, 

588 

Tilmicosin 

for Glasser's disease, 1454 
for Mycoplasma pneumonia, 1068 
for pleuropneumoniae, of pigs, 1062 
for progressive atrophic rhinitis, 1052 
Time to peak plasma concentration (7 max ), 163 
Tin poisoning, 2189 
Tingle voltage, 105 
Tioman virus, 2136 
Tissue, insulation of, 45 
Tissue hypoxia, anemia and, 745 
Tissue necrosis, extensive, 727 
Tissue peroxidation, selenium and, 1460 
Tissue plasminogen activator, 722 
Tissue thromboplastin, 727 
T-lymphocytes, bovine virus diarrhea virus, 580 
Tobacco plants, in congenital defects, 1837 
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Toe abscess, 1449 

Toll-like receptor-4 (TLR-4), endotoxemia, 60 
Toll-like receptors, PRRSV infection and, 1801 
Tongue 

clinical examination of, 19 
deformity, stomatitis, 193 
laceration, stomatitis, 193 
palpation of, actinobacillosis, 533 
Tongue aplasia, 434 

Topography, clinical examination of, 8-9 
Toroviruses, 385 
porcine, 342 

Torque teno virus, 2134-2135 
clinical signs, 2135 
diagnosis, 2135 
epidemiology, 2135 
etiology, 2134-2135 
Torticollis, congenital, 1838 
Torulosis, 2160 

Total body water, and naturally occurring combined 
abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure, 
136 

Total C0 2 , 132-133 

Total leukocyte count, and radiation, 108 
Total serum protein, naturally occurring combined 
abnormalities of free water, electrolyte, 
acid-base balance, and oncotic pressure 
and, 132 

Toxalbumins, alimentary tract and, 428 
Toxemia, 59-67 
acute, 63 
chronic, 63 
definition of, 59 
diarrhea, acute, 280 
etiology of, 59-60 
milk fever and, 1681-1682 
necropsy findings in, 64 
pathogenesis, 60-63 
peracute endogenous, 100 
peritonitis, 216-217 
in recently calved cow, 67-71 
treatment in, 64-66 
"Toxemic jaundice" complex, 820 
Toxemic septic metritis, milk fever and, 1681 
Toxic agents, myopathy and, 1378 
Toxic chemicals, volcanic eruptions, 109 
Toxic gases, inhalation of, in interstitial pneumonia, 
966 

Toxic nephrosis, 1112-1113 
differential diagnosis of, 1113b 
Toxic reactions, and intravenous antimicrobials, 

159 

Toxic shock, 63 

Toxic-infectious diseases, encephalomalacia and, 
1187 

Toxicity, 2176-2179 
4-aminopyridine toxicosis, 2179-2180 
bee and wasp stings, 2179 
cadmium toxicosis, 2181 
chromium toxicosis, 2181 
cobalt toxicosis, 2181-2182 
defoliants, 2185 

degenerative joint disease and, 1406 
diterpenoid alkaloid toxicosis, 2196-2197 
equine toxicosis, 2201 
Ergot alkaloid toxicosis, 2197-2200 
fumonisin toxicosis, 2200-2201 
fungicides, 2185-2186 
glucosinolate toxicosis, 2202-2204 
herbicides, 2186-2187 
hydrocarbon toxicosis, 2187-2188 
iron toxicosis, 2188-2189 
miscellaneous farm chemicals, 2189-2190 
miscellaneous mycotoxins, 2204 
miscellaneous plant toxicosis, 2207-2212 
miscellaneous rodenticides, 2190-2191 
moths, 2179 

mushroom toxicosis, 2204-2205 
Phalaris spp. toxicosis, 2205-2206 
plant phenols, 2207 


porcine pulmonary edema, 2201 
primary copper toxicosis, 2182-2185 
red fire ant stings, 2179 
ruminant toxicosis, 2201-2202 
seed dressings, 2190 
snakebite, 2176-2179 
sulfur toxicosis, 2191-2193 
sweating sickness, 2179-2180 
swine toxicosis, 2201 
toxicosis from 

Brewer's residues, 2212-2213 
dried poultry wastes, 2185 
feed additives, 2189 
trichothecene toxicosis, 2213-2214 
triterpene plant toxicosis, 2214 
vanadium toxicosis, 2193 
wood preservatives, 2193-2194 
zinc toxicosis, 2194-2196 
Toxicology, iron deficiency and, 812 
Toxicosis 

from Brewer's residues, 2212-2213 
from dried poultry wastes, 2185 
from feed additives, 2189 
Toxins, 1112-1113 
affecting the alimentary tract, 421 
antigenic, 59 

binding, acute diarrhea, 280 
fungal, 723 

immune deficiency from, 758 
metabolic, 59-60 
myasthenia and, 1377 
plant poisonings and, 1137, 1506 
Toxocara vitulorum, 409 
Toxoplasma, wild boar, 2010 
Toxoplasma gondii, 2140 
Toxoplasmosis, 2140-2144, 2140b 
cat control, 2143 
prophylaxis, 2143 

reduction of zoonotic risk from food and water, 
2143 

serologic monitoring, 2143 
vaccination, 2143 
clinical findings, 2142 
clinical pathology, 2142 
abortion, 2142 
control, 2143 

economic importance, 2141 
epidemiology, 2140-2141 
etiology, 2140 
experimental studies, 2141 
cattle, 2141 
horses, 2141 
pigs, 2141 
ruminants, 2141 
sheep, 2141 

necropsy findings, 2142-2143 
abortion, 2142-2143 
samples for diagnostic testing, 2143, 

2143b 

occurrence, 2140 
pathogenesis, 2141-2142 
pregnant sheep and goats, 2142 
risk factors, 2141 

environmental and management, 2141 
pathogen, 2141 
source of infection, 2140-2141 
cat feces, 2140 
other, 2140-2141 
treatment, 2143 
zoonotic implications, 2141 
Trabecular bone, abnormal modeling of, 1389 
Trace elements 

deficiency in, weaner ill-thrift, 94 
in intrauterine growth retardation, 1840 
Trachea, actinomycosis, 531 
Tracheal aspirates, 860-861 
in equine pleuropneumonia, 993 
Tracheal collapse, 879-880, 8S0f 
Tracheal compression, 879-880, 880f 
Tracheal secretions, endoscopic sampling of, 

861 


Tracheal stenosis 
in cattle, 879 
of feedlot cattle, 902-903 
Tracheitis, 878-879, 879b 
bovine herpesvirus-1 infection in, 955-956 
Tracheobronchial secretions, 860-864 
assessment of results in, 861 
bronchoalveolar lavage in, 860-862 
endoscopic sampling of, 861 
laboratory assessment of, 862, 863f 
percutaneous transtracheal aspiration in, 861 
thoracocentesis (pleurocentesis), 862-864 
tracheal aspirates in, 860-861 
Tracheobronchoscopy, 855-856 
in exercise-induced pulmonary hemorrhage, 
999-1000, 1000f 
Tracheolaryngostomy, 879 
Tracheostomy, for respiratory tract disease, 872 
Trade restrictions, enzootic bovine leukosis, 835-836 
Traditional approach, to examining population, 29 
Training, biosecurity and, 41 
Trampling, in mortality in piglets, 1834 
Tranexamic acid, 721 
Transcranial magnetic stimulation, 1178 
Transfaunation, chronic, 282 
Transferrin-binding proteins, 2035 
Transfusion triggers, 738-740 
Transient voltage, 105 

Transit, history taking of, individual animal, 7 
Transit recumbency, of ruminants, 1707-1708 
Transit tetany, 1736-1737 
Transmissible gastroenteritis, in pigs, 391 
Transmissible serositis, 1282 
Transmissible spongiform encephalopathies (TSEs), 
1293, 1320f 

Transplacental transmission, 771 
Transport 

death, porcine stress syndrome and, 1 527 
stress, selenium and vitamin E deficiency and, 
1465 
Transportation 
salmonellosis and, 372 
stress 

induction of, 84-85 
management of, 86 

Transstadial transmission, hematophagous insect, 

771 

Transtracheal aspiration 
percutaneous, in tracheobronchial secretions, 

861 

in Rhodococcus equi pneumonia, 1016 
Transtracheal oxygen delivery system, 869 
Transtracheal wash (TTW), in acute undifferentiated 
bovine respiratory disease, 909 

Trauma 

biomechanical, degenerative joint disease and, 
1406 

in dyspnea, 849 
endocarditis and, 689 
injury, bovine footrot and, 1434 
laminitis, horse and, 1397 
myositis and, 1387 
osteomyelitis secondary to, 1392 
rupture of liver and, 625 
in subcutaneous abscess, 1558 
sudden death from, 100 
Traumatic cellulitis, 77 
Traumatic injury, hemorrhagic shock, 71 
Traumatic laryngotracheitis, 879-880, 880f 
Traumatic pericarditis, 708 
Traumatic pharyngitis, 196 
Trematodes, associated with, hepatic diseases, 
641-645 
Tremetol, 2208 
Tremor 

in encephalopathy, 1194 
nervous system disease, 11 59 
Tremorgenic mycotoxins, 1201 
Triamcinolone, for heaves, 1009-1010 
Trichinella, wild boar, 2010 
Trichlorfon, in congenital defects, 1837 





Trichobezoars 
abomasal, 518 
luminal blockage, 525 
Trichophyton verrucosum infection, 731 
Trichostrongylid worms, 603 
abomasal infection, 605 
eggs, 604 

intestinal infections, 605 
life cycle of, 603 
resistance, 603-604 
transmission, 604 
type I disease, 605 
type II disease, 605 
Trichostrongylosis, 605 
Trichostrongylus, 603-605 
Trichostrongylus axei, 606 
Trichostrongylus colubriformis, 605 
Trichothecene toxicosis, 2213-2214 
Trichuris (whipworm), 416-417, 416b 
Triclabendazole, 644 
Triclopyr, 2187 

Tricuspid valve, 663-664, 687 
Trifolium, phytoestrogen toxicosis, 1822 
Trifolium pratense (red clover), poisoning in, 1822 
Trifolium repens (white clover), poisoning in, 1822, 
1828 

Trifolium subterraneum , 821 
Trigeminal ganglion, bovine herpesvirus-1 infection 
in, 954 

Trigeminal nerve (cranial nerve V), assessment of, 
1169 

Trimethoprim, 277, 778 
Trimethoprim-sulfadiazine 
for coliform mastitis, 1951 
for progressive atrophic rhinitis, 1052 
for Rhodococcus equi pneumonia, 1016-1017 
Triple-reassortant HIN1 virus, 1076 
Trisodium citrate, clotting assays and, 720-721 
Triterpene plant toxicosis, 2214 
Triterpene saponins, 2210 
Trocar and cannula, 478, 485-486 
Trocarization, 235, 477 

Trochlear nerve (cranial nerve IV), assessment of, 
1169 

Tromethamine, 139-140 
Tropane alkaloids, 1195-1196 
Trophopathic (nutritional) hepatitis, 630-631 
Tropical theileriosis, 2144, 2148-2150, 2148b 
biosecurity concerns, 2148 
clinical findings, 2149 
clinical pathology, 2149 
control, 2149 

differential diagnosis, 2149b 
economic importance, 2148 
epidemiology, 2148 
etiology, 2148 
necropsy findings, 2149 
occurrence and methods of transmission, 2148 
pathogenesis, 2148-2149 
risk factors and immune mechanisms, 2148 
treatment, 2149, 2149b 
Trueperella pyogenes, 943, 1958-1960, 1958b 
clinical findings of, 1959 
clinical pathology of, 1959 
control of, 1959 
differential diagnosis of, 1959b 
economic importance of, 1959 
epidemiology of, 1958-1959 
etiology of, 1958 
necropsy findings of, 1959 
occurrence of, 1 958 
pathogenesis of, 1959 
prevalence of, 1958 
risk factors of, 1958-1959 
source of infection, 1958 
transmission of, 1958 
treatment of, 1959, 1959b 
Trunk, nervous system examination of, 1171-1172 
Trypanosoma equiperdum, 1819 
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Trypanosoma evansi, 2157 
Trypanosomoses, 2150-2156, 2150 1 
Trypanotolerance, 2152 
D,L-tryptophan, in interstitial pneumonia, 965 
Tsetse fly disease, 2150-2156 
Tube susceptibility tests, 155 
Tuberculin, special aspects of sensitivity to, 
2019-2020 

Tuberculin test, intradermal, for bovine tuberculosis, 
2019 

Tuberculoid extreme, Johne's disease, 568 
Tuberculosis 

associated with Mycobacterium tuberculosis, 
2023-2024 
bovine, 2015-2023 
miliary, 2021 

Tubular enzymuria, 1103 
Tubular proteinuria, 1 102-1103 
Tularemia, 2027-2029, 2027b 
clinical findings, 2028 
horses, 2028 
pigs, 2028 
sheep, 2028 

clinical pathology, 2028-2029 
control, 2029 
epidemiology, 2028 
etiology, 2027-2028 
necropsy findings, 2029 
sample for confirmation of diagnosis, 2029, 
2029b 

occurrence, 2028 
pathogenesis, 2028 
risk factors, 2028 
animal, 2028 
pathogen, 2028 
transmission, 2028 
treatment, 2029, 2029b 
zoonotic implications, 2028 
Tulathromycin, for Mycoplasma pneumonia, 1068 
Tumor necrosis factor-a (TNF-a), 54 
in bovine respiratory syncytial virus, 949 
endotoxemia, 60-61 
Tumorous calcinosis, 1559 
Tumors 

myocardial disease/cardiomyopathy etiology, 691 
osteodystrophy and, 1 389 
Tunicaminyluracils, 1197, 1198b-1200b 
Tutin, 1 196 

Twin calf, perinatal mortality of, 1832 
Twin lamb disease, 1722-1726, 1722b-1723b 
Tying-up, 1378-1379 
see also Rhabdomyolysis 
Tylosin 

porcine proliferative enteropathy, 326 
for progressive atrophic rhinitis, 1052 
Tympanocentesis, 1337 
Type IA6 fibers, 79-80 
Type IIA8 fibers, 79-80 

Tyrolean grey cattle, degenerative axonopathy of, 
1348-1349 
Tyzzer's disease, 633 


u 

Uasin gishu, 1596-1597 
Udder 

actinomycosis, 531 
base of, cold injury to, 51 
caprine arthritis encephalitis in, 1260-1261 
cleft dermatitis, 1988, 1988f 
congenital defects of, 1991 
edema, 1989-1990, 1989f, 1989f 
fibrosarcoma in, 1991 
hard, 976 
health status of 
in bovine mastitis, 1922, 1984 
milking equipment and, 1972 


monitoring, 1966, 1980-1984 
productivity and profitability and, 1984 
setting goals for, 1984 
strategies for dry cow, 1974-1977 
hygiene of 

in bovine mastitis, 1908, 1909f 
and milking methods, 1967-1970 
hygiene score of, 1 967 
impetigo, 1988 

morphology of, in risk factors, of bovine mastitis, 
1908 

neoplasms of, 1991 

rupture of the suspensory ligaments of, 

1990 

Ulcerative dermatitis, 761, 1579-1580 
Ulcerative dermatosis, of sheep, 1 596 
Ulcerative lesions, stomatitis, 193 
Ulcerative lymphangitis, of horses and cattle, 
761-765, 761b 
clinical findings of, 761 
clinical pathology of, 761 
control of, 761 
differential diagnosis, 764b 
epidemiology of, 760 
etiology of, 760 
pathogenesis of, 761-764 
treatment of, 761 
Ulcers 

abomasal. see Abomasal ulcer 
Bairnsdale, 1574 

bluetongue, 2069-2076, 2069b-2070b 
Buruli, 1574 

equine coital exanthema and, 1794 
gastric 

in adult horses, 246-252, 247b 
in foals, 244-246, 244b 
number/severity score, 249b 
of swine, 287-290, 287b 
gastroduodenal, prophylaxis for, 1866 
orf, 1593-1596, 1593b 
scabby, 1152, 1152b-1153b 
in upper respiratory tract, 1027 
Ultrasonography, 22 
abdominal, 184 

of abomasum, 500-501, 500f-501f 
aortoiliac thrombosis, 710-711 
benefits of, 22 
for bovine mastitis, 1 920 
caudal abdominal obstruction, 254 
in caudal vena caval thrombosis, 902, 902 f 
cecum, examination of, 529-530 
colitis, right dorsal, 267 
equine colic, 229, 229 f, 230 1, 237, 239 
in equine pleuropneumonia, 992-993 
of fatty liver, 1720 
for fetus, 1841, 1842f 
gastric dilatation, in horses, 241 
left dorsal displacement, of large colon, 261 
left-side displacement of abomasum, 506 
limitations of, 22 
of liver, 626, 627 f 
of mammary gland, 1920 
for musculoskeletal system disease, 1376 
in nervous system examination, 1 176 
for newborn, 1860 
for omphalophlebitis, 1901 
in pleuritis, 897 
in respiratory system, 858-859 
reticuloperitonitis, traumatic, 486-487, 487 f 
reticulum, 487, 487 f 
in Rhodococcus equi, 1015 
pneumonia, 1017-1018 
of rumen contents, 452f 
for septic arthritis synovitis, 1414 
urinary system examination and, 1106-1107, 

1106f 

urolithiasis and, 1 147-1148 
uroperitoneum in foals and, 1 142 
volvulus, of large colon, 262 
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Ultraviolet irradiation, vitamin D deficiency and, 
1491-1492 

Umbilical bleeding, 722, 726 
Umbilical hernia, inherited, 1516 
Umbilical structures, examination of, 1860 
Undernutrition, definition of, 87 
Undifferentiated bovine respiratory disease, acute, 
903-914 

clinical case definition of, 907 
clinical pathology of, 908-910 
control of, 911-913 
definition of the problem, 903-904 
diagnosis of, 907-908 
epidemiology of, 907 
etiology of, 904-907 
necropsy findings in, 910 
risk factors for, 907 
management of, 912 
treatment of, 910-911, 911b 
Unilateral rhinitis, EHV-3 and, 1794 
United Kingdom 

bovine immunodeficiency-like virus in, 786 
bovine ulcerative mammillitis in, 1986 
bovine virus diarrhea virus eradication program in, 
598 

ovine enzootic abortion in, 1786 
ovine progressive pneumonia in, 974 
ovine pulmonary adenocarcinoma in, 979 
United States of America 
bovine ulcerative mammillitis in, 1986 
bovine virus diarrhea virus eradication program in, 
598 

brucellosis in, 1773 

contagious bovine pleuropneumonia in, 926 
Johne's disease control in, 564 
ovine progressive pneumonia in, 974 
ovine pulmonary adenocarcinoma in, 978 
rabies in, 1238-1239 
swine influenza in, 1078 
Upper motor neuron lesion, 1163 
Upper respiratory tract 
abnormalities of, in horses, 981-982, 982f 
diseases of, 874-875 
bronchitis in, 878-879, 879b 
differential diagnosis of, in horses, 1023 t 
epistaxis in, 877-878 
equine herpesvirus-1 and -4 infections in, 

1040 

hemoptysis in, 877-878 
in horses, 1794 
laryngitis in, 878-879, 879b 
nasal cavities, obstruction of, 875-877 
pharyngitis in, 878 
rhinitis in, 874-875, 875b 
tracheal collapse in, 879-880, 880f 
tracheal compression in, 879-880, 880f 
tracheitis in, 878-879, 879b 
traumatic laryngotracheitis in, 879-880, 880f 
large particles in, 888 

pneumonic pasteurellosis in, colonization of, 

916 

Urachal abscess, 77 
Urachitisjn newborn, 1901 
Urachus 

patent, 1098, 1140 
persistent, 1098 
Urea, 619 

and naturally occurring combined abnormalities of 
free water, electrolyte, acid-base balance, 
and oncotic pressure, 134 
renal insufficiency and, 1096-1097 
serum, 1104 
tolerance, 619 
Urea nitrogen 
in equine colic, 231 
in protein evaluation, 1670 
Urea toxicosis, 618b 
Ureaplasma diversum, 1793 
Uremia, 1098, 1137 
causes of, 1096 
Uremic encephalopathy, 1098 


Ureters 

diseases of, 1139 
ectopic, 1139 

morphological abnormality of, 1098 
Urethra 

abnormality, palpable, 1098 
diseases of, 1139 
Urethral atresia, 1151 
Urethral defects, 1151 
Urethral obstruction 
estrogen substances and, 1 822 
in ruminants, 1 144 

Urethral pressure profile, urinary system 
examination, 1108 

Urethral tears, in stallions and geldings, 1 151 
Urinalysis, 1099 

in abomasal displacement/volvulus, 512 
ketones and, 507 
of newborn, 1863 
urolithiasis and, 1147 
Urinary bladder neoplasms, 1151 
Urinary burn, 1098 
Urinary lead, 1206-1207 
Urinary postrenal proteinuria, 1102 
Urinary system 
clinical examination of, 21 
diseases of, 1095-1154 
examination of, 1099-1108 
Urinary tract, disease of 
abdominal pain, 1098 
clinical features of, 1097-1098 
principles of treatment of, 1108-1110 
in swine, 1131-1132 
Urination 

clinical examination of, 11 
difficult, 1098 
painful, 1098 
Urine 

abnormal constituents of, 1097 
blood in, 1101 

collection of sample, 1099-1100, 1099 f 
culture of, 1124 

diagnostic examination techniques of, 1106-1108 
dribbling, 1098 
enzymuria, 1103 

evaluation of, in dairy-herd metabolic profile 
testing, 1671 

flow, daily, variations in, 1097-1098 
glucosuria, 1102 

left-side displacement of abomasum and, 507 
leukocytes in, 1 103 
pH, carbohydrate engorgement, 467 
pH of, 1144 

red-brown discoloration of, 1101 
samples, tests of, 1100-1103 
tests, 1104-1106 
for ketosis, 1 712-1713 
Urine dipstick protein test, 1177 
Urine magnesium concentrations, in 

hypomagnesemic tetany, 1703 
Urine osmolality to serum osmolality ratio, 1104 
Urine potassium concentration, in acute 
hypokalemia, 1692 
Urine thiosulfate concentration, in 

polioencephalomalacia, 1317 
Urobilinogen, jaundice and, 623-624 
Urolithiasis 

in horses, 1150-1151 
in ruminants, 1144-1150 
clinical findings of, 1 146-1147 
clinical pathology of, 1147-1148 
composition of calculi, 1145 
differential diagnosis of, 1148b 
epidemiology of, 1 144-1146 
etiology of, 11 44 
factors favoring concretion, 1 145 
miscellaneous factors in development of, 1145 
necropsy findings of, 1148 
obstruction of urethra by calculus, 1 146-1147, 

1146f 

obstructive, risk factors for, 1 145 


occurrence in, 1146 
pathogenesis of, 1146 
prevention of, 1 149-1150 
rupture of urethra or bladder, 11 46f—1147f, 
1147 

treatment of, 1 148-1149 
Uroperitoneum 
in foals, 1140-1143 
clinical pathology of, 1142 
clinical signs of, 1 141-1142 
differential diagnosis of, 1 142b 
epidemiology of, 1 141 
etiology of, 1 140-1141 
necropsy findings of, 1 142 
pathophysiology of, 1141 
prevention and control of, 1 143 
treatment of, 1 142-1143 
rupture of bladder, 1 140 
test of, 1107 
Urticaria, 1545-1546 
differential diagnosis of, 1 546b 
treatment of, 1546b 

U.S. Department of Agriculture (USDA)-Animal and 
Plant Health Inspection Service (APHIS), 
1773 

U.S. Voluntary Johne's Disease Herd Status Program, 
562 

USDA Genetics-Based Flock Cleanup and Monitoring 
Plan, 1309 

Ustilago hordei (barley smut) fungus, 1 828 
Uterine discharge, Brucella abortus, transmission of, 
1763 

Uterine fluid, analysis of, 68-69 
Uterus, enlargement of, 447f 
Uveitis, 1649-1650, 1649b 
listeriosis and, 1338-1341 


v 

Vaccination 

African horse sickness, 2096 
Akabane disease, 1513 
anaplasmosis and, 775-776 
babesiosis of, 805-806 
bacillary hemoglobinuria, 637 
black disease, 638 
for blackleg, 1432 
bluetongue, 2075-2076 
bovine digital dermatitis, 1440 
bovine footrot, 1435 
caseous lymphadenitis, 775-776 
coccidiosis, 408 
coliform gastroenteritis, 319 
enterohemorrhagic Escherichia coll (EHEC), 539, 
542 

enterotoxemia 

Clostridium perfringens associated, 548 
Clostridium perfringens type D associated, 
1232 

environmental streptococci, 1957 
enzootic bovine leukosis, 840 
epizootic hemorrhagic disease and, 785-794 
equid herpesvirus-1 myeloencephalopathy, 

1287-1290 

erysipelas in swine, 2056 
fasciolosis (liver fluke disease), 645 
foot-and-mouth disease, 2065-2067 
for Glasser's disease, 1454 
hemonchosis, 613 
Histophilus septicemia, 2038 
in increasing specific resistance of the newborn, 
1897 

infectious footrot in sheep, 1447 
Johne's disease, 563-564, 571 
laminitis, ruminants and swine and, 1405 
leptospirosis and, 1127-1128 
porcine intestinal spirochetosis, 337 
porcine proliferative enteropathy, 326-327 
of pregnant dam, 392 






Vaccination (Cont'd) 
rabies, 1244 
serum-virus, 2109 

for Streptococcus agalactiae mastitis, 1 939 
Streptococcus suis infection, 2050 
with subunit vaccines, 809 
swine dysentery, 334 

Venezuelan viral encephalomyelitis, 1284, 1297f 
viral diarrhea, 391-393 
West Nile encephalitis, 1271 
Western encephalitis, 1278 
winter dysentery, of cattle, 601 
Vaccines 

for acute undifferentiated bovine respiratory 
disease, 911b, 912-913 
for African swine fever (ASF), 2117 
attenuated, 2109-2110 
for Bang's disease, 1770-1772 
for Bordetella rhinitis, 1055 
for bovine herpesvirus-1 infection, 958-960 
for bovine respiratory syncytial virus, 951 
for brucellosis, 1776-1778, 1784 
for contagious bovine pleuropneumonia, 931 
contaminated, with bovine viral diarrhea virus, 

580 

for enzootic pneumonia of calves, 945-946, 

9467 

for equine hendra virus infection, 1045 
for equine herpesvirus-1 and -4 infections, 

1042 

for equine influenza, 1036-1037 
inactivated, 2110 
killed-virus, 2069 
live attenuated, 2069 
for lungworm, 964 

for Mannheimia haemolytica, 922-923 
mutagen attenuated, 2069 
for Mycobacterium avium subspecies 
paratuberculosis (MAP), 563 
for Mycoplasma bovis, 938 
for Mycoplasma mastitis, 1 942 
for Mycoplasma pneumonia, 1070 
for ovine enzootic abortion, 1787-1791 
for ovine progressive pneumonia, 977 
for peste des petits ruminants, 576 
for pleuropneumoniae, of pigs, 1063 
for pneumonic pasteurellosis, 922-923 
for porcine reproductive and respiratory syndrome, 
1812-1814 

for progressive atrophic rhinitis, 1053-1054 
for Q fever, 1 793 
for respiratory tract disease, 873 
for Rift Valley fever, 2069 
for septicemic pasteurellosis of cattle, 2042 
for strangles, 1024-1026 
for swine influenza, 1083 
Vacuum regulator, 1971 
Vacuum reserve tank, 1970-1971 
Vaginal discharge, in postpartum dysgalactia 
syndrome, 1999 

Vaginal examination, postparturient mare, 237 
Vaginal fluid, analysis of, 68-69 
Vagus indigestion, 490-496, 490,6-491b 
clinical findings in, 493-494, 493 f 
clinical pathology, 494 
differential diagnosis, 4946-4956 
epidemiology of, 491 
etiology of, 491 
necropsy findings, 494 
pathogenesis of, 491-493 
prevention, 496 

reticulorumen contractions in, 446, 448 
treatment, 495-496, 4966 
Vagus nerve, 437, 440, 491 
assessment of, 11 69 
Valve lesions, murmurs and, 685-686 
Valve predilection, endocarditis, 689 
Valvular abnormalities, 706 
Valvular defects, echocardiography and, 672 
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Valvular disease, 685-688, 6856 
acquired, 685 
cattle, 685 

clinical findings of, 686-688 

clinical pathology of, 688 

congenital, 685 

differential diagnosis of, 6886 

effects of, 686 

epidemiology of, 685 

etiology of, 685 

examination of, 686-687 

heart failure, chronic (congestive), 659 

horses, 685 

insufficiency of, 687 

necropsy findings of, 688 

pathogenesis of, 685-686 

pigs, 685 

stenosis of aortic valve, 688 
treatment of, 688 
Vanadium toxicosis, 2193 
Vancomycin, 174 

Vancomycin-resistant enterococci (VRE), 157 
Vanilloids, for pain, 83 

Vap A, in Rhodococcus equi pneumonia, 1013-1014 
Variable surface proteins (VSPs), in Mycoplasma 
bovis, 933 

Vascular obstruction, gangrene from, 1558 
Vasculitis 

bovine virus diarrhea virus infection, 584 

hemorrhage and, 721 

necrotizing, 721 

panhyproteinemia and, 717 

septicemic diseases, 721 

treatment of, 721-723 

viremic diseases, 721 

Vasoconstriction, laminitis, horse and, 1399 

Vasoconstrictive agents, 710 

Vasoconstrictors, for shock, 76 

Vasodilation, phasic, 45 

Vasodilators, for shock, 76 

Vasodilatory drugs, laminitis, horse and, 1402-1403 

Vasogenic edema, 1 180 

Vasopressors, for endotoxemia, 65 

Veal calf hemorrhagic enteritis, 1886 

Veal calves 

abomasal ulcer in, 519 
bovine virus diarrhea virus vaccination, 597 
dietary supplementation and, 813 
methicillin-resistant Staphylococcus aureus in, 

1567 

Vector abatement, reduction of infection through, 
2075 

Vector control, 2069 
Vector-based systems, 668 
Vellein, 2212 

Venereal transmission, of C. renale, 1129 
Venezuelan viral encephalomyelitis, of horses, 
12726-12736, 1300-1301 
animal risk factors of, 1280 
clinical findings of, 1281 
clinical pathology of, 1281 
control of, 1283 
differential diagnosis of, 12786 
distribution of, 1280 
epidemiology of, 12697, 1279-1280 
necropsy findings of, 1281 
pathogenesis of, 1280-1281 
protection from insects in, 1284 
samples for diagnostic confirmation of, 1282 
treatment for, 1283-1285 
vaccination of, 1284, 1297f 
viral ecology of, 1280 
zoonotic implications of, 1 280 
Venoms, 691 

Venous blood gas analysis, 737, 866 
Venous blood oxygen tension ( P 02 ), and shock, 

73 

Venous congestion, 660 
Venous thrombosis, 713-714 


Ventilation 

environmental examination of, 9-10 
for heaves, 1011 

Ventilation-perfusion, in hypoxic hypoxia, 847 
Ventricular fibrillation, 684-685 
Ventricular premature complexes, 680 
Ventricular septal defect, 704-705 
inherited, 707 

Ventricular tachycardia, 684 
Veratrine, 2212 
Verminous aneurysm, 270 
Verminous encephalomyelitis, 1185 
Verminous mesenteric arteritis, 270 
Verrucose dermatitis, bovine footrot and, 1434 
Vertebral and spinal dysplasia, tail deformity and, 
1538 

Vertebral body abscesses (osteomyelitis), 1344 
Vertebral exostoses, osteodystrophy and, 1389 
Vertebral fracture, trauma at parturition and, 1843 
Vertebral osteochondrosis, osteodystrophy and, 

1389 

Vertebral subluxation, 1349 
Vertical transmission, of bovine spongiform 
encephalopathy, 1295 
Vesicles, stomatitis, 193 
Vesicular exanthema, of swine, 356-357, 
3566-3576 
Vesicular sounds, 851 
see also Breath sounds 
Vesicular stomatitis, 393-397, 3936 
cattle, 396 
clinical findings, 396 
clinical pathology, 396 
control, 396 

differential diagnosis, 3966 
economic importance, 395 
epidemiology, 394-395 
etiology, 393-394 
experimental reproduction, 395 
horses, 396 

immune mechanisms, 396 
necropsy findings, 396 
occurrence, 394 
pathogenesis, 395-396 
pigs, 396 
risk factors, 395 
transmission, 394-395 
treatment, 396 
Vestibular disease, 1 160-1161 
brainstem and, 1329-1331 
causes of, 1161 

Vestibulocochlear nerve (cranial nerve VIII), 
assessment of, 1169 

Veterinarian-client-patient relationship, 1676 
Viable hypotrichosis, 1 644 
Villous epithelial cells, replacement of, 209 
Viral arteritis, 710 

Viral diarrhea, 384-393, 3846-3856 
clinical findings, 389 
clinical pathology, 389-390 
control, 391-393 
detection of virus, 389-390 
differential diagnosis, 3916 
epidemiology, 385-388 
etiology, 385 
immune mechanism, 385 
necropsy findings, 390 
occurrence, 385 
pathogenesis, 388-389 
transmission, 385 
treatment, 391 
vaccination, 391-393 
Viral diseases 

characterized by alimentary tract signs, 
2058-2067 

African horse sickness, 2091-2097 
African swine fever, 2110-2117 
bluetongue, 2069-2076 
bovine ephemeral fever, 2081-2084 
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Viral diseases (Cont'd) 

Caprine herpesvirus-1 infection, 2086-2087 
classical swine fever, 2098-2110 
equine encephalosis, 2097 
equine viral arteritis, 2087-2091 
foot-and-mouth disease, 2058-2067 
Getah virus infection, 2097-2098 
Jembrana disease, 2080-2081 
malignant catarrh in pigs, 2080 
malignant catarrhal fever, 2076-2080, 2076 b 
Nairobi sheep disease, 2084 
porcine circovirus-associated disease, 
2117-2134 

Rift Valley fever, 2067-2069 
torque teno virus, 2134-2135 
Wesselsbron disease, 2084-2086, 2084b 
hemolytic jaundice and, 623 
immune deficiency from, 755 
myocarditis, 690 

Viral evolution, of equine influenza, 1030-1032 
Viral infections 

in congenital defects, 1836-1837 
in interstitial pneumonia, 966 
in intrauterine growth retardation, 1840 
in pneumonia, 888 

of respiratory tract, in horses, 1028-1029 
Viral multiplication, 789 
Viral popular dermatitis, 1596-1597 
Viral teratogenesis, 1838 
Viral vaccines 

for acute undifferentiated bovine respiratory 
disease, 913 

for pneumonic pasteurellosis, 923 
Viral-bacterial synergism, in acute undifferentiated 
bovine respiratory disease, 906 
Viremia, 57-59, 1278 
clinical findings in, 58 
clinical pathology, 58-59 
definition of, 57 
epidemiology of, 57 
etiology of, 57 
necropsy findings, 58-59 
neonatal, 1285 
pathogenesis of, 57-58 

porcine reproductive and respiratory syndrome in, 
1805 

treatment of, 59 
Virginiamycin, 174 
Virology 

equine infectious anemia, 796 
of porcine reproductive and respiratory syndrome, 
1810 

Virulent strains, of Rhodococcus equi, 1014-1015 
Virus entry, of porcine reproductive and respiratory 
syndromevirus, 1800 
Virus isolation 

in bovine herpesvirus-1 infection, 956 
in bovine respiratory syncytial virus, 950 
epizootic hemorrhagic disease and, 784 
Rift Valley fever, 2069 

Virus neutralization test (VNT), peste des petits 
ruminants, 575 

Viruses 

detection of, 838 
diarrhea, in foals, 275 
enteritis and, 206f 

in enzootic pneumonia of calves, 942 
new, 342-343 

Virus-neutralization (VN) test, in bovine respiratory 
syncytial virus, 950 
Visceral pain, 79, 177 
in horses, 221 t 
see also Abdominal pain 
Vision tests, 19 

Visitors, to operation, controlling contact by, 39 
Visna, 1253b, 1256b, 1282 
Visual system, abnormalities of, 11687 
Vital signs, clinical examination of, 15-16 
Vitamin A 

daily dietary allowances of, 1352f 
deficiency, 1325, 1336b 


clinical findings of, 1322-1323 
clinical pathology of, 1325 
in congenital defects, 1837 
control of, 1328 
differential diagnosis of, 1337b 
encephalomalacia and, 1190 
epidemiology of, 1320 
etiology of, 1320 
maternal, 1321 
necropsy findings of, 1328 
night vision and, 1322 
ocular abnormalities and, 1322 
pathogenesis of, 1 322 
primary, 1320 

reproductive efficiency and, 1323 
samples for diagnostic confirmation of, 1328 
secondary, 1322 
treatment for, 1 328 
dietary requirement of, 1329 
hepatic, 1328 
oral, 1329 

parenteral injection of, 1329 
plasma, 1325 

supplementation method for, 1329 
Vitamin B 6 (pyridoxine) deficiency, 734, 1325-1326 
Vitamin B 12 
concentrations, 817 
deficiency, 823-825 
injections, 820 

microencapsulated in lactide/glycolide copolymers, 
819-820 

status, biochemistry determination, 816 
Vitamin D 

deficiency, 1482, 1491-1494, 1491b 
clinical findings of, 1493 
clinical pathology of, 1493 
in congenital defects, 1837 
control of, 1493-1494 
differential diagnosis of, 1493b 
epidemiology of, 1491-1492 
etiology of, 1491 
necropsy findings of, 1493 
pathogenesis of, 1492-1493 
treatment for, 1 493 
dietary, 1492 
requirements of, 14867 
injection of, 1493-1494 
intoxication, 1494 
maternal status and, 1492-1493 
osteodystrophy and, 1388, 1391 
plasma, 1493 
supplementation of 
daily intake, 1493 
for milk fever, 1689 
Vitamin D 3 (cholecalciferol), 2191 
Vitamin E 

biological functions of, 1459-1460 
deficiency, 1458-1478, 1459b 
clinical findings of, 1469-1470 
in congenital defects, 1837 
control of, 1474-1478 
differential diagnosis of, 1473b-1474b 
epidemiology of, 1462 
etiology of, 1459-1460 
necropsy findings of, 1473 
pathogenesis of, 1468-1469 
reproductive performance and, 1464-1465 
treatment for, 1473 
gastric ulcers, 290 
for metabolic diseases, 1665 
myopathy and, 1377-1378, 1381 
in horse, 1382 
status, 1472 

coliform mastitis and, 1 946 
transfer to fetus, colostrum, and milk, 1467 
Vitamin E-selenium deficiency syndrome, 1463- 
1464, 1469-1470 
Vitamin K, deficiency, 825-826 
Vitamin K 1( dicoumarin derivative poisoning, 

824 

Vitiligo, 1553-1554 


Vitreous humor, hypomagnesemic tetany in, 1703, 
17037 

Vitroantibiotic sensitivity testing, in Rhodococcus 
equi pneumonia, 1016-1017 
Voice, clinical examination of, 11 
Volcanic ash, 109 
Volcanic eruptions, 109-110 
ash hazards in, 109 
long-term effects of, 109 
physical properties of, 109 
toxic chemicals from, 109 
blast and gas damage in, 109 
Volume depletion, 113-114 
Volume load, heart failure, 660 
Volume of distribution (V), 163 
Voluntary Johne's Disease Control Program (VJDCP), 
564 

Volvulus 

in cattle, 523-524 
small intestine, 254 
sudden death in, 100 
Vomiting, 179 
equine colic, 227 
gastric dilatation, in horses, 241 
gastritis, 203 
plants and, 429 
projectile, 179 
true, 179 

Vomiting and wasting disease, in pigs, 340 
Vomiting syndrome, 2211 
Vomitus, blood in, 182 
von Willebrand disease, 722-723 
von Willebrand's factor, 722-723 
VSV Indiana (VSV-IND), 393-394 
VSV New Jersey (VSV-NJ), 393-394 
Vulvar squamous-cell carcinoma, 1640 
Vulvovaginal area, diseases of, 11 52-1154 
Vulvovaginitis, 1152, 1152b-1153 b 
differential diagnosis of, 11 54b 
treatment and prophylaxis of, 11 54b 


w 

Waddlia spp., 1787 

Wanderers, see Equine neonatal maladjustment 
syndrome 

Wandering pacemaker, 679 
Warble flies, 1626-1628, 1626b-1627b 
Warfarin, 721 
Warts, 1580-1585 

Washout period, and antimicrobials, 167-168 
Waste disposal, environmental examination of, 9 
Water 

deprivation of, 87-88 
adaptation to, 113 
environmental examination of, 9 
for hyperthermia, 53 
immersion of hypothermic lambs in, 50 
with magnesium, for hypomagnesemic tetany, 
1705 

mass medication with, 161 
medication of, for pneumonic pasteurellosis, 920 
nitrate-nitrite poisoning, 831 
Water contamination 
Campylobacter jejuni, 540 
enterohemorrhagic Escherichia coli source, 539 
Mycobacterium avium subspecies paratuberculosis 
(MAP), 562-563 

Water deprivation test, 11 04-1105 
Water flotation tanks, 1697-1698 
Water intoxication, 113, 115-116, 115b 
clinical findings in, 116, 1167 
clinical pathology of, 116 
control of, 116 
differential diagnosis of, 116b 
epidemiology of, 116 
etiology of, 115 
postmortem findings in, 116 
treatment of, 116 






Water medication 
in cattle, 161 
in pigs, 161 

Water vapor treatment, for exercise-induced 
pulmonary hemorrhage, 1002 
Water-hammer pulse, 688 
Watery mouth of lambs, 1899-1900, 1899b 
differential diagnosis of, 1900b 
Weak-calf syndrome, 1477 
Weakness, 1162, 1372 
assessment of, 1171 
of skeletal muscles, 1510 
Weaned beef calves, bovine respiratory syncytial 
virus in, 947, 949 
"Weaner ill-thrift", 606 

Weaner sheep, unthriftiness in, 94-96, 94b-95b 
Weaning 

dietary diarrhea, 214 

procedures, for pneumonic pasteurellosis, 921 
stress associated with, 319 
Weather 

frothy bloat and, 475-476 
left-side displacement of abomasum and, 503 
malnutrition, 90 
Weaver syndrome, 1352 
Weaving, 1224 
Wedeloside, 1195 

Wedge pads, laminitis, horse and, 1403 
Weed (sporadic lymphangitis), 781 
Weed method, for diagnosis, 4 
Weight 

milk fever and, 1678 
osteodystrophy and, 1389 
Weight, loss of, 90-94 
carbohydrate loss, excessive, 93 
faulty digestion, absorption, or metabolism, 
93-94 

granulomatous enteritis, 282 
nutritional causes, 92 
protein loss, excessive, 93 
Weight bearing laminitis, 1396 
Wesselsbron disease (WBD), 2084-2086 
clinical findings, 2085 
clinical pathology, 2085 
control, 2086 

economic importance, 2085 
epidemiology, 2085 
etiology, 2085 
necropsy findings, 2085 
samples for confirmation of diagnosis, 2085, 
2085b 

occurrence, 2085 
pathogenesis, 2085 
risk factors, 2085 
animal, 2085 
environmental, 2085 

source of infection and method of transmission, 

2085 

treatment, 2086 
zoonotic implications, 2085 
Wesselsbron virus, 1836-1837 
West Nile encephalitis, 1265b, 1286-1293 
animal risk factors for, 1267 
case fatality of, 1267-1268 
clinical findings of, 1268 
clinical pathology of, 1268 
control of, 1269-1270 
differential diagnosis of, 1268b 
distribution of, 1267 
epidemiology of, 1267 
etiology of, 1266-1267 
identification of, 1268 
morbidity of, 1267-1268 
necropsy findings of, 1268 
pathogenesis of, 1268 
samples for diagnostic confirmation of, 
1269-1272 

serologic tests for, 1268 
transmission of, 1267 
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treatment for, 1269 
viral ecology of, 1267 
zoonotic implications of, 1267-1268 
Western encephalitis, of horses, 1269b, 

1294-1300 

animal risk factors of, 1274-1275 
case fatality of, 1275 
clinical findings of, 1276 
clinical pathology of, 1276-1277 
control of, 1277-1278 
differential diagnosis of, 1271b 
distribution of, 1273-1281 
epidemiology of, 1272 
etiology of, 1271-1272 
morbidity of, 1275 
necropsy findings of, 1277 
pathogenesis of, 1276 
protection from insects of, 1278 
samples for diagnostic confirmation of, 1277 
transmission of, 1 266 f 
treatment for, 1277 
vaccination of, 1278 
viral ecology of, 1273-1274 
zoonotic aspects of control, 1278-1279 
zoonotic implications of, 1275-1276 
Wet gangrene, 1557 
Wetness, of skin, 1562 

Wheat (cereal) pasture poisoning, 1699-1706, 
1699b 

Wheelbarrow test, in ovine pulmonary 
adenocarcinoma, 978 
Wheezes, 852 
Wheezing, in heaves, 1007 
Whipworm, 416-417 
White blood cells (WBC) 

concentrations, in Rhodococcus equi pneumonia, 
1016 

disorders of, 745-746 
function abnormality, 746 
in peritoneal fluid, 189 

White clover (Trifolium repens), poisoning in, 1822, 
1828 

White liver disease, 630 

White-tailed deer, epizootic hemorrhagic disease 
and, 784 
Whole blood, 142 
Wild bird H1N1 viruses, 1076 
Wild boar, 2007-2011 
African swine fever, 2008 
astroviruses, 2008 
Aujesky's disease, 2008 
brucellosis, 2008 
Campylobacter spp., 2008 
Chlamydiae, 2008 
classical swine fever, 2008 
control, 2010 
Cryptosporidia, 2008 
disease in general, 2007 
erysipelas, 2008 
Escherichia coli, 2008 
Fasciola hepatica, 2008 
foot-and-mouth disease, 2009 
hepatitis E, 2009 
Leptospira spp., 2009 
lymphadenitis, 2009 
Mycobacterium bovis, 2009 
Mycoplasma hyopneumoniae, 2009 
parasites, 2009 

porcine circovirus type 2, 2009 
porcine circovirus-associated disease, 2119 
porcine parvovirus, 2010 
porcine reproductive and respiratory syndrome, 
2010 

porcine sapelovirus, 2010 
risk factors, 2007 
Salmonella serotypes, 2010 
swine influenza, 2010 
toxoplasma, 2010 
Trichinella, 2010 


Wild rabbit (Oryctolagus cuniculus), Johne's disease, 
553 

Wild ruminants 
bluetongue, 2072 
bovine coronavirus (BCoV), 599 
epizootic hemorrhagic disease and, 783 
morbidity and case fatality and, 783 
Wildlife 

borreliosis in, 1426 
bovine herpesvirus-1 infection in, 952 
Brucella vaccines, 1772 
controlling contact by, 39 
enterohemorrhagic Escherichia coli in, 537 
Johne's disease, 552-553 
ovine progressive pneumonia in, 974 
as source of infection, 11 19-1120 
Wildlife babesiosis, 797, 802-803 
Wilting, bloat control, 479 
Wind chill factors, 48 
Wind farms, 106-107 
Wind up, 80 
Windsucking, 1224 

Winter dysentery, of cattle, 599-601, 599b 
case-fatality rates, 599-600 
clinical findings, 600-601 
clinical pathology, 601 
control, 601 

differential diagnosis, 601b 
epidemiology, 599-600 
etiology, 599 

experimental reproduction, 600 
morbidity, 599-600 
necropsy findings, 601 
occurrence, 599 
pathogenesis, 600 
prevalence, 599 
risk factors, 600 
transmission, 600 
treatment, 601 
vaccination, 601 
virus, detection of, 601 
Winter hypomagnesemia, 1700 
Withdrawal 

periods, in antimicrobials, 153, 167-168 
reflex, absence of, 1164 
Withers, pinching of, 452 
Wobbler, see Equine cervical vertebral stenotic 
myelopathy 

Wohlfahrtia magnifica, 1617-1618 
Wohlfahrtiosis, 1617-1618 
Wood preservatives, 2193-2194 
Wooden tongue, see Actinobacillosis (wooden 
tongue) 

Wool 

abnormalities of, 1543, 1552-1553 
caseous lymphadenitis effect, 766 
eating, 1563 
loss, 1 563 

shedding of, fasciolosis and, 643 
Wool slip, 1563 
"Woolsorter's disease", 2011 
World Organization for Animal Health (OIE), in 
contagious bovine pleuropneumonia, 

932 

Worm nodule disease, 1609-1610 
"Wormkill" program, 613 
Wright's stain, 189 


x 

Xanthium spp., 1 197 
Xanthosis, myopathy and, 1378 
Xerophthalmia, in vitamin A deficiency, 1323 
Xylazine, 1176 

for gastrointestinal motility, 191 
for pain, 83 

Xylose absorption test, 186 
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Y 

Yaks, 2060 
Yawning, 11 

Yellow lamb disease, 545-546 
Yellow respiratory secretions, in pneumonia, 887 
Yellow-wood tree ( Terminalia oblongata spp.), 2207 
Yersinia enterocolitica, 337, 1766 
occurrence, 2026 
zoonotic implications, 2026 
Yersinia pseudotuberculosis 
occurrence, 2025-2026 
zoonotic implications, 2026 
Yersiniosis, 2025-2027 
clinical findings, 2026-2027 
clinical pathology, 2027 
epidemiology, 2025-2026 
etiology, 2025-2027 
necropsy findings, 2027 
samples for confirmation of diagnosis, 2027, 
2027 b 

occurrence, 2025-2026 
pathogenesis, 2026 
in pigs, 337 

treatment and control, 2027 
zoonotic implications, 2026 
Yew ( Taxus spp.) toxicosis, 699-700, 699b 
differential diagnosis of, 700 b 
Young adult congestive heart failure, 707 


z 

Zamia, poisoning, 1 193 

Zearalenone toxicosis, 1824-1825, 1824b-1825b 
Zebra, African horse sickness, transmission of 
infection, 2093 

"Zebra stripes," peste des petits ruminants, 
575-576 

Ziehl-Neelsen stained smears of feces, 

Mycobacterium avium subspecies 
paratuberculosis (MAP), 569 
Zigadenine, 2212 
Zigadine, 2212 

Zinc, for sporidesmin poisoning, 654 
Zinc deficiency, 1634-1637, 1634b 
clinical findings of, 1635-1636 
clinical pathology of, 1636 
control of, 1 637 
differential diagnosis of, 1636b 
etiology of, 1634-1635 
in goats, 1636 
infertility in ewes and, 1636 
necropsy findings in, 1636 
pathogenesis of, 1635 
in pigs, 1634 
in ruminants, 1634-1635 
in sheep, 1636 
treatment of, 1636-1637 
Zinc oxide, coliform gastroenteritis, 318 


Zinc sulfate solution, for infectious footrot in sheep, 
1446 

Zinc sulfate turbidity test, for assessment of transfer 
of passive immunity, 1853 
Zinc toxicosis, 2194-2196, 2194b 
clinical findings, 2195 
clinical pathology, 2195 
control, 2195 

differential diagnosis, 2195b 
epidemiology, 2194-2195 
etiology, 2194 
necropsy findings, 2195 
occurrence, 2194 
pathogenesis, 2195 
risk factors, 2194 

samples for confirmation of diagnosis, 2195 
tissue assay, 2195 
transmission, 2194-2195 
treatment, 2195 

Zona pellucida, bovine virus diarrhea virus, 583 
Zoo animals, bovine tuberculosis in, 2017 
Zoo felids, 1295-1296 
Zoonotic implications, borreliosis and, 1426 







How to Use This Book 


We would like you to get the most out of this book. To do that, you 
should follow the directions provided in this section. And if you keep 
doing this every time you use the book, you will develop a proper 
diagnostic routine of going from: 



... and become what we wish for every one of you: a thinking 
clinician. 

FOR EXAMPLE 

A yearling bull has a sudden onset of dyspnea, fever, anorexia, abnor¬ 
mal lung sounds, and nasal discharge. 

Step 1 The bull’s problem is dyspnea. Go to the index and find the 
principal entry for dyspnea. 

Step 2 The discussion on dyspnea will lead you to respiratory tract 
dyspnea and cardiac dyspnea. 

Step 3 Via the index, consult these and decide that the system 
involved is the respiratory system and that the lungs are the location 
of the lesion in the system. 

Step 4 Proceed to diseases of the lungs and decide on the basis of 
the clinical and other findings that the nature of the lesion is 
inflammatory and is pneumonia. 

Step 5 Proceed to pneumonia, and consult the list of pneumonias 
that occur in cattle. Consult each of them via the index and decide 
that pneumonic pasteurellosis is the probable specific cause. 

Step 6 Proceed to the section on pneumonic pasteurellosis and 
determine the appropriate treatment for the bull and the chances of 
saving it. 

Step 7 Don’t forget to turn to the end of the section on pneumonic 
pasteurellosis and remind yourself of what to do to protect the rest 
of the herd from sharing the illness. 


Guidelines for Selection and Submission 
of Necropsy Specimens for Confirmation 
of Diagnosis 

In this edition we continue with the subheading Samples for Confirma¬ 
tion of Diagnosis to serve as a rough guideline for the collection of 
samples at necropsy. Several points must be emphasized with regard 


to this section. First and foremost, collection of these samples is not 
advocated as a substitute for a thorough necropsy examination. 

Furthermore, the samples listed are selected to confirm the diagnosis, 
but a conscientious diagnostician should also collect samples that can 
be used to rule out other disease processes. Even the best of practitio¬ 
ners can make an incorrect tentative diagnosis, but it is an even more 
humbling experience if there are no samples available to pursue alter¬ 
nate diagnoses. Also, recall that some diseases may be the result of 
several different etiologic factors (e.g., neonatal diarrhea of calves), 
and the veterinarian who samples to confirm one of these factors but 
does not attempt to investigate others has not provided a good service 
to the client. 

A huge variety of veterinary diagnostic tests have been developed, 
but each veterinary diagnostic laboratory (VDL) offers only a selected 
panel, chosen after consideration of a number of factors. Such factors 
may include cost, demand, reliability, sensitivity and specificity, and 
the availability of appropriate technology at the lab. The array of 
diagnostic tests is constantly improving, and it is beyond the scope of 
this text to list all the tests available for a given disease or to recom¬ 
mend one test method to the exclusion of others. Under the Samples 
for Confirmation of Diagnosis sections, we have merely listed some of 
the more common tests offered. Advances in molecular biology are 
providing exciting avenues for disease diagnosis, but many of these 
tests have limited availability in VDLs at present. For optimal effi¬ 
ciency in the confirmation of a diagnosis at necropsy, the practitioner 
must contact the VDL to determine what tests are offered and to 
obtain the preferred protocol for sample collection and submission to 
that particular laboratory. Most VDLs publish user guidelines, which 
include the tests available and the samples required. The guidelines 
listed here are broad, and individual VDLs may have very specific 
requirements for sample handling. 

Several general statements can be made with regard to the submis¬ 
sion of samples to VDLs: 

• The samples should be accompanied by a clearly written and 
concise clinical history, including the signalment of the animal 
and feeding and management information. Failure to provide 
this information deprives the owner of the full value of the 
expertise available from the laboratory staff. 

• If a potentially zoonotic disease is suspected, this should be clearly 
indicated in a prominent location on the submission form. 

• All specimens should be placed in an appropriate sealed, 
leak-proof container and clearly labeled with a waterproof 
marker to indicate the tissue/fluid collected, the animal sampled, 
and the owner’s name. At some VDLs, pooling of tissues within 
a single bag or container is permitted for specific tests (such as 
virus isolation), but in general, all fresh samples should be 
placed in separate containers. When packaging samples for 
shipment, recognize that condensation from ice packs and frozen 
tissues will damage any loose paper within the package; the 
submission sheet should be placed within a plastic bag for 
protection or taped to the outside of the shipping container. 

• Samples for histopathology can be pooled within the same 
container of 10% neutral-buffered formalin. An optimal tissue 
sample of a gross lesion should include the interface between 
normal and abnormal tissue. For proper fixation, tissue 
fragments should not be more than 0.5 cm in width, and the 
ratio of tissue to formalin solution should be 1:10. If necessary, 
large tissues such as brain can be fixed in a larger container and 
then transferred to a smaller one containing only a minimal 
quantity of formalin for shipping to the laboratory. To speed 
fixation and avoid artifactual changes, formalin containers 
should not be in direct contact with frozen materials during 
shipment. 
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• In the Samples for Confirmation of Diagnosis sections, the tests 
are listed under various discipline categories (bacteriology, 
virology, etc.). The appropriate sample(s) is noted, followed by 
the types of test that might be applied to these samples. The 
following is a list of these different tests, including any 
abbreviation used in this section of the text. A brief discussion of 
how the samples collected for each test should be handled is also 
provided. Again, it must be emphasized that this is by no means 
a complete listing of diagnostic tests available, and different 
VDLs often have differing sample handling procedures. 

• Aerobic culture = (CULT). These samples should generally 
be kept chilled during shipment. If a transit time of greater 
than 24 hours is anticipated the samples should be frozen, 
then packaged appropriately so that they are still frozen upon 
arrival at the VDL. Various bacterial species cannot be 
recovered using routine culture techniques, and most of these 
are highlighted in the text by the phrase “special culture 
requirements.” 

• Agar gel immunodiffusion = (AGID). A type of serologic 
test. Chilled or frozen serum may be submitted. 

• Anaerobic culture = (ANAEROBIC CULT). Confirmation of 
the diagnosis requires that any swabs be transported in 
special transport media and that the VDL attempts to grow 
bacteria from the samples under anaerobic culture 
conditions. Transport requirements are as for (CULT) 

(aerobic culture) specimens. 

• Analytical assay = (ASSAY). This refers to a broad range of 
tests in which a substance is quantitatively measured. The 
substance to be assayed is listed in brackets, e.g. (ASSAY 
[Ca]) denotes a test for calcium levels. The method used to 
perform the assay is not listed, but in general, frozen samples 
may be submitted for most of these analytical assays. 

• Bioassay = (BIOASSAY). This typically refers to tests in 
which the sample material is administered to an animal 
under experimental conditions. Preserved material is 
inappropriate, and some bioassays cannot be performed using 
samples that have been frozen. The VDL performing the test 
should be contacted for instructions prior to sample 
collection 

• Complement fixation = (CF). A serologic test. Ship chilled 
or frozen serum. 

• Cytology = (CYTO). Air-dried impression smears are usually 
adequate. Keep dry during transport. 

• Direct smear = (SMEAR). The type of test is usually given in 
brackets (e.g., [Gram]). Air-dried smears are usually adequate 
but must be kept dry during shipment. 

• Enzyme-linked immunosorbent assay = (ELISA). Chilled or 
frozen samples are usually acceptable. There are many 
variants of ELISA (e.g., antigen-capture, kinetic, indirect, 
direct, etc.), and the specific type used is not specified in this 
portion of the text. 

• Electron microscopic examination = (EM). Appropriate 
sample collection and handling varies with the specimen 
being examined. Most of the diagnostic specimens submitted 
to VDLs for EM are fecal samples, and these do not require 
any special preservative. 


• Fecal floatation = (FECAL). Sample can be fresh, chilled, or 
frozen. 

• Fluorescent antibody test = (FAT). This may refer to either a 
direct or indirect method of antigen detection. Generally, 
cryostat sections are utilized, and therefore the tissue received 
by the laboratory should still be frozen upon arrival to 
provide the best results. Freeze/thaw cycles should be 
avoided. If impression smears are being shipped, they should 
be kept dry. 

• Fungal culture = (FCULT). Special media is required. 
Transport as per (CULT) specimens. 

• Immunohistochemical testing = (IHC). Many of 
these tests can be performed on formalin-fixed material, 
but in some instances frozen tissues must be delivered 
to the laboratory. In such instances the test is listed 
under a heading distinct from histology (e.g., virology, 
bacteriology, etc.). 

• Indirect hemagglutination = (IHA). A serologic test. Ship 
chilled or frozen serum. 

• In-situ hybridization = (IN-SITU HYBRID). Samples should 
be shipped chilled, although some test methods can use 
formalin-fixed material. These tests utilize nucleic acid probes 
that bind with complementary nucleic acid sequences in the 
specimen. Although not widely used in routine diagnostics at 
present, these methods may gain more prominence as their 
use is refined, 

• Virus isolation = (ISO). Samples should be kept chilled 
during shipment or maintained in a frozen state if prolonged 
transit times are anticipated, 

• Latex agglutination = (LATEX AGGLUTINATION). Fresh, 
chilled, or frozen samples are acceptable. 

• Light microscopic examination = (LM). Formalin-fixed 
tissues are preferred. The shipment of fresh tissues to the 
VDL permits more tissue autolysis prior to fixation, resulting 
in less useful specimens. If Bouin’s fixative is available, it is 
the preferred preservative for eye globes. 

• Microagglutination test = (MAT). A type of serologic test. 
Ship chilled or frozen serum. 

• Mycoplasmal culture = (MCULT). These types of organism 
have specific growth requirements that are usually not met by 
standard bacteriologic culture techniques. Transport as per 
(CULT) specimens. Culture swabs cannot be submitted in 
media containing charcoal or glycerol. 

• Polymerase chain reaction = (PCR). Tissues should be 
frozen and maintained in that state until arrival at the VDL. 
Swabs and fluids submitted for PCR testing should be chilled 
but not frozen. These tests are capable of detecting minute 
quantities of nucleic acid, so if multiple animals are tested, 
the samples should be “clean” to avoid false positives through 
cross-contamination (i.e., blood/tissue from one animal 
contaminating the sample from another) 

• Serum urea nitrogen = (SUN). A useful test to determine 
degree of renal compromise. Sample can be shipped chilled 
or frozen. 

• Virus neutralization = (VN). A serologic test. Ship chilled or 
frozen serum. 



